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Abstract: The security of wireless sensor networks has attracted much attention in recent years and the key
management is the focus. EBS-based dynamic key management scheme is a new approach for wireless sensor
networks. Its major advantages are its enhanced network survivability, high dynamic performance and better support
for network expansion. But it suffers from the collusion problem, which means it is prone to the cooperative attack
of the compromised nodes. In this paper, the feature of the collusion problem is analyzed and an optimization model
is proposed, maximizing the length of the shortest collusion chain, which is the key issue of the problem. A discrete
particle swarm optimization algorithm for the collusion problem is also presented based on the optimization model
proposed. Simulation results show that compared with the former works, the resilience of the network and the
difficulty to compromise the whole network are both greatly improved.

Key words: wireless sensor networks; security; EBS-based dynamic key management; collusion problem; DPSO

W B Ritxd. CENBHEEFTERBARLKEREME ZAMFAMNZ A S AT exclusion basis
system(EBS)#)3) A H4AE oy ik d TR AHE, 3 54 fﬂ"’]'?)’/i’i'i% ZE T R EAAAEIM T AT AAL
R A B AT T AR R Y Bt T A A8 E M IR A R IR IR £ AR — B L T T AR BT B R
AP S AR R KA BATRE T AR P A AR Ak E RE T A FBERET
ﬁﬁi&éﬁﬁ%%ﬁi% Y B A T R AT B SR e 4k R, 5 AT AR TAEAR b, R R AR AR Fe o ik R
RS T WK AXEE M LR EH5% T AT K 5Kt

KR ARAMERBML oM AT EBS #1304 ’%ﬂﬁ:ﬁﬂ,,\imlﬂ?%ﬁ;%’rfi*i%ﬁﬁ%

HEERES: TP393 SCEAARIRED: A

+ Supported by the National Natural Science Foundation of China under Grant Nos.69774011, 60433050 (& 5% H 4} Bl 24 5 4)
Received 2007-12-27; Accepted 2008-04-30

© HEEREETOR

http:// www. jos. org. cn



2532 Journal of Software 3kfFZ4% Vol.20, No.9, September 2009

TG 28 A% 835 W 45 (wireless sensor networks, fii 7 W SNs) A —Fi H K 85 42 38 2 11 4 e A% I8 10 S50k 1 1 I
N ARG SRR TR RS R . LR REHAR . LIS B A A AR B AR S iz N
FEER, R, AR NN s, BB, B, 7 a2 B8 58 itk 5 R G AL
56 BT 55

TEVF 2 2SR AU WY v WSNs AR AT AR AR AR dik DX, 1 1 25 0 2 15 TP B e A B s 1 s il 3R
BLOCFORE IR TR X P A5 00N LR UF S0 1) 58 48 0k A Ik SR A5 0 S BT 7R — £ R = ANtk ) 3 v 9 L
Ji, 19X % 0 B 1R FH P A A S8 52 B 3 G gl MR T 9k 8 o S B ) L PR AT SR TR b I A R
WSNs ¥ %% 224 ] 45 3] 7 )32 i EAE L T WSNs B 9 48 5 40 S5 My AN T 14T A5 8710 s R i A T
PR (RIS T B IR A7 T TR R A TR A IR S AR R BB Internet FEOAMZ SR R—RETH =71
NICEP R RIEATE A WSNs, #8282 MR A TG EAL I (19119.2002 47, Eschenauer Il Gligor 4 Hi 1% 41 7 43
lid(key pre-distribution) /5 2! gl A by & — b A B (10 0 26 A TR ot I 444 2 A O K OFA9 8 TR 2 S e
S 7 RT3 33 A 3 0 e A A ]2 (0 3 B it o 0 T 05 45 AN T A S [ 5 R A P e A 1
J7 ¥ (static key management).2006 4, Eltoweissy 7F exclusion basis systems(EBS)! SR 4% 8% 0 5% [t 23 2 45 #4911
Feith FAR T ShA S AT ML S (dynamic key management)! ), b AR 5 1A BT L, BEAL AUEE T

(1) RITEA: W96 B P 32 B 8o BT A0 70 T 9 190 4 3 2 0, DT 06 328 e e N\ A 3R 0 i 38 v 7
P 2% 1) 2 A Pk e

