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2-2-6 Effects of Geomagnetically Induced Current on
Power Grids

H O fE— B ¥ JeRREOREE e W i 52
ERR M ¥ Wi RS A
WATARI Shinichi, KUNITAKE Manabu, KITAMURA Kentarou, HORI Tomoaki,
KIKUCHI Takashi, SHIOKAWA Kazuo, NISHITANI Nozomu, KATAOKA Ryuho,
KAMIDE Yosuke, and WATANABE Yuji

3=

WHRKZEICH S WEIFTEBROBEARNOZECHAL TEZ{OHEI &S TV5, BHEEH
BRGRBE ICHENTHBEICEBES RV LD, MBEIBEERICLII2BEAM/ANOZE LS VES

ABNTVBY, BELBIEASNTOE D1, AWTE, HEREEFREN, LEuEH,

%

HEXRZEXBGHIRRIEMRAOES (LW ALBETER L 2 2 FROBBIFIEEROBERERIC

2WTHRAN S,

There have been numerous reports about effects of geomagnetically induced current (GIC)
on power grids. The effect of GIC is believed to be small in Japan because of her low
geomagnetic latitude. We need more detailed analysis to evaluate the effect of GIC. In this
paper, we report the result of a GIC study carried out by the collaboration among National
Institute of Information and Communications Technology (NICT), Hokkaido Electric Power Co.,

Inc., and Solar-Terrestrial Environment Laboratory (STEL), Nagoya University.

[F—9—FK]
WHEKHEER, KR, B
Geomagnetically Induced Current (GIC), Geomagnetic storm, Power grid

1 £AHZE JekR Ak & i, MBI 2 R 1T T i
WL DS E W =, GIC 12k 2B H D

WO T, R LEIROLIEROT
PERIE RO, M, RIICHR S LT 5, 2

C D720, HWEREENC X o TR O BIZE

AT HE, IR LL ) IR ZEL
THERATND Z &b, OB MRLH g
W (GIC : Geomagnetically Induced Current)
EFFATVS -3, FPERIZW - ) EEHT
B EIATN S & EEOBEERD T, B
TOBRIZE DEERHELZD . SRdkA s = =

HELT, REHY L —0RIMEZ2RILZDT 5 RSB (> T BTN B M
ZEDPHLNT WD, [FEEETR (GIC)

109

S gk - SE > I

i

U AR (FEEN— 2NN SEGEHEHT \ R HISHOG,

HEE SRR\

3
=)

ERNNITET#S, (O—©)



FHXIPHRIEE

BEES N FE TITMBIIHE SN TS -],
1989 4F 3 H 13 HiIZix. K& HmAEIC X %
GIC D7z, hFF DXy 7 TRBBLLEER
FEA LT 600 7 AR o C 9 IfRE 5 2
Ll o z2-Ml, F 72, 2003 4F 10 H 30 HIZIE.
MAY 2 —F YOI IVETGICIZXBEIMEO
BEED 72D R ATE L TR 5 T AR E 2T
72150,

F—u I PR ONE XD L EREORIE T,
F—0 FIGEIE ) MW ERIC X o TEIMICK
&% GIC 2SN B 2 LB ONT VWA 6], A
] 22 (R R D FRITHED A > 7800 ¥ T R g
DEALIZE 5 GIC "B HIMICEEL L5252 L
23% %, Kappenman (3. 1991 4£ 3 H 24 H o
S Z2 MBI DOBPRITMED £ ¥ 730 ¥ T L i
REBZ L Y RETRE R GIC BlES Nz
LEMELTWA I, 7z, WBEEAMICEREED
W3 T H MEAUR D EAH TR E & GIC 239N 5
Ythid b EDHEIN TV,

H AR U3 BEAY 7 6 B V2 P T HUBE AU 2 R P A%
WKW, ThFEFTHEZAGICIZLS
FiEIImE SN TRy, L L, sk E
KRR THY ., ThTETICHVKE ZRAIED
RAETHREZEECEETHIEIETE L
Vo 21 ITIRTEBR)T O L L S BEN AT Tl
2249 50 AEFNCBI S 2 B R MBS R D) 2 b
kB e, BHEITRE RHEARD W < D0 FE4E
LTWb I Edbhb, €T EBEWNLET—%
Z UG U CRBM 2 BT 247 9 720 1dbifEE I B v
T, WHRZEH - TEIMEICHN S GIC ©
WE 2 2 B L CTEIBLAZL DT, 2D
MRIZOWTHR T 5,

