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Experimental study on the variation law of equivalent effective stress coefficient
of the coal reservoir

DU Zhigang, HUANG Qiang, YAN Shaoyang, ZHANG Xiaochen, YAN Chao

(School of Civil Engineering , Luoyang Institute of Technology , Luoyang 471023, Henan, China)

Abstract: The variation law of equivalent effective stress coefficient of the coal reservoir at the stage of the
saturation single-phase gas flow is essential in evaluating the reservoir permeability. The coal samples with differ-
ent degrees of metamorphism were collected and their equivalent effective stress coefficient was studied under dif-
ferent applied loading and pore pressure conditions. The results showed that under a constant pore pressure, with
the application of the loading, the equivalent effective stress coefficient of the coal decreases. Applied loading has

a negative effect on the equivalent effective stress coefficient of coal reservoirs, and which is strong with the
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increase of applied loading. Whereas, at a certain loading, with the increase of pore pressure, the equivalent effec-
tive stress coefficient of coal reservoirs increases. Pore pressure has a positive effect on the equivalent effective
stress coefficient of coal reservoirs. Compared with the middle- and high-rank coal, there are much more pore types
in the coal. And the its pore size is much larger. Under the coupling effect of applied loading and pore pressure,
the equivalent effective stress coefficient of low-rank coal reservoir is less affected compared to the middle- and
high-rank coal reservoirs. There is a significant difference in the equivalent effective stress coefficient of coal
reservoir under different applied loading and pore pressure. Thus for the coal reservoir at the saturation single-
phase gas flow stage, without considering the coalbed methane desorption-induced coal matrix shrinkage effect, the
effective stress change of coal reservoir is not equivalent to the change of pore pressure. And it is closely related to
the magnitude of geo-stress and pore pressure. Under the high in-situ geo-stress condition, due to the small

equivalent effective stress coefficient, the change of effective stress for the coal reservoir is little with the decrease

of pore pressure.

Keywords: coalbed methane; coal reservoir; effective stress coefficient; variation law

0 35

HERZE AR X R BRI R Es, 2
BOF oKL N E  BZE AU RA R Rt
FERE T (W 2T 45, 2015 5 FiE7K 14 45 , 2017 ; 2556 5
2017; B SE,2020) o KA 2 E A AL AT AR SR
TR i 2 A RO ) Y AR A AR X 9 3 4 o B
Y3 H BE T Terzaghi (1926) 43 %500 J1 R HE  BEA
RN 1 Z B 3 N %o HE R A R b A S22 00 A 5
I 73 7R A FAE AT 43 A (R 4 W45, 2006 5 2% 41k 1E
45, 20145 PR P 4, 20155 ®& R e 5, 2016) .
Terzaghi (1926) 42 tH B9 AT 00 7 I B 5L T 1192
7 [ 25, Rk F

(o), =0, - P, (1)

2 (1) Firzs B9 8800 ) JE B 658 1+ 1Y
A 235 K 7 L IR K AR FH TR A00RE 5 I3 18] A 2800
B AR AL RIS, BB 2 FL B 7K He A 385 i, 4 R 7K 285
SO SE A AR  VN RGP X ) Y TN i )
BERALY T, S b LR AR 3 A, DA B 24 B
X R 53 () e PP RN IR 34 5T O3 A e i AR IR
FLBR R BR A5 R AE 5 L A RS540 5 5 A T 22
S, IO R A RN g B A R T O
ANiE o WAk, A 805 W45 525, B AR A
A HE 48 7K T 6T T4 R SR LA AL B B Y A
J2 A2 N A S B AT AR R R S i
M 1 2K (1) A 2 1 3k e

Miiller and Sahay (2016) 85 45 H 4880 %00 J)
FECG A BB B O AL RUEE RN
VI ; Kranz et al. (1979) WF55 48 H 5k 17 #LAK

