Fosk F1a
2025 4F 7H

A H Ao

Science Technology and Industry

= 1 Vol. 25, No. 14

Jul., 2025

ETR2WERNEUMELN R 2N

— W)l B =Rk s E I TUE A

X AR, KUK, FARE

(1. W 4k AR ARERNF, KA 610031; 2. BELF R EFH @ ELE L AR AT, K# 611730;
3. b Ep v A FEFFR. dbIE 100876)

WE: 22N AR DB LT EGEZWNRARE, A EEXE AR E B HA B A6, H
B RX S § MM LT, RAZE2hEREPFIAERTELETFN RITEIEHRAEFALLIHRE, &

RAEW  H ot B FRE R THRE R HIT S T4, Fuakdd 3 LT 220 H sk

AT F R

BB EFEAE B AE LN ELRE L EZEARIECRNE FAG P LR E L E,
KB BAMIRN; SR WB; TohER FUHK

FE4S%ES: X951; Ull6 XHERIRERD: A

XEHS: 1671—1807(2025)14—0048—07

RIS SE IS BT ik A v i X 2 AR A R A
BRI R G L RN R BT BRI
328 i 2 A P DV 7 SHE T A ol Rl B L ZH 2N B
AHE AL SR N R, Frank %5 JF % T Haz-
mat Path TAEZS [MIPCR SCRF R G0, F TR fa 6 %
Wikt ek, Carotenut 25050 &1 %) 15 6 55 W35 i
LR AN BE A TR ST B2t — P N R R ks
PRUEEERPES IR, M ET R ] Gaussian
BEALKE G IS BTt E 3 5 N A2 KX A4S &
PR T ek SR is sk i 2 it . TR
T I RO R BT 5T T 2 gl N HRAE X BT Wy i
AR, 2R FH fc /MR AR AJIBUHES T 5 R AR 1Y
T3 58 R P45 R0 E 2 3 93 W 76 5 B AR =51 ) AL T
J¥ . Ronza S %l 11 0028 2 MU R A 7K
Fe AR I8 A I 85 37 5 AT MR R PR, OF 4R R
NGB MEE S Ak A AR

B4 R A R R TR AR S 2l Ak A o U
0T BT 58 K AE B M PEAR T L Al AR R AT
Wt AU U N o AR T SO Y
JE ZR BT T LB R B A 1 ) R RO
SRIGEAR ) SR 3 — 7 ¥R R T A A [ X R P U5t 301
(A AU T 5 R R AZ R 4 M SR FH Sl 15 )2 0K
S3 M PO AR RO AR M S, OB L0 D)7 4 e

P S RE AR, B —E 72

FE HE: 2025-03-05

B T AR B VTR R R B R Y
PEHL M AT R R AR PR A, AR R A AR R
AATRET LA S K R AE . TP B L Y 0B
AR IS i A N A

ST DL DO ] R R gk i v B it A
Ry LAY ZE A7), 3 2ok 2 A A Ay 2R RN SR HORS 43 B, B X
ZVE BT T R RV . BSR4
ST AR IR TR L 2PN ISR,
1 ZeWENTE
1.1 REWEFRE

LR 4% (safety checklist analysis, SCA) J&
M AH DG B ARUE R, X TR R G 2 A fE R
K BB E A S — e T2 R VR
RIS AEFG I P A F AT R R A, AT
GRG0 5t » S A A X R0 B T R
g8, IR T o0 BB 20 R A6 A 30 H 31 36 ixX Fh 3k
MR AR, EREREL L TR —Mix
LRl A R L 02 0 T R G A B PR VT O 1
BT, 2kt RN T AR R & SRR
bR X S H & T e, T TR
Gz AT, e 1 PR,
1.2 E=¥hE

FEHOR I3 BT SRR 73 B 5 o — TR 2R &R
Bz o RN . RS BT s B T 4

TEFR AT XK F(1985—) , 4, #abE B A, AR, BF 5 ) Ay Sk 54 1 B8 My 35 iy % 4 a8 A5 AE %) L% (1986—), B
Ak B, TAIF BT 6 A AR A AR (2002), B L W RARA LR 7 e A w45 A2 s e,

