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Introduction

In the last few years, gas accidents happen frequently in China. The theory
related to gas accidents prevention was studied insufficiently. Early warning theo-
ry of great gas disasters in coal mines was studied deeply and systematically. In
this research, some theories and methods such as crisis management, analytic
hierarchy process (AHP), extension theory, rough set, attribute mathematics,
artificial neural network and fuzzy mathematics, were used widely combined with
demonstration analysis. This research can provide the theoretical basis and sup-
port of analytic technique for coal mines to implement gas disaster early warning
system. This book consists of 4 sections and 9 chapters. The first section is theo-
retical framework of great gas disaster early warning and early warning mecha-
nism. The second section is indices system and model of gas disaster early
warning. The third section is operational mechanism and safeguard mechanism.
The last section is the application of gas disaster early warning system.

This book can be adopted as postgraduates’ textbook or undergraduates’ reference
for safety engineering major. It is also a reference for mining engineering major,

safety manager, production technician and researchers.



*@ﬁﬁi?%ﬁgﬁﬁ#lﬁ%,%ﬁ%ﬁ#ﬁ%%o%%WW%%@,
%%ﬁﬁﬁﬁﬁm,ﬁ%ﬁﬁﬁ%ﬁﬁﬁ%ﬁko%Eﬂ&%ﬂi,%%ﬁgﬂ
éﬁﬁ,E%E&ﬁﬁ%ﬁ@kﬂﬁﬁﬁﬂ%é%?ﬁ%ﬁ%ﬁﬁﬁ%ﬁ%@?
Z—°mz*@ﬁﬂ—%%ﬂlA%kgﬁ%Ikﬁﬁﬁ#ﬁ%ﬁ%l,mw&
%m%k‘ﬁ%%ﬁﬁﬁuﬁ%ﬁ@ﬁﬁlﬂ~ﬁﬁMﬁ§é%ﬂI¢,ﬁﬁ
“%D%@,Eb?@%@ﬁﬁﬁﬁ%~4$%%$i,B%&%R%K@%ﬁ
Eoﬁﬂ%ﬁ%@ﬁk\ik&ﬁﬁii$ﬁﬁﬁﬁi,E@W%%&Tﬁﬁ%
%%%%ﬁﬁk%%%ﬁ%o%%ﬁé@ﬁﬁﬁiﬁ%$&uﬁﬂ,RtZB?
A3 2006 4E 327 &2, FET- 1 319 A3 2007 4E 272 &2, PET- 1085 A 2008 4F 182
E,%tTRAO%@%ﬁﬁﬁéM%%%ﬁ,EZWliu%%ﬁﬂiﬁk$
ﬁ¢,ﬁ%$ﬁﬁ%£%T%~&,E%&%%@ﬁﬁi?*ﬁ%%iﬁﬁgo
mﬁ%ﬂME%MW\%%%%E~%ﬁ§t@ﬂTﬁ&$ﬂﬁi%ﬁ%,@E
%%ﬁﬁﬁﬁﬁﬁxﬁ%‘x%%%ﬁﬁ,ﬁ%%%ﬁﬁm%%ﬁ%%%%ﬁ%
%%Kﬁ,%ﬁi@%ﬁﬁ%ﬁx%ﬁ%ﬁ#%~¢*¥t,E%E%%%@?
%%Wﬁﬁﬁﬁ*mﬁ~%ﬁ§L%Em,ﬁﬂﬁﬁ%iﬁ&ﬁ%&&%%&
*,&ﬁ&ﬁﬂﬁﬁﬁﬂ%§%%~%ﬁo@%,wﬁ%ﬂﬁﬁ@%$&ﬁﬁﬂ
%ﬁéﬁﬂﬁﬁ%§%$%%ﬁ%%ﬂﬁﬁ%ﬁﬁE%E%$&§EEE\iﬂ
$ﬁ§é%ﬁ$m%ﬁﬁoWE%EkW%ﬁ%§%MWUE$ﬁﬁﬁM&Wﬁ
ﬂ%ﬁ,%%&%Aﬁ%ﬂﬁ%ﬁ%,U%%%ﬁﬁﬁ,iﬂgﬁﬁéoﬁﬁ,
N%ﬁlﬁﬁﬁﬁﬁk%%ﬁ%ﬁ%&mmﬁﬁﬁAﬁ%,ﬁﬁi%%ﬂ%ﬁ%
GE NGB 58

¢%ﬁﬁ*@ﬁﬂﬁ%i%k$&ﬁ$ﬁ¥‘ﬁﬁﬁ%ﬁ%%%%%ﬂ%ﬂ
%KE%ﬂi,Eﬁﬁﬁﬁmﬁgﬂﬁﬂﬁﬁﬂ%%gﬁﬂiﬂﬁﬁ,ﬂ%ﬁﬁ
SQEH%#E,Nﬁﬁﬁ%ik%%ﬁ%@%ﬁﬁﬁA\§%%ﬁ%,ﬁﬁﬂ



