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ⅎ╪ ─ ⌐ √∫≡│⁸∕─ ≤∆╢ ⅜ ↕╣⁸⅛≈⁸∕─ ⅜ ↕╣╢╟

℮ ╩ ∆╢≤≤╙⌐⁸ ⁸ ⌐≈™≡╙ ∆╢╙─≤∆╢  

ⅎ╪ ─ ─ │⁸ 2.2─≤⅔╡≢№╢  

⌐ √∫≡─ ╩ 2.1⌐ ∆  

    ────     

                         

1.1.1.1.                

    

2222....    ────         

2.12.12.12.1        

 

2.1  

 0.5 Ⱨ♇♅ 

ה ⅝  0.1 Ⱨ♇♅⁸ → 

⅝  0.1 Ⱨ♇♅⁸ → 

⇔  0.1 Ⱨ♇♅⁸ → 

 5 Ⱨ♇♅⁸ → 

2.22.22.22.2    ────     

                

─ ≤⇔≡ ─ ─ ╩ 2.2⌐ ∆⁹ 

⌐⅔™≡╙ ⇔ ⌐ ⅜ ↕╣≡™╢∞↑≢⁸ ⌐│ ╙ ≢№╢⁹ 

╕√⁸ ⌐⅔™≡│⁸ ≤─ ╩ ╢√╘⁸ ⅝─ ╩ ≤⇔≡™╢⁹ 

⇔⅛⇔⌂⅜╠⁸ ⌂≥⅛╠ ⅜ ╕⇔ↄ⌂™ ⌐⅔™≡│⁸ ⅝ ⇔ ─╖

↕╣√™⁹ 

 

 

 

 

 

 

 

2.2 ─  
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⌂ ⅎ╪ ─ ╩ 2.3⅔╟┘ ה ⅎ╪ ─ ╩ 2.3⌐ ∆  

2.32.32.32.3    ────     

                

 ─ ─ │⁸ ◘▬♩─ ⁸ ⁸∕─ ─ ⌐ ∆╢ ⁸ ⅔╟┘

─ ⌐≈™≡ ⇔⁸ ─ ⌐ ⌂ ╩ ∫√ ⁸ ╩ ∆╢⁹ ⌐

↕╣√ ⌐≈™≡⁸ ⇔⁸ ⅔╟┘ ─ ╩ ∫√ ⁸ ⁸ ⁸ ╘⅔╟

┘ ⅝ ─ ─ ╩ ℮⁹ 

2.3 ─  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ה 2.3 ─ ╣ 
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₆ ה ה ─ ₇₆ ה ה ─ ₇₆ ה ה ─ ₇₆ ה ה ─ ₇    

 

₆ ─ ₇₆ ─ ₇₆ ─ ₇₆ ─ ₇    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

₆ ⇔─ ₇₆ ⇔─ ₇₆ ⇔─ ₇₆ ⇔─ ₇    

 

 

 

 

 

₆ ה ₇₆ ה ₇₆ ה ₇₆ ה ₇    

ה  

ה  

 

ה  
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╩ ∆╢ ⅛  

ה ─ 

≤ ─ ⇔ 

 

─  

 ╩ ⇔√ 1.5 p  

 ─Ⱨכ◒ sp  

⅛  

─  

  ─Ⱨכ◒ sp  

 

─  

 ─Ⱨכ◒ sp ─ ⱴ♬fi◓ ─ ≤  

─  

 ╩ ⇔√ 1.5 p ─ ∑⅝─  

─Ⱨכ◒ sp ─ ⱴ♬fi◓ ─ ≤  

─  

⇔ ─  

 

ה ⅛  
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⌐⅔™≡│ ╩ ™╢╙─≤⇔⁸ ≤ ⌐╟∫≡ ╩ ™ ↑╢╙

─≤∆╢⁹ 

─ ⌐⅔↑╢ ─ │ ─ ⌐╟╢⁹ 

⌐⅔↑╢ │⁸ ─ ─ ≤⁸ ─ ╩ ⇔ ⅝™

─ ⅛╠ ↕╣╢₈ ╩ ⇔√ ₉ ≤ Ⱨכ◒ ≤∆╢⁹ 

⌐⅔↑╢ │⁸ ─ ─ ⅛╠ ↕╣╢₈ ╩ ⇔√ ₉

≤∆╢⁹ 

    ────  

    

1111....                    

    

2.2.2.2.        

                

 ₈ ה 19 3 ⁸  ─ P.47₉⌐│

⌐╟╢ ─ ─ ⅜⁸₈ 3 2 -10₉⌐│ ⌐╟╢

─ ⅜ ╘╠╣≡™╢⁹  

⇔⅛⇔⌂⅜╠⁸ ─ │ ≢⌂ↄ⁸ ⅛╠ ╘╠╣√╝ⅎ⌐ ∂√ ≤ ╠ⅎ╢

═⅝≤ ╦╣╢⁹↓─↓≤│ ⌐⁸ ⅛╠ ╕≢─ ─ ╩ ≤ ╠ⅎ≡ ⅎ√ ⁸

≤ ≢ ⅜ ∂↕∑╢ ≤╙™ⅎ╢⁹ 

│ ≢ ╦╣╢↓≤⅜╒≤╪≥≢№╡⁸ ⌐ ⇔≡│⁸ ≤

─ ╩ ∆╢⁹╕√⁸ ─ ⅛╠ ⅛╣√ ╩ ⇔⌂™ ╙⌂ↄ⁸

≤─ ╩≤╢ ╙ ∂╠╣╢↓≤⅛╠⁸ ─╟℮⌐ ⌐⅔↑╢ ⌐⅔™≡

│⁸ 

≤ ≢ ™ ↑╢↓≤≤∆╢⁹ 

(1)  

₈ 3 2 -10₉⁸₈ ─ ⅝( ) 11 9 ⁸

₉⌐╟╢⁹ 

(2)  

₈ ה 19 3 ⁸  ─ P.47₉⌐╟╢⁹ 

    

2.2.2.2.1111    ⌐⅔↑╢⌐⅔↑╢⌐⅔↑╢⌐⅔↑╢     
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(1)  

       ΐ× 1 ɖ  

ΐ 1/3.6× × ×  

    m3 sec 1 ╩ ╡ → ≤∆╢  

    ΐ ꜝ◦ꜛ♫ꜟ ⌐╟∫≡ ╘╢Ⱨכ◒ m3 sec  

         ɖ  

           

          ─ mm h  

          km2  

(2)  

  ꜝ◦ꜛ♫ꜟ ⌐ ™╠╣╢ │⁸ ─ ⌐ ∫√ ⅜∕─ ─ ⌐ ∆╢╕≢⌐

∆╢ ≤⇔≡ ↕╣⁸ ≤⇔≡₈ ⅜ ⅛╠ ⌐ ╢ ₉≤₈ ─

₉─ ≤∆╢⁹№╢ ⅝⌂ ≢│⁸ ⅜ ⌐ ═ ⌐ ↕™ │

╩ ∆╢↓≤⅜ ™⅜⁸ ≢│ ⅜ ∆╢ ⅜ ⌂™√╘ ╩ ∆╢↓

≤│≢⅝⌂™⁹⇔⅛⇔⁸↓─ ─ │ ╕⅛⌂ ⇔⅛⌂™√╘⁸↓─ ⌐ ╢ ≤⇔≡⁸

─ ╡ │ ╩⌂∆ ╕≢ ┌⇔⁸ ≤⇔≡ ∆╢↓≤╙№╢⁹ 

0 1

 

ᵑ 
0

 

ₒKraven ₓ 

        
0

 

          
0

sec  

          
 

m  

 

m/s  

з
 

 

2.1(a) ≤  

 1/100  1/100 1/200 1/200  

 3.5 m/sec 3.0 m/sec 2.1 m/sec 

ₒBayern Rziha ₓ  1 20 

        
0

 

ה20        

0.6

 

          
0

sec  

          
 

m/s  

          
 

m  

          
 

m  

ᵒ 
1

 

 ≢─ ⌐ ∆╢ ╩™℮ │ ─ ─ ⌐╟∫≡

⌂╢⅜⁸ ─ ╩ ⇔≡ ╘╢╙─≤∆╢⁹ ⌐│ ─ ╩ ≤⇔≡ ╘≡╙╟™⁹ 



9-3-5 

─ ─ │ ─ ⌐╟╢⁹ 

2.1(b)  

    km

2

 30 min 

⌐  km

2

 20 min 

 km

2

 30 min 

   ⌂⅔⁸o Kraven ╩x ™╢ ⁸ ⌐│ ─ ⅛╠ km2╩ ╡⇔⁸ ─ ╩ ™

≡ ╩ ∆╢≤≤╙⌐⁸ ╩ ™√ ─ ╩ ™≡ ╩ ∆╢⁹

─ │ ≤⌂╢⁹  

   √∞⇔⁸ 2km

2

╩ ™√ ⅜ ⌐ ↕ↄ⌂╢ ⌐│ ≢ ⅜╦⅛╢ ╟╡

─╩ ≤⇔⁸∕─ ╩ ─╟℮⌂ ≢ ∆╢≤≤╙⌐⁸ ⅛╠ ╩ ≤

⇔≡ ╩ ∆╢ ╩ ™╢⁹ 

          2km

2

─                km2─  

       ӏ2       ӏ2km          ӏA       ӏAkm 

 

 

         30             ( ) ӏA ӏ2×30 

2.1 2km

2

─ ─  

ᵓ ─  

₈ ─ 18 4 ⁸ ⱶכ♅ ₉⌐╟╡ ╘╢⁹ 

─ ⌐│⁸ 100  24 ─ (mm)╩ ™⁸ ─ ⌐│⁸

│ 1 2 3.3.2 ─ 3.3.2 ─ ≤ ─ ⌐╟╡⁸

24 ─ (mm)╩ ™╢⁹ 

    

2.2.2.2.2222    ⌐⅔↑╢⌐⅔↑╢⌐⅔↑╢⌐⅔↑╢     

                

(1)  

     
p 

× 1 ɖ  

p

1/3.6×
f1

×
a

×  1/3.6×
e

×  

   
 

m3 s 1 ╩ ╡ → ≤∆╢  

    
p

ꜝ◦ꜛ♫ꜟ ⌐╟∫≡ ╘╢Ⱨכ◒ m

3

s  

         ɖ
 

 

         
f1

Ⱨכ◒  

         
a 

─ mm h  

         
e 

mm h  

         
 

km

2
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─ │⁸ ─ ⁸ ⁸ ⁸ ⁸ ╩ ⇔≡ ∆╢ ⅜№╢⁹ 

(2)  

      f
p1

×

0.22

×
e

-0.35

 

        
f 

 

        
p1

120≤∆╢ 

(3)  

   ─ │⁸ ─╟℮⌐24 ⅛╠ ╘╢ ⁹ 

      
a 24

24× f/24

p2

 

        
24

 24
24

⅜ ╠╣⌂™ │⁸
day

≤⇔≡╟™  

           │₈ ─ 18 4 ⁸ ⱶכ♅ 4  

─ 24 ₉╩ ™╢⁹ 

        
p2

-1/2≤∆╢ 

(4)  

   │⁸ ⌐╟╡ ╘╢⁹ 

      
e f1

×
a

 

   
e 24

/24

1.21

× 24×
f1

2

/
p1

/60×

0.22 0.606

 

 

2.2.2.2.3333        

                

 ꜝ◦ꜛ♫ꜟ ⌐⅔™≡ ™╢ ─ ─ ─ 2.3(a) ─╒⅛⁸ 2.3(b) (d)╩

⌐∆╢⁹⌂⅔⁸ ─ ⌐ ™╢Ⱨכ◒
f1

╙↓╣╠─ ⅛╠ ∆╢⁹ 

2.3(a) ─ f  

 ⌂  0.75 0.90 

 0.70 0.80 

─№╢ ⅔╟┘  0.50 0.75 

⌂  0.45 0.60 

⅛╪⅜™ ─  0.70 0.80 

 0.75 0.85 

 0.45 0.75 

─⌂⅛┌ ⅜ ≢№╢  0.50 0.75 

 

2.3(b) ⌂  

 0.9 

 0.8 

   0.6 

  0.7 

  0.7 
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│⁸ ─ ⁸ ⁸ ⁸ ⁸ ╩ ⇔≡ 2.4╟╡ ∆╢⁹ 

Ⱨכ◒ │⁸ ⌐ ≠™≡ ╘╢↓≤╩ ≤∆╢⁹√∞⇔⁸ ⌐⅔™≡⁸

⅜№╢ ≢ ─ ╩ ™≡ Ⱨכ◒ ╩ ≢⅝╢ │⁸∕─ ╩ ™≡╟™⁹ 

2.3(c) ┘ ∆═╡ ⌐⅔↑╢ ─  

 0.7 0.8 

─№╢ ⅔╟┘  0.5 0.75 

⌂  0.45 0.60 

  0.7 0.8 

─  0.85 1.0 

Ɽ▬꜡♇♩ ⁸◗ꜟⱨ  0.75 1.0 

 

2.3(d) ─ ─ ─ ⌐ ™╢  

      

 0.6 ה 0.7 ה ⅜70 ─  

(1) 0.8 ⅜╒╓40 ─  

(2) 0.9 ⅜╒╓40 ─  

≤│⁸ ⌡ ─ ⁸ ⅔╟┘ ↕╣√ ─ ≢№╢⁹ 

 

2.2.2.2.4444    ɖɖɖɖ     

                

 ⅜ ↕╣╢─│ ─ ⅜№╢ ╪≢⅛╠≢№╡⁸ ≤⇔≡⁸ ─

⇔√ ╩ ≤∆╢⁹⇔√⅜∫≡⁸ ≢─ ─ ╩ ╘╢ ─ │

─∕╣ ≢⌂↑╣┌⌂╠⌂™⁹ 

 ⌐⁸ ⅜ ∆╢╟℮⌂ ≢│⁸ ⌐ ⌂ ╩≤╢ ⅜№╢⁹ 

2.4  

    ɖ        

⌐ ∆╢ ─  50  

⌐ ∆╢ ─  20  

─  

10 

─ ⅜50 100 ⁸ 

⅔╟┘ ⁸  

 

5 ─ ⅜100  

    

3.3.3.3.    Ⱨכ◒Ⱨכ◒Ⱨכ◒Ⱨכ◒         

3333.1.1.1.1    Ⱨכ◒ ─Ⱨכ◒ ─Ⱨכ◒ ─Ⱨכ◒ ─     

                

 ⌂Ⱨכ◒ ≤ ─ │ ─≤⅔╡≢№╢⁹ 
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sp

0.01×Ɉ  

        Ɉ ×
dqp d

 

           
sp  

Ⱨכ◒ m3/s  

           Ɉ
 

(m3) 

           
dqp

 : ─ ⌐╟╡ ∆╢≤ ↕╣╢ ╖ (m3) 

           
d    

 

           
   

─ 0.6  

 │ ─ ≢ ╘╢╙─≤∆╢⁹ 

       
d

ɦtanɝ (ɨ ɦ)(tanɫ tanɝ) 

           ɨ ─ 2,600kg/m3  

           ɦ ─ 1,200kg/m3  

           ɫ ─ ° 30° 40° ⁸ ⌐35°╩ ™╢  

           ɝ ° ≤∆╢  

  ⌂⅔⁸
d

⅜0.9 ╟╡╙ ⅝ↄ⌂╢ │⁸
d

0.9
*

≤⇔⁸
d

⅜0.3╟╡╙ ↕ↄ⌂╢ │ 

d

0.30≤∆╢⁹ 

─ ⌐╟╡ ∆╢≤ ↕╣╢
dqp

│ ─ ⌐╟╢⁹ 

  ↓╣╕≢─ ⅛╠⁸ ⅛╠ ⌐ ⅜ ∆╢ │ ⌂ↄ⁸∕─√╘ Ⱨכ◒

─ │ ⌐ ∆╢ ─℮∟⁸ ≤⌂╢ ⌐ ⇔√╙─≤⌂╢⁹ 

  ∕↓≢⁸ ⌐ ≠ↄ Ⱨכ◒ ╩ ╘╢ ─ ─ ⌐╟╡ ∆╢≤ ↕╣╢

dqp

│⁸ ה ─⌂™ ╩ ⇔≡⁸ ⁸ ╩ ⌐ ⇔

≡ ╙ ─ ↄ⌂╢₈ ₉╩ ⇔⁸↓─ ⌐⅔↑╢ ≤

─℮∟⁸ ⇔≡ ↕™ ─ ≤∆╢⁹ 

 

 

 

 

 

 

 

 

3.1(a)1 ─ ⌐╟╡ ∆╢≤ ↕╣╢ ─ ─▬ⱷכ☺         3.1(b) Ⱨכ◒ ─  

 ─ ⌐╟╡ ∆╢≤ ↕╣╢ │⁸ ─ ╕√│ ─ ≤

ⅎ╠╣╢ ─ ⌐⅔™≡⁸ ≤ ╩ ⁸ ⇔⁸ ↕™ ≤∆╢↓≤╩

≤∆╢⁹⌂⅔⁸↓╣│ ╩ ⇔╟℮≤⇔≡™╢ ╟╡ ─

≤ ╩ ⁸ ∆╢ ─ ≤│ ⌂╢─≢ ↕╣√™⁹ 
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─ ≤ │⁸ ⁸ ⁸ ⌐╟╡ ∆╢⁹ 

3333.2.2.2.2    ─ ≤ ── ≤ ── ≤ ── ≤ ─     

                

 ─ (m/s)│⁸ ─ⱴ♬fi◓ ─ ≢ ∆↓≤⅜≢⅝╢≤ ↕╣≡™╢⁹ 

        r

2/3

sinɝ

1/2

n   ההה 3.2.1  

          r ─ (m) ↓↓≢│⁸ rԇ d ─ ≤∆╢  

          ɝ °  

          n s m

-1/3

 

 √∞⇔⁸ ɝ │ 3.2⌐ ≠⅝ ∆╢⁹ 

 n ─ │ ─ ╟╡⅛⌂╡ ⅝ↄ⁸ ≢│ⱨ꜡fi♩ ≢0.10╩≤╢⁹ 

 ⌂⅔⁸ ─ ⅔╟┘ │⁸ⱨ꜡fi♩ ⌐≈™≡ ╘╢╙─≤∆╢⁹ 

 ─ d(m)│⁸ ╣─ da(m)≤ Ⱨכ◒ sp(m3/s)╟╡⁸ 3.2.1 ⁸ 3.2.2 ⁸ 

3.2.3 ╩ ↕∑≡ ╘╠╣╢⁹ 

        sp × d         ההה 3.2.2  

          d Ⱨכ◒ ─ (m2) 

 ⌂⅔⁸ ⌐ ─ ─ ⌐ ∫≡ ∆╢ ⅜ ™≤ ↕╣√ │Ⱨכ◒

╩ ⇔℮╢ ⌐ ╣╢≤ ⅎ╠╣╢─≢⁸ ─ │ 3.2─ ≤∆╢⁹ ╣─  

da(m)│ 3.2⌐ ∆≤⅔╡≤⇔⁸ ─ d(m)│ ≢ ⇔√ ╩ ™╢⁹ 

        d d da         ההה 3.2.3  

3.2 ɝ ─ ™ ↑ 

     

┘ ─ ≤ ╩ ℮ ─

╩ ∆╢ ─⁸ 

d  

─  

─ d  

ɝ0  

Ⱨכ◒ ╩ ↕∑╢√╘─

─ ⇔ ╩ ∆╢ ─ d  

ɝp  

 

 

 

 

 

 

 

3.2 ─ ≤ ╣─ da─▬ⱷכ☺ 
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─ │⁸ ⁸ ⁸ ⌐╟╡ ∆╢⁹ 

│⁸ ─ ⁸ ⁸ ╩ ™≡ ∆╢⁹ 

 ─ ⁸ ─ ⌐№√∫≡│⁸ ─ ⅛╠ ╕√│ ─

╕≢─ ≢⁸ ⌐3 5 ╩ ⇔⁸ ╩ ⌐ ⇔√ ≢⁸3 5 ─ ─ ╩ ™

╢⁹√∞⇔⁸ ⅜ ╠⅛⌐ ⌂╡⁸ ╩ ™╢↓≤⌐╟╡⁸ ─ ─ ⁸ ─

╩ ∆╢⅔∕╣⅜№╢ │⁸ ≤⌂╠⌂™╟℮⌐ ∆╢⁹╕√⁸ ─ ⅛╠

╕≢─ ⌐ ═≡⁸ ╟╡ ─ ─ ⅜ ⇔ↄ ⌂╡⁸ ─

╩ ∆╢⅔∕╣⅜№╢ ⌐≈™≡╙⁸ ≤⌂╠⌂™╟℮⌐ ∆╢⁹ 

 

 

 

 

 

 

 

 

 

 

3.3 ─ ╩ ∆╢⅔∕╣─№╢ ─▬ⱷכ☺  

    

3333.3.3.3.3    ─ ── ── ── ─     

                

 ─ ɘd(kN/m

3

)│⁸ ≢ ╘╠╣╢⁹ 

       ɘd ɨ× d ɦ (1 d) × ההה     3.3  

         (9.8 /s

2

) 

 ⌂⅔⁸ɘd─ ⅜(kN/m

3

)≢№╢↓≤⌐ ∆╢⁹ d│ 3.1Ⱨכ◒ ≤ ≢ ╘╢⁹ 

    

3333.4.4.4.4    ────     

                

 │⁸ ≢ ╘╢⁹ 

       h×ɘd × d×

2

ההה        3.4  
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          ╡─ (kN/m) 

          ─ (m/s) 

          d ─ (2.2.3)╟╡ ╘╢  

          (9.8 /s

2

) 

          h 1.0≤∆╢  

            ɘd ─ (kN/m

3

) 3.3╟╡ ╘╢  

 

⌐ ≠ↄ Ⱨכ◒ ─  

 ─ ⌐│⁸ 

ᵑ ⅜ ⌐╟╡ ↄ ↕╣≡ ⌐⌂╢⁹ 

ᵒ ⅜∕─╕╕ ⌐⌂╢⁹ 

ᵓ ⅜ ╣╩∑⅝ ╘≡ ♄ⱶ╩ ⇔⁸∕╣⅜ ⇔≡ ⌐⌂╢⁹ 

⅜ ⅎ╠╣╢⁹ ⌐ ≠ↄ │ᵑ─ ─ Ⱨכ◒ ╩ ╘╢╙─≢№╢⁹ Ⱨכ◒ ─

╩ ⌐ ™ ∆⁹ 

⌂⅔⁸₈ ה ₉ 19 3 ─2.7.3⌐ ∆ ⅔

╟┘ ─ ≢ ╘√ Ⱨכ◒ ─ ⅝↕─ │⁸ ⁸ ⁸ ⌐╟∫≡ ╦╢⁹ 

─ ⅜100,000m3/km2≢⁸24 │ p 260 mm ─ │⁸ km2

≢│ ─ │ ─ ⌐ ⇔≡ ↕⌂ ╩ ⅎ╢⁹ 

Ⱨכ◒ │ ╟╡ ╘╢⁹ 

sp q× p  ההה   

sp Ⱨכ◒ m3/s  

 ─ ─ ⌐ ∆╢ ─ m3/s  

q ≢№╢ 

Ⱨכ◒ sp│⁸ ─╖ p≤─ ⌐⁸ 

sp ( d)× p ההה  

─ ⅜№╢≤⇔≡ ╘╢ 

Ⱨכ◒ ─  

ɨ 2,600 kg/m3 ⁸ɦ 1,200 kg/m3 ⁸ɫ 35° tanɝ 1/6─ ⁸ 

╟╡ dԇ0.27≤⌂╡0.3 ╟╡ ↕ↄ⌂╢─≢ d 0.30≤⇔⁸ ╟╡  

sp p≤⌂╢⁹ 
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ⅎ╪ ─ ⌐⅔™≡⁸ ⅔╟┘ ה ⌐⅔™≡ ≤∆╢ ⌐ ⇔⁸ ⅎ╪ ─ ∫

≡™╢ ╩ ╙ ∆╢ ╩ ─℮ⅎ ∆╢⁹ 

    ────  

    

1.1.1.1.    ────         

1111.1.1.1.1    ─ ≤─ ≤─ ≤─ ≤     

                    

⌐╟∫≡⁸ ⇔√ ⌐ ∆╢ ⌂ ה ╩ ⇔⁸ ⁸ ⁸ ⁸

⁸ ─ ╩ ™⁸ ⌂ ה ה ╩ ∆╢⁹ 

╕≢⌐↕╕↨╕⌂♃▬ⱪ─ ⅜ ↕╣≡⅔╡⁸∕╣∙╣─ ╩ ⇔≡⁸ ⌐ ╙

⇔√╙─╩ ∆╢↓≤⅜ ≢№╢⁹ 

 

 

1.1 ─ ≤  

─      

 ─  

⌐ ╩ ∆╢≤ ⌐ ⅜ ↕╣╢⁹↓─ ≢│

⌐ ═ ↄ⌂╢≤≤╙⌐⁸ ⅜ ↕╣╢↓≤⌐╟∫≡⁸ 

 ŋ ╩ ⇔≡ ╩ ∆╢⁹ ה  

 o ≢ ╩ ⇔≡ ╩ ∆╢⁹  

 ɔ ╩ ╘⁸ ╩ ∆╢⁹ ∆═╡ ≢│ ⁹  

 ᴖ ─ ≢│⁸ ─ ⅜ ↕╣╢⁹  

⅔╟┘  

 ─  

 ≢│⁸ ≤ ─ ─ ⌐╟∫≡∕╣∙╣─

⌐ ⅜ ∂╢↓≤⅛╠⁸ ⅜ ↕╣╢⁹  

 ╕√⁸ ≢│⁸ ─ →⌐╟∫≡ ⅜ ⌐ ∆╢↓

≤⌐╟∫≡ ⅜ ↕ↄ⌂╡⁸ ─ ⅝™ ╣─ ⁸ ≢ ╩

∆╢↓≤⌐⌂╢⁹ ה  

 ─ ה  

 ─ ⌐ ⅜№╣┌ ⅜ ↕╣⁸ ≤⇔≡ ≢

№╢⁹╕√⁸ ─ ≤ ⅜ ╣⌐ ⇔ ≤⌂╢↓≤⌐╟∫≡

│ ∆╢↓≤≤⌂╢⁹ 

 ⌐⁸ ≢│⁸ ⌐╟╢ ─ ⅜ ↕™─≢⁸

⅜ ⅝™≤ ⅎ╠╣╢⁹  

 ─  

 ≢│ ─ ⁸ ─ ⌐╟∫≡ ─ ╛

⇔ ⌐╟╢ ─ ⌐╟∫≡ ⌐ ╩ ∆╢⁹╕√⁸ ≢

│ ≢ ∆╢⁹  
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ⅎ╪ │⁸∕─ ⌐╟∫≡ ─ ⌐ ∆╢⁹ ≈─ⅎ╪ ⅜ ≈ ─ ╩ ⌡╢ ⌐

│⁸∕─ √╢ ⌐╟∫≡ ∆╢╙─≤∆╢⁹ 

1. ⅎ╪ ╩ ↕∑≡ ╩ ⇔⁸ ─ ─ ⅔╟┘ ─

╩ ╡⁸ ─ ╩ ∆╢↓≤╩ ≤∆╢⁹ 

2. ⅎ╪ ─ ╩ ⇔≡⁸ ─ ╩ ∆╢↓≤╩ ≤∆╢⁹ 

3. ⅎ╪ ⌐ ⇔√ ⌂ ─ ╩ ∆╢↓≤╩ ≤∆╢⁹ 

4. ⅎ╪ ─ ╩ №╢™│ ╩ ה ∆╢↓≤╩ ≤∆

╢⁹ 

ה .5 ⅎ╪ ─ ⅔╟┘ ╩ ≤∆╢⁹ 

ⅎ╪ ─ │⁸ ─ ╩ ≤∆╢⁹ⅎ╪ ─ ↕│∕─ ─ ╩

╢╟℮⌐ ╘╢╙─≤∆╢⁹ 

ⅎ╪ ⅜ ה ⅎ╪ ╩ ⌡╢ ⌐│⁸∕─ ⌐ ∂≡ ⅔╟┘ ↕╩ ╘

╢╙─≤∆╢⁹ 

ⅎ╪ │⁸ ─ ⌐ ↑╢╙─≤∆╢⁹ⅎ╪ ─ ↕│∕─ ⌐

⅜ ↕╣╢╟℮⌐ ╘╢╙─≤∆╢⁹ 

⅜ ⌐╦√╢≤⅝│⁸ ─ⅎ╪ ╩ ⌐ ⇔≡ ↑╢╙─≤∆╢⁹ ⅎ╪

⌐⅔™≡│⁸ ≤⌂╢ⅎ╪ │ ╩ ↕∑╢↓≤╩ ≤∆╢╙─≤∆╢⁹ 

ⅎ╪ │⁸ ─ ⌐ ↑╢↓≤╩ ≤∆╢⁹ⅎ╪ ─ ↕│

⌐ ⅜ ↕╣╢╟℮⌐ ╘╢╙─≤∆╢⁹ 

ⅎ╪ │⁸ ─ ⁸ ─ ∕─ ⌐ ∂≡ ⅔╟┘ ↕╩ ╘╢╙─

≤∆╢⁹ 

─ ─√╘⌐│⁸ ≤⇔≡ ─ 30 ╩ ⇔℮╢╟℮⌐ 1 √╡─ ⅎ╪

─ ╩ ╘╢╙─≤∆╢⁹  

─ ─√╘⌐│⁸ ─ ╩ ─ ╟╡ ⌐ ↕∑℮╢╟℮⌐⁸ ⁸

↕⁸ ⅔╟┘ ╩ ╘╢╙─≤∆╢⁹ 

1111.2.2.2.2    ────     

1.2.11.2.11.2.11.2.1        

1.2.21.2.21.2.21.2.2        

1.2.31.2.31.2.31.2.3        

1.2.41.2.41.2.41.2.4        

                    

≤⇔≡│⁸ ┼─ ⌐╟╡ ∆╢ ⁸№╢™│ ╩ ↕∑≡ ╩

↕∑╢ ╩ ™╢─⅜ ≢№╢⁹  

╩ ⌐ ↕∑╢√╘⌐│⁸ ─ ⅔╟┘ ─ ╩ ╢╙─≤∆╢⁹  

⌂⅔⁸ ─30 ╩ ⇔ ╢╟℮⌐ ─ ╩ ╘╢≤⇔√─│⁸ 1 ⌐1 3

─ ≢ ⌐╟╢ ╩ ∆╢↓≤╩ ≤⇔≡™╢√╘⁸ ⅝⌂ ≢│⁸

─ ⌂ↄ≤╙30 ⁸ ⌐⅔™≡│⁸∕╣ ─ ╩ ∆╢↓≤⅜ ≤⌂╢⅛╠≢№╢⁹ 
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ה ⅎ╪ │⁸ ה ⅜ ╙ ⌐ ↕╣⁸╕√⁸

⅜ ⌐ ↕╣╢╟℮⌐⁸ ⁸ ↕⁸ ⌂╠┘⌐ ╩ ╘╢╙─≤∆╢⁹ 

⌐╟╢ ≢│⁸ ⁸ ⁸ ─ ≈⌐ ↕╣╢⁹ 

ⅎ╪ │⁸ ה ─ ה ה ⌂≥≢ ↕╣╢⁹ 

ה ─ ⌐│⁸ ⁸ ⅔╟┘ ⅜№╢⁹ 

⌐ │ 1 30 ⁸⅛≈ ─ ≤─ ⅜1 2 ≤⌂╡⁸ ⅜3 ≤⌂

╣┌⁸ ⌐ ∆╢↓≤⅜ ╠╣≡™╢⁹  

 ≤│⁸ ⅜ ⇔℮╢ ⌐⅔™≡ ↕╣╢ ╩ ∆╙─≢№╡⁸

─╖⌂╠∏⁸ ─ ⌐ ∆╢ ⌐⅔™≡╙⁸ ↕╣⌂↑╣┌

⌂╠⌂™⁹ 

ה    1.2.4.11.2.4.11.2.4.11.2.4.1     ה─ ה─ ה─ ─     

 

הההה    1.2.51.2.51.2.51.2.5         

                    

ה │⌂╢═ↄ ≢№╢↓≤⅜ ╕⇔™⁹⇔⅛⇔ ⌐│ ה

∞↑╩ ≤∆╢╙─│ ⌂ↄ⁸╕√⁸ ─ ⌐╟╡ ↕⅜ ↕╣╢ ╙№╢─≢⁸

∕╣╠╩ ⌐ ⇔⌂↑╣┌⌂╠⌂™⁹ 

╕√⁸ ⌐╟╢ ─ ─ ⁸ │ ⌐⅔™≡ ↕╣╢─≢⁸ ─

╩ ╢─⅜ ╕⇔™⁹ 

    

1.31.31.31.3    ∕─ ─∕─ ─∕─ ─∕─ ─     

    

1.3.1.3.1.3.1.3.1111    ⌐╟╢⌐╟╢⌐╟╢⌐╟╢     

                

ⱪ▬♃☼כ꜡◒ (1)  

  │⁸ ⅜ ∆╢╕≢│ ⁸♪כ꜡ꜙ◦♇◊► ╩ ↄ ╩

⌐ ↕⌂™ ≢№╢⁹ ─ ╛ ─ ⌐╟∫≡ ₁⌐ ⅜ ⇔ ≤⌂∫≡

╩ ∆╢↓≤≢ ⁸ ה ⁸ ⁸ ה ⁸

ה ─ ╩ ∆╢ ≢№╢⁹ 
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─ ⌐╟╢ ≢│⁸ ⁸ ─ ≈⌐ ↕╣╢⁹ 

ⱪfi♃▬ⱪכ○ (2)  

│⁸ ─ ╛ ─ ⌐⅔™≡ ⌐ ⇔≡ ⌂ ╩ ↕∑⁸

─ ╛ ⌐⅔™≡⁸ ה ⁸ ╩⁸╕√⁸ ─ ⌐⅔™≡│

─ ה ⁸ ─ ╩ ∆╢ ≢№╢⁹ 

↕╠⌐⁸ │ → ≤ ⌐ ↕╣╢⁹ 

ᵑ → ⌐ ⌐ ↕╣╢ ≢⁸ ≢ ─ →⌐╟∫≡

╩ ה ⁸ ╩ ∆╢ ≢№╢⁹ 

ᵒ  ⌐ ⌐ ↕╣╢ ≢⁸ ⌐ ╕╣╢ ⌐╟∫≡

╩ ↕∑≡ ╩ ה ⁸ ╩ ∆╢ ≢№╢⁹ 

(3)  

│⁸ ─ ⇔ ⅛╠ ⌐ ╩ ⌐ ↑√╙─≢⁸

⌐│ ─ ≤∆╢⁹ 

─ ≢│⁸ ─ ╛ ─ ⌐╟∫≡ ₁⌐ ⅜ ⇔ ╩ ∆╢↓≤≢

⁸ ה ⁸ ⁸ ה ⁸ ה ─

╩ ⇔⁸↕╠⌐ ─ ≢│⁸ ─ ╛ ⌐⅔™≡⁸ ה ⁸

╩⁸╕√⁸ ─ ⌐⅔™≡│ ─ ה ⁸ ─ ╩ ∆╢ ≢№╢⁹

⌐ ≤⇔≡ ™╠╣╢⁹ 

    

1.1.1.1.3333.2.2.2.2    ──── ⌐╟╢⌐╟╢⌐╟╢⌐╟╢     

                

(1)  

≢│⁸ ≤ ─ ─ ⌐╟∫≡ ⌐ ⅜ ∂╢↓≤⅛╠⁸

⅜ ↕╣╢⁹( ⌐⁸ 2/3 ⁸ 1/2 ) 

╕√⁸ ≢│⁸ ─ →⌐╟∫≡ ⅜ ⌐ ↕╣╢↓≤⌐╟∫≡ ⅜

⇔⁸ ─ ⅝™ ╣⌐╟∫≡ ┌╣√ ⅜ ∆╢↓≤⅛╠⁸ ⅜ ↕╣╢⁹ 

 

 

 

 

1.3.2(a) ─           1.3.2(b)  
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⌐╟╢ ≢│⁸ ♅כ▪⁸ ⁸☻ꜞ♇♩ ⁸ ⁸ ⁸☿ꜟ fiכꜞ◒☻⁸ ⌂≥⌐

↕╣╢⁹ 

(2)  

≢│⁸ ⌐ ─ ⌐ ⅝ ⅜№╣┌ ⌐ ∆╢ ≢

∆╢↓≤⌐⌂╢⁹ ⌐│⁸ ─ ⅜ ⌐ ═≡ 1/2 )

≤⌂∫≡™╢√╘⁸ ─ ⅜ ⇔⁸ ⅜ ↕╣╢⁹ 

≢│⁸ ⌐ ─ ╩ ⌂╡⌐ ↕∑╢↓≤≢⁸ ─ ⅜≢⅝╢

√╘⁸ ⌐│ ╙ ≤⇔≡ ╘╢↓≤⌐⌂╢⁹ 

 

 

 

 

1.3.2(c)  

1.1.1.1.3333.3.3.3.3    ⌐╟╢⌐╟╢⌐╟╢⌐╟╢     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.3.3(a) ⅎ╪  

1.3.3(b) ▪כ♅ ⅎ╪  

1.3.3(c) ◖fi◒ꜞכ♩☻ꜞ♇♩ ⅎ╪  
1.3.3(d) ☻ꜞ♇♩ ⅎ╪  

1.3.3(e) ⅎ╪  
1.3.3(f) ⅎ╪  
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⌐╟╢ ≢│⁸◖fi◒ꜞ⁸♩כ◖fi◒ꜞכ♩Ⱪ꜡♇◒⁸ ⁸ ⁸♄Ⱪꜟ►◊כꜟ( )⁸꞉

▬ꜘⱠ♇♩⁸♁▬ꜟ☿ⱷfi♩⁸ ◖fi◒ꜞכ♩⌂≥⌐ ↕╣╢⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

    

1.1.1.1.3333.4.4.4.4    ⌐╟╢⌐╟╢⌐╟╢⌐╟╢     

                

⅝ↄ│◖fi◒ꜞ⁸♩כ ⁸ ⌐ ↑╠╣╢⁹ ∆═╡ ≢│⁸ ─ ⅜

≤⌂╢◖fi◒ꜞכ♩Ⱪ꜡♇◒╛ ⅜ ™╠╣╢⁹ ⅜ ≢◖☻♩ ⅜ ⅝™

⌂≥⁸ ♁▬ꜟ☿ⱷfi♩ ⅜№╢⁹ 

 

 

 

 

 

 

 

 

 

 

 

1.3.3(g) ☿ꜟ ⅎ╪  

1.3.3(h) ☻◒ꜞכfi ⅎ╪  

1.3.3(j) ☻כⱤכ ⅎ╪  

1.3.4(a) ◖fi◒ꜞכ♩Ⱪ꜡♇◒ ⅎ╪  

1.3.4(c) ♄Ⱪꜟ►◊כꜟ ⅎ╪  1.3.4(d) ꞉▬ꜘⱠ♇♩ ⅎ╪  

1.3.4(b) ⅎ╪  

1.3.3(i) Ᵽ♇♩꜠☻ fiכꜞ◒☻ ⅎ╪  
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ⅎ╪ │⁸ ⌐╟╡ ≈⌐ ↕╣╢⁹ 

1   

2  ♄Ⱪꜟ►◊כꜟ  

3  ☿ꜟ  

4 fiכꜞ◒☻   

5  ⱨ꜠כⱶ  

6  ∕─  

⌐╟╢ ≢│⁸ ⁸ ⁸ ─ ≈⌐ ↕╣╢⁹ 

 

 

 

 

 

 

    

1.41.41.41.4    ────     

1.1.1.1.4.14.14.14.1    ─ ⌐╟╢─ ⌐╟╢─ ⌐╟╢─ ⌐╟╢     

                

 │⁸ ╛⁸ ⌂≥─ ⁸ ╛ ⁸№╢™│ ⌂≥─

≢◖fi◒ꜞכ♩ ≢│ ⌐ↄ™ ⅜№╡⁸↓╣╕≢⌐↓╣╠─ ╩ ⅛⇔√ ↄ─ ⅜ ↕

╣≡⅝≡™╢⁹ 

 

1.   

 │ ╛ ≢ ↕╣√ⱨ꜠כⱶ ─ ╩⁸ ה ה fiכꜞ◒☻≢≤⌂

⌐◌Ᵽ⁸≡⇔כ ⌐ ה ה ╩ ╘∆╢ ╩≤∫≡⅔╡⁸

╩ ⇔ ⌐ ⇔⁸ 49 ⅛╠ ↕╣√⁹∕╣╕≢◖fi◒ꜞכ♩ ╩╙≈ fiכꜞ◒☻

≢│ ╛ ∆═╡ ≢─ ⅜ ⇔⅛∫√⅜⁸ ⌐⅔™≡ ≤⌂∫√⁹ 

 ⁸ ה ה ⌂≥⁸∕╣∙╣ ≤⇔≡ ≢№╢↓≤─ ⌐⁸

⌐ ∆╢ ╩ ─ ╕√│ ─∑╪ ≤⇔≡⅔╡⁸ ─ ה ⌐

√∫≡│ ⌐ ─ ╩ ∆╢ ⅜№╢⁹ 

 ╩ ™╢↓≤─ │⁸ ⅜ ⅝™√╘ ╛◖fi◒ꜞכ♩ ⌐ ═≡ ⇔╛∆™

↓≤⁸ ⅜ ↄ⁸⅛≈ ⌐ ╪∞ ⌐≢⅝╢⁹ 

1.3.4(e) ♁▬ꜟ☿ⱷfi♩ ⅎ╪  
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 ╕√⁸ ─ │ ╛ │ ⌂╢⅜⁸™∏╣╙☺ꜛ▬fi♩ ⌐ ╩ ⅎ⁸

⌐ ╖⁸ ─ ⌐╙ ≢⅝ ⌐╙ ↕╣√ ≤⌂∫≡™╢⁹ ⌐│ ⁸ ╘

⌐ ╩ ∑∏ ≢╙ ≢№╢⁹ 

 │⁸ ≤⇔≡ ה ≢№╡⁸ ─ ⌂╙─╩ ∆╢↓≤⅜ ≢№╢⁹╕√⁸

─ ⌐⁸↕╠⌐ ⅔╟┘ⱴ♇♩ ╩ ╢↓≤⌐╟╡ ╩ ⌐ ≢⅝╢⅜⁸↓─ │

╩ ⌐ ℮↓≤⅜ ≢№╢⁹ 

 │⁸ ∆═╡ ╛ ─№╢ ⁸ ─ ™ ⁸ ⅜ ™ ⁸№╢™│ ─

ה ⌐ ⇔≡™╢⁹╕√ ─ ⅜ ≢⅝⌂™ ≢╙ ≢№╢⁹ 

 

2 ♄Ⱪꜟ►◊כꜟ   

↓─ ─ │⁸ ≢ ∫√ ─ ⌐ ╩ ╘∆╢ ≢│⁸ ─ ≤ ≢№╢

⅜⁸ ≤⌂╢ ⌐│ ⌐ ∆╢ ╩ ↄ ⇔≡™⌂™ ⅜ ⌐ ⌂∫≡™╢⁹⇔

√⅜∫≡⁸ ─∑╪ ⌐ ∆╢ ⅜ ⌐ ≢⅝╢╟℮⌐ ה ∆╢↓≤⅜ ≢№╢⁹ 

♄Ⱪꜟ►◊כꜟ │⁸ ⁸ ⌐ ╛◄◐☻Ɽfi♪ⱷ♃ꜟ⌂≥⌐╟╢ⱤⱠꜟ ╩ ↑≡

╘╩ ™⁸ ה ╩ ↕50 100cm↔≤⁸ 80 120cm ⌐ ─№╢☺ꜛ▬fi

♩ ╩╙≈♃▬꜡♇♪≢ ⇔√╙─≢№╢⁹⌂⅔⁸ ⁸ ⁸ ⌐│ Ⱡ♇♩ה ◄ה

◐☻Ɽfi♪ⱷ♃ꜟ ╩ ⌐№╦∑ ⇔≡™╢⁹↓─ │⁸ ⌐ ↕╣√♃▬꜡♇♪⌐╟╡

⅜ ↕╣√ ⱨ▫ꜟ ⌂ ╩╙∟⁸ ─ ⌐ ╣≡™╢⁹ ⌐ ⅜⌂

ↄ⁸Ⱪꜟ♪כ꜡╛◙כꜝ⅜ ╩ ⌐ ╣╢√╘⁸ ⅜ ≢⅝ ╙ ™⁹╕√⁸ ⌐

│ ╩ ≢⅝⁸ ╩ ∆╢↓≤≢ ─ ╛ ≢╙ ≢№╢⁹↓─

│⁸ ╛ ⌂≥ ─ ⅎ╠╣╢ ⁸ ╩ ⇔√™ ⁸ ─ ≡ ⁸

ה╡⅝╘ ⌂≥─ ⁸⅔╟┘ ─ ⁸ ⇔√™ ⌂≥⌐ ⇔≡™╢⁹ 

 

3.☿ꜟ   

 ─☿ꜟ │⁸☿ꜟ╩ ∆╢ ≢№╡⁸ ☿◓ⱷfi♩ ⁸ ≢

↕╣√ ─ ⌐ ╩ ╘∆╢ ≢│ ╛♄Ⱪꜟ►◊כꜟ ≤ ≢№╡⁸♄Ⱪꜟ

ꜟכ◊► ≤ ⌐ ─∑╪ ─╖╩ ⇔≡™╢⁹ ☿ꜟ ─℮∟⁸ ☿◓♁fi♩

☿ꜟ │ ⌐ ⇔√ ╩ ∆╢ ╩ ─ ─╖─ ≢ ╖ ≡≡™ↄⱲ

ꜟ♩꜠☻ ≤™℮ ⅜№╢⁹ ⁸ ☿◓ⱷfi♩☿ꜟ │ ╩ → ⇔√ⱤⱠꜟ╩

⌐Ⱳꜟ♩≢ ╖ ≡╢╙─≢№╢⁹ ≤╙ ≡⅜ ≢ ⌐☿ꜟ ⅜ ≢⅝╢ ╩╙≈⁹ 

─☿ꜟ ─ │⁸ ≤ ∂ ☿ꜟ╩ ↕∑⁸ ─ ⌐ ⇔√

─ ≢№╢⁹∕─ │☻ꜞ♇♩ ─ ≤ ≢№╢⅜⁸ ╩ ∆╢ ⅜☻ꜞ
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─ ⌐№√∫≡│⁸ ⌂ ≤ ╩ ⇔⁸ ≤⇔≡ ⅜ ↕╣⌂↑╣┌

⌂╠⌂™⁹ 

╕√⁸ ╩ ╘√ ─ ≤⁸ ⌐ ─╖≢│⌂™ ─ ─ ╩ ∆╢⌂≥⁸

─╖≢⌂ↄ ─ ⁸ ─ ╩ ╕ⅎ⁸ ╩ ∆╢⁹ ⌐⁸ ─ ⅜

⌐ ⌂ ╩ ╓↕⌂™╟℮⌐⁸ ┘ ╩ ∆╢⁹ 

♇♩ ≢│ ⌂ ⌐╟∫≡™╢─⌐ ⇔≡⁸☿ꜟ ≢│ ה→ ╘ ─ ⌂

⌐╟∫≡™╢ ⅜ ⌐ ⌂∫≡™╢⁹⇔√⅜∫≡⁸ ─ │ ⌐ ⅝ↄ≤╣⁸

≢ ╩ ⌐ ℮↓≤⅜≢⅝╢⁹ 

 ☿ꜟ─ ≤⇔≡│⁸ ⌐ ⇔√ ╩ ╖ →≡™ↄ ☿◓ⱷfi♩☿ꜟ ≤⁸ ╩

ה → ⇔√ⱤⱠꜟ╩ Ⱳꜟ♩≢ ∆╢ ☿◓ⱷfi♩☿ꜟ ⌂≥⅜№╡⁸ │

─ ≤ ≢№╢⁹ 

 

fiכꜞ◒☻.4   

Ᵽ♇♩꜠☻☻◒ꜞכfi │⁸ ─ ╩ ≤⇔≡⁸ ─√╘⌐≢⅝╢∞↑ │

↕ↄ∆═ↄ ↕╣≡™╢⁹ │ ↕∑⁸ │ ↕∑╢√╘⁸ │ 15 30cm⌐

∆╢╙─≢№╢⁹ ⌐│ ⌐╟╢Ᵽ♇♩꜠☻╩ ≤⇔⁸ ⌐ fiכꜞ◒☻╩ ⌐

╡ ↑√Ᵽ♇♩꜠☻ ≤⁸ ─ ⁸ ≤⇔≡ ╩ ⌐ ═≡ ╩≤┌⇔√ⱦכ

ⱶ ⅜№╢⁹Ᵽ♇♩꜠☻ ─ ─♃▬ⱪ│ 41 ⌐ ↕╣⁸ ≤⇔≡ ⌐ ™╠╣√⁹ 

fiכꜞ◒☻⅝ │⁸ ─ ⅜ ↕╣╢ ─ ⌐ ─ ╩fiכꜞ◒☻─

⌐ ⇔⁸ ⇔≡ↄ╢ fiכꜞ◒☻╩ ≢ ≤ ≤⌐ ⇔ ─ ╩ ↕∑⁸ ╛

╩ ⁸ ↕∑╢╙─≢№╢⁹ Ⱪ꜠כ◌כ ≤╙ ┌╣╢⁹╕√⁸

⌐⅔↑╢ ─ ⌐ ™╠╣╢ ─╒⅛⌐⁸ ─ ╩ ↑╢⅔∕╣─№╢ ─

⁸№╢™│ ─ ⌐⅔↑╢ ─ ⌐╙ ≢⅝╢⁹ 

 

1.4.21.4.21.4.21.4.2    ────     

                

 ─ │⁸₈ ₉⌐ ∂≡ ℮⁹ 

 ─ ⌐№√∫≡│⁸ ─ ⁸ ⁸ ─ ⁸ ─ ⁸

⁸ ⁸ ⁸ ╩ ⇔⌂⅜╠ ⌂ ⌐╟╡ ╩ ℮⁹ 

 ╕√⁸ ─╟℮⌐ ⅜ ⅝ↄ⁸ ⌂ ≢№╡⌂⅜╠ ⌂ ╩ ⅎ╢

⌐ ⇔≡│⁸ ─ ⅜ ⇔√≤⇔≡╙ ─ ⌐≈⌂⅜╠⌂™╟℮⁸ ⱨ▼▬

ⱨכ☿ꜟ ─ ⅛╠⁸≢⅝╢∞↑ ꜞ♄fi♄fi◦כ ─ ™ ≤∆╢⁹ 

 ─ │ ─ ⌐ ⇔≡ ℮⁹ 
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 ⅜ ™ ⌐│⁸∕─ ⅜ ╩ ∂⁸ ה ╩ ⅝ ↓∆↓≤⅜ ↕╣

╢─≢⁸ ─ ─ ╩ ≢⅝╢ ⌐ ╩ ∆╢↓≤╩ ≤∆╢⁹ 

 ─ ⌐ ∆╢ ⌐│⁸ ─ ╩ ∆╢ ⁸

╩ ∆╢ ⁸ ⌐ ⅜ ⌐ ⇔⌂™╟℮⌐ ∆╢⁹ 

    

1.1.1.1.5555    ────     

1.51.51.51.5.1.1.1.1    ─ ⌐╟╢─ ⌐╟╢─ ⌐╟╢─ ⌐╟╢     

    

    

1.51.51.51.5.2.2.2.2    ⌐╟╢⌐╟╢⌐╟╢⌐╟╢     

    

    

                

 ꞉▬ꜘⱠ♇♩ │⁸ ─ ™꞉▬ꜘ╩≈⌂⅞ ╦∑╢ꜞfi◓Ⱡ♇♩╩ ∆╢↓≤⌐╟╡⁸

─ ╩ꜞfi◓Ⱡ♇♩⌐ ↕∑≡⁸꞉▬ꜘ≢ ╩ ∆╢ ≢№╢⁹ ─ ╩

↕∑╢≤≤╙⌐⁸ ─ ≢№╢ ≤ ≢ ╩ ⇔╟℮≤⁸ 14 ⅛╠ ↕

╣⁸ 16 ⌐ ◌ꜟ♦ꜝ ⌐⅔™≡⁸ ™≡ 16 ⌐ ₁ ⌐≡ ╩ ⇔⁸∕

─ ╩ ⇔≡™╢⁹ ⌐⁸ ⅛╠ ╕≢ ≢№╢↓≤⌐ ⅜№╢⁹√∞⇔⁸ ─

╩ ∆╢ ⅜№╢⁹ 

 

1.51.51.51.5.3.3.3.3    ⌐╟╢⌐╟╢⌐╟╢⌐╟╢     

 

 

 

    

             

  ◖fi◒ꜞכ♩☻ꜞ♇♩ ⌐╟╢ ⌐≈™≡│⁸1.5.3.1⌐╟╢⁹ 

 ⱨ꜠כⱶ ⌐╟╢ ⌐≈™≡│⁸ ⌐╟╢⁹ 

 ∕─ ꞉▬ꜘⱠ♇♩ ─ ⌐≈™≡│1.5.2⌐╟╢⁹ 

 

 

 

⌐╟╢ ≢│⁸ ≤ ─ ≈⌐ ↕╣╢⁹ 

⌐╟╢ ≢│⁸◖fi◒ꜞ⁸♩כ ⁸ ⁸꞉▬ꜘ⌂≥⌐ ↕╣╢⁹ 

ⅎ╪ │⁸ ⌐ ⅝ↄ ↑≡ ≈⌐ ↕╣╢⁹ 

1  ◖fi◒ꜞכ♩☻ꜞ♇♩  

2  ⱨ꜠כⱶ  

3  ∕─  
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♁▬ꜟ☿ⱷfi♩≤│⁸ ╩ ∆╢ ≢⁸ ─ ⌐ ╩ ∆╢√╘

⌐ ↕╣√╙─≢№╢⁹ ⌐⅔™≡ ≤☿ⱷfi♩ה☿ⱷfi♩Ⱶꜟ◒ ╩ ה ⇔≡

∆╢╙─≢⁸ ≤↓╣⌐ ℮ ─ ┘ ∆╢ ─ ≢№╢⁹ 

◖fi◒ꜞכ♩☻ꜞ♇♩ ⅎ╪ │⁸ ⌐ ≈⌐ ↕╣╢⁹ 

1  ⌐⅔↑╢ ה  

2  ⌐⅔↑╢ ה  

1.1.1.1.5555.3.1.3.1.3.1.3.1    ◖fi◒ꜞכ♩☻ꜞ♇♩─◖fi◒ꜞכ♩☻ꜞ♇♩─◖fi◒ꜞכ♩☻ꜞ♇♩─◖fi◒ꜞכ♩☻ꜞ♇♩─ ⌐╟╢⌐╟╢⌐╟╢⌐╟╢     

                

  ⌐⅔↑╢ │⁸ ◖fi◒ꜞכ♩ ─ ⇔ ⌐ ⌐☻

ꜞ♇♩╩ ↑⁸ ⇔≡ↄ╢ ⱨ꜡fi♩─ ⌐╟∫≡☻ꜞ♇♩ ╩ ↕∑≡ ╩ ∆╢

≢№╢⁹ 

  ╩ ≤⇔√◖fi◒ꜞ⁸│♩♇ꜞ☻♩כ ⌐ ⅜ ↕™√╘⁸ ⅜

∆╢ ─ ⌂≥≢ →╩ ⇔╛∆™⁹↓─ ⁸ ╩ ∆╢ │ ─

⌐ ∑∏⁸ ╩ ⇔⌂™ ⅜№╢⁹∕─ ⁸ ╩ ╕⌂™ ⅜ ╩

∆╢↓≤⅜ ⅎ╠╣⁸╕√⁸ ⇔√ ─ ⅜ →─ ⌐ ∆╢↓≤⅜ ⅎ╠╣╢⁹ 

╟∫≡⁸ ≤⇔≡ ─ ╩ ≤⇔√◖fi◒ꜞכ♩☻ꜞ♇♩│ ⇔⌂™↓≤≤∆╢⁹⇔⅛⇔

⌂⅜╠⁸ ה ─ ⁸ →─ ⁸ ─ ⌂≥⅛╠⁸ ⱨ꜠כⱶ ─

⅜ ≢│⌂™≤ ↕╣╢ ⌂≥⌐⅔™≡│↓─ ╡≢│⌂ↄ⁸ ≤ ≤↕╣√™⁹ 

  ╕√⁸ ─√╘⌐ ∆╢◖fi◒ꜞכ♩☻ꜞ♇♩ ⌐≈™≡│⁸ ─ ╩

∆╢↓≤⁹ 4 2  

  ⌐ ∆╢ ה │ ⌂ │ ≤ ╦╠⌂™⅜⁸

─ ⌐ ⇔≡∕╣ ⌐ ⇔√☻ꜞ♇♩ ⌐╟∫≡⁸ ╩ →↕∑⁸ ─

╩ ↕∑╢↓≤≢ ─ ⅜ ⇔⁸ ─ ⅝™ ╣⌐╟∫≡ ┌╣√ ⅜ ∆╢

≢№╢⁹⌂⅔⁸ ─ ⌐ ⅛╠ ─ ⅜ ⇔⁸ ⌐ ∆╢↓≤⌐⌂╢─

≢⁸ ⌐│∕─ ╩ ↕∑╢ ╙⇔ↄ│ ╩ ⇔⁸ ⌐ ∆╢↓≤⁹ 

 

1.61.61.61.6    ♁▬ꜟ☿ⱷfi♩♁▬ꜟ☿ⱷfi♩♁▬ꜟ☿ⱷfi♩♁▬ꜟ☿ⱷfi♩ ────     

1.61.61.61.6.1.1.1.1    ♁▬ꜟ☿ⱷfi♩♁▬ꜟ☿ⱷfi♩♁▬ꜟ☿ⱷfi♩♁▬ꜟ☿ⱷfi♩    

                

⌐⁸ │ ≢ ↕╣╢√╘⁸ ─ ≢│ ─ ◖☻♩⅜ ∆╢≤

≤╙⌐⁸◖fi◒ꜞכ♩ ─ ⅜ ↕╣ ⅜ ↄ⌂╢ ⅜№╢⁹↕╠⌐⁸
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♁▬ꜟ☿ⱷfi♩╩ ⇔√ │⁸♠▬fiⱫ♇♄כ⌐╟╢ ≤ ꜝכ꜡ ⌐╟╢ ≤™℮

⅛╠ ≈⌐ ↕╣╢⁹ 

כ♄♇fiⱫ▬♠ההה    .1  

ההה  .2 ╢╟⌐ꜝכ꜡  

─ ה ╛ │ ╩ ∂↕∑╢ ⅜№╢⁹ ⁸ ╩ ∆╢ ה

─ │ ≢№╢↓≤⅜ ↄ⁸↓╣╠╩ ∆╢↓≤│⁸ ∞↑≢⌂ↄ◖☻♩ ⅛╠╙ ⅛

≈ ≢№╢≤ ⅎ╠╣≡™╢⁹  

 

 

 

 

 

1.6.1 ♁▬ꜟ☿ⱷfi♩ ─  

1.6.1 ┘ ⌐⅔↑╢ ♁▬ꜟ☿ⱷfi♩─  

    

    

    

    

    

    

    

    

    

1.61.61.61.6.2.2.2.2    ♁▬ꜟ☿ⱷfi♩─♁▬ꜟ☿ⱷfi♩─♁▬ꜟ☿ⱷfi♩─♁▬ꜟ☿ⱷfi♩─ ⌐╟╢⌐╟╢⌐╟╢⌐╟╢     

                

 ⌐│⁸ ╛ ≢ ─ │№╢╙──⁸₈ ₉⁸₈ ₉⁸

₈ ₉─ ⅜ ∆╢⁹ ─ ╛ ⌐ ⅝⌂ ⅜⌂™─≢⁸ ≤

⇔≡ ℮╙─≢№╢⁹ IN-situ Stabilized Excavation Materials  

 ⌂⅔⁸ ─ ⌐№√∫≡│⁸ ⌐ ╦╢ ⅜ ≤⌂╢─≢⁸ ↕╣√™⁹ 
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↕⌐╟╢ ≢│⁸ ≤ ─ ⅎ╪ ⌐ ↕╣╢⁹ 

↕⅜ ≤⌂╢ ⅎ╪ │♄ⱶ ⌐ ∫√ ≤⇔⁸ │ ╩ ≤∆╢⁹ⱨ꜡כ♥▫

fi◓ⅎ╪ ≤⌂╢ │⁸ ↕ ╩ ≤∆╢⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.6.2 ♁▬ꜟ☿ⱷfi♩╩ ⇔√ ─  

    

1.71.71.71.7    ↕↕↕↕⌐╟╢⌐╟╢⌐╟╢⌐╟╢     

                

♄ⱶ ≤│⁸₈    2 ₉≢™℮♄ⱶ╩ ∆⁹ 

╕√⁸ⱨ꜡כ♥▫fi◓ ≤│⁸ ⅜ ─ ╩™℮⁹ 
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⇔─ ─ │⁸ ≤⇔≡ ─ ⌐ ∆╢╙─≤⇔⁸ ─ ⁸

─ ⁸ ─ ╩ ⇔≡ ╘╢╙─≤∆╢⁹ 

⇔ │⁸ ≤⇔≡ ≤⇔⁸∕─ │ ⌐╟╢╙─≤∆╢⁹ 

1 ⇔ │⁸ ⌐╟╢♄ⱶ ─ ⌐ ∆╢√╘⁸ ⌐╟╢ ⇔™ ╩ ╓↕⌂™

⌐⅔™≡⁸≢⅝╢ ╡ ↄ∆╢⁹ 

2 ⇔─ ↕│⁸ ╩ ⇔℮╢ ⌐ ─ ╩ ⅎ≡ ╘╢⁹ 

3 ה ─ │⁸ ╩ ⇔√ ⅔╟┘ ─Ⱨכ◒ ⁸ ─℮∟⁸

≤⌂╢ ╩ ≤∆╢⁹ ⇔ │ ╩ ≤⇔⁸ ╩ ≤∆╢⁹ 

2.2.2.2.    ⇔─⇔─⇔─⇔─         

2.12.12.12.1    ⇔─⇔─⇔─⇔─     

                

 ⇔─ │⁸ ≤⇔≡ ─ ≤∆╢⅜⁸ ─ ⌂╠┘⌐ ─ ≤ ─ ╩

╦∑≡ ⇔≡ ╘╢⁹ 

 ─ ≤ ─ ⅜ ≢№╣┌⁸ ⇔│ ⌐ ↑╣┌╟™⁹ ⅜ ≢ ⅜

╛ ─ │⁸ ⇔ ╩ ⌐ ∑╢↓≤╙№╢⁹ 

╕√⁸ ⌐ ⅜№╢ ⅔╟┘ ─ ⌐│⁸ ─ ╩ ⇔≡ ─ ╢╒℮─ ╩

ↄ∆╢⌂≥⁸ ⌂ ╩ ℮⁹ 

    

2.22.22.22.2    ⇔⇔⇔⇔     

                

(1) ⇔─ ↕ 

⇔─ ↕─ │⁸ ⌐╟╡ ╘╢↓≤⅜≢⅝╢⁹ 

       
3 3 3

ΐ 

        
3

⇔─ ↕ m  

       
3

m  

        
3

� m                   3.2.2(a) ⇔ 

ᵑ ─  

│ 3 2 2.1⌐⅔™≡ ⌐╟╡ ╘√ ⌐ ╩ ⇔√ ≤

⇔⁸ ⌐ ∂√
3

│⁸ ─ ≢№╢ ⌐╟╡ ∆╢⁹ 3.2.2(a) ⁹ 

⌂⅔⁸ │ ⌐∆╢↓≤⅜ ╕⇔™⁹ 

2/15 (2 )

1/2

(3
1

2
2

)
h

3/2

 

     : ╩ ⇔√ m3/s  

     0.60 0.66 ⌐│0.60╩ ∆╢  

     9.8m/s2  

     
1

⇔─ m  
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2

m  

     
h

m  

╩0.5≤⇔⁸ 0.6─ ⌐│ ─≤⅔╡≤⌂╢⁹ 

        ԇ(0.71
3

1.77
1

)
3

3/2

 

  ᵒ ⅔╟┘ ─ ─  

  ─▪ ►─℮∟ ─ ╩ ≤⇔⁸ ╩ ⅎ╢↓≤≢ ⇔ ╩ ╘╢⁹ 

  √∞⇔⁸ │ ⌐╟∫≡╙ ∆╢╙─≤⇔⁸ ⌐ ∆╢ ─ ⅜ 2.2(b)

⌐ ∆ ≤⌂╠⌂™╟℮⌐∆╢⁹⌂⅔⁸ │ ╩ ™╢⁹ 

2.2(a) ─ ⌐ ∆╢ ─ ─  

  

1/10  0.50 

1/10 1/30  0.40 

1/30 1/50  0.30 

1/50 1/70  0.25 

 

▪ 3 2 2.2─ ⌐╟╡ ╘√ ≤ ─ ╩ ⇔⁸ ⅝™ ─ ⌐

╩ ⇔⁸ ─ ─ ╩ ™≡ ╘√ ─  

2/15 (2 )

1/2

(3
1

2
2

)
h

3/2

 

     : ╩ ⇔√ m3/s  

     0.60 0.66 ⌐│0.60╩ ∆╢  

     9.8m/s2  

     
1

⇔─ m  

     
2

m  

     
h

m  

╩0.5≤⇔⁸ 0.6─ ⌐│ ─≤⅔╡≤⌂╢⁹ 

        ԇ(0.71
3

1.77
1

)
3

3/2

 

    ▬ 3 2 3.1╟╡ ╘√ ─Ⱨכ◒ ⌐ ∆╢ ─  

    ► ─ ₁200 ⌐ ∆╢200 ─ ─℮∟ ─95  

      ─ ≤⌂╢ │ ─ⱨ꜡fi♩ ⅜ ⇔√≤ ╦╣╢ ≢ ⌐ ╕∫≡

⇔≡™╢ ≤⇔⁸ ─ ╩ ∆╢╟℮⌂ ╩ ∆╢╟

℮⌐ ∆╢↓≤⁹ ┌∫≡™√╡⁸ ⅜ ⌂∫≡™√╡⁸ ╠⅛⌐ ╟╡ ⅜∫≡⅝√≤

╦╣╢ │ ≤∆╢⁹ 

  ᵓ ─ ─  

3 2 3.1╟╡ ╘√ ─Ⱨכ◒ ⌐ ∆╢ ─ ≤⇔⁸ ⇔ ╩ ╘╢⁹ 

(2) ─  

─ │⁸ ⌐ ≤∆╢ ⅜ ™⁹ 

⇔⅛⇔⌂⅜╠⁸ ⌐ ∆╢ ≢│⁸ ─ ⌐ ∆╢√╘ ≤∆╢ ╙№╢⁹ 
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(3) ⇔─
1

 

⇔ │ ─ ∆ ╡ ↄ⇔≡⁸ ╩⌂╢═ↄ ↕ↄ⇔⁸ ─ ה ה

╩ ∆╢↓≤⅜ ≢№╢⅜⁸ ∆⅞╢√╘⌐ ╩ ↓∆ ⅜№╢─≢⁸ ⌐ ∆╢

⅜№╢⁹ ⅜ ↕™ ⌐│ ⅜ ↕ↄ⌂╢⅜⁸ ⁸ ╩ ⇔≡⁸ ╩

≤⇔⌂⅜╠ │ ╩ ≤∆╢⁹ 

(4) 
3

�  

│⁸ 2.2(a)⁸(b)─≤⅔╡≤∆╢⁹ 

2.2(b)  

  

200 3/s  0.6  

200 3/s 500 3/s  0.8  

500 3/s  1.0  

 

ה (5) ─ ⇔  

₈ Ⱨכ◒ ⌐ ∆╢ ₉№╢™│₈ ₉⌐╟∫≡ ⇔ ╩ ∆╢ ⁸

─ ⌐╟╡ ⌂ ⇔ ╩ ≢⅝⌂™≤⅝│⁸ ╩ ╘√ ⌐╟∫≡ ∆╢↓≤⅜≢⅝

╢⁹ 2.2 ⇔⁸↓─ ⁸ │ ╩ ⇔√ ⌐ ∆╢ ─ ≤∆╢⁹ 

⌂⅔⁸ ─ ⁸ ─ ┼─ ⁸ ┼─ ⌐ ⇔≡⁸ ⅝╩ ⇔

√╡⁸ ─ ╩ ∆╢⁸ ─ ╩ ↄ∆╢ ─ ⌂ ╩ ∂⌂↑╣┌⌂╠

⌂™⁹ ⌐⁸ ⌐ ⅜№╢ │⁸ ─ ╩ ⇔⌂↑╣┌⌂╠⌂™⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

2.2 Ⱨכ◒ ⌐⅔↑╢ ⇔  
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│⁸ ◘▬♩ ─ ⁸ ⁸ ─ ╩ ⇔≡⁸ ┘ ─

⌐╟∫≡ ↕╣⌂™╟℮ ∆╢╙─≤∆╢⁹ 

ה  ╩ ∆╢ 100% ─ ⌐⅔™≡│⁸ ⇔ ─ ╩₈

╩ ⇔√ ₉ ╩ ≤⇔≡ ╘≡╙╟™⁹∕─ ⁸ ⇔─ │⁸ ─ ⁸

─ ╩ ⇔⁸ ⌐ ╘╢↓≤≤∆╢⁹√∞⇔⁸∕─ ≢№∫≡╙⁸ ─ ⌐≈™≡│⁸

╩ ∆╢ ⌐≈™≡╙ ⇔≡ ∆╢⁹ 

 

3.3.3.3.    ────         

3.13.13.13.1        

                

 ─ │⁸ ─ ⌐ ⅎ╢≤≤╙⌐⁸ ⇔ ≢│ ─ ⌐╙ ⅎ╢╟

℮⌂ ≤∆╢ ⅜№╢⁹↓─√╘⁸ ◖fi◒ꜞכ♩ ─ │⁸ ⌐ 3.1⌐ ∆ ╩ ™≡™

♅כ▪⁸⇔⅛⇔⁹╢ ◖fi◒ꜞכ♩ ≢│⁸ ⅛╠ ≤⌂╢ ◓fiꜞ♅כ▪─ ⅛╠ ╩

╘╢ ╙№╢⁹ 

 ╕√⁸ ה ─ │⁸ ⅜ ◖fi◒ꜞכ♩ ─ │⁸ ∆╢ ─ ╩

≤∆╢⁹√∞⇔⁸3 ≤⇔⁸ ≤↕╣╢ ⅜4 ╩ ⅎ╢ ⌐│ ╛ ⌐╟╢

⁸ ה ⌐╟╢ ⌐╟╡ ∆╢⁹ ─ │ ⌐╟╡ ∆╢↓≤⁹ 

 

3.1  

 1.5    2.5 3.0    4.0 

 ∂╡ ∂╡     

 

─ ⌂™  

─ ⅜ ™  

─  

─  

 

 

 

 

 

3.1 ≤  
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◖fi◒ꜞכ♩ ─ │⁸ ─ ⁸ ╩ ⇔≡ ∆╢╙─≤∆╢⁹ 

─ ─╡ │⁸ ⌐1 0.2 ≤∆╢⅜⁸ ─ ⅜ ↕ↄ⁸⅛≈⁸∕─ ⅜ ⌂

™ │ ⌐ ∂↓╣╟╡ ↄ∆╢↓≤⅜≢⅝╢╙─≤∆╢⁹  

─ │⁸ ≤ ≤∆╢↓≤╩ ≤∆╢⁹ ─ ╩ ─ ≤ ⅎ╢

│⁸ ⁸ ─ ─╒⅛⁸ ↕15m ─ ⌐≈™≡│⁸ ≢ ⇔≡™⌂™ ─

≤⅝⌐ ⅛╠ ⅜ ∆╢ ⌐≈™≡╙ ╩ ∆╢ ≤∆╢╙─≤∆╢⁹ 

3.23.23.23.2        

                    

◖fi◒ꜞכ♩ ─ │⁸ ⌐⁸ ∆╢ ─ ─ ⅜ ─ 1 3 ⌐

╢╟℮⌐♄ⱶ ╩ ╘╢ ⅜ ™╠╣≡⅔╡⁸↓─ ≢│ ⅜ ⌐ ™╒≥ ≢№╢⁹⇔⅛

⇔⁸ ⌐⅔™≡│ ─ ⅔╟┘ ╩ ∆╢ ⅜№╡⁸ ╩ ⌐ ™ ≤∆╢↓

≤⅜ ╕⇔™⁹ 

≢│⁸ ─ ⅔╟┘ ╩ ∆╢ ⅜⌂™─≢⁸ ╩ ↄ∆╢↓≤⅜≢⅝

╢⁹ ─ ╩ ≤ ⅎ╢⅛≥℮⅛│⁸∕─ ⅔╟┘ ─ ╩ ⇔≡ ╘╢═⅝≢

№╢⅜⁸ ⌐⁸◖fi◒ꜞכ♩ ─1 ─ ╩

≤⇔≡ ∆╢ ⅜ ™⁹ │⁸ ╩ ⌐

≠↑╢╒≥ ≤⌂╢⅜⁸ ⅜ ⌂ↄ ⌐

⌐ ™ ≤⌂╢ ≢│⁸ ⅛╠ ↄ

⌐ ⇔≡ ╩ ↄ ╣╙№╡⁸∕─╟℮⌂ ⅜

↕╣╢ ≢│⁸ ⌐ ──╡ ╩ ↑╢ ⅜№

╢⁹                           3.2(a) ─  

◖fi◒ꜞכ♩ ─ ─ ─╡ ⅔╟┘ ─ ─╡ ╩ ╘╢ │⁸ ╩

≤⇔≡ ⌐╟╡ ╘╢↓≤⅜≢⅝╢⁹⌂⅔⁸ ⌐│ ⅜ ⇔≡™╢ ─Zanger─

─ ╩ ╖ ╗═⅝≢№╢⅜⁸ ─ ─╡ ⅜ ╕╠⌂↑╣┌ ╖ ╘⌂™

√╘⁸ Westergaard─ ╩ ╖ ╪≢™╢⁹Zanger─ ⌐╟╢ │Westergaard─

⌐╟╢ ╟╡ ↕ↄ⁸↓─√╘ ⅜ ⇔≡™╢ │⁸ ⌂ ≤⌂╢↓≤╩ ⇔≡

⌐ ™╢─╡ ╩ ∆╢ ⅜№╢⁹ 
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(1) ─ ─╡ ╩ ╘╢  

 

 

 

 

 

 

                               

  

3.2(b)  

 

(2) ─ ─╡ ╩ ╘╢                  

 

 

 

 

3.2(c)  

─╡ ╩ ↄ∆╢ │⁸ ⅜ ⌐ ↕╣ ╘╢ m/s ≤⁸ m ╟╡ 

      / (2/ / )

1/2

 

≢ ╘╠╣╢ ╟╡╙ ⌐∆╢⁹√∞⇔⁸1 1.0╩ ≤∆╢⁹ 

⅜ ⌐ ↕╣ ╘╢ m s │⁸ ≢  

™√ ─50 ≤∆╢⁹ ⅜ ↄ⌂╢≤ ─ │ 

↕ↄ⌂╢⅜⁸0.2╩ ≤∆╢⁹                      3.2(d) ─╡  
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─ ⌐ ™╢ │⁸ ה ⁸ ה ⅛∕╣ ─ ⅛⁸↕╠

⌐⁸ ─ ↕⁸ ה ⌂≥─ ╖ ╦∑⅛╠ ∆╢╙─≤∆╢⁹ 

╕√⁸ ה ─ ─ ≢ ∆╢ │⁸ ⁸ ⁸ ⁸

⁸ ≤₈ ┘ ≤≤╙⌐ ∆╢ ⌐╟╢ ₉ ⁸₈ ₉≤

™℮⁹ ≢№╢⁹ 

⌐⁸ │⁸ ┘ ≤≤╙⌐ ∆╢ ⌐╟╢ ⁸₈ ₉≤™

℮⁹ ≤ ⅔╟┘ ─ ⌐╟╢ ⅜№╢⁹ │ ⌐⁸ │ ⌐ ∆╢≤ ⅎ╠╣

╢─≢⁸ ─ ⌐ ⇔≡│ ─╖╩ ╡№→⁸ ⅔╟┘ ─ ⌐╟╢ │

⌐ ∂≡⁸ ─ ≢ ∆╢⁹ 

3.33.33.33.3    ⌐ ™╢ ⅔╟┘⌐ ™╢ ⅔╟┘⌐ ™╢ ⅔╟┘⌐ ™╢ ⅔╟┘         

3.3.13.3.13.3.13.3.1    ⌐ ™╢⌐ ™╢⌐ ™╢⌐ ™╢     

                

(1)  

   ─ │⁸ ⌐ ─╖ ╩ ⇔⁸ │ ╦⌂™⁹√∞⇔⁸

≤ ─ ╩ ↕∑╢ │⁸ ⌐⅔™≡╙ ╩ ⇔⌂↑╣┌⌂╠⌂™⁹ 

ה (1-1) ─ ה ─  

3.3.1(a) ─ ╦∑ ה  

─             

◖fi◒ꜞכ♩ 

 

15m   ⁸  

15m  

⁸ ⁸ ⁸ ⁸ 

⁸  

⁸ 

⁸ ⁸  

♅כ▪ ◖fi◒ꜞכ♩

 

 

⁸ ⁸ ⁸ ⁸ 

⁸ ⁸  

⁸ ⁸ ⁸ 

⁸  

 

ה (1-2) ─ ה ─  

3.3.1(b) ─ ╦∑ ה ─  

─             

15m   

⁸ ⁸ ⁸ 

 

⁸  

15m  

⁸ ⁸ ⁸ ⁸

⁸  

⁸ ⁸ ⁸ ⁸ 

  

⁸ 

⁸ ⁸  
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3.3.1(a) ה ─  ─  

15m ⁸  

 

 

 

 

 

 

 

 

 

 

3.3.1(b) ה ─  ─  

15m ⁸  

(2)  

ה (2-1) ─ ─  

3.3.1(c) ─ ╦∑ ה ─  

─             

15m   ⁸ ⁸   

15m   ⁸ ⁸    

β 15m ─ ⌐⅔™≡⁸ ─ │15m ─ ≤ ≤∆╢⁹╕√⁸ ⌐≈™≡│⁸ ⌐

─ ⅜ ⌂ ⅜ ™√╘⁸ ─ ─≤⅝⌐ ⅛╠ ⅜ ∆╢ ⌐≈™≡╙ ╩

∆╢⁹ 

 

 

 

 

 

3.3.1(c) ה ─  ─  

ה (2-2) ─ ─  

    │ 3.3.1(b)≤ ≤∆╢⁹ 

    ─⅛↑ │ 3.3.1(b)≤ ≤∆╢⁹ 
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(3)  

ה (3-1) ─ ─  

3.3.1(d) ─ ╦∑ ה ─  

─             

15m   

⁸ ⁸ ⁸ 

 

⁸  

15m  

⁸ ⁸ ⁸ ⁸

⁸  

⁸ ⁸ ⁸ ⁸ 

  

⁸ 

⁸ ⁸  

 

 

 

 

 

 

 

 

 

 

3.3.1(d) ה ─  ─  

15m ⁸  

 

ה (3-2) ─ ─  

    │ 3.3.1(b)≤ ≤∆╢⁹ 

    ─⅛↑ │ 3.3.1(b)≤ ≤∆╢⁹ 

 

(4)       

─ │⁸ ─ ⌐ ⌐ ™╢ ─ tf m3 ₄kN m3₅╩ ∂

≡ ╘╠╣╢⁹ 

⅜◖fi◒ꜞכ♩ ─ ◖fi◒ꜞכ♩☻ꜞ♇♩ ⁸ │ ╩ ≤╖⌂⇔

≡ ↕╣╢ Ⱪ꜡♇◒─ c ≤⁸ ╩ ≤⇔≡ ↕╣╢ Ⱪ꜡♇◒─

rc ╩ ™╢⁹ 

 

 

 

  



9-3-34 

        ɘ
rc rc c

 

      ɘ
rc

⅛↑─◖fi◒ꜞכ♩ kN/m3  

      
rc

╩ ≤⇔≡ ↕╣╢ Ⱪ꜡♇◒─ kN  

      
c

 ╩ ≤⇔≡ ↕╣╢ Ⱪ꜡♇◒─ m3  

 

 

 

 

3.3.1(e) ☻ꜞ♇♩ ⌐⅔↑╢ ⇔─  

(5)      

│⁸ ⌐╟╡ ╘╠╣╢⁹√∞⇔⁸ ╩ ∆╢≤⅝─ │⁸ │ ⌐ ⇔

≤⇔⁸ │ ⇔ ⌐ ╩ ∆╢╙─≤∆╢⁹ 

     o× w 

        tf m3 kN m3  

      o ─ tf m3 kN m3  

      w ─ ─ m  

─ ⌐≈™≡│⁸ ⅜ ≢ ⇔≡™╢─≢⁸ ─ ∞↑

∆╢↓≤⌐⌂╢⁹ 

(6)      

│⁸ ⌐╟╡ ╘╠╣╢⁹√∞⇔⁸ ╩ ∆╢√╘─ │⁸ ⌐ ↕╣╢

♅כ▪⁸⇔≥ ◖fi◒ꜞכ♩ ⌐≈™≡│⁸ ⌐≈™≡╙ ∆╢ ⅜№╢⁹ 

     ev sl× e 

eH e× sl× e 

  ev ─ tf m2 kN m2  

eH ─ tf m2 kN rn2  

c  

sl tf m3 kN m3   sl s ( ɢ) o 

e ⅛╠─ ─ ╕≢─ m  

s tf m3 kN m3  

ɢ    ɢ ( sa s) sa 

sa tf m3 kN m3  

o ─ tf m3 kN m3  

─ │⁸ ─ ⅜ ≤⌂╡⁸↓─ ⌐╟╢ ╩ ⅎ√

⅝↕≤⌂╢⁹ 

e ɘd ɘw d 

e  

d ╩ ™≡ ⇔√ ─ m  

ɘd ─ kN m3  

ɘs ≢─ ─ kN m3  ɘs
*

ɨ ɦ  

ɘw ─             ɘw ɦ  
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⅜15m ─ │11.77kN m3 ⁸15m ─ │9.8kN m3  

   
*

─  

ɦ ─ kg m3  

ɨ ─ kg m3  

m s

2

9.8m s

2

 

(7)      

│⁸ ⌐ ⅝⌐ ∆╢╙─≤⇔⁸ 3.5.1.2 ╩ ≤⇔≡ ∆╢⁹ 

3.3.1(e) ─ ⅝↕ 

─  

   

kN m2  

   

kN m2  

    

   

h2 ɡᴅh o 

h1 o 

h2 o 

h2 o 

         ɡ  

    1 m   

   2 m  

   ᴅh ה ─ m   ᴅh h1 h2 

   o ─ tf m3 kN m3  

─ ⌐⅔↑╢ │ ⌐╟╢⁹ 

x [ 2 ɡᴅh× ѐ×

3

] o 

x ─ tf m2 kN m2  

m ⁸ 2 √∞⇔⁸ ╩ ↑╢ │⁸ 2 2  

2 m  

─ ↕ m  

⅛╠ ╕≢─ m  

 

 

 

 

 

 

3.3.1(e) ─  

(8)   

│⁸ ⌐ ⌐ ∆╢╙─≤⇔⁸ ─ ⌐ ╩ ∂√ ≤⇔⁸

⌐╟╡ ╘╠╣╢⁹ 

     ×  

    №√╡─ ⌐ ∆╢ tf m kN m  

     

    №√╡─ ─ tf m kN m  

 │⁸ 3.3.1(f)⌐ →╢ ≢⁸ ─ ╙ ⇔≡ ∆╢ ⅜№╢⁹ 

3.3.1(f)  

─  ⅔╟┘   

◖fi◒ꜞכ♩  0.12 0.10 

♅כ▪ ◖fi◒ꜞכ♩  0.24 0.20 
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⅔╟┘ ≤│ ─ ╩ ↄ ≤∆╢⁹ │ ⅔╟┘

⌐ ∆╢⁹ 

(9)   

│⁸ ─ ≤ ≤─ ⌐ ⇔≡ ⌐ ∆╢╙─≤⇔⁸∕─ │⁸

⌐╟╡ ╘╠╣╢⁹ 

ᵑ ─ ⅜ ⇔≡™╢ ─ Zanger─  

     x o  

                 1/2× m×[1/ × x×(2 x/ ) {1/ ×(2 x/ )}

1/2

] 

        d 1/2×ɜ× m o

2

secɝ 

        d ɠ x 

            x ─ tf/m2 kN m2  

     d ⅛╠ ╕≢─ tf/m kN/m  

    o ─ tf/m2 kN/m2  

      

    ⅛╠ ╕≢─ m  

   x ⅛╠ ╕≢─ m   

   m ⅜ ≤⌂╢≤⅝ x⅜ ─ ─ 3.3.2 a  

   d ⅛╠ d─ ╕≢─ ↕ m  

  ɜ⁸ɠ 3.3.2 c ⅛╠ ╘╠╣╢  

     

ᵒ ─ ⅜⁸ ─ ─ Westergaard─  

 x 7/8× o ( x)

1/2

 

                  d 7/12× o

1/2

× x

3/2

 

         d ה2/5 x 

    ⌂⅔⁸ ⅜ ⌐ ™ │⁸ ╩ ⇔≡╙ ⇔ ⅎ⌂™⁹ 

 

 

 

 

 

 

 

 

 

 

3.3.1(f) ─  
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(10)  

♅כ▪ ◖fi◒ꜞכ♩ ─ │⁸ ⌐╟╢ │ ↕™─≢ ⇔≡ ⇔ ⅎ⌂™⁹ 

♅כ▪ ◖fi◒ꜞכ♩ ─ │⁸ ◓ꜝ►♅fi◓─ ⌐ ↕╣╢ ─

─ ⌐ ≠⅝ ♅כ▪⁹╢∆≥─╙╢∆ ◖fi◒ꜞכ♩ ─ ⁸ ⌐╟╢ →⸗

⌐┘╠⌂♩ⱷfiכ ∑╪ │⁸ ⌐╟╢ ┘╟⅔♩ⱷfiכ⸗→ ∑╪ ≤

⅝⅜ ≤⌂╢√╘⁸ │ ⌐⌂╢⁹╕√⁸ ♅כ▪╢╟⌐ │⁸ ⌐

♅כ▪╢╟ ≤ ∂ ⅝⌐⌂╢⅜⁸↓─ │ ⌐ ─ ─ ╩ ⅛∆╙─≢│⌂™⁹

⌐╟╢ ⌐┘╠⌂♩ⱷfiכ⸗→ ∑╪ │⁸ ⌐╟╢ ┘╟⅔♩ⱷfiכ⸗→

∑╪ ≤ ∂ ♅כ▪√╕⁸╡⌂⌐⅝ │ ╩ ∂↕∑╢ ⅝⌐ ∆╢⁹⇔√⅜

∫≡⁸ ─ ╩ ℮ │⁸ ♅כ▪⌐ ⅜ ↕╣√ ─ ─╖╩ ∆╣┌╟

™⁹√∞⇔⁸ ─ ╩ ∆╢ ⅜♩☻ꜝ☻♅כ▪⁸│ ∆╢ ─ ⅜

≤⌂╢⁹ 

─ ⌐╟╢ ╩ ╘╢ ⌐│⁸ ⌐ ─ ⌐≈™≡ ∆╢ ⅜№╢⁹ 

ᵑ ─ ─  

 ᵒ ─ ─   

ᵓ ↄ⌐ ↕╣╢ ─   

↓─℮∟⁸ ─ ─ │⁸♄ⱶ─√╦╖⁸▪כ♅ ⁸ 

─♅כ▪ ┘╟⅔♩ⱷfiכ⸗→ ┌╡─ ⌐♩ⱷfiכ⸗→ ⅝⌂  

╩ ⅎ╢⁹╕√⁸ ─ ─ ─♅כ▪⁸│  ⱷכ⸗→

fi♩⌐│⅛⌂╡─ ╩ ⅎ╢⅜⁸ ♅כ▪┘╟⅔╖╦√─ ⌐ ╓∆ │ ↕™⁹                         

⌐│ᵑ⁸ᵒ╩ ∑≡ ∆╢─╩ ≤∆╢⅜ᵒ╩ ⇔√ ╩ ℮ ⌐│⁸◒ꜝ►fi≢ 

10kgf/cm2 O.981 /mm2 ─ ╩ ╗ ⅜№╢⁹ ⌐ ↕╣╢

⌐╟╢ │ ⌂ ≢№╡⁸ ⇔≡╟™⁹ 

(11)  

─ ⁸ │ ⌐ ╙ ⌂ ≤⇔⁸ ⅜ ─ d ∞↑ ⇔

≡ ⇔√ ≢ ⅜ ╩ ╩☻כ◔√⇔ ∆╢ 3.3.1(a) ⁹ 

│⁸
d

2─ ⌐ ⌐ ↕∑╢⁹  

     
h

ɘה
d d

2

 

   
 

№√╡─ kN/m  

 

─ m/s  

d

─ m  

 

9.8m/s

2

 

h

1.0≤∆╢  

ɘ
d

─ kN/m

3
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─ ⌐ ™╢ │⁸ ⌐ ∂≡⁸ ⌐╟╡ ╘╢╙─≤∆╢⁹ 

        
r

2/3

(sinɝ)

1/2

n

 

            
r

─ m ԇ
d

≤∆╢  

            ɝ
 

°  

            
n

0.10≤∆╢  

        ɘ
d

{ɨ
d

ɦ (1
d

)}  

                                
d

ɦtanɝ (ɨ ɦ) (tanɫ tanɝ) 

d

 

ɨ
 

─ 2,600kg/m

3

 

ɦ ─ 1,200kg/m

3

    

                                                ɫ ─ ° 30° 40° ≢№╡⁸ ⌐35°  

             

3.3.23.3.23.3.23.3.2    ⌐ ™╢⌐ ™╢⌐ ™╢⌐ ™╢     

                

─ ⌐ ™╢ │⁸ ─ ⅜ ™ │ ≤⇔≡ ⌐╟╡ ╘╢↓≤≤⇔⁸

∕─ ─ │ ─ ⌐ ™╠╣√ ⅛⁸ ⌐ ∆ ⌐ ╠╣≡™╢ ╩ ≤∆╢↓

≤⅜≢⅝╢⁹√∞⇔⁸ ─ ╩ ⅛≈ ⌐ ∆╢√╘⌐│⁸≢⅝╢ ╡ ⌐╟╡ ╘╢═⅝

≢№╢⁹ 

(1) ◖fi◒ꜞכ♩─ 2.3 tf m3 22.56kN m3  

(2) ─ o 1.0 1.8 tf m3 9.81 17.65kN m3   

   √∞⇔⁸ ֕15m─≤⅝ 1.0 tf m3 9.81kN m3  

       15m─≤⅝ 1.2 tf m3 11.77kN m3  

   ╩ ≤⇔⁸ ⌂ ╩ ