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4   

4.1  ─ ─  

4.1.1  ─ ─ ─ ┘  

⅜ ⇔√ 2017 ⅛╠ 2019 ─ ≢│⁸ ≢ ⌐

֔ 2.5ml/L ⅜ ↕╣√─│ 2017 5 10 ⁸2018 7 9 ⅔╟┘ 201

9 5 11 ≢№╡⁸ ⌐ ⅜ ╦╣√ ╛ ≤™∫√ ─↔ↄ

╛ ⌐ ═≡ ─ ∆╢ │ ™ ⅜№∫√  4- 1 ⁹ 

 ₈ ⸗♦ꜟ ₉≢│⁸ ─ ⌐ ⅎ⁸ ─ ⁸

⌐ ∆╢ ⅔╟┘◦Ⱶꜙ꜠כ◦ꜛfi⸗♦ꜟ─ ⅜ ╦╣⁸↓╣╠─ ⅛

╠⁸ ─ ─ ⌐≈™≡⁸ ─≤⅔╡ ↕╣≡™╢⁹ 

 

(1) ─ ─ ─ ┘  

⌐⅔↑╢ │ ─Ɽ♃כfi⌐╟╡ ∆╢≤ ⅎ╠╣√  4- 2 ⁹ 

ᵑ ≢ ∆╢  

ה ╛ ⌐ ℮ ≢ ⅜ ↕╣⁸ ┼─ ⅜ ∆ 

╢⁹ 

ה ≢│ ⅜ ∆╢ ⌐ ─ ⌐╟╡ ─ DO⅜ ₁⌐ ∆╢↓

≤⌐╟╡⁸ ⅜ ∆╢  4- 3 ⁹ 

ה ─ ╛ ⌐│ ⌐ ⅜ ⇔≡⅔╡⁸ ⅜ ⌐ ™⁹ 

⁸⌐╠↕ה ─ ╛ │ ⅜ ↕╣≡™╢√╘⁸ ⅜ ╟

╡ ≤⌂╡⁸ ⅜ ⁸ ⇔╛∆™⁹ 

 

ᵒ ─ ⅛╠ ∆╢  

ה ─ ⌐ ─ ה ≢ DO─ ™ ⅜ ∆╢ │⁸

⅛╠─ ( ⅝─ ╣)│ ─ DO╩ ↕∑╢ ⅜№╢⁹ 

ה ⌐ ≢ ↕╣√ ⌂ ⅜ ╙⇔ↄ│ ⇔≡™╢

⌐│⁸ ╛ ─ ⅝⌐ ∫≡ ⌐ ⅜ ∆╢⁹↓─ ─ ─

DO │ ≢ ⇔⁸ ⌐ ∂╢↓≤⅜№╢⁹ 

ה ⇔√ ⅜ ⌐ ∆╢ ⅜№╡⁸ ⌐⁸ ─ ╛ │

─ ⅜ ╣╢ ⅜№╢ ᵓ ⁹ 

 

(2)  

ᵑ⁸o ⌐≈™≡⁸∕─ ─ ╛ ─ ─ ⌐╟╡ │ ⌂╢⅜⁸

H29 ⅛╠ R1 ─ י3ִ ─ ⅔╟┘ ╠⅛♃כ♦ ∆╢≤⁸ ≢│

ᵑ─ ⱷ◌♬☼ⱶ⌐╟╢ │ ─ ╛ ╩ ⌐ ⇔≡⅔╡⁸

∆╢ ⅜№╢⁹ ⁸o ─ ⱷ◌♬☼ⱶ⌐╟╢ │⁸ ≢ ↕╣

√ ⌂ ⅜ ╙⇔ↄ│ ⁸∕─ ╙⇔ↄ│ ⁸ ⌐ ∆╢

╣─ ⌂≥─ ⅜ ∫√ ⌐▬ⱬfi♩ ⌐ ⇔⁸ ─ ─ ⌐╟╡

≢ ∆╢⁹ 

 

( 3) ─  

ᵑ─ ⱷ◌♬☼ⱶ⌐ ⇔≡│⁸ ⌐⅔↑╢ ─ ─ ╛ ─

╩ ≤⇔√ ⁸ⱴ►fi♪ ─ ⌐╟∫≡ ↕╣╢ ⅜№╢⁹∕─

⌐≈™≡│⁸ ≈⅛─ ≤ ⌐≈™≡ ⸗♦ꜟ╩ ™≡◦Ⱶꜙ꜠כ◦ꜛ

fi╩ ™ ∆╢ ⅜№╢⁹ 

ᵒ─ ⱷ◌♬☼ⱶ⌐ ⇔≡│⁸ ─ ─ ≤ ⌐ ∆╢ ⅜№

╢√╘⁸ ─ ⌂ ≢│ ⌂ │ ╘⌂™≤ ↕╣╢⁹ 

 ↓─√╘⁸ ≢│ᵑ─ ≢ ∆╢ ─ ╩ ≤⇔√ ╩ ⇔⁸

∕─ ⌐≈™≡ ∆╢⁹ 
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 4- 2 DO( ◦Ⱶꜙ꜠כ◦ꜛfi ⁸B+1m )─ ≤  

─√╘─ ⸗♦ꜟ ╟╡  
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 ₢Ḱ χᵰΤϣ βϥ ▒ ᵖχὓ▄  
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 ₢Ḱ χ ▒ ᵖ ṍχὓ▄  
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4.1.2  ─ ⅜ ה ⇔╛∆™ ─ ≤  

 ₈ ₉─ ⅛╠ ─ ─ ╩╖╢≤  4- 4 ⁸

≤ ⌐ ⅜ 5% ה♩ꜟ◦⁸ ⅜ 50% ≤ ⅜ ⌂ ⅜

⇔⁸ ⅔╟┘ ⌐ 7% ה♩ꜟ◦⁸ ⅜ 80% ≤ ─

⇔√ ⅜ ∆╢ ⅜№∫√⁹╕√⁸T- N⁸T- P─ ╙ 3 ≤ ⌐ ≤

⌐⅛↑≡ ⅜ ↄ⁸ ⅔╟┘ ≢ ⅜ ↄ⌂∫≡⅔╡⁸ ⌐

⇔√ ⅜ ╘╠╣√⁹ ⌐⁸ ─ ╛ ⌐│ ╣╛ ⌂≥─ ⅜ ∆╢

,2002 ⁹ ≢│⁸ ─ ⅜╛╛ ™ ≤ ≢│ ⌂≥─ ⌐

╟╡ ⅜ ↄ ⅜ ⇔⌐ↄ™⅜⁸ ⌂ ≤ ─ ≢

│ ⅜ ↄ⌂╢√╘ ⅜ ⇔╛∆™≤ ↕╣╢⁹ 

─ │ ⌐ ™ ╩ ⌐ ↕∑╢≤≤╙⌐⁸ ╩ ⇔≡ ─

─ ≤⌂╢⁹╕√⁸ ⌐⌂╢≤ ─ ⁸ꜞfi─ ⅜ ↕╣⁸╟╡

ↄ─ ⅜ ⅛╠ ⌐ ∆╢⁹ ╠(2005)⁸ ╠(2008)│⁸ ⅔╟┘

≢ ⇔√ ⅜ 2.31 11.12%─ ─ ╩ ™≡ ╩ ™⁸

⅜ ↄ⌂╢╒≥ ⅜ ↄ⌂╢↓≤╩ ∆╢≤≤╙⌐⁸ ─ ⌐╟╡ ⁸

COD⁸T- N⁸T- P⅜ ™ │↓╣╠─ ⅜ ™ ≤ ═≡ ╙ ↕™↓≤╩ ⇔

√⁹ ─ ─ ─ │⁸ ─ ≤ ═≡ ⌐ ⅝™√╘⁸ ╛ T-

N⁸T- P ─ ™ ⅛╠ ─ ≢│ ⁸ ⅜ ↄ⁸∕─

≢№╢ ╛ ─ ≢│ ⁸ ⅜ ™≤ ⅎ╠╣╢⁹↓─

√╘⁸ ⌐⅔↑╢ ⁸ ╩ ⇔ ╩ ∆╢⌐№√∫≡│⁸

─ ╩ ∆╢ ⅜№╢⁹ 

 

 

 
 4- 4 3 ⁸ ה♩ꜟ◦⁸ ─ ─  

ЄиЕʾ (%)

ế ᾚ (%) ᴟ ( /g ᷃ )

7

7



6 

 

4.1.3  ⅜ ה ⇔╛∆™ ⅜ ╛ ⌐ ⅎ╢  

─ ⅜ ⌐ ⅎ╢ ⌐≈™≡⁸ 1989 │⁸ ⅜ ⌐ ∆╢√╘

⌐ 2.5ml/L ─ ⅜ ≢№╢≤⇔≡™╢⁹╕√⁸ 2018

⌐╟╣┌⁸ 3.0ml/L │ ה ⌐ ╩ ⅝ ↓∆ ⁸ ⅜

─ ≤⇔≡™╢ 2.5ml/L │ ⌐ ╩ ⅝ ↓∆ ≢

№╢≤≤╙⌐ ─ ⁸ 1.5ml/L │ ─ ≤↕╣╢⁹↕╠⌐⁸

⅜↕╠⌐ ⇔≡ ≤⌂∫√ ⌐│ ⅜ ⇔⁸ ⇔≡

⌂≥≢⇔┌⇔┌ ╛ ╩╙√╠∆ ─ ≤⌂╢╒⅛⁸ ⌐╟╢

⅜ ╦╢↓≤⌐╟╡ ╩ №╢™│ ↕∑╢ ╠, 2017⁸ ╠, 1992 ⁹ 

 

