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Abstract

Abstract

Granular materials are everywhere and in close relation to people’s daily life.
However, granular materials are not one of the materials that we are quite familiar with,
such as solids, liquids, and gases. Granular materials are an aggregation of a host of solid
particles that can move independently, and exhibit behaviors different from those of
normal materials. Granular materials play an important role in people’s daily lives, and
their phenomenons touch upon various fields, such as landslide. sandstorm in natural
disasters, silo effect. traffic jam in social life, which makes the study of granular
important.

The mechanical properties of granular materials have been extensively studied in the
communities of engineering and physics. The study of the electrical conductivity of
granular material is in an emerging stage, and the conductive mechanism hasn’t been
explained completely. The electrical conductivity of a granular system depends not only
on the property of each individual particle but also on the contacting and mutual
interaction of them. Therefore, understanding the relationship between the mechanical
and conductive properties of granular materials is necessary.

In this work, the electrical resistance of piled conductive grains is investigated by
applying external disturbing. Our experiments show that the disturbing strength, pile
thickness and loading pressure have a significant influence on the pile electrical
resistance. The pile resistance is found to be exponentially recovered from moment that
an impact disturbing is applied. On the other hand, the resistance increases linearly with
pile thickness, while the proportionality coefficient shows complex dependence on the
load. In addition, the pile resistance changes with the continuously loading in a
power-law form, in which the power exponent b reduces with pile thickness. Discussions
on the obtained experimental results are made by combining the resistance and the
changes of force chains induced by loading, and provide some clues for understanding
the force chain reorganization, force transmission, conductive mechanism in granular
materials.

Keywords: granular materials, electrical property, disturbing, load, power-law
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(2) fEZ BN EY) TV AP drRshin, ORI HER S 2 R BB, B IR ALH]
AR N T ], BEARAE A K ANANTE 5

() Bk e —MREFE RS, HKER 0.2s, M REP AR ZIE
LRV, B ERIEHENE e T RR AL

(4) FFHEEMEBOR BN BRI E RS E, R E AR/ IMRMETIN, R RELE K

S E R AT RE EE R AR 2B

(5) HRBVAREREFE 52 e FHUE g8

24 HHSHR

XS BRI af R, T S EHE AT

(1) PO HE A v BELEL 2 A AHTR], R A S ) FLBELAE R NANH €

TIURE 1A 22 K B ORMURAG ) B AR R SRR HE IR (5 2 A, A
N TS AAE T22 0 0, JIBE R T ORI HE 3 HL R AR, P DL B AN AT A,
XL RN HE B 17 SEANIA AT O o RPRURIHE NSRS, AN 2T 25028 1 BORIHE 1
JP S, BT LARGSE J i L AR A AN AR TR o

(2) ERZBIEY) TV B pF U sy, RO B A P 2 R A B AL

PPN IE, BORIHE L BHE 2 R BB AS, B Ok AR B AL S AN T T
UL W RO HEAE 52 B P e RBh I, BURLAA R N BRI Z5 M A T 0 BEEEHE, RS S )
EN SR IR H JIBE A AT B E A . R BE AR D B RURE HE A 52 )
BT AR rR i 0, SRR REARLE, AR A UL T A ) AR A 2 B AR . I
VL BIRORI ) 5 N AR A 1 N g e, L T SN B8 L T e e B Ay R, S50
BETE EL, IX U WAL G RO A0 L3 07 TR B e (R B B IR A o MBI P 6 fa] R I
J 3 PRI TR 2 R 0K PAY 8 A I g e, A ASHRIURE X B TR ¥ K%

() Bk Z JE o —IMREFE R, I KAEIT 0.2s, Bhid#2 ARt AR 2

PER, (R SRR e AR 2L
R I 25 N\ POtk e N R R (K o VEREEAT T RSO IT, EIE ERIL
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55 2 2 P RS BURLHE T AR R K R

