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CHOOSING THE SYSTEM OF LOCOMOTIVE MAINTENANCE IN
VIEW OF THE EFFECT OF DEPENDENT FAILURES

Purpose. Improving the efficiency of the use of locomotives by choosing a rational maintenance system that
takes into account the assessment of the effect of dependent failures on the cost of their life cycle is the main pur-
pose of this paper. Methodology. The relevance of introducing LCC (Life Cycle Cost) approaches in locomotive
facilities is explained by the introduction of new locomotives with on-board control and diagnostic systems, as well
as the development of the theory of traction rolling stock maintenance systems. The cost of a locomotive as a trac-
tion unit ceases to be the determining factor. This is because the locomotive maintenance and repair cost for the en-
tire period of its operation is much higher than the initial cost of the locomotive. The paper analyses the existing
approaches to managing the cost of the life cycle of locomotives at the stages of selecting, updating, upgrading and
operating the traction rolling stock. The necessity of improving the methods for assessing the degree of influence of
reliability indicators of locomotive assemblies on the choice of the maintenance system and the cost of the locomo-
tive life cycle is substantiated. Findings. It is proposed to use the concept of «the effect of dependent failures» when
calculating the cost of locomotive renewal after unscheduled repairs and its life cycle cost. We improved the meth-
ods for determining the cost of unscheduled repairs, taking into account dependent failures and the coefficient of
assessment of the effect of dependent node failure on the locomotive maintenance system. The proposed coefficient
will determine the nodes, the failure of which affects the renewal cost more than their nominal value. It will also
help to take into account the probable losses due to node failure during the development and adjustment of the lo-
comotive maintenance system. Originality. For the first time, it is proposed to use the concept of the effect of de-
pendent failures to calculate the locomotive renewal cost when performing unscheduled repairs, as well as the loco-
motive life cycle cost. Practical value. The improved calculation method for determining the cost of unplanned
repairs with account taken of dependent failures can be used to compare and evaluate different variants of the loco-
motive maintenance system and to develop the locomotive diagnostic systems.

Key words: life cycle cost; maintenance system; locomotive; dependent failures; renewal costs; unscheduled
maintenance

panies. For the rail industry, minimizing such costs
Introduction increases the competitiveness of products and,
consequently, stimulates the expansion of the mar-
ket and increase in profits. For operating compa-
nies, thus, the economic efficiency of using rolling
stock rises [10].

The task of minimizing total costs at all stages
of the lifecycle of vehicles, improving the reliabil-
ity and safety of equipment is common to both lo-
comotive developers and operating transport com-
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When substantiating the choice of the most ad-
vantageous offer for the supply of traction rolling
stock, transport companies, along with comparison
of technical characteristics, are increasingly using
the LCC (Life Cycle Cost) indicator. Bemnunna
KamiTATBPHUX 3aTpaT Ha MNpUA0aHHSI HOBOTO
TATOBOI'O0 PYyXOMOTI'O CKJIaay IMOCTYIMOBO IMOYMHAE
3aMIHIOBATHCh BEINYHUHOIO BUTpAT Ha BCIX eTamax
’KUTTEBOTO UKy JJoKOMoTHBa The amount of cap-
ital costs for the acquisition of a new traction roll-
ing stock gradually begins to be replaced by the
cost of all stages of the locomotive life cycle [14,
17, 18].

Actuality of LCC approaches in locomotive
services is explained by the introduction of new
locomotives with onboard control and diagnostic
systems, as well as the development of the theory
of traction rolling stock maintenance systems. The
cost of a locomotive as a traction unit ceases to be
the determining factor. This is due to the fact that
maintenance and repair costs for the entire life cy-
cle of a locomotive considerably exceed its initial
cost.

The works [3, 5, 9, 11-13, 15, 16, 21] are de-
voted to the introduction of LCC approaches at the
stages of selecting, updating, modernizing and op-
erating the traction rolling stock. Despite a signifi-
cant number of research results on the use of LCC
indicators, the issue of assessing the degree of in-
fluence of reliability indicators of locomotive as-
semblies on the choice of the maintenance system
and the cost of the locomotive life cycle remains
unsolved.

Purpose

The main purpose of the work is to increase the
efficiency of the use of locomotives by choosing
a rational maintenance system that takes into ac-
count the assessment of the effect of dependent
failures on the cost of their life cycle. To achieve
this purpose, it is necessary to analyze the existing
approaches for managing the locomotive life cycle
cost, as well as to develop a method for assessing
the degree of influence of reliability indicators of

locomotive nodes on the choice of the maintenance
system and the cost of the locomotive life cycle.

