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Characteristics of g Wave Attenuation and Site Response in North China Basin

Zhu Xinyun

Earthquake Administration of Zhejiang Province, Hangzhou 310013, China

Abstract: North China basin is one of the active seismic regions in the mainland of China. Studies of Lg wave attenuation and
site responses can be used for tectonic interpretation, seismic hazard assessment and earthquake prediction. A combined inver-
sion method based on seismic spectral ratios is an effective method for estimating attenuation and site responses. In this paper,
a random resampling method is used to check stability of the solutions. Over 1 000 vertical seismograms with signal-to-noise
ratio greater than two from 149 events were analyzed. The seismograms are recorded in the distance range of 100—600 km, the
earthquakes occurred between 2004 and 2008 in the region and varied in magnitude between 1. 7 and 5. 3 (M ). The ray-paths
cover the region ranging from 38°N to 41°N and 114°E to 120°E. Fourier spectral amplitudes are measured from Lg phases win-
dowed between the group velocity limits 2. 60 and 3. 65 km/s. The inversion is performed in a frequency range of 1—7 Hz with
an interval of 0. 2 Hz. The region displays low Q, and a strong frequency dependence characterized by function Q=125+
4, 4 f>8640-% " The result is consistent with the geology of the active tectonic region. The rock sites show small amplification.
For soil sites, the amplification of low-frequency waves is higher than that for high-frequency waves. For the stations with
more amplification, the corresponding error bar is great. This may indicate that the instability of the bases of these stations
reduces the stability of the solution.
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Fig. 8 Site responses with error bars obtained from the inversion, the error bars represent one standard deviation level

K HenAwF s i CHH &3 f1 DZG & .

4.3 it

TEG HEAE R _E T B A2 s 05 65 0l 72 v B
A 5 T MR 5 7 R BE JC X — 4 A, - SE B I

SRS Gy o3 8. A TTIEAN T AR BRI
AN ZO AR LI R L. EBORIE R b 1207 E R
T35 W5 0 3% L2 (Chun ez al. , 1987) X 95k
TePE A BR A 8 R OB RO RIG . %07 1518



5 12

AoBis AR Le R % & w37 i o AL 2115

b e/ 7 FE A SRR X AN RS G X
WEse iR TIEBES % 6 10 FUPERHE, [R5 18 T
53 b i) SRS AR A RS AL

LA IE A A A 6 BRI S A AT
FER RS S 8RR A 12 Bl Xk
TR G ARRRERIET 64, SUK ORI
B TEARSRRATE F /N o e S W 7K 5 2 B 1 DL NI
UFAR S AR A HR 53 6 S FE A AR BOR R 8.
S Ho e o7 B v O 2 55 S b B B Js A O bR
2RI G vk 6 3Fa 2 22, Zhu(2014) k& Bl s
=3 [ W) W AN — SR 15 3 37 b g 1 18 s 9 2 03] A,
KX UL 5 1 ANFRE & Pt R ILAE 2 1) i s .
XF BB 0l 43 AT KA B 37 e 1 e SRAH BEAR I Y
5l 3 1 R 2 ) AT RRAR K L an A A 5 i
CHH &M DZG & .3 5T AW 45 e — 2 (Tuck-
er etal. , 1984; King and Tucker, 1984; Campillo
et al., 1985).

XA 4 (2004) FH & A3 1L 3 % A2 At Hh X
Lg R M a1 758 15 28 X1 Q K4 H
129, FER =5 2007 F T My R W AF 78 3% X B0 Ul
N Qo FFT 294, Wi AR T AN R Y J7 s LA
PREE RADA—FE AHERIN A IZ X I AIL Q 1B =i 0
X AR T35 Fb i) 5 a5 5 e by 3K S 1
T RIS IZ X B, Q, N 125, 1% 45 5 X gt 4k 4%
(2004) FWFTELE R — B G TE R = 55 (2007) 15
SR IE B XM 225 545 A T AN A A G
e F= AT 9T b s I — A T 2 R [ RS 1 L
PR S BUE W R S 80 %
H— AT VA AR S A s S e 10N U — Ak
T B RAE 5 05 M 58 4 — 3 [l i ) 3B 15 L
IO R L 58 4T bR T S b AR
b TR IR MR RS B AT IOC R L AT AR AR,
FET e, B F AR A T X PR I R A 1 N Ah
bR T BR DRI 1 BR X I8 S8 IE X AT AL
AT ARAT % X I U S 50 b = 3 BR ) I A A
JE M FE BT (Paul ez al. . 1996) B8V AFff vpaiy
(Dom’nguez and Rebollar, 1997) . Fg 4N (Benz et
al. , 1997) B m A 4= Jé W M b #5 (Dom’'nguez and
Rebollar, 1997)FEANAH 2. 5 5= 1% sh 2 BE AR 9 7%
[ o # H [X (Campillo ez al. » 1985) ., 3 E Great
Basin X1 (Chdvez and Priestley, 1986) W% 728
HZRHR (Sereno, 1990) , M8 R B X Jak (Zhu, 2014)
SEAHEL . Qo BB ARARR. 156 BH AW 5% IX 8 T AH X ey 32
I b= T Bl s Z X

