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3. ─ ≤  

 

3.1 ⌐╟╢ ─ ─ │ ⌐ ∆╢  

╟╡ ≢│⁸ ⌐ ⇔√ │⁸ ─ ⌐ ╣ ╖╕∆⁹ ─ ⅝↕│

≢№╡⁸ ╩ ≢⅝⌂™╒≥─ ⅜ ⌐ ╣ ╗≤ ⅛╠ ∆╢⅔∕╣⅜№╡

╕∆⁹∕─√╘ ─ ⅝↕ ⅜ ╡⌂™ ≢│ ╩ ↄ⇔√╡⁸ ─ ╩ ╡

™√╡∆╢ ⅜№╡╕∆⁹╕√⁸ ≢│⁸ ⅜ ↄ⁸ ⌂◄Ⱡꜟ◑כ╩ ∫√ ╣⅜

∆╢√╘⁸ ─ ⁸ ⌐╟╡ ⅜ ∆╢ ⅜№╡╕∆⁹∕─√╘⁸ ─

⅞╛ ─ ╩ ℮ ⅜№╡╕∆⁹↕╠⌐⁸ ─ ↕⅜ ╡⌂™ ≢│ ─ ╛

⌂≥⌐╟╢ ─ ⅜№╢√╘⁸ ─ ╖╩ ╛∆ ⅜№╡╕∆⁹ 

↓↓≢│⁸ ≢ ╘╠╣√ 5,200m3/s╩ ≤⇔≡⁸ ⌐╟╢

─ ─ │ ⌐ ∆╢ ⌐≈™≡─ ╩ ⇔╕∆⁹ 

 

3.1.1 ╩ ↕∑╢√╘⌐ ⌂ ─  

(1) ─  

│⁸ ⌐ ⅜ ↄ⁸ ╙ ™↓≤⅛╠⁸↓╣╕≢ ─ ╩ ⌐

╪≢⅝╕⇔√⁹ ┌╣√ │⁸ ╩ ∆╢≤≤╙⌐⁸ ⌐╙ ⇔≡⅝╕⇔√⁹

⇔≡⅝√ ⌐╟∫≡ ─ ╣╩ ∆╢↓≤⅛╠⁸  3-1 ┘  3-1⌐ ∆ ⌐

⅔™≡⁸ ≢ ╘╠╣√ 5,200m3/s ╩ ≢⅝⌂™ ⅜№╡⁸

⅜ ≤⌂╡╕∆⁹ 

 3-1 ─  

     

─   2k  

3k 5k  

7k 10k  

16k 17k  

18k 20k  

 

 3-1 ╩ ↕∑╢√╘─ ⁸ ↕╛ ↕ ─  
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(2) ↕╛ ↕ ─  

≢│⁸ ⌡ ─ ↕╛ ↕│ ↕╣≡™╕∆⅜⁸  3-1 ⌐ ┘  3-2

⌐ ∆ ≢│⁸ ─ ↕╛ ↕⅜ ⇔≡⅔╡⁸ ⌐╟╡ ⅜ ∆╢ ⅜№

╡╕∆⁹↓╣╠─ ⌐≈™≡│⁸  3-2 ⌐ ∆╟℮⌐ ─⅛↕ →╛ ↑╩ ⇔⁸

╩ ↕∑╢ ⅜№╡╕∆⁹ 

 3-2 ↕╛ ↕ ─  

 

 

 

 

 

 

 

 

 

 3-2 ╩ ↕∑╢√╘─ ↕╛ ↕ ─  
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  3.  ─ ≤  

 34 

3.1.2 ₈ ₉⌐⅔↑╢ ה ─ ≤  

(1) ─  

─ │⁸  3-3 ┘ 3-3⌐ ∆╟℮⌐ ┘ ⌐

↑╠╣╕∆⁹ 

 3-3 ⌐⅔↑╢ ─  

 ─  

 0k 7k ה  ⅜ ≢⁸╖⅔ │ ה  

ה ⌐│⁸╖⅔ ⅜ ⇔ↄ ⇔⁸ ─ ⅜  

 7k  

11.4k  

ה ⌐╟╡ ⅜  

ה ⅜ ⇔⁸╖⅔ ⅜╒╓  

 

 

 

   

:2.8k   :8.2k   :18.0k  

3-3 ⌐⅔↑╢  

─ ≢│⁸ ≢ ⌐╖╠╣╢ ⅜ ⇔≡

⅔╡⁸ ⌐│ ╩ ⅜ ∆╢↓≤⌐╟∫≡ ™⌐ ╩ ⅎ

⅜ ∂⁸ ⌐⅔↑╢ ⅜ ⇔≡™╕∆⁹ 

 3-4⁸  3-5⌐ ∆╟℮⌐⁸ ─ ⅜ ∆╢↓≤⌐╟╡ ⅜ ⅝ↄ ⇔≡™

╢╙──⁸7.0k ╟╡ ─ ≢│⁸ ⌐⅔™≡⁸ ⌐╟╡╖⅔ ─

≤ ⅜ ⇔⁸ ⌐│ ╣⅜ ⇔≡⁸ ╛ ⅜ ⇔⁸

─ꜞ☻◒⅜ ╕∫≡™╕∆⁹ 
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 3-4 ⌐⅔↑╢ ≤╖⅔ ─  

™≢─╖⅔ ─  
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╕√⁸ ╩ ╣╢ ≢№╢ ≢│⁸ ─ ╣⅜ ↄ ╩ ↄ ╪∞

─ ⌂◄Ⱡꜟ◑כ⌐╟∫≡ ─ ≢ ─ ╛ ⅜ ⅝ↄ ↕╣⁸

─ ⌐ ╢ ⅜№╡╕∆⁹ 

─ ╩╙√╠∆ ─№╢ ─ │⁸  3-6 ┘  3-7⌐ ∆╟℮⌐ ⅜

↕╣⁸ ⅜ ⇔ ┼─ ┼≤ ⇔╕∆⁹ ─ ⌐╟╡⁸ ╟

╡ ↄ ↕╣√ ─ ─ ™ ⇔⅜ ∂⁸ ⌐⁸ ⌐ ₁⌐ ⅜ ⇔

⌐ ╡╕∆⁹ 

 

 

 

 

 

 

 

 3-6 ─ⱷ◌♬☼ⱶ 

 

 3-7 ⌐╟╢ ─ⱷ◌♬☼ⱶ 

(2) ⅛≈ ─ ™ ⌐╟╢ ┼─  

≢│⁸╖⅔ ╛ ─ ⌐╟╡⁸ 1,200m3/s╩ ╢ 700m3/s

─ ≢╙⁸ ─ ─◄Ⱡꜟ◑כ⌐╟╡ ╛ ─ ⅜ ∂≡™

╕∆⁹ ⅎ≡ ≢│⁸Ⱨכ◒ 1,000m3/s 2,000m3/s ─ ⌐⅔™≡

─ ⅜ ╠╣⁸ 29 2017 7  ( 1,200m3/s)≢│⁸

 3-8─╟℮⌐ 550 /s ╩ ⅎ╢ ⅜ 5 ⇔⁸  3-9─╟℮⌂

╛ ─ ⅜ ⇔≡⅔╡⁸ ⅜ ™ ⅛≈ ─ ™

⌐╟╢ ꜞ☻◒┼─ ⅜ ≤⌂∫≡™╕∆⁹ 

HWL

─  

 

─  

 

─ ─ ⇔ 

 

─  

 

─  ќ  
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 3-8 29 7 ─Ɫ▬♪꜡◓ꜝⱨ 

 

 3-9 ⌐╟╢  

 

ה (3) ⌐ ∆╢ ─  

ה ≤∕╣⌐╟╢ ╩ ∆╢√╘─ ≤⇔≡ 3-10 ┘ 3-11

⌐ ∆╟℮⌐⁸ ─ ⌐ ∂≡⁸ 20 1945 ⅛╠│ ╩ ⌐

↑╢ ≢№╢ ⌐╟╢ ⁸ 50 1975 ⅛╠│ ─ ⅝

⅜╡⌐ ∆╢ ⌐╟╢ ⁸ 3 1991 ⅛╠│ 7k 11.4k

≢ ─ ⌐╟╡ ⇔√ ╩ ⌐ ⇔√ ⌐╟╢ ╩

⇔≡™╕∆⁹ 27 2015 ⅛╠│⁸ ╠⅛⌂╖⅔ ╩ ⇔₈ ⅝

⌐╟╢ ₉─ ≤⸗♬♃ꜞfi◓╩  3-12⌐ ∆ 2 ≢ ⇔≡™╕∆⁹ 

╙ ⅝ ⅝⁸ ─ ה ⌐╟╢ ╩ ∆╢√╘⌐⁸ ╛

⌐╟╢ ╩ ∆╢≤≤╙⌐⁸ ⌂⸗♬♃ꜞfi◓╩ ⇔ ⌂ ⅜ ⇔

√ ⁸ ⌂ ╩ ⇔≡™ↄ ⅜№╡╕∆⁹ 

Ṑ ˢ550m
3
/sˣϬ Πϥ Υ 5 ḧὋ  
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3-10 ⌐⅔↑╢  

