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ABSTRACT

The locomotive economy is one of the most important elements of the railway
transport infrastructure, as well as one of the major subjects of the railway services
market, which has its own regulatory mechanism, the components of which are the
supply and demand for traction services. This article provides a broad overview of
the work performed on the research topic and identifies the need for the development
of theoretical and practical recommendations to determine the priority areas for the
modernization of the locomotive economy in the system of Uzbekiston Temir Yullari
JSC, taking into account the experience of developed countries. The performance of
the main indicators of locomotive fleets is analyzed. Revealed, the main reasons for
non-fulfillment of certain indicators of operational work. The goal of development
and the stages of implementation of operational control systems for the dislocation of
locomotives (OCLD) are formulated. In order to determine the economic efficiency
and assess the functioning of the OCLD, simulation modeling of the operation of
locomotives was carried out on the territory of the RRJ - Tashkent. On the example of
a simulation model, it is substantiated that the operational control of the dislocation
of locomotives makes it possible to increase the useful work of freight locomotives. It
is proved that on the territory of RRJ-Tashkent will increase the useful work of
freight locomotives by 3.83 hours from its actual value, the economic effect of which
will amount to 2,161,167,920 sums per year.
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AHHOTAIUA

Jlokomomuenoe  xo3aicmeo -  OOUH U3  BAJCHEUWUX  IAEMEHMO8
uH@pacmpykmypol Hceie3H000POHCHO20 MPAHCNOPMA, A MAKHce 0OUH U3 OCHOBHBIX
CYOBLEKmMo8  PbIHKA  JCEeNe3HOOOPOICHBIX — YCye,  UMerwull  coOCMBeHHbl
Pe2YNIAIMOPHbIUL  MEeXAHU3M, COCMABIAIWUMU  KOMOPO20  AGNAIOMCA  CHPOC U
npeonodicenue nHa msazy. Cepsucwi. B oannol cmamve npedcmasier wupokui 0630p
NPOOeNanHHol pabomvl NO meme UCCIe008aHUsL U BblIAGIEeHA HeobX00UMOCHb
paspabomky meopemudeckux U NpaKkmudecKux peKoMeHOayuil no OnpeoeneHuro
NPUOPUMEMHBIX HANPABIEHUL MOOEPHUIAYUU TOKOMOMUBHO20 XO3AUCMEA 8 CUcmeme
AO «V3b6ekucmon memup UyaIApU» C Y4emom ONvlM  pa36UMbIX CHIPAH.
IIpoananuzuposana paboma OCHOBHBIX noOKazameel JOKOMOMUBHO20 NAPKA.
Buviagnenvi  OCHOBHbIE  NMpUUUHBI  HEBBLINOJIHEHU  OMOEIbHbLIX — NoKazamelell
onepamusnou pabomol. Chopmynuposana yenv pazpabomiu U 3manvl 8HEOPEHUs.
cucmem onepamugHo2o ynpasienus oucioxkayueti nokomomugos (OCLD). C yenvio
onpeoenenusi SKOHoMu4eckou dghgexmuenocmu u oyenku gyukyuonuposanus L{O/]
ObIIO  NPOBEOeHO UMUMAYUOHHOE MOOenuposanue pabomel JIOKOMOMUBO8 HA
meppumopuu J[PK/[ - Tawkenm. Ha npumepe umumayuorHot mooeiu 060CHOBAHO,
Ymo OonepamusHvlli. KOHMpPOIb OUCIOKAYUU JIOKOMOMUBOE NO3B80JIAem V8eIUudums
noJe3Hy0 pabomy epy308bix JOKoMomueos. Jlokazano, ymo na meppumopuu RRJ-
Tawxenm ygenuuumcs nonesHas paboma 2py308blx 10KOMOmMueos Ha 3,83 uaca om
Gdakmuueckoeo 3uauenus, IKoOHomudeckutl d¢pgpexm om ueco cocmasum 2 161 167
920 cymos 6 200.

Knioueevie cnoea: onepamuenviii KOHMPOIb OUCTOKAYUU JTOKOMOMUBOS,
nonesHas paboma JNOKOMOMUBA, NPOCMOU JIOKOMOMUBOS, HENpou3800UmeIbHblil
pacxoo ouzenvHozo monausa, AO «Y3bexucmon memup tiyanapuy.

INTRODUCTION

The introduction of advanced technology in railway transport is inextricably
linked with the development of the locomotive economy, which holds one of the
main places in the transportation process. The development and improvement of the
locomotive economy is closely connected with the increase in the efficiency and
efficiency of the locomotive and locomotive crews.

