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SIMULATION OF LOCOMOTIVE REPAIR ORGANIZATION BY THE
METHODS OF QUEUE SYSTEMS THEORY

Purpose. The article is aimed to evaluate the influence of locomotives™ operation and reliability indicators on
the system of locomotives repair organization in depot, using the methods of queue theory. Methodology. The
article describes the locomotive repair workshop using the terms and concepts of the queue systems theory (QST).
The tasks solved during simulation of the repair workshop operation are formulated, the list of initial data and
simulation results is given. A graphical simulation environment Simulink was used as a software simulation tool.
Findings. It was established that the main indicators of locomotive depot operation are affected by the volume of
traffic, the reliability of locomotives, the rule used to select locomotives from the queue, the number of operating
repair bays. The developed model of the depot repair workshop will make possible rational planning of the repair
workshop's equipment use, the human capital, the time of putting the locomotives into repair taking into account the
workshop loading uniformity, as well as to improve the repair parts supply logistics. This model in a simplified form
describes the repair process of the main diesel locomotive fleet, and can be supplemented depending on the repair
type performed in the depot. Originality. The paper presents the locomotive repair depot as an object of the queue
systems theory. The simulation model of the locomotive repair depot was developed. It allows analyzing the
influence of various factors on the system of locomotives™ repair organization in the depot. Practical value. The
obtained results make it possible to determine the influence of locomotives™ operation and reliability indicators on
the organization of the locomotive repair depot operation. In further studies, the developed model can be used to
improve the system of repair organization on the railway network when introducing new series of locomotives and
changing the strategy of their maintenance.

Keywords: locomotive repair workshop; simulation; queue system theory; organization of the repair workshop
operation

their repairs between the locomotive depots. On
Introduction the basis of the largest depots, the repairs of
locomotives allocated not only in this depot, but
also in the other ones, are performed. Another part
of the depots performs solely the locomotive
maintenance during operation. At this stage in
Ukrzaliznytsia ~ operate  locomotive  depots
specialized in locomotive series and repair types
(CR-2, CR-3).

Separation of depots into operational and repair
ones requires careful consideration, as the repair
program is changing, which can lead to the
formation of locomotives queue waiting for
repairs, and this in turn will lead to increase in

Improvement of the locomotives™ repair system
organization is one of the ways to reduce operating
costs. Management system restructuring of
Ukrzaliznytsia's locomotive facilities involves the
separation of operation and repair functions of
traction rolling stock. Such an approach is already
used at large industrial transport enterprises
(metallurgical enterprises, ore mining and
processing enterprises). Foreign railway companies
(RR, Lithuanian Railways, etc.) also carried out the
functions™ separation of locomotive operation and
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their downtime. On the one hand, when using this
approach, the enterprise’s costs increase, this is
due to the locomotive's withdrawal from operation
and the costs of their transportation from the
operating depot to the repair one. On the other
hand, there may be a low loading of repair
enterprises, which leads to the idle of repair
facilities waiting for the locomotives supply. The
described situations eventually lead to the
maintenance costs increase for both the
locomotives and the technological equipment. The
positive thing is that the creation of specialized
depots reduces the capital costs for the repairs
organization, increases the equipment use
efficiency, increases the labor productivity, and, as
a consequence, the repair quality. The distribution
task of the repair program between the repair
depots of the railway network and the
methodology of selecting the specialized depots is
an urgent task [8,10,16]. Solution of this task
involves the development of general model for the
locomotives™ repair organization at a level not less
than that of the Ukrzaliznytsia's regional branch.
The part of this model is the model of locomotives
repair organization at the level of repair depot.
This article is devoted to the analysis of methods
and approaches to simulating the operation
organization of the repair locomotive depot.

