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ȣȢ*�3' 
AePcƀĂ*�)áĝƚƇĥ7��)ĕȕ�ŵŧ&	�żŧ'Ž��:"	9çÌ

�ë���)áośǶ<İĻ�9�3)śǶĸŕ<Ǎ
Ȏ'AePcƜn'ĸŕŠÖ<ǝ

ǀ�9�$�Ûȑ#�9���&�7��)6
&AePcƀĂ)áośǶ<İĻ�9

�$*�ğ)Ű·Èǂĥ<ǟ��9
�#Ȁǔ#�8��:7)ŧŬAePc)áośǶ

ĸŕĭŭ<Ƥƭ�9�$�Ũ37:"	9� 
Őzř#*ŧŬAePc<�$�"ºÓƑAePc)ÒÜ'ĸŕŠÖ<ǝǀ�9Ņŭ#

áośǶ<ĸŕ�9ĭŭ)ŘǛ<Ǎ	�ĸŕǚƒ)�Ī'ģǔ&Ħæ�ƠǕ<Åȏ�9�

$<ƛƚ$�9�ºÓƑƀĂ)ŋń)AePcĝĪ×ƀ*Ƴȣmȧ»Ē°)¢ī×ƀ#�

8��)ƻ×§Ȃ*Ƴ 56 ƭŅ kmȟDRE: 21 ƭŅ kmȠ#�9�lǇ'AePcĝĪ<ę
�Ǩ��]C]�08)ŷĖ* 10 km�Ų�ë��ºÓƑƀĂ'!	"4¢ī×ƀ)6

&AePcĝĪ×ƀ)]C]�08)ŷĖ*Ƴ 5Ȫ10 km #�9$ǁ�7:9���#�
Őzř#*�ºÓƑƀĂoŷ� 15 km0#)áośǶĸŕ<ħô���o)Ȥȗƛ)ǡŕ
Ƣƫ<õņ��� 
 
(1) áȓŮǗŻŭ'69ĸŕǚƒ)�Ī'ģǔ&Ħæjĭŭ)ĦæjƠǕ)Åȏ 
Ňñ)áȓŮQ`CcW>kǙœƷŔ<å'�ǗŻƂ)Ĵ�jǗŻƂǿǀ)ŋǼ¸'

6 "ºÓƑƀĂo)áośǶĹô¨Ǚǂ�%)ƨĖÏn�9Ư)ŘǛ<Ǎ&
�0

��ŖĆƯ)AePcƀĂ#)�ǍƢƫz�)Ħæ5ƠǕ<Åȏ��áȓŮĐŹŭǙœ

Ư<Ɛ	�ºÓƑƀĂo)ħô]C]ſ8)?_kHiCÈǂĥ'!	"4ŘǛ�9�

ºÓƑƀĂÒǯ*�áĝƚƎè5ȇǷǣŭ�)ǖƯ'68�áȓǗŻ)õņ�Ûȑ#

�9Șä4ñà�9�3�ǗŻõƋĥ)ŘǛ)�3)ĦæÅȏ4�;�"õņ�9� 
 
(2) MTŭ'69ĸŕǚƒ)�Ī'ģǔ&Ħæjĭŭ)ĦæjƠǕ)Åȏ 
áo<lŜ!đãƚ&ȒŦ�ûĖ$�ô��t'�ºÓƑAePc)ƅŧ�08<Ş

��ŷ�$�ƪ�Ɨ&9ȜȒŦ�û�<ǀ	�	�!) 3 š�ȒŦ�ûĖ`Pe#
MT ŭ)ÌĪPkL<ǚư��ÌĪPkL<Ɛ	" 3 š�ǳÔș<ǚư�"�ħô��
ȜȒŦ�ûĖ`Pe<%)ƨĖŢ��Ĺô�9�$�#�9G^afkGbi<Ǎ


�ÌĪPkL*�ºÓƑż<ȋ�Ȍn'ǝǀ�9�$<ħô��ŒǓ¾¹' 118ǗŻ
Ƃ)ÌĪPkL#G^afkGbi<Ǎ
� 
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ȤȢáȓŮǗŻŭ'69ĸŕǚƒ)�Ī'ģǔ&Ħæjĭŭ)ĦæjƠǕ)Åȏ 

áȓŮ<Ɛ	�áośǶ)Ĺôĭŭ*ëă';�8�ƆǌƙƣjǨȓǬƯ)~ĉƚ&ƙ

ķž<Ɛ	�~ĉáȓĸŕ5ǄƄáȓ<Ɛ	�ǄƄáȓĸŕ&%�Ķ�7:9�~ĉȓž

5ǄƄáȓ7ƙ�7:�áȓŮȟP Ů5 S Ů&%)õ�Ů5ÄúŮ��9	*�:7)
êĺŮȠ*�áo)ǵĖśǶ'6 "ǗŻƂ-)¬ǺŊȆ5ķď�ê¸�9�3��:7

<PkL$�"�đãƚ&śǶ7)ǵĖ�ċ5źǐĜĖ)ƬȆ¨Č<Ĺô�9$	
)

���:7)ĭŭ)åŐƚ&Àƍ#�9�ƀĂ�Ɯo)áośǶ)Ĺô4��:0#~ĉ

áȓ5ǄƄáȓ<� �Ǚœ�Ʋ²ƚ'Ǎ;:"��� 
~ĉáȓ<Ɛ	�ƀĂ�śǶĸŕ*�ňŐß¤#*�Ʈ 5 š×ƀyƠǚƒȟđĪ 6 ĒĖ
7 11ĒĖȠ�ȉ�¡ß)ŰƀĂ#ǚƒƚjƸƹƚ'õņ�:"����)ƷŔ�ë�)
ŰƀĂ'£Ǵ��śǶ'³��ËƀĂÞō)ŲǾśǶ�Ȝ	ƬȆ¨Ǚǂ#ŉ7'�:"

����)lŅ�ƀĂŲǾ'ñà�9�ǵĖ)ǏāśǶ)�3'ƜǺõ�Ů)ŮƼ*ƀĂ

ŷǾ'Ǻ�9�$�#���~ĉáȓĸŕ#Ĺô#�9áośǶ*��6�ŷ� 4Ȫ5 km
0#)Șä'Ȋ7:"���0��ƙķžȟ~ĉáȓȠ)ł�Ȋôƚ#�9�3�ȥš�

ƚ&áośǶ<Ĺô�9�3'*ëł)ǗŻƂ'69Ʃ÷ǗŻ<õņ�9ģǔ��8��

�+đĪ 12ĒĖ'ĄĭĂ#Ǎ;:�~ĉáȓĸŕ#* 330Ƃ)ǃŊǗŻƂ�Āȅ�:�� 
¤Ȍáȓ5YfkQèƓáȓ&%)ǄƄáȓ<Ɛ	�ƀĂ�)śǶĹô4 1990 ĒÉ�
ȉ�rƓËá#Űƙ'Ǎ;:"���ǄƄáȓ<Ɛ	�çÌ�ŮƼ*ƀĂŷǾ<ǴǸ�"

�9�3�ƀĂŷǾ)śǶ'!	")Ħæ<ĳ§�9�$�#�9�Ƈ'�áȓŰ·Ė)

Ȝ	ňŐ#*�ǗŻƂȆȍ�đãƳ 20 km#�9ȈƁƦòįǎƢƫĬHi-netǗŻƺ5ŦǤ
ē�ìò)ôĎáȓǗŻƂ<Ɛ	9�$#�ƀĂƜo<Ð2ňŐ¡ß)áţśǶ<łº km
ƨĖ)ƬȆIDke#Ǚ�#�9�$��ǍƢƫ'68ƥ�:"	9ȟǏ 2.1Ƞ�lŅ#�
Ý 2.1'ƥ��6
'�ºÓƑƀĂÒǯ*�ŦǤƚǔÚ5Ȓ²jǴ�?iWcƯ)Ƴ7
ŇñôĎǗŻƂ)÷Ė����ħô�:9ºÓƑƀĂƜo)]C]�08)ƬȆIDke

)Ǚ�*Ûȑ#�9� 
��#�o#*�0��ºÓƑAePcÒǯ)Ȍä'ǃŊǗŻƂ<ǝǀ�9�$<ħô

��ǗŻƂǿǀ<ŋǼ¸�9�$'68�ǄƄáȓ<Ɛ	�áȓŮǵĖQ`CcW>k'

69áośǶĹô¨Ǚǂ�%)ƨĖÏn�9)ŘǛ<Ǎ&
��7'�ĎŊĢ·<Ɛ	

�Ǚœĭŭ&%)ǼƐÈǂĥ'!	"4ŘǛ<Ǎ&
� 
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Ǐ 2.1ȢĔä)áȓŮQ`CcW>k)�ǍƢƫ�$�)Ǚœǝô 

