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1.1 ≤  
1.1.1 │∂╘⌐ 

⅜ ≢│ ╛ ⅜ ≤⌂∫≡ ─ ╩ ∆╢ ⅜ ⇔

─╟℮⌐ ⌂ ⅜ ⇔≡™╢ 1-1 1)⁹↓℮⇔√ ─ ≢ ⌂ ⅜

∆╢ ⌐⅔™≡ ⌐⅔™≡╙ 2016 8 17 ⅛╠ 8 23 ─ 1 ⌐ 7 11 9

─ 3 ─ ⅜ ⇔ ╩ ⌐ ⌐╟╡ ─ ╛ ⅜ ⇔√⁹↕╠⌐

↓╣╠─ ⌐ ↄ 8 29 ⅛╠─ ⌐╟╢ ⅔╟┘ 10 ─ ⌐╟╢ ≢│

╛ ה ≢ ╙─ ╛ ⅜ ⇔√

⌐⅔™≡╙ ─ ╛ ─ ⌂≥⅜ ⅞ ⅝⌂ ≤⌂∫√⁹↓─ 2016

⌐⅔↑╢ ─ ≤⇔≡│ 2016 10 11 2 ⅜ 4 ⅔

╟┘ 2 ⅜ 29 273 ⅔╟┘ 989 ╒⅛

⌐≈™≡│ 687 ─ ⅜ ↕╣ 11,176 ─ ⅜ ↕╣≡™╢⁹ꜝ▬ⱨꜝ

▬fi⌐≈™≡│ ⅔╟┘ ⌐ ⅝⌂ ⅜ ┘ ≢│ ≤ ╩ ┬

─ 274 ⅜ ─ ╘ ≢│ ─ ⌐╟╡ ─ ⅜ ∂√⁹↕╠⌐

⌐≈™≡│ ─ ⌐ 40,258ha ⌐╦√╢ ⅜ ↕╣√

⅔╟┘ ⌐╙ ⅜ ╪∞⁹ │ 2,803 ⌐ ┬ ≢─ ≤⌂╡

56 1981 8 ─ 56 ⌐╟╢ 2,705 ╩ ╢╕↕⌐ ⌂ ≤⌂∫

√⁹ 

 

 1-1 1) 
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2 

↓℮⇔√ ─ ⌐ ℮ ⌂ ⌐≈™≡│ ─ ─ ≤™℮ ─╒⅛

⌐ ─ ─ ≈≤⇔≡ 2017 ─ №╢™│ 2016

─ ─ ─ ⌂≥ ─╟℮⌐ ─

⌐⅔™≡ ≢─ ⅛≈ ⌂ ⌐ ∆╢ ⅜ ∂√↓≤⅜№→╠╣╢⁹⌂

⅛≢╙ ─ ─ ⌐⅔™≡│ ⅜ ╩ ⅎ≡™⌂™⌐╙ ╦╠∏ ה

ה ⅜ ╩ ↑ ─ ─ ─ ה ─

╩ ™√↓≤⅜ ≢ ↕╣≡™╢ 3 ⁹ 1-1⌐ ⌐≡ ⅜ ⇔√ ⅔

╟┘ 1-2⌐ ⌐≡ ∆╢ ≤⇔≡ ─

─ ─ ╩ ∆⁹ ─ ≢│ ─ ─ ⌐⅔™≡ ⅜ ⇔√↓≤

1-1 ⅔╟┘ ─ ≢│ ─ ⌐╟╡ ⅜ ⅝ↄ ⌐ ⇔ ⅜

⌐ 7 ⌐ ∫≡ ⇔≡™╢ ⅜ ≢⅝╢ 1-2 ⁹↓╣╠─ │ ⌐ ℮ ─

⌐╟∫≡ ⅜ ꜝ▬fi╩ ⅎ≡ ⇔√╙─≢№╢⅜ ─≤⅔╡ ⌐ ↕╣

√ ⌐╟╢≤ ╩ ⇔√ ╣│ ↕╣≡⅔╠∏ ─ ⌐⅔↑╢

─ ≤ ∕╣⌐ ℮ ꜞ☻◒⅜ ⌐ ∆╢↓≤╩ ≤⇔≡ ─ √╡⌐

∆╢╙─≢№∫√≤ ⅎ╢⁹ 

2016 ╙ ─╟℮⌐ ≢ ⌂ ⅜ ⇔≡⅔╡ │ ─

╩ ⅎ≡ ─ ╩ ≤⇔√ ┼─ ≤ ≢─ ╩ ⅎ╢≤™

℮ √⌂ ⌐ ╡ ╖ ╘√ 4 ⁹ ≤⇔≡ ⌂Ɫ◙כ♪ⱴ♇ⱪ│ ↕╣╢

─ ⌐ ⅜ ↕╣╢◄ꜞ▪≤∕─ ⅜ ↕╣≡™╢╙─≤ ─

 

1-1 2016 10  
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3 

⌐⅔↑╢ ⌐ ⇔≡ ↕╣≡™╢╙─⅜№╢⅜ 2016 ⌐ ≢ ⇔√╟℮

⌂ ─ ⌐⅔↑╢ ⌐ ∆╢ꜞ☻◒╩ ⇔√╙─│ ↕╣≡™⌂™⁹

⌐╟╡ ⅜ ⌐ ה ∆╢ ⅜ ™↓≤╩ ⅎ╢≤ ⌐

⌐ ⇔√ ─ⱷ◌♬☼ⱶ╩ ╠⅛⌐∆╢≤≤╙⌐ ─ ╛ ⌐≈™≡

╩ ↑╢ꜞ☻◒╩ ∆╢√╘─ ╩ ∆╢↓≤│ ≢№╢⁹╕√ ↓╣╠─

ꜞ☻◒╩ ─ ה ⌐ ↕∑╢≤ ⌐ Ɫ◙כ♪ⱴ♇ⱪ ⌐ ꜞ☻◒⌐

∆╢ ╕≢ ⇔ ↄ ⌐ ה ↕∑╢↓≤⅜ ≤ ⅎ╢⁹ 

 

1.1.2 ⌐⅔↑╢ ⌂ ≤ ≢─ ─  

╦⅜ ≢ ─ ╩ ⇔√ 1951 2015 ╕≢ ⌐⅔™≡ 4 ─ ⅜ ⇔√

│⌂™⁹⇔⅛⇔ 2016 8 ≢│ 3 ─ 7 11 9 ⅜ ⇔≡ ⇔ ∕─

∆←⌐ ⅔╟┘ 1 ─ 10 ⅜ ⇔√↓≤≢ ⌂ ⅜ ⌐╙√╠↕

╣√⁹ 

1-3⌐ 2016 8 ─ ─ ╩ ∆⁹ ⅛╠ ⅛╢ ╡ 10 │ ⅛╠

⌐ ∆╢≤™℮ ⁹√∫≥╩☻כ◖⌂ ⅜ ₁⌐ ─ ≢ ⇔ ⌐ 10 ⅜

╩☻כ◖⌂ ∫√ ⌐│ ─ ⅜ ╟╡ ⅛∫√↓≤≤ ─ ┼─

╡ ⇔⅜ ⅛∫√↓≤≢ ─ ╩ ∆╢╟℮⌂ ╩╙√╠⇔√√╘≤ ⅎ╠╣≡™╢ 5

⁹↕╠⌐ ⌐ ™ ⇔√ │ ⌐┬≈⅛∫≡ ╩ ↕∑√√╘

╩ ⌐ 500mm ─ ≤⇔≡│ ⌂ 1-4 ╩╙√╠⇔√ 3 ⁹↓╣╠─

 
1-2 2016 2016/10/19  
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4 

⌐╟╡ ─▪ⱷ♄☻ ─ 4 89 ≢│ ─ 1 ╩ 1-

2 ⇔√∞↑≢⌂ↄ ∕╣╕≢─ ╩ ⌐ ╢ ⅜ ⇔√⁹ 
↓╣⌐ ∫≡ ─ ≢ ⅜ ⇔ 5 6

┘ ⌐⅔™≡ ─ ╩ ∆╢↓≤≤⌂∫

√ ה ⌐⅔↑╢ ─ ╩ ─ CD ⌐ -1 ⁹ ⌐

⌐⅔™≡│ 12 ─ ≢ 1 ─ ╩ ⇔ 1-5 ⌐⅔↑╢ ─

╛ 3)6)7)8) ─ ─ ⅜ 200m 3)9) ≤

─ ≤⅜ ╕∫≡ ≢ 50ha ─ ⅜ 3)10)11)⇔√⁹↓─╒⅛

≢│ ─Ɽfi◔ 3) Ɑ◔꜠ⱬ♠ 3)12) 13)

⌂≥⌐⅔™≡╙ ⌐≤╙⌂™ ╛ ⌐ ⅝⌂ ⅜ ⇔√ 14)⁹ 

 
1-3 2016 5  

 

1-4 2016 8    
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1-6⌐ ─ ⅔╟┘ ─ ⌐⅔↑╢ ╩ ∆⁹ ╟

╡ ™∏╣─ ╙ ⌐╟╢ ⅜ ≢ ─ ⅔╟┘ ┼─ ─ ─

⅜ ╘╠╣╢⁹↓╣╠─ ╩╙√╠⇔√ ─ │ ⌐ 10 2018 8 31

─╒╓ 1 ≢ ⇔√╙─≢№╡ 1 ─ ≢│ ≢ ⌂

⅜ ⌐ ∆╢ ⅜№╢↓≤ 1-6a-f 3)6)9)10)12)⌂≥ 2 ⅜ ╩ ⅎ⌂™

1-2 1 10  

HP  

 
 

 

 
1-5  
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≢╙ ⅜ ≢ ∆╢↓≤≢ ⌐╟╡ ⅜ ↓╡℮╢↓≤ 1-6a-e

3)6)8)10)15)⌂≥ 3 ⌐ ┼ ⇔√ ⅜ ⌂╢ ╛ ╩ ∆╢↓≤⌂≥

1-6c,e,f 3)10)16)⌂≥ ─ ─ ≢ ∆╢ ╛ ⌐╟╢ №╢™│

⌐╟╢ ≤™∫√ ≤│ ⅜ ⌂╢↓≤⅜ ≢⅝╢⁹ 

 

1-6  

a) KP21.2  

b) KP21.2  

c)  

d)  

e)  

f)  
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≈╕╡ ─ ⌐⅔™≡│ ─ ⌐ ℮ ⅜ ∆╢↓≤≢ ⌐

─ ⅜ ∂ ╛ ⅜ ↄ≤╙ ─ ╛ №╢™│ ─ ╩╙√╠∆↓≤⅜

⅛╢⁹⇔√⅜∫≡ ─ ─ ⌐⅔™≡│ ↓╣╕≢ ⌐ ⌂

─ ╩ ⇔√℮ⅎ≢ ╠⅛≤⌂∫√ ─ ≤ ⌐╟╢ ─

╩ ⇔ ⌐ ∆╢ ⱷ◌♬☼ⱶ╩ ╕ⅎ√℮ⅎ≢─ ─√╘─ ╩

∆╢ ⅜№╢≤ ⅎ╢⁹↓─↓≤│ 2016 8 3) ⌐⅔™≡╙

─╖≢⌂ↄ ╩ ╘≡ ≤⌂∫√ ─ ─ ⅜ ↕╣≡⅔╡

⌐⅔↑╢ ─ ∆═⅝ ≢№╢↓≤│ ℮ │⌂™⁹ 

 

 

1.1.3 ⌐⅔↑╢ ≤ ─  

⌐≈™≡│ ∕─ ╩ ╘≡ ₁⌂ ⅜ ╦↕╣≡™╢ ≢№╢⅜ ↕╣≡

™╢ ╛ ─ ⌐ ∆╢ ♃כ♦ 17 ─ ⅛╠│ ⅜ ⇔≡™╢↓

≤⅜ ≢⅝╢⁹ ⌐ ∆╢ ╛ ה ⌐≈™≡ ⅜ ─ 2018 ─

⌂ 18) │ ─≤⅔╡≢№╢⁹ 

ה  

─ │ 19 100 №√╡ 0.72 ─ ≢ ⇔≡™╢⁹21

⌐│ RCP2.6 ◦♫ꜞ○≢ 0.3 1.7 RCP8.5 ◦♫ꜞ○≢ 3.4 5.4 ∆╢≤ ↕╣

╟╡ ─ ⅜ ⅜ ⅝™ ⅜ ╠╣╢⁹ 

ה  

─ │ ≢ ⌂ │⌂ↄ │ ≤ ⌂

≤ ⇔√ ─ ≢─ ─ ⅜ ∆╢≤ ↕╣╢⁹ ≢│ │ 1970

↔≤─ ⅜ ⅝ↄ⌂∫≡⅔╡ ╛ ─ ⅜ ⇔≡™╢

≢ ⅜ ∆╢ ⅜ ╠╣╢⁹21 ⌐│ ─ ⅜∆═≡

─ ┘ ≢ ⇔ ⌐╟╢ ╙ 10% RCP2.6 ◦♫ꜞ○ 25% RCP8.5 ◦

♫ꜞ○ ∆╢↓≤⅜ ↕╣╢ ╙ ⌐ ∆╢≤ ↕╣╢⁹ 

≢─ ─ ╩ 1-7⌐ ─ ╩ 1-8⌐ ∆⁹ 1-7⌐╟╢≤

⅜ ─ ─ ♩꜠fi♪ │ 100 №√╡ 1.24 ─ ≢ ⇔≡™╢↓

≤⅜ ⅛╢⁹ 1-8⌐╟╢≤ ⅜ ─ ⌐│ │╖╠╣⌂™⁹√∞⇔

1970 ⅛╠ 2000 ⌐⅛↑≡ ↔≤─ ⅜ ⅝ↄ⌂∫≡™╢↓≤⅜ ⅛╢⁹ 

™≡ 1-9⌐ ≤─ ⅜ ™≤ ⅎ╠╣╢ 80mm ─▪ⱷ♄

☻ 1300 №√╡─ ╩ ∆⁹╕√ 1-10⌐│ ⌐ ─ ≤─ ⅜

™≤ ⅎ╠╣╢ 200mm ─ №√╡─ ╩ ∆⁹ 1-9 ⌐╟╢≤

80mm ─ ⌐≈™≡│ ⇔≡⅔╡ ─ ♩꜠fi♪ │ 10 №

√╡ 2.7 ⇔≡™╢⁹╕√ 1-10 ⌐╟╢≤ 200mm ─ №√╡─
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8 

⌐≈™≡╙ ⇔≡⅔╡ ♩꜠fi♪ ≤⇔≡│ 100 №√╡ 0.05 ─ ╩

⇔≡™╢⁹ 

╩♃כ♦─╠╣↓ ╕ⅎ╢≤₈ ⌐⌂∫≡ ⌐ ─ ⅜ ⅎ≡™╢₉₈ ⅜

⇔∕─ ╙ ⌐⌂∫≡⅝≡™╢₉≤™∫√ ₁─ ≤№╢ ⇔≡™╢≤ ⅎ╠

╣╢⁹⇔√⅜∫≡ ⌐⅔™≡ ≤ ∕╣⌐ ℮ ꜞ☻◒⅔╟┘

┼─ ⌐≈™≡ ∆╢⌐№√╡ ≤∆╢ ⅜ ≥─ ─ ╩

 
1-7 1981₩2010 30 HP 5   

 

5  

  

 

 

1-8 1981₩2010 30  HP 5  

 

5  
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↑╢ ⅜ ∆╢⅛⌐≈™≡╕≢ ╘√ ╩ ℮ ⅜№╢≤ ⅎ╢═⅝≤ ⅎ╢⁹ 

↓─╟℮⌂ ╩ ╕ⅎ ╩ ∆╢ ⌐⅔™≡╙₈ ╩ ╕ⅎ√

⌐ ╢ ₉ ╩ ⇔≡ ╡ ╖╩ ╘≡™╢⁹IPCC 5 ⌐╟╢ ─

◦♫ꜞ○⅛╠ RCP8.5 4 ⌐⅔↑╢ ╩ ⌐ ─

─ ╩ ⇔ ↓╣╩ ╕ⅎ 2 ─ RCP2.6 ⌐⅔↑╢ ─ ╩ ⇔√╙─⅜

─ ≤⇔≡ ↕╣≡™╢⁹↓╣⌐╟╢≤ ⅜ ─ ↔≤─ ⌐≈™

≡ ─╟℮⌐ ↕╣≡™╢ 18)⁹ 

 

