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IMPROVEMENT OF SUPERVISORY CONTROL OF TRAIN
MOVEMENT BY MEANS OF INTRODUCTION OF OPERATIONAL
ZONES

Purpose. The work is aimed to investigate the feasibility of transferring automatic control to low-density
stations of the sections (according to the principle of supervisory control of trainline) to the operators at principal
stations. Methodology. The article analyzes the work of heavy traffic sections of the Ukrainian Railways JSC. It
was found out that the information workload of dispatchers who control the train movement at the sections of the
main course, constantly exceeds the permissible level. The possibility of using the technology of supervisory control
of train movement by the introduction of operational zones has been investigated. Findings. The authors found out
that the capacity of receiving and departure tracks at the stations of the sections is extremely limited. The occupancy
of run-around tracks by the out-of-work trains hinders any regulatory measures at the sections. Trains pass one after
another without giving priority, that is, they pass through the section in the order in which they entered it. Due to the
limited number of tracks at the pre-section intermediate station, freight trains are placed for run-around by the
passenger ones at the distant approaches. This leads to a loss of service speed and reduces the level of utilization of
the sections™ working capacity. The introduction of operational zones will significantly reduce information flows
and facilitate the work of the train dispatchers, create the necessary conditions for creative decision-making on the
inter-sectional regulation, and will contribute to increase in the service speed of trains. Originality. The article
developed a new technology to improve the management of train sections by dividing them into operational zones.
In each zone, consisting of two or three run-arounds, the duty officer of the principal station, performing in this case
the functions of the train dispatcher, can control the train movement. Practical value. It has been proposed to put
trains from technical stations that idle due to uneven movement, especially the trains from the terminal stations
(division points) of the locomotive circulation sections, to reserve routes of the pre-section intermediate stations.
Laying the reserve tracks and their maintenance, taking into account the periodicity of use and reduced permissible
speed, can be allowed according to less tight standards for the construction of the roadbed, ballast section, sleeper
density, taking into account the use of switches and decommissioned tracks.

Key words: train schedule; dispatch control; freight trains; train delay time; principal station

process with the expansion of the range of
services, which contributes to the growth of
transportation  volumes.  Therefore, in the

Introduction
In our country railway transport has a

significant influence not only on improving the
economic and financial results, but also on the
results of other sectors of the economy.
Improvement of the system of interaction between
railways and production is carried out in the
direction of increasing the quality of transportation

conditions of competition, the total volumes of
railway transportations depend primarily on the
production volumes. In addition, they are also
influenced by the quality of transport services,
which in modern conditions is of particular
relevance. Thus, improving the quality of transport
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services with increase in the list of services
significantly expands the customers circle,
contributes to the growth of railways revenues,
strengthens the railway transport’s positions in the
market and positively influences the overall result
of economic transformations.

According to the experience of improving the
organization of railway operation in different
countries, in modern realities, they aim to fully
satisfy the requirements of customers regarding the
terms of goods delivery due to the high reliability
train movement schedule, which is the basis of the
transportation process technology [2]. Under
conditions of the existence of a multi-level
management system of transportations, the
separation of management at the level of the
transport corridors network becomes necessary.
This will make it possible to coordinate the
technological and infrastructural capabilities of all
units of PJSC «Ukrainian Railways» within the
defined railway line in order to form a rational
system for the promotion of specialized car traffic
volumes [10].

Railway transport directs its efforts to strict
adherence to the traffic schedule and the order of
use of rolling stock in accordance with the plan for
trains formation, technical regulation. On the other
hand, large financial-industrial groups, which
make up the majority of cargo owners, began to
minimize their expenses with the aim of
maximizing income, primarily transferring the
cargo storage costs to the state-owned company
PJSC «Ukrainian Railways» (PJSC «UZ») by
using public cars as «wheeled warehouse». The
financial-industrial groups began to include
railway transport in the management of the sales
process (and this is nothing more than the
management of freight traffic volumes) and
influence its technology [9]. So, whereas
previously the department of traffic management
exclusively dealt with the issues of the train
formation plan, in recent years — with the issues of
harmonization of the routes and conditions of
goods transportation in individual companies. Due
to the sharp decline in production and
transportations, the need to compete for custom in
the new economic conditions, railway transport has
increasingly become to take into account the
custom’s requirements and adapt to them.

