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1-1 ─  
 

1-1-1 │∂╘⌐ 

─ │ ⌐╖≡ ⌐№╡ ─ ≢│ 1891 ─

100 №√╡ 0.69ϴ─ ≢ ⇔≡™╢ 1 ╕√ ─ │ 1898 ─

100 №√╡ 1.14ϴ─ ≢ ⇔≡™╢ 1  

2013 ⌐ ↕╣√ IPCC(Intergovernmental Panel on Climate Change) 1 ─ 5

2 ≢│ ₈ ◦☻♥ⱶ─ ⌐│ ℮ ⅜⌂ↄ ╕√ 1950 ↕

╣√ ─ ↄ│ ⅛╠ ⌐╦√╡ ─⌂™╙─≢№╢ ≤ │ ⇔

─ │ ⇔ │ ⇔ ●☻ │ ⇔≡™╢ 2 ₉≤ ↕╣≡™╢  

╕√ ₈ ─ ≢│ 30 ─ 10 │™∏╣╙ 1850 ─≥─ 10 ╟╡╙

≢№╡ ↑√ ≢│ 1983 20l2 │ l400 ⌐⅔™≡ ╙ ─ 30 ≢№∫

√ ⅜ ™ ─ 2₉≤ ↕╣≡™╢  

│ ─ ⅜ ⇔≡ ╕√│ ≤⇔≡ ⌐ ∆╢ ≢№╢√╘  ─

─ │ ╩ ╘╢ ⌂ ─ ≈≢№╢ ⌐ ≢⅝╢ (

)│ ─ ≢№╢(Clausius-Clapeyron ) ⌐ ═√ ╡ ⅔╟┘ ─

│ ⌐╖≡ ⌐№╡ ⌐╦√╢ ─ │ ─ ╩╙√╠

⇔≡™╢ ⅜№╢  

⌐╟╢≤ ─ ⌐│ ╢№─♃כ♦ 34(1901) ⌂♩꜠

fi♪│ ╘╠╣⌂™╙──  100mm ─ ⅔╟┘ 200mm ─ │≤

╙⌐ ⅜ ⌐ ╣≡™╢ ™∏╣╙ 95 ≢ ⌐ ⌂≥

100mm 200mm ─ │ ⌐│ ∆╢ ⅜ ↕╣≡™╢ 1  

l970 ⅛╠ ⌐╟╡▪ⱷ♄☻( ◦☻♥ⱶ)⅜ ↕╣ ⌂

╩≤╠ⅎ╢↓≤⅜≢⅝╢╟℮⌐⌂∫√ ▪ⱷ♄☻≢ ↕╣√ ⅜ 30mm ─ ⇔™

50mm ─ ⌐ ⇔™ 80mm ─ ⌂ ─ ⌐│ ⅜ ⌐ ╠╣╢

95%≢ ⌐ 1   

21 (2081 2100 )╕≢─ ─ │ ↓╣╕≢⌐ ↓∫√

─ ⌐ ∆╢ ⅜ ™ IPCC 5 ⌐╟╢≤ 21 ╕≢─

─ 1986 2005 ⌐ ∆╢ │ ◦♫ꜞ○≢ 0.3 l.7ϴ ◦♫

ꜞ○≢│ 2.6 4.8ϴ─ ⌐ ╢ ⅜ ™ ∕─√╘ ─ 20 ⌐ ↕╣√

⌂ ─ ⅜╟╡ ⅝ↄ ⌐ ╣╢≤ ⅎ╠╣╢  

IPCC 5 │ ⅜ ∆╢⌐≈╣≡ ─ ─╒≤╪≥≤

⌂ ⌐⅔™≡ ⌂ ⅜╟╡ ↄ╕√╟╡ ≤⌂╢ ⅜ ⌐ ™≤╙

⇔≡™╢ 2 ╕√ ─ ⌐╟╡ 21 ⌐⅔™≡ ─ ─

│ ∆╢⅛╕√│ ⌐ ╦╠⌂™ ⅜ ↄ ∕╣≤ ⌐ ≢ ⇔
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√ ─ ⅔╟┘ │ ∆╢ ⅜ ™≤ ↕╣≡™╢ 2  

⌐ ⌐╟╢₈ ⸗♦ꜟ⌐╟╢ ─ ─ ⌐

∆╢ ₉3 ⌐⅔™≡╙ ╛Ɫꜞ◔כfi⌂≥─ ─ │

▬fi♪ ≢ 21 ⌐│ ∆╢≤ ↕╣≡™╢ 4 ╙── ⌐ ™ ─

│ ⇔ ⌐ ─ ≢│ ⌐ ™ ⅜ ∆╢≤ ↕╣≡™╢ 5  

─≤↓╤ ╛ ─ ─ ⌐╟╢ ─ ⌂≥⅜

─ ≤⇔≡ ⅝≡™╢  

22(2010) ─ ─ 23(2011) ─ ה ╛ 12 ⌐ ℮

╩ ≤∆╢ ┘ ─ ↕╠⌐ 24(2012) 7 ⌐│₈↓╣╕≢⌐

⇔√↓≤─⌂™ ₉≤ ⅜ ∂ ≢ ⅜ ∂√ ⅜ ⇔

≡™╢   

25 2013 9 ⌐│ 18 ⌐ ℮ ─ ╛ ─ 10 ─ 26 ≢

│ ≢ ⌐ ⇔√ ⌐╟╡ ⅜ ⇔ 36 3 ─ ≤⌂∫√  

26(2014) 8 ⌐│ ─ ╩ ℮ ≢ 74 27(2015) 9 ⌐│

18 ┘ ⌐ ⅎ ∕─ ─ ┘ 17 ⌐╟╡ ⇔√ ─ ≢

ה ⅜ ⇔ ─ ╩│∂╘ ⌂ ╩╙√╠⇔√  

∕⇔≡ 28(2016) ⌐│8 ⅛╠ ⌐⅛↑≡─2 ≢ ה ╩ ⌐ 7

11 9 10 ⅜ ™≢ ⇔ ≢ ╛ ⌐╟╢ ⌂ ⅜ ⇔

⌐ ∆╢ ─ ⌐ ⇔≡│ ─12 ≢ ∞ ≢⅝≡™⌂™ ╙ ™

↓─╟℮⌐ ⌐╟∫≡ ⌐╟╢ ─ ╙ ≤ ⇔≡™╢  

 

↓─╟℮⌐ ┼ ↑≡ ₁ ≤⌂╢↓≤⅜ ↕╣╢ ≢№╢⅜ ↄ─

≢│ ─ ⅜ ⌐ ⇔≡™╢ ╩ ↄ ∆╢╦⅜ ≢│ ⅜╙√╠∆

│ ↄ⅛╠№∫√ ╕√ ↓╣⌐ ∆╢√╘─ ─ ╙ ↕╣ ─ ⌐ ↕

╣√ ─ ↑ │  ─ ⌐ ↕╣╢╟℮⌐ ≢╙ ╢↓≤⅜≢⅝╢ ⇔⅛⇔

⌂⅜╠  ⌐ ─ ⅜╦⅜ ⌐ ↕╣≡  ⌐ ⇔≡⅝√

⌐ ═≡  ┼─ ⌐│∕╣ ─ │ ╠╣⌂⅛∫√ ≈│  ─

⅛╠ ה ╕≢─ⱪ꜡☿☻⅜⅝╦╘≡ ≢∕─ ⅜ ≢№∫√↓≤  ─ │

╛  ─ ≢№╢√╘ ─ ≢⌂™ ⌐│ ⅜№∫√↓≤  

↕╠⌐│ ─ │№╢ ↕╣≡™≡╙  ╛│╡ ─ ≢№╢

╛ ⌐ ⅜ ⅝  ∕─ ╩ ≤⇔≡⅝√√╘⌐  │╦⅝⌐ ™╛╠╣≡

⇔╕∫√↓≤⌐╟╢≤ ╦╣╢  

⇔⅛⇔ ─ ╤⇔™ │  ∑╢ ─ ≢↕ⅎ╙ ⌐╟╢ ─

≢ ∑⌂ↄ⌂╡ ⌐ ∆╢≤↓╤⌐№╢ ─ ─ ╩ ↕∑⌂™√╘⌐╙

─ ⌐ ∆╢ ─ ≤∕─ ─√╘─ √⌂ ⅜ ⌐ ╘╠╣≡™╢  

 

1-1-2 ─ ─  

╛ ─ ⌐╟╢ ⌂ ╩ Table 1-1⌐ ∆ ∕─ ≢╙ ⌐ ה

≤≤╙⌐ ⇔√ ⌐╟╢ ⌂ ≤⇔≡ ─╙─⅜ →╠╣╢  
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(1982)57 ה 7 ─  

(1990)2 ה 7 ⌐ ─ ≢ ⇔√ ה  

(1938)11 ה 6 ─  

(2004)16 ה 7 ─  

(2006)18 ה 7 ─  

(2012)24 ה 7 ─  

(2013)25 ה 10 ─  

 

2 1990 7 ⌐ ≢│ ─ ⌐╟╡ ⅜ ⇔ ≢

⅜↑ ╣ ∆═╡ ⅜ ⇔≡ ↄ─ ⌐ ╩ ⅎ√ ↓─╟℮⌂

─ ≢╙ ─ ⌐ ⅜ ∂√─│ ─ ≢№╡ ⌐

╕╣√ ─ ⅜↕╠⌐ ╩ ⇔√  

↓─ ⅜ ≤⌂╡ ≤≤╙⌐ ∆╢ ⌐╟╢ ⅛╠ ╛ ה

╩ ╢↓≤╩ ≤⇔≡ ─ ╛ ─ ┘⌐ ─

╩ ╘√₈ ₉⅜ ↕╣√ 6  

╕√ ─ ╩ ╘≡ ⌐ ╠⇔╘√ 24 (2012) 7 ─ ⌐╟╢

─ ╩ ∆ ╩ Pic 1-1 Pic 1-10⌐ ∆  

 

Table 1-1 ╛ ─ ⌐╟╢  

         

13(1938) 7  
⅛╠─ ─ ⌐╟╡ 

∂√ ⇔™   

42(1967) 7  
⅜ ╩ 

⇔√↓≤⌐╟╢  
 

44(1969) 8  7  
─  

⌐  

50(1975) 8  5  
─

 

51(1976) 9  17  ─  

57(1982) 7    

58(1983) 7   
 

61(1986) 7  ⌐╟╢   

62(1987) 8  ╩ ∫√   

63(1988) 7  ─   

63(1988) 8  
∆╢ ┼ ∫√ ⅜ 

⇔√↓≤⌐╟╢  
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2(1990) 7  
─  

╩ ∫√  
─  

3(1991) 9  19  
ה

 

4(1992) 8  
10 ⅛╠ ╦∫√ 

⌐╟╢  

Ɽꜝ♄

▬  

5(1993) 9  13  

 

 

 

 

11(1999) 6  ⌐╟╢   

15(2003) 8  
10  

⌐⅛⅛∫≡™√  
 

ה  

16(2004) 7  ⌂ ─   

17(2005) 7   
 

17(2005) 9  14   

18(2006) 7  ⌐╟╢   

18(2006) 8    

24(2012) 7    

25(2013) 10  26   

26(2014) 8    

28(2013) 8  7 11 9 10  ╒⅛  
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Pic 1-1  ( )            Pic 1-2  ( ) 

♩♇◌♩כꜛ◦ ⌐ ⅛╢ ⌐ ─ ⅜  

 

   

Pic 1-3                      Pic 1-4   

╕≢ ⅜ ⇔≡⅔╡ ⌐╟╡     ⅜ ⌐ ∫ ⅛╡ ⅜ ⇔√ 

⇔√≤ ⅎ╠╣╢  

 

   