 ǙœùǤ CdNRȆȍ M@NAk\kRF

?J 
Okada et al. (2015) Œ¹áŅ ŧđ 6 km ŧđ 20 km 

Matsubara and Obara 
(2011) 

ňŐ¡ß ŧđ 0.1Ė 
ȃƜ 2.5 km 

 � (ŷ� 0Ȫ10 km) 
ȃƜ 5 km 

 � (ŷ� 10Ȫ40 km) 

ŧđ 0.2Ė 
ȃƜ 5 km 

 � (ŷ� 0Ȫ10 km) 
� ȃƜ 10 km 
� (ŷ� 10Ȫ40 km) 

Matsubara et al. (2008) ňŐ¡ß ŧđ 0.1Ė 
ȃƜ 5 km 

 � (ŷ�Ȫ40 km) 

ŧđ 0.2Ė 
ȃƜ 10 km 

 � (ŷ�Ȫ40 km) 
 

 
 

 
Ý 2.1ȢºÓƑƀĂÒǯ)ŇǝáȓǗŻƂ¨Č�¡ßáȓǗŻPkLűǴTN
QhkB JDXnet 'űǴ�"	9ȈƁƦòįǎƢƫĬ�ŦǤē�áȓyƠƻ
ÌƢƫķǅ��Ȕŗƞ�Ě°ìò�Œ¹ìò)áȓǗŻƂÃ,ƀĂǗŻƂ� 
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2.1 áȓŮǵĖQ`CcW>kǙœ 

2.1.1 Ǚœĭŭj`Peǝô 
áȓŮǵĖQ`CcW>k*�ǙœùǤȘä<ȐŁƚ'¨±��Ë¨±Șä<ǴǸ�9

ƙķžȟáȓȠ7)áȓŮ)ǧŊ<ǗŻPkL$�"�áȓŮǵĖ)ƬȆ¨Č<Ĺô�

9ĭŭ#�9ȟ��+�Zhao et al., 1994Ƞ�ǙœȘä)¨±'*�ƬȆ<ǖ¯ƚ&Ȇȍ<
4!CdNR#ȐŁ¸��CdNR#Ü0:9XgNB¤)`PeVc_kLȟáȓŮǵ

ĖȠ*ÒÜ)CdNR'��9�7ƼĝǑȆ�9�$�lǇƚ#�8�Őǡŕ#4�)

ĭŭ<Ɛ	��CdNRȆȍ<ü���Ǹ�9$ËXgNB¤<ǴǸ�9ŮƼłj}ċł

�źý�9�3ǙœƷŔ'ĞȖ<q�9�3��o)õȎ)Ǚœ'�	"*�Ý 2.2#ƥ�
�ŧđŅÏ'Ƴ 4.3 km, ȃƜŅÏ' 4 kmȟŷ� 30 km�Ų)çÌȠ)Ȇȍ#CdNR<
ǿǀ�"Ǚœ<Ǎ	��)CdNRÀƂ<ƽĖjƶĖjȃƜ)ËŅÏ'¼CdNR�7�

"Ǚœ��ǚȨ`Pe)ƷŔ)đã<Æ9�$#¨Ǚǂ)õ¶ƚ&Ïn<Ý ��CdN

R<ǀ	�Ëā)ŷ�*�áţ¤'!	"*�-1.2, 2.0, 6.0, 10.0, 14.0, 18.0, 22.0, 26.0, 30.0 
km ) 4 km Ȇȍ#�8��:�ŷ'!	"*Ȇȍ<Ĵ�"	��ŷ� 225.0 km0#C
dNRǿǀ<Ǎ �� 
ȓž7ǗŻƂ-)ŮƼ)ǚư'*�ZiP>iCŭȟ��+ Um and Thurber, 1987Ƞ
�Ɛ	7:9�$4ë	��ŰƀĂÒǯ&%)ǵĖpãǥ�Ĝ	áośǶ#*ÙıŮƯ<

Æ8Į
�$�#�9ċ¨ŭ'69ŮƼǲǪŭ�Ǽ�"�8�Őǡŕ#4 Prodvin and 
Lecomte (1991) '69ĭŭ<Ɛ	��ŮƼǚư'Ɛ	9XgNBF?J*�?iUkHb
i)CdNRȆȍ) 1/10 (Ƴ 0.4 km)$��ŮžǱ�#*Ůž)�ǀ�9XgNB)ÒÜȦ
XgNB*�7' 1/5'¨±�9�$#ǚưƲĖ<n��� 

 

 

Ý 2.2ȢáȓŮǵĖQ`CcW>kǙœ'Ɛ	�CdNRǿǀ� 
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2.1.2 PkL 
Őǡŕ*�ºÓƑƀĂÒǯ'��9ǗŻƂƺ)Ĵ�'69áośǶĹôǂ²)Ïn<Ř

Ǜ�9�$�ƛƚ#�9�3�áȓŮQ`CcW>k'Ɛ	9áȓ*�2011 Ē7 2018
Ē0#)ȨĒȆ'ǙœȘäÒǯ#ƙƏ��]CSMakR 1.8 �n)4)<ǽĲ��ȟÝ
2.3Ƞ�ùǤ$&9áȓ*�áţ¤#ƙƏ�9áȓ$YfkQèƓ#ƙƏ�9áȓ#�9��
2011 ĒŒ¹áŅíđůūáȓ�ȉ)þĬƚ&áȓŰ·é³'69Q`CcW>kƷŔ-)
ĞȖ<ǭź�9�3'ãǥ¸<Ǎ	�ŋƴƚ'*Ƴ 600�)áȓ<Ɛ	�� 
ǗŻƂ'!	"*�Ňñ)ôĎǗŻƂȟÝ 2.1Ƞ<�ô��çÌ$�ºÓƑƀĂÒǯ'ǃ
Ŋ)ǗŻƂ<ǲ³��çÌ)ȤǴ8#ŘǛ���ŇñôĎǗŻƂ<Ɛ	�Ǚœ'!	"*�

ŦǤēl�¸¦ƍ'69ª·Ɵ�Ŋ®)PkL'³��Œ¹ìò� áȓj×ƀyƠƢƫǗ

ŻKiLk'��9ĭ·ŘŻ�4Ɛ	��ǃŊǗŻƂ'!	"*�Ɛ	9áȓ7)ŮƼ

ƶǫÃ,łĒȆ';�9ǗŻ)õƋĥ<ǁĩ�"őn#ŘǛ<Ǎ&	�=BKIǹǫj?

iWc�Ƥ�#�9áƂ<ǽô���ŘǛ��ǒł)ǗŻƂǿǀ)
�ŷ� 10 km�Ų)
áȓŮQ`CcW>k)Ǚ�ĖÏn'ŋ4Ǽ��ǗŻƂǿǀ#� �ǃŊǗŻƂ 12Ƃ)ė
ŝ<Ǐ 2.2'��:7)ǃŊǗŻƂ<³��ǗŻƂǿǀ<Ý 2.4'ƥ��&��ǃŊǗŻƂ
)
��T017 T040#)ȦǗŻƂ*�2011ĒŒ¹áŅíđůūáȓğ)�ȓǗŻ#õ
Ȏ'ȄŏȆ)ǗŻ<Ǎ �õƿ)�9áƂ#�9� 

 

 
Ý 2.3ȢáȓŮǵĖQ`CcW>kǙœ'Ɛ	�ȓž¨Č�ŦǤēl�¸ȓž
ALgC'ǜǮ�:� 2011Ē7 2018Ē'ƙƏ�� M1.8�n)áȓ<Ɛ
	��u)ì��$ǉ*��:�:áȓ)]CSMakR$ŷ�<Ǐ�� 
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Ǐ 2.2Ȣǽô��ǃŊǗŻƂ�Ǒ 

ǗŻƂÎ ƽĖ ƶĖ ŝȜ 
T01 40.3053 140.8381 238 
T02 40.2914 140.6891 156 
T03 40.1881 140.8168 231 
T04 40.3958 140.7524 306 
T05 40.4424 140.6818 233 
T06 40.5171 140.7462 313 
T07 40.5105 140.8804 1010 
T08 40.4938 141.0052 893 
T09 40.3785 140.9759 536 
T10 40.3812 140.5964 220 
T11 40.5709 140.8362 817 
T12 40.3862 141.1131 229 

 
 

 
 
Ý 2.4ȢǃŊǗŻƂ�Ǒ)ǿǀ�Ǧºð#ƥ�� T01ȪT12��Ù)ŘǞ'Ɛ	�
ǃŊǗŻƂ�ȝºð�Ňǝ)ǗŻƂ<Ǐ�� 
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2.1.3 ǙœƷŔ 
ǃŊǗŻƂ)ōƃ'69śǶĹô)Ǚ�Ėê¸'ȇ�9Ħæ$�"�Ɛ	�áȓ$ǗŻ

