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─ ─  

 

 ≤⇔≡ ─ ≤⇔√ │⁸ ⁸ ⁸ ⁸ ≤∕─ ┘

⅛╠⌂╢⁹↓↓≢│⁸ ⌐⅔↑╢ ≢ ∆╢ ⌐≈™≡⁸∕─ ⅜ ⁸ ⌐ ⅝

⌂ ╩ ⅎ╢≤ ⅎ╠╣╢ⱴ◓♬♅ꜙכ♪ 6.8 ─ ╩ ≤⇔⁸↓╣╕≢⌐ ╦╣√

⌐ ≠⅝⁸ ╩ ∫√⁹ 

 

─  

│⁸ ⅛╠ ≤ ⱪ꜠כ♩─ ⌐ ⇔⁸ ─ ─ ⌐⁸

─ ─ ≤ ∆╢ ⅜ ↕╣√⁹ ─ ⌐ ↕╣√ ─ │⁸

⅛╠ ╩ ╢ ─ ⌐╟∫≡⁸ ─ ╒╓

⌂ ⅜ ≤ ─ ─ ⅜ ⌐ ↕╣╢⁹↓↓≢│ ⌐ ∆╟℮⌐⁸

─ ╛ ⁸ ─ ╩ ⌐⁸ ≤∕─ ┘ ╩ ╘√ ╩

≤⇔≡≤╠ⅎ⁸ ⌐ ∆╢ ┘ ─ ╩ ═╢⁹ 

⌐│⁸ ∏╣╩ ≤⇔√ ─ ⌂ ╛⁸∕─ ⌐│ №╢™│

─ ∏╣ ⁸⅔╟┘ ⌐│⅔⅔╟∕ ─ ⅜ ⇔≡™╢⁹ ⌐ ∆

╢ ─ ⌐│⁸ ─ ≢╙ ⌐ ™ ─╙─⅜№╢⁹⇔⅛⇔⌂⅜╠⁸ ⌐ ℮

╛ ─ │ ≤ ═≡№╕╡ ↄ⌂™⁹ 

 

─ ─ ≤ ─  

─ │⁸ ╩ ⌐ ┘╢ ≤⇔≡ ⁸∕─ ⌐│ ⌂⅜

⅔ ⅜ ∆╢ ⁸ ⁹↓─╒⅛⁸ ⅛╖╒℮←╪∂ ⁸ ⅛╖℮╠

ⱡ ⌐⇔≈⅝─╖╛ ⅔╟┘ ≈⌂≈↑╙╡ ⅜ ∆╢ ⁸ ⁹ 

≢│⁸ ╩ ↓∆╟℮⌂ │ ≢№╢⁹ ≤⇔≡⁸ ⌐ ↕╣√ │ ⌂

™⅜⁸ ≢│ ╩ ≤∆╢1955 7 27 ─ 6.4 ⅜ ╠╣╢⁹ 

─ ╩ ∆╢ ⅜ ≢ ∆╢ ─ ─ ⁸ ⅜

⌐ ∆╢ ─ ─ ⁸ ┘ ─ ─™∏╣⅛╩ ≤⇔≡ 30 ⌐ 6.8 ─

⅜ ∆╢ ╩ ⌐ ∆⁹ ─ ≢ ⇔ ╢ ─ │ ─

⅜ ∆╢ ≢№╡⁸ 8. 0 ╙⇔ↄ│∕╣ ─ ⅜ ∆╢ ⅜№╢ ⁹ 

 

⌐ ╩╙√╠∆ │⁸ ─ ╛ ⌐ ∆╢ ⅛╠ ∆╢╙─∞↑≢

│⌂™⁹ ╛ ⌂≥ ≢│⁸₈ ₉≤ ┌╣╢⁸ ⌐ ™ ─ ↕50km

─☻ꜝⱩ ⅜ ⌐ ─ ≢ ⇔⁸∕─ │ ╡ ⇔ ╩℮↑≡⅝√⁹╕√⁸

≢╙⁸ 6.5 ─ ≢ ↕40km ─☻ꜝⱩ ⅜ ⌐ ─ ≢ ⇔⁸ ╩

╓⇔≡⅝√⁹↕╠⌐⁸ ♩ꜝⱨ⅛╠ ™─ⱪ꜠כ♩ ≢ ∆╢ ⌐╟╡⁸

╛ ⁸ ⌂≥ ─ │ ⌐╟╢ ╩╙√╠↕╣╢∞↑≢⌂ↄ⁸

≢─ ╛ ≢─ ⁸ ™≢ ⌂ ⅜ ∂╢ ⅜№╢≤≤╙⌐⁸

≢ ─ │ ─ ╩ ↑╢ ╙№╢⁹╕√⁸ ⌐│1854 ─

─ ─╟℮⌐⁸ ≤─ │ ≢№╢⅜ ─ ─ ╙№╢⁹ 

 

⌐ ↑≡ 

 ≢│⁸ ─ ⁸ ╛ ─ ╩ ⌐ ┘ ─ ╩╕≤╘⁸

⌐⅔™≡⁸ 30 ⌐ 6.8 ─ ⅜ ∆╢ ╩ ⇔√⁹╕√⁸ ─ ─№

╢ ⁸ ─ ⅜ ™≤ ⇔√ ⌐≈™≡╙ ⌐ ⇔√⁹ 

29 12 19  
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↓↓≢ ─ ≤⇔√ │⁸ ─∏╣⅜ ╛ ⌐ ↕╣⁸ ≤⇔≡ ↕⅜10 km 

─╙─≢№╡⁸ ⌐∏╣─ ╩ ↕⌂™ ╛⁸ ⅜ ™√╘⌐ ─∏╣⅜

≤⇔≡ ↕╣⌐ↄ™ ╩ ≤⇔≡™╢ │ ≢⅝⌂™⁹ ⌐╦√∫≡ ∆╢

⌐≈™≡│⁸ ─ ה ╛ ⌐ ∆╢ ⅜ ≢│⌂™╙─⅜ ↄ⁸↓↓≢│ ─

┘ ↕⅜10km ─ ─ ─╖╩ ─ ≤⇔√⁹ ⁸ ⌐

∆╢ ─ ⌐≈™≡╙ ⌂ ╩ ℮ ⅜№╢⁹ 

↕╠⌐⁸ ╩ ∆╢ ─℮∟⁸ ⅜ ≢№╢√╘⌐⁸ ╛ ⌂∏

╣─ ⌐ ╩ ⇔≡ ╩ ╘√╙─╛⁸ ⅜ ⇔≡™╢ ≢╙∕─ ⅜

⌐ ╡ ╘≡™⌂™╙─⅜ ™⁹∕─√╘⁸ ∆╢ №╢™│ ⅜ ⌐ ∆╢

╛∕─ ⌐≈™≡╙ ⌐ ≢⅝≡™⌂™⁹ 

₁─ ⌐≈™≡│⁸ ─ ╛ ⌂∏╣─ ⁸ ⌂ ה ⌐ ∆╢ ⅜ ╠╣

≡™⌂™╙─⅜№╢⁹ ⌐ √⌐ ↕╣√ ⌐≈™≡│⁸ ╛ ⌂∏╣─ ⌐≈™≡

⌂╙─⅜╒≤╪≥≢№╢⁹ ⁸ ₁─ ⌐≈™≡⁸ ╛ ╩

∆╢℮ⅎ≢ ─♃כ♦╢⌂≥ ⅜ ╘╠╣╢⁹ 

⌐ ∆╢ ╛ ─ ─ ⌐│⁸∕╣∙╣─ ⅜ ⌂╢╙─⅜№

╡⁸ ∆╢ ╛ ⌐⅔™≡ ╕√│ ⌐ ⅜ ⇔√ ⅜№╢⁹⇔⅛⇔⁸

≢│⁸ ─ ╩ ╡ ╘≡™⌂™╙─⅜ ↄ⁸╕√ ⅜ ⌂ ╙ ⌂ↄ⌂™

√╘⁸ ─ ה ⌂ ⌐≈™≡│ ≢⅝≡™⌂™⁹ 

⌐╖√ ─ ╩ ⇔⁸╕√ ─ ─ ╩ ↕∑╢℮ⅎ≢⁸

⁸ ⅜ ⌂ ⌐≈™≡ ╩ ∆╢≤≤╙⌐⁸ ─ ─ ⅜ ™ ⌐

≈™≡│⁸ ─ ╡ ╖╩ ≤⇔√ ╩ ╘╢ ⅜№╢⁹ 

╕√⁸ ─ ≢│⁸ ↄ─ ≢│ ─ ─ ⁸ ╩ ≡│╘≡ ─

╛∏╣─ ─ ╩ ╦↨╢╩ ⌂⅛∫√⁹↕╠⌐⁸ ─ ╛ ∆╢ ─ ⌂≥⁸

≢ ∆╢ ⌂ ╩ ⇔√ ⌐≈™≡─ ╙⁸ ╘≡™ↄ ⅜№╢⁹ 
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 ⌐⅔™≡ ⌂ ─ ≤∆╢ ⁸∏╣─ ⅝≤ ┘