Pic 1-5                      Pic 1-6   

™ ⌐⅔™≡ ⌐╟╡ ⅜ ↕╣√ ⅜ ─ ⌐ ™ ╕╢ ⌐⌂∫≡⅔╡ ─

⅜ ↕╣╢  
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Pic 1-7  (  4       Pic 1-8  (  4  

 

   

Pic 1-9  (  4      Pic 1-10  ( 4  
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1-2 ⌐ ∆╢  
 

1-2-1 ≤│ 

≢ ╡ ℮ ⌐≈™≡─ ╩ ∆ ≤│ ⅛╠ ⌐ ↕╣√

ה ה ⌂≥⅜ ⌐ ∂╢↓≤⌐╟∫≡ ∆╢╙─≢№╢ │ ≤≤╙

⌐ ⌐ ╕╣≡ ⇔ ─ ∆╢ ◄Ⱡꜟ◑כ╩ ↕∑≡™╢ 7 ╩ ⌐

╪∞ │ ⌐ ╣╢⌐≈╣≡ ⌐ ╩ ╘ ╩ ∆╢ 8  

⌐╟╢ │ ≤⇔≡₈ ╘ ₉ ♄ⱶ─ ─ ⅔╟┘₈

₉ ה ─ ה ─ ה ─ ⌐ ⇔≡™╢≤↕

╣≡™╢ 7 9 10  

╕√ │ ─√╘⌐ ─ ╩ ↕∑╢ ≤⌂∫≡™╢≤≤╙⌐

╩ ╗ ⅜ ⌐ ⇔√ ⌐╟╢ ─ ╕√│ ─ ⌂≥─ ┼

─ ≤⌂╡ ∕─ ⌐ ─ ⅜ ⌐⌂╢↓≤⅜ ≤⌂∫≡™╢ 9 11  

 

 

1-2-2  ⌐ ∆╢ ⌂ ה ⌐≈™≡ 
≡⇔≥ⱴכ♥╩  ╡ →√ ה │ ∞↕╒≥ ↄ⌂™─⅜ ≢№╢⅜ ∕─ ≢

╙ ⌂╙─≤⇔≡ ⌐ ⅜ →╠╣╢  

 

(1)♄ⱶ ⌐⅔↑╢ ≤ Ᵽ▬○ⱴ☻≤⇔≡─ 12 ♄ⱶ ☿

fi♃(2004)כ) 

 ↓─ ≢│ ⅔╟┘ ─ ╩ ≤⇔≡ ה ♄ⱶ 99

93 ♄ⱶ 97 93 ─♄ⱶ ⌐ ∆╢▪fi◔כ♩╩ ⇔≡⅔

╡ ─ ⅜ ↕╣≡™╢  

 ₈ ה ⅝ ה→ ₉│₈ ₉⌐╒╓ ⇔™≤™℮ ⌐№╡ ⌐ ╢

≤ ╩ →⇔ ⌐ ┬ ≢ ─ ≤ ─ ⅜⅛⅛∫≡™╢↓≤⅜

⇔√ 5 600 ⅝ → 3 500 2 800  

10 800 ≢ 22 700 ™∏╣╙  

 ╕√ ⌐ ∆╢ ≤⇔≡│ ─ √╡ ⅜ ⅝™♄ⱶ

≢╙ 15 /k /year ≢№╢ ╕√ ⅜ 0.1 2 /k /year─♄ⱶ⅜ ╙ ↄ⌂∫

≡™╢  

─ √╡─ ─ ╩♃כ♦ ≤⇔≡ ═╢≤  9 ⅜ 15 /k

/year ≤⌂╢ ╕√ 2 /k /year ⅜ ↄ⌂∫≡™╢─⅜╦⅛╢   

♃כ♦ ─ ≤ │ ™ ╩ ⇔≡⅔╡

⅜ ⅝™♄ⱶ≢│ ⌐ ⅜ ⅝ↄ⌂∫≡™╢≤ ⅎ╢↓≤⅜≢

⅝╢  

╕√ ₈ ─ ⅝↕₉≤₈ ─ ⇔╛∆↕₉ ⌐│ ─ ⅜╖╠╣╢ ⅜ ™

√∞⇔ ↓─ │ ⅜ ™ 300k ╕√│ √╡

⅜ ™ √╡ 5 /k /year ─ ⌐⅔™
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≡ ⌐ ╠╣╢ ⅜№╢  

 

(2)Factors controlling the fluvial export of large woody debris  and its contribution to 

organic carbon budgets at watershed scales13 (Jung Il Seo et al.(2008)) 

─♄ⱶ╩ ⌐ ♄ⱶ─ ♃כ♦ │ 5 9 ╩ ⇔≡™╢ √∞⇔ ♄ⱶ

⌐⅔↑╢ ─ │ ₁≢№╡ ∕─ ↄ│ ╩ ⇔√ ╖ →≢

⇔√ ≢№╢  

⌐≥╙╩♃כ♦─╠╣↓ 131 ─ ⌐≈™≡ ─ ╩⸗♦ꜟ ⇔≡ ≤

─ ╩ ⇔√≤↓╤ ◘▬☼─ ≢└≤≈─ №√╡─ ⅜ ≤⌂

╢ ⅜ ╠╣√↓≤⅜ ↕╣≡™╢  

 

(3)♄ⱶ ⌐⅔↑╢ ─ 14

(2007)  

 ⌐ ה ⌐⅔↑╢ ╩ ≤⇔≡ ─ ⱷ◌♬☼ⱶ ┘ ─

─ ≤ ∕╣⌐ ≠ↄ ╛ ╩ ⇔√╡ ╩ ⇔√╡∆╢ №╢™│

≤™℮ ⌐⅔↑╢ ╩ ╡ ∫≡™╢  

 

(4) ≤ ⌐ ∆╢ 15 ︣  (2008)  

 ─ ─ ╩ ╕ⅎ≡ ה ─ ≤ ─ ─

≤ ה ─ ⌐╟╢ ≤ ─ⱷ◌♬☼ⱶ ⌐↓╣╕≢≥─╟℮

⌐ ⇔≡⅝√⅛ ╕√ ─ ─ ⌐≈™≡╕≤╘≡™╢  

 ╕√ ≤⇔≡ ─ ╩↕╠⌐ ∆╢ ╩ →≡™╢  

ה  ה ה ─  

ה  ה ─ ─ ⌐╟╢ ─ ™ 

ה  ─ ה ה ⌐≈™≡ ≤ ─ ⅜ ╓∆ ™ 

ה  ─  

ה  ─ ─  

ה  ─ ≤  

 

(5) ≤ 16 ︣ (2009)  

≤ ⌐≈™≡ ∕─ ⅛╠ ╕≢╩ ⌐ ╡ ∫√╙─≢№╢ ≤

─ ™╙─⌐≈™≡ ≢ ∆╢  

 

(6)Large wood export regulated by the pattern and intensity of precipitation along a 

latitudinal gradient in the Japanese archipelago17  (Jung Il Seo et al.(2012))  

 ─ 42 ╩ ⌐ ≤ ─ ╩⸗♦ꜟ ⇔√ ≤ ≢ ⌂∫

√Ɽ♃כfi⅜ ╠╣√↓≤⌐ ⅎ ─ ╩ ⇔≡™╢  

─◘▬☼⌐ ═≡ ─ ⅜ ⌐ ↕⌂ ≢│ 110mm ╙⇔ↄ│ 120mm ─

─ ⅜ ⸗♦ꜟ⌐⅔™≡ ⅜ ™ 3 ─ ⅜ 100mm╩ ⅎ
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╢≤ ⅜ ↓╡ ╘ 200mm╩ ⅎ╢≤ ⅜⅛⌂╡ ™↓≤⅜ ⅛∫√  

⌂╠┘⌐ ≢│ ∕╣∙╣ 40mm 60mm ─ ─ ⅜ ≤™℮

⅜ ╠╣√  

 

(7) ─♄ⱶ ┼─ ─ ≤ 18 (2014)  

─ ♄ⱶ ♄ⱶ ♄ⱶ ┘ ♄ⱶ⌐≈

™≡ ≤ ⱶ♄ה ה ≤─ ╩ ⇔√ ™∏╣╙ ─

⅜№╢≤ ↕╣≡™╢ ∆⌂╦∟ ─ ™ │ ⅜ ↄ ♄ⱶ┼─

⅜ ™╒≥ │ ↄ ⌂⅜╠ ⅜ ™♄ⱶ╒≥ │ ™≤™℮

⅜№╢  

 ⌐╟╢ ⱶ♄ה ─ ⌂ ≤⇔≡│ ╩ ⇔√ ♩כ◕╢╟⌐ ─

─ ─ ⅜ ה ∆╢↓≤⌐╟╢ ─ ─

┼─ ─ ⅜ →╠╣╢≤⇔≡™╢   

♄ⱶ│ 15(2003) 8 ─ 10 ─ ⌐│ 5 m3╙─ ─ ╩ ⇔√

♄ⱶ ─ ≢│ ⌐╟╡ ⅜ ∆╢ ⅜ ⇔√ ♄ⱶ⅜⌂⅛∫√ │ ♄ⱶ

≢╙ ⌐╟╢ ⅜ ⇔√ ⅜ ↕╣╢ ╩ ⇔≡™╢  

 ╕√↓↓≢ ≤⇔≡│ ─♄ⱶ ⌐⅔↑╢ ─ ≤⇔≡

─ ╩ →≡™╢ ╩ ⇔≡™╢  

 

ה  ≤ ⇔√♄ⱶ ⌐⅔↑╢ ⱳ♥fi◦ꜗꜟ─  

ה  ─ ⅜ ∆╢↓≤╩ ≤⇔√ ─ ─ ⅝

─ ה  

ה  ⅜ ≢№╢↓≤╩ ≤⇔√ ─ ≤ ה ≤─

 

╢╟⌐ⱶ♄ה  ─ ─  

 

8 ⌐ ℮ ⌐╟╢ ≤∕─ ⌐ ∆╢ 19 (2016)  

⌐╟╢ ─ ⅛╠ √ ≤ ה ─ ⌐╟╢ ─

⌐╟╢ ⌐⅔↑╢ ─ ⌐ ℮ ─ ⌐ ∆╢

⌐ ℮ ─ ⌐ ∆╢ ⌐ ∆╢ ⅎ

⌂ ⌐≈™≡ ↕╣≡™╢  

 

1-2-3 ⌐ ∆╢ ─  

⌂ ╩ ∆╢ ≢│ ╕∏ ─ ⌐ ∆╢ ─ ╛ ╩ ⇔≡™ↄ

⅜№╢ ╕√ ─ ⅛╠ ╕≢─ⱷ◌♬☼ⱶ│ ⌂≥ ₁─

─ ⌐ ∂≡ ⌂╢↓≤⅜ ↕╣ ─№╢ ≢─ ꜞ☻◒ ╩

⇔≡ ™╢↓≤⅜ ≢№╢≤ ⅎ╠╣╢  

⌐ ⌐ ∆╢ ─ ⌐≈™≡ ∆╢  
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(1) ─  

─ ⌐ ℮ ─ ⌐⅔™≡  ∆═╡ ≤≤╙⌐ ⇔√

⅔╟┘ ⅛╠ ⇔√ ⅜ ─ ⌐ ⇔ ╩ ↕∑ ╩

↕∑╢ ⇔√ ⅜ ⌐ ⇔ ⌐ ╩ ⅎ╢ ⌐ ⇔√

─ ⌐ ─ ≤ ⅜⅛⅛╢⌂≥─ ₁─ ⅜ ⇔ ─ ⅔╟┘

─ ⅛╠ ≤⌂∫√ ⅜ ╘╠╣≡™╢ 20  

⅔╟┘ ⌐ ∆╢ │ ╩ ↕∑╢  ⇔√ │

╩ ↕∑╢ ╕√ ⌐ ⇔√ │ ─ ≤⌂╢╙─≤⇔≡ ⌂

⅜ ↕╣  ╠ ─ ≤↕╣≡⅝√ ⇔⅛⇔ ⌐ ╢≤ ─ ⅜ ↕╣

─ ≈ ⅔╟┘ ─ ⌂ ≤⇔≡ ╕√ (

)⅜ ↕╣√ 20  

≢─ ⌐ ™ ─ ⌐ ℮ ─ ⅜

↕╣╢⌂⅛ ה ה ≤™℮ ─ ╩ ⇔≡™ↄ⌐│ ⅔╟┘

─ ─ ≤ ⌐ ℮ ⌐≈™≡ ⌂ ╩ ™ ─

≤ ─ ╩ ╢ ⅜№╢  

 

(2) ≤ ה ─ ─  

ה ─ │ ⅛╠ ⌐ ⅛∫≡ ∆╢ ─ │ ─

≤∕─ ⌐ ≠™√ ─  ─ ≢№╢ ⅛╠∕─ ™

╩ ∆  

 

. 

