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1. ╕ⅎ⅜⅝ 

 

 5 ╩ ⌐ ⌐ ∆╢ ה ⅜ ≢ ↕╣≡⅔╡⁸

10 3 ⌐│ ⌐╟╡₈ ⌐ ∆╢ ⅝₉⅜ ↕╣√⁹ ⁸ ⌐ ∆╢

⌐№√∫≡│⁸ │ ↄ⅛╠ ╩ ⌐ ╡ ╣╢⌂≥ ⌂ ≢

╡ ╪≢⅝√╙──⁸ ╩╕≤╘√ ⅜⌂™ ≢№∫√⁹∕↓≢⁸ 10

12 ⌐ ₈ ─ ⌐ ∆╢ ₉╩ ⇔⁸ ⌐ ℮

─ ⌂ ⌐≈™≡ ∆╢≤≤╙⌐⁸

⌐⅔↑╢ ╩ ≡⁸ ₈ ─ ₉⌐≤╡╕≤╘√⁹ 

 ≢│ ⌂ ⅜ ↕╣√⅜⁸ ≢│

⌐⅔↑╢ PSA ─ ⅜ ↕╣⁸ ⌐│ ⌐ ∆╢ ⌐≈™≡

╙ ─ ⅜ ⌂ ⌐№╢↓≤⅛╠⁸ ⌐ ⇔√ ⌐≈™≡

╩ ™⁸ ╩ ╢↓≤╩ ─ 1≈≤⇔≡⁸ 14 16 ⌐ ₈

─ ₉⁸ 18 20 ⌐ ₈ Ɫ◙כ♪

⌂╠┘⌐ ⌐╟╢ ─ ₉╩ ⇔⁸ ⌐⅔™≡ ╩

∫≡⅝√⁹ 

│⁸ ─ ה ─ ╩₈ Ɫ◙כ♪ ─ ₉≤⇔≡╕≤╘√

╙─≢№╡⁸ ⌐⅔™≡ Ɫ◙כ♪╩ ⌐ ∆╢ ⌐ ↕╣╢↓≤╩

≤⇔≡™╢⁹ Ɫ◙כ♪ ≤⇔≡⁸₈ ─Ɫ◙כ♪ ₉≤₈ ≢─Ɫ◙כ

♪ ₉─ 2≈╩ ℮↓≤╩ ≤⇔≡⅔╡⁸₈ ≢─Ɫ◙כ♪ ₉≢│⁸ ⅛╠ 50

─Ɫ◙כ♪ ╩ ℮↓≤╩ ≤⇔≡™╢⁹ 
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2. Ɫ◙כ♪ ─  

 

 Ɫ◙כ♪ PTHA Probabilistic Tsunami Hazard Analysis │⁸

⌐⅔↑╢ ↕≤ ─ ╩ ╘╢ ≢№╡⁸ ─ Ɫ◙כ♪

PSHA Probabilistic Seismic Hazard Analysis ─ ╩ ≤⇔≡⁸ ↕╣≡™╢

(2007)⁸ ה (2006)⁸Annaka et al. (2007) ⁸Geist and Parsons 

(2006)⁸Sugino et al. (2008)⌂≥ ⁹ 

 PSHA │⁸ ∆╢ ─ ⁸ ⁸ ⌐ ∆╢ ⸗♦ꜟ≤ ⅜ ⇔√ ⌐ ∂

╢ ⌐ ∆╢ ⸗♦ꜟ╩ ⇔≡⁸ ─ ≢ ─ ⌐ ─ ⅜

∂╢ ╩ ∆╢√╘─ ≢№╡⁸Cornell(1968)⌐ ╕╡⁸ ≢│ ⌂ ≤⇔≡

↕╣≡™╢⁹ 

PTHA │⁸PSHA ╒≥ ⌐⌂∫≡™⌂™⅜⁸ ╩│∂╘ ⌐ ∆╢

─ ⌐ ∆╢ꜞ☻◒─ ╛⁸ ─ ╩ ∆╢√╘⌐ ≤ ⅎ╠

╣╢⁹ 

PSHA ╙ PTHA ╙⁸ ╛ ⌐ ∆╢ ⅜ ⇔⁸∕─ ╩ ∆╢⸗♦ꜟ⅜ ∆

╢⌐≈╣≡ ∆╢╙─≢№╢⁹╕√⁸ ─№╢∆═≡─ ╩ ⇔⁸

╩ ⌐ ⇔≡™╢ ⅜ ⌂ ≤─ ⌂ ™≢№╢⁹ Ɫ◙כ♪ │⁸

uncertainty ─ ╩ ≤⇔≡⅔╡⁸ ⌐ ∆╢ ─ ╩ ⌐ ⇔⁸

─√╘─ ╩ ∆╢╙─≢№╡⁸ ≢─ ╩ ℮√╘─ ≤ ⅎ╠

╣╢⁹ 

⌂⅔⁸ ≢│⁸ ≢│ ⌐ ∆╢ ⅜ ≢№╢↓≤⅛╠⁸ ⌐

℮ ╛ ∆═╡⌂≥⌐ ∆╢ │ ≤⇔⁸ ⌐╟╢ ╩ ≤⇔√⁹ 

 

2.1 Ɫ◙כ♪ ─ ⌂ ╣ 

 

 ⌐ PTHA ─ ≤⌂∫≡™╢ PSHA ─ ╣╩ ⇔⁸ ⌐ PTHA ≢ ⅜ ╦╢⅛╩ ∆⁹

⌂⅔⁸PSHA ⌐ ⇔≡│⁸ ─₈ ─ ╩ ≤⇔√

2007₉─ ≢⅛⌂╡ ⌂ ⅜ ╦╣≡™╢⁹ 

PSHA ≢│⁸ ─ ⁸ ⁸ ⌐ ∆╢⸗♦ꜟ≤ ≤ ⅜ ⅎ╠╣√

⌐ ╛ ⁸ ☻Ɑ◒♩ꜟ⌂≥ ╩ ∆╢⸗♦ꜟ⅜ ⌐

⌂╢⁹ 

 ─ │ ⌐ ≤⇔≡⸗♦ꜟ ↕╣⁸ ─ ⸗♦ꜟ⅜ ™╠╣≡™╢⁹

Cornell(1968)≢ ™╠╣≡™╢ ≤ ─ ╩ 2.1-1⌐ ∆⁹ 

─⸗♦ꜟ ≢│⁸ ≢ ∆╢ ╛ ⌐ⱪ꜠כ♩ ─ ∂ ≢ ╡ ⇔

⇔≡⅝√ ─╟℮⌐ ≤⌂╢ ─ ⅜╒╓ ≢⅝╢

≤№╢ ─ ≢ ∆╢↓≤⅜ ≢⅝≡╙ ╘ ╩ ⌐

∆╢↓≤⅜ ⌂ ╩ ∆╢↓≤⅜ ⌐⌂∫≡™╢⁹
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↕╣√ ₁─ ─ ≢│ ─ ⅜ ≤ ↕╣╢⁹ 

─ ≤ ─ ≤⇔≡⁸ כ♃ⱥꜞה◓ꜟfiⱬ♥כ◓│≢ ⅜

™╠╣╢⅜⁸ ⅜ ╡ ⇔ ⇔≡™╢ ─ ⌐│ ─ⱴ◓♬♅ꜙכ

♪ ⌐ ∆╢⸗♦ꜟ⅜ כ♃ⱥꜞה◓ꜟfiⱬ♥כ◓⁹╢™≡╣╠™ │ ─ ≢ ⅎ

╠╣╢⁹ 

bMaN -=log  

↓↓≢⁸N │ⱴ◓♬♅ꜙכ♪M ─ ≢№╢⁹ ─ ─⸗♦ꜟ─ ╩ 2.1-2⌐

∆⁹ 

 ─ │ ⱳ▪♁fi ≢⸗♦ꜟ ↕╣≡™╢⅜⁸ ≢│ BPT Brownian 

 

2.1-1 Cornell(1968)≢ ™╠╣≡™╢ ≤  

2.1-2 ─ⱴ◓♬♅ꜙכ♪ ─⸗♦ꜟ ─  



 4 

Passage Time ╛ ⌐╟╢ ⅜ ™╠╣≡™╢⁹  

 ╩ ∆╢⸗♦ꜟ│ ⌐ ≢ ⅎ╠╣⁸ ┌╠≈⅝ │

≢⸗♦ꜟ ↕╣╢⁹ 

⌐ ∆╢⸗♦ꜟ≤ ⌐ ∆╢⸗♦ꜟ⅜ ⅎ╠╣√ ⁸ ─ a

╩ ⅎ╢ ɠ│ ≢ ↕╣╢⁹ 

ñññä ²= dMdHdRMPMHPHMRPRHMaAP
k

k ][][],[],,[nl  

↓↓≢⁸ │ ⁸ɢk│ ─ ⁸ ],,[ RHMaAP ² │⁸ⱴ◓♬♅ꜙכ♪ ⁸

↕ ⁸ ─ ⅜ ⇔√ ⌐ ↕⅜a╩ ⅎ╢ ⁸ ][MP │ⱴ◓♬♅ꜙ

♪כ ─ ⅜ ∆╢ ⁸ ][ MHP │ⱴ◓♬♅ꜙכ♪ ⅜ ⇔√ ⌐ ↕⅜ ≢№

╢ ⅝ ⁸ ],[ HMRP │ⱴ◓♬♅ꜙכ♪ ≢ ↕ ─ ⅜ ⇔√ ⌐ ⅜

≢№╢ ⅝ ≢№╢⁹ 

 ⱳ▪♁fi ╩ ∆╣┌⁸ ⌐╟╡ ɠ╩ t ⌐ a ⅜ ⌂ↄ≤╙ 1

∆╢ ];[ taAp ² ⌐ ∆╢↓≤⅜ ╢  

)exp(1];[ ttaAp l--=²  

⌂⅔⁸ ─ ╩ ⇔≡ BPT ╛ ╩ ™╢ ⌐≈™≡│ 4 ⌐ ∆⁹ 

⅜ PSHA ─ ─ ≢№╢⁹∕╣╩ ╕ⅎ≡ PTHA ≢ Ɫ◙כ♪ ╩ ∆╢

╣╩ 2.1-3⌐ ∆⁹ 

⌂ ╣│╒╓ ∂≢№╢⅜⁸ ─ │ ⌐╟╡ ─ ↕╩ ∆╢↓≤

⅜ ≢№╢⅜⁸ ─ │ ╛ ─ ⌂≥─ ⅜ ⌐ ™√╘⁸ ⌐

≢│ ⌐╟╡ ↕╩ ∆╢↓≤⅜ ⌐ ≢№╢⁹∕─√╘⁸ ⌐╟

╡ ↕─ ╩ ∆╢ ╩ ™╢ ⅜№╢⁹↓╣⅜ PSHA ≤ PTHA ─ ⅝⌂ ™

≢№╢⁹╕√⁸ Ɫ◙כ♪ ≢│ ─ ↕─ ─╖╩ ≤∆╢⅜⁸ Ɫ◙כ

♪ ≢│ ≤ ─ ⌐ ∆╢ ╩ ∆╢√╘⁸ ≤ ─ ⌐ ∆

╢Ɫ◙כ♪ ╩ ∆╢↓≤⅜ ⌐⌂╢⁹ 

2.1-3 ⌐│ ⇔≡™⌂™⅜⁸ ≤ │ ⌡ ╦∑ ⌂√╘⁸ ─ ╙ ∆╢

⅜№╢⁹╕√⁸ ⅜ ⌐ ⇔√ ⌐│⁸ ─ ⅜ ⌐ ╪≢™╢↓≤⅛╠⁸

≤ ⅜≥─╟℮⌂ ╖ ╦∑≢ ∂╢⅛ ≤ ─ ╩ ⌐ ∆╢

⅜№╢⁹↓╣╠⌐≈™≡│ 4 ⌐ ∆⁹ 
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2.1-3 Ɫ◙כ♪ ─ ╣ 
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2.2 2 ─ כꜞ♠◒♇☺꜡≥  

 

 Ɫ◙כ♪ │⁸ uncertainty ─ ╩ ≤⇔≡⅔╡⁸∕─ ≢

╩ ℮√╘─ ╩ ∆╢╙─≢№╢⁹ 

─ PSHA ≢│⁸ ⌐⁸ ╩ ┌╠≈⅝ aleatory variability ≤

epistemic uncertainty ─ 2≈⌐ ↑≡ ⅎ≡™╢⁹ ┌╠≈⅝│⁸ ─ ╛

─┌╠≈⅝⁸ ↕─┌╠≈⅝─╟℮⌐⁸ ⌐ ⇔≡™╢⅜ ≢│

≤ ⅎ╠╣╢╙─≢№╡⁸ │⁸ ≢№╢⅛⌂™⅛≤™℮ ╛

∆╢ⱴ◓♬♅ꜙכ♪ ⌂≥─╟℮⌐ ⅜ ∆╣┌ ≢⅝╢⅜ ≢│ ⌂

╙─≢№╢⁹ ┌╠≈⅝│⁸Ɫ◙כ♪ ⸗♦ꜟ─ ≢ ↕╣╢┌╠≈⅝≢№╡⁸1 ─

Ɫ◙כ♪ ─ ≢ ↕╣╢⁹ │⁸Ɫ◙כ♪ ⸗♦ꜟ─Ɽꜝⱷכ♃

╛⸗♦ꜟ ⌐ ∆╢ ≢№╡⁸ Ɫ◙כ♪ ─┌╠≈⅝≤⇔≡ ↕╣╢⁹

╩ ∆╢ כꜞ♠◒♇☺꜡≡⇔≥ ⅜ ™╠╣≡⅔╡⁸ ⅜ ⅛╣╢

⌐ ⇔≡ ─ №╢™│ ⌂ ⅜ ↕╣╢⁹ ⌂ ⌐

⇔≡│ ─ ⇔↕─ ⌐ ≠⅝ ╖⅜ ↕╣╢⁹ 

╩ ∆╢↓≤│⁸ ⌐ ⇔√ ─ ╖ ╦∑⌐ ≠⅝⁸

╖ ╩ ∫√ Ɫ◙כ♪ ╩ ∆╢↓≤≢№╢⁹↓╣╩ ⌐ ℮√╘─

─כꜞ♠◒♇☺꜡≡⇔≥ ⅜№╡⁸∕─ │ ⱨꜝ◒♃▬ꜟ ↕╣╢⁹ⱨꜝ◒♃▬ꜟ

Ɫ◙כ♪ Ɽכ☿fi♃▬ꜟⱢ◙כ♪ │⁸Ɫ◙כ♪ ─ ⌐ ⇔≡⁸

꜠ⱬꜟ╩ ∆╙─≢№╢⁹  

⌐כꜞ♠◒♇☺꜡  ∆╢ ≤⇔≡⁸ ─ ╖ ╦∑⌐ ⇔≡Ɫ◙כ♪ ╩ ⇔

≡ ∆╢ ≤⸗fi♥◌ꜟ꜡ ⌐╟╡ ⌂ ─Ɫ◙כ♪ ─◘fiⱪꜟ╩ ⇔

∆╢ ⅜№╢⁹ ─ ╖ ╦∑⌐ ⇔≡Ɫ◙כ♪ ╩ ∆╢ │⁸ ─

⅜ ↄ⌂╢≤ ╖ ╦∑ ⅜ ⌐⌂╡∆⅞╢ ─ ╖ ╦∑ ─ ≤⌂╢ √╘⁸

⌐ ⌐⌂╢ ⅜ ™⁹ ⌐│ ⌐ ∆╢Ɫ◙כ♪ ╩ ⇔≡⅔⅝⁸∕

─ ╖ ╦∑╩ ╘╢ ⌐ ╩ ™⁸Ɫ◙כ♪ ─ ╖ ─ ╖─ ⌐ ∂≡◘

fiⱪꜞfi◓∆╢ ⅜ ≤ ⅎ╠╣╢⁹ 

 ⸗fi♥◌ꜟ꜡ ╩ ≤∆╣┌ ╩₈ ─ ₉ ⅎ┌ ╛

≢ ∆╢↓≤╙ ≢№╡⁸ ⌐₈ ⌂ ₉⌐∆╢ │⌂™⁹ ⌐₈

─ ₉╩ ╘╢≤⁸ ─Ɫ◙כ♪ ⅜ ≢⌂ↄ ⌐⌂╢⁹∕─√╘⁸ ─

Ɫ◙כ♪ ╩ 1 ↔≤⌐◘fiⱪꜟ≤⇔≡ ∆╢↓≤⅜ ⌐⌂╡⁸ ╩ ∆╢ ╩

⌐ ∆╢ ⅜⌂ↄ⌂╢⁹ 

 ≤ ⌐ ╩☺כⱷ▬─כꜞ♠◒♇☺꜡╢∆ 2.2-1 ⌐⁸

ⱨꜝ◒♃▬ꜟⱢ◙כ♪ ─ ╩ 2.2-2 ⌐ ∆⁹ 2.2-1(4)│ ─ ⌐ ⇔⁸

╩ ⌐ ⇔√╙─≢№╢⁹ 
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2.2-1(3) Ɫ◙כ♪  ☺כⱷ▬─כꜞ♠◒♇☺꜡─

A1

A2

A3

B1

B3

B2

C1

C2

C3

D1

D2

D3

A2B2C2D2

A2B2C2D1

A2B2C2D3

2.2-1(2) ⌐  ☺כⱷ▬─כꜞ♠◒♇☺꜡╢∆

A1

A2

A3

B1

B3

B2

C1

C2

C3

D1

D2

D3

A2B2C2D2

A2B2C2D1

A2B2C2D3

2.2-1(1) ⌐  ☺כⱷ▬─כꜞ♠◒♇☺꜡╢∆

A1
B1 C1 D1

A2 B2 C2 D2
A3 B3 C3 D3

A2, B2, C2, D1

A2, B2, C2, D2

A2, B2, C2, D3
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2
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∆
╢

Ɫ
◙
כ
♪

꜡
☺
♇
◒
♠
ꜞ
כ
─
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2.2-2(1) Ɫ◙כ♪ ─ ─  