The initial data when simulating the repair
organization in the locomotive depot is the need
for locomotive repairs. From the point of view of
the operating company, the locomotive is a part of
the overall locomotive fleet management system.
To maintain a given level of locomotive reliability,
the transport companies use a certain maintenance
system. In this case, the choice of the locomotive
maintenance system is influenced by such factors
as the repair enterprise characteristics, the type of
service and operating conditions, the performance
history of each locomotive (electronic passport),
the level of equipment and loading of the repair
enterprise, the failure statistics (reliability) of
locomotive units and the locomotives of this series,
as well as a number of other factors.

Based on the analysis [8,12,14,19,20] of the
existing systems of locomotive fleet management,
the main tasks are formulated that need to be
addressed when choosing a system of technical
maintenance of locomotives. Among them are as
follows:

— development of the methodology for repair

units loading planning, taking into account the
technical condition of the locomotive fleet and the
volume of planned repair works;

— development of methodology for planning
logistical support for repair units, taking into
account the technical condition of the locomotive
fleet and the volume of planned repair works.

Solution of the set tasks also requires the
creation of the model for the locomotive repair
organization in the repair depot, taking into
account the repair units loading planning, the
technical condition of the locomotive fleet, and the
volume of the performed works.

The methods of the queue system theory
[6,8,9,11,13], optimization [2,3,4,15], the theory of
economic and mathematical modeling [1, 5],
analysis of the large amounts of data and
simulation modeling are wused during the
development of the repair organization model in
the locomotive depot [18].

Purpose

To analyze the influence of locomotives
operation and reliability indicators on the
locomotive repair system organization in the depot
with the use of the queue theory methods.

Methodology

The task of planning the locomotive putting
into repair is to reduce the idle time of locomotives
in repair and waiting for repairs, which
significantly affects the locomotive availability. At
the same time, it is necessary to ensure the loading
uniformity of the repair units, the possibility of
planning the supply of components and
consumables, as well as to ensure a given level of
the locomotive fleet reliability.

The existing system of repair planning is based
on the control of overhaul periods. It determines
the need for repair or maintenance on the basis of
comparison with the normative values of the
between-repair mileages of locomotives (first of
all, when working in trains) or the operating time
(for example, when used for shunting or export
works). Typical standards for between-repair
mileages according to locomotive series can be set
individually for different locomotive series.

The need for repair or maintenance for this
locomotive is fixed in the event the between-repair
mileage, or the operating time, have become more
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than the normative ones for the corresponding
repair type. In this case, according to regulatory
documents, for the loading uniformity of the depot
repair workshops and locomotive repair plants, it is
possible to regulate the overhauls (usually within -
10% + 25%). That is, fixing of the need for repair
or maintenance takes place for a certain interval of
values of between-repair mileage or the operating
time of locomotive.

Current values of between-repair mileages or
locomotive operating time are determined based on
the accounting for their work (by processing the
running schedules of the drivers). At the same
time, since the determination of the need for repair
or maintenance should be carried out for the future,
forecasting of changes in these parameters is used.
As a rule, forecasting is carried out based on their
average values.

Planning of locomotives™ putting into repair can
be of two types: the calendar planning and the
planning by mileage. When planning according to
calendar time one proceeds from the average daily
mileage during this period or the planned task in
order to determine a planned day of locomotive
putting into repair. The disadvantage of this
method of planning is that the actual daily mileage
of locomotives greatly varies due to their different
technical condition, different idle times in the
current repair, different degrees of use at work and
other things and it is significantly different from
the planned one. More expedient is the planning
according to the mileage, since in this case the
locomotives are put into repair according to the
established frequency. The disadvantage of this
method of planning is possible uneven
performance of the daily maintenance plan. The
maintenance schedule of an individual locomotive
is based on the established periodicity of
maintenance, repair cycle and daily mileage of
locomotive.

This approach is used in the case of the
planned-preventive locomotive repair system.
However, its use when implementing the combined
repair system or the one, which takes into account
the technical condition of the locomotives, is not
rational, since in this case the repair volume and
the overhaul periods are determined for each
individual locomotive taking into account the
reliability characteristics of the locomotive units.

For the operational planning of putting the
locomotives into repair, one has to know the

probabilities of locomotives being in different
conditions (operation, repair type, idle time when
waiting for repair, etc.).

