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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 arti-
cle 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 reli-
ability 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 workshops equip-
ment use, the human capital, the time of putting the locomotives into repair taking into account the workshop load-
ing 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

rolling stock. Such an approach is already used at
Introduction large industrial transport enterprises (metallurgical
enterprises, ore mining and processing enterprises).
Foreign railway companies (RR, Lithuanian Rail-
ways, etc.) also carried out the functions™ separa-
tion of locomotive operation and their repairs be-
tween the locomotive depots. On the basis of the

Improvement of the locomotives™ repair system
organization is one of the ways to reduce operating
costs. Management system restructuring of Ukr-
zaliznytsia's locomotive facilities involves the sep-
aration of operation and repair functions of traction
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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 opera-
tion. At this stage in Ukrzaliznytsia operate loco-
motive 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 for-
mation of locomotives queue waiting for repairs,
and this in turn will lead to increase in their down-
time. 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 de-
pot 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 loco-
motives supply. The described situations eventual-
ly lead to the maintenance costs increase for both
the locomotives and the technological equipment.
The positive thing is that the creation of special-
ized depots reduces the capital costs for the repairs
organization, increases the equipment use efficien-
cy, increases the labor productivity, and, as a con-
sequence, the repair quality. The distribution task
of the repair program between the repair depots of
the railway network and the methodology of se-
lecting the specialized depots is an urgent task [7,
10, 16]. Solution of this task involves the devel-
opment of general model for the locomotives™ re-
pair 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 organi-
zation at the level of repair depot. This article is
devoted to the analysis of methods and approaches
to simulating the operation organization of the re-
pair locomotive depot.

The initial data when simulating the repair or-
ganization 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 sys-
tem. 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 lo-
comotive units and the locomotives of this series,
as well as a number of other factors.

Based on the analysis [7, 12, 14, 19, 20] of the
existing systems of locomotive fleet management,
the main tasks are formulated that need to be ad-
dressed 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 ac-
count the technical condition of the locomotive
fleet and the volume of planned repair works.

Solution of the set tasks also requires the crea-
tion of the model for the locomotive repair organi-
zation in the repair depot, taking into account the
repair units loading planning, the technical condi-
tion of the locomotive fleet, and the volume of the
performed works.

The methods of the queue system theory [5, 7,
8, 11, 13], optimization [2, 4, 9, 15], the theory of
economic and mathematical modeling [1, 4], anal-
ysis of the large amounts of data and simulation
modeling are used during the development of the
repair organization model in the locomotive depot
[18].

Purpose

To analyze the influence of locomotives™ opera-
tion 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 in-
to repair is to reduce the idle time of locomotives
in repair and waiting for repairs, which significant-
ly affects the locomotive availability. At the same
time, it is necessary to ensure the loading uniformi-
ty 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 reli-
ability.

The existing system of repair planning is based
on the control of overhaul periods. It determines
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the need for repair or maintenance on the basis of
comparison with the normative values of the be-
tween-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 ac-
cording to locomotive series can be set individual-
ly for different locomotive series.

The need for repair or maintenance for this lo-
comotive is fixed in the event the between-repair
mileage, or the operating time, have become more
than the normative ones for the corresponding re-
pair type. In this case, according to regulatory doc-
uments, 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 meth-
od of planning is that the actual daily mileage of
locomotives greatly varies due to their different
technical condition, different idle times in the cur-
rent 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 lo-
comotives are put into repair according to the es-
tablished frequency. The disadvantage of this
method of planning is possible uneven perfor-
mance of the daily maintenance plan. The mainte-
nance schedule of an individual locomotive is
based on the established periodicity of mainte-
nance, repair cycle and daily mileage of locomo-
tive.

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 indi-
vidual locomotive taking into account the reliabil-
ity characteristics of the locomotive units.