(1) ₈ ⌐⅔↑╢ ⌐╟╢ ₉ 

₈ ₉≢│⁸2 יִ ─ ─ ≤ ─ ╩ ™⁸

⅜ 11 ⌐ ⇔√₈ ⌐⅔↑

╢ ⌐╟╢ ₉⌐ ≠ↄ ─ ╩ ╖⁸∕─ ╩  4- 5 ⌐ ⇔

√⁹↓─ ≢│⁸ᵑ ─ ⁸ᵒᵑ⌐ ╘╢ ─ ⁸3 ─

⅔╟┘ᵔ 3 ⌐⅔↑╢ ─ ⌐╟╡ ₁0 4 ─ ╩ ⅎ⁸ ⌐

∂≡ ╩ 5 ⌐ ∆╢  4- 1 ⁹ ─ St.5 St.8 ⅔╟┘ St.14 ╛ St.20

≢│⁸ ⌐ ─ ≤⌂╡ ⅜ ⇔™≤↕╣╢₈ з₉╙⇔ↄ│

⅜╒≤╪≥ ↄ │ ⇔≡™⌂™₈ 0₉≤─ ≢№∫√⁹↓─

⅛╠⁸ ≢╙ ה♩ꜟ◦≥ ⅜ ™ ⌐№╡⁸ ⁸

⅜ ™ ⅔╟┘ ≢│⁸ ⅜ ה ⇔╛∆ↄ⁸ ⌐ ╩

ⅎ≡™╢≤ ↕╣√⁹  

∕─ ⁸₈ ₉≢ ⇔√ ─ ≢│⁸☻♫ⱥ♩♦╛⸗Ⱶ☺●

▬│ ⅜ ↄ⁸ ≢ ⇔≡ ∆╢↓≤⅜ ╠╣≡™╢☻♫ⱥ♩♦ 1996

─ │ ה♩ꜟ◦⁸ ─ ™ ≢ ╙ ⅛∫√⁹╕√⁸ ─ ╩ ↑╛

∆™≤ ⅎ╠╣╢ⱥꜝⱷ╛ⱴ◖●꜠▬│⁸ ≤⌂╢ ⅜ ה♩ꜟ◦√⇔ ─ ⌂

™ ≢ ⌐ ⅜ ⇔√⁹∕─ ⌐│◦꜡◓♅╙ DO─ ⅜ ≢⁸

⌐│ ⅜ ⇔√⁹  

 
 4- 5 ₈ ⌐⅔↑╢ ⌐╟╢ ₉⌐ ≠ↄ  

⌐⅔↑╢ ╟╡  

ḕẽ к

ḕẽ й

ḕẽ и

ḕẽ з

ḕẽ ͌

ˢ ₰σΰˣ

˲ ˳

̘(₮)ʿH30 ᴨṗ

̘(֒)ʿR1 ᴨṗ

St.20

St.7

St.10

St.11 St.12

St.13

St.14

St.15

St.16 St.17

St.18

St.19

St.5

St.3
St.2

St.4

St.6

St.8

St.9
St.1
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 4- 1 ₈ ⌐⅔↑╢ ⌐╟╢ ₉⌐ ≠ↄ  

 
 

 

( 2) ⌐ ≠ↄ  

2018 │⁸ ─ ⅜ ↕╣⁸ ─ ⅜ ↄ⁸

⌐ ⅜ ⇔╛∆™ ─ ─ ╩ ∆╢√╘─ ╩ ⇔≡

™╢⁹∕↓≢⁸₈ ₉≢ י2ִ ─ ⅜ ╦╣√ 12 ⌐≈™≡⁸

IL ⁸ TS ה♩ꜟ◦┘╟⅔ MC ⅛╠ ╘╢ ╩ ⇔⁸

─ ≤─ ╩ ⇔√⁹ 

↓↓≢⁸ │ ≢ ↕╣╢⁹ ⌐ ™√ ⌐│ י2ִ ─ ─ ╩ ™

√⁹ 

 

0.588(IL - 7.99)/4.52+0.559(TS - 0.51)/0.60+0.584(MC- 64.9)/30.5  

 

─ ╩  4- 6 ⌐ ⇔√⁹ │ ⅜ ⅝™╒≥ ⅜ ה ⇔

╛∆™ ─ ╪∞ ≢№╢↓≤╩ ⇔⁸ ─ ≢№╣┌ ⌂ ⁸ ─ ≢№╣┌

↕╣√ ≤ ↕╣╢⁹ ≤⇔√ 12 ≢│⁸St.3 ⁸St. 13⁸St. 15⁸St. 18⁸St. 16⁸

St. 6─ 6 ⅜ ⌂ ⁸St. 10⁸St. 14⁸St. 19⁸St. 7⁸St. 5⁸St. 20─ 6 ⅜ ↕╣√

⌐ ↕╣√⁹╕√⁸ ─ ה ─ ⌐ ─ ≤ ─

╩  4- 7⌐ ⇔√⁹ 

⅜ ─ ≤⌂╡ ⌂ ⌐ ↕╣√ ≢│⁸ ─ ™ ╛

⅜ ⇔™ ─ ⅜╖╠╣√⁹↓─℮∟⁸ ⅜ ™ ─ St.13 ⁸St.15 │

⁸ ⅜ ─ ⌐ ═ ⅛∫√⁹↓╣⌐ ⇔⁸ ⌐ ⇔≡⅔╡ ⅜ ™ St.3 ⁸

St.18 ≢│⁸◌♃ⱴ●ꜞ◑Ⱳ◦▬♁ⱷ╛∕─ ─ ⅜ ╩ ╘≡⅔╡⁸ │╛╛

⌂⅛∫√⁹↓─↓≤⅛╠⁸ ─ ™ ≢│ ⅜ ↄ ⌂ ⅜ ↕╣╢ ≢⁸

⇔≡ↄ╢ ⌐╟╢ ⌂ ─ ≢ ⅜ ⇔√ ⅜ ⅎ╠╣√⁹╕

√⁸ ⅜ ≢│№╢⅜- 0.5 ≤╛╛ ™ ╩ ⇔√ St.6 ╛ St.16 ≢│⁸

╩ ∆╢◦☼◒●▬╛◦ⱡⱩⱢⱠ◄ꜝ☻Ⱨ○⌂≥─ ⌐╟╡ ⅜ ⅝ↄ ⇔√⁹↓─ 2

│ ≢ ⅜ ↄ ∆╢ ≤ ⌐ ∆╢ ≢№╡⁸ ─ ⌐

╟╡ ─ ⅜ ⇔╛∆™ ≢№╢≤ ⅎ╠╣√⁹ 

⅜ ─ ≤⌂╡ ↕╣√ ⌐ ↕╣√ ─℮∟⁸ ⅜ 0.01 ≢ ⅜

╙ ™ St.10 ≢│⁸ │ ↄ⌂™╙──⁸ ⌐│ ╛ ╙ ⇔√⁹∕

╣ ─ 5 │⁸ ⅜ ∆╢ ה ⌐◦ⱡⱩⱢⱠ◄ꜝ☻Ⱨ○─ ⌐╟╡

⌐ ⅜ ⇔√⅜⁸ ╛ ─ │╒≤╪≥╖╠╣∏⁸ ╩ ⇔≡

─ ה ⅜ ⌂™↓≤⅛╠⁸ ⌐╟╡ ⅜ ⇔⌐ↄ™ ≢№∫√≤

ⅎ╠╣√⁹ ⌐⁸ ⅜ ╙ ™ ─ St.20 │⁸ ─ ⅜ ⇔ↄ⁸ ⅜

╙ ⇔™ ≢№╡⁸ ─ ╩ ↄ ↑╢ ≢№╢↓≤⅜ ↕╣√⁹ 

к
⅜ ⌐ ↕╣≡™╢⁹ ⌂ ⅜ ⇔≡⅔╡⁸

│ ≢ ≢№╢⁹

й
│⅔⅔╗⌡ ⌐ ↕╣≡™╢⅜⁸ ⌐ ─ ⅜
∆╢⌂≥⁸ ⅜ ⌐ ∆╢ ╙№╢⁹

и
─ ⅜ ╪≢⅔╡⁸ ⌐⌂╢ ⅜№╢⁹
│ ⌐ ⅎ╢ ⅜ ∆╢⁹

з
⌐ ⌐⌂╡⁸ ─ ↄ│ ─Ⱬ♪꜡ ≢№

╢⁹ │ ⌐ ⅎ╢ ⅜ ≢ ⁸ ≤╙⌐ ⌂™⁹

│╒≤╪≥⌂ↄ⁸ │ ⇔≡™⌂™⁹ │ ≢Ⱬ♪
꜡ ≢№╢⁹
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⌐≈™≡⁸ ─ ≤ ⌐│⁸ ⅜ ─ ≤⌂∫√ ╩ ⌐

