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з ⌐ ∆╢  
 

 ⁸ ⁸ ∕─ ─ ─ ⌐ ∆╢  

33  ≤⇔≡⁸ ─ ─ ⌐ ∆╢ ─ ─ ⌐ ∆╢ ≢ ℮

─ ⌐№∫≡│⁸ ⁸ ⁸ ∕─ ─ ─ ⌐ ∆╢ ⌐ ⌂ ⅜

≢⌂™ ⌐ ∆╢ ─ ⌐ ∆╢ ╩ ╗⁹ ⅜⁸ ⌐ →╢ ╩ ⇔≡⁸ ─

⁸ ─ ⁸ ─ │ ─ ⅜⌂™╟℮⌂ ┘ ≢ ⌐

↕╣⁸⅛≈⁸ ─ ⌂ ⅜⁸ ─ ─ ⌐ ∆╢╟℮⌐ ⅜ ╘

╠╣≡™╢↓≤⁹↓─ ⌐⅔™≡⁸ ⌐ ∆╢ ⅜ ╘╠╣≡™╢≤⅝│⁸ ⅜↓╣

⌐ ⇔≡™╢↓≤⁹ 

 ▬ ─ ⁸ ┘ ─  

  ꜡ ─ ─ ┘ ─  

 Ɫ ─  

 ♬ ─ ─ ┘  

 

 

 ─  

 

 (1) ┘ ─ ⁸ │ ⌐╟╢⁹ 

   ŋ ─ ⌂ ⌐№∫≡│⁸ ╩≢⅝╢∞↑80 120 ⁸ ╩30 50 ≤∆╢↓≤⁹ 

   o ─ ⌂ ⌐№∫≡│⁸ │≢⅝╢∞↑ ≤∆╢↓≤⁹ 

   ɔ ⁸ ─ ╩ ∆╢ ─ ─ │⁸ ─≤⅔╡≤∆╢⁹ 

   ▬ │ ⌐⅔™≡│⁸ 130 ⁸⅛≈⁸ 150 ⁹ 

    ꜡ ─ ⌐⅔™≡│⁸ 150 ⁸⅛≈⁸ 200 ⁹ 

   Ɫ ⌐⅔™≡│⁸ 150 ⁹√∞⇔⁸ 34 10 ▬ ─

⌐⅔™≡│⁸ 150 ⁸⅛≈ 200 ⁹ 

     ⌂⅔⁸∕╣∙╣─ │⁸ ─ ╩ ™√╙─≤∆╢↓≤⁹ 

   ᴖ ⁸ ─ ╩ ∆╢ ─ │⁸ ⌐ ⇔⁸⅛≈⁸∕─ ∆╢

─ ╟╡╙ ↄ∆╢↓≤⁹ 
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(2) ─ │⌂╢═ↄ ⅝≤⇔⁸∕─ │30 ⁸ ─ │12 ╩

≤∆╢↓≤⁹√∞⇔⁸ ─ ⌐╟╡╛╗╩ ∏ ⅝ ≤⌂╢ ─ ─ │

10 ≤∆╢↓≤ 

 
 

 ─  

─ ⌐│⁸ ≤⇔≡ ╩ ∆╢↓≤⁹ 

 

  

┘∕─ ─ ⁸ ⁸∕─ ─ ⌐≈™≡⁸∕─ ┘ ─

╩ ⇔≡⅔ↄ↓≤⁹ 

 

 ≤─  

(1) ⌐ ⇔≡⁸ ⁸ ⁸ ─ ⌐ ∆╢ ⁸ ⁸ ⁸

⁸ ⁸ ⁸ ⁸ ⁸ ⁸ ⁸

┘ ─ ⌐ ≠ↄ ╩ ∆╢ │⁸ ⌐∕─ ╩ ∂≡⅔ↄ

↓≤⁹ 

(2) ◗ꜟⱨ◖כ☻─ ⌐≈™≡│⁸ ⅜ ╘√₈ ⌐⅔↑╢◗ꜟⱨ ₉⅜№╢⁹ 

(3) ⁸ ─ ⁸ ─ │ ⌐╟╢⁹ 

   ŋ ⅜ ⌐ ∆╢ ⁸ ⌐ ─ ™ ⌐≈™≡│ ⇔⁸≢⅝

╢∞↑ ╩ ↑╢↓≤⁹ 

   o ⅜ ∆╢ ╩ ∆╢ │⁸ ⌐ ─ ┘ ─ ⁸

│ ≤ ─ ⁸ ⁸ ─ ⌂ ⌐≈™≡ ╩ ℮↓≤⁹ 

   ɔ ╙⇔ↄ│ ⌐ ╩ ⇔√ │⁸ ─ ╩ ⌂℮≤ ⌐⁸ ╛ ≤⇔≡

╩ ≡⁸ ─ ⌐ ╘╢↓≤⁹ 
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и ⌐ ∆╢  
 

33 ⌐╟╡₈ ≤⇔≡ ─ ─ ⌐ ∆╢ ─ ─ ⌐ ∆╢ ≢ ℮

─ ₉⌐≈™≡│⁸ 25 ⁸ 20 ⁸ 20 ─ ┘ 24 ⌐

↕╣≡™╢ ⌐ ∫≡⁸ ╩ ⇔⌂↑╣┌⌂╠⌂™⁹√∞⇔⁸ ─ ─ ≢⁸╛╗╩

⌂™≤ ╘╠╣╢ │↓─ ╡≢│⌂™⁹ 

⌐ ∆╢ ⌐≈™≡⁸ ─ │ ─≤⅔╡⁹ 

 ─ 2-3  

 

 ─ ─ 2-4  

(1) ─  

 (2) ─ ─  

   ŋ ⌐ √⌐ ⅜ ↕╣⌂™  

   o ⌐ √⌐ ╩ ∆╢  

(3) ─ ─  

(4) ─  

 

 ─ 2-16  

(1)  

(2)  

(3)  

(4) ─  

(5) ─  

(6) ─  

(7)  

(8)  

 

 ⌐ ∆╢∕─ ─ 2-24  

 

 

 ─  

25  │⁸ ⌐⅔™≡ ╘╠╣√ ┘ ─ ─ ╩ ∆╢↓≤

⌂ↄ⁸⅛≈⁸ ⌐№╢ ≤ ∆╢ ⅜№╢≤⅝│⁸ ≤ ⇔≡↓╣╠─ ─

⅜ ⌐ ↕╣╢╟℮⌐ ↕╣≡™╢↓≤⁹ 
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 ─ ─  

25  ─ ⁸ ─ ─ ⌐ ∂≡⁸ 12 ≢

≢ ╘╢ ≢ ⅜⌂™ │⁸ ─ ─ ⅜

─ ⌐ ∆╢╟℮⌐ ↕╣≡™╢↓≤⁹√∞⇔⁸ ─ ┘ ⁸ ─ ─

─ ┘ ─ ⌐ ╠⇔≡⁸↓╣⌐╟╢↓≤⅜ ⇔ↄ ≤ ╘╠╣╢ ≢№∫≡⁸

─ ⁸ ─ ⁸ ─ ┘ ─ ⅜⌂™≤ ╘╠╣╢ ┘ ─

≢ ≢ ╘╢╙─⅜ ↕╣≡™╢≤⅝│⁸↓─ ╡≢⌂™⁹ 

25  ⌐⅔↑╢ ─ ⅜20ha ─ ≤⇔≡

─ ─ ⌐ ∆╢ ≢ ℮ ╩ ↄ⁹ ┘ ⌐⅔™≡ ∂⁹ ⌐№∫≡│⁸

─ ⅛╠250 ─ ⌐ 12 ─ ⅜ ↑╠╣≡™╢↓≤⁹ 

25  ─ ⌂ │⁸ ─ ≤⇔≡ ─ ─ ⌐ ∆╢

≢ ℮ ⌐№∫≡│⁸6.5 ─ ─ ─ ─ ⌐╟╡╛╗╩ ⌂™

≤ ╘╠╣╢≤⅝│⁸ ─ ⌐ ⅜⌂™ ⌐ ⇔≡™╢↓≤⁹ 

 

20  25 ─ ≢ ╘╢ ─ │⁸ ─ │ ─ ⇔

ↄ│ ─ ≢∕─ ⅜1,000 ─╙─⌐№∫≡│ ≢⁸ ⌐⅔

↑╢ ─ ─√╘ ⅜№╢≤ ╘╠╣╢ ⌐№∫≡│⁸ ⁸∕─ ─╙─⌐№∫≡│

≤∆╢⁹ 

20 ─  25 √∞⇔ ─ ≢ ╘╢ │⁸ ⌐ →╢ ⌐ ∆╢╙─

≤∆╢⁹ 

 ⌐ √⌐ ⅜ ↕╣⌂™ ─ ⌐ ∆╢ ≢№╢↓≤⁹ 

  ⅜ ≢№╢↓≤⁹ 

 

│⁸ ─ ╩ ─ ⌐ ∫≡ ∆╢↓≤⁹ 

 ⌂⅔⁸ ⌐≈™≡│⁸₈ ₉ ╩ ∆╢↓≤⁹ 

 β₈ ₉  

┘ ה    

⌐ ה   ≠ↄ ─ ─ ┘ ─ ╩ ╘╢ ┘⌐  

┘ ה    

─ ה   ─ ⌐ ∆╢ ┘  

─ ה   ─ ┘ ─ ⌐ ∆╢ ┘⌐  

⅜ ה   ∆╢ ─ ─ ╩ ╘╢ ┘  
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 (1) ─  

↓─ ─ ≢⁸ ─₈ ₉≤│⁸ ─ ⌐ ∆₈ ₉╩™℮⁹√∞⇔⁸ ─

ꜟכ꜠♪כ●⁸│≡∫№⌐ ─ ⌐╟∫≡ ⅜ ⇔⁸⅛≈⁸╛╗╩ ⌂™ ⅜ ╘

╠╣╢ ⌐ ╡⁸ ─₈ ₉╩₈ ₉≤╖⌂∆⁹ 

 

   ŋ ─  

 

 

 

 

 

 

 

   o ─ ⌂⇔  

 

 

 

 

 

 

 

   ɔ ─  

 

 

 

 

 

 

 

   ᴖ ─  
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   ᴗ ─  

 

 

 

 

 

 

 

 

 

 

   p ─  

 

 

 

 

 

 

 

 

 

 

 

─ │⁸ ≤─ ⌐╟╢⁹ 
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(2) ─ ─  

≤│⁸ ≤⇔≡⁸ ╕≢ ⌐ →╢ ─ ⌐ ∂≡ ╘╢ ≢ ∆╢

╩™℮⁹ 

╕√⁸ ⌐⅔↑╢ ─ ⅜20ha ─ ≤⇔≡ ─

─ ⌐ ∆╢ ≢ ℮ ╩ ↄ⁹ ⌐№∫≡│⁸ ─ ⅛╠250 ─

⌐ 12 ─ ⅜ ↑╠╣≡™╢↓≤⁹ 

 

 ŋ ⌐ √⌐ ╩ ⇔⌂™  

─ │⁸ ⁸ ─ ⌐ ∂≡ ─ ⌐ →╢ ─ ⌐ ∆╢ ≤∆

╢ ⅜№╢⁹ 

─ ┘ ─   

ה ─ ⌐ ∆╢ ≢⁸ 

⅜5,000 ─╙─ 
 

ה ╩ ╗ ≢⁸₈ ═ ⅜1,000 ₉ │₈ ⅜

3,000 ₉─╙─ 
 

ה ≢⁸ ⅜5,000 ─╙─ 
 

ה ה  
 

─⧵ה ⌐ ∆╢╙─ 

 
  

ה ─╙─  

 

ה √╢ ≢⌂™↓≤ ⌐╟╡⁸ ↕╣╢ ─ ⅜ ↄ⌂ↄ⁸ ⅜⌂™≤ ╘╠╣╢ │⁸

₈ ₉╩ ⌐ ∆╢↓≤⅜≢⅝╢⁹ 

ה ─℮∟ ─ ⌐ ∆╢20ha ─ ≢⁸ ⅜⌂™≤ ╘╠╣╢ │⁸₈ ₉

╩ ⌐ ∆╢↓≤⅜≢⅝╢⁹ 
 

 o ⌐ √⌐ ╩ ∆╢ 25  

─ ⌂ │⁸ ⁸ ─ ⌐ ∂≡ ─ ⌐ →╢ ─ ⌐ ∆╢

≤∆╢ ⅜№╢⁹ 

 
─ ⌐ ∂√  

ha  ha 20ha  20ha  

    6.5   

 6.5   

─℮∟ ─ ⌐ ∆╢ ≢⁸ ⅜⌂™≤ ╘╠╣╢

│⁸₈ ₉╩ ⌐ ∆╢↓≤⅜≢⅝╢⁹ 

─ ⌐ ∆╢ ≢⁸ ⅜⌂™≤ ╘╠╣╢ │⁸

₈6.5 ₉╩ ⌐ ∆╢↓≤⅜≢⅝╢⁹ 

 

     √∞⇔⁸ ≤ ─╘√─fiꜛ◦כ◄ꜞ◒꜠√⇔ ─ ⌐ ∆╢ ≢⁸

⅛╠ ∆╢ ╛ ─ ⅜ ↄ⌂™↓≤⅛╠ ⅜⌂™≤ ╘╠╣╢╙─

⌐№∫≡│⁸↓─ ╡≢⌂™⁹ √∞⇔⁸ ─ │ ⁹  
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 (3) ─ ─  

⌐ √⌐ ╩ ∆╢ │⁸ ─ ה ⁸ ─ ⌐

∂≡⁸ ─ ⌐ →╢ ─ ⅜∕╣∙╣─ ⌐ ∫≡ ─ ⌐ ∆╢╟℮

⇔⁸⅛≈⁸ ─ ⌂ ⅜ (2) ᵒ⌐ ∆╢ ─ ⌐ ↕∑╢╙─≤∆╢⁹ 

 

    ─ ─  

 

 

─ ⌐ ∂√  

 
ha 

 
ha 

 
ha 

  

ha 
 

20ha 
  

20ha 
 

 
 

 
 

 
 

 

 
 

─ ⅜1,000 ─ 
│ ─ │⁸  

≤│ 120 ╩™℮⁹ 
│ 2-9₈(4) ─ ₉ ⁹ 

 
   

 
7.5  

 
 

⅛╠150 ─ ⌐⁸
⅜ ↑╠╣≡™╢↓≤ │ ─(2)ᵒ
2-7 ⌐ →╢ ─ ⅜ ↑╠╣≡™╢↓
≤⁹ 

 
   

 
12  

 

⅛╠250 ─ ⌐⁸
⅜ ↑╠╣≡™╢↓≤ │ ─(2)ᵒ
2-7 ⌐ →╢ ⌐№∫≡
│12 ─ ⅜ ↑╠╣≡™╢↓≤⁹ 

 

 
 ה

 
   

 
─ ⅜1,000 ─ 

│ ─ │⁸  
≤│ 120 ╩™℮⁹ 

 
   

 
12  

 

⅛╠250 ─ ⌐⁸
⅜ ↑╠╣≡™╢↓≤ │ ─(2)ᵒ
2-7 ⌐ →╢ ⌐№∫≡
│12 ─ ⅜ ↑╠╣≡™╢↓≤⁹ 

⁸ ╩ ─ ⌐ ∆╢↓≤│ ╘╠╣╢⅜⁸∕─ │⁸ ≢ ─

╩ ∆╢↓≤⁹ 
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 (4) ─ ─ ה ─  

24  │⁸ ≢⌂™↓≤⁹√∞⇔⁸ ─ ⇔ↄ│ ≤ ─ ≤

─ ⅜ ↕╣≡™╢ │ ┘ ⅜ ↑╠╣≡™╢ ┘ ─

⅜⌂™ │⁸↓─ ╡≢⌂™⁹ 

(3) ₈ ─ ─ ₉─≤⅔╡⁸ ─ ─ │ ≤⇔≡ ≢№╢⁹√

∞⇔⁸ ⌐ ╡ ≤∆╢↓≤⅜≢⅝╢⁹ 

╕√⁸ ─ ⅝ ╕╡─ ⌐≈™≡│⁸ ⌐⅔™≡ ↕╣≡⅔╡⁸ ≤⇔≡

↕╣≡™╢⁹√∞⇔⁸ ─√∞⇔ ⌐ ∆╢ ⌐ ∫≡⁸ ≤∆╢↓≤⅜≢⅝╢⁹ 

↓╣╠─ ─ ⌂ │⁸ ╡ ↑ ≤ ⌐ ↑≡⁸ ─ᵑ ┘ᵒ⌐╟╢⁹ 

 

 ŋ ╡ ↑  

    ─ ≤⇔≡ │ 2-11 ᵑ ≢№╢⅜⁸ ╡ ↑ ⌐≈™≡│⁸₈ ╡

↑─ ₉ ┘₈ ₉⌐ ∂≡⁸ ─ ⌐ →╢╟℮⌂ ─ ╩ ∆╢

↓≤⅜≢⅝╢⁹ 

╡ ↑─   ─   

⅜₈ ─

₉ │₈ ─

₉⌐ ∆╢  

120 ─  ╩ ≤∆╢↓≤⅜≢⅝

╢⁹ 

ᵒ  

ᵒ  

120 ─  120 ╕≢─ ⇔√ ⌐ ╡⁸ ╩

≤∆╢↓≤⅜≢⅝╢⁹∕─

─ │ ≢ 12 ─

≤∆╢⁹ 

 ɔ

⅜ ─ ⌐ ⇔⁸

─ ⅜₈ 1.8

─ ─ ₉⌐

∆╢  

80 ─  ╩ ≤∆╢↓≤⅜≢⅝

╢⁹ 

 ᴖ

80 ─  80 ╕≢─ ∆╢ ⌐ ╡⁸

╩ ≤∆╢↓≤⅜≢⅝╢⁹∕

─ ─ │ ≢ 12 ─

≤∆╢⁹ 

 ᴗ
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 o ─  

    ─ │ ≤⇔≡ ↕╣≡™╢⅜⁸ ⌐ →╢╙─│ ╘≡™╢⁹ 

   ▬ ⅜ ─╙─ 2-12 ᵖ  

    ꜡ ─ ⌐ →╢⁸₈ ∆╢ ₉ ┘₈ ₉⌐ ∂√₈ ─ ₉╩ ⇔√

╙─ 

 ₈ ⅜ ─ ─ ₉⌐₈ ─ ─ ₉╩ ∆

╢ │⁸ ─ ─ ⌐ ⅎ≡⁸ ─ ⌐ ₈  ⌐ ↑╢ ₉

2-14 ⌐ ∆╢ ╩ ↑⌂↑╣┌⌂╠⌂™⁹ ᵚ ⁸ ᵚ  

∆╢   ─   

₈ ─ ₉⁸

₈ ─ ₉

│₈ ≢ ╡ ↑─

₉⌐ ∆╢  

35  ≤∆╢⁹ ᵗ  

ᵗ  

₈ ─ ₉

│₈ ─ ₉

⌐ ∆╢  

35 ≢120

─  

╩ ≤⇔⁸ ⅜35 ↔≤

┘ ⌐⁸ 2-14₈  ⌐ ↑

╢ ⁸  ⌐ ↑╢ ₉

⌐ ∆╢ ╩ ↑╢⁹ 

 u

120 ─  120 ╕≢─ ⇔√ ⌐ ╡⁸ ⅜

35 ↔≤ ┘ ⌐⁸ 2-14

₈  ⌐ ↑╢ ⁸  ⌐

↑╢ ₉ ⌐ ∆╢ ╩

↑≡⁸ ╩ ≤∆╢↓≤⅜≢⅝╢⁹

∕─ ─ │ ≢ 24

─ ≤∆╢⁹ 

ᵙ  

ᵙ  
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 ɔ ─  

   ▬ ╡ ↑ ⁸  

     ᵑ ┘ ᵖ│ ≢№╢⅜⁸∕─ │ ⌐ ≠™√ ≢№╡ ∆╢╙─≢│⌂

™⁹ 

 

 

 

 

 ŋ

 

 

 

 

 

ᵒ  

 

 

 

 

 

ᵒ  

 

 

 

 

 

 ɔ

 

 

 

 

 

 ᴖ
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 ᴗ

 

 

 

 

 

 p

 

 

 

 

 

ᵗ              ᵗ  

 

 

 

 

 

 

ᵗ  

 

 

 

 

 

 

 u

 

 

 

 

 

 

ᵙ  
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ᵙ  

 

 

 

 

 

ᵚ  

 

 

 

 

 

ᵚ  

 

 

 

 

 

 

 

 ꜡  

 v
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 ᴥ

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ɫ ─  

 ─ ╡│⁸ ─╟℮⌂ ≤∆╢⁹ 

│ ≢№╡⁸ ≤╖⌂∑╢╙─⌐ ╢⁹ 

 ⌐ ↑╢  
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 ⌐ ↑╢  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

─ ⅜4m ─ │⁸∕╣∙╣─ ─ 

─ ╡╩ ╗╙─≢№╣┌╟™⁹ 

β₈  ⌐ ↑╢ ₉╙ ≤∆╢⁹ 
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 ─  

(1)  

24  │⁸ ∕─ ─ ⅛≈ ⌂ ⌐ ╩ ╓↕⌂™ ≤⇔⁸⅛≈⁸

⌂ ─ ⅜ ↕╣≡™╢↓≤⁹ 

 ŋ ─ │⁸☿ⱷfi♩◖fi◒ꜞכ♩ ⁸▪☻ⱨ□ꜟ♩ ⁸ ⁸ ⁸ ⱴ ◌

♄ⱶ⁸ ⁸∕─ ⌠⅛╢╖⌐⌂╠⌂™ ≤∆╢↓≤⁹ 

    ⌂⅔⁸ ≤⇔≡ │▪☻ⱨ□ꜟ♩ │☿ⱷfi♩◖fi◒ꜞכ♩ ≤∆╢↓≤⁹

⅜ ╩↓ⅎ╢ │⁸∆═╡ ╘ ⌂ ╩ ∂╢↓≤⁹ 

   o ┘ ─ │⁸ ╩ ∆╢ ╩ ⅝⁸ ─ ⌐ ∂⁸ ─ ─ ⌐ →

╢ ╩ ≤∆╢↓≤⁹⌂⅔⁸ ─ │ ╩ ≤∆╢↓≤⁹ 

  ─          

☿ⱷfi♩◖fi◒ꜞכ♩  

┘▪☻ⱨ□ꜟ♩  
1.5 2.0  

∕    ─     3.0 5.0  

 

 ɔ ─ ⌐ ⇔≡│⁸₈ ₉⁸₈ ₉⁸₈ ₉

⌐ ∆╢↓≤⁹ 

 

    ▪☻ⱨ□ꜟ♩  

   ─   

ה    

 

 15  

 15   40  

 40   100  

  100   250  

  250  1,000  

 
 1,000  3,000  

 3,000  

 

─ ↕ 

 ─ ↕ cm  

  

          

 10  

 15 10  

 20 15  

 │⁸ ⌐ ┘☿ⱷfi♩ה ╩ ™╢ ─ ↕╩

∆⁹ 
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cm  

cm  cm  
 

 

cm  fiꜝכꜗ◦♇ꜝ◒    

 

 
  20  20 17.0 45 

   12 25 17.9 42 

 
  15  20 15.3 40 

   10 20 15.5 35 

 
  15  15 14.0 35 

   10 15 14.3 30 

 
  10  15 12.3 30 

   10 10 13.0 25 

   10  10 11.0 25 

 

 

  10  50 21.0 65 

  25  30 21.3 60 

   15 35 22.0 55 

 
  15  35 19.0 55 

   15 25 19.5 45 

 

  10  40 18.5 55 

  20  25 18.3 50 

   15 20 18.3 40 

 
  10  30 16.0 45 

   15 15 17.0 35 

 
  15  15 14.0 35 

   10 15 14.3 30 

12 
  10  20 13.5 35 

   10 10 13.0 25 

 

 

10  15  55 29.0 80 

10  30  35 29.3 75 

10   25 25 30.0 60 

 

10  10  50 26.0 70 

10  25  30 26.3 65 

10   20 20 26.0 50 

 
10  15  35 24.0 60 

10   15 25 24.5 50 

 
10  10  30 21.0 50 

10   15 15 22.0 40 

 
10  15  15 19.0 40 

10   10 15 19.3 35 

12 
10  10  15 17.3 35 

10   10 10 18.0 30 
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cm  

cm  cm  
 

 

cm  fiꜝכꜗ◦♇ꜝ◒    

 

 

15  40  40 39.0 95 

15   30 30 39.0 75 

10 10 35  35 39.0 90 

10   25 35 39.7 79 

 

15  15  60 35.3 90 

15  30  40 35.5 85 

15   25 25 35.0 65 

10  25  40 35.2 83 

10   15 45 35.9 78 

 

15  20  40 32.0 75 

15   15 35 32.0 65 

10  20  35 32.2 73 

10   20 20 32.4 58 

 

15  10  40 28.5 65 

15  20  25 28.3 60 

15   15 20 28.3 50 

10  20  20 28.4 58 

10   15 15 28.4 48 

 

15  10  30 26.0 55 

15   15 15 27.0 45 

10  15  20 26.7 53 

10   10 20 26.9 48 

12 
15  10  20 23.5 45 

15   10 10 23.0 35 

20 15  10  10 21.0 35 

β ⁸ ⌐≈™≡│⁸ ─ ╩№╕╡ ∆╢ ⅜⌂™ ⌐≈™≡ ≢⅝ ╢

╙─≤∆╢⁹ │ ⌐╟╢  

β ⁸ ⌐≈™≡│⁸ ⅜ ↄ⌂╢√╘ ⌂ ─ ≢╙ ─ ⅜  ↕

╣╢√╘⁸ ⌐≈™≡ ╩ ℮↓≤⁹ 

 

 ᴖ │ ╩ ⌂ ≤∆╢⁹ 

 ▬      10cm 

  ꜡    ▪☻ⱨ□ꜟ♩   cm 
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(2)   

24  ⌐│⁸ ╩ ⌐ ∆╢√╘ ⌂ ⁸ ∕─ ─ ⌂ ⅜ ↑

╠╣≡™╢↓≤⁹ 

⌐│⁸ ╩ ⌐ ∆╢√╘⁸ ≤⇔≡ ─ ─ ≤ ─ ╩ ↑╢↓≤⁹╕

√⁸ ◖fi◒ꜞכ♩ ─ │⁸ 10 ╩ ⌐ ↑⌂↑╣┌⌂╠⌂™⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

◖fi◒ꜞכ♩  

 

┘ 
 

    mm  
     

      

a b c d e f  g h i  
 

mm  
 
 

 
mm  

 
 

250  250 100 100 450 55 100 155 80 85 4 5 4 5 

300 300 100 100 500 55 100 155 85 90 4 5 4 5 

350 350 100 100 550 55 100 155 155 95 4 5 6 5 
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(3)   

24  ─ │⁸ ≢№╢↓≤⁹√∞⇔⁸ ⌐╟╡╛╗╩ ⌂™≤ ╘

╠╣╢ │⁸ ⌐ ╡⁸12 ≤∆╢↓≤⅜≢⅝╢⁹ 

 

 ŋ ─ │⁸ ─ ⌐ →╢ ≤∆╢↓≤⁹ 

─   
⌐╟╡╛╗╩ ⌂™≤ ╘╠ 

╣╢ ─  

  12  

  10  

   

 

   o ⌐╟╡╛╗╩ ⌂™≤ ╘╠╣╢ ─ ─ │⁸ ─ ─ ╩ ≤∆╢↓≤⁹ 

         

 300  

 200  

 150  

10  100  

10 12  50  

 

   ɔ ─ │⁸ ─ ─ ─ ╩ ≤∆╢↓≤⁹√∞⇔⁸ ⌐╟╡╛╗╩ ⌂™

⌐≈™≡│⁸ ─ ╕≢ ∆╢↓≤⅜≢⅝╢⁹ 

        

 100  80  

 60  50  

 15   

 

 

(4) ─  

24  │⁸ ≢⌂™↓≤⁹√∞⇔⁸╙∫┐╠ ─ ─ ⌐ ∆╢ ≢⁸

─ ⅜⌂™≤ ╘╠╣╢╙─⌐№∫≡│⁸↓─ ╡≢⌂™⁹ 

 

   ≤∆╢ │⁸ ─ ⌐ ∆╢ ╩ ↑╢╙─≤∆╢⁹ 

 ŋ ─ ─ ⅜30 ⁸↑№→─ ⅜15 ≤∆╢↓≤⁹ 

   o ↕⅜ ╩ ⅎ╢╙─⌐№∫≡│⁸ ↕ ↔≤⌐1.5 ─ ─ ╩ ↑╢↓≤⁹  ɔ

⌐│ ⌐ ∂≡ ⌂ ∆╡╩ ↑╢↓≤⁹ 
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(5) ─  

24  ─⌂™ ⅜ ≢ ⇔⁸ ⇔ↄ│ ∆╢ │ ─⌂™ ─╕

⅜╡⅛≥│⁸ ⌂ ↕≢ ⅜ ╡ ╠╣≡™╢↓≤⁹ 

 