 

1-9 1 80mm 1976 2019 19) 

1300

 

 
1-10 200mm 1901 2019 19) 

51 1  

5  
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4ה ⇔√ ─  

3 ≢ 1.4 ∕─ 12 ≢ 1.2 ≤ ⁹ 

2ה ─ ─  

3 ≢ 1.15 ∕─ 12 ≢ 1.1 ≤  

∕─℮ⅎ≢ ≢│ ─ ─ ⅎ ≤ ≤⇔≡ ─ ⅜ ↕╣≡™╢⁹ 

(1) ─ ╩ ⇔√ ⅛╠ ⌐╟╡ ↕╣╢ ─ ╩ ∆╢

⌐  

(2) RCP2.6 2 ⌐ ╩ ⌐ ─ ⌐ ⇔ ⱷ♬ꜙכ╩  

(3) ─ ─ ה ─ ─ ⌂ ה ⌐≈™≡  

(4) ≢ ╡ ╗ ה ─ ⌂╢ ≤ ⌂ ─ ╘ ⌐≈™≡  

 

↓─╟℮⌂ ─╙≤ ⌐⅔™≡│ 2016 8 ─ ╩ ≤⇔

ה ⅜ ─ ⌐ ╪∂≡ ╛ ⌐≈™≡ ╩ ╕ⅎ√

┘ ∆╢ ─ ╩ ⇔≡™╢ 20 ⁹╕√ ↓╣╠╩ ╕ⅎ √⌂

─ ╡ ⌐≈™≡ ⌂ ⅜ ╘╠╣≡⅔╡ 1-3⅔╟┘ 1-4⌐ ⌐≡

⇔√ ⅔╟┘ ─ ╩ ∆⁹ ⌐╟╢≤ RCP8.5 4 ◦♫ꜞ○

≢│ ─ ⌐╟╡ ה ─ ─ │ 1.4 ⌐ ∆╢⁹╕√

↓─ ─ ╩ ╕ⅎ╢≤ ⌂ │ 1.5 1.7 ⌐ ∆╢↓≤⅜ ↕╣≡™╢⁹  

1-3 20) 

 

 

 

1-4 20) 

C11 C11 72  
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↕╠⌐ ─ ╩ ╕ⅎ√ ─ ⌐≈™≡─ 20 ≢│ │ 1.3

1.4 │ 1.2 1.4 ⌐ ∆╢↓≤⅜ ↕╣ ╛ ⌂≥

┼─ ⅜ ⌐ ⅝™ ⅜ ↕╣≡™╢⁹ 

⅜╙√╠∆ ┼─ │ ─ ≢ ↕╣√ ⌐╟╢ ─ ה

─ ⌐ ℮ ⌐ ╠∏ ₁⌂ ╩ ⇔≡ ∆╢⁹ ≢ ≤⇔≡™╢╟℮⌂

─ ⌐ ℮ ⌐ ∆╢ ⌐ ⇔≡╙ ₁⌂ ╩ ╓∆↓≤⅜ ⅎ╠╣

╢⁹ 

⌐ ∆╢ │ ⌐ ∂≡ ⌐ ∑∏ │ ⌐ ∂≡

⌐ ∆╢⁹╕√ ─ ≤ ─♃▬Ⱶfi◓│ ≤ ∑∏ ⌂ ╣╩

℮⁹↕╠⌐ ─ ⅜ ∆╢↓≤≢ ─ ⅜ ∆╢↓≤≢ ╣ ⅜ ≤ ⌐

∆╢ №╢™│ ⌐ ℮ / ─ ⌐╟╡ ⌐ ↕╣╢

⅜ ∆╢ ╙ ↕╣╢⁹⇔√⅜∫≡ ⇔√╟℮⌂ ≤ ─ ⌐ ℮

⌐ ⅎ≡ ↓╣╠⅜ ⌐⅔↑╢ ⌂ ⌐ ℮ ⅔╟┘ ꜞ

☻◒╩╙√╠∆↓≤╩ ⇔√ ╕≢ ∆╢↓≤│ ≤ ⅎ╠╣╢⁹≈╕╡ ↓╣╠╩

╖ ╦∑╢↓≤≢ ─ ⌂ ⌐⅔↑╢ ⅔╟┘ ╩ ╕ⅎ

─ ⌐≈™≡ ─ ╣⅜№╢ ╛ ≤™∫√₈ ꜞ☻◒₉╩ ∆╢ ╩

⇔ ┘ ─ ─ ╛ ─ ─ ⌐

∆╢↓≤⅜≢⅝╢≤ ⅎ╠╣╢⁹ 

 

 

1.1.4 ─  

 

─ ╩ ╕ⅎ ≢│ ╩ ⇔√ 2016 ╩ ≤⇔

1-11 ⅔╟┘ 1-12 ⌐ ∆ 2 7 ╕≢─ ╩ ⇔√⁹ ─ ╡ ⅜ ≢│

⌐╟╢ ─ ╛ ─ ⅜ ↕╣≡™╢⁹⌂⅛≢╙ ─

4 ◦♫ꜞ○≢│ │ 1.5 1.7 ╕≢ ∆╢ ⅜ ↕╣≡™╢⁹↓─╟

℮⌂ ╩ ╕ⅎ╢≤ ⇔√╟℮⌂ ≢ ⌂ ⌐ ∆╢ ꜞ☻◒

ה ─ ╩ ╗ ─ │ ╙ ∆╢ ⅜ ↄ

↕╠⌐∕─ ╛ │ ⇔ ∆╢↓≤╩ ⌐ ⇔≡ ⇔≡™ↄ↓≤⅜ ╘╠╣

╢⁹↓─↓≤⅛╠ ≢│ 1 ⌐╟╢ ⱪ꜡☿☻ ─

⌂≥ ≤∕╣⌐ ℮ ꜞ☻◒╩ ∆╢↓≤ 2 ╩ ∆╢≤ ꜞ☻

◒│≥─╟℮⌐ ∆╢─⅛ 3 ─ ╛ ⌐ ┬ ⌂ ⌐ ⇔≡ ≥─╟

℮⌂ ⅜ ⅎ ╢─⅛ ≤™∫√ ⅛╠₈ ╩ ╣╢ ╩ ⌂ ≤⇔

⌐⅔↑╢ ≢ ⌂ ⱪ꜡☿☻⌐≈™≡ ⇔ ∕╣⌐ ℮ ꜞ☻◒─

⅔╟┘ ⌐ ∆╢ ╕≢ ℮↓≤₉╩ ≤⇔√⁹ 
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1.2 ─  

 

─ │ ⌐ ∆≤⅔╡≢№╢⁹ 

 

1  

2 ─ ≤ 2016 8 ⌐⅔↑╢ ≤ ─  

3 2016 8 ⌐⅔↑╢ ⌐⅔↑╢ ⌂ ⱪ꜡☿☻─  

4 ⌐⅔↑╢Ɫ▬♪꜡◓ꜝⱨ ─ ™⌐╟╢ ꜞ☻◒─  

5 ─ ≤ ꜞ☻◒ 

6 ⌐⅔↑╢ ꜞ☻◒ ⅔╟┘ ⌐≈™≡─ ⅔╟┘  

7  

 

 

1 ─ ≢│ ─ ≤ ⌐≈™≡ ⇔√⁹ 2 ≢│ ─ ⌂

≢№╢ ⌐≈™≡ ─ ≤ ⌐ ∆╢ ⅔╟┘ 2016

8 ─ ⌐⅔↑╢ ≤ ─ ⌐≈™≡ ≤ ⇔⌂⅜╠ ⇔√⁹

3 ≢│ 2016 ⌐ ─ 7 ⅛ ─ ⅜ ↕╣√

╩ ≤⇔ ≥♃כ♦ ╩ ™√ ╩ ∫√⁹ │⌐♃כ♦

─ fiכ꜡♪ ⌂≥ ≤ ♃כ♦ ╩ ⇔ ─

⌐⅔™≡ ⅜≥─╟℮⌐ ⇔ ≥─╟℮⌂♃▬Ⱶfi◓≢ ⌐ ∫√─⅛ ⌐≈™≡

1-11  

2016 8
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─ ≤ ─ ─ ⌐≈™≡ ⌂ ╩ ∫√⁹ ≢│

╩♃כ♦ ™√ ╩ ╕ⅎ ↕╠⌐ ⌂ ⱪ꜡☿☻╩ ∆╢√╘ 2

ה╣ ⸗♦ꜟ iRIC Nays2D ╩ ™√ ╩ ⇔√⁹ │ ╩

⇔√℮ⅎ≢ ╩╙≤⌐ Ɫ▬♪꜡◓ꜝⱨ⌐ ⇔√ ╛ ⱬ◒♩ꜟ ─

⌐ ⇔ ⌐⅔↑╢ ≢ ⌂ ─ⱪ꜡☿☻⌐ ∆╢ ╩ ∫√⁹ 4

≢│ 3 ≢ ⇔√ ╩ ≤⇔ ╕∏ ─ ⌐⅔™≡Ɫ

▬♪꜡◓ꜝⱨ ⅜ ⌂∫√ ≥─╟℮⌂ ⅜ ↕╣╢⅛⌐≈™≡ ⸗♦ꜟ

╩ ™√ ╩ ∫√⁹↓╣│ 3 ─ ⅔╟┘ ≈⅛─ 21)22)23)⌂≥⌐⅔™≡

≢│ ─Ɫ▬♪꜡◓ꜝⱨ ⅜ ─ ≤∕╣⌐ ℮ ⅔╟┘ ꜞ☻◒⌐

╩ ⅎ╢ ⅜ ↕╣≡™╢√╘≢№╢⁹ ⌐│ Ⱨכ◒ ─ ⅜

≤ ∂≢№╢⅜ Ⱨכ◒ ─ ⅜ ⌂╢Ɫ▬♪꜡◓ꜝⱨ ─ ⌐≈™≡ ⇔√⁹ 

⌐ ⌐╟╢ ─ ╩ ╕ⅎ≡ ─Ɫ▬♪꜡◓ꜝⱨ ≤ ≢

⅜ ⌐ ⅝™Ɫ▬♪꜡◓ꜝⱨ ─ ⌐≈™≡ ╩ ™√ ─ ⅔╟┘

ꜞ☻◒⌐ ∆╢ ╩ ™ ╩ ↑╢ ─№╢ ╩ ∆╢⌂≥

⌐ ⇔√⁹↕╠⌐ 5 ≢│ 2016 8 ─ ≢│ ─ ╙ ╕∫≡

─ ה ⅜ ─ ⌐╕≢ ⇔≡ ╩ ⅝ ↓⇔√≤™℮ ⱪ꜡☿☻⅜

↕╣╢↓≤ 24)⌂≥ ╩ ╕ⅎ ⅜ ↕╣≡™╢⌐╙ ╦╠∏ ⅜ ה ↕

╣╢ ⌐≈™≡ ⌐╟╡ ╩ ╖√⁹↓╣╟╡ ╩ ∆╢ ─

╟℮⌂ ⌐⅔↑╢ ╩ ∆╢ ≢ ⅔╟┘ ─ ⅜≥─╟℮⌐ ∆

╢⅛╩ ⇔√⁹ 6 ≢│ 2 ⅛╠ 5 ╕≢─ ⅔╟┘ ─ 4)25)26)⌂≥╩

╕ⅎ√℮ⅎ≢ ─ ⌐⅔↑╢ ꜞ☻◒─ 1-12 ⅔╟┘ ⌐ ∆╢

─ ╡ ⌐≈™≡─ ⅔╟┘ ╩ ∫√⁹ 7 │ ≢№╢⁹ 

 

   
 1-12  

3 4 5  
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2  ─ ≤ ⁸2016 9 ⌐⅔↑╢ ≤ ─  
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2  ─ ≤ 2016 8 ⌐

⅔↑╢ ≤ ─  
 

2.1 │∂╘⌐ 
 

2016 8 ≢│ 3 ─ 7 11 9 ⅜ ⇔≡ ⇔ ∕─ ∆←⌐ ⅔╟┘

1 ─ 10 ⅜ ⇔√↓≤≢ ⌂ ⅜ ⌐╙√╠↕╣√⁹⌂⅛≢╙

─ ≢│ 10 ⅜ ⇔√ 1 ─ ⌐ ⌐ ⅜ ⇔ ≢ ─

─ ─ ⌂ ⅜ ⇔√⁹ │ ⌐

⌐ ⇔√ ╛ ⌐⅔↑╢ ╛ ─ ─ ⌐ ╦∫√

⅜№╢⅜ ─ 2016 ≢│ ─ ╛ ╩ ⅎ╢▬fiⱤ◒♩─№╢

⅜ ⇔√↓≤⌐ ∆╢ ⅝≤ ⌐╟╢ ─ ┼─ ╙ ╘≡ ─

│≥─╟℮⌐№╢═⅝⅛╩ ⅎ╢ ╩ ╘≡ ⅛↕╣√⁹ 

∕↓≢ ↓─ 2 ≢│ 3 ─ ⌐ ∟ ⌐ ─ ╩ ∆╢√╘

⌐ ⌐ ⇔≡ 2.2 ⌐ ─ ≤ ╩ ⇔ 2.3 ⌐ ─ ≤

⌐ ∆╢ ⌐≈™≡ ⇔√⁹↕╠⌐ 2.4 ≢│ ∆╢ ⌐⅔↑╢

─ ≤⇔≡ ─ ≢№╢ 2016 8 ╩≤╡№→ ─

∆╢ ⌐⅔↑╢ ⌐≈™≡ ≤ ⇔⌂⅜╠ ─

╩ ∫√⁹⌂⅔ ─ ⌂ ≢№╢ ⌐≈™≡│ 3

⌐≡ ─♃כ♦ ⅔╟┘ ⌂ ╩ ∆╢⁹ 

 

 

2.2 ─ ≤  

 
│ ─ ⌐ ∆╢ ⌐ ╣ ╗ ≢№╡ 740km2 94

⌐ ┬ ≢№╢ 2-1 ⁹ │ 1,932m ╩ ≤⇔ ⌐≈ↄ╠╣√

≢№╢ ♄ⱶ⌐ ╣ ╪∞ ╩ ⇔≡ ╣ ┼≤ ∆╢⁹ 

│⅛≈≡ ⌂ ╩ ∆╢ ≢№╡ ™ ≤ ⅝ↄ ∆╢ ─ ╩

∆╢ ≢№∫√ 2-2a ⁹⇔⅛⇔ ≢│♄ⱶ─ ⅔╟┘ ┼─ ─

⌐╟╡ ∕─ │ ⇔≡™╢⁹ ≢│ 1950 ╟╡ ⌐╟╢ ⌐╟∫≡

─ ─ ╩ ∆╢╟℮⌐ ─ ⅜ ↕╣√⁹╕√ 1970 ╟

╡ ─ ⅔╟┘ ⅜ ╦╣ ─ ⅜ ↕╣≡⅝√ 1 ⁹↓╣╠⌐ ™
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≢│ ╛ ⅜ ⇔ ⌐ ≢ ⌐ ⅜ ∆╢ ┼≤

⇔≡™╢ 2-2b ⁹  

─╟℮⌂ ≢│ ⌐ ─ ⅜ ↄ ─ ⅜ ™√╘ ╛

 
 2-1 2-2  

 
 2-2 KP15.0 KP21.0  

a) 1947 10 21 b) 2002 10 25  



2  ─ ≤ ⁸2016 9 ⌐⅔↑╢ ≤ ─  
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⅜ ╩ ↑╛∆™ 2) ⁹↓─√╘ ה ה 2) ⅜ ═╢≤⅔╡ ≤⌂╢