Eil SRFOL SRS T 1957 &
LIRS [CERA S NI E I A

No. Bt (UT) REER | LS KERSTD

(h) (nT) BAELE=ND
111982/07/13 1617 -— 148 796
2| 1989/03/13 0127 68. 6 94 747
3| 1958/07/08 0748 51.2 165 565
41 1959/07/15 0802 42.0 92 563
51 1958/02/11 0126 52.6 50 557
6| 1967/05/25 1235 103.4 202 547
7| 2000/07/15 1436 27.4 180 520
8| 1972/08/05 1400 52.0 63 520
9| 2003/10/29 0611 -— 112 513
10 | 1960/11/12 1348 56.2 48 490

110 EREEMFHEEZIRV0l.55 Nos.1-4 2009

2 MERBREENR
A1 T

AEBLUT—

A i 38 76 D7 D 2 B 42 BT TAT - 72 2005 4R
12 A5 5 2007 4E 12 H £ ToOH 2 F B o HfER
FHLEROUE T — & B U TN 2475 720 il
MEBIIZZHEN L B2 KR 95 kmD
187 KV X EMOEMO YN H 725, HILEI
DR R — VK27 s T T v
HIAT % 2 E 85 (187/66 kV) D h I %l LT
WEEITo720 T—FDH T FY 7 L—ME,
7Y NRUEHEY) L — ORISR ik 50
IR EREZE LTI IVRE L, WETHS
N7 WA EEIRD 1 Bl & KT Ol b
WEABFT OMBER =K SO 1 BT — 5 2 v
TR 24T 5 720

RRT OLimRIRHSERFA D SRS S
Nfc2005F 12 A5 2007 F 128
[CHREUESESAIES N GIC D

=

RA(E
KTy | I s
B4 (UT) ®TAD 24T | mAEEE | GIC oA

(nT) (A)

2006/04/04 07.6 2006/04/06 16:00 132 1.29
2006/04/08 22.3 2006/04/10 18:00 106 0.95
2006/04/14 01. 6 2006/04/16 17:00 157 1.58
2006/07/27 13:63 | 2006/07/28 17:00 130 1.06
2006/08/07 00:35 | 2006/08/07 21:00 97 1.29
2006/08/19 10.5 2006/08/20 19:00 103 1.52
2006/11/09 13.0 2006/11/11 21:00 122 2.23
2006/11/30 02.4 2006/11/30 22:00 108 1.75
2006/12/05 22.2 2006/12/07 18:00 101 0.78
2006/12/14 1414 2006/12/16 00:00 239 3.85
2007/07/10 18. 1 2007/07/11 10.7 100 0.98
2007/07/20 0616 2007/07/20 13.5 86 0.66
2007/11/20 0908 2007/11/21 17:00 105 113
2007/12/17 0252 2007/12/17 21:00 103 0.77

GIC at MMB

Number of GICs

012345678 91011121314151617181920212223
JST

E2

GIC H&EDMISFHATR I




3 WMBERBEERCHBRFEHIC
2T

£ 2[R GUT O i pl MR A BT A S el S
N7z 2005 4E 12 205 2007 4 12 A58 L7z
AU & Z DOBICINE S vz GIC DKl % R
T COHMIE. T2 EH 11 ERBITLH)
T 5 KEAGEIOWB/NICH 25720, K200b
M5 EHICFNIERE LHEARIEIIEAEL T
o LA L, 4 —1 FIEENIIHE D HREAK TP
S OB O GERMBEABEL (k- T1 7 ¥
RT7BEED GIC 2LELIEMEShTWE,
7oy BRI ZE MR OFRIHE ) WSRO 4 v
POV Y TREHHES GIC, HBEAMRENCHE
GIC HATBIABI S iz

212 2005 4E 12 H A5 2007 4E 12 A ORI
WEENZKEEN1 7 X7 UED GIC 54
DWEHN 3T % R A5 GIC £ XY bDFA
FR 19 JSTEHICE B S h D 2 L ashh
%o A= Z{HEEIE. BEEPASHIFHIINTT
R MDD 525, T LD OMEE I
—HLTVWEWVESThb,