R EB AR (S SRR 4, JATATLAKRI, fEAATRSCEe s, =N 189g (1
FEYM 50em = E A B RISy 5om AR I 5 UL HER,  ZE ik 1A 20
0.001s. HATTHIWE BN, UKL IR I R0 DU FE B 0k v 2 b 1k R, KR SIOR. P 22 o
RE LU ARMUR G, 5B 5 = RO A AT R PR RE . ARSI B T b I E AN
9 100g, F#&E RN 10em, BEAE) s S AN, T HAS SIS A AT R R HE
JEFEIA 20em, A7 R UKL RE A ERE U FE B A AR O B v, FR AT DASRESR, AR SIS
Hhil 7 I KKz /N T 0.001s, FITEL,  ASEES o T EEA) I VRO RIURE HE 7 AR 1) i
i JIHIB AT 2 AN T, AR VR RIORLHE (B AT A N BRI S AL B o R HE
FaL BEL KA J P R A I KBz 0.2s, X K 0.001s, LA #rarsn, s/
BRI 2 58 A FERUR, L BE R S A e I R 52 42 AT DU U2 UKL HE 2P 3 5 9 3
J1EEH AL RE . MG S PR, fTRURIMES L e feEuE e 17
Fa, IXARPRAA RS2 BB )G P E AR, BURLHE i BB AT 4 LA e FRBUE
VKR PR, b AR P R HE Py 0 EE A AL R AT A BERIE A FERE T

FIORLAR F 08 — P AR 245 B0 52 A AOARE I, T4 2 1) 52 4 AR A XS5 1)
A, NATRE TR 2T A%, oM EZPL. B LG S SRR Rk .
H 20 21 54 4 22 Ml B R AR B AR AL & R B R R B b HE 3R 10 B A 20
FHERR, S5 A AHLG RS . BRI R — N E AR, ZEIRIRI
B e A R 1 E B AT N EEASRE T A2 Tt kIR, AR Sz at 0 82 B B R o6t
T i R I A — A

(4) BRI E S R e feBUr A5t .

AU SES RN 12kHZ, WRE—FDREERI K E 5+, FRATRT DIAR 2]
Tk HE 32 BIIBh 5 AL B VEARA S o &) 2-2 S Ok HE 2 BB J5 MATAE P A2k 745 5
BB R, (55 R R BRI ) 5 R AR U, FIOREHE N R 1) T R R A Y
Z. HETUER, HREEREREPES 2RE0E AR, XK T BORHE P&
FHEBAHZ IR, XA SRR BRI 5 3 1 Ak . 0T BURA 5 1
JIEEREAE, 250 I FE SR S 3 COARREE A, DR BURL I 43 e B 0T N 58
Wk [ (IR TRE B B0 55 B0 ) e e S SR D1 2 3 5 L B R, B
L lr SRS THEAMAF, B T ENUSHUECAR R A D, B e -
TG (Discrete Element Method)#% T 4z HH ok, TSR TS0 B0RE A7 J5R 7 25 45038 1 i L7981,
TR A4 22 i 22 ) B A LA HE SCPE AT, 0% PR R TR R ) 3 it B A 52 1) A M8 P
AL, I B BOCIE B X ISURL A 5 P 5 0 B R S A AT AT A0 T, Re SRR
SEZBG R AN B 1 FURLAA 22 P4 30 A A
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M 2 b RS PR 22 18 S

2.5 KRB

AT BT bl R UL HE R BE R o SIAG R P EEA) T 9 SO A
oty 164 12KHZ SRATE Z00 UL HE F BHL 1032 (0 I R HEAT T Hcdl R ol e s
WG KRIL T HORLHEAE 52 B by i PtahJa, He i B A AR AR 5, O I HE P A2 1) i
FE R R B RS E RIS AR AR 2 e e HUE AL, IXAN I REARBL 1 RIORLHE A 3 5 B A2 ()
B AL
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55 3 & URLHE AL PH 5 R R O &

F 3T FAEHEBASEERXAR

AR L AT DR AR BRI 2 AR I P 2 BRI RELAS , RN S AR K
B M. REERRA R, [, i SRS K2 2 IR,
XR] DLBR AR OB RERT FR PRSI 2 o 21 SRR RL B R ORI
UKL HE A BN FIURLAS B 1 H B AT 5 BB E R, (ELRORLAR 2R 2 0 B S5 A A T
AA RN, RS A RORIHE ) LS LR R R

3.1 ELESAREE

L BE A R ) o T R Y, ARSI MR KA
ARBIEARA K AR TR
R = pH/S (3-1)
R oS0 25 (0 m):
H—— S AR BPRHI K (m):
S—— UM R BT AR ()

FRM ISR B RS R X TREIAR — e Sk, HKETURRA
H = V/S = M/(S) (3-2)

X M——E 5 & (KQ);
po—— MBI E (Kgim®) .
¥ (3-2) AN (3-1) T 15
R = pM/(S°) (3-3)
Hp, po st M ERRER, . SR e —B 4, S HR
FEEAE, M4, BEEEA—E K SR B R &5 SN R & M RIET.