(a)     (b)     (c) ≤ 50 ─  

2.2-2(2) Ɫ◙כ♪ ─  
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3. ⸗♦ꜟ ─ ⅎ  

 

 ≢│⁸ 5 ≢ ╩ ≤⇔√ Ɫ◙כ♪ ─⸗♦ꜟ╩

⌐ ∆⁹ Ɫ◙כ♪ ─⸗♦ꜟ│⁸ ≢│ ⅝⌂ ⅜ ∂⌂™↓≤⅛╠⁸

─╖╩ ─ ≤⇔≡™╢⁹ 

 ⁸ ◘▬♩≢│⁸ Ɫ◙כ♪ ─⸗♦ꜟ⅜ ↕╣≡™╢⁹ ≤ ╩

⌐ ∆╢√╘⌐│⁸ ⸗♦ꜟ≤ ⸗♦ꜟ╩ ⇔≡ ≈─ ⸗

♦ꜟ⌐∆╢ ⅜№╢≤ ⅎ╠╣╢⁹ 

 ⸗♦ꜟ─ │ ⌐ ℮ ⅜№╢⅜⁸ ⌂ │ ─╟℮⌐ ⅎ╠╣╢⁹ 

ה ⌐ ⇔≡│ ─ ⅜ ≢№╡⁸⸗♦ꜟ ╙ ≢№╢≤ ⅎ╠╣╢↓≤

⅛╠⁸ │ ⸗♦ꜟ╩ ⌐∆╢⁹ 

ה ⌐ ⇔≡│⁸ ⌐ ╕╣⌂™₈ ₉─ ─ ╙ ≢⅝⌂™ ⅜ ™↓

≤⅛╠⁸ ≤⇔≡ ∆╢ ⅜№╢₈ ₉─ ╩ ∆╢⁹₈ ₉─

⅜ ─⸗♦ꜟ ≤ ⇔≡™╢ │⁸ ⸗♦ꜟ╩ ⌐∆╢⁹₈ ₉

─ ⅜ ─⸗♦ꜟ ≤ ⇔≡™╢ │⁸ ─⸗♦ꜟ╩ ⇔≡⁸

─ ╙ ⌂╟℮⌐ ∆╢⁹ 

 ⸗♦ꜟ⅜ ↕╣╣┌⁸ ─ ≢ ─ ─ ⅜ ⇔√ ⌐⁸ ⸗♦ꜟ╩

⇔⁸ ⌐╟╡ ─ ↕ ⅜ ≢⅝╢⁹ ↕─ ╙

№╢™│ fiכꜞ◓ ⁸ fiכꜞ◓ ╩ ™≡

≢⅝╢⁹∕─↓≤⌐╟╡ ≤ ─ ╩ ∆╢↓≤⅜ ⌐⌂╢⁹ 

 ─↓≤⅛╠⁸ ⸗♦ꜟ╩ ∆╢√╘⌐ ⸗♦ꜟ≤⇔≡ ⇔≡⅔ↄ ⅜№

╢─│⁸₈ ₉≢╙ ⅝⌂ ╩ ∂╢ ⅜№╢₈ ₉⌐ ∆╢⸗♦ꜟ⁸ ⅜ ⅎ

╠╣√ ─ ↕ ─ ⁸ ⌐ ∆╢ ≤ ╖≤ ⅎ╠╣╢⁹ 

 

3.1 ─⸗♦ꜟ  

 

 ⌐ ⇔≡⸗♦ꜟ ⇔⌂↑╣┌⌂╠⌂™ │ ─ ╡≢№╢⁹ 

ה  ⅜≥─ ≢ ∆╢─⅛  

⌂℮╟─≤ה  ─ ⅜≥─╟℮⌂ ≢ ∆╢─⅛ ⱴ◓♬♅ꜙכ♪  

⌂℮╟─≤ה  ≢ ∆╢─⅛ ≤┌╠≈⅝  

≈─ ≢ ─ ⅜ ∆╢ │ ─ 3 ╩ ∆╣┌╟™⅜⁸ ─

☿◓ⱷfi♩⅜№╡⁸№╢ ⌐│ ≢⁸№╢ ⌐│ ─☿◓ⱷfi♩⅜ ⇔≡ ∆╢╟

℮⌂ ⌐│╙℮ ⇔ ⌐⌂╡⁸ 

ה  ☿◓ⱷfi♩⅜≥─╟℮⌂ ≢ ∆╢─⅛ 

ה  ⌐ ∆╢☿◓ⱷfi♩─ ╖ ╦∑⌐│≥─╟℮⌂╙─⅜№╢─⅛ 

ה  ⌐ ∆╢☿◓ⱷfi♩─ ╖ ╦∑│∕╣∙╣≥─╟℮⌂ ≢ ∆╢─⅛ 

ה  ⌐ ∆╢☿◓ⱷfi♩─ ╖ ╦∑│∕╣∙╣≥─╟℮⌂ ─ ╩≥─╟℮⌂
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≢ ∆╢─⅛ 

╩ ∆╢ ⅜№╢⁹ 

 

(1)  

 ⌐ ⇔≡│⁸ ⌐ ⅜ ⇔≡™╢ ⌐│№╕╡ ⅜⌂™⅜⁸♥◒♩♬◒

☻ ⌐ ╣┌ ∂╟℮⌂ ≢№╢⅜⁸ ⅜ ⇔≡™╢ ≤∕℮≢⌂™ ⅜№╢

⌐│ ≢⌂™⁹↓─╟℮⌂ │⁸ ™─ ╛ ─ ⌐ ╠╣╢⁹↓

─╟℮⌂ ⌐ ≢כꜞ♠◒♇☺꜡│≡⇔ ∆╢─⅜ ≤ ⅎ╠╣╢⁹ 

 ™─ ╛ ⁸⅔╟┘ ⌂≥≢│⁸ ⅜ ∆╢

⅜ ⌐ ↕╣≡™╢ ╩╕√™∞ │⌂™ ⅛⁸№╢™│ ⇔≡™╢⅛⅜ ⌐⌂

╢⁹↓─╟℮⌂ ⌐ ≢כꜞ♠◒♇☺꜡╙≡⇔ ∆╢─⅜ ≤ ⅎ╠╣╢⁹ 

 

(2) ⱴ◓♬♅ꜙכ♪  

 ⌐╟╢₈ ₉≢│ ─ⱴ◓♬♅ꜙכ♪╩

≈─ ⌐ ⇔≡™╢⅜⁸ ⌐│ ≈─ ⌐ ↕╣⌂™≤ ⅎ╠╣╢↓≤⁸╕√ ⌐ ⇔

≡ⱴ◓♬♅ꜙכ♪─ ⅜ ⅝™↓≤⅛╠ⱴ◓♬♅ꜙכ♪─ ╩ ⅎ╢⁹ 

 ⱴ◓♬♅ꜙכ♪─ ⅜ 0.3 │№╡∕℮⌂↓≤╩ ♩ꜝⱨ─ ⌐⅔↑╢∆═╡

─ ⅜ ⇔≡™╢⁹ ♩ꜝⱨ ™ ─☿◓ⱷfi♩ ╩ 3.1-1 ⌐⁸ ⌐⅔↑╢

∆═╡ ─ ╩ 3.1-1⌐ ⅜♃כ♦⁹∆ ⌂ ─ 3 ─◘▬◒ꜟ≢⁸∆═╡ ─ │

2☿◓ⱷfi♩≢ 1.6 ⁸ 4☿◓ⱷfi♩≢ 2.1 №╢⁹ ⅜ ∂ ⁸∆═╡ ⅜ 2 ⌐

│♪כꜙ♅♬◓ⱷfi♩ⱴכ⸗⁸≥╢⌂ 0.2 ⅝ↄ⌂╢⁹ 4 ☿◓ⱷfi♩≢─ ⅛╠╖≡⁸ⱴ

─♪כꜙ♅♬◓ ⅜ 0.3 │№╡∕℮≤ ⅎ╠╣╢⁹ 

 ⱴ◓♬♅ꜙכ♪─ ⌐ │№╢≤ ╦╣╢⅜⁸╒╓ ∂ ⅜ ⇔√≤ ⅎ╠╣╢

─ ─ ╩ 3.1-2⌐ ∆⁹ⱴ◓♬♅ꜙכ♪ │ 0.3 0.6 ─ ⌐ ⇔

≡™╢⁹ 

 ─↓≤⅛╠⁸ⱴ◓♬♅ꜙכ♪─ ≤⇔≡ ⌐ 0.3≤ 0.5╩ ⇔√⁹ │

⌐╙⁸ ╛ ⌂≥⅜ ⅎ╠╣╢⅜⁸№╕╡ ⅛⌂ │ ≤ ⅎ≡⁸

≤⇔√⁹ 

 ⱴ◓♬♅ꜙכ♪ ╩ ╘╢√╘⌐│⁸ ─ ─ ⅜ ─≥↓⌐ ⇔≡

™╢⅛╩ ╘╢ ⅜№╢⁹ ⌐ ⇔≡ ⅜≤╡℮╢ ╩ 3.1-2 ⌐ ∆⁹

≢ 8 ─ ⅜№╢⅜⁸ ⌐ ╘╢─│ ≢כꜞ♠◒♇☺꜡⁸≢─⌂ ∆╢─⅜

≤ ⅎ╠╣╢⁹╕√⁸ 3.1-2─ ─ 3 │⁸ ─ ⅜ 1 ⇔⅛⌂™≤⅝─ ≤⇔

≡ ∆╢ │№╢⅜⁸╟╒≥─ ⅜⌂™ ╡ ⌐↓℮∆╢ ⅜⌂™ ╡ ⁸▪fi◔כ

♩─ ≢│ ≤∆╢↓≤⅜≢⅝╢⁹ 

 

(3) ≤┌╠≈⅝ 

 │₈ ─Ɫ◙כ♪ ₉⌐╙₈ ≢─Ɫ◙כ♪ ₉⌐╙ ≢№
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╢⅜⁸┌╠≈⅝│₈ ≢─Ɫ◙כ♪ ₉∞↑⌐ ≢№╢⁹ 

 

≤ BPT  

 ─ ─⸗♦ꜟ │ ╛ BPT Brownian Passage Time 

⌐╟╡ ╦╣╢⁹ │ ≢№╢⁹BPT │ ⌐№╕╡⌂∂╖⅜⌂™⅜⁸

─₈ ⌂ ─ ⌐≈™≡₉ 2001 6 ⌐⅔™≡⁸₈

⅜ ⇔╛∆™≤™℮ ⅛╠ ⇔≡™ↄ↓≤⅜ ≢№╢≤ ⅎ╠╣╢₉≤

≠↑↕╣≡™╢ ≢№╢⁹ 

 BPT │⁸₈ⱪ꜠כ♩ ⌐╟╢ ⌂ ⌐⅔™≡⁸ ∆╢ ≢─

─♩ⱬfi▬כ꜡☻╛ ⌂≥Ⱪꜝ►fi ≤⇔≡ ↕╣╢ ─ ⅜ ╦╢ ≢⁸

⅜ ⌐ ⇔⁸ ⅜ ∆╢ ⅜ ∆╢ ₉≤™℮ Ⱪꜝ►fi

╩ ╕ⅎ√⸗♦ꜟ≢№╡⁸ ≢ ∆╢≤ ─╟℮⌐⌂╢ Ellsworth et al. (1999)  ⁸

Matthews et al. (2003 )⁹ 

Y(t)=ɠ t ə W(t)  

↓↓≢⁸Y(t)│ ⁸t │ ⌐ Yf⌐ ⇔≡⅛╠─ ≢№╡⁸Y(t)⅜ Yf⌐ ∆╢≤

⅜ ⇔⁸Y ≤™℮ ⌐ ∟╢⁹ɠ t ⅜ ⌂ ⌐╟╢ ⁸ə W(t)⅜ ─

⌐╟╢ ≢№╢⁹W(t)│ ⌂Ⱪꜝ►fi ⁸ə│ ≢⌂™ ≢№╡⁸ə2 │ ≤

┌╣╢⁹ 

 ⌐ Yf⌐ ⇔≡⅛╠ ⅜ ⇔≡⅛╠ ⌐ Yf⌐ ∆╢ ⅜ ∆╢ ╕≢─

t ─ ⅜ Brownian Passage Time ≤ ┌╣╢⁹ ─ │ ─ ≢

ⅎ╠╣╢⁹ 

{ } { })2()(exp)2(),;( 222
1

32 ttttf mampamam --=  

↓─ ─ │ɡ⁸ │(ɡɖ)2≢№╢⁹╕√⁸ɠ╛ə≤ ─ ⅜№╢⁹ 

lm )( 0YYf -=  

{ }2
1

0)( lda YYf -=  

32

0)( ldYYf -=  

⌂⅔⁸BPT │⁸ ─ ≢│⁸ ●►☻ ╛꞉ꜟ♪ ≤╙ ┌╣⁸ ─ ╛

─ ⌂≥⌐ ↕╣≡™╢⁹ 

 BPT ─ │ ─ ╡≢№╢⅜⁸ ⌐│ BPT ≤ ⌐│ ⅝⌂ ™

│⌂™⁹∕─ ╩ 3.1-3⌐ ∆⁹ 

 ─ ⅜♃כ♦─ №╢ ⁸ ─ │ 

ä
=

=

n

i

i

n

T
m

1

ln
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≢№╡⁸BPT ─ɡ │ 

ä
=

=

n

i

i

n

T

1

m  

≢№╡⁸≥∟╠╙ ⌐╟╡ ╘╠╣╢⁹ 

 ─┌╠≈⅝╩ ∆╢─│⁸ ≢│ ɨln⁸BPT ≢│

ɖ≢№╡⁸ ─ɨln│ 

ä
=

-
=

n

i

i

n

mT

1

2

ln

)(ln
s  

BPT ─ɖ│ 

1
1

1

2 -=ä
=

n

i

i

n

T
ma  

⌐╟╡ ╘╠╣╢⁹ ⌐╟╢ ╩ 3.1-3 ⌐ ∆⁹ɨln ─ ⅜ ⇔ ↕

™⅜ │╒≤╪≥ ∂≢№╢⁹↓─ ⅛╠│┌╠≈⅝─ │ 0.2 0.4 ≢№╢⁹WGCEP(1995)

│◌ꜞⱨ◊ꜟ♬▪⌐⅔↑╢ ⌐⅔™≡ɨln╩ 0.5±0.2≤⇔≡™╢⁹↓╣╠─ ⅛╠⁸┌╠≈

⅝⌐ ∆╢ ≤⇔≡│ 

     0.2⁸0.3⁸0.4 

⅜ ≤ ⅎ╠╣╢⁹ 

 

─ ─  

 ─ ⌐♃כ♦⅜ ≠™≡™╢ ⌐│ ⌐ ≠⅝ ╩ ∆╢─⅜

≢№╢⁹ 

─ ─ ⅜ ≢ ⅜ xo─ ⁸xo x─ │♀꜡⁸ │ 

n

s
 

≤⌂╢⁹ɨ│ ─ ≢№╢⁹ ♃כ♦─ ⅜ ⌂™↓≤⅛╠⁸ ≤⇔≡

⇔√ ⌂ ╩ ♃כ♦⁸┌╣™ ⌐ ∂√ ─ ⅜ ≢⅝╢⁹ 

 ≢ ╩ Tm ≤⇔⁸ ⅜♃כ♦─ 1 ─ ⁸┌╠≈⅝⌐╟╡ ─

± ─ │ 

     ɨln 0.2─ 0.82Tm 1.22Tm 

     ɨln 0.3─ 0.74Tm 1.35Tm 

     ɨln 0.4─ 0.67Tm 1.49Tm 

⅜♃כ♦⁸⇔╙⁹╢⌂≥ 5 №╢≤∆╢≤ 

     ɨln 0.2─ 0.91Tm 1.09Tm 

     ɨln 0.3─ 0.87Tm 1.14Tm 

     ɨln 0.4─ 0.84Tm 1.20Tm 

⅜♃כ♦⁸╡⌂≥ 1 ─ ╟╡╙ ─ ⅜ ↄ⌂╢⁹ 
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ⱳ▪♁fi≤⇔√ ─  

 ⅜ⱳ▪♁fi≤⇔≡ ⅎ╠╣╢ ♃כ♦╙ ≢ ╕╢ ─ ⌐ ≠™

≡⁸ ╩ ∆╢↓≤⅜ ≢№╢⁹ 

 ⱳ▪♁fi ─ │ ⅜ ⅝ↄ⌂╢≤ ⌐ ⇔ↄ⌂╡⁸ X─

│ 

XX°  

≢ ↕╣╢⁹X ⅜ ↕™ ─ │ Weichert(1980)⌐╟╡ ⅎ╠╣≡™╢⁹∕╣╩ 3.1-4

┘ 3.1-4⌐ ∆⁹ 

 ⅎ┌⁸400 ≢ 3 ─ ⅜ ⇔≡™╢ ⁸3 ─ │ 3.1-4⅛╠ 1.37 5.92

≤⌂╢⁹↓╣│ ⅜↓─ ─ ⌂╠┌⁸400 ≤™℮ ≈─◘fiⱪꜟ≢ 3

∆╢↓≤⅜ ⅎ╠╣╢≤™℮↓≤≢№╢⁹↓╣╩ ∆╢≤⁸ ─ │

68 292 ≤⌂╢⁹ 

 