 ŋ ─ │⁸ ≤⇔≡ ≤⇔⁸ ─ │≢⅝╢∞↑ ╛⅛⌂╙─≤∆╢↓

≤⁹ 

 o ≤ ≤─ │⁸ ≤⇔≡ ≤⌂╢═⅝ ┘

≤─ ╩ ℮↓≤⁹ 

 ɔ ─ │⁸ ≤⇔≡60 ≢ ⌐ ™╙─≤⇔⁸╛╗╩ ⌂™≤ ╘╠╣╢ ≢╙

45 ≤∆╢↓≤⁹ 

 ᴖ ╡─ ╡ │⁸▬╩ ≤∆╢↓≤⁹╛╗╩ ⌂™≤ ╘╠╣╢ │⁸꜡≤∆╢↓≤⅜≢⅝

╢⁹√∞⇔⁸ ≤─ ⌐╟╡ ╘╢ │⁸↓─ ╡≢│⌂™⁹ 

    ╕√⁸ ╩ ∆╢ ─ │⁸ ⌐≈™≡↓─ ╩ ∆╢↓≤⁹ 

    ⌂⅔⁸ ─ ≤ ∆╢ │⁸ 42 ╩

≤╖⌂⇔≡ ╡╩≤╢↓≤⁹ 

▬ ╡ ─ ⅜╡ ╩ ⌐ ╢  

     ─ ─ ─ ↕⌐≈™≡⁸ ⌐ ∂ ─ ⌐ →╢ ↕ ∆╢↓≤⁹ 

     ⌂⅔⁸ ⌐ ╢↓≤⁹ 
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╡─ ↕₈ ₉─ │⁸ ≤ ⌐ ∆╢⁹  

 

 

 
40  

30  

40  

20  

30  

15  

20  

12  

15  

10  

12  

 

10  

 

 

 

 

 

 
     

3 
4 
2 

3 
4 
2 

3 
4 
2 

3 
4 
2 

 

 
  

5 
6 
4 

5 
6 
4 

5 
6 
4 

5 
6 
4 

5 
6 
4 

5 
6 
4 

 

 

10  
  

5 
6 
4 

5 
6 
4 

5 
6 
4 

5 
6 
4 

5 
6 
4 

  

10  

12  
 

5 
6 
4 

5 
6 
4 

5 
6 
4 

5 
6 
4 

5 
6 
4 

   

12  

15  

6 
8 
5 

6 
8 
5 

6 
8 
5 

6 
8 
5 

6 
8 
5 

    

15  

20  

8 
10 
6 

8 
10 
6 

8 
10 
6 

8 
10 
6 

     

20  

30  

10 
12 
8 

10 
12 
8 

10 
12 
8 

      
      
      
  

 
⅜ 

60 120 ─  30  

40  

10 
12 
8 

10 
12 
8 

   
   
   

 
⅜ 

45 60 ─  
   

40  
12 
15 
8 

    

    
 

⅜ 
120 135 ─  

 

 ꜡ ╡ ─╕⅜╡⅛≥∞↑╩ ╢  

     ─ ─ ─ ↕⌐≈™≡⁸ ─℮∟ ™ ─ ─ ─ ↕ ─ │

∆╢↓≤⁹ 
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(6) ─  

25  ─ ─ │⁸ ⅜ ↕╣≡™╢↓≤⁹ 

24  │⁸ │↕ↄ∕─ ↓╣⌐ ∆╢ ⌐╟∫≡ ⅛╠ ↕╣≡™╢

↓ 

≤⁹ 

 

 ŋ ≤ │ ≤⇔≡ ≢ ↕╣≡™╢↓≤⁹√∞⇔⁸ ╩ ∆╢↓≤⅜ │

⌂ │⁸ ─ ≢ ∆╢↓≤⁹ 

 o ⱴ►fi♪▪♇ⱪ♃▬ⱪ─ │⁸ ─ ─ ─ ⌐ ∆╢ ╟╡ ╩ ─ ⌐ →

╢ ∞↑ ↄ∆╢↓≤╩ ≤∆╢↓≤ ⌐ ∆╢ │⁸ ⱨꜝ♇♩♃▬ⱪ≤∆╢↓≤ ⁹ 

13 ≢⅛≈ ⅜ ⌂™  20cm  

─  15cm 20cm  

   ɔ ⁸ ┘ ─ │⁸₈ ₉ ╩ ∆╢↓≤⁹ 

   ᴖ ⌐│ ╩ ≤⇔≡ ╩ ∆╢╙─≤⇔⁸ │ ≤∆╢↓≤⁹ 

 

(7)  

 ŋ ⌐│⁸ ─ ╩ ∆╢√╘⁸ ⌐ ∆╢ ⌐ ╩ ↑╢↓≤⁹ 

▬ ┘ ─ ─ ─√╘ ≤ ╘╠╣╢  

 ꜡ ≢ ⅜ ↄ ─ ⅜ ≤ ╘╠╣⁸ ╩ ∆╢ ⅜№╢

 

Ɫ ≢ ⅜ ⅝ ╢⅔∕╣⅜№╢  

♬ ─ ╡ ─ ─  

ⱱ ⅜ ↄ ≤ √∞⇔⁸ ≢│1.5 ─ ─№╢  

Ⱬ ∕─ ─ ≤ ╘╠╣╢  

 o │₈ ─ ה ₉ ⌐ ∆╢↓≤⁹ 

 ɔ ─ ─ ≤ ╘╠╣╢≤⅝│⁸ ⌐ ⁸ ⁸ ─

╩ ∂╢↓≤⁹ 

 

(8)  

 ŋ ⁸ ─ ∕─ ↓╣╠⌐ ∆╢ ─ │⁸ ⁸◖fi◒ꜞכ♩ │↓╣╠⌐ ∏

╢ ≤∆╢╙─≤⇔⁸ │⁸ ⌐№∫≡│ 245kN─ ─ ⅜

™ ╩ ⇔√ ⁸ ⌐№∫≡│ ─ ─ ─ ⌐

∂⁸ │ 245kN─ ─ ⅜ ™ ╩ ⇔√ ≤∆

╢↓≤╩ ≤∆╢⅜⁸ ┘ ⌐≈™≡│⁸ ─ ╩ ⌐ ╘╢↓≤⁹ 

 o ─ │⁸₈ ₉ ⌐ ∆╢↓≤⁹ 
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 ⌐ ∆╢∕─ ─  

(1) ⁸∕─ ─ ─ │⁸₈ ₉ ─ ─ ⌐ ∆╢↓≤⁹ 

(2) ─ ⅜ ─ ⌐│⁸ ⌂ ╩ ∆╢√╘⌐⁸ ≤⇔≡⁸ ╩ ↑≡

╩ ─ ⌐ ∆╢↓≤⁹ 

⌂⅔ ─ │⁸₈ ₉ ╩ ∆╢↓≤⁹ 

(3) ⁸ ⁸ ⌂≥⌐⅔↑╢ │⁸ ⅜⌂™╟℮ ∆╢↓≤⁹ 

(4) ─ ─ ↕│⁸ ≤─ ⌐╟╢↓≤⁹ 

(5) ⌐╟╡ ↕╣╢ ─ ⁸ │⁸ ─ ─╕∟≠ↄ╡ 1-

75(6) ─ ╩ ↑╢ 
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й ⁸ │ ⌐ ∆╢  
 

 ─  

25  ─ ⅜0.3ha ha ─ ⌐№∫≡│⁸ ⌐⁸ ─ ⅜

─ ─ ─ ⁸ │ ⅜ ↑╠╣≡™╢↓≤⁹√∞⇔⁸ ─ ⌐

─ ⁸ │ ⅜ ∆╢ ⁸ ─ ⅜ ─╙─≢№╡⁸⅛≈⁸∕─

⅜ ≢№╢ ─ ─ ┘⌐ ─ ┘ ─ ╩ ⇔≡ ⌐

⅜⌂™≤ ╘╠╣╢ │⁸↓─ ╡≢⌂™⁹ 

25  ─ ⅜ ha ─ ⌐№∫≡│⁸ ≢ ╘╢≤↓╤⌐╟

╡⁸ ⅜ 300 ≢№╡⁸⅛≈⁸∕─ ─ ⅜ ─ ─ ─

─ ⅜ ─╙─≢№╢ │⁸ ⁸ │ ⅜ ↑╠╣≡™╢↓≤⁹ 

21  ─ ⅜ ha ─ ⌐№≈≡│⁸ ⌐ ╘╢≤↓╤⌐╟╡⁸∕─ ─

⌂ ⅜ ↕╣╢╟℮⌂ ⌐ ─ ⅜ ─╙─≢№╢ │⁸ ⁸

│ ⁹ ↓─ ⌐⅔™≡ ∂⁹ ╩ ↑⌂↑╣┌⌂╠⌂™⁹ 

 ─ │⁸ 300 ≢№╡⁸⅛≈⁸∕─ ─ ⅜ ─ ─ ≢№╢

↓≤⁹ 

 ─ ⅜20ha ─ ⌐№∫≡│∕─ ⅜1,000 ─ ⅜ ⁸

─ ⅜20ha ─ ⌐№∫≡│∕─ ⅜1,000 ─ ⅜ ≢№╢↓≤⁹                             

 

  ŋ ⁸ ⁸ ─ │ ⌐╟╢⁹ 

  ▬  

    ≤⇔≡ ─ ⌐⅔↑╢ ⁸ ⁸ ⁸ ⁸∕─ ─fiꜛ◦כ◄ꜞ◒꜠─ ⌐ ∆╢√

╘─ ╩ ↑√ ≢⁸ ⅜ ─╙─⌐№∫≡│⁸ ─ ⅜

≢№╡⁸ ⌐№∫≡│ ─ ⅜ ≢№╡⁸ ─ ⅜15 ╩ ⅎ⌂™

╙─╩™℮⁹ 

   ꜡  

    ⌐⅔↑╢ ─ ⁸ ─ ⇔ↄ│ ⁸ ─ ⁸ ─ ⁸

⌐⅔↑╢ │ ≤⇔≡ ─ ⌂ ─ ⌐ ∆╢√╘ ↑╢ ≢⁸ ─

⅜30 ╩ ⅎ⌂™╙─╩™℮⁹ 

  Ɫ  

    ≤⇔≡⁸ ⁸ ─ ⁸ ─ ⁸ │ ─ ⇔ↄ│ ─ ⌐ ∆

╢↓≤╩ ≤⇔≡ ↑╢ ≢⁸ ─ ⅜15 ╩ ⅎ⌂™╙─╩™℮⁹ 

 

 o 25 ─√∞⇔ ⌐™℮₈ ─ ⌐ ─ ⁸ │ ⅜ ∆╢ ₉

≤│⁸ ⅜ ⅛╠ ⌡250m ⌐№∫≡⁸∕─ ╩ ∆╢ ─ ─ ≢

№╡⁸⅛≈ ─ ⅜ ⌂ↄ ≢⅝╢ ╩™℮⁹ 
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  ɔ  

─ 
    

─  
─  

⌐ ∆╢  
─    

  

0.3ha  
 

ha  

   
   
   

 

0.3ha ha 
   

√╡ 90  

⅜
─ │⁸
⌂ↄ≤╙
│

≤∆╢↓
≤⁹ 

ha  ha 
   

 n  150  

ha  
 

20ha  
    

√╡300 ∕─℮∟1,000
─ ╩  

⅜
─

│⁸ ⁸
│

─™∏╣
⅛─ ≤
∆╢↓≤⁹ 

20ha      
√╡300 ∕─℮∟1,000

─ ╩  

 

 ─  

25  29 ─ ⌐╟╡ ╘╢ ─℮∟⁸ ⌐ ∆╢╙─│⁸ ⌐ →╢╙─≤∆

╢⁹ 

 ⅜1,000 ─ ⌐№∫≡│⁸ ─ ⅜ ↕╣≡™╢↓≤⁹ 

 ⅜ ─ ⇔™ ⌐ ∆╢ │⁸↕ↄ │┼™─ ∕─ ─ ─ ─

╩ ╢√╘─ ⅜ −╠╣≡™╢↓≤⁹ 

 │⁸ ⁸ ─ ⅜ ⌐ ≢⅝╢ ┘ ≢ ↑╠╣≡™╢↓≤⁹ 

 ⌐│⁸ ╩ ⌐ ∆╢√╘─ ⌂ ⅜ ↑╠╣≡™╢↓≤⁹ 

 

  ŋ ─ ⁸ │ ─ ╩ ≤∆╢↓≤⁹ 

                

 0.25ha  250  
⌐ ∆╢ ╩ ≤⇔√ ≢500 ⌐

⌐ ↑╢⁹ 

 2ha  500  
⌐ ∆╢ ╩ ≤⇔√ ≢⁸ ☿fi♃כ≤
↕∑⁸2,000 ⌐ ⌐ ↑╢⁹ 

 4ha  1,000  
⌐ ∆╢ ╩ ≤⇔√ ≢⁸10,000 ⌐
⌐ ↑╢⁹ 

 

  o ⌐ ∆╢ │⁸ ─╙─╩ ⌐ ≤ ∆╢↓≤⁹ 

  ▬ ⁸ ⁸ ∕─ ─  

   ꜡ ⁸ⱬfi♅∕─ ─  

  Ɫ ┬╠╪↓⁸∆═╡ ⁸ ∕─ ─  

  ♬ ⁸ ⁸ ⱪכꜟ∕─ ─  

  ⱱ ⁸ ⁸ ∕─ ─  
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  ɔ ─ │ ⌐╟╢⁹ 

  ▬ │⁸ ⌐╟╡⁸ ─ ⅛╠ ∆╢↓≤⁹ 

   ꜡ ─ │⁸ ─ ↕╣≡™⌂™ ─ ⌐ ↑⌂™↓≤⁹╕√⁸ ╘

╩ ∆╢↓≤⁹ 

  Ɫ ⌂ │⁸ ─ ≤⌂╠⌂™╟℮ ╩ ∆╢↓≤⁹ 

  ♬ │⁸ ⌐ ⇔⌂™↓≤⁹ 

  ⱱ │⁸ ─ ⌐ ∆╢↓≤⁹ 

  Ⱬ │⁸ ─ ╩ ⅎ⁸ ⌡ ─ ⌐ ↑╢↓≤⁹ 

  ♩ │⁸ ⌂ ─ ≤∆╢↓≤⁹ 

 

  ᴖ ⌐ ∆╢ ─ │ ⌐╟╢⁹ 

  ▬ ⌐ ⌂ │⁸ ╡25 30 ╩ ≤∆╢↓≤⁹ 

   ꜡ ─ ─ ⌐ ∆╢ ─ ⅜500 ≢№╢ ╩ ↑╢ ⌐│⁸ ─

⅜ m ⁸ ─ ⌐ ∆╢↓≤⁹ 

  Ɫ ⌐╟╡ ↕╣╢ ─ ⁸ ⁸ ⁸ ┘ │⁸ ─

─╕∟≠ↄ╡ 1-75(6) ─ ╩ ↑╢⁹ 
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к ⌐ ∆╢  
 

25  ⌐ ⌂ ≤⇔≡ ≢⅝╢ ⁸ ∕─ ─ ⅜ 23

186 20 ─ ⌐╟╢ ⌐ ╢ ⌐ ⇔≡™⌂™ ⌐⅔™≡ ∆╢ │⁸

⌐ ⇔≡™╢╙─≢№╢↓≤⁹ 

 

⌐ ↑╢ ─ ⌐№√∫≡│⁸ ╩ ∆╢ │

│ ⅜ ↕╣≡™⌂™ ⌐№∫≡│⁸ ≤ ⇔≡⁸ ─ ╘╢

⌐ ↕∑╢↓≤⁹ 
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л ⌐ ∆╢  
 

 ─  

33  ∕─ ─ ⅜⁸ ⌐ →╢ ╩ ⇔≡⁸ ─

33 79 ⌐ ∆╢ ╩ ⌐ ∆╢≤≤╙⌐⁸∕─ ⌐╟∫≡

┘∕─ ─ ⌐ ⌐╟╢ ⅜ ∂⌂™╟℮⌂ ┘ ≢ ⌐ ↕╣╢╟℮

⌐ ⅜ ╘╠╣≡™╢↓≤⁹↓─ ⌐⅔™≡⁸ ⌐ ∆╢ ⅜ ╘╠╣≡™╢≤

⅝│⁸ ⅜↓╣⌐ ⇔≡™╢↓≤⁹ 

 ▬ ⌐⅔↑╢  

  ꜡ ▬⅛╠♬╕≢⌐ →╢ ┘ ─  

 

∕─ ─ │⁸ ⌐⅔↑╢ ╛ ─ ⁸ ┘ ─ ⁸

─ ─ ┘ ─ ⁸ ─ ⁸ ─ ─ ┘ ≤ ─

╩ ⇔≡ ⇔⌂↑╣┌⌂╠⌂™⁹ 

 

 

 ─ ─  

26  ─ │⁸ ≢ ╘╢≤↓╤⌐╟╡⁸ ─ ⁸

⁸ ─ ⁸ ⅛╠ ↕╣╢ ┘ ╩ ⌐ ∆╢↓≤⅜≢⅝╢╟℮

⌐⁸ ─ ┘ ⅜ ╘╠╣≡™╢↓≤⁹ 

22  26 ─ ─ ─ ┘ │⁸ ⌐ ─ ≢ ↕╣╢

─ ╩ ™≡ ⇔√ ┘⌐ │ ⌐ ⇔⁸ │ ∆╢

┘ ⅛╠ ⇔√ ╩ ⌐ ∆╢↓≤⅜≢⅝╢╟℮⌐ ╘⌂↑╣┌⌂╠⌂

™⁹ 

 

─ │⁸ ⁸ ⁸ ⁸ ⁸ ⌐ ≠™≡ ⇔√ ה

─ ╩⁸ ⌐ ≢⅝╢╟℮⌐ ∆╢↓≤⁹ 
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  ŋ ─  

  ▬ ─  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   ꜡ │ ─ ╩ ™≡ ∆╢↓≤⁹ 

ρ

σφπ
Ͻ Ͻ Ͻ  

 

─ mm hr  

ha  

sec  

    │ ─ ⌐╟╡⁸ ╩ ⇔≡ ∆╢↓≤⁹ 

     

 Ὢ 

     

 

 

∕─  

 

 

⁸ ─ ™  

─ ™  

─ ⌂  

0.85 0.95 

0.80 0.90 

0.75 0.85 

1.00 

0.10 0.30 

0.05 0.25 

0.20 0.40 

0.40 0.60 

0.90 

0.85 

0.80 

1.00 

0.20 

0.15 

0.30 

0.50 

           β ∆═⅝ ⅜⌂™ │ ╩ ™≡╟™⁹ 
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 Ὢ 

    

 

 

 

 

 

0.90 

0.80 

0.60 

0.70 

0.70 

 

∕─  Ὢ 

   

 

◗ꜟⱨ  

ⱤⱠꜟ  

 

 

0.90 

0.80 1.00 

0.90 1.00 

 

0.90 

0.90 

1.00  

0.95  

0.90   

 

ÆÁ ÆÁ ÆÁ ỄỄ ÆÁ

Á Á Á ỄỄ Á

ÆÁ

Á

 

          ⇔≡ ╘╠╣√  

         i ↔≤─ ч ΝΝ  

         i ↔≤─ ч ΝΝ  

 │⁸ ⅜ ╘╢ ≤⇔≡ 10 ─ ╩ ≤⇔⁸

⅜ ™ ╛ ⅜ ⅝™ │ ⌐ ⇔⁸ ⌂ ╩ ╘╢⁹ 

⅜ ╘╢ ⌐╟╢ 10 │ ⌐╟╢⁹ 

    

     

min  

      

 
σȟσφπ

Ô ςπ
  

τȟρσπ

Ô ςφ
  

σȟψψρ

Ô ςτ
 

 
συς

πȢρ ЍÔ
  

τȟσςσ

Ô ςρ
 

 
 

σȟπρπ

Ô ρω
 

 
σψφ

ЍÔ πȢρσ
  

υȟρρπ

Ô ςψ
  

τȟστπ

Ô ςυ
 

 
τȟρυπ

Ô ςτ
  

τȟσυπ

Ô ςχ
  

ςȟφτυ

Ô ρσ
 

 
στω

ЍÔ πȢτψ
  

ψȟτυπ

Ô ρπω
  

συφ

ЍÔ πȢπω
 

   
τȟπωπ

Ô ςτ
  

τȟτωπ

Ô ςχ
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     │⁸ ⅜ ⅛╠ ⌐ ∆╢╕≢─ ≤ ⌐ ⇔√

⅜№╢ ╕≢ ∆╢╕≢─ ─ ≢№╢⁹ ⅜ ↕™

⁸ ⅜10 ≤⌂╢↓≤⅜№╢⅜⁸↓─ │10 ≤∆╢↓≤⅜≢⅝╢⁹ 

β ⌐ ™ ⌐≈™≡│ ─ ⇔√ ─ ╩ ™≡╙╟™⁹ 

β ╩│∂╘ ⌐╟╡⁸↓╣╟╡ ⇔™ ≤∆╢ │∕∟╠╩ ∆╢↓≤⁹ 

 

    ч  

ה      ─ │⁸ ≤⇔≡ ≤∆╢↓≤⁹ 

ה      ─ ⅛╠─ │⁸ ─ ⌐╟╡ ⇔√ ╩ ™╢↓≤⅜≢⅝╢⁹ 

√∞⇔⁸ ─ ⌐ ∂30 ─ ⌂ ≤∆╢↓≤⁹ 

 

=1.445ā
ā

ЍS

0.467

 
 

 

        

 min  

        ─  

        ─  

         

 

          

─40 ↕╣√  0.05 

─10 40 ↕╣√  0.10 

─  0.20 

 

        

▪☻ⱨ□ꜟ♩⁸◖fi◒ꜞכ♩  0.013 

╠⅛⌂  0.02 

╠⅛⌂ ╘  0.10 

⌂  0.20 

 0.40 

 0.60 

 0.80 

 

    ш  

ה      │⁸ ─ ⅛╠ ╕≢─ ╩ ≢ ∫≡ ╘╢↓≤╩

≤⇔⁸ ─ ⌐╟╡ ∆╢↓≤⁹ 

=
ρ

φπ
ā  

          min  

=1.445ā
ā

ЍS

0.467

 

 

▬ⱬכ◌  
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           sec  

ה      │⁸ ≤⇔≡ⱴ♬fi◓ ⌐╟╡ ╘√ כ♃♇◒⁸⅜╢∆≥ ╩ ™

╢↓≤╙≢⅝╢⁹ 

 o ─  

  ▬ ─ ─ │⁸ ╡ ⌐ ╩ ∂⁸ ⌐

∂≡ ⁸∕─ ╩ ∆╢↓≤⁹ 

    ⌂⅔⁸ ╡ │⁸∕─ ─ ה ─ ╡ ≤∆╢

⅜⁸ ⌐⅔™≡ ─ ╘⅜№╢ │∕─ ╘⌐╟╢↓≤⁹ 

   ꜡ ─ │⁸ ─ │ ⌐ ∂⁸ ↕╣╢ ╩ ∆╢↓≤⁹ 

 

 ─  

 

  │⁸ ╩ ⌐ ∆╢ ╩ ∆╢≤≤╙⌐⁸ ⌐ ╡∕─ ⅜ ↕╣╢

╟℮⁸ ⁸ ⌐ ∆╢╙─≤∆╢⁹ 

 ▬ │⁸ ≤⇔≡⁸ ┼ ↄ⌐⇔√⅜™ ⌐⌂╢╟℮ ∆╢↓≤⁹ 

  ꜡ │⁸ ≤⇔≡⁸ ┼ ↄ⌐⇔√⅜™ ∆╢╟℮⌐ ∆╢↓≤⁹╕√⁸ ⌐╟╢ ⌂

─ ╛ ⅜ ∂⌂™╟℮⌐ ⇔⁸0.8 sec 3.0 sec≤∆╢↓≤⁹√∞⇔⁸

─ │⁸ ─ ─ ╩0.6 sec 3.0 sec≤∆╢↓≤⁹ 

(1) ─  

   │⁸ⱴ♬fi◓─ ─כ♃♇◒│√╕ ─™∏╣⅛╩ ™⁸ ─ │ ⁸ ─

│ ⇔ ⅜ ≢ ∆╢╟℮ ∆╢↓≤⁹ 

(a) ⱴ♬fi◓  

ρ
Ͻ Ͻ  

Ͻ  

  (b) ◒♇♃כ  

ςσ
ρ πȢππρυυ

ρ ςσ
πȢππρυυ

Ͻ
Ѝ2

ϽЍ2Ͻ) 

Ͻ  

       sec  

          sec  

         

         

            

           

       │  

  

─   

ⱦ♬כꜟ  0.010 

ⱥꜙכⱶ  

◖fi◒ꜞכ♩  
0.013 

 0.014 

∟◖fi◒ꜞ0.015 ♩כ 

   0.025 
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    ─      

 0.030 0.035 

⅔╟┘ ⅜ ↄ ─ ™  0.040 0.050 

 0.035 

 0.025 

♩fiⱠ  ꜟ 0.023 

 

 (2) ─  

26  ↕╣√ ┘∕─ ─ ≢↓╣≤ ⌐ ≢№╢╙─╩

╗⁹ ─ │⁸ ≤⇔≡⁸ ⌐╟∫≡ ∆╢↓≤⅜≢⅝╢╟℮⌐ ╘╠╣≡™╢↓

≤⁹ 

26  29 ─ ⌐╟╡ ╘╢ ─℮∟⁸ ⌐ ∆╢╙─│⁸ ⌐ →╢╙

─≤∆╢⁹ 

 │⁸ ≢ ╩ ∆╢ ≢№╢↓≤⁹ 

 │⁸ ⁸◖fi◒ꜞ⁸♩כ╣╪⅜∕─ ─ ─ ≢ ╡⁸⅛≈⁸ ╩

─╙─≤∆╢ ⅜ −╠╣≡™╢↓≤⁹√∞⇔⁸ ╣ │ ─ ─ ⅜⌂™

⌐⅔™≡│⁸ ╠ ∕─ ─ ╩ ∆═⅝ │⁸ ∕─ ╩ ⌐

↕∑╢ ╩ ∆╢╙─≤∆╢↓≤⅜≢⅝╢⁹ 

 ─ ⌐ ∆╢ │⁸ ∕─ ─ ⅜⌂™ ⌐ ↕╣≡

™╢↓≤⁹ 

 ─ ┘ ⅜⁸∕─ ∆═⅝ │ ╩ ⌂ↄ ↕∑╢↓≤⅜≢⅝╢

╙─ ─ ⌐ ∆╢ ─℮∟ ≢№╢ ─ ⌐№∫≡│⁸∕─ │

⅜⁸20 ─╙─ ≢№╢↓≤⁹ 

 ╠ ╩ ∆═⅝ ─℮∟ ≢№╢ ─ ─ ⌐ →╢ ⌐│⁸╕∆ │

ⱴfiⱱכꜟ⅜ ↑╠╣≡™╢↓≤⁹ 

  ▬ ─ ╕╢  

   ꜡ ─ ─ ⁸ │ ⅜ ⇔ↄ ∆╢ ─ ⅜⌂™ ╩

ↄ⁹  

  Ɫ ─ │ ─120 ╩ ⅎ⌂™ ─ ↕↔≤─ ─ ─∕─ ⌂

 

 ╕∆ │ⱴfiⱱ⁸│⌐ꜟכ┤√ ╩ ∆═⅝╕∆ │ⱴfiⱱ⁸│≡∫№⌐ꜟכ ∆╢

↓≤⅜≢⅝╢┤√⌐ ╢⁹ ⅜ ↑╠╣≡™╢↓≤⁹ 

 ╕∆ │ⱴfiⱱכꜟ─ ⌐│⁸ ╠ ∕─ ─ ╩ ∆═⅝╕∆⌐№∫≡│ ↕⅜15

─ ╘⅜⁸∕─ ─╕∆ │ⱴfiⱱכꜟ⌐№∫≡│∕─ ∆╢ ─ │

⌐ ∂ ─ ─▬fiⱣכ♩⅜ ↑╠╣≡™╢↓≤⁹ 

 

  ▬ ─ ⌐ ∆╢ │ ≤⇔≡ⱥꜙכⱶ │ ◖fi◒ꜞכ♩ ≤∆╢↓≤⁹╕√

╩ ⌐ ↑╢ ╣⅜№╢ │⁸ ╩ ∆╢↓≤⁹ 

   ꜡ ─ ⌐ ∆╢ ─ │⁸ │ ⌐№∫≡│25 ≤∆╢↓≤⁹ 

  Ɫ ⅜500 ─ ⌐⅔™≡│⁸ ⌐ ╩ ↑ ┼≤⁸ ╩

ↄ↓≤⁹ ⅜500 ─ ⌐⅔™≡│⁸ ─ ─╖≢╙╟™⁹ 

  ♬ ─ ⌐│⁸ ╩ ↑╢↓≤⁹ 
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26  ─ │⁸ ─ ⁸ ─ ∕─ ─ ╩ ⇔≡⁸