For the operational planning of putting the lo-
comotives into repair, one has to know the proba-
bilities 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 ra-
tional 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 rela-
tionship 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:
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— 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 in-
finite 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
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 exam-
ples 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 infinite capacity storage for buffering the
received requirements is suitable. At this the wait-
ing 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 sys-
tem 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 appli-
cation flow and the duration of their execution,
there is always some average number of idle loco-
motives. Therefore, it is necessary to distribute the
number of repair bays between different subsys-
tems 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,S5 s Sprevs

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

Zpk(t)zlv
k

where p(t) (k=0,12,...,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 work-
shop 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
gueue theory, has the following characteristics:

— it is an open system, since the source of ap-
plications 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 perform-
ing repairs in the depot, the bays specialized ac-
cording 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 re-
pair. The Poisson application flow was considered
during the simulation. The service time of one ap-
plication 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 proba-
bilities 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.
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Fig. 1. The graph of the repair workshop states with n repair positions and a limited queue

Let us introduce the following designations:
i — is the number of locomotive sections (applica-
tions) 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 in-

tensity 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 po-

sition 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 occu-

pied, but there is no queue;

— S,,; —all positions are occupied, one loco-
motive (section) is in the queue;

— S,.n —all positions are occupied, m loco-

motives (sections) are in the queue.
It should be noted that in this system the ser-
vice 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 ex-
ceeding n, the service intensity remains equal to
nu .

When simulating, the following tasks need to
be solved: simulating the repair workshop opera-
tion for a specified number of hours; determining
the probabilities of the repair workshop conditions
Sy +Sp.m s determining the average number of ap-

plications (locomotives) in the service queue; de-
termining the average number of applications for
service; determining the average number of appli-
cations in the system; determining the average du-
ration of the application stay in the queue; deter-
mining the average duration of the application stay
in the system; determining the system relative ca-

pacity; determining the absolute system capacity.

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

% =—APg + 1Py ;
% =—AP; —Up, + APy + 2P, ;
% =—\p, — 2up, + Ap, +3up;;
% =—\p; —3up; + AP, +4up,;
% =—Ap, —4up, +Ap; +4ups;
% = —\Ps — 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:
S p =1 3

i=0

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

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

As a result of simulation, the following indica-
tors of the QS (locomotive repair workshop) are
determined: the probability of the system condi-
tions S;---S,,,; the average number of applica-

tions (locomotives) in the queue for service; the
average number of applications in the system; the
average duration of stay in the queue; the 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 ser-
vice.

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

_bp .
Prsi = Po. (i=56,...) (6)

The probability of queue formation is deter-
mined by the formula:

_n
pq_n! n—p pO' (7)

The average application number in a queue:

n+l

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

The average number of application stay in the sys-
tem:

)
s =gt (10)

where Q — is the relative QS capacity (in this case
it is equal to one).
Average time in the queue:

= L (1)
tq - by '
Findings

To study the influence of the system of mainte-
nance, operation and repair organization of loco-
motives, as well as their reliability level,
a model was developed and the operation of the
main diesel locomotive repair workshop at the re-
pair 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 un-
scheduled 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 per-
formed in one group, CR-1 and TM-3 are per-
formed 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 perform-
ing 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 per-
form the corresponding repair type is determined by
this block depending on the repair type + 20%. FIFO
discipline has been adopted as the discipline for ser-
vicing the applications. The queue of diesel locomo-
tives waiting for repair is organized by the block 5.

A simulation of the repair workshop for the al-
located locomotive fleet of N =18 diesel locomo-
tives (36 sections) of the 2TE116 series was per-
formed. The average daily mileage of diesel loco-
motives was taken | =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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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

Enttty Sink

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 ra-
tional, while the loading of the depot workshop 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 ration-
al, at this the loading of the depot workshop is
0.6%.

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 load- The average time of
bays, pcs. waiting in the queue, length, sect. ing, % application in the QS,
. h
2 60 1.439 0.88 83.18
3 15 0.044 0.59 45.78
4 0 0 0.45 44.6
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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
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 in-