The article [11] emphasizes that competition at
transport is a struggle for cargo owners and
passengers, obtaining the most beneficial effect on
the basis of the use of modern, more efficient
technologies, improving the quality of
transportations, their reliability and speed of
movement of goods and passengers. The
expediency of the use of modern dispatch train
movement control systems is confirmed by the
results of the study, set forth in the article [3].
Also, this study focuses on the fact that the task of
constructing and improving the transport
technologies and traffic management systems are
relevant.

The article [1] studies the influence of various
factors on the implementation of the technology of
car traffic volume passage under conditions of
rigid route schedules based on the criteria for
rationalization of fuel and lubricant costs, timely
goods™ delivery, etc. in order to identify
competitive variants of the organization of train
traffic volumes. Establishing priorities for the
provision of services at the section and the use of
the balance methodology makes it possible to
rationalize the work of a given railway station or
direction [8]. The authors™ thoughts on the network
effects that arise during the train operation are
quite interesting. The authors emphasize that one
section cannot be considered as a completely
independent part of the entire railway network.

The work [17] uses integration of software
products of micro and macro levels of simulation
was used, which allows estimating the influence of
the primary delay in train movement on the
distribution of general delay at the section and
improving the research accuracy. The analysis of
primary delays and the use of carrying capacity
shows that there is a high degree of dependence
between periods with a high frequency of delays
and bottlenecks in carrying capacity [16]. In the
article [12], the authors argue that the train
movement schedule is stable if any delay in the
train movement of can be compensated by time
reserves without the need to activate the work of
train dispatcher.

The paper [6] introduces the term «operational
reliability» in order to assess the stability of the
train schedule. The team of authors in the paper
[14] proposed to assess the adherence stability of
the train movement schedule, depending on the
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complexity of operations: the fewer conflicts in the
schedule, the higher the stability of the movement
schedule. The manual [5] presents the
methodology of determining the time reserve for
solving conflict situations that occur during the
laying of passenger and freight trains” movement
on the schedule.

The works [13, 15, 18-19] solve the task of
transportations dispatching at the level of
management not only to control the train schedule,
but also for the purpose of its operational
correction. In their research, scientists also attempt
to create a standard schedule of train movement on
the tactical level of planning.

In the study [4], the authors propose a method
for ranking trains and route schedules according to
priority. They attempted to develop an automated
system «Predicted train schedule» at the Belarusian
railway, with the help of which it is possible to
predict the schedule for 3 hours. Thus, the authors
resolved the task of increasing the operation
efficiency of a section by automating the
supervisory control of the train work. Research in
this direction is quite promising.

In the article [7], the authors developed
a method of algorithmic description of the process
of making managerial decisions by the train
dispatcher in relation to the determining the cross-
over stations taking into account the priority of
trains. In the future, this algorithm can become the
basis for creating a decision support system that
will be integrated into the automated work station
of the train dispatcher (AWS TD).

In today's realities, train dispatchers (DNCs)
operate under heavy load conditions. From time to
time, this affects the quality of their decisions
during the operational management of train work
at the sections. In view of this, it is expedient to
develop the measures that will allow transferring
the part of the functions of train management to
other participants in the transport process; in
particular, it may be duty officers at the principal
stations.

Purpose

For further development of the technical means
of Ukrainian railway transport it is necessary to
have several variants of the rational technology of

the main production process — the organization of
the train movement.

The purpose of the article is to investigate the
expediency of the automatic control transfer of
low-density stations of a section (according to the
principle of centralized traffic control) top the duty
officers at the principal stations.

