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5 . ̓́ ῴ⁸ ⱦ  

5.1   

│⁸ 137 10 ⁸ 34 57 ⁸ 387.24 ◐꜡ⱷ⁸ꜟ♩כ

⁸ ≤≤╙⌐ ─ ╩╘↨∆ ─╒╓ ⌐ ∆╢

38 ─ ≢№╡⁸ ─ ╩ ∆╢ ─ ≤

⇔≡ ⌂ ╩ ∫≡™╕∆⁹ ⌐│⁸ ⌐ ⌂╢ ⁸ ≤

⌐ ⅜╢ ⅛╠⌂∫≡⅔╡⁸ ⇔™ ≤ ⌐ ╕╣√ ≢∆⁹ 

 

 

(1)  

⌐ 1 ⌐ ╢ ─ │ 1,190mm1≢∆⁹↓╣│ ─ ≤ ═╢≤

1.4 ≤⌂∫≡™╕∆⅜⁸ ─ ≤ ═╢≤ 2/3 ≢∆⁹↕╠⌐⁸1 ⌐

╢ ╩ ≢ ∫√⁸ №√╡─ ╩ ∆╢≤ ─ 1/15⁸

─ 1/4 ≤⌂╡⁸ ⇔≡ ⌂ ⌐ ╕╣√ ≤│™ⅎ⌂™ ⌐⌂∫≡

™╕∆⁹ 

 

 5- 1 2 

 

                                                   
1 S58 H17  
2   

537

736
867

460
627

534

51

1,551
1,718

880

1,190

0

500

1,000

1,500

2,000
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 5- 2 3 

 

(2)  

─ ≤√╘ ─ │  5- 3─≤⅔╡≤⌂∫≡™╕∆⁹ ─ ╩ ⅜

⌐ ╣⁸ ─ ─ ⅛╠ ╕≢ ⅜ ⌐ ╣≡™╕∆⁹∕╣ ─ ⌂

≢│⁸ ─ ⌐ ╛ ⁸ ⌐│ ╛ ⁸ ─ ⌐│

⅜ ╣≡™╕∆⁹╕√⁸ ─ ⌐│√╘ ⅜ ↄ ⇔≡™╕∆⁹ 

 

 

 

 

 

 5- 3  

                                                   
3   

174,016

25,022
8,069

53,987

4,693

216,162

757 8555,107
19,635

1,276
0

50,000

100,000

150,000

200,000

250,000
3

ˈ′(῎ῴЏᶸ̂ ) 

 

 

ˆ′( ̂ ) 

 

ὄ ′(ʴῬ ̂ ) 

 

′( ̸′ֻ ̂ ) 

 

′(′ׄ ̂ ) 

 

′(Ᵽ ̂ ) 

 

─
 

─
 

̸′(ˈ′ֻ ̂ ) 
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(3)  

┘∕─ │  5- 4─≤⅔╡≤⌂∫≡™╕∆⁹ ─ │╒≤╪≥⅜

≤⌂∫≡⅔╡⁸ ─ ⌐ ⅜ ⅜∫≡™╕∆⁹ ─ ≢│ 51 ⌐│

™⌐ ⅜ ⅜∫≡™╕⇔√⅜⁸ 9 ⌐⌂╢≤⁸↓╣╠─ │ ┼≤

⅜ ╘╠╣≡™╕∆⁹ ≢╙ ─ ⅜ ™≡™╕∆⁹ 

 

 

 5- 4  

їЖ 1/10 ѝӢ ᶽ᷂ѫ ᶮᶽ᷂  

9 ─  

51 ─  

28 ─  
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(4)   

─ ─ │  5- 5─≤⅔╡≤⌂∫≡™╕∆⁹ │ ─ ⌐ ⇔≡™

╕∆⁹ ⌐ ╩ ≡╖╢≤⁸ ≤ ─ ╩ ⌐ ⅜ ⇔

≡™╢↓≤⅜ ⅛╡╕∆⁹ 

╕√⁸ ⌐╦√∫≡ │╝╢╛⅛⌐ ⇔⁸2035 17 ╩Ⱨכ◒⌐

⌐ ∂╢≤ ↕╣╕∆⁹ 

 

 5- 5  

 

 5- 6  

 

˲֥(2006)  

˲֥Ὥ↓(2006)  
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(5)  

─ ⌐ ™⁸ ╛ⱷ♃fi⁸↕╠⌐│ⱨ꜡fi ⌂≥─ ●

☻⅜ ⌐ ⌐ ↕╣√ ⁸ ─ ●☻─ ⅜ ╕╡⁸ ─

⅜ ⅎ⁸ ⅜ ⇔ ╘≡™╕∆⁹↓╣⅜ ≤ ┌╣≡™╕∆⁹ 

IPCC 5 ⌐╟╢≤ 2100 ─ │⁸ ≤ ⇔≡ 0.3

4.8ϴ ⅜╢≤ ↕╣≡™╕∆⁹╕√⁸ ↄ─ ≢ ⅜╟╡ ⌐ ↄ ™√

╡⁸ ⌂ ⅜╟╡ ↄ ≤⌂╢ ⅜ ⌐ ™≤ ╦╣≡™╕∆⁹╦⅜

⌐⅔™≡╙ ⁸ ⁸ ─ ⌐⅔™≡⅔╟∕ 100 ⅛╠

⌐№╡╕∆⁹ 

 5- 7  

HP  
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 5- 8 [ ] 1 50  

 5- 9 13  
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↓℮⇔√ ⌐╟╢ ─ │⁸ ⌐ ∆╢ ┼─ ─╟℮⌂ ⅜