Methodology

The most commonly used approach in develop-
ing life-cycle cost management systems is the
RAMS (Reliability, Availability, Maintainability,
Safety).

Let us consider its embodiment in the railway
standards of Europe, Russia and Ukraine.

The main characteristics, definitions and terms
relating to RAMS and LCC of rail transport facili-
ties are given in European Standard NF EN 50126-
1-2000 [20]. An example of the practical use of the
RAMS approach for assessing the safety status of
locomotive facilities using an integral indicator is
described in [19].

The basic provisions of the RAMS can be used
to assess the locomotive operation and mainte-
nance system in terms of reliability, availability,
maintainability and safety during their interaction.
The proposed approach defines the process based
on the life cycle of the whole system, and the tasks
in it; allows to effectively monitor and control the
interaction between the elements.

Standard EN 50126 [20] presents the system
(locomotive) life cycle that is a sequence of phas-
es, each of which solves the corresponding tasks,
which cover the entire system service life from the
original concept to decommissioning.

The life cycle provides a framework for plan-
ning, managing, controlling and monitoring all
aspects of the system, including RAMS. Fig. 1
shows the life cycle stages according to this stand-
ard.

At each stage of the life cycle, there are certain,
related to this stage, tasks: general, tasks of relia-
bility, performance, repairability, as well as also
safety-related tasks.

The issues concerning calculations of the sys-
tem life cycle cost are considered in the second
stage, while forming the profile of the system pur-
pose.
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Fig. 1. Life cycle phases of the locomotive
The scheme of the system life cycle costs ac-
cording to EN 50126 [8, 20] is shown in Fig. 2
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Fig. 2. Scheme of locomotive life cycle costs

The costs incurred during the design phase of
the system, as well as those planned during the
formation of the requirements for operation and
maintenance, constitute a significant part of the
locomotive life cycle cost.

It is impossible to determine the exact costs for
the entire life cycle. They can be evaluated only
with different degree of confidence.

Initial data for the analysis and calculation of
the life cycle cost of the traction rolling stock are:

1. During the reliability, availability, maintain-
ability and safety analysis (RAMS analysis):

— Service life;

— Average annual mileage of the locomotive;

— Average time of locomotive operation per
year;

— Other quantitative and qualitative indicators
of the use of locomotives.

2.When determining the life cycle cost (LCC
analysis):

— Specifications / technical manuals from the
component or subsystem provider (for example,
FIT rate, MTBF rate)

— Identification, collection and use of statistical
data (for example, failure rates, repair costs, part

X
CY_MP =>'N_MP, xQT,

i=1

where X — total number of elementary technologi-
cal operations; N_MP; —humber of i-th elementary
technological operations, which must be performed
throughout the life cycle; QT; — total number of
elements requiring the use of the i-th elementary

replacement statistics, part wear dynamics, etc.);

— Models for forecasting changes in the tech-
nical condition of the locomotive and its subsys-
tems;

Databases and statistical reports on the reliabil-
ity and operation of locomotives.

The [20] presents two methods for calculation
of costs for the life cycle components:

— Calculation of costs for preventive mainte-
nance (analogue of planned preventive repair sys-
tem);

— Calculation of costs for corrective mainte-
nance (after failures) (analogue of the current state
maintenance system).

Let us consider these methods in more detail.

Calculation of costs for preventive mainte-
nance. Preventive maintenance, in accordance with
European Standard EN 13306 (2001) [8], is
maintenance performed at specified intervals or
according to the proposed criteria. It is intended to
reduce the likelihood of a failure or deterioration of
the functioning of the technical unit.

Calculation of costs CY_MP for preventive
maintenance during a life cycle is carried out by
the formula:

x(CM_MP, + MH_MP, xCMH )

technological operation; CM_MP; — average cost
of materials to be used during the use of the i-th
elementary technological operation; MH_MP; —
number of working hours required for the imple-
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mentation of the i-th elementary technological
operation; CMH — cost of 1 working hour.

This method does not take into account the fol-
lowing time expenditures:

— for organizational, administrative and logistic
processes;

— for purchase / delivery of consumables;

— for emptying of wastewater reservoirs;

— in anticipation of service;

— for utilization duration;

— for external and internal cleaning of the vehi-
cle.

