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An unidentified geophysical event recorded with L &R-ET
gravity meter at Zhongshan Station, Antarctica

Hao Xiaoguang

Many geophysicists thought that the earth’s internal activities indicated by
using gravimetric observation on the earth’s surface are unstable. The reason
why they did so is still unknown. So whenever an unexpected abnormal event
occurs, it usually greatly attracts scientists’ interest. A theoretic leap resulted
from the study of an abnormal event such as the earth’s free nutation was
discovered in 1891 by Chandler from his investigation of the latitude’s change.
Besides, Benioff discovered the earth’s free oscillation from the earthquake
records of Kamchatka Peninsula on Nov. 4, 1952.

From 22. 00 UT Jan. 25 to 10: 00 UT Jan. 28, 1997, a 60h stable
disturbance was detected by the Lacoste & Romberg Earth Tide 21 Gravity meter
which was installed at Zhongshan Station, Antarctica by the Institute of Geodesy
and geophysics, Chinese Academy of Sciences. The disturbance’s maximum
amplitude is £3 pGal(l pGal=1X10 *m/s’). After denying the possibility of
instrument malfunction or external interference, the author thoughts it to be an
integral, typical but unidentified “geophysical event”.

The“event”may be divided into three stages: start, outburst and recovery.
It started from 22.00 UT of Jan. 25. At the start stage, the recording curve line
became thicker and thicker, i. e., the signal’s amplitude was gradually
increasing. After 18h from the start, the amplitude reached to its maximum and
continued stably for about 17 h. This is the outburst stage. From 9:00 UT of
Jan. 27, the disturbance decreased. The state restored completely at 10:00 UT
of Jan. 28. The event totally lasted about 60h.

Generally, a gravity meter can record two kinds of information: (1) the
earth’s surface quakes; (2) a matter disturbance. The former gives us some
geometric information caused by gravimeter’s slightly shake, and the latter
shows the physical information caused by the change of gravity. However, they
often happened simultaneously in the same event. But in some cases we need to

distinguish whichever is the master.
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In Antarctica, some quakes resulting from earthquakes or avalanches can be
recorded every week. But the“event” recorded by ET-21 was greatly different
from these quakes. Firstly, the “event” needed tens of hours to reach its
maximum so the sign of its occurrence can be found. The surface quakes burst
out abruptly. Secondly, the“event”outburst stage lasted tens of hours, and its
amplitude was stable. For the surface quakes, it only lasted tens of minutes, and
its amplitude was unstable. Lastly, the “event” recovery stage lasted tens of
hours, and it s amplitude vanished slowly. For the surface quakes, the amplitude
vanished abruptly and the recovery stage lasted only several hours.

Since the propagation velocity of earthquake wave in the earth is 6-8 km/s, it
spreads the whole earth at no more than half an hour. So the event, of which the
start stage lasted tens of hours, can not be caused by earthquakes or avalanches,
i. e., its gravity effect mainly resulted from the matter’s disturbance rather than
the surface quakes, which are related to earthquakes or avalanches.

If the matter’s disturbance resulted in the“event”, where did it come from?
The earth’s curst, which is solid, cannot be movable. The viscosity of the earth’s
mantle is very great, so the velocity of mantle flow is very slow. The temporal
scale of the disturbance caused by mantle flow should be the order of months or
years instead of days. So the event came from neither the crust not the mantle.

It is reasonable to attribute the event to the disturbance of the matter in the
earth’s core. Firstly, the earth’s core is a state of liquid. The temporal scale of
its disturbance can be within several days. Secondly the polar region is the
nearest to the core. So the possibility for a gravimeter to detect the core’s
disturbance is the greatest. Just like the terms of the earth’s free nutation and the
earth’s free oscillation, we temporarily named the event “the earth’s core
disturbance”. Nevertheless, it still needs to be further proved.

After Jan. 25, the earth’s core disturbance also occurres on Feb. 9, 19, 23,
March 29, and May 8, 24 at Zhongshan Station. At present the earth’s core
disturbance is only an assumption. If the earth’s core disturbance occurred in
group, how long is its outburst period? What is its origin? It is a strange
phenomenon that in the period of the outburst of the disturbance group the
earthquakes occurred in Tibet, Xinjiang, Iran, India and New Zealand. Whether
the disturbance group is really related to the earthquake group is still in question.

So further studies are needed to testify these assumptions.
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e HEA T EL A3 HT (DL &), 45 3R AE R B MG &, 58 Hu ik sh i L3 %
TN 0. 16~0. 25 Hz(JE H4~6. 25 o) s T ZE BT SR AY 5 AU &, 58 P sl i o) i %
JEHA 0.1~0. 15 Hz(JA# 6. 7~10 ), FHE LI Brim s S i R 2 s w5
AR B AR I
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K8 Hh & QD B G (KMD . Bt & (ENFD A 5 ASHiE & Mk s 55 155 Ak I 1%

TR AR AR 11 10~12 B, b & ME W & L BUE & 0000 21 1 55 ik 3 15 5 00 08 340 %
JUE N 0. 16~0. 25 Hz, 5 4758 & UL 21 3t bk 0 52 5 15 5 A0 3895 R I 1Bl 0. 1~0. 15 Hz,

T KA LingLing 5 KU AU 1B SRR G iC 3 B AR W sl 5 . Fe A
XL T B B B R 5 (QID B INIC R BEAT T 2087 . BirP 7R 5 BE & LingLing



388 5 RO BN R Hb 7 RSB L M e ™ B2 BT 8 52 W 1 3 A 51

VR K B 4 DX AT K978 600 km, 18] 6 s 1 HBRRI AN 5 XU ik Sh 0% X S8 3
AT G ek e, BN I b Sttt L R SR iz e . o
Praf R W 5 KUY E] Bk 5 F0 R B & W0 2 64 55 3t Bk sh 15 5 S P AE 0. 16~
0. 25 Hzfit %5 ], MiAEA B 0. 1~0. 15 Hz 555 Mk s (55 1R 55 (DL IR &), X 13 1]
LingLing & MAEMEL 0. 1~0. 15 Hz Hr3A U0k IR IR B9 57 3 UK 3 55

BIRPTEMER IOk BIMIU BRI F S G W PHER R L2375 6 (HU B R=
AR BN B2 F 5w e B & ML i B R B IR R B, DAL B et
R B FE R IR R ATIC SR B A 38 5 W P 72 5 B L R A5G A 18 M A =
PF G825 G A KR ks F0F7 H AR ARMESS A 5. WRRT SRR 5 il %
FHPEsh 5 5 M LingLing 5% A N R FEA S A2 B W WIRE 7 3k 28 7] R (E A%
A B — L RABIE

11 5 Rammasun XSO R RTHLE 55

TR KRR & A 91 18] V5 RV |28 B 8 1 — UKk 5 W2 2008 4455 2 5 & X
RammasunCgl i) . ARG o AR G H0E : Rammasun T 5 J1 8 HZEFERZE LU PG
FC IV T A B TR ] Ay iR B I XU RO BT e KR 2 8 4 (18 /s, B
Jei s WU G R A T [ 8% 2l o IR i R A G B TR R B K. 7ES 11 B XUk 3
R R 14 K45 m/s), )G Rammasun B XT3 E855, T 5 H 13 HAEM RS
i€, & X Rammasun (17 20 B A2 FE b [E6 52 A0 , & XUESAR IR 25 6 18 P9I 7 iR db 2
1200 km, Rammasun Jg& 75 AJ RE7E H [ A il 5 2 4R W 1) S b ik 3 2

FATE i 43 BT b X 8 F 5 Rammasun 28U & Kt B & R A
[F] 1 57 3] (04 Hl bk 2 5 AE 8 SO K M 52 A 4 AR T4 307 2 A B B K Rammasun
5. B9 B/ T & K Rammasum DL K& 55 48 5 4P KF ¥ 3 5 R: 2003 55 17
5 E X Ketsana, 2004 2 23 5 G X Ma-on, 2005 4E45 4 5 & X Nesat, 2005 48 20
Z &5 K Kirogi DL} 2008 %5 5 5 & K Nakri, X 5 4P K75k & K17 o0 5%
AR S Rammasum AL & K K3 14 A4 6 KW AT ) 42 3
FE 9 B2 1 B BE B 29 1 100~1 300 km, 76 10 . AT T & KR 28
b B AR A2 A 5 Bt 5 AR T 6 i ok B 09 b K S IR IR S AR TR B 06 R . RS
F W] B & X Rammasun PLAM , For 5 A6 KR 51 E W] 50 ik s =% . 309]
X S 7 g v [ A PG KTV R B KON HR P Bt %) bk B0 728 Ak 5 e AN B R
I, 5 M RammasuntE 1 [E A Bl BT 7 A K P 1 1) b bk 20 2802 wT BE PR AL/ . o [
5 P FE AT MR AT IZ il sk B A BN K M R R R KRR E SR s TR R A
JEHA
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&l 9

4 K Nesat (200504) ,Nakri(200805) ,Ketsana(200317) . Ma-on(200422)
DL & Kirogi(200520) f 4 42 i 3 #8545 X Rammasum(200802) 4 {1



388 5 RO BN R Hb 7 RSB L M e ™ B2 BT 8 52 W 1 3 A 53

10 7£ & X Nesat (200504), Nakri(200805), Ketsana(200317), Ma-on(200422) DA K&
Kirogi(200520) %& A= W110] , B W & 5k Ui & oA 1 it 31 B 2 ) S 8 HL 3

T 3 R 5 > URY R A2 Ao BE AR L5 15 X Rammasum (200802) £ 14 i1 51k B2 AR L o

FATAR T B F L 01 K M 72 309 18] 1) 57 HIE Sl 45 2 i ] B L B 8l — L5 K
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AR, K1 BR THEe Bite BWE1E 200845 1 HES J
27 HEE R B A bk sh (55 . d el W B AE 5 H 13 H g . B K= Al
B WU R AR O 28 58 4 45 O 3 28 15 90 s B Y 3Dk 30 15 5475 98 DR 4 R Y IR i
PS5 H10 H—HE#FZ5 5 A 22 H XAl 00 B W AR ME T & XU i ik
(E



388 5 RO BN R Hb 7 RSB L M e ™ B2 BT 8 52 W 1 3 A 55

B 11 5 H 13 H)F .6 Rammasum EL5E &R L6 Bits B AT
S B H Ik S A5 S AT AR DR IR R IR, — HELL R 5 H 22 H

T3 A TR K BRAE A 5 R BLAS , R A il SR B S W B s A ol . il dn
2003 4 6 H 7~11 H B2 S icsf 2 17— U 0% S b ik 2l o {5 78 32 30 18] 5 R
AETENEE R, HAREENEME6 ] 9 HAEWH 2 KAET Ms6. 3 HHE.
K12 SR H 22 R AT 8 "R IR 55 2003 455 6 %5 5 XU Soudelor Uk b ik 3l
PRI . &R Soudelor 5 & K. HAe KX IT 3B B 17 ZLi, & R H 0 B 2 IR M T
FE#y 500 km, 3 — S PR FRAT L BRI S "R 5 E XIF LR &R
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Bl 12 2003 4F & ¥ H 22 M B BT IT SR 1Y 5 H 8



388 5 RO BN R Hb 7 RSB L M e ™ B2 BT 8 52 W 1 3 A o7

2003 4F 6 9 H G H 2 Ms6. 3 ZM R & A Hi MK . Rt 5 (ENS) I i3 5%
BT SRS R B K kA 12 AL fE 2~8 s 1 SR B
HL2E AR B RE AT 3 RO R IR 5 2003 455 6 5 5 K Soudelor ¥ & 19 5 4L S Y
R AN = DAL SR = e i s e o) N o
NNE B

CI A /N 7 35 P LA M 72 ASCARR AT L 0 i 53 H 8 3B i A7 ol ot Bk 20 155 A
1113 ] A 255 o M K 8 - 1k A5 A3 20 A

(2) Higgins ¥ 5E I B8 m] LU G M B o [ P9 i 3t 722 5 ol £ 58 15 XU A0 ]
0 SR B K 8 S W B AR . SR b O R Y 0 5 X2 YA AR B A M bk Bl . i Ao
oK Bl 2 b Y TR GE D 5 R A R A Dk Bl . AR IOk Sl BT 7 AR 4 3 R T A v R A% A
ARz o DAL A ] P 7 ) R SO S ¥ £ DX A A BT ) ) 2 0L I 3 1 S R Bk Bl
TG 125+ ] 2 ) 5 15 XU 2 7 o [ A Bl 980 AR 8 1) 3t Bk 2l

(3)2001 4F B Il KM= & AL i [ R ¥l B2 A48 T — Wi & KL LingLing.
Hi T LingLing % A= 76 HF B o B I 12 0 i K i S b2 o At o ) oA i 7 22 3
% B IC R BB L R RR YRR AT 3h IR T 5 KU fik Sl o i T RE PR AR
AELAL 07 80 72 65 90 3% B A 5 M BRSBTSk 2 1
Mo RS AR X — PR AE AR A2 — B A IE

CO PR M52 A 2 I 18] P8 RSP b 23 7= A2 9 58 5 X Rammasun B
R, bl s BRI & KO R L 45 R R WX 2R & XUAE B A ™ AR R AR
F1% e ok Sl 8 T BEAE /0N o T ELAE SO R R A5k 15 KU R AT B 22 58 A 4 S 1Y
—JA P R A AR AT IC R BV BRI B 5 5 . N BE, o E YRR HRR 5 )z 90 %
B A O R 52 A 5= BT 3l 7 58 A U T 5 XU K 3l 208 9 nT REME AL/

(OEBA B I BUIS L 52 (30t A 30 53¢ 2 R IR 08 527 U sh i Ol . IR 1
R M52 B R AT P Bl 7 7™ A= i it i PR BB 45 ) R AT ] 25 HEAT TR A £0F
FIBFFE PR 20K L6 53 P 8 RE 15 O 4 Ji i B 4R (A A 15 8L

5% 3k

C1T ARG B /NN 1R R0, 55 SO R AR AT i F D $e sl ()], KMl & 5 sh R 3l ) 2%,
2008,28(3): 129-131.

(2] ARG B /NRIL FE T S A RHIE S2 O K M s “ AR i F gl "L ], st Ry 3 27
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DO MR R AE & RS s B L i E 52
PR ARG B AR

—.5l 8

2008 45 H 12 H 8.0 B KR & A S B e e 50 S J 38 )1 oK b
R ERAEAEL) A8 /NIRRT PR S B4 . SR I 78 B 9 18] V6 K 7 7 B 25 18 g = A
T—WHER(200802 5 & R, [E Prfr 4 4 Rammasun) , [F H— 26 2% 42 1 A 3%
FEREE S ML 5 6 M Rammasun AH5C, 5 3 KR ZTL KR .