⅜ 10 40 ─ ≢№╣┌  ∕↓│ ≢№╢ 21  ⅜ 40 ╩

ⅎ╣┌  │ ╩ ⅎ≡™╢─≢  ∕↓⌐│ ⇔⌂™ ∕↓≢│ ╣⌐

∫≡ ⅜ ⇔ ⅜ ∆╢  

─ │  ≤™℮ ≢№╢  ∕─ │ ╛ ≢

∆╢⅜  ─ ╛ ╩ ↑┌ 50 ≢№╢ ∕─√╘ ╟

╡ ™ ⌐│  ⅜ ↄ╕≢ ⇔  ≢ │◌Ᵽכ↕╣≡™╢  │

⅜ ™─≢  ╩ ╗☻◑⅜ ↕╣≡⅝√ ─ ⌐ ™ ה ─

│⌂⅞ ↕╣  ┼ ≤≤╙⌐ ∆╢  

│ 300mm  50mm ╩ ⅎ╢≤ ⇔╛∆™ 22 ─ ─

≈≢№╢ │ ─ ─ ┌⌂™ ↕≢ ⇔  ⅜ ╩ ← │ ⌂™

─ │ ⅝™⅜  ─ ≢№╢  

 

∆═╡ ה  

╛ ⌐╟╡ ∆═╡ ⅜ ⇔ ∕╣⅜ ⌐ ∆╢≤ ↕╣ ∆═╡

⌐ ⇔≡™√ ⅜ ∆╢ ╕√ ─ ⅜ ∆╢≤ ∕╣⌐ ⅝ ╕

╣√ ⅜ ∆╢  
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│ ─ ─ ≢№╡ ─ ≢╙№╢ ─ │ ⌐ ∆╢

⇔√ │ ─ ≢ ∆╢↓≤⅜№╢  

⅜ ⌂™ ⌐ ⅜ ↕╣ ⅜ ∂╢≤ ⌐ ⅜ ⇔

↕╣ ⌐ ∆╢  

─ ⅜ ╗≤ ╛ ⌐╟╡ ⅜ ↕╣  │ ∆╢  

 

 

╟╡ ⅜ ↄ⌂╢ ─ ≢│ ה  ⌐ ╛ ⅜ ⇔ │

⇔  ─ │ ≤ ⌐ ∂√ ≤⌂╢ ─ ╛ │ ⅝ↄ

⌂™  

⅜ ↄ ─ ↕⅜№╢ │  ─ ⌐╟╡ ⌐ ⅜

∂  ∕─ ⌐ ⌐ ∂√ ─ ⅜ ∂╢  

≢ ⅛╠─ ⅜ ⇔√╡  ─ ⅛╠ ⅜ ⇔√╡∆╢≤ ⅜

⇔ ─ │ ∆╢  ╛ ♄ⱶ⌂≥⅜№╢≤ ⅜ ∫⅛⅛∫≡ ⇔  ─

 ─ ⌐╟╢ ⅜ ∂╢  

™ ╩ ╣╢ 1/150 1/50─ ≢ ⌂ ⅜⌂↕╣≡™⌂™ ≢│  

( 1/100 )  ─ ה ─ ↄ│ ↕╣  │ ∆╢  ⌂⅔ ↄ

≡╠╣√ │ ╩ √∆  

│ ╕√ ⌐≤∫≡ ⌂ ≤⌂∫≡™╢  

 

☿◓ⱷfi♩ 1 

☿◓ⱷfi♩─ ⌐≈™≡│ ─₈ ─ ₉╩  
1960 ─ ⌐⅔™≡│ ─ ⅜ ╖ ( )│ ╘╠╣

≢№╡ │ ⌂⅛∫√ ─ ≢│ ╛ ─ ™⌐ ╩

≡ ─ ╩ ∫√( : ה ) ─ │ ↄ ∕

─ ⅜ ⌂─≢ⱴ♠ ☻◑⌂≥⅜ ↕╣√ │ ↄ ╕√ ╙ ™─≢ ⌐╟

╢ │ ⅝ↄ⌂™ ─ ⌐╟╢ ☺ꜗⱶ─ ⌂≥⌐╟╡ ─

╩ ⇔ ─ ╩ ╢≤ ⌐ ⌐╟╢ ─ ┼─ ╩ ∫√  

1960 ⅜⌂↕╣√⅜ ™│ ─ ─√╘ ↕╣√ ╕√

⌐ ♄ⱶ ♄ⱶ─ ⅜⌂↕╣ ⅔╟┘ ⅜ ⇔

─ ⅜ ⇔√( ─ ) ╕√ ⌂ ⅜ ↕╣ ∕↓⌐ꜘ♫◑ Ɫꜞ▼fi

☺ꜙ ○♬◓ꜟⱵ⌂≥⅜ ⇔≡ ⅜ ╪∞  

↓─ │ ─ ╛ ≤⌂╡ ─ ≤⇔≡ ⌂ ╩ √⅜

≢ ─ ⌐╟╢ ─ ≤⇔≡ ⌂ ╙ ↑√  

─ │ ─ ─ ≤⌂╡ ╕√ ─ ╩╙√╠⇔

─ ─√╘ ─ ≤⌂∫≡™╢  

 

 



 

12 
 

☿◓ⱷfi♩ 2-1 

⅜ ≤ ═ ↄ( Ib=1/500 1/2000) ─ ⅜ ↕ↄ⌂╢  

╩ ≤⇔≡ ≈ ─ │ ( )─ ⅜ ™ ⅜ ™

↓─╟℮⌂ ≢│ ╩ ™⌐ ⇔≡ ⅜ ╩ ╠⌂™╟℮⌐⇔≡

─ ⌐╟╢ ⅔╟┘ ─ ─ ⌐╟╢ ─ ╩ ™∞ ⅜ ™  

⅜≈ↄ╠╣√ │ ⌐ ╩ ⇔ ─ ╛ ⅝ │ ꜡ ≤⇔

≡ ↕╣╢↓≤⅜ ⅛∫√  

1960 ⅜ ↕╣ ╕√ │ ╘ ╠╣ ≤⌂∫√ ─

─ ↄ│ ─ ─√╘ ↕╣╢╙─≤↕╣√  

─ ─√╘ ≤⇔≡ ↕╣╢ ⅜ ⅎ√ ─ ⌐

╟╡ ─ ⅜ ╖ ─ ⅜ ∂≡™╢ ⅜ ⇔≡™╢  

⌐ ↕╣√ │ ⅜⌂↑╣┌ ⌐⅔™≡╙ ∆╢  

 

☿◓ⱷfi♩ 2-2 

1960 │ │ ≤⇔≡ ↕╣ │ ⌂⅛∫√  

─ ⌐╟╡ ─ (ꜘ♫◑ Ɫfiⱡ◐ ◒♯◑)⅜

↕╣╢  

≢╙ ─ │ ∆╢ ╣│ ⌂™⅜ ─ ⅛╠

─ ⅜ ╘╠╣≡™╢  

 

☿◓ⱷfi♩ 3 

☿◓ⱷfi♩ 3⌐⅔™≡│ ≤ ≤─ ⅜ ↕ↄ ⌐№╡ │ꜛ

◦ ≤⌂╢ ⅜ ™ ꜘ♫◑│ ∆╢⅜ ≤⌂∫≡™╢ │ ⌂™  

 

Ⱪ꜡♇◒─ ─ ≤ ─ ה ╩╕≤╘╢≤ Table 1-2─ ╡≢№╢

⌂⅔ ⌐⅔↑╢ ≤│ ⅜ ╩ ↑∞⇔√ ─ ╩ ℮ ∆⌂╦∟☿

◓ⱷfi♩ 1  2-1  2-2  3─ ≢№╢  
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Table 1-2  ⌐⅔↑╢ ─ ≤ ─ ה  

) Ừ ₃ ỏ ⅜ ⌂™ 

│ ─ ∕─ │ ה ─  

 

1) ─  

╩ ╘≡ ─ │ ╒╓ ╩ ≈™ↄ≈⅛─ ⌐ ⅛╣≡™╢≤╖╢↓≤⅜≢⅝╢ ↓

─╟℮⌂ ⅜╒╓ ≢№╢ │ ╛ ─ ₁─ ⅜ ≡⅔╡ ↓╣╩☿◓ⱷfi♩≤ ╪

≢™╢ ⌐⅔↑╢☿◓ⱷfi♩─ │ ⌐╟∫≡ ╕√ ╩☿◓ⱷfi♩⌐ ∆╢ ⌐╟∫≡ ⌂╢  

Table 1-3│ (1980 2004)23 24 ⌐╟╢☿◓ⱷfi♩─ ≤ ╩ ⇔√╙─≢№╢ ☿◓ⱷfi♩ 1  2-1  

2-2  3 ⌐ ⅎ ─ ─ ⅔╟┘ ╩☿◓ⱷfi♩ M ≤ ┘ ↓╣╠╩ ≤ ⇔√

☿◓ⱷfi♩≤ ╪≢™╢ ☿◓ⱷfi♩↔≤─ ─ ⅜ ⅝ↄ ⌂╢↓≤│ ∕╣╩ ≤∆╢

╙☿◓ⱷfi♩↔≤⌐∕─ ⅜ ⅝ↄ ⌂╢↓≤╩ ∆ ☿◓ⱷfi♩│ ─ ─ ≢№╢≤ ⌐

─ ≢╙№╢  

 
─   

 

 

  

 

 

  

 

 

 

  

 

      

 

  

 

 

  

 

 

∕─  

 
( ) 

 

( ) 

 

( ) 

 

 

 

 

Ừ 

 

Ừ 

 

ỏ 

─ ⅔╟┘

  

∆═╡  ה

 

 

 

 

 

 

 

 

 

 

 

 

 

Ừ 

 

 

 

 

 

 

ỏ ỏ  ỏ ₃ ₃ Ừ 
─  

 

 

ỏ 

 

ỏ 

 

  ỏ 

 

ỏ 

 

Ừ 

 

₃ 

 

₃' 

⅔╟┘ 

⌐╟╢ 

  

☿◓ⱷfi♩1 

 

 

 

₃ 

 

ỏ 

 

₃ 

 

Ừ 

 

Ừ 

 

₃ 

⌐╟╢ 

, 

ה ┼─ 

 

☿◓ⱷfi♩2-1, 

 

ỏ 

 

Ừ 

 

₃ 

 

Ừ 

 

Ừ 

 

₃ 

 

₃ 

⌐╟╢ 

, 

ה ┼─ 

  

