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5 MHHOBAIIMOHHBIE TPAHCIIOPTHBIE CUCTEMbI U TEXHOJIOI'MH OB30PbI
MODERN TRANSPORTATION SYSTEMS AND TECHNOLOGIES REVIEWS

Rubric 1. TECHNOLOGIES AND PROJECTS
Field — Transport and Transport & Logistics Systems

DOI 10.17816/transsyst2021735-29
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Abstract. Technological developments have increased the possibilities, comfort,
reliability, and speed of the transportation network in the world. Today, various transport
vehicles try to meet the speed, economy, and safety demands of passengers. However, as the
passengers' demand increase depending on the population, the requirement for innovation in
this field increases. Various studies have been carried out to determine the benefit-cost ratio
of Hyperloop, an alternative developed to meet the speed requirement in this respect. The
decision to build the Hyperloop anywhere else in the world depends on the system's
characteristics, such as sustainability, economy, safety, and response to passenger demands.
In this study, Hyperloop and existing systems were compared with comfort, safety, and cost
considering these criteria. It was focused on the commercial planes, Maglev, and high-speed
train features, as they are similar to Hyperloop in these comparisons. Based on the relevant
data, it has been reached that the Hyperloop system could prevent it from becoming a
widespread public transport vehicle because of its low passenger capacity and expensive
construction and operation.

Key words: feasibility, g-force, high-speed train, Hyperloop, Maglev, pressure,
security.

INTRODUCTION

The movement of people and goods has increased day by day with the
growth of the world population. This increase has led to the development of
technology toward increasing transportation capacity and speed. However,
developing technologies are in a race not only in speed but also in comfort,
safety, and energy efficiency. The latest and most prominent of these
technological advances is Hyperloop. Hyperloop was introduced to a high-speed
tube transportation system supported by Elon Musk in 2013. There have been
many studies from investors and student initiatives in many countries after it
was announced the transportation concept in the Hyperloop Alpha report by
Elon Musk. Currently, there are 8 companies in 6 countries (USA, China,
Canada, Netherlands, Spain, Poland) working on Hyperloop, over 50 university
teams, and over 1000 employees involved in R&D [1]. In this respect, this study
was written in order to present the advantages and disadvantages of existing
systems and Hyperloop and to contribute to the feasibility studies.
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HYPERLOOP HISTORY

Different infrastructures and projects had been presented for a tube
transportation idea since 1799 before Elon Musk. The idea of moving freights
through cast-iron pipes using air pressure was proposed by George Medhurst in
1799. A railway station was built in London for the purpose of transporting
passengers with a pneumatic system in 1844. In the mid-1850s, more pneumatic
railroads were built in various places such as Dublin, London, and Paris. Crystal
Palace atmospheric railway was constructed in the mid-1860s in South London.
New York's oldest subway, the Beach Pneumatic Transit, which served from
1870 to 1873, was developed by Alfred Ely Beach. This underground pneumatic
public transport system had a stop in the basement and a one-car shuttle that
used compressed air to move. Pneumatic tube systems became common in use
for delivering mail and other messages in most major cities in the late 19th
century. Some of them are still used today in banks, hospitals, and factories. A
train that could travel on magnets in a vacuum-sealed tunnel was designed in
1910 by American rocket pioneer Robert Goddard. The project, which was
planned to travel from Boston to New York in 12 minutes, was never realized
due to budget constraints and politics. In the early 1990s, a vacuum train system
was designed to reduce the travel time to 45 minutes between New York and
Boston by researchers at MIT. In the early 2000s, a pneumatic-and-maglev train
consisting of car-sized capsules in elevated tubes was designed by ET3 transport
company. The food tubes project concept was designed to carry food by
traveling 60 miles per hour underground in 2010. If it was built in England,
which would have cost $8 million per mile. A concept called Hyperloop that
using magnetic rails in a vacuum-sealed tunnel with a capacity of 28 passengers
in each capsule was proposed by Elon Musk in 2013. A submarine railway
project that would run at a theoretical speed of 1,240 mph, much faster than
Musk's Hyperloop concept was proposed by researchers from the Chinese
Academy of Sciences in 2017 [2]. The underwater tests were determined
reactions to waves and whether any movements of the Hyperloop allow the
“pods” to travel through the tube safely and at sufficient speed by the
Netherlands Institute of Marine Research (Marin) in 2019 [3].

Hyperloop first appeared as a vactrain idea by inventor and rocket
scientist Robert Goddard in 1904, when he was a first-year physics student at the
Worcester Polytechnic Institute in Massachusetts. He presented his idea to
Scientific American in 1906. Later, this idea of transportation was taken up by
the American physicist Robert M. Salter in 1972-1978 and most recently by
Elon Musk in 2013. There are other initiatives on this topic, but this is the most
similar attempt to Musk's proposal. Salter's proposals also include estimates of
the project construction and the transportation charges to passengers to generate
revenue and offset costs for 1972-1978. It was estimated that the transportation
system between New York and Los Angeles would be between $250-500 billion
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in 1978 (between $1 trillion and $2 trillion, according to 2019 inflation). It was
suggested an initial collaboration with the military to create and use these
underground tunnels to transport resources (transport materials such as gas,
water, and electricity, and they would pay for usage with fees) across the United
States to pay for the project by Salter. It was estimated that $50 would pay for
each passenger (the US $200 in 2019), and $5.3 billion will be gained annually
by carrying 300,000 people from 100 passengers per vehicle per day in the
project. However, this project was never built in actual life because of public
and cost policies [4].

There have been many feasibility studies of many entrepreneurs for
market search in several countries of the world since it was published a white
paper by Elon Musk. It was planned to build a 65 km Hyperloop line that could
help revive the 21st-century Silk Road between Russia and China, which would
be cost about $1.5-2.3 billion, in 2017 [5]. It was planned a 150km system
between Abu Dhabi and Dubai which would reduce to 12 minutes' travel time,
would be cost about $20 to $40 million per km, by the Hyperloop Transport
Technology company in 2019 [6,7]. The Hyperloop system which would reduce
to 25 minutes travel time to be ready by 2029 for the 148 km corridor between
Mumbai-Pune has been negotiated by Hyperloop One company and India's
government officials [8,9]. The Netherlands has become one of the important
representatives of Hyperloop in Europe [10] (Tab. 4).

HyperPoland company, which is interested in Hyperloop technology in
Poland, presented the idea of realizing Hyperloop in 3 steps. In the first step, it
has been planned to implement the hybrid system known as Magrail, which
would increase the speed of the train to 300-415km/h with the passive magnetic
lift pod, which would be positioned in the middle of the existing traditional train
tracks, in 5-8 years. The cost has been estimated to be between 6 million and 8
million Euros per kilometer, excluding additional structures. In the second step,
the Hyperrail system, which has been planned to reach a speed of 600-1000
km/h, has been aimed to be implemented by closing Magrail with vacuum
tunnels. In the third and last step, it has been planned to realize the Hyperloop
that the special infrastructure surrounded by vacuum tubes that would enable
acceleration to 1200 km/h [11].

HIGH-SPEED TRAIN HISTORY

Japanese Tokaido Shinkansen, which was opened in 1964 between Tokyo
and Osaka, is considered the world's first modern and commercial high-speed
train. France was the first country to introduce the first commercial HSR line
(for passengers) in Europe in 1981 after a few diverse initiatives. The system
used in France, unlike the Japanese system, is fully compatible with the existing
railway network, so the use of the same standard dimensions reduced
construction costs. Germany was the next country to launch HSR with the
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InterCity Express (ICE) connecting Hannover and Wiirzburg, beginning service
in 1991. Spain integrated French and German technology with a system akin to
Japanese technology between Madrid and Sevilla by opening the Alta Velocidad
Espafiola (AVE) in 1992 [12].

MAGLEV HISTORY

Maglev technology was first patented in 1969 by two American scientists,
James R. Powell and Gordon T. Danby. Germans and Japanese spearheaded
further development in the early 1970s [13]. In the early 1970s, Germany
created the Transrapid train, which was the world's first Magnetic Levitation rail
system. The concept of this system had patented in 1934 by Hermann Kemper in
addition, there are many scientific patents and studies that contribute to the
development of Maglev in many parts of the world [12,14]. Transrapid train
technology is based on the attractive electromagnetic forces (EMS) levitation of
trains over ferromagnetic guideways with an apart levitation and guidance
technology. Shanghai Pudong Airport Transrapid, which has been operating in
China since 2003, is the only commercial line using transrapid technology [12].
In 1984 the first commercial Maglev line was opened in Birmingham, England,
but was closed in 1995 as it was deemed unreliable[14,15]. Japan, developing
High Speed Surface Transport (HSST) technology based on EDS technology in
1972, opened its first commercial line HSST Linimo in Nagoya in 2005. After
HSST Limino, the second commercial line, Incheon Airport Maglev, was
opened in South Korea. The desire to develop a simplified and more economical
Maglev has led the USA to build the Inductrack, a repulsive force
electrodynamic magnetic levitation system (EDS) that has never been a reality.
Inductrack is a cheaper EDS besides it has auxiliary wheels support in situations
that may cause decreased levitation, such as system failure or low speed. A new
dynamic superconducting EDS, the SCMAGLEV, was also designed by Japan.
In this case, the train is fitted with some superconducting magnets in its bogies,
which enable the vehicle to raise about 10 cm above the guides and use an
asynchronous ironless motor to propel it. The Chuo Shinkansen, the world's first
commercial SCMAGLEYV intended to span the Tokyo-Nagoya distance, has
been under construction since 2014 and was projected to open in 2027,
extending to Osaka in 2045 [12].

MAGLEV SYSTEM

Hyperloop is designed magnetism-based and inside a vacuum-sealed tube
to increase the efficiency of Maglev and its derivatives. Maintenance costs and
energy losses due to friction are low as both systems because of based on
magnetism. Maglev technology is based on 3 basic principles; The principle of
magnetic levitation, lateral guidance, and repulsion (Fig.1).
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Propulsion

Guidance

Fig. 1. Maglev technology principle(redraw) [16]

The Maglev system can be classed as an electrodynamic suspension
(EDS) system, an electromagnetic suspension (EMS) system, a permanent
magnet electrodynamic suspension system (PM-EDS), or a hybrid electro-
magnetic suspension system (HEMS), depending on the mechanism employed
to achieve levitation [17]. EDS and EMS, which are two fundamental levitation
technologies, are focused on in this study (Fig. 2).

- L

Electrodynamic Electromagnetic Inductrack

Fig. 2. Levitation techniques

EMS system employs magnetic attractive forces for accomplishing
levitation. Magnetic attractive forces occur as a result of interaction between the
guideway and the on-board electromagnets assembled below the guideway, as
shown in Fig. 3. Standard electromagnets are used, which need an electrical
power source to be active. It occurs 10-15 mm thick levitation thanks to
magnetic attractive forces. However, as the speed of the train increases, it
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becomes difficult to control the air gaps, which leads to a lack of stability. The
advantage of EMS is that the train can stay in the air in any situation, even at
zero speed. This results in making the travel more comfortable for the
passengers. The EMS system is used in the Shanghai Maglev, Korean UTM,
Japanese HSST, and The German Transrapid TR09 [12,17,18].

Lateral guidance
electromagnets

Reaction rail

Long-stator pack

Propulsion

Levitation
electromagnet

Arm

Fig. 3. Maglev EMS system modeling

EDS system uses magnetic repulsive forces to induce levitation, as shown
in Figure 4. This thrust can lift the vehicle to 10 cm. It is used superconducting
magnets (SCMs) in the EDS system. The powerful magnetic field created by
superconducting magnets can pass through the train, cause disturbing
passengers. These magnets raise the cost of the system. The system needs rubber
tires until it reaches a lift-off speed. In the electrodynamic propulsion system.
The levitation principle is provided by the coils placed on the sides of the
guideway and the superconducting magnets on the vehicle. When the Maglev
train passes at a high speed about a few cm below the center of these coils, an
electric current is induced into the coils and the Maglev train is lifted into the
air, allowing it to move. Lateral guidance principle; It is a necessary system to
prevent lateral displacement Electro pulling lateral guidance function in
electrodynamic thrust system, lateral guidance function is provided by coils
placed on both sides of the guideway [17,18].
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Fig. 4. Maglev EDS system modeling (general description)

The forward movement and braking of the train are the same as the
electric motor in the operating principle. The motor windings lined up along the
guideway function as a stator and the electromagnets on the vehicle act as a
rotor. The alternating current supplied to the motor windings creates magnetic
flux that moves the train. The speed of maglev trains is adjusted depending on
the frequency of the alternating current and is realized by creating a magnetic
force in the opposite direction of train braking [18].

HYPERLOOP SYSTEM

Hyperloop comprises capsules that create an air cushion with the help of
compressors and motors in a pressure-relieved tube, reducing friction with the
"air hockey" principle and providing fast transportation at maximum efficiency.
It is designed in two types, cargo, and passenger. It will be built on poles that
ensure the continuity and smoothness of the line at various heights from the
ground. It is aimed to provide maximum energy gain by covering the top surface
of the tubes with solar panels. Tubes will be made of steel material with a
diameter of 3.3 meters. The surface of the tubes will be covered with solar
panels that will provide both the production and storage of the energy to be used
in the movement of the capsules [19]. It was stated that setting up the system on
pylons would reduce the land costs (Fig. 5). However, it will require some legal
regulations regarding the use of air rights. Lawyers in the USA and Dubai
discuss the legal infrastructure on this issue [20].
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Solar Panels

Steel Tubes

Fig. 5. Hyperloop 3D predictive modeling

In the original concept of the Hyperloop Alpha, a concept in which
capsules float on a layer of compressed air has been proposed [21]. It is not yet
known exactly what will happen in practice. Hyperloop Transportation
Technology company talked about the Inductrack system, which it considers
safe to give the same effect. In this method, magnets are placed under the
capsules in a Halbach array. The magnetic force of the magnets is focused on
one side of the array, while the field on the opposite side is nearly entirely
cancelled out. As the capsules travel past electromagnetic coils implanted in the
road, these magnetic fields allow capsules to float. The linear motors' thrust
propels the capsules forward. Hyperloop One also employs a passive magnetic
levitation technology, in which permanent magnets on the capsule's side repel a
passive track, with the capsule's speed being the only source of energy. To aid
the passage of the capsules, the air pressure in the tunnels is decreased using air
pumps in both systems. Because low air pressure significantly lowers friction,
relatively a little quantity of electricity is necessary to reach the greatest speeds
[22].

SECURITY

Security is the most noticeable issue for Hyperloop. In case of any
malfunction in the system, passengers will be at risk. Therefore, the engineering
reliability of Hyperloop has been discussed in subjects such as emergency
interventions, g-force, structural behavior during earthquakes.

The security performance of a transportation system is evaluated in two
ways; interior security and exterior security. Interior security is concerned with

Received: 18.05.2021 Revised: 31.05.2021 Accepted: 30.09.2021
Moctynua: 18.05.2021 Opobpena: 31.05.2021 Hpunsra: 30.09.2021



13 MHHOBAIIMOHHBIE TPAHCIIOPTHBIE CUCTEMbI U TEXHOJIOI'MH OB30PbI
MODERN TRANSPORTATION SYSTEMS AND TECHNOLOGIES REVIEWS

the risks of damage from the system itself. Exterior security is concerned with
the potential risks of accidents caused by its environment [23]. This study has
been included g-force and pressure in interior security, and earthquake factor in
exterior security.

When Hyperloop is evaluated in terms of route safety, it is not affected by
weather events, unlike other means of transportation. However, it is vulnerable
to human influences, as with highways and rail routes. Hyperloop's high-value
property may make it a target of potential terrorist attacks along the route.
Additional measures should also be taken regarding this [24]. In the Hyperloop
Alpha report, it is stated that the security precautions to be taken at the station
will be similar to airports [19].

There is a lithium-ion battery system in the capsules to complete the travel
in case of potential power outages. Also, it is claimed that the travel will be
completed without requiring additional power after the pod moves in Hyperloop
Alpha [19].

When an emergency occurs in a capsule on the road, the capsules are
allowed to get help by contacting the station. It was stated that there were
hostesses and first aid equipment in the capsules during the travel. When an
emergency is encountered in an aircraft, there is a waste of time in returning the
aircraft to the runway because of implementing many protocols. Therefore, it is
claimed that Hyperloop can respond faster in emergencies than aircraft.
However, no information has been given about how the first aid team will reach
and how the communication will be with the other capsule in the depressurized
tube, and how this will affect the other capsules traveling.

A similar system has also been the subject of the Maglev train. If the
power from the public grid fails while the vehicle is running, only the propulsion
system (motor) will not work because the vehicle levitation and guidance
systems as well as all onboard equipment are powered by on-board batteries, so
the vehicle continues to move forward with its current momentum. If the next
station is too far away, the vehicle will automatically brake to stop at 'safe
stopping area' planned for this purpose along the route [13].

NASA has calculated Hyperloop’s emergency stop distances in case of
system failure. Assuming that the capsules are launched every 30 seconds at a
maximum speed of 295 m/s (660mph) with an acceleration of 0.5g and that the
front capsule can be stopped immediately, it has been concluded that a 30-
second advance is appropriate for stopping to prevent the collision [24].

PRESSURE
Hyperloop technology aims to reduce friction and increase energy

efficiency and speed by depressurizing tubes with vacuum pumps. However,
there are some security concerns.
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According to the Hyperloop Alpha report, low pressure will be created
around 0.015 psi (100 Pa, 0.75 torr) of the in-tube pressure (approximately 1/6
of the pressure on Mars or 1/1000 of the pressure on Earth) that will provide
optimum airflow [19]. When this pressure value is placed in as shown in Eqg. 1,
it is seen that the pressure value of 100 Pascal corresponds to the flight from
32450 m above sea level (Eg. 2). This altitude is much higher than commercial
airline flights (10,000m).

P =101325x(1 — 2.25577 x 10~°h) 525588 (1)

Where p = air pressure (Pa) and h = height above sea level in meters (m)

100 = 101325x(1 — 2.25577 x 10~°h)) 525588 (2)
h = 32450.438 meters

Such low pressure can be difficult and costly to apply in large areas,
especially in case of leakage [25].

Sudden pressure loss is a serious condition. The person can lose
consciousness in a short time. The time between sudden pressure reduction and
loss of ability to perform a beneficial activity is called "The Time of Useful
Consciousness™ or TUC. The action to be taken to correct the problem must be
done before the TUC ends. Commercial aircraft routinely fly over distances of
over 10,000 meters. TUC is less than one minute at these altitudes [26,27].

Passenger aircraft flying at 35,000 feet (10,000m) without protection
causes hypoxia (oxygen deficiency), lack of vision, and death because of
physical changes in the human body. However, the reason passengers are
unaffected by this is that the plane has a pressurized cabin [27]. This system is
undoubtedly necessary for the Hyperloop, considering during travel in the
depressurized tube and the pressure balancing processes for the evacuation at the
stations. However, traveling in a low-pressure environment is a proven
technology thanks to airplanes. Besides having Hyperloop autonomous driving,
the pressure in the tube is planned to be kept under constant control. In the event
of any pressure-related mishaps on the aircraft, the life of the passengers during
the TUC period will depend on the skills and expertise of the pilots. In this
respect, Hyperloop is more advantageous.

EARTHQUAKE

Earthquakes are dangerous for all structures. However, road geometry and
vehicle design can increase or decrease the destructive effect of the earthquake.
The long side of the Hyperloop and railways has a relatively weak-inertia
compared to the short side. The weak inertia side is more easily damaged during
an earthquake. It can lead to fatal consequences because of the vehicle in motion
overturning more easily, the train derailment, or route destruction.
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Since Hyperloop is most similar to railways in terms of structure, it has
the same disadvantages as railways during an earthquake. There is an existing
technology used for earthquakes for high-speed trains and Maglev. This
technology is suggested in Hyperloop [28]. The system is an early warning
system that cuts off the train's power supply before seismic waves reach the train
tracks to slow down or even stop the train as soon as possible during an
earthquake. Two different seismographs are used on the Shinkansen train,
positioned at regular intervals along the coastline and in transformers. This
system succeeded in safely stopping the Shinkansen train, which traveled at an
average speed of 320 km/h in 2011, without derailment, in an earthquake of 8.9
magnitudes [29]. Some experts believe that this system is inadequate because
even if the system works properly, considering the delay time of at least 26
seconds of the system. The train may get derailed or overturned, or crash into a
collapsed building when an earthquake occurs directly underneath the area
where the train is running at high speed [30].

The moving tipper pylons proposed by Hyperloop Alpha for on-the-road
pods are aimed at both protecting the line and ensuring the safety of passengers
by reducing the effects of an earthquake and thermal expansion [19]. In severe
earthquakes, it is also possible to remotely control the emergency braking
systems in the capsules [24].

COMFORT

Ride comfort is a complex concept that is affected by various stimuli such
as temperature, acoustic noise, arrangement of the seat, visual stimuli, humidity,
odor, vibrational, and changes according to the person [31]. There are several
methods used to evaluate ride comfort. The evaluation of ride comfort in terms
of vibration is an influential method and is directly related to vehicle dynamics
performance. Ride quality depended on people's comfort evaluation includes not
only the amount of movement but also the human interaction variables. Ride
comfort is usually measured by the acceleration experienced by the passenger
during the movement of the vehicle. Each organ in the human body has its own
frequency ranges that are sensitive to vibration, so excessive exposure to
vibration will reason disturbance and health issues. The human body is much
more sensitive to vertical vibrations in the 4-8 Hz frequency range. While the
stomach is negatively affected by the frequencies of 5-6 Hz, the head and neck
are disturbed by the frequencies of 20 Hz. These frequency investigations
incorporate weighted acceleration concepts to determine the comfort level based
on ISO 2631-1. It is difficult to determine the ride comfort standard on a global
scale due to the vibration characteristics of the vehicle, the differences in the
vehicles stability, the country-specific quality standards of the railways and
roads and the technological differences in each country [32,33].
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Hyperloop is not expected to generate any external noise affecting the
nearby population. Since the Hyperloop does not come into contact with the
tube, the absence of vibration flow and low air pressure in the tube prevents the
noise from the capsule from propagating. The noise of vacuum pumps is
assumed to be negligible [23]. In addition, the absence of vibration provides
comfortable driving for the passenger. It can be said that the Maglev train has
the same characteristics for noise and smooth ride.

The approximately 3 cm thick steel pipe used in the malfunction of the
Hyperloop is a distressful situation for claustrophobia patients (Fig. 6). Herbert
Einstein, US University MIT's tunneling expert, has been advocated for
claustrophobia patients that progressing through a closed windowless tube is
tolerable to reach the goal faster [34]. However, it may vary dramatically in
severity from person to person.

Fig. 6. Inside of the Hyperloop 3D modeling

It has been suggested that the lack of a window and focal point at which
the human brain can detect the speed at high speeds can affect a person’s
balance, sensor, motor, and other nervous systems function [35]. Therefore,
various solution suggestions have been presented on this issue. The Zoetrope
technique, which was emerged in 1865, was introduced by Virgin Hyperloop
One and Bjarke Ingels Group (BIG).

The pictures, each of which will be positioned 10 meters apart, are aimed
to create an uninterrupted blurred view when the Hyperloop pods move fast
enough [36]. Another technology proposed by the Hyperloop One company is
electronic windows that show air temperature, speed, and time together with
augmented reality images [37].
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Lack of toilet has also been mentioned in some studies, but should not be
a problem for most people traveling on trips less than an hour [24]. In addition,
Maglev also has toilets for long-distance travel between cities, but not for short
distances [13].

G force is a measure of comfort as well as safety in transportation.
Passengers may die from internal bleeding without any physical injury during a
collision due to g-force. The negative effect of the g-force on humans increases
in direct proportion to the acceleration/deceleration. G-force occurs in 3 cases.
Linear acceleration occurs when an object's speed increases and decreases
without changing its direction in a straight line (occurs landing, taking off,
braking, acceleration, deceleration). Radial acceleration occurs when an object
with constant velocity changes its direction (happens in a sharp turn, pushes
over into a dive, or pulls out of a dive). Angular acceleration occurs when an
object both speed and direction change simultaneously (happens in spins and
climbing turns) [38]. The tolerance of the force G depends on the acceleration
axis, the magnitude of the acceleration, the initial velocity of the acceleration,
the duration of action, and the position of the body. It is difficult to determine
the G-force tolerance. Because G-force tolerance may change among individuals
and fluctuate from day to day for the same person [39]. The effects of G-forces
on the human body are shown in Fig. 7.
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Fig. 7. The effects of G-forces on the human body
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The G-force is seen in the Gx and Gy direction on highways and railways.
The G-forces generated by the movement of vehicles on highways and railways
are not fatal as long as there is no collision and prolonged exposure. The
maximum braking acceleration that can be tolerated is 20 g for adult humans
(for a short time). In terms of safety, 0.32g braking acceleration is recommended
for road vehicles, and over 0.32g is disturbing. However, studies have shown
that drivers decelerate above 4.5 m/s? at a sudden obstacle and 90% of them
deceleration above 3.4 m/s?. These values are accelerations that can be stopped
without losing control of the steering in its lane on wet surfaces [40].

While take off in a conventional aircraft will produce some increase in
+GXx, and landing may give rise to -Gx. However, it is seen that the tolerance of
the human body in the Gz direction is low in Figure 8. In civilian commercial
flying operations, pilot exposure to excessive G force is not encountered during
normal flight, with any exception, for example during turbulence, in moderate to
severe turbulence, g loading may occur in less than 0.5 seconds. G levels in
commercial airline operations tend to be relatively constant around a narrow
range centered on +1 Gz and very rarely exceed +2 Gz. No circumstance was
found of exposure to more than +2.7 Gz. In normal flight, -0.5 to +1.5 Gz is
typical and the upper level is rarely exceeded even with tight radius turns in
police or survey aircraft. There have not been any cases of such as causes of A-
LOC or G-LOC in general or commercial aviation in ‘more than 25 years' [of
experience]. Avoiding the harmful effects of g-force in aviation depends on the
skill and training of the pilots [41].

The maximum acceleration of the commercial Maglev trains is 0.16g (16
m / s2) and the maximum jerk is 0.25g (2.5 m/s3) [42].

It is stated that 1g force will not be exceeded during the travel in
Hyperloop Alpha. The comfort acceleration for Hyperloop was stated as 0.5 g in
various studies. It was determined that the acceptability criteria that 95 percent
of passengers will not hesitate to travel again are lower values than 0.3 g for
positive vertical acceleration and 0.2 g for negative vertical acceleration in a
study published by the VVolpe Center in 1994. [24].

The Virgin Hyperloop has studies that its model is capable of 4.5 times
tighter turning radius, with near-zero lateral acceleration inside the pod [8]. For
the Hyperloop, the potential impact of simultaneous g-forces applied to multiple
axes will need to be addressed, and these will constrain the final operational
parameters of any design [43].

Some experts believe that using this new technology on cargo-type will be
safer than testing it on passengers. [24]. For the Hyperloop cargo type, the g-
force may be greater, depending on the cargo to be transported. This situation
also may cause various geometry standard differences such as minimum
horizontal bend radius in cargo type Hyperloop. However, the g-force would
still need to be kept under control, as it may also have effects on the Hyperloop
infrastructure such as tubes, vacuum seals, supports, and internal rails [43].
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Maglev, Hyperloop, and an airplane can reach lethal levels of g-force
easily because of their high-speed potential. Especially in aviation, the g-force
effect is felt more. However, it is also a solvable issue for Hyperloop with
correct route geometry and speed planning.

ROUTE AND GEOMETRY

The speed, capacity, and maximum gradient data of Maglev, Hyperloop,
and HSR types were compared in Table 1. Geography and the geometric
features of the route are the major factors that increase the cost of earthworks.
The idea proposed in Hyperloop Alpha is to move alongside the highway to
reduce earthworks between San Francisco and Los Angeles. Considering the
restrictive geometric standards of highways (such as small-diameter horizontal
curves), it is not possible to use this recommendation in every geography for
high-speed trains. The minimum curve radius is effective in limiting the
maximum speed on the curve so that the vehicle can move without derailment or
damage to the rail [44].

Table 1. Basic specifications HSR, Maglev, Hyperloop [1]

- High-Speed Rail Maglev Hyperloop
Current max. speed 380 km/h 431 km/h (270 387 km/h (240 mph)
(236mph) mph) Virgin Hyperloop One
Speed record TGV (2007) 574.8 YMLT (2015) 603 -
km/h (357.2 mph) km/h (375 mph)
Max. Design speed 402 km/h (250 604 km/h (375 1.223 km/h (760
mph) mph) mph)
Max. Seating 1500 824 28 per capsule
capacity
Min. Horizontal 7.6 km (4.7 miles) 9.1 km (5.7 miles) 4.8 km (3.0 miles)
curve
Max. gradient 4% not applicable not applicable
Technology mature almost mature infant
maturity

A near-linear route must be preferred to speed up without being affected by g-
forces in the Hyperloop route geometry. Geometric constraints are not
determined completely for the route in Hyperloop. Since the route specified in
Hyperloop Alpha belongs to the highway, the longitudinal gradient of 6% in
Table 1. has been accepted as the maximum longitudinal gradient value
described so far for Hyperloop. The maximum longitudinal gradient value is
10% in Maglev, 4% on the high-speed train [45,46].

The minimum horizontal curb radius changes according to the speeds of
the High-Speed train ICE and Shanghai Maglev are shown in Table 2 [46]. In
the Hyperloop studies conducted in the UK, the relationship between speed and
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minimum horizontal curve radius of Hyperloop is shown in Table 3 [43]. Also,
it is seen that the minimum radius of Maglev and Hyperloop are very similar in
the graphic in Figure 8 [44].

Table 2. Comparison between two German trains of ICE-03 HSR and TR-08 maglev [46]

Parameter Inter Ci%ft); %gezzr(ilecs:%g ICE-03 J;gllg\s/r_?_gfioghsz?\r)lgrhg:e
type series TR 08

lg\?:()j(i.eh?ngitudinal 35 10
Max. Side Acceleration 1 m/s?
Speed (km/h) Curve Radius (m)

200 1400 705

250 2250 1100

300 3200 1590

350 - 2160

400 - 2825

450 - 3580

Table 3. Summary Table of Indicative Alignment Minimum Curves based on 0.5 lateral
g-forces, not allowing for capsule rotation (cant) [43]

Capsule Approx. Minimum Tunnel
Velocity km/h | Alignment Radii (m) (without
(mph) can’t allowance)

160 (100) 410

320 (200) 1630

483 (300) 3700

643 (400) 6500

805 (500) 10200

965 (600) 14675

1125 (700) 20000
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10

Minimum curve radius (km)

150 200 250 300 350 400
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Fig. 8. Estimated minimum horizontal curve radius for HSR, Maglev and Hyperloop [44]

HYPERLOOP COST

Hyperloop first came out with the claim that it would be faster and less costly
than the high-speed train planned to be built between San Francisco and Los Angeles
in the United States. Therefore, most studies have been on feasibility and cost for
Hyperloop. Because of the Hyperloop system similarity, it is mostly compared to
Maglev in terms of cost. Since Hyperloop is not a current application area, the
information in this study is included in the reports of the relevant companies and the
costs in the places planned to be made because of the agreements with the countries.
The costs are divided into three categories: capital, operating, and overhead. The
costs of constructing infrastructure (rails, stations) and acquiring vehicles are referred
to as capital costs. Operating costs are the costs associated with the maintenance of
infrastructure and vehicles and the operation of vehicles and stations [23].

Table 4. Hyperloop Project

Hyperloop Length
Project Cost (km) Note

Los Hyperloop 563 These costs are only the construction costs of the system,

Angeles- Alpha: land acquisition and station costs are not included.

San $6-7.5 Hyperloop Alpha has estimated the construction costs of

Francisco million [19] the station at $125 million. It has been stated that with a
capsule capacity of 28 people, per person ticket prices
will be $20 [19]
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Hyperloop Length
Project Cost (km) Note
Abu Dhabi- | $20-40 150 It has been declared that the system will reduce the travel
Dubai billion per from approximately 45 minutes to 12 minutes by plane,
km [6,7] and the system is efficient enough to compensate itself
within 8-15 years [6,7]
Russian- $1.5-2.3 65 Annual operating income of $250 million, operating costs
China billion [5] of $77 million are estimated. Average speed 540 km/h [5]
India $10.1 billion | 148 It is stated that ticket fares between Mumbai-Pune will
[47] not be more than HSR. (Mumbai- Ahmedabad High-
Speed train ticket would be around 23,000 ~ $40) [8,48]
Netherlands | The Netherlands is the country where Hyperloop, which is planned to reach Brussels
in less than 30 minutes from Amsterdam and 90 minutes to Paris, has important
studies and entrepreneurs in Europe [10]
Poland Poland has prepared a long-term project for Hyperloop by gradually improving the
existing infrastructure system [11]

Information on Hyperloop projects is given in Table 4. However, the same
structures built in the same country or different places show the difference in cost and
requirement because of their geographical features. The rough terrain between Russia
and China, the desert floor between Abu Dhabi and Dubai, will cause additional
costs. System costs alone outside of the land will vary depending on the company
implementing the project. There are additional costs in the Hyperloop cargo type.
When carrying big bulk goods that are not time-sensitive, freight train offers an
advantage, so Hyperloop is unlikely to have a substantial impact on rail market share.
Hyperloop cargo version would probably be similar to the aircraft cargo system.
Airfreight is currently costly, and it is only utilized for time-sensitive, high-value, or
perishable cargo. Furthermore, creating a similar hub-and-spoke system with the
same geographic reach as the air network would necessitate a massive expenditure
[24].

As a result of NASA's feasibility, energy and ticket pricing per person in
Hyperloop are shown in Table 5 [25]. According to Table 5, the needed energy has
increased with the passenger capacity, but the ticket cost per person has decreased.
Considering that there are 28 people in a capsule, the approximate cost per person is
slightly less than $76. According to these values, it is seen that a capacity of 100
people in a capsule is needed for the $20 ticket fee mentioned in the Hyperloop
Alpha.

Table 5. Energy and ticket cost per person in Hyperloop [25]

Passegggr PEr 190 |20 30 |40 |50 60 70 80 90 100
E”e(rgk’/l)c‘m 282 (286 |20 295 |200 |303 |307 |311 [316 |32
Total 226 (113 |76 |57 |45 38 33 29 25 23
$/Passenger
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Station construction costs were estimated at $125 million for Hyperloop
Alpha. Station locations planned in Hyperloop Alpha are outside of the city in
both San Francisco and Los Angeles. Station construction is more costly in an
urban location, and being outside of the city will cause a different means of
transportation to get to the station and indirectly a waste of energy and time. The
addition of intermediate stations and branches will have a cost-increasing effect.
Even if it is aimed to reduce the excavation operations thanks to the positioning
of the poles at the desired height on the route, the land prices may be much
higher than expected and soil improvements may be required [24].

Costs for two stations of the current Maglev line near Shanghai are $1.33
to $1.2 billion, which is $130 million for these two stations significantly less
than Musk's mention for the Hyperloop. However, Hyperloop stations are more
complex than Maglev stations because access must be given to vehicles in
evacuated tubes [23].

The operating cost at the station is also not specified in Hyperloop Alpha.
Although the Hyperloop Alpha proposal defines an electronic ticketing system
that will eliminate the human factor in ticketing, it is likely that personnel will
be needed in services such as station capsule maintenance or cleaning, security,
customer service, and customer baggage assistance [24].

Station operating costs should be added to the total cost, but the need for
personnel, labor, etc. in operating costs is also in question in Maglev and air
transportation. The special technical requirements in the Hyperloop station,
which is different from other transportation modes, is the most important reason
that increases the cost.

MAGLEV COST

According to the United States Railway Administration in 2005; While
the construction cost of the one-kilometer Maglev train line varies between
$31.25 million and $62.50 million, the benefit of Maglev trains becomes even
more clear with the ideal travel length of over 240 kilometers [49]. The lengths
and costs of existing Maglev lines in China, Japan, and South Korea are shown
in Table 6. Estimated project costs according to routes planned for Hyperloop
and costs of existing Maglev systems are shown in this study. However,
building the same system in a different location in the same country has
different costs due to geographical conditions. Therefore, competitive distances
that provide maximum benefit in transportation, which is a requirement of
feasibility, are shown in Figure 9 [49,50].
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Table 6. Maglev lines and their costs [51]

Maglev i
Project Countr r?]iﬁhg{ﬁje_ﬁ;:ig:t 2016 Costs with Length | Project Cost
(Year of y ($g; CPI Inflation ($) | (miles) Per Mile ($)
Cost)

S?;ggz‘)a' China $1,580,000,000 | $2,021,873,054 186 | $108,700,000
'ér(‘)'org;’ Japan $922,000,000 $1,141.188 623 55 $207,500,000
Incheon South
Airport $342,000,000 $360,076,126 38 $94,700,000

Korea
(2012)

C?;ng;‘a China $674,000,000 $674,000,000 115 $58,600,000

Chuo Japan 3107 | $289.700,000
Shinkansen $90,000,000,000 | $90,000,000,000 : (U9,
(2016)

Skytran
2016) Israel N/A N/A N/A $13.,000,000

Baltimore

Washington USA $12.000,000,000 | $12:000,000,000 40 $300,000,000

DC (2016)

U.S. Maglev
Network USA | $970,000,000,000" | $999 355,000,000 | 29000 | $34.500,000
(2013)
HIGHWAY HIGH SPEED TRAIN AIR &HSR AIR
- o )
O‘ 150 300 500 1500 15000
km

AR g
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,H,P_ERLOOP.W y

,,,,,,,,,,, MAGLEV ——=s
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Fig. 9. Competitive travel distance for Maglev, Hyperloop, High-Speed Train and Airplane
(not scale)
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CONCLUSION

The advantages and disadvantages of Hyperloop and other vehicles have
been revealed under security and cost issues by comparing them. The Hyperloop
will be costlier because of its additional requirements (vacuum pump, tube, etc.)
of the Maglev system under the same conditions. However, the high estimated
cost of construction will be reflected in passenger fees. When these fees are
distributed to 28 people traveling in a capsule, the high cost will prevent the
spread of this system and serve the society whose income is above a certain
level. However, Hyperloop's attractive features, such as high speed, utilization
of solar energy, and weather resistance, can make it a means of transportation to
operate in certain places, despite its cost. Although Concorde was the most
expensive and the fastest aircraft in the past, the reason it went out of use was
not its cost but the accidents and political crises of the period [52]. In this
respect, cargo transportation at the first stage may be an effective solution to
increase and prove the reliability of Hyperloop. With the development of
technology, when experience is gained about more economical solutions,
designs and managerial or engineering deficiencies that may arise in the cargo
type Hyperloop installed before, the passenger type Hyperloop application may
be more acceptable in the community with reliability and cost. Hyper Poland
company mentioned that the standard of Hyperloop infrastructure should be the
same in every country, and the companies interested in this issue should reach a
consensus. This suggestion can be useful in terms of increasing the widespread
and applicability of Hyperloop. However, as in the history of the Maglev train,
technological competition in the world may prevent the implementation of this
idea.
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KAIIMTAJIBHOE BOCCTAHOBJIEHUE
MACCHUBHBIX OITOP MOCTOB

OOBEKTOM WCCIIEOBAaHHS B JaHHOW CTaThe SIBISIOTCS CIIOCOOBI BOCCTAHOBJICHUS
MacCHBHBIX OMOpP MOCTOB, B 3aBUCHMOCTH OT XapakTtepa U oObema paspymenus. Pabora
BBINIOJITHEHA HAa OCHOBE aHalW3a MyONMKAlMid OTEYECTBEHHBIX M 3apYOEKHBIX YYCHBIX,
METOJIOM  TEOPETUYECKOro  M3y4eHHus, aHanu3a u  o0o0meHus Marepuana. B
OpPraHU3allMOHHOM OTHOLICHUHM MEIKUE PadOTHI IO PEMOHTY OIOP MOTY OBITH BBIOJIHEHBI
pacropsHKEHHEM CaMHX JIOPOT, YTO e KacaeTcsl KPYIMHBIX paboT, TO OHU PE3KO Pa3IHYaOTC
OT paboT MO0 BPEMEHHOMY BOCCTAHOBJICHHIO. PEMOHT MOBPEXICHHBIX ONOp C PacCTPOCHHOMN
YaCTh KIIaAKW Majlo OTJIN4YacTCA OT PCEMOHTA M YCHJIICHHA OIIOp, MIPOU3BOAHMMOIO Ha
CYIIECTBYIOIIMX MocTax. Hambombinue TPyIHOCTH MPEIACTABUT PEMOHT OIOpP B IOJBOIHON
qacTH. I[JI?[ IMPOU3BCACHUSA pa60T Ha KaXJIOM OTACJIIbBHO B3s4ATOM 00BEKTE PEMOHTA,
HEOOXOIMMBI OpraHHu3anuy, objanarommue OONBIIONH MOOMIBHOCTBIO, KBATU(UIIMPOBAHHON
paboyeli CHII0i U T0CTaTOYHBIM 3a11acOM MaTEPHAJIOB.

Knroueesvie cnosa: OIIOpbI MOCTOB, KJIaJlKa, WHKCHCPHBIC COOPYKCHUA, PA3JIOIIATKH,
ApaHu, 6I>IK, PAKEBOC OCHOBAHHUE, INITPCHICIIb, PSK, HIITAJTBHBIC KIICTKU.
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MAJOR RESTORATION OF MASSIVE BRIDGE SUPPORTS

The object of research in this article is the methods of restoring massive bridge
supports, depending on the nature and volume of destruction. The work is based on the
analysis of publications of domestic and foreign scientists, by the method of theoretical study,
analysis and generalization of the material. From an organizational point of view, minor work
on the repair of supports can be carried out by the order of the roads themselves, but as for
large-scale work, they are sharply different from work on temporary restoration. The repair of
damaged supports from a broken part of the masonry is not much different from the repair and
reinforcement of supports performed on existing bridges. The greatest difficulties will be the
repair of supports in the underwater part. To work on each individual repair facility,
organizations with high mobility, skilled labor and a sufficient supply of materials are needed.
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BBEJAEHUE

B nepuon Bennkoil 0Te4eCTBEHHON BOMHBI MOCTBI HA KEJE3HBIX JOPOrax
MOJABEPraroTCs 3HAUYUTEIIbHBIM pa3pylLICHUSIM. ot pa3pyuieHus
PaCIpOCTPAHSIOTCS HE TOJIBKO Ha MPOJIETHBIE CTPOEHUS, HO U Ha OIIOPbI MOCTOB.

[ToBpexknenust U pa3pyiieHus onop TpeOyrT TPYAOEMKUX paldOT MO HX
BOCCTAHOBJICHUIO, T[IOPTOMY OHHM TOJBEPraroTCsi OCOOEHHO CEepPbE3HBIM
pa3pyLICHUSIM.

PaspyiieHust U moBpeXJIEHUSI OTIOP MOCTOB Pa3HOOOPa3HbI MO XapaKTepy
U TIyOMHE MX paclpoCTpaHEHHUs. JTOT XapaKTep MOBPEKICHUN OMOpP 3aBUCHUT
OT CTENEHW BO3ICHCTBUS HAa HHUX CPEICTB pa3pyLICHUs, a TakKXe OT
MOBTOPHOCTH Pa3pyIICHUS.

Pazpyiienust B onopax MOCTOB, MOJBEPTIIUXCS BO3AYIIHBIM HajeTaM, B
pe3yabpTare B3pblBa aBUAOOMO OKOJIO OMOp OOBIYHO HE HACTOJIBKO CEPhE3HBI U
UX MOKHO OTHECTH K MOBEPXHOCTHBIM M MECTHBIM MOBPEKICHUSIM TT0 OOKOBOM
MOBEPXHOCTH KJIaJKK 0€3 00pa3oBaHusl IITyOOKUX TPEILUH.

K cepbe3HbIM MOBPEKICHUSIM MOKHO OTHECTH Pa3pylICHUs, BbI3BaHHBIE
B3PHIBOM aBHAOOMO OO0JIBIIION B3PHIBHOW CHJIBI HETIOCPEACTBEHHO HAa ONOpE HIIU
PSIOM C OIIOPOH.

Bosbiiasi 4acTh MOCTOB C CEPbE3HBIMU MOBPEXKICHUSIMU PACIIOJIOKEHA B
TBUIOBBIX paliOHaX, U UX KaMUTaJIbHOE BOCCTAHOBIICHHE CBOIUTCA K PEMOHTY
Ormop OOBIYHO CPEACTBAMU W MaTepHallaMH COOTBETCTBYIOIIUX OpraHU3alun
HKIIC u Bo BpeMsi BOIHBI.

JloBoJIbHO OoJibllIasi TPYINa MOCTOB IOJBEpPrajiaCb M TOJIBEpraeTcs
pa3pylIeHUsIM OTCTYHAIOIUM TNPOTUBHUKOM, M, KaK TMPAKTUKA BOMWHBI
MOKA3bIBAET, ITU Pa3pyIICHUs, BbI3BaHHBIE HEOJHOKPATHHIMU U TOBTOPHBIMU
B3pbIBAMU TOW WM HWHOW CTOPOHOW, SABJISIIOTCS JIOBOJIBHO CEPHE3HBIMU M
PacCIpOCTPAHSIOTCS HE TOJIBKO B HAJBOJHOMN YacTH, HO U B MOJBOJHON YacTH C
oOpa3zoBaHueM ri1yOOKUX TPEILKH B TEJI€ OMOP MOCTOB.

[Ipu BocCTaHOBIEHWU MOCTOB Ha CTapOi OCH OMOPHI MOCTOB OYEHb YacTO
UCIIOJB3YIOTCS KaK OCHOBAaHHME [JIi COOTBETCTBYIOIIEH HAJCTPOMKUA W3 pam
JEPEBSIHHBIX WM METAINTIMYECKUX, WIIH JJISl IINATbHBIX KIETOK WU PshKEH.

[Ipu 3arpoMokaeHnn pyciia 00JIOMKaMH MPOJIETHBIX CTPOSHUN U OMOp B
psilie CaydaeB BOCCTAHOBIICHHE MOCTOB SIBJIIETCSI HACTOJIBKO TPYIOEMKHUM U TIO
00BEMy W MO BPEMEHH, YTO BOCCTAHOBJIEHHE MOCTOB MPOM3BOJUTCS HA HOBOU
OCH, a MOBPEKJICHHBIC WM Pa3pyLICHHBIE OMOPHI MOABEPTatOTCA AAIbHEHITUM
pa3pylIeHUsAM B Pe3yjbTaTe€ BO3JCHCTBHUS HAa HUX BOABI U JIPYTUX BPEIHBIX
(hakTopoB.

Kpome 3Toi1 rpymnmbel MOCTOB, BOCCTAHOBJIEHHUE KOTOPBIX 3aTPyAHUTEILHO
B BOCHHOE BpeMsl BBHUJY CEpPbE3HBIX pa3pylICHUM, UMEETCS 3HAYUTEIbHas
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IpyIa MOCTOB, MOBPEKICHHBIX WA Pa3pyLICHHBIX IPH BBIHYKJAECHHOM OTXOJIE
HaIllUX BOWCK B MEPBOE BPEMs BOMHBI U HE BOCCTAHOBJIEHHBIX MNPOTUBHUKOM
BBUJY UX PACIIOJIOKEHHS Ha BTOPOCTENEHHBIX HampaBieHUsx. Kpowme
MOBPEXKJCHNN, BBI3BAaHHBIX B3PBIBOM, ONOPBHI UMEIOT PAa3pYILICHUS, BbI3BAHHBIC
pa3nuuHbIMH BpenHbIMH (akTopamu. OOJOMKH KIAIKH OMOp B pe3yibTaTe
JEUCTBUS BOJBI 3aMJIEHBI, U BOCCTAHOBJIICHHE TAaKHX ONOpP TPEOYET CEpbE3HBIX
MEp U CHEIHATBHBIX METOJOB PAOOTHI.

OC00EHHO 3TO OTHOCUTCS K OIOpaM, pa3pylIeHHE KOTOPBIX BHI3BAHO B
MUHHBIX Kamepax. B pesynbrare B3pblBa B TakuMx Kamepax, KpoMme OOIuX
MOBPEXACHUN, HUKE KaMepbl Ha 3HAYUTENbHYIO TIyOHWHY paclpOoCTpaHsSIOTCS
o0Opa3oBaBIIMECsS TPEUIMHBL. DTH TPEUIMHBI, PACIPOCTPAaHEHHBIE B IOJIBOJHOM
4acTH, B Pe3yJbTaTe BO3ACHCTBHS BOJABI B JAJbHEUIIIEM HUMEIU TEHIACHLHUIO K
yrayOJIeHu o U paciupeHuro [1].

Taxue omopsl TpeOyIOT MpeABApPUTEIBHOIO M TIIATEIBHOIO OCMOTpa U
aHaJln3a 1eJIeCO00Pa3HOCTH BOCCTAHOBJIEHUS UX IO CPABHEHMIO C YCTPOHCTBOM
HOBOM OIIOPBHI.

[Ipu kanuTanbHOM BOCCTAHOBJIICHHHM MOCTA Ha CTapoll OCH HEOOXOJUMO B
KOKJIOM CJy4yae pElIMTh LEeIecO00pa3HOCTh BOCCTAHOBIICHUS Pa3pyLIEHHOM
OTOpBI, YUYUTHIBASI TPYJOEMKHE CIOCOOBI HMX PEMOHTA, OCOOEHHO pPa3z00pKU
CTapoil KJIAIKM KaKk B IOJBOJHOM, TaK M B HAJIBOJHOM 4YacTH. B pekax ¢
CYJOXOJHBIMH IPOJIETAMUA NPH BOCCTAHOBJIEHHMH MOCTOB Ha CTapod OCH MJif
COXpaHEHUs HEOOXOJMMBIX CYAOXOJHBIX IPOJIETOB MPUAETCS KalUTaJIbHO
BOCCTaHABIIMBATh ONOPHI, pa3pylICHHbIE KaK B HAJBOJHOM, TaK U B MOJBOAHOU
YacTH.

Ha moiimax uiam Ha pekax ¢ Majioil riayOMHON BO3MOXKHO TPOU3BECTU
BOCCTAHOBJICHUE MOCTOB C YCTPOWCTBOM HOBBIX OIOP MPH MaJbIX MPOJIETaX, YTO
B PsIZI€ CIIy4aeB MOXKET ObITh SKOHOMHYHO.

Ha 3HaunTeNbHON YaCTH MOCTOB BOCCTAHOBJIEHUE ONIOP BO3MOYKHO ITyTEM
pa300pKH CTapoil KIAJIKA U yCTPOMUCTBA HOBOM KJaAKu. Takue paboThl JOJKHBI
ObITh TPOU3BEJCHHI B MOCTaX, paHee BPEMEHHO BOCCTAHOBJICHHBIX, IPHU
HOPMAJIbHOM WJIM OIPaHUYEHHOM JABWXEHUU U 0€3 mepephiBa TAKOBOTO.

[Ipy BOCCTaHOBJIEHHHM OIIOP MOCTOB, HCIIOJIb30BAaHHBIX KaK OCHOBaHHUE
JUIsL pa3sHOrO0 pojAa HAJCTPOEK, BO H30€KaHME 3HAUYMTENbHBIX padoT TIo
YCTPOMCTBY BPEMEHHBIX OINOP M MEPECTAHOBKU MPOJIETHBIX CTPOEHUN Ha 3THU
OTIOPHI, JIyYIlIe POU3BECTH HOBYIO KJIAJIKy 0€3 CHATHS HAACTPOUKH [2].

[Ipu BOCCTaHOBIIEHHMH ONOpP TAaKUX MOCTOB, a TakKXKe OIOp MOCTOB,
BPEMEHHO pAaHEE HE BOCCTAHOBJIEHHBIX, HOBYI KIIQJKy PEKOMEHIYETCS
MPUMEHSTH U3 0eTOHA Wik OyTOOETOHA.

Knagka omopsl w3 OTAENbHBIX OETOHHBIX OJIOKOB, M3TOTOBJICHHBIX Ha
CTpOilIBOpax, /i BBICOKMX MAacCCHUBHBIX OINOp TpeOyeT cCrenuaIbHOro
o0opyaoBaHUs JIJIsi TPAHCTIOPTUPOBAHUS UX C Oepera Ha OMOPhI M MOAbEMKH UX
BBU/]ly UX 3HAUUTEJILHOTO Beca B 2—3 T. beToHnpoBaHue onop B onaiyoOke uMeeT
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psAA NPEUMYIIECTB Mepel KIAAKOM M3 OTIENbHBIX OJOKOB BBUAY IPOCTOTHI
TPAHCIIOPTUPOBKM OE€TOHA: TpU TNOMOIIM Kabelb-KpaHa, OapkamMu U
nogbeMHUKaMu. llpu pemoHTe omop, KOTOpble OBUIM HCHOJIb30BaHBI IPH
BPEMEHHOM BOCCTaHOBJICHMM, KJIaJKa M3 OJIOKOB TakXe HEyJoO0Ha, TaKk Kak
TpeOyeT CHATHUS HaJCTPONKU U MEPECTAaHOBKU MPOJIETHOTO CTPOCHUS C OTOp Ha
HOBBIE BPEMEHHBIC OIOPHI, YCTPOWCTBO KOTOPHIX HE BCErAa YAOOHO BHIY
3HAYUTENbHBIX 3arPOMOKICHHI pyciia BOKPYT OMOPHl KAMEHHBIMH 0OJIOMKaMHU.

[ToBpexxaeHust pa3pylieHHs OMOpP MOCTOB MOTYT OBITh CBEACHBI K
CJIEIYIOLUM:

1) moBpexaeHust NoAPpEpPMEHHUKOB WIH TOAPEPMEHHOHN TUIOMIAIKH;

2) TOBpEXICHHUS MKa)HOU YACTH YCTOS;

3) MOBpeXIICHHUS KPBUILEB YCTOS;

4) noBpexaeHuss OOJUIIOBKH OIOPBl MM JICHIOPE3HOM 4YacTH Kak B

Ha/IBOJHOM, TaK U B MOJABOIHOM YaCTH ONOPBL;

5) paspylieHre HaJIBOTHON YaCTU KITAIKH OIIOPHL;

6) paspylieHHe OMOPbI C MOBPEIKACHUEM TOABOIHON YaCTH KIIAJIKU OMIOPHI;

7) TMOBpEeXICHUE KIAJKHA (TPEUIMHBI, KPSHBI, CIIBUTH) BCIICACTBUE B3pbIBA
aBraboMO Wi cOpoca C OMOPbI MPOJIETHOTO CTPOEHUS.

[ToBpexxaeHust U pa3pyuieHHs OMOp MO UX CIOcoOaM JTOKaTU3allid MOTYT
OBITh CBENEHBI K TMOBPEKICHHUSIM MEJIKOTO XapakTepa, KOTOPHIE MOTYT OBIThH
BBITIOJTHEHBl MECTHBIMU CPEACTBAMH M CTPOUTEIbHBIMH OPTaHU3AIMSIMH JTOPOT
HKIIC u x Oonee cepbe3HBbIM, PEMOHT KOTOPBIX MOET OBITh BBIINOJIHEH
CIIEHHAIBHBIMA PEMOHTHBIMM IpynnaMu Mmocrornoe3noB Mocrtorpecra HKIIC.

HcnpaBnenue noBpexaeHui B moadepMeHHUKAX WIN KeJIe300€TOHHbBIX
noepMEHHBIX TUIOIIAAKAaX, B KPBUIbAX YCTOEB M HIKAa(HOM 4YacTu, a TaKxke
HNOBPEXACHUS OOJMIIOBKM M JIEAOPE3HOW 4YacTH MOTYT OBbITh OTHECEHBI K
MEJIKOMY PEMOHTY [3].

K Oonee cepbe3HbIM MHOBPEXKACHUSM, HCIPABICHHE KOTOPBIX TpeOyeT
CHELMANIbHBIX TMPUEMOB W O0OPYJIOBaHMs, OTHOCSTCS BCE IMOBPEXKICHUS H
pa3pylieHHs Orop, CONPOBOKIAEMbIE TPEIIMHAMHU B KJIAJKE ONOp U OTKOJaMHU
YacTH KJIAJKH.

Ot paboThl TO PEMOHTY MOTYT OBITh BBITIOJHEHBl TPHU TIOMOIIH
[EMEHTAlMd ¥ TOPKPETHUPOBAaHUS, a TakKkKe TMpH TOMOIIM YCTPOHCTBa
JKENIe300€TOHHBIX TMOSCOB M 000JI0YEK, B TMOJBOJHOM YacTH PEMOHT
MOBPEXACHUN MOXET OBITh BBIMOJIHEH MPHU MOMOIIM KapKACHBIX MEPEMBIYEK,
MOJIBOHOTO OETOHMPOBAaHUS W B KpailHEM clydyae MpPU TMOMOINUA CHhEMHBIX
KECCOHOB, NPHUMEHEHHE KOTOPBIX BCErJa COMNPSIKEHO CO 3HAYUTEIbHBIMU
HEy100CcTBaMU, OCOOCHHO B CBSI3H ¢ HEOOXOIUMOCTHIO pa300pKU CTapOM KIIaJKH
pyuHbiMu criocoOamu. [lpy Hanmuuum XOpolero rpyHTa M HpH OTCYTCTBHH
KaMEHHBIX OOJIOMKOB BBUAY MPOCTOTHl 3a0MBKU IIMyHTA JAEPEBSIHHOTO WIH
METAJJTNYECKOT0 PEMOHT MOBPEXACHUNA B IOABOJHOW YaCTH MOXKET OBITh
MPOU3BEIEH OTKPBITHIM CIIOCOOOM.
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MEJIKUA PEMOHT OITIOP

PeMoHT u cMeHa noadepMEeHHUKOB U MOA(GEPMEHHON KeIe300€TOHHOM
IJIOIA K. [ToBpexaenne  MOAPEPMEHHUKOB  HIM  MOA(epMeHHOU
KEJIe300€TOHHOM TUIOLIAIKK MOXKET OBITh B pe3yibTare B3phiBa aBMaOOMO Ha
Orope.

Tpemmnasl WM  CKOJABI B MOA(PEPMEHHBIX KAMHSX BHE IMPEeoB
pacnpoCTpaHEHUsl JaBJICHUS HE NPEJICTaBISIOT HUKAKOW OMACHOCTH W JIUIIb
TpeOyIOT MEpONpUATHi, OOECIEUMBAIOIIUX COOTBETCTBYIOIIMI OTBOJ BOJBI.
Jlnst aTor0 CKOJIBI MOA(MEPMEHHUKOB MOKPHIBAIOTCS LIEMEHTHOM IITYKATYPKOM.
[Ipy  He3HAYUTENBHBIX  MOBPEXKACHUSIX B  MOA(DEpPMEHHUKAX  MOYXKHO
OTPaHUYUTHCS IOCTAHOBKOW XOMYTOB.

[ToadepmenHbie KaMHU CO 3HAYUTEIBHBIMU CKOJaMH M TpEUIMHAMU
JOJDKHBI  OBITh CMEHEHbl. B MocTax ¢ HOpPMaJbHBIM WM BPEMEHHBIM
JBUKEHUEM T0€3/10B CMEHa MOA(PEPMEHHUKOB MPOU3BOJIUTCS IOCIE TOTO, KaK
OKOHYEHBI BCE PaOOTHI MOATOTOBUTEIIBHOTO XapakTepa [4].

[lox omopHOIl momnepeyHoi Oankoid WM noi (¢epMaMyd Ha IUIOLIAJIKE
YCTaHABJIMBAIOTCS KJIETKU U3 OpEBEH WM OPYChEB WM METAUIMYECKUX OAJOK.
[Togbemka Gepm U UX ONYyCKaHHE Ha KJIETKU MPOU3BOJATCS OJHOBPEMEHHO IS
o0enx ¢ep™m, HE3aBUCHUMO OT TOIO, CKOJbKO NOA(PEPMEHHUKOB CMEHSETCH.
Bepxnue u, 1m0 BO3MOXHOCTH, HWXKHHE OajJaHCUPbl OMNOPHBIX YacTeu
noJBemMBatOTcs XxomyramMu K ¢epmam. Ilocne mogbemku ¢epMm KaTtku u
HUKHUE TIOAYIIKA ONOPHBIX 4YacTed BBIHUMAIOTCS, a MoAdepMEHHUKH
YIAJSIOTCS, MOCe Yero MPOU3BOAMUTCS MOCTAHOBKA HOBBIX MOJ(DEPMEHHHKOB
(mpu  3A0pOBOM BEpXe OMNOPbI) U3 ECTECTBEHHOIO KaMHs, Jydlle U3
KeJe300€TOHa, a TpU TMOBPEXKIECHUU KIAJKA BepXa OIMOphl IMPOU3BOIUTCS
YCTPONCTBO HOBOM, kKe1e300€TOHHOM Mo1hepMEHHOH TUIOIaIKH.

VYerpoiicTBO HOBOHM Kele300€TOHHOM IIIOIIAJAKKA OCOOCHHO JKEJIaTeNIbHO
JUIsL ONOp, MOJBEPIIIUXCS COTPSICEHUIO OT B3pbiBa aBUAOOMO M BO3MOXKHOTO
HaJIM4Ms B HUX HEOOHAPYEHHBIX BOJOCHBIX TPEUIUH, BCIEACTBHE CIIOCOOHOCTH
XKeNe300€TOHHON MOAYIIKM K pPAaBHOMEPHOW Iepedade Harpy3kd Ha OIopYy.
YeTpoiicTBO Takoil TUIOMIAJIKM HEOOXOJUMO M B Clydae MOBPEKIACHUS C
Pa3pbIBOM apMaTyphl CTapoi xKeae300eTOHHOM moAGEepMEHHON ITOIAAKH.

B ycrosx mnoBpexaeHHble MNOAGEPMEHHBIE IUIOMIAJKH 3aMEHSIOTCS
HOBbIMU. OJHOBpEMEHHO TMpH MOBPEXKJACHUUM CTEHKH IIKada HE0OX0AUMO
YCTPOUTH M KEJIe300€TOHHYIO CTEHKY, KOTOpasi 00eCeunT MPOYHOCTh IMKada u
IPEIOXPaHUT OT aTMOC(EPHBIX BO3AEHCTBHM MIKa()HYIO 4aCcTh yCTOSI.