When solving this problem, it is expedient to
use the tools of queue theory.

Let us consider in more detail the possibility of
using the queue theory approaches to simulate the
processes of putting the locomotive into repair and
its implementation, analyzing the loading of repair
bays and calculating their required quantity.

In the queue theory the methods of probability
theory and mathematical statistics are used. The
queue theory considers the theoretical basis of
rational design and operation of queue systems
(QS). The queue system operation consists in
performing the flow of applications received by it.
The subject of the queue theory is the
establishment of a relationship between the nature
of the application flow, the performance of certain
channels, the number of channels and the service
efficiency.

The following indicators can be the efficiency
characteristics of services:

— the average idle-time of certain channels;

— the average time of waiting in the queue;

— the probability that the received application
will be accepted for service immediately;

etc.

The given characteristics describe the degree of
the system's suitability to perform the application
flow (i.e., its capacity). The average number of
applications that a system can serve per unit of
time is considered as capacity.

Maintenance of requirements in the system is
performed by the service channels. A classical
gueue system contains from one to an infinite
number of channels.

Depending on the availability of the possibility
for the beginning of servicing the QS are divided
into:

— lossy systems in which the claims that did
not find any free handler at the time of receipt are
lost;

— the systems with waiting, which have an
infinite capacity storage for buffering the received
requirements, while the waiting requirements form
a queue;

— the systems with end capacity storage (with
waiting and restrictions), in which the queue length
cannot exceed the storage capacity. At the same
time, the requirement received by the overflow
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system in which there is no free place for waiting
is lost.

The selection of the application from the queue
is made using the discipline of service. Its
examples are: FIFO (first in, first out), random, SF
(short forward). In systems with waiting, a storage
in the general case can have a complex structure.
The system can be single-channel and multi-
channel.

To simulate the locomotive fleet repair under
conditions of locomotive depot, a waiting system
that has an infinite capacity storage for buffering
the received requirements is suitable. At this the
waiting locomotives form a queue. Also in this
case, from our point of view, it is most appropriate
to choose a requirement from the queue according
to the FIFO system.

In this system, the repair bays are the service
facilities (channels), the flow of applications is the
number of locomotives received by the service
system for a certain time: year, month, week, shift,
hour, minute. The application flow serves as the
basis for planning the production program of the
repair bays.

Due to the randomness of the incoming
application flow and the duration of their
execution, there is always some average number of
idle locomotives. Therefore, it is necessary to
distribute the number of repair bays between
different subsystems so that the idle time and,
therefore, the losses would be minimal. Note that
the locomotive queue system is a discrete type
physical system S with a countable set of states:

S6:51,5; Sy,

At any moment of time t the system S can be in
one of these states. Then for any t:

D p ) =1,
k

where p(t) (k=0,1,2,..,n,...) —is the probability
that at the moment of time t the system will be in
the state S, .

Let us consider in more detail the repair
workshop of the locomotive depot, in which all
types of depot repairs are performed, as a queue
system for locomotives.

Repair workshop with repair bays, in terms of
queue theory, has the following characteristics:

— it is an open system, since the source of
applications is outside the system (operation depot)
and has an infinite number of them;

— by the nature of the queue creation it is a
waiting system with an infinite queue. Non-
preferential service discipline, the service system
can be adopted any of the previously considered
ones;

— by the number of channels it is a multi-
channel system with parallel channel arrangement.
In this paper, we consider the depot as a system
with  heterogeneous channels, since when
performing repairs in the depot, the bays
specialized according to the repair types are used
(M-3, CR-1, etc.).

For the repair workshop as a queue system, the
main factor that determines the processes occurring
in it is the input application flow — the number of
locomotives that need one or another type of
repair. The Poisson application flow was
considered during the simulation. The service time
of one application is accepted as distributed
according to the demonstrative law.

To analyze the random processes with discrete
states it is convenient to use the so-called graph of
states and transitions. For further calculation of the
efficiency characteristics of the QS operation, it is
necessary to determine the possible states of the
system, as well as the probability of occurrence of
these states (pi), which are called the limit
probabilities of the system.

