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Abstract. This paper deals with analyzing and modelling performances of a long-haul
air route network operating as the queuing network. The network consists of the routes/tracks
with flight levels serving aircraft/flights as the “service channels”. The main network
performances are the “ultimate” and “practical” capacity of ‘“service channels”, the
aircraft/flight demand, delays before entering and total time of aircraft/flights spending in the
network, and the related generalized costs including those of airlines, air passengers, policy
makers and society. The analytical models of the particular network performances and three
routing or assignment models/procedures for matching the aircraft/flight demand to capacity
are developed and applied to the long-haul air route network in the North Atlantic airspace
between Europe and North America.

The results have indicated that. the network capacity has been strongly dependent on
the number of routes/tracks and flight levels, i.e., “service channels” and their “ultimate”
and/or “practical” capacity. The “ultimate” capacity has been mainly influenced by the ATC
(Air Traffic Control) separation rules applied between aircraft/flights operating in the same
directions. The “practical” capacity has been strongly influenced by the “ultimate™ capacity
and the average delays imposed on aircraft/flights before entering the network. The rather
superior and close to optimal model/procedure for matching demand to capacity has been
routing or assignment of the aircraft/flights demand in proportion to the “ultimate” or
“practical” capacity of particular “service channels” minimizing the total generalized costs of
the actors/stakeholders involved.

Keywords: Long-haul air route network, performances, analysis, modelling,
aircraft/flight demand, route/track capacity, assignment models/procedures, evaluation, North
Atlantic airspace.

1. INTRODUCTION

The ATC (Air Traffic Control) is considered as one of the main
components of the air transport system together with airports and airlines. This
includes: 1) the controlled airspace established over the particular countries,
continents and oceans; ii) technical/technological components such as radio-
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navigational facilities and equipment located on the ground and in space
(satellites) and their complements at aircraft; and iii) the operating staff (the
ATC controllers on the ground) and the aircraft crews. The ATC controllers use
the operating rules and procedures in serving its users — aircraft/flights — under
given conditions [1-5].

The main objectives of ATC are to serve the aircraft/flights in the airspace

safely, efficiently, and effectively. Safety implies serving the aircraft/flights
without the risk and occurrence of air traffic incidents/accidents due to the
already known reasons. Efficiency implies operating without imposing
unnecessary congestion and delays on aircraft/flights. Effectiveness relates to
serving the aircraft/flights at as low as possible their and own operating costs
[2].
In general, regarding the length, the flights are divided into the short, medium,
and long-haul. The short-haul flights (from 0.5 to 3 hours) are usually those
between airports in the same country. The medium-haul flights (from 3 to 6
hours) are those between airports in the same large country (for example, U.S.,
Russia, China) and between different countries. The long-haul flights (longer
than 6 hours) are generally those between airports at the ends of the same and
different continents [7].

The ATC handles the aircraft/flights in the air route networks established
in the airspace of its responsibility. If over the ground, these aircraft/flights are
radar-monitored and separated by the ATC minimum horizontal and vertical-
distance based separation rules. The over-water (ocean) segments of flights are
monitored in discrete time intervals by communicating of ATC controllers and
pilots. In these cases, the ATC minimum horizontal time-based and vertical-
distance separation rules are applied.

The relatively stable and continuous growth of the world passenger air
traffic (in RPK (Revenue Passenger-Kilometres)) at an average annual growth
rate of 5.0 % driven by the global growth of GDP (Gross Domestic Product) of
2.8% since 1995 until the start of COVID-19 pandemic disease, has
continuously risen the question of the ATC performances in terms of fulfilling
the above-mentioned objectives - providing safe, efficient, and effective services
[8]. Despite in the year 2020 the air traffic has dropped for about 61 %
compared to the pre-pandemic level, the ATC will continue to deal with the
same objectives during and after recovery of air traffic. including that in the
recovered long-haul air route networks. Consequently, the performances of these
networks such as the spatial configuration, aircraft/flight demand, capacity, their
relationship causing the aircraft/flight congestion and delays, and related
generalized costs of actors/stakeholders involved would again come of increased
research and practical interests.

This paper deals with an analysis and modelling of performances of a
long-haul air route network established in the large controlled airspace. The
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network is modelled as the queuing network serving the aircraft/flights demand
by the capacity of its nodes and links. In addition to this introductory, the paper
consists of four other sections. Section 2 describes the characteristics of this air
route network, pattern of controlling the aircraft/flights there, and the related
performances. Section 3 presents the analytical models for estimating these
performances including the models/procedures for matching demand to
capacity. Section 4 illustrates an application of the proposed models to the
transatlantic air route network over Atlantic Ocean serving the air traffic
between Europe and North America according to the specified “what-if”
scenario(s). the last section summarizes some conclusions.

2. THE AIR ROUTE NETWORK

2.1 Configuration. The considered long-haul air route network is
characterized by referring to an analogy with the communication networks
operating as the queuing networks as follows [9]:

Network “node” The central ATC centre, which monitors,
controls, and manages the aircraft/flights in
the network

Network “links” The routes/tracks, each with the flight levels
as the “service channels” of the aircraft/flights
requesting service under given conditions.

Aircraft/flight demand Aircraft/flights are characterized by origin and
destination airports and the preferred routes
fully or partially passing through the given air
route network.

Matching demand to capacity Models/procedures for routing or assigning
the aircraft/flights to the particular network’s
“service channels” according to the specified
rules/criteria.

Aircraft/flight total delays The sum of the average delays before entering
and the average delay-free service time in the
particular “service channels” of the network.

Generalized costs Those of the actors/stakeholders involved.

The main actors/stakeholders involved in dealing with the above-
characterized air route network are the users — airlines and air passengers, the
service provider — ATC, and policy makers and society. The users are mainly
interested in the aircraft/flight delays and their related generalized costs. The
ATC intends to provide safe, effective, and, efficient services to aircraft/flights
under given conditions. The policy makers and society mainly consider the
impacts of these aircraft/flights on the environment in terms of global GHG

Received: 02.01.2021 Revised: 16.02.2021 Accepted: 30.03.2021
Moctynmma: 02.01.2021 Opnoopena: 16.02.2021 Ipunsra: 30.03.2021



8 TPAHCHIOPTHBIE CUCTEMbI U TEXHOJIOT'MUA OPUTI'MHAJIBHBIE CTATbU
TRANSPORTATION SYSTEMS AND TECHNOLOGY ORIGINAL STUDIES

emissions and related costs/externalities. The examples of spatial configuration
of the above-mentioned long-haul air route network are shown on Fig. 1 (a, b).

Westbound tracks:
FL 310 - 410

-

a

-
-
a
'

A
A
A
A
A
A
A

- Entry/exit waypoint of the oceanic airspace-routeftrack
- Waypoint along the oceanic routeftrack

b) ATC-based network - Routes/tracks in the North Atlantic airspace [11, 12]

Fig. 1. Examples of the spatial schemes of long-haul air route networks

Fig. 1a shows the scheme of the long-haul network over Pacific Ocean
consisting of the routes of airline flights between the origin and destination
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airports on the West Coast of U.S. and East Coast of Asia and Australia. Fig. 1b
shows the ATC structured air route network with air routes/tracks over Atlantic
Ocean between Europe and North America.

2.2 Performances. The main performances of the above-mentioned air

route networks are generally their aircraft/flight demand, capacity, their
relationship causing the aircraft/flights congestion and delays, the impacts of
GHG emissions on the environment, and related generalized costs of the main
actors/stakeholders involved.
The aircraft/flight demand requests service in the air route network during a
given period of time, which can be an hour, day or year. For the short-term
operational purposes and prediction of the ATC controller’s workload up to the
certain maximum values and consequently capacity, the daily and hourly
number of aircraft/flights is usually relevant [13-15].

The capacity of air route network is usually expressed by the maximum
number of aircraft/flights, which can be served during a given period of time
under given conditions. These can be the constant demand for service, which
refer to the “ultimate” capacity and the average delay imposed on the
aircraft/flight before entering the network referring to the “practical” capacity.
In general, this capacity is mainly dependent on the network configuration
characterized by the number of routes/tracks (i.e., links) and FLs (Flight Levels),
and the ATC minimum separation rules applied between the aircraft/flights. The
aircraft/flights on the FLs operating in the same direction are separated by the
ATC minimum time- or distance-absed horizontal separation rules. Those on
different closest FLs operating in the same and/or opposite directions are
separated by the ATC minimum vertical separation rules. The capacity based on
the corresponding ATC controller’s workload is expressed by the number of
aircraft/flights, which can be simultaneously controlled in the network during a
given period of time under the predefined maximum workload. The short-term
period of time for operating and planning the capacity can be an hour or day
[2, 16].

The time and spatial interaction between the demand and the air route
network capacity can cause congestion and delays of the affected aircraft/flights.
In general, these happen as soon as the demand exceeds the capacity of the
particular routes/tracks, i.e., links. As such, if predicted/expected in advance,
these delays can be realized at the origin airports or otherwise along the
corresponding assessing routes to the network [2, 17, 18].

In order to deal with the above-mentioned performances of the long-haul air
route networks in the given context the pre-conditions are as follows: i) the
network characterized by the number and spatial configuration of routes/tracks
(i.e., network links) supported by the facilities and equipment used by the ATC
and the aircraft pilots; ii) the pattern of aircraft/flight demand requesting service
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during a given period of time in terms of intensity, structure, time and space
distribution in the network; and iii) the models/procedures for matching demand
to capacity aiming at minimizing the generalized costs of the actors/stakeholders
involved.

3 MODELLING PERFORMANCES OF A LONG-HAUL
AIR ROUTE NETWORK

3.1 Literature review. The research on analysing and modelling
performances of the air route networks similar to that presented in the given
context has been scarce and actually not existing in an explicit form. Therefore,
this rather short literature review presents the research related to analysing
performances of air route networks similar to that presented in this paper and
some studies by the air transport industry. For example, this has been the long-
standing, exhaustive, and rather matured academic research on the analytical
and simulation modelling of the airport and airspace “ultimate” and “practical”
capacity based on the stochastic and deterministic queuing theory [2, 17, 19, 20].
The queuing networks have been also the subject of intensive academic
research. The analytical models for estimating performances of these networks
such as the demand, capacity, average customers delay and the total customers
time in the network and related costs, different routing procedures enabling
minimization of both previous individually (per customer) and the system (all
customers), and prioritizing of particular categories of customers using different
criteria have been under focus. The applications of these models have primarily
been considered for the computer networks [9, 18, 21, 22].

The research closely related to operations of the long-haul air route
networks has mainly dealt with optimization of the aircraft/flight trajectories
subject to different criteria. In particular, the effects of new technologies
contributing to the aircraft/flight precise guidance, reducing the ATC separation
rules, and the impacts of weather intended to more efficient and safer (conflict-
free) operations have been under focus in the transatlantic airspace as the most
congested overwater airspace in the world [23-27]. Some research has also dealt
with the analysis of fuel efficiency of airline flights in the transatlantic airspace
[28].

The relevant studies carried out by the aviation industry stakeholders have
mostly included the long-term forecasting of the aircraft/flight demand and
potential effects of the ATC innovative technologies on the capacity and
efficiency of operations of the given (Transatlantic) air route network [29, 30].

3.2 Configuration of the network. The simplified spatial configuration
of the long-haul air route network synthesized from that on Fig. 1b and shown
on Fig. 2 (a, b) is considered for analysis and modelling performances.
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Fig. 2. Simplified scheme of the air route network for the purpose of analysing
and modelling performances

As can be seen, the network consists of (N) routes/tracks of the
approximately same average length (d;) each with (M;) available FLs (Flight
Levels). The aircraft/flights between (K) origin and (L) destination airports are
handled in the network. They access the network along (K) routes connecting
their origin airports with the entry points of the network defined as the
geographical WPs (Way Points). After passing through the network, these
aircraft/flights leave the network along (L) routes connecting the corresponding
network exit WPs and their destination airports.

3.3 Assumptions. In addition to the above-mentioned configuration,
modelling of the network performances similarly as that of the queuing network
is based on the following assumptions [2, 18]:

e The network consists of the fixed set of routes/tracks of
approximately equal length each with several FLs (Flight Levels);
they represent the longest (second in order) segments of three-
segment long-haul routes spreading between the origin and
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destination airports of aircraft/flights where cruising phase of flights
iIs performed. The first in order segments enable access of the
aircraft/flights from the origin airports to the entries of particular
network “service channels”. The last third in order segments enable
the aircraft/flights reaching the destination airports after leaving the
network “service channels”;

e The routes/tracks of the network approximately parallel to each other
are separated by the ATC specified minimum lateral distance(s);

e The routes/tracks and their FLs operate as the ‘“service channels”
independently of each other;

e The aircraft/flights routed or assigned to the particular “service
channels” stay there all the time; they are handled by the constant
capacity of “service channels” based on the ATC time-based
horizontal and vertical minimum separation rules; those on the same
FLs maintain approximately the same speed thus eliminating the
potential overtaking conflicts and needs for their resolving by
changing FLs and/or route/track;

e The intensity of aircraft/flight demand is usually lower than the
capacity of particular “service channel(s)” and that of the
corresponding ATC controllers; however some delays can be
imposed on particular aircraft/flights before entering the network due
to the inherent randomness of their arrivals at the entry WPs of
particular “service channels’”’; depending on their length these delays
can be realized at the origin airports just before the aircraft/flight
departures in the scope of the “ground holding” procedures and/or
along the access routes to the entry WPs”; and

e Different models/procedures for routing or assigning the
aircraft/flights to the particular “service channels” depending on their
expected performances can be applied under given conditions.

3.4 The models of performances. The models of performances of a given
air route network are developed based on the above-mentioned assumptions.

3.4.1 “Ultimate” capacity. The “ultimate” capacity of a given air route
network is defined as the maximum number of aircraft/flights, which can be
served during the specified period of time under conditions of the constant
demand for service [2, 20, 31]. The “ultimate” capacity of the route/track, i.e.,
the “service channel” (i), can be estimated as follows:

W (AD) = 70 1/Tjijmin (AL) (1a)
where

Tiimin(At) i the ATC minimum time-based separation rules between the
aircraft/flights on the FL (j) of the “service channel” (i) during time
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(At) (min).

Under conditions of the constant demand of “perfectly packed”
aircraft/flights separated by the ATC minimum separation rules requesting
service in the particular “service channels”, the “ultimate” capacity of the
network from Eq. 1a is estimated as follows:

n(ae) = %5 wy(at) (1b)
where all symbols are analogous to those in the previous Egs.

3.4.2 “Practical” capacity. The “practical” capacity of a given air route
network can be expressed by the maximum number of aircraft/flights handled
during a given period of time under conditions of imposing an average delay on
each of them before entering the network. If the aircraft/flights arrive at the
“service channel” (i) according to the Poisson processes and are served by the
constant “ultimate” capacity (la), each “service channel” can be considered to
operate as M/G/1 queuing system. Under the steady-state conditions when the
intensity of aircraft/flight demand Ai(At) remains always lower than the “service
channel’s” “ultimate” capacity p;(At), i.e., pi(At) = Ai(At)/ui(At) < 1, the average
delay imposed on of aircraft/flights before entering it is estimated as follows
[2, 18, 32, 33]:

A (AD){1/ [ (AD)]?+07 s}
2:[1-2;(At) /pi(AL)]

w;(At) = (2a)
where
oiys IS the standard deviation of the service time of aircraft/flights on

route/track (i) independent of time (At) (min/ac).

After specifying the maximum average delay in (2a) as w;(At) = w; (At), the
intensity of aircraft/flights representing the “practical” capacity of the “service
channel” (i) operating under conditions p;(At) < 1 can be estimated as follows:

2:w} (ML) [ (AD)]?
1+ 22w (At) (A + [ (At)]2 0

A (A0) = 15 (AE) = (2b)

where all symbols are analogous to those in the previous Egs.

3.5 Matching demand to capacity. Matching demand to capacity in the
given context can generally be carried out by three models/procedures for
routing or assigning the particular aircraft/flights to the network air routes/tracks
and their FLs (i.e., “service channels™): 1) user-optimizing deterministic; ii) user-
optimizing stochastic; and iii) the system optimizing [34]. For such a purpose
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the utility of each aircraft/flight to be maximized under given conditions needs
to be specified. This utility is usually expressed by the  generalized
aircraft/flight costs and can be maximized by minimizing them. These
generalized costs can include the airline operating and air passenger time costs
while onboard, and the internalized costs of impacts of GHG (Green House
Gases) emissions on the environment. They all directly depend on the total
aircraft flying time, i.e., the average delay, through the network. Thus,
minimizing this time minimizes the generalized aircraft/flight costs and
maximizes their corresponding utilities given the other factors constant.

3.5.1 Model I: User-optimizing deterministic assignment procedure. The
user-optimizing deterministic assignment procedure actually starts by submitting
the flight plans to the ATC service provider(s) some time in advance. They
usually aim at optimizing own (individual) above-mentioned utilities under
perfectly expected conditions in the network. This will make the utilities of all
aircraft flights approximately equal if assigned to the available routes/tracks and
their FLs (i.e., “service channels”). In other words, the utilities of all
aircraft/flights are expected to be equal independently on the assigned
route/track, 1.e., “service channel”. This also implies that none aircraft/flight can
increase its utility if changes the assigned route/track, i.e., “service channel. If
the capacities and total travel times through the network are assumed to be equal
for all available routes/tracks, i.e., “service channels”, the user-optimizing
deterministic procedure implies the uniform routing or assigning aircraft/flights
to each of them. For the “service channel” (i), the assigned demand is equal to:

N(an) =X fori e N(aD) and y(A0) = 507 5y ()

where

y(At) IS the intensity of aircraft/flights demand requesting service, i.e.,
passing through the network during time (At);

K(At), L(At) is the number of origin and destination airports of the
aircraft/flights demand during time (At); and

yi(At) is the intensity of aircraft/flights demand between the origin
airport (k) and destination airport (I) during time (At).

The other symbols are analogous to those in the previous Egs.

From (2a) and (3), the average aircraft/flight delays before entering the
network can be estimated. Since both demand and capacity at each route/track,
1.e., “service channel” are equal, the corresponding average delays will also be
equal implying that eventual shifting the “channel” would not increase the utility
of corresponding aircraft/flight(s). Otherwise, the utilities of aircraft/flights will
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be exclusively influenced by different capacities of routes//tracks, i.e., service
channels™.

3.5.2 Model I1: User-optimizing stochastic assignment procedure. The
user-optimizing stochastic assignment model/procedure implies the probabilistic
choice of route/tracks, i.e., “service channel” by aircraft/flights at the time close
to their departure times. The choice is influenced by the inherent randomness of
factors influencing the expected utility of aircraft/flights. One of the main causes
of such randomness can be uncertainty in predicting weather in the network.
Again, each aircraft/flight aims at optimizing its own (individual) utility if the
ATC accepts and enables chosen route/track under given conditions.

The user-optimizing stochastic assignment model/procedure routes or
assigns the aircraft/flights to the “service channel” (i) according to the MNL
(Multinomial Logit) model as follows:

-U;(At)

Xi(88) = pi(88) - Y(BE) = Sz gm V(AL (4a)
and -
Ui(At) = 1/w;(At) + 7;(AL) = 1/p(AD) + d;/V;(AY) (4b)
fori € N(At)
where

Ti (At)  is the delay-free average time of aircraft/flight on the route/track,
I.e., in the “service channel” (i), during time (4t) (h); and
di is the length of route/track, i.e., “service channel”(i) (hm; km).
The other symbols are analogous to those in the previous Egs.

3.5.3 Model I11: System-optimizing assignment procedure. The system-
optimizing assignment model/procedure is applied when the ATC acts as the
single decision-making entity. In approving the submitted flight plans and
realizing the corresponding flights, the ATC aims on the one hand at optimizing
their total above-mentioned utilities and on the other its own utility, the latter in
terms of maximizing utilization of the available network capacity. The
procedure implies an intuitively reasonable assignment of the expected
aircraft/flight demand in direct proportion to the “ultimate” or “practical”
capacity of particular (available) routes/tracks, i.e., “service channels”. The
experience so far with optimization of the communication networks operating as
the queuing networks has indicated that this is not optimal but close to the
optimal assignment enabling minimization of the total aircraft/flights service
time, i.e., the total average delay, in the network and consequent above-
mentioned utilities as the total generalized costs of the actors/stakeholders
involved [18]. This model/procedure is as follows:
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Hi(At)
N80 = (i) -y(an) ©
: i wi(at)

where the other symbols area analogous to those in the previous Egs.

This model/procedure can also be useful for the practical purposes when the
capacities of particular routes/tracks, i.e., “service channels”, are not as
expected. In most cases they can be compromised in terms of availability of
routes/tracks due the fast and intensive-changing weather (head/tail wind,
storms, volcanic eruptions). In (5), the “practical” capacities of tracks/routes,
i.e., “service channels” instead of their “ultimate” counterparts estimated by (2b)
can also be used.

3.6 Evaluation of the models/procedures for matching demand to
Capacity. The above-mentioned models/procedures for matching demand to
capacity are evaluated based on the above-mentioned generalized costs of
aircraft/flights including those of airlines, air passengers onboard, and impacts
of GHG emissions on the environment (externalities). These costs directly or
indirectly mainly depend on the aircraft/flights total time spending in the
network, i.e., the total average delay. In this case, the extra aircraft/flight
generalized costs compared to their delay-free time-based counterparts are used
for evaluation.

3.6.1 Airline operating costs. When served on the route/track, i.e.,
“service channel” (i), the average airline operating costs can be estimated by the
regression equation using the empirical data as follows [2, 35, 36]:

Cija(d;, Siyti, At) = (ag + a; - d; + a; - S;) - t;(At) (6a)
where

Cia(di, Si, ti, At) is the average operating cost of an aircraft/flight on the
route/track (i) ( US/flight);

ay is the coefficient of regression equation (k =1, 2, 3);

Si is the average aircraft/flight seating capacity on the

route/track (i) (seats); and

i is the length of route/track (i) (km); and

ti(At) is the total average aircraft/flight time, i.e., the total average
delay of spending on the route/track, i.e., “service channel”
(i), during time (At).

The other symbols are analogous to those in (6a). The time (ti(At) in (6a)
IS the sum of average delay before entering and the delay-free time of staying of
the aircraft/flights on the route track, i.e., “service channel” (i), as follows:
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t;(At) = w;(At) + 1/y; (At) + 1;(AL) (6b)

where all symbols are analogous to those in the previous Egs.
The total average aircraft/flight time, i.e., the total average delay of
spending in the network from Eq. 6a is equal as follows:

E(an) = (=) - 2197 t(a0) (6¢)

N(AD)

where all symbols are analogous to those in the previous Egs.

3.6.2 Cost of passenger time. The average costs of time of air passengers
onboard an aircraft/flight served on the route/track, i.e., in the “service channel”
(i) of the network is estimated as follows [2], [37], [38]:

Cisp(Ti, Sy i, At) = t;(At) - S; - LF; - o (7)
where
a; IS the average value of passenger time while onboard of an aircraft/flight
in the “service channel”, i.e., route/track (i) ($US/h).

The other symbols are analogous to those in Eq. 6a.

3.6.3 Environmental costs / externalities. The environmental
costs/externalities relate to the impacts of GHG emissions from the consumed
fuel of aircraft/flights served in the network.

e Fuel consumption

The average fuel consumed by an aircraft/flight served on the route/track,
I.e., inthe “service channel” (i) is estimated as follows [28], [39]:

FCi(Si,di,At) = SFCl - Si - LFl ) di (83)
where
FCi (S, di, At) is the average fuel consumed by an aircraft/flight of the seating
capacity (S;) served on the route/track, i.e., in the “service
channel” of length (d;) during time (At) (ton/flight);

SFC; is the average specific fuel consumption of an aircraft/flight
served on the route/track, i.e., in “service channel” i.e., (i) (kg/p-
km); and

LF; is the average load factor of an aircraft/flight served on the

route/track, i.e., in the “service channel”(i).

The other symbols are analogous to those in the previous Egs.

e GHG emissions
The average quantity of GHG emissions of an aircraft/flight served on the
route/track, i.e., in the “service channel” (i), based on Eq. 8a is estimated as
follows [2, 40]:
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Qi/co,,(d;, Si, At) = COy, - FC;(d;, S;, At) (8b)
where
CO,, is Carbon Dioxide equivalent (tonCO,/ton of fuel).
o Cost/externalities of GHG emissions
The average costs/externalities of GHG emissions of an aircraft/flight served on
the route/track, i.e., in the “service channel” (i) i.e., based on (8b) are estimated
as follows [2, 41]:

Cise(d;, Si, At) = cco,, * Qisco,,(dir Siy At) (8c)
where
Cco,, IS the avearge cost of GHG emissions based on the GWP (Global
Warming Potential) ($US/tonCO,,). The other symbols are analogous to those in
the previous Egs.

3.6.4 Total generalized costs.From (6), (7), (8), the total average costs of
an aircraft/flight served on the route/track, i.e., in the “service channel” (i), is
equal as follows:

Cl(At) = Ci/a(diISiITilAt) + Ci/p(TiISi'ai'At) + Ci/e(dirSi!At) (9a)

Under the assumption that these average costs are approximately equal for
all aircraft/flights served in the network during the specified period of time, the
total extra generalized costs of realized flights based on the difference between
their total and delay-free time counterparts are estimated as follows:

AC(A7) = XiLy M (AD)[Ci(At) — Ciyo(AL)] (9b)
where
Ci/o(At) s the total avearge cost based on the aircarft/flight delay-free time on
the route/track, i.e., in the “service channel” (i), during time (At)
($US/flight).

The other symbols are analogous to those in the previous Egs.

4 AN APPLICATION OF THE MODELS OF NETWORK
PERFORMANCES

4.1 Configuration and operation of the network. The ATC-based long-
haul air route network considered in this paper is established in the NAT HLA
(North Atlantic High-Level Airspace) divided into 6 ACCs (Area Control
Centres): Bodo, Reykjavik, Gander, Shanwick, New York East, and Santa
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Maria Oceanic [42]. The airspace is completely overwater and consequently
without the ground-based navigational facilities and radar coverage preventing
the ATC radar- monitoring and controlling of aircraft/flights. While in this
airspace, As shown on Fig. 1b the network consists of the set of almost parallel
air routes/tracks with the specified number of FLs (Flight Levels) called OTS
(Organized Track System) spreading between two continents. These
routes/tracks generally coincide with the great-circles, i.e., the shortest distances
between any two points on the globe implying performing the orthodrome-based
air navigation. Starting from the year 2015, these routes/tracks have been
laterally separated by the standard distance of: g=30nm called RLSM
(Reduced Lateral Separation Minima) instead of the previously: g = 60 nm (i.e.,
from 1 to % degree of latitude).

Supported by SLOP (Strategic Lateral Offset Procedure), this separation
still guarantees the safe aircraft deviating around the route/track centerlines of
about or one or two nm (nm — nautical mile). The network, i.e., OTS set up 24h
in advance and based on the prevailing weather (primary wind) conditions aims
at reducing the impacts of headwinds and increasing benefits from tailwinds as
much as possible including the airline preferences submitted in advance. In
general, using the OTS is not mandatory but highly recommended [23, 42, 43].

The sets of WPs along each route/track enable checking the aircraft/flights
position where the course, speed, and/or altitude can change. Under such
conditions, the aircraft/flights have to perform RNAV (Area Navigation) by
using the traditional compass and/or the satellite navigation systems such as
GPS (Global Position System) [44].

For reporting their positions, the aircraft/flights use the satellite
communication CPDLC (Controller-Pilot Data Link Communications), HF
(High Frequency) link and/or alternatively ADS-C & ADS-B (Automatic
Dependent Surveillance) system. In the latest case, the controller-pilot-controller
voice communication is replaced by the automatic downlink transfer of the
position reports and the other flight information if necessary [23, 43, 45-47].

Before entering the network, the aircraft/flights contact the ATC Oceanic
Center requesting the already assigned routes/tracks including the estimated
time of arrival at their entry gates (WPs). This enables the ATC controllers to
estimate and establish the required separation between the aircraft/flights and
issue the corresponding clearances to pilots. The assigned routes/tracks can
coincide or be different from the initial ones, but the aircraft/flights have to
follow these assigned the latest.

After entering the network, the aircraft have to report their position when
crossing the WPs along routes/tracks including predicting the time of crossing
the next and the successive WPs ahead as shown on Fig. 1b. In this way, the
ATC controllers can “monitor” the safe separation between aircraft/flights while
in the network [1, 43, 48].
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4.2 Developments of air traffic. The above-mentioned network serves
the air transport market between Europe, North, and South America as one of
the busiest in the world. Fig. 3 (a, b) shows some relevant development of the air
traffic in this market over time.
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Fig. 3. Some relevant characteristics of transatlantic air traffic between
Europe and Americas over time [49-52]

Fig. 3a shows that before being affected by COVID-19 pandemic disease
at the beginning of the year 2020, which caused complete closure of the airspace
and network, the annual number of flights operated by about 20 airlines was
increased for about 35 % during the observed period (2009-2019), i.e., by the
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rate of about 3.2 % per year' [53-55]. Fig. 3b shows the daily number of flights
impacted by COVID-9 pandemic disease during the nine months of the year
2020 (March-October). As can be seen, just after the closure of the airspace and
network (March 2020), the average number of daily flights decreased for about
85 % compared to its counterpart in the year 2019. Later it has been gradually
recovering but not more than up to about 30 % of its counterpart in October
2019 [51].

The developments before the impact of COVID-19 pandemic disease
questioned the sufficiency of capacity of this network to handle generally
expecting growing aircraft/flight demand safely, effectively, and efficiently.
While the COVID-19 crisis has impacted the air passenger demand and
corresponding airline capacity hardly, they are expected to return to 2019 level
by 2024 and then continue to grow at the rate similar to that before the
pandemic. This expectation is based on the similarity with the recovery patterns
from the previous crisis [16, 56]. Under such conditions, it is reasonable to
expect that the performances of this network will again come to the research and
practice agenda.

4.3 Inputs.

4.3.1 The air route network and traffic pattern. The application of the
above-mentioned models to the long-haul air transport network on Fig. 1b
(Westbound tracks and traffic). The considered network, i.e., the OTS to handle
the westbound traffic between Europe and North America is assumed to consist
of: N(At) = 6 routes/tracks (A, B, C, D, E, F), each with M;(At) = 11 most
preferred FSs (Flight level(s)) (FL 310 - FL 410). These aircraft/flights typically
depart from Europe during the daylight between early morning and late
afternoon (11:30h-19:00h UTC (Coordinated Universal Time) at 30°W) in order
to arrive at North America between early afternoon and late evening, i.e., during
daylight. The opposite eastbound flights are scheduled to depart from North
America to Europe in the evenings (01:00h UTC to 08:00h UTC on the North
American side at 30°W), thus enabling passengers to arrive at their European
destinations in the morning.

4.3.2 The ATC separation rules. The aircraft flying along the given
route/tracks on the same FLs are longitudinally separated by the ATC minimum
time-based separation rules of: tjimin(At) = 10 min. The ATC minimum vertical
separation rules between the closest FLs are: h = 1000 ft thanks to RVSM
(Reduced Vertical Separation Minima) program implemented in the year 2004.

! At the same time, the volumes of ASK (Available Seat Kilometres(s)) and RPKs (Revenue Passenger
Kilometer(s)) were growing at an annual rate of 3.4 % and 3.9 %, respectively. The average load factor during
the period was about 75 % [53-55].
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Fig. 4 (a, b) shows the simplified scheme of application of these ATC separation
rules (hm - nautical mile; ft - feet) [1, 42].
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i
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b) Vertical and longitudinal separation rules

Fig. 4. Scheme of application of the ATC minimum separation rules to the aircraft/flights in
the given example - case of the North Atlantic air route network
(1 nm =1.852 km; 1ft = 0.305 m)

Recently, the new ATC longitudinal separation rules of: tjimin(4¢2) =5 min
have been introduced between the adequately equipped aircraft (with ADS-B

system) operating on the same flight levels in the Gander and Shanwick area
[57].
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4.4 Analysis of the results

4.4.1 Capacity

4.41.1 “Ultimate” capacity.

Based on the ATC minimum longitudinal separation time of:_tjimin(At) =
10 min, the “ultimate” capacity of the route/track (i) with M; = 11 FLs during the
period of (At) =1 his equal to:

W (AD) = 200 1/%mim (M) = 212, (1/10) - 60 = 66 ac/h.

If this route/track “ultimate” capacity is equal for all (N(A4t)=7)
routes/tracks and their equal number of available FLs, (M;(At) =11;i=1,2, ...,
6), the total network “ultimate” capacity will be:

w(At) = N(AL) - ; (At) = 6+ 66 = 396 ac/h.

If the constant intensity of aircraft/flight demand takes place in the
westbound direction during the period: Az = 8 h (for example between 11:30 -
19:30 UTC or GMT), the total “ultimate” capacity of the network will be:

w(At = 8) = 3968 = 3168 ac/sh.

Similarly, the “ultimate™ capacity of the network handling the eastbound
traffic under given conditions represented by the given/constant configuration of
the air route network and constant demand for service can be estimated.

The average length of 20 busiest routes between Europe and North
America has been D(At) = 3620 nm, of which the oceanic segment (the second
in order as mentioned above) has been d; = 1325 nm (i.e., about 37 % of the tatal
length) (i=1,2,...,7; M;=11) [58].

If the aircraft/flight average cruising speed is Vi(At) = 490 kt, then the
average delay-free aircraft flying time along any FL of any route/track is about

T (A= difVi(At) = 1325/490 = 2.704 h (i=1, 2, . ., 7) (kt - knot).

Then, under conditions of the constant demand for service, the total
maximum number of aircraft/flights, which can simultaneously be handled in
the network under given conditions can be:

n(At) = u(At) - t(At) = 396 - 2.704 = 1071 ac [59].
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4.4.1.2 “Practical” capacity

Based on the “ultimate” capacity, the “practical” capacity of the given air
route network is estimated by specifying the maximum average delay imposed
on each aircraft/flight before entering the network (2b). Fig. 5 shows
dependence of the network’s “practical” capacity on the maximum average
delays imposed on an aircraft/flight before entering the network, the standard
deviation of average service time, i.e., the ATC minimum time-based separation
rules, and the “ultimate” capacity.
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Fig. 5. Relationship between the “practical” capacity of the given air route network,
the average delay imposed on an aircraft/flight and the standard deviation of its service time

As can be seen, if the average aircraft service time, i.e., the ATC
minimum time-based separation rules are almost perfectly adjusted (i.e., without
any deviations), then independently on the imposed delays on the aircraft/flights
before entering the network, the corresponding “practical” capacity will remain
very close to its “ultimate” counterpart.

If the deviations from the aircraft/flight service time increase even for a
couple of minutes, the “practical” capacity will substantively decrease. At the
same time, it will increase at decreasing rate with increasing of the average
imposed delays and consequently come closer to its “ultimate” counterpart.

4.4.2 Matching demand to capacity

4.4.2.1 Scenario of the network available “ultimate” capacity. The
above-mentioned three models of matching demand to capacity are applied by
using a part of data related to the North Atlantic air route network shown on Fig.
1b. The scenario of available “ultimate” capacity of the air route network is
given in Table 1.
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Table 1. Scenario of the available “ultimate’ capacity of the air route network in the given

example
FL(j) (10° ft)
Delay-
Route/ Total: free
track i(At) flying
[0)] 350 | 360 370 380 390 400 410 (ac/h; time
ac/8h) Ti(At)
(h)
Available “ultimate” capacity (ac/h; ac/8h)
1(A) 3;24 | 540 | 6,48 6,48 6,48 6,48 6,48 38/304 2.704
2(B) - - 6;48 6;48 6;48 6;48 6;48 30/240 2.704
3(C) - - 5;40 5;40 - 6,48 6,48 22/176 2.704
4(D) - - - 6,48 6,48 6,48 6,48 24/192 2.704
5(E) - - 4;32 - - 6,48 6,48 16/128 2.704
6 (F) - - - - - - - - -
;jo(il)' 3/24 | 5/40 | 21/168 | 23/184 | 18/144 | 30/240 | 30/240 | 130/1040

Table 1 indicates that the total available “ultimate™ capacity of the given
network is:

w(At) = 1040 ac/8h (Period 11:30-19:30 h).

On average, during that period, y(At) = 500 ac/8h have requested service
in the network (Based on Fig. 3b, Month 1-March 2020). As mentioned above,
the total potential “ultimate” capacity of the given network is:pa(At) = 3168
ac/8h. This implies that the share of available “ultimate” capacity to which the
aircraft/flight demand of y(At) = 500 ac/8h can be assigned is:

U(At) = pa(At)/u(At) = 1040/3168 = 0.328 or =~ 32.8 %.
In addition, the utilization of the network available “ultimate” capacity is:
Ua(At) = y(At)/ua(At) = 500/1040 = 0.48 or 48 %.

In addition, utilization of the potential “ultimate” capacity under given
conditions would be:

u(At) = y(At)/u(At) = 500/3168 = 0.158 or about ~ 13.8 %.
4.4.2.2 Assignment of demand to capacity. By taking into account the

available “ultimate” capacity and the total delay-free average flying time along
the particular routes/tracks, i.e., “service channels”, of the given network, the
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above-mentioned aircraft/flight demand y(At)=500 ac/8h is assigned by three-
above-mentioned assignment procedures/models as shown on Fig. 6.
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Fig. 6. Relationship between the assigned aircraft/flight demand, “ultimate” capacity of
particular routes/tracks of the network, and applied routing or assignment models/procedures
in the given example

As can be seen, the Model I-User-optimizing deterministic procedure
assignes the demand of 500 aircraft/flights during the period of 8h uniformly to
particular routes/tarcks independently on their “ultimate” capacity. The Model
I1-User-optimizing stochastic procedure tends to assing the higher number of
aircarft/flights to the routes/tracks of higher capacity, but with very slight
variations. The Model I1-System-optimizing procedure assigns the aircarft/flight
demand just in proportion to the “ultimate” capacities of the particular
routes/tracks, i.e., the higher number of aircafrt/flights is assgned to the
routes/tracks with higher “ultimate” capacity, and vice versa.

4.4.2.3 Average aircraft/flight delays. Based on the assigned
aircraft/flight demand by the specified assignment models/procedures on Fig. 6
and its relationship with the “ultimate” capacity of particular routes/tracks of the
network, the corresponding average delays per aircraft/flight before entering the
network are estimated by (2a) and shown on Fig.7 (pi(At) = Li(At)/wi(At) < 1).

As can be seen, in general, the average delays from applying three
assignment models/procedures are relatively low (up to about 7 min) particularly
if compared to the aircraft/flights delay-free average time of spending in the
network (t=2.704h;i=1,2,..,5).
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When the assignment Model | and Model 1l are applied, the
corresponding average delays will increase more than proportionally with
increasing of the demand/capacity ratio of the route/tracks due to the almost
uniform assigned demand on the one hand and their lower “ultimate” capacity
on the other. Model Il will produce generally lower and more uniform
distribution of the average delays of aircraft/flights among particular
routes/tracks than its two counterparts. The average aircraft/flight delay is
generally the highest on the route/track with the lowest “ultimate” capacity
independently on the applied assignment model/procedure.

4.4.2.4 Evaluation of the assignment models/procedures. The above-
mentioned routing or assignment procedures/models are evaluated by the
average extra generalized costs of airlines, air passengers, and environmental
externalities, all depending on the total average aircraft/flight delays, i.e., total
time spending in the network. The reference case has been the costs based on
the average delay-free aircraft/flight time spending in the network. These
average extra costs are estimated for the single aircraft/flight and 500 flights/8h
(i.e., during the above-mentioned east-west daily shift) served in the network
independently on the assigned route/track.

e Airline operating costs

For particular routing or assignment procedures/models, the average
delays on Fig. 8 and the aircraft/flight delay-free time spending in the network,
the total corresponding times independently on the route/track are estimated by

Received: 02.01.2021 Revised: 16.02.2021 Accepted: 30.03.2021
Moctynmma: 02.01.2021 Opo6pena: 16.02.2021 Ipunsra: 30.03.2021



28 TPAHCHIOPTHBIE CUCTEMbI U TEXHOJIOT'MUA OPUTI'MHAJIBHBIE CTATbU
TRANSPORTATION SYSTEMS AND TECHNOLOGY ORIGINAL STUDIES

(6b), (6¢), respectively. Then, the airline operational costs per an aircraft/flight
are estimated by the regression equation as follows [35, 36]:

t (0.285)  (1.764) (4.967)

R? =0.712; F = 82.655; DW = 1.636; N = 70,
where all symbols are analogous to those in (6a). These and the corresponding

airline extra costs compared to the reference delay-free time costs
(Model/procedure 0) are estimated and given in Table 2.

Table 2. Airline operating costs (Average for i e N; N = 5)

Element Assignment model/procedure
Model 0 MSSC:?'_ ' MSS::_' L | Model 111
Reference _— _— System-
Delay-free opt|m|.2|_nq_ optlmlzmq optimizing
ety Tree Deterministic | Stochastic
Delay (min/flight) - w 0 2.40 2.05 1.71
Flying time (h/flight) ¥ - £ 2.704 Y 2.744 2.738 2.732
Cost ($US/flight) 2. C, 19542 19831 19788 19745
Extra cost ($US/flight) - AC, 0 + 289 + 246 +203
Extra costs ($US) - AC,
. 0 + 144500 + 123000 + 101500
(500 flights)

UBased on: T = d/V = 1325 nm/490 kts = 2.704 h

As can be seen, the extra costs per an aircraft/flight and for 500 flights/8h
are the lowest as the Model 11 is applied. Compared to Model 111, Model I and
Model Il produce the higher extra costs for about 42 % and 21 % costs,
respectively.

e Alr passenger time costs
The air passenger time costs are estimated by (7) and given in Table 3.
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Table 3. Air passenger time costs (Average for i e N; N = 5)

Element Assignment model/procedure
Model 0 Model | Model 1T | \1odel 111
— User- User- P —
Reference = — System-
Delav-free optimizing | optimizing optimizin
=y Iree deterministic | stochastic optmizing
Passengers (number/flight) ? - S - LF 245 245 245 245
Value of time ($US/p-h) ¥ - & 74 74 74 74
Cost of time ($US/flight) - C_p 49023 49749 49640 49531
Extra cost ($US/flight) - AC, 0 +726 + 617 + 508
Extra costs ($US) - AC,, (500 flights) 0 + 363000 +308500 | + 254000

UBased on 50 % medium- and 50 % high-income passngers on board and their 50 % business
and 50 % leisure trips [37], [38]; ? S = 303 seats/flight; LF = 0.81 per flight [28]

As can be seen, these extra costs per an aircraft/flight and for 500
flights/8h are higher than that of the airlines. Again, these costs at Model 11 are
lower than that at the Model | and Model Il for about 30 % and 18 %,

respectively.

e Environmental costs/externalities

The environmental costs are estimated by (8a), (8b), (8c) and given in Table 4.

Table 4. Environmental costs/externalities (Average for i e N; N = 5)

Element Assignment model/procedure
Model o | Modell — Model 11|, )y
Y User- User- —_—
Reference R R System-
Delay-free opt|m|_2|_nq_ Op“m'z'r?q optimizing
zelay-Tree Deterministic | Stochastic
Fuel consumption (kg/flight)l) -FC 17713 17956 17936 17831
GHG emissions (kg/flight)z) - Qcoze 78355 79429 79341 78877
Cost of GHG emissions ($US/ton CO)*- 212 212 212 212
ECOZQ
Cost of GHG ($US/flight) - C, 16818 17066 17029 16992
Extra cost ($US/flight) - AC, 0 + 248 +211 +174
Extra costs ($US) - AC, (500 flights) 0 + 124000 + 105500 | + 87000

D[28], [39]; ?Based on CO,. = 4.42358 kg/kg of Jet A fuel (6 components) [40]; ¥ High Impact [41]
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As can be seen, these extra costs are slightly lower than that of airlines
and substantively lower than that of air passengers. Again, Model | and Model |1
have for about 43 % and 21 % higher extra costs, respectively, compared to that
of Model I11.

e Total generalized costs
The total generalized extra costs are estimated from the corresponding
components in Tables 2, 3, 4, and given in Table 5.

Table 5. Total extra costs (Average for i e N; N = 5)

Element Assignment model/procedure
Model 0 Model | Model 1l Model 111
— User- User- —_
Reference optimizin optimizin System-
Delay-free Deterministic | Stochastic optimizing
Extra costs ($US/flight) - 0 + 1263 +1074 + 885
AC, + AC, + AC,
Extra costs (3US-500 flights) - 0 + 631500 + 537000 + 442500
AC, + AC, + AC,

Table 5 indicates that despite the total extra costs per single aircraft/flight
are relatively low, those per 500 aircraft/flights handled during the period of 8h,
I.e., during the east-west daily shift, can be rather substantive. As expected,
Model Il (System-optimizing procedure) is shown superior with about 30 %
and 18 % lower generalized costs than that of Model | (User-optimizing
deterministic procedure) and Model Il (User-optimizing stochastic procedure),
respectively. This indicates the crucial role of the ATC as the central air traffic
control/management entity enabling optimizing the system generalized costs of
all aircraft/flights served in the network under given conditions.

5 CONCLUSIONS

This paper has presented analyzing and modelling performances of the
long-haul air route network operating as the queuing network in the large
airspace according to “what-if” scenario(s). These performances have been the
network capacity consisting of the capacities of particular routes/tracks as the
“service channels”, the aircraft/flight demand, and their relationships influencing
the aircraft/flight total average delays and related generalized costs of airlines,
air passengers, and impacts on the environment/externalities.

The analytical models for estimating the “ultimate” and “practical”
capacity of the particular routes/tracks as the “service channels”, three
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models/procedures for matching the aircraft/flight demand to the “channels”
capacity - user-optimizing deterministic, user-optimizing stochastic, and the
system optimizing, and the models for estimating particular generalized costs
have been developed. They have been applied to the air route network
established in the North Atlantic airspace between Europe and North America.

As expected, the “ultimate” capacity of the given network has been
mainly influenced and increasing with increasing of the number of available
routes/tracks and their flight levels as the “service channels” given the ATC
minimum longitudinal time-based separation rules between the aircraft/flights
operating on the same flight level(s). The “practical” capacity has been lower
than its “ultimate” counterparts, but with decreasing gap with increasing of the
average delays imposed on the aircraft/flights before entering the network.
Among three routing or assignment models/procedures for matching demand to
capacity, the system-optimizing model assigning the aircraft/flights in
proportion to the “ultimate” capacity of particular routes/tracks, i.e., “service
channels” has appeared superior. It has produced the lowest total average delays
and related extra generalized costs compared to its other two counterparts. This
has confirmed that the system-optimizing assignment model/procedure
elaborated for the communication networks could also be useful for achieving
close to optimal matching demand to capacity in the given context. Despite the
total extra costs of an aircraft/flight assigned by all three models/procedures
have been relatively low, they have shown to be substantive for the number of
aircraft/flights handled in the network during the daily-shift period.

Further research could relate to more detailed analysis of operations of the
given network by increasing the number of different operating scenarios,
approaches to estimating the network’s “ultimate” and “practical” capacity (for
example applying simulation vs analytical approach), models/procedures for
matching demand to capacity, and methods for estimating the generalized costs
of the main actors/stakeholders involved. The influence of weather could be of
particular interest for more realistic estimation of the above-mentioned
performances under different “what-if” scenarios.

The author declares:
The present article does not contain any researches with people involved as the objects
of researches.
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Py6puka 2. HAYUHBIE U [IPAKTUYECKHE PA3PABOTKU
Hanpasnenue — IIpoekTupoBanue U CTPOUTENILCTBO JOPOT, METPOIIOJIUTEHOB

VJIK 624.87
DOI 10.17816/transsyst20217137-45

© K. A. Bacusnes, B. A. bopucos, I'. A. ABepueHKo
Cankr-IletepOypreckuii monurexuuueckuii yuusepceuret [lerpa Benukoro
(Cankr-IlerepOypr, Poccus)

IHOHTOHHBIE (HAIIJTABHBIE) MOCTbBI U3 HEKOHAMIINOHHBIX
TPYDb TIOJIMDTUJIEHA HU3KOI'O JABJIEHUA

Annomayusn. OOBEKTOM HCCIACAOBAHMUS SBJISCTCS TOHTOHHOE 3BEHO, TJIE pPOJb
HECYIIIeH KOHCTPYKIIMH BBIMOJHSIOT HEKOHAWIIMOHHBIE TPYObl. CTPOUTEIHCTBO HaIlJIaBHBIX
MOCTOB SIBJISIETCSI Pa3HOBUJIHOCTBIO B MOCTOCTPOCHHUM U SIBJISCTCS BaKHEMIIEH COCTaBHOM
YacThIO Pa3BUTHS TPAHCIIOPTHON MH(PPACTPYKTYpHI HAIIICH CTpaHbI U 3a pyOekoM. B ciydae,
KOrJja HET BO3MOXHOCTH CTPOUTEIbCTBA KANUTAJIbHBIX WJIM HHU3KOBOJIHBIX MOCTOB
WCIIOJIb3YIOTCS HAaIUlaBHbIE MOCTBI WJIM IapOMHBbIE TiepernpaBbl. HamiaBHble MOCTBI OY€HBb
ya00HO TPUMEHSTh TMPH BO3BEACHUU KalMTAIBHBIX, MPH IEPEKPHITUH OCHOBHOTO XOJa
Tpaccbl BMECTO BPEMEHHBIX CTAI[MOHAPHBIX MOCTOB. [l CpaBHUTENBHOTO aHalin3a
IIPUMEHEHHUS Pa3pa0O0TaHHOrO PEIICHUS ObLI NPOM3BEACH IPHMEPHBIA PacuyeT CTOMMOCTH
MOHTOHA. AHAJIU3 CTOMMOCTEN Ha PBIHKE aHAJIOTOB MOKa3al YTO CTOMMOCTb TOJIbKO HECYIIEeH
KOHCTPYKIIMW TOHTOHA aHAJOTUYHON TPYy30MOABEMHOCTH Ha OCHOBE IIJIACTHKOBBIX TPYO,
OyJIeT 3HAYMTEIbHO OOJIbIlIe CTOMMOCTH TIOHTOHA U3 HEKOHIUIIMOHHBIX. B  xome
MCCJIeI0BaHMsS ObUT TIPOBEJICH aHAIN3 BO3MOXXHOCTH TMPUMEHEHUS HEKOHIUIIMOHHBIX TPYO
JUIS COOPY)KEHHS HaIlJIaBHBIX MOCTOB. HeKOHAMITMOHHBIC TPYOBI SBISIOTCS TEPCIIEKTUBHBIM
MaTepuajioM JJIsi CTPOMTENICTBA HAIUIABHBIX MOCTOB B CHIIy OO€CIEUEHHUS IJIaBYYECTH,
HU3KOW CTOMMOCTH, TaKUe€ TPYOBI SIBISIFOTCS JIETKOIOCTYITHBIM ChIPbEM.

Knrouegvie cnosa: HannaBHOW MOCT, ITOHTOH, HAIUIABHBIE MOCTBI, HEKOHAUIIMOHHBIE
TpyOBl, BOJONPONYCKHBIE COOPYXEHHS, WCKYCCTBEHHBIE COOPYXEHUS, HH)KEHEPHbIE
COOPYKEHHS.

Rubric 2. SCIENTIFIC AND PRACTICAL DEVELOPMENTS
Field — Design and construction of roads, subways

© K. A. Vasilev, V. A. Borisov, G. A. Averchenko
Peter the Great St. Petersburg Polytechnic University
(St. Petersburg, Russia)

PONTON (FLOW) BRIDGES FROM METAL
POLYETHYLENE PIPES

Annotation. The object of the study is a pontoon link, where the role of the bearing
structure is performed by non-standard pipes. Construction of surface bridges is widely used
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in bridge construction and is an essential part of the development of transport infrastructure of
our country and abroad. In the case where it is not possible to build capital or low-water
bridges, surface bridges or ferry crossings are used. Built-up bridges are very convenient to
use in the construction of capital bridges, when the main course of the route is blocked instead
of temporary stationary bridges. In order to compare the application of the developed
solution, an approximate calculation of the cost of the pontoon was made. Analysis of costs in
the market of analogues showed that the cost of only the bearing structure of a pontoon of
similar load capacity based on plastic pipes, will be much higher than the cost of pantone out
of non-standard. The study examined the possibility of using non-standard pipes for the
construction of weld bridges. Non-standard pipes are a promising material for construction of
weld bridges due to buoyancy, low cost, such pipes are easily available raw materials.

Key words: floating bridge, pontoon, floating bridges, substandard pipes, culverts,
artificial structures, engineering structures.

BBEJAEHHUE

HamiaBHo#t MOCT — MOCT Ha IJIaBY4YHMX OIOpax, MPEeACTaBIISIIONIUNA cOO0M
HMCKYCCTBEHHOE COOPYXEHME, MPEIHAZHAYEHHOE JJIsI JBUKEHUSI TPAHCIIOPTHBIX
CPEACTB M TEHIEXOJIOB B MECTax IEPECEUCHHUs] aBTOMOOWIIBHBIMH JOpOraMu
BOAHBIX Iperpai. I 1aBHOM mpoOieMoli HallJIaBHBIX MOCTOB SIBJISIETCS] IEPEBO3KA
K MECTY IepernpaBbl U HEOOJBIIOE KOIMYECTBO PHIHOUHBIX MpeioKeHuil. Beé
ATO JENAET COOPYKEHHME HAIIAaBHBIX MOCTOB JOPOrMM. TpaHCIOpPTHpPOBKA Ha
JaJbHUE PACCTOSHUS MOXKET 3aHuMaTh 10 10 % OT cTOMMOCTH caMOoro MocTa
[1].

Hamu Oblo pemieHo wucnonb3oBaTh HekoHaumuoHHbie [THJ[ TpyOnl B
Ka4eCTBE OCHOBBI TIOHTOHHOTO MOCTA, TAK KaK aHAJIOTUYHbIE UCCIIEAOBAHUS €IIIe
HUKEM HE IPOBOIMINCH [2].

[lenpro mccnenoBaHuss ObUIO OMPENEIUTh BO3MOXKHOCTH CTPOUTEIHCTBA
MOHTOHHOTO MOCTa W3 HEKOHIUIIMOHHBIX TPyO, MPOAHATU3UPOBATH €T0
MPOYHOCTHBIC XAPAKTEPUCTUKH, U CPABHUTh CTOMMOCTb C IIOHTOHOM,
W3TOTOBJIEHHBIM U3 (haOpPUUYHBIX MJIACTUKOBBIX YaCTEH.