VR VE R MR T 72 (microseisms) (14 4R A< Ji R J2 R T 16 YR oo 0 OIS 5 1 A Vg
TG 1 A8 Ak o MR T A g 2 S Y YR AT I X VAR VS A SR I YA K R Y i
TR . DR I TR AT U o R R R LA f = (primary microseisms) 8
55 AL 5% [ 7 2% &K Languet-Higgins 55 (B 550, 76 & XSk i Wit & 2E W1 )
T b RGBSR i TR 22 (] R AR AR R A G A T T B0 TR B I A3 R 24 2 ViR
AR PR o VIR T U 1 R AN VA K R I 8 I U R OV TR B T 5
AR BE B O 7R —— RO 52 (Secondary microseisms) . YR Gl 72 % 1 fE
T8 R T JE AR ot 52 (R RE L AT R B 100 [ 24T . R o 7R 7 A 1 M RE A
SRR LA 2 T YR AR 1 WA 32 B D B R U8 A TR A 4 T AR S B T PR BT A BL I
B b A 5RO A SR a5 S . X E AT E PR AR B A U L DR )
i 1t 2 A A 10 3% 2 S o Bk Bl A5 5 i R E R

SCHRCO-11IWF5E T AT P 5 5 KU 56 F8 o 25 R 3 B 01 R Hb 7% 149 7% i 46 2
ML g G 5 6 K51 I 55 Ik 3l VDA OG . (EUR 38 b X 30 5 5 R AE
(A S AT I o 308 2 B+ vl [ PN Jo e 5 S s 1) ) 380 )T R b 7% ) R i e sl R B M —
A o LG ok e S R G M DA TV R B K U AR Y R AT S B AR R . AR ST
RT3l b A S R R AT IR A 43 AT RIE SR

LUK MR R AT S S B R

2008 4F 5 H 7~13 H,PH K7 B 25 5= 758 & M Rammasun, Mg H 9K
REMRIE : Rammasun T 5 J 7 HIEM 28 B UKL 790 km AJE R 75 5 A
8 HIG R Jyak iy W& 72 5 H 9 H i — L3858 Ry & XU, Bl J5 XUZE o 1] i b 7 1]
B, B Mg AR, 75 A 11 B ,Rammasun (1 X7 35 B R Hoe K ik
14 9% (45 m/s) .7 HJAE 24235 450 km, M5, Rammasun i X ) % #7080 55 . T
5 H 13 H7E H AW B0 % 4k R s AO0E . e il (A 15 1 & 19 /2 : Rammasun 5
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D R AR, & KO B sl B AR M B8 B T8 B AR 29 1200 ke, i [ K il 13 2 B T
ZAbA 1400 4Tk (B 8h %42 T W 10) . Rammasun At H [ 9 1 1l X 3 5%
AT R

£ WFE 1 DX I 2 1) S 5 IRUIR 5 08 OIS L VA 5 Al 98 28 4 U T 5 200 11 S TR o
AT SR 5 IR AR R MR A 5 Y AR R 1V IR 0 38 . T D o o VS DA T 9 R
S ZL I T AR o RV X I 2 T B AT TR A o TR T AT 5 B TR TR B U
R X A Ve DX VRV X R XU TR B R I Bl 2 A s T L R T T A KOk
Tl ot 72 D 2 IR B K i A 7 S VAR 1) A o b R (SO AR R AT I SR G 1 15 XL
BRI SR AR SE S . SCERCO b 4B T 05 8 1 5 AN AR RN R 25 ) F Ramma-
sun [ & K X 26 & KA AR B 37 AE b B N R G g1 W 8 0 =6 R s 5
5, MESE Rammasun J& 148 CLSCERLO IR I 9,100, X —RH L5 & 17K
(MBSt

A7 20 L 558 H ] Vi M R 0 00 T 1) D i R 5 T i R R 0T R M R AR T
WahfES AR —FHMMEA B XA LE D, B 18R iEimEasid st
R R AT SNE S R R B 5 1 11 H——& KU o HLBE 55 16 2 4500 1 i
s M B B B il sk B AT SN E 5 s R & AE 5 H 12 H 14 B
28 PN KRR L& W e 2], AR & MR G o Bl 75 A 11~12 HA
R Rammasun {5 2l 8 ] , 2135 BEER & 04 S0 52 5 i RO 6 47 28 5 s e SR M &
(E D s E FR M G AR 1670 km, (H R 590 5% o 19 30 3l 0 (8 5 S
B R Sh I IR 14 20 Z/NE R BEIR) 22 . 31X — S 3 B0 1% 475 4B 38 B R 0k LU
FH M 52 0% s 2F AR AT IR RS . A XU & ) b R B 0k Bl 3 A e A T D L A
5~10 s Iy J& S5 el B8 I S ) IR0 98 A6 50 oA ot o 1) % 40 3 BE R 2 0 3 km/s, 30X
B 14 4% 5 B A6 SRS & SR N & TR B A 15 6 1 3R o A 3 10 43 . 3 ) TfT 0% 7
S P A% 4 0 ol e JHC S B 25 52 B R 34 50 A T 45 AR R B A R ) 3 i 7 3R )
AN AR 23 32 3 5 0l b 0T 25 K R4 32 S A RS2 . T AT TR — 8 KL AN TR) 65 3 | 0
3] 7 J9k 2l S 5 B4 T 25 T3 45 K ) R 23 A T AN Tm] L B 2% 5 81 HC At b ot B4 5%
F4 52 ) it ) TR 90 0 X A AE AR 1 000~2 000 ke 1 4385 B 20 £ /B B AL 4G 43R
FRATTXF R LI 235 SR 1) A3 A 2 B - X T iy B XU YR 5 RS A S b AR L v P o b
RE SR G0 S B R E PR BN AL, 3 it SR R Bon R R
PR (W 2) . 5 X Rammasun J 8] 45 1 & F1 P b & 22 (8] b 5% T 55 5 K
1) A% 425 SE 3R B0 52 $2 7R FRATT - SO K b 7% 1 AR A 4 s A & B4l T 5 X Rammasun
5% e, e AR AT BB A H AR & XU R 195
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Bl 1 & X Rammasun % A4 18] L 355 9 A0 i 65 3 90 5% B9 B0 722 80 A7 7R 0K S

EE@PFERTES H 11 B AN Rammasun 30K K HUE R 8 E G . P62 G M4l & 1% 5%
BAR . LT IR A RN & IR & R A 2 AT X e Bk 4R . B (D) 2 Rammasun KA 16
2R T & KRG B 28 f0 R & XU 2 310 6 78 AR 30 i IE B A8 k. [ (oo o & K Il Hb 7% & ol 72
4~16 s JEIH BGOSR 20 fOb Rz . B & R IE & 0 5 2 00 I R D A W 00 X . I i i #
WRigH M BAES A 11 H Rammasun 5% FL 8§ o [ 1 7 Sl BT . N BE &30 5 210/ IR 1R
RRMEMBAE S A 12 H— 301 K i 18 & it %),
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Bl 2 2004 455 24 5 & K Tokage ¥ & I 1l b 7% B

B () & X Tokage MHLIE . B H 7R T & XUk 19 35 i 221 B W1 & (KMID I 10 15 3% % 42 o T 10
T X SR & (QZHD FE T X $e B 1% . [l (b) 2 Tokage KU ZE fL B, Bl o R T & KUK 19 it 3 25 1k
A WU AR B RE R A BE 28 Ak . TR (o) Dy RN VIR L b0 (P 22 L JEUHE L R M7 65 W 7E 4~ 16 s J BB
WWRFIBOLRRAE S . NG U5 U G U0 3 80 A0 OB R BT AR 5 AL JE 18 BA 5 R IR e IR

= BRI i gl b 4 & RS FIHE & XLl

FEXF BN K FE R AT 3 19 5 LA AT B A 7 42| 200 24 EK
I 5 6 3l 1) T R ASCTE S| 52 A LI R . X B 5l Y 52 TP 3 L
B B I RUREAE S 7 < B0 DR Ml 7% 7R TG 3 32 2 el PR I S A R, A 58 4
NG E SR 1

T T LA BCER & AR M R LI S A B A 43 O I K A B A AE Y
o E ST A 5 ) W B . XS B LI B SR R AR Dy 50 Hz, R
P R AE B, LI S 9 Nyquist 55028k 25 Hz, 38 % 79 K3 & KUFE K i
WOR 1 S Bk Bl 5 S MRS R R 0. 16~0. 25 Hz ™o K b RR i 7% 2230 A~/
PRI I 5% o3 = B BB BE S 10 /NI, 8K 5 X B BOHE 2R 47 RE 3 % R A i
(Power Spectral Density, PSD) . 43 #7 45 5 2 /R 76 W2 Aif 30 /MBS, SR 0 & 5990 5%
BRBRTLE N 0. 2~0. 25 Hz WYL 315 5 HY BE 1 JT 4h B g ok 55 COL &L 3) L i —
AR AR B S 0. 12~0. 17 Hz PR AR 2 7 5 78 3 52 & AL i 30 /)N I 4 78 3t 3
hnsg . BT A XS BUES G R R I 55 . 3 R IR 2 15 5 TR ER & R ok
O B LK 3,

HE— 20 DL 52 & A Fi /N B30 5 R A3 BT DE SRR 4 X R AT B A5 5 AT
20 ) AR BT o 2B RSO MR AR AT 90 A /)N IR A 34 £ LI KA 5 o G A AN i
9% die 2L 4T PSD 538t s S8 )5 23 Sl AE 0. 12~0. 17 Hz BUBEAN 0. 2~0. 25 Hz Bl BroR
th PSD i i A2 A6 1 7 {8, fe J5 75 B P Fh A0 30 RE B8 AL RO I 8] PP 41 . (AT 4 SRR T
T 2l i) RE B A2 AL R B 58 AN R Y Bl SRR . ARSIl 0. 2~0. 25 Hz i3k
35 6 KA AR AR AR AHOC, S T 5 H 9 H R R BAE 5 H
11 H (& XU S b [ R Bl d5e il ) - H BB 5 B JS Bt G 5 KUY G5 5 1T 228 ¥ D 55 PR Ot X
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b 2l R BE I 5| 2 (9 R B R (Secondary microseisms) .t —Fif 5 XU 5
WG, MLHBARNA 0.12~0. 17 Hz ML sh R T 5 A 10 H . HfF—H & @80, {2
FERB A MR R AR AT 24 10 /NI 5 SR TT By A e 364 5 G i AL B A Ml 5 0 T
Z) M REE M R T B XIS A R . X AP435 G KUY B% 42 A5t B2 A2 AL A
S BB —FAE G XL & 4 2R 6 X35 5 16 M R & ry i 3 P AR
56, 17 AR 5 XA B 78 AT 65 30 5% PR ) 28 th o AT £ RN 65 91 b R A AR 7K
S 5 A 2 B L R ] 4 R AE

3 VO LR K KR RS & AR N G LI T 3¢ 19 4 B PSD ZE

T PSD S REHE W . O b RR MR R AT 22 30 A4S/ 900N 10 SR 23 = Bt L 43 B 10 /N L SR 15 X A BB
HEAT PSD 2047 . SR G B9 SR R < B WAL 3l” AR B D 0. 2~0. 25 Hz) B9 B it A 7% % AR AT 30
ANIFCS LT HD T bt e s R 5 R 53 — RS 2 B TE [ D 0. 12~0. 17 Ha) Y RERETE A
WA a , 75 3 7R A A2 B 10 /N IA Bl iRk

JHAE 308 208 0 A K 5 HE s AR 5 KL 3 5 5 72 I 1] 3k 23 0T 18] 5 o & KU
E SR GRS R KA WA TE R R 2], [HA SRR 1 0. 12~
0. 17 Hz 5 BL. i8R & FUR N G Z 18] 52 % R 09 M2 FE B R LRI % 1. P AR B
1670 km 2 5 iC B IE G ML S BIE AR F A RL LA 5) 0 X — 45 RIESEA 3T
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F I 301 R M 2 7% T 2l 57 R ) A 1 A 3R B GR thy F A7 AE TR 5 WAL S 2

IS = R BBl =D VE S Toie Rl = B [T U [ = 7 v e - e

T O R R R T S 90 A /NI LI K SR 4 Ol 90 AN BE L ARSI B B Sy 1IN X A I B 4
i 4T PSD 43 M7+ 3K H AR AN I BE (5546 0. 12~0. 17 Hz S EE R 0. 2~0. 25 Hz 45 B 4 % 5% BF (PSD) 4R
R R e R W= DR i s (e e i L T R <o o O 3 el 7l = W17 ) e | = D I s
SR AR RS SR AE . I B R Bh (14 B 12 76 75 MR & T 10 /N I 50 2R 2 6 0 3 A 0 72 R A 1
B IR B K. T RS ) 9 R R B K R AR R R AY 90 AN /N LS 90 /NE S bR R &
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B 5 sy A KRS AR B R

T I 0 8 e s B W3l 54k & WA 3 FE s [ IF . G S M B sk BB 5 KA 3
AU (= DR R KOV < = BT el i D= DA /e M ST | B = D 7 R S OB S D1 R S = DR =S € 1030, 4
G 1) PSD A8 48, A5 46 i e T 70 ef 1) 180 ) 3t 58 & A i 0~ 5 /NB o T8 T 360 17 o U I AR HiE 1) PSD A5 #e
FIUB PSS (9 PSD A8 fe . FLFR i 45 R R BTG LG v A RO & X754k & X3 772 I ]38 53 IF

SR FARTR] 9 5 32 23 B AVDF S8 01 S F DR L H 7 LB G L3TIE VIR T T AR A
A B SE PUR L B SE 200 2 T 65l A 55 Bl A 8T R A UL 4
PSD 73 Hir 45 1 & /81X 28 5 i AR AE 0. 2~0. 25 Hz BBHE R ] T Rammasun #A 1Y
AN AE 0. 12~0. 17 Hz SBHC R B T & XAl B30 30 915 5 55 K Bl 3 3
R AN [ A R B DX o R AR TR R 2 A T B L8l 15 5 L A 5 X a5
5 A [ PR ol DX A R ) R A G RR R B T D A R L L 18 I
DX o A3 28 DX LT 5 v Al 5 XU 3 76 iR AR AT 10 /0N A £ 2T 3 5 L
AE IR R T 6 WALl e & 7R R IR K BT A 1~ 4 /N AR & K 3l 1) fE iR 2y
a XNAFHRER M 2~3 5 (WL 6) . TEHIL B & 1Y 587 ARG b AR & R
Yo Bl 2 B 5 W1 AY e # L I SR /R A R AR R AT LA/ L 3R B KA Bl Y g
LT R G RIS R 4~5 5 CWLIE 7). T A6 W XL JE & XUE s A X+ &
AL Bl (8 I8 3 AN B S (UL &L 8) o 7 v [ ol 74 8 3t X A 5 XUAIE 2l -t AR X 8 55
(BT 9) . X 25 R WIAR & KL 3h (1 5= 3l U5 A 76 16 i 55 i it DX 38 1 i RE A8 52
AT TN R 752 752 R A Pl DX
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A~ IMF 15 3] — A~ 75 7K S, i S5 19 21 5 B[R] P 54> 43 50 7E — A28 7 P Xz 1 g
FEAKAF- T4 . Jl A A3 A ET DY B IME [ B RS 7KOF E 5 6 RS & 48 — 28 ik 3l 7 %
by AF X SR 4 RT BB S
— FI S B 5 iR ik (EMD) S ERU 5 KPS0k A

T MR R KO- 4R O Bk S W D B 58 S A3 il (EMD) 5 R RS KOF (19 £
B OEMD J5 3 (9 U - 1 H 58 D U I 5408 1 91 1) ey S A R AR AR /M T =1k
FE 5% BRI BT A R A AT A R /IME S 2] N g 4, Hp R TR & 28 96
A5 2 A A5 5 of dhE v s ) R F AR AR T 2 R R 4 R 1Y T 34 (B A5 F
— A AR KA 22 (E AT A A M 0k S PET S T 2 (B R 00 I 4 1) — A
ARG (IMF) ; QMR K PR IUE % 45 o fAF k€ [0,2 ], BB K R 0. 01,
XFIMF #4738 5. 4750 Bl /N T e R EBRT A B K EZ I v K T4 &M
VBT IS o 452 11 38 7 S ESE A4 R B SR 328 TMIE ef )37 16 M 7 /K S50, 3 B B 0. 95,

K 1 BXIHM G S H Ar i 2008 4F 9 J1 2 H AL BTHTfE 00:00~04:00(LT)
T 4 /N I b il 2 CEMD 3 19 Hi Y B LA RS S (IMF) J2 & A5 5 X i
AR L AR e 2 L BRI M PR K OF T BB AR 45 IMF [ b ]