2 1 B E R R B e K

S LR K BUE RGBSR AR S0 . A RIS T R4 TR 5L
SRR S FU R M E AR E TG REWIISERMTEIH . L E Ak E
BUE K98 AR R LR 5 BB AR LK FLHT 8 KK 5 T R SR T AR REAL
AA3 4t RRAS 2 T ALROMIE A2 AL Ak 1 SC RN ES B, 7E X L 50U
KRG R B SCRE AR Bh 0 e RO X 28 TABH S 0058 2% SCiki
Ve 137 EL A SR !
B FAEEACFRIE EPTRR, RS2 4, HOE RS RFEIE!

wmEF
2009. 8



F1E BUEHEAREREHR /1

L1 BEELAHR /1
L2 EAAFERIAR /5
L2.1 FEHHE W RARK /5
1.2.2 BEHETEZHFRIAR /5
1.2.3 FEHAWARARK /6
L2.4 BATRENH G TIK /8
L2.5 EMREFERZWFRARK /8
L3 YWM#HRFHFAENENE /9
L4 HRETEHEAKRETREHZEL /10
RENGE /14
BE X /14
F2EF Ry REREAREWMEWEMEL /22

2.1 BT AHEAKRETEWEL LS /22
2.1.1 RN EEZR /22
2.1.2 EmEHTREEL /28
2.1.3 R%EMRER /36
2.1.4 REEH® /37
2.1.5 ZARFEP /38
2.2 BT RHREREAZWAR /40
2.2.1 Ry RHKREREWEELL /40
2.2.2 BT AHKREFENEHEKE /41




2.2.3 BT EHKETEMNELANE /41
2.3 Ry RHRETENHEARAZER /45
2.3.1 BT RHFREFENEXNH /45
2.3.2 RTIAHMRETEREWEAR /46
2.4 Ry RHREVEECHERR /47
2.5 Ry RHKRETERAMER /49
FENGE /52
2E X /52
FI3FE BUBRHEARENENERGER /54 /

3.1 TEMTERAFELHEN /54

3.2 HITBRMEREMEWIAAKR /55
3.2.1 EHBMEMEZMH /55
3.2.2 BHMAEBMELLENEEX /56
3.2.3 HHBRMERETMENIAFEER /59

3.3 MERMAREREFREMIAAEKE /59
3.3.1 RERERHXEFM /59
3.3.2 ITHERHARKRM /62
3.3.3 RUTMBREFALEFEH T E /67
3.3.4 BRERHARHFENAKAZ /68

KFENGE /69

5EXHk /69

F4E By RHTEAREMEER /72

4.1 ET AHP—THERWHATEHRE /72
4.1.1 A AHP # x &R ERE /72
4.1.2 BT RMEARETENTHER /77
4.2 ATHEE-BHEEFNELTELA /82
4.2.1 FAMBEERHTHERFHNEARE /82
422 ETEUBFNGELTEER /84
4.3 ETHENENELTEHRA /88




4.3.1 AIMEWLHEAEE /88
4.3.2 X TBPHEWLETENZXLASER /91

4.4 ETHMEFHZLTEEE /93

4.4.1 BB FRER @R /94
4.4.2 BYZETEHER /95

RFEMNE /98
SE XM /99

E5E

R RIEXREREHERALNE /101

5.1

5.2

5.3

5.4

5.5

BT LYK ETECERAHHALHEA /101

5.1.1 FEEEAZMMEENE B4 /101

5.1.2 REIREMEEERAANAE /104

My R RETEEERAANGREREN /107
5.2.1 bk AW NEMEK /107

5.2.2 R7 Y ZaEEHNHEMNLIT /112

5.2.3 HAMRFT LWL &FNHNRELI /114
5.2.4 DEAZFRAMGEERFANURXE /116

KT R REFECERAANEHEERFETNE /119
5.3.1 KMy RHKEFEEERAWBZHER /119
5.3.2 MP RHKEFREEERAWE/THE /120
MY RHREFRECEZANALHME LR F % /120
5.4.1 HABHMHEXREME /120

5.4.2 WEZHEBHWL® /121

5.4.3 BT RHKEFEEERAWAL T E /122

BRI REREFEECER G EENS GERSE®RR /125

5.5.1 R AHREFEEERG N BEANH /125
5.5.2 R NMREFECEFELRR /127

RFMNGE /128

2E XH /129




F6E

B RLHTE K RE HE X R

6.1

6.2

6.3

6.4

£18

FHEEABREE /130

6.1.1 #FHRIFHAERSKAE /130
6.1.2 7 HAHAELE /132
6.1.3 FHEIMERXS /134
6.1.4 #FHRIFBEWEE /137
st REFE /141

6.2.1 EHHHMIERIEEER /141
6.2.2 EHHHMEE /142
HERHREKELEF K /144
6.3.1 WtERM#EHR /144

6.3.2 BrmRUFEHEBERLE /149
6.3.3 ZABFHEM /150

B FRELARELRTE /152

6.4.1 FAEFTFRABEFHWREI]T /152

6.4.2 FHRABIEHTE /154

KENE /158
5# Xk /158
R LMBEARENNIBIEER /159

Tal

7.2
7::3

7.4

LEREFNAKEBA /159

.11 FHEMRAYERMERRENMES /159

7.1.2 EHMAKZRL /160

7.1.3 NAFBAZMWEIHE /162

MEAMBRWALELEELAERF /163
ZREEFNARBETERX KSR /165
7.3.1 NAHRBTEMR /165
7.3.2 MARBTMEWEINRSEH /171
BARBINGMES /175
7.4.1 MARBINGEEIMEY /175

/130




7.4.2 BREHEINEMEILE /175
7.4.3 BEMEINEMEI AL R /178
744 BAMEIGAE WIS /180
7.5 HAKRATH /181
7.5.1 BEREATHH—REF /182
7.5.2 EHITHEEF /183
7.6 EEMEAREEF /184
1T AGBEA R HE PAT /187
RENG /187
SH X /188
F8E RULHEAREFRENEERSG /189

8.1 HEREMELCHEBERLMARE /189

8.2 WEREFMERFERERMAN /191
8.2.1 EHREFMERGERERBIMRE /191
8.2.2 HRBWHMREH%E /192

4 8.2.3 #wHEEEN /197

8.3 AATKEMERELEHKA /206
8.3.1 WHMHEEERKA /206
8.3.2 WHEHNMLHA /209
8.3.3 GPSAXRTEEMASL /211

8.4 HIREFMERFEWEE /215

RKENE /215

BEXH /216

FIE KU RHMEARERNERGNNA /217

9.1 &M /217

9.2 mR¥K#®Z /222

9.2.1 FHM/ELERF /222

9.2.2 REFHMAMZAE /222

9.2.3 MERHRHMEKMANETE /229




B# X /235
MRI 1EEHE®EN /236

WRT (EERESRSMNSABATELHRTFRE /238
WRI ABEEAFRFNELRIMLREE /239

RN BiaRSEETRHME /243




CONTENTS

Introduction to early warning of great gas disaster in coal
mines /1

Chapter 1

Section 1.1 Introduction to early warning theory /1

Section 1. 2 Situation of study at home and abroad /5
Section 1. 2.1 Situation of study on early warning mechanism /5
Section 1. 2. 2 Situation of study on early warning indices system /5
Section 1. 2. 3  Situation of study on early warning model /6
Section 1. 2.4  Situation of study on safeguard mechanism /8
Section 1. 2.5  Situation of study on early warning system of gas

disasters /8
Section 1. 3  Existing problems in research /9
Section 1.4 Research significance of great gas disaster early warning in
coal mines /10
Brief summary of the chapter /14
References /14
Chapter 2 Basic theory of great gas disaster early warning in coal
mines /22

Section 2.1 Theoretical basis of great gas disaster early warning in coal
mines /22
Section 2. 1.1 Theory of crisis management /22
Section 2. 1.2 Theory of gas outburst /28
Section 2. 1.3 System non-optimum theory /36
Section 2. 1.4  System cybernetics /37




Section 2. 1.5 Safety science theory /38
Section 2.2 Composition of gas disasters early warning system in coal
mines /40
Section 2. 2.1 Management objects of gas disasters early warning sys-
tem in coal mines /40
Section 2. 2.2  Objective system of gas disasters early warning system
in coal mines /41 ‘
Section 2. 2.3 Basic content of gas disasters early warning system in
coal mines /41
Section 2.3 Mechanism and aims of gas disasters early warning system in
coal mines /45
Section 2. 3.1 Early warning mechanism of gas disasters in coal
mines /45
Section 2.3.2 Aims of gas disasters early warning system in coal
mines /46
Section 2.4  Early warning management system of gas disasters in coal
mines /47
Section 2.5 Requirements for early warning system of gas disasters in coal
mines /49
Brief summary of the chapter /52
References /52
Chapter 3 Early warning indices system of great gas disasters in coal
mines /54

Section 3.1 Principles for establishing early warning indices system /54
Section 3.2 Early warning indices system of gas explosion disasters /55
Section 3. 2.1 Conditions of gas explosion /55
Section 3. 2.2 Influencing factors of gas explosion /56
Section 3. 2.3 Early warning indices system of gas explosion
disasters /59