─ │ ≢ ─ ╩ ↄ ≈╟℮ ™ ≢ ↄ ⌐ ⇔ ╢╟℮⌂

≤∆╢↓≤⅜ ─ ≤ ⅎ╠╣≡⅝√⁹⇔⅛⇔ ↓─╟℮⌂ ─ ⅜ ₁

⌐ ⇔≡⅝√ ─ ≢│ ╛ ╩ ⌐╟╢ ⅛╠ ╢√╘ ╣

─ ™ ╩ ⅛╠≢⅝╢∞↑ ∆╟℮⌐ ╩ ⇔ ╦∑≡ ─ ╩ ╢

─ ⅜ ↄ⌂∫≡⅝≡™╢ 2) ⁹ ─ ⌐≈™≡╙ ⌡ ─≤⅔╡≢№╢⁹√∞⇔

─ │ ⌐ ↕╣√╙─≢│⌂ↄ ─ ╡ ⅝⌐╕⅛∑√ ≤ ⅎ╠╣╢⁹

⅜ ↄ ╩ ⌐ ≢⅝√↓≤⅜ ≤ ↕╣╢⅜ ─ ⌐⅔™≡

⌐ ⅜│∂╘╠╣√ ≢│ ⌐ ™ ╩ ≈ ╩ ∆╢ ≤⇔≡─

⅜ ⅎ╠╣≡™√⁹ 

≢│ ─ ⅜ ↕╣√ ₁⌐ │ ╪≢™√╙── 2010 ╕≢

⌂ ⌐ ℮ │ ↕╣⌂⅛∫√⁹⇔⅛⇔ 2011 9 3 ⌐ ∆╢

 42 ─ ⌐⅔↑╢ ⅜ ∂ ≢│ ─ ⌐

℮ ⅜ ⇔ KP18.2 ⌐⅔™≡ ─ 2-3 2-4 ⅔╟┘ KP15.6

≤ KP17.6 ⌐≡ ╕≢ ╠⌂™╙── 2-3 ⅜ ∂√ 3)4)5)6)7)⁹ 

2-5 ⌐ ⌐⅔↑╢ 2011 ╕≢─ ─ 1 ⅛╠ 3 ╕≢╩

∆⁹ ╟╡ ⌐⅔↑╢ ─ 1 │ 2003 725m3/s 2

│ 1981 687m3/s ≢№╡  42 ─ ╙∫≤╙ ⅝⌂ ─ ⅜ ∂√ 2011

 

2-3 2011 9 20m  
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9 │ 2003 ╛ 1981 ⌐ ═≡Ⱨכ◒ ⅜ ↕™ ⅜  

⇔√↓≤⌐ ⅜№╢≤ ⅎ╠╣╢ 7)⁹ 

ה 7) │ ↓╣╠─ ╩ ≤⇔ ─ ─ ╩ ≤ ⇔

─ KP0.0~KP30.0 ─ ⌐⅔™≡ ─ ─ ╩ ⌡ ╦∑╢↓≤≢

↔≤─ ╩ ⇔≡™╢ 2-6 ⁹ ╠─ ⌐╟╢≤ ⌐⅔↑╢ 20m

─ │ 1981 ≢ 31 ⅛ 2003 ≢ 30 ≢№∫√↓≤⌐ ═ 2011 ≢ 47

≤ ⌐ ⇔√⁹⌂╠┘⌐ ⅜ 60m ╩ ⅎ√ │ 1981 ≤ 2003 ≢│ ⅛ ⅛

≢№╢⅜ 2011 ≢│ ⇔√⁹╕√ ─ ⅜ ⇔√ ≢│ 80m ─ ⅜

⇔≡™√↓≤╩ ⇔≡™╢⁹↓╣╠─ ⌂ ⌐⅔↑╢ ─ ≤

⌐≈™≡│ ⌐ ≈╙─ ⅜ ╦╣ ─ ™

⌐≈™≡│ ⅜ ↕╣≈≈№╡ 2.3 ⌐≡ ∆╢ ₁ ─ ⌐ ∆╢ ⅜ ╦╣≡

⅝√⁹ 

⇔⅛⇔⌂⅜╠ 2011 9 ⌐ ⇔√ ─ ≢│ 2016 8 ⌐ ─

╩ ⇔√⁹ ≢│ ⌐⅔™≡ ╛ ⅜ ┘ ∂√↓≤⌐ ⅎ

⅔™≡╙ ⅔╟┘ 7 ⅛ ⌐⅔╟┬ ⅜ ∂√ 1-1 8),9)⌂≥⁹↓─ 2016

8 ⌐╟╢ ⅔╟┘ ─ ≈™≡│ 2.4 ≢ ─ ⌐≈™≡ ╩

℮⁹╕√ ─ ≤⇔≡ ⇔√ ⌐≈™≡│ 3 ⌐≡ ─♃כ♦ ⅔

 

 

2-4 2011 9 KP18.0  

a) 2010 8  

b) 2011 9 7  

b)
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╟┘ ╩ ™√ ⱪ꜡☿☻⅔╟┘ ─ ╩ ℮⁹ 

 
 

2.3 ─ ≤ ⌐ ∆╢  

 

↓↓≢│ ≤ↄ⌐ 2011 9 ⌐╟╢ ─ ⅔╟┘ ─ ⌐ ⇔

⌐≡ ↕╣≡⅝√ ≢ ∆╢ ⌂ ⱪ꜡☿☻⅔╟┘

≢─ ╩ ∆⁹ 

 

2.3.1 ≤  

⌐⅔↑╢ ─ ⅔╟┘ ─ ∕╣╠⌐ ╩ ⅎ╢ ╛ ⱪ꜡

☿☻⌐ ∆╢ │↓╣╕≢ ↄ ↕╣≡™╢ 10)11)12)13)⌂≥⁹⇔⅛⇔⌂⅜╠ ╩ ╣

╢ ╛ ─╟℮⌂ ≤ↄ⌐ ⌐⌂∫≡ ╛∕╣⌐ ℮ ⌐╟

 

2-5 , 

 1981 8 687.23m2/s  

 

 

2-6 KP0.0 KP30.0  

7  
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∫≡ ⅛╠ ⇔√ ┼≤ ⅜ ⇔√╟℮⌂ ⌐⅔↑╢

─ ≢─ ⅔╟┘∕╣⌐ ℮ ╛ ⌐ ╢ⱪ꜡☿☻⌐ ∆╢

│ ╠╣≡™╢ 3)4)5)14)15)⌂≥⁹ 

⌐⅔↑╢ ≢─ ⌂ ⅔╟┘ ꜞ☻◒⌐ ⇔√ ≤⇔≡

╠ 4) ⅔╟┘ ה 14) │ ⅔╟┘ 2 ה╣ ╟╡

─╟℮⌂ ה 16) ─ ⌐⅔™≡ ⅜ ∆╢ ⌐⅔

™≡ ╩ ≤⇔√ ─ ⱪ꜡☿☻⌐≈™≡ ╩ ∫≡™╢⁹ ╠─

≢│ ≢│ ╩ ⅎ√ ⅜ ⅝™╒≥ ╩ ≢⅝∏

⌐ ╢↓≤╩ ⇔≡™╢⁹↓╣│ ─ ╛ │ ╛ ⌂≥─ ─

™ ≢ ↕╣≡⅔╡ ⌐ ™ ™ ⅜ ↄ↓≤≢ ⌐ ↕╣╢√╘≡№╢⁹

╕√ ╠ 4) │ ─╖≢№╢⅜ ─Ɫ▬♪꜡◓ꜝⱨ╩ ⅎ√ ⌐≈™≡╙ ╩

™ ≢│ ⅛╠Ⱨכ◒ ╕≢│ ⅛╠ ₁⌐ ⅜ ↕╣≡™ↄ

⌐№╡ ╩ ℮ │ ≥ ∂⌂™⅜ ≢│ ⌐ ↕╣√ ─

⅝™ ⌐ ↕╣≡ ╣⅜ ⇔ ⅜ ╩ ™⌂⅜╠ ╩ ↕∑╢↓≤

╩ ⇔≡™╢ 2-8 ⁹≈╕╡ ─╖≢⌂ↄ Ɫ▬♪꜡◓ꜝⱨ─ ╙

─ ≤ ꜞ☻◒⌐ ⅝ↄ ∆╢↓≤╩ ⇔≡™╢⁹ 

↕╠⌐ Nagata et al. 5 │ 2 ה╣ ╟╡ ╩ ⇔√

⅜ ∆╢ ⌐⅔™≡ ─ ⅜ ⌂╢ ⌐≈™≡

─ ╩ ∫≡™╢⁹ ╠─ ≢│ ⅜ 10 ╩ ⅎ╢╟℮⌂ ⌐⅔™≡ ⌐

⅜ ⇔╛∆™↓≤╩ ⇔≡™╢⁹√∞⇔ ≢╙ ↕╣≡™╢⅜ ≢│ ─

⌐╟╢ ╛ ╙ ⌐ ╩ ⅎ╢√╘ ─ ⌐│ ∆╢

⅜№╢≤ ⅎ╢⁹ 

Iwasaki et al. 6) │ 2 ה╣ ╩ ™≡ 2011 9 ⌐⅔↑╢

KP18.2 ─ ⌐≈™≡ ╩ ™ ─ ⌐│ ⌐⅔↑╢ ≢─

─ ⅜ ≢№╢↓≤╩ ⇔≡™╢⁹↓╣⌐╟∫≡ ⌐ ─ ⅜ ∂

─ ⅜ ╗⁹╕√ ↓℮⇔√ ─ ⌐│ Ɫ▬♪꜡◓ꜝⱨ─ ⅜ ≢

№╡ ╠─ ≢│≤ↄ⌐ ⌐ ⱪ꜡☿☻⌐ ℮ ⅜ ╘╠╣≡™╢⁹

∕─ ─ │ ╩№╢ ↕∑╢─⌐ ≢№╢↓≤╙ ⇔≡™╢ √∞⇔

─╟℮⌂ ─ ≢│№╢ ─ ⌐ ∆╢≤ ≡⇔♩♇◌♩כꜛ◦│

⌂ ⌐ ╢ⱪ꜡☿☻╩ ╡ ∆ ⁹ 

↓─╟℮⌂ ─ ⌐ ⇔√ ⌐≈™≡│ ╠ 11) ─ ≢╙ ↕╣≡™

╢⁹ ╠─ ≢│ ⅜ ╕╡ ∕╣≤ ⌐ ─ ⅜ ⇔ ⌐ ─

⅜ ∆╢↓≤╩ ⇔≡™╢⁹ ⌐ ╠ 17) ─ ⌐⅔™≡╙ ╩ ≤⇔√

≢№╢╙── ⇔√ ─ⱪ꜡☿☻╩ ⇔≡™╢⁹ ╠─ ≢│ ╖∟⅜ ╩

→≡ ∆╢↓≤≢ ⅜ ⇔≡ↄ╢≤ ╣│ ⅝⌂ ╩ ∟ ∕─ ⅛╠

⅜ ∆╢╟℮⌐⌂╢⁹↓╣╟╡ ╖∟⅜ ⌐┬≈⅛╡ ╩ ⇔ ⅜ ⅝

↓↕╣╢≤™∫√ⱪ꜡☿☻╩ ⇔≡™╢⁹ 
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─╟℮⌐ ─ ≢│™∏╣╙ Ɫ▬♪꜡◓ꜝⱨ─ ⌐ ⇔≡⅔╡

⌐ ⅜ ∆╢↓≤ ⌐ ─ ≤ ⅜ ╗ⱪ꜡☿☻⅜ ∆╢↓≤╩

⇔≡™╢⁹⇔⅛⇔⌂⅜╠ ™∏╣╙ 2011 9 ─ ╩ ≤⇔√ ≢№╡ 1 ≢

⇔√ ─╟℮⌐ ⅜ ─ 1.5 ╒≥╕≢ ∆╢ ⅛╠ Ⱨ

◒כ ╕≢─ ─ ⅜╟╡ ⅝ↄ⌂╢≤ ↕╣╢√╘ ─ ⌐⅔↑╢ ꜝ▬fi─

♃▬Ⱶfi◓╛∕─ │ ∆╢ ╙ ⅎ ╢⁹ 

∕─ Iwasaki et al. 6) ─ ⌐≡ ↕╣≡™╢╟℮⌐ ─ ≢│

⅜ ⌐ ∆╢↓≤⌐╟∫≡ ⅜ ╖ ⅜ ∆╢↓≤⅜ ╠╣≡™╢

18)19)20)⌂≥⁹↓╣│ ⅜ ╩ ↕∑╢↓≤≢ ╣⅜ ⌐ ∆╢↓≤ ∕╣≤ ⌐

⌐≡ ⅜ chute cutoff ⌐╟╢ ╩ ∆╢↓≤≢ ─ ≤ ⌐

╩ ↕∑╢√╘≢№╢⁹ ─ ≢│ ─≤⅔╡ ┼─ꜘ♫◑ ╩│∂╘≤

∆╢ ─ ⅜ ≢№╢ 2-2 ⁹⇔√⅜∫≡ ⌐≡ ─ ╩ ℮⌐№√╡

─ ╩ ╘√ ╩ ℮ ⅜№╢≤ ⅎ╢⁹ 

 

2-7 4  

 

2011 9  
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2.3.2 ─ ≤ ─ ─  

─ ⌐│ 5 ⌐≡ ∆╢ ─ ─╟℮⌐ ─ ≤

─ ∕╣⌐ ℮ ╕≢ ∆╢ ⅜№╢ 2-3 ⁹⇔⅛⇔⌂⅜╠ ─ ╣⌐╟

╢ ─ ╛ ⅔╟┘ ⌐ ╢╕≢─ⱪ꜡☿☻⌐ ∆╢ │ ⌂ↄ ⌐⅔↑╢

ꜞ☻◒╩ ∆╢ ⌐ ∆═⅝ ⌐ ⇔≡│ ─ ╙ ™⁹ 

╕∏ ⌐╟╢ ─ ≤⇔≡│ ─ ⅔╟┘ ─ ⌂≥─ ⌐

⅔↑╢ ╛ ≤ ⅛╠─ ה ╘ ⌂≥─ ⌐╟╢ ⌐ ↕╣

╢ 21)⁹ ⌐≡ ≢ ↕╣√ ─ │ ─♃▬ⱪ≢№╢ 2.4 ⌐≡ ⁹↓╣│

╠ 21) ⌐╟╢≤ ⅛╠─ ─ ≤ↄ⌐ ┼≤ ⇔√ ╣⅜ ╩ ∫

≡ ⌐ ∆╢ ⌐⅔™≡ ≤⌂╢ ≢№╡ ⅜ ↕ↄ≡╙ ≤ ≤

─ ⅜ ⅝™ ⌐ ╩ ∆╢ ⅜ ⌂ ╩ ∂ ─ ⌐ ╩ ⅎ

╛∆™↓≤╩ ⇔≡™╢⁹ 

─ ≤⇔≡ ה 22)23) │ ─ ≢№╢ ⌐⅔↑╢ 56

8  ⌐ ⇔√ ⌂ ⌐ ⇔ ≤─ ⅛╠ 17 18km ─ ≢ ⅜

⌐ ∆╢╒≥─ ⅜ ↓╡ ⅛╠ ┼─ ≤ ⌐ ⅜

↕╣√ ⌐≈™≡ ⇔≡™╢⁹ ╠─ ≢│ ≢│ ⌐ ⇔√ ⅜

≤ ─ ↕≤⌂╡ ⅛╠ ┼ ⅛℮ ╣ ⌐╟∫≡│ ⅛╠ ┼

⅛℮ ╣ ⌐╟∫≡ ⅜ ⇔≡™╢↓≤⌐≈™≡ ─╟℮⌐ ⇔≡™╢⁹ ⌐

│ ⌐ ═ ⅜ ↕ↄ ╩ ↑≠╠™≤ ⅎ╠╣≡™╢⅜ ⌐ ∆╢

╟℮⌂ ─ ≢│ ≢№∫≡╙ ⅜ ↕╣╢√╘⌐ ─ ⅝⌂ ╛ ⅜

∂╢ ⅜№╢⁹⇔√⅜∫≡ ⌐⅔™≡╙ ╩ ∆╢ ₁ ╩ ≤

╖⌂⇔√ ⅎ ╩ ≈ ⅜№╢↓≤╩ ⇔≡™╢⁹ 
↕╠⌐ ─ ⌐ ⇔√ ⌂™ ≤⇔≡ 24) │ ╩ ≤⇔√

╩ ™ ─ ⌐ ⅜ ↕╣≡™≡╙ ⌐≡ ⅜ ⌐ ↕╣╢

─ ⅜ ∂√ ─⌂™ ≤ ∂╟℮⌐ ╕≢ ≢─ ─╟℮

⌂ ─ ⅜ ∂╢↓≤╩ ⇔≡™╢⁹↓╣⌐≈™≡╙ ─ ה 22) 23) ─ ≤

∂ↄ ─ ⌐ ∆╢⌐№√╡ ₁ ╩ ≤╖⌂⇔√ ╩ ∆

╢ ╩ ∆╙─≤ ⅎ╢⁹ 

∕─ ↓℮⇔√ ⌐⅔↑╢ ╣─ ╩ ™√ ⌂ ╣ ─ ⌐

│ ╩ ⇔√ 3 ⸗♦ꜟ⅜ ≢№╢⅜ 25) ה 26) │ 2 ⸗♦ꜟ

╩ ™ ╩ ⅎ√ ≢ ╠ 25 ─ ה ─ ╩

™ ≤ ≤─ ─ ╣─ ⌐ ℮ ⅔╟┘ ─ ⌐≈™≡─ ╩

⇔≡™╢⁹ ╠─ 26) ⌐╟╢≤ ⅛╠ ⌐ ╣⅜ ∆╢ ⌐ ═ ╣─ ™

╣⅜ ╣⌐ ╢ ⌐ ⅝⌂ ⅜ ∂≡⅔╡ ↓╣⅜ ⌐≡ ⅛╠

⌐ ⅛∫≡ ⅝⌂ ⅜ ⌐ ╣╢ ≤ ⇔≡™╢⁹╕√ ⌐⅔

™≡ ─ ⅜ ⅝™ ≢│ ╛ ─ ⅜ ↕╣╢⅜ ≢─

⅜ ∆╢ │ ⅛╠ ⌐ ╣⅜ ╡ →╢ ≢№╢≤ ↕╣≡™╢ 26)⁹√∞⇔
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│ ╩ ≤⇔≡⅔╡ ─ ╣⌐╟╢ ≤∕╣⌐ ℮ ╣ ─

