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Abstract

Abstract: Introducing the concept of function into traditional object Petri net, a new evaluation model of
ecosystem vulnerability named object-function Petri net model (OFPNEM) was put forward. The
facilitating and suppressing factors of the ecosystem degradation were analyzed in this evaluation model.
Trigger conditions of vulnerability were depicted as transitions and the state of ecosystem in the process
of change were depicted as object places. Logical causality of environmental degradation could be
represented directly. Furthermore, evaluation model on the vulnerability of mining area ecosystem based
on object-function Petri net was proposed. Through object-function Petri net, combining the rules of
model, a reasoning algorithm was posed. The effectiveness of the algorithm was verified by experiment.
Dynamic changes in the process of ecosystem degradation were taken into evaluation so that a closer
ecosystem description to reality could be made.
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Abstract: Introducing the concept of function into traditional object Petri net, a new evaluation model of
ecosystem vulnerability named object-function Petri net model (OFPNEM) was put forward. The
facilitating and suppressing factors of the ecosystem degradation were analyzed in this evaluation model.
Trigger conditions of vulnerability were depicted as transitions and the state of ecosystem in the process
of change were depicted as object places. Logical causality of environmental degradation could be
represented directly. Furthermore, evaluation model on the vulnerability of mining area ecosystem based
on object-function Petri net was proposed. Through object-function Petri net, combining the rules of
model, a reasoning algorithm was posed. The effectiveness of the algorithm was verified by experiment.
Dynamic changes in the process of ecosystem degradation were taken into evaluation so that a closer
ecosystem description to reality could be made.

Keywords: object-function; Petri net; vulnerability evaluation modeling; dynamic changes

5= & SRR B . N AR ACE 3R m
f T BRI LA S R . SR, AERT T B R
REA . AN BEIF AFIA FH B A2, B X5 1)
Wi F 9 2016-06-03 51 F 351: 2016-07-19; EEMEEE TR, AEREELEWN, FFHI
REE&WH: BE WA AR 2E TR 4

fEF T HEWA991-), &, BeFEvEe, 44, ot A 7 A2 | e ASEA R il P
RN &G4, RADEL HOER(1964-), AR ROV RIS R AR B

W, W, ML, R WS, BROTRNEL R KIRNHTE . HER. THE. SR, K. B
Heaids, RO

http: // www.china-simulation.com

* 1681 »

Published by Journal of System Simulation, 2018



Journal of System Simulation, Vol. 30 [2018], Iss. 5, Art. 8

$30 B 5 M
2018 4F'5 H

H) BTGB ISR, BES2 NI B2,
SR NI LA (R FEREY, A BT 7 T
R T PR I T DA A IR ) RBLREA TR, AR
Bty DL IO RFER A

PLR LI RPN A RS ATY, BR8E
SR O K S HEEAR T4, 20 b4 70 4
FRUAR, VP2 538 WA A BERIR AR IRV T RS &
GEME S 1 DL, NN UG M AR RS
REMIEARBHU . HAT, e X AES RGNS
PR 5 T R AT R 22 AT o SCRR[10-12173 51 W H
PRI M RIS R VPRI E f b
R, FIHERETREER GIS 2 s iH . XLk
BREJE S RGNEIS TEPF IR R, (HLEA

Wi PRI IOR, e LA 0 S - FR AR AE VP AR &R T )
DURRAIEE LR 56 W BEIIT RO PR3 1
FRISEM & AN BAZA IR, ARSI R %
R S i) 22 1) 95 5 T 350 Ak T3t s AR AR,
KA UL M DL AR S R GRS AR . SR
[14]F B 25 G VAN, R AEZPE I PP 18 etk
TGS, (U B PR 5 BB PR 2= 0
W &l R e AR BN R BN s SR 151458
Uity 1= A0 AR R BOE ] P 255 PEAN V00 -
DX AEASIABE MG 99 1 VPO (5 B 5 RORA P, (H
PIARIR WA FHJZ o Bt g SRR B R 2 STk
[16-1814E T FOUA a2, $#-H THAE “HJi-4R
AN PR HESE, AEAR KRR B T AR
ZGEH B 5 P R ILRPIRAS s DS & T K )
—HJa R RIS TR BEE R IR AN R A RS
AL R RS FE

AICAEZE 8 LA B AN SRR (R Al L, 42t — A
PO IRPB 7 X R 2 Petri W, FHIZITV00 AT
DA RGNE 59 HEUEAT 0 BT A, ST T o A
PRI ALY, BIR™ X AR 2 28 G0 M 59 1 1056 5 o
Petri ™ ¥ 4 #& % (Object-function Petri Net