─ ≤⌂╢♅ꜜⱡⱢ♫●▬⁸◦☼◒●▬⅜ ⇔√⅜⁸ ≤ ⌐│↓╣╠

│╒≤╪≥ ↕╣⌂ↄ⌂∫√⁹◦☼◒●▬│⁸ ⌐ ─ Ⱨכ◒╩ ∫≡⅔╡⁸

⌂ ╛⁸ ─ ⇔√ ╛ ⌂≥≢ ⅛╠ ⌐⅛↑≡ ⌐

∆╢ ⅜№╢ 2006 ⁹╕√⁸ ─ ≢╙ ╩ ∆╢ ≢№╢↓≤⅜

╠╣≡™╢⅜⁸ ⅜ ™ │ ∆╢ 1993 ⁹ ⌐⅔™≡╙⁸

│◦☼◒●▬⌂≥─ ⅜ ─ ⌂ ⌐ ⇔√⅜⁸8 ⁸ ⌐

⅛╠ ∆╢ ─ ⅜ ↄ⌂∫√↓≤≢ ⇔√ ⅜№╢⁹ 

⁸ ─ ⅔╟┘ ⌐│⁸◦ⱡⱩⱢⱠ◄ꜝ☻Ⱨ○⅜ ↄ─ ≢ ⇔⁸ ⌐

⅜ ─ ≢∕─ ⅜ ↄ ╠╣√⁹◦ⱡⱩⱢⱠ◄ꜝ☻Ⱨ○─ ⌐│ ─

⅜ ⌂ ╩ ⅎ≡™╢≤↕╣⁸ ⌐╟╡ⱴ◒꜡ⱬfi♩☻⅜ ∆╢ ⅛╠

⌐⅛↑≡ ⅜ ↄ⁸ ─ ⅜ ∆╢ ≤ ─ ⅜ ∆

╢↓≤⌐╟╡ 10 11 ⌐ ⌐ ⌐ ∆╢↓≤⅜ ╠╣≡™╢ 1982⁸

1982 ⁹ ≢╙ ⅛╠─ ⌐ ™⁸ ⇔√ ⌐ ╦╡ ╩ ∆╢◦

ⱡⱩⱢⱠ◄ꜝ☻Ⱨ○ ─ ⅜ ↄ ⇔≡ ⇔√≤ ⅎ╠╣╢⁹ 

─ ⅛╠⁸ ≢│⁸ ⌂ ⅜ ↕╣≡™╢ ─ ™ ╛ ─

─ ™ ≢│⁸ ⌂ ⌐╟╢ ╩ ↑╢╙──⁸ ╩ ∆╢ ╩

⌐ ⅜ ↕╣╢⅜⁸ ─ ™ ╛ ─ ™ ≢│⁸ ─ ⌐╟

╡ ⅜ ה ⇔╛∆™√╘⁸ ⌐ ⅜ ∆╢≤ ↕╣√⁹ 

 

 

 
 

 4- 6 ─  

 

  

(m)

ế ᾚ

(%)ʿIL

ᴟ

(mg/g᷃

ЄиЕʾ

(%):MC

▀ ṁ

› ◙ ( (ל

3 18.6 4.5 0.13 34.2 -1.39

13 10.2 3.9 0.06 42.8 -1.38

15 12.1 4.3 0.05 45.7 -1.28

18 18.1 5.1 0.14 56.4 -0.88

16 15.5 5.8 0.13 73.9 -0.47

6 15.9 6.9 0.22 80.6 -0.11

10 11.5 6.6 0.30 85.1 0.01

14 13.4 7.6 0.29 88.3 0.19

19 20.6 7.2 0.41 86.6 0.21

7 14.8 8.2 0.25 93.4 0.33

5 17.3 8.4 0.33 90.3 0.37

20 23.3 10.3 0.93 97.7 1.33 ̞ ΣϢό ‮3ל ψ2т ( 8ᵕ)χ ỡ

-1.50

-1.00

-0.50

0.00

0.50

1.00

1.50

3 13 15 18 16 6 10 14 19 7 5 20

›
◙

ˢ
ל
ˣ

₰

ʿ σ ל

ʿױ ήϦθ ל
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 4- 7(1)  ─ ≤ ─ ⅜ ─ ─  

 

 
 4- 7(2)  ─ ≤ ─ ⅜ ─ ─   
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4.2  ─  

4.2.1  ⸗♦ꜟ─  

 ₈ ⸗♦ꜟ ₉⌐⅔™≡⁸ ╩ ⌐ ─ ⁸ ⁸

╩ ≢⅝⁸ ≈ ⌐╟╢ ╩ ≢⅝╢ ⸗♦ꜟ⅜ ↕╣⁸2017 ⅔

╟┘ 2018 ╩ ≤⇔≡⁸ ╩♃כ♦ ™√ ─ ≤ ≤─

⌐╟╡⁸⸗♦ꜟ╩ ⇔≡ ╩ ↕∑╢√╘─ ⅜ ╦╣√⁹ 

 ≢│⁸↓─ ⸗♦ꜟ╩ ≤⇔√⅜⁸ ⌂≥─ ⌐ ℮ ╩ ∆

╢√╘⁸₈ ₉≢ ╠╣√ ⅔╟┘ ⅛╠ ╠╣√ ╩

⇔⁸ ⌐╟╢ ⁸ ╩ ∆╢ ─ ≤ ─ ⇔

╩ ∫√⁹ 

 

(1) ⸗♦ꜟ─  

⸗♦ꜟ≢│⁸ ╩ ≤⇔√ ⸗♦ꜟ⌐╟╢◦Ⱶꜙ꜠כ◦ꜛfi ╩ ⌐⁸

╩ ≤⇔√ ⸗♦ꜟ⌐ ╩ ⅝ ⅞⁸ ⌐⅔↑╢◦Ⱶꜙ꜠כ◦ꜛfi╩ ℮⁹

⸗♦ꜟ─ │ ─≤⅔╡≢№╢⁹ 

 

ᵑ ╩ ≤⇔√ ⸗♦ꜟ 

⸗♦ꜟ│⁸ ⌐ ↕╣╢ ⌂ 3 ⸗♦ꜟ ⱴꜟ♅꜠ⱬꜟ⸗♦

ꜟ ╩ ™⁸ ⇔√ ╣─ ⁸ ⁸ ה ⅔╟┘

⌐ ≠™≡⁸ ⁸ ⁸ ה ─ ╩ ∆╢╙─≢№╢ 1993 ⁹ 

─ ⸗♦ꜟ⌐⅔↑╢ ╩  4- 2⌐ ⇔√⁹ ╛ ⌐ ℮

≢ ⅜ ↕╣⁸ ┼─ ⅜ ∆╢⁹ 

⸗♦ꜟ│⁸ ╛ ─ ╩ ∆╢ ⸗♦ꜟ  4- 9 ╩ ™⁸

ⱪꜝfi◒♩fi⁸ ⱪꜝfi◒♩fi⁸ ♦♩ꜞ♃☻ ⁸ ⁸ ꜞ

fi ꜞfi ꜞfi ⁸ ▪fi⸗♬▪ ⁸ ⁸ ⅔╟┘

≢ ↕╣╢ ─ ╩ ∆╢╙─≢№╢ , 1993 ⁹ 

─ ⸗♦ꜟ⌐⅔↑╢ ╩  4- 3⌐⁸ ⇔√Ɽꜝⱷכ♃─ ╩  4- 4⌐

⇔√⁹⌂⅔⁸ ─ T│ ϴ ⁸Chla│◒꜡꜡ⱨ▫ꜟ a ɡg/L ╩ ∆⁹ 

 

 
 4- 8 ⸗♦ꜟ─ ≤ ─  
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 4- 2 ─ ⸗♦ꜟ⌐⅔↑╢  

  

 2017 1 1 0 2017 12 31 24  

  

 500 m  4- 8  

 ⁸ ♃כ♦ꜟ♃☺♦ ╟╡  

 

01  02m 11 18m 20m 

02 02m 04m 12 20m 22m 

03 04m 06m 13 22m 24m 

04 06m 08m 14 24m 27m 

05 08m 10m 15 27m 30m 

06 10m 12m 16 30m 35m 

07 12m 14m 17 35m 40m 

08 14m 16m 18 40m 50m 

09 16m 18m  19 50m   

 

≤ ⌐⅔↑╢ ─ ╩ ⅎ√  

16 M2, S2, N2, K2, 2N2, ɡ2, ɢ2, L2, T2, K1, O1, P1, Q1, 

M1, OO1, J1 ⅛╠ ⇔√ ≢ ⇔  

ה  

⅜ ⇔√ ⅔╟┘ ─℮∟⁸27d⅔╟┘ 27

─ ⌐⅔↑╢ 1 2 ─ ╩ ⇔⁸ ⌐╟╡ ─

╩  

 