According to statistics, on average, at “Uzbekiston Temir Yulari” JSC, the train

locomotive is only 45% (10.8 hours) of the time busy in useful traffic, and the rest of
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the time (13.2 hours) is at the stations of the main depot and at intermediate stations
(fig. 1).

B Downtime of locomotives at
turnaround depot stations

B Downtime of locomotives at the
stations of the main depot

¥ 1dle locomotives at intermediate
stations

Rice. 1. Downtime of locomotives of JSC “Uzbekiston Temir Yullari”.

From fig. 1. we can conclude that almost half of the idle time of locomotives
falls on waiting for work at some stations. At the same time, at other stations, there
are often cases of shortages of locomotives or locomotive crews. In turn, due to the
untimely arrival of locomotives with crews, there are long downtime of freight trains
at train formation stations. All this leads to the reserve run of the locomotives.
Therefore, a large amount of electricity or diesel is consumed. At the end of 2020,
compared to 2019, 20.8% of electricity and 2% of diesel fuel were spent on traction.
The main causes of excess costs are shown in Fig. 2.

B Delay of the ready train for
departure at the formation
stations

H Reducing the speed oftrains
on the stages

m Parking at intermediate
stations

B Reserve mileage of
locomotives

m Other reasons

Rice. 2. Reasons for unproductive consumption of diesel fuel in 2015
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For the most rational use of train locomotives and locomotive crews on the
sections of "Uzbekiston Temir Yullari" JSC, it is necessary to introduce a set of tasks
of the automated control system in the locomotive economy. It is important to note
that the correct establishment of the distribution of the locomotive fleet and its
rational regulation on the trains has a significant impact on the acceleration of
carriage turnover.

It should be noted that at present the theoretical aspects of the innovation policy
in railway transport and in the locomotive economy are not fully disclosed, in
particular, in the scientific and practical provisions there is no single approach to their
solution, especially for the market of traction services for the locomotive fleet of
railway transport.

Thus, there is a need to develop theoretical and practical recommendations to
determine the priority areas of modernization of the locomotive economy in the
system of JSC "Uzbekiston Temir Yullari" taking into account the experience of
developed countries. The introduction of the OCLD system will improve the
efficiency of locomotive management, reduce the cost of maintaining and servicing
traction rolling stock, increase labor productivity and traffic safety, and improve
working conditions for workers in repair and operational depots.

ANALYSIS OF LITERATURE AND METHODS OF SOLUTION

JSC "Russian Railways" uses the OCLD system (operational control of the
location of locomotives), which in turn makes it possible to determine the location of
locomotives in real time on a mass scale. Separately, time, on the move (with trains
and reserves), being at stations awaiting work and at the depot. In this case, you can
analyze the entire inventory of locomotives. For these groups, the availability of
locomotives is calculated depending on the factors established above. The system
displays data about the locomotive, including its history, which reflects: what trains it
followed over the last 2-3 months (up to 1500 last events with the locomotive), when
and in what types of maintenance and repair it was. Before obtaining data from the
OCLD tables, it is necessary to set the time period of interest to the user, the roads
and the depot of the registration of locomotives,[1]. For locomotives, including roads,
home depots and series, the operating time budget, productivity and average daily
mileage are calculated. You can get a list of locomotive crews according to the depot
of their registration, indicating the time of arrival, departure and departure times, as
well as determine the crews following from the turnover, using a special symbol in
200 messages. The time of the work of the brigades is also monitored when taking a

certificate of the train.
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The implementation of the system solves the problems of switching to a
paperless technology for the operation of the locomotive economy, automated
generation of reporting forms and analysis of work, support and control of
management decisions, identification and elimination of causes that lead to poor-
quality repairs or improper operation of rolling stock. Also, the tasks of complete
control of the use of locomotive crews, at all stages of their production activities, are
being solved.

Many works . As domestic and foreign practice shows, the results of many years
of scientific and practical research on the operation of train locomotives are
insufficient. Studies on the implementation of operational control systems for the
dislocation of locomotives in JSC "Uzbekiston Temir Yullari" have not been
sufficiently studied.

The purpose of the development and implementation of a complex of tasks of
the automated control system is to improve the system for collecting and providing
information on the state and location of the locomotive fleet and crews on the road
using the technical means of the information and computing center (ITC),
rationalizing operational planning and regulating the work of locomotives of
locomotive brigades of freight traffic, increasing efficiency and the reliability of
information about control objects.

