
 

 

─  

 

╡ↄ≠∟╕ה



 

 

  



 

 

┘ ─ ה  

⌐ ℮ ╣╛ ─ ⌐╟╢ ─ ─√╘ ⌂ ╩ ℮↓≤⌐╟╡⁸ ─

┘ ─ ╩ ╢√╘⁸₈ ₉ ₈ ₉≤™℮⁹ ⅜ 37 2 1 ⌐

↕╣╕⇔√⁹ 

⇔⅛⇔⁸ 3 7 ⌐⁸ ≢ ⌐ ∫≡ ⅜ ⇔⁸ ⌂ ⅜ ∆

╢⌂≥⁸ ≢ ⌂ ╛ ⌂ ─ ─ ⌐╟╢ ה ⅜ ↕╣≡⅔╡⁸

⅛╠─ ─ ─ ⅛╠⁸ ─ ⅜ ∏⇔╙ ≢⌂™◄ꜞ▪⅜ ⇔≡™╢↓≤

─ ⅜ ⇔╕⇔√⁹↓─╟℮⌂ ╩ ↑⁸ ⌂ ⅛╠ ─ ┘ ╩ ╢√╘⁸

─ ⌐⅛⅛╦╠∏⁸ ⌂ ╩ ─ ≢ ⌐ ∆╢╟℮⁸ ⅜ ⌐

↕╣⁸₈ ┘ ₉ ₈ ₉⁸ 4 5 27 ≤⇔≡⁸

5 5 26 ⌐ ↕╣╕⇔√⁹ 

β │⁸ ≤ ⌐╟╢ ≢∆⁹ 

 

─ ⌐≈™≡ 

│⁸ ─ ⅛≈ ⌂ ╩ ╢↓≤⌐╟╡⁸ ─ ┘ ─ ⌐╟╢

─ ╩ ⌐ ⇔⁸╙∫≡ ─ ┘ ╩ ∆╢↓≤╩ ≤⇔╕∆⁹ ⁸

┘ ≢ ↕╣≡⅔╡⁸ ⌐⅔™≡⁸ ╛ ₈ ₉≤™℮⁹

─ ⌐ ∆╢↓≤⁸ ⌐⅔™≡⁸ ⁸ ┘ ─ ─ ⌐

∆╢↓≤╩ ⇔≡™╕∆⁹ 

⌂⅔⁸ │⁸ ╩ ↄ⁹ ─ ⌐⅔™≡ ∆╢╙─≤⇔╕∆⁹ 

 

─  

₈ ⁸ ₉Ί ┘ 36 191  

₈ ₉ΊΊΊΊΊΊ ┘ 37 16  

₈ ₉ΊΊΊΊΊΊ ┘ 37 3  

₈ ₉ΊΊΊΊΊΊ ┘ 7 24  

₈ ₉ΊΊΊΊΊ 43 100  

₈ ₉ΊΊΊΊΊ 25 201  

₈ ₉ΊΊΊ 25 338  
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1.  ₈ ₉ ┘₈ ₉ 
1.1.  ─₈ ₉ ┘₈ ₉ 

≢│⁸₈ ₉ ┘₈ ₉╩ ⇔╕∆⁹

≢ ─ ┘∕─ ─ ╩ ℮ │⁸№╠⅛∂╘ ⅜ ≢∆⁹ 

┘ ╩ ↄ⁹ ─ │⁸ GIS≢ ⇔≡™╕∆⁹ 

URL https://www.pref.oita.jp/site/morido - kohyo/ 

 

 
 1- 1 ─₈ ₉ ┘₈ ₉ 

 

 1- 1 ─ ─  

 

2  

   

 125.34 44.20 81.14 

 491.44 87.10 404.34 

 666.03 112.20 553.83 

 903.14 183.40 719.74 

 291.20 61.70 229.50 

 79.48 63.00 16.48 



 

2 

 

 

2  

   

 477.53 54.90 422.63 

 206.24 121.10 85.14 

 280.08 74.60 205.48 

 439.05 136.40 302.65 

 603.14 72.30 530.84 

 319.32 88.70 230.62 

 318.10 92.60 225.50 

 6.99 5. 27 1.72 

 73.26 45.80 27.46 

 271.37 41.00 230.37 

 286.60 39.00 247.60 

 5,838.31 1,323. 27 4,515.04 

 

1.2.  ─  
│⁸ ─™∏╣⅛⌐ ∆╢ ╩ ∆╢╟℮⌐ ⇔≡™╕∆⁹ ─

⌐ √∫≡│⁸ ╩ ⌐ ≢⅝╢╟℮ ה ╛⁸ ─ ╩ ⇔≡ ⇔≡

™╕∆⁹ 

1)  ( ╩ ↄ⁹)  

─ ≤⇔≡ ⌐ ⁸ │ ∆═⅝ ─╒⅛⁸ √⌐ ⁸ ∆╢ ⅜

№╢  

β13 2 16 ⁸ ⁸ ⁸ ⁸ ⁸ ⁸ ⁸ ⁸ ⁸ ⁸

⁸ ⁸ ⁸ ⁸ ⁸  

 

2)   

╛ IC ⁸∕─╕╕ ∆╣┌ ─ ╛ ⌂ ─ ⅜

∂╢⅔∕╣⅜№╢√╘⁸ ─ ╕√│ ─ ⅜ ╘╠╣╢  

β1 1  

 

3)  ─  

50 ─ ⅜ 50 ─ ≢ √╪⇔≡™╢ ─  

 

4)  ∕─ ─ ⅜ ≤ ╘╢  

1  ⅛╠ 4 ─ ⁸ ⁸ ─  

 

5) ה  ∆╢ ─  

3 ⅛╠ 5 ─ ╟╡⁸ ─ 1/10 ≢│ 50 ⁸ ─ 1/10

≢│ 250 ─ ─ ⌐ ⁸ ─ ╩ ╢╙─⅜№╢ ╩ ↄ⁹  

 

1.3.  ─  
│⁸ ─™∏╣⅛⌐ ∆╢ ─℮∟⁸ ╩ ↄ ≤

⇔≡™╕∆⁹ ─ ⌐ √∫≡│⁸ ╩ ⌐ ≢⅝╢╟℮ ה ╛⁸ ─

╩ ⇔≡ ⇔≡™╕∆⁹ 



 

3 

 

1)   

╩ ∆═⅝  

β1 1  

 

2)  ─ ⌐╟╡ ⇔√ ⅜⁸ ≤⌂∫≡ ╩ ⇔⁸ ─ ∆╢ ─

⌐ ∆╢↓≤⅜ ↕╣╢ ─  

─ ∆╢ ─ ⌐ ≢ ∆╢ ─  

 

3)  ─ ⌐╟╡ ה ∆╢ ─ ∆╢ ─ ⌐ ─ ⅜ ↕╣╢  

ה ─ ╙ ╘√ ─ ∆╢ ─ ⌐ ─ ⅜ ↕╣╢

 

 

4)  ─ ╩ ∆╢  

─ ⁸ ∆═╡⁸ ─ ⁸

⌐ ╢ ⅜ ∆╢  

 

5)  ⌐ ⅜ ⇔√  

╣⁸ ∆═╡⁸ ─ ╛⁸ ⌐ ℮ ╩  
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2.  ─  
⌐⅔↑╢ ─ │ ─≤⅔╡≤⇔≡™╕∆⁹ 

 2- 1 ─  

  

 

⁸ ┘ ₈ ₉≤™℮⁹ ┘⌐ ⁸ ⁸

∕─ ≢ ╘╢ ─ ⌐ ∆╢ ─ ⌐ ↕╣≡™╢ ₈

₉≤™℮⁹ ─ ╩™℮ 2 1  

 ⁸ ┘ ╩™℮ 2 1  

 
─ ╩ ⌐∆╢√╘⌐ ℮ ∕─ ─ ─ ─ ≤⇔≡

≢ ╘╢╙─╩™℮ 2 2  

 

│ ⌐⅔™≡ ℮ ∕─ ─ ─ ─ ≢⁸ │

⌐ ⇔⁸ │ ∆╢ ⌐⅔™≡ ╩ ↕∑╢⅔∕╣⅜ ⅝™╙

─≤⇔≡ ≢ ╘╢╙─╩™℮ 2 3  

─  
│ ⌐⅔™≡ ℮ ─ ≤⇔≡ ≢ ╘╢╙─ ─

⌐ ╩ ∆╢╙─⌐ ╢⁹ ╩™℮ 2 4  

 ╣ │ ─ ⌐╟╢ ╩™℮ 2 5  

 

∕─ ─ ⌐⅔™≡⁸ ⁸ │ ─ ⌐

∆╢ ╩ ∆╢√╘⌐ ⌂ ∕─ ↓╣⌐ ∆╢╙─╩

ↄ⁹ ┘ ╩™℮⁹ ╩ ∆╢↓≤╩™℮ 2 6  

 
⁸ ⇔ↄ│ ─ ⌐ ∆╢ ─ ─

│ ⌐╟╠⌂™≢ ╠∕─ ╩∆╢ ╩™℮ 2 7  

 ⌐⅔™≡⁸ ╩ ∆╢ ╩ ℮  

 
⁸ ⇔ↄ│ ─ ⌐ ∆╢ ─ │

⌐╟╠⌂™≢ ╠∕─ ╩∆╢ ╩™℮ 2 8  

 
─ ⁸ ⁸ ⁸ ⁸ ⌐╟╢ │∕─ ─

┘ ╩ ≤∆╢ ╩ ∆╢ ─ ≡ 

 

₈ ⅜ ╦╣≡™╢ ╩ ∆╢ ₉≢№╡⁸ ⌐⅔↑╢

─ ⌐ ╦╢ ╛ ⌐ ╩ ⇔≡™╢  

⌐⅔™≡│⁸₈ ₉₈ ₉₈ ₉₈ ₉

╙ ╘⁸ ─ ⌐ ╦╢ ⅜₈ ₉⌐ ∆╢ ⌐ ⅜™╢

⁸∕─₈ ₉╙ ─ ⌐ ╦╢ ⌐ ╕╣╢  

⌐⅔™≡│⁸ ─ ╩ ∏⌐ ╩ ∫≡™╢ ⁸

↓╣╩ ∆╢↓≤≢∕─ ╩ ≢ ⇔≡™╢₈ ₉⅜₈ ₉⌐

∆╢ 

 ─╙≤ ╩ ∆╢  

 ─╙≤ ⌐ ∆╢  

 ⁸ ─ ─ ╩ ╗⁹ │  

 ╩ ∆╢ ╩ ↄ ⇔⁸ ⁸ ≤ ⌂╢↓≤╙№╢ 

 ─  

 ─ ⁸ │  

 

─ ≢⁸ ⌐ ∆╢ ⌂ ∕─ ─ ⌐╟

∫≡ ─ ─⅔∕╣⅜ ∂√↓≤⅜ ╠⅛≢№╢ ╩⇔√ ─

╙ ╗⁹∕─ ⅜ ⌐⅔↑╢ ─ │ ─ ≢№╢≤

⅝⌐│⁸∕─ ─ ╩ ╗  

23 2 ₡ 42 2 ₢⌐ ⇔℮╢  

 ─ ─℮∟ ─  

 ─ ╩ ∫√  
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⅜ ⌐ ⇔ 30 ╩ ⅎ╢ ╩⌂∆ ≢ ─ ⇔™

╙─╩ ↄ⁹ ─╙─╩™™⁸₈ ₉≤│∕─ ╩™℮ 1

1  

─  ─ ⌐ ∆╢ ╩ ─ ≤∆╢ 1 2  

─  

 

∕─ ─ ─ ⌐╟∫≡

⌐ ↕╣√ ⅜№╢ ⌐⅔™

≡⁸ ─ ─ ╩ ╖⁸⅛≈⁸

⌐ ⇔ 30 ─ ╩⌂∆ ─

⌐ ─ ─ ⅜№╢≤⅝│⁸

∕─ ─ │ ─╙─≤╖⌂∆

1 3  

 

⁸ ─ ╩ ∆╢√╘─ ╩ ↄ⁹

≢⁸ ╩ ℮↓≤⌐╟╡ ─ ╩ ≈↓≤⅜≢⅝╢╙─ ⁸ ⇔ↄ

│ ╡ ←™ │◓ꜝ►fi♪▪fi◌כ∕─ ─ ≤∆╢ 6 1

 

─ ↕ 

─ ─ ≤ ─ ─ ⅜ ≤ ∆╢ ╩™℮⁹

↓─ ⌐⅔™≡ ∂⁹ ╩ ╗ ─ ⌐ ∆╢ ╩ ─ ≤⇔⁸∕

─ ≤ ≤─ ╩ ─ ↕≤∆╢ 1 4  

 

⌐⅔↑╢ ─ ⅜ ⇔≡ ∆╢ ∕─ ─ │

⌐ ™ ⅜ ∏╢⅔∕╣⅜ ⌐ ⅝™╙─ 7 2 2  

⌐│⁸ 10 ─ ╩ ⇔⁸0 β1╩ ╗ ─ ≢

№╡⁸∕─ ─ ⅛╠─ ⅜ 25 ─ ╩ ≤∆╢ 

 

 

 

 

 

 

 

 

 

 

 

 1/10 5.7° ─ ⌐⅔™≡ ╦╣√  

╘  

╘ │ ╛ ╩ ╘≡ ╦╣√  

< ╘ > 

2° ╩ ∆ 0 ╩ ╗ ⌐⌂↕╣√  

< ⌐⅔↑╢ > 

10° ╩ ∆ 0 ╩ ╗ ⌐⌂↕╣√  

< ╘ > 

╩∆╢ ─ ⅜ 3,000 2 ≢№╡⁸⅛≈⁸ ╩∆╢↓≤⌐╟╡⁸

╩∆╢ ─ ⅜ ╩∆╢ ─ ─ ↕╩ ⅎ⁸ ─

⌐ ∆╢↓≤⅜ ↕╣╢╙─ 

↑  

⅜ 1/10 ╟╡ ⅝™ ⌐⅔™≡ ╦╣√  

· ─ ⌐⌂↕╣√  

· ─ ─ ─ ⌐⌂↕╣√  

< ↑ > 

ABCDE ─ ─ ↕│ H1+H2⁹  

ABFGE2≈─ ─ ↕│ H1⁸H2⁹  
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╩∆╢ ─ ⅜ ⌐ ∆╢ ⅜ 20 ≢⁸⅛≈⁸ ─

↕⅜ 5 ─╙─ 

 ™≤↓╤─ ╩ ╡ ╡⁸ ╠⌂ ╛─╡ ╩ ∆╢↓≤ 

 ⇔ↄ│ │↓╣╠─ ╩ ∆╙─ 

 

─™∏╣⅛⌐ ∆╢╙─ 

· ╩ ∆╢ ─℮∟⁸ 75 ─ ⁸ ⁸◦ꜟ♩ ┘

₈ ₉≤™℮⁹  

· ╩ ∆╢ ─℮∟⁸ 75 ─╙─ ₈ ₉≤™℮⁹ ╩

∆╢↓≤ ⌐╟╡ ≤ ─ ⌐⇔√╙─ 

· ╩ ∆╢ ─℮∟⁸ ⌐ ⅜ ↕╣╢↓≤ ⌐╟╡ ∂√

⅜ ⇔√╙─ 

· ⌐☿ⱷfi♩⁸ ⇔ↄ│↓╣╠╩ ≤⇔√ ⁸ ╩ ∆╢

│ ─ ╩ ∆╢ ∕─ ─ ╩

⇔√╙─ 

· ─ ─ ⌂ ─ ⌐ ∆╢ 3

48 ⁹ 2 2 ⌐ ∆╢ ─℮∟ ⌐ ℮╙─ ╩

≤ ─ ⌐⇔√╙─ 

 ─╒⅛⁸ ╩ ≤ ─ ⌐⇔√╙─ 

⌂  

· ⁸ │ ─ ⇔ↄ│ │ ─  

· ─ │ ─ ─  

β ─ ⌐⅔™≡│⁸ ─ ⅜ ─

⅛╠ ╕≢─ ╩ ⅎ⌂™╙─⌐ ╢ 

 
╩∆╢ ─ │ ╩⇔√ ─ ⌐ ╩ ∆╢ ─

24 1  

 ─ ╩ ∆╢ ⁸ ⁸  

 ─ ╩ ∆╢ ⁸ ⁸ ─  

 ⁸ ⁸  

 ⁸  

 ⁸ ⁸  

 ⌐ ℮ ╩ ∆╢√╘─  

 

╩ ↑√ ⅜ ╩ ↑ ╩ ⇔⌂™ ⁸ ⅜ ╠

─⌂∆═⅝ ╩⌂⇔⁸ │ ╩⇔≡↓╣╩⌂↕⇔╘⁸∕─ ╩ ⅛

╠ ∆╢↓≤ 

 

⌐ ∆╢ ─ ─ ⁹ ╩ ∏═⅝↓≤╩ ↕

╣√ ⅜⁸ ╕≢⌐ ⌐ ╢ ╩ ∂⌂™≤⅝⁸ ∂≡╙ ≢⌂™≤

⅝⁸ │ ∏╢ ╖⅜⌂™≤⅝⌐⁸ ⅜ ╠ ─

│ ╩ ∏╢↓≤ 20 5 1 ₡ 39 5 1 ₢  

 

⌐ ∆╢ ─ ─ ⁹ ╩ ∏═⅝↓≤╩ ⇔

╟℮≤∆╢ ⌐⅔™≡⁸ ⌂ↄ ∆═⅝ ╩ ∆╢↓≤⅜≢⅝⌂™≤⅝

⌐⁸ ⅜ ╠ ─ │ ╩ ∏╢↓≤ 20

5 2 ₡ 39 5 2 ₢  

 

⌐ ∆╢ ─ ─ ⁹ ⌐ ╩ ∏╢ ⅜№

╢ ⌐⅔™≡⁸ ╩ ∏═⅝↓≤╩ ∆╢™≤╕⅜⌂™≤⅝⌐⁸

⅜ ╠ ─ │ ╩ ∏╢↓≤ 20 5

3 ₡ 39 5 3 ₢  

β 3 3 ≢│⁸ ─ │ ─ ⌐⅔™≡⁸

─ ⌂ ⌐≈™≡ ─ ⅜№╡⁸ 1 ⌐ ∆╢ ╛

2 ⌐ ∆╢ ⌐ ∆╢ ╩≤╢ ⅜⌂™≤⅝│⁸∕╣╠─
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╩ ⌂™≢ ╩∆╢↓≤⅜≢⅝╢≤↕╣≡⅔╡⁸ ⌐↓╣╩

≤ ∆╢↓≤⅜ ™↓≤⅛╠⁸ ≢│⁸↓╣≤ ╩ ╢√╘

₈ ₉≤ ⇔≡™╢ 

 

⅜ ⇔⁸ │ ╩ ⌐ ℮ ─ ™ ╛ ─ ∆╢

⁸ ⅜ ⌐ ∆╢ ─ ™ ─ ⁸ ┘∕─ ⌐

℮ ⅛╠ ╩ ╢√╘ ∆╢ ─№╢╙─ 

─

ⅎ

 

 

⌐╟╢ ─⁸ │ ⅜ │ ∆╢ ╩

╗  

│ ⌐╟╡ ה ↕╣╢↓≤⅛╠⁸ │  

╛ │⁸ ⌂ ⅜⌂ↄ⁸ ─ ≤ ⌂╡

⅜ ה ∆╢ ╖╙⌂™↓≤⅛╠⁸ │ ⁹⌂⅔⁸

⌐╟╡ ↕╣╢ ⌐≈™≡│ ה  

 
⌐╟╢ ─╒⅛⁸ │ ⅜ ∆╢ ╛

⌐ ≠ↄ ≤⇔≡ │ ⅜ ∆╢  

 
⅜ │ ↕╣╢ ∕─ ─ ⌐ ─№╢ ╛

 

 

│ ⅜ ∆╢╙─⁹ │ ⁹ 

│ ⌐ ≠ↄ ≢№╢√╘⁸ ─ │ ⁹

│ ≢│⌂™√╘⁸ ─ ╙ ╘≡  

⁸  
⌐╟╡⁸ │∕─ ⌐╟╢ ─ ↑⅜↕

╣√ ╛  
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3.   
≤│⁸ ⅜ ─ ⌐ ⇔≡⅛╠ ⌐ ∆╢ ╩∆╢╕≢⌐ ∆

╢ ⌂ ≢∆⁹ │№ↄ╕≢╙ ⌐ ∆╢₈ ₉≢№╡⁸ ⌐╟∫

≡│⁸ ─ ⅜ ╩ ⅎ╢ ⅜№╡╕∆⁹ 

─ ⌐ ╢ │  3- 1─≤⅔╡≢∆⁹ 

 

 3- 1  

   
 

 

 
ה  12 1  

₡ 30 1 ₢ 

30 

─  14 

 
ה  16 1  

₡ 35 1 ₢ 

30 

─  14 

 
ה  17 1 ⁸4  

₡ 36 1 ⁸4 ₢ 
14 

─  

ה   
18 1  

₡ 37 1 ₢ 
14 

12 1 ⁸ 16 1 ⁸ 30 1 │

35 1 ─ ⌐ ⇔≡™╢↓≤╩ ∆╢

─  

88  14 

⌐│⁸ ─ ╩ ╘⌂™↓≤≤⇔╕∆⁹ 

· ⌐ ⅜№╢ ─  

· ─ ≢ ⅜ ╠ ╩ ∆╢√╘⌐ ⇔√  

· ⅜ ─ ╩ ≤∆╢ ─∕─ ⌐ ⇔√  

· ₈ ─ ┘ ⌐ ∆╢ 26 35 ₉ 3 ⌐ ╘╢

┘ 5 ⌐ ╘╢  
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4.  ─  
4.1.  ⌐ ∆╢ ₄ ה ₅ 

│ ₈ ₉≤™℮⁹ ⌐⅔™≡

╦╣╢ ─ ⌐ ∆╢ │⁸ ⌐ ℮ ╩ ∆╢ ⅛╠⁸∕─ ⌐ ∆

╢ ⌐⁸ ─ ⅜ ≢∆⁹ 

⌐ ∆╢ ⌐⅔™≡⁸ ╩ ∆╢ ─ │  4- 1─≤⅔╡≢∆⁹ 

│₈6 ⌐ ∆╢ ─ ₉⁸ │₈7.1 ⌐⅔™≡ ╦╣╢

⌐ ∆╢ ₉╩  

 

 4- 1 ╩ ∆╢ ⌐ ∆╢ ─  

 

 

 
 

▬ⱷכ☺  

   

┘

ה

 

ᵑ ≢ ↕ 1 ─ ╩

∏╢╙─ 

ᵑ ≢ ↕ 2 ─ ╩

∏╢╙─ 

 

ᵒ ≢ ↕ 2 ─ ╩

∏╢╙─ 

ᵒ ≢ ↕ 5 ─ ╩

∏╢╙─ 

 

ᵓ ≤ ╩ ⌐ ∫

≡⁸ ↕ 2 ─ ╩ ∏

╢╙─ ᵑ⁸ᵒ╩ ↄ⁹  

ᵓ ≤ ╩ ⌐ ∫

≡⁸ ↕ 5 ─ ╩ ∏

╢╙─ ᵑ⁸ᵒ╩ ↄ⁹  

 

ᵔ ≢ ↕⅜ 2 ≤⌂╢

╙─ ᵑ⁸ᵓ╩ ↄ⁹  

ᵔ ≢ ↕⅜ 5 ≤⌂╢

╙─ ᵑ⁸ᵓ╩ ↄ⁹  

 

ᵕ ╕√│ ─ ⅜

500 2 ≤⌂╢╙─ ᵑ

ᵔ╩ ↄ⁹  

ᵕ ╕√│ ─ ⅜

3,000 2 ≤⌂╢╙─

ᵑ ᵔ╩ ↄ⁹  

 

─

β 

ᵑ ─ ↕ 2 ⅛≈

⅜ 300 2 ≤⌂╢╙─ 

ᵑ ─ ↕ 5 ⅛≈

⅜ 1,500 2 ≤⌂╢╙─ 

 

ᵒ ─ ⅜ 500 2 ≤

⌂╢╙─ ᵑ╩ ↄ⁹  

ᵒ ─ ⅜ 3,000 2

≤⌂╢╙─ ᵑ╩ ↄ⁹  

 

β ─ │⁸ ─ ⌐ ╩ ∆╢╙─≢№╡⁸ │ 5 ≤⌂╡╕∆⁹ 
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4.2.  7 5 1 ⌐ ╦╣≡™╢ ⌐ ∆╢

₄ ₅ 
7 5 1 ⌐⁸ ⌐⅔™≡⁸  4- 1⌐ ∆

⌐⅔™≡ ╩ ∆╢ ╩ ↄ⁹ ─ ⌐ ⇔≡™√ │⁸ ─ ⅜№╡╕⇔

√⁹₈7.2 7 5 1 ⌐ ╦╣≡™√ ⌐ ∆╢ ─ ₉╩  

 

4.3.  ∕─ ─ ─ ⌐ ∆╢ ₄ ₅ 
╩ ↄ⁹ ⌐⅔™≡⁸ ─ ╩ ℮ │⁸ ─ ⅜№╡╕∆⁹ 

√∞⇔⁸ ─ ╩ ↑√ │ ⌐⅔↑╢ ╩ ∫≡™╢

╩ ⅝╕∆⁹₈7.3 ∕─ ─ ─ ⌐ ∆╢ ─ ₉╩  

· ↕⅜ 2 ─ │ ─ │ ╩ ∆╢  

· ╩ ∆╢√╘─ ─ │ ╩ ∆╢  

· ╡ ←™ ─ │ ╩ ∆╢  

 

4.4.  ╩ ⌐ ₄ ₅ 
⌐⅔™≡⁸ ╩ ⌐ ⇔√ │⁸ ─ ⅜№╡╕∆⁹ 

√∞⇔⁸ ─ ╩ ↑√ │ ⌐⅔↑╢ ╩ ∫≡™╢

╩ ⅝╕∆⁹₈7.4 ╩ ∆╢ ─ ₉╩  

 

4.5.  ╩ ⇔⌂™  
 4- 2⌐ ∆ ╩ ℮ │⁸ ─ │№╡╕∑╪⁹ 

· ₈ ₉ ─ ─  

· ₈ ה ₉ ה │ ≢∆⅜⁸ ─ ≢№╢√╘⁸ ⅜ ⌂

≤ ╘╠╣╢ ⌐│ ─ ⌐⌂╡ ╕∆⁹ 

 

 4- 2 ╩ ⇔⌂™  

ה    

 

⌐⅔↑╢  

2 1 1 ⁸

2 ⁸ 1
β1 

─ ─ ⌐ ↕╣≡™╢ ⌐⅔↑╢  

· ⁸ ⁸  

· ⁸ ∆═╡ ⁸ ⁸ ⁸

⁸ ⁸ ⁸ ⁸ ⁸ ⁸

│ ─ ⌐ ∆╢  

· ⁸ √╘ ⁸ ─ ─

⌐ ∆╢ 2 2 ⌐ ∆╢  

· │ ⅜ ∆╢ ⁸ ⁸ ⁸ ⁸

⁸ ⁸ ⁸ ⁸ ⁸

⁸ ⁸ ⁸

┘  

∕─ ─

≤⌂╢  

· ⁸ ─√╘─ ─  

· ┘ ≢ ╕╣√ ∕─ ─ ↕╣√ ⌐⅔↑╢

─  

· ─╖╩ ∆╢ ─ ≢№∫≡ ⅜ 30 ─╙─ 

· ≤⇔≡ ⌐ ⇔⌂™ │ ╩ ∆╢ ─

⌐⅔™≡ ↕╣√⁸ │ ─ ≤⌂╢ ─

 

· ┘ ⌐⅔™≡ ╦╣╢ ─ β2 

· ◓ꜝ►fi♪ ─ ╩ ∆╢√╘─ ─ ⅝ ⇔  

· ∕─ ⁸ ─√╘⌐ ─ ╩ ∆╢ ⁸

─ ⌐ ⇔⌂™  



 

11 

 

· ⌐╟╡ ⇔√ ╩ ∆╢╙─ 

· ─ ⅔╟┘ ⇔╩ ℮╙─ 

· ╩ ─ ╙ ™ ─ ↕╕≢ ⌐ →∆╢╙─

─ ─™∏╣⅛⅜⁸ ─ ─ │⁸ ─

⌐╟╡ ⌐ ─ ⅜ ↕╣╢√╘⁸

╙ ⌂ ≤⇔≡⁸  4- 1─ ╩ ∆╢↓≤⁹  

· ─ ⌐⇔√ ╩ ≤⇔≡⁸ ─ ─ ↕╛

⅜  4- 1⌐ ⇔⌂™╙─ 

ה

 

─ ─⅔∕╣⅜⌂™

≤ ╘╠╣╢  

12 1 √∞⇔

⁸ 27 1 √∞⇔

⁸ 30 1 √∞⇔

⁸ 5 1 ⁸

27 ⁸ 29 1 ⁸

8 1  

· ⌐ ≠ↄ ─ ∆╢ ─

─  

· ⌐ ≠ↄ ─ ╩ ↑√ ─ ⌐ ╢

 

· ⌐ ≠ↄ ─ ╩ ↑√ ⌐ ╢

 

· ⌐ ≠ↄ ─ ╩ ↑√ ⌐ ╢

 

· ⌐ ≠ↄ ─
β3 

· ⌐ ≠ↄ ─ ─ ⌐ ∆╢

─  

· ⌐ ≠ↄ ─ ─  

· ─ ┘ ⌐ ∆╢ ⌐ ≠ↄ ─ β4 

· ⌐ ≠ↄ ─ │  

· 23 3 11 ⌐ ⇔√ ⌐ ℮

─ ⌐╟╡ ↕╣√ ⌐╟╢ ─

┼─ ⌐ ∆╢ ⌐ ≠ↄ │ ─

│  

· ─ ╩ ∆╢√╘⌐ ⌂ ─ ⌐ ∆╢
β5 

· ⁸ β6⅜ ─√╘⌐ ⌂ ≤⇔

≡ ℮  

· ↕ 2 ⅛≈ 500 2 ─ │ 3

5 ─ │ ⌐ ╢⁹ ≢№∫≡⁸ │ ╩∆╢

─ ─ ─ ⅜ 30 ╩ ⅎ⌂™╙─ 

· ↕⅜ 2 ╩ ⅎ╢ ─ ≢№∫≡⁸ ─ ╩

℮ ─ ⅜ 300 2╩ ⅎ⌂™╙─ 

· ⅜ 500 2╩ ⅎ╢ ─ ≢№∫≡⁸ ─ ╩

℮ ─ ─ ≤ ⇔√ ─ ─ ⅜ 30

╩ ⅎ⌂™╙─ 

· ─ ⌐ ⇔≡ ╦╣╢ ─ β7≢№∫≡⁸

⌐ ∆╢ │ ≢ ⇔√ ╩ ─
β8 │∕─ β9⌐ ∆╢╙─ 

β1 ⌐⅔↑╢ ≢№∫≡╙⁸ ⅛╠─ ╛⁸ ┼─ ╩

⌐⅔™≡ ╩ ℮ │⁸ ≤⌂╡╕∆⁹╕√⁸ ─ ⌐ ↕╣⌂ↄ⌂╢↓≤⅜

⇔≡™╢ ⌐≈™≡│⁸ ⌐ ╕⌂™╙─≤ ⅎ╕∆⁹ √╘ ─

 

β2₈ ─ ₉≤│ ─ ┘⌐╒ ─√╘─ ⁸ ⅛⅝⁸ ⁸ ⁸↑™

─ ⁸ ┘ ⁸ ─ ≢№∫≡∕─ ─ ─ ─ ⅜ 1 ─╙─⁸

⅝╞ ─ ┘ ⅜ ⇔╕∆⁹⌂⅔⁸ ─ ⌐ ╕╣╢⅛ ⅛⌐≈™≡│⁸

─ ─ ⌐ ⇔≡ ╩ ∫≡ↄ∞↕™⁹ 
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β3₈ ₉≤│⁸ 24 195 2 2 ⌐ ∆╢

⁸ 15 2 ⌐ ∆╢ │ ─ ⌐│ ≠⅛⌂™╙──⁸ 2 2

⌐ ∆╢ ≤ ─ ╩ ℮ ⁸₈ ⌐ ∏╢ ₉≤™℮⁹

╩ ⇔╕∆⁹⌂⅔⁸₈ ⌐ ∏╢ ₉│⁸ ─ ⌐ ⇔≡ ─

⌐ √∫≡ ™╠╣╢₈ ₉ ─ ⌐ ≠⅝⁸ ⌐ ┘

⅜ ╦╣╢↓≤╩ ≤⇔≡™╕∆⁹⌂⅔⁸↓╣╠─ ⌐ ™ ⇔√ ─ ╛⁸ ≢

─ ─ │⁸ ─ ≤⌂╢↓≤⌐ ⇔≡ↄ∞↕™⁹ 

β4₈ ─ ┘ ⌐ ∆╢ ⌐ ≠ↄ ─ ₉─℮∟⁸ ─╟℮⌂ │

─ ⅜№╡╕∆─≢ ⇔≡ↄ∞↕™⁹ 

· ─ ─ ─ ⌐ ╕╣⌂™≤ ↕╣╢ ≤ ─ ∂∫√╙──  

· │ ⌐ ╢ ─ ⌐ ∆╢ ─ ≢─ ≤ ─ ∂∫√╙──  

· ≤ ─ ∂∫√╙─╩┤╢™ ≢ ⇔√ ⌐ ∂╢ ≤ ↑╠╣√ ─

 

β5₈ ─ ╩ ∆╢√╘⌐ ⌂ ─ ⌐ ∆╢ ₉≤│⁸ ⌐

╩ ⇔≡™╢ ⌐⅔™≡⁸ ─ ⌐ ∆╢ ⅜ ↕╣⁸

22 11 17 ↑ 22 656 ⁸ 5 3 31

╛ ⌐⅔↑╢ ה 3 3 16 ↑ 2 1157 ⁸

5 3 31 ⌐ ⇔≡ ↕╣╢↓≤╩ ≤⇔√ ╛ ╩ ⇔╕∆⁹ 

β6₈ ⁸ ₉⌐│⁸ ─ ╩ ╖╕∆⁹ 

  

 2 1 6  

 ─ ─ ⌐ ∆╢ 9 1  

 7 1 6  

ה

 

ה

28 1 6  

 56 1 6  

 34 1 7  

β7₈ ─ ⌐ ⇔≡ ╦╣╢ ─ ₉≤│⁸ ≤⌂╢ ⅜№∫√ ≢⁸ ⌐

∆╢ ╛ ⅛╠ ⇔√ ╩ ╛∕─ ⌐ ⌐ ∆╢ ─

─ ╩ ╗ ≢⁸ ⌐ ╢ 24

100 26 ⌐ ∆╢ ╩™℮⁹ ∂⁹ ⅜ ─ ≤ ∑≡

⌐ ∆╢╙─╩ ⇔╕∆⁹ 

β8₈ ─ ₉≤│⁸ ⅜ ╦╣≡™╢ ╩ ⇔╕∆⁹⌂⅔⁸ ╩ ℮ ⌐№∫≡│⁸

⁸ ∕─ ─ ⌐ ─ ≤⇔≡ ↑╠╣√ ─

⅜ ╦╣≡™╢ ⅛╠ ╣√ ╩ ╗⁹ ╙⁸ ─ ≤⇔≡ ╡ ™╕∆⁹ 

β9₈ ─ ─ ₉≤│⁸ ⌐ ╢ ⅜ ─ ≤ ⌂ ⅜

⌂ ≤⇔≡⁸ ⌐ ╩ ⇔ ≢⅝╢ ─ ╛ ⌐ ∆╢ ⅜ ⇔╕

∆⁹ 

      
 4- 1 ₈ ─ ₉            4- 2 ₈ ─ ─ ₉ 

4.5.1.  ╙ ─ ╩ ∆╢ ─ ─  
─ ⌐ ⇔≡ ╦╣╢ ─ ⌐≈™≡│⁸╛╗╩ ∏ ╙ ─ ╩

∆╢ ⁸ ⅝ ⅝ ≤⌂╡╕∆⅜⁸ ╩ ⇔√ ╩ ∆╢ ⅜№╡╕∆⁹ 

╙ ─ ╩ ∆╢ │⁸ ⁸ ⁸

⁸ ┘ ╩ ⇔≡ↄ∞↕™⁹ ⁸ ─꜠▬▪►♩╩ ⇔╕∆─≢⁸

⌐ ⇔≡ↄ∞↕™⁹ │⁸₈5.2 ┘ ₉╩  
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5.  ┘  
5.1.   

