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ABSTRACT: The work aims to solve the problem of difficult identification of risk sources and quantitative analysis in
the process of litchi packaging. A method based on Hall three-dimensional space and fuzzy fault tree was proposed to
solve risk identification and quantitative analysis problems. The factor sets of litchi packaging including such three di-
mensions as security incidents, space-time structures (work positions) and accident causes were constructed. The basic set
of risk events was obtained through the mapping relation between the matrices and the calculation and analysis. The fault
tree model of litchi packaging was established, and the expert questionnaire of basic risk events was evaluated. By using
the trapezoidal fuzzy number and the left and right fuzzy sorting method, the expert's judgment language was transformed
into the risk probability value. The importance of the probability of occurrence of litchi packaging accidents (0.0409) and
the probability of the basic risk events was calculated. The measures such as strengthening the standardization construc-
tion and increasing investment in technology to prevent the occurrence of risk accidents were put forward.
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Fig.1 Hall three dimensional structure of litchi packaging
TERRN ) =425k 0 (I 1), x BhRoR
FECEYERE , AR B 3 b i S A A
2, WS REEEU = {u,u,. 0} o B
WA, U=(AbBREUE, RS, Bk, RiE, 5=
B, WE, BE, Eiﬁ%ﬁi?%ﬁ¢*ﬁ%T
32 [ I ELAT B 5] B 25 TR A REAE , PRI y s i 2
W(Iu)%g,uIHMI?%W’hm%mmﬁ
RGBT 2] w=CRE T AL, BRSO TAL, £
RTABRETAL, @RBETA, MR T LT 2
B H B o B e SRR, B
IR ZEY = {0, BERSOIHRE ] v=(
BEHEVR, WAL, RO, EEER EIL
A, SRR, REARAL, MR
HEAT—A GRS IR, AT LATE = ZE 4 F 25 0] h 4k
FEX R AR . x Bl z AR BR 28 R RN FL
HINRNRIE R T Z 2B, y S 2 sk bs
M RN — AT B RN R, xS



<48 - f %% TR 2017 4E5 A
AR A3 S A e T A o o] [ bt
PR A ST Py Py P by byl

P'(vyw)=|" .. S . (3)

1.3 HRERXKIRZ . :

Py Pag"" Pog ty bty

W F(v,u) B A v 81 F SN A N 4E
UBRR, veV , uelU . KRR F,u) 0l UIFH—A4E
%F@@:M&M%%ﬁ,%ﬁﬁé$@$&ﬁﬁ
MR R K RFRE . i, S v 8] WY RME
Pmm=@JW,%Zﬁ§é$#Iﬁ%W%%%
FRE

fil fl‘Z'”ﬁn
F(V,M) — _f2:l _f:22 . .f:‘2n ;
P (1)
fml fmZ“‘fmn
P 1w v, AT RER AL I G R R R
1o I
Hr, i=12..mj=12...n.
Pu PPy
PO, w) = p?l 17:22"‘17:2,, ;
S (2)
pml me'”pmq
o[l w R TR A T
7o, gl

Hd, i=12..mj=12...q.

R S PRI A A0 2 R 2 T | s
R TAIRRER LR, BT HE XTI Fv,u) 5
P(v,w):

1100000 0
00100000
00010000

Fy,u)={0 0 0 0 1 0 0 Of;
110001 00
110001 10
000000 O0 1
001 1 1]
01000
1 0000

Pr,w)=l1 0 1 1 1
01000
01000
010 0 1]

KR Pv,w) BES VEIWHER, FO,u)eE

HVEIUMEZ, T, Po,w) WS P (v,w) 25
G wR VKR, SR P (v,w) 5 Fo,u) 8344
s TALEES W R BEIN URER S(w,u) -

i P v,w) 5 Foru) AR R N S(w,u)=
P " (v,w)o F(v,u) o

by Gty f11 flz"'fln

by by ttoby, e fo
S(w,u) = 2:1 2:2 2: o f.21 f2.2 f%l

:tpl th'”tpm fml fmz.”fmn (4)

S1p Szt S,

Sy1 Sap 7178,

St Spa S
He 8, =(t A SV U A fo))V oo (G A fyy) =
VI (@t A fy)s anb=min{a,b}, avb= max{a,b}.
MG BT M 15 20 F (v,u) X P(v,w) , K50 B
AT R i HA 5]