B 1 200848 09 A 02 H H AMEEFR 4 /AN H5E 45

M T sl LUE 2L 25 — By IMF 5 5 IMF1 #9d BLt 5% JE A BT 55 1 8 > 4
Bo, BAT FME S O RRAE 28 B IMF {55 IME2 5 {8 5L 3% 20 A 2 0. 1~0. 2 Hz
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LSS = IMF {55 IMF3 9 {8 B f 3% 23 4 76 0. 05~0. 15 Hz i [, 55 P4 By
IMF {55 IMF4 [ {d B0 3% 40 4 78 0. 025~0. 075 Hz J [l . 45 — 2 Bk ah (i 59 %38
FiI7E 0. 1~0.5 Hz yu B P9 o P FR AT 32 2 41 % 3 DU B {5 5 08 A5 W 7 7K 7 il 48 19
SR, [ i 2 1 LR AR X C s H L Z D =0 BERiT P By IMF 347 1 75 K S 32 B
AEFREE R, DUAE 7 N ) 43 i RS R B b i £5 0 X B XU R
B e iR AR PRAS R

ASCHEHU QZH Fi WMQ WL & J& T 8 5 — S M &« e 45 1 32 3 1l 1 A
Xl AL ES & FHDZ-M15 #5037 5 w4l 5 W00 R 58 (M15) , i 2 515
H.Z.D 435 (A XHC SR 800 2 B P22 458 r (DMD Bif il (1 FGE e X =4
WG TG ISR B R FESRE 1 /B R RBUNTF 0.25 0T/ C L4335 0. 1 nT,

MG & R AR A AR L 28 B 2009 AF ) rf [ K Bl A1 1852 ) 48 K & KU 7R
(2009 4F 6 J] 18~22 H)FMBLHL 7 (2009 4F 8 H 3~11 FOVENWFFEA 4, [ i 5
PRI & KGR (2009 429 H 29 H~10 H 8 HOEANSZ M4 . #EL QZH A
WMQ 1E & R Rl 5 AT S 10 K M15 (9 H.Z . D AXHE 5 80l 2E 1T 1 75 K P 32
B, PR 5iE R R F 9 00:00~04.00CLT) PUAS /N B 5 b fig A0 T i 5 %0
P BRI DU /)N B 8 B 32 02 R Sk ak B i (R o N RS Blie b 5 B A DG
LA R4 I8 R G0 B T PO R A i) SR AU A2 B s i de /b o T HL X — B
B R 0 SR A5 S AL T b B 23 TR ERBE B Cn AR R R Tk 2l 45O BT
A ARG b S e F SR WG I AR ARAE B . S S AR SO I A4S & 3 1 B AR B ik
B & XEEEmE 2 fia., WMQ 5 QZH W B LI BN 3470 km, & K 17 i
PEARIE B QZH fH/NEE A 1250 km,

2 2009 4 G XFE AL SEHL T BORATIY AR e 2 SR 6 o WMQ il QZH

1 hh5 446 NEEZ S &1 RS http: / map. weather. gov. cn/
2 K, 8585 % A T http: //isgi. cetp. ipsl. fr/lesdonne. htm.
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eI QZH A7 T A W 6 » 0 T v IR 26 B M X, WMQ oz T o [ 1y P L »
T A R XL R R ACKR Bl A AR AT IR ST B RO A B Y [ AR 0. 025 ~
0.5 Hzf [l . i IMF2 85 BEE [ 0. 1~0. 25 Hz, [A] i AP AR 26 B — oA 25 Hh B
PR T 0,08 Ha ByHuRE Ik S BLG " OF FL AT 6 BA) $dis B 52 31 28 W 3R 5 1 T
YOS/ e LG M P K P J2 BB e 15 AR BRI DR ML g e . TR AT
DA I A B B I W 7 7 fl 2k O HOR 3R 1 IMEF2 [y e R P- il 260 5 5 KUK
A IR 220 B 68 I 5 RN TS BT B KO R S O S o [R] IRE  FRATT R SR 5 S
AR FE G XL RN A B K A8 80H SRR AT 2K $8 B DR . LB R B X
Xt b B T Bl R R

1L ERERHLELER

Kl 3 A RS2 2009 4F 6 18 H ~22 H G KGEAR 0 X2 L K . 76 A
20 H 18 )5 ik B K XGE 28 m/s. [ 4 fiiA Ry 2 WMQ Ml QZH & H] FHDZ-
MI5 AR IE SR EE T3 R K 8 80H SARZ e By AT 22 K, 38 80e e .

B3 ARG Ry o RGE 7 fb

K4 20094E6 1 H~7H5HAEH WMQH QZH W K HEAMSK,

HiE 4 W LUFE . WMQ.QZH 1 K H SURIE 5z Be A7 & K, 15 508 19 73
A F R [A] - foe g e HE IR AE 2009 4F 06 7 24 H o 5 6 XK e KA H 3L I (]
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(6 20 HYB 4 K. HEE 48R 6 A 20— PHRMEH .

5 ZIE 7 S A AR SCE a0 9 R A K SR U L X WMQ A QZH 2009
FE6H 1T H~T A S H MM 3 Kol 19 20 P45 R NI AL AF o AT LU
WMQ At FEEE R 2R AE 6 A 23 H I Bl— DI AL AE 6 A 7 H - 4R 7 KF
f £k 222 AN [ U 1 1) D sl B4

B 5 200946 A1 H~7H5HGW QZH 1 WMQ i D 430 M 5 /K - il 28

T AR AT A [ B R ) R A TE SR AR 19 e BE RO 0.1 oD IR R E A
HQZH I ALARIE 2 0. 1 n T WMQ AL FRIEE 9 0. 35 nT. X & ML v
IR AT (19 45 2 [T £ 2R FH [ o 1 M P 7 - 1 JBUS 3 A AT Y AR s B0 o () I L ZE
BRI A2 QZH AL FRZE SR AN WMQ AR LS R

Bl 6 200946 A 1H~7H5HAGW QZH M WMQ K H 73 IMF J3fif 45 2R
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K7 200946 H 1 H~7H5HGW QZH fl WMQ iy Z 734 IMF 73 ff 45 5

2. EAREREHAELER

Kl 8 fii A Y2 2009 4F 8 H 3 H~11 H & KEHL 5 i po K A2 k8. 8 A 6
H X R B ek 40 m/s. [ 9 filiid 1902 WMQ Ml QZH & i FHDZ-M15 f) A *%f
ISRBAE TR K SR 8CH SRR N AT 2 K, RO .

B8 B B v e X AR Ak

B9 200947 H 15 H~8 A 23 HAEW WMQ M QZH M K HEMYS K,
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TERER LK 12 iy K HEFATE K, 8802 7E 8 7 6 H il BUM KA,
[l ik A BLZ K 1 QZH Gl K H B RS WMQ B K H G AN Z 22 K F HAl A
B, TG IE 2 G RO XU 2 B B R A I ) B, T8 10 A AT 12 ifiid TR 2009
T H 15 H~8 A 23 H QZH f1 WMQ S uli b B4R . B QZH 45 Rdu i B
T WG HE WMQ ik sh2smis 2. WMQ 45 R & ryf REHHAES H 5 H,
1E 7 A 18 HITth = A 5l .

B 10 200947 A 15 H~8 f 23 H &3 QZH 1 WMQ iy D 4 IMF 4 fi 45 5

B 11 2009 4E 7 H 15 H~8 A 23 H & QZH M1 WMQ ) H 431 IMF 5 figt 45 7

3. ARRFAIMAELER
B XERA AT I QZH Gl iR/ ES 0 1250 km, & 13 38 T
B WAL 2009 4F 9 H 29 H~10 H 8 HA LR L, 10 A 5 H K ik 3 5



FEAESF = B UM R 280 0 5 4 = 2R Ik 3h A S 7 85

K 65m/s, F 14 {#iRpgE WMQ il QZH & Al FHDZ-M15 fAEX i % $ 4 11
B K 8 50H BRI ANZE R NAT 2 K, 8501k,

B 12 20094F7 A 15 H~8 J1 23 H &3 QZH A1 WMQ I Z 43 IMF 43 fie 45 1

K13 &

=

SR r L KU R A 2%

B 14 200949 H 5 H~10 A 23 H&uf WMQ H1 QZH 19 K H & H
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ME 14 il LIRS, B8R G XNMERIF AN BN K H G MIEHE 52
XF I fH 2 3k BB Y K H R 2 AR Ak 2L E B A T DL E B, QZH 1Y
2 SR 1 2hm KF WMQ, R EE S B 14 4 10 7 4 5 B3 KE,
HERERKEERE 1 K, JFHXHIEH K HRMAamER T 5K 9
FEAS K R A A

K15 =& 17 538 T 2009 4E 9 14 H~10 JJ 23 H il 7K - il 28 42 B
5. MWEH A LLE B, QZH 25 5 9 2 B8 B 20w K F WMQ. % 8l JF 16 19 B
K276 9 H 25 H,WMQ & KEHBLE 10 H 15 H il QZH W H Bl 1]
AEGE .

15 200949 A 14 H~10 A 23 H & QZH f1 WMQ ) D 43 & IMF 4 fi 25 31

16 200949 H 14 H~10 A 23 H &3k QZH fil WMQ 1y H 4y & IMF 4 i 4%
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B 17 2009 49 H 14 H~10 H 24 H &3 QZH 1 WMQ 1) Z 4y 5 IMF 4 fi 45 5%

= ER

55 3 AR R a3 M b L IR B KU AE TN SR 5 285 B b SR N L 5 XU B g 2R
MY BRI E O 1250 km. SRINEH S EARFT G Z A ELH RN 3470 km,
il K dE S 8 UK AR TR R 2 10 R 18 i it - Horb 2009 4F 6 A 1 H~T7 H 5 Hitb
145 Sl A 58 T IR 3 S A B ] B P 3t 0 Sh PR 5 . IXREFRATT AT LA 5
By Kt oy 9 AR =38

(1) M 37 186 8- 5 i 6 ol SR 5

() WG BIE BR . & K& B ol R

(3) M WG % S BK . 5 WUEE B IR M 1 250 km,

AT LA E 1Y SR 5 A2 0 M T A X A S5 B RE B0 A 7 AR R e LR T B Y
PR AL S AR ST 2B B L. X (L) A (2) 8RR Am i o A A B (I 5 = 7.8 10 2=
Kl 12) . QZH #y M K- il 4 A7 B A0 AR . WMQ 1 I P 7K - il 2 5 1z 5 20
(3) ZRHC A M P KSRl 28 B (I 15 =8 17D, WMQ 1 QZH F e 5 7K - il £k 7
15 WU 2R 1 I A BT BN o 33k = 2 B dl F) Ak 380 2 SRl 4 5 IO F) I [i) — B iy
ANEER ] 2~10 RRGIFREEEI G WA R )G 5~10 K HiZé TR, WF
PHEY G WARIE B & ol . 2 BV J/N A 22 [a) I (3D 2 B8l 1 2o B el DA 31
QZH 1Y Sz WAy s 20 T WIMQ A S W AR X 45 55 » PRt ml LB & & KUBY 3l 52
Wi 2 A2 W 3%/ F 5 000 km, iR 1000 km,

X IMF1~IMF4 {55 & U R R KF- 75 L 65 USSR IR 2k ) 35 ) e 32 i At %
F14 AR ARK 7 TR AP . IMIFL (14 8 o » IMIFA (19 85 559 + (L J2 £ M b d5 5 144 0 30 o B 7
IME2 1 IMF3 {55 $2 U e P K P it 26, BVER AR AE BT D 0. 05~0. 2 Hz {iE [
Mo WIS DVH  Z MR K- 28 B D o i 9 SO — BERCK, H g0 i i I
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NS« Z 43 0 R e A AR e S BVER R & G, 43 BT i Bis b Z 4 i 25 R A
B

5 Ah o AR 1% S A B B ATTIA T LA B 20 MR S Sl S A a0 e g L IR A K
S iy 28 X5 5 AR S S — AN W T 24 i G 2 P T IR A sk I R K il e X
IR 2R A — R 0 U 2y« 24 AU 3k 38 i A B, 0 Bl % el 3k B 0 KL AR U
S — Bt ) J5 TR . I I 3h iR A B TRD B R R £ XA e R IR s 3 Sk 4 i [R]
KAk 10 K.

WG KOH SRR K, 388000 437 RATIE KB, 24 5 K rbe R ik
B e KRG - 763K P8 800 o0 A 4R S — RO B0, N S 4 K3
A1 RASE, FEFR,QZH M K H AR 2 e AT WMQ. X Ffiaf b nf G
kAT ERFEL M 2K Mksh”. T E RS Ik sh 78 F R s, g
{2 Bt 255 15485 I B3 (A 488 I T2 0 /N o PR UG 2 7 ol e A 99 2 7 A 2R DL T M AR
U2 11 55 7 3K o J I i 7 R W & il ) K H ORI {H R S i R S B B Ul B
RS SN R (O NI AN

FATH QZH i K H S R4 L WMQ i1 K H SF. 153 TR 18,
HFL(DREM 200046 HTHETH S5 HIZMHIZ, (2) 2 2009 47 H 15 H
8 23 HIZEMMik . (3) &M 2009 4F 9 A 14 HZE 10 A 23 HiW &Ml £,
M 181 AT LAE H1,2009 4F 6 H 18 H & XIEALFKAT 2 KB 6 A 16 H Bk
MBS TRLRE S VB 18 19 (2) A (3) AT LA Y, 7 & RS 47 52 31k 19 H 1] 2009 41
8 H3 Hiif2 K. Bl 8 H 1 HAARKGEHFIHK H I 2009 459 H 29 HRETM K, B9 A
27 H K H SR 22 (B M 2 2 0 IR /IMEL . EUR T B KUOR R B A2 5 10 3 1
22 5], HOF R 1) 22 (B i 28 b B Bk Sh K

TG IE 0T LAUE A, 5 KU = 2 ik 3h 7 Rl BE 25 5 i R K HERT, 52 i) R
HER G/ I B 5 G A5 ksl A 0 e 2 R G R L B Rl LA
FeE 18 v XURGHE AR KA HE BRI A KGR 22 (8 il 2 i /M
b, g

i i LA o B AT A B

(1) &5 KR 3t 1 377 1) 52 W) mT LAToR =i AR 5 9 45 2 3

(2) 38 3 X i IR W 75 A il 48 0 B R B B KU B B L B AR B i B o b 2
G RFEA W B B P K L TR 80 1 5 ol D 2 A 3 Aol BN s AR Bl AR SCRE I Y 5
A XL AT LAIA A 65 XURE W) 4 91 R I 8 B 42 1 000~4 000 km 22 [A] ) X I8k .