─ ╩ ⅛≈ ⌐ ∆╢↓≤⅜≢⅝╢╟℮⌐⁸ ⁸ ∕─ ─ │

∕─ ─ ─ ⇔ↄ│ ⌐ ⇔≡™╢↓≤⁹↓─ ⌐⅔™≡⁸ ─ ⌐╟

╡╛╗╩ ⌂™≤ ╘╠╣╢≤⅝│⁸ ⌐⅔™≡ ╩ ∆╢ ∕─ ─ ⌂

╩ ↑╢↓≤╩ →⌂™⁹ 

 

  ŋ ─  

  ▬ ⌐ ∫≡ ∆╢ ─ ⌐ ∆╢ ─ │⁸ ≤⇔≡⁸

─ ┘ ─ │™∏╣⅛⌐╟╢↓≤⁹ 

    ─ ⁸ ─  

    ─  

 

   ꜡ ≤⇔≡ Ⱬ◒♃כꜟ ─ ⌐⅔™≡│⁸ ─ ≤ ─℮ⅎ⁸ ─

╩ ∂╢↓≤⁹ 

    ⌐⅔™≡⁸ ⅜ ∆╢ │ ┼ ∆╢ │⁸ ─

⁹ │⁸ │  

    ⌐⅔™≡⁸ │ ≢ ⌐ ⇔≡™╢ │⁸ ─

⁹ 

    │ ⌐ ⇔⌂™ │⁸ ─ ⁹ 

 

  Ɫ ─  

     

     ⌐ ╦╢ ─√╘─ ≤⇔≡ ∆╢  

     

     ⌐ ╦╢ ─√╘─ ≤⇔≡ ∆╢  

 

  ♬ ≤ ─™∏╣≢ ∆╢⅛─ │⁸ ─ ≤─ ⌐╟╡ ∆

╢↓≤⁹ 

 

  ⱱ ≤⇔≡⁸ ─™∏╣⅛─ ╩ ∆╢↓≤⁹ 

    ₈ ₉ 2-109 │⁸ ⌐ ℮

─ ╩ ⌐ ╦∫≡ ∆╢√╘⌐ ≤⇔≡ ∆╢ ─ ה

⅔╟┘ ⌐≈™≡ ⇔≡™╢⁹ 

    ₈ ⌐ ℮ ₉ ─ ≤∆╢≤↓╤

│⁸₈ ₉≤ ∂≢№╢⅜⁸ ⅜ ⅜ ∆╢╕≢╩ ≤

⇔≡ ⌐ ∆╢ ≢№╢⁹ 
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  Ⱬ │⁸∕─ ⌐╟╡ ╖ ≤ ⌐ ↕╣╢⁹ ─ │ ≤

⇔≡15 ≤∆╢↓≤⁹ 

 

   ♄ⱶ─  

   ₈ ₉─⌂™             ₈ ₉─№╢  

 

 

 

 

 

 

  ♩ │⁸ №⅝♄ⱶ ≤∆╢↓≤⁹ 

 

  ♅ ∕─  

    ⌐⅔™≡⁸3,000 ─ ╩ ℮ │⁸ ─ ⌐ ∆╢ ⌐

≠⅝⁸ ≤ ⌐≈™≡ ∆╢↓≤⁹ 

    ⌐⅔™≡⁸2,000 ─ ╩ ℮ │⁸ ─ ⌐ ∆╢

⌐ ≠⅝⁸ ꜞ◘▬◒ꜟ ≤ ⌐≈™≡ ∆╢↓≤⁹ 
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─  
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  o ─  

  ▬  

 

ᵔ ─ ה ─

ᵓ

ה ─ ─ c

ה ה ─ ♅▼♇◒

ה ─ ─

ה ─ ─

ה ─ pc

ה ─

ה ─ '

ᵒ

ה ה ─

ה ─ ─

ה ─

ᵑ ─

ה

ה ה

ᵕ ─

ᵗ ─

ᵘ ♄ⱶ ─ ᵙ

ᵖ ─

ה ⅝

ה ה etc

ᵚ ♄ⱶ ─

ᵛ

♄
ⱶ

─
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   ꜡ ΝΝ ⌐ ∆╢↓≤⁹ 

    ─ ╩ ∆╢√╘⌐ ™╢ ⌐≈™≡│⁸ /50─

₈ ₉≤™℮⁹ ╩ ™╢⁹√∞⇔⁸ ─

─ ⅜↓╣╠─ ╩ ∫≡™╢ │⁸ ─ ⌐╟╢⁹ 

   2-121  

  Ɫ ─  

    ⌐⅔™≡ ╙ ⌂ ⅜ ≢ ─ ⌐╟╡ ∆╢⁹ 

    ─ │ⱴ♬fi◓ ⌐╟╢↓≤⁹ 

Ͻ  ×  

      ⌐⅔↑╢ ─ sec  

      ⌐⅔↑╢ ha  

      ─ ⅛╠ ─ ha  

  ♬ ⌐ ∆╢ ─  

    ─ ⌐╟╡ ∆╢↓≤⁹ 

Ͻ
σφπ

Ͻ
 

      ⌐ ∆╢ hr  

        10 hr ─ │10 hr≤∆╢ 

     sec  

       ─ ₡ 2-30 ᵑ꜡ ₢ 

       ⌐⅔↑╢ ha  

  ⱱ ─ ₡ ₢ 

    │⁸ /50 ╩ ™≡ ╘╢ ─ ─ ─ ╩ ≤∆╢

╟℮⌂ ╩╙∫≡⁸ ≤∆╢↓≤⁹ 

ς
Ͻ Ͻ Ͻ Ͻ

ρ

σφπ
 

        

       ─ ₡ 2-30 ᵑ꜡ ₢ 

       ha  

      ⌐ ∆╢ hr  

      /50 ─ ─ ⌐ ∆╢ hr  

      ─ sec  

   β ─ ╩ ╘╢⌐│⁸ ─ ⁸ ╩ ™≡ ∆╢↓≤⁹ │⁸  

Ä

Ä
π  ∆╢↓≤⁹ 
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   ₡ ₢ ⌐╟╢ ─  

     /50 ╩ ╦⇔√ ⌐⅔™≡⁸ ╩ ⌐ ⇔√

≤∆╣┌⁸ ─ ≢№╢ ⁸ ─ │ ⌐ ∆╢↓≤⌂ↄ ↕∑≡╙╟™⅛

╠⁸ ⌐ ↕╣╢─│⁸ ─ ─ ≢№╢⁹ 

     ⌐⁸ ─ ≤∕╣⌐ ∆╢ ≤─ ⁸ ה │⁸ ─

↓╣╩ ⌐ √╘╢≤∆╣┌⁸√╘╢═⅝ ─ ≢№╡⁸ ה │ ⅛

╠ ⌐ ↕∑≡╙╟™ ∞↑─ ⌐ ∆ ≢№╢⅛╠⁸ 

Ͻ Ͻ
Ͻ

σφπ
 

 

⅜ ─ ⌐ ∆╢ ─ ≤⌂╢⁹ 

     ⇔⅛⇔⁸ ⅛╠─ ⅜ ≤⌂∫√ ≢ ⌐ ⇔ↄ⌂╢╟℮⌐ ─ ⅝↕╩

╘╢ ⅜№╢─≢ ⌐ ∆╟℮⌐ ╩ ⌂℮⁹ 

     ∆⌂╦∟⁸ ⌐⅔™≡⁸ 

         ΝΝΝ ⁸ ⌐ ∆╢  

      ' '   ΝΝΝ ─⌂™ ─  

          ΝΝΝ ╩ ≤∆╢╟℮⌐ ⇔√ ─  

    ≤∆╣┌⁸↓─╟℮⌂ ⁸ ─≤⅝─ │⁸ ' ≢№╡⁸ ⌐ ⇔√ 

Ͻ Ͻ
Ͻ

σφπ
 

 

│ ≢№╢⅛╠⁸↓─ ⌐⁸ 

ḥ
ρ

ς
Ͻ Ͻ Ͻ

Ͻ

σφπ
 

 

╩ ⅎ≡ ⌐ ↕∑╢↓≤≤∆╢⁹ 

     ⇔√⅜∫≡⁸ ─ ─ ⌐ ∆╢ │⁸ ─ ≢ ↕╣╢⁹ 

ς
Ͻ Ͻ

Ͻ

σφπ ς
Ͻ Ͻ

Ͻ

σφπ
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  Ⱬ ─  

    ─  

     ╕≢─ ⁸ ⅛╠ ╡70 240 haה ─ ≤⇔⁸150 haה

╩ ≤∆╢↓≤⁹ 

      × 150 haה ×  

     ⌐ ™╢ │⁸ ─ ┘ ─ ⌐╟╡ ∆╢⁹

⌐⅔™≡ ⌐∕─ ─ ╩ ╙⇔ↄ│ ⇔≡ ∆╢≤™℮ ≢│

╩ ≤∆╢↓≤⅜≢⅝╢⁹⇔⅛⇔⁸ ╩ ╢↓≤│≢⅝⌂™⁹ ╩ ⇔⌂™ │

⌐ ∆╢ ⅜ ≡ ∆╢╕≢─ ╩ ≤∆╢⁹ │⁸ ⌐

╩ ∆╢ ⁸ ⌐⅛⅛╢ ╩ ∂√ ≤∆╢⁹ 

    ─  

     ─ ⌐≈™≡│⁸ ─ ⌐╟╡ ∆╢↓≤⁹ 

      × ⁸ ha √╡─ 1.5 haה  

                × ⅜ ∆╢╕≢─  

   ⅜ ∆╢╕≢─ ≤│ ⁸ ⅛╠╖≡ ⌂ ≤⇔⁸ ⁸ ⁸

┘ ┘⌐∕─ ⌐№∫≡│⁸ ⁸∕─ ─ ⌐№∫≡│

≤∆╢↓≤⁹ 

    ≢ ∆╢ '  

     ⌐ ∆═⅝ │ ─™∏╣⅛⌐╟╢↓≤⁹ 

     ч '  

     ш ' ╕√│ ─ ⅝™ √∞⇔⁸ ≢ ╩ ∆╢  

  ♩ ─  

    '  

  ♅ ⅝─  

    ⌐│⁸ ╩ ⇔⁸ ─ ⌂ ╩ ∆╢√╘ ⅝╩ ↑╢↓

≤⁹ 

    ⅝│⁸ ╕√│∕─ ─ ⁸ ⅔╟┘ ⅛╠ ⇔℮╢

─ ╩ ⇔℮╢╙─≤∆╢↓≤⁹ 

     √∞⇔⁸∕─ │⁸200 ⌐ ↓╢╙─≤ ↕╣╢ ⌐⅔↑╢ ⁸

╕√│∆≢⌐ ↕╣√ ⁸ ⁸ ⌐ ≠™≡ ↕╣√ ⌐⅔↑╢

─ ─™∏╣⅛ ⅝™ ⱨ▫ꜟ♄ⱶ⌐№∫≡│⁸ ─1.2 ─ ╩ ≢⅝╢╙

─≢⌂↑╣┌⌂╠⌂™⁹ 

   ꜞ ─Ⱨכ◒ ─  

    ─Ⱨכ◒ │⁸ ⌐╟╢╙─≤∆╢↓≤⁹ 

ρ

σφπ
Ͻ Ͻ Ͻ  

        ─Ⱨכ◒ sec  

          

         ─ hr │ ⌐╟╢  

         ha  
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 f│ ─ ╙⇔ↄ│ P2-30  ŋ  ꜡ ─ ⌐╟╡⁸ ╩ ⇔≡

∆╢↓≤⁹ 

     

       

   0.6 ה 0.7 ה ⅜70 ─  

   (1)  0.8 ⅜╒╓40 ─  

   (2)  0.9 ⅜╒╓40 ─  

        

 

    ⌐ ™╢ │⁸ ⌐╟╡ ╩ ⇔⁸100 ≢

╘√ ─1.2 ─ ≤∆╢⁹ 

    │⁸ ─ ⅜ ⅛╠ ┼│™╢╕≢─ ≤

╕≢ ╩ ╣ ╢ ≤─ ≤∆╢↓≤⁹ 

    ч │⁸ ⅜ ─ │30 ⌐ ─ ⌐≈™≡│20

≤⇔⁸ ─ │⁸ 10 ╩ ≤∆╢↓≤⁹ 

    ш │⁸ ─ ⌐╟╡ ∆╢↓≤⁹ 

=
ρ

φπ
ā  

       min  

         

        sec  

      √∞⇔⁸ ─ ⌐№√∫≡│⁸╕∏⁸ ─ ╩ ⌐⇔≡ ╩ ╘⁸↓╣╩ ™

╩ ∆╢⁹ ⌐⁸↓─ ╩ ≤⇔≡ⱴ♬fi◓ ⌐╟╡ ─

╩ ∆╢⁹ 

      ↓↓≢ ≤ ─ ⅜ ⌐ ⌂╢ │⁸ ─ ╩ ⌂ↄ∆╢╟℮ ─ ╩ ∫≡⁸

╩ ∆╢⁹ 
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─Ⱬfiכꜝ◒   

 1 100  1 100 1 200 1 200  

sec  3.5 3.0 2.1 

I    ─  

  ♯ ─  

    │ ⌐ ≢⅝╢╟℮⌐ ∆╢↓≤⁹ 

   ꜟ ┼─ ⌐≈™≡│⁸ ┘ ─ ─ ⁸ ╩ ─ ⁸ ─ ⁸

┼─ ⅜ ∂⌂™╟℮ ∆╢↓≤⁹ 

    ⌐⁸ ⅝ ⌐│ ╩ ↑≡⁸ ⅝⅛╠ ↕╣╢ ─◄Ⱡꜟ◑כ╩ ∆

╢↓≤⁹ 

  ꞌ ─  

    ─ │⁸ ╕≢│ Ⱪ꜡♇◒⁸ ⁸◖fi◒ꜞכ♩ ⌐╟╡⁸

∕─ ─ │ Ⱪ꜡♇◒⁸ ⁸ ╡ ⌐╟╡ ∆╢↓≤⁹ 

    ⁸ ─ ⌐│⁸ ─√╘⁸ⱨ▼fi☻ ╩ ∆╢↓≤⁹ 

    ↓─ ⌐ ╘─⌂™ ⌐≈™≡│⁸₈ ₉ ╩ ∆╢↓≤⁹ 

  ɔ ─  

   ₈ ⌐ ℮ ₉ ⌐╟╢↓≤⁹ 

  ᴖ ─ ┘  

   ₈ ⌐ ™ ↕╣╢ ─ ┘ ⌐ ∆╢ⱴ♬ꜙ▪ꜟ⌐≈™≡₉ 2-118

12 27 ↑⁸ 14 ⁸ 18 ⁸ 35 ╩ ∆

╢↓≤⁹ 
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─  

ₐ ⌐ ℮ ₑ  
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  ᴖ ─  

  ▬ ⁸ ─ ─ ╩ ╢√╘⌐ ∆╢ │⁸ ⁸ ⁸ ⁸

◓ꜝfi♪⁸♥♬☻◖⁸♩כ◗ꜟⱨ ⅜№╡⁸↓╣╠ ─ ╩ ╢ │⁸

≤ ─ ╩ ⌡ ⅎ╢≤≤╙⌐⁸↓╣╠─ ╩ ⌐ ⌂╦⌂™ ≤⇔⁸ ⁸⅛≈

⌂ ╩ ⌂℮↓≤⁹ ⌐≈™≡│⁸ ⌐│ ╦⌂™⁹ 

   ꜡ ⌐⅔↑╢ ─ ⌐≈™≡│⁸₈ ⌐ ™ ↕╣╢ ─

₉ ⁸₈ ─ ₉

⌐ ≠⅝⁸ ≤ ≤─ ─ ╩ ℮↓≤⁹ 

    ⌐⁸↓─╟℮⌐⇔≡ ↕╣√ ⌐≈™≡⁸∕─ ╩ ⌐⇔≡⅔ↄ≤≤╙⌐⁸

─ ≤ ─ ≤≢ ─ ╩ ℮↓≤⁹ 

  Ɫ ⅜ ≢№╢ ─  

    ⌐ ≠ↄ ⌐ ™ ∆╢↓≤⅜ ≤⌂╢ ⁸ │ ₈ ₉

≤™℮⁹ │⁸ ⌐ ≠⅝ ⅜ ∆╢ ≤⇔≡ ↑╠╣╢╙─≢№

╢⅜⁸ ≢⁸ ─ │⁸ ⌐│ ∆╢╙─≢№╡⁸ ─

╙ ≤ ⅜№∫√╡⁸ ⅜ ≢№∫√╡∆╢⁹↓─√╘⁸ ⅜ ≢№╢

⌐│⁸₈ ₉ ⌐ ⇔≡ ∆╢╒⅛ ⌐╟╢⁹ 

    ⌐ ∆╢ │⁸ ⁸ ⁸ ⁸ ≤⇔≡ ∆╢⁹

⌂⅔⁸ │ ≤⇔≡ ⇔⌂™↓≤⁹ 

    ─ ╩ ∆╢ ┘ ∆╢ ─ │⁸ ─ ─

⌂™╙─≤⇔⁸ ─ ╩ ℮↓≤⁹ 

    ⅜ ─ │⁸ ≤⇔≡⁸ ⇔⌂™ ╩ ↑⁸∕─ ⁸ │⁸

─ ╩ ⌂╦⌂™╙─≤∆╢↓≤⁹ 

    ⌐ ∆╢ │⁸ ┘ ⁸ ─⌂™╙─≤∆╢↓≤⁹ 

♬ ▬⅛╠Ɫ╕≢⌐⅛⅛╦╠∏⁸ ─ ─ │⁸ ─ ╩ ⌂╦⌂™

≢⁸ ∆╢↓≤⅜≢⅝╢⁹ 

 ᴗ ─  

   ≤⇔≡ ≤│ ⌐ ╩ ∆╢ ⁸ ─ │ ─ ⌐╟╢↓≤⁹ 

ÈÁ√╡ σππ ÈÁ
ρς

 

   │ ⌐⅛⅛╢ ─ ≤⇔⁸ ⇔╜╪∑≈∆╢ ⌐⅔™≡╙

╩ ╠⌂™ ≤∆╢↓≤⁹ 

    ⌐⅔™≡╙ ∆╢ │ ◖fi◒ꜞכ♩ ≤∆╢↓≤⁹ 

  p  

   │⁸ ─ ╩ ℮╙─≢ ─ ™ ≢№╡⁸ ─ ┘

─ ╩ ∆╢√╘⁸ │ ≤∕─ ⌐≈™≡ ה ╩

℮↓≤⁹⌂⅔⁸ ≤⇔≡ ≤ ╩ ∆╢↓≤⁹ 
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м ⌐ ∆╢  
 

33  ≤⇔≡⁸ ─ ─ ⌐ ∆╢ ─ ─ ⌐ ∆╢ ≢ ℮

─ ⌐№∫≡│⁸ ∕─ ─ ⅜ ▬⅛╠♬╕≢⌐ →╢ ╩ ⇔≡⁸

⌐≈™≡ ↕╣╢ ⌐ ╩ √↕⌂™╟℮⌂ ┘ ≢ ⌐ ↕╣╢╟℮⌐

⅜ ╘╠╣≡™╢↓≤⁹↓─ ⌐⅔™≡⁸ ⌐ ∆╢ ⅜ ╘╠╣≡™╢≤⅝

│⁸ ⅜↓╣⌐ ⇔≡™╢↓≤⁹ 

 

⌐ ∆╢ ┘ ⌐≈™≡│⁸ ─ ⁸ ┘ ─ ⁸ ─

─ ┘ ─ ⁸ ─ ⁸ ─ ─ ┘ ╩ ⇔⁸

╩ ∆╢ ≤ ⇔≡ ╘╠╣ ↕╣≡™╢↓≤⁹ 
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н ⁸ ⌐ ∆╢  
 

33  ─ ⌐ ╠⇔≡⁸ ⌐⅔↑╢ ─ ≤ ┘∕

─ ─ ⌐⅔↑╢ ─ ≤⅜ ╠╣╢╟℮⌐ ⁸ ∕─ ─ ┘

⌐⅔™≡ ↕╣╢ ─ ─ ⅜ ╘╠╣≡™╢↓≤⁹ 

27  ≤⇔≡ ─ ─ ⌐ ∆╢ ≢ ⌂℮20ha ─ ⌐№∫≡│⁸

─ ⌐ ∂ ⌂ ⁸ ⁸ ⁸ ∕─ ─ ⅜⁸∕╣∙╣─

⌐ ∂ ─ ⌂ ⅜ ↕╣╢╟℮⌂ ┘ ≢ ↕╣≡™⌂↑╣┌⌂╠⌂™⁹√∞

⇔⁸ ─ ⌐╟╡ ⅜⌂™≤ ╘╠╣╢≤⅝│⁸↓─ ╡≢⌂™⁹ 

 

 ŋ ⁸ ┘ ─ ⌐ ∆╢ ⅜⁸ ⌐ ↕╣╢╟℮ ∆╢↓≤⁹ 

 o ≤⇔≡ ─ ─ ⌐ ∆╢ ≢ ℮20ha ─ ⌐≈™≡│⁸ ⁸ ⁸

⁸ ∕─ ─ ⅜⁸ ─ ⌂ ⅜ ↕╣╢╟℮⌂ ┘ ≢ ↕

╣≡™╢↓≤⁹ 

 ▬ ⌐ ∆╢ │⁸ ─ ╩ ≤∆╢↓≤⁹ 

 

≤  

 
 

 
 

 
 

 
 

   1 2 4 

 
50 150 
100 150 
▪Ɽכ♩  

500 1,000 2,000 2,500 4,000 5,000  8,000 10,000 

 200 500 2,000 4,000 7,000 10,000 14,000 20,000 28,000 40,000 

      

     ⁸     

  
 
 

 
 

 
 
 
 

 
 
 

 
 

 
 
 

 
 

    

   

   ⁸  

  
ⱳ ☻ ♩ 

 
⁸  

 ♩♇◔כⱴכⱤכ☻⁸   

◘ כ ⱦ ☻     
 
 

≤│⁸ ≤ ─ ≠⅝№™─ ╩ ≤⇔√ ─ ─╕≤╕╡⁹ 

≤│⁸ ─ ≤ ─ ≢╕≤╘╠╣╢ ⁹ 

≤│⁸ ╩ ≤⇔√╕≤╕╡⁹ 
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 ꜡ ≤ │ ─ ╩ ≤∆╢↓≤⁹ 

        

 

≢ ╩

∆╢ ⁸ ─

╩ ⅎ╢⁹ 

 

2,000 

 

2,500 

4,000 

 

5,000 

6,000 

 

7,500 

8,000 

 

10,000 

10,000 

 

12,000 

12,000 

 

15,000 

 

7,000 

 

10,000 

14,000 

 

20,000 

21,000 

 

27,000 

28,000 

 

40,000 

40,000 

 

48,000 

48,000 

 

60,000 

  1 2 2 3 3  

   1 2 2 3  

  1 1 2 3 4 ⁸  

  1 1 1 2 3 ⁸  

  1 1 2 3 4  

  1 1 2 2 3  

◖Ⱶꜙ♬♥▫כ☿fi♃1 1 1 1   כ  

 
 fiꜛ◦כ♥☻☻ⱦכ◘

  1 1 1 1  

 1 1 1 1 1 1  

 1 1 1 1 1 1  

    1 1 1  

 
 

80 

 

100 

160 

 

200 

360 

 

450 

480 

 

600 

800 

 

1,000 

1,000 

 

1,200 

♦Ɽכ♩ 

  1 2 2 2 3 3 4 2 

   1 2 2 3 3 4    n

⁸●☻⁸ ⁸  fi⁹ꜛ◦כ♥☻☻ⱦכ◘─

⌐ ↕╣╢ │ ─ ⌐╟╡ ⌂╢⁹ 

    ⁸ ⁸ ⁸∕─ ☻ⱦכ◘─ ╩ ╪≢№╢⁹ 
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 Ɫ │ ╩ ≤∆╢⁹ 

   ⅛╠ ╕≢─ │⁸ ≤⇔≡500 ≤⇔⁸ ☿fi♃500╡╟כ ╣

√ ╩ ≤⇔◘Ⱪ☿fi♃כ╩ ↑╢↓≤⁹ 

   ╡─ │⁸ ⁸ ⁸ ⁸ ─ ╩≤⌂▪ꜞ◄☻ⱦכ◘─╘√─

╘≡200 ≤∆╢↓≤⁹ 

   ─  

   500 ╡  

 

 

 

 

 

◘ כ ⱦ ☻ 

 

 2 

11 

 1 

 2 

 2 

 2 

20 

 

 ♬ │ ╩ ≤∆╢⁹ 

   ⅜ ─ ⁸ ╩ ≤⇔⁸ ⁸ ⁸ ╩ ≤⇔√ ╩ ↑╢↓≤⁹ 

   ⅜ ─ │⁸ ╩ ↑╢↓≤⁹ 

   │ ─ ╩ ⇔⁸ ☿fi♃כ ⌐╕≤╘≡ ∆╢↓≤⁹ 

 

 ⱱ ☿fi♃כ─ │ ╩ ≤∆╢⁹ 

   ☿fi♃כ⌐ ↑╢ ─ │ ─ ⌐╟╢↓≤⁹ 

        

☻ⱦכ◘  

☻ⱦכ◘  

 

 

 

 

 

 

 

 

⁸♩♇◔כⱴכⱤכ☻  

⁸ ⁸  

▪Ⱶꜙכ☼ⱷfi♩☿fi♃כ 

⁸ ⁸ ⁸ ⁸  

 

⁸ ⁸  

 

⁸  

 כ♃ⱦ☻☿fiכ◘☻●⁸

Ᵽ☻♃כⱵ♫ꜟ⁸ ⁸  

 

   ☿fi♃כ ≢│⁸ ╩ ┬ ╩ ↑╢↓≤⁹ 

   ☿fi♃כ ⌐│⁸ ─√╘─ ╩ ↑╢↓≤⁹ 

 



  

2- 50  
─ ⅝  

 

 

 Ⱬ ∕─ ─ ⁸ ⁸●☻ │ ╩ ≤∆╢⁹ 

   ─ ┘ │ ─ ⌐╟╢↓≤⁹ 

─    

50   69    100   30  

70   99    140   40  

100  149    180   50  

150  499    260   65  

500  999    400  100  

1,000 1,499    720  180  

1,500 1,999  1,040  260  

2,000 2,499  1,200  300  

2,500  1,600  400  

 

 ⌐ ⅜ ∆╢ ⁸↓╣╩ ⌐ ∆╢↓≤⅜ ╕⇔™⅜⁸

⅜ ≢№╢ ⁸ ─ │⁸≢⅝╢∞↑ ⁸ ∞╪⁸ ≤∆╢↓≤⁹ 

   ●☻ⱱꜟ♄⁸│כ ∕─ ─ ⌐ ⇔⁸10 ─ ╩≤╢↓≤⁹ 

   ◗Ⱶ☻♥כ◦ꜛfi─ ⌐≈™≡│⁸ ≤ ∆╢↓≤⁹ 
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о ─ ⌐ ∆╢  
 

─ ⌐≈™≡│⁸₈ ⱴ♬ꜙ▪ꜟ₉⁸₈ ⱴ♬ꜙ▪ꜟ─ ₉ ┘₈

─ ●▬♪ꜝ▬fi ┘ ₉╩ ⌐ ╘≡™╢⁹ ⌐ ⇔≡™⌂™ ⌐≈™≡

│↓╣╠╩ ∆╢↓≤⁹ 

33  ─ ⁸ ╣⁸ ∕─ ⌐╟╢ ╩ ∆╢√╘⁸ ─

⌐≈™≡⁸ ─ ⁸ │ ─ ∕─ ⌂ ⅜ −╠╣╢╟℮⌐ ⅜

╘╠╣≡™╢↓≤⁹↓─ ⌐⅔™≡⁸ ─ ─ │ ⅜ ─ ─ ⌐

→╢ ─ ≢№╢≤⅝│⁸ ─ ⌐ →╢ ─ ⅜⁸ ─ ⌐ →╢

⌐ ⇔≡™╢↓≤⁹  

┘ 36

191 10 ─

 

⌐ ∆╢  ┘

13 ─ ⌐ ∆╢╙─≢

№╢↓≤⁹ 

   

 
 

 

 ─ ┘ ⌐╟╡⁸ ┘

⌐⅔↑╢ ⁸─ ⌐⅔™≡⁸ ─╖⌂⇔ ≤⌂╢ ⌐│⁸ ┘

13 ─ ⌐╙ ∆╢↓≤⅜ ≤⌂╢⁹ ⇔ↄ│⁸ 2-98╩ ─↓≤⁹  

 

