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β ─ ꜞ♬▪  

≢⅔ ⇔⇔√ ⅛╠⁸ ה ⇔√ │ ≢ ⇔≡™╕∆⁹ 
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ₒ ₓ ─ P48 P50⌐ ⇔√ ╩ ↄ   



 

 │∂╘⌐ 

⌐≢╕╣↓ה │⁸ꜞ ♬▪ ⁸

≤™℮ ⌐⅔™≡⁸♩fiⱠꜟ ⌐╟╢ ⌐ ∆╢

♩fiⱠꜟ ─ ─ ╩ ≤⇔√♩fiⱠꜟ ⸗♦ꜟ ◖

♪כ TOWNBY≤ ▪ꜟⱪ☻⌐⅔↑╢ ─ ╩ ≤⇔≡ ⅜

⇔√ ⸗♦ꜟ GETFLOWS─ ≈─ ⸗♦ꜟ╩ ⇔⁸↔

⇔≡⅝╕⇔√⁹ 

─⧵ה ⁸2022 6 ─ 14 ↕╣≡™╢ ⌐ ∆

╢ ⌐⅔™≡│⁸ ╟╡ ─ ┼─ ─√╘⌐│

GETFLOWS╩ ∆╢↓≤⅜ ™─≢│⌂™⅛≤─↔ ╩ ™≡™╕∆⁹ 

2023ה 2 ─ 20 ≢│⁸ ⅜ ⇔√ ▪ꜟⱪ☻ ╩

≤⇔√ GETFLOWS ⌐╟╢ ⁸ ⸗♦ꜟ≤™℮ ─ ╛

─ ⸗♦ꜟ⌐⅔↑╢ ─⁸ ╛ ⁸ ⁸

≤™℮ ─ ⌐≈™≡⁸ ≤ ╩ ⇔√ ╩↔ ⇔╕⇔

√⁹ 

─⧵ה ⁸ ⅜ ⅝™ ⌐≈™≡│⁸ ≤ │ ⌡ ⇔⁸

─ ↕™ ⌐≈™≡│⁸ ≤ ─ ⅜ ⅝™ ⅜╖╠

╣⁸ ⌐ ⌐ ╩ ╗ ⌐≈™≡│⁸ ⌐ ⇔≡⁸ ⅜

↕ↄ⌂╢ ⅜╖╠╣╕⇔√⁹ 

⁸│╣↓ה ⸗♦ꜟ≢│⁸ ─ ╩ ⅝ↄ ⇔≡™╢↓≤⌐╟╡⁸

┼─ ⅜ ⅝ↄ⁸ ┼─ ⅜ ↕ↄ⌂╢↓≤⅛╠⁸ ─

⅜ ↕ↄ ↕╣≡™╢╙─≤ ⅎ╠╣╕∆⁹⌂⅔⁸ ⅜ ⅝™ ⌐

≈™≡│⁸ ≤ ⅜ ⌡ ⇔≡™╢↓≤⅛╠⁸ ⅜ ↕™

─ ≤ ─ ⅜ ⅝™≤™℮↓≤⌐╟∫≡⁸ ─

⌐ │ ⅎ⌂™╙─≤ ⅎ≡™╕∆⁹ 

ה 20 ⌐⅔™≡⁸ ⅛╠⁸≥─╟℮⌂ ╩ ∆╢≤ ⅜

⌐ ≠ↄ─⅛⁸╕√∕─ ╩ ∆╢↓≤≤─↔ ╩ ⅝╕⇔√⁹ 

↔ה ╩ ╕ⅎ⁸ 21 ≢│⁸ ⌂ ─ ╩ 1.0E-6(m/s)≤

⇔√ ⁸ ⅜ ⌐ ≠ↄ↓≤╩↔ ⇔⁸↓╣│⁸ ⌂

─ ╩ →╢↓≤⌐╟╡⁸ ™─ ⅜ ┼─ ⅝≤

⌂╡⁸ ┼ ∆╢ ⅜ ⅎ⁸ ─ ⅜ ⇔√↓≤⌐╟╢╙─

≤ ⇔╕⇔√⁹ 

⁸√╕ה │⁸ ─ ─ ≤™℮ ╩ ╕ⅎ⁸ ⌂ ─



 

│⁸ ≤ ─ ⅜ ↕╣√1.0E-6(m/s)╩ⱬ⁸⇔≥☻כ

⌐ ⇔√ ╛ ◘▬☼╩ ⇔≡ √⌐ ∆╢⸗♦ꜟ⌐

≡⁸ ╩ ⇔≡™ↄ↓≤╩ ⇔╕⇔√⁹ 

ה 22 ≢│⁸ √⌐ ⇔√ ⸗♦ꜟ─ ╛ ≤

─ ╩ ⇔⁸ │⁸ ┼─ ╩ ה ∆╢√╘⁸

⌐ ∂≡ ∆╢ ─ ╩ ⇔√ ╩ ™⁸

⁸ ⅜ ⌂™ ╙ ╘√♩fiⱠꜟ ⌐╟╢ ─ ╛

⌐ ∫√ ─ ╩ ⇔≡™ↄ↓≤╩ ⇔╕⇔√⁹ 

ה 22 ≢↔ ⇔√ ─ ≤ ⅛╠ ™√Γ │ ≢№

╡ ╩∕─╕╕ ∆╢╙─≢│⌂™⅜⁸ ⅎ⌂↑╣┌⌂╠⌂™ ⁸ⱷ◌

♬☼ⱶ⅜≥╪⌂╙─⅛⁸≥℮™℮ⱪ꜡☿☻⌐╟∫≡ ⅜ ∆╢⅛≤™℮

╩ ╢↓≤⅜≢⅝╢Δ≤™℮⸗♦ꜟ─ ™ ⌐ ∆╢↔ ╩ ╕ⅎ⁸

≢│⁸ ─ ╩↔ ⇔╕∆⁹ 

ᵑ ╩ ⌐⇔√ ⌐╟╢♩fiⱠꜟ ⌐ ℮ ─ ≤

─  

ᵒ ─ ─ ╩ ╕ⅎ√ ─ ה ─ ≤  

ᵓ1 ─ ─ ╩ ⇔√ ⌐╟╢ ⁸ ⅜ ⌂

™ ⌐⅔↑╢♩fiⱠꜟ ⌐ ℮ ─  

ᵔ ⸗♦ꜟ≢─ ⅛╠ ╠╣√ ≤ ─  

 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 1 ↓╣╕≢─ ≤ ─  



 