☿◓ⱷfi♩2-2 
₃ Ừ ₃ Ừ Ừ ỏ ₃ ⅜ ↕™ 

☿◓ⱷfi♩3 
 Ừ ỏ ỏ ỏ  ỏ ⅜ ⌂™, 

┼─  

       Ừ ┼─  
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Table 1-3  ☿◓ⱷfi♩≤∕─ 23 24  

  

☿◓ⱷfi♩ M 1 2 3  

 2-1 2-2 

 

 

 

 

                

                                  

                                          

                                                             ♦ꜟ♃ 

─  

dR 

 

↕╕↨╕ 2cm  3cm  

1cm 

 

1cm  

0.3mm 

 

0.3mm  

 

 

 

⌐ ⅜

≡™╢↓≤⅜ ™ 

 

⌐ , ◦ꜟ♩

⅜  

╢↓≤⅜№╢⅜ 

ↄ, ≤ 

⅜ ╘╢ 

 

│ ≤ 

,◦ꜟ♩,  

─  

 

ה♩ꜟ◦  

─  ↕╕↨╕ 1/60 1/400 1/400 1/5000 1/5000  

 ↕╕↨╕ ⅜╡⅜ ⌂™ ⅜ ⇔™⅜,  

⅜ ⅝

™≤↓╤≢│ 8  

╕√│ ─ 

 

 

⅜ ⅝™╙─  

╙№╢⅜, ↕™  

╙─╙№╢ 

 

 

 

 

⌐╟∫≡

⅜ ↕╣╢↓≤

⅜№╢ ─ 

│ ⇔™ 

 

⌐ ⇔℗ ⅜ 

⅝™╒℮⅜

│╟ↄ ↄ 

 

╒≤╪≥   

─ │ ⅛⌂™ 
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1-3 ─ⱷ◌♬☼ⱶ 
 

1-3-1 ─  

│ ─ ≤⌂∫≡⅔╡ 24 2012 3 ─ ⌐╟╢≤ ─

─ 67%│ ≢№╡ 2,508ha≤⌂∫≡™╢ │ ≤ ─ 3≈⌐

↕╣╢⅜ ╙ ™ ╩ ╘╢─⅜ ─ 1,444ha≢ ™≡ ─ 767ha ─

292ha≤⌂∫≡™╢ 25 Fig 1-1│ ─ ╩ ∆  
 ╕√ │ ≤ ⌐ ⅛╣ ⌐ 24 2012 3 ─ ⌐╟╢

≤ ⅜ 1,343ha ⅜ 1,029ha ⅜ 16 ha ⅜ 120 ha≤⌂∫≡™╢ Fig 1-2

⌐ ≤ ─ ╩ ∆ 25  

 ─ ╩ Table 1-4⌐ ∆ ↓╣╩ ≡╙ ⅛╢ ╡ ⌐▪◌ⱴ♠ ◌ꜝⱴ♠ ⱥ

ⱡ◐ה☻◑≤™∫√ ─ ⅜ ⌐ ⇔≡ │ ↕™ ⌐№╢  

 

 

   
Fig 1-1 ─           Fig 1-2 ≤ ─  

 
Table 1-4 ─ ─  

 ▪◌ⱴ♠ ◌ꜝⱴ♠ ⱥⱡ◐ה☻◑  

 0.96 1.07 0.73 0.9 0.7 0.8 0.93 1.22 

  

767  

292  
1,444  

5  

 

    

1,343  1,029  

16  120  

≤  
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1-3-2 ─  

₈ ₉│ ─ ─ ⅛╠ ⌐ ∆╟℮⌐ ↕╣≡™╢ Fig 1-3 11  

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 1-3 ─ 6  

 
(a)₈ ₉… ─ ⌐╟╡ ⅜ ≤≤╙⌐ ╕≢ ⇔ ↕╣ ⌐╟∫≡

⇔ ⇔√╙─  

(b)₈ ₉… ⅜ ⌐ ⇔≡™⌂™ ≢ ⅜ ⌐╟╢ ╩ ↑ ∕

─ ⌐ ⇔≡™√ ⅜ ⇔√╙─  

(c)₈ ₉… │ ─⌂™ ╛ ⅜ ⌐╟∫≡ ╩ ↑ ∕

─ ⌐ ⇔≡™√ ⅜ ⇔≡⅝√╙─  

 

(b)≤(c)─ ⌐ ⇔≡ ─ ⇔√ ╩ ≤⇔√ ╟╡╙ ⌐

⅜ ⅛╠№┤╣ ⅜ ⇔≡ ⇔√ ⌐ ↄ ↕╣≡™╢≤™℮

⅜№╢ ↓─√╘ ─ ╩ ⅎ╢√╘⌐│ ─ ╩ ⇔√

⅜ ≢№╢≤↕╣≡™╢ 26  

 ↓╣⌐ ⅎ≡ │ ₈ ќ ќ ₉≤™℮ ─ⱪ꜡☿☻╩ ╡ ⇔≡ ┼

⇔≡™╢ ⌐ ⇔≡™╢ ─₈ ₉≤⇔≡ ─ ⅜ →╠╣

≡™╢ 14)  

ᵑ ─ ≤ ─⌂∆ f  

(a)  

(b)  

(c)  
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ᵒ q  

ᵓ h  

 ↓╣╠─ ─ ⅜ ⅝ↄ⌂╢ │ ╩ ⇔ ↄ⌂╢ ↓─ ⌐≈™≡ ⅔

╟┘ ⅜ ─ │ ⅜ 5° ≢ │ ╙ ⇔ ⇔ↄ⌂╢↓≤⅜ ⅛╠

⅛∫≡™╢ 27 ╕√ ⅜ ⌂ ⅜ ∂╢≤ ⌐ ╦╠∏ ↕╣╢↓≤⅜

⅛╠ ↕╣≡™╢ 28)  

 ↕╠⌐ ─ ⌐│ ⅜ ╛ ⌐ ⅝ ╕╣╢↓≤≢ ∆╢ ∞↑≢⌂ↄ

⌐ ⇔≡™╢ ╛ ⅜ ⌐ ⅝ ╕╣╢↓≤⌐╟∫≡ ≤⌂╡ ┼

⇔≡™ↄ ╙ ⅎ╠╣╢ ⅜ ≤⌂╢ ⌂ ≤⇔≡ ⌐╟╢ ⅜ →╠╣╢

│ ⅜ ∆╢ ≢ ─ ⌐╙ ™ ⅜ ↄ√╘ ⅜⅛⌂╡ ⌂

≢ ⌐ ∆╢↓≤⌐⌂╢ ∕─√╘ ─ ╛ ┼─ ⅜ ⌐ ∫≡

∆╢↓≤≤╙⌐ ↓─╟℮⌂ ─ ─ │ ─ ⌂ ≤⌂∫≡™╢↓≤⌐

∆╢ ⅜№╢ 28) 29)  

 

1-3-3  ─ ─  

│ ╩ ∆╢ ≢№╡ ─ ⌂ ╩ ↑≡ ⇔≡™╢√╘

─ ⅜ ─ ⌐ ⅝ↄ ⇔≡™╢ 8 ╕√ ≤ ⌐ ⇔≡⅝√ │

≤ ⌐ ─ ⌐ ⇔≡ ∆╢↓≤⅜ ╛ ─ ⅛╠ ⇔≡™╢

30) 31) 32) 33) 34)  

╟╡ │ 20° 30°─ ⅜ ⌐ ⇔≡ ™≡ ╣╢

╩╙∫≡ ⇔≡⅔╡ ∕─℮∟ 6 18 ⅜ 60° 90°─ ╩ ∆╢ ≢ ↕

╣≡™╢↓≤ ⅔╟┘ ╘─ ╛ ─ ⅜ ─ ≤╖⌂∑╢ │ 60° 90°

─ ╩ ∆╢ ⅜ ™ ⅜ ╠╣╢↓≤⅜ ⅛∫≡™╢ 33)  

⌐ ─ ─ ⅛╠ ─ ─ │ ה ≤╙⌐ ─ ─

≤ ∂ ╩ ∆↓≤ ┘⌐ ≤⇔≡ ∆╢ ─ │ ─ ─

╩ ⇔≡™╢↓≤⅜ ⇔≡™╢ ↓╣╠─↓≤⅛╠ ╩ ℮⌐│ ─

ה ה ─ ⌐≈™≡ ∆╢↓≤⅜ ≤⌂╢≤™ⅎ╢ 35)  

─ ⅛╠ ─₈ ₉─ ↄ│ ─ ≈⌐ ↕╣≡™╢ 11 36)  

 

ᵑ ─ ⌂≥─ ⌐╟╢  

ᵒ ─ ╛ ─ ≤™∫√ ─ ⌐╟╢  

ᵓ ─ ⌐╟╢ ─ ╛ ─ ⌐╟╢  

 

─₈ ₉⌐≈™≡│ ╟╡ ─ ⌐ ↕╣≡™╢ Fig 1-4 ⌂⅔

⌐╟╢ Type─ │ ה ה ─ ⌐ ≠ↄ╙─≢№╢ 29)  
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Fig 1-4 ─ ♃▬ⱪ 16) 

 

Type1 ⌐ ↕╣≡ ⇔≡™╢  

0 1 њᵑ ─ ⌂≥─ ⌐╟╢  

 

Type2 ≢ ╖ ⅜∫≡ ╩ ↕∑≡™╢  

2 4 њᵑ ─ ⌂≥─ ⌐╟╢  

њᵒ ─ ╛ ─ ≤™∫√ ─

⌐╟╢  

њᵓ ─ ⌐╟╢ ─ ╛ ─ ⌐╟╢  

 

Type3 ™ ─ ⌐ ⇔≡ ⇔≡™╢  

4 5 њᵒ ─ ╛ ─ ≤™∫√ ─

⌐╟╢  

 

Type4 ─ ⌐ ⇔≡™╢  

5 њᵒ ─ ╛ ─ ≤™∫√ ─

⌐╟╢  

 

─╟℮⌂ ─ ה ⌐ ∆╢ ≢ ╙ ⅝⌂ ╩ ╓∆─│ ≢

№╢≤↕╣≡™╢ 23) ⌂⅔ ─ ה ╕≢ ∆╢ ─ ⌂ ↕│ ─

⌐⅔↑╢ ─ ⌂ ↕─ 1/3 1/2≢№╡ ─ ─

─ ≤╒╓ ∂≢№╢↓≤⅜ ↕╣≡™╢ 36  
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↓╣⌐ ⅎ ─ ⅜ ⌂╡ ∫≡ ⇔≡ ╩ ⇔ ⅜ ⌐╟

╡ ╩ ↓⇔≡₈ ♄ⱶ₉╩ ⇔≡™╢ ⅜№╢ ♄ⱶ│ ▬ⱬfi

♩─ ⌐ ™ ≢ ≤ ╩ ╡ ∆↓≤≢ ─ ≤ ╩ ⇔ ╩ ⅝

ↄ ⇔≡™╢╙─≢№╢ 34)  

 

1-3-4  ┼─  

₈ ┼─ ₉≤⇔≡│ ─ ⌐ ╦∑≡ ⌐ ∆╙─⅜ →╠╣≡™╢ 10  

 

ᵑ ≢─ ╩ ← 

ᵒ ─ ≢─ ╩ ← 

ᵓ ↕╣≡╙ ╡ ╕╣╢↓≤╩ ← 

ᵔ ⇔√ ╩ ∆╢ 
 

─ │ᵔ╩ ⌐ ╦╣≡™╢ ─ ≤⇔≡│₈ ⌐╟╡

⌐ ∆╢ ╩ ⅝ↄ∆╢ ₈ה₉ ─ ◄Ⱡꜟ◑כ╩ ↕∑≡ ╩ ⇔

↕∑╢ ₉─ 2 ≈─ ⅜ ⅎ╠╣╢ ≈⅛─ ⅜ ↕╣≡⅔╡ ╕⅛⌐

⌐ ∆ 4≈⌐ ↕╣≡™╢ 8  

 