 5- 1  

  

─   

  

─ 

 

─ ╩ ↄ⁹  

 

252 ─ 17─ 2⌐ ≠ↄ  

 

5.2.  ┘  
┘ ⅜ ∆╢ ╩ ↄ⁹ ≢ ⌐ ≠ↄ ╩ ℮ │⁸ ⁸

─ ⌐╟╢╙─≤⇔╕∆⁹ 

⌐╟╢ ╩ ℮ │⁸ ╡ↄ≠∟╕ה ⌐ ┘ ─ 2

╩ ⇔≡ↄ∞↕™⁹ 

⌂⅔⁸ ╕√│ ≢⌂™ ⅜⁸ ≤⇔≡ ─ ╩ ↑ ╩ ≡⁸ ⌐

∆╢ ╩ ∆╢↓≤│⁸ ⌐ ─ ╘⅜№╢ ╩ ⅝⁸ ≤⌂╡╕∆─≢⁸

↔ ↄ∞↕™⁹ 

ᵑ Graffer  

─ⱱכⱶⱭכ☺⌐ ⇔≡™╢ⱨ◊כⱶ⅛╠ ╩ ∫≡ↄ∞↕™⁹ 

URL https://www.pref.oita.jp/site/moridotaisaku - shinsei/  

· ₈6.3 ⌐ ⌂ ₉╩  

· ₈6.4 ─ ⌐ ⌂ ₉╩  

· ─ ─ ₈6.6.1 ─ ─ ⌐ ⌂ ₉╩  

· ₈6.7.2 ⌐ ⌂ ₉╩  

· ─ ₈6.8.2 ─ ⌐ ⌂ ₉╩  

· ₈6.9.2 ⌐ ⌂ ₉╩  

· ₈7 ┘∕─ ─ ⌐ ∆╢ ₉╩  

· ─ ⌐ ∆╢ ₈8.1.3 │ ⅜ ℮ ─ ⌐ ⌂ ₉╩  

ᵒⱷכꜟ 

⌐ ∂≡⁸ ♃כ♦─ 8MB╕≢ ╩ ⇔⁸ ─ⱷכꜟ▪♪꜠☻⌐ⱷכꜟ╩ ⇔≡

ↄ∞↕™⁹ 

E- mail morido- shinsei@pref.oita.lg.jp  

· ₈6.1 ₉╩  

· ╙ ─ ╩ ∆╢ ─ ─ ₈4.5.1 ╙ ─

╩ ∆╢ ─ ─ ₉╩  

· 88 ─ ₈9 ─ ⌐ ⇔≡™╢↓≤╩ ∆╢ ─ ₉╩  

 

 5- 2  

   

╡ↄ≠∟╕ה   ─  097(506)4695 

   097(537) 5683 

  ─ β 0977( 21)1471 

β ─ ─ ╩ ↄ⁹  
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 5- 3 ─ⱨ꜡כ 

 
β1 ─ │∕─ ╩ ⌐  

β2 ╩ ⅎ╢ ₈6.8 ─ ₉  6- 14╩  

β3 ╩ ⅎ╢ ≢ ╩ ╗ ₈6.7 ₉╩  

β4₡ ₢│ ─ ⌐ ∆╢  

─ 3⅛ β2

─ ─
┼─

ה
ה ┼─ ─

ה ─

β1

─ ה

─

₡ ₢β4

₡ ₢β4

₡ ₢β4₡ ₢β4β2

β3

ⱷכꜟ
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6.  ⌐ ∆╢ ─  
⌐⅔™≡ ╩ ∆╢ ⌐ ∆╢  4- 1╩ ╩ ℮ │⁸ ⌐ ℮

╩ ∆╢ ⅛╠⁸∕─ ⌐ ∆╢ ⌐⁸ │ ╩ ↑╢ ⅜№╡╕∆⁹ 

╕√⁸ ⌐ √╡⁸ ─ ⌐ ℮ ╩ ∆╢√╘ ⌂ ╩ ↑╢ ⅜№╡╕∆─≢⁸

╩ ⇔≡ ╩ ∫≡ↄ∞↕™⁹ 

⌂⅔⁸ ╛ ⅝ ⌐⅔↑╢ ≤│⁸ ⌐│ ⌐⅔™≡ ⅝ ⇔╛

⁸₈ ⅝ ⇔ ₉≤™℮⁹ ─ ╩∆╢ ≢∆⅜⁸ ⌐│ ─ ╛ ─

⌐╟╡╕∆⁹ 

ᵑ ⌂≥ ─ ⅜ ⅝ ⇔ ╩ ℮ ההה ─  

ᵒ ⌐ ∆╢ ⅜ ⅝ ⇔ ╩ ℮ ההההה ⅝ ⇔ ╩ ℮ ה  

· ≢ ╩ ⇔≡™╢ הההההה  

· ≢ ╩ ⇔⌂™ ההההההה  

β ≢ ╩ ↑ │ ╩ ∫≡™╢ │⁸ ⌐ ╩ ℮ │№╡╕∑╪⁹ 

 

6.1.   
⌐ ∆╢ ─ ╩ ∆╢ ⌐⁸ ⌐≈™≡⁸ ╩ ™⁸ ─ ╛

─ ⇔⅜№╢─⅛ ⇔≡ↄ∞↕™⁹ 

╩ ℮ │⁸ │⁸₈25 ₉╩ ⌐  6- 3 ┘  6- 4⌐ ∆

╩ ⇔≡⁸ ⇔≡ↄ∞↕™⁹ │⁸₈5.2 ┘ ₉╩  

 

6.2.  ┼─  
⌐ ∆╢ ─ ─ ⌐ √∫≡⁸№╠⅛∂╘⁸ ⌐ ∆╢ ─ ⌐ ╢ ─

─ ⌐ ⇔⁸ ─ ╩ ∆╢√╘⁸ ─™∏╣⅛─ ╩ ∂≡ↄ∞↕™⁹ 

ᵑ ─  

ᵒ ─  

ᵓ ⌐ ─ ┘▬fi♃כⱠ♇♩  

⌂⅔⁸ ⌐⅔™≡ ↕ 15 ╩ ⅎ╢ ╩∆╢ │⁸ᵑ─ │ ≢∆⁹ 

β ┼─ ╩ ℮ ⌐⁸ ─ ⁸ ⁸ ⌐≈™≡⁸ ∏  5- 2╩ ≤─

⌐╟╡ ╩ ∫≡ↄ∞↕™⁹ 

 

6.2.1.  ∆╢ ─  
⌐ ∆╢ ─ ⌐ ╢ ─ ─ ⌐ ⇔≡│⁸ ─ ≤⇔≡⁸ ⌂ↄ≤╙

 6- 1⌐ ∆ ⌐≈™≡ ╩ ∫≡ↄ∞↕™⁹ 

 

 6- 1 ∆╢ ─  

  

ה  

· ─ │  

· ⅜ ↕╣╢ ─  

· ─ │  

· ─ ┘  

· │ ─ ↕ 

· │ ╩∆╢ ─  

· │ ─  

· ∕─ ⅜ ≤ ╘╢  

─  

· ─ │  

· ⅜ ↕╣╢ ─  

· ─ │  

· ─ ┘  

· ─ ─ ↕ 
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· ─ ╩ ℮ ─  

· ─ ─  

· ∕─ ⅜ ≤ ╘╢  

 

6.2.2.  ╩ ℮  
⌐ ∆╢ ─ ╩ ∆╢ ─ ⌂ ⅎ │⁸  6- 2⌐ ∆≤⅔╡≢№╡⁸

─ ╛ ⅛╠ ─ ↕╣╢ ╩ ⇔≡ ⇔╕∆⁹ 

 

 6- 2 ⌐≈™≡ ┼─ ╩ ℮  

─  ┼─ ╩ ℮  

ᵑ  

ᵒ  

ᵓ ─  

· ─ ⅛╠ ─ ↕ ⌐ ⇔≡

2 ─ L─  

· ╩ ℮ ─  

· ╩ ℮ ─ ⅛╠ ─  

· ╩ ℮ ⅜ ∆╢ ─  

 

ᵑ ↑  

· ─╡ ╕≢─ ↕ ⌐ ⇔≡ ─╡ ⅛╠ ─

5 ─ I ─  

· ╩ ℮ ─ ⅛╠ ⌐ 50

─  

· ─ ⌐∕─ ╕√│ ⅜ ╕╣╢

─  

 

ᵑ 6 1 ⌐⅔™≡ ┼─

╩ ∆╢ ⌐⅔↑╢

↕ 15 ╩ ⅎ╢  

ᵒ ⌐⅔↑╢ ᵑ╩ ↄ⁹  

ᵓ ╘ ᵑ ┘ᵒ╩ ↄ⁹  

ᵔ ↑ ─℮∟⁸ ─

⅜ 2 ─ ⌐ ─ ⅜

∆╢╙─ ᵑ ┘ᵒ╩ ↄ⁹  

· ─ ⅜ 2 ─ β  

· ─ ⌐∕─ ╕√│ ⅜ ╕╣╢

─  

 

 

6.3.  ⌐ ⌂  
⌐⅔™≡ ╩ ∆╢ ⌐ ∆╢  4- 1╩ ╩ ℮ │⁸  6- 3 ┘

 6- 4⌐ ∆ ╩ ⇔≡ↄ∞↕™⁹ │⁸₈5.2 ┘ ₉╩  
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 6- 3  

─  ∆═⅝  
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⌐≈™≡ ∆╢ ⅜№╡╕∆ ╛ ─ ╙ ╗ ⁹ 

╕√⁸ ─ ⌐╟╡⁸ ⅜ ≤ ↕╣╢ │⁸ ╩ ∂╢ ⅜№╡╕∆⁹ 

⌂⅔⁸ ╩ ↑√ ⅛╠ 3⅛ ╩ ⅎ⌂™ ⌐ ⅜ ∆╢ ⌐│⁸ │ ≢∆⁹ 
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6.8.1.  ─ ─ ≤⌂╢ ─  
⌐⅔™≡ ℮ ⌐ ∆╢ ─℮∟⁸ ─ ≤⌂╢ ─ │  6- 14

─≤⅔╡≢∆⁹ 

 6- 14 ─ ─ ≤⌂╢ ─  

   

┘

 

ה  

23 ⁸33  

ᵑ ≢ ↕ 2 ─  

ᵒ ≢ ↕ 5 ─  

ᵓ ≤ ╩ ⌐ ∫≡⁸ ↕ 5 ─

ᵑ⁸ᵒ╩ ↄ⁹  

ᵔ ≢ ↕⅜ 5 ᵑ⁸ᵓ╩ ↄ⁹  

ᵕ ╕√│ ─ ⅜ 3,000 2 ᵑ ᵔ╩

ↄ⁹  

─  

25 ⁸33  

ᵑ ─ ↕ 5 ⅛≈ ⅜ 1,500 2  

ᵒ ─ ⅜ 3,000 2 ᵑ╩ ↄ⁹  

 

6.8.2.  ─ ⌐ ⌂  
╩∆╢ │⁸  6- 15⌐ ∆ ╩ ⇔≡ↄ∞↕™⁹ │⁸₈5.2 ┘

₉╩  

 

 6- 15 ┘  

─  ∆═⅝  
 

 
ה  ─  

 

₄ ₅ 

· ⅜ ↕╣╢ ─  

· ─ ┘  

· ─ 2  

₄ │ ₅ 

· ─ │ ─ ↕⁸ ⁸ ⁸

⌐ ∆╢ ─  

₄ ─ ₅ 

· ─ ─ ─ ↕⁸ ⁸ ⁸

⅛╠ √⌐ ↕╣√ ─

┘ ↕╣√ ─  

ἑ 

12  

 

ἑ 

13  

 

48

1 ⁸ 2

₡ 78

1 ⁸2 ₢ 

8 1

⁸2  

┘∕─

─  

 6- 3╩  

ἑ ἑ 

48

1 ⁸ 2

₡ 78

1 ⁸2 ₢ 

∕─ ─  

─ ⌐ ⇔√ ─ ⁸

┘∕─ ╩ ⇔√  

₄ ₅ 

· ╡⅜ ⇔√≤⅝⁹ 

· ⅜⅔╟∕ 2 ─ 1⌐ ⇔√≤⅝⁹ 

· ⅜ ⇔√≤⅝⁹ 

· ⅜⅔╟∕ 2 ─ 1⌐ ⇔√≤⅝⁹ 

· ⅜ ⇔√≤⅝⁹ 

₄ │ ₅ 

· │ ╩∆╢ ─ ─∆═╡

⅜ ⇔√≤⅝⁹ 

· ╩ ╘╢≤⅝⁹ 

₄ ─ ₅ 

· ╩ ∆╢≤⅝⁹ ─ ⅜ 10 ─ 1

≢№╢↓≤╩ ∆↓≤  

· ─ ⁸ ⅜ ⇔

√≤⅝⁹ 

· ⅜ ⇔√≤⅝⁹ ↕⁸ ┘ ─

ἑ ἑ 

48

1 ⁸ 2

₡ 78

1 ⁸2 ₢ 
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─  ∆═⅝  
 

 
ה  ─  

╩ ∆↓≤  

· ╩ ⇔√≤⅝⁹ 

· ╩ ∆╢≤⅝⁹ ╩ ∆↓≤  

· ╩ ⇔√≤⅝⁹ 

· ⇔√ ─ ┘ ─

⅜ ⇔√≤⅝⁹ 

· ≤ ≢⅝╢╟℮ ╩ ⇔√

 

 
 6- 3╩  ἑ 

 

ἑ 

 
 

 

6.9.   
ה ─ ⅜ ⇔√ │₈ ₉⁸ ─ ⌐⅔™≡ ─ ⅜ ⇔√ │

₈ ₉╩ ℮ ⅜№╡╕∆⁹ 

│ ⁸₈ ₉≤™℮⁹ │⁸ ⌐ ∆╢ ⅜ ─ ⌐

⇔≡™╢⅛ │ ─ ⅜ ⇔≡™╢⅛╩ ∆╢√╘⌐ ∆╢╙─≢∆⁹ ─ ⁸

≤ ╘√ │⁸ │ ╩ ⇔╕∆⁹ 

╕√⁸ ⅜ ≤ ↕╣╢ │⁸ ⌐ ╩ ⇔╕∆⁹ 

─ │⁸ ┘ ┘⌐ ╩ ≤⇔⁸ ⌐ ℮↓≤≤⇔╕∆ ∕

╣∙╣ ╩╙∫≡ ⅎ╢↓≤╙≢⅝╕∆ ⁹ 

β ⌐ ⌂ ⱳ⁸ꜟכ☻♃♇ⱨ⁸ⱷ☺ꜗ⁸כ꜠ⱬꜟ⁸ │ ≢ ⇔≡ↄ∞

↕™⁹ 

 

6.9.1.  ─ ≤⌂╢ ─  
╩ ↑√ ⌐ ∆╢  4- 1╩ ⅜ ─ ⌐⅔™≡│⁸ ╩ ⇔

√ │⁸ ─ ⌐⌂╡╕∆⁹ 

 

6.9.2.  ⌐ ⌂  
 4- 1⌐ ∆ ⅜ ─ ⌐⅔™≡│⁸ ╩ ⇔√ │⁸ ⇔√ ⅛╠ 4

⌐  6- 16⌐ ∆ ⇔≡ↄ∞↕™⁹ │⁸₈5.2 ┘ ₉╩  

 

 6- 16  

─  ∆═⅝  
 

 
ה  ─  

 

 

 

─₡ ₢⌐ ⇔≡ ∆╢↓≤⁹ 

ἑ 

 

ἑ 

 

 

40 1

⁸43 1

₡ 70 ⁸73

₢ 

 

 

─ ─ ─╒⅛⁸ ─ ╩

⇔√╙─⁹ 
ἑ ἑ 

 

 
 6- 3╩  ἑ 

 

ἑ 

 

 

 

6.9.3.  ─  
─ │  6- 17─≤⅔╡≢∆⁹ 

─ │⁸ ─ ┘ ╩ ⇔≡ↄ∞↕™⁹ 

⌐ ⌂ ╛ ⌐≈™≡│⁸ ─ ╕≢⌐ │ ⇔≡ↄ

∞↕™⁹ 

₈ ⌐ ∆╢ ₉╩ HP⌐ ⇔≡™╕∆─≢⁸ ⇔≡ↄ∞↕™⁹ 

https://www.pref.oita.jp/site/morido - tebiki/  
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 6- 17 ─ ה  

   
 

  

  ⅜ ↕╣

√ ─≤⅔╡⅛ 

  

 ⅜ ↕╣

√ ─≤⅔╡⅛ 

   

 ⌐ ⇔≡™╢

⅛ 

  

 ⌐ ↕╣≡™

√⅛ 

  

  ─≤⅔╡

↕╣≡™╢⅛ 

ה   

 

 ─≤⅔╡

↕╣≡™╢⅛ 

ה  

 ⌐ ⇔⌂™

⌂ ⅛ 

  

 

 ╕⅝ ⇔ ↕ ⌡

30cm ⁸

 

 ╕⅝ ⇔ ⁸

 

 

─  ⁸ ⁸

╡⁸

─ │ ⅛ 

  

  ─≤⅔╡

↕╣≡™╢⅛ 

ה   

 

 ─≤⅔╡

↕╣≡™╢⅛ 

ה  

 ⌐ ⇔⁸

⌂ ≢⌂™⅛ 

  

 

 ─╡ ─ ⌐

╩ ╓∆ │⌂™

⅛ 

 

 

  

  

  

  

  

  

ה  ─≤⅔╡

↕╣≡™╢⅛

⁸  

ה   

 

 

 ⌐ ⇔⁸

⌂ ≢⌂™⅛ 

 ⁸

 

 

 ─≤⅔╡

↕╣≡™╢⅛

⁸ ⁸

⁸⅛┬╡ ↕
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 ─≤⅔╡

↕╣≡™╢⅛

⁸ ⁸  

 

╘  ─≤⅔╡

↕╣≡™╢⅛

⁸  

 

 ⌐ ↕╣≡™

╢⅛ 

 ⁸

⁸ ╣⁸ ⁸

⁸ ◖

fi◒ꜞכ♩ ⁸

⁸ ⇔⁸

 

 

ה  ─≤⅔╡

↕╣≡™╢⅛

⁸  

ה   

 

 ⌐ ⇔⁸

⌂ ≢⌂™⅛ 

 ⁸

 

 

  
 ⌐ ↕╣≡™

╢⅛ 

 ⁸

⁸ ╣⁸ ⁸

⁸ ◖

fi◒ꜞכ♩ ⁸

⁸ ⇔⁸

 

 

 ─≤⅔╡

↕╣≡™╢⅛

⁸ ⁸ ⁸

 

ה   

 

ה  ─≤⅔╡

↕╣≡™╢⅛

⁸ ⁸ ↕⁸

 

ה   

 

 ⌐ ↕╣≡™

╢⅛ 

 ⁸

⁸ ⇔  

─

 

 ─≤⅔╡

↕╣≡™╢⅛ 

  

 

ה   ─≤⅔╡

↕╣≡™╢⅛

⁸  

ה  

─

─

 

 ─≤⅔╡

↕╣≡™╢⅛ 

  

 

 

 

 

 

 

ה  ─≤⅔╡

↕╣≡™╢⅛

⁸  

ה  
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─  ─≤⅔╡

↕╣≡™╢⅛ 

─

 

 

 

  ─≤⅔╡

↕╣≡™╢⅛ 

ה  

∕─  ─  ⌂ ⅝⅜↕

╣⁸⅛≈ ╩↕╣

≡™╢⅛ 

  

 

─  ⌐ ↕╣≡™

╢⅛ 

 

β ─ ─ ─ │ ™╩ ≤⇔⁸ ↕╣√ ≡─ ⅜ ⌐ ↕╣≡™╢

↓≤╩ ⇔╕∆⁹ ╛ ≢ ℮ ╙№╡╕∆⁹  

β │⁸ ─ ≤⇔≡⁸ ─ ┘ ─ ─ ⁸ ⁸

⁸ ─ ╩ ⇔≡ↄ∞↕™⁹╕√⁸ ─ ⁸ ה ה

╩ ⌐ ⇔≡ↄ∞↕™⁹ │ ⌐ ─ ─ ╩ ™ ⇔≡ↄ∞↕

™⁹ 

β ⌐≈™≡│⁸ ⁸ ╛ ─ ⁸ ⅝ ─ ╕╡─ ⌐≈™≡╙ ⇔╕∆⁹ 

 

⌂⅔⁸ │ 6- 18─≤⅔╡≢∆⁹ 

 

 6- 18  

   

 ─  

─  

 ─

─

│⁸∆═≡☻♃♇

ⱨהⱳכꜟ ─

╩№≡⁸

─ ╩

⌐ ╖≤╢↓≤

⅜≢⅝╢╟℮⌐∆

╢↓≤⁹╕√⁸

│ ⌐

⌂╠⌂™╟℮⌐⁸

⌡20 ⌐

⇔≡ ∆╢

↓≤⁹ 

◖fi◒ꜞכ♩

 

⁸ ╣ ↕⅜ ≢⅝╢↓≤⁹  

 

 

 

 

 

 

 

╖  ⁸ ╣ ↕⅜ ≢⅝╢↓≤⁹  

 

◖fi◒ꜞכ♩─ ↕ 

 

 

 

 ⁸ ╣ ↕⅜ ≢⅝╢↓≤⁹  

 

 

 

∕─  ─ ╡  

 

─╡  

 

 

⌂  
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6.10.  ⌐ ≠ↄ ─  
6.10.1.   

≤│⁸ ─╒⅛⁸ ∆╢ ─ │ ⌐╟╡ √⌐

↕╣√ ─ ╩ ⇔╕∆⁹ 

│⁸ ─ ⇔≡™√ ⌐ ≠ↄ ╩ ⅝ ⅞╕∆⁹ ─№∫√≤⅝│⁸

⌂ ⅜ ≤⌂╡╕∆⁹ ⌂ │⁸₈6.4.2 ⌂ ─ ⌐ ⌂ ₄ ₅₉╩  

╕√⁸ ╩ ∆╢ ─⌂™≤⅝│⁸ ─ ─ ⅜ ≤⌂╡╕∆⁹ ─ ─

│₈6.6 ─ ₉╩  

 

6.10.2.   
≤│⁸ ╩ ↑√ ⅛╠ ⌐ ∆╢ ╩ ∆╢ ╩ ⇔√ ╩ ⇔╕

∆⁹ 

─№∫√≤⅝│⁸ ╘≡ ╩ ↑╢ ⅜№╡╕∆⁹ 
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6.11.   
 6- 18 ┘ ⌐ ∆╢ ─  

│ ╩∆╢ ─  ─  

500 2 ─╙─ 22,000  

500 2╩ ⅎ 1,000 2 ─╙─ 33,000  

1,000 ⁿ 2,000 ⁿ 45,000  

2,000 ⁿ 3,000 ⁿ 64,000  

3,000 ⁿ 5,000 ⁿ 74,000  

5,000 ⁿ 10,000 ⁿ 99,000  

10,000 ⁿ 20,000 ⁿ 155,000  

20,000 ⁿ 40,000 ⁿ 236,000  

40,000 ⁿ 70,000 ⁿ 366,000  

70,000 ⁿ 100,000 ⁿ 515,000  

100,000 2╩ ⅎ╢╙─ 664,000  

        

1 ⌐≈⅝⁸ ⌐ →╢ ╩ ⇔√  

ᵑ ─ ─ ( ─o╖⌐ ∆╢ ╩ ↄ⁹)⌐≈™≡│⁸ │ ╩∆╢ ─

( ⌐o ∆╢ ╩ ℮ ⌐№≈≡│ ─ │ ╩∆╢ ─ ⁸ │

╩∆╢ ─ ─ ╩ ℮ ⌐№≈≡│ ─ │ ╩∆╢ ─ )⌐ ∂

┘ ⌐ ∆╢ ⌐ 10 ─ 1╩ ∂≡ √  

ᵒ √⌂ ─ ┼─ ⌐ ╢ ─ ─ ⌐≈™≡│⁸ √⌐ ↕╣

╢ ─ ⌐ ∂ ⌐ ∆╢  

ᵓᵑ │ᵒ ─ ⌐≈™≡│⁸10,000  

β ⌐╟╡ ⇔√ ⅜ 664,000 ╩ ⅎ╢≤⅝│⁸∕─ │⁸664,000 ≤∆╢⁹ 
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 6- 19 ┘ ⌐ ∆╢ ─  

│ ╩∆╢ ─  ─  

500 2 ─╙─ 10,000  

500 2╩ ⅎ 1,000 2 ─╙─ 11,000  

1,000 ⁿ 2,000 ⁿ 13,000  

2,000 ⁿ 3,000 ⁿ 14,000  

3,000 ⁿ 5,000 ⁿ 16,000  

5,000 ⁿ 10,000 ⁿ 17,000  

10,000 ⁿ 20,000 ⁿ 18,000  

20,000 ⁿ 40,000 ⁿ 19,000  

40,000 ⁿ 70,000 ⁿ 21,000  

70,000 ⁿ 100,000 ⁿ 27,000  

100,000 2╩ ⅎ╢╙─ 28,000  

  



 

34 

 

 6- 20 ─ ⌐ ∆╢ ─  

╩ ∆╢ ─  ─  

500 2 ─╙─ 17,000  

500 2╩ ⅎ 1,000 2 ─╙─ 19,000  

1,000 ⁿ 2,000 ⁿ 22,000  

2,000 ⁿ 3,000 ⁿ 25,000  

3,000 ⁿ 5,000 ⁿ 35,000  

5,000 ⁿ 10,000 ⁿ 39,000  

10,000 ⁿ 20,000 ⁿ 46,000  

20,000 ⁿ 40,000 ⁿ 60,000  

40,000 ⁿ 70,000 ⁿ 80,000  

70,000 ⁿ 100,000 ⁿ 118,000  

100,000 2╩ ⅎ╢╙─ 143,000  

        

1 ⌐≈⅝⁸ ⌐ →╢ ╩ ⇔√  

ᵑ ─ ─ ( ─o╖⌐ ∆╢ ╩ ↄ⁹)⌐≈™≡│⁸ ─ ╩ ℮ ─ (ᵒ

⌐ ∆╢ ╩ ℮ ⌐№≈≡│ ─ ─ ╩ ℮ ─ ⁸ ─ ╩ ℮

─ ─ ╩ ℮ ⌐№≈≡│ ─ ─ ╩ ℮ ─ )⌐ ∂ ─

⌐ ∆╢ ⌐ 10 ─ 1╩ ∂≡ √  

ᵒ √⌂ ─ ─ ╩ ℮ ─ ┼─ ⌐ ╢ ─ ─ ⌐≈™≡│⁸ √⌐

↕╣╢ ─ ╩ ℮ ─ ⌐ ∂ ─ ⌐ ∆╢  

ᵓᵑ │ᵒ ─ ⌐≈™≡│⁸10,000  

β ⌐╟╡ ⇔√ ⅜ 143,000 ╩ ⅎ╢≤⅝│⁸∕─ │⁸143,000 ≤∆╢⁹ 
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7.  ┘∕─ ─ ⌐ ∆╢  
7.1.  ⌐⅔™≡ ╦╣╢ ⌐ ∆╢  
7.1.1.  ─ ⌐ ∆╢ ─  

⌐⅔™≡│⁸ ⌂  4- 1╩ ⌐ ∆╢ ╩ ℮

│⁸ │ ⅜ ≤⌂╡╕∆⁹ 

 

7.1.2.  ─ ⌐ ∆╢ ─ ⌐ ⌂  
⌐⅔™≡ ─ ⌐ ∆╢ ─ ╩ ℮ │⁸

─ 30 ╕≢⌐⁸  7- 1 ┘  7- 2⌐ ∆ ╩ ⇔≡ↄ∞↕™⁹ │⁸₈5.2

┘ ₉╩  

 

 7- 1 ⌐ ∆╢ ─  

─  ∆═⅝  
 

 
ה  ─  

 

─₡ ₢≤ ∑≡⁸  6- 3─

─ ∆═⅝ ⌐ ⇔≡ ∆╢↓≤⁹ 

ἑ 

 

 

ἑ 

 

 

58

1  

┘∕─

─  

 6- 3╩  
ἑ ἑ 

58

1 1  

┘ ╩

∆╢  

₄ ⅜ ─ ₅ 

· ─ ⇔ ⅛╠ 3ﬞ ─╙─  
₄ ⅜ ─ ₅ 

·  

· ─ ─ ⇔ ⅛╠ 3 ﬞ ─

╙─  

ἑ ἑ 

58

1 1  

─ ⇔ 
· ⅛╠ 3ﬞ ─╙─ 

· ⌐ ∆╢ ─ ╩ ≢ ╗↓≤⁹ 
ἑ ἑ 

12

1  

─

 

· ⅛╠ 3ﬞ ─╙─ 
ἑ ἑ 

12

1  

 
 6- 3╩  ἑ 

 

ἑ 

 

 

 

 7- 2  

─  ∆═⅝   
 

 
ה  ─  

  6- 4╩  1:10,000

 
ἑ ἑ 

58 1 1

⁸ 2 1  

  6- 4╩  1:2,500

 
ἑ ἑ 

58 1 1

⁸ 2 1  

─   6- 4╩  1:2,500

 
ἑ  

58 1 1

 

1:500

 
 ἑ 

58 2 1

 

─   6- 4╩  1:2,500

 
ἑ  

58 1 1

 

1:500

 
 ἑ 

58 1 1

 

─

 

 6- 4╩  1:500

 
ἑ ἑ 

58 1 1

⁸ 2 1  

─   6- 4╩  
1:50  ἑ  

58 1 1

 

─   6- 4╩  
1:50  ἑ  

58 1 1
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─  ∆═⅝   
 

 
ה  ─  

─   6- 4╩  
1:50  ἑ  

58 1 1

 

─  

 6- 4╩  
1:50  ἑ  

58 1 1

 

─  

 6- 4╩  
1:50  ἑ  

58 1 1

 

 

 6- 4╩  
⌂⇔ ἑ ἑ 

12 1  

─   6- 4╩  ⌂⇔ ἑ ἑ 12 1  

 

7.1.3.  ─ ⌐ ⌂  
⌐⅔™≡ ℮ ─ ⌐ ∆╢ ─ ╩ ∆╢ │⁸

─ ─ 30 ╕≢⌐⁸  7- 3⌐ ∆ ╩ ⇔≡ↄ∞↕™⁹ │⁸₈5.2

┘ ₉╩  

 

 7- 3 ┘  

─  ∆═⅝  
 

 
ה  ─  

 

─₡ ₢≤ ∑≡⁸  6- 3─

─ ∆═⅝ ⌐ ⇔≡ ∆╢↓≤⁹ 

ἑ 

 

 

ἑ 

 

 

61

1 ⁸2  

─

⌐ ∆╢  

⅜ ⅛╢╟℮⌐ ⅎ ⇔⁸ ⅝ ⇔

√╙─╩ ∆╢↓≤⁹ 

₄ ─ ₅ 

─ ─ ה ⅜

╢ ╩ ∆╢↓≤⁹ 

ἑ ἑ 

61

1 ⁸2  

 
 6- 3╩  ἑ 

 

ἑ 

 

 

β ─ ─ ⅜⁸  4- 1╩ ⌐ ∆╢ │⁸ ⌐ ∆╢

⌐ ╩ ↑╢ ⅜№╡╕∆ │₈6 ⌐ ∆╢ ─ ₉╩ ⁹ 

 

7.1.4.  ╩ ∆╢√╘ ⌂  
⌐⅔™≡ ℮ ─ ⌐ ∆╢ │⁸ ≢ ∆╢

⌐ ∆╢ │№╡╕∑╪⁹ 

√∞⇔⁸ ─ ⌐≈™≡⁸ ╩ ∆╢√╘ ⅜№╢≤ ↕╣╢ │⁸ ╩

⇔√ ⅛╠ 30 ⌐⁸ ─ ─ ∕─ ⌂ ╩≤╢═⅝↓≤╩ ∆╢ ⅜№╡╕

∆⁹ 

╩ ∆╢√╘ ⌂ ─ ⌂ ≤ ─ ─ │⁸ ─≤⅔╡≢

∆⁹ 

· ─╡ ⅜ ≢№╢↓≤ │ 30° ⁸ │─╡ ┘─╡ ─

⌐ ∂√ ⌂  

· ─╡ 5 ↔≤⌐ 1 2 ─ ⅜ ↕╣≡™╢↓≤ 

· ─╡ │ ⌐╟╢─╡ ⅜ ↕╣≡™╢↓≤ 

· └⌂ ─ ⅜ ≢№╢↓≤ └⌂ ─ ⅜5° 10° ≢№╢↓≤  

· ⅜ ◖fi◒ꜞכ♩ ⁸ ◖fi◒ꜞכ♩ │ ╖ ∕─ ─ ╖ ≢№╢↓

≤ 

· ⅜ ⁸ ⅛↔ ⁸☺○♥◐☻♃▬ꜟ ≢№╢↓≤ 

· ⅜ ⌐ ↕╣≡™╢↓≤ ╛ ⅜ ⌐ ↕╣≡™╢↓≤  

· ⌐ ⌂ ⅜ ╘╠╣╢ │⁸ ⌂ ─ ╩ ℮↓≤ 

 



 

37 

 

7.1.5.  ─  
─ ╩⇔√ │⁸ ⌐ ╢ ─ ╛∆™ ⌐⁸  6- 7⌐ ∆ ╩ ⇔√ ╩

⇔≡ↄ∞↕™⁹ 

 

7.1.6.  ─  
╩ ⁸ ⇔ↄ│ ∆╢ │ ⇔√ ╩ ∆╢ │⁸∆╖╛⅛⌐⁸  6- 8 ┘  

6- 9⌐ ∆ ╩ ⇔≡ↄ∞↕™⁹ │⁸5.2 ┘ ╩  

 

7.2.  7 5 1 ⌐ ╦╣≡™√ ⌐ ∆╢

─  
7.2.1.  ⌐ ╦╣≡™√ ⌐ ∆╢ ─ ⌐ ⌂  

7 5 1 ⌐ ⌐ ∆╢ ╩ ⌐ ∫≡™╢ │⁸ ─
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┼ ↕∑╢√╘─ ─ ─ ≤⌂╡╕∆⁹ 
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╢ ─

 

₡ 57

₢ 

─ ╩⇔⌂™≢ ╩

™⁸ │ ─ ╩⇔√

 

1  100

 

100

( 60

3 )  
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─√

╘─ ─

╡  

58

1  

⌐⅔↑╢ ─

╡╩ ╖⁸ │ →√  

6  30

 

30

( 60

3 )  

─

─
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3  

21 1 ₡ 40

1 ₢─ ⌐ ⇔⁸

⌐ ∫≡™╢ ⌐

≈™≡ ⇔⌂⅛∫√⁸╕√

│ ─ ╩⇔√  

6  30

 

30

( 60

3 )  

⌐ ∆

╢ ─
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4  

21 3 ₡ 40

3 ₢─ ⌐ ⇔⁸

⌐ ∆╢ ⌐≈™≡

╩⇔⌂⅛∫√⁸╕√│

─ ╩⇔√  

6  30

 

30

( 60

3 )  

─ ─
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3  

21 4 ₡ 40

4 ₢─ ⌐ ⇔⁸

─ ⌐≈™≡

╩⇔⌂⅛∫√⁸╕√│

─ ╩⇔√  

6  30

 

30

( 60

3 )  

 

59  ╩ ↑≡™╢ ─ ╩

⇔⌂⅛∫√  

 50

 

50

( 60

3 )  

⌂ ─

 

61  ⌂ ─ ╩∑∏ │

─ ╩⇔√  

 30
β1 

 

β1 61 ₈ ⌂ ─ ₉⌐ ⇔√ │₈ ₉≢│⌂ↄ₈ ₉⅜ ∑╠╣╕∆⁹ 
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12.   
 12- 1 ─ ╩ ℮  

  ⌐ ╢   

 

⅝

 
1,000 2  

50  

⅝

 
≡ 

⅝

 
3,000 2  

 3,000 2  

┘

 
1  

  ≡ 

3 │

300  

( ─ 1

)  

─

⌐ ∆╢  
─℮∟  ≡ 

1 │

50  

 

 ≡ 

3 │

300   

1

─ │ 0.5  

β ─ ─ ⌐ ™

─ ╩ ℮ ⌐│⁸

⌐ ≠ↄ ⅜  

 

ה ─℮∟

 
≡ 1 │

100  
ה ─℮∟  ≡ 

ה ─℮∟  ↕ 5 │ 200 2  30  

 

 ≡ 
1 │

100  ─℮∟

 
≡ 

─℮∟

 
≡ 30  

  ⌐╟╢ 
1 │

2  

─ ⌐

╟╢ ─ ⌐

∆╢  

 

≡( ⇔, ─ ⌐

∆╢ ─ ─

≢│⁸ ↕ 2 ─ │

)  

1 │

10  

∆═╡  ∆═╡  
10t / m2 ─ ─

 

1 │

10  

─√

™ ─ ⌐

∆╢  

ↄ⁹  ─ 3,000 2  
1 │

100  
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13.  ∕─  
13.1.  ─ ⌐╕√⅜╢ ⌐ ∆╢ ה ─ ⅎ  

─ ⌐╕√⅜╢ ⌐ ∆╢ ה ─ ⅎ │ ─≤⅔╡≢∆⁹ 

 
 13- 1 ─ ⌐╕√⅜╢ ⌐ ∆╢ ─ ⅎ  

13.2.  ≤─  
─ ─ ה ה ─ ─ ⌐ ℮ ┘ ⇔⌐≈™≡│⁸

─ ≤ ╡ ╦⌂™ ─ ↓≤⅛╠ ≢∆⁹ 

 

 

13.3.  ─ ╡ ™ 
1)  ╩ ─ ↕⌐ ╦∑≡  ☻כ◔╢∆→

─ ╟╡ ™ ╩ ─ ↕⌐ ╦∑≡ →╩ ™ ⌐⌂╢ ╛⁸ ⌂ ╩ ≤

⇔≡ ─ ─ ↕╛ ⅜ ╩ ⅎ⌂™ │⁸ ≤│⌂╡╕∑╪⁹ 

 

 
 13- 2 ─ ™ 1 
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2)  ⌐╟╢ ╩ ∆╢ ╩  ☻כ◔╢╘

⌐╟╢ ╩ ∆╢ ─ ╩ ╘╢ │⁸ ╙ ⌂ ≤⇔≡ ™⁸

─ ╩ ≤⇔≡ ─ ─ ↕╛ ⅜ ╩ ⅎ╢ │⁸ ≤

⌂╡╕∆⁹ 

 

 
 13- 3 ─ ™ 2 

 

13.4.  ─ ─ ≤ ╡ ™ 
≤ ⇔≡ ╩ ℮ ⁸ ╡╟⌐☻כ◔─₁ ∆╢↓≤⌐⌂╡╕∆⅜⁸ ⌂

≤ ↕╣╢ ⌐│ ⌐⌂╡╕∆⁹ ≢№╢⅛─ │⁸₈ ₉⁸₈

₉⁸₈ ₉⁸₈ ─ ₉─ ⅛╠ ⌐ ⇔╕∆⁹╕√⁸ ─ ⌐

∆╢ ⌐│⁸ ⅜ ≤⌂╢√╘⁸ ⅜ ⌐ ↕╣≡™╢⅛ ⌐

∆╢↓≤⌐⌂╡╕∆⁹ 

╕√⁸ ⌐≈™≡│ HP⅛╠ ≢⅝╕∆─≢ ⌐⇔≡ ↕™⁹ 

URL https://www.pref.oita.jp/uploaded/attachment/2248276.pdf  

 

 
 13- 4 ─ ─ ⱨ꜡כ 

 

https://www.pref.oita.jp/uploaded/attachment/2248276.pdf


 

52 

 

 

 
 13- 4 ─№╢ ─ ™ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 



 

 

 

 

ₒ ₓ 
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14.   
14.1.   