i RMFRERBE AT LTS RIR LY
ERELBHERMNEEMBEESE DTSR ERN
s R0 FIE L B

References

Benz,H. M. , Frankel, A. , Boore, D. M. , 1997. Regional Lg
Attenuation for the Continental United States. Bull.
Seism. Soc. Am. ,87(3) :606—619.

Borcherdt, R. D. , 1970. Effects of Local Geology on Ground
Motion near San Francisco Bay. Bull. Seism. Soc. Am. ,
60:29—61.

Campillo, M. , Plantet, ]J. L. , Bouchon, M. , 1985. Frequency-
Dependent Attenuation in the Crust beneath Central
France from Lg Waves: Data Analysis and Numerical
Modeling. Bull. Seism. Soc. Am. ,75(5) :1395—1411.

Cha’vez,D. E. , Priestley, K. F. , 1986. Measurement of Fre-
quency Dependent Lg Attenuation in the Great Basin.
Geophys. Res. Lett. ,16(6) :551—>554,

Chun, K. K. , Gogdon, F. W. , Richard, J. K. , et al. ,1987. A
Novel Technique for Measuring Lg Attenuation Results
from Eastern Canada between 1 to 10. Bull. Seism. Soc.
Am. ,77(2) :398—419.

Chun, K. Y., Wu Y. , Henderson, G. A. ,2009. Lg Attenua-
tion near the North Korean Border with China, Part 1.
Model Development from Regional Earthquake Sources.
Bull. Seism. Soc. Am. ,99:3021—3029.

Chung,T. W. ,Noh, M. H. ,Kim,]. K. ,et al. ,2007. A Study
of the Regional Variation of Low-Frequency Q-1 Lg
around the Korean Peninsula. Bull. Seis. Soc. Am. , 97
(6):2190—2197.

Chung,T. W. ,Park, Y. K. ,Kang, . B. ,et al. , 2005. Crustal
in South Korea Using the Source Pair/Receiver Pair
Method. Bull. Seism. Soc. Am. ,95(2) :512—520.

Dom’nguez, T. , Rebollar, C. J. , 1997. Regional Variations of
Seismic Attenuation from Coda and L.g Waves in North-
ern Baja California. J. Geo. Res. ,102:15259—15268.

Erickson,D. , McNamara, D. E. , Benz, H. , 2004. Frequency-
Dependent Lg Q within the Continental United States.
Bull. Seismol. Soc. Am. ,94(5) :1630—1643.

Hasegawa, H. S. ,1985. Attenuation of g Waves in the Can-
ada Shield. Bull. Seism. Soc. Am. ,75(6) ;1569—1582.

Huang,]. L. , Zhao, D. P. , 2005. Three Dimensional Crustal
P-Wave Velocity Structure and Mechanisms of Strong
Earthquake Occurrence in Capital Region. Chinese Sci-
ence Bulletin ,50(4) ;348—355 (in Chinese).

Kennett, B. , 1986. Lg Waves and Structural Boundaries.
Bull. Seism. Soc. Am. ,76(4):1133—1141.

King. J. L., Tucker, B. E., 1984. Observed Variations of



2116 HERF

http://www. earth-science. net

FA1E

Earthquakes Motion across a Sediment-Filled Valley.
Bull. Seism. Soc. Am. ,74:137—152.

Liu,J. H. , Liu,F. T., Yan, X. W. , et al. , 2004. A Study of
Lg Coda Attenuation beneath North China: Seismic Im-
aging of Lg Coda Q.. Chinese J. Geophys. , 47 (6):
1044—1052 (in Chinese with English abstract).