ᵑ ♄ⱶ ╘ ⌐╟╢ Ν ♄ⱶ ╘─ ⌐╟╡ ─

─ ╩│⅛╡ ─ ◄Ⱡꜟ◑כ╩ ↕∑≡ ╩ ה ↕∑╢ ╕

√ ↓╣│ ╩ ⌡√ ≢╙№╢  

ᵒ ♄ⱶ ╘╩ ⇔√ Ν ♄ⱶ─ ╛ ♄ⱶ─ ⌐ ╩

⇔≡ ♄ⱶ ╛ ─◐ꜗ♇♅ⱬכ☻fi⌐ ╩ ה ∆╢ ┘⌐ ♄

ⱶ╛ ╘─ ⌐ ╩ ↑≡ ╩ ⌐ ה ↕∑╢  

ᵓ ╩ ⇔≡ ┼ ∆╢ Ν ⌐ ╛ ─╟℮⌂ ╩ ↑≡

╩ ╛ ─ ™ ┼ ⇔ ↕∑╢  

ᵔ ♄ⱶ─ ╩ ∆╢ Ν ─ ♄ⱶ╛ ♄ⱶ ─ ♄ⱶ─ │

⅜ ╛⅛≢ │⅛⌂╡ ⇔≡™╢ ↓╣╩ ⇔≡ ─ ╩ ∆╢

 

 

─ ─℮∟≢ ─ ╩ ⇔℮╢ ≤⇔≡│ √╪ ≢ ∆╢ ≤

⌐╟╢ ─ 2≈⅜ ⅎ╠╣≡™╢  
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1-4 ─ ≤  
⌐ ═√╟℮⌐ ⌐⅔™≡│ ─ ⌂≥⌐ ™ ↄ─ ⅜

⌐ ⇔≡ ╩ ⇔≡™╢↓≤⅜ ↕╣≡™╢ 16) 37) 38)⌂≥ ╕√

╕√│ ⅜ ⌐╟╡ ⇔≡ ∆╢↓≤╙ ™ 16)  

↓╣╠─ │ ╩ ∆╢ ⌐ ⅜ ™ ╩ ≈ ⌐ ⇔ ♄ⱶ

⇔≡∑⅝ →╩ ↓∆↓≤≢ ╩ ⇔√╡ ⌐ ⇔≡ ─ ⌐ ⅝⌂ ╩

↑╢↓≤≢ ╩ ⇔√╡∆╢⌂≥─ ╩ ⅝ ↓∆ ╕√ ╟╡ ⌐♄ⱶ

⅜№╢ ⌐│ ♄ⱶ ⌐ ⇔♄ⱶ ─ ╩ ⅝ ↓∆ ↕╠⌐ ≢

↕╣⌂™ │ ╕≢ ⇔ ╛ ┼ ⇔√╡ ↄ─ ⌐ ⇔≡ ⌂

≥─ ─ ╩ ↓⇔√╡ ─ ╩ ⅝ ↓∆⌂≥─ ⌂ ╩ ↓⇔

≡™╢  

 ↓─╟℮⌂ ⅛╠ ↓╣╕≢ ↕╣≡⅝√ ╛ ─ ⌐ ⅎ≡ │

─ ─ ─ ⅜ ≢№╢≤ ⅎ╠╣╢ ─ │ ⅜ ⌐

∆╢ⱷ◌♬☼ⱶ─ 39)╛ ─ ─ ≢─ 40)⌂≥⌐ ⇔≡⅔╡

⌐⅔↑╢ꜞ☻◒ ⌐ ∆╢ ╩ ⇔√ │⌂™  

 ↓─╟℮⌂ 24 7 ≢│ 4 ⌂

╠┘⌐ ─ ↄ─ ⌐⅔™≡ ⌂ ⅜ ⇔ ה ⅜ 32 ⌐

─╓╢⌂≥ ⌂ ╩╙√╠⇔√ 41) ∕─℮∟ ╩ ╣╢ ─ ≢№╢

╛ ╩ ╣╢ ≢│ 7 3 ─ ⌐ ™≡ 10 ─ 7

14 ⌐ ─ │ ╩ │ 2

⌐ ╦╣√ ≤ ≢│ ─ ⌐ ∆╢ →⅜ ∂ ⌐╟╢

╩ ∆╢⌂≥ ─ ⌐⅔↑╢ ─№╡ ⌐ ╩ ∂╢↓≤≤⌂∫

√ 41)  

↓─╟℮⌂ ╩ ╕ⅎ ─ ≢│ ⌐ ∆╢ ⌐ ─

⅜ ╕╣╢ ≤ ─ ─ ⌂╠┘⌐ ≤ ≤─ ⌂ ⅛

╠ ↕╣╢ ─ ╩₈ ⱳ♥fi◦ꜗꜟ₉≤ ⇔ ∕─ ╩ ∆

╢  

╕√ ≢│↓─ ⌐ ≠™≡ 2012 ─ ⌐≡ 10 ≢ 2 ─

╩ ⇔√ ─ ⌐⅔™≡ ─ ⌐ ≠ↄ ⌐⅔↑╢

ꜞ☻◒╩ ∆╢↓≤╩ ╖╢ ╕√ ⌐╟╡ ⇔√ ─ ⌐ ℮∑⅝ → ─

╩ ↑≡ ⅜ ⇔√ ⌐≈™≡ ─ ┼─ ꜞ☻◒─ ⌐≈™≡╙

╩ ℮  

 ™≡ ≢ ╡ ℮ ⌐│ ≤⇔≡─ ⅜ ™ ⅜ 3 №╢ ↓─

℮∟ ─ 15.5k ≤∕─ ⌐ ∆╢ 17.0k ≢│ ─ ⅜ ↓

╡ ≢│∑⅝ →⌐╟╡ ─ ≤ ─ ⅜ ⌐╟╡ ⇔

≢ ⅜ ∆╢ ⅜ ⇔√ 42) ╕√ ─ 21.3k ≢│ ⅜∕─ ⌐

∆╢ 25.0k ⌐ ⌐ ⇔√√╘ │ ╣√⅜ ─ ≢№╢ ─

♅כ▪╛↕ ⌐╟╢ ─ ↕⌂≥─ ─ ↕⌐ ∆╢∑⅝ →⅜ ∂

≢ ─ ה ⌐ 50 24 ⅜ ∂√ 42)  
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∕↓≢ ─ │ ─ ╩ ⇔√╙── ⅛╠ ≤

⇔≡─ ╩ ↕╣ ⅛╠ ⅜ ╘╠╣ ╩ ⇔≡

⇔√ ─ ─ ≤ ↑ ─ ⌂≥⌐╟╡ ╩ ∆╢

⅜ ╠╣╢↓≤≤⌂∫√ 42) ⇔⅛⇔⌂⅜╠ ─ │ ⅜ ↕╣√↓≤⅛╠

↕╣╢↓≤⅜ ╕∫≡⅔╡ ∕─ ≢│ ⌐╟╢ꜞ☻◒⅜ ∆╢↓≤⅜ ╕╣

╢ ╟∫≡ ⌐⅔↑╢ ⌂≥─ ꜞ☻◒ ⅜ ╘╠╣╢ ≤⌂∫√  

↕╠⌐ ≢│ ─ ♄ⱶ⌐ ⅜ ⇔√⅜ 42) ↓─↓≤│ ─ ♄

ⱶ⅜ ╛ ─ ╩ ∆╢─╖≢⌂ↄ ꜞ☻◒╩ ∆╢ ╩ ≈↓≤╩ ⇔

≡™╢ ╟∫≡ ♄ⱶ⌐╟╢ ꜞ☻◒ ╩ ∆╢↓≤⌐│ ⌂ ⅜№╢≤

ⅎ≡╟™  

─↓≤⅛╠ ≢│ ╩ ⌐ ⌐╟╢ ꜞ☻◒─ ♄

ⱶ⌂╠┘⌐ ♄ⱶ─ ꜞ☻◒ ╩ ∆╢↓≤╩ ╖╢  

™≡ ≢ ℮ │ ™⌐⇔≡ 24(2012) 7 ≢ ⌂ │

╣√ ⇔⅛⇔ │ ─ ─ ≤ ⇔≡╙ ⅜ ™ ⌐№╡

─ ⌐⅔™≡│ ─ ⅜№╢≤↕╣╢₈ 4.07m ₉╕≢ 67cm⌐ ╢₈

3.40m ₉╩ 15 ≢ 6 ⇔≡™╢ 43)   

─ ⌐│ ⌐ ↕╣ ╙ ↕╣≡™╢ ≢№╢ ╙

ↄ ⌐╙ ∆╢ SL ⅜ ↕╣≡™╢⅜ ↓╣╠⅜ ⇔ ⇔√ ⌐│

⌐ ⅎ╢ ╙ ⅝™ ╩ ↕∑╢√╘─ ─ │ ≢№╢⅜

ה ⅜ ⇔≡™╢ ╩ ∆╣┌ ⅜ ⅝ ↓∆ ⌐ ⇔≡∕─ꜞ☻

◒╩ ⇔ ─ ⌐ ™ꜞ☻◒⅜ ∆╢ ⌐│ ⌐ ╛⅛⌐ ╩ ∂╢ ⅜

№╢  

 ─ │ ─◘▬◒ꜟ ╩ ⅎ≡⅔╡ ⅜ ╪≢№

╢ ⅎ≡ │◒ⱴ◙◘ ─ ⅜ ⇔ ─ ╩ ↕∑≡™√⅜ │◦

◌⌐╟╢ ╙№╡ ≤⇔≡ ╗⅝ ⇔─ ⅜ ↄ ↑╠╣ ⌐╟╢

╩ ∆╢ ╣⅜№╢ ↓─╟℮⌂ ⅛╠ ₈ ⅜ ™ ₉ ⌐⅔↑╢

⌐ ∆╢ ╩ ⌐ ⇔ ⌐ ∂≡ ⌐ ╩ ∂╢↓≤│

⌐⅔↑╢ ꜞ☻◒╩ ↕∑╢ ≢ ≢№╢  

─╟℮⌂ ╩ ╕ⅎ ⌐⅔™≡ ⱳ♥fi◦ꜗꜟ╩ ⇔

─ ꜞ☻◒─ ╩ ╖╢ ╕√ ─╟℮⌂ ⌂ ╩ ≈ ⌐ ⇔≡

╟ↄ⅛≈ ⌐ ꜞ☻◒ ╩ ℮↓≤╩ ≤∆╢√╘⌐ ≢ ⇔√ ꜞ☻◒

⌐≈™≡ ꜝ▬□ⱪ꜡ⱨ◙כ꜠ LP ╛♃כ♦ ─♃כ♦ ⌐╟╢ ╩ ╖╢  

 ⌂⅔ ≢│ ─ 1 / ꜝ▬□ⱪ꜡ⱨ◙כ꜠─ LP )♃כ♦ ₈1 / ♦

╩(₉♃כ ⇔√⅜ ∕─ ≢ ꜠ⱬꜟ─ ╩ ◙כ꜠√⇔≥ ≢│ 4

/ ꜝ▬□ⱪ꜡ⱨ◙כ꜠─ LP )♃כ♦ ₈4 / ─(₉♃כ♦ ⅜ ⅜╡≈≈№

╢  

⌐₈1 / ╩₉♃כ♦ ⇔√ │₈4 / ╩₉♃כ♦ ⇔√ ≤

⇔≡ ⅜ ↄ⌂╢≤™╦╣≡™╢ ↓─√╘ ≢│ LP♦כ♃─ ⌐╟╢

─ ™╩ ∆╢√╘ ₈1 / ₈4≥₉♃כ♦ / ╢╟⌐₉♃כ♦ ─ ╩
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⇔√  