48



KT G545 < H T2 Ao Ay A R AN O IR AR A 2 VR AR

BIZ AR R TR B BN B 740 % A Ak 5 B e
JE IR 25 )2 D R CF B PR 3R =2 () JH 322 3 1) 4
SRR FEE S G RS R R OC R (B
IEF) M2 S A T, B8y, 38 o o = Iomy
it R AT R R H B, TAER R
Kl 2 iR,

| zawnnmus |
I
| e |
|
By
[ [

mgmemn | | zemse |

|
=N

E1 Z&WERTMELERE

[ HEp PR R RGEIETLER |
|

B R R R
(B, ARKRIR. NRFE)

| Bivesk |

BTy [ GmmEzE |

| mhegeme | | BENRIE |

ZEFMLER

B2 HJHEHEMEIERRE

o, f /NN 48 T 800 SR R A 0 IR RR
FER AR LS LG DA — A SR i, )
T ESEANTT R A, Be/NEAR SR fift 38 o 4k 187 5 1
R R EC R IR A

I/ MEEETE S BOW T A AN BE T BT S5
FHEMEAFHES RN R RGN L2, £
AT — Ay, T SRR RE A A
SR P SO 2 Ak SRy X (8 1 B T A S 00 i T AR 1Y) e
JINENSE B A FOR 1 R MRS

2 B SR i A 0 (D SE R,

1<i>:%21 %,je/ej )
AT MR AP b N/ NEIE B S G R, R
55 7 A/ INEVEE i WS ARy NESERSEA T AL
2 IERFIBR

DU B e FH 4k B T 4 2 i % 2 A 0 vt
FikV 55, 3 B AT U Z 0l e 5 T A 1 R I

| BRI |

L Fr B A T vh BB i b 55 L 28 35 T A {7 2 i T
V-G JR A s TR A3 AT VLK R O AR
HhFAR U, MR K B R 5 DU R P O S AL B
IR A RBUKE . A A DA A I 2 RS
oA AR R IR 321 H K AR 34 Uik
M 123 m/s. AR E LR 3 S 80X R D)
(DB18306—2015) # %, #b 52 zh 06 (& fin 2 & R
0.10g (g A J7 N B , 8l S 1o 3 4 AiF & 3 ok
0.40 s, BUREBERGEI N VII g1

WRFEI H & FHEK % A 2 40 B PR it e 1R IX.
P F R AR ARV X P, JE 31 100 mo S Bl g 34 2k
R (KD SR AR 2% 1Rt TG T B IX L 2 AR
FIBtE AT . ARl DX g 0 Sk VT, A 3 PR 5 5
mE 3 .

kX

B3 IiHRXEDIRE S

C AR BA R R L M 9 &0
AR A P B L 4R B IR L R R AR R
], IR S 3T 2 B, A1 2R A P it e 1 1 B
Jem 8 £ (L4 FEATLR) B IX X 18 57 1y 4 2 4
HE gy, VU Sy 538 0% 0 2 A 1Rl 37 1l pig 0 Sy
FL b B B 7 | 3 O ) S R AR R S b, AR
I [ S b, SRR A R b ke VR DX DY R
RS N T E S (R R s E N s ]
B 4 PR,

AR B TR R i 2 I 0 T R N B A L e
75— R AL~ R TR &
Bl FE 0 L FH T 22— 8 i 280 D
3 HREFEZEMHTFMN
3.1 T BTRIS R RIERE

FESER A R 2R SR Hr f 2R ml L AR
TEM MR A 7= T4 T A% E R B MA F
PR 28 A DL B 43 A 45 B TE M B 0T 30 4 o A 6T Ak
S AR AT F RS

AT H PN e R o K@ TR ik R 1
FiR.