─  

│ ⌐ ↕╣√ ╩ⱪ꜡♇♩⇔≡™╢⁹1596 ─ ─ │ ╛ ⅜

⌂√╘ ⇔≡™⌂™⁹╕√⁸1789 ─ ─ ⁸1812 ≤1814 ─ ─ │ ™ ≢│

⌂™√╘ ⇔≡™⌂™⁹1916 ─ ─ │⁸ ה ⌐╟╢╙─≢№╢⁹2016

─ ─ M5.7 │⁸ ─ M7.3 ─ ─ ⌐ ⇔√╙─≢№╡⁸

M─ │ ≢№╢⁹ 
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ᵑ β ᵘ  

ᵒ β ᵙ  

ᵓ β 10 ᵚ β 

ᵔ β  

ᵕ   

ᵖ  ⱡ  

ᵗ   

 

 ⌐⅔™≡ ≤⇔√ ─  

β╩ ⇔√ │ ─ ⅛╠ ↄ⁹ 
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 ≢ ⇔√ ≢ ∆╢ ─  

─ᵑ ⁸ᵒ ⁸ᵓ ⁸ᵔ ⁸ᵚ │

─ ⅛╠ ↄ⁹ 

 
 

≢│⁸ ₁─ ─ ⌐ ⇔√ ╩ ™≡™╢⁹ ≤ ≤─ ⌐≈™≡│⁸₈  

─ ⁸ ⌂≥─ ⌐≈™≡₉╩ ─↓≤⁹ 

─ ─ ≢│⁸ ⌐ ─ ⅜ ≢⅝╢₈ ₉ ─ ─╖╩ ⇔≡™╢

ⅎ┌⁸ 2003, 2011 ⁹ ⁸ⱴ◓♬♅ꜙכ♪ ⅜6.8 ─ ≢╙

⌂ ⅜ ⇔⌂™ ╛⁸ ⇔≡╙ ↕╛∏╣─ ⅜ ↕╣╢╙─⌐ ═≡ ⌐ ↕™ ⅜№╢↓

≤╩ ╖⁸ ≢│⁸ ≤⇔√ ⌐⅔™≡ ─ ⅛╠│ ─ ╩ ╘⌐ↄ™ ─ ∆

╢ ╙ ⇔≡™╢ 2010

2013 2015, 201 6 │ 14 ⁹ 

₈ ₉≤│⁸ ⌐ ∆╢≤ ↕╣╢₈ ₉╛₈ │₈  ─ ⌐ ⇔

≡ ∆╢ ─ ↕─ ─ ⅎ ₉ ₉─ ⅜ ∆╢ ─ ─↓≤≢№╢⁹Schwartz and 

Coppersmith (1984, 1986) ⅜ ⇔√Characteristic earthquake model ⌐≈™≡⁸ 1989 ⅜₈ ₁─ ╕√│

∕─☿◓ⱷfi♩⅛╠│⁸ ⌐╒╓ ∂ ╙⇔ↄ│∕╣⌐ ™ ─ ⅜ ╡ ⇔ ∆╢↓≤₉≤ ⇔≡

™╢╙─≢№╢⁹ 

┘ ⌐⅔↑╢ 30 ⌐ ∆╢ⱴ◓♬♅ꜙ6.8♪כ ─ ⌐│⁸

┘ ─ ⌐ ≠ↄ ⅜ ╕╣≡™╢ ₈ ₉ ⁹ 

│⁸₈  ─ ─ ─ ₉⌐ ≠ↄ⁹ 

2010 │⁸ ↕⅜20km ⌐ √⌂™ ⅜ ≢ ∆╢

⌐⁸∕─ ↕⌐ ≠⅝ 1975 ─ ╩ ™≡ ─ ╩ ⇔√ │ ─ ╩ ⇔≡™╢

⅜№╢≤⇔≡⁸ ⌐ ⅜ ╣≡™╢ ⌐≈™≡│⁸ ∆═⅝ ─ ≤⇔≡ 6.8 ╩ ∆╢≤⇔≡

™╢⁹ 

(10)

β ─ ↕⌐ ≠⅝ ─ ╩ ⇔√ ⅜M6.8 ≤⌂╢ ⁸↓↓≢│
2010 ⌐ ™⁸ ─ M6.8╩ ™≡ ⇔≡™╢ 6 ⁹
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─ ─ ≢│⁸ ─ ⅔╟┘ ≢ⱴ◓♬♅ꜙכ♪ 6.8 ─ ╩

↓∆ ─№╢ ╩ ⌐ ∆╢↓≤╩ ⇔≡⁸ ⅛╠ ↕ 10km ─

╩ ™ →√ ⁹↕╠⌐⁸ ⁸ ⁸ ┘ ╩ ∆╢↓≤⌐

╟╡⁸ ⌐⅔↑╢ ─ ↕⅜10km ≤⌂╢ ─№╢ ╩ ⇔⁸ ≤⇔≡─ ⅜

№╢╙─╩ ⇔≡ ≤⇔√⁹↓─√╘⁸ ─ ⌐⅔™≡⁸ ⌐ ╣≡™╢ ↕⅜10km

─╙─╙№╢⁹ ─ ⅜№╢⅜⁸ ⌐╟∫≡ │ ≤⇔⌂⅛∫√ ⁸

─ ⅜ ™≤ ↕╣╢ ⁸ ⌐ ∆╢ ⌐≈™≡│⁸ ⌐ ╩ ↑√⁹ 

 

 

│⁸ 1997 2005 ⁸

2017 ⌐╟∫≡ ∆═⅝ ≤⇔≡ →╠╣√ ≢№╡⁸∕─ ⅜ ⁸ ⌐ ⅝⌂

╩ ⅎ╢≤ ↕╣╢╙─≢№╢⁹ 1997 ⌐╟╣┌⁸ з╕√│и⁸⅛≈

╕√│ ⁸⅛≈ ↕⅜20 km ╕√│∕╣⌐ ∂╢↓≤⅜ ─ ≤⌂∫≡™╢⁹

⌐≈™≡│↓╣╕≢⌐ ⌐ ↕╣≡™╢⅜⁸ ⌐ ↕╣√ ≢ √⌐ ⅜

╠╣≡™╢ │⁸∕╣╠╩ ↕∑╢═ↄ ╩ ∫√ ⁹ ─ │⁸

─ ⌐⇔√⅜∫≡⁸ √⌐ ≤⇔√ ≢№╢⁹⌂⅔⁸ ⌐ ∆╟℮⌐⁸

≤⇔≡ ─ ↕⌐╟∫≡ ─ ╩ ⅎ√⁹ 

 

≤↓╣╕≢─ ⌂  

─ ≤♥◒♩♬◒☻ 

│⁸ ⅛╠ ≤ ⱪ꜠כ♩─ ⌐ ⇔⁸ ─ ─

⌐⁸ ─ ─ ≤ ∆╢ ⅜ ↕╣√ ─ , 1991; 

