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─ ─  

 

 ≤⇔≡ ─ ≤⇔√ │⁸ 34.5° ─ ┘⌐ ⁸

┘ ─℮∟ ╟╡╙ ⅛╠⌂╢⁹↓↓≢│⁸ ⌐⅔↑╢

≢ ∆╢ ⌐≈™≡⁸∕─ ⅜ ⁸ ⌐ ⅝⌂ ╩ ⅎ╢≤ ⅎ╠╣╢ⱴ◓

♪כꜙ♅♬ 6.8 ─ ╩ ≤⇔⁸↓╣╕≢⌐ ╦╣√ ⌐ ≠⅝⁸

╩ ∫√⁹ 

 

─  

 │ ─ ⅜ ⌂ ≢№╢⁹ ⱪ꜠כ♩ ┘ⱨ▫ꜞⱧfi ⱪ꜠כ

♩─ ╖ ╖⁸ ─ ⌂≥ ─ ⌐ ⅎ⁸ ╩│∂╘≤∆╢

─ ⌂ ⌐╟╡ ↕╣√ ⅜ ─ ─ ⌐ ⅝ↄ ╩ ╓

⇔≡™╢⁹↓↓≢│ ⌐ ∆╟℮⌐⁸ ╛ ─ ╩ ⌐⁸ ╩

⁸ ⁸ ⁸ ─ ♩כ꜠ⱪה ╖ ╖ ⁸

⁸ ┘⁸ ─ ≈─ ⌐ ↑≡⁸ ⌐ ∆╢

┘ ─ ╩ ═╢⁹ 

  ⌐│⁸ ─ ┘ ⌐ ⅜ ∆╢⁹

∕─℮∟─ ≈│ ∏╣∞⅜⁸∕╣ │™∏╣╙ ≢№╡⁸ ⁸№╢™│⁸

⌐ ┘╢⁹ ⌐ ∆╢ ─ │ ─ ≢ ≢№╢⁹

─ │ ─ ≢│ ⌐ ⌂™⁹⌂⅔⁸ ─ │⁸

↓─ ─ ⌐№√╢ ─ ╟╡ ⌐ ∆╢ ≢⁸ ─ ™

─ ⅜ ⇔≡™╢⅜⁸ ™ │ ⌂ↄ≤╙ ≢│ ≈⅛∫≡™⌂™⁹ 

⌐│⁸ ─ ⌐ ∫≡ ⅜ ∆╢⁹↓╣╠│

≢№╡⁸ ⌐ ┘╢⁹ ─ ™ ─ ≤ ⌐ ⇔≡™╢≤ ⅎ

╠╣╢⁹ ⌐ ∆╢ ─ │ ─ ≢ ≢№╢⁹ ─

│ ─ ≢│ ⌐ ™⁹ 

⌐│⁸ ⌐ ┘╢ ⅜ ∆╢⁹↓╣

╠│ ≢№╢⁹ ⌐ ∆╢ ─ │ ≤ ⇔≡ ↄ⁸

─ ╙ ─ ≢│ ⌐ ⌂™⁹ 

─ ♩כ꜠ⱪה ╖ ╖ ─ │⁸ⱨ▫ꜞⱧfi ⱪ꜠

─♩כ ╖ ╖ ┘ ─ ⌐ ⇔≡ ╩ ⌐ ╩ ↄ╟℮⌐ ⇔≡

⅔╡⁸ ─ ≢│ ⅛╠ ⁸ ≢│ ⁸ ≢│

⌐ ┘╢⁹ ⌐ ∆╢ │ ⅜ ∏╣⁸ ─ ⌐ ∆╢

│ ∏╣⁸ ⌐ ∆╢ │ ∞⅜ │ ≢№╢⁹∕╣

27 24  
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│ ╩ ≤∆╢⁹ ─ ⁸ ─ ⅛╠ ⌐⅛↑≡│⁸∕╣∙╣ ♩ꜝ

ⱨ⁸ ♩ꜝⱨ≢ ∆╢ ≤ ⌐ ∆╢≤ ⅎ╠╣╢ ⅜ ⇔≡™╢⁹

⌐ ∆╢ ─ │ ≤ ⇔≡ ↄ⁸ ─ │

─ ≢│ ⌐╛╛ ™⁹ 

─ │⁸ №╢™│ ⌐ ┘╢ ∏

╣ ╩ ≤∆╢⁹ ⌐ ∆╢ ─ │ ─ ≢ ≢№╢⁹

─ │ ─ ≢│ ⌐ ™⁹ 

─ │⁸ ╩ ⌐ ∆╢╟℮⌐⁸

⅛╠ ╩ ≡ ╕≢ ⌐ ┘╢⁹ ⅛╠ ⌐⅛↑≡│

─ ⁸ ⅛╠ ⌐⅛↑≡│ ∏╣ ⁸ ≢│

╩ ≤∆╢⁹ ⅛╠ ™⌐ ⇔ ╕≢ ∏╣ ⁸∕╣ │

─ ╩ ≤∆╢⁹ ⌐ ∆╢ ─ │ ≤ ⇔≡ ↄ⁸

─ │ ─ ≢│ ⌐╛╛ ™⁹ 

 

─ ─ ≤ ─  

 

─ │⁸ ─ ⌐ ∆╢╙─≤⇔≡⁸ ∑⅝╛ ⁸ ⅔

⅔ↄ╓ ⁸ ⅔⅔√ ⌂≥─ ⅜ ╠╣≡™╢⁹↓─╒⅛⁸ ⱡ ℮∟─↓

╙╡ ⁸ ⅛√⇔⌂⅜╦↕⅜╪ ⅜ ╠╣≡™╢ ⁸ ⁹ 

≢│⁸ ╩ ↓∆╟℮⌂ │ ─ ─ ≤ ═≡ ≢№╢⁹

≤⇔≡│⁸ ╩ ≤∆╢ 1683 ─ 7.0 ⅜ ╠╣╢⁹818

ה ─ 7.5 │⁸ ⅛ ─™∏╣⅛≢ ⇔√≤ ⅎ╠╣╢⁹ 

─ ╩ ∆╢ ⅜ ≢ ∆╢ ─ ─ ⁸

⅜ ⌐ ∆╢ ─ ─ ⁸╕√ ─ ─™∏╣⅛╩ ≤⇔≡ 30

⌐ 6.8 ─ ⅜ ∆╢ ╩ ⌐ ∆⁹ ─ ≢ ⇔ ╢ ─

│⁸ ─ ⅜ ⌐ ∆╢ ≢№╡⁸ 7.5 ─ ⅜ ∆╢ ⅜№╢(

) ⁹ 

 

 

─ │⁸ ⌐ ┘╢ ≢№╢ ⌂⅜─╓╪∟∑™ⅎ

╪ ⅜ ╠╣≡™╢ ⁸ ⁹ 

≢│⁸ ╩ ↓∆╟℮⌂ │ ─ ─ ≤ ═≡ ≢№╢⁹

≤⇔≡│⁸ ⅛╠─ ⅜ ⌂ↄ⁸ ─ ≢№∫√ ⅜ ─ ≤↕╣≡™╢ 841

─ 6.5 │⁸ ≢ ⇔√ ╙№╢╒⅛⁸1847

−╪↓℮∂ 7.4 ⁸1853 ─ 6.5±1/4 ⁸1890 ─ ( 6.2)⁸

1941 6.1 ⌂≥⅜ ⇔≡™╢⁹ ≤⌂╢⅜⁸ ⁸

─ ≢│⁸ ─ 2011 3 12 ⌐

6.7 ─ ה ─ ⅜ ⇔√⁹ 

─ ╩ ∆╢ ⅜ ≢ ∆╢ ─ ─ ⁸
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⅜ ⌐ ∆╢ ─ ─ ⁸╕√ ─ ─™∏╣⅛╩ ≤⇔≡ 30

⌐M6.8 ─ ⅜ ∆╢ ╩ ⌐ ∆⁹ ─ ≢ ⇔ ╢ ─

│⁸ ⅜ ⌐ ∆╢ ≢№╡⁸ 7. 9 ─ ⅜ ∆╢

⅜№╢ ⁹ 

 

Ή  

─ │⁸ ⌐ ┘╢ ┤⅛╛ ⁸ №╛∑⅜╦

⁸ ⅔↔∑ ⁸ √∟⅛╦ ⅜ ╠╣≡™╢⁹↓╣╠│ ⌐

≢№╢ ⁸ ⁹ 

≢│⁸ ╩ ↓∆╟℮⌂ │ ─ ─ ≤ ═≡ ≢№╢⁹

≤⇔≡│⁸1931 ─ ( 6.9)⅜ ╠╣╢⁹818 ה ─ 7.5 ─

│ ⅛ ─™∏╣⅛≢ ⇔√≤ ⅎ╠╣╢⁹ 

─ ╩ ∆╢ ⅜ ≢ ∆╢ ─ ─ ⁸

⅜ ⌐ ∆╢ ─ ─ ⁸╕√ ─ ─™∏╣⅛╩ ≤⇔≡ 30

⌐ 6.8 ─ ⅜ ∆╢ ╩ ⌐ ∆⁹ ─ ≢ ⇔ ╢ ─

│⁸ ≤ ⅜ ⌐ ∆╢ ≢№╡⁸ 8. 0 ─ ⅜

∆╢ ⅜№╢ ⁹ 

 

Ή ─ ♩כ꜠ⱪה ╖ ╖  

─ │⁸ ─ ┘ⱨ▫ꜞⱧfi ⱪ꜠כ♩─ ╖ ╖⌐ ∆╢

≢№╢⁹ ™∑│╠ ⁸ ⇔⅔↨╦ ⁸ └╠╛╕ ╕

≈∞⅝√ ⁸ ↓℮≠ Ή ╕≈∞ ⁸ ∕⌡⅝╜℮╡╞℮

⁸ ┤∂⅛╦⅛↓℮ │ ⌐ ≢№╢⁹↓╣╠─℮∟⁸

│ⱪ꜠כ♩ ⅛╠─ ⁸ │ⱪ꜠כ♩ ≤ ⌂ ⅜№╢

≢№╢ ⁹↓─╒⅛⁸ ⅛╙⅜╦≡™∟ ⁸ ╖℮╠│╪≤℮

⁸ ╖─┬ ⅜ ╠╣≡™╢ ⁸ ⁹ 

≢│⁸ ╩ ↓∆╟℮⌂ │ ─ ─ ≤ ═≡╛╛ ≢№╢⁹

≤⇔≡│⁸878 ─ 7.4 ⁸1648 ─ 6.0 ⁸1707

─ 6. 6 7.0 ⁸1853 ─ 6.7±0.1 ⁸ ≢│ 1887 ה

─ 6.2 ⅜№╢⁹╕√⁸ ≢│⁸ ─ ─ 2011

15 ⌐⁸ 6. 4─ 2011 ─ ⅜ ⇔√⁹ 

─ ╩ ∆╢ ⅜ ≢ ∆╢ ─ ─ ⁸

⅜ ⌐ ∆╢ ─ ─ ⁸╕√ ─ ─™∏╣⅛╩ ≤⇔≡ 30

⌐ 6.8 ─ ⅜ ∆╢ ╩ ⌐ ∆⁹ ─ ≢ ⇔ ╢ ─

│⁸ ⅜ ⌐ ∆╢ ≢№╡⁸ 7. 3 ─ ⅜ ∆╢ ⅜

№╢( ⁹ 

 

Ή  

─ │⁸ ⅝√™∏ ⁸ ™≤℮⅔⅝ ⁸ ™⌂≤╡
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⁸ ™╤℮↨⅝ ⅜№╢⁹↓╣╠│ ∏╣ ≢№╢ ⁸ ⁹↓─ ⁸

⌐│ ↕ 10km ─ ⅜ ↄ ⇔≡™╢⁹⌂⅔⁸ ⌐ ∆╢

∞╢╕╛╕ │⁸ ⌐ ∆╢ ≢№╢⁹ 

≢│⁸ ╩ ↓∆╟℮⌂ │ ─ ─ ≤ ═≡ ≢⁸ ≤

⇔√ ╙ ╠╣╢⁹ ≤⇔≡│⁸ ─ 841 ─ 7.0

⁸ │⁸ ─ ⌐╟╢ 1930 7.3 ⅜№╢╒⅛⁸

─ ⌐╟╢ 1974 6. 9 ⁸ ─ ⌐╟╢ 1978

─ 7.0 ⁸ ─ ⌐╟╢ 1980 ─ 6.7 ⁸1990

─ 6.5 ⅜ ╠╣≡™╢⁹ 

─ ╩ ∆╢ ⅜ ≢ ∆╢ ─ ─ ⁸

⅜ ⌐ ∆╢ ─ ─ ⁸╕√ ─ ─™∏╣⅛╩ ≤⇔≡ 30

⌐ 6.8 ─ ⅜ ∆╢ ╩ ⌐ ∆⁹ ─ ≢ ⇔ ╢ ─

│⁸ ─ ⅜ ⌐ ∆╢ ≢№╡⁸ 7. 3 ─ ⅜ ∆╢ ⅜

№╢ ⁹ 

 

Ή  

─ │⁸ ™⌐ ⌐ ∆╢⁹ ⅛╠ ⌐⁸ ⅛╖

⇔╤ ⁸ ╕≈╙≤╓╪∟≤℮ⅎ╪ ⁸ ↔┤ↄ∂ ⁸ ⅔

⅛╛ ⁸ ∆╦↓⌂╪⅜╪ ⁸ ∆╦ ⁸ ∟─ ⁸

⅛╕⌂⇔╛╕ ⁸ │ↄ⇔╜℮ ⁸ ╒℮⅔℮↨╪ ⁸

⇔╙≈┬╠™ ⁸ ™∟─∑ ⁸ ┤∂╖╛╕ ⅜ ╠╣

≡™╢⁹ ┘ ─ │ ─ ⁸ ─ ⁸

⁸ ⁸ ┘ │ ∏╣ ⁸ ┘

│ ⁸ ⁸ ⁸ ⁸ ┘ │

─ ≢№╢ ⁸ ⁹ 

≢│⁸ ╩ ↓∆╟℮⌂ │ ─ ─ ≤ ═≡╛╛ ≢№╢⁹

≤⇔≡│⁸762 ─ 7.0 ⅜ ╠╣╢╒⅛⁸841 ─ 6.5

⁸1714 ─ 6. 5 ⁸1791 ─ 6 3/4 ⁸1858

─ 6.0 6.4 ⁸1918 ─ 6.5 ⌐ 6.1 ⌂≥⁸ ─

⅜ ╠╣╢⁹⌂⅔⁸841 ─ │⁸ ≢ ⇔√ ⅜№╢⁹ ≢│⁸

─ ﬞ ─ 2011 30 ⌐ ─ ≢ 5.4 ─ (2011

─ )⅜ ⇔√⁹2014 11 22 ⌐ ≢ 6.7 ─ 2014

─ ⅜ ⇔√⁹ 

─ ╩ ∆╢ ⅜ ≢ ∆╢ ─ ─ ⁸

⅜ ⌐ ∆╢ ─ ─ ⁸╕√ ─ ─™∏╣⅛╩ ≤⇔≡ 30

⌐ 6.8 ─ ⅜ ∆╢ ╩ ⌐ ∆⁹ ─ ─ ⅜ ⌐

∆╢ ⁸ 7. 8 8.1 ─ ⅜ ∆╢ ⅜№╢( )⁹ 

 

 ⁸ ─ ─ │⁸ ─ ─ ⌐ ═≡ ™⁹ ⌐⁸ ─
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│⁸ ⅜ ─ ─ ─ ≢⁸ ╙ ⌂ ─ ≈≢№╢ ⁹

⁸ ≢│⁸ ─ ™ ⅜ ⇔⁸ ⅜ ™╙─╙ ™↓≤╩ ⇔≡⁸

30 ⌐ 6.8 ─ ⅜ ∆╢ ⅜⁸ ─ ≤ ⇔≡⁸

⌐ ↄ⌂∫≡™╢⁹ 

 

⌐ ↑≡ 

 ≢│⁸ ╛ ─ ╩ ⌐⁸ ╩ ≈─ ⌐ ↑⁸∕╣∙╣─

⌐≈™≡ ┘ ─ ╩╕≤╘⁸ ┘ ⌐⅔™≡⁸ 30

⌐ 6.8 ─ ⅜ ∆╢ ╩ ⇔√⁹╕√⁸ ─ ─№╢ ⁸ ─

⅜ ™≤ ⇔√ ⌐≈™≡╙ ⌐ ⇔√⁹ 

↓↓≢ ─ ≤⇔√ │⁸ ≤⇔≡ ─∏╣⅜ ╛ ⌐ ↕╣≡™

╢ ↕⅜10 km ─╙─≢№╡⁸ ⌐∏╣─ ╩ ↕⌂™ ╛⁸ ⅜

™√╘⌐ ─∏╣⅜ ≤⇔≡ ↕╣⌐ↄ™ ╩ ≤⇔≡™╢ │ ≢⅝⌂™⁹

1974 ╩ ⅝ ↓⇔√ ╛⁸1978 ─ ─ ─

╟℮⌐ ⌐╦√∫≡ ∆╢ ⌐≈™≡│⁸ ─ ה ╛ ⌐ ∆╢

⅜ ≢│⌂™╙─⅜ ↄ⁸↓↓≢│ ─ ─╖╩ ─ ≤⇔√⁹ ↕⅜10 km 

─ ⌐≈™≡│⁸ ╛ ⌂≥─ ╩ ∫≡⅔╠∏⁸ ≢─

⌐⅔™≡╙↓╣╠─ ╩ ⇔≡™⌂™⁹ 

↕╠⌐⁸ ╩ ∆╢ ─℮∟⁸ ⅜ ≢№╢√╘⌐ ⅜

─╙─╛⁸ ⅜ ⇔≡™╢ ≢╙∕─ ⅜ ╡ ╘≡™⌂™╙─⅜ ⌂ↄ⌂™⁹

∕─√╘⁸ ∆╢ №╢™│ ⅜ ⌐ ∆╢ ╛∕─ ⌐≈™≡╙

⌐ ≢⅝≡™⌂™⁹ 

₁─ ⌐≈™≡│⁸ ⌂∏╣─ ⁸ ─ ╛ ⌂ ה ⌐ ∆╢

⅜ ╠╣≡™⌂™╙─⅜№╢⁹ ⌐ √⌐ ↕╣√ ⌐≈™≡│⁸ ╛ ─

⌐≈™≡ ⌂ ⅜ ™⁹ ⁸ ⌂≥─∏╣⅜ ⌐ ↕╣⌐ↄ™ ╩ ╘⁸

₁─ ⌐≈™≡⁸ ╛ ╩ ∆╢℮ⅎ≢ ♃כ♦╢⌂≥

─ ⅜ ╘╠╣╢⁹ 

⌐ ∆╢ ╛ ─ ─ ⌐│⁸ ⅜ ⌂╢╙─⅜№╡⁸

∆╢ ╛ ⌐⅔™≡ ╕√│ ⌐ ⅜ ⇔√ ⅜№╢⅜⁸

≢│⁸ ─ ╩ ╡ ╘≡™⌂™╙─⅜ ↄ⁸╕√ ⅜ ⌂ ╙ ⌂

ↄ⌂™√╘⁸ ─ ה ⌂ ⌐≈™≡│ ≢⅝≡™⌂™⁹ 

↓─╟℮⌂ ⌐╖√ ─ ╩ ⇔⁸╕√ ─ ─ ╩

↕∑╢℮ⅎ≢⁸ ⁸ ⅜ ⌂ ⌐≈™≡ ╩ ∆╢≤≤╙⌐⁸

─ ⅜ ™ ⌐≈™≡│⁸ ─ ╡ ╖╩ ≤⇔√ ╩ ╘╢ ⅜№╢⁹ 

─ ≢│⁸ ─ ─ ⁸ ╩ ≡│╘≡ ─ ╛∏╣─ ─

╩ ╦↨╢╩ ⌂⅛∫√⁹ ⌐ ∆╢ ─℮∟⁸ ⌐ ─

⌐ ∆╢ ─ │ ≤ ⌂ ⅜№╢↓≤╙ ⅎ╠╣⁸↓─ ⌐ ⇔≡╙

⇔≡™ↄ ⅜№╢⁹↕╠⌐⁸ ─ ╛ ∆╢ ─ ⌂≥⁸ ≢

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

⅝≤ ┘ ≢ ⇔√ ה ─  

ה ─ │ ⁸ ⌐ ↕╣√ ─℮∟⁸

⌐╟╢ ™ ┘ ╩ ™√ ─ ─ ╩ⱪ꜡♇♩

⇔≡™╢⁹ 
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1  8  14  

2 ⱡ  9  15  

3  10  16  

4  11  17  

5  12  18  

6  13- 1  19  

7- 1  13- 2  20  

7- 2  13- 3  21  

 