Calculation of costs for corrective maintenance.
Corrective (unscheduled) service according to [20]
is the maintenance performed after the fault recog-
nition. It is designed to restore a locomotive to
a technical state in which it can perform the neces-
sary functions.

Calculation of costs for corrective maintenance
CY_MC during the life cycle is performed accord-
ing to the formula:

QT =IN_FAI; xOT

X
CY_MP =3 N_MC, xQT, x(CM_MC; + MH_MC, xCMH ),

i=1

where QT — number of elements to be restored for
the entire life cycle; IN_FAI; — failure rate of the i-
th element; OT — operating time or run-time (de-
pends on failure rate); N_MC; — number of i-th el-
ementary technological operations to be performed
throughout the life cycle; QT; — number of ele-
ments that require the use of the i-th elementary
technological operation for renewal;, CM _MC; —
average cost of materials for the implementation of
the i-th elementary technological operation;
MH_MC; — number of working hours for the im-
plementation of the i-th elementary technological
operation; CMH — cost of a working hour.

Basic rules for determining the cost of life cy-
cle of rolling stock and complex technical systems
of rail transport on the Russian railways are given
in [11]. This method contains the main provisions
and formulas for calculating such indicators of the
efficiency of rolling stock and complex technical
systems of rail transport, as the life cycle cost, the
useful economic effect and the limit price of ma-
chinery.

The life cycle cost indicator is used in this
methodology to evaluate the effectiveness of inno-
vative measures, including those at rail transport.

The term «Life cycle cost» (LCC) of the tech-
nical equipment in [11] is defined as the total con-
sumer’s cost for the purchase and use of the
equipment for the duration of its service.

The life cycle costs of the technical equipment
include all consumer costs associated with its ac-
quisition and possession, that is, the purchase
price, the associated one-time costs, as well as the

operating costs for the entire life and the costs of
disposal.

The [11] proposes to limit the number of life
cycle stages of technical equipment by the follow-
ing stages:

1) Development of concepts and definitions;

2)Research and development works;

3) Manufacturing of technical means;

4)Putting technical equipment into operation
with accompanying measures to train the person-
nel, upgrade the repair base, etc.;

5) Operation and maintenance;

6) Retirement (liquidation, disposal).

The general LCC of a product (of all its six
stages) is divided into two main parts:

1) Costs associated with the acquisition (stages
1-4);

Costs related to operation and disposal (stages
5-6).

Initial LCC analysis is carried out at the acqui-
sition stage — comparisons are made with ana-
logues. Then, during the exploitation phase, the
monitoring of economic indicators is carried out in
order to confirm the initial life cycle costing.

LCC of rolling stock and complex technical
systems of rail transport is defined in [11] by the
formula:

T
LCC =P, +D_(O +AK, — D)

t=1
where Paq — 0bject acquisition price (initial value).

At the stage of new locomotive concept develop-
ment and R&D works (1-2 stages of the life cycle)
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the equipment acquisition price can be presented as
its limit price; O — annual operating costs;
AK, — accompanying one-time costs associated
with putting of machinery into operation;
D, — disposal value of the object; o, — discount

coefficient; t — current year of operation; 7 — final
year of operation, established in accordance with
the technical requirements or other documentation
(including the accounting policy of the enterprise
on whose balance the object is located).

The discount coefficient for the constant dis-
count rate is determined by the expression:

t

+t§'(mi' -RY 'oct)—i—

where i — investment variant number; m; — num-

ber of traction rolling stock units by the i-th in-
vestment variant purchased in year t of the lifecy-

cle; Pif — price of acquisition of the traction rolling
stock unit by the i-th investment variant in year t of
the life cycle, UAH: K™ — one-time associated

costs during implementation of the rolling stock by
the i-th investment variant in year t of the life

cycle, UAH; R°Y — price of overhaul of the trac-
tion rolling stock unit by the i-th investment vari-
ant in year t of the life cycle, UAH; R — price of

modernization of the traction rolling stock unit by
the i-th investment variant in year t of the life

cycle, UAH; O; — current expenses for operation

and maintenance in a technically sound condition
of the rolling stock by the i-th investment variant

in year t of the life cycle, UAH; D, - disposal

value of the traction rolling stock unit by the i-th
investment variant in year t of the life cycle, UAH;

o, — discount factor; t, — year of acquisition of
the traction rolling stock by the i-th investment va-

where t — step of the calculation period (t =0, 1, 2,
. T); T — time horizon (life cycle duration);
E — discount rate.