PemoHT KpbLIbeB ycTosl. [loBpexaeHHbIE Kelne300€TOHHBIE KPbUIbS
YCTOEB CO CKOJIOM U pa3pbIBOM apMaTyphl JOJIKHBI ObITh MOJTHOCTHIO 3aMEHEHbI
HOBBIMH, JJISl 4YeTr0 HEOOXOJUMO MPOU3BECTU Pa300PKy KIIAJKU U apMaTyphl 0
3aJIelIKM  apMaTypbl B TEJIO YCTOS M TPOU3BECTH THIATENIBHYIO 3a4UCTKY
MOBEPXHOCTH Kiajiku. HoByI0 apMaTypy ycTaHaBIMBATh C YACTUYHOM 3aJEJIKOM
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€€ B CTapylo KJIAJIKy Ha JOCTaTOUYHYIO TTTyOUHY U MPOU3BecTH OeToHupoBKy. Ha
BpeMs MPOU3BOCTBA PAOOT O PEMOHTY KPbLUILEB MO/ IMMYTh MOABOJATCS MAKETHI
U3 PENbCOB WM 0ajloK € MHUHUMAJIBHON CTPOUTENbHOW BBICOTOM TaKuX
MPOJIETHBIX cTpoeHU. OHU OAHUM KOHIIOM OMUPAIOTCA HA MEPEIHIOI0 CTEHKY
yCTOS, @ APYTMM Ha BPEMEHHYIO OMNOPY BHE NPENETIOB OYyAYyLIEro KOTIOBaHA.
KornoBan ynoOHee ycTpauBaTh B BHUJAE IONEPEYHOW MPOPE3U 3EMIITHOTO
MOJIOTHA C YIIOPOM PacloOpOK KPEIJIEHUS €€ CTEHKH B MEPEHIOI0 CTEHKY YCTOSI.

Hepexknagka o06aunoBku omnop. Ilepeknanky OOJUIIOBKM — OIOP
HEOOXOJMMO MPOU3BECTH, €CIIM OHA pa3pyllieHa WM paccTpoeHa. JlemopesHbie
KAMHHU TpU 3HAYMUTEIBHBIX CKOJaX, a TaKXe, €CIM COCTOSHHE JieJope3a H
OOJUIIOBKHA, OCOOCHHO B YacTH, TJE€ OMNOpa OMBIBACTCS BOJOW, BHYIIAET
OIaceHue, TAKKe JOJDKHBI ObITh 3aMEHEHBI HOBBIMHU.

PaboTthel mo nepekianke OONMLOBKUA U JieAOpE3a MPOU3BOJUTH B CYXOM
OTPaXKIEHUH, YTO MOKHO 00ECTIEUYUTh YCTPOHCTBOM IIITYHTOBOT'O OIPa)K/IC€HUS.

[Tpy HEBO3MOXKHOCTU YCTPONCTBA IIIMTYHTOBOI'O OTPaKACHUS MEPEKIAAKY
PacCCTPOMBIIMXCS JIEAOPE3HBIX KaMHEH, a Takke CMEHY OOJIMIIOBOYHBIX KaMHEW
OTIOp OKOJIO TOPU30HTA MEKEHHOM BOJBI YA00HO MPOU3BOAUTH B 3UMHEE BpEMsI
B TEIUISKAX.

Cyxoe orpaxaeHue BO3MOKHO OO€CIEeUYUTh IPHU MOMOIIU BHIMOPO3KU U
MOCJIEIOBATEIBHOIO BBIKAJIBIBAHUS JbJa BOKPYr Jefopesa. BeIpyOKy mbaa
IIPOU3BOJNTH HA HEOOJBUIYIO TOJIIMHY, YTOOBI HE JaTh MNPOOHUTHCS BOJE,
KOTOpasi MOKET 3aTONUTh BBIMOPO3KY. lIpoliecc BBIMOPO3KHM IIUTENBbHBIA U
BO3MOYKEH B PalilOHAX C XOJOJIHOU 3UMOii [3].

[Tpu nmoBpexaeHnIX OETOHHOW OOJIMIIOBKH HJIM PACCTPOMCTBE KaMEHHOMN
OOJIMIIOBKH TIPOMU3BOJUTCS YKPEIUIEHUE €€ MPU IMOMOIIM OETOHMPOBAHHUS IIO
METAJIINYECKOU CETKE.

Jrto OEeTOHHpOBaHUE JTy4uie IPOU3BOJIUTH IIOCPEICTBOM
TOPKPETUPOBAHUSI.

PEMOHT KJIAJIKHU TEJIA OIIOP

Tpeunasl B Tee KaMEHHBIX U OETOHHBIX OMOP MOTYT OBITH BCIIEACTBHE
MOJIPBIBAHUS OMOPHI, COTPSICEHUS ONOP MPH BO3AYIIHONH OOMOapAMpPOBKE MOCTA,
B apOYHBIX MOCTaX BCJIEICTBHE B3pPhIBA apKH.

[Ipu oOHapyXeHHH TpeuH HEOoOXOAUMO BBIICHHTH HMX XapakTep |
pacnpocTpaneHue. TpemuHbl MOTYT OBITH TOBEPXHOCTHBIE TOJIBKO B OOJIUIIOBKE
WIH K€ TIPOHHUKATh M BIIYOb KIIaJKH.

Heo0OxoauMo BBISICHUTH HajdW4dWe TPEHIMH Tak)Ke W B TOJBOJHON YacTH
OTOPbI, HET JIM OTKOJAa YacTH KJAJKH, HET JIM CABHra MaccuBa OMNOPBI IpU
HAJIMYUU TOPU3OHTAJIBHBIX CKBO3HBIX TPEIIMH, KAKOBO COCTOSIHHE OCHOBAHMS
OIIOPBHI.
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[Ipy HE3HAUUTENBHBIX TPEUIMHAX, HE COMPOBOXKAAEMBIX CABUTOM WIIA
OTKOJIOM YacCTH KJIAJIK¥, BOCCTAHOBJICHUE OMNOP MPOU3BOJUTCS HATHETAHUEM B
TPEUIMHY MOJ JABJICHHEM LIEMEHTHOIO pAacTBOpa, a MpPH PaCCTPOUBIICHCS
MOBEPXHOCTH KJIAJIKU U TOPKPETUPOBAHUEM €€ MIOBEPXHOCTH.

[Ipu TpemmHax, COMPOBOXKIAEMBIX OTKOJIOM, HO PacIpOCTPAHEHHBIX B
BEPXHEW YacCTH OMOPHI, CIAEAYET UIU CHITH MOBPEXKIACHHYIO KIAJAKy U 3aMEHUTD
€€ HOBOM KJIAJIKOW WJIM K€ YKPEMUTh €€ MOCTAaHOBKOM KeNe300€TOHHBIX MOSICOB
WM 000JIOYEK C OJJHOBPEMEHHBIM HATHETAHWEM IIEMEHTHOTO PacTBOPA.

Takum >xe obOpazom 0e3 pa3OOpPKHM OMOPHI PEMOHTHUPYETCS KiIajJKa B
HIDKHEN TOJIBOJHOM YaCTH OMOPBI, €CJIM TPEUIMHBI HE AAIOT MOJHOTO OTKOJIA
BEPXHEW YaCTU OMOPbI OT HUKHEW IO IMIOCKOCTH CO 3HAYUTEIIBHBIM HAKJIOHOM,
M0 KOTOPO MOTJIO ObI TPOU30UTHU CIIOJI3aHUE.

[Ipy HanMuMM cIBUTa BEPXHEW YAaCTH OMOPbI MO TOPU3OHTAIBHON WIIN
cab0 HaAKJIOHHOM TpEUMHBI B 3aBUCUMOCTH OT BEJIWYMHBI CIBHUTa U
PaCIOJIOKEHUS 110 BBICOTE BOCCTAHOBIIEHUE OIMOPHI MOXKET OBITh OCYIIECTBICHO
aM00 CHATHEM BCEW CIIBUTAOIICH YacTH OMOPHI MyTEM MOAPLIBAHUS KIIAJKH,
aM00 TOCTAaHOBKOW MOIIHOM Kene300€TOHHON 000J0YKM C HHBEKIHeH
pacTtBopa B KJIaAKy [6].

Ecnmu knagka moTpeBOKEHA W B TOJABOJHOW 4YacTH OIOPBI, TO €€
YKPEIUICHHE MOHO MPOU3BECTH MPUMEHEHHWEM IIMYHTOBBIX CTEHOK B BHJC
onajqyOKuM C pacCTOSHUEM CTEHKM OT Kiaaku B 50 cM C 3amoJIHEHUEM
POMEKYTKA OETOHOM.

B apounbix MocTax HauboJjiee CEepbE3HBIM MOBPEKICHUEM OMOPHI
SBJISICTCSI KpaH €€ BCIIEJCTBHUE MOBOPOTAa OCHOBAHMS, YTO Oy/IeT UMETh MECTO
Ipy  3HAYUTEIBHOM OJHOCTOpOHHeM pacmope. IlogoOHoe paspyiieHue
COMPOBOXKIA€TCS OOBIYHO TIIYOOKHMMH TPEIIMHAMHU B TEJIe OMOPbI, YTO BEAET K
JIOBOJIBHO CJIOHBIM padoTaM I0 IEPEyCTPOMCTBY MOCTA.

ITpu B3pbIBE HAJIBOJHOW YaCTH OMOPbI BOCCTAHOBIICHUE €€ MPOU3BOIUTCS
nyTeM OETOHUPOBKM B CIEHHAIBHBIX JICPEBSIHHBIX WM METAUTMYECKUX
pa30opHbiX ¢dopmax, JMOO0 BBIPABHUBAHHEM Bepxa pPa3pyLIEHHON OMOPHI C
MOCTAHOBKOM METAJUTMYECKUX WJIU KEJI€300€TOHHBIX OIOP.

B ciyuae paspyuieHusi He TOJIBKO HAJABOJAHOM, HO M MOABOJHOW KIIAJIKU
OMOp BOCCTAHOBJICHHUE MOKHO MPOW3BOAUTH JUOO OETOHUPOBKOW OIMOp, MOJ
3aIUTOM IIMYHTOBOM MEPEMBIYKH, €CIU €CTh BO3MOXHOCTh HPOU3BECTH
3a0MBKY IIMYHTA, JUOO MPU MOMOIIU KapKACHBIX MEPEMBIYEK WIIA MOJIBOTHOTO
OEeTOHMPOBaHUS B ONAITYOKE UM B KpailHEM cllydae Mpy 3HAYUTEIbHOM riyOnHe
IIPY IIOMOILM ChEMHOT'0 KECCOHA, IEPEBIHHOTO WJIM METAJITUNYECKOTO.

HemenTanus. [lemeHTanms uim NponuTka — COCo0 YKPETUICHUS KIaJaKu
MAaCCHUBHBIX OIOp ITyTEM BBEJCHHUSI B HEE MO/JI JABJIIEHHUEM LIEMEHTHOTO PacTBOpa,
o0najaeT 3HAYUTEIHHBIMU JOCTOMHCTBAMU M CIOCOOHOCTBIO 3aIOJIHATH BCE
MOPbl U CBSI3bIBATH OTJEIBHBIE YACTH KJIAJKHU, MPUJABasi UM MOHOJIMTHOCTb,
MPOYHOCTh U BOJAOHEIPOHUIIAEMOCTb. JTOT METOJ YCWJICHUS MOBPEKIECHHBIX
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OTIOp 3aKJIFOYAETCs] B TOM, YTO YEPe3 CEPUI0 OTBEPCTHUH, MPOOMBAEMBIX B KIIAJKE
B MECTaX TPEIIMH U BJIEIBIBAEMBIX U 3aMa3bIBAEMbIX B HUX KOPOTKHUX OTPE3KOB
TpyO, B COOpPYKEHHE BBOJAMUTCS MOJ JAaBieHreM 5 — 10 aT 1eMeHTHBIN pacTBOp
[7].

[Ipn HamWuuMM BOJIOCHBIX TPENIMH YIOTPEOISETCS IEMEHTHOE MOJIOKO,
MpU KPYMHBIX TPEIIMHAX MPUMEHSIETCA pacTBOp. B 3aBUCMMOCTH OT cpoka A0
CAa4d COOPYKEHHUSI B OKCIUTyaTalldI0 MOXHO TPUMEHSTH OOBIYHBIA WIU
OBICTPOCXBATHIBAIOIIUH IIEMEHT.

JIns mpoOM3BOJCTBA MHBEKIMU PACTBOPA B KIAAKYy HPUMEHSIOTCS: 1)
pyYHbIE W MEXaHU3MPOBAHHBIE HACOCHI W 2) HarHeTaTelbHBIE MPUOOPHI
MTHEBMATHYECKOTO JIEUCTBHSI, padOTAIOIIME OT KOMIIPECCOPHOM YCTaHOBKH.

K pyunsim Hacocam otHocutcs Hacoc CCCM-046.

[Ipu BepeHun Manbix padOT MO IEMEHTAIIMM PYYHBIE HACOCHI OCOOEHHO
yIOOHBI, JIETKK M TPOCTHI B YINOTPEOJECHUUM U HE TPeOYIOT CIEIHATIbHBIX
MIPUCITOCOOJICHUI 1 000PYI0BaHUSI.

K Oonee TspkenbIM Har"eratrelssM OTHOCSTCS Hacochkl cucteMbl BCH
100/150, BCK 130/200 1 PH — 1 mpoM3BOANTEIBHOCTBIO COOTBETCTBEHHO 3 M /4
—5M/au 6 M.

MoxeT ObITh pPEKOMEHJOBaHA [JJii pabdOoT MO ILEMEHTAlUd U
MEePEKOHCTPYUPOBAHHAS  [eMEHT-Tymka. Ilpu momomu Hee  MOXKHO
OJIHOBPEMEHHO HarHeTaTh PaCTBOP B HECKOJIBKO CKBaYKHH.

[Ipy ueMeHTaluu HE PEKOMEHIYETCS OJHOBPEMEHHO MPOU3BOIUTH
LEMEHTALMIO U OypeHHe CKBa)KMHBI HAa OJAHOW M TOW K€ Omope BO M30ekaHue
nepesayu COTPSICEHUSI Ha PaCcTBOP KJIAJIKH, MOJIBEPTILICHCS [IEMEHTALINH.

TopkperupoBanue. [Ipu noBpexaeHHSX KaK BHYTPU KIIAQJIKH, TaK W,
0COOEHHO, Ha TTOBEPXHOCTHU OTMOPHI C OT/EICHUEM OOJUIIOBKH WM YaCTHYHOTO
MOBPEXKJICHUS OCTOHHOW WJIM KAaMEHHOM TOBEPXHOCTH KIIQJAKU Hapsay ¢
[IEMEHTAllUeH MPUMEHSIETCS TOPKPETHUPOBAHUE, MOKPHITHE KOTOPOTO 0OJagaeT
BBICOKMM  MEXaHMYECKHM COMPOTUBICHUEM CXKATHID U  PACTHKEHUIO,
MOBBINICHHBIM COTPOTUBJICHUEM, XUMUYECKUM U aTMOC(HEPHBIM BO3JICHCTBHEM,
MOBBIIIIEHHON MPOYHOCTHIO U BOJOHEIPOHUIIAEMOCThIO. TOPKPETHOE MOKPHITHE
MOXET ObITh apPMUPOBAHO METAUIMUECKON CETKOM, UTO 3HAYUTEIHHO MOBBICUT
MPOYHOCTh TAKOT'O YCUJICHUSI.

JIns HaHeCeHUs TOPKPETHOTO IMOKPBITUS MPUMEHSIIOTCS KOMIIPECCOpP C
JaBiieHHeM B 4—5 aTMocep, lIeMeHT-TyIIIKa, BOJISIHOM 0aK, BO3YXOOUUCTUTEIb
U COIJIO, KOTOPBIE COCTUHSIOTCS MEXKIAY COOOM IITaHTaMHu.

[Ipu TONMIIMHE TOPKPETHOTO TOKPHITUA Ooisbiie 20-25cM  TOpKpeT
HAHOCHUTCS HECKOJIbKUMU CIIOSIMH, TOJIIIMHA KoToporo 10—15 Mwm.

[TepBbIit 1IEMEHTHBIN CIION B TOPKPETHOM MOKPHITHH UMEET 0CO00 BaXKHOE
3HAUCHUE, TaK KaK OH OOECIEYMBACT MPOYHOE CIICTUICHHE C TEJIOM OTMOpPHI, a
MOATOMY TIE€pe]] HAHECEHUEM TOPKpETa MOBEPXHOCTh cMauuBaeTcsi. Hanecenue
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CJIEYIOILErO CJI0SI MOKET MPOU3BOJUTHCS JIMILB MOCIE MOJTHOIO CXBAaThIBAHMS
IPEBIIYILErO €105, BPEMsI KOTOPOTO OIpeeseTcs JabopaTOPHBIM CLIOCOOOM.

Bo BpeMsi HaHeceHHMs TOPKPETHOTO IOKPBITUS MPU COJHEUHOM WM
BETPOBOM MOroje HEOOXOAUMO MECTO paboT 3alUTUTh YCTPONHCTBOM
Ope3eHTHoro Hapeca. Ilocie HaHeceHHMs KaXJOro CJos TOpPKpeTa €ro
MOBEPXHOCTH JA0JDKHA MOJAEPKUBATHCS BO BIIAYKHOM COCTOSIHUU.

YerpoiictBo  kesie300eTOHHBIX MOsicoB. [lpy  Hamuuuu  TpeluH,
YKa3bIBAIONIMX HAa pPacKajblBAaHUE OMOPBI, YCTPAUBAIOTCS KEI€300€TOHHBIE
nosica (koabiia) (Puc. 1).

Puc. 1. Ilonepeunslii pa3pe3 kene300eTOHHOTO KObIla

Kene300eToHHBIN TOSIC TTPEACTABISAECT COOON TMOJIOCY, 00XBATHIBAIOILYIO
OBIK KpPYroMm, a YCTOM IO Hapy>KHOMY OUYEpTaHHUIO €ro ¢ Tpex cTopoH. Ha
pacCcTOSSHUM JpYyr OT Jpyra Ha BBICOTE B 2—3 M YCTpaumBarOTCs Iosica M3
xKene300eToHa MUpUHOH B 1,5 M.

B kadecTBe apmaTypbl MOXHO TPHUMEHSITH IIOJOCOBOE KEJIE30 WU
YTOJIKOBOE JKEJIe30 OT CTApPhIX (hepM WIIH K€ U3 KPYTIIbIX cTepxkHed d=10—16mm.

Tommuua nosica 00sraHO MpuHUMaeTes ot 20 10 40 ¢cM B 3aBUCHMOCTH OT
ponia apMatypsl. [IJst CBS3U MOSICOB € KJIAAKOM Yepe3 Teao ObIKOB MPOOMBAIOTCS
KaMephbl, 4epe3 KOTOpbIe MPOITyCKAIOTCs OOJITHI WiH ke Ha Tiyouny 0,5-0,6 m
3azienbpiBatoTCs MThipu d=20 MM, CBS3bIBAEMBIEC C apMaTypoO Tosica.
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PaboTy mo ycTpoiCTBY »kene300€TOHHBIX KOJel MHOTJa COBMEIIA0T
OJIHOBPEMEHHO C LIEMEHTAIMEeH KJIaJIKK OIop.

beronupoBka MmoscoB Mpou3BoaUTCA OeTOHOM Mapku He Huxke 170 ¢
ycTpoicTBOM depe3 8—10 M ycalouHbIX 3aMbIKAIOMUX KIUHBEB. [locie cHaTus
onany0Ku B cCiydae HEOOXOJAMMOCTH MPOU3BOAMUTCS INTYyKaTypKa OCTAJIbHOM
HE3aKphITOH U BBIBETPUBILIEHCS OOJHUIIOBKM MO METAJUIMUECKOH CeTKe
d=2—4 MM, yCTaHOBJICHHOW Ha 3aKPEIUICHHBIX B KIIAJIKE JKEJIC3HBIX KPIOUBEB U
YaCTHYHO 3aBEJICHHOW B OETOH KOjblla. PacTBOp IITYKaTypKud pEKOMEHAYETCS
HAaHOCHUTb TOPKPETOM.

YerpoiicTBo :kes1e300eTOHHOI 000s10uKku. [Ipu Hamuumu TIIyOOKHX
TPEIIMH C OTKOJIAMH YaCTU KJIaJKU OTOPBI, a TaKXkKe MPU OMOPax, COOPYKEHHBIX
U3 MSATKHX MOPOJ KaMHsI, WJIM KOTJA KJIaJKa MX BBINOJHEHA HA M3BECTKOBOM
pacTBope, I YKPEIUIEHUs ONOop, HapsiAy C MHBEKIUEW pacTBOpa B TEIO OMOPHI
yCTpauBaroTcs *kene300eToHHbie 0005104ku (Puc. 2).

st ycTpoiictBa 000JIOYKM HEOOXOJAMMO C Hapy>KHOH TOBEPXHOCTH
OMOpPBI yIAUTh PACCTPOCHHYIO OOJIMIIOBKY BMECTE C MEIKUMH YacTUIAMU
KaMHSI.

[locne o4ynMCTKM B TBEPABIX YACTAX KIAIAKUA JEJAETCs HAceyka, a s
YCTAaHOBKHA AHKEPOB B KIAJIKE JEJIAl0TCS aHKEPHbIE IbIpbl HA PACCTOSIHUH
0,5-0,6 M B KBaJ[paTHOM HJIM IIIAXMAaTHOM PaCTIOJIOKCHHH.

JIpIpbl PEKOMEHAYETCSl pacnojararb HAaKJIOHHO moj yrioM 15-20° k
ropu3oHTy. B ycTosix rmyouna asip 00biuHO ycTpauBaetcs 0,7-0,8 M; B ObIkax
3Ty HABIPY JIydllle YyCTpamBaTh, CKBO3HOW B HANpPAaBICHUH MEHBIIETO pa3mepa
Oblka. AHKEpBl 3aKpEIUISIOTCS B JbIpax HAa IIEMEHTHOM pacTBOpe. AHKEPHI
MPUMEHSIIOTCS JKEJIE3HbIE C KPIOYKOM CHAPYKHU M 3a€pIICHHOW MOBEPXHOCTHIO
Ha JpyroMm KoHIle ctepxkHs. K aHkepaM NpUKpeIUIseTcsl MeTalInuecKas CeTKa
u3 apMaTypbl =10 Mm.

Tonmuaa 6€TOHHOTO €IOsT 000J0YKH OOBIYHO MPUHUMAETCA B TIpeeiax
15-20 cm ¢ 3amuTHBIM cioeM B 3 ¢cM. beTon mpunumaercs mapku 170 u BbIIe.
Jlnst mpenynpekaeHust TosiBICHUsI B O€TOHE YCAJOYHBIX TPEUIUH yCTPAaWBAIOT
yepe3 8—10 M BepTUKAIBHBIE MIBBI 3aMbIKaHUS TOMMUHOW 10 0,50 M, KOTOpBIE
CIIyCTSI MECSII] 3aIlIOJTHSIOTCS OETOHOM.

VYeTpoiicTBO 000JI0YKH PEKOMEHYETCSl MPOU3BOAUTE C OJHOBPEMEHHBIM
YCTPOMCTBOM Ha MOA(PEPMEHHOW TIUIOLIAAKE KEJIe300€TOHHOrO MPOKIIAIHUKA,
€CIM BEpX ONOp WM YCTOos B IIKaQHOW dYacTH TpeOyeT YKperieHus
noaAQepMEHHOMN MIOMIAIKH.

[Ipy BpeMEeHHOM BOCCTAHOBJICHHMM MOCTOB MOTYT OBITH Ciy4Yau
BOCCTAHOBJICHUSI MACCUBHBIX OMNOP IMPHU MOMOIIHU YCTPOMCTBA METAJITMYECKOIO
KOpcerTa.
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Puc. 2. XKeneszoberonuas 060104Ka

OOBIYHO KOpCEThl yCTpauBalOTCA JUId MNPENOTBPALLCHUS OTBaja IO
TpelMHaM 4yacTH kiajgku. KopceTsl, 0XBaThIBAIOIIME OINOPY, COCTOSAT U3 psla
BEPTUKAJIBHBIX CTOEK, IIUTOB U TOPU3OHTAIBHBIX MOSICOB. {11 cTOEK OOBIUHO
UCIIOJIB3YIOTCS peJibChl, peako OpeBHa. [losica nenaroTcs, U3 COPTOBOTO Keye3a
C BO3MOXXHOCTBIO TIOCJTEAYIOIIEr0 WX HATSKEHMsI, JJII Yero B CHUCTEMY HX
BXOJISIT HATSKHBIE TPUOOPHI (KIUHBI, OOJIThI, BATOHHBIE CTSKKHU U T. 11.).

[Ipy KanuTanbHOM BOCCTAHOBJIEHHMM TaKOW OMOpPbl HEOOXOIMMO
MIPOU3BECTU 33JEJKy TPEIIMH MyTeM HArHETaHUs LIEMEHTHOro pacTBopa (eciu
ATO HEe OBUIO CIENIaHO paHee), a KOPCeT METAUIMYECKUN HCIOJb30BaTh Kak
KECTKYI0 apMarypy ¢ 100aBJIeHHMEM HEOOXOIUMOIO KOJIMYECTBA CTEPKHEH U
YCTPOMCTBOM CETKM OOOJIOYKH, KOTOPYIO TOCI€ YCTAaHOBKUA OMNaTyOKH
3a0€TOHUPOBATh, MPEBPATUB METAUIMYECKU KOPCET B IKEJIE€300€TOHHYIO
000JI04Ky pacCMOTPEHHOTO BbIIIE TUNA [8].

[Topsimok paboTel TO TEPEYCTPOMCTBY KOpPCETa B KEIe300€TOHHYIO
000JI0UKY, CIICTYFOIITHIL:

1) ouMCTKa MOBEPXHOCTU OT BBIBETPHUBIICHCS OOJMIIOBKHA M OTKAJIBIBAFOIIIX

YaCTHI] KJIQJIKH;

2) TPOMBIBKA BOJIOW TIOBEPXHOCTH M METAJIIA IECKOCTPYHHBIM alapaToMm;
3) 3aj;enka BceX TPCIIUMH MPU MMOMOIIM HATHETAHUS [IEMEHTHOI'O PacTBOpa

MOJ1 JIABJICHUEM;

4) yCTPOWCTBO CETKH IO MOBEPXHOCTH OMOPHI C OCTABICHHUEM 3JICMCHTOB

KOpCeTa B CUCTEME apMaTyphl;

5) OeroHHpOBKa B ONaTyOKe WM TOPKPETUPOBAHHE.
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BOCCTAHOBJEHHUE NOJBOIHOM KJAJIKA OIOP

BoccraHoBneHue NOABOJHOM KJIAJAKH OIOP MOYKET ITPOU3BOAMTHCS
OTKPBITBIM CIIOCOOOM WMJIM TPY OMOIIM [TOABOJJHOTO OETOHUPOBAHUS.

BoccranoBnenue onopsl OTKPBHITHIM CIIOCOOOM MO>KHO MPOU3BOAMTH IMPH
NOMOIIM IIIIYHTOBOTO OrPAXKJIEHUSA, a B 3UMHEE BpeMs — CIOCOOOM
BBIMOPAKUBAHMS.

IIpr NBOWHOM IIIIYHTOBOM OIPAXKJICHHM OTKPBITBIA KOTJIIOBAH MOKET
OBITh yCTPOEH TITyOUHON 7—8 M.

IIpn nmprMeHEeHMH METaJUIMYEeCKOro MmyHTa thna JlapeHnca ¢ JBOWHBIM
3aMKOM TIJIyOMHY OTKPBITOIO KOTJIOBaHa MOXHO JoBecTH a0 20 m. Hannume
BOKPYT OIOPBI KAMHSI OT pa3pyLICHHON KJIaJKU MOXET 3aTPyIHUTH YCTPOMCTBO
LIIIYHTOBOI'O  OIPAXIAEHUS C NPHUMEHEHHEM JepeBa; B 3TOM cllydae
METANIMYECKUM ILUITyHT SIBIsieTCd HauOoJsiee HAJEKHBIM, TaK KaK €ro Jerde
3a0UTh Jaxe MpU HAJIMYUM HEOOJBIIMX KaMEHHBIX udacTed. MeTrammudeckuil
HIMTYHT UMEET U TO MPEUMYIIECTBO, YTO OH MOXET OBbIThb HCIOJIb30BaH
HECKOJIBKO Pa3 U €ro 3a0MBKa U BBITACKMBAHUE HE IMPEACTABISIOT TPYAHOCTH
BBU/Iy HEOOJIBIIION TOJIIHUHBI €r0 CTEHOK [9].

[locne BbITaCKMBaHUS IIMYHTa W3 TpyHTa HeOOJbIIas  IIENb,
oOpa3oBaHHas IIIYHTOM, HE BIUsAET Ha ocaiaky GyHaameHta omnopsl. Jls
3a0MBKM METAJUIMYECKUX IIMYHTUH HauOosee YJOOHBIM CHApAIOM SIBIISETCS
cBaiiHbIil MoNOT. Tpebyercs OosplIasi TOYHOCTh 3a0MBKHU MPSMBIX YY4aCTKOB U
MecT mepesioMa. PekoMenayercst AJjisi HEOOJIBIIOW IJTMHBI MPSIMBIX YYaCTKOB
npeaBapuTeNbHas cOOpKa CTEHKHM B BEPTUKAJIbHOM MOJIOKEHUH. OTHeNbHbIE
LIIYHTHHBI TOJEPKUBAIOTCA OT MaJCHMS IOJKOCAMHU U PACTSHKKAMU.

WNHoraa mmyHTUHBI 3a0MBalOTCS HE Cpa3y, a MOCTENIEHHO Ha HEOOJIbIIYIO
rnyOuny. s ycTpoiicTBa NEeperuboB M IMEPEIOMOB  3arOTaBJIMBAIOTCS
CHelUaIbHbIE BETBU JUJISl COEAMHEHMS IO/l YIVIOM JBYX I10JIOC IIITYHTHH.

Korna 3HauuTenbHass TiyOMHAa W KaMeHHblE OOJOMKHM HCKJIHOYArOT
YCTPOMCTBO IIMYHTOBBIX OTPaXKJIE€HUH, pabOThl PEKOMEHYETCsS MPOU3BOJIUTH
OpyU TOMOIIM KapKacHbIX MEPEeMblYeK WJIM TMpU T[OMOIIM IOABOJHOIO
OetoHupoBaHus. bbuUIM cioydyaun TpPUMEHEHHS] W ChEMHBIX KECCOHOB IS
BOCCTAHOBJIEHUS OIOP.

CbemHble KeccoHbl. K cheMHBIM KeccoHaM mnpu paboTe B CKATOM
BO3JlyX€ cleAyeT Npuoderath B KpalHUX CIIydasX M3-3a CJI0KHOCTH pabOTHI.

B 90-e roma 20 Beka mpu BOCCTAHOBJIICHUH OIOPhI OJHOTO U3 MOCTOB
ObUIM TMPUMEHEHbl CHhEMHBIE KECCOHBI, YCTpOeHHble u3 JepeBa. Keccow,
YCTPOCHHBI Ha BCIO OINOpPY, coOupancs Ha MOAMOCTAX, YCTPOCHHBIX HaJ
onopoii. IloTonouHoe mpoCTpaHCTBO 3aMOIHAIOCH OETOHOM, YTO UCKITIOUMIIO U3
MOBTOPHOE MCIOJb30BAHHUE.

Received: 10.03.2021 Revised: 28.05.2021 Accepted: 30.09.2021
Moctynuma: 10.03.2021 Opo6pena: 28.05.2021 punsra: 30.09.2021



42 HWHHOBALIMOHHBIE TPAHCIIOPTHBIE CUCTEMbI U TEXHOJIOT'MHU OB30PbI
MODERN TRANSPORTATION SYSTEMS AND TECHNOLOGIES REVIEWS

[IpumeHeHne mecka B BHUJE 3alOJHUTENS MOTOJOYHOTO IMPOCTPAHCTBA
YCIIOKHUJIO Obl 3HAYUTENIBHO pabOTy MO PETYIUPOBKE MOJIOKEHUS KeCCOHA MPHU
OIYCKaHUH.

Meroabl pa30b0pKu pa3pylIeHHOW OMOPHI B KaMepe CheMHOT0 KECCOHA He
€, 4TO U B OOBIYHBIX KECCOHAX.

OTtaenbHbIE KYCKH pa3pyLICHHOW OMOPBI B JAHHOM CIIy4ae MPUXOIUIIOCH
pa3dupaTh BpYUHYIO IIPH MIOMOIIH J0JOT U KyBaJ.

[IpumeHeHne MTHEBMAaTHYECKUX MHCTPYMEHTOB TaKXKe HE O0OJErdmio Obl
3Ty JOBOJIBHO TSDKENyH paboTy, Tak Kak OETOH OYEHb IUIOXO MOANAETCA
pa3paboTKe, a MPUMEHEHHE crocoba MOJPHIBAHUA B KaMepe TOXKE HE JaeT
JOCTATOYHOU 3(PHEKTUBHOCTH.

IIpyn OIHOCTOPOHHEM WJIM YaCTUYHOM ITOBPEXKICHHUM MOJBOJHOU KIaJKU
ONOp YCTPOMCTBO CHEMHOI'O KECCOHAa OCOOEHHO HEpalMOHAIbHO, TaK Kak
KECCOH BCE PABHO HEOOXOIMMO YCTpauBaTh IO pa3MepaM B IUIaHE OOJIbIIEM
OIIOPBL.

IlogbeMKa CBEMHOIO KECCOHa IO MEpE BO3BEICHUSA  KIAJKU
MPOU3BOJIWIIACh 4 TOMKpaTaMy THAPABIMYECKOTO JCHCTBHS, YCTAHOBICHHBIMU
Ha MINAJIbHBIX KJIETKaX B paboueid Kamepe.

[IpoMexxyTOK MeEXAy KECCOHOM M KaMEHHOW KJIaJKOM ObIKa 3achllajiu
MOCTENEHHO MECKOM, MPOLUII030BAHHBIM CHApYXH, C THIATEIbHOW MOJIOMBKOM
ero noj Hox. Becero moabeMok keccoHa Obu10 yeThipe. Kak Tonpko Kinaaka Obika
B KECCOHE Oblla BO3BEJIEHA HAaJl TOPU30HTOM BOJbI, TyThe BO3AyXa B pabOUuyro
KaMmepy ObLIO MPEKpalIeHo, MOCJE YEro IITI030BOM anmnapar U HaxTOBbIE TPYObI
OBLIIM CHSATHI U KJIAJKy ObIKa MPOJI0HKAIA BECTH OTKPBITO.

Taxoil croco6 MoXeT ObITh PEKOMEHIOBAH TOJBKO B MCKIIOUUTEIbHBIX
cllydasix, KOrJa IMOBPEXICHHsS B IMOABOJHOM YaCTU SIBISAIOTCA OOIIMMHU IS
ONIOPBI U YCTPOUCTBO APYTUX OrPAXKAECHUN UCKIIFOUAETCH.

BoccranoBnenne omop cmocoOOM  KapkKacHbIX —nepeMbruek. [lpum
OTCYTCTBUM OJIarONPUATHBIX YCJIOBHUH 1Js1 3a0MBKHM IIIMyHTa BOCCTAHOBJICHHE
BO3MOXXHO BECTU METOJOM <(GKECTKOTO IUIACTBIPSD), MPEACTaBISIOEro coO0M
KOMOMHAIIMIO JIEPEBSIHHOW MPOKOHOMAYEHHOM, CYIOBOIO THWIIA, OOIIMBKUA U
METAJUIMYECKOr0 OCTOBA U3 YroJIKOBOro *xene3a [10].

Oror cnocod Obul  mpennokeH  uHxkeHepoMm  LllyOuHbIM  1ipH
BoccTaHoBieHUH B 1923-1924 rr. mocta y ropoga boOpyiicka Ha 3amaaHbIX
kene3HbIx goporax (Puc. 3).
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Puc. 3. [1nan u npogoiabpHbIN pa3pe3 KapKacHON MepEeMBbIUKH

Ha npotsixenun ot 6 10 12 M ¢ KaXX0il CTOPOHBI, CUMTast OT HOKa ObIKa,
rae Oblna pa3pyllieHa KiaJka OmNopa, BOKPYr BEPXOBOM yacTh ObIka ObUIH
YCTPOEHBI NMepeMbIUKH. [ 1yOuHa BOABI Y pa3pylIEHHbIX ObIKOB ObuTa OT 4 A0 5
M IIPU MEKEHHEM FOPU30HTE BOJIbI, YTO J1aBAJI0 MAKCUMAJIbHBIN CTOJIO TaBICHHUS
BOJIbI, C YYETOM BOJHBI, B cpenHeM 6 M. J[ns Takod riayOMHBI IIMAHTOYTHI U3
JepeBa BBIIIM Obl OYEHb TIPOMO3AKUMH, a MOTOMY OBLI TNpPUMEHEH
METAJUIMYECKUIT KapKac U3 YroJIKOBOro kemesa cedeHueM 150x100,
CONPSKEHHBIM B PACKOCHYIO CHCTEMY MEXKIYy MapauIeJbHbIMU TMOSCAMH, C
JIEPEBSIHHOM OOIIMBKOM.

Jlist ynoGcTBa cOOpKH TiepeMbluka Obliia pa3duTa Ha psiJi TOPU30HTATIBHBIX
3BE€HbEB BBICOTOM B 1,5 M, OrpaHMYEHHBIX CBEPXY M CHH3Y MapajuleIbHBIMU
MOsICAaMH M3 YTOJIKOBOTO *keie3a [11-12].

['opusoHTanbHBIE 3BE€HbS B CBOK OYEpEAb COCTABISUIMCH U3 JIBYX
CUMMETPUYHBIX TMOJIOBUH (IOJY3BEHBEB). YTOJIKM pACMOJarajuch LIMPOKOM
CTOPOHOM BHYTPh KaMepbl, a BEpPTUKAJIbHBIC MOJKHA, OOpalleHHbIE HaPYXKYy,
CITYXWJIH TIJIOCKOCTSIMU ISl COEIMHEHUSI 3BEHBEB MEPEMBIYKU JIPYT C JPYTOM.
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CTOWKHM ¥ pacKoCchl YCTpaWBaJuCh Takke H3 YroykoB. Jlims oOierdeHus
MPUIITUBKK JIOCOK M JJIsi OOJbIIEH HEMpPOHMUIIAEMOCTH OOIIMBKH B MeCTax
MepPEIOMOB MEPEMBIUKH K METAUIMUYECKUM CTOMKaM MPUKPEIUILUINCh Ha 00Tax
JIepEBSIHHBIC KBAJIPaTHOTO CEUYCHHS OPYCKHU, K KOTOPHIM 3aT€M IPHUIIUBAINCH
TBO3ISIMU JOCKH 0OImmBKH (Puc. 4).

Hepebannol bpycox

A1 Jocku
L~ obwubxu

Yzonku Memaonnpuueckozo
KOPKOCO

O © ©
G

A % T s 55 5
DA% %

Puc. 4. [IpummBka 10COK OOIIMBKY MEPEMBIUKU

CThIK AOCOK B Ipejaenax MpsMOM MIOCKOCTH yCTpauBajcCs BIUIOTHYIO Ha
cToiikax. B Mecrax ke mepeioMa MepeMbIUKH y JIMHUM PA3IoNaToK U 1Mo obe
CTOPOHBI HOCOBOTO pedpa MPHUIIMBAINCH JOMOJHUTEIBHBIE JEPEBSIHHBIE CTOUKH
C BBICTYMAMOIIMM Ha TOJNIIMHY JOCKM rpeOHeM (IO THIy HOCOBOro Opyca
JIEPeBSIHHBIX CYIOB). B mpemenax MOCIeIHUX CTOEK MPUMBIKAOIINE K HUM
JIOCKHM 3aJleNbIBAICh B 4YeTBepTh. CTOWKM C TpeOHSAMHU NPUKPEIUISINCH K
MOSICHBIM YTOJIKaM CKBO3HBIMHU O0JITaMU, BTOTICHHBIMHU B TEJIO CTOEK.

['on0BKM 0OJTOB MPOKOHOMAYMBAIMCH BOKPYT TMAaKIEH, 3aUBaJIKCh
CMOJION M 3allIMBAJIMCh MJIACTHHKAMH U3 TIPOCMOJICHHOTO KPOBEIILHOTO JKeJe3a.

OOwmuBOYHbIE JOCKH Tepe] ynorpedjeHue uX B Jen0 (pyroBajiuch B
«UIapKaHT», TaK YTO MPHU HAIIMBKE C HAXKUMOM KIMHBS JOCKU C BHYTpPEHHEH
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CTOPOHBI COTNPHUKACAIUCh BIUIOTHYIO, C Hapy>KHOM K€ CTOpPOHBI B IIIBax
OCTaBAJINCh 3a30PbI B 5—6 CM.

B 5TOT 3a30p BBOAWIIUCH JBE MPSAM CKPYUYEHHON KOHOMATKU, KOTOPbIE
MPUTOHSTUCH JI0 0TKa3a CelHaIbHOW METAIIMYECKON KOHOMAaTKOM 0e3 32004 U
MOPYH KPOMOK JIOCOK.

[ToBepx MIBOB HAKIAABIBAIMCh TIOJOCKH JpPaHW, TMPHUIITUBAEMBIE K
OOITUBKE MPOBOJIOYHBIMH OITMHKOBAHHBIMUA CKOOAMH.

[IpokoHOMaunBaHWe  IIBOB  MPOU3BOAWIIOCH  TEpPea  INEPEBO3KOU
IIEpEMBIUEK Ha MECTO PalOT.

OO0mmBKa Kapkaca Ha Oepery MpPOW3BOAMIACH HE Ha BCIO BBICOTY
AJIEMEHTOB MEPEMbIYKH, KpalHHUE TIOCKW HAITUBAIUCH HA paccTostHuM 130 MM ot
TOPIIEBBIX TIJIOCKOCTEM M OCTaBIIMECS 3a30Pbl B OJIHY JIOCKY MEXKIY JBYMS
COCEIHUMU 3BEHBSIMU 3aIMBAIUCh M 3aKOHOMAYMBAINCH B MOMEHT HX
COEJIMHEHUS Tepe]] MOTrPYKEHUEM B BOJTY.

JIist  TUIOTHOCTH  IBa  MEXAYy TMOsICAMHd  COCEAHHX  DJIEMEHTOB
MIPOKJIAJIBIBATIUCH JIOMMOBBIE JIOCKH M TOJBKO YK€ MOCTIE ITOrO MOsCa COCETHUX
AJIEMEHTOB CIIUBAIKChL OonaTamu [13].

PacuncTtka TIOBEpXHOCTM JHAa Yy CaMUX OBIKOB TIPOU3BOJIWIIACH
BOJOJIa3aMH. BbIpaBHWBaHWE W IUIAHUPOBKM JHA BEIUCh C  OOJBIION
TIIATEIPHOCTEIO BO W30€KaHWE BO3MOXHBIX TIEPEKOCOB IEPEMBIYKH, YTO
C03/1aJ710 ObI PACCTPOUCTBO IIBOB MEPEMBIUKHU.

Ha momaake ykiaaasiBaiach OMOpHAs MOAYIITKA KapKACHOW MEPEMBIYKH,
KOTOpas T0JDKHA HAXOJUTHCS B CTPOTO TOPU3OHTAIIBHOM ITOJIOKCHUH.

JIist TpaBUIBHOCTH OIYCKaHUSI 3BEHBEB IEPEMBIYKH B Tpedyemoe
MOJIOKEHUE TIPUMEHSUIUCh B KA4eCTBE HAMPABIAIONIMX METAJUIMUYECKUE H
NepeBsiHHbIe cBau. Jlydilie MpUMEHSTh JIEPEBSIHHbBIE CBaW MIPU XOPOIIIEM TPYHTE,
TaK Kak OHU 00Jiee YCTOMYMBBI M K HUM yJI0OHEE MPUKPEIUISATh HAMPABIISIOIIHNE
oOmuBKY GyHIAMEHTA U JIETKO 3aKPEIISTh PACTIOPHBIE KIMHBS MEXIY MOsSiCaMu
MEePEMBIUCK W HAMPABIAIONIMMHU CBasIMH B MOMEHT OTKAuKH BOJBI U3 paboyeit
KaMephl.

Meraummaeckiue CBal W3 KJIEMAHHBIX PEIbCOB TPYKUHUIH, YTO
co3aaBajio psa Heya00CTB MpU WX 3a0MBKE B TPYHT.

[TepeMbIUKH COSTUHSINCH TOHTOHAMHU M OMyCKAJIUCh 10 HAIIPABJISTFOIITAM
CBasM TIOCTCIICHHO II0 MEpEe COCIMHCHHS WX 3BCHbeB. HM3 Kamepbl Mexmy
TEJIOM OBbIKa W MEPEMBIYKON OCTOHMPOBAJICS IO BOJOW, pAaBHO KaK M 3allOPHBIC
KaMepbl B MECTaX MPUMBIKaHHSI IIEPEMBIYKH K OOKOBBIM MIOBEPXHOCTSIM OTIOPHI.

[lepen GeToHMpOBaHWEM IUIOTHOCTH KaMEp HCIBITHIBAIACH IIEMEHTHBIM
MOJIOTKOM, BO BpPEeMsSI B3MYYMBAaHHSI KOTOPOTO BOJIOJIa3bl C BHEIIHEW CTOPOHBI
MEePEMBIUKH TTOJAKOHOMAYMBAIIA BCE MECTa C MPU3HAKOM TPOIMYCKa IIEMEHTHOM
MYTH.

beronupoBanue kamep MpOW3BOJMIIACH MPU MOMOIIU JCPEBSHHBIX TPYO
ceuenriem 20x20 cm, mpruyeM BHavYajie 0ETOHOM 3aIOJIHSIIMCH 3alIOPHBIE KaMephl
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0 Bepxa, a 3aTeM pabouume kamepbl Ha Bbicoty 0,7 M OT JgHA B mpenenax
MPOCTPAHCTBA MEXKIY CTEHKaMU OMNOpPbl U BHYTPEHHEW CTOPOHBI KapKaCHBIX
nepembiuek. HiukHHE 3BeHbS BBIHYTH M3 BOABI OBUIO HENb3S IOCHE
OCTOHUPOBKHU, U OHU OCTaBaJIMCh [14].

beron BeIcTanBaics B nepembiuke 10—12 gHel, mocie yero nmepembluka
0CBOO0XK/1aJ1aCh OT BO/IBI.

OTtkauka BOJIbI TIPOM3BOIMIIACE HACOCAMU, a BO M30exkanue nedopmaruu
MepeMblYeK OT JABJICHHS BOJBl HEOOXOAMMO OBbUIO TOAOUBATH KIIUHBS,
PACIIOJIOKEHHBIE MEXIY MOsiCAaMM TEPEMBIYEK M HAIMpPaBIAIONMMU CBasIMHU.
Knuabst Bo m30exkaHue UX OCIAOJICHHUS W BCIUIBITHS TPHUIHBAIKNCH TBO3JIEM K
CBasIM.

Paboune kamepsl Ha HOYB 3aMOJIHSUIMCH BoaoM. Kak mokaszasna mpakTuka,
MEPEMBIYKH BO BpeMsi pabOThl BOJIy HE MPOIYCKAIU U OOCHIXaJIM C BHYTPEHHEM
CTOpPOHBI.

[Tocne oTkauku BOABI MPOU3ZBOAMUTCS pa3bopka ciaabod WU TPOHYTOU
B3pbIBOM OyTOBOW Kiaaku. DyHIZaMEHT pa30oupaeTcsi TOPU30HTAIbLHBIMU
yCTYNaMH JUIsl TOJy4YeHUsi HaumbOoJjee MPOYHON CBSI3M C BHOBH BO3BOIUMOM
KJIQJIKOM OBIKOB.

JInst ynoOcTBa U OBICTPOTHI BOCCTAHOBJICHUS 10 HAIMPABJISIIOIIUM CBasiM C
WX BHYTpPEHHEW CTOpPOHBI Oblla HAIIWTa CIUIONIHAS JOIaras omnajiyOka Mo
KOHTYPY HOCOBOI yacTu pyHmameHTa ObIka, B Mpejeaax KOTOPO Mo MPOMBIBKE
CTapoM KJIaJKU IIEMEHTHBIM MOJIOTKOM BeJlach HOBasi OyToBas KJaJKa.

IIpu pabote HemoaHbIE CYTKH pabouue Kamephl »KeJaTeIbHO 3ajuBaTh
BOJION C TMOCJEAYIONEH OTKAa4YKOW BOJBI TEpe]l Ha4ajuoM paboT BO M30EKaHHE
HapyleHu! paboThl MEPEMBIYKH OT BO3AeCTBUs BOJbL. [lepen paboToii mocie
OTKaYKW BOJIbl KJaJKa MPOMBIBAETCA LEMEHTHBIM MOJIOTKOM, MOCJIE YEro Mo
3apaHee BhIPaBHEHHOW MMOBEPXHOCTH OMOPHI MPOU3BOIMIIACH KIIAJKA.

KapkacHbie nepeMbIluku MpUMEHEHBI U JJIs TTOJTHOTO OKPYKEeHHs ObIKa, ¢
TeM, 4TOOBl B TMpeaerax OCEBOM IIJIOCKOCTH OBIKOB PaCIOJIOKUIHUCH
BEPTUKAJIbHBIE CTHIKM 3BEHBEB [0 YCTPONCTBY AHAJOTMYHO TOPU3OHTAIBHBIM
nosicaM coeauHeHusM. Pabota B 3ToM ciyyae Oyner ynoOHa, Tak Kak
BO3MOXXHOCTh OOKOBOW (UIbTpaIllMd M3-TIOJT KOXYXOB HCKJIIOUEHA, M C
bunbpTpanyeil uepe3 JHO MOTYT CIIPaBUTHCS HAcoCHI [15].

Enum kapkacHas cheMHas TepeMbldKka OXBaThIBAE€T HE BeCh OBIK, HAJO
oOpaTtuTh O0OCOOCHHOE BHHMaHHWE Ha BO3MOXKHOE IIJIOTHOE MPUMBIKAHHUE
MONEPEYHBIX CTEHOK K TOBEPXHOCTH OBbIKA.

Kpome BrimieykazanHoro crnoco6a u30siuu paboueil kaMepbl OT BOJABI B
BHUJIC YCTPOIMCTBA 3aMOPHBIX KaMep MOKHO PEKOMEHIO0BATh U JIPYTOi CI0co0.

st sToro pebOpa MIMTOB TIEPEMBIYKH, NPHUMBIKAIONIUE K OBIKY,
CHAOXKAIOTCS TOAYNIKAaMU M3 Ope3eHTa, IUIOTHO HAOWTHIMU TIPOCMOJICHHOU
MaKJiei.
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Bce menu B MpUMBIKAaHUU TONEPEYHON CTEHKU K KJIaJKEe KOHOMATATCS
noja BoAoW Bojonazamu. [Ipu oTkauke BOABI M3-3a IMEPEMBIUKH OHA OyAeT
IJIOTHO MpWXKaTa MOAYIIKAMHU K MOBEpXHOCTU Obika. [1og00HbIE epeMbIUKU HE
clelyeT TpH TMepephiBax pabOThl 3alvMBaTh BOJOH, TaK KaK IJIOTHOCTh
MPUMBIKAHUS TIOTICPEYHBIX €€ CTEHOK K OBIKY Oy/eT HapyIIaThCsl.

KapkacHble mepeMbIUKH UMEIOT CIEAYIOIINE TPEUMYILECTBA:

1) Tlepen cbeMHBIMH KECCOHAMHU — BCIEACTBUE OOJBIION MPOCTOTHI
KOHCTPYKIIMM BO3MOXHOCTh BECTH pPabOThl ¢ Oonbliell CKOpOCThIO 0e3
HEOOXOMMMOCTH pPa3pabOTKH 370POBOM KaMEHHOW KIAAKWA ISl OIyCKaHUS
KECCOHa 710 TpeOyeMol TITyOuHBI;

2) Ilepen MBOWHBIM IIMYHTOBBIM OrPa){ICHUEM NPHU HAJIUYMU Ha JIHE
KaMEHHOM HAOpOCKH, 3aTpPYyIHAIONICH, a B HEKOTOPhIX CJIy4yasx He
JIOMyCKaroed 3a0MBKU JACPEBSIHHBIX IIMTYHTOBBIX OTPAKICHUN U TIPU OOJIBIION
rIyOMHe peKu, Korjaa MpuiaHue BOJOHEIPOHHUIIAEMOCTH MEKYIIITYHTOBOMY
3aM0JIHEHUIO BECbMA 3aTPYIHUTEIBHO;

3) Ilepen ABOMHBIMHU PSYKEBBIMHU TMIEPEMBIYKAMHK ITPH OOJIBIION ITyOHUHE U
HaJIM4YUKU OOJIBIIOTO MPOJOIBHOTO WM TONEPEYHOr0 YKIOHA JHA PEKU U B
CJIIEJCTBUE MONANAHUSA HA JAHO PEKM KaMHS OT pPa3pyLI€HHOM IOABOJHOM W
HAJIBOJIHOM 4acTH OIOp;

4) Yno0CTBO 3aroTOBKH Ha Oepery M JOCTaBKH Ha MECTO YCTaHOBKH
yacTell MEpPEMBbIYKU B CIJIEJCTBUE JIETUMOCTH €€ Ha OTHEJbHBIC MOJTY3BEHbS
CpPaBHUTEIILHO HEOOJIBIIIOTO Beca.

[TonBoaHoe G6eToHMpoBaHue. KapkacHble MEPEeMbIUKH, PUMEHSIEMbIC IS
PEMOHTA TI0JIBOJTHOM YaCTH OMOPHI, TPEOYIOT TOBOJIBHO TIHIATEIHLHON PabOTHI TIO
00eCIieueHnI0 BOJIOHENIPOHUIIAEMOCTH W HE BCErJa OHU MOTYT OBbITh
MPUMEHEHBI, OCOOCHHO B CiIy4ae, KOrjJa MOBpPEkKIcHAa KJIaJKa Ha 3HAYUTEIHHOU
rIIyouHe.

Nnero xapkacHOM MepeMbIYKM BO3MOYKHO MPUMEHUTH CO 3HAYUTEIIbHBIM
YIOPOIIEHUEM €€ KOHCTPYKIIMU TPH YCIOBUHM IPOU3BOACTBA OCTOHUPOBAHMS
OTIOPHI B TOJABOJIHOM YacTu 0e3 BOJAOOT/IMBA. [l 3TOro KapkacHas epeMbluka
3aMEHSIeTCS  KapKacHOM onallyOKoil ¢ MpOCTEMIIMM  KOHCTPYKTHBHBIM
YCTPOMCTBOM, OOECIEUYUBAIONIMM YCTOMYMBOCTh €€ Ha OCTaBIIECHCA YacTH
onopsl. Ilepen mocraHoBKOW omalyOKu BOJIOJIa3aMU MPOU3BOJUTCA pa3dOpKa
TOBPEXKICHHOW KJIAJIKA C OYMCTKOM €€ OT WIMCTBIX OTJIOKEHUU MTPOMBIBKOM U3
OpaHICTIONTOB.

OmnanybOka ycTpauBaeTcst 1o (opMe Onopsl ¢ MOCIEAYIONMIEH yCTaHOBKOM
€€ Ha OCTaBIIYIOCS 4YacTh Omophl. [locie ycTaHOBKM omaimyOKu MpPOU3BOIUTCS
MOJBOJIHOE OCTOHMPOBAHWE C TPEIBAPUTEIBHBIM, €CIIM  HEOO0XOIUMO,
HarHeTaHWEM IIEMEHTHOTO pacTBOpa B KJIQJAKy B MecTax, TIae OyayT
oOHapy>KEHBI MyCTOTHI U TIOBPEKICHUSI B BUJIE TPEIIUH.

[TogBomHOe OeTOHMpPOBAaHME MOXKET OBITh TPOU3BEIACHO IO TakK
Ha3bIBAEMOMY IIIBEJCKOMY crocoOy. [lpu mogBogHOM OETOHUPOBAHHWH TIO
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HIBEJICKOMY CIHOCO0y OETOH TIOJIy4aeTcsl XOpPOIIEro KadecTBa, KOTOPHIM
MOJIHOCTBIO 3allMIIAETCs OT BBILIEIAUYUBAHUS, TAK KaK MOHOJMTHOCTH OETOHA
HE HapylIeHa WIMCTHIMU MPOCIONKAMHU.

beton monaercst mo tpydam. Ilpumenstorcs TpyOsl quamerpom 25-30 cm
[16]. Tlo w™epe mnomaum OeToHa Tpybda IIOCTEIIEHHO IPUIIOIHUMACTCS
BEPTUKAILHO BBEPX, MPUUYEM OCTOHHAS Macca HapamluBaeTCs MO0 BCEH TUIOIIAIH
ocHOBaHMs. TpyOwl B mepuo] OETOHMPOBaHMS W3 OETOHA HE BBIHUMAIOTCS, a
BHOBB MOCTYNAIONMUH OETOH HE COTIPUKACACTCS C BOJOM, UTO 00ECIIEUNBACT EMY
BBICOKOE Ka4eCTBO

[TocpencTBoM OHOM TPYOBI OTIMBAOTCS MACCHBHI TIOMABIO 10 6 X 6 M.
[Ipy 3HAYUTENBHBIX TUIOMIAASIX OETOHMPOBAHWE MPOU3BOAUTCS OTIACIHHBIMU
OTCeKaMU TMpU OJHOW TpyOe WM cpa3dy MO BCEW IUIOMIAAU HECKOJIbKUMU
TpyOamu. OTiIMBKa [AODKHA TPOU3BOAMTHCS Cpa3y B OAMH IpueM 0e3
MEPEPhIBOB. IDTOT CMOCOO0 NPUMEHUM U I OETOHUPOBAHUS TOJIBOJHBIX
COTPSDKEHUN, apMUPOBAHHBIX JKEIIE30M.

JIJist OBOAHOTO OETOHMPOBAHWSA MPUMEHSIOT U OCTOHHBIE HACOCHI,
MOJIAI0IIKE B KOTJIOBAH I'yCTOM, TECTOOOPA3HbIN TUIACTUYHBIN OETOH, peryaupys
€ro BBIXOJ] COOTBETCTBYIOIIMM HamopoM. HawmOoibmiee paccTosHHMe Moaadn
0eToHa HacOCOM JIOCTUTaeT mo ropuzoHTanu 200 M, Mo BepTUKaIu B 45 METpOB
M C YacOBOM MPOU3BOJMUTEIBHOCTBIO 15 M°. BEeTOHOHACOCHI HM3TOTOBJISIOT
IPOM3BOANTENBHOCTEI0 10 20 M/a mpu amamerpe 6eroHoBoma 0=12 cm.
V3MeHeHune HanpaBiIeHHs TPyOOIIPOBOIOB JAEIACTCs H3rHOOM TPYO TIpH paguyce
1,5 M.

Beronneie cvmecu Ha 1 M° pactBopa comepskar 06braHO 250-320 Kr
nemedTa u 600-800 kr mecka. MakcuMalibHass BEJIMYMHA HWHBEPTHBIX
3aMIOJIHUTEIICH 75 MM; JIy4lle IPUMEHSATh IPAaBUM WJIM MEJKYIO TAJIbKY, a TAKKE
[IEMEHT MYIIIOJAaHOBRIN ¢ J0OaBKaMU Tperesia Uitk Tpacca.

HEPEKJIAJIKA OITIOP

Ecnu moBpexxaeHus KiIaaKu HACTOIBKO CEPhE3HBI, UTO HENb3sI IPUMEHUTH
BBIIIEYKA3aHHBIE CIIOCOOBI PEMOHTAa, HEOOXOAUMO MPOU3BECTH MEPEKIIATKY
OTIOPHI.

[Ipexxne yem MPUCTYNMUTh K KIIAAKe OMOPBI, HEOOXOTUMO MPOU3BECTH
pa300pKy MOBPEXKIECHHON YacTH KiaaKud onopbl. Pa30opky BepxHeH YacTu
KJIQJKd MOKHO TPOU3BOJUTH PYYHBIM CIIOCOOOM TpPH TOMOIIM OTOOMHBIX
MOJIOTKOB (i1 omop W3 OyTa) WM NpU MOMOIIM B3pBIBYATHIX BELIECTB —
noJipeIBaHUEM (OTIOPHI U3 OETOHA).

Ha MockBopeuknx mocrtax OyTOBYIO KIaAKy pa3Oupaiu OTOOWHBIMU
MOJIOTKAMHU CpPaBHUTEJBHO JIETKO MO 5 M~ Ha MOJIOTOK B cMeHy. beronHyro
KJIaJKy OTOOMHBIMU MOJIOTKAMHU pa300paTh oueHb TpyAHO. JlydmuMm crocobom
pa300pKu OETOHHBIX OTOpP SBISETCS CIMOCOO TMOAPBIBAHUSA, XOTS ATOT CIOCO0
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OMMACEH JUIA PsAJOM  PACHOJIOKEHHBIX IPOJIETHBIX CTPOEHUH B  CHIY
3HAYUTEIBbHON BO3IYIIHON BOJHBI, BO3HUKAIOIIEH BO BPEMS B3PbIBA U PA3JIETa
OCKOJIKOB.

PaGoTel mo pa30opke Bepxa OMOPBHI NPU IOMOIIM B3PBIBHBIX paboT
CBOJSTCS K CJIEAYIOIIUM ONEPALHSIM:

1) Beiienka mmypoB nepdoparopamu;

2) 3aximajka 3aps0B B HIType U MPOU3BOICTBO B3PHIBA;

3) Pacuncrka Bepxa Omopsl OT 00JIOMKOB KIIQIKH.

Cusatue Bepxa Oblka NPOWU3BOAMUTCS O HEMOBPEXKICHHOW 4YacTH Teja
ObIKa, IOCJE YEero MPOU3BOAUTCS HA BBIPABHEHHOW IUIOIIAJKE YCTAaHOBKA
onaayOKy U OETOHUPOBAHUE ONOPHI HAa IPEIKHIOKO BBICOTY.

Ecnu onops! pa3pyuieHsl MOJHOCTBIO, TO KJIaJKa BEAETCS OOBIYHO, TaK e
KaK M HOBOM onopsbl. [IpoBoauTcs mpeaBapuTesbHAsl MOATOTOBKA OCHOBAHMS
OIIOPBI, €CIIM HYXKHO, C BBEJCHHUEM B HIDKHIOKO OCTaBLIYIOCS YacTb OIOPBI
LEMEHTHOI'O pacTBopa mnoj aasieHueM. Heo6xonumo umeTs B BUAY, 4TOOBI BO
BpeMsl pa300pKM HE OcCTaBajlaCh IOBPEXJEHHAs Kiajaka, HOBas Kiajaka
BO3BOJINJIACH HA HA/IC)KHOM YaCTH OIOPHI.