ARG HAR

Journal of System Simulation

Vol. 30 No. 5
May, 2018

Evaluation Model, OFPNEM). Z VP AR U~
BB At

D) WA LEITHEIE, B R T 0
N A DR 3068 I 55 1k VP A5 5 FH 80 AL 5 i

2) S5 ok L Petri RETH W (04298 LH AT 7™ %
I R 35 3 AR 2 8] ()32 48 DR 2R G
R, EEIITEESRGMIINE;

3) R REL Petri P )AL A Rt ok T AR
RGP &N R BEIN (] B A2 A 7

4) ARGV R B 59 PERFE PR A
7], AR e AT R B X A5 0] B 1 AN [FAREAE 32 HX

ARGV HEER, R 25 RYCNESS e P B S Ay
ERE S

5) PR A T RO E S R G

1 T RESRGEMS EITMEE
JRE

1.1 X EE Petri WP EERLF

B XA S R GG 59 M (3 5 R 5L Petri 19
PP AR REOT A B R BUER R
GEAWEEAIX — IR BAT QN A

D) FASCEZWI 7 IO AL Xt
ASIETIR A A IE B, BE RO AR 2SR BT i
RN R PR 35, SN A% % He AR 2 W 2R H 14
IR R, I — RS XA R G 55 L L2 g
PERFAL, Bt AAS S 255 PR 2 AR G AU AaE A
XSRS W7 A2 RGeS TR AL A
XS EREAT VR

2) WA X A RGN 5 LI H (0 AE 42 30
FEASHECEA MR R R R, NP X
EARRZ BRI eSS KT BEYE. 1T Petri M fiE
o AR B AR b I AN AEOBE IR AT BL R AR
NN SE PERIE R RE DT IF HLRER RSB I
IR P W e H ks

3) M 55 A T REE R I — AN i) o 251,
FAKEEALSE Petri MICIAIIR B RGMBIAAL

http: // www.china-simulation.com
+ 1682«

https://dc-china-simulation.researchcommons.org/journal/vol30/iss5/8
DOI: 10.16182/j.issn1004731x.joss.201805008



Jia and Huang: Evaluation Model on the Vulnerability of Mining Area Ecosystem Ba

5530 55 5
2018 4F 5 H

. SEAESE Petri M GIAXT S REL, A
B RN Aghemi P I )4 d e SO TR R e
I ) 1 R K, SR R0 B R U, AR
GEP AR IR HAS B 55— IR SE L
TR GR JE A AS T BB

R LLEEE, ASCRX R KL Petri 9N Z]
LERRGNEIIEE O, S th AR SRS Y
(BT 735 R IX A2 25 R G i 55 1 PR 56 52 bR 4K Petr
BIPEHT AT

1.2 W& ERE Petri WIFA RS B

ASCALE X B R Petri WX ES RGN 591
BTV . 7EARSE Petri MBI NI S A%, FHT
& SUN B RAL Petri M.

EX L PETR. BT Petri M T AT
RS RIHIE, il B RGOS PR
Ao BRIl < A, F,0>, . A4 2k
R R M B F ez R e ik
PR, PRGN TR R JE A R R 0 2
TR B AR . JriE R g .

EX 2 @M JE AR T EIR
AfEE A=<sta_att,dyn att>, UEFAEIERN
A A

A B YE sta_att IR 178 Fr 2 0 [ BRI 464K
MMEEWI, SR, RIS 6)
AT R T KA TR ER, i G A TS B
i I T KA BRI WIAARE RN AR L),
ZEAE ISR EITRAEVIIRIRES T B RIE B
BAJEYE dyn_att B R fid A S5 AN W BE B )
B BARME, EAESRAE S, FAHNAST#
ik, P RS i A RE IR 5 2 R ORI B s
BT RO (B, H R KA FRETIAR, BRI AR
DL G55 BE (VD) ¥ 25 FHAH . (1) 7325 R B )

EX 3 JNIERE JTERELF R T
s R AR R SEEAT N, B xS @t A4
R s AJEYE dyn att N—ASIREE B 25—
AR ERAEE RS I TR 1 R £

S, A TR AR GG P R0 B B Petri W PP A AR

Vol. 30 No. 5
May, 2018

EX 4 HEm L. wEEm oy o=
< positive, negative > & X J& 1t HE F1 7 12 ki £ 1k
IE Sk (4R . positive 7R BT i) JE M4
HITVERREON AL RGOEAGHE IE e B EH, RIE™
PRI R T R BN AR R G AR AL, 2
ERRGIHEA B IEBURER AL, HffS “+7 &
N o NSO N A ZRGE T T AN B T 1) B AT U
5 negative RN 1K JB8 TEAE RN T v R A0
AR RGERAE S E I, RS RGAED ™
TE R B 77 A B AN R 5% 0 v b 52 B A ) 5 Wi
MIRES), RS RGN B IEE N VEAAIL, HAF
T RoR e AT TR B R S B A i
N, BRI T BAT N O e R DhRg.