  

28  ─ │ ─ ─ ⅜ ∂⌂™╟℮⌐⁸ ─ ⅎ⁸ ⅝∕─

─ ⅜ −╠╣≡™╢↓≤⁹ 

 

 ŋ ≤│⁸ 10 ╕≢─ ⌐ ─╟℮⌂ ─ ⅜ ╘╠╣╢╙─╩™℮⁹ 

ה ▬   ⁹ 

   ꜡ ≢⁸ ≢ ╠╣╢ ⅜ fi♦כ▼►☻⁸ ◘►fi♦▫fi◓ ⌐⅔™≡100

─ ≢ ∆╢╙─ │○ꜝfi♄ fiכ◖ fiכ◖╢↑⅔⌐ ⅜

400kN ─╙─⁹ 

  Ɫ ≢⁸ ≢ ╠╣╢ ⅜10 fi♦כ▼►☻⁸ ◘►fi♦▫fi◓ ⌐⅔™≡

⅜50 ─╙─ │○ꜝfi♄ fiכ◖ fiכ◖╢↑⅔⌐ ⅜

4,000kN ─╙─⁹ 

  o ─ ⅜ ↕╣╢ ≢ ╩ ℮ ⁸№╢™│ ⌐ ℮ ─ Ⱳכꜞ

fi◓─ ⅛╠ ⌐ ⌂≥─ ⅜ ╠⅛⌐⌂∫√ ⌐│⁸ fi♦כ▼►☻⁸ ◘

►fi♦▫fi◓ fiכ◖⁸ ⌂≥─ ╩ ∫≡⁸ ≢№╢⅛≥℮⅛╩ ∆╢↓≤⁹∕

─ ⁸ ≤ ↕╣√ ⌐│⁸↕╠⌐ ⁸ ⁸ ┘ ⌂ ╩

∆╢↓≤⁹ 

 

 



  

2- 52  
─ ⅝  

 

 

⌐ ∆╢ ⌂ ⱨ꜡כ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ɔ ⌐№√∫≡│⁸ ─ ⁸ ⁸ ⁸ ╩ ╕ⅎ≡⁸

⁸ ╩ ™⁸ ╙ ╘√ ─ ╩ ⌐ ∆╢⁹∕─ ⁸ ⁸

⌐ ∆╢ ⌂ ⅜№╢ │⁸ ─ ╩ ℮↓≤⁹ 

 

─                      Ừ ⌐  ủ  ỏ │№╢  

 

     

─  
  

─

─

╣ 

┼─ ⁸∕─  
 

   

  

  

∑
╪

  

╡

       

 
 

 
 

 
 

 

♩꜠fi♅╩ⱨ▫ꜟ♃ ≢ ⇔ ⌐∆

╢⅛ ╩ⱨ▫ꜟ♃ ≢ ⇔≡ ⇔⁸

╩ ⇔ ╩ ∆╢⁹ 

ה  
 

  ủ ỏ   ủ ủ ủ ỏ   

│ ╣╙

─ ╩ ↄ∆╢⁹ 

◘fi♪ⱴ♇♩ 

 
 

⌐ ─ ™ ╩ ⅝ ⇔ ─♩

ꜝⱨ▫◌ⱦꜞ♥▫╩ ⌐∆╢≤ ⌐

─ ≤∆╢⁹ 

─ 
™  

ủ  ủ ủ    ủ ủ  ủ  

≤ ⇔≡

™╠╣╢⁹ 

 
 ה ♩ כ◦
Ⱡ♇♩  

♩כ◦ ─ ╩ ⇔≡ ─♩ꜝⱨ▫

◌ⱦꜞ♥▫╩ ∆⁹╕√⁸ ╩ ⌐

↕∑≡ ╛ ╩ ∂╢⁹ 

 
 ♩כ◦
Ⱡ♇♩ 

  Ừ  ủ   ủ ủ ủ   

⌐ ⇔

⁸◘fi♪ⱴ♇♩─╘╡

╖ ╩ ⱪ⁸כ꜡⁹←

≢ ∆╢ ⅜№

╢⁹ 

 

 

⌐ ╩ ∆╢↓≤⌐╟╡ ─

ה ╩ ⇔⁸ ─♩ꜝⱨ▫◌ⱦ

ꜞ♥▫╩ ∆⁹ 

☿ⱷfi♩ 

ה  
 ỏ ủ  ỏ   ủ  ủ   

─ כ⸗☻

◐fi◓ ⅜ ⁹ 

  
╩ ™ ╩ ⌂™⇔│

⌐ ⇔⁸ ≢ ∆⁹ 
  Ừ ủ  Ừ   ủ Ừ ủ   

─ ⅜ ≢№

╢√╘ │ ™╠╣⌂

™⁹ 

 

 

 YES

 

NO

כ▼►☻╛
♦fi ◘►fi♦▫fi◓

fiכ◖│ ⌂
≥─

┘ ─

──
─

⌐ ℮ ─ Ⱳכ
ꜞfi◓─ ⅛╠⁸ ⌐
╛ ╩ ╗ ⌂≥─
⅜ ╠⅛⌂

─ ⅜
↕╣╢ ≢

╩ ℮

─
⅜ ╘

╠╣╢⅛
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─  
  

─

─

╣ 

┼─ ⁸∕─  

 

   

  

  

∑
╪

  

╡

       

 
 

 
 

 

 

ꜗ♅כ◘ ☺כ  

ⱪ꜠꜡כ♪  

─ ╩ ⌐╟╡ ™⁸

⌐╟╢ ╩ ⌐ ↕∑╢≤ ⌐

╩ ∆╢⁹ 
 Ừ   Ừ    ủ Ừ  ủ  

─ ⁸ ─

⌐ ⁹ ╩

╖ ⅜ ∂╢⁹ 

 
     

─ ╩ ↕∑╢↓≤⌐╟╡

╩ ↕∑⁸ ╩ ↕∑╢⁹ 

►▼ꜟ ⱳ▬fi 

 ⱪכ▫♦ה♩

►▼ꜟ  
Ừ  ủ ủ   ủ ủ ỏ  ủ  

⌐ ⅜ ↄ ⇔≡

™╢ ⅜ ⁹

─ ╙ ∆╢√╘

⁹ 

 
⌐ fi⁸כ꜠♪ ⌐ ╩fiכ꜠♪

⇔ ╩♩כ◦ ⇔⁸ ⱳfiⱪ≢

⇔ ╩ ⇔ ↕∑╢⁹ 

Ᵽ◐ꜙכⱶ

ⱳfiⱪ⁸

ה ♪

 fiכ꜠

Ừ  ủ Ừ    Ừ Ừ  ủ  

⅜ ⁹Ᵽכ♅◌

fiכ꜠♪ꜟ ≤─

⅜ ™⁹ │5

6tf/  

Ᵽ

♅
◌
ꜟ
♪
꜠

fi

 

◘fi♪♪꜠כ 
fi     

⌐ 30 40cm─ ╩ ⇔

╩ ⇔ ╩ ╢⁹ 

─ 
™  

Ừ   Ừ    Ừ ỏ  ủ  

╩◓fi◦כ◔ ⌐ ∆

╢√╘ ⅜ ↕╣

╢⁹ ⌐╟╢ ╛

╕╡⌐╟╡ ⅜ ⁹ 

╘◘fi♪ 

fiכ꜠♪  

─ ─√╘⁸ ⌐ ╘√ 12cm─

╩ ∆╢⁹ ⌐╟╡ ─ ⌐

⇔ ─ ⅜ √╣╢⁹ 

─ 
™  Ừ   Ừ    Ừ ỏ  ủ  

4 ╩fiכ꜠♪≢ ∆

╢⁹Ᵽ♇◒♪꜠כfi ⅜

⁹ 

ⱭכⱤכ♪ 
fiכ꜠  

─ ─√╘⁸ ↕3mm⁸ 10cm─◔Ⱶ

◌ꜟⱭכⱤ⁸כⱪꜝ☻♅♇◒Ⱳכ♪ ╩

∆╢⁹ 

Ⱳכ♪  Ừ   Ừ    Ừ ỏ  ủ  

⅜ ↕™√╘

⌐╟╡ ⅜

∆╢ ⅜№╢⁹ 

ⱨ□▬Ᵽכ♪

fiכ꜠  

⁸ ╩ fiכ꜠♪⌡ ≤⇔

≡ ™╢⁹ 

 

 
Ừ   Ừ    Ừ ỏ  ủ  

─ ─

⌐ ∆╢⁹ 

 
 

╘ 
 

 

◘fi♪◖fiⱤ 
◒◦ꜛfiⱤ▬ 

 ꜟ     

⌐ ╘√ ╩ ⁸

⌐╟∫≡ ⁹ ≢│ ≤

⁸ ≢│ ╘ ╩ ⁹ 

 
 
ủ Ừ  ỏ Ừ  Ừ Ừ ủ ủ   

─ ה ⅜

∆╢⁹ ≢│

⌐ ╩ ∆⁹ ♪꜠

│fiכ ⁹ 

╘ 

 

─ ╩ ⌐ ⇔⁸ ╩ ⇔⌂

⅜╠ ⌐╟╡ ╩ ╘╢⁹ 
  ủ     Ừ   ủ   

╘ ⌐ ה ⅜

∆╢⁹Ᵽ▬Ⱪ꜡꜡♇♪⁸

Ᵽ▬Ⱪ꜡ⱨ꜡כ♥כ◦ꜛfi

⅜  

 
 

 
 

 
 

 
 

     

╟╡ ™ ╩Ᵽ♇◒ⱱ⁸כ☻

♃ⱦꜝ▬◙כ ⌐╟╡ ≤ ⇔⁸

ה ╩ ∆╢⁹ 

☿ⱷfi♩ה 

 

 
 Ừ Ừ  Ừ Ừ  Ừ ủ ủ   

♩꜠fi♅ꜗכ ╩ ™╢

≤ ↕5 6 ─ ⅜

⁹Ɽ꞉כⱩ꜠fi♄כ

⅜ ⁹ 

 

     

╩ ⌐╟╡ ≤ ⇔

⌐ ∆╢⁹ ╩ ™╢DJM ⁸☻ꜝ

╩כꜞ ™╢CDM⌐ ↕╣╢⁹ 

☿ⱷfi♩ה 

 

 
 Ừ Ừ  Ừ Ừ ủ Ừ ủ ủ   

⁸ ⁸ꜝ♇ⱪ⁸Ⱪ꜡

♇◒ ≤ ─ ⅜

↕╣≡™╢⁹ 

 

 

⌐⅔™≡ ⌐╟╡ ☻ꜝ

≥כꜞ ≤╩ ↕∑ ─

╩ ∆╢⁹ 

☿ⱷfi♩  

 

 

 Ừ Ừ  Ừ Ừ Ừ Ừ ủ ủ  

 

╩ ∆╢

CCP⁸◄▪כꜞꜝ☻ה╩

∆╢JGS⁸X-JET⁸◄▪ה

╩ ⇔≡ ∆╢CJG

⅜ ⁹ 

 
╩ ⁸ ╩ ⌐╟

╡ ─ ╩ ∆╢⁹↓╣⌐╟╡

2m ─ ⅜ ⁹ 

☿ⱷfi♩  

 
 Ừ Ừ  Ừ Ừ ủ Ừ ủ ủ   

─ ⅜ ≢

⁸ ⁸

⅜ ≢ ⅜ ™⁹

JACSMAN ⅜ ⁹ 

Ɽ▬  ꜟ
     

⌐ ╩ ⌐ ⇔≡ ─

≤ ⌐╟╡ ╩ ╢⁹ 
 ủ ủ ủ ủ ủ   Ừ  ủ   

⅜ ∆╢≤ ⅛╠

─ ≢ ⅜ ∆

╢√╘ ⅜ ™⁹ 

 
⌐ ─ ╩ ⇔⁸ ╙⇔

ↄ│ ⌂ ╩ ↕∑ ∆╢⁹↓╣

⌐╟╡ ⁸ ╩ ∆╢⁹ 

●ꜝ ☻  

ⱷ☿ה

fi♩ 
 ủ ủ Ừ  Ừ Ừ ủ  ủ   

⁸

⅜ ⁹ ≢│

≢≤⇔≡╙ ™╠╣≡™

╢⁹ 
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─  
  

─

─

╣ 

┼─ ⁸∕─  

 

   

  

  

∑
╪

  

╡

       

 
 

 
 

 
 

 

 

(  

⁸ꜟכ꜡♅☻ ⱦ⁸☼כ ☻ꜝ◓

─ ╩ ™ ⁸ ╩ ╢⁹ 

 

ⱦכ☼ 

☻ꜝ◓ 
 Ừ Ừ       ủ   

─ꜟכ꜡♅☻

│0.4tf/ ⁹ ⅜

™ ≢│ ⅜

⁹ 

ⅎ  
╩ → ╩ ╘╢≤ ⌐

≤Ᵽꜝfi☻↕∑ ╡ ╩ ∆╢⁹

─ ⌐ ∆╢⁹ 

     Ừ   ủ ủ ủ   

≤ ─ ⅜

⁹ 

 

 

╩ ⁸╙⇔ↄ│╝∫ↄ╡ ∟ →

─ ⌐╟╢ ╩ ∆

╢⁹ 

   ỏ ủ    ủ Ừ  ủ  

fiכ꜠♪ ≤ ∆╢↓

≤⅜ ™⁹ 

 
 

⁸Ⱡ♇♩⁸♩כ◦⌐ ─ ╩

⇔∕─ ⌐╟╡ ─ ╩ ╢⁹ 

 ♩כ◦
Ⱡ♇♩ 

 
  ủ  Ừ     ủ   

─ ≢│

≡⇔≥fiכ꜠♪ ™╢↓≤

╙№╢⁹ 

 
⌐ ⁸╙⇔ↄ│ ⌐Ɽ▬

ꜟ☻ꜝⱩ ╩ ⇔⁸ ╩ ↕∑╢≤

⌐ ╩ ∆╢⁹ 

     Ừ ủ    ủ   

⁸ ─

⌂ ⌐ ↕╣

╢⁹ 
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ה   

 

⌐╟∫≡ ∏╢₈ ⅜↑ ₉≤│⁸ ⅜ ⌐ ⇔30 ╩↓ⅎ╢ ╩⌂∆ ≢

─ ⇔™╙─╩ ↄ ─╙─╩™™⁸₈ ⅜↑ ₉≤│∕─ ╩™℮⁹ 

 

  ŋ ╩ ∆╢ ⁸ ╩ ⇔⌂™  

23  ╩⇔√ ─ ⌐ ∏╢ ↕⅜ ╩↓ⅎ╢⅜↑⁸ ╩⇔√ ─ ⌐

∏╢ ↕⅜ ╩↓ⅎ╢⅜↑ │ ≤ ≤╩ ⌐⇔√ ─ ⌐ ∏╢ ↕⅜ ╩↓ⅎ╢

⅜↑─⅜↑ │⁸ ≢⅔⅔╦⌂↑╣┌⌂╠⌂™⁹√∞⇔⁸ ╩⇔√ ─ ⌐ ∏╢↓≤≤⌂

╢⅜↑ │⅜↑─ ≢⁸ ─ ─ ⌐ ∆╢╙──⅜↑ ⌐≈™≡│⁸↓─ ╡≢│⌂™⁹ 

 ⅜ ─ ─ ⌐ →╢╙─⌐ ⇔⁸⅛≈⁸ ⌐ ∂ ⅜ ─ ─

─╙─ 

    
╩ ⇔⌂™ 

  ─   

╩ ∆╢ 

─  

─ ⇔™╙─╩ ↄ⁹  60° 80° 

─ ⇔™  40° 50° 

⁸ ⁸ ⱶ⁸כ꜡ ⁸

∕─ ↓╣╠⌐ ∆╢╙─ 
35° 45° 

 ⅜ ─ ─ ⌐ →╢╙─⌐ ⇔⁸⅛≈⁸ ⌐ ∂ ⅜ ─ ─

╩↓ⅎ ─ ─ ─╙─≢⁸∕─ ⅛╠ ⌐ ─ ⁹

↓─ ⌐⅔™≡⁸ ⌐ ∆╢⅜↑─ ⌐╟╡ ⌐ ↕╣√⅜↑─ ⅜№╢≤⅝│⁸

⌐ ∆╢⅜↑─ │ ∑∏⁸∕─ ─⅜↑─ │ ⇔≡™╢╙─≤╖⌂∆⁹                           

 

  ▬ ╩ ∆╢  
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   ꜡ ╩ ⇔⌂™  

 
 

 
 

─ ⅛╠ 5  
╕≢  

╩ ∆╢ 

─ ⇔ 
™╙─╩ ↄ  

─ ⅜60 ─
╙─⁹ 
 

─ ⅜60 ╩ ⅎ
80 ─╙─⁹ 
 

─ ⅜80 ╩ ⅎ
╢╙─⁹ 
 

─ ⇔™  

─ ⅜40 ─
╙─⁹ 
 

─ ⅜40 ╩ ⅎ
50 ─╙─⁹ 
 

─ ⅜50 ╩ ⅎ
╢╙─⁹ 
 

 
ⱶכ꜡  
∕─ ↓╣╠⌐ 
∆╢╙─ 

─ ⅜35 ─╙
─ 

─ ⅜35 ╩ ⅎ
45 ─╙─⁹ 
 

─ ⅜45 ╩ ⅎ
╢╙─⁹ 
 

 

  Ɫ ╩ ⇔⌂™  

     

  o ─  

23  ─ ─ ⌐≈™≡│⁸ ⌐╟∫≡ ⌐ ↕╣√⅜↑⅜№╢ ⌐⅔

™≡⁸ ─⅜↑ ─ ╩ ╖⁸⅛≈⁸ ⌐ ⇔30 ─ ╩⌂∆ ─ ⌐ ─⅜↑ ─

⅜№╢≤⅝│⁸∕─ ─⅜↑╩ ─╙─≤╖⌂∆⁹ 
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  ɔ ╩ ⇔⌂™  

23  ─ │⁸ ⌐ ≠⅝ ─ ╩⇔√ ⅜↑─ ╩ ≈√

╘⌐ ─ ⅜ ≢⌂™↓≤⅜ ⅛╘╠╣√ │ ─ ⅜⌂™≤ ╘╠╣╢

⌐⅔™≡ ─ ⌐ ⅎ≡ ─ ⅜ −╠╣√ ⌐│⁸ ⇔⌂™⁹ 

 

  ᴖ  

28  ⌐╟∫≡ ⅜ ∂╢ ⌐⅔™≡│⁸ ─ ⌐ ↄ ⌐│⁸ ─

⅜⌂™ ╡⁸∕─ ─ ⌐ ∕─ ─ ⅜ ╣╢╟℮⌐ ⅜ ↕╣≡™╢↓≤⁹ 

 

 ─ ⌐ ↄ ─  

 

 

   ─╡ ─ │⁸ ⌐ →╢ ⌐ ∆╢↓≤⁹ 

   ─╡ ─ ╩ ∆╢√╘⌐⁸  

   ─╡ ┘ ╩ ↕∑╢ 20 ↔≤  

   ─№╢ ⌐  

   ─ ↕╣╢ ─ ≢ ─ ∆╢ ⌐⁸  

 

  ᴗ    

28  ╩∆╢ ⌐⅔™≡⁸ ╩⇔√ ─ ⌐ ╡╛∆™ ─ ⅜№╢≤⅝│⁸

∕─ ⌐ ╡⅜ ∂⌂™╟℮⌐⁸ ╡ ←™ │◓ꜝ►fi♪▪fi◌כ∕─ ─ ⌐⅔

™≡₈ ╡ ←™ ₉≤™℮⁹ ─ ⁸ ─ ⅎ∕─ ─ ⅜ −╠╣≡™╢↓≤⁹ 

 

 ─ ₡ ─ ₢ 
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  ▬ ─╡ ─ │⁸─╡ ⁸─╡ ─ ⌐ ∂≡ ─ ╩ ≤∆╢↓≤⁹ 

─╡ ─ ╩ ⇔⌂™  

─╡  
 

─╡ ─  

֔  
─ ⅛╠─  

 
─ ⅛╠─  

─ ⇔™╙─╩ ↄ  80 0.2  60 0.6  

─ ⇔™  50 0.9  40 1.2  

ⱶכ꜡ ⁸
∕─ ↓╣╠⌐ ∆╢╙─ 

45  1.0  35 1.5  

─ ⁸
⁸∕─ ↓╣╠⌐ ∆╢╙─  

30 1.8  30 1.8  

√∞⇔⁸ ─╟℮⌂ ⌐│⁸ ─╡ ─ ─ ╩ ⌐ ∫√ ≢ ╩ ∆╢

⅜№╢⁹ 

 ─╡ ⅜ ⌐ ⅝™  

    ─╡ ⅜⁸ ╣ ─ ™ ⁸ ╣ ⁸ ─ ™ ⁸ ⌐ ™ ⁸ ≢№╢  

    ─╡ ⌐ ⅜ ™  

    ─╡ │ ─ ⌐ ⅜ ⇔╛∆™  

   ꜡ ─╡ ─ ⅝™ ─╡ ⌐│⁸ ─╡ ↔≤⌐ ─ ╩ ↑╢↓≤⁹⌂⅔⁸─

╡ ─ ⌐ ⅝™ ⌐│⁸ ─ ─ ⌐⁸ ⌐⅔↑╢ ה ⌐ ™╢√╘─

╟╡ ─ ™ ─ ⌐≈™≡ ∆╢↓≤⁹ 

  Ɫ ╡ ─  

    ╡ ─ ה ⌐ √∫≡│⁸ ─ ⌐ ∆╢↓≤⅜ ≢№╢⁹ 

    ╡ │⁸ ⌐ ⇔≡ ─ ≢ ⇔╟℮≤∆╢╙─≢⁸ ⌐ ⇔⁸

≢⅝╢╟℮⌂ ⌐ ∆╢╙─≤∆╢⁹ 

    ╡ ─ ⌐⅔™≡│⁸ ⁸ ┘ ╩ ⇔⁸ ─ ⁸ ⁸

⌂≥⌐ ⌂ ⅜⌂™╟℮⌐ ⌐ ╩ ℮⁹ 

    ╡ │ ⁸ ⁸ ⌂≥⌐ ⌐ ⇔≡ ∆╢╙─≤∆╢⁹ 

  ♬ ◓ꜝ►fi♪▪fi◌כ─  

    ◓ꜝ►fi♪▪fi◌כ ₈▪fi◌℮⁹™≥₉כ ─ ה ה ה ⌐ √∫≡│⁸

─ ⌐ ∆╢↓≤⅜ ≢№╢⁹ 

    ▪fi◌⁸│≥כ ∆╢ ╡ ╩ ⌂ ⌐ ∆╢╙─≢№╡⁸ ⌐ ⇔⁸

≢⅝╢╟℮⌂ ⌐ ∆╢╙─≤∆╢⁹ 

     ⌂⅔⁸▪fi◌כ│∕─ ⅜ ─√╘⁸ ─ ⌐ ℮ ─ ⁸ ─ ≡

ⅎ ⌐╟╡⁸∕─ ⌐ ⅜ ∂╢ ⅜№╢─≢⁸▪fi◌כ╩ ∆╢ ─ ╩⁸

⁸ ⌐ ∆╢↓≤⁹ 

    ▪fi◌כ─ ⌐⅔™≡│⁸ ⁸ ┘ ╩ ⇔⁸ ─ ⁸ ⁸

⌂≥⌐ ⌂ ⅜⌂™╟℮ ⌐ ╩ ℮⁹ 

    ▪fi◌כ─ ⌐ √∫≡│⁸ ⁸ ⁸ ⌂≥⌐ ⌐ ∆╢╙─≤∆╢⁹ 

    ▪fi◌כ│ ⌐ ∆╢⌂≥⁸ ⅜ ≢№╢⁹ 
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  p    

28  ╩∆╢ ⌐│⁸ ⌐ ∕─ ─ │ ─ ⌐╟╢ ╖⁸

⁸ │ ╡⅜ ∂⌂™╟℮⌐⁸⅔⅔╗⌡30 ─ ↕─ ⌐ ↑≡ ╩ ╡⁸⅛≈⁸∕─

─ ╩ ─⧵כꜝכ꜡╩╣↓⁸⌐≥↔╢ ↓╣⌐ ∆╢ ╩ ™≡ ╘ ╘╢≤≤╙⌐⁸

⌐ ∂≡ ╡ ←™ ─ ∕─ ─ ⅜ −╠╣≡™╢↓≤⁹ 

28  ⇔ↄ ⇔≡™╢ ⌐⅔™≡ ╩∆╢ ⌐│⁸ ╩∆╢ ─ ≤ ≤

⅜ ∆╢ ⅜ ╡ ≤⌂╠⌂™╟℮⌐⁸ ╡∕─ ─ ⅜ −╠╣≡™╢↓≤⁹ 

 

─ ⌐№∫≡│⁸ ─ ⅜ 15° ─ ⌐│⁸ ↕50 ⁸ 100

≢ ╡╩ ⌂℮↓≤⁹ 

 

 ╡ 

 

 

 

 

 

 

 

 

 

 

  ▬ ─╡ ─ │⁸─╡ ⁸ ─ ⌐ ∂≡ ⌐ ⇔⁸ ≤⇔≡30

1.8 ≤⌂╢╟℮⌐ ∆╢↓≤⁹ 

    ⌂⅔⁸ ─╟℮⌂ ⌐│⁸ ─╡ ─ ─ ╩ ⌐ ∫√ ≢ ╩ ∆╢ ⅜

№╢⁹ 

    ─╡ ⅜ ⌐ ⅝™ ─╡ 15 ─  

    ⅜ ⅛╠─ ─ ╩ ↑╛∆™  

    ─ ⅜ ⌂  

    ⅜ ∆╢≤ ⌐ ⌂ ╩ ⅎ╢⅔∕╣⅜№╢  

    ↑ ≤⌂╢  

   ꜡ ─╡ ─ ⅝™ ─╡ ⌐│⁸ ─╡ ↔≤⌐ 1.5 ─ ╩ ↑╢↓≤⁹ 

    ⌂⅔⁸ ─ ─ ↕⅜15 ╩ ⅎ╢ │⁸ ↕15 ↔≤⌐ ─ ─ ╩

↑╢─⅜ ≢№╢⁹ 

  Ɫ ▬ ⅛╠ ╕≢─™∏╣⅛⌐ ∆╢ │⁸ ⌐╟╡ ─ ╩ ℮↓≤⁹ 

    │⁸ ∆═╡ ╩ ⇔√ ⌐╟╡⁸ │1.5╩ ≤∆╢↓≤⁹ 
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 ─  

 

 

 

 

 

 

 

 

 

 

 ─ ─  

 

  ⇔√ ≢│⁸ ╛ ╩ ╘ ≡√ │ ⌐ ↑⇔√ ⌐⅔

™≡⁸ ≤ ≤─ ⌐⅔↑╢ ─ ╡ ⅜ ∂╢⌂≥⁸ ⌐⅔↑╢ ╣

│ ─ ⌐╟╢ ⅜ ∂≡™╢⁹⇔√⅜∫≡⁸ ⌐ ™ ╛ ╩ ╘√√╘⌐ ⌐

─ ╩ ↑ ↄ⁸ ⌐ ⌐ ─ ⅜ ∆╢↓≤⅜ ™ ╘ ⁸ ─

↕─ ™ ↑ ⌂≥⁸ ⌐ ∆╢ ⌐≈™≡⁸ ─ ─ ╩ ℮

⅜№╢⁹ 

  ⌂⅔⁸ ⌂ │⁸₈ ⱴ♬ꜙ▪ꜟ─ ₉ ┘₈ ─

●▬♪ꜝ▬fi ┘ ₉╩ ⌐∆╢↓≤≤⇔⁸ ⌐∕─ ╩ ∆⁹ 

 ₈ ─ ●▬♪ꜝ▬fi ┘ ₉ 27  

         http s://www.mlit.go.jp/toshi/ toshi_tobou_fr_000004.html  

(1) ≤⌂╢  

   ŋ ╘  

    ╩∆╢ ─ ⅜3,000 ≢№╡⁸⅛≈⁸ ╩∆╢↓≤⌐╟╡⁸ ╩∆╢ ─

⅜ ╩∆╢ ─ ─ ↕╩ ⅎ⁸ ─ ⌐ ∆╢↓≤⅜ ↕╣╢╙─⁹ 

 

 ╘ ─▬ⱷכ☺ 
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 ╘ ≢ ∆╢ ─▬ⱷכ☺ 

 

   o ↑  

    ╩∆╢ ─ ⅜ ⌐ ⇔20° ─ ╩⌂⇔⁸⅛≈⁸ ─ ↕⅜ ≤⌂╢

╙─⁹ ⌐ √∫≡│⁸ ─ ⌐ ∆╢ ⅜№╢⁹ 

    √∞⇔⁸ ─ ─╖╩ ⇔≡ ╩ ∆╢↓≤│ ↑⁸ │ ─

⁸ ╩ ∆╢↓≤⅜ ≢№╢⁹ 

 
 ↑ ─▬ⱷכ☺ 

 