GIC 2006/12/14-15

4 HRESUERNICEH S THRAIhi-th
BRBEEEROM

4.1 HMESEICHES GIC Ofl
2005 4E 12 A5 2008 4E 12 A ¥ TOHIMICE
X7z GIC TIRAKDLDIX 2006 4E 12 H 14 H

St

2006/12/13103:42

SOHO/LASCO (ESA&NASA) IC & >
CTHRASTNHUSEOREL TS
CME

GIC 2006/12/14-15

& (aT)

% 18 20 2 o 2 4 6 8 10 12 1 6 18 2 2 0 2 4 & 8 10 12 14
ur ur
MMB Bx (cc: 0.0274073) MMB dBx/dt with low—pass filter (cc: 0.103010)
0.15)
150 = 0.10 |
100 3 T oo 3
s0E- 4 =
= -0.00H
oF 9 2 E
_sof- E § -005) 3
“v00F- E 0.10] =
0.15|
4 16 18 20 22 o 2 4 & & 10 12 14 6 118 20 2 o0 2 4 & 8 10 12 14
ur ut
MMB By (cc: 0.670102) MMB GBy/dt with low—pass filter (cc: 0.333295)
0.15)
o.10f 3
g C.O5F —
5 -0.00f
2
& -00sE 3
3
.10 3
'
w 18 20 2 0 2 4 6 8 10 12 1 6 B 0 2 0 2 4 6 8 10 12 4
ur ur
MMB Bz (cc: —0.216944) MMB dBz/dt with low—poss filter (cc: —0.201266)
3 0.10F
1 5 oosf
ERGy E
o sof- 3 = E
< < ocoofs
& 40 - 3 F
i & E
b 3 -00sf
3 o.10k
4 1 4 1 " 14
ur

SRS GIC Dfl

111

HEUNSHETO (TRIEN— 2 NS FrgEEHE \ o

SRS \

3
=)

ERNNITET#S, (O—©)



FHXIPHRIEE

ZFEA L 72 MR SR O BUEER O MR A D B R A
IS L72d DTy 83 7 Y R7 OBHAEIN
SNz, TOMBAEIE 12 H 13 HoO 2 B 405
UT (GBI 10930 THA: L7z X3/4B 7L 71
P9 full-halo CME (Coronal Mass Ejection) {2 & %
bDOTHb, HAOKRBER O0 T OBl
WEXhE, So7LTIRAME7L 7 Th 7200,
[ 3 12 SOHO/LASCO (ESA&NASA) 12 & - TH#i
WS N7 AR DOEH & 72 572 CME 2”7,
CO7 VLTI KR AV F—RFI2X ) il
FodE RS —T7 5 v 7 ZOBMAEIH
N7z, Full-halo CME 2 X % 5%EL [ 22 M &3k o
FHAIHEV, 14 Ho 14 BE 14 47 UT (28R o
WREAUR DT L7z MREAR O WA & T~
T COMBRORE LZEHCLY., ThETO
WE THRRO GIC BBl S iz, K4I1ZZo
WAURIZPE D GIC OBl %2 /RT, KA 5 GIC 13,
LR (By B3 & O Bz li5r) OZ8) & X vl
B2 B Z &b b,

GIC 2006/07/09

4.2 REMZEEZROES VNI TR
EREHICES GIC DFl

SSC (Sudden Storm Commencement) & 4 W
SI (Sudden Impulse) & FEEI % 22 ] 22 ) i Bk
DFFIHED WD A ¥ 78V ¥ T 2873 GIC
EREZEDLIENH D6, R5ITSIIZLS
GIC Ol ZRT . KA LHHE S GIC i, Hb
A (By K558 X O Bz 155 OEE & X WA
RO LI D, ZOSLIE. 7H 6 HIZH
U7z partial halo CME (2} %) 565 22 [l 5%
FPRICEDEIERISINZDHDTH S, CME IZ
B L TG B A 10898 THE4E L7z M2.5/2F D
LDE (Long Duration Event) 7 L 7 25#ill 1 C
Who 720 10MeV L) WO AVF—ZFfo
7o KR i T A OV F — R AVKRE O 54 i B GOES
TRl E N T 5,

4.3 F—0O5FHICHS GIC Ofl

EREEEHL T TlE. o — 1 FIHEICRE D SRV ERR
BGICOEHE % 2ZZ LA ST WA 8111,

GIC 2006/07/09

Current (A)

Current (A)

ut
MMB Bx (cc: —0.494260)

2200 2230

2200 2230

MMB dBx/dt with low poss filter (cc: —0.214933)