 

 

 

 

 

 

3-11 ⌐⅔↑╢ ─ ┘  
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 3-12 ⅝ ⌐╟╢ ─  
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3.1.3 ─  

─ ⌐ ∆╢ │⁸ ─ ╩ ℮ ≢ ╘≡ ⌂

≢№╡⁸ ∆╢≤ ⌐ ⅜ ⅜╡ ⌂ ⅜ ⇔╕∆⁹╕√⁸ ─

≢№╡⁸ │ 50 ≤ ↄ⁸  3-1 ⌐ ∆╟℮⌐ ─ ╣│ ⌐ ⇔™↓

≤⅛╠⁸ ╛ ⌐ ⇔≡ ⅜ ↄ⁸ ╟╡ ─ ⌂ ≤⌂∫≡™

╕∆⁹ 

≢│⁸ ⌐⅔™≡│ 3.1.1 ≢ ⇔√╟℮⌐ ⅜ ⇔≡™╢ ╛⁸

⅜ ⇔≡™╢  3-13 ⅜№╡⁸↓╣╠─ ⌐⅔™≡│⁸ ╛

─ ╩ ⇔⁸ ⌐ ╩ ↕∑╢ ⅜№╡╕∆⁹ 

╕√⁸ ╛ ≤™∫√⁸ ⌂ ⅜ ↕╣≡™╕∆⅜⁸

23 2011 ⌐ ⇔√ ─ ⌐ ∆╢ ─ ─ ╛⁸

≢ ╘√ 6,500m3/s ⌐ ⇔≡ ⅜ ⇔≡™╢

─ ⅜№╡╕∆⁹ 

⁸ ⌐╟╢ ─ ⅜ ╕╣╢ ⁸ ─ ─ ╛ ⌐⅔↑╢

─ ⁸ ≤─ ⌂≥⁸ ₁⌂ ╩ ╘√ ≢─ ─№╡ ╩

╘√ ─ ⌐≈™≡╙ ╩ ∫≡™ↄ ⅜№╡╕∆⁹ 

 

 

 

 

 3-13 ⌐⅔↑╢  

⅜ ↄ⁸

│ ╩ ∫≡⁸

─ ┼ ⇔╕∆⁹ 

⌐

╟╡

≤⌂∫≡™╢  

 
 

─ ─

⅜ ⌐ ⇔≡⅔╡⁸

⌂ ⅜

↕╣≡™╕∑╪⁹ 

↓↓⅛╠ ∆╢≤⁸

│ ╩ ∫≡
┼ ╣ ╖╕∆⁹ 

13.4k 

13.4k 
13.6k 

13.6k 
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 3-1 ⌐⅔↑╢ ─ ╣ 7 1995 7  

3.1.4 ─ ╛ ─ ⌐ ∆╢  

│⁸ ↄ⅛╠ ╩ ⌡≡⅝√ ™ ─ ≢∆⅜⁸∕─ │ ⌐ ⌐ ⇔

√ ⌂≥─ ⌐ ≠™≡ ╘╠╣≡⅝√╙─≢⁸ ─ ╩ ⌐ ⇔≡ ↕

╣≡™╢╙─≢│№╡╕∑╪⁹∕─√╘⁸ β─ ╩ ╕ⅎ≡ ╩ ∂≡™ↄ

⅜№╡╕∆⁹ ⌐╟∫≡│⁸ ─ ⅜ ↕╣≡™⌂™ ⅜№╡⁸∕─╟℮⌂

≢│  3-14⌐ ∆╟℮⌐ ╩ ╢ ╛ ╩ ╢ ⌐╟╢ ╛ ─

⅜ ↕╣╢ ─╡ ╣≤™℮ ⅜ ∂⁸ ⌐≈⌂⅜╢ ⅜№╡╕∆⁹╕√⁸

⅜ ↄ⅛╠ ↕╣≡⅝√↓≤⌐╟╡⁸ ⌐ ╛ ⅜ ⇔≡™╢ ╙№╡⁸

─ ─ ⅜╕∆╕∆ ≤⌂∫≡™╕∆⁹ 

⌐⅔™≡│⁸  3-2⌐ ∆╟℮⌐ 7 1995 7 ─ ⌐│ ⌐╟╡

⅜ ⇔≡™╢↓≤⅛╠⁸ 6,500m3/s⌐ ⇔≡ ⌐ ∆╢ ─

╩ ⇔≡⅔╡⁸  3-15⌐ ∆ ⌐⅔™≡ ⌐ ∆╢ ─ ⅜ ≢

⅝≡™⌂™↓≤╩ ⇔≡™╕∆⁹ 

↓╣╠─ ⌐≈™≡│⁸ ─√╘ ─ ╛ ⌐ ∆╢ ╩ ∆╢

⅜№╡╕∆⁹ 

 

 

 

β ≢│⁸ 14 2002 ⌐≤╡╕≤╘√₈ ₉⌐ ≠⅝⁸

─ ⌐ ∆╢ ╩ ∆╢√╘─ ╩ ⇔≡™╕∆⁹ 3.1k 3.7k │

2019 ╕≢⌐ ╩ ⇔≡™╢ ≤⌂∫≡™╕∆⁹ 

 

─ ⁸ ─ ╩ √⇔≡™⌂™  

0.5 0.9k⁸ 3.1 3.7k 
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 3-14 ≢ ↓╢  
 3-2 ⌐╟╢  

7 1995 7  

 

 

 3-15 ─ ╛ ─ ⌐ ⇔≡ ⅜ ≢⅝≡™⌂™  

 

3.1.5 ⌐ ∆╢ ≤  

│⁸∕─ ─ ⅜ 4,000mm ≤™℮ ≢╙ ─ ≢∆⁹

╕√⁸ ─ ⅜ ≢ 1/5 1/80 ⌐╙⌂╢ ≢№╢↓≤⅛╠⁸ ⌐│⁸

⌐ ≤⌂ↄ ╩╙√╠⇔√ ╣ ≢№╡⁸ ─ ⅜ ⌐ ™ ≢№╢↓≤⅛

╠⁸♄ⱶ─ ╛⁸ ─ ⁸ ─ ─√╘⁸ ┼ ╩ ∆ ⅜

№╡╕∆⁹ 

 

│⁸ ⅛╠ ⅜ ⌐ ↄ⁸∕╣╠─ ⌐╟∫≡ ╛

╩ ⇔≡⅝╕⇔√⁹↓─╟℮⌂ ⌐⅔↑╢ ─ │⁸₈ ₉∞↑≢⌂ↄ⁸₈

₉⁸₈ ₉⁸₈♄ⱶ ₉╕≢⅛⅛╦∫≡™╕∆⁹₈ ₉⁸₈ ₉⁸₈ ₉⁸

₈♄ⱶ ₉⌐⅔™≡⁸ ⌐ ∆╢ ה ⅜ ∂≡⅔╡⁸↓╣╠─ ⌐⅔↑╢

╩ ∆╢√╘⁸ ─ ╩ ╠⅛⌐∆╢√╘─ ╩ ╘╢ ⅜№╡╕∆⁹ 

 

⌐⅔↑╢ ┘ ─ │⁸  3-16 ⌐ ∆╟℮⌐

⅔╟┘ ≢│ ≤ ⅜ ≤⌂∫≡™╕∆⁹⇔⅛⇔⌂⅜╠⁸ ≤
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─ ⌐ ∆╢♄ⱶ ♄ⱶ ≢│ ⅜╒≤╪≥ ╠╣╕∑╪⁹ │⁸

♄ⱶ╩ ∆╢ ⅜ ↕╣≡™╢√╘⁸ ⁸ ┼─ ⅜ ∆╢≤ ⅎ

╠╣╕∆⁹ 
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< 2 8m>

₳ 24₴↓

♄ⱶ

< > ′̊ ′̊

ὂẞ ᶽ ׃ Ѯ ♥

0.005 0.075mm 0.075 0.425mm
0.425 0.85mm 0.85 2.0mm

2.0 4.75mm 4.75 19.0mm
19.0 75.0mm 75.0 300mm
300mm

₳ 18 19 21 24 25 26₴↓ ₳᷈Ι

₳ 19 26₴↓ ₳᷈Ι

 

 3-16 ⌐⅔↑╢ ┘ ─  

 