⌐ ∆╢ ─℮∟ ⌐╟╡ ↕╣≡™╢ ⁸

⁸ ⁸ ⁸ ⌐≈™≡│⁸ ☻כⱬ♃כ♦ 

╟╡ ⅜ ↕╣≡™⌂™∕─ ─ ⁸ ⁸ ⁸

⁸ ⁸ ⁸ ⁸ ⁸ ⁸ ⁸ ⁸

⁸ ⁸ ⌐≈™≡│ ה ≤─ ╟╡  

 

AMeDAS ⁸ ⁸ ⁸ ⁸ ⁸ ⁸

⁸ ⁸ ⁸

⁸ Ή ─ ─ ה ╩♃כ♦ ⇔√

╩  

 
AMeDAS ⁸ ⁸ ⁸ ⁸ ⁸ ─ ⁸ ⁸ ⁸

⁸ ╩♃כ♦ ⇔√ ╩  

◖ꜞ○ꜞ  8.6×10- 5 s- 1 

 ─  

 0.0026 

 

 
Smagorinsky─ ⌐╟╡  

 

 
⸗♦ꜟ⌐╟╡  
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 4- 9 ⸗♦ꜟ─  

 

 

 4- 3 ─ ⸗♦ꜟ⌐⅔↑╢  

  

 

⸗♦ꜟ≤  
 

 

 

 

─ ─℮∟ ⌐⅔↑╢ 1 ─

ה ─ ◒꜡꜡ⱨ▫ꜟ a ⁸ ⁸

╩ ⇔⁸ ⌐╟╡ ─ ╩  

 

─ │⁸ ⁸ ⅔╟┘ ─

─ ≤ ╟╡⁸ ─ L ≤ Q)─ L

Q ╟╡  

 AMeDAS ─ ╩  

 ≤ ⌐ ∂√ ╩   

 
≤ ⌐ ∂√ ╩  

ꜞfi⌐≈™≡│⁸ ╙ ⇔√ ╩  

 

  

≤─

ה

Inorgani Ccarbon
ꜞfi ꜞfi
Phosphate

ⱪꜝfi◒♩fi
Phytoplankton

ⱪꜝfi◒♩fi
Zooplankton

♦♩ꜞ♃☻
Detritus

Dissolved Oxygen

Dissolved Organic Matter

▪fi⸗♬▪
Ammonium Nitrite Nitrate

Dissolved Organic Matter
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 4- 4 ⸗♦ꜟ─Ɽꜝⱷכ♃ 

ⱪꜝfi◒♩fi  
Ɽꜝⱷכ♃   

 1/ day 0. 59 exp(0.0 633 T) 

 1/ day 0.02 exp(0.0524 T) 

ꜞfi─  1/ day 6.0 

─  1/ day 4.0 

PO4 ─  ɡmol/L 1.0 

NH4 ─  ɡmol/L 1.0 

NO3 ─  ɡmol/L 2.0 

N ─Ɽꜝⱷכ♃ L/ɡmol 1.4 

P◒◊כ♃─  Ί 6.0 

N◒◊כ♃─  Ί 3.0  

 cm/s 1.0×10- 4 

 (mgC/m3) / day 5.0×10- 5 exp(0.0693 T) 

─  cal/cm 2/day 150 

C Chla   48.53 

C P   161.3 

C N   15.9 

TOD C   3.6 

COD C   1.372 

ⱪꜝfi◒♩fi  

Ɽꜝⱷכ♃   

 1/ day 0.18 exp(0.0 588 T) 

Ivlev  m3/ mgC 0.007 

─  mgC/m3 0.0 

 % 70.0 

 % 30.0 

 1/ day 0.0214 exp(0.0637 T) 

 1/ day 6.0×10- 4 exp(0.0693 T) 

C P   50.0 

C N   6.0 

TOD C   3.31 

COD C   1.46 

∕─  
Ɽꜝⱷכ♃   

 1/ m 
⅛╠  

0.3373+0.0014 Chla+0.0489 Chla2/3 

♦♩ꜞ♃☻─  1/ day 0.01 exp(0.0693 T) 

♦♩ꜞ♃☻─  cm/s 5.787×10- 4 

─  1/ day 0.005 exp(0.0693 T) 

─  % 25.0 

♦♩ꜞ♃☻ ─ C P   63.9 

C N   7.2 

TOD C   3.01 

COD C   1.33 

─ C P   124.98 

C N   10.0 

TOD C   2.82 

COD C   1.25 

NH4 ќ NO2  1/ day 0.002 exp(0.0693 T) 

NO2 ќ NO3  1/ day 0.025 exp(0.0693 T) 
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ᵒ ╩ ≤⇔√ ⸗♦ꜟ 

─ ⸗♦ꜟ⌐⅔↑╢ ╩  4- 5⌐ ⇔√⁹ │ ⸗♦ꜟ╟╡╙ ─

↕╩ ⅛ↄ⇔⁸ 1mⱧ♇♅─ 27 ≤⇔√⁹╕√⁸ ⸗♦ꜟ≢│⁸ ⌐№╢

⌐⅔↑╢ ╙ ⇔⁸↔ ╩♃כ♦√™ ⌐ ≤ ╩ 1

↔≤⌐ ⇔√⁹ 

 ─ ⸗♦ꜟ⌐⅔↑╢ ╩  4- 6⌐ ⇔√⁹ ╩│∂╘ ⁸

⁸ ⁸ ⌂≥ │⁸ ─ ⸗♦ꜟ─ ≤ ∂≤⇔√⁹ ─

╣ ⁸ │⁸ ─ ⸗♦ꜟ⌐╟╡ ↕╣√ 1 ↔≤─ ╣ ─ ╩

⇔√⁹ 

 

 

 4- 5 ─ ⸗♦ꜟ⌐⅔↑╢  
  

 2017 1 1 0 2017 12 31 24  

 ╩ ╗ 11.5km× 21km  4- 10  

 
│ 100m 250m─  4- 11  

│ 100m ≢ .  

 ⁸ ♃כ♦ꜟ♃☺♦ ╟╡  4- 11  

 

01  02m (1m) 15 15m 16m (1m) 

02 02m 03m (1m) 16 16m 17m (1m) 

03 03m 04m (1m) 17 17m 18m (1m) 

04 04m 05m (1m) 18 18m 19m (1m) 

05 05m 06m (1m) 19 19m 20m (1m) 

06 06m 07m (1m) 20 20m 22m (2m) 

07 07m 08m (1m) 21 22m 24m (2m) 

08 08m 09m (1m) 22 24m 27m (3m) 

09 09m 10m (1m) 23 27m 30m (3m) 

10 10m 11m (1m) 24 35m 40m (5m) 

11 11m 12m (1m) 25 40m 45m (5m) 

12 12m 13m (1m) 26 45m 50m (10m) 

13 13m 14m (1m) 27 50m (B- 50m) 

14 14m 15m (1m)  

 
⸗♦ꜟ─ ⅛╠⁸ ─ ⁸ ה ╩ ⇔≡

1 ↔≤─ ╩ .  

 
⸗♦ꜟ≢ ⇔√ ─ ≢⁸ ⸗♦ꜟ─ ⌐ ∆╢

≤ ╩ .  

 ⌐⅔↑╢ ≤ ╩ 1 ↔≤⌐ .  

 

 

⸗♦ꜟ≢ ⇔√ ⅔╟┘ ⌐≈™≡⁸ ⸗♦ꜟ─

⌐ ⇔≡ 1 ↔≤─ ╩ .  

Ɽꜝⱷכ♃ 
◖ꜞ○ꜞ ⁸ ⁸ ⁸ ה ⅔╟┘

ה ⌐≈™≡│⁸ ⸗♦ꜟ≤ ⌐ .  
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 4- 10 ⸗♦ꜟ─  

 

  

 4- 11 ⸗♦ꜟ─ ≤  
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 4- 6 ─ ⸗♦ꜟ⌐⅔↑╢  

  

 

─ ⸗♦ꜟ≤  
 

 

 

 

⸗♦ꜟ─ ⅛╠⁸ ─ ╩ ⇔≡ 1 ↔

≤─ ╩ .  

⌂⅔⁸DO⌐≈™≡│⁸ ╩ ⇔≡ .  

 
⸗♦ꜟ≢ ⇔√ ─ ≢⁸ ⸗♦ꜟ─ ⌐ ∆╢

≤ ╩ .  

 
⌐⅔↑╢ ╩ .  ⌐⅔↑╢

│⁸ ─ ╩ .  