Methodology

Already, in some areas of the railway network,
there is a tension in the work due to a significant
reduction of available capacity reserves. The work
carried out at the railways in order to maximize the
delineation of lines for freight and passenger
traffic, will significantly increase the operating
voltage on the lines where the concentration of
freight and passenger traffic takes place. The
growth of transportation volumes in the future will
further complicate the transportation on these lines,
will worsen the operation of railways, disrupt the
rhythm and quality of transport services. Taking
into account these circumstances, the development
of railway capacity under new conditions should
be addressed as an increase in the line power. To
do this one should have adequate financial
resources, as well as the search for new
technologies and reserves at each element of the
railway system.

The state of operational activity of railways
indicates a violation of the complexity of approach
to the capacity development of the lines, stations,
use of rolling stock, etc. Today, the construction of
train schedules is carried out as follows. At the first
stage, according to the established directive
documents and taking into account the set
priorities and constraints, the passenger and freight
lines are laid.

At the second stage (if it exists), it is attempted
to optimize the modes of train movement in certain
areas and routes to save energy resources, speed of
delivery of passengers and goods. At the same
time, these goals, as a rule, conflict with each
other.

As a result, the railway receives a plan that is
far from ideal, both in terms of costs and in terms
of the passenger service and operators of freight
commercial transportations.

We propose a solution to these problems, which
includes:
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— application of complex approach to the
construction of the schedule of passenger and
freight trains;

— accounting of resource-saving modes at the
stage of construction of schedules of passenger
(first of all, as a type of traffic with fixed schedules
and less energy-consuming) and freight trains;

— accounting of electricity billing to optimize
traction costs.

Findings

Train sections play an important role in the
transportation process. Suffice it to say that 25% of
the general time of car turnaround accounts for
movement at the sections.

Reduction of the lengths of block-sections
makes it possible to reduce the spacing of trains.
At some runs one can lay third and fourth main
tracks.

In connection with the non-synchronization of
train movement, the minimum calculation interval
cannot be realized both from departure and from
the arrival of trains at the section's final station. In
this case, the calculated value of the carrying
capacity is not achieved and the average speed of
the train traffic flow sharply declines.

The information workload of the dispatchers,
who control the train movement at the sections of
the main course, constantly exceeds the
permissible level. Under these conditions
dispatcher apparatus often manages only to fix the
train  situation. As a result, there are
miscalculations in the passage of trains at a
section, in the choice of the order of their entering
to the junction, which ultimately leads to an even
greater decrease in the service speed.

The number of trains that can be
simultaneously in motion and at the same time
move with the speed set for this section is strictly
limited. Accumulation of trains at the sections,
which exceeds a certain maximum value reduces
the speed of their movement. But in practice,
nobody sets this maximum permissible value and
nobody is guided by it, which sometimes leads to

unacceptable oversaturation of sections by trains
over the established limits.

If the excess of trains is insignificant and the
technical stations and stations, capable to cope
with the increased size of movement are in front,
then, certainly, one should force the transfer of the
train traffic volume. If there is no such opportunity
during this period, it is necessary to restrict the
movement of trains at such a section. To shorten
the number of trains, which are simultaneously in
motion on lines, to the established Ilimit in
exceptional cases can be due to the temporary
withdrawal of compositions at intermediate
stations of the district.

In exceptional cases it is possible to shorten the
number of trains, which are simultaneously
moving on lines, to the established limit due to the
temporary leaving of trains at intermediate stations
of the section.

Stable, reliable operation of intermediate
stations for the acceptance of trains can be
provided in the presence of free main and one
receiving-and-departure track (duplicate element).
In case of a failure (train stopping at the station for
any reason), it is always possible to let the next
trains to pass from this reserve track.

The maximum number of trains left at the
station should not exceed the total number of
available tracks, minus one track for each direction
at each intermediate station. In this case, one can
use sidings, branches of enterprises with seasonal
work.