The graph of the states of the repair workshop
with repair positions n and places in the queue m is
shown in Fig. 1.

A

—> .
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O OO 6

«—
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Fig. 1. The graph of the repair workshop states with n repair positions and a limited queue
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Let us introduce the following designations:
i — is the number of locomotive sections
(applications) in the queue system (in the queue
and on the service); A; — is the intensity of sections
receipt into the system, provided that there are
already i sections in the system; p; — is the output
flow intensity of the served sections, provided that
there are i sections in the system; p, — is the
probability that there are i sections in the system;
p — is the summary bay loading intensity (or the
channel loading intensity)

The repair workshop of locomotives can take
one of the following states:

— S, — all positions are free; S, — the one
position is occupied, and the rest ones n—1 are
free;

— S, —two positions are occupied, and the rest
ones n—2 are free;S, all positions are
occupied, but there is no queue;

— S,,; —all positions are occupied, one
locomotive (section) is in the queue;
- S,., —all positions are occupied, m

locomotives (sections) are in the queue.
It should be noted that in this system the
service flow intensity will increase from p to nu

with the increase in the number of applications
from 0 to n. Accordingly, the number of service
channels is increased. With the number of
requirements exceeding n, the service intensity
remains equal tonp .

When simulating, the following tasks need to
be solved: simulating the repair workshop
operation for a specified number of hours;
determining the probabilities of the repair
workshop conditions S,---S,,.,; determining the

average number of applications (locomotives) in
the service queue; determining the average number
of applications for service; determining the average
number of applications in the system; determining
the average duration of the application stay in the
gueue; determining the average duration of the
application stay in the system; determining the
system relative capacity; determining the absolute
system capacity.

For the probabilities pi(t), p2(t),..., pa(t) the
system of linear differential equations (Erlang
equations) will be:

% =—APy +Up;;
% =—AP, —Up, + APy + 2P, ;
% =—A\p, —2up, +Ap; +3up;;
% = —AD; —3uP; + AP, +4up,;
% =—\p, — 4up, +Ap; +4ups;
% = AP —4ups +Ap, +4ups. (1)

In the steady (stationary) state (with t — o) the
system of equations takes the form:

AP = HP; -

APy =20p; .

AP, =3up;.

AP3 = 4up; -

AP, =4ups. )
Let us add a normalizing condition:

3 p=1 ©

Its meaning is that at any moment the workshop
must be in one of its states (idle, operation,
operation with a queue).

The initial data for the simulation of the repair
workshop operation are: the number of repair
positions; simulation time; the intensity of the
incoming application flow (including the
scheduled and unscheduled repairs); the duration
of service at each repair position for each repair
type.

As a result of simulation, the following
indicators of the QS (locomotive repair workshop)
are determined: the probability of the system
conditions S;---S,,.,; the average number of
applications (locomotives) in the queue for service;
the average number of applications in the system;
the average duration of stay in the queue; the

doi 10.15802/stp2018/

© B. E. Bodnar, A. V. Ochkasov, E. B. Bodnar, T. S. Hryshechkina, M. V. Ocheretnyuk, 2018



ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayxka ta nporpec Tpancnopty. Bicaux /IHinponeTpoBchkoro

HAL[IOHAJILHOTO YHIBEPCUTETY 3alli3HHYHOr0 TpaHcnopty, 2018, Ne 5 (77)

EKCIIIYATAIISA TA PEMOHT 3ACOBIB TPAHCIIOPTY

average duration of application stay in the system.
The simulation results of the repair workshop
operation for a given time include the number of
the received applications and the number of hours
spent for service.