│⁸ ⌐ ≠ↄ 12 ⁸ 15 ⁸ 16 ⁸ 30 ⁸ 34 ⁸ 35 ╩

≤∆╢ ⌐ ∆╢ ╩ ≤⇔╕∆⁹ 

 

14.2.   
⌐ ∆╢ ─ ─ ⌐ √∫≡│⁸ ⁸ ─╒⅛⁸₈ ⱴ♬ꜙ▪ꜟ₉⁸

₈ ⱴ♬ꜙ▪ꜟ─ ₉ 5 11 ╩ ⌐∆╢╙─≤⇔╕

∆⁹ 
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15.  ⌐ ∆╢ ─  
ₒ ₓ 

⌐ ∆╢ ─  

 ⌐⅔™≡ ╦╣╢ ⌐ ∆╢ √∞⇔

⌐ ∆╢ ╩ ↄ⁹ ⌐⅔™≡ ∂⁹ │⁸ ∕─ ≢ ─

⌐ ⇔√ ⌐ ⇔≡│⁸∕─ ╩ ╗⁹ ≢ ╘╢ ⌐ ™⁸ ⁸ ∕

─ ─ ≢ ╘╢ ₈ ₉≤™℮⁹ ─ ∕─ ⌐ ℮ ╩ ∆

╢√╘ ⌂ ⅜ −╠╣√╙─≢⌂↑╣┌⌂╠⌂™⁹ 

 

│ ─ ⌐ ∆╢ ─  

 ⌐⅔™≡ ╦╣╢ │ ─ ⌐ ∆╢

√∞⇔ ⌐ ∆╢ ╩ ↄ⁹ ⌐⅔™≡ ∂⁹ │⁸ ∕─ ≢

─ ⌐ ⇔√ ⌐ ⇔≡│⁸∕─ ╩ ╗⁹ ≢ ╘╢ ⌐ ™⁸

─ ∕─ │ ─ ⌐ ℮ ╩ ∆╢√╘ ⌂ ⅜ −╠╣√╙─≢

⌂↑╣┌⌂╠⌂™⁹ 

₡ ₢ 

⌐ ∆╢ ╩ ℮ ⁸ ⌐ ℮ ╩ ∆╢√╘ ⌂ ╩ ∂≡ↄ∞↕™⁹↓

╣╠─ │⁸ ≢ ╘╢ ⌐ ∆╢ ⅜№╡╕∆⁹ 

 

 
β1₈ ₉≤│⁸ ⅜ ⌐ ⇔ 30 ╩ ⅎ╢ ╩⌂∆ ≢⁸ ─ ⇔™╙─╩

ↄ⁹ ─╙─╩™™╕∆⁹ 

β2 ─ ╩ ∆╢ ⌐│ │ ≢⅝╕∑╪⁹ 

β3 ─ ─ ∕─ ─ ⁸ ╡ ─ ─ ⅜⌂™↓≤⅜ ╠⅛⌂ ╩ ⅝╕∆⁹ 

 15- 1 ─ ─ ⌐ ╢ ─  

[ ה ה

, ⱴ♬ꜙ▪ꜟ , 5 3 ]  
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β ∆╢ ─ ↕⅜ 5 ─ ⁸ ↕─ 2 ╩ ⅎ╢ ─ ─ ⅜ ≢∆⁹ 

β │ ╩ √∆ ─ ≢№╡⁸ ╩ ∆╢↓≤ ⌐╟╡⁸ ─ ⅜

≤⌂╢ ╙№╡╕∆⁹ 

 15- 2 ─ ⌐ ╢ ─  

[ ה ה

, ⱴ♬ꜙ▪ꜟ , 5

3 ]  

 

 15- 1 ≢ ╘╢  

  

7  ⌐≈™≡ ∏╢  

8  ─  

9  ◖fi◒ꜞכ♩ ─ ─  

10  ╖ ─ ─  

11  ⇔⌂↑╣┌⌂╠⌂™ ⌐≈™≡─ ─  

12  ─  

13  ⌐ ∆╢ ⌐≈™≡─ ─  

14  ─  

15  ┘∕─ ─ ⌐≈™≡ ∏╢  

16  ─  

17  ─ │ ⌐╟╢  

18  ⌐ ∆╢ 7 ⅛╠ 17 ╕≢─ ─  

19  ─ ⌐ ∆╢  
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16.  ⌐≈™≡ ∏╢ ⌐ ∆╢  
ₒ ₓ 

⌐≈™≡ ∏╢ ⌐ ∆╢  

 ─ ≢ ╘╢ ⌐ ∆╢ ─ ─℮∟ ⌐≈™≡

∏╢ ⌐ ∆╢╙─│⁸ ⌐ →╢╙─≤∆╢⁹ 

 ╩∆╢ ⌐⅔™≡│⁸ ╩⇔√ ─ ⌐ ∕─ ─ │ ₈

₉≤™℮⁹ ─ ⌐╟╢ ╖⁸ ⁸ │ ╡⅜ ∂⌂™╟℮⁸ ⌐ →╢ ╩

∏╢↓≤⁹ 

▬ ⅔⅔╗⌡ ☿fi♅ⱷכ♩ꜟ ─ ↕─ ⌐ ↑≡ ╩ ╡⁸⅛≈⁸∕─ ─ ╩ ╢↔

─⧵כꜝכ꜡╩╣↓⁸⌐≥ ↓╣⌐ ∆╢ ╩ ™≡ ╘ ╘╢↓≤⁹ 

꜡ ─ ⌐ ⇔√ ╩ ╛⅛⌐ ∆╢↓≤⅜≢⅝╢╟℮⁸ ∕─ ─ ╩

™≡ ╩ ↑╢↓≤⁹ 

Ɫ ▬ ┘꜡⌐ →╢╙──╒⅛⁸ ⌐ ∂≡ ╡ ←™ │◓ꜝ►fi♪▪fi◌כ∕─

─ ₈ ╡ ←™ ₉≤™℮⁹ ─ ∕─ ─ ╩ ∏╢↓≤⁹ 

 ⇔ↄ ⇔≡™╢ ⌐⅔™≡ ╩∆╢ ⌐⅔™≡│⁸ ╩∆╢ ─ ≤ ≤⅜

∆╢ ⅜ ╡ ≤⌂╠⌂™╟℮⁸ ╡∕─ ─ ╩ ∏╢↓≤⁹ 

 ⌐ ╘╢╙──╒⅛⁸ ─ ≢ ╘╢ ⌐ ∆╢ ─

─℮∟ │ ╩⇔√ ─ ⌐≈™≡ ∏╢ ⌐ ∆╢╙─│⁸ ⌐ →╢╙─≤∆╢⁹ 

 │ ─ ┘ ─ │ ╩ ↄ⁹ β1╩⇔√ ─

─ ⌐ ∂√ ─ ⌐ ↄ ─ ⌐│⁸ ─ ⅜⌂™ ╡⁸∕─ ─

⌐ ∕─ ─ ⅜ ╣╢╟℮⁸ ╩ ∆╢↓≤⁹ 

 ⌐⅔↑╢ ─ ⅜ ⇔≡ ∆╢ ∕─ ─ ⌐ ™ ⅜ ∏╢⅔∕╣

⅜ ⌐ ⅝™╙─≤⇔≡ ≢ ╘╢ β2⌐⅔™≡ ↕⅜ ⱷכ♩ꜟ╩ ⅎ╢ ╩∆

╢ ⌐⅔™≡│⁸ ╩⇔√ ─ ─ ⌐≈™≡⁸ ∕─ ─ │ ⌐ ≠

ↄ ─ ╩ ℮↓≤⌐╟╡∕─ ⅜ ↕╣╢╙─≢№╢↓≤╩ ⅛╘╢↓≤⁹ 

 ╩⇔√ ─ ⌐ ╡╛∆™ ─ ⅜№╢≤⅝│⁸∕─ ⌐ ╡⅜ ∂⌂™╟℮⁸

╡ ←™ ─ ⁸ ─ ⅎ∕─ ─ ╩ ∏╢↓≤⁹ 

 

β1  

ₒ ₓ 

┘  

 ┘ ─ ≢ ╘╢ ─ ─ │⁸ ⌐ →╢╙─≤∆╢⁹ 

 ≢№≈≡⁸ ╩⇔√ ─ ⌐ ↕⅜ ⱷכ♩ꜟ╩ ⅎ╢ ╩ ∏╢↓≤≤⌂╢

╙─ 

 ≢№≈≡⁸ ╩⇔√ ─ ⌐ ↕⅜ ⱷכ♩ꜟ╩ ⅎ╢ ╩ ∏╢↓≤≤⌂╢

╙─ 

 ≤ ≤╩ ⌐∆╢ ⌐⅔™≡⁸ ┘ ╩⇔√ ─ ⌐ ↕⅜ ⱷכ

♩ꜟ╩ ⅎ╢ ╩ ∏╢↓≤≤⌂╢≤⅝⌐⅔↑╢ ┘ ⌐ ∆╢ │

╩ ↄ⁹  

  

  

 

β2  

ₒ ₓ 

│ ⌐ ™ ⅜ ∏╢⅔∕╣⅜ ⌐ ⅝™  

 ┘ ⌐⅔™≡ ∆╢ ╩ ╗⁹

─ ≢ ╘╢ │⁸ ⌐ →╢╙─≤∆╢⁹ 

 ⌐⅔↑╢⁸ ─ ⅜ ⇔≡ ∆╢  

 ⌐⅔↑╢⁸ ⁸ ─ ─ ∕─ ─ ⅜ ─ ⌐ ∆╢ ╩ ⇔≡™

╢  
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 ─ ┘∕─ ─ ─ ⅛╠ ↕╣╢ ⌐№≈≡⁸ ∕─ ─

⅜ ⇔⁸ │ ⅜ ∆╢⅔∕╣⅜ ⅝™  

₡ ₢ 

│ ⌐ ™⁸ ⌐ ╩ ∏╢ │⁸ ─ ⌐ ⇔≡ↄ∞↕™⁹ 

1)  ─╡  

─╡ ─ │⁸─╡ ⁸ ─ ⌐ ∂≡ ⌐ ⇔⁸ ≤⇔≡ 30 ≤⇔╕

∆⁹ 

⌂⅔⁸ ─╟℮⌂ ⌐│⁸ ─╡ ─ ─ ╩ ⌐ ∫√ ≢ ╩ ∆╢ ⅜№

╡╕∆⁹₈16.1 ─╡ ─ ─ ₉╩  

ᵑ─╡ ⅜ ⌐ ⅝™ 15 ─  

ᵒ ⅜ ⅛╠─ ⁸ ┘ ─ ╩ ↑╛∆™ ה ⁸ ╘  

ᵓ ─ ⅜ ⌂ ⁸ ∆═╡  

ᵔ ⅜ ∆╢≤ ⌐ ⌂ ╩ ⅎ╢⅔∕╣⅜№╢ ─  

ᵕ ↑ ≤⌂╢ ⅜ 1/10 ╟╡ ⅝™ ⌐⅔™≡ ╦╣╢  

ᵖ ╘ ™ ╩ ⌐ ™╢ ─ ⅜ ⇔™  

 

2)  ─╡  

─╡ ─ │⁸  16- 1 ╩ ≤⇔⁸─╡ ⁸─╡ ─ ⌐ ∂≡ ⌐ ⇔≡ↄ∞↕

™⁹ ─╡ ─ ─ ⌐№√∫≡│⁸ ⌐ ⌂ ╩ ⌐╟╡ ⌐ ╘╢

↓≤⅜ ≢№╢√╘⁸ ─ ⁸ ╩ ⌐ ⇔√ ≢⁸─╡ ─ ╩ ∆╢

⅜№╡╕∆⁹ 

⌂⅔⁸ ─╟℮⌂ ⌐│⁸ ─╡ ─ ─ ╩ ⌐ ∫√ ≢ ╩ ∆╢ ⅜№

╡╕∆⁹ 

ᵑ─╡ ⅜ ⌐ ⅝™ 15 ╩ ⅎ╢  

ᵒ─╡ ⅜ ╣ ─ ™ ⁸ ╣ ⁸ ─ ™ ⁸ ⌐ ™ ⁸ ≢№╢  

ᵓ─╡ ⌐ ⅜ ™  

ᵔ─╡ │ ─ ⌐ ↄ ⌐ ⅜ ⇔╛∆™  

 

 16- 1 ─╡ ─ ─ ╩ ⇔⌂™  

─╡  

─╡ ─  

─ ⅛╠─  

ᵑ ֔5.0 ᵒ 5.0  

─ ⇔™╙─│ ↄ⁹  80  

1 0.2  

60  

1 0.6  

─ ⇔™  50  

1 0.9  

40  

1 1.2  

⁸╕↕ ⁸ ⱶ⁸כ꜡ ⁸

∕─ ↓╣╠⌐ ∆╢╙─ 

45  

1 1.0  

35  

1 1.5  

 

3)  ─ ─ ⌐╟╢ ╩ ←√╘⌐ ∂╢  

ᵑ ╩ ℮⁹ 

ᵒ ⇔ ┘ ╘╩ ℮⁹ 

· ─╕⅝ ⇔ ╩ 0. 3 כꜝכ꜡⁸⇔≥ ─ ╩ ™≡ ╘╢↓≤⁹ 

· ─ │⁸ ⌂ ╛ ⅜№╢ ⌐│⁸ ⌐⅛⅝ ⇔√℮ⅎ≢ ╕⅝ ⇔ ─

1/2 ─ ↕╕≢ ⅝ ↓⇔≡╒←⇔⁸ ≤≤╙⌐ ╘╢↓≤⁹ 

ᵓ ⌐ ⇔√ ╩ ∆╢√╘─ ╩ ∆╢⁹ 

· ─ ↔≤⌐ ↑╢↓≤⁹ 

· ⅜ ™ ╩ ™╢↓≤⁹ ⅜ ╛ ─ ⁸ ↕│ 0.3 ≤∆╢⁹ ⅜☺○

♥◐☻♃▬ꜟ─ ⁸ ↕ 2 3 ↔≤⌐ ∆╢↓≤ ╩ ∆╢⁹  

· 5 6 ─ ╩ ↑⁸ ─ 1/2 ─ ↕╩ ∆╢↓≤⁹ 
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ᵔ ⌐ ∂≡⁸ ╡ ←™ │◓ꜝ►fi♪▪fi◌כ∕─ ─ ₈ ╡ ←™ ₉

≤™℮⁹ ╩ ∆╢⁹ 

· ⌐№√∫≡│⁸₈ Ί ה 21 6 ₉╩ ∆╢↓≤⁹ 

 

4)  ─ ⌐ ∂╢  

ᵑ ╩ ℮⁹ 

· ⅜ ⇔⁸ ⌐ ↄ ⇔√ ∆™ ╛ ─ ⅜ ⇔≡™╢

⌐│⁸ ╡╩ ∆╢⅔∕╣⅜№╢√╘⁸↓╣╩ ∆╢↓≤⁹ 

· ⅛╠ ∆╢↓≤⅜ ⁸│≡™⅔⌐☻כ◔⌂ ─ ╩ ∆╢↓≤⁹ 

ᵒ ─ ⅜ 15 1 4 ╟╡ ⌂ ⌐│⁸ ╡╩ ℮⁹  16- 1╩  

· ↕ 0.5 ⁸ 1 ℮↓≤⁹ 

· ╡ ⌐│⁸ ⌐ ⅛∫≡ 3 5 ─ ╩ ↑╢↓≤⁹ 

· ≢ ⅜ ↄ⌂╢ ⌐⅔↑╢ ─ ≢│⁸ ⌐⅛⅛╦╠∏ ℮↓≤⁹ 

· ⌐ ╡╩ ℮ │⁸ ⅝ↄ∆╢≤ ⌐ ╩ ╓∆↓≤⅜№╢√╘

∆╢↓≤⁹ 

 
 16- 1 ─  

5)  ─√╘⌐ ∂╢  

ᵑ ≤ ⌐ ╩ ↑╢⁹ 

· │ ⌐╟╡ ⅜ ∂╢ ⁸ ≤ ⌐ ⅜ ╣╢╟℮⌐⁸ ⌐ 2 5

─ ╡ ╩ ↑╢↓≤⁹ 

· ─╟℮⌐ ╩ ↑╢↓≤⅜ ⌂ │⁸─╡ ┼─ ─ ╩ ∆╢√╘⁸

─╡ ⌐ ⌂ ╩ ∆╢↓≤⁹ 

· │ ─ ──╡ ⌐│⁸ ⅛╠─╡ ┼─ ─ ╩ ∆╢√

╘⁸ ⌐ ∂≡⁸ ╩ ∆╢↓≤⁹ 

ᵒ ╩ ∆╢⁹ 

· │ ─ ↕⅜ 7 ╩ ⅎ╢≤⅝│⁸ ↕ 5 ↔≤⌐⁸ 1.5 ─ ╩ ∆╢

↓≤⁹ 

· ⌐ 2 5 ─ ╡ ╩ ↑⁸ 240 ╩ ⇔⁸20 ↔≤⌐

240 ╩ ∆╢↓≤⁹ ─ │⁸  16- 2╩ ≤∆╢⁹ 

· ╩ ⇔⌂™ │⁸ ⌐ 5 10 ─ ╡ ╩ ↑╢↓≤⁹ ⅛≈ ⅜

≢│⌂™ 30° ─ ⌐ ╢  

· ⅜ 3 ∆╢ │⁸3 ─ │ 3 ≤∆╢↓≤⁹ 

 

 
 16- 2 ─  

[ , Ί ה

, 21 6 ]  

  

⁷

1. 0

3 5%
β

⅜
╟╡

0. 5
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ₒ ─ ₓ 

  
 

ₒ ─ ₓ 

1:
1.

5

1:
1.

5

1:
1.

5

ⁿ ⁷
⁷

⁷

ⁿ

5. 0

3. 0

1. 5

1. 5

 
 16- 3 ─╡  

 

6)  ⌐⅔™≡ ℮ ⌐ ∂╢  

ᵑ ⌐⅔↑╢ │⁸ ⌂ ≤⌂╡℮╢↓≤⅛╠⁸ ↑╢↓≤⁹ 

ᵒ ⌐⅔↑╢ ─ ↕│⁸ 15 ≤∆╢⁹ 

ᵓ ⌐⅔↑╢ ─ ↕⅜⁸15 ╩ ⅎ╢ │⁸ ─ ╩ ∆╢⁹ 

· ⌐ ≠ↄ ╩ ⇔⁸ ─ ╩ ∆╢↓≤⁹₈16.3 ⌐⅔↑╢

─ ⌂ ⅎ ₉╩  

 

7)  ╩⇔√ ─ ⌐ ╡╛∆™ ─ ⅜№╢ ⌐ ∂╢  

ᵑ ╩⇔√ ─ ⌐ ╡╛∆™ ─ ⅜№╢ │⁸ ⌐ ╡ ⅜ ∂⌂™╟℮⁸ ╡

←™ ─ ⁸ ─ ⅎ∕─ ─ ╩ ∏╢↓≤⁹ 

 

16.1.  ─╡ ─ ─  
─╡ ─ ─ ⌐ √∫≡│⁸ ─ ⌐ ∆╢ ⅜№╡╕∆⁹√∞⇔⁸─╡

─ ⌐ √∫≡│⁸ ─ ⌐ ⅎ⁸ │ ─ ⁸

╩ ⇔√ ≢ ⌐ ⇔≡ↄ∞↕™⁹ 

 

 

 

⁷
⁷

⁷

⁷

↕─1/ 2

⁷

1. 5

1. 5

3. 0

⁷

ⁿ

ⁿ

5. 0

5 6%
0. 3

1: 1. 8

1: 1. 8

1: 1. 8

╡
0. 5

─╡ ⅛╠─╡ ─ ─1/ 2
┘ ╩ ⇔≡ <1: 4

─╡
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1)   

─╡ ─ ⌐≈™≡│⁸ ╡ ─℮∟⁸ ⌂ⱨ▼꜠♬►☻ ⌐╟╡

⇔⁸ →⅝ ╩ ⇔√ ╩ ℮ │⁸ ⅜ ⌐⌂╠⌂™ ⱨ▼

꜠♬►☻ ⌐╟╡ ∆╢↓≤╩ ≤∆╢⁹√∞⇔⁸ ⌐ ∂≡ ─ ⌂ ╩

™╢╙─≤∆╢⁹ 

─╡ ─ ⌐ ⌂ Fs │⁸ ⌐⅔™≡⁸Fs֕1.5≢№╢↓≤╩

≤∆╢⁹╕√⁸ ─ ╩ ∆╢ ─ │⁸ ⌐ Fs֕1.0≤∆╢↓≤╩

≤∆╢⁹⌂⅔⁸ ─ ⌐ ⌂ │⁸0.25 ⌐ 88 1 ⌐ ∆

╢ Z─ ╩ ∂≡ √ ≤∆╢  16- 2╩ ⁹ 

 

ᵑ  

₄ ⱨ▼꜠♬►☻ ⌐⅔↑╢ ₅ 

Ὂ
ὓ

ὓ

ВὧϽὰ ὡÃÏÓ‌ ὟϽὰÔÁÎ‰

ВὡÓÉÎ‌
 

 

₄ ⱨ▼꜠♬►☻ ⌐⅔↑╢ ₅ 

Ὂ
ВὧϽὰ ὡ ὟϽὦÃÏÓ‌ϽÔÁÎ‰

ВὡÓÉÎ‌
 

↓↓⌐⁸ 

FS  

MR ─ ♩ⱷfiכ⸗ kNהm/m  

MD ─ ♩ⱷfiכ⸗ kNהm/m  

c ─ kN/m2  

ɫ ─ °  

l  ☻ꜝ▬☻─ ╡ ─ ↕ m  

W ☻ꜝ▬☻─ ↕ kN/m  

ɖ ☻ꜝ▬☻─ ╡ ─ ≤ ╡ ╩ ≤∆╢ ─ ≤╩ ┬ ⅜ 

≤⌂∆ °  

US ─ ─ ⌐⅔↑╢ kN/m2  

b ☻ꜝ▬☻─ m  

 

ᵒ  

₄ ⱨ▼꜠♬►☻ ⌐⅔↑╢ ₅ 

Ὂ
ὓᴂ

ὓᴂ

ВὧϽὰ ὡ ÃÏÓ‌ ὯϽÓÉÎ‌ ὟϽὰÔÁÎ‰

ВὡÓÉÎ‌ ὯϽὡϽὬ ὶ
 

 

₄ ⱨ▼꜠♬►☻ ⌐⅔↑╢ ₅ 

Ὂ
ВὧϽὰ ὡ ὟϽὦÃÏÓ‌ ὯϽὡϽÓÉÎ‌ÔÁÎ‰

ВὡÓÉÎ‌ ὯϽὡϽὬ ὶ
 

 

↓↓⌐⁸ 

FS  

MΐR ─ ─ ♩ⱷfiכ⸗ kNהm/m  

MΐD ─ ─ ♩ⱷfiכ⸗ kNהm/m  

c ─ kN/m2  

ɫ ─ °  

l  ─ ╡ ─ ↕ m  

W ─ ↕ kN/m  

ɖ ─ ╡ ─ ≤ ╡ ╩ ≤∆╢ ─ ≤╩ ┬ ⅜ ≤ 

⌂∆ °  

kh ─ │ ─  
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US ─ ─ ⌐⅔↑╢ kN/m2  

h ─ ╡ ╩ ≤∆╢ ─ ≤ ≤─ ≤─ m  

r  ╡ ─ m  

b ☻ꜝ▬☻─ m  

 

 16- 2 88 1 ⌐ ∆╢ Z─  

 Z─  

⁸ ⁸ ⁸ ⁸ ⁸ ⁸ ⁸ ⁸

⁸  
0.8 

⌐ →╢ ┘  0.9 

 

2)   

⌐ ™╢ c ┘ ɫ ─ │⁸ ⌐ ∆╢ ╩ ™≡⁸

┘ ─ ╘ ⌐ ™ ≢ ╩ ⇔⁸∑╪ ╩ ℮↓≤⌐╟╡ ╘╢↓≤╩

≤∆╢⁹ 

↕ 20 ─ ⌐⅔™≡⁸ ⁸ ∆╢ ⅜ ≢ ⅜ ⅎ⌂™ │⁸  

16- 3 ⌐ ∆ ╩ ™╢↓≤⅜≢⅝╢⁹↓─ ⁸ ∏ ─ ╩ ⇔⁸ ⌂

⅜ ╠╣⌂™ ⌐│⁸ ⌐ ╩ ℮↓≤⁹ 

 

 16- 3 ⌐ ™╢ ─  

  
kN/m3  

∑╪

 kN/m2  2  

 

⅔╟┘

╕∂╡  
╘ ╘√╙─ 20 40 0 { }  

 ╘ ╘√╙─ 
─ ™╙─ 20 35 0 { }  

↕╣√╙─ 19 30 0 { }  

 ╘ ╘√╙─ 19 25 30  { }⁸{ }  

 ╘ ╘√╙─ 18 15 50  { }  

╘ ⱶכ꜡ ╘√╙─ 14 20 10  { }  

 

 
⌂╙─╕√│ ─ ™╙─ 20 40 0 

{ }  
≢⌂™╙─╕√│ ↕╣√╙─ 18 35 0 

╕∂╡  
⌂╙─ 21 40 0 

{ }  
≢⌂™╙─ 19 35 0 

 
⌂╙─╕√│ ─ ™╙─ 20 35 0 

{ }  
≢⌂™╙─╕√│ ↕╣√╙─ 18 30 0 

 
⌂╙─ 19 30 30  

{ }  
≢⌂™╙─ 17 25 0 

 

™╙─ ≢ ↄ ⇔┼↓╗ 1  18 25 50  

{ }⁸{ }  
╛╛ ╠⅛™╙─ ─ ─ ≢

1  
17 20 30  

╠⅛™╙─ ⅜ ⌐ 1  16 15 15  

┘ 

◦ꜟ♩ 

™╙─ ≢ ↄ ⇔┼↓╗ 1  17 20 50  

{ }⁸{ }  
╛╛ ╠⅛™╙─ ─ ─ ≢

1  
16 15 30  

╠⅛™╙─ ⅜ ⌐ 1  14 10 15  

ⱶ  14 5(ɫu)כ꜡  30  { }  

1 N ─ │ ─≤⅔╡≢№╢⁹ ™╙─ N 8 15 ⁸╛╛ ╠⅛™╙─ N 4 8 ⁸ ╠⅛™

╙─ N 2 4  

2 ─ │⁸⅔⅔╟∕─ ≢№╢⁹ 

[ , Ί , 22 4 ]  

 

 16- 3─ ⌐ √∫≡│⁸ ─ ⌐ ∆╢╙─≤∆╢⁹ 
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ᵑ ⌐№╢ ─ │⁸∕╣∙╣ ─ ⅛╠ ─ │ 10kN/m3⁸

─ │ 9kN/m3╩ ⇔ ™√ ≤∆╢⁹ 

ᵒ ─ ╩ ∆╢ │⁸ ─ ⌐ ∆╢╙─≤∆╢⁹ 

· │⁸ ≤ ∂ ≤∆╢⁹ 

· ♩fiⱠꜟ∏╡╛ ≢│⁸ ╛ ⌐╟╡ ⅜ ⌂╢─≢ ─ ╛ ⌐╟╡

∆╢⁹ 

· ╕∂╡ ╛ ╕∂╡ │⁸ ─ ┘ ⌐╟╡ ╘╢⁹ 

ᵓ∑╪ ┘ ─ │⁸ ─ ≢ ╠╣√ ⌂ ≢№╢⁹ 

ᵔ ⁸♩fiⱠꜟ∏╡⁸ ─∑╪ ┘ │⁸ ─ ╩ ™≡╟™⁹ 

ᵕ ─ ™ ≤│⁸ ₁⌂ ─ ╩ ⌂ ≢ ╪∞ ≢⁸ ╘⅜ ™╛∆™╙─╩

™℮⁹ ↕╣√ ≤│⁸№╢ ™ ⌐ ─∕╤∫√ ≢⁸ ⌂ ╘⅜ ™⌐ↄ™╙─╩™

℮⁹ 

ᵖ ─ │⁸⅔⅔╟∕─ ≢№╢⁹ 

⌂⅔⁸ ─ │⁸ ⌐ ╘ ╘╠╣√ ⌐≈™≡⁸ ᵓ⌐ ═√╟℮⌐ ─ ≢ ╠╣

√ ⅛╠ ─∑╪ ╩™ↄ┬╪ ⌐ ⇔√╙─≢№╢⁹↓─√╘⁸

─ ⌐ ∆╢ ╩ ─ ╩ ™≡ ℮≤ ╩ ∆╢ ⅜№╢√╘⁸ ⌂

╩ ℮ ≢ ╩ ⇔⁸ ⌐ ™╢ ─ ╩ ℮─⅜╟™⁹ 

 

 16- 4 ┘ ─ ⌐ ™╢ 

─ ┘ →⅝ ─ ╩ ⇔⌂™  

 
   

ה    →⅝ ה   →⅝  

ה

 

ה

 

 · CU  

· ∑╪ ─

ccu⁸ɫcu  

· Us 

Ί 

╩  

Ί 

╩   · CD ה

∑╪ ─ cd⁸

ɫd  

⌂

 

 · UU

 

· ─ ⌐ ∂√

─ ∑╪

cu⁸ɫu  

· CU

→⅝  

·  

cΐ⁸ɫΐ  

ה · ─

→⅝ Ur  

β ≢ ╘√

─

╩ ™⁸

─ →⅝

→⅝ ╩ ╘⁸

╟╡

⌐⅔↑╢ →⅝ ─

™╩ ⁹ 

· US 

β ⅜ ⌂ ─ ─ ⅎ │⁸₈ ⱴ♬ꜙ▪ꜟ─ ₉

5 11 ╩  

 

3)  →⅝  

─ ⌐ ⇔≡│⁸ ⌐ ╩ ↑╢↓≤⌐╟╡⁸ ⌐ →⅝ ⅜ ⇔

⌂™╟℮⌐∆╢↓≤╩ ≤∆╢⁹√∞⇔⁸ ┘ ─ ─ ⌐╟╡ →⅝ ⅜

∆╢↓≤⅜ ↕╣╢ ≢│⁸ →⅝ ╩ ⇔√ ⌐╟╡ ─╡ ─ ╩

∆╢↓≤⁹ 

⌐⁸ ⌐⅔↑╢ ↕ 15 ─ │ →⅝ ╩ ⇔√ ╩ ≤∆╢⁹↓─ ⁸

→⅝ │ ╩ ╗╙─≤⇔⁸ │ ─ 3 ─ 1≤∆╢↓≤╩ ≤∆╢⁹⌂⅔⁸

⌐╟╡ →⅝ ─ ⅜ ⅝™≤ ↕╣╢ ─ │⁸ ─ 2

─ 1≤∆╢↓≤╙ ⅎ╠╣╢⁹ 

╕√⁸ ⌐⅔↑╢ ↕ 15 ─ ╛ ─ ╘ ™ ╩ ™╢ ⌐≈™≡│⁸

╩ ⇔⁸ ╩ ∆╢  16- 5╩ ⁹ ─ ⁸ ⌐╟╢

─ ⅜ ╕╣╢ │⁸ ⁸ ─ ╩ ™⁸ ⌐╟
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╢ ╩ ↕∑⌂™ ≤∆╢↓≤╩ ≤∆╢⁹√∞⇔⁸ ─ ⅜ ⅎ⌂™╛╗╩

⌂™ ⅜№╢ ⌐ ╡⁸ ─ ╩ ⇔√ ╩ ℮╙─≤∆╢  16- 6 ╩

⁹ 

 

 16- 5 ─ ⌐╟╢ ─ ─ ⌐⅛⅛╦╢  
ה    ─  

ᵑ  · ╡ ⇔  

· ≢ ↕╣≡™╢ ⌂

≢№╢⁹ 

· ─ ╩ ╘╢⁹ 

β │⁸ ⌐ ™╢⁹ 

· ≤ ∑╪ ╟╡⁸

FL─ ╩ ℮⁹ 

β∑╪ │⁸

⌐╟╡  

· FL╟╡⁸ ⌐ ∆╢ →⅝ Ue

╩ ∆╢⁹ 

βUe│ ╟╡ ╕╢ FL≤ Ue─ ∞

↑≢│⌂ↄ⁸₈ Ί

₉ ╩ ⌐ ⇔≡╙╟™⁹ 

ᵒβ  

 
· ╡ ⇔ ─  

β ╡ ⇔ ⌐

╩ ∆╢  

· ₈√╘ ₉⌐

↕╣╢ ≢№╢⅜⁸ ↕╣≡│

™⌂™ ⌂ ≢№╢⁹ 

· ╡ ⇔ ─ ╩ ↑√ ─

╩ ╘╢⁹ 

· ╡ ⇔ ─ ╩ ↑√ ≤⁸

─ ╩ ∆

╢⁹ 

· ∆╢ │⁸ ╡ ⇔ ≢

∂√└∏╖≤⁸ ⇔√ cr⁸

ɫr ─ ╩ ⁹ 

β ᵒ│ ≤ ─ ⌐ ≢⅝╢⅜⁸ ⌂ ≢№╢√╘⁸ ⅜ ─ │

ᵑ≢ ™⁸ ─ │ ᵒ≢ ℮↓≤╩ ≤∆╢⁹ 

 

 16- 6 ⌐⅔↑╢ ─ ╩ ⇔√ ⌐ ™╢ 

─ ה →⅝ ה  
   

ה  →⅝   

ᵑ  · CU  

· ∑╪ ─ ccu⁸ɫcu)  