1042

) SR B T BB = 0. 56, A % R AR
RN T 22K, B 7™ A v A L B O A R T e/ ok AR
W A R R BT RO ) B ZE AL TR BE s Walsh (1981) BF
U4 LB AR A R ) R = 0.9, A1 X T
Kranz et al. (1979) FAFFE45 R , Walsh (1981) ifF 5T 3K
) S5 250 RO, ) ZR BRI, FLB e 7 A2 A x)
e VR A RO T FR S W R SR AR 5K 5 A 5 T 5
(2007 ) X 5 3k TC MR B AE L T 8 MPa, FLER T )
1= T 5 MPa 2514 T M A9 555808 200 71 250K 0. 06
F10. 045 7T UL, S5 R0CH RN 1 F 805 9 45 1 R AE
Ah 3T LB ) 4 R 3R % U0 A ¢ (Terzaghi,
1926; Kranz et al. , 1979; Walsh, 1981 ; {8 25 ¥ &% |
2007 ; Sahay, 2013; Miiller and Sahay, 2016) . ¥ fi#
JZ AR SR BAAR IR, )2 A RO T 8 AR
AR AN T B IE IS 09 380% 7 3R GA
(o,)=0;— ;P8 (2)
K)o LR 0 B S BUY TT 50, R A1
AT 385 o R A B RN ) Z 6, 9 Kronecker £
FOBUEN 1, AR TEAN R AL T —E 1Y
FAFT A2 A5 R8O R0 ) FR BN A2 AR TR
TR R RN T A R

1 IBHEREFE

(1) FE SRS

ARSI A3 R T MR X ST X
PR DX A IERE 22 1 I 2 20 Wi RE S AR B 23 B
AT e 255 BoR R X RS 0 L A
DR SERE S B & v T IR XA i L AR
15 A R R B R A e e M R ALK SRR



F1sE FHoly

GNP ST RS Sy O A G R 3 0

A/ 5 3 KR AEIE AL A 5 o 2 S B3 25 30

0.56% 1. 32% 2. 75% MU R T = B

®1 BEAWER

" Tk 43 H11% JCER I3 HT1% R/
M, A, Vo FC,, S, 0, Cour H,, Ny (10°kg/m®)
B 13.90 7.69 39.64 47.94 0.79 20.30 73.18 4.48 1.18 1.52
el ey 1.01 6.10 16.63 77.49 0.40 3.40 90.51 4.39 1.27 1.31
i A 1.47 8.51 5.93 84.09 0.39 4.42 90.77 3.74 0.64 1.44
x2 BEESWER -
e 2 ERERSH
=T R R v 2.1 BEERSREME N RYT N E
B RE 2 (,y) 0.56 80 1 7 12 o o
R —EECs 12 W 0 1 7 23 RN 85 WAL 2 1 55500 R0
WO —EE(P) 275 93 0 20 S J1 728 R IRBY A 0. 48~0. 82, HHBMEH 0. 06~
0.31, & K4 9 0. 012~0. 240, 7 I3t il s Fi AL B
(2) 528 Iy 1 FETIEAETS AN R & 1) 45 3808 3800 1 7 8025 S W

PR (0 AR AN [RRE B ) B 25, 3 e 1)
JREAAR TR AR TR ) 1 SRS R i FLBR R 7, 43
SRS H L B A AS (] A 28RS [ LB T 2%
P SR RO 1 R A T I . 2 i ) S i
JZHE AR R AR B BT Bl SR A Rk e
H R 5 ALt 9 T R B S 18 R e AR S B A
F I 5 | A P R 56 O i W WA A4 17 2R I B 2 X A )2
A BN F1 75 5 ( Zhang et al. , 2021;Du et al.
2022) , 0 T HEBRBESE T WO AR AT R I s ), 256
O R FH AR IR B A He SRR FLIRE g o a3 1)
AR A B He SR, DU i 70 S5 £ L
B 71 5 B2k T B942 m n AR FLE DG &R L B A
[v] 25T A 2 10 S 550 0 2R R 4
PAF AR T