In [13] it was noted that despite the significant
number of research results regarding the use of the
LCC economic indicator as one of the main criteria
for evaluating and approving investment decisions
in the long run, the issue of adaptation of this indi-
cator to the operational features of Ukrainian rail-
ways needs further development. The paper pro-
poses to calculate the rolling stock life cycle cost
for alternate investment variants in its renewal as
follows:

—
>

i (mit -Oit ~at)—

1, . t

nai

(mil ~Dil -(xt),

A, M i
< Ei
=8

t

riant; t; — year of disposal of the rolling stock by
the i-th investment variant.

Findings

The conducted analysis of the life cycle costing
approaches allows us to conclude that none of the
considered methods takes into account the effect of
failure of one node on the failure of other connect-
ed nodes (dependent failures of system elements)
of the locomotive. According to researches [4, 6],
quite a significant part of failures (and, as a conse-
guence, of unscheduled repairs) occurs due to the
dependent failures of elements. Thus, when calcu-
lating LCC and costs for all types of maintenance,
it is necessary to take into account the effect of
dependent locomotive failures.

One of the LCC components is the locomotive
maintenance cost. The amount of these costs de-
pends on the reliability indicators and the accepted
technical maintenance system. Methods for as-
sessing the economic efficiency of a locomotive
maintenance system are given in [2, 3, 7]. In order
to improve the methodology for calculating the
locomotive maintenance system cost, the authors
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suggest taking into account the dependent failures
of nodes.

According to [3], the cost of unscheduled re-
pairs in a rational system without taking into ac-
count dependent failures can be defined as follows:

C= Cunsch 'Hp

where C — average cost of unscheduled repair
of the locomotive node; H, — average number of

unsch

failures during an hour of the locomotive life
cycle.

The average cost of one unscheduled repair
Cunsen 1S determined by the expression:

Cunseh = Ceen +Cin (ty +1g)

unsch sch

where C, - cost of one scheduled repair; C,, —
cost of one locomotive-hour; t, — time of locomo-
tive transportation to the place of repair; t;, — lo-

comotive repair downtime.

In order to calculate the renewal costs during
unscheduled repairs, it is necessary to take into
account dependent failures of the elements. To cal-

culate the life cycle cost of a locomotive with ac-
count taken of the dependent failures of its ele-
ments, it is necessary to determine the probabilistic
dependencies between the failures of its main
nodes, that is, with what probability the failure of
each node will affect the failure of other locomo-
tive nodes.

The average cost of one unscheduled repair C_,

taking into account the dependent failures, is de-
termined by the expression:

C3 = Csch + Z piC;ch + Clh (tlr + tdt)

ieV

i

where C, — cost of one scheduled repair of the i-
th dependent element; p, — probability of depend-
ent failure of the i-th element; V — set of dependent
elements.

Calculation of the probability of dependent
failures can be performed using expert research
methods [1], methods of fuzzy logic and neural
networks [22]. In general, the probability of occur-
rence of dependent failures is presented in the Ta-
ble 1.

Table 1
Probabilities of occurrence of dependent failures
; — o - =z
Locomotive 2 g 3 e
equipment S S 3 S
Node 1 P12 P1i PN
Node 2 P21 P2i P2n
Node i Pit piz pin
Node N Pn1 Pn2 Pni

Table 1 in the columns indicates the names of
nodes with primary failures, and in rows — the
names of nodes with dependent failures. The ele-
ments of this matrix (tables) are filled by experts,
which indicate the probability of dependent fail-
ures for each node of the locomotive.

For example: pi12 is the probability that a de-
pendent failure of Node 1 will occur in the event of
Node 2 failure. In general:

pav — probability that a dependent failure of the
Node i will occur in the event of the Node N fail-
ure.

It is obvious that the probabilities of the type
are always equal to one.

To estimate the influence of dependent failures
on the locomotive maintenance system and life

cycle cost, we propose to use a coefficient Py .

Creative Commons Attribution 4.0 International
doi: 10.15802/stp2018/154823

© B. E. Bodnar, O. B. Ochkasov, T. S. Hryshechkina, E. B. Bodnar, 2018

53


http://creativecommons.org/licenses/by/4.0/

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

Hayxka ta nporpec Tpacnopty. Bicaux /IHinponeTpoBcskoro

HAL[IOHAJILHOTO YHIBEPCUTETY 3alli3HHYHOrO TpaHcnopty, 2018, Ne 6 (78)

EKCIIIYATAIIS TA PEMOHT 3ACOBIB TPAHCIIOPTY

This indicator of the dependent failure effect on
the after-failure renewal cost is calculated as fol-
lows:

Calculation of the coefficient P, for each node

of the locomotive can be performed according to
the Table 2.

