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Abstract: With the continuous advancement in the intelligence of railway systems and the increasing complexity of their
service environments, traditional reliability assessment methods face significant challenges in dynamic risk modeling, the
systematic integration of intelligent technologies (big-data predictive maintenance, Al fault diagnosis), and cross-subsystem
collaborative analysis. This study aims to systematically organize reliability assessment indicator systems and proposes
multi-dimensional construction principles encompassing probability-based (reliability), time-based (MTBF, MTTR), and
ratio-based (failure rate) metrics. Through an in-depth comparison of the technical characteristics and applicability of Fault
Tree Analysis (FTA), Reliability Block Diagram (RBD), and the Markov method, combined with research practices on key
subsystems such as the traction power supply system (failure probability modeling considering harmonics and load
characteristics), track infrastructure (operational safety reliability assessment based on track irregularity data), and
communication and signaling systems (reliability comparison of TACS and CBTC architectures), the significant limitations of
existing methods are revealed. These limitations include difficulties in handling dynamic fault logic, analyzing multi-state
coupling characteristics, and capturing cascading failure effects.Future development trends necessitate the integration of
Dynamic Bayesian Networks (DBNs) (to enable automatic fault propagation inference) and digital twin simulation technology
(to construct multi-scenario validation platforms). This integration will establish a data-driven (integrating real-time
monitoring, historical fault databases, and operation and maintenance logs) full lifecycle assessment framework. Furthermore,
exploring the application of Model-Based Systems Engineering (MBSE) and blockchain traceability technology for embedding
reliability requirements and enabling closed-loop management is crucial. By constructing a reliability analysis system
characterized by dynamic adaptability, environmental robustness, and engineering practicality, this research provides solid
theoretical support and engineering assurance for intelligent railway systems to transition their risk prevention and control
mode from passive maintenance to proactive prevention.

Keywords: Railway Systems, Reliability Assessment, Fault Tree, Block Diagram Method, Markov

REE R G AT R LR BRFH T

T, KA, XIS, E
EBE R AR A IR A ), Bl RARBRE T L, L, P
R4S

paulx2728@163.com (#£T) , 18618142082@163.com (FKW[HF) , 14114194@bjtu.edu.cn (XD
mingmingwangen@]163.com ( E448)

W MA%RHARE RAACE AT S IR G A0, AT RS S . I REEAR R
GUMERES IS T ARG R M T T I R PR . ASHT TS A R G AT SRRV SR AR A AR, SRR IR (PR



52 T A BRER RGUTSENERT TR R T

B L BFEZE (MTBF. MTTR) BRI (R Febni 2 4E M TR o 38 It RN PE s i 0 (FTAD 7]
FEMEHERE: (RBD) K MarkoviZ: e RFFIE 5@ FIPE, 4 &g R 80 (T Rl Saairhi v i 20 S i A5 |
HIEZRES (T AFIEYE AT E2 ST SEETD KBEERES RS (TACSHCBTCEEMIFEMEXT ) X T RA
MRS, o T IE VAR B Eh S W@ 5 . 2 SR AR LA R DR RO T A E R B E A R . R
KR a3 R T A BhAS DI 2 (SRR AL 7 20D S8R EHAR (MEZRRIEre) , &
SEEUEIRE) CREA SR, g sl s 4EH S e dr B VP HESE, R RIS ) RS TR (MBSE)
5 X e PR AR AL T S TR IR S R B R N . B M e BB SE R . SRR S AR S R T
SEMETIR R, B RERRER 2R G0 S A B HEAS 7] 3= Bl TR [0 IR B $a A A B it I S PR BES S 43 5 TR IR

RBEE: BRER ARG, WEEMEVEAY, dRbEM, HEERE, SORER

155

BRIBENE KRS, T RGN SEEEEREEE
LA KIEGBIT 21562FrE, £k 2 48 nl S0 A I
AT A S 2 A RO RE 71, AT L B E R T
WIS RIS VAR R . LSRR R L P Te i s
1 (MTBF) KBERTE (MTTR) Sfatn &b d &k
RE s MR 0BT (FTA) | R385 52 md 04 (FMEA)
FAE G R 455 EN 501265 E FTRAMS 4= A= iy J&] HH 7 2
HEZRIE j A] S 22 4R VP4l 07325 (B I VB AEAE B 3 R BR
WIS NG R R (A RAR . ML) G
AT s R FI k LeH . AN S 25 58 B4 AR AR T R
RGN =BT KRGV RV L, DL Pk
RN AR R R R R A IS0 A5 e
MG R &, HESHE 2R . XRS5 M R S bR
MR FE LA, SRR 2R 58 A sh 4% 17 E B TR 155 2

