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[ ABSTRACT]

evaluation method named catastrophe progression method, which combines catastrophe theory and fuzzy math method, was

In order to provide a more reasonable method to evaluate the risk rank of external fire in coal mine, an

applied. Potential causes include coal mine external fires, open fires, electric fires and other reasons, were identified.
Hazard evaluation index system of coal mine external fire was populated, and the catastrophe progression method was
applied to evaluate the risk ranks. Linsheng Coal Mine of Shenyang Coking Coal Group was taken as an example, and
catastrophe progression was used to determine the total mutation membership matrix of the fire risk grade assessment of the
coal mine. According to the principle that bigger total mutations subordinate function values tend to be better rated, the fire
danger grade is assessed as grade two, which means relatively safe. Accordingly countermeasures to improve the external

causes of fire risk in coal mines were put forward.
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Tab.1 Four kinds of mutation types commonly
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Fig.1 Schematic diagram of the four mutation models commonly used in catastrophe progression method
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Fig.2

Index system for external fire risk grade assessment of coal mine



- 62 - 1 )

b 47 B 6 M

1.3.3 iFfrsEpygar

B ER R V= eV, BReEV, —i
YV, NERV, | BHHR AR EE,V =
{90 80 70 60}, WA, FEEEFINERL 4,
1.3.4 REERRERHNHE

e R R E AR RZRE TP Vv R,
TEYESCHR [15] W 58 B AL, o SR s ok 450 =X
(5) ~X(8):

1, (90<u<100);

ﬁ<u)=9‘6‘_88%, (80<u<90);  (5)
0, (1<80),
11(;)(;)_"916, (90<u <100) ;

1, (80<u<90);
R ={ (6)
6o, (T0<u<80);

0, (u<70).

0,  (90=<u<100);
99(;)_‘8%, (80<u<90) ;
flwr=a (0<u<s0);
7%_—66%’ (u<70),

0,  (80<u<100);

80 —u
filw) =4y 6, (T0<u<80); (8
1, (u<70),

1.3.5 BEHIFEHM™
B RSS2, ST S B R R
FERRIEATITSY | 308 5 S I PR, 75 T A R 46 2
VIRARO IR R B B R, Ry, Ry o VAW KER
U, 80K U, T =%48ks U, U, Uy, UL
PEMAEAC AR BREL S, (u) f, (w) fy (u) f, (u) AT
WA E Ry, FIEE K U, U, R AR
B R RIS R, Ry,
Lh U, J AT
VT HEREORI SJE i B 11 6
LU AU £(U) f(U)
o W) U fi(U) fiUy)
AU AU [(Us) fi(U) [
(U AU fU) £i(U)
(9)
JH R U — Ak A SN BT = G AR T
T AR AR IR I RS SO S R, R, R,

FARJR R PRI W (10)

AU/ AU /AU EN/AU
AU VR VAU JA(0)
AU SR VAU SR |
(U IR JAWU Sl

(10)

A4 575 R TR R I IR 2S5 R (A 7
BT, AR R YR AR U, LU, U, X R
L SR R IR )
(11) ~2(13) B,

B0 +Jf(U) +04 (Ug) +Jf(U)

1) _
rg = 1
(11)
AU i (U, ) +3f1(U22) +4f1(U23> +5f1(Uz4)_
v, = 1 ;
(12)
SO fl(U31)+3fl(U32>+4f1(U33>o (13)

Us 3
U, U, U, S e T A PEE (1) sR BB 17 HE
B, 13 AR bR (HERZ ) BRI SR e R

(f1) (f2) (f3) (fa)

Ty, Ty, Ty, Ty,
(1) (f2) (f3) (fg)
R,=|ro) rop orgy o) (14)

) (f2) (f3) (fa)
r 1/3] r 1/32 ru; r U34

FRYE e R S AR B I — b A XX U, LU, U,
HEATRE IR, AT A5 DU J2 58 A8 R (R A R
/Tg:’) /réfz) /r2{3> /ré,/:“)
’ 3 - 3 3 3 3
Ry=| 0 B S G| (1s)
4 4 4 4
NG NC
¥ R IR — N WP REAE RS TR 4
AT I RS SR R R, AT 15

3 4
1) 1) 1)
[T, +a/Ti, TA/Ti,
r, = 3 5

[l 2, TSR R T A 4 p A P A B R AR
SRR KB ry ory ryo MRAEFR REUER S R =
[rory oy g Lo MRHE B S AE SR o 5B A A i
I, #53 thpE ES e

(16)