IIpr BOCCTAaHOBIIEHMHM ONOpPHI C HAJICTPOMKOW BEPXHEHW YACTH €€ NP
NOMOIIIM HOBOW KJAQJKA MOTYT HMETb MECTO ClIydah, KOIJa IpOJETHOE
CTpO€HHE HEOOXOJIMMO CHSTH C OMOPbl HA HOBBIE BPEMEHHBIE ONOpPHL. B 3TOM
cillydae HEOOXOAMMO pSIOM C OMNOpPOMl BO3BECTHM BpEeMEHHbIE omnopbl [17].
BpeMeHHbIe 0nopbl MOTYT OBITh YCTPOEHBI HA CBAiTHOM OCHOBAHHH, €CJIM TPYHT
MO3BOJISIET MPOU3BECTH 3a0MBKY CBail, WIM Ha PaMHO-JIEKHEBOM OCHOBAHUW,
€CJIM BOKPYI OIIOpPbl HMMEETCS 3HAUYMTENIbHAas KaMEHHas OTCHINIb, KOTOpas
MPEMNSTCTBYET MPOU3BECTH paboThl MO 3a0uBKe cBail. HeoOxomumo Taxke
BBIPOBHATh KaMEHHYIO HAOpOCKY C /100aBKOW KaMHSI M Ha 3TOM OCHOBaHHUHU
YCTaHOBUTH PAMHYIO OIODPY.

PsoxeBoe oOcHOBaHME cienyeT MNPUMEHSTb, €CIAM T[IyOMHa U TPYHT
VCKJIFOYAIOT IIPUMEHEHHWE CBAaWHOW, TaK W PaMHO-JIC)KHEBOM omnopsl. [Ipu
YCTPOMCTBE BPEMEHHBIX ONOP MOTYT OBITh MCIOJb30BaHbl METAJUINYECKUE
onopel cucteMbl JIMMOKT. Pama Takoii omopbsl paccunTaHa Ha ONHUPAHHE
MPOJICTHOTO CTPOCHUS 23 M TpoJieTa, HO OHU MOTYT OBITh CHApeHbl B OJHOM
orope.

[lepecTaHOBKa MPOJIETHOTO CTPOCHUSI TMPOU3ZBOJUTCA TMPU TOMOLIA
JIOMKpPaTOB.

[Ipu ycTpoiicTBE HOBBIX BPEMEHHBIX OMOP KEJNATEIbHO TOUKY ONMHUPAHUS
BbIOMpATh MO y3J0M, a HE B NaHenu. B 3ToM ciiydae ecnu u OyAeT ycuiieHue,
TO B 3HAUUTEIHHO MEHbILIEM 00BEME U C MEHBIIIEH 3aTpaTol MO0 BPEMEHHU.

[Tpu ymepennsix mponetax, 10 40-50 M, BpeMeHHbIE OMOPHl MOTYT OBITh
YCTPOEHbI MO OOKaM MPOJETHOIO CTPOEHUS C OMHMPAHUEM €ro Ha MOIIHYIO
MOTIEpEUHyI0 Oaliky M3 ABYTAaBPOBBIX OajlOK MM Ha Oalky, MOJAepKaHHYIO
mnpenreneM. [1ogo6Hoe yCTpoicTBO JaeT BO3MOXKHOCTh MPUMEHEHHUSI CBafHOTO
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OCHOBAaHMSI U TIPU MEHbIIIEH BBICOTE MOCTA, KOT/Ia Karep He MOMEeNIaeTcsl Hajl
MPOJIETHBIM CTPOCHUEM, a MPHU PSYKEBOM OCHOBAHHHM MOKET M30aBUTH PabOTHI
[0 PACUYUCTKE JHA JIJIsl YCTAHOBKH PsKEH WM YMEHBIIUTH 00BEM ITOU pabOThI
[18].

YOuparh BpeMEHHYIO HAJACTPOWKY HAa MACCHUBHOW OIOPE, YCTPOEHHYIO
Ipyd BPEMEHHOM BOCCTaHOBJIICHMHM, HE Bcerjga oOs3arenbHo. Ecim 3Ta
HAJICTPOMKA U3 METaJlla UM XOTs Obl U3 JIEPEBA, U B BUJIE PaM, a HE KJIETOK WIH
psKa, MOXKHO MTPOU3BECTH OETOHHPOBKY OMOPHI O€3 pa300opKH BPEMEHHBIX OTOP
U MEPECTAaHOBKU MPOJIETHOTO CTPOEHUSA. ITO 3HAYUTEIBHO 00JIETYUT pabOThI MO
KAlUTaJIbHOMY BOCCTAaHOBJICHUIO, COKPATHUT BpeMsi pabOT M HE MOTpedyer
MpeKpamieHus IBKeHus noe3aos. Ha SIxpoMckoMm MocTy depe3 kaHain MockBa
— Boura aToT cioco6 ObUT MPUMEHEH, U I€PEBSIHHBIC CTOMKHU HAJACTPONKH ObLIH
3a0eToHupoBaHbl B omope. CXBaTKu TMpuU OETOHHUPOBKE OMOPHI IMOCTENEHHO
CHUMAJIHCh.

Ecnu Hag omopoii ycTpoeHa mMeTayindeckas HaJACTPOIKa, TO OHa MOKET
OBITh IEJIMKOM 3a0€TOHHPOBaHA. DTO MPHUIACT OMOPE MPOYHOCTH, MbI TTOJTYUUM
oropy 0oJiee BEICOKOTO kKauecTsa [19].

[Ipu OGeToHMpPOBAHWH JEPEBSIHHBIX U METALIMYCCKUX OMOpP HEOOXOIUMO
TUIATENBHO MPOU3BECTH OCMOTP C MOCJHEAYIOIIEH OYMCTKOW M YAAJICHHEM
pKaBUMHBI, THUJIM, Kpacku W T. O. [lpm Takom cnocobe He Tpedyercs
YCTPOMCTBO BPEMEHHBIX OIOp, H TIEPECTAaHOBKA TPOJIETHOTO CTPOCHUS
MPOU3BOJIUTCSI TOJIBKO B MIEPUOJI YCTPOMCTBA KeIe300€TOHHOUN moAdepMeHHOM
TJIOMIAKA U BEPXHEH 4acTH OTIOPHI.

[lepexnaaky omnop MpoOU3BOIAT MO YACTSIM:

— MEX]y OTIOPHBIMH YaCTSIMU BO3BOJST IITIATBHBIE KIETKH,
— TMepeyCTaHaBIMBAIOT HA OIOPHBIE YaCTH MPOJIETHOTO CTPOCHHS TIpU

MTOMOIIIN JJOMKPATOB;

— yOuparoT cTapble ONOPHBIE YACTH;
— Cpe3aroT BEpXHHUE KOHIIbI CTOEK OMOp;
— TMPOU3BOJAT OETOHMPOBAHUE OCTABIIICHCS YaCTH OTIOP.

[Ipu Takom criocobe padoT moTpedyeTcs: HeOOJbIIOE YCUIIEHHUE OMOPHOM
MOTIEPEYHON OalKu B MECTE BPEMEHHOTO ONMHUPAHHWs MPOJIETHOTO CTPOCHHUS Ha
ITaTbHBIC KIICTKH.

beronupoBanue BepxHEH 4YacTH OMOPHI TPOU3BOJUTCS OOBIYHBIMHU
criocob6amMu ¢ yCTpOHCTBOM OIMATyOKH.

Hannune Ha omope AEpEeBSHHBIX WU METAUTMYECKUX paM oOJerdaet
paboThI MO YCTPOMCTBY ONMayOKH, KOTOPYIO 3HAYUTEIBHO MPOIIE W HAJIEKHEE
MO>KHO YCTPOUTH U YCTAHOBUTH HA OTIOPE.

HancTpoiika onopsl npu pa3pyleHu U MOJIBOJHON YaCTH IMPOU3BOIUTCS
B TOM K€ TMOpsJAKEe, KaK OMuUcaHO BhImIe. B aToMm ciydyae TpeOyeTcsi cHauaia
BO3BECTH TMOJABOJIHYIO KJIAJKY OTIOPHI CITIOCOOAMU, KOTOPBIE YK€ OBLITH OMUCAHBI
BBIIIIE.
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[Ipu BO3BeneHMM HOBOM KJIaJKW W3 OeToHa WM OyTOOETOHa HYXEH
OETOHHBIN 3aBOJ] CO BCEMU HEOOXOJUMBIM 000PY/IOBaHHUEM. YUYUTHIBAsK TO, YTO
paboThl Ha KaXJAOM MOCTY OYyIyT 1Mo oO0beMy HEOOJbIINE MPU 3HAYUTEIHHOM
KOJIMYECTBE TAKUX MOCTOB U OTHAEIbHBIX OOBEKTOB, pAllMOHAIBHO HMETh
OCTOHHBI 3aBOJ Ha Kojecax. PexkoMeHayeTcss NPUMEHSTh IOJABUKHBIN
OCTOHHBIM 3aBO/I.

[Ipu 3HAUUTENTHHBIX PabOTax B OJHOM MECTE BO3MOXKHA OpTaHH3AIUs
CTallMOHAPHOTO OETOHO3aBo/Aa Ha Oepery ¢ JOCTaBKO OETOHA HA OMOpYy WU IO
HaIUIaBHOMY MOCTY, WJIM MpU TOMOIIM KaOenb-KpaHa, WU OTAEJIbHBIMU
OapxaMy TIpU OTPAHWYECHHOM KOJM4YecTBe Touek. Hamboree 1enecoobOpasHO
NPUMEHATh KaOellb-KpaH, KOTOPBIM OOJEeryuT TpaHCHOpT OeToHa, Kak IIo
TOPU3OHTAIM, TaK M TIO0 BEpTUKAIH. Takoil crmocod® B HACTOSIIEEe BpeMs
JIOCTaTOYHO OCBOEH CTPOUTEIbHBIMU OpPTaHU3alUSIMHU IPU BOCCTAHOBICHHUH
MOCTOB.

[Ipu HEOOXOIMMOCTH BEPTUKAJIBHOM MOJayu OeTOHAa PEKOMEHIIYEeTCs
UCITI0JIb30BaTh OETOHOHACOCHI, KOTOPBIE JAIOT BBHICOKYIO MPOU3BOJAUTEIHLHOCTS.
Hcnonb3zoBanne 0ETOHOHACOCOB IMPHU HAJUYUKM O0OPYIAOBaHUS B MOCTOIOE3/axX
BO3MOXKHO U JKeJIaTeJIbHO. MOTYT ObITh MUCIOJIB30BaHbl U MIAXTONOABEMHUKH, U
KPaHbI-yKOCHUHBI, U JIPYTHE CIOCOOBI, W3BECTHBIC B MPAKTHKE CTPOUTEIIHCTBA
Or10p.

TexHuka ykinaaku 6eToHa o01Ien3BEeCTHA U 3/1€Ch HE IPUBOIUTCS.

3AK/IIOYEHUE

1. KamurtanbHO€ BOCCTAaHOBJICHHE MACCHBHBIX OIOP MOCTOB OOJBIINX
MPOJIETOB B Ka)XXJOM YAaCTHOM cliydyae OyJeT MMETb MHOTO WHIMBUIYaJbHBIX
0COOEHHOCTEH.

2. PeMOHT MOBPEXIEHHBIX ONOP C PACCTPOCHHOM YaCTHU KIIAJAKUA Majio
OTIIMYAETCS OT PEMOHTA U YCUJICHUS OIOp, MPOU3BOIMMOIO Ha CYIIECTBYIOIINX
MOCTaXx.

3. BoccranoBineHue moaypaspylIeHHBIX OMOp MO  yaoOcTBaM B
MIPOU3BOJICTBEHHOM OTHOIIEHUU TMPEUMYIIECTBEHHO CIIEIyeT IPOU3BOINUTH
OeTOHUpPOBaHUEM, a Pa300PKy c1ab0 MOBPEKICHHON KIIAJKU MOPHIBAHUEM.

4, HawuOonpime TPYTHOCTH TMPEACTABUT PEMOHT OIOpP B ITOABOJIHOMN
gacTH. Bo MHOruMX clly4asX CTajJbHbBIC IIITYHTOBBIC TICPEMBIYKHA JIATyT
PKOHOMHIO B PabOTe€ W YMPOIICHHE, BCICICTBUU HYETO JKEIATEIbHO HMETh Y
OpraHu3aluii, MPOU3BOIAAIIMX pabOTy, WHBEHTAPHBIN 3amac  CTaJbHBIX
LIIIYHTOBBIX CBaM.

5. PazbopHbpie  KapkacHbIE TIEPEMBIYKM  BBUJY CBOMX  MHOTHX
MPEUMYIIECTB MOTYT OBITh MCIIOJIB30BAHBI TIPH MOBOJIHBIX pabOTaxX, HO BBUIY
psiga 0COOCHHOCTEN B MX KOHCTPYKIIMU M YCTAaHOBKE HEOOXOIUMO pa3padoTaTh
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HECKOJIbKO THIIOBBIX NPOEKTOB TaKWX IMEPEMBIUEK U HUX YCTAaHOBKH, KOTOPHIE
oOJeryat ux MPUMMEHEHHUE Ha MeCTax

6. B opranu3aniioOHHOM OTHOUIEHUH MEJKHE PabOThl MO0 PEMOHTY OIOP
MOTY OBITh BBINOJHEHBI PACHOPSKEHUEM CaMHUX JOpOT, 4YTO K€ Kacaercs
KPYMHBIX pPabOT, TO OHH PE3KO pa3IUYaroTcs OT paboT MO BPEMEHHOMY
BOCCTAHOBJICHHIO, B KOTOPBIX BOCCTAHOBUTEIHHBIC OpPTaHU3AINHN MPUOOPETH
onbIT 3a BpeMst OTE€4eCTBEHHOU BOMHBI.

PaboThl 0 KanuTajibHOMY BOCCTAHOBJICHUIO OMOp MOTPEOYIOT U HMHOTO
o0oOpyZOBaHUs, W PYKOBOAWTENEH, W paboyell CHUIBI HECKOJBKO WHBIX
CIICLIMAJILHOCTEM.

B cBa3u ¢ »atUM HeoOXoauMo OyJIeT co3llaHue CHelualbHOU
OpraHu3aluyd, KOTopas CHelualu3upoBasiach Obl Ha  paboTtax 1O
BOCCTAHOBJICHUIO Pa3pyUIEHHBIX U MOJypa3pyILIEHHBIX OIMOP.

OcHoBHBIE BUBI pabOT, BHIMOJHAEMbIE €10, OyayT: pa3zbopka KiIaaKw,
OCTOHHBIE U KelIe300€TOHHBIE Pa0OThI, YCTPOMCTBO MEPEMBIYEK U BOJIOOTIIUB,
MOJIBOJTHOE OETOHUPOBAHUE, UHBEKITUS PACTBOPA, TOPKPETUPOBAHHE.

O0beM paboT HAa KaxaoM 00beKkTe OyAeT OOBIYHO HE OYEHBb BEJIHUK, HO
KOJIMYECTBO OOBEKTOB BEChbMa 3HAUMUTENIBHO, B CHJIYy YEro MPOU3BOJCTBEHHBIC
€IUHULIBI OpraHU3allMd HYXHBI HE OCOOCHHO MOIIHBIE, HO O00Jajarolre
OOJBIION MOJBUKHOCTBIO B BHJI€ MOE3/10B C HEOOXOIHMMBIM OOOPYIOBAHUEM,
KBaJIU(DUIIMPOBAHHOMN CUJION U IOCTATOYHBIM 3aI1acOM Pa3IMYHBIX MAaTEPUAJIOB.

PEKOMEHJALIIUA K IIEYHATH

Kangunat Boennsix Hayk, npouneHT ®I'AOY BO «Cankr-IlerepOyprekuit
[Tonutexnuueckunit yHuBepcuter Ilerpa Benmukoro» AunekceeB Cepreit
BuktopoBuY  SBIAETCS HAy4YHbIM PYKOBOJUTEIEM aBTOPOB CTAaTbU W
PEKOMEHYET TAHHYIO CTaThIO K IMMyOJIMKAIIUH.

ABTOPBI 3aSIBJIAIOT YTO:
1. V Hux HeT KOH(IUKTa UHTEPECOB.
2. Hacrosimasi ctaTess HE COACPKUT KaKWUX-THOO HWCCIENOBAHHMM C y4JacTHEM JIOJEH B
Ka4yeCcTBE 00OBEKTOB HUCCICAOBAHHMIA.
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[TeTepOyprckuii TOCY1apCTBEHHBI YHUBEPCUTET ITyTEH COOOIICHUS
NwmnepaTopa Anekcanjpa |

(Cankr-IletepOypr, Poccus)

PA3BBUTUE COBMECTHOI'O ITOTPEBJIEHUSA
B I'OPOACKHUX TPAHCHIOPTHBIX CUCTEMAX

DBOJNIONUS OpraHW3allii M YIPABJICHUS TOPOJCKUM TPAHCIIOPTOM TIPUBOAHT K
BO3HHUKHOBEHHUIO HOBBIX ()OPM MPOU3BOJICTBA U MOTPEOJICHUSI TPAHCIIOPTHBIX ycayr. JlaHHas
TEHJICHIIUS YCHJIMBACTCS B MIEPUOJI MHTCHCUBHOTO Pa3BUTHS HOBBIX TEXHOJOTHH, K KOTOPBIM
B HACTOSIIUN TEPUOJ] MOXHO OTHECTH LU(PPOBBIC, PE3yJIbTATOM UCIIOJIB30BaHUS KOTOPHIX B
chepe TpaHCIIOPTAa SBISETCS TOSABICHUE «YMHBIX» TpPAHCIOPTHBIX cHCTeM. OmHaKo
WHTEJUICKTYaJIbHask TPAHCIIOPTHASI CUCTEMa IPEJIOoIaracT He TOJIbKO MIMPOKOE MPUMEHEHHE
WH(OPMAITMOHHO-KOMMYHUKAIIMOHHBIX TEXHOJIOTUH, HO W W3MEHEHWe OW3Hec-Mojenei
TPAHCHOPTHBIX KOMIAaHHM, (OpM MX B3aMMOJCHCTBHSI C KOHKYpeHTaMH U notpedutensamu. K
OJIHOM M3 TaKMX HOBBIX ()OPM OTHOCHUTCS COBMECTHOE MOTPEOJICHHE TPAHCIIOPTHBIX YCIYT,
SIBIISIIOIICECS] YaCThI0 SKOHOMHUKM COBMECTHOro motpeOienus. [locnemHss npezmonaraer
COKpAIIICHUE YaCTHOW COOCTBEHHOCTH HA pa3jMYHbIC OOBEKTHI MaTEPUATHLHOTO MHpa M
COBMECTHOE HCIONB30BaHUE Ollar B pa3HBIX oOTpaciax. [IpenMyliecTBEHHO COBMECTHOE
noTpedJIeHNe pa3BUBACTCS B TaKUX cepax, KaK apeH/Ia KHIbs, TOPTOBJIS U 3aKyIKH, TOUCK
paboTsl, mpoekTHOe (uHaHCUpoBaHWEe. B mocnennee Bpemsi oOpaiiaeT Ha ceOsi BHUMaHUE
YCKOPEHHOE Pa3BUTHE COBMECTHOTO MOTPEOJICHUS TPAHCIOPTHBIX YCIYT C COMYTCTBYIOIINM
pa3BUTHEM DJJEKTPOHHBIX CEPBUCOB TIOMCKA TIOMYTYMKOB. OTa TEHIACHIUS MOXKET B
OykaiiireM Oy TymieM CyImeCTBEHHO IMOBIHUATH HA CTPYKTYPY PHIHKA TPAHCTIOPTHBIX YCIYT, a
Takke Ha (OpMBI M COCOOBI BeleHUsI OM3Heca B cdepe ropoaCKOro TPaHCIOPTa, OITOMY
MCCJIE/IOBAHNE CErMEHTa COBMECTHOTO MOTPEOJICHUs] Ha TPAHCIOPTE MPUOOPETAET 0COOYIO
aKTyalbHOCTh. Llenbio JaHHOW cTaThu SBIAETCS KiIacCU(UKAIMS HOBBIX OM3HEC-MOJENel B
CETMEHTE COBMECTHOTO IMOTPEOJICHUS TPAHCTIOPTHBIX YCIIYT, a TAK)KE BBISIBIICHUE TTPOOJIEM UX
pa3BUTHS B POCCUHCKHMX Meramoiucax. B KadecTBe HMCXOJHBIX JaHHBIX HCIOIb30BAINCH
MaTepuadbl OTKPBITBIX HMCTOYHHKOB, POCCHUCKHX U 3apyOC)KHBIX HAy4YHBIX CTated 00
HYKOHOMHUKE COBMECTHOTO MOTPEOICHUSI.

Knrwouesvle cnosa: TOpOICKOW TPaHCHOPT, SKOHOMHKAa COBMECTHOTO MOTPEOJICHHS,
KapIIEPUHT, TACCAXUPCKUE MEPEBO3KH, HHTEIUIEKTyalIbHAas TPAHCIIOPTHAS CHCTEMA.

Rubric 4. TRANSPORT ECONOMICS

© E. M. Volkova
Emperor Alexander | St. Petersburg State Transport University
(St. Petersburg, Russia)
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SHARING ECONOMY DEVELOPMENT
IN URBAN TRANSPORT SYSTEMS

The evolution of urban transport systems leads to the emerging of new forms of
transport services. This trend is increasing during the period of intensive development of new
technologies, for example, digital technologies and smart transport systems. However, smart
transport system involves not only implementation of information and communication
technologies, but also changes in the business model of transport company, forms of their
interaction with competitors and consumers. One of this new forms is transport sharing,
which is the part of sharing economy. The latter involves the reduction of private ownership
and sharing of benefits in different industries. Sharing economy is mainly develops in such
areas as housing rental, trade and procurement, job search, and project financing. Recently,
the accelerated development of sharing consumption of transport services with the
accompanying development of electronic travel search services has attracted attention. This
trend may in the near future significantly affect the structure of transport market, as well as
forms and methods of doing business in urban transport, so the study of the segment of shared
consumption in transport is of particular relevance. The purpose of this article is classification
of new business models in the segment of transport sharing, as well as identification of the
problems of transport sharing development in Russian megacities. The material for the
research was taken from open sources, available publications and scientific articles on the
economy of shared consumption.

Keywords: urban transport, sharing economy, carsharing, passenger transportation,
smart transport system.

BBEJIAEHUE

B Hacrosmee BpeMsi B pa3BUTHH PBIHOYHOW IKOHOMHKH TPOSBIISIOTCS
TEHJCHIIUN Pa3BUTUS COBMECTHOTO TOTPEOJICHUS pa3IMYHbIX Oyar. OTH
TCHJICHIIMM YCHJIUBAIOTCS Oylarogaps TIOCTOSHHOMY TIOSIBICHHIO HOBBIX
IU(PPOBBIX CEPBUCOB, KOTOPBIC JEIAIOT B3aUMOJCHCTBHE YYaCTHHUKOB OoJliee
OBICTPBIM M y100HBIM. Kak cieicTBre, MOKHO TOBOPUTH O TOM, YTO SKOHOMHKA
COBMECTHOTO  IOTPEOJICHUST  CTAaHOBUTCS ~ HeoThemJieMoM  dYacteio IV
TexXHoJornyeckoro ykiaaa. CaMo CIIOBOCOYETaHHWE «IKOHOMHKAa COBMECTHOTO
MOTPEOJICHHUS» TOSBUIIOCH CPABHUTEIBHO HENABHO, MO3TOMY JAaHHBIM TEPMUH
UMEET MHOXECTBO CHHOHHMMOB: IIIEPUHT-dKOHOMHKaA (OT aHri. share —
JCIIATHCS ), SKOHOMHKA PEer-to-peer, TpacToBas S5KOHOMHKaA H T.1. [1].

OcHoBHasI ujies SKOHOMHUKH COBMECTHOTO TIOTPEOJICHHS 3aKIIF0YaeTCs B
YMEHBIIICHUU COBOKYITHOM TOTPEOHOCTH B PECypcax M COKpAIICHUU YaCTHOM
COOCTBEHHOCTH Ha HUX MyTéM COBMECTHOT'O MCTIOJIB30BAHMS KOHEYHBIX OJar, uX
MHOTOKpAaTHOH  apeHabpl W nepenpoaaxku.  I[Iporecc  COBMECTHOTO
WCITOJIB30BaHUs, KaK TIPAaBWJIO, OIIOCPEIOBAH COBPEMEHHBIMHU ITU(GPOBBIMH
TEXHOJIOTUSIMH, TPEIOCTABISIONIMMU HH(POPMAIMIO O JOCTYIHBIX Oyarax u
KOHTpPOJUPYOIMUMH  uX 1oTpednaenue. Comuosiorn BUAST  OCHOBHYIO
MO3UTHUBHYIO YE€pPTy HKOHOMHUKH COBMECTHOTO TMOTPEOJCHUS B W3MEHCHHH
MEHTAJIUTETA OTPEOUTEIIS: TEIEePh OH HE CTPEMHUTCS K 00JIaJaHuI0 OJlaraMu, X
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MOJIYYCHUIO B YaCTHYIO COOCTBEHHOCTb, a IMOJIb3YETCSI UMU B ONpEIeNEHHBIC
BPEMEHHBIE OTPE3KU. DTO 3aKIaJbIBAET OCHOBY TpaHc(opmanuu o0IecTBa
noTpeOeHus B 00IIECTBO COBMECTHOTO OTPEOJICHHUS.

B mo0oM ciyyae 3KOHOMHKAa COBMECTHOTO MOTPEOJIEHUS pa3BUBAECTCS
JIOCTaTOYHO OBICTPHIMU TEMIIAMH, pacIIUpsieTCsl €€ MOTCHIMAT B PAa3TUYHBIX
oTpacisx. Tak, SKOHOMHUKA COBMECTHOI'O MOTPEOJIEHUS NPUMEHSETCS B TAKUX
BUaxX OwW3Heca, Kak KpaTKoCpoyHas apeHaa Kujibid (Hampumep, C
UCTonb30BaHueM  1uppoBbIX  Twomanok  Booking.com) wu  pabGouero
IpPOCTpAaHCTBAa  (TaKk  Ha3blBA€MblE  KOBOPKMHIH),  OHJANH-KHUHOTEATPBI,
nepenpogaxa U OOMEH TOBapOB KOHEYHOI'O MOTPEOJIEHHS, CEPBHUCHI IMOUCKA
pabOTHUKOB, COBMECTHOE MPOEKTHOE (uHaHcHUpoBaHHe. Ocoboe MecTo cpeau
oTpaciieif, HCIOJb3YIOIIMX COBMECTHOE HCHOJIb30BaHUE Onar, 3aHUMaeT
TPAHCIIOPT.

MOJEJIA COBMECTHOMU MOBUJIBHOCTH

Monen COBMECTHOTO MOTPEOJICHHUS TPAHCHOPTHBIX  YCIYr, WIIHU
coBMecTHOM MoOwmibHOCTH (Shared mobility), sBasioTcs 3HAYMMON YacTHIO
PKOHOMHUKH COBMECTHOI'O MOTpeOieHus. MIHTepecHO, 4To uCTOpUs KapllepruHIa
Hayanack B EBpone emé B 1940-x rr. OgHako cnpoc Ha JAHHBIA BHUJ YCIyT
3HAQUUTENBHO BBIPOC B 1990-¢ rT., M OHM cCTamum OKa3bIBaTbCA B CTpPaHaX
CesepHoii u FOxHO#t AMepuku, A3un u B ABctpanuu [2]. HecmoTps Ha To, 4TO
KapIIEpUHT SIBIsIETCS HauOosee pacrnpocTpaHEHHON (QOpMOil COBMECTHOM
MOOUJIBHOCTH, IIOMHUMO HETO CYILECTBYET MHOXECTBO APYTUX OU3HEC-Mozenen
B PaCCMaTpUBAaEMOM CETMEHTE TPAHCIIOPTHOTO PBIHKA.

ITo cBoeMy coaepxKaHHIO 3TH OM3HEC-MOJEIN MOXHO pa3JeiuTh Ha JBE
oounpiue rpymmsl (Puc. 1):

A) MozienM COBMECTHOI'O MCHOJIb30BAHMS TPAHCIIOPTHBIX CPEJCTB;

b) Mogenn coBMECTHBIX MOE3IOK.

bur3Hec-Moienn COBMECTHOTO TOTpedIeH s
TPAHCIOPTHBIX YCIIYT

/ AN

CoOBMECTHOE UCIIOJIb30BaHUE
TPAHCIIOPTHBIX CPCIACTB

CoBMECTHBIE TTOE3IKHA

Puc. 1. Knaccuduxanus OusHec-Moeneil COBMECTHOTO MOTPeOIeHNs TPAHCIIOPTHBIX YCIyT

PaccmoTtpum OuzHec-mojnenu, npeacTaBieHHble Ha Puc. 1, mompoOHee.
COBMECTHBIE MOE3/IKM MPEAIOIAral0T OCYIIECTBICHUE MOE30K ¢ MOMyTYUKaAMU
C  MCIHOJIb30BAHMEM  CIECLMUAJIbHBIX  OHJIAUH-CEPBUCOB.  bH3HEC-moaenu
COBMECTHBIX IIO€3]I0K, B CBOIO OYE€pE/lb, MOKHO Pa3/ICIUTh HA KOMMEPUYECKHUE
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(pafimxeiniuHr) U HeKoMMepueckue (paiamepunr). [locnennue npenmnonaratot
KOOTIEPALIMIO BOAMUTENS U MACCAXUPOB C ILIEJIbI0 3KOHOMUU Ha TPAHCHOPTHBIX
pacxojax JUisi BCeX Y4YacCTHUKOB. JlaHHAsi MOJieib peaju3yeTcss B TOM YHCIIE
yepe3 KOMMEpYECKHe OHJIalH-CepBHUCHI MOMCKa MOmyT4yukoB. Kommepueckue
OM3HEC-MO/IENIM COBMECTHBIX MOE3A0K (PallIXEHIIMHT) MO CYTH HPEACTABISIIOT
co0Oi TakcH C TpeABapUTEIBHBIM 3aKa30M 4Yepe3 MOOHIbHOE MPUIIOKEHHE.
Takue mMomenu peanusyroTcs Kak OpraHM3aIMsIMH, TaK U HHAUBHYaTbHBIMH
npeanpuHuMarteasiMi  (BogutensiMu). lloe3nku Moryt OBITH Kak C OJHHUM
MaCCaKUPOM, TaK U C HECKOJIBKHUMHU, CIICAYIOIIMMHU B OJTHOM HAIlPaBJICHUU.

busHec-mMoienu COBMECTHOTO HCIIOJIb30BAHUSA TPAHCHOPTHBIX CPEICTB
MPEANnojaraloT KpaTKOCPOUHYIO (4Yalie BCEro IOMUHYTHYIO) apeH Iy TPaHCIIOpTa
C MCTOJb30BAHUEM CIICIIMATIBHBIX U(POBBIX CEPBUCOB JIsl UX 3aKa3a. JlaHHbIe
OM3HEC-MO/IENIM MOXKHO KJIaCCU(UUMPOBATH 110 BULy apEHyeEMOIr0o TPaHCIOPTa:
KapUIEpUHT — apeHJa JIETKOBBIX aBTOMOOWJEH, OalKIIepuHr — apeHzaa
BEJIOCHUIIE/IOB, apeH/a CKYTEepOB, CAMOKAaTOB M HHBIX BHUJOB TPAHCIOPTHBIX
cpenctB. Kak yxe oTmeuanoch paHee, Haubosiee pacnpoCcTpaHEH cpeau
HA3BaHHBIX KAPIICPUHT.

Kapmepuar moxeT ObITh peanm3zoBad B B2C (kommanus — knueHr), P2P
(yacTHBII COOCTBEHHMK — KIHEHT), B2B (KopnopaTuUBHBI KapIIEpUHT) H
KapIICpUHT IEJIEBOT0 Ha3HA4eHUsA. Tarxke KapIIepUHT MOXKHO pa3[eiuTh Ha
UCTIONb30BaHUE TPAHCIIOPTA MO OIMpPENeJICHHBIM MapIIpyTaM C BO3BpaTOM Ha
onpenenéHHbple CTOSHKA M CBOOOJHOE HCIOJB30BaHWE TpaHCHoOpTa. Takum
o0pa3oM, CyIIEeCTBYEeT O0OJIbIlIOE pa3sHooOpazue OU3HEC-MOENEe COBMECTHOM
MOOHIJIBHOCTH B TOPOJIax, 0OCOOCHHO B CIIydae KapiiepuHra.

KAHBA POCCUHCKHNX BU3HEC-MOJEJENA COBMECTHOM
MOBWJIBHOCTH

Hlanee gnst  Oojiee  JeTanbHOM  WJACHTU(PUKAIMK W BbIJCICHUS
OCOOEHHOCTEM POCCUUCKUX OU3HEC-MOJENIEeH COBMECTHON MOOWIBLHOCTU OYyIET
NPUMEHSTHCS TAKOH WHCTPYMEHT, KaKk KaHBa OusHec-mozenu (Business Model
Canvas), paspaborannbiii A. OcrepBanmpuepom u M. Iluase [3].
CucreMaTu3upoOBaHHOE OMKMCaHUE OW3HEC-MOJENU U €€ OJMKHEro OKPY>KEHUS
npezacTasiieHo B Taom. 1.

B wmccaemosanuu Gilibert, M., & Ribas, 1. [4] xanBa Ou3HEC-MOmenu
COBMECTHOW MOOWJILHOCTH TpEJCTaBjeHa B IIEJIOM M MO TPEM BHUIIAM YCIYT:
KapILIEpUHT, pallAllIepUHr U panaxeinuar. OIHaKO JaHHOE ONMHCAHUE HE BIIOJIHE
OTpa)xaeT Cenu(PUKy POCCUHUCKOTO PHIHKA, TOATOMY aBTOPOM OHO JOpaOOTaHO
U aJalTUPOBAHO C y4ETOM (OPM M METOJIOB TOCYIaPCTBEHHOTO PETYIMPOBAHUS,
a TaK’Ke 0COOCHHOCTEN W MPOOJIEM PhIHKA TPAHCIIOPTHBIX YCIYT B METAIOJIMCAX

Pocculickon ®@enepanumu.
Tabauya 1. Cxema onucarus 6usnec-mooenu (Kauea)
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KnroueBbie OcCHOBHBIE Llennocts qs | BzaumoorHomenus | CerMeHThI
MapTHEPHI BU/JIBI KJIMEHTa c KIIMCHTaMH | IOTpeOuTENeH
(Key nestenbHoctn | (Value (Customer (Customer
Partnerships) | (Key Propositions) | Relationships) Segments)

Activities)

KnroueBnie Kanansr  mpomax

pecypchbl (Channels)

(Key

Resources)
Cocras 3atpat (Cost Structure) HUcrounukn  noxoma  (Revenue

Streams)

W CTOYHMK: aaanTHPOBAHO aBTOPOM 110 MaTepuaiam [3]

AnantupoBaHHas KaHBa OW3HEC-MOJIENIHM COBMECTHOM MOOMIIBHOCTH B
POCCHIICKUX Meranojucax npejicranieHa B Taoi. 2.

B Tabn. 2 xypcMBOM BBIJICICHBI T€ AJIEMEHTHI, KOTOPhIE HEIOCTATOYHO
pPa3BUTBl Ha POCCHIMCKOM PBIHKE COBMECTHOW MOOWIJIBHOCTH B METaIoJIMCaXx.
OcTtaHoBUMCSI Ha HUX 0o0Jiee TOIPOOHO.

Cpenu moJb3oBaTesieil yCJIyI COBMECTHOM MOOWJIBHOCTH 3a pyOexoM
MPUCYTCTBYIOT TaKHUE€ CETMEHThI, KaKk OW3HEC, MyHULIMNAIbHBIE 0Opa3oBaHUs,
OpraHbl TOCYJApPCTBEHHOI'O PETYJIUPOBAHUS, KPYMHbIE YHUBEPCUTETHI U
TypucTckue cooOiiectBa. B Poccun kpyr mosib3oBaTeiedl 3HAUUTEIBHO YK
BCJICJICTBUE HaJM4us IeEJoro psaa (paxkTopoB, MPENSTCTBYIONIUX Pa3BUTHUIO
JTAHHOTO CerMeHTa phIHKa [4].

Karw4deBble HEHHOCTH ISl KJIMEHTOB PACCMAaTPUBAEMBIX TPAHCTIOPTHBIX
yciyr B Poccum u 3a pyOexkoM B 1enoM uieHTHYHbL. Cpeau HUX Cleayer
OTMETUTh MHHOBAIIMOHHBIE MOJIXO0/bl K MJIAHUPOBAHUIO, 3aKa3y U OILIATE YCIYT
COBMECTHOM MOOUIBHOCTH. [TOMUMO 3TOTO Kaxkaasi OM3HEC-MO/1e]Ibh COBMECTHOM
MOOMIJIBHOCTH UMEET COOCTBEHHBIE crienupuueckue npeumyiiectsa. Hampumep,
KOMMEPYECKHE COBMECTHBIC TO€3JIKH TOMyJISIpHBI OJiaroapsi HEBBICOKOM
CTOMMOCTH ¥ BBICOKOM TOYHOCTH IUIAaHUPOBaHUS Toe3Nku. Hexommepueckue
COBMECTHBIC TOE3JIKHM OTJIUYAIOTCS HHU3KOM IIE€HOW, MOCKOJIbKY BOJMUTENh HE
U3BJIEKACT MPHUOBLIb, a TOJBKO MOKPHIBAET CBOU 3aTpaThl 32 CUET MOIMYTYUKOB.
Kpome Toro, coBMecTHblE TMOE3AKH OOECIEUMBAIOT CHUXXEHUE YpPOBHSA
apToMoOmIM3anuu. KiroueBasi 1IeHHOCTh KapIlIepUHTa 3aKJIF0YaeTCs B JETKOCTH
JOCTyNna K YCIyre 3a cu€T OTCYTCTBHS Ipoliecca odopMiieHUS OyMaskKHOM
JIOKyMEHTAITMU ¥ OJIM30CTH TPAHCTIOPTHBIX CPEJICTB.
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Tabauya 2. Kauea busnec-mooenu coemecmuou MOOUIbHOCMU 8 POCCUNICKUX Me2aNnOIUCAX

Kuarouesbie OcHOBHbIE BU/IbI 1€ITEJIbHOCTH IleHHOCTD UIS1 KJIMEHTA B3aumooTHOIICHHS €
napTHepbI KJIMEeHTaMH
ONMUMUZAYUS U YIPABTEHUE OHIIAUH- mpoctoTa oopmieHus
pecuonanbHble niamgopmamu u MOOUTbHLIMU 3aKa3a yepe3 MOOMIIbHOE €IMHOBPEMEHHAS PETUCTPAIH
Komumemawi no NPUTIOHCEHUAMU,; MIPIJIOJKEHUE; KITNEHTA;
mpancnopmy u yIpaBJieHHE 3aKa3aMHu, IJIaTexaMu U Oe3HaIMyHas OIJIaTa; paboma cuyicowvl NOOOEPIHCKU;
op2aHul JIOTOBOpaMy; npo3paiHoCcms yeu, cucmema OmcaeHCU8aHUs
UCNOTHUMENbHOU KAUEHMCKUL CePBUC U MAPKEMUHZ; pabora 24/7. penymayuu KiueHma.
enacmu,
omeemcmeenHbvle 3a | AJisl KapulepUHra U paiaxelJauHra: IS paliIXeHJIMHra; IS padIXelJIuHra;
paspabomky yIpaBJeHHe MapKOM TPaHCTIOPTHBIX THOKOCTB, YI0OCTBO, HU3KHE | BEO-CEPBUCHI JIJIsI KOHTAKTA
MPAnCROPMHOLL CPEIICTB; LIEHBI TTOE3/I0K; BOJIMTENEH U IOy TYMNKOB.
ROAUMUK, NPEJOCTaBIICHUE TPAHCIIOPTHBIX CPEACTB /| BO3MONICHOCHIb
npeonpuamusi u YCITyT TIO 3aKa3am; UHOUBUOYATLHBIX U
opearuzayuu OnMUMU3AYUS 2e02PAPULECKO20 COBMECHBIX NOE300K;
00WecmeeHH020 pazmenjerHuss mpancnopmuulx cpeocme / MIpeIOCTaBIIEHUE
mpancnopma, sooumeneli; nH(pOpMAIUH O
TIpoBaiiephl COJIep’)KaHUE U PEMOHT TPAHCIIOPTHBIX MECTOTIOJIOKEHU U
UHTepHeT-UIaTGopM | cpeacts (B ciayuae moaenu B2C); TpaHCIIOPTa U BOAUTEIE;
U YCIIyT HallM BOJTUTENICH U COCTaBJICHUE IpaduKa JIOTIOJTHUTENBHBIN HCTOYHUK
TEOJIOKAIIHN; ux paboThl, yIpaBieHIE B3aNMOCHCTBUEM | JIOXOMAA JUIS BOJAUTENCH-
npouz8ooumenu ¢ COOCTBEHHHKaMH aBTOMOOWJIEH. (hpunancepos (B MozeIH
MPAHCROPMHbIX P2P).
cpeocms; AJIA paiiilepuHra:
npoussooument o0ecrieyeHue CBS3M BOJUTENEH C AJIs padLIepuHra:
monauga u MOy TYNKAMU; BO3MO>KHOCTHh COBMECTHBIX
2JleKMpOoIHepeUl, YKPEIJIEHUE JOBEPUS KIIMEHTOB. moe3 oK (B monenu P2P);
CmMpaxoeuwuKy u KioueBnie pecypcenl 00cITyKMBaHUE KaK MO Kanauel mpogax
banKu; MpeaBapUTEIbHOM
WHBECTOPHI; TPaAHCTIOPTHBIE CPEICTBA; JIOTOBOPEHHOCTH, TaK H B MOOWIILHBIE TIPHIIOKEHNS, B T.4U.
npoMoymepul MOOWJIBHBIE TPUIIOKEHHUS, peXHMME PEATILHOIO BPEMEHU. | JUIS MYyJIbTUMOJIAIBHBIX TOE3/I0K;
BOJIUTENH- TEXHOJIOTHUECKHE U IU(PPOBBIE Be0O-CalThI;
(dhputancepsl (s m1aTHOpPMBI; JJISl KapIIepuHra: KOJUI-IIEHTPBI 110 00CTY)KHBAHHIO

CermMeHTBI
norpeounTenei

JaCTHBIC U
KOPIOpPaTHBHBIE
KJIUCHTBHI,

pa3oBbIe U
peryIsIpHBIE;
BHYTpHU I'OpOJa U 3a
€ro npeaeamMmu
(mpuropoaHbIe
MACCaXKHUPHI);
JHEBHBIC U HOYHBIC
MacCaKupH;
HacCaKUPBI
00IIeCTBEHHOTO
TPaHCTIOPTA;
busnec;

opaanul
20¢Cy0apcmeenHo2o
Ppecyauposanus.

JJIsl KapuIiepuHra:

MYHUYURATbHBLE
obpaszosanusi;
VHUBEPCUMEMDb,
mypucmckue
coobuecmaa.
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paiaxennunra);
BJIaJIEITBIIBI
aBTOMOOMIEH 1
MapKOBOK (15t
KapILepuHra)

CMpaxosvle NOIUCHL;
ungpacmpykmypa 01 no03apsoKu;

AJS KapLIepUHra:

YIPaBIIAIOIINE TAPKOM TPaHCIOPTHBIX
CpPEICTB;

MapKOBOYHBIE IIPOCTPAHCTBA,

AJIsl palaxedJInHra:
KBaTU(UITUPOBAHHBIE BOTUTEIH;
JIMICH3UU,

TEXHUKA U TEXHOJIOIUs JIJI1 HAaBUTallU¥ U
MapIIpyTH3AIHH;

TEXHHMKA U TEXHOJIOTUA JIsl pacueTa
CTOMMOCTH MOE3IKU.

nmovyacoBasi 1 TOMHUHYTHAas
apeHna;

urpoBOH KOJT TOCTyMA K
MaIlluHe;

pasBuTtas auddepeHnuanus
yeiyT (TIo Mapke
ABTOMOOWIIS, PEXKUMY
00CITy>)KUBaHHSI, MAPIIPYTaM,
peXHMY BO3BpaTa MAaIlUH);
OONOTHUMENbHBIU UCTIOYHUK
00x00a 0151 COOCMBEHHUKO8
asmomobuel, Henrarnuux
ux npedocmagums 8 aperoy.

U IpUEMY 3aKa30B.

JJIS paiaxelJIMHra;
ropsiuue JIMHUM TS 3aKa3a

JJIS paiiilepuHra:
ABTOCTOSIHKUY;
TPaHCHOPTHO-TIEpECcaOYHbIC
Y3JIBI;

cirykOBbI 3aKa3a KOMITAHUH.

AJIs KapIIepUHra;
CIEIHAIbHBIC TAPKOBKH;
Ci1ykOBbI 3aKa3a KOMITAHUH.

Cocras 3aTpar

3aTparhl Ha OILIaTy TPYyla;
TEXHUYECKas MOEePKKa IPOTPaMMHOTO U almapaTHOro 00ecreueHHs;

pacxoowl na HUOKP,

MapKEeTHHT;

coJiepKaHue HHPPACTPYKTYPHI;

cmpaxogule pacxoowl;

1151 KapIIepuHra u paiinxeiyimara (B ciryyae moaeiau B2C):
MpHOOpETEHNE U TEKYIIee Co/IepKaHue MapKa TPAHCTIOPTHBIX CPEZCTB;

HpI/IO6peTeHI/Ie 1 TCKYHICC COACPIKAHUC MTAPKOBOYHBIX ITPOCTPAHCTB.

HUcTounukm noxona
iaTa 3a MoJhb30BaHHe U KOMHCCHUS 33 00CITy)KUBaHUE.

AJIs1 paiaXelJInHra;

(UKCHPOBaHHBIN Tapu( TUTIOC CTAaBKA 32 SAMHUILY
obcyxuBaHus (KM, MHUH.);

oIuTaTa JAOTOJHUTEIBHBIX YCIIYT.

NJIs paiiimepuHra:
a0OHEHTCKas 1IaTa
JTIOXOJIBI OT PEKIAMHOM JIEeATEIILHOCTH.

AJs KaplIepUHTa;

orjiaTa perucTpalny 1 exxeMecsiyHast onJara;

CTaBKa 3a eIMHUILY 00CTyKUBaHUS (KM, Yac, MUH.);
oriaTa JIOTIOJIHUTEIBHBIX YCIIYT, TOXOBI OT PEKIIaMBbI.
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Peanm3anuio KIFOYEBBIX [IEHHOCTEH OOECIEUMBAIOT KaHAJBI MPOAAK, B
OCHOBHOM IM(pOBBIE. DTO B TEPBYIO oOuepelb MOOWIIBHBIC TMPUIIOKEHHUS,
npenocrabisieMbie miatdhopmamu MaaS (Mobility as a Service), BeO-caitTbl
komnanui, SMM-kananel u Ap. Hapsay ¢ nudpoBeiMH KaHaIaMu MPOAaX y
MHOTHX KOMIIAaHUW, MPETOCTABISIIONIUX YCIYTH COBMECTHOH MOOWIBLHOCTH,
OTKPBITHl ~ «TOpSiYME  JIMHUM». YCIYTH  palamepuHra MOTYT  TaKXke
MPENOCTABIATECA HAa OCTAaHOBKAaxX OOIIECTBEHHOTO TpPAaHCIOpPTAa WIM Ha
TEPPUTOPUH TPAHCIIOPTHO-TIEPECATOYHBIX Yy3JI0B, YCIYTd KapIiepwHTra — Ha

MapKOBKaXx.
[Tockonbky U poBbIe KaHAaJIbI POJaX MIPEANOIararoT
caMo00CITy)KMBaHHE, 0co0y10 BaKHOCTh npUOOPETAIOT CIoco0bI

B3aMMOOTHOIIEHUS] € KJIMEHTAMM, CPEIU KOTOPBIX CIYXObl MOAIEPKKH U
oOpatHOil cBA3UM. B coBMecTHBIX TmO€3KaX C KOMMEPYECKOM IIEJIbIO
B3aMMOJEHCTBHE C MOTPEOUTEISIMU OCYIIECTBIISETCS HEMOCPEACTBEHHO Yepes3
Ha&MHBIX paOOTHUKOB — BOJUTEIIEH.

HUcrounuku aoxoma, a Takke CHCTEMbl TapuU(UKALUU CYIIECTBEHHO
pasnyaroTcd IO BHJAAM YyCIyr. B CTpykType AOXOIOB OT OKa3aHWs YCIyr
KapIIepuHra MOKHO BBIICIMTh IIOCTOSIHHYIO M TEepeMeHHyr dYactu [5].
[lepemeHHast 4aCTh 3aBUCHUT OT NPOJOJIKUTEIBHOCTH MOE3/I0K UIH OT COYETAHUS
UX TPOJOJDKUTEIBHOCTH W paccTosiHUs. [locTosiHHass yacTe — 3TO oruiaTta
a0OHEMEHTa 3a YIEHCTBO B COOOIIECTBE IMOJb30BATENE, TIpaHThl U
rocyJapCTBEHHbIE CyOCHIMM (JaHHAs COCTaBsitolias oTcyTcTByeT B Poccun),
CIIOHCOPCKas MOMOIb M JOXOAbl OT pekjaMbl. B ciiyyae KoMmepuyecKux
COBMECTHBIX MOE€3/I0K BO3MOXHBI pa3MYHbIE MOAXOJbl K LEHOOOpPa30BaHUIO:
orjiaTa Moe3 KU MOXKET OBbITh Kak (PMKCHUPOBAHHOM, TaK M 10 CTaBKE 3a €IUHUILY
pPacCTOSIHUS WM BpeMeHU. J[OMOJHUTENbHBIE HCTOYHUKM J0X0J1a — OKa3aHUe
JOTIOTHUTENBHBIX ~ YCAyr (HampuMmep, MalllMHbl —TNpeMHyM-Kilacca  WJIU
IIPEIOCTABIIEHUE JETCKUX cuaeHui). CepBUCHI TOUCKA NOMYTYMKOB MOJTYYaroT B
KayecTBE JIOXOJIOB KOMHCCHOHHBIE COOpBl 32 KaXIyl TMOE€3KYy WM
IpEoJIaratoT MJIATHYIO MOAMUCKY aOOHEHTOB.

KiroueBblMM  aKTMBAMHM  KOMIAHWM,  Opeajiaraloumx  YCiayru
COBMECTHOW MOOMIIBHOCTH, SBJISIFOTCSI TPAHCIIOPTHBIE CPEACTBA U IPOrPAMMHOE
o0OecrieyeHue, CHUCTEMbI JJIEKTPOHHOM OIUIAaThl, a TaKXKe CHEUUATUCThl U
uHpopManus (maHHble O TMOjb3oBaTeNsiX). COCcTaB MHBIX aKTUBOB 3aBUCUT OT
OM3HEeC-MOJIeNM U BUJA TPAHCIIOPTHOM YCIIyTH.

[TockonbKy OCHOBHBIMHM aKTMBAMHM JJII KOMIIAHUM, OKa3bIBAIOIINX YCIYTH
COBMECTHOI MOOWJIBHOCTH, SIBIISIOTCS HH()OPMALMOHHO-KOMMYHHKAIIMOHHBIE
TE€XHOJIOTUH, YTIPABJIEHUE MUMHU — OJIMH U3 OCHOBHBIX BH/IAOB [IeATEJbHOCTH
IOMUMO TPaHCHOPTUPOBKU. Kpome Toro, /st KapliepuHra M KOMMEPUYECKHUX
COBMECTHBIX II0€3/I0K B YHCJIO OCHOBHBIX BHJOB JE€ATEIBHOCTH BXOIAT
ylpaBieHUE U ONTUMHU3ALIMS ITapKa TPAHCIIOPTHBIX CPEACTB U HHOPACTPYKTYPHI.
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Yro kacaeTcs KJIAKYeBbIX NAPTHEPOB KOMIIAHUH, PEUIATAIOIINX YCIyTH
COBMECTHOI MOOMJIBHOCTH, 3TO MOT'YT OBITh MECTHBIE OPI'aHbI UCIIOJHUTEIIBHOM
BJIACTH, OTBETCTBEHHBIE 3a YIIPABICHUE TPAHCIOPTOM. Bo3MoOxHa Takxke
Koolepausi ¢ KOMIAaHWSIMH, TPEIOCTABISIOIIMMHA YCIYTH OOIIECTBEHHOTO
tpancniopta [6]. JlanHOe HampaBieHHe cCOTpyaHHYECTBa B Poccuu pa3BUTO B
HEJOCTAaTOYHOU CTeneHu. B uucno kimoueBbIX OW3HEC-MapTHEPOB KOMITAHUH,
npeIaralmx yCaIyrd COBMECTHOM MOOMIBHOCTH, TaKKe BXOSAT MPOBaNIEephI
OHJIAITH-CEPBUCOB U MH(POPMAITMOHHO-KOMMYHHUKAIIMOHHBIX TEXHOJOTHI, B TOM
YUCJE€ YCIAYr TEOJOKallMW; WHBECTOPBL, CTPAXOBIUMKH; PEKPYTUHIOBBIE
KOMIIAaHUM JUIsI CONPOBOXIEHUs Halima BOAMUTENEW. BecbMa HMHTEpPECHBIM H
IIEPCIEKTUBHBIM IIPEACTABIIETCS €IIE OJHO HAIPABICHUE COTPYIHHYECTBA
HOBBIX YYaCTHHUKOB PBIHKA, IIOKa HE pa3BUTOE B PoccuM — COTPYIHHMYECTBO C
KOMIIAHUSMHU-TIPOU3BOIUTEISIMU B 00siacTH MammHocTpoeHusa. Kpome Toro,
OCHOBHBIMHU MAapTHEPAMHU  SIBISIFOTCS  BOJUTENIM, HMMEIOIIME COOCTBEHHBIE
aBTOMOOWJIU, a TAK)KE€ MHBECTOPBI U KOMIIAHUH, NTPEIOCTABIISIFOIINE aBTOMOOMIN
B apEHAY U JIM3UHT.

CocraB 3arpar KOMIAaHWH, OKAa3bIBAIOIIUX YCIYTH COBMECTHOM
MOOMJIBHOCTH, B II€JIOM HJIEHTUYEH. BOJBIIMHCTBO 3aTpaT MOXHO OTHECTH K
MOCTOSIHHBIM: PacXo/ibl 110 HaliMy paOOTHHUKOB, MOAJIEPKAHUIO paOOTHI OHJIAMH-
m1aTHopM U CEPBUCOB COMPOBOKICHUSI OCHOBHBIX yCiIyT, pacxobl Ha HUOKP,
aMopTH3als aBToNapka M TPAHCHOPTHOM HHQPACTPYKTypbl (IpU HAJUYHH),
pacxoipl Ha MapKETUHI M MPOJBHKEHHE OCHOBHBIX Yyciyr. KapuiepuHr u
COBMECTHBIE TTOE3KU CBA3aHBI CO 3HAUUTEIBHOM J0JIEH MEPEMEHHBIX 3aTpaT Ha
TOIUIMBO, TEKYLIEE COAEPKAHUE U PEMOHT aBTOIIAPKA.

3AK/IIOYEHUE

[IpoBenEHHBIN  BBINIE  CPaBHUTEIBHBIM  aHAIM3  OW3HEC-MoOjeNen
COBMECTHOM MOOWMJIBHOCTH TIOKa3bIBAET, YTO BCE YCIYTd OOBEIUHSIOTCS
OOIITUMU TEXHOJOTUSMHU U CTIOCOOaMU B3aUMOOTHOIIEHUS C TTOTPEOUTENSIMH.

Opnako, HECMOTpsS Ha HadWuue psga OOMMX  XapaKTEPHUCTHK,
PacCCMOTPEHHBIE YCIYTH YAOBJIETBOPSIOT pa3Hble MOTPEOHOCTH, MOITOMY HE
SABJISIIOTCSL  CYOCTUTyTaMH, a OTHOCSTCS CKOpee K KOMIUIEMEHTapHBIM
npoayktaM.  JlaHHBIH ~ BBIBOJ ~ TOXATBEPXKIACTCS U 3apyOEKHBIMU
uccinenoparensamu. Tak, Gilibert, M., u Ribas, I. [7] cuutaroT, yTo paznmudHbIe
BUJIbl  yciayr  (opMbI)  COBMECTHOM  MOOWJIBHOCTH  MOIXONAT  JUIS
BHYTPHTOPOJCKHX ¥ TPHUTOPOIHBIX, PETYISIPHBIX W Pa30BbIX IEPEBO30K
(moe310K).

Otcroza ciemyeT, 4TO OKa3bIBAIOIIUM HMX TPAHCIIOPTHBIM KOMITAHHSIM
[1eJIECO00pa3HO  HUCMOJIb30BaTh  €OUHYI0  HHU(PPOBYIO  HUHOPACTPYKTYPY
(MHTETpUPOBAHHBIC TPHIIOKEHUS, 0a3bl W KaHAJIBI TEpeladyd JTaHHBIX), TEM
Oosee, YTO TEXHOJOTHUU MPOAAX W B3aUMOJEHCTBUS C KIMEHTAMH SIBJISIFOTCS
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NPaKTUYCCKH UICHTUYHBIME [8]. DTO HE TOJILKO MO3BOJIMT IOBBICUTH IICHHOCTh
JaHHOTO BHUAA YCAYr ISl KIWEHTa, HO M OOECIeYWT Yy4YaCTHHKAM pBIHKA
CYIIICCTBEHHYIO SKOHOMHIO Ha MTOCTOSHHBIX 3aTpaTax.

Kpome TOro, KoMmaHusM II€I€COO0Pa3HO BECTH EIUHYIO KIHMEHTCKYIO
0a3y u COBMECTHO 00OpabaThiBaTh OOJBIIHME aHHBIE, TMOCKOJBKY MOJ00Has
nHpopmarusi cama 1o cebe MOXKET TEeHEePUPOBATh 3HAYUTEIHHBIC JTOXOIBI.
Taxke y KOMIIaHUN TIOSIBUTCSI BO3MOYKHOCTh Pa3BUBATh JOTIOJHUTEIHHBIC BUIBI
NEeATEeIbHOCTH,  HalpuMep, JOCTaBKy Menkux  ormpaBok.  Illupokwue
BO3MOYKHOCTH Ja€T KOMIAHUSM COBMECTHONH MOOWIJIBHOCTH W OOIIUN KpyT
napTHEpoB. B Poccum, Ha B3rmsam aBTopa, ObLI0 OBl BecbMa aKTyaJbHO
rOCy/IapCTBEHHO-9aCTHOE IMapTHEPCTBO IO BOMPOCAM pPa3BUTHUS COBMECTHOM
MOOMIJIBHOCTHU B CTPOSIIUXCS U TPYAHOIOCTYITHBIX palOHaX METaIoJIUCOB.

ABTOp 3asiBJIsSIeT, YTO:
Hacrosiiast ctarbst He COEPKUT KaKUX-THMOO MCCIEI0BAaHUMN C y4acTUEM JIIOJIEH B KaueCTBE
00BEKTOB UCCIIEIOBAaHUH.
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Py6puka 2. HAYYHBIE U [IPAKTUYECKUE PA3PABOTKU
Hamnpagnenue — OnekTporexHuka

VJIK [UDC] 621.331.5
DOI 10.17816/transsyst20217367-105

© A. B. Kupeen, H. M. Ko:xemsika, I'. H. Kononon
AO «Hayuno-texunueckuii nentp «I[IPUBO/I-H»
(HoBouepkacck, Poccust)

SJEKTPOTEXHUYECKHI KOMILJIEKC
MATHUTOJIEBUTAIIMOHHOI'O ITOABU’KHOI'O COCTABA

O0ocHoBaHme: Pazputne  paGor B oOmactm  CO3MaHUS ~ TPY30BBIX
MarHUTOJICBUTAIMOHHBIX TpaHcnoptHeix cucteM (MJITC) cBsizano ¢ pa3paboTKOil U
HCCJIEJOBAaHUEM DJIEKTPOTEXHUYECKOIO0 KOMIUIEKCA MOJBMYKHOTO COCTaBa MJis IOJUIOHA
9KCIUTyaTalluy ¢ MPOTSIKEHHBIMU [IEPEroHaMM Ha c1a00 OCBOEHHBIX TEPPUTOPUSX.

Henb: Ilenbto paboTel SBISETCS OOOCHOBAaHME CTPYKTYphl U I1apaMETPOB
KOMIIOHEHTOB 2JIEKTPOTEXHUUYECKOTO KOMIUIEKCA IOJABMIKHOIO COCTaBa, MCCIEIOBAaHUE
pPeXUMOB pabOTBHI.

Metoabl: OCHOBHBIMH METOJAMH HCCIIEOBAHUS SABISAIOTCS  (DYHKIMOHAJIBHO-
CTPYKTYPHBIM aHAIU3 U CUHTE3, KOMIIBIOTEPHOE MOJIEIUPOBAHUE, PACUETHBIE UCCIIEJOBAHMS,
aHaJIN3 Pe3yJIbTaTOB MCCIEA0BAHNN.

PesyabTaThl: B pe3ynprare TpOBENEHHBIX HCCIEAOBAHUI BBISBICHBI (DAaKTOPHI,
onpeseNdomue  OOJUK  3JIEKTPOTEXHUYECKOIO0  KOMILIEKCa  IMOJBHMXKHOIO  COCTaBa.
CdopmynupoBaHbl OCHOBHBIE TPEOOBAHUS K AIEKTPOTEXHUUECKOMY KOMILIEKCy. Paspaborana
CTPYKTypa M OIpEAEIEHBI MapaMeTPbl KOMIIOHEHTOB 3JIEKTPOTEXHUYECKOTO KOMILIEKCA IS
TPaHCIIOPTHOM miaTgopmMbl C MarHUTHOM JeBuTanue. B  kadectBe Onumkaiiiero
KEJIe3HOIOPO’KHOTO aHalora BbIOpaHa CKOpOCTHasi BaroH-miardopma moxaenu 13-6990 nmns
MepeBO3KU KOHTeHepoB. Pa3zpaboTaHa KOMIBIOTEpHAsT MOJIEIh KOMOMHHUPOBAHHOM TSTOBO-
JIEBUTALIMOHHOM CHUCTEMBI Ha OCHOBE JIMHEHHOIO PEAKTUBHOIO HMHIYKTOPHOTO JBUTATEIIS.
[IpuBeneHbl pe3ynbTaThl pPACUETHBIX MCCIEIOBAaHUM, MOATBEpPXKAAONINE (UINUYECKYIO
peann3yeMoCTb JJIEKTPOTEXHUUYECKOTO KOMIUIEKCA IOABM)KHOIO COCTaBa C JIMHEWHBIMHU
PEaKTUBHBIMHM HHIYKTOPHBIMU JBUTATEISIMHU.

3akiroyenue: [lpakTuyeckas 3HaYMMOCTH COCTOMT B TOM, YTO MpPEAJIOKEHHAs
KOHLENIUS IOCTPOECHUS  DJIEKTPOTEXHMUYECKOTO  KOMIUIEKCAa IOJBMIKHOTO  COCTaBa
o0ecrieunBaeT CO3JaHME MAarHUTOJEBUTAIIMOHHOM TPAHCIOPTHOM CHCTEMBI C HHU3KO
3aTpaTHOM MHPPACTPYKTYPOIl.