Ƃ)PkLKNQ$Í�Ƶ1Ì;�)Ƙ�PkL<Ɛ	�M@NAk\kROIQ)ƷŔ

<0�ŘǛ�9�M@NAk\kROIQ'Ɛ	9Ƙ�PkL*�?iUkHbi)ªŏ

śǶ$�"Ɛ	�ȣš�ǵĖśǶȟHasegawa et al., 1978Ƞ'�5Ȟ)ǵĖ�ċ<q�"ǚ
ư��ƍǢǧŊ' 0.05Ƨ)Ţǖxł<³��4)<Ɛ	��Vp/Vsť�lŜ#�9çÌ'
*�ŮƼ* PŮ$ SŮ#£Ǵ#�9�$7��o#* PŮǵĖ'!	")ƷŔ<ƥ�� 
Ý 2.5*�Ĕä)áȓŮQ`CcW>kǙœ<Ǎ ��ǍƢƫ#Ɛ	7:�4)$ÍƯ)
ŧđŅÏƳ 17 km   17 km)M@NAk\kRȟȦCdNRØŅȠ'!	")ƷŔ#�
8�(a)�ǃŊǗŻƂ<³��çÌ�(b)�ŇñǗŻƂ)1)çÌ<ƥ��4)#�9�	�
:)ǗŻƂǿǀ'�	"4ºÓƑƀĂÒǯ)Șä¡�';� "�Ś(ƬȆVLki<ġ

�#�"	9��ǗŻƂ÷Ė�Ƈ'�	ºÓƑƀĂ)¾Œ×*¨Ǚǂ�´9�Ý 2.6*�Ý
2.5)¼¨)F?J)M@NAk\kR'!	")ƷŔ#�9��(b))ŇñǗŻƂ)1)ç
Ì'ť.�(a))ǃŊǗŻƂ<³��çÌ'*�ºÓƑƀĂƜo)śǶ<ƬȆVLkijǵ
Ė�ċȂ$4'68ȜƲĖ'ġ�#�9�$�¨9� 

 

 

Ý 2.5ȢM@NAk\kROIQ)ƷŔȩŧđƳ 17 km   17 km)VLki)ç
Ì�(a) *ǃŊǗŻƂ<³��$�)ƷŔ�(b) *ŇǝǗŻƂ)1)$�)ƷŔ� 
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Ý 2.6ȢÝ 2.5$Í������ŧđƳ 8.6 km   8.6 km)VLki)çÌ� 
 

ǗŻƺ)Ĵ�jǗŻƂǿǀ)ŋǼ¸'68ºÓƑƀĂǱ�'��9Ǚ�Ė�ľÕ��ǵ

Ė�ċȂ)ĹôƲĖ�Ïn�9�$�ƤǠ#���3�ħô�:9]C]�08)Ř§È

ǂĥ<ŘǛ�9�$<ƛƚ'�¿l)ŷ�CdNRn)ơĝȘä')1-5Ȟ)ǵĖ�ċ<q
��çÌ'!	"ġ�ĥ)ƤǠ<š'Ǎ
�Ɛ	�áȓ$ǗŻƂ)Ƶ1Ì;�Ã,Ƙ�P

kL)�ĪŅŭ*�M@NAk\kROIQ)çÌ$ÍŜ#�9� 
Ý 2.7*�(a) �ŷ�Ʈȥāȟ6.0 kmȠ�(b) �ŷ�ƮȦāȟ10.0 kmȠ)�:�:)ȕ'
Geƈ)]C]�08<Ş��Ƴ 8.6 km   8.6 kmȟŧđŅÏȤCdNRØŅȠ)�ǵĖ
Șä<ǝô��çÌ'!	")?iUkHbiƷŔ<ƥ��4)#�9�Q`CcW>k

'�	"CdNRȆ)áȓŮǵĖ*ƼĝǑȆ�"Į
�$<ǁĩ�9$�q���ǵĖȘ

ä)ƬȆ¨Č*Ś(¥Ƌ#�"	9�ǵĖ�ċ)ġ�Ɗ*�(a) � 88Ȟ ȟ-4.40Ȟ)ǵĖ
�ċȠ�(b) � 75Ȟȟ-3.73Ȟ)ǵĖ�ċȠ#�9� 
Ý 2.8 *�ÍŜ'ƌƈ'Ǳ	ĝƈ<��]C]�08<Ş�"ŧđŅÏ'Ƴ 4.3 km   

4.3 kmȟȣCdNRØŅȠ)�ǵĖȘä<ǝô��çÌ'!	")ƷŔ<ƥ��4)#�
9��)çÌ�q���ǵĖȘä)ƬȆ¨Č*Ś(¥Ƌ#�94))�Ý 2.7'ť.ȃƜŅ
Ï-)Ĕ�8�55ì��ġ��:9��:*�ȓž)ãǥ¸<Ǎ �$*	��Yfk
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QèƓáȓ7)ȃƜ'Ǳ	ŮƼ�¤Ȍáȓ7)ŧđ'Ǳ	ŮƼ'ť."Ɲùƚ'ì�

&Ȁ1<ĵ "�0
�$'lÚ��9$ǁ�7:9�0�ǵĖ�ċ)ġ�Ɗ4�(a) � 
77Ȟȟ-3.85Ȟ)ǵĖ�ċȠ�(b) � 63Ȟȟ-3.15Ȟ)ǵĖ�ċȠ'ƕ09� 

 

  

Ý 2.7ȢGeƈ]C]�08<Ş���ǵĖȘä)ÙġOIQ)ƷŔ�Ƴ 8.6 km Ø
Ņ)�ǵĖȘäȟ�ċ -5ȞȠ< (a) ŷ� 6.0 km $ (b) 8.0 km'ǝô��� 

 

  

Ý 2.8ȢÝ 2.7$Í������ƌƈ'Ǳ	Ƴ 4.3 km ØŅ)�ǵĖȘä<ǝô�
�çÌ� 
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�n)ŘǛ7�áȓŮǵĖQ`CcW>k'69]C]�08)Ř§*�10 km ěØ
Ņ)ŧđŅÏ)Ĕ�8<ĵ!4)#�:+ºÓƑƀĂÒǯ'ǃŊǗŻƂ<Āȅ�9�$#

Èǂ#�9$ǁ�7:9��]C]�08)ì��� 5 km�o)6
&ü�&4)#�9
çÌ�ǗŻƂ÷Ė)Ƴ7Ř§5�)ǵĖ�ċȂj]C]ǋƪȂ)ǟ�*55Ûȑ#�

9$ǁ�7:9� 
Őǡŕ#*�P ŮǵĖśǶ)Ĺô<�ô����ű�)ñà'68ŀĨ& S ŮǵĖ5 P
ŮjSŮ)ǵĖťȟVp/VsťȠ)śǶĹô<Ǎ
çÌ�ŘŻł� PŮ'ť."ý&	 SŮ
<Ǚœ�9ģǔ��9�3�68Ȅŏ)ƸƹǗŻ<Ǎ
�$5�ǏāśǶ)ĞȖ<Ç�'

�	ïĕĘǗŻƂ)ǝǀ&%<ŘǛ�9ģǔ��9$ǁ�7:9� 
 
2.2 �)�)Ǚœĭŭ 
áȓŮĐŹŭ'69śǶĹô� ǱĒ�ŵůŮŴ5~ȆŰ·'�
ķ·&%<µǨž$�

9ĎŊĢ·7Ů·�ļ<ĳ§�9áȓŮĐŹŭ<Ɛ	�áośǶĹô��ňŐ©ĆǖŞ

ȟ��+ Nishida et al., 2008Ƞ5ƀĂÒǯäȟ��+�Nagaoka et al., 2012Ƞ#Ǎ;:
"	9�áȓŮĐŹŭ#*ȤǗŻƂ#ǗŻ��ĎŊĢ·)Ɲ|Ɲȇȇł7ǗŻƂȆ<�

ļ�9áȓŮ<ĳ§�9�$�#�9���)áȓŮ*ǏȕŮ'½ǩ�9�$7�ĳ§

��ǏȕŮ)¨Łȇ�<Ɛ	"áo)ǵĖśǶ<Ĺô�9�$'&9��)ĭŭ#*�Ǘ

ŻƂ[=Ť'ǏȕŮ¨Łȇ��Ġ7:9�3�Àƍƚ'*ǗŻƂł){w)ł)PkL<

śǶĹô'Ɛ	9�$�#��ǗŻƺ)¤×)ǙœȘä'!	"*ŮƼ)}ċł4ë�$

9�$�#�9�$�«Ƃ$�"Ķ�7:9��)�3�ºÓƑƀĂ)6
&ŧŬ��A

ePcśǶ'�	"4�Ý 2.4)6
&ǃŊǗŻƂ<ǝǀ��AePcÒǯǾ'º¨&Ņ�
AUfNH<4 �ǗŻƺ<śƱ�9�$#�AePcƜo)śǶ<Ĺô#�9Èǂĥ�

ǁ�7:9� 
lŅ#�ŵůŮŴƯ<Ǩž$�9ĎŊĢ·7ĳ§�:9ǏȕŮ*ÒŏłƧ�n)f?

dkŮ'½ǩ�9�3�śǶĹô)¨Ǚǂ*ŮȄÃ,ǏȕŮ¨Łȇ�)ŷ��ñĥȟĨĖ

AkTeȠ'�ñ��Ƈ'ŷ�ŅÏ)¨Ǚǂ*õ�Ů<Ɛ	�áȓŮQ`CcW>k'ť

."´9�Ï��9�Ý 2.9*�ŦǤē JMA2001lš�ǵĖśǶ`Peȟnȁj/, 2002Ƞ
'ù�9f?dkŮåŐ`kR)ĨĖAkTe<ƥ��4)#�9�f?dkŮ)�Ɲǵ

Ė CR* SŮǵĖȟbȠ'v'ĨĖ��8�ºÓƑƀĂƜo)]C]�08)ħôŷĖ#�
9ŷ� 5Ȫ10 km)ǵĖśǶ<Ĺô�9�3'*�ÒŏłƧ7 10ƧƨĖ)ǏȕŮ¨Łȇ
�<ƲĖ6�ǗŻPkL7Ĺô�9ģǔ��9�$�¨9� 
ĎŊĢ·'*�ÉȚ5¡ƌƚ&ŦǤǔÚ'68½ǩ�9Ů·�ļŅÏ'ĒÒƚ&ê·�

Ǖ7:9�$�ë�)�ǍƢƫ#æÑ�:"	9�3�áȓŮĐŹŭ'69śǶĹô<Ǎ


çÌ'*�ÞōÒŏ 1 Ƨ)áȓǚ5Ĕčäáȓǚ'69ǃŊǗŻ<łĒȆõņ�9ģǔ
��9$ǁ�7:9� 
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Ý 2.9ȢŦǤē JMA2001lš�ǵĖśǶ`Pe'ù�9f?dkŮåŐ`kR�
ƝǵĖ)ĨĖAkTe�ĊÊ)VTe*�SŮǵĖȟbȠ$ PŮǵĖȟaȠ'ù�
9AkTe<�:�:Ǐ�� 
 
fGkUkȇłǙœ'69śǶĹô� ǻááȓ7Ŀú�:�áȓŮ*�ǗŻƂ'¬Ǻ

�90#)Ȇ'ǵĖpǷƹȕ<ǴǸ���)$� PŮ7 SŮ-)êĺŮ�ƙƏ�9�f
GkUkȇłǙœ*�ǻááȓ) P ŮǾ¨)ŧđ·Ī¨7no·Ī¨<PEi\dak
GbiƯ'68ȋÁ�9�$#ư§�:9ȟ��+�Langston, 1979Ƞ��)PEi\da
kGbiĽ�'68�±Ī¨'£Ǵ'Ð0:9ȓžŊȆȇłƯ)ĞȖ<Ŷ��$�#��

0� úǘ�ü�	 úáȓŮ)çÌ'*PŮ)ëȀÄú)öq<ě3"PSêĺŮ<Ĝǡ
�9�$�#�9ȟ��+�Ammon, 1991Ƞ��)ĭŭ*�Œ¹ňŐ'��9YfkQŪ1
ǰ1)?_kHiCȟ��+�Kawakatsu and Watada, 2007Ƞ5�ƀĂŷǾ)Geƈ]C
]�08)Ř§ȟ��+�Abe et al., 2017Ƞ&%ďĔ	ùǤ'ǼƐ�Ǎ;:"��� 
lŅ#�ǴĎ)fGkUkȇłǙœ'�	"*� úǘ)ü�&ȃƜ'Ǳ	ŮƼ<4!

ǻááȓ<ǽĲ�"Ɛ	9�$�Ŏ0�	Ư)Ƴ4�9�3�ńǖ'ǃŊǗŻƂ<ǝǀ

��çÌ�º¨&PkLȂ<Ġ9�3'*55ŊȆ<ǔ�9$	 �ȑƂ��9�ºÓƑ

AePcÒƾǾ'*�Ǔ×'ȈƁƦòįǎƢƫĬ Hi-net )üâǗŻƂȟN.KOSHȠ�¾Œ
×'Ȕŗƞ)óşǾǗŻƂȟAO.UTBȠ��ǀ���:�:Ƴ 20ĒǱ�)ǗŻPkL�ǋ
ƪ�:"	9��¾×'�ǀ�9ŦǤēƀĂǗŻƂ)ƙǊą¾ȟV.TWHKȠ$ºÓƑżƔ
�ÿȟV.TWYSȠ*	�:4 2016 Ē 12 Ō'ǗŻ<ȅî��+8#�8�ºÓƑż)¹
×'*Ňǝ)ôĎǗŻƂ*ñà�&	ȟÝ 2.1Ƞ��:7)�$<ǁĩ�9$�fGkUk
ȇłǙœ'6 "ºÓƑƀĂƜo)]C]�08<Ř§�9�3'*�ǃŊǗŻƂ<ǝǀ

��ğ�ƝĤ)ǗŻŏȆ<ǔ�9$ǁ�7:9� 
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ȫρMTŧ3CFīŋǢƑ5×Ģ3ęǙ2ĝáxģŧ5ĝáxƝǛ5ÃȔ 
 
ǘĿ 915Ĉ5»ÑƏŽþÓŽȥVEI5Ȧ6ĻŅÚª5łÆ�ȎŁè5ÓŽ/�FȥšǭĊȧ

2013Ȧ�ñþÿǯlTlBÝ}5ƂŢ�F�6ƂŢåǯĄJŕĢ#FƳÛȈƅ6��$GA
ȗšŠħĦȥ�}�ŠħĦȦ�μ�10�m/�F(@�ŠħĦŕǿīŋ3C+.lTlxƂ
ŢŸEJNnyXwT#F�0�ŃĒ/��ôȓ3ç�5Žþ3��.ŠħĦŕǿīŋ�

ƗK3ǑIG.�Fȥ��7ƚŻȧ2016Ȧ�!�!�ƊÜ5»ÑƏŽþ6�ëȃ�Rta°
ŵ3ǚIG.�E�ŵČ/5ÝƋƅƌðƖ2ŕǿīŋǕǄ5ǥǄ6μVYb/�F�0Ʈ

5ƌƐ3CEÖȖ/�F(@�»ÑƏŽþ5C�2è�2Rta°ŵJA,Žþƙ}5Ý

ƋƅƌðƖŕǿīŋ/6&5Ǡǉ�Ĝ�2F¥Ë��F�µ�.�ŵŢ�μÎũ5ȗơũ

Jųǔ %F�0AǠǉ�Ĝ�2F¿Õ5z,/�F� 
� � ŅƬ/6�ŵČǞŴǕǄJǥǄ!2��0J²ĭ0!.»ÑƏŽþƙ}5Ű 15 

kmƥč=/Jöǭ3�lTlxƂŢŸEJŘ!(�ŠħĦ�JÌ?ŠħĦŕǿoatJȪ
Ʀȡǥó!�oat�DǢư GFŠħĦŕǿīŋ5ǞŴay]��ŠħĦ�5łſ/1

5ƥčå¹#F�őǣ#F�=(�lTlxƂŢŸEJŘ!(ŠħĦŕǿoat3C+.Ǣ

ư G(İ�ǞŴ¡JƎ�.ǽÒȟǠňJǑ��03CE�ó!(oatJ15ƥčė¦

/�F�5 2 Ʀȡ5ǪŋJǑ���G3CE�ŵČ/5ǞŴay]�2�âÉ3»ÑƏŽ
þƙ}5lTlƂŢŸEJNnyXwT#F(@5ŠħĦŕǿīŋ�15ƥčÅǉ/�F

�Jőǣ#F� 
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3.1 � �ŠħĦ�5łſ3CFǞŴay]95đȜǪŋ 
3.1.1� MTŧ0ÝơšåĮȌĴ 
ŠħĦŕǿīŋ36�0!.ȗšīŋŧ0ȗơīŋŧ��E�²Ǉ6�Ā¶ǱŶ�ĔǇ6