NCIIOJb30BAHME HEKOHANMIINOHHBIX TPYb "
MN3I'OTOBJEHHUE TIOHTOHHOT'O MOCTA

B mocnemnune rTompl Ha BHYTPEHHEM pBIHKE BO3pacTaeT CIpoc Ha
noTpebieHrne HEKOHIUITMOHHOTO MaTepuaia. HeKkoHAUIIMOHHBIE 3NN — TO
U3JIENHSI, KOTOPhIE MOABEPIIMCh HEKOTOPHIM (KakK MPaBUIIO, HE3HAUNUTEIHHBIM)
M3MEHEHUSIM WK objiafaronirue HeOoabuM aedekToM. B To ke Bpemsi OHH
BIIOJIHE TPHUTOJHBI JUII MHOTHX OJKCIUTyatalmoHHbIX HYxa [3]. K uywcmy
HEKOH/JUIIMOHHBIX TOBAapHBIX TO3UIIMA B CETMEHTE TPYO0 M TPaIUIIOHHO
OTHOCSIT TOBapbl, OBIBIIME B SKCIUTyaTallMu; JIeXanble TPyObl U TpyObl, mpu

Received: 30.12.2021 Revised: 16.02.2020 Accepted: 30.03.2021
Moctynmma: 30.12.2021 Opo6pena: 16.02.2020 Ipunsra: 30.03.2021



39 TPAHCHIOPTHBIE CUCTEMbI U TEXHOJIOT'MUA OB30PbI
TRANSPORTATION SYSTEMS AND TECHNOLOGY REVIEWS

U3TOTOBJIICHUH KOTOPBIX HE BbIIEpKAHbI OOILIETPUHATHIE HOPMATHUBBI U
CTaHJApPThl KAYECTBA.
HekoHuunonHbie TPyObl MOTYT UMETh CJIEIYIONTUE Ae(PEKTHI:
— CKOJIBI IO KpasiM Tpyo;
— Pa3IMYHYIO TOJIIIMHY CTEHOK;
— pa3IUyYHbIE MEXaHUYECKHUE MOBPEXKICHUS (BMSATUHBI, TIOJIPE3bI, TPEIIUHBI)

[4].

OCHOBHBIM MPEUMYILIECTBOM HEKOHAUIIMOHHBIX MAaTEPUAIIOB SIBIISIETCS UX
HU3Kasi CTOMMOCTb 10 CPAaBHEHHUIO C Ka4eCTBEHHOU Mpoaykiuei. Tak xe TpyOsl
MoryT umeTh 000oi otauusHbli or ['OCT mnpusHak, 9TO cAenaeT ero
HEKOHJMIIMOHHBIM. DKOHOMHUS Ha HEKOHJMIIMOHHBIX Tpybdax — OJWH U3
ONTUMAJbHBIX METOJIOB SKOHOMHUHU TIPU CTPOUTENbHBIX padoTax. JlaHHBIE
MaTepuajibl B OCHOBHOM HE MMEIOT HUKAKOTO JadbHEUINEro MPUMEHEHHUsS, U
IPUMEHEHUE B MOCTax JAeT MM BTOPYIO KM3Hb, M COKpAlllaeT 3aTpaTbl Ha
MOKYIIKY HOBBIX MAaTEPHUAJIOB.

[lepBoe Hame wuccieaoBanue Mbl mnpoBenu B deBpane 2020 rona.
HccnenoBanue ObuIO 3KcHepUMeEHTanbHOEe. Llenb 3akimoyanack B NpPOBEpPKE
ycroiunBoctd noHToHa w3 [THJ] TpyO k oTpumarensHoil Temmeparype. Mbl
3akynuid Ha «VDKOpckoM TpyOHOM 3aBO/I€» TOJUATUIICHOBBIE TPYOBI;
KpEIUICHUS JJI UX COCIMHEHUS, U HEOOXOANMbIEC PACXOHBIE MaTEPUAJIBI.

IIOHTOH MOHTHPOBAJICA HEMOCPEICTBEHHO Yy o3epa «OpIHHCKOEY.
HcnbiTanue, KOTOpOE MOHTOH MPOLIEN YCIIEIIHO, 3TO: IIEPEHEC BMEP3aHUeE B JIe]
B 3UMHHUI TMEPHOJl, TEM CaMbIM 3apEKOMEHJIOBaJl ce0sl KaK BIIOJIHE HaJe)KHas
KOHCTPYKIMSA. Tak k€ IOHTOH MOKET CIIYXKHUTb JUJIsl pa3MELIEHUs HACOCOB, KaK B
NPOMBITIICHHBIX TEJIAX, TaK U JUTsl CY»KeOHOTO MOJIb30BaHus [5].

Pe3ynbTaThl, KOTOpbIE OBUTN OJTYYEHBI:

1. TloHtoH He pa3pymmics npu 3amep3anuu Bogasl B IIHJI TpyOax.
BuyTps TpyO monana Boja, TEM CaMbIM, IIPU OTPULATEIBHONW TEMIIEpaType OHa
3aMep3iia U MpeBpaTuiiach B KOMOK Jibjia. Tpy0Oa He JIonmHyJa U He pa30pBajiach.

2. TlpocroTa u IETKOCTh MPOBEICHUS CBAPOYHBIX KOHCTPYKIIHM.

3. Tak ke mpu MOHTHPOBKE MTOHTOHA, OBIO YCTAaHOBJICHO, YTO TPYOBI U3
[TH/I ycTOM4YMBBI K yapaM METAJUIMYECKUX U3IECIIHM.

4. Dxonorumyeckas 0€30MacHOCTb.

HEJOCTATKH B XOJAE NTIPAKTUYECKOI'O IIPUMEHEHUSA
HEKOHAWIIMNOHHBIX TPYB B CTPOUTEJIBCTBE

HenocraTok, KOTOpBIN YIAIOCh BBISBHTH B MPOIIECCE MOHTUPOBAHUS, 3TO
HAJIMYUE CBApHBIX IIBOB Ha MOIMIaBKax. ToplieBaHue TpyO MPOHM3BOAUINCH C
nomonipio ITHJ[ nwmcra metomom 3KcTpy3woHHO#M cBapku [6]. Ceipbe, u3
KOTOPOT'O MPOM3BOJIMIUCH TPYyOa, JUCT U CBAPOYHBIA MPYTOK, HE BCEr/ia ObLIO
UJICHTUYHBI IPYT OPYTy MO cocTaBy. Tak e ObUI OOHApYXEH W HEJIOCTaTOK B
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BUJE CHJIBHOTO BETpa, KOTOPBI OTPUIATEIHHO BIMAET HA YCTOMYUBOCTH
JAHHOTO TMOHTOHa. Tak ke cymecTByeT mpoOjemMa NpOIycka CyAOB Mpu
HAJIMYUY TIOHTOHHOM IMeperpaBbl Yyepe3 BOAOEM, HO JIJIsl TOHTOHHOTO MOCTa ATY
npo0JIeMy MOKHO PEIIUTh JOCTATOYHO JIETKO, C TIOMOIIBIO BBIBOJA HECKOIBKUX
3BEHbEB MEPEMPABHI HA BpEeMs IPOIyCcKa Cy/I0B.

bbuto 3annmaHMpoBaHO e€I1e HECKOJIbKO HCCIIEAOBAaHUM, HO B CBS3U C
AMHUIEMUOJIOTUYECKON 0OCTAaHOBKOM B MUPE, OHU OBLIIM OTMEHEHBI.

CPABHUTEJIbHBIN AHAJIN3 HEKOHJIUIIMOHHBIX TPYE

JIJist CpaBHUTENBHOTO aHallM3a MPUMEHEHUS pa3paOO0TaHHOTO PEIICHUS
OBLIT MPOM3BE/ICH MIPUMEPHBIA pacueT CTOMMOCTH MOHTOHA, B KOTOPOM CpEIHSA
pBIHOYHAS 1IeHa HEKOHJUIMOHHOW TpyOwl coctaBisieT 15-20 Toic. pyO./T. s
COOPY>KEHHUSI OJJHOTO TOHTOHA CTOMMOCThH TPYO B CpelHEeM OyJeT COCTaBIISThH
400 TBIC. py0. AHATU3 CTOMMOCTEM Ha PBHIHKE aHAJIOTOB IMOKa3aJl CTOMMOCTD
TOJBKO HECYHIEH KOHCTPYKIIMM MOHTOHA aHAJOTWYHOM TPy30MOJIBEMHOCTH HA
OCHOBE IUIACTUKOBBIX YACTEH, B34ATOr0 B KA4YECTBE IPOTOTHUIIA, COCTABUT

1,2 muH. pyo0. [7].

CPABHEHWUE CTOUMOCTMHU
NMOHTOHOB, MJ/IH PYB/IEUN

1,2

0,4
CTOMMOCTb MOHTOHA CTOMMOCTb MOHTOHA
M3 HEKOHAWUWMOHHbBIX MHA TPYbB M3 NNACTUKOBbBIX YHACTEN

Puc. 1. Auarpamma «CpaBHEHHE CTOUMOCTH TOHTOHOB)

SAK/IIOYEHUE

B X04€ MPOBCACHHOI'O HCCIICIOBAHUA OBLI0 BBISIBJICHO, YTO B Ka4€CTBC
OCHOBHOH KOHCTPYKIMHU IIOHTOHA, 06€CHC‘IPIB8.IOHICI>'I IJI1aBy4€CTb, MOXHO
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HCITIOJIb30BaTh TPYObl OOJBIINX JUAMETPOB WU OOJbIIEe KOJTUYECTBO TPYO, HO

C MEHBIIIMM HaroJIHUTENIeM BHYTpH [8].
Cormacuo T'OCT 18599-2001 TIIHJ TpyOsl wuMEIOT cleayroume

XApPAKTCPUCTHUKU:

Tabauya 1. Xapakmepucmuku mpy6o npumeHsemvle 8 CMpoumenbCcmee

SDR, Be1inyuHa
N cooTHomeHusi | PN, paGouee
Hapyxubiii Toammuna
Matepua Tpyo auaMeTpa K ((HOMHMHAJIbHOE)
AHAMETP, MM | CT€HOK, MM
TOJIIIHHE JAaBJieHuUe, 6ap
CTEHOK
15 32 10-160 2-20,8 21;13,6;9u6 | 2,5,4,6u10
I 63 40— 2 000 21089 7B IOM) s 6 gu10
26; 21;17,6;17;| 5;6,3;7,5; 8;
11980 10-2000 21089 1'136:11;9:7,4 | 10: 12,5, 16; 20
33; 26; 21; 17,6;| 5;6,3;8;9,5;
I15 100 16 -1 200 2-108,9 17;13,6; 11; 9 u| 10; 12,5; 16; 20
7,4 u?25

Jiist mpoBepKH, Kakoe MOXKeT BblaepxkaTh nasienue [TH/] TpyOa, y Hac He
Obu10 HEeoOXxomuMoro obopynoBanus [9]. Ho HaM ynanoch mpoBepuTh yIapHYO
IIPOYHOCTH C IIOMOILBIO KYBaJIJIbI. Mpe1 HAHOCHUJIU yaapbl
BOCBMUKHWJIOTPAMMOBOM KYyBaJJIol B OJIHY TOYKY HECKOJIbKO pa3 MOApsi,
IICJIOCTHOCTh TPYOBI He Obli1a HapyieHa [10].

I[Ipu cOopke TmOHTOHa, OBUIO  PEIIEHO PACHOJOXUTH  TPYObI
NEPIEHIUKYIIPHO OCH MOCTOBOTO MEpexo0/ia, Kak mokasano Ha Puc. 2.

2k

Puc. 2. Ilonepeunslil pa3pe3 IOHTOHHOTO 3BEHA
1- [TonepeuHbIit HACTHUT,
2- [IpoonbHBIN HACTUI;
3- [TH/] TpyOa;
4- Kperuienue tpyo

TaK)KC, IIOCJIC CPABHUTCIBLHOI'O0 aHaJIW3a CTOMMOCTHU IMOHTOHHOI'O MOCTA,
BBISIBJICHO, YTO HCKOHIHIIMOHHBIC M JICIKAJIbIC TPY6BI ABJIAOTCS  CaMBIM
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JIEHIEBBIM TPYOONPOKATOM, YTO JI€JTA€T CTOMMOCTH COOPYKEHHUSI IOHTOHA
BEeCbMa MaJIOW, MPU ATOM MO TEXHUYECKUM XapaKTEPUCTHUKAM TPYyObl BIIOJIHE
TIPUTOIHBI JIJISI COOPYKCHUS TOHTOHOB [11].

[TonTOH M3 TpyO MMEET IMIUPOKOE NMPUMEHEHUE B PA3JIMYHBIX 00JIACTIX,
[JIABHBIM U3 KOTOPBIX SIBJISIETCS COOPYKEHUE MOCTa-JIEHThl W B KadyeCTBE
napomMHoii mepenpaBbl [12]. Ho Takke MOXET CIyXHTh MPHYAIOM WIN
IJIaBy4Ye€W OMmopor st NOCTpOMKH. I[IOHTOHHOE 3BEHO, HECYIIEN YacThiO
kotoporo sBisitorcss 3 IIHJ[ TpyObl, JIErKO BBIAEPKUBAET JBYX YEJIOBEK
(160 kr), u rpy3 100 kr.

B xozxe mnpoBeAeHHOTO HCCIENOBaHUS MO MOHTOHHBIM (HAIIaBHBIX)
moctam u3 [THJl HexoHIMUMOHHBIX TpyO OBUIO YCTAHOBJIEHO, YTO TIJIABHOE
JOCTOMHCTBO ATHX MOCTOB 3akitoyaercs B nemieBusHe [13]. B Tekymiee Bpems
CJIO’KHO HANTH OOJIBIIOE KOJMYECTBO CPEIICTB HA KaKyI0-IH00 mocTpoiiky [14].

Korma HeT BO3MOXHOCTH  CTPOMTENICTBA  KallUTAJIBHBIX  WJIU
HU3KOBOJIHBIX MOCTOB HCIIOJIB3YIOTCS HAIUIABHBIE MOCTBI WM IMapOMHBIE
nepernpasbl. HamnaBHble MOCTBI OY€Hb YAOOHO MPUMEHSTH NPU BO3BEICHUU
KalIUTAIBHBIX, [IPU HEPEKPBITUM OCHOBHOI'O XOJa TPAcChl BMECTO BPEMEHHBIX
CTallMOHAPHBIX ~ MOCTOB. [l  CpaBHUTENBHOTO aHalIM3a MPUMEHEHUs
pa3pabOTaHHOIO pemeHus: ObUT NPOW3BEAEH MPUMEPHBIM pacueT CTOMMOCTH
MOHTOHA, 1 MOXHO C TOYHOCTBIO CKa3aTh, YTO MOCTPOMKA U3 HEKOHIUIIMOHHBIX
[TH]] Tpy® OyaeT 3Ha4YUTENBHO JEIICBJIC, YeM Ha OCHOBE IJIACTUKOBBIX TPYO
[15]. OcobOeHHO B CBSI3W C HBIHENIHEW SKOHOMHUYECKOH CHTyallel B CTpaHe W
Mupe. HeKOHIUIMOHHBIE TPyObl SIBISIOTCS JIETKOJOCTYIIHBIM  CHIPbEM,
001a/1at0T HU3KOM CTOMMOCTBIO, KaK ObLJIO CKa3aHO paHee. BrionHe moaxoasT B
Ka4eCTBE CTPOUTEIBHOTO CHIPbS JIJIs1 HOHTOHHOTO MOCTOCTPOEHHS.

ABTOpBI 3aBJISIIOT YTO:
1. V Hux HeT KOH(IMKTa UHTEPECOB.
2. Hacrosmasi ctaTbsi HE COAEPKUT KaKuUX-TMOO HCCIEOBaHMM C ydacTUeM JroAed B
KayecTBE 0OBbEKTOB UCCIIEI0BAaHUM.
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MATEMATHYECKHUE MOAEJIN VIS PACYHETA KOJIMYECTBEHHbBIX
XAPAKTEPUCTHUK OIITUMAJIBHOI'O KBAHTOBAHUA
NHOOPMAILIMHU

Annomayun. PaccmaTpuBalOTCS  pa3iMyHBIC JIONOJHUTENIbHbIE MaTeMaTHYeCKue
aCMeKThl, CBSI3aHHBIE C pEIICHUEM MPOOJEMbl ONTUMAJIBLHOTO B CMBICIE 3alOJIHEHUS
KBaHTOBaHUs MH(OpPMAIMH, TaKHe KaK KOHTPOJIb 3JIEMEHTOB KBaHTA, YU&T OMIMOOK 3JIE€MEHTOB
KBaHTA, ONPECIICHUE KOJMYecTBa WMH(OpMAMKU MPU KBAHTOBAHHWH, ONPEICIICHUE YUCICHHBIX
3HaYeHWI (pakTaloB pacHpeleNieHUuid, TMPEeACTaBICHHBIX B BHUAEC IOCIEI0BATEIHHOTO
dpakranpHOrO pacnpeaeneHus. Lleapio cTaThbu SBISETCS PACCMOTPEHHE JTOTOJHUTEIBHBIX
BOIIPOCOB Ha OCHOBE KOHKPETHOTO «TSKEJIOr0» paclpeieseHHs] BEpOSITHOCTEN — HOPMaIbHOTO
pactipenenenusi. PaccMOTpeHHBIE BOIMPOCHI BBIMOJTHEHBI C IEJIBIO  OOJIETYUTH pEIICHUE
MPUKIIAIHBIX 337124 UCCIIE0BATENSAM, 3aHUMAIOIIMMCS TPoOIeMOol KBaHTOBAaHUS WH(OPMALIUH.

Knrouesvle cnoea: ontumMaabHOS KBaHTOBaHHE I/IH(I)OpMaI_[I/II/I, KBaHT, omMOKa 3JIEMEHTa
KBaHTa, BEPOATHOCTb, KOHTPOJIb, PACTIPCACICHNEC HOPMAJIBHOC U TUIICPACIIBTHOC, (bpaKTan.
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MATHEMATICAL MODELS FOR CALCULATING THE
QUANTITATIVE CHARACTERISTICS OF THE OPTIMAL
QUANTIZATION OF INFORMATION

Abstract: Various additional mathematical aspects related to solving the problem of
optimal information quantization in the sense of filling are considered, such as control of
guantum elements, accounting for errors of quantum elements, determining the amount of
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information during quantization, and determining the numerical values of fractals of distributions
represented as a sequential fractal distribution. The purpose of the article is to consider additional
questions based on a specific "heavy" probability distribution — the normal distribution. The
considered questions are made in order to facilitate the solution of applied problems for
researchers dealing with the problem of information quantization.

Keywords: optimum quantization of the information, quantum, an error of an element of
quantum, probability, control, distribution normal and hiperdelta, a fractal.

BBEAEHHUE

Yacte (mopums) uHpOpMAnMM  HaszbiBaeTcss  KkBaHTOM.  [Ipomecc
IPEJCTaBICHUS ONPEAEIEHHOr0 KOJIMYeCTBa MH(POPMAIMU B BUJE COBOKYIHOCTH
KBAHTOB Ha3bIBaeTCsl KBaHTOBaHWEM HH(popManuu. MHdopMmannoHHbIE TpOIECChl
MOTYT COIPOBOXJATbCA CBOMMHU U3JepKKaMu. Hampumep, npu 3BYKOBOH
TPAHCIISIIUM TEKCTOB, MY3bIKM IO pPajauo, TEJIIEBUICHHIO BPEMEHHBIE H3JACPKKH
CBSI3aHbI C HEOOXOJUMOCTBIO BBEJICHHUS T1ay3, MO3BOJISIIOUIMX BOCIPUHUMATh MX Ha
ciyx. IluceMeHHOe mpeacTaBiIeHue COAEpKaHUsS KHUTU CBSI3AHO C HEM30EHKHBIMU
U3JIepKKaMd Ha pasmep wpudTa, MHTEpPBAJIbl MEXKIY CJIOBaMH, CTpOKaMHU. 3a
BBEJICHHE JIOOBIX HU3JIEPKEK, MO3BOJISIIONIMX YIYYIIUTh Kade€CTBO BOCHPHUSATHS,
nepefayd, XpaHeHus HH(OpMalMM TNPUXOAUTCS IUIATUTh. MHUHMUMHU3UPOBATH
BEJIMUMHY M3AEPKEK M UX CTOMMOCTh HEOOXOJUMO U B TE€OpUHU HH(DOpMALUH,
OCOOCHHO B YCJOBMSIX COBpPEMEHHOro HHQopmanroHHoro Oyma. Ilo mepe
yBEJIIMYEHUS 00bEMOB HH(OpPMAlMM, YYaCTBYIOUIMX B IMpOLIECCE XPaHEHUS,
o0paboOTKM W Tmepegayd, pacTeT 3HAYUMOCTh MPOOJIEMbl  ONTHUMAIBLHOTO
KBAaHTOBaHUS HHPOPMAIIH.

IlepBble  OCHOBOMOJArarOUIME  pe3yibTaThl pEIICHHA Kiacca  3ajad
ONTUMAJILHOTO KBAaHTOBAHUS CIIyd4allHOW BEJWYHMHBI ObLTH mmosydeHsl B [1, 2]. B
Ipoliecce peuIeHus MPaKTUYECKHUX 3a/1a4, B KOTOPBIX TPUMEHSETCSI ONITUMAJILHOE B
CMBICJI€ 3aIlIOJIHEHHSI KBAHTOBaHUE MH(POpPMaLUU, pa3pabOTUUKy MaTEMaTUYECKUX
MoOJIeJIed CHUCTeM HEOO0XOJMMO paccMaTpuBaTh cHenu(UUECKUe MPUKIaJIHbIE
BOIIPOCHI, JOMOJHSIONIME M PACHIMPSAIONINE KOJUYECTBEHHBIE XapaKTEPUCTHKHU
MpeII0KEHHON MaremaTtndecko moaenu [1]. K takum Bompocam MOKHO OTHECTH,
HampuMep, BIUSHUE OMMOOK Ha ONEpalui0 KBAHTOBAHUS, OMNpECIICHUE
KOJIMYECTBA HCIOJIb3yeMO MHGpopManuu, y4€T KOHTPOJSI 3JIEMEHTOB KBAaHTOB,
npuOIMKEHHOE PEIIEHUE HMHTErpajbHOr0 YpaBHEHUS, ONPENCNICHUS IUIOTHOCTU
BEPOSITHOCTH U PACHpPElEICHUsT BEJIWYMHBI ONTUMAJIBHOIO KBAaHTA, HAXOXKICHUE
YHUCIIEHHBIX 3HAUY€HUU (pakTaloB pacmpeneneHus. MOryT TakKe CTaBUThCS U
penaThCs U APYrue BOIPOCHI, HE MPEyCMOTPEHHbIC B JaHHOU cTaThe [3-8].
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OCHOBHASA MATEMATHUYECKASA MOJEJIb OITUMAJIBHOT'O
KBAHTOBAHMUA

B nanHOl cratbe mcnodwpdyercs moaenb AnapoHoBa A.M., bokoea T.H.
[1]. OHa npeacTapisieTcs B CAEAYIOMIEM BUE:

LP(x):(x+c)]g(E(z/x)+1)dF(z) (1)

rae ‘P(X) — MaTeMaTU4YECKOE OKMIAHUE KBAHTYEMOW BEJIMYMHBI PACTIPEIEIICHUS

F(X), X — BenuumHa KBaHTa, C — BEIMYMHA TIPOOENTa MeXIy KBaHTamu, E —

HauOoJbIIasl 1ejas YacTh YMCIA, 3aKIOYEHHOr0O B CKOOKax. ABTOphl [1]
npuMersoT ooo3Hauenne M (X) =W(X). Llenpio cTatby SBISETCS PACCMOTPEHHE
JOMOJHUTEABHBIX ~ BOIPOCOB HA  OCHOBE  KOHKPETHOTO  paclpeaecHHs
BEPOSATHOCTEH — HOPMAaJbHOrO pacmpeaeicHus. B kauecTtBe mpumepa Oepércs
HOpMaJbHOE paCIpeleicHHE CO CICAYIOIMMMH 3HAYCHHSMH  IapaMETPOB
m=120h, 6 =20h, f (X) =dnorm(Xx,m,6) — mnoTHOCTH BepoATHOCTH, Tae h
SBIIIETCS YCJAOBHOW eAuHMIEH BpemeHH. Pemenue (1) mpeacraBieHo B BHIE
rpaduka Ha Puc. 1. OnTumansHas BeIUYMHA KBAHTA, IPU KOTOPOM MHHHMAILHOE
3HaYEHUE KBAaHTOBaHHOM Bennuuubl pasao M (31) =134,139h.

400 ! ' ' PaccmoTpum  ykazaHHBIE BO BBEICHUU

300k i BOIPOCHI TMPHU  CIEAYIONMUX HCXOJHBIX
JTaHHBIX:

Mix) ?UUW HOpMaNbHOE pacrpesielieHne U BeINIHHA

10k _ npobena MEXIY KBaHTaMU

m=120h, ¢ = 20h, f (x) =dnorm(x,m,c);

0% 5o 100 150 200 c=5h BEPOATHOCTH  COXPAHEHUs

X syeMeHTa KBaHTa mcrpasHbeiM, P=0,95

Puc. 1. 3aBHCHMOCTH MAaTEMATHYECKOTO 3aTpaTel BPEMCHH Ha BOCCTAHOBJICHUC

OXHNJaHHus OT BECJIMYNHBI KBAHTA HeHCHpaBHOFO DJICMCHTA KBAaHTa T= 2,5h

BJIUAHUE OIINBOK 3JIEMEHTOB KBAHTA
HA OITEPALIMIO KBAHTOBAHMUSA

1. TIpenmomnoxum, 4TO CpeaHss BeIMYMHA BPEMECHHM Ha MCIIPaBJICHHUE BCEX OIIMOOK
B kBaHTe paBHa T-X(1—p*). Torma BeIpa)keHHE I OINPECACICHHUS BEITUYMHBI
ONTHMAJIBHOTO KBAaHTA W CBA3aHHBIX C HOBBIM 3HAa4YCHHEM Ipobena C+1-X(1— p*)
WH()OPMAITMOHHBIX 3aTpaT HAa KBAHTOBAHUE OYAET OMPEACINISITHCS U3 BhIPAKCHUS:
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i z
M1(x) = (x+c+r- X(1— pX)TI(trunc(—)H]- f(z)dz . )
X
0
2. IIpenmonoxum, uro Tl =5h a cpenHee Bpems Ha UCTIPaBJICHUE OMMOOK KBaHTA,
ONpeAeNEHHOE MPHU YCIOBUU NPUMEHEHHMS OWHOMHAIBHOIO pPacHpeeiIeHUs
OmuOOK KBaHTa OyJIeT onpeaesaThes mo popmyiie (3).
X X'

b(x)=rl-k=0 (k_l)!.('x_k)l-(l—p) P 3

Ha Puc. 2 npencraBieHbl IS CPaBHECHHS
MaTEMaTHUYCCKHUC OXHNJaHUuA TpéX
PACCUMTAHHBIX KBAHTOBAHHBIX  (DYHKIIMIA
M(x), M1(x), M2(X).

OnTtuMmanbHble  3HAYCHHWs]  KBaHTOB |
MaTeMaTHUECKUE OXXUIAHUS KBAHTOBAHHBIX

X BCJIMYMH PaBHBI:
Puc. 2. MaremMaTuueckue 0XKHUIaHUs M (31) =157,032, M1(31) = 426,155,

PaCCYMTAHHEIX KBAHTOBAHHBIX QyHKIMH ] 2(31) =191, 223,

JM(.T) 600
MIx) 400

M2(X) 100

ik
L

L]
L=l
)
[=
[=

Crnenyer OTMETUTh, 4YTO ONTUMAJIbHAs BEIMYMHA KBAHTAa COXPAHSACTCS
MOCTOSIHHOM, paBHOM X, =31 BO Bcex TpEX ciyyasx, a 3aTpaTbl KBAaHTOBAHUS

U3MEHAIOTCA, 4YTO YKa3blBAaeTCAd B IPABBIX 4YacTAX TPEX paBeHCTB. BennuuHa
npo0OesioB 3aBUCUT OT BEJIMYMHBI TAKTUUECKOTO 3HAUEHUSI C U BEJIMYMHBI BPEMEHU
JUISL UCTIpaBJIeHUs OIIMOOK KBaHT, KoTopas noOaisercs K €. CpelnHsis BeIWYMHA
BPEMEHU JJI1 UCIPABJICHHS OIIMOOK 3aBUCUT OT BUJA pacIpejesieHus OIUOOK B
KBaHTE, BEPOATHOCTH OIIMOKM 3JIEMEHTa KBaHTAa W 3aTpaT Ha HCIpaBIEHUE
onvHOYHOU ommOKku B HEM. Ha Puc. 3 u 4 nokazansl yrounenue Puc. 2 u 3aTpatbl
Ha WCHpaBieHHE (BOCCTAHOBIEHHE) B PACCMOTPEHHBIX JBYX IMpHUMEpax

d(x) = [r- X-(1- px)] u b(X), onpenensemoro popmymnoii (3).

T T T T 30

600 .

Mix) L 40

M1 (x) 400 " dix)s

M2(%) 09 b(x) 2

LI N ]

0 | | | | I- :

0 20 30 40 50 .

-‘: o

Puc. 3. MareMaTH4YeCcKHE OKUIAHUS
paccUMTaHHBIX KBAHTOBAHHBIX (DYHKIIHIA Puc. 4. 3aBHCHMOCTb 3aTpart
C YYETOM 3aTpaThl HA BOCCTAaHOBJICHUE Ha HCTIPaBJIEHHE OLIMOO0K
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OIIPEAEJIEHUE KOJIMYECTBA UH®OPMALIUHN
U EE MAKCUMYMA IIPU KBAHTOBAHUU

1. TIpeamonoxum, 4To 3a eAMHHIYY BpeMeHH (ckopocTbh) mepemaércs | =10eo./h
uHdopmaruu. Torma MareMaThyeckoe OXKUJAHUE KOJIMYecTBa HWHMOpManuu
OTIPEIEISIETCS BEIPAKEHUEM

M3(x) = (x-I +0)- [ (trunc(5) +1) f (2)dz @
X
0
2. Ilpu ycnoBuu 1, HO ¢ y4ETOM 3a/Iep>KKH Ha BOCCTAHOBJICHHE OIMMMOOK B KBaHTE
. X!
b(x) = 1l- (I-p)<-p**
(x)=1 kzz;‘{(k—l)!-(x—k)l (1-p)-p } (5)
M4(x)=(x-1+ c+b(x))-j(trunc(£) +1)- f(z)dz. (6)
X
0

Ha Puc. 5 npencraBnens rpaduku 1)1 Beipakenuit (4) u (6).
N3 Puc. 5 cneayloT onTUMaibHbIE BEJIMYMHBI KBAaHTOB  PaBHBI

Xy =31h, X,y =110h  u 3Havenus konuyecTs MHPOPMALMH HPU  HHX

cooTBeTcTBEeHHO 1,374x10% 1., 1,916x10%ex.

3x10° .

M3(Ix) 2x10°

MA(x) 1.a0° -

0 50 100 150 200
-

Puc. 5. 3aBUCUMOCTh MAaTEMAaTUYECKOTO 0KMIAHUS KOJIMUECTBO
MH(}OpPMAaLIUK OT BETMYHUHBI KBAaHTA U 33/1€PKEK Ha BOCCTAHOBJICHUE

KOHTPOJIb 3JIEMEHTOB KBAHTA B ITPOHECCE KBAHTOBAHUSA

Hcxomuslie jaHHbIE:
m =120h, c =20h, f(x) =dnorm(x,m,c), =1, c=5h, q1=0,5.
roe q, gl — BEPOSTHOCTH OIIMOOK JIEMEHTOB KBaHTA.

Ha Puc. 6 m 7 mnpexncraBlieHbl CHENYIOIIME 3HAYEHHS MaTEMaTUYECKUX
O’KMJIAHUM KBAaHTOBAHHOI'O PACIIPEIECICHNUS !
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MK (x) =(x-q" +c)-0_f(trunc(§j+1]- f(z)dz, MKL(x):=(x-ql* +c)-T£trunc(§j+lj- f (z)dz,

MKz(x)z(x-q*+c)-T(trunc[ixj+1 £ (2)dz, MK3(x):= (x-q1*+c)-T(trunc[Lj+1J- f (2)dz.
0 X-q 0 X-ql

MK(x) MK2(x)
MK(x)"] MK3(x ©
L losusas basyay | 0 BL] TP L EP boaasas
s LEat) T{;u (it i atats = e 1—'\-"\-' LAt U
MK (200) = 205,002, MK1(200) = 205,002 MK 2(200) = 205,002 , MK 3(200) =9, 207
Puc. 6. MartemaThn4ecKue 0KUIAHUS Puc. 7. Matematudeckue OXUIaHUS
KBAaHTOBAHHOT'O PACHPEIEICHUS C yYETOM KBAaHTOBAHHOT'O PACMPEEIECHUS C YUETOM
OIMOOK C BEPOATHOCTHIO ( OLIMOOK C BEPOSATHOCTHIO 1

N3 rpadukoB KpUBBIX Ha PUCYHKAX CJIEAYET, YTO YBEIMYCHUE BEPOSTHOCTU
OIMMOKHU JIEMEHTOB ONTHUMAJILHOTO (M JIFOOOT0) KBaHTA YBEIMYUBAIOTCS UTOTOBBIC
MoKa3aTelid KBAaHTOBAHHOTO ¢ MpoOegaMu pacrlpeseieHrus BeposSTHOCTEH (B
JTAaHHOM ciy4dae ¢ 5 equnuil A0 9,207 eauHuII).

IMMPUMEHEHUE KBAHTOBAHMUS 1JI51 TIOCJEJOBATEJBHOI'O
OIIPEJIEJIEHUSI 3BHAYEHUHN ®PAKTAJIOB PACHPEJEJEHUN
BEPOSITHOCTEMN

JIna  npuMepa  NPUHUMAKOTCA — CIEAYIOUIME  MCXOJIHBIE  JIaHHBIE:
X =0,1..200, m =120h, c =20h, f(xX)=dnorm(x, m,oc).

B paccmarpuBaeMOM mnpuMepe MNPUMEHHM Uil OIPAaHUYEHHUS 4YuUCIia
OrpeeNIIeMbIX (PPaKTATIOB paclpeaecHHUs THIEPACIbTHYIO anmpoKkcuMarmoo [9-
10] HOpManmpHOTO pacmpeielieHus ¢ OTPAaHUYUMCS JIByMS HadaJlbHBIMH
MOMECHTAaMH. Torzxa IIJIOTHOCTB BEPOATHOCTU NPEACTABUTCA B BUAC!

f(x)z%-(A(x—m+G)+A(x—m—c)), (7)

d
rne A(X) — nenpra-dynxims JIupaka, papHas A(X) = &@(X)-

1
B mammem ciydae f (X) r E . (A(X -120+ 20) + A(X -120- 20))

Received: 30.12.2021 Revised: 16.02.2020 Accepted: 30.03.2021
Moctynua: 30.12.2021 Opo6pena: 16.02.2020 Hpunsra: 30.03.2021



52 TPAHCHOPTHBIE CUCTEMbBI U TEXHOJIOT'MA OPUTI'MHAJIBHBIE CTATbU
TRANSPORTATION SYSTEMS AND TECHNOLOGY ORIGINAL STUDIES

TE(%)- f(z)dz-1=0. )

BrinonHuM npuOAMKEHHOE PEIIEHHE JaHHOTO MHTErPabHOTO YPABHEHHS C
NOMOILBIO  TUNEPJAEIbTHOM  anmpokcumanuu. [[ns mpumepa paccMoTpum
ONpEJENICeHNE JBYX HadalbHBIX MOMEHTa ypaBHEHHs (8). OHO WILIIOCTpHUpYETCS
CJIEIYIOLIIUMU BBIPAKEHHUSIMU:

MaTEMaTHYECKOTO OKUIaHUS

MM (x) = (x+c)-I(trunc(éjﬂ]-[%(A(z—m+c))+A(z —m—o)}dz, )
0
KOTOPOC IIPUBOIUTCA K BUOY:

MM (x) = %-(x+c)-(trunc(m;0)+1j+[trunc(m:cj+lj: (10)

BTOPOro Ha4aJIbHOI'O MOMCHTA

2 2
MB(x) =%.(x+c)2 .(trunc(m;gjﬂj +£trunc(m:(5}+1} ; (11)

CpelHee KBaJPaTUUECKOE OTKJIOHEHHE Oompezensercs Mo BelpaxkeHusM (10) u
(11)

65 (X) = /MB(x) = MM (x)’ . (12)
Ha Puc. 8-10 npeacrasnens! rpaduxu ¢pynkmwmii 10, 11, 12,
T T T : : T 200 T T T

60} . g 150 -
401

MB(x)

MMix) 10 L‘V‘/I/L”: l | kY
. o 50 .

0 50 100 150 200

S
I

0
s Tnn 1en Ann 0
100 150 200

.-l.- LRELE) | BLE, LA 1

L)
-l

X

M (31) = 2,657x10* 66(31) =18

M(31) =157,032 M (30)? = 2,481x10"

M (30) =157,5
Puc. 8. MaremaTnueckoe oKujgaHue . . Puc. 10. Cpennee
s Puc. 9. Bropoit HauanpHOMI
C YYETOM THITePACITbTHOM MOMEHT KBaJ[paTHIECKOE
anmpoKCUMAaIluu OTKJIOHEHHE

B uyactHOCTH, KOX(pOUIIMEHT KOPEIUIALMHU OMNPEACISIETCS C TOMOIIBIO
BBIPAKCHUH
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66(X) 20 18
x)= 22 0 (31)=0,111, =2 =0,167, ———— =0,115.
M) =3m (MY 120 157,032

[1n10THOCTH BEpOSATHOCTH U (QYHKIIUSI pacOpeieSICHHUs] ONTUMAIbHOTO KBAHTA
ONPEIEIISIOTCS W3 BbIpaxkeHUM: x0=-100,-99..120, f (xO) = dnorm(xO, 31, 27, 345),

ff (x)=dnorm(x, 157,5,18), FO(x0)="' f0(z0)dz0, FO(31)=05.

T T T T
fO(x0) kol 0.3F .
Sx 3_3 o -1
P | |
. | —100 0 100
—100 0 100 x0
x0
Puc. 12. ®ynkuus pacnpeneneHus
Puc. 11. [InoTHOCTH BEPOATHOCTH ONTEMAILHOI0 KBANTA.

ONPEJEJIEHUE 3HAYEHUI ®PAKTAJIOB

3navyeHus (pakTanoB ompeaelnstoTcs u3 Boipaxenudd [11]. Ilycts 3amana
I0THOCTH BeposiTHocTH f(X) Ha momymHTepBae [0, o), TpedyeTcs MpeICcTaBUTh €
B BUjie YObIBaromiel (pakTaibHOM MOCIIEI0BATEILHOCTH, COCTABICHHON 0a30BbIM,
OCHOBHBIM (ppaktasiom @y u MHOXKecTBOM cyOdpakranoB CD;, i=1, 2, 3... Torma
MO>KHO MIPUHSATH CIEAYIONYI0 (hOpMYITy JIJIsl IPOU3BOACTBA (paKTaTIU3aALIUN:

IE(%) f (z)dz—lzo,f(x):%-(A(x—m+c)+A(x—m—c)). (13)
B Hamem ciyuyae moay4aeM ypaBHEHHE
!trunc(i)-[%-(A(z—m+cs)+A(x—m—cs))}dz—l:0 (14)

KOTOPO€ MPUBOAUTCS K BBIPAKEHHUIO:

r(x):%-(trunc(m;cj+trunc(m+GD—1:O. (15)

X

Pentenuer (x) =0 SKBUBAJCHTHO PELICHHUIO YPAaBHEHHS J' E(ij f(z)dz-1=0.

0
ConepxarenbHbli  cMbicn (13) cocTOMT B TOM, YTO MaTEMAaTHYECKOE
oXuJanue E He MOMKHO TpEeBbINIATh €IWHUYHOTO 3HAYEHUS, HO W HE OBIThH
orpuniatenbHbiM. HyXHO mNpuHATH paBeHCTBO X=®; W pemuTh NOJIYyYEHHOE
HEJINHEMHOE YPABHEHUE OTHOCHUTEIBHO HEU3BECTHOM BenuuuHbl Dp. Ilpm 3TOM
HY)KHO KaK MOJXHO TOYHEE BBIUMCIUTH OTy BEIMYMHY. A 3aTe€M IPOBEPUTH
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PaBUIBHOCTh JOCTaTOYHO CTPOrOro peuieHus: ypaBHeHus (13). ODrta uyucneHHas
BeJIMYMHA M OyJeT TMpeAcTaBisATh 0a30BbIi, OCHOBHON (axkTopuan. MOoxHO
yOemuThCsl, 4TO TOYHOE pernieHue ypaBHeHus (13) gocturaercs mpu maxdy u oHO
Oyner emuHcTBeHHbIM. OHO mpencraBieHo Ha Puc. 13, mo makcumanbHOMN
BeJIMYKHE a0CIMCChI 03HAYAET, YTO HYJIeBOM ppakran Oyaer paBeH Dy=100h.

-
. ! ! !

rx) 1 \ |

A a0 T W 5

AL N 1LV

Puc. 13. Onpenenenue 6a3oBoro gppakraia

CrnenyrommM maroMm mporecca OyAeT BBIUYMCICHUE 3HAYCHUS BEITUYHHBI
nepBoro cyodpakrana @;. DTOT mOpouecc OyJeT aHAJOTUYEH MPEIbIAYyIIEeMY
npouieccy BeruncieHuss @y Ho HenuHeliHOEe ypaBHEHHE HEOOXOIUMO HM3MEHUTH
TaKuM 00pa3oM, 4YTOOBI OHO MIPUHSIIO CIAEAYIONTYIO (hopMy:

ﬁ.TE(Z_q)O}.f(z)dzl:O. (16)
f(u)du '

0
VYpasuenue (16) npuBoaUTCS K BUAY

Ttrunc(%j-B-(A(x—m+cs)+A(x—m—cs))}—1:0, (17)

100 1

a(17) — x Buny

rr(x)=%-[trunc(wjﬂrunc(wn—l:0. (18)

X X

Pewas (18), monyuyaeM makcumanbHOe X, = 20h, uist KOTOpOro rr(20) =0, 3TO
o3Hayaet yro @, =20h. MakcumyMm HyJis Habmoaaercs mpu 20h.

Takum 00pa3oM, MepBwI cyOdpakTan omnpenaeiacH. DTO COOTBETCTBYET
Puc. 14.
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Puc. 14. Onpenenenue neporo cyodpakraina

CrnenyromuM IIaroM mOpolecca CTAaHOBUTCA BBIYUCICHUE 3HAYCHUS
BEeNMUYMHBI BTOporo cyodpakrama @,. [Ins 3Toro HEOOXOAMMO HCIOJIB30BATh
CJIEAYIOIIEE HETMHENHOE NHTETPAIIbHOE YPaBHEHNUE:

1 T E(Z—CDO—C[Dl
T Dy +D; X
j f(u)du *

Dy +D,
Hcxongnble naHHbIE YpaBHEHUS JJISI HaXOXXJICHHUST BTOpOro cyoddpakraia
MIPEICTABIISICTCS B BUJIE:

}f(z)dz—l:O,

1 1
X, =®,-2=u+120, f (X):E'(A(X_m+6)+A(X_m_G))’oo—: 2,
| f(z)dz
120
j trunc 2=120 JA(z-m+0)+A(z-m-c)|dz-1=0.
X
120
Kk (x) = (trunc (mjﬂrunc[erc—_leD—l: 0. (19)
X X
Ha Puc. 15 npeacrasneno pemenne ypaBuenus (19). 13 pucynka cnenyer,
1 . . . yto &,=0 MHWrak monydeHbl 3HAYEHHUS TPEX
o ¢dpaxranoB @, =100h, ®,=20h, ®,=0. HamomHuuwm,
Kk (x) 9TO OTO CBS3aHO C YCJIOBHEM TPUMCHEHUS
S . npUOTMKEHHOTO THUIEPEIBTHOTO pPACTIPEICICHUS
JUTsI HOPMAJIBHOTO 3aKOHA pachpeieNieHus ¢ y4€TomM
2 0 200 40 TOJIBKO JIBYX Ha4aJbHBIX MOMEHTOB.

x Pemenue BceX BBIYHMCIMTEIBHBIX 3aga4d

Puc. 15. Onpenenenne BTOporo  BBIMOJIHSJIOCH C TOMOIIBIO BEIYUCIUTEIIBHON CPEbI
cyodpakrana [12].
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3AK/IIOYEHUE

[lorpebHOCTH B pemieHUH MPOOJIEMBI  ONTUMAIBHOTO  KBAHTOBAHUS
uHbOpMaIlMU B Mpolieccax XpaHEHHs, 00pabOTKH U mepenadyn OOJbUINX 00bEMOB
JIAHHBIX MOCTOSHHO yBenuuuBaroTcs. CrernpanuctaMm B obnactu Big Data \ Data
Science moCTOSHHO MPUXOAMTHCS CTAJIKHBATLCSA C JaHHOW mmpooOiemoit [13-15].
OmHako WHXXKEHEPHBIX MOJIENe HW METOJOB pEIIeHUS TMOJOOHBIX 3a7ad B
3apyOeXKHOU U OTEYECTBEHHOM JINTEpaType BCTpeUaeTcs He Tak MHOTo. B mporecce
pEIICHUs MPaKTUIECKUX 3a/1ad, B KOTOPBIX MPUMEHSETCS ONTUMAIBLHOE B CMBICIIC
3aIl0JIHCHUsI KBAHTOBaHME MHPOPMAITUH, Pa3pabOTIYNKy MAaTEMaTHIECKUX MOJeNeH
CUCTEM HEOO0XOAMMO paccMaTpuBaTh CleUU(UUYECKUE MPHUKIAJHbIE BOMIPOCHI,
JOTIONIHAIOMIE W PACIIUPSIONIME  KOJMYECTBEHHBIE  XapaKTEPUCTHKHU
IPEUIOKCHHON MaTeMaTHIecKoi Moaenu [1].

B cratbe paccMOTpeHBI KOHKPETHBIE BCIIOMOTATENbHBIE MaTEeMAaTHUYECKUE
MOJEIH ISl peIIeHHWs] TPHUKIAJHBIX MPAKTHUECKUX 3a7ad, CBSA3aHHBIX C
KBaHTOBaHHWEM HWH(POpPMAIUH, YUUTHIBAIOIINE 3aTpaThl Ha TMOWUCK U YCTPaHEHUS
OmMOOK B KBaHTaX, a TAaK)Ke MPUMEHEHHS KBAaHTOBAHUSA /ISl MOCIEIOBATEIIHHOTO
OTIpeICICHUS 3HAYCHUU ¢dpaxTanoB pacnpezeneHui BEPOATHOCTEH.
Hcnonb3oBaHne B MaTeMAaTHUYECKUX MOJICTSAX OMPENEICHUSI XapaKTePUCTHUK
dbpakTasoB pacnpelneseHUN BEPOSTHOCTEH THUMEPACIbTHYIO aIlPOKCUMAIIUIO
3HAYUTENIbHO YIOPOCTWJIO TIOJYyYEHUE PEUIeHUH, XOTS BHOCUT HEKOTOPYIO
HOTPEIIHOCTh. YCTPaHUTh ATOT HEJOCTATOK MOXKHO IyTEM YBEJIWYEHMs 4YHciia
ATAlOB B AaNNPOKCUMHUPYIOIIEM THUIEPAEIbTHOM paclpeiesieHud, 4To TpedyeT
ydyeTra OOJBIIEro 4YWcia HaydadbHBIX MOMEHTOB HCXOJIHOTO pacIpeiesiCHuUs.
[TonpoGHO BOMPOCH TOYHOCTH THUIEPACTBTHON aNMpPOKCUMAIIUU OOCYXKIAIOTCS B
pabotre [9]. Ilporpamma mjisi pacyera MapaMeTPOB AaNMPOKCUMHUPYIOIIETO
THIEPACTBTHOTO  paclpeieNieHus 10 METOJy MOMEHTOB Ha s3bIke Java
npescraniena B [10].

[IpencraBneHHple B CTaTh€ MAaTEMaTUYECKUE MOJEIN OBITh IOJIC3HBI
acTipaHTaM, JOKTOPAHTaM M HCCJIENOBATENIIM KOHKPETHBIX 3a7a4 MPaKTHUECKOH
HaIPaBJICHHOCTH.
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Heab: OreHka TOYHOCTH YHCICHHOTO METOJla OTHOCHUTEIBHO aHAIMTHYECKOTO
peuieHus.

Metoabl: B cratbe mpoW3BOIWTCS aHAIW3 TOYHOCTH YHWCICHHBIX BBIYMCICHHUN Ha
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TOYHOCTH.

3akiouenue: JlaHbl pEeKOMEHJAMM 1O BO3MOXHOMY MPUMEHEHHUIO METOojIa
KOHEYHBIX 3JIEMEHTOB IPU PEIICHUHU 33Ja4 pacyuera IEKTPOMATHUTHBIX MOJIEH pealbHbIX
00BEKTOB.
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Methods: This article reports on studies of the accuracy of numerical calculations
based on the finite element method. The variational scheme of the method is considered.

Results: The dependences of errors on the number of simplexes used are obtained and
analyzed. The authors noted ways to further improve accuracy.

Conclusion: The article gives recommendations on the possible application of the
finite element method in solving problems of calculating the electromagnetic fields of real
objects.

Keywords: finite element method, numerical methods, electric potential, accuracy
assessment.

BBEJAEHHUE

CyliecTByIOT MHOTOYHCIIEHHBIE METOJBl PEHIEHUS 337ad OLICHKH. JTHU
3a/1a4d MMEIOT TNEPBOCTENEHHOE 3HAYEHWE MPU PEIIEHUU BOIMPOCOB 3aAIIUTHI,
MOCTPOEHUU IKPAHOB, OIICHKU 0€30MaCHOCTEN YPOBHEH 3JIEKTPUUYECKOTO MO U
apyrux [1-4].

BoNbIIMHCTBO M3 ATUX METOJOB OMUPAETCS HA YHCICHHBIC PACUETHI,
MOCKOJIbKY aHaJTUTUYECKUE METOJIbl UMEIOT Y3KYI0 00JIacTh pElIeHUM, TaK Kak
rpaHUYHBIC YCIOBHUS Uil TaKUX 3a7ad JIOJDKHBI COBMANATh C KOOPJAWHATHBIMU
IJIOCKOCTAMHM M YpOBHAMH. Kak mpaBuiio, aHAIUTUYECKUE METOJIbl PEIIarOTCs
METOJIOM pa3lieJiecHus] TepeMeHHbIX. Pa3zymeercsi, TOYHOCTh TaKUX METOJOB
abcomorHa. OnHaKo IS peHICHUs TMPUKIATHBIX 3a7a4  OHH  IUIOXO
MPUCTIOCOOJICHBI, TTIOCKOJIBKY pealibHbIE 3aJja4ll UMEIOT CJIOXKHYI0 T€OMETPHUIO,
KYCOYHO-JIMHETHOE  MPEJCTaBICHUE [apaMEeTPOB CPEAbl, B YaCTHOCTH
AIEKTPUUYECKUX U MATHUTHBIX.

TeM HM MeHee 3HAYEHUs, MOJYYEHHBIE C TOMOIIBIO YHCICHHBIX METOJIOB,
HYXKJIalOTCS B BepuUUKAIIMM W TPOBEPKE Ha aJCKBATHOCTh M TOYHOCTD.
Pazymeercs, 3To MOKHO c/ieaTh, CpAaBHUBAS C aHATUTUYECKUMU PEIICHUSIMU, a
3aTeM TOJyY€HHbIE TOYHOCTU IPOJIOHTHMPOBAaTh Ha 3aJaud, OJHM3KHE IO
METpHKE.

B nmanHO# cTaThe CTaBUTCA 11€JIb OLICHKW YHCJEHHBIX METOJOB pacuera
MOTEHIIUAJIOB, OCHOBAHHBIX HA METOJIe KOHEUHBIX DJIEMEHTOB.

BAPUAIIMOHHASA CXEMA METOJA KOHEYHbBIX JIEMEHTOB

Bapuayus. OcHoBHas wjaes MeToJa KOHEYHBIX DJJEMEHTOB Oblia
npemioxkena P. Kypantom B 1943 r. u ocHOBaHa OHa Ha HCHOJb30BAaHUU
GYHKIIMOHATBFHOM TPAKTOBKU 3aKOHOB AJIEKTPOCTATUKH. CBsi3bIBast (PYHKITMOHAI
¢ muddepeHmaibHbIM ypaBHeHHEeM Jlammaca MOXHO MOMydnuTh d)PEKTUBHBIN
Croco0 pelIeHus 3a/1a4u O pacipeiesIeHUN AIEKTPOCTATUYECKOTO TTOJIS.

3ajada ompenesieHUs] CTAIlMOHAPHOTO 3JIEKTPUUYECKOTO MOJisi B 0O0IIeM
CJIy4ae CBOJIUTCS K MUHMMU3aIuu (yHKIIMOHaa BUa [5]:
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PloCx, )1 = [l FIx,, @ @z @yldxdy, (1)

rae @(x,y) — GyHKIHS MOTEHIMANIa SJICKTPUICSCKOTO TOJIS;
@y, Py — YACTHBIE TIPOM3BOJIHBIE 110 KOOPIAUHATAM, COOTBETCTBEHHO, X U Y

[TonpraTerpanbHas GyHakuus F|... JumeeT HeNpepbIBHBIE TPOU3BOIHBIC 10
BTOPOIO MOPSAKA BKIFOUUTEIBHO.

Nckomast ¢pyukmmst ¢ Ha rpanune ' obmactu () momKHA YIAOBIETBOPSTH
3HAYCHUSIM IpaHUYHON QYHKIUY f .