 ≤ ⌐ ∂√ ╩   

 
≤ ⌐ ∂√ ╩  

ꜞfi⌐≈™≡│⁸ ╙ ⇔√ ╩  

∕─ Ɽꜝⱷכ♃ ⸗♦ꜟ≤ ∂ ╩  4- 10  
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( 2) ⌐╟╢ ⁸  

─ ⌐ ∆╢ ⌂ ⌐⁸ ⌐╟╢ ⅔╟┘ ⅛╠─

⅜№╢⁹↓↓≢│⁸₈ ⸗♦ꜟ ₉≢ ↕╣√ ╩ ⌐⁸ ⌐ ∆

≢ ⇔√⁹ 

ה mg/m2/day  ŬO × exp (ɓO×T) 

-PO4ה P mg/m2/day  ŬP × exp (ɓP×T ɔ×DO) 

-NH4ה N mg/m2/day  ŬN × exp (ɓN×T) 

↓↓≢⁸ŬO│ 0 ϴ≢─ mg/m2/day ⁸ŬP│ 0 ϴ≢─ꜞfi mg/m2/day ⁸

ŬN│ 0 ϴ≢─ mg/m2/day ⁸ɓO│ 1/ϴ ⁸ɓP│ꜞfi 1/ϴ ⁸

ɓN│ 1/ϴ ⁸T│ ϴ ⁸DO│ ─ mg/L ⁸ɔ│ ─ ⌐

╟╢ꜞfi ─ ╩ ╦∆Ɽꜝⱷכ♃ L/mg ≢№╢⁹↓↓≢│⁸IL ─ ↔≤ IL<5

3.845⁸5<IL<7 5.741⁸7<IL 7.96 ⌐⅔↑╢ ≤ ≤─ ⅛╠

Ŭ≤ɓ╩ ⇔⁸∕╣╠ Ŭ, ɓ ≤ ⅛╠ ╘√ IL(%) ≤─ ╩

⇔√  4- 12 ⁹↓╣⌐╟╡⁸IL ⅜ 3.845 7.96 ─ ╩ ∆ ⌐⅔™≡╙⁸IL ⌐ ∂

√ Ɽꜝⱷכ♃╩ ≡│╘╢↓≤⅜ ⌐⌂∫√⁹ 

─ IL ⌐│⁸  ⌐╟╢₈

─ 26 ₉╟╡⁸ 21 26 ─ ╩ ⇔√⁹ ⌐⅔↑╢ IL

⌐│⁸₈ ⸗♦ꜟ ₉─ IL ⌐₈ ₉─ ⅔╟┘

─ ╠,2008⁸ ╠,2009⁸ ╠,2010⁸ ╠,2011⁸

╠,2012⁸ ╠,2013⁸ ╠,2015 ╩ ⇔√⁹ ⸗♦ꜟ⌐ ⇔√ IL ╩  4- 13⌐

⇔√⁹ 

 

 

  PO4- P  NH4- N  

Ŭ 

   

ɓ 

   
 4- 12 Ɽꜝⱷכ♃─  
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 4- 13 ⸗♦ꜟ⌐ ⇔√IL  

[ % ] 
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( 3) ⌐╟╢ ⁸  

√⌐ ⇔√ Ɽꜝⱷכ♃╩ ⅎ≡ ╩ ∫√ ─ DO─ ≤ ≤─

╩  4- 14⌐ ⇔√⁹ │ ─ DO─ ╩ ≢⅝≡™╢↓≤⅛╠⁸

⸗♦ꜟ╩ ™≡ ─ ─ ╩ ∫√⁹ 

 

 

 
 4- 14 ⌐⅔↑╢ DO─ ≤ ≤─ 2017  

  

HC01 HC02

HC03 HC04

HC05 HC06

HC07 HC08

HC09 HC10
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4.2.2  ─  

(1) ─  

≢│⁸ ╛ ⌐│ ⌐ ⅜ ⇔≡⅔╡⁸ ⅜ ⌐ ™↓

≤⌐ ⅎ⁸ ⅜ ↕╣≡™╢√╘⁸ ⅜ ╟╡ ≤⌂╡⁸ ≢

∆╢ ─ ⌐⌂╢≤≤╙⌐⁸ ≢ ↕╣√ ⅜ ⌐

⇔√ ⌐│⁸ ⅜ ─ ⌐ ⇔╛∆™⁹↓─√╘⁸ ⌐╟╡

╩ ∆╢═⅝ ≤⇔≡⁸ ─ 3 1⁸ 2⁸ 3 ≤ ─

1 ╩ ≤⇔√  4- 15 ⁹ 

 

 
 4- 15 ─ ⅔╟┘ ─  

 

 

( 2) ─  

 ≢ ↕╣╢ ─ ≤⇔≡⁸ ⌂≥⌐╟╢ ⁸ ה ⌐╟╢

⁸ ה ─ ╘ ⇔⁸ⱴ►fi♪ ⅔╟┘ ─ ╩ ╗ ─☻כ◔6

╩ ☿fi♃כ─ ─℮ⅎ ⇔⁸  4- 7⌐ ⇔√⁹ 

 

ᵑ ─ Case1  

─ ─ ⌐╟╢ ╛ ╩ ⁸ ∆╢↓≤╩ ⇔√

≤⇔≡ ╛ ─ ⌐╟╢ ⅜ ↕╣≡™╢ ╠, 2005⁸

╠, 2011 ⁹ ⌐│ ה ⅜ ⅜∫≡™╢√╘⁸ ⌂ ╩ ╦⌂™ ↕ 50cm

─ ╕⅝ │ ⌂ ─ ≈≢№╢⁹Case1≢│⁸ 1⁸ 2⅔╟┘ 3─

⌐ ⌐╟╢ ╩ ∆╢↓≤╩ ⇔√⁹ ─ ─ ⌐│⁸ 10

⇔≡╙ I L֔4 ⅜ ↕╣√ ─ ╠. 2005 ╩ ⌐ I L=4╩ ⅎ⁸

│♃כ♦ ≤ ∂≤⇔√⁹ 

 

ᵒ ─ Case2  

⌐ ⇔√ ≢│⁸ ⌐ ╦╣√ ⌂ ⌐╟∫≡

⅜ ↕╣⁸ ─ ה ⌐≈⌂⅜∫≡™╢⁹ ≢ ─ ⌂ │

⌐≤∫≡ ≢№╢≤─ ─ ╙№╢⁹Case2≢│⁸ ≤ ⌐ ⅜ ™√╘

ể

1

2

3
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⅜ ⇔≡™╢ ─ ≤⇔≡⁸Case1≤ ⌐ ╩ ╦∏⌐ ⅜ ⌂

I L=4─ ╕⅝ ╩ ⇔√⁹ 

 

ᵓ ─ ה ≤ Case3  

╠( 2013a)│ ─ ─ ⁸ ⌐╟╡ ⅜ ↕╣⁸ ⌂≥─

─ ⅜ ≢⅝╢≤ ⇔≡™╢⁹ ─ ⅛╠ ⌐⅛↑≡│ ⌐ ℮

⌐╟╡ ⅜ ↄ⁸ ⌂ ⅜ ↕╣≡™╢√╘⁸ ─ ─

≢№╢ ─ ↕╩ ∆╢√╘⌐│⁸ ╛ ⌐╟╡ ╩ ∆╢↓≤⅜

≢№╢ ⅜ ⅎ╠╣╢⁹╕√⁸ ─ ה ≢│⁸∕─ ╩ ∆╢√╘─ ╛

⌂≥─ ⅜ ≤⌂╢ ⅜№╢⁹↓╣╠╩ ╕ⅎ⁸Case3≢│ ─ ™

≤⇔≡⁸ ╩ ╗ ─ ≤ ╩ ≤⇔√ 2─ ה ╩ ⇔√⁹

↓↓≢│⁸ ╩ ∆╢ ≢ 2╩ ≤ ∂ 14m╕≢ ╡ →√⁹╕√⁸ 2⌐│

≤⌂╡╛∆™ ⅜№╢↓≤⅛╠⁸ ╩ ⇔≡ ╕≢ ╘ ⇔≡

╩ ∆╢ ≤⇔√⁹ ─ I L │ 2 ─ ─ ≤╒╓ ∂ I L=6.5 ╩ ⅎ√⁹

─ ╩♃כ♦  4- 16⌐ ⇔√⁹ 

 

ᵔ ─ ╘ ⇔ Case4  

≢ ↕╣╢ ⅜ ∆╢≤ ─ ┼─ ⅜ ⅝™↓≤⅛╠⁸

⌂≥≢│ ≤⇔≡ ╘ ⇔⅜ ↕╣≡™╢ ה ,2006 ⁹ ╠(2013b)

│ ─ ╩ ≤ ╕≢ ╘ ≡√ ─ ╩ ⸗♦ꜟ⌐╟╡

⇔⁸ ─ ⅜ ↕╣╢≤ ⇔√⁹∕↓≢ Case4│⁸ ≢╙ ⅜ ╘╢

≤⇔≡⁸ ╩ ⇔≡ ⅛╠─ ╩ ⇔≈≈⁸ ⅛╠─ ⅜

╦╣╢ ─ ≤╒╓ ∂ 21m⅜ ≤⌂╢╟℮⌐ I L=4─ ⌐╟╡

╩ ╘ ∆ ≤⇔√⁹ ─ ╩♃כ♦  4- 17⌐ ⇔√⁹ 

 