 ⌐⅔™≡ ≤⇔√ ─  
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 ≢ ⇔√ ≢ ∆╢ ─  

(30)

(17)

(50)

 

β ─ ↕⌐ ≠™≡ ─ ╩ ⇔√ ⅜ 6.8 ≤⌂╢ ⁸↓↓≢│

2010 ⌐ ™⁸ ─ ─ 6.8╩ ™≡ ⇔≡™╢ ⁹ 

 

≢│⁸ ₁─ ─ ⌐ ⇔√ ╩ ™≡™╢⁹ ≤ ≤─ ⌐≈™

≡│⁸₈  ─ ⁸ ⌂≥─ ⌐≈™≡₉╩ ─↓≤⁹ 
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≢│⁸ ⌐⅔↑╢ ⌂ ╩ 24 ⅛╠ 26 ⌐⅛↑≡ ⇔≡

⅔╡⁸ ∕─ ╩ ↑≡ ⅜ ↕╣╢ ⅜№╢⁹ 

─ ♩כ꜠ⱪה ╖ ╖ ─ ⁸ │

─ ╩ ∆╢ ≢№╢⅜⁸™∏╣╙ⱨ▫ꜞⱧfi ⱪ꜠כ♩─ ╖ ╖⌐ ∆╢ ≢№

╡⁸∕╣∙╣ ♩ꜝⱨ⁸ ♩ꜝⱨ ™─ ⌐ ∫≡ ∆╢╙─≤⇔≡ ↕╣≡™╢

2013a 2014 ⁹∕↓≢⁸ ⌐⅔™≡│⁸↓╣╠─ ⌐≈™≡

│ ™≤∆╢ Ӈ ⁹ 

─ ─ ≢│⁸ ⌐ ─ ⅜ ≢⅝╢₈ ₉ ─ ─╖

╩ ⇔≡™╢ ⅎ┌⁸ 1996, 2000, 2001b, 2002, 2003, 2004a

2004b 2004c, 2005a 2005b, 2006 2009 2010 ⁹ ⁸ⱴ◓♬♅ꜙ6.8⅜♪כ ─ ≢╙ ⌂

⅜ ⇔⌂™ ╛⁸ ⇔≡╙ ↕╛∏╣─ ⅜ ↕╣╢╙─⌐ ═≡ ⌐ ↕™ ⅜

№╢↓≤╩ ╖⁸ ≢│⁸ ≤⇔√ ⌐⅔™≡ ─ ⅛╠│ ─ ╩ ╘

⌐ↄ™ ─ ∆╢ ╙ ⇔≡™╢ 2010

│ 16 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

─ ≤⇔≡M6.8 ╩ ∆╢≤⇔≡™╢⁹ 
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─ ─ ≢│⁸ ─ ⅔╟┘ ≢ⱴ◓♬♅ꜙכ♪ 6.8

─ ╩ ↓∆ ─№╢ ╩∆═≡ ∆╢↓≤╩ ⇔≡⁸ ⅛╠ ↕ 10km

─ ╩ ™ →√ ⁹↕╠⌐⁸ ⁸ ⁸ ┘

╩ ∆╢↓≤⌐╟╡⁸ ⌐⅔↑╢ ─ ↕⅜ 10km ≤⌂╢ ─№

╢ ╩ ⇔⁸ ≤⇔≡─ ⅜ ∫≡™╢╙─╩ ⇔≡ ≤⇔√⁹↓─√╘⁸

─ ⌐⅔™≡⁸ ⌐ ╣≡™╢ ↕⅜ 10km ─╙─╙№╢⁹ ─ ⅜№

╢⅜⁸ ⌐╟∫≡ │ ≤⇔⌂⅛∫√ ⁸ ─ ⅜ ™≤ ↕╣

╢ ⁸ ⌐ ∆╢ ⌐≈™≡│⁸ ⌐ ╩ ↑√⁹ 

 

 

│⁸ 1997 2005 ⁸

2015 ⌐╟∫≡ ∆═⅝ ≤⇔≡ →╠╣√ ≢№╡⁸∕─ ⅜

⁸ ⌐ ⅝⌂ ╩ ⅎ╢≤ ↕╣╢╙─≢№╢⁹ 1997 ⌐

╟╣┌⁸ з╕√│и⁸⅛≈ ╕√│ ⁸⅛≈ ↕⅜ 20 km ╕√│∕╣⌐ ∂╢

≤™℮↓≤⅜⁸ ─ ≤⌂∫≡™╢⁹ │↓╣╕≢⌐ ⌐ ↕╣

≡™╢⅜⁸ ⌐ ↕╣√ ≢ √⌐ ⅜ ╠╣≡™╢ │⁸∕╣╩ ↕∑

╢═ↄ ╩ ∫√ ⁹ ─ │⁸ ─ ⌐⇔√

⅜∫≡⁸ √⌐ ™ →√ ≢№╢⁹⌂⅔⁸ ⌐ ∆╟℮⌐⁸ ─ ↕⌐╟∫≡

─ ╩ ⅎ√⁹ 

 

  

 ↕ ─   

 

20km ה   * ⁸ * ⁸

* ה ⁸ ⁸

10 ⁸ 11 ⁸

12 ⁸ 13* ה

ה ⁸ 14 ⁸

15 ⁸ 17 ⁸

21*  

 

15km  ─╖ ⁸ ⁸ 16

⁸ 19 ⁸ 20  

10 15km ─╖ ⱡ ⁸ ⁸

⁸ 18  

▪☻♃ꜞ☻◒ * │ ⅜ ↕╣√╙─╩ ∆⁹ 
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≤↓╣╕≢─ ⌂  

─ ≤♥◒♩♬◒☻ 

 

 │⁸ ⱪ꜠⁸♩כⱨ▫ꜞⱧfi ⱪ꜠⁸♩כ ─ⱪ꜠כ♩─ ≈ ⅜ ╦╢

─ ⌐ ⇔⁸ⱪ꜠כ♩ ─ ⅛╠ ⌂ ⌐⅔⅛╣≡™╢⁹∆⌂╦∟

─ ⅛╠│ ≤ ⅛╠ ↕╣╢ⱨ▫ꜞⱧfi ⱪ꜠כ♩⅜ ⌐

╖ ╖⁸↕╠⌐∕─ ⌐│ ⅛╠ ⱪ꜠כ♩⅜ ⌐ ╖ ╪≢™╢⁹ ⌐

─ ≢№╢ ⅜ ⌐ ∆╢≤≤╙⌐ ─ ╖ ╖⅜ ⇔≡™

╢⁹↓℮⇔√ ⌂ⱪ꜠כ♩ │⁸ ─ ⌐ ℮ ─ ≤⁸ ─ ⌐

∫≡ ─ ≢ⱨ▫ꜞⱧfi ⱪ꜠כ♩─ ╖ ╖⅜ ╕∫√↓≤⌐╟∫≡ ↕╣≡⅝√⁹

─ │ ≤ ⌂ ╩ ∆⅜⁸ ─ √⌂

ↄ╠ ⌐╟∫≡ ⅜ √╣╢ ╒⅛ 1986 2008

⁹ │ ─ ≢ ─ ⌐ ℮ ⅜ ╙ ⅝™ ≢№╡(Otofuji 

et al., 1985) ⁸ ─ │⁸ ─ꜞⱨ♩─ ╩ ℮ ─

╡─ ≤ ⁸ ≤─ ⌐╟∫≡ ⅝⌂ ╩ ∆ ⁹

─ ⌐≈™≡│⁸ ╛ꜞⱨ♩ ─ ⌐ ╦╣≡⁸ ⅜№╢⁹↓↓≢

│⁸ ⌐ ─ ╩ ⇔≡ ╩ ─ ≈─ ⌐ ⇔⁸∕

╣∙╣─ ─ ╩ ∆╢⁹ 

 

 

 │⁸ ⌐│ ─ ⅜ ∆╢ ≢№╡⁸ ╛ ⌂≥─

─ ⱨ꜡fi♩╩ ∆╢ ⅜ ⅛╠ ⌐ ∆╢⁹╕√ ≤

╙╒╓ ⌐ ⇔⁸ ⅛╠ ⁸ ⁸ ┘ ⅜ ∆

╢⁹ ─ ─ ⌐│⁸∕─ ⌐ ╩ ∆╢ ⅛╠

─ ⅜ ∆╢⁹ ⌐│ ─ ⁸ └√∟┼╪∑™⅜╪ ⁸

─ №┬ↄ╕⅛↓℮⅜╪ ─╒⅛⁸ ─ ⱨ꜡fi♩⅜ ╙ ⇔√ ⌐

↕╣√ ⅜╦∏⅛⌐ ∆╢ ⁹↓─ ⌐│ ≤ ─ ╩

∆╢ ⅜ ⌐ ┘╢⁹ 

 ─ ⌐ ∆╢ │⁸ ⌂ ─ ≢⁸ │ ─

≤⌂∫≡™╢ ⁸ ⁹↓↓│⁸ ─ ⅜ ╩ ⇔⁸ ⌐

↕╣√ꜞⱨ♩ ≢№╢ ⁹∕─ ─ ⁸ │⁸ ╩ ↕

∑╢ ≤⇔≡⁸ ⌐ ⇔≡™╢⁹ ⌐│⁸ ≤╟┌╣╢ ─

╛ ─ ─ ⌐⁸ ≥fi♃ⱨכꜞ◓─ ┌╣╢ ⇔√ ⅜ ↄ

∆╢⁹ │∕─ ─ ┼≤ ↄ ─ ™ ╩ ⇔≡™╢⁹ 

 

 

↓─ │ ⌐ ↕╣√ ≢№╡⁸ ↕ km╩ ⅎ╢ ─ ⅜

∆╢⁹╕√⁸ ─ │™↓ ꜞⱨ♩≢№╡⁸ ╟╡╙ ⅝™ ≢

↕╣╢╟℮⌂ ─ ⅜ ↕╣╢ ⁹↓─ꜞⱨ♩ ─ ≢№╢
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┘ ≢│ ™ ─ ⅜ ╠╣≡™╢⁹ꜞⱨ♩ ─ ™ ⌐│⁸ ⅛╠

Ί ─ ╩╙≈ ⇔╜℮⅝╞ↄ ⅜ ↄ ↕╣≡⅔╡⁸ ⌐╙№╢≤⅔

╡⁸ ≤ ┌╣╢⁹ ⌂ ╩ ⇔⁸ ≤ ⌂ ⁸ ⅜

∆╢⁹ ─ ⌐ ∆╢ │⁸ ≢│ ─ ╩ ℮

─ ─ ≢№╡⁸1847 ─ ≤⌂∫√↓≤≢ ╠╣≡™╢⁹

─ ⌐│ ™ ⅜ ⇔≡™╢⁹ 

 ╒⅛ 2013 │⁸ ─ ⌐ ≠™≡⁸ ─ │ ⌐ ⇔

≡™≡⁸ ≤⇔≡│ ↄ↕┘ ─ ╩⇔≡⅔╡⁸∕─ ⅜ ─╟℮⌂ ─ ⌐

⇔≡™╢ ╙№╢↓≤╩ ⇔≡™╢⁹ 

 

 

 ⌐│ ─ ─ ≢⁸ ↕╪┌⅜╦√™ ה ∟∟┬√™ ה

⇔╕╪≤√™ ⌂≥⅜⁸╒╓ ─ ≢ ∆╢ ⁹↓─

│⁸ ╩ ≡√ ─ ─ ─ ≤│

⅝ↄ ⌂∫≡™╢⁹ ⌐│⁸ ↕ km⌐ ∆╢ ─ ⅜ ⇔≡

™╢⁹↓─ │╒╓ ─ ⌂ ⌐╟∫≡ ↕╣√ꜞⱨ♩

≢№╡⁸ ⌐╙ ⌐ ╣≡™╢ ⁸ ⁹↓─ │

≤ ↕╣≡⅔╡(Kobayashi, 1941)⁸ ─ ╡ ─ ╩ ⇔√

∏╣─ ╩ ∆ ≢№╢ Sato, 1994 2006⁹ ⌐ ─ ╩ ╡

≢ ⅜ ≤⌂∫≡™╢⁹ꜞ ⱨ♩─ ╩ ╢ │⁸ ⌐ ⇔⁸

≤⌂∫≡™╢⁹ 

⌐╟∫≡⁸ │ ⌐ 90 ╡⌐ ⇔√↓≤⅜ ╠

╣≡™╢ Hyodo and Niitsuma, 1986 ⁹ ⌐│ ⌐│ ⅛╠

─Ɫכⱨ◓ꜝכⱬfi ⅜ ↕╣ ╒⅛ 2005⁸∕╣╠─ │⁸∕─ ─

⌐╟╡ ⇔⁸ ∏╣─ ─ ↕™ ≤⌂∫≡™╢(Ishiyama et al., 

2013)⁹ 

│⁸ ─ ─ ≤⇔≡─ ╩ ⇔≡⅔╡⁸ ⌐ ╕╣╢

⅛╠ ⌐ ⌂╢ │╛╕ ╖⌡⅔⅛ │⁸

╩ ⇔≡™╢⁹↓─╟℮⌂ ─ │⁸ ⌐⅔™≡ⱨ▫ꜞⱧfi ⱪ꜠כ♩─

╖ ╖⅜ ╕∫√ 1500 ⌐ ↕╣√⁹∕─ ⌐│ ™ ⅜ 300 ╕

≢╒╓ ⌐ ⇔√⁹∕─ ╙ ╩ ↕∑⌂⅜╠ ⅜ ⇔⁸ ≢ ╙ ↄ⁸

km⌐ ╪≢™╢ Sato et al., 2005 ⁹ 

 

─ ♩כ꜠ⱪה ╖ ╖  

 │ 2500 ⌐│ ─ Ɽꜝ○ ≤ ⇔√ ╩ ⇔≡™√

⅜⁸ ⱴꜞ▪♫ ╢╟⌐◒♇Ᵽꜟכ꜡─ ≤ ─ ⌐╟╡⁸

╙ ⌐ ⇔√⁹ │ 1500 ⌐│ ╩ ⇔ Okino et al., 1999 ⁸

│⁸1300 ⌐│ ─ ⌐ ™ ⌐ ⇔√(Takahashi and Saito, 

1997)⁹↓─ ⌐╟∫≡⁸ ─ ≢│ ⱪ꜠כ♩─ ╖ ╖⅛╠ⱨ▫ꜞⱧfi ⱪ꜠כ♩
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─ ╖ ╖⌐ ⇔√⁹ ⌐ ⌐ ∆╢ ∂╚╙╪⅜╪ │⁸ ⱨ

◊♇◘ⱴ◓♫─ ⌐ ↕╣⁸↓─╟℮⌂ ╖ ╗ⱪ꜠כ♩─ ╩ ∆╙─≤ ⅎ

╠╣≡™╢ , 19 94 Ogawa et al., 1985 ⁹∕─ ⁸ⱨ▫ꜞⱧfi ⱪ꜠כ♩─ ⌐ ™⁸

⌐│ ─ ≤ ⁸↕╠⌐ ⅜ ╖ ╪∞⁹↓─ ╖ ╖⌐

╟∫≡ ╛ ─ ⅜ ─ ⌐ ⇔⁸∕╣╠╩ ≤∆╢ │

ⱨ◊♇◘ⱴ◓♫─ ⁸ ⁸ ⌂≥≢ ™∞↕╣ Amano, 1991 Niitsuma, 1999

ה 1998⁸ ≢│ ∕─╙─⅜ ⇔≡™╢⁹ ⁸ ┘ ≢

│⁸ ─ ─ ╖ ╖⌐╟∫≡ ─ ⅜ ≢ ↕╣⁸ ≢│

─ ⌐╟∫≡ ╕≢ ∆╢⌐ ∫≡™╢⁹ 

↓℮⇔√ ─ⱪ꜡☿☻│⁸ ─ ⌐ ⅝⌂ ╩ ⅎ≡™╢⁹ ─

│⁸ ─ ╩ ╢ ─ ≢№╢⁹ ─ │⁸

⌐ ─ ≤⇔≡ ↕╣╢⁹ ─ ⌐│⁸ ≤ ─

─♩ꜝⱨ ─ ╩ ⇔√ ⅜ ↄ ⇔≡™╢ Ito, 1985 ⁹ ≤

─ ⌐│ │ ╩ ⇔√≤ ⅎ╠╣╢ ─™╦╝╢ ⅛╪⌂╦ ⅜

∆╢⁹∕─ ≢│⁸ ─ ⅜ ─ ⌐ ╖ ╪≢™╢⁹↓╣╠─

─ ⌐ ∆╢─│ ≢№╡⁸ mm─ ╩ ∆

⌂ ≢№╢⁹ ─ ⌐╟∫≡⁸↓─ │ⱪ꜠כ♩ ╩ ∆╢ ⅛╠─

≢№╢↓≤⅜ ╠⅛⌐⌂∫≡⅝√ ╒⅛ 2010ab ⁹ 

ⱨ▫ꜞⱧfi ⱪ꜠כ♩─ │⁸ 100 50 ⌐ ⅛╠ ⌐ ⇔

Nakamura et al., 1984 ⁸ ─ │⁸ ─ ⅜ ⅝™ ⌂

╩ ⇔≡™╢⁹ ⱨ◊♇◘ⱴ◓♫≤ ┌╣╢ ⌐│⁸ ↄ ⇔√ ⅛╠

─ ⱨꜝ♩ה ⅜ ∆╢ Soh, 1986; 1999⁹↓╣╠╩ ⅝ↄ ↕

∑╢ ─ │⁸ ─ ─ⱪ꜠כ♩ ⌐ ∆╢ ≢⁸

─ ─ ≤⇔≡│ ─ ╩ ⇔≡™╢⁹ ≢─ │ ≢№╢⁹

│ ─ ≤⁸ ─ ≤™℮ ≈─ ─

⅝⌂ ⅛╠ ↕╣╢⅜⁸ ⌐≈™≡│ ─ ⌐ ↄ ╦╣⁸

─ ⅜ ⇔™⁹ ⁸ Ito et al., 1989 ─ ⌐ ∆╢

─№╢ ⅜⁸ ⌐╟∫≡ ╠⅛⌐↕╣√ ╒⅛⁸2012⁹ 

 

 

 ⌐│⁸ ─ ≤∕╣╩ ℮ ─ ⅜ ∆╢⁹ ⌐

│ ─ ⅜ ⇔≡™╢⁹ ⌐│ ⌐ ⅜ ∆╢⁹ │⁸

≤⇔≡│ ─ ⌂ ≢№╢⅜⁸ │ ∏╣ ≤⇔≡ ⇔⁸

│ 1930 ≢№╢⁹↓─╒⅛⁸ ─ ⌐│ ─ ⌂

≥─ ∏╣ ⅜ ∆╢⁹ⱨ▫ꜞⱧfi ⱪ꜠⁸│♩כ ⌐⅔™≡ ─ ╩

⌐ ↕∑⌂⅜╠ ╖ ╖╩ ∫≡⅔╡⁸ │ ╩ ⌐ ↕∑╟℮≤⇔≡™

╢⁹ 

ⱨ▫ꜞⱧfi ⱪ꜠כ♩ ─ ─ⱪ꜠כ♩≤─ ≢│⁸ⱨ▫ꜞⱧfi ⱪ꜠כ♩

⌐╙ ⅜ ⇔≡™╢⁹∕─ │⁸ ─ ≢╙ ⇔≡⅔╡⁸ −⌐∆
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≢│⁸ ─ ≡∫╟⌐♩☻ꜝ☻─ꜟכ◔☻ √⌂ ╖ ╖⅜ ↕╣≈

≈№╢ Le Pichon, 1987 Nakanishi et al., 2002 ⁹↓─╟℮⌐⁸ⱨ▫ꜞⱧfi ⱪ꜠⁸│♩כ

∕╣ ─ ╩ ╗ ⌂ ╩ ∫≡™╢⅜⁸∕╣∙╣─ ─ ╛ ─

╩ ╠⅛⌐∆╢√╘⌐│⁸ ≢│⁸ ⌂└∏╖─ ⌂≥─ ⌐ ⌂ ⌂

⅜ ⇔≡™╢⁹ 

 

 

 Ӈ │⁸ 1918 ⌐╟∫≡ ↕╣√⁸ⱨ◊♇◘ⱴ◓♫─

╩ ╢ ≢№╢⁹ ≤⇔≡│ ─ ╩ ∆⁹ ⅛╠ ╕≢─ │⁸

─ ≤ ─ ≤─ ╩⌂∆⁹∕─ │⁸ ╕≢│⁸

─ ≤⌂╢⁹↕╠⌐∕─ │⁸ ─ ─ ≤⌂╡⁸

⌐ ╢⁹ 

 ─ ≤ ─ ─ │⁸ ≤⇔≡│ ╠╣≡™⌂™⁹ ⌐╟

╣┌⁸∕─ ⌐⅔↑╢ ─ │⁸ ╩ ╖ ⅜ km ⇔

≡™╢⁹⇔⅛⇔⁸∕─ ⌐ ∆╢ ─ ─ ≢│ ⅜ km⌐⌂

╡⁸ Ί ╟╡╙ │⅛⌂╡ ⅝™↓≤⅛╠⁸ ⌐ ⅝ↄ ⇔√

─│⁸ ─ ≢№╢ ≢№╢≤ ⅎ╠╣╢⁹ ⅛╠ ≢│⁸

─ ≢№╢ ─ ⅜☻כ꜠♩ ≤⌂╢⁹ │⁸ ≢╟╡

─ ⌐ ∆╢⁹↓℮⇔√ ─ │ ╕≢ ⇔⁸ ≤⇔≡│

⅜ ≤⇔≡ ⇔√ ╩ ⇔≡™╢⁹ ⅛╠ ⌐⅛↑≡│

─ ≤⌂╡⁸ Ӈ ╩ 11 12 km ∏╣⌐ ↕∑≡™╢ 1976⁹

─ │⁸ ─ ⌡ ≤ ╩ ≡╢ ≤⌂╢⅜⁸

│↓╣≤│ ╣≡⁸∕─ ⌐ ∆╢ ≤ ─ ⌐ ↕╣⁸

─ ≤⌂∫≡™╢ Ikeda et al., 2009 ⁹ 

 

 

 

≢│⁸ ─ⱪ꜠כ♩─ ⌐ ♩ꜝⱨ⅛╠ ⌐ⱨ▫ꜞⱧfi ⱪ꜠כ♩⅜ ╖

╖⁸↕╠⌐∕─ ⌐ ⅛╠ ⅝⌐ ⱪ꜠כ♩⅜ ╖ ╪≢⅔╡⁸ ⱪ꜠כ♩─

⌐╟∫≡ ⌂ ⅜ ╠╣╢⁹ 

⁸ ⌐ ↕╣√ ⌐╟╢ GNSS 10 ⌐╟∫≡⁸ ≢

∂≡™╢ ⅜ ⌐ ⅎ╠╣╢╟℮⌐⌂∫√⁹ ⁸ │⁸2007 11 ⅛

╠ 2010 12 ─ ─ ⅛╠ ╠╣√⁸ ⌐⅔↑╢ ─ ≤

─ ⱬ◒♩ꜟ╩ ⇔≡™╢⁹↓─ │⁸ ⌐ ↕╣≡™╢

₈ ₉╩ ⇔√╙─≢№╢⁹↓─ ⌐│⁸ ⌐⅔™≡ ⌂ │ ⇔≡

⅔╠∏⁸ ⌂ ╩ ⇔≡™╢≤ ⅎ╠╣╢⁹ ⌐⁸2004 11 ⅛╠ 2010 11

─ ─ GNSS ⅛╠ ↕╣√ └∏╖ 11 ╩ ∆ ⁸₈ └∏╖

₉≤™℮⁹⁹╕√⁸ ↕╣≡⅝√ ─ ⅛╠⁸ 100 ─

⌂ └∏╖ ⅜ ╠╣≡⅔╡ ⁸₈ └∏╖ ₉≤™℮⁹⁸1923
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⌐ ⇔√ ⌐╟╢ ╩ ↄ≤⁸ ⌡ └∏╖ ≤ ─ ⅜ ╠╣╢⁹  

─ ⌐≈™≡│⁸ ⌐ └∏╖ ⁸ └∏╖

─└∏╖ ⅛╠™ↄ≈⅛─ ⅜ ╠╣╢⁹ 

⅛╠ ⌐⅛↑≡ ⅛╠ ─ └∏╖⅜ ╠╣ ⁸ⱨ

▫ꜞⱧfi ⱪ꜠כ♩─ ╖ ╖⌐╟╢ ≤ ⅎ╠╣╢⁹ ≤ ─ ≢│⁸

─ └∏╖⅜ ╠╣ ⁸ ─ ⌐╟╢╙─≤ ⅎ╠╣╢⁹ 

─ ≢│⁸ ⌐ ─ └∏╖⅜ ╠╣╢ ⁸ ⁹

↓─ └∏╖│ ⅛╠ ╕≢ ™≡⅔╡⁸ └∏╖ ≤ ┌╣≡™╢

Sagiya et al., 2000 ⁹ 

↕╠⌐ ≢│⁸ ≤ ⌂╢ ⌂└∏╖─ ⅜ ╠╣╢ ⁹

─ ╩ ╢≤⁸ ⅜ ≤ ⌂╢ ⅝╩ ⇔≡⅔╡⁸∕─ ≤⇔

≡⁸ⱨ▫ꜞⱧfi ⱪ꜠כ♩╛ ─ⱪ꜠כ♩≤│ ⇔≡Ⱪ꜡♇◒ ⌐ ™≡™╢≤∆╢ⱴ▬◒꜡

ⱪ꜠כ♩ ⅎ┌⁸Sagiya 1999⁸ ה 2007 ⅜ ⅎ╠╣≡™╢⅜⁸ ─

⌐ ⌂♦♃♇♅ⱷfi♩⅜ ∆╢ 2005 ≤∆╢⸗♦ꜟ╙ ↕╣≡™╢⁹ 

╕√⁸ └∏╖ ≢│⁸ ⌐ ⇔√ 1923 ─ ⌐╟

╢≤ ⅎ╠╣╢ └∏╖⅜ ─ ™ ≢ ╠╣╢⁹ 

 ↓─ ⁸ ≢│№╢⅜⁸ └∏╖ ≢ ⌐ ╠╣╢ ⌂ └

∏╖│⁸2004 ⁸2007 ⌐╟╢╙─≤ ⅎ╠╣╢⁹ 

─ ⌐≈™≡│⁸ ⅛╠ ⌐⅛↑≡ ─ ≤ ⅎ╠╣╢ ⅜ ╠

╣╢⅜⁸∕─ ≢│⁸ ⌐ ⌂ │ ╠╣⌂™ ⁹ 

⌐⁸ ─ ╩ ↔≤⌐ ═≡™ↄ⅜⁸↓↓≢│GNSS ≢ ╠╣√ └∏╖

╩ ⌐ ™╢↓≤≤∆╢⁹∕─ ≤⇔≡⁸ ⌐ ⇔√ ╛╝∫ↄ╡∆

═╡⌐ ∆╢ ⅜ ╕╣≡™╢╙──⁸ ⌐│ ⌂ ╩ ⇔≡™╢╙─

≤ ⅎ╠╣╢√╘≢№╢⁹ 

⌂⅔⁸ 2011 11 ≢│⁸ ⌐ ℮ ≤∕─ ⌐

ↄ ─ ⌐╟╡⁸ ─ ↄ─ ≢ ⌐ ⅝ ┌↕╣╢ ⅜ ⇔≡⅔╡⁸

↓╣╕≢⌐ ╠╣√ ─ ↄ│ ™ ↕╣≡™╢ ≤⌂∫≡™╢⁹ ─

⅛ ⅛╠ ─ ╩ ╢≤⁸ ⌐ ─ ─ ≤ ⅎ

╠╣╢ ⅝⌂ └∏╖⅜ ─ ™ ≢ ╠╣≡™╢ ⁹ 

 

 

⌐ ⌂ │ ╠╣⌂™⁹ └∏╖ ⌐⅔™≡╙ ≢№╢⁹⌂⅔⁸

↓─ ≢ 2011 3 19 ⌐ ⇔√ ─ 6.1 ⌐ ℮ 40cm─ ⅜⁸

₈∞™∟₉─ SAR ⌐╟╡ ↕╣≡™╢ Kobayashi et al., 2012 ⁹ 

 

 

↓─ │⁸ └∏╖ ⌐ ⇔≡⅔╡⁸ ⌡ ─ └∏╖⅜

╠╣╢⁹↓─ │⁸ └∏╖ ⌐⅔™≡╙ ≢№╢⁹ 

⌂⅔⁸2011 3 12 ⌐↓─ ≢ ⇔√ ה ─ 6.7⁸
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≢│⁸ ≢ 40cm─ ≤ 20cm─ ⅜ ↕╣≡™╢

2011 ⁹╕√⁸₈∞™∟₉─ SAR ⌐╟╡ ─ ⅜ ↕╣≡™╢ ╒⅛

2011 ⁹ 

 

 

⌡ ─ └∏╖⅜ ⌐ ≢ ╠╣╢⁹↓─ ≢│⁸ ⌐ ⌂ │ ╠

╣⌂™⁹ 

⌂⅔⁸1931 21 ⌐↓─ ≢ ⇔√ 6.9⁸ ≢│⁸

⌐╟╡ ⅜ ↕╣≡⅔╡⁸ ⅛╠ ↕╣√ ∏╣ ─ ⌐╟╢

≤ ∆╢ Abe 1974 ⁹╕√⁸ ≢│⁸1996 ⁸2002 ⁸2007 ⁸2011

⁸2014 ⌐╝∫ↄ╡∆═╡ ⱪ♇ꜞ☻כ꜡☻ ⅜ ⇔≡⅔╡⁸∕╣╠⌐ ℮ ⅜

─ ≢ ↕╣≡™╢ Ozawa 2014 ⁹ 

 

─ ♩כ꜠ⱪה ╖ ╖  

ⱨ▫ꜞⱧfi ⱪ꜠כ♩─ ╖ ╖─ ≤ ⅎ╠╣╢ └∏╖⅜ ⅛╠ ⌐⅛↑

≡ ╠╣╢⁹↕╠⌐⁸ ─ ≤ ⅎ╠╣╢ ⅛╠ ─ └

∏╖⅜ ─ ≢ ╠╣╢⁹ ≢│⁸ ─ └∏╖⅜ ╠╣

╢⁹ 

↓─ ⁸1923 ─ ≤ ⅎ╠╣╢ ⅝⌂ └∏╖⅜ ™ ≢ ╠╣╢

⁹ 

⌂⅔⁸2011 15 ⌐↓─ ≢ ⇔√ ─ 6.4⁸ ≢│⁸

cm─ ⅜ ↕╣√ 2011 ⁹ 

 

 

─ └∏╖⅜ ╠╣╢⁹╕√⁸ └∏╖ ≢│⁸

─ ≤ ⅎ╠╣╢ ⌡ ─ └∏╖≤ ─ └∏╖⅜ ╠╣╢⁹ 

↓─ ≢│⁸ 1930 11 26 ⁸ 7.3 ╛ 1974 ⁸

6.9 ⁸ ─ 1978 14 ⁸ 7.0 ⌂≥⁸ ◒ꜝ☻─ ╛⁸2000

⌐ ╕╢ ─ ⌂≥⁸ ⅜ ≢⁸∕╣╠⌐ ℮ ⅜ ↕╣

≡™╢⁹ 

∕─ ⁸ ─ ≢│ ₁ ⌂ ⅜ ╠╣⁸∕╣⌐ ∫≡⁸ ⅜

↕╣≡™╢⁹ 

 

 

└∏╖ ┘ └∏╖ ⌐⅔™≡⁸ ≢

─ └∏╖⅜ ╠╣╢⁹ ≢│⁸ ─ └∏╖⌐ ⅎ

≡ ─ └∏╖╙ ╠╣⁸↓─ ≢─ ─ ∏╣╩ ⇔≡™╢⁹ 

⌂⅔⁸ ⅔╟┘ ⌐≈™≡│⁸ ⌐ ⇔≡ ⌂ ⅜ ↕╣⁸

⌐≈™≡╙ ⌂ ⅜ ╦╣≡™╢ ╒⅛ 2010 ⁹ ⌐╟
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╢≤⁸ ─ ⌐≈™≡│ ╟╡ ≢│ ─ ⅜ ⇔⁸

╟╡ ≢│ ⌐ ∆╢ ∏╣─ ⅜ ╠╣╢≤─ ⅜ ╠╣≡

™╢⁹↓─ ─ │⁸╒╓ ⌂ ≢ ⇔√Ⱪ꜡♇◒⅜

mm/yr─ ≢ ∏╣ ╩⇔⁸ ⌂└∏╖╩ ⇔≡™╢≤ ≢⅝╢⁹ 

╕√⁸ ─ ≢│⁸ ⌡ ─ └∏╖⅜ ╠╣ 

╢⅜⁸ ╒≥ ⌂╙─≢│⌂™⁹ 

⌂⅔⁸2014 11 22 ⌐↓─ ≢ ⇔√ ─ 6.7⁸ ≢

│⁸ ≢ 30cm─ ≤ 13cm─ ⅜ ↕╣√ 2015 ⁹╕√⁸

₈∞™∟ ₉─ SAR ⌐╟╡⁸ ≢ ─ ⅜ ↕╣√ ╒⅛

2015 ⁹ 

 

 

   

 

≢ ∆╢ │⁸ ╛ ─ ™ ↕ 30km ≢ ∆╢

⁸₈ ™ ─ ₉⁸ⱨ▫ꜞⱧfi ⱪ꜠כ♩≤ ⱪ꜠כ♩≤ ─ⱪ꜠כ♩─∕╣∙╣─ⱪ

♩כ꜠ ≢ ∆╢ ⁸ⱨ▫ꜞⱧfi ⱪ꜠כ♩ ┘ ⱪ꜠כ♩ ─ ™ ≢

∆╢ ⅜№╢⁹↓↓≢│⁸ ⌐ ─ ⌐ ∆╢ ≤⇔≡⁸ ™ ─ ⌐≈™

≡⁸1997 ⅛╠ 2013 ╕≢─ 17 ─ ⌐≈™≡ ═╢ 12 ⁹ ─ ↕ 30km

≢ ⇔√ ─ ╩ 14 ⌐ ∆⁹ │⁸

⁸ ⁸ ⌂≥⁸∕╣╕≢│ ⅜№╕╡ ╠╣⌂⅛∫√ ≢

⅜ ⌐⌂∫√⁹ ─ ↕ 20km ─ ─ │⁸ ─

│ ∏╣ ╛ ⅜ ⅛∫√⅜⁸ │ ⌐ ─ ≢ ⅜

╠╣╢╟℮⌐⌂∫√ ⁹ ↕ 20km ≢ ⇔√ 3.0 ─ ⌐≈

™≡⁸ ─ ─כ♃ⱥꜞה◓ꜟfiⱬ♥כ◓ ⁸ ₈G- R ₉ ╩ ∆╢≤⁸∕

─ │ 0.9 ≤ ↕╣╢⁹ 

 

 

 ⌐ ╕╣╢ │ 1683 ⌐ ⇔√ ╙ ↕╣≡™╢╙──⁸↓─ ™

≢│ │ ≢│⌂™⁹╗⇔╤∕─ ┘ ─ ⌐ ∆╢

≢⁸ ⌐ ℮≤ ⅎ╠╣╢ ⌂ ⅜™ↄ≈⅛№╢⁹ ≢╙ ◒

ꜝ☻╩ ≤∆╢ ⌂ ⅜ ⌐ ⇔≡™╢⁹ ─ ─ ה

≢│⁸ ─ ⌐ ⅜ ⌐⌂╡⁸2013 25 ⌐

⇔√ 6.3 ─ ⌐ ℮ ⅜ ╠╣╢⁹ 

 ─ ⅛╠ Ⱪ꜡♇◒≤⇔≡│ ⌐ ∆╢ ⅛╠∕─ ⌐

⅛↑≡│⁸ ─ ⌐ ⇔⁸ ─ ⅛╠ ⌐⅛↑≡ ≤ ⌐⁸

↕─ ™ ⅜ ⇔≡™╢⁹ ⅛╠ ⌐⅛↑≡─↓─ ≢│⁸

╩ ⌐ ⌐ ⌂ ╩ ⇔⁸ ⌐ ≢│⁸ ﬞ ─ ⌐ ─ ⅜ ₁

≤ ⁸╕√ ─ │ ﬞ ╒≥≢ 1,000 ╩ ⅎ√⁹ │ ₁⌐ ⇔≡
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™╢⅜⁸ ≢│ ─ ⅜ ↄ⁸ ─ ╣╩ ∆╢ ⅜ ≢╙ ↄ

⇔≡™╢⁹ 

╛ ─ ⌐⅔↑╢ D90 13 ─ │ 10km╟╡╙ ↄ⁸ ™≤↓╤≢

km ≢№╢ 11 ⁹ ≢│ D90⅜ 25km ≤⌂╡⁸∕─ ⌐ ═≡ ⌐

ↄ⌂∫≡™╢⁹ ─ │⁸ ⌡ ⌐ ╩ ≈ ⅜

™ ⁹∕─ ─ ≢│⁸ ⌡ ⌐ ╩ ≈ ∏╣

╛ ⅜ ╠╣╢⁹ ⌐⅔↑╢ 17 ⌐ ⇔√ M3.0 ─ ─

⌐ ≠ↄ≤⁸ │ 0.9 ≤ ↕╣╢ 10 ⁹ 

 

 

 ⌐ ╕╣╢ ⌐ ∫≡│⁸1847 ─ ─ ⅜

™ ⅜ ╠╣╢⁹ ╩ ╪≢ ─ ≢│⁸ ⌐ ℮╕≤╕∫√

⅜ ╠╣╢⅜⁸ ≢╙ ─ ≢№╢⁹1966 ⌐ ╙ │ 5.4

≤⌂╡ ⅛╠─ ─ ─ ╩ ∫√ ─ ≤ ╠╣╢

⅜⁸ ⅛╠ ≤ ≤⌐ ╙ ╠╣╢⁹ 

 ─ ⌐№√╢ ≤ ≤─ │⁸ ≤

≤⅜ ∆╢ ─ ⌐№√╡⁸ ⅜ ╠╣⌂⅛∫√⅜⁸

─ ⌐ 6.7 ─ 2011 ה ─ ⅜ ⇔⁸∕─ ⅜

╠╣╢╟℮⌐⌂∫√⁹ 

 D90│⁸ ⅛╠ ⌐ ╣√≤↓╤⌐ 10km─ ⅜ ⇔≡™╢⅜⁸∕

╣ ─ ≢│ ⌡ 10 15km≢№╢ 11 ⁹ ─ │⁸ ⌡

⌐ ╩ ≈ ∏╣ ⅜ ™ ⁹ ⌐⅔↑╢ 17 ⌐

⇔√ 3.0 ─ ─ ⌐ ≠ↄ≤⁸ │ 0. 9 ≤ ↕╣╢ 10 ⁹ 

 