@K KE A 7E 1 MPa,2 MPa,3 MPa.4 MPa,
5 MPa .6 MPa Ji Jj faf 21 7 A= (48 1) A28 BN
R HARN ENG , PRFFRE 2 min, 1T T — B B
N A3, B2 B ARfr 2Rk 12 MPa, DAL IRBU 12
Ti] o AR VE A FEUE R ARE (&, )5

QR A5y HI7E faf 48 2 MPa 4 MPa .6 MPa,
8 MPa,10 MPa .12 MPa F ,#K¥XiE A 1 MPa .2 MPa,
3 MPa .4 MPa.5 MPa.6 MPa (/) He &, FT 77 4E i 4%
] N AE H (&, ) 5

&)l &, Vs IATFEAT T AL 56 IR B
R 2 S 8O O 1 R B e

5 (HA R T SR = B A 2 R AIK, HBEAE 2
W AR A 2 B v B R o

I R A 2 Y SRR RN ) R A
JE AL 2 TR 2 80 2R PR O 2 TED 1 R A [ A i A
e e IS s E 1 DA s B WA S Y &
BRI R 4

I b v B 2 A R RN ) RS
FEFIALFE 22 18] 43 5 S B 2R 4 6 2R 33 5 LAFE B9
25 A — B GRS FH TR T, 1995) , BRIL Z 4N F
R (DFLB R — @ R T, b S8 5 far
IR, SRR RN ) R BN 5 (2) i — R 1
ZAFF B LB 1 G, S350 RN T R
AR . H T A 2 0 S350 BN T R B AN ] 36
T FFLIR R ) R 22 S8k, i (2) AT« A 2 ok
A AV AR AR B B | it 2 AR A 300 T 1 AR
8 /N T LB 7 B9 A8 Ak, B A7 = B R g S5 14
T, BT SRR BN 1 R BN, LR 324t 2 FL R
JE 1A A5 ) 8 2 08 A 0N T AR A AR XT3/ 5
MM — & fr g AT, S LB T T e 5 | i i A% 2
AR ST AR BARAL B R 2K, BURsh LB R ) A8
AT A 2 A AR T A FHAR X i 2

E 3 FLBRE 1440 T A6 2 B S5 3808 30 T &
TR IA AN JiP

(a,), =a,o0 +b, (3)

TH E RS TT 682 0553008 50y h 2805

LR Z Bl R A
1043



7O SR ) B & 2024 4F
R3 BEBEENENERNNRH
. fLIE/MPa
e [l FE/MPa
1 2 3 4 5 6
6 0.640 0.720 0.760 0.800 0.820
8 0.600 0.680 0.720 0.760 0.800 0.820
B
10 0.550 0.600 0.680 0.720 0.760 0.780
12 0.480 0.530 0.580 0.620 0.640 0.680
6 0.120 0.180 0.210 0.240 0.280
8 0.100 0.160 0.180 0.200 0.240 0.310
LRIpCs
10 0.080 0.120 0.160 0.180 0.220 0.261
12 0.060 0.112 0.130 0.160 0.201 0.240
6 0.067 0.110 0.134 0.168 0.200
- 8 0.037 0.102 0.130 0.153 0.190 0.240
=) T
10 0.020 0.081 0.115 0.130 0.173 0.220
12 0.012 0.059 0.083 0.106 0.144 0.174
(o), = a,p + b, (4) R AT R 7 T (0 I 2 7 A D 5o R o

X (), B8 a, RAE T HPFU 10 8O0 50 5K
I3 BB R R R L, B8 a, RAE T AL T %) 26
A Z BRI . o, e, <0, RIS
T O S5O BN T ZBCRA OO, e LB
T —E KT BEH SN BN, a, 46X {E B AR
bR B S FR S B IR AL B 1 ik =
f1% 25 B8R B0 1 RS A E T EE W 5 0, >0, R W]
FLIB S 305 S5 280 000 T B CRAT TSN, 7R LB
Je Sy —E 25 F T BESN A OGN, o, BE AL SR B
/NEE

