
 

!!����7/6=9�� )�($&-+','�
%

>��'�.��<��*��)��	�(�$�<%

�����"'#���)��<���'305841:;2>%

éǛ¢ƀƜßƂƉĭƤ¬� ňũéǛƄöƂƉħ� Ɓ¤� Ɣ�ţ¤ĎČ�

�

�§ 1U������

��ÀŻƽäŝ¥éǛ¢ƀƜßƂƉĭƤ¬ňũéǛƄöƂƉħǢ¨ęǬĒƂƉħǣZ`é�

ŤǍ^DAYǨÝ_ƳãZƭĳ_ŮųǏ_ưŦFÜƢ]ƳãǢ�u���éŕšÏƜßư

ŦƬƝǣsǔŹLYAo �1())�%2�"+���
��
�!ǧJ_Ƴã`ǨÝZŔƳǪĦÆǥ»ĵƳǩ

ĦÆǥéǛƳǪĦÆǥƃÌƳǪĦÆǥǠĤčťčƳsİǃLYAoǧéǛ^ǕǉLT·Þ

sưŦNo^`éƫlnié�ŤǍZưŦNoĸF¥Ćź]�v�jŗƼ^lo�v�_

ĕǝFÿKHĜÿ]·ÞsưŦNoJ[FZGoĲ�u���Ƴã_ǔŹsúĹLYAoǧ

óƿ^³ŵNoğÌ^lnưŦKpoŔíÑ`ŴOoFóƿ_đġùĳ^lnŸ]oǧĚ

WYŔ_ưŦlniğÌ_ưŦ_ĸFŅƿźZ@o�fT�°Ʃ�§Ǣ	���ǣ^lo[éǛ

_ŹŴsƠCoìß^`óƿ^ğÌFƧƈKpĶāǢËpŽǣ_ÊĶNdn^lnğÌF

ƲıKpo[ABǋƅsƠýNo_FŮųź]ĠƠZ@nğÌFĿƖź^ĞƮ]ưŦǏ[

ǆdYAoǧRJZ�ğÌưŦ_ĞƮġsƠĥLƦơm`Ľ^ķLHğÌ_ǉƛưŦFÜƢ

]ƳãsǔŹLT �1())�"-$��1")Ǣ
�	��!�¨ęǬƺĴ 	ǣǧJ_ğÌƳ`ğÌ_gZ`

]HŔiưŦÜƢZ@oǧJ_ǔŹ^lnǥR_ę_�u���éŕšÏƜßưŦƬƝ`

	 Ý^ğÌƳǫĦÆǥŔƳǫĦÆǥ»ĵƳǩĦÆǥéǛƳǪĦÆǥƃÌƳǪĦÆǥǠĤč

ťčƳ]\sİǃZGoJ[^]nǥRpm_ªģ_ƗgßrP^loİǃiÜƢ^]W

T��

Ɓ¤�§�
�	��Ǣ¨ę�ƺĴ 
ǣ̂ DAY`ǔŹKpTğÌƳjĚŇ�v�_ŔƳF�
�		

Ċ � ŀ 		 ĺ_ňÒéĸðĉşŜéǛǢ������ǣǢ¨ęǥňÒéǛǣ_éǛŞēsĿïĭĈ

iàhY÷¿^ƴǒNoJ[FZGŠŞ_ŞǠ¢Ŧ^iĖ^ƊXJ[sǆdYAo�fT��

ǉƛưŦŵ_�u���ğÌƳFňÒéǛ^ĿiǅAŭǡǢǛñǁǙƒ ��*,ǣ^ƵƝLY

@WT[LYi~{��uw�PO^ğÌéǛŞējŴMTř¡ğÌsƴǒZGoJ[s

ǆdYAoǧžŢĦÆ^iğƎNoJ[jǛŨ^ǕLYéǛƳ[Ÿ]oŮųĢësěoJ

[FZGoJ[]\iǆdYAo�ǉƛưŦŵ�u���ğÌƳ`R_§^iAqAqů

!"#$%&'()*+,-. /012345657568493:5;16!"#

- 131 -



 