 

 ─ ⌐ ™ ≢│⁸ ╩ ∆╢ ─ ⅜ ₁

∆╢⁹╕√⁸ ≢│⁸ ↕ 20km ─ ≢ ∆╢ ─ ╣⅜№╢⁹

≤ ─ ≢│⁸25km ─ ↕─ ─ ╣⅜№╢⁹ ─ ≢

│ ↕ 20km⅛╠ 30km ≢ ─ ⅜ ₁ ∆╢⁹⇔⅛⇔↓╣╠─ │™∏╣╙╛

╛ ↄ⁸ ─ ≢│⌂™⁹ 

 D90│⁸ ─ ╛ ≢│ ⌡ 10km ≢№╢⅜⁸ ╛ ≢│⁸

25km ─ ™ ⅜ ╠╣╢ 11 ⁹ │⁸ ⌡ ⌐ ╩ ≈

╛ ∏╣ ⅜ ╠╣╢ ⁹ ⌐⅔↑╢ 17 ⌐

⇔√ 3.0 ─ ─ ⌐ ≠ↄ≤⁸ │ 1.0 ≤ ↕╣╢ 10 ⁹ 

 

─ ♩כ꜠ⱪה ╖ ╖  

 │⁸ ⅛╠ ⌐⅛↑≡ⱨ▫ꜞⱧfi ⱪ꜠כ♩ ≢ ⅜⇔┌⇔┌

⇔≡™╢⅜⁸ ™ ™─ ⌂ │╖╠╣⌂™⁹ 

 D90│⁸ ™≤↓╤≢ 25km ≢№╢⁹ │⁸ ⌡ ⌐ ╩ ≈
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╛ ∏╣ ⅜ ╠╣╢ ⁹ ⌐⅔↑╢ 17 ⌐

⇔√ 3.0 ─ ─ ⌐ ≠ↄ≤⁸ │ 0.8 ≤ ↕╣╢ 10 ⁹ 

 

 

≢│ ⌐ ℮≤ ⅎ╠╣╢ ≢ ─ ─ ⌂ ⅜

⌐ ∆╢⁹ ≢│⁸ ⌐ ℮ ◒ꜝ☻╩ ≤∆╢

⌂ ⅜ ⌐ ⇔≡™╢⁹ 

D90│⁸ ⅛╠∕─ ≢ ↄ⁸ ™≤↓╤≢│ km ≢№╢ 11 ⁹

│⁸ ⌡ ⌐ ╩ ≈ ∏╣ ⅜ ™ ⁹

⌐⅔↑╢ 17 ⌐ ⇔√ 3.0 ─ ─ ⌐ ≠ↄ≤⁸ │ 0. 8 ≤

↕╣╢ 10 ⁹ 

 

 

─ │⁸ ⌐⁸ ≢│ ─ ⁸ ╟╡ ≢│ ─ ≢

⌐ ≢№╢⁹2011 30 ⌐│ ≢ 5.4 ≤ 5. ─ 2011

─ ⅜ ⇔√⁹ 

D90│⁸ ─ ≢│ km ≤ ™≤↓╤╙ ╠╣╢⅜⁸ ─ ≢│ ↄ⌂∫≡™╢

11 ⁹ │⁸ ⌡ ⌐ ╩ ≈ ╛ ∏╣ ⅜ ╠

╣╢ ⁹ ⌐⅔↑╢ 17 ⌐ ⇔√ 3.0 ─ ─

⌐ ≠ↄ≤⁸ │ 0.7 ≤ ↕╣╢ 10 ⁹ 

 

  

 

─ ™ ─ ⌂ ⌐≈™≡⁸ ┘ ⌐ ≠⅝╕≤╘√ ╩

12 ┘ ⁸ Ӈ ⌐ ∆⁹⌂⅔⁸ │ ╛ ⌐╟∫≡⁸ ⇔≡™╢ ─ ⅜

⌂╢⁹№╢ ⌐ ─ ⅜⌂™╟℮⌐ ⅎ≡╙⁸∕╣│∕─ ─ ⅜⌂™↓≤⌐╟╢

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

≢│⌂™↓≤⌐ ⅜ ≢№╢⁹ 

 ≢│⁸ ─ ╩ ≤∆╢ ─╒⅛⌐⁸ ─ ≢ ⇔√ ╛

⌐╟∫≡╙ ⅜ ∂╢⁹╕√⁸ ♩ꜝⱨ⅛╠ ╖ ╗ⱨ▫ꜞⱧfi ⱪ꜠⁸╛♩כ

⅛╠ ╖ ╗ ⱪ꜠כ♩⌐ ∆╢╛╛ ™ ⌐╟∫≡╙ ⅜ ∂╢─≢⁸ ⅜

≢№╢⁹ ⌐ ⌐│ ↕ 70km ─ ⱪ꜠כ♩⌐ ∆╢

─ ™ ⁸ ⌐│ ↕ 50km ─ⱨ▫ꜞⱧfi ⱪ꜠כ♩⌐ ∆╢ ─

™ ⅜№╡⁸ 5.0 6.0 ≢╙ ─ ╛⁸ ≡√↓≤⌐╟╢ ╛◦ꜛ♇◒ ─

╙№╢⁹↕╠⌐⁸ ⅛╠ ⌐⅛↑≡│⁸ ╖ ╗ⱨ▫ꜞⱧfi ⱪ꜠כ♩⅜

™ ⌐№╢─≢⁸ ╖ ╗ⱪ꜠כ♩⌐ ∆╢ ⌐╟∫≡╙⁸ ™ ⌐ ╠∏ ™

╣─ ⅜ ⅝╢↓≤╩ ╣≡│⌂╠⌂™⁹ 

 ╕√⁸ ─ │⁸ ─ ⌐╟∫≡⁸↓╣╕≢ ⅝⌂ ⅜⌂⅛∫

√ ⌐ ⅜ ⇔≡™╢⁹ ⅎ┌ ≤ ─ ≤─ ─
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ה ≢ ⇔√ 2011 12 6.7 ─ ╛⁸ ה ה ─

⌐ ⇔√ 2013 25 6.3 ─ 2013 ─ ⌂≥≢№╢⁹ 6.5

─ ™ │⁸ ⅜ ⇔≡™⌂™ ⌐╙ ∆╢↓≤⅜№╢─≢⁸ ⅜ ≢№

╢⁹ 

≢⁸ ─ ╩ ≤⇔√ ╛∕─ ─ ⌂ ⁸

─℮∟⁸ ⌂╙─╩ ⌐ ═╢⁹ 

 

 

 1683 10 ≢ ─ 7.0 ⅜ ⇔√⁹ ⌐ ™ ⌐№╢₈

╣₉≤™℮ │↓─ ⌐╟∫≡≢⅝√ ⅜№╡⁸ ─ ─ ╙№╢⁹

↓─ ⌐╟∫≡ ⅛≈╤℮╛╕ ⅜ ⇔≡ ─ ╩ ⅝ ╘√√╘⁸

™⅛╡↓ ⅜ ⇔√⁹↓─ │ 40 ─ ≢ ⇔≡ ╩ ⌐ ↓⇔⁸

│ ⇔≡™╢⁹ 

 ↓─ ─ 1683 ─ ⅛╠ ⌐⅛↑≡⁸ ≢ ⅜ ⇔⁸ ─

⅜ №╡⁸ ⌂≥≢ ╛ ⌐ ╡ ⇔ ╩ ∂√⁹ ⌐⁸1949 ≢

│⁸ ≢ 6.2 ≤ 6.4 ─ ⅜ ─ ≢ ⇔≡⁸ 10 163

⁸ 290 ─ ⁸ ╣ ─ ⅜ ⌐ ⅝√⁹√∞⇔⁸↓╣╠│⁸™∏

╣╙ ⌐ ⇔√ ≢№╢⁹ 

 ≢╙ ⌐ ∆╢ ─ ⅜ ⌐ ⇔≡™╢⁹∕─

≢ ⅛╠ ─ 2013 ⁸ 6.3 ─ (2013 ─ )⅜ ⇔

√⁹ ™ │ ⅛∫√⅜ ╛ ⅜ ⇔≡ ⅜ ∆╢⌂≥─ ╩ ∂√⁹ 

 ─ ─ ⅛╠ ⌐⅛↑≡│⁸ ─ ≤ ⁸ ≤ ─ ╩ ≈

↕─ ™ ⅜ ⇔≡™╢⁹ ─ ⁸↓╣╠─ ⌐ ₁≤

─ ⅜ ⇔≡ ─ ⅜ ⇔≡™╢⁹ 

 

 

 ⌐│ 1847 7.4 ⅜ ⇔⁸ ⌐ ™ ─

╩ ⌐ ╩ ⅎ╢ ╣⅜ ∂√⁹ ≢╙ ↓ↄ∙℮↕╪ ─ ╣│ ⅝

⅛∫√⁹ │ ↑ ≢ ─ ™ ↕™⅜╦ ╩ ⅝ ╘⁸ ⅛╠ ≢

≤─ ╡╕≢ ↕∑╢╒≥ ⇔≡⁸ ⌐ ╩ ↓⇔√ ⌐│⁸ ⌐

⇔≡ ─ ⌐ ╩ ↓⇔√⁹╕√⁸ ─↔ ⌐ ⅛╠ ╕∫≡™√

≢ ╦∫≡™√ ─ ≢│⁸ ⌐╟╢ ⌐ ⅜ ╦╡⁸ ─

⇔⅛ ⇔⌂⅛∫√≤™℮ ╙№╢⁹ │↓─ ⌐ ⅜№╢√╘ ≤

↕╣≡™╢⁹ 

 ─ ─ ⅜ ™ ─ ⅜ ™⌐ 1853 6.5±1/4 ⁸1890

( 6.2)⁸1941 6.1 ⌂≥ ⇔≡™╢⁹╕√⁸ ╩ ╪≢ ─ ─

≢│⁸ ⌐ ℮ ⅜ ╠╣⁸ ─ ⌐╟∫≡ ⅜ ⇔≡™╢⁹⌂

⅛≢╙⁸1965 ⅛╠ ≢ ≤™℮ ─ ∞∫√

≢│⁸ ™ ─ │⌂⅛∫√╙──⁸ ⅛╠ ⌐ ⅝ √ ─ ⌐╟∫≡⁸
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∆═╡╛ ⅜ ⇔√⁹ │⁸2011 ─ ⌐ ה

≢ 6.7 ─ ⅜ ⇔⁸ ╩ ∂√⁹ 

⌂⅔⁸841 ─ ( 6.5 )│⁸ ─ ≢№╢ ╙№╢

14 ⁹ 

 

 

 ≢│ ─ ─ ⅜⇔┌⇔┌ ∆╢⅜⁸∕─ ≥│ ↕ 30km ─ⱪ꜠כ♩─

╖ ╖⌐ ℮ ⌐╟╢╙─≢№╢⁹ ™ ≤⇔≡│⁸ ⌐ ™≤↓╤≢

⇔√ 1931 6.9 ≤⁸ ה ⌐ ⅜╢ ─ ─ ⌐ ╢

─ ≤↕╣⁸ №╢™│ ⁸ ─ ─ ⅜№╢ 818

ה ─ ( 7.5 )⅜ →╠╣╢ ≢№╢ 15 ⁹ 

 

─ ♩כ꜠ⱪה ╖ ╖  

│ ∆╢ ─ ↑ ╩ ╡ ╪≢⅔╡⁸ ─ ─ ⅜⇔┌⇔┌ ∆

╢⅜⁸∕─ ≥│ ↕ 20 30km─ⱨ▫ꜞⱧfi ⱪ꜠כ♩─ ≢№╢⁹╕√⁸ ≢│

1257 ─ 7. 0 7.5 ⁸1433 ─ 7.0 ⌂≥ ⅜ ⌂

─ ⅜ ↕╣≡™╢⌂≥⁸ ─ ⅛⁸ⱪ꜠כ♩─ ⅛─ ⅜ ⌂ ≢№╢⁹╛

╛ ™ ╕≢ ╘╣┌⁸ ─ ≢╙ ⅝™ ─ ⅜ ™ ≢№╢⁹1648

─ │ 7.0 ╒⅛ 2013 ≤↕╣≡™╢⅜⁸╛╛ ™ ─ ⅜№╡

2005⁸∕─ │ ─ ≤⌂╢⁹1853 ─ ( 6.7±0.1)

│⁸ ↄ≢ ⅜ ⇔≡⅔╡ ™ ─ ⅜№╢⁹ 

878 ─ 7.4 │ ─ ─ ╙ ↕╣≡™╢⅜ ╒⅛, 1988; 

╒⅛, 2013 ⁸ ⌂ │ ≢№╢⁹╕√ 1887 ⌐│ ╩

≤⇔≡ 6.2 ─ ( ה ─ )⅜ ⇔⁸ ≢ ╣╛ ─ ⅜

∂√⁹ 

↓─ ⁸ ≢│⁸1707 ─ ⌐ 6.6 7.0 1707 ─ ⁸

⌐ 6.4 2011 ─ ≤⁸ ─ ⌐ ≢

─ ⅜ ⇔≡ ⅜ ∂╢↓≤⅜№╢⁹ ≢│⁸ ™ │ ╠╣≡

™⌂™⅜⁸1935 6.4 ╛ 1965 ─ 6.1 ⌂≥ⱨ▫ꜞⱧfi ⱪ꜠כ♩

─ ⌐╟╢ ⅜ ∂≡™╢⁹ ≢│⁸ ─ ≢⁸2009 ─

6.5 ╛ 2011 ─ 6.2 ⅜ ⇔≡ ─ ⅜ ∂≡™╢⁹ 

 

 

│ ♩ꜝⱨ≤ ♩ꜝⱨ⅛╠ ─ ⌐ ╖ ╗ⱨ▫ꜞⱧfi ⱪ꜠כ♩ ⌐№╡⁸

∏╣─ ™ ⅜ ↄ ∆╢⁹↕╠⌐⁸ ─ ⌐│ ⅜ ↄ ⇔≡™╢⁸

─ ⌂ ≢№╢⁹ ╙⁸ ─ ⅛╠ ⌐⅛↑≡│⁸

⌐ ℮ ⅜⇔┌⇔┌ ⇔⁸ ─ ⌐╟∫≡Ⱪ꜡♇◒ ─ ╛●ꜝ☻─

⌂≥─ ⅜ ╡ ↕╣≡⅝√⁹1930 ⌐│╕∏ ≢ ⌂ ⅜ ⇔⁸

⌐ 7.3 ⅜ ≢ ⇔≡⁸ ∞∫√ ♩fiⱠꜟ─ ─
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♩fiⱠꜟ⅜ 2.4 ∏╣ ™√⁹ ─ ╩ ⌐ 272 ⁸ 572 ⁸ 2165

─ ⅜ ∂√⁹↓─ ⁸1934 ─ 5.5 │ ─ │ ⌐

⇔√⅜⁸1974 ⌐│⁸ ≢ 6.9 ⅜ ⇔⁸ 30 ⁸

102 ⁸ 134 ─ ╩ ∂√⁹ │⁸ ⅛╠ ≤ ↕╣≡

™√⁹1978 ⌐│⁸ ─ ─ ≢ ─ ╩ ╪∞ ⅜ ⇔⁸∕

─ ⌐ ─ 7.0 ⅜ ⇔⁸ ≤⇔≡ ≢ ⅝⌂ ⅜ ∂√⁹

25 ⁸ 211 ─╒⅛⁸ ⅜ 1000 ╣⁸ ─♩fiⱠꜟ⅜ cm

⇔≡ ⅜ ⇔√⁹ ⌐│ ─ ≢ 5.4 ─ ⅜ ⌂ ╩ ∫≡

⇔√⁹ 

1974 ─ ⌐│⁸ ╛⁸ ⅛╠ ╡─ ≢ ↕™

⅜ ∆╢╟℮⌐⌂∫√╒⅛⁸1975 │ ⌐ ⅜ ╠╣╢ ⌐⌂∫√⁹

─ │ ⌐ ⌐ ⇔≡⁸1980 ⌐ ╢≤ ─ ≤⌂∫√⁹1978

11 ⅛╠│⁸ ⌐ ℮ ⌂ ⅜⁸╕∏ ─ ≢⁸∕─ │

≢⁸ ╡ ⇔ ∆╢╟℮⌐⌂∫√⁹∕─╟℮⌂ ─ ⁸1980 ─

6.7 ⅜ ⇔√⁹↕╠⌐⁸1990 ⌐╙ ─ 6.5 ⅜ ⇔√⁹↓─

─ │⁸1989 ╩ ⇔√ ⌂ ╩ ↓⇔√⁹∕─ ╙⁸

╩ ╡ ⇔≡™╢⅜⁸2000 ⌐ ℮ ה ─ ⌂ ⅜

∆╢ ⌐│⁸ ─ │ ╕∫√⁹ ─ │⁸ │⁸

∕╣ ╟╡ ─ ⅜ ↄ ⅜ ╠╣╢⁹ 

⌂⅔⁸ ⌂ ⅜ ╕╢ 1884 ─ ─ ─

│ ╠╣≡⅔╡⁸841 ─ ( 7.0 )⅜⁸ ─ ≈ ─ ≢

⇔√⅜⁸ ─ ≤─ ⌂ │ ≢№╢⁹ 

 

 

≢│⁸ 7.0 ─ │ 762 ─ ⌐ ╠╣≡™⌂™⁹841 ─ (

6.5 )│⁸ ─ ≢№╢ ╙№╢⁹ 

≢│⁸1714 ─ 6. 5 ⅜ ─ ⌐ ⇔√⁹

≢ ⅜ ╠╣√ 2014 ─ 6.7 │⁸ ╛ ⅜ 1714 ─

≤ ⇔≡™╢⁹∕─ ─ ≢│⁸1858 ─ 6.0 6.4 ⁸1918

─ 6.5 ⌐ 6.1 ≤ ─ ⅜ ⇔√⁹↕╠⌐ ─ ≢

│⁸1791 ─ 6 3/4 ⁸2011 ─ 5.4 ⅜ ⇔√⁹ 
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Ӈ  ─ ⌂ 5.0  

7.4

-

6.7

-

-
5.0

6 3/4

6.5

6 1/4

7.4

6 1/4

6.5
-  

β ─ │ ≤⇔≡ ╒⅛ 2013 ≤ 1999 ⌐ ╢⁹*│ ╒⅛ 2006, 2008 **│ ה

2012 ⌐ ╢⁹  

™ ≢─ ⌐╟╢ ™  

─ ⌐ №╢™│ ∆╢  

ⱪ꜠כ♩ ╕√│ⱪ꜠כ♩  

*
**

*
**

*
**
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Ӈ  ─ ⌂ 5.0  

5.3

6.2

6.2

5.2

5.9

5.0

5.8

5.8

5.7

5.1

6.2
6.3

6.5

5.4

5.9

7.3

6.9

5.5

6.4

5.0

6.1

5.9

6.4

5.8

6.1

5.1

5.3

5.0

6.9

5.4

7.0

5.8

5.1
5.5

6.7

5.7

5.9

5.5
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Ӈ  ─ ⌂ 5.0 ⅝  

5.7

6.5

5.9

5.0

5.1

5.8

6.5

5.1

6.7

6.4

7.0

6.4

5.4

6.2

5.3

5.2

6.3

6.2

6.7

β ─ │ ≤⇔≡ ╒⅛ 2013 ≤ 1999 ⌐ ╢⁹√∞⇔⁸1930 ─ ⁸2000

─ │ ⌐ ╢⁹ 

 