(4) ⌐ ∆╢⸗♦ꜟ 

♩ꜝⱨ ™─ ≢│⁸ ⌐ ∆╢☿◓ⱷfi♩─ ╖ ╦∑⅜ ⇔≡™╢⁹↓─

╟℮⌂ │ ╛ ה ≢╙ ╠╣╢⁹ ≢│⁸ ─ ≤ ╡─

⅜ ⇔≡ ∆╢ ╛ ₁⌐ ∆╢ ⅜№╢↓≤⅜ ↕╣≡™╢⁹ ה ≢

│⁸400 500 ─ 6 ⌐ 1 ─ ≢⁸ ≤ ─☿◓ⱷfi♩⅜

⇔√ ⅜ ⇔≡™╢≤ ↕╣≡™╢⁹↓─╟℮⌂ ─ ╩ 3.1-5 ⌐ ∆⁹↓℮⇔

√⸗♦ꜟ╩WGCEP(1995)│◌☻◔כ♪⸗♦ꜟ ⸗♦ꜟ ⁸ ה (2000)│ ☿◓ⱷ

fi♩⸗♦ꜟ≤ ╪≢™╢⁹ 

 ⌂ │ ─ ⅛╠ ∆╢↓≤⅜ ≤ ⅎ╠╣╢⅜⁸₈

≢─Ɫ◙₉♪כ─ ⌐⅔™≡⁸ ╖ ╦∑↔≤─ ╩≥─╟℮⌐ ∆╢⅛≤™℮

│ ⇔≡™⌂™⁹ ☿◓ⱷfi♩─ ⅜⁸ ☿◓ⱷfi♩─ ≤┌╠≈⅝⁸

⅛╠ ╘╠╣╢≤⇔≡⁸∕╣╩☿◓ⱷfi♩─ ╖ ╦∑ ─ ⌐₈ ₉∆

╢ ⅜ ≢№╢⁹ 

⌐╟╢₈ ₉≢│ 

  ᵑ ⌐ ⌐ ∆╢ ╩ ╘╢ 

  ᵒ ╘√ ⌐ ─ ⌐ ≠ↄ ╩⅛↑╢ 

≤™℮ ╩ ™≡™╢⁹ 

WGCEP(1995)≢│ 

  ᵑ ⱴꜟ♅☿◓ⱷfi♩ ⌐│ ─ ─ ╩ ⅎ╢ 

    T ⌐ ⇔≡™╣┌ 0.5n/T ╩ ⅎ╢ 

  ᵒ ◦fi◓ꜟ☿◓ⱷfi♩ ⌐│ ─ ╩ ⅎ╢ 

  ᵓ ╡─ │ ⅜ ⌐⌂╢╟℮⌐⁸ ⅝⌂ ╩ ⇔≡⁸ ∆╢ 

≤™℮ ╩⇔╘⇔≡™╢⁹ 
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ה  2001 ≢│⁸WGCEP(1995)╩ ∆╢ ≤⇔≡ 

  ᵑ ⱴꜟ♅☿◓ⱷfi♩ ⌐│ ─ ─ ╩ ⅎ╢ 

    T ⌐ ⇔≡™╣┌ 0.5n/T ╩ ⅎ╢ 

  ᵒ ◦fi◓ꜟ☿◓ⱷfi♩─ ⌐│ ⌐ ⌐⅔™≡◦fi◓ꜟ≢ ⇔√ ╩

⅛↑√ ╩ ⅎ╢⁹ 

  ᵓ ╡─ │ ⅜ ⌐⌂╢╟℮⌐⁸ ⅝⌂ ╩ ⇔≡⁸ ∆╢ 

≤™℮ WGCEP ╩ ⇔≡™╢⁹ ה 2001 ⌐╟╢ ⁸ ⁸

─ ╖ ╦∑ ─ ⌂ ─ ╩ 3.1-5⌐ ∆⁹ 

 ⌂⅔⁸ ה 1998 │ ╩ ⅎ╢ ⅎ ╩ ⇔≡™╢⁹ ─ ⅜ ☿◓ⱷfi♩

─ ╩ ∆╢╟℮⌐ ╩ ╘╢─⌐ ⇔⁸ ה 1998 ─╟℮⌐ ─

╩ ⅎ╢≤ ☿◓ⱷfi♩─ │ ∏⇔╙ ↕╣⌂ↄ⌂╢⁹ 

 ⌐⁸ⱴꜟ♅☿◓ⱷfi♩ ─ⱴ◓♬♅ꜙכ♪╩≥℮ ╘╢⅛≤™℮ ⅜№╢⁹ 

☿◓ⱷfi♩─ ─ ⅝↕⅜ ⌐№╕╡ ⇔⌂™ ⌐♪כꜙ♅♬◓ⱷfi♩ⱴכ⸗⁸│

⇔≡│ ─♩ⱷfiכ⸗ ⇔ ╦∑⅜ ⌂─≢⁸ ☿◓ⱷfi♩─⸗כⱷfi♩ⱴ◓♬♅ꜙכ♪

╩ ⇔⁸∕╣╩ ⇔№╦∑╢↓≤⌐╟╡ⱴꜟ♅☿◓ⱷfi♩ ╩♪כꜙ♅♬◓ⱷfi♩ⱴכ⸗─

∆╢↓≤⅜ ≤ ⅎ╠╣╢⁹ ♩ꜝⱨ ™│↓─Ɽ♃כfi─ ⅜№╢≤ ⅎ╠╣╢⁹ 

 ☿◓ⱷfi♩─ ─ ⅝↕⅜ ⌐╟╡ ⅝ↄ ╦╢ ⌐│⁸ ☿◓ⱷfi♩≤│ ⌐⸗

─♪כꜙ♅♬◓ⱷfi♩ⱴכ ╩ ∆╢ ⅜№╢⁹ ה │↓─Ɽ♃כfi⌐ ™≤

ⅎ╠╣╢⁹ 
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3.1-1 ♩ꜝⱨ ™ ─☿◓ⱷfi♩  

 

 

3.1-1 ♩ꜝⱨ ™─ ─∆═╡ ─  
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3.1-2 ─ ─  

 

 

3.1-2 ⱴ◓♬♅ꜙכ♪ ⌐ ∆╢ ─ ─  

 

  



 18 

3.1-3 BPT ≤ ─  

 

 

 

3.1-3 ⌐╟╢┌╠≈⅝─  

 ɨln  ɖ 

 0.358 0.367 

 0.176 0.177 

 0.287 0.293 

 0.213 0.213 

 0.164 0.165 

 0.247 0.250 
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3.1-4 Weichert(1980)⌐╟╢ⱳ▪♁fi ─  

 

3.1-4  Weichert(1980)⌐╟╢ⱳ▪♁fi ─  
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3.1-5 ☿◓ⱷfi♩⸗♦ꜟ ꜟ♦⸗♪כ◔☻◌ ─  

 

3.1-5 ☿◓ⱷfi♩⸗♦ꜟ⌐⅔↑╢ ─ ה 2001  

 1 WGCEP  WGCEP  

☿◓ⱷfi♩ A  B  C  A  B  C  

 0.80 4.54 13.70 0.8 4.54 13.70 

 0.00 2.27 11.43 0.00 0.00 9.16 

A+B 0.00  0.00  

B+C  1.47  3.74 

A+B+C  0.80 0.80 

│ 1000 ╡─  
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3.2 ─⸗♦ꜟ  

 

 ─ ⌐≈™≡│⁸ⱪ꜠כ♩ ╛ ⌂≥⌐ ⌐

∆╢≤ ⅎ╠╣╢↓≤⅛╠⁸ ─ ⁸ ─ⱴ◓♬♅ꜙכ♪ ─ ⅜ ≢

№╢⁹√∞⇔⁸↓─ ─ │ ⸗♦ꜟ≤ ∂⌂─≢ ⌂ ╣─╖╩ ∆⁹ 

 

(1)  

 ─ │⁸ ↔≤⌐ ∆╢ ⅜№╢⅜⁸ ⇔√╟℮⌐⁸ ⸗♦

ꜟ─ ⅜ ⌐⌂╢≤ ⅎ╠╣╢⁹ 

 

(2) ⱴ◓♬♅ꜙכ♪ ─⸗♦ꜟ 

 ─ ⅜ ↕╣╢≤⁸ ⌐ ⇔≡ⱴ◓♬♅ꜙכ♪ ╩ ∆╢ ⅜№

╢⁹ ≢ ™╠╣≡™╢ ⌂ │ ─ 2≈≢№╢⁹ 

 1≈│⁸ Gutenberg -Richter GR ≢№╡⁸ ─ Gutenberg -Richter ╩

ⱴ◓♬♅ꜙכ♪ max ≢ ∟ ╢⁹ ─ │ 

)(log maxMMbMan ¢-=  

≢№╡⁸ │ⱴ◓♬♅ꜙכ♪⅜ ─ ⁸ ≢№╢⁹ 

 ╙℮ 1≈│⁸ Gutenberg -Richter ≢№╡⁸ ─ │ 

)log(log MMbMan c-+-=  

≢№╡⁸ c⅜ ⱴ◓♬♅ꜙ⁹╢⌂≥♪כ 

 

(3) ⱴ◓♬♅ꜙכ♪ ─  

 ⱴ◓♬♅ꜙכ♪ ⌐ ∆╢⸗♦ꜟ⅜ ╕╣┌⁸ ⌐♃כ♦│─╢ ≠⅝Ɽꜝⱷכ♃╩

╘╢↓≤≤⁸∕─ ╩ ⌐ ∆╢↓≤≢№╢⁹ 

 

≢⌂™ ─  

⁸│╠⅛♃כ♦─  ≢⌂™ ╛ ⁸ ─ ─ ≤

≤⇔≡ ⌐⸗♦ꜟ ∆╢ ╩ ↄ ⅜№╢⁹ 

♃כ♦ ─ ─☻♥♇ⱪ│ ─♃כ♦ ⅛╠ ≢⌂™ ╩ ╡ ↄ ≢№╢⁹

─ ⌐│ ─ ╛ ⅜ ╕╣≡™╢⁹Ɫ◙כ♪ ≢│⁸∕℮⇔√ ≢⌂™

╩ ╡ ™≡ ╩ ∆╢ ⅜№╡⁸ ≢⌂™ │ ⌐ ℮ ⅜№╢⁹ ≢

⌂™ ─ ≤⇔≡ ⌂ ⌐╟╢ ╛ ה 2002 ⌐╟╢ ⌂≥

⅜ ↕╣≡™╢⅜⁸ ₁⌐ ⇔≡╙╟™⁹ 

 

ⱴ◓♬♅ꜙכ♪ ─  

 ⌐╟╡ ⌐ ↕╣≡™╢ ─ⱴ◓♬♅ꜙכ♪ ⌐ ™⅜№╢⁹ ⁸1885

│ 6.0 ⁸1923 │ 5.0 ─ ⅜╒╓╙╣⌂ↄ ↕╣≡™╢≤ ⅎ╠╣≡™╢⁹
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╩ ™╢ ⁸ ⌐ 5.0 ─ ⁸ ⁸ ⱴ◓♬♅ꜙכ♪

⌐♃כ♦╩ ≠™≡ ∆╢ ⅜№╢⁹ 

 ⱴ◓♬♅ꜙכ♪ ─ ╩ ∆╢ │ ⇔≡™⌂™⅜⁸ ≈─ ⅜ Annaka 

and Yahiro (2000 ⌐╟╡ ↕╣≡⅔╡⁸ 5.0 ─ ╩ ⁸ ╩ ⁸

ⱴ◓♬♅ꜙכ♪╩ №╢™│ ╖ ≤∆╢ ⅜ ↕╣≡™╢⁹⸗fi♥◌ꜟ꜡

╩ ™╢ ⌐│⁸∕╣╠─ ⅛╠◘fiⱪꜟ╩ ⌂∞↑ ↕∑╢↓≤⅜ ≢№╢⁹

╕√⁸ ⌂ ≤∆╢↓≤╙ ≢№╢⁹ 
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3.3 ↕ ─  

 

 Ɫ◙כ♪ ─ ⌐⅔™≡│⁸ ─ ≢ ─ ─ ⅜ ⇔√ ─

↕ ╩ ∆╢ ⅜№╢⁹ ↕ ⌐ ╩כꜞ♠◒♇☺꜡╢∆ 3.3-1 ⌐ ∆⁹ ⁸

─ ╩ ∆⁹ 

 

(1) ∆═╡⸗♦ꜟ≤ ⸗♦ꜟ ▪☻Ɑꜞ♥▫ ⸗♦ꜟ  

 ₈ ─ ₉≢│⁸ ∆═╡ ⸗♦ꜟ╩ ≤⇔≡⁸ ╩

∆╢⸗♦ꜟ╩ ⇔⁸∕╣⌐ ≠™≡ ╩ ℮ ╩ ⇔≡™╢⁹⇔⅛⇔⌂⅜╠⁸

⌐⅔™≡│₈▪☻Ɑꜞ♥▫₉╩ ⇔√ ⸗♦ꜟ⅜ ™╠╣≡⅔╡⁸ ─ ≢╙

⌐╟╡∆═╡ ─ ╩ ⇔√ⱪ꜠כ♩ ™─ ⸗♦ꜟ⅜

⌐ ™╠╣≡™╢⁹ 

↓─╟℮⌂ ⅛╠⁸ ♩ꜝⱨ ™≤ ™─ ╠╣√ ╩ ⌐⇔≡≢

│№╢⅜⁸ ∆═╡⸗♦ꜟ≤ ⸗♦ꜟ─ ≢ ╩ ∆╢╟℮⌐⇔√⁹ 

 

(2) Ɽꜝⱷכ♃ ─ ─  

─ ⌐│ ╟╡╙ ⌐ ⌂Ɽꜝⱷכ♃ ⱴ◓♬♅ꜙ⁸♪כ ↕⁸ ⁸

╩ ™≡ ⇔√ ⌐ ∆╢ ─ ─┌╠≈⅝╩Ɫ◙כ♪ ≢ ™≡™╢⁹

⅜ ≤ ℮─│⁸ⱴ◓♬♅ꜙכ♪─╟℮⌂ ⌂Ɽꜝⱷכ♃≢│⌂ↄ ⸗♦ꜟ╩ ™

≡ ⇔≡™╢↓≤≢№╢⁹∕─√╘⁸ ─ ⌐│ ─ ↕─ ⅜∆═≡

≤ ─┌╠≈⅝≤⇔≡ ↕╣≡™╢─⌐ ⇔⁸ ─ ⌐│₈ ─ ⸗♦ꜟ₉

╩ ™≡™╢↓≤⌐╟╡⁸ ≤ ─┌╠≈⅝⌐ ⇔₈ ⸗♦ꜟ─ ⌐╟╢┌╠≈⅝₉

╩ ∆╢⅛⁸№╢™│₈ ⸗♦ꜟ─ ₉╩ ⌐ ∆╢↓≤⅜ ⌐⌂╢≤ ⅎ╠╣╢⁹ 

 ⌐ ∆╢ ⸗♦ꜟ⅜ ∂ ≢╙ ∆╢─≢№╣┌ ⇔⌂↑╣┌⌂╠⌂™

≢№╢⁹₈ ─ ₉⌐⅔↑╢ ⌂ ≢│₈Ɽꜝⱷ₉▫♦♃☻♃כ

─ ≤⇔≡↓╣╩ ⇔≡™╢⁹ ─ ≢ ⸗♦ꜟ─ ⌐╟╢┌╠≈⅝╩ ∆╢

⅜№╢⅛≥℮⅛⌐│ ⅜№╡⁸ɟ⌐╟╢ ─┌╠≈⅝─ ⌐ ╕╣≡™╢─≢│⌂™

⅛≤™℮ ⅎ ╙№╢⁹╕√⁸ ⌐│ │ ↕™ ⅜№╢⁹ ≢│⁸ 3.3-1 ─╟℮

⌐⁸↓─ ╩ ∆╢⅛⁸⇔⌂™⅛╩ ≤⇔≡ ∆╢─⅜ ≤ ⅎ╠╣╢⁹ 

 

(3) ─ ≤ ∟ ╡  

 ─ │ №╢™│ ∟ ╡─№╢ ≢ ⇔≡⅔╡⁸Ɽꜝ

ⱷכ♃≤⇔≡ ⌐╟╢ɟ≢ ≤ ∟ ╡ ╩ ∆╢ ⅜№╢⁹

─┌╠≈⅝⅜ ≢ ≢⅝╢↓≤│ ₈ ─

₉─ 1.1.6⌐ ↕╣≡™╢⁹ 

 ┌╠≈⅝─ ⅝↕ ɟ─ ─ ≤⇔√─│⁸ ⌐ ∆╢ ≤ ─ ─┌╠

≈⅝≢№╡⁸ 3.3-1⌐ ─ ⌐ ∆╢ ╩ ∆⁹ 
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 ─ ∟ ╡│⁸ ⌐│ ∆╢≤ ⅎ╠╣╢⅜⁸♦כ♃⅛╠ ∆╢↓≤│ ≢

│⌂™⁹ 3.3-1 ─ ≈─ │⁸ ≈─ ≤⇔≡ ∟ ╡╩ ⇔⌂™ ╩ ⇔⁸╙℮

≈─ ≤⇔≡₈ ─ ─ ⌐ ╢ │ ⌐│ ↓╠⌂™₉≤ ⇔√ ╩

⇔√╙─≢№╢⁹ ≢№╢ │ ⌐⌂™⅜⁸↓─╟℮⌂ ™≢ ⅜≢╢╟℮⌂ │

─ ⅜⅛⌂╡ ™↓≤╩ ∆↓≤⅜ ≤ ⅎ╠╣╢⁹ 

 

♪כ◗ꜟ◄ (4)  