H T P L R )2 119 25 AL B T R
5 50 Sy RN FLBR e g 35 A PR AR SG M  3 HESE
B AT IR AL 73 B (18] 2) , FEHCA [R] b J 47 2%
R NE ) WS RSN IS R CIN VA B o (L A

a,, =0.78 = 0.0270 + 0.053p — 0.000950p,

R*=0.96 (fIKB ) (5)
a,, = 0.15 = 0.0100 + 0.042p - 0.0007507p,

R*=0.97 (B (6)
a,, = 0.07 - 0.0070 + 0.041p - 0.000750p,

R*=0.97 (i BE) (7)

K (5)~X (D), o TR INAFT 2, p Fn LB

T3, op Fom ANRAT B FFLEBR R 1 RS VE T, A4k

PRI S5 LR G % 8 T AN Ay 28 A FL B 77 %) JiE

it 2 S5 R BN 1 R E 2, T LLE W 2 A e

HASLBE IR EERT , KB B 2 2L R

1 Z B W N R R R AR 2,
1044

AR PR LA e S A X A1, M LB 3, K
IR 5 % 17 2 0 L B i 2 OOk 38 AR 2
2020),

2.2 REEENEINNREHERENR
MR

FEAN 25 A 3 7 3/ G MR 2 45 4 1 3R 1)
R CHEERISE 2014 BRI F A EE 47, 2021) , A
SERA R F , IR S AR R KR KON T,
T L IBURE 25 44, 1 J0kr 22 [A) T8 1 ez ] £L, 4438 T
TS 538 B 125 18] A% 5 T e 76 b o 1 o 5t
28 it A ARG TR B — R CBA HL
B 5 B A FH RVEEAG VR ) 14T, A 1 ) B 45
P, U HORFLBRZE #2817 1 DR R SR FH A AR
AR R Y Sk R 3= 5 XA 998 33 18 B 1 A
(R ZAEAF, 2013 4E A5 ,2019; 5K 55,2019)

K3 T HE R A2 P LB,
b AR R AR AR B B AL BRI A 2R R
DRSO AETE K R A 2L, HALBR R 55
K 3a) ; bifi 5 JEAL R BE A 38 n , 28 o 85 A4 o 2
4 H I o Iy A i PR S AL (RSB D
FLBRE B A HES T (B 3b) 5 Bl A0 AR B 1 i
— AN, 5 AR R B A e A R T ORI
ARAER LB LR AL N 3, LB R E /N (E 3e) o
BEAR b X TFAS [ RE B 0 B4 )2 | Bl LA 38
fith)2 PN FLBR R AR B A A P AL 2L FL RFL A Z AL