SEX 5 AL AILHAE Petri 9 P A7 AR 1T
TS, ETEREL Petri I REEET RS
BB R . e = ondl
<TH,V,T >, i, TH 28 25IT 2 BT
AR, B IE ) AR A AR A Jn) AR A A
TH =<TH",TH™ >, — %% v AT
R A T IR H AR [P 2RAL

EX 6 AWM A KA, RITHF LM
T=<relevant T,irrelevant T>, WHEAH AT AIAE
FHRAR T A

AHRAZIT relevant T, BIEERT N AT—IRA&ARLL
FE—RE, HRITEFMR, EAESRGHH®
PSR R R 7 N R 37 NN PR Y 1< B S 3 G
relevant T=<rand T, fixed T>, @$GHIHLAZITAN[H
EEARIE . BENLARIE rand T, BPARMGE—23 451
AT BB B — I R R ARIT, fEAES R G
IR A ASIAEE (R AR IR 1 BRLEAT B LA E 17 5
FEAHARIT fixed T /&l FARIT ) — M, 1% FE NI
— [ IE, (R4S RGE DRl o A A A EE ()AL
(PAMA A MU=, fixed_Te(0,1).

A SLARIT irrelevant T, BIZERT BT IR
BB G —IRE, BATHELR, EESRG T
FIR Sy 5 [ AR AR BRI A AL

http: // www.china-simulation.com

* 1683 ¢

Published by Journal of System Simulation, 2018



Journal of System Simulation, Vol. 30 [2018], Iss. 5, Art. 8

%530 %2 5 ) E R Vol. 30 No. 5
2018 45 1 Journal of System Simulation May, 2018
RNEARE MEISEAN sy N,
2 BIRAESRANT TR o -¥4p 00 5
j=1

2.1 EFRGMETEEIIE X

2 R GENE 55 P R G AE T I A0 A g A
TH(EFE NGB T W] e B8ORS0 440 58
TR ) — AN o AR SCAE D) 132 K ] A A ST ik
MIEEA b, Z5E X R REL Petri PO IX A8 R SE
JE TR E 55 B AT 40T g o

EX T PEFTAKNESSEE(VD) . BT EIESS E VD
AU < S, D>, BT T RS AT
VSETT R Pty RIS E, B 58 177 B
TERAE SRR, XHERE T RS RGN
SR RE ST . S AT RO B IR R
(Sensitivity), H TVl B RIGI AS R
GO AT RUHBIATRRE s D 0715 KO0 BRI I
(aDaptation), H TVl AESIEERIRE 6E ). J5EPT
KMESIRE VD {EXT B REL Petri W, JEIXATRIT)
—ANEMEAE, HAHE TR X B R AL Petri M
JE T 2R ORI 5 3 W L 1) 5 PR K, 2 100 B
(1 —ANTJ7 ik R

FRAE LA L5 S, WIS PR FIT R Lo B4 i i
WagsBe, Tk h:

VD, =S; - D, (D

KA LA P , 5—HorA “ Uk
P S7, R T BRI RGBT A A R G R
MIBBARERE . BR800 “IE Nk D7, e 74
ARG BT UKL RE T o BURE A 12 2 vt
G LT AR A AR T ) Bhas Ja MR s, v
=R AR,

Np
S;i=Y ;P47 (1) )
j=1
X oy WPEFTEHRES i AN ST B j A

IE 1] JE PE AU s Np o S r (0 1 1o Jes 1 RS2
AT () H S REPT P AE ¢ WZIARBCIR A B A

ks 3R T G B T AR R A A
A BRI IER, THEAXWmXG) R,

A By MEEFTR IS § AR R IS j A
B0 JE AR s No Xt S it i n) J& PR 1)
AL HA, N+ No =N A7 (0) AR PERT Py
1E ¢ B ZI AR B P R

2.2 TS RE Petri P EAR 715

KNG EL Petri WX = B IR TFRAE s BT
FEE ST A AT AL HRAE T2
FEUESHECRA IR SR . Petri 9%
FIT i RERRRT R BT AE IG5 RAS, REREE S 2
AR ARITFRTRFEM R SRR A, AR
I B AR A BE 5 AT A 2 B o A