· Us 

· ⌐ ∆╢

→⅝ Ue 

βFL ╟╡ Ue╩  

─ ≢☻כ◔ ∆

╢⁹ 

· ⇔⌂™ Ue ╩

∆╢  

· ∆╢ 0.25⁸

Ue│ ⇔⌂™  

ᵒ  · ╡ ⇔ ─  

· ╡ ⇔ ≢ ∂√└∏╖≤⁸

⇔√ cr⁸ɫr ─ ╩ ⁹ 

· ⌐╟╡⁸ ─ └∏

╖╩ ⇔⁸└∏╖─ ⌐ ∂√

cr⁸ɫr ╩ ⁹ 

· Us · ∆╢ 0.25  
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16.2.  ─ ─  
─ ⅜⁸ ⌐ ∆╢ ⁸ ─ ╩ ∆╢ ⅜№╡╕∆⁹ 

ᵑ ╘  

ᵒ ↑  

 

─ ─ ⌐ √∫≡│⁸ ─ ⌐ ∆╢╒⅛⁸₈16.1 ─╡ ─ ─

₉⌐ ∂≡ ∫≡ↄ∞↕™⁹√∞⇔⁸ ─ ─╖╩ ⇔≡ ╩ ∆╢↓≤│

↑⁸ │ ─ ⁸ ╩ ⇔√ ≢ ⌐ ⇔≡ↄ∞↕™⁹ 

1)   

ᵑ ╘  

─ ⌐╟╡ ∆╢↓≤╩ ≤∆╢ ⌐⅔↑╢ │₈16.3 ⌐⅔↑╢

─ ⌂ ⅎ ₉╩ ⁹ 

 

₄ ─ ⌐⅔↑╢ ₅ 

Ὂ
ὓᴂ

ὓᴂ

ВộὧϽὰ ὡ ÃÏÓ‌ ὯϽÓÉÎ‌ ὟϽὰÔÁÎ‰ϽὙỚ

ВὡϽὙ Вὡ ÃÏÓ‌ ὯϽÓÉÎ‌ϽὙ ВὯϽὡϽὙ
 

↓↓⌐⁸ 

FS  

MΐR ─ ─ ♩ⱷfiכ⸗ kNהm/m  

MΐD ─ ─ ♩ⱷfiכ⸗ kNהm/m  

c ─ kN/m2  

ɫ ─ °  

l  ─ ╡ ─ ↕ m  

W ─ ↕ kN/m  

kh ─ │ ─  

US ─ ─ ⌐⅔↑╢ kN/m2  

h ─ ╡ ╩ ≤∆╢ ─ ≤ ≤─ ≤─ m  

Rt  ↕╣√∕╣∙╣─ ╡ ─♩ⱷfiכ⸗─ ─ ↕ m  

Rw ─ ╡ ─ ─♩ⱷfiכ⸗╢╟⌐ ─ ↕ m  

Rr  ─ ╡ ─ ─♩ⱷfiכ⸗╢╟⌐ ─ ↕ m  

Re ─ ╡ ⌐ ∆╢ ─♩ⱷfiכ⸗╢╟⌐ ─ ↕ m  

H ─ ╡ ─ ≤ ─ ╩ ⇔√ m  

L ─ ╡ ─ ╩ ⇔√ 2 ─ ╩ ⇔√ m  

 

2)   

₈16.1 ─╡ ─ ─ ₉╩ ⁹ 

 

3)  →⅝  

₈16.1 ─╡ ─ ─ ₉╩ ⁹ 

 

ᵒ ↑  

─ ─℮∟ ⌐╟╡ ∆╢↓≤╩ ≤∆╢⁹ 
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16.3.  ⌐⅔↑╢ ─ ⌂ ⅎ  
⌐⅔↑╢ │⁸ ⌂ ≤⌂╡℮╢↓≤⅛╠⁸ ↑╢ ⅜№╡╕∆⅜⁸╛╗╩

∏⁸ ─ ╛ ⅜ ↕╣╢ ⌐ ╩ ℮ ⌐│⁸ ┘ ─ ⁸ ⁸

⁸ ⁸ ─ ╩ ⇔⁸ ─ ⌐ ∆╢ ─ ╛ ⅛╠─

╛ ⌐ ∆╢ ─ ─ ╩ ™⁸ ─ ─ ⌐ ⅎ⁸  16- 7 ⌐ ∆ ╩

∏╢ ⅜№╡╕∆⁹ 

 

1)  ─  

ᵑ2 5 ─ 1 ─ ─ ─ ─ ╛ ─ ╩ ⌐⁸ 10 ─

╩ ⇔⁸0 ╩ ╗ ─ ─ ─ ╩ ⇔╕∆⁹↓─ ⁸ ⌐ ⇔⌂™

⌂ ⅜ ∆╢ ╙№╢√╘⁸ ─ ╩ ⇔≡™╢≤ ↕╣╢ │⁸∕─╟

℮⌂ ╙ ╣⌂ↄ ∆╢╟℮ ⅜ ≢∆⁹╕√⁸ ─ ⌐ √∫≡│⁸

╙ ⌐⇔≡ↄ∞↕™⁹ 

ᵒᵑ≢ ⇔√ ╩ ⌐⁸ 25ⱷ⁸ꜟ♩כ 50ⱷכ♩ꜟ─ ╩ ⇔⁸↓─ ╩

⌂ ─ ≤⇔╕∆⁹ 

 
 16- 4 ─ ─ ╩ ⌐⇔√ ─ ─  

[  , ⱴ♬ꜙ▪ꜟ─ , 5 11 ]  

 
 16- 5 ─ ─  

[  , ⱴ♬ꜙ▪ꜟ─ , 5 11 ]  
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2)  ─ ─  

─ ─ ⌐ ⅎ⁸ ─ ↕╛ ⌐ ∂≡  16- 7 ⌐ ∆ ╩ ∏╢ ⅜№╡╕

∆⁹ 

⌂⅔⁸ ⌐ ╠∏⁸ ╛∕─ ⅜ ↕╣╢ ⌐⅔™≡╙⁸ ⌐⅔↑╢ ≤

─ ╩ ∏╢ ⅜№╡╕∆⁹ 

 

 16- 7 ⌐⅔↑╢ ⌐ ∏╢  
─  ─  

─ ─

 

↕ 15  ₈16.1 ─╡ ─ ─ ₉⌐ ∆ ⌐ ∂≡ ─ ╩ ∆

╢⁹╕√⁸ ⌐ ∆╢ │₈16.2 ─ ─ ₉⌐ ∆

⌐ ∂≡ ╩ ∆╢⁹ 

↕ 15 ≢

5 3  
· ↕ 15 ─ ≤ ─ ≢ ╩ ∆╢⅜⁸ →⅝ ╩ ⇔√

╩ ∆╢↓≤╩ ≤∆╢⁹ 

· ─ →⅝ ─ ┘ ╡ ⇔ ⌐╟╢ ─ ─ ╩ ⇔⁸

⅜ ∂╢≤ ↕╣√ │⁸ ─ ╩ ⇔√ ╩ ℮⁹ 

· ┘ ╩ ≤⇔√ ⌂ ⁸ ⁸

⌐ ⅎ⁸ ─ ╩ ╘√ ⌂ ה ─ ⅜ ╕⇔

™⁹ 

↕ 15 ≢

5 3  
· ⌐ ⇔√ ─ ╩ ≤∆╢⅜⁸ ⅜ ⅝ↄ ↄ─ꜞ☻◒

ה ה ⅜ ─ ⌐ ⅝⌂ ╩ ⅎ╢↓≤⌐⌂╢√╘⁸

╛ ⌐╟╡ ─ ⸗♦ꜟ╛ ╡ ─

─ ⌐≈™≡ ∆╢⁹ 

· ─√╘─ ⌂ ┘ ╩ ≢ ∆╢⁹ 

· │⁸ ⌐⅔™≡ ⌐ ╢╙─≤∆╢⁹ 

β ╛ ≢─ ⅜ ⌂ ⌐│⁸ ╩ ∆

╢⁹ 

─╡  · ⌂─╡ ⌐ ⅎ⁸ ─ ─ ╩ ⇔⁸ ⌐ ∂≡ ─ ⌐╟╢ ╩ ∆

╢⁹ 

· ⌐ ™─╡ ─ ⌐ ⅜ ∆╢ │⁸ ↕╣╢ ↕╕≢ ≢ ∆╢ ─ ╩⇔⌂

↑╣┌⌂╠⌂™⁹ 

 · ─ │ ┘ ⌐╟╡ ∆╢↓≤╩ ≤⇔⁸ ⅛╠─ ⅜ ─ ⌐ ╣

╢↓≤⅜ ↕╣╢√╘⁸ ≤ ─ ⌐╙ ╩ ↑╢⁹ 

· │ ⁸ ╩≤╦∏ ─ ⌐│ ∏ ⌐≡ ∆╢⁹ 

┘

─  
· ⌐│⁸ ┼─ ─ ╩ ∆╢√╘⌐ ♄ⱶ╩⁸ ╩ ∆╢√╘⌐ ╩∕╣∙╣

⇔≡ ∆╢ ⁸ ⌐ ⇔⌂↑╣┌⌂╠⌂™⁹ 

· ♄ⱶ│⁸ ⌐ ─ ⅜⌂ↄ⁸ ─ ─ ─ ╩ √∆ ⌐│⁸ ♄ⱶ╩

─ ≤⇔≡ ∆╢↓≤⅜ ≢№╢⁹ 
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17.  ─ ⌐ ∆╢  
ₒ ₓ 

─ ⌐ ∆╢  

 ─ ≢ ╘╢ ⌐ ∆╢ ─ ─℮∟ ─ ⌐

∆╢╙─│⁸ ⌐ →╢╙─≤∆╢⁹ 

 │ ─ ┘ ─ │ ╩ ↄ⁹ ╩⇔√ ─

⌐ ∏╢ ≢ ⌐ →╢ ─╙─⌐│ ╩ ⇔⁸↓╣╠─ ╩ ℮↓≤⁹ 

▬ ╩⇔√ ─ ⌐ ∏╢ │ ─ ≢№≈≡⁸∕─ ⅜ β1 ⌐ →

╢╙─⌐ ⇔⁸⅛≈⁸ ─™∏╣⅛⌐ ∆╢╙──  

 ∕─ ⌐ ∂ ⅜ ─ ─╙─ 

 ∕─ ⌐ ∂ ⅜ ─ ╩ ⅎ⁸ ─ ─╙─ ∕─

⅛╠ ⌐ ⱷכ♩ꜟ ─ ⌐ ╢⁹  

꜡ ∕─ ─ │ ⌐ ≠⅝ ─ ╩⇔√ ─ ╩ ≈√╘⌐

─ ⅜ ≢⌂™↓≤⅜ ⅛╘╠╣√  

Ɫ ─ ⌐╟╡ ⅜ ↕╣√  

 ─ │⁸ ◖fi◒ꜞכ♩ ⁸ ◖fi◒ꜞכ♩ │ ╖ ∕─ ─ ╖

─╙─≤∆╢↓≤⁹ 

 ▬ ⌐ ∆╢ ─ ⌐╟╡ ⌐ ↕╣√ ─ ⅜№╢ ⌐⅔↑╢

▬ ─ ─ ⌐≈™≡│⁸ ▬ ⌐ ∆╢ ─ │ ∑∏⁸∕─ ─

─ │ ⇔≡™╢╙─≤╖⌂∆⁹ 

 
β1 

 
 ╩ ⇔⌂™ ─  ╩ ∆╢ ─  

─ ⇔™╙─╩ ↄ⁹    

─ ⇔™    

⁸ ⁸ ⱶ⁸כ꜡ ∕

─ ↓╣╠⌐ ∆╢╙─ 
  

  
₡ ₢ 

⌐ ™⁸ ╩ ∆╢ ⁸ ─ ⌐ ⇔≡ↄ∞↕™⁹ 

3)  ─  

ᵓ │ ⌐╟╡ ─╟℮⌂ ⅜ ∂╢ ⁸∕─ ╩ ≢ ℮↓≤⁹ 

· ⌐╟╡ ∂╢ ↕⅜ 1 ╩ ⅎ╢₈ ₉ 

· ⌐╟╡ ∂╢ ↕⅜ 2 ╩ ⅎ╢₈ ₉ 

· ≤ ╩ ⌐⇔√↓≤⌐╟╡ ∂╢ ↕⅜ 2 ╩ ⅎ╢₈ ₉ 

ᵔ ─╟℮⌂ │⁸ ╩ ∆╢ │⌂™⁹ 

· ⌐╟╡ ∂╢ ─℮∟⁸  16- 1⌐ ∆╢ ─ ╩ ⇔⌂™ ─ ⅛╠ 5

─ │⁸  17- 1╩  

· ─ ⁸ ─ ╩ ≈√╘⌐ ─ ⅜ ≢⌂™↓≤⅜ ↕╣√  

· ─ ⌐ ⅜№╡⁸ ⌐ ⅎ≡⁸ ╩ ⇔√  
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ᵑ ─ ╩ ⅎ⁸ ─ ─  

ᵒ ─ ─  

 17- 1 ─ ─ ─ ⅎ  

 

4)  ─  

⅜ ≠↑╠╣≡™╢ ⁸₈ ₉≤™℮⁹ ─ │ ─≤⅔╡⁹ 

· ◖fi◒ꜞכ♩  

· ◖fi◒ꜞכ♩  

· ╖ ∕─ ─ ╖  

·  

 

5)  ╩ ∆╢ ─  

ᵑ  

· ≤⇔≡ ↕ 20 ↔≤⌐ 1 ─ ╩ ∆╢↓≤⁹ ⌐⁸ ─ ∆╢

⁸ ↕⅜ ⇔ↄ ⌂╢ ⁸ ─ ה ╩ ⌐∆╢ │⁸ ⌐ ╩ ↑⁸

╩ ↕∑⌂™↓≤⁹ 

· ─ ∆╢ │⁸ ─ ╩ ⅛╠ 2m ⁸⅛≈ ─ ↕ ∞↑ ↑≡

∆╢⁹ 

ᵒ ─  

· ╩│↕╗ ─ ╩ ┘◖fi◒ꜞכ♩≢ ∆╢↓≤⁹ ─ ─ ↕

│⁸ ─ ↕ 3 ≢ 50 ⁸3 ╩ ⅎ╢╙─│ 60 ≤∆╢⁹  17- 2⁸  17- 3╩

 

 
 17- 2 ─ ┘ ─ ◖fi◒ꜞכ♩  

[  , ⱴ♬ꜙ▪ꜟ─ , 5 11 ]  

Ӣ 

ӡ      

ӡ      
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 17- 3 ─ ┘ ─ ╖  

[  , ⱴ♬ꜙ▪ꜟ─ , 5 11 ]  

 

ᵓ ─  

↕─ ⌂╢ ─ │⁸ ™ ─ ⌐ ╦∑≡ ∆╢↓≤⁹ 

 

ᵔ ⌐ ∆╢  

⌐ ╩ ∆╢ ⌐│⁸  17- 4─╟℮⌐ ╟╡ ─ ↕─ 0.4H ⁸⅛

≈ 1.5 ∞↑ ─ ⌐ ∂≡  17- 1⌐ →╢ ɝ ╟╡ ⇔⁸∕─ │◖fi

♩כꜞ◒ ∟ ⌐╟╡ ─⅔∕╣─⌂™ ⌐∆╢↓≤⁹ 

 
 17- 4 ⌐ ╩ ∆╢  

[ ,  , 28

9 ]  

 

 17- 1  

─  
( ─ ⇔™╙

─│ ↄ⁹)  
─ ⇔™  

ה ה ꜡

הⱶכ ∕─

↓╣╠⌐ ∆╢╙─ 

│

 

─ ⌐ ∆

╢ ɝ  
60° 40° 35° 25° 
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ᵕ  

⌐ 2 ≈ ─ ╩ ↑╢ ⌐│⁸ ─ ─ │⁸ ─ ─ ╩ ╖⁸⅛≈⁸

─ ⌐ ∂⁸ ⌐ ⇔≡  17- 1 ⌐ →╢ ╩ ∆ ─ ⌐ↄ╢╟℮⌐∆╢↓≤⁹ 

 17- 5⌐ ∆ ≢  17- 1─ɝ ⌐ ∫≡™⌂™╙─│⁸ ─ ≤╖⌂↕╣╢─≢

─ ≤∆╢↓≤⁹ 

⌂⅔⁸ ⅜  17- 1─ɝ ⌐ ∫≡™╢ │⁸ ─ ≤⇔≡ ℮⅜⁸ ╩

0.4H ⅛≈ 1.5 ∆↓≤⁹ 

 

ч ⁸ ≤╙ ╖≢     ш ╩ ◖fi◒ꜞכ♩ ⁸ ╩ 

∆╢                   ╖ ≢ ∆╢  

  
щ ⁸ ≤╙ ◖fi◒ꜞכ♩ ≢ ∆╢  

 
 17- 5 ╩ ∆╢  

[ ,  , 28

9 ]  

 

ᵖⱪ꜠◐ꜗ☻♩  

ⱪ꜠◐ꜗ☻♩ │⁸ ≤⇔≡ 17 ─ ⌐ ≠ↄ ╩ ∆╢↓≤⁹ 

 

17.1.  ◖fi◒ꜞכ♩ ─ ─  
ₒ ₓ 

◖fi◒ꜞכ♩ ─ ─  

 ─ ◖fi◒ꜞכ♩ │ ◖fi◒ꜞכ♩ ─ ─ │⁸

⌐╟≈≡ ─ ─™∏╣⌐╙ ∆╢↓≤╩ ⅛╘√╙─≢⌂↑╣┌⌂╠⌂™⁹ 
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 ⁸ ┘ ↓─ ┘ ꜡⌐⅔™≡₈ ₉≤™℮⁹ ⌐╟≈

≡ ⅜ ↕╣⌂™↓≤⁹ 

 ⌐╟≈≡ ⅜ ⇔⌂™↓≤⁹ 

 ⌐╟≈≡ ─ ⅜ ╠⌂™↓≤⁹ 

 ⌐╟≈≡ ⅜ ⇔⌂™↓≤⁹ 

 ─ │⁸ ⌐ ╘╢≤↓╤⌐╟╠⌂↑╣┌⌂╠⌂™⁹ 

 ⌐╟≈≡ ─ ⌐ ∏╢ ⅜⁸ ─ ≢№╢ │◖fi◒ꜞכ♩─

╩ ⅎ⌂™↓≤╩ ⅛╘╢↓≤⁹ 

 ⌐╟╢ ─ ⅜♩ⱷfiכ⸗ ─ ─♩ⱷfiכ⸗ ─ ≢№╢↓≤╩ ⅛

╘╢↓≤⁹ 

 ⌐╟╢ ─ ─ ╡ ∆ ⅜ ─ ─ ⌐ ∆╢ ∕─ ─

─ ─ ≢№╢↓≤╩ ⅛╘╢↓≤⁹ 

 ⌐╟≈≡ ─ ⌐ ∏╢ ⅜ ─ ╩ ⅎ⌂™↓≤╩ ⅛╘╢

↓≤⁹√∞⇔⁸ ←™╩ ™√ ⌐⅔™≡│⁸ ⌐╟≈≡ ←™⌐ ∏╢ ⅜

←™─ ╩ ⅎ⌂™↓≤╩ ⅛╘╢↓≤⁹ 

 ─ ⌐ ⌂ │⁸ ⌐ ╘╢≤↓╤⌐╟╠⌂↑╣┌⌂╠⌂™⁹ 

 ⌐≈™≡│⁸ ⌐ ∂≡ ↕╣√ ⁹√∞⇔⁸ ─ ─ ⌐≈™≡│⁸

─ ⌐ ∂ β1─ ┘ ╩ ™≡ ↕╣√ ╩ ™╢↓≤⅜

≢⅝╢⁹ 

 ⁸◖fi◒ꜞכ♩ ┘ ─ ┘⌐ ←™─ ⌐≈™≡│⁸

╩ ↄ⁹⁸ ⁸

┘ ⌐ ∏╢ ⌐ ∆╢ ┘ ⌐ ∆╢ ─ ⌐╟╡

↕╣√ β2 

 ─ ─ ⌐ ∆╢ ∕─ ─ ⌐≈™≡│⁸ ⌐ ∂≡ ↕╣

√ ⁹√∞⇔⁸∕─ ─ ⌐ ∂ β3─ ╩ ™≡ ↕╣√ ╩ ™╢

↓≤⅜≢⅝╢⁹ 

 

β1 

 

 
 

ⱷכ♩ꜟ⌐≈⅝  
 

│ ה  ♩fi ₃ה  

ה  ♩fi ₃ה ₃ 

◦ꜟ♩⁸ │∕╣╠╩ ⌐ ╗ ה  ♩fi ₃ה ₃ 

 

β2  

ₒ ₓ 

 

 ─ │⁸ ─ │ ─ ⌐╟╠⌂↑╣┌⌂╠⌂™⁹ 

 
  ⌐ ∏╢ ⌐ ∆╢  

 Ⱶꜞⱷכꜙ♬⅝≈⌐ꜟ♩כ♩fi  

⌐ ∏╢ ⌐ ∆╢  

 Ⱶꜞⱷכꜙ♬⅝≈⌐ꜟ♩כ♩fi  

  ╡ → ∑╪   ╡ → ∑╪  

 

↓─ ⌐⅔™≡⁸ │⁸ ─ ┘ ⌐ ∂≡ ⅜ ╘╢ Ⱶꜞⱷכꜙ♬⅝≈⌐ꜟ♩כ♩

fi ╩ ∆╙─≤∆╢⁹ 
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  ⌐ ∏╢ ⌐ ∆╢  

 Ⱶꜞⱷכꜙ♬⅝≈⌐ꜟ♩כ♩fi  

⌐ ∏╢ ⌐ ∆╢  

 Ⱶꜞⱷכꜙ♬⅝≈⌐ꜟ♩כ♩

fi  

 ╡  ╡ 

∑╪ ⌐

™╢  

∑╪ ⌐ ™

╢  

∑╪

⌐ ™╢

 

∑╪ ⌐

™╢   

 

⅜ ╩

ⅎ╢ ⌐│⁸

 

⅜ ╩ ⅎ╢

⌐│⁸  

⅜ ╩

ⅎ╢ ⌐│⁸

 

  ⅜

╩ ⅎ╢

⌐│⁸

 

 

Ⱶꜞⱷ

ꜟ♩כ ─╙

─ 

⅜ ╩

ⅎ╢ ⌐│⁸

 

⅜ ╩ ⅎ╢

⌐│⁸  

⅜ ╩

ⅎ╢ ⌐│⁸

 

  ⅜

₃╩ ⅎ╢

⌐│⁸

₃  

Ⱶꜞⱷ

╩ꜟ♩כ ⅎ╢

╙─ 

⅜ ╩

ⅎ╢ ⌐│⁸

 

⅜ ╩ ⅎ╢

⌐│⁸  

⅜ ╩

ⅎ╢ ⌐│⁸

 

  ⅜

₃╩ ⅎ╢

⌐│⁸

₃  

─ ⅜ Ⱶꜞⱷכ

♩ꜟ ─  

Ί   Ί √∞⇔⁸

⌐ ™╢

⌐ ╢⁹  

 

↓─ ⌐⅔™≡⁸ │⁸ ⌐ ∆╢ ╩ ∆╙─≤∆╢⁹ 

 

◖fi◒ꜞכ♩  

 ◖fi◒ꜞכ♩─ │⁸ ─ ─ ⌐╟╠⌂↑╣┌⌂╠⌂™⁹√∞⇔⁸

╩ ™√ ⌐≈™≡⁸ ⅜ ─ ┘ ⌐ ∂≡ ⌐ ╩ ╘√

│⁸ ⌐╟╢↓≤⅜≢⅝╢⁹ 

⌐ ∏╢ ⌐ ∆╢ Ⱶꜞⱷכ♩ꜟ⌐

fi♩כꜙ♬⅝≈  

⌐ ∏╢ ⌐ ∆╢ Ⱶꜞⱷכ♩ꜟ

fi♩כꜙ♬⅝≈⌐  

 ╡ ∑╪    ╡ ∑╪   

 ⅜ ╩ ⅎ╢◖

fi◒ꜞ⁸≡™≈⌐♩כ

⅜↓╣≤ ⌂╢ ╩ ╘

√ │⁸∕─ ╘√  

ה₃

╩ ∆╢╙

─⌐№≈≡│⁸

ה₃  

⌐ ∏╢ ⌐ ∆╢ ⁸ ╡⁸∑╪ │ ─

─∕╣∙╣─ ─ ⅜ ╩ ⅎ╢◖fi◒ꜞכ

♩─ ╡ ┘∑╪ ⌐≈™≡⁸ ⅜↓╣≤ ⌂╢

╩ ╘√ │⁸∕─ ╘√ ≤∆╢⁹ 

↓─ ⌐⅔™≡⁸ │⁸ Ⱶꜞⱷכꜙ♬⅝≈⌐ꜟ♩כ♩fi ╩ ∆╙─≤∆╢⁹ 

 

┘ ←™  

 ─ ┘ ←™─ │⁸ ⅜ ╘╢ ⌐╟≈≡⁸

╩ ™⁸∕─ ⌐ ≠™≡ ╘⌂↑╣┌⌂╠⌂™⁹√∞⇔⁸ ─ ⌐ →╢ ─

⌐≈™≡│⁸ ─ ⌐ ∂≡⁸∕╣∙╣ ─ ─ ⌐╟╢↓≤⅜≢⅝╢⁹ 

 ⌐ ∏╢ ⌐ ∆╢

ⱷכꜙ♬꜡◐⅝≈⌐ꜟ♩כ♩fi  

⌐ ∏╢ ⌐ ∆╢

ⱷכꜙ♬꜡◐⅝≈⌐ꜟ♩כ♩fi  

 ⁸₃₃₃ ⌐ ∏╢ ⌐ ∆╢ ─∕╣

∙╣─ ─ ≤∆╢⁹ ⇔√  ₃₃ 

 ₃₃ 

⌂
╣⅝

 ₃₃ 

⌂  ₃₃ 

⌐ ─⅔∕╣─⌂™

╙─⌐ ╢⁹  

₃ 

™  ₃₃ 

 ₃ 

ⱶכ꜡™  ₃₃ 

ⱶכ꜡  ₃ 
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 ⅛╠ ╕≢⌐ ╘╢╙──╒⅛⁸ ⌂ ─ ─ ⌐

∏╢ ⌐ ∆╢ ┘ ⌐ ∏╢ ⌐ ∆╢ │⁸ ─ ┘ ⌐

∂⁸ ⅜ ─ ╩ ∆╢√╘⌐ ⌂╙─≤⇔≡ ╘╢ ⌐╟╠⌂↑╣┌⌂

╠⌂™⁹ 

 

β3 

 

  

⁸
∑≈

⁸ │ ה₃   

ה₃   

◦ꜟ♩⁸ │∕╣╠╩ ⌐ ╗ ─ ⅛╠ ⌂ↄ≤╙ ☿fi♅ⱷכ♩ꜟ╕≢─

↕─ ╩ │ ⌐ ⅝ ⅎ√ ⌐ ╢⁹  

ה₃  

  

₡ ₢ 

◖fi◒ꜞכ♩ │ ◖fi◒ꜞכ♩ ₈ ◖fi◒ꜞכ♩ ₉≤™℮⁹ ╩

∆╢ ⁸ ─ ⌐ ⇔≡ↄ∞↕™⁹ 

1)  ◖fi◒ꜞכ♩ ─ ─  

◖fi◒ꜞכ♩ ─ ⌐ √∫≡│⁸ ⁸ ─ ╩ ⌐ ⇔√

≢ ┘ ⌐⅔↑╢ ─ ╩ ∆╢╟℮⌐⁸ ─ ⌐≈™≡─ ╩ ∆

╢╙─≤∆╢ ⌐⅔↑╢ │⁸ ↕⅜ 2 ╩ ⅎ╢ ⌐≈™≡ ℮╙─≤∆╢ ⁹ Fs

│⁸  17- 2─≤⅔╡⁹ 

ᵑ ⁸ ⁸ ₈ ₉≤™℮⁹ ⌐╟∫≡ ⅜ ↕╣⌂™↓≤⁹ 

· ⌐⅔↑╢⁸ ─ ⌐ ∆╢ ⅜⁸ ─ ⌐ ╕∫≡™╢

↓≤⁹ 

· ⌐⅔↑╢⁸ ─ ⌐ ∆╢ ⅜⁸ ─ ⌐ ╕∫≡

™╢↓≤⁹ 

· ⌐⅔↑╢⁸ ─ ⌐ ∆╢ ⅜⁸ ─ ⌐

╕∫≡™╢↓≤⁹ 

ᵒ ⌐╟∫≡ ⅜ ⇔⌂™↓≤⁹ 

· ⌐⅔↑╢ ⌐╟╢ ─ ⌐ ∆╢ │ 1.5 ≢№╢↓≤ 

β ─ ⅜ ─ 1/3 ─ ⌐№╢↓≤⁹ 

· ⌐⅔↑╢ ⌐╟╢ ─ ⌐ ∆╢ │ 1.0 ≢№╢↓≤ 

β ─ ⅜ ─ ⌐№╢↓≤⁹ 

ᵓ ⌐╟∫≡ ─ ⅜ ╠⌂™↓≤⁹ 

· ⌐⅔↑╢ ⌐╟╢ ─ ─ ⌐ ∆╢ │ 1.5 ≢№╢↓≤⁹ 

· ⌐⅔↑╢ ⌐╟╢ ─ ─ ⌐ ∆╢ │ 1.0 ≢№╢↓≤⁹ 

ᵔ ⌐╟∫≡ ⅜ ⇔⌂™↓≤⁹ 

· ⌐⅔↑╢⁸ ⅜⁸ ─ ─ 1/3 ≢№╢↓≤⁹ 

· ⌐⅔↑╢⁸ ⅜⁸ ─ ≢№╢↓≤⁹ 

 

 17- 2 FS  

    

 1.5 -  1.0 

 1.5 -  1.0 

 3.0 -  1.0 

   
β 

┘  

β ≤│⁸ →⁸∑╪ ⁸ ─ ╩™℮⁹ 

 



 

74 

 

2)  ─  

◖fi◒ꜞכ♩ ⌐ √∫≡│⁸ ⁸ ─ ╩ ⌐ ≠

⅝⁸ ⌐ ∆╢↓≤⁹ 

ᵑ  

─ ⁸ ⌐≈™≡│⁸ ∆╢ ⌐╟╡ ╩ ™ ╘√╙─╩

∆╢↓≤⁹ 

· ┘  

╩ ╦⌂™ │⁸ 9 ⌐ ∆ ╩ ∆╢↓≤⁹⌂⅔⁸ 9

─ │⁸ ─ ╩90° ⁸ ─ ┘ ↕╩∕╣∙╣30° ┘ 1

≢№╢↓≤╩ ≤⇔≡ ↕╣≡™╢√╘⁸↓─ ⌐ ⇔⌂™ │⁸ ∆╢↓≤

│≢⅝⌂™⁹ 

·  

≤ ≤─ │⁸ ≤⇔≡ ⌐ ≠⅝⁸ ⌐╟╡ ╘╢⁹√

∞⇔⁸ ⅜ ─ │⁸0.6 ╩ ⅎ⌂™╙─≤∆╢⁹⌂⅔⁸ ╩ ╦⌂™ │⁸

9 ⌐ ∆ ╩ ™╢↓≤⅜≢⅝╢⁹ 

╕√⁸ ≤ ─ ─ CB│ ∑∏⁸CB=0≤ ∆╢↓≤⁹ 

 
‘ ÔÁÎ• 

↓↓⌐⁸ 

ɫ ─  

 

ᵒ  

⌐ ∆╢ │⁸ ─ ─ ⌐№╦∑≡ ∆╢╙─≤⇔⁸ ─ ⌐ ∆

╢↓≤⁹ 

· ⌐ ↕╣╢ │⁸ ╘ ⅜ ≢№╢≤⇔≡ ╩ ≢⅝╢⁹ 

· ─ ╘ ⇔ ⌐╟╢ │⁸ ⌐╦√∫≡─ ⅜ ≢⅝⌂™↓≤⅛╠⁸

⇔⌂™╙─≤∆╢⁹ 

· ⌐ ↕╣╢ │⁸ ─ ┘ ⁸─╡ ─ ⁸ ┘ ─ ⌐

∂≡⁸ ⌂ ─ ╩ ⇔⌂↑╣┌⌂╠⌂™⁹ 

· ╩ ↄ↕┘ ⌐╟∫≡ ∆╢ │⁸ ↄ↕┘⌐ ─ ╩

↕∑╢ ╩ ™⁸ ╩ ™╢ ⌐⅔™≡│⁸ ה ⌐╟╢↓≤╩ ≤∆╢⁹ 

ᵓ  

⅝ ─ ╩ ≥⅔╡ ℮↓≤╩ ≤⇔≡⁸ ⌂ ≢│⁸ ─ ╩

⇔⌂ↄ≡╙╟™⁹ 

ᵔ  

◖fi◒ꜞכ♩─ │⁸ ⌐ ∂√ │ 24.5kN/m3≤⇔≡ ∆╢↓≤⁹ ◖

fi◒ꜞכ♩─ │⁸ ⌐ ∂√ │ 23.0kN/m3≤⇔≡ ∆╢↓≤⁹ 

ᵕ  

⌐ ™╢ │⁸ ⌐╟╢ │ ─ ⌐ ∆╢ ⌐

─ ╩ ⅎ√ ─℮∟⁸™∏╣⅛ ⅝™ ≤∆╢↓≤⁹ ⌐ ™╢ K0│⁸

0.2⁸ 0.25 ≤∆╢↓≤⁹ 

ᵖ  

⌐ ∆╢ │⁸5.0 10.0kN/m2 ╩ ≤∆╢⅜⁸ ─ ⌐ ∂≡

⌐ ∆╢↓≤⁹⌂⅔⁸ 9 ─ ⌐│⁸5.0 kN/m2 ─ ⅜ ╕╣≡

™╢↓≤⌐ ∆╢↓≤⁹ 

ᵗⱨ▼fi☻  

─ ⌐ⱨ▼fi☻╩ ↑╢ │⁸ ⌐ ∂≡⁸ ⌂ⱨ▼fi☻ ╩ ∆╢⁹⌂⅔⁸

─ │⁸ ╟╡ ↕ 1.1 ─ ⌐ Pf 1kN/m ─ ╩ ↕∑╢⁹ 

 

3)  ─ ≤  

ᵑ ─ ≤  
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─ │ ≤⇔≡ ◖fi◒ꜞכ♩ ≤⇔⁸  17- 3 ⌐ ∆≤↓╤⌐╟╡ ∆╢↓≤⁹ 

⅜ ≢⌂™ ╛ ┌╡ ⌂≥≢ ╘ ─ ⅜ ≤ ≤⌂∫≡ ∆╢

⌐│⁸ ╩ ⇔≡ ╩ ∆╢↓≤⁹⌂⅔⁸ ┌╡ ─ ─ ╩

∆╢ ⁸ ─ │ ─ ≤∆╢↓≤  17- 7╩ ⁹ 

 

 17- 3 ə 

─   ─    

  ≤◖fi◒ꜞ2 ♩כɫ/3 ɫ/2 

 

 ≤ ⱴ♇♩ ɫ/2 ɫ/2 

 

┌╡   ≤  ɗ ⌐╟╢ 

 ≤◖fi◒ꜞ2 ♩כɫ/3 ɫ/2 

≤ ⱴ♇♩ ɫ/2 ɫ/2 

ɫ ╘ ─  

 

₄ ─ ₅ 

ÔÁÎ‏
ÓÉÎ•ϽÓÉÎ— ɝ ɼ

ρ ÓÉÎ•ϽÃÏÓ— ɝ ɼ
 

↓↓⌐⁸ÓÉÎɝ  

ɫ ─ °  

ɝ =tan- 1Kh °  

Kh  

ɗ °  

√∞⇔⁸ɗ+ɝ֕ɫ─ ⌐│⁸ə=ɫ≤∆╢⁹ 

(a) ⅜─╡ ≤ ∆╢       (b) ⅜ ≤ ∆╢  

 17- 6 → ⅜ ∆╢ ─ɗ─  

[ , Ί , 24 7 ]  
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ᵒ ─  

─ │⁸ ─ ≤∆╢⁹ ⌐⁸ │ ≤ ∆╢

↓≤⅜≢⅝⁸↓─ ─ │ ⅛╠ ─ 1/3 ─ ≤⌂╢⁹ 

 
(a) ─               (b)╙√╣ ─  

 
( c) ─ ┘ ─ ─   ( d)√≡ ─ ⌐⅔↑╢  

 17- 7  

[ , Ί , 

24 7 ]  

 