Fig. 1 shows a fragment of the graph of traffic
delay. At the limited number of (only one) run-
around tracks at the pre-section and other
intermediate stations due to the delay of not
accepting the first train going in a pack, the
following trains are placed for run-around at the
previous intermediate stations. At this, even in the
case of favorable acceptance of trains from the
section, in the future there is a loss of carrying

capacity A’ %, caused by nonidentity of the runs

pas !
and the difference in the time of passage of the
freight and passenger trains.
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Fig. 1. Delay because of non-acceptance of the first train

Time losses not used for train movement will
equal to:

Ale =(I ) +t1f')—(t2pas +1+t"+ I)
or
A =t e

, (1)
where t" — is the time of freight train movement

on the first run (tz”— on the second, etc.); t/* —is
the time of passenger train movement on the first
run (t)*- on the second, etc); | - is the
succession time.

Accordingly, time losses during the passage of
freight train from the third station will equal:

r-a __¢fr _tpas
T l.

)

The negative value of the results obtained by
formulas (1) and (2) indicates that there will be no
time losses and, therefore, carrying capacity.

As a rule, the last runs before the section
stations has less time of movement than other runs
at the section. It should be pursued further, because
most often complications in train movement arise
because of their non-acceptance by technical
stations.

Fig. 2 shows that if there is a required tracks
reserve at the intermediate pre-section station,
trains freely pass to it. After passage of passenger
train under favorable conditions of its acceptance
by station, the run is used without losses of
carrying capacity. The general time of train delay
is reduced per value of the total value of losses
associated with the run-arounds of freight trains by
passenger ones.

In practice, a situation shown in Fig. 3 often
arises. Due to the non-acceptance by the section
station, freight trains are already placed for the
run-around by a passenger train, and it is possible
to receive a freight train from the section before
a passenger one.
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Fig. 3. Possibility of acceptance of a freight train before a passenger one

In this case, as shown in Fig. 3, after passage of
a passenger train at the pre-junction station, there
are no available trains and, even in case of
favorable acceptance, its carrying capacity is not
used. The availability of reserve receiving-and-
departure tracks at pre-section intermediate
stations will create the necessary «support» for
trains.

An analysis of the work of freight-loaded
sections also indicates the expediency to equip the
run-arounds before the technical stations by either-
direction automatic block system. In practice, there

is often a need to pass a passenger or other urgent
train, but the right run-around track is occupied.
Passing along the wrong track takes a lot of time
for execution of train documentation. Often, there
are no access tracks required for implementation of
this regulatory measure at both intermediate and
section stations. In this connection, one should
foresee double dispatching access tracks on both
sides of the pre-section intermediate stations, as
well as the floating specialization of the receiving-
and-departure tracks. Such rearrangement of the
necks of pre-section intermediate stations should
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be carried out now, without waiting for
a comprehensive solution of the issues of
improving the train sections reliability.

In future, the automatic control of the low-
density stations of the section can be transferred to
the principal stations (according to the principle of
dispatching centralization). This will make it
possible to quickly cover the costs of
modernization due to the payroll budget economy,
as well as to stimulate the work of the train
dispatchers, duty officers at the principal stations
of the operational zone.

The organization of the operational zone for
controlling the train movement on the ground
significantly reduces the information flows and
facilitates the work of the section's train
dispatchers, will create the necessary conditions
for creative decision-making for inter-sectional
regulation, will contribute to increasing service
speed of train movement.

The principle diagram of the transmission of
the source information may look in the following

way. In addition to the section stations, two pre-
section intermediate stations located at the ends of
the section and one or two principal stations of the
operational zone carry out the direct negotiations
with the train dispatcher of the section. The
allocation of the operational zone at the sections
does not require any capital investments, since the
existing communication lines can be used for data
transmission.