≢│⁸7k 13k ─ ⅜ ≢№╡⁸ ╛ ≢

⅜ ⇔⁸ ─ ⅜ ≢№╢ ⁸ ⌐ ℮ ⁸

⁸ ─ ⁸꜠◐ ─ ⁸ ⁸╖⅔ ─ ⅜╖╠╣≡™╕∆⁹7k 13k

≢│⁸  3-17⌐ ∆╟℮⌐⁸ 10 1998 ⁸11 1999 ⅛╠

24 2012 ⌐⅛↑≡ ⅜ ⇔≡⅔╡⁸ ⅛╠─ ─ ⅜ ⇔╕⇔

√⁹ ─ ⅜ ╟╡ ⌐ ⇔⌂ↄ⌂∫√↓≤⌐╟╡⁸ ╩ ∆╢ ⅜ ⇔⁸

⁸╖⅔ ─ ⁸ ⅜ ⇔≡™╕∆⁹∕─ ─ ⅜ ⇔⁸

⅜ ⇔╛∆ↄ⌂╡⁸꜠◐ ⅜ ⇔≡™╢↓≤⅛╠⁸∕─ ה ⅜ ≤⌂∫≡™╕

∆⁹ ≢│ ≢№╡⁸ ╟╡ ┼─ ⅜ ≤⌂∫≡™╢

↓≤⅛╠⁸ ◒כꜞ◒─╘√─ ╛ ─ ≤⸗♬♃ꜞfi◓╩ ∫≡™╕

∆  3-18 ⁹ ≢─ ╛ ─ ╖⅔ ⁸ ⁸ ─

╩ ╕ⅎ√ ─ ⅜ ≤⌂╡╕∆⁹ 
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 3-17 ⌐⅔↑╢ ─ ─  

 

H29 H29

R1

 

◒כꜞ◒╢↑⅔⌐ 3-18  ≤ ─  

≢│⁸ ⅜ ⌂ ≢№╡⁸ ↄ─ ⅜ ⌐ ⇔⁸ ─ ⁸

─ ⁸ ─ ה ⌐ ∆╢≤ ⅎ╠╣╢ ⅜ ⇔╕⇔√

 3-3 ≢─
™ ↄ ∂

⌐⅔↑╢ ⁹╕√⁸ ─⌂™

┘ ╟╡ ─ ⅜ ≢№╡⁸ ─ ⁸ ─ⱳ♥fi◦

ꜗꜟ⅜ ⇔╕⇔√⁹↓─√╘ ─ ⁸ ─ ה ⅜ ≤⌂∫≡⅔╡⁸

ה ╩ ≤⇔√ ─ ╩ ╘≡™╕∆⁹ 

 

15.0k 

0.005 0.075mm
0.075 0.425mm

0.425 0.85mm
0.85 2.0mm
2.0 4.75mm
4.75 19.0mm
19.0 75.0mm
75.0 300mm
300mm



3.  ─ ≤    

 45 

 

 3-3 ≢─
™ ↄ ∂

⌐⅔↑╢  

≢│⁸ 18 ─ ⅜ ╖ ℮∟ │ 6 ≢∆⅜⁸ ⌐

℮ ╛ ⌐╟╡ ⅜ ⇔╛∆™↓≤⅛╠⁸ ⌐│ ╩ ∆╢ ≢⁸

 3-19 ⌐ ∆╟℮⌂ ⌐│ ╩≢⅝╢∞↑ ∆ ☻ꜞ♇♩ ─

⁸ ┼─ ⌂ ⌐╟╡⁸ ╛ ─ ⌐ ∆╢↓≤⅜ ╘╠╣≡™╕∆⁹ 

 

 

 3-19 ≢─ ≤  

♄ⱶ ≢│⁸ ⁸ ⅛╠─ ─ ⌐╟╢ ⌐╟╡⁸ ♄ⱶ

─ ⅜ ≢⅝⌂™ ⅜№╢↓≤⅛╠⁸ ♄ⱶ⌐╟╢ ⌐╟╡

╩ ∆╢≤≤╙⌐⁸ ⌐⅔↑╢ ─ ⁸ ⌐⅔↑╢ ─ ╩

≤⇔≡⁸ ⇔ ♄ⱶ≤─ ה ╩ ⇔≡™╕∆⁹ 

≢│⁸♄ⱶ ⌐ ⇔√ ╩ ∆╢₈ ╩₉♩כ◕ ⅎ√ ─♄ⱶ≤

⇔≡⁸ 60 1985 ⌐ ⇔ ♄ⱶ ⅜ ⇔⁸ 3 1991 12 ╟

╡ ╩ ⇔≡™╕∆⁹ 

⌐╟∫≡ ╦╣√  
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∕─ ⁸ 13 2001 ⌐₈ ╩₉♩כ◕ ⇔√ ♄ⱶ⅜ ⇔⁸ ─ ⇔

♄ⱶ≤─ ╩ ≢ ╘≡ ⇔≡™╕∆  3-20 ⁹ ♄ⱶ≤ ⇔ ♄ⱶ⌐

╟╢ ה ⌐╟╡⁸ ─ ⇔™ ⌐⅔™≡⁸♄ⱶ─ ╛⁸

⌐ ⇔⌂⅜╠ ⌐ ™ ≢ ⌂ ─ ╩ ∆↓≤≢⁸♄ⱶ ─ ╛⁸

─ ╩ ∆╢⌂≥─ ╩ ⇔≡™╕∆⁹ 

≢│⁸ ♄ⱶ ─ │ ⌐№╢ ⁸ ⌐⅔↑╢

⁸ ┘ ⅜ ⅝⌐ ⇔≡⅛╠ ⅜ ™↓≤⅛╠⁸ ⌐ ⅜ ⇔⁸

┼─ ─ ⅜ ≤⌂∫≡™╕∆⁹ ה ה ─Ᵽꜝfi☻╩ ⇔⁸

⇔≢╙ ⌐ ™ ╩ ╛∆√╘─ ≤⇔≡⁸ ♄ⱶ─ ╩ ⇔ ♄ⱶ─

⌐ ∆╢ ─ ╩ ⌐ ⇔≡™╕∆  3-21 ⁹ 

 

ᵑ

ω

ᵒ

ᵓ ─

ω

ω

 

 3-20 ♄ⱶ ≢─ ≤  

 

 3-21 ♄ⱶ ≢─ ≤ ─  
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3.1.6 ─ ≤  

─ │⁸ ≢│⌂ↄ⁸ ⅜ ™╠╣≡™╕∆⁹ │ ─ ╩ ⅛⇔√

⌂ ≢№╡⁸ ⅜ ⇔√ ⌐╙⁸ ─ ╩∕─ ─ ─

⅛╠ ╛⅛⌐ ⌐ ⇔≡ ╩ ↕∑╢ ⅜№╡╕∆⁹ 

≢│⁸ 44 1969 8 ⌐⅔™≡⁸  3-22⁸  3-23 ┘  3-4⌐ ∆

╟℮⌐⁸ ⁸ ≢ ⇔√ ╛⁸ ≢ ⇔√ │⁸ ─ ⅛╠

⌐ ∫≡⅔╡⁸ ⅝⌂ ⅜ ⇔√ ⌐│ ⇔╛ ≤⇔≡─ ─

╩ ⇔≡™╕∆⁹ 

⁸ ⌐│⁸  3-24 ⌐ ∆╟℮⌐ ⅜ 14 ∫≡⅔╡⁸○ꜝfi♄ ꜜⱢⱠ

╢╟⌐◔כ꜠ה♦ה☻ ╩╙≤⌐⁸ ─ ₁⌐╟╡ ↕╣√╙─≢∆⁹ 

⌐⅔™≡⁸ ≢│ ╙⇔ↄ│ ↕─ ⌐╟╡⁸ ⌐ ⅜

↕╣⌂™ ─ ⅜№╡╕∆⁹╕√⁸ ─ ⅛╠─ ⌐╟╡ ─ ⅜

∆╢⅔∕╣⅜№╢↓≤⅛╠⁸ ─√╘─ ⅜ ≢∆⁹ 

╕√⁸ ⌂≥─ ⅜ ┼ ⇔≡™╢ ─ │⁸ ≤ ─ ╩

⇔⁸ ─ ╩ ∆╢₈╛∆╠⅞ ₉─ ⌐╟∫≡⁸ ╛ ≢╙

╩ ⇔≡™╕∆⁹ 

╙ ⅝ ⅝⁸ 44 1969 8 ─╟℮⌐ ─ ⅜ ≢⅝╢╟℮⌐⁸

⌐ ─ ╩ ℮≤≤╙⌐⁸ ─ ╩ ⇔≡™ↄ ⅜№╡╕∆⁹╕√

─ ─ ╣⌂≥⌐╟╡ ⅜ ⇔√ ╛ ─ ⅜ ∂√ ⁸ ─

⅜ ↕╣╢√╘⁸ ⌂ ⅜ ≢∆⁹ ─ ╩ ⇔≡™ↄ ≢│⁸

─ ⌐≈™≡╙ ⇔≡™ↄ ⅜№╡⁸ ⌐╟╢ ─ ╛

─ ⌂≥─ ╡ ╖╩ ∆╢√╘⁸ ─ ╛ ─ ꜞ☻◒⌂≥─ ╩ ∆

╢⌂≥⁸ ╛ ⌂≥─ ≢ ⇔⌂⅜╠ ╡ ╖╕∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 3-22  ⁸ ─ ┘ ─ ╡ 44 1969 8  
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 3-23 ⌐⅔↑╢ 44 1969 8  