Ma,Z. J. ,Zhong, Y. Y. ., Han, Y. B. , et al. , 2016. The Tec-
tonic Conditions of Shanxi Reservoir Induced Earth-
quake in Wenzhou. Earth Science,41(8) ;1413 — 1423
(in Chinese with English abstract).

Mitra, S., Priestley, K., Gaur, V. K., et al., 2006.
Frequency- Dependent Lg Attenuation in the Indian
Platform. Bull. Seism. Soc. Am. ,96(6) :2449—2456.

Murphy,]. L. ,Bennett, T. J. ,1982. A Discrimination Analy-
sis of Short-Period Regional Seismic Data Recorded at
Tonto Forest Observatory. Bull. Seism. Soc. Am. , 72
(4):1351—1366.

Nath,S. K. , Biswas, N. N. , Dravinski, M. , et al. , 2001. De-
termination of S-Wave Site Response in Anchorage,
Alaska in the 1 —9 Hz Frequency Band. Pure. Appl.
Geo. ,159:2673—2698.

Parolai, S. , Bindi, D. , Augliera, P. , 2000. Application of the
Generalized Inversion Technique (GIT) to a Microzona-
tion Study: Numerical Simulations and Comparison with
Different Site-Estimation Techniques. Bull. Seismol.
Soc. Am. ,90.:286—297.

Parolai. S. ,Orunbaev,S. ,Bindi, D. , et al. ,2010. Site Effects
Assessment in Bishkek (Kyrgyzstan) Using Earthquake
and Noise Recording Data. Bull. Seism. Soc. Am. , 100
(6):3068—3082.

Paul, A. , Jongmans, D. , Campillo, M. , et al. , 1996. Ampli-
tude of Regional Seismic Phases in Relation to Crustal
Structure of the Sierra Nevada, California. J. Geophys.
Res. ,101:25243—25254.

Rapine,R. R. ,Ni, J. F. , Hearn, T. M. , 1997. Regional Wave
Propagation in China and Its Surrounding Regions.
Bull. Seism. Soc. Am. ,87(6):1622—1636.

Raul,R,C. ,Cristina, C. ,Oscar,R. ,et al. ,2008. Seismic At-
tenuation in Northeastern Sonora, Mexico. Bull. Seism.
Soc. Am. ,98(2) .722—732.

Sato, H. ,Fehler, M. C. ,1998. Seismic Wave Propagation and
Scattering in the Heterogeneous Earth. Springer-
Verlag, New York,308.

Sereno, T. J., 1990. Frequency-Dependent Attenuation in
Eastern Kazakhstan and Implications for Seismic Detec-
tion Thresholds in the Soviet Union. Bull. Seism. Soc.
Am. ,80:2089—2105.

Shen,Z. K. , Wang, M. , Gan, W. J. , et al. , 2003. Contemporary

Tectonic Strain Rate Field of Chinese Continent and Its Ge-
odynamic Implications. Earth Science Frontiers, 10 (Sup-
pl. ):93—100 (in Chinese with English abstract).

Shih, X, R. ,Chun, K. Y. ,Zhu,T. ,1994. Attenuation of 1—6
s Lg Waves in Eurasia. Journal of Geophysical Re-
search ; Solid Earth ,99(B12) .23859—23874.

Shin, T. C., Herrmann, R. B., 1987. Lg Attenuation and
Source Studies Using 1982 Miramichi Data. Bull.
Seism. Soc. Am. ,77(2) :384—397.

Tucker,B. E. , King, J. L. , Hatzfeld, D. , 1984. Observations
of Hard-Rock Effects. Bull. Seism. Soc. Am., 74
121—136.

Wang,S. Y. , Pei, S. P. , Xu,Z. H. ,et al., 2007. Crustal S
Wave Q Estimated from M; Amplitude [ :Attenuation
in Different Tectonic Regions of China. Chinese J. Geo-
phys. ,50(6) :1740—1747 (in Chinese with English ab-
stract).

Yang.]. , Zeng, Z. X. , Li, M. H. , et al. , 2015. The Seismo-
Geological Hazards and Seismogenic Structure of the
2013 Deging-Derong 5. 9 Earthquake. Earth Science ,40
(10):1701—1709 (in Chinese with English abstract).