─ ≤ ─┌╠≈⅝╩ ∆ ɟ│⁸ ⌐ ⅜∫≡™╢ ─ ≢

⅜ ⌐ ⇔≡≥─ ┌╠≈™≡™╢⅛╩ ∆╙─≢№╢⁹ 

Ɫ◙כ♪ ≢ ™╢┌╠≈⅝│⁸ ∂ ─ ≢ ─ ─ ⅜

⇔√ ⌐╟╢ ─ ↕⅜ ⌐ ⌐ ⇔≡≥─ ┌╠≈™≡™╢⅛

╩ ∆╢╙─≢№╢⁹ 

Ɫ◙כ♪ ╛ Ɫ◙כ♪ ≢│⁸ ⁸ ─ 2≈⅜ ⇔™≤ ♪כ◗ꜟ◄

⇔≡™╢⅜⁸ ─ ⌐≈™≡│ ⅜№╢⁹ 

 ♩ꜝⱨ ™─ │⁸ ∂ ≢│⌂™⅜⁸ ⅜ ⇔√ ⅜ ⇔≡™╢⁹

⌐ ∆╢ ─ K ─ ╩ ♪כ◗ꜟ◄⁸╡╟⌐≥↓╢∆ ─ ╩

⇔√⁹ 

⅜ ⇔≡™╢ ≈─ ⌐ ∆╢ ─ Ki ─ ╩ 3.3-2⌐⁸ ⅜ ⇔

≡™⌂™ ≈─ ⌐ ∆╢ ─ Ki ─ ╩ 3.3-3⌐ ∆⁹ ⌐│ ɦ

╩ ⇔≡™╢⁹√∞⇔⁸ │ ─ K ─ ╩ 1.0≤⇔≡ ╘√⁹  

 2 ≈─ ⅛╠⁸ ⅜ ⇔≡™╢ ≈─ ⌐ ∆╢ ─ ⅜⁸ ⅜ ⇔≡™⌂

™ ≈─ ⌐ ∆╢ ╟╡╙ ⅝⌂ ⅜ ╠╣╢⁹ ╩≤╢≤⁸ ⅜ ⇔≡™

╢ ─ 6 ─ ╖ ╦∑⅜ 0.58⁸ ⅜ ⇔≡™⌂™ ─ 4 ─ ╖ ╦∑⅜ 0.26≢№

╢⁹0.58≤™℮ │⁸ ⅜ ⇔≡™╢ ≈─ ─ Ki ⌐№╢ ─ ⅜№╢↓≤╩

⇔≡™╢≤ ⅎ╠╣╢⁹ 

 Ki ⌐ ♪כ◗ꜟ◄⁸│≥↓℮™≥╢№⅜ ⅜ ⌐│ ⇔≡™⌂™↓≤╩ ∆╢≤

ⅎ╠╣╢⁹ ⇔╙⁸≡⇔≥☻כ◔⌂ ≢№╣┌⁸ ≈─ ⌐ ∆╢ K ⅜ ≢№╣┌⁸

∕↓≢ ∆╢ ─ ─ Ki ╙ ∂⌐⌂╡⁸Ki ⌐ ⇔≡┌╠≈⅝⅜⌂™↓≤⌐⌂╢⁹ 

 i⁸ j ⌐ ∆╢ Kij ⅜⁸ ⌐ ∆╢ ≤∕─╕╦╡─┌╠≈⅝ ≢

↕╣╢≤∆╢≤ 

ijjij KK e+=)log(  

≤⌂╢⁹∕⇔≡⁸log(Kij )⌐ ∆╢┌╠≈⅝ ╩ɨ⁸Kj ⌐ ∆╢┌╠≈⅝╩ɨs⁸ɚij

⌐ ∆╢┌╠≈⅝╩ɨo≤∆╢≤ 

222

os sss +=  

≤⌂╡⁸ ≈─ ─ │ 
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     2

2

s
s

r s=  

≤⌂╢⁹ ⅜ 0.58≤⇔≡ɨo≤ɨ─ ╩ ╘╢≤ 

222 )65.0(42.0 sss ==o  

≤⌂╢⁹↓─↓≤│⁸Kj ⅜ ≢№╣┌⁸∕─ ─┌╠≈⅝│ ╠⅛♃כ♦ ⇔√ɟ

╟╡╙ ↕ↄ⌂╢↓≤╩ ⇔≡™╢⁹ 

 ɨ⅜ɟ 1.45⌐ ⇔≡™╢≤∆╢≤⁸ ─ ─ɨo│ɟ 1.27⌐ ∆╢⁹ 

 3.3-1─ɟ ♪כ◗ꜟ◄│1.25 ⅜ ⇔⌂™ ╩ ⇔≡ ↕╣≡™╢⁹ 
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3.3-1 ↕ ⌐  כꜞ♠◒♇☺꜡╢∆

 

M

1

̝ 0.223

(ə 1.25)

̝ 0.300

(ə 1.35)

̝ 0.372

(ə 1.45)

̝ 0.438

(ə 1.55)

Truncated at 

± 2.3 ̝

Truncated at 

± 10 ̝

2

M

̝ 0.223

(ə 1.25)

̝ 0.300

(ə 1.35)

̝ 0.372

(ə 1.45)

̝ 0.438

(ə 1.55)

Truncated at 

± 2.3 ̝

Truncated at 

± 10 ̝

̝ 0.223

(ə 1.25)

̝ 0.300

(ə 1.35)

̝ 0.372

(ə 1.45)

̝ 0.438

(ə 1.55)

Truncated at 

± 2.3 ̝

Truncated at 

± 10 ̝
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3.3-1(1) ∆═╡⸗♦ꜟ─ ─ɟ 

  ɟ ⇔√  

™ 

1933  1.40 572 

1896  1.45 257 

1968  1.41 273 

♩ꜝⱨ 

1946  1.60 159 

1944  1.58 43 

1854  1.47 89 

1854  1.42 60 

1707  1.35 61 

 
1993  1.47 216 

1983  1.48 209 

 1960♅ꜞ 1.37 764 

11 ─ 1.453⁸ ± 1.380 1.529  

 

3.3-1(2) ⸗♦ꜟ─ ─ɟ 

  ɟ ⇔√  

™ 

1896  1.38 143 

1611  1.37 17 

1968  1.38 264 

1856  1.45 71 

♩ꜝⱨ 

1946  1.42 96 

1944  1.44 64 

1854  1.48 85 

1854  1.32 42 

1707  1.37 49 
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3.3-2 ≈─ ⌐ ∆╢ ─ Ki ─ ⅜ ∆╢  

 

3.3-3 ≈─ ⌐ ∆╢ ─ Ki ─ ⅜ ⇔⌂™  

ɦ 0.50 
ɦ 0.76 

ɦ 0.66 

ɦ 0.48 ɦ 0.31 

ɦ 0.15 ɦ 0.11 
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─כꜞ♠◒♇☺꜡ 3.4 ─ ┘ ╖─  

 

╩כꜞ♠◒♇☺꜡  ™≡ Ɫ◙כ♪ ⸗♦ꜟ╩ ∆╢ │⁸Ɫ◙כ♪ ⌐ ∆╢

≢─ ≤∕─ ╩ ⌐ ∆╢ Ɽꜝⱷכ♃☻♃♦▫╩ ⌐ ℮ √╘≢

№╡⁸ ⅜ ∆╢ ≢ ⌂ ╩ ℮√╘─ ╩ ∆╢↓≤⌐№╢⁹

∕─√╘⌐│⁸ ≢─ ╩ ⌐ ⇔√ ╩ ∆╢↓≤≤ ⌐ ⇔≡ ⌂

╖╩ ∆╢↓≤⅜ ≢№╢⁹√∞⇔⁸ ╖│⁸ ─ ⇔↕─ ⌐ ∆╢ ≢─

╩ ∆╙─≢№╡⁸ ⌂ ≢─ ⇔↕≤│ ⇔⌂™≤ ⅎ╠╣╢⁹ 

─כꜞ♠◒♇☺꜡  ⌐≈™≡│⁸₈ ⌐ ─ ™⌐ ≠ↄ ≢ ⌂ ≤⇔√

⅜╟™ ₉≤₈ ╢╟⌐♃כ♦⌐ ─ ⌐ ≠ↄ ≢ ⌂ ≤⇔√ ⅜╟™

₉─ ≈⌐ ≢⅝╢≤ ⅎ╠╣╢⁹ │⁸ ─ ─ ≢│ ⅜ ≈⌐ ╘

╠╣⌂™ ≢№╡⁸ ™⌐⅔↑╢M8 ◒ꜝ☻─ ╛ ─ ╩≥

─╟℮⌐ ⅎ╢⅛≤™℮╟℮⌂ ⅜ ╕╣╢⁹ │⁸ ⌐♃כ♦│ ≠⅝ ≢№╢

⅜⁸ ─♃כ♦│≢ ⌐╟╡ ⅜№╢≤™℮ ≢№╡⁸ ─

⌂≥⅜ ╕╣╢⁹ 

₈ ⌐ ─ ™⌐ ≠ↄ ≢ ⌂ ≤⇔√ ⅜╟™ ₉⌐ ⇔≡ ╖╩ ╘╢─

│₈ ≢─ ─ ─ ₉≢№╡⁸▪fi◔כ♩⌂≥⌐╟╡ ╖╩ ╘╢↓≤⅜

≤ ⅎ╠╣╢⁹ 

⌐│⁸ ╩ ⌐ ⇔√₈ ₉─╙≤⌐₈ ╩ⱪ₉כꜟ◓ ⇔⁸₈

─ ќ ─ ќ ─ ќ ─ ќ₉ההה≤™℮ⱪ꜡☿☻╩ ╡ ⇔⌂

⅜╠ ╩ ⇔⁸∕─ ⌐ ∆╢ ╖╩ ⇔√₈ ⱪ₉כꜟ◓ ┘∕─ ─₈

₉⌐ ∆╢▪fi◔כ♩⌐ ≠⅝ ∆╢≤™℮ ⅜ ╕⇔™≤ ⅎ╠╣╢⁹√∞⇔⁸₈

₉─ ╩≥─╟℮⌐ ∆╢⅛⁸₈ ₉⌐ ⇔≡≥─╟℮⌂ ╩ ∆╢⅛⁸

╩≥─╟℮⌂ ≢ ∆╢⅛⌂≥⁸ ∆═⅝ │ ↕╣≡™╢⁹ 

₈ ╩ⱪ₉כꜟ◓ ∆╢↓≤⌐│⅛⌂╡─ ⅜⅛⅛╢↓≤⅛╠⁸╟╡ ⌂ ≤

⇔≡⁸ ╩ ⌐ ⇔√₈ ₉⅜ ─ ─꜠ⱦꜙכ⌐ ≠⅝ ╢∞↑ ─№

╢ ╩ ⇔⁸ ─₈ ₉⌐ⱥ▪ꜞfi◓⇔≡ ⌂ ≤ ╖ ╩ ∆╢

⅜ ⅎ╠╣╢⁹ ≢│⁸ ≤⇔≡ ─ ─ ╩ ╕ⅎ√

⌐╟╢ ⅎ┌₈ ⅛╠ ⌐⅛↑≡─ ─ ⌐≈™≡₉ 2002

7 31 ⌂≥╩ ∆╢↓≤⅜≢⅝╢⁹ 

₈ ╢╟⌐♃כ♦⌐ ─ ⌐ ≠ↄ ≢ ⌂ ≤⇔√ ⅜╟™ ₉⌐≈™≡

⌐♃כ♦⁸│ ≠⅝ ╩ ⌐ ∆╢↓≤⅜ ≢№╢⁹3.1 ⌐ ⇔√ ─

⌐ ∆╢ ─ ─╟℮⌐⁸ ₁─ ⌐ ⇔≡ ─ ╩ ⌐∆╢

⅜№╢≤ ⅎ╠╣╢⁹ 

⌂ ╩∕─╕╕ ™╢ ⌐│⁸ ⌐ ≠⅝ ⌐╟╡◘fiⱪꜟ╩ ↕∑╢⸗

fi♥◌ꜟ꜡ ╩ ™╢ ⅜№╢⅜⁸ ⌂ ─ ╦╡⌐ ⌂ ╩ ™╢↓≤⅜

≤ ⅎ╠╣╢⁹ ≢│ ─ ⅎ ⌐ ≠™≡⁸ ⌂ ─ ╩
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⌂ ⌐ ⅝ ⅎ√⁹ 

⌐ ⇔≡ ╖╩ 0.25 0.50 0.25≤∆╢ ─ ⅎ ╩ 3.4-1⌐ ∆⁹

╩ ⅜⁸0.25⁸0.50,0.25⌐⌂╢╟℮⌐ 3 ⇔⁸ ─ ╖≈⅝ ╩ ╘╢≤-1.27ɨ⁸

0.0⁸ 1.27ɨ⌐⌂╢⁹↓╣╠─ ╩ ™╢ ╙№╢⅜⁸ɨ⅜⅛⌂╡ ⌂ ≢№╢

↓≤⁸ ⌂ ™≢№╢↓≤╩ ∆╢≤⁸1.27─⅛╦╡⌐ 1.0≤⇔≡╙╟™≤ ⅎ╠╣╢⁹ 

 

 

 

3.4-1 ⌐ ∆╢ ─  
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4. Ɫ◙כ♪ ─  

 

 ≢│⁸ Ɫ◙כ♪─ ╩ ∆⁹ 

 

4.1  

 

 ─ ╣│ ─ ╡≢№╢⁹ 

 

ᵑ ─ ─  

 №╢™│ ↔≤⌐⁸ ─ ╩ ∆╢⁹ ─™∏╣⅛─

⅜≤╠╣╢⁹ 

♪כ◙Ɫ─ ה ≢│ ╩ ⅎ╢⁹ⱳ▪♁fi ╩ ∆╣┌⁸

≤ │ ⌐ ∆╢⁹ 

♪כ◙Ɫ─≢ ה ≢│⁸ ─ ≤ ╠⅛♃כ♦─ ╩

⇔≡⁸ ⅛╠ 50 ─ ╩ ∆╢⁹ 

 

ᵒ ↕ ─  

─ ⌂╢ ◦♫ꜞ○⌐≈™≡⁸◘▬♩ ≢─ ╩ ◦Ⱶꜙ꜠כ◦ꜛfi⌐╟╡

∆╢⁹↕╠⌐⁸ ₁─ ⌐ ─ ╩ ⇔⁸ ┼─ ╩⅔↓⌂℮⁹ 

 

ᵓ ─  

 ╩ ≤⇔≡ ⌐ ⅎ⁸ ₁─◦♫ꜞ○⅜ ⅝√≤⅝─ ⅝ ╩

∆╢⁹ 

 

ᵔ Ɫ◙כ♪ ─  

 ᵓ─ ⌐ ─ ╩ ⇔⁸ ₁─◦♫ꜞ○⌐ ∆╢ ─

╩ ∆ ─ Ɫ◙כ♪ ╩ ∆╢⁹ 

 

ᵕ ⱨꜝ◒♃▬ꜟⱢ◙כ♪ ─  

─ Ɫ◙כ♪ ⌐⁸ ₁─◦♫ꜞ○⌐ ∆╢꜡☺♇◒ ─ ╖╩ ⇔⁸

⌐ ⇔≡ ⅎ╠╣╢ ╩ ⅎ⌂™≤╖⌂∆ ─◖fi☿fi◘☻⅜≥╣ↄ╠™─

≢ ╠╣╢⅛╩ ∆ⱨꜝ◒♃▬ꜟⱢ◙כ♪ ╩ ∆╢⁹ 

⅛╠⁸ⱨꜝ◒♃▬ꜟ ╩ ∆╢⌐│⁸№╡≤№╠╝╢ ─꜡☺♇◒─

∑╩ ↄ⇔≡ ╖≈⅝ ╩≤╢ №√╡ ≤⁸ꜝfi♄ⱶ⌐ ∑╩ ↕∑≡⁸ ╩ ∆

╢⸗fi♥◌ꜟ꜡ ⅜№╢⁹ 

 

 ─ ╣╩ ≢ ∆╢≤ ─╟℮⌐⌂╢⁹ 
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l⁸ⱴ◓♬♅ꜙכ♪ i⁸꜡☺♇◒ j ⁸⸗♬♃ꜞfi◓ k⌐⅔↑╢

╩ 

      
cal

kjilh ,,,  

≤ ↄ⁹ 

┌╠≈⅝k⁸ calh ≢ ∆╢ h─ ╩ 

      ),;( kcalhhp  

≤ ↄ⁹ 

╕√⁸ 0h ─ ╩ )( 0ht ≤ ↄ≤⁸ ╩ ⇔√ 0hhh cal+=¡ ─

)(,,, hp kjil
¡¡ │⁸ 

      ñ= -¡=¡¡
max
0

min
00

00,,,0,,, )(),;()(
h

hh

cal

kjilkjil dhhthhhphp k  

≤⌂╢⁹ 

∕℮∆╢≤⁸ l⁸ⱴ◓♬♅ꜙכ♪ i⁸꜡☺♇◒ j ⁸⸗♬♃ꜞfi◓ k⌐⅔™≡⁸

⁸ ─┌╠≈⅝╩ ⇔√≤⅝⁸
thH ╩ ∆╢ )(,,,

th

kjil Hq │⁸ 

       ñ
¤

¡¡¡=
thH

kjil

th

kjil hdhpHq )()( ,,,,,,  

≤⌂╢⁹ 

l⁸꜡☺♇◒ j ⌐⅔↑╢ⱴ◓♬♅ꜙכ♪ i─ ╩ jilw ,, ≤ ⅝⁸꜡☺♇

◒ j ⌐⅔↑╢ ╩ jo ≤ ↄ≤⁸ l⁸꜡☺♇◒ j ⁸⸗♬♃ꜞfi◓ k⌐

⅔™≡⁸
thH ╩ ∆╢ )(,,

th

kjl HQ │⁸ 

       ä=
i

j

th

kjiljil

th

kjl oHqwHQ )()( ,,,,,,,  

≤⌂╢⁹ 

l⁸ k⌐ ∆╢꜡☺♇◒ j ─Ɫ◙כ♪ )(,,

th

kjl Hf │⁸ 

       
)(

,,
,,1)(

th
kjl HQth

kjl eHf
-

-=  

≤⌂╢⁹ 

∆═≡ ─ ⌐ ∆╢꜡☺♇◒─ ∑ ),,,( 21 Ljjj ? ⌐ ∆╢

)(),,,,( 21

th

kjjj HF
L? │⁸ 

       ä=
l

th

kjl

th

kjjj HfHF
lL

)()( ,,),,,,( 21 ?  