 3-4 ─ ⌐⅔™≡ ⇔√  

NoNo

 

 β │⁸ 27 ⁸ 44 ≢│⁸ ⅜ ∑∏ ⇔≡™⌂™ ≢∆⅜⁸ ⅜ ⇔√
│ ⌐ ╩ ∆╢╙─≤ ⅎ╠╣╕∆⁹ 

 

 

 3-24 27 1952 ┘ 44 1969 ─ ≤ ─  

  

1.0k⅛╠ ╩ ╗ 

0k 

7k 

13k 

 
  

 
 

 

  
 

 

  

    
 

27  

44  

27 ─  

44 ─  

 

   

─ ╡ 
 

       

        

       

─  
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3.2 ─ ⌂ ┘ ⌂ ─ ⌐ ∆╢  

 

ה 3.2.1 ─ ≤  

 

(1)  

⌐⅔↑╢ ─ ─ │⁸  3-5 ┘  3-25 ⌐ ∆╟℮⌐⁸ ⁸

≤⇔≡ 8,000ha ─ ≢ ↕╣⁸ ≤⇔≡│ ⌐ ↕╣≡™╕∆⁹↓─╒

⅛⁸ ─ ≤⇔≡╙ ↕╣≡™╕∆⁹ 

↕╠⌐⁸ ≤⇔≡⁸28 ─ ≢ 99 k ─ ⌐ ↕╣

≡™╕∆⁹ 

 3-26 ┘  3-27⌐ ─ ╩ ⇔╕∆⁹ 

 3-5 ─  

 (m3/ s)     

 713.301 28 
─  

( ╗) 

 0.043 1  

 0 0  

 

 

  77.027 2 ⅛╪⅜™ 7,664.7ha 

   6.19 4 ⅛╪⅜™  426.2ha 

   83.217 6 ⅛╪⅜™ 8,090.9ha 

∕ ─   0.089 3  

0.043m3/s

(0.01%)

77.027m3/s

(9.67%)

6.19m3/s

(0.78%)

0.089m3/s

(0.01%)

713.301m3/s

(89.54%)

 

    ₆  (m3/s)₇             ₆  ( )₇ 

 3-25 ⌐⅔↑╢ ┘ 5 2023 4  

, 28

, 1

, 

2

, 

4

, 3
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P/S
36.31

P/S
46.80

P/S
46.0

P/S

47.20

P/S
72.00

P/S

 

m3/s 

 3-26 5 2023 4
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P/S 6.20

26.9

0.72

P/ S 50.92

P/S 70.00

0.043

0.037

0.024

P/S 50.09

P/S 12.00

P/S

2.04

2.76

51.273 21.919

2.70

13

P/S

52.87

P/S

43.00

P/S

36.00

P/S 18.64

P/S 13.00

P/S 13.00

1.126

0.028

m3/s

4/1- 6/30 8.35

7/1- 7/31 6.96

20

19

16

15

14

P/S

P/S 74.00

2.63

P/S 2.04

P/S 0.12

P/S 8.00

P/S 2.40

P/S 1.76

P/S 0.20

P/S 3.347

P/S 2.274

P/S 1.70

P/S 1.39

 

m3/s 

 3-27 5 2023 4  
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(2)  

≢│ ╛ ─√╘ ⌐ ⅛╠ ⇔≡™╕∆  3-6 ⁹

─ ⌐⅔↑╢ │⁸  3-28 ┘  3-7 ⌐ ∆≤⅔╡

≢№╡⁸ ⌐ ─№∫√ 6 1994 ≢│ ⅜ ↕™╙──⁸

│ ⌂ │↕╒≥№╡╕∑╪⁹╕√⁸ ≢│

18 2006 9 ≢ ╘╠╣√ β ⌡ 4.5m3/s╩ ⇔≡™ↄ ⅜№

╡╕∆⅜⁸  3-29⌐ ∆╟℮⌐ 19 2007 ⅛╠ 3 2021 ╕≢─

╩╖╢≤⁸10 ⌐ 1 ─ ─ │ 4.16m3/s≢№╡⁸ ╩ √⇔≡

™╕∑╪⁹ 

│⁸ ⅛≈ ⌂ ─ ─√╘ ≤ ╩ ╢≤≤╙⌐⁸

─ ⌐ ╘╢ ⅜№╡╕∆⁹ 

 

 3-6 ⌐⅔↑╢  

3/s

9.638 23.210
5.926 13.600
7.918 18.300
9.638 23.210

21.919 51.273
16.470 39.216
15.836 37.660
14.264 33.821

18.640 52.870

 

 

0

10

20

30

40

50

60

70

80

90

2007(H19) 2008(H20) 2009(H21) 2010(H22) 2011(H23) 2012(H24) 2013(H25) 2014(H26) 2015(H27) 2016(H28) 2017(H29) 2018(H30) 2019(R1) 2020(R2) 2021(R3)

(
/S

)

 

 

 

 3-28 ⌐⅔↑╢ ─  

 

 

1 ╩ ∂≡ 95 │↓╣╩ ╠⌂™  
1 ╩ ∂≡ 185 │↓╣╩ ╠⌂™  
1 ╩ ∂≡ 275 │↓╣╩ ╠⌂™  

1 ╩ ∂≡ 355 │↓╣╩ ╠⌂™  
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 3-7  ⌐⅔↑╢ :m3/s  

       

6 1994  12.41 4.53 4.21 4.17 187.72 4.17 

19 2007  33.43 10.87 5.81 4.75 803.38 4.74 

20 2008  38.99 7.71  5.81 4.80 583.71 4.78 

21 2009  45.77 11.02 4.88 4.79 608.10 4.77 

22 2010  53.22 19.79 5.47 4.79 648.96 4.77 

23 2011  63.65 17.22 4.96 4.79 1556.86 4.79 

24 2012  39.14 9.18 4.87 4.80 416.23 4.77 

25 2013  58.89 19.08 4.90 4.80 870.77 4.78 

26 2014  42.32 10.54 4.83 4.80 513.70 4.77 

27 2015  49.52 12.66 7.53 4.80 350.56 4.77 

28 2016  79.48 33.48 5.75 4.16 927.97 3.98 

29 2017  79.48 33.46 5.75 4.17 927.97 3.99 

30 2018  66.38 11.90 6.97 4.91 632.61 4.66 

2019  46.49 12.23 7.87 7.30 446.88 6.92 

2 2020  50.97 10.29 7.94 7.31 483.28 7.15 

3 2021  52.43 14.84 7.71 6.89 508.24 6.47 

19 2007

3 2021  

15ﬞ  

55.34 15.62 6.07 5.19 685.28 5.07 

1/10  39.14 9.18 4.83 4.16 350.56 3.98 
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2
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0
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0
2

1

(m
3 /

s)

1/10

4.5m3/s

1/10 4.16m3/s

 

 3-29 ─ ≤ ─  

β ≤│ 

─ ≤⇔≡⁸ ⌐╙ ╛ ⌂≥ ₁⌂ ⅜ ╘╠╣≡™╕∆⁹

↓╣╠─ ⌐≈™≡ ╩ ⇔≡ ⇔≡™ↄ√╘⌐ ⌂ ╩ ≤™™╕∆⁹

↓─ ≤│⁸ ⌐ ∆╢₈ ₉≤ ─ ⌐ ∆╢₈

₉≤╩ ⌐ √∆ ≢∆⁹ ≤│⁸ ⌐⅔™≡⅛╪⅜™╛ ╩ ≤

⇔√ ⅜ ↕╣√ ─↓≤≢∆⁹ 

≢│ ⌐⅔™≡⁸ ⁸ ⁸ ─ ─ ⁸ ⁸ ⁸ ⁸

─ ⁸ ─ ⁸ ─ ⁸ ─ 10 ⌐≈™≡ ≤⌂╢

╩ ⇔⁸  3-8⌐ ∆╟℮⌐ ╩ ⌡ 4.5m3/s≤⇔≡ ⇔≡™╕∆⁹ 

 3-8 ─  

   