00011000
11100111
Swau)=[1 1 0 0 1 0 0 0
11001000
11001001

FR A 1 T8 43 A7 75 2 A9 A [ S () FITIRBRIR SE 2R,
GEO A R IR PEAT B/ NS, TS TR
HCBUA, 152 XS FEA S, B anhe s T FE R R
Al . Rsh, Wik A R AR K F AR . %
BEHEE AT . KM, AT AR S 15
A, B SRR DI, iR & AR D2,
AL TR B RN E B D3, kg D AR 2%
D4, A HIEREAHITE DS, A% TP AL D6,
BRI BIAS I D7 2R RCRAC DS e T 2005
JG D9, fAEERESIR D10, ALEHEF XA Y D11,
bR AR EAERAE D12, e T AR AR D13,
BAENE PN D14, SR HEAY D15,

2 HREEBEREERERS

21 HREEMEMERLE

WA A HT (FTA) 2L 2R % TREE )T
hz—, EEHTRME LRGS0,
SRR T AT AR E] 15 DS EA TR, 4G
BEIRAT B SR A P DA E T B R R .
MRS T, PRFE AR M1,
BEHUMAR G M2, fL2E78 i M3, f 32 M4, T4
FEPR MS . BHAE DR M6, ELAARHL AR LA 2.



§38 % oM ARV L R A U SR 5 4 - 49 -
0 x<a
n x—d as<x<h
| [ | b-a
[ M2 ] [ M3] M4 f(x,a,b,c,d)= 1 b<x<c (5)
oaNa I s
. —C
3616161 C30) DI 0 d<x

2

P2 A e ik i
Fig.2 Fault tree of litchi packaging

2.2 HEBEWEMNRE/NIIE

x,(i=12--n) HIKFHPRSAZR S, BYEHR 0 5L
lo x, =0 FRNEFMF i AL, x=1FRRKFN ik
e I C BRI S (xx, oo, ) BT
MRS R AR, TR R A A RIE T
BhEEP—ANREME, CEHIANREET, X
ENEFR A e/ B o AR A R as R U 22 s g
R8N/ NRIEE 134, BRI HI4E N : {D2,D15}, {D5},
(D3}, (D6}, {D7}, {D9}, {D4}, (D10}, {DI2},
(D11}, {D1,D15}, {DI13,D15}, {D8,D14}, %X 13

AFT, REEE— R RIER L, e T
TR Bk

3 HREERTRMBEIENAE

3.1 BREREHHRNBEMEMERIE

HT T4 2 6 B S 1 A B BN SR A R Ay
SR, RIS St T Xk G XU AR R & G 1) (L
AL, Pk, R LATE 5 R I F s O AL AT
AP EA S BRI IL S B AR T 5 AR
WA . U . XUBS . XU A e o XU e &
ARG HE AR B4R AL, SCP R RS IE B BT R &
G R G I 2 e LR AR A 2 P 1 S e AL
E T RAE

IJXLWE.E KRR Mg XU XU
&
=
g
IS
#®
0701 02 03 04 05 06 07 08 09 10
ke

B3 i8S A B RO %L
Fig.3 Fuzzy number of language variable
WA F 2 R AER RO (LK 3), 133058
J& R A TSI f=(a.b,c, )RS B BREF R INE -

WIEE 3 K3 (5)n] 15 B BT 2 AR A
£0FE 1, Hp 4L, FL, M, FH, H Z31FnR/0 .
BN, L OBRL K

3.2 EZRIFMEMEIENL AR ER

O 7 A R SR 1 R A L MR B T B Al i B R
KA 24 0y, RIS IARFAHIT T
#r ol G TR R PEI P METE A A AR F e
VEMARE LRSRIE B . ISR F D1 i fi], Zad %
FIFM BR324 D1 AR B 4 (0.208, 0.292,
0.250,0.125,0.125) 3l 2 X & AN E 5 A #EM S K,
Al PAAS ) S PRI KL . ,=[0.2734+0.119 A, 0.598-
0.131 A ]o ARIEH Y BT, w25
%, W, =[z,2,]=[ 0273+0.119 X ,0.598- 0.131 1], M| A

N - .2 . - e
sy = 20273, 039872 gy
0.119 0.131

HIEL W, 16 2R sRECH

z,-0273
0.119

1 0392<x<0467

0.273 < x<0.392

Su(@)=

0-598-2, 467 <x <0598
0.131

0 HAth

MO 22 A A HE P, 8 D1 IR % Ak —
AT TR EE , FROMBOI AT RETEE £, WEE ST Aok
ORI B R0 /MR £ Sy 118200,

P :{x 0<x=l1 (6)
oo Hik
r ={l—x 0<x=1 (7)
m 0 HAh

BORIEL Y Wy B 22 A O T BB 40 51

Fr(W)=SUP[f, (X) A f0 (%)]=0.529

FL (W)=SUP [f,, () A fyn (¥)]=0.650

THRRBIE W) 9 TT RETE(E ) -

FOW) =[ F %) +(1-F, (%)) ]/2=0.439

FUASHI T REME(E F Ak B e st = R1, B
AL AN

F#0
R=110% (8)