EX 8 X% k4L Petri W OFPN =< P, A, F,IA,
OA,D,V, fire >

1) P={P),B, P, Py} XGRS 4k,
JRNZHIA LS P R EPERIER @ ANSepiie
X5, M FRTRIEFTRSEBIAR R A4

2) A={P).Ay,Py A, Py Ay, B.4,P. 45, -,
P.Aj, Py Ay} 7T T RSB S 1) J 14
P A; FoRFETN % Py EIEYE 45, N XS E
PERIA L

3) F={P.F,P.Fy,,P.F;-,Py.Fy} ZPET
FEIAFIXF G 10 7 5 bR B AT BRAE s PLFy 2R
Pt % P LHITTEREL Fyy J7 U F E)AS
JEYEAE 4 — XN, AT R SG, PuF; X
P A ¥ X (4 AT RS TR,

B.F; =

{P.A'(t)| P.A(t+1)=P.A" (1) + AP.A" (¢ +1)}

Fru = positive (4)

{P.A'(t)| P.A!(t+1)= P.A" (1)~ AP.A (t+1)}

#7u =negative
K ARA(tHD)=v; - PA; -y 0, » vy WARITH,
P;.A=dyn.

4) IA={0,} AT NINEE 0y Ros T
pi BRI 4 13K

5) OA={y;;} &AL HINER, 9y Fos NASIT

http: // www.china-simulation.com
+ 1684 «

https://dc-china-simulation.researchcommons.org/journal/vol30/iss5/8
DOI: 10.16182/j.issn1004731x.joss.201805008



Jia and Huang: Evaluation Model on the Vulnerability of Mining Area Ecosystem Ba

5530 55 5
2018 4F 5 H

4 BIEFT p; 13

6) D={dy.d,.d . dy,-d d dy.dy} =&
—ANHBURYE S;v G RE D 4 5 A E ) AR 2 B
TH 01 A5 B TH AL AT 408 T
£&. |DEP|, di5 pi—— XN, KHARITMMK
Sl BT B d S, > TH , W =7
TERAT N C& TR AR ), A3
RGP AR T B 5 R ASIT AR5 1715
A, BT d D, < TH- VTR 7 Y 5F
AT TS BB R I P AL R 48l L T B B
Mgt EBRGEIHAFT B 515 5L

T) V=05 Vor> s Vij> s Vaaw } AL, v
FORPEFT RN ER § A S SR j A E P AL
LA, HUE M E X 6,

0 Jf;=irrelevant_T
v; =1C 1y =fixed_T 5)
N(O0,1) ,t;=rand_T

8) fire={firey, fire,,, -, fire;,---, firey } & %
LA A s fires 5 dp —— XV A7
fire=on, WIARIEMEHC A, FLHMN—PEFTRE
BN N —APERIG: 5 fire=off, WAL ARYHK,

FEE AR
on #S,>TH; or D, <TH;
fire; = (6)

off , otherwise

3 RRBRERN R

ARG R EL Petri (AT R KA LA
W 1(a). (b)s (c), K 1(d)~ ()73 %A positive.
negative J&PEMI il F 41808 .

—i (2777772
(b) FEHEET  (c) BEHLAEIT

(a) FFAHRARE

+ —

— [
(d) positive J& (e) negative J& %
K1 W5 E Petri MR R ER R

Fig. 1 Type of transition in the object function Petri net

EBRRGUBACN R KR Petri WHPA7AE 3

S, A TR AR GG P R0 B B Petri W PP A AR

Vol. 30 No. 5
May, 2018

FRHERERL], 552 S 6 TR IS R AR DG ARIT
] 52 (AT BEALAST S 3 Fhor X ——XF . B
& SLUNR

1) ¥ 1 IF P, THEN P, AND P; AND P,
AND"*AND P,,, JEXAbdiiR & 2 fros.

class P, P A (t+1
{positive A} dilIF S>THT [ —{oop’ Aiil
negative 4; T Vel | -

F A% 04| v 544

F Ay) dit[IF S<TH,] —{>°
F VDO '