  

 1 ↓╣╕≢─ ≤ ─  



 

 ─  

 GETFLOWS─  

ה ⸗♦ꜟ GETFLOWS │⁸ ⅛╠ ┼─ ⁸

⁸ ┼─ ╩ ─◦☻♥ⱶ≤⇔≡ ⌐ ⅎ ∆╢╙─≢∆⁹

⌐│⁸ ─ ה ╩ ≢ ⇔⁸ ≤ ─ ╣╩

⌂ ⸗♦ꜟ─ ≢ ⇔≡ ↄ↓≤⅜≢⅝╢ ≢∆⁹ 

ה ⌂ │⁸ ─ ─√╘─ ⸗♦ꜟ ⅔╟┘

⁸ ─ ╩ ⅝ ∆ ⸗♦ꜟ

⁸ ┼─ GETFLOWS ⌐╟╢▪ⱪ꜡כ♅

∕─  ⁸ ┼─

GETFLOWS ⌐╟╢▪ⱪ꜡כ♅∕─  ∆═╡

⌂≥≢∆⁹ 
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I  
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כ◦ꜟ♄ ♄

כ◦ꜟ ─ ╣ 

─ ⅝™  

╩ ⅎ╢ 

ⱴ♬fi◓ ─

╣ 

ה

 

 2 GETFLOWS─▬ⱷכ☺ 



 

 ⸗♦ꜟ─ ─ ╣ 

ה ─ ╣╩  3⌐⅔ ⇔⇔╕∆⁹ 

βᵑ ᵖ─ ⌐≈™≡│⁸ Ɑכ☺⌐ ╩⅔ ⇔⇔╕∆⁹ 

 

 

 

 

 

 

₈ 26 ▪ꜟⱪ☻ ⸗♦ꜟ

₉ ┘ ⌐╟╢ ─ ≢№╢ ♥◒ⱡ꜡☺כ┼─ⱥ▪

ꜞfi◓╩╙≤⌐  

 

 

 3 ⸗♦ꜟ ─ ╣ β ⌐╟╢  



 

ᵑ3 ⸗♦ꜟ─  

ה ⁸ ⁸ ⁸♄ⱶ⌂≥⌐ ∆╢ ╩ ה ⇔⁸ ⸗♦

ꜟ╩ ⇔╕∆⁹ 

 

ₒ ₓ 

ᵒ ─  

ה ─ ⌂ ╩ ∆╢√╘⁸ ─ ╩ ⌐ ⅎ

↑≡ ╩ ⇔≡™╕∆⁹⌂⅔⁸ ─ │⁸

⅜ ∆╢ ⱷ♇◦ꜙ♦כ♃ ─℮∟

╕≢─ ╩ ⇔≡™╕∆⁹ 

ᵓ ─  

ה ⌐ ™≡⁸ ─ ─ הכ♄כ꜠─

▪ⱷ♄☻ ⌐╟╢ ┘♄ⱶ─ ╩ ⇔⁸

╩ ⇔⁸ ╩ ⇔≡™╕∆⁹ 

ᵔ⸗♦ꜟ─ ─  

ה ⌐ ⇔≡⁸ ♄ⱶ╛ ♄ⱶ⌐⅔™≡ ≤

≤─ ╩ ™⁸⸗♦ꜟ─ ╩ ⇔⁸ ⸗♦ꜟ ♩fiⱠꜟ

─⸗♦ꜟ ╩ ⇔≡™╕∆⁹ 

 

ₒ ₓ 

ᵕ♩fiⱠꜟ ─  

ꜟfiⱠ♩ה ─ ╩ ∆╢√╘⁸♩fiⱠꜟ ─⸗♦ꜟ⌐♩fiⱠꜟ╩

─ ≈≤⇔≡ ╖ ╖⁸♩fiⱠꜟ ─⸗♦ꜟ╩ ⇔≡⁸o ≤

─ ╩ ™ ╩ ⇔≡™╕∆⁹ 

 ᵖ♩fiⱠꜟ ─  

ꜟfiⱠ♩ה ─ ⌐ ™≡⁸ɔ ≤ ─ ⁸

╩ ⇔≡ ⇔≡™╕∆⁹ 

ה │⁸ ⌐╟╢ ╩╟╡ ⌐ ∆╢√╘⁸ ─

⌂™ ≤⇔≡™╕∆⁹√∞⇔⁸ ≤⇔≡⁸

⅛╠ ╩ ∫≡⅔╡⁸ │ ≤⇔≡ ╡

∫≡™╕∆⁹ 



 

 ⸗♦ꜟ─  

ה ╩  1⌐⅔ ⇔⇔╕∆⁹ 

 

 ⸗♦ꜟ─  

 ₒ ₓ 

─≤⅔╡ ⇔≡™╕∆⁹ 

 4─≤⅔╡⁸ ▪ꜟⱪ☻─ ╩ ⇔⁸

─ ─ ╩ ╗  

 

  

↕  - ⸗♦ꜟ  

 

 

 

    

─ ⅝↕ ╩ ≤∆╢ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

₈ 28 ▪ꜟⱪ☻  

 м ₉╩╙≤⌐  

 4 ⸗♦ꜟ  

 1 ─  

 



 