╩ ⇔≡™⌂™√╘ ─ ╩ ∆╢℮ⅎ≢ ╙ ╢⁹∕─ ╠─

26)≢│ ™ ≤⇔≡ ≢│ ─ ⅝⌂ ⅜ ╩ ⌐ ⌐

∆╢ⱪ꜡☿☻╩ ╡ ⇔≡⅔╡ ─ ╣ ─ ⌐│ ⌐ ⇔√ ╩

∆╢ ⅜ ↕╣≡™╢⁹ ─ ≢ ↕╣╢ ≢│ ↓─ ╣─

⅜≤ↄ⌐ ─ ⌐ ╩ ⅎ╢╙─≤ ⅎ╠╣╢⁹ ─↓≤⅛╠ ⌐⅔↑

╢ ≢│ ⇔™ ┼─ ≤ ⅛╠─ ⅜№╢↓≤ ≢─ ⅜ ⅝

™↓≤ ⅝⌂ ⅜№╢↓≤ ─ ⅜ ≢ ∆╢↓≤≢ ┼─ ⅜

∆╢↓≤⌂≥⌐╟∫≡ ⌐ ∆╢ │ ⅝ↄ⌂╡ ─ ╛ ─ ↕

╠⌐│ ╕≢ ╢ ה ╩ ↑╢ ⅜№╢↓≤┼─ ⅜ ≤ ⅛╢⁹⇔√⅜∫

≡ 27) 28) │ ≤ ⅎ╢  

 

2.4 2016 8 ⌐╟╢ ─ ≤ ─  

 

↓↓≢│ ∆╢ ─ ≤⇔≡ ─ ≢№╢ 2016 8

╩≤╡№→ 3 ≢─ ┘╟⅔♃כ♦ ╩ ™√ ⌐ ∟ ─ ⌐

⌐⅔↑╢ ≤ ─ ⌐≈™≡ ─ ╛ ≤ ⇔⌂⅜╠ ╩ ∆⁹

⌂⅔ ─ ⌐≈™≡│ 2-1╩ ↕╣√™⁹ 

 

2.4.1  

2-8⌐ ─ ⁸⅔╟┘ ⌐⅔™≡ ↕╣√ ─ ╩

2-9 ⌐ ⅔╟┘ ⌐⅔↑╢ ⅛╠ 2018 ╕≢─ ╩ ∆⁹

2-8 ╟╡ 2016 ≢│ ─ ⅜ ↕╣√↓≤⅜ ⅛╢⁹╕√ 2-9⌐╟

╢≤ ─ ⌐ ∆╢ ≢│ 2016 8 ⌐ 74.45m ⅜

 

2-8  

 



2  

 

  

26 

↕╣ │∂╘≡ 74.3 m ╩ ⅎ≡™√↓≤⅜ ⅛╢ √∞⇔ ≢─

─ ⌐╟╡ │ ╩ ⅎ≡™⌂™↓≤⅜ ↕╣≡™╢ ⁹∕─ ≢ ⌐

∆╢ ≢│ 2016 8 ─ │ 1981 ╩ ⅎ≡⅔╠∏

207.30m ⌐╙ ⇔≡™⌂⅛∫√↓≤⅜ ↕╣≡™╢⁹ 

2-10⌐ 2016 8 ⌐⅔™≡ AMEDAS ⌐╟╡ ↕╣√

⅔╟┘ ╩ ∆⁹ 2-10⌐╟╢≤ 3 ─ ⌐ ⌐╟╢ ↕╠⌐ 1 ─

⌐╟∫≡ ─ │ 2 ≢ 800mm ╩ ⅎ≡™╢⁹ ─

⅜ 888mm ≢№╢↓≤╩ ╕ⅎ╢≤ ⌐ ─ ⅜ ⌐ ∂√≤ ⅎ╢⁹↕╠⌐

AMEDAS ─ 2-10 ≤ 2-10 ╩ ∆╢≤ ─ │ ─

≢№╢ ⌐⅔™≡ ≢№∫√↓≤⅜ ⅛╢⁹ 

2-11⌐ 2016 8 ⌐⅔™≡ ⅔╟┘ ≢ ↕╣√ ⅔╟┘

Ɫ▬♪꜡◓ꜝⱨ╩ ∆⁹ 2-11⌐ ∆ ─ ≤ Ɫ▬♪꜡◓ꜝⱨ╩ ∆╢≤

─ 4 ─ ⅜ ≢⅝╢⁹ ─ ─ ≢ Ⱨכ◒│ 4 ─ ≢ ↕╣ ↓─

≢№∫√ 4 ─ ⌐╟╡ ─ 2.4.2 ≢ ═╢ ╡ ⌂ ≤ ⅜

⌐ ⇔√⁹ 

 

2-9  
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2.4.2 ⌐⅔↑╢  

2-12 ⌐ 2016 8 ⌐≡ ─ KP0.0~KP30.0 ≢ ⇔√ ╩ ∆⁹

─ ≢│ ─ KP21.2 ≢ 4 ─ ⌐ ─ ⅜ ↕╣√⁹╕√

─ ≢ ─ ╛ ─ ⅜ ↕╣√⁹ ≤ ─♃▬Ⱶ

fi◓⌐ ⇔≡│ 2011 9 ≤ ∂ↄ ⌐⅔™≡ ⇔ ⌐ ∫√ ⅜ ≢

 

2-10 2016 8 ⌐⅔↑╢ AMEDAS  

⌐╟╡ ↕╣√ ⅔╟┘  

 

 
2-11 2016 8  
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↕╣≡™╢⁹ 

2-13 ╟╡ ─ ╩ ∆╢≤ ⌐⅔™≡ ⅜ ⅝ↄ ⇔≡™╢↓≤⅜

⅛╢⁹ ≥╢╟⌐♃כ♦ ⌐⅔↑╢ ⌂ │ 170m ⌐╙ ╪∞⁹↓

╣│ ⌐ ═ 2016 8 ─ │ ⌐ ⌐ ╪∞√╘≤ ⅎ╠╣≡™

╢ 29)30)⁹ ╠ 29)30) │ ─ ⌐⅔↑╢ ─ ≤ ─ ─ ╩

⇔ ─ ≤ ≤ ─ ⌐≈™≡─ ╩ ™ ⌐ ≢│

≢ ⅜ ↕╣╢↓≤╩ ⇔≡™╢ 2-14 ⁹↓─ ╟╡

⌐│ ⅛╠ ⇔√ ─ ⅜ ⇔≡™╢↓≤ ⌂╠┘⌐ 22)23) ⅜ ∆╢

 

2-12 2016 8 20m 28  

 

2-13 2016 8 KP21.2  
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╟℮⌐ ⅜ ∆╢↓≤≢ ┼ ⅛℮ ╣⅜ ↕╣√↓≤⅜ ⅎ╠╣ ─ ≢│

⌐ ⌂╢ ⅜ ╗↓≤≢ ⌐ ∫√╙─≤ ↕╣≡™╢⁹√∞⇔

╠─ 29)30) ≢╙ ↕╣≡™╢⅜ ⌐ ─ ⅜ ⇔╛∆™ⱷ◌♬☼ⱶ⅜

∆╢ 2-15 ≤⇔≡╙ ─ ─╟℮⌐ ⅜ ⅝™ ╒≥ ⅜ ⅝ↄ

⅛≈ ─ ─ ╙ ⌐ ⅝ↄ⌂╢↓≤╩ ╕ⅎ╢≤ ∏⇔╙ ∞↑⌐

⅜№╢╦↑≢│⌂™↓≤⌐ ∆╢═⅝≢№╢⁹ 

™≡ 2016 8 ⌐⅔↑╢ KP0.0~KP30.0 ≢ ↕╣√ 29)30)

╩ 2-16 ⌐ ∆⁹↓╣│ ⇔√ 2011 9 ⌐⅔↑╢ 6 ≤ ⌐ ─

 
2-14 2016 8 ,KP0.0 KP30.0  

29)30)  

 

 

2-15 KP21.2 2016 8  

⌐⅔↑╢ ≤ 29), 30)  
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─ ╩ ≤ ⇔ ─ ⌐⅔™≡ ─ ─ ╩ ⌡ ╦∑╢↓

≤≢ ↔≤─ ╩ ╘√╙─≢№╢⁹ 2-17≤ 2011 9 2-6 ≤ ═╢≤

2016 8 ≢│ 100 200m ─ ⅜ ≢ ⇔≡⅔╡ ⌂ │ ∕─

╙─⅜ ⅝™╒≥ ∆╢↓≤⅜ ⅛╢⁹ 

─ ≢│ ─ ╩ ≤⇔ ─ ⅛╠ ⌂ ╩

80m ≤ ⇔≡™╢ 31)⁹⇔⅛⇔ 2016 8 ⌐ ↕╣√ 2-16 │

─╖⌂╠∏∕╣ ─ ⌐⅔™≡╙ 80m ╩ ⅎ≡⅔╡ ╩ ⇔√

╩ ⅎ╢⌐№√╡ ─ ─ ⅎ ─ ה⇔ ⅜ ≤⌂╢⁹ 

 

2.5  

 

2016 8

 

 2016

2011 2003 1981

 

 

 

 

 

2-16 2016 8 KP0.0 30.0 29)30) 
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3  2016 8 ⌐⅔↑╢ ⌐⅔

↑╢ ⌂ ⱪ꜡☿☻─  
 

3.1 │∂╘⌐ 
 

28 8 │ 3 ─ 7 11 9 ⅜ ⇔√↓≤⌐ ⅎ ⌐│ ┘ 10

⅜ ⇔ ⌂ ≤⌂╡ ≢ ה ה ה ≢ ⌂ ⅜ ⇔

√ 1)2)⁹ ⌐ ─ ≢│ ↄ─ ⌐⅔™≡ ╩ ╢ ╩ ∆╢

≤≤╙⌐ ─ ─ ⌐⅔™≡ ⌂ ⅜ ⇔ ↓╣⌐ ∆╢ ⅜

⇔√↓≤⅜ ↕╣╢ 3)4)5)6)7)8)9)10)⌂≥⁹↓╣╠─ ⌐⅔™≡ ─ ≤⇔≡ 1

⌐⅔↑╢ ─ ≤∕╣⌐ ℮ ⌂ ─ ⅜ ⇔√↓≤ 2 ─

⌐ ™ ≢ ⅔╟┘ ─ ╛ ─ ─ ⌐ ╛

─ ⅜ ⌐ ⇔√↓≤ 3 ⅜ ╩ ⅎ≡™⌂™⌐╙⅛⅛╦╠∏

⌐╟╡ ⅜ ⇔√↓≤⌂≥⅜№→╠╣≡™╢⁹ 
28 8 ⌐╟╢ ─⌂⅛≢╙ ≢│

⌂ ─ ⌐╟╡ ─ ─ ⅜ ⇔√ 3-1 ⁹ ⅜

⌐ ∆╢ ╩ ∆╢ ─ ⌐⅔™≡│ ─ ─ ╒≥≢⌂™

⌐⇔╤ ─ ⅜ ↄ ⇔≡⅔╡ √≤ⅎ┌ ≢│↓╣╕≢ ╩ ™

 
 3-1 2016 8 7   

2016 9 1 , ) 2016 10 19  
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√ ⌂ ─ ⌐ ≠ↄ ─ ─ ⅜ ╦╣≡⅝√ 11)⁹⇔⅛⇔⌂⅜╠ ─

─ ≢│ ⅜ ≢№∫≡╙ ─ ⌐╟╡ ∆╢↓≤

⅜ ╘≡ ↕╣ ─ ⌐⅔™≡↓╣╕≢ ⌐ ─ ⌂ ─ ╩ ╕

ⅎ╢↓≤⅜ ≢№╡ ⌐ ⌐ ℮ ╛ ─ ⌐╟╢ ╛ ─ ⱷ◌♬☼ⱶ⌐

∆╢ ─ ה ╩ ╡ ─ ╩ ∆╢ ─ ⅜ ≤ ⅎ╠╣√⁹ ≢

│ ⌐⅔↑╢ ─ ⌂ ⌐ ∆╢ │ ⌐ ╠╣≡⅔╡ 4)5)6)⌂≥ ≤ↄ⌐

⌐⅔™≡₈™≈₉₈≥↓≢₉₈≥─ↄ╠™─ ₉─ ⅜ ∆╢─⅛╩ ⌐ ⇔

ꜞ☻◒╩ ∆╢ ⌐│ ∫≡™⌂™⁹ 

╠ 12) ╛ Iwasaki et al. 13) ╠ 14 ─ 2011 9 ╩ ≤⇔√ ≢│

─ ─ ™ ≢│ ⌐ ⅛╠ ⌐⅛↑≡ ⌐

⇔√ ⌐ ↕╣ ╣⅜ ∆╢↓≤≢ ⅜ ╩ ™⌂⅜╠ ╩ ↕

∑ ─ ⌐ ╢ ⅜№╢↓≤⅜ ↕╣≡™╢⁹╕√ Nagata et al. 15) │ ⌐⅔

↑╢ ₁ ─ ⅜ 10 ╩ ⅎ╢ ⅛╠ ╩ ∆╢ ⅜ ∆╢ ╩

∆↓≤╩ ⇔≡™╢⁹⇔⅛⇔⌂⅜╠ ⅜ ↕╣√ ⌐ ═≡

₁ ⅜ ↄ⅛≈ ↕╣√ ⌐ ∆╢ │ ≥ ∑∏ ⱪ꜡☿☻

≤∕╣⌐ ℮ ꜞ☻◒╩ ╠⅛⌐∆╢↓≤│ ∞ ⌂ ⇔≡ ↕╣≡™╢⁹∕↓≢

≢│ ⇔≥☻כ◔ꜟ♦⸗╩ ⌐♃כ♦ ≠™≡ ≤ ─ ⌂≥

╩ ∆╢↓≤≢ ╩ ∆╢≤≤╙⌐ ╩ ∆╢ ╩ ∆╢↓≤

≢ ⌐⅔↑╢ ─ ─ⱪ꜡☿☻⌐≈™≡ ⇔√⁹ 

  

3.2 ≢ ⇔√  

 
─ │ 500km2 1/120 200m

∂╡ ─ ≢ ↕╣╢ ≢№╡ ─ ⌐│ ─ ♄ⱶ⅜ 1956

⌐ ↕╣≡™╢⁹↓↓≢│ ⌐⅔™≡ ─ 7 ⅛ ⌐ ∫≡ ⇔

√ ╩ 3-1 ≤⇔ ─ ╩♃כ♦ ™≡ ─ ─ ⅔╟┘

⌐≈™≡─ ╩ ∫√⁹ 

 