B2 HESEU 1 R B

Fig. 2 Schematic diagram of rule 1

RN 1 FoRAEF A EITE P T, Rl dr
LS d; O AT LLIRIHS B 2 A4 HORES . P2
2k P, AU positive. negative ZEZ AN EME. R
Pt Jy KA, A Pk P i e (1
LRI TARAS S8 o R — AN S BT I U
YAl S, KT IR AR B TH, W 1 ) HEAH
KAZIE, FEXF T A 25 BRI positive J& PEIEAT
BT XS TIE N Dy AN TR AR
B TH; , Wil 7 m AEA DGR, XS P A 45 1
RS negative JEMERATHEHT . KA KRS
EAE 38 458 SCh APA(tH1)=v;, - P A; (1) 7y 6,
MR 52 6, RAHCARIT 5T LG, W v=0,
BN BT B SR R (I BN AB.A, (t+1)=0

2) MW} 2 IF Py AND P, AND P; AND
“*AND P,,_; THEN P,,, JEX AR WK 3 frr.

class P, /P,.A\(t)o
Lo \Prdy(o -5

di:[IF S>TH]

g
A

d::[IF D<TH;]

B3 HEEE 2 s A

Fig. 3 Schematic diagram of rule 2

MW 2 FomEA RIS ESE P, 22
LTRSS d ORI LA RIE 30K

http: // www.china-simulation.com

* 1685 ¢

Published by Journal of System Simulation, 2018



Journal of System Simulation, Vol. 30 [2018], Iss. 5, Art. 8

$30 B 5 M
2018 4F'5 H

o TR P S positives negative 52N E
Mo MR ) 7 AN, B a8 P (i e P 2
R TR R BT RS I ST o H T 7 SRR TR
A I A] E RS A (8] B e, e X A
BEEIEMAEACE BRGNP, ARSI 2
& R T JE AR R G 5 SO AP Af(t+1)=

m—1

D vy BA )7, Sy o ARMEE X 6, ML
i=1

HIAR I A N B, W) v=C, BREANPE TR R
m—1

{85 APA;(tH1)=CY_ P.A(1) 7,y Sy o

i=1

3) # 3 IF P, OR P, OR P; OR**"OR P,,
THEN P,,, F ik il 4 g,

di[IF S>TH;]
class P, R 713

R S

ity :
O
bl )

K4 HEBAN 3 ) 2R

Fig. 4 Schematic diagram of rule 3

N 3 FORAEAFRTHREISE PR, ANFEI)
AT A ARG d; (RO AT LA 3R] — AN 45 5O
FERTE P HIAFEA T positives negative 552 4™ &E
PEo MHE—X RPN BURYE S KT IE A
BIE TH, , Wil OE m BEALARIT, IR0 Py 45 )
K& positive JEHERATHEH, 45 HET positive
J& P B & E LA AP, 4] (t+1)=max
(Vlj‘PrA;(t)'%m‘é]a sz'Pz-A}r(t)'Yzm Byt Vi
By AT () Yy Or) 5 AT RIEPTIE N AR D;
INF A AR BME TH , Wik 5 1) BEHLAR T,
FEXTFT A 25 PR negative JE ST ROBT, 4540
FEFT negative J&PEE M & XA AP, .4; (t+1)=
min(v,; - B.A4; (1) 71, 015 Vo B A () Y2y 0250y
s Pact A70) gy B 1) » SR Mo
HEAIEZS S04, Bl v, ~ N(O,1)

ARG HAR

Journal of System Simulation

Vol. 30 No. 5
May, 2018

4 SEEOEOUR

4.1 N SEH

WX AESRGE AN AT E . BUBHER
i, B BRI RS SRR MBS R
Gio WAERRGHATER, OB RIRIZHE K &R
P 5 R4 Petri KR, Wil S k.

EERG
i

Hh
)Z% TSV+ /1|/+ IT6 | 1 T7 —=>==iT8 ;JF(
#h 'm§f> iR 7k ok 71 5
- )
Hl

S Hk

i (il\\\f%>ﬁﬁmﬁm
1 <2

5 FETXGEEL Petri WA RGUEA R RZ KR
Fig. 5 Causality relationship of ecosystem deterioration
based on object function Petri net

FREAIERRGUBA IR K RN G R 5L
Petri [ i A7 SRS RAESC PR E R T RE AT B
HZEE, s HATBERIERZBOR, 2Bl 1%
KX PEPTA R A& N, #oo AT BB
2o WA 5 G REL Petri, &AMXZREFT
WEHEZAEIE, MR RIEEAT SR R
P, HAIRLL S @t 75, ik 1.