≤⌂╢⁹ 
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4.2 ─ ─  

 

(1) ─ ─  

 3.1 ─ ╩ ─ ≢╕≤╘√⁹ 

 

╢№⅜♃כ♦─  

─ ⌐♃כ♦⅜ ≠™≡™╢ ⌐│⁸ ⌐ ≠⅝ ╩ ⇔⁸

≤∆╢⁹ ─ ─ ⅜ ≢ ⅜ xo─ ⁸xo x─ │♀꜡⁸

│⁸ ns ≤⌂╢⁹ɨ│ ─ ≢№╢⁹ 

 

4.2-1 ┌╠≈⅝≤ ─ ─  

0.2 0.3 0.4
0.819 0.741 0.670
1.221 1.350 1.492
0.868 0.809 0.754
1.152 1.236 1.327
0.891 0.841 0.794
1.122 1.189 1.260
0.905 0.861 0.819
1.105 1.162 1.221
0.914 0.874 0.836
1.094 1.144 1.196
0.922 0.885 0.849
1.085 1.130 1.177
0.927 0.893 0.860
1.079 1.120 1.163
0.932 0.899 0.868
1.073 1.112 1.152
0.936 0.905 0.875
1.069 1.105 1.143
0.939 0.909 0.881
1.065 1.100 1.135

9

10

5

6

7

8

1

2

3

4

ůln

 

 

ⱳ▪♁fi≤⇔√ ─  

─◘fiⱪꜟ ─ ╠╣╢ ≤ ─ ⌐ ∂⁸ ─ │⁸

4.2-2 ─╟℮⌐⌂╢⁹↓╣│⁸Weichert(1980)⌐╟╡ ⅎ╠╣≡™╢ ─ ╩╙≤⌐

⇔√╙─≢⁸◘fiⱪꜟ ╩ Ts≤⇔√≤⅝⁸ │ 

UmST LmST  

≢ ╘≡™╢⁹◘fiⱪꜟ ⅜ ™≤⅝│⁸ X─ │ XX° ≤⌂╢⁹ 
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4.2-1 Weichert(1980)⌐╟╢ⱳ▪♁fi ─  

N
0 0 1.84 217.39 543.48
1 0.173 3.3 121.21 2312.14 303.03 5780.35
2 0.708 4.64 86.21 564.97 215.52 1412.43
3 1.37 5.92 67.57 291.97 168.92 729.93
4 2.09 7.16 55.87 191.39 139.66 478.47
5 2.84 8.38 47.73 140.85 119.33 352.11
6 3.62 9.58 41.75 110.50 104.38 276.24
7 4.42 10.8 37.04 90.50 92.59 226.24
8 5.23 12 33.33 76.48 83.33 191.20
9 6.06 13.1 30.53 66.01 76.34 165.02

10 6.89 14.3 27.97 58.06 69.93 145.14

400 1000
ɛL ɛU

 

 

(2) ─Ɫ◙כ♪ ⌐⅔↑╢ ─  

─Ɫ◙כ♪ ─ ⌐│⁸ ─ ⅜ ⱳ▪♁fi ⌐ ℮╙─≤∆╢⁹

↓╣│⁸№╢ ⌐ ⇔√≤⅝⁸ ⅜ ⌐ꜝfi♄ⱶ⌐ ∆╢≤ ∆╢╙─≢

№╡⁸ ⅜ ≢№∫√╡⁸ ─ ─ ╩ ≢⅝⌂™ ⌐│⁸

─ ╩ ⇔√ ⸗♦ꜟ╩ ≢⅝⌂™√╘⁸ ⱳ▪♁fi ╩№≡│╘╢⁹ 

 ⱳ▪♁fi ⌐⇔√⅜℮ ─ №√╡─ ╩ɢ≤∆╢≤⁸ t ≢

⅜ k ∆╢ pk│⁸ ─╟℮⌐⌂╢⁹ 

()
!k

te
p

kt

k

nn-
=  

⇔√⅜∫≡⁸ t ≢ ⅜ ∆╢ │⁸ 

tep n--=- 11 0  

≤⌂╢⁹ 

 ≤ ⁸ ≤ ╡⌂≥─╟℮⌐ ─ ╩ ⇔≡™╢

≢│⁸ ⅜ ™╠╣╢⁹ 

≤ ≢│ 17 ≤ 13 ⌐ ⇔√ ⅜ ⇔√≤ ↕╣≡⅔╡⁸400 500

─ ≢ ∆╢≤ ↕╣≡™╢⁹ ≤ ─∕╣∙╣─☿◓ⱷfi♩⌐⅔↑╢

│ 80 ≢№╡⁸ ─ │ 6 ⌐ 1 ≤ ⅎ╠╣╢⁹ 

 ≤ ╡≢│⁸ ╡≢ ⇔√ 2 ─ 1897 ≤

1793 ─ ≢ 1 ⇔≡⅔╡⁸ ─ │ 2 ⌐ 1 ≤ ⅎ╠╣╢⁹ 

 

(3) ≢─Ɫ◙כ♪ ⌐⅔↑╢ ─  

 ─ ╩ ⇔√BPT ╛ ╩ ™≡ t ─ ─ ╩

₁⌐ ⇔√ ⌐│⁸ ─╟℮⌐ ∆╢ ⅜№╢⁹ 

BPT ≤│ ─ ⌐ ╩ ⇔ ─ ⅜№╢ ⌐ ⇔√≤⅝⌐

⅜ ∆╢≤™℮⸗♦ꜟ⌐ ⇔≡⅔╡⁸ ─ │ ─ T ≤
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─┌╠≈⅝ɖ⌐╟∫≡ ╕╢⁹ 

() ( ){ } ( )( ){ } 0,2exp2 222132 ֕tttttf apa TT--T=  

↓─≤⅝⁸ T⅛╠ȺT ╕≢⌐ ─ ⅜ ↓╢ │⁸ 

( ) ññ
¤D+

=D
T

TT

T
dttfdttfTTP )()(,  

 ⌐⁸BPT ╩ ™⁸2004 ─ ⅛╠ 50 ─ ╩ ⇔√ ╩ ∆⁹

─ │ ─₈ ⌂ ─ ⌐≈™

≡₉ 13 6 ⌐ ↕╣≡™╢⁹ 

 

ᵑ ⅜ 75 ≢ ⅜ 2003 9 26 ─≤⅝ 

ה ⅛╠ 2004 ─ ╕≢ 0.2657 ≢№╢─≢ T=0.2657 ≤∆╢⁹ 

ɖה 0.3≤⇔√≤⅝⁸ȺT=50⁸T=0.2657 ─╙≤≢ ─ ╩ ↄ≤⁸P T,ȺT =0.11

≤⌂╢⁹∆⌂╦∟⁸2004 ─ ⅛╠ 50 ─ │ 11 ≤ ╘╠╣╢⁹ 

 

 

(4) ≢─Ɫ◙כ♪ ⌐⅔↑╢ ─  

☿◓ⱷfi♩─ ⅜ BPT ╩ ™≡ ╠╣⁸ ☿◓ⱷfi♩─ ╩ ∆╢ ⁸

─ │ 3.1 ≢ ═√ ≢ ╘╢⁹ ⌐ ╩ ∆⁹  

 

ᵑ ≈─☿◓ⱷfi♩ A,B ≢ 30 ─ ⅜≤╙⌐ 20 ≢№╡⁸ ⌐

─ ≢ ⇔≡™╢  

ה  

(i)  ⌐ ⌐ ∆╢ ╩ ╘╢ 

0.2×0.2= 0.04 

(ii)  ╘√ ⌐ ╩ ↑╢ 

0.04×1/6 = 0.007 = 0.7(%) 

ה WGCEP  

(i)  ⌐│ ─ ⌂ ─ ╩ ⅎ╢ 1/12  

0.2×1/12  

(ii)  ⌐│ ×  ╩ ⅎ╢ 

0.2×5/6 = 0.17 

(iii)  ╡─ │ ⅜ ⌐⌂╢╟℮⌐  

╡─ ≢ ⅜ ≤⌂╢╟℮⌐∆╢√╘⌐│⁸ ≡ ≤∆╢⁹ 

⇔√⅜∫≡⁸ │ 0.2×1/12 + 0.2×1/12 = 0.033 = 3.3(%)≤⌂╢ 
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4.3 ↕ ─  

 

(1)  ◦Ⱶꜙ꜠כ◦ꜛfi─  

 ꜡☺♇◒ ─◦♫ꜞ○ ≡⌐ ⇔⁸ ⌐⅔↑╢ ─ ↕─ ⅜ ≢№╢⁹

│⁸◦♫ꜞ○⌐ ∂√ ─ ◦Ⱶꜙ꜠כ◦ꜛfi⌐╟╡ ╠╣√ ─

≤∆╢⁹ 

⌂⅔⁸ ╩ ⇔√ⱳfiⱪ ─ ╩ ™≡ ╩ ∆╢ ⌐│⁸ ◦Ⱶꜙ꜠כ◦ꜛ

fi ─ ╩ ™≡ ◦Ⱶꜙ꜠כ◦ꜛfi╩ ⇔⁸∕─ ╩

≤⇔≡╟™⁹ 

 

(2)  ┌╠≈⅝─  

 ⅜ ╠╣√≤⅝⁸ ◦Ⱶꜙ꜠כ◦ꜛfi⌐ ╕╣╢ ─ ╩ ⇔⁸ ─ ◦♫

ꜞ○⌐ ∫√ ⅜ ⇔√≤⅝ ⌐ ⌐ ∆╢ ─ ↕ ─ ╩ ╘╢⁹↓

╣⌐│⁸◦♫ꜞ○⌐ ╕╣╢ ↕─┌╠≈⅝ɟ╩ ™╢⁹↓─ ≢ ╠╣╢ │⁸

◦♫ꜞ○≥⅔╡─ ⅜ ⇔√≤⅝─ ≈⅝ ≢№╢⁹ 

 ─ │⁸ ≢ ⅎ╠╣╢─≢⁸ɡ⌐ ─ ╩⁸ɨ⌐ɟ─

╩ ∆╣┌╟™⁹√∞⇔⁸₈ ─ ⌐ ╢ │ ⌐ ↓╠⌂™₉≤∆╢꜡☺

♇◒ ╩ ⇔≡™╢◦♫ꜞ○≢│⁸ ─ ╩◌♇♩∆╢⁹ 

 

 

 4.3-1 ⌐┌╠≈⅝╩ ∆╢▬ⱷכ☺ 

 

 ↕╠⌐⁸ ⅛╠ ↕↔≤─ ╩ ╘╢↓≤⌐╟╡ 4.3- 2 ⁸

╩ ≢⅝╢⁹ 
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4.3-2 ─  
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4.4 ─  

 

─♃כ♦ (1)  

│ ⌐ ℮ ≤╖⌂∆↓≤⅜≢⅝╢⁹ ⌐ ↕╣√ ─

╩ ™≡⁸ ─╟℮⌂ ╩ ℮↓≤⌐╟╡⁸ ─ ╩ ╘╢⁹ 

 

─ ⅜№╢  

 ⌐⅔™≡ ─ ⅜№╢ ⁸ ╩ ⌐ ↑⁸ ╠⅛♃כ♦

↔≤─ ╩◌►fi♩∆╢⁹ ─ ⅜ ≤⌂╢╟℮⌂ ╩ ↑╣

┌⁸ ─ ≤⌂╢⁹ 

 

 4.4-1 ─ ⅛╠ ⌐ ∆╢  

 

─╖⅜ ╠╣╢  

 │⁸ ≤ ┘ ─ ⌐╟∫≡ ↕╣╢ ≤⁸ ⌐ ─ ╩

╗ ⅜≤╙⌐ ╕╣≡⅔╡⁸ ⌐│ ⅜№╢⁹ Ɫ◙כ♪ ⌐ ™╢ ⌐│⁸

─ ─ ╩ ∆√╘⁸ ⅜ ╕╣≡™╢↓≤⅜ ╕⇔™⁹ 

 ⇔⅛⇔⁸ ⌂ ─ ⅜ ≢⅝⌂™ ⌐│⁸ ⌐ ™ ⌐ ⇔≡ ╘╠

╣≡™╢ ⅛╠⁸ ─ ╩♃כ♦ ∆╢↓≤⅜ ≢№╢⁹√∞⇔⁸↓

─ ⌐│⁸ ⅜ ╕╣⌂™↓≤⌐ ∆╢ ⅜№╢⁹ 

 

⌐ ⅛╠─ ╩ ∆⁹ ₈

₉  

   () [ ]( ) ZuVHft iiii

i

i +-+Ö=ä kh cos        Ν 0-1  
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     [ ] ( ){ } tSLnuVuV iiiiii Ö+Ö+Ö-+=+ ss0     Ν 0-2  

ⅎ i│ ─ ╩ ⇔⁸Ɉ│ ─ ╩ ∆⁹ 

↓↓≢⁸ 

if ⁸ iu  ≤ ⌐ ∆╢  

iH ⁸ ik ─ ⅛╠ ↕╣√ ≤  

iV    ⅎ 0│⁸0:00UT ╩ ∆  

n    ─ ⅎ M 2 ─≤⅝⁸ 2=n  

L   ⁸  

is    ─  

S    9-=S  

 Z    ─ ↕ ⅛╠─ ↕  

 

(2) ≤ ─  

 ─ Ɫ◙כ♪ ─ ≢│⁸ ⌐Ɫ◙כ♪ ⅜ ╠╣√ ≢ ╩ ∆

╢↓≤⅜ ≢№╢⁹ Ɫ◙כ♪ ─ ⌐⅔↑╢ ─ ╩ 4.4-2 ⌐ ∆⁹

⅜(a)⁸ ╩ ⇔⌂™ ─ Ɫ◙כ♪ ⅜(b)⁸∕╣∙╣╩ ─ ⌐

⇔√─⅜(c)≤(d)≢№╢⁹(c)≤(d)─ ╩ ⇔ ╦∑╢ ╖ ╖╩ ℮ ↓≤⌐╟╡(e)⅜

╠╣⁸∕╣╩ ─ ⌐∆╢≤(f)⌐⌂╢⁹ 

 ∆╢ ≤─ ─ ≢│⁸ ≢ ╩ ⇔╟℮≤∆╢≤⁸ ⅝

⅜⅛⌂╡ ⌐⌂╢⁹∕─√╘⁸ ₁─ ⌐ ∆╢ ↕─ ─ ≢ ╩

∆╢ ⅜ ⌐⌂╢⁹ ↕─ ⌐ ╩ ⇔√ ╩ 4.4-3 ⌐

∆⁹ ⌂ │ 4.4-2 ─ ≤ ≢№╡⁸ ─ ⌐ ⇔≡ ╖ ╖╩ ⅎ┌╟

™⁹ ╠╣√ ─ ╩ ∆╢ 4.6-1─ɦi─ ╦╡⌐ ™╢↓≤⌐╟╡

⅜ ≢⅝╢⁹ ─ Ɫ◙כ♪ ─ ≢╙↓─ ╩ ™≡╟™⁹ 
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4.4-2 Ɫ◙כ♪ ─ ⌐⅔↑╢ ─  

(a) (b) 

(c) (d) 

(e) (f) 
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4.4-3 ₁─ ─ ≢ ╩ ⇔√  
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4.5 ⱨꜝ◒♃▬ꜟ ─  

 

Ɫ◙כ♪ ⌐⅔™≡ ⌐ ╘╢─│⁸ ⌐⅔™≡№╢ ↕⌐ ∆╢ ⅜≥╣

ↄ╠™≢№╢⅛ ≢№╡⁸↓╣╩ ⅎ⌂™≤╖⌂∆ ─◖fi☿fi◘☻⅜≥╣ↄ

╠™─ ≢ ╠╣╢⅛╩Ɽꜝⱷכ♃≤⇔≡ ∆╢⁹ ⅎ┌⁸ ─ ⅜↓╣╟╡ ↕™≤

╘╢╟℮⌂ ╩ ⇔√ ╩80 ⱨꜝ◒♃▬ꜟ≤╟┬⁹  

∆⌂╦∟⁸ⱨꜝ◒♃▬ꜟ ─ │ ↕ ╕√│ ⁸ │∕─

↕╩ ⅎ╢ 1/ ≢№╡⁸↓─ ⅜◖fi☿fi◘☻─ ╩Ɽꜝⱷכ♃≤

⇔≡ ⅛╣╢↓≤⌐⌂╢⁹ 

⌂⅔⁸ ◦♫ꜞ○─ ╖≈⅝ ╩ ℮↓≤⌐╟╡⁸ ─ ─ ╩ ↄ↓≤╙

≢№╢⁹ ─ ⁸ ╖⅜ ⌐ ↕ↄ≡╙ ⌐ ⅝⌂ ╩ ∂╢◦♫ꜞ○

⅜№╢ ⁸∕─◦♫ꜞ○⅜ ╩ ⅝ↄ ⅝ →╢ ⅜№╢⁹⇔⅛⇔⁸ ╩ ⌐

⇔╛∆™↓≤╛⁸ ⌂◖fi☿fi◘☻─ ╩≥℮∆╢⅛≤™℮ ⅜ ↑╠╣╢≤™℮

╙№╢√╘⁸ ⁸Ɫ◙כ♪ ⌐ ⇔≡│⁸ⱨꜝ◒♃▬ꜟ ≤ ─ ╩ ∆╢

↓≤⅜ ╕⇔™⁹ 

Ɫ◙כ♪ ⅛╠ⱨꜝ◒♃▬ꜟ ╩ ∆╢ │ 4.5-1─≤⅔╡≢№╢⅜⁸ ⌐│

─ ≢ ∆╢↓≤⅜≢⅝╢⁹ 

 ̧ ∆╢ ↕↔≤⌐⁸ ─ Ɫ◙כ♪ ╩ ─ ⅝™ ⌐⌂╠═

⅛ⅎ╢⁹ 

 ̧ ⅝™╒℮⅛╠ ⅎ≡⁸ ─≤↓╤⌐№╢Ɫ◙כ♪ ─ ╩ ⱨꜝ◒♃▬ꜟ

≤∆╢⁹ 

 

 

 4.5-1 Ɫ◙כ♪ ⅛╠ⱨꜝ◒♃▬ꜟ ─  
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⌐⁸ⱨꜝ◒♃▬ꜟ ─ ▪ꜟ◗ꜞ☼ⱶ─ ╩ ∆≤≤≤╙⌐⁸ ⌐꜡☺♇◒╩

↕∑╢ ╡ ⁸⸗fi♥◌ꜟ꜡ ⌐≈™≡╙ ∆⁹ 

 

(1) №√╡  

)(),,,,( 21

th

kjjj HF
L? ╩ ─ ↕™ ⌐ ═ ⅎ√╙─╩ )(,

th

kj HF ¡
¡ ≤⅛⅝⁸꜡☺♇◒ ∑

j¡─ ╖╩ Ô ¡=¡¡ l llj jvv , ≤ ↄ⁹ 

ää
=¡

¡

-

=¡

¡
¡¢<¡

J

j

j

J

j

j vVv
1

1

1

 

╩ √∆╟℮⌐ J╩≤╢ 4.5-2 ⁹ 

∆╢≤⁸ %100³V ⱨꜝ◒♃▬ꜟ )( th

k HG │⁸ 

        )()( ,

th

kJ

th

k HFHG ¡=  

≢ ╘╢↓≤⅜≢⅝╢⁹ 

 

4.5-2 ⅛╠ⱨꜝ◒♃▬ꜟ┼ 

 

(2) ⸗fi♥◌ꜟ꜡   

l ⌐ ⇔≡ ╩ ↕∑⁸∕─ ─
ljlv , ≤⌂╢꜡☺♇◒ lj ╩ ∆╢⁹

 
1

, ,1 1

l lj j

l j l jv v
-

¢ <ä ä  ⌂╠┌⁸꜡☺♇◒ j ╩   

↓╣╩⁸∆═≡─ ⌐ ⇔≡ ╡ ⇔⁸ 
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ä=
l

th

kjl

th

kjjj HfHF
lL

)()( ,,),,,,( 21 ?  