The reduction of the number of information
sources upon the availability of modern
communication of the principal stations with the
train dispatcher of the section also creates better
conditions for automation of the process of
movement graph plotting. With the allocation of
the operational area on the section, there is no need
to reflect the trains passing through the stations
located inside them, except the cases where these
stations carry out run-arounds and other regulating
measures. It will be sufficient to note only the time
when trains enter the operational zone and leave it,
as shown in Fig. 4.
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Fig. 4. Train passage through the operational zones
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Maintenance of the graph (displaying the lines
of train passage through the section) can be
entrusted to operators. This will considerably
extend the range of people who are in urgent need
of current information about the course of train
work at the sections (II'TI, chiefs and senior
dispatchers of the traffic departments, etc.).

The measures to improve the reliability of train
sections operation considered in the article will
accelerate the passage of car traffic volumes,
improve the conditions and increase the efficiency
of the work of train dispatchers.

The railways face a complex task of tying up
the forecast of electricity consumption with the
forecast of transportation volumes. Since the
transportation process is influenced by many
factors, the Ukrainian railways may have
additional ~economic costs due to the
overestimation or understatement of the declared
norms of electricity consumption.

The use of two-zone or three-zone tariffs gives
an effect not only with the steady and uniform
filling of the daily traffic schedule, but also at the
intensity of movement above the level determined
by the specific conditions. In this context, it is the
various optimization measures for regulating the
train movement schedule that are relevant.

The capacities of the receiving-departure tracks
at the section stations are extremely limited. The
occupancy of the run-around tracks by out-of-work
trains prevents carrying out any regulating
measures inside the section. Trains pass one after
another without giving priority, that is, they pass
through the section in the order in which they
entered it. Frequently, due to the limited number of
tracks at the pre-section intermediate station,
freight trains are placed for run-around by the
passenger ones at the distant approaches. This
leads to a loss of service speed and reduces the
level of utilization of the sections™ working
capacity.

Originality and practical value

To improve the management of train stations, it
is expedient to divide them into operational zones.
In each zone, consisting of two or three run-
arounds, the duty officer of the principal station,
performing in this case the functions of the train
dispatcher, can control the train movement. He

determines the order of train passage within the
zone, maintains a schedule of performed traffic,
informs the train dispatcher of the section about the
passage of trains through the operational zone
according to the established procedure, and
receives from him instructions on intra-zone
regulation of train traffic.

For the development of pre-section
intermediate stations, it is necessary to provide
construction of one or two tracks for receiving
multiple trains. Uncoupling them at the stations
runs always leads to lower carrying capacity. The
presence of stations capable of performing
separation operations at the ends of the sections
will facilitate the application of already well-
known at the railways method of inter-sectional
regulation of train movement. Thus, the
construction of reserve tracks at pre-section
stations increases the possibility of inter-sectional
regulation of trains, provides a significant
economy of train-hours and increases the service
speed.

One can also place the trains from technical
stations that are idle due to uneven traffic,
especially from the terminal stations (division
points) of locomotive circulation sections on the
reserve tracks of pre-section intermediate stations.
The laying of such tracks and their maintenance,
taking into account the periodicity of use and
reduced permissible movement speed, for example,
10-15 km/h, can be allowed according to less tight
standards for the construction of the roadbed,
ballast section, sleeper density, taking into account
the use of switches and decommissioned tracks,
etc. If necessary, the parks of reserve tracks
designed for hold of the out-of-work trains that are
placed for run-around, can be located outside the
station area, using a favorable terrain.