Knrwouegvie cnoga: >neKTpOTEXHUUYECKUN KOMIUIEKC, MOJBUKHOM COCTaB, MarHUTHAas
JIEBUTAIMS, IMHEWHBIN ABUTATEb, KOMIBIOTEPHAS MOJEIb.

Rubric 2. SCIENTIFIC AND PRACTICAL DEVELOPMENTS
Field — Electrical Engineering

© A. V. Kireev, N. M. Kozhemyaka, G. N. Kononov
JSC "Scientific and Technical Center" PRIVOD-N"
(Novocherkassk, Russia)
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ELECTROTECHNICAL COMPLEX OF MAGLEV ROLLING STOCK

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

Aim: The aim of the work is to substantiate the structure and parameters of the
components of the electro technical complex of the rolling stock, to study the operating
modes.

Methods: The main research methods are functional structural analysis and synthesis,
computer modeling, computational studies, analysis of research results.

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

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

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

BBEJIEHUE

HccnenoBanne BO3MOXKHOCTH CO3JaHUSL CKOPOCTHOM TPaHCIIOPTHOM
CUCTEMBI C MArHUTHBIM MOJBECOM JJIsI KOHTEWHEPHBIX NEPEBO30K 1O EBpo-
A3zuatckoMy cyxomyTHOMY MocTy [1] moka3aiio, 4TO OCHOBHBIM MPEMSTCTBHEM
peanu3anuy  TPAaH3UTHOTO IMOTEeHIHanta Poccum sABiseTrcsa OrpaHuYeHHas
IPOMYyCKHAasi CHOCOOHOCTh  CYIIECTBYIOUIMX  TPAHCHOPTHBIX  KOPHJIOPOB.
KapauHaneHbpiM pelieHreM MpoOJieMbl MOXET CTaThb CTPOUTEIBCTBO HOBOM
BBICOKOCKOPOCTHOM  TPAaHCIIOPTHOM  CHUCTEMbI.  BbIsBIeHBI  (pakTOpHI,
OINPENENISIONINE YCIOBUS CO3AaHUE HOBOM TPaHCIIOPTHOU cucTeMbl. Cpeln HUX:
UCIIOJB30BaHUsl  TPAHCIOPTHBIX  BO3MOXKHOCTEH  A30BO-UEepHOMOPCKOTO
OacceitHa, oOecreueHHe JAOCTYIMHOCTH CEBEpPHBIX TEPPUTOPUid, pa3paboTka
TEXHUYECKUX PEIICHUN 00ecTeurnBarOIMX CO3/1aHUE TPAHCIIOPTHOM CHUCTEMBI C
HU3KO 3aTPaTHOU UHPPACTPYKTYPOH.

[IpenyioxkeHa KOHLENUMSA MMOCTPOCHUS HOBOM TPAHCIOPTHOM CHUCTEMBI C
Y4E€TOM XapaKTEPUCTHK MPEAIoaraeMoro MoJIMIOHA SKCIUTyaTallud Ha cliabo
OCBOCHHBIX TeppuTopusax. Ilpenmosiaraemeiii MapmpyT BBICOKOCKOPOCTHOU
Tpacchl, CBA3BIBAIOIIMKN A30B0O-UepHOMOpCKOTro 6acceitn ¢ mobepexneM Tuxoro
OK€aHa, MOJIHOCTBIO IPOXOIUT IO Teppuropun Poccuu, BKiIO4Yas CEBEPHbIC
PErHOHBI.
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PazButne pabor B oOnactu coszmanust rpy3oBeix MIITC cBsizaHo ¢
pa3paboTKOM U UCCIEAOBAaHUEM BJIEKTPOTEXHUYECKOTO KOMIUIEKCA MOJBUKHOTO
cocTaBa JyIsl TTOJIMTOHA AKCIUTyaTallii ¢ MPOTSXKEHHBIMU MEPEroHaMH Ha ciabo
OCBOEHHBIX TEPPUTOPUSIX.

Lenpto paboThl sBISIETCS OOOCHOBAHHWE CTPYKTYpbl W MapaMeTpoB
KOMIIOHEHTOB  JJIEKTPOTEXHUYECKOT0  KOMIUIEKCA ITOJABHMKHOIO  COCTaBa,
MOJITBEPKJICHUE (PU3NUECKON PeaTu3yeMOCTH CUCTEM.

CTPYKTYPA DJIEKTPOTEXHUYECKUX KOMIIVIEKCOB
MATHUTOJEBUTALHMOHHBIX TPAHCIIOPTHBIX CUCTEM

Texnonorus Maglev HampaBiieHa Ha TMOBBIIICHUE MPOU3BOAUTEILHOCTH
Ipolecca TPAaHCIOPTHPOBAHUSA M CHH)KEHHE OHKCILTyaTallMOHHBIX PACXOJ0B
TPAaHCIOPTHOM CHCTEMBI. OJTU XapaKTEPUCTUKH 3aBUCAT OT KOHCTPYKLUU U
3(p(HEKTUBHOCTH BJIEKTPOTEXHUYECKOTO KOMILJIEKCA, KOTOPBIM IO CYyIECTBY
onpenenseT 00JIMK TPAaHCTIOPTHOM CUCTEMbl HA MAarHUTHOM MojiBece. OCHOBHOM
(GyHKUHMEW SIEKTPOTEXHUYECKOrO KOMIUIEKCca SBJSETCS IpeoOpa3oBaHUE
PHEPrUM  MCTOYHMKA  SHEPrOCHAOKEHHS B  MEXAHUYECKYI0  JHEPTHUIO
OECKOHTAaKTHOTO JBMXKEHUS MOABMKHOIO COCTaBa BIOJb HAIPaBISIOIIETO
IIyTENPOBOJA.

OnektporexHuueckuid  komiuiekc MIITC BkiroyaeTr B ceOs  TATH
(YHKIIMOHAJIBHBIX ~KOMIIOHEHTOB: CHUCTEMY JHEPrOCHAOXKEHHs; CHCTEMY
JIEKTPOMArHUTHOTO MOJBECA; CUCTEMY JIMHEWHOIO 3JEKTPOINPUBOAA; CUCTEMY
OOKOBOI cTaOMIIM3alMK; CUCTEMY YIIPABICHUS.

Cucrema sHeprocHaOXeHHUs IMpeoOpasyeT MnapaMeTpbl 3JIEKTPOIHEPTHU
HMCTOYHUKA TTUTAHUS K MapaMeTpaM, yIOOHBIM JJIsl UCIIOJIb30BAHUS U TIepeaaeT
€e Ha IOABWXXHYK  €IMHMI]y TpaHCHOpTHOM  cucreMbl. Cucrema
AJIEKTPOMAarHUTHOIO TMoJiBeéca OOECHeYMBAaeT JIEBUTALUIO TPAHCIOPTHOTO
CPEACTBA 3a CYET CO3JaHHs BEPTUKAIBHOIO MOJBEMHOro ycuiusa. Cucrema
JUHEHHOT0  BJIEKTPONPUBOJA  CO3/aeT TIAroBoe (TOPMO3HOE)  YCHIIHME,
HaIpaBJIeHHOE BIOJIb myTenpoBoaa. CucreMa OOKOBOM CTaOMIIM3alUK CO3/1A€T
yCWINE, HANpaBJICHHOE MEPIEeHIUKYISIPHO K HANpPABJICHHUIO JIBMXKCHHS IS
KOMIIEHCalluh ~ OOKOBOTO  CMEIIEHUs MNOABMXKHOW  emuHuibl. Cucrema
yIpaBJIeHUs 00ecTeurnBaeT OECKOHTAKTHYIO MPOCTPAHCTBEHHYIO CTa0MIN3alINIO
MOJIBMOKHOW €TMHULIBI OTHOCUTENBHO IyTH U €€ JIMHENHOE IepeMENIeHUE BIOJIb
HaITPaBJISIOLIEro MyTENPOBOA.

CrpykTypa >JEKTPOTEXHMYECKOTO KOMIUIEKCA MOYKET HMETh MHOTO
BAPUAHTOB, YMCJIO KOTOPBIX OINpPEAENAETCS  KOJIWYECTBOM  COYETAHMM
WCTOYHUKOB MArHUTHOTO TMOJIs, PAcloJlara€MblX Ha SKUNAXe W B IYTH.
Bo3MoxHO coBMenIeHHEe pa3InyHbIX (YHKIUN B OJHUX U TE€X K€ JIEMEHTax Ha
OCHOBE OJIHOBPEMEHHOI'O B3aUMOJECUCTBUS OJHOTO HKUIIAKHOTO HCTOYHHMKA
MarHUTHOrO MoJsi ¢ JAByMs WM Oosnee (DYHKIMOHAIBHO Pa3IMYHBIMU
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JIeMEeHTaMu TyTH uiu, HaoOopoT. Haumbonee xapakTepHble BapUAHTHI
COBMEILICHHS] CUCTEM: JIEBUTALIMKM U JIMHEHHOTO 3JIEKTPOIPUBOJA; JIEBUTALUH U
OOKOBOH CTAaOMJIM3AIIUH.

OOmiet  KOHCTPYKTHUBHOM  OCOOEHHOCTBIO  DJIEKTPOTEXHUYECKOTO
KOMILJIEKCA SIBISIETCS KOMIIOHOBKA CUJIOBBIX KOMIIOHEHTOB AJIEKTPOTEXHUYECKUX
CUCTEM (JMHEHHOTO JBUTATENsI, OJJICKTPOMArHUTOB TIOABECa © OOKOBOMU
CTaOWIIM3aIiK) B TATOBO-JICBUTAIIMOHHBINA MOTYITb.

AHanu3 KOHIEMUHUA TOCTPOCHUS AIEKTPOTEXHUYECKUX KOMILIEKCOB
naccaxxkupckux MJITC, noBelleHHBIX 1O CTaAUU KOMMEPUYECKON AKCILTyaTallkH,
BBISIBIJI OCOOEHHOCTD, CBA3AHHYIO C MPOCTPAHCTBEHHOW JIOKAJIU3alUEd CHCTEM
ANEKTPOTEXHUYECKOTO KOMILIEKCa. B HU3KOCKOPOCTHBIX cHCTeMaX (IMPOEKTHI
LINIMO, ROTEM) [2] KOMIOHEHTBI 3JEKTPOTEXHUYCCKOIO KOMILICKCa
(MpUBOJI, MAarHUTHBIM TOJABEC, OOKOBas CTAOWMIM3alMs) JIOKAJM30BaHbBl Ha
oopty. CTpyKTypa 3JIEKTPOTEXHHYECKOTO0 KOMIUIEKCA MO CYIIECTBY IMOJI00HA
CTPYKTYpE€ MOTOP-BarOHHOTO TMOJBHUHOTO COCTaBa KEJIE3HBIX IOpPOr, C TEM
OTJIIMYMEM, UTO POJIb KOJECHO-MOTOPHBIX OJIOKOB BBIMOJHSIOT TATOBO-
JIEBUTAIMOHHBIE MOIYJIH.

DJIEKTPOTEXHUYECKUN  KOMIUIEKC BBICOKOCKOPOCTHOM CHUCTEMBI
Transrapid [3, 4] pa3nenceH Ha Ha3eMHYI0 U 00pTOBYIO yactu (Puc. 1).

BopTOBOI 3NEKTPOTEXHUYECKMIA KOMMNABKC

DEI 8 N [ AN I N NN B |H:|

A A

DYHKLUMK

1—»@:1«30&. TPaHCNOPTHOro cpeacTea
. —- Nepepada aHeprumn Ha bopT J
HasemHbIH 3NEKTPOTEXHUYECKHH
KOomMmnaexc
n Yya CUrHanoB ynpasneHua
(epep.aac anos ynpasne )
no paguoxaHany
MuTarowan cetb
—— SHeprocHabkeHue

Puc. 1. CrpykrypHO-QyHKIIMOHATIbHAsS CXE€Ma 3JIEKTPOTEXHNUECKOI0 KOMIUIEKCca

Received: 30.06.2021 Revised: 31.07.2021 Accepted: 30.09.2021
Moctymua: 30.06.2021 Opo6pena: 31.07.2021 Mpunsra: 30.09.2021



71 WHHOBALIMOHHBIE TPAHCITIOPTHBIE CUCTEMbI U TEXHOJIOT'HU OPUT'NHAJIBHBIE CTATbU
MODERN TRANSPORTATION SYSTEMS AND TECHNOLOGIES ORIGINAL STUDIES

HazemHbIil 3JIEKTpPOTEXHUYECKUH KOMIUIEKC oOecreunBaeT (QyHKIUU
NPUBOJIA TPAHCIIOPTHOTO CPENICTBA; MEpenady dHEpPrud Ha OOpT; nepenady u
IPUEM CUTHAJIOB YIPABIEHUS MO paJuoKaHaTy. DHEProcHabKeHHe HAa3eMHOIO
AIEKTPOTEXHUYECKOTO KOMILJIEKCA OCYLIECTBIISIETCS OT MUTAIOIIEH CETH.

BopTOBOI 3IEKTPOTEXHUYECKUN KOMIUICKC OOECIEYMBACT JICBUTAIUIO
TPAHCIOPTHOTO CPEICTBA; IPUEM DIIEKTPOIHEPIUHU; Iepeaadyy U IPUEM
CUTHAJIOB YIIPABJICHHUS IO PaAUOKAHATY.

JlaHHas KOHLIENMIHUS MOCTPOCHHSI CHUCTEMBI MO3BOJISIET BBIHECTH TATOBOE
o0opyZoBaHUE 3a MPEebl TOIBIKHON CIMHMIIBI, YTO CHHUMAET OTPaHWYCHUS
Ha Maccora0apuTHbIE I[OKa3aTeld WU YCTAHOBJICHHYID MOIIHOCTh TSATOBOIO
AIEKTPOTEXHUYECKOTO O0OpYAOBAHMS U TO3BOJISIET CYIIECTBEHHO YIIYYILIUTH
JTAHAMUAYECKUE U CKOPOCTHBIE XAPAKTEPUCTUKU CUCTEMBI 3a CYET YMEHBIICHUS
MacCChI IOJABUYKHOI'O COCTAaBA.

Paznenenue sneKTPOTEXHUYECKOTO KOMIUIEKCA HA Ha3eMHYI0 U OOPTOBYIO
4acTh  SIBJSIETCS ~ NPUHIMIHAIBHBIM  yCIOBUEM  (DYHKIIMOHUPOBAHMS
OCCKOHTAaKTHOM TPaHCMOPTHOM cHUCTeMBbl. CBS3b MEXKIAY OJTUMHU YaCTAMHU
JIOKaJIM30BaHa B BO3/YIIHOM 3a30pe, 00pa3oBaHHOM, B OOIIEM ciydae, Tpems
MapaMyd KOMIIOHEHTOB: CTaTOPOM H POTOPOM JIMHEWHOTO JIBUTATEI;
AJIEKTPOMAarHUTOM  CHUCTEMbl TMojBeca U  (EPPOMArHUTHBIM  PEIIbCOM;
AJIEKTPOMAarHMTOM HAIIPaBJICHHUs U PEAKTUBHOM IIMHOW. B mpenene Bo3mokHA
peanuzaiusi GyHKIIMOHAIBHOM CBSI3M MEXIY Ha3eMHOW M OOpTOBOM YacTsIMu
ANEKTPOTEXHUYECKOTO KOMIUJIEKCA OJIHOW IMAapOd KOMIIOHEHTOB — CTAaTOPOM M
pPOTOPOM JIMHEHHOTO JBUTATENsl. DTO MOXKET OBbITh JOCTUTHYTO 3a CYET
COBMEIICHHS (DYHKITUN JICBUTAIIMU, TSITH M OOKOBOM CTAOWMIIM3alMK JABHKCHHUS.
DTO CBUAETENBCTBYET O TOM, YTO KIIFOYEBBIM KOMIIOHEHTOM, OMPEACIISIIOIINM
KOHCTPYKTHBHO-KOMIIOHOBOYHBIM OOJIMK AJIEKTPOTEXHUYECKOTO KOMIUICKCA,
SIBJISIET TUHEUHBIN JBUTATEb.

OCOBEHHOCTH ITOCTPOEHUA SJEKTPOTEXHUYECKHNX
KOMIUVIEKCOB I'PY30BbIX CUCTEM

N3navaneHo pabotel mo co3ganuio MJITC ObUlM  OpUEHTUPOBAHBI
UCKJTIOYUTENIFHO Ha PBIHOK IMACCAXUPCKUX MEPEBO30K. DTO MPEAOMPEaLSsIO
XapaKTePUCTHUKU MPEANOIAraeMbIX MMOJIUTOHOB KCIUTyaTalllud, PACTIOI0KEHHBIX
Ha XOpOIIO OCBOEHHBIX, TYCTOHACEJICHHBIX TEPPUTOPHSIX C Pa3BETBICHHOU
ceTbio 3HeprocHabxkenus. [Ipumenenus MJITC B cdepe rpy30BbIX MEPEBO30K
TpeOyeT NEepPEOCMBICICHUSI KOHLEMIUU TOCTPOCHUS 3JIEKTPOTEXHUYECKOTO
KOMIUIEKCA €  Y4YeTOM  XapaKTEepHUCTUK  MPEAIoJiaraeMoro  IOJUTroHa
IKCIUTyaTal|H.

B cdepe rpy30BbIX T1EpEeBO30K HW3BECTHA IMOMBITKA aJanTaluu
MarHUTOJICBUTAIIMOHHON  TEXHOJIOTHH, pa3pabotanHoi ¢upmoii  General
Atomics [5], k koHTeliHEepHBIM TepeBo3KaM. TexHosorusi, npunsatas General
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AtomICS, uCMoNb3yeT MOCTOSHHBIC MAarHUTHl Ha TPAHCIIOPTHOM CpEJICTBE,
pacrnoJiokeHHbIe B MaccuBe Xalib0axa JJisl "MacCUBHOM" 3JIEKTPOAMHAMUYECKOM
neButauuu.  [locTossHHBIE ~ MarHUTBl  Ha  TPAHCHOPTHOM  CPEJICTBE
B3aUMOJICUCTBYIOT C Tpexda3HbIM JIMHEHHBIM CHHXPOHHBIM JIBUTATEJIEM,
OOMOTKM KOTOPOTO YyJOXXEHbl Ha IyTEBOH CTpyKType. TexHojorus
JTUHAMUYECKOIO MOJBECA MO3BOJUIA OCYLUIECTBUTD JIEBUTALUIO TPAHCIIOPTHOTO
CpeICTBa, KOTJa OHO JOCTUTAI0 CKOpocTH Oonee 80 KM/4 Ha Kojecax.
[Mpemnoxen mpoekt Electric Cargo Conveyor System [6] mist oOGpa®oTku
KOHTEHHEPOB B MOPCKOM TEpPMHUHAJIC, MPEAYCMATPHUBAIOMINI OINEpPalMOHHYIO
CKOpocTh 145 xm/u.

B cdepe rpy30BbIX TpPaHCHOPTHBIX CHCTEM HAa OCHOBE MAarHUTHOU
JeBUTalMU crienuanucraMu [letepOyprckoro yHuBepcuTeTa myTei cooOIeHHUs
BBINIOJIHEH [HKI  (yHAAMEHTAIbHBIX  HCCIEAOBaHMM 10  pa3paboTke
OT€UECTBEHHOW MArHUTOJICBUTAIIMOHHOW TPAHCIIOPTHOM  TEXHOJIOTHH, C
AIEKTPOIUMHAMUYECKON JICBUTALIUCH, OCHOBAaHHOMU Ha SIBJICHUU
BBICOKOTEMIIEPATypHOU cBepXIpoBoauMoctu [7]. PaspaboTan makeT rpy3oBoii
MarHUTOJICBUTAIIMOHHON TpaHCIOpTHOM 1iaTdopmsr [8, 9], koTopas mo3BoJseT
TPAHCIIOPTUPOBATh KOHTEMHEPHI cepun 1AAA, 1AA i 1 A.

[Ipennaraemble CUCTEMBI — 3TO CHCTEMBl KOHBEMEPHOro THMA: TPY3
MepeMEIIaeTCsl Ha IMACCHBHBIX JIEBUTHPYIONIUX TPAHCIIOPTHBIX TEICKKAX B
ABTOMATHUYECKOM PEXKHUME. DJNEKTPOTEXHUYECKUM KOMIUIEKC TaKUX CHCTEM
JOJDKEH BKJTIOYATH CIICAYIONINE KOMIIOHCHTHI. JIMHCWHBINA JBUTATEh, OOMOTKHU
KOTOPOT'O YJIOKEHBI BAOJIb MyTH; CTAIMOHAPHBIC MOJCTAHIINY, PACIIOI0KEHHBIC
BJIOJIb Tpacchl, i obOecrieueHrs OOIIEro 3JIEKTPOCHAOKEHUE U YIPABICHUS
JBIKEHUEM; MYHKTHI MEPEKIIOUEHUs NIl KOMMYTAllUd YYacCTKOB CTAaTOPHOMN
OOMOTKHM JTUHEHHOTO JBUTATEIIA.

Bricokne 3arpaTel Ha  CTPOMTEIIBCTBO IIYTEBOW  CTPYKTYpPbl H
oOcy>KuBaHUE KOMITOHEHTOB AIIEKTPOTEXHUYECKOTO KOMILJIEKCa,
pacrpeaeieHHbIX BAOJb MyTH HCKIIOYAOT BO3MOXKHOCTh NpuMeHeHuss MJITC
KOHBEMEPHOTO THUIA HA TPYIHOAOCTYMHBIX TEPPUTOPHUSIX C MPOTIKECHHBIMU
Mapuipyramu. CucTeMbl KOHBeWepHOro tuma 3@P¢GeKTUBHBI Opu 00paboTKe
IpPy30B B TEPMUHAJIAX ¢ HEOOJIBIION MPOTIKEHHOCTHIO TPACCHI.

Coznanne MJITC ¢ HU3KO 3aTpaTHON MHPPACTPYKTYpOM MpeAnosaraer,
4TO TyTeBas CTPYKTypa, Kak HauOojee 3aTpaTHBIM DSJEMEHT, JOJDKHA OBITh
OCHAILIEHA TOJIbKO TACCUBHBIMU 3JIEMEHTAMH AJIEKTPOTEXHUUYECKOTO KOMILJIEKCA.
AKTHUBHBIC KOMITOHEHTBI JIOJDKHBI OBITH pa3MelIeHbl Ha OOPTY TPaHCIOPTHOM
miatdopmbl. OTHAKO 3TO BEET K YBEIMYEHUIO MACChl TPAHCTIOPTHOTO CPEJICTBA
M, Kak CIEJCTBUE, CHWXACT TPAHCIOPTHYIO J(OPEKTUBHOCTh CHUCTEMBI.
Bo3Hukaer 3a7a4a CHUKEHUST MAcChl JIEKTPOTEXHHUECKOTO 000PYI0BaHUS TIPH
€ro JoKaJIM3aluu Ha OOpPTy TPaHCMOPTHOTO cpeAcTBa. M3BectHa wunes
uHTerpanuu (PYHKIUI TATH, JEBUTAMA W OOKOBOWM CTAOMIM3allMA B OJHOM
cuitoBoMm saemenTe [10]. IlpakTuueckoe BOILIOIIEHHE MPHHIKII HHTCTPAIHH
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MOJIYYHJI TIPY CO3JIaHUM HATYpHOTO o0Opasiia TPaHCIIOPTHOU TeNexku maccoi 10
TOHH, OCHAIICHHBIM JECATHIO JBUTATENSIMU BO Bcepoccuiickom Hay4yHO-
HCCIIEN0BATEIbCKOM u MIPOEKTHO-KOHCTPYKTOPCKOM UHCTHUTYTE
anektpoBo3octpoeHuss (BOMHUU r. Homouepkacck) [11]. JIBuratenr wumen
MACCUBHBIA POTOP, MHTETPUPOBAHHBIA B MYTEBYIO CTPYKTYPYy U TPU OOMOTKH:
TpexdasHylo TITOBYI, BO30YyXIeHUS W OO0KOBOW craOmmmsammu. OOMOTKH
NoJlydyaldd TMHUTAHUE OT CHJIOBOTO DJIEKTPOOOOPYIOBAHMUS CHUCTEM TSTH,
JIeBUTAlMA W OOKOBOM CTaOWIM3alid. OJTO HE TO3BOJIIO CYIIECTBEHHO
CHU3HUTH MAcCy AIEKTPOTEXHUUECKOTO 000PYI0BAHHUS.

PazButneM wujaen UHTErpallMu SABJSETCS TNPUMEHEHUE JIMHEWMHOro
PEaKTUBHOTO HWHIAYKTOPHOTO JBUTATENl B TATOBO-JIEBUTALIMOHHOW CHCTEME
TPAHCIIOPTHOTO CPEACTBA C MATHUTHBIM MOJIBECOM.

B kitacce nMHENHBIX PEAKTUBHBIX MHIYKTOPHBIX MAIlIMH CYIIECTBYIOT JIBE
pasHoBuHOCTH [12, 13] paznuyaromiuecs: HampaBlICHHEM 3aMbIKaHHS IOTOKA,
co3gaBaeMoro (ha3oii IBUraTessi: ¢ MPoI0JIbHBIM 3aMblkaHueM nmotoka (Puc. 2a),
COBIAJIAIOIIMM C HAIPAaBJICHUEM JBUXKEHUS, U C MOMNEPEUYHBIM 3aMbIKAHUEM
MOTOKA, NMEPIICHANKYIISIPHBIM HampaBjeHuIo ABrkeHus (Puc. 2b).

a) b)

Puc. 2. Tunbl TuHEHHBIX PEaKTUBHBIX HHIAYKTOPHBIX JIBUTATEICH

OTH MallMHBl  MPOCTHI, TEXHOJOTUYHBI, MEXAHHUYECKH YCTOWUYMBHI U
UMEIOT Majble TOTEPU, a WX CHUCTEMbl TMUTAHUS HMMEIOT TPOCTYI0 CXEMY.
[TpeanoyTUTENbHBIM SIBIISIETCSl JBUTATENb C TIONMEPEYHBIM MOTOKOM, TaK Kak
U-o0pa3Hasi koH(pUTypals MarHUTOMPOBOAA OOecreunBaeT OOKOBYIO CamMo
CTaOWIM3aIMio  TpaHCHOPTHOM  Tuiatropmbl.  YmpaBieHHWe 1O  JBYM
KOOpJIMHATaM, KaK TSTOH, TaK M MOJABECOM MOXKET OCYIIECTBISATHCS, UCTIONIB3YS
BCET0 OJIMH KaHaJ YMpaBJICHUS TOKAMH B OOMOTKax JABUTATENIA. DTH CBOHCTBA
JUHEHHOTO PEaKTUBHOTO WHIYKTOPHOTO IBUTATENS C IOMEPEYHBIM ITOTOKOM
MO3BOJISIOT CO3/IaTh MPEICITBHO MPOCTYIO TATOBO-JIECBUTAIIMOHHYIO CUCTEMY.

DyHKITMOHAIBHAS CXeMa JIEKTPOTEXHHUECKOT0 KOMIUICKCa IMPUBEIeHA Ha
Puc. 3. DHeprocHaOGXeHHE CHIJIOBBIX KOMIIOHCHTOB 3JIEKTPOTEXHHUYECKOTO
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KOMILJIEKCa TMIpM MX PACIOJOKEHWU Ha TPaHCIOPTHOM Tuiatrgopme 15
OCYIIECTBIISIETCS. OT aBTOHOMHOM SHEPTreTUYECKOW YCTaHOBKH, KOTOPAs MOXKET
pacrnoJiaraTbCs Ha OAHOW U3 TPY30BbIX MIIATHOPM MOJBUKHOTO COCTaBa, yepes
cuiioBble pazbeMbl 10, 11.

10 11

vo1 N @Vj

VT1 e —dg ——

15

1, 2 — cunoBeie IpeoOpazoBaTeny; 3, 4 — CTaTOPHI JINHEHHBIX JIBUTATENCH;
5 — BXO/IHO# MpeoOpa3oBaTellb; 6 — TOPMO3HOM PE3UCTOp; 7 — KOHIEHCATOD;
8 — 3apsiHO-pa3psIHbIN IpeoOpa3oBarteib; 9 — HAKOIKUTEb SHEPTHH;
10, 11— cunoBele pazbemsl; 12, 13 — myTeBble 2neMeHTHl; 14 — myTeBas CTpYKTYypa;
15 — TpancnopTHas mwiardopma

Puc. 3. qDYHKI_[I/IOHaJ'H)HaSI CXEMa JJICKTPOTCXHUYCCKOI'0O KOMILICKCA

CunoBoe Hampspk€HUE TIOJlaeTcsd Ha BXOJHOM mpeoOpaszoBarenb 3,
CUJIOBBIE TpeoOpazoBarenu 1, 2 W 3apsaHO-pa3psAIHbIA TpeoOpa3oBaTenb 8
HakonuTenss HSHeprud 9. BxomHol mnpeoOpaszoBaTenb S5 peryiaupyer TOK
TOPMO3HOTO pe3uctopa 6 B pexxume TopMmoxeHusi. CunoBbsle TpeoOpa3zoBaTEIu
1, 2 nUTalOT PeryIupyeMbM TOKOM OOMOTKH CTAaTOPOB JIMHEWHBIX JBUTaTEIEH
3, 4. Craropsl JUHENHBIX OBUTaTesed 3, 4 CO3MAal0T TATOBOE U MOABEMHOE
yCWINE TpH B3aUMOJECHCTBHUM C MYTEBBIMH 3JeMeHTamu 12, 13,
UHTETPUPOBAHHBIMU B MYTEBYIO CTpyKTypy 14. Ilpu OGOKOBOM cMmelieHuu
cTaTopoB 3, 4 OTHOCHUTENBbHO IMyTEBBIX 3JeMeHTOB 12, 13 Bo3HHMKaeT cuia
OOKOBOI CcTaOMIHM3AIUU TIATPOPMEBL.  3apsAHO-pa3psAIHBIN peoOpazoBares 8
COrJacyeT HalpsSHKEHUE MUTAHUS C HAPSDKEHUEM HAKOMIUTEIS SHEPTHH 9.
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BBIBOP IAPAMETPOB JIMHEMHOI'O PEAKTUBHOT'O _
HHAYKTOPHOI'O IBUI'ATEJIA JIA KOMBUHUPOBAHHOU
CUCTEMBI TAI'M U MATHUTHOI'O ITIOJIBECA

B  nmocnenHee — AgecATUIETHE — HAKOIUIEH — ONPEICICHHBIA  OMBIT
POSKTUPOBAHUS PEAaKTUBHBIX MHIYKTOPHBIX japuratenei [14]. B murepatype
IPUCYTCTBYIOT —pPa3jiM4HbIE PEKOMEHJAMU 10 BBIOOPY TE€OMETpUU H
napamMeTpoB MallMH JaHHOIO KJiacca TPAaJWLUHUOHHOIO HCIOIHEHUS. OTH
pPEKOMEHJAMM HE 3aTparuBalOT JIMHEWHBIX PEAKTUBHBIX HWHIYKTOPHBIX
JBUTATENCH, COBMEIAOMMX (QYHKIMU TSATH U MarHUTHOTO mojaBeca. [loatomy
TpeOyIOT pa3pabOTKH CJIEIYIOLIUE BOIPOCHI:

— BBIOOp MapamMeTpoB 3yOLOBOrO CJOs JBHUrartess, 0OecHeuHMBaroIIero
3a/IaHHOE NTOJIBEMHOE U TATOBOE YCHUIINE;

— HCCJEI0OBAaHUE BIUSHUS KOHPUIypallud MarHUTHOW CHCTEMBI «CTaTOp —
IyTEBOM  DJIEMEHT» HAa PacxXoJ JJEKTPOTEXHUYECKOW CTauu B
yTENPOBOJIE;

— BJIMSIHUS JUCKPETHOCTHU MTyTEBOM CTPYKTYpPbI HA IOIBEMHOE YCHUITHUE.

Ha Puc. 4 noka3zan oOumii BUJ] peakTUBHOTO MHIYKTOPHOTO IBUTATENS
TPAHCTIOPTHOM MIATHOPMBI.

Puc. 4. OOwuii Bug ABUTATENS

[Ipenmonaraercsi, myTeBbie ajeMeHTHl (poTop) 1-4 pacmoyiokeHbl Ha
MyTE€BOM CTPYKTYpE, a CHUJIOBBIE JJIEMEHTBHI cTaTtopa |—6 yCTaHOBJIEHBI IO
OopTaM TpaHCIOPTHOM MIaThOPMBI M paclpeiesieHbl 1o Bcel ee aauHe L.
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[lo ananoruu ¢ BpalalOMMMUCA DJIEKTPUYECKUMH MAaIllMHAMH MOKHO
rOBOPUTH O TJIaBHBIX pazMepax asurarens. Ha Puc. 5 npuBenens 0603HaueHMs
pa3MepoB.

- L3; > Lr >
1 < . 2
1 [ 2
L ————
. s B Ls _

Tr — 3yOII0BOE JICJICHHE POTOPA, Ts — 3yOII0BOE JICJICHUE CTaTOpa,
Y— Mexk3yOLIOBBII MHTEpBaJ cTaropa, Ls mHa sneMenTa cratopa,
Lr nmiHA B€MeHTa poTopa.

Puc. 5. 'maBHBIC pa3mepsl ABUTATENS

[TapameTpsl 3yOLIOBOrO CJIOS IBHUTATEINIsA OIMPEACISIOTCS COOTHOIICHHUEM
3y010B porop/cratop. s mBuraTens ¢ urcioMm (a3 3 BO3ZMOKHBI CIICAYIONINE
COOTHOIIEHHUS 3yOI[0OB pOTOpa (IIyTE€BHIX DJIEMEHTOB) M CTAaTOpa (CHIIOBBIX
9JIeMeHTOB) ZolZ4:

Z,/Z, — 2/3,4/6, 6/9, 8/12, 10/15, 12/18, ... (1)

CuItoBBIE AJIEMEHTBI CTATOPA, YHCIIO KOTOPBIX ONPEIEIAETCS 3HAUYECHUEM
Z;, B COBOKYITHOCTU OOpa3yloT CTaTop JUHEHHoro asuratens. J[muHa cratopa
auHenHoro asuratenst L.,, yCTaHOBJIEHHOro Ha OJHOM OOpTY TPaHCHOPTHOM
1aT(OPMBI, T0JKHA OBITh MPUMEPHO paBHA AJUHE paMbl IaTPOpMsblI L, < Ly,
JUTsl pAaBHOMEPHOTO paclpeeeHHs] Harpy3KH Ha MyTh.

3ajaBmIMCh 3HAY€HUEM Z;, MOXKHO OMNPENEIUTh JUIMHY CHJIOBOTO
JJIEMEHTa cTaropa. BpiOepeM B KauecTBE ONMIKANIIETO KEJIE3HOJOPOKHOTO
aHaJIora CKOPOCTHYIO BaroH-1iaTpopMy AJis MEPEBO3KH KOHTEHMHEPOB MOJEIH
13-6990 [15] — TexHMUeCKUE XapaKTEPUCTUKU NpUBeACHBI B Taou. 1.

Tabnuya 1. Texnuuecxkue xapaxmepucmuxu a2on-niamegopmvt mooenu 13-6990

TexHuveckue mapaMeTpbl, pa3MepHOCTH 3HavyeHHe
CKopocTh KOHCTPYKITMOHHAS (IKCIUTYaTallHOHHAs ), KM/4 160 (140)
MakcumanbHasi pacueTHas CTaTUYECKasi Harpy3ka OT KOJIECHOM Mmapbl 166,7 (17.,0)
Ha pebChl OT mIaTopmel, He Oonee, kH (m) ’ '
Macca Tapsl iiatdopmsl, He 6oee, T 28,0
I'py3onoabeMHOCTb, HE MEHEE, M 40,0
Macca 6pytTo, HE bonee, m 68,0
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TexHuyeckue mapaMeTpbl, pa3MepHOCTH 3HayeHnune

KonnuecTBo nepeBo3uMBIX KOHTEMHEPOB B IIpeeax
Ipy30I0IbEMHOCTH TUIAT(OPMBI, IIT.:

45/40 /20 dyros 1
20+20 ¢yToB 2
JlnmrHa paMbl TUIaTGOPMBI TIO KOHIIEBBIM OajikaM, MM 13480

HJ’II/IHa I10 OCAM CHEIIJICHHA aBTOCHCIIOK ITPU yTOHJ'ICHHOfI

aBTOCIIEINIKE, He OoJee, MM 14700

OpueHTUpPYSACh Ha >KEJIE3HOJOPOKHBIA aHAJOr, MPUMEM JUIMHY pPaMbl
MarHUTOJICBUTAITMOHHOW T1aThopMbI Lyn,=14,4 metpa u Z,/Z,=12/18, nomyqnm:

mn

3L 3144
L, = = =
4.7, 4.18

0,6, (2)

JlnuHa myTeBoro aneMenTa Lg omnpenensiercs no Gpopmyiie:

L, 14,4
L,=— =""_=0,6¥m, 3
"2z, 212 3)

[Tpu macce Opyrro TpaHcmoptHo# miatdhopMbel My = 68 T (Tabdn. 1)
pacyeTHas CTaTHYECKas Harpy3ka Ha IyTEeBOHM JJEMEHT OT IUIaT(GOpMBI
COCTaBHT:

F Mg 08000981 ,p0q5, (4)
2.2, 212

B Ttabnuie 2 mpuBeAeHBI Pe3yibTaThl Pacu€TOB OCHOBHBIX Pa3MepOB
MarHUTOINPOBO/IA CTaTOpa U poTopa. PacueTsl BHIMOIHEHBI MPU UHAYKITUU
Bs = 1 Tz B BO3my1tHOM 3a30pe 0 = 10 mm.

Tabnuya 2. Pazmepvl macHumonposooa

HaumenoBanue napamerpa | 3HadyeHnue ICKHU3 CeYeHHn s

JlnrHa MarHuTONpoOBOAA , MM 600
[IIuprHa MarHUTONIPOBOAA, MM 195
BricoTa marauTonpoBoaa, mm 140 2|
HIupuna 3ybua craropa, mm 60 — :
BricoTa 3y6I1a cratopa, mm 80 = = i
Bricora 3y0ma poropa, mm 10 )
lupuna okHa, MM 75
Ceuenue 0OMOTKH, MM 75x75 ®
Bozayunsiii 3a30p, mm 10 o
MarnuTtoaBmxKyuias cuna, kA4 15,9
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[To mosydeHHBIM JAHHBIM BBINIOJHEHO TocTpoeHue 3D-monenu cuctemsl
«CTaTop — MyTEBOM AeMeHT». B Mojenu npuHsATa 3IeKTPOTEXHUYECKask CTalb
mapku 10848. B pe3ynbrare NpoBEJEHHBIX MarHUTOCTATHUYECKUX PacyEeTOB
MOJIydeHa CHUJIOBasl XapaKTEPUCTHKA CUCTEMbl «CTAaTOp — ITyTEBOM SJIEMEHT)
IpA COOCHOM TIOJOXKEHHUU (CM. pHC. 6a) W paclpenesiecHue HHIYKIHA B
CCUYCHHH BO3YIITHOTO 3a30pa (cM. puc. 6b).

W3 npuBeAeHHBIX JAaHHBIX CIEAYET, YTO pacyeTHas CTaTUYECKas Harpy3Ka
Ha TMyTeBOW oneMeHT oT miargopmel F, = 27,8 xH, mocturaercs mnpu
HaMarHU4MBAIoMeld cwie oOMOTKH 3nemMeHTa cratopa F, = 154 k4. Cpennee
3HaUYCHWE WHAYKIIMKM B CEYeHWUHW 3a3zopa cocrtaBimsier B; = 0,985 Ti. Oro
MPAKTUYECKU COBIAJAET C pe3yJbTaTaMU HHKEHEPHOTO pacyeTa.

UccnenoBanue BIusiHUA KOH(GUTYpallMd MarHUTHOW CHUCTEMBI «CTaTOp —
MyTEBOM DSJIEMEHT» Ha PACXOJ DJEKTPOTEXHUUYECKOW CTajud B MyTEHPOBOJC
MOKa3aJld, YTO BBIOOP KOH(MUTypaluu 3yOI0BOM 30HBI JBUTATEINS 1O CYIIECTBY
OTIpeJIeIIsieT ero TJIaBHbIE pa3Mephbl. ITO OTPAaHUYMBAET BO3MOXKHBIC BapHAIUU
reOMETPUUYECKUMH pazMepamMu. B pamkax 3Tux orpaHU4YeHHI BOZMOMXEH TOJIBKO
BEIOOpD (QOpMBI U pa3MEpPOB TOMNEPEYHOTO CEUECHHUS MarHUTONPOBOJA
(U-obpasznoro u IlI-o0pa3Horo cedeHus), a TakKe PacloIoKeHHe 0OMOTOK Ha
MarHUTOIPOBOJIC.

Hz, kH

'
' bltesial
'
'
4 1, 50006 +000
' 1.9571¢4000
40 N / 1.91%3¢+000 | B
'
'
'
'
'
1, 2000¢+000

'
3 a
EL U E SO v NP CEERECRETEIc PR engsn] E 1.1571€+000
B 1. 11v3es000
K 1.071464000
s 1. 028604000
H $.8571e-001
9.9206e-001
9.0000¢ 301
|
i Xoauewe 154 Keamposats X -
0 |Yoaseme 2778 KaomupoaTe Y
/ [ y2sunme Koamposats Y2
3mpuTe

7. MIoeD TORon Saead

0 150 300 (men)

1 1
0 6 12 18 U Fyoxd

a) b)
a) CHJIOBasl XapaKTeprCTHKa; D) pacnpeneneHne HHIAYKIUKA B CEUCHHN

Puc. 6. P C3YJIbTAThl MAHUTOCTATUYCCKUX PACUCTOB

Ha Puc. 7 noka3zanbl BO3MOXHbBIE BapUAaHThl MAarHUTHBIX CUCTEM CTATOPA
Y POTOpA JIMHEWHOTO JBUTATENS.
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Puc. 7. BapyuaHTbl MarHUTHBIX CUCTEM

B npencraBneHHbIX BapuaHTaX MarHUTOMPOBOJBI pa3pe3HbIC JIEHTOUHBIC
OJIMHAKOBOHM JUIMHBI W TUIOMIAJM TOJIIOCOB. BapmanTtel @ um b paznmmyarorcs
pacmonokeHueM OOMOTOK Ha MAarHUTONpPOBOJAE: B BapHaHTe a OOMOTKa
pacronaraercss Ha spMe, a B BapHaHTe D 1Be OOMOTKHM pacmojiararoTcsi Ha
3ybuax. B BapuaHnTe C mmpuHa MarHUTONPOBOJA YBEIMUYEHA, a BHICOTa 3yOIIOB
IPOMOPIMOHANILHO YMeHblleHa. B Bapuante d marautonpoBox LlI-oO6paszHoro
CEUEHHUs1 COCTaBHOM, OH oOpa3oBaH AByMs U-00pa3HbBIMH 3JIEMEHTAMH C
YMEHBIIEHHON MHMpUHON 3yO1noB. OCHOBHBIE T'€OMETPHUYECKHE pa3Mepbl
3JIEMEHTOB CTAaTOpa U poTopa npuBeAeHsl B Tadm. 3.

JUis CcOmOCTaBi€HMsS BApUAHTOB BBIIOJHEHBl pacueThl IapaMETPOB
CUCTEMBl «CTAaTOp — IIYTE€BOM 3JIEMEHT» IPU COOCHOM IIOJIOXKEHUU 3YOIOB
cTatopa M poTopa. DJICKTPOTEXHUYECKasi CTajdb B pacyeTrax NMPHUHATA MapKH
10848. Jlns Bcex BapuMaHTOB 33/1aBajlaCh BEJIMYMHA HAMATHUYMBAIOIIECH CUJIBI,
paBHas F,= 16,8 kA. Pe3ynbTatsl pacueToB npuBeaeHsl B Taom. 4.

Tabauya 3. Pasmepul sn1emenmos cmamopa u pomopa

HaumeHoBaHue napamMeTpoB Bapuarrrer
a b c D
JlnvHa MarHuTONpoOBOAA , MM 600 600 600 600
[IIupura MarHUTONPOBOAA, MM 195 195 260 270
HIupuna 3y6ua, mm 60 60 60 30
BricoTa 3y6ua craropa, mm 80 80 45 80
BricoTa 3y6ua potopa, mm 10 10 10 10
CeueHne 0OMOTKH, MM 75x75 37x75 140x40 75x75
ITnomniane MOJIFOCOB, e 0,072 0,072 0,072 0,072
Bozayunsiii 3a30p, mm 10 10 10 10
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Tabauya 4. Ilapamempol cucmemvbl «Cmamop — nymeeou d1eMeHm)

HaumeHoBaHHe mapaMeTpoOB Bapuarret

a b C d
Macca cranu ImyTeBOro 3JIEMEHTa, K2 52 52 71 39
Macca cranu 3JIeMEHTa CTaTopa, K 90 90 90 78
Macca Meau 0OMOTKH cTaTopa, Ke 55 40 51 55
[Tonnas macca craropa, ke 145 130 141 133
ITonsémuas cuna, kH 31,4 31,1 31,8 33,2
Pacxon cramu Ha 1xkm iyTH, m/km 86,7 86,7 118 65

AHanu3 pe3ysibTaToOB IOKA3bIBAET, YTO BapHAHTBl & M D MpaKkTHYECKU
paBHO3HAUHBI.  Bapwammm,  CBS3aHHBIE C  YBEJIWYEHHUEM  IITUPHUHBI
MarHUTONMPOBOAA (BapuaHT C), MPUBOIAT K YBEIMYCHHIO MOIBEMHOTO YCHIIHS
(IO CpaBHEHMIO C BapHaHTaMHU a M D) ¥ pacxoja 3JCKTPOTEXHHUSCKON CTallu.
Bapuant d ¢ I1I-00pa3HbIM MarHUTOMPOBOJOM U OOMOTKOH Kak B BapHaHTE 4,
oOyiajaeT HaAuOOJbBIIEH IOABLEMHONM CHJIOM MW OOecreyrBaeT MHUHHUMAaIbHBIA
pacxoji CTajau B IMyTEIPOBOJIE. DTOT BaApUAHT SBIISICTCS TIPEATIOYTHTEIBHBIM TTPU
BbIOOpE KOH(UTYpaIli MATHUTHON CHCTEMBI JINHEHHOTO JTBUTATEIIS.

HccnemoBanue BIWSHUS JUCKPETHOCTH TIYTEBOH CTPYKTYpHl Ha
NOJABbEMHOE YCHUJIME M TIOKa3aJo, YTO TMpPH CMEIIEHUH 3YyOIl0B cTaTropa
OTHOCHTEJIBHO 3YyOIIOB poTopa (OT COOCHOTO IIOJIOKCHHUS 3YyOIIOB /IO MEX
3yOIIOBOTO TPOMEXKYTKa) TMoabemMHass cwia F, co3maBaemasi CHUIIOBBIM
AJIIEMEHTOM CTaTOpPa, YMEHBIIIACTCSI.

Hanpuwmep, Ha Puc. 8 npuBenena 3aBucuMocth nmoabeMuoi cuibl  F, = f(X) ot
BEJIMYMHBI TUHEHHOTO TiepeMenieHus X st Bapuanta a (cm. Puc. 7).

S

24 N Fep =16.7xH

™

16 . \

[Togsemuas cuina Fz, kH

0 100 200 300 400 500 600

JInHelHOE nepeMelIeHHe cTaTopa X, MM

Puc. 8. rpa(I)I/IK 3aBHCHUMOCTbH ITOJJbEMHOM CHJIBI OT JIMHEHHOTO MEpeMCIICHUS
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HabmromaeTcss nmpakTUYecKH JBYKpPAaTHOE CHIDKCHHE CPEIHEro 3HauyeHMUsI
nogbeMHoil cunsl Fz ,=16,7 kH N0 OTHOLIEHWIO MAKCHMAJIbHOMY 3HA4EHUIO
IIPU COOCHOM TOJIOKEHUU 3Y0110B F7 max= 31,4 kH.

Bo3Hnukaet 3aga4a BeIOOpa mapamMeTpoB ABUTATENS ¢ HEKOTOPBIM 3aI1acoM
JJIs KOMIIEHCAIMA HETAaTUBHOTO BIUSIHUSL JUCKPETHOCTH MyTEBOM CTPYKTYPHI.

CuitoBoe B3aMMOJEHCTBHE CTATOpa JIMHEWHOTO JBUTATENs C IyTEBOU
CTPYKTYPOW OCYIIECTBIISIETCSI YEPE3 ITyTEBBIE A3JIEMEHTHI (POTOP IBUTATEIS).
[Ipr 3TOM KaxIblil MyTEBOM 3JEMEHT B3aMMOACHUCTBYET C OJIHUM WA JABYMS
AJIEMEHTaMH cTaTopa (B 3aBUCUMOCTH OT TEKYIIEro MOJIOKEHHS 3yOII0B cTaTopa
u potopa). Ha Puc. 9 npuBenena cxema CHIIOBOTO B3aWMOJCHCTBHUS ITyTEBOTO
areMeHTa 3 ¢ AByMs dJieMeHTaMu ctatopa 1 u 2.

Fr

mg g

Puc. 9. Cxema cunoBoro B3aUMOJEHCTBHUS

Cuita, aeiicTByroIIas Ha MyTeBOU aneMeHT Fz, oOpasyercs cunamu Fz; u Fz
JIBYX AJIEMEHTOB CTATOpa. DTU CUJIbl YPABHOBEIIMBAIOTCS CHJIAMU TSHKECTH M;(
U M,g. PesynpTupyromas cuiia F; ypaBHOBEIIMBAaETCs peakiueil onopsl Fg.

[Ipy nUHENHOM MEpeMENIEHUU TMOJIIOC IMYyTEBOrO 3JIEMEHTa 3 MOXKET
MEPEKPBIBATHCSA OJJHUM WJIW JBYMS 3JIEMEHTAMU CTaTOpa.

Ha Puc. 10 npuBenacHbl pe3y/bTaThl pacuyeToOB MOIBbEMHBIX cuil F,1(0),
F2(0), co3maBaeMbIx 3jeMeHTaMH cTatopa | M 2 W PE3yJbTUPYIOIICH CHIIBI
F,(0), meficTByrolei Ha MyTEBOM BJIEMEHT 3, MPHU CMEIICHUH 0, BRIPAKEHHOM B
AIEKTPUYECKUX TPaTycax.
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Puc. 10. I'paduku mogpemust cuit F1(0), F(0), F;(0)

W3 pucyHka ciielyeT, 4To Ha MHTepBajiax cMeleHus 3yomos 0 < 6 < 120
u 240 < 0 <360 snexrpuueckux rpaaycoB Fz = F;; + F,, a Ha unTEpBane
120 < 0 < 240 snextpuyeckux rpaaycoB Fz = F,;. MakcumaibHOE TOIBEMHOE
yeme Fzma= 31,35 xH nmocturaercst npu 6 = 180 anexTpuueckux rpaaycoB
(mpu COOCHOM TIOJOKEHUU DJJIEMEHTAa CTaTopa M IIyTEeBOTO DJEMEHTa) M
HaMmaranuuBatromeit cmiie F,=16,8 kKA. CpenHee 3HauCHHE MMOIBEMHOTO YCHUITUS
coctaBiser Fz, =27,79 kH, 4TO COOTBETCTBYET pPACYETHOM CTAaTHYECKOM
Harpy3ke Ha IyTE€BOH 3JEMEHT OT Tuiatopmbl (popmya 4).

Cnemyer oOpaTuTh BHUMaHHE, YTO IMOabeMHOro ycwims Fz; =27,79 kH
JOCTHTACTCS TIPU COOCHOM TIOJIOKEHHH CTAaTopa M IyTEBOTO DJIEMEHTA IPH
HaMarHuuuBaromieil cune oomorku F, =15,4 k4 (cm. puc. 6a), a Fz., =27,79 kH
npu 16,8 k4. DTO TOBOPHUT O TOM, YTO JIJI1 KOMIICHCAIIMM HETAaTHBHOTO BIIASHHSI
JTUCKPETHOCTH ITyTEBOH CTPYKTYphl HEOOXOIUMO YBEIUYCHHUIO TOKOBYIO
Harpy3kKy oOMOTKH nmpuMepHo Ha 8 %.

B nuHaMuueckux peknMax pabOThl aHAIHM3 TPOIECCOB MH)XKCHEPHBIMHU
METOJaMHM TPAKTHYECKH HE BO3MOXEH W3-3a CJOKHOCTH IPOTCKAHUS
IEKTPOMEXAHUYECKUX TIPOIIECCOB.

[IpocToTa KOHCTPYKIIMM JABUTATENSI B COBOKYIMHOCTH CO CJIOXHOCTHIO
MPOIIECCOB  TOPOXKIAIOT  CKENTHIIM3M B OTHOIICGHUH  BO3MOXKHOCTH
WCIIOJIb30BAHUSI PEAKTUBHOTO WHAYKTOPHOTO JBUTATENS. JTO OOCTOSTEIHCTBO
BBIJIBUTACT HA TEPBBIM ITUTAH 3a/ladyy OIEHKH (DU3UYECKON peaTn3yeMOCTH
00BEKTa, a TAK)KE UCCIICIOBAHNE 0OBEKTA HA YIIPABISIEMOCTb.
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Ha manHOM 3Tame ucciemoBaHUi 3TH 3a/1add 11eJeco00pa3HO BBHITOIHUTH
HAa Mojaenu OOBeKTa, aJanTHPOBAHHOW K YHCICHHOMY pPEIICHHIO C
BO3MOXKHOCTBIO 3aJlaHUsl MMapaMeTpoB ympaBieHHs. MaTtematudeckas MOJEIb,
OpUEHTHPOBAHHAS Ha MCCIICJIOBAHHE AJIEKTPOMArHUTHBIX U
AJIEKTPOMEXAHUIECCKHIX ITPOIIECCOB B 3a/IaHHBIX PEKUMAaX paOOTHI, BKIIFOYALT:

— muddepeHnraIbHbIe YPaBHEHUS 3JICKTPOMAarHUTHBIX KOHTYPOB CTaTopa
JIBUTATEJIS;

— BBIPQXXCHHSI, ONPECIISIONINEG MITHOBEHHOE 3HAYCHHE JJICKTPOArHUTHBIX
CHJI, CO3/IaBaCMBbIX B AJICKTPOMArHUTHBIX KOHTYPax JABUTATEII.

bynewm cuurats, yTo:

— 3JICKTPOMArHUTHBIE KOHTYPBI CTaTOPOB JBHUTaTENsl PacCMaTpPUBAIOTCS
KaK M30JIUPOBAaHHBIC IPYT OT JIpyra B MATHUTHOM OTHOIICHUU;

— BEJMYMHA BO3IYNIHOTO 3a30pa MEXIYy CTaTOPOM H POTOPOM HUMEET
MIOCTOSTHHOE 3HAUCHHUE,;

— TMepeMEIeHHuEe CTaTopa OTHOCHTEIBHO pOTOpa IO KOOpAWHATEe Y
(6oKOBOE CMeIlIeHUE) OTCYTCTBYET.

Torna, C  y4eToM  TICPEUYHUCIICHHBIX  YCJIOBHH,  YpaBHCHHE
9JICKTPOMArHUTHOTO KOHTYpa JBUTATEIs IPUMET BHUI:

U (O =i, (O)-R+ 8‘I’k(i_k,x,t) i, (1) N o, (i, x,t) dx(t) | 5)
i, dt OX dt
rae
U — HampsbKeHHe, IPUJI0KEHHOE K 0OMOTKE CTaTopa;
I — TOK B OOMOTKE CTaTOpa;
Y — DoTOKOCLEIUIEHUE AIEKTPOMArHUTHOTO KOHTYPA;
R — conpoTuBieHue 0OMOTKH CTaTOpa aKTUBHOE;
t — BpeMs, TeKyllee 3HAYEHUE;
X — KOOpAMHATa MEePEeMEIIECHUS CTaTOPA OTHOCUTEIIBHO
pOTOpa B HAIIPABJICHUH JIBUKECHUS,;
K — HOMep 2JIeKTpOMarHuTHOTO KOHTYpA.

HuddepenumanbHble ypaBHEHUS 3JEKTPOMArHUTHBIX KOHTYPOB CTaTopa
JBUraTesis  JOMOJIHAKTCS  BBIPAXKEHUSMH,  ONPEACIAIOIMMMU  3HAYCHHUS
AIEKTPOMArHUTHBIX CHII.

Bripaxkenue, onpenensroniee 3JIeKTPOMarHUTHYIO CUJTy IO KOOPJWHATE X,
MMEET BULL:

F, :kzn;;% ka(ik,x, z)di (6)

i=const
z=const
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BI)Ipa)KGHI/IG, OIPECACIIAIOIICE JICKTPOMAarHuTHYO CHIIY II0 KOOPAUHATE Z,

NMECT BUA.
m o5 i
F :ZG_ ITk(lk,x,z)dl (7)
k=1 z 0 i=const
x=const
rac M — KOJIHUYECTBO QJICKTPOMAIrHUTHBIX KOHTYPOB CTATOpPA,
Z — KOOpAHaTa BCPTHUKAJIBHOI'O IICPECMCHICHUA CTATOpAa OTHOCHUTCIBHO
poropa.

W3 ypaBHeHus (5) clieAyeT, 4TO YNPABIISIONMM apaMeTPOM JIBUTATEJIs
sBisieTcss HanpspkeHue Ug(t), momaBaemMoe Ha oOMOTKHM cTatopoB. [Ipu 3TOM
JIBUTATENh, COBMEIIAIONMN (DYHKIUM TSITH WU TOJBECA, MMEET JBE CTEICHU
cB00OabI. TakuM 00pa3zoM, YUCIIO YHOPAaBISIIOUIUMX BO3AECHCTBUIA MEHBIIE YHUCIIA
cTeneHeil cBo0obl. B 3TOM cityyae mpo 00BEKT rOBOPSAT, YTO Y HETO «JI€PUIIUT»
yycia YHpaBleHUH. DTOT MPU3HAK OTIMYAET €ro OT HM3BECTHBIX OOBEKTOB
ynpasnenust MJITC.

[Ipouecc ympaBineHUs JBUTATENEM 3aKJIIOYAaeTCs B MNEPUOAMYECKOM
HOJIKJIFOUEHUH (OTKIIIOYEHUH) OOMOTKHM CTaropa K MCTOYHUKY IMUTAHUS IS
(GbopMUpOBaHUSA OJHOMNOJSIPHOIO HMIyJIbca TOKa B OOMOTKE cTaTopa,
CUHXPOHU3UPOBAHHOI'O C U3MEHEHHWEM B3aMMHOIO IOJIOXEHHs 3yOLIOB cTaTopa
U TyTeBOro nsyieMeHTa. [lapameTpbl TOka JOJKHBI oOecreunBaTh 3aJaHHOE
MOTbEMHOE YCHIIUE U CUITY TATH.

Ha Puc. 11 npuBeneHbl OCHMIUIOIPAMMBbI TPOLECCOB, MOSICHSIOIINE
croco0 (GopMHUpPOBaHUS TOKA.

1{d) n - Uy

i(0 " o e
EQ S { ) .._."—"".-..-.I-I
a /’ _ ""\-...___
ﬁ / I _\
5
=
=
ﬁ —{40 0 40 0 10 160 200 M0 2R0 30

]

":q B
e
=) e
L=
[ i

— ST

Vroa1 nepememieHud, 8 a1, 2pad.

Puc. 11. OcuunmnnorpaMMsl IPOIECCOB B 0OMOTKeE cTaTOpa
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[Toxazanbl ocuuutorpaMmmel Toka 1(0), Hanpsbkenus U(0), curuan garyuka
nonoxkenust poropa Uyyp. BBenmensl cnenyromme o6osHaueHms: Uy —
HaNpsHKCHUE UCTOYHHUKA TIMTAHUS; 0L — YroJl OTIEPEIKEHUS BKIFOUYCHHUS, B — yrod
npoBoAuMoOCTH, l,,, — TMOpOr orpaHWYeHHst TOKa, 0 — mepeMelleHust craTopa
OTHOCHTEIILHO MyTE€BOTO 3JIEMEHTA, BEIPAXKEHHOE B DJIEKTPHUCCKUX Ipaaycax.

[Ipomecc dopmupoBanmsi TOKa 3akiodaeTcs B chemyromem. s
OpraHu3aIliK yIpaBIcHUS (DUKCHPYETCS IOJOKEHHE CTaTopa OTHOCHTEIHHO
IyTEBOrO0 3JCMEHTa C IOMOIINBIO JaTYHKA IOJOXKCHHS, BBIPAOATHIBAIOIIETO
curdan U ;p. Ha 00MOTKY cratopa nogaeTcst HalpspKeHUE UCTOYHHKA MTUTAHHS
Ug ¢ yriioM omepekeHus BKJIIOUEHHS O OTHOCHTEIBHO CHTHAlda JaTdvKa
nonoxenuss Ugpp. Ilpn noctwxenun Tokom 1(0) mopora orpanudeHus |,
HanpspkeHue U(0), TpuIoKeHHOE K OOMOTKE MOIYJIUPYETCs, MOJIepP)KUBast
amruTyay Toka i1(0) Ha 3amanHOM ypoBHe. Ilpu moctmwkeHun TOokoMm i(0)
3aJJaHHOTO YTJIa MPOBOJMMOCTH [ HampspkeHue U(0) mpruHUMAET OTpUIIATEILHOE
3HAYCHHUE JI0 TEX MOp, Moka Tok 1(0) He crmageT 10 HyJIs.

[TpuBeaCHHBIM TIPUMED MOKA3bIBACT, YTO MapaMeTPhl TOKA OMPEACISIOTCS
3HaueHWssMU BenmuuH o, B, Ug, l,,, KOTOpbIE MOTYT paccMaTpHBATBHCS Kak
KOMITOHCHTBI HAIIPSDKCHMSI, IPUKIIAIbIBAEMOTO K OOMOTKE.

OCHOBBIBAsICh Ha Pa3I0KCHHUHN YIIPABIIAIONICH BEIMUNHBI HA KOMIIOHCHTEI,
MTHOBCHHOE 3HAYCHUE HAMPSLKEHUS, IPUKIAAbIBACMOE K OOMOTKE B YPaBHECHHUH
(5) MOXET OBITH OITMCAHO BBHIPAKEHUEM:

u(t)=U,-K(t), (8)
rne K(t) — komMmyTaliuoHHasi GyHKIIHS, ONIPEAESETCS BRIPAKEHUEM:
sign(sin(@ t +arcsin(f) +a)— ) >0
i<,
sign(sin(e t +arcsin(p) +a)—£) =0
K(t)=40,ecruqi(t)=1,,
i(t)=0

sign(sin(@ t +arcsin(f) +a)— £) <0
ke {i(t) >0

1 ecnu

(9)

Torna ypaBHEHHME 3JIEKTPOMArHUTHOIO KOHTYypa (5), aganTUpPOBAHHOE K
YUCIICHHOMY DPELICHHUI0 C BO3MOXHOCTBIO 3aJlaHUsl [apaMETPOB YIIPABJICHUS,
MIPUMET CIEAYIOIINN BUA:

di, 1 . o¥, dx
o - UL K@) =-i-R -2 22 (10)
dt 0¥, [ T dt]

oi,
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C 1enpr0 yOpoIIeHUsT MOJICTH PacCMAaTPUBAIOTCS MPOIECCHl B CETMEHTE
JUHEWHOTO JBUTATENS “TpH (as3bl cTaTopa — JIBa MyTEBbIX dJIeMEeHTa .