 ⌐ ≢│ ─ ╩ ∆╢≤≤╙⌐ ─ ≤ ⌐≈™≡ ═√  
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2  ⌐⅔↑╢ ⱳ♥fi◦ꜗꜟ─ ─

≤∕╣⌐ ≠ↄ ⌐⅔↑╢ ꜞ☻◒ ─

╩ ≤⇔≡  
 

 
  2-1
≢ ═√╟℮⌐ ⇔≡™╢ ⌐⅔™≡│ ─ ⌂≥⌐

™ ↄ─ ⅜ ⌐ ⇔≡ ╩ ⇔≡™╢↓≤⅜ ↕╣≡™╢ 1),2),3)⌂≥

╕√ ╕√│ ⅜ ⌐╟╡ ⇔≡ ∆╢↓≤╙ ™ 1)  

↓╣╠─ │ ╩ ∆╢ ⌐ ⅜ ™ ╩ ≈ ⌐ ⇔ ♄ⱶ

⇔≡∑⅝ →╩ ↓∆↓≤≢ ╩ ⇔√╡ ⌐ ⇔≡ ─ ⌐ ⅝⌂ ╩

↑╢↓≤≢ ╩ ⇔√╡∆╢⌂≥─ ╩ ⅝ ↓∆ ╕√ ╟╡ ⌐♄ⱶ

⅜№╢ ⌐│ ♄ⱶ ⌐ ⇔ ⅝⌂≥─♄ⱶ ─ ╩ ⅝ ↓∆ ↕╠⌐

≢ ↕╣⌂™ │ ╕≢ ⇔ ╛ ┼ ⇔√╡ ↄ─ ⌐

⇔≡ ⌂≥─ ─ ╩ ↓⇔√╡ ─ ╩ ⅝ ↓∆⌂≥─

⌂ ╩ ↓⇔≡™╢  

 ↓─╟℮⌂ ⅛╠ ↓╣╕≢ ↕╣≡⅝√ ╛ ─ ⌐ ⅎ≡ │

─ ─ ─ ⅜ ≢№╢≤ ⅎ╠╣╢ ─ │ ⅜ ⌐

∆╢ⱷ◌♬☼ⱶ─ 4)╛ ─ ─ ≢─ 5)⌂≥⌐ ⇔≡⅔╡

⌐⅔↑╢ꜞ☻◒ ⌐ ∆╢ ╩ ⇔√ │⌂™  

≢│ ⌐ ∆╢ ⌐ ─ ⅜ ╕╣╢ ≤ ─

─ ⌂╠┘⌐ ≤ ≤─ ⌂ ⅛╠ ↕╣╢ ─ ╩

₈ ⱳ♥fi◦ꜗꜟ₉≤ ⇔ ∕─ ╩ ∆╢  

↓─ ⌐ ≠™≡ 24 7 ⌐≡ 10 ≢ 2 ─ ╩ ⇔

√ ─ ⌐⅔™≡ ─ ⌐ ≠ↄ ⌐⅔↑╢ ꜞ☻◒╩

∆╢ ╩ ∆╢↓≤╩ ╖╢ ╕√ ⌐╟╡ ⇔√ ─ ⌐ ℮∑⅝ →

─ ╩ ↑≡ ⅜ ⇔√ ⌐≈™≡ ─ ┼─ ꜞ☻◒─ ⌐≈™

≡╙ ╩ ℮  
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Fig 2-1  
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 24 7 ⌐⅔↑╢ ─ ⌐≈™≡ 2-2
 

 ⌐⅔↑╢  2-2-1
(1) ─  

│ ╩ ╣╢ ─ ≢№╢ │ 136.1km2 16.6km ≢

№╡ ≤─ ⅛╠ 8.7km ╕≢⅜ ∕╣╟╡ ⅜

≤⌂∫≡™╢ ⌂ ≤⇔≡│ ≤─ ⅛╠ 5.2km ≢ ∆╢

8.8km ≢ ∆╢ ⅜№╢ Fig 2-1  

 

(2) ─  
 ─ ≢│ 2012 7 3 ⌐ ≢ 1 81mm 3 172mm─

╩ ⇔√ ↄ 7 14 ⌐│ ≢ 1 63mm 3 124mm╩∕╣∙╣

⇔≡™╢ 3 ─ ⅜ ≢№╡ 14 ⅜ ─ ≢№∫√≤™℮ ⅜╖╠╣

≡™╢ 2)  

≢│ 7 3 9 30 ⌐ 4.16m╩ ⇔ 14 7 30

⌐│ 4.37m≤ ╩ ⇔√ ↓╣│ ≢ ╩ 2 ╙ ⇔√↓≤╩ ⇔≡⅔

╡ ─ ─ ╕∂↕╩ ⇔≡™╢  

 

(3)  
7 3 ─ ≢│ ⅜ 2 ⅜ 13 ≢ ⇔ ⅜ ⇔√ │

121.3ha─ ™ ≢ ⇔ 835 ─ ╛ ⌐ ⌂ ╩ ⅎ√ ∕─ ─

─ ⌐╟╡ 14 ─ ≢│ │ ↓╠∏ ⌐╟╢ 79ha─ ⌐≤≥╕∫

√   

─ ⌐╟╢ ╙ ⇔≡™╢ 4.8km ─ ≢│ ⌐ ⅜

∆╢↓≤⌐╟╢ →⅜ ∂ ─ ⅜ ∆╢ ≤⌂∫√ ↓─ │ ≤

─ ─ ─ ─ ≢№╡ ≤ ─ ─ ≢ ⇔√

⅜ ∆╢ ≤⌂∫≡™╢ ⅎ≡ ─ ⌐│ ⅜ 3 №╡ ╙ ─

╩ ↓⇔╛∆™╙─≢№∫√ Pic 2-1⌐ ─ ─ ╩ ∆  
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Pic 2-1 ↑ ⅎ ─ (2014 ) 

 

⌐╟╡ ╩ 1 ⌐∆╢ ⅜ ╘╠╣≡⅔╡ 2016

─ ╩ ⇔≡ ⅜ ╪≢™╢  

╕√ ⌐ ⅛╢ ⌐⅔™≡╙ ⌐ ─ ⅜ ╩ ↕∑╢ ≤⌂∫√

↓─ ╙ ⅜ ∆╢⌂≥⇔√↓≤╙№╡ ↑ ⅎ⅜ ╕∫≡™╢ ⌐╟╢≤

⅛╠ 800m─ ╩ ⌐ ⇔ ⅜ ™↓≤⅛╠ ≢ ⅜ ⇔√√╘

╩ 4.4m 7.5m ⇔ ╩ 30m⌐∆╢ ≢№╢ Pic 2-2⌐ ─ ─

╩ ∆  
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Pic 2-2 ─  
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  ─ ⌐≈™≡ 2-3
 

  ⱳ♥fi◦ꜗꜟ─ ─  2-3-1
 ╕∏ ≢ ∆╢ ⱳ♥fi◦ꜗꜟ─ ⌐≈™≡ ∆╢ ↓↓≢│ ⅛

╠ ⇔℮╢ ─ ╩₈ ⱳ♥fi◦ꜗꜟ₉≤⇔≡ ∆╢ ⌐ ⅜ ∆╢

▬ⱬfi♩│ ⌂ ⅜ ⌐ ⅝ↄ ╛ ⅜ ⌐ ─ Ɽ

⌐fiכ♃ ∆╢√╘ ╩ ≤⇔≡ ∆╢↓≤│ ⌐ ≢№╢ ╟∫≡ ∕╣

╠─ ≡╩ ∆╢≤ ⅎ≡╟™ ⱳ♥fi◦ꜗꜟ╩ ⌐ ∆╢↓≤≢ ─

ꜞ☻◒ ╛ ∕─ ⌐ ℮ ─ ╕√│ ⌐№√∫≡─ ⌐ ∆╢↓

≤╩ ⇔≡™╢  

⌐ ∆╢ ─ ┼─ │ ⌐╟╢ ─ ≤ ה

⅜ ≢ ∆╢ ⅜ ≢№╢≤ ⅎ╠╣╢ ↓↓≢│ ─ ⅎ ⅛╠ ≤⇔≡

╩ ╘╢ ─ ─╖╩ ≤∆╢ ▬ⱬfi♩─ ⌂≥╩ ⅎ╢ ⌐

│ ─ ╩ ∆╢═⅝≢№╢⅜ ↓↓≢│ ─▬ⱬfi♩╩ ∆╢╙─≢⌂

™√╘ ⱳ♥fi◦ꜗꜟ≤⇔≡ ⌂ ⌐⌂╢≤ ⅎ√  
 

   2-3-2
│ Fig 2-2 ⌐ ™ ≢ ╪≢ ⇔√ (

)⅔╟┘ ─ ≢№╢  

↓─ ⌐⅔™≡ ⌐ ≢ ⅜ ⌐№∫√↓≤╛ ⅜ ⌐

⌂ ╩♃כ♦─ GIS♦כ♃≢ ⇔≡™√↓≤⌂≥⅛╠ ─ ≤⇔≡ ⇔√  

 

 

Fig 2-2 ≤∆╢ ≤ ─  

[ │ ] 
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♃כ♦√⇔   ⌐≈™≡ 2-3-3
╕∏ ≢№╢ ⅛╠ ↕╣√ ╟╡ (

) Fig 2-2 ─ ─ ( ☻Ɽfi ⌂≥)⌐ ∆╢

╩ ⇔√ ⇔⅛⇔ ≢ ≢⅝⌂™ ⅜ ⇔≡™√√╘ כ◙כ꜠

⌂≥╩ ™≡ 111 ⌐≈™≡ ╩ ™ ה ה ה

ה ה ה ─ ╩ ⇔≡ ⇔√  

⌐ ⌂╠┘⌐ ╩ ⅛╠ ⇔

ה 1 ה 1 ⌐♃כ♦─ ≠⅝ ╩ ⇔√ ↓↓≢│

Fig 2-3 ה ה ה ה ─ 5≈⌐ ⇔√ ≤│ ╛ ─

⌂≥≢ ⅜ 50ha ≤⌂╢╟℮⌐ ↕╣√ ─ ╩ ⇔ ≤│ ╩ ⇔

≡™╢ ╩ ⇔≡™╢  

│ ╩ ∆╢ ≢ ⌐╟╡ ─ 1/2 1/3 ─ ↕⌐⌂╢≤ ⌐ ╦╣

≡™╢ 6) ∕↓≢ ─ ⅛╠ ╩ ╕⅛⌐ ≢⅝╢╟℮⌐ 7 ≈─ ─

╩ ⇔ ─ ╩ ≡ ∟ ╡ ─ ⌐≈™≡─ ╩ ⇔√ ≢

™╢ ╩ ╠╣√ ↕─ ─ ≤⌂╢ 9.16m≤ ⇔√  
↓╣╠⌐ ⅎ≡ ∆╢ ─ ≤ ≤─ ╩ ∆╢√╘

─ ♃כ♦ 10mⱷ♇◦ꜙ ╩ ™√ Table 2-1⌐ ╩♃כ♦√⇔ ≤⇔≡

∆  

 

 

Fig 2-3  ( ) 
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Table 2-1 ♦כ♃  

  ♃כ♦

  

  

  

  

 ☻ⱦכ◘DL ♃כ♦

 