2. RGN
2.1. WEEMEIERSREE X

RG] EE MR b A T B o TE R I RPN S B E 2R A
T 5E R E T RE RE T I AU AR T o AR T 7 AR R, AT
SETEFRAR AT 0 N =25 OMER IR AT SEE W% 0, 58
SRR GUAERIE B8] ) TE R 12 AT AR - @I (8] 2R F8 4R
B 26 R4 AT -3 CAERE ] (MTTF) . MTBFFIMTTR,
MTBF Bt R4S TC RIZATRE /1, MT TR & iz
BRCR ., QORI ui R, RoRpAR RN KRG R
A R AR

F1 ARG IE L ARE.

T X ‘ T E AR

i sy A IUERRIREE g

MTBE (KD Al aat i %Egigﬁ”
L RS

£%&¢$<wz ;gw@m&hkim g%?§§§§§

2.2. TIEEVEIGIR 0 B 4B R S 5 R U

AT SEVEFE b (0 22 45 1 e 5 0 o L U 75 DL R SR PE R
AWEIEEEA R, WEMTBF. MTTR. RSSO0 S
¥, RtHfe R EsREssEe. WS L5,

PR RS T EIREN . IR . LTI AN A 1
AT FEVE LR, ] NI oA B IR N RE S
WRFE TR INTRAR R BT BT E R T S TU R 4
CHNEREN R G0 1) — 3 — B 45440 | il 5 1) 22 4 JR D) (i
=S FRPONLLIT FsREI R D SR O EN, SR TH R B
HEEA A s ARG (SILA) SR, A5 JE W 4E R 5 i
A JE B Zh A TR LA, a0 LI Bed i CMMIEE
A5 SGLFRAB R A, I8 4R B 3E T BIMEB AR SEHL T A %L
PV R ERER , T 28BN BOVP AN 7R KUBS X Fi b (1) K 52
[1]

[ me ]

G LRI A
A

RS 43 Hr

ARG R T

RiH ISR

T

e EERES e EdRmE

BTN AL

i1 RS R R
23. BREARGRMBTHWETIE

Bt RG] EEVE SR AR A TR R A TR AL R
W, BARVEROAE: R0, T IR (fE 5%
il WAL RO RN LWL, @RI
SRR o AT I AR MR b s EALIRIE, &5 7 S Hid
Chnd bR geit) A5 HA IS Fe bR A Rk«

K2 P RGP

TS KRR ELAYN

HLZE 5% B JRHLAE  # df R <015 AT A R




Science Discovery 2025 13(3): 51-55 53

TRG S 512 HinE
EEEHIAG PR E (MTBF) >107S /)N
R G B ) >99.99%

3. ARG RIS

RG] SETEVEAL AR YE RS SR AAT AL R, HED
RO AEERRE LR B . NRGAMEHRR, THARFR
SR ] SEME A VTAR 7792 32 B R RE RS AR 43 BTk Tl SEPERE A
% BRAT R (Markov) 2 #rik . SR 2 (Monte-Carlo)
i E 7% GOEMPetriM 7155 . KRG T ML H
1) B R A X RGBSR, BPE5(E - & 3
EIFA H RGN T SEMERRIE R

SE LR

. 1.
I 3 B/MRIERRE

3.1. HEROHTEE

A B R AT A — T A R S MR 0 B T A
TRG A FEME ST, B ROR P E R RS R
(T BESRAREARES ORFS , Sh ety
EEDPIR RS HGITT . B BERFET RS
gERY . Thie K BarLH] (RN ERE, il fE e & et
MBI @ MBI R SRR RS, 1M
SR BT E AL ORI R R, 7R RGN TE IR AR
ERNT, BIETRAFMREME, &6F5RP 5T
HINEF R MR LRGSR R (IR P
W IR (D), ARSI AS S AL AR, HAR BT 3k
TnE2,

R B A S
L RTEMER | genwe | COdEHENL
> > > %ﬁ%%’iﬁf i

R i .-

B2 Wit .