C
Pdf = 3 '100%
unsch
Table 2
Assessment of the effect of dependent failures on the maintenance system
Assessment of
Cost of scheduled Cost of unsched- Cost O.f un_scheduled node the effect of
Node group Node name node repair uled node repair repair with account of dependent
dependent failures failures
Node 1 Csch Cunsch C3 Pdf
Node 2
Node i

Originality and practical value

For the first time, it is proposed to use the con-
cept of the effect of dependent failures to calculate
the locomotive renewal cost when performing un-
scheduled repairs, as well as the locomotive life
cycle cost.

The method of determining the unscheduled re-
pair costs with consideration of dependent failures
was improved in the work; and the coefficient of
assessing the effect of node dependent failure on
the locomotive maintenance system was intro-
duced.

The calculation method can be used to compare
and evaluate variants of the locomotive mainte-
nance system and to develop systems for their di-
agnosis.

Conclusions

The work analyzed the existing approaches to
the management of the life cycle cost of locomo-
tives at the stages of their selection, renewal, mod-
ernization and operation.

We substantiated the necessity of improving the
methods for assessing the degree of effect of relia-
bility indicators of locomotive units on the choice
of the maintenance system and its life cycle cost.

We conducted the analysis of modern ap-
proaches to managing the locomotive maintenance
system.

It is proposed to use the concept of «effect of
dependent failures» when calculating the locomo-
tive renewal cost after unscheduled repairs and the
locomotive life cycle cost.

The proposed coefficient of the effect of the
node dependent failure on the locomotive mainte-
nance system will allow determining the nodes, the
failure of which affects the renewal cost more than
their nominal value. Also, this coefficient will help
to take into account probable losses due to node
failure during the development and adjustment of
the locomotive maintenance system.
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BUBIP CUCTEMU YTPUMAHHSA JIOKOMOTHUBIB 13 YPAXYBAHHSAM
BIIJIMBY 3AJIEKHUX BIZIMOB