╩ ∆╢⁹ 

↓─ ╩ ╙ ⅎ┌⁸ ₁
1 2( , , , ), ( )

L

th

j j j kF H ─ ⅜ ∫≡ↄ╢⁹ ⁸ ↕∑√

),,,( 21 Ljjj ? ─ ∑│⁸ ╖╩ ⇔√╙─⌂─≢№╡⁸ ╠╣√ )(),,,,( 21

th
kjjj HF

L? │ ⌂

╖╩ ≈≤ ⅎ╠╣╢ 4.5-3 ⁹╟∫≡⁸ ⅎ┌ )(),,,,( 21

th
kjjj HF

L? ⅜⸗fi♥◌ꜟ꜡≢

100 ╘√ ⁸ ─ ⅝™╙─⅛╠ ⅎ≡ 20 ─≤↓╤⌐№╢ ⅜ 80 ⱨꜝ◒♃▬ꜟ

─ ⌐⌂╢⁹ 

√∞⇔⁸100 ⱨꜝ◒♃▬ꜟ─ │⁸∆═≡─ ─ ⅛╠ ╙ ─ ⅝™ ╩

⌐ ∆╢⁹ 

 

 

 

4.5-3 ⸗fi♥◌ꜟ꜡  
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4.5-4 ⅛╠ⱨꜝ◒♃▬ꜟ┼ 
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4.6 ≤ ─ ─  

 

(1) ⅎ  

↕⅜ ⅎ╠╣√ ─ ─ │⁸ ─ ⌐ ∆╢

⸗♦ꜟ ─ ┘ ─ⱴ◓♬♅ꜙכ♪ ≤ ─

⅜ ⅎ╠╣╣┌⁸ ─╟℮⌂ ≢ ∆╢↓≤⅜≢⅝╢⁹ 

№╢ i ≢ⱴ◓♬♅ꜙכ♪ m j─ ei,j⅜ ⇔√ ⌐ ≢ ∂╢ ↕

≤ ─ ╩ t i,j≤ ai,j≤∆╢⁹∕─ ⁸ ↕│ ◦Ⱶꜙ꜠כ◦ꜛfi⌐╟╡⁸

│ ⌐╟╡ ╘╢╙─≤∆╢⁹ ─╕╦╡─┌╠≈⅝│⁸ ⌐⁸ ─

╟℮⌐ ≢ ↕╣╢⁹ 

ù
ù

ú

ø

é
é

ê

è

öö
÷

õ
ææ
ç

å

s

-
-

sp
=

2

ln

,

,

lnln

2

1
exp

2

1
)(

a

ji

ji

aa

a
af  

ù
ù

ú

ø

é
é

ê

è

öö
÷

õ
ææ
ç

å

s

-
-

sp
=

2

ln

,

,

lnln

2

1
exp

2

1
)(

t

ji

ji

tt

t
tg  

≤ ─┌╠≈⅝─ ⌐ ⅜⌂™ f(a)≤ g(t )│ ≢№╢ ≤ ∆╢≤⁸

≤ ↕─ │ ─╟℮⌐ ↕╣╢⁹ 

  )()(),( ,,, tgaftah jijiji Ö=  

∕⇔≡⁸ ↕⅜ t0─ ─ │ 

  )()(),( 0,,0, ttgafttah jijiji =Ö==  

≤⌂╢⁹∕⇔≡⁸ ↕⅜ t0─ ─ ─ │ 

)(
)(

)()(
)( ,

0,

0,,

0, af
ttg

ttgaf
ttah ji

ji

jiji

ji =
=

=Ö
==  

≢№╡⁸ ─ ⌐ ⇔™⁹ 

∆═≡─ ╩ ⇔√ ─ │ ─╟℮⌐⌂╢⁹ 

ää =Ö==
i j

jiijiji mttgafttah )()()(),( 0,,0 bn  

↓↓≢⁸ɢi│ i ─ ⁸ɗi(m)│ i ─ⱴ◓♬♅ꜙכ♪ ≢№╢⁹

∫≡⁸ɢiɗi(m)│⁸ i ⌐⅔↑╢ⱴ◓♬♅ꜙכ♪ m j─ ei,j─ ╩ ∆⁹∕

⇔≡⁸ ↕⅜ t0─ ─ ─ │ ─╟℮⌐⌂╢⁹ 
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ää

ää

=

=Ö

==

i j

jiiji

i j

jiijiji

mttg

mttgaf

ttap
)()(

)()()(

)(
0,

0,,

0
bn

bn

 

─ ⅜ ╦╣⁸ ─ⱴ◓♬♅ꜙכ♪ ≤ ⅜ ↕╣⁸

↕≤ ─ ⅜ ↕╣⁸∕╣∙╣─┌╠≈⅝ ⅜ ↕╣╣

┌⁸ ╩ ™ ↕⅜ ⅎ╠╣√ ─ ─ ╩ ≢⅝╢⁹ 

 ─ ╩ 4.6-1 ⌐ ⌐ ∆⁹↓─ ≢│⁸ ≈ ≈─ ─꜠ⱬꜟ⌐╕≢ ⇔≡

⅔╡⁸ ⌐ ↕ ─ ≤ ↕─ ⅜ ╘╠╣╢⁹ ≢ɢiɗi(m)

⌐№√╢─⅜ ≢│ɢi⁸gij (t=t 0)⌐№√╢─⅜ɦi≢№╢⁹ ↕╩ ≤⇔√ ↕─

│ №╢™│ ≢ ↕╣╢⁹ 

 

(2) ─  

 ─ ≢│⁸ ≢ ╩ ⇔╟℮≤∆╢≤ ≢│⌂™⅜⅛⌂╡

⌐⌂╢⁹∕─√╘⁸ ₁─ ⌐ ∆╢ ↕─ ─ ≢ ╩ ∆╢

4.4-3 ╩ ∆╢⁹ 

 

(3) ─  

 ↕⅜ ⅎ╠╣√ ─ ─ │⁸ ≢ ↕╣⁸ ⇔√

│ 1.0≤⌂╢⁹╕√⁸ ₈─כꜞ♠◒♇☺꜡│ ─ ╖ ╦∑₉ 1≈─⸗♦ꜟ

⌐ ⇔ ≈ ╕╢⁹ ─ ╖ ╦∑⅜ №╢ ⌐│⁸∕─ ∞↑─ ⅜

╠╣╢⁹∕╣╩ ⌐ ∆╢ ≤⇔≡│ Ɫ◙כ♪ ─ ≤ ⌐ⱨꜝ◒♃▬ꜟ

Ɽכ☿fi♃▬ꜟ ⅜ ≤ ⅎ╠╣╢⁹ ─ ╩ 4.6-2⌐ ∆⁹(a)≤(b)│

≈─ ─ ╖ ╦∑⌐ ∆╢ ≢№╡⁸(a)⅜ ⁸(b)⅜ ─ ≢ ⇔≡™╢⁹

─ ╖ ╦∑─ ⅜(c)≤(d)≢№╡⁸(c)⅜ ⌡⅜⅝⁸(d)⅜ⱨꜝ◒♃▬ꜟ ≢№╢⁹ 

─ ⌐⅔™≡│⁸₈ ≢─Ɫ◙₉♪כ⌐ ∆╢ ─ ⌐╙⁸ ─

≢│⌂ↄ∕─ ╩ ™╢↓≤⅜ ≢№╢⁹ 

 t ⌐ ≤⇔≡™╢ ⅜ ∆╢ ╩ P[n; t]≤∆╢≤⁸

─ │ 

[ ]ä
¤

=

=

0

;

n

tnnPn  

≤⌂╢⁹↓╣╩ ⌐ ╦╢╙─≤⇔≡ ™╣┌⁸№≤│ ─ ⅜ ≢№╢⁹

ⱳ▪♁fi─ ⌐│ ╩ t ⇔√╙─⅜ ≢№╢⁹ 
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4.6-1 ≤ ─ ─▬ⱷכ☺ 
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4.6-2 ↕╩ ≤⇔√ ─ ─  

(a) 
(b) 

(c) (d) 
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5. ─⸗♦ꜟ 

 

 Ɫ◙כ♪ ╩ ⌐ ℮↓≤⅜ ⌂⸗♦ꜟ─ ╩ ⌐ ∆⁹ ⌐ ∆

╢ ─ │ ↕™↓≤⅛╠⁸⸗♦ꜟ─ │ ⌐ ⇔≡™╢⁹ 

 

5.1 ™ ┘ ™ ─⸗♦ꜟ 

 

(1) ⸗♦ꜟ 

 ─ ─ ╩ 5.1-1 ≤ 5.1-1 ⌐ ∆⁹ ╩ ⇔≡™╢ │⁸KT1

KT2ה ≤ JTN2 JTN3ה ╡ ≢№╢⁹ 

 ⌐ ∆╢ ╩ 5.1-2 ⌐ ∆⁹ ╩ ⇔≡™╢─│⁸KTR1 ╖ ╪∞ⱪ꜠

♩כ ─╛╛ ™ ⁸JTT ⅛╠ ─ ╡─ⱪ꜠כ♩ ⁸ 

JTNR ⅛╠ ─ ╡─ⱪ꜠כ♩ ─ 3 ≢№╢⁹ 

 ─ ⌐ ≠™≡ ⇔√ ⱴ◓♬♅ꜙכ♪ ♪כꜙ♅♬◓ⱷfi♩ⱴכ⸗ ╩

5.1-2 ⌐ ∆⁹↓─ ⌐ ≠™≡ⱴ◓♬♅ꜙכ♪ ⌐ ∆╢ ⅜ ↕╣≡™╢ ─

3.1-2 ⁹ 

 ⌐ ™╢ ⸗♦ꜟ╩ ∆╢√╘─ ─ ⸗♦ꜟ╩ 5.1-3 ⌐ ∆⁹☻

◓fiꜞכ◔ ⌐⁸₈L,W,D ₉≤№╢─│⁸₈L,W,D₉─ ⌐ ⅜ ∆╢≤⇔≡⁸ ⅎ

♪כꜙ♅♬◓ⱷfi♩ⱴכ⸗√╣╠ ♩ⱷfiכ⸗ ⌐ ∆╢ ⸗♦ꜟ╩ ⸗♦ꜟ⌐

≠™≡ ∆╢ ≢№╢⁹₈ ⌐ №╡₉≤№╢─│⁸ ⅜ 50km ╟╡ ⅝ↄ⌂╠

⌂™≤⇔≡⁸₈L,D₉─ ⌐ ⅜ ∆╢≤⇔≡⁸ ⅎ╠╣√⸗כⱷfi♩ⱴ◓♬♅ꜙכ♪

♩ⱷfiכ⸗ ⌐ ∆╢ ⸗♦ꜟ╩ ⸗♦ꜟ⌐ ≠™≡ ∆╢ ≢№╢⁹⌂⅔⁸

⅜♪כꜙ♅♬◓ⱷfi♩ⱴכ⸗ ↕™ ⁸ ─ 2 ─ ↕ 100km ≢│⁸ │∕

─╕╕≤⇔⁸ ─ 2 ─ ↕ 100km ≢│⁸₈L,W,D₉─ ⌐ ⅜ ∆╢≤

⇔≡ ╩ ∆╢⁹₈ ₉≤№╢─│⁸D ─╖╩ ↕∑≡⁸ ⅎ╠╣√⸗כⱷfi♩

ⱴ◓♬♅ꜙכ♪ ♩ⱷfiכ⸗ ⌐ ∆╢ ⸗♦ꜟ╩ ⸗♦ꜟ⌐ ≠™≡ ∆╢

≢№╢⁹ 5.1-3 ≢₈ ₉≤⇔≡™╢─│⁸▪☻Ɑꜞ♥▫╩ ⇔√ ∆═╡

⸗♦ꜟ╩ ⸗♦ꜟ≤⇔√ ≢№╢⁹ ∆═╡ ⸗♦ꜟ╩ 5.1-2⌐ ∆⁹ 

 ─ │⁸3.1 ≢ ⌐♃כ♦⁸⌐℮╟√═ ≠™≡ ⇔√⁹ ─╙≤⌐

╩♃כ♦√∫⌂ 5.1-4 ⌐ ∆⁹ ─ ⌐ ™╢┌╠≈⅝│ ⌐ 0.3 ≤⇔√

⅜⁸JTN2 ⌐≈™≡│ 5 ╠⅛♃כ♦─ ╕╢┌╠≈⅝⅜╒╓ 0.2 ≢№∫√↓≤⅛

╠⁸0.2≤⇔√⁹╕√⁸ ⌂ ™╩⇔≡™╢─⌐⁸ ™⌂⅜♃כ♦─ JTT(1)

─ ⌂≥ ⌐≈™≡│⁸1603 ⅛╠ 2008 ╕≢─ 406 ╩ ≈─ ┌⁸⇔≥♃כ♦─

╠≈⅝╩ ⅝╘⌐ 0.4≤⇔≡ ╩ ⇔√⁹ ─כꜞ♠◒♇☺꜡│ ≢ ⇔⁸

─ │⁸ ⌐╟╡ 2 ≤⇔√⁹ 

╩כꜞ♠◒♇☺꜡─  5.1-4 ⌐ ∆⁹JTN1 ─כꜞ♠◒♇☺꜡⌐≢∆⁸│≡™≈⌐

╩ 2.2-1(4)⌐ ⇔≡™╢─≢⁸ ╩ ⇔√⁹╕√⁸ 2.2-1(4)≤ ─ │ ⇔√⁹ 
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5.1-1 ™ ┘ ™ ─ ─ ─  

JTNR 

KT1 

KT2 

KTR1 

JTN1 

JTT 

JTS1 

JTS2 

JTN2 

JTN3 
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5.1-1 ™ ┘ ™ ─ ─  

─  ♪כ◖  

KT1  2003 ⁸1952  

KT2  1973 ⁸1894  

KT1+KT2   17  

KTR1 ╖ ╪∞ⱪ꜠כ♩ ─╛╛

™  

1994 ⁸1958 √∞⇔⁸

⇔√ ≢  

JTT ⅛╠ ─

╡─ⱪ꜠כ♩

 

1896 ⁸1677 ⁸1611  

JTNR ⅛╠ ─

╡─ⱪ꜠כ♩

 

1933  

JTN1 ⱪ꜠כ♩  1968 ⁸1856  

JTN2  1978 ⁸1936  

JTN3 ╡ 1897  

JTN2 JTN3  

╡  

1793  

JTS1 ⱪ꜠כ♩  1938  

JTS2  869  
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5.1-2 ─ ⌐ ∆╢  

 

⌐ ⅜⌂™KTR 1≢│☻ꜝⱩ │ ⇔⌂™

KTR 1│ ≢☻ꜝⱩ ⅜ ∆╢

⌐ ⅜№╢ 1611 1896 ─ ≤ 1677 ─

≢─╖ ≤ ─ ≢ ⅜ ∆╢

─≥↓≢╙ ⅜ ∆╢⅜⁸ ⌐ ═ ≢│∆═╡ ⅜

↕™ ≢│1896⸗♦ꜟ, ≢│1677⸗♦ꜟ

─≥↓≢╙ 1896 ♃▬ⱪ ⅜ ⇔⁸ ≢╙ ≤ ─

∆═╡ ─ ⅜ ∆╢ ≢1896⸗♦ꜟ

↓╣╕≢⌐ ⇔√↓≤⅜ ╠╣≡™╢ ─╖≢ ⅜ ∆╢

⅜ ⇔≡™╢2≈─ ⌐ ∆╢ ≢ ⅜ ∆╢

≢│ ∑∏⁸ ≢│≥↓≢╙ ⅜ ∆╢

─≥↓≢╙ ⅜ ∆╢

KTR1

JTT

JTNR
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5.1-2 ⱴ◓♬♅ꜙכ♪ 

Ɽ♃כfi  ⸗♦ꜟ─ 

Mw  

Mw 

(=Mmax)  

₈ ₉⌐╟╢  

 

(KT1)

 

2003 8.1 ( ) 8.2 M8.1  

1952 8.2 ₈ ₉  

(KT2)

 

1973 8.0* 8.1 M7.7  

1894 8.1 1973 ╟╡ Mt ≢ 0.1

⅝™ **  

KT1,KT2 ⅜

 

17  8.6 ╠,2004  8.6 M8.3  

*) ─╖─ ⁸ │ ⌐╟╢ ↕─ 2 ≤⇔≡ ⇔≡™╢ 

**)1894 ⌐≈™≡ Tanioka et al. (2007) │ Mw=8.2 ≤ ⇔≡™╢ 5.0≢  

 ⸗

♦ꜟ 

 ⸗♦ꜟ─ 

Mw  

Mw 

(=Mmax)  

₈ ₉⌐╟╢ 

 

ⱪ꜠כ

♩ (JTN1)  

∆

═╡⸗

♦ꜟ 

1856 8.4 8.4 M8.0  

1968 8.4 

⸗♦ꜟ 

1856 8.5 8.5 

1968 8.5 

 

Ɽ♃כfi  ⸗♦ꜟ─ 

Mw  Mw 

(=Mmax)  