  ⱳ♥fi◦ꜗꜟ─ ⌐≈™≡ 2-3-4
⌐╟∫≡ ⇔√ ⅜ ╕≢ ∆╢↓≤⌐╟∫≡ ╘≡ ⌐ ⇔√

≤⌂╢ ∕─√╘ ⅜ ╕≢ ∆╢ ─№╢ ─╖╩ ≤⇔≡ ∆╢

⅜№╢  

₈ ─ ⌐╟╢ ─ ⌐ ∆╢ ₉⌐╟∫≡ ⅜ 30° ─ ⅜

≤↕╣≡™╢ ∕↓≢ ≤⌂╡℮╢ ⅜ ⌐╟╡ ∆╢ ╩ ∆╢√╘⌐

⌐≥╙╩♃כ♦ GIS⌐╟∫≡ ⅜ 30° ─ ╩ ⇔√  

⌐ ↕╣√ ⌐⅔™≡ ⌐ ∆╢ ╩ ╘ ⅜ ╕≢ ≢

⅝╢ ─ ╩ ∆╢ ⅜№╢ ∕↓≢ Fig 2-4⌐ ∆╟℮⌂ ⅛╠

⌐╟╡ ∆╢ ⅜ ≢⅝╢ ╩ ∆╢ (2.1) 7)╩ ™≡ ╩ ╖√  

 

 

 

Fig 2-4 ⌐ ℮ ─ ─ 7) 

 

21.0tan73.0/ max -= qLH            (2.1) 

↓↓≢ q (tan— = ὌΩ/ὒΩ) H ≢№╢  
 

 

─ ≢ GIS ─ ╩ ╖ ╦∑≡ ⅛╠ ╕≢─ ╩ ⇔√ ╕

∏ ╠⅛♃כ♦ ⌐ ☿ꜟ╩ ∆╢ ╩ ArcGIS─ ꜟכ♠

⌐╟╡ ∆╢↓≤≢ ╛ ⌂≥─ ╩ ⇔√ ╠╣√ ☿ꜟ─ ─ ⌐≈™

≡ ⌐ ∆╢ ⅜ ⌐ ⅝™ ╩ ≈╟℮⌐ ⌐ ⅝™ ⌐ ⇔

≤ ⅎ╠╣╢ ⌐│ 0╩ ⅎ╢ ╩ ArcGIS─ ╡╟⌐ꜟכ♠ ∫√ ∕⇔≡
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⅛╠ ╕≢─ ╩ ArcGIS─◖☻♩Ɽ☻♠כꜟ⌐╟╡ ⇔√ │ꜟכ♠─↓

⅛╠ ╕≢─ ⌂ ─ ≢ ∆╢☿ꜟ ─ ⅜ ⌐⌂╢ ╩ ≢⅝╢

√╘ ╩ ⅎ∏⌐ ╕≢ ╣╢ ╩ ≢⅝╢  

╠╣√ ⅛╠ ╕≢─ ≢ ╠⅛♃כ♦ ╠╣╢ ─

q ╠╣√ ─ H⅜ ≢⅝╢√╘ (2.1) ⅛╠ ─

⅜ ≢⅝╢ ⅛╠─ ╕≢─ Lr≤ ∆╢↓≤≢ Lmax>Lr⌂╠┌

⅜ ┼ ⇔≡ ∆╢ ⅜№╢≤ ∆╢ ↓╣╟╡ ⅛╠ ⅜ ╕

≢ ≢⅝╢⅛ ≢⅝╢↓≤⌐⌂╢  

─ ⌐⅔↑╢ ⱳ♥fi◦ꜗꜟ│ ∕─ ─ ─℮∟ ─ ≢

↕╣√ ⌐╟╢ ⅜ ⌐ ≢⅝╢ ⅛╠ ↕╣╢≤ ⅎ╠╣╢

≢│ ⱳ♥fi◦ꜗꜟ Vi (m3)⌐≈™≡ ─₈ ה ─ ⅝₉6)≢ ™╠

╣√ ─ ╩ ⇔≡ ≢ ⇔√  

ὠ = В ‍ ὃ                     (2.2) 

↓↓≢ bk k ─ ⌐⅔↑╢ (m3/km2) Ai i ─ ⌐⅔↑╢

─ k ─ (km2)≢№╢ bk│ ─ ⌐╟╡ 1000 100

500 ≤ 0≤↕╣≡™╢  

 

(2.2)│ ⌐ ∂√ ⅛╠ ╠╣√ ≡⇔⌐≥╙╩♃כ♦ ↔≤⌐ ─

╩ ⇔√≤ ≢⅝╢ ≢№╢ ╟∫≡ ≢ ⇔≡™╢ ⱳ♥fi◦

ꜗꜟ─ ⌐ ⇔√ ≤™ⅎ╢   

 

 ⌐⅔↑╢ ꜞ☻◒─ ⌐≈™≡ 2-3-5
⅜ ⇔ ╩ ∆╢ ⌐ │ ─ ─℮∟ ≤♄ⱶ≢ │ ⇔

≡ ↕╣╢ ꜞ☻◒╩ ∆╢ ⌐│ ⌐│ ⌐╟╡ ∆╢ ╙⇔ↄ│

⌂ ─ ≢ ↕╣╢⅜ ↓↓≢│ ⌐⅔↑╢ ⱳ♥fi◦ꜗꜟ─

╩ ™≡ ─ ⌐ ∆╢ ─ ∆⌂╦∟ ↕╣╢ ─ ⌐ ∆╢

≢ ∆╢↓≤╩ ╖╢ ↓─ ⌐╟╡ ─ ≤∕─ ⌐⅔↑╢

≢№╢ ⱳ♥fi◦ꜗꜟ╩ ⇔√ ⌂ ─ ╩ ≢⅝╢↓≤⌐⌂╢  

↓↓≢│ ⌐⅔↑╢ ⌂ ꜞ☻◒╩ ∕─ ⅛╠─ ⱳ♥fi◦ꜗ

ꜟ⅛╠ ─ ≡─ ⌐╟╡ ↕╣╢ ╩ ⇔ ™√ ─℮∟ ≤∆╢ ⌐ ↕╣

╢ ≤⇔≡ ⇔√ (2.3)╩ ™≡ ∆╢  

 

ä
-

=
-- -=ÖÖÖ--=

1

1
121 )~()~~~(~ i

k
kiiiiiii VVVVVVV aa       (2.3) 

↓↓≢ iV~ : i⌐⅔↑╢ ai: i─ ≢№╢ √∞⇔ ─ i│ ⅛

╠ ⌐ ⅛∫≡ ⅜ ⅎ╢╟℮⌐ ↑╢ ─ ≢№╡ ─ ≢ ↕╣≡™╢

≤│ ⌂╢ ╕√ ⅜ ∆╢ ≢│ ─ ╩ ∆╢  
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ai │ ─ ☻Ɽfi ⌐ ∆╢ ↕╣╢ ─ ☻Ɽfi

⅜ ⌐≈™≡ ⌂ ≤⌂╢≤ ⇔ ≢ ⇔√  

kS
L

i

w
i

1
³=a                      (2.4) 

↓↓≢ Lw ─ ⌐⅔↑╢ ⅛╠ ⇔√ (=9.16m) Si i⌐⅔

↑╢ ─ ☻Ɽfi k ⌐⅔↑╢ ─ ⇔⌐ↄ↕╩ ∆ ≤∆╢ ╩

⇔√ ▬ⱷכ☺│ Fig 2-5 ⌐⅔↑╢ ─ ▬ⱷכ☺ Fig 2-6╩ . 

 

(2.3)╩ ⇔√↓≤≢ ╩ ⇔√ ⌂≥⌐ ⌐ꜞ☻◒⅜ ∆╢ ╙

≢⅝╢↓≤⌐⌂╢ ai ⌐│ ☻Ɽfi ─Ɽꜝⱷכ♃ ⅎ┌ ─ ─◒ꜞ

▪ꜝfi☻ ╛ ─ ⌂ ─ ╛ ─ ╛∕╣╠─ ⌂≥ ⌂≥╙

∆╢≤ ⅎ╠╣╢⅜ ≢↓╣╠╩ ⌐ ⇔≡ ╡ ℮↓≤╩ ≤∆╢ ⅜

⌂™─≢ ∕╣╠─ ╩ k ⌐ ╕∑╢≤ ⅎ≡ ╩⇔√ ⌂⅔ ≢ k │

≤ ⇔√ ╕√ ai│ ⌐ 0⅛╠ 1 ─ ─ ≤⌂╢ ≢№╢↓≤⅛╠

⌐ ─ Lw/Si─ ⅛╠ ↕╣╢ k─ ╩ ∆╢↓≤⌐⌂╢ ≤⇔√

─ ─ ☻Ɽfi ╩ Fig 2-7⌐ ∆ ☻Ɽfi ─ ⅜ 4 ≢№╢↓≤⅛╠

≢│ k │ 4 ≤∆╢ ⅜№╢↓≤⅜ ⅛╢ ⌂⅔ ─ │

─ ⅛╠ ┼ 0⅛╠ 26 27⅛╠ 39╕≢⅜ ─ ⅛╠ ┼ ⌐ 40⅛╠

110⅜ ─╙─╩ ⇔≡™╢ Fig 2-2  

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 2-5 ╩ ⇔√ ▬ⱷכ☺ 
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Fig 2-6 ⌐⅔↑╢ ─ ▬ⱷכ☺ 

 

 

Fig 2-7 ─ ⌐⅔↑╢ ☻Ɽfi ─  
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 ╩ ≤⇔√  2-4
  

  ─ ⌐≈™≡ 2-4-1

2-3≢ ⇔√ ⌐ ≠⅝ ─ ╩ ⇔√ ╩ Fig 2-8⌐

∆ │ ⌐ ⇔≡™╢↓≤⅜ ╖ ╣╢ ╕√ ↓╣╠─ ⅛╠ ╕≢

─ ╩ Fig 2-9⌐ ∆ ╟╡ ⌐ ╕≢ ⅜ ≢⅝╢ ≢№╢

╩ ⇔√ ╩ Fig 2-10⌐ ∆  

Fig 2-8╟╡ 30° ─ ╩ ≈ ─ ⅜ 31km2 Fig 2-10╟╡ ≢№╢

─ ⅜ 24km2≤ ↕╣ ─ 8 ⅜ ─ ≤⌂╡℮╢≤ ↕

╣√  

 

 

Fig 2-8 ─ ─  

[ ⅜ ⅜ ⅜ ⅜ ] 
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Fig 2-9 ─ ⅛╠ ╕≢─ ─  

[ ⅜ ⅜ ⅜ ] 

 

Fig 2-10 ─  

[ ⅜ ⅜ ⅜ ⅜ ] 

 

 ⌐⅔↑╢ ⱳ♥fi◦ꜗꜟ─ ⌐≈™≡ 2-4-2
2-4-1╟╡ ╠╣√ ─ ≡⅛╠ ⅜ ↕╣√ ⌐≈™≡ ⅎ╢↓≤≢

ⱳ♥fi◦ꜗꜟ⅜ ≢⅝╢ ∕─ ⌐ ─ ⌐⅔↑╢ ╩ ∆╢√╘⌐
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Fig 2-3⌂≥ ╩ Fig 2-10 ≤ ⌡ ╦∑╢↓≤≢ ⌐⅔↑╢