Conclusions

Increasing the capacity of all railways transport
enterprises of Ukraine in modern conditions and in
the future means, first of all, increasing the
carrying and transportation capacity of the most
freight-loaded railway lines. Taking into account
the projected volumes of transportation at railways,
considerable work should be done on the
modernization and replacement of outdated
equipment, to continue the electrification of
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freight-loaded lines, to introduce modern ATC
equipment, to extend the station tracks at the
courses of heavy, long and multiple trains, to
constantly improve the technology of cargo and
passenger transportation, etc. The phased
implementation of such a complex and wide-

ranging program will enable PJSC «Ukrainian
Railway» to master the growing cargo turnover in
the direction of transport corridors and seaports
and provide high-quality transport services to
cargo owners and population.
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YAOCKOHAJIEHHA JUCIIETYEPCBKOI'O PETI'YJIIOBAHHA PYXY
MOI3/IIB 3A JJOMMOMOI'OIO BBEJIEHHSI OIIEPATUBHUX 30H

Mera. Y po0oTi HEOOXiTHO MOCHIAWTH MOIIBHICTD Iepenadi aBTOMAaTHYHOTO KEpPyBAaHHS MAallOIisUTBHUMHU
CTaHIISIMH MUMBHULI (32 TIPUHIOWAIOM JOUCIIETYCPCHKOi IICHTpaii3alii) dYeproBUM [0 OMOPHUX CTAHIiSX.
Meronuka. Y crarti mpoaHaiizoBaHa po0OTa BaHTaXKOHANPYXeHUX MUIBHUIB [IAT «YkpalHCbKa 3aii3HHUI».
Busisnieno, mo indopmariiina 3aBaHTaKEHICTh JUCIETYEPIB, IO KEPYIOTh PYXOM IOT3/1iB HA TUIBHUISIX TOJIOBHOTO
X0y, TOBCSKYAC TICPCBUINYE JOMYCTUMHHA piBeHb. JIOCHIMKEHO MOXKIUBICTh BHUKOPUCTAHHSA TEXHOJOTIT
JIICIIETYEPCHKOTO PETYIIIOBaHHS PYXY IOI3/1B 3a IOIIOMOTOI0 BBE/ICHHS ONEpaTHBHUX 30H. Pe3yabTarn. BussneHo,
10 €MHOCTI NPUAMAaIbHO-BIAMPABHUX KOJIM HA CTAHISAX AUIBHUII BKpald oOMexeHi. 3aiiMaHHS OOTIHHHX KOJIii
«GIHIICHUMW) TOI3aMH 3aBa)Ka€ MPOBEJCHHIO Oy/b-IKUX PEryJOBAIBHHUX 3aX0/iB ycepeauHi AinbHuui. [1oizau
CIITYFOTh OJVH 32 OTHUM Oe3 HaJaHHS MPiOPUTETY, TOOTO CIIAYIOTH MO AUTHHHIN B TOMY IOPSIKY, B SKOMY BOHU
Hamidnun Ha Hel. Yepe3 oOMexeHy KUTBKICTh KOJiM Ha MepeAniTbHUYHIA MPOMDKHIN cTaHIii BaHTaXHI IMOI3IH
PO3CTaBISFOTH MiJ OOTiH MacakXHpPChbKUMHU Ha JaleKuX migxonaax. Lle mpu3BoauTh 10 BTpAT OUIEHUYHOI MIBHIKOCTI
1 3HIDKY€ piBEHh BUKOPHUCTAHHS MPOITYCKHOT 3MATHOCTI HUTGHUIG. Y BEJICHHS ONMEPATHBHHUX 30H 3HAYHO CKOPOTHTH
iHpOpMaNiliHi TOTOKM W TOJETMIHTh IMPalo IMOI3HUX AWCIETYepPiB TUILHUIN, CTBOPUTH HEOOXITHI YMOBH MIJIS
TBOPYOTO TPUHHATTS PIMICHb i3 BHYTPIITHBOIUIEHUYHOTO PETYIIOBAHHS, CHPUSATHME IMiJBHIICHHIO UTBHIYHOI
HIBUAKOCTI pyXy moi3nis. HaykoBa HoOBH3HA. Y crarTi po3poOiieHa HOBa TEXHOJIOTISI BIOCKOHAJICHHS YIIPaBJIiHHSI
MOI3HUMH JUTHHUISIMY HIJSIXOM PO3/UIEHHS 1X Ha OlepaTHBHI 30HU. Y KOXHIH 30Hi, 0 CKJIAIAETHCS 3 ABOX-TPHOX
MIePEeroHiB, PyXOM MOI3/iB MOXE KepyBaTH 4YeproBUil ONMOPHOI CTaHIil, N0 BUKOHYE B LIbOMY BUMAAKY (yHKIi
noizHoro aucrnerdepa. [IpakTuyHa 3HaYMMicTb. 3apPONIOHOBAHO HA PE3epBHI KOJii MepeiIbBHUYHUX IIPOMDKHUX
CTaHIIi{l BUCTABIISITH COCTABU 3 TEXHIYHHUX CTAHI[IH, SIKi IPOCTOIOIOTH Y 3B’53KY 3 HEPIBHOMIPHICTIO PyXy, OCOOIHUBO
3 KIHIEBHUX CTaHLii (CTUKOBHUX MYHKTIB) AUIBHUIL OOIry JIOKOMOTHBIB. YKJaJaHHS pe3epBHUX KoMk 1 ix
YTpUMAaHHS, YpPaXOBYIOUH MEPIOJUYHICTP BHUKOPHUCTAHHS W 3MEHIICHY JONYCTHMY IIBHIKICTH PyXy, MOXHa
JTO3BOJIMTH 332 MEHII >KOPCTKUMH HOPMaMH BIIAIITYBaHHS 3eMIITHOTO TMOJIOTHA, OAlaCTHOI MPU3MU, CHIOPH I,
3 ypaxyBaHHSIM BHKOPHCTaHHS CTPIJIOYHUX IIEPEBOJIIB T KOJIiH, 3HATHX 3 €KCIUTyaTallil.