AR FEZ T A, S G ROMEIS A B 2 S R
G AN E N T DL P H0 ) 2% ST O i T 6 g o 3
JREES T THENUH B B R SN TRIR, =I5
ARG MR, W AT S B S FRR T M
BRI AT ATHE . [4]

3.2. WEMEERE

Al FEPEHEEE (RBD) il AL IZ o R iR R 5
A AR T RE B S, R TR RIE B R
gralgEte. ARG R BB, R, Rk, SFHL L
Y5, HbrEALR I HGBIT 37981-201942 k48 5. [5]7E
TLREAISR, RBDME 2 M T R4 a] Stk @i 5 s . 1
i, AUBRE B I 2 T S S bR T &R g e A T S,
ML RGN A R IR AT 2 2 R, i@ B
REUR ML IO RARIFE N Z . [6]pEE & THAR R
ZTF (MBSE) k)&, RBDS5MBSEI4E it — 4L TF
T AR S AT IR VR AR, B AL TR SR AR I AL
Tt SRS Z A RS A RIE &
s, WRAZTIE ARG TP EZE T, [7]

3.3. B/RATRAHE

IR AT R i — Al I RGUIRESHARE 8 R
i DR AT S S S e R e TR, O A TR A A
HREFEACVIRES MR, S TS 4E2ae ) L2 &
BEICIRE MR RGEVHL . oMb BRUnRS

3 Markov /3 HTiZ: St 5 1 .

PR KENE

LIREZNE B RGTA AT RERE UNBITIHFEE RGAFEN+L
X FORAS, ik & IR W IBAT B iR
2R SDIRS B MIRAER, BARRSREE (
e “eiEhe ). ZERIRE)

STRERME T BRI R M TR AL, RIS E
MR A S 2R MR 20 A

ATEENEARAT  GEARSBIRI R R W, HE ST R
it i I ) SR A

GITEAE 2R B I N, A ki & gt A
TR AT SRR A, HE T AR UL S TR AT
AU S - HEA @B aE Ty oy TRE AT SE bk e it
Sk R SR, SR I RGOSR I RE i 1A -
(8]

4. BREERG N FRAEVPAEHT TTIR

U SRR A TSR GO A B 25 P R VP A
A T4 {47 8 5 97 T4 B4 9006 51\ B R 5170
SRS, TR RE, 200 R A T R AR PR
T RERTR 0, FA TSR 4 R G 0 F 5 RO A
b

4.1. FFHERTTERIERT S

A2 5|t B R 40 AT SEPE VAR A% Gt B 4% 20 B e 1)
Z i JEL A 22 TR 25 Rl R 9T o 400 T T v 2k B £ A e
ik Rt AP ERE S, R Arrhenius-Weibul I
RSB 5] A8 R 2% R AU, 45 B DL P FE IR 1 B A B A
AU T, 55 5 Rt S I i 2 5OE R 11 95 %0 1k
RAEFFBE 8 T R Kol [917T 8 @A 7 0
I I M H SQLEIR i S BISIEM Bt AR5, HERAES it
WA IBATHIE 5 SR AR AR, BT AR E ST T
&, LS4 HE RS E B E . 2R T )
RGP R 20154 72 5] {1k i BT T SE REI(EIE
99.99837%. WIFIFSLiENe. Tiffiksh MRS R Z A
RV B S0, 0 80E s 5 8 Btk A i R v 5 3%
PETFURAb R 5 TS . [10]

4.2. BIBLEETIEMERT T

BB AT ML PR A2 1) 20 A 2 PRAIE o 3 Bk B AT 42 %
EPERIRZ O 1P R — o 3R SN TE AP I LA 52
R EEAT S 23 M S G IE , SR R S 1 S R BB 2
FASE A 1) 50T DA 20 SE AT 4 2 A MRS 1 vl Sk



54 T A BRER RGUTSENERT TR R T

PR, B BB AT IR T BLORIES 221 22 4238 4T

[LL] 3 R B U AP RS WSS s - SRR AEAS 44k
PEHUAN LR R S VAN A0 75 2, B ] 36 T4l - BUR AR
WVDH} - FifE & % FE P AP 2R 358 5 FE A TQIE A%
KB IS &, BESEMDJT VAR - 5500 48 1t 20 bt
HIEEHIEIRSRIE . RESW . BRI 5%
JI TN B . [12]