 

 ↑ ≢ ∆╢ ─▬ⱷכ☺ 
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(2)  

   ╘ ─ ⌐≈™≡│⁸ ─ ⌐╟╡ ∆╢↓≤╩ ≤∆╢⁹ 

↑ ─ ⌐≈™≡│⁸ ─ ─℮∟ ⌐╟╡ ∆╢↓≤╩

≤∆╢⁹ 

 

(3)  

⌐ ™╢ ┘ ɫ ─ │⁸ ⌐ ∆╢ ╩ ™≡⁸

┘ ─ ╘ ⌐ ™ ≢ ╩ ⇔⁸∑╪ ╩ ℮↓≤⌐╟╡ ╘╢↓≤╩

≤∆╢⁹ 

 (4) →⅝  

─ ⌐ ⇔≡│⁸ ╩ ↑╢⌂≥⇔≡⁸ ⌐ →⅝ ⅜ ⇔⌂™╟℮⌐

∆╢↓≤⅜ ≢№╢⁹ 

⇔⅛⇔⁸ ⌐⅔↑╢ │ →⅝ ─ │ ⌂ ⅜ ↄ⁸╕√⁸

─ ⌐ ⅝ↄ ∆╢√╘⁸ ⌐╟∫≡ ─ ╩ ∆╢ │⁸ ─

│ ⅛╠─ ⌐╟╢ ╩ →⅝ ≤⇔⁸ ⌐ ∂≡⁸ ─ ⌐╟∫≡ ↕╣

╢ ⌐╟╢ →⅝ ┘ ⌐ ∫≡ ∆╢ →⅝ ╩ ∆╢⁹ 

╕√⁸↓╣╠─ →⅝ │⁸ ─ ⌐╟∫≡ ╘╢↓≤⅜ ╕⇔™⅜⁸ ⌂ │╒⅛─

⌂ ⌐╟∫≡ ∆╢↓≤╙ ≢№╢⁹ 

 (5)  

─ ⌐ ⌂ │⁸ ⌐ ֕1.0≤∆╢↓≤╩ ≤∆╢⁹⌂⅔⁸

─ ⌐ ⌂ │⁸0.25⌐ 88 ⌐ ∆╢ ─

0.9 55 1793 ╩ ∂≡ √ ≤∆╢⁹ 

 

 ─╡ ─  

28  ⌐╟∫≡ ∂√ │⁸ ⇔⌂™╟℮⌐⁸ ≢ ╘╢ ⌐╟

╡⁸ ─ ⁸ ╡⁸ ╡⁸⸗ꜟ♃ꜟ─ ↑∕─ ─ ⅜ −╠╣≡™╢↓≤⁹ 

23  ⌐╟∫≡ ∏╢⅜↑─⅜↑ │⁸ ≢⅔⅔℮ ╩ ⅝⁸ ╡⁸ ╡⁸

⸗ꜟ♃ꜟ─ ↑ ⌐╟∫≡ ∕─ ─ ⌐ ⇔≡ ⇔⌂↑╣┌⌂╠⌂™⁹ 

  ≢⅔⅔╦⌂™ ⁸ ≢⌂™ ─╡ ┘ 30 ╩↓ⅎ╢ ≢ ≤

╘╠╣╢ ⌐≈™≡│⁸ ⌐╟╡⁸─╡ ╩ ∆╢╙─≤∆╢⁹ 

 ▬ ─╡ ─ ⌐№√∫≡│⁸ ⌂ ╩ ≤⇔≡ ─╡ ─ ⁸ ⁸

⁸pH⌂≥─ ה ⁸ ה ─ ⁸ ⅛ ⅛ ─ ⁸─╡ ─ ╛─╡

⌂≥╩ ∆╢≤≤╙⌐⁸ ⁸ ⁸ ⅔╟┘ ┘ ה ─↓≤╙

⌐ ╣≡⅔ↄ ⅜№╢⁹ 

  ꜡ ─╡ │ │ ⅜№╢ ╕≤╕∫≡ ⇔√╠ ∟⌐ ∆╢↓≤⁹ 
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─ ╡      

ה     

 

─ 

╡ 
 

 
 

 
 

 
 

 
 

 
 

 

 

 

 

♩כ◦  

ⱴ♇♩  

⁸ ⁸ ⌐╟╢  

 ≢ ╩ ⌐ ↕∑╢↓≤⌐╟╢ ⁸

─ ה ─  

─℮  

 

─ ⌐╟╢ ─  

™ ─ ╩  

 
 

 

 ─ ╡ ↑⌐╟╢ ⁸ ⁸

 

 ≢ ─ ╡ ↑⌐╟╢ ⁸ ─ ה

─  

 ╛ ⌐╟╢ ⌂ ─  

 ≤ ─ ⌐╟╢ ⌂ ─  

 
 

 
 

 

 

Ⱡ♇♩  

─ ╛ ⌐╟╢─╡ ─│ↄ ─

 

 

∂╚⅛↔  

─╡ ─ ╛ ⌐╟╢ ─  

ⱪ꜠◐ꜗ☻♩  ─ ≤  

⸗ꜟ♃ꜟ  ↕ cm ⁸ ╡⁸ ⁸ ⁸ ─  

◖fi◒ꜞכ♩  ↕10cm ⁸ ╡⁸ ⁸ ⁸ ─  

 

Ⱪ꜡♇◒  

⁸ ⁸ ─  

◖fi◒ꜞכ♩  

 

∟◖fi◒ꜞכ♩  

─╡ ─ ⁸ ─ ╩ ↑╢ ╣─№╢

─ ╘⁸ │ↄ  

⁸Ⱪ꜡♇◒  

⅛↔  

 

◖fi◒ꜞכ♩  

 

№╢ ─ ⌐ ⇔≡ ╩  

 

◓ꜝ►fi♪▪fi◌כ  

 

∆═╡ ─ ⌐ ⇔≡ ╩  

β ⌐≈™≡│⁸ ⌐ │60 ≤↕╣≡™╢√╘⁸∕╣ ─ ─ │

─ ╩ ⅎ╢↓≤⁹ 



  

2- 64  
─ ⅝  

 

 

 ─  

28  │ ╩∆╢ ⌐⅔™≡⁸ ⌐╟╡ ╣ │ ─ ⅜ ∂╢⅔∕╣

⅜№╢≤⅝│⁸ ─ ╩ ⅛≈ ⌐ ∆╢↓≤⅜≢⅝╢╟℮⌐⁸ ≢ ╘

╢ ⅜ ↕╣≡™╢↓≤⁹ 

22  28 ─ ≢ ╘╢ │⁸∕─ ─ ┘ ⅜⁸

│ ╩⇔√ ┘∕─ ─ ─ ⅛╠ ↕╣╢ ─ ╩ ™≡ ⇔√

╩ ⅛≈ ⌐ ∆╢↓≤⅜≢⅝╢ ≤∆╢⁹ 

 

(1) ─  

   ─ │⁸ᵑ ⁸ᵒ ⅛╠─ ⁸ᵓ ה ─ ≢ ↕╣╢⁹ 

   │⁸ ─ ⌐ ↕╣⁸ ⌐⅔™≡ ≤⇔≡ᵑ ╩ ╘

╢√╘─ ┘ᵒ ─ ≤⌂╢ ─ ╩ √∆⁹ 

 

 ─  

 

(2) ─  

   │⁸ ⁸ ⁸ ⌐╟∫≡⁸ ─╟℮⌐ ↕╣╢⁹ 

 

 ─  

             

 
 

 
─ ╩ ⌐ ↕∑╢ ≢⁸ ╩ ∏ ⇔⁸ ⌐

⌂ↄ≤╙ ⇔ ─ ╩ ∆╢╙─⁹ 

  ⌐ ∆╢ ╩ ╟ↄ ⇔⁸ ⌐ ⅝ ╣╢ ⁹ 

 
 

з  
 ─ ≢ ─ ╩ ⌂ ≤∆╢⅜ │

⌂ ╩ ⌐ ⇔⌂ↄ≡╟™ ⌐ ∆╢╙─⁹ 

и  
 ─ ≢ ─ ⅜ ↄ⁸ ╙ ⌂

╩ ≤∆╢ ⌐ ∆╢╙─⁹ 

 
 

  ⌐ ╩ ה ↕∑╢ ╩ ∆╢ ⁹ 

 
 ⌐│ ╩ ∆╢ ⅜⌂ↄ⁸ ⅜ ⇔√ ╩

℮↑≡ ⌐ ↕∑╢√╘⌐ ∆╢ ⁹ 
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   ŋ    

    │⁸ ⌐ ╕╣√ ╩ ∆╢⁸ ⇔√ ╩ ↕∑╢↓

≤⌂ↄ ┼ ∆╢ ╩ ∟⁸∕─ ⅛╠ ─ ≈⌐ ↑╠╣╢⁹ 

ה     ΝΝ ┘ ─ ╩∆╢╙─≢⁸ ─ ╩ ∆╢╙─ 

ה     ΝΝ ≤⇔≡ ─ ╩∆╢╙─ 

    ⌐⁸ ─ │ ╛◦ꜟ♩ ─ ⅜ ↄ⁸ ─ ╩ ∆╢√╘⌐│ ╩ ∫

√ ─ │ ─ ╩ ⌐ ∆╢╟╡⁸ ─ ╩ ⌐ ⇔√ ⅜ ⅜ ™⁹√∞⇔⁸

╩ ∆╢≤⁸ ⅜ ⌐ ∆╢╟╡│ ⌐ ↕∑╢ ⅜╟™⁹ 

    ∫≡⁸ ה ≢│⁸↓╣╠─ ╩ ╕ⅎ≡⁸ ╛ ╩ ∆╢ ⅜№╢⁹ 

    ⌐⅔↑╢ ≤│⁸ ╩ ⌐ ℮√╘─└≤≈─ ≢№╡⁸ ╩

∆╢ ─ ⌐╟∫≡ ↕╣╢╙─≢№╢⁹ 

 

 ─  

   ─ │⁸ ─ ─√╘⁸ ⌐ ∂ ╩ ↑╢↓≤⁹ 

 

   o  

    ╩ ⇔╟℮≤∆╢ │⁸ ─ ⁸ ─ ⁸ ─ ↕⌐╟∫≡ ─

≤↕╣╢ ╛ ⅜ ⌂╢⁹⇔√⅜∫≡⁸ ⌐ ∂≡⁸ ╩з ⁸и ⌐ ⇔⁸и

⌐≈™≡│⁸ ⌂ ╩ ™ ⌂ ⌐ ⅎ℮╢ ≤∆╢⁹ 

 

   ɔ  

    │⁸ ⌐│ ≤ ─ⱨ▫ꜟ♃כ ⅛╠ ↕╣╢⁹ 

    │ ⅛╠⁸ ─ ⅛╠─ ⅜ ⌂ ⁸ ⁸ ≢№╢ ≤⁸

∆╢ ⅜⌂™ ≢ ⅜ ⇔√ ╩ ↑≡ ┼ ↕∑╢ ⌐ ↑

╠╣╢⁹ 

    ⁸ ⌂≥│⁸ ≢⅝╢ ⁸ ∆╢ ⅜№╡⁸ ─╡ ─╟℮⌐ ∆╢≤

⌂ ≢│ ≢⅝⌂™⁹╕√⁸ │∕╣ ╩ ∆╢ │⌂ↄ⁸ ⇔√
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╩ ┼ ↕∑╢∞↑─ ⇔⅛╙√⌂™⅜⁸↓╣╩ ⇔√ ≢│ ⅜⌂™⁹ 

    │⁸ ╩ ⇔ ↕∑╢ ╩╙≈ ⅜№╢√╘⁸ ─ ⌂ ╩

™≡ ≤⇔≡ ≢№╢⁹⌂⅔⁸ ╩ ╦∏⌐⁸꜠◐⁸ ⁸♁♄⌂≥≢ ↕╣╢ ╙∆

═≡ ≢№╢⁹ 

    ⌐│⁸ ⁸ ⁸ ⁸ ─ ≤ⱨ▫ꜟ♃כ ≤─ ╖

╦∑⌐╟╡ ₁⌂ ⅜№╢⅜⁸ ⁸ ⁸ ⁸ ⌐╟╡ ⌂ ╩ ∆╢

⅜№╢⁹ ⌂ ⌐≈™≡│⁸₈ ⱴ♬ꜙ▪ꜟ─ ₉  

 

(3) ─  

   ŋ ─  

    ⌐ ≠⅝⁸ ─ ╛  

─ ⁸ ─ ─ ╩ ⇔⁸  

─ ╩ ╘╢⁹↓↓≢ ⌂ │⁸ 

│ ─ ⌐ ⇔ ┼  

╩ ⅝ ╕⌂™↓≤⁸ ─ ⌂  

╩ ╢↓≤─ ≢№╢⁹ 

    ⌐⁸ ╛ ─╟℮⌂  

≢│⁸ ╩ ⌐∆╢ ⌐╟╡ ╩ ╘ 

╢ ⅜№╢⁹ ╩ ⇔√ ⌐⁸ ╛ 

─ ⌂≥⌐ ≠ↄ ─ ⌐ ∂≡  

─ ╩з ≤и ⌐ ∆╢⁹∕ 

─ ⁸ ─ ╩ ™⁸ ─  

╩ ∆╢⁹ 

 ─ ⱨ꜡כ 

 o ─  

    │⁸ ⌐╟∫≡ ℮╙─≤⇔⁸ ─ ⌐ ∂≡ ⌐ ╩ ∆╢⁹ 

    ─ │⁸ ─ ─ ╩ ⇔⁸ ─╟℮⌂ ⌐ ≠⅝ ∆╢⁹ 

   ─  

     ─ │⁸ ⌐ ⌂≥⅜ ⌐⌂™ ╡⁸ ≤⇔≡ ─

≤∆╢⁹ 

     │⁸ │ ─ ≢№∫√ ⌐ ╕╢╙─≤ ⅎ╠╣╢─≢⁸

⌂ ⌂≥⅜⌂↑╣┌ ┘ ─ ⌐⅔™≡ ─ │ ≢№╢⁹ 

    

     ⌂ │ ≤∆╢⁹ │⁸ ╩ ─ ─ ╕╡╛∆™ ⌐

∆╢↓≤≢№╢⅜⁸ ≢│ ≢ ™ ⌐⇔⅛ ↕⌂™√╘⁸ ─╟℮⌐

≤ ╖ ╦∑╢↓≤⌐╟╡ ╩ ℮⁹ 
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 ─  

 

    ▬ ↄ⇔  

      ⅜ ⌐ ⅛∫≡ ╛⅛⌐ ⇔≡⅔╡⁸ ⌐ ∫≡™╢ ⌐ ⇔≡™╢⁹ 

 

 ↄ⇔  

 

     ꜡  

      ⅜ ⅛╠ ⌐ ⅛∫≡ ↄ ⇔⁸ ⅜ ⌐⌂∫≡™╢ ⌐ ⇔≡™╢⁹ 
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    Ɫ  

      ⅛╠─ ⅜ ™ ⁸ ⌐ ⌐ ╩ ⇔⁸ ┼─ ╩

←⁹↓─ │⁸ ─ ™ ⌐╙ ⇔≡™╢⁹ 

 

  

 

 

 

   ⌐⅔↑╢  

    ▬  

      ⅜ ↄ♩꜠fi♅⅜ ⇔⌐ↄ™≤↓╤┼─ │ ↑╢⁹ ⌐♩꜠fi♅─ ⌐

⌂ ╩ ∆╢╟℮⌂ ⇔ↄ│ ─ ⅜ ⇔≡™╢ ≢│⁸√≤ⅎ ╩

⇔√≤⇔≡╙⁸ ⅛╠─ ⅜ ↄ⁸ ─ ⌐╟╢ ─ ⅜ ≢№╢⁹ 

     ꜡ ─ ─  

      ─ │╙≤╙≤ ╛ ⅜ ╕╡╛∆™ ⌐№╢√╘⁸ ⌐ ─ ⅜

№╢ │↓╣╩♩꜠fi♅≤⇔≡ ∆╢↓≤╙ ≢№╢⁹ 

      √∞⇔⁸ ─ ⅜ ⅛∫√╡⁸ ⅜ ⅜╡ↄ⌡∫≡™╢ ⌂≥⁸ ה

⅜№╢ ⌐│ ⌐∕╦∑╢╟℮⌂ ╩ ⅎ╢≤ ™⁹ 

    Ɫ ─  

      ─ │⁸ ─ ⌐ ∂⁸ ≢40 ⁸ №╡≢20 ╩ ≤∆╢⁹ 

    ♬ ─ ≤─  

      и ─ ⌐№√∫≡│⁸ ─ ─ ⅜ ╠⅛⌂≤⅝│⁸∕─ ⌐╟∫≡⁸

↕╣⌂™╟℮⌂ ≤∆╢⁹ 

    ⱱ ≤⇔≡─  

      и ╩ ∆╢⌐№√∫≡│⁸ ⅜ ≢⌂ↄ ⅜ ⌂ ─ ≤⇔

≡⁸ ⌐ ╩ ⇔⁸ ⌐ ↕∑≡ ≤⇔≡─ ╩ ╢↓≤

⅜ ╕⇔™⁹ 

    ┼ ─╡ ─  

      │ ≤⇔≡ ≢№╢⅜⁸ ─╡ ─ │ ≤∆╢⁹ 

      ∆⌂╦∟⁸─╡ │ ─ ⌐╟╢ ╩ ∂╢↓≤⅜ ≢№╡⁸
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⌐╟╠⌂ↄ≡╙⁸ ⌂ ⅜ ≢№╢↓≤ ┘ ≤∆╢↓≤⌐╟╢ ⅛╠─

⌂ ╩ ←√╘≢№╢⁹ 

 

 ─  

 

 (4) ─  

   ─ │⁸ ╩⇔√ ┘∕─ ─ ─ ⅛╠ ↕╣╢ ─

╩ ™≡ ⇔√ ╩ ⅛≈ ⌐ ∆╢↓≤⅜ ╢╙─≤∆╢↓≤⁹ 

  ─  

ה     ─ ─ │⁸2.5ꜞ♇♩ /ꜟs/ha √╡ ≤⇔≡ ∆╢⁹⌂⅔⁸

⅛╠ ⌐⅛↑≡─ ─ ⅜ ™≤ ╕╣╢ ⌂≥─ │⁸ ⌐ ╩ ╪

≢3.0ꜞ♇♩ /ꜟs/ha √╡ ≤⇔≡ ∆╢⁹ 

  ─  

    │⁸ ⌐ ∆╢ ⌐╟∫≡ ╩ ⇔℮╢╙─≤∆╢⁹ 

   ▬ ─  

     ─ │ⱴ♬fi◓ ╩ ∆╢⁹ 

Ͻ Ͻ
ρ
Ͻ Ͻ  

 

 

 

    ꜡  

     │⁸ ≤⇔⁸ │ ≢ ∆╢╙─≤∆╢⁹ 

   Ɫ  

     │⁸ ⅜ ╢≤ ─ ╛ ─ ⌐╟╡⁸ ∆╢⁹ 

     ⇔√⅜∫≡⁸ │⁸ ─ ─ ╩ ⇔≡⁸ ─ ╩ ⌐ ∆╢⁹ 
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      ⌐ ™╢  

ⱦ 0.008 0.01 0.012 

  n  0.015 0.015 ♩כ◕ꜟ◖

ⱳꜞ◄♅꜠fi 0.009 0.01 0.012 

  n  0.015 0.015 ♩כ◕ꜟ◖

 0.010 0.012 0.012 

 0.015 0.015 

ⱥꜙכⱶ  0.013 0.013 

◖fi◒ꜞ0.020 0.020 ♩כ 

Ν ─ ≢ ─ ╩ ∆╙─ 

Ν ─ ♩כ◕ꜟ◖≢ ╩ ∆╙─ 

 

     

     │⁸ ╩ ∆╢ ─ ⌂ ≤∆╢⁹  

 

 ─≤╡  
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 ⌐ ∆╢ ⌐≈™≡⁸ ─ │ ─≤⅔╡⁹ 

(1) ─ 2-72  

(2) 23 ─ ⌐╟╡ ∆╢  

  ŋ ─  

ה ▬   ─ 2-72  

   ꜡ ⌐ ™╢ 2-73  

  Ɫ ─ 2-74  

  ♬ ─ 2-81  

  ⱱ ─ 2-87  

  o ╖ 2-90  

  ɔ 2-92  

  ᴖ ∕─ 2-93  

(3) ∕─ 2-97  
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 (1) ─  

│⁸ ◖fi◒ꜞכ♩ ⁸ ◖fi◒ꜞכ♩ ⁸ ╖ ≤∆╢↓≤⁹ 

 

 

 (2) 23 ─ ⌐╟╡ ∆╢  

  ŋ ─  

27  ─ │⁸ ⁸ ⌐╟∫≡ ─▬⅛╠♬╕≢⌐ ∆╢↓≤

⅜ ⅛╘╠╣√╙─≢№╢↓≤⁹ 

▬ ⁸ ┘ ↓─ ⌐⅔™≡₈ ₉≤™℮ ⌐╟∫≡ ⅜ ↕╣⌂™↓

≤⁹ 

 ꜡ ⌐╟∫≡ ⅜ ⇔⌂™↓≤⁹ 

Ɫ ⌐╟∫≡ ─ ⅜∆═╠⌂™↓≤⁹ 

♬ ⌐╟∫≡ ⅜ ⇔⌂™↓≤⁹ 

      ─ ↕ ⅎ ⅜ ╩ ⅎ╢ │⁸ ⌐╟╡ ╩ ™ ─ ╩

℮↓≤⁹ 

 

 

   ▬ ╩ ∆╢ ─ ה ╩ ∆╢↓≤⁹╕√⁸ ⌐ ∂≡ ─ ה

╩ ℮↓≤⁹ 

 

◖fi◒ꜞכ♩

◖fi◒ꜞכ♩

╖
◖fi◒ꜞכ♩Ⱪ꜡♇◒

┌╡

ⅎ

╙√╣

╙√╣
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    ꜡ ⌐ ∆╢ ─℮∟ ⌐ ™╢ ─ ∑│ ⌐╟╢↓≤⁹ 

  ה    

       

─ ה     ↕⅜ ⁸ │ ⅝ 2-60 ─₈ ₉⌐ ∆╢

─  

       

 ─ ⅎ │ ─ ─ ╩ ≤∆╢↓≤⁹ 

      ⅔╟┘     ⅔╟┘ ⅎ     ╙√╣  

 

 

 

 

 

      ─ ⌐ ™╢ ─     ◖fi◒ꜞ24.5 ♩כkN/ 2.50tf/  

                            ◖fi◒ꜞ23.0 ♩כkN/ 2.35tf/  

 ≤⇔≡⁸ ⌐ ∂≡ ─ ╩ ⌐ ↕∑╢↓≤⁹ 

     ч       ΝΝΝΝ 10kN/ 1.0tf/  

     ш         ΝΝΝΝ kN/ 0.5tf/  

     ↕⅜ ─ ⁸ │ ⅝ 2-60 ─₈ ₉⌐ ∆╢ ─

⌐│⁸ ─ ╩ ∆╢↓≤⁹ 

      │⁸ ─ ⌐ ∆╢ ≤ ╘ ─ ╩ ∆╢⁹ 

      ⌂⅔⁸ ⌐ ™╢ │⁸ᵑ₈ ⌐╟╢ ₉⅛⁸ᵒ₈ ─ ⌐ ∆

╢ ₉⌐ᵓ₈ ─ ₉╩ ⅎ√ ─℮∟ ⅝™ ≤∆╢⁹ 

ᵑ₈ה      ⌐╟╢ ₉ ┘ᵒ₈ ₉╩ ╘╢ ─ │ ─ ⌐

╟╢⁹ 

        0 

           

          0.9 88 ⌐ ∆╢ ─  

          0.2⁸ 0.25 

ה          

ה      ─ ⌐ ∆╢ │⁸ ─ ⅜⁸ ─ ╩ ∫≡

⌐ ה ≤⇔≡ ∆╢╙─≤∆╢⁹ 

                        ∟┌╡  
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Ɫ ─ │ ⌐╟╢⁹ 

    ⌐ ™╢ ─ ɘ⁸ ɫ │ ⌐╟∫≡ ∆╢↓≤⁹⌂⅔⁸

⌂ ⌐⅔™≡ ╩ ╦⌂™ │⁸ ─ ╩ ™≡╟™⅜⁸ ⌐

⅔™≡⁸ ⌐ ⇔√ ≤ ⅜ ↕╣√ │⁸ ⌐ ∂ ╩ ℮⌂≥⇔⁸

─ ⌐ ∂≡ ⌐ ─ ╩ ℮↓≤⁹ 

 ɘ kN/ tf/  
ɫ

°  

│  18 1.8  30 

 17 1.7  25 

◦ꜟ♩⁸ ⁸ │∕╣╠╩ ⌐ ╗  16 1.6  20 

     ╕√⁸ ─ ɫ│⁸ ⅛╠ ╠╣╢ ⅛╠ ─ ╩ ™≡ ⇔≡╙

╟™⁹ 

ה τȢψÌÏÇ ςρ 

ρχπ

ʎᴂ χπ
 

ʎᴂ ɾ ɾᴂ  

√∞⇔  

 

ɨ'  

 

 

  

ɘ  

ɘΐ  

   

 

╩ ⇔√ ─ kN/  

100kN/ ⌐ ⇔√ ⁹√∞⇔⁸ ─ɨ' ⅜ 

ɨ' 50kN/ ≢№╢ ⌐│⁸ɨ' =50kN/ ≤⇔≡ ∆╢⁹ 

⅛╠ ╠╣╢  

╟╡ ™ ≢─ ─ kN/  

╟╡ ™ ≢─ ─ kN/  

╩ ⇔√ ─ ⅛╠─ ↕  

─ ↕  

     ə─ │⁸ ─ ≤∆╢⁹  

 

◖fi◒ꜞכ♩≤   ΝΝ 
 

≤  ΝΝ 

ɿ
ς

σ
 ה

ɿ ɼ 

─fi꜡כ◒   

    ч ◒כ꜡fi─ │ ─ ⌐╟╡ ╘╠╣╢⁹ 

     ─╟℮⌐ ⅜ ≢⅝╢  

        ɬ ɘה ɬה ה  

         ɘ ─ kN/ tf/  

         ɬ ↕ɬ ─ kN/ tf/  

          

          kN/ tf/  
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      │⁸ ─ ╩ ⇔≡ ─ ₡ ₢≢ ⅎ╠╣╢⁹ 

ÃÏÓ‰ ‌

ÃÏÓ‌ϽÃÏÓ‌ ‏ ρ
ÓÉÎ‰ ‰ϽÓÉÎ‏ ‍
ÃÏÓ‌ ‌ϽÃÏÓ‏ ‍

 

 

Ν₡ ₢ 

         ɫ ─  

         ɖ ⅜ ≤⌂∆  

         ɗ ─╡ ≤ ─⌂∆  

         ə  

fi꜡כ◒  ɖ│ ╩ ≤∆╢  

        (a)                 (b)  

 

 

 

 

 

 

 

         (c)  ⌐ ∆╢    (d)   √≡  

 

 

 

 

 

 

 

 

↓─≤⅝─ │ 

ρ

ς
ϽɾϽ Ͻ Ͻ  

↓↓⌐⁸ ⌐ ™╢ ╩ ⅎ╢ │∕─ ↕  

ш ◒כ꜡fi─ ─  

      ─ ⅜ ⌂ ⌐│⁸ ⁸ ≤╙ ⌐╟╡ ⅜ ╘╠╣╢⅜⁸

≤ ─ ⅜ ⇔≡ↄ╢≤ ⅜ ≤⌂╢─≢ ╩ ∆╢⁹ 

∆⌂╦∟⁸ ₡ ₢│ɫ֔ɗ─≤⅝│ ≢⅝⌂™⁹ 

      ╕√⁸ ⅜ ⌂ ─fi꜡כ◒╙⌐ │ ≢⅝⌂™⁹ 

─fi꜡כ◒⌐℮╟─↓       ⅜ ≢⅝⌂™ │⁸ ↄ↕┘ ⌐╟╢↓≤⁹ 
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    ─  

          ɫ 25° ⁸ɗ ° ⱨꜝ♇♩ ─  

ה ≤  ɿ πЈ ⌐⅔™≡│⁸ 0.406 

ה ≤◖fi◒ꜞכ♩ ɿ
ς

σ
‰ ρφȢφφχЈ ⌐⅔™≡│⁸ │ ─≤⅔╡ 

 
ɖ  

34.992° 0.7  

26.565° 0.5  

16.699° 0.3  

11.310° 0.2  

0° 

11.310° 

16.699° 

26.565° 

0.766 

0.625 

0.504 

0.451 

0.361 

0.287 

0.256 

0.200 

 