DKCTpeMyM Takoro (pyHKIIMOHAJIa HAaXOJUTCS Ha OCHOBE OIpPEICICHHS
(yHKIHMOHATIBLHOM MPOU3BOJHON B CTAIMOHAPHON TOYKE, TO €CTh B TAKOW TOUKE,
rae (pyHKIMOHAN JOCTUTAaeT CBOEr0 MUHMMyMa WJIM MakCUMyMa. 37I€Ch IOJ
TOYKOM MOHUMAETCSI TaKoe €€ 0000IIeHre, TP KOTOPOM ISl ONPEICTICHUs dTON
TOYKU TpeOyercs OECKOHEUHOE KOJUYECTBO KOOPIAMHAT [6], MHBIMH CIOBAMH
3TO MNpocTO (YHKUMS JIBYX TIEPEMEHHBIX B JABYMEPHOM TI'HIIBOEPTOBOM
npoctpanctee H?. Tlpu osToM ¢yHKIMS ¢ ompejaeneHa B o6mactu ().
['paduueckoe npeacrasnenue @(x,y) nano Ha Puc. 1.

@

p+op
A

P=0(x.y)

0

Puc. 1. I'padyk GyHKIMM TIOTEHIMANA DIEKTPUYECKOTO OIS

Jlnst Beraucienus (GyHKIIMOHAIBHOW IMPOU3BOIHON BOCIOJIB3YyeMCS €€
onpexaeneHuem [7, 8]:

: Plp+8¢p]-P[p] _ 8P[o]
lim dgiam w—o = 50 (2)
max §o-0 [g S@-dxdy ¢
§lEW
3aeck diam w o3HaYaeT AHaMETp MHOT000pas3us w, ONMPEaeIseMbIi KaK
diamw = sup, pen,d(a,b), (3)

rae  d — KBaJpaTU4HAs METPUKA.
Bapuanus 8¢ nmeer uronpyaThlii Xapaktep, mpeacraBieHHbii Ha Puc. 1
anemeHToM (@ + 8@).
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[Ipumenenue oneparuu (2) 1jsi BBIYUCICHUS SKCTPEMAIbHOIO 3HAYEHUS
dbynkunonana (1) cocrapiusier cyth TeopeMbl OcTporpajckoro-Jitiepa.

Bocrnonb3oBaBmuch pe3yabTaToOM d3TOM  TEOpEMbl, MOXKEM 3alucaTh
COOTBETCTBYIOIIEE ypaBHeHUE OcTporpajickoro-Oiepa:

dF @ [ dF a [ oF
o~ ()~ (s95) =0 4)
B wactHOM ciydyae, Korja MOJbIHTErpajibHas (QYHKIUS  HUMEET
CJICIYFOILIUMN BUL:
=36y + Y
F= 2 [(ax t dy (5)

ypaBHeHUe OcTporpaackoro-Jiljiepa CTAaHOBUTCS SKBHUBAJCHTHBIM YpPaBHEHUIO
Jlamaca:

o, Po_
9x2 + dy?2 - O’ (6)

C FpaHI/IIIHBIM YCJ_IOBI/ICM
olr=f. (7)

Koneunvie snemenmol. I1peanonoxum, 4To HOCUTENIb QYHKIMH (P UMEET

BUJI TPEYTOJBHOTO CHUMILJICKCA B JBYMEPHOM MPOCTpaHCTBE (IUIOCKocTh X0y Ha
Puc. 2).

@

@(x.y)

@

0 y

(_-\-l 5_1‘1 )

(x3,3)
X

Puc. 2. Jluneiinas noteHuuanbHas QyHkuus @(x,y)

B BepmmHax cuMIniekca MOTEHIHMAI OyJIeM CUMTaTh Ha MEPBBIX MOpax
3aJIaHHBIM M PaBHBIM (Pq, Py, P3. Torga TeKyllee 3HAYCHHE ITOTEHIMANa B
TOYKaX, MPUHAJICKAITUX HOCUTENIO (X, Y) € A, onpenenum JTUHEHHON (Hopmoit

@© =a+ bx + cy. (8)

s ompenencHust KodbGUIMEHTOB a, b U ¢ nuHelHoH dopMmbl (&)
HEOOXOJMMO COCTaBUTh CUCTEMY YPaBHEHUH AJISl YIIIOBBIX TOYEK CUMILIEKCA U
pa3pennTh €€ OTHOCUTEIBHO HEM3BECTHBIX KOO PHUIIMEHTOB [5].
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3areM Ipou3Bes MOKPbITUE Beel 001acTu () TpEeyrobHBIMU 3JIEMEHTaMU
(Puc. 1), c yueToM paBeHCTBa NOTEHIIMAJIOB HAa TPAHUIIAX CMEXKHBIX DIIEMEHTOB
NOJIy4aeM JBa MHOXECTBa TOYEK. B Toukax, KOTOphIE JiekaT Ha rpanuue I,
NOTEHIMANbl 33aJaHbl U omnpeAensaoTces QyHkuuen (7), a TOTEHIUANBI BHYTPU
o0nactu () HEM3BECTHBI U HaXOSATCS UCXOAS U3 MUHUMYyMa ¢yHKIHoHana (1).
OTtMeTuM, 4TO TMOJACTAaHOBKA JIMHEWHBIX (QYHKUIUN @ B (ynkiuonan (1)
npeBpamaer ero B ¢yHkiuio N=n+m mnepemeHHbIX, rie N — KOIU4YECTBO
y3JOBBIX TOYEK KOHEYHBIX 3JIEMEHTOB, N — HEHU3BECTHBIE MOTEHIUAJIBI,
m — wu3BecTHhle. B dyacTHOM cnydae Buma (5) 3Ta (QyHKIUS sBISETCA
MOJIOKUTEIBHO ~ OMPEACNCHHOW  KBaJApPaTHUYHOM  (QOpPMOIA, OTHOCHUTEIBHO
NOTEHIMAIOB . Marpuua, onpeaensoomas 3Ty (opmy, NOJydynsia Ha3BaHHE
matpunpl [Jupuxiie. IloaToMy B 3TOM cilydae olepauus OIpEACIICHUs
IKCTpeMyMa (yHKIMOHaNa mpeBpauiaercs B 00biuHOe U depeHIMpoBaHUE 10
N nepemeHHbIM. [loguepkHeM, uTo nud@epeHIUpoOBaHUE OCYLIECTBISETCS
TOJIBKO IO HEW3BECTHBIM IMOTeHIuaizaMm. Takum o00pa3oM, cxema MeToja
KOHEYHBIX 3JEMEHTOB 3aKJIIOYAeTCsl B IOCIEAOBATEILHOM  BBIITOJIHEHUH
CHEYIOIINX ONEPAIUN:
— pa3OueHue 00JIaCTH Ha TPEYTOJIbHBIE JIEMEHTHI;
— omnpeaeleHHe MaTpulbl Jlupuxie Uil KaKIOTO 3JEMEHTa H
oOBbeIMHEHNE €€ Ha Bcel 00JacTy;
— paszesieHHe MOTEHIMAIIOB Ha U3BECTHBIE U HCKOMBIE;
— OIpeAesieHne NPOU3BOJHOM (PYHKIMOHAIA U MPUPABHUBAHUE €€ K
HYJIIO;
— pelIeHuEe CHUCTEMBbl JIMHEMHBIX YPAaBHEHUM M  OIpEICIICHHE
HEU3BECTHBIX MOTEHIIMAJIOB B y3J1aX CHUMILIEKCOB.

OIEHKA TOYHOCTH

AOCOTIOTHYIO TOYHOCTh, KaK YKa3bIBAJIOCh paHee, MAal0T aHAINTUYECKHUE
pelleHusi, OJHAKO, B OOJBIIMHCTBE MPAKTUYECKUX CIIy4aeB MOIYyYUTh OSTHU
pelIeHUsT HE TPEACTaBIsSETCS BO3MOXHBIM. TeM HH MeHee BO MHOTHX
NPAKTHUECKUX MPHIOKEHUSAX WCIOIB3YIOTCS KOHCTPYKIIUHU, TTO3BOJISIONINE
HaliTW DTH aHaJUTUYeCKHe pelleHus. Hampumep, KoakcuanbHble KaOemw,
BOJTHOBO/IbI, YCTAHOBKHU I10 CO3JIaHUIO CBEPXMOIIHOTO uMITysibca Toka PC-20,
AIEKTPOCTATUYECKUE DUITBTPHI JIJIST OTYUCTKY TEXHUUECKHUX JKUJIKOCTEH M ra30B
[9, 10] u npyrue ycTpoiicTBa.

OnHOBpEMEHHO TakOro pojaa 3ajJadyd, HUMEIOLUIUE AaHAJIUTHYECKHE
pEIIeHHsl, MOKHO HCIIOJIb30BaTh B KA4e€CTBE JTAJOHHBIX JUISI OINPEACICHUS
TOYHOCTH YUCIICHHBIX aaropuTmos [11].

Bribepem cnenyromnyro 3amady [12, 13]: 3amaH kKoakcuana ¢ pagmycoMm
BHYTPEHHETO NPOBOJHUKA I =1 MM, BHYTPEHHHM paJdyCcOM BHEIIHETO
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TpyO4aToro npoBoAHUKA [, =4 mMm. lloTeHIuan BHYTPEHHErO IPOBOIHHUKA
@|,, = 400 B, a Tpy6Ouatsiii npooaHuk 3a3emieH (@[, = 0 B).

B munuuapudeckon cucreme KOOpAUHAT ypaBHeHue Jlamiaca s TaHHOU
3aJaud uMeeT u3BecTHhIN B [13]. PemeHneM naHHOTO ypaBHEHMS SIBISICTCS
pacnpeneineHue MOTEHUHala (@ BHYTPM  KOakcuajga. AHAIUTUYECKOE
IIPEICTABIICHUE ITIOTEHIMAJA BBITJISINT:

@ =CyInr + Gy, 9)
rae C; u C, — KOHCTaHTHI, ONPEEIIIEMbIE U3 TPAHUYHBIX YCIOBUM.

JUIsL  TOpoOCTOTBI PacCMOTPEHHsT M YYUTBIBas OCECUMMETPHUYHOCTH
OTPaHUYMMCS YETBEPTHIO KOAKCUAIBHOM 00J1acTH.

JUJi OLEHKHM TOYHOCTHM YMCJIEHHOIO pelieHus OyneM pa3OuBaTh 00JacTb
MEXIy IPOBOJHUKAMM HA Pa3IMYHOE KOJUYECTBO CHUMILUIEKCOB. [l mpumepa
paccMOTpHM JIBa BapuaHTa, IpeICTaBlICHHbIE Ha Puc. 3.

S

a o
Puc. 3. Bapuantsl pa3OueHusi Ha KOHEYHbIE DJIEMEHTHI:
a— 16 snemenTtoB, 0 — 200 371€MEHTOB

Marpuna J[lupuxiie KaxAgoro 3j€MEHTa JIETKO BblUUCIsIeTca [5],
MOCKOJIbKY Tpou3BOAHBIE B (5) oT suHeWHOW ¢yHKIMU (8) SBISIOTCA
KOHCTAHTaMHU, XOTS BBIKJIQJKH HOCAT TPOMO3IKHMM Xapaktep. s mpumepa
MPUBEICH DJIEMEHT dTOW MATPHIIBI:

S5 = {2 = ¥:) (s —y1) + (3 — x2)(ry — x3)}, (10)

rjae A — miomnaabr TpeyroJbHOTO AJIEMEHTA.
OcranbHble BOCEMb IOJYYAIOTCS IMyTEM IUKINYECKOW TMepeCTaHOBKHU
WHJIEKCOB KOOPJAMHAT. DHEPIHUsl OJTHOTO dJIEMEHTA OIpeesieTCs Ha OCHOBAaHUU

(opmyu (1) u (5): )
Ple] =", (11)

rae T — CHMBOJI TPaHCIIOHMPOBAaHHS BEKTOPA MOTEHIMANOB @1 = [@1, @, P3].
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Ha npumepe (11) BugHO, 4TO PYHKIIMOHAI JIsi JAHHOTO 3JIEMEHTA UMEET
KBaJlpaTUyHy10 GopMy TpeX nepeMeHHbIX. [1oaToMy ompenenenue s3KkcTpemMyMa
dbyHkunoHana mo Bcer obnactu () cBoauTCs K AU hepeHIIMPOBAHUIO SHEPTUU
Mo CBOOOJHBIM TIOTEHIMAJTaM W TPUPABHUBAHUIO pe3yiabTaTa K HYIIO.
[lomyyeHnHass cucTtemMa JMHEHHBIX ypPaBHEHUH HMMEET CUMMETPUYHYIO
HEHYJIEBYIO MaTpPHUILy U IOTOMY UMEET pELICHUE.

[IpoBenem uccienoBanusi MOTPEIIHOCTH BHIYUCICHUN B 3aBUCHMOCTH OT
KOJIMYECTBA KOHEYHBIX DJIEMEHTOB, TNOKpbIBatoumMx obynacte (). bynem
UCIIOJIb30BaTh PHEPreTUUECKYI0 METPUKY JUIsl OLEHKH MOTPEUTHOCTH PacyeToB
MOTEHIMAJIOB

E=\/ffﬂ |(pa(x,y)—(pd(x,y)|2dx-dy, (12)

rae @, — aHamtadeckoe pemenue (9);
(4 — YMCIICHHOE pPEIICHUE.
[Tpu 5TOM MOTPEIIHOCTh BBIYUCIICHHUS SHEPTUH COCTABIISACT

§=|P(@q) — P(@a)l. (13)

Jlns  ymoOcTBa  MHTEPIpPETAIlMM  IOTPEIIHOCTH  BBIPAXKCHBI B
OTHOCHTEIbHBIX eauHuiax B %. B KkadectBe 0a30BbIX 3HAYCHHH IS
BBIUMCJICHUS OTHOCHTEIbHBIX IOTPEIIHOCTEH B3ATAa HOPMAa aHAJIMTHYCCKOTO
noteHiuana ||@,|| 1 coorBercTByIOIIasT SHEPrHUL.

JlanHbie pacuy€Thl peacTaBieHsl Ha Puc. 4.

MorpewHoCcTU KaK PYHKLMUMN KONUYECTBA 3/IeMEHTOB

\ - NOTPEeWHOCTL NO IHEPTUEM, %

=l norpewHOCTs NO NOTEHUMANAM, %

OTHOCHTENBHBIE NOFPEIHOCTH, %

Konu4ecTso KOHEYHbIX INEMEHTOB

Puc. 4. Pe3ynbrar BEIUNCIEHHSI OTHOCUTENBHBIX ITOTPEIIHOCTEN
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[IpousBeneM aHamu3 pe3yabTaToOB  pacyeroB. IlpeacraBum, 4TO
HETOYHOCTH BBIYMCIEHUN MMOTEHIMANOB eCTh QyHKius h(x,y), HopMa KOTOPOi
||h|| MeHbIIIe HEKOTOPOI MOTOKHUTEIBHON Maoil BeauuuHbl. [Ipuuem QyHKIHS
h|r na rpanune oGnactu () UMeET 3HAUYEHHE PABHOE HYJIIO B CHIIy TOTO, YTO B
9TUX TOYKAX IMOTEHIMAJIBI 3a1aHbl U HE BBIYUCIIAIOTCS.

PaccMOTpHM U3MEHEHHE SHEPTUH, BBI3BAHHOE HETOYHOCTHIO BBIYMCIICHUH

O(@ + 0h) = D(¢) + 6 [f,, (Vo)(Vh)dxdy + 202 [f,, (Vh)2dxdy, (14)
rac 0 — MaJtas MoJIOKUTEIbHAI BCJIIMYUHMHA,
V — rpaguenr.
Ucnonw3ysa Teopemy [ priHa 1aHHOE BBIPAXKEHUE MOKHO MIPUBECTU K BUILY
[5]:
(@ + 0h) = D(9) + 02D(h). (15)

Anamuz dopmynsl (15) mokaspiBaeT, UTO TEOPETUYECKH OIIMOKa B
BBIYKCIICHUM TIOTEHIIMAlla mnpornopuuoHanbHa 6. I[lpm sTtomM ommbka B
Onpesie/ieHNH JHEpruM MpornopuuoHansHa 02,  OjgHako, INPOBEJEHHBIH
BBIYUCIUTEIBHBIA AKCIEPUMEHT, MOKA3bIBAE€T, YTO JJIA JIaHHOW 3a7a4d 3TO
BBIMOJIHAETCS B aAuamnazoHe or 72 no 200 snementoB. Ilpu nanpHeliem
YBEJIMYECHUH TEOpUs MPEJCKA3bIBAET, YTO OIIMOKAa [0 SHEPruM JO0JHKHA
YMEHBIIAThCS CYIIECTBEHHO OBICTpEe, YeM OIMOKa M0 MOTEHIIMaaaM, OJHAKO B
JEUCTBUTEITLHOCTH TMPOUCXOAUT BCE POBHO HaoOopoT. [IpuumHa Takoro
MOBEJACHUS  TOTPEIIHOCTEH  MOXKET  ObITh ~ OOBSICHEHAa  HaJIUYUEM
BBIYMCIIUTEIBHBIX TMOIPEIIHOCTEM, CBS3aHHBIX C OTPAHUYEHUEM Pa3PSIAHOCTH.
OTH OrpaHWYEHHs] HUMEIOT CIIyYalHBId XapakTep M I03TOMY HPOSBISETCA
HEYCTONYMBOCTh BBUY YMEHBIIECHUS Pa3MEPOB KOHEYHBIX jieMeHTOB. OTCI0/1a
cleayeT BBIBOA O TOM, YTO [JIsl JaJbHEWMIIEro YMEHBIICHUS OIIMOKU
HEOOXOJMMO  HCIIOJh30BaTh HA  KOHEUHBIX  DJJIEMEHTaX  HEJIMHEUHBIC
MOBEPXHOCTH 00JIe€ BHICOKUX MOPSIIKOB.

Benuuuabel  morpemHocTed, NpU  HE3HAUYUTEIHHOM  YBEIUYEHUU
KOJIMYECTBa CHUMIUICKCOB, JIeKAaT B Mpeaesiax JIOMYyCTUMBIX  BEJIMYMH,
XapaKTEPHBIX JIJIS METO/Ia KOHEYHBIX 2JIeMeHTOB [ 14].

HNPAKTHYECKASA 3BHAYNMOCTD

PaccMoTpeHHBII METOT MOXKET OBITh UCTIONB30BaH JJII aHAJIN3a BHEIITHUX
BO3JCUCTBUM IIPU PELNIEHUH 3370a4 DJIEKTPOMArHUTHOM COBMECTUMOCTH.
MHOXeCTBO TOAOOHBIX MPOOJIEM CYIIECTBYET B  JJIEKTPOTEXHUYECKOM
KOMILIEKCE JKEeJIe3HOJOopokHOTO TpaHcmopra [15]. Hampumep, wu3BecTHa
npo0sema 3JIEeKTPOTEPMHUUECKON Jerpajalui BOJIOKOHHO-ONTHYECKUX KalOeneH,
MOBEIICHHBIX Ha OMOpax KOHTAKTHOW ceTh. OJHOM U3 MPUYMUH ATOTO SBJICHUS
ABJIIeTCSl 00pa3oBaHUE Ha O0O0JIOUKE KaOelss 3JIEKTPONPOBOJSIICH TIICHKU U3
yacTull NbUIM. B cepennHe mposieTta MeXIy ONOpaMHM MOTEHIUANl MOJIs
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MaKCUMaJbHBIA, a KperieHus Kalenss Ha omopax 3a3eMJIEHbl U HUMEIOT
MUHUMAJIbHBI TOTEHIMAJ, O3TO NPUTIATUBACT 3apsUKEHHBIE YaCTULBI K
KPEIUJICHUIO U B UTOTE OHU OCEAAlOT Ha 00oouke kabens BOau3u onopsl. [Janee
HAaBOJMMBIM B 3THUX IJIEHKAX TOK pa3orpeBaeT OOOJOUYKY M CIOCOOCTBYET €€
YCKOPEHHOW Jerpajanuy. 3HAHWE pacHpeleseHusl 3JEKTPUYECKOro MOoJs B
JAHHOW 3a7a4e MO3BOJUT YCOBEPIICHCTBOBAThH METOJbI 3alUTHl BOJOKOHHO-
ONTHYECKOTO Kabeyss, TeM CaMbIM CHU3HMB YHCIO aBapuii B CHCTEMax
oOecrnieueHns 6€30MaCHOCTH JIBUKEHHS TOE3/I0B.

3AKJIIOYEHUE

[IpuMeHeHre YHMCIEHHBIX METOJ/OB IMO3BOJISET peliaTh CIOKHBIC 3a/lauu
Jaxe B ciydyae OTCYTCTBMs aHanmutuueckoro pemienus [1, 14, 16]. Hapsny c
TUM TPUMEHEHUE METO/Ia KOHEUYHBIX DJJEMEHTOB JAaeT JOIMOJHUTEIbHBIC
npeumyiecTsa. K HIM OTHOCHTCS BO3MOKHOCTh pacyeTa KOHCTPYKIIUHU, JTUOO
3aJlady ¢ TPAaHUYHBIMHU YCJIOBHSIMHU MPOU3BOJIBHON (POPMBI, HAIPUMEpP, KaK MpU
pacyeTe 3JIEKTPOMarHUTHBIX T0JIeH peaibHBIX 00BeKTOB. KpoMe Toro, mpocroTa
nepexo/ia K HEPABHOMEPHBIM TMOKPBITHSIM pacyeTHOM OO0JacTh U BBICOKAs
TE€XHOJOTUYHOCTh, MACIITAOUPYEMOCTb U T.JA., OCOOEHHO MPOSBISIONIUECS TPU
aJIrOPUTMHU3AIIMY U POTPAMMUPOBAHUU 3a/1ay.

I[ToMrumMO 5TOro, METOJ KOHEUYHBIX DJIEMEHTOB TMO3BOJSET CMSTUYUTH
TpeOoBaHust K auddepeHuupyeMocTd (YHKIMM — OHAa JIOJDKHA OBITh
nuddepenuupyeMa MUHUMYM OAWH pa3. CrenoBatelibHO, HUXKE TpeOOBaHUS K
BBIYHMCIIUTEILHBIM MOIITHOCTSIM TIPH COXPAHEHUH JIOCTATOYHOW TOYHOCTH.

ABTOpBI 3a51BJIFIOT, YTO:
1. V HuX HeT KOH(INKTa UHTEPECOB;
2. Hacrosiast ctathsi HE COMEPKUT KAKUX-JTHMOO HCCIENOBAHUN C y4acTHEM
J0JIeH B KaueCTBE 0OBEKTOB MUCCIICIOBAHUM.
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Py6puka 2. HAYUHBIE U [IPAKTUYECKUE PA3PABOTKU
Hampasnenue — DnekTpoTexHUKa
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© P. C. JlutBUHEeHKO, A. J. Ayxanees, K. T. Jle, I'. P. AxcanueB
KazaHcknii rocy1apCTBEHHBIN YHEPTETUYECKUA YHUBEPCUTET
(Kazann, Poccus)

BBIYUCJIEHUE UHTET'PAJIBHOI'O ITIOKA3ATEJIA HAAEXKHOCTHU
TAT'OBOI'O JIEKTPOOBOPYJIOBAHUSA 'OPOACKOI'O
JIEKTPOTPAHCIIOPTA

[Ipu 3amanuu TpeOOBaHMI 1O HAACKHOCTH HA CTaAMM Pa3pabOTKU CIIOXKHBIX
TEXHUYECKUX CHUCTEM, €CIM OHHU SBIIAIOTCS BOCCTAHABIMBAEMBbIMHM, a TaKXKe JUIsl HUX
OlpeneNieHbl TPeOOBaHUS K JIONTOBEYHOCTH M COXPAHSAEMOCTH, OOIIee KOJIUYECTBO,
3a/1aBa€éMbIX B COOTBETCTBHHM C HOPMATUBHBIMHM JIOKYMEHTAMHU, €AMHUYHBIX U KOMIUIEKCHBIX
NoKa3aresne HaJeKHOCTH HaXOAMUTCA B Mpefesax 95—/ €IUHUL, YTO ONPEAEISeT CI0KHOCTh
MpOLIeTYpbl UX MPOBEPKH, TOATBEPKIACHUS U OLIEHKH.

Hean: ®opMupoBaHne €IUHOTO (MHTETPAIBHOTO) MOKA3aTeNsl HAJIEKHOCTH, KOTOPBIN
XapakTepu3oBal Obl BCIO COBOKYIHOCTb OCHOBHBIX CBOMCTB HAaJI€KHOCTH TATOBOIO
AJEKTPOOOOPYIOBAHMS, KAK CIOKHOW TEXHMYECKOW CHUCTEMBI, MPU YCIOBUU COOTBETCTBUS
OTJIebHBIX MOKa3aTeneil TpeOOBaHUAM, YKa3aHHBIM B TEXHHUECKOM 3aJaHHH.

Mertoabl: Ilpennaraercss ucnosb30BaTh METOJ aHajIW3a MEpapXHid, pazpabOTaHHOIO
T. CaaTu 1 MIMPOKO MPUMEHSAEMOTO TP PEILIEHUU PA3TUYHBIX MHOTOKPUTEPUAIBHBIX 33]1a4.

3akiouenue.  Mcmonp3oBaHwe IS ONPEACNICHHS ~ YPOBHS — HAJEKHOCTH
WHTETPAIILHOTO  TOKa3aTels  MO3BOJSET MONyYuTh  (OPMAIM30BAHHBIN  pe3ynbTarT,
BBIPOKAEMBIA 4Yepe3 COOTBETCTBYIOIEE 3HAYEHHE BEKTOpa TJIOOAIBHBIX MPUOPUTETOB U
JAOUIMHA BO3MOKHOCTh KOJIMYECTBEHHOW OLIEHKU IMPEBOCXOJCTBA B IUIAHE HAIEKHOCTH
OJIHOTO aJTbTEPHATUBHOTO BaApUAHTA TATOBOTO YJIEKTPOOOOPYIOBAHUS HAJl APYTHM.

KuroueBbie €j10Ba: TOPOJCKOW SJIEKTPOTPAHCIIOPT, HAIECKHOCTb, HWHTETPAIbHBINA
noka3aresb, METOJ] aHaJIN3a UepapXHii, ypOBEHb, MaTPULIA, TSATOBOE JIEKTPOOOOPYAOBAHHE.

Rubric 2. SCIENTIFIC AND PRACTICAL DEVELOPMENTS
Field — Electrical Engineering

© R. S. Litvinenko, A. E. Auhadeev, K. T. Le, G. R. Akhsaniev
Kazan State Power Engineering University
(Kazan, Russia)

CALCULATION INTEGRAL RELIABILITY INDICATOR
OF THE URBAN ELECTRIC TRANSPORT TRACTION
ELECTRICAL EQUIPMENT

When reliability requirements at the stage of developing complex technical systems
are setting, the total number of individual and complex reliability indicators set in accordance
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with regulatory documents is within 5-7 units. This is done provided that they are recoverable,
and also for them the requirements for durability and preservation are determined. All this
determines the complexity of the procedure for their verification, confirmation and evaluation.

Aim: Formation of a common (integral) indicator of reliability, which can
characterize the basic reliability properties multitude of traction electrical equipment, as a
complex technical system, subject to the compliance of individual indicators with the
requirements specified in the terms of reference.

Methods: It is proposed to use of T. Saati's hierarchy analysis method, which is
widely used in solving various multicriteria problems.

Conclusion: Using an integral indicator to determine the level of reliability allows
getting a formalized result, expressed through the vectors of global priorities corresponding
value, which makes it possible to get a quantitative assessment of the superiority for one of
alternative traction electrical equipment.

Key words: urban electric transport, reliability, integral indicator, hierarchies analysis
method, level, matrix, traction electrical equipment.

BBEJAEHHUE

CoBpeMeHHbIN TOpojackoi anekTpuueckuit Tpancnopt (I'9T) sBusercs
CJIO)KHOW TMPOU3BOJICTBEHHO-TEXHUYECKOW CHUCTEMOM, OCHOBHBIM Ha3HAY€HUEM
KOTOpPOH SIBIIIETCS YJOBJICTBOPEHUE HAceJEeHUs B O€30MACHBIX U CTAaOMIIbHBIX
nepeBo3kax. B cBsi3u ¢ ATUM, BOIMPOCHI OOECIEYECHHS 3aJaHHBIX TapaMeTPOB
HajexHocTn cuctembl ['DOT kak Ha »JTame NPOEKTHUPOBAHUS, TaKk U B
AKCIUTyaTallMK SIBJISETCS OU€Hb aKTyaJIbHBIMU.

Haubounee Bricokne TpeOOBaHUS MO HAIEKHOCTHU MPEABIBISIIOTCS UMEHHO
K TEXHMYECKUM OOBEKTaM JaHHOW CHUCTEeMbl, a, B YaCTHOCTH, K TITOBOMY
AIEKTPOOOOPYIOBAHUIO AJIEKTPOMOABUIKHOIO cocTaBa. MIMEHHO Ha TSITOBOE
ANEKTPOOOOPYIOBAaHUE  MPUXOAUTCA  HaWOOJbIIEE  YHUCIO  OTKa30B W
HEUCTIPABHOCTEHN, UYTO OOBSICHSACTCS TAKUMH OOBEKTUBHBIMH TPUYMHAMU KaK:
BBICOKAsl CJIOKHOCTh TEXHUYECKOI'O YCTPOMCTBA; 3KCTPEMAIBHOCTH YCIOBHIA
DKCIUTyaTaliii  (BBICOKHE CKOPOCTH, BJIAXKHOCTb, BUOpaIusi, mnepemnajy
TeMreparyp ¥ T. J.) WU HWHTCHCUBHOCTH PEXHMOB pabOThl (BBICOKHE
TEMIEpPaTyphbl, YacTOThl BpalIEHUs, IUIOTHOCTH TOKa U T. 1.). Bce 310
ompeeNsieT HEOOXOIUMOCTh Pa3BUTHS W COBEPIICHCTBOBAHHUS METOJ/OB
OTIPEJICICHHS] HAJIEKHOCTH TATOBOTO DJIEKTPOOOOPYAOBAHUS, SBIISIFOIIETOCS
HEOTBEMJIEMOW  COCTAaBHOM  YaCThKO  CJIOXKHOIO  JBJIEKTPOTEXHUYECKOTO
KOMILJIEKCa, 00eCIeurBaroero nmpeoOpasoBanue, nepeaadyy M HUCHOJIb30BAHUE
AIEKTPUYECKON i1 OpraHu3aluM  MepeBo3ouyHoro  mporecca [OT,
00YCJIOBJICHHYIO BBICOKOW YKOHOMUYECKONW U TEXHUUYECKOM IIEeHOM OTKa3a.

OcHoBHBIE TpeOOBaHUSI MO HAJICKHOCTU TATOBOTO 3JIEKTPOOOOPYAOBaHUS
dbopMupyIOTCS Ha JTane pa3pabOTKHM TeXHUYecKoro 3agaHus. llpu 3TOM
yCTaHaBJIMBAETCSd HOMEHKJIATypa M 3HaueHus rnokaszatenei HanexHoctu (ITH),
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coctaB koTopbix pernamentupyercss ['OCT 27.002-2015 [1] u mojoxxeHUSIMH
I'OCT 27.003-2016 [2].

Jns cHwxkeHus 3aTpaT Ha MPOBEPKY, NOATBEPXKICHUE M OLEHKY
3amanHbiXx [IH Ha »Tame mnpow3BoACTBA W B OKCIUTyaTalldd MX YHUCIO
1eJIeco00pa3HO BbIOMpaTh MUHUMAIbHBIM, TpPH YCIOBHM BO3MOXHOCTH B
MIOJIHOM Mepe XapaKTEepU30BaTh HA/IEKHOCTh TATCOBOIO AJIEKTPOOOOPYIOBAHUS
Ha BCEX JTamax >Xu3HeHHoro nukia. [Ipu 3Tom, Kak mpaBuiio, Gopmupyercs
ONpENCNICHHbI ~ HAa0Op  €IWHUYHBIX  MOKa3zaTededl  0e30TKa3HOCTH U
PEMOHTONPUTOJHOCTH, a TaKXe HMX KOMOMHAIMU, a TaKXke, BO3MOXKHO,
npumeHeHue KomiuiekcHbIXx [IH, uro HamOosiee XapakTepHO sl TSATOBOIO
AIEKTPOOOOPYI0BAHHUS, KaK CIOKHON TEXHUYECKON CUCTEMBI.

Hnst  omnpenenenuss uyucieHHbix 3HaueHudd [IH  pazpabarsiBaemoii
TEXHUYECKON CHUCTEMBbI HMCIOJIB3YIOTCS PACUETHBIE, SKCIEPUMEHTAIIbHBIC WIIH
pacUETHO-APKCIEPUMEHTAIIBHBIE METOABl C HCIOJb30BAHUEM CIPABOYHBIX
CTATUCTUYECKUX JAHHBIX O HAJECKHOCTU aHAJIOTOB (IpOoTOTHUNOB). Takxke MOryT
ObITh HCIOJIb30BAaHBl PE3YJbTATHl OMbBITA JKCIUTyaTallMM WU HUCIBITAaHUMH,
MPEAOCTABISIEMbIX IMOCTABIIMKaMH KOMIIOHEHTOB. lIpu 3TOM cuutaercs, 4To
TOJBKO MPU YCIOBUM COOTBETCTBHS YCTAHOBJIEHHBbIM TpeOoBaHusiM Bcex [TH,
pa3pabaTbhiBaéMblii TEXHUYECKH OOBEKT COOTBETCTBYET TPEOOBAHUSAM 11O
HaJACKHOCTH [3].

JI1s BOCCTAHABJIMBAEMBIX CIIOKHBIX TEXHUUYECKUX CHCTEM, TaKUMH KakK
TAroBO€ 3JeKkTpoodopyaoBanue ['DT, ¢ ycTaHOBIEHHBIMU TPEOOBAHUSIMU K
JOJITOBEYHOCTU U COXPAHSIEMOCTH, OOIIEE KOJTUYECTBO 3aJaBAEMbIX €AMHUYHBIX
u komruiekcHbIX [TH, cormacno I'OCT 27.003-2016 [2], HaxoauThes B IIpeaeinax
5-7 noka3zarenei.

AnanornyHo TpeOoBaHuAM 10 HanexHocTH, corjacHo ['OCT 15.016-
2016 [4], B TEXHHWYECKOM 3aJlaHMM MOTYT OBITh YyKa3aHbl TpeOOBaHUA,
XapaKTepUCTUKUA, HOPMbI, TIOKA3aTeIu U JIPYyTHe MapaMeTpbl, ONPECISIOIINe
HAa3HAUYCHUE W  DKCIUTyaTallUOHHBIE  XapaKTEPUCTHKU  pa3pabaThiBaeMbIX
TEXHUYECKUX OOBEKTOB. B CBsi3M ¢ STUM BBIOOp BapuaHTa TEXHUYECKOM
CUCTEMBI, yIOBJIETBOPSIOUIETO BCEM TEXHUUYECKUM TpEOOBaHUSAM (TpeOOBaHUSIM
K DKCIUTyaTallu, CTOUKOCTH, JIEKTPOMAarHUTHOW COBMECTUMOCTHU | T.J.), B TOM
yycie TpeOOBaHUSIM 10 HAJEKHOCTH, YKAa3aHHbIM B 3aJaHUM, SBISETCS
BaXKHEMIIEH 3aa4eil, crosiel nepen pazpadorunkoM. Ha mpaktuke pa3inyHbie
CXEMHO-KOHCTPYKTUBHBIE BapUAHTHl TEXHUUYECKON CUCTEMbI UMEIOT pa3HbIC MO
BenuuMHe KoyinuecTBeHHble IIH, 4To He mO03BOJSET OJHO3HAYHO OTAATH
NpPEANOYTEeHUE TOMY WJIM HWHOMY TEXHUYeCKoMy pemiennto. [lpu »sTom
MPEBOCXOJICTBO OJHOTO BapHaHTa TEXHUYECKOTO pEUIeHUs HaJ JIpYTruM
BO3MOYKHO TOJIBKO B OTJIETBHBIX MOKA3aTeIsIX M3 3aJaHHBIX B TPEOOBAHUSIX TIO
HAJeKHOCTH, a pasHuna Mexay I[IH moxer ObITh OT HE3HAYUTENBHOU 0
CYIIECTBEHHOM.
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Takum  oOpasoMm, ulIeHTU(DUKAIMSA  TOKa3aTeNs,  MMO3BOJISIIOIIETO
XapaKTepU30BaTh COBOKYIMHOCTb OCHOBHBIX CBOMCTB HAJIEKHOCTH TATOBOIO
anekTpoobopynoBanus ['OT mpu yclaoBUM COOTBETCTBUS TPEOOBAHUSAM TIO
HAJIC)KHOCTU BCEX 3aJaHHBIX B TEXHUYECKOM 3aJaHUU OTHEJIbHBIX MOKAa3aTeNe,
ABJSIETCA ~ BakHeHmed  mpoOJsieMoi, ONpPEAEIAIONEA  AKTYaJIbHOCTh
MPOBEJCHHOIO HccienoBanus. st pemienus 3Toi mpoOieMbl aBTOPHI BBOIST
MOHSATUE «UHTETPAJIbHBIA TOKazaTenb HanexHoctw» (MIIH), a Takxke
IpemjaraloT  METOAUKY OmnpeneneHuss OOOOLIEHHBIX —IOKa3aTened i
HECKOJIBKUX CXEMHO-KOHCTPYKTUBHBIX BAPHAHTOB TSATOBOTO
AJIEKTPOOOOPYIOBAaHUS, CHHTE3UpYyOImuX otaenbHeie [IH B emmnbpii. D10
ITIO3BOJIMT HA 3TaIl€ OLICHKU TEXHUYECKOrO0 YPOBHS aJbTEPHATUBHBIX BapUAHTOB
pa3pabaThiBacMOUM CHCTEMBI MEPEHTH OT HA0Opa €IMHUYHBIX U KOMILIEKCHBIX
[TH x UIIH, xapakTepu3yromieM HaJIeKHOCTh TSATOBOTO AJIEKTPOOOOPYTI0BaAHUS
['DT ¢ yyeTom Bcex TpeOOBaHMM yYKa3aHHBIX B TEXHUYECKOM 3aJJaHUU.

METO/IUKA OINPEAEJEHUSA UHTEI'PAJIBHOT'O IOKA3ATEJIA
HAJIEKHOCTH HA OCHOBE TIPUMEHEHUA
METOJA AHAJIU3A UEPAPXUI

B obmem cinydae MeTO aHATMTUYECKUX HEPAPXHUECKUX MPOLIECCOB WU
meron ananu3a wuepapxuit (MAW) mnpencraBiuser co0oil MaTeMaTUYeCKHiA
amnmapar CHUCTEMHOI'O MOJAXOAa K TEXHOJIOTMU MPUHATHUS PEUICHU HAa OCHOBE
pacyeToB M HCHOJIb30BAHUS METOAA MOMapHBIX CPAaBHEHUM, IMO3BOJISIIOILIETO
HAaWTW TakoW BapwaHT (QJIBTEPHATUBY), KOTOPBHIM HAWIYUYIIUM O00pa3oM
COOTBETCTBYET CYTH MOCTaBIICHHON MPOOJIEMbI U TPEOOBAHUSM K €€ PEIICHUIO.
MeTton Obl1 pazpaboTan amepukaHckuM ydeHbIM Tomacom Caatu B 1970 rony u
AKTUBHO MCIOJIB3YETCS MPU PEUICHUU PA3JIMUYHBIX MHOTOKPUTEPUAIBHBIX 3a/1a4
(aHaMM3 BO3MOXXHBIX BApUAHTOB PAa3BUTHSI COOBITUM, COCTaBJICHUSI PEUTHUHTA,
pacripeieJieHue pecypcoB, ynpaBieHue puckamu u ap.). Taxke MAW nomyuun
IIMPOKOE  PACHpOCTpaHEHUE  TpPU  NPAKTHUECKOM  pEIIeHWH  3ajad
CPaBHUTEJIBHOTO aHAJIN3a TEXHUYECKOTO0 YPOBHS aJlbTEPHATUBHBIX BAPUAHTOB
pa3pabaTbIBacMbIX TEXHUYECKHX 00BEKTOB [5-7].

[TogpobHOe onucanue coaepskanusa 3tanoB MAW mupoko mpencTaBieHo
B pa3IUYHbIX UcTOuHHKaxX [8-10].

B cBsa3u ¢ Tem obOcrostenbecTBOM, uTo MAM 00amaeT BO3MOKHOCTBIO
MIPUCBOCHUS aJbTEPHATHBHBIM BapuaHTaM paHTOB (IUGPOBBIX TMOKa3aTelen
OTOOpaKaloIMX 3HAYUMOCTh WJIHM BaXXHOCTh OOBEKTAa), IpeaIaracTcs
WCIIOJIB30BAaTh OTH XaPAKTEPUCTHKU 711 (HOPMUPOBAHHS KOJIMYECTBEHHOTO
snauenus WITH anbrepHaTHBHBIX BapUAHTOB TITOBOTO 3JIEKTPOOOOPYIOBAHUS,
Irlic B KQUeCTBEe KpUTepHueB OyayT BBICTYNaTh cooTBeTcTBYomue um I1H [11]. B
kadectBe MITH npennaraercs mpuMeHUTh BBIYUCICHHBIE 3HAYEHUSI TJI00aTbHbIX
(cocraBHbIX) mnpuoputeTroB. OOpamiaem BHUMaHue, 4yTo omnpenenenue WITH
OCYILECTBIISIETCA [JI1 KOHKPETHBIX CTPYKTYPHO-CXEMAaTHYECKUX BapUaHTOB
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MOCTPOEHUSI TATOBOTO  3JIEKTPOOOOPYAOBAHUS U COOTBETCTBYIOIIUX €MY
KoJinuecTBeHHBIX 3HaueHui [1H. 3mMeHenne kakoro OO0 M3 3TUX MOJOKESHUM
MIPUBENIET K TOBTOpHOMY onpeaencuuto NITH.

B xauectBe HegocTatka MAM MOKHO OTMETHUT:

— KOJMYECTBO TIIOKA3aTeJe HE JOJDKHO IIpeBbIIAaTh 7/+2, TakK Kak
YeJI0BEYECKOE CO3HAHUE HE CIIOCOOHO K OJJTHOBPEMEHHOMY BOCHPHUSITUIO U
nepepaboTke OoJiee yka3aHHOTO drciia 0J10koB nHpopMarww [12, 13];

— METOJl TIO3BOJISIET HAWNTH PaHTH BBIOPAHHBIX AIbTEPHATHUB, HO HE MMEET
BHYTPEHHHX CPEICTB UHTEPIIPETALMHU ITUX PAHIOB;

— HECMOTpST Ha TMPOBEPKY COTJIACOBAHHOCTU CYKJICHHM SKCIIEPTOB,
AKCIEPTHBIC OLICHKU HOCAT CYOBEKTUBHBIN XapaKTep.

[IpoBepky pabOTOCIIOCOOHOCTH W aJE€KBAaTHOCTH MPEIJI0KEHHOTO
noaxojaa K peueHuto 3anaun onpenenenus MITH meronom ananusa mepapxuii
JUISL TIOCJIEAYIOUIEH OLIEHKM TEXHUYECKOTO YPOBHSA CTPYKTYPHO-CXEMATHUYECKUX
BAPUAHTOB TATOBOTO 3JeKTpoobopyaoBanus ['DT mpoBeneM Ha KOHKPETHOM
MIpUMEDE.

BBIYUCJIEHUE UHTET'PAJIBHOI'O IOKA3ATEJIA HAAEXKXHOCTHU
MHOI'OJABUI'ATEJIBHOI'O QJIEKTPOIIPUBOJIA

Jlns pazpabaThiBaeMOr0 MHOTOABUTATEIBLHOIO 3jekTporpuBoga (MOII)
NPUMEHSIEMOTO Ha JJIEKTPUYECKOM TPAHCIOPTE 3aKa34MK B TEXHUYCCKOM
3aJ]aHUe YCTAaHOBHJI CIICAYIONINE TPSOOBAHUS IO HAISKHOCTH:

— raMMa-TipolieHTHast Hapabotka 70 otkaza (GPTF) — ne menee 7500 u;

— cpennss HapaOoTka Ha otka3 (MTBF) — e menee 12000 gacos;

— CpeIHHU CPOK CIyXObI 10 KanmuTanbHoro peMonta (AOL) He MeHee 5 ner;
— ko3 dunuent roroBHoctH (AF) — He menee 0,99;

— cpennuii cpok cayx0bl 10 cnucanus (MLTD) — ne menee 20 ner.

Pa3paboTurkoM Tpensio’keHo TpU BO3MOXKHBIX Bapuanta MOIIl ¢
IPEIBAPUTEILHO PACCUNTAHHBIMU 3HAYCHHUSIMH TOKa3aTelieH, MPUBEACHHBIMU B
Tab6m.1.

Ucnonszys MAMW, TtpebOyercs paccuutate WIIH R{,R, u Rj
aJIbTepHATHBHBIX BapuanToB MOII, 1j1s mocaeayronero KOMIUIEKCHOTO aHaIi3a
COOTBETCTBHS BCEX TEXHHUYECKUX TPEOOBaHUH K pa3pabaThIBaeMOK CHCTEME.

Tabnuya 1. Ilokazamenu naoesxcnocmu eapuanmos MOIT

N O —— Iloxa3aren HaAEXKHOCTH
AIEKTPOINPUBOJL GPTF, MTBF, AOL, et AF MLTD, net
q TBIC.Y
Bapuant Nel 7,6 12,5 7 0,998 22
Bapuant No2 8 13,5 6,5 0,999 24
Bapuant Ne3 5,2 14 5 0,994 25
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Jlexomnosuyus 3adauu 6 uepapxuro. JIeKOMIO3UIINS 3a]a4l BEIYUCICHUS
NITH npencrasnena Ha Puc.

NuTerpajipbHblii noka3areJib

1-vit ypoeens
HagexHocTn MOII

IMoka3aTenu | HaleKHOCTH 2-0ii yposeHs
GPTF, u || MTBF, teIC.u AOL, u AF MLTD, u
AnbTepHaTHBHBIE | BapHaHThl MOII 3-uii yposens
Bapuant Nel Bapuant Ne2 Bapuant Ne3

Puc. Jlekomno3sunus 3anauun Berunciaenus: UITH Bapuanto MOI1

B Haubosee 3J€MEHTapHOM BHJIE€ HEpapXHsi COCTOUT M3 BEPILIUHBI
(ycnoBHO 311ech HaxoauTcst oOmas uenb — Gpopmupoanue UITH), ot koTopoii
UIYT MPOMEXKYTOUYHBIE YPOBHHU, COCTOSIIIME U3 MATH KpUTEpHUEB (MOKa3aTesen
HAJIeKHOCTH), YTOUHSIOMIMX I€JIb, K HUKHEMY YpPOBHIO, COCTOSILEMY H3 3
anbTEPHATUBHBIX BapruaHTOoB MOIIL.

Ilocmpoenue mampuy nonapuwix cyacoenuti. Ilpu ncrnons3oanuu MAU
pemaemasi 3ajada Oblla MpeACTaBiIeHAa HEpPapXWUYECKU, TMOITOMY MaTpHIla
cpaBHeHUs1 BaxkHOCTU [TH BTOpOTO YpOBHS COCTaBIsAE€TCS OTHOCUTEIHHO 00IIEH
nend (1-ro ypoBHs). IlomoOHBIE MaTpUIBI TaKXKe CTPOATCS IS IMapHBIX
CPaBHEHMI KaXJOro ajibTepHAaTUBHOro BapuaHTa MOIl 1o oOTHOLIEHHIO K
aJieMeHTaM 2-r0 ypoBHA. [l mpoBefeHus CyObEKTUBHBIX MApPHBIX CPAaBHEHUM
apTopom T.Caatu Obuta pa3paboTaHa 4YHCJEHHAs IIKaJla OTHOCHUTEIIbHOU
BaxkHocTH [9,13], B COOTBETCTBHM C KOTOPOH DKCIIEPTAMH OIPEICISICTCS BEC
byHkuuii (mokasaresnei), XapakTepu3yIOIUX pa3padaTbIBAEMYyIO CUCTEMY.

JIns moCcTpoeHusT MaTpUllbl MOMAPHBIX CYXXKJICHUH 1Ji1 2-TO YpOBHS Aj
pasmepHocThio k X k, tne k =5 — xonmmuectBo 3amanHbiX IIH cocraBmsercs
Tabnuiia B kK CTPOK MU CTOJOIOB, B KOTOpPOM B 3arojoBKax rpad H CTPOK
3anuchIBalOTCS npuMeHsieMble mnpu  GopmupoBanun HWIIH u 3aganHbie B
TEXHUYECKOM 3aJaHuM ToKa3arenu. JlelcTBHs HAuMHAIOT C TOKa3aTeds,
pPacnoJIO)KEHHOTO B 3arojoBKe - CTPOKHM, MPU 3TOM 33Jal0TCSl BOIIPOCOM,
HACKOJIbKO 3TOT IOKa3aTelb Ba)KHEE IOKa3aTelield, YKa3aHHbIX B 3arojOBKE
rpadml, U Janee ocTaabHble Moka3zarenu. [Ipu cpaBHEHUM MoKa3aTens ¢ CaMUM
co0Oll OTHOILIEHHE PaBHO eauHULE. Ecium cpaBHUBaeMbli MOKa3aTelb BaKHEE,
yem [IH w3 3aromoBka rpadpl, TO HCHONB3yeTCs LENOE YWCIO U3 IIKAJbI
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OTHOCHTEJBHOW BaXHOCTU [14], B MPOTUBHOM ciiydae - OOpaTHas BEIWYHHA.
Takum oOpa3oM, MmoodepenHo MPOU3BOIUTCS CpaBHEHHE BakHOocTH Bcex I[TH
MEXIy COOOH U ONpedesnsioTcs BCE JJIEMEHThl MaTpullbl A; MOMapHbBIX
cpaBHeHwi 1iist 2-T0 ypoBHs (ypoBHs [TH) (Taou. 2).

Tabauya 2. Mampuya Ay nonapuvix cpasHenuil 0Jisi BMopo20 YPOBHS

Iokazarenu | GPTF,j =1 | MTBF,j =2 AOL,j =3 AF,j=4 | MLTD,j =5
GPTF 1 3 4 1 5
MTBF 1/3 1 4 2 3
AOL 1/4 1/4 1 1/5 3

AF 1 1/2 5 1 6
MLTD 1/5 1/3 1/3 1/6 1

Cocrapnenune wmatpull A,j, (j = ﬂ) s 3-To ypoBHA  (YpOBHS
albTEPHATUBHBIX BAPHAHTOB) CYIIIECTBEHHO YIIPOIIAETCS, TaK Kak 3HaueHus [TH
BBIDOKEHBI KOJMYECTBEHHO, a HE KA4YEeCTBEHHO. OJIEMEHTBI Marpuil Ay
dbopmupyetcst nenenrem 3HadeHud [TH cooTBeTCTBYIOIIMX anbTEpHATUBHBIX
BapraHToB MOII IPUMEHNTENBHO K KaXJIOMY MOKaszaTemo j = 1,k (MaTpHIsI
Azq, Az, Agz Azy 1 Ays). Matpuiiel Ay TIONAPHBIX CPABHEHMH IS TPETHETO
YpOBHsI IpeicTaBaeHbl B Tao. 3.

Tabauya 3. Mampuywr nonapuvix cpasHenuil 0Jisl YposHsi albmepHamusHulx sapuanmos MOIT

Marpuua A, nonapubIx cpaBHeHu s okasatens GPTF ,j = 1

Bapwnant Nel Bapuant Ne2 BapuanTt Ne3
BapuanT Nel 1 7,6/8=0,95 7,6/8,2=0,9268
Bapuant Ne2 8/7,6=1,0526 1 8/8,2=0,9756
BapuanT Ne3 8,2/7,6=1,0789 8,2/8=1,025 1
Marpuna A, nonapubix cpaBHenui ais nokasarens MTBF,j = 2
Bapuant Nel Bapuant Ne2 Bapuant Ne3
BapuanT Nel 1 12,5/13,5=0,9259 12,5/14=0,8929
Bapuant Ne2 13,5/12,5=1,08 1 13,5/14=0,9643
BapuanT Ne3 14/12,5=1,12 14/13,5=1,037 1
Marpuua A3 nonapusix cpaBaenuii nokasarens AOL,j = 3
Bapuant Nel Bapuant Ne2 Bapuant Ne3
BapuanT Nel 1 7/6,5=1,0769 7/5=1,4
Bapuant No2 6,5/7=0,9586 1 6,5/5=1,3
BapuanTt Ne3 5/7=0,7143 5/6,5=0,7692 1
Marpuna A, nonapHeIx cpaBHeHuii mokasarens AF, j = 4
Bapuant Nel Bapuant Ne2 Bapuant Ne3
BapuanT Nel 1 0,998/0,999=0,999 | 0,998/0,994=1,004
Bapuant Ne2 | 0,999/0,998=1,001 1 0,999/0,994=1,005
BapuanT Ne3 0,994/0,998=0,996 | 0,994/0,999=0,995 1
Marpuna A, s nonapubix cpaHenuii nokasarens MLTD,j = 5
Bapuant Nol Bapuant No2 Bapuant No3
Bapuant Nel 1 22/24=0,999 22/25=1,004
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Bapuant Ne2 24/22=1,001 1 24/25=1,005
Bapuant Ne3 25/22=0,996 25/24=0,995 1

Takum o00pa3oM, pe3yabTaToM JEUCTBHM Ha STOM JTale SBISETCS
Marpuna A; nomapHselx cpaBHeHHU Mg ypoBHsA [IH u matpuner 4,,...A4,5 mid
YPOBHSI aJIbT€pHATUBHBIX BapruanToB MOII.