8 (1)

dBx/dt {aT/s)

2130
ut

MMB By (cc: 0.813882)

2200 2230

2130 2200 2230

ut
MMB dBy/dt with low pass filter (cc: 0.232193)

By (1)
,

dBy/dt (aT/5)

2130 2200

ur
MMB Bz (cc: =0.723034)

2130 2200

ut
MMB dBz/dt with low paoss filter {cc: =0.151575)

Bz (nT)

dez/d (aT/5)

-0.15F
-0.20E

-0.05F

-0.10F

0.10F
0.05F

0.00

2100 2130 2200

BERIZRIGHERIC £ D1 V) LY TIEHEHREEIC S GIC OFl

112 [EREEMFHEEZIRV0l.55 Nos.1-4 2009



GIC_2006/05/04

GIC_2006/05/04

Current (4)
|

Current (4)
|

Bx (nT)

dBx/dt (nT/3)
Lo

By ("1)
\

dBy/di /5)
!

ut

Bz (nT)

F—OSEBICHS GIC OB

F—a FIGEHE S T PR T, BRI
BB &R ShD 02, ZOMBERERZ[F
VT4 TNRA LS, JLiREICBIT 5 GIC Ol
EWZED, RYTF 4 TRAHES GICHLIEL
BRAETHIENRbRoTe RYT 4 TXAITHE
9 GIC DBIZIK 6 1ZR-T

4.4 tEKIREICES GIC Ofl

JEIAS 0.2 B2 5 100 B < S\ D I 72 Hu
RO % WRESIRE) & v 9 18], & OHEEEIR
B> T GIC M END 2 EDH D, K7
WCHUREAIREN ISP D GIC OBl 2R3, LRk /%
A 754 el shs: GIC I LT, A1
5 600 BoMBEANRENC X 5 GIC 2HiE s
TWa s, X7 T23KUT 225 3K UT I
B I 7z GIC 1. auFR—h5DOEHK
R JELZ B L 72 i SR BN SIS L7z b D TH
%o HIEAIRENC X % GIC ZIRIEAVN S Wiz,
BIHEANOEEIZIEAERVWEEZ O NS, L
L. HEEEIRENC X B GIC % 5 &

ut

LIZXY, SN TS T T4 Y DOBXUW
BRIz SR RMIC R WD D %o

5 AERERICET 5i%5

BEAEOTHNC LU, WERE B ORI
SHRMESINS GIC 7%, LaL. LiET
D GIC OPERERIZ. 4. 5. 6. 7HhDb2b
X9 ITHIRES (By BB X OF Bz i) &S &
RWMHBEZ/RLTWwW5b, Lanzerotti & (1611, i
Ji5 A — 7V @ GIC & TRBOE A Sz
Z L EHE L TWwb, Trichenko& Boteler 171 1,
W OEEROMEICL Y, GIC &AL EH
FOHIEZ b DI EHHI L ERBL TV A,
Pulkkinen (18] i%, i F OV FEIBOBEERDE W
EFNVEMH)ZLICK), CoREEFNTES
LLTWw3, 202t GICOFPHET A7
I P OEEFROMENEETHLI L ERL
TWbo KA N9, SBRIT O 2 ) Hu ik 5 e
AT O MBI & A OBI T — % » Ll T ol

113

S gk - SE > I

.

i

U AR (FEEN— 2NN SEGEHEHT \ R HISHOG,

HEE SRR\

3
=)

ERNNITET#S, (O—©)



L) FHEXSPHRS

GIC (2005/12/27-28)

L L B L B L L B S S B B ]
osf- -
05| -
ol v ooy Yy ]
12 15 18 2 0 3 6 9 12 15 18 21 [o]
ut
MMB Bx
o~ r r r r 1T e ]
wof- =
2 zo:— ]
o
o .
l; — 1I5 — 1I8 — 2I1 — (IJ — .; — é — SI) — II2 — II5 — IIS — 2Il — _0
ut
MMB By
ol - .
20f- 3
g B B
-20f- -
~a0[~ -
l; — 1I5 — 1IB = 2Il — (‘) — :; = é = 9I — 1I2 — 1‘5 — llﬂ = 2Il — _0
ut
MMB Bz
L s A R B R S R B R R S B R B S B S S R B ]
5[ =
1of- =
OE— —
SE =
_10: ................................... ]
12 15 18 21 0 3 6 9 12 15 18 21 o
Ut
T SREN (< 5 GIC DFl
BROFEZITV, 8 ~ 20km DFE X DEFERIZ EDEERIZIX103~2%x103S/m EHH LT
3%1077~ 1%x102S/m. 20 ~ 90 km DIEE DE Wb,
BHRIL 1%x103~ 2x1071S/m. 90 ~ 170 km D 8 1%, £ 2 DMIAAEITOWT, ARG