0 F=0




- 50 - (N

2017 4F 5 H

&1 EMEEXEE

Tab.1 Fuzzy number form and cut sets

BOWIE & BRI BT X A A
/N £1=(0,0,0.11,0.25) fi=[0,0.25-0.151]
BN fr.=(0.1,0.25,0.35,0.5) fr =[0.1+0.154,0.5-0.154]
g f=(0.35,0.45,0.55,0.65) fi, =[0.35+0.151,0.65-0.154]
LN frr=(0.5,0.65,0.75,0.9) fiw =[0.5+0.152,0.9-0.154]
K fi=(0.75,0.9,1,1) fi=[0.75+0.1511]

Hor, K:[%szsm, ZIrH . K=
2.496, R=3.192 x 107, LI e, & T HE UG 2
ARFAFR R MR, LK 2,

®2 HREENEEXREFHE
Tab.2 Risk basic event probability of litchi packaging

FOE HOMER | FOER | FE F MR
D1 3.192x107° | D6 3.230x107 | DI1 3.606x107°
D2  5.858x107° | D7 4.501x107 | D12 5.823x107°
D3 4.029x107 | D8 5.624x107 | D13 3.222x107°
D4 5.828x107° | D9 6.193x107° | D14 5.076x107°
D5  5.266x10° | D10 3.188x107 | D15 4.094x107°

4 FHE BT XTI E XS R

4.1 HEREEREITN

TESR A FEAR A R AR A BT, 5 lifh
BRGS0 R A BER LA K R LA 56 ] Sk
FAAIE o Do B KU S B BB O, T i/
FAR A E A S, NG R/ DRV R TSR A A
IS FAF: W5 L

0-YTla- X Tl a+

r=1 X, eG, } ISr<nNg X,;eG, UG, ( 9 )
(_1)N(;_1Hqi
e g N @ ARSI | WA

JFEG v s FERONEVEIFEG Y, ok No TURECR

r=1

[1 ETAEE 2 AR FER A

SRR IECR. X, € G UG, R i HAg
PR T4 r BB, SURTH s BB,
1< r<s< N, 2RI 2 M/ A

A1 B 2 KU SEAS SRR IO A R AR,
ARSI R BER 0-0.0409, KRN £
B A AR 25 2000 430 SR KR S5 90
MR, T I T 75 BRI R I T — A FR 45
2 PR B TR 1 SR T SR

DRI LH 7 Pt AR 75 A5 A 2 ) XL
42 HREBENEHREEZE

L T SR AU J A 1 T A MR A A2 Al
XTI E R R A AR B2 e o T B S e A R
O WBUE— N ZHEERBAMER, HEX A2
qi R— U T, AT AT B AS S f A 4 o i
Y,

0

Lo :6_5

HRAEA L (10) FEATH AT BN & KU SE A 1
MEREEEE, W3,

R HGREENBEREHMEEEE
Tab.3 Risk basic event probability importance of
litchi packaging

(10)

B MPRERE | MCREEY | S BREEE
DI 0.0039 | D6 09618 [DIl  0.9622
D2 0.0039 | D7 09631 |DI2  0.9644
D3 09626 | D8  0.0049 |DI3  0.0039
D4 09644 | D9 09648 |DI4  0.0054
D5 09639 |DI0O 09618 |DI5  0.0117

4.3 FHREEXEFEX R

MR 3 AT DAAR AR 7 A e AU FRE AR A 1)
BEREZEE P RT 0.9 A 94, b LS FEA S/
S e 60%, EZEA D3, D4, DS, D6, D7,
D9, D10, D12, DI1. XX 8 XU HE R &2 5 4w
A FAFREAT oM, 2 H U0 75 A 2 IR B i X 0F -

1) sefbArifefb i, IMREARBA . 0Ty
AHYE D6, EAEMERCT XA Y DI, R Rk
AR D7 AUHE T 2755 D9 5 XU FeA FHAF 8 42
VAR LA R, R | R &7 e S5 R A
T B SRR AR AL B, T X ) T
ey =, G bk %) FH A5 A A DG B ERRAE
VRN KNS 7 A A e 1 AR S A A, WR AR
AR AR BB A 500k 2D 7 s v g XU T

2) s ARl A T RE . AR I
YEAHE DS, AL2EERER R D10, 6 s A28 E R
i D12 SE RS FEA S M T 0 TR mINHEs .