™ ≢─ ⌐╟╢ ™  

─ ⌐ №╢™│ ∆╢  

 

─ ─  

 ⌐ ⇔√ ─ ⌐≈™≡⁸ ≈─ ↔≤⌐⁸ ╩ ∫√

14⁸ 13 ⁹ ─ ה ╛ ⌐ ∆╢ ⅜ ≢│⌂™ ⅜№╡⁸

↓↓≢│ ─ ⅜№╢╙── ─ ⌂™ 16⁸ ⌐≈™≡│⁸ │

─ ≤⇔≡™⌂™⁹ 

 ≢ ∆╢ ─ ─ │⁸ ─ ⌐ ⇔≡ ⇔ ╢ ─ ↕⌐ ≠ↄ⁹

↕⌐ ≠ↄ ─ ⅎ ╩⁸ ─ ≤ ∑≡⁸ ⌐ ∆⁹ 

₁─ ≢⁸ 30 ⌐ ⅜ ∆╢ │⁸

2001a ⌐ ™⁸ ≤ ⅜ ⇔≡™╢ ⌐│⁸ ≢ ∆╢

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

Passage Time ╩ ⇔≡ ⇔√⁹ ⅜ ⇔≡™⌂™ │⁸

╩╙≤⌐ⱳ▪♁fi ╩ ⇔≡ ⇔√⁹╕√⁸ ≢│⁸ ≢│ ─ ⅜

╘⌐ↄ™ ⅜⁸ ≤⌂╢ ≢ ╠╣≡™╢ ─ ─ ≢ ⇔

≡™╢≤╖⌂⇔⁸ⱳ▪♁fi ⌐╟╡∕─ ╩ ⇔√ 16 ⁹ 

 

*
**
*
**
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 ─  

─ │⁸ ⌐ ╩ ⇔√ ≢№╢⁹ ⁸ ⁸

⁸ │ ╩ ≤∆╢⁹ ⱡ │ ∏╣ ╩ ≤⇔⁸ ⅜ ⌐

∆╢ ╩ ℮ 13 ⁹ 

─ ⌂ ⌐≈™≡│⁸ ≢ ⁸ ⁸

≢⁸0. 2 0. 4 ⅜ ╙╠╣≡™╢ 17 ⁹™∏╣╙

─╖≢№╡ ⁸ ∏╣ ⅜ ╠⅛⌐↕╣≡™╢╙─│⌂™⁹╕√⁸∕╣

─ │⁸ ⌂ ⅜ ≢№╢⁹ 

≢│⁸ ⁸ ≢ ⅛╠ ⅜ ╘╠╣≡™╢⁹∕─℮∟

⌐⅔™≡│⁸ ─ ⅜ ↕╣≡⅔╡⁸ │14 ⁸17

≤ ↕╣╢⁹ 

 

 ↕╣╢ ≤∕─  

─ ─ ─ ↕│⁸ ╙ ™ ⱡ ⅜ 12km⁸ ╙ ™ ⅜

38km ≢№╢ ⁹↓╣╠─ ⅜ ⇔√ ⁸ ⅛╠ ∆╢ ─

│⁸ ⱡ ⌐⅔™≡ 6.6 ⁸ ⌐⅔™≡ 7. 5 ≤ ↕╣╢ ⁸ 13 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≤⇔√ ⁹ ⌐│⁸ ⱡ ┘ │ 6.8 ≤ ⇔√⁹ 

 

 ─ ─  

─ ─ ─ ─ ╩ ⌐ ∆⁹ 

⁸ ⱡ ⁸ ⁸ ┘ ─ 30 ⌐ ∆╢

─ │⁸∕╣∙╣⁸╒╓ ⁸ ⁸0.4 0. 6 ╙⇔ↄ│∕╣ ⁸0.6 ┘ ≤⌂╢

⁹ 

⌂⅔⁸ ⱡ ┘ ⌐≈™≡│ ⅜ ≢№╢√╘ ⁸

╩ ≢⅝⌂™⁹↓╣╠─ ⌐≈™≡│⁸ ╩ ⅎ≡ ⇔√

┘ ⌐ ≠⅝ ╩ ∆╢≤ ⁸ 30 ⌐ ∆╢
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─ │⁸∕╣∙╣⁸ ┘ 0.5 ≤⌂╢ 15 ⁹↕╠⌐⁸ ⌐≈™≡

╩ ∆╢≤⁸ 30 ⌐ ∆╢ ─ │⁸╒╓ ≤⌂╢ 16 ⁹ 

╠╣√ │ ╩ ℮╙──⁸∕─ ╩≤╢≤⁸ │ 30 ─ ⌐ ⅜

∆╢ ⅜⁸ ⅜ ─ ⌂ ─ ≢│ ⱪ⌐⁸כꜟ◓™ ⱡ ⁸ ⁸

│╛╛ ╣∙╣⧵⌐ⱪכꜟ◓™ ∆╢↓≤⌐⌂╢ 18 ⁹ 

─ ─ ≢ ⇔ ╢⁸ ≢ ╩ ╘⌐ↄ™ 16 ⅜

30 ⌐ ∆╢ ╩ ⌐ ⇔√⁹
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 ─ ─  
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 ─ ─ ─ ─  

0.08-0.3

0.6

0.6 0.3

0.3

 

β ─ ↕⌐ ≠™≡ ─ ╩ ⇔√ ⅜ 6.8 ≤⌂╢ ⁸↓↓≢│ 2010 ⌐ ™⁸ ─

─ 6.8╩ ™≡ ⇔≡™╢ ⁹ 
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 ─  

─ │⁸ ≢№╢⁹

┘ │™∏╣╙ ─ ╩ ≤∆╢ 13 ⁹ 

─ ⌂ ⌐≈™≡│⁸ ≢1.2 2.6

⅜ ╙╠╣≡™╢ ⇔⅛⇔⁸ ≢│ ⌂ │ ≢№╢⁹ 

≢│⁸ ⅛╠ ─ ⅜ ╘╠╣≡™╢ 15 ⁹

│1847 ( 7.4)≤ ⅎ╠╣╢⁹ ≈ ─ │⁸ ⁸

─ ⅜№╢⁹ ─ │ ─

⅜№╢ ⁹ 

 

↕╣╢ ≤∕─  

─ │ ─╖≢№╡⁸ │ ↕⅜ 15km≤ ™

≤ 59km≤ ™ ≢ ↕╣╢ ⁹↓╣╠─ ⅜ ⇔

√ ⁸ ⅛╠ ∆╢ ─ │⁸ ⌐⅔™≡ 7. 4 7. 8

⁸ ⌐⅔™≡ 6. 8 ≤ ↕╣╢ ⁸ 13 ⁹↓╣╠─ ⅜

∆╢ ⌐│⁸ ╛♩꜠fi♅ ⌐ ≠ↄ≤⁸ ⌐ ∆╟℮⌂∏╣╩

∂╢ ⅜№╢⁹╕√⁸ ≤ │ ₁⌐ ∆╢≤ ↕╣╢⅜⁸

⅜ ⌐ ∆╢ ╙ ≢⅝⌂™⁹∕─ ⁸ ─ ⌐

ⅎ┌⁸ 7. 9≤ ↕╣╢⁹ 

 

─ ─  

─ ─ ─ ─ ╩ ⌐ ∆⁹ 

┘ ─ 30 ⌐ ∆╢ ─ │⁸∕╣∙╣⁸╒╓

┘ ≤⌂╢ ⁹ 

⌂⅔⁸ ⌐≈™≡│ ⅜ ≢№╢√╘ ⁸ ╩

≢⅝⌂™⁹ ⌐≈™≡│⁸ ╩ ⅎ≡ ⇔√

┘ ⌐ ≠⅝ ╩ ∆╢≤ ⁸ 30 ⌐ ∆╢

─ │ ≤⌂╢ 15 ⁹ ╠╣√ │ ╩ ℮╙──⁸∕─ ╩≤╢≤⁸

│ 30 ─ ⌐ ⅜ ∆╢ ⅜⁸ ⅜ ─ ⌂ ─ ≢│╛╛

⌐ⱪכꜟ◓™ ∆╢↓≤⌐⌂╢ 18 ⁹⌂⅔⁸ │ ⅜ 1847 ─

≤ ⅎ╠╣╢↓≤╩ ∆╢≤⁸↓─ ≢↔ↄ ™ ⌐ ↕╣╢ 7. 4

7.8 ─ ⅜ ∆╢ │ ™≤ ⅎ╠╣╢⁹ 

─ ─ ≢ ⇔ ╢⁸ ≢ ╩ ╘⌐ↄ™ 16

⅜ 30 ⌐ ∆╢ ╩ ⌐ ⇔√⁹ 
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 ─ ─  

 

30km

 

 

 ─ ─ ─ ─  

0.07-0.2

0.5
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 ─  

─ │⁸ ⌐ ╩ ⇔√ ≢№╢⁹ ⁸

⁸ ┘ ─™∏╣╙ ⅛╠ ╩ ≈ ╩ ≤

∆╢ 13 ⁹ 

─ ⌂ ⌐≈™≡│⁸ ⁸ ┘

≢⁸0.1 0.5 ─ ─ ⅜ ╙╠╣≡™╢ ⁹

┘ ─ ⌂ │ ≢№╢⁹ 

≢│⁸ ⁸ ┘ ≢ ─ ⅜ ╘╠╣≡⅔╡⁸

┘ ≢│⁸ ⅛╠ ─ ⅜ ╘╠╣

≡™╢ 15 ⁹ ┘ ─ │⁸∕╣∙╣

⁸ ┘ ⁸ ─

⅜№╢⁹ │⁸∕╣∙╣⁸ ┘

─ ⅜№╢ ⁹ 

 

↕╣╢ ≤∕─  

─ ─ ─ ↕│⁸ ╙ ™ ⅜ 14km⁸ ╙ ™

⅜ 69km≢№╢ ⁹↓╣╠─ ⅜ ⇔√ ⁸ ⅛╠ ∆

╢ ─ │⁸ ⌐⅔™≡ 6.7 ⁸ ⌐⅔™≡ 7. 9 ≤ ↕╣

╢ ⁸ 13 ⁹↓╣╠─ ⅜ ∆╢ ⌐│⁸ ╛♩꜠fi♅

⌐ ≠ↄ≤⁸ ⌐ ∆╟℮⌂∏╣╩ ∂╢ ⅜№╢⁹ 

 √∞⇔⁸ ─╟℮⌐ ─ ↕⌐╟∫≡ ⇔√ ⅜ 6.8 ≤⌂╢ ⁸↓↓≢

│ 2010 ⌐ ™⁸ ─ ╩ 6.8

≤⇔√ ⁹ ⌐│⁸ │ 6.8 ≤ ⇔√⁹ 

⌐≈™≡│⁸ ≤ ⅜ ⌐ ∆╢ ╙

≢⅝⌂™⁹∕─ ⁸ 7.5 ─ ⅜ ∆╢ ⅜№╢⁹╕√⁸ ≤

│ ₁⌐ ∆╢≤ ↕╣╢⅜⁸ ⅜ ⌐ ∆╢ ╙ ≢⅝⌂™⁹

∕─ ⁸ 2010 ⌐╟╢₈ ⌂

⅛╠ ∆╢ ─ ₉─ ⌐ ⅎ┌⁸ 8.0 ≤ ↕╣╢⁹ 

 

─ ─  

─ ─ ─ ─ ╩ ⌐ ∆⁹ 

⁸ ⁸ ⁸ ┘

─ 30 ⌐ ∆╢ ─ │⁸∕╣∙╣⁸╒╓ 0.1 ⁸╒╓ ⁸

⁸ ┘0.5 ≤⌂╢ ⁹ 
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⌂⅔⁸ ┘ ⌐≈™≡│ ⅜ ≢№╢

√╘ ⁸ ╩ ≢⅝⌂™⁹↓╣╠─ ⌐≈™≡│⁸

╩ ⅎ≡ ⇔√ ┘ ⌐ ≠⅝ ╩ ∆╢≤

⁸ 30 ⌐ ∆╢ ─ │⁸∕╣∙╣⁸0.08 ┘ 0.1 ≤⌂╢ 15 ⁹ 

╠╣√ │ ╩ ℮╙──⁸∕─ ╩≤╢≤⁸ ⁸

┘ │⁸ 30 ─ ⌐ ⅜ ∆╢ ⅜⁸ ⅜ ─ ⌂ ─ ≢

│╛╛ ⌐ⱪכꜟ◓™ ∆╢↓≤⌐⌂╢ 18 ⁹ 

─ ─ ≢ ⇔ ╢⁸ ≢ ╩ ╘⌐ↄ™ 16

⅜ 30 ⌐ ∆╢ ╩ ⌐ ⇔√⁹
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 ─ ─  
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 ─ ─ ─ ─  

0.04

0.05

0.1

 

β ─ ↕⌐ ≠™≡ ─ ╩ ⇔√ ⅜ 6.8 ≤⌂╢ ⁸↓↓≢│ 2010 ⌐ ™⁸ ─

─ 6.8 ╩ ™≡ ⇔≡™╢ ⁹ 
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─ ♩כ꜠ⱪה ╖ ╖  

 ─  

─ │⁸ ⌐ ╩ ⇔√11 ≢№╢⁹ ─

│⁸ ╩ ╡ ↄ╟℮⌂ ╩ ≈⁹ ⁸ ⁸

⁸ ⁸ ⁸ │ ╩ ≤∆╢⁹

│ ⁸ ≢∕╣∙╣ ⁸ ∏╣╩ ≤∆╢⁹ ה

⁸ ⁸ │ ∏╣⁸

│ ─ ╩ ≤∆╢ 13 ⁹ 

│⁸ ⌐╟∫≡⁸ ♩ꜝⱨ≢ ∆╢ ─

─ ≢№╢↓≤⅜ ╠⅛⌐↕╣√⁹ ⅜ ≢ ≤⌂╢↓≤│⌂

™≤ ↕╣╢⁹ ─ ⌐≈™≡│⁸

2014 ╩ ↕╣√™⁹ ╙⁸ ♩ꜝⱨ≢ ∆╢ ≤

⌐ ∆╢≤ ⅎ╠╣⁸ ─ │⁸

2013a ⅜ ⇔≡™╢⁹ 2010 │⁸

─℮∟ ─ ⅜ ≤│ ⇔≡ ⇔√ ╙ ⇔≡™

╢⅜⁸ ⌐│ ™⌂™ ≤⇔≡ ⇔≡™╢↓≤⅛╠⁸↓↓≢╙ ™≤∆╢⁹ 

≢│⁸ ≤ ─ ⌂ ⅜ ⇔≡⅔

╡⁸∕╣∙╣ ⁸ ≤ ↕╣≡™╢ ⁹

⁸ ⁸ │0.8 ─ ⁸

│0. 3 0.4 ─ ─ ⅜ ╙╠╣≡™╢╒⅛⁸ ה

⁸ │⁸0.5 2.8 ≤ ⅜ ↄ⌂∫≡™╢⁹∕─ ─

─ ⌂ │ ≢№╢ 20 ⁹ 

─ ≢│⁸ ≢ ─ ⅜ ╘╠╣≡™╢╒⅛⁸

⁸ ⁸ ה ⁸ ≢∕╣∙╣ ─ ⅜ ╘

╠╣≡™╢ 15 ⁹ ─ │ ⁸ ≤╙⇔ↄ│

∕╣ ⁸ │ ─ ⅜№╢⁹

─ │⁸12 ⁸14 ≤ ⅎ╠╣╢⁹ │

≤ ↕╣╢⁹∕╣ ≢│⁸ ⁸ ה ┘ ─

│⁸∕╣∙╣⁸ ⅛╠18 ⁸ ┘

⅛╠ ⁸ │⁸∕╣∙╣ ⁸

┘ ≤↕╣≡™╢ ⁹ 

 

↕╣╢ ≤∕─  

─ ─ ─ ↕│⁸ ╙ ™ ⅜ km ⁸

╙ ™ ⅜ 32km≢№╢ ⁹↓╣╠─ ⅜ ⇔√ ─

─ │⁸ ( )⅛╠⁸ ⌐⅔™≡ 6.1 ╙⇔ↄ│∕╣ ⁸
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⌐⅔™≡ 7. 3 ≤ ↕╣╢ 10⁸ 13 ⁹↓╣╠─ ⅜ ∆

╢ ⌐│⁸ ╛♩꜠fi♅ ⌐ ≠ↄ≤⁸ ⌐ ∆╟℮⌂∏╣╩ ∂

╢ ⅜№╢⁹ 

 √∞⇔⁸ ─╟℮⌐ ─ ↕⌐╟∫≡ ⇔√ ⅜ 6.8 ≤⌂╢ ⁸↓↓≢

│ 2010 ⌐ ™⁸ ∆═⅝ ─

─ ╩ 6.8≤⇔√ ⁹ ⌐│⁸ ה ⁸ ⁸

│ 6.8 ≤ ⇔√⁹ 

 

─ ─  

─ ─ ─ ─ ╩ 10⌐ ∆⁹ 

⁸ ה ⁸

⁸ ⁸ ⁸ ⁸ ⁸

┘ ─ 30 ⌐ ∆╢ ─ │⁸∕╣∙╣⁸ ⁸╒╓ ⁸

11 ⁸0.5 0.7 ⁸╒╓ 0. 003 ⁸ ⁸0.09 0.6 ⁸ ⁸ ≤⌂╢

10 ⁹⌂⅔⁸↓↓≢│⁸ ⌐≈™≡│⁸♩꜠fi♅ ⌐ ≠ↄ

─ ╩ ⇔≡⁸ ╩ ≤ ⇔≡ 20 ╩

⇔√⁹ 

┘ ⌐≈™≡│ ⅜ ≢№╢√╘ ⁸

╩ ≢⅝⌂™⁹↓╣╠─ ⌐≈™≡│⁸ ╩ ⅎ

≡ ⇔√ ┘ ⌐ ≠⅝ ╩ ∆╢≤ ⁸

┘ ─ 30 ⌐ ∆╢ ─ │⁸∕╣∙╣⁸0.05 ┘ 0.7

≤⌂╢ 15 ⁹ 

╠╣√ │ ╩ ℮╙──⁸∕─ ╩≤╢≤⁸ ה

⁸ ┘ │ 30 ─ ⌐ ⅜ ∆╢

⅜⁸ ⅜ ─ ⌂ ─ ≢│ ⱪ⌐⁸כꜟ◓™ ⁸

⁸ ┘ │╛╛ ╣∙╣⧵⌐ⱪכꜟ◓™ ∆╢↓≤⌐⌂

╢ 18 ⁹ 

─ ─ ≢ ⇔ ╢⁸ ≢ ╩ ╘⌐ↄ™ 16

⅜ 30 ⌐ ∆╢ ╩ 10⌐ ⇔√⁹
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 ─ ♩כ꜠ⱪה ╖ ╖ ─ ─  

9km

6km

 

§ ─ ╩ ⇔√ ╩ ⇔√ 20 ⁹ 
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10 ─ ♩כ꜠ⱪה ╖ ╖ ─ ─ ─ ─  

0.03

1.0-1.2 0.5-0.7 0.07

0.4
 

β ─ ↕⌐ ≠™≡ ─ ╩ ⇔√ ⅜ 6.8 ≤⌂╢ ⁸↓↓≢│ 2010 ⌐ ™⁸ ─

─ 6.8 ╩ ™≡ ⇔≡™╢ ⁹
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 ─  

─ │⁸ 11⌐ ╩ ⇔√ ≢№╢⁹ │⁸ ╙⇔ↄ

│ ╩ ≈ ∏╣ ⁸ ⁸╕√│ ∏╣

⁸ ╩ ≤∆╢ 13 ⁹ 

≢│⁸ ─ ⌂ ⅜ ∏╣ ─

⅜№╢⁹∕╣ │ ⌂ │ ≢№╢⁹ 

≢│ ─ ⅜ ╘╠╣≡⅔╡ 15 ⁸ │1930

7.3 ≤ ⅎ╠╣╢⁹ │ ≤ ↕╣╢⁹ ⁸

┘ │∕╣∙╣1974 ( 6.9)⁸1978

─ ( 7.0)⁸1980 ─ ( 6.7)─ ≢№╢⁹↓╣╠─

─ ─ │ ≢№╢ 11 ⁹ 

 