, 2016 ⁹ ─ ⌐ ∫≡⁸ │ ╡⌐ ⅝ↄ ⇔⁸ ⌡600 ⁸

ⱨ▫ꜞⱧfi ⱪ꜠כ♩⅜ ╖ ╪≢™╢⁹ ⌐ ↕╣√ ─ │⁸ ⅛

╠ ╩ ╡⁸ ╩ ╢ ─ MTL⌐╟∫≡ ─

≤ ─ ⌐ ↕╣╢ ⁸  ⁹2002 ─ ⌐╟

╣┌ ≢│ ─ ⅜ ⇔⁸╒╓ ⌂ ╩ ∆ ≤ ⌂ ╩ ⇔≡™╢ ╒⅛, 

2005; Ito et al., 2009 ⁹ ⁸ 2015ₐ◦כⱶ꜠☻ ₑ╩ ⌐ ─ ╩

℮⁹ 

─ ─ ╛ ─ ⌐│ ─ Rk ⁸ ⁸ ─ │

⅜ ⇔⁸∕─ ⌐ Iz ⅜ ⌐ ∫≡ ∆╢⁹ │ ╩

⌐ ℮ ─ ⅛╠⌂╢⁹ ⌂╠┘⌐ ≢│ ─

⌐ ⱴ◓Ⱡ◦►ⱶ ╩ ≤∆╢ ─ SV)⅜ ∆╢⁹ 

≢│⁸ ⅛╠ ⌐ ⅛∫≡ ╩ ≤∆╢ ─ Sn⁸

─ ╩ ≤∆╢ ╖⅛┬ Mk⁸☺ꜙꜝ ─ NC⁸☺ꜙꜝ

─ SC⁸ ─ NS⁸ ─ SS

⅜ⱪ꜠כ♩ ╖ ╖⌐╟╢ ⌐╟∫≡ ⌐ ⇔ ╩ ⇔≡™╢⁹ ⌐ ∫

≡─ Ⱳfi♦הꜟꜟ◦│⌐ ╩ ≤∆╢ ╩ ╘√ PA ⅜ ∆╢⁹ 

≤ ─ │ BTL⁸ ≤ ─ │

ATL ≢№╡⁸∕╣∙╣ ╕≢ ≢№╢↓≤│ ≢№╢⁹ ≤ ╖⅛┬ ╙ ≤

⌂∫≡ ╕≢ ╩ ∆⁹⇔⅛⇔⁸ ─ ⁸ ─ │⌂⅔ ⌂ ⅜

™⁹↓╣╠─ ╩ ∏╣⌐ ∆╢─⅜ №ↄ™⅜╦ ⅛╖⌐╤℮ AKF

≤ ₁ TNF ≢№╢⁹⌂⅔ │ ⁸ ─ ≢ Km⌐

⌐ ╦╣╢⁹ ─ ⌐│ ─ ─⧵≥fi꜡♪ꜟכ◖ ≢ ↕╣╢ Is

⅜ ∆╢⁹╕√ │ ⌐⅔™≡ ▪ꜟ◌ꜞ AP ─ ╩ ↑≡™╢⁹ 

│⁸ ⅛╠ ╕≢1000 km⌐ ∫≡ ∆╢ ≢№╡⁸
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⌐╟∫≡⁸ ⌐ 40 ⇔ ╩ ∟ ╢↓≤⅜ ╠⅛⌐↕╣≡™╢ Ito et al., 2009 ⁹╕

√⁸ │ ≢№╢ ≤ ≤─ ⌐ ↕╣≡™╢ ≢№╡⁸

⌂ ⅜╡╛ ─ ─ (Aoki et al., 2009) ⅛╠⁸ⱪ꜠כ♩ ≢ ↕

╣√ ⅜ ↄ⁸ ⁸♥◒♩♬♇◒⌂ ⌐ ⇔≡ ₁⌂ ≢ ⇔ ↑≡™╢ Takagi, 

1986⁹ │⁸ ⅛╠ ╩ ∆╢ ↕ 500 km─ ≢│⁸ ⌐ ∆╢

╩ ∫≡⅔╡⁸∕╣╩ ≤ ╪≢™╢⁹⇔┌⇔┌ ≤ ↕╣╢─≢↓↓

≢│ ≤ ∆⁹↓─ │ ─ ⌐ ↕╣

╢≤╖╠╣⁸ ⅛╠ ⌐ ╢ ↄ─ ≢ ⌂ ≢№╢⅜⁸ ⅜ ╩

⇔≡™⌂™ ⅜ ™ Ito et al., 1996; Sato et al., 2015 ⁹ ⅛╠ ≢─

─ ≢╙⁸ ─ ⅜ 3 4 ≢ ∆╢ ⌐ ∆╢╙─

─ ╩ ⇔≡™⌂™≤™℮ ⅜⌂↕╣≡™╢ Itoh et al. 2014 ─Figs. ⁸ ⁹

≤⇔≡│ ─ ⅜ ⇔⁸∕╣⌐ ∫≡ ≢ ⌂ ⅜

⇔≡⅝√ ≢№╤℮⁹ 

│⁸ ⅛╠ ╕≢─ ≢ ∏╣─ ≢№╢⅜⁸ ─

⌂ │⁸ ╩ ⌐ ≢│ ⁸ ≢│ ╛ ⁸ └℮∟⌂∞ ⌂

≥─ ⌐ ⌂ ⅜ ∆╢ Tsutsumi and Okada, 1996⁹↓℮⇔√ ─ │ ⅛╠

╙ ╘╠╣⁸ Ⱪכ◕כ ─ ≢│ ≢│ ─ ⌐ ⌂ ⅜ ⌐ ⌂╢⅜⁸

╟╡ ≢│ ⌐ ∆╢ ─ ⅜ ⌂╢ ⁸ ⁸ ⁸ ⁹

≢ ⁸ ≢ ─ │⁸ 70 ─ ∏╣ ⅜ ∆╢ ⌐ ⌐ ⇔≡™

√╙─≤ ↕╣⁸ ─ ─ ⱡ ™╛ ─ ⌐│ ⌐ ⇔

≡ - ─ ⅜ ∆╢⁹ ⁸ ⅛╠ ⌐⅛↑≡│  ⇔√≤

↕╣╢ ⅜ ↄ ⇔≡™╢ Itoh et al., 2014 ⁹ 

 

 

≢│⁸ ─ⱪ꜠כ♩─ ⌐ ─ ♩ꜝⱨ⅛╠ ⌐ⱨ▫ꜞⱧfi ⱪ꜠כ♩⅜

╖ ╪≢⅔╡⁸↓─ ╖ ╖⌐ ℮ ─ⱪ꜠כ♩─ ⅜ ⌐ ╠╣╢⁹ 

1990 ⁸ ⌐ ↕╣√ ⌐╟╢GNSS ⌐╟∫≡⁸ ≢

∂≡™╢ ⅜ ⌐ ⅎ╠╣╢╟℮⌐⌂∫√⁹ ⁸ │2005 20 ─

─ ⁸2009 ⅛╠ ≢ ─ⱪ♇ꜞ☻כ꜡☻√∫╕ ╕≢─ ─ ⅛╠

╠╣√ ⁸ ┘∕─ ⌐⅔↑╢ ─ ≤ ─ ╩∕╣

∙╣ ⇔≡™╢⁹↓─ ⌐│⁸ ⌐⅔™≡ ⌂ │ ⇔≡™⌂™─≢⁸↓╣╠─

│ ⌂ ╩ ⇔≡™╢≤ ⅎ╠╣╢⁹ ⁸ │⁸ 23 2011

⁸2016 ─ ─ ╕≢─ ─ ⅛╠ ╠╣√⁸

─ ≤ ─ ╩∕╣∙╣ ⇔≡™╢⁹↓╣╠─ │™∏╣╙

⌐ ↕╣√ ₈ ₉⅜ ⇔≡™⌂™ ≤ ⇔⁸ ⌂ ╩ ⇔√╙─≢№

╢⁹ 

⌂ ⁸ ⅛╠│⁸ ⌐ ═ ≢│ ⌐

┼─ ⅜ ╠╣╢⁹ ⌐ ⅛╠ ⌐⅛↑≡─ ≢│ ┼─

⅜ ≢№╢⁹ ⌂ ⁸ ⅛╠│⁸ ─╒≤╪≥⅜

─ ≢№╢─⌐ ⇔≡⁸ ╛ ⌂≥─ ≢│ ─ ⅜ ╠╣╢⁹ 

GNSS ⅛╠ └∏╖ ╩ ⌐╟∫≡ ╘╢↓≤⅜≢⅝╢⁹ │

2005 ⅛╠2009 ─ ─ └∏╖ ⁸ │ 23 2011

⁸2016 ─ ─ ╕≢─ ─ └∏╖ ╩∕╣∙╣ ∆⁹

⁸₈ └∏╖ ₉≤™℮ ⁹╕√⁸ ⌐ ↕╣≡⅝√ ─

⅛╠ ↕╣√⁸ 100 ─ ⌂ └∏╖ ⁸₈ └∏╖ ₉≤™℮ ╩

∆⁹™∏╣─ ⅛╠╙⁸ ≢│ ⌐ ⌐ ╗ ⅜ ╠╣╢⁹ ⌐ └∏╖

⅛╠│ ╗↓≤⌐╟╢ └∏╖ ⅜ ┼ ↄ╒≥ ⅝ↄ⌂╢↓≤⅜╦⅛╢⁹ ╖

─ └∏╖ │⁸ ≢│0.2×10-6/ ⁸ ╛ ≢│0.3×10-6/ ╩

∆⁹ 
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└∏╖ ⌐ ↕╣╢└∏╖ │⁸ └∏╖ ⁸ ─∕╣