 
ₒ ₓ 

─ꜟ♦⸗ה ┘ │  

ה ─ │ ─ ─╖╩ ∆  

 

 

 

 

 

 

 

 

 ─≤⅔╡ ⇔≡™╕∆⁹ 

ה  5 ┘  6⌐ ∆≤⅔╡⁸ │⁸ ─ ┘∕

─ ─™ↄ≈⅛─ ╩₈ ⌂ ₉  5─ ⁸∕╣ ╩₈

≢⌂™ ₉  6─ ⌐  

ה ╩ ⸗♦ꜟ⌐ ╖ ╗⌐№√∫≡│⁸₈ ⌂ ₉⌐≈™≡│⁸

╩ ╦∑ ⇔√ ╩ ⇔≡ ╩ ⁹₈ ≢

⌂™ ₉⌐≈™≡│⁸₈ ⌂ ₉─╟℮⌐ ╩ ⇔≡

╩ ∆╢↓≤│∑∏⁸ ─ ╩ ∆╢↓≤

≢  

ה  6⌐ ∆≤⅔╡⁸ │₈ ⌂ ₉≢│ × -5

⁸₈ ≢⌂™ ₉⌐≈™≡│⁸ ─ ≢ ⁹⌂⅔⁸

♩fiⱠꜟ ─₈ ⌂ ₉─ │⁸ ≤⇔

≡™╢ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

₈ 28 19 ▪ꜟⱪ☻

⸗♦ꜟ ₉╩╙≤⌐  
  

 ⸗♦ꜟ  

─  

 5 ⸗♦ꜟ ♩fiⱠꜟ  



 

 

 

 

 

 

 

 

 

 

 

 

 

 ₒ ⁸ ₓ 

⌐ ∆≤⅔╡⁸ 

₈ה ⌂ ₉│ E ≢  

₈ה ≢⌂™ ₉│ ─ ≢ ⁹ │ ≤ ∂ 

ה Ɽꜝⱷכ♃╩ ⇔≡ ⇔√≤↓╤⁸ ≢ ≤

≤─ ⌐ ⌂ ⅜ ╠╣√─≢⁸ Ɽꜝⱷכ♃╩

≤⇔√ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ⸗♦ꜟ ┘  

H 1×10-3

V 1×10-4

1×10-4 30

1×10-5 20

╖ з 1×10-4 10-6 10

╖ и 1×10-4 10-8 5 10

╖ й 1×10-7 10-8 2 5

1×10-9 1

⌂ 1×10-5 10

≢⌂™ ─2 ≤ ∂

40

∆═╡

₈ 28 19 ▪ꜟⱪ☻

⸗♦ꜟ ₉ ┘ ⌐╟╢ ─ ≢№╢

♥◒ⱡ꜡☺כ┼─ⱥ▪ꜞfi◓╩╙≤⌐  

 6 ⸗♦ꜟ  

 ─ ─  
Ɫfi♪Ⱪ♇◒ ⁸ 3.1.14  



 

 

  

 ₒ ₓ 

─  

ה ─ ⌂ ╩ ∆╢√╘⁸ ─ ╩

⌐ ⅎ ↑≡ ╩ ⇔≡™╕∆⁹⌂⅔⁸ ─

│⁸ ⅜ ∆╢ ⱷ♇◦ꜙ♦כ♃

─℮∟ ╕≢─ ╩ ⇔≡™╕∆⁹ 

 

─ ┘♩fiⱠꜟ ─  

ה ⌐ ™≡⁸ ─ ─ כ꜠─

☻♄ⱷ▪הכ♄ ⌐╟╢ ┘♄ⱶ─ ╩

⇔⁸ ╩ ⇔⁸ ╩ ⇔≡™╕∆⁹

⌐⅔™≡│ ≢ ∆╢≤ ─

╩ ⇔≡™╕∆⁹ 

 

ₒ ₓ 

─ ─ ╩ ⌐⅔™≡ ⌐ ⇔≡™╕∆⁹ 

ה ⌐╟╡ ╩ ∫√Ɫכ⸗fi ⌐╟╡⁸ ╩  

ה ─ ╩ ∆╢≤≤╙⌐ ─ ─ ╩

⇔≡⁸ ╩ ∆╢ 

 

Ɫכ⸗fi ₐ ⅛╠ ⅛╣√╙─≢⁸ ≤ ⌐ ∂√

⅛╠ ╩ ∆╢ ₑ 

 



 

 ⸗♦ꜟ⌐⅔↑╢ ─ ─ ─ ≤ ⌐≈™≡ 

ה ⅜ ⸗♦ꜟ╩ ⇔√ ⁸2011 9 2012 12 ─ ─

☻♄ⱷ▪הכ♄כ꜠─ ⌐╟╢ ╩ ⇔√ ╩

⇔⁸ ♄ⱶ╛ ♄ⱶ⌐⅔↑╢ ≤ ≤─ ╩

℮↓≤≢⁸ ╩ ⇔≡™╕∆  8⁸  9 ⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 7 ♄ⱶ⁸ ♄ⱶ─  

ЍЭ

ԁЍЭ



 

 

 

 

 

  

 9 ♄ⱶ─♄ⱶ ─ ≤ ≤─ ( ⌐╟╢ )  

 

 8 ♄ⱶ─♄ⱶ ─ ≤ ≤─ ( ⌐╟╢ )  

 



 

 