ĝF@nķLAJ[irEWYGT�Rpm^XAYƠýNoJ[`ưŦKpT���_

Ʋǎ�ųƲ^iĖƊX[ƠCmpo�ŅƇ^DAY`ǔŹLT�u���ǉƛưŦğÌƳ^

ǕNoķLAƘŉsàhTůĝ_f[h[ƠýLTƘŉsǆdo��

55ǩ95ǫ�_ƶƕ`ǘƷ<éǛ=^īƇLTüľsÙūKpTA:�

�

� § 2ǧ80O�80�@�*=$MD��"�

§ 3ǧ80O��!MD�#"80�@�G�!4H�693;�>K��A� #"�

� § 4ǧ��80O�MD�#�+?.)1R:/�SI:/�J,B7��"��� � �

§ 5.� 80O�MD�"@�2-�/NL����

§ 6ǧ80O'@O� ��
�	�����
����2-�5��

�

§ 7ǧ80D3�T�"QP�&(%�CF�

��ğÌƳZǉƛưŦLYAoğÌ¸`ſþíÑ[LYĩWYAo�LEL]FmƺĴǨ^

DAYǆdYAoğÌōù`ŘZŧTKpTÃƍûãÂ^ğÌƳsƵƝLYŘçsÍCY

ÅÌǚç[_ǕµsŚhYAo�ĚWYJ_ōù^DAY`ōùļ_ťčņ©^DIoğ

Ì_ƚþōùsLYAo�N]rVÍCmpTğÌ¸^þNoÅÌǚçsŚhYAo�ğÌ

Ƴ`úǗ_ưŦ^ŵAmpoìß`ăż ^�u���sĮÉLƣďġ_z�w�^ln

ăż[æhmpo�ĚWYōùsLTļ[ťčņ©FŸ]o��Ĥčōù³Ŏ_���^l

o[ťčFíro[ĬïƬƝ_ÅÌǚç_���`íÑNoǧLELŸ]oťč���^

DAYí¯íÑ^loÅÌíÑ_Ëß`e[t\írm]AǧíÏ`ĬïƬƝ_íēZō

ƀNoǧ@oťčZ_ǓKF�8�ZťčFŸ]oņ©Z_ǓKF�8Ǥ682[No[ǓKFĜ

ÿíÑLTļ_ǓK`RpSp�8Ǥ68�[�8Ǥ68Ǥ6ǩ82�[]nĿę_Ǟ`ǜć^ÿK

AǧLTFWYſþíÑc_ĕǝ`ÿKH]oǧ�ĸZ�u���Â_ťč`@mEMh

rEWYAo_ZRp^ǅAťčZçÌōùsLYAoǧfTǥğÌƳÂ^`ǠĤčťč

ƳsÂƨLYAo_ZŸć]ťčíÑF@parEoǧúǗ^`ŤA�u���^DIo

ťčíÑ`ÿKHĊíÑ`ÓÆ_�čƅčǥĺíÑ`ÔÆ_�čƅčZ@oǧ¦ę�śhm

pTÍçņ©^DAYťčíÑ[ÅÌǚç[_Ǖǉ]\sƹdYƚþğÌs\JfZŚh

oJ[FÅŇoEƹdo¢ùZ@o�� � �

- 132 -



 

ƺĴ 
 ZiǆdYAoF�u���ƳãZěmpoĒƂƉħ_���`ĨƛNoJ[^

lnǥUpZiÈŵZGoǧfTǥĒƂƉħ_ğÌƳ�ŔƳZưŦKpTéǛŞē_��

���~iŏƑ Zǅ;îH_ƂƉơ_ÈŵFÜƢ[]oZ@qB ƋØǢ
�	�ǣ!ǧ�u

���Ƴã^lo���`ïG]éǛŞZiǛŨ_ǅº^DAYi~{��uw�NoJ

[]HưŦZGoJ[EmŠŞ_ŞǠ¢ŦƂƉ^ÈŵZGo�fT�éǛƳ[`Ÿ]oŮų

ǏsưŦLŸ]oĢësěoJ[FÅŇoJ[EméǛ_�x���ƂƉ^DAYiƾŰ

ZGo[ƠCoǧ́ CağÌƳ` �� ĦÆfZğƎNoJ[EmǓâłéǛƳZ`rEm]