3.2 ffZA T AAIE e K e R P

DU B AR 5L 1~ T ) Pyl — SR L I B, FH SRR AR B 520 4 11 4 ik ) L 1)
Fefite FEPRFUILI B Z |, Sei W s AR ) B e v 5, R GE— AN gt ~F 1i
0 — Ry Ja TR TR AE . B s — N R B e B e BR P T, R R
RN a4 RAETEAS, BT BN xy-"F-TH, 2 B3 1605 BT I i i 5 1) — 2,
Wik 3-1 fios:
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A /R bR 2 P2 22 18 ST

B 3-1 JufE R ki

ARYESNE R, JATT AT AR B AR AT X

o = TGO (3-4)
2nE r r(r+z)

1+v _yz (1-2v)y
u = = 3-5
Y 2zE r® r(r+z) ¢ (3-9)

—1+V[2(1_V)+Z—3]FZ (3-6)
2nE r r

z

X E— M REE:
v——3HIA L
u—— A (m);
F——2 J7 1843 J1(N).

Hfr=(x"+y*+2°

ffiz=0, WIWT45 276K ARIIEAL

_ L+v)L-2v) X

3-7
i 2nE re ( )
L+v)A-2v) y
__ oz Y 3-8
y 2nE r2 ! ( )
T i (3-9)
nE r
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Hrer=x*+y* .

IR IIE A M IXEGEE A, W 3-2 frok:

ik 3-2 2R TPl

IR 2L G RoRs 32 B T390 A FH R 45 A AT, B AR A DX AP~ o 7 A2 F A
FEARVN, BB IA v] L AUCE O T/, BB NS AT 58 p(x.y), B4

RIMMALE W LLE -

1 . dx'dy!
b, = —= [l ety)—
r=Jx-x)+(y-y)’
N E
E =
a-v?)

SR AE X IR N L 73T, AT BLR RN -

1/2

2
p= po(l_a_z)

A po—— DX 45k b b A B (N/m?) 5
a——EH X 3842 (m).
W4, HimTEAEN:
uz=&(2a2—rz), r<a
4E a
YEH X3 N & IR IE N
a 2 )
F =J p()2nrdr ==p,na
0 3

FARTY R KRN PEER 5 31 T %A, an &l 3-3 P
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M 7RV MY R B A 2 1 S

r /
o= | = 1

z

v

Pl 3-3 AR L I 1 i P
TP TUART 2 28 P 49 MR 5 e o X 3 0 e RS U0

u =d- Y (3-16)
FR 4 0 (3-14) K 5 (3-16), T45:
-f%LQa?—H)=d—ii (3-17)
4E a 2R
¥ r=0, fAARK(3-16), AI15:
np,a i
d=- (3-18)
Yr=RII, W13:
_ PR -
a=— (3-19)
1 2(3-18) A (3-19) 7] 15
a’ = Rd (3-20)
2 _.d 1/2 _
P = ;E (E) (3-21)
#(3-19), H(3-21)FAHK(3-15), H[15:
F — 4TE* R1/2d 2/3 (3_22)

H1 X(3-20) A1 (3-22) r] 152 fir X 3 1) 4%

3FR ,, ]
a= (E) (3-23)
HE 2 F ik DX 3 ) T AR
3FR ]
S :n(—4E2) (3-24)

i T S i AR s b, AR HESE
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R~ NF2° (3-25)
Horp N O HE I