Onpeoenenue N0KATbHLIX NPUOPUMEMO8 U CO2NACOBAHHOCNU MHEHUU
9KCnepmog Onsi 6mopo2o ypoemus. JIns Marpuubl A; NOMAPHBIX CpPaBHEHUM
YPOBHS IOKa3aTeseil onpeensercs Habop JIOKaIbHBIX HNPUOPUTETOB, KOTOPHIE
BBIPAXKAIOT OTHOCHUTEJIBHOE BJIMSHHE MHOXKECTBA BEPXHUX DJJIEMEHTOB Ha
HIDKHAW dJleMEeHT wuepapxuu. lIpy 3TOM ycCTaHaBIMBaeTCs BEC KaXAOTO
OTJIEJIbHOTO KOMIOHEHTa Martpuibl. C 3TOH 1Eenbl0 HEOOXOJWMO BBIYHMCIUTH
cobcTBeHHbl BekTop A = [X; ... X} ]T MaTpuimsl A;, COCTABNIAIOMUME KOTOPOTO
ABJISIIOTCSL  OLIEHKM BEKTOpAa MPHOPUTETOB MO CTPOKaM MaTpulbl X,
ornpenaensieMble o popmyse:

ai

X =5e o (1)

i=1 Qi

_ K o
rae a; = / K a; — cpelHee TEOMETPUYECKOE OIIEMEHTOB -0 CTPOKH

Matpuilel A, 1 = 1, k;
B ycnoBusix pelieHus Hamed 3a7aud COOCTBEHHBIM BEKTOp A MaTpHIIbI
A4 B cooTBeTcTBUU ¢ (hopmyoii (1) momyuun cienyrone 3HauyeHus

X1 0,3573
X, 0,2388
A =|x3[=10,0817],
X4 0,2708
X5 0,0514

TZIe X; - OLCHKA IPUOPHUTETA NOKA3aTeNs Tygs;

X, - OIIEHKA MPUOPHUTETA MoKazaress Ty,

X3 - OLICHKA IPUOPHUTETA ITOKA3ATEISA Tyyy cpicp )

X, - OIICHKA IPUOPHUTETA ITOKa3ares K,

Xs5 - OLICHKA IPUOPHUTETA MOKA3ATEISA Ty cp cn-

BhruncieHne BEKTOpa JOKAIBHBIX MPHOPUTETOB (COOCTBEHHBIX BEKTOPOB

Matpuiibl A1) Amax = [Amaxi - Amaxk] TPOHM3BOIAMTCS ITyTEM IPHUBEICHUS
BEJIMYUHBI X; K HOPMAJIM30BAHHOMY BHIY TI0 CIIEAYIOMIEH hopMye:

— . Vk
}\maxi = Xi j=14ij (2)

TIE Apaxi - COOCTBeHHBIE 3HaUeHMs BekTopa [leppona [13, c.15].
a;j - 3HAYEHHUE dIIEMEHTa MaTpuIbl A; B i-oii cTpoke j-om cTonbue, j = 1, k.
Ucnonb3ys Gopmyny (2), onpeaeanm JoKaTbHbIe TPUOPUTETHI Ay, gy TS
BTOPOTO YpOBHs (YpOBHsA TIOKazaTenel). B  ycnmoBusx pemieHUs 3amadu

Received: 09.03.2021 Revised: 19.03.2021 Accepted: 30.03.2021
Moctynua: 09.03.2021 Opo6pena: 19.03.2021 Hpunsra: 30.03.2021



79 TPAHCHIOPTHBIE CUCTEMbI U TEXHOJIOT'MUA OPUTI'MHAJIBHBIE CTATbU
TRANSPORTATION SYSTEMS AND TECHNOLOGY ORIGINAL STUDIES

dbopmupoBanus UITH anprepHatuBHBIX BapuaHToB MOII BekTOp JIOKaIbHBIX

IIPUOPUTETOB MPEICTABIIEH CIEAYIOINMA 3HAYCHUSIMU
0,9945
1,2139
Aax =1 1,171 |.
1,1825
0,9252

CyMMa Bcex 3JIEMEHTOB ITOJYYEHHOTO BEKTOPA JIOKAJIBHBIX ITPUOPUTETOB
Amax paBHa 54871, HasbiBaercs IleppoHOBO COOCTBEHHOE 3HAYEHUE,
ob6o3HaunmMm ee¢ OykBoit A [13, c.16]. Ilpu abcCoMOTHO#N COTIIaCOBAHHOCTH
MaTpHIlbl cOOII0AaeTcs ycinoBue A = k.

[Tocne ompeneneHusi JOKAIBHBIX TPUOPUTETOB Ay W BETMUUHBI A
CIIelyeT TpoLEeaypa OLEHKH COTJIACOBAHHOCTH MHEHUN SKCIEPTOB MpHU
(GOopMUPOBAaHUM MATPUIIBl TMONAPHBIX CpaBHEHUH A; UIsI BTOPOTO YpPOBHS,
IOCKOJIBKY ~ OOOOIIEHHOE€  MHEHHME TIpyHNbl JIKCHOEPTOB  HE  JIMIIECHO
CyOBEKTHUBHOCTH, TaK KaK HCIIOJIb30Bajach KaueCTBEHHAs IIKajia OLEHOK. Jljis
storo MAW mnpenycmarpuBaeT NMPUMEHEHHE WHICKCA COTJIACOBAHHOCTH (L),
KOTOPBIN JaeT MH()OPMALMIO O CTENEHU HAPYIICHUs YUCICHHOW U MOPSIKOBOU
COIJIaCOBaHHOCTH.

Brraucisem HHACKC COIJIaCOBAHHOCTH:

- ’;:’1‘ = 27175 _ 1218, (3)

CpaBHMM BEMWYMHY [ C BEIWYAHOM CIy4YalHOW COIJIaCOBAHHOCTH
(Wyqng), KOTOpast mosydmiaach ObI MPH CIydalHOM HAOOpEe KOJUYECTBEHHBIX

. 111
CYKIEHUH W3 WIKAbL o, =, ~, ..,1,2,...,9, HO TpU YCJIOBHH CO3aHHSI OOPATHO

CUMMETPUYHONM  Matpuilel. B wucrounmke [7] npuBoauTcs Tabiuiia,
MO3BOJISIIOIIAsA ONPEAEIUTh CPEIHIOK COTJIACOBAHHOCTD [Lygnq I CIyYaMHBIX
MaTpHIl Pa3jINYHOro MopsjaKa. B yciaoBusx peimreHus Hamied 3amadu aist K=5
BEJIIMYMHA yqng = 1,12, Jlnsg cpaBHEHUS BEIMYUH | U Wpgng HAWIEM
OTHOIIICHHE COTJIACOBAHHOCTH (aHT. consistency ratio - CR):

CR:u” +100 % = 10,9 %. (4)
rand
Bemnunna CR nmomkHa cocraButh 10 % wuam MeHee, 4TOOBI OBITH

npuemiieMoid. B HEKOTOpbIX ciydasx MOKHO AomycTuTh 20 %, HO He Ooree.
Eciu Benmuuna OC mnpessimaer 20 %, HEOOXOAMMO TPOBECTH BTOPOM TYyp
AKCIEPTU3bl U YTOUHUTH 3JEMEHTHI MATPUIIbI MONAPHBIX CPaBHEHUN A 1uis 2-
ro ypoBas [13, 15]. Tak kak CR =10,9 %, MOHO c/ieJ1aTh BBIBOJI O JOMYCTUMOM
COIJIaCOBAaHHOCTH MATPHIbI MOMAPHBIX CpaBHEHUN A; U1 2-TO YpOBHS 3a7auu
dbopmuposanus UITH nis ansrepHatuBHBIX BapranToB MOII.

Onpeoenenue 10KATbHBIX NPUOPUMEMOE O MPEMbESO YPOBHSI.

Jlanee aHamOTMYHBIM OOpPAa30M OMPENEISIOTCS JIOKAJIbHbIE MPUOPUTETHI
s 3-ro ypoBHs (ypoBHs BapuaHTtoB MDOII), pe3ynabTaTsl BBIYMCIEHUH
npencraBieHsl B Tabn. 3. Cienyer OTMETHTh, 4YTO €CIM  [1OKa3aTesu
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AJIbTCPHATUBHLIX BAPHUAHTOB 3aJddHbI

B BHIAC YHCICHHBIX 3HaII€HI/II>’I,

TO

OTIPENETATH L HEe HY)KHO, Tak Kak | = 0, a cIeqoBaTenbHo Wygnqg = 0. [ToaTOMY
OTIPEAETECHUE Wy qnq IS 3-TO YPOBHS HE MIPOU3BOIUIOCE.
Onpeoenenue 2nobanvuvix npuopumemos. Jis dopmupoanus WITH

aJbTCPHATUB TPUOPUTETHl CUHTE3UPYIOTCS, HAUYMHAsi C YPOBHS IOKa3aTeJeH.
JlokanbHbIE TTPUOPUTETHI MEPEMHOKAIOTCS HAa MPHUOPUTET COOTBETCTBYIOIIETO
I[TH Ha BBIIECTOSIIIEM YPOBHE U CYMMHUPYIOTCA MO KaXKIOMY DJIEMEHTY B
COOTBETCTBHH C KpUTEpPHUEM, Ha KOTOPHIA BO3JCHUCTBYET 3TOT AJIEMEHT (KaXIbIi
AJIEMEHT BTOPOI'O0 YPOBHSI YMHOXKA€TCsSl HA €IMHUILY, T.€. HA BEC €IUHCTBEHHOU
[EJIM CaMOro BEPXHETrO YPOBHs). DTO MAa€T COCTABHOM, WIM TJ00aJIbHBIN
MPUOPUTET TOTO AJIEMEHTA, KOTOPBIM 3aT€M HUCIOJIb3YETCS KaK KpUTEpUM Jis
B3BCIIIMBAHUS JIOKAJIbHBIX MPUOPUTETOB AJIEMEHTOB, PACIIOIOKEHHBIX YPOBHEM
Hwke. Kak ObLI0O CKa3aHO BbIIIE, BEIWYMHY IJIOOATBHOIO MNPUOPUTETA
npeaaraetcs NpuHTh B kKadectBe MITH anbTepHaTMBHBIX BApUAHTOB.

Tabnuya 4. Onpedenenue JNOKATbHBIX NPUOPUMEMO8 Ol mMpemve2o YpOosHs (YPOBHs
AbMEPHAMUBHBIX 8APUAHMO8)

BexTop
Bapuantsi Nel No2 N3 Ounenka BekTOpa JIOKAJIBHBIX
MD3II NPHOPHUTETOB X; NPHOPUTETOB
)lmaxi
Jlna ycmanoenennoii 6ezomkasnou napabomrku GPTF
Nel 1 0,95 0,9268 0,3193 0,9999
No2 1,0526 1 0,9756 0,3361 0,9999
Ne3 1,0789 | 1,025 1 0,3445 0,9999
Onpenenenne A4 3
Jlna cpeoneit napavomku na omxaz MTBF
Nel 1 0,9259 0,8929 0,3337 1,001
No2 1,08 1 0,9643 0,334 1
Ne3 1,12 1,037 1 0,3323 0,9999
Omnpenenenue A, 3

Jlna yemanoenennozo cpoka ciysicont 00

Kanumanwvho2o pemonma AOL

Nel 1 1,0769 1,4 0,3784 1,0001

Ne2 0,9586 1 1,3 0,3514 1,0001

Ne3 0,7143 | 0,7692 1 0,2703 1,0001
Omnpenenenne Ag 3,0003

s KoIhpuyuenma comoenocmu AF

Nel 1 0,999 1,004 0,3125 1

Ne2 1,001 1 1,005 0,3375 1

Ne3 0,996 0,995 1 0,35 1
Omnpenenenne A, 3

Jlna nasnauennozo cpoxa cnyycoot MLTD

Nel 1 0,999 1,004 0,3099 1,0001

Ne2 1,001 1 1,005 0,338 0,9999

Ne3 0,996 0,995 1 0,3521 1
Omnpenenenne Ag 3
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[Tonyyennsie B Tabi. 4 pe3ynbTaThl NPEJICTABUM B BHJIE MaTPUIlbl Aj
pazmepomM 5x3, rae cTonOmbpl OyIyT COOTBETCTBOBAaTh OLIEHKAaM BEKTOpa
npuoputetoB [IH BTOpOro ypoBHS, a CTPOKM — aJIbTEPHATUBHBIM BapUaHTAM
MDOII. Takum o6pa3om, maTpuma A; MPUOPHUTETOB MO KAKIOMY ITOKA3aTEIIO

MIPUMET CIACTYIOMUN BU!
(GPTF) _ (MTBF) (aoL) _(AF) _(MLTD)

X1 X1 X1 X1 X1

Ay = (GPTF) xéMTBF) xéAOL) xéAF) éMLTD) _
(GPTF) (MTBF) (40L)  (AF) | (MLTD)
X3 3 X3 X3 X3

0,3361 0,334 0,3514 0,3375 0,338
0,3445 0,3323 0,2703 0,35 10,3521
Jlig ompeneneHus BEKTOpa TI00albHBIX MPUOPUTETOB BOCHOJIb3YEMCS

bopmyoii:

0,3193 0,3337 0,3784 0,3125 0,3099]

(GPTF) _ (MTBF) (aoL) _(AF) _(MLTD) [ ]
1 X1 1 X1 X1 | |
W=A4;-4= xéGPTF) xéMTBF) xéAOL) xéAF) xéMLTD) .|x | [Wz], (5)
(GPTF) _ (MTBF) (aoL) _(AF) _(MLTD) 4 w.
X3 X3 X3 X3 X3 [xSJ 3

rne Wy, W,, W5 - rno0anbpHble IPUOPUTETHI COOTBETCTBYIOIINX aIbTEPHATUBHBIX
BapuanToB MOIL.

[ToncraBuB nmomydeHHbie AJist Az U A 4ucioBbie 3HaUeHUs B hopmyiy (5),
MOJIYYHMM CJIETYIOIINE OLIEHKH TT100aNbHbIX (COOCTBEHHBIX) MPUOPUTETOB!

W =10,3361 0,334 0,3514 0,3375 0,338 |-|0,0817 0,3372].
0,3445 0,3323 0,2703 0,35 0,3521] |0,2708 0 3363
0,0514

CymMa 17100a1bHBIX IPUOPUTETOB JIOJKHA OBITH paBHA 1.

[IpupaBHuBas BBIYUCICHHBIC 3HAYEHHUSI TJI00ATBHBIX MPUOPUTETOB
Wi, W,, W5 mnokaszarenssm Ry, Ry, R3, nonyunm uucneHHsle 3HaueHuss HWIIH
COOTBETCTBYIOIMMX BapuaHToB MOII, xapakrepusyroiiue HaOOp €IUHUYHBIX U
komruiekcHoro [TH. B pesynbrare pemenus: Hamiel 3anaun HanOosbimmii UITH
COOTBETCTBYeT BTOpomy Bapuanty MDOII, T.x. R, =0,3372>R; > R,. B
JaJbHEHUIIIEM 3TH TTOKa3aTelH, IIPEACTaBIIIONINE cO00M 0000IeHHbIN (€IUHbIN)
[TH, wmoryr OBITh UCIOJB30BAHBI HAPALY C JPYTMMHU TEXHUYECKO-
PKOHOMHYECKMMHU TpeboBanusiMu kK MOIl s mocnemyromero BeiOOpa
HauoOoJee MPEANOYTUTEIHHOTO CXEMHO-KOHCTPYKTHUBHOTO BapuaHTa
pa3pabaThiBAEMOT0 MHOTOJIBUTATEILHOTO YJICKTPOIIPUBO/IA.

0,3573
0,3193 0,3337 0,3784 0,3125 0,3099 02388} [0 ,3268

3AK/IIOYEHUE

Takum oOpazom, moaxon k ompenenenuto MITH nHa stame pa3pabotkw,
CUHTE3UPYIOIIMX 10 S5-7 OTHENbHBIX IIOKAa3aTelIed, XapaKTEePU3YIOIIUX
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pa3InyHbIE CBOMCTBA HAJIEKHOCTH, IIO3BOJISIET JaTh KOMIUIEKCHYIO OLICHKY U Ha
€€ OCHOBE pAaHXHPOBaTb BAPUAHTBl CXEMHO-KOHCTPYKTHUBHBIC PEIICHHUN
TArOBOro  snekrpoobopynoBanuss  IDT.  IlpenokeHHBI  MeXaHU3M
onpenenenuss MIIH BapuaHTOB TATOBOro 31€KTpOOOOPYAOBAaHUS SBISETCS
yIOOHBIM MHCTPYMEHTOM HAy4YHBIX HCCIEAOBAHUN Ha CTaauud (HOPMHPOBAHHUS
UCXOAHBIX TEXHHYECKHX TpeOOBaHWMN W pa3pabOTKHM TEXHUUYECKOTO 3aJaHUsl.
[Ipumenenue B 3tux nemsx MAMUM mo3BoJsieT BBINOJHUTH TIIYOOKWN aHaau3
007bIIOT0 00BEMa IKCIEPTHON M CTATUCTUYECKOM HHQPOpPMAIMU O 3aJaHHBIX
KPUTEPHUSAX HAJIEKHOCTH C YYETOM BECOBBIX XapaKTEPHUCTHUK aHAIM3UPYEMBIX
nokasarenerd. Mcmonp3oBaHue Uil ONPENENICHHWS YPOBHS — HAJEKHOCTH
UHTETPAJIbHOTO  MOKa3aTedsl  MO3BOJISIET  MOJIYYUTh  (OPMaAIM30BAHHBIM
pe3ynbTaT, BbIpaXacMbli YE€pe3 COOTBETCTBYIOLIEE 3HAYEHHE BEKTOpa
r7100aJbHBIX MPUOPUTETOB M JAIOIIMA BO3MOKHOCTh KOJMYECTBEHHOM OLIEHKH
IIPEBOCXOCTBA OJTHOTO AJIbTEPHATUBHOIO BAPUAHTA HAJl APYTHUM.

ABTOpBI 3aBJISIIOT, YTO:

1. 'V HuX HeT KOH(JIUKTa HHTEPECOB;

2. Hacrosmias craTes HE COJEPKUT KaKUX-THOO0 MCCIEAOBAHNN C yYaCTHEM JIFOJICH B
KayecTBe 00BEKTOB HCCIIEI0OBAHMIA.
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© B. A. CosiomuH, A. B. Costomun, H. A. Tpyoununa, JI. JI. 3ammuna
PocToBckuii rocy1apCcTBEHHBIN YHUBEPCUTET ITyTeH COOOIICHMS
(PoctoB-Ha-Jlony, Poccust)

IIATOBBIE ACHHXPOHHBIE IBUTATEJIN
JUISI DJEKTPOIIPUBOJIA

Hean: mpeacTaBieHME HOBOTO ACHHXPOHHOTO TMPUHIMINA JIEWCTBHUS IIaroBBIX
JBUTATENCl, OCHOBAHHOTO Ha HCIIOJIb30BAHUM BCTPEUHO BpallaroMIUXCs (uiu Oerymmx)
MarHUTHBIX ITOJICH.

MeToa: W3MEHEHHE CTENCHH CHMMETPHHM OJHOTO0 W3 OTHUX MArHUTHBIX IOJICH
NPUBOAUT K TOMY, 4YTO SIKOph (POTOpP WM BTOPHYHBIA DIIEMEHT) COBEPIIAET TOYHOE
JTMCKPETHOE TIEPEMEIIICHHE.

Pe3yabTaT: ycuime, mepemeniaroniee SKOpb IIaroBOro acHMHXPOHHOTO JBUTATEIS,
co3/aeTcs B pe3yabTaTe B3aUMOJICHCTBUSI BUXPEBHIX TOKOB B SIKOPE C BPAIIAIOIIUMCS WIH
Oerymmm MarHUTHBIM 1ojieM. [llaroBble acHMHXpOHHBIE ABUTATEIM MOTYT OOECIEeYMBATH
MOBOPOT POTOpa HAa HEKOTOPBIM yrol M JTUCKPETHOE TepeMElIeHUe IUIOCKUX WU
MATUHAPUYECKUX DJIEKTPONPOBOSIINX SKOPEH, KOTOphIE MOTYT OBITh TJAJAKUMU W
HEMarHuTHbIMU. OTIENbHYI0 TpyNmny JABUTAaTeled JUisl JUCKPETHOIO 3JIEKTPOIPUBOAA
COCTABJISIIOT JIByXKOOPJIMHATHBIE JIMHEHWHBIC IIaroBble ACHHXPOHHBIC MAIIWHBI, TaKXKe
paboTaroniue ¢ UCIOIb30BAaHUEM OJJMHAKOBBIX BCTPEYHO OETYIIUX KaK B MPOJOIBLHOM, TaK U B
MOTIEPEYHOM HaIPaBJICHUSX MAarHUTHBIX MOJIEH.

3akJ/il04eHHe: TPEJCTaBICHBI OCOOEHHOCTH KOHCTPYKTHBHOTO BBIMIOJIHEHUS TaKHX
ANEKTPUYECKUX MAIIIMH, OMPEeTICHbl 3HAUCHUS MAarHUTHOM MHIYKIIMM B Pa3IUYHBIX 30HAX
JIBYXKOOPAMHATHOTO IIArOBOIO JIBUTATENs, MPUBOASATCS COOTHOLIEHUS JUIsl pacuera IIaroB
SIKOPSI, KaK B MPOJIOJIHHOM, TaK M B TIOTIEPEYHOM HAIpPaBIICHUSIX.

Kntouesvle cnosa: 1maroBbplii JBUTATENh BCTPEUHO Bpamaroniuecs (Oerymrue)
MAarHUTHBIE TIOJIS, IIArOBbIA ACHHXPOHHBIA JIBUTAaTeNb, JBYXKOODAWHATHBIA IIAroBBIN
JBUTATEIIb.

Rubric 2. SCIENTIFIC AND PRACTICAL DEVELOPMENTS
Field — Electrical Engineering

© V. A. Solomin, A. V. Solomin, N. A. Trubitsina, L. L. Zamshina
Rostov State Transport University
(Rostov-on-Don, Russia)

STEPPER INDUCTION MOTORS FOR ELECTRIC DRIVE

Aim: The goal is to present a new asynchronous principle of operation of stepper
motors, based on the use of counter-rotating (or traveling) magnetic fields.
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Method: A change in the degree of symmetry of one of these magnetic fields leads to
the fact that the armature (rotor or secondary element) makes a precise discrete movement.

Result: The force moving the armature of a stepper induction motor is created as a
result of the interaction of eddy currents in the armature with a rotating or traveling magnetic
field. Stepper induction motors can rotate the rotor at a certain angle and discretely move flat
or cylindrical electrically conductive armatures, which can be smooth and non-magnetic. A
separate group of motors for a discrete electric drive is made up of two-coordinate linear
stepping asynchronous machines, which also operate using the same counter-running
magnetic fields both in the longitudinal and transverse directions.

Conclusion: The features of the design of such electric machines are presented, the
values of the magnetic induction in different zones of a two-coordinate stepper motor are
determined, the relations for calculating the steps of the armature in both the longitudinal and
transverse directions are given.

Key words: stepper motor, counter-rotating (running) magnetic fields, stepper
induction motor, two-coordinate stepper motor.

BBEJAEHHUE

B mocneanue roapl MaroBbIA AJNEKTPOIPHUBOJ IMOJIy4YaeT Bce OoJibliee
pacrpocTpaHeHue B pOOOTOTEXHUKE, CUCTEMaX aBTOMATHUKU U TEJIEMEXaHUKH, B
BBIYUCIIUTEILHON M JIPYTHX 00JIACTSIX TEXHUKHU. TeXHHYEeCKUW mporpecc, poct
MPOU3BOJIUTEIIBHOCTH  TpyJa  MOBBIIIAIOT  TpeOOBaHUS K  TOYHOCTH
MO3UIIMOHUPOBAHUSA, K KA4eCTBY U  HAACKHOCTH pabOThl  IIAroBbIX
ANEKTPONpUBOAOB. OCHOBHYIO POJIb B JUCKPETHOM 3JIEKTPONPUBOAE HUIPAIOT
maroBbie asuratenu (I/]), onpenenstonme kauecTBO ero GyHKIMOHUPOBAHMUS,
YTO JENaeT aKTyalbHOW 3a/auy pa3paboTKH M cO3AaHMs 00Jiee COBEPILIECHHBIX
TUTIOB JAHHBIX AJICKTPUUECKUX MAIUH, 00JIaJaloluX HOBBIMU CBOWCTBAMHU U
BO3MOXHOCTSMH. B kauectBe III/] nmpumeHsArOTCs, Kak NpaBUIO, CUHXPOHHBIE
IEKTPUUECKUE MAIINHBI, 003aTEIBHBIM YCIOBUEM PAOOTHI KOTOPBIX SIBIISETCS
UCIIOJIb30BAaHUE POTOPOB M3 (HEPPOMArHUTHBIX MAaTEPUAIOB, COACPKAIIUX
YepeayloIecs Y4acTKM C  Pa3IMYHbBIMA  3HAYEHUSMU  MAarHUTHOM
MpoBOAUMOCTU. HMHbIMH  cioBamu, poropel cuHXpoHHbIX IIIJ[ Bcerma
BBITIOTHSIOTCS 3yOuaThiMu [ 1—4]. Cunxponnsie [11/] He cnocOOHBI OCYIIECTBUTH
JTMCKPETHOE TMepeMelieHue TIaakux ¢GeppoMarHuTHRIX W, TeM Ooiee,
HEMAarHWTHBIX POTOPOB, YTO SBJISICTCS HEYCTPAHWMBIM HEHOCTATKOM TaKHX
AJIEKTPOMAIIIMH. OJTOr0 HEIOCTaTKa HE HMEET pa3pabOTaHHBIA IIArOBBIM
JIBUTATElb, SIBJISIIOUIANACS (PAKTUUECKH ACHHXPOHHBIM, HOBBIA TPUHIIUI
JEUCTBUSL KOTOPOIO OCHOBAaH Ha HCIOJb30BAaHUM MAarHUTHBIX IOJIEH,
Bpamatonmxcst (Oerymmux) HaBcTpedy Apyr apyry [5]. Wcnomb3oBanue B
AIIEKTPUUECKONM MAIIMHE JBYX U 00JIe€ BCTPEYHO BPAIIAIOIMIUXCS (WA OEryIuX )
MAarHUTHBIX TIOJIEW MO3BOJSET CO34aTh HOBble KOHCTpYKumu LI/ mist TouHoro
JUCKPETHOTO TEPEMEIIEHHUs, KOTOPBIE JJI yNPaBICHUS HE TPEOYIOT CIIOKHBIX
0JiokoB ympaBiieHusi [6—14]. B crarbe NpUBOAATCS CBEACHUS O PA3TUYHBIX
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BHJIaX IIAaroBbIX aCUHXPOHHBIX ABurareneit (LLIAJl) s TUCKpeTHBIX MPUBOJIOB,
noApoOHEEe  pPAacCMOTPEH  JABYXKOOPJWHATHBIM  IIAroBBIM  aCHHXPOHHBIM
JIBUTATENb.

BHUJIbI IIATOBBIX ACHHXPOHHBIX JIBUT'ATEJIEH

Ha unaykrope IITA][ pacnonaraiorcsi, 10 MEHbIIIEH Mepe, ABe OOMOTKH,
TOKA KOTOPBIX CO3JAI0T OJIMHAKOBBbIE CUMMETPUYHBIEC Bpallaromuecs (Wiu
Oeryuue) HaBCTpeuy JApyr Jpyry MarHUTHBIE TIOJsl, TI€peceKarolue
AIEKTPONPOBOMSIIINI SKOPb (POTOp WJIM BTOPUYHBIA 3JIEMEHT B JIMHEUHOM
MallliHE) W HaBOJSIIMH B HEM OJJIEKTPOJBIDKYIIME CHJIBI U TOKH.
B3aumopeiicTBue Bpamaronmxcs (MM OETryIrxX) MarHUTHBIX MOJIEH ¢ TOKaMH,
VMU WHJIYKTUPOBAHHBIMU B SIKOPE, IPUBOJIMUT K CO3JAHUIO JIBYX OJMHAKOBBIX
MEXaHMUYECKUX YCWIMH, JCUCTBYIOIIMX HABCTpedy JIpyr napyry. Bcrpeunsie
MEXaHUYECKUE YCWIIMS B3aUMHO YPAaBHOBELIMBAIOTCA U SIKOPh (POTOp WM
BTOPUYHBIN 3JEMEHT) OCTAECTCS HEMOABW)XHBIM. ECIM OZHO W3 BCTPEYHO
BpPALLIAIOIINXCSI MArHUTHBIX IIOJIEW WHAYKTOpa CclAenaTb HECUMMETPUUYHBIM
(3MIMOTUYECKUM), HAPUMEP, MYTEM OTKJIIOYEHUS YacTH KaTylIeK Tpex(a3Hou
oOMoTku uHaykropa LIIAJ], To paBHOBeCHE MEXAaHUYECKUX YCUINI HAPYIIUTCA,
U SIKOPb HaYHET MEePEeMEIAThCA U IBUTaThCs OyeT A0 TeX MOop, MOKa BCTPEYHO
HaMnpaBJICHHbIC YCUJINS CHOBA HE CTAHYT OJMHAKOBBIMHU [5]. PaBHOBECHE yCHUIINIA
HapylaeTcs M3-3a TOr0, 4YTO YCWJIME, CO3[JaBaAEMOE€ B  pe3yJIbTare
B3aMMOJICUCTBUS TOKOB SIKOPSl C JJUIMOTUYECKMM MAarHUTHBIM MOJeM Oyjaer
MEHBIIIE YCUJIMsA, BO3HUKAIOLIErO IIPU B3aUMOJCHCTBUM TOKOB SKOpS C
CUMMETPUYHBIM (KPYTrOBBIM) MAarHUTHBIM TMOJEM. SIKOpb MEPEMECTUTCS TOYHO
Ha OJHO 3yOIlIOBOE JElIeHHEe HHAYKTOpa M OyJeT 3apuKCUpOBaH B HOBOM
IIOJIOKEHUU. B 3TOM ciiydae BCTPEYHO BPAILIAIOIIMECS MAarHUTHBIE TIOJISI CTAHYT
CHOBAa OJMHAKOBBIMH, HO OHM OyIyT SJUIMINTUYECKUMHU. [l yBenuueHus
YCWIMHM DJIEKTpOMarHuTHOW (ukcaruu sikopst IIIAJ[ B HOBOM TMOJIOKEHHUH
KOMMYTHPYIOILIEE YCTPOMCTBO NMEPEKIOYAET KaTyIIKd 0OMOTKH MHAYKTOpaA TaK,
4yTOOBl ~ BCTPEUHO  BpallalOUIMEecss MarHUTHbIE TMOJs  CHOBAa  CTalH
CUMMETPUYHBIMU (KPYTOBBIMH).

HoBblil npuHIMO AEMCTBUS MO3BOJWI  pa3padOTaTh KOHCTPYKIUU
Bpamarommxcs [IAJ[ ¢ JucCKpeTHbIMM NOBOPOTAMM TJIAJIKUX, B TOM YHCIIE U
HEMArHUTHBIX POTOPOB. IlepCreKTUBHBI 1711 MPUMEHEHUS B JIHCKPETHBIX
MIPUBOJAX JIMHEHHBIE ACHHXPOHHBIE IIArOBBIE JBHUIATENId, Y KOTOPBIX POJIb
SAKOpS MOXET BBIIOJHATh J€Taib (HANpUMep, 3JIEKTPONPOBOISALINI JINCT),
nojyiekamiasi o0paboTKe WM TOYHOMY MEPEMEUICHHIO B TEXHOJIOTUYECKOM
npouecce. Ilpu ydacTum aBTOPOB CO3/1aHBI HOBBIE KOHCTPYKLMHU JIMHEHHBIX
[ITAJl. JIuneliHble  WIaroBbIE  ACUHXPOHHBIC  JBUTATEIM  MO3BOJISIIOT
peryaupoBarb B IIMPOKOM JWAINA30HE BEJIWYMHY TOYHOIO JUCKPETHOTO
NEPEMEIICHHS DJIEKTPONPOBOAIIET0 BTOPUYHOIO 3JEMEHTA, O0ECHEYUBAIOT
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JOTIOJIHUTENBHO TPHU IIArOBOM JBUKEHUHU TOYHYIO MOMNEPEUYHYIO OPHEHTAIUIO
BTOPUYHOTO  d3JIeMEHTa. [J[nd HeAOmylmeHHs IMONEePEYHOTO  CMELICHUA
BTOPUYHOTO 3JIEMEHTA OTHOCHTEIBHO HWHIAYKTOpPAa JMHEWHOrO IIaroBOTrO
ACUHXPOHHOTO JBHUTATENsl MPUMEHEH TOT K€ MPUHIMII BCTPEYHO OErymmx
MarHuTHeIX mosiedd. Cucrema karymek oOMoTku wuHaykrtopa UIAJ[ mpu
MOAKIIOYEHUM K HWCTOYHUKY HAIpPSOKEHUsS CO3[4aeT OJHWHAKOBBIE BCTPEYHO
Oeryiye MarHATHBIE N0JIA, KaK B MPOJAOJIBHOM, TAK U B MONEPEYHOM JABUKEHUIO
BTOPUYHOTO DJJEMEHTAa HamnpasieHun. KommyTupyromniee yCcTpOWCTBO —AJIA
COBEpLICHUsI IIara BTOPUYHOIO DJIEMEHTA W3MEHSET CTENEeHb CHMMETPUU
OJTHOTO W3 BCTPEYHO OEryIIMX MAarHUTHBIX TOJIEH TOJIBKO B MPOJOJIHLHOM
HanpasieHud. CHMMETPUYHOCTb MAarHUTHBIX MOJEH, BCTPEYHO OEryumx B
IIONIEPEYHOM  JUCKPETHOMY  IIEPEMEIIEHUI0  BTOPUYHOIO  DJIEMEHTa
HaIIpaBJICHUH, PEAJIN3YETCST aBTOMATUYECKH.

Jig  psaga SIEKTPUYECKUX MPHUBOJOB TPEOYIOTCA LMIMHAPUYECKHUE
mraroBble apuratenu. C 3TOW LENbI0 pa3padOTaHbl IMIMHIPUYECKUE 1IAarOBbIE
ACUHXPOHHBIE JBUTraTeny, JIUCKpEeTHOE IEepeMEIEHUE DIIEKTPOIPOBOIAIIETO
LAJIMHIPUYECKOr0 BTOPUYHOTO JIEMEHTA, KaK 110 OKPYXKHOCTH, TaK U B OCEBOM
HaIlpaBJI€HUH, OOECNEeYMBAIOT LWJIMHIPUYECKUE IIaroBble aCUHXPOHHBIE
JBUTATENIA, MPUHLHUI JEUCTBUSA KOTOPBIX OCHOBAaH HA COYETAHUU BCTPEYHO
BpalIalOUIMXCsl U BCTPEYHO OEryimux MarHuTHeIX noJiei. Katymku tpexdaszHoit
oOmoTku tunuHapudeckoro [HIAJ[ pacronokeHsl Mo OKPY>KHOCTH U 00pa3yroT
psabl B OceBOM (MPOJOJIbHOM) HampaBieHuU. KommyTupyroiiee ycTpoucTBO
(6sox  ympapieHusi) MOAKIOYaeT KaTymku oO0MOTku IIIAJ[ kK uCTOYHUKY
HaOpsDKEHUsT TakuM  00pa3oM, 4YTO CO3/al0TCSl  OJMHAKOBBIE BCTPEYHO
Bpalllaloluecs: M0 OKPY>KHOCTH M BCTPEYHO O€ryliyue B OCEBOM HalpaBlICHUU
MarHuTHele 1oss.  HapymeHwe cUMMETpUM  BCTPEYHO — HAIPABJICHHBIX
MAarHUTHBIX MOJIEM MPUBOJIUT K HAPYIIEHUIO PABEHCTBA YCUJINH, AEHCTBYIOLINX
Ha LWIMHAPUYECKUA BTOPUYHBIA 3JIEMEHT. ODTO INPUBOAUT K JUCKPETHOMY
IIEPEMEILICHUI0 BTOPUYHOIO DJIEMEHTA II0 OKPYKHOCTH HJIM B OCEBOM
HaIlpaBJICHUHU.

JIBYXKOOPJINHATHBIN JTUHEWHBIA ACUHXPOHHBI
IATOBBIN JIBUTATEJIb

JIByXKOOpIMHATHOE JUCKPETHOE IEPEMEIICHUE BTOPUYHOTO DJIEMEHTA
MO3BOJISIET PACIIUPUTH (DYHKIIMOHAIBHBIE BO3MOKHOCTH U 00JIaCTh MPUMEHEHUS
11aroBOTO JIMHENHOTO ACUHXPOHHOI'O MIPUBOJIA. KoncTpykuus
neyxkoopauHaTtHoro IIIAJl comepxuT KaTymiku MHOTOha3HOW OOMOTKH,
o0pa3yomux psabl, KaKk B MPOJOJBHOM, TaK M B TOMEPEUYHOM HAIPABIICHUSX.
YrpouieHHass KOHCTPYKTMBHAs CXeMa  JBYXKOOPAMHATHOIO  JIMHEWHOTO
11aroBOr0 aCMHXPOHHOTO JBUTATENS ITpeAcTaBieHa Ha Puc. 1.
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Puc. 1. JIByXxKoOpAuHATHBIIN JIMHEWHBIN 1IaTOBBIA aCUHXPOHHBIHN IBUTATENb:
1 — cepeyHUK UHAYKTOPA;
2 — KaTylmKd OOMOTKH;
3 — 2IEKTPONPOBOISIINI BTOPUYHBINA IIEMEHT;
4 — 11apoBbI€ OIOPHI;
5 — KOMMYTHUpYIOIIee YCTPOICTBO;
6 — pyounsHuK; 0, 4, B, C — 0003HaYEHUS BHIBOJIOB

Ha 3yOnax cepaeynuka | WMHAYKTOpa ABYXKOOPAWHATHOIO JMHEHHOTO
[ITA]] pa3mernieHbl KaTylIKM OOMOTKH 2, 00pa3yroliue psiibl B TPOJOJIBHOM U B
MIONIEPEYHOM HAIPABJICHUAX. OJIEKTPONPOBOJAIINNA BTOPUYHBIM DJIEMEHT 3
pacIoyoKeH HaJl WHAYKTOPOM JABUTATENS M JIEKUT HAa IIAPOBBIX omopax 4
(Puc. 1). Pabotoii ABYXKOOPAMHATHOTO JMHEWHOTO MIArOBOTO ACHUHXPOHHOTO
JBUTATENsl YIpaBisieT KOMMYTHUpYIOIee yCTpoMcTBO (OJOK ympaBieHus) 3.
OnuH BBIBOJ KaXKIOW KATYIIKM OOMOTKM MOJAKIIOUYEH K HYJIEBOMY IPOBOIY
MCTOYHUKA HANPSOKEHUs, a BTOPOM BBIBOJ — IIPU IIOMOIIM KOMMYTHPYIOILIErO
YCTPOMCTBA MOXKET MOAKIouaThess K ¢aszam A, B u C sl AUCKPETHOTO
NEepeMEeIEHUs] BTOPUYHOTO 3JIEMEHTAa WM €ro 3JIEKTPOMAarHUTHOW (uKcaluu
IIOCJI€  COBEpPIICHHMs Iara B  HOBOM  moJsiokeHHH. lloaxmroueHHbIe
KOMMYTUPYIOIIIUM ~ yCTPOHUCTBOM  KaTylmIku oOOMOTKM wuHAYyKTOopa IIIAJ]
o0pa3yloT psiibl Kak B MPOJOJIBHOM, TaK M B IONEPEYHOM HANpPaBIICHUSX.
Karymku OOMOTKM KaXXJIOro psla HMEIT [0 CEpeIuHbl OJMH MOPSJIOK
CJI€IOBaHUsA, a IOCJIE CEPENAMHBI — IMPOTHUBOIOJIOKHBIA MOPSAOK CIENOBaHUS
¢a3. OguH W3 BapUAHTOB MOAKIIOYEHUS KaTylIeK OOMOTKM 2 HWHIYKTOpa
JBYXKOOPAMHATHOTO  JIMHEMHOTO  IIaroBOr0  aCMHXPOHHOIO  JIBUTATEJIA
KOMMYTHUPYIOIIUM YCTPOHCTBOM K HMCTOYHHMKY HANpSOKEHHUS W300pa)xKeH Ha
Puc. 2. Bropuunsiii anement 3 Ha Puc. 2 o6Benen xupHoit nunueit. Ha Puc. 2
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BUJHO, YTO KaTyHIIKM OOMOTKM HHIYKTOpa JBYXKOOPAWHATHOI'O JIMHEWHOTO
[IarOBOTO ACMHXPOHHOT'O JBUTATENsl BBIIOJHEHBl COCPEIOTOYEHHBIMU MU
OXBaTBIBAIOT 10 OJIHOMY 3YOIly Cep/IeUHUKA UHAYKTOPA, KaK B MPOJIOJIBHOM, TaK
U B IIONEpEYHOM HampaBieHUsX. [logkmtoYeHHbIE KOMMYTHPYIOLIUM
YCTPOMCTBOM K HMCTOYHUKY Tpex(}a3HOro HANpPsDKEHUS KATyIIKH OOMOTKH
00pa3yIoT psiibl B MPOJIOJILHOM U MOTIEPEYHOM HAIMPABJICHUSIX C YepEJOBAHUEM
baz 4, Bu C.

B ocHoBe mnpuHmmMma padbotel JByxkoopauHaTHoro IIIAJl nexur
UCIOJIb30BaHUE BCTPEUHO OETYIIMX, KaK B MPOJOJBHOM, TaK M B MOMEPEUYHOM
HaIpaBJIEHUSAX, MAarHUTHBIX Mojeil. M3MmeHss mporpaMMmy KOMMYTHPYIOLIETO
YCTPOMCTBA, MOYKHO OCYIIECTBISITh JMCKPETHOE INEPEMEIIECHNE BTOPUYHOIO
3JIEMEHTA MO JBYM KoopauHaTaMm. [IperycMOTpeHo U peryInpoBaHue BEJIHYNHBI
11ar0OB BTOPUYHOIO 3JIEMEHTA JIBUTATEIIS.
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Puc. 2. BapuaHnTt cxembl HOJKIIOUEHHS KaTyIIKd OOMOTKH
nByxkoopauHaTHOTo IIA /] Kk HICTOYHUKY HANIPSKEHUS:
2 — KaTyIIKu OOMOTKH; 3 — BTOPUYHBIH 371€MEHT

MATHUTHOE HOJIE IITA L

JIByxxkoopauHatHeiii  ITAJ[  moxHO cuuTaTh  MoauduKaruein
TPAAUIITHOHHOTO JIMHEWHOTO ACHHXPOHHOTO JIBUTATEJIS, MIO3TOMY
AJIEKTPOMArHUTHBIE M JJIEKTPOMEXAHUYECKUE TIPOIECCHl B HUX CXOIHBI.
CnenoBaTenbHO, NPUHUMAs TPAAMIIMOHHBIC Ui JIMHEWHOTO ACUHXPOHHOTO
JIBUTATEIs JOMYIICHUS, a UMEHHO: ITUPUHA MHIYKTOpa SBJIAETCS OECKOHEYHO
OOJIBIIION; HMHAYKTOP HMMEET UIyHTUPYIOIUME KOHIIEBbIE YYacTKH, JIuHa ¢
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KOTOPBIX OECKOHEYHO BEIIUKA, MarHuTHOE noJie NPUHUMAEM
IJIOCKOTApaJUIeIbHBIM; MarHuTHas MPOHUIAEMOCTh CTaJld MarHUTONPOBOJA
paBHa OECKOHEYHOCTU |l; = 00; MarHUTHash MPOHUIIAEMOCTh PABHOMEPHOTO
3a3o0pa paBHa o = 4m-107 TH/M, MOXHO HCIOIB30BAaTh OJHOMEPHYIO MOZICIH
nsycroponHero HIAJl, nzobpaxennyto Ha Puc. 3. Bropoii anemeHT B 3a30pe
OTCYTCTBYET.

[IpuBenennass pacueTHas MOJEIb TPU COOTBETCTBYIOIIEM MMOJI00pE
BEJIMYMHBI HKBUBAJICHTHOTO 3a30pa MOXET OBITh MCIOJIb30BaHA ISl OMHUCAHUS
onnoctoponHero IIA/I. 3onsbl 1, 4 1 5 COOTBETCTBYIOT y4acTKaM HHAYKTOPA, HE
coAepKalldM MPOBOJAHUKM C TOKOM. 30HBI 2 M 3 — akTuBHbBIE. B 30He 2
MIPOBOJTHUKAMHU C TOKOM CO3/aeTcs TMoje, Oeryiiee cjeBa HalpaBo, T.C. B
MOJIOKUTEIIbHOM HaIpaBJIEHUU KOOPJIMHATHOM ocu x. B 30He 3 — moJie, Oeryiiee
ciupaBa HaneBo. Kaxnas aktuBHas 30Ha umeeT JUIMHY {. 30Ha 5 UMEET JUIMHY
nt;;, tne n — 0, 1, 2.... IIpu n = 0 30Ha 5 orcyrcrByer. Ha Puc. 3 y —
ANIEKTpHUUECKasi MPOBOAUMOCTh Cpeibl; O — BEMYMHA BO3AYIIHOTO 3a30pa; Xo —
KOOpAMHATa Hayajlia 30HbI 2, U3MEHsAeMasi JIUCKPETHO Ha BEJIMYMHY Ilara,
KpaTHYIO {;;.
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Puc. 3. Pacuernas monens IIIAJ] B mpo 10 pHOM HampaBlieHUN

Ha ocHOBaHMM HaHHBIX TEOPETUYECKUX MCCIENOBAHUM JIMHEHWHBIX
ACMHXPOHHBIX JBUTATENEH, NPUBEICHHbIX B [15], wHcnomp3ys nOpuHUUIT
CYyNEPHO3ULAN JJISI TIEPBBIX TAPMOHUK MAarHUTHBIX IOJIEW, TPUMEHUTENBHO K
[ITAJl pacnpeneneHre MAarHUTHOTO TOJA MO JUIMHE HWHAYKTOPA BBITJISINAT
CJIEYIOIUM 00pa3oM.
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MarnutHast UHIYKIHS B 30HE 1:

L .
B = {—Bm cos ot + B, cos(@t _aaﬂ eb( X))

1)
i{—Bm cos(wt+0aL)+B,G, cos (a)t —~ a%ﬂ QDX Xo-Lorty)
MaruuTHass UHIYKIHS B 30HE 2.

x— L
B,=-B_ COS((Dt—OL(X—XO))eb( ) +B,G, cos(oot —azj
L ~Xg-L-n 2
+ {—Bm cos(wt+aL)+B,G, cos(wt —aEﬂ "X Kot @
MarauTHast UHIYKIUS B 30HE 3.
B, = i{—Bm cos(wt+a(X - X, —nt,))+B,G, cos[mt—a%ﬂ
(3)

L .
+ {—Bm cos(ot—al)+B,G, cos(wt -~ aEﬂeb(L X+%o)
MaruuTHas ”HIYKIHS B 30HE 4.

B, = {_Bm cos(wt —al)+B,G, cos (mz _ a%ﬂ LX)

L x) 4
+ {—Bm cos(wt+2aL)+B,G, cos (oat - aEﬂ X0 2Lt =X)
MarauTHast UHIyKIUs B 30HE 5.

B, = {_Bm cos (ot —aL)+B,G, cos(g)t _ a%ﬂ LX)

5
J_{—Bm CoS(cot + aL) +B,G, cos(cot —a%ﬂ "X Kot t) ©)

B BeIpaxkeHnsx 1-5 3HaK «IUTHOC» COOTBETCTBYET YEPEIOBAHUIO BHIBOJOB
KaTyiek oOMoTKku uHAyKTOopa B nopsake 4, X, B, Y, C, Z, C, Z, B, Y, A, X; 3Hak
«munycy — B opsinake 4, X, B, Y, C, Z, Z,C, Y, B, X, A.

B Beipaxenusix 1-5 cornacuo [15]:
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. L L
—SIn ch+COSOL§

o
G = bL ! (6)
1+ —
2
rac
T 1
a=—;b= T
T
d
I[JUI ABYCTOPOHHCTO I_HAI[ MarouTHasA HWHAYKIOUA BBIYUCIEICTCA Ha
IUNIOCKOCTH CHMMCTPHM BO3AYHIHOI'O 3a30pa, I OJHOCTOPOHHCTO — HaA

IIOBEPXHOCTH UHIYKTOpA.
PacuetHas Mopens Uit nByxkoopauHatHoro IIHAJ[ B momepedyHoM
HanpasJieHUU Oy/eT aHAJIOTMYHOM MOJIeNH, NpeicTaBleHHoN Ha Puc. 3.
[lonydeHHBIE COOTHOLIEHHUS ISl ONPENCIICHUS MATHUTHOW WHIYKLIHHU B
Pa3JIMYHBIX 30Hax AByXKoopauHaTHOTO IITA/J] B pexxuMe HIeambHOTO X0JI0CTOTO
xo/1a (Ipu OTCYTCTBUM BTOPUYHOTO 3JIEMEHTA) MOTYT MOCITYKUTh OCHOBOW IS
CO3JIaHUsI METOMKHU ITPOEKTUPOBAHUSA HOBOT'O THIIA IIATOBBIX JIBUTATENEH.

PACYET HIAT'OB IBYXKOOPAUHATHOI'O
JIMHEWMHOTI'O A

PaccmoTpyiM  BapuaHT JBYXKOOPAMHATHOTO IIarOBOr0 ACHHXPOHHOTO
neuratenst (Puc. 1). Kaxmas karymka tpexdasHo OOMOTKH HHIYKTOpa
oxBaThiBaeT 1o P=V-T 3ybnoB cepaeunuka, rae V=1, 2, 3. ... — 9uciio 3y0I110B Ha
CTOPOHY KAaTyIIKU B MPOJOJBHOM HampasieHuu; 1=1, 2, 3, ... — yucnio 3yO0110B
Ha CTOPOHY KaTyIIKM B TMIONEpPEeYHOM HampapieHuu. Karymku oOMOTKH
WHIYKTOpa, TOJKIIOYEHHBIE K KOMMYTHUPYIOIIEMY YCTPOMCTBY, 00pa3zyroT
MPSIMOYTOJILHUK, COJEpPKAIUM, MO0 MEHBIIEH Mepe, MATh MPOJOJIbHBIX U MATh
MOTIEPEYHBIX MEPBOHAYAIBHBIX PSIIOB, MPUYEM KaTyIKa, BXOJAIIas B II0OOH U3
MPOJIOJIBHBIX PSIJIOB, BXOJUT B KaKOW-TMOO W3 ToOMepedyHbIX psgoB. Kaxmas
KaTymka cojaepxuT mo N cekuuil, a KOMMYTHPYIOIIEE YCTPOHCTBO IS
COBEpIICHUSI 1Iara BBIMOJHEHO C BO3MOKHOCTBIO OTKIIIOUEHHS, MO MEHbIIEH
MEpE, OJTHOM CEKUHM MOCJIEIHEN KaTylIKU MEPBOHAYAIBHOrO psaxa. B xkaxaom
MePBOHAYAJILHOM PsIIy BO3MOXKHO PAcCIHOJIOKEHHE TOAPsA JBYX U Ooliee
KaTylleK, MOAKIOYEHHBIX K OJHON (ha3e, KOJIMYECTBO KOTOPHIX paBHO Q.
['pynmer 13 G kaTyiiek pacrojiararorcs Ha 3yOllaX ceplieUHHKa HHAYKTOpa
[OTA/], orcrosiuux Apyr oT apyra Ha M 3yOnoBwix aenenuid (M=1, 2, 3, ...).
Katyiiku oOMOTKH, MOJKTIOYEHHBIE K pa3HbIM (pazaM MCTOUHUKA HaIPSIKEHMUS,
pacrnoyiararorcsi Ha 3yOllax WHAYKTOpa, OTCTOSIIMX Apyr oT apyra Ha K
3yO1oBeIX Aenennii (K=1, 2, 3, ...).
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Jlis  coBepIICHMsT IIara BTOPUYHOTO JJEMEHTa B  MPOJOJIHLHOM
HaIpaBICHUU KOMMYTHPYIOIIEE YCTPOHCTBO OTKIIFOYAET, 10 MEHBIIICH Mepe, T0
OMHOW  CEKIMU B  TMOCJHCIHUX  KaTylmIKax  KaXIOro  MPOIOJIBHOTO
IIEPBOHAYAILHOTO psiaa, a, 1o Oonbmieii Mepe, mo 2-N-(G-1). MunumanbHas
BEJTMYMHA II1ara BTOPUYHOTO 3JIEMEHTA B 3yOITOBBIX JEICHHIX

S V
min —
N
(7)
MaxkcuMmanbHa Benn4rHa mara npu G He paBHOM €IMHULIE:

Snax =2(M -1)(G-1)+V (2G-1)+(K -1) + \%

(8)

Ecimm G =1, To:

S = (K-1)+V + \%

9)

B oOmem ciyyae npu OTKIIOYEHWH OT MCTOYHHUKA HaNpsokeHus L

karymek (L=0, 1, 2, ..., 2:(G-1)) B KOHIIE KaXIOro IPOI0JIEHOTO
MEPBOHAYAIBHOTO psAfia U V CEKIMM B KaXJOW KATYIIKE, MPEAICCTBYIOIIECH
ynomsiHyTeiM panee (V=0, 1, 2, ... , (N-1)), BenuumHa TPOJOJILHOTO IIara

BTOPHYHOI'O DJICMCHTA COCTABUT.