crease 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 aver- | The average wait- The average Workshop/depot | The average time
unscheduled re- | age daily mileage, ing time in the queue length, loading, % of application in
pairs of locomo- km queue, h locomotives the QS, h
tives, %
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 fur-
ther studies, the proposed model can be used to im-
prove 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 work-
shop description using the terms and concepts of
the queue system. The tasks for modeling the re-
pair 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 struc-
ture and the required number of personnel, based
on the transportations volume, locomotive reliabil-
ity indicators, the locomotive selection rule used,
the number of operating repair bays, etc. It is es-
tablished that the listed parameters influence the
main indicators of the locomotive repair depot. The
proposed models of the repair workshop make pos-
sible the rational planning of the equipment use,
human capital, the time for putting the locomotive
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into repair, taking into account the uniform loading
of the workshop, as well as providing the oppor-
tunity to improve the spare parts supply logistics.
The model in a simplified form describes the pro-
cess 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 indi-
cators 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 indica-
tors when determining the repair 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 IPEACTABICHO OMKC [[EXy 3 PEMOHTY JIOKOMOTHBIB 32 IOMIOMOTOI0 TEPMIHIB 1 MOHATH CUCTEMH
MacoBoro oociayroByBauus (CMO). ChopMynboBaHO 3aBAaHHS, sIKI BUPILIYIOTHCS MPU MOJICIIIOBaHHI pOOOTH pe-
MOHTHOTO 1€Xy, HaBEIEHO IepeiiK BHMXIJHMX JaHUX 1 PE3yJbTaTiB MOJENIOBaHHSA. Y SIKOCTI IMPOrpaMHOTO
3aco0y MOJECIIOBaHHS BHUKOpHUCTaHe TrpadidHe cepeloBHINe iMmiTamiiHOro MoxemoBaHHs  Simulink.
Pe3yabraTn. BecraHoBiieHO, 1110 HA OCHOBHI ITOKa3HUKH POOOTH JIOKOMOTHBHOTO JIETIO BIUIMBA€E OOCAT IepeBe3eHb,
HaJIIHHICTh JIOKOMOTHBIB, 10 BUKOPUCTOBYIOTHCS, IPABHUJIIO BiJJOOPY JTOKOMOTHBIB i3 Yepru, KUIBKICTD MPaIFOI0UNX
PEMOHTHHX CTiii. Po3pobiieHa Mozenb PEMOHTHOTO IIeXy JIETO JI03BOJISIE PALliOHABHO TIAHYBAaTH BUKOPHCTaHHS
oOnasHaHHsA, POoHLy poO0U0i crin, Yyacy IIOCTAaHOBKH JIOKOMOTHBIB Y PEMOHT i3 ypaXyBaHHSIM PiIBHOMIPHOCTI 3aBa-
HTXXEHH LIEXY, a TAKOX yJIOCKOHAINTH JIOTICTUKY ITOCTaBOK 3aIlacHUX YacTHH. Ll Mozxens y cnporieHoMy BUIIISII
ONMHCy€ TIPOLIEC BHUKOHAHHA pPEMOHTY TMAapKy MaricTpaJbHHX TEIUIOBO3IB 1 MOXe OyTH JOIOBHEHa
B 3aJIE)KHOCTI BiJl BUly BUKOHYBAaHUX y Jeno peMoHTiB. HaykoBa HOBH3HA. Y pPOOOTI IOKOMOTHBOPEMOHTHE JICTIO
MIPEJCTaBICHE K 00 €KT CHCTEMH MacoBOro 00cIyroByBaHHA. Po3pobieHo imiTaliiiHy Moieb JIOKOMOTHBOPEMOH-
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THOTO JIeTIO, SIKa JIO3BOJISIE MPOBOANTH aHAJIi3 BIUIMBY Pi3HUX YMHHHUKIB HA CUCTEMY OpraHizauii peMOHTY JIOKOMO-
TuBiB y neno. [IpakTuuna 3HauuMicTs. OTpuMaHi pe3yabTaTH 103BOJISIOTH BU3HAYUTH BILIMB MOKA3HHUKIB €KCILTY-
atamii Ta  HagifHOCTI  JIOKOMOTHBIB  Ha  OpraHizamito  poOOTH  JIOKOMOTHBOPEMOHTHOTO  JETIO.
VY mopanpmInx IOCTiKEHHAX po3po0iieHa MOJENIb MOXe OyTH BUKOPHCTAaHA ISl YIOCKOHAJICHHS CHCTEMH OpTraHi-
3amii peMOHTY Ha MepeXi JOpir IMpH BIPOBAKEHHI HOBHUX Cepiil IOKOMOTHBIB Ta 3MiHI CTpaTerii iX TeXHIYHOTO
00cITyTOBYBaHHS.