3.3 FkMEFR RN =

R R BURLIR TS T BRI A d, TS R 270, Fgid HY 5 B AN [R] A RTkE
HE, FIURLHE ) SR RAL 1 RORIHE AR, TN EE AR R /NRORHE (R L RE,  BIF T A0k HE
RS R OC R . T SEIattkl, SCide B A AR E 55 S A i+,
R RORLHE R 1) 25 A6 BT AN R o 43 B RORL AT i S 78 T B A R N, A TR
IR¥FE), B EARE, N 15cm, SRKIATEAF AR T A A, FURAE
IR 2 AT 5 [ T A A T A = IR AR o A RN B TR AR < S {5 4
T, SUTRURLN IR SR R0R e N R 5, e 07 SO R, B AT,
ABEDRUER R BOIURL AT 9, D8 T ORIESdE Rk AE, 22 RlET 1 10 Ik
AN R, AT ) R AN A 3K 2-2 15 20k HE (6 L BELAE . ST Uk HE R BH
RO, SCORE E IIER S5 —E v A AR, BARSCIs b RN T

1. %R 2-1 E R sttt E

2. K — P Bl T RS R AR, SERM T A BEC T AR IRRL 4 2
#);

3y AU HCE T E T, IR e 1 A TR e R RO, PR R
— P HUAR AR T RO HE L

4, 1N RIETARIT OIF i E IR HE DN 3.0V, FTIPE RS, B e
RETH , WERFEAR, FTT LB B 2o 6 H

5. % MRS L T %, I R B B O R R R SRR

6. K% 10s Ja, (FIEBHREE, 14 DA IR L r e eyt 4% 4

7. REHRETT, RBURLEIH, EE R,

SBG 73 I B T AN AN R 5T B R UKL, R S Y BT BRI ER T BURL HE ) )R

J&E o XA TR BRI RS T T A 10 MR, R 2-2 tHEAS B, K
ZER G 3-1 P
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M 7RV MY R B A 2 1 S

R 3-1 AN[F 5 B RURLHE ) i FHL

M/Kg 10 R ) L B

0.2 60.09 65.65 89.27 80.83 49.63 79.75 12539 7741 51.29 60.09

0.3 11866  94.05 11337 126,59 102.02 109.79 12779 107.33 11521  82.93

0.4 12762 12438 69.97 11521 10270 10243 12321 10891 10225 116.37

0.5 14351 16339 190.14 138.66 148.34 14252 102.02 238.60 105.34 127.96

0.6 130.59 184.63 161.78 12523 14233 151.05 12059 127.10 130.85 154.97

0.8 154.02 13659 177.01 16572 17726 163.16 163.85 14773 15359  197.32

0.9 18791 21056 17447 169.30 180.90 19851 22223 269.00 184.36 175.48

1.0 159.29 19586 19412 17829 18116 181.16 15575 15575 179.07 237.08

1.2 22086 237.84 217.80 21746 213.15 204.88 221.89 209.92 247.62 188.74

1.4 29578 26720 261.88 24843 300.00 26541 266.30 221.54 226.80 297.88

1.6 25545 22823 25336 261.01 23520 251.29 22223 272.67 29474 271.75

T B P RORHE L BE A IME, andk 3-2 B, A B 0L HE e BELRE T =
AR U0 3-4 Frw

AR 3-2 WURLHE FFE A YA S bt 22

M/Kg RIQ ol
0.2 73.94 22.44
0.3 109.77 13.99
0.4 109.31 16.76
05 150.05 40.35
0.6 142.91 20.18
0.8 163.63 17.26
0.9 197.27 30.27

1 181.75 24.24
1.2 218.02 16.37
1.4 265.12 27.67
1.6 254.59 22.13
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180

150 |-
[ . ,/'-
120 | -
L T //
0 /
G L 1
- 60 / 11
. ”.
‘,/
0
.................

Pl 3-4 7[R ISR 9 et
3.4 HRR I

K 3-4 R (AR AN R SR U HE A LB, R R S 6 A5 ) AN [ o S RORAT: 14
PR, ZLERIR R SIS EH RS, SRR 99%, RURIAE K HL P S
JREA R R AR