  ⌡ 4.5m3/s ⁸  
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(3)  

─ │⁸ ⌂ ╩ ⇔⁸  3-30 ⌐ ∆╟℮⌐ ─ ≢

│ ⌂≥─ ╛ ⌐ ╦╣⁸ ≢│ ╛ ≤⌂∫≡™╕∆⁹╕

√⁸ ⌐ ∆╢ ─ │⁸ ⅜ ─ ╩ ←↓≤≢⁸ ⌐╦√

╡ ╠╣≡⅝╕⇔√⁹ ╛ ─ │₈ ₉≤⌂╡⁸ ⅛╠Γ

⇔╞℮∏ Γ≤⇔≡ ─ ₁─ ╩ ⇔≡⅝╕⇔√⁹ ─ ≈≢№╢ ─

│⁸ ≤⇔≡ ╛ ⌐ ⇔╕╣≡™╕∆⁹╕√⁸ ╖─ ™ ≢│⁸

╙ ⇔√ ⅜⁸ ─ ╛ ─ ⌐ ↕╣≡™╕∆⁹ ─

│ ─ ╛ ⌐ ⌐ ╦∫≡⅔╡⁸ ╕≢╙ ₁⌂ ⅜ ─√╘─ ╡ ╖

╩ ∫≡⅝╕⇔√⁹ ─ ─ ╖⅜ ┼ ⅝ ⅜╣╢╟℮⁸ ╙ ⅝

⅝⁸ ≢ ⇔⌂⅜╠ ─√╘─ ╡ ╖╩ ⇔≡™ↄ ⅜№╡╕∆⁹ 

─ │⁸  3-31 ⌐ ∆╟℮⌐⁸ ─ ≢╖╢≤⅛╪⅜™ ⌐

⅜ ™ ⌐№╡╕∆⅜⁸∕─ │ ≢ ⅝ↄ⁸ ≤ ≢│ ↕ↄ⌂∫≡

™╕∆⁹↓─╟℮⌐⁸ ⌂ ─ │╖╠╣╕∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    ₒ H5 ₓ 

 

 

 3-30 ⌐⅔↑╢ ─  

ₒ ─ ☻◑ₓ 

─ ⌐ ↕╣≡⅔╡⁸

─ ⌐⁸ ⌐ ™ ≢ ⇔

≡™╢ │ ≢↓↓∞↑≢∆⁹ │

╛ ─ ≢ ≢╙ ⅛ↄ⁸

─ ≤ ─ ⅜ ⌐ ╠╣

╢ ⌂ ≢∆⁹ 

 

ₒ ₓ 

─ ≤⇔≡

⌐ ↕╣≡™╕∆⁹ ╩ ⇔√

⅜ 18 №╡⁸ ─ ₁─

⌐│ ⅛∑⌂™╙─≢∆⁹ 
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 3-31 ─  
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3.2.2  

(1) ⌐⅔↑╢ ⌐ ╢  

⌐⅔↑╢ ⌐ ╢ │⁸  3-9 ┘  3-32 ⌐ ∆╟℮

⌐⁸AA ⌐ ↕╣≡™╕∆⁹ 

 3-9 ─  

  ─       

   ▬ 49 1974 12 18  

♄ⱶ ( )    ▬ 3 1991 3 29  

⌐≈™≡ ▬ ∟⌐ ⁸꜡ 5 ≢ ╛⅛⌐ ⁸Ɫ 5 ╩ ⅎ╢ ≢ ╛⅛⌐  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 3-32 ⌐⅔↑╢ ┘  

βBOD ≤│⁸ Ᵽ◒♥ꜞ▪⅜ ─ ╩ ∆╢─⌐ ⌂ ≢ ─ ─ ≈≢∆⁹BOD ─

│ ⌐ ⇔≡™╕∆⅜⁸ ─ ─ ∟℮─♃כ♦ ─ ↕™╙─⅛╠ 0.75×n n

│ ♃כ♦─ ─ BOD75% ╩╙≤⌐ ─ ╩ ™╕∆⁹ 

βCOD ≤│⁸ ⱴfi●fi ◌ꜞ►ⱶ╛ ◒꜡ⱶ ◌ꜞ⌂≥─ ≢ ↕╣╢ ⌂≥─ ⅜≥─ↄ╠™ ╕╣╢⅛

╩⁸ ↕╣╢ ─ ╩ ─ ⌐ ⇔≡ ⇔√ ≢№╡⁸ ─ ─ ≈≢∆⁹COD ─ │

⌐ ⇔≡™╕∆⅜⁸ ─ ─ ∟℮─♃כ♦ ─ ↕™╙─⅛╠ 0.75×n n │ ─

♃כ♦ ─ COD75% ╩╙≤⌐ ─ ╩ ™╕∆⁹ 

 

20.0k 

20.2k 

20.4k 

 

 

0.4k 0.6k 

1.0k  
0.8k 

0.2k 

 

 

13.4k 

13.6k 

13.2k 

 

 

 

♄ⱶ  

♄ⱶ ▬  

▬  

 

 

 

 

 

♄ⱶ 

ₒ ⁷⁷ ₓ

AA BOD1mg/

A COD3mg/

▬  
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(2) ─ ─  

⌐⅔™≡│⁸ ⁸ ⁸ ≢ ╩ ∫

≡™╕∆⁹  3-33 ⌐ ∆╟℮⌐ BOD75% │ 1.0mg/L ╩ √⇔⁸

─ ─ 0.5mg/L ╙ ⌡ √⇔≡⅔╡⁸  3-10⌐ ∆╟℮⌐ 29

2017 │⁸6 ≢₈ ⅜ ╙ ⌂ ₉⌐ ↕╣≡™╕∆⁹ 
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 3-33 ⌐⅔↑╢ BOD─  

 3-10 ⅜ ╙ ⌂ ⌐ ↕╣√  

2006 2007 2008 2009 2010 2011 2012 2013 2014

H18 H19 H20 H21 H22 H23 H24 H25 H26

̕ ̕ ̕ ̕ ̕

2015 2016 2017 2018 2019 2020 2021 2022

H27 H28 H29 H30 R1 R2 R3 R4

̕ ̕ ̕ ̕ ̕ ̕
  

 

₈ ⅜ ╙ ⌂ ₉─  

≢№╢ 162 ─℮∟⁸ ─ ╩ √∆ ⁹ 

─ ─ BOD ⌐≈™≡⁸ ≢ ╩≤∫√ ⅜0.5mg/ſ 

─ ─ BOD75% ⌐≈™≡⁸ ≢ ╩≤∫√ ⅜0.5mg/ſ 

 

 

: ⌐ ⅜ 2 №╢  

: ⅜ ⌡ 10km ⁸⅛≈ ⌐ ⅜ 2 №╢  

β ⁸ ─ ┘♄ⱶ │ ╕⌂™⁹ 

 

 

βBOD0.5mg/l │⁸0.5mg/l ≤⇔√ 
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(3) ♄ⱶ─ ─  

≢─ ⌐⅔↑╢ │ ♄ⱶ ─╖≢№╡⁸ ♄ⱶ ⌐

≈™≡│⁸ AA ─ ≤⌂∫≡™╕∆⁹ 

♄ⱶ ⌐⅔™≡│⁸  3-34⌐ ∆╟℮⌐ BOD75% ≢─ ╩╖╢

≤⁸™∏╣╙ ╩ √⇔ ⌂ ╩ ⇔≡™╕∆⁹╕√⁸ ≤⇔≡⁸ ≢

⇔≡™╢ COD75% ─ ╩╖╢≤ 1.0 1.5mg/l ╩ ⇔≡™╕∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 3-34 ♄ⱶ ⌐⅔↑╢ BOD75% ─  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 3-35 ♄ⱶ ⌐⅔↑╢ COD75% ─  

⅛╠- 0.5m⁸ ─ 1/2⁸ ⅛╠ 1m  

╩ ⌐ ⇔ ╩ ⇔≡™╕∆⁹ 

⅛╠- 0.5m⁸ ─ 1/2⁸ ⅛╠ 1m  

╩ ⌐ ⇔ ╩ ⇔≡™╕∆⁹ 
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3.3 ─ ≤ ⌐ ∆╢  