3.2.1 ─  

3-2⌐ ─ ─ ≤ ╩♃כ♦ ∆⁹╕√ 3-3⌐

─ ⌐⅔↑╢ ─ ─ ⅜ ⅛╢ ╩ ∆⁹ 3-2 ⅔╟┘ 3-3

╩ ∆╢≤ ─ ─ 3-3-ᵑ, 2016.8.7 │ ⅜ ⇔√ ⌐

⅔™≡№╢ ─ │ ≢⅝╢╙── ─ ╙ ╕∫≡ ⇔√ ─ ≢№

∫√⁹  4 ─ ╡╟⌐fiכ꜡♪⌐ ↕╣√ 3-3-ᵓ 2016.9.15 ≢│

⌂ ⅜ ∆╢≤≤╙⌐ ⅜ ⇔ ⌐ ⌐ ┬ ⌐╕≢

╪∞ ─ ⅜ ≢№╡ ⌂ ─ ⅜ ⇔ ─ ⅜ ⇔√↓≤⅜  
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≢⅝╢⁹∕↓≢ ⅜ ∆╢ ≢№╢ 3 ─ ─ ╩ ∆╢≤ 3-3-

ᵒ,2016.8.24 ≢│ ⅜ ≢⅝ ─ ─ ╛ ─ ⅜

↑╠╣╢╙── ╕∞ ╕≢ ╢╟℮⌂ ─ ╛ │ ≢⅝⌂™⁹↓─↓≤⅛╠

─ ⌂ ─ │ 4 ─ ⌐╟∫≡ ⌐ ⌐ ⇔√↓≤⅜ ╠⅛≢№

╢⁹ 

⌐╟╢ ─ ⌐≈™≡ ↕╣√ 3 ─☺כ♥☻ ╩ ™ ⅜

 

3-2   

 [2016 8 7 9 18 3-3 ] 

 

3-3  

 2016 8 7 Google map  

 2016 8 24  

 2016 9 15 UAV  

Ὠᵗᴷ

● Ệ◌ ‹Ệ
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400Ή0

Flow

2016.8 .7 Google-map

ᵒ 2016.8.24 ◖fi◘ꜟ♃fi♩

2016.9 .15
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╒╓ ≢ ─ 200 m ≢№╢↓≤⅛╠ ╩ ≤⇔≡ ─ ≤

─ ─ ⅛╠ ─ ╩ ⇔√⁹ 3-4 ⌐ ᵑ ᵒ3 ᵓ

─ ─ ┘ ╩ ⌐ ∆⁹╕√ 3-5⌐↓╣╠─ ╩

⌡ ╦∑√ ╩ ∆⁹ 

╟╡ ™∏╣─ ⅛╠╙ ─ ─ │ 3 ╕≢│ ⌂ ⌐ ╕∫≡™╢

 

3-4 3  

 

 

3-5 , )  

 

Appendix3-1  
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↓≤⅜ ⅛╢⁹⇔⅛⇔ 4 ─ ⌐╟∫≡ │ ⅛≈ ⌐ ⇔ ה ─

⅜ ⌐ ⇔√↓≤⅜ ─ ─ ≤⇔≡ ≢⅝╢⁹ ⌐≈™≡│ │

─ ≢№∫√⅜ 4 ─ │ ⌐ ⇔√↓≤⅜ ⅛╢⁹↓╣│

─ ⅜ ─ ≤ ⌐ ⇔√√╘ ─ ⅜⅛≈≡─╟℮⌂ ⌐ ∫≡™

╢≤ ↕╣╢ 16 ⁹ 

3-1⌐ 3-4⅔╟┘ 3-5╩ ⇔√ ─ ⌐⅔↑╢ ⅔╟┘ ─

╩ ∆⁹ 3-1⌐ ∆╟℮⌐ ⌂ │ ᵑ 63m Ÿ ᵒ 85m (1.35 ) Ÿ ᵓ 160m (2.54

)╕≢ ⇔√⁹ ╠⅛♃כ♦ 4 ─ ⌐╟╡ ⌐ ⅜ ╪∞↓≤⅜ ⅛╢⁹

─ ⌐≈™≡╙ ᵑ 152m Ÿ ᵒ 211m (1.39 ) Ÿ ᵓ 298m (1.96 ) ≤ ≤

⌐ ⌐╟╡ ⌐ ⇔≡™╢⁹ ─ ─ ⌐≈™≡│ ⌐≈™≡│ ∏⇔

╙ ≢│⌂™⅜ │ ⌡ 700m ≢№╡ 3 ≤ 4 ≢╒╓ ─ ≢№∫√

≤ ↕╣ ⌂ │ ≢⅝⌂⅛∫√⁹ 

 

3.2.2  

3-6⌐ ─ ╩ ∆⁹ │♃כ♦─ H25 ─╙─╩ ⇔≡™╢⁹

╟╡ ≤ ╩ ∆╢≤ ┼─ ⌂ 2 m │ ⅜ ∂√

─ ↄ⌐ ⇔≡™╢╟℮⌐ ⅎ╢⁹↓╣│ ⌐ ⅛╠ ↕╣√ │ ↄ─

⌐ ⇔√↓≤╩ ∆╙─≤ ⅎ╠╣╢⁹ 

3-1  

 

 

3-6  

H25 , 2016 8  
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3.2.3 ─  

3-8⌐ ⌐⅔↑╢ ─ ─ ─ ⅛╢ ╩ ∆⁹ ─ ≢│

⅜ ↕╣≡™√⅜ ∕─ ⅜ ה ⇔≡™√↓≤⅜ ↕╣≡™╢⁹↓─↓≤

│ ⌐ ⅜ ⇔≡™╢⌐╙ ╦╠∏ ∕╣╩ ╡ ⅎ≡№╢™│ ⇔≡

⌐ ∫√↓≤╩ ∆╙─≢№╢⁹↓─ ⌐≈™≡│ ─ 5 ⌐≡ ╘≡ ╩ ℮⁹ 

3-9⌐ ⌐⅔↑╢ ─ ╩ ╣√ ─ ╩ ∆⁹ ≢─

≢│ ⌐⅔↑╢Ⱨכ◒ │ ╟╡ 1.2 1.6 m ⇔≡™√╙──

│ ⇔≡™⌂™↓≤⅜ ↕╣≡™╢⁹↓─↓≤⅛╠ ⇔√ │Ⱨכ◒ ⌐│

╕∞ ⇔≡ ╩ ⇔≡⅔╡ ╩ ™∞≤ ⅎ╢─⅜ ≢№╢⁹ Ⱨכ◒╩ ⅞√

⌐≈™≡│ ─ 12)13)14)⌂≥⅛╠ ∆╢≤ ─ ≤≤╙⌐ ─

⅜ ⇔ ─ ⌐ ∫≡ ╣─ ⅜ ╕╡ ─ ⅔╟┘ ⌐ ╢≤™℮

ⱪ꜡☿☻≢№∫√≤ ↕╣╢⁹⇔⅛⇔ ↓╣╠─ ─ │ ╩ ≤⇔≡

⅔╡ ⅜⌂− ╩ ∆─⅛⌐≈™≡ ⱪ꜡☿☻╩ ╠⅛⌐∆╢↓≤│ ∞ ⇔

≡ ↕╣≡™╢⁹ ∕↓≢ ≢│ ⇔≥☻כ◔ꜟ♦⸗╩ ╩ ∆╢

╩ ∆╢↓≤≢ ⌐⅔↑╢ ─ ─ⱪ꜡☿☻⌐≈™≡ ⇔√⁹ 

 

 

3-8 UAV   

a) UAV  b) UAV   

 

3-9 ( )  

3-4 3-5  
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3.3 ⌐╟╢ ⌐⅔↑╢ ─  

 

≢ ⇔√ ה ─ ╩ ⌂ ≤⇔ ─ ╛ ─

⌐╟╢ ╛ ─ ⱷ◌♬☼ⱶ⌐ ∆╢ ─ ה ╩ ╢↓≤╩ ≤⇔ iRIC 

Nays2D ⸗♦ꜟ 17)18)⌂≥ ╩ ™√ ⌐╟╢ ╩ ∫√⁹ 

 

 

3.3.1 ⸗♦ꜟ iRIC Nays2D ⌐≈™≡ 

⌐ ™√ Nays2D │ ╠⅜ ≤⌂∫≡ ⇔≡™╢

⌐ ∆╢ ₁⌂ ─ ╛ ⌐ ⌂⸗♦ꜟ≢№╡ ₈ ≢ 2

╣≤ ╩ ∆╢ ⸗♦ꜟ₉╩ ≤⇔≡ ⸗♦ꜟ╛ ⸗♦ꜟ ╩

ⅎ√♁ꜟⱣ≢№╡ ⅜ⱪכꜟ◓ ∆╢ ╛ ꜟכ♠ ─ ⌐ ∆╢

iRIC GUI ⌐ ╖ ╕╣√ ≢ ↕╣√ⱨꜞכ♁ⱨ♩ 17)18)⌂≥ ≢№╢⁹ ⌐ Nays2D ⸗♦ꜟ

╩ ⇔≡™╢ ⅔╟┘ ╩ ∆╢√╘⌐ ™√ ⸗♦ꜟ╩ ∆╢≤

⌐ ─ ⌐≡ ⇔√ ⌐⅔↑╢ ⸗♦ꜟ⌐≈™≡ ∆╢⁹⌂⅔ ⸗♦ꜟ

─ │ (x, y)╩ ↕╣√ (ɕ, ɖ ⌐ ↕╣≡™╢⁹ 
 

╣  

ₒ ₓ 

0
hu

t J
uhh

J J
x h

x h
å õ å õå õ + + =æ ö æ öæ ö

ç ÷ ç

µ µ

÷ çµ ÷

µ
µ µ

       (1) 

ₒ ₓ 

1 2 3

u u u
u u u u u u u u

t
x x x

x h x x x h h hx h
a a a+ + + + +

µ µ µ

µ µ µ
 

22 H H
x y x x

g
y y

x x x h x h
x h

å õ å õµ µ µ µ µè øå õ å õå õ å õé ù= - + + +æ ö æ öæ ö æ ö
ç ÷

µ µ µ
æ ö æ ö

ç ÷æ öµ µ µ µ µ µ µ µç ÷ç ÷é ùç ÷ ç ÷ê ú  

2 2
f F

D
y y x x h

C u
u u u u

hJ Jx
xx

x h x h
h x h x

r
å õµ µ µ µå õ+ + -æ ö æ öµ µ µ µ

-
÷÷

+
ç

- -
ç

  (2)
 

4 5 6

u u u
u u u u u u u u

t
h h h

x h x x x h h hx h
a a a+ + + + +

µ µ µ
µ µ µ

 



3  

 

  

42 

22H H
x y

g
x y y x

x h x h h h
x h

å õå õµ µ µ µ µ µ µ µ
æ öæ ö æ öµ µ µ µ µ µ µ

è øå õ å õå õ å õé ù= - + + +æ ö æ öæ ö æ ö
ç ÷ ç ÷é ùç ÷ ç ÷ê µ÷ ç úç ÷  

2 2
f F

u u D
y y

C u
u u

hJ x x hJ
h

x
h

h hx h
h x h x

r
å õµ µ µ µå õ+ + -æ ö æ öµ µ µ µ

-
÷÷

+
ç

- -
ç

  (3) 

,u v u v
x y

u
x y

ux h
x x h hµ µ µ
+ =

µ µ µ
+
µ

=
µ

⁷⁷      (4) 

1
x y x yJ

x h h x
µ µ µ µ
µ µ µ

=

µ
-

       (5) 

2

1/3f
gnC
h
=         (6)  

↓↓≢ h │ t │ uɕ≤ uɖ│ ─ ɕ≤ ɖ ─ H │ g

│ Ŭ1 ⅛╠ Ŭ6 │ ╩ ⅛╠ ⌐ ⇔√ ⌐ ╣╢

Cf│ ∑╪ Dɕ≤ Dɖ│ ⌐ ↕╣√ ─ Fɕ≤ Fɖ│ ɕ ≤ ɖ

─ ⌐╟╢ ɟ│ ─ u ≤ v │ ─ x ≤ y ─ n │ⱴ

♬fi◓─ ≢№╢⁹ 

Fɕ≤ Fɖ│ ⌐╟∫≡ ↕╣ ─╟℮⌐ ⌐ ≤⇔≡ ↕╣╢⁹ 

 

2 21
2 dv vF u u uC h

y y x
u

x
ux h hx x x

h x h xr l
å õµ µ µ µå õ= +æ ö æ öµ µ µ µç ÷ç

- +
÷

-    (7) 

 
2 21

2 dv v u u u uF C h
y x

u
y xxh h h x h
h x h xr l

å õµ µ µ µå õ= +æ ö æ öµ µ µ µç ÷ç
- +

÷
-           (8) 

↓↓≢ Cdv│ ─ ɚv│ ─ ≢№╡ ─╟℮⌐ ⌐ ∆ ─

≤⇔≡ ↕╣╢⁹ 

v
v

v

v

n d
A

l =       (9) 

↓↓≢ Av│◘fiⱪꜞfi◓◄ꜞ▪ nv│ ─ dv│◘fiⱪꜞfi◓◄ꜞ▪ ─ ─

≢№╢⁹  

 

[ ⸗♦ꜟ─ ] 

≢│ ⌂ ⌐ ⅜ ⌐ ⌂╢ ≢ ∆╢↓≤╩ ∆╢√╘

─⸗♦ꜟ⌐ ╩ ™ ─╟℮⌐ ─ ɚv╩ ─ ≤⇔≡ ⇔√⁹ 
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( )
( )

.

0.0 , 0
re v

v
re v re

const z r

z r z
l
ë <î= ì

² <îí

⁷  ⁷ ⁷⁷

⁷⁷⁷⁷ ⁷
     (10) 

↓↓≢ rv│ ─ ⅜ ∂╢ ex.ꜘ♫◑─ ⌂≥ zre│ ☿ꜟ⌐≡

↕╣√ ≤ ≤╩ ⇔√ ≢№╢⁹ ⸗♦ꜟ≢│ ⇔√ ⌐⅔↑

╢ zre⅜ rv╩ ⅎ√ ∕─ ☿ꜟ─ ╩♀꜡⇔≡™╢⁹↓╣│ ⅜⸗♦ꜟ ≢

∆╢↓≤╩ ∆╢╙─≢№╢⁹ 

 

 

ₒ ₓ 

 ≢ ≤∆╢ │ ╕∂╡─ ⅜ ∆╢ ≢№╢⁹↓╣╟╡ ⌐│

─╖╩ ⇔ ─ ה 19)╩ ™≡™╢⁹ 

3/2 * *
*3

* *

17 1 1bs c cq
sgd

t tt
t t
å õå õ

= - -æ öæ öæ öç ÷ç ÷
       (10) 

↓↓≢ qbs│ ─ ─ Ű*│ Ű*c│

─  20)╟╡ s │ ─ d │ ─ ≢№╢⁹↕╠⌐ ↓↓≢ ╘√

│ ⌐╟╢ ╩ ⇔√ 18)⌂≥ ≤ ─ ╩ ⇔≡ ɕ

≤ ɖ ─ ⱬ◒♩ꜟ⌐ ↕╣╢ 18)21)⌂≥⁹ 
 

─  

ₒ ─ ₓ 

⌐⅔↑╢ ─ ╩ ⌐ ∆⁹ 

1 0
1

b bb q qz
J J Jt

x h

x hl
å õå õ å õå õ + + =æ öæ ö æ öæ ö -ç ÷ ç ÷ ç ÷µç

µ
µ ÷

µ µ
µ

    (19) 

↓↓≢ zb│ qbɕ≤ qbɖ│ ɕ≤ ɖ ─ ─ ɚ│ ─ ≢

№╢⁹ 
 

ₒ ⸗♦ꜟₓ 

≢│ ⌐ ⌐ ╣⅜ ∂ ╡ ℮ⱷ♇◦ꜙ ─ ─ ⅜ ⌐

⌂∫√ ⸗♦ꜟ 3-10 ╩ ⇔√⁹ ⌐│ ╡ ℮ⱷ♇◦ꜙ─ ─ ⅝™

⅛╠ ↕™ ┼ ╩ ∆╢╟℮⌐ ─ ╩ ∫≡™╢ 17)⌂≥⁹ 
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3.3.2  