To determine the probability of finding a QS in
one of the possible conditions, we use formulas

4-6:
2 3 n 1 -1
Py = 1424 P 4P 4)
21 3l n! (n—p)

k

_P _
Py = Po. (k=1.n), 5)

where k — is the number of the occupied repair
bays;

n+i

(8] .
L= — ’ |=5,6, 6
pn+| n| .n! pO ( ) ( )
The probability of queue formation is
determined by the formula:
_p~
pq_n! n—p Po - (7)

The average application number in a queue:

n+1

p n
L, = — 8
q n! (n _p)2 pO ( )
Average number of applications served:
A
Lser =p=—- (9)
il

The average number of application stay in the
system:

- L, 0
=24+, 10

ls = " (10)

where Q — is the relative QS capacity (in this case

it is equal to one).

Average time in the queue:

L

E:Tq. (11)

Findings

To study the influence of the system of
maintenance, operation and repair organization of
locomotives, as well as their reliability level, a
model was developed and the operation of the
main diesel locomotive repair workshop at the
repair depot was simulated. When simulating, it
was taken the performance of all types of depot
repair of diesel locomotives TM-3, CR-1, CR-3
and unscheduled repairs in the repair workshop.
When organizing the applications servicing
(locomotive repair simulation), specialization of
repair bays by the repair type was taken. There are
two groups of repair bays. Unscheduled repairs and
CR-3 are performed in one group, CR-1 and TM-3
are performed in another group of repair bays.

A graphical environment Simulink was used as
a simulation software. The block diagram of the
repair workshop model of the locomotive depot is
presented in Fig. 2

The blocks 1 and 2 form the applications for
the diesel locomotives repair interspaced in time in
a random manner. Block 3 forms the time for
performing repair in a random manner. The
calculation of application number and the service
time of diesel locomotives is made in accordance
with the current regulatory documentation. In this
case, it is allowed the deviation of the receipt time
+20% from the norm. The block 4 «repair
position» was used as a repair depot in the model.
The time required to perform the corresponding
repair type is determined by this block depending
on the repair type + 20%. FIFO discipline has been
adopted as the discipline for servicing the
applications. The queue of diesel locomotives
waiting for repair is organized by the block 5.

A simulation of the repair workshop for the
allocated locomotive fleet of N =18 diesel
locomotives (36 sections) of the 2TE116 series
was performed. The average daily mileage of
diesel locomotives was taken 1=500, the
simulation time is 365 days, the share of
unscheduled repairs is 5%. The simulation results
are shown in Table 1-3.
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In tab. 1 shows the simulation results with a
different number of repair stalls. As can be seen
from the obtained results, with the accepted initial
data, the use of three repair stalls is the most
rational, while the loading of the depot workshop

is 0.6%.

1
t
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of application for UR, h
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Random Number8

ouT 3 IN

ouT

Set Attribute3

Start Timer3

Fig. 2. Repair workshop model of diesel locomotives in the form of QS:

1 — former of the receipt time of locomotives for repair;
2 — block of the former of the application distribution in time;
3 — former of diesel locomotive service time at repair position;
4 — diesel locomotive repair positions; 5 — queue of locomotives waiting for repair

is 0.6%.

The Tab. 1 shows the simulation results with a
different number of repair bays. As one can see
from the obtained results, with the accepted initial
data the use of three repair bays is the most
rational, at this the loading of the depot workshop

Table 1

The simulation results of the repair workshop operation for diesel locomotives on change

of the repair bays number

Number of repair The average time of The average queue Workshop/depot The average time of
bays, pcs. waiting in the queue, length, sect. loading, % application in the QS,
h. h
2 60 1.439 0.88 83.18
3 15 0.044 0.59 45.78
4 0 0 0.45 44.6

The Tab. 2 shows the simulation results when
using in the depot three repair bays and changing
the average daily mileage of diesel locomotives

from 400 to 700 km/day. As one can see from the
obtained results, increase in the average daily
mileage leads to an increase in the repair workshop
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loading to 0.79%, while the queue length increases
by 10 times, and the average waiting time — by 5.6
times. This is explained by the fact that with
increase in the average daily mileage, the number
of applications for repairs is increasing.