3.3.1 ─ ≤ ─ ≤  

(1) ╛∆╠⅞ ⌐╟╢ ─ ≤  

≢│⁸╛∆╠⅞  3-4 ╛ ≠≈╖⁸Ɽ♃כ◗ꜟⱨ ⌂≥─

╩ ⇔≡™╕∆⁹∕─ ≢╙╛∆╠⅞ ⌐≈™≡│⁸ ≢№╢ ≤ ╣─

╛⅛⌂ ≤─ ⌂≈⌂⅜╡╩ ∆╢↓≤⌐╟╡⁸ ─ ⌐ ⇔√

╩ ∫≡™╕∆⁹ 

│ ≢№╢↓≤⅛╠⁸ ⌐│ ╣─ ╛⅛⌂ │ ⌂ↄ⁸ ─

╛ ≤⇔≡─ ╩ ∆╢√╘⁸ ╣─ ╛⅛⌂ ≤ ≤─ ⌂≈⌂⅜╡╩

∆╢↓≤⅜ ≢∆⁹  3-36⌐ ∆ 10 ≢╛∆╠⅞ ╩ ⇔⁸ ─ ─

╛ ─ ─ ≤⇔≡ ≤ ─ ─ ─ ⌐ ╘≡™╕∆⁹

─ ⌐╟╡ ⅜ ↕╣╢≤≤╙⌐⁸ ─ ⌐≈™≡─⸗♬♃ꜞfi◓

╟╡⁸▪ꜚ╛►◓▬─ ⁸Ɫ♀ ─ ⅜ ↕╣≡™╕∆⁹ ⌐ ═

≡ ⌐ 2 ─ ⅜ ↕╣≡™╢↓≤⅛╠⁸ ⌐⅔↑╢ ─ ≤⇔≡

╛∆╠⅞ ⅜ ⇔≡™╢↓≤╩ ⇔≡™╕∆ ⅜ !כꜝ◄ ≈⅛╡╕∑╪⁹

⁹╕√⁸ ─ ⅛╠ ⌐▪ꜚ ⁸◖▬ ─ ⅜ ↄ╩ ╘╕∆⅜⁸

─ │ ₁≢№╡⁸ ╙ ╘≡ ⌂ ⅜ ↕╣≡™╕∆  3-38 ⁹ 

≢⁸ ─╛∆╠⅞ ≢│⁸ ─ ⌐╟∫≡⁸╛∆╠⅞ ─ ─

╛◘◒ꜝⱴ☻ ─ ─ ⌂≥─ ⅜ ∂≡™╕∆⁹ │⁸↓─╟℮⌂ ⅜

∂≡™╢╛∆╠⅞ ⌐≈™≡ ╩ ∫≡™⅝╕∆⁹╕√⁸ ⌐╛∆╠⅞ ─

⅜ ⌂ↄ⌂╢↓≤⅛╠⁸ ⌐ ─ ╩ ↄ⌂≥⇔≡↓╣╠╩ ⇔≡™ↄ

⅜№╡╕∆⁹ 

 

 3-36 ╛∆╠⅞ ─  

 

 

 

 

 

 

 3-4 ╩ ⇔√╛∆╠⅞  
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 3-37 ╛∆╠⅞ ≢─ ⸗♬♃ꜞfi◓  
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 3-38 ╛∆╠⅞ ─ ─  

⌐ ⅜  

 

 

ה ─ ─  

ה ─ ─  

16 18 ⁸ 23 ─ ─  
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(2) ⌐⅔↑╢ ─ ─ ≤  

⌐│⁸  3-39 ⌐ ∆╟℮⌐ ─ ⌐╟╡ ↕╣√ ╛ ה

⅜ ∆╢ ⅝ ╛꜠◐ ⁸꜠◐ ⌐ ∆╢ ╩ ╗▪◐◓Ⱶ ⌂≥⁸

⌂ ─ ה ה ⅜ ↕╣≡™╕∆⁹ ╩ ℮⌐№√∫≡│⁸╦╣

╦╣ ⅜↓╣╠─ ⌂ ╩ ה ⇔≡™ↄ ⅜№╡╕∆⁹ 

╕√⁸ ≢│ ─ ⌐╟╡ ≢№╢☿▬♃◌▪꞉♄♅♁►╛Ɫꜞ◄

fi☺ꜙ⌂≥⅜ ↕╣≡™╢╒⅛⁸ ≢│ 17 2005 ⌐ ─○○◐fi

◔▬◑◒ ┘○○Ɫfi◗fi♁►⁸ 3 2021 ⌐ ─►◦●◄ꜟ⅜ ↕╣≡™

╕∆⁹ ─ ⌐╟╡⁸ ┼─ ╩ ╓∆↓≤⅜↓╣╕≢ ↄ─ ⅛╠ ╠⅛

⌐↕╣≡™╢√╘⁸ ⁸ ⌐ ─ ה ה ⅜ ↕╣√ │⁸

┼─ ╩ ≢⅝╢╟℮ ≤ ⇔≡ ⌐ ⇔≡™ↄ↓≤⅜ ≢∆⁹ 

 

1)  

─ ⌐│⁸ ⅜ ↕╣≡™╕∆⁹↓╣╠─ │⁸ ≢

⇔√ ⅜ ⇔√╙─≢∆⁹ ⌐⁸ ≢╙⁸ ─ ⌐╟╡

↕╣╢ ⅜╖╠╣⁸♠ꜟꜜ◦⌂≥─ ⁸♩Ⱶꜜ⁸ ─ ─

╟℮⌐⁸ ─ ה ה ≤⇔≡ ⇔≡™╕∆⁹ 

│⁸◘◒ꜝⱴ☻ ─ ╛ ⌐ ∆╢ⱦꜞfi◗⌂≥─ ⅜ ╠╣╕∆⁹

≢│ ה ⅜ ∆╢ ⅝ ≤⌂∫≡⅔╡⁸▪ꜚ╛ⱵⱵ☼Ɫ♀ ─ ⅜

⇔≡™╕∆⁹╕√⁸ ⌐│꜠◐ ⅜ ⇔≡⅔╡⁸ ╡ ≢№╢◖▪

☺◘◦─ ╛⁸ ─ ↄ─ ╡ ─ ה ≤⌂∫≡™╕∆⁹ 

≢│⁸ ╩ ∆╢√╘ ╩ ℮ ⅜№╡╕∆⅜⁸↓╣╠─

⌂ ╛ ⌐ ⅜ ⌂╖⅔ ╛꞉fi♪ה√╕╡╩ ─ ⌂≥⌐

╟╡ ה ⇔≡™ↄ ⅜№╡╕∆⁹ 

 

2)  

≢│⁸ ─ ⌐╖⅔ ⅜ ∆╢ ⅜ ↕╣⁸

─ ≢№╢꜠◐ ⅜ ⅜∫≡™╕∆⁹ ⌐│ ╩ ╗ ─

▪◐◓Ⱶ ╛○♬◓ꜟⱵ ⅜ ⇔⁸꜠ ◐ ╩ ╗◖♅♪ꜞ╛▬◌ꜟ♅♪ꜞ─

⅜ ∆╢╒⅛⁸ ⇔√ ה ⌐│▪ꜚ─ ⅜ ↕╣≡™╕∆⁹╕√⁸

─ ⅜ ∆╢ ⌐ ↕╣√╛∆╠⅞ ≢│⁸꞉ fi♪ה√╕╡─ ⌐♩Ⱶꜜ

⅜ ↕╣≡™╕∆⁹ 

≢│⁸ ╩ ∆╢√╘⌐ ╩ ℮ ⅜№╡╕∆⅜⁸↓╣╠─

╩ ─ ⌂≥⌐╟╡ ה ⇔≡™ↄ ⅜№╡╕∆⁹ 

 

3)  

≢│⁸ ╛ ─ ─ ⅜ ⇔≡⅔╡⁸

⅜ ↕╣≡™╕∆⁹╕√⁸ ≤ ⌐꜠◐ ⅜ ⅜╡⁸꜠◐ ╩ ╗◖

♅♪ꜞ╛▬◌ꜟ♅♪ꜞ⌂≥─ ⅜ ⇔≡™╕∆⁹⇔⅛⇔⁸ │ ⅝⌂ ⅜ ⌂ↄ
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⌂∫√↓≤⌂≥⅛╠⁸ ─ ╛ ⌐╟╡ ─ ─ ─ ⅜

╖╠╣⁸ ─ ╛ ⌐╟╢ ─⅔∕╣⌂≥⅜ ↕╣≡™╕∆⁹╕√⁸

╙ ⇔◘◒ꜝⱴ☻⌂≥─ ה ⌐ ⇔√ ⅜ ⌐№╡╕∆⁹

↓─╒⅛⁸Ɫꜞ◄fi☺ꜙ╛☿▬♃◌▪꞉♄♅♁► ─ ─ ⅜ ↕╣≡™╕∆⁹ 

≢│⁸ ─√╘⌐ ╩ ℮ ⅜№╡╕∆⅜⁸꜠ ◐ ⌂≥─

╩ ∆╢≤≤╙⌐⁸ ─ ⌐╟╢ ─ ─ ─ ⁸

─ ה ה ⌐ ⌂ ≤ ─ ה ╛ ─ ה ⌂≥⁸ ─

≤ ╩ ℮ ⅜№╡╕∆⁹ 

 