RIURL A 28 BB AS R B2, FOURE Z 18] AR A Fi 3 HL R AR, KR B THORORE AT EL 432
ful At 7 LB AR R ER R 0%, BEERURIAL RGN, 3 AR R 2 0%, s aR 4 R B oR
FRIURLHE (1) Hi FELBE UKL o B I 2B G R, XIS BRI —FERg. I3
(3-3). HRM, FUKIANR 5 IESEA R AE )1 507 T (R R AR A, g 4 A 55
BRI A 3 A2 B 2B, TR AR 28 N 80 T RERR SR R 2%, RIUREAA 2 A B A N
GOAR oA 22453 B RS HFE o FESEA R ] A [ 777 5 e v R LAY
T UL A2 J5 5ok JEL e S 11 1 77 B L e PEE PRI e - A R, SR A5 BUBURLAE ) HE
PHAMES: PARFER S R ROV R &R, AL ERL 5 ALK R A
T o A URLHE B BE bR v O 22 73 A1 5 DL A0 B 3-5 Fras

H11&l 3-5 AT LATE 2, R BE FRI A o O 22 R /0N 5 0K it B V0 IR AR &R
RURLAA R B ARZRIE . X HIA6 26 O BURE S ARG S RSP, BRI HE Ja UKL HE AR
SHAAMFAE, SIS I AR ZE A R 2T TR AR, AGE B R KA,
NI 2R 2 X 2Lk, BRI HE I 1 RS BE DRAE AR AR [R] o U HE HL BH
DA RAT — %€ BBE, AR 22 s BRI 5 1) P L (i 25 S (B R/, T A
I RGRI AT E L. ML, TRBEEMARGEEEE R, A, W
RIHEF AN 2 OSBRI 2 . IUREAR KT AAS SE R 2%, A S BRUOAMTRIE H A2/
fEAF R R AL AR AT -
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M 2 b RS PR 22 18 S

10 L 1 L 1 1 1 1 1
0.0 0.2 04 0.6 0.8 1.0 1.2 14 16 18

M(Kg)

P 3-5 % AL LR Fh BEL A b i 22 23 7
3.5 MNE T TR FE

AR SR G B S TR R HE (1Y) R R B ORI B B N R R S R, S TR
R — R, AHRIELEN N B ) 5340 =3 5T 0, BORLAAR 58 N0 1R 82 77 AT 43
B IE ARG IR, SRR D 7] 77 I, X g i3, 2
WL L BHA AF 2R IS A R AN A5 1T 60

TN THT P SE 56 2 7E — 8 N I AN [F) T S R Y LR, SRR B D IR DL K
HLBE A 7325 b — 0 SERe AR ], AN kb ROETERIHESE R 7R RO HE T
R B g B k. 1E SE gk 10.65N I, X &R HESEAT 10 Y&, HE
HH 5% RO HE () PR, 55 O M FR L PR ST S B b O 22, &5 SRk 3-3 TR
FELE N2 10.65N 500 T, 0k HE (1) [ Bl SR 5 12 1) 20 A B an 1 3-3 s

270

240 |
210 | Py
180 |- A

150 |- 11
c I 1~
x

120 |
9 | A
60 |- I

30 |-

1 1 1 1 1 1 1 1
00 02 04 06 08 10 12 14 16 18
M(Kg)

Pl 3-6 AN [F] i S AORLHE 112 FLFEL(n#k 10.65N)
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2 3-8 FUURLHE B ARS8 (B S b o i 22

M/Kg RIQ alQ
0.2 53.78 21.32
0. 76. 46 10. 36
0.4 78. 57 15.03
0.5 112. 81 25.18
0.6 110. 97 18. 26
0.8 135. 54 14. 34
0.9 160. 25 15. 18
1 149. 42 12. 26
1.2 186. 35 11.53
1.4 227.59 20. 93
1.6 223.19 15. 56

1A [R] 5T BN HE I R, 2D 2R3N RN SEER (A IR IS, AT LB 2,
FE %L 10.65N 1500, BURLAE (1) B 5 it A IR I I St G R o

R SEIG R, X RN NN B I, S At TR SO HE 17 R BH 5 R A
FREEPER R, RMEE ERG, (HRELNSHS LI KA —FE . dksik
NI RAN, B RS, BRI AR BN 77T S0k A BE B 5 AR,
W sz ng 4 AL AN 3-7 BT

300

Bl 3-7 ANIRI N T Rk HE H BELE 57 & 1) 2 A ]
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IN 7T
& IRV