2 ⸗♦ꜟ⌐│ ─≤⅔╡ ─ ⌐ ™ ⅜ ∆╢

╩ ⇔√ iRIC Nays2D ╩ ™√⁹ │ SP1300 SP8600 ─ 7.3km ≤⇔

⌐│ ─ ╘╠╣⌂™ ╩ ⇔√ 3-1 ⁹ 

╩ 3-2⌐ ∆⁹ ◘▬☼│ ⌐ 7m ⌐ 4m ≤⇔ ─♃▬

ⱶ☻♥♇ⱪ│ 0.2 ≤⇔√⁹ ─ ⌐│ 0.03 ╩ ⅔╟┘ ⅛╠─

⌐│ ╟╡ ╠╣√ dm = 55mm ╩ ⅎ√ 3-11 ⁹ ⌐ ™╢Ɫ▬♪꜡◓ꜝⱨ

│ ╩ ⇔√ 4 ─╖╩ ≤⇔ 3-12 ⌐ ∆ ─ ≢ ╠╣√

╩ ™√⁹ 

ꜘ♫◑ ─ ─ ⌐≈™≡│ ─ ╩ ⌐ ╩ ⇔√⁹

─ ɚv⅔╟┘ ─ rv⌐│ ─ ≢№╢ ⌐⅔↑╢ ─

22)╩  ⌐ ₁╩ 0.03 0.2 m ≢ ⅎ√⁹↓╣╟╡ 2016 8 ─ ╩ ™

⌐ ⌐⅔↑╢ ─ ≤ ─ ╩ ╖√⁹ 

 

3-10 17) 
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 3-2  
⌂   

 SP1300 sp8600 β │ ─ ↕™ ╩  
◘▬☼ 7m, 4m 

≢ ♃כ♦ ╠╣√Ɫ▬♪꜡◓ꜝⱨ  
 ╟╡ ╠╣√ dm 55mm ─  
 0.03 ⱴ♬fi◓─  
ה  ─ 19) β ⅛╠ ╩ ⅎ

─ │ ⇔⌂™  
 ╡ ℮ⱷ♇◦ꜙ ─ ─ ⅜ ⌐⌂╢╟℮⌐

╩  
╠⅛♃כ♦   ╩ ⇔ 0.03 0.2m 

 

 

3-11  

 

 

3-12  

a e  
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3.3.3 ≤  

 

1 ≤ ─ ─  

3-13 ⌐ ─ ◖fi♃כ ─ ⌐ ⌡ ╦∑ ╩ ∆⁹

─ ≤ ╩≥♃כ♦ ∆╢≤ ─ ⌐ ─ ™│№╢╙──

─ ⌐ ™ ≢─ ⅜ ≢⅝≡™╢↓≤ ─ ⅜ 200m ≤

╩♃כ♦ ≢⅝≡™╢↓≤ ─ ⌐ ⅝⌂ ⅜ ∂≡™⌂™↓≤⌂≥⅜ ≢⅝≡

™╢⁹ 

 

3-13 A,B,C 3-18  

  

  

 

 

3-14  
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3-14 ⌐ ─ ⌐⅔↑╢ ≤ ╩ ⌡√ ╩ ∆⁹ 3-14╟╡

│ ≥♃כ♦ ∂ↄ ╩ ⅎ≡⅔╠∏ │ Ⱨכ◒ ⌐ ⇔ ∕─ ─

⌐ ⌐ ╢↓≤⅜ ≢⅝≡™╢≤ ⅛╢⁹↓╣╠─ ⅛╠ ⸗♦ꜟ

│ ⌐⅔↑╢ ─ ⌐ ⌂ ⅜№╢╙─≤ ⇔√⁹ 

 

2 ⌐⅔↑╢ ─ ─ⱪ꜡☿☻ 

3-15 ⅛╠ 3-17⌐ ⌐╟╢ ─ ╩◖fi♃כ ≢ ∆⁹

3-15 ╟╡ ─ ╩ ∆╢≤ │ a ╛ b Ⱨכ◒ ⌐≡ ╙

⅝ↄ Ⱨכ◒╩ ⅞╢≤ ≤ ⌐ ⅜ ↕ↄ⌂╢ ⅜ ≡≤╣╢⁹ ⌐ 3-16╟╡

─ ⌐≈™≡╙ │ a ╛ b Ⱨכ◒ ⌐≡ ╙ ⌂ ╣─

⅜ ™↓≤⅜ ⅛╢⁹ 3-17╟╡ ─ ╩ ∆╢≤ ─

─ │ Ⱨכ◒ ⌐ ⌐ ∆╢ ⅜ ↕╣√⁹≈╕╡ ╟╡ ⅛╠

Ⱨכ◒⌐⅛↑≡─ ⅜ ─ ╛ ⅜ ⅝™ ≢№∫√⌐╙ ╦╠∏

≢│ ⌐ ⅜ ⇔ ⌐ ℮ ⅜ ╗↓≤⅜ ⅛╢⁹ 

 ™≡ 3-18⌐ ⌐╟╢ A - Aΐ B- Bΐ C - Cΐ ─

─ ╩ ∆⁹ ─ ─ ╩ ∆╢≤ ─ ⌐ ℮

─ │ ≢№╢ d 3-12 ≢ ∂≡™╢↓≤⅜ ⅛╢ 3-18 ⁹

≢│ ⌐ ⅜ ⇔⌂⅜╠ ─ ⅜ ∂≡⅔╡ ─ ⅜ ╣─ ╩╙√

╠⇔√╙─≤ ↕╣╢⁹∕↓≢ 3-19⌐ A-Aΐ ⌐⅔↑╢ ≤ ╩ ∆⁹ 

 

3-15 m Google Earth 2016/9  

a e 3-12  
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3-16 m/sec Google Earth 2016/9  

a e 3-12  

 

 

3-17 Google Earth 2016/9  

a e 3-12  

CD  -  
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3.4  

  

2016 8 ≢│ ⌂ ─ ⌐ ℮ 7 ─ ⅜ ∂

√⁹ ≢│ ╩ ⇔≥☻כ◔ꜟ♦⸗─ ╠⅛♃כ♦ ≤

≤─ ╩ ∆╢≤≤╙⌐ ⌐╟╢ ╩ ™ ─ ⌐≈™

≡ ╩ ∫√⁹ │ ─ ╡≢№╢⁹ 

 

(1) ⌐╟╢≤ ⇔√ │Ⱨכ◒ ⌐│ ⇔≡⅔╡ ╩ ™∞╙

── ∕─ ─ ⌐ ⌐ ∫√≤ ↕╣√⁹ 

(2) ─ ⌂ ─ │ 4 ─ ⌐╟∫≡ ⌐ ⌐

⇔√⁹↓─ ─ ⌐│ ⅜ ↕╣≡™√⅜ ⌐

│ ⅜ ⇔≡™√⁹4 ─ ⌂ ⌐│ ─ │∕╣╒≥ ⇔⌂

™─⌐ ⇔≡ ─ ≤ │ ≢ ⇔ↄ ⇔√⁹ 

(3) iRICNays2D ⸗♦ꜟ│ ─ ⌐⅔↑╢ ─ ⌐⅔↑╢ ⌐

⌂ ╩ ⇔≡™╢≤ ≢⅝√⁹ ⌐╟╢≤ │ ─ ⌐ ™

⌂⅜╠ ⅜ ⇔≡ ⅜ ↕╣ ⌐│ ─ ⅜ ⌐ ⇔≡

⅜ ∆╢↓≤≢ ─ ╣⅜ ⇔ ─ ⅜ ⌐ ⇔ ─

≢ ⌂ ⅜ ∏╢ ⅜ ↕╣√≤ ↕╣√⁹ 
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1) 2016 8 : 2016 8 , 
142p, 2017. 

)ה (2 )  :ⱪכꜟ◓
23 9 2 ⅛╠─ ⌐╟╢ . ─ ─ ⌐ ╦

╢ , 68p, 2012. 
ה : , , , , , , (3

⌐⅔↑╢ ≤ ⅛╠─ ⌐╟╢ ─ , , 23, pp.1-6, 

2017. 

4) , , , : ⌐⅔↑╢ ≤

─ : ╩ ≤⇔≡, B1( ) , 74, pp. I_1015-I_1020, 2018. 

5) , , : 28 8 ⌐⅔↑╢ ─

≤ ⌐ ∆╢ . , 25, pp.261-266, 2019. 
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⌐⅔↑╢ ╩ ≤⇔√ , 9-16, 2019. 

8) T. Furuichi, N. Osanai, S. Hayashi, N. Izumi, T. Kyuka, Y. Shiono, T. Miyazaki, T. Hayakawa, N, Nagano, 

N. Matsuoka: Disastrous sediment discharge due to typhoon-induced heavy rainfall over fossil periglacial 

catchments in western Tokachi, Hokkaido, northern, Japan. Landslides, 2018, doi: 10.1007/s10346-018-

1005-1. 

9) : 2016 8 9 ─ ⌐⅔↑╢ ⌐ ∆╢ 1 ─ ⌐≈™≡, 

, 769, pp.42-47, 2017. 

10) ⱶⱢⱴ♪▬◙כ☼Ɫ☼Ⱶכⱦfi☻Ɫ▬Ⱶ, , , , , : 
2016 ╩ ≤⇔√▪fi◘fiⱩꜟ ╩ ™√ ┘

─ , B1 , 75, pp. I_1435-I_1440, 2019. 
╩♃כ♦ (11 ™√ ─ ─ ╩♃כ♦─ ≤⇔≡ , 

, 6p, 2013. 
12) , , , : ⌐ ↕╣√ , 

B1( ) , 69, pp.I_1099-I_1104, 2013. 
13) T. Iwasaki, Y. Shimizu, I. Kimura: Numerical simulation of bar and bank erosion in a 

vegetated floodplain: A case study in the Otofuke River, Advanced in Water Resources, 93, 
pp.118-134, 2016. doi: 10.1016/j.advwatres.2015.02.001. 

ה (14 : ─ ╩ ℮ ─ , , 22, 
pp.163-168. 2016. 
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Appendix3-1(1) 

3-5  

m ,  

 

 

4100 1 0 69 127 58 63 137 74 63 175 112 210
4150 2 0 69 125 56 67 125 58 40 154 114 210
4200 3 0 69 106 37 64 125 61 0 138 138 206
4250 4 0 70 100 30 65 127 62 -21 140 161 202
4300 5 0 69 125 56 69 134 65 -19 139 158 200
4350 6 0 68 138 70 68 148 80 -7 156 163 200
4400 7 0 63 150 87 63 153 90 9 169 160 206
4450 8 0 56 148 92 56 148 92 20 156 136 215
4500 9 0 56 137 81 42 137 95 38 144 106 230
4550 10 0 45 125 80 25 125 100 20 163 143 250
4600 11 0 35 108 73 22 108 86 22 192 170 270
4650 12 0 37 93 56 25 93 68 25 212 187 290
4700 13 0 50 100 50 46 108 62 46 242 196 200
4750 14 0 63 115 52 60 158 98 54 260 206 200
4800 15 0 60 140 80 60 193 133 50 246 196 200
4850 16 0 62 156 94 62 203 141 50 229 179 205
4900 17 0 60 158 98 60 184 124 50 200 150 200
4950 18 0 58 150 92 58 164 106 25 181 156 205
5000 19 0 57 144 87 57 156 99 -13 156 169 200
5050 20 0 60 130 70 60 135 75 -35 135 170 200
5100 21 0 50 112 62 47 112 65 -38 112 150 200
5150 22 0 31 87 56 31 92 61 -38 138 176 200
5200 23 0 25 88 63 19 101 82 -38 138 176 200
5250 24 0 21 89 68 14 119 105 -18 138 156 200
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Appendix3-1(2) 

3-5  

 
 

 

 

ˢ8/7)
‹ ₮ ︠ ͍ ︠ ͍ ︠ ͎ ︠ ͍ ︠ ͎ ︠ ͏ ֒

4000 1 0 68 97 174 210
4050 2 0 72 91 175 210
4100 3 0 75 88 156 206
4150 4 0 78 88 113 113 202
4200 5 0 83 85 48 118 200
4250 6 0 83 81 8 113 200
4300 7 0 75 85 0 125 206
4350 8 0 72 85 14 140 215
4400 9 0 68 81 50 156 230
4450 10 0 88 75 86 144 250
4500 11 0 104 62 103 103 270
4550 12 0 115 44 125 290
4600 13 0 100 38 144 200
4650 14 0 83 48 188 200
4700 15 0 86 73 213 200
4750 16 0 99 112 232 205
4800 17 0 116 145 225 200
4850 18 0 127 162 208 205
4900 19 0 130 155 164 200
4950 20 0 137 138 60 200
5000 21 0 131 130 13 200
5050 22 0 110 117 -10 200
5100 23 0 68 77 -13 200
5150 24 0 43 62 62 -13 200
5200 25 0 38 37 75 -4 200
5250 26 0 33 42 88 12 12 200

(8/24) ῇˢ9/15)
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4  ⌐⅔↑╢ Ɫ▬♪꜡◓ꜝⱨ

─ ™⌐╟╢ ꜞ☻◒─  
 

4.1 Ⱨכ◒ ─ ™⌐ ∆╢  

 
4.1.1 │∂╘⌐ ─  

─ ⌐⅔↑╢ ─ ≤∕╣⌐ ℮ ꜞ☻◒╩ ∆╢↓≤│

⌂ ≢№╢⁹ ⌐ ≢│ ⅜ ─ ╩ ╣╢

≤ ⌂╡ ⌐ ⅜ ╩ ⅎ∏≤╙ ─ ⌐ ∆╢ ⌐

╟╡ ⅜ ⌐ ╢↓≤⅜ ╠╣≡™╢ 1)2)3)4)5)⌂≥⁹⇔√⅜∫≡ ─ ⌐⅔™≡ ⌂

ה ╩ ℮⌐│ ─ ⌐⅔↑╢ ה ⌐ ∆╢ ≤│ ⌂╢

ה ⅜ ╘╠╣╢ 6)⁹ 

⌐⅔↑╢ ⌂ ꜞ☻◒│ ⌂ ╣≤≤╙⌐ ─ ⅜ ∆╢↓≤≢ ╛

⅜ ⌐ ∆╢√╘ ⌐ ╛ ⅜ ⌐ ⇔≡ ─ ≢ ⌂

╩ ⅝ ╛ ─ ╛ ⌐ ╛ ⌐╟╢ ⅜ ∆╢↓≤≢№╢⁹

⌐ ה ╩ ╘╢√╘⌐│ ⌐⅔↑╢ ─ ≢ ⌂ ⱷ◌♬☼

ⱶ╩ ⇔ ↔≤─ ╩ ╕ⅎ√℮ⅎ≢ ה ה ─ ꜞ☻◒╩ ∆╢↓≤

⅜ ≤⌂╢⁹⇔⅛⇔⌂⅜╠ ⌐╖╠╣╢╟℮⌂ ≢ ⌂ ╩ ℮

─ⱷ◌♬☼ⱶ⌐│ ⌂ ⅜ ↄ ╕∏│ ─ ⌐⅔↑╢ ╩ ה ⇔

∕╣∙╣─ ⌐ ∆╢ ─ ╩ ∆╢↓≤⅜ ≤⌂╢⁹ 

2016 ≢│ Ⱨכ◒ ─ ⌐ ─ ⌂ ⅜

∂ ⌐ ∫√↓≤│ ─≤⅔╡≢№╢⁹ ⌐⅔↑╢ ─ │ ─

Ɫ▬♪꜡◓ꜝⱨ ─ ⅛╠─ ⌂

≥ ⌐ ╢ ⅜ ⇔≡™╢≤ ⅎ╠╣╢⅜ 3 ─ ╩ ╕ⅎ 4 ⌐⅔™≡│

Ɫ▬♪꜡◓ꜝⱨ ─ ™⌐ ∆╢⁹ ⌐│ ─ ╩ ≤⇔

⌂╢Ɫ▬♪꜡◓ꜝⱨ ⌐ ∆╢ ─ ╩ ⌐╟╡ ∆╢⁹ ⅜ ╕√│

∆╢ ╛ Ⱨכ◒ ⅜≥─ ⌐ ╩ ⅎ ─ ꜞ☻◒⌐ ╦╢

Ɽꜝⱷכ♃ˈ⌐⌂╡ ╢⅛╩ ⇔ ─ ꜞ☻◒╩ ∆╢ ╩ ∆╢℮ⅎ

≢─ ╩ ╢↓≤⅜ ≢№╢⁹ 

 

4.1.2 ─  

↓↓≢│ ╩ ≤⇔ Ɇ ה 4-1a ⌐ ∆ 0

90 ╩ ⇔ Ɫ▬♪꜡◓ꜝⱨ ─╖ ⌂╢ ⌐⅔↑╢ ─ ╩ ╟╡

∆╢⁹ ⌐│ 3 ⌐≡ ─ ─ ⌐ ⌂ ⅜№╢↓≤╩
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√∞⇔ ─♃▬Ⱶfi◓│ ⌂╡ ⅜ ↄ ∆╢ │Ⱨכ◒ ─

⌐ ⅜ ∂ ╩╝∫ↄ╡ ◒כⱧ│≢☻כ◔√∑↕ ⌐ ⅜ ╕

╡ ⇔√⁹↓─↓≤│ ⌐╟╡ ⅜╝∫ↄ╡≤ ∂√ Ⱨכ◒─

≢─ ꜞ☻◒⅜ ╕╡ Ⱨכ◒ ⌐⅔↑╢ ─ ─ ⌐ ⅜╢↓≤

╩ ∆╢⁹ 

(2) ─ ≢│ Ⱨכ◒ ─ ⅝↕╟╡╙ ─ ─ ⌐ ⌂№

╢ ─ ⅜ ↄ↓≤⅜ ─ ╩ ∆ ≢№╢≤ ↕╣√ 

 

 

 

1) , , , ⌐ ↕╣√ , 

B1( ) , 69, pp.I_1099-I_1104, 2013. 