114 EREEMFHEEZIRV0l.55 Nos.1-4 2009



100.0F T
F CC: 0.910543

100 E

GIC (A)
a

100 1000
AH (nT)

% 2 OIRESRIC DT DKFERSFL
DRAfE AH EZNITHET S GIC D
BAEDTOY b

POBRKEAR & ZHIIHR$ % GIC DAl
#70y FL2bDTH D, WiHOHBERE.
0.91 £ BOHIZHF->TWw5b, X8 DF—#I1x)
LCRANCIRIBEIZED 74 v T 4 ¥ 7 24T o 128
ErR 1 TH 5,

GIC DKl (A) =0.0158% AH (nT) -0.558 (1)

# 1 O 1957 ELARE. i o b s S BL i cl
WE N7 1982 4E 7 H 13 H DHBEARE OB D AH

SEH

Dfi. 796 nT ZRX 2 IZANTR S L. GIC D
KMEIE. 12 7o R7TETFHENS,

6 TIV

CNF THRELRMEE O R WHIRIZ B W T GIC
DIFZENHED ST E 275 LiEEE N OWH D
b L ICHIRE SN ICREEE OV H AT o GIC ITH
THRMEOF =2 2/5 2 LA TE 2, SHO
WET— % TlE, I ZITHBRETHOKE ST
T 5 WRAGHERRAE Sz Thid, e
415 72BN H 5 IO T OE IR OE
BERRBNIEIZEBBDEELOND, BN
7oA R, K& RMBEAJR A5 A L 72 GIC
OFHNTD L Bbh 5,

B

B BT TR S W - A SR 1B
7 —% B X OWHETERD Y A b ORAZE LT
R HuE S B T AT e V2 I % o

1 J.G. Kappenman, V.D. Albertson, and N. Mohan, "Current transformer and relay performance

in the presence of geomagnetically-induced currents’, IEEE Trans. Power App. & Sys., PAS-

100, pp.1078, 1981.

2 J.G.Kappenman, "An introduction to power grid impacts and vulnerabilities from space

weather", in Space Storms and Space Weather Hazards (Edited by I.A. Daglis), pp.335-361,
NATO Science Series, Kluwer Academic Publishers, 2000.

3 D. H. Boteler, "Space Weather Effects on Power Systems, in Space Weather', Geophys.
Monogr. Ser., Vol.125, edited by P. Song, H. Singer, and G. Siscoe, AGU, Washington, D.C.,

pp.347-352, 2001.

4 D.H. Boteler, R.M.Shier, T.Watanabe, and R.E.Horita, "Effects of geomagnetically induced
currents in the B. C. Hydro 500 kV system", IEEE Trans. Power Delivery, Vol.4, pp.818, 1989.
5 A Pulkkinen, S.Lindahl, A.Vilianen, and R. Pirjola, "Geomagnetic storm of 29-31 October 2003:
Geomagnetically induced currents and their relation to problems in the Swedish high-voltage
power transmission system', Space Weather, Vol.3(8), S08C03, doi:10.1029/2004SW000123,

2005.

6 J.G. Kappenman, "An overview of the impulsive geomagnetic field disturbances and power

grid impacts associated with the violent Sun-Earth connection events of 29-31 October 2003

and a comparative evaluation with other contemporary storms", Space Weather, Vol.3(8),

S08CO01, doi:10.1029/20045W000128, 2005.

115

U AR (FEEN— 2NN SEGEHEHT \ R HISHOG,

SRS \

3
=)

ERNNITET#S, (O—©)



FHXIPHRIEE

7

10

11

12

13

14

15

16

17

18
19

116

J. G. Kappenman, "Storm sudden commencement events and the associated geomagnetically
induced current risks to groundbased systems at low-latitude and midlatitude locations",
Space Weather, Vol.1(3), 1016, doi:10.1029/2003SW000009, 20083.