F15% Hoell kRS R AE < SR 23 55 R0 RO ) BB AL R SR

1.00 1.00 . :
0.80 0.80 A A 1MPa fLJE
%om ﬁow X2MPa fLJE
R Y S *3MPa fLJE
E 0.40 %0'40 | 1 ®4MPa FLIE
I 1 8 |
= | | A 6MPa [k | R ;
# 000 Lo - L _ x8MPaB/E 50 | | SMPa fLIE
| X 10MPa /& & | | . m6MPafLIE
‘ | ®@12MPa [ JE 1 1 | . ‘
0.00 l . Pa F 0.00 , . . . .
0 2 4 6 8 4 7 0w 13 16 19 22
FLIE/MPa [l [T./MPa
0.35 0.35 : :
' A IMPailLE
0.28 - 0.28 :
= = . X 2MPaqLME
= 021 A R 021 T X 3MPaillE
12 E ‘
= 5 I
E\: 0.14 - ‘ 3;5: 0.14 i 1 L ® 4MPafL/E
l . = 1 I
ﬁ ‘ : A6MPal¥l}j§ iﬁ; : I : ¢ 5MPa }LJJI_\
< 007 +--2--- - — - — - = - - XSMPa[%UjE < 0.07 +---- I~ -TIT=gr
1 | X 10MPalHJE 1 1 . ®m 6MPaflL/E
0 | e 12MPafflfi 0.00 l l l . .
0 5 4 6 g 4 7 10 13 16 19 2
fLJE/MPa [l J./MPa
0.25 1 I T
© | [ 025 —
| | | I
o Pt A g 020 - A1MPa 7LJE
& | : = X 2MPa fLJE
OB e /e Tl o £ ois
f%g | E *3MPa L/
€010 v A 7 P r------ =010 - ®4MPa fLIE
® ' A6MPa HJE i
ﬁtoos 1 %% . x8MPa [HJE % 005 A *5MPa LI
1 . X 10MPa JHJE ) m6MPa fLE
0.00 | \ ®12MPa [# T 0.00 ! 1 !
0 2 4 6 8 4 7 0o 13 16 19 22
FLJE/MPa [ 'E/MPa

Bl BMEENERNNRHSEEMILENXRE
a b— B s ¢ (d—HF I s e g B
Bt B R 28 280 ) 2 BB DL S AL AL R R R EAR )R B T LB N BE R K, AR T BB i A
WAk, HALBRE AR /N )2 LB R G, /T LA BORE LR I, ([ 156#% )2
BEABFIEHE A RSB SO 1 R BCG L BERELERIE J R B2 H i e/, i vb B
BURUEE K/INEIIAH 5 (Miiller and Sahay,2016) , A ByIEAi# 2 A9 FL U EE R i/ , HLLAJE 5 9 3B Y <
[ HEBY IRl 2 A A P AL BUE RS R T, FLob 3 Sk m AL, AR AS 5 13 35 F A 662 LR
1045



fr

7=

3

#

2024 4F

R4 BRERENEUAENRZHSEEMILEX RO EEE

LB [iZ)ES fLIE
EH (6 MPa .8 MPa .10 MPa 12 MPa) T (1 MPa .2 MPa .3 MPa.4 MPa .5 MPa .6 MPa)
P PR BN I b SRR A BN e
AR (a,),, ==0.02650 + 0.806 0.98 QL (a,),, = 0.044p + 0.616 0.95
1 s (a,),, =-0.0lc +0.18 1.00 6 (a,),, = 0.038p + 0.092 0.98
A pLs (a,),, ==0.00090 + 0.116 0.93 AR (a,),, = 0.0324p + 0.0386 0.99
B (a,),, ==0.03250 + 0.925 0.98 TR (a,),, = 0.047p + 0.515 0.97
2 Silipes (ay),, ==0.0120 + 0.252 0.95 8 B (a,),, = 0.0374p + 0.0673 0.95
iy (a,),, ==0.00870 + 0.1664 0.97 [igwss (a,),, = 0.0317p +0.023 0.92
Hligips (a,),, =—0.029c + 0.946 0.94 B (a,),, = 0.043p + 0.58 0.96
3 B (a,),, ==0.0130 +0.287 0.99 10 hER (a,),, = 0.033p + 0.0507 0.97
A pLs (a,),, ==0.00840 + 0.191 0.88 AR (a,),, = 0.0312p + 0.0104 0.98
TRB (a,),, ==0.0290 + 0.986 0.94
4 B (), ==0.0130 + 0.312 0.97 TRH 4 (a,),, = 0.036p + 0.466 0.98
B (a,),, ==0.0lc +0.233 0.99
IR (a),, ==0.0290 + 1.02 0.87
5 B (ay),, ==0.013c + 0.352 0.97 12 hE (a,),, = 0.0326p + 0.038 0.98
A (a,),, ==0.00930" + 0.260 0.95
TRB A (a,),, ==0.0350 + 1.11 0.94
6 T (a,),, ==0.01750 + 0.445 0.94 i A (at,),, = 0.026% + 0.0035 0.99
T (a,),, ==0.01650 + 0.376 0.95