4.2 SEBIRRANE 34T

RIS G REL Petri W I X A5 R G0N
SHPEVEUT AL, JFRER N 100 ta, Hofd s v e
) vy SN )R o 280 R S R G 23 A
KB, BUR PSR o A S R G HR AR
REAMFZITEAAK, BN T AR 45, B
a=1/Np, Bi=1/No, HRAEE 5 K& 1 HATHIY,
EIR U 6 Fros.

http: // www.china-simulation.com

* 1686 ¢

https://dc-china-simulation.researchcommons.org/journal/vol30/iss5/8
DOI: 10.16182/j.issn1004731x.joss.201805008



Jia and Huang: Evaluation Model on the Vulnerability of Mining Area Ecosystem Ba

%30 55 5 M Vol. 30 No. 5
2018 4 5 J1 TRtk A KA A RGN PE I R Petri 19 VR4 May, 2018
F1 S5 PRGBS E 240 .
Tab. 1 List of attributes for each object in Fig. 5 »
Xﬂ‘%fj‘-’r—ﬁﬁ El]é +/- 200 {—u— fri*ﬁ}ﬂ%ﬁ P -
* - % ] ”
TERFEH D) ¥ T Bl "
o AR E /M + = o
RIREE R - 8 120) P | _a
HTHT MBI /(U ma)  + 80} - T
WL IR R VOB g
WS, B ) o
. W= /(?QL(/a) + 40+ .
B IFmHEK W IFgiHE K i/ (m’/ra) 0 , i e s N e
KB B Y (m/ ) 0123456 78910111213
FEAlr
MR KRR 3 SR | e
LA/ (mP/t-a) - (a) RAXPE
b B 2 180 - i
RIBRESR HBGRALITAYm? ) o #
YRR - Bl R ’
o — k% »
3 HR 7K s HEME/(mP/a) + 120 o
> v 'i \ = pe ‘_./'
AR MR KBNS B/ (mP/a) - g . e
% FEAHERC b /m® + e U .
< 2 o[ = -
J%:H‘#%HFE& EW%E@E/IH} _ 601 - . -
JEA PR ARYm® + "
JEw WS /(g/kg) + 301
J2 PRSI BBk + N
%E%}?W}E/(mg/m 4 01 2 3 4 5 6’;-‘ Z}; 8 9 1011 1213
Hy R Ak Y W (me/L) N R
G G AR + 6 000 [ »
bR K S + ST
AR At HMFJ_T%EQLi ]
| —o— 3 ;|Ié -1
e - 4000 | v
£
e N N %: 3 = o
] 6 FR B G R T A BT, B
FLA 1B S D BE 0T 5 P8 BT RIAS FL 4% 4 52 D g o 2000 p P
GIRFT. ARG HAT I T 50T Hoor e B
B RGFEA HAEBE I8, oS S S S
1) A RGO R T 5 D) et bt

FEARSCH RN A B negative J& TEIPET, fEAR%
FEAZJE LIS, 77 GEMOT A OR3-S B )
SN EAT IEAORME, 1y HRE W RE EAR K . 0T A
B AL A IAEEE AR G » BATA I
R IhhE, FERTGRIZE e g9 P2 B AR . il
6(a)s (o), WP BEIIT AR SIBIA T H TR IX
D 2R A HAT 1B DD RE M PR T IO AU R B AEL, A K 14
BEAT RS IR SR B R 7 5, JLE S8 v ) e
BEA

FEfrr/a
(c) EERGITAL
Kl 6 PEFTRIE TG MEgs BT L

Fig. 6 Comparison of vulnerability before and after
restoration

2) EEFRG PRI RIEFTARGBEE)
RER ELRAE BN NXE, — B BRI T hons Tk
JEFEM, AZIEFE AT S S BT,
AR A2 25 R G0 A0 R A8 4 50 AR 0 51 pR B

http: // www.china-simulation.com

* 1687 »

Published by Journal of System Simulation, 2018



Journal of System Simulation, Vol. 30 [2018], Iss. 5, Art. 8

$30 B 5 M
2018 4F'5 H

Petri [, X1 R R AOAE 2, AT ) e b ot
ERIEFTHATIES . W, R X HTIURE, Bl 6(b);
3) B P RIE I RIS BN AR S R G
RIEFTINESI T, B 2B E, AR EE
PR RGNS TR R . Wi 6(a)- (b)- (¢);
4) HERRG P IELERT R, W ARBIR T 3
g9 M IFHEAT 28— B, A R 3
T B PR AT 16 ST IR Ik )R] B 25 1 i i o, I FLA&
HAER S B HETS . ikl 6(c), C-D ] [ ]
BT A-B, BRGNS C AT E £

5 4

AR RS RGNS ERI B R, Z7E
2 JB A BTN AR 7S 2R G kS (R AN A FH ) O R
RN 2, FEAEGN S Petri I 51N R EUIIHE S,
UK SN TR b, S T — R T X4
BB Petri W [T X A2 75 2R 40 M 59 1k VT ¢ B
(OFPNEM), FF-&5 G RN, &5 HAH B I 5500
28k SEBIIGTE , AR RE A AR N RS R RN
MHE S I ZN AR, HA AU .