ⅎ╠╣╢≤⇔≡ ⌐╟╡ ⅜↕╣≡™╕∆⁹ 

ה  

ה ─ ∆╢ ─ ╩ ⅎ√ ⌂≥⌐ ℮ ─  

ה ─ ─ ⌐╟╡⁸ ╛ ⌂≥─ ─ ꜞ☻◒⅜ ∆

╢  

ה ─ ⌂™ ≢☻◑ ─ ⅜ ⌐⌂╢ ⅜ ∆╢  

 

ה ─ ⅜ ⅝ↄ⌂╡⁸ ⌐ ↄ ⅜ ╢  

ה ⅎ ╛ ─ ⌂≥ ⌐  

ה ─ ⌂≥─ꜞ☻◒⅜ ∆╢  

ה  

ה ╩ ↓⇔℮╢ ⅜⁸ ─ ⌂ ⌐⅔™≡ ⌐│⁸ ⌐ ═

≡ ∆╢  

ה ─ ╩ ╢ ─ ╛⁸ │ ™⅜⁸ ─ ╩ ⌐ ╢

⌐╟╡⁸ ╘≡ ⌂ ─ ⅜ ↕╣╢⁹ 

ה ╡  

ה ╛ ─ ⌐ ™⁸ ─ ─  

ה ≢ ⌂ ⌐ ℮ ⅜ⱶ▬♃♪כꜞ─╘√─ ™ ─ ╛⁸

⌐╟╢ ⌂ ⌐ ℮ ─ ⅜ ↕╣╢⁹ 

ה  

ה ─ ─ ⅜ ⁹ ─╟℮⌐ ⅜ ↕╣╢ ⅜ ∂≡™╢⁹ 

ה ⁸ ⅜ ⁸ ⁸ ⇔⁸↕╠⌂╢ ⅜ ∂╢  

ה ≢│⁸ ⌐╟╢ ─ ┼─ ≤⇔≡⁸ ⅎ ╛ ─

─ ─ ⌐  

( HP https://www.env.go.jp/earth/gaiyou_r.pdf  
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5.2   

(1)  

≢ ─ ⅜ ↕╣≡™╢ │ 5- 10⁸ │ 5- 11─≤⅔╡≤

⌂∫≡™╕∆⁹ ─ ⌐⅔↑╢ ⌂ ⌐≈™≡│ ╩ ⌐ 1 ─ ≢

⇔≡™╕∆⁹1996 8 ⅛╠─ ╩ ╢≤⁸ │№╢╙──⁸╒╓

┌™≤⌂∫≡™╕∆⁹ 

 

 

 5- 10  

 

 5- 11 4  

                                                   
4  2014 (7.0m3/s)

 

0.00

1.00

2.00

3.00

4.00

5.00

6.00

7.00

2 0 0 5 2 0 0 6 2 0 0 7 2 0 0 8 2 0 0 9 2 0 1 0 2 0 1 1 2 0 1 2 2 0 1 3 2 0 1 4

─
/
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↓↓≢⁸ ╩╟ↄ∆╢√╘─ ╩⇔⌂™ 2030 ─ ╩

⇔≡╖╢≤⁸ ─ ≢ ─ ⅜ ⇔≡⇔╕℮ ≤⌂╡╕∆⁹↓╣

│ ─ ⌐ ℮ ─ ╛⁸ ⌐╟∫≡ ⅜ ⌐⇔╖ ╕⌂ↄ⌂╢√

╘⌐⁸ ⅜∆←⌐ ┼≤ ╣ ≡⇔╕℮╟℮⌐⌂╢↓≤⅜ ≤ ⅎ╠╣╕∆⁹ 

╕√⁸ ─ │ ╩ ↄ∆╢√╘⌐│ ⅛∑⌂™ ╡ ╖≢∆⅜⁸

⅛╠─ ╩ ╕≢ ╪≢⇔╕℮√╘⌐ ─ ─ ⌐≈⌂⅜╡╕∆⁹ 

⁸ ─ │ √∟⅜ ╛ ⅛╠ ∆ ─ ≤⁸ ⅜ ⅝ ≡

╣≡™╢ ─ ─ ⅜№╡╕∆⁹ ─ ⅜ ⅎ╢≤ ─ ⌐≈⌂

⅜╢√╘ ─ │ ≤⌂╡╕∆⁹∕↓≢ ╛ ╩ ∆╢⁸ ╩ ⌐

↕∑╢⁸╕√│ ↕∑╢ ─ ─ ╩ ╛∆ ╡ ╖╩ ╘≡™ↄ↓≤

⅜ ≤⌂╡╕∆⁹ 

 

 

 

 5- 12 H18  

 

 

 

 

 

  

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

3
/s

)

 