Meta. OCHOBHOIO METOI0 POOOTH € MiABHIICHHS e(EKTUBHOCTI BUKOPHUCTAHHS JIOKOMOTHUBIB 32 PaxyHOK BHOO-
PY pauioHaNbHOI CHCTEMH yTPHMaHHS, SiKa BPaxoOBY€ OIIHKY BIUIMBY 3aJIS)KHHX BI]MOB Ha BapTiCTh iX >KUTTEBOTO
Ky, Meroauka. AxryanbHicth 3actocyBanus miaxoaiB LCC (Life Cycle Cost) B 10KOMOTHBHOMY rOCHOAApCTBI
TIOSICHIOETBCSL BIPOBA/DKEHHSIM HOBUX JIOKOMOTHBIB i3 OOPTOBUMM CHCTEMAaMH YIIPaBIiHHS W JiarHOCTYBaHHS,
a TaK0XXK PO3BUTKOM TeOPii CUCTEM YTPUMAaHHS TATOBOTO PYXOMOTO CKJIaay. BapTicTe JOKOMOTHBA SIK TSATOBOI OH-
HUII epecTae OyTH BU3HAYAIBHUM (PakTOpoM. Lle NOsSICHIOETBCS THM, 110 BUTPATH Ha TEXHIYHE 0OCIYyroBYBaHHS Ta
PEMOHT JIOKOMOTHBA 32 BECh Iepioj eKCIuTyaTamii 3HaYHO MEePEBUIYIOTh HOTO MMOYaTKOBY BapTiCTh. Y poOOTi mpo-
aHaJIi30BaHO HasBHI MIJIXO/AU YNPAaBJIiHHS BapTICTIO )KUTTEBOI'O IMKIY JOKOMOTHBIB Ha eramax iX BUOOpY, OHOB-
JICHHS, MOJIepHi3aIlii i ekcrutyaraiii. OOrpyHTOBaHO HEOOXITHICTh YJIOCKOHAICHHS METO/IB OIIHKU CTYIICHS BILIHU-
BY NMOKa3HUKIB HaIHHOCTI BY3JIiB JIOKOMOTHBA Ha BHOIp CHCTEMH YTPHMaHHS M BapTICTh HOTO JKMUTTEBOTO IHKIY.
Pe3yabraTh. 3anpornoHOBaHO BUKOPUCTOBYBATH MOHSTTS «BILIMB 3aJ€KHUX BIJIMOBY MiJ 4ac po3paxyHKy BapTOCTI
BiZIHOBJICHHSI JIOKOMOTHBA ITiCJIsl TI03AIUIAHOBUX PEMOHTIB 1 BAPTOCTI HOT0 )KUTTEBOTO LUKITY. Y JOCKOHAJIEHO METO-
JIMKY BH3HA4Y€HHs BapTOCTI I103aIIAHOBOTO PEMOHTY 3 YPaxyBaHHSIM 3aJ€KHUX BIJIMOB, yBEACHO KoedilieHT
OLIHKH BIUIUBY 3aJIE’KHOI BIZIMOBH BY3J1a Ha CUCTEMY YTPHMAaHHS JIOKOMOTHBa. Lleit koedimieHT 103BOINTH BU3HA-
YaTy BY3JIH, BIIMOBA SKMX BIUIMBAE Ha BapTICTh BIAHOBICHHS OiNbIIe, Hi’K HOMIHAIIbHA iX BapTicTh. Takox 3arpo-
MMOHOBaHUU KOe(Illi€eHT JOMOMOXKE BpaxXxOBYBaTH WMOBIpHI BTpaTH BHACHIIOK BIAMOBH By3J1a IIijJ dac
pO3poOKHM I KOpWTyBaHHS CHCTEMH YTPHUMaHHs JIOKOMOTHBiB. HaykoBa HoBH3HA. Yriepiie 3anporOHOBAaHO
BUKOPHCTOBYBATH ITOKAa3HUK BIUIMBY 3aJIS)KHUX BiJIMOB JUI PO3PAaXyHKY BapTOCTI BiIHOBJIEHHS JIOKOMOTHBA i1 4ac
BUKOHAHHS II03aIUIAHOBHX PEMOHTIB, a TaKOX JUIl PO3PaxyHKY BapTOCTI JKMTTEBOTO LHKIY JIOKOMOTHBA.
IIpakTHyHa 3HAYMMICTh. YIOCKOHaJIeHAa METOJMKA BH3HAUYEHHS BapTOCTI MO3aIIAHOBOIO PEMOHTY 3 ypaxyBaH-
HSM 3aJISKHUX Bi]MOB MOX€ OYTH BUKOPHCTAHA JUIS MOPIBHSAHHA W OIIHKM Pi3HUX BapiaHTIB CUCTEMH YTPHMaHHS
JIOKOMOTHBIB 1 PO3POOKHU CHCTEM iX JIIarHOCTYBAaHHS.

Kntouosi cnosa: BapTiCTh )KUTTEBOTO LUKITY; CHCTEMa YTPUMAaHHS; JOKOMOTHB; 3aJIe)KH] BiZIMOBH; BapTiCTh BiJI-
HOBJICHHSI; [I03aIJIAHOBUH PEMOHT
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BbBIBOP CUCTEMBI COAEPKAHUSA IOKOMOTHUBOB C YHETOM
BJIUAHUSA 3ABUCUMBIX OTKA30B