The Tab. 3 shows the simulation results when
using in the depot three repair bays and changing

the number of unscheduled repairs from 5 to 10%.
The results show that increase in the percentage of
unscheduled repairs leads to a slight increase in the
repair workshop loading, at this, the queue length
and average waiting time change slightly as well.

Table 2

The simulation results of the repair workshop when changing the average daily mileage of diesel locomotives

The average daily mileage The average time of The average queue Workshop/depot The average time of
of locomotive, km waiting in the queue, | length, locomotives loading, % application in the
h QS,h
400 0.8 0.02 0.48 44.94
500 1.5 0.04 0.59 45.78
600 2.1 0.08 0.68 45.58
700 4.5 0.22 0.79 48.22
Table 3
The simulation results of the repair workshop when changing the unscheduled repair percentage
Percentage of Locomotive The average The average Workshop/depot | The average time
unscheduled average daily waiting time in queue length, loading, % of application in
repairs of mileage, km the queue, h locomotives the QS, h
locomotives, %
5 500 14 0.032 0.57 44.3
8 500 15 0.044 0.59 45.78
10 500 15 0.048 0.6 46.68
Conclusions

Originality and practical value

The work originality lies in the presentation of
the locomotive depot as the queue system object. A
simulation model of a locomotive repair depot has
been developed. It allows analyzing the influence
of various factors on the system of organizing the
locomotive repair in depot.

The use of the developed model and simulation
results allows determining the influence of
operation and reliability indicators of locomotives
on the work organization of the locomotive repair
depots. In further studies, the proposed model can
be used to improve the organization of repair on
the road network when introducing new series of
locomotives and changing their maintenance
strategy.

The paper presents the locomotive repair
workshop description using the terms and concepts
of the queue system. The tasks for modeling the
repair work workshop operation are formulated, a
list of the initial data and the results of the
simulation are given. Based on the simulation
results analysis, it is possible to optimize the repair
workshop structure and the required number of
personnel, based on the transportations volume,
locomotive reliability indicators, the locomotive
selection rule used, the number of operating repair
bays, etc. It is established that the listed parameters
influence the main indicators of the locomotive
repair depot. The proposed models of the repair
workshop make possible the rational planning of
the equipment use, human capital, the time for
putting the locomotive into repair, taking into
account the uniform loading of the workshop, as
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well as providing the opportunity to improve the
spare parts supply logistics. The model in a
simplified form describes the process of the
mainline locomotive fleet repair and can be
supplemented depending on the repair type
performed at the depot.

The problem of accounting the reliability
indicators when simulating the locomotive putting
into unplanned repair types, determining the
probability of locomotive transition from one state
to another, as well as taking into account the
reliability indicators when determining the repair

10.

11.

12.

13.

14.

work amount, requires further development.
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MOJEJIOBAHHA OPTAHI3ALILL PEMOHTY JIOKOMOTHBIB
METOJAMMU TEOPIi CHCTEM MACOBOI'O OBCJIYT'OBYBAHHS