(3) B 15 3 ML G A XS S SR A D 4 4 1) W 75 70 fhy R0 3 KA S o i 5 »
H 7y 5200 555 . 0 Z 73 4 BE 6 5 O AR R 9 SO 5 XUR B2 T o AT IR 3 Rl 2808 A
TS U Jig 5 O V2 0 P )2 114 2 ) 45
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E18 QZH &5 WMQ& K H bz

() I T EMD J fift 452 B R P K P 2R R K P il 4R & B B XU
A ek BRI 2l ol B A A (L LI Bl R € B A 0 i A B IMIE {5 P 0
FREFEAR AT FEAR . EZ AN IMEF2 $1 U M A 7R T il 2 58 B e 1) £ 1 1L IMIF L
49 Bl e R IMES (Y B/ IMEFA {9 SEACR AT UL B 32 2852 0 3 0 5 5 o
i %A 0. 05~0. 3 Hz BB,

) BRFPEATE RN EH K HEM—BRTESEARF G XRATGES G X
SO RS A SS HERMCRIN G S S EAST G K H A ZEMAR T, 5K
FISRAT 2 K HZEES BB — D /ME A . X — A IUTE BN R T 5 XN 3t A
X TE 53¢ A 5 MR J8 R AT /NI — R A+ T 3 58 4 AN [ 358 2R ksl " i 45 s ml RE R
B WU 55 =2 ks " ARG X S Besh 3 il K H OB M2 S S A R AR

AR SO A Mo B ok B E K i 5 R AR BT A S B 0 Bl TR A R
A S 2 M P 2 M AR 0 A [ S b X AR S S8 R AL 1 R R
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“TERIHE B BL G IO T

— 5 G A A
HE s 41 A

FATE —YOAN P FRRT 3 " B G 1997 457 g B v L B 2 W 8], I 46 17 5
S AR HCRE L J5 R HERR T A RO ) T 8 B I B G 0 — AN B 2
2001 4E, FRATHI DGR A Br & . B4t 1997 48 5 H 25 HE 7. 1 % South of
Kermadec Islands #i 52 fF7EZY 40 /NEF R BERTAE ) "4, S B A9 08 2 2 B4 1
B AT e A A e

2003 4, 47 X B 55 AR i B 5 A2 5 X A UL 12 S 4 02001 4F 11 ] 14 H R
A 8. 1 A I KR AAAEL 47 /N R RTHR 2h 7 B4 LA 01 R 8. 8 &b, JF:
SR 12 0 52 109 G DR 2 o R DR SR 1 5 1 0 5 1) 18 b R T R R

2008 4F 5 J1 12 H & 8.0 G0 K Hb 7= » FRATTAR 8 2 5L A 1l 0 4 (6] ¢ % A0 Bk
2F ORI s 11 T 3 SRR A L 5K M 72 15 I 1) 5 2 1 AR AN R SR S A - BT R MR A
FELYPRIEAT W RRRTHE 2" G M55 Ry A~8 FB-0 IR 25 #2230 52 1) Jl 1A
A RE R R TR R BT R TR R . BT TR S A s R R P 8h
G5 G R0 B IAHOC o R | A7 T 2 S e b Bk A 327 412 ) 2009 4F 58
2 W bk T OO R TR IS R H A P 2 5B R b 7% T8 b 72 AN G S
B KOS RARER R e ) LA T8 FR R ME ) 1) SCEE DA R BT R B i B i e 37
PG5 1 R A IR TC G e T BE S Rammasun 5 XU 52 03 B

ANHUZCRIMENER AN T I T8 22, SCrh I R4 K & XU | & i bk sl 1) D PR &
BB L B AH ST ZE » LR S 32 25 ok 2h g /K8 8l Jfg v b s i SR AR 567, 5K
Fr b B AR Languet-Higgins 7R 1950 A48 H T 38 &4 B9 IR B sh AR ek T3
FIEE PV TR G U B T 5 R A M B S B S . A A O AN F 9 IE S5 Higgins
TRV S D6 PV RS L e MR R A 3 7K U I VR VB A 1) M T B IR 52 L B S B 27 b A B e
TR SR AU TFA% U 77 A b Ik 3 04 2ok A% LA K b ik 2 1) 45 258 1y T3 YR A
RIGIFEFT . AR —BS TEAN K M 5235 04 vz A e B B E R E 4
i2 FH BRI RIS o SR FH Hi AR ASOURIIN 32 £ ¥ YR b ok 20 177 50 B REIEA TR R R R R AR

A5 Higgins (VR 55 3 H8 & XU 1] 51 7 43R M 5% 43000 5% 3 00 57 0 P 3
1 32 2 I PR B TR AR ZeE 195 5 kS A TR B I . T VR 3 U 5 | S 1 v /K s 8 78 Ak
AT A% B 00 AS 2V 1T I YR ORI 30D 328 77 A 14 1 7K 3 2 A 2 Bl 25 16 7K I
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FERG IR FEHOE W IR 7 A 1Y Hb K ) SRR R b 52 (microseisms) Jik 2 ¥ TR
A PIRR 2 B b 0K 2 - — 2 b T TR L 7 AR A Bk Bl ROl A — 8 Kk Bl R AR ik B
(primary microseisms) , HA5 2 55 13 {1 & W AH ] 45 5 JISE Fl 10~20 s5 55 — %2
H TRE VR B3 B FSGE 2K B A T I 7 A s i 5 A 1) ik sl B Db 2 — S ik sl ik
Az ik 3lj (secondary microseisms) o ¥R 25 ik 311 5 *5- 1) 451 258 Sy U5 YR AT 23 1) T A% J 0 3 [
29709 2~10 s, HARME E HE T8 VR BE P s BE WO F-J7 o 5 XUSE 30 ORIl ¥ % ) 9 /K s J5
I, 235 kS VR il v o TR IIG  7 A d Y S STV o B S I TR 5 D A T VR ) 4 30
AR AL TT 10 A0 S, M T )5 27 AR AR 58 A0 ¥ 1R B 5 7 T IS 7 AR BRI T
1AL e o PR 7 AR AR SR A IR S . 5 UL TS 15 DKl v R IX s B 25 i) L AN RETE &
JRUIKHIR B 30 7 A 2652 555 18 T R 5 » PRI T AR ME B R 5 20 S ksl o el 7 /K TR A
KT 32 3l (B R 2 31D PRIk 15 RGO F8 b 7 D8 ) = 2 B o0 B 0

CRIHE )R FH B ATAESCHRL6 Jrh i F SR A 4 gl 24 5 B2 L 223K 4 PR AL 7 A 25 4
SRV Bl W VR A B e R B R AR B HE 8 I Bl U IR AL TR (19. 47N,
131 9°E) o X Bl WA AT TAS DR 0 fift i N0 YR 8 L Kk 5l ) BF 5 285 28, iy g 7 30 B
M EZIB WA AT B 1o J2PR bR G XUBEI A 5 ZU A B A1 IR, HOBOR IR e A — &
RO BISE A KR (o) CEAR AT 2 B — R B gl Kl X R A 18

FATHESCERLL7 I AP i E 5 T & M Rammasun F & XU LingLing 301 K 1 72
B IR AR R TP 3l i 52 Wl S5 A Ry« Ry M ) J5i S Fe AT T8 SRR L6 b 1y = b 52 4%
K HT R MU 4G T T RS A T T LB A 0 L AR R SE R IR AT A ) AL I L AR
B TR BEE IR UE . R FRATTAS [R) B R A 0 501 R b i = 7% i e 2 7 1 i A
B4 T B KGE I IR IS R L S R BT IR A SR Z5E, BARF 40T

BN IR A HIF s P8R B 2877 A2 1958 B X Rammasun B P [ 1 5 48
i, R iR ik 1300 2 Tk, 2 b st ER B & Xk 2 L 45 R R BIX 2K
B UTE 7 6 PR i 77 A DR AR M ) 3t Bk s 288 07 1)l REAPE /N (2 DL SR L7 P R 1 9 A
K 10),

(OfFAN LA B N B RE & SRR i B RRIIL 37, & e
AR D o e I I A DI SR B A R R A B AR T2 — RIT IR R 0 B K
BAE 5 H 11 H——6 KUnoik H /B i 5 f ol i I 220 i ob [ o Bl 3l DX 30 ¢ 31 1Y
AR S IR IE R B OREAE S H 12 H R — KRR Lt 2], —#FH 30 £
NIRRT R RS LI 1D 2R R 2 “ B ai gt sh 7 se e 6 Mg, & — 3
GORMMELLRRE . & KUK B 77 2 1) b 5 O 1 3 432 B AR IR i AR 38 ) A A 3
29709 3 km/s, RIS 3052 5 22 [A]AHBRE BT T 2K Fi A 550 305 19 I ) 8 38 o AN id 2+
JUOrBl B A=A IU A/ IERYE 7 X B I 8] i % G & 5 A 5 — M s
{55 MAETENE? R W W] - X T 5l iy 5 XU5 | e 1Y S5 b ik 3 6 [ 9 Bl b 78 &5
SR 610 R B AL S B AL 3 i Sl W 5 T WY S A e (8] 0 £% (DL



“REHTHE BB - MBI E i) 375 M —— 5 (9 2 I i T A 93

Bl 2. FrLLL SO R HER e AT YL sl ™ i i 18] 4 32 7 BLGUE A 2E AT IR AT L

1 X Rammasun 19 %% 430



94 56 JEL I T R R R — "R AT I B " R W

Kl 2 2004 4E5E 24 5 5 R Tokage #U& T 3R ZLAI 52 YL 3h

(3) PO K H 72 393 ) 1) 532 3 E sl o e i el B i L S Sh BR R — 5 KM RR A
ML Z H . RIMEAE 5 A 13 Hg. G R RE K58 2450 . Wb HLRE i 3 3
F14 M Jik 3 1555 A7 SR PR ORI AR R (2 WL SCHRCL7 TR 9 B 1. Esh 5 A 9 H



“REHTHE BB - MBI E i) 375 M —— 5 (9 2 I i T A 95

ES5H21H.—HRFET 12 K,

FATHER I P ik & B, AL B A A K B, 1 52 At A 30 57 B R IR e S 4 3h
PSS W SCERCL7 I 1 12) o AT s BAR SO KR R4 37 5 5 R
Rammasune i 8] FT5 4 (H A [ Py i 52 & 0 5 3 SR Mo 7= i “ R dt s
564 UR T 5 KU Bk Sl 80 ) Tl BB /N, B A AT R IS A7 AE SLA AR B IR . BT K b
AR & KRR AT PE2h 7 7 = K ™ A 0 D R R AL (B A AT ORI R I
5.

FERUE AL AE 2001 4F 11 H 14 H B2 KRR & AR RT3 E m i E s N GF 2
BT —W 17 Hyss 5 A LingLing (B2 ¥) . B &0 5 209 B 1L K R R il
Pzh” 5 G R LingLing £ B[] 1375 G B 55 90 30 5 5 A A L TR 16 P9 1 g 5%
B SIE S5 (S 0 SCERCL7 I A 1 7)) 5 it H A 5 450 B 2 AR T W 1 R b i
EENR G S B (S W SCERCL7 I i B 8) »axX — Wi el B ” L4 0 vk & R
HiJok 3 0 5 e HEAT AR . RT AR RE LB B XGOSR B RS KRR R AT s A
JEH IR T A X LingLing ¥k 9 55 Mk sl . 3 22400 30 7= Ak i J5t AN AL 28 Ay 52
{ELA5 358 T AR PR — L R A S . 3K — S0 PR AR R AT ]« R AR T4 3h”
5 & KL E]_EREFI5 4 WA B S A R sl S R AT R 2 R .

IE4n & X Rammasun Fl LingLing ¥ A& B 802l 43 5 A& A= 76 301 Kb 52 F1 R €
LK M FR AT, — 25 5 KU & B4 bk o0 A I & A 7 R i R T (HL 5 T 7R R A e B
5 B AE R IV A A SIS S AR AE A B S T B X ] KRS S Eun
B R R ) — 2 DX I b 7R T 2l 2 I D R 0l A Ry R R R T U A S 3
BBl R 7 ik A . R A Bh S ik & S ARl R 22 R A A N o A 3
BEF 30 11 30 305 3 5 30 7 Sl A ik R AT O 3% il BT I S R T s 8 R U 2
TERE M A PRSBG0S R A E L B A RS & Bk sl 15 S B SR A A
R I AR A o L 3 11 32 B2 B 2 2 T 0 (o AU o /3 XU ik 2 2 5 LA fl &
SRR I AT REME 7 XA ) R AR A S . SCERC3 4 B Ll K b AR 1 R T R
VAT 3.5 RAL MRS X 4 K= EATh sl " Sk mE s 6
Ly A i 7% RIS A b 7% 33 G ) A 0 Ao R AR 1Y 8 RO FR AR AE I B} | iR &
WA BRI R X RN IG G AR 5 7 A5 6 KU & R Hb = i I A8

X RIS 7 B (R WF 5 2ok A R R 2% RN B BT Y B2 DR TR 2 RO
52 ARG B B iR TR A ST T R 2, T A WO S i T IR R AN ]
AeSE LR CE AR, fERAT B R BMRMESI Z T AR 2 7 0F 5% 1F 78 AR
1328 90 3 10 3 BT & 4 31 R L DR b R R T A B0 R A A% B 4 )T K
A ST B R R RS T IR 1) B, O HE— 2 B ER R R AT S B TR
JA 7R o

AT AT BN KRR A “ R TP 8 7 B4 36 J2 B 1L K b 7% 1 5 i



96 56 JEL I T R R R — "R AT I B " R W

Peah” B G #RLZ AT R A G BON I BRI 5 MR AT IR A OQ 1 Wk 22 Th I AN
ﬂﬁiéﬁn%a’)nﬁfﬁm$€%¢ AE B 1l 52 AN BE TR R b 7R TR B 9 I
AR AR 2 ﬁ%%%‘ﬁﬁﬁ%{fz{&i&&ﬁ’wﬂﬁmﬁmo 2009 4£ 3 H
19 H  ROE2E 5 B i S & 7 Mw7. 6 98 CRIR 7.9 200 K HLRZ . 5547 Hb 7= {4
BHRER BT BE R S R A~8 B R AT s T

5% 3k

C1) 8w, LCR-ET 3 Jy A 7E o AR H il st 2 5% B R W st 2 AR LT . At e 5, 1997, 9.(3)
214-215.

(2] ABWEG . VIR R %40 55 B s MR s 53R [T ], HoeTE A2 55 . 2001, 21(3) .
9-13.

(3] 4 3Bz MAARARE i B 9%, 4. 2001 4F 11 14 H B & 10 75 M8, 1 1y 52§ (1) 22 1% Jh 7%
FAEL) ] E PR 375, 2003(9) 1 1-4.

(4] ARG B /NRI L 7 JEE35 A O RS R T i = 0 3 [T, Kl & 5 3 ek 3 Jy 2,
2008,28(3): 129-131.

(50 e W1/ M. S b 52 A BEORHIE 92 501 R b 32 SR AT 48 30 7 LT 1. M3k 4y 3 27 ok
J&.,2008,23(4):1332-1335.

L6 w3/ W A 58 D' 01 Ml 5% 9 7 b R ANl e b il PR AR L 1. b Bk ) 24 4k, 2008
51(6):1726-1734.

(7] BRI 02 . BB AR L 55, TE IR0 b AR T B ABURE L T8 g (300 4 o 0 I8 3l 1% 5 1 555 WL i
(1], #RE 24,2008, 30(6) :626-633.

(8] (A T AT L 55 I 42, 45 3t RR T R i 2 A R 2 2 55BN K H 52 T8 4 AL
Sl 5w B n R WD AR AR R MELT . R B 2 40 . 2009, 52(2) - 584-589.

[9] Longuet-Higgins M S. A theory of origin of microseisms[ J]. Philos. Trans. R. Soc.
London, Ser. A, 1950, 243. 1-35.

[10] Hasselmann K A. A stratistical analysis of the generation of microseisms[J]. Rev.
Geophys., 1963(1) . 177-209.

[11] Haubrich, R A, McCamy K Microseisms: Costal and pelagic sources[J]. Rev. Geo-
phys.. 1969, 7(3): 539- 571.

[12] Bromirski P D, Duennebier F K. The near-coastal microseism spectrum; Spatial and
temporal wave climate relationships[J]. Geophys. Res., 2002, 107(B8). 2166, doi:
10.1029/2001JB000265.

[137] Bromirski P D, Duennebier F K, Stephen R A. Mid-ocean microseisms, Geochem[]].
Geophys. Geosyst., 2005, 6, Q04009, doi:10.1029/2004GC000768.

[14] Gerstoft P, Tanimoto T. A year of microseisms in southern California[ J ]. Geophys.
Res. Lett., 2007, 34, 1.20304., doi:10.1029/2007GL031091.

[15] Tanimoto T. Excitation of normal modes by nonlinear interaction of ocean waves[]J].