43. BIEESWHEMEMR

P B BRIV RE 7 AT SRR AR UE B AS MTBF
RIMTTF, H RiE 5 R0 701 3 R F FTARIRBDF A £
ol sEYE. B, FXE-FEE (TACS) MZE-HuE S
(CBTC) &A%, iyl T 8us 1T 1 R 1) n 5P
R, B EE R R T SR 2 R, R I TACSTE i
WEE EEBMRSE . [11FEN G SN RS
ARG I 1 S S (SSTDR) Z8H0R, ] SZHILHL 45 X 4%
PR () 7E LR AG I 5 T, S5 BT s e N . [13]

4.4. MR SEAERT A

BR SRS B 28 45 1 5 A 1) LR AT SE I AR ) — N E
FLATIS, A EEVE VLT I 32 B N A N ARG AT T
SEMEAEC, MR T T SR P ULRD, B S L 55 0
W15 FIHFMECAKFTAR AR FH = M 55 3817, SR
RAE e EFXTHLAE 40 L R R, B AR A S
M ARG FMEA RIS 00T = 4e BRIT /i ik, 9%
57 RO AR AL BT R0 55 A A A o h S T
T, RS FESR . AR . HE
BAFR R A & PR S RIS % . [14]

BEAb, R ik % 358 DA Wi in K % 50 2 4% N R el 18 it
AL TR RN, ST ARG AW, @il
AT KA SR A R0 X LA 250 B L 3 BRI 1R 1 g
GERY R S ] SEMEBEAT R ERF AT, R DU,
T S2E K 2k 8 A ) 2 4 AR 6 itk 4% ot 1) ) S 0k A oy o R
AR EENIE A A EERK . B, N
IG5, Lh2015—20174F 1) K a5 &5 i, ] &
PEOHTE AR F T2k IR 2 4 E IR IR R . KPR
I6E T KRG EN T E AR HESI B AL i A PERE, IRIE T
FAPYEBH ARG R, 710K 4R (51.6
THRFNEia4T) RE T ilEEE, N, &3
M 75 S S B R 1 T S R AR AL T S S . [15]08
T FEALE], BB LA RIS TIRE S E E
125 2% 1 AT SEPE VAR T 0

5. TFHERI R K K RaH T
5.1. ATERAEIFAL &

W& EREE RGN B REC AR, HAT SR B
MmEhATE 2 PR A R 2 &
PRk BUETTEZ RET RGVE (e, 4254t
HLAE) , S ZEET KRG A B AT S MR AL AL,
e AR 7 PRSI R A 853 R B 25 i B 2 4
BTN THERE, AR AR REA L . HET PR Y ),
HAL GBI By 7R ] KRG DAL B 2 RS R S R . 1%
i AL S L B A OB L 2 2SI R 4% B e SR Bl A TR [

RGEHJAT NV R, Siaatda AR EL S %
I IR, KRG RG] SR S
FEh MR

5.2. RRKEEH

BRI T S R AT AR OR K JR e 9 G A A 2 4E T T IR
HIRT SRR VA AR & AR e QU 7 17 il i iodis 35l 1
ENAS TSRS, A R S K L 7 SRR %
Aa e H &, B AT L > BT SEVE PN . SR
WA 3 T 5 B R AT RBEAR G A Tk, AL BN A DU K
PR, S A R R A2 0 E S HERE; 2 5L 4 AR
(K12 I SRR, 6Ky 2R AR BORH S R SE A 1 7
PG, MEEim R moE, Rl L e AR
e 778 S i BN (LS E DN E DRI E i SRS 1Y S R AR
TUARVCUE S HEAEHEIGSE 5 3 ST AR R B 1) 4 A= i A ST Al
HIEMBSEZR B, g AT EEPE SR RN R GEBLTHIYE
P P SO A, I B B AR i R 5 A AT S PR ],
255 X HUERR BRI 2 B J . U A 4
JASVEAE A2, SEBLMRE SR SR A AL B Y 4o 72 P A

EH.