AĶā_ÏGsÇhEmĿƖ¹œfZ_íÏFƴǒZGǥǓâłéǛƳZ`ěmp]Aķ

LAĢëFěmpo>´CaƺĴǩ?�fTǥǓâłĐǛƳ`ŲèǥõèL]AFğÌƳ`

ǛŨǅº^DAYi~{��uw�L]A>ƺĴǩ?J[Emžį -%"0�&)%+$ _ĢëFě

mpoǧǛŨǅºZ`íÏ`×Ɠ]Ǔâłź]íÏFÖǀLYAo[ƠCmpo�ğÌƳ�

ŔƳ_���F�ǆ_lB]ƂƉjR_§_ƂƉ^îH_¥^lWYÈŵKpoJ[sł

ĘNoǧ�

� �

§ 8ǧ����

ĒƂƉħZǔŹLTǉƛưŦŵ_�u���ğÌƳ^ǕLY`ƺĴǨ^DAYǆdmp

YAoǧRJZ`ňÒéǛ_éǛŞēsĿïĭĈiàhY÷¿^ƴǒNoJ[FZGŠŞ

_ŞǠ¢Ŧ^iĖ^ƊXJ[sǆdYAo�fT�ƺĴǩ^DAY`ǔŹKpTğÌƳ_ư

ŦÜƢƐåFČAJ[�žŢĦÆ^iğƎNoJ[jǛŨ^ǕLYéǛƳ[Ÿ]oŮųĢ

ësěoJ[FZGoJ[]\sǆdYAo�ǉƛưŦŵ�u���ğÌƳ`R_§^i

AqAq]ůĝF@n�RpmsųƲLYDHJ[`¦ę_éǛƂƉ^iĖƊX[ƠCm

po�RJZŅƇ^DAY`�u���ǉƛưŦŵğÌƳ^ǕNoķLHěmpTƘŉs

àhTůĝsf[ho[[i^ƠýLTƘŉs_dT��

ƠýLTÂû`¨�_ŐZ@o��<ğÌƳ`ğÌ[Ŕ_�ĸsưŦZGo=^DAY`

ğÌƳFğÌ[Ŕ_�ĸsưŦZGoJ[_ƸĻ_eE^ğÌƳ_ŔưŦ|~��`ĚŇ

_Ãƍ_íēsŦùNoŔưŦlnŦù|~��FųƲLjNA�^ƬƝ_ �.3-' űiŚ

hoJ[FZGoJ[sǆdYAo�<ğÌƳ^lnưŦKpoğÌ`Ŕ[Ÿ]năż_đ

ġùĳFńƀZiŚhmpo=^DAY`ğÌƳ^lnưŦ�ŦùNoğÌ`êƵƵƝL

Y@oăżóƿ_đġùĳ^Ǖµ]L^ŚfoJ[sǆdYAo�Ŕ`ğÌƳ_Ĭïőŏ

- 133 -



 