(2) FERAE )45 2 A PERAIE AU RT AR N M LE i A 2 A FRRE Y 20 1 A7 ik s 1), B v 7 R Rk 719,

DKk, 56 EBS (193l 48 25 5 B VR AR Ok 17 0 2 A% 1ok I 445 ) 2 2 61 4 WO 9 1) S Ak 12030 A S e o 3
T EBS [0S Ak i s W 2 3)) 25 2% BH 43 I 7 v B L8 0] 7 (collusion problem), 4t T p BEAEFE ML A p
Bk B oK HE 2% 51 2 1 5 2L Bk (hops to collude) 2 [] 1) 5@ 28, 1k 1 37, 77 L aht v 780 1) O AL B 28 7 st RS A -
K Boks 1 BEAL AL 575 (discrete particle swarm optimization algorithm)iEAT T %5 5 40 C 046 58 v Al L &5 IR
T M EE T BEALAS B AT Shelll™) SR FH A SC R 43 it J7 2, 9 4 ) e A PEREAS 1) T 2 35 4 v

1 T EBS BYJCL A8 38 M 48 3075 % $A & 1 o 2L 1R (6] 3 Ay i ik

1.1 EBSFAEFEBSHI L&A REMNENTEATERE

EBS /2 1 Eltoweissy 25 AT 2004 4F4H2 H 5K 19— Rk 414 TR A 4150 {7 2 15 7 7L

FEX 1EBS(nkm)). % nkm ¥4 EEE, H 1<k,m<n EBS(nkm)t LES {1,2,....n} B 75 G EH K
A4S LI EHX T Ve e {1,2,...,n} T 2 LU R A 44

(1) t e 2 HILAE T k AN e E .

@) PRI m ATEE, AL A A ETTIIIFE T, A = {12,005 — {8 R AT0T— A ¢ 80T Ll
M UF m AN ELHEF ).

78 EBS(nk,m) 1, n FoR15 s 5 H K s 3 B b AT 5 (0 3 A B k+m 3ok 3 BR K mT DA E gl

Lo ('”km]z - (";m] R 0 A2 7 5B 44 EBS(n om), JE T T e — A 35 9 10 5B 77 .

2. )R Z m AN B A AT DU O SR B R IR A B T KR 1% R

#1024 n=8,k=3,m=2 I}, B EH /ML J7 W4 1 h i) EBS HiFE M T, M(i,j) ok | R34 K 20 BRgh 15 5 N;.
B R N BT AT (038 Ka, K Ks, U 3B LT 2 AN S

(a) Ey, (S, Ey, (Ky), Ey, (K3, By, (K) 5

(b) Ey, (8", By, (K3), By, (K3, Ei, (K)) .

Ey, () Fo LU K 0t s x BEAT N, K FoR 347 K 1007, S A 1y 2 1 o .

© PEFPEGERIHITON  http:y www. jos. org. cn



JUEs S AT EBS 950 A FAE kA 2533

Table 1 Matrix of EBS
%1 EBSZHiF

N, N, N3 Ny Ns Ne N5 Ng
K, 0 0 0 0 1 1 1 1
K 0 1 1 1 0 0 0 1
K3 1 0 1 1 0 1 1 0
Ky 1 1 0 1 1 0 1 0
Ks 1 1 1 0 1 1 0 1

1.2 ETEBSHITL 4L R3S W K sh 75 25 5 B 38 ch gy 1418 (8 B 4 i1

SCHR[16-23]3F8 i, 5T EBS [0 4k A% 240 M 25 3)) 25 26 B R 4 b A7 5 2 0 7] i (collusion problem), i H. &
A H 2 AV I A DN 28 BN T DL I il R s ) O AR SR AR R (0 B, B A AR R A R
ML B AT AR 2 P9I B R A A0 T s B I L e 4 T R U (collusion), SR IR K EATIN R
SR IR 0 00 T 8 O S 8 H R 4 A 0 5 R e e A IR

Pl 1k ARt ] R ) 7 = 1T SR TR B R R TR BT (R AR S DG &R ] 1(a) Bz, AR 1T A 1 1 3 34
3R, 0 B T AL AT AN e E WA, T LABAT) 2 (R TR VR T e IL U AR 275 6 2 R e sk I W 1(b) TR, 3 S5 A
ZIRTE R T — 45 fli Bl T A T AT LA AS ¥ % B R B S BN S R MG FEA U T 3 AN RS

O Compromised ONormal node
node

o - ©
N
() 3
o O—C—CG——0®
S
1 2 3
<> 4
(b)
Fig.1 Illusion of the collusion problem Fig.2 A simplified network
B IR SR R B2 i o i s e

FEIE 2DV AR ) 1A U P 2 7, AT Tt DA 5 S

TEX 2(EBHE). WL 10— A, S AR RO Y R0 nT DU i #0522 Bk T AH 213

TEX 3(FLIREE). W45 i — AT B, JE Y RO I DR AN 4 B Ak ).

