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Table 1 Mine accidents and simulation variables in 2021

- “1-110” B “410" = “6:10" E fgm”ﬁ@ “Zﬁ”ﬁ i;ﬁ%ﬁk ;gggf ;g;ﬁf “715" ﬁr@”%
FHFNEFRL RIBKFR KBRS SRS KBRS R T A FOKEFH KT
C Vv Vv Vv vV V Vv Vv
G Vv Vv Vv vV vV
G Vv
L, Vv Vv vV Vv Vv Vv vV V \ Vv
L, Vv v vV vV vV Vv vV Vv 2 Vv
P, Vv v vV vV v % v % v v
P, Vv vV Vv Vv v % v % v v
Py Vv v v v v % v v v
% v v v v % v % vV v
vV
s Vv Vv vV v v




5 6 31

XUPEDy, &5 FETREHLIE A IR A 22 4 A S AR BEE 7 65

xR 1 A IR 2 SR O T R G b, IH9A
SESBUM . AP A T =07 FAR IR R b e &
L . FERE IR B, T TSRO A AR
SRR N ARG B SR R, i AR A 0GR
SO U G -

BRig 1 0 Tl DI e, Milfam
MRS (g, A ), MR HN
z. 1-zo BRIEZ A IRE O T 2 WA T
LA, SEm KU FIRRE ), AR AT ke 4.
T AT 45, TARR A B 2K
0N BRI 3 572375 1 7 £ I B 5 e SY e 1o 5 i
Wfe A P A R BOR | BEA T R B, AT
ORISR R N, BRI .
1=y Al 22 A8 FIAS AR R R R 022 A8 B I
LGRS T2 A P b AT 2, X LA 7= A Ak
$1, AW L% VAR AN T
LA, XA U E A RIEBU R
B AR, A R (R
AWE) BRI x, 1y =07 FARTEZE
FEr e A IR, 25 FIRTE IR R rh AR~

FAEE, ARG IERRE TR

Ri% 2 BUFERE R w,, WSO i
AN Co MR AL, XF BN R A
L.

BRi& 3 AR w,, 4 A
Gy, BUMRA AN, Al BT 3RAT 1) 2 4N
sCy, b s SBURF I LA AN 13 (0<s<1) &
BN S5 AEAER T, A BUF A
s A BUN RIS A PR RO, Ab A4 A 7 BUAL 5]
Pyo BFANE & A BRI A A ™ A A Ak 1A
Py

BiZ4 T LA URAR Wy, T LA
AIEAR Cyo BBED TIERLFR LA =R G, T
SR B — Se i [ ARG e sl 2R AR 5 I
HIRPE O IELL (6>0) , I 6C, F/m K% 24
PR RIMSA . S T A i, Il it
TESTR Py, SHHCRADIBERE R o, 1B
Lo

FEF g 0 = R R R R B (LR
2), ATAHEUR | Ak AT TR BRI s AR

R2 M-I -7 IT=F%fT4EK

Table 2 Government-company-miner tripartite payment matrix

WS L
HIr 2
LR 2 AT (1-2)
W,—C,—sC,—r, W,-C,=sCy—al,—(1-a)r,
By W,=Cytr+sCy—0Cs—r, Wyt(s—1)Cyt(1-a)r,—0Cs—oPy+P;
e ol W,=Cstr, W, +(6-1)Cy—Py—al,
W,—C,=sC,+r, W,—C,=sC,+P,+o(P,~L,)
AEH (1-y) WytsCytP, WytsCy=P+a(Ps=L,)
Hif Wi=(6+1)C; Wi=Cs=o(L,+Ps)
W, W+a(Py=L,)
By W,~Cy=sCs—r, W,=C,=0Cs+Ps—aP,
W,=Cytr, W+0C;~Py~al,
AUt (1) Al
W +P, Wta(Py=L,)
AE (1 -») Wy=P, Wyta(Ps=L,)-P,
W,=(6+1)C, Wy—Cy—=(P5+L,)

L BUF IS BN Uy, A A R B

%N Uy, TN Uy, 3R 2 015
U,=yz(W,—C,—sC,—nr)+
y(1-2)[W-C,=sC,—aL —(1-a)r |+
z(1=y)(W = C =sC, + B)+(1-y)(1-z)-
[W,-C —sC,+a(P,—L)+PR] (1)
U=y, +y(1-z)[ W, +a (P, - L) ]+z(1-y)-
(W +R)+(1=y)(1=2)[ W +a(P-L)] (2)

U =xU,+(1-x)U, =
(x=D[r(z=1) (W —a(L,=B)) -z, +
2(y=1)(R+W)=(y=1)(z=1)(W, -

(Ll —Pz))]—x[yz(cl -W +n +SC2)+

]

—

y=1)(z=1)(C=R=W+sC,+a(L-P))-

y(z=1)(C, =W, +aL +sC,—(a—1)r,)—

2(y=1)(C =R =W +sG,) ] (3)
Al SRR R Uy, AE IR

z



66 7= DA | /A = S 4

2025 4F

Btsh Uy, “FHWEE R Uy, R 2 A1
Uy, =xz(W,-C,+1r+sC,—0C,—r,)+x(1-z)-
[W,+(s-1)C,+(1-a)r —0C,—aP+ P ]+
(I-x)z(W,-C,—-0C, —r, ) +(1-x)(1-2)-
(W,—C,—aP,—0C, +P,); (4)
U,, =xz(W, =B +5sC,)+x(1-z)-
(W, +sC,—P—aP,+aP)+(1-x)z-
(W= R)+(1=x)(1-2)(W,=aP+aR=R): (5)
U,=yUy + (1-y)U,, == ylxz-
(Cz—Wz—r1+r2—sC2+9C3)+
(x—l)(z—l)(Cz—P3—W2+OtP2+9C3)—
z(x=1)(C, =W, +r,+0C,)+x(z—1)-
(P +W,=aP,=0C, +(s=1)C,~(a=1)7)] -
(x=1)(y=D[z(R=W,)=x(z=1)-
(W,—B—aP+aP+sC,)+xz(W,— B+sC,)—
(x=1)(z=1)(R-W,+aP2-aP3)] (6)
AW R B SE R Uy, S5 1Y
B RN Usy, FEMEE N Us, HEE 2 Al15:
Uy=xy (Wt 1= Cy) +x (1= y)[W,—=(1+0) C, ]+
(I=x)y(W,—C, +1r,)+
(=)= )W - (1+0), ] (7)
U32=xy(W3+(9—1)C3—aL2—P3)+
x(l—y)[W3—C3—a(L2+P3):|+
(I-x)y(W,+6C, —aL, - P,)+
(l—x)(l—y)[W3—C3—a(P3+L2)], (8)
U3=zU3]+(1—Z)U32=z{xy(W3—C3+r2)+x(y—l)-
(Co=W+0C; ) +(x=1)(y—-1)[ - (0 +1)C,] -
y (=) (W, = Cy 1 )b+ (z 1) [ (x=1) (y=1)-
(C, =Wy +a(L,+PB))+xy(P-W,+aL, -
(0-1)Cy)= y(x=1)(B -W,+aL,-0C;)-
x(y—l)(C3—W3+a(L2+P3)):|o (9)
gk e =05 B9 S sh A 7 B 9r 5 R Fi(x).
F,(»). Fi(2):

F(x)= S =x(e-n[0-2)((r-1)R+
wi+G =R +ay(P-r))] (10)
E(y)=i—f=y(y—1)[cz ~R+60C, +
z(r,—axn)+(a—1)((1-z) R +x1) ] (11)

ﬂ(z):%:z(z—l)[a(Lz+F§)—9C3+

y((1=a) P +(x=1)Cy+1)] (12)

HFx.y. ze[0, 1], 1-x, 1-y, 1z ¥ REREL,

AN s A s, PRI IS (10) ~ (12)
itk Ay

F(x)= T =+ (1-2)((-1) B +

w+G =R +ay(P-r))] (13)
_dy_ _ _
Fz(y)—dt y[C2 B+0C, +z(r,—axn)+
(@=1)((1=2) P +x7) ] (14)
d
F3(z)=d—j=z[a(L2+PS)—9C3+
y((l—a)P3+(x—l)C3+r2]o (15)

2 FEEAIEFEEGE
2.1 =FHHEEm

P, UM A AT T AR IR R A
Bk, =5 FAGESR A SRR, MA107 T A ] b
Gz BVF 2 HA R MBR R . 0 T 4EH:
TOREIE T, THLESE O HLR X 2 4 A il i 52
M 2wk P ok, AR SO R TR A=
LI E RS RE (L (16) ~ (18) ) 1,
AR

dx(t)=[ay(B—nr)+yi+C-R+(1-2)
(v=1)R)]x()dt+ox(r)do(r):  (16)
dy(t)= [Cz —B+0C, +z(r,—axn)+
(a—l)((l—z)P3+xr1)]y(t)dt+0'y(t)dw(t), (17)
dz(t)=[a(L,+PB)-0C,+y((1-a) P, +
(x=1)Cy+n)]|z(r)dt+oz(r)da(r)e  (18)
2 (16) ~ (18) H: w() H—4Ef\Ikr1E Brown i3,
Brown iz gifffiiR T FEHL THLAEE ALt By 2 5 F2 0K
sz U do®) NI ; o PSR,
Htt: A(o(rhy-o() IAESAN (0, h).

X (16) ~ (18) FRm—LEmBEHLR s ",
SMNFOREUN | L T T Az B RENLAE B Y s Ak
22 HERIRTEES R

fii 15 =0 Sy = J5 T8 Ak 5 W 1 ) 4G i 20, it
x(0)=0, 1(0)=0, z(0)=0, BiAg

Ii(l—z)((y—l)P1 +yr+C —P+
ay(P2—iq))]-0+0'x(t)da)(t)=0’ (19)



5 6 31

XD, 45 ZETREPLEAL IR AR 22 A A R A P 5 67

[C, =R +0C, +z(r,—axn)+(a—1)-
((1-2)P+x1)]- 0+oy(r)dew()=0, (20)
[a(L,+P)-0C,+y((1-a)P,+
(x=1)C,+1,)]-0+0z2(t)dw(r)=0-  (21)
R (19) ~ (21) H1, do(r)|=0'(1)d?| =0
TIRRAAEZ SR . TR NI REPLTI0T , T
HRER . PR (16) ~ (18) FsEthry ik

ML DT RERRENE I E B B edh e — I REAL
o IR

dx()=1(2, x(¢))de+g(1, x(¢))do(t), x(1,)=x,.

B8 x(t)=x(t, x0) 2y de(e) WIS, FFH x(0). At x).
g(t, x) Jbnhte (BB E— I IERYE S R EL V2, x) Al
E%ﬁcl\ Gy, /fﬁii’fﬁ“‘

alxP<V(t, x)<c,| x|, =0, (22)
MLy, HARLV (1, x)<—yV(1, x), =0,
WsRE (12) WA p BraamfsEce e B
E’x(t, xo)‘p<(c2/cl)]x0|p e, =0, (23)
FER (16) ~(18) 1, 4 V(t, )=x(1), V1, )=0(0),
M, 2)=z(f), x. y. ze[0, 1], ¢;=c,=1, p=1, y=0, A[{5.
LV (e, x)=f (1, x)=x[ay(B —1)+
m+C=B+(1-z)((»-DR)]  (24)
LV(t, y)=f(t, y)=y[C, - B +6C, +
2(— o) +a-1)((1=2) Bt ) . (25)
LV(z, y)=f(z, y)=z[a(L,+P)-0C, +
y((1=a)P+(x-1)C,+15)].  (26)
FRERE , 2T 2
P-r)+y+C =R+
(1-2)[(y-) R J}<-x (27)
y{C, =B +0C,+z(
(a=1)[(1-2) B +x5, [}<-y, (28)
z[a(L,+R)-0C,+y((1-a) P, +
(x—l)C3+r2)]$—zo (29)
%Zz(y—ylr;;flaylz;zl—n)
(P,-ry) # O BF, J5FE (16) FIEMIMETRERE .
P(a=1)(1-z)=(1+0)C, + B —zr, —1
nla(l-z)-1]
rla(1=2)=11>0 i, J5#E (17) PFMHETEERRE o