_ŔsŦùLYAo_Zăż_Ŕ`žįŚfm]AFĬïőŏ_ �.3-' űFŚhmpo_

Zăżóƿ_ �.3-' űFrEpaăż_ŔiŚhmpoJ[sǆdYAo�ưŦKpTğ

ÌjŔ_éǛŞē]\sgo[ǓâłíÏ_ìß�£Œ¼�íǏĦÆ[ǑžĦÆ`ſ®Ş

ēZ¯ſFǇ^]WYAo�J_ųŷsƠýLT_F<]Q� ğÌƳZưŦKpT£Œ¼�

íǏĦÆ[ǑžĦÆ`ſ®Şē^]o_E=Z@o��u���ğÌƳZưŦKpoíÏ_

ÆƲƢ`é�^DAYưŦNoí¯]\lnǩŌǅHÆƲƢFlA�J_J[sǕňéǛ�

ňÒéǛj«ƻ_ƞŹéǛ_ưŦ���sŵAYǆdT_F<�ğÌƳZưŦKpoğÌ�

Ŕ`ò²^ÆƲƢFlAE=Z@o�<ğÌƳ�ŔƳ_ $4-",)#�0"-'%�`ò²^ČAE=

^DAY`ƺĴǨ^DAYǆdTƘŉ^ÍCYKm]oƠýiÍCT�fT�ƚþğÌŦù

^ǕNo¦ę^XAYiǆdT��

�u���ğÌƳ^lnưŦKpT���`Ųè_éǛƳj ���� ]\^loưŦ��

�Z`ěmp]AŮųǏsưŦNoeE^ �� ĦÆ_ưŦ]\AqAq]ůĝsŁLYA

o�¦ę���FŁÎ^šŵKpéǛö_ǊĀ^ƾŰNoJ[słĘLYAo��

� � �

�� � � � � � � � � � � �

���������� � � � � � � � �� <E�

Ishii H. and Kato T., 1989, Detectabilities of earthquake precursors using GPS, EDM and strain % % % %  

meters, with special reference to the 1923 Kanto earthquake, 1989,% J. Geod. Soc. Japan, 

�� ,75-83,% DOI https://doi.org/10.11366/sokuchi1954.35.75. 

 Ishii H, Yamauchi T, Matsumoto S, Hirata Y, Nakao S, 2002, Development of multi-component 

borehole instrument for earthquake prediction study: some observed example of precursory 

and co-seismic phenomena relating to earthquake swarms and application of the instrument for 

rock mechanics. Seismogenic Process Monitoring, Balkema, The Netherlands, 365–377. 

 Ishii, H. and Y. Asai , 2015, Development of a borehole stress meter for studying earthquake 

predictions and rock mechanics, and stress seismograms of the 2011 Tohoku earthquake 

(M9.0), Earth, Planets and Space 67:26. DOI:10.1186/s40623-015-0197-z. 

Ɓ¤� Ɣ�ţ¤ĎČ��
�	����u���Ŕ�ğÌưŦƳã^lnưŦKpTđġ±Ìö_

�íǏ[Ƴã_·ǟġǥéǛ��������������	���
����

- 134 -



 

Ɓ¤� Ɣ�ţ¤ĎČ�ÛŅø½��
�	���ǉƛưŦŵ�u���ğÌƳZưŦKpoğÌ�

Ŕ_ưŦ��}`ò²^ČAE��7ǓâłéǛƳ_ŞēDlb ���� ���[_Ŗǂ

EměmpTưŦ���_ůĝ�éǛ���	�	���������	���
����

ƋØ� Ɔǥ
�	�ǥňũéǛƄöƂƉħ_ŔƳ�ğÌƳÓôu�vZưŦKpTéǛÏƴǒ

_Úǒ� ǦR_Ǩ� ňũéǛƄöƂƉħ�ŔğÌéǛÏƴǒ �� _ŏǈǦǥňũéǛƄ

öƂƉħëáǥ���ǥ�

�� �

ŗƼċǥ
�	�ǥĉĦ�
� ĊǢ
�		�ĊǣňÒéĸðĉşŜé�ǛƹŊëá�	����z����

�ǥŗƼċĪƪëáǥ�	��ǥ

��

 ŋÐƯ��	�
� ĊǕňéǛ^B£ƌ�ƱŪ_í¯_ÄƳƏ�� 	����Ŧéö¬

Ʒ�

��
	��

������(22/1���$.)�.0'�	��		����1.*3#()	���
��
	���

ĂŶƟ¾�Ɓ¤� Ɣ�� 
����� «ƻÕĄňǍ^DIoéŕšÏ�éǛ¢ƀǉƙ¬ �� Ċ_@

kg��
	�Ǧ

���

°ƩƥǄ�ĂŶƟ¾�ǐŃ¶Á�ǖǍÐė�ĄąǌĔǥ	���ǥĺŅ_éǛĶā������

�����yǥǡĄÅŬ¬ǥ���//��

 

- 135 -



- 136 -