Geophys. J. Int., 2007, 168. 571-582.



“REHTHE BB - MBI E i) 375 M —— 5 (9 2 I i T A 97

[16] Aster R C, McNamara D E, Bromirski P D. Multidecadal climate-induced variability
in microseisms[ J]. Seismological Research Letters, 2008,79(2): 194-202.

C17] SH/NKIL L A8 I8 5. 5 & KUK 301 R i 7 0 B 1 R i 3% AR i 3 7 2 el A9 0 B L 0. b
BRI, 2009.52(5) :1363-1375.

[18] Velasco A A, Hernandez A., Parsons S T, et al. Global ubiquity of dynamic
earthquake triggering[ J]. Nature Geoscience, 2008, 1: 375-379.

[19] Rubenstein J L, et al. Non-volcanic tremor driven by large transient shear stresses[ ] ].
Nature,2007,448, 579-582.

[20] Gomberg J, Rubinstein J L, et al. Widespread triggering of nonvolcanic tremor in
California[ J. Science, 2008, 319: 173.

(21 32 W3« SO 3 52 W6 552 3t Jk 30 30 SR 3k A1 25 362 5 I ¢ T HG s IR PE 0 6 R 98 L0 ). [ B oy
AEEAS,2009(1) ; 14-19.

(227 #A/NWIL B IG. 2009 4F 3 A 19 B M, 7.6 FiG KM R A9 “ERTYE 3 " & [J]. s Bk
Wy B2 R . 2009,24(3).

BB R F 3 EN2011 F 5 6 M



il e JeL I LA F 7 e S AR R

ARBES . R

2 A R 2 A AN i B B T RS TN R ) e K S e R
R T — 67 T SR 8 o LR i 2 T S A0 L R AR 8 o Sk 2R A T R R 2
R R G AL TR0 B 2 SRR I B B R K AT SR A R A ) 2 S A i R
(7P SR AR LI 7 . BRis 48 Bt Lk Bl PR AL T« R R 1 3
e B A — 7 B R L (H 3 5% CHR3 R MR 1 I LA i B

FEH A 50 R I T =2 I D A S (2 DN O AR D7 3k AN 2 L i AR 5 i
AN R PR e 2 — ORI L AELR AT AR S T A 25T A ST R R i AT
IFFE AR A s AR . s Sy Ao AR AN R S R SO L 280 S R B R A S I
B T RE AR U B T O R AR BB SR T L (ELIE SR TR B TR %) 5 A
EAEAN 2 AR Ty« T2 3 A A 5 9 0 A A B vy g B DAy ) i P L4 W D7 1

S Rl 5 i B T A RN T IR ) R

MR RE AN BE TR 7 MRS B8 TR T o R BE AR Y X R 418 M AR T
A% AR A3 A 0 pr 4

SEPR b AR RN RE TR A R KM R AR AN RE TR VAR L
DA 20 42 N7 3R T 5 SEVAREL AN 2 b AR RE N RE TR R R R BE AN BE AR L N
iR 2 R AN A TR R 5 AR A TR )

AT 3K Tl S e SRR S AN M TR T b 52 IR S IR A A Robert ], Geller |y
TEOUE Bk AR 7 —Fh E AL SN FUR A B AT A /) b 7R R A AT AR 2% I8 X b
KB — AR = X — REE A5 2 By R Hl R 22 A ) T A b 72 1) RO A 78 P 1 SO
I = S B S 7000 SRR Geller (93X BEiE HE4T 18 4] 230 4 -

R OR A AE—Fh B AL FURAS T D A WA R R TAEE
SN FLO R IX Bl 52 24 L Ab 19 5 18

AT AN /)N 5 R A AT R 0k b R B — S KRR T S A X RO AN
fH—5%5

X — AR A B R R K M R 2 AR I T A M AR A RO N AR A LI = S Y S
F7—EH N X ATERA X .

“BREERHLE Z A7 RO MR AR AR AW Geller TR HEH T — 458
o W TR 5 A AR R R MR R AR A T B UG ORI . X R



S 2 45 W A 99

ST IRRAEYL: TP/ HGERT A B 41200 FURZS” 2 T0 0k TR B9 5 TR K= BR A 2
ERYSTE i

FOxk 3t 752 B 9 AR AN LB 117 5 7 R i 04T A 7 110 e SEL AR S b
A AR TR A B G G G B 2 R R A 1 N A D M AR AR A4 B A T A
THE S BB O B AR KM R AT & A 4120l FORZS” IRl 2 1 55 7R
AJEREHLE A A RTIR 8 . T2 A MEAT 21 3R 19 438 - L 52 B | Bl B
/I R P B | TR 4 AT B L iR

I % S0 A di 3 e A ST TR A - RO B 2 10 i R el 454 0 A
FFR 1Y G0 5T 4R A 7 ) ol T 75 O A 1) F g B B B SR B X
T /N 752 A58 R AN BE — WL IR i3 R LA e M T LA 25 06 AR i e 3 D) e 20
2 T1 3 [ 52 1K X 1

L R R PO 2 A ARy BRAIL I 0 S A AN AR 10 e vl RE A
e T 1 26 Pl J3E it ™ Y A2 i

i 3k 3 72 ) T S B — B M R 2 A AR T RIS Py BRI T i A A AR
A7)0 T X b A AR B TR A SR WA R TR R R I SR T
JH 3 b 72 TR 04 9F 7 AR

bR b GETT T kR N R A R B AT TR A — R Y L (R X R R
i i AR AIE SR UL L ey W TCRE Dy ) . B BRAR AR B, RO 4% PR Geller BWL £,
ANBFEAT A B UG FORE” R AL 1 GE 7 8 B X AL R AT Z A A
f 5 SR T 5 36 2 4% IR Geeller BOWL A3 R R ML RR AN AF & A 42U SRS . A 2 B AL
FHAE P A E ISk .

1% 458 WL S SR Ml RR U 50 A R R 5t i R [k = A SR A R (M AR b 7
PR = 2R o SRR T 58 52 J ek TR AT T2 B I S e D ] P AR
FR G HON BRI R AR BZE N 8 R TN R BIE C MR . WIS Ts
15 5 WA ZF0NF 5 52 6 AT 18 A S 2R " [ A8 0 (] )R LR b R
AT .

=0 B R i e b DX R A % PR TN Al . ik 2 T R S o AR R i R PR
Hb

S ok 7 I8 5 7 T i TR AVF 5 A TP G R R

LB R 35S AT HE HE BEAE 1 Bt DX — R DR Ml 3= e AN W] E ) BRLAE BT A
DX o 5 AR AR JROR A A M s B LR E B R M Bk B R A EAE T
e A M e A Ml s A ML e FLAR A 7 35 R X B 9 R (1 2001 4F 8.1 kR ¢
LR R 2008 4F 8. 0 st )1 M=) ) 72 3t DX 0 A7 TR T R0 o A 5 At S 0 R Ml 7R



100 56 JEL I T R R R — "R AT I B " R W

R SRS . SRS R P P 0 R TR 4 O 5 TR A e [ AT A e A SR L A
PR ARl DR i 72 Wy SRS 7 A 114 31X DT 6 A DR 9 752 1 UK b o IE AN Af
TH: 28 AR B 4 R < S 1 T3 HRR o R Ml 7 R R X A e M A A SC IR ROTT
R TR B R RN S a0

IR WS R A SN K R BRI AN BE A4S B A SR AN R A L a8 I F 5
BERE At 1 B 1] 5« b R B IR 5 A a2 Bl Y G AR TR, B A SR A 1 b R Y i
PRI S 75 760 0 SR ) B AR L IR W BRI A S R SR AT AW A I ARk
Xt 3t ) ST RS Y LR AT TR G R AR BT A B R X HE — 2 AU R
A 5 M B 32 Bl Y O 2R )RR BT DT

VU A58 5 RS i 55 R4 552 52 i s e 28 % % ol o Tt I LA 199 o
[i] [ 788

PR PR T 52 6 I 00 A O S 3R o B (] ] R

TE 2GR BN 5 5% R I AR T 5E — & S ny e, R B AR ER T — I B 5ty
ALY — B S R A R A BRI B R AT B B4 L b ot A 4 3R R
1R AR W R KB RZ L 2001 4F 11 H 14 HIY 8. 1 J & 1L Kb 2008 45 H
12 HAY 8. 0 F | Kbz .

e T8 S A S5 3 R 36 Y SC b i BE T LR TR B (OURR D b RE K
W) S RE B G T B R T i R I R B 9 b i R R Y A A A S R
“ERIYL ST T — ROV AR, B4 R B R B A T
R AU SR AT AW ?

1930 4E L) J5 » Banerji,Ramirez Fl Deacon 58 AN HI8 SCHR i & K™ A= (191 1R 7]
DA | b ok 3l AELX b 5 XUV VIR 5 1S 1 b ok 20 76 D TR 380 38 1 2 B0/ N ) 22 i
R AL SRR T, 1950 4R, BEE I 724 K Languet-Higgins 76 L5 1T A
58 B JE AL 2 T 35 48 A U TR U S AR Rk T vE BT VA R 0 D R R T TE B
1Y 1 ik 3l B 4 . Hasselmann Fl Tanimoto & W #F — 259" 58 Ml & e T X — 3
W MR Higgins Y FRIE . £ XU TR AT 7= 25 9 Fh b ik 22801 - — F R i TR A0
ELHE A W K Bt B R 5 — JS bk sh” (B AR ik g ) o HL AR 38 5 0 TR 0 ) L 0
Bl K298 0. 05~0. 1 Hz R ATE FE 10~20 s) 5 “45 — k87 10 g i R L 7E Bl b |
AR ARG B WK T o 53— AR IR A BT ¥ T8 80 /K 38 % AR 1 I
Az TR 5 R A ik 2l B R 5 Bkl (U A ik sl FEH S Sy il YR A S 1 A
BRTLE KL 0. 1~0. 5 HzAMITE R 2~10 ). “58 kol A fg & L 55 —
FPk " M RE K2 100 £ FE Rl BT AARE BT A . B MUk S (5 S B
PL“SE 2Rk a7 T 3 B AE 0. 1~0. 5 Hz B9SRGBl . 48 — 2K Bk sh” LAER )k
R 3 1o A B R 1 38 38 L 90 TR 19 3l 3 RS 22 5 T L UV YR 5 5 1



3 S 1 4 5 A S AR 101

Jik 2l CE 2 ik 8l 7 I TR 2 35088 52 B0/ N B 2 ik BB 0 Bk b i AR e S F

E WA L RIEAR T i LR B 015 00T 6 301 K M52 - R a3 sh 7 B4 (0 1k 9%
P T EE X R R BE E A U B T TR R A I TR BIE S BT IE O 0 R B . AR
1M B RATFFRIEA A TR THNENLERE, BIRUA LT LA

(DM 8.1 ZEAIHLFE (2001, 11.14) 8. 0 &3 )I| Hi 72 (2008. 5. 12) 7. 9 %
N RE (2009. 3. 19) JF 7. 3 ¢ M 7Z (2010, 1. 12) , “FE RT3 " B4 A0 1 3tb
L IR TE 5 R A A T A BT /NI 3k S AR A AR T A 2

(2)R 4 200 ZA4EH K G 7 6 55 5617 H 2 A 0w, 3 AT 501
KRBT 0 M5 5 W BHARRAAE AT T A0 800 Bt - 45 51 % B0 B0 R Ml i 7 i
W PIRESHBL, HM AR S5 5 A & A FE SR AE . R # = h
0.2~0. 25 Hz $Lah (55 M ae it 28 1 5 & AU B 42 T B 1 8 AR AH O i (B 5 1/ T
51 9 H ,JIFRE G KU 58 10 g o, HRE R R R AE 5 A 11 H (B IR E
T ] Bl S5 30T A ) Bl 5 XU 2 A0 RS 1 3R 585 T R 8 0 0 5 5 X — 1 5 AR T
iy DX AR A5 A i 2 DX 5558 5 o — R Sl IR AE & UL T IR R sl 5 5 . 55 Rk
G R AR 0. 12~0. 17 Hz, KIS FAEAF T8 —FE 5. 5 M E
ST 5 H 10 HIFFE AR R A AT 2 10 /N B 2] 38 o i R s B0 7 M R84
BF 20 3P 5 76 T AR P s DXORE ) A0 RN R AR SR R i U I VR L H
R BEPE FEAL h IX, HAE S RE W R TR — RS S R R, R H 2~3 fif.
(B VR T b X, SRR AR B M5 5 A0 AR A 5s . IXSE IR R XA B (55 5 B X
JCK » HLA Bl W5 AN 7 ¥ DX 17 ) BB A AR T 58 3 2 b g Y Rl X, Dy IO AR DL
AW BN R AR “FR RT3 " h A5 — R 5 S Fr 6 AR 3, 5 R 5 =
B e & KA sh 7,

(3 f il I C B 88 ) (Nature) Z4 35 B P18 T 88 “ & KU il & 18 #7527 118
S XA G KU & M R R T RE M . IR M R BT s T A AR B R
Yo sh” G FRATIT 16 25 18 & K il & M 52 g AL ) A . B T Higgins BS54
— R Wk 3h” A Bk s 88 2k sl ” QRAEBK 3D Sb & 38 Al REAF 72 5 56 =2
kzh” (A ks e 7 5P RAT I AE — M A Z T , RN R F M6
I g A AT W] AR AR T R IR AT - 25 Ik Bl D g )
AT BT A B b AL AR 2 R v R 2 B RY SE  R R E  TE A
I3 AR T AT S AR IR P G 0 R B YR R VR 1Y) R ) AR
AU A T8 =2 KBl s i R I IE A Ak A i b R A X R L IR A
“HE = ISk sh ik b R 1 AT RE IR R A AR S BT,

B 1 & XUk A b 7% 1 AT BB =2 A1 AR B XUHE 3l BE 4 L 7T 8 BR 5k AR & AR i AT
il HE B TR 27 O 3 TR e L B ) S A R R I AR R R Y
] )R A T R b R R A 1 A R A B Gk 107 T AR ME B AE Wt



102 56 JEL I T R R R — "R AT I B " R W

LR 14 RO 78 B B2 ISt BT IR o SRR b 37— ARUARE AR AT T — B K
S S A A T DX 53 11 AR AS A B BT T AT B A AT AT R IR s T R P B W U kAT A
NP =TT L T Tt ok T U RS P 7 3 L B e T e 7 17
W77l 2 S A P W B RTIR . B DL 9 R B R R O 2 B T AR IV % EE R
MR RGZ . AR R BB 5 T AE S0 T AT (ERE LS 7R A A
R A W A ) AR LA R R R MERR 22 X R R T — X O R L R TR
I 2287 4 ] REA: 5 SE IR ME B A7 & o IR A R A IR P T R R B A 5 7 I
PRI FE I BT V3 2 AR OF Ji B O 3T T 56 752 J i TR AF 58 =2 1) 9 1 fRL g 7

i o L e A AT 57 P bl ) A0 R s I ) R A A 4 A T AT T L AT
JOL A L VR B A A D 452 11 3 52 RE A R B I il T ) 2 4 R 98 5 B — Ok
o s S AR AT 22 AN IU TR B A o BB AR e J A A SRR S XA 1 |
e X AN AR A B E M Ik

S % Tk

(1] BRIZ %% 2 TOI —— 3 Joe L TR s S AT St [0 ], b AR st g W I 5 B ¢, 2007, 28(2) 1 1-24.

[2] Geller R J, Jackson D D, Kagan Y Y. et al. Earthquakes cannot be predicted [J].
Science, 1997, 275 1616-1617

[3] Cyranoski D. A seismic shift in thinking[J]. Nature, 2004,431: 1032-1034.

(4] SR Rk, 52 0045, 4. 5 8 W0 Bl A5 26 g JL /S BRI LT ). 4 3, 2009,
38(4):233-237.