S =VL+(M —1)(L-1)+V (1) + (K 1)~ (M —1).
N (10)
JUist yCTOMYMBOM 3JIEKTPOMAarHUTHOM (pUKcalMyu BTOPUYHOTO 3JIEMEHTA
[ITA/I B HOBOM TMOJIO)KEHUU IIOCJE COBEPIICHUS IIara B MPOJOJILHOM
HAIIPpaBJIICHUM KOMMYTHUPYIOIIUM YCTPOMCTBOM OT MCTOYHMKA HAIPSKEHUS
OTKJIIOYAIOTCS, 110 MEHBILEW Mepe, IepBas KaTyllIKa IIEpBOHAYAIBHOIO psAaa, a,
no 6omnbmieit mepe, 2(G-1) karymika, cuutas OT Havajia KaXkJI0ro MPOJI0IBHOTO
psana. K UCTOUHMKY HampspKEHUS MOAKIIOYAIOTCS APyTrhe KaTyIIKUd OOMOTKH
UHAYKTOpa TakKUM O0pa3oM, YTO CO3JAIOTCSI HOBBIE Psiibl (MPOJOJIbHBIE H
MIONIEPEYHbIE) IO CTPYKTYpEe M CBOMICTBAM aHAJIOTMYHbIE NEPBOHAYAIBHBIM
psAlaM, KaTylIku OOMOTKH KaXKJO0TO M3 KOTOPBIX 00pa3yroT 10 CepeUHBbI psija
NpSIMOM, a TMOCJe CepeMHbl — MPOTUBOMOJIOKHBIN MOPSIOK ciaeoBaHus ¢as.
Kaxnpli HOBBIM NPONOJBHBIA  psAJ  KaTyHIEK CABHUHYT OTHOCHUTEIIBHO
COOTBETCTBYIOILIETO NEPBOHAYAIBHOTO psJa HAa BEJIUYHMHY COBEPLIEHHOIO
BTOPUYHBIM 3JIEMEHTOM TNIE€pPEMEIICHMs, T.€. Ha IeJ0e 4YHUCIO 3yOILIOBBIX
JIEJICHUM.
JIns  coBepmieHuss 1ara BTOPUYHOIO 3JIEMEHTa B  IONEPEYHOM
HANpaBJICHUU U TOCIEAYIOUEH €ro 3JeKTPOMarHUTHOM (UKcaluu B HOBOM
IIOJIO’KEHUM TIOCJIEIOBATENBHOCTD ONEPALUM C MONEPEYHBIMU PSAJAMH KaTyLIEK
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IMIOJIHOCTBIO aHAJIOTH4YHa OIICpaluAM JIA BBIIIOJIHCHUA IIara B IIPOJOJIbHOM
HallpaBJICHUH.

MuHHMaJIbHOE AUCKPCTHOC IICPCMCIIICHHUC BTOPUYIHOI'O 3JICMCHTA H_[A)_—[ B
IIOIICPCYHOM HaIIPaBJICHUU.

.
Smin = N
(11)
MaxkcuMaiabHEBIHI 111ar BTOPUYHOI'O 3JICMCHTA B ITOIICPCYHOM HaHpaBJ'ICHI/II/I:
S = 2(M-1)(6-1)+T (26 =1) (k-1 + =Y
N (12)
Ecmu G=1, To
Smaxz(K—1)+T+IQ\IN_—:Q
(13)

OO61iee BeIpaxeHUE I pacyeTa JUCKPETHOTO MEPEMEIICHUS] BTOPUYHOTO
sanemenTa [IIA]] B monepeyHOM HanpaBJICHUH:

S = TL+(M —1)(L—1)+%+(K—1)—(M 1),
(14)

[Tonyyennbie cooTHomieHus: (7—14) crnpaBemuBbI TPHU  BBIMOJTHEHUH
OJIMHAKOBBIMH CEKUMU KaTylIeK OOMOTKH JIBYXKOOPJMHATHOTO IIAroBOTO
ACUHXPOHHOTO JIBUTATEJIs.

Konctpyknuss  aByxkoopauHatHoro JmHenHoro IHAJ[  mo3BossieT
peann3oBaTh U IUIABHOE NEPEMEIICHHE BTOPUYHOIO 3JIEMEHTA B MPOAOJIBLHOM U
NONEPEeYHOM HampaBieHusix. Ji1 TIJIaBHOrO mMepeMelleHuss BTOPUYHOTO
AJIEMEHTA B MPOJIOJIBLHOM HAIPaBJICHUH CIEAYET U3MEHSTh TOK B LEMIX CEKUUN
KaTyleKk OOMOTKH MHAYKTOpa, 0Opa3ylolux MNpOAOJbHBIE psijbl. M3MeHeHue
BEJIMYMHBI TOKA JOJDKHO MPOU3BOAMTHCS B 2(G KaTylIkax, cuMTas OT KOHIIA
KaXJ0ro TMpoJaoJibHOTO psna. Takum o0pa3oMm, MOXKHO OCYHIECTBUTH
nepeMelnienre BTopuyHoro anementa IIAJ[ B mpoaoabHOM HalpaBlIEHHH Ha
CKOJIb YrOJIHO Malyl0 BeJIW4YuHy. [[1s IMJIaBHOTO MEpEeMEIIEHUsI BTOPUYHOIO
AJIEMEHTa Ha CKOJb YIOJHO MAajlyl0 BEIMYUHY CIEAyeT pEeryJupoBaTh
(ymeHnbiath) Tok B 2G KaTymIKax, CYUTast OT KOHIIA KaXKJI0TO TMOTIEPEYHOTO psijia
KaTyleKk 0OMOTKH MHIIYKTOpA.

OnpenenyuM BeJIMYMHY AUCKPETHBIX MEPEMEIICHUI BTOPUYHOTO AJIEMEHTa
JBYXKOOPAMHATHOTO JIMHEMHOrO IIaroBOrO AaCHHXPOHHOTO JBUTATeNs B
IPOJOJIBHOM U TONEPEYHOM HAMNpaBJICHUSIX JUIsI KOHKPETHOTO  Ciiydas.
Hanpuwmep, katymiku tTpexdaznoir 00MoTku nHaykTopa IIIAJl BBIMOJHEHBI Tak,
gyro P=V.-T=1.1=1; N=2; G=2, kak B MNpOAOJHbHOM, TaK M B TONEPEUHOM
HanpaBiieHusix; M=1 B mHpoAoJibHOM HampaBlieHMHM U M=2 B MONEPEUHOM
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HampaBieHun; K=2 B mnpojosbHOM HampaBieHud u K=1 B mnomnepeyHOM
HaIpaBJICHUU.

MuHUMaNBHBIN IIar BTOPUYHOTO 3J€MEHTa B MPOJI0JIbHOM HaIpaBlICHUU
s panHoro IIIAJ] B coorBerctBuuM ¢ opmynoit (7) Spmin = 1/2 3yOmoBoro
JICJICHUA.

MakcuMmanbHBIN IIar BTOPUYHOTO AJIEMEHTA B MPOJA0ILHOM HAIpaBICHUU
B cooTBeTCTBHH C (8) Spax=2-(1-1)-(2-1) + 1-(2.2 - 1) + (2-1) + 1-(2-1)/2 = 4-1/2
3yOI1IOBBIX jJeseHui uaaykropa 1A/,

B nonepeyHoMm HampaBieHHMM MUHUMAJBHBIA IIar BTOPUYHOIO AJIEMEHTA
IITA/JI B coorBeTcTBHM C BhIpakeHUEM (11) Spin=1/2 3y0110BOro neneHus.

MakcumanbHbld  pa3Mep JUCKPETHOTO TIEpPEMEIIEHUsS BTOPUYHOTO
anementa IIIAJ] B coorBercTBUM C cooTHoOIIeHUueM (12) Sp=2-(2-1)-(2-1) +
1-(2-2-1) + (1-1) + 1-(2-1)/2=5-1/2 3y6uoBbIX Aenenuii uuaykropa IIA.

N3mensis  crocoObl  TEPEeKITIOYEHUs KaTylieKk OOMOTKH WHAYKTOpa
JBYXKOOPAMHATHOTO II1arOBOTO JIMHEWHOT'O JIBUTATENsi, MOXKHO pPealn30BaTh
OOJIBITIOE YUCIIO BApUAHTOB JUCKPETHOTO MEPEMEIICHHUS] BTOPUIHOTO JIEMEHTA
KaK B TIPOJOJIBHOM, TaK W B TONEPEYHOM HampaBieHUsIX. Ecaum BTOpUYHBIHA
AJICMEHT BBITIOJTHEH W3 HEMAarHUTHOTO MaTepHajia, TO €ro MepeMEeNeHNe MOXKET
OCYIIECTBIISIThCA OECKOHTAKTHO (HAa MArHUTHOM TMOJIBEcE€). 3aMeTuM, 4YTO
neBuTanus (MarHUTHas TIOJIBECKA) BTOPHUYHOTO dJEMEHTAa BO3MOXKHA B
COOCTBEHHOM MarHMTHOM noJie uaaykropa HIA /.

BBIBO/IbI

1. Wcnonp3oBaHue BCTPEUHO OETyIIMX MarHUTHBIX MOJIEH IO3BOJIMIIO
CO37aTh LIArOBbIE ACHHXPOHHBIC JBUIATEIM C HOBBIM INPUHLMUIIOM JEHCTBUS.
HoBbIN THIT IIAaroBBIX ACUHXPOHHBIX JBUIaTeNIed ITO3BOJIAET B PALE CIIy4acs
O0OBEIUHUTH CUJIOBOM JABUTATENb C PAOOYUM MEXaHU3MOM.

2. O0ecrieueHa BbICOKass TOYHOCTh TUCKPETHOTO MEPEMENICHUS TJIaJKHX,
B TOM YHCJ€ U HEMAarHUTHBIX SIKOpEH (POTOPOB M BTOPHYHBIX 3JIEMEHTOB) C
HAJICKHOW SJEKTPOMArHUTHOM (uKcanued WX B HOBOM [OJIOKEHUU TOCIE
COBEpLICHUS 1Iara.

3. JlocTuruyrta BO3MOXXHOCTb TOYHOTO JUCKPETHOTO OECKOHTAKTHOTO
MEPEMEILICHHS AJIEKTPONPOBOIAIINX JMCTOB U JIETAJIEH 1O JBYM KOOpPAWHATAM,
B TOM YHKCJI€ W Ha MarHUTHOM IIOJIBECE€ B COOCTBEHHOM MAarHWTHOM IIOJie
WHIYKTOPOB JuHENHHbIX [TTA]].

ABTODBI 3a5BISAIOT, YTO:

1. V Hux HeT KOH(IMKTa UHTEPECOB;

2. Hacrosmiast ctaTbs HE CONEPKUT KaKUX-IUOO MCCIeIOBAaHUN C ydyacTHEM JIIoJei B
KayecTBe 0OBEKTOB HCCIIEIOBAHUM.
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Py6puxka 1. TEXHOJIOI'MU U [TPOEKTbI
Hanpagnenue - TpaHncnopTHbIE ¥ TPAHCIIOPTHO-TOTUCTUYECKUE CUCTEMBI

VJIK [UDC] 624.014.2: 625.41:656.21
DOI 10.17816/transsyst20217199-123

© H. A. CenbkuH, A. C. ®uiumonon, . M. Xai1umMoOekoB,

A. U. Kpagen, /I. Mutposcka, U. C. boabmuxmanok

Cankr-IlerepOyprckuii rocyJapCTBEHHBIN apXUTEKTYPHO-CTPOUTENIbHBI YHUBEPCUTET
(Cankr-IlerepOypr, Poccust)

HPEJJVIOKEHUA 11O CTPOUTEJIBCTBY 3CTAKA/IHbBIX
KOHCTPYKIIMH U TPAHCHHOPTHO-IIEPECA/IOYHBIX Y3JIOB
BBICOKOCKOPOCTHOM MATUCTPAJIU B CAHKT-IIETEPBYPI'E

B pamkax crynendeckux uccienoBaHuil B CaHkT-IleTepOyprckom apXuTeKTypHO-
CTPOUTEJILHOM YHUBEPCUTETE MPOJOJIKAETCA pa3padoTKa albTEpHATUBHBIX MPEAJIOKEHUN 110
CO3JaHHUIO OKPY)KHOM BBICOKOCKOPOCTHOM MAarucTpajd Ha TIpaHULAX CBS3U TEPPUTOPUI
Cankr-IlerepOypra u Jlenunrpajackoir oOmactu. B craree mpencTraBieHbl pPe3ylbTaThl
HAY4YHO-HUCCIIEJOBATEIIbCKUX paboT IO ONTUMHU3ALMM CXEMbl HPOKIAJKH TPAHCIOPTHOU
MarucTpaliy, 0 apXUTEKTYpPHON KOMIIOHOBKE 3/1aHU/ TPaHCIIOPTHO-TIIEPECaT0UYHbIX Y3JI0B, 110
UCCIICIOBAHMIO BIIMSIHMS IIPEABAPUTEIbHO-HANPSIKEHUS 3aTsHKEK UM BAaHT Ha CHUIIKEHUE
yeunuid W gedopManuii OCHOBHBIX 3JEMEHTOB MAaruCTPalM, BBITOJHEHBI PacdeTh
KOHCTPYKLIMH HamboJsiee BHICOKOTO M HArpykeHHOT0 MOPCKOro ydactka. Cxema MpOKIaIKu
BBICOKOCKOPOCTHOW  TPAaHCHOPTHOM  MarucTpajld  MOJEPHU3MpOBaHAa B  CBSI3U C
OTpaHUYEHUSIMHU, CBSI3aHHBIMU C PEKOHCTPYKLHEH a’ponopToB «JIeBamoBo» n «IlynkoBo»,
NEPEHOCOM CTOJNMIBI JIeHuHrpaackoi obmactu B ['aTumHy, NpuBS3KON K MEPCIEKTHUBHBIM
CTaHIMAM MeTpononuteHa «CrtpenbHa», «SlHMHO» U «KyzapoBo». MoaepHHU3MpOBaHHAs
CXeMa MarucTpaju MNpeUIoKeHa B BHUAE PA30OMKHYTOTO MHOTOYTOJIbHHKA C TPAHCIOPTHO-
NEPECaJOYHbIMA y3JIaMH B YIVIaX M OCHOBAaHA Ha HECYIIMX JCTaKaIHBIX KOHCTPYKLHUAX
apOYHO-BAHTOBOI'O MCIIOJIHEHUS, OOECIEeUMBAIOIIUX HEOOXOAUMYIO (PYHKIIMOHAJIBHOCTD,
HaJIe’KHOCTh U 0€30I1aCHOCTb.

Oo0ocHoBanme: B «KoHuenuuu pa3BuUTHs TpaHCHOpTHOW cucreMbl CaHKT-
[TerepOypra» mnpeacTaBieH psJi CIOXKHBIX TPAHCIOPTHBIX MpPOOJEM Ha TpaHULAX CBS3U
tepputopuit Cankr-IletepOypra u JleHunrpaackoil 0o0jgacTH, a MMEHHO: HEIOCTATOYHOE
pa3BUTHE METPOIIOJIUTEHA U CKOPOCTHOIO TpaMBasi, OTCYTCTBHE IIMPOKOH CETH TPAHCIOPTHO-
NepecajouHbIX y3JI0B, HAJTMUYME MHOTOUYHUCICHHBIX 0aphepoB (KeJe3HbIE JOPOTH, MApKU, PEKU
U KaHaJlbl U T.I.), MCUYEPIAHHWE NPOIMYCKHOH CHOCOOHOCTH BXOJHBIX aBTOMAarucTpaiew,
HaJlM4M€ BBICOKOW IUJIOTHOM 3acTpoilku. Kpome ToOro, peaibHO€ MNPOEKTUPOBAHUE U
CTPOMTENBCTBO aBTOMaructpayieil B TpaHcmopTHoi mnonuthke Cankt-IlerepOypra mmeer
MPUOPUTETHOE PA3BUTHUE B CPABHEHHHM C BBICOKOCKOPOCTHBIM 3JIEKTPOTPAHCIOPTOM, YTO
IIPUBOJUT K JONOJHUTEIBHBIM 3KOJIOTMUYECKUM MTOTEPSIM.

Heab: pa3zpaboTka OKPYXKHOW BBICOKOCKOPOCTHON TpPAaHCHOPTHOW CHCTEMBI Ha
rpanunax ces3u Cankr-IlerepOypra u JleHMHrpajackoi o0macT, MOCTPOSHHON Ha MIHUPOKOM
NPUMEHEHUN DJIEKTPOTPAHCIIOPTa, C TMAcCaKUPOIMOTOKOM, CONOCTaBUMBIM C JIMHUEH
METPONOJIUTEHA.

Marepuanbl M MeTOABI: PACCUUTAHbl ACTAKAJHbIE KOHCTPYKLIUU Ha COYETaHUS
JEUCTBYIOIUX HArpy3oK, CHMJ M BO3JICHCTBUW, BKJIIOYAs Y4YET NUHAMHUYECKHUX ACIEKTOB H
HEJIMHEHHOCTH, C UCTIOIb30BaHneM mporpaMMmHoro komruiekca "SCAD Office".
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Pe3ynbTaThl: 110 pe3yibTaTaM BapUaHTHOTO MPOEKTHUPOBAHUS B KadyecTBE Hecyllei
KOHCTPYKLMH, IPUHAT apOYHO-BAHTOBBIN BapuaHT ¢ nposieramMu 180 M u 360 M o kpurepuro
METAJIOEMKOCTH, CTaBIIMKA  0a30BbIM Ui  TMOCTPOCHHUS MarucTpajd 3CTaKaJIHOTO
ucrnionHeHus. M3 mnpuOImKeHHOro pacueTra CleAyeT, YTO CTOMMOCTh CTpPOMTENIbCTBA
MarucTpalii Ha 3eMHBIX y4acTKaxX (IBYXIIyTHasl CXxema) MO CPAaBHEHHUIO CO CTPOMUTEILCTBOM
METPOIIOJIUTEHA OKUJIAeTCs B 5—6 pa3 HUXKE, a HA MOPCKUX ydacTkax — B 3—4 pa3a HUXKe 3a
CYET BBICOKHMX MUJIOHOB U INTyOOKHX CBalHBIX (PYHIAMEHTOB.

3akiIl0YeHHe: pPacyeTHBI 00bEM MACCAKUPOIEPEBO3OK 32 CYTKU Ui JBYXIyTHOU
BBICOKOCKOPOCTHOH H  JABYXIIYTHOM CKOpPOCTHOM Mmaructpaieir coctaBur 208 ThIC.
[aCCa)XHUPOB, a B roJ — 76 MIIH NacCaXUpPOB, KOTOPBIH BIIOJIHE COINOCTaBUM C JAHHBIM
MOKa3aTesieM JUIsl TUHUU METPOIIOJIUTEHA.

Knrouesnvie cnosa: BBICOKOCKOPOCTHAA TPAHCIIOPTHAA Marucrpajb, 3CTaKaja U3 Tp}I6
00IBIIOr0 AnaMeTpa, MarHuTHO-JICBUTALITMOHHAA MMOAYIIKA, ITIOHUKCHHOC IaBJICHUC B pr6ax,
BAHTOBBLIC 1 APpOYHBIC KOHCTPYKIIUH.

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

© N. A. Senkin, A. S. Filimonov, I. M. Khalimbekov, A. I. Kravets,
D. Mitrovska, 1. S. Bolshikhshapok

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

PROPOSALS FOR THE CONSTRUCTION OF OVERPASS
STRUCTURES AND TRANSPORT HUBS
FOR THE HIGH-SPEED HIGHWAY IN ST. PETERSBURG

Background: As part of student research at St. Petersburg architectural-construction
University continues to develop alternative proposals for the creation of a circumferential
highway at the boundaries of communication areas of St. Petersburg and Leningrad region.
The article presents the results of research works on optimization of routing highways,
according to the architectural layout of buildings, transport hubs, to study the effects the pre-
tension of the puffs and the guys at the reduction of efforts and deformations of the main
elements of the highway, the calculations of the designs of the most high and loaded sea area.
The construction of the 8-high-speed transport highway was upgraded due to restrictions
related to the reconstruction of Levashovo and Pulkovo airports, the transfer of the capital of
the Leningrad region to Gatchina, and linking to the promising metro stations Strelna, Yanino
and Kudrovo. The upgraded scheme of the highway is proposed in the form of an open
polygon with transport and interchange nodes in the corners and is based on load-bearing
trestle structures of arched-cable design that provide the necessary functionality, reliability
and safety.

Aim: development of a district high-speed transport system on the borders of St.
Petersburg and the Leningrad region, based on the widespread use of electric transport, with
passenger traffic comparable to the metro line.

Materials and Methods: trestle structures are designed for combinations of operating
loads, forces and impacts, including consideration of dynamic aspects and non-linearity, using
the "SCAD Office" software package.
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Results: based on the results of variant design, an arch-cable-stayed version with
spans of 180 m and 360 m was adopted as a supporting structure according to the metal
consumption criterion, which became the basic one for building a highway of overpass
design. From an approximate calculation, it follows that the cost of building a highway on
land plots (two-track scheme) compared to the construction of the metro, it is expected to be
5-6 times lower, and on the sea sections — 3-4 times lower due to high pylons and deep pile
foundations.

Conclusion: the estimated volume of passenger traffic per day for the two-track high-
speed and two-track high-speed highways will be 208 thousand passengers, and 76 million
passengers per year, which is quite comparable to this indicator for the metro line.

Key words: high-speed transport highway, beam-overpass of large diameter pipes,
magnetic levitation cushion, low pressure in the pipes, the trestle structures, cable-stayed and
arched structures.

BBEJAEHHUE

W3BectHas  TpaHcnopTHas npoOsema B Cankrt-IlerepOypre  —
NEePErpyKEHHOCTh aBTOMOOWJISIMM M TPOOKH, BO3HUKAIOIIKME B HANPSKEHHBIX
MecTax, BKJIIOYas 30HbI BXO/a aBTOMAarucTpajeil B MEramnoJjuc, a Takxe ciadoe
pa3BuTHE METPONOJINTEHA 51 CKOPOCTHBIX BHJIOB Ha36MHOI'0
ANEKTPU(PHUIIMPOBAHHOTO pelbcoBOr0 TpaHcmopra [1]. B Hactosmiee Bpems, K
COXKAQJICHUIO, MPOEKTUPOBAHUE M CTPOUTEIBCTBO TOPOJICKMX M IPUTOPOIHBIX
aBTOMOOUJIbHBIX Maructpaiei B TpaHcnopTHou monuTtuke Cankrt-IlerepOypra
uMeeT 0oJiee MPUOPUTETHBIN YPOBEHb M0 CPABHEHUIO C APYTMMH BUJaMU. Tak
IIOCTPOEH  3amajHbld MU TNPOEKTUPYyeTCs  BOCTOYHBIM  CKOPOCTHBIE
aBTOMOOWJIbHBIE JUAMETPhI, pacceKarolle TOpOJCKUE KBapTaibl, 3arps3Hss
TOPOICKYI0 aTMOC(epy U PUBOJIS K SKOJIOTHYECKOMY yiiepOoy [2].

B Cankr-IletepOyprcxkom rOCyIapCTBEHHOM APXUTEKTYPHO-
ctpoutenbHoM yHuBepcutere (CIIOI'ACY) B pamkax CTyI€HYECKHX HAy4YHBIX
ucciIeoBaHul 1o Teme «l/IHHOBAlMOHHBIE MPEMIOKEHUS 110 CO3JAHUIO
BBICOKOCKOPOCTHOM TpaHcopTHOM cuctembl CankT-IlerepOypra», B 4aCTHOCTH,
BBITNIOJIHSIOTCS MHULIMATUBHBIE Pa3pabOTKH ajibTEPHATUBHBIX MPEAJIOKEHUH IO
CO3/JaHUI0  OKPY)XHOM  HAA3€MHOM  BBICOKOCKOPOCTHOM  TPaHCIIOPTHOU
maructpan (BCTM) [3]. BCTM cucremsr «Poca» mpoekTtupyercs Ha
JBW)KEHUE  BBICOKOCKOPOCTHBIX  MMACCAKUPCKUX  DBJEKTPOIOE3IOB  C
MaKCUMabHOU cKOpocThio 500 kM/4, moasiexanux pa3padoTke ¢ MPUMEHEHUEM
texnosoruii MarneB u ETT (Evacuated Tube Transportation) [4-11]. Tak B
NEpBOM  aBTOPCKOM crTatbe mnoxa Ha3zBanueM «K Bompocy co3pgaHusd
BBICOKOCKOPOCTHOM  TpaHcmopTHou Maructpamu B Cankt-IletepOyprey,
ONMyOJIMKOBAaHHOM B JJIGKTPOHHOM ypHane «TpaHCIOPTHBIE CHCTEMBI H
texHonorun» [3], paspaborana ocHoBHas KoHuenius BCTM «Poca» wu
NPEJCTaBICHbl pEe3yNbTaThl HaydHO-HccaenoBarenbckux pador (HUP) 3a
2017-2019 rr. no Bemmeykazannoit teme (Y. 1). beumn pazpaboTtansl: OKpyKHAS
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«KOJIBIIEBASH» CXE€Ma U TEXHOJIOTMYECKAsi CUCTEMA MATUCTPAIIN, KECTKAs TJIaBHAs
Oasika, MpejcTaBisAiomas coOol COCTaBHYI0O MHOTOTPYOHYIO KOHCTPYKIIMIO C
penbcoBbIM myTeM 1520 MM M NOHM>KEHHBIM BHYTPEHHHUM JaBJICHUEM Ha
CKOPOCTHBIX ydYacTKax B Kaxzaol Tpybe. B o0mactd CcTpOUTETBHBIX
KOHCTPYKIMI BBINOJHEHO BAPUAHTHOE MPOEKTHUPOBAHUE BAHTOBO-CTEPIKHEBBIX
CUCTEM € BBIOOPOM  apOYHO-BAHTOBOI'O  BapHaHTa JJIA  3CTaKaJHOU
KOHCTPYKTHUBHOM CXEMbI, 00€CIICUNBAIOIIEH KECTKYIO MOAJIEPIKKY OATKH.

B Hacrosmen cratbe B NPONODKEHWH JAHHOM TEMbI IPEACTABIICHBI
pesyastatel HUP 3a 2019-2020 rr. (Y. 2), a ”MEHHO: MOJAEPHHU3AILIMS CXEMBI
IPOKJIAJIKM TPAHCIIOPTHOM MAarvcTpajd; apXUTEKTypHash KOMIIOHOBKA 3JaHMIA
TpaHcnopTHO-niepecanounbix y310B (TIIY); uccrnegoBanue mnpeaBapUTEIbHO-
HANPsDKEHUS 3aTsHKEK M BaHT HA CHUYKEHUE OCHOBHBIX YCWIMH U JedopManuit
AJIEMEHTOB; pPAcyUeThl KOHCTPYKLMHA HamOojiee BBICOKOIO U Harpy>K€HHOTO
MOPCKOI'0 y4acTKa.

C uenpro pemieHust mpobsieM MEramnojuca, NPUBOAALIUX K CUCTEMHOMY
IpafoCTPOUTENBHOMY KPHU3UCY, YIPOXKAIOIIEMY SKOJIOIMUECKON 0e30IacHOCTH,
aBTOpbl HACTOSALIEH CTaTbU MPEIJIaraloT MaKCUMalIbHO OTKa3aTbCs OT
MCIIOJIb30BAHUSI MACCAKUPCKOTO aBTOTPAHCIIOPTA, OCOOEHHO B LIEHTPAIbHOU
yactu Cankr-IlerepOypra um mnepeidTd Ha HKOJOTMYECKHM YHUCTBIA TOPOACKOM
ANEKTPUPUUUPOBAHHBIA CKOPOCTHOW TpaHCHOPT (METPO, CKOPOCTHOM TpamBai,
TpOJUIeOyC), a TakkKe Ha WHHOBALMOHHBIM BBICOKOCKOPOCTHOW TpPaHCHOPT,
JONYCKAOUIMN JBWKEHHE MNACCAXUPCKUX DJIIEKTPOIIOE3I0B C MaKCHUMAaJIbHON
ckopocthio 500 KkM/4, TIpeuMyIIecTBeHHO Ha TexHojorusx Marmes u ETT
(Evacuated Tube Transportation). Ilpu 3TOM BBIXOJ BHIMTCS B JajibHEHIIIEM
NOBBIUICHUH CKOPOCTH M KOM(POPTHOCTU OOIIECTBEHHOTO TPaHCIOPTA,
OCOOCHHO Ha AJIEKTPOTSre, MPUOIMKEHUH €r0 OCTAaHOBOK K CTaHLUSM METPO,
MUHHAMH3ALIUN  NPOTSDKEHHOCTH  BHYTPEHHMX  IIEPEXOAOB,  BO3BEICHHMHM
TPAHCIIOPTHO-TIEPECAIOUHBIX Y3JI0B M 0oJjiee KPYHHBIX MYJIbTUMOAAIBHBIX
TpaHcnopTHO-iepecanounbix  KomiuiekcoB (MTIIK). Takue KOMIUIEKCHI
XapaKTepU3yIOTCSl COYETAaHMEM TPAHCIOPTHBIX COOPYKEHUH C OOBEKTaMu
COLIMAJIbHOM, CEpBUCHOW U TOPTrOBO-Pa3BlEKATEeIbHON HHQPPACTPYKTYpbl, YeM
oOecrieunBaercs Oosiee BBICOKMI ypoBeHb KOMGOpTa M TPAHCIOPTHOIO
00CITy>KHBaHUS TACCAKHUPOB.

W3 MHOroJIeTHero oOmbITa KOMIaHWUM Transrapid 1o BO3BEICHHIO
KOMMEPYECKUX TMAaCCaKUPCKUX MarneB-JIMHUA W3BECTHO, YTO 3aTpaThl Ha
CTPOUTENILCTBO MHMPACTPYKTYphl MOTyT cocTtaBuTh 10 60-80 % ot o0mmx
3atpar [12]. [TosTOMy OCHOBHBIM HaNpaBJIECHHEM AaBTOPCKUX HCCIEIOBAHUIMA
ctana pazpadborka cxembl BCTM, a Takke TeXHOJIOTHYECKON M KOHCTPYKTUBHOU
OCHOBBI ~ MarucTpainu, Briroudas TIIY, B 4acTHOCTM  BBICOTHBIX H©
OOJBILEMPOJIETHBIX ~ HECYIIMX  KOHCTPYKIMHM  3CTaKkagHOrO  HCIOJHEHUS,
o0ecnieunBaOMUX (YHKIIMOHATBHOCTh TPAHCHIOPTHONW CHUCTEMBI, HAIECKHOCTD
KOHCTPYKIUH, 0€30MaCHOCTD AJIs YeJIOBEKA U KOJIOTUU METaIoJnCa.
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MOJAEPHU3NPOBAHHAS CXEMA MAT'UCTPAJIN

ITepBuuHas «xonblieBass» cxeMma npoxoxaeHus BCTM npennoxeHa B
BHUJIE MHOTOYTOJBHHUKA C TPAHCIOPTHO-NIEPECANOUYHBIMHM Y3JIaMU B YIJIaX H
OCHOBaHa HA HECYIIMX 3CTAKaJHBIX KOHCTPYKLIMSAX apOYHO-BAHTOBOI'O BHJA,
00EeCneunBaOIINX pa3MEIICHUE CTAJIbHOM TJABHOM OalkKu C PEeIbCOBBIMU
nyTssMu ¢ otMeTkoi +88,00 B banrtuiickoit cucteme BoicoT [3]. Takoe BBICOTHOE
MOJIO’KEHUE OanKyd MPUHATO B IENIAX CHIDKEHUS IIYMOBOTO BO3JICHCTBHUSI Ha
METaIlOJIUC, IPEOJOJIEHNUS MHOTOYUCIEHHBIX MCKYCCTBEHHBIX M €CTECTBEHHBIX
MPEMATCTBUM, MOBBIIIECHNUSI aHTUTEPPOPUCTUUECKON 3aMIIeHHOCTH. [Ipn aTOM
oOecreuynBaeTcs HEOOXOAUMBIN TOPU30HTAIBHBIN YPOBEHb MYTEH MOCPENCTBOM
HECYILIETO KOHCTPYKTHBA MArucTpajd W apXUTEKTYPHO-KOHCTPYKTHUBHOIO
pemenust 3nanuit TIIY co cnupalbHBIMU TaHIycamH, OOeCTeUUBAIOLUMU
nepexonbpl Ha Apyroil ypoBeHb. llepBuunas cxema mnpoxoxaeHus BCTM
M3MEHEHAa B CBA3U C OlPAaHUYCHUSIMH, CBS3aHHBIMH C PEKOHCTPYKLHEN
asponoptoB «JlepamoBo» u «llynkoBo», nepeHocoM CToNULb! JIEeHUHTpaaCKOu
ob6nactu B ['aTunHy, NPUBS3KONH K MPOCKTUPYEMBIM CTAHIIUAM METPOIOJIUTECHA
«CtpenbHay, «Aauno» u «Kynposo» (Puc. 1).

Becbma cloXHBIM OKa3ajcsi BBICOTHBIM pesibed Ha pa3HbIX ydacTKax,
OCOOEHHO Ha CEBepe MW BOCTOKE MAarucTpajlid, YTO MOTpeOOBajo
COOTBETCTBYIOIIUX U3MEHEHHM C YCTPOMCTBOM OOXOJHBIX y4acTKOB. C ydeTom
@denepanabHbIX aBUAMOHHBIX MpaBuil «TpedoBaHus, TpPEAbABISIEMbIE K
a’poJpomMaM, MPEIHA3HAYECHHBIM JUI1 B3JIETA, MOCAIKHU, PYJIEHHUS U CTOSHKH
IPXIAHCKUX  BO3AYLIHBIX CYJOB»  HENOJBM)XHBIE OOBEKTHI  OOJIBLION
MPOTSHKEHHOCTH C WCTUHHOM BBICOTOM HaJ ypoBHeM 3emuin Oosiee 50 M, B
YaCTHOCTH  CjeyeT  OOecHeuYuTbh  CBETOOTPAXKIECHUEM  IOCPEICTBOM
3arpaJuTeabHbIX OTHEH [13].

Brimeykazanapie TpeOOBaHMS HAJIOXKHUIIM JOMOJHUTEIbHBIE W3MEHEHUS
U3BECTHOM, paHee MpeIOKEHHOU, «KoyblieBoi» Cxeme [3], KOTOphIe MpUBEIH
K OoJiee «IOMaHHOMY» XapaKTepy U «pa3pbiBy» OCH HOBOW TPaHCIOPTHOU
MarvcTpajiu B CBSI3U C OTPAHUYEHUSIMU CO CTOPOHBI a3pOonopToB «JIeBamoBo» u
«IlynkoBo». Ilpu 3TOM 3HAUYUTEIBHO W3MEHWINCh BBICOTBI OCHOBHOIO
koHCTpykTHBa BCTM, kortopeie noHusuiauch 10 20...50 M Ha CyXOIyTHBIX
ydacTkax, oOecleunBas 3HAYUTEIBHOE COKpAIllEHHE pacxola CTald H
xKene300eToHa Ha KOHCTPYKIMU U (GyHAAMEHThl. ['OpU30HTAIbHBIA YPOBEHB
peIbCOBOTO  OCHOBaHUs  Oanku  oOeclieyeH  MOCPEACTBOM  HECYUIETO
KOHCTPYKTHBAa MAruCTpaJii M OCOOBIMHU apXUTEKTYPHO-KOHCTPYKTHUBHBIMU
pemenusimu  3ganuii TITY. Ilpm stom Onarojmaps HaIWYUIO CHUPATBHBIX
nmanaycoB TIIY ocylmecTBieH nepexon pelbCOBOIO OCHOBAHUS Ha HOBBIC
OTMETKM M BBIXOJ B IPUMBIKAIOLIEE 3/IaHHUE JIETI0, KaK MPABUJIO, pa3MEIIaeMOe
Ha OTMETKE 36MHOU MOBEPXHOCTH.
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Puc. 1. HoBast cxema BBICOKOCKOPOCTHOM TPaHCIIOPTHOW MarucTpaiu
B Cankr-IlerepOypre (Cxema Nel)

O6mas cxema HoBoMt BCTM nposiBuiack B BUJI€ JIOMAHHOW HE3aMKHYTOM
auHuu ¢ npsiMbiMu neperoHamu U TITY B yrmax (Puc. 1). Ona crana Gosnee
npotsokeHHor  (183,0 km  BMecto 147,2 kM), konauwyecTtBO craHiuid TITY
cymectBeHHO Bbipocyo (17 mpotus 10), mmnHa MpsSMBIX OTPE3KOB — MIEPETOHOB
ctana 6onee nuddepenupoBannoi (ot 6,7 1o 19 km). OnTUMU3UPOBaHA JTHHHS
MPOXOXKJEHUs Mopckoro (apBarepa Ha HagBogHoMm ydactke BCTM B
akBaTopuu PUHCKOTO 3aaMBa C BBIXOAOM HIKHeW Touku Ha TIIY «Mxopa» ¢
obxomom KombreBoii aBromaructpanu (KAJ[) 6e3 BXOXIAeHUS B aKBATOPHUIO
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Kponmranra. Kpome toro, or TIIY «Ky3pM0510BO» NOSIBUIIACH BO3MOYKHOCTb
ceBepo-3anaanoro otersieHus BCTM na Boibopr u Gunnsuauto (Puc. 1).

TEXHOJOI'MYECKASA CUCTEMA MAT'UCTPAJIM

[Ipennaraemass nHoBasi BCTM obecneunBaeT yaoOHBIE, OBICTpHIE |
Oe3omacHble  BBICOKOCKOPOCTHBIE ~TPAHCHOPTHBIE CBA3M  MEramoJjiuca c
OpUrOpoIaMi W ONIM3NIeKAIMMMHU TOoceNeHus MU JIeHMHrpaackoil  o0iacTu.
BCTM oOTHOCHUTCS K BHEYJIMYHOM CETH, TAK KaK MOCTPOEHA HA BBICOTHBIX H
OONBLIENPONETHBIX ~ KOHCTPYKIMSAX HAa  3CTaKaJHOM OCHOBE, KOTOpbIE
00ecreurnBaOT ONTUMAJIBHOE IPEOJI0JIEHUE ECTECTBEHHBIX U HCKYCCTBEHHBIX
IIperpaj, BKI0Yasi BBICOTHYIO BBICOKOIIJIOTHYIO 3aCTPOMKY.

Ha Puc. 2 npeacraBieHbl KOHCTPYKTUBHO-TEXHOJIOTMUECKHE KOMIIOHEHTHI
BCTM, otHocsmmecss K OCHOBHBIM (YyHKIIMOHAIBHBIM 30HaM. [locpeacTBom
YKa3aHHBIX KOMITOHEHTOB oOecnieunBaeTcs paboTOCIIOCOOHOCTD
¢ynkuoHanbHbIX 30H BCTM, xapakTepu3yromMxcs Kak YpOBHEM JaBJICHMS
BO3[lyXa BO BHYTPEHHEH IIOJIOCTM  TPAHCHOPTHBIX Tpyd, Tak U
COOTBETCTBYIOIIUM  CKOPOCTHBIM  pPEXHUMOM JBWXKEHUS cocTaBoB. Jlid
BBICOKOCKOPOCTHBIX ~ moe3710B  «Poca»  rmaBHas  Oanka  BBINOJIHAETCS
YETBIPEXTPYOHOU C pEbCOBBIM OCHOBAaHMEM B KaxXJI0l TpyOe, BKIHOYas
oOpaTHOE HalpaBJICHHUE.

KoncTtpyktuBHO-TexHONOrMyeckas cxema BCTM Ha npsamoMHENHOM
ydactke — neperone mexay craniusmu TIIY «CrpensHan u TIIY «leteprod»
oOmielt npoTsixeHHOCThI0 10,2 KM, cocTaBiieHa U3 OOJBIIETIPOJIETHBIX APOYHBIX
actakaa mnpojeramu 180M wm 360 M, oOecneyMBAIONIMX HAICKHYIO H
Oe3omacHyo nmojBecky riaBHou Oanku (Puc. 3).

3necy  mpenacTaBieH  rpauK  CKOPOCTHOTO — JIBIDKEHUSI — COCTaBa,
WUTIOCTPUPYIONINI  paBHOYCKOPEHHBIM Tmporiecc Habopa ckopoctu V cC
yckopernem a=4,63 m/c (0,47g) B teuenue 0,5 mun (30 ¢) 10 MAaKCHMAIBHOI
CKOPOCTH Vax=500 KM/4 W aHAJOTMYHO — CHIDKEHHUS cKopocTu. Ilpm 3ToMm
MPOTSKEHHOCTh 30HBI PAa3roHa JJisi BHICOKOCKOPOCTHOTO BapUaHTa COCTABIISET
2,1 XM ¥ aHAJIOTMYHO — 30HBI TOPMOXEHUS, a JJIsi CKOPOCTHOI'O BapHaHTa MpU
Viax=100 xm/g — 0,835 kM COOTBETCTBEHHO.
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Puc. 2. OcHoBHBIE (DYHKIIMOHAILHBIE 30HBI BBICOKOCKOPOCTHOW MarucTpalIu:
1 —3panue TIIY ¢ naccaxxupckuMu miaThopMaMy Ha BEPXHUX 3Taxkax;
2 — 30Ha BX0JIa-BBIXO/Ia TIOE3/I0B B TPAHCIIOPTHBIE TPYObI TIIaBHOM OallKu;
3 — 30Ha OCTAaHOBKHU COCTaBOB B TPAHCIOPTHBIX TpyOax (mposer 180 m);
4 — 30Ha pa3roHa-TOPpMOKeHHs cocTara (mposiet 360 m);
5 — HampaBJIeHUS ABMKEHHS TACCAKUPCKOT0 TOPOJICKOTO TPAHCIOpTa

40 km/4 40 kM/4

500 km/ 4
270 m [ 2,1 km \, 546 km | 2,1 km [ 270 m
1 a

10,2 km

Puc. 3. KoHCTpyKTHBHO-TeXHOMOTHYECcKas cucTeMa yuactka maructpanu «TITY Crpenbha —
TITY Ileteprod» C rpadhukom cKOpocTei

Pacuetnass mpogomkurenbHocTh 3Tama Ne 1 (mocajgka maccaXupoB B
BaroHsl coctaBa Ha Tuiargopme TIIY Ha crTaHIMU OTHOpaBICHUS € €rO
NepeMEICHIE B 30HY CTOSIHKA B TPAaHCIIOPTHOW TpyOe) Ha3zHaueHa paBHOU 0,5
MuH (30 cC), Kak ¥ TPOAOKUTEIBHOCTh ciemytoniero stama Noe 2 (oTkauka
BO3/Iyxa 70 TpeOyeMoro aaBjieHusi B TpaHncnoptHoi Tpyoe) — 0,5 mun (30 ¢) u
pasron — 0,5 muH (30 ¢). AHaTOrMYHO Ha3HA4YEHBbI yCJIOBUA 1Jisi BToporo TITY
(ctannusa npuObiTHs): TopMmoxkenue — 0,5muH (30 c), BOCCTaHOBJIEHUE
atMocdepHoro nasnenus B Tpyoe — 0,5 mun (30 c), Bbe3g Ha matdopmy B TITY

Received: 16.11.2020 Revised: 28.02.2020 Accepted: 30.03.2021
Moctynui: 16.11.2020 Opnobpena: 28.02.2020 Hpunsra: 30.03.2021




107 TPAHCHIOPTHBIE CUCTEMbI U TEXHOJIOT'MUA OPUTI'MHAJIBHBIE CTATbU
TRANSPORTATION SYSTEMS AND TECHNOLOGY ORIGINAL STUDIES

u Bbicaaka mnaccaxupoB — 0,5 mun (30 c¢). CnepoBarenbHO, BCEro Mo JABYM
sranam Ha neperoH: 7=3 wmuH (180 c). CooTBercTBYyIOIIME YCIOBUS IS
CKOPOCTHOT'O BapuaHTa 3aJlaHbl MPU JABUKEHUU C MAKCUMAJIbHOW CKOPOCTBIO
Vmax=100 km/4; 3aech Bcero Ha meperod: 7=4 mun (240 c). B cBs3zu co
3HAYUTEIBHBIM PACXOJOM BpPEMEHHM Ha CTOSHKY, Pa3rOH M TOPMOKECHHE
[IACCA)KUPCKUX COCTABOB HA KOPOTKMX YYAaCTKAX JUIMHOW MeEHee 7 KM,
noxoasmiero 10 95 % ot o6miel mpoaoHKUTEIbHOCTH moe3nku (Tabdi. 1), Cxema
Ne 1 6pma ontummsupoBana (HekoTopsie TIIY u cambie KOpOTKHE Y4YacTKH

UCKJIIOYEHBI) U mpeodpa3oBana B Cxemy Ne 2 (Puc. 4).
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Bsicoma dasnku nymenpoboda do Beicoma dasku nymenpoBoda donee
50.0m om nobBepxHocmu 3emau 50.0m om nobepxHocmu 3emnu
Puc. 4. Yny4iienHas cxema BBICOKOCKOPOCTHOM TPAHCIIOPTHOM MarucTpalid
B Cankr-IlerepOypre (Cxema Ne 2)
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Tabauya 1. Ilpooonsxcumenvrocmo npoezoa 6 BCTM ons 08yx eapuanmoe Cxem u ckopocmu

HaszBanue

Paccrosinne mesxkay

Bpewmsi npoe3na npu
Vmax= 500 km/4,

Bpems npoe3aa npu

Vmax= 100 km/4,

N cranuuu (TITY) TIY (meperon), km MUH MWH
Cxemal | Cxema 2 | Cxema l | Cxema 2 | Cxema 1 | Cxema 2
1 | CrpenbHa
10,2 10,2 3,65 3,65 9,12 9,12
2 | Ilereprod
6,9 - 3,25 - 7,14 -
3 | JJomoHOCOB
11,1 18,0 3,76 4,58 9,66 13,79
4 | xopa
14,3 14,3 4,21 4,21 11,58 11,58
5 | Kponmraar
14,7 14,7 4,19 4,19 11,82 11,82
6 | CecTpopernk
8,5 8,5 3,44 3,44 8,10 8,10
7 | Onpruso
11,9 11,9 3,92 3,92 10,14 10,14
8 | Tapramoso
6,8 - 3,14 - 7,08 -
9 | CepTos0BO
13,9 13,0 4,09 3,98 11,34 10,80
10 | Ky3pMo0110BO
6,7 - 3,14 - 7,02 -
11 | JleBaTkHHO
10,0 14,4 3,62 4,15 9,00 11,64
12 | BceBomoxck
9,0 9,0 3,59 3,50 8,82 8,40
13 | SAnuno (5-if kM)
12,0 12,0 3,86 3,86 10,20 10,20
14 | Pribarnkoe
11,0 17,0 3,74 4,46 9,60 13,20
15 | Ilymxun
([letckocenbckas)
19,0 - 4,70 - 14,40 -
16 | Kpacnoe Ceno
17,0 - 4,46 - 13,20 -
17 | TlaBnoBCK - - -
- 22,0 - 5,14 - 16,21
18 | 'arumna -
(TatpsiHUHO)
Bcero, mun 60,76 49,08 158,22 135,00
Bcero, uac 183,0 1650 1,01 0,82 2,64 2,25
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Cxema Ne 2 oTiimuaercsi COKpalleHHbIM KordecTBoM ctaniuid TITY (13
BMecTO 17), cHMKeHHOM Ha 18 kM 00IIel MpOoTSKEHHOCTHIO U BBIpOCIIEH Ha
20 % cpenHelt JIMHON MEperoHa, 4To CyIIeCTBEHHO MOBBIMAET 3()PEKTUBHOCTD
BBICOKOCKOPOCTHOI'O TPAaHCHOPTAa U COKPAIIAET MPOJOJKUTENBHOCTh MOE3A0K.
Ha ocHoBe BbimeykazaHHbIX ycnoBuil B Ta0ia. 1 mpenacTaBieHbl pe3ynbTaThl
BBIYUCJICHUN TMPOJOJKUTEIIBHOCTH Mpoe3[a Ha MeperoHax MarucTpai Jis
nByx cxeM (Cxema Nel m Cxema Ne2) m OByX BapuaHTOB C pPa3HBIMHU
3HAYEHUSIMH MaKCUMAaJIbHON CKOPOCTH V.

N3 Tabn. 1 cnegyer, 4To MPOAOIAKUTEILHOCTh MPOE37a CYIIECTBEHHO
3aBUCUT OT CKOPOCTH JBWKCHHS T1Oe31a B TpyOe, Tak MaKCHMaJIbHAs
MPOJOJKUTENBHOCTh Tpoe3na Mexay TIIY B Cxeme Ne2 He mnpeBbllIacT
MPUBBIYHBIX B METPONOJHUTEHE S5 MHH [JI1 BBICOKOCKOPOCTHOI'O BapHUaHTA
(Vinax=500 kM/4) ¥ MPUBBIYHBIX JJIS MPUTOPOTHBIX AJIEKTPOIOE3I0B 15 MUH —
st ckopocTHOTO  (Vina=100 kM/4), mpu >TOM cCpefHsii CKOpPOCTh JIJIst
BBICOKOCKOpOocTHOTO BapumaHTa B Cxeme Ne 2 cocraBmser 201,2 xm/4, a mis
CKOPOCTHOTO BapuaHTa — /3,3 KM/4.

3nech mMpeneabHOEe 3HAYEHUE YCKOPEeHHs (3aMenjieHus) MPUHSATO He
npebimatonmm 50 % (0,5 9g) or yckopeHHs CBOOOAHOTO TaaeHUS (, UYTO
ABJISIETCA JIONMYCTUMBIM IS TACCAXKUPCKOTO TpaHcropTa. M3BecTHO, 4TO
aBTOMOOWJIM MHOTMX €BPOIEUCKUX OPEHI0B UMEIOT MOIU(DUKAIIMU C BPEMEHEM
pasroHa He 6onee 6 ¢ 10 ckopoctu 100 kM/4 ¢ yckopernem a=4,63 m/c’.

Hecomuenno, npeajaraemast Cxema Ne 2 MPEACTABISET
MpeABapUTEIbHBIA BapUaHT OPraHU3allMi BHICOKOCKOPOCTHOTO MACCaKUPCKOTO
COOOIICHHS, HO TeM HE MEHEe OHa MO3BOJISIET OPUEHTUPOBOYHO OIEHUTH €r0
sbdextuBHOCTh. JlIMHA KaXIOW TPAHCIOPTHOM TPSIMOM JIMHUM MEXIY
cranusiMu BCTM, pasmemaemeivu B TITY, npunsita B uaTepBane 8,5—22 Kk,
YTO MO3BOJMUT BBICOKOCKOPOCTHOMY moe3ny «Poca» mpeononeBaTh KaxIblid
neperoH Bcero 3a Heckobko MUHYT. BCTM o0ecrneuyuT BBICOKOCKOPOCTHOE
OKPYKHOE€ MEpEeMENIEHNE MacCaXupPoB KaK C CEBEpa Ha K0T, TaK M C 3amaja Ha
BOCTOK M OOpaTHO, MHUHYS OCHOBHBIE TPAHCIOPTHBIE MYTH MeEramojiuca u
IIPOXOJIs1 HAJl BBICOTHOW IIJIOTHOM 3aCTpOMKOM. Hampumep, IpoaoIKUTENBHOCTD
nepeezga ot TIIY «[latumna» ngo TIIY «Psibankoe» co cTaHIHMe MeTpo
«Pr10ankoe», coctaBut He Ooisee 10 mub, a ot TIIY «Pribankoe» go TIIY
«KpoHmTaar», pacrosioKeHHBIX Ha CXeMe JUaMeTPalibHO, BCEro 27 MUH.

[Taccaxkxupckuii cocTaB Ha3HaueH OOmIeH JIMHON 88 M M3 8 BaroHoB —
MOJyJIel ¢ oOleld BMECTUMOCThIO 64 MOcalouHBIX MeCTa W BHEIIHE MOJ00CH
poccuiickomy ckopocTHoMy «Caricany», HO TOINEpPEYHbI pa3Mep BBHIOJIHEH
Oonee y3kuMm mouyTd B 1,5 paza. 3gech oOecmedeH MPOJOJIBHBIA MPOXOJ C
aBapUHBIMM BBIXOJAMHU B TEPBOM M TMOCJIEJHEM BaroHax C ABYXPSIHOU
MOCAIKOM MacCaXXUpPOB. [[MIMHAPUYECKUI TPaHCIOPTHBIA MOJYJIb U3TOTOBJIEH
Ha OCHOBE METAUIMUYECKOW TPYyObl C MPOJOJHHBIM MPOXOJAOM U JIBEPSIMHU
«KPBUIbSl YAKW», TOAHUMAIOIIUECS BBEPX MPHU MOCAJIKE — BHICAJIKE.
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PacueTHOE€ MakCcMMaIbHOE KOJIMYECTBO COCTABOB HAa KAXKJIOM MEPETOHE HA
OJIHOM ITyTH Ha3HA4YaeTCsl paBHbIM 4 €IMHUIIAM: 3 — B IMYTENpPOBOJie (OJUH — Ha
CKOPOCTHOM YacCTH U JiBa — B 30HaX CTOSIHKU) U OJIUH COCTaB — Ha miatdopme B
s3nanuu TITY. CnenoBarenbHo, 00111€€ KOJIMYECTBO pabOYMX COCTAaBOB HA OJJHOM
nytd BCTM cocrtaBut 48 equHuUIlbl, HE CUUTAas PE3EpBHBIC, HAXOJAIIMECS HA
cranuusx TIIY ¢ memno.

PacueTHblii 00beM MacCaXUPOMEPEBO30K 3a CYTKHU I ABYXITYTHON
BBICOKOCKOPOCTHOM M JBYXIIyTHOM CKOPOCTHOM MAarucTpajed COCTaBUT
208 ThIC. maccaXupoB, a B TOA — /6 MITH MACCaXUPOB, KOTOPHIHA BITOJHE
COIIOCTaBUM C JaHHBIM IMOKa3aTeNeM JJis JBYXITyTHOM JIMHUU MeTepOyprcKoro
METPOIIOIUTEHA.

APXUTEKTYPHO-KOHCTPYKTUBHbBIE
PEIHIEHUA 3TAHUU TITY

Mmuorostaxknaeie TIIY, o0benuHseMble ¢ OOBEKTAMU COIIMAJIBHOM,
CEpBUCHON U TOProBO-pa3BIEKATENbHON HHOPACTPYKTYphl, MPEACTABISIOT
co0Ol apXUTEKTYpHbIE BBICOTHBIE JOMHHAHTBI B palOHaX MeEramoJyiuca Kak
MHOTO(yHKIIMOHaNbHbIE Y3ibl. Takue TIIY, B wacTHOCTH, paccMaTpuBaeMbIe B
HACTOSIILIEW CTaThe, IO ONPEACIICHUIO CIEAYyeT OTHECTH K TPAHCIOPTHO-
nepecanounbiM  komiuiekcam  (TTIK), oOecneunBarommm 0Oojiee  BBICOKHIA
ypOBeHb KOM(pOpTa ¥ TPAHCIIOPTHOTO OOCTYKMBAHUS TacCaKupoB [ 14].

JUiss  mocTpoeHHsl  YCTOMYMBOM  (PYHKIMOHAIBHO-TUIIOJIOTHYECKOM
MOJIEIM MHOIO()YHKLIHMOHAJIBHOTO Yy3Jla HEO0OXOIMMO CHCTEMAaTU3UpOBATh
dbyHKIHOHATBHBIE 0JI0KH. OCHOBHBIMU (DYHKIIMOHATBHBIMU OJIOKAMU SIBIISIIOTCS
CTaHLIMU (OCTAHOBKH), MPEACTABIISAIONINE PA3INYHbIE BUABI TPAHCIIOPTA.