$38% H£oW

AR AT . ZE R AR A KU R ) 5 A - 51 -

A PR RRAR T L il AR S TR R 3 o AR AU B L
TR NG B T % A TREE , EEW L AR
W, RZINIR G, B A it i fa i, HRN fin
SR RERSYI, FIZEH A R e . T A BR M
HRAERE S R A P B e IR -

3) fnsEALEE A, eI, B
B T S ORI B D3 | 353 T D AR 22 D4
S RS AR = S A 26 g T A BRI L i
Jith V5 S S5 DA DR s G, PR A o N i 2 3 T 1) 1% it
AV, TR T RRE B 2 R I IR BEK 5 fa 4
RV E TR B, AT 2T, XN A
ARDE . FRBE S K04 w2 KRS TR A W BV S s T R

5 45iE

FI AT [ 73 B W 2595 AU FE ik 20%, I
73 B2 B XU, REAT 08 0 7 B0l Y 28 B 3l « 3C
H A A ) B R 2 DR R A T XU T R A e
BB S AT AR, vl B I R 7 A ) B A B UM T IR
J 5 i 3 M B XERE, A5 Al R 5 A A0 5 A A
it 7oA I T LAY F) AR ) S R, LA 2 KU IR
55 o B A B E A, 72T — BT A R
FHFCA i o A S 2R AN [R) 70 A 05 15 2047 EU AR
LS by A= B 5 5 . 22 A SR AT ) S BT L A

EE B

[11 Bk, M2 TRIZ FLSTE A ARG A4 b iy i
[7]. 3T, 2016, 37(14):30—33.

LYU Jian-qiu, YE Li. Application of TRIZ Theory in
Litchi Preservative Packaging[J].
neering, 2016, 37(14): 30—33.

[2] MANGARAJ S, GOSWAMI T K, GIRI S K, et al.
Permselective MA Packaging of Litchi (cv.Shahi) for
Preserving Quality and Extension of Shelf-life[J].
Postharvest Biology and Technology, 2012, 71: 1—12.

[3] KUMAR D, MISHRA D S, CHAKRABORTY B, et al.
Pericarp Browning and Quality Management of Litchi

Packaging Engi-

Fruit by Antioxidants and Salicylic Acid during Am-
bient Storage[J]. Journal of Food Science and Tech-
nology, 2013, 50(4): 797—802.

(4]  JABERE, SR4h R, WP, SF 2 R R A 2 £ fi
HAR[J]. I TR, 2004, 25(2): 49—50.

ZHOU Xiao-yuan, CAI You-xing, JIANG Jian-ping,et
al. Litchi Fresh-Keeping Technology of Film Packag-
ing[J]. Packaging Engineering, 2004, 25(2):49—50.

(5]  Bhifel, AP, SRR, & AR AR X
Xt 5 A DRAEE T R SE A [0]. BAR AR, 2013(10):
2330—2334.

LU Hua-zhong, LI Yuan-quan, LYU En-li, et al. Effect of
Different Temperature and Packing on Fresh-keeping
Quality of Litchi[J]. Modern Food Science and Tech-

[9]

[10]

[11]

[12]

[13]

[14]

nology, 2013(10): 2330—2334.

JEESE, SRR, BB, S5 R [RIARR A 3 X
K Jr A BARBERCR I LR [T]. A2 TR, 2015, 36(9):
23—27.

TANG Hai-yao, GONG Yi-hui, LIANG Shu-xing, et al.
Effect of Different Packaging Films on the Postharvest
Preservation of Litchi Fruit[J]. Packaging Engineering,
2015, 36(9): 23—27.

FA, B BT RR SRR KA A T
TR AR R ()], PCH TR 222 i (R 5 )
), 2014(7): 156—159.

WANG Wei, NIE Shu-ping. Construction of College
Students' Social Responsibility Training System Based
Model[J].
Chonggqing University of Technology(Social Science),
2014(7): 156—159

Brrp Rl BE TR —HERGUAY /KRR S PROT 30
H ARV 28 BT [)]. BB TR 22l (hE
SFERR), 2013(1): 64—71.

RUAN Zhong-he. Research on the Risks of Small
and/or Medium-sized Hydropower Project in the

on Hall Three-dimensional Journal of

Franchise Period Based on the Hall Three -dimensional
Model[J]. Journal of Kunming University of Science
and Technology(Social Sciences), 2013(1): 64—71.
EPEG. IR A I 5 MR R R ECEREZR(T)
— R A B A B E SRR ZRI]. LT
KR (A RBLF IR, 1996(4): 470—475.