€ Ll R 27 B - 2 A8 S

7N

P 3-7 TR B AR S N T RO HE () F BELAEL, AN A LR X
B G o BRI, AFER/NEINER ST, RS0 ) Fi L Bt R0k HE

Ji R AR R AR AR

34 AFNETMEEL TS a, b LHMZE

R=a+bM

In# FIN a o(a) b o(b)
5.72 65.13 9.19 129.20 9.99
10.65 36.51 6.77 125.09 7.36
15.58 23.40 5.69 119.34 6.19
20.51 15.92 5.48 112.99 5.95
25.44 11.92 5.08 106.28 5.52
30.37 9.43 4.92 100.22 5.35
35.30 7.50 4.67 94.90 5.08
40.23 6.05 4.46 90.36 4.85
45.16 4.86 4.21 86.30 458
50.09 3.92 4.09 82.78 4.45
55.02 3.22 3.94 79.55 4.28
59.95 2.45 3.83 76.98 4.16
64.88 1.97 3.66 74.40 3.97
69.81 1.38 3.57 72.23 3.88
74.74 1.05 3.45 70.14 3.75
79.67 0.65 3.38 68.28 3.68
84.60 0.23 3.30 66.53 3.59
89.53 -0.04 3.24 64.83 3.52
94.46 -0.18 3.16 63.14 3.44
99.39 -0.42 3.08 61.80 3.34

104.32 -0.64 2.99 60.39 3.25
109.25 -0.71 2.92 58.92 3.17

(3-26)

TEEINE T, UL HE P BE BT A R C &R, A S Ea i b
MBEAIARMEAMR, GiEARMBETUEELTSE a, b LHEZE, Wk
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3-4 fzr, AEH a A b BN /7 AR ALK SR WA 3-8 o

80

L a)
70

1: lHHHﬂ%HHHM

-10

1
0 20 40 60 80 100 120
F(N)

150

)
135 |-

120

105

2 90
75
60 |
45 1 1 1 1 1 1 1 1 1 L 1 1

0 10 20 30 40 50 60 70 80 90 100 110 120
F(N)
K| 3-8 ANEINE =48 a fl b FE
3.6 51t

H & 3-8a) i LB B X R IS4 a G F 13N e 18808 X/, AR
PSHall F KR N:
a = 26.39%exp(-F/32.22) + 116.8* exp(-F/5.5.94) -1.625 (3-27)
HH & 3-8b)rI LA 2IREE NEL F 11380, 240 b 2 e 158U/, HE/REIZSE b
BE 4k F i) B E 08
b = 94.42*exp(-F/49.55) + 48.99 (3-28)
F(3-28). T (3-27)1R AT (3-26) T 44,
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M 2 b RS PR 22 18 S

R ~ Aiexp(-F/t)M + Aexp(-F/ty) (3-29)
12X (3-29) AT DASHEIN H LA T 4518
1. BAMME—ER, R5M 2R R,
2. HPRHEE R, REEEIMNE RN E e SRHUE K.
X TR AR — 58 S Ak, EFIEAE B A AT R AN Fo 2 FAEER,
S E—ERIEAR, WRIEATOER:, AR EAHN:

AH :E (3-30)
Horb K NS PR S B8 e, SRR HRH
R=p ‘SAH (3-31)

H NSRRI, R p SRR S #oyeE. MIEHE e, 1HE F N, AH
HNEfE, B

dAH =0 (3-32)
AR _p _pdaH _p (3-33)
d S S dH S
H = VIS = Mi(pS), FTLA
dH = p,SdM (3-34)
A (3-34) A T (3-33)
dR dR p
=" ,5=L 3-35
aH am 77 s (3-35)
CIES:
arR __»r : (3-36)
dM  p,S
avanIEs
R=M,+—2—M (3-37)
PyS