TEX ACFRVRGEACRD). JLIEE Loy i

SR A BRI Y A R A SR U B I, X 48 1) DA 3R S 58 A AR, X 4 18 B A LA RS 1T i o 4
PHZE. BLOG, Z MR AL — A BA 590 b G548 1 T0 2 A% 8l I 45 T o e 2 A7 1 22 A< JLEHE T 75 R 3
T LA A 480 S [ 43 A ) 2 U, DR A T U e 2 o o 1 S TR I 0 4% 2 4 1Y) dc Y95 A0 T S 8t e
(14 58 55 7 e 3 1 20 W 7 5 EL BT O I B T [ A X 208, AN [ £ 8 B 0 B 5 58 2 ik SR AS [ R 3R RERE 23 A,
G5 i I R A AN [R] £ DR e I A B B 3 TE 77 5, e KA i G TR AR R, AR e ) R A AR A
iz

2 mEHFEBEKENITESHIFEERILEE

21 SR
FEZ5 H B AEBEREAC BE (VT 507 i AN LA RS R 2 7, e A P 81 A 75 5 S % SRR T
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Table 2 Notations and their meanings
®2 o HEX

Notation Implication Notation Implication
N Set of nodes N¢ Number of nodes
. Communication radius, two nodes are
n; nieN, node i d

neighbors if their distance is less than
VcNxN,(nj,n) eV if the distance between|

+

\Y Ny is less than d k+m  Number of all keys

k The number of keys every nodes has m Iri;lézber of packets needed to evacuate a
Node ni’s key distribution scheme, k+m

Xi bit binary number, 1 in bit j represents| dim(e) Dimension of a node serial.
having the key, 0 otherwise

A Initial state matrix C Single matrix

D, P matrix Dy(inj, ) il:;;ent p of Dy(i,j),which is a node

|| Number of keys of a node serial

22 TiAFHIFMpBIRSER

FLREBE 2t A A 9T 5O R, T DA e R R AR SR T ST I 2 B g BE L IR BT A AT Bk
IR 3 25 1 Pl 10 2 2 A, DR e, R A LK i 5 I 4 i AT AN T 2 ) RO % 42 A U R AR
SCR T p BkeDR 245 R B4R Sk 08 33K i 30 24 0 SR o R A T W AN 19 R W) 1 32 T B A

EX 5(TTmFEFD. non .n BARAE AT A 2on KEEN LT S 51,47 vil<i<l #04
(n,_.n)ev.

E X 6(T S FFIRILERE). 1 AUTH non .0, (048 BECAE dim(nn ..y ) FE5 15 AT 1AL S 15 AN

TP N SCBR ERRIE T N Ain G 1-1 BREBIE AT A (P05 R SR IX LR 45 R A
A s R IA T 2, AT DU S T LA S 4R S LK A —FE I A K TR

TE X T(HNEARZS 5B P A0 B Bk 5B B ).

WIREIRASHFE A R BT FE C 240 NxN [R5 B, 626 0 1 SR B (4 4
{ni},i:j . i}, (n,n;) eV
o, C("”‘{@, P

WIHRIRSHIFE A RIE T PRI EARAS, A BAERE C KRR T MR AR T Ao R A MAE =T it — Bk
325 B0 Iy 15 R I R v Y R A 1 AR A A O

T B IR AT AR A B RN SR B o 2 ] P AR B AT IR BN S

EX B(EEOMN®).

ﬁﬁ?ﬂ%%A:@Mdsmﬂm:&@<ﬁm}%@@ﬁA@B:ﬁqusmﬁdsm}?%%&
HEAECEENRTHE, VAAOD=0OA=0J.