Zhang,]. ,Lay,T. ,Zaslow,]. ,et al. ,2002. Source Effects on
Regional Seismic Discriminant Measurements. Bull.
Seismol. Soc. Am. ,92(8),2926—2945.

Zhang, X. K. ,Zhao,J. R. , Liu, G. H. ,et al. ,2002. Study on
Fine Crustal Structure of the Sanhe-Pinggu Earthquake
(M 8. 0) Region by Deep Seismic Reflection Profiling.
Earthquake Research in China, 18 (4): 326 — 336 (in
Chinese with English abstract).

Zhang,Z. W. ,Zhou, .. Q ,Cheng,W. Z. ,et al. ,2015. Focal Mech-
anism Solutions of Lushan M, 6. 6 Earthquake Sequence and
Stress Field for Aftershock Zone. Earth Science, 40 (10):
1710—1722 (in Chinese with English abstract).

Zhu,X. Y., 2014. An Inversion of Lg Attenuation and Site
Response from Seismic Spectral Ratios in the Eastern
China Region. Bull. Seism. Soc. Am., 104 (3):
1389—1399.

Zhu,X. Y. ,Chen, Y. T. ,2007. An Inversion of Site Response
and Lg Attenuation Using Lg Waveform. Acta Seis-
mologica Sinica , 29 (6): 569 — 580 (in Chinese with
English abstract).

Zhu,X. Y. ,Chen, Y. T. 2012. An Inversion of Lg-Wave At-
tenuation and Site Response in the North China Region.
Bull. Seism. Soc. Am. ,102(6) :2600—2610.

Mt o S0 5 2% SCak
B AT B RS L 2005, 15 #RIE M X Hh 7E = 4E P I 3 A0 454
5 5 T I TR 3 BR . B A 0 AR 50 (4D



5 12

AoBis AR Le R % & w37 i o AL 2117

348—355.

XA X AE W L Al R T, 46, 2004, AL X L B % 25 I F
55 Lg BRI Q HiiE 1% HER Y B 22 4R, 47 (6) .
1044—1052.

TRV B 2 B S L 4, 2016, TR N IIHE K 15 & b iR
YE Sk, HiEREL2%,41(8) : 1413—1423.

WIERE, 8L H %, 45, 2003, v [ KRG ELA# 1 A8 R 3
R J12E RS, thE R, LoD : 93—100.

2, 25507 4 e, 25, 2007, R My $R IR IT Hh 7% 4
W QA T A[IHE G IX (19 T IR AIE. M 3R B4 . 50
(6): 1740—1747.

Wb, W A it 24 45, 2015, 2013 4F 2 1 & b LB, 78
BR—DU)IAF2R5E 5L 5. 9 PR 0 % T e R M . Bk
Bl4,40(10): 1701—1709.

SRATHRE BB X[ A 45 2002, =T — P48 8. 0 KRR IX
LR AN S5 A8 () R 7% S SR I AT 7. b A L 18 (4)
326—336.

B, R e R BT IE . 25, 2015. 2 1L M, 6. 6 #ui% B
R ML K 2 IR XN ) . M ER BL &, 40 (10D
1710—1722.

RHHE BRIz 48,2007, F Lg 9T} I 3 M A%UN 55 Hi 7% i
FINSEL. HFER . 29(6) : 569—580.

XK X K X K X XK X K X X KX X X X K X XK X K X K X K X X X X X X K X X X XK X X X X X X X X X

R BERSEILSLAAETERERRERE

YA, B K &L, Ali Polat?®, Timothy M. Kusky"??3
1 f ERR K S F 25, b KX 430074

2. PEIFERF AR IME P B K I 430074

ST ERARFHAIREF FHREARELERE, LA 430074

WS BN TR T e AE L X, ik
AT TR AR 20 Bl 2 TR R K R i — b ot
AR I 2 o s S5 D g LR BR A=, 19905
R4, 1997; Gao et al. , 1999, 2011; Qiu et
al., 2000; Zhang et al., 2006; Zheng et al. .,
2006; Jiao et al. s 2009; Guo et al. , 2014) ,5Z 5 1A
PR AW R A F R INCNCA I N INDE 2 3]
KRN B3 b A e AL R PR 43 (PR S R b ks
WERE) , 47 ¥ e i il i g AR 20 B I i AR PR
AL SR s — HL 52 [ N A 5T 2 50 8 DG T (HOR
R 335 S PE AT B A A AR B AN TR A DAL