    ↄ↕┘  

     ↄ↕┘ │⁸ ⌐ ∆╟℮⌐ ╘ ⌐ ─⅛⅛≤╩ ╢ ─ ∆═╡ ╩ ⇔⁸

∕╣∙╣─∆═╡ ⌐⅔™≡ ↄ↕┘⌐ ∆╢ ─≈╡ ™⅛╠ ╩ ╘⁸∕─℮∟─ ╩

≤∆╢ ≢№╡⁸ ─ ⅛╠⁸ ₡ ₢≤⌂╢⁹ 

ϽÓÉÎωπЈ‫ ‰ ‏ ‌ ϽÓÉÎ‫ ‰  

 

 ө 
ϽÓÉÎ‫ ‰

ÃÏÓ‫ ‰ ‏ ‌
 

 

ΝΝΝΝΝΝΝ₡ ₢ 

 
ς

‎Ͻ
 

 

     ─ │ ╟╡ ─ ≤∆╢↓≤⁹ 

     ╕√⁸ ─ ⅔╟┘ │ ─ ≢ ⅎ╠╣╢⁹ 

ϽÃÏÓ‌  ‏

ϽÓÉÎ‌  ‏

 ↄ↕┘  

         (a)  ↄ↕┘            (b)  ↕╣√ ↄ↕┘ 

                              ∆═╡  
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           ( c)   

        

          ⅝↕≤  

          ⁸ ─╖  

ϽÓÉÎ‫ ‰

ÃÏÓ‫ ‰ ‌ ‏
 

     ↓↓⌐⁸ ⌐ ™╢ ╩ ⅎ╢ │∕─ ↕ m  

         ↄ↕┘─ ╩ ╗ kN/m tf/m  

         ∆═╡ ⌐ ∆╢ kN/m tf/m  

         kN/m tf/m  

         ɖ ≤ ─⌂∆  

         ɫ ╘ ─  

         ə ɗ ɫ─≤⅝│ə ɫ≤∆╢  

         ɮ ⇔√∆═╡ ≤ ─⌂∆  

 

 ə ɗ  
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ↄ↕┘ ⌐╟╢  

  ч ≤ ─  

 

 

 ш ≤◖fi◒ꜞכ♩─ ⅜  

 

 

 

 

 



  

2- 79  
─ ⅝  

 

 

  щ ≤◖fi◒ꜞכ♩─ 0.3 

 

 

     

    ч ◒כ꜡fi─ ⌐ ⇔≡⁸ ╩ ∆╢ │ ה ⌐╟╢↓≤⁹ 

    ш ↄ↕┘ ⌐⅔™≡│⁸ ↄ↕┘⌐ ─ ╩ ↕∑╢≤⁸ ₡ ₢│⁸

─ ₡ ₢≤⌂╢⁹ 

ÓÉÎ‫ ‰ —Ͻ

ÃÏÓ‫ ‰ ‏ ‌ϽÃÏÓ—
 

 

ΝΝΝΝΝΝΝ₡ ₢ 

 

 

ɮ  

ə  

ɝ 

h 

─ kN/  

─ ╡  

 

  ʃ ÔÁÎ  

 

─ │⁸ ╟╡ ─ ≤∆╢↓≤⁹ 

 

 ─ ⅎ  
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      ╕√⁸ ə │⁸ ╩ ◖fi◒ꜞכ♩ ⌐ ↕∑╢ │ə ɫ/ ≤∆

╢↓≤⁹ 

      ─ ⌐ ╩ ↕∑╢ │ 

ɿ ÔÁÎ
ÓÉÎ‰ϽÓÉÎ— ɝ ‍

ρ ÓÉÎ‰ϽÃÏÓ— ɝ ‍
 

 

Ў ÓÉÎ
ÓÉÎ‍ —

ÓÉÎ‰
 √∞⇔⁸ɗ ɝ֕ɫ≤⌂╢ │⁸ə ɫ  

 

    ─  

     ─ ⌐ ⌂≥ ╘ ≤│ ─ ⅜ ⇔≡™╢ ─ │⁸ ≤™

™⁸ ⌐ ∆╢ ─ ⅝↕⅜↓─ ─ ⌐╟∫≡ ╩ ↑⁸ ─ ─

≤│ ⌂∫≡ↄ╢↓≤⅜№╢⁹ 

     ⅜ ⇔≡™╢≤ ↕╣╢ ⌐│⁸ ╘ ─╖⌐╟╢ ╩ ∆╣┌╟™⅜⁸

↓─ ⁸ ─ ⌐ ↑╢ ⌐ ⇔≡ ─ ╛ ⁸ ─ ⁸

⌂≥⌐╟∫≡ ⅝ↄ ⌂╢↓≤╙№╢─≢ ╩ ∆╢⁹ 

     ╕√⁸ ⌂≥─ ⌐╟╡ ─ ⌂ ⅜ ≢⅝⌂™ │⁸ ╩ ╪∞

─ ⌐≈™≡ ∆╢ ⅜№╢⁹ 
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  ♬ ─ ⌐≈™≡│ ─ ╩ ∆╢⁹ 

    ⌐ ∆╢  

     ─ ⌐ ∆╢ │⁸ ─ ⌐╟╡ ∆╢↓≤⁹ 

Ὂ
В

В

Ͻ Ͻ

Ͻ
ḶρȢυ ⁸ρȢπ  

 

     ─ ⌐│⁸ ⁸ ⅔╟┘ ⌂≥⌐╟╢ ⅜ ∆╢⁹ ⌐⅔↑

╢ │⁸↓╣╠ ─ ⌐╟╡ ⌂╢⁹ ─ ⌐⅔™≡⁸≈╕ ⅛╠ ─

╕≢─ │ ─ ⌐╟╢↓≤⁹ 

В В

В

Ͻ Ͻ Ͻ
 

Ɉ  

Ɉ  

Ɉ  

  

  

  

  

  

  

≈╕ ╕╦╡─ ♩ⱷfiכ⸗ kN/ tf/  

≈╕ ╕╦╡─ ♩ⱷfiכ⸗ kN/ tf/  

⌐⅔↑╢ kN/ tf/  

kN/ tf/  

─ kN/ tf/  

─ kN/ tf/  

≈╕ ≤ ─ ≤─  

≈╕ ≤ ─ ≤─  

≤ ─ ≤─  

─ ─ ⅛╠─ │ ─ ⌐╟╢↓≤⁹ 

ς
 

 

─  

     ⌐ ∆╢ ≤⇔≡⁸ ─ │ ─ 1/3 ≢⌂↑╣┌⌂╠⌂™⁹ 

∆⌂╦∟⁸ │ ─ ╩ ⇔⌂↑╣┌⌂╠⌂™⁹ 

Ḷ
φ
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    ⌐ ∆╢  

    ч  

ה       │⁸ ─ ⌐╟╡ ╘╢↓≤⁹ 

В
ρ
φ

ρ
φ

 

В
ρ
φ

ρ
φ

 

      ↓─ ⅔╟┘ │ ─ ╩ ⇔⌂↑╣┌⌂╠⌂™⁹ 

 

 
֔  

              ─ kN/ tf/  

    ш ─  

      ─ ─ │⁸ ╛ ╩ ™⁸ (1) ⌐ ∆ ⌐╟╡

╘╢⁹ 

      √∞⇔⁸ ─ ⌐╟∫≡│⁸(2) ─ ╩ ≢⅝╢⁹ 

     (1) ⌐╟╢ ₆ 13 1113 ₇ 

       ─ ⁸ ─ ⌐ ∆╢ ⌐ ≠⅝⁸ ⌐╟╡ ∆╢⁹ 

       ↓─≤⅝⁸ ⁸ɫ │⁸ ⅛╠ ⇔√

─ ⌐╟╡ ╘√ ╩ ™╢⁹ 

▪ ─  

       Ợ ⌐ ∏╢ ⌐ ∆╢ ─ ╩ ╘╢  

ρ σ ɻ ɼ ɾ ɾ  

       Ợ ⌐ ∆╢ ─ ╩ ╘╢  

ς σ ɻ ɼ ɾ ɾ  

─ kN/  

⁸ ɘ⁸ ⌐ ∆╢ ─ ⌐ ∆╢ ⌐ ∂≡⁸ ⌐╟∫≡

⇔√  

ρ — ωπ 

ρ — ‰  

ɝ ⌐ ∆╢ ─ ⌐ ∆╢  

βɝ⅜ɫ╩ ⅎ╢ │ɫ≤∆╢⁹ 

ɫ ─ ⌐╟∫≡ ╘√  

ɖ ┘ɗ ─ ⌐ ∂≡ ─ ⌐ →╢  
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─  
 

 
  

ɖ 1.2 1.0 0.2×B/L 

ɗ 0.3 0.5 0.2×B/L 

        ─ │  

        ─ │  

        ⌐№╢ ─ kN/  

        ⁸ ɘ⁸ ─ ⌐ ∂≡ ─ ⌐ →╢  

 

 
  10  15  20  25  28  32  36  

40  
 

 5.1 6.5 8.3 11.0 14.8 20.7 25.8 35.5 50.6 75.3 

ɘ 0 0.1 0.4 1.1 2.9 6.8 11.2 22.0 44.4 93.7 

 1.0 1.6 2.5 3.9 6.4 10.7 14.7 23.2 37.8 64.2 

↓─ ⌐ →╢ ─ ⌐ ∂√ ⁸ ɘ ┘ │⁸ ⌐ →╢ ╩∕╣

∙╣ ⌐ ⇔√ ≤∆╢⁹ 

 

        ɘ ⌐№╢ ─ │ kN/  

        ɘ ╟╡ ⌐№╢ ─ │ kN/  

        ⌐ ⇔√ ⅛╠ ╕≢─ ↕  

▬ ─ ⌐╟╢  

        ⌐╟╡ ∆╢⁹ 

       Ợ ⌐ ∏╢ ⌐ ∆╢ ─ ╩ ╘╢  

ρ σ ᴂ ɾ  

       Ợ ⌐ ∏╢ ⌐ ∆╢ ─ ╩ ╘╢  

ς ρ σ ᴂ ɾ  

        ─ kN/  

        ⌐╟╢ ─1/2─ │ ─1/3─ ─℮∟™   

∏╣⅛ ↕™ kN/  

        ' ─ ─ ⌐ ∂≡ ─ ⌐ →╢  

 

─  
 

 ⌂  
 

⌂╙─╩
ↄ⁹  

 

'  12 6 3 
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(2) ─ 93  

 
⌐ ∏╢ ⌐ ∆╢

kN/  

⌐ ∏╢ ⌐ ∆╢

kN/  

 1,000 ⌐ ∏╢ ⌐ ∆╢

─∕╣∙╣─

─ ≤∆╢⁹ 

⇔√  500 

 300 

⌂  300 

⌂  200 

⌐ ─⅔∕╣─⌂™

╙─⌐ ╢⁹  

50 

™  100 

 20 

ⱶכ꜡™  100 

ⱶכ꜡  50 
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     ⌐ ∆╢  

     ч ⌐ ∆╢ │ ─ ╩ ⇔⌂↑╣┌⌂╠⌂™⁹ 

⌐ ∆╢ В Ͻ‘

В
 

 
Ͻ‘
ḷρȢυ 

Ɉ  

Ɉ  

  

  

  

 ɡ 

⌐⅔↑╢ kN/ tf/  

⌐⅔↑╢ kN/ tf/  

kN/ tf/  

─ kN/ tf/  

─ kN/ tf/  

≤ ─ ─  ‘ ÔÁÎ‰  

 ∟◖fi◒ꜞכ♩─ │ ‰ ‰ 
─  

 

∟≢⌂ↄ ◖fi◒ꜞכ♩ ┘ ⅝⸗ꜟ♃ꜟ╩ ∆╢ │ ‰
ς

σ
‰ 

≤∆╢⁹√∞⇔⁸ ⅜ ─ ɡ─ │0.6╩ ⅎ⌂™╙─≤∆╢⁹⌂⅔⁸

ɡ│⁸ ⌂ ⌐⅔™≡⁸ ╩ ╦⌂™ │ ─ ≤∆

╢⁹  

 

─  ɡ  

 ⁸   ⁸ ⁸  0.50  

 0.40  

◦ꜟ♩⁸ │∕╣╠╩ 

⌐ ╗  
0.30 

─ ⅛╠ ⌂ↄ≤╙15cm╕≢─ ↕

─ ╩ │ ⌐ ⅝ ⅎ√ ⌐ ╢⁹ 

    ш ─ ⌐╟╢ │⁸ ≤⇔≡ ⅎ╠╣╢⅜⁸ ⌐╦√╢ ⅜ ≢⅝

⌂™─≢ ∆╢↓≤⁹ 

    щ ⅜ ─ │⁸ ⌐ ╩ ↑≡ ⇔≡╙╟™⁹ 

    ⌐⅔™≡│⁸ ─ ⌐ ∆╢ ⅜⁸ ─ ⌐ ╕∫≡™

╢↓≤╩ ∆╢ ⅜№╢⁹ 
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    ⌐⅔↑╢  

     ⅜ ─ ≢№╢↓≤⁹ 

     ⌐⅔↑╢ ⌂≥│ ─╙─╩ ™╢↓≤⁹ 

    ч ⌐ ∆╢  

Ḷ
ς

 

    ш ─ ⌐ ∆╢    ֕1.0 

      √∞⇔⁸ │ ─ ⌐╟╡ ╘╢ 

Ḷ
φ

 ─≤⅝ ρ
φÅ

 

φ
Ḷ Ḷ

σ
 ─≤⅝ 

ς

σ
 

σ
Ḷ Ḷ

ς
 ─≤⅝ 

τ
 

          ─ kN/m tf/m  

    щ ⌐ ∆╢    1֕.0 
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  ⱱ ─  

    ◖fi◒ꜞה♩כ ─  

    ч ◖fi◒ꜞכ♩─ → │ ⌐╟╢⁹ 

ʎ Ḷ
ʎ

σ
 ◖fi◒ꜞכ♩  

ʎ Ḷ
ʎ

τ
 ⅛≈ 5.5N/  ◖fi◒ꜞכ♩  

ʎ Ḷ
ʎ

χ
 ⅛≈ 0.3N/  ◖fi◒ꜞכ♩  

ɨ  

ɨ  

ɨ  

ɨ  

→  

→  

◖fi◒ꜞכ♩─  

◖fi◒ꜞכ♩─  

    ш ◖fi◒ꜞכ♩─ ∑╪ ┘ │ ─ ─ ≤∆╢⁹    N/  

◖fi◒ꜞכ♩─  
ɨ  

─  
21 24 27 30 

∑╪  

◖fi◒ꜞכ♩─╖≢∑╪
╩ ∆╢ ɩ 1  

0.22 0.23 0.24 0.25 

≤ ⇔≡ ∆
╢ ɩ 2  

1.6 1.7  1.8  1.9  

 ⌐ ⇔≡ 1.4 1.6 1.7 1.8 

 

    щ ─ │ ─ ─ ≤∆╢⁹                                   N/  

─  
⁸ ─  

SD295A 
SD295B 

SD345 

 
 

 
 

 

─ ∑⌐
№╢™│ ─
╩ ╕⌂™  

─  180 180 

№╢™│  
⌐ ↑╢  

160 160 

─ ∑⌐ №╢™│ ─ ╩ ╗ 
─  

180 200 

─ ⌡ №╢™│ ╩ ∆╢ ─ 
 

180 200 

     180 200 

 

          ─ JIS G 3112  

┘  
 

kg/m  
 

mm  
 

 
 

mm  

D10 
D13 
D16 
D19 
D22 
D25 
D29 
D32 

0.560 
0.995 
1.56 
2.25 
3.04 
3.98 
5.04 
6.23 

9.53 
12.7 
15.9 
19.1 
22.2 
25.4 
28.6 
31.8 

71.33 
126.7 
198.6 
286.5 
387.1 
506.7 
642.4 
794.2 

 30 
 40 
 50 
 60 
 70 
 80 
 90 
100 
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    ─  

     │⁸√≡ ≤ ⅜∕─ ≢ ↕╣≡™╢≤ ⅎ⁸∕╣∙╣ ┌╡≤⇔≡

∆╢↓≤⁹ 

     √≡ │ ─ ⁸ ─ ╩ ⇔≡⁸ ─ ⌐╟╢ ♩ⱷfiכ⸗→ ⁸∑╪

⌐ ⇔≡ ∆╢⁹√≡ ─ ⌐ ™╢ │√≡ ≢─ ≤⇔⁸ ─

─ ≤│ ⌂╢⁹⌂⅔⁸ ⅔≤⇔╩∆╢ ⁸ ⁸ ⌐ ה ╩ ℮↓≤⁹ 

     ≈╕ │⁸√≡ ─ ╩ ≤⇔⁸ ⅝─ ≤ ⅝─

╩ ≤⇔√ ┌╡≤⇔≡ ∆╢↓≤⁹ 

     ⅛⅛≤ │⁸ ⌐ ┌╡≤⇔≡ ⇔⁸ ─ ─ ⁸ ─ ⁸ ─

⁸ ─ ⅔╟┘ ╩ ∆╢⁹↓─ ⁸ ─ │⁸

⌐↓╣≤ ⌂ ⌐ ⅝ ⅎ≡ ╦╣╢⁹↓─╟℮⌐⇔≡ ╘╠╣╢⅛⅛≤ ─

⌐⅔↑╢ ≡√ⱷfi♩⅜⁸כ⸗→ ─ ╡╟♩ⱷfiכ⸗→ ⅝ↄ⌂╢ │⁸⅛⅛≤ ─

≡√≡⇔≥♩ⱷfiכ⸗→ ─ ╩♩ⱷfiכ⸗→ ™╢↓≤⁹ 

     ─ ⌐≈™≡⁸ ─ ⌐≈™≡ ╩ ⇔⁸↓╣╠⅜ ≢№╢↓≤╩

∆╢↓≤⁹ 

     ◖fi◒ꜞכ♩─ ⌐ ⇔≡ 

ʎ
ς-

ËϽÊϽÂϽÄ
ʎ  

     ─ ╡ ⌐ ⇔≡ 

ʎ
-

!ϽÊϽÄ
ʎ  

     ◖fi◒ꜞכ♩─∑╪ ⌐ ⇔≡ 

ʐ
3

ÂϽÊϽÄ
ʐ  

ɨ  

ɨ  

ɨ  

ɨ  

ɩ  

ɩ  

 

 d 

 k 

◖fi◒ꜞכ♩─ → /  f/  

   n  → /  f/  

─ ╡ /  f/  

  n ╡ /  f/  

◖fi◒ꜞכ♩─ ∑╪ /  f/  

   n  ∑╪ /  f/  

 

─  

◖fi◒ꜞכ♩⌐ ∆╢  

 Ë ςÎϽÐ ÎϽÐ ÎϽÐ 

 
√∞⇔ Ð

!

ÂϽÄ
 Î ρυ 

 j   Ê ρ
Ë

σ
 

 b ⁸ ╩ ╡≢ ∆╢≤⅝│ 1000 100  

≤∆╢↓≤⁹ 
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        (a) √≡           (b) ─  

 

 

 

 

 

 

 

 

 

 

 

    ─  

╩ ה     ∆╢ ─ │⁸ ≢30 ⁸ ה │40 ≤∆╢

↓≤⁹ 

ה ה     ה ה ╩ ∆╢ ⁸ ─⅛┬╡ ╩ ⇔≡ ⌂

╩◖fi◒ꜞכ♩ ─ ↄ⌐ ∆╢↓≤⁹ │⁸ ⌐ ⌂ ≢№╢⅛╠⁸ ╙

ↄ⌐ ∆╢↓≤⁹ 

⁸│╡┬⅛─ ה     ≢ ⁸ ≢ ≤╢↓≤⁹ 
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  o ╖  

  ▬ ╖ ─ ↕ ─ │⁸ ≤∆╢↓≤⁹ 

 

   ꜡ ╖ │⁸ ╩ ≤∆╢⁹ 

    ⁸∕─ ─ │ ⅎ ↕⅜35 ≢∕─ ה ה ⅜ ≤ ─

╙─╩ ≤⇔≡ ∆╢↓≤⁹ 

    ◖fi◒ꜞכ♩Ⱪ꜡♇◒│ 5371 ⱪ꜠◐ꜗ☻♩ ◖fi◒ꜞכ♩ ─ ⌐

⇔√╙─╩ ∆╢↓≤⁹ 

    ◖fi◒ꜞ⁸♩כ ◖fi◒ꜞ⁸♩כ ◖fi◒ꜞ⁸♩כ ◖fi◒ꜞכ♩ │ 18

/ 180  f/ ╩ ∆╢↓≤⁹ 

    ╖ ─ ─ ╡ ↕│ ╕≢≤∆╢↓≤⁹ 

    ─╡ ─ │ ≤⇔≡ ≢ ™⁸ │ ─ │ Ⱪ꜡♇◒ ⌐ ∏╢

╩ ∆╢↓≤⁹ 

    ╖ │ ≤⇔≡ ╖≤∆╢↓≤⁹ 

    14 ⌐ ≠ↄ ⅜ ∆╢Ⱪ꜡♇◒│ ≤∆╢⁹ 

 

  Ɫ ≢ ⱨꜝ♇♩ kN/ 0.5tf/ ─ │ ─ ┘ ─ ─ ≤∆╢↓

≤⁹ 
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╖ ─  

 

 

 
 

↕ 
 

 
 

 
(A)  

 
(B)  

 

(C)  

(D)  

  

ה  1 0.3  
70° 75° 

2.0m  

0.15H 
⅛ ≈ 
0.35  

  

0.40 

0.40 

0.30 0.30 

0.20H 
⅛ ≈ 
0.60  

  

 2.0 3.0 0.50 

 
1 0.4  

65° 70° 

2.0  0.40 

ה     2.0 3.0 0.45 

 3.0 4.0 0.50 

 
1 0.5  

65°  

3.0  0.40 

ה │ 3.0 4.0 0.45 

 ∂╡  4.0 5.0 0.60 

ה  1 0.3  
70° 75° 

2.0  

0.15H 
⅛ ≈ 
0.35  

  

0.40 

0.50 

0.30 0.30 

 2.0 3.0 0.70 

ה  
1 0.4  

65° 70° 

2.0  0.45 

 2.0 3.0 0.60 

 3.0 4.0 0.75 

ה  ⱶכ꜡

1 0.5  
65°  

2.0  0.40 

 2.0 3.0 0.50 

─⧵ה ↓╣╠ 3.0 4.0 0.65 

 ⌐ ∆╢╙─ 4.0 5.0 0.80 

─⧵ה ─  1 0.3  
70° 75° 

2.0  

0.20H 
⅛ ≈ 
0.45  

  

0.70 

0.85 

0.30 0.30 

 2.0 3.0 0.90 

 
1 0.4  

65° 70° 

2.0  0.75 

 2.0 3.0 0.85 

 3.0 4.0 1.05 

 

1 0.5  
65°  

2.0  0.70 

 2.0 3.0 0.80 

 3.0 4.0 0.95 

 4.0 5.0 1.20 

 

  ♬ ≢ ⌐ ⅜№╢ │⁸ ─ ─25° ⅜⁸ ≤ ⇔√ ╕≢─ ↕╩

↕≤ ⇔⁸ │∕─ ↕⌐ ∂√ ≤∆╢↓≤⁹ 
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  ɔ  

27  ⌐│⁸∕─ ─ ╩╟ↄ∆╢√╘⁸ ⅜ ↑╠╣⁸ ─ ≢

─ ∕─ ⌂ ⌐│⁸ ─ ⅜ ↑╠╣≡™╢↓≤⁹√∞⇔⁸ ∕─

─ ─ ⅜ ⌐ ≢⅝╢ ─╙─⌐№∫≡│⁸↓─ ╡≢⌂™⁹ 

 

   ─ ≢⁸ ─ ∕─ ⌂ ⌐ ─ ╩ ↑╢↓≤⁹ 

   │⁸ ─ ↄ ┘ ─№╢ ⌐ ⌐ ⌐ ↑╢↓≤⁹ 

   │⁸ 7.5 ≤⇔⁸∕─ │⁸ ⌐ ─ ≢ ≤∆╢↓≤⁹ 

   │⁸ ⌐ ⌂ ╩≤╢↓≤⁹ 

   ─ ⌐│⁸ ⅛╠ ⇔⌂™ ─ ⅝↕─ ™ ⇔ ╩ ╗⁹ ╩

⅝⁸ ⁸ ⁸ ⅜ ⇔⌂™╟℮ ∆╢↓≤⁹ 

   ─ ≢ ─ ⌐№√∫≡™╢ ⅜№╢ │⁸ ⌐ ╩ ↑≡ ╩

∆╢↓≤⁹ 

   ⌐ ∆╢ │⁸◖fi◒ꜞכ♩─ ≢ ╣⌂™╙─╩ ∆╢↓≤⁹ 

 

 ─  

 

                               

⅛╠─ ─ ⅜⌂™╟℮⌐ ∆╢↓≤⁹ 

 

 ╖ ─  

 

 

 

 

 

 

 

 

 

 

─ │⁸ ⅛╠30 ≤∆╢ 
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  ᴖ ∕─  

  ▬  

    ⌐╟╡ ⅜ ╩ ∆╢↓≤╩ ∆╢↓≤⁹ 

 

   ꜡ ─ ↕≤ ╣ ↕ 

    ─ ╣ ↕│⁸ ─ ⌐╟╢↓≤⁹ 

    ╣ ↕  

⁸ ⁸ ⁸  35  

⅛≈0.15   

◦ꜟ♩⁸ │∕╣╠ 

╩ ⌐ ╗  

45  

⅛≈0.20  

 

    ⅜№╢ ─ ╣ ↕│⁸ ─ ⌐╟╢↓≤⁹ 

─ ⅝↕ ╣ ↕  ─ ↕ ↕  

30cm (a) ─≤⅔╡  

3֔0cm (b) ─≤⅔╡  

 

     ─ ⅝↕          (a)              (b)  

 

 

    ⁸ │ ⌐⅔↑╢ ╣ ↕│⁸ ≤ ⇔≡ ∆╢↓≤⅜≢⅝╢⁹ 

 

  Ɫ ─  

    ╛ ⌐ ⇔≡∕─ ⌐ √⌂ ╩ ∆╢ │⁸ ⌐ ⌂ ╩ ⅎ⌂™╟℮

⌐≈™≡ ∆╢⁹ ∆╢ ─ ╩ ⌐ ∆⁹ 

    ⌐ ╩ ∆╢ ⌐│⁸ ─ ─╟℮⌐ ╟╡ ─ ↕─0.4 ≢⁸

⅛≈1.5 ∞↑ ⌐ ∂√ ╟╡ ⇔⁸∕─ │◖fi◒ꜞכ♩ ∟ ⌐╟╡

─⅔∕╣─⌂™ ⌐∆╢↓≤⁹ 
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 ⌐ ╩ ∆╢  

 

 

ɝ  

 
─ ⇔ 

  ™╙─╩  
    ↄ 

─ ⇔™  
⁸ ⁸ כ꜡

ⱶ⁸ ∕─ ↓╣
╠⌐ ∆╢╙─ 

    
│  

 
ɝ  

60° 40° 35° 25° 

 

    ─ ⌐ ∆ ≢ ─ɝ ⌐ ∫≡™⌂™╙─│⁸ ─ ≤╖⌂↕╣╢─≢ ─

≤∆╢ ⅜№╢⁹⌂⅔⁸ ⅜ ─ɝ ⌐ ∫≡™╢ │⁸ ─ ≤⇔≡ ℮⁹ 

 

 ╩ ⇔≡ ∆╢  
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    ◖fi◒ꜞכ♩⌐≈™≡│ ─ ─╟℮⌐ ∆╢↓≤⁹ 

 

 

    ↕─ ⌂╢ ─ │⁸ ™ ─ ⌐ ╦∑≡ ∆╢↓≤⁹ 

    ⌐ ∫≡ ╩ ∆╢ ⌐⅔™≡⁸ ⌐⅔↑╢ ─ │⁸ ╡

⌐╟╡⌂╢═ↄ ⌐∆╢↓≤⁹ 

 

  ♬ ─ ┘  

    ─ ─ ⌡ ↕ ┘ ─ ╩ ⌐ ℮↓≤⁹ 

    ─ │⁸ ⌐⅔↑╢ ─ ╙ ↕™ ⌐ ↑⁸ ─ ⌡ ↕│⁸ ∆╢

╩ ⅝⁸ ─ ─ ⌂╢ ╩ ← ⌐⅔™≡│⁸ ™ ─ ─25 ≤∆╢↓≤⁹

√∞⇔⁸ ─ ╩ ─ ╙ ↕™ ⌐ ↑╢↓≤⅜≢⅝⌂™ ⌐⅔™≡│⁸∕─ ⌡

↕╩ ─ ─40 ≤∆╢↓≤⁹ 

    ⌂⅔⁸ ⱨכ♅fi◓≤ ≤─ ⌐ ─ ⅜ ∂⌂™╟℮⌐ ⇔⁸╕√⁸ ─

│ ⌐ ⇔⌂™╟℮⌐ ≤∆╢↓≤⁹ 

 