⌐ ═╢≤ ↕™⅜⁸↓╣│1946 ─ ⌐ ℮ ⌂ ─ ─ ╩ ↑√√╘≤

ⅎ╠╣╢⁹ 

⌂⅔⁸ ⌐ ™⁸ ≢╙ cm─ ⅝─ ⅜ ∂√⅜⁸ │ ─

─ ≤⌂∫≡™╢⁹ 

 

 

   

≤∕─ ≢ ∆╢ ─ ⌐│⁸ ╛ ─ ™ ↕ 25km ≢ ∆╢

⁸₈ ─ ™ ₉⁸ⱨ▫ꜞⱧfi ⱪ꜠כ♩≤ ─ⱪ꜠כ♩≤─ ≢ ∆╢ ⁸ⱨ▫ꜞⱧ

fi ⱪ꜠כ♩ ─ ™ ≢ ∆╢ ⅜№╢⁹↓↓≢│⁸ ⌐ ─ ⌐ ∆╢ ≤⇔≡⁸

─ ™ ⌐≈™≡⁸1997 ⅛╠2016 ╕≢─ 19 ─ ⌐≈™≡ ═╢⁹

─ ↕25km ≢ ⇔√ ─ ╩ ⌐ ∆⁹ ─ ↕25km ─

─ ⌐│⁸ ⌡ ⌐ ╩⁸ ⌐ ╩ ≈ ⅜ ™ ⁹

19 ⌐ ≢ ⇔√ 3.0 ─ ⌐≈™≡⁸ ─ ♃ⱥꜞה◓ꜟfiⱬ♥כ◓

─כ ⁸ ₈ - ₉╩ ∆╢≤⁸∕─ │0.97 ≢№╢ 10⁹╕√⁸

─ │⁸ ™ ⅛╠─ ─ ⅜90 ≤⌂╢ ↕≢№╢D90╩ ∆╢ 11⁹↓↓≢│⁸

ⱪ꜠כ♩─ ≢ ⇔√ ─℮∟⁸ 20 km ─ ♃כ♦ 2000 10 2014 3

31 ⁸ 1.5 ─ (Hi -net)⌐╟╡ ╘╠╣√ ◌♃꜡◓╩

Matsubara and Obara, 2011 ⌐╟∫≡ ⇔√ ◌♃꜡◓)╩ ™≡ ⇔√

╩ ⌐⇔≡D90╩ ╘√(Matsubara and Sato, 2015)⁹ 

 ≢│⁸ ⁸ ⁸ ≢ ⅜╖╠╣╢⅜⁸∕─╒⅛─ ≢│ │ ≢

№╢⁹ 

─ ↕│ ⌐│⁸10km⅛╠15km ─ ⅜ ™⅜⁸ ╛ ⌂≥≢│20km ─

╙ ⇔≡™╢⁹ 

 

 ─⅔╙⌂ ┘  

≤∕─ ─ ™ ≢ ⌐ ⇔√ ⌂ ┘ ⌐≈™≡⁸ ┘

⌐ ≠⅝╕≤╘√ ╩ 12 ┘ - ⌐ ∆⁹⌂⅔⁸ │ ╛ ⌐╟∫≡⁸ ⇔≡™╢

─ ⅜ ⌂╢⁹№╢ ⌐ ─ ⅜⌂™╟℮⌐ ⅎ≡╙⁸∕╣│∕─ ─ ⅜⌂™↓≤⌐╟╢

⅛↑ ─╙─≢№╢ ⅜№╡⁸ ∏⇔╙ ⅜ ⇔≡™⌂⅛∫√↓≤╩ ⇔≡™╢╦↑≢│⌂™↓≤

⌐ ⅜ ≢№╢⁹╕√⁸↓─ ≢ ⇔√ ⌐≈™≡│⁸ ╒⅛ 2013 ⌐╟╢╙─≢№╢⁹ 

 

─ ⌐│⁸ ♩ꜝⱨ⅛╠ ╖ ╗ⱨ▫ꜞⱧfi ⱪ꜠⁸⅜♩כ ↕20 50km ≤⁸ ─

─ ╟╡╙ ™ ⌐ ∆╢⁹↓─√╘ ♩ꜝⱨ─ ╩ ™≡╙⁸ ─ ─ ─

≥│⁸ ⌐╟╢╙─≢│⌂ↄ⁸ⱨ▫ꜞⱧfi ⱪ꜠כ♩─ ╛ ≢ ⇔√╙─≢№╢⁹ ⅎ┌1789

5 11 M6.5 ─ ─ │ ╡⌐ ⇔√ⱪ꜠כ♩ M ≤ │⁸ ה

2013 ⌐╟╢ ≢⁸ ─ ╛ ─ ≢ ─ ╛ ⅜ ⇔√⁹1812 M6.5⁸

1814 M6.0 ─ ─ M ≤ │⁸ ╒⅛ 2009 ⌐╟╢ │ ≢ ⇔⁸

─ ⌐ ─ ╩ ∂↕∑√⁹↓─ ⁸ ⅛╠ ⁸ ⌐⅛↑≡ ∆╢

╛╛ ™ 2004 ≢│⁸ ╩ ⌐ ⅜ ∂√⁹↕╠⌐ ─

─ ⌐╟∫≡ ⇔™↓≤│ ≢│№╢⅜⁸1946 ─ ⌐│⁸ ⌐

™ ⌐╟╢ ⅜ ⇔√╟℮≢№╢⁹ ♩ꜝⱨ─ ⌐│⁸ ↕╣√

⅜⌂™≤↓╤≢╙⁸ ─ ™ ╛⁸ ™ⱪ꜠כ♩ ─ ⅜ ↕╣╢ ⅜№╢√╘⁸

⅜ ≢№╢⁹ ⌐⁸ ≢ ─ ╩ ≤⇔√ ╛∕─ ⁸ ™ ≢ ⇔√

─ ⌂╙─╩ →╢⁹ 

≢ ─ ™ ─ │⁸1955 7 27 ⌐ ⇔√ ─ M6.4⁸

↕ 3km ≢№╢⁹ ─ ╛ ⌐ ╣ ─ ╩ ╓⇔ 1 ⁸ 8 ⁸

─♄ⱶ─ ─ ⌂≥─ ⅜ ∂√⁹2015 2 6 ⌐│ ╗⅞ ≢ ⇔√ M5.1⁸
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↕ 11km ⌐╟∫≡ ─ ⅜ ∂√⁹ ─ │ ─ ≢│ ™ ─ ⅜ ™⁹

│ ╠╣⌂™⅜ ⅜ ≢№╢⁹ 

⌐│ ─ ≢№╢ ⅜ ⇔≡™╢⁹1596 9 1 ⌐ ≢

⅜№∫√≤∆╢ │№╢ ╒⅛ 2017 ⅜⁸ ≤─ │ ≢№╢⁹↓─

⌐⅔↑╢♩꜠fi♅ ⅛╠│ ─ ⅜ ≈⅛∫≡™╢⁹1916 8 6 ─ ─

M5.7 ≢│ ≤ ≤⅜ ∆╢ ╡⌐⁸ ⌐ ╢ ™ ⅜ ⇔⁸ ⌐╟╢

1 ─ ⅜ ∂√⁹↓─ ≢ ⌐ ⅜ ╣╢─│ ⇔™⁹ 

1854 12 26 ⁸ 2 ⌐ ≢M7.4─ ⅜ ⇔≡™╢⁹↓─ │ⱨ▫

ꜞⱧfi ⱪ꜠כ♩ ─╛╛ ™ ≢№╢ ⅜ ™⅜⁸ ⅜ ⅛╠ ⌂™↓≤⅛

╠⁸ ™ ≢№╢ ╙ ╢⁹∕─ ⌐│⁸ ─ᵙ ─ ≤⌂╤℮⁹ 

 

─ ─  

 ─ ⁸ ⌐≈™≡⁸ ╩ ∫√ ⁸ ⁸ ⁹ ╩ ∆╢

⁸ ─ ה ╛ ⌐ ∆╢ ⅜ ≢│⌂™ ⅜№╡⁸↓↓≢│ ─ ⅜№

╢ ─ ⌂™ 13⁸ ⌐≈™≡│⁸ │ ─ ≤⇔≡™⌂™⁹ 

 ≢ ∆╢ ─ ─ │⁸ ─ ⌐ ⇔≡ ⇔ ╢ ─ ↕⌐ ≠ↄ⁹ ↕⌐

≠ↄ ─ ⅎ ╩⁸ ─ ≤ ∑≡⁸ ⌐ ∆⁹↓↓≢₈ ₉─ ↕⌐≈™≡│

6.8 ─ ╩ ∆╢ ⅜№╢ ╩ ╘ ⅜10km╩ ≤⇔≡ ≤⇔√

11 2010⁹ 

₁─ ╩ ≤⇔≡ 30 ⌐ ⅜ ∆╢ │⁸

2001 ⌐ ™⁸ ─╟℮⌐ ⇔√⁹ ≤ ⅜ ⇔≡™╢ ⌐│⁸ ≢

∆╢ ─ ─ ─┌╠≈⅝─Ɽꜝⱷכ♃╩ɖ 0.24 ≤⇔⁸BPT Brownian 

Passage Time ╩ ⇔≡ ⇔√⁹ ⅜ ⇔≡™⌂™ │⁸ ╩╙≤⌐ⱳ

▪♁fi ╩ ⇔≡ ╩ ⇔√⁹╕√⁸ ≢│⁸ ≢ ─ ⅜ ╘⌐ↄ™ ⅜⁸ ≤

⌂╢ ≢ ╠╣≡™╢ ─ ─ ≢ ⇔≡™╢≤╖⌂⇔⁸ⱳ▪♁fi ⌐╟╡

∕─ ╩ ⇔√ 14 ⁹ 

 

 ─  

─ │⁸ ─℮∟ᵕ ⁸ᵖ ⁸

ᵗ ⁸ᵘ ⁸ᵙ ┘ ⁸ ⁸

ⱡ ⁸ ≢№╢ ⁸ ⁹ ᵕ ⁸ᵖ

⁸ᵗ ⁸ᵘ ⁸ᵙ │ ∏╣╩ ≤

⇔⁸ ─∏╣╩ ℮⁹ │ ─ ≢№╡⁸ ∏╣ ╩ ℮⁹

│ ─ ⁸ ⱡ │ ∏╣ ≢№╡⁸ ≢ ⅜╡ ╩ ™⁸

│ ∏╣ ≢№╡⁸ ⅜╡ ╩ ℮ 14 ⁹ 

─ ─ ⌂ ⌐≈™≡│⁸ ᵗ ≢ -

∏╣ ⁸ ≢0.05-0.1 ⅜ ╙╠╣≡™╢

⁹╕√⁸ ᵕ ≢│⁸ ∏╣ №╢

™│0.6 ⁸ ⅜⁸ ᵙ ≢│⁸ -

∏╣ №╢™│0.2 ⁸ ⅜⁸∕╣∙╣ ╙╠╣≡™

╢⁹ ≢⁸ ᵖ ≢│⁸ ⌐ ⌂╢ ≢ -

∏╣ ⁸ ≢ ∏╣ ⁸ ≢

∏╣ ⅜ ╙╠╣≡™╢⁹∕╣ ─ ≢│⁸ ⌂ ⅜ ≢№╢⁹ 

≢│⁸ ⁸ ⱡ ⁸ ╩ ↄ ≢ ⅛╠

─ ⅜ ╘╠╣≡™╢ 15 ⁹ 

ᵕ ≢│⁸ ⅛╠ ─ ⅜ ╘╠╣≡™╢

15 ⁹ ─ │16 ⁸ ≈ ─ │ ⁸ ⁸ ≈ ─

│ ⁸ ⁸ ≈ ─ │ ⁸

≤ ↕╣≡™╢⁹ ⌂ │⁸ ⅛╠ ≤ ↕╣╢⁹ 
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ᵖ ≢│⁸ ⅛╠ ─ ⅜ ╘╠╣≡™╢

15 ⁹ ─ │16 ⁸17 ⁸ ≈ ─ │ ⁸ ⁸

≈ ─ │ ⁸ ⁸ ≈ ─ │ ⁸

≤ ↕╣≡™╢⁹ ⌂ │⁸ ⅛╠ ≤ ↕╣╢⁹ 

ᵗ ≢│⁸ ⅛╠ ─ ⅜ ╘╠╣≡™╢

15 ⁹ ─ │15 ⁸ ≈ ─ │ ⁸15 ⁸ ≈ ─ │

⁸ ⁸ ≈ ─ │ ⁸ ≤

↕╣≡™╢⁹ ⌂ │⁸ ⅛╠ ≤ ↕╣╢⁹ 

ᵘ ≢│⁸ ⅛╠ ─ ⅜ ╘╠╣≡™╢

15 ⁹ ─ │15 ⁸18 ⁸ ≈ ─ │ ⁸ ⁸

≈ ─ │ ⁸ ≤ ↕╣≡™╢⁹ ⌂ │⁸ ⅛

╠ ≤ ↕╣╢⁹ 

ᵙ ≢│⁸ ⅛╠ ─ ⅜ ╘╠╣≡™╢ 15 ⁹

─ │17 ⁸19 ⁸ ≈ ─ │ ⁸

⁸ ≈ ─ │ ⁸ ≤ ↕╣≡™╢⁹ ⌂

│⁸ ⅛╠ ≤ ↕╣╢⁹ 

─ │ ⁸16 ≤ ↕╣╢⁹ ⌂∏╣─ ≤ ─∏╣

─ ⅛╠⁸ │ - ≤ ╘╠╣╢ ≢⁸ ⁸ ╕

≢ ⅜⌂⅛∫√ ⅜№╢↓≤⅛╠⁸ ╩ ⌡ ≤ ⇔√⁹ 

⁸ ⱡ ⁸ ─ ⁸ │ ≢№╢⁹ 

 

 ↕╣╢ ≤∕─  

─ ─ ─ ↕ 15km │⁸ ╙ ™ ᵗ

⅜ 29km ─∏╣ ⁸ ╙ ™ ᵙ ⅜ 88km 

─∏╣ ≢№╢ ⁹↓╣╠─ ⅜ ⇔√ ⁸ ─ ↕⅛╠

↕╣╢ ─ │ ╩ ™≡⁸ ᵗ ⌐⅔™≡ 7.3

⁸ ᵙ ⌐⅔™≡ 8.0 ╙⇔ↄ│∕╣ ≤ ↕╣╢ ⁸

14 ⁹↓╣╠─ ⅜ ∆╢ ⌐│⁸ ╛♩꜠fi♅ ⌐ ≠ↄ ⅛╠⁸ ⌐

∆ ─∏╣╩ ∂╢ ⅜№╢⁹ ┘ │⁸∕╣∙╣ 1975 ┘ ╒⅛

1980 ⌐╟╢ ─ ≢№╢⁹ 

 

 log   0.6 2.9  

   10-1   

 

↓↓≢ │ ─ ≢ ∆╢ ─ ↕ km ⁸ │∕─ ─ⱴ◓♬♅ꜙ⁸♪כ │ ─∏╣

≢№╢⁹ 

 √∞⇔⁸ ─╟℮⌐ ─ ↕⌐╟∫≡ ⇔√ ⅜ 6.8 ≤⌂╢ ⁸↓↓≢│

2010⌐ ™⁸ ∆═⅝ ─ ─ ╩ 6.8≤⇔√ 11 ⁹

⌐│⁸ ⁸ ⱡ ⁸ ⅛╠ ∆╢ ─ │ 6.8 ≤

⇔√⁹ 

 

 ─ ─  

─ ─ ─ ─ ╩ ⌐ ∆⁹ 

ᵕ ⁸ᵖ ⁸ᵗ ⁸ᵘ

⁸ᵙ ⁸ ─ 30 ⌐ ∆╢ ─ │⁸∕╣∙╣⁸

⁸╒╓ -0.4 ⁸0.01 ⁸╒╓ -11 ⁸╒╓ ⁸╒╓ ≤⌂╡⁸ ⁸

ⱡ ⁸ │™∏╣╙ ≤⌂╢ ⁹ ╠╣√ │ ╩ ℮╙──⁸∕─

╩≤╢≤⁸ ᵘ │ 30 ⌐ ⅜ ∆╢ ⅜⁸ ⅜

─ ⌂ ─ ≢│⁸ ⌐ⱪכꜟ◓™ ∆╢↓≤⌐⌂╢ 13 ⁹ 
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⌂⅔⁸ ⁸ ⱡ ┘ ⌐≈™≡│ ⅜ ≢№╢√╘⁸

╩ ≢⅝⌂™⁹↓╣╠─ ⌐≈™≡│⁸ ╩ ⅎ≡ ⇔√

┘ ⌐ ≠⅝ ╩ ∆╢≤ ⁸ 30 ⌐ ∆╢ ─

│⁸∕╣∙╣⁸0.1 ⁸ ⁸ ≤⌂╢ ⁹ 

─ ─ ≢ ⇔ ╢⁸ ≢ ╩ ╘⌐ↄ™ 14 ⅜ 30

⌐ ∆╢ ╩ ⁸ ⌐ ⇔√⁹ 

 