JTLHENTRFIESWHME P,Q.P b pxg MWHFE,Q N pxg MWHFE,P®Q & pxq MHIFE,
(P ®Q)(i,j)=LIJP(i,t)®Q(LJ')-

PN BRI S RIS 5, R s AN SR & Hh (715 A0 210 A0 B2 J0T ) J 1) 15 1 7 B 4R @08 B 5 55 ) 3
1518 AL, R B AN O SR AR S T AN U F AR A R 0% 2. 1T @38 5 5 B 1) e as SRR, R 2 FH O
T BTk, A A W IEIE SRR T B vk s X Rz 550 it — 20 AL SR O A K RE 3R 0 TR R
TR L H p DR A I R A L A ek

EX 9(p BRRZSFERE). p BRIREHFE D, =A®CQC..QC.

pA

TEI 1. Dy(iLj) 2 FT A A AT B g KBE p+1 1 T BRI S

A(i,i)—{

23
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{nin;},(ni,nj) eV

BRI
@, &=

>

UE A SR B A A RIE .Y p=1 W], D, =A®C,(AC)i, j)=n, @C(i,j)—{

1E p=1 I 2 AL Y.
B4 p=s Bt AL B Do(iuj) /2 B T 5 2 n K B2 s+ 079 T8 R4

% p=s+1 i}, D,,, =D, ®C, Dw(i,j)—{UDs(i,t)@)C(t,j)}—{ J bty nj:|,j~J Dy(i,H)y Z 7 BT AT 5

(t.j)ev

g B K FEy s+1 38 ST I IS4 T (L) eV, BT L [ U bive nj} SR A 25y B0y K Eh 2 1079

(t.j)ev

FP A A4 Bl p=s+1 I &5 18t B ar. O
n 0 0 0 n n 0
S _ . 0 n 0 0 n n, n | PN )
Pl 2 T 0 W 2 4 b 4 0, AR A= ,C= A4 A®C®C i/ AC? U
0 n, 0 0 n, ng n
0 0 0 n, 0 0 n n,
{nlnlnl7nln2nl} {nlnan’nannZ} {nln2n3} @
D2 — ACz — {nannl’n2n2n1} {nznan’nz”z”Z’nZn}nZ}> {n2n2n3’n2n3n3} {n2n3n4} )
{nyn,n {nsnyny,nynsn, § {nsn,n;,nynns, N {nynsn,, nsnn, }
% {nynsn, {n,nyn;,n,n,ns {n,nyn,,n,n,n, }

D, (0, j) &7 n B ny KER 3 17 AUFRFIRISE S BN D,(1,3) = {nn,n, } LR BBk ny 2] ny BT id i1y
RN NN, Ng. D,(2,3) = {nynyng, noneng} RoRBIBEM ny B ng BT B975 258 ng,ng,ns X ny,na,ns.

2.3 REHFEKENITESHIFO MR ILEER

U F S AR D) A T 0 ni By BTG K2R p1 1970 05 5 186 mT AR B 4 2% b A 2 — AN SRR,
HE Dp(i.j) 3 — AN 5P FUAF ARG R R OC FR AT AL I S IR T R 101 50 41 o, 4k 3 o et 3 T T 0f
IS PR R A1, o S o R A O K 8 0k T e A S DA b 2 S AR A,

IR 2. p BRRAH B Dy, #7215 i, BEAF Dy G, 40| = K+ JU T AT 51 Dy(ifa0) BT 5 1 4 005 250
144 S ={n|n e DG, j, )} h— I EHE.

AT P 1 WA, Dp(ij) N AT ny B ny IKREEDN p+l [ — AN AL S IR X
D, (G, J,20)| = k+m BT LL S R (3 69 A Bty kerm, B S ST B 5 00 2 9T LA S A 45 UL B I 5 3,7
IR IR O

EE 3. X TAERICEE Lo, # T LUK BT KU 81 Dp(iLj, ), M8 45 Dp(iLj,20) T A0 5 BT R0K R AR 4 5
S ={ny|n, € D, (i, j, 1)} = L.

E A - T LUK 3 B MR R W XA 18 B R BEE Lol 15 5 ny oy .0y R ER T I C A 1 B A,
PIELL AT 25y B, 1B B — A5 0T 5 ny 0y 0y Ny N, UG T 0, 2T n,,  HLE D) TR A
Ny Ny, >Ny - HIE B 1 WA, Dy, (6,6,) P A M min, n, KB s+2 #9737 507 50 0 4 &, it LL
NNy N, .y Ny, €D,.(6,6,) JHBEAFAE D, (6,0,,10) =1, Ny Ny Mg, T, XA ng Ny Ny Ny My, W7 L, BT

B RLITLL Dy, (6,6, 1) FTAE I S SRS S = {nq\nq € D,,,(60,,6,, 1)} = L, J5 i i j 37 AIF EE. O
AT 2 AE H 3, AV AT DAUE W], I IR AR p R AR I ) B p, RE 8 1 A b 15 8 B A L P
XTI S BT A, I SRAF AR
EIE 4 WIRAZLE Dy g, Jor sty 173Dy (igs Joot0)| =k +m T ¥ < rir’ljz?l)l(‘Dq(i,j,y)‘<k+m JUM D, £
Dy, o FTATHIAT BEAS 35 225 0 ) 5 w32 80 v 4 S8 /AN R0 0P 70 e 7 () G R i o 296 e 42 o i R