4)  

♄ⱶ⅛╠ ╕≢─ │⁸∕─╒≤╪≥⅜ ≤⌂∫≡⅔╡⁸ │

≢ ה ⅜ ⇔⁸ ─ ⌐│ ╛☻◑⌂≥─ ⅜╖╠╣╕∆⁹╕√⁸

Ɫꜞ◄fi☺ꜙ╛◦fi☺ꜙ⌂≥─ ⅜ ↕╣≡™╕∆⁹ 

│⁸◌☺◌⁸►◓▬⁸▬꞉♫⅜ ⇔≡⅔╡⁸꜠◐ ⅜ ↕╣≡™╢↓≤⅛

╠ ⌐╙ ⇔≡™╕∆⁹ ⌐│◘◒ꜝⱴ☻─ ╙ ↕╣≡™╕∆⁹ 

╕√⁸ ─ ⌐ ⱪכꜟ ⅜ ↕╣≡⅔╡⁸ ≢◘◒ꜝ

ⱴ☻─ ⅜ ↕╣≡™╢↓≤⅛╠⁸◘◒ꜝⱴ☻─ │ ↕╣≡™╕∆⁹ 

≢│⁸ ╩ ∆╢√╘ ╩ ℮ ⅜№╡╕∆⅜⁸ ─

╛ ─ ה ⌂≥⁸↓╣╠─ ⌂ ╩ ה ⇔≡™ↄ ⅜№

╡╕∆⁹ 

8.2k 17.0k

֥ ʤ ʣ

1.0k 7.0k 13.4k 20.4k

᷂ ԍ ṑ ⁄ ԍ ṑ

( )

3.0k

ʴ

0.0k 1.0k 7.0k 13.4k

≤⇔≡│⁸ ↄ─

⅜ ∆╢

ϞβϣΧ ˢᴐ ˣ

R2 6Ὦ╖ֲ

ʤ

 

 3-39 ─ ─  

 

5) ♄ⱶ ⌐⅔↑╢  

♄ⱶ≢│ 16 2004 7 ⌐₈ ♄ⱶ ⱦ☺ꜛfiβ₉╩

⇔⁸ ─ ₁⌐≤∫≡─ ─ ─⅞╠∆╛ה ≢№╢↓≤╩│∂╘≤⇔≡⁸ ─
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╩≈ↄ╢≤™℮ ⅛╠⁸₈℮⌂≠⅝ ⱨ▼☻♥▫Ᵽꜟ₉ ╩ ∫≡™╕∆  3-40

⁹ 

≢│ ⅜ 100 ╩ ⅎ√╒⅛⁸ ♄ⱶ ╩ ┬

◐ꜗ♬○fiꜟכ♩─ ⌂≥⅜№╡⁸ ─ ⌂╢ ⅜ ╕╣╕∆⁹ 

∕─√╘⁸ ╙ ⅝ ⅝⁸ ♄ⱶ ⌐⅔↑╢ ╩ ∆╢≤≤╙⌐⁸

≤ ─≡⇔≥☻כⱪfi☻Ɑכ○─ ╩ ⇔⁸ ╛ ─ ₁≤ ⇔⌂⅜╠

─ ╩ ∫≡™╕∆⁹ 

β₈ ⱦ☺ꜛfi₉≤│⁸♄ⱶ╩ ⅛⇔√ ─ ה ⌂ ╩ ╡ ─

≤ ⌐╟╢Ᵽꜝfi☻─≤╣√ ─ ╩ ╢↓≤╩ ≤⇔≡⁸♄ⱶ ─ ⁸

─ ₁ ⅜♄ⱶ ה ≤ ≢ ≤⌂╡⁸ ─ ה ─ ₁╛

⌐ ╩ ┘⅛↑⌂⅜╠ ∆╢ ─√╘─ ≢∆⁹ 

 

 3-40 ♄ⱶ ⱦ☺ꜛfiⱤfiⱨ꜠♇♩ 

 

3.3.2 ─  

⌐│⁸ ⌂ ⅜ ↕╣≡⅔╡⁸ ⌐⅔↑╢ ⌂ ≤⌂∫

≡™╕∆⁹  3-41⌐ ∆╟℮⌐ ⱡ ╛ ⱡ ≢│⁸ ╛ ≤ ╣ ⅎ╢

fiꜛ◦כ◄ꜞ◒꜠╛ ⅜ ↕╣≡™╕∆⁹ 

↓╣╠─ ≢│⁸◐ꜗfiⱪה☻ⱳכ♠≢─ ╛ ─≈⅛╖ ╡ ⁸ ╩ ⇔≡ ↄ

─ ₁⌐ ↕╣≡™╕∆⁹ ⌐№╢ ≢│⁸ ╛ⱴ꜠♇♩◗ꜟⱨ ⅜

↕╣⁸ ╩ ∂⌂⅜╠☻ⱳכ♠╩ ⇔╗↓≤⅜≢⅝⁸ ⌐│₈ ה ─◖fi◘כ♩ ⱨ

▼☻♥▫Ᵽꜟ₉⅜ ↕╣╢ ⁸ ↄ─ ≢ ╦∫≡™╕∆⁹ 

╕√⁸ ≤ ─ ⌐⅔™≡ ─ ╩∕─ ⌐≈™≡ 5 ≢ ∆

╢₈ ─ ₉⅜ ↕╣≡⅔╡⁸™∏╣─ ╙ 4 ≈ ≢ ™ ╩ ╠╣≡™╕∆⁹

 3-11 ⌐│ ─ ╩ ∑≡™╕∆⅜⁸₈ ⅜ ⌂™√╘⁸╙∫≤ ⅜ ⇔™₉⁸

₈♩▬꜠─ ⅜ ⌂™₉⌂≥ ™ ─ ╙ ≢⅝≡™╕∆⁹ 

⌂⅔⁸₈ ─ ₉⌐≈™≡│  3-12⌐ ╩⁸  3-13⌐ ─ ─ ╩

⇔╕∆⁹ 
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 3-41 ⌐⅔↑╢ ⌂  

 

 

ⱡ

 

ⱡ

 

▪
◐
◓
Ⱶ

 

Ɽכ◒◗ꜟⱨ ─  

 
─≈⅛╖ ╡  

ⱡ  
╩ ∆╢  

℮
∟
╛
╕

 

℮∟╛╕  

 

 

─כ◌♇◘ ─  
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 3-11 ⌐╟╢ ─ 2019  
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 3-12 ─ ─   3-13 ─ ─  

 

 

 

ₒ HPₓ 
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3.3.3 ⌂ ⁸ ─ ─ ≤  

│⁸₈ ﬞ ₉№╢™│₈™╤│ ₉≤™╦╣╢╟℮⌐⁸ ╟╡ ⅜ ╕

╠∏⁸ ↄ─ ╩ ╡ ⇔≡⅝╕⇔√⁹╕√⁸ ─ ⌐│ ⌂ ⅜™ↄ≈╙№

╡⁸└≤√┘ ⅜ ↓╢≤ ≤⌂∫≡ ─ ╩ ⇔⁸ ⌐ ⌂ ╩ ⅎ≡⅝╕

⇔√⁹ ≢│⁸ ─ ₁⌐ ⅛⌂ ─ ╖╩ ⅎ⁸ ─ ⁸ ─ ⌐ ⅝ↄ ⇔

≡⅝╕⇔√⁹ 

∕─√╘⁸ ⌐⅔™≡│⁸ ↄ⅛╠ ⌐ ╛ ⌐ ∆╢ ⅜ ╦╣≡⅝≡⅔╡⁸

⌐│ ≤─ ™─ ╩ ╢ ↄ─ ╛ ⌐○ꜝfi♄─⅔ ™ ה꜠♦

─◔כ ⇔√  3-5 ⁸№╢™│ ─ ⌐╟╡ ╠╣√  3-6

╛ ⌂≥ ≤─ ™─ ╩ ╢ ↄ─ ╛⁸ ⌐ ↕╣√

⌂ ≢№╢  3-7 ⌂≥⅜ ⇔≡⅔╡⁸↓╣╠ ⌂ ⁸

│ ─ ⌂ ≤⌂∫≡™╕∆⁹ 

│⁸↓╣╠ ─ ╛ ⌂≥─ ה ╩ ⇔⁸ ╛ ─ ╩

┘⁸ ─ ─ ╩ ∆╢ ⅜№╡╕∆⁹ 

 

 

ↄ⅛╠─  

 

⌂◄Ⱡꜟ◑כ⌐ 

∆╢√╘─  

 

 

 

 

 

 

 

 

 

30.2km⌐ ┘ ╩ 

∆╢ ─  

 3-5   3-6   3-7  
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3.4 ⌐ ∆╢  

 