₈ ₉⌐╟╢  

 

(JTN2)  1978 7.7  7.7 M7.5  

1936  

1897  

1861  

1835  

╡

(JTN3)  

1897 7.8  7.8 M7.7  

JTN2,JTN3 ⅜  1793 8.2  8.2 M8.0  

*) ─╖─ ⁸ │ ⌐╟╢ ↕─ 2 ≤⇔≡ ⇔≡™╢ 

  ⸗♦ꜟ─ 

Mw  

Mw 

(=Mmax)  

₈ ₉⌐╟╢ 

 

ⱪ꜠כ♩

(JTS1) 

1938 

 

7.9* 

ⱪ꜠כ♩

7.9 M7.4  
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₈ ₉  

*) ─╖─ ⁸ │ ⌐╟╢ ↕─ 2 ≤⇔≡ ⇔≡™╢ 

ה (2007)─⸗♦ꜟ⌐╟∫√ ⁸ ─ ⅎ ≢Mw=7.5 ≤⌂╢ 

 ⸗

♦ꜟ 

 ⸗♦ꜟ─ 

Mw  Mw 

(=Mmax)  

₈ ₉⌐╟╢  

 

⅛╠

─

╡─ⱪ꜠כ♩

 (JTT)  

∆═

╡⸗♦ꜟ 

1611 8.3 8.3 Mt 8.2  

1896 8.3 

1677 8.3  

⸗

♦ꜟ 

1611 8.4 8.4 

1896 8.3 

⅜ ╠╣⌂™ ≢│ ─ ™ ⸗♦ꜟ╩ ≢⅝⌂™√╘⁸1677 ⌐≈™≡│

⸗♦ꜟ╩ ⇔≡™⌂™⁹ 

  ⸗♦ꜟ─ 

Mw  

Mw 

(=Mmax)  

₈ ₉⌐╟╢  

 

⅛╠

─ ╡─ⱪ꜠

♩כ  

(JTNR)  

1933 8.4  8.4 M8.2  

 

  ⸗♦ꜟ─ 

Mw  

Mw 

(=Mmax)  

₈ ₉⌐╟╢ 

 

 (JTS2) 869 8.5 ↕ 100km ≤

200km ╠,2008  

8.5 Ί 
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5.1-3 ─ ⸗♦ꜟ 

⸗♦ꜟ 

  
  

 
  

 M0 Mw ☻◔כ

ꜞfi◓

 (km) (km) (m) (km) ( ) ( ) ( ) 
×1010 

N/m 2 

1020 

N m  
 

 KT1  

2003 
92.0 90.0 4.84 15.7 241 23 124 5.0 20.0 8.13 

L,W,D

 

KT2  

1973 
60.0 100.0 4.4 1 230 27 101 5.0 13.2 8.01 

L,W,D

 

KT1,KT2

⅜  

17  

200.0 100.0 5.0 17.0 228 20 90 5.0 100.0 

8.60 
L,W,D

 100.0 100.0 10.0 17.0 228 20 90 5.0 100.0 

KTR1  

1994 
160 80 5.78 10 230 77 128 7.0 51.8 8.41 

L,W,D

 

JTN1  

1968 

126.8

75 
130.2 5.96 1 192 20 77 5.0 49.2 8.39 

L,W,D

 

JTN1  

1968 
  4.17 13-60  9-26  5.0 61.9 8.46 

 

JTN2  

1978 
26 65 4.0 25 190 20 85 7.0 4.73 7.72 

L,W,D

 

 JTN3  

1897 
120 30 3.5 1 205 20 90 5.0 6.30 7.80 

L,W,D

 

JTN2,JTN

3⅜  

1793 

210 70 4.0 10 205 15 90 5.0 29.4 8.25 
L,W,D

 

JTS1 

1938 
100 60 2.7 30 200 10 95 5.0 8.10 7.87 

L,W,D

 

 

1896 
210 50 9.7 1 192 20 78 3.5 35.6 8.30 

⌐

№╡ 

 

1677 
280 50 6.5 1 205 20 95 3.5 31.9 8.27 

⌐

№╡ 

 

1896 
  10.7     3.5 36.5 8.31 

 

 JTNR  

1933 
185 50 6.6 1 180 45 270 7.0 42.7 8.35 

⌐

№╡ 

ᵑ 

869 
100 100 10.0 31 202 18 90 7.0 70.0 8.50 

L,W,D

 

ᵒ 

869 
200 100 7.0 15 202 18 90 5.0 70.0 8.50 

L,W,D
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5.1-3 ∆═╡ ⸗♦ꜟ 

3.10m 2.13m 0.03m  

0.02m 6.13m 1.00m  

9.48m 11.98m 7.78m 1.41m 

 7.01m 12.00m 8.20m 

 0.01m 4.56m 0.01m 

  0.81m  

 

6.10m 

8.54m 

15.94m 

16.21m 

6.54m 
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5.1-4 ⌐ ∆╢  ♃כ♦

♃כ♦─  ♪כ◖  ⅔╟┘ ─ ⅎ  

KT1  2 1843/ 4/25 

1952/ 3/ 4 

2003/ 9/26 

KT2  1 1894/ 3/22 

1973/ 6/17 

KT1+KT2 

 

 6◘▬◒ꜟ⌐  17  

KTR1 

(1)  

╖ ╪∞ⱪ꜠כ♩

─╛╛ ™  

⇔⌂™≤   

KTR1 

(2)  

ⁿ 

0 ⱳ▪♁fi  1958/11/ 7 

1994/10/ 4 

≢ 1839 2 170

⌐ ≤  

↕─ 42 200 1  

JTT 

(1)  

⅛╠

─ ╡─ⱪ꜠כ♩

 

1  

0  

1611/12/2  

1896/6/15  

1677/11/4  

│ 1603 1 406

╩ ≤⇔≡  

JTT 

(2)  
ⁿ 

0 ⱳ▪♁fi  ≢ 1603 3 406

⌐ 3 ≤  

│ ↕─ ≢  

44 ⁸ 56  

JTT 

(3)  
ⁿ 

0 ⱳ▪♁fi  ≢ 1603 3 406

⌐ 3 ≤  

JTNR 

(1)  

⅛╠

─ ╡─ⱪ꜠כ♩

 

0 

 

1933/3/3 

1603 1 406 ╩

≤⇔≡  

JTNR 

(2)  ⁿ 

0 │ 1603 1 406

╩ ≤⇔≡  

│ ≤ ∂≤  

JTNR 

(3)  
ⁿ 

0 ⱳ▪♁fi  ≢ 1603 1 406

⌐ 1 ≤  

JTNR ⁿ 0 ⱳ▪♁fi  ≢ 1603 1 406
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(4)  ⌐ 1 ≤  

JTN1 ⱪ꜠כ♩

 

3 1677/4/13  

1763/1/29  

1856/8/23  

1968/5/16 

JTN2  5 1793/2/17  

1835/7/20  

1861/10/21  

1897/2/20  

1936/11/3 

1978/6/12  

JTN3 ╡ 1 1793/2/17 

1897/8/5 

JTN2

JTN3

 

╡  

JTN3 ─ 

2◘▬◒ꜟ⌐ 1  

1793/2/17 

 

JTS1 ⱪ꜠כ♩  0 1938/11/5 

1603 1 406 ╩

≤⇔≡  

JTS2  3 869/7/9 1081calyBP  

1700calyBP 

2350calyBP 

3620calyBP 
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5
.1

-4
(1

) 
꜡
☺
♇
◒
♠
ꜞ
כ
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 כꜞ♠◒♇☺꜡ (2)5.1-4

(1896)

JTT
(2)

MC=8.3, BM=0.3

MC=8.2, BM=0.5

MC=8.2, BM=0.3

MC=8.1 BM=0.5

MC=8.3, BM=0.5

Tr=160 years

Tr=310 years

Tr=670 years

0.25

0.50

0.25

(1677)

MC=8.3, BM=0.3

MC=8.2, BM=0.5

MC=8.2, BM=0.3

MC=8.1 BM=0.5

MC=8.3, BM=0.5

Tr=120 years

Tr=240 years

Tr=530 years

0.25

0.50

0.25

(1896)

JTT
(3)

MC=8.3, BM=0.3

MC=8.2, BM=0.5

MC=8.2, BM=0.3

MC=8.1 BM=0.5

MC=8.3, BM=0.5

Tr=69 years

Tr=140 years

Tr=300 years

0.25

0.50

0.25

JTT
(1)

MC=8.3, BM=0.3

MC=8.2, BM=0.5

MC=8.2, BM=0.3

MC=8.1 BM=0.5

MC=8.3, BM=0.5

MC=8.4, BM=0.3

MC=8.3, BM=0.5

MC=8.3, BM=0.3

MC=8.2, BM=0.5

MC=8.4, BM=0.5

Tr=210 years

Tr=280 years

Tr=380 years

0.25

0.50

0.25

Tr=210 years

Tr=280 years

Tr=380 years

0.25

0.50

0.25

MC=8.3, BM=0.3

MC=8.2, BM=0.5

MC=8.2, BM=0.3

MC=8.1 BM=0.5

MC=8.3, BM=0.5

Tr=270 years

Tr=410 years

Tr=610 years

0.25

0.50

0.25
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 כꜞ♠◒♇☺꜡ (3)5.1-4

JTNR
(3)

MC=8.4, BM=0.3

MC=8.3, BM=0.5

MC=8.3, BM=0.3

MC=8.2, BM=0.5

MC=8.4, BM=0.5

Tr=120 years

Tr=410 years

Tr=2300 years

0.25

0.50

0.25

JTNR
(1)

MC=8.4, BM=0.3

MC=8.3, BM=0.5

MC=8.3, BM=0.3

MC=8.2, BM=0.5

MC=8.4, BM=0.5

Tr=270 years

Tr=410 years

Tr=610 years

0.25

0.50

0.25

JTNR
(2)

MC=8.4, BM=0.3

MC=8.3, BM=0.5

MC=8.3, BM=0.3

MC=8.2, BM=0.5

MC=8.4, BM=0.5

Tr=270 years

Tr=410 years

Tr=610 years

0.25

0.50

0.25

MC=8.4, BM=0.3

MC=8.3, BM=0.5

MC=8.3, BM=0.3

MC=8.2 BM=0.5

MC=8.4, BM=0.5

Tr=270 years

Tr=410 years

Tr=610 years

0.25

0.50

0.25

MC=8.2, BM=0.3

MC=8.1, BM=0.5

MC=8.1, BM=0.3
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 כꜞ♠◒♇☺꜡ (5)5.1-4

JTS1

MC=7.9, BM=0.3

MC=7.8, BM=0.5

MC=7.8, BM=0.3

MC=7.7 BM=0.5

MC=7.9, BM=0.5

Tr=270 years

Tr=410 years

Tr=610 years

0.25

0.50

0.25

JTS2

MC=8.5, BM=0.3

MC=8.4 BM=0.5

MC=8.4, BM=0.3

MC=8.3, BM=0.5

MC=8.5, BM=0.5

MC=8.5, BM=0.3

MC=8.4, BM=0.5

MC=8.4, BM=0.3

MC=8.3, BM=0.5

MC=8.5, BM=0.5

Tr=710 years

Tr=850 years

Tr=1000 years

0.25

0.50

0.25

Tr=710 years

Tr=850 years

Tr=1000 years

0.25

0.50

0.25
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(2) ⸗♦ꜟ⌐ ∆╢  

 ≢│⁸ ⱪ꜠כ♩⅜ 8cm/yr ─ ≢ ╖ ╪≢™╢⅜⁸ ─

│ ⌐╟╡ ⅝ↄ ⇔≡™╢⁹ ⌐╟╢ ╩ 5.1-5( )⌐⁸ ⌂ ≤ ⌂

╩ 5.1-5( )⌐ ∆⁹ ⅜ ⇔≡₈ ⅛╠ ─ ╡₉≤╕≤╘╠

╣≡™╢⁹ ⌂ ─ ⌐⅔™≡│⁸ ─ ⅝⌂ ≢№╢↓≤⅛╠⁸ ─ ≤

⌐⁸╟╡ ⌂ ⌐≈™≡ ∆╢ ⅜№╢≤ ⅎ╠╣╢⁹ 

 

a. ╡─ ≤ ─  

 ╡─ ⱪ꜠כ♩ ≤↕╣≡™╢─│⁸1896 ⁸1677

⁸1611 ─ 3 ∞↑≢№╡⁸ ╡─ ⱪ꜠כ♩ ≤

↕╣≡™╢─│ 1933 ─ 1 ∞↑≢№╢⁹ 

 1896 Tanioka and Satake (1996) ≤ 1933 (1977) ─

╩ 5.1-6 ⌐⁸1677 ─ ╩ 5.1-6( )⌐ ∆⁹1896 ≤ 1933

─ ─ ™─ │╒╓ ⇔≡™╢⁹1677 ─ ™ │₈

─ ₉(2002)⌐⅔↑╢⸗♦ꜟ⁸ ™ │ ─ ─ ⇔╩ ⇔≡

⇔√⸗♦ꜟ≢№╢⁹ 

5.1-4(2)─ JTT(1)─ ≢│⁸1611 ≤ 1896 ╩ ∂

≢ ╡ ⇔ ∆╢ ≤ ⇔≡™╢⁹↓─ ⌐≈™≡│↕╠⌐ ∆╢ ⅜№╢

⅜⁸ │№╢≤ ⅎ╠╣╢⁹ 

 ↓╣╕≢⌐ ╡─ ⅜ ⇔≡™╢ ≢│⁸∕─ ≢M8 ◒ꜝ☻─ ⌂ⱪ

♩כ꜠ ⅜ ⇔≡™⌂™⁹∕─ │ ⌐ ⇔√ 5.1-5( )⌐ ╠╣╢⁹ 39° 40°

─ ⁸ 36° ╟╡ ≤ ≢│ M8 ◒ꜝ☻─

⌂ⱪ꜠כ♩ ⅜ ⇔≡™⌂™⁹ ה (1996)│⁸ ⌐ ⇔≡↓─ ╩ ⇔⁸

ⱪ꜠כ♩ ─ ™⁸⌂╘╠⅛ ⌐╟╢ ╩ ∫≡™╢⁹ 
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5.1-5 ⌐╟╢ ─ ( )⅔╟┘ ⅛╠ ⌐⅛↑≡─ ⌂ ≤

⌂ (1999)  

 

5.1-6 1896 ≤ 1933 ─ ⅔╟┘ 1677 ─
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. ╡─ ⱪ꜠כ♩ ─ ⱷ◌♬☼ⱶ 

Satake and Tanioka (1999) │⁸ ⅜ ─ ─ⱪ꜠כ♩ ╩ ∆╢

≢№╢↓≤╩⁸4 ≈─ 1946 fi⁸1992ꜗ◦כꜙꜞ▪ ♬◌ꜝ◓▪⁸1896 ⁸

1996 Ɑꜟכ ─ ⅛╠ ⇔√⁹ 

⇔⅛⇔⁸ │⁸ ─ ™ⱪ꜠כ♩ │ ∏╢∏╢ ∫≡™≡ ╩╒≤╪≥ ↓

↕⌂™─⌐⁸⌂−∕↓≢ ⅜ ∆╢⅛≤™℮ ≢№╢⁹ 

Seno (2002)│⁸ ⱪ꜠כ♩ ≢─ ─ ⌂ ⌐╟╡⁸ ∆═╡⅜ ∂

╢≤™℮⸗♦ꜟ╩ ⇔≡™╢⁹ ה (2003)│⁸ ─▪☻Ɑꜞ♥▫─ ⌐╟╡

⌐ ⌂ ⅜ ∂╢≤™℮⸗♦ꜟ╩ ⇔≡™╢⁹ 

Tanioka and Seno (2001)│⁸ ─ ─ ╩ ≢⅝⌂™≤⇔≡⁸∕─

╩ ∆╢ ╩ ⇔≡™╢ 5.1-7 ⁹⸗♦ꜟ A │Ᵽ♇◒☻♩♇ⱪ─ ⌐╟╡

─ ─╖ ∆╢⸗♦ꜟ⁸⸗♦ꜟ B│Ᵽ♇◒☻♩♇ⱪ─ ⌐╟╡ ⅜ ⌐

∆╢⸗♦ꜟ⁸⸗♦ꜟ C │ ⅜◗ⱶ─ ⌂ ╢ ™╩∆╢≤⇔≡⁸ ⱳ▪♁fi 0.49

≤⇔≡ ≢ ╩ ⇔√⸗♦ꜟ≢№╢⁹ ╩ ⇔⌂™ ⁸ ↕╣√

╩ ∆╢√╘⌐ ⌂∆═╡ │ 10.4m≢№╢⅜⁸ ╩ ∆╢≤⁸ ↕╣

√ ╩ ∆╢√╘⌐ ⌂∆═╡ │⸗♦ꜟ A ≢ 6.7m⁸⸗♦ꜟ B ≢ 6.6 ⁸⸗♦ꜟ C

≢ 5.9m ≤⌂╢↓≤╩ ⇔≡™╢⁹↓─ ⌐╟╢≤ ─ │ ╩ 5 ⅛╠ 8

⅝ↄ∆╢ ⅜№╢⁹ 

 

5.1-7 Tanioka and Seno (2001)⌐╟╢ ─ ─ ה (2003)
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. ╡─ ⱪ꜠כ♩ ─ ⱷ◌♬☼ⱶ 