18 ─ ─ ─ ≢ ─ ≤ ─ ╩ ∫≡™╕∆⁹ ⌐

√∫≡│ ╛ ─ ╩ ⇔⁸ ⌐ ─ ⌂≥≤ ╩ ╡⌂

⅜╠ ─ ╛ ─ ╩ ⇔≡ ⇔≡™╕∆⁹ 
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(2)  

─ ⌐╟╡ ─ ≤ ≤╙ ⅜ ™≡™╕∆⁹╕√⁸

─ │╒╓ ┌™≤⌂∫≡™╕∆⁹ ╛ │⁸ ─ ╩ ╖ ∆≤≤

╙⌐ ╩ ⌐≤≥╘≡ ⌐ ⌐ ↕⌂™╟℮⌐∆╢↓≤≢ ─ ⌐╙

∫≡™╕∆⁹ │ ╛ ╩ ⇔⁸ ⌂ ╩≈ↄ╡ →≡™ↄ

⅜№╡╕∆⁹ 

 

 178ha─  [ 0.77 ] H24 H30  

 150ha─  [ 4. 40 ] H24 H30  

 

 5- 13   
 

 

 5- 14   
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 5- 15  

 

 

 5- 16 S51 H9  

 

 

 

 ≢│⁸ 27 28 ⌐⅛↑≡ ─ ╩ ╡ ↄ ─ ≤

─ ╛⁸ ─ ≤ ⌐ ∆╢ ⌐≈™≡─ ─ ⌂≥╩ ∂≡⁸

─ ⌐ ∆╢ ─ ∆╢↓≤╩ ⌐ ─♄ⱶ ╩ ⇔⁸ ⌐╦√╡

╩ ⇔╕⇔√⁹ 

│₈ ⱪꜝfi─ ⌐ ≠ↄ ⌐ ∆╢ ─ ⌐ ∆╢

⌐≈™≡₉ 29 2 ≤⇔≡ ↕╣⁸ ─ ⌐╙ ↕╣≡™╕∆⁹ 
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5.3   

(1)  

─ │ ─ ⌐╟∫≡ ⌐ ⅜ ╠╣╕∆⁹ │

╩ ≢№∫√ ⌐⅔™≡╙ H18 ⅛╠ ⌐ ─ ⅜ ╖⁸

≢│ ╩ ⇔≡⅔╡╕∆⁹ ─ ≢№╢ ⌐⅔™≡╙

BOD75 ⅜ 1 /L ≤⌂╢ ╙№╡⁸ ╕⇔™ ⅜ ≢⅝≡™╕∆⁹ 

⌐ ─ ╩ ⇔√≤↓╤⁸ ≢│ ─ ⅜ 70 ≤

ↄ⁸ ⅜ ─ ⌐│ ≢∆⁹ ╩ ↕⌂™ ─ ⱴ♫כ─

╛ ─ ⌂≥─ ─ ╩ ⅝ ⅝ ⇔≡™ↄ ⅜№╡╕∆⁹ 

 

 5- 17  

 

 

 

 

 

 

 

 

 

 

 

 

 5- 18  
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 5- 19 30  

 

 

 5- 20  

7.5 0/8 7.3 0/12 7.4 0/12 7.3 0/12 7.3 0/12

0.7 0.5 1.0 0.6 <0.5

4 0/8 2 0/12 3 0/12 3 0/12 1 0/12
9.5 0/8 9.9 0/12 9.6 0/12 9.5 0/12 10 0/12

4,100 3/4 27,000 7/8 17,000 8/8 10,000 7/8 16,000 6/8

0.04 0.0004 0.006 0.004 0.002
- - <0.00006 0.00006 <0.00006 <0.00006
- - 0.0045 0.0044 0.0016 0.0011

7.3 0/12 7.3 0/12 7.2 0/12

<0.5 2.9 <0.5

1 0/12 11 0/12 1 0/12
10 1/12 8.4 0/12 9.5 1/12

- - 90,000 -/4 6,300

0.002 0.020 0.001
<0.00006 - - <0.0006
0.0016 - - 0.0011

A

AAA C

68%

18%

12%

2%

 