C yuyeroM MOJEIMPOBAHHS ONTHUMAJIBHBIX TEXHOJIOIMYECKUX CBS3EH
BBISIBJICHHBIE THUIIOJIOTMYECKHE MOJEIM TPAHCIIOPTHOTO Y3J1a C TOYKH 3pPEHUs
(YHKIIMOHAJIBHO-IIPOCTPAHCTBEHHBIX XapaKTEPUCTUK BKIIOYAIOT CIEAYIOLINE
BApUAHTBHl: OPHUEHTHPOBAHHBIE CHELUUAIU3UPOBAHHBIE MOJEIN (HAIpUMep,
LEHTpUYECcKas), JIMHEHHbIE MOJIEIN, MOJEIb MOCTa, KOMIUIEKCHO-Pa3eIeHHAs
MO/IJTb, OTKPBITast MOJETb [15].

Hentpruueckas (GyHKIHOHATBHO-TUTIOIOTHYeCKast MOJETb
TpancnoptHoro HUB (mpocTpancTBeHHass W IUJIOCKOCTHAs), COYETArOIIast
pazHbie GYHKIMHU, TIPEACTABIACTCS BechMa ycmnenrHoi st noctpoenuss HUB ¢
NOJAKJIIOYEHUEM CTaHUuMU MmeTpononuteHa «CtpenbHay, (Hanpumep, TIIY
«CtpenpHay), KOTopyto mianupyercs noasectu B 2035 roay (Puc. 5).
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Puc. 5. Llentpuueckas (yHKIIMOHATHLHO-TUIIOIOTHYECKAs: MOJIeNb TpaHcnopTtHoro HUB
(MpocTpaHCTBEHHAS M IJIOCKOCTHAs ), COYETaroMas pasHubie GyHKIKUU 110 HoMepamu [15]

LlenTpuyeckass MoOJAEIb HWHTEPMOJAIBHOTO  TPAHCHOPTHOIO  y3Ja
npeacTaBisgeTcss Hanbosee KOMIAKTHON U npuemiieMoi. LleHTpanbHoe MecTo B
HEell 3aHMMaeT KOMMYHUKATHUBHBIA OOk (emuHuia). [IpoctpaHcTBO arpuyma
BBICTYIIAET B 3TOH CXEM€ MPOTOTUIIOM KOMMYHUKATUBHOW €IUHUIBI, YTO
MO3BOJISIET COYETaTh pa3iMyHble (PYHKIIMHU HE TOJHKO Ha OJHOM YPOBHE, HO U C
BEPTUKAJIBHBIM pa3/iefiecHueM. ATPUYM ONPEIEIseT CBOCOOPAa3HOE SJIpO ATOM
MOJIEJIN TPaHCHOPTHO-NIEPECATOYHOTO Yy3j1a, BOKPYT KOTOPOro (pOpMHUpYIOTCS
npyrue ¢ynkuuu. JlanHas Mozaenb oOecreyMBaeT CBsI3b MEXIy CO0OH Bcex
(GYHKIIMOHAJIBHBIX OJIOKOB, KOTOpPbIE B MPEICTaBICHHON MOJETN SKBUBAJICHTHBI
[0 THUITy CBSI3U APYr C JApyroM. B 3Toil cxeMe 3eneHas 30Ha OKPY>KAET BCE
ocTajbHble (PYHKLIMOHAJIbHBIE OJIOKH, YTO JENAaeT MOJEIb IKOJIOTUYECKH YHCTOM
Y IPUEMIIEMOM JJI 4YesloBeKa. JIOCTyIl K 3€JeHON 30HE OCYLIECTBISETCS TaKUM
&Ke 00pa3oM U3 BceX (PYHKIIMOHAIBHBIX OJIOKOB.

[Ipn aHanm3e TEPPUTOPHUM NPEANOIAra€MOM 3aCTPOWKH, OIpPEAEIICHA
mwiomanka g pasmewmenus  TIIY  «bkopa»,  npenmosararomas
(GYHKIIMOHATBbHOE 00bEIMHEHNE CYIIECTBYIONIEH KEIe3HOJOPOKHOM CTAaHIIMU U
IPOEKTUPYEMOT0 3JaHus. 3JaHMe HMeeT JBa (PYHKIMOHAIbHBIX OJOKa:
TPaHCIOPTHO-NIEPECATOYHBIN y3€1 U 3/1aHHE JIEN0, & KOHCTPYKTUBHAs CHCTEMA
TIIY npoekTupyercss U3 CTAJIbHBIX KOHCTPYKLUMH KapKacHO-CTBOJIBHOU C
KEJIE300€TOHHBIMM TI0SCaMU JKECTKOCTH, C PAMHO-CBSI3€BOM KOHCTPYKTHBHOM
cxemolt (Puc. 6). O6bemMHass MOJieb TPAHCHIOPTHBIX IMyTEH, KOTOPhIE pPEIaioT
BOIIPOC MEPEMENIEHUS TIOE30B C Pa3HbIX OTMETOK, ITpeIcTaBieHa Ha Puc. 7.
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i BCTM g Kposmmaar [TIY "Hskopa"

T BOTM B Tomorocor

88.00

JCICHbBIC HACAKICHIA

FOS.00~

3naHIe JIeno

[y MOsanurHbIL HKpan

( ‘.\ LUCCTBVIOIAA /RC/IC3Had 10opola

Puc. 6. KonctpykrusHas cxema TITVY «Mxopa» ¢ 30HOM nepexosa Moe3A0B Ha APYTrue OTMETKH

Puc. 7. Cinpanesuansiii nanayc TIIY B 30He nepexona noe310B Ha IPYrue OTMETKU
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IlepemenieHue TpaHCIIOPTa OCYIIECTBIISIETCS IOCPEACTBOM HAKIIOHHBIX BO
BHYTPEHHIOIO  CTOPOHY  CHMPAJIEBHJIHBIX IAHAYCOB C  MEXaHU3MaMH
perynupoBaHus ABMKEHUS. 1IaHAyChl BBINOJHEHBI U3 CIUPAIBHO 3aKPYYECHHBIX
CTAJIbHBIX 0AJIOK, COEAMHEHHBIX IJIOLaAKaMH (IJIUTaMU).

B 3manun TIIY Mxopa npexycMaTpuBaeTcs TPUMEHEHUE JUCIIETYEPCKOU
LEHTpAJIU3alii U BO3MOKHOCTbh BKJIIOYEHHS B aBTOMATU3UPOBAHHYIO CUCTEMY
YIPaBJIEHUsI BBICOKOCKOPOCTHBIM KEJNE3HOAOPOKHBIM TPAHCIIOPTOM.

I''TABHAS BAJIKA C IIPEJABAPUTEJIbHBIM HAIIPA) KEHUEM

B napckoit Poccun nepBeHCTBO B JAHHOM HCCIIEIOBAaHUU MPUHAIJICKUT
npodeccopy bopucy IlaBinosuuy BelinOepry, kotopserit 31 mapra 1914 roga B
Cankr-IleTepOypre npeacTaBuil myOJIMUYHBIN TOKIaa «JBrkeHue 0e3 TpeHHs»
1o pe3yJibTaraM Hay4yHou pa®oThl B TomMckoMm yHUBepcuteTe. Ha 3Toi ocHOBe
ObUTM  C(OPMYJIIMPOBAHBI OCHOBHBIE TMPUHIIMIIBI OpPraHU3allUd  JBUIKEHUS
MacCCA)KUPCKOTO BaroHa BHYTPU CTaJbHOM WM CTEKJISIHHOM BaKyyMHUPOBAHHOM
TpyObl TOCPEACTBOM BHYTPEHHETO M BHEIIHETO 3JIEKTPOMArHUTHOTO IMOJIeH
[16]. W3 oTeuecTBeHHBIX w300peTaTeNeii, MPEIIOKHUBIINX HAUOOJIBIICE
KOJIMYECTBO OPUTHMHAIBHBIX TEXHUYECKUX PEUICHUM Ha YypOBHE MATEHTOB C
BBIIIEYKa3aHHBIMU HOBIIecTBaMM B Hayaine XXI| Beka, mepBoe MecTo
HECOMHEHHO TIPUHAJICKUT BeTepany wu3o0Operaremo H.P. SlHcypuny [17].
Opnako, Haubojiee TIOJHBIE U COBEPIICHHbIE TEXHUYECKUE pEIICHUs,
npueMJIeMble JJISI PEaTbHOTO TEXHUYECKOrO0 BHEAPECHUS, ObLIM 3alaTeHTOBAHbI
amepukaHckuM uzooperaresnem Daryl G. Oster 8 1999 roxy [18]. B Hacrosimei
HCTOPUU ITH TIPEIJIOKEHHUSI COCTABWIM TEXHUUYECKYIO OCHOBY JJIA Pa3paboOTKu
BAKYYMHOM TPAHCIOPTHOW TEXHOJIOTMU C JIMHEHWHBIM DSJIEKTPOIBUIATEIEM B
Kurae [5] u CIIIA [19].

B Teuenue pspga ner B Poccuu COBMECTHO € HCClEAOBATENsIMU psia
3apyOEKHBIX CTpPaH MPOBOJATCS HCCIENOBAHMS MO TEME BBICOKOCKOPOCTHOTO
JIBMOKEHUST U pa3paboTke TexHojoruu Maglev, koTopbie MpOBOASTCS YUCHBIMU
psiaa HAy4YHO-UCCIENOBATEIbCKUX OpPraHU3allMd W BBICIIEH IIKOJBI, MPEKIE
Bcero, B lleTepOyprckoM rocygapCTBEHHOM YHHMBEPCUTETE IyTeW COOOIICHUS
WNmneparopa Anekcanapa | mox pykoBojactBom mpod. A.A. 3aiineBa [4].
Bosnpiioe BHMMaHHME HWCCIENOBATENSIMU YJIIETIEHO pa3padO0TKe OTEYECTBEHHOM
Bepcuu TpaHcnoptHoii cuctembl Hyperloop [20, 21].

Pe3ynbTaThl HENABHUX HCCIEIOBAaHMM 10 pa3paboTKe OTEYeCTBEHHOM
cucrembl Hyperloop, mokasajm, 4To IpH TaKOW BBICOKOH CKOPOCTH IBHKCHHS
Ha CO3/IaHMEe BaKyyMma TPAaTUTCS OOJBIE YIHEPTUHN, HEIKEITN Ha MPEOIOTICHUE CUIT
a’pOCOIPOTUBIICHUS B pa3peKeHHOM Bo3ayxe [21].

B HacTosimieil craThe mpemsiaraeTcs aBTOPCKOE TEXHHUYECKOE PEILCHHE,
KOTOPOE XapaKTEpU3yeTCs MOBBIMIEHHON U3THOHOM )KECTKOCTHIO TJIABHOM OaNTKH
MyTEPOBOAA, KOTOpasi BBIMIOJIHEHA W3 4-X OOBCAMHEHHBIX CTAIBHBIX TPYO
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oonbiroro auamerpa 3,0 M ¢ TommuHOM cTteHkH 16—-30 MM B Buae pomoba ¢
OOJIBINICH MUArOHABI0 MO BepTUKAIM. MEXay TpyOaMH B IIEHTPE CEUCHUS TI0
JUTHHE OaJIKU PacIoJIoKEeHa MPOJI0JIbHas KopoOUuaTass KOHCTPYKIIHS C MPOXOI0M
JUISL 0OCITy’)KMBaHUS KOMMYHHMKAIIUK CBSI3H, YIIPABJICHUS M JICKTPOCHAOKCHMS,
PETYJIMPOBKY MPEABAPHUTEIHLHOTO HanpsbkeHus oanku (Puc. 7).

bokobBeie
3amAXKU

96 m

BrymperHue
3amMAXKU

Huxrue zamaxku

86 m ‘

Puc. 8. [lonepeunoe ceueHue riaaBHOM OaJKK C MpeIBAPUTENIbHO-HANPSKECHHBIMU
AIIEMEHTaMH

B kaxnoi TpyOe riiaBHOW Oalku ycTpoeHa pesibcoBas KoJies HIMPUHOU
1520 MM Ha BCEM MPOTSHKEHUIO MyTH, KaK HA CTOSHKAX, B 30HAaX pa3roHa U
TOPMOXEHHUS, TaK HAa OCHOBHBIX BBICOKOCKOPOCTHBIX YYacTKax C LEJbIO
0€30MacHOCTH, HaNpuUMep, MPU OTKIIOUYEHUU DJEKTPONUTAHUS U TOTEpe
MNOHMKEHHOTO JTaBJICHUSI BHYTPH TPYOBI.

C uenblo CHMXKEHHS yCWINMK B Oajke MyTernpoBOJa pacCMOTPEHBI HOBBIE
BO3MOKHOCTH MPUMEHEHUS 3JIEMEHTOB IpeaBapurensHoro Hanpsbkenus (11TH),
pa3MeraeMbie B Ii1aBHOUM Oanke-mmyrenpoBojsie (Puc. 8). BanToBbIe 3yeMeHTHI
KOHCTPYKLMU Pa3eJIeHbl HA JIBE€ OCHOBHBIE TPYIIIbI, PAa3INYalOIIMECs BHEIIHUM
u BHyTpennum [TH [22-23].

K BHENIHUM 3JIeMEHTaM OTHECEHbI OTTSXKKH U MOJBECKH, BHIMOIHSIOIINE
poJib CTAaOWJIM3AlMU CHCTEMbl M Iepefadyy Harpy3ok C Oalku Ha Jpyrue
HECYIlIUe KOHCTPYKIMH, a K BHYTPEHHUM — 3aTSKKU, PETYJIUPYIOUIUE YCUIIUS U
nedopMaluy 1 pacnoioKeHHbIe BIOTbL Oanky myTernpoBoaa (Puc. 8).
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Pacuérel BBINIONHEHBI [JII BApUAHTOB CXE€Mbl Kak 0€3 yCTaHOBKHU
3aTSHKEK, TaK M C UX YCTAHOBKOM BHHU3Y OAJIKM MyTEeNpoBOa (HIDKHHUE 3aTSXKKH )
¢ yeumusimu ITH Ng or 1 mo 5 MH (Ta6xa. 2). Ilpu 3TOM paccMOTpeHbI
KOMOMHAIIMKM Harpy3oK OT BO3JCHCTBUN MNPUPOJHOTO M TEXHOJIOTUYECKOTO
XapakTepa: COOCTBEHHOT0 Beca koHcTpyknuid (L1), cHeroBoro 3arpyxenus (L2),
BeTpoBoil Harpy3ku (L3), BozmelicTBuil oT aBwxeHus mnoesga (L4), a taxxke
BO3JICUCTBUS OT CHJI MIPEIBAPUTEIHHOTO HANPsDKEHUS 3aTsokek (L5).

Tabauya 2. Ycunusa u npocubvl nocepedune banrku

Hujicnue
banka-nymenpoeoo
. 3amANCKU
Ne Pacuémmnuvie
H3zz2ub. Ilpooon. Bepmukanvnoe
n/n | KomoOunayuu Hazpy3ox ITH
No. MH Momenm ycunue nepemeuienue
’ M, MHm N, MH Z, Mm

1 LS -50,83 1,97 569,75

2 L1+L5 -19,55 0,94 175,69
3 | L1+0,7L2+0,9L3+L4+L5 a 91,59 11,68 -235,62
4 | L1+L2+0,7L3+0,9L4+L5 80,45 10,92 -186,71

3) LS -53,91 0,52 642,02

6 L1+L5 10 -24,79 -0,52 255,12

7 | L1+0,70L2+0,9L3+L4+L5 ’ 84,58 10,18 -155,58

8 | L1+L2+0,7L3+0,9L4+L5 73,62 9,43 -106,95

9 LS -60,11 -2,32 787,04
10 L1+L5 30 -30,84 -3,40 399,54
11 | L1+0,7L2+0,9L3+L4+L5 ’ 78,83 7,18 -12,65
12 | L1+L2+0,7L3+0,9L4+L5 67,83 6,45 37,04
13 L5 -66,34 -5,11 932,54
14 L1+L5 50 -36,93 -6,23 544,45
15 | L1+0,7L2+0,9L3+L4+L5 ’ 73,02 4,28 131,57
16 | L1+L2+0,7L3+0,9L4+L5 61,98 3,56 180,63

[TonyuenHble pe3yabTaThl [JIsi CEUEHUs] B CepeuHe IpoJsieTa Oaliku
MyTENPOBO/Ia MOKA3bIBAIOT BO3MOXKHOCTh MOHMKEHUSI M3THOAIoero MOMEHTa,
MPOJIOJIBHOM CHJIBI U TIEPEMEIIEHUN B BEPTUKAIBHOW IMJIOCKOCTU MPHU CO3JaHUU
MpPEABAPUTEILHOTO  HAMNpsDKEHUsI  3aTsDKeK  Oallku  MyTenpoBoja,  4TO
obOecrnieunBaeT BO3MOXKHOCTh PETYJIMPOBAHUSI YCUJIMA B OCHOBHBIX 3JIEMEHTaX
apOYHO-BAHTOBOM CHCTEMBI B IMPOLECCE DHKCIUIyaTalMM W TEM CaMbIM
CYIIECTBEHHO CHU3UTh METAUNIOEMKOCTh ITPOEKTUPYEMON KOHCTPYKIIUH.

B cBA3u ¢ OTCYTCTBHEM CIELMAJBHBIX TEXHUYECKUX YCIOBUUA Ha
IPOCKTUPOBAHUE  COOPYKEHUM U1  BBICOKOCKOPOCTHOI'O  TPAHCIIOPTA
npenesbHOe 3HAUYCHHE I POorubda 1einecooopa3Ho Ha3HauuTh paBHBIM 1/600
OT TJIaBHOTO TmposietTa L, Kak HOpMHpYETCS B HOpPMax IO MPOEKTHPOBAHUIO
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MOCTOB [24], uTo fgaet mpeaenbHyio aedopMaliinio uwin nporud f, = 600 MM npu
L =360 m nuss BCTM B padouem coctosiuuu [3].

Takum oOpazoM, npuemiemMbiM OyneT co3nanue [TH HIDKHMX 3aTsxek C
ycuaueM g0 5,0 MH Ha cragusax (L5 — rmaBHOM cOopka Oanky U3 CEKIUi) U
(L1+L5 — ycranoBka Oanku B pabodee COCTOSHHE Ha MPOSKTHYIO OTMETKY). B
CBSI3M C CHMMETPUYHBIM CEUEHHEM II€JeCO00pa3HO BBIPOBHATH MO MOJIYIIIO
YUCJICHHBIC 3HAYEHUS W3THOAIOIMX MOMEHTOB IS BEpXHEH M HIDKHEH TOUYEK
MOTIEPEYHOTO CEUEHUs OalKW, 4YTO TMMOYTH MONydwiock ¢ ycuwmmsamu [IH
No =5 MH (Tab6n. 2). IIpu stom, Omaromapst I1H, makcumanbHBIE MOMEHT
91,59 MHwm B 6anke camswmics no 73,02 MHwM (ua 20,3 %), 9To moaTBepxkmaaet
BbICOKYI0 3 dextuBHOCTh [TH. O1HaKO BO3HMKAET HEOOXOUMOCTH KOHTPOJIS U
perynupoBku ypoBHs [TH B npouecce skcmnyatanuu BCTM.

PACUETBHI KOHCTPYKIIUI MOPCKOT'O YYACTKA

JUIsI MOPCKOIO y4acTKa MarucTpajid, COCTaBJIECHHOTO JABYMs IPSIMBbIMH
neperonamu mexnay TIIY «Wxopa» — TITY «Kponwrraar», TITY «KpoHmraar»
— TIIY «Cectpopenk», XapakT€pHbl MAaKCUMAJIbHbIE HArpy3KH, YCWIHSA U
HanOospmme JuHbl KoJoHH Ha BCTM (Puc. 9). Ilotomy, B pacuere, moMuMo
TUNAYHBIX HAarpy30K, YYUTHIBAEMBIX B HA3€MHBIX YacTSIX MAarucTpajid, B
pacueTHO# cxeme OyayT y4acTBOBaTh yAapHbIC HArPY3KH OT HaBalyia cyaoB [25],
TONIIM JibJa W T.A. [lpeaBapUTENbHO TNPUHATO pEUIEHUE O MPOXOKICHUU
TPAHCIIOPTHOM MAarucTpaid Haj axkBaropuerd @OUHCKOro 3aiuBa, C JJIMHON
ydactka, kpartHou mposery 180 M, u chopoexktupoBath BCTM, 4T0oOBI HE
IPENATCTBOBATh IMYyTSIM NPOXOXKAEHUS KopaOenbHBIX (hapBaTepoB (OCHOBHOM
dapBarep Ne 2 Ha 3amagHoM ydactke mupuHoi 156 M u dapsarep Ne 13 nHa
ceBepHoM tpunoi 80 m), 6e3 «Haezna» Ha nam0y u KAJl. Maructpans numeer
OCHOBHOI YPOBEHB PEIBCOBOrO IyTH ISl HAI36MHOTO U HAJIBOJHOTO OIIOPHOIO
0asuca, mMpUHATHIM 10 bantuiickoii cucreme BbICOT Ha oTMeTke +88,00 m.
HanzemHast 4acTh KOHCTPYKIMM TakK K€ MPEACTABICHA B BUJIE apOYHO-BaHTOBOM
MHOT'OITPOJICTHOW crcTeMbl 13 apok mposietoM L=360 m u L=180 m (B kpaitHux
npojetax) M BbicoTod Oosnee 100 M, MO3TOMYy OTHOCHTCS K KaTerOpHH
BBICOTHBIX M OOJIBILIETIPOJIETHBIX COOPY>KEHUIA.

Jist  ompexaenieHUs JJIMH  KOJIOHH MAarucTpalid, PaclojOKEeHHbIX
HEIMOCPEJICTBEHHO B BOJAX 3aJMBa, HUCIOJb30BaHbl KapThl TNTyOUH DUHCKOIO
3aiuBa, M0 KOTOPBIM MOCTPOEHBI MPOJO0JIbHBIE NPOGUIN MAaruCTPaIl C YYeTOM
penbeda mectHocTH (Puc. 9).
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Puc. 9. [IpoaonpHbIi PO UIIb MaruCTpaId Ha Y4acTKe
TITY Wxopa — TITY Kponmraar

Hanpumep, koji0HHA, pacronoKeHHas BOJU3H MPOXO0XKACHUS (papBaTepa,
OyJeT MMEeTh MakCUMalbHyI0 JIMHY 96,0 M, BKIIIO4asl MOABOAHYIO 4acTh (0e3
ydera TiyOHHBI 3aJI05K€HUs CBAaWHBIX (pyHAaMeHTOB). lJIsl JaHHOTO MpoJieTa C
¢dapBatepom Ne 2 BBINONHEH CTaTMYECKUH pacyeT W MOJA00p CEYEHHH Ha
JEUCTBYIOIME HArpy3Ku C YYETOM IPEABAPUTEIBHOTO HATSDKEHMS OTTSIKEK M
IIOJIBECOK, a TaKkKe C YYETOM MAKCUMAJbHBIX AaMIUIMTYZ PE30HAaHCHBIX
Koie0aHUN CHUCTEM OT JAMHAMMYECKON COCTaBISIOLIEH BETPOBOM HArpyskw,
BKJIFOYAsl yYET HEJIMHEWHOCTH, YTO IMPEAYCMOTPEHO MPOrPAMMHBIM ITAKETOM
SCAD.

ITo pesynpraTam pacuera, OBUIA TIOJTYYEHBl YHUCJEHHBIE 3HAUYCHUS
BHYTPCHHUX YCHJIMH W TiepeMelneHuii B adneMeHTax wmaructpanu (Puc. 10),
npexe Bcero B riiaBHoM Oanke (Tabu. 3).

Jlanee, 1o TMOJY4YEeHHBIM 3HAUYECHHUSIM YCWJIMHA M TPOruOOB ObUIK
NoJ00paHbl CEYEHMS] DJEMEHTOB KOHCTPYKIMH. B pe3ynbrare B KadecTBe
OCHOBHBIX HECYIIMX 3JIEMEHTOB ObUIM MPHUHATHI CTaJbHBIE TPYObI OOJIBIIOrO
nuameTpa u3 ctanu C345. Tak riaBHas TpaHCIOpPTHAas Oajika COCTaBJIEHA W3
geTeipex Tpyo mmamerpom 3,0 M ¢ TommuHOM creHKH 16 mMm. KosionHa wu
pureny, oOpa3ylolIMe HECYIIyl0 paMy BBINOJIHEHbl W3 CTAJbHBIX TpPYyO
HapY>KHbIM auamMeTpoM 3,8 M C TOJIIMHOW CTEHKH 25 MM, TMpPH OTOM
BEPTHUKAJIbHBIEC JJIEMEHTHI BBINOJIHEHBI TPYOOOETOHHBIMH. ODJIEMEHTHI apKu
3aMpOEKTUPOBAHBI M3 TPYO TOTO ke nuamerpa 3,8 M ¢ TonmuHoi cteHku 40 M.
[IWJIOHBI 3aIIPOEKTUPOBAHBl B BHUJE PAMHOW CHCTEMBI, CTOMKH KOTOPOU
IpEeICTaBICHbl TPYOOOETOHHBIMU DJIEMEHTAMH, SIBISIOIIUMHUCS MPOIOJKEHUEM
CBAMHOM IOJA3EMHOM YaCTU KOHCTPYKLUMU. JUIsi CONPSIKEHUS 4acTEed U CEeKUUU
PUMEHEHBI OOJITOBBIE COEIMHEHUS HAa BHICOKOIIPOYHBIX OOJTaX.

Takum 00pa3oM, pa3zpaboOTaHbl OCHOBHBIE HECYIIHE CTPOUTENIbHbBIE
KOHCTpYKIMH, oOecneunBaroniye GyHKIMOHUPOBAHUE, TPEOYEMYIO HAJIEKHOCTb
u 6e3onacHocth BCTM.
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Puc. 10. Homepa 31€MEeHTOB pacyeTHON CXEMBbI

No ai-ma N; kH M; kHm
1 -46905,1 -48510,6
2 6950,118 -81629,2
3 7887,439 102999
4 9994,855 129767,3
5 6550,059 -127337
6 -45659,3 -48551,8
7 -44229,7 30715,04
8 -45821,3 31057,04
9 -20706,8 -9265,37

10 -20557,6 -3235,43
11 -22352,1 -3515,69
12 -22215,4 6652,97

13 -23667,6 -4357,59
14 -23969,2 12849,27
15 -20635,5 13097,92
16 1909,339 -

17 1372,681 -

18 5934,48 -

19 5008,292 -

20 5201,706 -

21 5172,264 -

22 1121,762 -

23 1082,73 -

24 1076,467 -

25 1088,211 -

Tabnuya 3. Pacuemnvle ycunus @ s1eMenmax pacuemuoul cxemol
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B kauecTBe BaHTOBBIX KOHCTPYKIIMN MPUHATHl OUUHKOBAHHBIE KaHATHI
MapkupoBouHbIid rpynnsl 1670 MIIa, nuamerpoM 120 MM, BBITIOJTHAIONIAE PO
MOJIBECOK M MOJJIEP>KUBAIOLIUX TTIABHYIO OalKy, KaHAThI 1uaMeTpoM 70 MM, JIs
CBs3€H W mepelayu yCWIMid Ha OalKy, a TakXe KaHaTbl AuameTpoM 60 MM u
IUIOLIABIO0 CEYEHUS, BBIMOJIHSOIINE POJIb BETPOBBIX OTTSDKEK - BaHT.

OpHEHTUPOBOYHBIN pacxoJ Ha BCE CTAJIbHBIE 3JIEMEHTHI OOJBIIOrO
npoJsieta 360 M, BKIItOYasi KOJOHHY-NMIJIOH, cocTaBui 7714,8 T unu 21,43 T Ha
IOT. M JJIMHBI MarucTpasu.

Ha cnenyromem sTane pa3pabOTOK MO JAHHOM TeMe IUIaHUPYETCs
BBIIIOJIHUTh TEXHUYECKUU MPOEKT mNo cienyromuMm ywyactkam BCTM: TIIY
«Tatunnay - TITY «Poi6ankoe» u TITY «CrpensHay - TITY «xopay.

3AKJIIOYEHUE

1. TlpencraBieHbl pe3ysabTaThl UHUIIMATUBHBIX CTYJIEHYECKUX HAYYHBIX
paspabotok CIIGI'ACY no teme «IHHOBaIIMOHHBIE MTPEAJIOKEHUS IO CO3IaHUIO
BBICOKOCKOPOCTHOM TpaHCropTHOM cuctembl Cankt-IleTepOypra», a MMEHHO:
MOJICpPHHU3ALMS CXEMBI MPOKJIAJKN TPAHCIIOPTHOM MAruCTpaliv; ApXUTEKTYpPHAS
KOMITOHOBKA 3JJaHUM TPAHCIOPTHO-TIEPECATOYHBIX Y3JIOB; HCCIEHOBAHUE
MpeIBapUTEIbHO-HANIPSKEHUS 3aTSHKEK M BAHT HA CHUYKCHUE OCHOBHBIX YCHIIMI
u jgedopmaiuii JIEMEHTOB; pacyeThl KOHCTPYKLUMM Haubojee BBICOKOTO H
Harpy>KeHHOro MOpCKOro y4dactka. Ha nmanHom stamne pa3paboToK MpejioKeHa
HOBasi A PekThBHAS CXeMa BBICOKOCKOPOCTHOM TPaHCIOPTHOM MarucTpaiv B
Cankrt-IletepOypre, orTiauuaromiasics ¢GopMod B BUIAE  Pa3OMKHYTOIO
MHOT'OYTOJIbHUKA C TPAHCIOPTHO-NIEPECATOYHBIMHU Y3JIAMU B yTJIaXx.

2. JlanHO€  TPEANpPOEKTHOE  MPEJIOKEHHWE  BBICOKOCKOPOCTHOM
TPaHCIIOPTHOM CUCTEMBI, ycTpauBaeMoi Ha rpanuiax cBsizu Cankt-IleTepOypra
n  JlemmHrpajacko — obiacth, TO3BOJUT  oOecrneuuth  AHPEKTHUBHYIO
TPAHCIIOPTHYIO CBSA3b MErarojuca ¢ arjoMepanusaMu JIeHuHrpaackon o6acTw,
oOecrieunBast Il  BBICOKOCKOPOCTHOM  MAruMCTpaJii  pacyeTHBI 00beM
MACCaXUPOIEPEBO30K B CYTKH, COMOCTABMMBIM C JIAHHBIM IIOKa3aTeseM i
JIMHUU METPOTOJIUTEHA.

3. VYkazaHHas BBICOKOCKOPOCTHAsi TPAHCIOPTHAsi MarucTpaib SBISIETCS
BEChMa aKTyaJlbHbIM TpPaHCHOPTHBIM oO0BekTOM i Cankt-lIleTepOypra u
Jlenunrpaackoid 00JacTH; Kak OXHUJAETCS, OHa JIOJhKHA 00eceduTh
BBICOKOCKOPOCTHOE OKPY>KHOE MEPEMENIEHUE MaCcCAKUPOB KAK C CEBEpa Ha IOT,
TaK U C 3amaja Ha BOCTOK M OOpaTHO, MUHYS OCHOBHBIC TPAHCIIOPTHBIC MyTH
METAaIoJIMCa, MPEOJ0JIEBAs €CTECTBEHHBIE M WCKYCCTBEHHBIC MPErpaabl M
MPOXOJAsl HaJ BBICOTHOM IUIOTHOM 3aCcTpOMKOM. Tak MNpOaOKUTEIbHOCTh
npoe3nga ot TIIY «Peibarkoe» mo TITY «KpoHmrTanr», pacnoioKeHHBIX Ha
CXEME TMaMETPAIbHO, COCTABUT BCETO IMOJYACA.
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ABTOpBI 3aIBJISIOT, YTO:

1.
2.

VY HHUX HET KOH(IMKTa HHTEPECOB,;
Hacrosmas cratesi He COICPKUT KaKHX-THOO HCCIEIOBAHUHM C y4acTHEM JIIOJCH B
Ka4ecTBe 0OBEKTOB UCCIIEJOBAHUM.
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MOJEJIb PE3YJIBTATUBHOI'O PBIHKA U TEXHOJIOT'UA
I'PY30BbIX KEJIE3HOAOPO’KHbBIX IIEPEBO30OK

O6ocHoBanme: [Iporeccel nuOepaiM3amyy, MOMBITKA MEPEX0/a KEIe3HOIOPOKHON
OTpacJiid Ha HOBYIO MOJIEJIb PhIHKA (PbIHKA CBOOOHOM KOHKYPEHIINH) 0€3 COOTBETCTBYIOLIUX
MU3MEHEHHH COCTAaBJISIOIIEH MOJIeNTM, HETaTHMBHO CKAa3bIBAIOTCA Ha 3(P(PEKTUBHOCTH PaOOTHI
JKEJIE3HOJJOPOKHOIM OTpaciu U Ha pPe3yJbTaTUBHOCTH PHIHKA TPY30BOTO >KEIE3HOJOPOKHOTO
cepBHuca.

B Hacrosimieli ctatbe npeanaraeTcs B3rAsSHYTh Ha MPoOJieMy HE ¢ MO3UIIUN N3MEHEHUs
(dopMBI COOCTBEHHOCTH B OTpacid U (OPMHUPOBAHUS PhIHKA CBOOOTHON KOHKYPEHIIHH, a C
MO3UIMH TIOUCKA PABHOBECHS TEXHOJIOTHH paOOThI U MPUMEHSEMOIN MOJIEIH PhIHKA IPY30BBIX
JKEJIE3HOJOPOKHBIX IepeBo30K. lccinenoBaHue OCHOBaHO Ha W3BECTHOM KOHLEHIUU
Industrial organization. ABTOp paccMaTpuBaeT PHIHOK KakK >KUBON MEXaHU3M, PEearupyromuii
Ha U3MEHEHUS €ro COCTABIIIONINX B PAMKAaX CBOETO IOJIS, HE TOJIBKO KaK MECTO COBEPIICHUS
C/IeNOoK. Pe3yiabTaTUBHOCTh pBIHKA T'PY30BBIX HKEJIE3HOJOPOXKHBIX IEPEBO30K BO MHOI'OM
3aBUCHUT OT TEXHOJOIMM CO3JIaHUsl IPY30BOr0 KENe3HOAOPOXHOro cepBuca. Ilpemnaraercs
c(hOopMHUPOBATh PHIHOYHYIO MOJIEh OPUEHTUPYSICh HE HA BHJ KOHKYPEHIIHH, a HA HEKOTOPYIO
TapMOHHUIO TEXHOJIOTUU TPY30BOTO JKEJIE3HOJOPOKHOIO CEpBHCAa U pBIHKA, TOYHEE
pPaBHOBECHSI COCTABJISIOIINX CEPBUCHOTO PHIHKA.

Hesn: onpenenuTs MOAETb PE3YJIbTAaTHBHOTO PBIHKA T'PY30BBIX JKEIE3HOIOPOKHBIX
NEPEeBO30K, NMPU KOTOPOM >KEJIE3HOJOPOXKHAS OTPACiIb CMOXKET IMOKa3aThb MaKCHUMaJIbHYIO
3¢ (PEKTUBHOCTS.

Metoabl: SKCIEpTHas OLIEHKA TIONBITKM HW3MEHEHHS MOJENIU PhIHKA TPY30BBIX
KENIE3HOIOPOKHBIX  MEPEBO30K; AaHAIM3 TNPUYMHBI Pa30aTaHCUPOBKA HIKOHOMHYECKOTO
MeXaHU3Ma MePEeBO30YHON JEATENILHOCTH B c(epe TPY30BBIX JKEJIE3HOIOPOKHBIX MEPEBO30K;
MIOTIBITKA CTPYKTYPUPOBATh IENN PE3yJIbTATUBHOTO PBHIHKA TPY30BBIX IKEJIE3HOJOPOKHBIX
NIEPEBO30K.

Pe3ysabTaThl: TpENCTaBICHAa aBTOPCKas TPAKTOBKA MOHATHI: «PBIHOK TPY30BBIX
KENE3HOJIOPOKHBIX TEPEBO30K», «IDKOHOMMKA TI'PY30BBIX JKEJIE3HOJIOPOKHBIX IEPEBO30KY,
«Bnagenen mpouecca Ipy30BBIX JKEJIE3HOIOPOKHBIX MEPEBO30K», «YYAaCTHUK Ipoliecca
IPY30BBIX JKEJIE€3HOJAOPOXKHBIX MEPEBO30K»; MPEUIOKEHA MOJIENb PE3YJIbTaTUBHOIO PBIHKA
IPY30BBIX KEJIE3HOJAOPOKHBIX MEPEBO30K, CHOPMUPOBAH 00pa3 M LEIH Pe3ylbTaTUBHOTO
PBIHKA TPY30BOT0 KEJIE3HOJOPOIKHOTO CEpBHUCA.

BeiBoabI: 10 pe3ynbTaTaM  HCCIENOBAHUS MOTYT OBITH  cHOPMYyITUPOBAHBI
peKoMeHIaluu 1o  (OPMUPOBAHUIO COATAHCUPOBAHHON MOJIENH PpPBIHKA TPY30BBIX
JKEJIe3HOJJOPOKHBIX IEPEBO30K U KOPPEKTUPOBKE 1IE€JIEH U CYILIECTBYIOIIEH MOIETH PhIHKA.

Kniouegvie cnosa: pe3ynbTaTUBHBIA PHIHOK IPY30BBIX XKEJIE3HOLOPOKHBIX NEPEBO3OK,
LIEIM PEe3yJIbTaTUBHOTO PBHIHKA I'PY30BBIX JKEJIE3HOAOPOXKHBIX IEPEBO30K, MOJEIb PbIHKA,
BJIAJI€JIEL] ITPOLECCA, YHACTHUK MPOLECCA, MOJIE PIHKA.
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Rubric 4. TRANSPORT ECONOMICS

© D. S. Belnitsky
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(Moscow, Russia)

MODEL OF EFFECTIVE MARKET AND TECHNOLOGY
OF FREIGHT RAILWAY TRANSPORTATION

Background: Liberalization processes, an attempt of the railway industry to transition
to a new market model (free competition market) without corresponding changes in the
component of the model, negatively affect the efficiency of the railway industry and the
efficiency of the freight railway service market.

This article proposes to look at the problem not from the standpoint of changing the
form of ownership in the industry and the formation of a free competition market, but from
the standpoint of finding an equilibrium between the technology of work and the applied
model of the freight rail transport market. The research is based on the well-known Industrial
organization concept. The author views the market as a living mechanism that responds to
changes in its components within its own field, not only as a place for transactions. The
efficiency of the freight rail transport market largely depends on the technology for creating a
freight rail service. It is proposed to form a market model focusing not on the type of
competition, but on a certain harmony of the technology of freight railway service and the
market, or rather the balance of the components of the service market.

Aim: to define a model of an efficient rail freight market. in which the railway
industry can show maximum efficiency.

Methods: expert assessment of attempt to change the model of the railway freight
market; analysis of the reasons for the imbalance in the economic mechanism of
transportation activities in the field of freight railway transportation; attempt to structure goals
of an efficient railway freight market.

Results: the author's interpretation of the concepts is presented: "The market of freight
rail transportation”, "The economy of freight rail transportation”, "The owner of the process
of freight rail transportation”, "Participant of the process of freight rail transportation”; a
model is proposed, the image and goals of an effective freight railway service market are
formed.

Conclusions: Based on the results of the study, recommendations can be formulated
on the formation of a balanced model of the rail freight market and adjusting the goals and the
existing market model.

Key words: efficient rail freight market, goals of an efficient rail freight market,
market model, process owner, process participant, market field.

BBEJAEHUE

DOxoHOMHUYECKHE TIpeoOpa3oBanusi B Poccum — aumbepanuzanus,
NpUBATH3AIMS U JCIICHTPAIHM3AIIHS YIIPABICHHSI, OCYIIECTBISUIUCH B pacueTe Ha
ABTOMATHYECKOE PETYIMPOBAHUE PHIHKA MIPHU UCKIIFOUEHUH TPAKTHUECKU BCSKOM
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MO3UTUBHOM  PEryJMpYIOUIEH PO TOCYIapCTBa  CJIOXKHBIX  IPOIIECCOB
U3MEHEHUs (OPMBI COOCTBEHHOCTH, IOCTPOCHHUU PBHIHOYHOTO MEXaHU3Ma
cnenupUKy TEXHOJOTUYECKHUX MPOIECCOB B PA3IIMUHBIX OTPACIISIX SKOHOMUKHU U
pacnpeneneHus MaTepUaIbHBIX Ouar. N3meHenus, MPOBOINMBIC
KEJE3HOAOPOKHBIMU pedopmaTopamu, HE CTaJIn HCKJTIOUYCHUEM.
KenesnonopokHasi OTpacib NpeObIBACT B COCTOSTHUU OOJIC3HU, TEXHOJOTHS
CO3/IaHUsI CEpBHUCA TPY30BBIX IEPEBO30K XOTS M crmocoOHa oOecrneynBaTh
peanu3aIio TPy30BBIX MEPEBO30K, HO KpaitHe Hed(h(EKTHUBHA, YTO OTpaKaeT
TPAHCIIOPTHAsE ~ COCTaBsIOIIasi B 1IEHE  TOBAapOB, MIEPEBO3UMBIX
YKEJIE3HOIOPOKHBIM TPAHCIIOPTOM. B HacTosIleM HcClieIOBaHUM MPEINPUHITA
MONBITKA ONPENEIUTh U NPEMJIOKUTh HEKOTOPHbIE M3MEHEHHS] B peaIu3yeMou
CETOJIHSI MOJIETIM PBhIHKA TPY30BBIX KEJIE3HOJIOPOKHBIX MEepeBo3oK. B pabote
UCTIONIb30BaHbl (yHIaMeHTanbHble Tpynel: Tirole J., Scherer F.M., Ross D.,
Shepherd W.C., JIsBoBa JI.C., Tpetbsixa B.I1., CmexoBa A.A., I'pomoBa H.H.,
[lepcuanoBa B.A., Mupotuna JIL.Lb. u aAp., wucciaegoBaHUsA HKCHEPTOB
HannoHallbHOTO  MCCIENOBATENbCKOTO  yHUBEpcHTeTa «BbIcmas — mIKoJia
SKOHOMHUKW» U  KOHCANTUHroBod  kommanuu  “Ernst & Young”, a
TaKke COOCTBEHHBIN JTMYHBIN OMBIT PaOOTHI Ha KEJIE3HOJOPOKHOM TPAHCIIOPTE
Y B KOHCAJITUHTOBOU JI€SITEILHOCTH B 00JIACTH MEHEKMEHTA U JIOTUCTUKH.

B3ANMOCBA3b MOJEJIN PBIHKA U TEXHOJIOI'MA
HNPOU3BOJACTBA CEPBUCA

OtpacneBasi opraHu3anusi SKOHOMHUKH MPEICTaBISIETCS U OOBSICHSICTCS
CUCTEMHBIM  B3aUMOJEWCTBUEM CTPYKTYpbl, TEXHOJOTUHU, TIOBEJACHUSI H
pe3ynbTaToB. B3aumonelicTBue M B3aMMOCBSA3b 3TUX IOJCUCTEM BO MHOI'OM
ONPENENSAIOT  pPe3yNbTaTUBHOCTh  OTpaciu. TpaHCHOpPTHAas  oOTpacip H
KEJIE3HOJOPOKHAs MOAO0TPACIb HE SIBISIFOTCS UCKIIOYeHHEM. B3auMopencTBys
C pemieHrueM IMpoOJieM HSKOHOMUYECKOTOo BbIOOpa W MPUHSTHS PEIICHUN B
YCIOBUSX HEOMPEIEICHHOCTH, MHOTO(DAKTOPHOCTH U MHOT033Ja4HOCTH, TEOPHUS
U TpaKTUKa DKOHOMHUKH OTPACIIEBBIX PHIHKOB IO3BOJISIOT paIlMOHAIBHO H
aJIeckBaTHO TPaKTOBaTh TMPOOJEMBI  Pa3BUTHS  OTpaciv, HCIOIH30BAThH
TEXHOJOTHUECKHE PEIICHUS, OMPEICNSITh CTPATETHUI0 PA3BUTHUS WM TIOBEICHUS
OpraHM3aliy s JOCTIDKEHHUS Jy4IIUX pe3yJbTaTOB, OPHUEHTHPOBATh W
MOTHBHPOBATH MIEPCOHAT U T..

B namel crtpane Xene3HOAOPOXKHBIM TPAHCIIOPT KAK M3BECTHO SBJISUICA
MOHOIOJIMEH, HO B pe3yjibTaTe CTPYKTYPHBIX HW3MEHEHUH MPOU3O0IILIO
pacrpezieieHue IMOTPY30YHBIX PECypcoB (BaroHoB), TOYHEE, MX IMepegadya B
YacTHOE BIIJICHHE, BCIECICTBUE YETO TEXHOJOTHs, KOTOpas co3aBajia CEpBHUC,
YIOBJETBOPSIOUINI MOTPeOHOCTH B TMEpPEeBO3Kax TIPYy30B, CTana TEPsTh
abdextuBrocTh. [lo cytu, co3manmnas B CCCP TexHomorust pabOThI
KEJIE3HOJOPOKHOTO  TPAaHCIOpTa  yTpaTWia  CHCTeMy  IUIAaHMPOBAHUS
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TPAHCIIOPTHOTO TMPOU3BOJACTBA W A(P(HEKTUBHBIE TEXHOJOTHUU YIPABICHUS
MapKOM MOPOKHUX YHUBEPCAIBHBIX BATOHOB: «IIAXMATKY» H «PETYITUPOBKYY.

VYrpaBieHue MNepeBO30YHBIM MPOIECCOM CeHvac ACleHTPaTUu30BaHoO,
UHCTPYMEHTApUS JJIs YIIPaBICHHS MEPEBO30YHBIM MPOLIECCOM, YUHUTHIBAIOIIETO
9TH W3MEHEHHUs, HE MPEAJIOKEHO U HE CO37aHO, XOTsI HEOOXOIMMBbIE PECYPChl
BO3MOXXHOCTH JJII 3TOTO OBUIM M TOKa OCTalOTCS JAOCTYIHBL. Peub uuer o
CO3/IaHMM HECKOJbKO W3MEHEHHON TEXHOJOTHUH IEepPeBO30YHOrO TMpolecca,
peanuzyemon nocpencrsom IT-pemenuit, KoTopas MO3BOJMUT YHPABIATH 3TUM
IPOIECCOM B YCJIOBMSIX JCIEHTpPATU3AIMA CUCTEMbI YIPAaBJICHUA U TMEpPexoja
YHHUBEpPCAJbHBIX BAarOHOB OT OJHOTO Biajeiblla KO MHOTUM COOCTBEHHHKAM.
OTa TEXHOJOTHs MPEACTaBISIET COOON TMHAMUYECKYIO0 MOJIENb TUIAHUPOBAHUS U
peanu3aimy nepeBo30vHOro nporecca (HeKyl «IMHAMHUYECKYIO IIaXMaTKy», Ha
0a3e KOTOpOM M peanusyercs IUIAHUPOBAHUE IMPOU3BOJICTBEHHBIX PECYpCOB,
00eCreunBaOIIUX TPOIECC TPY30BbIX KEJIE3HOJOPOKHBIX MEPEBO30K) MpH
y4acTUH BIaJieNiblia UHPPACTPYKTYphl, IEPEBO3UNKA, COOCTBEHHUKOB I'PY30BBIX
KEJIE3HOJOPOKHBIX BAaroHOB U BJAJEJbIEB TIPy30B (TPy300THpaBUTENEH U
rpy3ononydaTenieil), B OCHOBE KOTOPOM JEXHT Ta K€ «IIaXMaTrkay |
COOTBETCTBHE CIPOCa Ha TPY30BBIE IMEPEBO3KH TEXHUKO-TEXHOJOTHYECKUM
BO3MOXXHOCTSIM BIaJieNiblla UH(PPACTPYKTYpHI, TIEPEBO3YNKA U COOCTBEHHHKOB
MOTPY309YHBIX PECYPCOB.

B pesynpTare m3MeHeHUS MOJAENM PBIHKA W OTCYTCTBHUSI TEXHOJOTHA,
YUUTHIBAIOIINX OTH HW3MEHEHHWs, BMECTO TOBBIICHUS A(HEKTHBHOCTU
NIEPEBO30YHON  JIEATEIBHOCTH  KEJIE3HOJAOPOXKHOTO TpPAHCHOPTAa B  YacTH
IPY30BBIX TIEPEBO30OK OBLJIO JOCTUTHYTO CHUXEHHE ee€ 2(h(HEKTUBHOCTH,
BO3HUKJIM 3aTPYAHEHUS B PeaM3allii TEXHOJIOTUYECKOTO MPOoliecca NepeBO3KH
I'Py30B JKEJE3HOJOPOKHBIM TPAHCIOPTOM. EcCTeCTBEHHO, 3TO OTPa3WJIOCh Ha
pe3yJIbTaTUBHOCTH PpPbIHKA TPY30BBIX JKEJIE3HOJOPOXKHBIX IEPEBO30K, Kak
CIIEICTBUE, MPUBEJIO K POCTY TPAHCIOPTHON COCTaBJISAIONIEH B LIEHE TOBApOB,
NEPEBO3UMBIX C HCIIOJIb30BAHUEM >KEJIE3HOJOPOKHOTO TpaHcnopTa. CeromHs
MOKHO KOHCTaTHpOBaTh, YTO MpHUMEHseMas B >KEIE3HOJOPONKHOW OTpaciu
MOJIeJIb PBIHKA HE TMpHUHECIa OXHUIAeMBbIX pe3yibTaToB. B cBsi3u ¢ »THM
BO3HUKAIOT JIOTHYHBIC BOIMPOCHI, YTO MOCITYKUJIO MPUIMHON Heynauu? HyxHo
JIY MEHSThH MTPOU3BOJICTBEHHYIO M PHIHOYHYIO MOJIEITH?

MMPOBJEMA OTPACJIEBOM KEJIE3HOJIOPOXHOM PE®OPMBI

OpraHuzanus IepeBO3KH IPY30B JKEIEC3HOJOPOKHBIM TPAHCTIOPTOM UMEET
HEKOTOPYIO Ccrenu(duKy B OTIWYHE OT APYTrux orpaciei. Co3maBacMbIid TIPH
TOM CEPBUC MPECTABISET CO00I MaccoBoe OOCTyKUBaHUE MOTpPeOUTENEH 10
OJHOM €IWHOW TEXHOJIOTUM OpPTaHU3alMH MEPEBO30YHOTO MpoIecca, KpoMme
TOTO, WHQPACTPYKTypa, Tsra, IMOTPY304YHBICE PECypchl U 00€CIeUnBAOIIHE
MO/Ipa3ICTICHUs SIBJISIIOTCA HEOTHEMJIEMON YacThl0 TEXHOJIOTHH TIPOW3BOJICTBA
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IPY30BOT0 JKEJE3HOJOPOKHOTO CEPBUCA, HA PHIHKE peaTu3yeTCsl MPOAYKT 3TOTO
MPOU3BOJCTBA. PBIHOK MOHOIOJHMHU COOTBETCTBYIOT TaKOW TEXHOJIOTHH
npousBojacTBa. KpaliHe 3aTpyJHUTENbHO HAa TaKUX pPBIHKaX peaJnu30BaTh
(GYyHKIIMOHAN JBYX BIAJENbIIEB MPOLECCOB WM ABYX MPOILECCOB B paMKax
OJIHOM TEXHOJIOTHH.

[Ipo6nema mpoBoguMoOil peopmbl, Kak MHE MPEICTABISICTCS, COCTOUT B
HEKOEM JucOanaHce TEXHOJIOIMU MPOU3BOJICTBA CEpBHUCA U MoJenu pbiHKaA. [lo
CYyTH, TPEINPHUHATA TOMBITKA BCTPAMBAaHUE MOJEIN PBIHKA COBEPIICHHOM
KOHKYPEHIIMM B MOJEIh PBIHKA €CTECTBEHHOW MOHOMOJIWU TIPU ITOM HE
U3MEHSSl TEXHOJOTMI0 Mpou3BOACTBA. CHUTyalMIO YCYTyOJISIET NOCTPOCHHE
MOJIEJIM PBIHKA TPY30BBIX JKEJIE3HOJOPOKHBIX IEPEBO30K Bpa3pe3 C TEOpHei
OTpacieBbIX pbIHOYHBIX CTpyKTyp (Industrial organization) [1,2,3] wu
COBEPILIEHHO HE YYUTHIBAs CHEIU(DUKY KEITE3HOTOPOKHON OTPACIIH.

OnpenenuMcs ¢ HEKOTOPBIMU MTOHSATUSIMU.

DOKOHOMHUKA TPY30BBIX JKEIIE3HOJIOPOKHBIX IEPEBO30OK — MEXaHU3M,
MPUBOJISIIIIANA OPraHU3aAIMIO MTPOLIECCa TPY30BBIX JKEIE3HOJOPOKHBIX MTEPEBO30K
B COOTBETCTBHUE CO CIIPOCOM Ha TIPY30BOM JKEJIE3HOJOPOKHBIM CEPBHC H
CIPOCOM Ha IEpPEBO3MMBIE TOBApbl. OJTOT MEXAaHU3M MPEACTaBIIAET COOOMU
HKOHOMHUYECKYIO CUCTEMY, LI€JIb KOTOPOM COCTOUT B PELICHUM KIACCUYECKUX U
(GyHIaMEHTAJIbHBIX 33]1a4: KaKUE CEPBUCHI CO3/1aBaTh U B KAKOM 00bEME; KAaKUM
o0pa3oM  HCIOJIb30BaTh  OTPAHUYEHHBIE  PECYpPChl  KEJIE3HOAOPOKHOTO
TpaHCIIOPTa HAa CO3JaHUE KaXJOro MpEUIaraéMoro Ha pbIHKE CEpBHUCA, T.€.
KAKyl0 TEXHOJIOTMIO MCIOJIb30BaTh JUIsl JOCTMXKEHUs OajaHca cmpoca H
MPEJIOKEHHs] Ha PBIHKE TPY30BBIX JKEJIE3HOJIOPOKHBIX TMEPEBO30K; Kak
pacnpenenuTh pe3yiabTaThl OT YKOHOMUYECKON JIEATeTbHOCTH MO0 OpraHU3aINH
NIEPEBO3KH I'PY30B JKEJIE3HOJOPOKHBIM TPAHCIIOPTOM.