W BB Ar e k0, i ine F N, ESE AR RS R kR
R R=Mo+ KM, i K=p/(pS?), HA/NhFUHMBEEINS, %Ep BT
RpESHIRE . EEGSENTT, RESHHOVEE, EEEMEIT, REME
LR AN, KOAE E. BURLHE R SCIR 2 R 5SRO T8 R A —E R
FHACAE,  RIEE — € I8 0L HE F) HL PEL 5 TR HE S5 B 2 (Rl R 2R &R . AR 2 Ak
HINE ST FAEKRKS, Z%a M b #RLL e TR AR/ . K X(3-26) 5 2(3-37) L&
K, a Ml Mo, XHRURLHEFT I A 1E E INEEENT a A/, b AT Ko Xt
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TRURHERTE, pov S FESHHEAEM, RPILIIS, BULHE S AR R Ak 4T 2
RO S DAL RURLHE )85 L oo B R AE— IR, b SR RO IR L AR 3L R 2
R

KIHIRMNEEE] a MRERWMAGB-27)R, M FA0, BSMETINER, a
HMECRT 0, XN 1 eI (TR g4 aa B b . 2(3-37) i M AT DLIE SRR
6, M =0, AL M= 0. 13(3-26)/2 H LIl &Mk 25 A 2,
HiG Va2 0.2kg < M, M AREESHUE, 8 1 IRIEBUR 5 0 K& E, M ATHEL
EARTLIOR AN, 28 /0 AN ORL T B ) 201

BOAE M ARE /NI DL, AP BRI ARSI AL I, AN R0RE 42 ik ) P B 55 s 77 52 1
mARRE, WN(3-25) . WIS =PRI, X = AN AT AR AR S K
XEEf R ZME B INFA SR R 5 F Z AR ARG R, 28N KES
A PN o SR T RIOREA) 5 2 K 1 ORI PRI B 1 L P T JOHEL 18] ) ik ok R
R 0T = AERURLAR FRAE, AR A R 2% B T RS, TR TR HE ) RE AR U
HUHS Foin s A 2 e iE s A R R ok A AR a2 (3-29) I HEM —#F: R
5F 2 e BB, A, BURHEHE RS MALRR AR, XL A R
BT T D IRER

3.7 KEINE

AREESENE TIESLEN AR, BEJE B 2& A BSOS 112
o FELBEL 5 R D Bk B o I SR UK HE BB BEAT IR, A5 BRI HE R
FIURLHE J5 15 S 2R VE I IR 2R, IR 5SS ot A FHLEAT T BRI AT o A% o UH
BEAT N, EE LRSS, HENE MR RKIEN, JEN TR T
BH55 FOREHE 57 5 A S INE I 1 2 T8k R i RiA K, Rk 7 A
FURLHE BT M AN iR Ja X A IR EET 7 Hriie, ol 17— RsE Ty
7] o
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55 4 & URLHE L HL B N k) A2 Al

£ 45 TRt PEREMERY

b, S AN R R A RURLE , A BIURORE HE (1 FL BHL 5 0k HE o
e RN R IR AR o LM SRR S A R T ROIN AEE IS 04T K, 8
IR S B AT 2 1 RO HE R B e 50 R IA S, U B 1 N ) o AR ¢
. R RIE NGB IF 4L G RE R B8, N 1 RO 5,
AN W e A Tt 0 T RSORE HE ) R I B o 3K — T vk SR R S F BH B N 1 A
.

4.1 XHFURIHERY N B SC3Y

ARSI P SRR R, SEIRRE NSO E 5 T mh AR, AR
KefET, FERURIMER & e A, FTOTF B R PAF T Aa T2, PR T UL T A a2k
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4.2 SLUGZER
B S 10 K, B HFEL RG R 4-1 iR

R A-1 JHURLHE e BE BE N #0324, (0.8K g HE)

F/N 10 VRSZ56 F HE BEAE
5.72 1540 136.6 177.0 165.7 177.3 163.2 163.9 147.7 153.6 197.3

10.65 1252 1154 1375 136.0 1445 136.0 1349 1264 130.1 169.3
1558 1079 985 1214 1182 1221 1195 1203 109.6 1157 1479
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99.39 463 432 514 518 548 526 501 433 511 612
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42 TERSH a M b(0.8Kg ki HE)

ZH 10 RSB K 25

a 3315 290.2 3828 348.1 3720 3373 3503 337.0 319.1 4238
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% 4-3 B4 a Fl b (IR bRE P (0.8Kg BTk HE)

ZH e bRtz
a 349.2 36.8
b 0.411 0.01
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S¥ 10 SR & S5
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1.4 588.9 67.1 0.390 0.02
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