≤│⁸ ─ ─ ┘ ─ ─℮ⅎ≢ ↕╣╢↓≤⅜ ╕⇔™

≤⇔≡⁸ ⌐⁸ ⁸ ⁸ ⁸ ╩≥─ ⌐ ≈↓≤╩ ⌐ ╩ ⇔≡™ↄ

─⅛≤™℮ ╩ ╘√╙─≢∆⁹ │⁸₈ ↕╣╢↓≤⅜ ╕⇔™ ₉≢№╡⁸

─ ≢∆⁹↓╣│⁸ ─ ╩ ∆╢√╘─ ≤⇔≡≢│⌂ↄ⁸╟╡

⌐ ↕╣╢↓≤⅜ ╕⇔™ ≤⇔≡⁸∕─ ╩ ∫≡™↓℮≤∆╢╙─≢∆⁹╕√⁸

⅜ ⇔≡™⌂™ ⌐≈™≡│⁸ ⌂ↄ≤╙ ╟╡ ∆╢↓≤≤⌂╠⌂™╟℮

⌐ ╩ ⇔⁸↓╣╩ ⇔≡™ↄ↓≤⅜ ╕⇔™╙─≤⇔≡ ╘╠╣≡™╕∆⁹

─ ⌐≈™≡│⁸₈ ─ ─ ⌐ ∆╢ ₉≤₈ ─ ⌐ ∆╢

₉⅜ ╘╠╣≡⅔╡⁸ │ AA⁸A⁸B⁸C⁸D⁸E ─ 6 ≈─ ⌐ ↑╠╣⁸ ▬○fi

(pH)╛ (BOD) ─ ⌐≈™≡ ≢ ⅜ ╘╠╣≡™╕∆⁹ 
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↓↓≢⁸ ╩╟ↄ∆╢√╘─ ╩⇔⌂™ ─ ╩ ⇔≡╖╢≤⁸

─ ≢ ⅜ ⇔⁸ ╩ ≢⅝⌂™ ≤⌂╡╕∆⁹ ╩ ↄ∆╢

√╘⌐│⁸ ⌐ ╣ ╢ ╣─╙≤╩ ╠∆√╘⌐ ─ ╛ ─

─ ╛⁸⅝╣™⌂ ─ ╩ ╛∆ ╡ ╖⅜ ≢∆⁹ 

╕√⁸BOD ─ ⌐≈™≡╙ ╩ ⇔≡™╢╙─⌐≈™≡│ ─

⁸ ⇔≡™⌂™╙─⌐≈™≡│ ∆╢ ╡ ╖╩ ╘╢↓≤⅜ ≢∆⁹ 

 

 

 

 5- 21 BOD75  

 

 

 

 

 

(2)  

│⁸ 29 ⅛╠ ╕≢─ ⌐╟╢≤ ⌡ ╩

√⇔≡™╕∆⅜ ⌐│ ╩ ⇔≡™╢ ⅜№╡╕∆⁹ ╩ ⇔√ │

┘ ≢№╡⁸ ⌐╟╢ ╛ ─ ⅜ ≤

↕╣╕∆⁹ 

 

0

1

2

3

4

5

B
O

D
(m

g
/l
)

75  

─ ─ ─⧵╩♃כ♦ ─ ↕™╙─⅛╠ ⌐ ═ 0.75×n n │⁸

♃כ♦─ ♃כ♦─ ╩╙∫≡ 75 ≤⇔╕∆⁹ 0.75×n ⅜ ≢⌂™ │

╩ ╡ →√ ─ ╩≤╡╕∆⁹  

─ BOD ╛ ─ COD ⌐≈™≡⁸ ⌐⅔™≡⁸ ╩ ∂≡ ⌐

⇔≡™√⅛ ⅛╩ ∆╢ ⌐ 75 ╩ ™╕∆⁹ 
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 5- 22 H29- R1  

 

 

(3)  

─ ≢│⁸ ╛ ─┼™ ─ ⅜ ↓∫≡™╕∆⁹╕√⁸

⌐ ╡ ╪≢™╢ ⅜№╢ ≢⁸ ─ ™ ⌐╟∫≡ ⌐◗Ⱶ

⅜ ≡╠╣≡™╢↓≤╙ ≢∆⁹ ─ ╛ ⌐◗Ⱶ╩ ≡⌂™ ─

─ ╩ ╢↓≤⅜ ≢∆⁹ 

 

 5- 1  

      

12 10 5 9 24 

13 33 9 6 48 

14 22 4 12 38 

15 38 3 12 53 

16 19 1 3 23 

30 15 3 5 23 

31 15 7 5 27 
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5.4   

(1)  

─ ≢│⁸╒╓ ה ⁸ ה ─ ⅜ ⇔≡

™╕∆⁹ ─ │ 46 8 ─ ⌐╟╢╙─≢⁸↓─≤⅝⌐│ 24 ≢

351mm 1 ⌐ ╢ ─ 1/3 ⅜ ╡⁸ ⅜ 1,254 ⇔╕⇔√⁹ 

╕√ ─ ≢│ 12 ─ ≢ 24 ⌐ 237mm─ ⅜ ╡

414 ─ ⅜ ⇔╕⇔√⁹ 20 ≢│

146.5mm≤ ⌐⅔↑╢ ─ ⌂ ⅜ ╡⁸ ⅜ 1,110

⇔╕⇔√⁹ 

│⁸∕─ ─⇔⅛√⌐╟∫≡ 2 ⌐ ↑╢↓≤⅜≢⅝╕∆⁹ ─ ⅜

╣╢↓≤⌐╟∫≡ ↓╢ ≤™™╕∆ ≤⁸ ⌐ ∫√ ⅜ ╛⅛

⌐ ╕≢ ╣≡™⅛⌂™↓≤⌐╟∫≡ ↓╢ ≤™™╕∆ ≢∆⁹ 

⌐╟╢ ╩ ∆╢√╘⌐│⁸ ╛ ─ ⅜ ≢№

╡⁸ ⌐╟╢ ╩ ∆╢√╘⌐│ ─ ⌐ ⅎ⁸ ╩

↕∑╢↓≤╙ ⌐⌂╡╕∆⁹╕√⁸ ⌐ ↕╣√ ╛ │

╩ ⇔ ה ─ ╩ ∆╢≤ ╦╣≡™╕∆⁹ ╩ ∆╢

√╘⌐│↓╣╠─ ╩ ⌐ ╖ ╦∑≡ ⅎ╢ ⅜№╡╕∆⁹ 

 