x{ay

r,—axn)+

+1, H (-1)P+ay

Wxs

oc(L2 +P3)—0C3 -1
\(x—l)C3 +(l-a) P +r,
o) P, <0 BF, J5fe (18) MM FEERRE -

2L (16) ~ (18) Fom—LE Ry FEHLI Y I i

RE IR AR, S5G oI 2E0y i H st m ool
fﬁ/ﬁr“ﬂﬁﬁ/zt PR T HS . 2% Zhu C. P,
26 UV i, PR Milstein 7y % 5 R ib A 7R /i
B R R R IF . 4 te (1, T,
h=(T-t))/N, t=tytnh, W= (16) MBEYLZE #) & IT
Wl

F(t) -

N4

, H @-DCH+(1-

(0410 (3(0,) R (x(0,)
LLg(x(t,)+LL" f(x(z,))+R.  (30)
é[( -]
13:%;12; leg(x)aa—x; L“=f(x);—x+%g2(x)%o
AT
$(t,)=x(1) +hf((1)) + 8, (x(1)) + 3 (A0, ]
¢/ (x(0,) g (x(1,))+ 31 £ ((1,)) £ (x(5,))+
%gz (x(1.)) /" (x(1,) ]+ R (31)
Ht, ﬂm ﬁmﬂHI%$%%ﬁﬁﬁ
x(t,,)=x +h[1 z) y )P +yn+C—-FR+ay.
(R=))Jx()+ d0,0x(1,) 5] (80, =]

0'2x(tn)+%h2 |:(1—z)((y—l)P1 +yr+C, —

A RNFAIG I=h; [=Aow,; 1=

R+ay(B-n))] x(1,)+R, (32)
y(t,n)=y(t,)+h[C,—B+0C, +z(r,—axn)+(a—1)-
((1=2) Pt [y (1, 00,0 1)+ (A0, Y= ]
awog+%nqq-g+9q+z@;amg+
(a=1)((1=2)R+x)] »(z,) + R (33)
z(t,)=z(t,)+hla (L, +R)-0C,+y((1-a) P +
(=1)Cy+5)](0,)+ A0,02(1,) + 2] (A0, )=
h]o-zz(t")+%h2 [a(L,+P)=0C,+y((1-a) P, +
(x=1)C,+5)] 2(,) +Re (34)
K (16) ~ (18) HF Milstein J5 1k 1] LK R N

H(32)~(34) .



68 7= DA | /A = S 4

2025 4F

3 HEt&Eil

X (16) ~ (18) iz H Matlab JE1 7 EAS S,
A3H T AHSESEOG AL R, SR A
E TR SBBMWIRME: x==2=0.5, C=0.6, C,=0.3,
C=02, L~=0.3, P=03, P,=0.25, P,=0.1, r=0.2,
r=0.1, s=0.3, a=0.05, 6=0.2, ¢=0.5,

3.1 EBERERMESH

W BEHLIE s i 5B 0=0, 0.5, 1.0, 2.0, 435
b/ 7 N 31505 R 7 e 111510 R 7 v ' 5 7 8
FASZE A 1 IR, APEAR R BERLE S BB T
SR AR E AR T R R 2 . YRl
FLTHENERNAEZ RS, BUMAE T RS R Lk
AR, ELTIEN T, S S5&BmT (IS,