ᵕ ⌐⅔↑╢ⱴ►fi♪ Case5  

ⱴ►fi♪ ─ ≤⇔≡⁸ ─№╢ ≢│ ⌐╟╢ ─ ⅜№→╠

╣╢⅜ ╠, 2008 ⁸ ≢ ↕╣√₈ ₉≢│ ─ ™

≢ ⅜╟ↄ⁸ ⅜ ↄ ∆╢ ⅜№∫√↓≤⅛╠⁸ⱴ►fi♪ ⌐╟╢

⌐╟╡ ─ ╛ ⅛╠─ ⅜ ⌂ ⅜ ↕╣╢⁹Case5 ≢│⁸

≤⌂∫≡™╢ ─ ╩ IL=4 ─ ╩ ⇔≡ ╘ ≡⁸ ─ ⅜ 12m⁸

↕ 300m×300m⁸ ⅜ ⌡ 1:3 ≤⌂╢╟℮⌂ⱴ►fi♪╩ ∆╢ ≤⇔√⁹ ─

╩♃כ♦  4- 18⌐ ⇔√⁹ ─ │ ⇔≈≈⁸ ─ │ ∆╢ ⌐⌂∫

≡™╢⁹ 

 

ᵖ ⌐⅔↑╢ Case6  

─ │ ─ ─ ⌐╟╡ ⅜ ↕╣╢↓≤⅜ ≤⌂∫

≡™╢↓≤⅛╠⁸ ─ ⌐╟╡ ╩ ∆╢ ⅜ ⅎ╠╣╢⁹⁹Case6

≢│⁸ 1─  4- 19⁸ ⌐ ⅛╠ 14m╕≢─ ↕≢ ⌐

V ─ ╩ ∆╢ ≤⇔√⁹⌂⅔⁸ ─ ─ ⌐ ⌂ │₈ ⸗♦

ꜟ ₉≢ ⌐ ⌐ ↕╣√ ADCP≢ ↕╣√ ─ ≢№╡⁸V

│ ╣⌐ ⇔≡ ╙ ⅜ ↕╣╢ ⅝⌐ ↕╣╢⁹ 
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 4- 7 ─  

 
 

 

 
 4- 16 Case3≢ ⇔√ 2─  ♃כ♦

 

 

 
 4- 17 Case4≢ ⇔√ ─  ♃כ♦

Ἱ ᴣ
ᴟ Ͼ˔І

1
ᴀ χ ᵠל

ˢ ₳( ϘΦ)ʺ ᵠל −╩ ˣ
˔ Case1

Ἱᵠ δγτ ᴀ1˙3χỸᵊ ӽτIL˽4

ρσϥ ᵠל Ϭם☼.

2
Ἔ χ ᵠל

ˢ ₳( ϘΦ)ʺ ᵠל −╩ ˣ
˔ Case2

Ἱᵠ δγτἜ χỸᵊ ӽτIL˽4ρσ

ϥ ᵠל Ϭם☼.

3
ᴀ χ ʾ⌠ ˴

ˢ Ạʺ ˣ
˓ Case3

ᴀ2Ϭ 14mϘπἕϤᴞΫο‚ ᶈ ΰᵤ

ῖḊϬ . ῇψ π14mτ .

4
Ἔ χ ϛ ΰ

ˢ ₳∙τϢϥ ˣ
˓ Case4

Ἔ Ỹᵊ Ϭ ₳∙(IL˽4)πΩ 21mϘ

π ϛ ΰ.

5
Ἔ χЫϳрЖ

ˢ ₳∙τϢϥ Ϋˣ
˓ Case5

Ἔ Ỹᵊ τ ₳∙(IL˽4)π 300m˷

300m, 12mχЫϳрЖϬ .

6
ᵤ לּ χ

ˢ χἹ ʺ ▒ ᵖχ ˣ
˓ Case6

ᴀ1χẽᵦ ựχᵤ Τϣ ᴞ12mϘπVⱫ

ἷχּל Ϭ .

ӛ ├ӛ ᵵ
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 4- 18 Case5≢ ⇔√ ─  ♃כ♦

 

 

 4- 19 Case6≢ ⇔√ 1─ V  

│⁸ ─ ╩ ∆⁹  
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4.2.3  ─◦Ⱶꜙ꜠כ◦ꜛfi ⌐ ≠ↄ  

(1) ◦Ⱶꜙ꜠כ◦ꜛfi  

2017 6 ⅛╠ 10 ╩ ≤⇔≡⁸ ≤ ⌐≈™≡⁸ ◦Ⱶꜙ꜠כ◦ꜛfi

⅛╠ ⌐ ∆╢ ⅔╟┘ ─ ⅔╟┘ ╩ ⇔

⇔√⁹⌂⅔⁸↓↓≢│ ⌐⅔↑╢ ה ─ ⌐ ™ 2.5ml/L ─

╩ ≤⇔⁸0.5ml/L │ ≤ ⇔√⁹╕√⁸ ⅛╠ ה ⇔

√ ⅜ ⅛╠ ∆╢ ─ ≤⇔≡⁸ ≢ ⌐ ⇔

√ ─ ⌐ 2.5ml/L ─ ⅜№╢ ╩₈ ₉≤⇔≡

⌐ ⇔√⁹ 

 

ᵑ ─ Case1  

▪) 1  

Case1─ 1⌐⅔↑╢ ⁸ ─ ⅔╟┘ ─ ╩  4- 20⌐⁸

⌐╟╢ ⁸ ─ ⅔╟┘ ─ ╩  4- 21⌐⁸ ⁸

─ ⅔╟┘ ─ ╩  4- 22⌐ ⇔√⁹ 

1≢│ ╩ ∂≡ ⅜╖╠╣╢⅜⁸7 ⅛╠ 8 ⌐⅛↑≡ ⅜

⇔⁸ ⌐ 8 ─ ─ ⅜ ⇔™⁹↓─ ─ │ ⌐ ⇔≡⅔

╡⁸ ⅛╠ ─ ⅜ ⇔√ ╩ ↑√≤ ↕╣╢⁹8 ⌐│

─ ─ ╙ ↕╣√⁹ 

 ─ │ ─ ⅜ ─ 83%⁸ ⅜ ─ 86%⌐⁸ ─

⅜ 47%⁸ ⅜ ─ 40%⌐ ↕╣√⁹ ⌐╖╢≤ 8 ─ ─ ⅜ ≢№∫√⁹

⅛╠ ∆╢ ─ ⅜ ⅝™ ⌐│ ─ │ ⅎ⌐ↄ™⅜⁸ ╩

∂≡ ─ ⅜ ╠╣≡⅔╡⁸ ⌐ ⌐ ∆╢ ⅜ ™≤ ↕╣√⁹ 
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 4- 20 ⁸ ─ ⅔╟┘ ─ Case1⁸ 1  

 

 
 4- 21 ─ ⅔╟┘ ─ Case1⁸ 1  

 

 
 4- 22 ⁸ ─ ⅔╟┘ ─ Case1⁸ 1  
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▬) 2  

Case1─ 2⌐⅔↑╢ ⁸ ─ ⅔╟┘ ─ ╩  4- 23⌐⁸

⌐╟╢ ⁸ ─ ⅔╟┘ ─ ╩  4- 24⌐⁸ ⁸

─ ⅔╟┘ ─ ╩  4- 25⌐ ⇔√⁹ 

2≢│ ╩ ∂≡ ⅜ ⇔⁸7 ⅛╠ 8 ⌐⅛↑≡ ⅜ ∆╢

⅜⁸ 1⌐ ═╢≤ ≢│⌂⅛∫√⁹ ⌐│ ⅜ ∆╢√╘⁸7 ⁸

─ ⅜ ⅝ↄ⌂∫√⁹ 

 ─ │ ─ ⅜ ─ 79%⁸ ⅜ ─ 78%⌐⁸ ─

⅜ ─ 72%⁸ ⅜ ─ 60%⌐ ↕╣√⁹ ╩ ∂≡ ⁸ ⌐ ∆╢

─ ⅜ ╘╠╣⁸ 1 ⌐ ═≡ ⅛╠ ∆╢ ─ ╩ ↑⌐ↄ

™√╘ 7 ⁸8 ─ ─ │╟╡ ≢№∫√⁹╕√⁸ ╡≢ ↕╣╢

⌐ ∆╢ ╙ ⅛∫√⁹ 
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 4- 23 ⁸ ─ ⅔╟┘ ─ Case1⁸ 2  

 

 
 4- 24 ─ ⅔╟┘ ─ Case1⁸ 2  

 

 
 4- 25 ⁸ ─ ⅔╟┘ ─ Case1⁸ 2  
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►) 3  