↕╣╢ ≤∕─  

─ ─ ─ ↕│⁸ ⅜13km ≤ ╙ ™

⅜№╢⁹ ⅜ 32km≤ ╙ ™ 11 ⁹1930 ⌐↓╣╠─ ⅜ ⇔

√ ─ ─ │ ⌐ ═√ ╡≢№╢⁹ ─ ↕⌐ ≠ↄ

┘ 2010 ⌐╟╢ ─ ─

6.8╩ ∆╢≤⁸ ∆╢ ─ │⁸ 6. 8 7.3 ≤ ↕╣╢ 12⁸

13 ⁹ 

 

─ ─  

─ ─ ─ ─ ╩ 12⌐ ∆⁹ 

⁸ ⁸ ┘ ─ 30 ⌐ ∆╢

─ │⁸ ⅜╒╓ ≢№╢ │ ≢№╢ 12 ⁹ 

⁸ ┘ ⌐≈™≡│⁸ ⅜ ≢№╢√╘

11 ⁸ ╩ ≢⅝⌂™⁹↓╣╠─ ⌐≈™≡│⁸

╩ ⅎ≡ ⇔√ ┘ ⌐ ≠⅝ ╩ ∆╢≤ ⁸

30 ⌐ ∆╢ ─ │⁸™∏╣╙╒╓ ≤⌂╢ 15 ⁹ 

─ ─ ≢ ⇔ ╢⁸ ≢ ╩ ╘⌐ↄ™ 16

⅜ 30 ⌐ ∆╢ ╩ 12⌐ ⇔√⁹ 
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11 ─ ─  
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12 ─ ─ ─ ─  

0.06 1

 

β ─ ↕⌐ ≠™≡ ─ ╩ ⇔√ ⅜ 6.8 ≤⌂╢ ⁸↓↓≢│ 2010 ⌐ ™⁸ ─

─ 6.8 ╩ ™≡ ⇔≡™╢ ⁹ 
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─  

─ │⁸ 13 ≢№╢⁹

│ ─ ⁸ ┘

│ ∏╣ ⁸ │ ─ ╩ ≤∆

╢ 13 ⁹ 

─ ⌂ │⁸ ≤ ↕╣╢ 13 ⁹

│⁸ ⁸ ≤ ↕╣╢⁹ ≈ ─ │⁸

⁸ ≤ ↕╣╢⁹ │⁸

≤ ⅎ╠╣╢⁹ 

─ ⌂ │⁸ ∏╣ ≤ ↕╣╢ 13 ⁹

│⁸ ⁸ ≤ ↕╣╢⁹ ≈ ─ │⁸

⁸ ≤ ↕╣╢⁹ │⁸ ≤

ⅎ╠╣╢⁹ 

─ ⌂ │⁸ Ӈ ∏╣ ≤ ↕╣╢ 13 ⁹

│⁸ ⁸ ≤ ↕╣╢⁹ ≈ ─ │⁸

⁸ ≤ ↕╣╢⁹ │⁸

≤ ⅎ╠╣╢⁹ 

─ ⌂ │⁸ ≤ ↕╣╢ 13 ⁹

│⁸ ⁸ ≤ ↕╣╢⁹ ≈ ─ │⁸

⁸ ≤ ↕╣╢⁹ │⁸

≤ ↕╣╢⁹ 

 

↕╣╢ ≤∕─  

─ │ ─╖≢№╡⁸ ─

⁸ ⁸ ⁸

─ ↕│∕╣∙╣ 50km⁸ 45km⁸ 33km⁸ 48km≢№╢ 13 ⁹

↓╣╠─ ⅜ ⇔√ ⁸ ⅛╠ ∆╢ ─ │⁸∕╣∙╣ 7. 7

⁸ 7. 6 ⁸ 7. 4 ⁸ 7. 6 ≤ ↕╣╢ 13⁸ 13 ⁹↓╣╠─

⅜ ∆╢ ⌐│⁸ ╛♩꜠fi♅ ⌐ ≠ↄ≤⁸ 13⌐ ∆╟℮⌂∏

╣╩ ∂╢≤ ↕╣╢⁹ 

⌐≈™≡│⁸ ─ ⅜ ⌐ ∆╢ ╙ ≢⅝

⌂™№╢⁹∕─ ⁸ 2010 ⌐╟╢

₈ ⌂ ⅛╠ ∆╢ ─ ₉─ ⌐╟╣┌⁸ 7.7 8.1 ─ ⅜

∆╢ ╙№╢⁹ 
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─ ─  

─ ─ ─ ─ ╩ 14⌐ ∆⁹ 

⁸ ⁸

┘ ─ 30 ⌐

∆╢ ─ │⁸∕╣∙╣0.008 15 ⁸13 30 ⁸0.8 ┘╒╓ 0.1 ≤⌂

╢ 14 ⁹ 

╠╣√ │ ╩ ℮╙──⁸∕─ ╩≤╢≤⁸ ⁸ ┘

│⁸ 30 ─ ⌐ ⅜ ∆╢ ⅜⁸ ⅜ ─ ⌂ ─ ≢│ ™◓

ⱪ⌐⁸כꜟ │╛╛ ⌐ⱪכꜟ◓™ ∆╢↓≤⌐⌂╢ 18 ⁹ 

─ ─ ≢ ⇔ ╢⁸ ≢ ╩ ╘⌐ↄ™ 16

⅜ 30 ⌐ ∆╢ ╩ 14⌐ ⇔√⁹ 
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13 ─ ─  

 

  



46 

 

14 ─ ─ ─ ─  

30 30

7.7 0.4-1.3 0.008 15 1

7.6 1.0-2.0 13 30 2

7.4 0.6-1.0 0.8 1

7.6 0.2-0.5 0.1 0.2 0.3

(

7.8 8.1
(

)
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⁸ ⁸ ⁸ ⁸11 ┘13⌐╕≤╘√ ⌐ ∆╢ ─ ⌐ ≠ↄ⁸

⸗♦ꜟ╩ 14⌐ ∆⁹╕√⁸ ─ ≤⇔√ ─ ─ ╩ 15⌐ ∆⁹

⅜ ↕╣≡™╢ ⌐≈™≡⁸∕╣╠─ ⌐│ ─╟℮⌐

⅜ ╘╠╣╢⁹ 

─ ♩כ꜠ⱪה ╖ ╖ ⁸ ┘

≢│⁸ ─ ⌐ ═≡ ─ ⅜ ™⁹

ה ┘ ⁸ ⁸ ⁸

┘ ≢│⁸ ⌐ ─ ⅜ ╘╠╣≡™╢⁹∕╣

─ ≢│⁸ ⌐ ─ ⅜ ╘╠╣≡™╢─│

─ ≤ ─ ∞↑≢№╢⁹╕√⁸ ⌐

│ ⌐ ⌂ↄ≤╙ ─ ⅜№∫√ ⅜№╢ ⅜ ≈ ∆╢⅜⁸∕

╣ ≢│⁸ ─ ≤ ┘ ─ ─ ≈∞↑≢№╢⁹

√∞⇔⁸ ≢│∕─ ─ ─ ⅜ ⇔ↄ⁸ ⅜ ╠⅛⌐↕╣≡™⌂™∞↑

≤™℮ ╙№╢⁹ 

≢ ╩╖√ ⁸ ╛∕─ ≢ ⅜ ⌂╢╙─⅜№╡⁸

⌐ ─ №╢™│ ╩ ⅎ≡ ∆╢ ╛ ⅜ ⌐ ⇔√

╛ ⌐ ⅜ ⇔√ ╙№╢⁹√∞⇔⁸ ─ ⅜ ™╙─⅜ ↄ⁸

╕√ ⅜ ↕╣≡™⌂™ ╙ ™⁹∕─√╘⁸ ≢│ ─

⌐≈™≡ ∆╢↓≤│ ⇔™⁹ 
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─ ≢ ∆╢ ─  

─ ↔≤⌐⁸ ─ ≢ ∆╢ 6.8 ─ ─ ╩ ∫√⁹

│ ─ ₁─ ≢ ∆╢ ⅜ 30 ⌐ ∆╢

⌐ ≠ↄ ⁸ ⁸ ⁸10⁸12⁸14 ⁹ ⌂≥⅜ ≢ ╩ ╘╢↓≤⅜

≢⅝⌂™ ⌐≈™≡│⁸ ─₈ ⅜ ─ ─ ⅎ ₉─

⌐ ≠™≡ ╩ ⇔√ 15⁸16 ⁹↓─╟℮⌐⇔≡ ⇔√ ↔≤─

╩ ™≡⁸ ─₈ ─ ─ ─ ₉⌐ ™⁸

⌐⅔↑╢ ╩ ⇔√ 17 ⁹ 

↕╠⌐⁸ ─ ┘ ⌐⅔↑╢ ╩ ⇔⌂™ ─ ⌐≈™≡

│⁸ ─₈ ╩ ⇔⌂™ ─ ₉⌐ ™ ⇔√ 18⁸ 16─₈G- R

⌐ ≠ↄ ₉ ⁹ 

 

 

─ ≢ ∆╢ ─℮∟⁸ ⱡ ┘ ≢ ∆╢ ⌐≈™≡│⁸

╙⇔ↄ│ ⅜ ╠⅛⌐↕╣≡⅔╠∏⁸ ╩ ∆╢↓≤⅜≢⅝

⌂™⁹ ⌐ ≠ↄ↓╣╠─ ⌐⅔↑╢ ⌂≥─ ╩ 15⌐ ∆⁹

ⱡ ⌐≈™≡│⁸ 1991 │ ╩ ≤ ⇔≡™╢↓≤⅛╠⁸

╩ ⇔√⁹ ⌐≈™≡│⁸ ╩ ╗♥ⱨꜝ ─ ⌐ ≠ↄ

17 ╩ ≤⇔≡ ╩ ⇔√⁹ ≤ ⅛╠ ─ ╩

⇔√ ≤⁸ ─ ⌐╟╢ ─ 15 ╩ ⇔√ ╩ ╗⁸

⌐ ∆╢ ─™∏╣⅛╩ ≤⇔√ ─ ╩ 16 16 ─₈ ⌐ ≠ↄ

₉ ⌐ ∆ 21 ⁹ ─₈ ─ ─ ─ ₉⌐

≠ↄ≤⁸ Ɽꜝⱷכ♃─ ─95 │ ⁸ │ ╩ ∆

17 ⁹⇔√⅜∫≡⁸ ⌐ ∆╢ ─™∏╣⅛╩ ≤⇔√ ─ │

≤ ⅎ╠╣╢⁹ 

╩ ⇔⌂™ 16 ─₈G- R ⌐ ≠ↄ ₉ ⌐≈™≡│⁸ ─≤⅔

╡⁸ ╩ ⌐⁸1997 10 ─ ⌐⅔↑╢ ─♃כ♦ ⁸

2013 12 ╕≢⌐ ⇔√ 3.0 ─ ╩G- R ⌐ ≡│╘╢≤⁸ │0.90≤⌂╢

10 ⁹↓─ ╩⁸1930 ⅛╠2013 12 ╕≢─ 84 ⌐ ↕╣√ ─ 5.0 

─ 18 ⌐ ∆╢≤⁸ ≢─ 6.8 ─ │0.70 ⁸⇔√⅜

∫≡⁸ │120 ≤⌂╢⁹ⱳ▪♁fi ⌐ ≠ↄ≤⁸ 30 ⌐ ≢

6.8 ─ ⅜ ∆╢ │20 ≤ ↕╣╢ 16⁸ 18 ᵑ ⁹ 

 

 

─ ≢ ∆╢ ─℮∟⁸ ─ ≢ ∆╢ ⌐≈™

≡│⁸ ┘ ⅜ ╠⅛⌐↕╣≡⅔╠∏⁸ ╩ ∆╢↓≤⅜≢

⅝⌂™⁹ ⌐ ≠ↄ↓╣╠─ ⌐⅔↑╢ ⌂≥─ ╩ 15⌐ ∆⁹

≢│ ⌐ ⅜ ↕╣⁸ ≤─ ⌐ ⌂ ⅜ ↕

╣≡™╢─⌐ ⇔⁸ ⌐ ∆╢ ≢│ ─ ─ ─ ≤ ↕⅜
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⌐ ↕™↓≤⅛╠⁸↓↓≢│ ≤⇔≡ ╩ ⇔≡ ╩ ⅎ√⁹ 

≤ ⅛╠ ─ ╩ ⇔√ ≤⁸ ─

⌐╟╢ ─ 15 ╩ ⇔√ ╩ ╗⁸ ⌐ ∆╢ ─™∏╣⅛

╩ ≤⇔√ ─ ╩ 16 16 ─₈ ⌐ ≠ↄ ₉ ⌐ ∆⁹

─₈ ─ ─ ─ ₉⌐ ≠ↄ≤⁸ Ɽꜝⱷכ♃─ ─95

│ ≤⌂╡⁸ │ ─ ╩ ∆ 17 ⁹⇔√⅜∫≡⁸ ⌐

∆╢ ─™∏╣⅛╩ ≤⇔√ ─ │ ≤ ⅎ╠╣╢⁹ 

╩ ⇔⌂™ 16 ─₈G- R ⌐ ≠ↄ ₉ ⌐≈™≡│⁸ ─≤⅔

╡⁸ ╩ ⌐⁸1997 10 ─ ⌐⅔↑╢ ─♃כ♦ ⁸

2013 12 ╕≢⌐ ⇔√ 3.0 ─ ╩G- R ⌐ ≡│╘╢≤⁸ │0.85≤⌂╢

10 ⁹↓─ ╩⁸1930 ⅛╠2013 12 ╕≢─ 84 ⌐ ↕╣√ ─ 5.0 

─ 18 ⌐ ∆╢≤⁸ ≢─ 6.8 ─ │0.95 ⁸⇔√⅜

∫≡⁸ │88 ≤⌂╢⁹ⱳ▪♁fi ⌐ ≠ↄ≤⁸ 30 ⌐ ≢ 6.8

─ ⅜ ∆╢ │30 ≤ ↕╣╢ 16⁸ 18 ᵒ ⁹ 

 

 

─ ≢ ∆╢ ─℮∟⁸ ─ ┘ ≢ ∆╢

⌐≈™≡│⁸ ╙⇔ↄ│ ⅜ ╠⅛⌐↕╣≡⅔╠∏⁸ ╩

∆╢↓≤⅜≢⅝⌂™⁹ ⌐ ≠ↄ↓╣╠─ ⌐⅔↑╢ ⌂≥─

╩ 15⌐ ∆⁹ 

─ ⌐≈™≡│⁸ 1996 ⅜ ⇔√ ─

≢ ⅜ ≢⅝⌂⅛∫√↓≤ 2000 ⁸ ┘⁸

≢─ ≢│ ─ ⌐╟╢ ⅛╠ ─ ⁸ ╕≢

∆╢⁸ ⌐ ╛⅛≢ ⌂ ⅜ ∆╢ ⅜ ↕╣√↓≤ ╒⅛ 2006

╒⅛ 2014╩ ╕ⅎ≡⁸↓↓≢│ ╩ ⇔√⁹ ⌐≈™≡│⁸ 1991

⌐╟╡⁸ ⅜ ≤↕╣≡™╢↓≤⅛╠⁸↓↓≢│ ╩ ⇔√⁹ 

≤ ⅛╠ ─ ╩ ⇔√ ≤⁸ ─

⌐╟╢ ─ 15 ╩ ⇔√ ╩ ╗⁸ ⌐ ∆╢ ─™∏╣⅛

╩ ≤⇔√ ─ ╩ 16 16 ─₈ ⌐ ≠ↄ ₉ ⌐ ∆⁹

─₈ ─ ─ ─ ₉⌐ ≠ↄ≤⁸ Ɽꜝⱷכ♃─ ─95

│ ≤⌂╡⁸ │ ─ ╩ ∆ 17 ⁹⇔√⅜∫≡⁸ ⌐

∆╢ ─™∏╣⅛╩ ≤⇔√ ─ │ ≤ ⅎ╠╣╢⁹ 

╩ ⇔⌂™ 16─₈G- R ⌐ ≠ↄ ₉ ⌐≈™≡│⁸ ─≤⅔

╡⁸ ╩ ⌐⁸1997 10 ─ ⌐⅔↑╢ ─♃כ♦ ⁸

2013 12 ╕≢⌐ ⇔√ 3.0 ─ ╩G- R ⌐ ≡│╘╢≤⁸ │0.98≤⌂╢ 10 ⁹

↓─ ╩⁸1930 ⅛╠2013 12 ╕≢─ 84 ⌐ ↕╣√ ─ 5.0 ─

18 ⌐ ∆╢≤⁸ ≢─ 6.8 ─ │0.32 ⁸⇔√⅜∫≡⁸

│260 ≤⌂╢⁹ⱳ▪♁fi ⌐ ≠ↄ≤⁸ 30 ⌐ ≢ 6.8

─ ⅜ ∆╢ │11 ≤ ↕╣╢ 16⁸ 18 ᵓ ⁹ 
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─ ♩כ꜠ⱪה ╖ ╖  

─ ≢ ∆╢ ─℮∟⁸ ┘ ≢ ∆╢ ⌐≈™≡

│⁸ ╙⇔ↄ│ ⅜ ╠⅛⌐↕╣≡⅔╠∏⁸ ╩ ∆╢↓≤⅜

≢⅝⌂™⁹ ⌐ ≠ↄ↓╣╠─ ⌐⅔↑╢ ⌂≥─ ╩ 15⌐

∆⁹ ⌐≈™≡⁸ 1991 │∕─ ╩ ≤ ⇔≡™╢⁹⇔

⅛⇔⁸ ≢№╢ ⌐ ⇔ↄ ⅜ ≢№╢ 2004b ↓≤⅛╠⁸

26 ⌐ ─ ╩ ⇔√≤↓╤≢№╢⁹↓↓≢│ ≤⇔≡⁸ ─

╩ ⇔√⁹ ⌐≈™≡│⁸ ╒⅛ 2013 ─ ⌐ ≠⅝⁸∕─ ⅛╠⁸↓↓

≢│ ─ ╩ ⇔√⁹ 

≤ ⅛╠ ─ ╩ ⇔√ 10 ≤⁸ ─

⌐╟╢ ─ 15 ╩ ⇔√ ╩ ╗⁸ ⌐ ∆╢ ─™∏╣⅛

╩ ≤⇔√ ─ ╩ 16 16 ─₈ ⌐ ≠ↄ ₉ ⌐ ∆ 22 ⁹

─₈ ─ ─ ─ ₉⌐ ≠ↄ≤⁸ Ɽꜝⱷכ♃─ ─

95 │15 20 ≤⌂╡⁸ │18 ─ ╩ ∆ 17 ⁹⇔√⅜∫≡⁸

⌐ ∆╢ ─™∏╣⅛╩ ≤⇔√ ─ │15 20 ≤ ⅎ╠╣╢⁹ 

╩ ⇔⌂™ 16 ─₈G- R ⌐ ≠ↄ ₉ ⌐≈™≡│⁸ ─≤⅔

╡⁸ ╩ ⌐⁸1997 10 ─ ⌐⅔↑╢ ─♃כ♦ ⁸

2013 12 ╕≢⌐ ⇔√ 3.0 ─ ╩G- R ⌐ ≡│╘╢≤⁸ │0.81≤⌂╢

10 ⁹↓─ ╩⁸1930 ⅛╠2013 12 ╕≢─ 84 ⌐ ↕╣√ ─ 5.0 

─ 18 ⌐ ∆╢≤⁸ ≢─ 6.8 ─ │0.17 ⁸⇔√⅜

∫≡⁸ │480 ≤⌂╢⁹ⱳ▪♁fi ⌐ ≠ↄ≤⁸ 30 ⌐ ≢

6.8 ─ ⅜ ∆╢ │ ≤ ↕╣╢ 16⁸ 18 ᵔ ⁹ 

 

 

─ ≢ ∆╢ ─℮∟⁸ ⁸ ┘ ≢ ∆╢

⌐≈™≡│⁸ ╙⇔ↄ│ ⅜ ╠⅛⌐↕╣≡⅔╠∏⁸ ╩

∆╢↓≤⅜≢⅝⌂™⁹ ⌐ ≠ↄ↓╣╠─ ⌐⅔↑╢ ⌂≥─

╩ 15⌐ ∆⁹ ⁸ ⌐≈™≡│⁸ 1991 │∕─ ╩

≤ ⇔≡⅔╡⁸↓↓≢│⁸ ─ ╩ ⇔√⁹ ⌐≈™≡│⁸

≤ ⌂ ⌐№╡⁸ ⅜ ⇔≡™╢↓≤⌐ ≠⅝⁸ ≤ ∂

╩ ⇔√⁹ 

≤ ⅛╠ ─ ╩ ⇔√ 12 ≤⁸ ─

⌐╟╢ ─ 15 ╩ ⇔√ ╩ ╗⁸ ⌐ ∆╢ ─™∏╣⅛

╩ ≤⇔√ ─ ╩ 16 16 ─₈ ⌐ ≠ↄ ₉ ⌐ ∆⁹

─₈ ─ ─ ─ ₉⌐ ≠ↄ≤⁸ Ɽꜝⱷכ♃─ ─95

│ ≤⌂╡⁸ │ ─ ╩ ∆ 17 ⁹⇔√⅜∫≡⁸ ⌐

∆╢ ─™∏╣⅛╩ ≤⇔√ ─ │ ≤ ⅎ╠╣╢⁹ 

╩ ⇔⌂™ 16 ─₈G- R ⌐ ≠ↄ ₉ ⌐≈™≡│⁸ ─≤⅔
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╡⁸ ╩ ⌐⁸1997 10 ─ ⌐⅔↑╢ ─♃כ♦ ⁸

2013 12 ╕≢⌐ ⇔√ 3.0 ─ ╩G- R ⌐ ≡│╘╢≤⁸ │0.80≤⌂╢

10 ⁹↓─ ╩⁸1930 ⅛╠2013 12 ╕≢─ 84 ⌐ ↕╣√ ─ 5.0 

─ 18 ⌐ ∆╢≤⁸ ≢─ 6.8 ─ │2.0 ⁸⇔√⅜∫

≡⁸ │41 ≤⌂╢⁹ⱳ▪♁fi ⌐ ≠ↄ≤⁸ 30 ⌐ ≢ 6.8

─ ⅜ ∆╢ │50 ≤ ↕╣╢ 16⁸ 18 ᵕ ⁹ 

 

 

⌐ ∆╢ ─™∏╣⅛╩ ≤⇔√ ─ ╩ 16 16 ─₈ ⌐

≠ↄ ₉ ⌐ ∆⁹ ─₈ ─ ─ ─ ₉⌐ ≠ↄ

≤⁸ Ɽꜝⱷכ♃─ ─95 │30 40 ≤⌂╡⁸ │30 ─ ╩

∆ 17 ⁹⇔√⅜∫≡⁸ ⌐ ∆╢ ─™∏╣⅛╩ ≤⇔√ ─ │30

40 ≤ ⅎ╠╣╢⁹ 

╩ ⇔⌂™ 16 ─₈G- R ⌐ ≠ↄ ₉ ⌐≈™≡│⁸ ─≤

⅔╡⁸ ╩ ⌐⁸1997 10 ─ ⌐⅔↑╢ ─♃כ♦

⁸2013 12 ╕≢⌐ ⇔√ 3.0 ─ ╩ G- R ⌐ ≡│╘╢≤⁸ │ 0.72 ≤⌂

╢ 10 ⁹↓─ ╩⁸1930 ⅛╠ 2013 12 ╕≢─ 84 ⌐ ↕╣√ ─

5.0 ─ 18 ⌐ ∆╢≤⁸ ≢─ 6.8 ─ │ 0.30

⁸⇔√⅜∫≡⁸ │ 280 ≤⌂╢⁹ⱳ▪♁fi ⌐ ≠ↄ≤⁸ 30 

⌐ ≢ 6.8 ─ ⅜ ∆╢ │ 10 ≤ ↕╣╢ 16⁸ 18 ᵒ ⁹ 

 

 

⌐ ∆╢ ⌐⅔™≡⁸ ≤ ⅛╠ ─

╩ ⇔√ ⁸ ⁸ ⁸10⁸12⁸14 ≤ ─ 15 ⌐╟╡ ─

╩ ⇔√ ╩ ╗⁸™∏╣⅛─ ╩ ≤⇔√ ─ ╩ 16 ⌐ ∆⁹

Ɽꜝⱷכ♃─ ─95 │50 60 ─ ╩ ⇔⁸ │50 ╩ ∆

17 ⁹⇔√⅜∫≡⁸ ⌐ ∆╢ ─™∏╣⅛╩ ≤⇔√ ─ │50 60

≤ ↕╣╢ 16 ⁹ 

╩ ⇔⌂™ 16─₈G- R ⌐ ≠ↄ ₉ ⌐≈™≡│⁸ ╩

⌐⁸1997 10 ─ ⌐⅔↑╢ ─♃כ♦ ⁸2013 12 ╕

≢⌐ ⇔√ 3.0 ╩G- R ⌐ ≡│╘╢≤⁸ │0. 90≤⌂╢ 10 ⁹↓─ ╩

1930 ⅛╠2013 12 ╕≢─ 84 ⌐ ↕╣√ 5.0 ─ 18 ⌐ ∆╢≤⁸

≢─ 6.8 ─ │3.5 ⁸⇔√⅜∫≡⁸ │24

≤⌂╢⁹ⱳ▪♁fi ⌐ ≠ↄ≤⁸ 30 ⌐ ≢ 6.8 ─ ⅜ ∆╢ │

70 ≤ ╕╢ 16⁸ 18 ᵖ ⁹ 

 

≤ ⌐ ≠ↄ ⌐ ∆╢  

─ ≡─ ≢ 6.8 ─ ╩ ↕∑╢ ⅜ ⌐ ↕╣⁸⅛≈ ─

84 ─ ⅜∕─ ⌐⅔↑╢ ≢─ ⌂ ╩ ⇔≡⅔╡⁸↕╠⌐⁸
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─∆═≡─ ⅜ ⇔√ ≢ ↓∫≡™╢⌂╠┌⁸ ⌐ ≠ↄ ─

⁸ ≤ ┬ ≤ ╩ ⇔⌂™ ─ ⁸ ≤ ┬ │ ™⌐ ∆╢≤ ⅎ╠

╣╢⁹⇔⅛⇔⁸ 10╩ ╢ ╡⁸ ─ ≤ ─ ≤─ ⌐│№╕╡

⅜⌂™╟℮⌐ ⅎ╢↓≤⅛╠ ⌐⁸ ⁸ ⁸ ⌐⅔™≡│⁸ ≤ ⅜

™⌐ ∆╢ │⌂↕∕℮≢№╢⁹ 

⁸ ⁸ ⁸ ⁸ ⌐⅔™≡│⁸ │ ⁸ │11 50 ─ ─ ╩

≤╢ Ӈ Ӈ ⁹ ↔≤⌐ ╩≤╢≤⁸↓╣╠─ ≢│⁸ │ ─ 17 ╙ ⅝

™⁹↓─╟℮⌂ ⅜ ∂╢ ⌂ ≤⇔≡⁸↓╣╠─ ≢│⁸ ─ ⅜ ↄ ╙

⌂™√╘ ⁸№╢™│⁸ ─ │╛╛ ™╙── ⅜↔ↄ ≢№

╢√╘ ⁸ ⁸ ⁸ │ ⅜ ⌐ ™ ≤⌂∫≡™╢ 16 ↓≤⅜ →╠╣╢⁹

⌂⅔⁸↓╣╠─ ≢│⁸ ⸗♦ꜟ⌐ ≠ↄ ⅜ ⌐ ™ ╩≤╢√╘⁸

╩ ⌐⇔√ⱳ▪♁fi⸗♦ꜟ⌐╟╢ ⁸∆⌂╦∟ ⌐ ╩ ⇔⌐ↄ™ 16

─ ⅜ ⌐ ⅝ↄ⌂∫≡™╢╒≥≢№╢⁹ 

↓╣╠─ ≢│⁸ ─ ╩ ↓∆ ─ ≤│ ╦╡─⌂™

─ ⌐╟╡⁸ ⅜ ⅝ↄ⌂∫≡™╢ ╙№╢⁹ ⌐⁸ ⁸ ≢│⁸ ─ ─

ↄ│ ↄ≢ ╠╣⁸ ─ ─ ⅜ ⌐ ↕╣≡™⌂™↓≤│ ⇔≡

╠⅛≢№╢⁹ 

≤↓╤⅜⁸ ⁸ ≢│⁸ ─ ≤ ═≡ ⅜ ⅝ↄ⁸ │╛╛ ↕™ ╩≤╢⁹∕

─ ⁸ ⁸ ⁸ ⁸ ─ ≤│ ⌐⁸ ֙ ≤⌂╢⁹ ≤ ≤─ │ ≤⌂

∫≡™╢⁹ ⁸ ≢│⁸ ─ │ ⅜ ↄ⁸ ⅜ ™ 17 ⁹↓─ │⁸

⌐ ⅜ ↄ⁸ ⅜ ₁≢№╡⁸⅛≈⁸ ⅜ ™ ─╙─⅜

ↄ ╕╣╢≤™℮↓≤╩ ⇔≡⅔╡⁸ ™ ™∏╣⅛─ ⅜ ∆╢ ⅜ ™↓≤

╩ ⇔≡™╢⁹ ⁸ ⁸ ≢│╒≤╪≥─ ⅜ ≢№╡ ⁸

⅜ ╩ ⅎ╢╙─╙ ™⁹ 

↓─╟℮⌐⁸ ⁸ │ ⌐ ↄ ⇔⁸ ⁸ ⁸ ⁸ ≢│ ֘ ≤⌂╢ ⁸ ⁸

≢│ ֙ ≤⌂╢⁹ ≤ ─ ─ ─ ↕╩ ╖╢≤⁸ ≤ ⅜ ⇔⌂™─

│⁸ ⌐ ≠ↄ ≤ ╩ ⇔⌂™ ≤≢│ ≢ꜟכ◔☻╛ ₁ ⌂╢╙─

╩ ≡™╢√╘≤ ⅎ╢↓≤╙≢⅝╢⁹ │ ꜟכ◔☻ כ♄כ○ ⌐♃כ♦─

≠ↄ ≢№╢ ⁸ │ 84 ─ ◌♃꜡◓⌐ ≠ↄ ≢№╢≤™℮↓≤╙

≢⅝╢⁹≈╕╡⁸ ⅜ ≢№╢─⌐ ⇔⁸ │™╦┌ ≢─☻♫♇ⱪ◦ꜛ♇♩

≢№╢⅛╠⁸ ⌂╢ ⌐⌂╡ ╢≤™℮ ╙≢⅝╢⁹ 

⌂⅔⁸ ╩ ∆╢ │⁸ ⌐ ╩ ╘⌐ↄ™ ⅜ ─ ≢ ∆╢≤

⇔≡™╢⅜ 16 ⁸ ─≤↓╤⁸↓─╟℮⌂ ─ ╩ ∆╢√╘─ ⅜⌂™≤™

℮ ⅜№╢≤™℮↓≤╩ ⇔≡⅔⅝√™⁹╕√⁸ ╩ ∆╢ ⁸ ◌♃꜡◓─ ╡⌐╟

╡⁸ ⅝⌂ ─ ⅜ ─ ─G- R ⅛╠ ╣╢ ╙ ≢⅝╢⁹ ⅎ┌⁸ 18

─ ⁸ ─◓ꜝⱨ│G- R ⌐╟╢ ⅛╠⅛⌂╡ ⇔≡™╢⁹ 

─╟℮⌂ │№╢╙──⁸ ⌐⅔™≡⁸ ⁸ ≢ ™ ™∏╣⅛─

⅜ ∆╢ ⅜ ™≤ ⅎ╢ ⅜ ↕╣√↓≤⌐│ ⇔√™⁹╕√⁸ ≢│⁸

⁸ ⅜∕╣∙╣50 ≤70 Ӈ ≤™℮╟℮⌂ ™ ≤⌂∫√↓≤╙⁸ ⌐≈™≡│



53 

 

⁸ ─ ⅜ ™↓≤│ ╠⅛≢№╢⅜⁸ ∆═⅝ ≤ ⅎ╢⁹ ≢│⁸ ≢─

⅜ ⁸ ≤╙⌐30 40 ∞∫√↓≤ 2013b

╩ ∆╢≤⁸ ─ │ ⌐ ™⁹ 
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15 ⅜ ⌂ ⌐ ∆╢ ⌂≥─  
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16 ≢ ⇔√ ≢ 30 ⌐ 6.8 ─ ⅜ ∆╢  
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β ™ ╩ ⇔√ │ ⇔√ 15 ⌐ ≠™≡ ╩ ⇔√╙─⁹₈ ─ ₉⌐

™ ╩ ⇔≡™╢─│ 2010 ⌐ ™⁸ ─ ─

╩ 6.8 ≤ ⇔√╙─ ⁹ 
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⌐ ↑≡ 

│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 

╕√⁸↓↓≢ ─ ≤⇔√ │⁸ ≤⇔≡ ─∏╣⅜ ╛ ⌐ ↕

╣≡™╢ ↕⅜10 km ─╙─≢№╡ ⁸ ⌐╒≤╪≥∏╣─ ╩ ↕⌂™

╛⁸ ⅜ ─√╘⌐ ─∏╣⅜ ≤⇔≡ ↕╣⌐ↄ™ ╩ ≤⇔≡

™╢ │ ≢⅝⌂™⁹ ─ ⌐≈™≡│⁸ ─ ה ╛ ⌐

∆╢ ⅜ ≢│⌂™╙─⅜ ↄ⁸↓↓≢│∕─ ─╖╩ ─ ≤⇔≡™╢⁹ ∆╢

№╢™│ ⅜ ⌐ ∆╢ ⌐≈™≡╙ ≢⅝≡™⌂™⁹ 

↓↓≢ ≤⇔√ ╛ ─℮∟⁸ ⌐╟╢ ┘

⌐ ≠⅝ ─ ⅜ ≢⅝√╙─│ ⇔≡ ↄ⌂™⁹↓╣╠ ─

⌐≈™≡│⁸ ⌂≥⌐ ╩ ⅎ≡ ╩ ⇔≡™╢ 15⁸16 ⁹

∕─√╘⁸ │ ⌐ ⅝ↄ ⇔≡™╢⁹╕√⁸ ⌐╟╡ ╛

─ ⅜ ╠╣≡™╢ ≢╙⁸ ─ ⅜ ╡ ╘≡™⌂™√

╘⁸ ⌐ ⅝⌂ ⅜ ╕╣≡™╢╙─╙№╢⁹ 

╛ ─ ─ │⁸ ⅜ ⌂╢╙─⅜№╡⁸ ⌐ ∆╢

╛ ⅜ ⌐ ⇔√ ╛ ⌐ ⅜ ⇔√ ⅜№╢ 15 ⁹√∞

⇔⁸↓℮⇔√ ─ ה ⌂ ╩ ∆╢℮ⅎ≢⁸ ≢│⁸ ─

⅜ ™╙─⅜ ↄ⁸╕√ ⅜ ⌂ ╙ ⌂ↄ⌂™⁹↓─╟℮⌂ ─ ⌂

╩ ╠⅛⌐⇔⁸╕√ ─ ─ ╩ ↕∑╢℮ⅎ≢⁸ ⁸

⅜ ⌂ ⌐≈™≡│ ╩ ∆╢≤≤╙⌐⁸ ⅜ ↕╣≡™╢

⌐⅔™≡╙⁸∕─ ⅜ ™╙─⌐≈™≡│⁸ ─ ⌐ ╩ ∫√ ╩

╘≡™ↄ ⅜№╢⁹ 

─ ≢│⁸ ─ ─ ⁸ ↄ─ ╩ ≡│╘≡ ─ ╛

∏╣─ ─ ╩ ╦↨╢╩ ⌂⅛∫√⅜⁸ ─ ─ │

≤ ⌂ ⅜№╢↓≤╙ ⅎ╠╣⁸↓─╟℮⌂ ≢─ ─ ≡│╘⌐≈™≡─

╙⁸ ⇔≡™ↄ ⅜№╢⁹ 

─ ╛ ∆╢ ─ ⌐╟╢ ⌂ ⌂≥ ⅛╠ ∆╢ ⌂

⌐≈™≡⁸╕√ ⌐ ╩ ╘⌐ↄ™ ⌐≈™≡╙ ⇔√ ─ ⌐ ↑≡

╩ ℮ ⅜№╢⁹ 
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─ ≢│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 

10 GNSS Global Navigation Satellite System s ≤│⁸GPS ╩│∂╘≤∆╢ ◦☻♥ⱶ ╩

∆ ≢№╢⁹ 

11 ⅜ ⇔√≤⅝⁸╙≤─ ↕⁸ ⌐ ⇔≡ ⇔√ ─ ╩└∏╖≤ ┬⁹ ⅜

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

⇔√⅜∫≡⁸ │ ≤⌂╢⁹⌂⅔⁸ ⌂ ╠⅛♃כ♦ ╘╠╣√ ─ ⌂└∏╖

│ ×10- 7 ≤↕╣≡™╢⁹ 

12 1997 10 ⁸ │⁸ ⁸ ⁸ ─ ╩♃כ♦

⌐ ⇔⁸ ╩ ∫≡™╢⁹ │⁸ ⌐ ⇔⌂™ ╡↓─ ╩♃כ♦ ™≡ ⇔√⁹ 

13 D90 ≤│⁸ ─ ╩ ∆╢↓≤⌐ ™╠╣≡™╢ ≢№╡⁸ ™ ⅛╠─ ─

⅜90 ≤⌂╢ ↕≢№╢⁹↓↓≢│⁸ ⱪ꜠כ♩─ ≢ ⇔√ ─℮∟⁸ 20 km ─

♃כ♦ 2000 2013 12 31 ⁸ 1.5 ─

(Hi - net)⌐╟╡ ╘╠╣√ ◌♃꜡◓)╩ ™≡ ⇔√ ╩ ⌐⇔≡D90╩ ╘≡™╢(ꜘⱡה

, 2014) ⁹ 

14 √∞⇔⁸ ─ 1847 ─ ≈ ─ │ ⌐ ↕╣╢

≤™℮ ╒⅛ 2011 ╙№╢⁹ 

15 ⁸ ⁸ ─ ≢│ ⅛╠11 ─ ⌐ ⇔√≤ ⅎ╠╣╢ ─

⅜ ∆╢ Kumahara, 2015 ⁹√∞⇔⁸ ⌐≈™≡│⁸ ™─♩꜠fi♅

≢│818 ה ─ ⌐ ⇔≡™⌂™↓≤⅜ ⅛∫≡™╢⁹╕√⁸ ⌐≈™≡│⁸

⌐ ╦╣╢ ™─ ⌐│⁸ ─ ⌐ ∆╢ │⁸

≢│ ↕╣≡™⌂™⁹ ⁸ ─ Kumahara, 2015 ⌐╟╣┌⁸ ≢│⁸ ─

⌐ ⅜ ╠╣╢⁹ 

16 ⌐ ⇔√ ≢│⁸ ⌂ ╩ ╦⌂⅛∫√ ╙ ╠╣≡™╢√╘⁸

⌐≈™≡ ≢ ╩ ╘⌐ↄ™ ⅜ ∆╢↓≤╩ ⇔√⁹∕─ ⁸ ≢ ≢

─ ─ ↕⅛╠ ↕╣╢ ≤ ⁸ ≢ 6.8 ─ ⅜ ∆╢ ⅜№╢≤⇔≡

⇔√⁹ 

≢ ╩ ╘⌐ↄ™ │⁸ ≤⌂╢₈ ₉≢ ╠╣≡™╢ ─ ─

≢ ⇔≡™╢≤╖⌂⇔ 2010 ⁸ ─≥↓

≢╙ ∆╢ ⅜№╢≤ ⅎ⁸ⱳ▪♁fi ⌐╟╡ ╩ ⇔√⁹₈ ₉─ ─

│⁸19 ⌐ ≢ ⇔√ 6.8 ─ ─℮∟⁸ ⌂ ╩ ∫√

⅜ ⁸ ╦⌂⅛∫√ ⅜ ≢№∫√≤™℮ ⌂ ⌐ ≠ↄ

2010 ⁹√∞⇔⁸ ⅜ ⇔√ ⌐ ⅜ ╣╢⅛≥℮⅛⌐≈™≡⁸

╛ ─ ≤─ ⅜ ™↓≤⅜ ↕╣╢√╘⁸ ⌐│⁸ ─ ⌐

╟╡⁸ ╛ ↔≤⌐↓─ │ ↕╣╢═⅝╙─≢№╢⁹ 

17 ─ │⁸♩꜠fi♅ ─ 2013 ⌐⅔™≡⁸

╩ ╟℮⌐ ∆╢As- YP 1.4 1.6 ╩ ╗ ⅜ ─ ╩ ↑≡™╢↓≤⅛
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╠⁸ 0.3 ─ ⅜№╢⁹√∞⇔⁸ ─ №√╡─ ╩ ∆╢≤⁸