╡─ │⁸ ⅛╠ ⌐⅛↑≡ ⌐╙╡№⅜∫√ ▬ꜝכ♃►▪

☼≤ ┌╣╢ ─ ≢ ∆╢⁹↓─╙╡№⅜╡│ ╖↓╙℮≤∆╢ⱪ꜠כ♩⅜ ─ ⅛╠

⅜╡│∂╘╢√╘⌐ ╢⁹↓─ →⌐╟∫≡ⱪ꜠כ♩ ≢ ⁸ ≢ ─ ╩ ↑⁸

™≤↓╤≢ ⁸ ™≤↓╤≢ ≤⌂╢ Seno(2005) ⁹ 

 ⱪ꜠כ♩ │⁸ⱪ꜠כ♩ ≤Ɑ▪≢ ∆╢ ⅜ ™↓≤⅜

↕╣≡™╢⁹Lay et al. (1989 ) ⌐╟╢ ╩ 5.1-8⌐ ∆⁹ 

 ─ ≢│⁸2007 1 13 ⌐ ⇔√ ─ M=8.2 │ ─

≢№╡⁸2006 11 15 ⌐ ⇔√ⱪ꜠כ♩ M7.9 ⌐ ™≡ ⇔√⁹2005 11

15 ⌐ ≢ ⇔√ ⱴ◓♬♅ꜙכ♪ 7.2 ♪כꜙ♅♬◓ⱷfi♩ⱴכ⸗ 7.0

─ ⌐≈™≡╙⁸↓─ ─ 3ﬞ ─ 8 16 ⌐ ─ ≢ M7.2 ─ⱪ꜠

♩כ ⅜ ⇔≡™╢⁹ ╡≢│⌂™⅜⁸1938 ─ ─ ⌐╙

ⱪ꜠כ♩ ⅜ ⇔≡™╢⅜⁸∕╣⌐ ⇔≡ⱪ꜠כ♩ ⅜ ⇔≡™

╢⁹⌂⅔⁸1933 ≤ 1896 ╙ ⅜ 37 №╢⅜⁸Ɑ▪≤ ⅎ╠╣╢⁹ 

 

 

 

 

─☼▬ꜝכ♃►▪ 5.1-8 ⅜ⱪ꜠כ♩ ─ ⌐ ™↓≤╩ ∆  

Lay et al. (1989)⌐╟╢  
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. ─ ≤ ─ ™ 

 Tsuru et al. (2002 ) │⁸ ╩ ≤ ⌐ ↑⁸ ™─ ⁸ⱪ꜠כ♩ ◌♇

ⱪꜞfi◓⌐⅔↑╢∕─ ╩ ⇔≡™╢⁹ 

 ⅔╟┘ ≤ ─ ╩ 5.1-9⌐ ∆⁹ 38 10 ╩ ⌐⁸ ≤

╩ ↑≡™╢⁹ ─ │∕↓≢ N06°E ⅛╠ N30°E ⌐ ⇔≡™╢⁹M7.5 ╩ ⅎ╢

─ │ ≢│⌂ↄ⁸ ⅜ ⌐ ⇔≡™╢ 5.1-5( ) ⁹ 

 ≢│⁸ ⱪ꜠כ♩│ ⌐ ⌂ ⌂ ╩╙≈⁹∕╣╠│ⱱꜟ☻♩◓ꜝכ

ⱬfi ≢ ↕╣≡™╢⁹ │⌂╘╠⅛≢⁸ 5°─ ⅜№╢⁹ 

 ≢│⁸ ⱪ꜠כ♩─ ⌐ ⌂ ⌂ │╖╠╣∏⁸ ⅜№╢⁹

│ ⌂ ╩╙∟⁸ ╖ ╪∞ ≥☻כ꜠♩─ ⅎ╠╣≡™╢⁹ 

 ⱪ꜠כ♩ ─ ꜚ♬♇♩⌐ 2 №╡⁸ ≢│ↄ↕┘ ꜚ♬♇♩⁸ ≢│♅ꜗfiⱠꜟ

ꜚ♬♇♩≢№╢⁹ 

≢╖╠╣╢ↄ↕┘ ꜚ♬♇♩─ ⅔╟┘ 1⅛╠ 7─ ⌐⅔↑╢ ╩ 5.1-10

⌐⁸ ⌂ ╩ 5.1-11⌐ ∆⁹ↄ↕┘ ꜚ♬♇♩│⁸ ─ ─ ⌐ ⌐

⇔≡™╢⁹ 

≢│ↄ↕┘ │ ╠╣∏⁸♅ꜗfiⱠꜟ ꜚ♬♇♩ ꜚ♬♇♩ U ⅜╖╠╣╢⁹

⌂ ╩ 5.1-12⌐ ∆⁹ꜚ ♬♇♩ U │⁸ ⌐ ∆╢ꜝ▬fi 11≢│╒╓ ─ ↕ 2km

≢№╢⅜⁸ ⌐ ⌂ ≢│ ↕─ ⅜ ⅝ↄ⁸♅ꜗfiⱠꜟ ─ ╩ ∆⁹

⌐ ⌂ C≢│ ─ ⅜ ╠╣⁸ ─ ⅝↕≤ ⇔≡™╢⁹ 

 ꜚ♬♇♩─ ↕─ ╩ 5.1-13 ⌐ ∆⁹ ≤ ≢ ⅝⌂ ™⅜№╡⁸

ⱪ꜠כ♩ ≢─◌♇ⱪꜞfi◓─ ╩ ∆╢⁹ 

ה (2003)│⁸ ─ ⁸ ╡ ⇔ ─ ⁸ ⌐ ∆╢

─ ⌂≥─ ⌐ ≠⅝⁸₈ ⅜ ⌂ ≢№╢⌂╠┌⁸ ─

╖⌂╠∏⁸ ⅛╠ ⌐⅛↑≡╙ ─ ⅜№╢₉↓≤⁸₈√∞⇔⁸

⌐⅔↑╢ ─ │ ⌐─╖ ≢№╢√╘⁸ ⌐⅔™≡│

│ ⇔≡╙ ⌐│ ╠⌂™⅛╙⇔╣⌂™₉↓≤╩ ⇔≡™╢⁹↓─ │⁸1677

⌐╟╢ ⅜ 1896 ⌐ ═ ↕™↓≤≤ ⇔≡™╢⁹ 
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5.1-9 Tsuru et al. (2002) ─  

5.1-10 ↄ↕┘ ꜚ♬♇♩─ ⅔╟┘ ⌐⅔↑╢ A ≤ B ─  

Tsuru et al. (2002)  
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5.1-11 ─ ⌂ Tsuru et al. (2002)  
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5.1-12 ─ ⌂ Tsuru et al. (2002)  
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5.1-13 ꜚ♬♇♩─ ↕─ Tsuru et al. (2002)  
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5.2 ♩ꜝⱨ ™  

 

(1) ⸗♦ꜟ 

 5.2-1⌐ ♩ꜝⱨ─ Ɫ◙כ♪ ⌐ ─כꜞ♠◒♇☺꜡╢™ ╩ ∆⁹ 

 ♩ꜝⱨ ™ ≢│ ≤⇔≡   

  ה

  ה

  ה

↓╣╠─ ≤⇔≡  

  ה

  ה

  ה

─∕╣∙╣ 3♃▬ⱪ 6♃▬ⱪ─ ⅜ ↕╣╢⁹ 

↓─℮∟ ─ ⅜ ⇔√ │ ↕╣≡⅔╠∏ 1498 ⅔╟┘ 1605

⌐⅔™≡ ─ ╕≢ ⅜ ╪∞⅛⌐≈™≡│ ─ ⅛╣╢≤↓╤≢№

╡ 5.2-2─ 3≈─ ⅜ ↕╣≡™╢⁹↓─ ╩ ╕ⅎ≡ 1498 ─ ─

╩ ∆╢≤ 5.2-1─ ╡≤⌂╢⁹ 

 5.2-1╟╡ ─ ─ ╩ ⇔≡ 5.2-2⌐ ∆⁹1498 ⌐⅔↑╢

─ ─ │ ⌐ ╦╠∏∆═≡ 5 ≤⌂╢⅜ ⌐≈™≡│

2 5 ≤ ⌐╟∫≡ ⌂╡ ─ ⅜ ⌐ ═≡ 1 5 2 ≤™

℮ ≤⌂╢ 5.2-3 ⁹ 

 Ɫ◙כ♪ ⌐ ™╢ ⸗♦ꜟ≤⇔≡ ⌐╟╢ ∆═╡⸗♦ꜟ≤▪☻Ɑ

ꜞ♥▫╩ ⇔√ ⸗♦ꜟ╩ ≤⇔≡ ⇔≡™╢⁹ 5.2-4 ⌐ ─⸗♦ꜟ─ ╩

5.2-3 5.2-6 5.2-5⌐ ╩ ∆╢ ⸗♦ꜟ─ ╩ ∆⁹↓╣╠─ ⸗♦

ꜟ╩ ™≡ ╠╣√∆═╡ ╩Ɽꜝⱷכ♃≤⇔√ ─ ⸗♦ꜟ⌐╟╢ ─

ⱴ◓♬♅ꜙכ♪╩ 5.2-7⌐ ∆⁹ 

 ⌂⅔ ⸗♦ꜟ─℮∟ ∆═╡⸗♦ꜟ│ 2002 ⌐╟╢⸗♦ꜟ

⸗♦ꜟ│ √⌂ ≢ ╠╣√⸗♦ꜟ╩∕╣∙╣ ™≡™╢⁹↓╣╠─⸗♦ꜟ│ ≤⇔√

─ ⅔╟┘ ─ ⌐ ⇔≡

╠╣√╙─≢№╢⁹ ⸗♦ꜟ│↓╣╠─ ≤☿♇♩≢ ↕╣╢╙─≢№╢√╘

─ ⌐ ⇔≡│ ∕─ ⌐ ∆╢ ⌂ ⸗♦ꜟ╩ ╘√ ≢Ɫ◙כ♪

╩ ℮↓≤⅜ ╕╣╢⁹╕√ ↓↓≢ ⇔√ ⸗♦ꜟ│ ⅜▬fiⱣכ☺

ꜛfi╩ ⌐ ⇔√⸗♦ꜟ≢№╢─⌐ ⇔ │ ─ ⸗♦ꜟ─▪☻Ɑꜞ♥

▫ ╩ ⌐ ≢∆═╡ ╩ ⇔√⸗♦ꜟ≢№╡ ⸗♦ꜟ≤⇔≡─▪☻Ɑꜞ♥▫

╛∆═╡ ─ ⌂≥⌐≈™≡ ⌂╢ ⅜ ≢№╢⁹ 

 ♩ꜝⱨ ™─ ─ ─ ⌐╟╢ ≤⌂╢ ─

⌐≈™≡ 5.2-6 ─ ╩ ⇔≡™╢⁹ ⸗♦ꜟ│ ─ ─ ☿◓ⱷ



 75 

fi♩─ ♩ⱷfiכ⸗ ⅜ ⅝ↄ⌂╢≤™℮ ⌐ ≠™≡⅔╡ ♩ꜝⱨ ™⌐⅔™≡

↕╣╢ 6≈─ ⌐ Mw ╩ ∆╢ ⅜№╢⁹ ⸗♦ꜟ│ ∆╢

╙ ─ ≢╙ ☿◓ⱷfi♩─ ♩ⱷfiכ⸗ │ ∂≢№╢≤─ ⌐ ≠™≡

⅔╡ ─ │ 3≈─ ⌐ ⇔√Mw ─ ╖ ╦∑⌐╟∫≡

↕╣╢⁹ 

5.2-8 ⌐ ♃▬ⱪ⌐⅔↑╢ ♩ⱷfiכ⸗ Mw ─ ⅔╟┘↓╣╠─♦

╡╟♃כ ⇔√ ⸗♦ꜟ⌐⅔↑╢ Mw Mmax ╩ ∆⁹⌂⅔ ♃▬ⱪ⌐⅔

↑╢ Mw Mmax │ 5.2-7─ ╡≢№╢⁹ 

 ⸗♦ꜟ─ ⌐ ∆╢ ≤ ♃▬ⱪ⌐ ∆╢ ╟╡ 5.2-7 ⌐ ∆♃▬ⱪ─

Mmax ╩ ∆╢⁹ 5.2-7⌐ ∆ 4 ╡─ ⌐╟╢ ─ ⌐ ∆╢ ╩

∆≤ 5.2-8 5.2-11─ ╡≢№╢⁹ 

 Ɫ◙כ♪ ⌐⅔™≡│ ♩ꜝⱨ≤⇔≡─ │ 121 ≤⇔ ↓╣⌐ ⇔≡

─ │±1ɨ 114 129 ╩ ⅎ╢↓≤≤⇔ ↓╣╩ ⌐⅔↑╢ ≤

⇔≡ ╡ ℮⁹ ≢─ ⌐ ⇔≡│ ⸗♦ꜟ╩ ™√ ⅜

⌐╟╡ ╦╣≡⅔╡ ⌐ ⇔≡│ ─ ╕≢─ ⅜ 90.1 

⌐ ⇔≡│⁸ ─ ╕≢─ ⅜ 86.4 ≤ ↕╣≡™╢⁹⇔⅛⇔⁸

⸗♦ꜟ─ ⌐ │♃כ♦╢™≡╣╠™ ≢№╡⁸₈ ₉≤│™ⅎ⌂™⁹∕↓≢

≢─ ⱳ▪♁fi ╩ ℮ ─ ≤ ─ ─ ╕≢─

⌐ ⇔≡ ╩ ∆╢⁹ 

⌂⅔ ─ ⌐⅔™≡ ⌐ ⇔≡│ כ♦╢╟⌐ꜟ♦⸗

♃⅜ ↕╣≡™⌂™√╘ ⸗♦ꜟ╩ ™╢⁹⇔√⅜∫≡ ─ ⌐ ∆╢ 5.2-3

≢ ⇔√ ⌐⇔√⅜™ ─ │ ♩ꜝⱨ─ ─ ─ 1 ⅛╠ 5 2

╕≢≤⇔≡ ╡ ℮⁹ 
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                   ─ │ ⌐─╖  

─ │ ≤⌂╢√╘  

 

5.2-1  ♩ꜝⱨ─ Ɫ◙כ♪ ⌐  כꜞ♠◒♇☺꜡√⇔
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5.2-2 ─ ⌐ ∆╢  

 

 

 

 

5.2-1 ─  

 
 

 
   

1498  
ủ   ≤( +) ⌐ ⅜№∫√≤∆

╢  ủ ỏ 

1605  ủ ủ ỏ  

1707  ủ ủ ủ  

1854  
 ủ ủ  

ủ    

1944   ủ   

1946  ủ    

2yyy    ỏ  

ủ   ỏ ⌐╟∫≡│ ≤∆╢ 

│ ⅔╟┘ ≢ ∆╢ 

│ ≢─╖ ∆╢ 

1605 ─ │ ♩ꜝⱨ╩ ╗ 

1605 ─ │ ♩ꜝⱨ╩ ╕⌂™ 

1498 ─ │ ♩ꜝⱨ╩ ╗ 

1498 ─ │ ♩ꜝⱨ╩ ╕⌂™ 
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5.2-2  ─ ─ ⅎ 1498  

 ╕√│ ♃▬ⱪ ─  

 

 

─  
1605

 
1498

 
 
  

 
   

    

№╢ 

 

 1 1 3 2 0 2 9 5 5 5 

 
1 2 3 1 0 2 9 4 5 5 

 

 1 1 3 2 1 1 9 4 5 5 

 
1 2 3 1 1 1 9 3 5 5 

⌂™ 

 

 0 1 3 2 0 2 8 4 5 5 

 
0 2 3 1 0 2 8 3 5 5 

 

 0 1 3 2 1 1 8 3 5 5 

 
0 2 3 1 1 1 8 2 5 5 

№╡─ ╩ ≤⇔≡◌►fi♩⇔≡™╢⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.2-3 ⌐ ∆╢ ≤ ─  

 

⅔╟┘
≢  

≢  

♩ꜝⱨ
╩ ╗ 

♩ꜝⱨ
╩ ╕⌂™ 

♩ꜝⱨ
╩ ╗ 

♩ꜝⱨ
╩ ╕⌂™ 

 1605
 

1498  
 

↕╣╢ 
─  

♩ꜝⱨ
╩ ╗ 

♩ꜝⱨ
╩ ╕⌂™ 

♩ꜝⱨ
╩ ╗ 

♩ꜝⱨ
╩ ╕⌂™ 

♩ꜝⱨ
╩ ╗ 

♩ꜝⱨ
╩ ╕⌂™ 

♩ꜝⱨ
╩ ╗ 

♩ꜝⱨ
╩ ╕⌂™ 

≤
∂ 

─
5/4  

─
5/4  

─
5/3  

─
5/4  

─
5/3  

─
5/3  

─
5/2  

 

114  

121  

129  
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(a) ∆═╡⸗♦ꜟ 

 

 

(b) ⸗♦ꜟ 
 

5.2-4  ⸗♦ꜟ 
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5.2-3  ♩ꜝⱨ─ ∆═╡⸗♦ꜟ─  

☿◓ⱷfi♩ 
 

(km 2) 
↕ 

(km)  
 

(km)  
↕ 

(km)  
 

°  
 

°  
∆═╡  
°  

 N1 6000 120 50 5 193 20 71 

 N2 20500 205 100 5 246 10 113 

 
N3 15500 155 100 8 251 12 113 

N4 15000 125 120 11 250 8 113 

 

 

 

 

5.2-4 ∆═╡⸗♦ꜟ⌐╟╢ ⸗♦ꜟ─∆═╡ ≤  ♩ⱷfiכ⸗

     

 

 

∆═╡ (m) ⸗כⱷfi♩(×1021N m) 

      
 

N1 N2 N3 N4 N1 N2 N3 N4 N3+N4  

1946    4.9 4.3   3.80 3.23 7.03 7.03 

1944   4.25    4.36    4.36 

1854  5.27 5.5   1.58 5.64    7.22 

1854    4.8 8.7   3.72 6.53 10.25 10.25 

1707  5.6 7.0 5.6 9.2 1.68 7.18 4.34 6.90 11.24 20.10 

ɡ=5.0×1010N/m 2 

 

 

  

5.2-5  ♩ꜝⱨ─ ⸗♦ꜟ─  

 
 

(km 2) 
↕ 

(km)  
 

°  
 

°  
∆═╡  
°  

 12840 2 28 190 248 10 26 55 129 

 20520 10 28 216 263 8 20 85 139 

 51850 10 28 212 303 5 19 98 180 
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(a) 1946  (b) 1944  

 

 

(c) 1854  (d) 1854  

 

(e) 1707  

 

5.2-5 ⸗♦ꜟ─▪☻Ɑꜞ♥▫  

Dave 2.42m Dave 1.80m 

Dave 3.53m Dave 4.08m 

Dave 4.10m 