PBIHOK Tpy30BBIX KEJIE3HOJOPOKHBIX IEPEBO30K MPEACTaBIsET CcO00it
noJie, TJE PEATM3yIOTCS SKOHOMHUYECKHE OTHOIICHUN MEXIy BiajelibllaMu
mpoliiecca >KeIe3HOJAOPOKHBIX TEPEeBO30K (MIPOUZBOAUTENSIMUA TPAHCIIOPTHBIX
yciyr  (Ipekae BCero MepeBO3YMKaMu), BIAAENbllAMH  TPAHCHOPTHOM
HHPPACTPYKTYphI, BiaAeibllaMyd TOJABMXKHOTO COCTaBa) MU MOTPEOUTEIIMU

TPaHCHOPTHBIX yCIIyT (Tpy30BiaienblIaMU, Ipy300THPABUTEISIMH,
rpy30M0JIy4aTesisiMU, BlIaJie]bllaMy TOTPY30UYHBIX PECYPCOB). PEIHOK Ipy30BbIX
HKEJIE3HOJOPOIKHBIX NEPEBO30K — 3TO OaJlaHCUPYIOIIHA WIH

paszbasaHCHUpYIONUH MEXaHU3M TPY30BOTO IKEJIE3HOJOPOKHOTO CepBUCA U
CIpoca Ha TPY30BBIC KEJIE3HOJOPOIKHBIC TIEPEBO3KH.

HccnenoBanus SKOHOMHKH OTPACJICBBIX PBHIHKOB M, B YaCTHOCTH, PHIHKA
IPy30MEepPEeBO30K, OCHOBBIBAIOTCS HA TMOMBITKAX HM3MEPUTh OOJBIIIOE YHUCIIO
0a3uCHBIX (PK30TCHHBIX) YCJIOBHUH, MPEXE BCETO: TEXHOJOTUU MPOU3BOJICTBA
CepBHUCa, MPEANOYTCHUS U TOBeJAcHUE mnotpedoutens u T. A. OgHako B
HACTOSIININX YCIIOBUSX COOpaTh peEnpe3eHTAaTUBHBIE [aHHBIE W JaTh WM
OJTHO3HAYHOE TOJKOBAHHME BEChMa 3aTPYJAHHUTEIIHHO, @ B OOJBIITUHCTBE CIy4acB
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U npocto HeBo3MoxkHO. OO0 rtom .M. Illepep u /. Pocc paccyxknanu B cBoei
pabore «CTpykTypa oTpacieBbiX pbIHKOB» [1]. C TOro BpeMEeHH Majo YTO
WU3MEHUJIOCH K JIy4IlIEMY.

Bonbiioit 0xBat ucclieIoBaHus U 3HAYUTEILHOE KOJIMUECTBO MOKa3aTenei
«pa3MBIBAIOT» €ro, HE TMO03BOJsAA CHOKYCHPOBATHCS HA TJIABHOW IICIIH.
@okycupysiCh Ha LEJIU OYEHb BaXXHO OINPEIEIUTbCS C TpaHUIlaMU
WCCJIEIOBAHUS, B CIIy4ae C KEJIE3HOJOPOKHOM OTPaCiblO, 3TO I'PAHULbI PhIHKA
IPY30BBIX JKEJE3HOJOPOXKHBIX CEPBUCOB (MpSIMbIE M HWHTETPUPOBAHHBIC B
MOJaIbHBIE CEPBUCHI TPY30BbIC KEJIE3HOI0POKHBIEC TIEPEBO3KH).

HecmoTpst Ha MONBITKM WU3MEHEHUSI MOJENH PhIHKA, YKEJIE3HOIOPOKHBIM
pedbopmaTopaM He yAAJIOCTh €€ H3MEHUTh IMOTOMY, YTO CaMa TEXHOJIOTHS
IPY30BBIX JKEJIE3HOJOPOKHBIX MEPEBO30K OCTANIACh HE M3MEHEHHOW, HE OBLIO
MPEIVIOKEHO HUYETO HOBOTO B TEXHOJOTMU OpPraHU3allid TEPEBO30YHOIO
mpoiiecca, a UHBeHTaphb (mapk rpy3oBbix BaroHoB MIIC) 3a HeOOMBINYIO YacTh
OT CBOEH CTOMMOCTH OBbLI TEpelaH YacTHbIM COOCTBEHHHMKAM [IJIsl CIa4yd B
apeHAy IMOJb30BaTEI0 CEpPBHCA TPY30BBIX KEJIE3HOJOPOKHBIX MEPEBO30K H
«BBIOPOIIIEH» U3 TEXHOJOTHMYECKOIro IMpolecca. B pesynprare uero ObLI
peann3oBaH MEPEeXo]] roCyAapCTBEHHOM COOCTBEHHOCTH B YacTHYIO, CO3JaH
PBIHOK TIOTPY30YHBIX PECYpPCOB M OOECIEYEHO YBEIMYCHUE TPaHCIOPTHOM
COCTaBJISIFOLICH.

Bce 3T0 nuIIb OCNOXKHUIO YINPaBIEHUE MEPEBO30YHBIM IMPOIIECCOM Ha
KEJIE3HOJOPOKHOM  TPAHCIOPTE M €CTECTBEHHO  OTpa3uWjoch  Ha
pEe3YJIbTaTUBHOCTU pPBIHKA J3TOro cepBuca. WHIUKATOpPBHI OTpa3wyid d3TH
W3MEHEHHUS], 1IeHA Ha MEPEBO3KY TI'PY30B KEJIE3HOJOPOKHBIM TPAHCIOPTOM C
Y4ETOM BCEX 3aTpar BJIAAENbIEB I'PYy30B 3alllarajia BBEpPX, MOrPy3Ka Ha CETH
YKEJIE3HBIX JOPOT IUIABHO, HO OYEHb YBEPEHHO CHMkaercs. Crenyromuil mar
pedopM — yBEITMYECHHE JKEJIE3HOJOPOKHBIX TapU(POB HA IEPEBO3KY TPY30B U ITO
B YCJIOBUSIX MIEPEOPUEHTAIIMN OM3HECA Ha PIHOK aBTOMOOMJIBHBIX TIEPEBO30K.

['maBHOE, B ueMm omuOMMCh pePopMaTopbl — OHM HE YUIM CTENEHb
KOppEJSIMUA MEXIY PHIHKOM M TeXHOJoTHel. BTopoe, eciu npeanpuHuMaeTcs
MONBbITKA M3MEHEHUsI MOJIEIM pPBhIHKA, TOTJa MEHAETCS W TEeXHOJOTHUS
MIPOU3BOJICTBA CEPBUCA, CTATYyC U B3aUMOJICUCTBHE €r0 YUaCTHUKOB. I3MeHeHue
dbopMBbl COOCTBEHHOCTH Ha JKEJIE3HOAOPOKHBIE IOTPY30UHBIE PECypChl HE
U3MEHWIO MOJIEJb PBhIHKA TPY30BOTO JKEIE3HOJOPOKHOIO CEpBUCA, a JIMIIb
CO3/1aJI0 KOHKYPEHTHBIH PBIHOK JKEJIE3HOAOPOKHBIX IMOTPY30UHBIX PECYPCOB
(«cOOKy» pBIHKA TPY30BBIX KEJIE3HOJOPOKHBIX MEPEBO30K), B JJAHHOM Ciyyae,
PBIHOK TPY30BBIX JKEJIE3HOJOPOXKHBIX BAaroHOB KakK aKTUBOB U PBIHOK
MOTPY30YHBIX PECYPCOB TPY30BOT0 JKEJIE3HOJOPOKHOrO TpaHcnopra. Kpome
TOro, U3MEHEHUSI (UTPbl C MOJEIBIO PbIHKA) MPHUBEIU K MOSIBICHUIO HOBBIX
aKTOPOB U TMEPEPACHPENICIICHUIO JI0XOJIOB OT MEPEBO30YHON AEATEIbHOCTH,
OCHOBHYIO JIOJIF0O KOTOPOTO IIOJIy4aeT HE OpraHu3aTop MEpPEeBO30YHOIO
npolecca, a Biajesiell NOTrPy304YHOIO pecypca, MpPU ATOM MPAKTHYECKH HE
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y4acTByd B IEpeBO30YHOM rmporecce. K coxalleHHio, TOBBIIIECHUIO
pe3yIbTaTUBHOCTH PBIHKA, a TeM Oosiee 3PGEKTUBHOCTH MPOIECCa TPY30BBIX
YKEJIE3HOJOPOKHBIX IEPEBO30K, 3TO HE CIIOCOOCTBYET.

CeromHss  5KOHOMHKA  TPY30BBIX  JKEJIE3HOAOPOKHBIX  IEPEBO30K
UCIIBITHIBAET 3HAUYMTENIbHBIE TPYAHOCTH, CBSI3aHHBIE C HM3MEHEHHEM MOJEIH
pPBIHKA TPY30BBIX >KEJIE3HOJOPOKHBIX IEPEBO30K, OTCYTCTBUEM OTPACIEBBIX
TEXHOJIOTUYECKUX PpEUICHUHM, OTPaXKarollUX SKOHOMUYECKHE W3MEHEHUS B
OTpaciau U SKOHOMHUKe P®, HecnpaBeIIMBBIM pPacHpelelIeHUEM JTOXOAO0B OT
NEPEBO30YHON JIEATEIBHOCTH U MPEIOCTABICHUS MOIPYy304YHBIX pecypcoB. Uto
MOATBEPKIAAI0 OLEHKH 3KCIEPTOB M OTYETHI O COCTOSIHUM >KEJIE3HOJIOPOKHOU
otpaciu [4]. Bce 310 ycyry0iisieTcss ”HBECTUPOBAHMEM aKTOPaMH MHOCTPAHHbIX
HPKOHOMUK (BKJIIOYasi HEMPOQWIbHbIC aKTUBHI). [Ipu Takom MOIOKEHUH JeN HE
CJIEIyEeT OKUJATh OT OTPACIEBBIX MPEANPUATUN I3 (HEKTUBHOCTH, a OT PHIHKOB —
pPEe3yIbTaTUBHOCTH.

HEJIM PE3YJIBTATUBHOI'O PBIHKA I'PY30BbIX
AKEJE3HOAOPOXHBIX IIEPEBO3OK

Kaxk uzBectHo napagurma 3ppeKTUBHBIX OTPACIEBBIX PHIHKOB COCTOUT U3
IIPEICTABICHUN 00 OKUAHUAX OOLIECTBA OT MPOU3BOJUTENEN TOBAPOB U YCIIYT,
KOTOpasi MPEICTaBIIAETCS KAK «CTPYKTypa — MOBEJIECHUE — PE3YJbTaTUBHOCTHY.
[IpUMEHUTENBHO K PBIHKY T'PY30BBIX >KEJIE3HOJIOPOKHBIX MEPEBO30K IMOHSITHE
PEe3YJAbTaTUBHOCTU €ro ()YHKIIMOHUPOBAHUS MHOTOMEPHO, BIpOYEM, KaK U s
JIpPYTUX OTpacieBbIX PHIHKOB. [IpaBuiibHOE oOmpeAesneHue Lelel BO MHOIOM
onpenenut 3PPEeKTUBHOCTh MOJICIN OTPACICBOrO PHIHKA.

JIist  pbIHKa TPY30BBIX >KEIE3HOJOPOKHBIX TMEPEBO30K MOTYT OBITh
OIPEENECHBI CIEAYIOIINE LETH:

1. B kadecTBe TJIaBHOW II€JIM CJEAYET OMNPEACIUTh JTOCTHKECHHE
rapMOHUHU MEXIY IOJb30BaTEISIMU T'PY30BBIX JKEJIE3HOJOPOKHBIX CEPBUCOB H
BJIAJI€JIBLIEM IPOLIECCA TPY30BbIX KEIE3HOJAOPOKHBIX MEPEBO30K (MOJararo, 4yTo
MMEHHO BJIAJIENIbIIEM, TaK KaK POCCUUCKHUI U 3apyOEKHBIM OMBIT MOKAa3aji, 4To
MakcuMalibHasi 3(G(PEKTUBHOCTh TPY30BBIX KEJIC3HOJOPOKHBIX TMEPEBO30K
JIOCTUTAETCS B YCIOBUSX PhIHKA «€CTECTBEHHONW MOHOTIOJIUM).

2. Koudurypanus cepBruca rpy30BbIX >KEJIE3HOAOPOKHBIX MEPEBO3OK U
00BEMOB TPY30BBIX JKEJIE3HOJOPOKHBIX IEPEBO30K, NpHU KOTOpoHl Oyner
BO3MOXXHO COOJIIOJICHHE OajlaHca pPacXoJI0BaHMS PECYpCOB M MOTpeOHOCTEN
0OIIIECTBA B TPY30BBIX JKEIE3HOJOPOKHBIX TIEPEBO3KAX.

3. OObecrnieyeHne TapaHTUPOBAHHOTO TOBBINMICHUS KAa4eCTBA TPY30BBIX
YKEJIE3HOJIOPOKHBIX TMEPEBO30K (CTENEHU YAOBJIETBOPEHHOCTH IOJIH30BATEINICH
YKEJIE3HOJOPOKHOTO TPY30BOTO CEPBHUCA), TPH CHUKCHUU OOIIECTBEHHBIX
U3JIEpP’)KEK U O0O0ECIeUeHUH YCTOMYMBOIO W JOJTOCPOYHOIO POCTa JOXOJOB
HaCeJICHUS.
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4. Bunagnener mpoiiecca Tpy30BbIX jKeJIe3HOIOPOKHBIX NEPEBO30K 00s3aH
00eCleynTh CHIKEHUE 3aTpaT HAa EIUHUIY TPAHCHOPTHOM MPOIYKIMU, HE
CHW)Kasi KayeCTBO CEpPBUCA, IOCTOSHHO COBEPIIECHCTBYS TEXHOJOTUYECKUN
npolLecc, MPUMEHS U UCIOJIb3Yysl HOBbIE TEXHOJOTHH U TEXHUKY, OOecreunBast
UHTETPAINIO C JAPYTUMHU BHIAaMU TpaHCHopTa. D(H(PEeKTUBHOE HCMHOIH30BAHUE
BJIQJICTIBIIEM IPOLIECCa TPY30BBIX JKEIE3HOIOPOKHBIX MEPEBO30K COOCTBEHHBIX
U PECYPCOB YYACTHHUKOB IPOLECCA IPY30BbIX KEJIE3HOJOPOKHBIX MEPEBO3OK, B
TOM YHCIIE TPYAOBBIX.

Bnagenen mporecca rpy30BbIX KEJIE3HOJOPOXKHBIX MEPEBO30K — JIMIIO,
YIOJHOMOUYEHHOE Ha OpPraHu3alfio Ipolecca KEJIE3HOIOPOKHBIX TPY30BbIX
NIEPEBO30K, KOTOPOE HECET OTBETCTBEHHOCTH 33 A((EKTUBHYIO U 0€30IacCHYIO
€ro peajau3altio, UIMEET B CBOEM OIEPATUBHO-TAKTUYECKOM PACIIOPSHKEHUM BCE
HEOOXOJMMBIE PECYpChl: TMEpCOHAN, HHQPPACTPYKTypy, MPOTrpaMMHOE H
anmapaTHoe oOecnedyeHue, HHQOpMAIMIO, TEXHUKY U OOOpYyIOBaHUE, BECh
HOJIBUYKHOM COCTaB JUCIIOIMPOBAHHBIM HAa MHQPACTPYKType M HaxXOIslIencs B
€ro pachopsikeHuu (BKJIIOYas TATOBBIM IMOJBUKHOM COCTaB M T'PY30BbIE
KEJIE3HOAOPOKHbIE BaroHsl), a TaKxKe pecypcbl YYaCTHUKOB
KEJIE3HOA0POKHOIO TPAHCIIOPTHOT'O MPOU3BOJICTBA.

VYyacTHUK mpouecca Tpy30BbIX KEJIE3HOJIOPOKHBIX MEPEBO30OK — JIMIIO,
HEIMOCPEJICTBEHHO YYacTBYIOLEE B TEXHOJOTMYECKOM MPOLECCE MNEPEBO3KH
IPYy30B  JKEJE3HOJOPOKHBIM  TPAHCIOPTOM, KOTOPOE MPEIOCTaBIsE€T B
OMEpPAaTUBHO-TAKTUYECKOE  TOJIb30BAaHUE  CBOM  HMHTEIUJIEKTyalbHbIE U
TexHojoruueckue pecypcbl, IT-rexuuky u 000pyaoBaHHME, NOTPY304YHbBIE
pecypcbl W JAp., HECEeT OTBETCTBEHHOCTb 3a BBIIOJHEHUE OIEparuii
TEXHOJOTMUYECKOro IMpoliecca, KOTOphle 00s13aJCs BINOJIHATh, UMEET MPaBO Ha
CIPABEJIMBOE pacHpeleICHUE.

5. OObecrnieyeHne  CIpaBeUIMBOTO  paclpeliesieHuss  JIOXOJ0B  OT
NEATEIBbHOCTH II0 NEPEBO3KE TI'PY30B JKEJIEC3HOJOPOKHBIM TPAHCIIOPTOM IS
oOecreyeHus: CTaOMIbHOCTH SKOHOMUKHU OTPACIU U TOCY1apCTBa.

6. MHrerpaumus Tpy30BBIX TPAHCHOPTHBIX CEPBHCOB B  EAMHYIO
TPAHCIOPTHYIO CUCTEMY, PEATM3YIOUIYI0 CBOM TPAHCIOPTHBIX TEXHOJIOTHH U
CEPBUCHI B CTPAHE U MUDE.

/. PerynsiTop pbIHKa JIOJDKEH OOECNeuuTh CTaOUIIbHOE M YCTOMYMBOE
pa3BUTHE HKOHOMHUKHU >KEJIE3HOAOPOXKHOW OTpaciivd, KOHTPOJb TapuQoB,
CIPABEAJINBOE PACIPEACIICHUE JIOXOJAOB OT MEPEBO30YHOM JEATEIBHOCTH H
yJIydlIEeHUEe KaueCTBa KU3HU YJICHOB OOIIECTBA, YYACTBYIOUIUX B OpraHU3alluu
IpolLiecca rPY30BbIX JKEJIE3HOJOPOKHBIX IEPEBO3OK.

JInst TOCTH>KEHUsI HACTOSIUX LEJIEM BaXKHO BBICTPOUTH B3aMMOJCHCTBUE
YYaCTHUKOB Ipoliecca 0COObIM 00pa3oM Ha OCHOBE IMOJIMTUKH KOHCEHCYCa U
IIOCTPOUTH MOJIENb PhIHKA TPY30BBIX KEJIE3HONOPOKHBIX nepeBo3ok. Ha Puc. B
COOTBETCTBUH €O C(HOPMYIMPOBAHHBIMH LEISIMH MIPEICTaBIeHa MOJienb (00pa3)
PBIHKA TPY30BbIX KEJIE3HOAOPOKHBIX EPEBO3OK.
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MOJEJIb PE3YJIBTATUBHOI'O PBIHKA I'PY30BbIX
KEJE3HOAOPOKHbBIX ITIEPEBO30OK

JlocTHkeHrE UEeNu MOCTPOCHUS MOJENIH PbIHKa TpeOdyeT oOpalleHus K
byHIaMEHTAIBHBIM ~ IIEHHOCTSIM, TPUMEHEHUS HOBBIX TEXHOJIOTHYECKHUX
PEILICHUIN U U3MEPUTENIEN CTENIEHN IOCTHXKEHUS OCTABJICHHBIX LIEJIEH.

[TonsaTHO, 4YTO TJIaBHAsA 1EJib JIOCTWXKEHHUS TapMOHUHM  MEXIY
IPOU3BOJAMTEISIMA W TOJIb30BATENIIMU JTOCTUTAa€TCAd TOJIBKO IPH  YCJIOBHH
MUHUMAJIbHBIX COOEB  pabOThl  PBIHOYHOTO  MeXaHH3Ma  (TEXHOJOTHH
NIEPEBO30YHOIO MPOIIECCa HA KEIE3HOAOPOKHOM TPAHCIIOPTE).

Onpenenenve M TMOHUMaHUE «oOpa3a pbHIHKA», OTPAXAIOMIETO 3Ty
rapMOHMIO, TpPEICTaBIeHO Ha Puc. DTo MoJenp pe3yJbTaTUBHOIO pPbHIHKA
IPY30BBIX KEJIE3HOJIOPOKHBIX MEPEBO30K, B KOTOPOW MPEANPUHATA MOIbBITKA
ONPENENIUTh CTPYKTYPHBIE M TEXHOJIOTMYECKHE MapamMeTphl, OKa3bIBAIOILINE
CYILIECTBEHHOE BIIMSHUE HA PBIHOK I'PY30BBIX JKEJIE3HOIOPOKHBIX IIEPEBO3OK.

Hacrosmas Mogens ocHOBBIBaeTCsl Ha ['apBapickoil mapagurme, OJHaKoO
UMEET HEKOTOPhIE OTIINYMS, KOTOPBIE COCTOSIT B HECKOJIBKO U3MEHEHHOU CXEMe
Kjlaccnyeckor ['apBapackoil mapagurmel. PEIHOK mpencTaBisieTcs Kak moJe, a
3¢ ()EeKTUBHOCTh B3aUMOJEHCTBUS JAOCTUTAETCS yepe3 KoHceHcyc. Kpome Toro,
yuyTeHa crnenupuka padoThl TI'PY30BOrO KEJIE3HOJOPOKHOIO TPAHCIIOPTA B
Poccuu, ero ungpactpykTypHas U TEXHOJIOTHYECKasE MOJECIIb.

Pe3ynbTaTUBHOCTh  pBIHKA JOCTUTAeTCs TMOCPEACTBOM KOHCEHCYyca
COCTABJISIIOUIMX pbIHKa M OajlaHca crnpoca W MPEeAJIOKEHUs] Ha TPy30BOMU
JKEJIE3HOJIOPOKHBIM CEPBUC, A TAaKKE€ HECKOJbKO WHA4Y€ BBICTPOECHHBIX
B3auUMOCBs3e. Takass Mozesb MO3BOJISET FAPMOHU3UPOBATH B3aUMOICHCTBUE
YYaCTHUKOB PbIHKA U TEXHOJIOTHIO MPOU3BOACTBA CEPBHCA.

[Tone phiHKa — 3TO YETKHE TpaHUIBl PHIHKA (apeHa), IMO3BOJSIONINE
MOCTPOUTh €r0 MOJIeNIb, B paMKaX KOTOPOW aKTOpPbl BBICTPAMBAIOT CBOE
MOBEJICHUE, OPUEHTUPYSACh HA TO3UIIMHU M BJIACTH KaXI0ro U3 HuX. ['1e obmras
1[eJIb BCEX YYaCTHUKOB PhIHKA — HE BBIJJABUTH O0JIee CIa0bIX 3a Mpeeibl oJis, a
JIOCTHYb TaKOrO MOJIOXKEHUSI KaXKJOT0 M3 YYAaCTHHUKOB, NMPU KOTOPOM CTaHET
BO3MOXXHA CTaOWW3alusl pbIHKA, TO3BOJIAIONIAS PHIHKY BBDKMBATH W
pa3BUBaTbcA €€ YUaCTHUKAM B OTHOCUTENBLHO JI0JATOCPOYHOM MEePCIEKTHUBE.

CtaOMILHOCTH pBIHKA JIOCTUTAETCS a0COJIFOTHO MOHATHBIMA
UJECHTUYHOCTBIO M UEpapXuell y4YaCTHUKOB PbIHKAa (JIMIEPOB U ayTcailiepoB),
I7I€ BCE OHM pa3ENsiOT KOHIEMIMIO KOHTPOJIS, HAMPAaBISAIONIYI0 JEHCTBUS
(bakTopoB.

Hacrosimas Mozenb NO3BOJISET YBUAETh PABHOBECHOE ITOJIOKEHUE
COCTABJISIIONINX pBIHKA W cOaJaHCUPOBATh JOOYI0 W3 HUX OTHOCUTEIHHO
OoCTalbHBIX. Hampumep, «BCTPOUTH» KOMIIAHUHU-OMEPATOPHl B  €IUHBIN
TEXHOJIOTHYECKHI MPOLECC TPY30BBIX KEIE3HOJOPOKHBIX IEPEBO30OK, T/
orepaTop OyeT NOJHOLIEHHBIM 3JIEMEHTOM CUCTEMBI.
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B nmanHOM cimyyae CTaOWIbHOE TMIOJIOKEHHME pPBIHKA MOXET OBITh
JOCTUTHYTO, €CIM €ro Y4YaCTHUKM He (OpMHUPYIOT TYrod ysen mnpoliem
KOHKYpUpPYs 3a BIAacTb, a BBICTPAWBAKOT IMAPTHEPCKHE B3aMMOOTHOIICHHUS
COTpyAHWYAsl W JOIOJHAA Jpyr Jpyra MpPU PEAIM3aUUA MEPEBO30YHOTO
npouecca. PaBHOBECHOE IIOJIOXKEHUE PBIHKA OTPa3sUTICd B TPAHCIIOPTHOU
COCTABJIIIOLIEN LIEHBI IEPEBO3UMBIX TOBAPOB KEJIE3HOLOPOKHBIM TPAHCIIOPTOM.

Touku pocrta (MecTa pPeryJupoOBOYHBIX IEHCTBUI) MOXKHO OMNPEIEIUTh
IIPU AQHAJIM3€ COCTABIISIOMIMX PBIHKA PEATU30BaHHBIX B MPEIOKEHHON MOJAEIIH
PBIHKA: CTPYKTYPBI, PETYIATOPA, TOBEICHUS U PE3YJIbTATUBHOCTH, ITOJOKEHUE
KOTOPbIX B TIOJI€ pbIHKA CTaOWJIM3HPYETCS IOCPEACTBOM JOCTHIKEHHUSA
KOHCEHCYCa MEXy aKTOpaMu Ipu OajlaHce cripoca U npeasioxkenus. [lpu stom
HEOOXOJUMO YYHUTBIBaTH BCE MPOOJIEMHbIE TOYKM B MOJEIM pPBIHKA, B
OPOTUBHOM Cllydae HE YAAacTCsd JOCTMYb PAaBHOBECHOIO U CTA0MIJIBHOTO
MIOJIO’KEHUS PBIHKA, @ 3HAUUT PHIHOK HE OYyJIeT pe3yIbTaTUBHBIM.

BbBIBO/IbI

PesynpraTaMu  HACTOAIIETO  WCCIICOBAHUS  CTAd  BBISBIICHHBIC
HECOOTBETCTBUS CYMIECTBYIONIEH MOJCIIA PHIHKA TPY30BBIX KEIE3HOTOPOKHBIX
nepeBo3ok ¢ ['apBapjckoil mapaaurMon, 4TO0 BO MHOTOM OOBSICHAET CHUKEHUE
3 PEeKTUBHOCTH PAOOTHI JKEJIE3HOAOPOKHOM OTPACIIU U, B YACTHOCTH, IPY30BBIX
KEJIe3HOJJOPOKHBIX MEePeBO30K. Pepopmaropsl kene3HOJ0pOKHON OTpaciu He
y49JId ~ BOXHOCTh W 3HAYCHUE  TEXHOJOTUHM  CO3MIaHUS  TPY30BOTO
YKEJIE3HOJOPOKHOTO CEPBUCA U €r0 B3aMMOCBSI3M C KOHKYpPEHIIMEW Ha pPBIHKE,
MEHSETCS MOJIeNIb pPbIHKa — HYKHO MEHSTh U TEXHOJOTHIO TPOU3BOJICTBA
cepBuca. PasneneHue pbIHKA TPY30BBIX JKEJIE3HOJOPOKHBIX TMEPEBO30K Ha
PBIHOK TIEPEBO30K, PHIHOK MOTPY30YHBIX PECYPCOB U PHIHOK KEJIE3HOIOPOKHBIX
BaroHoB (aKTUBOB) HEe OyJeT CHOCOOCTBOBATh CTAaOWJIM3AIlMM HA PHIHKAX H
npuBeAeT K emie OosblieMy AuCOalaHCy, 4YTO €CTECTBEHHO Oyjer
KOPPEKTUPOBATHCS PHIHOYHBIM MEXaHU3MOM, MOBJIHUSAET Ha POCT TPAHCTIOPTHOM
COCTAaBJISIFOIICH B IICHE TICPEBO3UMBIX I'PY30B U B UTOTE MPUBEIET K U3MCHEHUIO
CHCTEMBI IIEHOOOPa30BaHMs U POCTY Tapu(oB Ha TPY30BbIC KEIE3HOJOPOKHBIC
TIEPEBO3KH.

JIist penieHnst 3TUX MPoOJIeM MPEIIOKEHO HECKOIBKO CKOPPEKTUPOBATH
eI W CYIISCTBYIONIIYI0 MOJENh pPBIHKA TPY30BBIX IKEIE3HOAOPOKHBIX
nepeBo3ok. CTpyKTypa OTpacjieBOro pbhIHKA B MPEAJOKEHHOH MOIeIn
HECKOJIbKO OTJIMYAETCS OT KJIACCUUECKOM, MPEkKE BCETO MHAYE BHICTPOCHHBIMHU
B3aMMOCBSI3SIMH M@Ky €ro COCTaBJSIONIMMHU, 4YTO OOpa3yeT HEeKHi
OamaHcUpyIOMMIT MexaHu3Ma (TIOJUTHUKA KOHCEHCYCa), (PYHKIIMOHUPYIOIUN
BMECTE CO CIPOCOM M mpesoxkeHueM. [lonmuTuka KOHCEHCyca peain3yercs B
JTAHHOM ClTydae KakK MPOIECC MOWCKa penieHuil (OamaHCHpyIONUi MEXaHU3M),
Ipyu KOTOpPOM OyAeT JOCTUTHYTO IIOJOKEHHWE OTCYTCTBHUSL «BO3PAKEHUN,
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KOH(bJII/IKTOB MCKIOY COCTaBJLAIOIITUMHU MOACIINA PBIHKA I'PY30BBIX
KCJIIC3HOOOPOKHBIX IICPCBO30K. HpH HC JOCTHUKCHUU I'apMOHHUHU (paBHOBeCHOFO,
CTaOMILHOTO HOJIO}KCHI/IH) PBIHOYHAA MOJICIIb HC MOJKCT OBITH pcain3oBaHa.

3AK/IIOYEHUE

PbIHOK — 3TO, *MBOW MEXaHU3M, M JACHCTBUS MO €ro pa3dallaHCUPOBKE
OPUBOJAT K OTPHUIATETILHOW pEe3yNbTaTUBHOCTH, & MOTYT TNPUBECTH U K
MOJHOMY KOJUIaliCy B OTpacid. MOHOMONbHBIA PHIHOK HE MOXKET 0e3
COOTBETCTBYIOIIUX U3MEHEHH B SKOHOMHKE M TEXHOJOTHH MPOU3BOJICTBA CTATh
PBIHKOM CBOOOJHOW KOHKYPEHIIMH. PBIHOK Tpy30BBIX KEJIE3HOAOPOKHBIX
NIEPEBO30K CHJIBHO 3aBUCUT OT TEXHOJIOTMU MPOU3BOACTBA YCIYTU (TEXHOJIOTUH
OpraHM3alyd MEePEeBO30YHOIO Ipolecca), MoXKaldyHd, Oojblle, YeM B JAPYTuX
OTpaciiiX 3KOHOMHKHU. VI3MeHss el U MOJEIb PbIHKA, TPEOyeTCsl U3MEHSATh U
croco0 MpOU3BOJACTBA CEPBUCA, OH JOJDKEH OBbITh OoJiee d(PPEKTUBHBIM, YeM
CYUIECTBYIOIMH, TOTJA U PIHOK OYyIET pe3yJbTaTUBHBIM, B IPOTUBHOM CiIydae
Taklue U3MEHEHHs He 1enecooOpasHbl. [Ipemmaras 3aBeqomMo HEI(PPEKTUBHYIO
win MeHee 3(P(EeKTUBHYIO TEXHOJOTHIO MPOW3BOACTBA, W IMPH 3TOM MEHSITH
MOJIeJb PphIHKA — 3HAYUT 3aBEJOMO OPHEHTUPOBATh pPBIHOK Ha HE
pEe3yNbTaTUBHOCTh. Ba)kHO He 3a0bIBaTh, YTO MakCUMalibHas 3(P(PEKTUBHOCTH
paboThl KEJIE3HOJOPOKHOTO TPAHCIOPTA JOCTHUTAETCS WMEHHO B YCIOBHUAX
MOHOIIOJINH, a TPAHCIIOPTHOW CUCTEMBI — B TIAPTHEPCTBE U KOOMEPAIINUH, a HE B
cBOOOIHOI KOHKYPEHITH €€ yYaCTHUKOB.

[IpencraBieHHast B HacTosIIeH paboTe MOJENb Pe3ylIbTaTUBHOIO PhIHKA
IPY30BBIX JKEJIE3HOJOPOXKHBIX IEPEBO30K U  CPOPMYJIUPOBAHHBIE  LIETH
IOPEJOCTABISAIOT  BO3MOXKHOCTh  IIO-HOBOMY  B3IJIIHYTh HAa  COCTOSIHUE
KEJIE3HOJOPOKHOM ~ OTpaci, OLEHUTh LEJIeCO00pPa3HOCTh IMPOJIOJIKEHUS
HKCIIEPUMEHTA.

OTHOCHUTENBHO pa3BUTHSA TEXHOJOTWMH, KaK MHE MpeacTaBiseTcs,
YUUTHIBas TIEPEX0J] K IIECTOMY TEXHOJIOTHUYECKOMY YKJIaay, HHTETPalOHHBIE
IPOIECChl W HOBBIE CKOPOCTH Ppa3BUTHS, TEXHOJOTUU JOJDKHBI OBIThH
OPUEHTHPOBAHBI HE HA PA3BUTHE KOHKYPEHIIWU, a HAa WHTETPAIMIO B EIUHYIO
CHCTEMY BCEX BHJIOB TPAHCIIOPTA, KOOTIEPAIHIO, a HE KOHKYPEHIIMIO YYaCTHUKOB
MIEPEBO30YHOTO Tpolecca. Bo3MokHO, 3TO MpUBEIET K TpaHCHOpPMAIUKA BHUIOB
TpPaHCIIOPTa B OJIHY TPAHCTIOPTHYIO OTPACIb.

Jlis TpaHCIOPTHOTO pPBIHKA M PBIHKA TPY30BOTO IKEIE3HOJOPOKHOTO
cCepBHCa, B YAaCTHOCTH, KaK MHE IMpPEJCTaBiIseTCs, HEOOXOAMMO pa3BUTHE H
IPAKTHYECKOE TPUMEHEHHE KIACTEPHbIX TEXHOJIOTUH, MX BCTpAaMBaHUE B
TEXHOJOTHIO TPAHCHOPTHOTO MPOM3BOACTBA. JTO OTKPOET BO3MOXHOCTH JJIst
UHTETpaliK, JIy4lIero JOrMCTUYECKOTO B3aUMOJICHCTBUS TMAapTHEPOB H
o0ecnieuuT noBblieHne 3P (HEKTUBHOCTH MEPEBO30YHOTO MpoIiecca.
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EcTtecTBeHHO, IpU MOCTPOCHUM MOJIETU PbIHKA JJI €r0 CTaOMJIBHOCTU U
COBEPUIEHCTBOBAHUS TEXHOJIOTUHU MMPOU3BOJICTBA IPY30BOTO KEIEZHOIOPOKHOTO
cepBUca HEOOXOIUMO OOECTeUUTh CIPaBEJIMBOE PACIPEACIICHUE TOXOJO0B OT
MEPEBO30YHON JIEATENBHOCTH M COJIMJAAPHYK) OTBETCTBEHHOCTH 3a Kaye€CTBO
cepBuca repea o0mecTBOM. B MpoTuBHOM ciydae Hen3OekeH aucOamaHc Ha
pbIHKE U HeapdekTuBHAsA paboTa OTpaciy.

JUist oOuiecTBa Lenb NEpEepacrpeneseHus] J0XO0JI0B OT MEepEeBO30YHON
JESITEIbHOCTH HA KEJIE3HOAOPOKHOM TPAHCIOPTE 4YEpe3 CO3JAHHE pPbIHKA
CBOOOJHOW KOHKYpPEHIIMM OIIKO0YHA. PBIHOK Tpy30BBIX KEJIE3HOAOPOKHBIX
nepeBo3ok Oonee dPdeKkTHBEH TMpU  MOHOIOIHMH, JTO COTJIACYeTCs ¢
0COOCHHOCTSIMU  (YHKIIMOHUPOBAHUS  JKEJIE3HOJIOPOXKHOM  OTpaciu U
noATBepKaaeTcss omnbltoM Poccum u  apyrux crpad. Macmrad otpaciu
OTIpEJIEIISIET CTPYKTYPY U CUCTEMY YIIpaBIEHUS €10, Jt00as JeleHTpaIn3aIus
BEJIET K CHIKEHUIO ()P PEeKTUBHOCTU (DYHKIIMOHUPOBAHUSI.

OngHako HagoO  OTMETHTh, YTO MPU  MEPEXOJE K  MIECTOMY
TEXHOJIOTUYECKOMY  YKJIaay Oyayr (GOpMHpOBAaTBHCS  MHTErPUPOBAHHBIC
TpaHcoOpTHBIE cepBUChl 4 U 5 PL, rne uenp mocraBok OyJaeT NMPOHU3BIBATH
pa3liMuHble PBIHKA C pa3sHbIMU BHAAMU KOHKypeHIuu. Ho u mpu Takux
YCIIOBHSIX MaKCUMaJlbHast Pe3yJIbTaTUBHOCTD pBIHKA IPY30BBIX
YKEJIE3HOJIOPOKHBIX TMEPEBO30K BO3MOXHA TMPU MOHOMOJUU, TPU ITOM
TEXHOJIOTHS OpraHu3allud TEePEBO30YHOIO Tpolecca OyJaeT MaKCHUMaIbHO
s PexTrBHA MPU EHTPATUIOBAHHOM YIPABJICHUHU, YTO MO3BOJIUT MPUMEHSTH
Jy4Illie TEXHOJIOTHYECKHe pelneHus (Hanmpumep, «Perynuposkay). CBoOOIHAS
KOHKYPEHIIMSI HEoO0XOJMMa TpHU ONEPUPOBAHUU B CMEIIAHHOM COOOIIEHUU
(MOIaNIBHBIX TIEPEBO3KaX), B MECTaXx CTHIKOBKH M TepepaboTKe Tpy30- H
TOBApOINOTOKOB (B Xabax), Ha MEepBOM U MOCIEIHEN MUIIN JIOTUCTUIECKOM TIETTH.
Ho 310 Oyner yxe He phIHOK IPY30BBIX KEJIE3HOIOPOKHBIX MEPEBO30K, & PHIHOK
WHTETPUPOBAHHOTO KOMILUIEKCHOTO JIOTUCTUYECKOTO CEpBUCA. IJTOT PBIHOK
dbopMupyeTCsi CerofiHs, CAEPKUBACT €ro (OPMHUPOBAHUE TOJIBKO OTCYTCTBHE
HEOOXOAMMOW  JIOTUCTUYECKOM  MH(PACTPYKTYpbl U UHTErPUPOBAHHOM
TEXHOJIOTUU TIEPEBO30YHOTO Tpollecca B CMEIIAHHOM COOOIIEeHUH. MOXKHO
CIIOPUTh, HO MHTErPAIIMOHHBIE TPOIIECChl B DKOHOMUKE U TMEPEeX0] K HOBOMY
TEXHOJOTUYECKOMY yKJany, Bo3MokHOCTH [T, co3maroT mpeamochuiku K
TpaHcopMaIu U KOHCOIUAAIIMY BUIOB TPAHCIIOPTA B OJTHY OTPACIIb.

[IpumeHnsieMast cerofHsi B KEJIEC3HOAOPOKHOM OTpPACIM MOJENIb PHIHKA
pazaesieT Mmojs pblHKa U GOPMUPYET HOBBIE, CTUMYJIHUPYET KOHKYPEHIIUIO B
OTHEJbHBIX 3BEHBAX I1IEHM TIOCTABOK, MPUBOJUT K JELUEHTpaIU3alUU
yOpaBJIEHUsSI TEPEBO30YHBIM MPOLECCOM, HECHPABEIJIUBOMY PaCIpPEICICHUIO
(Hampumep, Mexnay KoMmmanusiMu-onieparopamu u OAO  «PXKJ[») pocty
TPAHCIIOPTHOM COCTABJISIOIIEH, CHUXECHHIO MOTHBALMKA Y IIOJb30BATENIECH
CEPBHUCOB I'PY30BOr0 KEJIEC3HOAOPOKHOro Tpancnopra. HyXHO ocTaHaBimvBaTh
OECCMBICIIEHHBIN KCIIEPUMEHT C MOJIENIbIO PBIHKA, KOPPEKTUPOBATH €€ U €€
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HacTpolku. be3nelicTBre U NpoAOIKEHUE IKCIIEPUMEHTA HEU30€KHO MPUBENIET
K  YCTOMYMBOMY  CHIIKEHHIO  PE3yJIbTATUBHOCTH  PbIHKA  TI'PY30BbIX
KEJIE3HOAOPOKHBIX MEPEBO3OK.

ABTOp 3asiBJIsSIeT, YTO:
Hacrosimast ctathsi He COACPKUT KAKUX-THOO MCCIEAOBAHUN C YJaCTHEM JIIOJCH B KauecTBE
00BEKTOB UCCIENOBAHUN.
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[TeTepOyprckuii rocyJapCTBEHHBIN YHUBEPCUTET MyTEH COOOIEHUS
NwmnepaTopa Anexcanjpa |

(Canxkr-IletepOypr, Poccust)

NPEJJIOKEHUSA IO TAPU®HOM MMOJUTUKE HA JTUMHUU
MAT'HUTOJIEBUTAIIMOHHOI'O TPAHCIIOPTA

Oo0ocHoBaHmMe: B kayecTBE OCHOBBI pPa3BUTHUSL TPAHCIIOPTHOM CHUCTEMBI TOPOACKUX
arJioMepaluy MpeaiaraeTcsi UCMHoJIb30BaTh MArHUTOJIEBUTALMOHHBIM TpaHcnopT. ns ero
JKCIITyaTaluu HeoOXOoAuMa clieliuanbHasi CKOPOCTHas WH(GPACTPYKTypa, HOBBIN MOJBUKHON
coctaB. [Ipoekt crpouTenbcTBA M AKCIUTyaTalMU JIMHUM ~ MarHUTOJIEBUTALIMOHHOTO
tpancnopta (MJIT) Cankr-Iletepoypr — CepTon0oBO UMEET UCKIIOYUTENHLHO JOITOCPOUHBIN
XapakTep, CYIUIECTBEHHO BIIMSET HAa PAa3BUTUE TOPOJCKOrO CKOPOCTHOIO TpPAaHCHOpPTa, M
MIO3TOMY €ro peajau3alus BO3MOXHA TOJIBKO B paMKaxX CTPAaTErMYE€CKOro YIpPaBICHUS
Pa3BUTHEM FOPOJCKUX TPAHCIOPTHBIX CUCTEM.

Heas: BBoa B 3KCIUTyaTalMio JIMHUKA MarHUTOJIEBUTALIMOHHOTO TPAHCIIOPTAa B MECTaxX
KOHIIGHTpPAIlMM  PACTYIIMX  MAacCaXUPOMOTOKOB, KOTOPBIA  OyAer  crmocoOCTBOBATH
COKpAIIIEHUIO BPEMEHHBIX 3aTpaT B IYTH, YJIOBIETBOPEHHUIO MPOBO3HOW MOTPEOHOCTH,
VIYYIICHUIO KadecTBa M POcTa O€30MAaCHOCTH TMOE3JIKH TPU JABMXKCHHH TIO BBIICICHHBIM
10JI0CaM.

Metoa: B cratbe pa3zpaboTaHbl IMPEMJIOKEHHS MO Tapu(pHOW MOTUTHKE HA JIMHUU
MarHuTOJIEBUTAIIMOHHOIO TpaHcropTa. Takxke JaH MPOTrHO3 MAacCa)KUPONOTOKOB MO JIMHUU
MIJIT ¢ yueroM peKOMeHIyeMbIX TapudoB cOopa TUIaThl 3a MPOE3] U OMpeaeSICHbI
MOTEHLMAIBHBIE JOXOABI poekTa 1o tuHun MIJIT.

Pesyabrarni:  llensto BHenpenuss »toil auHun  MIIT  sBisiercs  ynydineHue
TPAHCIIOPTHOTO OOCIY>KUBAaHUS U CHIDKEHUE 3aTpaT BPEMEHHU Ha TMOE3JIKH HACEJIeHUs Topoja
CepTonoBo 3a cueT obOecreueHUs CKOPOCTHBIX COOOIIEHWMN, MOBBIIIECHUS TEXHUYECKOTO
YpPOBHS TMOJBHXKHOTO cocTaBa M OCTaHOBOK MIJIT, d4ro CyIIeCTBEHHO BJIMSET Ha
KOM(OPTHOCTb MEePEIBIKEHUS TACCAKUPOB.

KiroueBnle ciioBa: CKOpOCTHOfI FOpO,Z[CKOﬁ TPAHCIIOPT, TOPOACKUC TPAHCIIOPTHHIC
CHUCTCMBbI, MarHuTHas JICBUTAILIUA, TapI/I(bHaH IIOJINTHKA,
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TARIFF POLICY OFFERS ON THE LINE OF MAGNETIC
LEVITATION TRANSPORT

Background: It is proposed to use maglev transport as the basis for the development of
the transport system of urban agglomerations. Its operation requires a special high-speed
infrastructure, new rolling stock. The project for the construction and operation of the maglev
transport line (MLT) St. Petersburg — Sertolovo has an extremely long-term nature,
significantly affects the development of urban high-speed transport, and therefore its
implementation is possible only within the framework of strategic management of the
development of urban transport systems.

Aim: Commissioning of maglev transport lines in places of concentration of growing
passenger traffic, which will help to reduce travel time, meet freight needs, improve the
quality and increase travel safety when driving on dedicated lanes.

Method: The article has developed proposals for the tariff policy on the maglev
transport lines. Also, a forecast of passenger traffic on the MLT line was given, taking into
account the recommended tariffs for collecting tolls, and the potential income of the project
on the MLT line was determined.

Results: The purpose of the introduction of this MLT line is to improve transport
services and reduce the time spent on trips for the population of the city of Sertolovo by
providing high-speed communications, improving the technical level of rolling stock and
MLT stops, which significantly affects the comfort of passenger movement.

Key words: high-speed urban transport, urban transport systems, magnetic levitation,
tariff policy.

BBEJIEHUE

Panee aBTOopoM ObLTa cjenaHa TOMBITKA OOOCHOBAaHUS CTPOUTEIHCTBA
MarHuTojeBuTaIMoHHOM Tpacchl Cankt-IleTepOypr — CeprosoBo [1]. I'maBHBIM
IPEUMYIIECTBOM DPA3BUTUS CETH CKOPOCTHOI'O MACCAXKUPCKOTO TOPOJCKOIO
TPAHCIIOPTA ABJISETCS PE3KOE COKPAILLIECHUE BPEMEHHBIX 3aTpaT Ha MEPEMELICHUE
HaceseHus. JlaHHas TexHoyorHs mpesnoiaraeT 3pHEeKTUBHYIO CETh TOPOJICKOTO
OOIIIECTBEHHOTO TPAHCIIOPTa C O0S3aTEeNbHBIM  BBIICIEHUEM TOJOC JIS
OOIlIECTBEHHOTO TpaHCHopTa. B  CHOXUBIIMXCS YCJIOBUSIX OTCTaBaHHUS B
pa3BUTUH METPOIOJIUTEHA OT POCTa COpoca HACEIEHUS Ha CKOPOCTHBIE
MEePEBO3KU, HCUEPIIaHUsI MPOIYCKHOM CHOCOOHOCTH OCHOBHBIX MarucTpalien
METaIoJMCOB M HEXBATKH IMPOBO3HBIX BO3MOXKHOCTEH BHUJIOB OOIIECCTBEHHOTO
TpaHCIopTa JUIsi TOBBIMIEHUS S(PGEKTUBHOCTU M KayecTBa TPAHCIOPTHOTO
00CITy>)KUBaHUS SIBJIACTCS HEOOXOJMMBIM Pa3BUTHE CKOPOCTHOI'O TOPOJICKOIO
TpaHCcHopTa.

Msbl npepgmaraéM BKJIIOYWTH B TPAHCIIOPTHYKO CHCTEMY TOpPOJOB
MarHUTOJICBUTAIIMOHHBIN  TpaHcmopT Ha mnpumepe Cankr-IlerepOypra wu
Jlenunrpanackoii obmactu [2, 3].

MIJIT sBnsieTcst 5cTakaHBIM BUIOM KOJEHHOTO TPaHCIOpTa M 00yamaer
BCEMH JIOCTOMHCTBAMH M HEJIOCTATKaMM JCTakaaHbIX JuHUM. K ero
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JIOCTOMHCTBAM OTHOCSITCS, MpPEXIE BCEro, O€30MaCHOCTb, 3KOJOTMYHOCTH
(OHMKEHHBIN YPOBEHb IlIyMa 3a CUET OTCYTCTBUS TPYLIUXCSI MOBEPXHOCTEN U
OTCYTCTBHE BpEAHBIX BBIOPOCOB B aTMoc(epy), CKOpPOCTb U CHHKEHHOE
HHEProNnoTpeOIEHNe 3a CYET OTCYTCTBHMSI CHJI TPEHHSA, a TaKKe BBICOKas
IpoIycKHas criocoOHoCTh [4, 5, 6].

MIJIT umeeT HU3KHE MOKA3aTEIN YHEPronoTpeOIeHs. DHEPro3aTparsl B
cpenHeM B pacuere Ha 1 macc-kM coctaBisaoT 0,21 kBt/gac, 4ro B ycioBusx
Tapu(OB i1 YETBEPTOU IICHOBOM TPyl NpeanpusTuii MOCKBBI COCTaBISET
0,29 py6. Cnemyer OTMETHTh, YTO DHEPro3aTpaThl 3aHWUMAIOT CYIIECTBEHHYIO
JOJIF0 B CTPYKTYypE ONEPALHMOHHBIX PACXOJOB: B IMKOBOM PEXKHUME JUIS

PCIBCOBOTO TpaHCIIOPpTAa OHH CYHICCTBCHHO IIPCBBIMIAIOT CPCAHCC 3HAYCHHC
29 % [7, 8, 9, 10].

PA3PABOTKA MPEJJOXEHHUM 110 TAPUPHOU IMMOJIUTUKE
HA JIMHUHU MJUIT

[lo maHHBIM COLIMOJIOTMYECKOTO orpoca HacenaeHus . CepToaoBo ObLIO
MOJYYEHO PACHPEACICHUE OTBETOB PECIOHACHTOB Ha Bompoc: «Yem Bol
PYKOBOACTBYETECh, KOTJa BbIOMpaeTe BHJI  TPaHCIOPTa, COBEpIIas
3arutanupoBaHHble  Toe3nku?» (Puc. 1). PecrmonpeHTam OBUTO TIPEIIOKEHO
BBIOPATh TPU KPUTEPHS IO CTEIeHU 3HaunMocTtu [11].

Haubonee 3HauMMBIMU KpUTEpUSMU TPU BHIOOpPE BHUAA TpaHCHOPTa
PECTIOHACHTHI Ha3BajM CKOPOCTh MEPEABMKEHUS U OTCYTCTBHE APYroro BUIA
TpaHcropTa Ha pgaHHoM Mapuipyte: 27,0% u 26,5 % pecnoHIeHTOB
cooTBeTcTBeHHO. bonee 17 % pecnoHneHTOB (M3 YKClia yKa3aBIIMX HauOoiiee
3HAUMMBIN KpuTepuid — 660 yein.) HanbOoyiee 3HAYMMBIM KPUTEpUEM TpU BBIOOpE
BUJIa TPaHCIOpPTa Ha3BaJM CTOUMOCTH mpoe3na, 12,3 % — «BwIOMparo TO, YTO
obicTpee mogoiner», 10,2 % — komdopt, 2,7 % - 6e30macHOCTh (PUCYHOK 7.5).
Oxono 4 % pecrnoHAEHTOB HauboJee 3HAYMMBIMU KPUTEPUSIMU Ha3Bald
KpUTEpPUH, HE TPEAYCMOTPEHHBIC B BapUaHTaX OTBETOB: PAaCIOJOXKECHHE
octaHoBkU (13 yen.), ynoOHbIH MapmipyT (5 yen.), UCIOJNB30BAHUE JUYHOTO
aBToMOoOuUJIs (3 yen.), HaIM4Yue JbroT (2 Yel.) u JIp.

Ha BTopoMm mecte mo 3Hauumoctu 29,5 % pecrnoHIeHTOB (M3 4YHCIa

yKa3aBUIMX BTOPOM IO 3HAYMMOCTH Kputepuid — 82,7 % pecroHIIEHTOB)
OTMETHUJIM CKOpOCTh nepenpmxenus, 20,3 % — komdoprt, 18,7 % — croumocTthb
npoesaa.

Ha tperbeM MecTe mo 3HaunmmocTd 23,5 % pECHOHICHTOB (M3 4YHuCIa
YKa3aBIIMX TPETUH MO 3HAYMMOCTH KpuTepuil — 510 4yen.) oTMETHIN BapuaHT
orBeTa — KoMpopT, 22,2 % — 6e30nmacHOCTh, 15,9 % — cKOpOCTh NEpPEeABHUIKESHHUS,
15,5 % — croumocTh npoe3naa.
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0,7% 1,0%
10,6% 14.3% H [Ipyroe
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90% -

26,5% - -

80% - Het gpyroro Buaa

13,4% TpaHcnopTa Ha 3TOM

70% - MapLipyTe

22,2% ® Bibupato 10, 4YTO BbICTPEE
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Puc. 1. Pacnpenenenre 0TBETOB PECIIOHICHTOB Ha BOIIPOC O KPUTEPHIX BHIOOpA BHJIA
TPAHCIIOPTA 10 CTENEHU 3HAYUMOCTH (1 MecTo - camasi BRICOKasi 3HAaYUMOCTh), %o
Hcmounuk: cocmasneno no oannvim hitp://www.mosertolovo.ru/

B xome commonornueckoro ompoca HaceneHuss r. CepTonoBo OBLIO
BBISIBJICHO, 4TO peryisipHo mnoe3aku B r. Caskt-IlerepOypr copepmiaror 88%
pecnioHieHTOB. (OCHOBHBIM BHJIOM TpaHCHOPTa MpH MOE3AKaX SIBISIETCS
KoMMepueckuii aBTo0yc (87 % pecrnionnenTos) [12].