─∏╣ ≤ ↕╣⁸ ⌐ ─ ≢│⌂™↓≤⅛╠⁸↓↓≢│ ™≤∆╢⁹ 

18 ─ ─ ≢│⁸ ─ ⅜ ≢ ⇔√ ─ 30 ⌐

⅜ ∆╢ ⌐≈™≡⁸ ─╟℮⌂ ⌂ ╩ ╡ ╗↓≤⌐⇔≡™╢⁹ 

30 ─ ⅜ ─  

₈ │⁸ 30 ─ ⌐ ⅜ ∆╢ ⅜⁸ ⅜ ─ ⌂ ─ ≢│  כꜟ◓™

ⱪ⌐ ∆╢↓≤⌐⌂╢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№╢ │∕─ ╩  

19 ∕╣∙╣─ ─ ⌐ ≠⅝ ⌐ ⇔√ ╡─ ≢ ⇔√ ╩⁸ ╕

√│ ≢ ⇔≡™╢⁹ ┘ ≢ ↕╣╢ ┘ ⌐≈™≡│ ⁸

⁸ ⁸10⁸12⁸14╩ ─↓≤⁹⌂⅔⁸ ⌐ ≠ↄ ⌐│⁸ ≢│ ─

⅜ ╘⌐ↄ™ ─ ╙ ╕╣╢↓≤⌐ ⁹ 

20 ⌐≈™≡│⁸ 2002 │⁸ ─ ⌂

╩0. 2 0.4 ≤ ⇔√⁹⇔⅛⇔⁸ ─ √╢∏╣─ ≢№╢ ∏╣─

⌐≈™≡│⁸ ─ ⅛╠ ↕╣╢ ⌂∏╣─ ⅜ ╘╠╣≡™╢╙──⁸ ─ ↕⅛╠

╩ ™≡ ╠╣╢ ─∏╣─ ⅛╠ ↕╣╢ ≤♩꜠fi♅ ⌐╟╢ ⅜

⇔⌂™≤⇔≡⁸ ≤ ─™∏╣╙ ≤ ⇔√⁹ ⁸♩꜠fi♅ ⌐ ≠

ↄ ≤⇔≡⁸ ⅜ ≢№╢↓≤⅛╠⁸ ⌡

╙⇔ↄ│∕╣ ≤™℮ ╩ ⇔√⁹ ↓↓≢│⁸ ⅜⁸ ⌂ↄ≤╙

⅛╠ ╕≢ ⇔≡™⌂™↓≤╩ ⇔⁸ ─ ≤⇔≡⁸ ≤ ∆╢⁹ 

21 ─ ─℮∟⁸ │⁸ ─ ⅜ ≢№╢↓≤⅛╠⁸ ⅜

╕√│∕╣ ≤ ↕╣≡™╢⁹ ─ ≢ ╩ ∆╢√╘⌐⁸

↓↓≢│⁸ ⅜ ≢№╢↓≤╩ ⇔≡ ─ ╩30°╩ ⇔⁸ ─ ╩

ⅎ√ ⁹ 

22 ─ ─℮∟⁸ │⁸ ─ ↕⅜ ⌐ ↕╣╢ ⅜№╢⁹ ⌐ ≠ↄ

─ ⅜ ↄ⌂╡⁸∕╣⌐ ∫≡⁸ │ ≤ ↕╣≡™╢⁹

─ ≢ ╩ ∆╢√╘⌐⁸↓↓≢│ ─ ╩∕─ ≤ ⇔≡ ╩

ⅎ√ ⁹ 

  



59 

 

 

Abe,  K. (1974): Seismic displacement and ground motion near a fault: The Saitama Earthquake 

of September 21. 1931, J. Geophys. Res. 79, 4393 - 4399. 

Amano, K. (1991): Multiple collision tectonics of the South Fossa Magna in central Japan. 

Modern Geology, 15, 315 - 329. 

 1999 : ─ 9 111- 151. 

1994 : 20 175 Έ185  

( )(2000): CD- ROM, P- 2, .  

Gravity Research Group in Southwest Japan (Representatives: Ryuichi Shichi and Akihiko Yamamoto) 

2001 Gravity measurements and database in southwest Japan, Gravity Database of Southwest 

Japan (CD- ROM).  Bull. Nagoya Univ. Museum, Special Rept ., No.  9.  

Hyodo, H. and N. Niitsuma (1986):  Tectonic Rotation of the Kanto Mountains, related with 

the opening of the Japan Sea and Collision of the Tanzawa Block since Middle Miocene

J. Geomag. and Geoelectricity , 38, 5, 335 - 348. 

Ikeda, Y., T. Iwasaki, K. Kano, T. Ito, H. Sato, M. Tajikara, S. Kikuchi, M. Higashinaka, 

T. Kozawa, and T. Kawanaka (2009): Active nappe with a high slip rate: Seismic and 

gravity profiling across the southern part of the Itoigawa - Shizuoka tectonic line. 

Tectonophysics, 472, 72 - 85. 

Ishiyama, T. H.  Sato, N. Kato, T .  Nakayama and S.  Abe (2013): Active blind thrusts beneath 

the Tokyo metropolitan area:  Seismic hazards and inversion tectonics . Gophys. Res.  

Lett . , 40, 2608Έ2612, doi:10.1002/grl.50487 .  

Ito, M. (1985): The Ashigara Group: A regressive submarine fan - fan delta sequence in a 

Quaternary collision boundary, noth of Izu peninsula, central Honshum Japan. 

Sedimentary Geology, 45, 261 -  292. 

Ito, T., K. Kano, Y. Uesugi, K. Kosaka, and T. Chiba(1989): Tectonic evolution along the 

northernmost border of the Philippine Sea plate since about 1 Ma. Tectonophysics, 160, 

305- 326. 

1997 ₈ ⌐ ∆╢ ₉. p.38.  

2005 ₈ ─ ⌐≈™≡ ≢ ∆╢ ┘

╩ ≤⇔√ ⁸ ─ ─ ─ ╘ ₉. 

p.32.  

1996 ₈ ─ ≤

₉ 10p. 

2000 ₈ ─ ₉ 15p. 

2001a ₈ ⌂ ─ ⌐≈™≡₉. 

46p  

2001b ₈ ─ ₉

22p. 

2002 ₈ ─ ₉ 33p. 



60 

 

2003 ₈ ─ ₉ 17p. 

2004a ₈ ─ ₉ 19p. 

2004b ₈ ─ ₉ 13p.  

2004c ₈ ─ ₉ 21p. 

2005a ₈ ─ ₉ 34p.  

2005b ₈ ─ ₉ 28p.  

2006 ₈ ─ ₉ 18p.  

2007 ₈ ─ ₉ 32p.  

2009 ₈ ה ─ ₉  

35p.  

2010 ₈ ─ ₉  

54p.  

(2013a) ₈ ♩ꜝⱨ─ ─ ₉

94p.  

(2013b) ₈ ─ ─ ₉ 81p.  

(2014)₈ ♩ꜝⱨ ™─ ─ ₉

81p. 

2005 ₈ ─

₉ ↓╣╕≢─ ─≤╡╕≤╘ 106p  

2010 ₈ ─ ₉

117p  

2015 ₈ ⌐ ∆╢ ⌂

⌐⅔↑╢ ⌐≈™≡₉. 11p.  

2005 ─ ─ ה ─

42 ─ ⌐≈™≡ 53p. 

ה (2010) ─ ⌐ ℮

⌐ ╢ ⌐≈™≡ ─ ┘ ⌂ ─

61 2 .  

ה (2011a) ⌐⅔↑╢ ⌐≈™≡ ◄Ⱡꜟ◑כ  

ה ה ה ⁸ ה ꞉כ◐fi◓◓

ⱪכꜟ 38 A◘Ⱪ◓ꜟכⱪ A38- 1- 3- 3.  

ה (2011b) ⌐⅔↑╢ ◄Ⱡꜟ◑כ

ה  ה  ה ⁸ ה ꞉כ◐fi

ⱪכꜟ◓◓ 38 A◘Ⱪ◓ꜟכⱪ A38- 1- 3- 4.  

1989 7 1- 4  

1991 ₈ ─ ≤ ₉ 437p  

ה ה (2012). ™─ . , 

44, 9 - 16  

Kobayashi, T. (1941) : The Sakawa orogenic cycle and its bearing of the origin of the Japanese 



61 

 

Islands: degicated to Professor Matajiro Yokoyama. Journal of the Faculty of Science, 

Imperial University of Tokyo , Sec. 2, 5, 578p. 

Kobayashi, T., M. Tobita, M. Koarai, T. Okatani, A. Suzuki, Y. Noguchi, M. Yamanaka, and 

B. Miyahara (2012): InSAR - derived crustal deformation and fault models of normal 

faul ting earthquake (Mj7.0) in Fukushima - Hamadori area Earth Planet Space , 64, 

1209- 1221.  

Kumahara, Y. (2015): Identification of the A. D. 818 earthquake fault in the Kanto Plain, 

central Japan, based on historical, archeological and geomorphological data Abstacts 

of the HOKUDAN International Symposium on Active Faulting (In commemoration of the 20th 

anniversary of the 1995 grea t Hanshin - Awaji earthquake), p. 69. 

2011 86 184- 272  

2015 ─ 93 118 124  

Le Pichon, X., T. Iiyama, J. Boulegue, J. Charvert, M. Faure, K. Kano, S. Lellemant, H. 

Okada, C. Rangin, A. Taira, T. Urabe, S. Uyeda (1987): Nankai Trough and Zenisu Ridge: 

a deep- sea submersible survey. Earth and Planetary Sci. Lett. , 83, 285 - 299. 

Matsubara, M. an d K. Obara (2011) :  The 2011 off the Pacific coast of Tohoku Earthquake 

related to a strong velocity gradient with the Pacific plate Earth Planets Space , 63, 

663Έ667. 

1975 ⅛╠ ∆╢ ─ ≤ ⌐≈™≡ 2 28 269- 283  

1990 ⌐╟╢ ─ 65 289- 319  

ה ה ה  1980 1896 ─

55 795- 855  

ה ה ה ה  ה ה ה  ה ה

ה (1988): ( )─ ⌐╟╢ - 7000 ─

≤ 2 ─ - . , 63, 145 - 182. 

ה ה (2006) ─ ─ ה ─ 7 ─

21 255- 256  

ה ה (2008) ─ ─ ה ─ 1718

─ ⌂≥ ⌐≈™≡ 23 143  

ה ה ה ה ה ה 2013 ™─

₈ ₉─ 2013 P2- 27  

2013 ┘ ─√╘─ ┘

─ ה ─ ה 1704 ─ ╣∏ה ↄ≠≥╙⌐♃כ♦

 

ה ה 2010

⌐⅔↑╢ ⌂ . 17 21  

ה ה ה ה ה ה ה ה ה

ה 2015 ∞™∟ 2 SAR ⌐╟╡ ⅎ╠╣√  26 2014

─ ⌐ ℮ ≤ 127



62 

 

http://www.gsi.go.jp/common/000101417.pdf  

Nakamura, K., K. Shimazaki and N. Yonekura (1984): Subduction, bending, and eduction Έ 

Present and Quaternary tectonics of the northern border of the Philippine Sea plate

Bulletin Societe Geologique de France , 26, 221 - 243. 

ה (2012) ─ ─ ⌐≈™≡ 27 64  

Nakanishi , A., H. Shiobara, R. Hino, K. Mochizuk,  T. Sato ,  J.  Kasahara, N. Takahashi,  K. 

Suyehiro,  H. Tokuyama, J. Segawa, M. Shinohara, H.  Shimahura (2002): Deep crustal 

structure of the eastern Nankai Trough and Zenisu Ridge by dense airgun OBS seismic 

profiling.  Marine Geology, 187, 47 - 62. 

ה 2011 ─ . 5 ─ (8)41 

NI- 54- 25- 1.  

Niitsuma, N.  (1999): Rupture and delamination of arc crust rupture and delamination of 

island arc crust due to the arc - arc collision in the South Fossa Magna, central Japan. 

The Island Arc , 8, 441 - 458. 

2008 :₈ 3 ₉ 570p.  

ה  2007 ─ ♥◒♩♬◒☻ ⌐♃כ♦ ≠ↄ ה

─ Ⱪ꜡♇◒ 203- 217  

Ogawa, Y., K. Horiuchi, H. Taniguchi, and J. Naka (1985): Collision of the Izu arc with 

Honshu and the effects of oblique subduction in the Miura and Boso p eninsulas. 

Tectonophysics, 119, 349 - 379. 

Okino, K., Y. Ohara, S. Kasuga, and Y. Kato (1999): The Philippine Sea: New survey results 

reveal the structure and the history of the marginal basins Geophys. Res. Lett ., 26, 

2287- 2290.  

ה ה 1986 : ─ 3₈ ₉ 352p.  

Otofuji, Y., T. Matsuda, S. Nohda (1985): Opening mode of the Japan Sea inferred from the 

paleomagnetisim of the Japan arc. Nature, 317, 603 - 604. 

Ozawa S (2014) Shortening of recurrence interval of Boso slow slip events in Japan

Geophysical Research Letters 41 2762- 2768  

Sagiya T (1999) Interplate coupling in the Tokai District Central Japan deduced from 

continuous GPS data Geophysical Research Letters 26 2315- 2318  

Sagiya T S. Miyazaki  and T. Tada (2000) Continuous GPS array and p resent - day crustal 

deformation of Japan Pure and Applied Geophysics 157 2303- 2322  

1996 ₈  ⌐ ∆╢  ₉ 200p  

☿fi♃כ 2003 100 ─ , CD- ROM.  

Sato, H. (1994):  The relationship between late Cenozoic tectonic events and stress field 

and basin development in northeast Japan. J. Geophys. Res. , 99, 22261 - 22274. 

 (2014)  : ─ ™ ∟≤ ה ─ . , 92,431- 433. 



63 

 

Sato, H., N. Hirata, K. Koketsu, D. Okaya, T. Iwasaki, T. Ito, K. Kasahara, T. Ikawa, S. 

Abe, T. Kawanaka, M. Matsubara, R. Kobayashi, S. Harder (2005): Earthquake source fault 

beneath the Tokyo Science, 309 (5737), 462 - 464. 

ה ה ה ה ה ה ה 2006  

3.1.2 ה2006 -

ⱪ꜡☺▼◒♩ I ™ ╣ ─

17 18-97.  

ה ה 2010a ⱪ꜠כ♩ ⅛╠ ⇔√ ─ : ♩ꜝⱨ

, 80, 8 , 825 - 831.  

ה ה ה ה ה ה ה ה ה 

ה ה ה ה ה ה 2010b ⌐

⅔↑╢ ⅛╠ⱪ꜠כ♩╕≢ ☺

ꜛ▬fi♩◦fiⱳ☺►ⱶ ₈ ─ ≤ ₉ S- 1,12- 15. 

ה ה ה  ה 2012 ─ ה

─ ─√╘─ a ⌐╟╢ ─ , ה

⌐⅔↑╢ ⌂ 21 23

ה 3.1.a. 5- 77. 

ה ה ה ה 2013 : -

└∏╖ ─ ה ( 24 )

228- 268. 

ה ה ה ה 2014 ⱪ꜠כ♩ ה ≤

─ ─ ⅜ ⅝ ↓∆ ─ ⱪ꜡☺▼

◒♩ ᵑ ─ Ɫ◙ה♪כꜞ☻◒ ─√╘─ ה 25

 

Schwartz, D. P. and  K. J.  Coppersmith (1984): Fault behavior and characteristicearthquakes 

from the Wasatch and San Andreas faults. Jour.Geophys. Res., 89, 5,681 - 5,698.  

Schwartz, D. P. and K. J. Coppersmith (1986): Seismic Hazards --  New Trends in Analysis 

Using Geologic Data. In Active Tectonics, National Academy Press,  Washington, DC, pp.  

215- 230. 

2005 ♦♃♇♅ⱷfi♩ 27 510- 518  

Soh, W. (1986): Reconstruction of Fujikawa Trough in Mio - Pliocene age and its geotectonic 

implication. Memoirs of the Faculty of Science, Kyoto University, LII, 1 - 68. 

ה ה ה ה ה (2011) 1847 ⌐

≈ ─ ─ 2011

P- 07. 

2006 : ─ ≤ ─ 112 14- 32. 

Takahashi, M. and K. Saito (1997): Miocene intra - arc bending at arc - arc collision zone, 

central Japan. The Island Arc , 6, 168 - 182.  

ה ה  ה ה  ה  2005 : ⌐ ∆



64 

 

╢ Ɫכⱨ◓ꜝכⱬfi - ⅛╠ √ ─ √⌂ -

67 13- 28. 

ה ה ה ה (2013) 599- 2012

694p. 

(1999) 876p. 

1918 : 6 147- 150. 

Yamamoto, A., R. Shichi and  T. Kudo ( 2011)  Gravity database  of  Ja pan  (CD- ROM),  

Earth Watch  Safety  Net  Research  Center,  Chubu University, Special Publication, 

No.1. 

ה 1998 : ⱨ◊♇◘ⱴ◓♫─ ─ ─

52 178- 187. 

ה ה ה ה ה ה 2011

╩כ♄כ꜠ ™√ 23 2011 ⌐ ℮ ─ . 

122 47- 54  

ꜘⱡ♩⸗◖◄ꜞ◙ⱬ☻ה 2014 ┘∕─ ⌐⅔↑╢ ⌐ ∆╢

─ ↕ D11- 09  

1976 : ⅔╟┘ ─ - ⌐ ─ ⌐≈™≡-

13 61- 72  

 

  



65 

 

 

 ┘ ─ ה │ 250m  

  



66 

 

 

 ─ ≤ ─ ≤∆╢ │  

☿fi♃כ 2003 ╩  

 