49



B

$25 % G144

Bl YRR

r T erww T Tt TT T T T T T T T
R |
I Loy
(. EATHL |
I Ly
(I Ll BB Lo
I it by
[ Iy
:: FEATHL :|
i o i =(al
[ |

| Lo_————————————Z 8% ___ 4 :
: I— ——————————————————————————————————————————— a0
o (RBLX B Lo
= ] N

1 t=0.304 8 m

E4 DEREBGTEEHRE

®1 RETNBETISRIENTE

FFs PO T RIS BRIWIRES
1 ZE G is MBI TAaRAR
2 GEUEZS e RN ISTH xR
3 ST AR B AT LAaRiR
4 PN BT BT FAaRR
5 TR R B Bt A #o0 LA AR
6 LA I T LAt R
7 R A g A gl il T LA AR
8 iz i ML PE A LT oy

3.2 REWTEMNREW
3.2.1 &AWL IEIFEN

DL 30 B 855 B8 50 RN - T A S OT N B E AT
YRR A RV

TRk 5 1 16 6% 4 0 B L & FH 2k (% Rk
B T8 B A R W AT H R S5 4 ) (ka2 (20102
105 5 , S5 G SR AR A1 F 2B VR b DX 8] 3 IR B 1)
SRR O SR FH 2 4 G A 2 3 % ] 10 B 8 2R A T 74 T

G KA LSRR 2 B, T H X R AR o
PIRF G HEER .

WA R B 5 B 5% W) 42 B e R 2R ) (TB/
T30008—2023) 2k % 1 & 02 4 I B 3 L & FH £k
(T BRI 1718 4 4 U & B AT HOR %) ik
12020107105 %) S AnifE B, & ek A Rk
Xof A2 R L it 2B S A b DX P T A B IR A
Jiti | R4 U4 22 18] 1) 4 4 B 1 A T G A G A 2
AR 3TN AT H SOV T AR B AR A EEK
3.2.2 FHAERN

& 1 Rl A, 38 i BB SR AN BT R FH R
BRI AT 2 1P, B I8 i 5 B AR 4 S 4
FERENEGFHE 2 DRFRITTIE N T F 4, &
&l 2 PR 3 A T O e T

50

IDJEE Ko

ZPRA i e 2 R O R R R BN AR
iR BRAE IR T AR A R TR R A Sy SO
Hh RIS v 8] = 4 B DR A S AR =, 4 ol
FHHINE 5 FiR,

(D /NI AE IR (2 R,
T=M,+M,+M; =M, X;+ (X, +M)+X,+X;=
(X, FX)X,+X X+ X+ X+ X =

XX XX+ X XX+ X+ X (2)
K T M X FRFME S a5
RAY (R4 G R iz AR R AR B 3 R0k 4, 15 3]
He/NEISE 7 4L BRI S 80 R (L AR T
BARENO M EE, JRFDEEA 7 4. 54 R
PR SR IR 5 | RS % FH Rk B 0 25 0 e R A RN B
AR & AR A, /NSRBI Z, &
G e e U fE R R

() LMY TEELRE AR RO 1) 25 4 T2 1
BT » A — AR g F B T LAHES Ry

1(3) =I(4) = I(5) = I(6) = () =

1(®) > 1(1) = I(2) (3)

H AR A5 S ORS 110 25 6 B R /NI T
OYNT . 51 & P B AR AR S R AR O D 3R
TE 1 A5 SR K/ NI HES R L

(3) RO Bl X 5 . & FH 2k 5 o4 1A b 28
WA ELIE I 45 B % — 0 SR WU TR 5 i, 35
W), — R4 3 o ™ T O 5 KRR
el — G TS T B N RS
PR 0 1 A R IR L R ) 2R A e 5 R
BRI T A AR 3 s 38 ] BB S R K05 IR B G e 5
ENIEE SRR 3 2E N T e S BN P S S B
i L e A A 5 38 2 RE S BB, DL R 2 N B
Wi B By B 5 A% P R A AT A L B