Case1─ 3⌐⅔↑╢ ⁸ ─ ⅔╟┘ ─ ╩  4- 26⌐⁸

⌐╟╢ ⁸ ─ ⅔╟┘ ─ ╩  4- 27⌐⁸ ⁸

─ ⅔╟┘ ─ ╩  4- 28⌐ ⇔√⁹ 

3≢│ ╩ ∂≡ ⅜ ⇔⁸7 ⅛╠ 8 ⌐⅛↑≡ ⅜ ∆╢

⅜⁸ 1 ⌐ ═╢≤ ≢│⌂⅛∫√⁹ ⌐ ⌂ ⅜ ∆╢√╘⁸7 ⁸

⌂ ─ ⅜ ╡ ⇔╖╠╣√⁹ 

 ─ │ ─ ⅜ ─ 80%⁸ ⅜ ─ 77%⌐⁸ ─

⅜ ─ 72%⁸ ⅜ ─ 58%⌐ ↕╣√⁹ 1⁸ 2≤ ⌐ ╩ ∂≡

⁸ ⌐ ∆╢ ─ ⅜ ╘╠╣√⁹ 
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 4- 26 ⁸ ─ ⅔╟┘ ─ Case1⁸ 3  

 

 
 4- 27 ─ ⅔╟┘ ─ Case1⁸ 3  

 

 
 4- 28 ⁸ ─ ⅔╟┘ ─ Case1⁸ 3  
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ᵒ ─ Case2  

Case2─ ⌐⅔↑╢ ⁸ ─ ⅔╟┘ ─ ╩  4- 29⌐⁸

⌐╟╢ ⁸ ─ ⅔╟┘ ─ ╩  4- 30⌐⁸ ⁸

─ ⅔╟┘ ─ ╩  4- 31⌐ ⇔√⁹ 

≢│ ╩ ∂≡ ⅜ ⇔⁸7 ⅛╠ 8 ⌐⅛↑≡ ─ ⅜╖╠╣

╢⅜⁸ │ ≢ ∆╢√╘ │ 120 m2 ⅜ ≤⌂∫√⁹╕√⁸

≢╙ ⌐ ↄ⌂∫√ ≢│ ⌐ ≤⌂∫√⁹ 

 ─ │ ─ ⅜ ─ 87%⁸ ⅜ ─ 94%⌐⁸ ─

⅜ ─ 53%⁸ ⅜ ─ 54%⌐ ↕╣√⁹ 

≢ ∂ ╩ ℮ Case1⌐ ═⁸7 ⅛╠ 8 ╩ ≤⇔√ ⌐ ⇔≡

─ ⅜ ↕ↄ⌂∫√⅜  4- 30 ⁸↓╣│⁸ ⅜ ⌐ ↄ ⌐ ⇔≡

™╢√╘⁸ ⅛╠ ∆╢ ─ ╩ ╟╡╙ ↄ ↑≡™╢√╘≤ ⅎ╠

╣╢⁹ ⁸ ╩ ∂≡ ─ │ ╠╣≡⅔╡⁸ ≢ ╙⇔ↄ│

⅛╠ ⇔√ ─ ⅜↕╠⌐ ⇔≡ ≢ ∆╢─╩ ∆╢

│ ╘╠╣√⁹ 
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 4- 29 ⁸ ─ ⅔╟┘ ─ Case2⁸  

  

 
 4- 30 ─ ⅔╟┘ ─ Case2⁸  

 

 
 4- 31 ⁸ ─ ⅔╟┘ ─ Case2⁸  



32 

 

ᵓ ─ ה ≤ ╡─ ╘ ⇔ Case3  

Case3─ 2⌐⅔↑╢ ⁸ ─ ⅔╟┘ ─ ╩  4- 32⌐⁸

⌐╟╢ ⁸ ─ ⅔╟┘ ─ ╩  4- 33⌐⁸ ⁸

─ ⅔╟┘ ─ ╩  4- 34⌐ ⇔√⁹ 

 ─ │ ─ ⅜ ─ 114%⌐ ⇔√⅜⁸ ─ │

─ 49%⌐ ↕╣√⁹ ─ ─ ╩╖╢≤  4- 33 ⁸7 ⅛╠ 8 ─

⌐ ⇔≡ ─ ⅜ ∆╢ ⅜№╡⁸ ⅛╠─ ╩ ⇔√ ⁸

⌐ ⅛╠─ ⅜ ⇔√ ⌐│ ⅜ 2 ╕≢ ↕╣≡⇔

╕℮╙─≤ ↕╣√⁹ ⁸ │ ╡╩ ╘ ⇔√↓≤⌐╟╡⁸ ⅜ ╠╣

√⁹ 

⌂⅔⁸ ≢│ ╟╡ ╛ ⅜ ╩ ∂ ∆╢ ≤⌂∫√⁹↓╣│

2╩ ⌐ ╕≢ ╡ →√↓≤⌐╟╡⁸ ⁸ 2─ ≢ ⌐

∆╢ 14 ─ ─ ⅜ 0.2m≤⌂∫√↓≤≢ ─ ⅜ ↄ ╣√↓

≤⅜ ≢№╢⁹ ⅜ ↕╣╢ ─ B- 1 13 ╩ ∆╢≤⁸ ≤ ⌐

─ │ ⁸ ─ │ ∆╢↓≤╩ ⇔√⅜⁸↓↓≢│ │

∑∏⁸ ─ ≤⇔√⁹ 
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 4- 32 ⁸ ─ ⅔╟┘ ─ Case3⁸ 2  

 

 
 4- 33 ─ ⅔╟┘ ─ Case3⁸ 2  

 

 
 4- 34 ⁸ ─ ⅔╟┘ ─ Case3⁸ 2   
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ᵔ ─ ╘ ⇔ Case4  

Case4─ ⌐⅔↑╢ ⁸ ─ ⅔╟┘ ─ ╩  4- 35⌐⁸

⌐╟╢ ⁸ ─ ⅔╟┘ ─ ╩  4- 36⌐⁸ ⁸

─ ⅔╟┘ ─ ╩  4- 37⌐ ⇔√⁹ 

 ─ │ ─ ⅜ ─ 96%⁸ ⅜ ─ 82%⌐⁸ ─

⅜ ─ 44%⁸ ⅜ ─ 17%⌐ ↕╣√⁹Case2≤ ⌐ ⅛╠ ∆╢

│ ⌐ ⇔╛∆™√╘⁸ ─ ⌐ ∆╢ │ ≢│⌂™ ≤⌂∫

√⅜  4- 36 ⁸ ─ ╩ ⌐ ╘ ⇔√↓≤⌐╟╡⁸ ─ │ ⇔

√╒⅛⁸ ⌐ ∆╢ ⅜ ⌐ ⅝ↄ⌂∫√⁹ 
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 4- 35 ⁸ ─ ⅔╟┘ ─ Case4⁸  

 

 
 4- 36 ─ ⅔╟┘ ─ Case4⁸  

 

 
 4- 37 ⁸ ─ ⅔╟┘ ─ Case4⁸  
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ᵕ ⌐⅔↑╢ⱴ►fi♪ Case5  

Case5─ ⌐⅔↑╢ ⁸ ─ ⅔╟┘ ─ ╩  4- 38⌐⁸

⌐╟╢ ⁸ ─ ⅔╟┘ ─ ╩  4- 39⌐⁸ ⁸

─ ⅔╟┘ ─ ╩  4- 40⌐ ⇔√⁹ 

─ │ ─ ⅜ ─ 84%⁸ ⅜ ─ 83%⌐⁸ ─

⅜ ─ 69%⁸ ⅜ ─ 64%⌐ ↕╣√⁹Case4 ≤ ═╢≤⁸ ⌐ Case4╟╡╙ ™

⅜ ↕╣╢√╘ ─ ⌐ ∆╢ │╛╛ ↄ⌂╢ ⁸ⱴ►fi♪

↕╣⌂™ ≢│ ⅜ ∆╢↓≤⌐╟╡⁸ ─ ⌐ ∆╢ │ ↕ↄ⌂

∫√⁹  
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 4- 38 ⁸ ─ ⅔╟┘ ─ Case5⁸  

 

 
 4- 39 ─ ⅔╟┘ ─ Case5⁸  

 

 
 4- 40 ⁸ ─ ⅔╟┘ ─ Case5⁸  
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ᵖ ⌐⅔↑╢ Case6  

Case6─ 1⌐⅔↑╢ ⁸ ─ ⅔╟┘ ─ ╩  4- 41⌐⁸

⌐╟╢ ⁸ ─ ⅔╟┘ ─ ╩  4- 42⌐⁸ ⁸

─ ⅔╟┘ ─ ╩  4- 43⌐ ⇔√⁹ 

─ │ ─ ⅜ ─ 103%⁸ ⅜ ─ 102%⌐⁸ ─

⅜ ─ 138%⁸ ⅜ ─ 144%≤™∏╣╙ ⌐ ═≡ ⇔√⁹  4- 42╩╖╢≤⁸

≢⌂™ ⌐ ╟╡╙ ⅜ ⅎ╢ ⅜ ╠╣╢↓≤⅛╠⁸ ─

⌐ ⇔√ ⌐╟╡⁸ ⅜ ≢⌂™ ⌐│ ╩ ∆╢

─№╢ ─ ⅜ ↕╣≡⇔╕℮↓≤⌐╟╡⁸ 1 ─ ⅜ ↕╣⌂ↄ⌂╢

╙─≤ ↕╣√⁹ 
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 4- 41 ⁸ ─ ⅔╟┘ ─ Case6⁸ 1  

 

 
 4- 42 ─ ⅔╟┘ ─ Case6⁸ 1  

 

 
 4- 43 ⁸ ─ ⅔╟┘ ─ Case6⁸ 1  
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( 2) ─ ─  

 ↕╣√ ─☻כ◔6 ─ ◦Ⱶꜙ꜠כ◦ꜛfi ⌐ ≠ↄ ─ ╩

⌐ ∆╢ ─ ⅔╟┘ ≢ ⇔⁸ ╩  4- 8⌐ ⇔√⁹ 

⌐⅔↑╢ ─ ≤⇔≡⁸ ⅔╟┘ ─ ╘ ⇔─ ⅜

ↄ⁸ ⌐ ≢ ∆╢ ╩ ∆╢ ⅜ ⅛∫√⁹ 

╛ ⌂≥⌐╟╡ ┼─ ╩ ∆╢ │⁸ ⅛╠ ∆╢

─ ⅜ ╟╡ ⅝ↄ⌂╢ ⅜№╢√╘⁸ ─ ⅜ ↕╣⌂™

╡ ⅜ ↕╣⌂™≤ ⅎ╠╣√⁹ 

⌐╟╢ ─ │⁸ ⌐╟╢ ─ │ ↕ↄ⁸ ⌐⁸ ⌐

↕╣√ ≢ ╠╣√ ≤ ≤─ ⅜ ↕╣╢↓≤⌐╟╡⁸

≢ ⅜ ∆╢ ╣⅜№╢≤ ↕╣√⁹ 

↓╣╠─ ╩ ╕ⅎ⁸ ≢ ∆╢ ≤⇔≡│⁸ ─ ⅜

™ ╩ ≤⇔≡⁸ ╩ ∑∏⌐ ⌐ ∆╢ ⌂≥─ ⅜ ≢№╢≤

ⅎ╠╣╢⁹№╦∑≡⁸ ─ ⇔⌐╟╡ ⅜ ↕╣╢≤ │ ⌐ ↄ⌂╢≤

↕╣╢⁹ ⇔⁸ ⌐⅔↑╢ ⌐╟╢ │⁸ ⅛╠ ⌂

⅜ ⇔√ ⌐ ⅜ ↕╣≡⇔╕℮√╘⁸ ─ ⌐⅔↑╢

─ ╙ ⌐ ╡ ╕╣╢ ⅜№╢⁹ 

 

 4- 8 ─ ─ ( ⌐ ∆╢ ─ )  

 
 

 

 

  

ᴣ

Ͼ˔І Ỹӽ

ᴀ1 83% ̚ 86% ̚ 47% ̕ 40% ̕

ᴀ2 79% ̚ 78% ̚ 72% ̚ 60% ˓

ᴀ3 80% ̚ 77% ̚ 72% ̚ 58% ˓

ӽ

Ἔ 87% ̚ 94% ̚ 53% ˓ 54% ˓

ӽ

ᴀ2 114% ˷ 49% ̕

ӽ

Ἔ 96% ̚ 82% ̚ 44% ̕ 17% ̕

ӽ

Ἔ 84% ̚ 83% ̚ 69% ˓ 64% ˓

ӽ

ᴀ1 103% ˷ 102% ˷ 138% ˷ 144% ˷

ӽ

̕ʿ50%ӟ χḜ ʺ͋ʿ30˙50%χḜ ʺ̚ʿ0˙30%χḜ ʺ˷ʿ Ḝ ῟ᴮσΰ

Case2

ᴀ1ʺἜ π ▒ ᵖχḜ ῟

ᴮΥ‰Μ

ῢΤϣχ ▒ ᵖΥ ήϦϥ

▒ ᵖᾚ ψ ἕ τϢϥ

( ᶤ›ψὓ▄ ᵰρΰθ)

▒ τϢϥ ὉϒχзІ

ϼΥὖᾚ

χ Μ Υ χ

ʾ τσϥᴦ ΥΚϥ

97% 98% 89% 91%

˵ 101% ˵ 90%

99% 96% 88%

ᴀ1ρ ״ ρχ χᵤ ῖḊ

Υ ᵲήϦϥ

93% 95% 89% 82%

101% 101% 104% 105%

85%

98% 97% 94% 94%

Case6

Case5

Case4

Case3
˵

Case1

ל

ᵠ

ʾ

⌠

ϛ

ΰ

Ыϳр

Ж

˵

├
▒ ᵖ(˽2.5ml/L)▒ ᵖ(˽0.5ml/L)

―
ᶤ›(%) ᶤ›(%) ᶤ›(%) ᶤ›(%)
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4.2.4  ⅜ ⅔╟┘ ⌐ ╓∆  

 ⌂≥⌐╟╢ ╩ ∆╢Case1⅔╟┘ Case2⁸ ─ ╘ ⇔╛ⱴ►fi♪ ╩

℮ Case4⁸Case5≢│⁸ ─ ⌂™(I L֔4) ה  ─ ⅜ ↕╣╢⁹  4- 44

⌐₈ ₉≢ ╠╣√ ─ כ♃☻ꜝ◒ ⌐╟╡ ↕╣√

─ⱪכꜟ◓ ⅔╟┘ ≤ ⁸ ה♩ꜟ◦┘╟⅔ ≤

─ ╩ ⇔√⁹ ─ │ ⅜ 7% ≢№╢√╘ ─ ⁸ ⅜

╘≡ ⌂™ ≢№╢⅜⁸ ⌐╟╡ ⅜ 4% ─ ⌂ ⅜ ↕╣╢

↓≤⌐╟╡⁸ ─ ─ ─ ⌐ ∂≡ ─ ⁸ ─ ⅜ ↕

╣╢⁹╕√⁸ ╛ ─ │ ╙ ─ ⌐╟╡⁸ ⌂≥─ ⌐

╟╢ ╛ ─ ⌐ ℮ ─ ⅜ ↕╣╢↓≤⌐╟╡⁸

─ ⅜ ∆╢ ⅜№╢⁹ ⇔⁸ ╠ 2012 │⁸ ⌐ ∆╢

─ ⌐ ⇔≡ ⌐ 23 ⁸ ⌐ 22 ⌐≈™≡ ⇔⁸◦ⱡⱩⱢⱠ◄ꜝ☻

Ⱨ○╩ ↄ ─ ≢ ─ ⌐│ ⌐ ═≡ ™ ⅜ ⌂

↓≤⁸ ─ ⌐ ⌂ │ ꜠ⱬꜟ≢ ⅝⌂ ⅜№╢↓≤╩ ⇔≡™╢⁹ ⅎ≡⁸

⌐╟╡ ⅜ ⌐ ⇔√ ≢╙⁸ ⅛╠ ∆╢ ⅜

⇔√ ⌐│⁸ ⅜⌂ↄ⁸ ╙ √⌂™ │ ≢⅝⌂™⁹↓─√╘⁸

⌂≥ ─ ⁸≥─╟℮⌂ ⅜≥─ ∆╢⅛─ ⌐│⁸ ≤ ↔

≤⌐ ℮ ⅜№╡⁸ ─ ⅛╠ ⌂ │ ⇔™ 

╛ ─ ╘ ⇔≢│⁸ ⅜ ↕╣╢ │ ↕╣╢╒⅛⁸ ╘ ⇔√

─ ⌐╟∫≡│ ─ ⅜ ∑∏⁸ ─ ╛⅛⌂ ⅜ ↕╣⌂⅛∫√

⅜ ↕╣≡™╢ ╠, 2011 ⁹⇔⅛⇔⌂⅜╠⁸ ⌐ ⇔√ ─ ⅜

∆╢↓≤⌐╟╡⁸ ─ ⌐╟╢ ─ ┼─ ⌂ ⅜ ∆╢≤

╕╣╢⁹ 

ⱴ►fi♪ ─ ⌐≈™≡⁸₈ ₉─ ≢│ ⌐ ═≡ ─

™ ≢│ ⅜ ™ ⅜ ↕╣≡™╢⁹╕√⁸ 2014 │⁸ ─

╙ ⇔√ ─ │ 15m ≢ ⌂ ╩ ⇔≡™╢⁹ ─◦Ⱶꜙ꜠כ◦

ꜛfi⌐╟╡ ↕╣╢ ─ ─ ╛ ─ ⅜ ≢│⌂™ ≢№∫≡

╙⁸ 12m ⅜ ─ ה ≤⇔≡ ∆╢ ⅜№╢⁹⇔⅛⇔⌂⅜

╠⁸ ⌐⅔™≡ ⌐╟╡ ⇔√ⱴ►fi♪ ─ ╩ ⇔√ │ √╠⌂™√╘⁸

⌐╟╡ ⅜ ↕╣╢ ⅜№╢⁹ 
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 4- 44 ─ ≤ ⁸ ה♩ꜟ◦⁸ ≤─  

30 ⌐⅔↑╢ ╟╡  
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4.3  ⱪ꜠♀fi ─  

─ ╩≤╡╕≤╘√ⱪ꜠♀fi ╩ ⇔⁸ ⌐ ⇔√⁹ 
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