ANEW . adrm) o R lanfd, 24 e=0I, B
IS R A T P MR A SR, I A BB 35 BUR Y
RGN, IR TR IR I A2 A 7 1 R
etk o BEHLTHEMREN BT, RGEISIGHE B S
Z . MIHEHL TR, REBPGERIZ IS NTE
R FEHLTAREARET, & 5ETHER KA [k
FIPHRIRES . BEE TG, 2 55z S
WS YL TG R, AR R GRE n,
WA= S S5E BT ORES  AEHE L BRE™ ).
TER TS, &I B LA o A
WEE IR S AE, BUN . k. 77 T =J7 R L
4, BUNRTERAL T S I, FERENL TP AR GY
1 A o e = o 7 I 2 S = | T B 7 W1 B3
Eiop Al

rrrrrr o=0
——0=0.5;
—o0=1.0
—0=2.0,
4 8
time
a) UM

b) Al

B 1 BENFHREN=AEEEEZmEEE

Fig. 1 Stochastic disturbance intensity tripartite subject evolutionary effects

32 BREZMSH

R AT BUR 2 AERLH A A 1A A )
o, TE25EWIREEER (x(0)=0.5, »(0)=0.5,
2(0)=0.5) MFEBLE, A%t P WRAE, X RGLHE
TR . TCRENL T PR, ARG A A
K2, K3 s, ZECHIETH, AEAE T

1.2

L (R — P=0.1;
: — [’]:0.3:
0.3-\ —— P =05,
= 0.61 N
oal g SPRT SN,
0.2
0] I L s
1086420 2 4 6 8 10
time
a) flk
12 P=0.1
1of T AT =03
o8l —P=05.
n 0.6
I
0.4f
0.2+
0 U T S 1 L L L
108 642 2 4 6 8 10
time
b) 7T

B2 BAESEKHER
Fig. 2 Simulation diagram of government punishment
policy evolution

1.2
FFH Ft — =0l
1.0 it e r=03;
0.8l ——r=0.5,
= 06f 1348
Y=
Sy
0.2r “\\ 4693 X6.044
N - 70 - [rooos
1086420 2 4 6 8 10
time
a) fnll
N
0.81
w 0.6
0.4r
0.2f
0 1 1 11 1 1 1 1
1086420 2 4 6 8 10
time
b) & T

3 BURRENERUHEE

Fig. 3 Evolutionary impact of government incentives

mE 2a s, AR, %4 P=0.1 0, Ml
ASPINER (v) B 0.53, RS ML ZE TH’E
0; 4 P=0.5 ], 7E =531 B ZIE Sk 0 ik
T TEAESIE R T, it m A, H
FESTRRRE I, bk TR . SEnser
b 2B RS, AR A BEAR AR B A ] F AN 7



5 6 31

XUPEDy, &5 FETREHLIE A IR A 22 4 A S AR BEE 7 69

YA BUM RIS TP RS R, TR T
LR, AR, YRAT R Z M,
Al e A5 PR A ARSI R B AE . B A 3a A2
AL, FETREFLTHL T, Al 248 B2 2 il 5 mi
ANo STHATEIFTAL, 4 r=0.1 BF, b 24 P2
ki 048, MFHZ TRHFEZE 0. 24 r=0.50F, 7
=4.69 B PR 2 0, JFikBIRa e, EREILTIE TR,
BRI il A TR BRI ANA] . Al S fA
R FATF R AT, SJil5m AN s £l S e
IR MR TR, 4 o 2 I 55 Aol 28 4 H
I, FESREES SRS . EEAEINL,

Hi & 2b ZE AT AL, 6 T LA 2 BN AR A 52
W, ERABENLTIRT , BUMSAEH A B
Fo Tk, 2T, HE, 4 P=018, 71
LR W (2) B2 EANE, h0.42; P=03Hf,
£ =5.61 Bf z ikt fE, 4 0.83. WA 3b A7 [&l, i
RARATE, M r=03 0, B LRk E
HAIGE, M 0.49, MEEHE T REFEAIA; 24 r,=0.5 B},
fE =839 i}, z=1, WEH T L8477, MFa T,
R R A Ml 2 A A SR e PR i 2y, XEDAAR:
FE, HRSRSREFAET . 0 Tz A S A%
F7, BRI IR R T
33 NREZISHT