XU 7K T 56« T2 A A A AN ORI AR Y 22 A METT

ZIAEAE M 25 14 V99 i 1) A 2 1) RS Sk 4R 22 T )
20 m LIAMEBH A B 1 20 Bl 35 4 ol e
T 4 o A 22 A5 3 E AR AL N B A
R — o B B 2, TR DL 4 ) 3 4
TS R IR R 15 B8 B o
PRLAN RS AR, DL &P 48 30F 42 Ak i s Rk
FLR I R i IV T B G e R P G A RS g UK
TEAEML I P42 4% 5 B S AR R D 2 B
ARL/NT 20 m,

2) R E AR A S

WRFETEH R T R AL AT R, A F AL
Bt 5 R B A FT N B 5 A AR
MU S5 SO AT AT 3BT, 38 3 % S5 SO 9 43
BT B R A 1) 45 Fh T 8 JF R A AT R
WOR A RIBIEAE t . SO ANl 6 s .

(DI NEIEETHA: T=M, M, = (VM +M,+M;) X

M,=[ (X, +X, + X, + X, + X))+ (X; + X, + X+
Xo)+ (X + X0+ X0 + X5 + X0 + X5 + X)X
(XX +X10) o

THAAS R LR &0 37 3 MOw 1Y Je /N E 4R
A A8 HFMHHE (X X)) (X0 X)) (X,
Xi) s (Xios X170 (Xi0s X))y (Xpps Xio) s (Xips
Xy (X1 X))y (Xpps X)L (X Xip) s (Xaos
X))\ (Xips Xig) s (Xiss X)) (Xss Xig) s (X,
XDy (Xpps X0 (Xpps X))y (X XDy (X5 s
X17)\ (X]S’ XIS)\ (Xls’ X19)\ (X16’ X17)\ (X167
Xis) v (X15, X100 (X0 X)L (X0 X)) (X0 X))
(X5s X)) (X5, X)) (X X)) (X X)L (X
Xis) (X0 X10) (X5, X00) L (X5, X)L (X5 Xio) s
(Xss X1 (X5 Xis) (X X103 (X7 X)L (X s
Xis) (X570 X10) (X0 Xi7) L (X s XD (X0 Xio) s
(X, X017 (Xo» Xi5) . (Xo» X196

Fx2 BABRERTREEN
7= PZE0A JE 1 EpA SCBREE B /m G ER /m IR AT 45t
1 =4 LU R B 290 15 . o r
2 92k i KT 174 15 %;j [82(;10310; N PN
3 A s By 2k 89 1.5 I B o &
x3 BAORERTREEN
hiae2 Jiti JEER | SCPREEES/m | BEER /m WRAEHLTE 2515
1 9 LA L R TR [ii] SR =200 20 BRiZ (20107105 545 8.1 4% s
2 (L[4 LEAH =200 37.5 ~ X G
3 S et ke Sy 2k > L o &
3 9 2k (HEZ AR A L b ARV BO & T 5 27 © Bki£ 020101105 545 8. 8. 3—2 4% P
4 (i) et =200 37.5 _ p
M 2k k/«i -~ =R 9. %
- R AR A b b & i ™ 75 BRIZ (20101105 545 7. 2.1 4% e
|
HmEEL | M,
HRERE|
ik e [

B 5 ZhHEFZEITNEEN

ol



14 4]

25 %

BHE A

MREYHNISEZYEFWER 9B

UG ) 22 B
(2l Sk ﬁ@ﬁﬁ% B e 7 RO WE@W% ) _
D¢ ¥ X b'e X
EZHET B Y B WL
BENTE
BHEYY

mwmww T 9%

- mgmﬁw
ﬁw*«w

ﬂMﬂ@E owRws) \Megl) | Bk R
TZHIB K LY LR me%@n_ﬁ
t £Y WY,

%%EE w

_ AR ER

ERER

52



XU 7K T 56« T2 A A A AN ORI AR Y 22 A METT

()5 BB, AR O Y 5 40 T 2 B oy
BT » B — AT F B o] LLHES A 1(X,) =
(X)) =1(X;)>1(X;s) =1(X;;) =1(X;,) =
(X )=1(X;,)=1(X;)=1(X,)=1(X,)=
I(X)=1(X:)=1(Xs) =1(X;)=1(X,)=
I(X)=I(X,)=1(X)),

S F A0 3 B AR ADLAS AR, 2418
B DX AT N BT N Zeat e NSRS 1, B i e 745
R EAUGE B BERAND L AR, R
HHLAH AR B R R A e R, Wk by gl &
L ERAN R R RENF .