Mera. Y HayKOBiii poOOTI HEOOXITHO OIIHUTH BILTMB MOKA3HHUKIB €KCIUTyaTallil Ta HaJiiHOCTI JIOKOMOTHBIB Ha
Metoauka. Y poOOTi PEACTABICHO OIKC [[EXy 3 PEMOHTY JIOKOMOTHBIB 32 JJOITOMOT'OI0 TEPMiHIB 1 IOHATH CUCTEMHU
MacoBoro obcnyroByBanas (CMO). ChopMynb0BaHO 3aBHaHHS, SIKI BUPIMIYIOTHCS TPU MOJCIIOBaHHI poOOTH
PEMOHTHOTO 1ieXy, HAaBEICHO MepelliKk BUXIAHMUX HaHUX 1 pe3yibTaTiB MOJENIOBaHHS. Y SKOCTI MPOrpamMHOIO
3aco0y MOJECIIOBaHHS BHKOPHUCTaHE TpadiuHe cepeloBHINE IMiTamidHOrO  MojmemoBaHHS — Simulink.
Pe3yabraTn. BecraHoBiieHO, 1110 HA OCHOBHI IOKa3HUKH POOOTH JIOKOMOTHBHOT'O JIETIO BIUIMBA€E OOCAT I€peBE3eHb,
HaJIIHICTh JIOKOMOTHBIB, 10 BUKOPHUCTOBYIOTBCS, IPABUIIO BiIOOPY JIOKOMOTHBIB 13 YEPI'H, KiJIbKICTh NPALFOI0OYHX
PEeMOHTHHX CTiii. Po3pobiieHa Mogenb PEMOHTHOTO IIeXy JIETO JI03BOJISIE PALliOHAIBHO TIAHYBAaTH BUKOPHCTaHHS
oOmnanHaHHs, (oHAy poOOYOi CHIIM, Yacy IOCTAHOBKM JIOKOMOTHBIB Y PEMOHT i3 ypaxyBaHHSIM pIBHOMIpHOCTI
3aBaHTA)XEHHS LIE€Xy, a TaKOX YJAOCKOHAJHMTH JIOTICTUKY ITOCTABOK 3allacHUX 4yacTuH. Ll Monens y cnpomieHoMy
BHTJISIAI ONHKCYE TIPOIleC BHUKOHAHHS PEMOHTY MHAapKy MaricTpadbHHX TEIJIOBO3iB 1 MOXKe OyTH JOIOBHEHa B
3aJIe)KHOCTI BiJl By BUKOHYBaHHX y J1erno peMoHTiB. HaykoBa HOBU3HA. Y poOOTi JIOKOMOTHBOPEMOHTHE JIETIO
IpeAcTaBlIeHe SK O00’€KT CHCTEMH MAacoBOro  OOCIyroByBaHHA. Po3poOiieHO  iMiTamiifHy  MOJens
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JIOKOMOTHBOPEMOHTHOTO JIETO, SIKa JI03BOJISIE MMPOBOJUTH aHAJI3 BIUIMBY PI3HMX YMHHHKIB Ha CHCTEMY OpraHizarii
PEMOHTY JIOKOMOTHUBIB y aemno. IlpakTuuna 3HauyuMicTb. OTpUMaHi pe3yJbTaTH O3BOJISIOTh BU3HAYUTH BIUIUB
MMOKA3HMKIB eKCIUTyaTallii Ta HaIiifHOCTi JIOKOMOTHBIB Ha OpTraHi3alifo poOOTH JOKOMOTHBOPEMOHTHOTO Jemo. Y
MTOTANTBIIAX JTOCIiKEHHIX PO3pOo0IeHa MOIENb MOKe OYTH BUKOPHUCTaHA IS YIOCKOHAICHHS CHCTEMH OpTaHi3arlii
PEMOHTY Ha MepeXi JOpir MpH BIPOBA/KCHHI HOBHX CEpii JIOKOMOTHBIB Ta 3MiHI cTpaTerii iX TeXHIYHOTO
00CITyTOBYBaHHS.

Knrouosi crnosa: mex peMOHTY JOKOMOTHBIB, MOICTIOBAHHS; CHCTEMa MacOBOTO OOCITyTOBYBaHHS, OpTraHi3alis
pOOOTH PEMOHTHOTO LIEXY
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MOJAEJIUPOBAHUE OPI'AHU3AIIMU PEMOHTA JIOKOMOTHUBOB
METOJAMU TEOPUU CUCTEM MACCOBOI'O OBCJIY KUBAHUA