  ⱱ ┘ ─  

    │ ⌂ ⌐ ↑⁸ │ ⌐ ∆╢↓≤⁹ 

     

     │⁸ ≤⇔≡ ↕20 ↔≤⌐ ↑⁸ ⌐⁸ ─ ∆╢ ⁸

↕⅜ ⇔ↄ ⌂╢ ⁸ ─ ⁸ ╩ ⌐∆╢ │⁸ ⌐ ╩ ↑⁸ ╕

≢ ∆╢↓≤⁹╕√⁸ ─ ⌐⅔™≡│⁸ ─ ╩ ⅛╠ ─ ↕

∞↑ ↑≡ ∆╢↓≤ ◖fi◒ꜞכ♩ │⁸10 ↔≤⌐ ↑╢↓≤ ⁹ 

    ─ ◖fi◒ꜞכ♩  

     ─ ∆╢ 60°֔ ֔120° │⁸ ╩│↕╗ ─ ╩ ┘◖

fi◒ꜞכ♩≢ ∆╢↓≤⁹ ─ ─ ↕│⁸ ─ ↕─ ≢50 ⁸ ╩

ⅎ╢╙─│60 ≤∆╢↓≤⁹ 
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 ─ ┘ ─  

 

 

 

 

 

 

 

 

 

                           

ה     ─ ↕3.0 ─≤⅝ 50 ה     ─ ↕3.0 ╩ ⅎ╢≤⅝ 60  

ה     ─  Є │2.0 ╩ ⅎ⅛≈ ─ ↕ ≤∆╢⁹ 

 

    ─ ╖  

     ─ ∆╢ 60°֔ ֔120° │⁸ ╩│↕╗ ─ ╩ ┘◖

fi◒ꜞכ♩≢ ∆╢⁹ 

     ─ ─ ↕│⁸ ─ ↕ ≢50 ⁸ ╩ ⅎ╢╙─│60 ≤∆╢↓≤⁹ 

 

 ─ ┘ ─  

 

 

 

 

 

 

 

 

               (a)         (b)  

 

(c)  

ה    ─ ↕⅜3.0 ─≤⅝ 50 ה   ─ ↕⅜3.0 ╩ ⅎ╢≤⅝ 60  

ה    ─  Є │2.0 ╩ ⅎ⅛≈ ─ ↕ ≤∆╢ 
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  Ⱬ ◖fi◒ꜞכ♩ ⁸ ⅞⁸  

    ◖fi◒ꜞ⁸│♩כ ⅛≈ ≢ ⌂ ╩ ∆╢╟℮⁸ ⁸ ⅞⁸ ╩ ⌐ ℮↓

≤⁹ 

 

  ♩ ─ ⇔ 

    ─ ╘ ─ ⇔│⁸ ─◖fi◒ꜞכ♩ ⅜ ↕╣≡⅛╠ ℮↓≤⁹ 

 

  ♅ ─  

    ⌐ ≠ↄ ─ │⁸ ∆╢↓≤⅜≢⅝╢⅜⁸∕─ ⁸

⁸ ─ ⁸ ⁸ ⁸ ╩ ∆╢↓≤⁹ 

    ⌂⅔⁸ ⌐⅔™≡⁸ ⅛╠ 10 ⌐ ╘╢₈

─ ₉─ ╩ √∆ ─ ⌂ │ ⌐╟╢ ╩ ∆╢ │⁸

14 ─ ⌐╟╡⁸ ─ ⇔√ ╩ ™⌂↑╣┌⌂╠⌂™⁹ 

 

 (3)  ∕─  

  ▬ ─ ⅜⌂™≤ ╘╠╣╢ ⌐ ↄ ⅜ ⁸ ⌐ ↕╣≡™

╢⅛⁸ │ ↕╣╢ ─╙─ ⌐≈™≡│⁸ ─ ≢ ⇔≡↕⇔≈⅛ⅎ⌂™⅜⁸№ↄ╕≢╙

─ ⅜⌂™≤ ╘╠╣√ ⌐─╖ ╛ ≤⇔≡ ∆╢↓≤⅜≢⅝╢╙─≤∆

╢⁹ 

    ╖  

     

      

    │◖fi◒ꜞכ♩  

    ⅜ ≤ ╘√  

    β ─ ⌐ ∕─ ☺○♥◐☻♃▬ꜟ ─ ╩ ⌐ ╘ ╖ ⇔⁸ ≤─

⌐╟╡ ─ ≤⇔≡ ⇔√ ╩≈ↄ╢ ⌐╟╢ │⁸ ⌐ ─

⌐ ─ ⅜ ↕╣≡ ╩ ⇔⁸ ╦⌠ ╩ ↓∆ ╣⅜№╢⁹ 

      ⇔√⅜∫≡⁸ ⌐╟╢ ─ │ ⅜ ↕╣⌂™ ⁸ ⁸ ┘⌐↓╣

⌐ ∏╢ ≤⇔⁸ ⇔ↄ│↓╣≤ ─ ⅜ ≢⅝╢ ⌐╟╡

↕╣╢↓≤≤⌂╢╙─⌐ ╡⁸∕─ ╩ ╘╢⁹ 

   ꜡ ≤⌂╢ │⁸ ≤⇔≡ ⇔√ ◖fi◒ꜞכ♩ ≤∆╢↓≤⁹√∞⇔⁸ ↕⅜

─╙─⌐ ╡⁸ ⇔√ ◖fi◒ꜞכ♩ ─ ╩ ∆╢ ◖fi◒ꜞכ♩Ⱪ꜡♇◒

Ⱪ꜡♇◒ ╖120mm ⁸ 10 ⁸ ה 400 ≤∆╢↓≤⅜≢⅝╢⁹ 
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 ┘ ⌐⅔↑╢ ─  

 

  ─ ┘ ⌐╟╡⁸ ┘

⌐⅔↑╢ ─ ⌐⅔™≡⁸ ─╖⌂⇔ ≤⌂╢ ⌐│⁸ ┘

13 ─ ⌐╙ ∆╢↓≤⅜ ≤⌂╢⁹ 

┘  

13  ⌐⅔™≡ ╦╣╢ ⌐ ∆╢ √∞⇔ ⌐

∆╢ ╩ ↄ⁹ ⌐⅔™≡ ∂⁹ │⁸ ∕─ ≢ ─ ⌐ ⇔√ ⌐

⇔≡│⁸∕─ ╩ ╗⁹ ≢ ╘╢ ⌐ ™⁸ ⁸ ∕─ ─ ≢ ╘╢ ₈

₉≤™℮⁹ ─ ∕─ ⌐ ℮ ╩ ∆╢√╘ ⌂ ⅜ −╠╣√╙─≢⌂↑╣┌⌂

╠⌂™⁹ 

 

─   

15   ⌐⅔™≡ ╦╣╢ │ ⌐≈™≡

 ─ ⌐ │ ─

╩ ↑√≤⅝│⁸ │ ⌐ ∆╢ ⌐≈™≡│⁸ ─ ╩

↑√╙─≤╖⌂∆⁹  

16   ─ ⌐╟╡ ─ ╩ ↑√╙─≤╖⌂↕╣√ │

⌐ ∆ ╢ ⌐ ╢ ─ ─ │ ─ ⌐╟╢

│⁸ ⌐ ╢ ─ │ ─ ⌐╟╢ ≤╖⌂∆⁹ 

  ┘ ─ ⌐≈™≡│⁸₈ ┘

⌐ ≠ↄ ─ ⅝₉╩ ∆╢↓≤⁹ 

  ⌂⅔⁸ ─ ╩ ↑√ ≢⁸ ⅜ ─ ⅜ ⌂ ─ ⌐

≈™≡│⁸ ⌐╟╢ ╩ ↑√╙─≤╖⌂∆⁹╕√⁸ ─ ─ ⁸ ⌂ ─

┘ ⌐≈™≡╙ ─ ™≤⌂╢⁹ 
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  ŋ │ ⌐╟╢↓≤╩ ≤∆╢⅜⁸╟╡ ╩ ∆╢ │↓─ ╡≢│⌂™⁹ 

  ▬ ⁸ ⁸ ⌐⅔↑╢ │⁸ ⁸ ⅜ ↕╣≡™╢

⌐№∫≡│ ╩ ╗⁹ ╩ ↑⁸≢⅝╢ ╡ ╩ ┬↓≤⁹ 

   ꜡ ─ ─ ⌐ ⅎ≡⁸ ⁸ │⁸№╠⅛∂╘ ─ ⌐ ╩

⇔≡ ╩ ∆╢↓≤⁹╕√⁸ ╩ ⇔⁸ ─ ╛ ≤

⇔≡ ┘∕─ ⌐⅔↑╢ ⌐ ╡ ╗╒⅛⁸ ⌐│⁸

┘ ╩∆╖╛⅛⌐ ∆╢↓≤⁹ 

 

       ─              ⌐⅔↑╢ ─  

   

─℮ 

 

 

Ɽ▬  ꜟ

 n

 

☻◖♇ⱪ 

 ♩כ◦

◌ⱴ⁸♫♃⁸ ⁸Ɑfi♅ 

 

 

 

 

ɫ16 2.0  

ɫ16 1.2  

 

☻◖⁸ ☻◖ 

ⱦ♬כꜟ  ♩כ◦

 

10  

1,500  

15  

 

300  

200  

 

 

3,000m2 

≠≈ 

30  

ⱪ꜠ⱢⱩ3.6 ×5.4 №√╡  

 

  Ɫ ⁸ ─ ─√╘⁸ ─ ╩ ∂╢↓≤⁹ 

⌂ ה  

ה⅝ ה ─  

─ ה  

─ ה    ┼─ ⁸ ─ ⅎ ↑≤ ─  

─ ה      

 

 

 

 

 

 

╩ ℮ ─    
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♬ ╩ ╘ ≡╢ ⌐│⁸ ⁸ ╩ ╦∏ ─ ⌐ ∏ ╩ ↑╢↓≤⁹

│⁸ ⌐ ⇔⁸ ⌐ ─ ⅜≢⅝╢╟℮⌐ ∆╢↓≤⁹ ⅜⌂™

│ ─ ⅜ ™ ⌐│⁸20 ─ ≢ ╩ ↑╢↓≤⁹ 

    ⌐⅔↑╢ ─ │⁸30 ≤⇔⁸ ─ │⁸15 ≤∆╢↓≤⁹ 

    ─ │⁸ ⱥꜙכⱶ ⌐ⱨ▫ꜟ♃כ╩ ™√ ≤⇔⁸ │⁸ ⱥꜙכⱶ

⁸ │ ⌂≥─ ≤∆╢↓≤⁹ 

    │⁸ ─╡ ⁸ ⁸ ⌂≥ ⌐ ╩ ⇔⁸ ─ ⌐ ─

⅝ ╠⌂™ ⅜ ∂⌂™╟℮⌐∆╢↓≤⁹ 

    ⌂⅔⁸ ≤ ≤─ ⌐ │ ⅜ ∂╢⅔∕╣⅜№╢ │⁸ ─ ─╟℮⌂

╩ ↑≡ ∆╢↓≤⁹ 

    ─№╢ │⁸ ─℮ⅎ ╩ ⇔⁸ ─ 60 ─ ≢╙60 ─

╩≤╢↓≤⁹ 

 

 

ⱱ │ ⇔ↄ ⇔≡™╢ ⌐⅔™≡ ╩∆╢ ⌐│⁸ ∆╢ ─ ─ ⌂  

⌐∕─ ─ ↕─ ─ ─ ↕─ ⁸ ⌂≥╩ ≤≤╙⌐ ⇔⁸ ─ ─

⌐∆═╡ ╘─ ╩ ∆╢↓≤⁹ 

 

  Ⱬ ⌐ ™ ─ ⅜ ∆╢⌂≥⌐╟╡⁸ ┼─ ⅜ ⇔ↄ ⇔⁸ ╩

∆╢⅔∕╣⅜№╡⁸⅛≈ ─ │ ─ ⅜ ─☻Ⱨכ♪⌐ ™≈⅛⌂™

│⁸ ─ ╩ ™⁸╕√ ─ ⁸ ⌂≥⌐ ─ ⅜ ↕╣╢

│⁸ ─ ┘ ╩ ⇔⁸ ─ ⌐ │ ╩ ↑╢↓≤⁹ 

√∞⇔⁸ ≤ ∆╢ │⁸↓─ ╡≢⌂™⁹ 

  ♩ ⌐ ℮ │ ─ ─ ╛⁸∕─ ╩ ∆╢ ─ ─ ⌐ ╩

╓∆ ⅜№╢─≢ ⌐ ∂≡⁸ ⌐№╠⅛∂╘ ⁸ ╩ ⇔⁸╕√ ⅜ ↕

╣≡™╢ ⌐№∫≡│ ≤ ╩⇔≡⅔⅝⁸ │ ─ ⅜⌂™⅛ ה

╩ ™⁸ ≤ ╘╠╣╢≤⅝│ ⌐ ╩ ∏╢↓≤⁹ 
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  ♅ ─ ⌐ ⅜ ∆╢ │⁸∕─ ⁸ ⁸ ⁸ ⁸ ─

⌂≥╩ ⇔⁸♄ⱶ─ ╩ ─℮ⅎ ╩ ∆╢↓≤⁹ 

    ♄ⱶ─ │⁸₈ ₉ ⁸₈ ₉

⌐╟╢↓≤⁹ 

   ꜞ ─╡ ─ │─╡ ⌐ ╩╕╦⇔⁸─╡ ╩ ∆╢↓≤⁹ 

  ♯ │ ╩ ⌐ ∆╢↓≤⁹ 

   ꜟ │ ↕ ↔≤⌐ 1.5 ─ ╩ ↑ ─ ─╟℮⌂◘fi♪הⱴ♇♩

╩ ™╢↓≤⁹ 

 

                          ◘fi♪הⱴ♇♩─ ↕│ 

                          ─   15  

                          ╣⅝─  30  
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п ─ ⁸ ─ ⌐ ∆╢  
 

 ─  

33  ≢ ╘╢ ─ ⌐№∫≡│⁸ ┘∕─ ─ ⌐⅔

↑╢ ╩ ∆╢√╘⁸ ─ ┘ ▬⅛╠♬╕≢⌐ →╢ ╩ ⇔≡⁸

⌐⅔↑╢ ─ ─ ⌂ ─ ⁸ ─ ∕─ ─ ⌂ ⅜ −╠╣╢╟℮⌐

⅜ ╘╠╣≡™╢↓≤⁹ 

23 ─  33 35 ─ ⌐⅔™≡ ∆╢ ╩ ╗⁹ ─ ≢

╘╢ │⁸ ha≤∆╢⁹√∞⇔⁸ ┘∕─ ─ ⌐⅔↑╢ ╩ ∆╢√╘ ⌐

⅜№╢≤ ╘╠╣╢≤⅝│⁸ │⁸ ≢⁸ ╩ ╡⁸0.3ha ha ─ ≢⁸∕─

╩ ⌐ ╘╢↓≤⅜≢⅝╢⁹ 

  ŋ ha ─ ⌐№∫≡│⁸ ┘∕─ ─ ⌐⅔↑╢ ╩ ∆╢√╘⁸

─ ┘ ▬ ─ ⁸ ┘ ─ ⁸  ꜡ ─ ─ ┘ ─ ⁸

Ɫ ─ ⁸♬ ─ ─ ┘ ╩ ⇔≡⁸ ⌐⅔↑╢ ─

─ ⌂ ─ ⁸ ─ ∕─ ─ ⌂ ╩ ∏╢↓≤⁹ 

  o ─ │ ⌐╟╢╙─≤∆╢⁹ 

   ╩ ⌂™⁸ ∆═⅝╙─╩ ⇔⁸ ╩ ≡╢↓≤⁹ 

   ─ ⁸ ⌐ ⇔⁸ ╩ ∆╢↓≤⁹ 

 

 ─  

28 ─  ↕⅜10 ─ ⌂ │ ≢ ╘╢ ─ ⌂ ─

⌐≈™≡│⁸∕─ ∆╢ ╩ │ ≤⇔≡ ∆╢ ⌐╟╡⁸ │ ─ ─

─ ⅜ −╠╣≡™╢↓≤⁹√∞⇔⁸ ─ ┘ 33 ▬⅛╠♬╕≢

↓╣╠─ ╩ 35 ─ ⌐⅔™≡ ∆╢ ╩ ╗⁹ ⌐ →╢ ≤ │

─ ─ ≤╩ ⇔≡╛╗╩ ⌂™≤ ╘╠╣╢ │⁸↓─ ╡≢⌂™⁹ 

23 ─  28 ─ ─ ≢ ╘╢ │⁸ ↕⅜ ≢⁸⅛≈⁸ ⅜300 ≤

∆╢⁹ 

  ŋ ─ │ ⌐╟╢⁹ 

  ▬ ∆═⅝ ─ ↕│10 ─ ⌂ │ ↕⅜ ⅛≈ ⅜300 ─ ⌂

─ │⁸∕─ ∆╢ ╩ │ ≤⇔≡ ⇔ ─ ╩ ∏╢↓≤⁹ 

ה    20 ▬♅ꜛ►⁸▪◌ⱴ♠⁸◌ꜝⱴ♠⁸☻◑ 

ה  10 ꜘ♫◑⁸ ⁸⸗♅ⱡ◐ 

ה      ⸗◒꜠fi⁸♠Ᵽ◐⁸◘◙fi◌ 
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   ꜡ ₈ ⌂ ₉≤│⁸ ⌐╟╢⁹ 

    ╣≡™⌂™↓≤⁹ 

    ⁸ ⅜⌂™↓≤⁹ 

    ⌂ ⅜ ╣≡™⌂™ ⅜ ╣≡™╢↓≤⁹ 

  Ɫ ₈ ─ ₉≤│⁸ ─ ≢⅔⅔╗⌡10 ╡ ─ ≢ ∆╢ ╩™℮⁹ 

  ♬ ₈ ↕⅜10 ─ ⌂ │ ≢ ╘╢ ─ ⌂ ─ ⌐≈™≡│⁸∕─

∆╢ ╩ │ ≤⇔≡ ∆╢ ₉≤│⁸ ⌐╟╢⁹ 

    ⁸ ─ ⌐⅔™≡⁸ ─ ╩ ⇔ ⅜⌂↕╣≡™╢↓≤⁹ 

    ─ ≤⇔≡│⁸ ⁸ ⌐⁸ ⁸ ⁸ⱪ꜠▬꜡♇♩⁸◖⸗fi●כ♦fi⁸

⁸─╡ ⌐╟╢↓≤⁹ 

  ⱱ ₈ ─ ₉≤│⁸ ⌐╟╢⁹ 

    │∕─ ╩∕─╕╕ ⇔≡⅔ↄ↓≤≢№╡⁸ ≢─ │ ≢│⌂

™⁹ 

    │∕─ ─ ∆╢ │⁸ ⌂ↄ≤╙ ╡─ ⌐≈™≡│⁸

│ ╩ ⌂╦⌂™↓≤⁹  

 

 

  o ₈ │ ─ ─ ─ ╩ ∂⌂ↄ≡╙╟™ ₉≤│⁸ ─ ⌐ ╢⁹ 

   ─ ⌐╦√∫≡ ⅜ ∆╢  

   ─ ≢│⌂™⅜⁸ ⁸ ─ ⌐ ⅜№╢  

   ╡ ─ ⌐ ⅜№╡⁸ ≤⇔≡ ≢⅝╢ ⅜ ⌐№╢  

   ⁸ ─ ⅜ ⇔ↄ ≤⌂╢  

   ∕─ ╛╗╩ ⌂™≤ ╘╠╣╢  
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 ─  

28 ─  ↕⅜ ╩ ⅎ╢ │ ⅜ ╦╣⁸⅛≈⁸∕─ │ ╩∆╢ ─

⅜1,000 ≢№╢ ⌐│⁸ │ ╩ ℮ ─ ─ ∕─ ─ ─

⅜⌂™↓≤⅜ ╠⅛⌂ ┘ ─ ⅜ ↕╣╢ ╩ ↄ⁹ ⌐≈™≡ ─ ⁸ ⁸

─ ─ ⅜ −╠╣≡™╢↓≤⁹ 

  ŋ ₈ ₉≤│⁸ ⁸ ╩ ╗ ─ ⌐⅛↑⅜ⅎ─⌂™ ─↓≤╩™℮⁹ 

  o ─ │ ⌐╟╢↓≤⁹ 

  ▬ ₈ ─ ⅜1,000 ₉≤│⁸ ≢ ─ │ ╩ ℮ ─ ─ ≢

№╢⁹ 

   ꜡ ─ ╩ ℮ │⁸ ⁸ ⁸◖⸗fi●כ♦fi⁸ ⁸ ≢№╢⁹ 

  Ɫ ─ ╩ ╦⌂ↄ≡╙╟™ │⁸ ─ ⁸ ─ ה ⁸  

≢№╢⁹ 

  ♬ ─ ↕╣╢ ─ ╠⅛≢⌂™ ⁸ ─ ╩ ℮⅛ ⅛⌐≈™≡│⁸

≤ ─ ╩ ╢√╘ ─ ─ ↕ ┘ ≢⅝╢ ─ ⌐╟╡⁸ ─ ╩⅔

⅔╟∕ ⇔⁸ ⁸ ┼─ ⅜ ↕╣√℮ⅎ≢ ∆╢↓≤⁹ 

  ɔ ─ ∕─ ─ ⌂ ╩ ╗ │ ⌐╟╢↓≤⁹ 

  ▬ ─  

    ─ ╩ ╕≤╘≡ ⇔⁸ ⅜ ⇔√ ≢⁸ ⌂ ⌐ ∆╢

↓≤╩™™⁸ ↕│40 ≤∆╢↓≤⁹ 

   ꜡    

    ─ ─ ╩ ⇔⁸∕─ ╩ ─ ⌂ ⌐⅔⅔℮↓≤╩™℮⁹↓─

⁸ ─ ╩│⅜∆↓≤⌐⌂╢─≢⁸ ≤⇔≡⁸ ⌂≥≢ ≤⌂╢ ╩ ™

╢↓≤⁹ 

  Ɫ ─  

    ≤ ╩ ⅎ ∆╢↓≤╩™℮⁹ 

     

     ΝΝ ⁸Ɽꜟⱪ⁸ ⁸ ─  

     ΝΝ ─  

     ΝΝ►꜠♃fi ─  

       

     ⁸◔▬ ⁸ ⁸ ⁸ꜞfi  

    ≤ ╩ ⌡√╙─ 

  ♬ ∕─ ─  

    ꜞ♇Ɽכ⌐╟╢ ⅝ΝΝ ╩ ⌐∆╢⁹ 

    ⌐╟╢ⱨ◌◦ΝΝ    n

    ⇔ΝΝ ─ ™ ─  

  ⱱ 20 ─ ─ ⅜ ⌂╙─│⁸ ─ ≤∆╢↓≤⅜≢⅝╢⁹ 

 

 

 



  

2- 105  
─ ⅝  

 

 

 

 

─ ≤ ╩ ∆╢⁹ 
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р ⌐ ∆╢  
 

 ─  

33 10  ≢ ╘╢ ─ ⌐№∫≡│⁸ ┘∕─ ─ ⌐⅔

↑╢ ╩ ∆╢√╘⁸ ▬⅛╠♬╕≢⌐ →╢ ╩ ⇔≡⁸ ⁸ ⌐╟╢ ─

─ ⌂ ∕─ ─ ⅜ ↕╣╢╟℮⌐ ⅜ ╘╠╣≡™╢↓≤⁹ 

23 ─  33 10 35 ─ ⌐⅔™≡ ∆╢ ╩ ╗⁹ ─ ≢

╘╢ │⁸ ha≤∆╢⁹ 

  ŋ ⅜ ha ─ ⌐№∫≡│⁸ ┘∕─ ─ ⌐⅔↑╢ ╩ ∆╢√╘ ▬ 

─ ⁸ ┘ ─ ⁸  ꜡ ─ ─ ┘ ─ ⁸Ɫ 

─ ⁸♬ ─ ─ ┘ ╩ ⇔≡⁸ ⁸ ⌐╟╢ ─ ─

⌂ ∕─ ─ ╩ ∆╢↓≤⁹ 

  o ₈ ⁸ ₉≤│⁸ ⌐╟╢⁹ 

  ▬ ─ ⅛╠ ∆╢╙─╩ ⇔⁸ ⅛╠ ∆╢╙─≢│⌂™⁹ 

   ꜡ ─ ≤⌂╢╙─│⁸ ⁸ ⁸ ⁸ ─ ⅜ ↕╣╢╙─≢⁸ ⁸ⱦꜟ

│ ╕⌂™⁹ 

 

 ─  

28 ─  ⁸ ⌐╟╢ ─ ╩╙√╠∆⅔∕╣⅜№╢ ─ │ ─

⌐ ∆╢ ≢ ℮ ⌐№∫≡│⁸ ⅛╠20 ╕≢─ ≢ ─ ⌐ ∂≡

≢ ╘╢ ─ ∕─ ─ ⅜ ─ ⌐∕∫≡∕─ ⌐ ↕╣≡™⌂

↑╣┌⌂╠⌂™⁹√∞⇔⁸ ─ ⅜ ⌐№╢ ⁸ ⁸ ⌐ ∆╢ ⌐≈

™≡│⁸∕─ ⌐ ∂⁸ ─ ╩ ⇔⁸ │ ╩ ⇔⌂™↓≤⅜≢⅝╢⁹ 

23 ─  28 ─ ─ ≢ ╘╢ │⁸ ─ ⅜⁸ ha 1.5ha ─

⌐№∫≡│ ⁸1.5ha ha ─ ⌐№∫≡│ ⁸ ha 15ha ─ ⌐№∫≡│10

⁸15ha 25ha ─ ⌐№∫≡│15 ⁸25ha ─ ⌐№∫≡│20 ≤∆╢⁹ 
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─  

─  ─  

ha 1.5ha    

1.5ha  ha    n  

ha  15ha  10   n  

15ha  25ha  15   n  

25ha  20   n  

 

  ŋ ─ │ ⌐╟╢↓≤⁹ 

  ▬ ₈ ⁸ ╩╙√╠∆⅔∕╣─№╢ ₉≤│⁸ ⁸ ⁸ ≢

№╢⁹ 

   ꜡ │⁸ ─ ─ ⌐ ∫≡∕─ ╩ ∆╢↓≤⁹ 

  Ɫ │⁸∕─ ╩ ╠⅛⌐∆╢√╘⁸ ⁸∕─ ╩ ∆╙─⌐╟∫≡ ∆╢↓≤⁹ 

  ♬ ⌐ ─ ⅜ ∆╢ │⁸ ╩ ∆╢↓≤⁹ 

 

 

  ⱱ ⌐ ⇔⁸ ⁸ ⁸ ⁸ ⁸ ⁸ ⁸ ⁸─╡ ⅜ ∆╢ ⌐│⁸∕─

─ ─ ╩ ─ ⌐ ∆╢↓≤⅜≢⅝╢⁹ 

 
                         ─ Ν ha 15ha ─  

                         ⌐≈™≡│ │  
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с ∕─  
 

▬ ◖fi◒ꜞכ♩ ─ ⌐ ∫≡│⁸ ⁸ │ ◖fi◒ꜞכ♩

╩ ≤∆╢↓≤⁹ 

 

 ꜡ ─ ⌐ ∫≡│ ╩ ∆╢↓≤⁹ 

 

Ɫ ─ ⁸ ⌐≈™≡│⁸ ⁸ ┘↓╣╠⌐ ∏╢ ⌐╟

╡ ╘╢↓≤⁹ 

 

♬ ↓─ ⌐ ⇔≡⁸ ⅜ ─ ⌐╟╡ ⌐ ⅜№╢≤ ╘ │ ⅜⌂™≤ ╘

√ │⁸↓─ ╡≢⌂™ 
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 ♄ⱶ─  

15  ♄ⱶ─ │⁸♄ⱶ ─ ⁸ ┘ ─ ╩ ⌐ ⇔⁸ ∆╢╙─

≤∆╢⁹ 

  ⱨ▫ꜟ♄ⱶ≤∆╢ │⁸ ╩ ≤∆╢⅜⁸ ♄ⱶ─ ≤⇔≡⁸ ⌂ ⅜ ⌐ↄ™

fiכ♂│⌐ ≤⇔≡╟™⁹ 

  ⌂⅔⁸◖fi◒ꜞכ♩♄ⱶ⌐≈™≡│⁸↓─ ≢│ ╣⌂™─≢⁸◖fi◒ꜞכ♩♄ⱶ≢ ∆╢

⌐│₈ ₉ ╩ ≤∆╢╙─≤∆╢⁹ 

 

 ♄ⱶ ─  

16  ♄ⱶ│♄ⱶ─ ⌐ ⌂ ⅔╟┘ ╩ ⇔⌂↑╣┌⌂╠⌂™⁹ 

 