2) , ⌐⅔↑╢ ≢─ , , 47, pp.233-

238, 2003. 

3) ─ ≢─ 46, pp.163-168, 

2002. 

4) Iwasaki T., Shimizu Y., Kimura I.: Numerical simulation of bar and bank erosion in a vegetated floodplain: 

A case study in the Otofuke River, Advanced in Water Resources, Vol.93, pp.118-134, 2016. 

ה (5 ה ה ה ה ה ה ⌐⅔↑╢ ≤

⅛╠─ ⌐╟╢ ─ 23 pp. 1-6 2017  

6) 2016 8 2017. 
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4.2 Ⱨכ◒ ─ ™⌐ ∆╢  

 
4.2.1 │∂╘⌐ ─  

⌐ ℮ ─ ⅜ ⇔≈≈№╢ ⌂ ─ ⅜ ∆╢

╩ ╕ⅎ ∕╣⌐ ∆╢ ≤⇔≡─ ─ ╛ ╩ ∆╢↓≤│ ⌂

≢№╢⁹⇔⅛⇔ ─ ⌂ │ ↕∑╢═⅝ ⌐ ∆╢ ╩ ∆╢

√╘─ │ ↕╣≡™╢╙── ↕╣╢ ⌐╟╢ ╩ ⇔√ ה ⌐

╟╢ ─ ≤∕╣⌐ ℮ ─ ╩ ∏⇔╙ ⌐ ⇔√℮ⅎ≢ ↕╣≡™╢≤

│ ™ ™⁹ 

⌐⅔↑╢ ─ │ ─ Ɫ▬♪꜡◓ꜝⱨ

─ ⅛╠─ ⌂≥ ⌐ ╢ ⅜ ⇔≡™╢≤ ⅎ╠╣╢

1)2)3)4)⌂≥⁹4.1 ≢│ 2016 ⌐≡ ⇔√ 3-1 ╩ ≤⇔≡

Ɫ▬♪꜡◓ꜝⱨ ⌐ ⇔ ─ ╕√│ ∆╢ ⅜≥─╟℮⌐ ⌐

╩ ⅎ╢⅛╩ ⇔√⁹⇔⅛⇔⌂⅜╠ ⌐╖╠╣╢╟℮⌂ ⌂ ┼─ ╩ ℮

─ⱷ◌♬☼ⱶ⌐│ ⌂ ╙ ↄ √≤ⅎ┌ ─ ⅜ ⌐ ⅎ

╢ ∕╣⌐ ℮ ─ ꜞ☻◒─ ⌂≥ ⌂ ╙ ™⁹ 

↓─╟℮⌂ ─╙≤ 1 ⌐ ⇔√╟℮⌐ ─ │ 1.5 1.7 ╕

≢ ∆╢ ⅜ 5) ↕╣≡⅔╡ ─ ⅛╠╙ ↓℮⇔√ ≢─ꜞ☻◒╩

⇔ ∕╣╩ ╕ⅎ√ ╩ ⇔≡⅔ↄ↓≤│ ≢№╢⁹ 

∕↓≢ 4.2 ≢│ ─ ─ ꜞ☻◒╩ ∆╢ ╩ ∆╢√╘─ ╩ ╢

↓≤╩ ⌐ 4.1 ≤ ⌐ ╩ ≤⇔ ╩ ⇔√ ─

⅜ ⌐ ⅎ╢ ⌐≈™≡ ╩ ™≡ ⇔√⁹╕√ 6 ⌐ ∟ ∕╣╠

─ ╩ ╕ⅎ√ ─ ─ ⌐≈™≡╙ ⇔√⁹ 

 

4-10  

Case1 Case2 4 Case  

Case1  

Appendix4-1(2)  
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4.2.2 ─  

↓↓≢│ ╩ ≤⇔√ ⌐ ℮ ─ ╩ ∆╢↓≤≤⇔

2016 ─ Ɫ▬♪꜡◓ꜝⱨ ╩ 1.0 2.0 ╕≢ ↕∑√ ⌐⅔

↑╢ ─ ╩ ╟╡ ⇔√⁹ ⌐│ 3.2 ⅔╟┘ 4.1 ≤ ⌐ iRIC 

Nays2D ⸗♦ꜟ 6)╩ ™╢↓≤≤⇔ Ɫ▬♪꜡◓ꜝⱨ╩ ™≡│ ₁─ ⌐≈™≡╙

≤⇔√⁹ 

─☻כ◔ Ɫ▬♪꜡◓ꜝⱨ ╩ 4-10⌐ ∆⁹ 4-10⌐ ∆ Case 1 │ 2016 8 ─

3.2 ≢№╢⁹Case 1 ≢│ ≢ ╠╣√ ─

─ Ɫ▬♪꜡◓ꜝⱨ ╩ ⅎ≡™╢⁹Case 2 Case 3 ⅔╟┘ Case 4 │ ∕╣∙╣ Case 

1 ─ Ⱨכ◒ ╩ 1.25 1.5 2.0 ╕≢Ɫ▬♪꜡◓ꜝⱨ╩ ⅝ ┌⇔ ⌐≈™≡

│ Ɫ▬♪꜡◓ꜝⱨ≤ ≤⇔√⁹↓╣╠│ ⌐ ⌐ ℮ ⅜

─ ╩╙√╠⇔√ ⅔╟┘ ⌐ ℮ ה ꜞ☻◒⅜≥─╟℮

⌐ ∆╢⅛ ∕─ ╩ ∆╢√╘─╙─≢№╢⁹ 

 

4.2.3 ≤ ─ ╩ ⇔√  

1 ⅜ ∂ ⌐⅔↑╢ ─ ™ 

4-11 ⌐ Case 1 ⅛╠ Case 4 ─ ⅜ ∂ 4-10⌐ ∆Ɫ▬♪꜡◓ꜝⱨ─ ⌐

⅔↑╢ ◖fi♃כ ╩ ∆⁹ 

 

4-11 4-10  

a) Case 1( ), b) Case 2(1.25 ) , c) Case 3(1.5 ) , d) Case 4(2.0 ) 
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╠╣╢⁹≈╕╡ Case 3 ≤ Case 4d ≢│ ─ ⅜ Case 1 ╛ Case 2 ⌐ ═≡ ∆╢↓

≤≢ B/H ⅜ ⅝ↄ⌂╡ ⅜ ⅛╠ №╢™│ ┼≤ ⇔√≤

ⅎ╠╣╢⁹ ⅜ ⇔≡ ה ─ ⌐ ⇔√↓≤≢ ╣ ─ ⅜ ⇔

⅜ ™ ≢ ⇔√≤ ↕╣╢⁹ 

 

4.2.4 Ⱨכ◒ ─ ™⌐ ∆╢  

≢│ 2016 ╛∕╣ ⌐⅔™≡╙ Ⱨכ◒ ⌐ ∆╢ ⌐

⌐ ℮ ╩ ╙ ⇔≡⅝√⁹ ≢│ ─ ─ ꜞ☻◒╩ ∆╢

╩ ∆╢√╘─ ╩ ╢↓≤╩ ⌐ 4.1 ≤ ∂ↄ ╩ ⌐

╩ ⇔√ ⌐≈™≡ ⅛╠ ⇔√⁹ 

 

 

4-16  

a) A-A’, b) B-B A-A 75m  

Appendix4-2  

 

4-17 m2  

b) A-A’, b) B-B A-A 75m  

Appendix4-3  
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ꜝ▬fi╩ ⅎ╢ ─ ꜞ☻◒ 

╟╡ ─ ™⌐ ∂≡ ─ ⅜≥─ ╕≢ ∆╢╩ ⇔√≤↓╤

⅜ ⅝™╒≥ ⅜ ∆╢╙── ≢│ ⌐ ⅜ ⇔ ↑╢↓≤│

⌂ↄ ☻כ◔ ⌐ ⌐ ⇔√⁹√≤ⅎ┌ ⅜ 2016 ─ 1.5 ╩ ⅎ╢◔כ☻≢

│ Ⱨכ◒ ⌐ ⅜ ⇔ ─ ⅜ ╕╢≤ ⌐ ⅜

╕∫√⁹√∞⇔ ≢│↓─ ≢ ⌐ ⅜ ⇔≡⅔╡ ꜝ▬fi╩ ⅎ≡

⌐╙ ⅜ ┘ ⅜ ↕╣≡™√⁹↓─↓≤⅛╠ ⌐╟╢ ─ ╩ ∆

╢≤ (1) ─ ⌐⅔™≡│ ≢ ⌂ ─ ⌐ ™ ꜝ▬fi╩ ⅎ╢

⅜ ∆╢ ╣⅜ ╕╢≤ ⅎ╠╣ (2) ⅔╟┘∕─ ⌐≈™≡ ⌐ ⇔≡

⌐ ≢⅝╢ ≤∆╢↓≤⅜ ≤⌂╢≤ ⅎ╠╣╢⁹ 

 

─ ─  

⅛╠ ─ ⌐≈™≡ ∆╢⁹ ≢│ ⅜ 2016 ─ 2.0 ╕≢

⇔√ ⌐≈™≡ ╩ ∫√⁹ ⌐⅔™≡│ ⅜ ─ 1.5 כ◔─

☻≢│ ╩ ╘√ ⅜ ה ⌐ ⇔ ─ ⅜ ↕╣╢↓≤⅛╠

─ ─ ─ │ 270m ╕≢⌐ ╕╢╙─≤ ↕╣√⁹ ─ ⅜

200m ≢№╢↓≤╩ ∆╢≤ ⌐⅔™≡ ─ ─ ⅜ ∆╢↓≤⅜

∞≤─ ╩ ™√ ─∕╣∙╣─ ꜝ▬fi⅛╠ ⌐ 70m ╕≢│ ꜞ☻

◒╩ ∆╢◄ꜞ▪≢№╢≤ ∆╢ ⅜№╢≤ ⅎ╢↓≤⅜ ╢⁹ 

 

 

4.2.5  

4.2 ≢│ ─ ─ ꜞ☻◒╩ ∆╢ ╩ ∆╢√╘─ ╩ ╢↓≤╩

⌐ ≤ ∂ↄ ╩ ⌐ ╩ ⇔√ ⌐≈™≡

⅛╠ ⇔√ │ ─ ╡≢№╢⁹ 

 
(1) ≢│ ⅜ ⅝ↄ⌂╢╒≥ ⌐╟╡ ╙ ⅝ↄ⌂╢⅜ │ ⇔ ↑╢↓

≤│⌂ↄ ☻כ◔ ⌐ ⇔√⁹↓╣│ 1.5 ≢│Ⱨכ◒ ⌐ ⌐

⌐ ⅜ ⇔ ─ ⅜ ∆╢↓≤≢ ⅜ ⅛╠ №╢™│

┼≤ ⇔√√╘≤ ⅎ╠╣╢⁹√∞⇔ ≢│↓─ ≢ ⌐ ⅜ ⇔≡

⅔╡ ꜝ▬fi╩ ⅎ≡ ⌐╙ ⅜ ┘ ⅜ ↕╣√ ─

⌐⅔™≡│ ⅔╟┘∕─ ╩ ⌐ ⇔≡ ⌐ ≢⅝╢ ⅜ ╕⇔™≤

ⅎ╢⁹ 

(2) ⌐ ℮ ─ │ ⅜ ─ 1.5 ─ ⅜ ה

⌐ ∆╢↓≤≢ ⅜ ↕╣╢↓≤⅛╠ 270m ≤ ↕╣√⁹ ─

⅜ 200m ≢№╢↓≤╩ ∆╢≤ ─∕╣∙╣─ ꜝ▬fi⅛╠ ⌐ 70m

╕≢│ ꜞ☻◒╩ ∆╢◄ꜞ▪≢№╢≤ ∆╢ ⅜№╢⁹ 
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, B1( ) , 74, pp.I_1153-I_1158, 2018. 

2) , : ⌐ ∆╢ ⅜ ⌐ ⅎ╢ , , 

B1( ) , 74, pp. I_1135-I_1140, 2018. 
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4.3  

 

 4 ≢│ ꜞ☻◒╩ ∆╢ ─ ⌐ ∆╢ ╖≤⇔≡ ─ 2016

╩ ≤⇔≡ ╙ ⌐ ╣≡Ⱨכ◒ ─ ╛ ─ ⌂╢Ɫ▬

♪꜡◓ꜝⱨ ╩ ⇔ ⌐╟╡ ה ─ ™⌐≈™≡ ⇔√⁹ │

─≤⅔╡≢№╢⁹ 

 

 Ɫ▬♪꜡◓ꜝⱨ ─ ™⌐╟╡ ⌐ ╢♃▬Ⱶfi◓⅜ ⌂╡ Ⱨכ◒ ─

⌐ ↄ⌂≢↑∞☻כ◔╢ ⅜Ⱨכ◒⌐ ∆╢╟╡ ™♃▬Ⱶfi◓≢

⌐ ╢╟╡ ╙☻כ◔⌂ ↕╣√⁹ 

 Ⱨכ◒ ─ ─ ⌐ ⇔≡ ─ ⅜ ∆╢⅜ ─

─ 1.5 │≢☻כ◔─ ⅜ ה ┼≤ ⇔ ─ ⅜ ↕

╣╢√╘ ꜞ☻◒⅜ ┬ ─№╢ ─ ⅜ ≤⌂╢≤ ⅎ╠╣√⁹ 

 ─ ⌐≈™≡│ ꜝ▬fi⅛╠ 70m ╕≢─ │ ꜞ☻◒╩ ∆╢

◄ꜞ▪≢№╢≤ ⅎ ╢≤─ ╩ √⅜ ↓─ ⌐≈™≡ ₁⌂ ⅛╠─ ⌂╢

≤ ⌂ ┼─ ⌐≈™≡ ╩ ╘╢ ⅜№╢⁹ 

 ↓╣╠⅛╠ ─ ꜞ☻◒⌐≈™≡│ ╙ ∆╢≤ ⇔≡™ↄ

↓≤⅜ ↕╣╢⅜ ≢ ∆╢ ⌐≈™≡ ╟╡ ≢ ╩♃כ♦⌂ ∆╢≤

≤╙⌐ ╩☻כ◔⌂₁ ⇔√ ╩ ╖ ╦∑≡ ∆╢↓≤≢ ∕─ ─

⌐ ∆╢↓≤⅜ ╢≤ ⅎ╠╣╢⁹ 
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Appendix4-1(1) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