1046

‘0
/’{7./,_{;‘//‘4 &
pqr"

&2

[

2

| a
A we

a— B s b— P s c— R B

BREREHARN N RYEREEMALEHNEEME X R




CERRE I L]

GNP ST RS Sy O A G R 3 0

E3 HHBEE TR MEEETFLE
a—fEBRE s b—rP B e— R B

ARG, TIEA BORAL BT 7, (4555 W 2 6k = 1
SR RN T B A S B AL B T AR
F RS2 AR X B

3 g

(D FLBR IR Iy —5E A0 8, A0S fiy 2o B )=
F14 25 28 SR T A BRSO Bl A S A 2800
A, A T2 S5 28O B T F BN, ELAT S A 2
RAAAE TR 3 S S A7 % — E 26 AF T, FLBR I o4
HREAH 2 55280 RO ) 2 BORAT IE RN, B LB
S, JREAH 2 2 RO RO T B RO R

(2) JREAif T2 S5 280 3000 71 2 8045 B AL T 2
[T AL SC AR, S I fer 3R AL B R 5V
X R S22 25 A 8 2R R S B SRR, AR X T
HR BT s B R AR B A S A A P
H R TR B TR SR B A A, B0 LB E
BOR R 5 B B BVRAR IR LB R S, (A3 1K B
TR 2% 14 25 A RO 3 28 B S B 8RN LB
JTRBAAE T R R RE AR B0

(3) 1 TR = 25 B0 RO 3 28 B AN [R] £ 2
FIALBRE 1 F 22 580K LAk J= e A AR A
T, TEAN 75 JE A WA 0O 26 AF T, HEAH 2 A7 2
IO A3 B AR A AR 2 R T )= FLBR 0 5972 4k, Thi 5
i 17 e AV AL BT 3 R /INE DR O TR e 4 i
PAE G R S O Y L € PO AN i K
B 3 AR, R A 0O A8 AR XA

&% 3k

DuZ G, Tao Y W, Zhang X D, Ding W X, Huang Q. 2022. CBM
exploration: Permeability of coal owing to cleat and connected
fracture[ J]. Energy Exploration and Exploitation, 40(1) :38-56.

Kranz R L, Frankel S D, Engelder T, Scholz C. 1979. The perme-
ability of whole and jointed Barre granite[J]. International Journal

of Rock Mechanics & Mining Science & Geomechanics Abstracts,

16: 225-234.

Miiller T M, Sahay P N. 2016. Biot coefficient is distinct from effective
pressure coefficient[ J ]. Geophysics, 81(4):27-33.

Sahay P N. 2013. Biot constitutive relation and porosity perturbation
equation[]]. Geophysics, 78(5):57-67.

Terzaghi K. 1926. Principles of Soil Mechanics [M]. New York:
McGraw-Hill.

Walsh J B. 1981. Effect of pore pressure and confining pressure on
fracture permeability [J]. International Journal of Rock Mechanics
and Mining Science, 18: 429-439.

Zhang X D, Zhang S, Du Z G, Wang G X, Heng S, Liu X, Lin J F.
2021. €O, and N,

thermodynamic characteristics in confined coal [J]. Journal of

adsorption/desorption  effects  and

Petroleum Science and Engineering, 207:109166.

SRRAE, BURTYE, KRR, TRAE, AR . 2014, BZSHERENE B
REABFAEDFFR ], W rg B TR (3R BH#IR) , 33
(2):149-153.

BRazMI, 2255, T . 2006, & BV 25 15 AR R S HER
P s S AR BUE BT, T E T KA, 35(1)
49-53.

MO P, WA, XK, WhHaEk, S, IEIVWEE . 2015, BEEIX
I SHER B AW S A2 B B RS S E ()], BB
AR, 43(11):121-128.

BRIV, T, 2021, MRS U oS R OC R g (], e
247, 46(1):180-198.