4)  ┘◖fi◒ꜞכ♩ ─  

┘◖fi◒ꜞכ♩─ ⌐≈™≡│⁸ ─≤⅔╡ ╘╠╣≡™╢⁹ 

ᵑ ─ │⁸ 90 ⌐╟╢╙─≤∆╢⁹ 

ᵒ◖fi◒ꜞכ♩─ │⁸ 91 ⌐╟╢╙─≤∆╢⁹ 

╕√⁸ ⌂≥─ ◖fi◒ꜞכ♩ ⅜⁸ ⌐⅔™≡ ⌐ ⅜ ∆╢

─◖fi◒ꜞכ♩─ │⁸ ─ 1/ 10╩ ≤∆╢↓≤⅜≢⅝╢⁹ 

 

5)  ─  

─ ┘ ←™─ │⁸ ⅜ ╘╢ ─

┘ ←™─ ╩ ╘╢√╘─ ─ ┘⌐∕─ ⌐ ≠⅝ ─

┘ ←™─ ╩╙≤╘╢ ╩ ╘╢  

₉╩ ⌐╟∫≡⁸ ╩ ™⁸∕─ ⌐ ≠™≡ ╘╢↓≤⁹ 

─ ⌐≈™≡│⁸ ─ ⌐ ∂≡⁸ ─ ⌐ ∆ ╩ ™╢

↓≤⅜≢⅝╢⁹↓─ ⁸ ∏ ─ ╩ ⇔⁸ ⌂ ─ ⅜ ╠╣⌂™

│⁸ ⌐ ╩ ℮↓≤⁹ 
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17.1.1.  ◖fi◒ꜞכ♩ ⌐ ∆╢ ─ ⅎ  
─ │⁸ ↄ↕┘ ─fi꜡כ◒│ ⌐╟╡ ∫≡ↄ∞↕™⁹ 

1)  ─  

ᵑ  

₄ ↄ↕┘ ₅ 

ὖ
ẗÓÉÎ‫ ‰

ÃÏÓ‫ ‰ ‌ ‏
 

↓↓⌐⁸ 

P3 kN/m ─╖  

W3 ↄ↕┘ ╩ ╗ kN/m ⅝↕≤  

R3 ╡ ⌐⅔↑╢ ⅛╠─ kN/m ─╖  

ɮ ╡ ⅜ ⌐ ⇔≡⌂∆ °  

ɫ ─ °  

ɖ ─ ─⌂∆ °  

ə °  

 
 17- 8 ↄ↕┘  

[ , Ί , 

24 7 ]  

 

─fi꜡כ◒₄ ₅ 

ὖ
ρ

ς
ὑ Ͻ‎ϽὌ Ὤ  

 

ὑ
ÃÏÓ‰ ‌

ÃÏÓ‌ẗÃÏÓ‌ ‏ ρ
ÓÉÎ‰ ‰ẗÓÉÎ‏ ‍
ÃÏÓ‌ ‌ẗÃÏÓ‏ ‍

 

↓↓⌐⁸ 

PA kN/m  

KA  

ɘ ╘ ─ kN/m3  

H ↕ √∞⇔⁸ ╩ ⅎ╢ │∕─ ↕ m  

h ⌐╟╢ ↕ m  

q kN/m2  

ɫ ─ °  

ɖ ≤ ≤─⌂∆ °  

ə °  

ɗ ≤ ─⌂∆ °  
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ᵒ  

₄ ↄ↕┘ ₅ 

β₈ ⱴ♬ꜙ▪ꜟ─ ₉ 5 11 ╩  

 

₄ ה ₅ 

ὖ
ρ

ς
ὑ ẗ‎ẗὌ Ὤ  

 

ὑ
ÃÏÓ‰ ‌ —

ÃÏÓ—ẗÃÏÓ‌ẗÃÏÓ‏ ‌ — ρ
ÓÉÎ‰ ‰ẗÓÉÎ‏ ‍ —
ÃÏÓ‌ ‍ẗÃÏÓ‏ ‌ —

 

↓↓⌐⁸ 

PEA kN/m  

KEA  

ɘ ╘ ─ kN/m3  

H ↕ √∞⇔⁸ ╩ ⅎ╢ │∕─ ↕ m  

h ⌐╟╢ ↕ m  

q kN/m2  

ɫ ─ °  

ɖ ≤ ≤─⌂∆ °  

ə °  

ɗ ≤ ─⌂∆ °  

ɝ ° — ÔÁÎὯ 

kh kN/m  

 

2)   

─ ⌐ ∆╢ │⁸ ╩ kh⁸ ─ ╩ W≤∆╢≤⁸ ─ G

╩ ∫≡ ⌐ khהW≤⇔≡ ↕∑╢⁹ 

 
a ─             b ┌╡ ─  

 17- 9 ─ ⅎ  

[ , , 

11 ]  

  



 

79 

 

17.1.2.  ◖fi◒ꜞכ♩ ─  
1)  ⌐ ∆╢  

⌐ ∆╢ Fs│⁸ ⌐╟╡ ∆╢⁹ 

Ὂ
ὓ

ὓ

Вὠẗὥ

ВὌẗὦ
 

 

≈╕ ⅛╠ ╕≢─ d│⁸ ⌐╟╡ ∆╢⁹ 

Ὠ
ὓ ὓ

ὠ

Вὠẗὥ ВὌẗὦ

Вὠ
 

↓↓⌐⁸ 

Fs  

Mr  ⌐ ♩ⱷfiכ⸗╢∆≥℮╟⇔ kNהm)  

Mo ↕∑╟℮≤∆╢⸗כⱷfi♩ kNהm) 

Vo ⌐⅔↑╢ kN ≢ ─ Vi ─  

Vi  ⌐ ∆╢ ─ kN  

ai  ─≈╕ o ⅛╠ ─ Vi ─ ╕≢ 

─ m  

Hi  ⌐ ∆╢ ─ kN  

bi  ─≈╕ o ⅛╠ ─ Hi─ ╕≢ 

─ m  

 

2)  ⌐ ∆╢  

⌐ ∆╢ Fs│⁸ ⌐╟╡ ∆╢⁹ 

Ὂ
⌐ ∆╢ Ὑ ẗ‘ ὅ ẗὄ

Ὑ
 

↓↓⌐⁸ 

Fs  

RV ⌐⅔↑╢ kN/m  

RH ⌐⅔↑╢ kN/m  

ɡ ≤ ─  

CB ≤ ─ ─ kN/m  

B m  

 

3)  ⌐ ∆╢  

⌐ ∆╢ Fs│⁸ ⌐╟╡ ∆╢⁹ 
ή
ή Ḷή

ή

Ὂ
 

 

q1 ┘ q2 │⁸ ⌐╟╡ ∆╢⁹ 

ᵑ ⅜ ─ 1/3 ─ ⌐№╢  

ή
Ὑ

ὄ
ẗρ

φẗὩ

ὄ
 

ή
Ὑ

ὄ
ẗρ

φẗὩ

ὄ
 

↓↓⌐⁸ 

qa ─ kN/m2  

qu ─ kN/m2  

Fs ─ ⌐ ∆╢  

q1 ─ ≢ ∂╢ kN m2  

q2 ─ ≢ ∂╢ kN m2  

RV ⌐⅔↑╢ kN) 
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e m Ὡ Ὠ 

B m  

d ≈╕ ⅛╠ ╕≢─ m  

 

ᵒ ⅜ ─ 2/3 ─ ⌐№╢ ⅛≈ ─ 1/3 ─ ⌐№╢  

ή
ςὙ

σὨ
 

 
ᵑ ─ R─ ⅜        ᵒ ─ R─ ⅜  

─ B/3─ ⌐№╢             B/3⅛╠ 2B/3─ ⌐№╢  

                    

 17- 10 ≤ ─  

[ , Ί , 24 7 ]  

 

─ │ │⁸ ╛ ╩ ∫≡ ╘╢↓≤╩ ≤∆

╢⅜⁸ ↕ 5 ─ │⁸ 93 ─ ⌐ ∆ ╩ ™╢↓≤⅜≢⅝╢⁹ 

 

4)  ─ ─  

90 ╩ ↄ⁹⁸ 91 ₈◖fi◒ꜞכ♩─ ⁸ ╡ ┘∑╪ ⌐ ∆╢

┘ ╩ ╘╢ 12 5 31  1450 ₉₈ ┘ ─

┘⌐ ─ ╩ ╘╢ 12 12 26  2464 ₉╩

⌐ ≠⅝ ∆╢↓≤⁹ 

 

17.1.3.  ◖fi◒ꜞכ♩ ─ ┘ ─  
◖fi◒ꜞכ♩ ─ ┘ ⌐ √∫≡│⁸ ─ ⌐ ∆╢↓≤⁹ 

1)  ╣ 

╣─ ↕│⁸ ⅜ ⌐ ⌂™╟℮⁸╕√ ─ ╟╡ ⌂ ╩╖≡

∆╢↓≤⁹√∞⇔⁸  17- 4⌐ ∆ ╩ ™╢↓≤⅜≢⅝╢⁹ 

╕√⁸ ⁸ ⌐ ⇔≡ ╩ ↑╢ │⁸ ╣ ↕│ ⅛╠ ╢↓≤⁹ 

√∞⇔⁸ ⅜№╢ │⁸∕─ ↕ ⅛╠ ╢↓≤⁹ 

 

2)   

ᵑ ─ ┘  

· 73 ⌐ ≠⅝ ⌐ ∆╢↓≤⁹ 

· ⱨכ♅fi◓≤ ≤─ ⌐ ╩ ∂↕∑⌂™↓≤⁹ 

· ─ │ ─ ⌐∆╢↓≤⁹ 

ᵒ⅛┬╡ ↕ 

· 79 ⌐ ≠⅝ ⌐ ∆╢↓≤⁹ 

 

3)  ◖fi◒ꜞכ♩─ ⁸ ⁸  
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ᵑ ┘ ╘ 

· ─◖fi◒ꜞ⁸│♩כ∕─ ⅜╒╓ ⌐⌂╢╕≢ ⇔≡ ∆╢↓≤⁹ 

· ⌐│ Ᵽ▬Ⱪ꜠כ♃כ╩ ⇔≡ ─ ╩ ⅞⁸ ≢ ⌂◖fi◒ꜞכ♩≤⌂╢╟

℮ ╘╢↓≤⁹ 

ᵒ ⅞ 

· ◖fi◒ꜞכ♩╩ ← │⁸ ⅞ ─꜠▬♃fi☻ ╩ ⌐ ™⁸ ─ ⅜

⇔⌂™╟℮ ∆╢↓≤⁹ 

· │⁸ ⅞ ╩ ─ ─ ∆╢ ≤ ⌐∆╢↓≤╩ ≤∆╢↓≤⁹ 

· ∑╪ ─ ⅝™ ⌐ ⅞ ╩ ↑╢ │⁸ ⅞ ⌐ ╛ ╩ ⇔⁸ ∆╢↓

≤⁹ 

· ⅞≤⌂╢ │⁸ ↕≤⌂╠⌂™╟℮ ∆╢↓≤⁹ 

ᵓ  

· ◖fi◒ꜞכ♩ ╖ 5 │⁸◖fi◒ꜞכ♩─ ╩ 2 ⌐ ∟⁸ ⁸ ⌐╟∫≡

◖fi◒ꜞכ♩─ ┘ ⅜ →╠╣⌂™╟℮⌐ ∆╢↓≤⁹ 

ᵔ  

· ◖fi◒ꜞכ♩─ ╖ ⌐│ ∏♥☻♩Ⱨכ☻╩ ⇔≡⁸ ⌐ ™⅜ ╠⌠ ╩ ∆↓≤⁹ 

ᵕ ⁸ ⁸ ⁸ ─  

· ◖fi◒ꜞכ♩─ ╩ →╢╟℮⌂ ⁸ ⁸ ⁸ │ ╩ ╕⌂™╟℮ ∆╢↓

≤⁹ 

ᵖ ─ ⅝↕ 

· │ ┘ ≤ ≤─ ╩ ⌐ ╢ ─ ⅝↕≤∆╢↓≤⁹ 

 

4)  ─ ╘ ⇔ 

│ 76 ₈ ─ ⌐ ≠ↄ ◖fi

─♩כꜞ◒ ╦ↄ ┘ ─ ╡│∏⇔⌐ ∆╢ 46 1 29  110 ₉╩

⌐ ╘╢ ╩ ╡⁸ ─◖fi◒ꜞכ♩ ⅜ ⅛╘╠╣⌂™ ⌐ ╘ ─ ⇔╩

╦⌂™↓≤⁹ 

 

17.2.  ╖ ─ ─  
ₒ ₓ 

╖ ─ ─  

 ─ ╖ ∕─ ─ ╖ ─ ─ │⁸ ⌐ ╘╢≤↓╤

⌐╟╠⌂↑╣┌⌂╠⌂™⁹ 

 ─ ⁸ ↕ ┘ ─ ↕ ⌐ ∆╢ ─ ─ ─

─ ─ ↕╩™℮⁹ β1⌐⅔™≡ ∂⁹ ⅜⁸ ─ ⌐ ∂ ⌐ ╘╢ ⌐

⇔⁸⅛≈⁸ ─ ─ ↕⅜⁸ ─ ↕╣╢ ─ ⅜⁸ ─ │

⌐ ∆╢╙─≢№╢≤⅝│ ☿fi♅ⱷכ♩ꜟ ⁸∕─ ─╙─≢№╢≤⅝│ ☿fi

♅ⱷכ♩ꜟ ≢№╢↓≤⁹ 

 ∕─ ─ │⁸ ⅎ ↕╩ ☿fi♅ⱷכ♩ꜟ ≤⇔⁸◖fi◒ꜞכ♩╩ ™≡

─ ≤⇔⁸⅛≈⁸∕─ ⌐ ⁸ │ ∂╡ ≢ ⌐ ╘∆╢↓≤⁹ 

 ⌐ ╘╢≤↓╤⌐╟≈≡╙⁸ ─ ⌐╟╡│╠╖ ⇔∕─ ─ ─⅔∕╣⅜№╢

≤⅝│⁸ ⌂ ⌐ ◖fi◒ꜞכ♩ ─ ⅎ ╩ ↑╢ ⌂ ╩ ∏╢↓≤⁹ 

 ╩ ⌐ ⇔≡ ∆╢ ╩ ⅝⁸ ─ ─ ╣─ ↕│⁸ ─ ↕╣╢

─ ⅜⁸ ─ │ ⌐ ∆╢╙─≢№╢≤⅝│ ─ ↕─

─ ∕─ ⅜ ☿fi♅ⱷכ♩ꜟ⌐ √⌂™≤⅝│⁸ ☿fi♅ⱷכ♩ꜟ ⁸∕─

─╙─≢№╢≤⅝│ ─ ↕─ ─ ∕─ ⅜ ☿fi♅ⱷכ♩ꜟ⌐ √⌂™≤⅝

│⁸ ☿fi♅ⱷכ♩ꜟ ≤⇔⁸⅛≈⁸ ⌐│⁸ ─ ◖fi◒ꜞכ♩ │ ◖

fi◒ꜞכ♩ ≢⁸ ─ ╡ ┘ ⌐ ⇔≡ ≢№╢ ╩ ↑╢↓≤⁹ 

 

β1 
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 ↕ ─ ↕ 

 ⁸ ⁸

│ ∂╡  

╩ ⅎ

 

ⱷכ♩ꜟ  ☿fi♅ⱷכ♩ꜟ  

ⱷכ♩ꜟ╩ ⅎ ⱷכ♩ꜟ  ☿fi♅ⱷכ♩ꜟ  

╩ ⅎ

 

ⱷכ♩ꜟ  ☿fi♅ⱷכ♩ꜟ  

ⱷכ♩ꜟ╩ ⅎ ⱷכ♩ꜟ  ☿fi♅ⱷכ♩ꜟ  

ⱷכ♩ꜟ╩ ⅎ ⱷכ♩ꜟ  ☿fi♅ⱷכ♩ꜟ  

 ⱷכ♩ꜟ  ☿fi♅ⱷכ♩ꜟ  

ⱷכ♩ꜟ╩ ⅎ ⱷכ♩ꜟ  ☿fi♅ⱷכ♩ꜟ  

ⱷכ♩ꜟ╩ ⅎ ⱷכ♩ꜟ  ☿fi♅ⱷכ♩ꜟ  

 ⁸ כ꜡

ⱶ⁸ ∕─

↓╣╠⌐ ∆╢

╙─ 

╩ ⅎ

 

ⱷכ♩ꜟ  ☿fi♅ⱷכ♩ꜟ  

ⱷכ♩ꜟ╩ ⅎ ⱷכ♩ꜟ  ☿fi♅ⱷכ♩ꜟ  

╩ ⅎ

 

ⱷכ♩ꜟ  ☿fi♅ⱷכ♩ꜟ  

ⱷכ♩ꜟ╩ ⅎ ⱷכ♩ꜟ  ☿fi♅ⱷכ♩ꜟ  

ⱷכ♩ꜟ╩ ⅎ ⱷכ♩ꜟ  ☿fi♅ⱷכ♩ꜟ  

 ⱷכ♩ꜟ  ☿fi♅ⱷכ♩ꜟ  

ⱷכ♩ꜟ╩ ⅎ ⱷכ♩ꜟ  ☿fi♅ⱷכ♩ꜟ  

ⱷכ♩ꜟ╩ ⅎ ⱷכ♩ꜟ  ☿fi♅ⱷכ♩ꜟ  

ⱷכ♩ꜟ╩ ⅎ ⱷכ♩ꜟ  ☿fi♅ⱷכ♩ꜟ  

 ∕─ ─  ╩ ⅎ

 

ⱷכ♩ꜟ  ☿fi♅ⱷכ♩ꜟ  

ⱷכ♩ꜟ╩ ⅎ ⱷכ♩ꜟ  ☿fi♅ⱷכ♩ꜟ  

╩ ⅎ

 

ⱷכ♩ꜟ  ☿fi♅ⱷכ♩ꜟ  

ⱷכ♩ꜟ╩ ⅎ ⱷכ♩ꜟ  ☿fi♅ⱷכ♩ꜟ  

ⱷכ♩ꜟ╩ ⅎ ⱷכ♩ꜟ  ☿fi♅ⱷכ♩ꜟ  

 ⱷכ♩ꜟ  ☿fi♅ⱷכ♩ꜟ  

ⱷכ♩ꜟ╩ ⅎ ⱷכ♩ꜟ  ☿fi♅ⱷכ♩ꜟ  

ⱷכ♩ꜟ╩ ⅎ ⱷכ♩ꜟ  ☿fi♅ⱷכ♩ꜟ  

ⱷכ♩ꜟ╩ ⅎ ⱷכ♩ꜟ  ☿fi♅ⱷכ♩ꜟ  

  

₡ ₢ 

╖ ∕─ ─ ╖ ╩ ∆╢ ⁸ ─ ⌐ ⇔≡ↄ∞↕™⁹ 

1)  ╖ ─ ─  

╖ ─ │⁸ ⁸ ─ ⁸ ↕⁸ ─ ↕⁸ ╣ ↕ ⌐ ∂≡ ⌐ ∆

╢╙─≤∆╢⁹ ⌐ √∫≡│ ─ ⌐ ∆╢↓≤⁹ 

ᵑ ─ ⁸ ↕ ┘ ─ ↕  

╛ ─ ⌐ ∂⁸  17- 4⌐ ∆ ≤∆╢↓≤⁹⌂⅔⁸ ╖ ─ ↕│⁸5

╩ ≤∆╢↓≤⁹ 

ᵒ  

⌐ ∆╢ │⁸5kN/m2 ≤∆╢↓≤⁹ 

ᵓ ⅎ  

⅜ 5kN/m2╩ ⅎ╢ │⁸ ◖fi◒ꜞכ♩ ─ ⅎ ╩ ↑╢⌂≥─ ╩ ∂╢↓

≤⁹ 

ᵔ ∕─ ─  

ⅎ ↕│ 30 ≤⇔⁸◖fi◒ꜞכ♩⌐╟╡ ∆╢↓≤⁹ 

ᵕ◖fi◒ꜞכ♩Ⱪ꜡♇◒ ╖ ─  

╘⌐◖fi◒ꜞכ♩╩ ™≡ ∆╢◖fi◒ꜞכ♩Ⱪ꜡♇◒ ╖ ─ ⌐≈™≡│⁸₈

─ ⌐ ≠⅝ ╘⌐◖fi◒ꜞכ♩╩ ™≡ ∆╢◖fi◒ꜞכ♩Ⱪ꜡♇◒

╖ ─ ─ ╩ ∆╢  ₉⌐╟╢↓≤⁹ 
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 17- 4 ╖ ─  

 

 ╘  

 ↕ 
─

↕ 

─

↕ 
╣ 

─ ↕ 
─

↕ 

  
 

│  

 

⁸

⁸

│

∂╡  

70 ╩ ⅎ 75

 

2m  40cm  40cm  35cm ⅛

≈

↕─ 100

─ 15  

60cm ╙

⇔ↄ│

↕─

100 ─ 20

─™∏╣⅛

⅝™  

30cm  30cm  

2m╩ ⅎ 3m  50cm  

65 ╩ ⅎ 70

 

2m  40cm  

2m╩ ⅎ 3m  45cm  

3m╩ ⅎ 4m  50cm  

65  3m  40cm  

3m╩ ⅎ 4m  45cm  

4m╩ ⅎ 5m  60cm  

 

⁸

כ꜡

ⱶ⁸

∕─

↓╣╠

⌐ ∆╢

╙─ 

70 ╩ ⅎ 75

 

2m  50cm  

2m╩ ⅎ 3m  70cm  

65 ╩ ⅎ 70

 

2m  45cm  

2m╩ ⅎ 3m  60cm  

3m╩ ⅎ 4m  75cm  

65  2m  40cm  

2m╩ ⅎ 3m  50cm  

3m╩ ⅎ 4m  65cm  

4m╩ ⅎ 5m  80cm  

 

∕─ ─

 

70 ╩ ⅎ 75

 

2m  85cm  70cm  45cm ⅛

≈

↕─ 100

─ 20  

2m╩ ⅎ 3m  90cm  

65 ╩ ⅎ 70

 

2m  75cm  

2m╩ ⅎ 3m  85cm  

3m╩ ⅎ 4m  105cm  

65  2m  70cm  

2m╩ ⅎ 3m  80cm  

3m╩ ⅎ 4m  95cm  

4m╩ ⅎ 5m  120cm  

 

 
 17- 11 ╖ ∕─ ─ ╖  
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2)  ╖ ─ ─  

ᵑ ╡ 

· ─ ┘ ╘◖fi◒ꜞכ♩ ╩ ⌐ ∆╢√╘⁸ ╡ ┘ ╡╩ ∆

╢↓≤⁹ 

· ╡ │ 10 ╩ ≤⇔⁸ ┘ ה ─ ⌐ ∆╢↓≤⁹ 

ᵒ ╘◖fi◒ꜞכ♩ ┘  

· ╘◖fi◒ꜞכ♩ ┘ ─ ↕⅜ ⇔⌂™╟℮⁸ ╖ ─ ↕╩ ⇔√ 

· ╩ ∆╢↓≤⁹ 

ᵓ  

· ╘◖fi◒ꜞכ♩⅜ ה │ ⌐ ⇔≡ ╩ ⌂╦⌂™╟℮

╩ ∆╢↓≤⁹ 

ᵔ ╖ 

· ─ │⁸ ╖ ⌐ ™╩∆╢↓≤⁹ 

· ─ ╩ ∆╢√╘⁸ ⅜≢⅝⌂™╟℮ ╖╩∆╢↓≤⁹ 

ᵕ  

· 1 ─ │⁸ ╖ ⅞⌐╟╡ ⅜ ⌐∑╡ ↕⌂™ ⌐≤≥╘╢⁹ 

ᵖ ⅝ ─  

· ◖fi◒ꜞכ♩≢ ⅝ ╩ ⇔⌂™╟℮ ∆╢↓≤⁹ 

· ─ ↕│⁸ ⌐ ↄ ╡ ⅞⌂™╟℮⌐∆╢↓≤⁹ 

ᵗ◖fi◒ꜞכ♩  

· ╘◖fi◒ꜞכ♩ ┘ ╘◖fi◒ꜞכ♩─ ⌐ √∫≡│⁸◖fi◒ꜞכ ≤ ≤⅜

∆╢╟℮ ╘╢↓≤⁹ 

ᵘ ─ ╘ ⇔ 

· ─ ╘ ⇔ │ ╘◖fi◒ꜞכ♩ ┘ ╘◖fi◒ꜞכ♩⅜ ⇔≡⅛╠ ∆╢╙

─≤⇔⁸ ⌐ ╘╩ ™⁸ ⌐ ╖≤ ⇔≡ ∆╢↓≤⁹ 

ᵙ  

· ╘◖fi◒ꜞכ♩ ┘ ╘◖fi◒ꜞ⁸│♩כ ∟⌐ ♩כ◦ ≢ ™⁸ ∆

╢↓≤⁹ 

ᵚ∕─  

· │ ─ ─ ⌐ ⇔≡ ↕╣╢ ⌐≈™≡│⁸ ─ │ ⌐ ╩ ⅎ⌂

™╟℮ ∆╢↓≤⁹ 

ᵛ ╣ 

· ⌐ ─ ⅜№╢ 50 ⌐ │⁸∕─ ╩ ≤

⇔⁸∕─ ╟╡ ╣╩ ∆╢↓≤⁹ ⅜№╢ │⁸∕─ ╩ ≤∆╢⁹

 17- 12 ч╩  

· ─ ⅜⁸ ⁸ ─ │⁸∕╣╠─ ╩ ™√ ╩ ≤⇔⁸∕─ ╟

╡ ╣╩ ∆╢↓≤⁹ 

· ─ ⌐ ∆╢ │⁸ ⅛╠ ╣ ↕╩ 80 ⅛≈ ↕─ H/4

∆╢↓≤⁹  17- 12 ш╩  

ה · ™─ ⌐ ↑╢ │⁸ ─ ╩ ⇔⁸ ⅛╠ ⌐╟╢

 17- 1╩ ╟╡ ⇔√ ⌐ ↑╢↓≤⁹  17- 12 щ╩  
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ч ⌐ ∆╢ 50 ⌐  

 
 

ш ⌐ ∆╢          щ ה ™─ ⌐ ↑╢  

       
 17- 12 ╣─ ↕ 

[  , ⱴ♬ꜙ▪ꜟ─

, 5 11 ]  

 

17.3.  ⌐≈™≡─ ─  
ₒ ₓ 

⇔⌂↑╣┌⌂╠⌂™ ⌐≈™≡─ ─  

 ─ ⌐╟╡ ↕╣╢ ⌐≈™≡│⁸

─ ⅛╠ ╕≢⁸ ╩ ↄ⁹⁸ ⅛╠ ╕≢ ┘

─ β1╩ ∆╢⁹ 

 

⌐ ∆╢ ⌐≈™≡─ ─  

 │ ─ ╩ ↑⌂↑╣┌⌂╠⌂™ ⌐ ∆╢

⌐╟╡ ∆╢ ≢ ↕⅜ ⱷכ♩ꜟ╩ ⅎ╢╙─ ─ ⌐╟╡ ↕

╣╢╙─╩ ↄ⁹ ⌐≈™≡│⁸ ─ ─ ─ ⌐

╢ ╩ ↄ⁹ β2─ ╩ ∆╢⁹ 

 

β1 

ₒ ₓ 

─  

─  ─ ⌐ √≈≡│⁸∕─ ⁸ ┘ ─ ┘⌐ ─

⌐ ∂≡ ⁸│╡⁸ ⁸ ╩ ⌐ ⇔≡⁸ ⅜⁸↓╣⌐ ∆╢ ⁸ ⁸

⁸ ⁸ ┘ ┘⌐ ∕─ ─ ┘ ⌐ ⇔≡⁸ ⌐

≢№╢╟℮⌐∆═⅝╙─≤∆╢⁹ 

 ⌂ │⁸ ⌐ ∆╢ ⌐ ⅎ╢╟℮⌐⁸ ™ ↄ ∆═⅝╙─

≤∆╢⁹ 
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 ─ ⌂ ⌐│⁸ ─ ≤⌂╢ │ ⅜ ∂⌂™╟℮⌂

┘ ⅜ ∂⌂™╟℮⌂ ╩╙√∆═⅝╙─≤∆╢⁹ 

 

─ ≤╖⌂∆↓≤⅜≢⅝╢  

─  ⌐⅔™≡ ∆╢ ╩ ╗⁹ ─ ≢

╘╢ │⁸ ─ ─ ⅜◄◐☻Ɽfi◦ꜛfi☺ꜛ▬fi♩∕─ ─ ⌐ ╩ ⅎ⌂

™ ─╖≢ ⇔≡™╢ ⌐⅔↑╢ ─ ≤∆╢⁹ 

  

─  

 ⌂ ≢ ⌐ ⁸ │ ─⅔∕╣─№╢╙─⌐│⁸ ⁸

⇔ↄ│ ⇔⌐ↄ™ │ ⌂↕┘ ╘⁸ ⇔ↄ│ ─√╘─ ╩⇔√ ╩

⇔⌂↑╣┌⌂╠⌂™⁹ 

 

 

 ─ │⁸ ⌐ ∆╢ ┘ ╩ ⌐ ⌐ ⅎ⁸⅛≈⁸ ─

│ ⌐ ⇔≡ ⌂╙─≤⇔⌂↑╣┌⌂╠⌂™⁹ 

 ⌐│⁸ ⌂╢ ⌐╟╢ ╩ ⇔≡│⌂╠⌂™⁹ 

 ─ ─ │⁸ ─ ⁸ ┘ ─ ╩ ⇔≡ ⅜ ╘√

╩ ™╢╙─≤⇔⌂↑╣┌⌂╠⌂™⁹↓─ ⌐⅔™≡⁸ ↕ ⱷכ♩ꜟ │ ═

ⱷכ♩ꜟ╩ ⅎ╢ ≢⁸ ⌐ ∆╢ ⅜ ─ ⱷכ♩ꜟ⌐

≈⅝ ╩fi♩כꜙ♬꜡◐ ⅎ╢╙─⌐№≈≡│⁸ ─ ←™╩ ∆╢ ⌐№≈≡

│⁸ ←™─ ╩ ⌂ ⌐ ∆╢↓≤≤⇔⌂↑╣┌⌂╠⌂™⁹ 

 ─ │⁸ ─ ⌐≈™≡ ⅜ ╘╢ ⌐ ≈√ ⌐╟≈≡

≢№╢↓≤⅜ ⅛╘╠╣√ ⌐⅔™≡│⁸ ⇔⌂™⁹ 

 ⁸ │ ⌐╟╡ ↑╠╣╢ ←™│⁸∕╣╩ ↑╢ ⌐ ∆╢ ∕─ ─

⌐ ⇔≡ ⌂╙─≢⌂↑╣┌⌂╠⌂™⁹ 

 ─ ⌐ ←™╩ ∆╢ ⌐⅔™≡│⁸∕─ ←™│⁸ ─ ─ ⌐

∆╢ ╩ ⅝⁸ ⌐№╢╟℮⌐⇔⌂↑╣┌⌂╠⌂™⁹ 

 

┤⅝  

 ┤⅝ ⁸ ⁸ ⁸ ∕─ ↓╣╠⌐ ∆╢ ─ ┘ ⁸

∕─ ─ ⌐ ╡ ↑╢╙─│⁸ ┘⌐ ∕─ ─ ┘ ⌐╟≈≡

⇔⌂™╟℮⌐⇔⌂↑╣┌⌂╠⌂™⁹ 

 ┤⅝ ⁸ ┘ ⌐ ∆╢ ─ │⁸ ⌂╙─≤⇔≡

⅜ ╘√ ╩ ™╢╙─≤⇔⌂↑╣┌⌂╠⌂™⁹ 

 ⌐╟≈≡ ⌂ ╩ ∏╢⅔∕╣⅜№╢╙─≤⇔≡ ⅜ ╘╢

╩™℮⁹ ∂⁹ ─ │⁸ ⌂╙─≤⇔≡⁸ ⅜ ╘√ ╩

™╢╙─ │ ─ ╩ ↑√╙─≤⇔⌂↑╣┌⌂╠⌂™⁹ 

 ≢ ⌐ ⁸ ∕─ ─ ─⅔∕╣─№╢╙─⌐│⁸ ⁸ ∕─ ─ ⇔⌐

ↄ™ │ ⌂↕┘ ╘⁸ ∕─ ─ ─√╘─ ╩⇔√ ╩ ⇔⌂↑╣┌⌂

╠⌂™⁹ 

 

─  

 ⌐ ∆╢╣╪⅜⁸ ⁸◖fi◒ꜞכ♩Ⱪ꜡♠◒∕─ ─ │⁸ ∆╢⌐

√≈≡ ⌐ ™╩⇔⌂↑╣┌⌂╠⌂™⁹ 

 │⁸∕─ ─ ⌐⸗ꜟ♃ꜟ⅜ ⅝╦√╢╟℮⌐ ⇔⌂↑╣┌⌂╠⌂™⁹ 

  

 │⁸ ⅜≢⅝⌂™╟℮⌐ ⇔⌂↑╣┌⌂╠⌂™⁹ 

 

◖fi◒ꜞכ♩─  
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 ◖fi◒ꜞכ♩ ⌐ ∆╢◖fi◒ꜞכ♩─ │⁸ ─ ⌐ ╘╢≤↓╤⌐╟╠

⌂↑╣┌⌂╠⌂™⁹ 

 ⁸ ┘ │⁸ ╩↕┘↕∑⁸ │◖fi◒ꜞכ♩─ ┘ ╩ →╢╟℮⌂

⁸ ⁸ │ ╩ ╕⌂™↓≤⁹ 

 │⁸ ┘ ≤∑⅝ ≤─ ╩ ⌐ ╢ ⅝↕≢№╢↓≤⁹ 

 │⁸ ⌂ ┘ ─╙─≢⁸⅛≈⁸ ◖fi◒ꜞכ♩⌐ ⌂ ⁸ ┘

⅜ ╠╣╢╙─≢№╢↓≤⁹ 

 

─ ┘  

 ─ │⁸⅛⅞ ⌐ ╡ →≡⁸◖fi◒ꜞכ♩⅛╠ ↑ ⌂™╟℮⌐ ⇔⌂↑╣

┌⌂╠⌂™⁹√∞⇔⁸ ─ ⌐ →╢ ─ ⌐ ∆╢ ⌐№≈≡│⁸∕─

╩ ╡ →⌂™↓≤⅜≢⅝╢⁹ 

 ┘│╡ ┌╡╩ ↄ⁹ ─ ∆╖  

  

 │ ─ ↓─ ⌐⅔™≡₈ ₉≤™℮⁹ ─ ─ ⌡ ↕│⁸ ╩

⌐⅔↑╢ ─ ╙ ↕™ ⌐ ↑╢ ⌐№≈≡│⁸ ─ ─ ⌂╢

╩≈⌂← ⌐№≈≡│⁸ ™ ─ ⁹ ↓─ ⌐⅔™≡ ∂⁹ ─ ≤⇔⁸

╩ ╡ ─ ╙ ↕™ ─ ⌐ ↑╢ ⌐№≈≡│⁸ ─ ─ ≤

⇔⌂↑╣┌⌂╠⌂™⁹√∞⇔⁸ ⅜ ╘√ ╩ ™╢ ⌐№≈≡│⁸↓─ ╡

≢⌂™⁹ 

 ⌐ ╡ ↑╢│╡─ ╡ │⁸ ─ ⌐ ∆╢ ╩ ⅝⁸ ⌐ ↕╣╢ ─

↕╩∕─ ─ ≤⇔⌂↑╣┌⌂╠⌂™⁹√∞⇔⁸ ⅜ ╘╢ ⌐ ≈√

⌐╟≈≡ ≢№╢↓≤⅜ ⅛╘╠╣√ ⌐⅔™≡│⁸↓─ ╡≢⌂™⁹ 

 ╩ ∆╢ ◖fi◒ꜞכ♩ ⌐≈™≡ ─ ╩ ∆╢ ⌐│⁸↓╣╠─

₈ ₉≤№╢─│₈ ₉≤⁸₈ ₉≤№╢─│₈ ₉≤∆╢⁹ 

 

◖fi◒ꜞכ♩─  

 ◖fi◒ꜞכ♩ ⌐ ∆╢◖fi◒ꜞכ♩─ │⁸ ⌐ ╘╢╙─≢⌂↑╣┌⌂╠

⌂™⁹ 

 │⁸ Ⱶꜞⱷכ♩ꜟ⌐≈⅝ fi♩כꜙ♬ ╩ ∆╢ ⌐⅔™

≡│⁸ fi♩כꜙ♬ ≢№╢↓≤⁹ 

 ⌐ ⇔ ∆╢ ╩™℮⁹ ∂⁹ ≤─ ⌐⅔™≡

⅜ ≢№╢≤ ╘≡ ╘╢ ⌐ ∆╢╙─≢№╢↓≤⁹ 

 ⌐ ∆╢◖fi◒ꜞכ♩─ ╩ ╘╢ ⌐⅔™≡│⁸ ⅜ ∆╢

⌐╟╠⌂↑╣┌⌂╠⌂™⁹ 

 ◖fi◒ꜞ⁸│♩כ ╡⅜ ≢ ⌐⌂╡⁸⅛≈⁸ ⌂ ⅜ ╠╣╢╟℮⌐∕─ ╩

╘⌂↑╣┌⌂╠⌂™⁹ 

 