ה ⁸ ─ ─ ╩ ⇔≡™ↄ↓≤╩ ╕ⅎ⁸ ─ ⸗

♦ꜟ⌐⅔↑╢ ─ ─ ⌐≈™≡⁸ ≤ ─ ╩

™╕⇔√⁹ 

ה ⌐│⁸ ⅜ ≤ ⁸ ─ │ ⌐ ⁸

╩ ∫≡™╢ 1⌐≈™≡⁸ ≤ ─ ╩ ™╕⇔√⁹ 

ה ⌐ ™√ │⁸ ⌐ ⁸╠⅛≥↓™⌂⅜♃כ♦√⇔

≢│⌂ↄ⁸ ─ 2╩ ⌐ ⅎ ↑√ ─ ≤

⇔╕⇔√⁹ │⁸ ⅜ ╩ ∫≡™╢ 2012 ⁸2014 ⅛╠ 2021

3╕≢─ ⌐ ─ ─ ≤⇔╕⇔√⁹ 

ה ≤ ╩ ⇔√ ─ ╩  10⌐ ⇔╕∆⁹ ≤

╩ ⇔√ ╩⁸  11⌐ ◓ꜝⱨ≢ ⇔╕∆⁹⌂⅔⁸ ─₈

⌐ ╩ ╗ ₉│⁸ ⌐ ⸗♦ꜟ ≢ ⇔√ ⌂ ╩ ╪

≢™╢≤™℮↓≤╩ ⇔⁸₈ ⌐ ╩ ╕⌂™ ₉│⁸ ⌐ ⸗

♦ꜟ ≢ ⇔√ ⌂ ╩ ╪≢™⌂™↓≤╩ ⇔≡™╕∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 10 ─  

                                                   
1 ⌐ ⇔⁸ ≢│ ⇔≡™╢≤ ⅎ╠╣╢ │ ↄ 
2 ⅜ ∆╢ ⱷ♇◦ꜙ♦כ♃ ─℮∟ 1981 2010 ╕≢─  
3 2013 │ ─ ⅝╩ ╘≡™╢ ≢№╡⁸ ╩ ∫≡™⌂™⁹ 

0 1 2km

1



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 11 ⸗♦ꜟ─ ≤ ─ ─  

⌂ ─ 1.0E- 5(m/s)─  

 

ה ⅜ ⅝™ ⌐≈™≡│⁸ ≤ │ ⌡ ⇔⁸ ─

↕™ ⌐≈™≡│⁸ ≤ ─ ⅜ ⅝™ ⅜╖╠╣╕∆⁹ 

ה ⌐ ⌐ ╩ ╗ ⌐≈™≡│⁸ ⌐ ⇔≡⁸ ⅜ ↕

ↄ⌂╢ ⅜╖╠╣╕∆  11─ ⁹ 

⁸│╣↓ה ⸗♦ꜟ≢│⁸ ─ ╩ ⅝ↄ ⇔≡™╢↓≤⌐╟╡⁸

┼─ ⅜ ⅝ↄ⁸ ┼─ ⅜ ↕ↄ⌂╢↓≤⅛╠⁸

─ ⅜ ↕ↄ ↕╣≡™╢╙─≤ ⅎ╠╣╕∆⁹ 

⁸⅔⌂ה ⅜ ⅝™ ⌐≈™≡│⁸ ≤ ⅜ ⌡ ⇔≡™

╢↓≤⅛╠⁸ ⅜ ↕™ ─ ≤ ─ ⅜ ⅝™≤™℮↓

≤⌐╟∫≡⁸ ─ ⌐ │ ⅎ⌂™╙─≤ ⅎ≡™╕∆⁹ 

  

ᵔ
ˢ

m
3
/s
ˣ

Ḣ ỡ ˢm3/sˣ

ӽτ ϬḯϘσΜ

ӽτ ϬḯϚ

Ω ΤϣΩ χ Ϭꜘβ



 

 

 ⌂ ─ ─ ⌐≈™≡ 

 ─ ⅎ ⌐≈™≡ 

ה ⁸♩fiⱠꜟ ⌐ ℮ ⌐╟╢ ─ ─ ╩ ℮⌐

№√∫≡│⁸ ─ ─ ≤ ≤─ ╩ ⇔√⸗♦ꜟ

╩ ™≡ ⇔≡™⅝√™≤ ⅎ≡™╕∆⁹ 

ה ≢ ⇔√╟℮⌐⁸ ─ ⸗♦ꜟ≢│⁸ ⌂ ─ ╩

⅝ↄ 1.0E-5(m/s) ⇔≡™╢↓≤⌐╟╡⁸ ─ ⅜ ↕ↄ

↕╣≡™╢≤ ⅎ╠╣╢↓≤⅛╠⁸ ⸗♦ꜟ ≢─ ⌂ ─ ╩

↕ↄ∆╢↓≤⌐╟╡⁸ ≤ ≤─ ⅜ ↕╣╢≤ ⅎ╠

╣╕∆⁹ 

ה ⁸ ╩ ∆╢⌐№√∫≡│⁸ ─ ⌐⅔™≡

╩ ⁸╘√™⌂⅜♃כ♦√⇔ ╩ ⌐⇔╕⇔√⁹ 

ה 4⌐╟╣┌⁸ ─ │⁸┌╠≈⅝⅜№╢╙── 1.0E-7

1.0E-5(m/s)  12⁸ ─ ─ │(cm/s)≢№╢↓≤⌐ )⌐

⇔≡™╢≤↕╣≡™╕∆⁹ 

ה │ ⌂ ─ ⌐≈™≡⁸ ─ ⸗♦ꜟ╟╡ ↕™

1.0E-6(m/s)≤ 1.0E-7(m/s)≤⇔≡ ⇔╕⇔√⁹ 

⁸⅔⌂ה ∂ ▪ꜟⱪ☻⌐⅔™≡⁸ ≢ ╩ ╘≡™╢ ▪ꜟⱪ☻♩

fiⱠꜟ ≢│⁸ 4.2 km ─ ─ ⅛

╠─ │ 570 ꜞ♇♩ꜟ/ ≢№╡⁸ ─ ≤ ╦╣╢

⅜ ≢№∫√ ⌐⅔™≡╙ ⌐ ⅝⌂ │ ╠╣∏⁸ ⌐

≤⌂╢ ─ │ ⇔≡™⌂™↓≤╩ ⇔≡™╕∆⁹ 

 