(3)F BT B % 3« R F AR ML N D20 28 7 B A%
FEEIERA 35 U0 9 % 10 & 4% FFUE L 5 5 A FE ALK
WA e A TS o o PR 28 A7 R PR o1 25
PUE 7] RS R N R W T AL i a2 At I | S R 2
Mg EBURE U AE T e B TR R I A
BHIEEHLALOE, 2248 6555 M. MR AR
T 45 o 4 A0 1 S B R A8, A R AL 9 o ARl 5
SRR OR SR L R 0 | A8 $E PR A B R 2 A
VERLFE s R E LS T, 25 (AR N BT, AN RETE
BATHRE 5 A EALFUE XN AR5 mas )
B AR A NI X b 28 280k, Y b A HE S
NN O EE RSN NE 7/ R X ) IS el R 7/ BTN
RETEZS B[R4 B, R R AR 0 T R B2 2 R 4P
TH it 5 AL EE AL 28 3 N D3 FR BRSNSl AR L
P22 2 A 2 B AT R AT L e S B N L
VERHE BB HE B s FF 42 A 2 0058 8 i 3R B8, b 20
SEFTR B RS BT AN R s s AR
DX S B, 5% B I O A I 2 R AR AR I 2 A
SR E i AAE Y DX, PR AIE AR b 37 b 3 3 TE 52
G R AT 5 i A A, Ko s B8 A A 5
A B EEREE , FSR A X O IR A B AR
N NGEP N YA o e o VA= R = WL A k- Y (I < B
B EEAEE S SR A A TR , 4 A e £
R, MRS M S & Ty
25 R K i KA bR E AR
4 Z51

ARSCREE T BRI B B 132 i 2 A PR AN Y B
AT B, X Bk 5 A B 2 9 32 B 0 AT T4 BT R
I3 1 R FH A A A 3R R OB DA T 3 B 34
RS G B I 2 AN BT 4 SRR IT,
S E5E FEAT .

(D) &R VAN 15 2 230 F T 940 b o B
B, A HE A SO SR A sk M I R k. 0 H X

o3

SURIRT NURER TP S =5 N

(2) O 73 B 24 T R 28 9 o0 il AL T
Ja VISR SRR SR i P A i i A /N B 4R
TGN S B a1 i 2 B I I 4%
JA AR HEFT

()i Gz e R W] O ERAE (T~ 1)
XSO A B Tk T AR R (1 ~ ) s E AL
RO R VIE = G o s L I (BN A = DN AR CR =)
(g~ L) X FNCR A2 B9 5Tk = TR F AL 75 %
(1, ~1),