Ǌƀ¶ǱŶ��Ā¶ǱŶJƎ�F�öǭīŋŰč�Ĵ kmJǲ�FŠħĦŕǿīŋ/6�÷
DǊƀȗơâå¸J¶ǱŶ3�Ǝ!(ȗơīŋŧ/�FÝơšÝȗŭŧȥMTŧȦ�Ǝ�D
GF�MTŧ6ŢćȗâĽȋå¸0ŢćơâĽȋå¸5ÎũĴĚƯȌĴ�DÎũĴȥīŋŰ
čx¤ĹYUytȦ3CFŠħĦ5å¹¥ËJǩ>ÄFǛ��ŠħĦ��ƚJǞŴ#Fģŧ

/�àŅ¿ƌ6�}5ď/Ǔ GF� 

!
"#(%)
"'(%)

( = *
+##(%) +#'(%)
+'#(%) +''(%)

, !
-#(%)
-'(%)

(                 (1) 

./	12(%) = 3+12(%)3
4
/(27%8)                        (2) 

912(%) = :;<(+12(%))                             (3) 
��/�Ei (f )�Hi (f )6&G'GǗƵĴ5ȗâÁ8ơâ5hysOYkSbt�Zij (f )�Ǘ
ƵĴ5ÎũĴĚƯȌĴ(MTNwgy^wY`w\t)�i, j = x, y/�E x�y6&G'G¼
ºÁ8ŇǘĹË�f6ÎũĴ��a ij(f )6Ǜ��ŠħĦ��6ǾơƉ�912(f )��ƚ/�F�
,$,8��
� uiX6Mnse|TqS:GDxjTwr\ync%H&N)-MnsZ
K���17�20��056346032�%vT+>8tGTqJ �brwr\{zTJ38T$(wr\8
ck6o-=)TMnsZKTs~5}g8tas3^")483&5!9fM28Mn+
>/T$(wr\4ck3wr\]lTo[?{h-=48vM/o[?m#2,9"9.
)3 �  � u6)TIP?d(5!ckBE@a%iv+>8t`�-p_C�A8ckB
E@a3l�+>=;"65<11 =9»ÑƏŽþ3��.ǞŴJǑ�âÉ3�ǞŴž·
ŉ�2�Ê"ņ�}/ǞŴay]JŠǷ#F�0JĞó!��}5WmpuyWqw3�

�Fay]6�5�ƚ`w\tJ�Ę3ǤΔ#F��ƚ`w\t6� 

*
+##(%) +#'(%)
+'#(%) +''(%)

, ≡ *
>##(%) >#'(%)
>'#(%) >''(%)

, + @A *
B##(%) B#'(%)
B'#(%) B''(%)

,       (4) 

0!(âÉ� 

C(%) ≡ *
>##(%) >#'(%)
>'#(%) >''(%)

,
DE

*
B##(%) B#'(%)
B'#(%) B''(%)

, ≡ *
Φ##(%) Φ#'(%)
Φ'#(%) Φ''(%)

,        (5) 

0óǅ GF�im6ǐĴ½�/�Xij�Yijȥi, j = x, yȦ6ôȌĴ/�F��5�ƚ`w\t
�Dǩ>ÄGFĝá6�ŕǿ~Þǯ5ƓĹěȥŕǿ5ś¦Ȧ�ÈǞŴžƙ}5ȇƙĹË5 1
ś¦Ɩ2ŠħĦ5¥Ë/�F��GDJǩ>ÄF(@3�ƚ`w\t6`w\t5�ǶJ

ţ@F(@5öǟ¹JǑ��öǟ¹6ŢćĎŗ5ÔǵJǓ#ÔǵǑ®3C+.��}5C�

3Ǔ GF� 

C(%) = !
cos	(J − L) −sin	(J − L)
sin	(J − L) cos	(J − L)

(
O

!
ΦP/# 0
0 ΦP1R

( !
cos	(J + L) −sin	(J + L)
sin	(J + L) cos	(J + L)

(   (6) 

α =
E

4
arctan	(

WXYZWYX

WXXDWYY
)                           (7) 

β =
E

4
arctan	(

WXYDWYX

WXXZWYY
)                           (8) 
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`w\t5�Ƕ6Ø 3.15C�3Œ«/ǓǤ GF�zǋ3`w\t5�Ƕ6Ùł¡�Ùł
jSbtJǓ!.�E�&5ĹË5jSbt3,�.6åĮ3C+.ĹËJå¹ %$Ī

Ć)�Jå¹ %F0��ğÏ/�F�ĕ+.�ƚ`w\t5�Ƕ6�ƚ`w\t5ÈĢ

�ğÏ#FÎũĴĚƯȌĴ5ôȃ0ǐȃ5Š�¾* MT ŧ5�ƚĝá6�5ĹË5>�
5ĹË05�ƚĝá�űÉ%$�è� 5>�å¹#F�0JğÏ#F�ƺŉƖ3�ƚ`w

\tŒ«6�«ĐȥΦP/# = ΦP1RȦ5âÉ3ŕǿ� 1ś¦ŕǿ�Œ«ĐȥΦP/# ≠ ΦP1RȦ5

âÉ6��Ȭ050�3 2ś¦ŕǿ/ΦP/#=(6ΦP1R5ĹËȥ¾*���+90�Ȧ�ǰË�
�≠050�3 3ś¦ŕǿ/�F�0J&G'GƢ!.�F�ÈǞŴžƙ}5ȇƙĹË5 1
ś¦Ɩ2ŠħĦ5¥Ë6��ƚ`w\t5Ǒ®ď5ćĹō5�ƚ/�F� 

Φ4 = arctan	(]ΦP/#ΦP1R)                        (9) 
� MT ŧ5�ƚ0ÊƮ/�F0ǆ�.¥ËJǩ>ÄF�0�/�F�2 ,5�ƚ`w\t
C^�	C_JŠ:.ȡ�ěJǓ#âÉ�̀ w\t�Ƕ5ȉ å¹5ưǒćÞA!�6ĉ�ćÞ

3µ���}5`w\t5�ǶŒ«ǓǤ�ĭŏ G.�F(Peacock et al., 2012)� 
∆Ca1bb = c − (CE

DEC_)                         (10) 
��/ I6 2 Ǒ 2 ®5½�Ǒ®�CE

DE6CE5ǽǑ®JƢ#��5∆Ca1bb3Ȍ#FŒ«ǓǤ

5ğÏ6�A! 2 ,5�ƚ`w\t5�Ƕ5ĹË�Ê"/�F�Łè�Ƕ0Łù�Ƕ�Â
ö/�FâÉ�∆Ca1bb5Œ«6«3ǻ-��2,5�ƚ`w\t5�Ƕ5ĹË�Ê"/�F
�ȉ �Ɠ2FâÉ�∆Ca1bb5Œ«6ƞǶxȉǶ5ĹË6å¹%$LYkSbŠ�äµ!�

2,5�ƚ`w\t�ò¨3Ê"/�FâÉ�Œ«6ůŹ#F� 
� MTŧ0ȡ�5ģŧ0!.ÝơšåĮȌĴ��F�ÝơšåĮȌĴ6ȇƙơâĽȋå¸0
ŢćơâĽȋå¸5ÎũĴĚƯȌĴ/�ŢćĹË5ŠħĦ~Þǯ5Vwb°Yb5ĝáJ

ĩ+.�F�ǢưŚ5ǉ´Ë|0 3ś¦ŠħĦŕǿ5ǢưVyc�ȊƔ G((@�MTŧ
0ÝơšåĮȌĴ5ĝáJ�%.ĝáȆJäB!ŠħĦŕǿ5ǽÒȟǠňJǑ��0�z

ǋƖ02+.�F�ŅáÍ3��.AÝơšåĮȌĴAÊĽ3WmpuyWqw3Ǝ�F�

ÝơšåĮȌĴJǓǤ#Fȓ6Nw^SWqwxjSbt�Ǝ�DGF���}/6ǓƢJ

³Ġ#F� 
 

3.1.2� oat5ǥó 
oat5Ďŗƴ6Çģƴ/ƜºJ x�ƜŇJ y�ȇƙ}Ë�J z0!.�Ďŗƴ5�ĘJ

»ÑƏŵ�Ę�ǻ5ºǀ 40�28’�Ňƹ 140�53’0!((Ø 3.2ÀƁ)�Ȓ|5ÝĐ6ǆġ%
$�ÝǓδJ z=00!(�ǢưȞß6 x�y=[-218 km, 218 km]�z=[-154 km, 500 km]�ȗ
ơâĂǢư5(@5n_WpĴ6 xĹË 58�yĹË 58�zĹË 64/�F�Ø 3.2ȱ43
ćδØ/5Ǣưn_Wpă�Ø 3.53 z>=05ȇƙĸδ5n_WpăJƢ#� 
Ğó!(ŠħĦoat6Ʃ��ŵŢ(»ÑƏŵ)�ŮŢ(ŮūȦ�ƪĹ�5lTlxƂŢŸE�

&G�æ5zŖ2ÝƋªȃ�5 5Ʀȡ5ŠħĦ5Ɠ2Fíǯ�DŕĢ GF�lTlxƂŢ
ŸEJŘ!(ƪĹ�5�ŠħĦ�JØ 3.6�3.73Ƣ#�ƪĹ�6Ű J 5 km0!. x-yć
δ|/5�ĘJĎŗƴ5�Ę0!�zǺ� 5 km0 10 km5 2Ʀȡ5oatJǆġ!(�
ŠħĦ¡6�$GA 1 �m0!(�Ű 5 km6»ÑƏŵ}5ÝαŬ¸� 5 km�ǻ3Ȕ
�!.�F�0JǴ=�.ǥó!(ȥØ 3.6�3.7ÀƁȦ�zǺ� 5=(6 10 km5ƪĹ�
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5âÉ��Ƨ6&G'G 125�1000 km302E�ǘĿ 915Ĉ5ÓŽĽ5ĬóÓ¬Ȇ 2.1 km3 

ȥšǭĊȧ2013ȦJèĆ3|ÔF���5zǺ 5=(6 10 km5�ŠħĦƪĹ�6Ý}5
mush ȃ3Ì=GFåǯĄ21AÌ@.Ğó!.�F(@��Ƨ6 915 ĈÓŽ5Ó¬Ȇ
J|Ô+.AĂ!ı�2�0¯ĸ!(���/6zǺ 10 km5ƪĹ��ǞŴ3CFő¬ņ
�JŁAƿ@(âÉ5|ȏ�zǺ 5 km 5ƪĹ��ƊôƖ2lTlƂŢŸEJĞó!.�

F�»ÑƏŵ3,�.6ŢŰJzŖ3 200 m0!�ŵŢ5ŠħĦJ 5 �mȥ��7ǍƟx
�ȧ2011Ȧ0!(�Ǣưoat3ÄE§G(»ÑƏŵ5ćδØ|5ĐƇJØ 3.83Ƣ#�Ů
Ţ3,�.6�Ǣưn_Wp/ǥó!(ćδ|/5ÈŢćn_Wpª/5ćÞŮČŰč�

ȰĹË5Ǣưn_Wpãƒ3ǻ�Ű =/JŮČ0!(�z=0 �DŮČ=/JŮŢ0!.
0.3 �m0!(�oat3ÄE§G(ŮūJćδØ|/Ø 3.9�103Ƣ#�|Ǥ�æ5ÝƋ
ªȃ6zŖ3 500 �m0Ǆ�(� 

 
3.1.3� �ŠħĦ�5łſ3CFǞŴay]5å¹ 
ǞŴž6�ĘĎŗJ�Ę0#FÝǓδ3 5 km°>5 11 115Ŏîž|3ǥó!(ȥØ

3.2�3ÀƁȦ��!ŵª3�Ǆ#F 3ǞŴžJȑæ!.�Ǣ 118ǞŴž/5MTay]Á8
ÝơšåĮȌĴJǢư�Ǡň#F�ÎŃ6Łȉ 2048Ƥ�Łƞ 0.015625Ƥ (ÎũĴ 64 Hz)
ȋ5QS]yi°> 18ÎŃ0!(� 
� ÎũĴȞß5ȗơâÁ8 MT Nwgy^wY`w\t�ÝơšåĮȌĴ5Ǣư3,�.
6 Siripunvaraporn et al. (2005)�Siripunvaraporn and Egbert (2009)3CF 3ś¦Šħ
ĦŕǿǠňVyc�WSINV3DJƎ�(�WSINV3D6 Staggered Grid5ĂǢư3CF
3ś¦ŠħĦŕǿ/5ÎũĴȞß5ȗơâǢưȥSmith, 1996ȦJôǕ#FȭȮNwgy^
wY`w\txÝơšåĮȌĴ�DǽÒȟJǠ�. 3 ś¦ŠħĦŕǿJĬó#F�®Ǣư
Vyc/�F� 
WmpuyWqw6²Ʊ/Ǩļ!(ȪƦȡ5�ŠħĦ�JǄ�(âÉ0Ǆ�2�âÉ5

3 Ʀȡ5oat3��. 118 ǞŴž/ǞŴ GF MT ay]Á8ÝơšåĮȌĴJ&G'
GǢư!�� Ø 3.1 /Ƣ GF�ƚ`w\tŒ«0(9)ď/Ǔ GF�2�� 2 Ʀȡ5lT
lxƂŢŸE��Foat&G'G0lTlxƂŢŸE�ſ�oat05ǞŴȆ5Ȃ�J

(10)ď5�ǶŒ«0 2�Ƕ5å¹5ưǒćÞ�J&G'GØƢ#F�0/��ŠħĦ�5ł
ſ3C+.ǞŴ/ĖDGFȭȮay]5å¹�ŃĒ/�F�JƢ#��3��F�ƚ`w

\t5ưǒćÞ3CF�Ƕå¹Ȇ(��)3,�.6��ŠħĦ��ſ�oat/Ǣư G(

(1)ď3��.�Zij5ôȃxǐȃ¨.5ǧĂJÎũĴş3d3+#'+'#3 5 5 %0!.ǧĂ�į

±�DΦP/#=(6ΦP1R5ǧĂȥ	�ȦJǢư!�&5¡JƎ�.ǜŎ¹ŞĂ/Ǔ#�¾*� 

∆ΦȬ
E

4
	
|fWghX|Z|fWgij|

fW
                            (11) 

��/	�max�	�min� 2 �Ƕ5å¹Ȇ/�F�ú�ǧĂ�į±�DǢư GFΦP/#�

ΦP1R5ǧĂ�	�6Ʈ!����� 1 Jǲ�(âÉ�5 %�|�Ƕ�å¹#F�0JğÏ
!���/6&GJǞŴȆ�łğ3å¹!(0óǅ#F� 

 



� �������

3.1.4� İ�ǞŴay]3à-�ǽÒȟǠň5ǥó 
WSINV3D3��FǽÒȟ5Ǡ6�oatȥŠħĦŕǿȦ�DǢư¡0ǞŴ¡5ŞĂ0�
ţ@Foat0�@��(oat�D5$G�ƩȋƖ3ĨĳĹƥď3ĕI2�čÉ�5Ñ

JŁù3#FC�3oatJţ@.�F�©�Ɩ36� 
k = (lmno − lp/q)

Orl
DE(lmno − lp/q) + s

DE(t −tu)
DErt

DE(t −tu)�   (12) 
JŁù¹#F���/�d6ay]jSbtȥMTNwgy^wY`w\t0ÝơšåĮȌ
ĴJ�:(®jSbtȦ�}��5 obs�cal6ǞŴ¡0Ǣư¡JğÏ#F�m6oatf°
ny]jSbtȥƩȋJ³!(ÈƙĹ�ª5ŠħĦJ�:(®jSbtȦ�m06�@��

(àŷ02Foat�Cd6öǟȝ�ay]jSbt3öĚ#Fay]5ĳ�Cm��D�

"@��(ĨĳĹƥď5Ǡ/�F�
6eNfyf°ny]0Ð7G�ƭ 1 ȝ5Ȅ>��
ŞĂćĹÑ0ƭ 2 ȝ5ĨĳĹƥď�D5$G5Ñ5Ȅ>-�JǑ���ƭ 1 ȝ�eNfy
f°ny]JåĴ0Ǆ�(âÉ3œù¡�ïÜ#F�0��+.�F5/�&�/5¡

/eNfyf°ny]JŤó#F���/ńƝĴ6 m/�dcal� m5Ĳǡ3!(�+.å
¹#F�Ǣư6ÎũĴş3³!.�®ǢưJǑ�(18�®)���/ǥó!(ǽÒȟ6��
ŠħĦ�J�ó!( 2oat3ö!.²Ʊ/Ǣư G( 118ǞŴž�18ÎŃş5ȭȮÎũ
ĴĚƯȌĴ0ÝơšåĮȌĴ3ö!.�MT ÎũĴĚƯ Zij 5ôȃxǐȃ¨.5ǧĂJ

d3+#'+'#3 5 5 %0!� D3&5¡J 1ŗŷ¢Ă0#FŜǜădNZJµ�.İ�ay

]0#F�ÝơšåĮȌĴ3,�.6�Hx, Hy3��FåĮȌĴ5ôȃxǐȃş3ÈåĮȌ

Ĵ5ĪĆ5 5 %JǧĂ0!�&GJ 1 ŗŷ¢Ă0#FŜǜădNZJµ�.İ�ay]
0#F�m03,�.6lTlxƂŢŸE�ſ�oatJ��F�=(oatf°ny]j