 

 

 

 

 

 

 

 

 

                                                   
4 Ɫfi♪Ⱪ♇◒ P76⁸ Ɫfi♪Ⱪ♇◒ ⁸ ⁸

1998.8 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 12 ─ ⌐  

 

 

 

 

  

1.0E-3(cm/s) 
ˢ1.0E-5(m/s)ˣ 

1.0E-5(cm/s) 
ˢ1.0E-7(m/s)ˣ 



 

 

 ⌐≈™≡ 

ᵑ ⌂ ─ ╩ 1.0E- 6(m/s)≤⇔√  

ה ⌐⅔™≡ ≤ ─ ╩ ∫√ ≤ ─ ≢⁸

⌂ ─ ╩ 1.0E-6(m/s)⌐ ⇔√ ⌐≈™≡⁸ ≤

─ ╩ ™╕⇔√⁹ ╩  13⌐ ◓ꜝⱨ≢ ⇔╕∆⁹ 

ה ─ ⁸ ⅜ ⅝™ ⌐≈™≡│⁸ ─

1.0E-5(m/s) ≤ ⁸ ≤ │ ⌡ ⇔╕⇔√⁹ 

⁸√╕ה ─ 1.0E-5(m/s) ⌐│⁸ ⌐ ⇔

≡ ⅜ ⌐ ↕ↄ⌂╢ ⅜╖╠╣√⁸ ⌐ ╩ ╗ ─ ↕™

⌐≈™≡╙⁸ ⅜ ⌐ ≠⅝╕⇔√⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 13 ⸗♦ꜟ─ ≤ ─ ─  

⌂ ─ 1.0E- 6(m/s)─  

  

ᵔ
ˢ

m
3
/s
ˣ

Ḣ ỡ ˢm3/sˣ

ӽτ ϬḯϘσΜ β

ӽτ ϬḯϚ β

Ω ΤϣΩ χ Ϭꜘβ

ˢ╥―ˣ
︠ σ χ ἰ 1.0E-5(m/s)χ
›χ ӽτ ϬḯϚ β

βˮ ӽτ ϬḯϚ ˯ψʺ ӽτᵔ ЯДи π ΰθ︠ σ
ϬḯϭπΜϥρΜΞάρϬ◙ΰʺˮ ӽτ ϬḯϘσΜ ˯ψʺ
ӽτᵔ ЯДи π ΰθ︠ σ ϬḯϭπΜσΜάρϬ◙βʻ



 

 

ᵒ ⌂ ─ ╩ 1.0E- 7(m/s)≤⇔√  

ה ∂ↄ⁸ ⌐⅔™≡ ≤ ─ ╩ ∫√ ≤ ─

≢⁸ ⌂ ─ ╩ 1.0E-7(m/s)⌐ ⇔√ ⌐≈™≡⁸

≤ ─ ╩ ™╕⇔√⁹ ╩  14⌐ ◓ꜝⱨ≢ ⇔╕∆⁹ 

ה ─ ⁸1.0E-6(m/s)≤ ⌐⁸ ⅜ ⅝™ ⌐≈™≡│⁸

─ 1.0E-5(m/s) ≤ ⁸ ≤ │ ⌡

⇔╕⇔√⁹ 

⁸√╕ה ─ 1.0E-5(m/s) ⌐│⁸ ⌐ ⇔

≡ ⅜ ⌐ ↕ↄ⌂╢ ⅜╖╠╣√⁸ ⌐ ╩ ╗ ─ ↕™

⌐≈™≡╙⁸ ⅜ ⌐ ≠⅝╕⇔√⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 14 ⸗♦ꜟ─ ≤ ─ ─  

⌂ ─ 1.0E- 7(m/s)─  

 

ᵔ
ˢ

m
3
/s
ˣ

Ḣ ỡ ˢm3/sˣ

ӽτ ϬḯϘσΜ β

ӽτ ϬḯϚ β

Ω ΤϣΩ χ Ϭꜘβ

ˢ╥―ˣ
︠ σ χ ἰ 1.0E-5(m/s)χ
›χ ӽτ ϬḯϚ β

βˮ ӽτ ϬḯϚ ˯ψʺ ӽτᵔ ЯДи π ΰθ︠ σ
ϬḯϭπΜϥρΜΞάρϬ◙ΰʺˮ ӽτ ϬḯϘσΜ ˯ψʺ
ӽτᵔ ЯДи π ΰθ︠ σ ϬḯϭπΜσΜάρϬ◙βʻ



 

 

ᵓ ╕≤╘ 

ה ⌐ ─ ≢⁸ ⌂ ⌐⅔↑╢ ╩ ⇔⁸ ≤

≤─ ╩ ⇔╕⇔√  15 ⁹ 

─⧵ה ⁸1.0E-6(m/s)⁸1.0E-7(m/s)≤╙⌐⁸1.0E-5(m/s)≤ ⇔⁸

≤ ─ ⅜ ↕╣╕⇔√⁹ 

ꜟfiⱠ♩ה ⌐╟╢ ─ ─ ─ ╩ ℮≤™℮ ╩ ╕

ⅎ⁸ ⌂ ─ │⁸♩fiⱠꜟ ⌐♩fiⱠꜟ ⅜╟╡ ⅝

ↄ ↕╣⁸ ┼─ ⅜ ⅝╘⌐ ╢ ⅜ ™ 1.0E-6(m/s)╩ⱬ

≡⇔≥☻כ ╘≡™⅝√™≤ ⅎ≡™╕∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 15 ⸗♦ꜟ─ ≤ ─ ─  

⌂ ─ 1.0E- 5(m/s)⁸1.0E- 6(m/s) 1.0E - 7(m/s)  

 

 

 



 

 