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

Heab. B HayuHoit paboTe HE0OOXOIUMO OIICHUTDH BIMSHHUE MOKA3aTeNel IKCIUTyaTallii U HAJEKHOCTH JIOKOMO-
THBOB Ha CHCTEMY OpPTaHH3allM{ UX PEMOHTA B JIETIO C UCIOJIH30BAHHEM METOZOB TEOPHUH MAaCCOBOTO OOCITyXHBa-
Hus. Meroauka. B paGote mpeacTaBieHo onucaHue Iexa 0 PEMOHTY JIOKOMOTHBOB C MTOMOIIBIO TEPMHUHOB U IO-
HATHH cucteMbl MaccoBoro obciyxuanus (CMO). ChopmynupoBaHsl 3a/lauy, pellaeMble IIPH MOJEIUPOBAHUH
paboThl PEMOHTHOTO IieXa, IPUBEACH NEepPeUeHb MCXOIHBIX JAAHHBIX U PE3yJIbTaTOB MOJCIMpPOBaHHA. B kauecTBe
MIPOTPaMMHOTO CPEJICTBa MOJAEIMPOBAHUS HCIIOJIb30BaHa rpaduyeckas cpeja MMHUTAMOHHOTO MOAEIHPOBAHUS
Simulink. Pe3yabTaTbl. YCTaHOBICHO, YTO HA OCHOBHBIE MTOKA3aTeNl padOThl IOKOMOTHBHOIO JIETIO BIUSET 00BEM
MIEPEBO30K, HaJIe)KHOCTh JIOKOMOTHBOB, HCIIOIb3YeMOE NPAaBWIIO OTOOpA JIOKOMOTHBOB M3 OYEpE]H, KOJIMYECTBO
paboTaronx peMOHTHBIX CTOII. Pa3zpaboTaHHas MOJIEb PEMOHTHOTO II€Xa JIETO MO3BOJISET palMOHAIBHO TUIAHH-
POBaTh HUCIIOIBL30BAHUE 000PYHOBaHMS, (hOHIA paboUel CHIIBI, BpEMEHH ITOCTAHOBKH JJOKOMOTHBOB B PEMOHT C y4e-
TOM PaBHOMEPHOCTH 3arpy3KH I€Xa, a TaKKe YCOBEPIIEHCTBOBATH JIOTHCTHKY MOCTABOK 3allaCHBIX YacTe. JTa Mo-
JIeNTb B YIPOIIIEHHOM BHE OIHCHIBAET IIPOIIECC BHIOJIHEHHUS! PEMOHTA NapKa MaruCTPalbHBIX TETIOBO30B U MOXET
OBITh JIONOJIHEHA B 3aBUCUMOCTHU OT BHUJIA BBIIIOJIHSEMBIX B Jierio peMoHTOB. Hayunasi HoBu3Ha. B pabote nokomo-
TUBOPEMOHTHOE JIETO MPEJICTABICHO KaK 00BEKT CHCTEMBI MaccoBOro obcmykuBanus. PazpaboTana UMHTAIIHOHHAS
MOJIeNb JJOKOMOTHBOPEMOHTHOTO JENO0, KOTOpasi MO3BOJIIET MPOBOJAUTE aHATIU3 BIMAHUS Pa3IM4YHBIX (AKTOPOB Ha
CHCTEMY OpTraHM3allii PEeMOHTa JIOKOMOTHBOB B femo. IlpakTuyeckasi 3HAYMMOCTh. [lonyueHHbIE pe3yabTaThI
TIO3BOJISTIOT OTPEJISNIUTD BIMSHHUE MTOKa3aTeNe SKCIUTyaTalli U HaJIe)KHOCTH JIOKOMOTHBOB Ha OpraHU3anuio pado-
TBI JJIOKOMOTHBOPEMOHTHOTO JIeTI0. B nanpHeHmmx nccneroBaHuax pa3padoTaHHas MOJIENb MOXKET OBITh UCIIOJB30-
BaHa /Ul YCOBEPILIEHCTBOBAHMS CUCTEMBl OPraHU3allMi PEMOHTA Ha CETH AOPOT MpPU BHEIPEHUHU HOBBIX CEpHil Jo-
KOMOTHBOB ¥ H3MEHEHHH CTPATETHH UX TEXHUUECKOTO 00CITyKMBAHHUS.

Kniouegvie cnosa: nex peMOHTa JJOKOMOTHBOB; MOJICIMPOBAaHKE; CHCTEMA MaCCOBOTO OOCITY)KHBaHMS; OpraHn3a-
st pabOTHI PEMOHTHOTO TeXa
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