Pemenne ypaBuenuit (6, 7, 10) ymoOHO BBINOIHHTH B IPOrPAMMHOM
komiuiekce  MATLAB/Simulink.  Jns  ynopomenus  Simulink  mozenu
npenBaputenbHo Ha 3D-Mozenn MarHUTHOM CHCTEMBI CTATOpa OMPENEISIOTCS
3aBHCHMOCTH ITOTOKOCIEIUIeHHsT 0OMOTKH ctaropa Wi(i,X), moabpeMHOM CHITBI
Fz(i,x), cmmer Tarm  F(i,x), a TaKke pPaCCUYUTHIBAIOTCS IPOU3BOIHBIC
NOTOKOCIICTUIeHUs. Pe3ynbrartel pacueToB BBOumsATrcs B Simulink-monens B
TaOJIMYHOM BUJIE.

Ha Puc. 12 mokaszana moacucrema Simulink-momenn, mo3Bossromas
MOJICTTUPOBAThH IMPOIECCHl B AJICKTPOMArHUTHOM KOHTYpE CTaTopa JIMHEWHOTO
nsurates. Simulink-monens mo3BossieT perrats ypaBHeHue (10) OTHOCHTENBHO
Toka ctaropa i(t), a Takke pacCUMTHIBATh 3HAYCHUs MOabeMHON cuibl Fz(i,x),
cuibl Tru F (i,x). B cTpykTypy Momenu BBeacHbl Oyoku Tabmuil “Look-Up
Table”, B koropsie 3ammMcaHbl MPEABAPUTEIBLHO PACCUHUTAHHBIC TaOIMYHBIC
naHHble QyHKUIWA AByX mepemeHHbIX: Fz(i,x), F.(i,x), yacTHbIC MPOU3BOIHBIC
¢yuknun W1(i,X). Ha BXoapl 0J10KOB TaOJMIl OJACTCS TEKyIas KOOPAUHATA X
Y 3HAYCHHS TOKA I.

ud

v
3

b,

In1 Iogp
&

N2 Ud™K(t)
In2 Qut1

- MATLAB
Function

A 4
=
]

sign(17sin{u{1)"u{2)+asin(ud)))}-u{d))

KommyTalmoHHana dyHKLus

ith

Quti

Integrator

3apaHre NapaMeTpoB ynNpasneHua
.—<-4 al P POB ynp:
na ana Gnokoe MATLAB Function K 1 o 2-D T(u)
—D[ - > >

k1116
. MATLAB » K>— X .
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k=1/18
(atan(tan(0.5"u(1) u(2)-u(3)}-pil2))+pi/2)*360/pi ! ay/d

20T (201w
ous  FX(t)

) Py,
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F Y
h
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Puc. 12. TTogcucrema Simulink-mMoeH 3JIEKTPOMAarHUTHOTO KOHTYpa CTaTopa

B Onoku Tabnuy 3amucaHbl [aHHBIE, PACCUUTAHHBIE Ha MHTEpBAJIC
IIOJIFOCHOTO JejeHust nBurarensd. s npeacTaBiieHUsT BBIXOAHBIX JaHHBIX
TaONMIl B BUJE TMEPUOAMYECKON MOCIEIOBATEIBHOCTU B CTPYKTYPY MOJEIU
BBE/ICHBI pa3BEPTHIBAIOIINE byHKUIMH, 3anMCaHHbIe Ha A3bIKE
nporpammupoBanus cucteMbl MATLAB, ucnions3ys Onoku 3aganus QyHKIMMA
“MATLAB Fcn”. B omnwucanwe pa3BepThIBalOIIMX (DYHKIMI  BBEACHBI
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KOMIIOHEHTHI YTPaBJISIIONICH BEJIMUYUHBI 0, [3, 3HAYCHHsI KOTOPBIX 3a/al0TCs Ha
Bxoqe Ind. brnok «Kommymayuonnas ¢hynxyusi»y moaenupyetr ¢yukmmio K(t),
OINKCHIBAEMYI0 BbIpaxkeHHeM (9). DimeMeHTBl cTaropa JWHEHHOTO JIBUTATEINS
UMEIOT UICHTHYHBIC MTApaMETPhI. JTO MO3BOJISET peaan30BaTh MOJHYIO MOJIEIb
JUHEMHOTO JABUrarTeisi B BHUAE COBOKyMHOCTH Simulink-mozeneit ¢ yderom
pacIOJIOKEHHUST AJIIEMEHTOB CTaTopa B CTPYKTYpe 3yOLIOBOTO CJOS JIBUTaTElIS.
Jlnst aToro B ommucanne ¢yHkumii 610k0B “MATLAB Fcn” kaxmoi Simulink-
MOJIeJIN HEOOXOAUMO JOMOJHUTEIBHO BBECTH WICHBI, OMHUCHIBAIONIUE (ha30BBIii
CIIBUT MEX]Ty MOJAEINPYEMBIMH MPOILIECCAMHU.

st nemoHcTpanuu (GU3NMYECKOW Pealn3yeMOCTH OOBEKTa OIPEACIICHBI
napaMeTpsl THUTaHWS ¥ YIOPABICHHS B HOMHHAIBHOM pEXKUME pPabOTHI
Tpexdaznoro moayis (mpu ckopoctu V = 200 xm/u, macce OpyrTo m = 68 m,
3a3ope 6 = 10 mm). J{st atoro, ucnomnb3ys Simulink-moenb, mpoBeeH MOUCK
apaMeTpoB yNpaBieHUs, 00ECIIEUNBAIOLINX 33JaHHOE MOJbEMHOE YCUIIUE MPU
OTPaHUYCHMSIX HA BEJIMYMHY MHUTAIONIETO HANpPsDKEHUS W aMIUTUTYy TOKa.
PesynbpTaThl pacueToB npuBeaeHbl B Taou. 5.

Tabauya 5. Ilapamempvi HOMUHATTLHO2O PENCUMA

HaumeHnoBanue napamerpa 3HaueHnune
CkopocTh JIMHEHHOTO IepeMenienus, V, m/c 55,56
[TogpemHoOe ycuime MOyiis, cpeaHee 3Hauenue, F;, kH 56
Cuna 1sru Monynisi, cCpeqHee 3HaueHue, F,, H 378
Tox cpennexBagpaTnyeckoe 3HaueHue, |y, 4 168
Hanpspkenue ucrounnka nuranus, Uy, B 800
[Topor orpann4eHus aMIUIUTYbI TOKA, |z, A 250
VYroin onepekeHne BKIIOUEHUS, O, 2JIeKMPULecKull 2paoyc 15
YT0J MPOBOIUMOCTH, 3, a1ekmpuueckuii 2paoyc 205

Ha Puc. 13 nmnpuBeneHsl OCHWIIOTPAMMBI,  JIEMOHCTPHPYIOUIHE
oOpa3oBaHME€ CyYMMapHOTO moabeMHOTO ycwius Fz,  ompepensemoro
BBIPAKCHUEM:

I:z = an + sz + cm’ (11)

N3 Puc. 13 cnenmyer, 4To mMOJ JCHCTBHEM OJHOIOJISIPHBIX HMITYJIHCOB
TOKOB g, Iy, I, crmeayrommx ¢ ¢a3oBbiM cIBUTOM B 120 3JIEKTPHUUECKUX
rpagycoB, O0Opa3ylOTCs OTHOMOJSPHBIE UMIYIbChl Cul  Fpy,  Fp,  Fo,
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JEHUCTBYIOLIUE 10 KoopAuHaTe Z. PesynbTupylomas noabeMHas cuia F; umeer
HE3HAUUTEIBHYIO MYJbCUPYIONIYIO COCTABIISIONIYIO.

Ha  Puc.14 npuBegeHbl  OCIWUIOTPAMMBI,  JIEMOHCTPUPYIOUIUE
oOpa3oBaHHUE CyMMapHOU CUJIbI TSTU MOAYJsS Fy, onipeaensemMoii BoIpakKeHHEM:

I:x = an + I:xb + I:xc’ (12)
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N3 Puc. 14 cnenyer, 4uTo MOJ JCHCTBUEM OJHOIOJSIPHBIX HMITYJIHCOB
TOKOB I, Ip, lg, cieayrommx ¢ (a3oBeiM cIBUTOM B 120 3JIEKTPHUUSCKUX
IpajlycoB, O0O0pa3ylTCsi JBYX MOJApHbIE HUMNOYJIbChl Ccul Fy, Fy,  Fy,
JNEUCTByIOIME MO KoopauHaTe X. [IpudeM moJIOKUTENbHAST MOJYBOJIHA
NPEBBIIIACT MO AMIUIUTYAEC OTPUILIATEIbHYIO MOJYBOJHY, BCJIEACTBUE YEro
CpelqHee 3a MEepUoJ 3HAYeHHE WMITYJIbCa CHJIBI, CO3/1aBaeMoro (as3oif, mmeer
IIOJIOKATEJIBHOE  3Ha4YeHWE. BO3HUKHOBEHME OTPULATEIBHOM  MOJIYBOJIHBI
UMIyJIbCa CHJIBI CBS3aHO C YBEJIWYEHUEM IUTEIBHOCTH (Pa3HOTO TOKa st
CO3/IaHUsI TPEOYeMOoro 3Ha4eHUs NOAbeMHOUN cuiibl F;. Da3Hblil TOK MpU 3TOM
3aTATUBACTCS U 3aXO/UT B 30HY CO3JaHMSI TOPMO3HOM CHJIBI.

Cuna taru Fy, co3maBaemass MojyneMmM, uMeeT QopMy, OJIM3KYIO K
CUHYCOUJIATBHOM CO CMEIICHUEM B TIOJIOKUTEIIbHYIO 00J1aCTh.

AHanu3 pe3yJbTaTOB PacueToB U MOJICIUPOBAHUS TPOIECCOB MO3BOJISET
MPEANOJIOXKUTh, YTO OOBEKT yIpaBieHUsS (TSIrOBO-JIEBUTAIMOHHBIA MOAYJb C
yucinoM (a3 My = 3) npu BBHIOPaHHBIX MapaMeTpax MHUTaHWA U YIPaBJICHUS
¢uznuecku peanuzyeM. Mojynb oOecrieuuBaeT 3aJaHHOE MOABEMHOE YCUIIHE
F,, cooTBeTcTBYIOIIEE CTATUYECKOM HArpy3Ke Ha JiBa MyTEBBIX JJIEMEHTA IPU
ckopoctu JuHeitHoro nepemetenus V = 200 xkw/y:

F, =2-F,, =2-27795="55,59 ~ 56x/, (13)

OaHOBpEMEHHO MOJYJIb peanu3yer cuity Taru Fy = 378 H. Dto 3HauwT,
YTO MPHUBOJ TPAHCIIOPTHOU IIAT(HOPMBI, OCHAIICHHBIA IBYMS JIBUTATEISIMHU C
COOTHOIIIEHUEM 3yO110B Z,/Z;=12/18 Oynet pa3BUBaTh MOITHOCTh PABHYIO:

P =25 F V= 2%-378-55, 55 = 252020 Bm ~ 252«Bm, (14)
m
@
CpenHekBagpaTHYECKOE 3HAYEHUE TOKA B 00OMOTKax cratopa |, = 168 4
COOTBETCTBYET 3HAYEHHUIO MarHUTOABIKYIEH cuiie ooMoTkum Iw = 16,8 x4
(mpu W = 100 BUTKOB).

HPUHLMUIIBI IOCTPOEHUSA CUCTEMbBI DQOHEPT'OCHABXEHUA

OCHOBHBIM TpeboBaHMEM, MPEIbABISIEMbIM K ABTOHOMHOM
SHEPTeTUYECKOM YCTAHOBKE, YCTAHABJIMBAEMOW HA MArHUTOJECBUTAIMOHHOMN
TpaHCHIOPTHOM  TuTaTopMme, SBIAETCI MHHUMAIbHBIE MaccorabapuTHBIC
MoKa3arenu. AHanu3 BO3MOXKHBIX BAapUAHTOB HCIOJHEHHUS ABTOHOMHOM
DHEPreTUYECKOW  YCTAHOBKM  IIOKa3aj, YTO BHHUMAHHUE  CIELHUAIUCTOB
MPUBJICKAIOT YCTAaHOBKM HA BOJOPOJHBIX OJJIEMEHTaX M Ta30TypOUHHBIC
neurarenu. C  pa3BUTHEM aBHAIMOHHBIX Ta30TYpOMHHBIX  JIBUTATENEH,
MOSBUJIACh BO3MOXKHOCTh HX NPUMEHEHUs Ha TpaHcnopre. M3BecTHO
MPUMEHEHHUE CUJIOBOM YCTaHOBKHM C Ta30TypOuHHBIM aurateieMm ['TI-1250A
MontHOCTRI0 1250 s.c. Ha Tarade MA3-7907. [TAO «KAJIBW» npouszBoaut
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CUJIOBBIE MOAYJIH JIJI1 MAHEBPOBBIX MHOTOTOILIMBHBIX ra30Typ0O0B030B. Moynu
pa3paboransl Ha ocHoBe ['T/[-1250 ms myxa OAO «PX]I» [16]. Ha Puc. 15
MOKa3aH OOIIMI BHJI CUJIOBOTO MOHOOJIOKAa C ra30TypOMHHBIM JIBUTaTejleM THUIMa
['TO-1250, mpenHa3HaAa4eHHOrO JUIsl UCIIOJIb30BAHUS B PA3JIMYHBIX HA3EMHBIX U
BOJIHBIX TPAHCTIOPTHBIX CPEJICTBAX B KAUECTBE MAPIIEBOIO JIBUTATEIS.
[IpeumymectBamu npuMeHeHuss MoHoOmoka ¢ ['T/[-1250 sBusroTcs:
DKOJIOTUYHOCTh, BBICOKAas ynelbHas TrabapuTHAas MOIIHOCTh, IPEKpPacHBIC
MyCKOBBIE KA4yeCTBAa, B TOM YHCJIE€ MPU HU3KUX TEMIIEpaTypax, OTCYTCTBHE
BOJISTHOM CHUCTEMbI OXJIQXEHHUS, MPAKTHUYECKOE OTCYTCTBHE pacxoja macia,
MHOTOTOILIUBHOCTS, CaMOOYMIIIAIONIAACS  BO3yXOOUYMCTKA, MpOCTOTa
00cIy>KMBaHUs1, BO3MOKHOCTh 00€CTeueHHs] KOHIUIIMOHUPOBAHUS, OTOTUICHHUSI,
CHAOXXEHUS DJIEKTPOIHEPIrHel CONMpPsHKEHHBIX CHUCTEM OOBEKTOB, HaAEKHAS
AKCIUTyaTalus OpHu TeMIepaType okpysxaromei cpeapsl oT munyc 50 go +50 °C,
Ipu BbICOTE HaJl ypoBHEM Mop# 10 3000 MeTpoB U NpH 3anbUIEHHOCTH HA BXOJIE
JIBUTATENS 10 75mr/M°.  MOHOGIIOK HMeEET Maccy 1400 xr u raGapuTHbIC

pa3mepsl 1600x1930x930 mMm.

Craprep-reneparop I'C-12TO Paamarop I'T/ Bo3ayxo3abopHoe yeTpoiicTBO
/ /'€ MACHAHLIMM pajiHaTOpPaMKL
Bak macannii oo /
e At v s D s —
\\ \ PanuaTop TpancMHCCHI
[pueoa nacoca S \\ /

n=4000 o0/MHH

\

Beurinarop oxnak-

@")C i § \ 3 JCHNA arperaTon
TYPOHHB ]
Craprep-renepatop) / \\ \ . BenmiisTop 2 wr.
lenepatop 1000 kBT IC-8MO A
MecTo yeTaHOBKH BEHTWIATOPA Mpusoa AK-150 / [pusos uacoc}i\ Tpusoy1 Hacoca TpaneMuccin
n=24000 od/munt n=4000 00/ Mun n=3550 0B/

Puc. 15 Mono6siok I'T/I-1250 ¢ BEICOKOYAaCTOTHBIM T€HEPATOPOM
Hcrounuxk: http://kadvi.ru/modul-dlya-gazoturbovozov/

Jnst  ra30TypOMHHOM  SHEPreTUYECKOW YCTAaHOBKM  TPAHCHOPTHOTO
Ha3HAueHUs TpeOOBaHUA K KayeCTBY TEHEPUPYEMON DSHEPruu HE CTOJb
KPUTUYHBI KaK TpeOOBaHMS K OOECIEUEHUIO MPUEMIIEMON JUHAMUKHA CUCTEMBI
«TeHepaTop — MPHUBOJ Ta30TYpOMHHOrO JBHUTraress». YIYyULIIEHUIO JUHAMUKH
CHOCOOCTBYET CHUXEHHE MAacChl POTOpa CHHXPOHHOIO TE€HEpaTropa 3a CYeT
IIPUMEHEHUS MIOCTOSIHHBIX MarHUTOB. B TO e BpeMs IIpU HAarpys3Ke reHeparopa
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Ha BBINPSIMUTEITb, TCHEPUPYEMBIN TOK HE CHHYCOM/IAJICH, YTO B UTOTE MPHUBOINUT
K MyJbCallisiM MOMEHTa Ha Bajly T'€HEpaTopa, a 3HAYMT U K IOSBICHHIO
TIOBBIIIIEHHOTO YPOBHS BHOpaIMii. DTO B CBOIO OYepe/ib HEraTUBHO BJIMSCT Ha
pecypc ra3oTypOMHHOTO JBUTATEIIS.

Takast cutyarusi TpeOyeT BBEJACHHE B CTPYKTYPY IJACKTPOTEXHHUCCKOTO
KOMILJIEKCA YCTPOMCTBA, KOMIICHCHPYIOMIETO MYJbCAUN 3JIEKTPOMArHUTHOIO
MOMEHTA.

YCTaHOBJIEHO, YTO CLUIAXKHBAHHWE IYJbCAI[MA  3JIEKTPOMArHUTHOIO
MOMEHTa MOJET OBITh JOCTUTHYTO 3@ CYET aKTUBHOM KOPPEKIMH
K03 GUITIEeHTa MOIITHOCTH B OOMOTKe cTatopa reneparopa [17]. B atom ciygae
TSATOBBIN TeHepaTop JODKEH MMETh JiBe (Dasel, caBuHyThie Ha 90 rpamycos [18].
OCHOBHBIC TTapaMeTPhl TeHEpaTOpa MPUBEICHBI B TA0HIIE 6.

Tabnuya 6. Texnuueckue xapakxmepucmuky ceHepamopa

HaumenoBaHue mapamerpa 3Havenne

HomunaneHass MOIIHOCTE, KBT 920
Hanpspkenue TsroBoit 0OMOTKH, aMILUIUTYTHOE 3HaueHue, B 650
HomunanbHas yactoTa BBIXOJHOTO HampspkeHust, ['11 400
HoMuHaIbHAS YaCTOTA BPAIICHHS, MHH 24000
KomuuectBo (a3 2
Bo3ayuiHslii 3a30p, MM 2

VY nenbHas Macca potopa, He 6onee, KI/kKBT 0,133
VY aenpHast MOITHOCTh FeHepaTopa, He 6osee, KBT/kr 0,98
[Tynscaruu MOMEHTA Ha Bally, He Ooee, % 0,5

Kak wu3BeCTHO, CyIIHOCTb aKTHUBHOM KOppeKUuu KodpuureHTa
MOIIIHOCTA B AJICKTPUYECKOW LEMH COCTOMT B TOM, 4YTO HJisi oOecreyeHus
OajlaHca SHEPTUM B LIEMb NEPUOJUYECKU TOJKIIIOUAIOT PEAKTUBHBINA 3iIeMeHT. B
pe3ynbTare 4ero HecuHycoujanbHas (¢Gopma Toka mpeoOpaszyercss K
CUHycouAanbHOMYy BHUIy. IIpuueM cHHycouJanbHOE HANPSHKEHUE OJHKHO
coBnajath no (asze ¢ Tokom. [Ipu orcyTcTBHM (Pa30BOro CABUTA MEKIY TOKOM U
HaIMpsHKEHUEM MTHOBEHHAsl DJJIEKTPUYECKas MOIIHOCTh TeHepaTopa OyaeT
OTIPEIENATHCS BHIPAKEHUEM:

P(t)=P(t)+P,(t)=U, -1, -sin*(w-t)+U, -1, -cos*(w-t), (15)

riae Py(t), Po(t) — MrHoBeHHBIC 3HAYEHHS MOIIIHOCTEH, CO31aBacMbIX
dhazamu reneparTopa;
U, U, — aMmmuTyiHbIe 3HaYEHUST HANIpsDKeHUs (a3 reHepaTopa;
l1, I, — ammuuTyIHBIC 3HaUYEHUS (DA3HBIX TOKOB T'€HEPATOPA;
W — KpyroBasl 4acToTa;
t — Tekylee 3HaUEHUE BPEMEHU.
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Ecau U;=U,, 1;=1,, To BeIpaskeHHE AJI 3JEKTPOMarHUTHOIO MOMEHTa Ha
BaJly reHepaTopa OyJIeT UMETh BU/I:

_9.55-u1-|1-77(
n

M, sin?(w-t) +cos’ (w-)), (16)

r7ie N — 4yacToTa BpallleHUsI TeHepaTopa;
1N — K03 UILIUEHT MOJIE3HOTO ACUCTBUS TeHEepaTopa.
AHanu3 BBIpAXEHUS MOKA3bIBACT, YTO JIEKTPOMArHUTHBIA MOMEHT T'e€HepaTtopa
OyJleT UMEETh MOCTOSTHHOE 3HAUYCHUE, TaK KakK:

sin(w-t) +cos®(w-t) =1, (17)

Ha Puc. 16 npuBeneHa cxema CUJIOBBIX IIETNIEl T€HEPATOPHON yCTAHOBKHU
1 MmoHoOJtoka I'T/1-1250.

PA1

I'A30TYPBUHHBIN IBUTATEJIh

i Cucmema ynpasneHus

3adaHue

I'T/-1250

Puc. 16. Cxema CHIIOBBIX IIeTIel TeHEPaTOPHON YCTAaHOBKU

Ban nByxdaznoro reneparopa MI c BO30YXKIECHHUEM OT IOCTOSHHBIX
MarHUTOB MEXaHMYECKH COUYJIEHEH C BajJOM TYpOMHBI Ta30TypOMHHOTO
neuratens ['TJ/[-1250. @da3Hple OOMOTKH HOAKIIOYEHBI K ITOBBIIIAIOIINM
npeoOpazoBarensim UZ1 u UZ2. Ha BbIXOIHBIX 3akuMax IpeoOpazoBaTeseil
X1-X2, X3-X4 QopMmupyeTrcsi MNOCTOSHHOE HAINpsDKEHUE, KOTOpoe Jajee
nojaaercst B 0OPTOBYIO CETh YEPE3 YCTPOICTBA 3aIUThl U KOMMYTALUH.

CuctemMa  2HeprocHaOXeHUs  JOJDKHA  OOECTHEeYUTh  BBIMOJHEHUE
CIEIYIOUUX CelU(PUIECKUX QYyHKINMI:

— «TUXUH XOIl» C OTKIIFOUEHHOW ra30oTypOMHHOM YCTAaHOBKOW B CLIEITHOM

COCTAaBe;

Received: 30.06.2021 Revised: 31.07.2021 Accepted: 30.09.2021
Mocrynui: 30.06.2021 Opnobpena: 31.07.2021 Hpunsra: 30.09.2021



93 WHHOBALIMOHHBIE TPAHCITIOPTHBIE CUCTEMbI U TEXHOJIOT'HU OPUT'NHAJIBHBIE CTATbU
MODERN TRANSPORTATION SYSTEMS AND TECHNOLOGIES ORIGINAL STUDIES

— «aBTOHOMHBIN X0/1» TPAHCIOPTHOM MIAT(HOPMBI B TPY30BOM TEPMUHAIIE;
— YTWIM3aUHs TOPMO3HOM SHEPIHH.

O4eBUHO, YTO ISl peaju3allii JABYX MEPBbIX (DYHKIHMI B aBTOHOMHBIX
pexuMax pabOThl U aBaApUIHBIX CUTYyallMsX HEOOXOJAMMO BKJIIOYEHHE B COCTaB
ANEKTPOTEXHUYECKOTO KOMIUIEKCa MOIIHOIO0 HCTOYHHMKA OecrnepeOoitHoro
nuTaHus. B KayecTBE TakOoro MCTOYHUKA AJIEKTPUUECKOW HHEPruuM Ha
ANEKTPONOABUKHOM  COCTaB€  HAIUIM  NPUMEHEHUE  JIMTUK-HOHHBIC
akkymyJsitopuele Oatapeu. Hampumep, momynu Oarapen CHD 88TTUB s
TpancnopTa. batapes u3 4 Moayneir umeer HanpspbkeHue 614 B, HOMMHAIBHYIO
sHeproeMkocth 88 kBm *u, maccy 880 ke [19].

Jlns  yTUau3aluyd  TOPMO3HOM SHEPrUM MOTYT OBITh MPUMEHEHBI
E€MKOCTHBIE HAKOMWUTEJIM HHEpruu (cymep KoHjaeHcaTopbl). EMKOCTHBIC
HAKOMUTEIN XapaKTepU3yIOTCS BBICOKUMU 3HAUYCHUSIMU YNEJIBHOW HHEPIUH,
HCIOJIb3YIOTCS B Ka4yeCTBE OydepHbIX HAKOITUTEJIEH SHEpIuH,
IpeIHA3HAYEHHBIX IS Pean3aluy OOJBIINX MOIIHOCTEN 3apsia-pa3psaaa.

Ha ocHOBe cyrnep KOHJIEHCATOPOB CTPOUTCA CHCTEMAa HAKOILICHUS
DHEPIUHM, KOTOpas B OINpPEIEICHHOE BpeMs SBISETCA JOMOJHUTEIIbHBIM
MCTOYHUKOM SHEPTHUU.

OueHnM BO3MOXKHOCTh  MCIIOJIb30BAHUSI €MKOCTHBIX  HAKONUTENEH
DHEPIUM B DJIEKTPOTEXHUYECKOM KOMIUIEKCE TPAHCIOPTHONW IIaT(OPMBI,
OPHEHTHUPYSCHh Ha OTeuecTBeHHbIC pa3padoTku [20]. Hanbosee moaxoasmm mo
TEXHUKO-3KOHOMUYECKHM XapaKTEpPUCTUKAM HAKOMUTEIEM U1 TpaHCIopTa
ABJISIFOTCSI OTEUECTBEHHBIE JJIEKTPOXMUMHUYECKHE KOHAEHCATOPHI MPOU3BOJICTBA
AO «3JITOH» [21]. TexHn4yeckre XapaKTePUCTUKH HAKOIIUTEISI SHEPTUU THUIIA
60*102K303 npuseaeHs! B TadauIe 7.

Tabnuya 7. Texnuueckue xapakmepucmuxu Hakonumens suepeuu 60*109K303

HaumenoBanue nmapamerpa 3HaueHmne
JuanazoH pabounx HanpsHKeHUui, B 450 - 900
3anacaemas sHeprus, M/ 22,7
MakcuMaibHast MOIITHOCTE, MBm 1,7
OtnaBaemast sueprus, M/ 22,7
Bpewms 3apsna, ¢ 64
Macca, m 2,0
O0beM, M 1,4

C yueroM  OrpaHMYeHMM Ha  MaccorabapuTHbIE  IOKa3aTeIH
ANEKTPOTEXHUYECKOTO O00O0PY/I0BaHUS, YCTAHABIMBAEMOIO Ha TPAHCIOPTHOM
miatpopMe, MOXKHO pacCMaTpuBaThb BO3MOXKHOCTb IMPUMEHEHHUE JBYX
Hakonureneil sHeprun tuna 60*103K303 ¢ cymmapHo# 3amacaemoil 3Heprueit
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E iopi= 45,4 M/[oic. Bpewms 3apsina t,,,,,, HAKOTUTEIEH SHEPTUHU MPU MOIIHOCTH
pexynepanuu sueprun Ppr= 250 kBT cocTaBurt:

t _ EmopM _ 45’4
e 36-P,  3,6-250

=0,0504[uac], (18)

HM3MeHeHune CKOPOCTH MOBWKCHHA 3a BPCMI, 3aTpaduBACMOC Ha 3apia]
HAKOIUTEJICH OHCPIUH, OonpecaAcsICTCd N3  YpPAaBHCHHA  JIBHJKCHHA  HaA
TOPHU30HTAJIBHOM YYaCTKEC ITyTH.

av —_i. i+ka).vz ’ (19)

dt m V
rae V — CKOpOoCTh JBHXKCHUS;
M — Macca TPaHCIIOPTHOH TIaT()OPMBI;
Ppr— MOIITHOCTD peKyIepaIui SHePTUH;
{ — Tekylee 3HaUEHUE BPEMEHU,
Ko — KOB(OHUIMEHT, YYHUTBHIBAIONIINN COMPOTUBICHHUE JBHIKCHHIO,
NPUBE/ICHHBIN K 01HOM TpaHcnopTHO# matdopme (K., = 1,46 xe/c).
Ha pucynke 17 moka3ana 3aBUCHMOCTh CKOPOCTH JBM)XCHHS OT BPEMEHH,
paccuuTtanHas ;s M = 68 m, nipu Ppr = 250 kBm.

200

180 -\"“\
=)
g \
Eﬁ 160
=] \“h
& 140
~

100
0 30 60 20 120 150 180

Bpema, ¢

Puc. 17. T'paduix 3aBUCUMOCTH CKOPOCTH JIBUKEHUSI OT BPEMEHH

W3 pucyHKa ciemyeT, YTO CKOPOCTh JBUKeHUs cHkaetcs ¢ 200 xkw/u 1o
117 xm/u 3a BpeMs 3apsjia HAKONMUTEJIEH SHEPruu MPU PEKyNepaTUuBHOM
TopmokeHnu. B Tabn. 8 mnpuBeneHsl pe3ynbTaThl pacdyera MmapaMeTpoB
TOPMOKEHUS.
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Tabnuya 8. Pe3ynomamsl pacuema napamempos pekynepamueHo20 mopMOoHCeHusl

HaumenoBaHue napamerpa 3HaveHnune

CKopoCTh Havaja TOPMOKEHHS, M/C 55,56
CKOpOCTbh OKOHYAaHHUSI TOPMOKEHUS, M/C 32,46
Kunernueckas sueprust miaatdopmsl, Mo 104,69
OHeprus, 3anacaemas B Hakonurene, M/ 45,4

DHeprus conpoTUBIIEHUS ABWKEHUIO, M/[oic 23,73
Bpewms Topmorkenus, ¢ 181

DOHeprerudeckas 3pPeKTUBHOCTb TOPMOKEHUS, %o 43,37

AHanu3 pe3ysbTaTOB MPUBEAECHHOIO MpUMEpa IOKAa3bIBAET, YTO IpHU
UCITOJIb30BAaHUU OTEUYECTBEHHBIX 3JEKTPOXMMHUUYECKHX KOHJEHCATOPOB yIAETCS
YTWIA3UPOBATh MOYTH MOJIOBUHY KUHETHUYECKOW sHepruu. OcCTaBIIAsICs 4acTb
SHEPrUM JIO0JIKHA ObITh paccesiHa MPU PEOCTaTHOM TOPMOKEHHH.

[Ipennaraercs cienyromas CTpyKTypa CUCTEMbI YHEPIrOCHA0KEHUS
TpaHCTIOPTHOH MaTdopMsbl, IpuBeAcHHAs Ha Puc. 18.

JNVHEVHbIW ABUTATE/Ib

o —

| -— -—
Uet | Ug” | UE° Ui |
|
[HU D Sy WS PR NI S !
Boprosas cetb - 110 B GB1 uz2 Uz3 uz4 UzZn
—'I}_— I I JL I
VD1 | |
N | |
il o
NcH LLinHa npeo6pasosateneii |
uz1 GC1 n
DC
DC
X1 X2
o i I
NN\ | \>_:_
T, T T -
| 7 [ | 7 |
| | MOE3QHAA WWMHA | |
1 _\ | N\ |
1A /A
| |

UZ1 — npeobpaszoBateins 3apsaabiii; UZ1 - UZ1 — npeoOpa3oBaTenib CHIIOBOM;
IICH — nipeoOpa3oBaTesb cOOCTBEHHBIX HY¥1; GB1- Oatapest akkymyJsiTopHasi;
GC1 — HakonuTeNb SHEPTUH EMKOCTHBIHN (CYyIIEpKOHICHCATOD);

TII — npeobpazoBateas TopMo3HOit; VD1 —muon oTcekaromuii;

X1, X2 — COeIMHUTEITHN JICKTPUICCKHE MEKBArOHHbIC

Puc. 18. CTpykTypa cUCTeMbI SHEPrOCHA0KEHUS TPAHCTIOPTHON TIAT(HOPMBI

CtpykTypa CHCTEMBI HHEPrOoCHAOXKEHHS MMO3BOJSET (PYHKIIMOHUPOBATH
TPAHCIIOPTHOM MIaTGopMe Kak B COCTABE MOE37a M0 CUCTEME MHOTHX €JIMHMII,
TaK U aBTOHOMHO. B mepBoM ciydae 3JIEKTpPONUTAHUE MOJACTCS HA MOE3/IHYIO
IIMHY OT Ta30TypOMHHON SHEPreTUYecKOoW yCTaHOBKH. Bo BTOpoM ciydae
AJIEKTPOIIUTAHUE TIOJIAETCS OT aKKyMyJsiTopHoi 6artapen GB1, pacmonoxeHHoi
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Ha Miatrgopme. B mobom ciygae oOMoTku ctatopa L1 — Ln juHeHHOro
JIBUTATEI TOJIy4aloT MUTaHUe OT mpeoOpasoBateneit sneprum UZ2 — UZn B
JIBUTATEILHOM PEKUME PaOOThl WM TEHEPUPYIOT JIIEKTPOABUKYIIYIO CHITY,
KoTopasi mpeoOpaszyercs mnpeoOpaszoBatemsimu UZ2 — UZn B mocTossHHOE
HaIlpsHKECHUE Ha IMHE TPeoOpa3oBaTeied B TEHEPATOPHOM pEXUME PaOOTHI
JUHEHHOTO JBHUTATENs. OHEPrus, TeHepupyeMas JUHEHHBIM JIBUTATEJIEM,
MOCTYIIaeT Ha €MKOCTHBIM HakomuTesb dHepruu GCl m HakaramBaeTcs B HEM.
N30BITOK TeHEPUPYEMOW SHEPTUU PACCEUBACTCS B TOPMO3HOM MpeoOpazoBaTesie
TII. K moe3aHol ITMHE MOJKIIOUEH 3apsaHbIM IpeoOpazoBaTelb I 3apsia
akkymyssTopHoit Oarapen GBl wm mmTanums mpeoOpazoBaTenss COOCTBEHHBIX
Hyxna [TICH.

B aBToHOMHOM pexume pabOThl, KOrja HampsHKEHHE Ha E€MKOCTHOM
Hakornurene GCl craHOBUTCS HUKE HANpPsDKEHHUsS] aKKyMYJISITOpHOM OaTapeu
GB1, na muHy mpeoOpa3oBareseil MoIaeTcs HAMPSHXKEHUE OT aKKyMYJISTOPHOM
Ooarapen GB1l wuepes orcekatommuit nauox VDI, IlpeoOpazoBarens UZ1
orkimovaetcs. [Ipu stom [ICH Taxke mojiydaer muTaHUE OT aKKyMYJISTOPHOU
Oarapeu GB1.

B pexnMe pekynepaTHBHOTO TOPMOKEHHS DJHEPTrus, TeHepupyemas
JUHEHHBIM JIBUTATEJIEM, 3aIlacaeTcs B eMKOCTHOM Hakomutese sHeprun GClL.
DTO COMPOBOXKIACTCS TOBBIINICHUEM HAMPSOKCHUS Ha TIOC3AHOW IMHE W TIPU
JTOCTIDKCHUHM 3HA4YCHUS OOJIBIIET0, YeM HaNpsOKeHWE Ha aKKyMYJISTOPHOMN
Oatapee GB1, zammpaercs muox VD1 u mpousBOAMTCS 3alyCK 3apsIHOTO
npeodbpazoBarens UZL.

Takum 006pa3om, CTPYKTypa CHUCTEMBI DHEPrOCHAOXKEHUS TPAHCIOPTHOMN
m1aTGOPMBI  XapaKTEPU3YETCsI COBMECTHBIM HCIOJIB30BAHUEM aBTOHOMHOM
HPHEPreTUYECKON YCTAaHOBKM, MCTOYHUKA OecrepeOOHOr0 MUTAHUs CHIJIOBBIX
1ernel Ha OCHOBE aKKyMYJISTOPHOM OaTaper U eMKOCTHOTO HAKOTIUTEISI SHEPTHH
[22]. DTO mo3BOJIAET YMEHBIINTD TIIYyOUHY pa3psa U IUKIMYHOCTh Iepe3apsia
aKKyMYJISITOPHOUM OaTapeu, 4To MOJIOKHUTEIBHO OTPA3UTCS Ha CPOKE €€ CITYKOBI.

YIIPABJIEHUE JIEKTPOTEXHUYECKUM KOMIIVIEKCOM

3agayeid ympaBlICHUS DJIEKTPOTEXHUYECKUM KOMIUIEKCOM  SIBIISIETCSA
peanu3auus OOBIYHBIX JJIA 3JIEKTPOMOJBM)KHOTO COCTaBa PEXHMOB Pa3roHa,
JBUKEHUSA C IOCTOSIHHOM CKOPOCTBIO, BhIOEra U TOPMOKEHHUS B JIEBUTUPYIOIIEM
COCTOSIHUH, a TaKXKe CcHenupuuecKux pekMMOB, K KOTOPbIM MOKHO OTHECTHU:

— PpEeXUM «BCIUIBITUS/TIOCAJIKM», KOTJa TMOJABMXKHAs €IMHULIA TUIaBHO
NEPEeXOJAT B JICBUTHUPYIOIIEE COCTOSIHUE M OOpaTHO, a JIMHEHHBIE
JIBUTATENU padOTal0T MPU HYJIEBOH THTE;

— PEeXHUM «THXOTO XOJla», KOrja TpaHCHOpTHas miaT¢gopMa aBTOHOMHO
NepeMENIAtOTCsl BAOJIb MMyTEBOM CTPYKTYPHI B JIEBUTUPYIOIIEM COCTOSIHUU
C MaHEBPOBOU CKOPOCTHIO.
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B xaxmom pexume pabOThl CTPYKTypa HHEProcHAOXKEHHS JTOJDKHA
M3MEHATBCS B 3aBUCHUMOCTH OT CJIOKUBIIEHCS SHEPreTUYECKOW CHUTYyalluH.

DJIeKTPONHUTaHUE Ha TTOE3/IHYI0 IIUHY MOXKET OBITh MOaHO:

— OT reHeparopa ra3oTypOMHHON SHEPIeTUICCKON YCTAaHOBKH;
— OJIHOBPEMEHHO OT reHepaTopa ra30TypOMHHON SHEPreTUYECKON

YCTAaHOBKHM U €MKOCTHOT'O HAKOIIUTEJISI SHEPTUH;

— OT EMKOCTHOT'O HAaKOMUTEJI SHEPTUH;
— OT aKKyMYJIITOPHOTO HAaKOIIUTEJISI YHEPTUU.

Takum o0pa3oMm, paccMaTpuUBAEMBbId SJIECKTPOTEXHUUYECKHA KOMILIEKC
SIBJISIETCSI MHOTOPEKUMHBIM JTUHAMHYECKUM 00beKTOM. [IprnopuTeTHOM 3amaueii
yOpaBlIEHUSI  SIBISICTCS  CTaOWIM3alUsl  MPOCTPAHCTBEHHOTO  TMOJIOKEHMS
1aTHOPMBI OTHOCUTENIBHO IMMYTEBOM CTPYKTYPHI BO BCEX PEKUMaAX PabOTHI.

Crabwmmzanust 1wiatpopmbl  JTOCTUTAETCS 3a CUET KOOPJAUHAILIUU
VIPaBJICHUS  MEXIYy  aBTOHOMHBIMHM  B3aUMOCBSI3aHHBIMU  KOHTYpamu
peryaupoBaHusl CHJI JICBUTAllMU M TITU, PACHOJOXKEHHBIX 10 OopTam
mwiatopMbl.  Mexay KOHTypaMH  pEryJMpOBaHUS  BO3HUKAIOT  CBS3H,
OOyCJIOBJICHHbIE MEXAaHWYECKUM B3aUMOJICUCTBHEM 4Yepe3 KOHCTPYKTUBHBIC
AJIIEMEHTBI TPAHCTIOPTHOM TIAT(HOPMBI.

Ha pucynke 19 cxemaruuecku nokazaHa TpaHCIOPTHas miatdopma, 1o
OopTaM KOTOpOW YCTAaHOBJIEHBI CTaTOphI JHHEHHBIX nBurareneit M, — M.
Mexnay Toukamu @, b, C, d, e, f mpuaoKeHUs CHII, CO3IaBacMbIX CTATOPAMM
JIMHEMHOTO JBUTATEIIS, BOSHUKAIOT MPOAOJIbHBIE MTOMEPEUHBIE U JUArOHAbHBIC
CBSI3H.
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Puc. 19. Mexanndeckue CBSI3U MEXIY TOUYKaMHU TPUIIOKESHUS CHIT

B cnydae ecnu 3TH CBSI3M JOCTATOYHO CHJIBHBI, TO 3aJIaHUE OJUHAKOBBIX
3HAYEHWM BO3AYIIHBIX 3a30pOB B KaXJOM KOHTYpPE PETyJIUPOBAHUS MOMKET
IPUBECTH K BO3HUKHOBEHUIO YCIOBHUM «COCTSA3ATEIBHOCTH», KOTJA PETYIISTOP
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OJIHOM M3 TOYEK IMOJBEeca, MbITasiCh OTPabOTaTh 3aJaHue, BO3ICHCTBYET depes
CBSI3M Ha JIpyTU€ TOYKH IMOJBECA, KOTOPHIE CO3/1al0T OTBETHYIO PEAKIUI0. DTO
MO>KET MPUBECTU K aBTOKOJIeOaHUsIM U BUOpausiM. [1oaToMy BHYyTpeHHHE CBSI3U
00BEKTa JOJIKHBI KOMIICHCUPOBATHCSI BHEIIHUMHU CBSI3SIMU MEXK]Y OTICIbHBIMU
KoHTypamu perynupoBanust [23]. Takoil moaxon MO3BOJISIET OPTraHU30BAThH
BHEIITHUN KOHTYP aJaliTUBHOTO YIIPABJICHHUS.

Hapsny co crabuiamsamueii mMpoCcTPaHCTBEHHOTO IOJIOKEHHS TUIAT(OPMBI
HEOOXOMMO OTCICKHBATH M3MEHEHUS NMPO(HISA MyTeBOW CTPYKTYpPHI, TaK Kak
€ro 0COOEHHOCTH MOTYT BO30YK/1aTh COOCTBEHHBIC M BRIHYKJICHHBIC KOJICOaHUS
miatdopmbl. Cpenn Hambojee OMACHBIX IS YCTOWYMBOCTH  JIBHKCHUS
SBIIIOTCSL CIIOKHBIE (OPMBI KOJICOAHUN «BWISIHUS», «TaJONMUPOBAHUS» M
«OokoBol kauku». [lpeackazanue npoduas MyTH MO3BOJIAET peaIn30BaTh
QITOPUTM YTIPEKIAIOIIETO YIPABICHUS SJECKTPOTEXHUUYECKUM KOMILUIEKCOM, a
TaK)K€ BBIYUCIATH HEOOXOAMMYIO [UJISi peau3alli PEXUMOB MOITHOCTD
HYHEPreTUYECKON YCTAHOBKH.

Cucrema ympaBJieHUSI HHEPrOCHAOXKEHHEM  OIpPECNSieT CTPYKTYpPY
MUTaHUsl CUJIOBBIX IIETIE B 3aBHCHUMOCTU OT CIJIOKHMBIICHCS HEPreTHYECKOM
CUTyalli M OIICHKH TpeOyeMol MomrHocTH. Kpome TOoro, mpoW3BOIUTCS
ONTUMHM3AIUSA JHEPTETHYCCKUX IMOTOKOB C IICJIbI0 MHHHMH3AIUA PACcX0j1a
TOTLIIBA.

Ha Puc. 20 mnokazana CTpyKTypHas CX€Ma CHCTEMBI YIIPaBICHUS
AIEKTPOTEXHUIECKUM KOMITJICKCOM.

Cucrema obecneyeHus

Cuctema ynpasrneHusi 3HeprocHabxeHmem

|
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Puc. 20. CtpykTypHas cxema CHCTEMBI YIIPABICHHS JICKTPOTEXHUIECKUM KOMILIEKCOM
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[To ¢pyHKIIMOHATBPHOMY IPU3HAKY CHCTEMA pa3JiejieHa Ha YEThIPe YacTH:

— cucTemMa o0ecrieyeHus JBUKEHUS;

— CUCTEeMa YIpaBJICHUsI SHEPTOCHAOKEHHEM;

— MHOT'OKaHaJIbHAsI CUCTEMA YIIPABIICHHUS JIEBUTALINEN U TATOM;

— KOHTYp aJanTalyH.

Cucrtema obOecrieueHUs] ABUKEHUSI COCTOUT U3 YCTPOWCTBA OMNpPEEICHUS
KOOpAMHAT TMYTH, MOJAETN MpOo(uis MyTH U CUCTEMbI 33JaHUS U KOHTPOJS
pexuma.  KoopauHaTsl JIBMXKyHIErocs OOBEKTa BBIYHMCIAIOTCS B OJIOKE
00paOOTKM  W3MEpUTENbHONM HH(OpPMAMM TIO JAUCKPETHBIM  OTCYETaM
KOJIMYECTBA ITyTEBBIX JJIEMEHTOB HA NPOMIEHHOM Yy4YacTKe MyTH. Mojaenb
npouIIs MyTH CONEPKUT HHPOPMALIMIO O TPACCE BKIFOUAIOIIYIO:

— KOOpAMHATHI Hayayia U KOHIIAa OJI0K-Y4acTKOB;

— JUIMHY KPHBBIX;

— 3HAYEHUS YKJIOHOB;

— MecTa OCTaHOBOK;

— CpeIHHe, MAKCUMAJIbHbIE 1 MHUHUMAJIbHBIE MOIIHOCTH, PEAIU3yEMbIC

Ha y4acTKaXx.

Ota nHpopManus UCTIONb3YETCs IS TpeAcKa3aHus pouis MyTH.

Cucrema 3aJaHusd M KOHTPOJIL pEXUMa peaJu3yeT  alrOpuTM
YIPEKIAIOIIETO 3aJlaHus PEKUMOB paboThI KOMITOHEHTOB
AIEKTPOTEXHUYECKOTO KOMILIEKCA.

B cocraB cuctembl yrpaBieHus: SHEPTOCHA0KEHUEM BXOJIAT:

— OJIOK U3MEpEHUs SHEPTETUYECKHUX TapaMETPOB;

— AHAJIN3aTOpP YHEPreTUUECKON CUTYyallUH;

— cucTeMa OLEHKU TpeOyeMOoi MOIIHOCTH;

— cHuCTeMa yIpaBJeHHUs] JHEProyCTaHOBKOM.

Cucrema  ynpaBlIeHHs  HHEPrOyCTAHOBKOM  HM3MEHSIET  CTPYKTYpY
HHEProCHA0KEHUS B 3aBUCUMOCTHU OT CJIOKHBIIEHCS 3HEPTETUUECKON CUTYyalluu
U OLEHKU TpeOyeMOl MOIIHOCTH, a TaKXe ONTUMHU3UPYET 3HEpPreTHYecKue
IIOTOKH C LI€JIbI0 MUHUMU3ALUH PAacXo/a TOILIUBA.

MHorokaHajibHasi CUCTEMa YIPABIICHUS JICBUTALMEN U TATOM COCTOUT U3
aBTOHOMHBIX cucteM ynpasienus (ACY).

Ha pucynke 21 mnpuBenena ctpykrypHas cxema ACY. Ha cxeme
MOKa3aHbl CIEAYIOINE KOMIIOHEHTHI:

CP3 — cuctema peryJmpoBaHus BO3AYIIIHOTO 3a30pa;

CPY — cucrtema peryampoBaHusl YIJI0B yIPAaBJICHNUS,

UZ — cuioBoii nmpeoOpa3oBartelib;

TA — naTymk TOKa.

Ha cxeme takke mokaszan cratop JnuHeiHoro asurarenss CJI/[, KOTOpbIi
MEXaHUYECKU COUJICHEH C IaTYMKAMM BO3AYIIHOTO 3a30pa BR u nmonoxenus BL.
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1 — curHanm KOpPEKIMK BEJIMYUHBI BO3AYIIIHOTO 3a30pa;
2 — CUTHAJI KOPPEKITNH THHAMIYeCKUX cBOMCTB CP3;

3 — muTaHue CUIIOBOTO Ipeo0pa3oBaTeis;

4 — curHa 3aJJaHus YIJIOB YIIPaBJICHHUS,

5 — curHan gaTyMKa BO3IYIIHOTO 3230pa;

6 — curHajI JaT4MKa TOKa;

7 — cUrHAI JaTYMKA TIOJI0KECHU.

Puc. 21. CtpykrypHas cxema ACY

ACY obOecnieunuBaeT ympaBlieHHE MOJIEMHOM CHJIOW W CHJION TiTH,
co37aBaeMOil  OJHMM  DJIEMEHTOM  CTaropa  JIMHEWHOrOo  JBUTATElIs.
dopMupoBaHuE TOKa B OOMOTKE CTAaTOpa MPOUCXOJUT TaKUM 00pa3oM, YTOOBI
MOJJICP)KUBATh BEITUYMHY BO3JIYIIHOTO 3a30pa B JOMYCTHUMBIX Tpenenax, a
TaK)Ke 00€CTIeUnTh 33IaHHYIO CUITY TSITH.

KoHTyp amantaiiuy cOCTOUT CIAEAYIONUX KOMIIOHEHTOB:

— HaCTPAMBAEMOW MOJIEIIH;

— OJI0Ka OIIEHKU JTUHAMUYECKOTO COCTOSIHUSI O0BEKTA;

— YCTpOMCTBA aJanTaluu;

— 0J10Ka 00pabOTKU U3MEPUTEITBHON HHPOPMALIUH.

B Onox o00pabOTKM U3MEpUTENbHOM HH(POpPMALMK TMOCTYMAET BCS
JOCTYITHAs U3MEPCHUIO MH(POPMAIUS O COCTOSTHUM MHOTOKaHAJIbHOW CHCTEMBI
yhOpaBieHus: JeButauue u T1iarou. Ilocne mnpenBaputenbHOW 00pabOTKU
NEepBUYHON MH(POpMAIIUK JaHHBIC TIEPEIAFOTCS B OJIOK OICHKH JTUHAMHUYECKOTO
COCTOSIHUS OOBEKTa, KOTOPBIM HIASHTU(MUIUPYET TUHAMUYECKOE COCTOSHUE
00BEKTa W TOJICTpaBAET MapaMeTphbl HACTPAUBAEMOW MOJIENH TIOJ apaMeTphl
oOwekta ympasieHus. [lo pesynpTaTam MOACTPONKHA YCTPOMCTBO aJanTallvd
dbopmupyeT aropuT™ Koppekuuu 3ananus s ACY.

[IpeacraBnenHass  CTpyKTypa  YIOpaBICHUS  AJIEKTPOTEXHUYECKUM
KOMITJIEKCOM OO0ECNeYrBaeT pealn3aliio PEKUMOB pPabOThI TPAHCTIOPTHOM
1aTGOPMEL.
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3AK/IIOYEHUE

Pa3Butne pabGor B oOnactu cosnanus rpy3oBeix MIITC cBsizaHo ¢
pa3paboTKOM U UCCIeAOBAaHUEM DJIEKTPOTEXHUYECKOTO KOMIUIEKCA MOABUAKHOTO
COCTaBa JJIsl TIOJINTOHA KCIUTyaTaIliy C MPOTSHKEHHBIMHU TEPErOHAMH Ha CJ1a0o
OCBOCHHBIX TEPPUTOPHUSIX.

B paborte mpemiokeHa KOHLEMOIUS MOCTPOSHHS SIEKTPOTEXHUUYECKOTO
KOMIUJIEKCA IMOJIBUKHOTO COCTAaBa C MYyTEBOW CTPYKTYPOM, OCHAIIEHHOM TOJBKO
IIACCUBHBIMM  KOMIIOHEHTaMH  3JIEKTPOTEXHUYECKOTO KOMIUIEKca. Takoe
TEXHUYECKOE  pEIICHUWE  TMO3BOJUT CHHU3UTh  3aTpaThl HAa  CO3JIaHHUE
UHOPACTPYKTYPBI TPAHCIIOPTHON CUCTEMBI.

B ocHOBe NpUHATBIX TEXHUYECKUX PELICHUW JICKUT Pa3BUTHE HIECU
WHTETPAllUd  PA3IMYHBIX  (QYHKIUA B  OJHOM  OOBEKTE, CIOCOOHOM
OJTHOBPEMEHHO O0O€CIEeUUTh JIEBUTAIMIO, TATY W OOKOBYIO CTaOMJIM3AIUIO
VICIIOJIb3YSl OJJHOTUIIHBIE KOMIIOHEHTBI JJIEKTPOTEXHUUYECKOI0 KOMILIEKCA.

Y CTaHOBJIEHO, YTO CBOMCTBA JIMHEMHOIO PEAKTUBHOIO HHIYKTOPHOTO
JIBUTATEJIsI C TIOMEPEYHBIM 3aMbIKAHUEM TIOTOKA, IIO3BOJISIOT OOECIEUYHTh
JICBUTAIUIO, TITY W OOKOBYIO cTabwim3anuio. JIBUrarenb HMMeEET MacCHUBHBIM
pOTOp, a MHUTaHUE €ro OOMOTOK OCYIIECTBISETCS OT OJHOTHUIIHBIX CHUJIOBBIX
npeoOpa3oBareieil. OTO MO3BOJSAET CHU3UTh MAacCy DSJIEKTPOTEXHHUYECKOTO
000py1I0BaHUS U PACIIOIOKUTH €r0 Ha OOPTY TPAHCIIOPTHOTO CPEICTBRA.

Pe3ynbpTarhl pacueTHBIX UCCIIEIOBAHUI, BHITIOJIHEHHBIE HA KOMIIBIOTEPHON
MOJIETM KOMOWHHUPOBAHHOM TSITOBO-JICBUTAIIMOHHON CHUCTEMbl C JIMHEWHBIM
pPEaKTUBHBIM  WHIYKTOPHBIM  JIBUTATENIEM, TOJITBEPKAAIOT  (U3HUECKYIO
peann3yeMocTb CHCTeMbl. B kauecTBe OmKailliero Keie3HOIOPOKHOTO
aHajiora paccMaTpuBajgach CKOPOCTHas BaroH-tuiargopma monaenu 13-6990 s
IIEPEBO3KNA KOHTEUHEPOB.

B omimmune oT 0OBEKTOB-aHAIOTOB B COCTaB JJIEKTPOTEXHUYECKOTO
KOMILJIEKCAa  BKJIFOYEHA  Ta30TypOMHHAsi  DHEpreTudeckass  YCTaHOBKa,
TEHEPUPYIOIIAsl JJIEKTPUUECKYIO DHEPrUr0 [JI NUTAHUS CUIOBBIX LEMEH.
Tomonorus  cUCTeMbl HHEPrOCHAOKEHUSI  TO3BOJISIET  (PYHKIMOHUPOBATH
TPaHCIIOPTHOM TIaThopMeE KaK B COCTABE MOE3/1a M0 CUCTEME MHOTHX €JIMHMII,
TaK ¥ aBTOHOMHO.

[Ipennoxennas CTPYKTYypa 3JIEKTPOTEXHUUYECKOTO KOMIIJIEKCa
COOTBETCTBYET  YCJIOBHUSM  IMPEAINOJIAraéMoro IOJUIOHA  JKCIUTyaTalvH,
pPAaCIONIOKEHHOTO Ha TPYAHOJOCTYIHBIX M CJIa00 OCBOEHHBIX TEPPUTOPUSIX.
IlyreBass CTpyKTypa ITaCCUBHA, a NOJBHXXHOM COCTaB OCHAIIEH aBTOHOMHOM
DPHEPreTUYECKON yCTaHOBKOW. D10 obecmeunBaeTr cozmpanne MJITC ¢ Hu3KO
3aTpaTHON HHPPACTPYKTYPOH.
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Py6puka 2. HAYYHBIE U [IPAKTUYECKUE PA3PABOTKU
Hamnpagnenue — OnekTporexHuka

VJIK [UDC] 621.31
DOI 10.17816/transsyst202173106-119

© U. M. Kaspimos, b. C. Komnaneen, O. H. /Ipo6sizko
AJTaiickuii rocy1apCTBEHHbIN TeXHUYECKU yHUBepcuTeT uM. M.M. ITonzyHoBa
(Bapuay, Poccus)

PA3PABOTKA YCTPOMCTBA JIJISI KOHTPOJISI IAPAMETPOB
SJEKTPUUYECKOM SHEPTUHU B PACHPEJIEJUTEJBHON CETH

O06ocHoBanme: Ha ceroqusniHuii 1eHb aKTyalbHOM MPOOIEMOIi B 3JIEKTPOIHEPTETHKE
SIBIISICTCS CO3JIAaHKME YCTPOUCTB uisi cOopa M mepeaayn nHGOPMAIMU B SJIEKTPUIECKUX CETSIX
pa3IMYHbIX YPOBHEH HAIPSHKCHUS.

Hean: lccnenoBanue, W3JIOKEHHOE B paMKax JaHHOM CTaTbH, HAIIPaBICHO Ha
CO3JIaHME YHUBEPCAIBHOTO YCTPONCTBA, IMpEIHA3HAUEHHOTO Ui HCIOJIb30BaHUS B
AIIEKTPUYECKUX CETSIX HU3KOI'O U CPEJHETO YPOBHS HANpsKEHHUH ¢ 11eJbi0 cOopa U neperadyu
uH(pOpMaIIUU O MapaMeTpax MEKTPUUECKON SHEPTUU B MECTE YCTAHOBKH YCTPOICTBA.

Mertoabl: McciaenoBanue BBINOJIHEHO C HCIIOJIB30BAHUEM METOJIOB KOMIIBIOTEPHOI'O
MOJICTTMPOBAHUS pa3padaThIBAEMBIX JIEKTPOHHBIX YCTPOMCTB.

Pesyabrarel: [lpuBoautcs (QyHKLIMOHAIbHAas cXeMa pa3pabOTaHHOrO YCTPOMCTBA,
YKa3bIBAIOTCS BAPUAHTHI €ro MOJAKIIOUEHUS K CEeTH Ui Pa3IMYHbIX YCIOBUI M TpeOOBaHUH,
JTAIOTCSl PEKOMEHJAIMH 110 UCTI0Ib30BaHMUIO.

3akiiouenune:  [lomyueHHble — pe3ynpTaTbl  MOTYT  OBITh  HCIOJIB30BaHBI
AIIEKTPOCETEBHIMU KOMITAHUSAMHU U TPOMBIIUIEHHBIMA TPEINPUITUSIMHU JI1 TPOBEICHUS
aHaJiu3a COCTOSHUSA U 3(PPEKTUBHOCTH PabOThI STEKTPHUECKUX CETEH.

Knrwouesvie cnosa: nmapameTpsl 3JIEKTPOIHEPTUHU, KOAPGUIMEHT MOIIHOCTH, MPUOOP
yuéra, AUNC KVD3, uudpoBoii ABOWHMK, IUPPOBU3ALMS IIEKTPOIHEPTETUKH, IATUUK
HanpsKEeHHUS.

Rubric 2. SCIENTIFIC AND PRACTICAL DEVELOPMENTS
Field — Electrical Engineering

© I. M. Kazymov, B. S. Kompaneets, O. N. Drobyazko
Altai State Technical University named I. I. Polzunov
(Barnaul, Russia)

DEVELOPMENT OF A DEVICE FOR CONTROL OF ELECTRIC
ENERGY PARAMETERS IN THE DISTRIBUTION NETWORK

Background: As of today, the actual problem in the power sector is to create a device
for the collection and transmission of information in networks of different voltage levels.

Aim: The research presented in the framework of this article is aimed at creating a
universal device intended for use in electrical networks of low and medium voltage in order to
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collect and transmit information about the parameters of electrical energy at the place of
installation of the device.

Methods: The study was performed with the use of computer modeling techniques
developed electronic devices.

Results: A functional diagram of the developed device is given, options for its
connection to the network for various conditions and requirements are indicated, and
recommendations for use are given.

Conclusion: The obtained results can be used by power grid companies and industrial
enterprises to analyze the condition and efficiency of power grids.

Keywords: electricity parameters, power factor, metering device, ASCMA, digital
twin, digitalization of the electric power industry, voltage sensor.

BBEJAEHHUE

B HacTosiiee BpeMs HMHTEHCUBHOE pAa3BUTHE IOJIy4alOT IU(PPOBbIE
TEXHOJIOTUH B JJIEKTPOIHEPIEeTUKE, B TOM YHCIE U B PACIPEIEIUTEIBHBIX
DIEKTPUYECKUX CETAX HU3KOIO0 M CPENHETO YPOBHS HanpspkeHuM. OgHuM U3
3HAUMMBIX HANpaBIEHUNW B A3TOM cdepe Ha CEeroAHSIIHUNA J€Hb SBIAETCA
CO3JaHHE TAaK HA3bIBAEMbIX «UU(PPOBBIX JTBOWHUKOB)» AJIEKTPOIHEPTETUYECKHUX
cucteM. B CBsI3M C 3TUM BO3HHMKAeT HEOOXOAMMOCTb B CO3/IaHUU YCTPOWCTB,
CIOCOOHBIX JUIUTEILHOE BpEMs COOMpaTh, AHAIIM3UPOBATH U MEpeAaBaTh JaHHbIC
0 TapaMeTpax MEKTPUICCKOM SHEPTUHU B TOUKE YCTAaHOBKHU ycTpoiicTBa [1-4].