AR GRS DT IE i Y 2 A R B N A 7
ESV B2 BN RS SR R D IReR L (ESE SISt

S 0k

[1] WENDY E, MAUREEN F, WENDY A, et al. Surveil-
lance of hazardous substance emergency events identifying
areas for public health prevention[ ] ]. International Jour-
nal of Hygiene and Environmental, 2005, 208(1) . 37-44.
[2] FABIANO B, CUM E, REVERBERI P, et al. Danger-
ous good transportation by road, from risk analysis to
emergency planning[ J]. Journal of Loss Prevention in the
Process Industries 2005, 18(4) . 403-413.
[3] ZOGRAFOS K G, VASILAKIS G M, GIANNOULI 1
M. Methodological framework for developing decision
support systems (DSS) for hazardous materials emergen-
cy response operations[ ] ]. Journal of Hazardous Materi-
als, 2000, 71(1). 503-521.
[4] imd, X2, sk, 5. FETHH TOPSIS [ 18 i 16
Kbt Al Z 2 ik [, i E 2 2R s E i,
2010, 20(9): 32-37.
[5] FRANK W C, THILL J, BATTA R. Spatial decision
support system for hazardous material truck routing[ ] ].
Transportation Research Part C, 2000 8(1). 337-359.
[6] CAROTENUTO P, GIORDANI S, RICCIARDELLI S,
et al. A Tabu search approach for scheduling hazmat
shipments [ ] ]. Computers and Operations Research,
2007, 34(5). 1328-1350.
(7] Zegbkin, 2% 5L T XU AR 35 W i i i i 4 I 1 40
MilJ]. % R4, 2006, 16(9): 84-88.
[8] THgEs, WEUE, ft. FeTFHAM T 7iE 2 3 51k
WROTFEL) ] AR, 2018, 35(1): 55-62.
[9] RONZA A, CARL S, ESPEJO V, et al. A quantitative
risk analysis approach to port hydrocarbon logistics[ ]].
Journal of Hazardous Materials, 2006, 128(1). 10-24.
[10] Mok, BULWL HEHIF, & SRR =GR
Lty aRMBOTT ] KRBAREE, 2020, 37(7D):
268-271.

[11]  EAKH, IMNIEZE, UL, 24K R BN /N %
TEFKSERPEL) ] R 522 TR, 2009, 26(3):
297-303.

53



B

$25 % G144

[12]

[13]

[14]

Wb, B, skoRIE, A5 AErE b @ SR A T
(] L7 TR KR, 2007(S2): 22-24,

WA, RGO I 1 A B el X R R T UKL
WP AFSEL) ). PREE AR, 2023, 41(S2): 779-782.
BERAZ, WAk, T SR AE AN 28 BB Y 5 L 30
BIEBMBIFELT ] 2 5B, 2024, 24(1): 221-
228.

NICOLE R, LUCA G, FEDERICA B, et al. A retro-
spective analysis of the factors associated with surgical
checklist compliance using data from a local health unit

in Italy, 2018-2021[J]. Journal of Evaluation in Clinical

[16]

[17]

[18]

[19]

Practice, 2023, 29(8): 1372-1379.

B, BRI, RER, % RS 25«
Bl VP g T[], B EAR S TR, 2024,
24(6): 2590-2600.

AR L. TR -2 A AT vk e TR N B R A P Y
AT, BHEAFEL . 2021, 21(3): 269-273.

AR, BREL, I, A5 DU LA 2R U R DU MR
BRI, BleERR S TR, 2023, 23(3): 1238-1247.
=B, SR, TR, % & 04T 502 2 3 R 7
BRI AT BlER AR S TR, 2023, 23
(36): 15634-15641.

Safety Evaluation Based on the Way of Safety Checklist and Fault Tree:
Taking a Special Railway Lithium Battery Transportation Project

in Yibin, Sichuan as an Example

LIU Yongfang', LIU Yuanfa*, JIANG Linfan®
(1. Sichuan Railway Safety Technology Co. Ltd. , Chengdu 610031, China; 2. Thick and Clean Energy Group Energy Equipment Co. Ltd. ,

Chengdu 611730, China; 3. International School Beijing University of Posts and Telecommunications, Beijing 100876, China)

Abstract: Safety evaluation is an important prerequisite and guarantee for the development of railway dangerous goods transportation. Taking

a special railway lithium battery transportation project in Yibinm Sichuan as an example, the project area was divided into 8 evaluation units,

and the safety check list method and fault tree method were used to evaluate the safety, and the main disaster control factors and safety work

points were discussed. The results show that the safety checklist method is suitable for the inspection events specified in the specification

provisions, and the fault tree method can effectively analyze the cause of the event and the weight of the elements through the minimum cut set

and the importance calculation. The safety guarantee of transportation and loading and unloading operation should pay attention to personnel

standard operation, labor protection and safe location of operation area.

Keywords: safety evaluation; transport of railway dangerous goods; safety checklist; fault tree
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