 ─  

ה ⌐ ╩ ╗ ⌐≈™≡⁸ ⅜ ⌐ ≠™√ ╩

∆╢√╘⁸ ⌐ ⇔⁸ ⌂ ─ ╩ ∆╢↓≤≢ ™

─ ⅜≥─╟℮⌐ ∆╢⅛╩ ⇔╕⇔√⁹ 

ה  16⌐ ─ ⁸  17⌐ ─ 1.0E-5(m/s)

─ ⁸  18⌐ ─ 1.0E-6(m/s) ─

╩ ⇔╕∆⁹ 

ה  17≤  18─ ╡⁸ ─ 1.0E-5(m/s) ⌐│⁸

™⌐ ┼ ⇔⁸∕─ ┼ ∆╢≤™℮ ≢№

∫√╙─⅜⁸ ╩ →╢↓≤⌐╟╡⁸ ┼─ ⅝─

≤⌂╡╕∆⁹ 

⌐╣↓ה ™⁸ ┼ ∆╢ ⅜ ⅎ⁸ ─ ⅜ ⇔√↓≤⌐

╟╡⁸ ⌐ ╩ ╗ ─ ↕™ ⌐≈™≡╙ ⅜ ⌐

≠™√╙─≤ ⅎ╠╣╕∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 16 ─  

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 17 ⸗♦ꜟ─ ─ 1.0E- 5(m/s)  

─  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 18 ⸗♦ꜟ─ ─ 1.0E- 6(m/s)  

─  

6

Ӥ

A A˅

ʿ ˢmˣ

˲ ˳
ʿ ᴞ ΰˢЦϼЕи πψσΜˣ



 

 

 ─ ─ ─ ╘ ⌐≈™≡ 

ה ╕≢─ ⌐⅔™≡⁸ ⌂ ─ ╩ 1.0E-6 m/s ⌐

∆╢↓≤≢⁸ ─ ⸗♦ꜟ≤ ⇔⁸ ─ ─ ⌐≈™

≡⁸ ≤ ≤─ ⅜ ↕╣√↓≤╩ ⇔╕⇔√⁹ 

ה ⌐⁸ ─ ─ ≤™℮ ╩ ╕ⅎ⁸ √⌐⁸ ⌐ ⇔

√ ╛ ◘▬☼─ ╩ ℮↓≤╩ ⅎ≡™╕∆⁹ 

ה √⌂ ─ ⌐№√∫≡│⁸ ─ ⌐ ⇔╕⇔√⁹ 

⅛╠ ─ ≢ ↕╣√ ─

╩ ⌐ ╘╢↓≤ ⸗♦ꜟ⌐╟╢♩fiⱠꜟ ⌐

℮ │⁸♩fiⱠꜟ ⅛╠ ⌐™ↄ⌐≈╣≡ ↕ↄ⌂╢ ⌐

№╡⁸ ≢─ ─ │♩fiⱠꜟ ⌐ ═≡ ╘≡ ↕

™ ≤⌂∫≡™╕∆  19 ⁹  

─ ⅜ ─ ─ ─ ⌐ ╩ ╓↕⌂

™╟℮⁸ ≤♩fiⱠꜟ ─ ─ ≤─ ⌐⁸ ⌂

╩≤╢↓≤⁹ 

ה √⌐ ⇔√ ╩  20⌐⅔ ⇔⇔╕∆⁹ │⁸ ─

╡─ ™ ≤⇔⁸ ≤⇔≡ ™ ⁸╙⇔ↄ│ ⌂ ⌐ ╦∑╢

╟℮⌐⇔≡™╕∆⁹ 

ה ⌐⁸ ─ ⸗♦ꜟ≢│⁸ ⌐ ⇔≡™╢♩fiⱠꜟ◘▬☼╟╡

⅝ↄ ↕╣≡™╢ ⁸ ⁸ ♩fiⱠꜟ─ ◘▬☼

 21 ╩ ⌐ ⇔≡™╢♩fiⱠꜟ─ ⅝↕≤ ⇔™ ⅝↕≤⇔⁸╕

√⁸ ─ ─ ≤™℮ ╩ ╕ⅎ⁸∕─ ─ ⌐≈™≡╙

⌐ ∆╢↓≤╩ ⅎ≡™╕∆⁹ 

ה ∆╢ ─ ─ │⁸ ⌂ ─ 1.0E-6(m/s)

╩ⱬכ☻≤∆╢↓≤⌐ ⅎ⁸ ─ ╛ ◘▬☼⌐≡⁸ ╘≡

─ ╩⇔√ ≢⁸ ⇔≡™⅝√™≤ ⅎ≡™╕∆⁹ 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 19 ─ ⸗♦ꜟ 1.0E- 5(m/s) ≢─ 

≤  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 20 √⌐ ⇔√ ≤ 

─ ⸗♦ꜟ ─ 1.0E- 5(m/s) ≢─  

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 21 ─ ⸗♦ꜟ─ ◘▬☼─  

 

 ῦהּ

 ῦהּ
ῬⱧ  
ЕрКи 



 

 

 22 ⸗♦ꜟ  

 ─ ─ ⌐ ⇔√ ⸗♦ꜟ ⸗♦ꜟ ⌐≈™≡ 

 ⸗♦ꜟ─  

ה ⸗♦ꜟ─ │⁸  5─ ╡≢∆⁹ 

 

 ⸗♦ꜟ─  

 ₒ ₓ 

  

↕  ⸗♦ꜟ  

ₒ ₓ 

⁸  

    

─ ⅝↕ ♩fiⱠꜟ⌐≈™≡│⁸ ⌐ ⇔≡™╢♩fiⱠꜟ─

⅝↕≤ ⇔™ ⅝↕⁹♩fiⱠꜟ ─ ⌐≈™≡│⁸

♩fiⱠꜟ ─ 3km ─ │ ⁸♩fiⱠꜟ⅛╠

╣√ ─ │ ╩  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ₒ ₓ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 5 ─  

 