OFPNEM 1EN— M B A E S R G @ T
H, 780 R H T Petri R i) 4 G B AR AT
HoR e A el Ak, — T RS RS SS
PEVPAN AR L T — R, F 8 T
BRI ST E, 3 T RIS R Petri W (1A 540
B U7, WAEAHRA R AR Ik e
TR R R A o R %

SRR

(1] AE4E, BRoe. T PSR MR BB H Sel—eiial
A S RGBT, K EARERITS, 2016, 23(1):
215-220.
DU Juan, CHEN Ying. Ecosystem health evaluation of

oasis-desert ecotone in Minqin country based on PSR
model[J]. Research of Soil and Water Conservation, 2016,
23(1): 215-220.

(21 BFH, S408, A%, 55 KBS RGE &
r——LLBEAET KR X NP EEFFEMR, 2016,
36(14): 4279-4287.

ARG HAR

Journal of System Simulation

Vol. 30 No. 5
May, 2018

YANG Yang, CAI Yi-min, BAI Yan-ying, et al. A
dynamic evaluation of regional ecosystem health using a
multiple index system: a case study of Maoji Biosphere
Reserve[J]. 2016, 36(14):
4279-4287.

FEME, Br 157, T3k HTAESRGEIRSHESNK
B PP A U RE R (D], A=A 244]R, 2016, 36(5): 1192-1203.
KANG Peng, CHEN Wei-ping, WANG Mei-e. Advances
in ecosystem service-based ecological risk assessment[J].
Acta Ecologica Sinica, 2016, 36(5): 1192-1203.

PhEE, AR, WD, SRR ER R T AR B
RS RBGTN[T]. R TFE2AR, 2015, 31(17): 278-288.
SUN Qi, BAI Zhong-ke, CAO Yin-gui, et al. Ecological
risk assessment of land destruction in large open-pit
of the Chinese Society of
Agricultural Engineering, 2015, 31(17): 278-288.

Xueqin Liao, Wei Li, Jinxiang Hou. Application of GIS
Based

Acta Ecologica Sinica,

mine[J]. Transactions

Ecological ~ Vulnerability  Evaluation in
Environmental Impact Assessment of Master Plan of

Coal Mining Area[C]// 2013 International Symposium on

Environmental Science and Technology. Procedia
Environmental Sciences, 2013: 271-276.
Jorge Castilla Goémez, Juan Herrera Herbert.

Environmental analysis of mining operations Dynamic
tools for impact assessment[J].
(S0892-6875), 2015(76): 87-96.
W, i, RESE, A TR XN A8 TR
W T3 B B R 9 —— DA - R e D ], UK
2R BRI, 2013, 38(5): 528-532.

Pei Huan, Fang Shifeng, Qin Zhihao, et al. Method and

Minerals Engineering

application of ecological environment vulnerability
evaluation in arid oasis——A case study of Trupan
Oasis, Xinjiang[J]. of  Wuhan
(information science edition), 2013, 38(5): 528-532.
SR, S, MR, & BT GIS IR A
HEgPEVEANTI]. BEUERLY:, 2014, 36(4): 874-882.

Zhang Dejun, Gao Hang, Yang Jun, et al. Assessment for
the Ecological Vulnerability of Nansihu Wetland Based
on GIS Technology[J]. Resources Science, 2014, 36(4):
874-882.

X, T 4. BT XOR] RS AR A IR A R T AT
5[0]. FRVERFF, 2003, 14(1): 301-304.

Liu Ping, Tang Wangjin. Research on sustainable

Journal university

ecological environment management planning method in
mining area[J]. World Standardization & Quality
Management, 2003, 14(1): 301-304.

http: // www.china-simulation.com

* 1688 ¢

https://dc-china-simulation.researchcommons.org/journal/vol30/iss5/8
DOI: 10.16182/j.issn1004731x.joss.201805008



Jia and Huang: Evaluation Model on the Vulnerability of Mining Area Ecosystem Ba

5530 55 5

2018 4F 5 H

S, A TR AR GG P R0 B B Petri W PP A AR

Vol. 30 No. 5
May, 2018

[10]

[11]

[12]

[13]

fibr, BUEE=S, B, 5. 0 XARARIREE G 59 T AT
—— VAT A B 2 LR OB ], R,
2006, 34(24): 6565-6567.