2 MR

DAV BH AR AR AR g (51, JH T A8 4%
BOE YRS PR KT SE B PR T HLEA T o0 B, AR



2018 4E 12 H HF 5

[

ARPRCE IR SN JOR SR SRy ST TR, 45 63+

PRZ AT LB O, 0 1L T TR AR K20 I
KR AR IR e I 2 A AU LA K
L b R ™ 22 A U Y 10 32 % 5% AT RES 2
HMA K2 TR BRI

AL ZEAT H RPN 3 U 0] BE TR S R TEAY
MR E LR R REEBIE T 50,5 AR
M7 TAE,5 SRR AR BT 20 45 R 1) 5
A EAE R TEIEE ™ 253 2,

A2 BRaSbE KRR A
Tab.2 Evaluation parameters for external

five of coal mine

L O e P
i W U, 75
7 WA MR K TR U, 77
4 N U, KT HLIUGE U, 80
A LK AE U, 68
g K L SRR U, g
B B BURR R REIEGE U, g
1 U, HLARBCRE K AE Uy 95
x MBI B U, T8
G R U, -
ko HAbE ST ARG Uy 61
z U, T JEABE Uy 85

PUBREE S YR U, 87

B3k 2 A =GR PRI - EAUA SRR bR
B0, MU AR BRI U — 2~ A TR 15 21
1) $84R 2 SR Jm eREUE
0 0.5 1 0.5
0 0.7 1 0.3

RU = H
! 0O 1 0.1 O
0 0 0.8 1
! 0.1 0 0 T
0.8 1 0.2 O
RUZ = ’
1 0.5 0 0
L 0 0.8 1 0.2]
F0 0.1 1 0.9
0 0 0 0
Ry, = o
3 0.5 1 0.5 0
10.7 1 0.3 0 |

2) $8hR )2 AR POBUE R
0 0.707 1  0.707
0 0.888 1  0.669
“lo 1 0562 0
0 0 0956 1

9

1 0316 0 0
0928 1 0.585 0
0.841 0 0
0 095 1  0.725]
0 0.316 1  0.949]
0 0 0 0
3 10. 841 1 0.841 0
10.443  0.579 0.657 0.237 ]
3) U] SR T pR B A
T 0 0.649 0.880
R,=[0.732 0.778 0.396
10.443 0.579 0.657
4) WD) 2 5 AR ORI
T 0  0.806 0.938
R,=10.901 0.920 0.735 0.566 |,
10.816 0.872 0.900 0. 698 |

H1 B, 75 B AR 1 PR kT B R DA 11 5 258
ARBAE R =[0.572 0.866 0.858 0.678] .
WA B 57 SR T pR AR A AR B 1 D ) S AR SR
J& eREE SRR T4 A R K, T X
SRR AR KORGS5k — G, BV 2 4 R
W KR SE G AN 3, v 52, (AR )E T55 =
LI 57 SR pRELAE O 0. 858, K K f& I A5 R A
T = RS

R T 2 B S R R S B A5 ), [
PR RS 22 4 77 FNE 3 15 8, AR PR I &%
KB RF T 43 W BCHE B8 A S 5 . o W E AT 2 2k
A B HLIKAE 3B RO 38 i R G K SR
TR (14) 2 A PEAR N 35 22 I I 100, e 3 N ik 22 42 7 18
TAE, s X HR TR, 7 e R AR R i T A
b BT FLARE ACHRE KT B R A5 O DA R R
B 0 AR K 1 O, 5 2 S e sz 40 4k
WA s BLAR IR ikt A LT R R R 2

0.594 ]
0.181 |,
0.237 |

0.771]

3 Hig

1) MBS A e K AR I 3 AT T
2, AR S A A 3 Bt LR A5G [ Sk LA A T
AR, A7 T REE A K RGBSR AR A 2R
EARI R ILA 15 NEbR, M4 DRAZ RS, Hoh
3T GUEA RRIR AL RS, 12 A =R R
F R 3 IR RS R L

2) 38 FHRAEGRCE N 25 PARAR AT VI, BEEL
U b SRR S PR R SO R T A AR R . R
FHHE T 5 A8 SR S ST IR S DR SR S R T



.64 - OBk # M 547 B4 6 1
IRZ, LAk BH A2 AR MBI R ) 34T T 334y 31(1) :4145.
B B0 S I TSI g B4 JERRARE (1) T BRI, SIRE B U

PEOTAEAL SN T 4R R A1 R KR 2 4K 1 4
ARRFH

(2]

(3]

(4]

(5]

(6]

[7]

(8]

[9]

(10]

PRBE R APRER RN 2 5 F O A . BRI KU S Ak
R A ORI [ R]. LR  RBE ORI, 2012.

Xk B, 5Kk 2L, X D) B e & BE AN ik g AR
[M]. dbat: fesr Toll i ik, 2005.