 ─  

17  ─ │ ─♄ⱶ─ ╩ ∆╢√╘⌐ ⌂ ⅔╟┘ ╩ ∆╢╙─≤

∆╢⁹ 

 ─ ⁸ ─ ╩ ∆╢√╘ ⌂ ╩ ∆╢╙─≤∆╢⁹ 

  √∞⇔⁸ ⅜№╢ ⌐│⁸↓─ ╡≢⌂™⁹ 

 ⅜ №╢™│ ─ ⌐│⁸ ⌐ ∂≡ ╩ ℮╙─≤∆╢⁹ 

 

 ─  

18  ⌐ ™╢ │№╠⅛∂╘ ╩ ⌂™⁸ ─ ™ ≢№╢↓≤╩ ⅛╘⌂↑╣

┌⌂╠⌂™⁹ 

 

 ─  

19  ─ │ ─ ↕⁸ ─ ⅔╟┘ ─ ╩ ⅎ≡⁸∆═╡╩ ∂⌂™╟℮⌐

⅝╘⌂↑╣┌⌂╠⌂™⁹ 

 ──╡ ↓℮ │ ⌐ ∆ ╟╡ ╛⅛⌂╙─≤⇔⁸∆═╡⌐ ∆╢ ╩ ™⁸∕─

╩ ∆╢╙─≤∆╢⁹ 
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──╡  

         
─╡  

  

  
─╡  

  
   

       

 

  3.0  2.5  
fiכ♂ ─
─╖ 

  
 

3.0 2.5 

 
  

 
3.5 3.0 

 

ה♩ꜟ◦   3.0 2.5 

ה♩ꜟ◦  
 

 
 

3.5 3.0 

 ⅛∫↓ │ ─  

 

─fiכ꜠♪   

20  ⌐ fi│⁸כ꜠♪╢╣╠↑ ⌐ ⇔≡ↄ╢ ╩ ↕∑⁸ ╛─╡ ─

╩ ∆╢√╘ ⌐ ∂≡ ↑╢╙─≤∆╢⁹ 

 

 ─╡ ⌂≥ 

21  ⅔╟┘ ──╡ │⁸ ⁸ ⌂≥⌐╟╡ ↕╣⌂™╟℮⌐⁸╕√

─╡ │ ⅔╟┘ ⌐╟∫≡ ↕╣⌂™╟℮─╡ ╩ ∆╙─≤∆╢⁹ 

 │ ≤⇔⁸ │ ⌂≥⌐ ⇔≡ ⌂╟℮⌐ ⌐ ∂≡ ─ ╩ ∆╙

─≤∆╢⁹ 

 ─╡ ⌐│ ↕ ↔≤⌐ ─ ╩ ↑⁸ ╩ ∆╢╙─≤∆╢⁹ 

 

  

22  ⌐│ ⅔╟┘ ─ ╩ ╪≢ ╩ ⌂℮╙─≤∆╢⁹ 

 

  

       

 40cm 

10  50cm 

10  60cm 
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 ⅝ 

23  ⌐│⁸ ╩ ⇔⁸ ─ ⌂ ╩ ∆╢√╘ ⅝╩ ↑╢╙

─≤∆╢⁹ 

 ⅝│⁸ ╕√│∕─ ─ ⁸ ⅔╟┘ ⅛╠ ⇔℮╢

─ ╩ ⇔℮╢╙─≤∆╢⁹ 

  √∞⇔⁸∕─ │⁸200 ⌐ ↓╢╙─≤ ↕╣╢ ⌐⅔↑╢ ⁸

╕√│∆≢⌐ ↕╣√ ⁸ ⁸ ⌐╙≤≠™≡ ↕╣√ ⌐⅔↑╢

─ ─™∏╣⅛ ⅝™╙──1.2 ─ ╩ ≢⅝╢╙─≢⌂↑╣┌⌂╠⌂™⁹ 

 

10  

24  ─ │⁸ ⌐ ∆╢ ╩ ↕∑╢⌐ ⌂ ⌐0.6 ╩ ⅎ√

↕ ≤⇔⌂↑╣┌⌂╠⌂™⁹ 

 

11 ⅝─  

25  ⅝│⁸ ⌐╟╢╒⅛⁸ ─ ⌐ ╘╢ ┘ ╩╙≈╙─≤∆╢⁹ 

(1) │⁸ ⌐ ╣⅜ ≢⁸⅛≈ ⌐ ╣╩ ∂⌂™╟℮⌐∆╢⁹ 

   ╕√⁸ ⁸ ⌐╟∫≡ ⇔⌂™╟℮⌂ ≤⇔⁸ ─ ⁸№╢™│ ╩ ∆╢√╘

⌐ ╩ ∆╢╙─≤∆╢⁹ 

(2) │ ─⧵♩כ◕⁸⇔≥ ╩ ⌐ ∆╢ ╩ ↑≡│⌂╠⌂™⁹ 

(3) │ ⅜ ─ ≤⇔⁸ ╣⅜ ╣⌂™╟℮⌐ │ ≤⇔⁸ ─

№╢™│ ─ │↕↑╢ ≤∆╢⁹ 

(4) ┼─ ⌐≈™≡│⁸ ┘ ─ ⁸ ╩ ─ ⁸ ─ ⁸

┼─ ⅜ ∂⌂™╟℮⌐ ∆╢╙─≤∆╢⁹ 

   ⌐ ⅝ ⌐│⁸ ╩ ↑≡ ⅝⅛╠ ↕╣╢ ─◄Ⱡꜟ◑כ╩ ⇔⌂

↑╣┌⌂╠⌂™⁹ 

(5) ⅝│ ⌂ ⌐ ∆╢╙─≤⇔⁸↕╠⌐ ╛ ⅜ ∂⌂™╟℮⁸

⌂ ╩⇔⌂↑╣┌⌂╠⌂™⁹ 

 

 

(1) │⁸ ⇔√ ╩℮╢√╘⁸ ╩≢⅝╢∞↑ ⅝ↄ≤╡⁸ ╩ ↕ↄ∆╢ ⅜

№╢⁹ ─ │⁸ ⌐ sec ⌐∆═⅝≢№╢≤↕╣≡™╢⁹ 

   ─ │⁸ ⌐ ⇔√ ⅜ ↕╣╢⅜⁸ ≤⌂╢ ╛ ╩ ↕

∑╢ ⌂≥│⁸ ⅜ ⌐ ⇔╛∆ↄ⌂╢─≢ ╩↕╠⌐ ⅝ↄ⇔≡⁸ ╩ ↕∑╢

⌂≥─ ⅜ ≢№╢⁹ 

   ╛ ─ ⅜ ⇔™≤ ↕╣╢ ≢│⁸↓╣╠─ ╩ ∆╢√╘─∟╡╟↑ ─

⅜ ≢№╢⁹ 
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   ↓─ ⁸∟╡╟↑ ╩ ⅝⌐ ≠↑╢≤ ╩ ∆╢ ╣⅜№╢─≢⁸∕─ ⌐│

⌂ ⅜ ≢№╢⁹ 

   │⁸ ╣⅜ ⇔⁸ ↕╣╢ ⅜ ⅝™─≢⁸ ⌐ ⅎ ╛─╡ ╣╩

∆╢√╘⌐⁸ №╢™│◖fi◒ꜞכ♩Ⱪ꜡♇◒ ⌐╟╡ ∆╢ ⅜№╢⁹ 

(2) ─ │⁸ ─3/2 ⌐ ⇔≡ ⌐ ∆╢─⌐ ⇔≡⁸ ≢│1/2

⌐ ⇔≡ ∆╢⌐∆⅞⌂™√╘⁸ ─ │ ─ ⅜ ⇔ↄ ⅝™⁸ ≢

═√╟℮⌐ⱨ▫ꜟ♄ⱶ│ ⌐ ∆╢ ⅜ ™─≢⁸ ─ ⅝™ ╩ ∆╢↓≤≤⇔

√⁹⌂⅔ ─ ╩ ↕ↄ∆╢√╘⁸◕כ♩ ─ ╩ ↑╢↓≤⅜ ⅎ╠╣╢⅜⁸

↓↓≢ ℮ │⁸™∏╣╙ ⅜ ↕ↄ⁸ ⅜ ⌐ ♩כ◕⁸╘√╢╣╦⌂ ╩

⌂℮↓≤⅜ ⌂↓≤⅔╟┘ ⁸ ╙ ⅜№╢↓≤⌂≥─ ⅛╠⁸↓╣╠─ ⌂

─ │ ≤⇔≡ ⇔√⁹ 

   ╩ ╕≢ №╢™│ ≢ ∆╣┌⁸ ⌐ ∆╢ │ ╙╟ↄ⌂

╢⅜⁸ ─ ⅜ ⇔⁸ ╕⇔ↄ⌂™⁹↓─√╘⌐ ≤ ─ ⌐│⁸

⌐ ╩ ↑╢─⅜ ≢№╢⁹↓─ ⁸ ≤⇔≡─ ⌂ ╩ ↕∑

⌐ ╠⅛⌂ ╩ ╢√╘⌐│⁸ ─ ↕ u ≤ ≤─ │⁸

⌐ ⇔≡ 

ḷπȢς ΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝ(1)  

⌐∆═⅝≢№╢≤↕╣≡™╢⁹  

 

  

 

 ─ │ ∑⅝─ ⌐ ∆╢ ⅜ ⌐│ ≢№╢⅜⁸

─ ≤⌂╢ │ ⅜ ─╙─⅜ ╩⇔╘╢≤ ⅎ╠╣⁸ ⌂ ─

╩ ≢ ⇔≡╙⁸ ⌐ ∏╢ ─ ─ ⅜ ⌐⌂╢↓≤⅜ ↕╣╢─≢

─ │ᵥ ─ ╩ √⇔⁸⅛≈ ⅜ ⇔⌂™╟℮⌂ ─№╢ ≢№╣┌╟™╙

─≤∆╢⁹ 

 ⌂⅔⁸ ⌐⅔™≡╙ ╟╡╙ ╩ ↄ≤╢√╘⌐ ╩⁸ ⌐ ╩ ≤

⇔√╡⁸ ≤⇔√╡⁸ ≤∆╢⌂≥─ ⅜ ⅎ╠╣⁸ ⌐╟∫≡│ ⌐⌂╢

⅜№╢⅜⁸↓╣╠│™∏╣╙ ≤ ≤⅜ ⇔⌂™√╘⁸ ⌐ ↕∑╣┌

─ ╩ ⌐∆╢─≢⁸ ╣╩ ⌐ ∆╢√╘─ ⅜ ≢№╢⁹ 

─ │ ≢ ╘╢⁹ 
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Ͻ Ͻ  ΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝ(2)  

↓↓⌐⁸ │ ⁸ │ ⁸ │ ╩ ≤⇔√ ╩ ╗

│ sec ≢№╢⁹ 

   │⁸ ⅔╟┘ ─ ⁸ ─ ⌐╟∫≡ ∆╢⅜⁸(1)

─ ╩ √∆≤≤╙⌐⁸ ⌐ ⇔≡╙⁸ ֕0.2 ↓↓⌐⁸ │ ≤

≤─ ⁸ ≢№╣┌ ⌐ ─№╢ ⌐ ⇔≡│⁸ ֕1.8≢№╢⁹⇔⅛⇔⁸

─ ≤⌂╢ ≢│⁸ ─ ─ ⌐╟╢ ─ │ ↑⅜√™─≢⁸ ⌐№

√∫≡│⁸ ╩ ╘⌐ ∫≡⅔ↄ↓≤⅜ ╕⇔ↄ⁸ ⌐│ 1.8 ╩ ∆═⅝≢№╢⁹ 

(3) │⁸ ╩ ↕∑╢⌐ ⌂ ⅜№╣┌╟™╦↑≢№╢⅜⁸ ╩ ↕ↄ⇔∆⅞

╢≤ ╡─◄Ⱡꜟ◑כ╩ ↕∑ ╕⇔ↄ⌂™√╘⁸≢⅝╢⅛⅞╡ ─ ™ ≤∆╢↓≤⅜

≢№╢⁹ ≢│⁸ ─ ∆╢ ╣╙ ⅎ⁸ ─ ╩2.0 ≤ ∆╢↓≤≤⇔√⁹ 

   ⅜ ≢№╢ ≢│⁸ ─ ╛ │ ⌐ ≢⌂™ ╣╩

↕∑⁸ ─ ⌐ ∆╢ ≤⌂╢↓≤⅜ ™⁹↓─√╘⌐⁸↓╣╠─ ⌐│ ⌐╟╢ ⅜

≢№╡ │⁸ ⅜ ─ ≤∆╢↓≤⅜ ≢№╢⁹⌂⅔⁸ ─ │

─ ⇔⌂™ ≢ ≢⅝⁸ ⌐ ╩∕─ ≤∆╢⁹ 

   ─ │⁸ ⅛╠ ⌐ ∫≡ ╩ ⌂∫≡ ╘╢⁹ ─ ─ ↕│⁸

≢ ╘╠╣√ ⌐ ⇔≡ ─ ⁸ ╩ ⅎ≡ ╩≤╢ ⅜№╡⁸ ≤⇔≡│ ⌂ↄ≤

╙0.6 ⌐≤╢═⅝≢№╢⁹ 

(4) ⅝ ─ ⌐ ═≡ ─ │ ⌐ ↕™⁹ ∫≡⁸ ⌐│⁸

⅝ ≤ ≤─ ≢ ∆╢⅔∕╣⅜№╢─≢⁸↓─ ⌐╟∫≡ ─ ┼─

⅜ ↑╠╣╢╟℮⁸ ─ ⁸ ╩ ⇔≡ ⁸ ╩ ⅎ╢ ⅜№╢⁹ 

   ╕√⁸ ⅝⅛╠ ⇔√ │♄ⱶ─∑⅝ →⌐╟╢ ⌂◄Ⱡꜟ◑כ╩ ⇔≡™╢√╘⁸↓

╣╩ ─ ╣≤ ⌂◄Ⱡꜟ◑כ⌐╕≢ ⇔≡ ∆╢↓≤⅜ ⌐⌂╢⁹↓─√╘⁸

≤ ≤─ ⌐│ ╩ ↑⌂↑╣┌⌂╠⌂™⁹ 

   ⌐│ ₁─ ⅜№╢⅜⁸∕─ │⁸ ╩ ⇔√ ≢№╢ ⁹ 

 

  

 

   ─ ≢│⁸ ⅝ ╩ ⇔⁸ ⅝ ─ sec ⁸

╩ ™≡ ╩ ╘╢⁹ 

Ä
Ä

ς
Ͻ ρ ψ& ρ  ΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝ(3)  
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&
6

ÇÄ
 ΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝ(4)  

↓↓⌐⁸ ⅝─ ─ ⅔╟┘ │ ─ ─ ╩ ™╢─⅜╟™⅜⁸

─ ≢│ ╩ ⇔√ ⌐╟╡ ╘≡╙╟™⁹ 

6 ςÇ( 7  ΝΝΝΝΝΝΝΝΝΝΝΝΝ(5)  

Ä
1

"6
 ΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝ(6)  

   ↓↓⌐⁸ │ ⁸ │ ≤ ⅝≤─ ⁸ │ ⅝

⁸ │ ⅝ sec ≢№╢⁹ 

   (3) ╟╡ ╘√ ╩ ≤ ⇔⁸ ⅜ ∆╢

⌐│⁸ ⅝ ╩ ↕∑≡ ⌐ ⌂ ⅜ ≢ ≢⅝╢╟℮⌐∆╢ ♄ⱶ≢│⁸

↓─╟℮⌂ ⅝ ╩ ↕∑∏⁸ ♄ⱶ╩ ⇔≡ ╩ ╘╢ ⅜ ⌐ ↕╣╢⅜⁸

⇔√ ≢│⁸↓─╟℮⌂ │ ╕⇔ↄ⌂ↄ⁸ ⅝ ╩ ↕∑╢↓≤╩ ≤∆╢⁹⌂⅔⁸

↓─╟℮⌂ ─ ⅝ ≤⇔≡│⁸ ╩ ∆╢ ⅜№╢⁹ 

   ⌂⅔⁸ ԇ ─ ⅜ ↕╣╢ ⌐│⁸ ⌐╟╢ ╩ ↕∑╢√╘─ ≤⇔≡⁸

 fi♪◦ꜟ⌂≥⅜№╢⁹◄│™╢№כ□Ⱪ꜡♇◒⁸Ᵽ♇ⱨꜟⱧ♩כꜙ◦

   ⁸ ⅜ ∆⅞╢ ⌐│⁸ │ ╡ ≤⌂╡⁸ ⅝ ⌐│

⅜ ↕╣╢↓≤⌂ↄ ╕≢ ∆╢√╘ ╕⇔ↄ⌂ↄ⁸ ♄ⱶ≢│⁸꜡כꜝכⱣ◔♇♩

⅜ ↕╣╢⅜⁸ ─ ≤⌂╢◄Ⱡꜟ◑כ │√⅛∞⅛15 ≢№╢─≢⁸ ⅝ ─

≤─ ⌐ ⌂ ╩∆╣┌⁸ ⅝≢╙ ≢№╢⁹ 

   ⇔⅛⇔⁸™∏╣─ ╙⁸ ⅝ ⌐│ ⌂ ╘╩ ⇔⁸ ─ ⌐ ≢⅝╢ ≤

∆╢ ⅜№╢⁹ 

(5) ⅝│◖fi◒ꜞכ♩ ≤⇔⁸ ╛ ─ ⌐╟╢ ╩ ∆╢√╘⁸ ⌂

⌐ ↑⌂↑╣┌⌂╠⌂™⁹ 

   ⌐⅔™≡│⁸ ─ ⌂ ╩ ╡ ↄ≤≤╙⌐⁸ ⌐ ∂≡ ╩ ⌂℮╙─≤

∆╢⁹ │ ╢∞↑ ↕⌂™╟℮≡™⌡™⌐ →⁸╕√ ⌂ ⌐≈™≡│⁸

╩ ⌂∫≡⁸⅛ⅎ∫≡ ╩ ╢↓≤─⌂™╟℮⌐⁸ ⌐ ◖fi◒ꜞכ♩╩ ∆╢╙─≤

∆╢⁹ 
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12  

26  │⁸ ╩ ⌐ ≢⅝╢╙─≤⇔⁸ ─ ─ ╩ √∆ ≤∆

╢⁹ 

(1) │⁸ ⅜ ⇔⌂™ ⁸ ≤⇔⁸ ⁸ ⌐╟∫≡ ⇔⌂™╟℮⌐ ⇔

⌂↑╣┌⌂╠⌂™⁹ 

⁸ⱣꜟⱩ⌂≥─⁸♩כ◕⁸│⌐ (2) ⁸ ╩ ⌐ ∆╢ ╩ ↑≡│⌂╠⌂™⁹ 

(3) │⁸ ⌐ ⇔≡⁸─╖ ╩ ⅝⁸ ╩ ∆╢ ╣≤⌂╢ ≤∆╢⁹ 

(4) │⁸ ⌐ ╡ ╪≢ ∆╢↓≤╩ ≤⇔⁸ ╛ ⌐ ⇔≡ ⌐

ⅎ⁸ ⅛╠─ ⅔╟┘ ─ ─ ╩ ≢⅝╢ ≤⇔⁸ ⌐⅔™≡╙ ─

╩⇔⌂↑╣┌⌂╠⌂™ 

 

 

(1) │⁸ ⌐ ∆╢ ⅜№╢ │↓╣╩ ⇔⁸ ⌐│⁸ ╩ ⇔≡

∆╢√╘─ ≢№╢⁹ │ ↑╠╣╢⅜⁸ ─ ↑ ─ ⅛╠⁸

∆╢ ─№╢≤⅝│⁸ ⌐ ⌂ↄ≤╙10 ∆╙─≤∆╢⁹ 

   ╕√⁸ │≢⅝╢∞↑ ≤⇔⁸ ╩ ↄ∆╢ ⅜ ≢№╢⁹ ↕∑╢ ⅜ ∂√

≢╙ │≢⅝╢∞↑ ↕ↄ⇔⁸ │ ↑⌂↑╣┌⌂╠⌂™⁹ 

(2) │⁸ ╛ ⅜ ∆╢↓≤⌐╟∫≡ ─ ⁸ ─ ∕ↄ⁸№╢™│ ─

∂⌂™╟℮⌂ ≤∆╢ ⅜№╢⁹↓─ ≤⇔≡⁸ ⌐ ╩ ↑⁸∕─

╩ ⌐ ⇔⁸ ╩fiכꜞ◒☻↑╟╡∟│⌐ ∆╢⁹╕√⁸ ─

≢│⁸ ─ ╩ ∆╢√╘⁸ ─ ╩ⱨ▫ꜟ♃כ ⌐⇔≡⅔ↄ ⅜№

╩fiכꜞ◒☻fi│⁸כꜞ◒☻↑╟╡∟⁹╢ ∆╢ ⅜≢⅝╢∞↑ ↕ↄ⌂╢╟℮⌂ ⁸ ≤∆

╢ ⅜№╡⁸ ⌐│0.6 sec ⌐∆╢↓≤⅜ ╕⇔™⁹ 

(3) │ ⌐№╡⁸ ⌐│ ─ ™ ⅛╠ ⌂ ╩╙∟⁸

─ ⌐⅔™≡ ⌐ ─ ⅜ ⇔⌂™ ≤∆╢ ⅜№╢⁹ 

   ∕─√╘⁸ ⌐ ⌐ ∆╟℮⌂ ⅜ ↕╣╢⁹ 
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─╖ │⁸ sec ⌐ ⇔≡ ≢ ↕╣╢⁹ 

!
1

# ςÇ(
 ΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝ(7)  

 

   ↓↓≢⁸ │ ≢№╡⁸ⱬꜟⱴ►☻ ─╖ ≢│ 0.85 0.95⁸ⱬꜟⱴ►☻─ ⅛⌂™─╖

≢│ 0.60 0.80─ ╩≤╢⁹╕√⁸ │ ─╖ ╩ ≤∆╢ ≢№╡⁸∟╡

╩fiכꜞ◒☻↑╟ ∆╢ ╩0.6 sec ⌐≤≥╘⁸ ─ ╙⁸↓╣╟╡№╕╡ ⅝ↄ

⌂╠⌂™╟℮⌐ ∆╢╙─≤∆╣┌⁸ ≤⇔≡│⁸↓╣╠─ ╩ ⇔≡⁸

↓↓≢│ ─ ≤─╖ ≤─ ╩ ™╢↓≤⅜

≢⅝╢⁹ 

   ⌂⅔⁸ ─ │⁸ ─ √∞⇔⁸ ⁸

⌐ ⇔≡ ─ ≢⅝╢ │ ≢ ⅎ╠╣╢⁹ 

1 #Ͻ! ςÇ(  ΝΝΝΝΝΝΝΝΝΝΝ(8)  

 

(4) │⁸ ⁸ ─ ⌐ ⇔≡ ⌂ ╩╙∫

√ ≤⇔≡ ∆╢⁹ ⌐│ ≤ ≤─ ⅜№╢⅜⁸ ≢│ ה ⅔

╟┘ ─ ⅜ ⇔ↄ⁸ ⌂ ⅜ ≢№╢─≢⁸↓↓≢│ ─ ⌂™ ≤⇔

≡ ∆╢↓≤≤⇔√⁹↓─√╘ ─╖ │ ─ ⌐⅔™≡ ─

⅜ ⌐ ⇔⌂™ ≤⇔⁸ ─ │⁸ ⅜ ─ ≤⌂╢╟

℮⌐ ∆╢⁹⌂⅔⁸ ⌐⅔™≡⁸ ⅜ ⌐⌂╠⌂™╟℮ ╩

⇔⌂↑╣┌⌂╠⌂™⁹ 

   ─ │⁸ ≢ ╘╠╣╢⁹ 

1
ρ

Î
Ͻ!Ͻ2 Ͻ)  ΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝ(9)  

   ↓↓⌐⁸ │ sec ⁸ │ⱴ♬fi◓─ ≢◖fi◒ꜞכ♩ ≢│ ╙ ⇔⁸

≢│ 0.015 ╩ ™╢╙─≤∆╢⁹ 

   ╕√⁸ │ ⁸ │ │ ⁸ │ ≢№╢⁹ 

   (9) ╩ ⌐ ⇔√ ⁸ ╩ ─3/4≤⇔≡ ∆╣┌⁸ ⅜ ╠╣╢⁹ 

1
πȢςφς

Î
Ͻ$ Ͻ)  ΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝ(10)  

   ↓↓≢⁸ │ ≢№╡⁸↓─ ─ │⁸ 0.702 ≢№╢⁹ ≢│⁸

╩ ⁸ ╩ ≤⇔≡⁸ 

1
"È

Î
Ͻ
"È

" ςÈ
Ͻ)  ΝΝΝΝΝΝΝΝΝΝΝΝΝ(11)  

  ≤⌂╢⁹↓─ ⌐│⁸ │ ≢ ⅎ╠╣╢⁹ 

   ⌂⅔⁸ №╢™│⁸ │ ─ ╩ ⅎ⁸ 1,000 ≤∆╢⁹ 

   ╕√⁸ ─╖ │⁸ ─ ⅜ ⌐ ⇔⌂™╟℮⌐ᵫ ≢ ⅎ╠╣╢ ≢

↕╣╢⅛╠⁸ ⌐│⁸─╖ ╟╡ ↕╣╢ ⌂☺▼♇♩⅜ ∆╢↓≤⌐⌂╢⁹

↓─╟℮⌐ ⌂☺▼♇♩│⁸ ─ ╩ ⇔ ⌐ ↕∑╢√╘⁸ ─ ⅜

⇔⁸↓─╕╕ ∆╣┌ ─ ≤⁸∕╣⌐≤╙⌂℮ ─ ∕ↄ ─ ╩ ╓∆⁹↓─
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√╘ ─╖ ⌐│⁸ ─ ╩ ↕∑╢⌐ ⌂ ╩ ≢⅝╢ ╩ ↑⌂↑

╣┌⌂╠⌂™⁹ ─ │⁸ ⁸ ☺▼♇♩─ №╢™│ ─ ⌂≥─ ╩

↑╢√╘⁸ ≢│ ⌂ ⅜ ≢№╢⅜⁸ ─ ≤∆╢ │ 15

⁸ m3 sec≢№╢↓≤╩ ⇔⁸ ─ │ 100 ≤∆╢⁹ 

(5) ≢ ⅜ ∂╢ ⌐│⁸ ⇔√ ◄Ⱡꜟ◑כ─ ╩ ⇔⁸ ⌐ ∆╢

√╘⌐⁸ ╩ ↑⌂↑╣┌⌂╠⌂™⁹ ─ ≤⇔≡│ ─ ⅜ ⅎ╠╣╢⁹⌂

⅔ ⅝─ ╩ ⇔≡╙╟™⁹ 

(6) │⁸ ⌂ ╩ ╡↓╪≢ ⇔⁸ ╘ ⇔│ ⅛≈ ⌂ ╘─╙≤⌐ ╦⌂↑

╣┌⌂╠⌂™⁹ 

   ╙⇔⁸ ⅜−™ ⌂ ─ ⌐│⁸ ─ ╩ ⌂∫≡ ⇔⌂↑╣┌⌂╠⌂™⁹↓─

╟℮⌂ ╩ ⌂℮↓≤│⁸ ⌐ ∆╢ ╩ ⌐⇔⁸⅛≈ ∆╢≤≤╙⌐⁸ ⌐ ℮

─ ╩ ∆╢℮ⅎ⌐ ≢№╢⁹ 

   │⁸ ◖fi◒ꜞכ♩ ╡≤⇔⁸ⱥꜙכⱶ ⁸ ─ⱪ꜠◐ꜗ☻♩ ╩ ™╢ ≢╙⁸

⌐╦√∫≡⁸ ◖fi◒ꜞכ♩≢ ↄ╙─≤∆╢⁹╕√⁸ │ ⌐╟╢ ╩

∆╢√╘⁸10 ↔≤⌐ ╩ ↑⌂↑╣┌⌂╠⌂™⁹ │ ─ ╩ ™≡

╩ ≈╙─≤⇔⁸∕─ │ ◖fi◒ꜞכꜝ◌♩כ≢ כꜝ◌⁸╖ ≤─ ⅔╟┘ ─ ∑

⌐│⁸ ─№╢ ╩ ⇔≡⁸ ╩ ∂⌂™╟℮⌐ ⇔⌂↑╣┌⌂╠⌂™⁹ 

   ↕╠⌐⁸ ─ ⌐│ ╩≤╡≈↑╢╙─≤⇔⁸ ⌐│ 10 15 ─ ≢⁸ ─

⌐╦√╢ ℮⌂⅞ ╘≤ ↕╣╢ ╩ ↑≡⁸ ─ ⌐ ℮ ─ ╩ ∆╢⁹

↓─ │ ─ ≤ ─╙─≤∆╢⁹ 

   ⁸ ─ ╩ ⌐ ∆⁹ 

 

ה  ─  

 