Sbt m3,�.6�Ʃ�0ŵŢȃ0ŮŢȃ6ĺƝ0!.¡J���åĴ0!.ĤI
2��ǽÒȟ5Ƹ�¯ó6ǜŎ¹ŞĂ��Ñ(normalized root mean squared misfit��}
RMS misfit)� 1.0J}Ô+(0�H/Ƹ�#F�RMS misfit6� 

vwx	A@y%@z = 	
E

{
d(lmno − lp/q)Orl

DE(lmno − lp/q)            (13) 

/óǅ GF�N6ay]5 Ĵ/�F�RMS misfit� 1J}ÔF0�WSINV3D6

�Łè02FC�ǠJīƶ#F��ŅáÍŀ/6 RMS misfit� 1J}Ô+(
=15âÉ
JǠ0!(��|5Ǣư6ŇºèðèðΩƌðƠƨƣΦýÝαxÓŽ�ƝƠƨǞŴ[w]

y3ǥǄ G.�FsLtVwgpy`MwTȥŌȦǖ AMD Opteron 6386SE RC 
Server Calm 0Nw`thPyb°w 2018JƎ�(� 
  



� ��� ���

 

 
Ø 3.1. �ƚ`w\t5Œ«ǓƢ�N�Ɯº�E�ƜŇ32F� 

 

 
Ø 3.2.� Ǣư3ǥó!(n_Wp5èǂû5ćδØȥz=0ĎŗδȦ�ºË�� xǶ�Ň
Ë�� yǶ�»ÑƏŵ05�ǄȌ�JƢ#(@3ÝǓδ5ÝĐØNnyX3Ȅ4(�
Ǣư/6Ȓ|5ÝĐ6ǆġ!.�2��Ȥ��ǥó!(ǞŴž(¨ 118ž)� 

 



� �������

 

Ø 3.3.�  Ǣư3ǥó!(n_Wp5�ǂû5ćδØ�ǞŴžÎǺ5>n_WpJƷ�
�!.�F� 

 
Ø 3.4.� Ǣư3ǥó!(n_Wp5ùǂû5ćδØ�Ø�ƕƾ5ŁæŊ� x-yćδ|
/5¨ǢưȞß� 

 



� �������

 
Ø 3.5.� Ǣư3ǥó!( z>=05Ȟß5n_WpăJƢ!(ĸδØ�ǁǶ� zǶ, ř
Ƕ� x=(6 yǶ� 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Ø 3.6.� Ğó!(lTlxƂŢŸEJŘ!( 1Ǻ 10 km5�ŠħĦƪĹ��šǭĊ(2019)
5αŶăØ3Ȅ4(�Ţć0ȇƙYUyt6 5:4�ƪĹ�5ŠħĦ6 1 �m�»ÑƏŵ
5ŵŢ6 5 �m�»ÑƏŵ5Ű 6 200 m�ŮŢ�lTlxƂŢŸE�Ʃ��ŵŢ�æ5
Ý�Ȟß6 500 �m0�ó!.�F� 

H:V = 5:4 
��2019� 6� 1��11� 30���
�
��2016� 10� 1��2019� 5� 31���
�
����	����

1 Ωm�

5 Ωm�

1 Ωm�

500 Ωm�

1 Ωm�

500 Ωm�



� �������

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Ø 3.7.� Ø 3.63Ê"�()!�1Ǻ 5 km5�ŠħĦƪĹ�5âÉ� 

 
Ø 3.8. ŠħĦŕǿoat3ǥó!(»ÑƏŵ5ĐƇȥŢǌ5ȞßȦ�Ű 6zē3 200 m
0!�ŵŢ5ŠħĦ6 5 �m0!(� 

H:V = 5:4 
��2019� 6� 1��11� 30���
�
��2016� 10� 1��2019� 5� 31���
�
����	����

1 Ωm�

5 Ωm�

500 Ωm�
1 Ωm�

1 
Ωm

�

500 Ωm�



� �������

 
Ø 3.9. ŠħĦŕǿoat3ǥó!(Ůß5�ǂû5ćδØ�ŮČ6Ţćn_Wpª5ćÞ
ŮČŰ Jǥó!�&5Ű =/J 0.3 �m0�ó!(� 

 

Ø 3.10. Ø 3.93Ê"�()!�ùǂû5ćδØ� 
 



� �������

3.2 � ƺŉ 
3.2.1� �ŠħĦ�5łſ3CFǞŴay]5å¹ 
Ø 3.11 6��ŠħĦƪĹ��ſ�oatÁ8ȩǺ� 10 km 5�ŠħĦƪĹ�J�ó!

(oatȥØ 3.6Ȧ3C+.Ǣư GF�ƚ`w\tŒ«ȥØ 3.1Ȧ0(9)ď5�2Á8(10)ď
3CF�Ǉ5Ă5Œ«ǓƢ0�Ƕå¹5ưǒćÞ5ǜŎ¹ŞĂJƓ2FÎŃ=(6ÎũĴ

ş3ćδØ/Ƣ!(A5/�F�Ø 3.126ÊŖ3 1Ǻ� 5 km5�ŠħĦ�J�ó!(o
atȥØ 3.7Ȧ5âÉ5ƺŉJƢ!(A5/�F�()!��ƚ`w\tŒ«6¨ǞŴž/
�maxJÊ"ȉ /ǜŎ¹!.�F� 
Ø 3.11JǛF0�ÎŃ 256ƤCEȉÎŃÁ8ÎũĴ 8 HzCEμÎũ/6�Ȃ��ǛD

GF56»ÑƏŵÎǺ3ȏDG.�E�Œ«ĐƇALYkSbŠ�è��==/�Ƕ5Ĺ

Ë5å¹6ù ���,�Ƕ5ȉ å¹AŝK1�łğ3å¹!.�2��zĹ�ÎŃ 128
Ƥ�DÎũĴ 4 Hz5Ąß/6Ƞǎ2å¹�ŃĒ/��Ɔ3 1ȱ128Ƥ5ÎŃĄ/6;<¨
.5ǞŴž/å¹�ǛDGF�2 decade �|5Ąß/ċß3å¹�ǞŴ GF(@�ǽÒ
ȟ3��.A 1Ǻ 10 km5�ŠħĦƪĹ�5âÉ36�&5ïÜJő¬/�F0ǆ�DG
F� 
zĹ/Ø 3.125 1Ǻ� 5 km5�ŠħĦƪĹ�oat5ƺŉJǛF0œ@.ȏDG(Î

ŃĄȥÎŃ 2Ƥ�DÎũĴ 4 HzƥčȦ��,ȏDG(Ȟßȥ»ÑƏŵÎǺ5>Ȧ5>/!
�Ƞǎ2ǞŴȆ5å¹�ŃĒ/�2��Ɔ3ÎŃ 32ƤCEȉÎŃ¤Á8ÎũĴ 8 HzCE
μÎũ¤/6;0K1ǞŴȆ5å¹�ŃĒ/�2���GD5�0�D�ǽÒȟ3��. 1
Ǻ 5 km5�ŠħĦƪĹ�Jė¦#F56ÖȖ/�F�0��Ğ GF� 
�max>>�min /�F(@Ø 3.11�3.12 /�2�Ǜǹ���Ø 3.11 5oat5âÉ3

6�ÎŃ 16ƤȱÎũĴ 8 Hz3��.�»ÑƏŵÎǺ5ǞŴž5>3��.�2� 50�J
ǲ�.�F�&G�æ5Ąß0ÎŃ 16ƤȱÎũĴ 8 Hz5»ÑƏŵÎǺ�æ5ǞŴž/6
�26 40�ȱ50�5Ʋ×3Ã=+.�F�Ø 3.125oat5âÉ/6�¨.5ǞŴž�¨
.5Ąß3��. 40ȱ50�5Ʋ×3Ã=+.�F��ŠħĦƪĹ��ſ�oat/A¨.
5ǞŴž�¨.5Ąß3��. 40�ȱ50�5Ʋ×3Ã=+.�F� 

 
3.2.2� İ�ǞŴay]3à-�ǽÒȟǠň5ƺŉ 
Ø 3.13ȱ156�1Ǻ 10 km5�ŠħĦƪĹ�J�ó!(oat/Ǣư!(¡0Ýơš

åĮȌĴ�D 3.1.4Ʊ/ǤΔ!(Ĺŧ/İ�ay]J×Ģ!�&5ay]JƎ�.ǽÒȟJ
Ǡ�(ƺŉJƢ!(A5/�F�Ø 3.136ĖDG(ƺŉJŰ ş3ćδØ/Ƣ!(A5�
Ø 3.14 6Ŗ�2ǀč3��FŇǘĸδØ�Ø 3.15 6Ŗ�2ƹč3��F¼ºĸδØ/�
F�WSINV3D3CFǽÒȟ6�1ÔƘ5N]uyWqw/ RMS misfit� 1.0J}ÔE�

=1 /6 RMS misfit 6 0.871 /�F�ĖDG(ƺŉJŠħĦ5¡0ãƒ5ĐƇ0�� 2
,5Ǟž/ǛF0�İ�ay]J×Ģ#Fȓ3Ǝ�(ŠħĦ5¡/�F 1 �m6ǽǠň3
C+. 20 �mƥč=/ė¦/�.�F�ãƒ5ĐƇJǛF0�¦5 1Ǻ 10 km5ƪĹ�
�D�ŠħĦȃ�ź>)!(Ʋ×6ƃ¤ 5 kmƥč/�F�()!�ŠħĦ¡AĐƇAe
Nfyf°ny]3�ï#F�03Ūğ#FęǙ��F�!(�+.�óěƖ36�ŠħĦ

��ïÜ!.�,Ŕ4 1Ǻ 10 km5ƪĹ�ƥč5ċ�E/�F�0JǦǬ/�F0ǆ�D



� ���	���

GF� 
ÊŖ3�Ø 3.16ȱ186 1Ǻ 5 km5�ŠħĦ�oat5âÉ5ƺŉJƢ#��5âÉA

1ÔƘ5N]uyWqw/ RMS misfit� 1.0J}ÔE�
=1/6 RMS misfit6 0.824/
�F�²Ʊ/6��ŠħĦ�5łſ3C+.ǞŴ GFay]5Ȃ�6ÎŃ0ǞŴž5�Ǉ

3ö!.ȏóƖ/�F0ƺǫ!(��ǽǠň3��.A�ŠħĦ�ŁA��iv_S/ 200 
�m�|/�ǈľ5 500 �m0ŝK1èĂ�2���5ƺŉ�D�1 �ȯ0��Țą3μ
�øč5�ŠħĦ��ïÜ#F0��¯ĸJ}#�06ÖȖ/�E��Ô5īŋņ�/6 1
Ǻ 5 km5�ŠħĦƪĹ�Jő¬#F�06~Åǉ0ǆ�DGF� 
  



� ���
���

 

 

Ø 3.11.ȥāȦ�ŠħĦƪĹ��ſ�âÉ5�ƚ`w\tŒ«0�2 �ȥ�ëȦØ 3.65oa
tJ�ó!(âÉ5�ƚ`w\tŒ«0�2�ȥÇ)(10)ď3CF�Ǉ5Ă5Œ«ǓƢ0�Ƕ
å¹5ưǒćÞ5ǜŎ¹ŞĂ�ÎŃ 2048ȱ512Ƥ5âÉJƢ#��23,�.6ŅĵÀƁ� 



� �������

Ø 3.11. ȥƼ�ȦÎŃ 256ȱ64Ƥ5âÉ� 



� �������

 

 

 

Ø 3.11. ȥƼ�ȦÎŃ 32ȱ8Ƥ5âÉ� 
 



� ��� ���

 

 

 

Ø 3.11. ȥƼ�ȦÎŃ 4ȱ1Ƥ5âÉ� 
 



� �������

 

 

 
Ø 3.11. ȥƼ�ȦÎũĴ 2ȱ8 Hz5âÉ� 

 
 



� �������

 

 

 
Ø 3.11. ȥƼ�ȦÎũĴ 16ȱ64 Hz5âÉ� 

 
 



� �������

 

 

 
Ø 3.12.� Ø 3.110Ê"�()!Ø 3.75oatJ�ó!(ƺŉ�ÎŃ 2048ȱ512Ƥ5â
É� 
 



� �������

 
 

 
 

 
Ø 3.12. ȥƼ�ȦÎŃ 256ȱ64Ƥ5âÉ� 

 



� �������

 

 

 

Ø 3.12. ȥƼ�ȦÎŃ 32ȱ8Ƥ5âÉ� 



� ���	���

 

 

 

Ø 3.12.ȥƼ�ȦÎŃ 4ȱ1Ƥ5âÉ� 
 
 



� ���
���

 

 

 

Ø 3.12.ȥƼ�ȦÎũĴ 2ȱ8 Hz5âÉ� 
 
 



� �������

 

 

 
Ø 3.12.ȥƼ�ȦÎũĴ 16ȱ64 Hz5âÉ� 

 
 
 



� �������

Ø 3.13.� Ø 3.65oat3CFİ�ay]3à-�ǽÒȟ�DĖDG(ŠħĦoatćδ
Ø(Ű 0.15ȱ7.5 km)�ƕƾ6»ÑƏŵ5�ǄJƢ#(@5ŗμ 450 m0 500 m5ÝĐ
Ʈμƾ�éƾ6�ŠħĦ�ƪĹ�oat5�Ǆ�Ȥž6ǞŴž5�Ǆ� 



� ��� ���

Ø 3.13. ȥƼ�ȦŰ 8.5ȱ19.5 km5âÉ� 
 
 



� �������

 
Ø 3.13. ȥƼ�ȦŰ 21.0ȱ25.0 km5âÉ� 

  



� �������

Ø 3.14. Ø 3.133Ê"�()!�ŇǘĸδØ(¼ºĎŗ 15.62ȱ-1.88 km)JƢ#�ǽ{ǟ
ž6 2.5 km�ª5ǳȕ3�FǞŴž5ĥđ�Ǆ� 



� �������

 
 
 
 
 
 
 
 

Ø 3.14. ȥƼ�Ȧ¼ºĎŗ-3.12ȱ-15.62 km5âÉ� 
 
  



� �������

Ø 3.15. Ø 3.143Ê"�()!�¼ºĸδØ(ŇǘĎŗ-15.63ȱ1.88 km)JƢ#� 
 



� �������

   
 
 
 
 
 
 
 

 
Ø 3.15. ȥƼ�ȦŇǘĎŗ 3.12ȱ15.62 km5âÉ� 
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Ø 3.16. Ø 3.133Ê"�()!�Ø 3.75oatJƎ�(âÉ�Ű 0.15ȱ7.5 km5â
É�  
 



� ���
���

Ø 3.16. ȥƼ�)Ű 8.5ȱ19.5 km5âÉ� 
 
 



� �������

Ø 3.17. Ø 3.163Ê"�()!�ŇǘĸδØ(¼ºĎŗ 10.62ȱ-6.88 km)JƢ#� 



� �������

Ø 3.17. ȥƼ�Ȧ¼ºĎŗ-8.12ȱ-10.62 kmJƢ#� 
 
  



� ��� ���

Ø 3.18. Ø 3.170Ê"�()!�¼ºĸδØ(ŇǘĎŗ-10.62ȱ6.88 km)JƢ#� 



� �������

Ø 3.18. ȥƼ�)ŇǘĎŗ 8.12ȱ10.62 kmJƢ#� 
 
  



� �������
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Xc¸°x¼D�¬� 5ð10 km ��q�*)/=4<d°808�!(��R,»º

����hèªÕ®©ëhèªÝ�5:0<7-AÖ�@hèª{©Ö�@>1A6Aã

�Ö�ìY MT©�j��hD¡Þ����Ò��k@½Ó�[å,Ð��HD�&��
ÅÛ	�'*�� 
hèªÕ®©���2.1.3Ä�¿��&���Xc¸/=4<¼D�808�!(ëJÝ
�êiì	 10 kme�À��¦|�^�~	(,��l]��*��/=4<bÜ���
�Ì�hèÕ®È,wá� 10}À�Õ®,ÆÇ�)����*,�R�Ý�Pyß,�
q�)��\Ë��)�	S����B��808�!(�n
�	 5 kme�HD�
v��l]��/=4<bÜ�äCÕ®±�",·��808�!(�n
�%ÏÁß�

ÙM�%%fæ��)�	T����!��hèª{©%>1A6Aã��&)Ö��

���$�Xc¸/=4<bÜ���ØqzhèÕ®È�Õ®±s�	J��#�808�

!(��R��#��Ì�Õ®�r��à�â�+�)�ØÕ®±�4A3ÏÁ	�Ò�

�)��ka���r¶\Ë���)Ì�Õ®±�NÑh±����$�×Å�,¿��� 
MT©���3.2.2Ä�¿��&���808�!(ëJ¤��Kì	îÜ 10 km�Â�
K��*��.?6A2;?Ö��&��J¤��K,.9A2?0�
)$�����¤

��O��Qµ�J��¶rº�Õ®4A3�'808�!(��)�_��TU��


��	�J¤��êi��²��½\Ë��)�É�'*)��'�vÔ¢�îÜ 5 km�
808�!(,�q��l]���¤��K�.9A2?0ÍK	fæ��)�	S�

���Xc¸/=4<�&��¦§/=4<�l]�¯��� MT Õ®,Ð+�����
V����808�!(�.9A2?0�fæ��)� 
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