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PYXOMOI'O CKJIAZY 1O YMOB EKCILTYATAIIIL HA BA3I OLIIHKA
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Yxpaincokutl oeporcasHuti yHigepcumem 3ani3HUYH020 mpaucnopmy (m. Xapxis)

The operating conditions of railway rolling stock require the implementation of
reliable, cost-effective, and risk-oriented maintenance systems (MS). Traditional
time- or schedule-based maintenance approaches do not adequately account for the
variability of operating conditions and the actual technical condition of components,
which often leads to premature or, conversely, delayed repairs. Under these
circumstances, the transition to adaptive maintenance systems capable of utilizing
predictive models and big data analytics becomes increasingly relevant [1]. An
important foundation for such an approach is provided by international standards on
risk management and RAMS, which define general requirements for the reliability
and safety of railway systems, namely EN 50126-1:2017 and I1SO 31000:2018.

Risk-oriented management makes it possible to assess the probability of failures
and the severity of their consequences [2], which is particularly important for
complex technical systems with long life cycles, such as railway rolling stock. At the
same time, the development of digital technologies and intelligent diagnostic tools
creates favorable conditions for the formation of adaptive maintenance systems that
integrate condition monitoring, forecasting, and risk assessment.

During the operation of rolling stock, a wide range of technical risks arise,
associated with wear, failures, and degradation of mechanical, electrical, and
electronic systems. Typical risks include failures of bearing assemblies, degradation
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of insulation in traction electric motors, overheating of axle-box bearings,
malfunctions in electronic control systems, and defects in braking equipment.
Sustained loads on complex systems over time increase the likelihood of critical
failures, the consequences of which may be significant both for operational safety and
economic efficiency.

Organizational and technological risks encompass personnel errors, deviations
from prescribed maintenance procedures and violations of load regimes, inadequate
assessment of technical condition, and a low level of integration of monitoring
systems [3, 4]. The combination of these risks determines the need for a systematic
approach to their analysis, as prescribed by the RAMS methodology in EN 50126-
1:2017. The increasing complexity of electronic and digital systems in rolling stock
gives rise to a new group of risks related to failures of sensors, control modules, and
digital communication channels, which emphasizes the importance of reliable
diagnostic and prognostic tools [2].

Methods for incorporating operational risks are based on the integration of risk-
oriented analysis with modern diagnostic and prognostic technologies. Risk-Based
Maintenance approaches enable the evaluation of risks according to the probability of
failure and the severity of their consequences, which is consistent with the general
principles of risk management defined in ISO 31000:2018 [1]. FMEA and FMECA
methods are widely used to classify failures by criticality and to establish
maintenance priorities, in accordance with international RAMS requirements
specified in EN 50126-1:2017.

An essential component of an adaptive maintenance system is the use of
telemetry, intelligent monitoring systems, and failure prediction algorithms.
Predictive maintenance based on the analysis of large data sets enables the estimation
of the remaining useful life of components and the early detection of anomalies [3].
The implementation of these methods makes it possible to establish a life-cycle-
oriented maintenance framework that accounts for changes in technical condition
over time, reduces operating costs, and increases the overall reliability of rolling
stock [5].

An adaptive rolling stock maintenance system built on life-cycle risk assessment
provides a new level of efficiency and operational safety in railway transport. The
integration of risk-oriented analysis methods, digital diagnostics, and failure
prediction makes it possible to minimize critical risks, thereby optimizing costs and
ensuring a high level of technical availability of transport assets. This approach is
consistent with current international trends in the development of reliability
management systems and represents a promising direction for improving rolling
stock operation under conditions of digital transformation of the industry.
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VY KOHTEKCTI 3pOCTar0YMX BUMOI JI0 €HEpProe(eKTUBHOCTI, HAIIHHOCTI Ta
€KOHOMIYHOCTI TSTOBOIO PYXOMOTO CKJIaJy BaXJIMBUM HAMNPSIMOM TEXHIYHOTO
PO3BUTKY € YIOCKOHAJEHHSI XapaKTePUCTHK JIOKOMOTHBIB, SIKI MarOTh SIKOMOTa
TOYHIIIIE BIIMOBIAATH YMOBaM €KCILTyaTarlii.

Sk nokazaHo y [1], mepcneKTUBHUM [Jisi 3aCTOCYBaHHS Ha IMPOMHUCIOBUX
MaHEBpPOBUX JIOKOMOTHBAaX € TPYMOBUM NPHBIJ KOJICHUX Iap, OJUH 3 BaplaHTIB
AKOTO MOXXEe OyTH CTBOPEHHH 3 BUKOPHUCTaHHSM MOHOMOTOPHHMX BI3KiB. Y [2]
BH3HAUCHI TEXHIYHI BUMOTH JI0 TEIJIOBO3IB MPOMHMCIIOBOIO TPAHCIOPTY. 30Kpema
BKa3aHO, 110 CUJia TATH TPUBAJIOr0 PEeXUMYy Mae cTaHOBUTH 235...250 kH, cuna Tsaru
npu pymanHi 3 Micus — 275...352 kH. 3 ypaxyBaHHSM TOro, o OCbOBE
HaBaHTAXXEHHSI HE MOXeE TMEPEeBUIIYBaTH 25 T, CHJIa TATH MPU PYIIAHHI 3 MICLS JJIs
YOTHUPUBICHOTO JIOKOMOTHBY Moke Oytu mnpuiinsta 300 kH. Takox y [2]
BH3HAYAETHCS, IO MPU EKCIUTyaTallli MpOMHUCIOBOTO JIOKOMOTHBY HOTO MaKCUMaJibHa
IIBUJIKICTh Ma€ CKJAmaTh 55 KM/ToJ, a TpaHCmopTHa MBUAKICTE — 80 kM/roa. Ha
OCHOBl IMX JIAaHUX TPOBEACHO PO3PAXYHKH BEJIMYUHH MOMEHTY TATOBOIO
€JIEKTPOJIBUTYHA 1 HOTO YaCTOTH OOEPTAaHHS MPHU PI3HOMY MEPEAATHOMY BiJHOIICHHI
TATOBOTO PEyKTOpPa MOHOMOTOPHOTO Bi3Ka (puc.1).
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