N
A,

A

cF B
oF

xE
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!EEVH\:EP HO = dim[DpO (iO» jo»ﬂo)] .
SEYB D, B Dy, AT B 2 L0 15 20T 51 SEHE RN K85 500 D, (@ Br)
Hmin = dim[mem (aaﬂ7}/)] s
A
mein (aaﬁay) € {Dl(la J’Il’l)HD[(I’ Juu)‘ = k + ma pO St S 2HO _4}
H
dim[D, (e, 8.7)] = min(dim[D,(i, j, 1))
vD, (i, j,u) € {D,(, j,y)HDt(i, j,,u)‘ =k+m,p, <t<2H,-4}.
B D, (. B,y) FH I FEUERE A L, 75 B I 0 5 L 0 90 2 o K 3 I 136
SR SV B L K BE A Ly L5 D, (B y) TR RGNy LT D |pi=Hii T8 B 50 0B
Lo LR V<l HHRE B 3 RIRILAFAE T 8T8 Dy, B,y Sl AL Dy (e, B,y B A& IR0 iR B 2 15
S ={ny|n, € Dy (e, 8.7 ) =L A H' =dim[Dy (@, B.y')) I 1'=H B AT R 9 R A0 25 0 ARG LA ¢
AN TE A K IC 170 3 308 1), 3 1 JF B3 0 P i S A B D B AN KT 24, T 3R BE RT DL 1 — TG 1) B T P
DL p'<2H'—4.
P Dy (01, )| =k +m JIEBA 2 py 45 p'> 2H, — 4,0 2H, —4 < 2H' =4 Hy < H' I 5 L'k i 6
B BAR T i A5 p <2H, -4,
D, (e, B,r") € {D, j,,u)”D[(i, j,,u)| =k+m,p,<t<2H,-4},

1}
dim[mem (asﬂJ’)] T ﬂ%g{dlm[Dt(la J’,u)]HDt(I’ Juu)‘ = k + m’ pO <t< 2HO _4} H

bl <l X51<1, FE.

L L RTHAR B —— BRI AR SR L T LR HHG 0, T 56 1 D, (ar By) TN (193680 L BNy
8 P K S 10 90, 5T S L 0 KR L i . O

b b5 HE 4 g i TSR IS B K REH ik, R IE TR p BRI (BB R D, #5E H,
FHAE Dy B D,y 1 SR A B0 D 2 ) (0 9T 5 005 510 2R PR dg N ) — A U 24 B T O Jo R VR £
R DL g i E U B B D DAk B e ] AAS 30 3L 38 ) A pR AL AR

PEAAR R BB BT 56 XA Nex(krm)RTFE,FO0E0 1 8 0.7 K% 9] ky 20 lean 1 a5 ng W
X(i,j)=1,75 W) X(i,)=0. H b b Hi ok f5 R 3 VL A A DR ke, 8 ) R ) 0 A R 2R ) DA SR 2

max  f(X)=min(dim[D,(i, j, £)])
Dy (i, J, 1) € {D,(i, j, 10)||D, (0, j, )] =k +m, py <t <2H, ~ 4
k+m
z X(a,p)=k
=
i j,uta,pel
1<i,j,a<N_,1<f<k+m

3 iR R BRI T R TT R

Eberhart fll Kennedy 5 & #f 5t 81T A1 JE KT 1995 4E3 T JE AR T B4 fk (particle swarm optimization,
f Rk PSO) J7 kP PSO & Fift T HF A B 1) AL TS B AR 0 B A4 HoRE 1 IR 1) &5 7 A IR B AR g 4 AR 1E
R, T4 R This HAEIR 2 3E 84k 1] 3811529 Eberhart 11 Kennedy %1% B B AL 19 38, F 1997 4 AR HY
T 1R Ok 14 5 (discrete binary version of the particle swarm optimization, fij #X DPSO), ] FR 25 #Uks 1
TS SR B 23X b DPSO Ty ik e et 2L il REA T AR A 1.