◖fi◒ꜞכ♩─  

 ◖fi◒ꜞכ♩ ╖ ┘ ╖ │⁸◖fi◒ꜞכ♩─ ⅜ ╩ ╠⌂™╟

℮⌐⇔⁸⅛≈⁸ ⁸ ⌐╟≈≡◖fi◒ꜞכ♩─ ┘ ⅜ →╠╣⌂™╟℮⌐ ⇔⌂

↑╣┌⌂╠⌂™⁹√∞⇔⁸◖fi◒ꜞכ♩─ ┘ ╩ ∆╢√╘─ ─ ╩ ∏╢

⌐⅔™≡│⁸↓─ ╡≢⌂™⁹ 

 

─⅛┬╡ ↕  

 ⌐ ∆╢◖fi◒ꜞכ♩─⅛┬╡ ↕│⁸ ─ │ ⌐№≈≡│ ☿fi♅

ⱷכ♩ꜟ ⁸ ⁸ ││╡⌐№≈≡│ ☿fi♅ⱷכ♩ꜟ ⁸ ⌐ ∆╢ ⁸ ⁸

⇔ↄ││╡ │ ─ ╡ ⌐№≈≡│ ☿fi♅ⱷכ♩ꜟ ⁸ ─ ╡

╩ ↄ⁹ ⌐№≈≡│ ◖fi◒ꜞכ♩─ ╩ ™≡ ☿fi♅ⱷכ♩ꜟ ≤⇔⌂↑╣┌⌂╠⌂

™⁹ 
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 ─ │⁸ ⁸ ⁸ │ ⌐╟╢ ─ ╩ ⇔⁸⅛≈⁸ ≤◖fi◒ꜞכ♩≤╩

⌐ ↕∑╢↓≤⌐╟╡⁸ ⌐ ∆╢⅛┬╡ ↕≤⇔√ ≤ ─ ┘

╩ ∆╢╙─≤⇔≡⁸ ⅜ ╘√ ╩ ™╢ ┘ ─ ╩ ↑

√ ⌐≈™≡│⁸ ⇔⌂™⁹ 

 

β2 

 

 ⌐ ∆╢ ─℮∟ ⌐ →╢ ↓─ ⌐

⅔™≡ ⌐₈ ₉≤™℮⁹ ⌐ ∆╢ ⌐⅔™≡ ╖ ⅎ≡ ∆╢

─ ≢ ╘╢ │⁸ ⌐ →╢ ⌐ ∆╢ │↓╣≤ ⌐

─ ┘ ╩ ∆╢↓≤⅜≢⅝╢╙─≤⇔≡ ⅜ ╘√ ╩ ™╢↓

≤≤∆╢⁹ 

 ◖fi◒ꜞכ♩ ⁸ ∕─ ↓╣╠⌐ ∆╢ ⇔⌂™ ╩ ™√ ≤∆╢↓≤⁹ 

 ─ ⌐№≈≡│⁸◖fi◒ꜞכ♩╩ ™≡ ╘⇔⁸ ≤ ≤╩ ⌐ ∆╢↓≤⁹ 

 ─ ─ ╩ ↄ∆╢√╘⁸ ╩ ↑⁸⅛≈⁸ ─ ─ ─ ⌐ ∕

─ ↓╣⌐ ∆╢╙─╩ ╘╢↓≤⁹ 

 ⌐⅔™≡ ∆╢ ─ ─ ╩ ↄ⁹ ─ ╩ ↄ⁹ ⌐

∆╢ ╩ ™╢↓≤⁹ 

 ∕─ ™╢ ⅜⁸ ⅜ ╘╢ ⌐ ≈√ ⌐╟≈≡ ⅛╘╠╣╢

╩ ∆╢↓≤⁹ 

 ⌐≈™≡│⁸ ─ ⁸ ⁸ ⁸ ┘ ⁸

⁸ ⁸ ⁸ ⁸ ⁸ ⁸

⁸ ⁸ ⁸ ⁸ ⁸

⁸ ┘ ─ ⌐ ∆╢ ⌐ ╢⁹⁸ ─ ┘⌐ ─

─ ╩ ↄ⁹ ─ ╩ ∆╢⁹β3 

 

β3 

─  

─   

 

─  

  

 

 

  

 

┤⅝  

  

 

─  

 ↓─ ─ │⁸╣╪⅜ ⁸ ⁸◖fi◒ꜞכ♩Ⱪ꜡♇◒ ∕─ ─ ◖fi

◒♇꜡Ⱪ♩כꜞ◒ ╩ ↄ⁹ ↓─ ┘ ⌐⅔™≡ ∂⁹ ─ │ ≤ ∕

─ ─ ≤╩ ∆╢ ─ ─ ⌐ ∆╢⁹√∞⇔⁸ ↕ ⱷכ♩ꜟ ≢

№╡⁸⅛≈⁸ ─ ↕⅜ ⱷכ♩ꜟ ─ ─ ≢⁸ ⁸ │ ◖fi◒ꜞכ♩⌐╟

≈≡ ↕╣⁸⅛≈⁸ ⅜ ╘╢ ⌐ ≈√ ⌐╟≈≡ ≢№╢

↓≤⅜ ⅛╘╠╣√╙─⌐≈™≡│⁸ ⇔⌂™⁹ 

 

⌂ ─↕↕ⅎ  

 ≢№╢ ⌂ │ ⌂ ≢⌂™ ─ ≢ ↕

⅜ ⱷכ♩ꜟ╩↓ⅎ╢╙─│⁸ ─ ≢↕↕ⅎ≡│⌂╠⌂™⁹ 
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─  

 ↓─ ─ │⁸ ◖fi◒ꜞכ♩ ─ │ ◖fi◒ꜞכ♩ ≤ ∕─

─ ≤╩ ∆╢ ─ ◖fi◒ꜞכ♩ ─ ⌐ ∆╢⁹ 

 

◖fi◒ꜞכ♩─  

  

 

─ ┘  

  

 

◖fi◒ꜞכ♩─  

  

 

◖fi◒ꜞכ♩─  

  

 

─⅛┬╡ ↕  

  

 

◖fi◒ꜞכ♩ ⌐ ∆╢ ┘ ─ ─  

 ◖fi◒ꜞכ♩ ─ │ ◖fi◒ꜞכ♩ ≤∕─ ─ ≤╩ ∆╢

─ ◖fi◒ꜞכ♩ ─ ⌐≈™≡│⁸↓─ ─ ╩ ↄ⁹ ─ ┘

⌐ ⌐ ∆╢ ╩ ↄ⁹⁸ ┘ ⅛╠ ╕≢

─ ╩ ∆╢⁹ 

 

⌐ ∆╢  

─  ⅛╠ ╕≢⌐ ╘╢╙──╒⅛⁸ ⅜⁸ ─ ⌐ →╢

│ ─ ─ ⌐ ⇔⁸ ⌂ ╩ ╘√ ⌐⅔™≡│⁸∕╣

╠─ │ ─ │⁸∕─ ⌐ ≈√ ≤⇔⌂↑╣┌⌂╠⌂™⁹ 

 ⁸ ⁸ ◖fi◒ꜞכ♩Ⱪ꜡♇◒ ⁸ ⁸ ◖fi◒ꜞכ♩ ⁸ ◖fi◒

♩כꜞ │ ◖fi◒ꜞכ♩ ─ │ ─ ≢⁸ ─ ⌐╟╢╙─ 

 ⁸ ⁸ ◖fi◒ꜞכ♩Ⱪ꜡♇◒ ⁸ ⁸ ◖fi◒ꜞכ♩ ⁸ ◖fi◒

♩כꜞ ┘ ◖fi◒ꜞכ♩ ─ │ ─  

₡ ₢ 

┘ ⌐ ∆╢ ⌐≈™≡─ ─ ⌐≈™≡│⁸ ─ ⌐ ⇔

≡ↄ∞↕™⁹ 

1)  ─  

36 ─ 3⅛╠ 39 ╕≢⁸ 52 3 ╩ ↄ⁹⁸ 72 ⅛╠ 75 ╕≢ ┘

79 ─ ╩ ∆╢↓≤⁹ 

 

2)  ⌐ ∆╢ ─  

⌐⅔™≡ ℮⁸ ╩ ╗ ╩ ∆╢ ⌐ ∆╢ ⌐╟╡ ∆╢

≢ ↕⅜ 2 ╩ ⅎ╢ ⌐≈™≡│⁸ 142 7 ─ 8─ ─ ⌐ ╢

╩ ↄ⁹ ─ ╩ ∆╢↓≤⁹ 

⌂⅔⁸ ↕ 2 ─ ⌐≈™≡╙⁸ ⌐ ∂≡ ⌐ ∆╢ ╩ ∆╢

↓≤⅜ ╕⇔™⁹ 
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 17- 5 ─  

 ↕   

8 ─

 
∆═≡ 

8 10 ⁸12  

36 ─ 3 39 ⁸

52 3 ╩ ↄ⁹⁸ 72

75 79  

13  

11  

 
2  142  13  

2  ⌂⇔  

 

17.4.  ─  
ₒ ₓ 

─  

 ─ ⌐╟╡ ↕╣╢ ⌐│⁸∕─ ─ ╩ ↄ∆╢√╘⁸

─ ⱷכ♩ꜟ ↔≤⌐ ⌂ↄ≤╙ ─ ⅜ ה ☿fi♅ⱷכ♩ꜟ ─ ∕

─ ↓╣⌐ ∆╢ ─ ╩ ™√ ╩ ↑⁸⅛≈⁸ ─ ─ ─ ∕─

⌂ ⌐│⁸ ∕─ ─ ╩ ™≡ ╩ ↑⌂↑╣┌⌂╠⌂™⁹ 

₡ ₢ 

─ ╩ ↄ∆╢√╘⁸ ╩ ∆╢ │⁸ ─ ⌐ ⇔≡ↄ∞↕™⁹ 

1)  ─ ┘  

·  17- 13⌐ ∆ ┘ ≤∆╢↓≤⁹ 

· ─ 3 2⌐ 1 ⁸ ⌐ ∆╢↓≤⁹ 

· │⁸75 ≤∆╢↓≤⁹ 

· ─ ↄ ┘ ─№╢ ⌐ ⌐ ⌐ ∆╢↓≤ 

· ─ ≢ ─ ⌐№√∫≡™╢ ⅜№╢ │⁸ ⌐ ╩ ↑≡ ╩

∆╢↓≤⁹ 

· ⌐ ⌂ ╩≤╢↓≤⁹ 

· ─ ⌐│ ⅛╠ ⇔⌂™ ─ ⅝↕─ ╩ ⅝⁸ ⁸ ⁸ ⅜

⇔⌂™╟℮⌐ ∆╢↓≤⁹ 

· ◖fi◒ꜞכ♩─ ≢ ╣⌂™╙─╩ ∆╢↓≤⁹ 

 

2)  ─ ∕─ ─  

· ⅛╠ 30 ⅛╠ ─ ─ ╕≢ ↑╢↓≤⁹ 

· ╩ ™╢ │⁸ ─ ↕╩ 30 ≤∆╢↓≤⁹ 

· ─ ⌐│⁸ ≤⌂╢ ◖fi◒ꜞכ♩╩ ↑╢↓≤⁹ 

· ╩ ™√₈ ⱴ♇♩₉╩ ∆╢ │⁸₈ ⱴ♇♩ ⱴ♬ꜙ▪ꜟ₉╩

⌐∆╢↓≤⁹ 

 

 
 17- 13 ─  
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17.5.  ─ │ ⌐╟╢  
ₒ ₓ ─ │ ⌐╟╢  

 │ ⅜ ┘ ⅛╠ ╕≢─ ⌐╟╠⌂

™ ≢⁸ ⅜↓╣╠─ ⌐╟╢ ≤ ─ ⅜№╢≤ ╘╢╙─⌐≈™≡

│⁸↓╣╠─ │⁸ ⇔⌂™⁹ 

₡ ₢ 

⌐≈™≡│⁸ ⌐ ≠ↄ ─ │№╡╕∑╪⁹ ⌂ │ ⌐╟╢

│⁸ ⌐ ─≤⅔╡≢∆⁹ 

ᵑ◖fi◒ꜞכ♩Ⱪ꜡♇◒ ╖  

ᵒ◖fi◒ꜞכ♩Ⱪ꜡♇◒ ╖ 10 ─ ╩ √∆╙─ ┘₈

─ ⌐ ≠⅝ ╘⌐◖fi◒ꜞכ♩╩ ™≡ ∆╢◖fi◒ꜞכ♩Ⱪ꜡♇◒ ╖ ─

─ ╩ ∆╢  ₉⌐ ≠ↄ╙─╩

ↄ⁹  

ᵓ ╩ ™√◖fi◒ꜞכ♩Ⱪ꜡♇◒  

ᵔⱪ꜠◐ꜗ☻♩ ⌐╟╢ ◖fi◒ꜞכ♩  

ᵕ ⌐ ╩ ∆  

ᵖ  
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18.  ─ ⌐ ∆╢  
ₒ ₓ 

─ ⌐ ∆╢  

 ─ ≢ ╘╢ ⌐ ∆╢ ─ ─℮∟

─ ⌐ ∆╢╙─│⁸ ⌐ →╢╙─≤∆╢⁹ 

 │ ─ ┘ ─ │ ╩ ↄ⁹ ↓─ ⌐⅔™

≡ ∂⁹ ╩⇔√ ─ ⌐ ∏╢ ⌐ Ɫ⌐ ╢ ╩ ↄ⁹ ─

⌐╟╡ ╩ ∆╢↓≤≤⇔√ ⌐⁸ │ ╩⇔√ ─ ─ ⁸ ─

┼─ ─ ∕─ ─ ⅜ ∆╢ ─ ╩ ≈ ╩ ⌂℮╙─≤⇔≡

≢ ╘╢ β1⅜ ∏╢⅔∕╣⅜ ⌐ ⅝™≤ ╘╠╣╢≤⅝│⁸ ⌐ ⅎ≡⁸

╩ ⇔⁸↓╣╠─ ╩ ℮↓≤⁹ 

 ─ │⁸ ─™∏╣⌐╙ ∆╢╙─≢⌂↑╣┌⌂╠⌂™⁹ 

▬ ⌐ ∆╢ ⅜ ∂√ ⌐⅔™≡╙ ≤ ⇔√ ╩ ∆╢↓≤⅜≢⅝╢

≢№╢↓≤⁹ 

꜡ ⌐╟≈≡ ⁸ ⁸ │ ╩⇔⌂™ ≢№╢↓≤⁹ 

Ɫ ∕─ ⌐ ∆╢ ╩ ⌐ ∆╢↓≤⅜≢⅝╢ ≢№╢↓≤⁹ 

 

β1 

ₒ ₓ 

⅜ ∆╢ ─ ╩ ≈ ╩ ⌂℮  

 ┘ ⌐⅔™≡ ∆╢ ╩ ╗⁹ ─

≢ ╘╢ │⁸ ⌐ →╢╙─≤∆╢⁹ 

 │ ╩⇔√ ─ ─  

 │ ╩⇔√ ─ ─ ┼─ ─  

 ⌐ →╢╙──╒⅛⁸ ⅜ ∆╢ ─ ╩ ≈ ╩ ⌂℮  

₡ ₢ 

╩ ∆╢ ⁸ ─ ⌐ ⇔≡ↄ∞↕™⁹ 

1)  ─ ⌂ ⅎ  

│⁸ ─ ⅜ ∂√ ⌐⅔™≡╙ ≤ ⇔√ ╩ ∆╢↓≤⅜≢⅝⁸

╩ ⌐ ∆╢↓≤⅜ ⌂ ╩ ∆╢⁹ │⁸ ⅜ ∆╢ ─ ╩ ≈ ╩

⌂℮ ⅜ ∏╢⅔∕╣⅜ ⌐ ⅝™≤ ╘╠╣╢ ≢⁸⅛≈⁸ ⅛╠ ─ ⅜

↕╣╢ ⌐ ╡⁸ ⌐ ⅎ≡ ∆╢↓≤⅜≢⅝╢⁹ 

⌂⅔⁸ │⁸ ─ ─ ⅜ ↕╣⌂™ ⌐│ ≢⅝⌂™↓≤⅛╠⁸

⁸ ⅜ ╩ ≢⅝⌂™╙─⌐ ↕╣√ ⌐│ ∆╢↓≤ ╩⁸

─ ≤∆╢ ⅜№╢⁹ 

 

2)  ─ ┘  

ᵑ ─  

⁸ ⅛↔ ⁸☺○♥◐☻♃▬ꜟ ⁹ 

ᵒ ⌐ √∫≡─  

─ ⁸ ⁸ ⁸ ─ ╩ ⌐ ∆╢≤≤╙⌐⁸ ∆╢

╩ ⇔⁸ ⌐ ╘╠╣╢ ╩ ≢⅝╢╙─╩ ∆╢↓≤⁹╕√⁸

∕─ ⁸ ⌂ ⅜ ∆╢ ╛⁸ ⌐ ∆╢↓≤ ≢ ⌂ ⌐ ↑╠╣

╢ │ ⅜ ™↓≤⌐ ∆╢↓≤⁹ 

⌐⁸ ≤ ≤─ ⌐≈™≡ ⇔⁸ ⌂ ⁸ ⌐≈™≡ ⌐

─℮ⅎ⁸ ∆╢↓≤⁹ 
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 18- 1 ≤ ─  

   

 

·  

· ⅛↔  

· ☺○♥◐☻♃▬ꜟ  

· ◖fi◒ꜞכ♩  

· ◖fi◒ꜞכ♩  

· ╖   

─ ┼─ 

 
™ ™ 

 
№╡ 

⌐ ↕™  

№╡ 

⌐ ⅝™  

 

™β 

╘ ╩ ≤∆╢↓≤

≢ ⅛╠─ ⅜  

 

⅝ ⌐╟╡  

β☺○♥◐☻♃▬ꜟ │⁸ ⌐ ╩ ∆╢⅜⁸ ─ ⅜ ⅝™ │⁸

─ ╩ ∆╢ ⅜№╢⁹ 

 

3)  ─ ה ─  

─ ה ⌐ √∫≡│⁸ ─ ⌐╟∫≡ ╛ ⅜

⌂╢√╘⁸ ⇔√ ⌐ ∂√ ─ ⅜ ≢№╢⁹╕√⁸ ⌐ ∂≡⁸

─ │╙≤╟╡ ╩ ╘√ ─ ⌐≈™≡╙

⌐ ∆╢↓≤⁹ 

│⁸ ≤ ⌐⁸ ⌐╟╡ ⁸ ⁸ │ ⇔⌂™ ≤∆╢⁹ 

β ה ≢ ∆╢ │⁸ ה ─ ⅜ ∆╢ ⌐ ⇔√ ה ╩ ℮↓≤⁹ 
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19.  ┘∕─ ─ ⌐≈™≡ ∏╢ ⌐ ∆╢

 
ₒ ₓ 

┘∕─ ─ ⌐≈™≡ ∏╢ ⌐ ∆╢  

 ─ ≢ ╘╢ ⌐ ∆╢ ─ ─℮∟ ⌐≈™≡

∏╢ ⌐ ∆╢╙─│⁸ │ ╩⇔√ ─ ⌐ ∏╢↓≤≤⌂╢ │

≢ ╦╣√ ╩ ↄ⁹ ⅜ ∕─ ─ ⅛╠ ↕╣╢╟℮⁸ ╡⁸

╡⁸⸗ꜟ♃ꜟ─ ↑∕─ ─ ╩ ∏╢↓≤≤∆╢⁹ 

 ─ ≢ ╘╢ ⌐ ∆╢ ─ ─℮∟ │ ╩⇔√

─ ─ ≢№╢╙─ ┘ ⌐ →╢ ≢№╢╙─╩ ↄ⁹ ⌐≈™≡ ∏╢

⌐ ∆╢╙─│⁸ ⅜ ∕─ ─ ⌐╟╢ ⅛╠ ↕╣╢╟℮⁸ ⁸

╡⁸ ∕─ ─ ╩ ∏╢↓≤≤∆╢⁹ 

 ─ ⌐╟╢ ⅜ ∂╠╣√ ─  

 ─ ─ ∕─ ─ ⅜⌂™↓≤⅜ ╠⅛⌂  

₡ ₢ 

│ ⌐ ™⁸ ┘∕─ ─ ⌐≈™≡ ╩ ∏╢ ⁸ ─ ⌐ ⇔≡ↄ

∞↕™⁹ 

1)  ─╡ ┘∕─ ─ ─ ─ ⌂ ⅎ  

│ ⌐╟╡ ─ ╩ ℮ ⁸ ≤⌂╢↓≤≢ ╛ ⅜ ∂⁸↓╣╠─ ⌐╟

╡ ⅜ ∆╢↓≤⅜ ↕╣╢√╘⁸ ─ ╩ ⅝⁸ │ ≢ ╦╣⌂™

┘∕─ ─ │⁸─╡ ⌐╟╡ ∆╢↓≤⁹ 

─╡ ─ ה ⌐ √∫≡│⁸₈ ⱴ♬ꜙ▪ꜟ─ ₉

5 11 ╩ ⌐∆╢↓≤⁹ 

· ─ ⌐ ∕─ ─ ⅜ ╣╢╟℮⁸ ╩ ↑╢ ⅜ ∂╠╣√ ─

 

· ─ ─ ∕─ ─ ⅜⌂™↓≤⅜ ╠⅛⌂  

· ⌐⅔↑╢ ─ ⅜ ↕╣╢ ─  

 

 19- 1 ≤ ─ ↔≤⌐ ╩ ∆╢ ─  

 ─  ╩ ∆╢  

 
⌐ ⇔ 30 ╩ ⅎ╢  /  

─ ⌐ ⇔ 30  ─╡ β1 

 
⌐ ⇔ 30 ╩ ⅎ╢  

/ β2 

─╡  

─ ⌐ ⇔ 30  ─╡ β1 

β1 ⌐╟╡ ∆╢ ⅜⌂™ ╩ ↄ⁹ 

β2 ─ ╩ ⇔⌂™ ─╡ ─ ה ╩ ∆╢ ╩ ↄ⁹ 

 

2)  ─╡ ─ ┘  

ᵑ  

─╡ ─ ≤⇔≡│⁸─╡ ⁸ ⌐╟╢─╡ ┘─╡ ⌂≥⅜

→╠╣╢⁹ 

ᵒ ⌐ √∫≡─  

─╡ ─ ⁸ ⁸ ─ ⁸ ⁸ ─ ⁸ ─ ⌐≈™≡

⌐ ⇔√ ≢⁸ ╩ ∆╢╙─≤∆╢⁹ 

─ ⌐ √∫≡│⁸ ─ ⌐ ∆╢↓≤⁹ 

· ⌂─╡ ≢│⁸ ─ ┘ ─ ⅜─╡ ─ ⌐ ∆╢↓

≤⌐ ⇔⁸─╡ ─ ╩ ≤⇔⁸ ─ ╩ ╘╢ ה ─
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─ ╩ ∆╢⁹√∞⇔⁸ ⌐ ↕⌂™─╡ │─╡ ≢│ ⅜ ≢⅝

⌂™─╡ ⌐⅔™≡│⁸ ⌐╟╢─╡ ╩ ∆╢↓≤⁹ 

· ─╡ ┘ ⌐╟╢─╡ ≢│⁸─╡ ╩ ∆╢↓≤╩ ≤∆╢⁹ 

· ─╡ ⌐⅔™≡╙⁸ ┘ ─ │ ∏⇔╙ ≢⌂™ ⅜ ™√╘⁸∕╣∙╣

─ ⌐ ⇔√ ╩ ∆╢↓≤⁹ 

·  

3)  ╩ ∆╢  

ⱤⱠꜟ │ ╣⌐╟╢ ⌂ ─ ⅜ ≤⌂╢⁹╕√⁸ ⱤⱠꜟ ─

≢ ╦╣╢ │ ─ ╩ ⅝ↄ∆╢ ⅜№╢↓≤⌐ ∆╢⁹ ⅎ≡⁸

─ⱤⱠꜟ ─ ≤⌂╢ ≢│⁸ ♩כ◦ ─ ╙ ⅎ╠╣╢⁹ 
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20.  ─ ⌐ ∆╢  
ₒ ₓ 

─ ⌐ ∆╢  

 ─ ≢ ╘╢ ⌐ ∆╢ ─ ─℮∟ ─

⌐ ∆╢╙─│⁸ │ ╩∆╢ ⌐⅔™≡⁸ ⌐╟╡ ╣ │ ─ ⅜

∏╢⅔∕╣⅜№╢≤⅝│⁸∕─ ╩ ∆╢↓≤⅜≢⅝╢╟℮⁸ ≢ ─ ─™∏

╣⌐╙ ∆╢╙─╩ ∆╢↓≤≤∆╢⁹ 

 ≢ ╩ ∆╢ ─╙─≢№╢↓≤⁹ 

 ⁸◖fi◒ꜞ⁸♩כ╣╪⅜∕─ ─ ─ ≢ ╠╣⁸⅛≈⁸ ╩ ─╙─≤

∆╢ ⅜ −╠╣≡™╢╙─≢№╢↓≤⁹√∞⇔⁸ ╣ │ ─ ─ ⅜⌂™

⌐⅔™≡│⁸ ╠ ∕─ ─ ╩ ∆═⅝ │⁸ ∕─ ╩ ⌐

↕∑╢ ╩ ∆╢╙─≤∆╢↓≤⅜≢⅝╢⁹ 

 ∕─
⅝╞

─ ┘ ⅜⁸∕─ ∆═⅝ ╩ ⌂ↄ ↕∑╢↓≤⅜≢⅝╢╙

─≢№╢↓≤⁹ 

 ╠ ∕─ ─ ╩ ∆═⅝ │⁸∕─ ≢№╢ ─ ─ ⌐ →╢

⌐⁸╕∆ │ⱴfiⱱכꜟ⅜ ↑╠╣≡™╢╙─≢№╢↓≤⁹ 

▬ ─ ╕╢  

꜡ ─ ─ │ ⅜ ⇔ↄ ∆╢ ─ ⅜⌂™ ╩ ↄ⁹  

Ɫ ─ │ ─╡ ─ ╩ ⅎ⌂™ ─ ↕↔≤─ ─ ─∕─

⌂  

 ╕∆ │ⱴfiⱱ⁸⌐ꜟכ ⅜ ↑╠╣≡™╢╙─≢№╢↓≤⁹ 

 ╕∆─ ⌐⁸ ↕⅜ ☿fi♅ⱷכ♩ꜟ ─ √╘⅜ ↑╠╣≡™╢╙─≢№╢↓≤⁹ 

 ⌐ ╘╢╙──╒⅛⁸ ─ │⁸ ╩∆╢ ⌐⅔™≡⁸ ╩∆╢ ─

⅛╠ ─ ⌐ ⅜ ∆╢⅔∕╣⅜№╢≤⅝│⁸ ╩ ∆╢↓≤⅜≢⅝╢╟

℮⁸ ⌐ ≢ √∞⇔ ┘ ╩ ↄ⁹ ─™∏╣⌐╙ ∆

╢╙─╩ ∆╢↓≤≤∆╢⁹ 

₡ ₢ 

⌐ ™⁸ ╩ ∆╢ ⁸ ─ ⌐ ⇔≡ↄ∞↕™⁹ 

1)  ─  

╩ ∆╢ ⁸ ─™∏╣⌐╙ ∆╢╙─≢⌂↑╣┌⌂╠⌂™⁹ 

ᵑ ─  

· ≢ ─№╢  

· ⁸◖fi◒ꜞ⁸♩כ╣╪⅜ ─ ─ ╢ ╩  

♩♇◔♁⁸כꜝ◌─ · ╩ ⇔√  

ᵒ ⁸ ─  

· ╣ │ ─ ⅜⌂™  

ᵓ ─  

· ⁸ ⁸ ה ⁸ ⌐ ≠™≡ ⇔√ ─ ╩

⌐ ≢⅝╢↓≤⁹ 

ᵔ╕∆ │ⱴfiⱱכꜟ─  

· ─  

· ─ ⁸ ⁸ ─ ─ ⅜⌂™ ╩ ↄ⁹  

· ─ ↕⅜∕─ │ ─╡ ─ 120 ╩ ⅎ⌂™ ─ ⌂  

ᵕ╕∆ │ⱴfiⱱכꜟ─  

· ╕∆⌐│⁸ ↕ 15 ─ ∞╘╩ ↑╢↓≤ 

· ╕∆ │ⱴfiⱱכꜟ⌐│ ╩ ↑╢↓≤ 
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2)   

⌐ ⇔√ ה │⁸ ⁸ ⁸ ─ ⁸

─ ╩ ─ ⌐ ⇔≡ ∆╢↓≤⁹ ─ │  20- 1 ╩ ≤

∆╢⁹ 

ᵑ  

│⁸ ─ ╛ ─ ⌂ ╩ ⌐ ⌐ ∆╢↓≤╩ ≤∆╢⁹ 

ᵒ  

│⁸ ⅜ ™ ╩ ™⁸ ⌐ ╘ ⌐⅔↑╢─╡ ┘ ⁸ ─

⌂ ╩ ⌐ ∆╢↓≤╩ ≤∆╢⁹ 

ᵓ ─  

─ │⁸ ╛ ⅜ ⅎ╢╟℮⌐⁸ⱴ☻⁸ⱴfiⱱ⁸ꜟכ⅛↔ ≢ ╩ ℮

↓≤╩ ≤∆╢⁹ 

ᵔ ─  

⌐⅔↑╢ │⁸ ≤ ∑∏⁸ ─ ╩ ∆╢↓≤╩ ≤∆

╢⁹╕√⁸ ⌐ ⅜ ╠⌂™╟℮⌐ ─ │ ⌂ ╩ ℮↓≤╩ ≤∆╢⁹ 

 

 20- 1 ─ ⌂  

 
 

  

   300  
200  

40 ╩ ≤⇔⁸ ╩│∂╘≤∆╢ ⅜

™↓≤⅜ ↕╣╢ │ 20  
β ⅜ ⌂ │⁸ ⌐≡ ╩  

 ↕ 0.5 ╩ ≤⇔⁸ ╩│∂╘≤∆╢ ⅜ ™↓

≤⅜ ↕╣╢ │ 1.0  

─╡ ⅛╠─╡ ─ ─ 1/2 ─ ┘ ╩

⇔≡ <1:4  

 

 

 20- 1 ─  

 

⌐ ∂≡

fiכ꜠♪
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 20- 2 ╘ ⌐⅔↑╢ ┘ ─  

[ , Ί , 22 4 ]  

 

3)  ─ ─  

─ ⌐ √∫≡│⁸ ╩ ⌐ ∆╢ ╩ ⇔⁸ ⌐╦√╡∕─ ⅜

↕╣╢╟℮⁸ ┘ ⁸ ⌂ ╩∆╢ ⅜№╢⁹ │⁸ ─ ⌐

╟╡ ∆╢↓≤╩ ≤∆╢⁹ 

ᵑ ─  

│⁸ ╩ ≤⇔≡ ∆╢↓≤⁹√∞⇔⁸ ≤ ─ ⅜ ™ ≢

╘╠╣≡™╢ ⌐│⁸ ⌐╟∫≡ ∆╢↓≤⅜≢⅝╢⁹ 

 

ὗ
ρ

σφπ
ẗὪẗὶẗὃ 

↓↓⌐⁸ 

Q m3 sec Ⱨכ◒  

f   

r  mm/hr  

A ha  

 

⌐ ™╢ ─ │⁸ ─ ⁸ ⌐⅔↑╢ ─ ╩ ⇔≡

∆╢╙─≤∆╢⅜⁸  20- 2⌐ ∆ ╩ ™╢↓≤⅜≢⅝╢⁹ 

⌂⅔⁸ ⅜ ⱤⱠꜟ ─ ─ ≢ ╦╣╢ ⌐≈™≡│⁸ ╩ 1.0 ≤∆

╢⁹√∞⇔⁸ ⅜ ⌂╢ ⅜ ∆╢ │⁸ ⌐╟╡ ⇔≡ ∆╢╙─≤∆╢⁹ 

 

 20- 2 ⌐ ™╢ ⌂  

  

 0.9 

 0.8 

ה  0.6 

 0.7 

 0.7 
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│⁸₈ 4 ₉⌐ ≠ↄ

╙─≤⇔⁸10 ≢ ↕╣╢ ≤∆╢↓≤⁹ 

√∞⇔⁸ ⌐⅔↑╢ ╛ ⌐ ┬ ─℮∟ ⅜ ™ │ 20 30 ≤

⇔⁸ ⌐ ⅝⌂ ⅜ ╕╣╢ ⌐⅔↑╢ ↕ 15 ╩ ⅎ╢ │ 100 ≤∆╢↓≤⁹ 

╕√⁸ ∆╢ ─ ╩ ∆╢↓≤⁹ 

│⁸  20- 3 ⌐ ∆ ╩ ™╢↓≤⅜≢⅝╢⁹√∞⇔⁸ ⌐ ∂≡⁸ ⁸

─ ⁸ ⁸ ⌐╟╡ ↕╣╢ ⌂ ╩ ™╢╙─≤∆╢⁹ 

⌂⅔⁸ ⅜ 10 ⌐⌂╢ ⌐│⁸ ─ ⁸ ⅛╠ 10 ≤⇔≡ ∆╢╙

─≤∆╢⁹ 

 

 20- 3  

  

50ha  10  

100ha  20  

500ha  30  

 

ᵒ ─  

│⁸ⱴ♬fi◓ כ♃♇◒│ ─™∏╣⅛╩ ™≡ ∆╢─⅜ ≢№╢⁹↓↓≢│⁸ⱴ

♬fi◓─ ╩ ™√ ╩ ∆⁹ 

ὠ
ρ

ὲ
ẗὙ ẗὍ 

↓↓⌐⁸ 

V m/sec  

n  20- 4╩  

R m =A/S  

S m ⌐⅔™≡⁸ ⅜ ─ ╛ ≤ ∆╢ ↕  

I   

 

 20- 4 ⱴ♬fi◓─  

─  ─  ─  ─  

◌ꜟⱣכ♩ 

∟◖fi◒ꜞכ♩ 

◖fi◒ꜞכ♩  

ꜟ♃ⱷ♩כ◕ꜟ◖ 1  

ⁿ     2  

ⁿ     Ɑכⱦfi◓№╡  

ⱦ♬ꜟ  

◖fi◒ꜞ2♩כ  

 0.015 

0.013 

0.024 

0.033 

0.012 

0.010 

0.013 

ꜝ▬♬fi◓⇔

√  

⌂⇔  

⸗ꜟ♃ꜟ 

⅛╪⌂ → 

◖fi◒ꜞכ♩ ◖♥ → 

◖fi◒ꜞכ♩  

╖ ⸗ꜟ♃ꜟ  

╖ 

▪☻ⱨ□ꜟ♩  

0.011 0.014 

0.011 0.015 

0.012 0.018 

0.011 0.015 

0.015 0.020 

0.017 0.030 

0.023 0.035 

0.013 

0.012 

0.013 

0.015 

0.015 

0.017 

0.025 

0.032 

0.013 

ꜝ▬♬fi◓⌂

⇔  

 

№╡ 

 

 

0.016 0.025 

0.022 0.033 

0.022 0.030 

0.025 0.040 

0.022 

0.027 

0.025 

0.035 

 
 

⌐ ⌂ ⇔ 

0.025 0.033 

0.075 0. 150 

0.030 

0.100 



 

100 

 

[ , , 21 6 ]  

ᵓ ─  

─ ⌐╟╢ ─ ╩ ⇔≡⁸ ─ │⁸∕─ ─ 80 ≢

╩ ⇔℮╢ ≤∆╢⁹ 
ὗ ὃẗὠ 

↓↓⌐⁸ 

Q m3/ sec  

A m2 β ─ ─ 80  

V m/sec  

 