LI Hong-xing. Factor Spaces and Mathematical Frame
of Knowledge Representation( [ ) ——Axiomatic De-
finition of Factor Spaces and Description Frames|[J].
Journal of Beijing Normal
Science), 1996(4): 470—475.
TEARAR, VERGIE, SR Es. 32 (6] b ok iy R R 45
Fri(J]. L7 TREH R K22 (AR FR# R,
2015(4): 539—544.

WANG Hua-dong, WANG Pei-zhuang, GUO Si-cong.
Improved Factor Analysis on Factor Spaces[J]. Journal

University(Natural

of Liaoning Technical University (Natural Science
Edition), 2015(4): 539—544.

ER . WRSBSEHERA]. IL07 TREARKR
S HARRERRD), 2015(2): 273—280.

WANG Pei-zhuang. Factor Spaces and Data Science
[J]. Journal of Liaoning Technical University (Natural
Science Edition), 2015(2): 273—280.

TERSE, S5, TR, AN R b g R o
Frig (I 17 TR R K2 24 (A AR D,
2014(7): 865—870.

WANG Pei-zhuang, GUO Si-cong, BAO Yan-ke, et al.
Causality Analysis in Factor Spaces[J]. Journal of
Liaoning Technical University (Natural Science Edi-
tion), 2014(7): 865—3870.

ST A A AR A M AL SRR T R, 2012.
JIN Zhi-xin. Security Structure Theory[M]. Beijing:
Science Press, 2012.

RUIITERS E, STOELINGA M. Fault Tree Analysis: A



« 52 -

(R

2017 4F 5 H

[16]

Survey of the State-of-the-art in Modeling, Analysis
and Tools[J]. Computer Science Review, 2015,15/16:
29—62.

HER, B, FET FTA WERYH N4 IR S 55
Br0]. B B #BE2E 47, 2011(1): 23—26.

HU Yu-juan, QIAN Wei. Analysis of the Fire
Caused by Electric Bike based on FTA[J]. Journal of
Institute of Disaster-prevention Science and Technolo-
gy, 2011(1): 23—26.

FRACH, PIVIE P R TR I R AR 43 A 5 R D).
IR T AR S22, 2016(7): 896—900.

GUO Yong-jin, SUN Li-ping. Fault Tree Analysis Me-
thod Based on a Matrix[J]. Journal of Harbin Engi-
neering University, 2016(7): 896—900.

YUHUA D, DATAO Y. Estimation of Failure Probabil-
ity of Oil and Gas Transmission Pipelines by Fuzzy
Fault Tree Analysis[J]. Journal of Loss Prevention in
the Process Industries, 2005, 18(2): 83—S88.

CHEN S A H C. Fuzzy Multiple Attribute Decision
Making Methods[M]. Berlin, Heidelberg: Springer
Berlin Heidelberg, 1992: 289—486.

ONISAWA T. An Approach to Human Reliability in
Man-machine Systems Using Error Possibility[J].
Fuzzy Sets and Systems, 1988, 27(2): 87—103.
W, AL, . 4 R AR I il
ORI B 23 BT (9], A AR R R RO,
2011(1): 107—111.

[21]

[22]

[23]

[24]

MENG Ai-guo, ZHUANG Hong-jun, WANG Chi.
Fuzzy Fault Tree Analysis on Operating On-site Colli-
sion Accident of Mine Heavy Vehicles[J]. Journal of
Safety Science and Technology, 2011(1): 107—111.
DUGAN J B, SULLIVAN K J, COPPIT D. Developing
a Low-cost High-quality Software Tool for Dynamic
Fault-tree Analysis[J]. IEEE Transactions on Reliabili-
ty, 2000, 49(1): 49—59.

W, PR, LRI, L FHOR E A BTk e
T R 0], JE RS K R (A AR R,
2010(4): 56—59.

XIE Shang, SUN Jian-hua, JIANG Tian-wen, et al.
Fault Tree Quantitative Analysis in Coal Mines[J].
Journal of Beijing Union University, 2010(4): 56—59.
WRTHHEARL . 5 i B AR 23 A A £ ot 22 4 XU PP Ao S i
EOBI]. Ba A, 2015(7): 177—182.
CHEN Hong-gen. Food Safety Risk Assessment and
Regulatory Optimization Model Based on Fault Tree
Analysis[J]. Food Science, 2015(7): 177—182.
JRHEHE, EARPE. BT ORI R KK K R
ARREE BT[] Tak %2554, 2013(11): 36—38.
TENG Hong-hui, WANG Ji-ku. The Risk Analysis of
Insufficient Water Flow and Pressure in Secondary
Water Supply Based on Fault Tree Analysis[J]. Indus-
trial Safety and Environmental Protection, 2013(11):
36—38.