BBugy Toro, 4to Ha JaHHBII MOMEHT MOJOOHBIE YCTPOWCTBA SIBIISIOTCS
JOPOTOCTOSIIMMH, 00JIacTh UX MPUMEHEHHUs] KpallHe OrpaHMYeHa: B OCHOBHOM
TaKUMU  yCTPOWCTBaMU  OCHALIAIOTCS  KPYNHbIE  OOBEKThl  IeHepaluu
(97eKTpOCTaHIMKM) U pacHpeseneHus (y3Jl0Bble MOJCTAHIIMM) 3IEKTPUUYECKOM
sHeprun. Takum oOpazoM, «uppoBU3aLMU» MOABEPrHYTA JIUIIL Majas 4acTb
HHEProCHUCTEMBI, BKJIOYAIOIIasi B c€0sl B OCHOBHOM MEKCUCTEMHbIE CBSI3U U
Jpyrue KpyMHHbIE Y3JIbl BbICOKOTO HampsbkeHus (220 kB u Boime). B 310 ke
BpeMs U1 JIOCTHKEHUS  MaKCUMaJIbHO  BO3MOXXHOW  3(QQEKTUBHOCTH
pacnpeleNuTeNbHbBIX CETe HU3KOrO0 M CpPEIHEro HampsiKeHUu Tpedyercs
CO3JaHue JUIsl HUX MOAOOHBIX «IH(PPOBBIX JTBONHUKOB», OJHAKO B HBIHEIIHHX
YCIOBUSIX 3TO YpPE3BbIYAMHO TPYAHO B peanu3auud U HedP(HEKTUBHO
HYKOHOMHUYCCKH TI0 IPUYUHE BBICOKOM CTOMMOCTH MO00HBIX KOMIUIeKCOB [5-9].

st co3nanust U poBOro ABOMHMKA CETH MOTYT OBITh HCIOJIb30BaHbI
pa3ianyHble YCTPOMCTBA, CIIOCOOHBIE ONPENENSTh MapaMeTpPhbl SIEKTPUUECKON
DHEPrUU B TOYKE MOAKIOYEHUs1. OHAKO HA JAaHHBIII MOMEHT €IMHCTBEHHBIMU
mU(GPOBBIMU  YCTPOMCTBAMH B  CEIIbCKMX CETAX HHU3KOTO U  CPEIHEro
HaANpsDKEHUH, CIIOCOOHBIMU YIANEHHO MepeaaBaTh HH(OPMALIMIO O MapameTpax
AIIEKTPUYECKOW 3HEPTUU B CETH, OCTAIOTCS MPUOOPHI yuéTa 3IEKTPUUYECKOM
DHEPIUM, HCIIOIb3YEMbIE [UII KOMMEPYECKOrO0 Yué€Ta JIJIEKTPOIHEPTUU C
ucnoiib3oBanueM AUMC KY 3. M3BeCTHBI IPEITIOAKEHUS O COCTABE U XapaKTepe
yCcTpoicTB KOHTpoJisi ceredl [10], oxHako CHHUCOK NapamMeTpoB, KOTOpHIE
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JOJDKHBI  TepefiaBaTh IMOJOOHBIE YCTpOMCTBA i OOECHEYEeHHs] CO3JAaHMs
MOJIHOIEHHOTO  «UU(PPOBOrOo JABOMHHKA» DSJIEKTPUUYECKON CETH, SBISAETCA
JIOCTATOYHO OOIIMPHBIM U COJEPIKUT:

— TOK B KOHTPOJIMPYEMOM JINHUU;

— HANPSOKCHHUE B MECTE MPUCOCTMHCHIS;

— mnoTtpebdiisiemMasi MOIHOCTb;

— K03 (ULIHUEHT MOIIHOCTH HArPYy3KU KOHTPOJIUPYEMOH JIMHHH;

— MOTpeOn€HHAs SJEKTpUYECKas DSHEPrus 3a MPOM3BOJBHBIA IMEPHO

BpPEMEHU.

OueBnaHO, 4TO MHMOpMAIMSA 00 HNEKTPUUYECKUX BEIUYMHAX JOJDKHA
OBITh JOCTYITHa Kak B BHJAC MIHOBEHHBIX 3HAYCHUH, TaK W B BHJC
CTATUCTHUYECKUX JIAHHBIX.

OCHOBHYIO CJIOKHOCTh B HOCTPOEHUHU MOJOOHBIX MPUOOPOB COCTABIISIET
BBIOOpP TEXHUUYECKOTO PEIICHHS MO OmpeaeiaeHu0 KodhduimeHTa MOUTHOCTH
Harpy3ku. JlanHas mpoOiema oOycClOBI€HA B OCHOBHOM HU(POBBIM (W,
CJIEIOBATEIbHO, IUCKPETHBIM) XapaKTepOM JaHHBIX O MTHOBEHHBIX BEITUYMHAX
TOKa W HaNpsOKeHWs,, W, B TOM YHCJE, BIUSHUEM HECHHYCOUIATbHOCTH
MTUTAIOIIETO HAITPSKEHUS.

Tak kak TouHOE onpeeneHne Ko3PpPUIrUEeHTa MOIIHOCTH KaK JJI KaXI01
Harpy3Kd B YacTHOCTH, TaK W JUISI DJIGKTPUYECKOW CETH B IICJIOM SIBIISCTCS
OTHUM W3 BaXHEUIIUX OTAloOB CO3JaHHMS NHU(PPOBOTO JBOWHHMKA, a TaKKe
BO3MOXKHOCTBIO  pa3pabOTKM  3(PQPEeKTUBHBIX Mep 1O  IMPUBEJICHUIO
ko2 puIreHTa MOIITHOCTH B IIEJIOM IO CETH K HOPMATHBHBIM 3HAaYeHUSAM. J1JIs
CEeNIbCKUX DJIEKTPUYECKUX CETeH 3TO OCOOCHHO aKTyalbHO BBHJAY HHU3KOTO
JTHEBHOTO  3Ha4YeHUs  Kod(h@duImeHTa  MOIMHOCTH g OOJBIIMHCTBA
CEJIbCKOX03sMCTBeHHBIX Harpy3ok (0,70-0,75) [11].

ITOCTAHOBKA 3ATAYHN

Co3nanre BO3MOXXHOCTU NMPOBEACHUS YAAIEHHOTO aHAIM3a COCTOSIHUS U
3 PEeKTUBHOCTH PabOThl  ANEKTPUUYECKUX CETeH SBJISETCA OJHUM U3
MEePCIIEKTUBHBIX HAIMPABIICHUH Pa3BUTHS DJIEKTPOCETEBOIO KOMILIEKCA.

B cBs3u ¢ 3TUM 11eBI0 UCCIIEIOBaHUS SBISIETCS CO3/IaHME MaTepHaIbHO-
TEXHUYECKOW 0a3bl [Ji1 TPOBEACHUS AaBTOMATU3UPOBAHHOIO YJIAIEHHOTO
aHajgu3a paclpeieUTeIbHbIX JJICKTPUUECKUX CETe HHU3KOr0 U CPEeIaHEro
YPOBHSI HaIlPSKEHUM.

3amaun, BBHINOJHEHHWE KOTOPHIX  HEOOXOAWMO IS JTOCTHOIKCHUS
3asIBJICHHOM 11€JTH, MOTYT OBITh C(POPMYITHPOBAHBI CIECTYIONTUM 00pa3oM:

— pa3paboTKa yCTPOWCTBA JUIsi KOHTPOJS TMapaMeTpoB AJICKTPHUUECKOU

SHEPIrUU B CETU B MECTE €r0 YCTAHOBKH.

Y CTpoicTBO JI71s1 KOHTPOJIS TApaMETPOB JIEKTPUUYECKON SHEPTUU B CETH B
MECTE €r0 YCTAaHOBKH JIOJIKHO OTBEYATh CJICAYIOIINM TPEOOBAHUSM:
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— MPOCTOTA KOHCTPYKIIUU;

— Haa&KHOCTh: KaK COCTABIIIONINX 3JIEMEHTOB, TaK M MPUOOpPA B LIETIOM;

— BO3MOXHOCTb OOBbETUHEHHS psiia MPUOOPOB B €AMHYIO CETh, B TOM YHUCIIE
COBMECTUMOCTh C COBpeMEHHbIMU MTpubopamu yuéra st AUC KY3;

— BO3MOXXHOCTb pa0OTaTh C MPUMEHIEMBIMHU B HACTOSIEE BPEMsI KaHATaAMU
CBSI3H;

— TMOTrPeIIHOCTh M3MEPEHUH U BBIUMCICHUH HE JIOJDKHA TMPEBBINIATH
TaKOBBbIE€ Y COBPEMEHHBIX NpruOopoB yuéra st AUNC KYO;

— MEpPCIEeKTUBHOCTh (OPUEHTUPOBAHHOCTh HA PA3BUTHE OTPACIU B YACTH
nupoBoil TpaHchopmanuu, a MMEHHO BO3MOXKHOCTh B IEPCHEKTUBE
paboTaTh B KadyecTBE YCTpoilcTBa cOopa W mnepenayu MHPOpMalUU MpU
nocTpoeHuu UPpoBbIX ceTeit) [12, 13].

OIIMCAHME PABPABOTAHHOI'O YCTPOMCTBA

VY CeTporCTBO 7151 KOHTPOJISL TapaMETPOB JEKTPUUECKON IHEPTUU B CETH B
MECTE €ro yCTaHOBKM IpPEIHA3HAYEHO I OCYLIECTBJIECHUS cOOpa U Mepenadu
uH(pOpMaAIMU O TapaMeTpax AJIEKTPUUECKOW 3HEPruU B paclpeneluTeabHOU
CETH B TOYKE €r0 YCTAaHOBKH.

OCHOBHBIMM HaIIPaBJIEHUSMH HCIOJb30BAHUS YCTPOMCTBA (B COCTaBe
MH()OPMAIMOHHO-U3MEPUTEIILHON CUCTEMBI) SBIISFOTCS:

— onpeneneHue (pakTa U MecTa HEYYTEHHOTO MOTPEOICHHS JIIEKTPUYECKON
SHEPrUM B pacHpeeIUTEIbHON CETH;

— ONpefelieHue BEJIMYUMHBI M MECTa BO3HHUKHOBEHHS MOBBILICHHBIX
TEXHUYECKUX MOTEPh JIEKTPUUECKON IHEPTUU B pACIIPEICTUTENbHON CETH;

— cOOp CTAaTUCTUYECKUX JAHHBIX O COCTOSIHUM DJIEKTPUUYECKOM CEeTH s
pelieHuss 3ajady [0 MPOTHO3UPOBAHUIO, JIMAarHOCTHKE U  OIPEACIICHUIO
OCTaTOYHOTO pecypca 000pyI0BaHUS U JTMHUM 3JIEKTponepeaun;

— MOJy4YeHUe IEHHOW HHpOopMalMKu KacaTelbHO 3((PEKTUBHOCTH PaOOTHI
AIIEKTPUYECKON CETH, KOTOpasi MOXKET ObITh MCIOIb30BaHa ISl PEKOHCTPYKIINH
(mepeycrporicTBa) ceTel ¢ IeIbl0 MOBBLIMCHUS 3(PHEKTUBHOCTH WX PaOOTHI:
CHIDKCHHS BEJMUYMHBI TEXHHUUYECKUX TOTEPh W TIOBBIIICHHUS HAIE&KHOCTH
AIEKTPUYECKOM CETH B II€JIOM, YTO TaK)Xe IMO3BOJUT HA OCHOBAaHUU JIaHHBIX
aHanu3a H(P(EKTUBHOCTH palbOThl CYIIECTBYIOIIMUX AJIEKTPUUECKUX CeTer
MPOECKTUPOBATh M CTPOUTH HJIEKTPUUECKUE CETH, HMMEIOIIME MaKCUMalIbHO
BO3MOYHBII ypOBEHb HAaAEKHOCTH U A(PPEKTUBHOCTU, KOTOPHIA MOMKET OBITH
JOCTUTHYT WH)XEHEPHBIMH pEIICHUsAMH ©O€3 BMEIIaTeNbcTBA B COCTaB
000pyI0BaHUS CETH.

YCTpOUCTBO ISl KOHTPOJIS MApPAMETPOB JJIEKTPUYECKOM DJHEPIUU B
pacnpeneauTeNbHON CETH JOJKHO UMETh BO3MOKHOCTh H3MEPEHUS CIIETYIOLIUX
apaMeTpoB AJIEKTPUYECKON SHEPTUU B TOUKE €r0 YCTAaHOBKHU:

— cuJa TOKa, IpoTeKarolas yepe3 JaTYUKU ToKa Mpuodopa;
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— HaIpsDKEHHE B MECTE YCTaHOBKM Npudopa (kak ¢azHoe, TaK U JMHEWHOE);

— (pa3oBbIl CABUT MEXKTY TOKOM U HAIIPSHKCHUEM;

— AaKTUMBHAasT  MOUIHOCTb,  MOTpeOisieMas  4epe3  NPUCOEAUHEHHE,

KOHTPOJINPYEMOE JTaHHBIM YCTPOICTBOM;

— TeMIlepaTypa OKpyXarouleil cpeapl;

— BJIQXHOCTb BO3/yXa OKPY’KaIOLEH CPebl.

Ha ocHOBEe M3MEPEHHBIX 3HAYEHUU DJIEKTPUYECKHUX BEJIMYHMH YCTPOMCTBO
JOJKHO OINPEAENIATh PACYETHBIM IyTEM CIIEAYIOLIUE TapaMETPBhI:

— aKTHBHas, pEakTUBHAas M TMOJHAs  MOUIHOCTH, MOTpeOIIsieMble
IPUCOETUHEHNEM, HA KOTOPOM YCTaHOBJIEH IPUOOp (MTHOBEHHBIE 3HAYECHMS);

— K03 ULIUEHT MOIIIHOCTH Harpy3KH, HOJKITFOYEHHON K
KOHTPOJIUPYEMOMY MIPUCOEAMHEHHNIO (MTHOBEHHBIE 3HAUEHU );

— NOTpeOJieHHast AJIEKTpUYecKass 3Heprus (HaKONMUTENbHbIE 3HAYCHUS 3a
IIPOU3BOJIbHBIE  MPOMICANINE TMEPUOAbl C  3a/JaBa€MblM  HHTEPBaJIbHBIM
pa3/iesicHUEM );

N3mepeHre HE3NEKTPUYECKUX BEJIMYUH (TeMIlepaTypa M BIIaKHOCTh
BO3/IyXa OKPYXaIOIIel cpejibl) MO3BOJsIET COOUpaTh CTATUCTUYECKUE JTaHHBIC
10 OTKa3aM 00OpYy/JA0BaHUs UM BOZHUKHOBEHHUIO TEXHOJOTHUYECKUX HAPYLICHUM
C NPUBSI3KOW K ITOTOAHBIM YCIIOBHSIM, @ TakK€ YCTAaHABJIMBATh 3aBHCHMOCTHU
MEXJy BEIMYMHON moTeph (KaK TEXHUYECKHX, TaK M KOMMEpPUYECKUX) H
IOTOAHBIMHA YCJIOBHUSIMH, YTO, B CBOK O4YEpEIb, NO3BOJMUT JIHATHOCTHPOBATH
pa3IuYHbIC HETOJIAJKU B JIEKTPUYECKON CETH U MPEAYNPEKIATh UX PA3BUTHE B
IIOJIHOLIEHHBIE TEXHOJIOTMYECKUE HAPYLICHUS.

BBugy Toro, 4To paccMaTpuBaeMbIe pacIpeneuTeIbHbIE AJIEKTPUIECKUE
CeTM B OOIIEM ciy4ae SBISIOTCS PA3BETBIEHHBIMU CETSAMH CO CIIOKHOU
CTPYKTYpOW, MOAKIIOYEHUE K CeTH Npuldopa TPaAUIMOHHBIM CIIOCOOOM IO
IpUMEPY DJIEKTPUUECKOro Mpuodopa yuéra (B pas3pblB CETH) YPE3BbIYAITHO
TPYJOEMKO M HE MPEJCTABIAECTCS BO3ZMOXHBIM K ONEPATUBHOMY BBIMOJHEHUIO
BBHJ1y HEOOXOJMMOCTHU BBINIOJIHUTH OTKIIFOUEHUE CETEl Ha JUIUTEIbHBIN CPOK C
LEIbI0 TMOJKIIOUEHHUS TpeOyeMoro 4uciaa npuOOpoB, UYTO HE MOXKET OBITh
JOCTUTHYTO 1O NPUYMHE HAJIUM4Msl OTPAaHWYEHUN HAa BpeMs IepepbiBa B
aNeKTpocHaOkeHUH. Takke NOJAKIIOYEHHE B pa3pblB CETH HAKJIAJbIBAeT
OTrpaHUYCHHE HAa MOOUIILHOCTH TPUOOPOB U (DAKTUUECKU OTPAHUIMBAET 00JIaCTh
UX TPUMEHEHHS J10 paMOK OJHOW 3JIEKTPUYECKOW CETH, YTO HE MO3BOJIUT
IIPOU3BECTU AHAIM3 BCEX HMMEIOIIMXCS JJIEKTPUYECKUX CETEed NpH IOMOIIH
OJTHOTO KOMIUIEKTa MPHOOPOB MO MNPUYMHE BBICOKONW TPYIOEMKOCTH MO UX
CHSITUIO U YCTAaHOBKE. DTOT (PaKTOP MOMKET 3HAYUTEIBHO MOBBICUTH CTOMMOCTD
MPOeKTa Mo aHaNKu3y 3P(HEKTUBHOCTH PAOOTHI JIEKTPUUECKON CETHU, OCOOEHHO B
TOM cllydae, Korjaa TpeOyeTcs JIUIb CHATh TEKYIee COCTOSHHUE AIEKTPUUECKOM
CeTM M OTCYTCTBYET HEOOXOJMMOCTh MPOU3BOAUTH HENPEPBIBHBIA cOOp
CTATUCTUYECKUX JTAHHBIX O COCTOSIHUU AJIEKTPUUECKOU CETH.

[To >T¥M U IpyruM NpuYMHAM, UCXOAS U3 MMEIOIIMXCA OIpaHUYEHUN Ha
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Croco0 MOAKIIOYEHUS pa3pabaTbiBAEMOro YCTPOMCTBA, ObLJIO MPUHATO PEIICHUE
0 CO3JIaHUU YCTPOUCTBA, CIIOCOOHOTO OBITH MOJKIIOUEHHBIM K CETH 0€3 pa3pbiBa
MUTAIOMKX MPOoBOJOB. [Ipyn 3TOM HEU30EKHBIM YCIOBHEM SBIISICTCS HalW4He
BO3MOXKHOCTH TOJKIIOYEHHUS] HEMOCPEIICTBEHHO K TOKOBEAYIIMM YacTIM
KOHTPOJIMPYEMOTO MPUCOEIUHEHUS (151 0OecreueHus] BO3MOKHOCTH KOHTPOJIS
BEJIMYMHBI HATIPSIKCHMUS).

Tax kak OCHOBHBIM Ha3HAYEHHEM YCTPOMCTBA SIBISIETCS padOTa B COCTaBE
UH(POPMAIIMOHHO-U3MEPHUTEIHFHOM CHUCTEMBI, OJIHUM M3 TJIABHBIX HAIpPaBIICHUI
IpU TPOCKTUPOBAHUM SIBISCTCS OpPraHMU3AIlMs CBSI3M MEXIY YCTPONCTBOM H
HEHTPaJIbHBIM 00pa0aThIBAIOIIUM KOMITBIOTEPOM, UYTO MO3BOJIUT OOECIECUUTH
HEIPEPBIBHYIO Mepeaayy WHPOpMallud O MapaMerpax 3JEeKTPUYECKON SHEpruu
B TOYKE YCTAHOBKHM YCTPOMCTBA. Y CTaHaBIMBAEMbIi KaHaJl CBSI3U JOJKEH OBITH
OMEXOYCTOMYUBBIM U 0O€cleYrBaTh CTPOrO MEPApXUUYECKYI0 CBsI3b THIA
«eHTpasibHbIil 00pabaThIBalOIIMN KOMIBIOTED — YCTPOMCTBO AJII KOHTPOJIS
IapaMeTpoB  JJIEKTPUUECKOM  SHEprum». OTOT KaHaJl CBS3U  JIOJDKEH
o0ecnieunBath nepenady HHGOpMaLUU Kak K YCTPONUCTBY, TaK U OT HEr0, OJJHAKO
BCAKHI 0OMeH mH(popMaluel JOHKEH MPOU3BOAUTHCS TOJIBKO 10 MHUIUATHBE
LHEHTPAIBHOIO 00pabaThIBAIOIIET0 KOMIIBIOTEPA, MpPU 3TOM  yAAJIEHHAS
HACTpOIKa YCTpOMCTBa JOJKHA OBITH 3ampelieHa Ha dTane MPOCKTHPOBAHHS
IPOrpPaMMHOTO OOECTIEUeHUs] YCTpPOWCTBA il 00ECreYeHHs aKTyalbHOCTH H
eAMHO00pa3us neperaBaeMoi pa3HbIMU TPUOOpaMu HH(GOPMALIIH.

OOs3arenbHOE TpeOOBaHME K HANEKHOCTH YCTPOMCTBA MOXKET OBITh
o0ecreyeHo IByMs MyTsAMU:

— CO3JaHME HE3AIMIIEHHOTO OT BHEIIHUX BO3ICHCTBUI M 3HAYUTENIBHO
yIEUIeBIEHHOTO YCTPONCTBA, KOTOPOE, OJHAKO, HEOOXOAMMO MOHTUPOBATH B
3aIlMTHOM KOpIyce (pacripeneuTeNbHbIX mKadax, auKax);

— CO3JaHUe YCTPOMCTBA, KOTOpPOE OBUIO OBl 3aIIMIICHO OT BHEITHUX
BO3/ICHCTBHI, KaK MPHUPOIHOTO, TaK M TEXHOTEHHOT'O XapaKTepa, UTO SIBISLIOCH
Obl ynopoxkarouuM (aKTOpoB, OJIHAKO H30aBUIO OBl OT HEOOXOJIUMOCTU
WCTIOJTb30BaHUS BHEIIHUX 3aIIUTHBIX YCTPOMCTB.

[lepenaBaeMble maHHBIE O TapaMeTpax AICKTPUUYECKON IHEPTHH B TOUKE
MOJIKJIFOUEHUS] YCTPOMCTBA JOJKHBI OTBEYaTh TPEOOBaHUSIM K TOYHOCTH, 4YTO
MOJKET OBITh IOCTUTHYTO MPUMEHEHUEM HJIEKTPOHHBIX KOMIIOHEHTOB, UMEIOIINX
MOBBINICHHBI YPOBEHb TOYHOCTH TapamMeTpoB (B TOM YHCIIC M JIJISi aKTUBHBIX
KOMIIOHEHTOB), a TaKkke TpeOyeT BBOJa KaJIMOPOBOUYHBIX 3JIEMEHTOB B COCTAaB
npubopa, 00s3aTeIbHON CTOMPOIIEHTHON MPOBEPKE KayecTBa U KaIHMOPOBKE Ha
JTare MPOU3BOJICTBA. DTU MEPHI MO3BOJAT CO3/1aBaTh MPUOOPHI C TOCTATOYHOM
CTETICHbIO MMOBTOPSEMOCTH XapaKTEPUCTHUK 1O TOYHOCTH, YTO, B CBOIO OYEpE/lb,
MO3BOJIUT TOJyYaTh JaHHBIE O TMapaMeTpax SJEKTPHUUECKON SHEPTrUu B CETHU C
3aJJaHHOW TOYHOCTBHIO U MTPOU3BOIUTH aHAIN3 MOTydyaeMoil nHpopmarmm.

Takum 00pa3oM MOKHO 3aKJIIOUWTH, YTO COBOKYMHOCTH YCTPOWMCTB JJISI
KOHTPOJISI TTApaMETPOB IIEKTPUUECKON IHEPTUH B TOUKE UX YCTAHOBKU MOXKET
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ObITh OOBEAMHEHA B CUCTEMY KOHTPOJIS MMAPAMETPOB DJIECKTPUUECKON SHEPTUH B
CETH MPU HAJTMYUH UX CBS3U C IIEHTPAIbHBIM 00pabaThIBAIOIINM KOMIIBIOTEPOM.

AHamu3 3(QQPEeKTUBHOCTH PabOThl SJICKTPUUYECKONH CETH MOXKET OBITh
OpOBENEH TOJIBKO TMPU OpraHu3alu paboTaroliel CHCTeMbl KOHTPOJIA
apamMeTpOB JJIEKTPUYECKOW DSHEPrud B CETM HAa OCHOBE ULEHTPAJIBHOIO
00pabaThIBaIOIIETO KOMIBIOTEPA U OMPEIEIEHHOTO YHCIa YCTPOUCTB KOHTPOJIS
apamMeTpOB JJIEKTPUYECKOM SHEpruu. B 3TOM ciyyae MmokasaHusi yCTPOWCTB,
YCTAHOBJICHHBIX B PA3JUYHBIX TOYKAX JJIEKTPUUYECKOW CETHU, JOJKHBI OBIThH
nepelaHnbl Ha LEHTPAJIbHBIA 00palaThIBAIOIIMK KOMIBIOTEP IPU I[TOMOIIH
YCTAaHOBJICHHBIX KAHAJOB CBSI3U C COOJIOAEHUEM YCJIOBHUS OJIHOBPEMEHHOCTH
CHSATHSI IOKa3aHUM.

VYcnoBue OAHOBPEMEHHOCTH CHATUS IIOKa3aHUW TNPUOOPOB JIOIKHO
o0ecrneunBaThCs MIPOTPaMMHOI YacThIO YCTpOICTBa u OBITh
CUHXPOHU3UPOBAHHBIM TI0 BpeMmeHH. CuHXpoHU3alMs oOecreynBaeTcs
BHYTPEHHHMMHU  4YacaMd  yCTPOMCTBA, KOTOpbIE, B CBOIO  O4YEpPE.b,
CUHXPOHU3HUPYIOTCS C YaCaMU IEHTPAIBHOT0 00padaThIBAIOIIET0 KOMIIBLIOTEpA B
onpeenéHHble nepuoabl. TakuM 00pa3oM, IEHTPAIbHBIN 00padaThIBAIOIINN
KOMITBIOTED JIMIIb YCTAHABIIMBAET YACTOTY CHATHS UCXO/S U3 aKTyaJIbHBIX 33734
U TMPUHUMAET OJHOBPEMEHHO CHATHIE MOKA3aHHUS CO BCEX KOHTPOJIUPYEMBIX
TOYEK JJIEKTPUUECKOUN CETH.

Takum  o0pazoM B  pealbHBIX  YCTpPOMCTBax  OOecrneuynBaeTCs
JIOCTOBEPHOCTh ~ TOJy4aeMOW  KApTUHBI  paclpeiesieHus  [apaMeTpoB
AIEKTPUYECKOW APHEPTrUU B paCHpeAesIUTEIbHON CeTH U CO3JIaETCs OCHOBA AJIA
coopa CTAaTUCTUYECKUX JAHHBIX, U3 aHaM3a KOTOPBIX BIOCIEICTBUA MOTYT
OBIThH CJICTaHbl OTPEICTIEHHBIC BHIBOJIBI.

Takke BO3MOXHO HCIOJIb30BAaHUE YCTPOWCTBA B KauecTBe Mpubdopa s
KOHTPOJISI TOKa3aTele KauyecTBa dJIECKTPUICCKON IHEPTUU ISl IPUOINKEHHOM
OIICHKHU I1eJIeCO00pPa3HOCTH paboT B HANpPABJICHUM YIYYIICHUS TOKa3aTesei
KaueCTBa AJIEKTPUUECKON SHEPTUU B KOHKPETHOW CETH WJIM Ha €€ yYacTKe.

HecMoTpsi Ha HeoOXoIMMBbIE pa3inyusi B KOHCTPYKIIUUA YCTPOMCTB ISt
KOHTPOJISl MapaMeTPOB JEKTPUUYECKON SHEPTUHU B CETU B MECTE €r0 YCTaHOBKH,
MpeIHA3HAYEHHBIX IJIs1 CEeTEH Pa3IMYHOTO Kjacca HamlpsHKEHHUs, UMEET CMbICI
pa3paboTaTth €AUHYI0 KOHCTPYKIIMIO, HA OCHOBE KOTOpPOM OyneT CTpOUTHCA
KOKIBIA TUI yCTpoMCTB. O4YEBHUIHO, YTO ATa KOHCTPYKIIUS JOJDKHA OBIThH
MOJYJIbHOM U 00ecIeurnBaTh BO3MOXKHOCTh MEPECTPOUKH MpuOOopa Ha paboTy ¢
JPYTOM CEThI0 C MUHUMAJIbHBIM YHCJIOM 3aMEHSEMBIX OJIOKOB, & B MEPCIEKTHUBE
— COBEpIIEHHO 0e3 BHECEHHUs] M3MEHEHUH B KOHCTPYKIUIO, YTO MO3BOJIHIO Obl
MPOU3BOJIUTH TAHHBIE YCTPONCTBA KPYMTHBIMU NAPTUSIMHU, CHU3UB HOMEHKJIATYPY
BapUAHTOB UCTIOJHEHUS TPUOOPOB.

KOHCTpYKTUBHO yCTPOMCTBO IJII KOHTPOJISI MApaMETPOB JJIEKTPUYECKOU
DHEPIUM B CETH B MECTE €r0 YCTAHOBKM JOJDKHO COCTOSITh W3 CIEIYHOLIUX
CTPYKTYPHBIX €UHUII:
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— y3€eJl KOHTPOJIS MPOTEKAIOIIEro TOKa;

— y3€J KOHTPOJISI HAaPSIKEHHUS B TOUKE MOAKIIOUYCHHUS;

— Y3l ompeneneHus casura ¢asz MeXIy TOKOM U HalPsSHKCHUEM;

— y3el OmpeaesieHus JIOMOJIHUTENbHBIX IapaMeTpoB (Temmeparypa,
BJIQXKHOCTD, 3aMbIIEHHOCTH BO3AyXa U TOMY MOJI00HBIE);

— y3€ll CBSI3U C IIEHTPAJIbHBIM 00pabaThIBAIOIINM KOMIIBIOTEPOM;

— y3€JI pe3€pBHOIO MTUTAHUS;

— y3eJ UCTOYHMKA TAKTOBOI'O CHUTHAJIa, COBMEIIEHHBIM C Y3JIOM KOHTPOJS

BpPEMEHU;
— IEHTpaJbHOE BBIYHMCIIUTEIHLHOE YCTPONCTBO Ha OCHOBE
MUKPOKOHTPOJLIEPA.

OyHKIMOHAIbHASI CXEMa YCTPOKCTBA MoKa3aHa Ha Puc. 1.

Yaen cbasu © yeHmpaibHer
00DacamsiBaBLUN KOMBIOMEIONM
/ Communication cenfer with

cenfral processing computer

Lamuwky moka gazw A/ Lurrent sensor phase A ———s——m—o—ob  ——orA—  —— — — — —

Sempovcmbo odpadomky T
bxodkozo cuzHana moxka | 4 |
Lansuky moka gaze B/ Current sensor phase B % P 6 >3 |
. i v Backyp power urit
current inpul processing gevice
Lamukt moka @ase G/ Current sensar phase —_————
LermpaibHoe
Yempodcmbo Bequcrerus cabuza ﬁb/‘?/[ﬂg/g?;?g/ﬂ@ [— E/z EWENEENEE _]
\paz Hexdly mokar u HanpsXeHuer LI u maxmobozo cuzHma
T
4 Cenfral I J |
Power factar calculofor Time and clock confrol unif
[rocessing —_—
ut
lamsuk Hanpaxerus gasel A/ Vol fage sensar phase A —_——— e —
4 2 / 7 Z Scmpovcmbo copadomky [_ Yzen anpedencrus _|
BxodH020 CU2HONA HOMDAXCHUS GO0MHUMELHEIX NOPaMempol
Lamquk Hanpsxerus gasl B/ Vol fage sensor phase B% P H P :
Valtage input processing device wure paramefers defimtion Ll/m

Lamauk Hanpsxerus gasw Vol tage sensor pase ( ———————4 L0—+ 1 L —

Puc. 1. ®yHnkunoHanbHas cxema yCTpOHCTBa JIIsl KOHTPOJIS TapaMeTpOB
JJIEKTPUYECKON SJHEPTUU B CETU B MECTE €r0 YCTAaHOBKH

V3en ompeaeneHuss casura ¢da3 MEKAy TOKOM U HaIpsHKEHHEM
MIPEICTABIISIET COOOM AIEKTPOHHOE YCTPONCTBO, KOTOPOE MPUHUMAET HA BXOJ
CUTHAJIBI TOKA W HANPSDKCHUs] OMHOUMEHHOW (ha3bl M BBIYUCIISET YrOJl CIABUTA
da3 Mexay HUMHU (pe3ynbTaT TMOJydaeTcss B rpaaycax), a 3areM mnepenacTt B
1(POBOM BHUJIEC HA IIEHTPATHLHOE BBIUMCIUTEIHHOE YCTPOHCTBO.

[TomuMo Bcero mpoyero, MOAYJIbHOCTh YCTPOHCTBA MO3BOJIIECT 100ABISATh
HEOTPAHUYEHHO YHCJIO JAaTYUKOB TOKAa K YCTPOHCTBY OOpaOOTKH BXOJHOIO
CUTHaJa TOKa, 4YTO MOXET OOeCrneyuTh B TOM YHCJIE KOHTPOJIb BCEro
pacIpenenuTeIbHOr0 yCTPOKUCTBA MPU ITOMOIIM OJHOTO YCTPOMCTBA 3a CUET
KOHTPOJISI J1aTYMKAaMH TOKA KakKk BBOJHOIO, TaK M BCEX OTXOJIAIINX
MPUCOEAUHEHNN. BapuaHThl NOAKIIOYEHUS HAaTYUKOB TOKAa YCTPOMCTBA
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nokazanbel Ha Puc. 2 [1], AeMOHCTpHpYIOIIEM CXeMY MOAKIIIOYCHHS Mprbopa K
CeTH Ui KOHTPOJS MPOTEKAIOUIEro TOKa Ha BBOJE M Ha JIBYX OTXOMSIIMX
npucoequHenusx (Bapuant 1). Tak ’xe Ha O3TOM pHUCYHKE TIOKa3aH
TPaJMIIMOHHBIA CMOCO0 MOAKIIOYEHUST MpuOopa sl KOHTPOJIS OTXOJSIIETO
MPUCOEANHEHUSI HA KOHEYHOTO MOTPEOUTENsl, YCTAHOBICHHOTO HA TpaHUIIe
OalaHCOBOY MPUHAJICKHOCTH (BapHaHT 2) U CIIOCO0 MOAKIIOYCHUS Mpudopa B
TOYKE BETBJICHHS, SBISIOMUNACS HamOoJee SKOHOMUYHBIM (BapwaHT 3).
COBEepIlIEHHO OYEBU/IHO, YTO TOYKH BETBJICHHUS MOTYT ObITh OOBS3aHbBI CKOJBKO
YrOAHO OOJBIITMM YHUCIOM JAaTYAKOB TOKA, YTO JIOMOJHHUTEIHHO YBEITUYHT
TOYHOCTD TOJTY4aeMbIX PE3YyIbTaTOB M JIDKET B OCHOBY CO3JaHUS «IIU(PPOBOTO
JIBOMHUKA» 3JIEKTPUUECKOU CETH.

[lodkmo4erue nompeosumens [Todkmoyerue nompesumens
(bapuarm 7/ (bapuarm 2]
v ) To9xa bembrerus
Lonsumer connection Lonsumer connection
loption 1) (option 2) Branch point
A i '7,\/!“ ’Z"FZ?:/ L i —77::
[umapwyas P P
LS B @2h|  ed2d . 2 /,\ \ /7/.70[70//)(?/[/5’ cemu
_ g 7Ex o132 437 Continuation
Power line - T == = \ \ of the network
4z | @32 am @
432 4z
K nompeoume/w K nompedume/mw [lpodonxerve cemu
To consumer To consumer Continuation

of the network
Puc. 2. BapI/IaHTLI IIOAKJITFOYCHU ST yCTpoP'ICTBa JJIA KOHTPOJIA ITapaMeTpOB
BHGKTpI/I‘JGCKOﬁ 3Hepr1/11/1 B CE€TU B MECTEC €TI0 yCTaHOBKI/I

Ha Puc.2 TOoHKOW JMHUEW TNOKa3aHbl MNPOBOAHUKH OCHOBHOM II€TH
paccMaTpUBaeMOM JJIEKTPUUYECKOW CETH, a OCHOBHOM JIMHUEW IOKa3aHO
MOJAKJIIOYCHUE JAaTYMKOB HanpsbkeHuss K cetd. lltpuxoBon  nuHueEw,
oOpasyrolei JIJTMIC, TOKa3aHbl JaT4ukd Toka (Hampumep, Al.l),
MOAPA3yMEBAETCA, 4YTO TOYKA, B KOTOPOW BBINIOJHAECTCS W3MEPEHUE TOKA,
HaxoJIuTCsA B LEeHTpe 3uunca. OCHOBHOW JIMHHMEH, 00pa3yrolieil OKpy>KHOCTb,
MOKa3aHbl JAaTYUKW HampsbkeHus (Hampumep, V1), KOTOpble U3MEPSIOT
HalpsDKeHUE MEXAY KakIoh W3 (a3 M HyJIEBBIM IPOBOJHUKOM B TOYKE
MOAKJTIOUCHUS JaTYMKa (IMTOKa3aHa y3JIOM).

OtcyTcTBHE HEOOXOJAMMOCTH B pa3pbiBe MPOBOAHUKOB OCHOBHOMW IIEMHU
oOecrieunBaeTcsl MPUMEHEHUEM JIaTYUKOB TOKa, HWMEIOUIUX Pa3bEMHBIN
CEepJICYHUK M YCTAaHABIMBAEMbIX Ha MPOBOJ B U3oysiuu. OTCroAa cienyer, 4To
MOJIKTIOYCHUE JTAHHOTO YCTPOMCTBA BO3MOYKHO B JIFOOOM MECTE Ha BO3IYITHOM
JUHUU U B MECTE Pa3BETBJICHHUS KaOEIbHOW JIMHWU, WHBIMU CIIOBAMH: B TEX
MeCTax, IJe OTJeIbHBIC KUJIbI Kabels pa3BeIeHbl Ha JOCTATOYHOE PACCTOSHUC
MEXy APYr APYrom (Hampumep, B TOUKAX BETBICHUS JIMHUM, BBITOTHEHHBIX
CaMOHECYIIUM HU30JIMPOBAHHBIM HPOBOJIOM).
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OueBHIHO, YTO OTJIHYAKOIIUMUCA y3JaMH B  3aBUCHMOCTH  OT
paccMaTpMBaeMoOro Tuma ceTed OyayT SBIATbCS JAaTYMKA TOKa BBHUIY
Pa3IMYHBIX MPUHLHUIIOB MX pabOThl B PACHpPE/ICIUTENbHBIX CETAX Pa3TUUYHBIX
KJIACCOB HAIPSKEHUM, a TakXe BBHUJY PA3IMYHBIX TPEeOOBaHUN K H30JSALUU
YCTPOMCTB B CETSIX HHU3KOIO W CPEAHEr0o HampspKeHHs. J(aTuyuku HanpsKeHUs
[PEANOIaraloT OOIIYI0 KOHCTPYKIMIO JJIsl CeTeid HU3KOTO U CPEIHEr0 YpOBHSA
HANPSDKEHUH 3a CYET TOTO, YTO B CETAX HU3KOTO HANPSHKEHUS OyAET BBITOIHEHO
HEIMOCPEJICTBEHHOE TMOAKIIOYEHUE JaTYMKOB HANPSIKEHUS K TOKOBEIYIIUM
YacTsAM, a B CETSAX CPEJAHEr0 YPOBHS HAIPSHKEHUM NATYUMK HaNpsDKeHUs Oynaer
MOJIKJIIOYAThCSl K HMMEIOLEMYyCs OO0OpYJIOBaHUS Al U3MEPEHHs HAMpSIKCHHS
(Hanpumep, TpaHcPOPMaTOP HAIIPSKEHUS U3MEPUTEILHBIN ).

Beluucinenre BCeX KOCBEHHO M3MEPSEMBIX BEIUYMH IPOU3BOIAUTCS
LEHTPAJIBHBIM BBIUHUCIUTEIBHBIM YCTPONCTBOM B ABTOMAaTUYECKOM PEKUME C
COXPaHEHUEM apXMBHBIX 3HAYEHUH 3a ONPEIEIEHHBIN IEPUO.

PE3YJBTATBI UCCJIEJOBAHUA

VY CeTporCTBO 7151 KOHTPOJISL TapaMETPOB JEKTPUUECKON IHEPTUU B CETH B
MECTE €ro yCTAHOBKH, IMO3BOJISIOIIEE CO3/1aTh CUCTEMY, COCTOSILIYIO M3 psijaa
U3MEPUTENBHBIX YCTPOMCTB M LEHTPAIBHOIO 00padaThIBAIOIIEr0 KOMIIBIOTEPA,
CIIOCOOHYIO TPOU3BOAUTH MOHUTOPUHT MapaMeTPOB ANEKTPUUECKON SHEPTUU B
pacnpenenuTeNbHOM CETH J000r0 TUIA B PEAIbBHOM BPEMEHU C BO3MOKHOCTBIO
coopa CTaTUCTUYECKON MH(POPMALIMM MOXKET OBITh MPUMEHEHO B CIEAYIOIIMX
o0nacTax:

—CEJIbCKME M TOPOJCKHE paCHpPEACIIUTEIbHBIE 3JIEKTPUYECKUE CETH
HU3KOTO HAIPSIKEHUs NEPEMEHHOTO TOKa (B TOM YHCIE M BHYTPEHHHE CETU
NPEANPUATUI);

—CEIIbCKME M TOPOJCKHE pacClpeAesIUTEIbHbIE 3JIEKTPUUYECKUE CETU
CPEIHEr0 HaNpsKEHUs MEPEMEHHOr0 TOKa (B TOM YHUCJE€ M BHYTPEHHUE CETU
NPEANPUATHI);

— BHYTPUIUIOLIAJOYHbIE  CETH  IMOCTOSSHHOTO TOKAa  IPOMBIIUIEHHBIX
MPEANPUSITUNA.

B xaxmoit w3 ykazaHHBIX oOOJiacTeld NpPUMEHEHHE pPa3paboTaHHOTO
yCTpOMCTBA MPU YCIOBUU CO3JaHUS WH(GOPMALIMOHHO-U3MEPUTEILHON CUCTEMBI
MO3BOJIMUT MPOU3BOJNUTH AHAIN3 MAPAMETPOB AIEKTPUUYECKOW 3HEPIHMH B CETU:
ONPENEIUTh BEIMYUHY MOTEPh AIEKTPUUECKOW IHEPruu (Kak KOMMEPYECKHUX,
TaK U TEXHUYECKHUX); ONpPEeNeNsaTh HauboJee MpoOIeMHbIE YUYaCTKH 10 MOTEepIM
ANEKTPUUECKOM SHEPIMM C YKa3aHUEM MECT BO3HMKHOBEHHUS TEXHUYECKUX
NOTEPhb  DJIEKTPUUECKOW JHEPruM M MECT HEYYTEHHOIo MOTpeOsIeHUs
ANEKTPUYECKOM  DHEpruu; coOupaTh U COXpaHATh  CTATHUCTHKY  JUIS
OTCIIeKUBAHUA JWUHAMUKA WM3MEHEHUS BEJIUMYMHBI TOTEPh; MPU BHEIIHUX
BO3JICUCTBHUSIX Ha CUCTEMY (BBOJ HOBOW HH(OpMAMU O TEXHOJIOTMYECKUX
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HapYIIEHUSAX, O BBIXOJIE U3 CTPOsi 000PYIOBaHUS) OCYIIECTBIATh, MUCIOJIb3YS
JaHHBIE 00 AaKTyaJIbHOM YpPOBHE TEXHUYECKHUX IOTE€Ph B CETH, YIAIEHHYIO
JWAarHOCTUKY JJIEKTPUYECKOM CETH Ha NPEAMET HAJIWYUsA Pa3BUBAOIINXCA
ne(deKToB, CIOCOOHBIX MPUBECTH K BO3HUKHOBEHHUIO TEXHOJOTMYECKOIrO
HapyILIEHUs, YTO, B CBOK OYEpE/b, NO3BOJIUT CBOEBPEMEHHO PEarupoBaTh Ha
BO3ZHHKAIOIIME OTKJIOHEHUS B MApAMETPaxX 3JIEKTPUUECKON SHEPTHH U MPUBENET
K MOBBIIICHUIO HAAEKHOCTH ICKTPUUECKOM CETH, YTO OCOOCHHO aKTyaJbHO IS
CEJIbCKUX U TOPOJICKMX PACHPEIEIUTENbHBIX 3JIEKTPUUECKUX CETEe HU3KOro U
CPEIHETO YPOBHS HANPSKEHUM MEPEMEHHOT0 TOKa.

3AKJIOUYEHME (BLIBO/IbI)

[udpoBuzaiust >IEKTPOIHEPTETUKA HA CETOMHSIIHUN JEHb SIBISICTCS
HanOoJiee TPUOPUTETHOM 3a/lauell pa3BUTHUS AJIEKTPOCETEBOIO0 KOMILIEKCA B
neiaoMm.  OcHOBHOM — 3amadyeil  mu@poBH3alMU  SIBISIETCA  TEPEBOJ
AIEKTPOIHEPTETUUECKUX CUCTEM (M B OCOOCHHOCTH JJIEKTPUUECKHX CETEil) B
nudpoBoit Bua (uudpoBOe NpeACTaBICHUE), TAE KaXAbIA AJIEMEHT Oyaer
MPECTaBICH oOmpeneaeHHbIM HabopoMm wuHpopManuu. Co3gaHue MOJ0O0HOTO
pona 6a3 JaHHBIX MpPEIoJiaracT HAJMYMe MHOXECTBA yCTPOWMCTB sl cOopa u
nepeaadyd WHPOPMAIUA O MapaMeTpax JJIEKTPUYSCKONW SHEPTHH B TOYKAX HX
ycranoBkw [14, 15, 16].

[Tomumo BCETO  TPOYETO, MPEACTABISICTCS  TMEPCTICKTHBHBIM
WCITOJIb30BAaHUE JaHHBIX, COOMpPAEMBIX YCTPOWCTBAMH, IS HAKOTUICHHUS
CTaTUCTHYECKOW WHGOpPMAIMU O paboTe CETH B PA3IMYHBIX PEKUMAx WU TIPU
pa3TUYHBIX YCJIOBHSX, KaK BHYTPEHHUX, KaK W BHENIHUX. B TakoMm ciydae
CTaHET BO3MOXXHBIM OTCJIEIUTh U YCTAHOBUTH 3aBHCHMOCTH B TOM YHCJIE U
YPOBHSI TIOTEPb DJIEKTPUYECKOW dSHEpruM (Kak TEXHUYECKUX, TaK W
KOMMEpPYECKHUX) OT TakuxX (aKTOpoB, KaK TemIeparypa U BIAXHOCTb
OKpYXalolel cpeiibl, a TakKe OLICHUBATh PA3BUTHUE BEIMYMH TOKA YTEUKH H
MOTEPb MOITHOCTH B CETH C TEUEHUEM BPEMEHHM IKCIUTyaTalluy OTACIbHO B3SITOU
CETH.

Ha ocHOBaHWM BBINIEU3IIOKCHHOTO MOXHO 3aKJIIOYUTh, YTO B
MEPCTIICKTUBE MCIOJB30BAaHUE YCTPOMCTB cOopa M mepenayn MHGOPMAIMH O
nmapamMeTpax dJJICKTPUYECKOW DJHEPrud B paMKax CHCTEMBI ITU(POBOTO
MIPE/ICTABIICHUS] CETH IIO3BOJIUT IPOM3BOAUTH HE TOJBKO aHAJIU3 TEKYIIETro
COCTOSIHHS, HO ¥, Ha OCHOBAaHWW COOPAHHBIX CTATUCTUYCCKUX JIAHHBIX,
OCYIICCTBIATH IPOTHO3UPOBAHKUE Pa3BUBAIOIINXCS HECOOTBETCTBUN B CETH, UTO,
B CBOIO OYEpeab, IO3BOJIUT MPEAYNPESKIATh BO3HUKHOBECHHE W Pa3BUTHC
pPa3TUYHBIX TEXHOJOTUYECKHX HapyIIeHWd B ceTh. Hamuwume BO3MOXKHOCTH
MOJyYEHUsT MNPOTHO30B JAJIBHEHIINX W3MEHEHHUW B JJIEKTPUYECKOM CETH Ha
OCHOBAaHHMH W3BECTHOW MH(OpPMAIMK O MPEABIAYIIUX MEPUOIaX KCIUTyaTalluu
MOJKET JIeYb B OCHOBY CO3JaHUSI YMHBIX JJIEKTPUUYECKUX CETEH, B KOTOPHIX OIBIT
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OKCIUTyaTallil aHAJIOTMYHBIX CETEH IO BCEMY MHUPY IO3BOJHT TIOTy4aTh
PEKOMEHIAlMK O HAWIYYIIMX PEIICHUSX Ha BCEX dTamax >KU3HEHHOTO IUKIIa
DIIEKTPUIECKUX CETEH: OT MPOSKTUPOBAHMS [0 KAUTAILHOTO PEMOHTA W/WJIH
PEKOHCTPYKITHH.

Pa3pabotanHoe B paMKax NaHHOTO MCCIIEIOBAaHUS YCTPOIMCTBO OTBEYAECT
BCeM TpeOOBaHMIA, yKa3aHHBIM TIPH IIOCTAHOBKE 33Ja4d M MOXKET OBIThH
WCITOJIb30BAHO B TPAKTHYECCKOW MEATETHHOCTH 3JIEKTPOCETEBBIX KOMITAHWHA U
MPOMBITIUICHHBIX mipeanpusaTuii. OcHoBHas cdepa NPUMEHEHHS — aHaIu3
COCTOSIHUS CEeTe W olleHKa 3(P(HEeKTUBHOCTH MX paboThl. Takke HEOOXOAMMO
OTMETHTb, YTO JJAHHOE YCTPOMCTBO MOXKET OBITH B IMIEPCIEKTUBE MCIIOIH30BAHO B
paMKax BCEX BBHIIICYTIOMSHYTHIX HAIPaBICHU.

ABTOPBI 3a5IBJISIIOT, YTO:
1. V HUX HeT KOH(INKTa UHTEPECOB;
2. Hacrosimast ctathsi HE COACPKUT KaKMX-TMOO MCCIENOBAHUN C y4acTHEM
J0JIeH B KaueCTBE 0OBEKTOB UCCIICI0BAHUM.
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cereil AIIK Ha miardopme uHTEepHeTa 3Hepruu / MaTepualibl HAMOHATIBHON HAay4YHO-
NPaKTUYECKON KOH(EepeHIINN «AKTyallbHbIe TPOOJIeMBbl Hayku U TexHUKn». — 2019. — C.
327-328. [Tsygulev NI, Khlebnikov VK, Shelest VA, et al. Tsifrovizatsiya
elektricheskikh setey APK na platforme interneta energii. Proceedings of the national
scientific and practical conference “Actual Problems of Science and Technology”.
2019:327-328. (In Russ.)]. Ccpuika aktuBHa Ha: 17.05.2021. JloctymHO 110:
https://www.elibrary.ru/item.asp?id=39451039.

bensiit B.b. Monens nporeccoB noTpedieHns 3MeKTPOIHEPIHH KOMMYHaJIbHO-OBITOBBIM
CEKTOPOM B CENbCKUX dJekTpuueckux cersix / Matepuanst XVII mexmyHapoaHoi
Hay4YHO-TIPAKTUYECKON KOH(pepeHunn «DHepro- u pecypcocoepexxkenne — XXI| Bek».
— 2019. — C. 42-45. [Belyy VB. Model' protsessov potrebleniya elektroenergii
kommunal'no-bytovym sektorom v sel'skikh elektricheskikh setyakh. Proceedings of the
national scientific and practical conference “Energo- i resursosberezheniye — XXI vek”.
2019:42-45. (In Russ.)]. HocrymHo mo: https://www.elibrary.ru/item.asp?id=42256826.
Ccpuika akTuBHa Ha: 17.05.2021.
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Py6puka 2. HAYYHBIE U [IPAKTUYECKUE PA3PABOTKU
Hamnpagnenue — OnekTporexHuka

VJIK [UDC] 656.34
DOI 10.17816/transsyst202073120-130

© E. 10. Cynaykos', B. M. Hlmbpnnz, B. E. CynaykoBa’
'ChIKTBIBKAPCKHIi IECHOM MHCTHTYT — (umman CaskT-IleTep6yprexoro
rOCyAapCTBEHHOIO JiecoTeXxHnYeckoro yauusepcurera um. C.M. Kuposa
(CeixThIBKAp, Poccus)

2CaHKT-HeTep6yprc1<1/1171 rOCYJapCTBEHHBIN JIECOTEXHUYECKUN YHUBEPCUTET
uM. C.M. Kuposa

(Cankr-IletepOypr, Poccust)

INHOCTPOEHHUE MHOI'OKAHAJIBHBIX
MATHUTOJIEBUTAIIMOHHBIX CUCTEM

OobocnoBanme: [lpemiaraercss 3agaBaTh Oeryiiee MarHUTHOE IOJIE B CIIEHUAIBEHOM
yhopapisifoneM kaHaie (0amke, TpyOe), CONPSDKEHHOM C HECKOJBKUMH  YIPaBISEMbBIMU
KaHaJaMHl — MaJIoTa0apUTHBIMH MarjieB-CUCTEMaMH, B KOTOPBIX OCYIIECTBIISCTCS JICBUTAIIHS
TPAHCIIOPTHBIX MOAYJIEH.

Henab: OCYImIECTBUTh COMPSDKEHUE YIPABISIIONIETO KaHala C  HECKOJbKUMU
yhOpaBisieMbIMH KaHanamu (0 deTblpex). llpu sTom ympaBistonuii kaHan Oynet
pacmojaratbCcs B IIEHTPE, a YIPaBIIsieMbIe KaHAIIbI BBEPXY, CIIPaBa, BHU3Y, CJICBA.

Metoabi: 3/[-MonenupoBaHHe, MaKETHPOBAaHHE, MPOCTPAHCTBEHHOW KOMIIO3HIINH,
MAaTEHTHBIN OUCK.

PesyabraTnl: berymiee MarHutHoe mojie B YIOPaBISAIONIEM KaHaie CO3/1aeTcs
JBUKYIICHCST TIOCTIEIOBATEIPHOCTRI0 B3aUMOJICHCTBYIONIMX JPYT C JPYrOM HCTOYHHKOB
MarHUTHOTO TOJII — MyBEPOB, KOTOPbIE B3aUMOACHCTBYIOT C HCTOYHUKAMH MarHUTHOTO TOJIS

TPAHCHOPTHBIX MOJAYJIEH — IONYTYMKaMH, JIEBUTUPYIOIIMMH B YIPAaBISEMbIX KaHAJIAX
MOCPEICTBOM UCTOUHUKOB IMOCTOSTHHOI'O MAarHUTHOTO MOJIS.
3ak/royeHue:  MajorabapuTHbIE  MarjieB-CUCTEMbl ~ MOTYT  0Opa30BBIBATH

MHOT'OKaHAJIbHYIO TPaHCIIOPTHYIO CUCTCMY.

Knrouegvie cnoga:. MarHWUTOJEBUTALMOHHBIE TPAHCIOPTHBIE CHUCTEMBI, HCTOYHHMKH
MarHUTHOTO TIOJIA, YOPAaBISAIOLIMN KaHall, yNpaBiseMbld KaHall, MyBep, (Q-TpeBenep,
TPaHCIOPTHBIN MOZYJIb.

Rubric 2. SCIENTIFIC AND PRACTICAL DEVELOPMENTS
Field — Electrical Engineering

© E. Yu. Sundukov', B. M. Shifrin? V. E. Sundukova®

' Syktyvkar Forest Institute - a branch of St. Petersburg State Forestry University
named S.M. Kirov

(Syktyvkar, Russia)
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CONSTRUCTION OF MULTICHANNEL
MAGNETOLEVITATION SYSTEMS

Background: It is proposed to set a traveling magnetic field in a special control
channel (beam, pipe), coupled with several controlled channels - small-sized maglev systems
in which levitation of transport modules is carried out.

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

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

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

Conclusion: The small-sized maglev systems can form a multi-channel transport
system.

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

BBEJAEHUE

[To Bumy 0OOpymOBaHMS MYTENPOBOJOB OOJBITUHCTBO PEATM30BAHHBIX
TPAHCIIOPTHBIX CHUCTEM Ha OCHOBE MArHUTHOW JICBUTAIMU (MarjeB) MOKHO
OMPENICIIUTh KaK OJHOKaHAIBHBIC — BCE 000pYAO0BaHNE B OJJHOM KOpoOe (Tpyde)
Wi BOKpyr omHoi Oanku [1,2]. CraropHas 0OMOTKa MyTeNpoBOA
MOJIPA3/ICNSAETC Ha YCKOPSIOUyI0 OOMOTKY M OOMOTKY, OO€CIEeYHBAIOIIYIO
MOJHITHE WM TOJABEIIMBAHUE TPAHCIOPTHBIX MOayJel. TpaHCHOpPTHBIE
MOAYJIM TIEPEMEIIAIOTCS] TMPU CO3JaHWUM OETymero MAarHUTHOTO TIONS B
YCKOPSIIOLIEH 0OMOTKE.

[Ipenmaraercss 3agaBaTh Oeryiiee MarHUTHOE TIOJIE B CIICIIHAIIBHOM
yopaBisionieM kaHaie (Oanke, TpyOe€), CONPSIKEHHOM C  HECKOJbKUMHU
YIPABISIEMBIMH KaHATIAMH — MaJIOTa0apUTHBIMHA TPAHCTIOPTHBIMU CUCTEMaMH.

BMECTO ITOE3JIA - MAJIO'ABAPUTHASA CUCTEMA

B Hacrosmee Bpemsi MPOSIBISETCS TEHACHLMS pacCMAaTpUBATH MarjeB-
CUCTEMBI KaK Pa3sHOBUAHOCTH JKEJIE3HOJOPOKHOIO TPAHCIIOPTa, a HMEHHO
MarucTpajbHBIX BHICOKOCKOPOCTHBIX moe3oB [3]. TloaBmKHO# cocTaB COCTOUT
U3 BaroHOB, MMEIOUIMX JOBOJIbHO 3HAuWTENbHbIE TabapuThl U CTOUMOCTD.
CoOTBETCTBEHHO, BEJTMKA CTOUMOCTh U IMTyT€BON MHPPACTPYKTYPHI.

HauOonpuminii mporpecc B pa3BUTHUM MarucCTPajbHBIX MAarjeB-CUCTEM
nocturuyT B Kuraiickoit Hapoanoii PecriyOnuke [4].
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B TpancnoptHeix cucremax Hyperloop kancynbl-uenHOKH —OyayT
nepeMeniaTbCsi BHYTPU CUCTEMBI TPYOOIIPOBOJIOB B CpeJie HU3KOIO JABJICHHUS CO
ckopocThio Topsiika 1200 KM/4 ¢ UCTIOIB30BAHUEM MAarHUTHOM JjeBuTanuu [5].
JIByxmecTtHas karicyna XP-2 mpoiijia UCHIBITaHUS HA CIENHUATBHOM TOJIMTOHE
500 m [6]. Tem He MeHee, CyMIECTBYIOT OMACEHHs, YTO AKCIUTyaTHPOBATH
0JTOOHYIO CUCTeMY HeOe30I1acHO M CIIMIIKOM Joporo [7].

B monorpadun [8] paccmoTpeHbl (hakTOphI, OCIOKHSIONUE PA3BUTHE U
CoJiep>)KaHuE BBICOKOCKOPOCTHBIX Maructpaneil Ha mpumepe TpaHccHOUpCKOit
YKEJIE3HOTOPOKHON MATUCTPAIIH.

JleficTBE HEKOTOPBIX U3 HUX MOXHO YMEHBIIWTH MPU HUCMIOIb30BAHUU
MaJIOTa0apUTHBIX ~ TpaHCHOPTHBIX  cucteM [9]. Taxke MamoraGapuTHBIC
TPaHCIIOPTHBIE CUCTEMBbI OyAyT OBICTpee OKyNaThCi TaM, TJe HET OOJBIINX
I'PY30BBIX U [1aCCAKUPOIIOTOKOB.

Bmecte ¢ Tem kaxnas M3 INpeAslaraéMbIX CHUCTEM HMEET Kakoe-Tubo
panMoHaIbHOE 3€pHO, OOy KAatolee pa3padOTUNKOB K CO3aHUIO HOBOTO BU/IA
TpaHCIIOPTA.

CoObITHS, CBSI3aHHBIE C PACIPOCTPAHEHUEM KOPOHABUPYCHOM MH(EKIUH,
OpUBEIM K TNAJACHUI0 OO0BEMOB MPOM3BOJACTBA BO MHOTHMX CTpaHax,
COOTBETCTBEHHO, 3TO CKa3aJ0Ch W HA PA3BUTUU HOBBIX BHJIOB TPAHCIOPTAa BO
BceM mupe. OTMeyaeTcsi pocT CKENTHUIIM3Ma M0 MPOEKTaM BBICOKOCKOPOCTHOTO
TPAHCIIOPTAa B CBS3M CO 3HAYUTEIBHBIMU KAMUTAJIbHBIMU BJIOXKCHUSMH B
CTPOUTEIBCTBO U JOJTUMHU CPOKAMH OKYIA€MOCTH, CTaBSITCS O]l COMHEHHE HX
peanu3yeMocTb U 3KOHOMHUYecKas 3QpekTuBHOCTh. HekoTopbie uccienoBaTenu
cuntatoT [10], 4TO UMEHHO MPOEKTHl BHICOKOCKOPOCTHBIX MAarucTpajied MOTyT
CHOCOOCTBOBAaTh BOCCTAHOBJICHHWIO HKOHOMHUKH, €CIIM IEJM HMX pealu3aluu
OyIyT MOCTaBJIEHbI B paMKax HAIMOHAIBHBIX MPOEKTOB, a TAKXKE MPHU YCIIEITHON
WHTETpalid HOBBIX BHUJOB TpPaHCIOpPTAa C JAPYTMMU BUJAMHU TpPaHCIOpPTAa B
HallMOHAJIBHBIX TPAHCIIOPTHBIX CUCTEMAX.

Bo3moxkHOE B3aMMOJIEHCTBHE MAruCTPAIbHOW U MalorabapUTHBIX
MarjeB-CUCTeM Toka3zaHo Ha Pwuc. 1. MaructpanpHble TyTH TOAXOIAT K
y3JI0BOMY NE€PECaOYHOMY MYHKTY, OT KOTOPOr0 00E€CIeUnBaOTC COOOIICHUS -
MPUBS3KU K HECKOJIBKUM YJIaJIEHHBIM OOBEKTaM.