ᴎ◕ЯДиˢ︠ ἰ  

1.0E-6(m/s)xᴖ Ὣᴮχ Ϭ  

ẽᵦ Ὧ ―

ẽᵦẉό ṓӊᾧ ‭ ʺ ╩Ϭ ʻ ṓӊψ ṓӊˢ1atmˣτᾧ

ẽᵦ

ᵔ ӽẽᵦΤϣ χ χϙϬẨβẽᵦʻθιΰʺ

ˢ 22χ Ḯˣτψʺ ᴎ◕ЯДиˢ︠

ἰ  1.0E-6(m/s)ˣχᵔ Ὣᴮχ Ϭ βϥʻ

ᴞ ẽᵦ χ ϤΥσΜ ẽᵦ

ẽᵦ χ ϤΥσΜ ẽᵦ

ẽᵦχ

ẽᵦ

ẽᵦ

ẽᵦ



 

 

ה   23 ┘  24⌐ ∆≤⅔╡⁸ │⁸ ─ ┘

∕─ ─™ↄ≈⅛─ ╩₈ ⌂ ₉⁸∕╣ ╩₈ ≢⌂™

₉⌐  

ה ⸗♦ꜟ≢ ≤ ⇔≡™√ ⌐ ∆╢ ╩ ≤  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 24 ⸗♦ꜟ ▪ꜟⱪ☻♩fiⱠꜟ ⌐ ∫√ 
 

β ⌐ ⇔√ ╩ ⇔≡™╢ 

 

 23 ⸗♦ꜟ ♩fiⱠꜟ  

β ♩fiⱠꜟ ┘₈ ⌂ ₉⁸∕╣ ─₈ ≢⌂™ ₉╩  

 

 



 

 

 

  

 ₒ ⁸ ₓ 

₈ה ⌂ ₉│ 1×10-6 ≢  

₈ה ≢⌂™ ₉│ ─ ≢ ⁹ │ ≤ ∂ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ₒ ה ₓ 

₃  

ה ─ │⁸ ⅜ ∆╢ ⱷ♇◦ꜙ♦

♃כ ─℮∟ ╕≢─ ╩ ⇔⁸

⅛╠ ╩ ⇔ ™√ ≤⇔≡ ⅎ≡™╕∆⁹ 

 

₃  

ה ⸗♦ꜟ ⁸ ─ ─ כ꜠─

☻♄ⱷ▪הכ♄ ⌐╟╢ ⌐≡ ⇔╕⇔√⁹ 

 

β꜠הכ♄כ▪ⱷ♄☻ ╢╟⌐כ♄כ꜠⁸│≥ ─

╩⁸ ⌐ ⇔√ ▪ⱷ♄☻─ ≢ ⇔√ 1km

─ ─ ≢№╢⁹ 

 

ἰ ˢm/ ˣ ῟ḧ ˢ̋ˣ

Hʿ1˷10
-3

Vʿ1˷10
-4

1˷10
-4 30

1˷10
-5 20

ᴟḜϙ ˢỸ ˣ 1˷10-6˙10-4 10

ᴟḜϙ ˢỸ ˣ 1˷10-8˙10-4 5˙10

ᴟḜϙ ˢỸ ˣ 1˷10-8˙10-7 2˙5

ḵ 1˷10
-9 1

︠ σ 1˷10
-6 10

πσΜ ╦χ͎ ╦ρ α

40

Ỹ

ᴏ

βϓϤ

ṁ ḵ



 

 

 ⸗♦ꜟ≢─ ≤ ─ ⌐≈™≡ 

ה ⌐⅔™≡⁸ ⸗♦ꜟ≢ ⌂ ─ ╩ 1.0E-6(m/s)⌐

⇔√ ─ ≤ ─ ╩ ∫√ ≤ ─ ≢⁸ ⸗

♦ꜟ≢─ ≤ ─ ╩ ™╕⇔√⁹ 

ה  25─ ╡⁸ ⸗♦ꜟ≢ ⌂ ─ ╩ 1.0E-6(m/s)⌐

⇔√ ≤ ─ ≢№╢↓≤╩ ⇔╕⇔√─≢⁸ ⁸↓─ ⸗

♦ꜟ╩ ™≡⁸ ─ ─ ╩ ╘≡™ↄ↓≤╩ ⅎ≡™╕∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 25 ⸗♦ꜟ─ ≤ ─ ─  

⸗♦ꜟ 1.0E- 6(m/s) ─ ╩  

 

⁸⅔⌂ה  25─ ⅜ 0.001(m3/s) ─  25─

│⁸ ◘▬☼╩ ⅛ↄ⇔√↓≤⌐╟╡⁸ ⅜ ↕╣ ⅜ ⅎ√

⁸ ⸗♦ꜟ≤ ═ ⅜ ⅝ↄ ↕╣√╙─≤ ⅎ╠╣╕∆⁹ 

⁸√╕ה  25─ ⅜ 1(m3/s) ─  25─○꜠fi☺

│⁸ ╟╡ ─ ─ ⸗♦ꜟ≢─ ≢

─ ⅜ ⸗♦ꜟ─ ─ ╟╡ ─ ≢№╡⁸ ─

≤⇔≡™╕∑╪ ─ ─ ╩≤╡╕≤╘√ ─

⌐╙ ╕╣≡™╕∑╪ ⁹ 



 

 

ה ⌐ ⸗♦ꜟ≢─ ≤ ╩ ⇔√ ⌐⁸ ⸗♦

ꜟ 1.0E- 5(m/s) ≢─ ╩ ⇔⁸  26⌐ ⇔╕∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 26 ⸗♦ꜟ─ ≤ ─ ─  

⸗♦ꜟ 1.0E- 5(m/s) ─ ╩  

 

 

 

 

  



 

 