DUNJO J,FTHENAKIS V, VILCHEZ J A, et al. Hazard
and operability ( HAZOP ) analysis. A literature review
[J]. Journal of Hazardous Materials,2010,173(1/2/3) .
19-32.

CHUVIECO E, AGUADO I, YEBRA M, et al. Develop-
ment of a framework for fire risk assessment using remote
sensing and geographic information system technologies
[J]. Ecological Modelling,2010,221(1) ;46-58.
WESSLING S, KUENZER C, KESSELS W, et al. Nu-
merical modelling for analyzing thermal surface anomalies
induced by underground coal fires[ J]. International Jour-
nal of Coal Geology,2008,74(3/4) :175-184.

FB EER]. B L5 S WO AR 2 I P
BEHLT]. A, 2008,17(5) :75-78.

WANG X, HUO D L. Application of fuzzy comprehensive
evaluation in coal safety assessment[]].
Magazine ,2008,17(5) :75-78.
AL A —L, /M. T2 R A s i R F AR
FERERIEAN [ J]. o EZ 24 R HR, 2014,
10(4) .120-125.

DENG J,YANG Y F, ZHAI X W. Fuzzy evaluation on
risk of coal spontaneous combustion based on AHP[ J].
Journal of Safety Science and Technology,2014,10(4) .
120-125.

TR AT KA 2 T 2 I 4 Y SR e 1A A T
W S AE MATLAB ERGSEEL[ T . 5%, 2008, 34
(5):82-84.

B, B M2 A TR R R [T ], T
TR 4% ,1999,21 (1) :24-28.

JIANG J C. Catastrophe theory and its application in safe-

China Mining

ty engineering [ J ]. Journal of Nanjing University of
Chemical Technology,1999,21(1) ;24-28.
SRIE , 5, iR, 2. Bk T 58 A8 S0 i M FL U 45
KEFERAE PO [J]. 0l TREBFFE,2016,31 (1) :41-
45.
ZHANG W, FENG T, WU J, et al. Gas explosion risk
assessment in coal mines based on catastrophe progres-

sion method [ ] ]. Mineral Engineering Research, 2016,

(12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

BErIrh g [ 1] R IIRS I % ,2016,39(3)
41-44.

TIAN L, SHEN Z Q, LIU L, et al. Production split
method for multilayer-superimposed tight sandstone gas
reservoirs [ J ]. Natural Gas Exploration and Develop-
ment, 2016,39(3) .41-44.

LIU M H. The research on catastrophe theory’s applica-
tion in the reform of sports curriculum[ C]//2010 Se-
cond International Workshop on Education Technology
and Computer Science. Wuhan, 2010.790-793.

AR SU VLN E , BN, T R W 5 T
ZEH i I A PO B B S [0 ). R I B, 2011, 37
(10) :105-108.

Z0U Y H, JIANG C Y, LI C H. Research on risk
prediction of coal and gas outburst based on catastrophe
theory[ J]. China Coal ,2011,37(10) ;105-108.
TOUR, SRR, R, BT RIS & 2 5T
KRERLEGIEN [J]. EHFEF,2012,28 (1) : 22-
25.

DING Y C, WENG F L, TANG M K. The research on
catastrophe theory’s application in the fire risk assess-
ment of high-rise building[ J ]. Building Science, 2012,
28(1):22-25.

SRR, i 158 . BT AN PR IR 4 IR 26 -FAHP
T[] A S TR 2017 ,24(4) :89-93.
ZHANG ] P,YANG X W. Risk evaluation of exogenous
mine fire based on grey clustering-FAHP [ J]. Safety and
Environmental Engineering,2017,24(4) :89-93.
TRBTAR , FF AR BT O BB Y B 5 0 B S RO
R REAFTE[ T ] R T AR, 2011 (12) :71-73.

XU A M, QI L M. Study on coal and gas outburst
process of Majiagou Mine base on catastrophe theory
[J]. Coal Engineering,2011(12) ;71-73.

FOCH. BT AR Tl e X 35 4 S 5E [ D].
WAy R < I R Tl R, 2009.

YUAN W R. Research on the competitiveness of indus-
trial park based on industrial clusters[ D]. Harbin; Har-
bin Institute of Technology,2009.

PR EEE . TR ZE S ISR EA A R
WANE KRG BT[], 24 54, 2015,
15(2) .11-14.

JIA JZ, DONG X L. Fuzzy evaluation and statistically
oriented method in analyzing the external causes of the
coal mine fire[ J]. Journal of Safety and Environment,
2015,15(2) :11-14.

=THAA SR AR B, 5 IR A A 2 TS e 1 )
BEBIZR G [ T ] 2 42 ,2009(6) :90-92.