Kniouosi crosa: rpadik pyxy NOi3ziB; ANCIETYEPChKE KEPYBaHHS; BAHTAXHI MOI3[H; 4ac 3aTPUMKH IOi3JIiB;
OTIOpHA CTaHIIis
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YCOBEPIIEHCTBOBAHMUE JUCIIETYHEPCKOI'O PEI'YJIMPOBAHUA
ABUKEHUA ITOE3/10B C ITIOMOIIIBIO BBEJIEHUSA OIIEPATUBHbBIX
30H

Hean. B pabGore HeoOXoauMO HCCIENOBaTh LENecOOOpPa3HOCTh Nepeqaddl aBTOMATHYECKOro YHpaBJICHHs
MaJo/eATEeIbHBIMU CTAHIMSIMM y4yacTKa (IO MPHUHIUILY AMCHETYEPCKOM LEHTpalM3allu1) AEKYPHBIM IO OIOPHBIM
cranuusaM. Meroauka. B cratbe mpoaHanu3upoBaHa paboTa Ipy30HANpsHKEHHBIX ydacTKoB AO «YkpauHCKas
KeJie3Has Jopora». BeisBiaeHo, 4yTo MH(OpMaNMOHHAS 3arpyKEHHOCTh JAWCIIETYEPOB, YIPABISIOIUX JBIKCHUEM
MOE3/I0B Ha y4acTKax IJIaBHOTO XO0Ja, MOCTOSIHHO MPEBBIIIAET NOMYCTUMBIA ypoBeHb. MccaenqoBaHa BO3MOXKHOCTD
HCTIONB30BAaHUSL TEXHOJIIOTUU JOUCIETYEPCKOrO PETYIMPOBaHMSA JOBIKEHHS IOE310B IOCPEACTBOM BBEICHUS
ONepaTUBHBIX 30H. Pe3yabrarbl. BhIABICHO, YTO €MKOCTH NMPHEMO-OTIPABOYHBIX MyTEeH HA CTaHLIMAX y4dacTKa
KpallHe OTpaHHYCHbI. 3aHATHE OOTOHHBIX IyT€H «OCTaBICHHBIMH» II0€3[JaMH MELIAET IPOBEACHHIO JIOOBIX
PETYIHPYIONNX Mep BHYTpPH ydacTka. [loe3na cinexyror apyr 3a Apyrom 06e3 mpefocTaBiICHNS NPUOPHUTETA, TO €CTh
CIEYIOT IO Y9acTKy B TOM MOPSAIKE, B KOTOPOM OHU MOCTYNUIH Ha Hee. [lo mpuunHe orpaHMYeHHOr0 KOJIUYECTBA
IyTell Ha Mepeay4acTKOBON MPOMEKYTOUHOM CTAHIIMM IPY30BBIE ITOE3/1a PACCTaBIAIOT MO OOrOH MacCcaXUPCKUMU
Ha JAJbHHUX IMOAXOAAaX. JTO NPUBOIUT K MOTEPSAM YYaCTKOBOM CKOPOCTH M CHM)KAET YPOBEHb MCIIOIB30BAHHUSA