CooO1IeHUA-TIPUBA3KH  MOTYT  OBITh  pEaJu30BaHbl  MOCPEICTBOM
MajiorabapuTHOM TPAHCIOPTHONM CHCTEMBI C OCTAKaJIO0M apoO4yHOIro THIIA,
nokazaHHoi Ha Pwuc.2. WCTOYHMKM MArHuTHOTO TIIOJII  OCTakKagbl M|
TPAHCIIOPTHOTO MOJYJISl pa3MEIICHBI B JIBYX COMPSKEHHBIX KaHaiax (Oanikax).
B ognom u3 xaHanoB (BepxHuil Ha Puc. 2) pa3MmeleHbl MCTOYHUKH MAarHUTHOTO
MoJIs MYBEpbl, HUMEIIUe KoJbleByl0 ¢Gopmy. JlanHbii kanam Oyjaer
ynpasistomuM. OH mpeacTaBisieT coboi TpyOy, BHYTPHM KOTOPOM CO3HaHbI
ujealbHbIe YCIOBUS JJI JBUKEHHS] MyBEPOB KaKUM-JIHOO M3 cocoOoB (cpena
HU3KOIO JIaBJICHUS, IBUKEHHE B TOTOKE KUAKoCTH [11] unmu ap.).
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Puc. 1. BzaumozeiicTBre MarucTpaibHON U MaJloradapuTHBIX MarjeB-CUCTEM

B pe3ynbTaTe 3a1aHusl yCKOPEHHS] OTHOMY WJIA HECKOJIBKUM MYBEpaM BCA
3Ta MOCJEI0BaTEIbHOCTh MPUXOJIUT B IBUOKEHUE.

Tpancnoptasiii Monynb (TM) B cucteme Ha Puc. 1 coctout u3 xkaOuHbI U
HECKOJPKMX WMCTOYHMKOB MATrHUTHOTO TIOJISI TaKXKe KOJIBIEBOW (OpPMBEI,
COCIMHEHHBIX C KAOMHOM, HapuMep, MPH MOMOIITH TAT. MarHuTHbIE UICTOYHUKH
TM pa3mernieHbl BO BTOPOM KaHalie (HWwKHUM Ha Puc. 1), KoTopslid sBIseTcs
yhnpasisieMbiM. B cilydae NpUMEHEHHsSI COCOUHUTENBbHBIX TAT YIpPaBIsSEMbIil
KaHaJl MMEEeT BbIpe3 JUIsl UX MepeMelleHus, a i JeButanuuu TM oH
000pyZ0BaH HMCTOYHUKAMH TOCTOSTHHOTO MarHMTHOTO TMOJISI MPSMOYTOJbHOU
(bopMbl (MArHUTHBIMU PEJIHCAMM).
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KaHan ana myeepos
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¢-TpeBenepos

MCTOUYHUKN
MArHUTHOro

MOCTOAHHOrO
nons

KabuHa

Puc. 2. O6muii Bug ManorabapuTHOM TPAHCIIOPTHOM CHCTEMBI
C ACTaKaJ0il apOYHOro TUIA

HekoToppie 13  MyBEpOB  B3aUMOJCUCTBYIOT C  HCTOYHHKAMU
TpaHCOpTHOTO Mojaysa. IIpu mpuBeneHUM NOCIEAO0BATEIBHOCTU MYBEPOB B
JIBJKCHUE HAYMHAKOT JBUTAaTbCd M MAarHuTHblie HCTOYHUMKHA TM. IlosTomy
Ha3oBeM wux mnomytyukamu (d-TpeBenepamu). Bwmecte ¢ ¢d-TpeBenepamu
nepemMeniaercs u cam TM.

Bces aByxkaHanbHasi KOHCTPYKIMS YCTAHABIMBAETCS HA APOYHBIX OTIOpax,
00pa3ys AcTakamy.

Kak BumHo Ha Puc. 2, B omuimune oT cucteMbl mo npoekty Hyperloop,
KaOWHa BBIHOCUTCS W3 KaHazia (TpyObl), T/Ie CO3/1aeTCsl Cpefia HU3KOTro JaBJICHUS
WU Jpyrde MEponputHsi, oOeCIeYMBAIOIINE WJCabHbIC YCIOBUSA IS
JIBU>KCHUSI MYBEPOB.

OCOBEHHOCTHU CUCTEMBI C MEXAHNYECKHNUM
COEAUHEHUEM KABUHbBI U MYBEPOB

Ipeumywecmsa npeonazaemoi mpancnopmuou CUCmeMul.

BayTpu xopoba MmyBepaMm MOTYT OBITH CO37[aHBI UJCATBHBIC YCIOBUS TS
JBIWKCHUS, YTO TIO3BOJISIET HE MCIOJIb30BaTh SJIEKTPUUYECKUM TOK OOJBIION
BEJIMYUHBI.

DcTakaJHOe HCIOJHEHHE TO3BOJISIET 00eCeunTh O0€30MacHOe yIajieHue
KaOWHBI OT AaKTUBHBIX MAarHUTHBIX MCTOYHHMKOB, a TakXe IIPEoI0JIeBaTh
TPYAHOAOCTYITHBIE YYACTKHA MECTHOCTH.
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MarnorabaputHasi TpaHCIIOPTHAs CUCTEMa OBICTPEE OKYIUTCS B CIy4asx
HEOOJIBIINX MACCAKUPCKUX U TPY30BbIX MOTOKOB.

OcobenHocmu  MPAHCNOPMHOU  CUCMEMbl,  O2paHudusarwue  eé
npumeHenue.

MakeTHbIe HUCIBITaHUS BBISBUIN OCOOCHHOCTH JIaHHOW TPAHCIOPTHOM
CHUCTEMBI, OTPAHUYMBAIOIINE €€ TPUMEHEHNE. A UMEHHO:

1) KopoO BBHITIOJHEH C BBIPE30M, YTO OCIA0ISCT MPOYHOCTh KOHCTPYKIIHH;

2) UCToIb30BaHUe OoJiee IBYX COCITMHUTENBHBIX TAT IS OJHON KaOWHBI
3aTpyaHseT aBrmkeHrue TM B MecTax 3aKpyrJieHUN;

3) coeIMHUTENBHBIE  TATH  HE  O0ECIeuHMBalOT  OCCKOHTAKTHOE
nepemenieHre TM, MOCKOJIbKY B HEKOTOPbIE MOMEHTBHI OHM OyIyT KacaThCs
KpaeB BbIpe3a Kopo0a;

4) nns 3a7aHus YCKOPSIOIIETO YCHIIMSA MyBepaMm TpeOyercsi yCTaHOBKa
AJIEMEHTOB JIMHEWHOIO 3JEKTPOMArHUTHOIO ABUTATENSI HA BCEM MPOTSKEHUU
ACTaKaJpbl.

Bozmooicnoe npeoodonenue oepanuyusarowux ocobenHocmell.

CrenyromuM 1aroM B pPa3BUTHUHM TAaKUX TPAHCIIOPTHBIX CHUCTEM MOKET
CTaTb ~ OECKOHTAKTHOE COEJWHEHHWE MYBEpPOB UM  KaOWHBI, KOTOPOE
obecrnieunBaeTcsl npu nomoiu 3p@exkra «MarHUTHOM MOTEHIMATBLHON SIMBI»

[12]

BO3MOXHOCTHU CUCTEMbBI HA OCHOBE D®PEKTA
«MATHUTHOM HOTEHIIUAJTBHOM SIMbI»

Oddexr «MarHuTHONW MOTCHIMAIBHOM SMBD» TIPH B3aUMOJICHCTBUU
U1€aIbHOMPOBO/IAIINX KOJIBIIEBBIX CTPYKTYp ObLT OTKpHIT B.B. Ko3zopeszom [13].
[Ipruem 3TO B3aMMOAECHUCTBUE IPOSIBISIETCS KAK IPH PACIOJIONKECHUU KOJEL B
napajienbHbIX TockocTax (Puc. 3a), Tak U npu pacmoyoKeHUU dTUX KOJIEIl B
onHoM mrockoctu (Puc. 30).

Pazmepsl konen W pacCTOSHUM MEXKAY HHUMHU ONPEHCISAIOTCS W3
cooTHotenui (1) u (2):

P, #1; (1)
_ a1
a,R7,a,R ISE: (2)

rae Y1 n ¥, — MarHuTHbBIE ITOTOKH;
a1 — paanyc MEHBIIETO KOJIbIIA;
a, — paanyc OOJBIIETro KOJIbIIA;
R — paccTosiHue MeX1y KOJblIaMU
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Puc. 3. MaruuTHas cucteMa JIByX U1€albHO MPOBOISIIMX TOKOBBIX KOJIEIl U 00JIacTh
YCTOMUMBBIX TPACKTOPHIA: @) B MAPAJLIENIbHBIX IIOCKOCTSX; 0) B OJHOH IJIOCKOCTH

THUII ABUKUTEJA: YUHUMCA Y 3BE3A U IIVTAHET

UtoObI ONpeaenuThes C TUIIOM ABUXKUTENSA, OOpaTUMCS K JBHXKEHHUIO BO
Bcenennoti [14]. Kocmuueckue Tesa, 00y1agas MarHUTHBIMH TIOJISIMH, JBHYKYTCS
10 DJUIMNTHYECKUM opOutaM [15] oTHOcHTEnbHO OOJiee MACCHBHBIX TEI Kak
IJIAHETHI OTHOCUTENIBHO 3B€3]], TAK U BPaIlasiCh OTHOCUTEIBHO CBOUX OCEH.

OTOT MNPUHLUI MOXHO 3aJI0KUTh B OCHOBY (YHKIIMOHUPOBAHUS
MarHMTOJIEBUTALIMOHHBIX cucTeM. [limaHerapHas MoOJEIb MHOTOKAHAJIBHOM
MarJieB-CUCTEMbI TToKa3aHa Ha Puc. 4.

B nenTpe cuctembl pacioiokKEH YIPaBISIIOUUMNA KaHAI, BHYTPH KOTOPOTO
JIBIKYTCSI MYBEPBI (3BE3/1bI). Y TIPABIISIIONTNI KaHA COTPSKEH C YIPABISIEMBIMH
KaHaJlaMH, YHUCIO KOTOPBIX MOMKET JOCTHIaTh YEThIPEX B COOTBETCTBUU C
YUCJIOM CTOpPOH CBETa: BEpXHUU (BOCTOK), MpaBbli (for), HWKHUK (3aman),
neBblii  (BocTok). COBMECTHO C MyBepamMH NEPEMEIIAIOTCS MOMYTYUKH
(TUTaHETHI), PACIIONIOKEHHBIC B YIIPABIISIEMbIX KaHAJaX.
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BEPXHWI KaHan

(BoCTOK) yNpaBASoLWnn
NBUKUTEND KaHan

(3Besaa)

NeBblil KaHan
(cesep)

npasblil KaHan
(tor)

nonytT™uKu

KaHasbl Ans (nnaHeTb!)

NonyTYUKOB
HUMXKHUIM KaHan

(sanap)

Puc. 4. IlnanerapHas MOJieJIb MHOTOKaHAJILHON MarjieB-CUCTEMBbI

TpancnoptHast cuctema (Puc. 2) gBisieTcsi 4aCTHBIM CIy4aeM CHCTEMBI,
n3o0pakeHHo Ha Puc.4, a WMEHHO, JABYXKAaHAJIBHOM CHUCTEMOW C HUXHUM
pACHOJIO)KEHUEM YIPABIIEMOrO0 KaHalla. BHYTpEHHUME CTEHKHM KaHajlOB B
MONEPEYHOM CEUEHUHM TOBTOPSIOT (OpPMYy MYBEPOB U TMOMYTYUKOB, HMeES
HEKOTOpPBIN 3a30p. UTO MOMKHO CIOCOOCTBOBATH CBOOOJHOMY IMEPEMEIICHUIO
MAarHUTHBIX UCTOYHUKOB MPH NPEAOTBPALICHUN UX TIEPEBOPAYNBAHMUSL.

B mpocreiimieM ciyyae ynpabisSIONMKA KaHAI MMEET JIUTUNTHYECKYIO
dopmy. Kaxaplii 13 MyBepOB B3aUMOJIEUCTBYET C ABYMSI COCETHUMHU, MPU 3TOM
BCE MyBEpbl 00pa3ylOT 3aMKHYTyl0 WM CKOJb YrOAHO JIJIMHHYIO
nocienoareabHOCTh (Puc. 5). IMocnemnoBaTenbHOCT, MyBEPOB JBHUTACTCS IMOJ
BO3JCHUCTBUEM OJHOTO WM HECKOJBKHX HMCTOYHHUKOB  BpAaIIATEIBHOIO
JBWXKCHHS. YNPABISAIOLIIMNA KaHajl COINPSXKEH C OJHUM WM HECKOJbKHMH
pabounMu kaHajmamu. B paboumx KkaHamax TpeBeJepbl, B3aUMOJCUCTBYS C
MyBEpaMH  YIPABISAIOLIETO KaHaja, [EepEeMEIIAaTCsd JIMHEWHO. Takke
MEPEMENIAETCS U TPAHCIIOPTHBIM MOJYJIb, COCTaB KOTOPOTO BXOJAST TPEBEJIEPHI
MepEeMENAETCS TUHENHO.
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g W LM
T Ynpasnawowumii | %
k‘*"-ﬁ% KaHan

MCTOYHMEN T
BpaLLLATENbHOIO [BUMEHUA S

Ynpasnaemblid
KaHan

T
F}{:‘;\.
Wi — MEpPEMEILEEMBIR MITOMHAK METHATHOID NOAA [MOTORHHBIA MarHIT
KOMbLEBOW HOPMBI) — MYBED;

[mE

ik

Y _ WCTOMHAK MarHWTHOMD NOAA TPEHCMNOPTHOMD MOAYNA [NOCTOAHHLIA
METHWT KONbLEBOIA hOpPMbI) — TREBENED;

=

— HENPABNSHKWE OBMHEHNMA MYBEDOB;
ZD — HENPaBNEHWE ABWHEHWA THEBENEPOE (TPAHCNOPTHOND MOLYIE)

Puc. 5. Pacnonosxenue ynpasIisifollero KaHajia B TOPU30HTAIbHON TIOCKOCTH (BUJ CBEPXY)
Y COIPSDKEHUE €0 YIpaBJIsieMbIM KaHAJIOM, HaXOASIIHUMCS ClIeBa

3AK/TIOYEHHE

MHorokaHalibHasi TPaHCIIOPTHAs CUCTEMa MOXKET OBITh 00pa3oBaHa TMpHU
COMPSDKEHUN HECKOJbKUX Majora0apUTHBIX MarjeB-CUCTEM C YIPaBIISIOIINM
KaHAJIOM, BHYTPH KOTOPOTO OCYIICCTBIISACTCS IBMKEHHUE IOCIICIOBATEILHOCTH
MYBEPOB.
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ABTOpBI 3aIBJISIIOT 4YTO:
1. V Hux HeT KOH(IUKTA UHTEPECOB;
2. Hacrosmasi ctaThsi HE COACPKUT KAKUX-THOO HWCCICAOBAHHWHA C Y4acTHEM JIOJCH B
KaueCTBE OOBEKTOB UCCIICIOBAHUM.
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(Kazan, Russia)
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(Rostov-On-Don, Russia)

IMPROVED DFIG DFTC BY USING A FRACTIONAL-ORDER SUPER
TWISTING ALGORITHMS IN WIND POWER APPLICATION

Background: The direct flux and torque control are a robust, simple, and alternative
approach control formulation that does not require decomposition into symmetrical
components; the direct flux and torque control schemes have been proved to be preponderant
for doubly-fed induction generators due to the simple implementation.

Aim: This work presents the minimization of electromagnetic torque and rotor flux
undulations of doubly-fed induction generators using fractional-order super twisting
algorithms and modified space vector modulation techniques.

Methods: The main role of direct flux and torque control is to regulate and control the
electromagnetic torque and rotor flux of doubly-fed induction generators for wind turbine
systems. The direct flux and torque control is a traditional control algorithm and robust
technique. Fractional-order super twisting algorithms are a new and proposed nonlinear
controller; characterized by a robust controller and a simpler algorithm, which gives a good
harmonic distortion of current compared to other methods.

Novelty: The A fractional-order super twisting algorithm is proposed. Proposed
nonlinear controller construction is based on the traditional super twisting algorithm and
fractional calculus to obtain a robust controller and reduces the electromagnetic torque and
rotor flux undulations of doubly-fed induction generators. We use in our study a 1.5 MW
doubly-fed induction generator integrated into a single-rotor wind turbine system to
minimizes the electromagnetic torque, stator current, rotor flux undulations. As shown in the
results figures using fractional-order super twisting algorithms ameliorate effectiveness
especially minimizes the electromagnetic torque and rotor flux, and minimizes harmonic
distortion of stator current (0.16 %) compared to the traditional control scheme.

Results: As shown in the results figures using fractional-order super twisting
algorithms ameliorate effectiveness especially minimizes the electromagnetic torque and rotor
flux, and minimizes harmonic distortion of stator current (0.16 %) compared to the traditional
control scheme.

Conclusion: The direct flux and torque control are a robust, simple, and alternative
approach control formulation that does not require decomposition into symmetrical
components; the direct flux and torque control schemes have been proved to be preponderant
for doubly-fed induction generators due to the simple implementation.

Keywords: Fractional order super twisting algorithms, direct flux and torque control,
proportional-integral, doubly-fed induction generator, modified space vector modulation.
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1. INTRODUCTION

Due to the increasing demand for electrical energy, and the inability to
meet this demand by using traditional sources. It led scientists and researchers to
search for other sources in order to generate electric power at the lowest cost, as
well as to reduce carbon dioxide emissions. Among the resources and solutions
discovered, we find wind energy. The latter is inexpensive, renewable, and does
not pollute the atmosphere. Among the leading countries in this field are China,
the United States of American, Germany, France, Denmark, and India. China is
the country in the world that ranks first in the world in the production of electric
energy from wind energy, accounting for 27.4 % of global production [1]. On
the other hand, the generators most used in the field of electric power generation
in the wind station are the asynchronous generator with a squirrel cage, the
synchronous generator, asynchronous generator with a coiled rotor.

The doubly-fed induction generator (DFIG) is the most widely used and
famous in the field of electric power generation, due to its characteristics
compared to some generators. Among its characteristics, we find: ease to
control, durability, and reduce the cost of producing electrical energy. There are
several ways to control this generator, among them we find: backstepping
control [2], synergetic control [3], direct flux and torque control [4], sliding
mode control [5], direct power control [6] and field-oriented control [7].

Direct flux and torque control (DFTC) appeared in the mid-1980s as a
method of controlling electrical machines aimed at controlling torque directly
without using pulse width modulation [8]. The main objective of this method is
to directly control the torque without using an internal loop, as well as to reduce
the financial cost. This strategy is a simple algorithm, gives a good performance,
fast dynamic response, and easy to apply compared to field-oriented control. in
the traditional DFTC method, flux and electromagnetic torque can be directly
controlled by using two hysteresis comparators and a switching table. In [9], the
author applies the DFTC method to an asynchronous motor in order to improve
performance and reduce ripples at both torque and flux levels. The synchronous
motor was controlled using the DFTC method, where two hysteresis
comparators were used to regulate the torque and flux of the synchronous motor
[10]. The results showed the effectiveness of the proposed method. In [11], the
author controlled the DFIG using the DFTC technique. The major drawback of
DFTC, is the oscillations of the flux, the torque, and the harmonics of the
currents generated by the DFIG, because of the variable switching frequencies.
In [12], the DFTC method was proposed to control the flux and torque of the
synchronous generator.

In recent years, several new methods have appeared in the field of
artificial intelligence, for example neural networks, genetic algorithms, and
fuzzy logic. These methods are simple and easy to implement and do not require
a specialist. These methods provide very satisfactory results compared to the

Received: 21.06.2021 Revised: 28.07.2021 Accepted: 30.09.2021
Moctynua: 21.06.2021 Opnobpena: 28.07.2021 Mpunsra: 30.09.2021



133 WHHOBALIMOHHBIE TPAHCITIOPTHBIE CUCTEMbI U TEXHOJIOT'HU OPUT'NHAJIBHBIE CTATbU
MODERN TRANSPORTATION SYSTEMS AND TECHNOLOGIES ORIGINAL STUDIES

traditional methods. Several scientific works have improved the performance
and effectiveness of DFTC control of the DFIG using artificial intelligence. In
[13], the authors proposed the use of a DFTC method with fuzzy logic
controllers applied to the DFIG-based wind turbines. In [14], the DFTC method
based on neural networks has been proposed. The results showed the
effectiveness of the proposed method. In [15], a modified DFTC method was
proposed based on a genetic algorithm with a constant switching frequency,
where a Pl controller was calculated using a genetic algorithm. Fuzzy logic and
neural networks are combined to improve the DFTC performance of DFIG-
based wind turbines [16].

Similar to artificial intelligence, there are other methods to improve the
performance and effectiveness of the DFTC technique under the name of
nonlinear methods, and the results have shown their effectiveness in improving
the performance and quality of results, especially in the case of changing
machine parameters. Among the most popular nonlinear methods are sliding
mode control, super twisting algorithm, synergetic control, fractional-order
control, second-order sliding mode, second-order continuous sliding mode and
backstepping control. In [17], an electromagnetic torque and rotor flux second-
order continuous sliding mode and space vector modulation (SVM) strategy
were combined to replace the switching table and hysteresis comparators.
Simulation results showed the robustness and effectiveness of the proposed
method compared to the classical method. In [18], the author has improved the
performance of DFTC control using super twisting algorithms (STAS). In this
proposed method, STA controllers are used in place of hysteresis comparators
and SVM technique in place of traditional switching table. Despite the results
obtained from this method, the problem of ripples remains. Among the other
proposed solutions is the integration of artificial intelligence with nonlinear
methods in order to obtain more robust and effective methods than the classical
nonlinear methods, and this is shown by the results of the work carried out in
[19-21].

In this article, we propose a new nonlinear method in order to improve the
performance and efficiency of DFTC control of the DFIG-based wind turbines.
This proposed nonlinear method is based on STA and fractional calculations.
Fractional order STA controllers (FOSTA) are the extension of the classical
STA method with fractional calculus for better effectiveness of the drive. The
proposed FOSTA controller is simple structure, easy to adjust, more robust
algorithm, easy to apply, and improves dynamic response. On the other hand, it
provides very satisfactory results compared to the classical methods.

In this work, we proposed a DFTC control, based on the SVM technique
with different types of controllers (Pl and FOSTA controllers), simple and
hybrid in order to improve the quality of electrical energy supplied by the wind
power system based on a DFIG.

Received: 21.06.2021 Revised: 28.07.2021 Accepted: 30.09.2021
Moctynua: 21.06.2021 Opnobpena: 28.07.2021 Mpunsra: 30.09.2021



134 WHHOBALIMOHHBIE TPAHCITIOPTHBIE CUCTEMbI U TEXHOJIOT'HU OPUT'NHAJIBHBIE CTATbU
MODERN TRANSPORTATION SYSTEMS AND TECHNOLOGIES ORIGINAL STUDIES

The objective of this work is to improve the performance of the DFTC
control, applied to the DFIG integrated into the wind turbine system by the use
of the control by FOSTA controllers.

A comparison between the numerical results obtained for the classical
DFTC method with Pl controllers and proposed DFTC validates the
performances of the designed DFTC technique. Lower rotor flux and
electromagnetic torque undulations and higher dynamic response are achieved
by the designed DFTC technique. MATLAB software is used for numerical
simulation.

2. DFIG MODEL

The DFIG is more famous in the field of electric power generation due to
its characteristics. The mathematical form of this generator is based on the Park
transformation. The latter is the most widely used in giving the sporty shape to
electric machines. The following equations show the mathematical form of the
DFIG [22]:

d
Vd =R Idr _(Dr\qur +— VY

r r dt
d
Vqr = Rr Iqr R OR +d_qu
o (1)
Vds = Rslds _(’Os\Vqs +E\Vds

d
Vqs = Rslqs + Oy +a\|]qs

The rotor and stator pulsations and rotor speed are interconnected by the
following equation: os = o, + ©.
Where o, and o, are respectively the rotor and stator electrical pulsations,
while o is the mechanical one.
The rotor and stator flux can be written as follows:
v, =Ml +L1,
=Ml +L1
Var ) as riar (2)
Vg =Ml + L1,
Ve =Ml + LI

(Var, Var, Vs, Vas)s (Wars Wars Wass Was)s (lar g lass lgs), are respectively the
stator and rotor voltages, fluxes and currents, R, and Rs are respectively the
resistances of the stator and rotor windings, L., Ls, and M are respectively the
inductance own rotor, stator, and the mutual inductance between two coils.

The mechanical equation of the DFIG is:

dQ
T.=T+J —+F.-Q 3
dt
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The electromagnetic torque established by the DFIG can be written in
terms of flux and currents by (4):
3M
Te =Ernp(_\|ldslqr+\|]qsldr) (4)

S

Where J is the inertia, Q is the mechanical rotor speed, T, is the load
torque, and F, is the viscous friction coefficient.
The reactive and active powers of the stator side are defined as:

Qs :1'5(_Vds|qs +Vqs|ds)
P =15Vl _+V,,) ()
S ' gs "’ gs ds " ds
In order to develop a decoupled control of the reactive and active powers,
we use a Park reference frame linked to the stator flux. By supposing that the d-
axis oriented along the stator flux position and basing on equation (6) with
neglecting Rs we can write [23]:

Ve =0 and y, =y (6)
Vgs=Vs®s 7
VdS =0
|qS = —|qr %
s (8)
L Vs M
ds |_ dr L

S S

Equation (8) can be written as:

3( oy’ oyM
—_ S| _Ts¥s | sV |
Qs 2[ L L drj

S S (9)
P =(-L5)I, ,y;M
Thus, the torque equation can be written as follows:
M
T, 2_1'5|_Snp'qr"’ds (10)

3. FRACTIONAL ORDER SUPER TWISTING ALGORITHMS

Super twisting algorithms it is a type of nonlinear control. This type of
controller is characterized by simplicity, durability and can be used in linear or
non-linear systems. This type reduces the chattering phenomenon compared to
the traditional sliding mode controller [24]. The STA controller has two parts.
the first u, is defined by its derivative with respect to time, while the second u; is
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continuous and depends on the slip variable. The STA controller is one of the
most widely used second-order sliding mode algorithms. This algorithm only
applies to systems of relative degree 1. Its interest lies in the reduction of
chattering, due to the continuity of the control signal. This control breaks down
into an algebraic term and an integral term. we can therefore consider this
algorithm as a nonlinear generalizer of a Pl regulator.

Equation (11) represents STA controller [24].

u(t) = uy(t) +ux(t) (11)

With:
ui(t) = a14/|S| sign(s) (12)
ua2(t) =2, j sign(S).dt (13)

The fractional calculus technique (FCT) is a generalization of the
integration and ordinary differentiation to arbitrary non-integer order. Fractional
calculus is an old mathematical method, but it provides very satisfactory results
when used, and this is what we have noticed from the work done in this field.
The idea of FCT has been a subject of interest not only among physicists but
also among engineers and mathematicians. The FCTs are widely used in
viscoelasticity, rheology, electromagnetism, electrochemistry, etc. [25]. In [26],
fractional- order PI controllers were proposed to control the DFIG-based wind
power. The results showed the effectiveness of the proposed method. A novel
robust fractional-order sliding mode (FOSM) controller for maximum power
point tracking control of DFIG-based wind energy conversion system [27].
In [28], a new method is proposed to control the active and reactive powers of
DFIG using fractional-order sliding mode control (FOSMC) strategy. In [29],
field-oriented control was proposed based on the fractional-order PI controllers
to control the active and reactive power of DFIG.

In this section, a new controller has proposed: the Fractional Order Super
Twisting Algorithm (FOSTA). We used the fractional calculus method to
improve the performance and efficiency of the STA controller. The proposed
FOSTA controller is a simple algorithm, more robust, and easy to adjust.
Equation (14) represents the principle of the proposed FOSTA method.

W(t) = (u1y/|S|sign(S)+2.f sign(s).dt)” (14)

where o is an adjustable parameter by which the performance and
durability of the entire system can be greatly improved. If it is 1, then a
proposed FOSTA method becomes a classical STA controller.

This proposed FOSTA method will be used in this paper in order to
improve the performance of the DFTC method and reduce both electromagnetic
torque and rotor flux ripples of DFIG-based wind turbines.
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4, DFTC METHOD WITH PI CONTROLLERS

The classical DFTC technique is a famous technique in the AC machine
control field. The main advantages of the classical DFTC technique are its
simple algorithm, robust method, and its simple implementation. However, this
method has some disadvantages, for example high torque and flux ripples. This
strategy gives more harmonic distortion (THD) of current [30]. In [31], the
author proposed the use of a DFIG with PI controllers (DFTC-PI) applied to
DFIG-based wind power. In this DFTC-SVM or DFTC-PI control strategy,
electromagnetic torque and rotor flux are regulated by two traditional PI
regulators, while the SVM technique replaces the switching table. The DFTC-PI
objective is to regulate the rotor flux and the electromagnetic torque of the
DFIG-based wind turbine. The electromagnetic torque is regulated by means of
the quadrature axis rotor voltage V., while the rotor flux is regulated by means
of the direct axis rotor voltage Vq.. The DFTC-PI technique, which is proposed
to regulate electromagnetic torque and rotor flux of the DFIG-based wind
turbine, is shown in Fig. 1. Through Fig. 1, we note that this method is very
simple and the electromagnetic torque and rotor flux estimation block keep the
same shape as that established for the classic DFTC technique.

This control by DPC-SVM, has the advantages of vector control and
conventional DFTC technique to overcome the problem of fluctuations in torque
and flux generated by DFIG. Pl regulators and SVM techniques are used to
achieve a fixed switching frequency and less electromagnetic torque and rotor
flux pulses.

PRAEEEEHS

Fig. 1. Block diagram of the DFIG with DFTC-PI.
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The phase and amplitude of the rotor flux are estimated by the relation
equations (15) to (16):

t
\Vrﬁzé(eri rB+V I'B)dt

X (15)
b4 m:j CRp oV po)dt
0

The magnitude and phase of rotor flux are described as follows:

2 2
Vr :\/\Vroﬁ\l’r[} (16)

O = arctg( (17)
ro
With:
— Vs
oz w
Ws

Consequently, the estimation of the rotor flux is based on the parameter of
the rotor resistance.

The electromagnetic torque can be estimated from the measurement of the
rotor current and the estimation of the stator flux.

3M
Te :Ernp(_\Vdslqr +qu|dr) (19)

On another side, the stator flux can be estimated from the measurement of
the stator current and the stator voltage. Equation (20) shows the method of
calculating the stator flux.

t
\VSB:I Ri s[3+V SB)dt
0
(20)

t
\Vsa:I (“RilsoV 5ot
0

Equations (21) and (22) represent, magnitude and phase of stator flux

respectively.
[2 2
Vs=\VsatWVsp (21)

Vsp
Vsa

0 = arctg( ) (22)

Due to the results obtained from this method compared to the classical
DFTC method, but the problem of ripple remains at the level of electromagnetic
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torque and rotor flux. In the next section, we will try to propose a new DFTC
method in order to reduce the electromagnetic torque and rotor flux ripples, as
well as reduce the THD value of the stator current of DFIG.

5. DFTCMETHOD WITH FOSTA CONTROLLERS

In order to improve the performance of the classic DFTC and DFTC-SVM
techniques, the standard hysteresis comparators will be replaced by two FOSTA
regulators and the switching table by the modified vector modulation technique
(MSVM). The rotor flux and electromagnetic torque estimation block keep the
same shape as that established for the conventional DFTC method. In this
DFTC-FOSTA control strategy, the electromagnetic torque and the rotor flux
are regulated by two FOSTA regulators. This proposed strategy is a more robust
method, simple algorithm, easy to apply, and uncomplicated method compared
to field-oriented control. The DFTC-FOSTA method, which is proposed to
regulate electromagnetic torque and rotor flux of the DFIG-based wind turbine,
is shown in Fig. 2. The DFTC-FOSTA objective is to regulate the rotor flux and
the electromagnetic torque of the DFIG-based wind turbine. The
electromagnetic torque is regulated by means of the quadrature axis rotor
voltage Vg, while the rotor flux is regulated by means of the direct axis rotor
voltage Vg On the other hand, the DFTC control with proposed controllers
minimized the electromagnetic ripple, current ripple, rotor ripple and THD value
of current/voltage compared to classical DFTC and field-oriented control
techniques.

Grid

,‘_
.q_
,‘_
,‘_
.‘_
"‘_
.‘_
,‘_
,‘_

Torque and Flux

¥ Estimation | Vian
L A
Fig. 2. Block diagram of the DFIG with DFTC-FOSTA.
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Electromagnetic torque and rotor flux FOSTA controllers are used to
influence respectively the two rotor voltage components as in (23) and (24).

* . . a

Vi =k ST ¢ SION(ST ) +hof sign(S ) ) (23)
> (00

Vdr = (ks / swr‘.sign(swr)+k4fsign(swr).dt) (24)

Where the sliding mode variables are the rotor flux magnitude error
Syr = w*—y, and the electromagnetic torque error Sy = T. — T., and the control
gains K3, K4, Ky and K; should check the stability conditions.

The SVM technique is real-time modulation. it uses the fact that a vector
can represent the three voltages of a three-phase zero-sum system. This
modulation is used by modern controls of alternating current machines, the
reference voltages are the desired voltages at the output of the inverter. The
advantage of this technique is reducing the harmonic distortion compared to
pulse width modulation (PWM). But this method is complicated, especially in
the case of multilevel inverter and the cost becomes very high in this case. In
[32], the author proposes a new SVM structure based on the calcule of minimum
and maximum of three-phase voltages. This proposed SVM strategy is simple
and easy to implement compared to the classical SVM technique [33]. The block
diagram of the modified SVM technique is shown in Fig. 3.

Signal saw
teeth : Van
I
I
F(u) |
: | Vbn
I I
[ L I
: : Hysteresis Comparators _ _ —_—_—_ 1 v
: : Twolevel o
I inverter model
OF N et
I
Va I :
| ' 1
Gflm o0
I I
AL : # Max |
1
@—h el e !
MSVM technique
Ve
Fig. 3. Block diagram of the modified SVM technique
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6. NUMERICAL SIMULATION

In this section, numerical simulations are carried out with a 1.5 MW
DFIG attached to a 398 V/50 Hz grid, by using the MATLAB software. The two
DFTC methods; DFTC-PI and DFTC-FOSTA technique are simulated and
compared in terms of robustness against machine parameter variations, stator
current harmonics distortion, and reference tracking.

The DFIG used in our work has the following parameters [32, 33]:

Pn 1.5 MW
2
0.012 Q, 50 Hz, 380/696 V
0.021 Q
0.0137 H
1000 kgxm?

0.0024 Nm/s
" 0.0136 H
m = 0.0135H

w

—_

T e o B o=
IR TR TR TR TR TR TR

6.1 Reference tracking test

In this case, the effectiveness and performance of the DFTC-FOSTA and
DFTC-PI control are tested under reference electromagnetic torque and rotor
flux variation. The reference values of electromagnetic torque and rotor flux are
set at 3500 Nxm and 1 whb, respectively. Fig. 4-11 show the obtained simulation
results from this test. The waveforms are taken from 0 to 0.4 sec for better
illustrations. From Fig. 7, 8, we notice that the electromagnetic torque and rotor
flux follow the references precisely. On the other hand, the proposed technique
reduced the torque and flux ripples compared to the DFTC-PI technigue
(Fig. 10, 11). It is shown that the FOSTA controller has high effectiveness
compared to the traditional Pl controller.

Fig. 6 represents the current signal for both DFTC methods. Starting from
Fig. 6, we notice that the stator current is related to the system, as well as the
reference values of electromagnetic torque and rotor flux. From Fig. 9, we
notice that the proposed DFTC method greatly reduced the ripple of stator
current of the DFIG compared to DFTC-PI. On the other hand, Fig. 4, 5 show
the THD of current (las) of the DFIG for the designed and classical DFTC
methods. It can be clearly observed through these Figures that the THD value is
more reduced for the DFTC-FOSTA (0.16 %) when compared to the DFTC-PI
(0.63 %). Based on the obtained results, it can be said that DFTC-FOSTA has
proven effective in reducing the value of undulations both in stator current and
electromagnetic torque.
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6.2 Robustness test

In order to examine the robustness of the DFTC-FOSTA technique, the
nominal value of the values of inductances Ls, M, and Lr are multiplied by 0.5
and the R, and Ry are multiplied by 2. Simulation results are presented in
Fig. 12-19. As it’s shown by these Figures, these variations present a clear effect
on the stator current, rotor flux, and electromagnetic torque curves (Fig. 15-17)
and that the effect appears more important for the DFTC-PI control method
compared to the DFTC-FOSTA technique (Fig. 18-19). On the other hand, the
THD value of stator current in the DFTC-FOSTA method has been minimized
significantly (Table). Thus, it can be concluded that the designed DFTC-FOSTA
technique is more robust than the DFTC-PI control method.

Table. Comparative analysis of THD value

Title THD (%)
DFTC-PI DFTC-FOSTA

Current (las) 1.29 0.32
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7. CONCLUSION

This work presents the simulation results of the rotor flux and
electromagnetic torque fractional-order super twisting control technique of a
DFIG-based wind turbine, using the modified SVM technique. With results
obtained from the numerical simulation, it is clear that for the same operation
condition, the DFTC control with FOSTA controllers had high effectiveness and
performance than the DFTC control using traditional Pl controllers and that is
clear in the THD value of stator current which the use of the FOSTA controller,
it is reduced of harmonics more than the PI controller.

The authors make it expressly clear that:
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Py6puka 2. HAYYHBIE U [IPAKTUYECKUE PA3PABOTKU
Hamnpagnenue — [IpoekTpoBaHuE U CTPOUTENBCTBO AOPOT, METPOIIOIUTEHOB

VJIK [UDC] 625.122
DOI 10.17816/transsyst202173150-157

© A. A. JIbIYKOBCKHH
Poccuiickuii yaupepcuteT Tpancnopta (MUNT)
(Mocksa, Poccust)

MOJEPHU3ALIUS KOMILIEKCHOM TEXHOJIOI'MA BO3BEJEHUA
SEMJIAHOTI'O ITOJIOTHA

Oo6ocnoBanme: I[IpousBeneH aHaU3 KOMIUIEKCHOM TEXHOJOTUU BO3BEICHUSA
3eMJITHOTO TI0JIOTHA, pa3paboranHoii B PYT (MUUT), ¢ nenpio ee MojaepHU3AIMH HA OCHOBE
MOHUTOPUHTAa HW3MEHEHHUS XapaKTEPUCTHUK TPYHTOB C NPUMEHEHHEM ONTO-BOJIOKOHHOTO
Kabena B Xo0Jie CTPOUTEIHCTBA.

Heab: Pa3paboTka WHTEHCHBHBIX TEXHOJOTHYECKMX PEKUMOB  IOBBIIICHUS
HaJIe)KHOCTU JJOPOKHOT'O 3€MJISIHOTO II0JIOTHA

Metoabl: MeTonbl KOHTPOJS U TEXHOJOTMYECKOI'O PEryJIMpPOBAaHUS YIUIOTHEHUS
ITPYHTOB C LEJIbI0 CHW)KEHUS BIIQXXHOCTM HA CTaJWU MOPO3HOTO BJIATOHAKOILJICHUS B
OCHOBaHUU BO3BOJIMMOM HACBHIIIH.

Pesyabrarel: B pe3ynprare aHann3a MOJECpPHHU3ALMS KOMIUIEKCHOW TEXHOJOTHH
ABIISETCS 11€JIeCO00Pa3HOM.

3ak/l0ueHHe: IPEAJIOKEHHBIE  CIIOCOOBI  TEXHOJIOTMYECKOTO  PEryJIHMpOBaHUS
3¢ (deKTUBHBI IPU BO3BEICHUH 3EMIITHOTO TIOJIOTHA Ha MEPEyBIaXHEHHBIX TPYHTAX.

Knrouesvie cnosa. 3eMisiHOe IMMOJIOTHO, TEXHOJIOTHYECKOC PETYINPOBAHUEC OIITO-
BOJIOKOHHBIM Ka6eJ'H), CTPOUTECIIBCTBO KEJIC3HBIX AOPOT, TEXHOJIOTHS.

Rubric 2. SCIENTIFIC AND PRACTICAL DEVELOPMENTS
Field — Design and Construction of Roads, Subways

© A. A. Lychkovskiy
Russian university of transport (MIIT)
(Moscow, Russia)

MODERNIZATION OF THE COMPLEX TECHNOLOGY OF
CONSTRUCTION OF THE ROADBED

Background: The analysis of the complex technology of the construction of the
roadbed, developed in RUT (MIIT), with the aim of its modernization on the basis of
monitoring changes in the characteristics of the soil with the use of fiber-optic cable during
construction.

Aim: Development of intensive technological modes for improving the reliability of
the road surface.
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Methods: Methods of control and technological regulation of soil compaction in order
to reduce humidity at the stage of frost moisture accumulation at the base of the embankment
being built.

Results: As a result of the analysis, the modernization of the integrated technology is
appropriate.

Conclusion: The proposed methods of technological regulation are effective in the
construction of the roadbed on waterlogged soils.

Keyw ords: roadbed, technological regulation fiber-optic cable, railway construction,
technology.

BBEJAEHUE

3ajaya MOBBIIIEHUS! HECYIIEH CIIOCOOHOCTH OCHOBAHMS T€OTEXHUYECKUX
COOPY)KEHUW  aKTyalbHa, OHAa  COOTBETCTBYET  CTPAaT€TMU  Pa3BUTUSA
YKEJIE3HOAOPOKHOr0 TpaHcnopTa A0 2025 roga ¢ MOBBIIEHUEM MACChI TPY30BBIX
[OE3/10B U TpPEOOBAHUAMU IO PA3BUTHUI0O U OOECHEUYEHHI0 OE30MacCHOCTH

uHPpacTpykTypsI [1].

KOMINVIEKCHAS TEXHOJIOI'YMS BO3BEJIEHUA
SEMJISAHOTI'O ITOJIOTHA

Cy1ecTByroIiee COCTOSTHUE HEeCYIIEH CIIOCOOHOCTH 3€MJISTHOTO TI0JIOTHA U
HCKYCCTBEHHBIX COOPY)KEHHM Ha cIa0blX OCHOBAaHUSAX HE B IMOJHOW Mepe
COOTBETCTBYET IMEPCIEKTUBHBIM HAarpy3kaM TIPYy30BBIX IIO€3[0B, KOTODBIE
JIOJKHBI OBITH JOCTUTHYTHI K 2025 Tony.

OnpIT MOCTPOWKM M 3KCIUTyaTalldd JOpPOT IMOKa3ad, YTo Oe30MacHOCTh
COOPY)KEHUU JI0OJDKHA OBITh OOecreueHa yxXe B CTPOUTENbHBIA mepuoi. B
CTPOUTENILHBIX HOPMax U MPaBUJIAX COAEPIKATCSA KOHCTPYKTUBHBIC PELICHUS IS
3aBEpPUICHHBIX F€OTEXHUUECKUX OOBEKTOB, 00ECIIEUMBAIOLINE UX YCTOMUHUBOCTD
U CTa0WIBHOCTh. MEXIy TeM, Ha CJIa0bIX TPYHTAaX aKTyallbHbI TpeOOBaHMUS
TEXHOJIOTUYECKOW HAJECKHOCTH HE3aBEPILICHHBIX T'€OTEXHUUECKUX COOPYKEHUU
pu U3MEHEHUU buznyeCKO-MEXaHNUYECKUX u TeII0(U3NYECKUX
XapaKTEPUCTHK .

Jlist ynpo4yHeHus: cia0dblX M MEPEYBIAKHEHHBIX T'PYHTOB Mpeiaraercs
MOJIepHU3UPOBATH pa3padoTaHHyio B PYT (MUUT) koMIUIEKCHYIO TEXHOJIOTHIO
BO3BEICHHUS 3EMIISIHOTO MOJIOTHA [2], BKITIOYAIOIIYIO STaIlbI:

1) TloaroToBUTENHHBIN JTAl;
2) YCTpOKMCTBO ApEeHAXKHOW CUCTEMBI B BEPXHEM CJIOC OCHOBAHHS,
3) Opranuzanys BUOPOYIUIOTHCHHUS TPYHTOB M OTKATHUS BOJIBI B IPCHAXKHYIO

CUCTEMY.

B moAaroToBUTenbHBIA 3Tal CIEAYET BBITOJHUTH PabOTHI MO YCTPOUCTBY
ceTeil KOHTPOJISl TeMIepaTypHOro pexuma [3] OCHOBaHMI U IPOCTPAHCTBEHHBIX
nedopManuii  3eMJITHOTO TOJIOTHA, KOTOPbIE TMO3BOJAT 3apErUCTPUPOBAThH
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U3MEHEHUsl MapaMeTpoB TEIJIOOOMEHA HACBIIHM, OCHOBAHMS M OKpYKaroIleh
cpensl. B xozne paboT MOTyT M3MEHUTbCS MHOTHE HAayaJIbHBIE XapaKTEPUCTUKU
00BEKTa, 0COOEHHO OCHOBAHUS HACBIIHU, BKJIIOUAsl COCTAB TPYHTOB. PerynspHblii
Olpoc ceTeil HeoOXoAWM Uil JUIMTEIBHOIO IMEpHoAa HCIOJIb30BAHUSA
TEXHUYECKUX PEIICHUHN, MPUMEHSIEMBIX B KOMIUJICKCHOM TEXHOJIOTHH, OCOOCHHO
M0 CHUKCHHIO BIAKHOCTU U CTAOMJIM3AIUU TPYHTOB OCHOBAHHIA.

BTopoii 3tam — yCTPOWCTBO JPEHAXHOM CHUCTEMBI, BKJIIOYAIOLIEH
JIpeHaxHble Tpope3u (mmpuHa 10 1,5 M, rmyOuna 10 1 M, KpYNHBIN MECOK C
K03 GuIueHTOM (QUIBTPALIUU CBBILIE 4 M/CYT) M 3aIIUTHBIN MMECUaHBIA CIOU C
reorekctuiem [4]. Ilpope3sn B cnaObIX BOJOHACBIIMIEHHBIX TPYHTax
00eCreunBalOT YCKOPEHHE KOHCOJUAALMA OCHOBAHUS 3a CYET COKpAaIlCHUs
nyTd QWIbTpallMM M OTBOJA BOJbL. 3aBEpIIUTh pabOThl IO YCTPOHCTBY
JPCHAXKHOW CHCTEMBI CIIEYET IO IPOMEp3aHMs JEATEIBbHOTO CJos, KOraa
MO>XHO HCIIOJI30BaTh IMPOLECCHl MUTPALMM BOJbI B 3aIlUTHBIA CIOH M €€
OT)KaTue IO IPEHAKHBIM IIPOPE3SIM.

Tperuit stan  BKJIOYAaeT BBIOOP TEXHUKM M OOOpYAOBaHUS IS
YIUIOTHEHUS TPYHTOB B WHTEHCHBHOM pPEXHUME C 3aJE€JI0M Ha EXEIHEBHOE
MIOCTENIEHHOE TOBBIIIEHHE Harpy3ku. Ilpou3Boauth pabOTHl cleayeT mpH
NOCTOSSHHOM MOHHUTOPUHI€ COCTOSIHMSI TPYHTOB W Harpy3ok. BeiOop Tuma
BUOpDOKaTKa M peXuMa ero paldoThl JIOJDKEH OBbITh BBIINOJHEH C YYETOM
OrpaHUYCHMUS:

[P6(C,(P,W)—PH] = [PK+P3]1 (1)

rne Ps — Oe3omacHast Harpy3ka, HE BBI3BIBAIOIIASl TOSIBJICHUE MPENEIbHOTO
COCTOSIHUSI TpyHTa MO CABUTY, 3aBUCUT OT COCTOSHMSI TpyHTa B
TEXHOJIOTUYECKOM ITUKJIE;

P« — peryiupyeMasi Harpy3ka BHOpOKaTKa, 3aBUCSAINAs OT Beca BaJblia,
CKOPOCTH JABMKCHUS U aMILTUTYIbl BUOpALINH;

P, — Harpy3ka oT Mec4aHoro 3aiuTHOTO CJIOS;

P, — mopoBoe namieHue [5].

Crnenyer oTMETUTh HEOOXOUMOCTh MOHUTOPUHTA COCTOSIHUSI OCHOBaHUS
3eMJITHOTO TIOJIOTHA TIPU BUOPOYIUIOTHEHUH B PEKUME PEATHHOTO BPEMEHH.
JInst KOHTpOJIA XapaKTepUCTUK TPYHTOB U BBIMOJHEHUsS HepaBeHCTBA (1)
npemiaraeTcsi B TMOATOTOBUTEIBHBIM TEPUOJ TPOJOXKUTH MO OCU OyIyIien
Tpacchl OMTO-BOJOKOHHBIN Kabenb (OBK) st peructparuu TemmnepaTypHOTo
pexuMa U HArpy3o0K Ha 3eMiisiHoe moJioTHO. [6],[7] YcrpoiictBo OBK moxer
OBITh BBIMOJHEHO TIPU TOMOINM TPaKTOpa  CO CHEIUAIbHBIM HABECHBIM
obopynoBanueM — OapoBoii ycraHoBkoi. Ilo TpeOGoBaHUSIM CTaOUIBLHOCTH
OCHOBAHHUS CIIeyeT MpeABapUTEIHLHO CpaBHUTH MO [8] mgaBieHue OT JaHHOM
MAIIUHBI C TIPEAETBHO AOMYCTUMON (KPUTHUECKOMN ) HAarpy3Koi Pxp Ha TpyHT:
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__ m(y-h+C-cot(@))

P. =
kP cot(@)+o—7

+vy-h (2)

IJie Y — YAe/bHbI BeC IPyHTa, T/M;
h — TommmHa cnost, M;
C — yzenpHOE cLelIeHre IpyHTa OCHOBaHus, Kl1a;
( — YroJl BHyTPEHHETO TPEHHUsI TPYHTA OCHOBAHUS, Pal.
[TokaxeM MOpPsIIOK pacYETOB KPUTHUECKOW HArPY3KU MMPUMEHUTENBHO K
UCXOJHBIM JITaHHBIM, IpUBEICHHBIM B Taoum. 1.

Tabauya 1. Duzuxo-mexanuveckue xapakmepucmuku epynmos ocnosanus Ha [IK 3083+50 — 11K
3084+50 [9]

« < " ) o =
= |zt | L% = < g
o = = ") . A o o)
> S = -
Hn:xeHepHo- g § E‘E‘ § =8 2 S 28 = = = Eé
reoJIOrun4ecKuii - g o = = = 5 2| & = =S 5 § =
3J1eMeHT = Ss3| §222 | =8 5 > 2
o = g = g < = = 2
(] =2 (=9 = O =
Cyrnunok
TEeKY4YeIIaCTUIHBIH, , , , ,
y4 1,7 1,44 0,245 8 0,011 11
JIETKHI
CyTriuHOK TeKy4Yuit 3,3 1,53 0,219 10 0,009 10

3,14-(144-17 + 11-5,14)

Kp
514+ 0,19 — 3’214

B kadectBe 0a30BOM CTpOUTENBHOW MaIWHBI BBIOpaH Tpaktop T10
[IM8100,c GapoBOil yCTaHOBKOW, Harpy3ka OT KOTOpPOTO Ha cialOblii cioi
IpyHTa OIpeAeieHa MO0 MNacHOpTHBIM IMapaMeTpaM MalluHbl B pa3Mepe
55,32 kH/M°. JlaBueHne  MalIMHBI B JAHHOM IIpUMEpPE HE IPEBbIIACT
KPUTUYECKYIO Harpy3Ky M SBJISIETCS IOMYCTUMBIM.

JIns peanu3anuy TEXHOJIOTMYECKOTO 3Tana OTKaTUsl BOAbI U YIIPOUYHEHUS
IpyHTa cieayeT 00OCHOBAaTh PEKUM PAOOTHI TPYHTOYIUIOTHSIOLIEH TEXHUKH.
JI1st 3TOM 1enu YIJIOTHEHHE CIIEYET HadyaTh OCEHbIO, KOI/Ia CBSI3aHHASI B TPYHTE
BOJIa MOJHUMAETCSl K MOBEPXHOCTH - (PPOHTY Mpomep3aHusi OCHOBaHUs. YTOObI
UCITIOJI30BaTh ONTO-BOJIOKOHHBINM KaOellb HE TOJHKO KaK WHIWKATOP HArpy3KH,
HO M KaK TEeMIEPATYpPHBIA JaTUYHK, CICAYET MPUHATh TIyOUHY YKIaJKU paBHOU
CpeIMHE CJI0s poMep3aHus TpyHTa o hopmyne [5]:

+ 14,4-1,7 = 92,14xH/m?

2}\ QHOKp
23:\/532-"%_53; (3)
Sg = Ay (Rey + ngl) (4)
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rae Rj— 3uMHee TepMHYECKHE COPOTUBIICHUS HATIOYBEHHOTO TIOKPOBA;

Rch — cpeliHee TepMUYECKOE COITPOTUBIICHUE CHEKHOTO TTOKPOBA;

Ay — COOTBETCTBEHHO TETUIOMPOBOIHOCTH MEP3JION MOPOIBI CIIOS;

Qy— TemnoTa (pa30BbIX IEPEXOJ0B IPOMEP3AIOLIETO CIIOS;

Q;°"P — cymma Tpamyco-4acoB 3a 3UMHHIT IEPHOJ HA THEBHOM
ITIOBEPXHOCTH,

&, — ryOuHa 3uMHero npomep3anus rpyHTa [10].

['myOuHy 3anoxkeHus Kabenss W KOOpPAMHATBl €€ M3MEHEHHs CIENyeT
ONPENENNUTh IO Tpacce 3EMISIHOIO IOJIOTHA uepe3 Kaxzaslie 10 MeTpoB
nepenaTh Ha OOPTOBOM KOMIBIOTEp OapoBOM MAalIMHBI, KOTOpas OCHAIleHa
cucremoit GPS naBuranuu. Yimanky OBK BreimonHs0T 110 TexHooruu [11].

Bo BpemMsa mnpomep3aHus TpyHTa, KaK TOJBKO OTPHUIATEIbHBIC
TEeMIIepaTyphbl JOCTUTHYT TOJIOBUHBI TIIYOMHBI MPOMEP3aHus TPYHTA, CIETYET
HAaYMHATh WHTEHCUBHOE YIUIOTHEHUE TPYHTA C OTKATUEM BOJbI B JPEHAXKHYIO
cUCTeMY IoJ KOHTpoJieM nokazanuii OBK.

OnTo-BOJIOKOHHBIM Ka0enb 3(PPEeKTUBHO NPUMEHSETCS I KOHTPOJIS
temrepatyp [12] HemocpeACTBEHHO B TPYHTE KaK HENPEPBIBHBIA IO JIJIMHE
JaTyuK. B cpaBHEHHH C yCTPOMCTBOM TEPMOMETPUUECKUX CKBAXKUH JUAMETPOM
no 160 MM, B KOTOpBIX TeMmIlepaTypa [IOJKHA HW3MEPSATHCA MOCPEICTBOM
TUPJAH U3 TEPMOMETPOB WM TepMojarunkamu, OBK mo3Bonser cHuMaTh
NOKa3aHUsd TEMIIepaTypbl HE TOYEYHO, a Ha BCEM MPOTSHKEHUU OyAylen
TpPacchl HEMPEPHIBHO BO BPEMEHU. DTO MO3BOJIAECT 3PPEKTUBHO PErYIUPOBATH
PEXKUM YIUIOTHEHUS TPYHTOB C Y4E€TOM O0ObeMa MUTpalru BOAbI K (POHTY
npomep3anus [13].

[Tociie OKOHUAaHUSI CTPOUTENBCTBA U TPUEMKH 3eMJIsIHOTO nojoTHa OBK
U o0opynoBaHME TEpPeXOoAST B  COCTaB  MOHUTOPUHIA  COCTOSIHUSA
DKCIUIyaTUPYEMOI'O  JKEJIE3HOJOPOKHOIO  ydacTKa B JOINOJHEHHE K
KOHTPOJIbHO-OMOBECTUTEIBHON cHUCTeMe Ui MHQOpMAIMK O TOBBIIICHUN
HanpsHKEHUsT B TPYHTAX OCHOBAHMS W OMNACHBIX COCTOSIHHUSIX 3E€MIISTHOTO
nojiotHa [14]. HempepbIBHBIH KOHTPOJIb COCTOSIHMSI TPYHTOB B OCHOBaHHUH
MO3BOJIIET TMPOTHO3UPOBATh pPa3BUTHE JAedopMaluil 3eMIISIHOTO TI0JIOTHA,
KOTOPbIE MOTYT MPUBECTH K BOBHUKHOBEHHUIO OTKA30B B pabOTE U CHIXKEHUIO
HAJIGKHOCTHU BCEH KOHCTPYKITHH JKEJIE3HOJOPOKHOTO myTH [15].

3AK/TIOYEHHE

TexXHOTOTUYECKME  PEXKUMBI  COOPYKEHUS  3€MJITHOTO  IOJIOTHA
11€JI€CO00pa3HO JIOTOJHUTh MPUMEHEHHEM ONTO-BOJOKOHHOTO KaOemst Jyis
OTepaTUBHONW HH(OpPMAIMKM U PEryaupoOBaHUS PabOThl TPYHTOYIUIOTHSIOIIMX
MAalllUH TMpPHU OTXKATUM BOABI B IMEPHOJ MOPO3HOIO BJIArOHAKOIJICHHS.
MonepHuzamsi  KOMIUIEKCHOH ~ TEXHOJIOTHM  YIPOYHEHUS  CHA0OBIX |
MPOCAIOYHBIX TPYHTOB 3a CUET (PYHKITUI OMTO-BOJIOKOHHOTO KaOels T03BOJISET

Received: 25.05.2021 Revised: 22.06.2021 Accepted: 30.09.2021
Moctynua: 25.05.2021 Opo6pena: 22.06.2021 Mpunsra: 30.09.2021



155 WHHOBALIMOHHBIE TPAHCITIOPTHBIE CUCTEMbI U TEXHOJIOT'HU OPUT'NHAJIBHBIE CTATbU
MODERN TRANSPORTATION SYSTEMS AND TECHNOLOGIES ORIGINAL STUDIES

CHU3UTHh BJIAXKHOCTh U TIOBBICUTH CTAOWUJIBHOCTH OCHOBAaHMS B IIpoliecce
ctpoutenbcTBa. Kontposnbubie pynkunu OBK mosne3Hsl U B 3KCIUTyaTalMOHHBIN
NEPUOJT JJIs JAOMOTHEHUS! MOHMTOPUHIA HAarpy30K Ha OCHOBAHME U COCTOSIHUSA
I'PYHTOB 3€MJISTHOTO TIOJIOTHA.

Crathsi TIOATOTOBJICHA TIOJ HAYYHBIM PYKOBOJICTBOM JI.T.H., TIpoeccopa
Poccuiickoro ynusepcuteta tpancnopta C.5. Jlyukoro.

ABTOp 3asiBJIsieT, 4YTO HACTOSIIAs CTaThid HE COACPKHUT KaKUX-THOO HCCIeAOBaHUN C
y4acTHEM JIt0JIeH B KaUECTBE OOBEKTOB UCCIIEI0BAaHUI
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Py6puka 2. HAYYHBIE U [IPAKTUYECKUE PA3PABOTKU
Hamnpagnenue — [IpoekTpoBaHuE U CTPOUTENBCTBO AOPOT, METPOIIOIUTEHOB

VJIK [UDC] 624.21
DOI 10.17816/transsyst202173158-168

© A. H. SIlmnos, A. H. UBanoB
Cubupckuii rocy1apCTBEHHBIN YHUBEPCUTET ITyTeil COOOLICHHUS
(HoBocubupck, Poccus)

CTPYHHBIE ITPOJIETHBIE CTPOEHUSA JIA
MATHUTOJIEBUTAHIMOHHOI'O TPAHCIIOPTA

Heab: OO6ocHOBaHME TEXHUYECKOW BO3MOXKHOCTH IpuUMeHeHus s «Marsesy
CTPYHHBIX IPOJIETHBIX CTPOEHUH U3 MOJUMEPHBIX KOMIO3ULIMOHHBIX MaT€pPHUaoB.

MeTtoabl: PacueTHO-TEOpETHUECKHE METOABI UCCIICIOBAHUN.

PesyabTatsl: [TokazaHo, 4To IyTeM HATSKEHUS CTPYHBI U IPUMEHEHHUS CIIELUAIbHBIX
KOHCTPYKTUBHBIX PEUICHUH MOXKHO CO37aTh ONM3KUHA K «HICTBHOMY» MPO(HIL MyTEBOU
CTPYKTYypbl s JBukeHus «Marne». Ilpu sToM B KauecTBe Marepuana CTpyH
IPEIIOYTUTENBHEE HCIIONIb30BaTh IOJUMEPHBIE KOMIIO3UTHI, IO3BOJISIIOIIME NPU TOM XKe
YPOBHE HATSKEHHsI CTPYHBI IIOJIy4aTh MEHbIIIEE IPOBUCAHUE, UEM Y METANIMYECKUX CTPYH.

3akirouenune: OOOCHOBAaH aJbTEPHATHBHBIA TPAJULMOHHBIM >K€1€300€TOHHBIM WIIN
METAJUINYECKUM KOHCTPYKLIUSAM BapUaHT CTPYHHBIX KOMITO3ULIMOHHBIX IIPOJIETHBIX CTPOCHUH .

Knrouesnie cnosa: MarHuTOJeBUTALIMOHHBIM TPAHCIIOPT, CTPYHHBIC KOMIIO3UIIMOHHBIC
IMMPOJICTHBIC CTPOCHUS.

Rubric 2. SCIENTIFIC AND PRACTICAL DEVELOPMENTS
Field — Design and Construction of Roads, Subways

© A. N. Yashnov, A. N. lvanov
Siberian Transport University
(Novosibirsk, Russia)

STRING SUPERSTRUCTURES FOR MAGLEV TRANSPORT

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

Methods: Computational and theoretical methods of research.