The development, design and implementation of a complex of tasks of the
automated control system is carried out in stages in four stages [20]:

First of all"Operational control over the presence, condition and location of
freight locomotives and the organization of their supply for maintenance (OCLD)"
includes a set of tasks functionally combined into the following main groups: objects,
as well as the actual mileage of locomotives (in kilometers) or the time of their work
(in hours); calculation of a plan for setting up locomotives for current types of repair
and maintenance and tracking it; formation of daily data on operational control of the
condition and use of the locomotive fleet; control over the movement of inactive
locomotives.

Second stage"Operational control of the dislocation and work of locomotive
crews (OCDW)" includes a set of tasks functionally combined into the following
main groups of information and reference services, which also provides for the
delivery of certificates on the presence of locomotive crews at facilities, as well as on
the actual production of hours by crews; formation of daily data on operational
control over the condition and work of locomotive crews.
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Third stage "Operational regulation and standardization of the operated fleet of
freight traffic locomotives (RFLP)" should ensure the automation of the choice of
control actions on the transportation process, that is, rational options for the
regulation of locomotives.

Fourth stage "Operational regulation of the work of locomotive crews of freight
traffic (RLB)" is intended to automate the choice of rational options for regulating the
work of locomotive crews.

The main sources of the effect obtained from the implementation of the
complex of tasks of the automated control system are a reduction in the time spent by
trains in the departure yards of sorting and divisional stations, a decrease in the need
for a locomotive fleet, as well as in the staff of locomotive crews.

The new initial data for determining the economic effect from the development
and application of a complex of tasks of the automated control system and its
individual stages were established on the basis of an analysis of the work of the roads,
the results of modeling the organization of the work of locomotives and locomotive
crews, as well as the experience of functioning of individual tasks of the automated
control system.

When operating on the road of the first stage of the ASULP - OCLD - a
reduction is achieved [21]:

e the required fleet of locomotives;

e the number of unscheduled repairs (NR) of locomotives, the fleet of
locomotives in motion for repairs to factories and back to the depot;

o idle time of trains in departure fleets;

e mileage of locomotives in a single sequence (reserve mileage).

Reducing the need for locomotives is achieved due to operational control over
their condition, dislocation and the organization of timely supply of locomotives for
their maintenance. As a result, cases of "overrun" of locomotives between TO-2 and
current types of repairs are eliminated, which leads to a reduction in their downtime.

Reducing the need for locomotives

AM, =Aa M, (1)

where A« - a coefficient characterizing a decrease in the fleet of locomotives (in

the first year of operation A«,= 0.3-0.5%, in subsequent years A«,= 0.5-0.8%);

Mae- operated fleet of locomotives, determined by the formula
M3 = ZMSCVT /Sn.a (2)
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where > MS., - average mileage of all locomotives per day within the

considered road;

Spe - the average daily mileage of locomotives of the operated fleet (taken
according to the reported data before the implementation of the automated control
system);

ZMSCYT =2-n, 'Iyq -n, A+ B, + By + Be) (3)
n - the average daily volume of freight traffic on the road for the year,

pairs of trains;
|, - the average length of sections of work of locomotive crews of freight

traffic (according to the train schedules of the Ministry of Railways);
n,,- the number of work areas of the brigades on the road;

Boas B

Bre
respectively, in single following, double traction and operating on the system of
many units to the mileage in the head of trains (taken according to reporting data
before the implementation of the automated control system)

A decrease in the number of unscheduled repairs is achieved by providing the
dispatching office with information about locomotives that are candidates for TO-3
and current repairs of HP is reduced by «,,, = 10%.

}- coefficient representing the ratio of the mileage of locomotives,

Continuous monitoring at the road level of the location of locomotives, which
are going to the factories for repair and back, makes it possible to bring the average
daily mileage of such locomotives S,, to the average daily mileage of the operated
fleet S,...

The release in this connection of the fleet of locomotives can be calculated by
the formula

AM =M, 22 2m (4)

where Mo is the total locomotive fleet, determined by the formula

k
M, =M, " 5
o 2 1—ﬂH ( )
where k, . - the coefficient of the transition from the average annual operating

fleet to the total need for serviceable locomotives for freight traffic (taken according
to reporting data, and in the absence of the latter - at the diesel traction range k,. =

1.22, electric k,. =1.19);
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B, - the proportion of faulty locomotives (accepted according to the reporting);
a, - the share of locomotives sent for repairs to factories and from factories to

depots (accepted according to reporting data before the implementation of the
automated control system).