R AT A M S AEAL X Aol A T AE A R
HISEI, 43 A% Pyy ey WRAE, XF R GEIEAT A TCREHL
T, REEibEAuE 4 fs pion, AERE
T, HENA T

1.2

Lol BT HT R I
— P=0.10

0.8r ——P=0.30,

LR VX0 ——
0-4/—\
0.2r X5
1086420 2 4 8 10
time

12
1.0f
0.8

qué-\\

047‘;

025 a4t

T

b) # T
4 fAIENRUGEE
Fig. 4 Simulation diagram of corporate punishment

system evolution

12
Lol T AT — r=005;
. — r,=0.10;
0.8+ — 1,=0.30,
0.6} [rosis
0 X
0.2 / =
0 . )\0(2)(7)1]
1086420 2 4 6 8 10
time
a) il
1.2
1.0r
0.8
[ 06:““‘%‘
04 7‘>
0.2¢ N
JFHh
0 PR TR I 1 1 1
1086420 2 4 6 8 10
time
b) H L

s R EHEE
Fig. 5 Simulation diagram of enterprise reward system

evolution

A 4a Z£EH, TTIET, S HRE 54
FHEADG, SR, MK 4a fEATHL, #hk
AR SN/, TE =528 BIAFIFAE, Al
AT RS, WE Safy, 24 r,=0.30 K, y{EikZ
e, O 0.48, UL Y SR IS AR 1Y) . S
WAL BT TRAEL R AMZ A, (HH [ B
VERENZ WAL 50 . IR, e T
RIESW S H, MY, ARk
L LEIMER, 2 IF RIS, e,
RS AR, ISR, B AR
PUFTF S s

HiEl sb AR AT, JCREHL TR T, 0 14K
- B 2 Jah AAE ST B 3G I B . A T AT Y =
0.10 B, z {H7E =4.63 B} ZIJ5 B B e fi; 24 7,=0.3
W, z fA7E =4.65 B 25 iR Bk, /7 L F ks
LR TR (7,=0.05) , W L2424
RAH 0.5, ULIH LA T AP R A . 2425
HmE] 0.1 B, W TRCPIR B A T IR IR
{REET )G X2 E i g, G 2 0.3 B, &1
KRN I RERENE , (PR RS AR ALK
(S A 1) B 1 R 7 Y SN R € 26 (77 E R
NS YRS TR R, A T e
IR Eh 11

i 4b AR AT, 24 P=0.1 B, z {H7E 5.61
BHAEIRR R, EXBBI NG TR L 2™, Y
P=0.3 i, z {H7E =8.40 A ZIik B E @i, M 0.96,
W e P iR i . TEA FRE N, &1



70 oM Tl K

E

2025 4F

MR, BT TR R REE AR (R
ARG ST 5715 e T St & i g v [ SV ch s
TEARIEST I (P=0.05) , " TR a4 R
IRZAE 0.5 e s, B 1% A B h iglek, %
e S 5 e o Al AR AL,
SETTR™ T3 AR ASG P2 A P A . BORF s
XRER Al A5 B ER , PRIBEE 2 AR TR E 565
G BSETE TRIGHLM, Al 4R w2 A tE 2200 |
ferEE A, FEMUEMMER . HRIEGIE RG],
RSN FA N T2 e P NS, SR 225
BRI A A

4 8

ASCGE SIS AR, M TBUF . Al
A" T2 5 2 4 A HE AL AL T ZR AR Y, I il ]
Matlab XA IEAT 5 FARA . P58 A BE -

1) BENL TR T2 58 B, AR T E
A WA T, BT B
XFRGEHAL ™ A SR, AR AR R Al B 1
TR R G E, (RS PUA R RAS

2) K-S 5H MRS PR AN R B 2SR AN
AL TR AR X Al SRS L (RS2 R AN

3) BB SRmS ERE S AR E  U, TEiR
TSR T BORI, S 2586 T, AR R
K RTTRBOR

SH LR

(1] B2 4 . 2023 4F 56T 42 4F 45803 &L [EB/OL].
(2023-12-27) . https://www.mkagq.org/htm1/2023/12/27/
676496.shtml.