Bo3moxnocte ucnonb3zoBanus MIIT misi moe3gok 1O  HampaBICHUIO
«CepronoBo — Cankrt-IleTepOoypr» paccMarpuBaroT 0kojiao 85 % pEeCHOHICHTOB.
bonee 90 % pecrnoHOEHTOB W3 4YHCHAa YKA3aBIIMX IPEANOYTHTENBHBIN
OCTaHOBOYHBIA ITYHKT Ha IMpoekThupyeMor JuHuM MJIT mo HampaBlIeHUIO B T.
Cankr-IleTtepOypr muaHUpPyIOT COBEpIIATh MOE3IKU A0 CTAHIIMU METPOIOJIUTEHA
«ITapHacy.

B xonme couuonornyeckoro orpoca Haumboiee 4YacTO PECIOHACHTHI
yKa3bIBAJIA PACXOJIbI Ha MOE3KY B oiuH KoHerl 10 CankT-IlerepOypra B 60 pyo.
YTO COOTBETCTBYET CTOMMOCTH TIpoe3Zla B KOMMEpPYECKOM aBTOOyce OT
r. CepronoBo mo r. Cankrt-lletepOypra. YkazaHHbIi ypOBEHb PacxoJOB Ha
MOE3JIKY MOKET ObITh MPUHST B KAUECTBE PEKOMEHAYEMOro Tapuda Ha Mpoe3[ B
MUJIT. Ilpu sToM, ocHOBaHMeM Jjisi BbIOOpa Tapuda Ha npoe3q B MJIT Taxke
JOJKHBI OBITh pe3yJIbTaThl AaHAJIM3a 3JTACTUYHOCTHU CIIPOCA IO 1IEHE.

[Taccaxupckuii TpaHCHOPT SBIAECTCA ONHOM M3 BAXKHEHIIHUX OTpacie
KU3HEOO0ECNeYeHUs] PEeruoHa, OoT (PYHKIMOHUPOBAHUS M PA3BUTHUS KOTOPOTO
3aBUCUT KauyeCTBO JKM3HU HacesleHus, S(PEGeKTUBHOCTh pabOThI OTpaciei
DKOHOMHKHU PETMOHA U BO3MOXKHOCTH MCITOJIb30BAHUS €r0 rpajoCTPOUTEIBHOIO
Y COLIMAIBHO-D)KOHOMHYECKOT0 MOTEHIIHATIA.
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[IpoexktrpyeMass JIMHUS ~ JIETKOTO  PEJNBCOBOTO  TPaHCIOpPTa MO
HampaBieHuto  CepronoBo  —  Caunkr-IletepOypr  umeer  0oO0mIyIO
AKCILTyaTallMOHHYIO MPOTSHKEHHOCTH 14,8 KM.

CrpoutensctBo nuHun MIJIT mnpencraBiser coOod  TMEpPCIEKTUBHOE
HaIpaBJICHUE Pa3BUTHUSI CUCTEMBI OOIIECTBEHHOTO MAaCCaXUPCKOTO TPaHCIOPTa
Canxkrt-IletepOypra u Jlennnrpaackoit o01acTu.

AHanmM3 MHUPOBOIO ONBITA CBUAETEIIBCTBYET O HAJIMYUHM 3HAYUTEIIBHOU
muddepeHMaud B MNOAXoAax K (OPMUPOBAHUIO TapU(PHBIX CHUCTEM U
OTIPE/IETICHUIO YPOBHS OIUIaThl HA OOIIECTBEHHOM MACCAKUPCKOM TPAHCIOPTE.
VYPpOoBEHb IUIATHI 32 POE3] MOKET MEHSITHCS OT HyJIeBOTO (OeCIuIaTHBIN Tpoe3)
Y NPUMBIKAIOIIET0 K HEMY KpalHE HHM3KOI'O JI0 CPAaBHHUTEIBHO BBICOKOTO. Tak,
HanpuMep, OOILIECTBEHHBIM MACCAXUPCKUM TpaHCHIOPT Obul OEcIIaTHBIM B
Jlutieuke ¢ 1992 mo 2003 rr. IlpuMmepsl H3KcIulyaTallMM NAacCaKUPCKUX
TPAHCIIOPTHBIX CUCTEM C HYJEBBIM Tapu(pOM CYLIECTBYIOT U 3a pyOexom. B
byddano BBemeH OecruiaTHbIi Mpoe3 Ha yYacTKE CHUCTEMBI JIETKOTO
PEIBCOBOrO TPAHCIIOPTA, MPOXOIAIIEH 0 HEHTPAIBHBIM JIEJIOBBIM paiiOHaM; B
Takome (CIIA) nunusa JIPT, orkpeitas B 2003 r. B 11IeHTpe ropoja, paboTaer
KaK OecruIaTHBIA YETHOYHBIM MapuipyT. A BO MHOTMX KPYITHBIX TOpOAaX, CPEAU
kotopeix Ilapmwk, Hero-Hopk, ropoma Poccmiickoit ®emeparmm u mp.,
TpaJAULIMOHHBIM ABIIAETCA HCIIOJIb30BaHUE MTOCTOSIHHOTO Tapuda,
mupdepeHumanust ke  TapupoB  NPEUMYLIECTBEHHO  HMCIOJIb3yeTCs B
MIPUTOPOJAHOM 30HE.

VYpoBeHb MiaThl SBISETCA OJHUM M3 OCHOBHBIX PETYJISITOPOB CHpOca Ha
yCIyTU MaccaXxupckoro tpancnopra. CucreMsl nud@epeHupoBaHHON OIIaThl
o0ecredrnBa0T BO3MOKHOCTh YIPABJICHUSI CIIPOCOM Ha YCIYT'H OOILECTBEHHOTO
NACCAKUPCKOTO TPAHCIIOPTA C yYETOM MHTEPECOB MACCAXKUPOB, IEPEBO3YUKOB U
TPAaHCIOPTHOM CUCTEMBI TOPOJA B LIEJIOM.

CyliecTByIOT cleAyolue BHUABI TapU(PHBIX CHUCTEM M MOAXOIbl K
dbopmupoBanuio TaprudoB:

— HyJIeBOi Tapud;

— MakcUMalbHbINA Tapud;

— cucreMa qudepeHInpoBaHHON OTIIATHI;
— TIOCTOSIHHBIN Tapud.

Hynesoit Tapu¢ 1 ero BJusiHME HA CIPOC HA YCJAYIH 00LECTBEHHOI 0
MACCAKUPCKOro TpaHcnopra. CyIllecTBYeT OIBIT MCIOJb30BAHUS HYJIEBOIO
Tapuda Ha OOIIECTBEHHBIH MACCAXUPCKUI TPAHCHOPT AJisi BCEX MACCaXUPOB
KaK C LEIbI0 COLMAJIbHOM TOAJEPKKU HACEIeHUs, TaKk U C LENIbI0
MaKCUMU3ALHUU IMACCAXUPOIIOTOKOB M CHW)XCHUS HArpy3Kd Ha YJIUYHO-
JIOPOKHYIO CeTh. B 3TOM ciyyae ¢uHaAHCHpOBAaHUE CHCTEMBI OOIIECTBEHHOIO
TpaHCIIOPTa OCYIIECTBIISIETCS 3a CUET OIOKETA.
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Hcnons3oBanue HyseBoro tapuda Mpu OO0ECHECYEHUH MPUEMIIEMOTO
KauecTBa TPAHCIOPTHOTO OOCIYKMBaHUSA JIEUCTBUTEIBHO MaKCUMHU3UPYET
YHUCJIO MAacCaXUPOB Ha OOIIECTBEHHOM MAaCCAKUPCKOM TpaHcmopTe. OJIHaKo B
YCIIOBUSIX HEIOCTaTKa OIOHKETHBIX CPENCTB, XapaKTEPHOIO ISl PETHOHOB
Poccun, BhICOKa BEPOSITHOCTh HEAOCTATOYHOTO (PMHAHCHPOBAHUS, BEAYIIETO K
W3HOCY TOJBIDKHOTO COCTaBa, HWH(PPACTPYKTYPHBIX DSJIEMEHTOB M JPYyTUM
HETaTUBHBIM MOCIIEICTBUSIM.

Jlig mpakTUKU TPUMEHEHHUs HYJIEBOro Tapuda XapaKTepHbI CIEAYIOIINe
O0COOECHHOCTH:

— OTMEHa IUIaTHOTO TMpOoe3Ja MOXET IMPUBECTH K CHIKCHHIO
(buCKaIbHOW OTBETCTBEHHOCTH PYKOBOJICTBA TPAHCHOPTHBIX MPEANPHUATUNA B
NepUOJIbl  JOCTAaTOYHOTO  (PUMHAHCHUPOBAHUS W CHIDKEHHUIO  KauyecTBa
TPAaHCIOPTHOTO OOCTY>KMBAHUS MPU COKpaIIeHUU (PMHAHCUPOBAHUS;

— TapaHTHPOBAHHBIC 3HAYUTENIbHBIE CYOCHUIUU MEPEBO3UUKAM CHIDKAIOT
3 PekTUBHOCT, UX paboThl. B  J0JroCpoyHOM NEPCHEeKTUBE OTO YacTo
NPUBOJIUT K YXYJAIICHUIO KauyecTBa TPAHCIOPTHOTO OOCTYKMUBAaHUSI W/WIIN
(MHAaHCOBOMY KPH3UCY;

— B OOJBIIMHCTBE CJIy4yaeB IIPUBIICYEHUE HOBBIX MACCAKHUPOB Ha
OOIIIECTBEHHBII TPAHCIOPT NPOUCXOAUT 3a cueT 0o0Jiee BBICOKOTO YPOBHS
oOCTy’>KMBaHMs, & HE TOJBKO 3a CUET CHIDKEHUS CTOMMOCTH MPOE3/]a; TaKUM
oOpazom, 6osiee Y PEKTUBHBIM SIBISETCS BBIJICIICHHUE JOMOJHUTEIBHBIX CPEJICTB
Ha COBEPIIIEHCTBOBAHHE TPAHCIIOPTHOT'O OOCIY)KHBAHHUS C IEIbIO MOBBIIICHHUS
CIpoca Ha EPEBO3KH, & HE OTMEHA IJTATHOTO NPOE3/1a;

— TMPUMEHEHHE HYJIEBOro Tapuda MNPUBOIUT K 3JIOYNOTPEOJICHUAM U
npo0siemMaM B 3KCIUTyaTallMu: JIOAM HAYWHAIOT MOJIb30BAaThCA TPAHCIOPTOM 0e€3
HEO0OXOIMMOCTH, MOBBIIIAETCS PUCK BaHAAIM3MA, 3aTPYIHSAETCA MOAJEp KaHHE
OOIIECTBEHHOTO MOPs/IKa B MOABUKHOM COCTaBE U T.II.;

— CIpaBeIJIMBO, €CJIM MAaCCAKUPBI OOIIECTBEHHOTO MACCAXKUPCKOTO
TPAHCIIOpPTa OIUIAYMBAIOT YAacTh 3aTpaT Ha IMEPEBO3KY, U KaK MNpPaBUIIO, OHU
TOTOBBI K 3TOMY;

— OTCYTCTBHE OIpaHWYEHUH CHpOCa MOXKET BBI3BATH IMEPENOJHEHUE
MOJABMYKHOTO COCTaBa Ha KOPOTKUX IMEPEroHax MapuipyTOB, YTO MPUBOJIUT K
CEpPbE3HOMY YBEITUUYECHHIO HKCILTYyaTallMOHHBIX 3aTpar.

OpHako CylIecTBYET psiji cllydyaeB, KOrja cucTeMa OecIuIaTHOTO IMpoes3aa
MOKET YCIEITHO MPUMEHATHCSI B OTPAaHUYCHHBIX MaciiTabax. B Tom uucre:

— Ha 4YEIHOYHBIX MapIIpyTaX W BCEX TPAHCIOPTHBIX MapIIpyTax,
JEUCTBYIONUX HAa TEPPUTOPUM HEOONBIIMX 30H BBICOKOWM aKTUBHOCTH,
HalpuMep, B UEHTPAJbHBIX JEJOBBIX paloHax, CTYACHYECKHX TOpOJKax,
a’pornoprax M T.IL.;

— Ha TOJBO30YHBIX MapHIpyTax K KPYIMHBIM TPAHCHOPTHBIM JIMHUSIM
WM TEPMUHAJIAM, a TAKKE K KPYITHBIM 30HaM MAPKOBKU U TOPTOBBIM 30HAM;

— Ipu OOCTY>KMBAHUHU OCOOBIX MEPOIIPUSTHUH;
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— B PEKJIaMHBIX LEIAX, HAIpUMep, IPU OTKPBITHM HOBBIX JIMHUHI
PETBCOBOTO TPAHCIIOPTA.

Kpome Toro, kak B KpyInHbIX, TaK U B MaJIbIX TOPOAAX CYLIECTBYET OIBIT
YCTaHOBJICHHSI HU3KUX TapU(OB, a TAKKE UX CHIDKECHHUS C IEJBIO0 MPUBJICUCHUS
NACCAXUPOB. DKCHEPTHl OTMEYAIOT, YTO TAKOE€ CHUKEHUE OOBIYHO BBI3BIBAET
OYEHb 3HAYUTEIBHBIA POCT IMACCAKUPOIIOTOKOB, IPEBBIIAIOIIMN IPOTHO3,
IIPEACTABICHHBIA B HCCIEAOBAHUSX, NOCBAIICHHBIX 3JIACTUYHOCTH CIIpOCa HA
MIEPEBO3KHU OOIIECTBEHHBIM TPAHCTIOPTOM.

B OGonpmmHCTBE Ciay4yacB CHM)KEHHE CTOMMOCTH IPOE€3/la OKa3bIBACTCS
HEBBITOJIHBIM B KOMMEPYECKOM OTHOILLIEHUH: POCT JOXOJ0B OT cOOpa IJIaThl 3a
CYET YBEJIIMYECHUSA IaCCAKUPOIIOTOKOB HE KOMIICHCHUPYET IIOTEPI0 JO0XOJI0B B
pe3yibTare  CHUXKEHHA  CTOMMOCTM  IIpoe3a U JIOIIOJIHUTEJIbHBIC
HKCIUTyaTal[MOHHbIE 3aTpaThl, CBA3aHHBIE C HEOOXOIMMOCTBIO OOCITYKMBaHHUSI
OO0JIBILIEr0 KOJIMYECTBA MACCaXUPOB, WIIM )K€ COOTHOILIEHHE 3aTpaT U JI0XOJ0B
OKa3bIBAE€TCS MEHEE BBITOJIHBIM, YE€M IPHU MPEKHEM, 00Jiee BBICOKOM pa3Mepe
IIaTel 3a Impoe3ld. TeM He MeHee, d3TM W3MEHEHHUS OLCHUBAIOTCS KaK OYCHb
yCHEIIHbIE, TaK KAaK OHHM CIOCOOCTBYIOT CHMKEHUIO HArpy3kd Ha YIWYHO-
JOPOKHYIO CETh, TOBBIIMICHUID TPAHCIOPTHOM IIOJBWKHOCTH HACEJICHUS,
AKTUBU3AaLMU €r0 COIMAIBHON U SKOHOMUYECKOU IEATEITBHOCTH.

MakcuMaibHbI Tapud M ero BJHSHME Ha CIHPOC HA YCJIYIrH
O0ILIECTBEHHOI0  MACCAXKUPCKOr0 TpaHcmopra. [IpoTHMBOMNOJIOKHOCTHIO
NOJUTUKE  CTUMYJIUPOBAHUSA  CIpoca Ha  MEPEBO3KU  OOIIECTBEHHBIM
TPAHCIIOPTOM SIBJISCTCA IIOJIMTHKA, HAIIPaBJICHHAs B IIEPBYIO OYepeab Ha
MaKCHMHU3AlMIO J0XO0J0B OT cOopa Iuiatel 3a npoesa. [IpumeHeHHne BBICOKUX
TapudoB HYACTO NPUBOJUT K HECKOJIHKO OoJiee KeCcTKoMy (HUHAHCOBOMY
KOHTPOJIIO ¥ YIIPABJICHUIO HA TPAHCIIOPTHBIX NPEANPUITHUAX, HO UX BIUSHHUE HA
CIIPOC PE3KO OTPUIIATEIBHOE.

[ToBbiieHne TapudoB Ha OOIIECTBEHHOM MAaCCAXXUPCKOM TPAHCIOPTE
TpeOyeT MaKCUMalbHOW OCTOPOXKHOCTH, TaK KaK OHO MOXET CTaTh
KaTaJIM3aTOPOM B 3aIlyCKe B IEMU COOBITUM, COCTABIAIONIUX TaK HA3bIBAEMBbIi
«JIBOMHOM MOPOYHBIN KPYyTr», peCcTaBIeHHBIN Ha Puc. 2.

Kak BuaHO U3 CXeMbl, €CIU TIOBBIIIEHHE Tapu(OB BBI3BIBACT
3HAYUTENIbHOE TMEPEKIIIOUEHUE MAcCaXUPOB C OOIIECTBEHHOIO TpaHCHOpTa Ha
JUYHBIM, TO 3TO NPUBOJUT K POCTY UHTEHCUBHOCTH TPAHCIIOPTHBIX ITOTOKOB,
KOTOPOE€ BBI3BIBAET CHMIKEHHE MX CKOPOCTHU UM IOBBILIEHUE KCILTyaTalMOHHBIX
3aTpaT TPAHCHOPTHBIX NPEANpUATHN (Ha cxeme — cIulomHas JimHus). Kpome
TOI'0, CHUKEHNE NACCAKUPONOTOKA MOKET IPUBECTH K YBEIUYEHUIO HHTEPBAA
JBUKEHHMSI Ha MapIIpyTax OOIIECTBEHHOTO IMAacCaXHPCKOrO TPAHCIOPTA, UTO
nenaeT OOUIECTBEHHBIN TPAHCIOPT MEHEE MPUBJIEKATENbHBIM U CHOBA MPUBOIUT
K CHIDKEHMIO crpoca (MyHKTUpHas jJuHus). Kak moBbllIeHWE 3aTpar, Tak U
CHU)KEHUE JOXOJHOCTH 3aTeéM BEeAyT K HeO0OXOJAMMOCTH CHOBAa IOBBICUTH
Tapudml.
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CHWHEHWE AOXOOHOCTH |+ CHHAEHWECNPOCA HA TNT

Puc. 2. Bo3aMoxHBI€ TOCIEACTBUS HEOOOCHOBAHHOTO pocTa TapuoB Ha
MacCa)XKUPCKOM TPAHCTIOPTE

Takum oOpazoM, MOpPOYHBIM Kpyr 3ambikaercs. OTciona ciemyeT
HEOOXOJAMMOCTh TOAJEPKKA ONTHUMAIHHOTO YPOBHS Tapu(oB CO CTOPOHBI
Oro/pkeTa C  IeNIbI0  TMOJJEPKAHUS TPAHCHIOPTHOTO OOCTY>KMBaHUS Ha
MpUEMJIEMOM YpPOBHE M BO H30€XaHUE AaJbHEHIIEro yXyIIIeHUs KadecTBa
CHUCTEMbl OOIIECTBEHHOIO MMACCAKUPCKOTO TPAHCIOPTa M TPAHCHOPTHOM
CHUCTEMBI B IIEJIOM.

CrnenctBueM  TakoTO  Pa3BUTHA  COOBITUH  sABJSETCA  Jierpajaius
MACCAXUPCKOTO TPAHCIIOPTa, COMPOBOKAAIOMIASACS YXYAUICHHUEM YCJIOBUMU
JBWOKCHUST JICTKOBBIX aBTOMOOWJIEM, YTO MNPUBOAUT K TMapaiudy TOpPOJCKOM
TPAHCTIOPTHOM CUCTEMBI B I1eJIOM. B OOJIBIIMHCTBE TOPOJIOB, T/I€ MPUMEHSICTCS
pallMOHallbHAsl TPAHCIOPTHAsl MOJUTUKA, COpPaBEJIMBas IO OTHOILIECHHUIO K
OOIIECTBEHHOMY TPAHCIOPTY, 3a/iadya MPHUBJICUCHUS TOJIH30BATEICH CUMTACTCS
ropa3go 0OoJjiee Ba)KHOM, HEXKEIM MaKCHMHM3alHMs J0XOJ0B. Takas ITOJIMTHKA
MO3BOJIIET TMOBBICUTH TPAHCHOPTHYIO TOJABUKHOCTH HACEJIEHUs, CHHU3UTH
neperpy3ky ¥YC u npeoTBpaTtuTh Aerpagalyio ropoICKOi Cpebl.
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Cucrema aupdepeHpoBaHHOU OILIATHI. Hcnionb3oBanne
muddepeHupoBaHHoro Tapuda g OMIIATHl IMOE3I0K Ha OOIIEeCTBEHHOM
MACCAXUPCKOM TPAHCIOPTE SIBIIACTCS IIUPOKO PACTPOCTPAHEHHOU MPAKTHKOM
JUIsL KPYIHBIX TOPOJOB C HaceineHueMm cBbimie 1 miaH yenoBek. lllupokas
MIPaKTUKA HAXOIUT OTPAXKEHUE B PA3IMYHBIX NMPUHIIUAIAX TapU(PUKAIMHA U UX
COUYETaHUMU.

[IpumensroTcss  crnenyromue 0a3oBble NPUHLMINBI  TapuuUKaud B
3aBUCUMOCTH OT CJIEAYIOIUX (PAaKTOPOB:

— BpEMEHU;

— PpacCTOSIHUS;

— KaudecTBa 0OCITyKUBaHMUS;

— HaJU4Ms Nepecajiok;

— BH/JIa TPAHCIIOPTa W/WIIH EPEBO3YUKA;
— BHUJA NPOE3AHOT0 OUJIeTa.

[IpakTuuecku BO BceX TapU(HBIX CUCTEMAX, MPUMEHAEMBIX B KPYITHBIX
ropojax, HCIOJb3yEeTCSl COYETAaHME HECKOJbKMX 0a30BbIX MPUHIUIIOB
TapupUKaLHH.

Haubonee pacnpoCTpaHEHHBIMU 0a30BBIMU MIPUHIUIIAMUA
mupepeHnranuy ABISFOTCS:

— muddepeHunanys B 3aBUCUMOCTU OT BPEMEHH;
— muddepeHnnanys B 3aBUCUMOCTU OT PACCTOSTHUS.

[Tpu nuddepennmanuu TaprudoB B 3aBUCUMOCTH OT BPEMEHH CTOMMOCTh
IIPOE3/1a MOXKETCS 3aBUCETH OT:

— TPOJOJKATEITBHOCTH MOE3/IKH;
— BpeMeHHU (IIeprojia) COBEPILIEHUS MOE3IKH.

Tak, cucrema nauddepeHIUPOBAaHHONW OIJIAThI B 3aBUCUMOCTH OT
IIPOJIOJKUTEIBHOCTH Moe3AKu NpuMmensierca B IIpare, Amcrepname, Ilapmxe,
CrokroneMme, bynanemre, Ocio u ap.

Huddepenunanus CTOUMOCTH MPOE3Aa B 3aBUCUMOCTH OT BPEMEHH
COBEPIICHUS MOE3IKU MPUMEHSIETCS B TaKMX KPYIMHBIX ropojaax, kak JIoHIoH,
["amOypr, ®pankdypr-Ha-MaitHe U JIp. U MO3BOJSET COBEPIIATh MOE3IKH IO
CHW)KCHHOM 1I€HE B MEXKIIMKOBBIM IIEPUOJ M TIEPUOJ BEUEPHErO Craaa
MHTEHCUBHOCTU TMaccaxuponotokoB. B T'amOypre, Hampumep, CHHUXKEHHE
Tapuda npakTukyercst B Oyanue AHU ¢ 9 10 16 4acoB U B BBIXOAHbBIE THU MOCIIE
18 wacoB. B bepnune — ¢ 10 no 15 exxenneBno. [logobnas nuddepenumaus
CTOMMOCTH Mpoe3/a MO3BOJISIET CHU3UTh MUKOBBIE HATPY3KHU HAa TPAHCIOPTHYIO
CUCTEMY W/WIIM MIPUBJIEYb JOMOJHUTEIBHBIX MACCAKUPOB B MEPUOJT YMEPEHHOU
3arpys3Ku.

[Ipu muddepennmanuu TapudoB B 3aBUCHUMOCTH OT MPOTHKEHHOCTH
MOE3JKH CTOMMOCTb IPOE3]1a MOKET ONPENETIATHCA:

— 30HAaMH, B MIPEAEIIaxX KOTOPhIX COBEPIIAECTCS MOE3/IKa;

Received: 02.03.2021 Revised: 10.03.20201 Accepted: 30.03.2021
Moctynmaa: 02.03.2021 Opo6pena: 10.03.2021 IHpunsra: 30.03.2021



148 TPAHCHIOPTHBIE CUCTEMbI U TEXHOJIOT'MUA OPUTI'MHAJIBHBIE CTATbU
TRANSPORTATION SYSTEMS AND TECHNOLOGY ORIGINAL STUDIES

— HaYaJabHOM M KOHEYHOMH 30HOM;

— KOJIMYECTBOM MEPETOHOB;

— KOJIMYECTBOM TapU(PHBIX YIACTKOB;
— MPOTSKEHHOCTHIO MOE3/IKH.

Cucrema muddepenimanuu TapudoB B 3aBUCUMOCTU OT PACCTOSIHUS
UCIIOJIB3YETCsl B HACTOSIIEE BpeMs B OOJIBIIMHCTBE KPYITHBIX TOpo10B EBporibl.
Tak, Hanpumep, B bepnune, ['amOypre, Jlonnone, bapcenone ucnosb3yercs
nuddepeHImanys CTOMMOCTH MPOE3/1a B 3aBUCUMOCTH OT 30H.

[Ipumenenue cuctemsl aud@epeHIUpPOBaHHON OIUIaThl 00eCIeYnBaCT
COOTBETCTBHE pa3Mepa IUIaThl 3a Mpoe3l O00beMy NPEIOCTaBICHHBIX
TPAHCIOPTHBIX YCIYI M TO3BOJIIET B IMOJHOW MEpE Y4YecTh BO3MOXHOCTH H
NOTPEOHOCTH Pa3JIMYHBIX IPYII NACCAKUPOB.

OnHako 00BEKTUBHOMI MPEANOCHITKON CO3IaHUS CUCTEMBI
T depeHIIMPOBAaHHON OIUIAThl MpOe3/la Ha OOIIECTBEHHOM MAacCaXKUPCKOM
TPaHCIIOPTE  SIBJSIETCS  HEOJHOPOAHOCTh  IOE3[0K, OTIMYAKOLIMXCS 110
JAIBHOCTH, IPOJOJDKUTEIIBHOCTH, BPEMEHU COBEPULICHMS, NEPECATOYHOCTH H
JIpYruM xapaktepuctukaM. J[lanHas cucrema siBisierca >(PQGEKTUBHON TpH
BBICOKOM MPOTSHKEHHOCTU MapuIpyTa U OOJBIIOM KOJIMYECTBE CTAHIIUM HA HEM.
OpHako BCJENCTBUE NPHUBEACHHBIX BhINIe (HAaKTOPOB, HECMOTPS Ha BCE
OUYEBHJIHBIE MpeuMyIIecTBa TU(PEpEeHIIMPOBAHHON CUCTEMbI OIIAThl IPOE3/a,
MOKHO 3aKJIIOYUTh O HELEIeCOOOpa3sHOCTH MPUMEHEHUs MOJO0OHOW CXEMbl Ha
IPOEKTUPYEMON JIMHUM JIETKOTO PEIbCOBOTO TPAHCIOPTA IO HAIMPaBIEHUIO
CepronoBo — Cankt-IlerepOypr. IlpuunHOil TOMY HEBBICOKas MPOTSIKEHHOCTH
MapuipyTa (MeHee 20 kM) 1 HEOOJIbILIOE YHCIIO CTAHIUI Ha HEM.

Hocrossnnbiii Tapud. IlpuMenenre NOCTOSIHHOTO (()PMKCUPOBAHHOTO,
IUIOCKOT0) Tapuda TakKe UMeeT Kak JOCTOMHCTBA, TaK U HEJOCTATKH.

K nmocrouncrBam Takoit TapudHO CUCTEMBbI OTHOCSATCS:

— IIPOCTOTA NOHUMAHMUS MACCAKUPAMHU;
— MOPOCTOTA yuyeTa IIaTekKe;
— MPOCTOTA KOHTPOJIS OIUIATHI IPOE3a.

OCHOBHBIMHU HEIOCTaTKaMH IMOCTOSHHOTO Tapu(a SBISIOTCA:

— HECHpaBeUIMBOCTh: MpPU TNPUMEHEHHUH MOCTOSHHOro  Tapuda
[TACCAKUPBI, COBEPIIAKOLIME KOPOTKHE IIOE3AKH, IIIATAT 3a HUX CIHIIKOM
BBICOKYIO TIaTy, HE COOTBETCTBYIOIIYI0 OOBEMY MPEIOCTABIECHHBIX YCIIYT, B TO
BpeMs Kak eAylue Ha JAJIbHUE PACCTOSIHUS OOBIYHO HEAOTIAYMBAIOT;

— COKpalleHUE IMacCAKUPOIIOTOKOB BCIEACTBUE OTKAa3a OT IOE3JI0K Ha
KOPOTKHE PacCTOSAHMS, U, CIIEIOBATENBHO, BHIITAICHUE YaCTH JOXOI0B.

B 10 ke Bpemsi He0OXOAUMOCTh O0Jiee BBHICOKOW IIATHI 3a MOE3JKU Ha
00JIbI1I0€e PACCTOSIHUE B HEKOTOPBIX CIy4yasix, B TOM UKCJE U B KPYIHBIX FOpojiax
Poccun, Ttakmx, kak Cankr-IletepOypr, KoOMIEHCHpPYETCS OTCYTCTBHUEM
BO3MOXXHOCTH O€CIJIaTHOM Tepecagkd MEXIy MapluipyraMd ¢ BHUIAMU
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TpaHcnopTa. [Ipu 3TOM pa3HHMIIa MEXAY BEIMYMHON OIUIAThl MPOE3Ja TEPSET
aKTyaJIbHOCTb JJIsl MAPLIPYTOB, B KOTOPBIX OTCYTCTBYET 3HAUUTEIIbHAS pa3HULIA
MEXIy JAAbHOCTBIO TTOE3/I0K, YTO JeNIaeT JaHHbIA BUJ TapuuKaiuu Haubolee
MPUEMIIEMBIM IS OIUIAThl Mpoe3na 1o npoektupyemor JwmHu MIIT 1o
Hamnpasyieauto CeptonoBo — Cankt-IlerepOypr.

B Poccuiickoii denepannu Tapudbl Ha MEPEBO3KU MACCAKUPOB U Oaraxa
MACCAXUPCKUM  TPAHCIIOPTOM  OOIIEr0 TMOJb30BAaHUS  PETIAMEHTHUPYIOTCS
OpraHaMy HCHOJHHUTEIbHONW BiacTu cyOBbekToB Poccuiickoit ®enepanuu B
00J1acTH TOCYTapCTBEHHOTO PETyINPOBAHUS TapU(OB.

B Tabn. 1 npencrtaBneHsl Tapudbl Ha NPUTOPOTHBIC MACCAKUPCKHUE
IIEPEBO3KA  JKCJIIE3HONOPOXKHBIM  TPAaHCHOPTOM B 30HE  TATOTEHHUS
npoektupyemoit jguHuu MJIIT CepronoBo — Cankr-IlerepOypr. Cornacho
JEUCTBYIOIIUM HOPMATHBHBIM JOKyMeHTaMm [IpaButenbcTBoM JIeHUMHIpaackoit
0o0JaCTH  YCTAaHOBJIEH TMpeNeibHbIi Tapud Ha TEPEeBO3KY MaCCaKUPOB
KEJIE3HOJOPOKHBIM TPAHCIIOPTOM OOILIETrO MMOJIb30BaHUs B pa3mepe 2,77 pyo. 3a
Ka)XKIbIi TTocaeaytomuii mocie 14-ro km.

B Tabn. 2 npencrapiensl Tapudbl HA MapIIPyTax PETYISIPHBIX EPEBO30OK
HA3eMHBIM MMACCAXKUPCKUM MAPIIPYTHBIM TPAHCIOPTOM OOILETO MOJIb30BAaHUS B
30He TAroteHus npoekrupyeMor tuHUM MJIT mo manpasinenuro CepTosioBO —
Cankr-IlerepOypr, neiictByromue B 2020 romy.

CronmocTh Ipoe3ia Ha MapuIpyTax PEryaspHbIX MEPEBO30K C MOCATKOU
M BBICAJKOW IMACCA)KUPOB TOJBKO B YCTAHOBJIEHHBIX OCTAHOBOYHBIX ITyHKTaXx
HA3eMHBIM NACCAXUPCKUM MapIIPYTHBIM TPAHCIIOPTOM OOUIEro MOJIb30BAHUS
cocraBisier He Oosiee 4,5 py0. 3a kM mpobGera. CTOMMOCTh Mpoe3na Ha
MapUIpyTax PETYJSPHBIX IMEPEBO30K C MOCAAKOW MU BBICAAKOW IACCAXKUPOB B
J1000M HE 3alpelieHHOM MPaBWJIAMU JIOPOXKHOTO JBUKEHUS MECTE Ha3eMHBIM
MACCAXUPCKUM MapIIPYTHBIM TPAHCIIOPTOM OOIIETO MOIh30BaHUS KOJICOIEeTCS B
nuarnazone oT 95 g0 180 py6. B 3aBHCHUMOCTH OT JalbHOCTU Moe3nku. Ha
OOJBIIMHCTBE MAPIIPYTOB MCTONB3YyeTCs 30HANbHAs nuddepenmuanus Tapuda.
[Ipu 3TOM cTOMMOCTH KMJIOMETpa Mpobdera Ha TaKUX MapHIpyTax 3HAYUTEIHHO
JElIEeBJIe, YE€M Ha MapupyTax peEryJsIpHbIX IIEPEBO30K, HCIOIb3YIOIIMNX
Y4aCTKOBBIM BUJA Tapuda, ¢ MOCAIKOM M BBICAJKOW MACCAKUPOB TOJBKO B
YCTAHOBJIEHHBIX OCTAHOBOYHBIX MyHKTAX.

CpenHssi NPOTSHKEHHOCTh MapUIpyTOB HA3€MHOTO  IMACCAKUPCKOTO
MapIIpPyTHOTO TPAHCIOPTAa B 30HE TATOTEHUS IpOeKTHUpyeMou JmHuu MIIT
CepronoBo — Cankt-IletepOypr BapsupyeTcs oT 15 10 56,5 kM.
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Tabnuya 1. Tapugher Ha npueopoousie naccaxrcupckue nepegosKu Hcele3HO0OPOICHLIM MPAHCNOPMOM 8 30He MAL0MEHUs NPOEKMUPYeMOoU IUHUU
MUIT no nanpasnenuro Cepmonoso — Canxkm-Ilemepoype

Ilepeyens padort (ycayr) cy0bekTa HamvenoBanue oprana
ecTeCTBeHHOI MOHOMoIMN B cdepe HCIOTHUTEILHOMN BAACTH
Ne 7KeJ1e3HOJOPOKHBIX IePeBO30K, . ’
HopMaTuBHO-IPAaBOBOM aKT Tapugsi OCYIIEeCTBJIAIOLIET0
nn | Tapudsl (CTABKU COOPOB U MJIATHI) FOCYIapCTBEHHOE Pery/in-
HA KOTOpbIE PeryJHPYyIOTCS oBAHHe
rocyaapcTsom P
HpI/IKa3 Ne 401-m oT 16.12.2020 «O0 1) TapI/I(b «CTaHIlapT»:
yCTaHOBJICHUH Tapu(OB HA IEPEBO3KY MACCAKUPOB 37,38 py6. 3a epebie 14 K,
KeJe3HOAOPOXKHBIM TPAHCIIOPTOM OOLIET0o BHE 32BHCHMOCTH OT KomuTer 1o Tapadam i
1 | pasosbre (Ha OJHY MOE3IKY B OJIHY [I0JIb30BAaHUSI B IPUTOPOAHOM COOOIIEHUH Ha NATBHOCTH O3 IKH: LEHOBOH TTONHTHKE
(v 9
CTOpOHY) TeppuTopuH JICHUHIasCKoii 00nactw, 2,67 py0. 3a KaxabIi JleHuHTpaacKol obmactu
OCYIIECTBISIEMYIO OTKPBITHIM aKIIHOHEPHBIM ’ : N
obmectBoM «CeBepo-3arnagHasi MpUropoaHas TTOCTCAYIOIIMH KHIIOMETD
[aCCaKUPCKast KOMITAHMSD nociie 14-ro
Pasmep ckuaku k pazoBom
Pacnopsixenne Ne 102 ot 13.03.2015 r. «O 6I/IHeTp cocfaBnﬂeF; ot 0% }I/lO
(J
2 aboHEeMEHTHBIE CTOMMOCTH IPOE3IHBIX JOKYMEHTOB JJIs [Ipoe3aa 10% ]Z3aBI/ICI/IMOCTI/I ot B OAO «C3ITITK»
(Ha HECKOJIBKO TI0€3/I0K) [1acCakKUPOB B MIPUTOPOTHOM COOOIIIEHUH 110 ’
N a0OHEMEHTHOTO OmyeTa, CpoKa
Teppuropun JIeHUHrpaacKoi 0bIacTu» o
JCUCTBUA U JAJIbHOCTH ITIOC3AKHU.

Beuny orcyrcrBus

TaKHuX

IMPCAIIOCHIIOK, KakK

HEOAHOPOIHOCTh

MOE3/10K, OTINYHUS

I10 JaJIbHOCTH,

POJOJKUTEILHOCTH, BPEMEHU COBEPIICHMS, IEPECATOUHOCTH U IPYTUM XapaKTEPUCTUKAM, a TAaKXKe MPHU ydeTe HeOOIbIION
IPOTSKEHHOCTH MapuipyTa npoektupyeMoi nuauu MJIT, BHeapenue cuctemsl qudepeHnpoBaHHOM OMIaThl IPOe3aa He
ABIgeTCs 1enecooOpasHeiM. Haumbonee mnpuemiembiM AJis OIJIaThl Tpoe3na mno mnpoektupyemoir simauu MIIT mo
HarpasieHuto CeprosnoBo — Cankt-IlerepOypr sBisieTcsi NpUMEHEHHE MOCTOSTHHOTO Tapuda.
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Tabnuya 2. Tapugvl Ha mapupymax pe2yisapHbIX NEPeBo30K HAZEMHbIM NACCANCUPCKUM MAPULPYIMHBIM MPAHCROPMOM 00ue20 noIb308aHUs 8
30He mazomenus npoexmupyemoti aunuu MJIT no nanpasnenuio « Cepmonogo — Canxm-Ilemepoypey, 2020 e.

Homep
MapupyTa

HaunmeHnoBaHue Mapupyra

Cpennssn
NPOTSKEHHOCTh, KM

Buna tapudga

CroumocTs npoesaa, pyo.

MapuipyTsl peryJsipHbIX IEPEBO30K C MOCATKOM U BBICAIKOM MaccaXxupoB

TOJIBKO B YCTAHOBJICHHBIX

OCTAHOBOYHBIX IMYHKTAaX HA3€MHBIM IMaCCA)KUPCKUM MapUIPyYTHBIM

TPaHCIIOPTOM OOLIETO MOJIb30BAHUS
435 A.c. «yn. Kenn EropoBoii» — moc. EnuzaBetnnka 32,5 YYaCTKOBBIH He 6onee 4,5 py0. 3a kM npobera
497 Uepnas Peuka, 33 Km — cT. [lecounas 151 Y9aCTKOBBIH He 6omee 4,5 py0. 3a km mpobera

MapuipyTsl peryasipHbIX IepeBO30K C MOCAIKOI U BBICAIKOI MaccakXUpoB B JTOOOM He 3alpelieHHOM MIpaBIiIaMH T0POKHOTO

MACCAKUPCKUM MapuIpy

THBIM TPAHCIIOPTOM 00111e

T'0 I1I0JIb30BaHUA

JBHXXCHHS MECTC HA3CMHBIM

41-i1 xm — ctarmusa meTpo «[Ipocnext

434 [pocsemenus», Cankt-IlerepOypr 302 KHTOMETPOBLIH 5
41-xm, 40-xkMm, Memopuain, 38-km, 37-kM, 36-KkM, 0p.
Ha EnmzaBetnHky, MkpH. UepHas Peuka (tieHTp),
439 UYepnas Peuka-2, Uepnas Pquall, 30-kMm, T. 273 KITOMETPOBBIH 65
Cepronoso (zop. Ha noc. [lecounsrii, I'oponok, 26-
KM, yi1. Monoamnosa), OcuHoBast Poma, mip.
Onrenbca, CaakT-IletepOypr, ct.M. «[lapHac»
444 r. CepronoBo-2 — crannus metpo «[IpocnexT 15.9 SOHHLL 43
[pocsemenusi«, Cankr-TlerepOypr
90 p.,
CII6 — Iapromnoso — 60p.;
CII6 — Yépnast Peuka — 70p.;
noc. Jlenunckoe, Smmnens, 45 — 47 kv, CagoBojcTBa, ggg - CC?;::E;Z]? S_OSOP K
456 Uepnas peuka, CepronoBo, [lapronoso, cT.M. 46,0 30HHBII p-

«IIpocnekr IIpocemennsa»

ITapromoBo — camoBoacTBa —50p.;
Mapromnoso —Jleannckoe — 80p.;
CepronoBo — Jlennnckoe — 60p.;
cagoBojicTBa — Jlennnckoe — 50p.;
Cumarnno —JIennnckoe — 50p.
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Howme Cpenusns
P HaunmenoBanue mapuipyTa pe Bua Tapudga CroumocTs npoe3aa, pyo.
Mapumpyra NMPOTSZKEHHOCTh, KM
r. CepToa0BO — cTanmus MeTpo «IIpocrekT .
555a P H p P 15 30HHBII 60
[Ipocemenwnst», Cankt-IleTepOypr
1. [lepBomaiickoe, . Yatika, m. OrOHBKH, TI.
Cumarnno, CagoBoacTsa, . UepHas pedka, T.
675 Ceptonoso, . OcunoBas Pomna, 1. [Tapromnoso, 56,5 30HHBIN 120
Cankrt-IletepOypr, np. [Ipoceemienus, cT. M.
«IIpocnekt IIpocBemienus», cT.M. «IlapHacy
roc. YepHas peuka — OKDb, mp. JIynauapckoro .
676 pHasd p » 1IP- 71y P ’ 20,9 30HHBIN 70
Cankr-IletepOypr
MuuypuHckoe (Tiouta, mentp), Cretioe,
BacunbeBo, Kopoburisiao, [lonropee,
IIepBomaiickoe, Oronpku, Cumaruto, 40-km .
678 P ’ ’ : : 52 3OHHBI1 65 — 180
Uepnas Peuka, r. CepTonoBo (octaHoBKa ['opoiok),
Ocunosas Poma, Cankt-IletepOypr, cT. MeTpo
«ITapnacy»
r. CepronoBo — ctanmus MeTpo «O3epkny, CaHKT- .
673 p H p P, 16 30HHBIN 60
[etepOypr

Tabnuya 3. [Ipoecno3 unoexca nompebumenvckux yer 0o 2030 a.

Tokasaten Bapuan 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030
JIILL, 5 % Basosbii 102,8 | 102,7 | 102,7 | 1025 | 102,3 | 102,2 | 102,0 | 102,0 | 102,0 | 102,0
npeabayeMy _
romy YMEpEHHO- | 153311031 | 102,9 | 102,8 | 102,6 | 1025 | 102,3 | 102,1 | 102,0 | 102,0
OINTHUMUCTUYCCKHUU

Ucrounnk: MuHuCTEpCTBO SKOHOMHUYECKOr0 pa3BuTus Poccuiickoit denepannu
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ITPOI'HO3 TACCA’KHPOIIOTOKOB 11O JIMHUH MJIT C
YYETOM PEKOMEHAYEMbBIX TAPU®OB CBOPA IIJIATHI 3A
ITPOE3 /L

[Iporno3 naccaxxuponotokoB o jsuauu MJIT mexay r. CepronoBo
u crannueir merponosmrteHa «llapracy B 1. Cankt-lIletepOypre Obin
BBIIIOJIHEH C YYETOM IPOTHO3a CHpPOCa Ha MEPEABUKEHHUS HACEIEHHS IO
muaun - MJIT, a  Ttakke  pe3ynbTaToB  OOOCHOBaHMsA  BbIOOpa
pexkoMeHIyemMoro Tapuda.

Havano skcmtyatanuu auaun MJIT npunsaro ¢ 2025 r. ¢ yueroM
MPOJOKUTEIBHOCTU TIEpUOAa MPOXOKACHUS KOHKYypca Ha BBITIOJTHEHUE
MPOCKTHBIX pabOT, MPOECKTUPOBAaHMS U CTpouTenabcTBa JuHuun MIIT,
npuoOpeTeHNs MOABUKHOIO COCTaBA.

B 2025 r. noTeHIMaNbHBIA CIPOC HAa MEPEABUKEHUSI HACEIICHUS TI0
auaun MJIT ouenuBaercs B 14,4 muH den. C ydeToM PEKOMEHIYyEMOIO
tapuda cOopa 1IaThl 3a MPoe3 ] B MEPBBINA roj dKCIuTyaTauu TuHuu MJIT
naccaxupornoTok coctaBut 10,6 mutH yen. (Tab. 4).

Tabnuya 4. Ilpoenos naccadxrcuponomoko8 no JUHUU — MASHUMONEBUMAYUOHHO2O
mpancnopma no nanpasieruro « Cepmonoso — Canxkm-Ilemepoype» 0o 2030 e.

O0beM maccaKuponoTOKOB, ThIC. YeJl.
I'on S —— € Yy4eTOM pPeKOMeHyeMOoro
Tapuda Ha nIpoe3N

2025 T. 14 441 10 610
2026 . 14 800 10 880
2027 r. 15170 11150
2028 1. 15 550 11 430
2029 . 15940 11720
2030T. 16 340 12 010

B 2030 r. 06beM maccaXxuponoToKa ¢ y4eTOM PEKOMEH]IyeMoro Tapuda
cObopa TuIaThl 3a Mpoe3d yBeIuduTcs A0 12 MiH vemoBek, wiu Ha 13,2 % 1o
cpaBHeHuto ¢ 2025 1.

OIIPEAEJIEHUE NIOTEHIHUAJIBHBIX TOXOAO0B ITPOEKTA
11O IUHUU MUIT

B pamkax BbIMOTHEHUS MaHHOW pabOThl K MOTEHIUAIBHBIM JI0XOJaM
npoekTa no JuHu MJIT oTHECeHbI J0X0abI OT cOopa miaThl 3a nmpoe3a B MIIT.

[Iporno3 moxomoB ot cOopa muatel 3a mpoe3q B MJIT wa yuactke
«CepronoBo — Cankt-IletepOypr» ObUI BBIMOJHEH HAa OCHOBE MPOTHO3a
MacCaKUPOIIOTOKOB U pekoMeHayeMoro Tapuda B meHax 2020 r. m meHax
cooTBeTCTBYromuX JieT [13, 14, 15, 16].
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Jld mporHo3a HOTEHIMANIBHBIX HOXOAOB IpoekTta mo JuHuu MJIIT B
[IEHAaX COOTBETCTBYIOIIMX JIET OBbLJI HCIOJb30BaH MPOTHO3 HHJEKCA
NOTPEOUTENBCKUX 1I€H, MPEICTaBICHHbIH MMHHCTEPCTBOM 3KOHOMHYECKOTO
passutus Poccuiickon denepanuu B CICIYIOMNUX JOKYMEHTAX:

— IIporHo3  conmambHO-3KOHOMHMYECKOTO  pa3BuTHs  Poccuiickon
®enepanuu Ha 2020 rox u Ha iaHoBbIN Tiepuo 2021 u 2022 roa0B;

— IIporHo3  conmambHO-3KOHOMHMYECKOTO  pa3BuTHsA  Poccuiickon
®eneparnuu Ha 2020 rox;

— IIporHo3  conmambHO-3KOHOMHMYECKOTO  pa3BuTus  Poccuiickon
Oenepanuu Ha niepuos 110 2030 roxa.

B cootrBerctBUM ¢ IIpOrHO30M COLHMAIBHO-3KOHOMUYECKOTO Pa3BUTHS
Poccuiickoit ®enepanun Ha 2020 rox v Ha maHoBbIM nepuon 2021 u 2022
roJI0OB IPEIyCMOTPEHO JIBa BapraHTa pa3BUTHUs: BapuaHT | (0a30BbIil) U BapUaHT
2 (yMEpEeHHO-ONTUMUCTUUYECKHU).

WNunexc nmorpedbutenbckux mneH Ha nepuod A0 2030 r. B AByX BapuaHTax
npejacTasiieH B Tabi. 3.

[Iporno3z moxomoB ot cOopa miuatel 3a mpoe3nq B MJIT wa yuactke
«CeptonoBo — Cankr-ITetepoypr» B ienax 2020 . u 11eHaX COOTBETCTBYIOIIUX
JeT npeacrasiieH B Taou. 5.

IIpu ompeneneHnn A0X0I0B OT cOopa mmiatel 3a mnpoe3g B MIIT
YUUTHIBAJICA peKOMeHTyeMbli Tapu@ Ha mpoe3n — 80 py0. B nenax 2020 r.

Tabauya 5. Ilpoenos 0oxodoe om coopa naamei 3a npoe3d ¢ MJIT no nanpasneHuro
«Cepmonoso — Canxkm-Ilemepoypey oo 2030 2. (¢ yenax 2020 o u yeuax
COOMBEMCMBYIOUWUX J1en)

Jloxopl OT cOOpa IIaThl 3a IPOE3.I, MIIH PYyO.
B [ICHAX COOTBETCTBYIOMINX JIET
l'on B 1ieHax 2020 r. . YMEPCHHO™
0a30BbIii BApHAHT OITHMHCTHYECCKHI
BapUAHT
2025 r. 531 743 743
2026 . 544 783 783
2027 r. 558 814 825
2028 r. 572 846 869
2029 1. 586 879 914
2030 . 600 925 961

Taxum o6pazom, ipu Tapude 80 pyO. (B nenax 2020 r.) moxoas! oT coopa
miathel 3a poe3a B MJIT mo nampasnenuto «CepronoBo — Cankrt-IlerepOypr» B
2025 r. cocrast 531 miH py6., B 2030 1. — 600 mutH pyo0. B mieHax 2020 r.

C yderoM mpoOrHo3a MHAEKCA MOTPEOUTETBCKUX IIEH JA0XOAbl OT cOopa
miatel 3a npoe3x B MIJIT B menax coorBercTByrommx Jjer B 2025 .
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MPOTHO3UPYIOTCS Ha ypoBHe (43 MiH pyO. 1o 06a30BOMy U yMEpPEHHO-
onTUMHUCTUYEeCKOMY BapuaHTtam, B 2030 r. — 925 muH py6. u 961 muH pyo.
COOTBETCTBEHHO.

B cBsa3u ¢ TeMm, 4YTO pacxXxoxkJACHHE B 3HAUYCHUSIX HMHACKCOB
NOTPEOUTENBCKUX LIEH IO JIBYM BapMaHTaM HE3HAYUTEIbHOE, JOXOJbI OT cOopa
raTel 3a nmpoe3q B MJIT B ieHax COOTBETCTBYIOIIUX JIET IO JIBYM IPOTHO3HBIM
BapUaHTaM CYIIECTBEHHO HE Pa3IN4arOTCs.

[Ipu ompenenenuu n0x0m0B OT cOopa miartel 3a mpoe3n B MJIT mo
HanpasieHuio «CepronoBo — Cankrt-IletepOypr» Tapud mia JIBTOTHBIX
KATEropyuil rpakJjaH HE YUUTHIBAJICS B CBS3M C MPEIOCTaBICHUEM CYyOCHIUN Ha
KOMIICHCAIIMIO BBIMAJAIOUIMX JOXOJOB TPAHCHOPTHBIM OpraHU3alMsIM U3
oromxkera r. Cankr-IlerepOypra u Jlenunrpaackoi obaacTu.

3AK/IIOYEHUE

[Mnanupyemas MJIT ot Cankr-Ilerepbypra mo CepTosioBO, MpPOXOJUT
yepe3 TEPPUTOPUHM MACCOBOM JKUJIMILHOM 3aCTPOMKH U 00ECTIEUMBAIOLICH CBA3H
MIaCCAKUPOB cO cTaHuumenr merponoiureHa «[lapuacy. Llensio BHEeOpeHusa 3ton
muaun MIJIT gBnsieTcst ynyduieHue TpaHCIOPTHOTO OOCTYKUBAHUS U CHIDKCHHE
3aTpar BpEMEHM Ha TMOe3AKH HaceneHus ropoga CepronoBo 3a  cyer
oOecrieyeHusi CKOPOCTHBIX COOOUIEHUH, TOBBIIIEHUS TEXHUYECKOTO YpPOBHS
MOJBMXKHOTO cOCTaBa M OCTaHOBOK MJIT, 4YTO CyIIECTBEHHO BIMSET Ha
KOM(OPTHOCTh MepeBUKEHU MaccakupoB. Kpome 3Toro, BHEIpEeHUE JIMHUU
MIJIT m1O3BOSUT NEPEKITIOYUTH TMOJB30BaTENEH JIETKOBBIX aBTOMOOWJIEH Ha
muHu0 MJIT, 94TO yMEHBIINUT 3arpsA3HEHUE OKPYKAKOIIEH CPEIbI.
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