47 331.595 320.96 452.02
48 322.255 316.95 409.18
49 322.255 313.05 381.35
50 317.635 309.18 371.29
51 317.635 302.24 360.42
52 317.635 301.46 353.59
53 322.255 297.58 340.15
54 317.635 295.04 331.6
55 313.048 295.7 324.12
56 308.495 299.49 322.26
57 303.975 295.7 317.64
58 299.488 291.9 317.63
59 295.035 290.62 320.4
60 295.035 285 318.56
61 299.488 272.81 313.05
62 295.035 259.37 307.6
63 290.615 252.34 302.19
64 290.615 248.86 296.82
65 277.555 242.52 295.04
66 260.609 235.73 299.49
67 252.337 230.56 294.15
68 248.25 227.23 290.62
69 240.178 223.28 282.78
70 232.238 216.76 264
71 228.319 220 252.34
72 224.433 217.87 246.64
73 216.76 210.45 237.01
74 220.58 203.92 229.89
75 216.76 200.8 225.21
76 205.502 198.16 216.76
77 201.816 198.16 219.81
78 198.163 189.01 212.26
79 198.163 177.55 203.29
80 187.405 169.75 198.89
81 173.528 166.79 198.16
82 166.79 169.64 184.63
83 166.79 176.44 170.84
84 176.948 173.53 166.79
85 173.528 159.42 174.92
86 156.933 159.24 173.53
87 160.185 154.78 157.59
88 150.528 153.28 156.32
89 156.933 156.03 154.37
90 153.714 153.24 154.36
91 150.528 150.53 150.53

Case-1 Case-A Case-B
Ⱳḧ ם ΜС˔ϼ ΜС˔ϼ

1 88.5105 88.51 88.51
2 89.2131 89.56 89.04
3 89.9158 91.32 89.56
4 91.3211 93.78 90.27
5 92.7264 112.15 91.32
6 94.8344 132.18 92.37
7 112.15 141.17 93.78
8 126.243 160.25 99.17
9 138.119 176.95 112.15

10 141.171 211.43 122.72
11 153.714 264.8 132.18
12 166.79 375.29 138.88
13 176.948 493.43 141.17
14 194.544 570.86 150.58
15 228.319 552.48 160.25
16 264.796 554.14 169.33
17 380.298 583.25 176.95
18 370.29 657.19 190.15
19 493.432 621.28 211.43
20 564.684 674.67 237.44
21 577.027 763.83 264.8
22 552.475 698.8 351.42
23 493.432 611.97 375.29
24 614.855 575.6 401.08
25 583.248 541.51 493.43
26 660.505 502.74 546.87
27 653.884 481.18 570.86
28 621.276 476.37 570.89
29 627.731 462.13 552.48
30 721.6 428.43 508.19
31 763.831 404.18 554.14
32 687.325 383.92 606.95
33 589.503 373.88 583.25
34 564.684 368.81 641.19
35 510.794 360.42 657.19
36 482.023 356.26 645.73
37 476.369 345.2 621.28
38 459.607 337.87 626.12
39 421.662 331.6 674.67
40 390.439 328.98 732.16
41 375.277 322.26 763.83
42 370.29 322.26 667.76
43 360.417 318.33 579.57
44 355.53 317.64 532.35
45 345.856 317.64 487.78
46 331.595 319.62 476.37

МϱЖкϽжТˢ /sˣ

case-1,A,B  





4  

 

  

78 

Appendix4-2 (1) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

A-A CASE-1,2,3,4  

ם 1.25 1.50 2.00
Ⱳḧ Case-1 Case-2 Case-3 Case-4

0 0 0 0
1 8.4 12.6 42 58.8
2 8.4 21 37.8 67.2
3 21 46.2 50.4 79.8
4 16.8 50.4 67.2 84
5 29.4 54.6 67.2 84
6 46.2 54.6 67.2 84
7 46.2 58.8 71.4 84
8 46.2 58.8 75.6 84
9 46.2 63 75.6 88.2

10 58.8 71.4 84 88.2
11 58.8 71.4 88.2 88.2
12 63 71.4 88.2 92.4
13 67.2 75.6 88.2 100.8
14 67.2 79.8 88.2 100.8
15 71.4 88.2 100.8 109.2
16 79.8 88.2 100.8 117.6
17 88.2 92.4 113.4 126
18 88.2 105 117.6 134.4
19 100.8 113.4 130.2 142.8
20 100.8 121.8 138.6 184.8
21 113.4 130.2 142.8 197.4
22 121.8 134.4 147 201.6
23 126 142.8 151.2 205.8
24 130.2 142.8 163.8 205.8
25 130.2 147 168 218.4
26 138.6 151.2 172.2 226.8
27 147 163.8 176.4 226.8
28 155.4 168 180.6 231
29 159.6 168 214.2 235.2
30 159.6 172.2 226.8 239.4
31 159.6 176.4 231 243.6
32 159.6 180.6 239.4 243.6
33 163.8 210 239.4 247.8
34 163.8 214.2 243.6 252
35 168 218.4 243.6 256.2
36 168 222.6 243.6 256.2
37 168 222.6 247.8 260.4
38 172.2 231 247.8 260.4
39 172.2 205.8 247.8 260.4
40 176.4 210 247.8 260.4

ᴱḰχ ˢΉˣA-A` 41 176.4 231 247.8 260.4
42 180.6 231 247.8 264.6
43 180.6 235.2 247.8 264.6
44 184.8 235.2 247.8 264.6
45 184.8 247.8 247.8 264.6
46 184.8 235.2 252 264.6
47 184.8 235.2 252 264.6
48 189 235.2 252 264.6
49 189 235.2 252 264.6
50 184.8 235.2 252 264.6
51 184.8 235.2 252 264.6
52 184.8 235.2 252 264.6
53 184.8 235.2 252 264.6
54 189 235.2 252 264.6
55 189 235.2 252 264.6
56 189 235.2 252 264.6
57 189 235.2 252 264.6
58 189 235.2 252 264.6
59 189 235.2 252 264.6
60 189 235.2 252 264.6
61 189 235.2 252 268.8
62 189 235.2 252 268.8
63 189 235.2 252 268.8
64 189 235.2 252 268.8
65 189 235.2 252 268.8
66 189 235.2 252 268.8
67 189 235.2 252 268.8
68 189 235.2 252 268.8
69 193.2 235.2 252 268.8
70 193.2 235.2 252 268.8
71 193.2 235.2 252 268.8
72 193.2 235.2 252 268.8
73 193.2 235.2 252 268.8
74 193.2 235.2 252 268.8
75 193.2 235.2 252 268.8
76 193.2 235.2 252 268.8
77 193.2 235.2 252 268.8
78 193.2 235.2 252 268.8
79 193.2 235.2 252 273
80 193.2 235.2 252 273
81 193.2 235.2 252 273
82 193.2 235.2 252 273
83 193.2 235.2 252 273
84 193.2 235.2 252 273
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Appendix4-3 (1) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

A-A CASE-1,2,3,4  

ם 1.25 1.50 2.00
Ⱳḧ Case-1 Case-2 Case-3 Case-4

0 0 0 0
1 2.2092 4.3722 4.5612 7.1694
2 3.8304 6.3798 7.6104 8.7864
3 5.1366 7.2366 6.0606 8.8032
4 5.6868 5.1072 5.7204 10.7604
5 6.2286 4.9056 5.859 13.5072
6 4.7544 4.662 6.6486 14.7882
7 3.8724 5.082 8.4042 17.766
8 3.2424 6.4386 12.5748 19.3368
9 3.4524 8.1774 17.2158 25.9476

10 3.4818 10.9074 14.4396 17.2788
11 3.9228 14.4354 17.4342 16.0356
12 5.6112 15.8172 20.7312 13.713
13 7.9212 15.4434 16.4892 12.2976
14 11.5374 19.782 17.0982 11.3694
15 14.2758 18.7824 16.6278 13.587
16 18.8034 17.4762 12.2976 32.4744
17 18.9252 16.6908 13.9608 21.945
18 19.9164 15.6702 35.0994 11.2728
19 19.1604 38.4804 14.7378 24.15
20 30.0468 18.396 7.6482 15.3468
21 16.422 10.0548 16.2456 10.3572
22 6.9972 3.822 11.2854 10.5924
23 5.145 10.7604 15.1452 12.8982
24 14.0616 8.946 12.8394 21.7014
25 11.8398 15.6618 6.7494 34.6248
26 8.8452 9.8658 8.9292 56.595
27 12.4236 7.9296 20.0676 65.1546
28 19.3662 11.319 28.2954 69.3714
29 28.4214 14.2758 41.3238 91.6188
30 38.7282 16.5648 53.2308 112.245
31 41.2482 20.8698 58.737 118.3938
32 48.3966 31.1514 60.7656 121.5438
33 45.087 51.345 61.8282 119.9352
34 46.9056 61.4418 63.6048 121.905
35 47.2542 63.0084 64.2894 124.4208
36 47.7162 62.8404 68.6952 127.575
37 46.368 58.1658 72.3912 129.5658
38 46.5024 54.6294 72.6222 130.2714
39 46.2084 50.1564 72.0594 130.1664
40 46.3806 46.0908 72.7734 132.5268

ˢʹm 2ˣA-A` 41 46.9518 42.7686 78.834 136.8108
42 47.9052 41.4078 86.2218 142.1322
43 49.3038 42.1596 97.041 150.6582
44 50.7192 43.1046 100.7706 157.1262
45 53.0124 42.8148 97.0326 145.0596
46 55.4988 40.4628 91.434 137.8356
47 57.1074 39.4422 73.668 132.405
48 57.7668 39.8412 70.0434 135.4332
49 58.6572 40.089 71.7822 135.87
50 59.283 40.6014 77.6034 133.7112
51 59.577 41.916 83.958 123.7236
52 59.3376 43.5666 85.7346 121.4766
53 58.3758 44.8896 74.7936 117.369
54 58.2834 45.7548 74.2392 118.6584
55 58.359 46.9308 77.07 114.3534
56 58.9302 48.132 79.3884 104.895
57 59.6358 49.2954 76.0326 104.0046
58 61.1646 50.1144 76.083 104.1684
59 63.4914 46.536 74.6718 96.4908
60 66.3684 45.4062 75.2682 88.6914
61 69.426 47.1618 73.3824 79.7286
62 71.8788 48.3882 68.9178 69.5394
63 73.1094 51.219 69.7326 64.4826
64 72.9918 55.839 74.3022 59.4174
65 72.9078 60.3708 75.7176 68.9892
66 73.2648 64.1592 76.5996 75.8058
67 73.7856 67.3806 77.7252 78.6072
68 74.4072 67.0152 75.516 80.682
69 74.8314 63.882 71.8956 82.4166
70 75.1338 63 72.7524 82.6308
71 75.474 64.722 68.5062 83.013
72 75.8016 64.9698 68.1282 85.4238
73 76.0998 63.9702 62.6766 91.4466
74 76.503 62.8026 60.2994 95.0838
75 76.9188 62.8236 60.3204 92.7738
76 77.028 61.9248 62.5926 85.0836
77 77.0532 61.5552 65.2512 77.6664
78 77.175 61.4082 67.2756 75.9444
79 77.322 61.5048 69.6738 76.4358
80 77.511 61.7274 68.8128 76.8432
81 77.616 62.0928 69.8208 77.2716
82 77.8134 62.349 69.9594 77.3808
83 77.931 62.4498 70.9254 76.944
84 77.8638 62.496 73.4496 76.7844
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5  ─ ≤ ꜞ☻◒ 
 

5.1 │∂╘⌐ ─  

 

╩ ╣╢ ≢│ ⌐╟╢ ─ ⅜ ⇔≡™╢ 1)2)⁹↓╣

╠─ ╛ ─ │ ↄ─ ≢ ↕╣≡│™╢⅜ 3)4)5) ⌐⅔™≡│

╛ ⌐ ∂≡ ↓╡ ╢ ⅜ ⅝ↄ ⌂╢√╘ ∕─ ╛ ⅜ ⌐│

≢⅝≡™⌂™─⅜ ≢№╢⁹ ╩ ⅛≈ ⌐ ∆╢√╘⌐│ ⌐⅔™≡

⌂ ─ ⅜ ≢№╡ ∕─√╘⌐╙ ╛ ⌐ ∂√ ─ ⅜

≤⌂╢⁹ 

─ ⅜ ─ ↕ ─ ⌐⅔™≡ ⅜ ╩ ─℮∟⌐ ⇔

⌐ ╢≤™℮ │ ─╙─≢№╢≤ ⅎ╠╣╢⁹ 3 ⅔╟┘ 4

─ ≢╙ ═√≤⅔╡ ─ ⌂ ─ ≤ ⌐ ∆╢ ≢№╡

⌐⅔™≡│ ⌐ ╠∏ ─ ─ ⌐⅔™≡ │ ⌐╙

ↄ ↕╣≡⅝√⁹↓─╟℮⌂ ⌐ ⇔ │↓╣╕≢ ⌐ ╛ ╩

∆╢≤≤╙⌐ ⌐⅔™≡│ ╩◖fi◒ꜞכ♩≢ ∆╢ ─ ╩

∫≡⅝√⁹↓╣│ ⌐ ─ ⅜ ⇔ ⅜ ⇔≡ ⌐ ╢↓≤╩ ∆╢

↓≤╩ ≤∆╢╙─≢№╢⁹⇔⅛⇔⌂⅜╠ 2016 8 ─ ≢│ ─

╩ ∫ ↑≤⇔≡ ⌐ ⅜ ↕╣≡™√ ⌐⅔™≡╙ ∕─╙─⅜ ה

 

5-1   

)  

)  
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6  ⌐⅔↑╢ ꜞ☻◒ ⅔╟┘

⌐≈™≡─ ⅔╟┘  
 

6.1 │∂╘⌐ ꜞ☻◒ ─  

 

≢│ 2 ⌐≡ ╩ ≤⇔√ ─ ⌐⅔↑╢ ≢ ⌂

≤∕╣⌐ ℮ ה ꜞ☻◒⌐≈™≡ ⇔ 3 ⅔╟┘ 4 ⌐≡ ⱪ

꜡☿☻⅔╟┘ ⌐⅔↑╢ ꜞ☻◒─ ⌐≈™≡ ╩ ∫√⁹↕╠⌐

5 ≢│ ─ ─ ⌐⅔™≡ ⅔╟┘№╢ ─ ╩ ∆╢

⅜ ∆╢⌐╙⅛⅛╦╠∏ ╕≢ ⅜ ∆╢ⱪ꜡☿☻⌐≈™≡ ╟╡ ╩ ∫

√⁹↓╣╠─ ╟╡ ≢│↓╣╕≢ ⌐ ⌐ ⌂ ╩ ⇔ ⌐

↕╣≡⅝√⅜ ≢│ 80 m ↓─╟℮⌂ ≢ ─ ─ ™ ─

─ ╛ ↄ ⅜ ≤∕╣⌐ ℮ ꜞ☻◒╩ ↕∑╢

√╘ ⌂ ╙ ⇔√ ─ ⅛╠─ ה ╩ ∆╢ ⅜№╢≤

ⅎ╠╣√⁹ 

↓℮⇔√ ─ ⅛╠ ─ ה ╩ ∆╢√╘⌐│ ⌐⅔™≡

ꜞ☻◒╩ ∆╢↓≤ ⅔╟┘∕╣⌐ ∆╢ ⌐ ⅜№╢⁹ 

↓╣╕≢ ─ ⌐ ⇔≡│ ╛ ╩ ⅛╠ ∆╢√╘⌐

⅜ ↕╣≡⅝√⁹ ─ ⌐≈™≡│ √≤ⅎ┌ 1) 7.3 

3

  

 

─ ╩ ℮ │ ⅜ ⇔√ ⌐╟∫≡ ─

╛ ╩ ℮↓≤≤↕╣≡™╢⁹⇔⅛⇔ 2) ≢│ ⌐≈™≡₈

─ ─ ─ ⌐ ⇔≡ ⌂ ≤⌂╢╟℮ ∆╢₉≤─ ≤ ∑≡ ─

╙ ↕╣≡│™╢╙── ─ ─ ╛ ה ─ ⌐ ∆╢

⌂ ╘│ ↕╣≡™⌂™⁹ 

↓─√╘ ⌂ ─ ⌐ ⇔≡│ ⅛╠ ⌐ ─ ─ ╛ ╩
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