6. &

2 ATk % 28 48 T SR VT A T R L PR A T AR S
A BT M DUl e sh S MBI PP 5 22 A5 5 RO, 2R R
PO T S AL RE T 55, LUK T R G HIR S BRI
KA AR TR o ROKRFG LEHR KB % 0, B SES
M I 5 D S R R AL AL S > SR B R SE A T
BRI 45 G Wb -Markov i & S S I ik e A% 46 2% 1
K EhHERE; TR FPFERARBEZ RO E TG, E
T R PR SRR AU S R U R N A TO R BT R 4
B SRIE A Rtk 18I MBSEHESORS AT FEVE 7 SRIRA R ST
THRLYE, e by IR I 2 HOREN A S RSN
PiAL, AL ARG N E SRS TS
PERTRTSEE DM AR 2R BRI R G ) LB T P43 4 11t
B S S TR RS

HEWH

o [ Bk B R A 0T 9T B 4R B R A W) & 42/ China
Academy of Railway Sciences Co., Ltd Foundation

(2023YJ252)
SR
[1] TS BRERAS ERGE A IR 5 KR A 1 R

WEFE [J]. <R THENLN > 20234E 55325 55 1131,
https://doi.org/10.3969/j.issn.1005-8451.2023.11.01

[2] Cepin M, Mavko B. Probabilistic Safety Assessment
Improves  Surveillance  Requirements in  Technical
Specification [J]. Reliability Engineering and System Safety,
1997, 56(1): 69-77.
https://doi.org/10.1016/S0951-8320(96)00138-X



(3]

[4]

5]

(6]

[7]

(8]

(9]

Science Discovery 2025 13(3): 51-55 55

Alireza E, Seyed G. M. FPGA-based Monte Carlo Simulation

for Fault Tree Analysis [J]. Microelectronics Reliability, 2004,

44(6): 1017-1028.
https://doi.org/10.1016/j.microrel.2004.01.016

XN, BN, 38, % BT T-SEW S ERN K2 550
RGMERETT N [J]. AR BT HUR K24 244k.2021, 47(2):
240-246. https://doi.org/10.13700/j.bh.1001-5965.2020.0276

AW TREAENME M) JE5T JER MR K 2 AR
#t, 2000. ISBN: 7-81012-967-8

PR, WIREVE, TRLLHE, BRSH LR RS E R IR TSR

ST [3]. AU 55, 2016, 32(06): 1-5.

https://doi.org/10.13952/j.cnki.jofmdr.a4111

VR, A, BLTE, A5 LT TSR REAE R AT R T
7] TREEIFIR, 2011, 18(6): 5.
https://doi.org/10.3785/j.issn.1006-754X.2011.06.002

FR, AR, e, & BRI R S Markov 43 A
[9]. BRI F}2EZ4), 2006, 6: 633-636.
https://doi.org/10.3969/j.issn.0255-8297.2006.06.018

THITEE. 2 R R R AT R L PR 7 5] A8 S 28 P SE PR PR A,
[J]. i 24k, 2017,
https://doi.org/10.3969/j.issn.1001-8360.2017.08.009

[10]

[11]

[12]

[13]

[14]

(15]

BORAE. HAALERERAE S i RGP R R AT AT
ML4= 443, (2020): 6.
https://doi.org/10.13890/j.issn.1000-128x.2020.01.017

2R, TCRE BTN AT 25 22 4 1L 5 R 1) T S 4
M. #kiE AR, 42.10(2020): 5.
https://doi.org/10.3969/j.issn.1001-8360.2020.10.014

TRk, BB PR PUE AP -4 e A 2 B 7T
BRIE 23R 39.4(2017): 8.
https://doi.org/10.3969/j.issn.1001-8360.2017.04.002

. F-FRESE-MEEEY RE T EHEE S
th. 2 BB (E 15 L2 R. 21.3(2024): 64-68.
https://doi.org/10.3969/j.issn.1673-4440.2024.03.012

HHW. PG MG H [Cl. MELGmEERLY
B HALRAR BN A ARBIHT 2. 2025-03-06.
https://doi.org/10.3969/j.issn.1008-7842.2005.21.027

FRZE, AE. Kib@sdal g G iRmp e J).
£k, 2021(6): 8.
https://doi.org/10.19549/j.issn.1001-683x.2021.06.001