4)  ─ ה  

│⁸ ⅜ ⌂ↄ ─ │ ╩ ↕∑╢⅔∕╣⅜⌂™ ╩ ⅝⁸ ─

⁸ ─ ╩ ⇔≡⁸ │ ╕≢ ↕∑╢↓≤⁹↓─ ⁸

│ ─ ─ ╩ ≡™╢╙─≢№╢↓≤⁹ ⌐⁸ ╩ ⇔≡ ⌐

╩ ↄ ⌐│⁸ ─ ─ ⌐ ⅎ⁸ ⅜ ∆╢ ⌐⅔™≡

⌐ ≢⅝╢╟℮⁸ ∑≡ ─ ─ ╩ ≡™╢╙─≢№╢↓≤⁹ 

╕√⁸ ─ ⅜⌂™≤ ╘╠╣╢≤⅝│⁸ ≤ ─℮ⅎ⁸ ─ ╛

⌐ ∆╢ ─ ⌐ ─ ╩ ∆╢↓≤⁹ 

─ ⁸ ⁸ ⌐≈™≡│⁸₈ ⱴ♬ꜙ▪ꜟ─ ₉

5 11 ╩ ⌐∆╢↓≤⁹ 
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21.  ─ ⌐ ∆╢ ─  
ₒ ₓ 

─ ⌐ ∆╢ ─  

 ─ ≢ ╘╢ ─ ⌐ ∆╢ ─ │⁸ ⌐ →╢╙

─≤∆╢⁹ 

 ⇔√ ─ ╩ ∆╢√╘⌐ ⌂╙─≤⇔≡ ≢ ╘╢ β1╩ ∏╢

╩ ⅝⁸ ─ │⁸ ⅜ ─ ≢№╢ ⌐⅔™≡ ℮↓≤⁹ 

 ─ ╩ ℮↓≤⌐╟≈≡⁸ ⌐╟╢ ─ ╖⁸ ⁸ │ ╡⅜ ∏╢⅔

∕╣⅜№╢≤⅝│⁸ ─ ╩ ℮ ⌐≈™≡ ─ ∕─ ─ ⌂ ╩ ∏╢↓

≤⁹ 

 ⇔√ ─ ⌐⁸ ─▬ │꜡⌐ →╢ ─ ⌐ ∂⁸∕╣∙╣▬ │꜡⌐ ╘╢

⅜ ─ ≢№╢╙─⌐ ╢⁹ ╩ ↑╢↓≤⁹ 

▬ ∆╢ ─ ↕⅜ ⱷכ♩ꜟ ≢№╢  ↕╩ ⅎ╢ ─  

꜡ ∆╢ ─ ↕⅜ ⱷכ♩ꜟ╩ ⅎ╢  ↕─ ╩ ⅎ╢ ─  

 ⇔√ ─ ⌐│⁸ ≢ ╘╢≤↓╤⌐╟╡⁸ ∕─ ↓╣⌐ ∆╢╙─╩ ↑

╢↓≤⁹β2 

 ∕─ ─ ⌐╟╡ ⇔√ ─ ⅜ ∏╢⅔∕╣⅜№╢≤⅝│⁸ ╩

⌐ ∆╢↓≤⅜≢⅝╢╟℮⁸ ⇔√ ─ ⌐ ╩ ∆╢↓≤∕─ ─ ⌂

╩ ∏╢↓≤⁹ 

 ┘ ─ │⁸ ⇔√ ─ ⌐∕─ ↕╩ ⅎ╢ ╩ ∆╢↓≤

∕─ ─ ⇔√ ─ ⌐ ℮ ─ ╩ ⌐ ∆╢↓≤⅜≢⅝╢╙─≤⇔≡

≢ ╘╢ β3╩ ∏╢ ⌐│⁸ ⇔⌂™⁹ 

 

β1 

ₒ ₓ 

⇔√ ─ ╩ ∆╢√╘─  

 ⌐⅔™≡ ∆╢ ╩ ╗⁹ ─

≢ ╘╢ │⁸ ─ ╩ ℮ ╩ ⇔√╙─≢№≈≡⁸ ⅜ ─ ≢

№╢╙─⌐ ╢⁹ ╩ ∆╢ ⌂ ╩ ∆╢ ∕─ ─ ⇔√ ─ ╩ ← │

∆╢ ⇔√ ╩ ⅎ╢↓≤⅜≢⅝╢ ≤∆╢⁹ 

 

β2 

ₒ ₓ 

∕─ ↓╣⌐ ∆╢╙──  

 ⌐⅔™≡ ∆╢ ╩ ╗⁹ ⌐ ∆

╢ ∕─ ↓╣⌐ ∆╢╙─│⁸ ─ ⌐ ∆╢ ⅜ ↕╣╢ ─ ⌐ ⅜╖∞╡

⌐ ∟ ╠⌂™╟℮⁸ ╛∆™ ⌐ ─ ─ ╡╩ ∆╢ ─ ╩ ⇔≡ ↑

╢╙─≤∆╢⁹ 

 

β3 

ₒ ₓ 

─ ⌐ ℮ ─ ╩ ∆╢  

 ⌐⅔™≡ ∆╢ ╩ ╗⁹ ─ ≢

╘╢ │⁸ ⌐ →╢™∏╣⅛─ ≤∆╢⁹ 

 ⇔√ ─ ⌐∕─ ↕╩ ⅎ╢ │↓╣⌐ ∆╢ ⌐⅔™≡₈

₉≤™℮⁹ ╩ ∆╢↓≤ 

 ⌐ →╢ ≡─  

▬ ⇔√ ╩ ≢♩כ◦─ ℮↓≤∕─ ─ ⇔√ ─ ⌐ ∕─ ─

⅜ ∆╢↓≤╩ ←√╘─  
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꜡ ⇔√ ─ ⌐ ∂√ ╛⅛⌂ ≢ ╩ ∆╢↓≤∕─ ─ ⇔√ ─

╩ ↕∑≡ │ ╡⅜ ∂⌂™╟℮⌐∆╢√╘─  

 ─ │⁸ ⁸ ┘ ⌐╟≈≡ ⁸ ⁸ │ ╩⇔⌂™

≢⌂↑╣┌⌂╠⌂™⁹ 

₡ ₢ 

─ ╩ ℮ ⁸ ─ ⌐ ⇔≡ↄ∞↕™⁹ 

1)  ─╟℮⌂ ╩ ∏╢ ╩ ⅝⁸ ─ │⁸ ⅜ 1/10 5.71° ≢№╢ ⌐⅔™

≡ ℮↓≤⁹ 

ᵑ ─  

╩ ∆╢ ╩ ╗ ─ │ 1/10 5.71° ╩ ∆╢√╘⁸ ─ ─

╩ ℮ ╩ ∆╢ ⌂ ╩ ∆╢↓≤⁹ ↕╣╢ ↕─ ⌐ ∆╢ ⁸

⁸ ─╒⅛⁸ ⌐ ∂≡ ⌐╟╢ ⌐ ⅎ℮╢ ≢ ∆╢↓≤⁹₈ Ί

11 3 ₉╩  

 

2)  ─ ╩ ℮↓≤⌐╟∫≡⁸ ⌐╟╢ ─ ╖⁸ ⁸ │ ╡⅜ ∏╢⅔∕╣

⅜№╢≤⅝│⁸ ─ ∕─ ─ ⌂ ╩ ∏╢↓≤⁹ 

 

3)  ⇔√ ─ ⌐⁸ ─™∏╣⅛⌐ ∆╢ ⅜ 1/10 5.71° ≢№╢╙─⌐

╢⁹ ╩ ↑╢↓≤⁹ 

ᵑ ∆╢ ─ ↕⅜ 5 ≢№╢ │ ↕╩ ⅎ╢ ─  

ᵒ ∆╢ ─ ↕⅜ 5 ╩ ⅎ╢ │ ↕─ 2 ╩ ⅎ╢ ─  

 

4)  ⇔√ ─ ⌐⁸ ∕─ ↓╣⌐ ∆╢╙─╩ ↑╢↓≤ ⌐ ⅜╖∞╡⌐ ∟ ╠

⌂™╟℮⌐∆╢ ⱪכ꜡⁸╡№≢ ╙ ⁹ 

 

5)  ∕─ ─ ⌐╟╡ ⇔√ ─ ⅜ ∏╢⅔∕╣⅜№╢≤⅝│⁸ ╩ ⌐

∆╢↓≤⅜≢⅝╢╟℮⁸ ⇔√ ─ ⌐ ╩ ∆╢↓≤∕─ ─ ⌂ ╩ ∏

╢↓≤ ─ ╩ ≢⅝╢╟℮≢№╣┌ ╡ ─ ⌂ ≤∆╢↓≤╙ ⁹ 

 

6)  ─╟℮⌂ ╩ ∏╢ │⁸3)⁸4)⌐ ∆╢ │⁸ ⇔⌂™⁹ 

ᵑ ─  

╩ ∆╢ ↕╩ ⅎ╢ ╛ ⌐ ∆╢ ╩ ∆╢⁹ ↕╣╢ ↕─

⌐ ∆╢ ⁸ ⁸ ─╒⅛⁸ ⌐ ∂≡ ⌐╟╢ ⌐ ⅎ℮╢ ≢ ∆╢

↓≤⁹₈ Ί 11 3 ₉╩  

ᵒ ─ ┘ ♩כ◦─ ⌐╟╢  

⇔√ ─ ⌐ ∂√ ╛⅛⌂ ≢ ╩ ⇔⁸ ⌐╟╢ ╩ ←√╘⌐⁸

⇔√ ╩ ♩כ◦─ ≢ ™ ╩ ∆╢⁹⌂⅔⁸ ─ │ ≤ ⌂╡⁸ ⌐

╘⅜ ↕╣⌂™↓≤⅜ ↕╣╢√╘⁸ │ ╩ ∆╢√╘⌐⁸1:2.0 ╟╡╙ ↄ∆

╢↓≤⅜ ╕⇔™⁹ 
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22.  │ ─ ⌐ ∆╢ ─  
ₒ ₓ 

⌐ ∆╢ ─  

 ─ ≢ ╘╢ ⌐ ∆╢ ─ ⌐≈™≡│⁸

⅛╠ ╕≢─ ╩ ∆╢⁹↓─ ⌐⅔™≡⁸ ₈ ₉≤№╢

─│⁸₈ ┘ ⌐ ∆╢ ╩™℮⁹ ⌐⅔↑╢ ─ ⅜

↕╣╢ ─ ₉≤ ╖ ⅎ╢╙─≤∆╢⁹ 

 

│ ─ ⌐ ∆╢ ─  

 ⌐⅔™≡ ∆╢ ╩ ╗⁹ ⌐⅔™≡

∂⁹ ─ ≢ ╘╢ ⌐ ∆╢ ─ ⌐≈™≡│⁸ ⅛╠ ╕≢

┘ ─ ╩ ∆╢⁹↓─ ⌐⅔™≡⁸ ₈ │

₉≤№╢─│₈ │ ₉≤⁸ ₈

₉≤№╢─│₈ ┘ ⌐ ∆╢ ╩™℮⁹ ⌐⅔↑╢ ─

⅜ ↕╣╢ ─ ₉≤ ╖ ⅎ╢╙─≤∆╢⁹ 

 ─ ≢ ╘╢ ─ ⌐ ∆╢ ─ ⌐≈™≡│⁸

┘ ─ ╩ ∆╢⁹ 

₡ ₢ 

⌐ ∆╢ ─ ⌐≈™≡│⁸ 7 ⅛╠ 17 ╕≢─ ╩ ⇔╕∆⁹

╕√⁸ ⌐⅔↑╢ ─ ⌐ ∆╢ ─ ⌐≈™≡│⁸ 19 ─

╩ ⇔╕∆⁹ 
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23.  ─  
ₒ ₓ 

⌐ ∆╢ ─  

  

 ─ ⌐╟╡ ∏═⅝╙─≤↕╣╢ ─℮∟ ─ ≢ ─ ⌐ ⇔

√ ⌐ ⇔≡│⁸∕─ ╩ ╗⁹ ≢ ╘╢╙── │⁸ ≢ ╘╢ ╩ ∆╢ ─

⌐╟╠⌂↑╣┌⌂╠⌂™⁹β1 

 

β1 

ₒ ₓ 

╩ ∆╢ ─ ⌐╟╠⌂↑╣┌⌂╠⌂™  

 ⌐⅔™≡ ∆╢ ╩ ╗⁹ ⌐⅔™≡

∂⁹ ─ ≢ ╘╢ │⁸ ⌐ →╢╙─≤∆╢⁹ 

 ↕⅜ ⱷכ♩ꜟ╩ ⅎ╢ ─  

 │ ╩∆╢ ─ ⅜ ⱷכ♩ꜟ╩ ⅎ╢ ⌐⅔↑╢ ─  

 

─  

 ─ ≢ ╘╢ │⁸ ⌐ →╢╙─≤∆╢⁹ 

 ⌐╟╢ ╩ ↄ⁹ │

⌐╟╢ ⌐⅔™≡⁸ ─ │ ⌐ ∆╢ ╩ ╘

≡ ⇔√ ⁸ │ ─ ⌐ ⇔≡ ─ ─ ╩ ∆╢ ≢№╢↓≤⁹ 

 ⌐╟╢ ⌐╟╢ ─ ╩ ╗⁹ ⌐⅔™≡ ∂⁹

⌐⅔™≡⁸ ─ │ ⌐ ∆╢ ─ ⌐⅔™≡ ╩ ℮╙─╩

ↄ⁹ ╩ ╘≡ ⇔√ ⌐╟╢ ─ ⌐№≈≡│⁸ ⇔√ ⁹ ⌐

⅔™≡ ∂⁹⁸ │ ─ ⌐ ⇔≡ ─ ─ ╩ ∆╢ ≢№╢↓≤⁹ 

 ⌐ ∆╢ ╩ ⅝⁸ ⌐╟╢ ⇔ↄ│ │

⌐╟╢ ⌐⅔™≡⁸ ─ │ ⌐ ∆╢ ╩

╘≡ ⇔√ ⁸ │ ─ ⌐ ⇔≡ ─ ─ ╩ ∆╢ ≢№╢↓≤⁹ 

 ⌐╟╢ ⇔ↄ│ │

⌐╟╢ ⌐⅔™≡⁸ ─ │ ⌐ ∆╢ ╩ ╘≡ ⇔√ ⁸ │

─ ⌐ ⇔≡ ─ ─ ╩ ∆╢ ≢№╢↓≤⁹ 

 ⅜ ⌐ ∆╢ ≤ ─ ┘ ╩ ∆╢ ≢№╢≤ ╘√ ≢№╢

↓≤⁹β1 

 

β1 

ₒ ₓ 

─  

 ─ ⌐╟╡⁸ ⅜ ⅛╠ ╕≢⌐ →╢ ≤

─ ┘ ╩ ∆╢ ≢№╢≤ ╘√ │⁸ ⌐ →╢ ≤∆╢⁹ 

 │ ─ ⌐ ⇔≡ ─ ─ ╩ ∆╢ ≢⁸

♩⌐ ∆╢ ╩ ⇔√  

 ⌐ →╢ ─╒⅛ ⅜ ⅛╠ ╕≢⌐ →╢ ≤ ─

┘ ╩ ∆╢ ≢№╢≤ ╘√ β2 

 

β2₈ ⅛╠ ╕≢⌐ →╢ ≤ ─ ┘

╩ ∆╢ ╩ ╘╢  ₉╩  

₡ ₢ 

⌐ ∆╢ ─℮∟⁸ ⌐ →╢ ⌐≈™≡│⁸ ╩ ∆╢ ⌐╟╢ ⅜ ≤⌂╡╕

∆⁹ 
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₄ ₅ 

1)  ↕⅜ 5 ╩ ⅎ╢ ─  

 

2)  │ ╩∆╢ ─ ⅜ 1,500 2╩ ⅎ╢ ⌐⅔↑╢ ─  

 

₄ ₅ 

1)  ⌐╟╢ ₈ ₉╩ ↄ⁹ │ ⌐╟╢ ⌐⅔™≡⁸ ─ │

⌐ ∆╢ ╩ ╘≡ ⇔√ ⁸ │ ─ ⌐ ⇔≡ 2 ─ ─ ╩ ∆

╢ ⁹ 

2)  ⌐╟╢ ⌐⅔™≡⁸ ─ │ ⌐ ∆╢ 3 ─ ⌐⅔

™≡ ╩ ℮╙─╩ ↄ⁹ ╩ ╘≡ ⇔√ ⁸ │ ─ ⌐ ⇔≡ 3 ─ ─

╩ ∆╢ ⁹ 

 

3)  2 ⌐ ∆╢ ╩ ⅝⁸ ⌐╟╢ ⇔ↄ│ │ ⌐╟

╢ ⌐⅔™≡⁸ ─ │ ⌐ ∆╢ ╩ ╘≡ ⇔√ ⁸ │ ─

⌐ ⇔≡ 4 ─ ─ ╩ ∆╢ ⁹ 

 

4)  ⌐╟╢ ⇔ↄ│ │ ⌐╟╢ ⌐⅔™≡⁸

─ │ ⌐ ∆╢ ╩ ╘≡ ⇔√ ⁸ │ ─ ⌐ ⇔≡ 7 ─ ─

╩ ∆╢ ⁹ 

 

5)  ⅜ 1 ⅛╠ 4 ─™∏╣⅛⌐ ∆╢╙─≤ ─ ┘ ╩ ∆╢ ≢№╢≤

╘√ ⁹ 

ᵑ ⌐╟╢ ╩ ↄ⁹ ─ ⇔ↄ│ │ ⌐╟╢ ─

⇔ↄ│ ⌐ 1 ⇔≡ │ ⌐ ∆╢ ╩ ⇔√ ⁸ │ ─

⌐ ⇔≡ 1 ─ ─ ╩ ∆╢ ⁹ 

ᵒ ⌐╟╢ ─℮∟ ╩ ≤∆╢╙─⌐ ⇔√ ⁹ 

ᵓ ⌐╟╢ ─ ╩ ∆╢ ⁹ 

ᵔ │ ─ ⌐ ⇔≡ 10 ─ ─ ╩ ∆╢╙─≢ 19 1

♩⌐ ∆╢ ╩ ⇔√ ⁹ 

ᵕᵑ⅛╠ᵔ─™∏╣⅛⌐ ∆╢ ─╒⅛⁸ ⅜ 22 1 ⅛╠ 4 ╕≢⌐ →

╢ ≤ ─ ┘ ╩ ∆╢≤ ╘╢ ⁹ 
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24.   
24.1.  ─  

⌐⅔™≡│⁸ ⌐⁸ ⌐╦√∫≡ ⁸ ╩ ∆╢─≢⁸ ─

╣⁸ ─ ⌐╟╢ ╩ ∆╢↓≤⅜ ≢∆⁹⇔√⅜∫≡⁸ ⁸ ⁸ ⁸

╩ ⇔≡⁸ ⌂ ─ ⁸ ─ ⁸ ⌐ ∆╢ ⁸ ⌂ ╩ ⌐

⇔≡ ∏╢≤≤╙⌐⁸ ─ ─ ⌂ ⌐╟╡⁸ ─ ─ ╩ ⌐

⇔≡ↄ∞↕™⁹ 

1)  ─ ─  

⌐⅔™≡│⁸ ⌂ ⁸ ┘ ─ ⅜ ∂⌂™╟℮⁸ ─ ⁸

⁸ ╩ ⇔⁸ ⌂ ⌐≈™≡│⁸ ╩ ⌐ ↕∑⁸№╦∑≡

╩ ↕∑╢ ╩ ∆╢ ╩ ⇔≡ↄ∞↕™⁹ 

 

2)  ⌂ ╘  

⁸ ⌐╟╡⁸ ⌐ ∆╢ ─ ┼ ╩ ↕∑⌂™╟℮⌐∆╢

√╘⁸ ─ ⌐╟╠∏⁸┤≤╪⅛↔ ─ ⌂ ╘ ╩ ™╢

⌐│⁸ ⁸ ╩ ⌐ ⇔√ ≢⁸∕─ ┘ ╩ ⇔≡ↄ∞↕™⁹ 

 

3)   

─ ⌐≈™≡│⁸ ⌐ ∆╢ ─ ┼─ ⌂ ╩ ←≤≤╙⌐⁸

┼─ ┘ ⌐≈™≡│⁸─╡ ─ ╩ ↑⁸⅛≈⁸ ⅜ ⌂™╟℮⌐⁸

╛⅛⌐ ─ ┼ ⇔≡ↄ∞↕™⁹ 

 

4)  ─╡ ⅛╠─ ─  

⁸ ⁸ ⌐ ∆╢ ⌂ ⌐│⁸ ⁸─╡ ⅛╠─ ─ ⌐╟╢

╩ ∆╢√╘⌐ ─ ╩ ⇔≡ↄ∞↕™⁹ 

 

5)  ╩ ⅝∆╢ ─  

⌐⁸ ─ ╩ ⌐ ∆╢ ─ ⌐ ⅝∆╢ ⌐│⁸ ⌐╟╢

⅝ ─ ╛⁸ ─ ≤⌂╠⌂™╟℮⌐ ⌂ ╩ ∂≡ↄ∞↕™⁹ 

 

6)  ⌐ ℮ ה ─  

─ ⌐ ╩ ╓⇔⁸ ┼─ ה ⅜ ⅝™≤ ⅎ╠╣╢ ─

⌐≈™≡│⁸ ╩ ∆╢≤≤╙⌐⁸ ⌐∕─ ╩ ∏╢ ⅜№╡╕∆⁹ 

ᵑ  

ᵒ  

ᵓ ⁸ ┘  

 



 

 

  



 

 

ₒ ₓ 
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25.   
₄ ₅ 

  │ ⌐ ∆╢ ─  

  │ ⌐ ∆╢  

  ─ ⌐ ∆╢ ─  

  ─ ⌐ ∆╢  

  │ ⌐ ∆╢ ─  

  ─ ⌐ ∆╢ ─  

  │ ⌐ ∆╢ ─  

  ─ ⌐ ∆╢ ─  

  │ ⌐ ∆╢ ─  

  │ ⌐ ∆╢ ─  

  ─ ⌐ ∆╢ ─  

  ⌐ ∆╢ ─  

  ─ ─  

  ⌐ ∆╢ ─  

  ─ ⌐ ∆╢ ─  

  ⌐ ∆╢ ─  

  ─ ⌐ ∆╢ ─  

  │ ⌐ ∆╢ ─  

  ─ ⌐ ∆╢ ─  

 

₄ ₅ 

  ─  

  ─ ┘ ⌐ ∆╢  

  ─ ⌐ ∆╢  

, 13  │ ⌐ ∆╢ ─  

, 13  ─ ⌐ ∆╢ ─  

, 14  ⌐ ∆╢ ─  

10 , 15  │ ⌐ ∆╢ ─  

11 , 15  ─ ⌐ ∆╢ ─  

12 , 16  │ ⌐ ∆╢ ─  

13 , 16  ─ ⌐ ∆╢ ─  

14 10 , 18  ⌐ ∆╢ ─ ─  

15 10 , 18  ⌐ ∆╢ ─ ─  

16 11 , 19  ⌐ ∆╢ ─ ( ⁸ )  

 

₄ ₅ 

 │ ⌐ ∆╢ ─  

 ─ ⌐ ∆╢ ─  

  

  

 ♅▼♇◒ꜞ☻♩ 

 ⁸ │ ─ ⌐ ∆╢ ─  

 ╙ ─ ╩ ∆╢ ─  

   ⌐ ∆╢ ─  
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│ ⌐ ∆╢ ─  

 

 ┘ {
12

30 } ─ 

⌐╟╡⁸ ╩ ⇔╕∆⁹ 

 

        

 

           

 

           

β  

 
 

 

  

    

    

    

 
─ ┘  

─  

  

       ⁸ 

         

 ─   ⱷכ♩ꜟ 

 ─   

 ─   

 ─ ♃ ▬ ⱪ 
ה ↑  

ה ╘  

 ─  ┼─ ה   

10 

 

 

 

 

 

─ 

 

 

 

 

▬  │ ─ ↕  ⱷכ♩ꜟ 

꜡  │ ╩∆╢

─  
 ⱷכ♩ꜟ 

Ɫ │ ─  
  ⱷכ♩ꜟ 

  ⱷכ♩ꜟ 

  

  ↕  

   ⱷכ♩ꜟ  ⱷכ♩ꜟ 

    

    

ⱱ  

  ↕  

   ⱷכ♩ꜟ  ⱷכ♩ꜟ 

    

    

Ⱬ  
    

  ☿fi♅ⱷכ♩ꜟ  ⱷכ♩ꜟ 
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♩ ─ ─   

♅  ─ ─

─  
 

ꜞ ─ ─√

╘─  
 

♯ ∕ ─ ─   

ꜟ         

ꞌ         

꞉ ─   

11 ∕ ─ ⌂   

β    β    β
⌐ √≈ 

≡ ⇔√  β  

        

          

  

₡ ₢ 

 β ─№╢ │ ⇔⌂™≢ↄ∞↕™⁹ 

 ⁸ ─ ⁸ ─ │ ─ ⅜ ≢№

╢≤⅝│⁸ │⁸ ─ ┘ ─ ╩ ⇔≡ↄ∞↕

™⁹ 

 ─ ⅜ ≢№╢≤⅝│⁸ ─╒⅛⁸ ─

╩ ⇔≡ↄ∞↕™⁹ 

 │⁸ ╩ ∆╢ ─ ⌐╟╠⌂↑╣┌⌂╠⌂™ ╩ ╗≤⅝

│⁸ ─ ⌐ủ ╩ ⇔≡ↄ∞↕™⁹ 

 │⁸ ─≤⅝│⁸ ≢ ╕≈≡⅛╠ ⌐ ↑ ≡ↄ∞↕

™⁹ 

 │⁸ ─ ┘ ╩ ⌐ ≈≡ ⇔⁸

╕≢ ⇔≡ↄ∞↕™⁹ 

 │⁸ ∆╢ ♃▬ⱪ⌐ủ ╩ ⇔≡ↄ∞↕™ ⁹ 

 │⁸ ⌐ ∆╢ ╩™℮⁹ ┼─

─ ─™∏╣⅛⌐ủ ╩ ⇔≡ↄ∞↕™⁹ 

 11 │⁸ │ ⌐ ∆╢ ╩ ∆╢↓≤⌐≈™≡

─ ⌐╟╢ ⁸ ╩ ∆╢ ⌐⅔™≡─╖⁸∕─ ⁸

─ ─ ╩ ⇔≡ↄ∞↕™⁹ 
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│ ⌐ ∆╢  

 

  

  

  

 
 

   

    

   

    

 ủủủ   

    

   

    

 ủủủ   

    

   

    

 ủủủ   

    

ủủủ   
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 ủủủ   

    

   

   

   

   

   

   

ủủủ   
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 ủủủ     

     

 ủủủ     

     

 
 

   

  

  

     

 ủủủ     

     

 ủủủ     

     

 ủủủ     

ủủủ     

     

─        
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─ ⌐ ∆╢ ─  

 

 ┘  {
12

30 } ─
⌐╟╡⁸ ╩ ⇔╕∆⁹ 

 

        

           

 

           

β  

 
 

 

  

 

 
  

    

    

 
─ ┘  

─  

 

       ⁸ 

         

 ─   ⱷכ♩ꜟ 

 ─   

 

 

 

 

 

 

─ 

 

 

 

 

▬ ─ ─

↕ 

 
ⱷכ♩ꜟ 

꜡ ─ ╩ ℮

─  
 ⱷכ♩ꜟ 

Ɫ ─ ─

 
 ⱷכ♩ꜟ 

 ─ ╩ ℮

─  
 

ⱱ ⅜ ─ ╩  

ⅎ╢ ⌐⅔↑╢  

⇔√ ─ ╩ ∆

╢√╘─  

 

Ⱬ ─ ╩ ℮

⌐⅔↑╢ ─ ∕─

─ ⌂  

 

♩ ─  
 ─  

   ⱷכ♩ꜟ 
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♅ ∕─ ─ ╩

⌐ ∆╢  
 

ꜞ ⇔√ ─ ⌐

℮ ─ ╩ ∆

╢  

 

♯ ─ ─√

╘─  
 

ꜟ ∕ ─ ─   

ꞌ         

꞉         

◌ ─   

 ∕ ─ ⌂   

β    β    β
⌐ √≈ 

≡ ⇔√  β  

        

          

  

₡ ₢ 

 β ─№╢ │ ⇔⌂™≢ↄ∞↕™⁹ 

 ⁸ ─ ⁸ ─ │ ─ ⅜ ≢№

╢≤⅝│⁸ │⁸ ─ ┘ ─ ╩ ⇔≡ↄ∞↕

™⁹ 

 ─ ⅜ ≢№╢≤⅝│⁸ ─╒⅛⁸ ─

╩ ⇔≡ↄ∞↕™⁹ 

 │⁸ ─≤⅝│⁸ ≢ ╕≈≡⅛╠ ⌐ ↑ ≡ↄ∞↕

™⁹ 

 │⁸ ─ ┘ ╩ ⌐ ≈≡ ⇔⁸

╕≢ ⇔≡ↄ∞↕™⁹ 

 ꜞ│⁸ ╩ ∆╢≤⅝│⁸ ⌐≈™≡∕╣∙╣

⁸ ⁸ ↕ ┘ ╩ ⇔⁸∕╣ ─ ╩ ∏╢≤⅝│⁸

─ ╩ ⇔≡ↄ∞↕™⁹ 

 │⁸ ─ ⌐ ∆╢ ╩ ∆╢↓≤⌐≈™≡ ─ ⌐╟

╢ ⁸ ╩ ∆╢ ⌐⅔™≡─╖⁸∕─ ⁸ ─ ─

╩ ⇔≡ↄ∞↕™⁹ 
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─ ⌐ ∆╢  

 

  

  

  

 
 

   

    

   

    

 ủủủ   

    

   

    

 ủủủ   

    

   

    

 ủủủ   

    

ủủủ   
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 ủủủ   

    

   

   

   

   

   

   

ủủủ   
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6)    

 

 
         

 
 

   

  

  

      

      

      

      

      

 ủủủ     

     

 ủủủ     

     

 
 

   

  

  

     

 ủủủ     

     

 ủủủ     

     

 ủủủ     

ủủủ     

     

─        
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│ ⌐ ∆╢ ─  

 

 ┘ {
16

35 } ─
⌐╟╡⁸ ╩ ⇔╕∆⁹ 

 

        

           

 

           

β  

 
 

 

  

    

    

    

 
─ ┘  

─  

  

       ⁸ 

         

 ─   ⱷכ♩ꜟ 

 ─   

 ─   

 ─ ♃ ▬ ⱪ 
ה ↑  

ה ╘  

 ─  ┼─ ה   

10 

 

 

 

 

 

─ 

 

 

 

 

▬ │ ─ ↕  ⱷכ♩ꜟ 

꜡ │ ╩∆╢

─  
 ⱷכ♩ꜟ 

Ɫ │ ─  
  ⱷכ♩ꜟ 

  ⱷכ♩ꜟ 

  

  ↕  

   ⱷכ♩ꜟ  ⱷכ♩ꜟ 

    

    

ⱱ  

  ↕  

   ⱷכ♩ꜟ  ⱷכ♩ꜟ 

    

    

Ⱬ  

    

  ☿fi♅ⱷכ♩ꜟ  ⱷכ♩ꜟ 
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♩ ─ ─  

 

♅ ─ ─

─  
 

ꜞ ─ ─√

╘─  
 

♯ ∕ ─ ─   

ꜟ         

ꞌ         

꞉ ─   

11 ∕ ─ ⌂   

12 ─   

13            

β    β    β
⌐ √≈ 

≡ ⇔√  β  

        

         

  

₡ ₢ 

 β ─№╢ │ ⇔⌂™≢ↄ∞↕™⁹ 

 ⁸ ─ ⁸ ─ │ ─ ⅜ ≢№

╢≤⅝│⁸ │⁸ ─ ┘ ─ ╩ ⇔≡ↄ∞↕

™⁹ 

 ─ ⅜ ≢№╢≤⅝│⁸ ─╒⅛⁸ ─

╩ ⇔≡ↄ∞↕™⁹ 

 │⁸ ╩ ∆╢ ─ ⌐╟╠⌂↑╣┌⌂╠⌂™ ╩ ╗≤⅝

│⁸ ─ ⌐ủ ╩ ⇔≡ↄ∞↕™⁹ 

 │⁸ ─≤⅝│⁸ ≢ ╕≈≡⅛╠ ⌐ ↑ ≡ↄ∞↕

™⁹ 

 │⁸ ─ ┘ ╩ ⌐ ≈≡ ⇔⁸

╕≢ ⇔≡ↄ∞↕™⁹ 

 │⁸ ∆╢ ♃▬ⱪ⌐ủ ╩ ⇔≡ↄ∞↕™ ⁹ 

 │⁸ ⌐ ∆╢ ╩™℮⁹ ┼─

─ ─™∏╣⅛⌐ủ ╩ ⇔≡ↄ∞↕™⁹ 

 11 │⁸ │ ⌐ ∆╢ ╩ ∆╢↓≤⌐≈™≡

─ ⌐╟╢ ⁸ ╩ ∆╢ ⌐⅔™≡─╖⁸∕─ ⁸

─ ─ ╩ ⇔≡ↄ∞↕™⁹ 
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─ ⌐ ∆╢ ─  

 

 ┘ {
16

35 } ─ 

⌐╟╡⁸ ╩ ⇔╕∆⁹ 

 

        

           

 

           

β  

 
 

 

  

                

    

    

 
─ ┘  

─  

  

       ⁸ 

         

 ─   ⱷכ♩ꜟ 

 ─   

 

 

 

 

 

 

─ 

 

 

 

 

▬ ─ ─

↕ 

 
ⱷכ♩ꜟ 

꜡ ─ ╩ ℮

─  
 ⱷכ♩ꜟ 

Ɫ ─ ─

 
 ⱷכ♩ꜟ 

 ─ ╩ ℮

─  
 

ⱱ ⅜ ─ ╩ ⅎ

╢ ⌐⅔↑╢ ⇔√

─ ╩ ∆╢√

╘─  

 

Ⱬ ─ ╩ ℮

⌐⅔↑╢ ─ ∕─

─ ⌂  

 

♩ ─  

 ─  

   ⱷכ♩ꜟ 

   

   

♅ ∕─ ─ ╩  
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⌐ ∆╢  

ꜞ ⇔√ ─ ⌐

℮ ╩  ∆

╢  

 

♯ ─ ─√

╘─  
 

ꜟ ∕ ─ ─   

ꞌ         

꞉         

◌ ─   

 ∕ ─ ⌂   

 ─   

10            

β    β    β
⌐ √≈ 

≡ ⇔√  β  

         

           

  

₡ ₢ 

 β ─№╢ │ ⇔⌂™≢ↄ∞↕™⁹ 

 ⁸ ─ ⁸ ─ │ ─ ⅜ ≢№

╢≤⅝│⁸ │⁸ ─ ┘ ─ ╩ ⇔≡ↄ∞↕

™⁹ 

 ─ ⅜ ≢№╢≤⅝│⁸ ─╒⅛⁸ ─

╩ ⇔≡ↄ∞↕™⁹ 

 │⁸ ─≤⅝│⁸ ≢ ╕≈≡⅛╠ ⌐ ↑ ≡ↄ∞↕

™⁹ 

 │⁸ ─ ┘ ╩ ⌐ ≈≡ ⇔⁸

╕≢ ⇔≡ↄ∞↕™⁹ 

 ꜞ│⁸ ╩ ∆╢≤⅝│⁸ ⌐≈™≡∕╣∙╣

⁸ ⁸ ↕ ┘ ╩ ⇔⁸∕╣ ─ ╩ ∏╢≤⅝│⁸

─ ╩ ⇔≡ↄ∞↕™⁹ 

 │⁸ ─ ⌐ ∆╢ ╩ ∆╢↓≤⌐≈™≡ ─ ⌐╟

╢ ⁸ ╩ ∆╢ ⌐⅔™≡─╖⁸∕─ ⁸ ─ ─

╩ ⇔≡ↄ∞↕™⁹ 
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β    

    

     

 

│ ⌐ ∆╢ ─  

 

     

 

       

 

    

   

 

 

 ┘ {
17

36 } ─ ⌐╟╢ ╩

⇔╕∆⁹ 

 

       

        

       

 ╩⇔√ ─ ┘   

   

   

₡ ₢ 

 β ─№╢ │ ⇔⌂™≢ↄ∞↕™⁹ 

 │ ─ ⅜ ≢№╢≤⅝│⁸ │⁸ ─

┘ ─ ╩ ⇔≡ↄ∞↕™⁹ 
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β    

    

     

 

─ ⌐ ∆╢ ─  

 

     

 

       

 

    

  

 

 

 ┘ {
17

36 } ─ ⌐╟╢ ╩

⇔╕∆⁹ 

 

       

        

       

 ╩⇔√ ─ ┘   

   

   

₡ ₢ 

 β ─№╢ │ ⇔⌂™≢ↄ∞↕™⁹ 

 │ ─ ⅜ ≢№╢≤⅝│⁸ │⁸ ─

┘ ─ ╩ ⇔≡ↄ∞↕™⁹ 
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β    

    

     

 

│ ⌐ ∆╢ ─  

 