 ─ ≤ ─  

⌐ ∆╢ ─ ⌐ ≠ↄ⁸ ─ ╩ 16 ⁸ ⌐ ∆⁹╕√⁸ ─

≤⇔√ ─ ─ ╩ 15⌐ ∆⁹ 

─ ⌐≈™≡│⁸ ⌐ ⅛╠ km ─ ─ ⇔⅛⌂ↄ⁸ ╩ ╘≡

⇔ↄ⸗♦ꜟ ∆╢↓≤⅜ ⇔™⁹ ∫≡⁸↓↓≢│⁸ ╙ ↄ╕≢─ ⅜ ⅛∫≡™╢⁸ᵕ

─ 40° ↕7-25km╩ ⌐⇔≡⁸∕─ ╩⁸ ╩ ╘√ ─

⌡ ─ ≤ ⇔√ 16 ⁹⌂⅔⁸ ≢№╢ ╙ ≢⅝⌂™√╘⁸ ╩ ╘√

─ ─ ╩90°≤ ⇔√ ╙ ⇔√ 16 ⁹ 

─ ╩╖√ ⁸ ─ ≢ ⅜ ⌂╢╙─⅜№╡⁸ ∆╢

⅜ ⌐ ⇔√ ╛ ⌐ ⅜ ⇔√ ╙№╢⁹↕╠⌐│⁸

⅜ ≈─ ≤⇔≡ ⌐ ∆╢ ╙ ≢⅝∏⁸ ≤│ ⌂╢ ⅜ ⌐

∆╢ ╙№╢⁹√∞⇔⁸ ─ ⅜ ™╙─⅜ ↄ⁸╕√ ⅜ ↕╣≡

™⌂™ ╙№╢√╘⁸ ≢│ ─ ⌐≈™≡ ∆╢↓≤│ ⇔™⁹ 

 

─ ≢ ∆╢ ─  

─ ≢ ∆╢ 6.8 ─ ─ ╩ ∫√⁹ │ ─ ₁─

≢ ∆╢ ⅜ 30 ⌐ ∆╢ ⌐ ≠ↄ ⁹ ⌂≥

⅜ ≢ ╩ ╘╢↓≤⅜≢⅝⌂™ ⌐≈™≡│⁸ ─₈ ⅜ ─

─ ⅎ ₉─ ⌐ ≠™≡ ╩ ⇔√ ⁹↓─╟℮⌐⇔≡ ⇔√

↔≤─ ╩ ™≡⁸ ─₈ ─ ─ ─ ₉⌐ ™⁸

⌐⅔↑╢ 15 ╩ ⇔√ ⁸ 17 ⁹ 

↕╠⌐⁸ ─ ⌐⅔↑╢ ╩ ⇔⌂™ ─ ⌐≈™≡│⁸ ─₈

╩ ⇔⌂™ ─ ₉⌐ ™ ⇔√ 18⁸ ─₈ - ⌐ ≠ↄ ₉ ⁹ 

 

 

─ ≢ ∆╢ ─℮∟⁸ ⁸ ⱡ ⁸ ≢ ∆╢

⌐≈™≡│⁸ ⌂∏╣─ ≤ ⅜ ╠⅛⌐↕╣≡⅔╠∏⁸ ╩ ∆╢↓

≤⅜≢⅝⌂™⁹ ⌐ ≠ↄ↓╣╠─ ⌐⅔↑╢ ⌂≥─ ╩ ⌐ ∆⁹

⌐≈™≡│⁸ 1991 ⅔╟┘ ─ ─ ⅜

⅜0.05-0.1m/ ≢№╢↓≤⌐ ™ ╩ ≤ ⇔√⁹ ⱡ ⌐≈™≡

│⁸ 1991 ⌐ ™⁸ ≤ ⇔√⁹ ⌐≈™≡│⁸ 1991

⌐ ™⁸ ≤ ⇔√⁹ 

⌐ ∆╢ ⌐⅔™≡⁸ ≤ ⅛╠ ─ ╩

⇔√ ≤⁸ ─ ⌐╟╡ ─ ╩ ⇔√ ╩ ╗⁸™∏╣

⅛─ ╩ ≤⇔√ ─ ╩ ⌐ ∆⁹ Ɽꜝⱷכ♃─ ─95 │9 15

─ ╩ ⇔⁸ │10 ╩ ∆ 17 ⁹⇔√⅜∫≡⁸ ⌐ ∆╢ ─™

∏╣⅛╩ ≤⇔√ ─ │9 15 ≤ ↕╣╢ ⁹ 

╩ ⇔⌂™ ─₈ -  ⌐ ≠ↄ ₉ ⌐≈™≡│⁸ ╩ ⌐⁸

1997 10 ─ ⌐⅔↑╢ ─♃כ♦ ⁸2016 ╕≢⌐ ≢

⇔√ 3.0 ─ ╩ -  ⌐ ≡│╘╢≤⁸ │0.97≤⌂╢ 10 ⁹↓─ ╩1923 ⅛

╠2016 12 ╕≢─94 ⌐ ↕╣√ ─ 5.0 ─ 18 ⌐ ∆╢≤⁸

≢─ 6.8 ─ │0.34 ⁸⇔√⅜∫≡⁸ │280 ≤⌂╢⁹ⱳ▪♁fi
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⌐ ≠ↄ≤⁸ 30 ⌐ ≢ 6.8 ─ ⅜ ∆╢ │10 ≤ ╕╢ ⁹ 

 

≤ ⌐ ≠ↄ ⌐ ∆╢  

─ ™ ≢ 30 ⌐M6.8 ─ ⅜ ∆╢ │⁸ ⌐ ≠™√ ─

⁸ ≤ ┬ ≢9 15 ⁸ ╩ ⇔⌂™ -  ⌐ ≠™√ ─ ⁸ ≤

┬ ≢10 ≤⁸ ⅜ ™ ╩ ⇔≡™╢⅜⁸ ─ ⅜ ⅝ↄ⌂∫√⁹ ╩ ≤∆╢ 6.8

─ ╩ ↕∑╢ ⅜ ⌐ ↕╣⁸⅛≈ ─94 ─ ⅜↓─ ⌐⅔↑╢

≢─ ⌂ ╩ ∆⌂╠┌⁸ ─ ⅎ ⌐ ≠↑┌ ֕ ≤ ⅎ╠╣╢⁹ ∫≡⁸ ֕

⅜ ╡ ≈ ─ ≢│⁸ 30 ─ 6.8 ─ │⁸ ⅛╠ ╘╠

╣√ 9 15 ≢ ∆╢↓≤⅜ ≢№╢≤ ↕╣╢⁹⌂⅔⁸ ─ ≢│⁸ ≤ ─

─ ⅜ ™ ≤⌂∫√⅜⁸ 10⅛╠⁸ ─ ≤ M3.0 ─ ≤─ ⌐│№╕╡

⅜⌂™╟℮⌐ ⅎ╢↓≤⅛╠⁸ ⌐⅔™≡│⁸ ⅜ ™⌐ ∆╢ │⌂↕∕℮

≢№╢⁹ 

╕√⁸ ─ ╩ ∆╢≤⁸ ᵘ ⌐

⅔↑╢ ─ ⅜ ⌐ ═≡ ⇔≡ ⅝ↄ ⁸↓╣⅜ ─ ⌐ ⅝ↄ ⇔≡™

╢≤ ⅎ╠╣╢⁹ 

 