Fu Biao, Zhu Gui-lan, Kang Yuan-yang, et al. Evaluation
of ecological environment vulnerability in mining area: a
case study of Zheng cun coal mine in Xin'an County,
Henan Province[J]. Journal of Anhui Agri. Sci, 2006,
34(24) : 6565- 6567.

A, R, R, SR IX AR M55 M
—— LD ST B bR 880 e P AR B D 800, 1 A
AR, 2013, 24(6): 1729-1738.

Quan Zhanjun, Li Yuan, Li Junsheng, et al. Ecological
vulnerability of coal mining area:A case study of Shengli
Coalfield in Xilinguole of Inner Mongolia[J]. Chinese
Journal of Applied Ecology, 2013, 24(6): 1729-1738.
BEEA. AERIRLES IR SR EARIITIM]. Jbat:
AE R HOR AL, 1995: 8-19.

ZHAO Gui-jiu. Research on comprehensive rehabilitation
and restoration technology of ecological environment [M].
Beijing: Beijing science and Technology Press, 1995:
8-19.

B, AR AR X R By S St
VE BT —— L0 DA B[], K AR FFRIE AT,
2012, 19(1): 246-249.

XUE Jian-chun, BAI Zhong-ke. Study on the monitoring
and evaluation of land reclamation implementation in
ecologically fragile mining area: A case study of
Pingshuo mining area[J]. Research of Soil and Water
Conservation, 2012, 19(1): 246-249.

[14] FREKAS, AR sl = AR EOE S T g e

PPN EAEA DX AR MG 55 PE VAN o B0 N T R 0], P B
PR, 2012(5): 174-179.
ZHANG Geng-jie, BAI Zhong-ke.

endpoint  triangular

Comparison of

function and  extensive
comprehensive approach applying in the evaluation of
ecological fragility in the mining area[J]. Western

Resources, 2012(5): 174-179.

[15] PNVNT%, B8R, EHRZ. T PSE AR T

[16]

[18]

[19]

[20]

AAMEFI TR AR AT LA T BB A BI[]). 2
B, 2010, 30(8): 1354-1359.

SUN Ping-jun, XIU Chun-liang, WANG Zhong-zhi.
Assessment of mining-city’s ecological fragility on
changes based on the PSE mode[J]. Economic Geography,
2010, 30(8): 1354-1359.

RAE, SRE, S BT ROWR R XA
55 E VP —— LU AR A TL U T O B (0] AL 2 2 2,
2012, 31(12): 3213-3220.

WU Jian-sheng, ZONG Min-li, PENG Jian. Assessment
of mining area’s ecological vulnerability based on
landscape pattern: A case study of Liaoyuan, Jilin
Province of Northeast China[J]. Chinese Journal of
Ecology, 2012, 31(12): 3213-3220.

BER, FE, Amete. BT R R IR B AL T
AR DR AR 58 M VP —— LBk VS 48 AR B 1 0],
KRR, 2015, 35(4): 271-276.

FENG lJian-min, GUO Ling-xia, LI Xiao-hua. Assession
of ecological vulnerability in resource enrichment areas
of northern Shaanxi province based on landscape pattern:
A case study of Shenmu county in Shaanxi Province[J].
Bulletin of Soil and Water Conservation, 2015, 35(4):
271-276.

AR Petri MJEER S NIM]. Jbat: ALy AR
#t, 2005.

YUAN Chong-yi. Petri net principle and application [M].
Beijing: Publishing House of electronics industry, 2005.
TR FEG. RSP ™ X A b AR A AR RPN B ——
LA MAT X A HID]. Abst: FEA LA, 2013.

XU lJia-xing. Study on Land Ecological Evolution and
Impact Assessment of a Typical Plain Coal Mining Area:
A Case Study In Xuzhou Mining Area[D]. Beijing: China
University of Mining and Technology, 2013.

TEEE, EHEE, BT, G VRS IREER M
Jent: BleEiRAL, 2015: 187.

WANG Hong-bin, WANG Hai-juan, ZENG He-ping, et al.
Pollution and restoration ecology[M]. Beijing: Science
Press, 2015: 187.

http: // www.china-simulation.com

* 1689 »

Published by Journal of System Simulation, 2018



	Evaluation Model on the Vulnerability of Mining Area Ecosystem Based on Object-function Petri Net
	Evaluation Model on the Vulnerability of Mining Area Ecosystem Based on Object-function Petri Net
	Abstract
	Keywords
	Recommended Citation

	/var/tmp/StampPDF/gLnr3l5ln_/tmp.1688107323.pdf.xic36