(5] RE R ARGE . FERKM. % Gt Rz n B g )], o [E #h % , 2008, 24(3) : 197-206.

(6] b R BE. Goih 0 L 22 56 T L 4 B0 30 0 — 3T 30 [0 s b 72 90 300 90 4 0F 9 9 )3
R, h E AR L 2007,23(03) :211-224,

(7] R R B . 3 300 [ Br 52 35000 1504 BF 5% 1 e i JLAS M i L . o [l b 7% L 2005, 21
(1):103-112.

(8] Z M R 3 A Ik il 72 i JE 4G B 1) by 3K Bl g 2 i) A
=)0, E LR, 2006,22(3) :236-241,

(9] SRR A . b 52 FT I8 50 T 46 36 1) by 52 2% () R —— X H Aip 3l 72 F000) 5] A0 4 3 1) 3
W(Z O] EHE.1999,15(1) : 14-22

[10] SR K IE. A A LU0 A 5 1 B0 ——xt B Fi b 22 35000 [7] 3504 30 0 3734 (2
—)[J]. FEHFE,1998,14(4) ; 1-10.

(1] g%, B . RGP, B 8. 0 RS B Il VG 8. 1 % Hh 52 Hif b 5% 1% 3l 57 o AR Ak 5 3
RLJJ. H#Z,2009,29(1) :1-14.

(127 BREE7E AR A, 2% 58, 45, 2008 4R 301 8. 0 2% b 7% K 7 W7 24 1 1 8l i 8 L & K JH A
kg s S E L], MRy 2 4% . 2008, 51(4): 1066-1073.

(137 IR, VP JEEEE X RN, St Bk 1 %5 B s R 5 2 ) (E W % R ud [, P EFRLSE D
2000,30(4) ;436-441.

X i 5= PO 1) AL 18 1 P 3 (2



3 TR S S AL o 103

(147 ARG, XU AR A M Bk 205 1) 1 5 %5 B2 eR BCR B0m 8 16 LT 0. R & 5 3k 3 g 2%,
2002,22(2) :53-56.

L5 ] RBIE e, XUAR A s 26 17 1E 5 % B pR AL 1. 22 27412, 2004, 33(2) : 105-109.

(167 e XM A Hr iz gl th 3k 5 J) =AU BFFE 0 ], 2% i 2% . 2004, 11(1) : 84.

(171 ABBESE, J5 81 XUAR A, 4 1 1E 8 % BE R UL -5 4 B U0 A b B L0 ). th Bk 4 4~ 3ok e
2005,20(4) :991-996.

(187 ARG, J7 & MIbk ¥ . 5. PRI 26 1) 1E 5 85 R D05 A B R D0 Y LU A LT 1. sk gy #02
k2 ,2007,22(1) :312-316.

C197 ARG, /NI XUAR A 55 MR i) IE 85 8 [T ], M 22224 . 2009, 38(5) : 377-382.

(2070 ARG, 77 81 XUAR A, 5. b BRIE 5 85 B R —— T8 ) = 19 S50 Bk 15 46 1) 9% )% B
[ML b e 0 2 s f A, 2009.

(217 Mgt 28, B0 T8 35T 3t 72 T0UHR A5 s ) 0 10 R T LML)/ o FE 0t AR TR AR R . AL T 72 1 AR
#,2008:39-54.

[22] ABBESE VPR A, 45, B0 m Mk sl SR [T ). s 72 T8 A2 5 72, 2001,21(3) .
9-13.

(237 MG, #A /NN 17 SR8 45 SO R AR /T A Ty 48 3 [, Kbl & 5 ek gl 7y %,
2008,28(3) :129-131.

(247 ARG, E4 /NN T8 3t 7= A BORHIE S B K 72 F i 5 Sy S 3l [T, b Ry 3 24
J#,2008.23(4):1332-1335.

(257 SA/INRIL A 158 . 301 K b 7% 5 b 52 A8 I 56 B e PR R 0.t Bk iy 02 4
2008,51(6):1726-1734.

[26] &1/NHI A1, & X Rammasun F1 K LingLing Xt 5011 b 52 R0 B £ 11K b 732
RHE S S i 4 L) . M BRI FE 224, 2009,52(5) :1363-1375.

[27] BA/NALL 8RS, 2009 4F 3 H 19 H Mw7. 6 g0z i R i “ 2w sh " 42 ()], Mo Bk
Yy 122 1 R, 2009,24(3) : 866-870.

(28] ABIHESE  WI/INEI. SO R M52 “ R RT3 " AF 725 = 6 Bk g2 [T, sth 3k 3 i Jé
2009,24(4):1213-1215.

(291 WI/NNI L B2 55 75 DS . TRIS & [ M 52 A BT R L 2010/01/12 96 Hb K 3t 72 “ 5 1 4
HMAE [T HER Y B . 2010,25(1) : 134-136.

(307 BA/NRI, ARG G . B 55 55 . 01 R 3t 52 AT “HE & XUHE 3 BL R i BIF 5% b Bk 4 2027 41
2010,5(12) . 2875-2886.

(311 B E/NALL ARG OG . 5. BEAESF = & KU M RE 00 5 58 =8Ik 3l A g7 3 k4
PR, 2011,26(4) :1186-1196.

[32] Hao Xiaoguang, Hu Xiaogang. The analysis of microseism prior to the Wenchuan
Earthquake of 12 May 2008, Sichuan, China[ R]. San Francisco: 2009 AGU Fall
Meeting , 2009.

[33] Hao Xiaoguang., Hu Xiaogang. Anomalous microseism before the 2010 Haiti earth-
quake. Iguazu Fallls:2010 AGU Meeting of the Americas, 2010.



104 56 JEL I T R R R — "R AT I B " R W

[34] Banerji S K. Phil. Trans. A, 1930, 229, 287.

[35] Ramirez J E. Bull. Seism. Soc. Amer. 1940, 30, 35-84.

[36] Deacon G E R. Ann. N.Y. Acad. 1949, 51, 3, 475.

[37] Longuet-Higgins M' S, A theory of origin of microseisms[J]. Philos. Trans. R. Soc.
London, Ser. A, 1950, 243: 1-35.

[38] Hasselmann K A. A stratistical analysis of the generation of microseisms[]J]. Rev.
Geophys., 1963 (1):177-209.

[39] Tanimoto T. Excitation of normal modes by nonlinear interaction of ocean waves[]].
Geophys. J. Int., 2007, 168.: 571-582.
[40] Tanimoto T. Excitation of microseisms[J]. Geophys. Res. Lett., 2007, 34, .05308.
[41] Haubrich R A, Munk W H, Snodgrass F E. Comparative Spectra of Microseisms and
Swell[J]. Bulletin of the Seismological Society of America. 53, 1963(1) . 27-37.
CA2] PHAST0, I RTAS S INZE, 55 M R AT JR 38 & H AL R & 7 5N K 3t 78 58l b 7=
ASCHE W S5 B A PRI 1 3 LD ). 3t 3R 49 B2 41 . 2009, 52(2) : 584-589.

[43] ChiChing Liu, Alan T. Linde & 1. Selwyn Sacks. Slow earthquakes triggered by
typhoons[J]. Nature. 2009,459: 833-836.

(447 VR il EM . S5, SR DAL PR Ely: — Bl B n e AT I 19 S I A 58 [T, M2 2
4% ,1998,20(6) :628-634.

BB YR 23 EI2011 55 4 B



A Review of Research on Anomalous Tremors
before Ms8. 0 Wenchuan Earthquake

Hao Xiaoguang, Hu Xiaogang, Tian Lianghui

1 The first paper about “anomalous tremors before earthquake” was

published in Journal of Geodesy and Geodynamic

On 12th May 2008, the great Wenchuan earthquake which astonished the
world, was broken; Strong tremors and shake were felt at Institute of Geodesy
and Geophysics, Wuhan. As we always pay close attention to phenomenon of
anomalous tremors before earthquake'’ , some researchers of IGG got to National
Geodetic Observatory to check out what had been recorded by LacostET-20
gravimeter and calculated observational data at first time. On 6th June 2008, a
paper entitled Gravity disturbance before the Wenchuan Ms8. 0 earthquake! was
published in issue of Journal of Geodesy and Geodynamics, which firstly
suggested that “Anomalous Microseism” with a 4 ~8 seconds signal period had
already occurred 48 hours ahead earthquake (Fig. 1). The paper, Disturbance
before the Wenchuan earthquake by broadband seismometer™!, which was
published in issue of Progress in Geophysicas, pointed out that broadband
seismometers of Beijing station, Enshi station, Mudan river station recorded the
same sigal as gravimeter in Wuhan. Later, Chinese J. Geophys published the
short-term anomalies detected by broadband seismographs before the May 12
Wenchuan earthquake, Sichuan, China'” in August 2008, released nearly 40
broadband seismometer of china national seism stations and networks observed
the anomalous shakes and tremors. Then Progress in Geophysicas continued to
publish two thesis®™®, Observation of fore-seismic disturbance of the Mw7. 6
Tonga earthquake (2009/03/19) and Observation of microseism in IRIS records
before the 2010/01/12 Haiti earthquake. The authors of these papers even

[78]  With the anomalous

attended internal geophysicas academic conference twice
shake and tremors have evoked high concerns by the other seismologists, great

pressure puts on authors.
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Fig. 1 Disturbance before Wenchuan earthquake by LacosteET gravimeter at Wuhan

2 The issue of time-delay and frequency-deviation about anomalous

tremors before earthquakes

Earthquake prediction is a globe problem and it needs a lot of long time work
and takes researcher’s mind and strength to explore. However, with the help of
experts in this fields, it has acquired some advances and substantial progress:
raised the issue of time-deviation and frequency-deviation about anomalous
tremors before earthquake® "7,

Before Wenchuan earthquake, strong typhoon, Rammasun, had appeared
over West-Pacific. As we all kown, typhoon can affect the change of signal what
has been recorded by seismometer. But there are obvious differences in signal of
disturbance before earthquake by comparing observations of inner-land seism
station with coastal station’s.

Anomalous tremors whose maximum of amplitude appears at May 11 (the
strongest time of Rannasun and the distance is nearest) was observed by seism
station located at coastal areas. It appeared one day before this great earthquake,
but the maximum signal amplitude which was observed at inner-land areas
occurred at May 12 (time of earthquake outbreak), There are nearly 30 hours
delay (Fig. 2). So it does not make any sense to explain that pre-seism tremors
was caused by typhoon. In addition, the main component of shake-wave which

was derived form typhoon is Rely wave, the speed of it can reach to as high as 3
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kilometers, Not such eventuality that more than ten hours delay is possible, even
though the distance between two station is few thousands kilometers. Actually

the time of delay will be no more than half a hour.

Fig. 2 Microseismics before earthquakes of the typhoon Rammasum
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The similar thing could be found at Ms8. 1 Kunlun earthquake. Before the
earthquake, Lingling, a strong typhoon, occurred over South China Sea.
Anomalous tremors before seism appeared on at the same time as typhoon
Lingling. However, the anomalous signal is not only stronger than signal of
coastal and inner-land station’s, but frequency is also lower. It is hard to explain
this phenomena of frequency-deviation with the theory of typhoon-induced
microseism. All evidences definitely suggested that the causes of anomalous

tremors are not come form typhoon.

3 Distinguish marine-originated microseism from mainland-originated

microseism

Mechanism of anomalous tremors is so complicated and obscure that could
not be explained by several conclusions and papers. However, the finding of
time-delay and frequency-deviation about anomalous tremors before seism could
light a new road to further analyze it: whether there will be another microseism
which caused by some unknowns (non-typhoon induced microseism) except for
typhoon-induced.

In order to confirm this conclusion, we carefully analyze nearly 200 Chinese
broadband seismometer station’s observation, including national and regional.
Time-frequency feature of those signals before seism demonstrate that anomalous
tremors wave of great Wenchuan earthquake consists of two kinds of microseism
signals, and the features of them are distinctly different''",

The 30-hour seismic records before the breakout of great Wenchuan
earthquake are cut into three equal parts, and PSD(Power Spectral Density,PSD)
analysis is applied to each 10-hour part. The analysis shows that at Quanzhou
(QZH) station the energy of typhoon-induced microseism (in 0.2~0. 25 Hz) has
decreased since 30 hours before (on May 11) the earthquake, but at Chengdou
(CD) the energy of microseism (in 0. 12~0. 17 Hz) has increased(Fig. 3).

It starts at May 11 and the energy change of microseism increases slowly. but
it starts a dramatic increase 10 hours before the earthquake and is up to its
maximum just before the earthquake. Its energy is much stronger than typhoon-
induced microseism’s and the energy does not change with travelling route and

strength of typhoon. It must be another non-typhoon induced microseism.
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Fig. 3 The short-time PSD analysis of the seismic records from stations CD and QZH

The energy of typhoon induced microseism is very strong at QZH station,
while non-typhoon induced microseism energy is pronounced at CD station
(Fig.4). Typhoon induced microseism could be named marine-originated
microseism because it originates form ocean. But where is the origin of the non-

typhoon microseism? Is it a mainland-originated microseism?

Fig. 4 The short-time PSD analysis of the 90-hour records at stations CD and QZH
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4 The mechanism of microseism before large earthquake

After 1953, Banerji, Ramirez and Deacon said that the wave of ocean
induced by typhoon can also result in microseism. But it is remarkable that they
have be monitored by seismometer at land several hours before reaching to
coast™® . Obviously, the microseism induced by ocean wave only happened
when the wave has reached to the coast. But how this microseism appears several
hours before the wave reaching to the land?

In 1950, Languet-Higgins, the distinguished oceanographer, released a

[15]

famous theory: the nonlinear interference of ocean wave vibration Standing

wave of ocean is applied to analyze ocean-induced microseism. This theory was

[16-18]

further developed and completed by Hasselmann and Tanimoto Typhoon
induced ocean wave produces two kinds of microseism: The first is named
protogenous microseism with about 0.05~0.1 Hz frequency band which is
directly produced by surf against the land. The first microseism has the same
frequency as surf and energy is also week. It could gradually disappear at land
after a few kilometers spreading. Another ones with 0.1~0.5 Hz frequency
band, twice of ocean wave, which caused by pressure of standing wave named
secondary microseism. There is a interferential field between it and ocean wave.
The second microseism has one-hundred times stronger than the first one and

97 So the secondary

travels more than ten thousand kilometers far away
microseism spreads at mainland as the form of Rely wave with the speed of 3 km/s,
much faster than speed of ocean wave, at 0. 1~0. 5 Hz frequency band. So, it is
not surprise to see that typhoon induced microseism could be monitored by
seismometer at mainland several hours before actual wave reach to land.
However, for the time-delay and frequency-deviation of microseism before
Wenchuan and Kunlun earthquake, we have to find the other answers. Except
for secondary microseism, does there exist the third kind of microseism? If it is
true, where does it come form? The secondary microseism spreads at mainland as
the forms of Rely wave, belongs to travelling wave, according to theory of
Higgins. So we speculate ambitiously a situation"®®’ that a kind of Rely standing
wave, was formed on the condition of travelling thought faultage and inner-crust
where is suitable for its birth. The change of pressure formed by standing wave
against base of land creates third kind of microseism; we might call it rebirth

microseism. If position of the base locates under the area where outbreak
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earthquake, the third microseism can trigger a earthquake.

As a result, the secondary microseism could be given another name, marine-
originated microseism, because of its birth at bottom of ocean. According to it,
we might call the third one (non-typhoon induced) as mainland-originated
microseism because its vibration surface is the base of land crust. Dense
distribution of seismometer stations at inner-land (Fig. 5) can offer researcher so

much observation and data that confirm its existence.