3.4.1 ─  

(1) ─  

│ ≢№╡⁸ ⌐│ ╩ ↄ ╪∞ ⌂◄Ⱡꜟ◑⁸≡∫╟⌐כ

─ ╛ ⅜ ⅝ↄ ↕╣⁸ ─ ⌐ ╢ ⅜№╡╕∆⁹ ╛ ⁸

─ ⌐≈™≡│⁸ ⌐ ∆╢ ─ ⅜ ≢⅝╢╟℮ ⅛≈

⌂ ╩ ∆╢ ⅜№╡╕∆⁹ 

 

1)  

 3-8 │⁸

13.2k+100m ─ ⌐ ⇔

≡⅔╡⁸╕√⁸ ─ ⌐ ∆

╢↓≤⅛╠⁸ ─ ⌂

≢∆⁹ 9 1997 5 ≢ ⇔⁸

─ ⁸ ⁸ ⅝ ─

⁸ ─ ⌐╟╡ ⅜ ⅝

ↄ ⇔√√╘⁸ 10 1998 3 ⌐

⌐ ⇔⁸ 11 1999 4 ⌐

⇔╕⇔√⁹ 

23 2011 6 Ⱨכ◒ 973m3/s ⌐⅔™≡ ─

⌐ ℮ Ⱪ꜡♇◒ ─ ꜠◐─ ↑ ⇔⌐╟╡⁸ ─ Ⱪ꜡♇◒≢

⅜ ⇔⁸ ⌐╟╢ ⅜ ↕╣╕⇔√⁹ │⁸ ⌂

⌐ ∆╢↓≤⅛╠ ⌐ ⅜ ↕╣ ⅜ ╠╣╢╟℮⁸ ─

≤ ⌐ ─ ה ╛ ─ ╩ ⌐ ה ⇔≡™ↄ ⅜

№╡╕∆⁹ 

 

2)  

≢│⁸ 3 1991 ⅛╠ ─ ≤⇔≡⁸ ⇔√ ╡

╩ ⌐ ∆╢ ╩ ⇔≡™╕∆⁹ ⁸ ⅜ ⇔ ─ ⅜

⇔√↓≤⌐╟╡⁸ 17 2005 ┘ 18 2006 ⌐ ⇔√ ─

≢ ─ ⅜ ⇔╕⇔√ 3-9 ⁹ ⌐ ─ ⅜ ≢⅝

╢╟℮⌐⁸ ─ ╣╛ ─ ⌂≥╩ ⇔≡™ↄ ⅜№╡╕∆⁹ 

 

 3-8  
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 3-9 ─  

3)  

13.2k ─ │⁸ ⌐ ⅜№╢↓≤⅛╠⁸ 3-10⌐ ∆╟℮⌐

⅜ ⌐ ≢⅝≡™╕∑╪⁹∕─√╘⁸ ┼─ ⌐╟╢Ɽ▬Ⱨfi◓ ─ ⅜

∆╢⅔∕╣⅜№╡╕∆⁹ 13.2k ─ │⁸ ─ ⌐ ⇔

⌂ ≢№╢↓≤⅛╠⁸ ─ ה ╩ ה ⇔≡™ↄ ⅜№╡╕∆⁹ 

╕√⁸ ─ │⁸ 3-11 ⌐ ∆╟℮⌐◒☼⌐ ╦╣≡™╢ ⅜№╡╕∆⁹

◒☼─ ⅜ ⌐ ∆╢↓≤⌐╟╡ ⅜ ⇔⁸ ─ ⅜ ∆╢⅔∕╣⅜

№╡╕∆⁹ 

 

  

 3-10 13.2k─   3-11 ⌐ ∆╢◒☼ 

0.8k  
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4) ╛∆╠⅞  

≢│⁸ ─ ─ ╛ ─ ─

≤⇔≡ ≤ ─ ─ ╩ ∆╢√╘⌐╛∆╠⅞

╩  3-12 ⇔≡™╕∆⁹╛∆╠⅞ ─

⅜ ≢⅝╢╟℮⌐⁸ ┼─ ─ ╛ ≤

─ ╩ ⇔≡™ↄ ⅜№╡╕∆⁹ 

 

5)  

─ ⌐ ∆╢ │⁸

≤ ⌐ ─ ╩ ℮ ≢ ╘≡ ⌂

≢∆⁹  3-13 │⁸ 44 1969

8 ≢ ⅜ ⇔⁸ ─ ⌐╙ ⌂ ╩

╙√╠⇔╕⇔√⁹ ─ │⁸ 49 1974

⌐ ⇔⁸ ⅜ ⇔≡™╕∆⁹ │⁸

⌐│ ╣⅜ ⇔™↓≤⅛╠⁸ ⇔√ ⁸ ⌐ ⌂

⅜ ∆╢ ⅜№╡╕∆⁹ 

 

 

 

 

 

 

 

 

 

 3-12 ╛∆╠⅞  

 

 

 3-13  
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(2) ─  

1) ≤  

─ │⁸ ⌐╟╢╖⅔ ─ ╛ ⌐╟╢╖⅔ ─ ⅜╖╠

╣╕∆⁹ ⌐⁸ ─ ╩ ╪∞ ─ ⌂◄Ⱡꜟ◑כ⌐╟╡ ⅝ ↓↕╣

╢ ╛ ⌂≥⅜ ∆╢ ⅜№╡╕∆⁹ ⌂ ⅜ ∆╢≤⁸ ⁸

─ ─ ⌐ ┘≈ↄ ⅜№╡⁸ ─ ⌐╟╡ ⅜ ∆╢≤⁸  3-42

⌐ ∆☿◓ⱷfi♩ ─ ╛ ≢─ 3-14 ─ ╛⁸

─ ⌐ ≢ ⅜ ⇔⁸ ⅛╠─ ⅜ ∂╢↓≤⅜ ↕╣╕∆⁹↓

─╟℮⌐⁸ ─ ⅜≢⅝⁸ ⌐ ╛ ─ ⅜ ╩ ⌐

≢⅝╢╟℮⌐⁸ ╛ ╩ ⌐ ⇔⁸ ─ ╛ ┼

─ ─ ╘ ⇔⌂≥─ ╩ ∂≡™ↄ ⅜№╡╕∆⁹ 

 

 

 

 

 

 

 

 3-14 ─  

 

 3-42 ─ ≤☿◓ⱷfi♩  

 

2) ─  

≢│⁸ 3-15╛  3-43⌐ ∆╟℮⌐⁸ 7 1995 ⁸ ≢

⅜ ≤⌂∫≡™╕∆⁹ ─ ⁸ ─ ⁸ ─

→≤⌂╢ ─ │ ⌐ ╩ ⇔≡™╕∆  3-44 ⁹ ─

⅜ ∆╢↓≤⌐╟╡⁸ ⌐ ⅜ ⇔ ─ ─ ⌐≈⌂⅜╢↓≤⅛╠⁸

⌐ ╩ ⅎ╢ ─ ⌐≈™≡│⁸ ─ ה ה ╩

∆╢⌂≥ ┼─ ⌐ ⇔≈≈ ─⸗♬♃ꜞfi◓╩ ⇔⁸ ⌂≥

⌂ ╩ ∂╢ ⅜№╡╕∆⁹ 

↓─╟℮⌐⁸ ─ ⅜≢⅝⁸ ⌐ ╛ ─ ⅜ ╩

⌐ ≢⅝╢╟℮⌐⁸ ─ ╩ ⌐ ⇔⁸ ⌂≥─ ╩ ∂≡™ↄ

⅜№╡╕∆⁹ 
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 3-15 ⌐ ⇔√   3-43 ─  

 

 

 

 

 3-44 ─  
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(3) ≤ ה ∆╢  

≢│⁸ ─ ⌐╟╢  3-16 ╛ ─

ה  3-17⁸  3-18 ─ ╛⁸ ╛ ⁸ ⌂≥─ ⌐

≈™≡ ─ ₁≤ ⅜ ⇔≡ ─ ╩ ∆╢⌂≥⇔≡⁸ ⌐ ╩ ∫≡╙

╠℮ ╩ ⇔⁸ ⅜ ⌂ ─ ≤⇔≡ ↕╣⁸ √∟⅜ ╩ ⇔≡

┘⁸ ┘⁸ ⌐ ≢⅝╢╟℮◘ⱳ⁹∆╕⅝™≡⇔♩כ 

╕√⁸◗Ⱶⱴ♇ⱪ─ ה  3-45 ╛ ≤ ⇔≡◗Ⱶ ─

 3-19 ╩ ⇔≡™╕∆⁹ 

 

  

 3-16   3-17  

  

 3-18   3-19 ◗Ⱶ ≡  

 

 3-45 ◗Ⱶⱴ♇ⱪ 4 2022  