12 9 12  ( ) 

    

 

20  

  

(2)  

≢│ ─ ⌐╟╢ ╩ ⇔ ●▬♪Ⱪ♇◒

≤⇔≡ ⇔≡™╕∆⁹ ⌂ ⅜ ⇔√ ⌐│ ∞↑≢ ╩

⌐⌂ↄ∆↓≤│ ≢№╡⁸ └≤╡⅜ ⌂ ╩≤╢↓≤⅜ ─√╘⌐

⌐ ⌐⌂╡╕∆⁹↓─√╘ ─ ≤ ⌐⁸●▬♪Ⱪ♇◒─ ╛

⁸ ─ ─ ─√╘─ ⅎ⅜ ≢∆⁹ 
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 5- 23  



 

49 

5  ῎ῴ⁸ ⱦ  

 

 5- 24  
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(3) ( 19 6 29   ) 

≢│⁸ ⅛╠ ╕≢≤ ⁸

≤╩ ≤⇔≡⁸ ╛ ─ ⌐╟╡⁸ ≤⌂∫√ 46

8 ─ ╩ ⇔√ ╩ ⇔≡™╕∆⁹ 

 

 5- 25  

 

ủ ─  

╠⅛ ה ╕≢ 

─ 46 8 ╩ ⌐ ∆⁹ 

⁸ ה  

⌡ 5 ⌐ 1 ∆╢≤ ⅎ╠╣╢ ⌐╟╢ ╩ ⌐ ∆⁹ 

ủ ─ ⌂ ─ ⌐ ∆╢  

™⅜╪⅛ ה  2.5m3/s  

⅛╪⅜™  2.0m3/s  

 

 5- 2 ⌡ 30 ≢ ∆╢ ≤  

   

 9.2km 
1 17ha⁸  

70 m  

 3.8km Ί 

 1.3km 0.4km Ί 
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(4)  

⁸ ≢│ ∫√ ⅜ ⇔≡⅔╡╕∑╪⅜⁸ 6 ⌐ ⇔√╟℮⌂

⌂ ⅜ ∆╢≤ ╛ ⌂≥ ╛ ⌐ ⅝⌂ ╩ ⅎ

╢↓≤⌐⌂╡╕∆⁹↓─╟℮⌂ ≢╙ ─ ╩ ⅎ⁸ ⇔√ ╩

≢⅝╢╟℮⌐ ─ ⅜ ∆╢╟℮⌂ ╡ ╖╩ ╘≡™ↄ ⅜№╡╕∆⁹ 
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2  ῎ῴ⁸ ⱦ  

5.5   

(1)  

⌐│⁸ ⁸√╘ ⁸ ⁸ ─ ⅜ ⌐№╡╕∆⁹╕√⁸∕╣∙

╣─ ⌐ ⅛⌂ ⅜ ⇔≡™╕∆⁹⇔⅛⇔⁸ ⁸√╘ ⌂≥≢│ Ⱪ

ꜝ♇◒Ᵽ☻⁸Ⱪꜟכ◑ꜟ ⅜ ⌐ ⇔≡⅔╡⁸◌꞉Ᵽ♃⸗꜡◖⁸ⱷ♄◌ ─

⅜ ⇔≡™╕∆⁹↕╠⌐⁸ ─ ↄ─ ╛ ≢╙ ⅜ ─ ╩√≥∫

≡™╕∆⁹ ⌐ ⅛╠ ⇔≡™╢ ╩ ╡≈≈ ╩ ⇔≡™ↄ↓

≤⅜ ≢∆⁹ 

 5- 3  

─  ─  

ƞ₳᷂ǵẎ ′ ̸′Ʋ⁮′Ʋˈ′ǵʤ  

─ ⌐│⁸◌꞉ꜘ♫◑╛▪◌ⱷꜘ♫◑⌂≥─ꜘ♫◑ ╛⁸○◑⌂≥─

─ ∫√ ⅜№∫≡⁸ ╣⌐│►◐◗ꜞ⁸♬◗▬⁸♫ⱴ☼⌂≥─ ╛

◌⸗ ⁸◦◑ ⁸♅♪ꜞ ⌂≥─ ⅜ ↄ ╠╣╕∆⁹ 

 

ƞ₳᷂ǵʴᾛ ′ ′Ʋῇ ′Ʋˈ′ʣ  

◌꞉ꜘ♫◑╛♠ꜟꜜ◦⌂≥─ ⅜ ╠╣⁸◌ⱴ♠◌╛◦ⱴ♪☺ꜛ►⌂≥

─ ╛◦◑ ⁸◘◑ ⁸☿◐꜠▬ ⌂≥─ ⅜ ↄ ╠╣╕∆⁹ 

 