Fig. 5 Distribution of digital seismometer station network in Sichuan

5 Study on short-term and impending prediction of large earthquakes

“Earthquake prediction, especially those intermediate- and long-term one has
made significant progress, however,it is a still-unresolved issue worldwide full of
challenges. The overall level of science research at the first stage still stays ow,
and the development of short-term and impending earthquakes prediction is far
behind the social needs.”™ The words from Professor Chen Yuntai, Academician
of Sciences, explains clearly that certain progress has been achieved in
intermediate- and long-term earthquake prediction while short-term and impending

earthquake prediction did very poorly. Can earthquake be predicted?***) The argue
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between the answers of “Yes” and “No” has been confusing researchers?*%1,

which leaves us no choice but to insist such an idea,that is it’s not the earthquake
but those large ones can be or can’t be forecasted; it’s not whether the large ones
are predictable,but they have to be forecasted™!.

With the insistent of this idea, we can easily face the pessimist scientist,
Robert J. Geller, who supports the idea that earthquakes are unpredictable. He
says, the Earth is in a state of self-organized criticality where any small
earthquake has some probability of cascading into a large event. This view is
supported by the observation that the distribution of earthquake size (see figure)
is invariant with respect to scale for all but the largest carthquakes™". “but the
largest earthquakes”? Here Geller unintentionally states an important idea about
the research on short-term and impending large earthquakes: the self-organized
critical systems don’t apply to large earthquakes. It means smaller earthquakes
which the self-organized critical systems apply to cann’t be predicted, while large
ones can. Traditionally, an earthquake prediction must consist of three basic
parameters: time, location, and magnitude. since the magnitude of a large
earthquake stays above 8, so for short-term and impending large earthquakes we
only need to work out the time and location™".

To study the origin and the location mechanism of large earthquakes, the
most convenient way is to deeply investigate on the focal region of large
earthquake events (eg. Kunlunshan Ms8. 1 earthquake in 2001 and Sichuan
Ms8. 0 earthquake in 2008), to establish a model about great earthquake rupture.
Then, In order to determine future of great earthquake location, we can use the
results of long-term earthquake prediction researches to find potential area which
“earthquake rupture model” exists in. Anomalous tremors will be a breakthrough
to help human being to find out when and how the great earthquake outbreak. In
addition, the finding of time-delay and frequency-deviation, mainland-originated
and marine-originated also offer us a possibility to make further research and
analysis/!.

Except for time mechanism and location mechanism, more basic issue should
be discussed on birth of great earthquake such as earthquake causes and the
relationship between plate movement. For example, if Wenchuan earthquake is

99[32]

due to Tibetan plateau “mass towards east”"*, what makes the mass move to

JNEESEY

east? Decades of depth and systemic researc on reason of surface transfer

will devote to further understanding earthquake and plate movement.
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Conclusion

According to our research, we proposed a speculation that strong typhoon
could trigger large earthquake'™. Nature, one of most famous scientific journal,
published a paper entitled Slow Earthquake Triggered by Typhoons™. Both of
them are published almost simultaneously, all in June 2009. More importantly,
in February, Science, published a paper about “foreshock” of Izmit Mw7. 6
carthquake in Turkey™®. Researchers found observations showed that the
earthquake was preceded for 44 minutes by a phase of slow slip occurring at the
base of the brittle crust. The slip accelerated slowly initially, and then rapidly
accelerated in the 2 minutes preceding the earthquake. Conclusion of this
earthquake research indirectly supports our concept that, the third microseism
might derive form the base of crust. Right now, attitude to earthquake prediction
has been slowly changing, but actively and positively. For us, it would not be

alone to research and analyze anomalous tremors before earthquake.
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M. — UL
o =L(ytae " T —=(y—a)e’ " [bysin (kx—ot) +bysin (kx+ot) ] (129)
AR 9 ol ] 8 ALK ) A7 i ) 382

3. ZRGE L

A (112D A5 IF AR Z G AT LT T AT ¢ M

32§02 — (7;02 :I:Cm e 2w L O (2rtws 93 e*Z}’z]
2

el

@ g

[bsin 2(kx—0ot) —bisin 2(kx+ot) |+
I:CH) e*Z(y*a):+C(5) efz(era): _(:(6) efzy:]Zbl bz sin 20t (130)

(aﬂ)::h:o (131)

dz

( Vzgoz )eeo =D[bisin 2(kx—05t) —bisin 2(kx+ot) +2b, by sin 26t (132)

A *h A ]
ZVJ dl‘J dz aﬂez’: +J dx(ﬁg) = EP 4+ 05) + E®2b,b,cos 20t (133)
0 0 dz 0 at /.-,

Ky €7y CPyeee, C D MEY 2580, N340 25 1
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[F(4) eZQ: +F(5) 672“ _ZF(G> :Iefzy: 2/)] bz sln 26t+[]<1) eo/: +J(2) efo/::lefy:
[b}sin 2(kx—gt) —bisin 2(ka+ot) ][] P e+ ] e Je 720, b, sin 261+

EVEr te 2 (p2+bi)1 (159)
4.1F it
X T T TR R 16 I
2=0.98X10* ecm/sec, c¢=1.4X10° cm/sec (160)

6=0.5sec’ ', h<<10° cm



140 568 LI T R R R — " RR AT I 3 " R W

Pyh=1.0X10"", yh<(2.5X10 * (161

Q=7h(1—Pyh)<(2.5X10* (162)

PR 5 F o BT A S i acoth ah =1, 3K (126) % W] Pah 5 coth ah Ji:[d]—
B U A It

¥/a=Pyh/Pah10"" (163)
A A5 s EGE L DL v/ o AL 7 AT e . B (126) AT 1
coth ah=Pah[1+0(y+a)] (164)
Jit LA
6’ /¢t =2ya/Pah=2yatanh ah[ 1+0Cy/a) ] (165)
k*=a*[14+2(y/a) tanh ah +OCy/a)?] (166)

PR AR B v/ e B S i B UK T 7

FO :Ldseiz Sliqrzlhgh , F® :Lﬂge—za/, tanh ah
o cosh® a c
3 aeh 3 3
F® :7%7105;;}1 ‘Z‘ . FO =T anhah (167)
a
FO =—2% tanh oh, F<6’=—);ltanh ah
o o
](1):7370/1 e ](g)zi e " cosh 3ah
46 sinh?® ah’ o cosh ¢’k cosh ah (168
J@ _ 3 e Jo _a' e cosh Bah[
4o sinh® ah’ o cosh ¢’h cosh ah
EY ="', o*=4d", oP=—45"/c (169)

M byby 70 B, X (159) H A HIT R I LE R 55 DU 3K 12 W] DL Z B Y . A SRl

W yhaha'h ooh Rl e By Y CRALHE (ya) T h) AR Z LA kh 2kh 2ich/c I T,
GRS

o’ =gktanh kh (170)

gm:kicosi]ilf#[alsin (kx—ot) —a,sin (kx+tot) ] 7D

_ _ 3ocosh 2k(z—h)

- 2o Ny 2 _
o 3 sinh' Bh [aisin 2(kx—0ct) —aisin 2(kx+o1) ]

o cosh3kh  cos2s(z—h)/c . o aitaj
8 sinh® khcosh kh  cos 26h/c 2ara; sin 2t + 4 sink? kR a7z
Favi
_ c _ o )
G o sinh kR C T 2k sinh kR (173)

B A, MA A AR T PR B B T2
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A, =2n/ks A =2nc/as A,/A.=(y/a)Ttanh? ah (174)
2 N, B ER (170 SRATDHIR (172 %W 3 T o0 B LR 2K

IR . 2 = 54, M50 e e " #AR/N X FEH R Q72D W IE T po
(/N W)
P2
Os
a2 2 5 MR AH R, 32 38/ Ry Fe 46 3
___ocos 26(z—h)/c
P2 cos20h/c

A X Fh B R N EHUE NES X Q75 AR M. 24 cos 26h/c 3% A(26,0) K 0
B o A A TG RR S 3 — B X B T [l RS B . [ED A A B AR

2G/L/c$(n+%>n (n=0,142,+) a7

= —2a,a,0" cos 25t (175)

sin 20t (176)

VIR (o ) B TE SRR (176) B

R B P P 43 A D 05—/ DX SR T  JUREE 55 A, T B 1%
1935 35 4 T 3 K B R R I P45 0 50— DA W 9 1
DR 03 B/ PR SRR 3 D 0 8 T — B W TR 3
WRAHN . AER OO T gig/0x LR IESIT ¢ Vo B/, RALEA
KM Bk Vg 2% T (R (990) Ty o BB AL, (EWIEN A, 1, WAL R
R M REIRAL TS IR BN oo’ B S 1 KT ARG 07 4 (8. R s 227
ARG GBS o /A G TR T4 5 422 o T8y 72 ) 1
B3l W JERR SN @ /2, FF LR B 42 2 2 5
T RT3 TRl 6 68

05 5 AR A IR KR SR O RS0 6 ot 0L R A2 75 IR B A
7 04 M R 1 7 30 400 B 3R 0 0085 . KL 0 0 ) 9 3 e — o
A7 WL I8 10 81 3 SR B BT A5 77 1 4114 5

T2 0 T L5 7 0 K o ST L. 55 4 30 o e 6
19 25 6 X TR 10305 04 QAR TR B . 2R LA, (0 205
TR 0 FE 3 PR T H 50 3 3553 o 49 50 B 74 306 T4 1 2 1 T S
R O BRB TA 2, /A HORESE 1077 S IX B BT B K AR K T S B
K 2R 50, HTHCRRARAR I A, /N T3 LA B P B K 1y — . 3 RE AE R E
TP S A IR IR TR IR 555 S PI935 P E S sl g I R — e B
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T T 5 | R A4 A5 B T AR 3R AN W) 1E D7 B 1Y BB i 2 RS

1. &ER A5

TR TR B 1) R 85 Sy 5 K00 T VS A R R LM R I A i PR T L
Ve i — B BEIE A A X AP R |, X7 125 B Y5 & Stoneley (1926) 5% 4, T 46 F )
Ve FIAE K T8 A8 5 5 /& Scholte (1943) &7 1. % Sommerfeld (1909) #l Jeffreys
(1926) Iy SME B3 J5 1 R A B 400 20 25

W o1 oo K FEEIE A3 L o= an A H AEK PR B Lo 1 B, N TR 46
AL 0 AR VAR IS HL A B . ISR AR 1 e it N AR 2 X SRR A 1 2 T L VDTS Y 9
fi ¥ (I )& 1 Scholte(1943) 45 Hi 1Y

w iot 1 (7 Jo(&)éde iot
s ot i1 17
SE28 ZTJO 020" G(&) ¢ (178)

AP r R FNZ IR KB L T o 25— 28 DL ZE R IR B B 0. G (O Ny
G(E):(52/6)4[(252*02/,32)2(52*az/aé)f%*ékéz(fzfaz/ﬂg)%]
cosh (& =" /&) Th+ (o, /p.) (& —6" /) Tsinh (&—¢"/al)Th (179)
R T PRUETE TG R IR BE I A S A, 20 (179) w1 AR 5 T 06 20 355 B L A5 S A
G (& —c* o} T RIE —*/B) T HIEMBE X — TP RE R ) 7 4% Riemann % [ i1
FEA A
ME—o* /)T =0, ME—c*/F)T=0 (180)
P (E —o /)T S AR BN BN (& —d /al)Th FI(& —¢ /al)7 sinh (& —
ot /ot )T h B & BB R B X AT S AT M
M o SRR 2 178) R R S AN A 1) RO TR SERCR Y Tl s GO TH
KT ATHB—NEHGUEARE o 225 15 argo MR #M 0, BT
arg o M IEAE FI (B A ] T 0, Fe & 45 R & R AL P o il . DR oA BT B0 5K 1 U8
SRSV O P IR . AT 2 — g o< 0 I, 5 X ] 0<Carg 6

%n—o G (&) VA ALY 5 BT DL R BLAE SCRC b, 9 HL Y arg o #4170 BUM

FRAS .G MR AE T B S8l . b= (178) Hh iy By 6 4% U 7E SE B0l 2 1
IR G MEMAOLE 1(h)) . K A80) By i A 2 AE & F M F 8t 558 XUl 2 i 9K
M oargo 1 0 BF N L IE R CHLIE 1Ca)) . PR B 40 B 458 07 3 7 45 T Ak X
S eRTiT

T AR (178) A7 3 T A5

]o(Er):%[Hso(Sr)—O—Hio(&r)] (181)

(F55 W Jeffreys & Jeffreys 1946, p. 544 B34 4> . 24 o Ny S K0mt, ] Il
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GRAERE. MEA Hs, MERD KU BT RSB EH - 0 2 ico X ],
AL S — DU JE R TCRR AR K. X & Hi, B384 ok 1, BUA I 2k & A8 I
2 () HE il F 1Y 0 2 —ico (b FEE T fLAE ¢ Vil 1y I Bk (B 1(o)) (o FE ik
G (&) AR B 41 /N IR 2% | (D 78 55 DU DU 301 T8 J6 R 42 i 9. v o il 1) R4 ot ik
S RHZEFNAR X 4 L [l (Jeffreys & Jeffreys 1946)

Hs, ()~ (é)%e’“*%") , Hi,(2)~ (é)ief’“*?‘) (182)

B 1 e B B

XFERH [ 2| 1l —nte<<arg e<<m—e K UL BUM TR LRI K B0 Z(EH. H
Bl 1drb DB RO IR A ER L 2 r BORE S X — 3820 (19 B> STk 2 0 U
P BN PR It R TR A (I AR L — 2 5 1 R Y B B
F. H Hi, (98 228 AU AR

. (72 P 1
Worre ~ —— O S, el i (183)
pQBE' 2rr)z m=1

B/o)2E,"
dG(g,)/dg,

£ 8 e By ARRTEM WM B GO M TERM ., ALY o <pB B,
BB EEKRT 6/ . GO MBS B cosh (& =" /i) T h (195 54 FF . 41
}EEE"JIEI@ZEIZI‘EH O-/&<$<ooﬁ n 4\2)‘5\7[}1” N %:J:n Ei("+l>o %/l O'/Bz ﬁlj\

Cp =" (184)
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WA — P F R &
A 83 YA TR — PN 2n/ &, B9 70 B HARIE IE L T e 7EI 2
Hciacrves ey SEENRT oh /B B EIIERTLA T N4
o =1.0g/em’, o =1.4 km/sec,

p:=2.5¢g/em’, B, =2.8 km/sec f (185)

A K Poisson i T a: =38 .

Bl 2 LARBE b iy BR BRI 1Y 1 IR 2 BTR A2 B 4 B

5 & .6 & & XN MEBR R 14t o BERESEINIFTE oh/B, =0. 85 AbikF|
R ARG RATER 0. R ERAETETEZY 0. 27 A5 46 0% W W% K AL, vl DL g
BRI A e, A RIRIEEE e m A m IRy BB, Y oh/p. =
2.7.4.1.6. 3 Bf seo vy voy S AL I mT i 0 . o A e KA HE BAE 45 it £k DA 1Y
WAy . BEH R 2 P [ {H (Press & Ewing 1948), If ¥ A 45 47 5] i 1 $07E
K2 i RIE .

E W7y 2K (183) Hh iy F 33

W = m[z Ak (186)
2. 5| 2 B i oL 7 B9 I B ST i
o 82) Al FE 4 8 IE K S WA Ik 192 3 5| & Bl o i H a8 3) o

o == Mot/ [ [ A'A FW (2o dudo (187)

K r BIEFEALRE W, r) (L A83)) B BE &, X (187 A7 i 45t T % it
j(/J\El’JFJ’I‘YkEI’J%%i_
55 3 A R SCRT L AT Casvs ) J2 DL E B IS B O R ER AR L Y =1
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£ FOE/00 {6 S P T A6 S 519 0.3 B AT 98 66 A0 LT 43 1020
HAUEESZHN., EFEHERREENAX N

ng<n//e>2ﬁ JAA dudv = (2n/B)°E (188)
A, ERERS i AR F R . o S AT I EE P Ik 0 5 s 3 i o 2 R
W&k a s HE A AH [A] S 1 BLRE & . HR RN o 1Y 4% E‘J—lei’%lﬁ'éiiﬂ%pgaz s H
3 (188) AT %

& = J J A'A” dudo (189)

% I8 — AR (WSS 3 82 (B B A RE 1t i FIR ) 78 A 41 9 5 — B3 A0 7 1)
FEAEFE R . 33— [ AR B B AR R 5 A SR 9 “BOMI IS AT . % 0 R
P (—uk s —ok) (BB E SCAS AL P o0 MR BE A DT ). [ RE @ AQ 0% X S T
BU LK IAE Cuso) IR TR Q/F° . WO ARALE Sy AT RR L T X4

Aam = | | AA" dudo (190)
120 (188) Al 1%
A=ak/Q* (191

=1

(a)
& /o ch/p: I &B: /o oh/B: € & /o ch/p: €
1.087 7 0. 00 0.191 1.378 4 0. 89 0. 890 1.8439 1. 68 0. 205
1.0954 0. 10 0. 206 1.414 2 0.92 0. 857 1.897 4 1.99 0.139
1.140 2 0.48 0. 368 1.483 2 0.99 0. 759 1.949 4 2.59 0.078
1.1832 0.63 0. 565 1.549 2 1. 06 0. 649 1.974 8 3.23 0. 049
1.2247 0.72 0.728 1.6125 1.13 0.542 1.987 5 3.87 0. 034
1.2649 0.77 0. 837 1.673 3 1. 22 0. 444 1.997 5 4. 87 0.021
1.303 8 0. 82 0. 897 1.732 1 1.33 0. 355 2.0000 5.31 0.017
1.3416 0. 85 0.908 1.7889 1.48 0.276 2.002 5 5.92 0.014

(b)
&R /o ah/B: 2 &B/o oh/B: s &P /o ch/p: s
1. 000 0 1.01 0. 000 1.067 7 1.58 0.170 1.378 4 3.06 0.351
1. 000 5 1.03 0.038 1.077 0 1.72 0.172 1.414 2 3. 14 0.316
1.002 5 1. 04 0.076 1.086 3 1. 86 0. 180 1.483 2 3.33 0.256
1. 0050 1. 06 0.108 1.0954 1.98 0.194 1.549 2 3.54 0.206
1.0100 1.09 0. 141 1.140 2 2.39 0.318 1.6125 3.79 0.165
1.019 8 1. 14 0.168 1.183 2 2.58 0.418 1.673 3 4. 09 0.131
1.029 6 1. 20 0.178 1.224 7 2.70 0. 454 1.732 1 4,47 0.101
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Ezﬁz /o ch /ﬁz Ca E'zﬁz /0‘ O'h/ﬁz C2 &ﬁz /o ch /ﬁz Ca

1.039 2 1.28 0. 180 1.2649 2.80 0.448 1.7889 4.99 0.076
1. 048 8 1.36 0.177 1.303 8 2.89 0.421 1. 8439 5.73 0.054
1.058 3 1. 46 0.173 1.3416 2.97 0. 386 1.897 4 6.96 0.034

()
&B: /o oh/B: C3 &R /o ch/p: s &R /o oh/p. Cs
1.000 0 2.83 0. 000 1.048 8 3.21 0.165 1.2247 4. 69 0. 330
1.000 5 2.84 0.036 1.058 3 3.32 0.163 1.2649 4. 83 0. 305
1.002 5 2. 86 0.070 1.067 7 3. 44 0.162 1.303 8 4. 96 0.275
1.0050 2. 88 0.098 1.0770 3.58 0.164 1.3416 5.09 0. 245
1.0100 2.91 0.126 1.086 3 3.73 0.171 1.378 4 5.22 0. 218
1.019 8 2.97 0.151 1.095 4 3. 86 0.184 1.414 2 5.36 0.194
1.029 6 3.04 0.163 1.140 2 4,30 0. 280 1.483 2 5.67 0. 154
1.039 2 3. 11 0.166 1.183 2 4.53 0. 331 1.549 2 6.02 0.123

(d
&B: /o ah/B: (,‘,1 & /o ch/p: c &pB: /o oh/p. c
1.0000 4. 64 0. 000 1.019 8 4. 80 0.138 1.067 7 5.30 0. 154
1.000 5 4.65 0.031 1.029 6 4. 87 0. 150 1.077 0 5. 44 0. 157
1.002 5 4.67 0. 065 1.039 2 4.95 0. 155 1.086 3 5. 60 0.164
1.0050 4.69 0. 090 1.048 8 5. 05 0. 156 1.095 4 5.73 0.175
1.0100 4.73 0.115 1.058 3 5. 17 0. 155 1.140 2 6.21 0. 250

R BRSO s S & A AR R R P e Bl AL AL, RATE
SOF-RIHENE N a B ay DL RO Y X SRR RS Q) Q.. AT FTAL BT IR(E N
A =ak/Q7 A—ark/Q7 (192)

AR HF A=A +A,
S =— ?”,4p(7t//€)2 JJ (A} FAD AL FADEW (26,7) e dudv (193)

0,+0,
A AR AN (—u, —) WS B Q& LT — AT WA 5 %
BT WS Q. BT RLr R (193) 30l
o e et :f%8p<7r/k>2HA;A;,UZW@U,r)e“mm”dudv (194)

‘012

Q. E 05 Q IANKE 0,2 00, & o KFEMHE.

BAE AT LIBCE  J5UiR 3% A v S Ta] g 5 T I 8 B B A Rk . X i 7R 18
M A" v 2 BEAGE G o (EASOH oA A (8 1) H i SR A AE — L G B AUHE (s o)
T b SR KA — . SCHR R B T I 2 A 20 1 A R T R R K1Y 5
ARRERMOCEES THIB AL, A e, o) BE & BE Y OC I3 Sk 55, 1
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L5 5 Y 2 B A B T . e 2 (194) B AT LRI 20 B IE T L B4
SPMTEE AN ET TG E#E AT, B ME R IE Q. /% i 1 B B0 B D B4 B ik
EiUps il
8o(n/B)* A, Aoty W (201, +1) (195)
H Ik o %l
& 280(n/ k) A, Ascl (7, /DOW (26, 1) e’ (196)
FEI L AR R ) ST R AL AR /4x® 3 IR IIE DT IE S8 XS T AR Jp e,
PRI ot 5 1) X 1 S W B2 1) 1 R
08p(n/ k) Ay Aoty (AT Q5 /200 W (264, 1) 2! (197)
Xt [7) 8 G5 A 3 R I W R R 0T B 22 00 2 A Ok o L i] SR (186) Wk B ke
ek (192) J5 & nl 1%
O dmpar asats (A /010,07 W 26y, . r) e (198)
PL ST 0 ARG BT dk ke P ah X A B 1 J7 JE 19 K/ & JE G 1Y - T & X
AR T BB B0 3h DX, e T 45 2H Y - R v, O AR S RS Q0 F Q. A XS
N o XSG AE S BR AR AT AT AG 1. BRSO BE Q0 E — Q. A AR
RGN AR E 005 Q. B AR BN B 5 R 156, BB = 78 903 43 A
BB S BB
R0 S 4
PRAE % JEAE B e Sz R AR e b v T (198) , B 56 J& Bernard (1941a) #8241 —
AL BT AR Y TR T A A Tk ki 7R ) A SR A 2 [ I A X [ AT Y T IR
HAEAT T . BEIRBUAE XN T K™ AR PR I A R N Z 22 (B o A DL D00 5 1
[#] 5 J7 ] 189 KU 2 7 A B TR B3 T [ (BT ) 28 A AN it 45°) 2 ik A a3 1) I (] Ji
o B AFRATT U4 BR 28 2 2 P Ah XU 2R 2R 48 A RS =R T 47 28 4B 7T B
[ BB S R B T B U 1) TAE 5
Bernard $& o TR T 95 8 G 38 19 2% 1 02 76 SRR He 19 Hh s I TR DA X HL DA
IR RE s O BT A s & . ZERR B AR R o, AR 2% E BRI B S5 BB 1T
B AH AL AT 1] A ) O B B . RSO IR R A A5 R S OO I 8 1) SiE
SRR WT . BRAE 2 HIE L 78X DX R G 1) XU 2 R L % Y 45 5 I
SR TR TV TR A
B AE R VG P 18— BRI AR H O » % 8 1E 78 A4S > I [l B 322 A, i BT A R
W 10~16 s, WKWK A AR A=eT/2n, T ZJAM A <A<Ap X H
A =1.54X10" em, A, =4.00X10' cm
AT Y B A A R R M DL L TS 2R AR 2 R 2 /20 R 2w/, R IR BR Z 4]
X — DI AT A AT — B 0 [ 2R 0 O S A A i X8 0, 5 Q. X
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0, =0,=0,,=2.15X107" em™*
B % A=1000 km® .51, =2r/13 sec ' va; =a, =3 m, M (198) H1 W e 1= i 4 56
BN 1.8 X107 BH ., ik
F=3km, r=2000km
MW (261, ) =1.8X 10" (JE K /35 R o 17 3 06 51 9% 45 1900 8% 1) el 2 O
2161 =6.5X10"" em=6.5 p

DA b Ak A 2 BT 6 3 A M 18T 0 B0 Y SOk U, BRSSO 2 A A Y . BOE RE
A — BT TE 45 78 IR 22 B A e A R B B ) R R — R 23 1
ol b 5 )RR R o 3 L )RR A A A TR TS B A WO i . MR B Y o fE AP
FATH 20125/, =1. 03, T LA I 1, [ Be, 174 0. 69 sRH IR 3/4. HAL, B
H e, 7 MR F 1K BB 0. 191 B . 7545 3850 PN 84 I 310 0. 91 1 5 1 °F
BIE 8 A2 R 5 2 Al {8 .

KEFAREAIE A S WS BOIRM S EERTE Liag), XMhizshaiy
TR T80 A A R . BB A o A SR AN ) 3 3 DA A ok e A i) B IR 4
AU £14) B VR A AR 1) — S O T AR (5] D [l 47 2 o 55 0 26 5 — S i [] & AR FEAIR
JE 55— DA B ) A7 3 TR R AR T . T L, B RUTE 2 S R R T T AR
PR 1 T 10138 Bl o ZEAR T 0 2 AT A IR T 90 IR . SRk B AR R Y 7%
By 2 1 | B T 7 AR R I )

FH T 9 e D TR S S 5 | S 1 it 7 1 A i DA R 1 o R Sy Xk AR B v
ST A8 i Y GO RN 2 LD o SRR IR B R AT 22 A SRR B JRE T T
TCHE LI B, BRSSP I TR 6 55 A S IR B YR RS I S AL T I A I R 2 RE T
FEHE R . AR T WAS KA AR 7 4R T B AL 7 nl T R DL ORI
SRP U IR B ) 36 TR 3 O B ) R B e OB T R R E . P AT T R R AT
SR e S A 9 v 1 v K v R AR A RO T R R AT S BIOK TR  T R B R K
IR BN

2R A s — R KB Y P S8 B @0 =2 m, Ay 12~16 s, HAL 4 J7 1] R 61
TE30°Z XA Q0 =1.4X10 % em 1 52 5F i B RO 4 807 1) & — 4> 30°#Y
o B U R T AR IO 3 5 1) 7 X R EE SR 10°, WA R B 5 U SO G
WAMESN 1/3, 38 2, =1.4X10"° ecm ?,0Q,,=0.47X10"* em >, WHEFKA]
1B E I LA 5 20 A TR 1) e R IR 5 10 Jemn TG A AR ¥R 7 64K BE Ol 600 ke, JU
A A=6000 km® .a,=0.1 m, B h=0,r=1000 km, iz (198) [ 75 2|6] =0.3 p.
XA B L FRATTHG 2 A DL NMR 2 IRATEE IR BRI R RO TR
149 /I W T2 Al 52 1 it DR A o R ) A 52 A s/ i g DR v T ) g TR T 9 3 B
S I R 1 R A SRR A .
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T 7 R JEE P 1 A H T AR 5 0 o R ) R TR B T K 3L R G 1 5K S
SR b N TR GE— VR I 0 RVE L 3 0]y 4G B DX s Ok 2 8] B BT R
TGRS 1Y) o PRI A 7 8 30 400 3 15 1) b, Ty g St % B O e K i DA 3l & AR XK
TR JE i) e i TSR .

T R TR I 7% i LB A PR B A3 T IR B — B R FRATT AT U A
S5 () 19 sz M 85 5 | A — e D b e A 1 i i) o O e B i) e K I R R R L TE TR R IR
SoEMPLS ZEHORTEERAK X R AW IR AR . 5 — J7 T S AR O
F B0 A T v YR A B RN G o A R 5 XU DX P IS R R R Y
S-S AE A 2 A o 33k SR PRI A 26 P 0 A bR i e A A R R 3 B ) 4 I A 2
Gutenberg(1932) 25 Hi 11,

IS

H Miche 7£ 5 % H & 3000 5 08 & ) 2R ) A fb & — Fh &% R AE M4 R
AP R B PR TP AR R S . AR A TR X K R T P Y R )k T
P S5 AP 2 A 7 B, 5 R (]I AR [ A7 HE R I 2 . s g 78 Al S R IO I 4 4 7 Ak 1Y
P s FLIE BT D08 i 25 2R o s 4 IR RVE vh R IR b A s HE A8 K 1) 31 MR P
TR . FE RSN IR L T A2 23 AR 5 3 43 Hh %) S ey I 184

PAE R IR 2 B Bernard 32 9, 77 A48 BOTR T 85 19 6 38 45 102 5 R SR
B s R RRBR 2 RN B s At T D™ A T390, TEGIE SR T IR
K B BB TR T B AR B LG TR R RS U B R R BRSSO I R B Y TR
FE P ER . (b AR A RO R X I YR R Y — 2, BSRTE A T A — S B A e 4
T BT R 194 T 32 T i 0 ) PR S 9 | R ) A8 25 i) iy 1 A8 A

TR B 9T 5L 586 = B G E. R. Deacon -+ 3¢ F 24 §if #F 5% 3 80 A0 & 3 &
HoAh A IR B BB ah . AEH R H. Jeffreys #8218 2 W (8 10 2 180, S8t fth A0
R. Stoneley 18 = 7E A% SC A HA ] A9 5005 o ¥ 2380 A 170 1T T A A5 DA L

S % UK (RE)

L]

DO KRR J5 3R 9y 32 1 o ) A CHb BR ) 22 40 Rl & T 6 T e w27
BRI 5 T RfT e HZRREMZS 5 . O 1Rk U S HE 1 R AT 4 158
TSR AR A ) o 1% 30 e (6 35 24 W 7 2 X Languet-Higgins [ 10FRAF
Aty s SEWTTEHFIR P BN 51 R ik 3 BL R B9 SE Rl SRR . AR Higgins B9 BEIE . 5 5 XU
TR ] 7 A o e JK B0 A0 — R TR TR A R L AR B K Bl BR O A — e ik Eh
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O AR 5 IR AR [R] 5 5% — 28k 3l 7 BB 5 AN O 7 il 3t b AR 80 T oK S A e 2k
1o T3 — BRI IR AN E A I8 B K BE A 1 ™ AR T g AR A T 5 kS 1 Bk 2l L B
N RIS R AR R A PR . A 2R Kl RO RE A LA — 26k BT R
P2 ARl bl R T Tk U5 TGRS T RE Mk A MR 7 BR TUER — K
2R TS 2 A SR IR AE A = kgl 7 I 2 ) AR (A 25 A
T » O B0 3t 75 PR X — {5 A e R A DT K
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