J. G. Kappenman, "Space weather and the vulnerability of electric power grids, in Effects of
Space Weather on Technology Infrastructure (Edited by I.A. Daglis)', pp.257-299, NATO
Science Series, Kluwer Academic Publishers, 2004.

S. Watari, M. Kunitake, K. Kitamura, T.Hori, T.Kikuchi, K. Shiokawa, N. Nishitani, R. Kataoka,
Y. Kamide, T.Aso, Y.Watanabe, and Y. Tsuneta, "Measurements of geomagnetically induced
current in a power grid in Hokkaido, Japan', Space Weather, Vol.7(3), 10.1029/2008SW000417,
20009.

H. Isobe, M. Kubo, T.Minoshima, K. Ichimoto, Y. Katsukawa, T.D. Tarbell, S. Tsuneta,
T. E. Berger, B.Lites, S.Nagata, T.Shimizu, R.A.Shine, Y.Suematsu, and A. M. Title, "Flare
ribbons observed with G-band and Fe | 6302A Filters of the solar optical telescope on
board Hinode", Publ. Astron. Soc. Japan, Vol.59, pp.S807-S813, 2007.

D. H. Boteler, R.J. Pirola, and H. Nenanlinna, "The effects of geomagnetic disturbances on
electrical systems at the Earth’s surface", Adv. Space Res., Vol.22(1), pp.17-27, 1998.

G. Rostoker, S.— 1. Akasofu, J. Foster, R.A. Greenwald, Y.Kamide, K. Kawasaki, A.T.Y. Lui,
R. L. McPerron, and C. T. Russell, "Magnetospheric substorms- Definition and signatures", J.
Geophys. Res., Vol.85(A4), pp.1663-1668, 1980.

W. J. Hughes, "Magnetospheric ULF waves: A tutorial with a historical perspective, in Solar
Wind Sources of Magnetospheric Ultra-Low-Frequency Waves, Space Weather', Geophys.
Monogr. Ser., Vol.81,edited by M. J. Engebretson, K. Takahashi, and M. Scholer, AGU,
Washington D.C., pp.1-11, 1994.

A. Pulkkinen and R. Kataoka, "S-transform view of geomagnetically induced currents during
geomagnetic superstorms’, Geophys. Res. Lett.,, Vol.33, L12108, doi:10.1029/2006GL025822,
2006.

R. Kataoka and A. Pulkkinen, "Geomagnetically induced currents during intense storms driven
by coronal mass ejections and corotating regions’, J. Geophys. Res., Vol.113, A03S12,
doi:10.1029/2007JA012487, 2008.

L. J. Lanzerotti, L.V.Medford, C.G. Maclennan, and D.J. Thomson, Studies of large-scale
earth potential across oceanic distances, AT&T Technical Journal, May/June, pp.73-84, 1995.
L. Trichenko and D. V. Boteler, "Response of power systems to the temporal characteristics of
geomagnetic storms’, IEEE CCECE/CCGEI, Ottawa, May 2006, pp.390-393, 2006.

Pulkkinen, #hEICLD, 2009.

KIHE—, "MHKHEREICKDLZEFIO TEICEEICDVT, ESERRER, $£14%5, 525,
pp.77-86, 1972.

[EERBEMIEEZRV0l.55 Nos.1-4 2009



Db us SERY EE
B BE— BHX =

BROSTRAITZ £ 5 —FEEHE
I —THRFRRF—Tv— 8t (BF)
KBHHFYESY, FEAT

BHOREHAIT R > 5 — Bt
O\ —TEFHRE
WSEES., BB

B i

2R AR
BEB% ML (2%
HSEYE

B T 2SS BFI R BT T2
B it (22)
RIS, FEHAT

20 O SR SE

o
- S
=

St
e

HUNSHETO (TRIEN— 2NN L) GRS \ SISOl H i

Ls b T &

ANEIPS

T AHERF KGRI ATRIE
BT (EF)

BEEYES

Sith =

B A AR IR BT P
AE T

BEEYES

ma o FraeiE

HEHERFRGIIRIRIE AT IR RRIFERFIEFMTRBENE

Bt (%) BEBE 1Bt (BF)

WxE - SRl - BESY A =IO WK EYIES

i B0 I

PHERFRERE BEFEL EEE IR AR AR EHRE IO

KiZHIRRYEF VIO NEEEPVY AT LRI
W=7

SRS \

3
=)

IR TS #S, (O—®)

AL T
NiICT 117