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

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

Key words: maglev transport, string composite superstructures.
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BBEJAEHHUE

«MarneB» — MaJIOINIYMHBIH, HKOJOTMYECKH YHUCTHIM U O€30IacHbIN
TPAHCIIOPT,  HE3aBUCALIMA  OT  KIMMAaTHYEeCKUX  ycloBuil.  [IpoekTsl
MarHUTOJIEBUTAIIMOHHBIX TPAHCHOPTHBIX CHUCTEM TMOSIBUJIUCH €II€ B Hayaje
poLLIOro Beka [1], HO A0 HACTOSIIEr0 BPEMEHU TAKUE CUCTEMbI HE MOJIYYHIIN
HIUPOKOTO PACHpPOCTPAHEHUSI. XOTSA, OUYEBUIHO, YTO MArHUTOJICBUTAIIMOHHBIC
TPAHCIIOPTHBIE CUCTEMBI MEPCIIEKTUBHBI TPU OPTAHU3AINHU BHICOKOCKOPOCTHOTO
U CBEPXBBICOKOCKOPOCTHOTO JBIKCHUSI M TIEPEBO3KM KOHTeHHEpoB. B
COBPEMEHHBIX METaloJuCcax TaKXe MEPCIEKTUBHO BHEIPEHHUE TOPOJCKOIO
TPAHCIOPTHOTO JBMXKEHUSI Ha MarHuTHOM nojsece [2, 3]. HMcciemoBanwus,
MPOBEJACHHBIE  SIMIOHCKUMU  YYE€HBIMHM, [OKa3aJld, YTO  pealu3anus
TPAHCIIOPTHOTO COOOIICHHWS BHYTPU METANOJUCCOB M MEXKIYy HUMH TIO
TexHoJoTUun «MarjeB)» OKa3bIBA€T MOJOKUTEIbHBIN AIKOHOMHYECKUN 3(DPexT,
CIoCcOOCTBYsI 00Jiee PaBHOMEPHOMY PACCEJICHHIO JIFOJIeH MO paccMaTpuBaeMoun
TEPPUTOPUH M YBEIMYCHHUIO BaJIOBOTO PETHOHATIBHOTO MPOYKTa PErHOHOB [4].

CpaBHEeHHE  BBICOKOCKOPOCTHBIX  JKEJIE3HOJOPOXKHBIX  Marucrpaien
pa0oTaroMX Ha CHCTEMax «KOJIECO-PeIbC» W «MAarHMTHBIM TonBec» [5]
CBUJICTEJIbCTBYET O HAJIMYUMK Y MarHUTOJICBUTALIMOHHOIO TPAHCIOpPTAa TaKHUX
IPEUMYIECTB, KaK PEKOPAHOE 3HaUeHHe cKopocT (581 km/4ac), cpaBHUTEIBHO
MEHBIIIME PAJUYChl KPUBBIX M3-32 BO3MOKHOCTH OOJIBIIETO MOMEPEYHOTO
HAKJIOHA, MAKCUMAJIbHBIE YKIJIOHBI TIPOJIOJBHOTO PO TEOPETUUECKA MOTYT
nocturath 100 %o, ypOBEHb IITyMa 3HAYUTENBHO HUKE MPU OJMHAKOBOM YPOBHE
ckopocre. Kak oOTMe4aroT HEKOTOpbIE HCCIENOBATENM TPAHCIOPT Ha
MarHMTHOM TIOJ[BECE SIBISIETCA TEepCcHeKTHBHBIM B ycioBusx Cesepa [6], B
MEPBYID OYEpelb, ATO TPAHCHOPTHBIE CHUCTEMBbI 3CTAKAaJHOIO THMA JJIA
YCTOMYMBBIX TPY30- U NACCAKUPOMOTOKOB HAJl CHETOM U 30HAMU MHTEHCHUBHOTO
BOJIOPOJIHOTO H3HOCa KOHCTpykimi [7]. Ho «MarneB» umeer u Takue
CYILIECTBEHHbIE HEIOCTAaTKH, KaK HECOBMECTUMOCTh C CYIIECTBYIOIIECH CEThIO
OOBIYHBIX JKEJIE3HBIX JIOPOT, a TAaKXKE OTCYTCTBHE OIbITa CTPOUTEIHCTBA W
JKCIUTyaTauu [4].

Kak crnpaBenmmBo orMedeHo B [8] MarHUTONCBUTAIMOHHBIA TPAHCIIOPT
SBJISIETCS MPEUMYIIECTBEHHO OCTAaKaJHBIM, JIOJS JCTAaKaJHBIX Y4YaCTKOB
coctapisieT 10 100 %. IIpu 3TOM >CTakanabl 3aHUMAIOT 3HAYUTEIIBHO MEHBIINE
IJIONIAIM, YeM HaChIliM, a IMOJICTAKaJHOE TMPOCTPAHCTBO MOXKET OBITh
UCIIOJB30BAHO JIJII MHOTUX HyXa.  OOmme BOMpPOChl MPOSKTUPOBAHUS
MOCTOBBIX COOPY)KEHUW OBUIM paccMOTpeHbl B paborte [9], oTMedeHo, 4TO
HEOOXOJMMO pEeNIaTh BOMPOCHI CTPOUTEIHCTBA ICTAKaJl, OCYIIECTBISS TMOUCK
HOBBIX KOHCTPYKTHUBHBIX U OPTaHU3ALMOHHO-TEXHOJOTUUECKUX PEIICHUI.

B Hacrosiee BpeMs NHEpBbIi B MUpPE KOMMEPYECKHM ‘‘MariieB’’-moe3
Kypcupyet Ha quHuM [lanxai — asponopr Ilyanonr. Ha 3toii inHMKM npyuMeHeHbI
ACTaKaJbl C OTACJIBbHBIMM JJI1 KaXIOr0 HAMNpaBI€HUS MyTH OMOpPaMH.
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[IponeTHbIe CTpOEHUsT — KeNe300eTOHHBIE 0aJI0YHO-Hepa3pe3Hbie, B OCHOBHOM
2x25 M, BbIcOTOM 0KO0J10 2,0 M. BrIcoTa *%ene300€TOHHBIX onop npuHsATa ot 1,5
no0 20 M, npu HEOOJNBIION BHICOTE OMNOpP JJMHA MPOJETOB YMEHbIaercs. B
MONEPEYHOM CE€UYEHUH NPOJIETHOE CTPOEHUE IMOJ KaXAbli MyTh MPEACTABISACT
coboii onny T-00pa3Hyro 0anKy, COCTOSIIIYIO U3 IOBOJIBHO «TOJICTOTO» pedpa u
Tkl [10]. [TIUThl CMEXHBIX Hepa3pe3HbIX MPOJICTHBIX CTPOSHUH 00hETMHEHBI
B TEMIEpaTypHO-HEpas3pe3Hyw IieTb. B ortnuume ot Kuras B Anonuum, Ha
IKCIIEPUMEHTAIBHOM yuacTke Oynymien Maructpanu «Marnes» Tokuno — Ocaxka
OTOPBI ACTaKaabl MPUHATHI T-00pa3HO (HOpPMBI, C pa3MENICHUEM Ha PHUTEIC
nByx myTted. TakuM oOpa3oM, peanu3yroTcs TPaJUIMOHHBbIE KOHCTPYKTHUBHBIC
pelIeHus] MPOJIETHBIX CTPOEHUM U OMOp. 3aMETUM, YTO JUIsi OCBOOOXKICHHUS
MOJIPCTAKAJOTO TPOCTPAHCTBA MOTYT OBITh MPUMEHEHBI M METAJUTNYECKUE
OIOPBL.

A. D. IOnunkomy [11,12] npuHAIICKHUT HIASS CO3IaHUS CTPYHHOTI'O
TPAHCIIOPTa, TJIaBHBIM MPEUMYIIECTBOM KOTOPOro IMepel TPaaulMOHHBIMU
BUJIAMU TPAHCHOpPTa SBIISETCS HOBU3HA MPHUMEHSEMBIX TEXHOJOTHN H
TEXHUYECKUX PEIICHUM, YTO MPUBOAUT K CHUKECHUIO MATE€pPUATIOEMKOCTH IPH
CTPOUTENIHCTBE, MOBBIIIEHUN JI0JITOBEYHOCTH MYTEBON CTPYKTYpPbl U CHUKECHUU
SHEpromnoTpedseHuss mnpu HIKcmryatanuu. OAHAKO CKOPOCTH  JIBUKEHUS
MarHuToJeBUTAIIMOHHOTO TpaHcropta (g0 300 km/yac u Oomee) TpeOyroT,
yTOOBl MPOPUIL MYTHU OBLT UACATBHO POBHBIM, 0€3 MEPETIOMOB, YTO BBI3BIBAET
ONpPEACICHHbIE TPYAHOCTH mNOpu peanuzauumu wuaen A. O. FOHumkoro mist
«MarneB», Tak KaK HaTSHKEHHE CTPYHBI O€3 MPOBUCAHUS TPEOyeT OECKOHEUYHO
Oompioro ycuiaus. M3 uMeronmxcst B OTKPHITOM JOCTYyNE MyOJUKaIMi HEsICHO
pematorcs i A. D. FOHunKuM Bompockl obecrieueHus poBHOTo (0e3 ImepeoMoB
HaJ[ ONIOpaMH U MPOBUCAHUU B Tpojete) npoduis npwkenus. llens manHOM
paboThl — OOOCHOBaHHE TEXHUYECKOW BO3MOKHOCTH MPUMEHEHUS CTPYHHBIX
MPOJIETHBIX CTPOCHUM C MCIIOIb30BAHUEM MOJMMEPHBIX KOMIIO3UIIUOHHBIX
MaTepUaJIOB JJIs MATHUTOJIEBUTAIIMOHHBIX TPAHCIIOPTHBIX CUCTEM.

CO3JAHUE CTPYHHBIX TIPOJIETHBIX CTPOEHUI

[Tpennoxkeno cruenyroiee 3anaTteHToBaHHOEe [13] KOHCTpPYKTHBHOE
peIIeHHEe CTPYHHOTO MPOJIETHOIO CTPOCHHMS, IPUHIIMITHATIBHAS CXeMa KOTOPOIo
noka3aHna Ha Puc. CTpyHHYIO CUCTEMY HATATHBAIOT MEXIY JBYMS KOHIICBBIMHU
oropami (1, 6), a Mo AIMHE JTMHUN TOIEPIKUBAIOT IPOMEKYTOUHBIMU OTIOPAMHU
(5) ¢ mapaupHO-TIOABMKHBIM ortupanueM (4) ctpyHsl (2) Ha HUX. B KOHIIEBBIX
OIOpax BO3MOKHA a0COJIIOTHO JKECTKas 3aJiejIKa CTPYHBI, HO B OJIHOH M3 OTIOp
MOXET OBITh YCTPOCHO IIOJBM)KHOE ONMHUpaHHEe C aHKepHbIM Trpy3oMm (8),
UMEIOIUM MaccCy, CO3Jalollyl0 TpebyeMoe ycuiue HaTsokeHus. Kpome Toro,
JUTS TallleHUs] KoJIeOaHWi MOJXKET OBITh YCTAHOBIICH NPYKUHHBIA nemrdep (7).
CtpyHa mo jumHe mpojieta Oyaer umerb mnpoBucanue (Y), 3aBUCsAIIEEe OT
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BENIMUMHBI HATsDKeHUs. MpeanbHo poBHass cTpyHa TpeOyeT OeCKOHEYHO
OOJBIIOr0 YCUJIUSL HATSXKEHUS, YTO MPUHIMIHAIBHO HE JTOCTHXXUMO. OJIHAKO
MO>KHO BBIPOBHSITH MMOBEPXHOCTh JIBUXKEHHUS, YJIOKUB HA CTPYHY CIECIHAIIbHYIO
MYTEBYIO KOHCTPYKIHIO (3) mepeMeHHOM 1o JTMHE mposieTa BeicoThl (Puc.).

! 2 3 4
/R [
N —L 0~

1
4

n eieaea
\L‘nuuuuu AR
1

| 52

Puc. Cxema cTpyHHOr0 MpoOJIETHOTO CTpOeHHs: 1 — KOHIIeBask aHKepHast OIopa ¢ KECTKOU
3a/IeJIKOW CTPYHBI, 2 — CTPyHA; 3 — IIyTeBasi KOHCTPYKIHUA, 4 — IIapHUPHOE ITPOJIOJIBHO-
MOJIBUJKHOE ONIMPAaHUE Ha IPOMEKYTOUHYIO OIOpPY, 5 — IPOMEXKYTOUHAs OIOpa, 6 — KOHIIEBast
OTI0pa C aHKEPHBIM T'Py30M, 7 — MPYKUHHBINA AeMiipep, 8 — aHKepHbIi rpy3, 9 —
BBICOKOTEMIIEPATYPHAsl CBEPXIIPOBOALIAs JeHTa, 10 — myTeBoil anekTpoMaruur, 11 — Maraur
00KOBOM cTaOMIM3aMK, Y — IPOBUCAHHUE CTPYHBIL, O — CTPOUTEIBHBIN OIBEM

C ToukHM 3peHUusi CTPOUTEIHLHOM MEXaHWKH CTpyHa MPEJCTaBIsieT coOoit
THOKYI0 HHUTh, PabOTAIONIYI0 TOJBKO HAa PACTSDKEHHE BBUIy CBOEH Masoif
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W3rMOHON skecTkocTu. IlpupaBas HUTH HadanbHBIM MPOTHO (TPOBHCAHUE) U
3arpy’as e€ Harpy3koil OT COOCTBEHHOTO Beca KOHCTPYKIMU IO TPOJIETY
(Puc.), MoxxHO 3amucatb (Hopmyy sl ONpPEACNICHUs] BEIIMYUHBI HATSXKEHUS B
CJIEIYIOLIEM BUJIE:
T2
= _aL” (1)
8Y-cosa

rae ( — Harpyska oT COOCTBEHHOTO Beca KOHCTPYKIIUH;

L — nponeT HUTH;

Y — npoBUCaHUE HUTH;

0L — YTOJI HAKJIOHA HUTHU TIPU MPOBUCAHUHU.

[IpakTuueckuii MHTEpPEC MPEACTABISICT OTPAaHUYCHUE MPOBUCAHUS HUTHU
0 Benu4yuHbl He Ooyee 0,5 M, YTO TMO3BOJUT BCTPOUTH HECYIIYIO HUThH B
CIEUAIIBHYIO TyTEBYIO KOHCTPYKIIUIO B BUJIE KOPOOUATOTO KOKyXa HEOOIBIION
BBICOTHI 10 (hacamy C MEepEeMEHHON BBICOTOM OMHUpPAHHS HA CTPYHY IO JJTMHE
mpoJjieTa. 3aMeTHUM, 9TO BEJIMYMHA TIPOBHUCAHKS B 3TOM cllydae OyJIeT Mayioi 1o
CPaBHEHUIO C TIPOJICTOM, W ICUCTBUTEIIbHASI KPHUBast TIPOBUCAHMSI HUTH HE OyIeT
CYIIECTBEHHO OTIWUYAThCS OT TapaloJIbl, IOJIYYEHHON B MPEANOI0KCHUN
PaBHOMEPHOTO pacIpeaesICHus] Harpy3Kd IO TPOJIETy HUTH, a HE 10 €€ JITMHE,
KaK TO MMEET MeCTO B JAeicTBuTenbHOCTU. KocwHYyC yria o cTpeMuTcs K
eAUHMIlE. 3HAYCHUE TOTPEIIHOCTH B BEIUYMHE HATSDKCHHMS TPU  TaKUX
nonyiieHusx He npesocxoaut 0,3 %.

Hampsoxkenue, BO3HHMKamIIEe B CTPyHE OT HaTHKEHUS (C  ydeToM
dbopmysi (1)):

N p-L?

©= Z - 8Y:cosa (2)

rae A — momaab CEYeHUsI HUTU (CTPYHBI);
p — IVIOTHOCTh MaTepHaia HUTHU (CTPYHBI).

Boruucnenuss nmo ¢opmyie (2) mokaspIBaloT, YTO, UCIOJIB3YS HE Ooliee
10 % Hecymiei cnocoOHOCTH CTAILHOM MTPOBOJIOKM WJTM KaHaTa, MOXKHO CO3/1aTh
TpebyeMbIit ipoduiib CTPYHBI Tpu miposietax 25 — 100 m.

VYeunus HaTsKEHUs, BO3HUKAIOIIME B HECYIIUX CTPYHAX OT MOJABUYKHOTO
cocTaBa, MOTYT ObITh ompeneneHsl o Gopmyne (1) ¢ 3aMeHO#l MOCTOSHHOM
Harpy3ki ( Ha PaBHOMEpPHO  paclpeleieHHYI0 Harpyky V  OT
BBICOKOCKOPOCTHBIX T0€3110B «Marne». Eciau paccMmaTpuBath IOABUKHON
COCTaB JJIi BBICOKOCKOPOCTHOM MarucTpaiu ¢ Kjaccom Harpy3ku C8 u ¢
y4eToM HeoOxoaumocTu orpanundenus nporudos no CIT 453.1325800.2019, to
ycuus o popmysie (2) OyayT BecbMa 3HAUUTENIbHBI U IOTPEOYIOT MPUMEHEHUS
CTpYH OOJBIION IUIONIAAN, YTO, YYWUTHIBAs 3HAUUTEIIbHBIA OOBEMHBIN BeC
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MeTaJljla, HEMHHYeMO TIPUBEIET K YIOPOXKAaHUIO KOHCTPYKIUH OmMop W
(byHIaMEHTOB.

OnpaBganHbiM ~ OyZ€T HCIOJIb30BAaHUE METAUIMYECKUX  CTPYHHBIX
NPOJICTHBIX CTPOCHMI I CO3/aHUs KOHTeHHepHBIX MocToB [8]. [Ipu 3Tom
YCWIHSI HATSDKCHHS CTPYH OT HAarpy3Kd MOTYT OBITh ONPEeIeHBI IO GopMyIie:

N=— (3)

rac P —Bec MaFHHTOHeBHTaHHOHHOﬁ TCIICKKH C KOHTeﬁHepOM.

B stom ciydyae HeOonbIMe MO MUIOMAAN MOMEPEUYHOTO CEUYCHUSI CTPYHBI
obecrieyaT HEOOXOJUMYIO TPY30MOJBEMHOCTh M IKECTKOCTh KOHCTPYKIIUU
MPOJIETHOTO CTPOCHHS.

3amMeTUM, YTO TP WCIIONB30BAHWU CTAIBHBIX CTPYH HEOOXOIUMO
YYUTHIBATh JIOTIOJHUTEIBHBIC TEMIIEpATypHBIC HAMNPSIKCHUSI, KOTOPBIC IS
pa3IMYHBIX KJIUMaTHU4ecKuX yciaoBuil P® wmoryr mpesbimars 10 % ot
Pa3phIBHOTO YCUJITUS:

o= EaAT (3)

rae E — Mmonyne ynpyroctu Mmarepuana;
o — KO3 PUITUEHT JTMHEWHOTO PaCIIUPEHUS;
A T— makcumalbHasi pa3HOCTh TEMITEpPaTyp.

BaxupiMu ¢ TOYkM 3peHMs oOecreueHus paboTOCIOCOOHOCTH
npeaaraeMoil CTPYHHOM KOHCTPYKIMH OYyIyT pacdeTbl JAHUHAMAYECKUX
napaMeTpoB, B TEPBYIO OYEpeab COOCTBEHHBIX YacTOT KojeOaHui. Huzkue
9acTOThI MOTYT OBITh OMACHBI MIPH UX COBMAJCHUH C BBHIHYKIAIOIINMH CHIIAMH
OpU MPOIyCKE MOJBMKHOIO cocTaBa. YacToTa COOCTBEHHBIX IMONEPEYHBIX
KOJICOaHHM CTPYHBI MOKET OBITh OIpeesieHa 1Mo GopMyIie:

v=2VE @)

rae N —uucino noaysoiH (1,2,3,...).

[Tpu HEOOXOAMMOCTH MOXKHO MPEAYCMOTPETh pEryIupoBaHue KoieOaHu
nyTeM UX TameHus crnenuanbHeiM jaemidepom (Puc.). B aunHamuueckom
racutene Ui TalleHWsl KOoJeOaHWW HCIOJIBb3YEeTCsl SIBJICHHME aHTUPE30HAHCA.
[IpyHIMO AEHCTBUS JUHAMMYECKOIO TACUTENS 3aKJIIO4aeTcss B CO3JaHHUU
FaCUTEJIEM CWJIbl HAIPaBJIECHHOM IPOTUBOIIOJIOKHO BO3MYLIAIOIIEH CHJIE.
HacTpoiika AMHAMUYECKOTO TacUTEINs 3aKJII0UaeTCsl B IOJ00PE €ro COOCTBEHHOI
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4acTOTHI: COOCTBEHHAsT 4YacTOTa TAaCUTENs JOJDKHA OBITh paBHA YacTOTE TEX
KOJICOaHUH, aMIUIMTYTy KOTOPBIX HEOOXOMMO YMEHBIIUTH («IOTACHUTDY).

CoOctBenHas yactora koJyieOanuii aemridepa, B epBOM MPUOTHKEHUU,
npenacTaBieHa popMyIou:

v 5V ©)

2y.
rae C — KeCTKOCTh MPYKUHBI (KI/c”);
M — Macca MoJABEUIMBAEMOr0 Ha IPYKUHY Tpy3a (KT).

Jlia rameHus kojieOaHMM HEOOXOAMMO MOJ00paTh KECTKOCTh U Maccy
IPYKUHBI TAKUM 00pa3oM, YTOOBI YAOBIETBOPUTH YCIOBUIO!

Vai= V (6)

HHOJUMEPHBIE KOMITIO3UIITMOHHBIE MATEPUAJIbBI VIS
CTPYHHBIX ITPOJIETHBIX CTPOEHUN

JIns  MOJaydyeHWss KOMIIAKTHOTO — IONEPEYHOTO CEUYCHUsI  HeCyIleu
KOHCTPYKIIMU TpeOyeTcss MaTepHrasl ¢ BHICOKUMHU MPOYHOCTHBIMU MOKa3aTEIsIMU
U HU3KUM YACIBHBIM BecoM. TakumMu XapakTepucTUKamMu 00JagaroT
KOMITO3UITMOHHBIC MaTepHalibl ¢ yrJepoaHbIMU BojiokHamu [14]. ITpodyHOCTh
YTJIEBOJIOKHA MPEBBIIAET MPOYHOCTh CTaJbHOM IPOBOJIOKM B 2—4 pasza, Ipu
9TOM YJCJbHBIA BeC 3TOro Matepuana B 4 pasa menbliie crtanu (Tadn.). Kpome
TOr0, KOMIIO3UTBI C YIJIEPOJHBIMH BOJIOKHAMU MPEBOCXOJAT CTallb IO
neMIIpupyroIield CrIocoOOHOCTH, KOTOpas 3aBUCHT OT COOTHOIICHHS yIJia
MPUJIOKEHUSI HArpy3KM K HAIPaBICHUIO APMHUPOBAHUS, YTO MOJOXHUTEIHHO
OTpa)KaeTCcs Ha CKOPOCTU 3aTyXaHHUs KoJICOAaHMM OT BO3JEHCTBHS ITOJBHXKHOU
Harpy3KkH.

HemanoBaxxHeIiMH (paKkTOpamMu, KOTOpPbIE HEOOXOAMMO YYHUTHIBATH MPHU
MPOCKTUPOBAHUM HECYIINX KOHCTPYKIIMM, SIBISIOTCS TPUPOIHO-KIUMATHIECKUE
BO3/AeiCTBUs. Tak, HaIpuMep, Ha 3HAYMUTENbHOU Tepputopun Poccum nepemnan
TeMmrepaTryp 3a KajaeHmapHwii roa npubmmkaercs Kk 100 °C, 4yTo BbI3BIBAET
3HAYUTENIbHBIC TEMIEpaTypHbIC HAIPSHKEHUS B JJIEMEHTaX KOHCTPYKIIUM.
Pacuetsl moka3bIBalOT, 4TO oOecreueHrue HEeoOXOAMMOTo Mpoduiis CTPYHHOIO
MIPOJICTHOTO CTPOCHHUS TyTEM HATSKEHUS CTaTbHON BHICOKOIPOYHOM MPOBOJIOKU
IpU TAaKUX KIMMATHYECKUX YCIOBUSX HE MPEJICTABISECTCA BO3MOXHBIM, B TO
BpEMsI KaK C TOMOIIBIO MOJMMEPHBIX KOMITIO3UIITMOHHBIX MAaTEPUAIOB 3Ty 3a7aqy
MOXHO pemuTh. KodpduimeHT IMHEHHOro TEeMIEpaTypHOTrO paCHIUpEeHHUS
VIAEPOIHBIX  BOJOKOH  oTpumnareneH (Tabn.), a  ogHOHamMpaBIIEHHO
apMUPOBAHHBIX YTJICIIACTHKOB 0JIM30K K HyIio [15]. Kpome Toro, momumepHbie
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KOMIIO3UTBl Oo0Jiee YCTOMUMBBI K arpecCMBHBIM CpelaM, a IOTOMY MEHee
IIOJIBEPIKEHBI IETPAlallii B CPABHEHUH CO CTaJIbIO.

3aMeTUM, YTO XapaKTEPUCTUKH KOMIIO3UIMOHHBIX MaTEPHAIOB MOTYT
U3MEHATHCSA B IIMPOKUX Ipeleiax B 3aBUCUMOCTH OT COCTaBa KOMIIO3MIIMH,
KOTOpasi Mpu HEOOXOJUMOCTH MOKET OBbITh MOA0OpaHa Mo 3aJaHHbIC YCIOBHS
U1 obecrieyeHus TpeOyeMbIX TOKa3aTeNeH.

Tabnuya. Xapakmepucmuku yenesonroxua [15] u cmansnoti nposonoku

Moxys Tpexex Kzﬁggff: ! YaeabHbIN
Matepuan YHOPYIrOCTH, | TPOYHOCTH,
I'Ma MIIa TeMIepaTypHoro BecC, Kre/m3
pacmmpenusi, 1/rpajg
YTIeBOIOKHO 235-310 3600-5170 -0,5:10° 1800-1900
BricokonpouHast
cTabHAs 177 1100-1490 1,2:10° 7850
MIPOBOJIOKA

Takum 00pa3oM, OYEBHIHO, YTO KOMIIO3UTHI Ha OCHOBE YTJIEPOAHBIX
BOJIOKOH MPEBOCXOAT CTab MO (PU3UKO-MEXAHUUECKUM XapaKTEPUCTUKAM U UX
BapMAaTUBHOCTM B LIMPOKUX THpelenax, a Takxke Ooyiee yCTOWYMBBI K
BO3/ICICTBUIO MPUPOAHO-KIUMATHUECKUX (akTopoB. Bce 3TO ykaspiBaeT Ha
1EeJIEeCO00Pa3HOCTh MPUMEHEHHsS] YIJICIUIACTUKOB B OCHOBHBIX  HECYILIUX
KOHCTPYKIMAX CTPYHHBIX IPOJIETHBIX CTPOEHUN JIJIS MPOITYCKA NEPCIEKTUBHOTO
MAarHATOJIEBUTALIMOHHOTO TpaHcnopTta. [Ipy mNpuMEHEHUM BBICOKOIIPOYHOTO
YIJIEBOJIOKHA OKa)KETCsl BO3MOXKHBIM U 11€1ec000pa3HbIM BCTPAaNBaHNUE HECYILEH
CTPyHbl B IIyTEBYIO KOHCTPYKIMIO. TeXHOJOrus coopykeHus Oyner
IpeayCMaTpPUBATh HATSHKEHUE HECYLIEW CTPYHBI, a 3aTEM MOHTAXX Ha Hee
MyTEBOW KOHCTPYKIIMH C JAONOJHHUTEIBHBIM CTPOUTEIBHBIM TOAbeMOM O (Puc.)
10 BEPXHEN MTOBEPXHOCTH.

3AK/IIOYEHUE

B pesynbraTe NMpoBENCHHBIX MCCIEAOBAHUM MOKa3aHa MPUHLHUNHAIbHAS
BO3MOKHOCTh CO3/IaHUSI QJIBTEPHATUBHOTO TPATUIIMOHHBIM KeJIe300€TOHHBIM
WU METAJUIMYECKUM KOHCTPYKIMSIM BapHaHTa CTPYHHBIX KOMIIO3UIIMOHHBIX
MPOJIETHBIX cTpoeHnil. Ho g mnpakThdeckoW peanuzanud  CTPYHHOU
TPAaHCHIOPTHOM  CHUCTEMBI ~ HEOOXOJUMO  TPOBEICHUE  JOMOJHUTEIHHBIX
UCCJIEIOBAHNM, Kacamommxcsd oOecredeHus Oe30MacHOCTH JABWXKEHHUS U
HaJIeKHOCTH €€ (PyHKuUoHUpoBaHMs. i1 COOPY)KEHHS CTPYHHBIX CHCTEM
notpedyercs pazpaboTka CreUATIbHBIX TEXHOJIOTHYECKUX CXEM.
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ABTOpBI 3aIBJISIIOT 4YTO:
1. V Hux HeT KOH(IUKTA UHTEPECOB;
2. Hacrosmasi ctaThsi HE COACPKUT KAKUX-THOO HWCCICAOBAHHWHA C Y4acTHEM JIOJCH B
KaueCTBE OOBEKTOB UCCIICIOBAHUM.
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© JI. M. YeueHnoBa

[TetepOyprckuit rocy1apCTBEHHBINM YHUBEPCUTET MyTeH COOOIICHHS
Nmneparopa Anexkcanapa I

(Cankr-IlerepOypr, Poccus)

CTPATEI'MYECKHUE ITPUOPUTETDI
0OAO «POCCUUCKHUE KEJIE3HBIE 1OPOI'N»
B OBJIACTH YCTOMYHUBOI'O PA3BUTUA

Henb: ompeneneHne B3aUMOCBSA3M MEXAY HPUHATHEM MOJUTHKU YCTOMYMBOIO
pasBUTHS M 3PPEKTUBHOCTBIO peanu3aluu HHPPACTPYKTYPHBIX MpoeKkToB pa3Butus OAO
«Poccuiickue xenesnsie goporun» (OAO «PXK]I»). Mbl noka3biBaeM, 4T0 (QyHKIIMOHUPOBAHUE
XonauHra B paMKax yCTaHOBJICHHBIX IPHHIMIIOB YCTOHYMBOrO pa3ButHs — Environmental,
Social, and Corporate Governance (ESG) crmocoOcTByeT YIy4IICHHIO €ro ONepariiOHHON
JESATEIIBHOCTH.

Metoabl: MeTOn0JIOTUST MCCIENOBAHMS CTPOUTCS HAa aHAIU3€ MEKIyHapOIHBIX
noaxo/l0B U KpurepueB oueHkd 1no ESG-daxrtopam ¢ ucnonb30BaHHEM aHATUTHYECKHX
OpOLEAYpP  BBIBJIEHUS  IPUYMHHO-CIEICTBEHHBIX  CBA3€M  cTpaTeruu  pa3BUTHS
XKene3Ho1opokHoro TpaHcnopra PO B pamkax ESG. Pabora BbinosHeHa ¢ opHeHTalMeld Ha
TEKYIIEE COCTOSIHUE KEIE3HOMOPOKHOU oTpaci P®d B KOHTEKCTE Melel yCTOMYMBOIO
pa3sBUTHA M ONMPACTCS HA aHaJIM3 OTYETOB MEXAYHApOAHBIX OpraHW3alUil W JaHHBIX
OAO «PX][1», ob6o3nauenHsix B KoHuenmuu QuHaHCHUPOBaHMSI TNPOEKTOB YCTOWYMBOTO
pa3BUTHSL.

PesyabraTei: Jlana oueHka crparermdyeckum npuoputetam OAO «PXI» B
CTpaTeTuM YCTOWYMBOTIO pPa3BUTHS C OOOCHOBAHWMEM TEHJIEHIMH M KPUTEPUEB Pa3BUTHSL.
VYcraHoBieH ¢opMaT COOTBETCTBHSI CTPATETMH PAa3BUTHS JKEIE3HOIOPOXKHOTO TpaHCIOpTa
Poccunm nensiM  ycTOMYMBOIO pocTa C  COINOCTABICHHEM HAIMOHAIBHBIX IIPOEKTOB,
rOCy/IapCTBEHHBIX MPOTPAMM U CTPATETUUYECKHUX IIeJIel pa3BUTHSI TPAHCIIOPTHOTO KOMILIEKCa
PO®.

3akirouenue: [IpoBeneHHBIN aHaNM3 MOATBEPKAAET BO3MOXKHOCTb HCIOJIB30BaHUS
OCHOBHBIX DPE€3YyJbTaTOB HCCIICJOBAHMS IPU INPUHATHH PEIICHUN YCTOMYMBOIO Pa3BUTHS
UH(QPACTPYKTYPHBIX OTpaciiel SKOHOMHMKHU UM, B YaCTHOCTH, TPAHCIOPTa JJs MPHUBICYCHUS
«3ENeHBIX» WHBECTULUN B TPOEKTHl Pa3BUTHS MarucCTpajJbHOW HHQPPACTPYKTYPHl C
MPUOPUTETHBIMU yYCTAaHOBKAMU IO 3HEProd(PPeKTUBHOCTH, SKOJOTUYHOCTH U 0€30MacHOCTH
JKEJIE3HOAOPOKHOM TPAHCIIOPTHOM CUCTEMBI.

Knioueswie cnosa: xene3HONOPOKHBIA TPAHCTIOPT, CTPATETHs PA3BUTHS, IPUOPUTETHI
OAO «PXK».
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Rubric 4. TRANSPORT ECONOMICS

© L. M. Chechenova
Emperor Alexander | St. Petersburg State Transport University
(St. Petersburg, Russia)

STRATEGIC PRIORITIES OF JSC “RUSSIAN RAILWAYS”
IN THE SUSTAINABLE DEVELOPMENT

Aim: to determine the relationship between the adoption of a sustainable development
policy and the effectiveness of the implementation of infrastructure development projects of
the JSC “Russian Railways”. We prove that the functioning of the Holding within the
framework of the established principles of sustainable development — Environmental, Social,
and Corporate Governance (ESG) contributes to the improvement of its operational activities.

Methods: The research methodology is based on the analysis of international
approaches and assessment criteria for ESG factors using analytical procedures for identifying
cause-effect relationships of the strategy for the development of railway transport in the
Russian Federation within the framework of ESG. The work was carried out with a focus on
the current state of the railway industry in the Russian Federation in the context of sustainable
development goals and is based on the analysis of reports from international organizations
and data from the JSC “Russian Railways”, indicated in the Concept of financing sustainable
development projects.

Results: The evaluation of the strategic priorities of JSC “Russian Railways” in the
strategy of sustainable development with the justification and criteria of development trends.
The format of compliance of the strategy for the development of railway transport in Russia
with the goals of sustainable growth was established with a comparison of national projects,
government programs and strategic goals for the development of the transport complex of the
Russian Federation.

Conclusion: The analysis confirms the possibility of using the main results of the
study when making decisions on sustainable development of infrastructure sectors of the
economy and, in particular, transport to attract “green” investments in projects for the
development of backbone infrastructure with priority settings for energy efficiency,
environmental friendliness and safety of the railway transport system.

Keywords: railway transport, development strategy, the priorities of JSC “Russian
Railways”.

BBEJAEHUE

HudpoBas Ttpanchopmamusi TpaHCHOPTHOM  OTpaciad  CTaHOBUTCS
HEM30€KHBIM TIPOLECCOM  afanTaluy Ou3Heca K HOBBIM peallusiM H
NPEeANnoOYTEeHUSIM LU(PPOBOrO MHUpPA, IMOCKOIBKY ONpenestomuM (HakTopoM
HU(POBBIX MPEOOpa30BaHUN SBISIOTCS JUHAMUKA U3MEHEHUN MNpPEeNNovYTeHHA
COBPEMEHHOT0 noTpedutesisi u (opMbl €ro MOTpeOICHUSI TOBAPOB U YCIIYT .
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B nocnenmnue roapl MBI MOXEM  HaOMIOAATh  KapAWHAJIbHYIO
TpaHCchOpMAILIMIO TPAHCIOPTHBIX CHCTEM B IEJIOM U MPEeXKIE BCEro,
KEJIE3HOJOPOKHOTO  TpaHCHOpTa. ITO MpeoOpa3oBaHUE MPEAOIPEeTICHO
MacIITaOHBIMUA COIUATBHBIM, TEXHOJIOTHUECKUM U SKOHOMHYECKUM MPOTPECCOM
Ha PBIHKE TPAHCIIOPTHBIX YCIYT, OPMUPYEMBIM HOBOI MOJIEIBIO TOTPEOICHUSI.
[losiBnsitOTCST  HOBBIE  PBIHKM ~ TOBApOB M YCIOYr, pa3pylialTcs H

Moau(UUUpylOTCS ~ cTapble.  3HAUMTEIbHBIE  U3MEHEHUS  KOCHYJHCH
TeOJMHAMHKH, OpraHu3amuu W (QopM TMepeBO30K. TpaHCIOpTHAs cHUCTEMa
nepexoaquT B Qopmar  dKoJOorMYHOM  (Oe30macHOil),  COIMAbHOM

(BBICOKOMOOWIIBHOM ) ¥ SKOHOMHUYIHOU cucTeMbl [ 1-3].

Bonpockl ycTOMYMBOTO pas3BUTHS NPEACTABISIOT HHTEpPEC Kak I
Ou3Hec-cooOIIecCTB, Tak H JJii HAI[MOHAJLHOM SKOHOMHUKH TOCYIapCTB.
KoHuenuus ycTOMYMBOTO Pa3BUTHSL MPELYCMATPUBAET HE TOJIBKO «3EJICHBIEY
OPUEHTUPBI, HO U CO3JaCT MCKIIOYUTEIbHBIM (PAKTOpP HMHBECTUIIMOHHON
MpUBJIEKAaTEIbHOCTU. [Ipm »TOM peanu3anuss HWHBECTUIIMOHHBIX MPOEKTOB
ABJIgeTCsl 0o0Jiee CO3HATENBHBIM M MEHEE CIEKYJISTUBHBIM TIPOIECCOM, B
KOTOPOM 3aMHTEPECOBAH HE TOJIBKO OM3HEC, HO U FOCYJapCTBO, YTO MOKA3aHO B
uccienopanuu [4].

CnenyeT OTMETHTH uHccienoBaHus [5]  B3aMMO3aBUCHUMOCTH |
B3aWMOBIIMSIHUSA TPUHIUNOB YCTOMYMBOTO POCTA U CTOMMOCTH TPAHCHOPTHBIX
KOMIIaHUM. ABTOpaMH IPOBEJICH IMAHENBHBIM AHAIW3 JAHHBIX TPAHCIIOPTHBIX
KOMIITAHWM,  PEe3yJbTaTbl  KOTOPOrO0  MNOATBEPKAAIOT  MOJIOKHUTEIBHYIO
B3aMMOCBSI3b MEXJY OIIEHKOW 3KoJornueckoro kommnoHeHTa (Env) u oreHkoi
nokKaszaTelied  CTOMMOCTM  KOMIIAaHMM W (PMHAHCOBBIX  IOKa3aresei,
COOTBETCTBEHHO. JTO TOATBEPXKAAET YBEIMYEHUE PBIHOYHOW CTOUMOCTH
KOMITAHUM U JTOXOJHOCTH MHBECTUPYEMBIX CPEJACTB B CIIy4dae IOJIOKUTEIbHON
nuHaMUKH nokasaresend ESG.

[TomuMo  »TOrO, CYHIECTBYIOT YOEAMTENbHBIE HCCIEAOBAaHUS U
JI0OKa3aTeIbCTBA  TOrO, 4YTO  HapallMBaHWE  COLMAJIBHOTO  KamuTala
MOJIOXKHUTEIBHO BIUSCT Ha YCTOWYMBBIC OM3Hec-Moaeu [6]. OrpaHnYeHHOCTD U
CJIO)KHOCTh JTOTO BOMPOCAa COCTOUT B TOM, YTOOBI BKJIOUWTH B aHAJIU3
AKOJIOTUYECKHE, COLMAIbHBIE M yIpaBieHUecKue (PakTopbl, B YACTHOCTH MX
CTaHJapTU3aluoo 1 kiaccudukanuo. Ha Ham B3risia, moaxod U METOI0JIO0THS
JTAHHOT'O MCCJICIOBaHUS MO3BOJIUT YaCTUYHO PEIIUTh JAHHYIO MPOOIEMY.

METOAOJIOTUA UCCJIIEJOBAHUSA

Hosbeie opuentupbl nearensHoctd  OAO  «PXKJ» akkymynupyror
IpoLEecChl IOMCKA W BHEAPEHHS IPOEKTOB  YCTOMYMBOIO  Pa3BHUTHS,
pa3paboTaHHBIX Ui OOecleYeHHs] MPO3PavyHOCTU OCHOB JISi MCHOJIb30BaHUS
UHCTPYMEHTOB «3€JI€HOr0» (PMHAHCUPOBAHMUS.
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[lenpr0 HaHHOTO HMCCIENOBAHUS SBISAETCA ONPENEICHUE B3aMMOCBSI3U
MEXy MPUHATHEM IOJUTUKA YCTOMUMBOIO pa3BUTUSI U 3()PEKTUBHOCTHIO
peanuzanuu UHPPACTPYKTYpHBIX MNpoekToB pa3Butusi OAO «PXI». Hama
3ajaya — JI0KazaTh, 4To ¢yHKuuoHUpoBaHue Komanunm B  pamkax
YCTaHOBJICHHBIX TMPUHIMUIOB YycToiuuBoro pas3sutus ESG cmnocobcTByeT
YIIYUIIEHHIO €r0 ONEPAalOHHON 1eATETbHOCTH.

B Hacrosimiee BpeMs OCHOBHBIMHM 33JadyaMH XOJJAWHIA SBISETCA
JNOCTH)KEHHE HAIMOHAJBHBIX LEJIed 3a CYET pacIIMpeHUs BO3MOXKHOCTEH
TPAHCTIOPTHON MH(PACTPYKTYpPHI U MOBBIIICHUS YKOHOMUYECKOW CBSI3aHHOCTHU
TEPPUTOPHIA. PaccmarpuBas CTpPaTErN4EeCKUU Xapakrep pa3BUTUA
KEJIE3HOJOPOKHOTO TPAHCIIOPTa HAMU CTPYKTYPUPOBAHBI KIIIOUEBBIE CEpPbI
OKa3aHMs TPAHCHOPTHBIX YCIYT C YYETOM UX ITOJOKUTEIBHOTO BO3ACHCTBUS HA
OuzHec-Tpolecchl, peaauszyemblie B orpaciu (Puc. 1).

Konreiinepubie

IEDAIONE O B Eeiee NCPCBO3KU Jloructruka

KT

85,5 TBIC. KM.
IKCIIYyaTAMOHHASA
aauHa K|

K/ -rpyzonepeBo3ku
NuxunupuHr

Y TIACCaXKUPCKUE Ia
MEePEBO3KHU p

44,1 TBIC. KM.
NMPOTSIZKEHHOCTh PemonT
JlokoMOTHBHAS TATa 3JIeKTPUPUIIUPOBAHHBIX MO ABHDKHOTO

1 MHPPACTPYKTYpa JIMHUIA cocTaBa

Puc. 1. O6nacte neareapHoctd OAO «PXK]I» o oka3aHHiO TPAaHCIOPTHBIX YCIIYT
HcTOYHUK: COCTaBIEHO aBTOPOM

HeoOxomumo otmetuts mpenBaputenbHyto TeHaeHuuo OAO «PX» B
COOJIIOZCHUH TPHUHIIMIIOB 3allUThl OKPYXAloUleil cpeabl U COONIOACHUS Mep
0€30MacHOCTH, YTO 3aKPEIICHO B OJKOJOTUYECKOW CTpaTeruu XOJIWHTA 0
2020 r. u Ha nepcnektuBy 10 2030 1. [7]. B HacTosiee BpeMs yaelbHBIH BeC
KOMIAHUM 10 aTrMoc(epHbIM BbIOpOCaM, 3arps3HEHHUIO CTOYHBIX BOJ U
CO3JIaHHUI0 OTXOJHBIX BEIIECTB COCTaBisieT He Oonee 1 % MO cpaBHEHHIO CO
BCEMHU OpPraHM3alMsIMM, AEUCTByIOIMMU Ha Tteppuropun POD. Ilpu stom B
2019T. B COOTBETCTBMM C KoOpIopatuBHOW I[IporpamMmol MepoOnpHATHI IO
MOBBIIICHUIO HKOJOTHYECKON OTBETCTBEHHOCTH HAOMIOAAETCSl COKpalleHHe
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aTMOC(epHBIX BBIOPOCOB, COpPOCOB CTOYHBIX BOJI WU BOJOIOTPEOJICHUS B
npenenax 3—4 % 1mo cpaBHEHUIO C MPEAbITYIIUM TEPUOIOM.

C uenpi0 COKpalieHUsi OTPULIATEIBLHOTO BIMSHUS KEJIE3HOIOPOKHOTO
TpaHCIIOPTa HA OKPYXAIOLIYI0 Cpeay, XOJJIWHIOM aKTHMBHO HCHOJIb3YIOTCS
«3€JICHBIC»  TEXHOJOTMH  TMPU  OJCKTpUPUKAIMK  TYTEBBIX  JIMHUM,
MpPEeIHA3HAYCHHBIX IS MMaCCAKUPCKUX TIEPEBO30K. DKOHOMHUYECKHHN d3PPEKT OT
peanu3anuu 3HEProdHPEKTUBHBIX MPOCKTOB COCTaBUI Oojiee 2 Mipa. pyd. B
2019 ., 9TO CBHAETENHCTBYET O JUAUPYIOMUX TIO3UIUAX, 3aHUMAEMBIX
OAO «PXI» B uyuciae MEXAYHApOJHBIX TPY30BbIX M  MACCAXKHUPCKUX
KEJIC3HOOPOKHBIX TIEPEBO3YMKOB B YACTHU IHEPTETUUCCKON U IKOJIOTHIECCKOM
3¢ peKkTUBHOCTH.

PE3YJBbTATBI UCCJIEJOBAHUA

1. Omnpenenensl crtpareruueckue npuoputetsl OAO «PXKJ» B
COOTBETCTBUM C MPUHLHMIAMU YCTOMYMBOIO PA3BUTHS, MPEACTABICHHbIE HA
Puc. 2:

VYcroitunBelie ropoaa

OnexTpupuKanus OHepro’pPeKTUBHOCTD
KEJIE3HOLOPOKHOTO KEJIE3HOLOPOKHOTO
TpaHcHopTa TpaHCIIOpTa

HupycTpuanusanms, bopsba ¢
VHHOBAIIHH Henn B 061acTu HU3MCHCHUCM
9
i KJIMMara u
UH(PACTpyKTypa YCTOHYHBOIO Pa3BUTHSA

OCICACTBUAMHA

DKOJIOTHYHOCTH OKOJIOTUYHOCTH
JKEJIE3HOJOPOKHOTO JKEJIE3HOOPOKHOTO
TpaHcIopTa TpaHCTIOpTa

I'moGanpHOE MapTHEPCTBO B
WHTEpecax YCTOMYUBOTO
pa3BUTHS

Puc. 2. Crparerndeckue nmpuoputetsl OAO «PXKJ]» B 0051aCTH YCTOWYUBOTO Pa3BUTHS
HcTouHuK: cOCTaBIEHO aBTOPOM
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OcHoBHBIM MeponpusitieM CTpaTeruy pa3BUTHS KEJIE3HOIOPOKHOTO
tpancropta B P® no 2030 r. sBusgercs siaeKkTpuduUKaIus >KeIe3HOI0POKHOM
TpaHCHOPTHOM cucTteMbl. COOTBETCTBEHHO, 3ajJaya XOJJWHra — OKa3bIBaTh
NOMJIEPKKY DKOJIOTMYECKHM OPHEHTHPOBAHHBIM IIPOEKTaM CTPOUTEIBCTBA H
PEKOHCTPYKIIMM HHPPACTPYKTYPHBIX OOBEKTOB, a TaKXKe JKOJIOTUYECKU
HarpasJIeHHbIM nepeBo3kaM JK/[T, Kk KOTOpBIM MOKHO OTHECTH 3JIEKTPOIIOE3/1a
¥ JIOKOMOTHUBBI Ha 3JCKTPUUYECKOM TATE I COKpPAIICHHs BPEAHBIX BHIOPOCOB U
MUHAMH3aIUK 3Hepronotpednenusa. OnenuBas KT kak MakcuMaibHO
9HeprodHPeKTUBHBIA BUA TPAHCIOPTAa MO CPAaBHEHUIO C JPYTHUMH, CIIEIyeT
OTMETUTh paciiupeHre UHPPACTPYKTYPHOH TOPOACKOM M BBICOKOCKOPOCTHOM
reorpadpun  3a mnociaeaHue 10 ser W MHHMMalbHOE 3-X IPOLEHTHOE
sHepromnoTpednenne XKJ/[-cekropom, Ha KOTOpbIM mpuxoautcs mnopsaka 9 %
MHUPOBBIX IACCAKUPONEPEBO3OK U 7 %o Tpy30IEPEBO30K.

IMaccaxxupckuii TpaHCIOPT

Br16pochl caxu, TOHH il 8"%8
1,49
BEIOpOCE! YIIEBONOPOLIOB, TORK | 754
1,92
BEIOpOCE! OKHCH YEIepona, TORH  yyy 1,98
8,9
BrIOpOCEI 0KHCII0B a30Ta, TOHH 9,2
0 2 4 6 8 10
2020 m 2019

Puc. 3. O6bemsbI BbIOpoCcOB oT naccaxupckoro XKJI-tpancnopra

B wmensx pa3Butus cuUcTEeMBbl ydeTa U YIpaBJI€HUS BbIOpocamu
IIAPHUKOBBIX Ta30B yTBepxkAcHa IIporpamma oOpraHM3allMOHHO-TEXHUYECKUX
MEpOTPUATUNA, HAMPABICHHBIX HAa CHUXKEHHE BHIOPOCOB MAapHUKOBBIX T'a30B B
OAO «PX]I» na 2020—2025 rr.

Peanuzanus MeponpusThii B paMKax YKa3aHHOW IIpOrpaMMbl JaeT
BO3MOYKHOCTh JIAJIbHEUILEr0 COKpAIICHUS NPSIMBIX M KOCBEHHBIX BBIOPOCOB
BpPEAHBIX aTMOC(EpPHBIX BEUIECTB, KOTOPbIE BO3MOXHO COKPATUTh 3a CUET
YBEJIMYEHHS JIOJIM BO30OHOBIISIEMOM SHEPIrHM, MOCTABISIEMOM B CETh, 4Yepes3
KOTOPYIO IIOCTYIIAET DJIEKTPUUYECTBO IS IUTAHUS JIOKOMOTHUBOB.
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I'py3oBoii Tpancnoprt

Br1Opock! caxxu, TOHH i i"g
14,3
BrIOpoce! yIIeBoNI0poIoB, TORH i 139
Br10pocs! okucH yriiepoaa, TOHH 18,4
p YHIepoaa, I 17,8
Br10pochl OKMCIIOB a30Ta, TOHH 85,6
’ AR 82,8

0 10 20 30 40 50 60 70 80 90
2020 m 2019

Puc. 4. O6bembl BEIOpOCOB 0T rpy3oBoro JKJ[-Tpancrnopra

YuuThiBasi HU3KYI0O DJHEPrOeMKOCTh W HMHTEHCHUBHOCTH BBIOPOCOB
VIJIEKHCIOr0  Ta3a  Ha  JKEJIE3HOAOPOKHOM  TPAHCIOPTE,  Pa3BUTHE
YKEJIE3HOJIOPOKHOTO TPAHCIIOPTA SIBISETCS Ba)XHBIM 3JIEMEHTOM IOBBILICHUS
HHEPreTUYECKON 0€30MaCHOCTH U COKpAIEHUS BHIOPOCOB BPEIHBIX BEIIECTB B
atMocepy. CmenieHue 0OBEMOB MACCAXKUPCKUX M TPY30BBIX MEPEBO30K C
0oJiee MHTEHCHUBHBIX 10 BBIOpOCAM BPEAHBIX BEIIECTB B arMocdepy BHIIOB
TpaHcHopTa (TakuX KaK JIMYHbIE aBTOMOOWIM, TPY30BHKHM M CaMOJIEThI) Ha
YKEJIE3HOJIOPOKHBIA TPAHCHOPT CYIIECTBEHHO CHHM3UT KOJHMYECTBO TaKUX
BHIOPDOCOB M COKpPATUT HEraTUBHOE BO3JICUCTBHE HA OKPYXKAIOIIYIO CpEmy.
BBugy Ttoro, urto nesTenbHOCTh KoOMIaHWM compspkeHa € MOCTOSIHHBIM
pacUIMpEeHHEM NPOIYCKHOM CIOCOOHOCTH MAacCaKUPCKOTO OOIIECTBEHHOTO
TpaHCIOpTa, CTPOUTEIBCTBOM u MOJepHU3aIEN NACCaXKUPCKOM
UHPPACTPYKTYphl, W yBEIUYEHHUEM JIOJU TIEPEBO30OK C HCIOJIb30BAHUEM
DKOJIOTHYECKM YHMCTOro 3JekTpuueckoro tpancnopra, OAO «PX» BHOcHUT
BOKHBIA BKJIaJ B JIEKapOOHMU3ALUIO DKOHOMHUKHU. DTO SIBJISETCS OCHOBOM IS
Bbiycka Kommanueit 3eneHbIXx OOJuranuii W MpeAoCTaBlIIeT WHBECTOPAM
BO3MOKHOCTh MO/JIepKaTh (PMHAHCUPOBAHUE HU3KOYTIEPOIHBIX TPAHCIIOPTHBIX
aKTUBOB U HUHPPACTPYKTYyphI B PO.

2. O6ocHoBano mpusieueHue OAO «PX]» WHCTpYMEHTOB 3€IE€HOTO
(dbUHaHCUPOBaHUS B IENAX PpeaATU3aAlMHA DKOJOTUYECKHX HWHEOPACTPYKTYPHBIX
MPOEKTOB

Beimyck  3eneHbIXx  oOnMramuii  00ecreyMBaeT — TapaHTHUPOBAHHOE
MPUBJICUCHUE KAMUTAIbHBIX BIOKEHUNW W HMHBECTULMM JJII DKOJOTHYECKU
OJIarONMPUSTHBIX MPOEKTOB KaK TEKYIIHUX, TaK W MEPCHEKTUBHBIX. [IpUHIUIIBI
3eneHbix oOmurammii (GBP) mnoapasymeBaroT mpo3payHOCTh M PACKPBITHE
uH(popMaIuu, CrIocoOCTBYIOT UEIOCTHOCTH B PAa3BUTHH PBIHKA 3€JIEHBIX
oOJIMralnuii myTeM YTOYHEHHUS MOIX0/1a K BBIITYCKY 3€JICHBIX 00JIMTalluid.
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GBP mnpenna3HaueHbl ISl MIMPOKOTO HCIOJIB30BAHUS PHIHKOM: OHH
NPEJOCTARJISIOT 3MUTECHTAM PEKOMCHIAIIMM TI0 KJIFOYEBBIM KOMIIOHEHTAM,
YYaCTBYIOIIMM B 3allyCKe HAJC)KHON 3€JCHOW OOJMIrallii; OHU IOMOTAIT
WHBECTOpaM, oOecreuuBas JOCTYIMHOCTh HHGOpMAIMH, HEOOXOAMMOM st
OILICHKH BO3JICHCTBHS MHBECTUIINH B SKOJIOTHUSCKHUE PECYPCHI, UX HHBECTHIINN B
3eJICHBbIC OOJIMTaIlii; W OHHM IOMOTAIOT aHjAeppalTepaM, MepeMenias pPhIHOK K
CTaHJIAPTHOMY PacCKPBITHIO HH(GOPMAITUH, YTO CYIIECTBEHHO 00JIerdaeT mpoIece
peasmzanuu  cAeikd. OJIHAM W3 YYaCTHUKOB PBIHKA 3CJICHBIX OOIUTanui
sBisieTcst OAO «PXK/» (Tabu.).

Tabauya. dxonomuyeckuil d¢hghpexm om enedperuss NpoeKxma

Ko o0uranmii

XS§1843437036 CHO0522690715 RUOO0A102564

Cpoxk noramenust

bes YCTAHOBJICHHOI'O CPOKa

23 mast 2027 (8 ner) 12 mapta 2026 (6 ner)
roraiieHus
Pasmep BoInmycka
500 000 000 eBpo 250 000 000 mB. ppankoB 100 000 000 000 py6.
Kynon
2,2 % ¢puUKCUPOBAaHHBIH, 0,84 % (huxcupoBaHHBINH, 7,25 % maBarommii,
€)KeroTHBIN €)KeroTHBII Kaxaple 182 aus

HcTouHuK: cocTaBlIeHO aBTOpOM

3. CucremaruzupoBanbl npuoputetel OAO «PXJ» B crparerun
YCTOMYUBOTO Pa3BUTHA.

AHanu3 TEKYyLIEro COCTOSIHUS KEJIE3HOJOPOKHOM OTpaciii B KOHTEKCTE
npuHiunoB ESG  mno3Bonmusi HaM  0003HAYUTH OCHOBHBIE MPUOPUTETHI
OAO «PK]I» B cTparernu ycTOWYMBOTO PAa3BUTHS, UCXOJ U3 CTPATErMYECKHUX
3a1ay XOJJAMHTa U TPOEKTOB, O3BOJISIIOLIMX CHU3UTh HEraTUBHOE BO3JEHCTBHE
Ha oKkpyskaromyro cpeay (Puc. 5).
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1. CTpouTenbCcTBO OYUCTHBIX COOPYKEHUH JUIsI CHIDKEHHUS BBIOPOCOB 3arps3HSIOIIMX
BEILECTB

[Ipoexter OAO «PXI», mo3BossONIMEe CHU3UTh
HEraTMBHOE BO3/ICICTBHE Ha OKPYKAIOIIYIO CPEy

2. CTpouTEeNbCTBO HOBBIX >KEJIE3HOJOPOKHBIX JIMHUHM, CHOCOOCTBYIOLIUX CHHKEHUIO
BO3JICUCTBUS HA OKPYXAIOIIYIO CPEIY

CrpouTenbCcTBO:
[{eHTpanbHBIM TPAaHCIIOPTHBIN y3€l, B. T.4. dileKTpupuKaAnMA:
— MOCKOBCKOE  IIEHTpajJbHOE  KOJIBIIO VYuactok Pruieso — KoueToBka

(MLIK) Hamnpagnenue Oxepenbe — Y3ioBas
— MOCKOBCKHE IICHTPAJIbHBIC TUAMETPHI — Enen

(MILD)

3. DnexTpuduKaIus y4acTKOB ITyTH JIJIS CHIDKEHHUS BEIOPOCOB TAPHUKOBBIX T'a30B

— MHcnonb3oBanue TEXHOJIOTHI JUIsL — VYiydiieHue SKOJIOTHYECKOM
MHUHHAMHA3AINHA YPOBH: IIIyMOBOI'O 00CTaHOBKH " MOBBIIICHHUE
BO3JICUCTBUS  (3aILUTHBIE  SKpaHbl) U IIPUBJIEKATENLHOCTH MPUIETaroImuX
YCTPOMCTB ~ OECCTBHIKOBOTO  IMyTH  JUId TEPPUTOPUIL.

MHUHUMH3ALUU [IIYMOBOTO 3arpsI3HEHUS. — CHmxeHue 3arpsi3HEHUs

— BHenpeHnue cucreMbl INEPEXOAOB H OKpY’Kalllled cpelapl, B YaCTHOCTH
rajeped JUid 3allMThl IACCa)KUPOB  OT YMEHBIIEHUE KOJUYECTBA BPEAHBIX
HEOJAroNnpusATHBIX IOTOAHBIX SBICHUH, B BBIODOCOB B arMocdepy, 3a CYET
T.4. CO3J1aHHE YCIIOBHIA e JBYDKEHUS JIEKTPUYECKUX MOE30B 110
MaJIOMOOMIIBHBIX TPYIIIl HACEICHMUS. JTaHHOU MH(PACTPYKTYpE.

Puc. 5. DxoHoMHuueckuii 3PEKT OT BHEIPEHUS TPOCKTA
HcToyHMK: cOCTaBIEHO aBTOPOM

OuennBasg BiIugHME «3eleHbIX» npoektoB OAO «PXI» Ha
PKOHOMHYECKHUH POCT OTpacid B I€JIOM, HEOOXOAMMO PYKOBOJCTBOBATHCA
COOTHOILIEHHEM 3aTpaT U OKUJAEMbBIX pE3yJIbTATOB IO HUTOTaM BHEIPEHUS
MIPOEKTOB, COIIACOBAHHBIX C OCHOBHBIMH MPUHIUIIAMH YCTOWYHUBOTO POCTA, YTO
MpeNonpeesaeT TEMAaTUKY HAITNX OyIyIINX UCCIEAOBaHMH.

3AKVIIOYEHHUE

[IpoBeneHHoe  ucciaenoBaHUE  MOATBEpXkIaer, 4ro Poccus wu
TPAHCHOPTHBIM CEKTOpP B YaCTHOCTU JOCTUIJIM HE3HAUYUTENbHBIX PE3YyJIbTaTOB
Opy peIIeHUuH TI00ANBHBIX IKOJOTHYECKUX MpobieM. CTepeoTurnsl pa3BUTHUS
XONAMHra CMECTWIMCh B TMOJIb3Y SKOJOTMYHOCTH, 3HEProdh eKTHBHOCTU U
0€30MMacHOCTH MEPEeBO30K. IJTO 00s3aTENIbHO NPUBEAET K TpaHcHopMaIiu
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OTpaciid, TOSBJICHUIO HOBBIX OHM3HEC-MOJENEW U MEPEeCMOTPY CTPYKTYpHI
CTOMMOCTH TPAHCIIOPTHOM YCJIYTH, IIOCKOJIBKY IPOEKTHl YCTOWYNBOIO PA3BUTHUSA
TEHEPUPYIOT CBOM HJEU Kak (PUHAHCOBO IPHUBJIEKATENbHBIE M COLHUAJIBHO
3HauuMble.  DAKTUUYECKM  YCTOWYMBBIMM ~ MOTYT  CUMTaThCsl  JIIOOBIE
UHQPACTPYKTYpPHBIE MPOEKTHI, €CIM OHH COOTBETCTBYIOT MPHUHIUIIAM
YCTOWYMBOIO pa3BuTus. B Oonee y3KOM cMbICie — «3€JIEHBIMH» MOTYT OBITh
JT100bIe MHUIIMATUBBI, KOTOPBIE YAOBIETBOPSIOT ONPEIEICHHBIM KOJIOTHIECKUM
TpeOoBanusiM. B MupoBoil mpakTHke wuMEIOTCS (aKThl, KOTJa OOBEKTHI
UHQPACTPYKTYphl CO3/aBajiCch C mpuMeHeHueM wexanusmMoB [UIl u B
JanbHENIIeM ObLTH CepTU(GUIIMPOBAHBI 110 «3€JIEHBIM» CTaHAapTaM.

ABTOp 3asiBJIsieT, YTO HACTOALIAs CTaTbsl HE COJEPKUT KaKUX-TMOO HCCIENOBaHUI C
y4acTUEM JIt0JIel B Ka4eCTBE 0OBEKTOB UCCIIEIOBAaHUI.
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