ƞ₳᷂ǵᾛ′ɵ  

Ⱶ♂♁Ᵽ⁸◒◘ꜜ◦⁸☿ꜞ⌂≥─ ⅜ ⅎ≡⁸Ɫ◓꜡♩fiⱲ╛◦○◌ꜝ

♩fiⱲ⌂≥─ ╛⁸◌꞉☿Ⱶ╛◌ꜟ●⸗⌂≥─ ─╒⅛⁸▬◦●ⱷ⌂≥

─ ⅜╛∫≡⅝╕∆⁹ 

 

ƞ₳᷂ǵ ⁸ ′ ̗ ′Ǳǰ  

◖▬╛ⱨ♫⌂≥ ─ ╣⌐ ™ ╛⁸▪ⱷꜞ◌◙ꜞ●♬╛►◦●◄ꜟ⌂≥

⅜ ⇔≡™╕∆⁹╕√⁸◖◘◑╛☿◐꜠▬─ ╙ ∆╢↓≤⅜№╡╕

∆⅜⁸ ⅝╙── ╛ ⅜ ⌂™─⅜ ≢∆⁹ 

 

ƞʭ ᷂ɵῇ᷂ǵᾛ′ɵ  

☿◐◦ꜛ►╛ⱥꜟⱶ◦꜡⌂≥─ ⅜ ⅎ≡™√╡⁸ⱱ♩◔♪☺ꜛ►╛▪

ⱩꜝⱢꜘ⌂≥─ ╛⁸○♬ꜘfiⱴ╛♬◦◌꞉♩fiⱲ⌂≥─ ╣─ ╛⅛⌂

⌐ ∆╢ ⅜ ╠╣╕∆⁹ 

 

ƞʭ ᷂ɵῇ᷂ǵ  

♬◦◌꞉♩fiⱲ╛ⱥⱷ♃▬◖►♅⌂≥─ ╛♃◗●◄ꜟ⌂≥⅜ ⇔≡

™╕∆⁹╕√⁸ ─Ⱶ♁◘◙▬│↓─╟℮⌂ ⌐ ⇔≡™╕∆⁹ 

 

ƞʭ ᷂ɵῇ᷂ǵ ῇ ′Ǳǰ  

≢│☿◐◦ꜛ►⅜ ╠╣⁸ ≢│▪◌◙╛◌꞉ⱶ♠⌂≥⅜ ⇔≡™

╕∆⁹╕√⁸ ⌐ ∫≡ ╩ ═╢◌꞉●ꜝ☻╛ ╩ ═╢ꜘⱴ☿Ⱶ

⌂≥─ ╙⁸↓─╟℮⌂ ≢╟ↄ ╠╣╕∆⁹ 
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5  ῎ῴ⁸ ⱦ  

 

 5- 27  

 

 

 5- 4  

√╘ ─  √╘ ─  

ƞ₳᷂ǵ  

⌐●ⱴ⁸◖●ⱴ⁸ꜜ ◦⌂
≥⅜╟ↄ ╠╣╕∆⅜⁸○⸗
♄◌⁸ⱥ◦⁸ⱴ♠⸗⌂≥─
⅜ ⇔≡™╢ ╙╦∏⅛⌂
⅜╠№╡╕∆⁹╕√⁸ⱨ♫⁸◖
▬⁸⸗♠◗⌂≥─ ⅜ ⇔
≡™╕∆⁹∕─╒⅛◒꜡▬♩
♩fiⱲ╛◑fiꜘfiⱴ⌂≥─♩
fiⱲ ╙ ↄ ╠╣╕∆⁹ 

 

ƞʭ ᷂ǵ  

ⱥꜟⱶ◦꜡╛◘fi◦ꜛ►⸗
⌂≥─ ⅜ ⇔≡™╕
∆⁹ ≢│ⱨ♫╛⸗♠◗─
⌐⁸◌꞉Ᵽ♃⸗꜡◖╛♃⸗꜡
◖⌂≥⁸ ≢│ ⌂ↄ⌂∫√

⅜ ⇔≡™╕∆⁹╕√⁸
◑fiꜘfiⱴ╛▪ⱷfiⱲ⌂≥─

╛▬⸗ꜞ⌂≥─ ⅜
⇔≡™╕∆⁹◌꞉☿Ⱶ╛

ꜘⱴ☿Ⱶ⌂≥─ ╙ ⇔
╕∆⁹ 

 



 

54 

2  ῎ῴ⁸ ⱦ  

 5- 5  

  

 

 

 

 

 

 

 5- 6  

─  ─  

ƞʭ ᷂ɵῇ᷂ǵ ᷂ɵ̜  

○○Ⱶ☼◗◔⅜ ⌐ ⅎ
√ ⌐│⁸♩◐♁►╛Ⱶ
☼◑Ⱳ►◦⌂≥⅜ ⇔≡™
╕∆⁹ 

↓─╟℮⌂ ─ ⌐
│⁸▬ ▬◓◘ ╛♯ⱴ♩ꜝⱡ
○⌂≥⅜ ∆╢⅜⁸
⌐│ ─ ⅜ ╠╣
╢╟℮⌐⌂╢↓≤⅜№╡╕
∆⁹╕√⁸Ɫ♇♅ꜛ►♩fiⱲ
╛ⱥⱷ♃▬◖►♅⌂≥─
╙↓─╟℮⌂ ≢ ╠╣╕
∆⁹ 