S.t.
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31 BEANFHEZSEBNTRHEE

AE AR T RESEVE BB X, = (XX, oo X, ) AR T B RS ORAR, LV, = (v, v, 5oV ) AR
BT P UCEACERE 1 A2 B AR DB AR R i AR 4 87 AR SRS L by = (s by e Py ) AR S AL
9 =005 9p) SRR T AL B FESE I b tt+] RomiEA R E rand L rand2 24 7°(0,1) 2 18] 1) BEHLELw
T W 0,0 2 N R 2L

v, (t+1D) =wyv, (t)+crand[p, — X, (D]+c,rand,[gq — X, (D],
X, t+1D) =% () +v, ().
ORI AR I AR T RS VEE R L R sigmoid PR BOKE R 03 R N S B i) AR B MR S T
TE T SR AL 14 (67 B RL A R T8 Ty vEan B 36 rand3 A2 17 (0, D2 R R BE HLEL.
v, (t+1D) =wyv, (t)+crand,[p, — X, (D]+c,rand,[g4 — X, (D],
1
ST exp(~V;,))’
1, if rand3<s(v, )
X (t+1)= . .
o {O, if rand3>s(v, )
32 HERBHBERMFHERLEZREIMPR

{EHET EBS M3 A% P18 B i A A BAUE kAP0, 1m0 B R A A i HLANAH R 0, B B
o o AR ) S e AR R TR A R Ty AR — A B

BER L8 AT N AR IS 1 R0 BE ST RO krm AN BB kAN BT LR 0 58 t DOEARINALE X v AR
TR A Nox(kkm) . TCRIUE b 0 8% 1 HIHEEE, X (. B) = 1 2515 25 n 0 35 Ky, X (0, B) = 0 MIFER n K
AT Kp Vi, B) Toi X (e, B) WKL, SV, (o, /)] 1R I sigmoid o H{.

K HI 5 SCHR[28 1 ABh 10 T vk A 4 1~ T 5 e PR 37 (RRL 1 067 B I 7619 s B AL FORAH IR IR T4 7
sigmoid PREUI I K IK k ANEAHSELL T S X TRTF 058 th1 YOEARIOAL E X I N AU # A o iy %
By, Bosees Bt (B X (a2, B) = L1<i <k JLAh Ky 0) /& 75 B A7 n) LU 1 %581 43 L 7 R 445 b 843 k 4 sigmoid
PR HIME 2 FH 5 K 7 5. B

{%%wﬁdHlﬁVM%WJUHliﬂﬁ@ﬁmziﬁW@nm%uﬁ%ﬁﬁ&mE%%%ﬁ&w

j=1 c=1

Vi‘”(a?ﬁ) = WV:(a,ﬂ) + Clrandl[ pi (a7ﬂ) - Xlt(a7ﬂ)] + C2rand2[g(a7ﬂ) - Xit(a7ﬂ)]7

t =1
W@N= s explovtia ply
X;H(a’ﬂ)_{ls ifﬂe{ﬂpﬂp'"yﬂk}.

0, else

FRAE S 3.3 ATAEE 4.2 451 4347, 7l LUK R FH DPSO AR 15 il 1 i AR 3 7 Dy i 2P 1

B 1BEHLSS E A 120 E 07 5, R H BT AR AR 1~ 167 B BE N LA ah A kL 1180 BT A6 AR FR & R 2 A,
ELFEIRER E b PR 5z /R 72 1 U4

AR 2RSS 3.3 W LA R VSRR ) E AR BB 0x), HE T SR AR B B DR i FR A R B A
fi# g.

A UR 3R R0 S DL A 0 4 ) A U i SR A A A

IR ARG A GRAIRIA S A A Bk B R[]0 B 2.

IR SR H.
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4 {FEL

N T IR A ST R DA ASE AR R AL A T vk 1 it P R AT R FRATV B X 22 T 6 8% G B 5 0 HEAT T B Sk
. T T EBS (K230 A% P18 BT 10 5 N A 73 R R () 199 265 9 R ST B — A BBS. 1 AR 1) Vi [ 38 5
JUTTAR T KA BOLAAS DR e, B0 00 285 v 18— A A, 075 B0 0 206 3 4 46 # R IK L=300m 191 75 T DX 48, Bt L

AT SHNE k=2~7 N k+m=9,11,13.

[ I, FRAT I A SC 77 407 L5 S 5 35 T L 43 IO R Shell V3 g s 43 e 75 3047 T U 3 Y Aol 7 9 A ) Ay
JEF EBS 19825 B B 5 10,5 A SO i KRR T AN T AU KA B S B 4 Sl SR BE L 2 RN 2 1 )3
RIIGRWIRNTT A T S b S RGBT 45 8 R 100 R4 BT S8 45 SR 1 T 4.
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