⌐ ↑≡ 

│⁸ √⌂ ─ 2010

╩ ⇔√₈ ₉─ ≈≤⇔≡⁸ ⌐ ∆╢ ≢ ⇔ ╢ 6.8 ─ ─

╩ ⌐ ⇔√╙─≢№╢⁹↓─⌂⅛≢│⁸↓╣╕≢ ╩ ∫≡⅝√ ⌐

ⅎ⁸ ╛ ⁸ ⌂≥─ ╩ ⌐ ╡ ╣≡⁸ ≢ ╘╠╣╢ ─

↕│ ™╙──⁸ ╩ ╘╢≤ ↕⅜ ┘╢ ─№╢ ╛⁸ ⌂ ⌐╟╡ √⌐

↕╣√ ⅜ ™ ─ ╙ ╘√⁹↕╠⌐⁸™∏╣─ ⌐⅔™≡╙⁸ ≢ ╩ ╘⌐

ↄ™ ─ ⌐≈™≡╙ ⇔⁸ ╩ ╘≡™╢⁹√∞⇔⁸ ─ ⅜№╢ ⁸

─ ⅜ ™≤ ⇔√ ⁸ ⌐ ℮ ⌐≈™≡│ ⇔≡™⌂™ ⁹ 

─ ≢ ╙ ⌂ │ ⌐ ⇔√ ≢№╢⁹ ≤⇔≡

1596 ─ ─ ⅜↓─ ⌐ ⇔√ ∞≤⇔≡╙⁸ ⅜ ⌐ ⅝™⌐╙⅛⅛╦╠

∏⁸ ⌂ↄ≤╙400 │ ⅝⌂ ⅜ ⇔≡™⌂™↓≤⌐⌂╢⁹⇔⅛⇔⌂⅜╠⁸ ─

─ ╛⁸ ⌐│ ↄ─ ⅜ ↕╣≡™╢⁹ ⸗♦ꜟ╩ ∆╢√╘⌐ ⌂

─ ⌐ ⇔≡│⁸ ─ ⌐ ≠™≡ ─ ╩ ⇔√⅜⁸ ─ ╡ │ ≢⅝

≡™⌂™⁹ ─ ≤─ ≢─ ⌐≈™≡╙ ≤⇔≡ ∫≡™╢⁹╕√⁸ ⇔

√ ≢─ ∏╣ ⅜ ∆╢ ⌐≈™≡╙ ∆╢ ⅜№╢⁹ ─ ─

╛ ⌂ ╩ ∆╢√╘⌐ ⌂⁸ ─ ⌐ ∆╢ │⁸ ≢№╢⁹

─ ╩ ↕∑╢√╘⌐⁸ ─ ™ ╛1 ─ ⌐ ℮ ╩

╠⅛⌐⇔≡™ↄ ⅜№╢⁹↕╠⌐⁸ ─ ⌐≈™≡╙⁸ ─ ≤ ╩ ╘╢ ⅜№

╢⁹⌂⅔⁸ ─ ⌐≈™≡│ ─

2017 ⌐ ⇔ↄ ═√⁹ 

 

≢│⁸ ≤⇔≡ ─∏╣⅜ ╛ ⌐ ↕╣≡™╢ ↕⅜10 km 

─╙─╩ ≤⇔√⅜ ⁸ ⌐╟╢ ┘ ⌐ ≠⅝

─ ⅜ ≢⅝√ │⌂™⁹∕─√╘⁸ │ ⌐ ⅝ↄ ⇔√╙─≤⌂∫≡

™╢⁹↓╣╠─ ⌐≈™≡╙⁸ ╩ ⇔⁸ ─ ╩ ╘≡™ↄ↓≤⅜ ╕⇔™⁹

─╟℮⌐⁸ ⌂ ─ ╩ ≈ ─ ╩≥─╟℮⌐ ⅎ╢⅛╙ ∆╢

⅜№╢⁹ 

╕√⁸ ⌐╒≤╪≥∏╣─ ╩ ↕⌂™ ╛⁸ ⅜ ─√╘⌐ ─∏╣⅜ ⌐

↕╣⌐ↄ™ ╩ ≤⇔≡™╢ │ ≢⅝⌂™⁹ ─ ⌐≈™≡│⁸ ─

ה ╛ ⌐ ∆╢ ⅜ ≢│⌂™╙─⅜ ↄ⁸↓↓≢│∕─ ─╖╩ ─ ≤⇔

≡™╢⁹ ∆╢ №╢™│ ⅜ ⌐ ∆╢ ⌐≈™≡╙ ≢⅝≡™⌂™⁹ 



 

13 

13⌐ ↕╣╢╟℮⌐⁸ ─ ─ ⌐│ ⅜ ⌂™⅜⁸ ≢

№╢ ╩ ≢⅝⌂™ ╙ ∆╢⁹⇔⅛⇔⁸↓╣╠─ ⌐ ∆╢ ─ ™

⅜ ≢№╢√╘ ⌐ ╡ ╣╠╣⌂⅛∫√⁹ 

─ ≢│⁸ ─ ─ ⁸ ↄ─ │ ╩ ≡│╘≡ ─ ╛∏╣─

─ ╩ ╦↨╢╩ ⌂⅛∫√⁹╕√⁸ ─ ╛ ∆╢ ─ ⌐╟╢ ⌂ ⌂

≥ ⅛╠ ∆╢ ⌂ ⌐≈™≡⁸╕√ ⌐ ╩ ╘⌐ↄ™ ⌐≈™≡╙ ⇔√

─ ⌐ ↑≡ ╩ ℮ ⅜№╢⁹ 

 