 

 

 

 

 

       

                           

ᾜ  
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5  ῎ῴ⁸ ⱦ  

(2)  

ꜞⱣכⱨ꜡fi♩ ≢│ ╩ ╣╢ ≤⇔≡│ ≢╙ ─ ⌂

≈╙╩ꜟכ◔☻ ─ ≤ ⅛⌂ ╩ ⅛⇔⁸ ≢№╢ ≤

─ ⁸∕⇔≡ ┼≤ √⌂ ╩ ╖ ∆⁸₈ ₉⅛

╠ ╕╢╕∟≠ↄ╡╩ ⇔≡™╕∆⁹ 

╛ ⱪ꜡☺▼◒♩─ ⌐╟∫≡ ╩ ┘ ╖⁸ ─

≤─ ╙ ╖⌂⅜╠⁸ ╩ ∆╢⁸ ╩ ⌐⇔√ №╢╕∟≠ↄ╡

╩ ⇔≡™⅝╕∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 5- 28  

 

ⱪꜝ◙╡┬╠ 
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2  ῎ῴ⁸ ⱦ  

5.6   

(1)  

─∕╣∙╣─ ⌐⅔™≡⁸ ╛ ─ ↕╪⌐╟╡⁸ ╛ ─

⁸ ─ ⅜ ↕╣≡™╕∆⁹ ─ ╩ ↄ⇔≡™ↄ√╘⌐│⁸

≤ ≤─ ╦╡╩ ╘⁸ ─ ⌐╟╢ ─ ⅜ ≤⌂╡╕∆⁹ 

 

 

  

 5- 29  

 

  

 5- 30  
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5  ῎ῴ⁸ ⱦ  

(2)  

╩ ⇔√ ₁⌂▬ⱬfi♩ ⅜ ╦╣≡™╕∆⁹ ⌐ ∆╢ ╩ ╘⁸

≤─ ╦╡╩ ╘╢√╘⌐ ─ ╩ ∆╢≤≤╙⌐⁸ ╩ ⇔√

√⌂ ╩ ⇔≡™ↄ↓≤⅜ ≢∆⁹ 

 

 5- 7  

▬ⱬfi♩─ ה  ─  

 

 4  

  

 800

700

 

 

 

 

 

 5  

  

 

4 5
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2  ῎ῴ⁸ ⱦ  

 5- 8  

▬ⱬfi♩─ ה  ─  

῎ῴ Ͻẃ ( Ẏ̝) 

 8 1  

  

 

4 5 8

10

 

 

῎ῴḜʤὤ∆Џ  

 11  
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5  ῎ῴ⁸ ⱦ  

(3)  

₈ ⌐ ∆╢ ≥ⱬfi♩₉▬ה╡ ⁸ ₁⌂ ⌐ ∆╢ ╛ ⅜№╡╕

∆⁹ ⌐ ∆╢ ╩ ╘⁸ ≤─ ╦╡╩ ╘╢√╘⌐ ╛ ─

╩ ∆╢≤≤╙⌐⁸ ╩ ⇔√ √⌂ ─ ╩ ⇔≡™ↄ↓

≤⅜ ≢∆⁹ 

 

 5- 9  

ה ─ ה  ─  

῎ῴḜ  

 

 
 

Џᶸ  

 

 

 

Ẏ Џᶸ  

5

3
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2  ῎ῴ⁸ ⱦ  

 5- 10  

ה ─ ה  ─  

 

 

3

 

6

 

 

 

̸ ּʸ  

4

  

˘  

30 7
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5  ῎ῴ⁸ ⱦ  

 5- 11  

ה ─ ה  ─  

ἧῇ  

 

 

ˈ′ Ὗ  

 

 
 

 

26km

250m 600m
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2  ῎ῴ⁸ ⱦ  

(4)  

─ ─ ⌐│ ╘√ה ה ─ ⅜ ⅛≢№╡⁸ ≤─

⅜╡╙ ⌂╙─≤⌂∫≡™╕∆⁹╕√⁸ⱱ♃ꜟ─ ╛ ╩ ∂≡ ─

⌐ ╡ ╪≢™╢ ╙№╡╕∆⁹ 

─ ↄ⌐№╢ ╩ ⌐ ⌐ ⇔⁸ ≥╙∞↑≢⌂ↄ ─

╙ ⌐⌂∫≡ ⌐ ∆╢ ╛ ╩ ╘≡™ↄ ╡ ╖⅜ ≢∆⁹ 

 

 

 5- 31 H18  

 

 

 5- 32 H18  
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5  ῎ῴ⁸ ⱦ  

 

─√╘ ⌐│ ⌐ ↕╣≡™╢◌꞉Ᵽ♃⸗꜡◖⅜ ⌂⅔

⇔≡⅔╡⁸ ≢│ ◌꞉Ᵽ♃⸗꜡◖╩ ∆╢√╘─ ╩ ↑≡

™╕∆⁹ │ ─ ⅜ ≤⌂╡⁸◌꞉Ᵽ♃⸗꜡◖─ ╛ ╩

⇔√ ─ ⁸ ─ ⌂≥╩ ⇔≡™╕∆⁹ 

╕√⁸ ⌐ ─ ≢№╢₈ ₉╩ ⇔≡™╢↓≤⅛

╠⁸ ┼─ ╛ ⌂≥╩ ∫≡™╕∆⁹ 

↓╣╠─ ╩ ∂≡ ─ ╛ ⌐ ∆╢ ╩ ╘≡™╕∆⁹ 

 