KRR, 5O, WG, SRR . 2014, MRS HY 22 RS kiE R
SR AIRIS ST (1], T E YRR AR, 10(4) 1 74-79.

250, 205, HERE. 2007. HESMFFIM]. RN ET L
KA

HIETE, B =, BREE, BURE, AR . 2020, & HGT AR
TR X 2 ACHE SR S i B PR SR L], R B R 48
(7):334-340.

FEk, sk, ME, T4, BEE, T, R, 2017, 0K
b 75 BH X P 22 SHE R B 25 R LB R HER XT3 [T]. KRR
S HERRRF, 28(1):116-126.

ZEgi, EAEYE, BOWEE, T, A, R 2017, BEZSHER
SRR R R s A AR AR R [T]. BB R AR, 45
(7):93-99.

TR, A, KR, AR, B, SRR, 2019, R[EERY
HERE AL B 285 b R AE S X U B e i 1 sz e [0 ). 950 2%
i, 44(S1):142-156.

1047



oo

W A

2024 4

XZAR, MR, ROCK, HEE, PR 2013, ARG S

ATRFE B S RSO R SR [T ], BERFH A EOR, 41(4)
104-108.

BIILL, B s, B . 2015, JEJZAUHER B B 3 Rk R 2 o)

] WA, 21(3) :121-124.

SR 2019, YT KO REAEI) A DXCBER R X LELT ] B A, 10

(7):1571-1576.

AT, 24EEN 60070, B N —T)5 . CN11-5875/TD, i &1t 2-656, E NAMAFF 4T

Car = A ) 2R b 22 [ SR R B I HE i CR G w7 S5 1) Car B TR SRR TE 2 ik,
FEA CEE Tk P2 T8 A QR H ™ HUSOR A o0 96, o EA e E Tl b ™= 2
HA A 04 R o 2 M AR 22 B 2 P R M S o 2 0 L M o el 2 B3 S IR P 8 M R SR 2

BTERARZETIY)

TIPS AT 7SR AT 7R SR 5T 5 PR M | R A= 3 S U )BT BRI BT 1 R B AR A
R, W IAHGE R GO AT SIS P B A5, AT R S iR SR R R AP 5 0%
PN ANl B R — AR AR O R B IR S5 XA IR S SR GRS B Bl 5 BR R

Tt BRI B SBITBE Fr AE AH CBOR R BB

P4 BEE SRR PR T BB A ROR BOR TR OK TR MR RN A AL 2 T LRI R
A ZS BT A3 5T ST M B R M B e R

T A% WS RIS £
E-mail : kuangchankancha@126.com
Mok - SRR BH X 22 AMAE A 5 5 B 4 IXBHIF RS
k2 - 100012

&
a999959593ﬁ9ﬁ9ﬁ9@S9599959595@5@5@9999§D§9599999393@5@S@S@5@5@S@9999999999999999595959909099999999999939§9§29999§D§35&§

1048

It R AT B
S IR 2 HLIE : 010-84925664 5 15 H.:010-84925353

SRBE, AR . 2020, FE T HUBRA) BN B R ZE A IR0 S R
SIFRAEMmLI ] 5777 4, 11(10):2194-2199.

BRI, HIkpl, WA, YR, B, BER. 2016 RS
R T PR 2 LB A Y R AR R ()], SRR R R
44(7):180-185.

EXBATE, BT . 1995, FLEEECITVE R BEAACE 2000 ) FUAE Y S 46
WoEl)]. A TR, 17(3):36-31.

pladalaladaldadadadaladadadadaladadadadadadadadadadadadadadadadadadadadadadadadadadadadadadaladadadadadadadadadadaiaiay
5 (F-P=tpB ) g
© v
LJ

. R kY, b

RIS D 1T VT B 3

2

S RN
252Se S

2

T e e P P P P P o S

S ARG E S
25Se S

(2

AR ORS

S