 GNSSGlobal Navigation Satellite Systems ≤│⁸GPS╩│∂╘≤∆╢ ◦☻♥ⱶ ╩ ∆ ≢№╢⁹ 

⅜ ⇔√≤⅝⁸╙≤─ ↕⁸ ⌐ ⇔≡ ⇔√ ─ ╩└∏╖≤ ┬⁹ ⅜ ⇔≡™╢

│ ≤≤╙⌐└∏╖⅜ ⅝ↄ⌂╢√╘⁸ №√╡─└∏╖≢ ⇔√ └∏╖ ⁹⇔√⅜∫≡⁸ │ ≤⌂

╢⁹⌂⅔⁸ ⌂ ╠⅛♃כ♦ ╘╠╣√ ─ ⌂└∏╖ │ ×10-7 ≤↕╣≡™╢⁹ 

1997 10 ⁸ │⁸ ⁸ ⁸ ─ ╩♃כ♦ ⌐ ⇔⁸

╩ ∫≡™╢⁹ │⁸↓─ ╩♃כ♦ ™≡ ⇔√⁹ 

10 D90≤│⁸ ─ ╩ ∆╢↓≤⌐ ™╠╣≡™╢ ≢№╡⁸ ™ ⅛╠─ ─ ⅜ 90%≤⌂╢

↕ km ≢№╢⁹↓↓≢│⁸ 20 km ─ ╩♃כ♦ ™≡ ⇔√ ╩ ⌐⇔≡D90╩ ╘≡™╢⁹ 

11 ⌐ ≢ ⇔√ ─ ⅛╠│⁸1847 ─ ⌐ ⇔√ ה 50

│⁸ ≡M6.8 ≢№╢⁹ ≢│↓╣⌐ ≠⅝⁸ ≢ ⇔⁸∕─ ⅜ ⁸ ⌐ ⅝⌂ ╩ ⅎ╢

≤ ⅎ╠╣╢M6.8 ─ ╩ ∆╢╙─≢№╢⁹⇔√⅜∫≡⁸₈ ₉─ ⅜ ⇔⁸M6.8 ─ ⅜

∆╢ │ ⇔≡⌂™↓≤⌐ ⅜ ≢№╢⁹M6.8╩ ╢ ⌐≈™≡│⁸ ─ ⌐ ⅎ⁸ ⌐⅔↑

╢ ≢│∕─ ╩ ╠⅛⌐∆╢↓≤⅜≢⅝⌂™ ⅜ ™↓≤⅛╠⁸ ≢│ ╩№╠⅛∂╘ ≢⅝⌂™

≤⇔≡ ∆╢↓≤⅜ ≢№╢≤ ⅎ╠╣╢⁹ 

12 ─ ≢│⁸₈ ₉╩ ⌐╦⅛╡╛∆™╟℮⌐₈∏╣₉≤™℮ ≢ ⇔≡™╢⁹↓↓≢│⁸

≢№╢₈ ₉⅜ ─₈∏╣₉⌐ ∆╢╙─≢№╢↓≤╩ ∆√╘⁸ ╩ ⇔√⁹ ⁸ ─ ≢│₈ ₉

╩ ™╢⁹⌂⅔⁸ ─ ≢│⁸₈ ₉│ ╩ ℮₈∏╣─ ₉≤⁸ ╩ ╦⌂™₈ ╖─ ₉╟╡⌂

╢⁹ 

13 ─ ─ ≢│⁸ ─ ⅜ ≢ ⇔√ ─ 30 ⌐ ⅜ ∆╢

⌐≈™≡⁸ ─╟℮⌂ ⌂ ╩ ╡ ╗↓≤⌐⇔≡™╢⁹ 

30 ─ ⅜ % ─  

₈ │⁸ 30 ─ ⌐ ⅜ ∆╢ ⅜⁸ ⅜ ─ ⌂ ─ ≢│ ⌐ⱪכꜟ◓™ ∆

╢↓≤⌐⌂╢₉ 

30 ─ ⅜0.1% % ─  

₈ │⁸ 30 ─ ⌐ ⅜ ∆╢ ⅜⁸ ⅜ ─ ⌂ ─ ≢│╛╛ ⌐ⱪכꜟ◓™

∆╢↓≤⌐⌂╢₉ 

⌂⅔⁸2005 ≢ ╩ ⅎ√98─ ─℮∟⁸ ⅜ ⇔≡⅔╡⁸ ─ ≢

™≡™╢ ─ ⅜ ≤≤╙⌐ ∆╢⸗♦ꜟ ⌐╟╡ ─ ╩ ╘√╙─⌐≈™≡⁸

─ ⅜ ≢ ⇔√ ─ 30 ⌐ ⅜ ∆╢ ─ │ ─≤⅔╡⌐⌂∫≡™╢⁹ 

30 ─ ⅜0.1%  

30 ─ ⅜0.1% % /  

30 ─ ⅜ % /  

2005 ≢─ ⁹ ─ ⌐ ⅜№╢ │∕─ ╩  

14 ⌐ ⇔√ ≢│⁸ ⌂ ╩ ╦⌂⅛∫√ ╙ ╠╣≡™╢√╘⁸ ⌐≈™≡

≢ ╩ ╘⌐ↄ™ ⅜ ∆╢↓≤╩ ⇔√⁹∕─ ⁸ ≢ ≢ ─ ─ ↕⅛╠ ↕╣

╢ ≤ ⁸ ≢M6.8─ ⅜ ∆╢ ⅜№╢≤⇔≡ ⇔√⁹ 

≢ ╩ ╘⌐ↄ™ │⁸ ≤⌂╢₈ ₉≢ ╠╣≡™╢ ─ ─ ≢ ⇔≡™

╢≤╖⌂⇔ 2010⁸ ─≥↓≢╙ ∆╢ ⅜№╢≤

ⅎ⁸ⱳ▪♁fi ⌐╟╡ ╩ ⇔√⁹ 

₈ ₉─ ─ │⁸19 ⌐ ≢ ⇔√M6.8 ─ ─℮∟⁸ ⌂ ╩

∫√ ⅜ ⁸ ╦⌂⅛∫√ ⅜ ≢№∫√≤™℮ ⌂ ⌐ ≠ↄ
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2010⁹√∞⇔⁸ ⅜ ⇔√ ⌐ ⅜ ╣╢⅛≥℮⅛⌐≈™≡⁸ ╛ ─

≤─ ⅜ ™↓≤⅜ ↕╣╢√╘⁸ ⌐│⁸ ─ ⌐╟╡⁸ ╛ ↔≤⌐↓─ │

↕╣╢═⅝╙─≢№╢⁹ 

15 ↓↓≢│⁸∕╣∙╣─ ─ ─ ⌐ ≠ↄ ╩⁸ ╕√│ ≢ ⇔≡™╢⁹∕╣∙╣─

┘ ≢ ↕╣╢ ┘ ⌐≈™≡│ ╩ ─↓≤⁹⌂⅔⁸ ⌐ ≠ↄ

⌐│⁸ ≢│ ─ ⅜ ╘⌐ↄ™ ─ ╙ ╕╣≡™╢↓≤⌐ ↕╣√™⁹ 
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β ─ ╛ │ ≤⇔≡ ╒⅛(2013)≤ (1999)⌐ ╡⁸ ⌐ ⇔√*│

╒⅛ 2008 ⌐ ╢⁹ 
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 ⌐⅔↑╢ ─  

*│ ─ ⅜ ⌐╦√╡ ≤⇔√≤⅝─  

─ᵑ ⁸ᵒ ⁸ᵓ ⁸ᵔ ⁸ᵚ

│ ─ ⅛╠ ↄ⁹ 
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│ ─ ⅛╠ ↄ⁹ 
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─ᵒ │ ─ ⅛╠ ↄ⁹ 
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 ≢ ⇔√ ≢ 30 ⌐ 6.8 ─ ⅜ ∆╢  

─ᵑ ⁸ᵒ ⁸ᵓ ⁸ᵔ ⁸ᵚ

│ ─ ⅛╠ ↄ⁹ 
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 ─ ≤ ─ ≤∆╢  

│ ☿fi♃כ 2003 ╩ ⁹ 
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 ─ ─ ≤ ─ ≤∆╢  

⌂╠┘⌐ ─ │ 2015 ₐ◦כⱶ꜠☻

ₑ⌐ ≠™≡™╢⁹√∞⇔⁸ ≤ ≤─ │ ╩ ≠

↑╢ ─ ╩╙∫≡ ≤⇔√⁹╕√ ⌐⅔↑╢ ─

│ ─∕╣≤ ↕∑≡™╢⁹ ⌂╠┘⌐ ₁

╣∙╣⧵│☻כ꜠♩─ 1988 ⌂╠┘⌐ ה 2013 ⌐╟╢⁹ 

 

MTL: ⁸ BTL ⁸ ATL ⁸AKF

⁸TNF ₁ ⁸Rk: ⁸Iz: ⁸Sn ⁸Mk

⁸NC ⁸PA ╩ ╗ ⁸SC

⁸NS ⁸SS ⁸SV ⁸Km

⁸Is ⁸AP  
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 ≤ⱨ▫ꜞⱧfi ⱪ꜠כ♩ ─ Hirose et al., 2008  
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 ┘ ─  

2.67g/cm3⌐╟╢Ⱪכ◕כ ⌐ 125km ─ ⁹◖fi♃כ

│ 2mGal⁹  (2000)⁸Gravity Research Group in Southwest Japan

2001 ⁸Yamamoto et al. (2011) ⌐ ≠⅝⁸    
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 ─ ⌐ ─ ≤⇔√ ╩

⇔√╙─ 
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 ┘ ─  

2.67g/cm3⌐╟╢Ⱪכ◕כ ⌐ 125km ─ ⁹

 (2000)⁸Gravity Research Group in Southwest Japan 2001 ⁸Yamamoto et al. 

(2011)⌐ ≠⅝⁸    
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 ─ ⌐ ─ ≤⇔√
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 ⌐ ≠ↄ ─

 

2005 ⅛╠ 2009 ╕≢─ GNSS ⅛╠ ╘╠╣√ ⌂

╩ ∆⁹ ₈ ₉⌐ ∆╢ ⌂ ╩ │ꜟכ◔☻⁹╢™≡⇔

cm/ ⁹ 
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 ⌐ ≠ↄ ─ ( )  

2005 ⅛╠ 2009 ╕≢─ GNSS ⅛╠ ╘╠╣√ ⌂

╩ ∆⁹ ₈ ₉⌐ ∆╢ ⌂ ╩ │ꜟכ◔☻⁹╢™≡⇔

cm/ ⁹ 
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 ⌐ ≠ↄ ─ (

 

2011 ─ ⁸2016 ─ ╕≢─ GNSS

⅛╠ ╘╠╣√ ⌂ ╩ ∆⁹ ₈ ₉⌐ ∆╢ ⌂

╩ │ꜟכ◔☻⁹╢™≡⇔ cm/ ⁹ 
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 ⌐ ≠ↄ ─ ( )  

2011 ─ ⁸2016 ─ ╕≢─ GNSS

⅛╠ ╘╠╣√ ⌂ ╩ ∆⁹ ₈ ₉⌐ ∆╢ ⌂

╩ │ꜟכ◔☻⁹╢™≡⇔ cm/ ⁹ 
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 ⌐ ≠ↄ ─ └∏╖

 

2005 20 ─ ─ ⁸2009 ⅛╠ ≢ ╕∫√☻

─ⱪ♇ꜞ☻כ꜡ ╕≢─ ⌐╟╢ ─ └∏╖ ╩

-10×0.4 │ꜟכ◔☻⁹╢™≡⇔ 6/  ⁹ 
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 ⌐ ≠ↄ ─ └∏╖  

          2011 2016  

 2011 ─ ⁸2016 ─ ╕≢─

⌐╟╢ ─ └∏╖ ╩ -10×0.4 │ꜟכ◔☻⁹╢™≡⇔ 6/  ⁹ 
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 100 1883 1994 ─ ⌐ ≠ↄ ─ └∏╖
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 ─ ─ ┘ ─ 1997 10 2016
30 ⁸ ֕2.0⁸  
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 ─ ─ 1997 10 2016 30 ⁸ ↕

25km⁸ ֕2.0⁸  

│ ─ ⁸ │ ╩ ∆⁹ │ ─ ╩ ∆⁹ 
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∏╣  

  

 

 

 ≢ ⇔√ ─ ™ ─ ⁸ 1997 10
2016 30 ⁸ ↕ 25km⁸ ֕2.0⁸  

⁸ ⁸ ⁸ ─ │⁸ ⁸ ⁸ ∏╣ ⁸∕╣ ─ ╩∕╣∙ 

╣ ∆⁹ │ ─ ╩ ∆⁹ a│ ─ ╩ ∆⁹ 
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