Heab. OcHOBHOH 11ebI0 paOOTHI SIBISIETCS NOBBINIEHHE d(D(GEKTUBHOCTU UCIIOJIB30BaHUS IOKOMOTHBOB 33 CUET
BBIOOPA PallMOHAJIBHOW CUCTEMBI COAEPIKAHUS, YUNTHIBAIOLICH OLIEHKY BIMSHHS 3aBUCHMBIX OTKa30B HA CTOMMOCTb
UX XKU3HCHHOTO IUKIa. MeToaquka. AKTyalbHOCTh npuMeHeHus moaxoa0B LCC (cTouMOCTh JKU3HEHHOT'O IHUKJIIA)
B JJOKOMOTHBHOM XO3SHCTBE OOBSICHSICTCS BHEIPCHHEM HOBBIX JIOKOMOTHBOB C OOPTOBBIMH CHCTEMAaMH YIIPABICHHS
U TWATHOCTHKH, a TaKKe Pa3BUTHEM TCOPHH CHCTEM COJACPKaHUS TATOBOTO MOIBIKHOTO cocTaBa. CTOMMOCTS JIO-
KOMOTHBA KaK TATOBOW €IUHHIIEI TIEPECTAeT OBITH OMPEACIIIOMUM (HaKTOPOM. ITO OOBACHICTCS TEM, YTO PACXOIBI
Ha TeXHHYECKOe OOCITy’)KWBaHHE W PEMOHT JIOKOMOTHBA 33 BECh MEPUOJ IKCILTyaTallid 3HAYUTENBHO MPEBBIMIAIOT
€ro IMepBOHAYANBHYI0 CTOMMOCTh. B paboTe BBINIOJIHEH aHAIH3 CYMICCTBYIOIINX MOIXOIOB YIIPABICHUS CTOUMO-
CTBIO JXM3HCHHOTO IIMKJIA JIOKOMOTHBOB Ha JTamaxX WX BBIOOpa, OOHOBICHHS, MOJCPHH3ANHMU W JKCIDIyaTallHH.
O0ocHOBaHa HEOOXOJMMOCTh COBEPIICHCTBOBAHHS METO/OB OLCHKU CTENCHU BJIMSHHS IOKa3aTeliell HaJeKHOCTH
Y3JI0B JIOKOMOTHBa Ha BBIOOP CHCTEMBI CO/IEPIKaHUS U CTOUMOCTB €ro KHM3HEHHOro nukia. Pesyasrarsl. [Ipeno-
’KEHO UCIIOJIb30BaTh MTOHATHE «BJIMSHUE 3aBUCHMBIX OTKAa30B)» IPU pacyeTe CTOMMOCTH BOCCTaHOBJICHUS JIOKOMOTH-
Ba I0OCJIe BHEIJIAHOBBIX PEMOHTOB M CTOMMOCTH €T0 JKU3HEHHOTO LIMKJA. Y COBEPIICHCTBOBAHO METOJUKY OIpese-
JICHUSI CTOUMOCTH BHEIUIAHOBOT'O PEMOHTA C YYETOM 3aBUCHMBIX OTKa30B, BBEJCH KOA(P(GHULIUECHT OLIEHKH BIHSHUS
3aBHCHMOT0 OTKa3a y3Jia Ha CHCTEMY COJACPKaHHs JIOKOMOTHBA. DTOT KOX(P(HUIMEHT MO3BOJIUT OIPEICIATH y3IIbL,
0TKa3 KOTOPBIX BIUSACT HA CTOUMOCTh BOCCTAHOBJICHHUS OOJbBINE, YeM HOMHHAIBHAS WX CTOMMOCTH. Takke mpeuio-
KCHHBI K03((PHUIMEHT MTOMOXKET YUIUTHIBATh BEPOSITHBIC TIOTEPU BCIEACTBHE OTKa3a y3Jia IpU pa3paboTKe U KOop-
PEKTHPOBKE CHCTEMBI COJACpKaHHUs JOKOMOTHBOB. HayuyHasi HoBH3Ha. BriepBhle MNpeioskeHO HCIIONB30BaTh
MOKa3aTelb BIUSHUS 3aBUCHMBIX OTKAa30B JUIA pacyeTa CTOMMOCTH BOCCTAaHOBJICHHS JIOKOMOTHBA IIPH
BEITIOJTHCHUH BHEIDIAHOBBIX PEMOHTOB, a TaKKe U1 pacueTa CTOMMOCTH J>KH3HEHHOTO ITMKJIa JIOKOMOTHBA.
IIpakTHYyeckasi 3HAYMMOCTh. Y COBEPIICHCTBOBAaHHAS METOJMKA ONPEIETICHUS CTOUMOCTH BHETJIAHOBOTO PEMOHTA
C Y4ETOM 3aBHCHMBIX OTKa30B MOKET ObITh MCIOJIb30BaHA JJIsl CPAaBHEHHS M OLIGHKU Pa3jIMYHBIX BAPUAHTOB CHUCTE-
MBI COZIEPKaHUsI JOKOMOTHUBOB M IIPH Pa3pabOTKe CUCTEM MX JHAarHOCTHPOBAHMSI.

Kniouesvie cnosa: cronMOCTh )KU3HEHHOTO [IUKJIA; CHCTEMA COJIEPIKAHUS; JIOKOMOTHB; 3aBHCHMBIE OTKA3bI, CTO-
MMOCTB BOCCTaHOBIICHHST;, BHETNIAHOBBIA PEMOHT
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