Due to constant monitoring of locomotives, including those under maintenance
and current types of repairs, timely delivery of locomotives from the depot for trains
Is ensured, which reduces the downtime of trains in the departure fleets at. for 0.005
+0.009 h.

When introducing the second stage of ASULP-OCLD on the road, a reduction is
achieved:

idle time of trains in departure fleets At” by 104-0.008 hours due to the timely
delivery of crews for trains;

time of unproductive downtime of locomotive crews At? by 0.05 =+ 0.09 h / train
by reducing the waiting time for departure and reducing the number of crews
following passengers, which is ensured by continuous monitoring of the work of
crews and their deployment.

With the introduction of the third stage of the ASULP-ROLP on the road, a
reduction is achieved:

- idle time of trains in the departure fleets of district marshalling yards At” due
to the elimination of untimely dispatch of locomotives for adjustment, as well as
better coordination of the time of issuing locomotives for trains;

- reserve run of locomotives AB” by 2 + 3% of their total reserve run as a result
of more rational organizational work of locomotives.

- idle time of trains in the departure fleets of district and marshalling yards At_"
due to the timely dispatch of the adjustment teams and their entry to work at the
registration points;

- time of unproductive downtime of locomotive crews, At,," at each section of
their work by reducing the waiting time for departure, as well as reducing the number
of their journeys by passengers.

RESULTS AND DISCUSSION
The results of simulation modeling of the operation of locomotives and
locomotive crews on the RRJ-Tashkent section are given in table.
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Locomotive series Work on - the (outpof Useful work
No. go
employment)

1 O'zbekiston-0001 14:10 4:31 14.17

2 O'zbekiston-0004 14:34 4:48 14.56

3 O'zbekiston-0006 16:27 3:35 16.45

4 O'zbekiston-0007 8:38 - 8.63

5 O'zbekiston-0008 16:47 3:20 16.78

6 O'zbekiston-0003 19:28 3:11 19.46

7 O'zEL-0211 18:26 3:34 18.43
eight O'zEL-0208 18:55 1:24 18.91
nine O'zEL-0210 07:04 2:43 7.06
ten O'zEL-0209 15:36 3:35 15.06
eleven O'zELR-0304 13:34 6:03 13.56
12 O'zELR-0304 13:05 6:32 13.08
13 0O'zELR-0304 15:24 3:50 15.40
fourteen 0O'zELR-0304 12:15 4:48 12.25
15 3VL80s-2670 15:32 1:35 15.53
16 3VL80s-2672 12:26 1:31 12.43
17 3VL80s-2673 12:32 1:12 12.53
eighteen 3VL80s-2677 14:34 2:46 14.56
19 3VL80s-2678 19:02 3:40 19.03

Total 277.88
Average 14.63

The table shows that due to the complex operational work of train locomotives
on the considered section of RRJ-Tashkent, the useful work of freight locomotives
was 14.63 hours. The actual useful work of freight locomotives, according to the
fulfilled traffic schedule and statistical data, was 10.8 hours. Thus, we can conclude
that the introduction of OCLD on the territory of RRJ-Tashkent will increase the
useful work of freight locomotives by 14.63-10.8 = 3.83 hours. According to the data
of the Department of Statistics and Accounting for 2020, the expense rate for
downtime for one locomotive-hour is 52,944 sums and the expense rate for downtime
for a team-hours is 28,422 sums. Consequently, the total expense rate for downtime
for one locomotive and brigade hours is 81,366 sums. Then the savings on
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locomotive and crew hours for downtime will be 3, 83 * 81366 = 311632 sums per
day for one locomotive. 19 locomotives operated on the section RRJ-Tashkent under
consideration. Then, the total annual savings from the introduction of OCLD on the
territory of RRJ-Tashkent will be 19 * 311632 * 365 =2 161 167 920 sums.

CONCLUSION

1. The goal of development and the stages of implementation of the complex of
tasks of the OCLD are formulated.

2. In order to determine the economic efficiency and assess the functioning of
the OCLD, simulation modeling of the operation of locomotives was carried out on
the territory of the RRJ - Tashkent.

3. On the example of a simulation model, it is substantiated that the operational
control of the dislocation of locomotives makes it possible to increase the useful work
of freight locomotives. It is proved that on the territory of RRJ-Tashkent will increase
the useful work of freight locomotives by 3.83 hours from its actual value, the
economic effect of which will amount to 2,161,167,920 sums per year.
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