Coal Mine Safety Net. Summary of Coal Mine Accidents
Throughout the Year 2023[EB/OL]. (2023-12-27) .
https://www.mkaq.org/html/2023/12/27/676496.shtml.

21 & =, W A, W, 45 . £T Moran I FEAIH"

B EAT AT AT [1]. RE TR, 2023,
38(4): 474-486.
YANG Xue, TIAN Yang, CHAI Ruirui, et al.
Punishment Mechanism for Miners’ Violation Behaviors
Based on Moran Process[J]. Journal of Systems
Engineering, 2023, 38(4): 474-486.

3] MWeis, s . BT RS EIS RS TZ 21T
AL TSR ()] AR LR B A, 2023, 20(6): 61—
68.

YANG Xiaojuan, HE Yaoyu. Evolutionary Game
of Coal Miners’ Safety Behavior Based on Prospect
Theory[J]. Journal of North China Institute of Science and

(4]

(3]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

Technology, 2023, 20(6): 61-68.
LIUQL, LI X C, MENG X F. Effectiveness Research
on the Multi-Player Evolutionary Game of Coal-
Mine Safety Regulation in China Based on System
Dynamics|[J]. Safety Science, 2019, 111: 224-233.
FOFH, B O, SRR, AR SRl SR X TR
BN L AT R SD ff ELFFE [J]. &4,
2023, 54(6): 255-259.
WANG Li, YANG Shuai, ZHANG Chenggang, et al.
SD Simulation Study on Influence of Incentive Strategy
on Active Safety Behavior of Miner Groups[J]. Safety in
Coal Mines, 2023, 54(6): 255-259.
YU K, ZHOU L J, CAO Q G, et al. Evolutionary
Game Research on Symmetry of Workers’ Behavior in
Coal Mine Enterprises[J]. Symmetry, 2019, 11(2):
156.
ZHANG Y, WANG S X, YAOJT, etal The Impact
of Behavior Safety Management System on Coal
Mine Work Safety: A System Dynamics Model of
Quadripartite Evolutionary Game[J]. Resources Policy,
2023, 82: 103497.
XUY, YUBH, WANG Y T, et al. A Stochastic
Evolutionary Game Perspective on the Stability of
Strategic Alliances Against External Opportunism[J].
Journal of Systems Science and Complexity, 2015,
28(4): 978-996.
SHAN S N, ZHANG Z C, JIWY, et al. Analysis
of Collaborative Urban Public Crisis Governance
in Complex System: A Multi-Agent Stochastic
Evolutionary Game Approach[J]. Sustainable Cities and
Society, 2023, 91: 104418.
AR, AT W, WO TRV A IR Y A
AL AE K R 22 MR A BRAR I 5T (0. v A PR
2021, 29(10): 191-201.
LI Junqiang, REN Hao, ZHEN lJie. Stochastic
Evolutionary Game Analysis of Multiple Supervision
Paths of Enterprise R & D Manipulation[J]. Chinese
Journal of Management Science, 2021, 29(10): 191-
201.
SIRGHI N, NEAMTU M. Dynamics of Deterministic
and Stochastic Evolutionary Games with Multiple
Delays[J]. International Journal of Bifurcation and
Chaos, 2013, 23(7): 1350122.
FoE A G E] L E R A AR A A 2021
AF 4 [ 1 g+ R i 7 5 ) [EB/OL). (2022
01-20) . https://www.chinamine-safety.gov.cn/xw/
mkaqjcxw/202201/t20220120_407003.shtml.
Accident Investigation and Statistics Division. State
Mine Safety Supervision Bureau Announced the Top 10
Typical Cases of National Mine Accidents in 2021[EB/OL].
(F#% 96 1)