Heab. B nHayuyHoit pabore HEOOXOAMMO OIICHWTh BIHMSHHE IOKaszaTejeidl SKCIyaTallid W HaJIeXHOCTH
JIOKOMOTHBOB Ha CHCTEMY OpPraHM3allMd HMX PEMOHTAa B JENO C HCIOJb30BAaHMEM METOJI0OB TEOPHH MAacCOBOTO
obciyxuBanus. Meroanka. B paboTe NpeacTaBIeHO OMHMCAaHHE IieXa 0 PEMOHTY JIOKOMOTHBOB C ITOMOILBIO
TEPMHUHOB M TOHSATHH cHcTeMbl maccoBoro oociyxuBanusi (CMO). ChopmynrpoBaHbl 3a/1auu, periaeMblie NpU
MOJICIUPOBAaHUM PAaOOTBI PEMOHTHOTO II€Xa, MPUBEICH IMEepeYeHb WCXOMHBIX JAHHBIX U PEe3yJIbTaToOB
MOJIEMPOBaHMsA. B KadecTBe NpPOrpaMMHOIO CPEICTBA MOJAEIMPOBAHUS HCIIONB30BaHA TIpaduueckas cpena
MMUTAMOHHOro MonenupoBanus Simulink. Pe3yabTaThl. YCTaHOBJICHO, YTO HA OCHOBHBIC IOKa3aTeldn pabOTHI
JIOKOMOTHUBHOTO JIENIO BJIMSAET OOBEM IIEPEBO30K, HAJEKHOCTh JIOKOMOTHBOB, HCIIOJIb3yeMOE IIPaBWIIO OTOOpa
JIOKOMOTHBOB U3 O4Yepef, KOJIMUECTBO pabOTAIONINX PEMOHTHBIX cTOII. PazpaboTaHHas MOJelb pEMOHTHOTO IIeXa
JIETIO TIO3BOJISIET PAIMOHAIBGHO IUIAHWPOBATh HCIIOJIB30BaHHE 00OpynoBaHus, (GoHIa paboyel CHIIBI, BpEeMEHH
MIOCTAHOBKH JIOKOMOTHBOB B PEMOHT C Y4YETOM DPaBHOMEPHOCTH 3arpy3KH II€Xa, a TaKKe yCOBEPIIEHCTBOBAaTb
JIOTHCTUKY IIOCTaBOK 3allaCHBIX dYacTedl. DTa MoJeNb B YNPOIICHHOM BHJE OMNHCHIBACT IPOIECC BBIMOJIHEHUS
PEMOHTa MapKa MarucTPajbHBIX TEMJIOBO30B U MOXET OBITH JOIOJHEHA B 3aBHCHMOCTH OT BHUJA BBINOJIHSIEMBIX B
nerno peMoHToB. Hayunasi HoBu3Ha. B paboTe JOKOMOTHBOPEMOHTHOE JIETIO IPEICTABICHO KaK OOBEKT CUCTEMbI
MaccoBOro oOcmyxkuBaHHA. Pa3paboTaHa MMHUTAIMOHHAs MOJENb JIOKOMOTHBOPEMOHTHOTO €TI0, KOTopas
MIO3BOJISIET MIPOBOIUTH AHAJN3 BIMAHUS PA3IMYHBIX (DAKTOPOB HA CHCTEMY OpPTaHU3AIMH PEMOHTa JOKOMOTHBOB B
nero. IlpakTuyeckass 3HaYMMOCTh. [losydeHHBIE pe3ysbTaThl IO3BOJSIOT OIPEACINTH BIHMSHHE IOKa3aTenel
SKCIUTyaTallid M HAJEKHOCTH JIOKOMOTHMBOB Ha OpraHU3aluio padoThl JIOKOMOTHBOPEMOHTHOro jeno. B
JTAbHEHIINX HMCCIEAOBAHUAX pa3padOTaHHAs MOZEIb MOXET OBITh MCIOJB30BaHA JUIl YCOBEPUIEHCTBOBAHUS
CUCTEMBl OpraHW3allMd PEMOHTa Ha CETH JAOPOT IpPU BHEAPEHHM HOBBIX CEpPUH JIOKOMOTHBOB U HM3MEHEHHH
CTpaTeruu UX TEXHUYECKOTO 0OCITyKUBAHUSL.

Kniouegvle cnosa: 1ex peMOHTa JIOKOMOTHBOB; MOJEIMPOBAHUE; CHCTEMa MAacCOBOTO OOCITY)KHBaHUS;
opraHu3aiys paboThl PEMOHTHOTO IIeXa
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