     

 

            

 

    

  

 

 ┘ {
18

37 } ─ ⌐╟╢ ╩

⇔╕∆⁹ 

 

        

       

 
╩⇔≡™╢

─ ┘  
   

   

 

─

≤⌂╢ ⌐

╢  

       

  

⌐ ╢

 
     

 
─

 

       

   

   

 
       

       

 
─

 

         

   

⌐ ╢

 

      

   

₡ ₢ 

 β ─№╢ │ ⇔⌂™≢ↄ∞↕™⁹ 

 │ ─ ⅜ ≢№╢≤⅝│⁸ │⁸ ─
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┘ ─ ╩ ⇔≡ↄ∞↕™⁹ 

 ┘ │⁸ ⅜ ∆╢≤⅝│⁸ ⌐ ⌂ ╩ ⇔≡

ⅎ≡ↄ∞↕™⁹ 
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│ ⌐ ∆╢ ─  

 

     

 

       

    

  

 

 ┘ {
21

40 } ─ ⌐╟╡⁸ ─

⌐≈™≡ ↑ ╕∆⁹ 

 

 

   

 

╩⇔≡™╢ ─

┘  
 

─         ⁸ 

         

 ╩⇔≡™╢ ─   ⱷכ♩ꜟ 

 ─ ♃ ▬ ⱪ 
ה ↑  

ה ╘  

 │ ─ ↕  ⱷכ♩ꜟ 

 
│ ╩∆╢ ─

 
 ⱷכ♩ꜟ 

 │ ─  
  ⱷכ♩ꜟ 

  ⱷכ♩ꜟ 

         

         

10 ─   

₡ ₢ 

 │ ─ ⅜ ≢№╢≤⅝│⁸ │⁸ ─

┘ ─ ╩ ⇔≡ↄ∞↕™⁹ 

 │⁸ ─ ┘ ╩ ⌐ ≈≡ ⇔⁸

╕≢ ⇔≡ↄ∞↕™⁹ 
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─ ⌐ ∆╢ ─  

 

     

 

       

   

  

 

 ┘ {
21

40 } ─ ⌐╟╡⁸ ─

⌐≈™≡ ↑ ╕∆⁹ 

 

 

   

 

╩⇔≡™╢ ─

┘  
 

─         ⁸ 

         

 ╩⇔≡™╢ ─   ⱷכ♩ꜟ 

 ─ ─ ↕  ⱷכ♩ꜟ 

 ─ ╩ ℮ ─   ⱷכ♩ꜟ 

 ─ ─   ⱷכ♩ꜟ 

         

         

 ─   

₡ ₢ 

 │ ─ ⅜ ≢№╢≤⅝│⁸ │⁸ ─

┘ ─ ╩ ⇔≡ↄ∞↕™⁹ 

 │⁸ ─ ┘ ╩ ⌐ ≈≡ ⇔⁸

╕≢ ⇔≡ↄ∞↕™⁹ 
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⌐ ∆╢ ─  

 

     

 

       

 

    

   

 

 

┘ {
21

40 } ─ ⌐╟╡⁸ ─

⌐≈™≡⁸ ↑ ╕∆⁹ 

 

 

 

 
⅜ ╦╣╢ ─

┘  
 

 
⅔℮≤∆╢ ─

┘  
 

         

         

₡ ₢ ⅜ ≢№╢≤⅝│⁸ │⁸ ─ ┘ ─

╩ ⇔≡ↄ∞↕™⁹ 
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─ ─  

 

     

 

       

 

    

   

 

 

┘ {
21

40 } ─ ⌐╟╡⁸ ─≤

⅔╡ ↑ ╕∆⁹ 

 

 

 

 
⇔√ ─

┘  
 

 ⇔√ ─  ⱷכ♩ꜟ 

 ─   

 ─   

         

₡ ₢ ⅜ ≢№╢≤⅝│⁸ │⁸ ─ ┘ ─

╩ ⇔≡ↄ∞↕™⁹ 
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⌐ ∆╢ ─  

 

      

 

           

    

                    

 

 ┘ 27 ─ ⌐╟╡⁸ ─ ⌐≈

™≡ ↑ ╕∆⁹ 

 

 

 
 

 

  

 

 
  

    

    

 
─ ┘  

─  

  

       ⁸ 

         

 ─  ⱷכ♩ꜟ 

 ─   

 ─   

 ─ ♃ ▬ ⱪ 
ה ↑  

ה ╘  

 ─  ┼─ ה   

10 

 

 

 

 

 

─ 

 

 

 

 

▬  │ ─ ↕  ⱷכ♩ꜟ 

꜡ │ ╩∆╢

─  
ⱷכ♩ꜟ 

Ɫ │ ─  
 ⱷכ♩ꜟ 

 ⱷכ♩ꜟ 

  

  ↕  

   ⱷכ♩ꜟ  ⱷכ♩ꜟ 

    

    

ⱱ  

  ↕  

   ⱷכ♩ꜟ  ⱷכ♩ꜟ 
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Ⱬ  

    

  ☿fi♅ⱷכ♩ꜟ  ⱷכ♩ꜟ 

    

    

♩ ─ ─   

♅ ─ ─

─  
 

ꜞ ─ ─√

╘─  
 

♯ ∕ ─ ─   

ꜟ         

ꞌ         

꞉ ─   

11 ∕ ─ ⌂   

₡ ₢ 

  ⁸ ─ ⁸ ─ │ ─ ⅜   

  ≢№╢≤⅝│⁸ │⁸ ─ ┘ ─ ╩ ⇔≡

ↄ∞↕™⁹ 

  ─ ⅜ ≢№╢≤⅝│⁸ ─╒⅛⁸

─ ╩ ⇔≡ↄ∞↕™⁹ 

  │⁸ ─≤⅝│⁸№≤≢ ╕≈≡⅛╠ ⌐ ↑ ≡ↄ

∞↕™⁹ 

  │⁸ ─ ┘ ╩ ⌐ ≈≡ ⇔⁸

╕≢ ⇔≡ↄ∞↕™⁹ 

  │⁸ ∆╢ ♃▬ⱪ⌐₃ ╩ ⇔≡ↄ∞↕™⁹

⁹ 

  │⁸ ⌐ ∆╢ ╩™℮⁹ ┼

─ ─ ─™∏╣⅛⌐₃ ╩ ⇔≡ↄ∞↕™⁹ 

  11 │⁸ ⌐ ∆╢ ╩ ∆╢↓≤⌐≈™≡ ─ ⌐

╟╢ ⁸ ╩ ∆╢ ⌐⅔™≡─╖⁸∕─ ⁸ ─

─ ╩ ⇔≡ↄ∞↕™⁹ 
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─ ⌐ ∆╢ ─  

 

     

 

           

    

                    

 

 ┘ 27 ─ ⌐╟╡⁸ ─ ⌐≈

™≡ ↑ ╕∆⁹ 

 

 

 
 

 

  

               

    

    

 
─ ┘  

─  

  

       ⁸ 

         

 ─   ⱷכ♩ꜟ 

 ─   

 

 

 

 

 

 

─ 

 

 

 

 

▬ ─ ─

↕ 

 
ⱷכ♩ꜟ 

꜡ ─ ╩ ℮

─  
 ⱷכ♩ꜟ 

Ɫ ─ ─

 
 ⱷכ♩ꜟ 

 ─ ╩ ℮

─  
 

ⱱ ⅜ ─ ╩ ⅎ

╢ ⌐⅔↑╢ ⇔√

─ ╩ ∆╢√

╘─  

 

Ⱬ ─ ╩ ℮

⌐⅔↑╢ ─ ∕─

─ ⌂  

 

♩ ─  

 ─  

   ⱷכ♩ꜟ 
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♅ ∕─ ─ ╩

⌐ ∆╢  
 

ꜞ  ⇔√ ─

⌐ ℮ ╩  

∆╢  

 

♯ ─ ─√

╘─  
 

ꜟ ∕ ─ ─   

ꞌ         

꞉         

◌ ─   

 ∕ ─ ⌂   

₡ ₢ 

 ⁸ ─ ⁸ ─ │ ─ ⅜   

  ≢№╢≤⅝│⁸ │⁸ ─ ┘ ─ ╩ ⇔≡

ↄ∞↕™⁹ 

  ─ ⅜ ≢№╢≤⅝│⁸ ─╒⅛⁸

─ ╩ ⇔≡ↄ∞↕™⁹ 

  │⁸ ─≤⅝│⁸ ≢ ╕≈≡⅛╠ ⌐ ↑ ≡ↄ∞

↕™⁹ 

  │⁸ ─ ┘ ╩ ⌐ ≈≡ ⇔⁸

╕≢ ⇔≡ↄ∞↕™⁹ 

  ꜞ│⁸ ╩ ∆╢≤⅝│⁸ ⌐≈™≡∕╣∙

╣ ⁸ ⁸ ↕ ┘ ╩ ⇔⁸∕╣ ─ ╩ ∏╢≤⅝

│⁸ ─ ╩ ⇔≡ↄ∞↕™⁹ 

  │⁸ ─ ⌐ ∆╢ ╩ ∆╢↓≤⌐≈™≡ ─ ⌐

╟╢ ⁸ ╩ ∆╢ ⌐⅔™≡─╖⁸∕─ ⁸ ─

─ ╩ ⇔≡ↄ∞↕™⁹ 
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⌐ ∆╢ ─  

 

      

 

           

    

                    

 

 ┘ 28 ─ ⌐╟╡⁸ ─ ─

⌐≈™≡ ↑ ╕∆⁹ 

 

 

 
 

 

  

    

    

    

 
─ ┘  

─  

  

       ⁸ 

         

 ─  ⱷכ♩ꜟ 

 ─   

 ─   

 ─ ♃ ▬ ⱪ 
ה ↑  

ה ╘  

 ─  ┼─ ה   

10 

 

 

 

 

 

─ 

 

 

 

 

▬ │ ─ ↕  ⱷכ♩ꜟ 

꜡  │ ╩∆╢

─  
ⱷכ♩ꜟ 

Ɫ │ ─  
 ⱷכ♩ꜟ 

 ⱷכ♩ꜟ 

  

  ↕  

   ⱷכ♩ꜟ  ⱷכ♩ꜟ 

    

    

ⱱ  

  ↕  

   ⱷכ♩ꜟ  ⱷכ♩ꜟ 

    

    

Ⱬ      
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  ☿fi♅ⱷכ♩ꜟ  ⱷכ♩ꜟ 

    

    

♩ ─ ─   

♅  ─ ─

─  
 

ꜞ  ─ ─√

╘─  
 

♯ ∕ ─ ─   

ꜟ         

ꞌ         

꞉ ─   

11 ∕ ─ ⌂   

12 ─   

₡ ₢ 

  ⁸ ─ ⁸ ─ │ ─ ⅜   

  ≢№╢≤⅝│⁸ │⁸ ─ ┘ ─ ╩ ⇔≡

ↄ∞↕™⁹ 

  ─ ⅜ ≢№╢≤⅝│⁸ ─╒⅛⁸

─ ╩ ⇔≡ↄ∞↕™⁹ 

  │⁸ ─≤⅝│⁸ ≢ ╕≈≡⅛╠ ⌐ ↑ ≡ↄ∞

↕™⁹ 

  │⁸ ─ ┘ ╩ ⌐ ≈≡ ⇔⁸

╕≢ ⇔≡ↄ∞↕™⁹ 

  │⁸ ∆╢ ♃▬ⱪ⌐₃ ╩ ⇔≡ↄ∞↕™⁹

⁹ 

  │⁸ ⌐ ∆╢ ╩™℮⁹ ┼─

─ ─™∏╣⅛⌐₃ ╩ ⇔≡ↄ∞↕™⁹ 

  11 │⁸ ⌐ ∆╢ ╩ ∆╢↓≤⌐≈™≡ ─ ⌐

╟╢ ⁸ ╩ ∆╢ ⌐⅔™≡─╖⁸∕─ ⁸ ─

─ ╩ ⇔≡ↄ∞↕™⁹ 
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─ ⌐ ∆╢ ─  

 

     

 

           

    

                    

 

 ┘ 28 ─ ⌐╟╡⁸ ─ ─

⌐≈™≡ ↑ ╕∆⁹ 

 

 

 
 

 

  

               

    

    

 
─ ┘  

─  

  

       ⁸ 

         

 ─   ⱷכ♩ꜟ 

 ─   

 

 

 

 

 

 

─ 

 

 

 

 

▬ ─ ─

↕ 

 
ⱷכ♩ꜟ 

꜡ ─ ╩ ℮

─  
 ⱷכ♩ꜟ 

Ɫ ─ ─

 
 ⱷכ♩ꜟ 

 ─ ╩ ℮

─  
 

ⱱ ⅜ ─ ╩ ⅎ

╢ ⌐⅔↑╢ ⇔√

─ ╩ ∆╢√

╘─  

 

Ⱬ ─ ╩ ℮

⌐⅔↑╢ ─ ∕─

─ ⌂  

 

♩ ─  
 ─  

   ⱷכ♩ꜟ 
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♅ ∕─ ─ ╩

⌐ ∆╢  
 

ꜞ  ⇔√ ─

⌐ ℮ ╩  

∆╢  

 

♯ ─ ─√

╘─  
 

ꜟ ∕ ─ ─   

ꞌ         

꞉         

◌ ─   

 ∕ ─ ⌂   

 ─   

₡ ₢ 

 ⁸ ─ ⁸ ─ │ ─ ⅜   

  ≢№╢≤⅝│⁸ │⁸ ─ ┘ ─ ╩ ⇔≡

ↄ∞↕™⁹ 

  ─ ⅜ ≢№╢≤⅝│⁸ ─╒⅛⁸

─ ╩ ⇔≡ↄ∞↕™⁹ 

  │⁸ ─≤⅝│⁸ ≢ ╕≈≡⅛╠ ⌐ ↑ ≡ↄ∞

↕™⁹ 

  │⁸ ─ ┘ ╩ ⌐ ≈≡ ⇔⁸

╕≢ ⇔≡ↄ∞↕™⁹ 

  ꜞ│⁸ ╩ ∆╢≤⅝│⁸ ⌐≈™≡∕╣∙

╣ ⁸ ⁸ ↕ ┘ ╩ ⇔⁸∕╣ ─ ╩ ∏╢≤⅝

│⁸ ─ ╩ ⇔≡ↄ∞↕™⁹ 

  │⁸ ─ ⌐ ∆╢ ╩ ∆╢↓≤⌐≈™≡ ─ ⌐

╟╢ ⁸ ╩ ∆╢ ⌐⅔™≡─╖⁸∕─ ⁸ ─

─ ╩ ⇔≡ↄ∞↕™⁹ 
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│ ⌐ ∆╢ ─  

 

 
90☿fi♅ⱷכ♩ꜟ  

 
 

 
 

7
0
☿
fi
♅
ⱷ
כ
♩
ꜟ

 
 

 
 

 
 

   {
│ ⌐ ∆╢ ─

⌐ ∆╢ ─         
}  

 ─    

         

 │         

 ─    

 ─    

 │ ─ ↕ ⱷכ♩ꜟ  

 
│ ╩∆╢

─  

ⱷכ♩ꜟ  

 │ ─  
 ⱷכ♩ꜟ  

 ⱷכ♩ꜟ  

        

10        

11 

⌐ ╢ ∑╩

↑╢√╘─

─  

  

12 
│ ─

 
  

   

50☿fi♅ⱷכ♩ꜟ  

 

  

 

 

  ─ ⁸ ─ │ ─ ⅜ ≢№╢≤

⅝│⁸ │⁸ ─ ┘ ─ ╩ ⇔≡ↄ∞↕™⁹ 

  ⁸ ⁸ ┘ 10 │⁸ ─ ╩ ↑√ ⌐⅔™≡│⁸

─ ⁸ ╩∕╣∙╣ ⇔≡ↄ∞↕™⁹ 

  



 

139 

 

 

 

─ ⌐ ∆╢ ─  

 

 
90☿fi♅ⱷכ♩ꜟ  

 
 

 
 

7
0
☿
fi
♅
ⱷ
כ
♩
ꜟ

 
 

 
 

 
 

─ ⌐ ∆╢ ─ │  
 ─    

         

 │         

 ─    

 ─    

 
─ ─

↕ 
ⱷכ♩ꜟ  

 
─ ╩ ℮

─  

ⱷכ♩ꜟ  

 
─ ─

 
ⱷכ♩ꜟ  

        

10        

11 

⌐ ╢ ∑╩

↑╢√╘─

─  

  

12 
│ ─

 
  

   

50☿fi♅ⱷכ♩ꜟ  

 

  

 

 

  ─ ⁸ ─ │ ─ ⅜ ≢№╢≤

⅝│⁸ │⁸ ─ ┘ ─ ╩ ⇔≡ↄ∞↕™⁹ 

  ⁸ ⁸ ┘ 10 │⁸ ─ ╩ ↑√ ⌐⅔™≡│⁸

─ ⁸ ╩∕╣∙╣ ⇔≡ↄ∞↕™⁹ 
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─  

 

      

 

          

 

 

          ─ ⌐ ∆╢ ⌐≈™≡│⁸ ⅜⌂™─≢ ⇔╕∆⁹ 

─

┘  
  

─

┘  

 

   

─ ─  

─ ┘  

 

   

    

 ה ה
─  

 ה ה

   

    

 ה ה
─  

 ה ה

   

    

 ה ה
─  

 ה ה

   

 

 
   

 ה ה
─  

 ה ה

   

    

 ה ה
─  

 ה ה

   

 

1.  ↔≤⌐ ╩ ∫√ │⁸ ─ ⌐₈ ₉≤ ∆╢↓≤⁹ 

2.  ↓─ │ ─ ─╖⌐ ∆╢↓≤⁹ 

3.  ↔≤⌐ ∆╢↓≤⁹ 
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─ ┘ ⌐ ∆╢  

     

    

                      

                         

⌐№∫≡│⁸ √╢ ─ 

⁸ ┘ ─  

 

┘ {
12

30 } ⌐ ∆╢ ─ ┘ ⌐

≈™≡⁸ ─≤⅔╡ ⇔╕∆⁹ 
        

⌐╟╢  

 

 

─ │  

 (℮∟    )  

    

 │               

√╢    

   

 

    
⁸ ⁸ ⁸∕─

 

  
      

  
        

  
        

  
        

 

    
 

⁸

 

      
   

  

   

 

  

  

      
   

  

   

 

  

  

      
   

  

   

 

  

  

      
   

  

   

 

  

  

      
   

  

   

 

  

  

 ⌐╟╢ ⌐≈™≡│⁸ ⌐╟╢ ⁸ ⌐╟╢  

⁸ ⌐╟╢ ⌐≈™≡ ∆╢↓≤⁹ 
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─ ⌐ ∆╢  

     

     

                    

                         

⌐№∫≡│⁸ √╢ ─ 

⁸ ┘ ─  

 

┘ {
12

30 } ⌐ ∆╢ ─ ⌐≈™

≡ ─≤⅔╡ ⇔╕∆⁹ 
        

⌐ ╟ ╢    

 
    

    

 │              

√╢    

26 ⌐╟╢

 
  

 

    
⁸ ⁸ ⁸

∕─         

  
      

  
        

  
        

  
        

 

 
⁸

─  
  

 

 
 

      
   

  
     

      
   

  
     

      
   

  
     

      
   

  
     

      
   

  
     

 ⌐╟╢ ⌐≈™≡│⁸ ⌐╟╢ ⁸ ⌐╟╢  

⌐≈™≡ ∆╢↓≤⁹ 
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, 13  

 

│ ⌐ ∆╢ ─  

 

     

 

 

    

 

 

              

                      

⌐№∫≡│⁸ √╢ ─ 

⁸ ┘ ─  

 

┘ {
15

34 } ─ ⌐╟╡⁸ ╩ ⇔  

╕∆⁹ 
 

1 

 

─ ┘  

 

 
  

 
  

2 ─ ┘  
 

  

 
  

3 ─ ┘  
 

  

 
  

4 
─ ┘  

─  

 

            ⁸ 

              

5 ─  ⱷכ♩ꜟ 

6 ─   

7 ─   

8 ─ ♃ ▬ ⱪ ה ↑ ה ╘  

9 ─  ┼─ ה   
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10 

─

 

(1)  │ ─ ↕ ⱷכ♩ꜟ 

(2)  │ ╩∆╢

─  
ⱷכ♩ꜟ 

(3)  │ ─  

              ⱷכ♩ꜟ 

              ⱷכ♩ꜟ 

(4)          

   ↕  

  ⱷכ♩ꜟ ⱷכ♩ꜟ 

    

    

(5)   

   ↕  

  ⱷכ♩ꜟ ⱷכ♩ꜟ 

    

    

(6)       

     

  ☿fi♅ⱷכ♩ꜟ ⱷכ♩ꜟ 

    

    

(7)  ─ ─  
 

 

(8)  ─ ─

─  

 

 

(9)  ─ ─

√╘─  

 

 

(10)  ∕ ─ ─  
 

 

(11)              

(12)              

(13)  ─  
 

 

11 ∕ ─ ⌂  
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β      β  
β ⌐ √∫

≡ ⇔√  
β  

     

   

     

            

   

₡ ₢ 

1 β ─№╢ │⁸ ⇔⌂™≢ↄ∞↕™⁹ 

2 │⁸ ╩ ∆╢ ─ ⌐╟╠⌂↑╣┌⌂╠⌂™ ╩ ╗ ⌐│⁸  

─ ⌐ủ ╩ ⇔≡ↄ∞↕™⁹ 

3 │⁸ ─≤⅝│⁸ ≢ ╕∫≡⅛╠ ⌐ ↑ ≡ↄ∞↕™⁹ 

4 │⁸ ─ ┘ ╩ ⌐ ∫≡ ⇔⁸  

╕≢ ⇔≡ↄ∞↕™⁹ 

5 │⁸ ∆╢ ♃▬ⱪ⌐ủ ╩ ⇔≡ↄ∞↕™ ⁹ 

6 │⁸ ┘ ⌐  

∆╢ ╩™℮⁹ ┼─ ─ ─™∏╣⅛⌐ủ ╩ ⇔≡ↄ∞↕™⁹ 

7 11 │⁸ │ ⌐ ∆╢ ╩ ∆╢↓≤⌐≈™≡ ─ ⌐ 

╟╢ ⁸ ╩ ∆╢ ⌐⅔™≡─╖⁸∕─ ⁸ ─ ─ ╩

⇔≡ↄ∞↕™⁹ 
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, 13  

 

─ ⌐ ∆╢ ─  

 

     

 

 

    

 

 

                      

                

⌐№∫≡│⁸ √╢ ─ 

⁸ ┘ ─  

 

 

 

┘ {
15

34 } ─ ⌐╟╡⁸ ╩ ⇔

╕∆⁹ 
 

 

1 

 

─ ┘  

 

 
  

 
  

2 ─ ┘  
 

  

 
  

3 ─ ┘  
 

  

 
  

4 
─ ┘  

─  

 

            ⁸ 

              

5 ─  ⱷכ♩ꜟ 

6 ─   

 

 

(1)   ─ ─

↕ 
ⱷכ♩ꜟ 

( 2)   ─ ╩ ℮

─  
ⱷכ♩ꜟ 
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─

 

( 3)   ─ ─

 
              ⱷכ♩ꜟ 

( 4)   ─ ╩ ℮

─  
 

( 5)   ⅜ 10 ─ ╩

ⅎ╢ ⌐⅔↑╢

⇔√ ─ ╩

∆╢√╘─  

 

( 6)   ─ ╩ ℮

⌐⅔↑╢ ─ ∕

─ ─ ⌂  

 

( 7)     ─   

  ─  

 ⱷכ♩ꜟ 

  

  

( 8)   ∕─ ─ ╩

⌐ ∆╢  
 

( 9)   ⇔√ ─ ⌐

℮ ─ ╩

∆╢  

 

( 10)  ─ ─√

╘─   

 

 

( 11)  ∕ ─ ─  
 

 

( 12)                  

( 13)                  

( 14)  ─  

 

 

 

 

8 ∕ ─ ⌂  
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β    β  
β ⌐ √∫

≡ ⇔√  
β  

     

   

     

            

  

₡ ₢ 

1 β ─№╢ │⁸ ⇔⌂™≢ↄ∞↕™⁹ 

2 │⁸ ─≤⅝│⁸ ≢ ╕∫≡⅛╠ ⌐ ↑ ≡ↄ∞↕™⁹ 

3 │⁸ ─ ┘ ╩ ⌐ ∫≡ ⇔⁸  

╕≢ ⇔≡ↄ∞↕™⁹ 

4 9 │⁸ ╩ ∆╢≤⅝│⁸ ⌐≈™≡∕╣∙╣ ⁸ 

⁸ ↕ ┘ ╩ ⇔⁸∕╣ ─ ╩ ∏╢≤⅝│⁸ ─ ╩

⇔≡ↄ∞↕™⁹ 

5 │⁸ ─ ⌐ ∆╢ ╩ ∆╢↓≤⌐≈™≡ ─ ⌐╟╢ ⁸ 

╩ ∆╢ ⌐⅔™≡─╖⁸∕─ ⁸ ─ ─ ╩ ⇔≡ↄ∞

↕™⁹ 
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, 14  

 

⌐ ∆╢ ─  
 

     

   
  

                         

⌐№∫≡│⁸ √╢ ─ 

⁸ ┘ ─  

 

┘ {
16

35 } ─ ⌐╟╡⁸ ─ ─ ⌐≈™≡

↑ ╕∆⁹ 
 

 

 

 

 ┘                       

 

 ─ ┘  
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10 , 15  

 

│ ⌐ ∆╢ ─  

 

 

     

 

      

 

 

            

                

⌐№∫≡│⁸ √╢ ─ 

⁸ ┘ ─  

 

 

┘ {
16 ⌐⅔™≡ ∆╢ 15

35 ⌐⅔™≡ ∆╢ 34 }
─ ⌐╟╡⁸ ─ ╩ ⇔ ╕∆⁹ 
 

 

1 

 

─ ┘  

 

 
  

 
  

2 ─ ┘  
 

  

 
  

3 ─ ┘  
 

  

 
  

4 
─ ┘  

─  

 

            ⁸ 

              

5 ─  ⱷכ♩ꜟ 

6 ─   

7 ─   

8 ─ ♃ ▬ ⱪ ה ↑ ה ╘  
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9 ─  ┼─ ה   

 

10 

─

 

(1)   │ ─ ↕ ⱷכ♩ꜟ 

(2)   │ ╩∆╢

─  
ⱷכ♩ꜟ 

(3)  │ ─  

              ⱷכ♩ꜟ 

              ⱷכ♩ꜟ 

(4)          

   ↕  

  ⱷכ♩ꜟ ⱷכ♩ꜟ 

    

    

(5)   

   ↕  

  ⱷכ♩ꜟ ⱷכ♩ꜟ 

    

    

(6)   

     

  ☿fi♅ⱷכ♩ꜟ ⱷכ♩ꜟ 

    

    

(7)   ─ ─   

(8)   ─ ─

─  
 

(9)   ─ ─

√╘─  
 

(10)  ∕ ─ ─   

(11)              

(12)              

(13)  ─   

11 ∕ ─ ⌂   

12 ─   
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13         

β      β    
β ⌐ √∫ 

≡ ⇔√  
β  

     

   

     

            

   

₡ ₢ 

1 β ─№╢ │⁸ ⇔⌂™≢ↄ∞↕™⁹ 

2 │⁸ ╩ ∆╢ ─ ⌐╟╠⌂↑╣┌⌂╠⌂™ ╩ ╗ ⌐│⁸  

─ ⌐ủ ╩ ⇔≡ↄ∞↕™⁹ 

3 │⁸ ─≤⅝│⁸ ≢ ╕∫≡⅛╠ ⌐ ↑ ≡ↄ∞↕™⁹ 

4 │⁸ ─ ┘ ╩ ⌐ ∫≡ ⇔⁸ ╕≢

⇔≡ↄ∞↕™⁹ 

5 │⁸ ∆╢ ♃▬ⱪ⌐ủ ╩ ⇔≡ↄ∞↕™ ⁹ 

6 │⁸ ┘ ⌐  

∆╢ ╩™℮⁹ ┼─ ─ ─™∏╣⅛⌐ủ ╩ ⇔≡ↄ∞↕™⁹ 

7 11 │⁸ │ ⌐ ∆╢ ╩ ∆╢↓≤⌐≈™≡ ─ ⌐ 

╟╢ ⁸ ╩ ∆╢ ⌐⅔™≡─╖⁸∕─ ⁸ ─ ─ ╩ ⇔

≡ↄ∞↕™⁹ 
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11 , 15  

 

─ ⌐ ∆╢ ─  

 

 

     

 

      

 

 

                  

               

⌐№∫≡│⁸ √╢ ─ 

⁸ ┘ ─  

 

 

┘ {
16 ⌐⅔™≡ ∆╢ 15

35 ⌐⅔™≡ ∆╢ 34 }
─ ⌐╟╡⁸ ─ ╩ ⇔ ╕∆⁹ 
 

 

1 

 

─ ┘  

 

 
  

 
  

2 ─ ┘  
 

  

 
  

3 ─ ┘  
 

  

 
  

4 
─ ┘  

─  

 

            ⁸ 

              

5 ─  ⱷכ♩ꜟ 

6 ─   
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─

 

(1)   ─ ─

↕ 
ⱷכ♩ꜟ 

( 2)   ─ ╩ ℮

─  
ⱷכ♩ꜟ 

( 3)   ─ ─

 
               ⱷכ♩ꜟ 

( 4)   ─ ╩ ℮

─  
 

( 5)   ⅜ 10 ─ ╩

ⅎ╢ ⌐⅔↑╢

⇔√ ─ ╩

∆╢√╘─  

 

( 6)   ─ ╩ ℮

⌐⅔↑╢ ─ ∕

─ ─ ⌂  

 

( 7)     ─   

  ─  

 ⱷכ♩ꜟ 

  

  

( 8)   ∕─ ─ ╩

⌐ ∆╢  
 

( 9)   ⇔√ ─ ⌐

℮ ─ ╩

∆╢  

 

( 10)  ─ ─√ 

╘─   

 

 

( 11)  ∕ ─ ─  
 

 

( 12)              

( 13)              

( 14)  ─  
 

 

8 ∕ ─ ⌂  
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9 ─  
 

 

10         

β    β    
β ⌐ √∫

≡ ⇔√  
β  

     

   

     

            

  

₡ ₢ 

1 β ─№╢ │⁸ ⇔⌂™≢ↄ∞↕™⁹ 

2 │⁸ ─≤⅝│⁸ ≢ ╕∫≡⅛╠ ⌐ ↑ ≡ↄ∞↕™⁹ 

3 │⁸ ─ ┘ ╩ ⌐ ∫≡ ⇔⁸ ╕≢ 

⇔≡ↄ∞↕™⁹ 

4 9 │⁸ ╩ ∆╢≤⅝│⁸ ⌐≈™≡∕╣∙╣ ⁸  

⁸ ↕ ┘ ╩ ⇔⁸∕╣ ─ ╩ ∏╢≤⅝│⁸ ─ ╩ ⇔≡ↄ

∞↕™⁹ 

5 │⁸ ─ ⌐ ∆╢ ╩ ∆╢↓≤⌐≈™≡ ─ ⌐╟╢ ⁸  

╩ ∆╢ ⌐⅔™≡─╖⁸∕─ ⁸ ─ ─ ╩ ⇔≡ↄ∞↕™⁹ 
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12 , 16  

 

│ ⌐ ∆╢ ─  

 

      

 

    

 

         

        

⌐№∫≡│⁸ √╢ ─ 

⁸ ┘ ─  
 

 ┘ {
19

38 } ─ ⌐╟╡⁸ │ ⌐

∆╢ ─  

─

 

ᵥ ⅜ ↕ ╣ ╢ 

─  
 

ᵦ ─ ┘   

ᵧ              

ᵨ          

ᵩ ─         

─

 

ᵑ ─ ⌐ ⅔ ↑ ╢ 

│ ─ ↕ 

              ⱷכ♩ꜟ 

    ⱷכ♩ꜟ 

ᵒ ─ ⌐ ⅔ ↑ ╢ 

│ ─  

            ⱷכ♩ꜟ 

            ⱷכ♩ꜟ 

ᵓ ─ ⌐ ⅔ ↑ ╢ 

│ ─  

            ⱷכ♩ꜟ 

            ⱷכ♩ꜟ 

ᵔ ─ ⌐⅔↑╢

⌐ ∆╢ ─  

 

ᵕ  

┘  

 

 ᵩ⌐≈™≡│⁸ ─ ╩ ℮ ⌐ ╢⁹ 

ᵔ⌐≈™≡│⁸ ┘ 13 ⌐ ∆╢ ≤∆╢⁹ 
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13 , 16  

 

─ ⌐ ∆╢ ─  

 

      

 

    

 

           

          

⌐№∫≡│⁸ √╢ ─ 

⁸ ┘ ─  
 

 ┘ {
19

38 } ─ ⌐╟╡⁸ ─ ⌐ ∆╢ ─

⌐≈™≡ ─≤⅔╡ ↑ ╕∆⁹ 
 

─

 

ᵥ ⅜ ↕╣╢ ─

 
 

ᵦ ─ ┘   

ᵧ              

ᵨ           

ᵩ ─         

─

 

ᵑ ─ ⌐ ⅔ ↑ ╢ 

─ ─ ↕ 

          

                  ⱷכ♩ꜟ 

ᵒ ─ ⌐ ⅔ ↑ ╢ 

─ ─  

 

                ⱷכ♩ꜟ 

ᵓ ─ ⌐⅔↑╢

↕╣≡™╢ ─  

 

                ⱷכ♩ꜟ 

ᵔ ─ ─ ⅛╠ √

⌐ ↕╣√ ─

┘ ↕╣√ ─  

√⌐ ↕╣√ ─  

                ⱷכ♩ꜟ 

↕╣√ ─  

                ⱷכ♩ꜟ 

ᵕ  

┘  

  

 ᵩ⌐≈™≡│⁸ ─ ╩ ℮ ⌐ ╢⁹ 

ᵔ⌐≈™≡⁸ ─ ⅜♀꜡─ │⁸₈ ₉≤ ∆╢↓≤⁹ 

  



 

158 

 

14 10 , 18  

 

⌐ ∆╢ ─ ─  
 

     

   

 
  

                          

⌐№∫≡│⁸ √╢ ─ 

⁸ ┘ ─  

  

┘ {
21

40 } ─ ⌐╟╡ ↑ √ ─  

⌐≈™≡⁸ ─≤⅔╡ ⇔√™─≢ ↑ ╕∆⁹ 
 

 

 

⌐ ↑ √                          

╩⇔≡™╢ ─

┘  

 

 

╩⇔≡™╢ ─  ⱷכ♩ꜟ 
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15 10 , 18  

 

⌐ ∆╢ ─ ─  
 

     

 

   

 
    

   
⌐№∫≡│⁸ √╢ ─ 

⁸ ┘ ─  

 

┘ {
21

40 } ─ ⌐╟╡ ↑ √ ─ ⌐ 

≈™≡⁸ ─≤⅔╡ ⇔√™─≢ ↑ ╕∆⁹  
 

 

 

⌐ ↑ √                       

⅜ ╦ ╣ ╢ ─ 

┘  

 

 

 

 

⅔℮≤∆╢ ─ ┘  
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16 11 , 19  

 

⌐ ∆╢ ─ ( ⁸ )  

 

      

 

     

 

         

        

⌐№∫≡│⁸ √╢ ─ 

⁸ ┘ ─  
 

┘ {
11

19 } ─ ⌐╟╡⁸ ─≤⅔╡ ↑ ╕∆⁹ 
 

 

 

 

┘  
                 

─     ה      ה    

  

─ ┘   

┘ 
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│ ⌐ ∆╢ ─  

 

 

     

 

 

 

 

    

 

 

 

 

 

              

                      

⌐№∫≡│⁸ √╢ ─ 

⁸ ┘ ─  

 

 

 

        

│ ⌐ ∆╢ ⌐≈™≡⁸ ─≤⅔╡ ╩ ⇔ ╕∆⁹ 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ⱨ Ẹṳ יּ  

♃ ʿ  

 ʿ 

E-mailʿ 
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─ ⌐ ∆╢ ─  

 

 

     

 

 

 

 

    

 

 

 

 

 

              

                      

⌐№∫≡│⁸ √╢ ─ 

⁸ ┘ ─  

 

 

 

        

─ ⌐ ∆╢ ⌐≈™≡⁸ ─≤⅔╡ ╩ ⇔ ╕∆⁹ 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ⱨ Ẹṳ יּ  

♃ ʿ  

 ʿ 

E-mailʿ 
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│⁸ ─≤⅔╡ ╩ ╘⁸ ┘ ⌐ ≠ↄ
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