BF B BB S REALAROR T — b o R
s U4 e RSB TR 3 AN A P A A
P 7 B ICAL A - (1) AR phii] 7K H St — 7 1 79 0 A B
e, 4R v Kl AR AR v R RRCR FE B 2% A R
(3.00~2. 95 Ga) 3 (2) ELLLSF 5 R A FY anfr— il
AR TR e, RSB R (2. 7~2. 6 Ga) 2 1L
Jp FRRRAE 51 22 54K (Chen et al. , 2013), R %%
A KA 3. 45~3. 30 Ga i TTG F k4 (Guo
et al. s 2014) 5 (3) Aol bl e 5 PG S (ol ok e =2 1]

BEE£WHE: BERARR2EIL 4T H (No. 41272242).

REOEBREIN — N HI— kRl —E R — =K KR
O — X KA — ke — 35 IS — 4k AR Al
RIEA B2 —EL T o2 0~1. 95 Ga)
SR ZUBIPE AL A2 o3 1) Ty AR U A OK H Se RS
RRCER) LR BB BRI T AT IIRE R4
BERR — BB BEER T A A M/ A A R R i g TR A
A (R7K H iR A4 . Han et al. , 2016a).
LRI TR TIRE R EE N L T
HICE (2. 0~1. 95 Ga) ffi [N 5 AH — BoRL 5 AH 2% I
IR S AP Wa e S Y aF: Yo e e By S = o]
et ORI SR BE R A1 9 A (BIFs) L & ¥ d A1
ARB AR B RCE A A RHE A N A AR b
VR A DR SR R B BE L LA —
LR (2. 12 Ga) 5 (NFRBERED . BT 2272 B
JEE B H B S 1 e S A TR A v ARG 40 42k P
BUBUE R R E Bl i — AT A = AR
AR MARMIAR G ] — 22 K0 —af7 BB LA+
A1 — A LR AT A N R 1 1 TRRRORE 75 A AR B
IELRIR A TP B — R L A
R AR R e 80 T A L B N A

PEE R ZAMA 1963 =), I3 Bd . 1k, R NFUA A KA IE S gL E DS, E-mail: psongbai@aliyun. com

SRS AT DR . Ali Polat. %8, 2016, 4T se il BB 55 B L AR A B ity Jo i (R SRR A . BBRALA . 41(12) . 2117 — 2118,



2118 kBl http: //www. earth-science. net

FA1E

W RE AT A A8 JTHE RV A1 2 R A TR 2 (A
BB LRES). A OB AR TR e s i
Ty RN R 32 AN oh i 38 A LREE & 48 03 1
TRV IR AR MM M 5 335 DN TR v A AR T
Al VAT 5 N 2 IR R AR S A RIS T A5 [T s A
SRR, A LR B MK A TR PLRE R
S 2 BT I B A — W AR, G
Eu 7%  BHERNE FRA LR, s Bmme s, i
NG RCTRF vhe | (SSZ) My i BRES. A5 BE 4k — Bk
B LA-ICP-MS 547 U-Pb /@4 R0, BHK A
INE CBEMESRED) A AR 2. 14~2. 15 Ga, 5k B
WA ens () 5. 35~10. 26 CF-H47.2),
tomi 294 2. 24 Ga, fﬁ{lﬁ@}ﬁﬁzﬁé\%jz 04 Ga, TijkE 4L
AT R P WP S AR o R B A L 722 ot
AR 2. 02~2. 03 Ga, #i A7 LA ene (O FEE HBE
AR, SR P R 5 1 S DR IR AR /TR
Xof g B R NS AR B T (Han ez al. , 2015).
IRE R IE R W] B RR S R R A e AR 20
JEE U 2% 2 A J2 pl P 3 v A oy AR ol ol e oy B
(3.00~2. 95 Ga) , A #B BT Ay A8 B 1l <t ok i B
(2.7~2.6 Ga), LA Wi Z [A] S AU AR [ & A 22 0 oy
JEEAR (2. 00~1. 95 Ga) f1 IN A — WKL 5 H A8 i i
LRIRZET OK A SFRe SRR 2441 41k 0% 5 12
Juis A e AR K A SR g SRR 2 A 1Y & BURTR N
¥ o PLIE AT R A SRS AE Al Ol A4S A Bk
Columbia/Nuna # K fifi B & 4 5 1 R B vp — 34
Al LU FH PR AL T SR T UE .

References

Chen,K. ,Gao, S., Wu, Y. B. , et al. , 2013. 2. 6 —2. 7 Ga
Crustal Growth in Yangtze Craton, South China. Pre-
cambrian Research ,224 :472— 490. doi: 10. 1016/j. pre-
camres, 2012, 10. 017

Gao,S. ,Zhang,B. R. ,1990. The Discovery of Archean TTG
Gneisses in Northern Yangtze Craton and Their Impli-
cations. Earth Science,15(6): 675 — 679 (in Chinese
with English abstract).

Gao,S. , Ling, W. L. , Qiu, Y. M. , et al. , 1999. Contrasting
Geochemical and Sm-Nd Isotopic Compositions of Ar-
chean Metasediments from the Kongling High-Grade
Terrain of the Yangtze Craton: Evidence for Cratonic
Evolution and Redistribution of REE during Crustal
Anatexis. Geochimica et Cosmochimica Acta, 63 (13 —
14) . 2071 — 2088. doi: 10. 1016/s0016 — 7037 (99)
00153—2

Gao,S. . Yang,]. ,Zhou.L. ,et al. ,2011. Age and Growth of
the Archean Kongling Terrain, South China, with Em-
phasis on 3. 3 Ga Granitoid Gneisses. American Journal
of Science, 311 (2): 153 — 182. doi: 10. 2475/02.
2011. 03

Han,Q. S. ,Peng,S. B. ,Cen, Y. ,et al. ,2015. Discovery and
Tectonic Significance of Paleoproterozoic Ophiolite from
North Huangling Dome, Yangtze Craton. Acta Geologi-
ca Sinica (English Edition), 89 (s2):25—25. doi: 10.
1111/1755—6724. 12308_17

Han,Q. S. , Peng. S. B. , Polat A, Kusky, T. M. , 2016a. A
Paleoproterozoic (Orosirian) Ophiolitic Mélange, North
Yangzte Craton. Acta Geologica Sinica (English Edi-
tion),90(S1),215—216.

Guo,J. L. ;Gao,S. ,Wu, Y. B. ,et al. ,2014. 3. 45 Ga Granitic
Gneisses from the Yangtze Craton, South China: Impli-
cations for Early Archean Crustal Growth. Precambrian
Research,242:82—95. doi: 10. 1016/]j. precamres. 2013.
12.018

Jiao, W. F. ,Wu.Y. B. , Yang,S. H. ,et al. ,2009. The Oldest
Basement Rock in the Yangtze Craton Revealed by Zir-
con U-Pb Age and HI Isotope Composition. Science in
China (Series D), 52(9):1393—1399. doi: 10. 1007/
s11430—009—0135—7

Ma,D. Q. , Li, Z. C, Xiao, Z. F. ,1997. The Constitute, Geo-
chronology and Geologic Evolution of the Kongling
Complex, Western Hubei. Acta Geoscientia Sinica , 18
(3):232—241 (in Chinese with English abstract).

Qiu, Y. M. , Gao, S. , McNaughton, N. J. , et al. , 2000. First
Evidence of >>3. 2 Ga Continental Crust in the Yangtze
Craton of South China and its Implications for Archean
Crustal Evolution and Phanerozoic Tectonics. Geology .,
28(1):11—14. doi: 10. 1130/0091 — 7613 (2000) 028 <
0011 :feogcc>2. 3. co;2

Zhang,S. B. , Zheng, Y. F. ,Wu, Y. B. , et al. , 2006. Zircon Iso-
tope Evidence for Z=3. 5 Ga Continental Crust in the Yan-
gtze Craton of China. Precambrian Research,146(1—2):
16—34. doi: 10. 1016/j. precamres, 2006. 01. 002

Zheng,]J. P. , Griffin, W. L. , O’Reilly, S. Y. , et al. , 2006.
Widespread Archean Basement beneath the Yangtze
Craton. Geology,34(6):417. doi:10. 1130/g22282. 1

Bt Hp 32 5 35 STk

L A, 1990, B T G AL R T # TTG R kA K
R L IRFH, 15(6) : 675—679.

TR R E L Y SR 1997, BRPY IRs 25 1 20 i L R &
ST L. kAR, 18(3): 10—18.