MIPOIYCKHOM CITOCOOHOCTH y4YacTKOB. BBeleHHE ONepaTHBHBIX 30H 3HAYMTENBHO COKPATUT WH(POPMAlMOHHBIE
MOTOKH W OOJETYHUT TPYJ MOE3IHBIX AMCIETYEPOB yYacTKa, CO3/AaCT HEOOXOOMMBIE YCIOBUS JUI TBOPUYECKOIO
NPUHATHS PELICHHH 10 BHYTPEHHE-YYaCTKOBOMY DErYJIMPOBaHHIO, OyJeT CIoCOOCTBOBATH IIOBBIIICHHIO
YYacTKOBOM CKOpOCTH JABWXeHHs moe3foB. Hayunasi HoBM3Ha. B craree paszpaboTana HOBas TEXHOJOTHS
COBEPILICHCTBOBAHMSI YIIPABICHHS MTOE3AHBIMU y4aCTKaMH IyTeM pa3felieHHs UX Ha ONEepaTHBHbIE 30HBL. B kaxaon
30HE, COCTOSIIIMI U3 JBYX-TPEX TOHOK, ABHXKEHHEM MOE3JI0B MOXET YIPaBIATh AEXKYPHBIM ONOPHOM CTaHLUH,
BBITIOJHSAIOIINN B 3TOM cilydae (YHKIHMHM Ioe3Horo aucrietdepa. Ilpakrudeckasi 3HaunMocTh. [Ipeioxkeno Ha
pe3epBHblE IMYTH INEPENy4acTKOBBIX IPOMEXKYTOUYHBIX CTAHLUI BBICTABIATH COCTABbl C TEXHHUUYECKUX CTAHIUI,
KOTOpBIE MPOCTaWBAIOT B CBSI3M C HEPABHOMEPHOCTHIO IBHMKECHHS, OCOOEHHO C KOHEUHBIX CTaHLMH (CTBIKOBBIX
MYHKTOB) Y4YacTKOB OOpalleHHs JIOKOMOTHBOB. YKIaJKy pe3epBHbIX HyTed M HUX COJEp)KaHWe, YIUThIBas
MEPUOINYHOCTD HCIIONB30BAHNUSA M YMEHBIICHHYIO JOMYCTUMYIO CKOPOCTh JBIDKEHHS, MOXKHO TTO3BOJIUTH 32 MEHEE
KECTKUMH HOpPMaMH YyCTpOICTBa 3€MJITHOTO TIOJNOTHA, OanjacTHOW WPHU3MBI, SIIOPHl IIMaJ, C Y4eTOM
HCTIONB30BaHUS CTPEIOYHBIX IIEPEBOJOB U IMyTeH, CHATHIX C SKCIUTyaTaIliH.

Kniouesvie crosa: rpadyk IBIKEHNUS TTOE3]10B; AUCIIETUEPCKOE YIPABICHHUE; I'PY30BbIe M0€3/1a; BpeMsl 331€PIKKU
II0€3/10B; OTIOPHAS CTAHIIHS
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