   

 5- 33                 5- 34  
 

 

 

 

   ≢│ ⅜◕fi☺Ⱳ♃ꜟ─ ≤⇔≡ ╠╣╢↓≤⅛╠⁸ⱱ♃ꜟ─

╩ ─ ⌐ ⅎ⁸ ╩ ∫≡⅝╕⇔√⁹⇔⅛⇔⌂⅜╠⁸ ⌐╟╢

─ ⅛╠ 22 3 ⌐ ≤⌂╡╕⇔√⁹ 

  ⱱ♃ꜟ │⁸ ⌐⌂∫√ ╩ ⇔√ⱱ♃ꜟ╩ ⇔≡ ╩ ┬

≤⇔≡ 24 4 ⌐ ⇔╕⇔√⁹ⱱ♃ꜟ ≢│ ─ ╩ ⅝ ⅞

─ⱱ♃ꜟ ─ ≤⌂╢ ⁸ ─ ─ ↑ ╣╩ ™⁸ⱱ♃ꜟ

⌐ ∆╢ ╩ ∂≡⁸ ╛ ⌐≈™≡─ ╩ ⅎ≡™╕∆⁹ 

  

 5- 35               5- 36  
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5.7   

↓↓╕≢≢ ↕╣√ ─ ─ ─ ╩ ⌐ ⇔╕∆⁹ 

 5- 12  
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─  
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 ה

─ ─ ╛  

46 ה 8 1,274  
20 8 1,110  
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─ ה ⌐ ⅎ╢  

 

 ה
─  

 ה
─

 

™⇔↕╛⌐ ה ≠ↄ╡  
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 ה
≤⌂╢⌐⅞╦™─ ─  

 

 ה
─≥▪▫♥Ⱳꜝfiה ─
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│ ⌂ ⅜ ⌂  
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6  ⁸ ⱦ ᾍ  
 

6 . ⁸ ṑ ᾍ  

6.1   

─ ─ 18 7 ⌐₈ ⌂Γ Δ⌐ ∆╢↓≤⌐≈™≡─ ─

₉⁸₈ ⌂Γ Δ⌐ ∆╢↓≤⌐≈™≡ ⌐ ╡ ╗═⅝↓≤₉⁸ ┘₈

⌂Γ Δ⌐ ∆╢↓≤╩ ↄ⇔≡™ↄ√╘⌐ ≤⇔≡ ≢⅝╢↓≤₉ ⌐≈™

≡⁸ ⅜≥─╟℮⌐ ∂≡™╢─⅛╩ ∆╢√╘⌐▪fi◔כ♩╩ ⇔╕⇔√⁹ 

╕√⁸ 10 ⅜ ⇔ ─ ⌐ ∆╢ ⅜≥─╟℮⌐ ⇔√⅛

∆╢√╘ 30 6 ⌐ ▪fi◔כ♩╩ ⇔╕⇔√⁹ 

 

30 ▪fi◔כ♩  

20 ─ 2,000  

810  

40.5  

 

18 ▪fi◔כ♩  

20 ─ 2,000  

567  

31.9  
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 ῎ῴ⁸ ⱦ  
 
6.2   

▪fi◔⁸│≢♩כ╕∏ ╙ ⌂ │≥╣⅛⌐≈™≡ ╩⅔ ™⇔╕⇔√⁹ ─ ╠╣√

╩  6-1⌐ ∆Ⱪ꜡♇◒ ┘ ⌐ ⇔≡ ╩ ⇔╕⇔√⁹ 

⌂⅔⁸↓─Ⱪ꜡♇◒│ ─ ─ ╩ ╕ⅎ≡ ⇔√╙─≢⁸ │↓─Ⱪ꜡♇◒

⌐╕≤╘╠╣≡™╕∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 6- 1  

 

 

 
  

ˈ′(῎ῴЏᶸ̂ ) 

ˆ′( ̂ ) 

ὄ ′(ʴῬ ̂ ) 

′( ̸′ֻ ̂ ) 

′(′ׄ ̂ ) 

′(Ᵽ ̂ ) 

ⅎ ′ 

 

̸′ ˈ′ֻ ̂  
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6  ⁸ ⱦ ᾍ  
 
6.3   

⌐≤∫≡ Ǳ′ȋ ǲǫǋǭ⁸ ─╟℮⌂ ⅜ ╠╣╕⇔√⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 6- 2 5 

                                                   
5 5 5 100 1 0
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70  

30  
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 ῎ῴ⁸ ⱦ  
 
6.4   

↓─ ⌐ ⇔≡│⁸ ─╟℮⌂ ⅜ ╠╣╕⇔√⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 6- 3 6 

                                                   
6  

 

 

H18  

H18  

 

 

 

H18  