─ ╩ ⇔√ ╕√ ⌐⅔↑╢ ─ ─ ⅛╠ (2.2)╟╡

ⱳ♥fi◦ꜗꜟ╩ ⇔√  

Fig 2-11⌐ ≢─ ⱳ♥fi◦ꜗꜟ─ ╩ Fig 2-12⌐∕─ ╩ ∆

↓╣⌐╟╡ ─ ─ ─№╢ ─ ─ ≤ ≤

≤─ ⌂ ╩ ⇔√ ≤⇔≡─ ⱳ♥fi◦ꜗꜟ⅜ ≢⅝√↓≤

⌐⌂╢ ╟╡ ⌂⅜╠ ⅜ ↄ⌂╢ ─ ╒≥ Vi⅜ ⅝ↄ⌂∫≡™╢↓≤⅜

⅛╢ ╕√ ─ ≢│ ⅛╠ ∆╢ ⅜╒≤╪≥⌂™√╘ Vi ─ ⅜

⇔⌂™ ⅜ ╠╣╢ ⌂⅔ ₁⌐ ╟╡ ↕™ ╩ ∆ ⅜ ╠╣╢⅜ 3 ⌐

⇔≡™╢ ↕™ ─ ─╙─≢№╢  

↓─ │ ⌐⅔™≡ ⅛╠ ⇔℮╢ ⌐ ∆╢ ⱳ♥fi◦

ꜗꜟ╩ ⇔√╙─≢№╢ ⇔√⅜∫≡ ▬ⱬfi♩⌐ ™ ⌐ ∆╢ │↓─℮∟─

≢№╢≤ ⅎ╠╣╢↓≤⌐ ⅜ ≢№╢  

 

Fig 2-11 ─ ⱳ♥fi◦ꜗꜟ 
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Fig 2-12 ─ ⱳ♥fi◦ꜗꜟ─  

 

 ⌐⅔↑╢ ꜞ☻◒─ ⌐≈™≡ 2-4-3
⌐ ╠╣√ ⱳ♥fi◦ꜗꜟ╩ ™≡ ≢ ↕╣╢ ⌂ ∆⌂╦∟

ꜞ☻◒╩ (2.3)╟╡ ⇔√ Fig 2-13, Fig 2-14⌐ ─ ꜞ☻

◒ ─ ╩ k=5, 50─ ╖─☻כ◔2 ∆ ─ ⇔⌐ↄ↕╩ ∆ k⌐≈™≡│

─ ⌂╠┘⌐ ≢─ ⅜♃כ♦ ⌐ ∫≡™╣┌ ⌐

≢⅝╢⅜ ⅜♃כ♦╠╣⧵│≡™⅔⌐ ⌐│ ⇔≡™⌂™ ╟∫≡ ≢│ k ─

⅜≢⅝⌂™√╘ ™ↄ≈⅛─ k=5, 50, 100, 1000, 10000 ≢ ╩ ™ ⌂ꜞ☻◒─

╩ ⇔≡™╢  

╩ ∆╢≤ ⌐ꜞ☻◒⅜ ⅝ↄ⌂╢ │ ∂≢№╢↓≤⅜ ⅛╢ √∞⇔ ꜞ

☻◒─ │ ⇔≡™╢↓≤⅛╠ ⌂ꜞ☻◒╩ ∆╢√╘⌐│ k ─ ─

⅜ ≢№╢≤ ⅎ╠╣╢ ╕√ ⌐ ─ ─╖≢ ⇔√ ⌐ ∆╢ Fig 2-7≤

∆╢≤ ⅜ ⌂∫≡⅔╡ ≤─ ⌂ ╩ ∆╢↓≤─ ⅜

↕╣╢  

2-2 ≢ ⇔√ 24 ─ ⌐⅔™≡ ⌐ ⅜ ⇔√ ─ (i=9) Pic 2-1

≤ ─ (i=79) ─ ™Ᵽכ Pic 2-2 ⌐≈™≡ ∆╢≤ k─ ⌐ ╦╠∏ꜞ

☻◒⅜ ⌐ ↄ ↕╣≡™╢ ╟∫≡ ⌐╟╡ ⌐⅔↑╢ ─

─ ⌐≈™≡│ ≢⅝≡™╢≤ ↕╣╢  ⌂⅔ ↓─ ≢│ꜞ☻◒─ ™ ─

≡≢ ⅜ ⇔≡™⌂™⅜ ↓╣│ ─ ≤ ≤─ ⅜№╢√╘≢№╢  
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Fig 2-13 ꜞ☻◒─ k=5─  

 

 

Fig 2-14 ꜞ☻◒─ k=50─  
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 ⌐ ∆╢  2-5
2-2 ≢ ═√≤⅔╡ │ ⅜ ╪≢⅔╡ 2016 ⌐ ☻Ɽfi ⅜ 15m⅛

╠ 40m ≤⌂╢ ☻Ɽfi ⅜ 2.7 ⌐⌂╢↓≤⅛╠ ⌐⅔↑╢ ⅜ 1/2.7

(37%)⌐⌂╢ ⌐│ HWL⅛╠─◒ꜞ▪ꜝfi☻⅜ ∆╢⌂≥─ ╙№╢√╘ ↓╣ ⌐

⅜ ∆╢≤ ⅎ╠╣╢ ™∏╣⌐⇔≡╙ ↓─ ⌐╟╡ ─ ┼ ─ꜞ☻◒

⅜ ↕╣╢≤ ⅎ╠╣╢  

∕↓≢ ꜞ☻◒ ─ ≤⇔≡ ⌐ ℮ꜞ☻◒─ ╩ ⇔√

Fig 2-15 ⌐ ─ ─ 9 ─ ⌐⅔↑╢ ꜞ☻◒─ (k=50 ─ )

─ ╩ ∆ ─ ≡─ ≢ꜞ☻◒⅜ ∆╢↓≤⌐ ⅎ≡ ─ ⌐⅔

™≡ ⅜ ╕╣≡™╢ JR Pic 2-3 ⅜ ─ ╟╡ 2 ╒≥ ⅝ↄ ꜞ☻◒⅜ ╙ ∆╢

↓≤⅜ ↕╣√ ↓─╟℮⌐ ⌂ ─ ╙⇔ↄ│ ─ ⌂≥⅜ ⌐ ⅎ

╢ꜞ☻◒─ ⅜ ⌐╟╡ ≤⌂╢↓≤⅜ ↕╣√ ⌂⅔ ─ │ 1m3 ─

⌐ ↕™ ≢№╢⅜ k⌐ ∆╢ ≢№╢↓≤⌐ ⅜ ≢№╢  

 

 
Fig 2-15 ⌐╟╢ ─ ─  

 



 

40 
 

 

Pic 2-3 JR  
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  2-6
⌐ ™ ∆╢↓≤─ ™ ⌐≈™≡ ⌐ ∆╢

₈ ⱳ♥fi◦ꜗꜟ₉─ ≤∕─ ╩ ⇔√ ⌐ ≠⅝

╩ ≤⇔√ ⱳ♥fi◦ꜗꜟ≤ ─ ⌐⅔↑╢ ꜞ☻◒╩

⇔√  

∕─ ─ ≤ ─ ─ ╩ ⇔√ ⅜ ⌐⌂╡ ─ ╛

⌐ ℮ ─ ╩ ≢⅝╢╟℮⌐⌂∫√ ≢ ↕╣√ │ ₁─

⌐ ≠ↄ╙─≢№╡ ┼─ ai ─ ⌂≥─ ╩ ℮↓≤≢ ╟╡ ─

™ ┼─ ⅜ ≢№╢ ↕╠⌐ ⌐╟╢ ⌂≥⌐ ∆╢ ⌂≥╩

⇔√ ⌂ ≢─ꜞ☻◒ ┼≤ ↕∑╢ ⅜№╢   
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3  ♄ⱶ╛ ♄ⱶ⌐╟╢ ꜞ☻◒┼─
─ ╩ ≤⇔≡  

 

 

  3-1
⅔╟┘ ≢ ═√ ╡ 24 7 ≢│ 4

⌂╠┘⌐ ─ ↄ─ ⌐⅔™≡ ⌂ ⅜ ⇔ ה

⅜ 32 ⌐─╓╢⌂≥ ⌂ ╩╙√╠⇔√ 1) ∕─℮∟ ╩ ╣╢

─ ≢№╢ ╛ ╩ ╣╢ ≢│ 7 3 ─ ⌐ ™

≡ 10 ─ 7 14 ⌐ ─ │ ╩

│ 2 ⌐ ╦╣≡⅔╡ ─ ⌐⅔↑╢ ─№╡

⌐ ╩ ∂╢↓≤≤⌂∫√ 1)  

≤ ─ ≢│ ⌂ ⌐╟ↄ ╠╣╢ ─ ⅜ ╠╣√ 2

≢ ═√ ╡ ≢│ ⌐⅔™≡ ─ ⌐ ∆╢ →⅜ ∂ ⌐╟

╢ ╩ ⇔√ 2) ∕─ │ ↑ ⅎ╠╣╢↓≤≤⌂╡ 28(2016) ⌐

⅜ ↕╣╢ ≢№╢  

⌐│ ≤⇔≡─ ⅜ ™ ⅜ 3 №╢ ↓─℮∟ ─

15.5k Pic 3-1 ≤∕─ ⌐ ∆╢ 17.0k Pic 3-2 ≢│

─ ⅜ ↓╡ ≢│∑⅝ →⌐╟╡ ─ ≤ ─ ⅜ ⌐╟

╡ ⇔ ≢ ⅜ ∆╢ ⅜ ⇔√ 3) ╕√ ─ 21.3k Pic 3-3

≢│ ⅜∕─ ⌐ ∆╢ 25.0k Pic 3-4 ⌐ ⌐ ⇔√√╘

│ ╣√⅜ ─ ≢№╢ ─ ♅כ▪╛↕ ⌐╟╢ ─ ↕⌂≥─

─ ↕⌐ ∆╢∑⅝ →⅜ ∂ ≢ ─ ה ⌐ 50

24 ⅜ ∂√ 3)  

∕↓≢ ─ │ ─ ╩ ⇔√╙── ⅛╠ ≤

⇔≡─ ╩ ↕╣ ⅛╠ ⅜ ╘╠╣√ ∕↓≢

╩ ⇔≡ ⇔√ ─ ─ ≤ ↑ ─ ⌂≥⌐╟╡

╩ ∆╢ ⅜ ╠╣╢↓≤≤⌂∫√ 3)  

⇔⅛⇔⌂⅜╠ ─ │ ─ ⌐╟╡ ⅜ ↕╣√↓≤⅛╠ ↕╣╢↓

≤⅜ ╕∫≡⅔╡ ∕─ ≢│ ⌐╟╢ꜞ☻◒⅜ ∆╢↓≤⅜ ╕╣╢ ╟∫≡

⌐⅔↑╢ ⌂≥─ ꜞ☻◒ ⅜ ╘╠╣╢  

↕╠⌐ ≢│ ─ ♄ⱶ⌐ ⅜ ⇔√⅜ 3) ↓─↓≤│ ─ ♄

ⱶ⅜ ╛ ─ ╩ ∆╢─╖≢⌂ↄ ꜞ☻◒╩ ∆╢ ╩ ≈↓≤╩ ⇔

≡™╢ ╟∫≡ ♄ⱶ⌐╟╢ ꜞ☻◒ ╩ ∆╢↓≤⌐│ ⌂ ⅜№╢≤

ⅎ≡╟™ ⅎ≡ ≢ ═√ ╡ │ ⅞╟℮⅜⌂™↓≤⅜ ╠⅛⌐⌂╡ 4)

┼─ ⅜ ╕∫≡™╢⅜ ─ 5)⌐╙№╢╟℮⌐ ⌐≈™

≡│ ⌂≥⌐≈™≡ ─ ⅜ ╘╠╣≡™╢  

─╟℮⌂ ╩ ╕ⅎ╢≤ ⌐ ∆╢ ⱷ♬ꜙכ≤⇔≡ ⅎ╠╣╢ ♄ⱶ─
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⌂ ≤ ⅜≥─ ─ꜞ☻◒ ⅜№╢─⅛╩ ∆╢↓≤│ ⌂ ≢№╢  

╟∫≡ ≢│ ╩ ⌐ ⌐╟╢ ꜞ☻◒─ ♄ⱶ⌂╠┘

⌐ ♄ⱶ─ ꜞ☻◒ ╩ ∆╢↓≤╩ ╖╢  

 

 

Pic 3-1  

 

 

Pic 3-2  

  
















































































































