 ─ ─ ─ ─ ╘ ⌐≈™≡ 

ה ⁸ ⌐≈™≡│⁸ ≢↔ ⇔√ ╡⁸ ╕

≢─ ╩ ⇔╕⇔√⅜⁸ ┼─ ╩ ה ∆╢√╘⌐│⁸

⁸ ⅜ ⌂™ ⌐⅔↑╢♩fiⱠꜟ ⌐ ℮ ─ ╩

∆╢ ⅜№╢≤ ⅎ≡™╕∆⁹ 

≢↓⧵ה │⁸ ⌐ ∂≡ ∆╢ ─ ╩ ⇔√

╩ ™⁸ ⁸ ⅜ ⌂™ ╙ ╘√♩fiⱠꜟ ⌐╟╢ ─

╛ ⌐ ∫√ ─ ╩ ⇔╕∆⁹ 

ꜟfiⱠ♩⁸√╕ה ─ ╩ ⇔⁸♩fiⱠꜟ ⌐ ™≥─╟℮⌂♃▬Ⱶfi

◓≢ ⅜ ∂╢ ⅜№╢─⅛╩ ⇔╕∆⁹ 

ה ─ ╩ ╕ⅎ⁸ ─ ╩ ╘≡™ↄ↓≤╩ ⅎ≡

™╕∆⁹ 

  



 

 

 ⸗♦ꜟ≢─ ⌐≈™≡ 

 ₒ ₓ♩fiⱠꜟ ⌐ ℮ ─ ≤ ─  

ה 21 ⌐⅔™≡ ─ ─ ╩≤╡╕≤╘√ ⌐≈™

≡⁸ ⌐╟╡⁸♩fiⱠꜟ ⌐ ℮ ╩ ⇔⁸ ─

╩ ⇔╕⇔√⁹ 

ᵑ♩fiⱠꜟ ⌐ ℮  

ꜟfiⱠ♩ה ⌐ ℮ ─ ─ ─ ╩  27

⌐⅔ ⇔⇔╕∆⁹ 

ה ⌐ ⌂ ╩ ╕⌂™ ⌐≈™≡│⁸ ─ 5│ ↕╣╕

∑╪≢⇔√⁹ ⌐ ⌂ ╩ ╗ ⌐≈™≡│⁸ ≢ ⌂ ≤

♩fiⱠꜟ⅜ ∆╢╟℮⌂ ⌐⅔™≡⁸ ⅜ ∆╢ ⅜╖╠╣╕⇔√

⅜⁸∕─ ─ ⌐≈™≡│ ─ │╖╠╣╕∑╪≢⇔√⁹

─ ⅜╖╠╣√ ─ ╩  28⌐ ⇔╕∆⁹ 

 

  

                                                   
5 ♩fiⱠꜟ ─ 10 ⁸ ⅜ ↕╣√ ╩ ∆ 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 27 1 ♩fiⱠꜟ ⌐╟╢ ᵑ



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 27 2 ♩fiⱠꜟ ⌐╟╢ ᵒ



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 28 ♩fiⱠꜟ⁸ ⌂ ⁸ ─  

│♩fiⱠꜟ ─ ─  

 

  



 

 

ᵒ ─ ─  

ꜟfiⱠ♩ה ⌐ ℮ ─ ╩ ∆╢√╘⁸ ⌐ ⌂ ╩ ╖⁸ ≢

⌂ ≤♩fiⱠꜟ⅜ ∆╢╟℮⌂ ≢ ─ ⅜ ↕╣√↓≤╩ ╕ⅎ⁸

⌐ ⇔⁸♩fiⱠꜟ ⌐ ℮ ─ ╩ ⇔╕⇔√⁹ ─ ⅜

↕╣√ ⁸ ─♩fiⱠꜟ ─ ≤♩fiⱠꜟ ⌐ ℮ ─

╩  29⁸  30⌐ ⇔╕∆⁹ 

ꜟfiⱠ♩ה ⌐⅔™≡╙ ⅛╠ ⌐⅛↑≡ │ ↕╣╢╙──⁸ ⌂

≢ ∫√ ⌐⅔™≡ ─ ⅜╖╠╣⁸↓╣⌐╟╡ ─

⅜ ∂√╙─≤ ⅎ╠╣╕∆⁹ 

 

 

 

 

 

 

 

 

 

 

 29 ⁸ ─♩fiⱠꜟ ─  

 

 

 

 

 

 

 

 

 

 

 

 

 

 30 ⁸ ─ ─  



 

 

ה ⌐⁸ ⌂ ⌐⅔↑╢ ─ ─ ╩ ∆╢√╘⁸ ⌐≈™≡⁸

♩fiⱠꜟ≤ ╩ ╗  30⁸A A ⌐⅔↑╢ ה ─

╩ ⇔╕⇔√⁹ 

ה  31⌐♩fiⱠꜟ ─ ╩ ⇔╕∆⁹♩fiⱠꜟ │⁸ ≤

⅜ ∆╢ ≢⁸ ≢ ⅝─ ⅜ ╠╣╕∆⁹ ⁸

♩fiⱠꜟ │⁸♩fiⱠꜟ ⌐⅔™≡♩fiⱠꜟ┼ ⅝ ╕╣╢ ─ ╣⅜ ∂⁸

─ ≢│ ⅜ ┼ ⇔≡™╕∆⁹↓╣⌐╟╡⁸ ⌂ ⌐

⅔™≡ ⅜ ⇔⁸ ─ ⅜ ∂╢╙─≤ ⅎ╠╣╕∆⁹ 

ה ─ ╡⁸ ─⸗♦ꜟ⅛╠ ↕╣╢ ─ ─ ⌂ │⁸♩fiⱠꜟ ⌐ ™

♩fiⱠꜟ ⌐ ⅜ ⅝ ╕╣⁸ ⌐⅔™≡⁸ ⅜ ∆╢√╘≢№╢

≤ ⅎ╠╣╕∆⁹ 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 31 ─ ≤ ─  


































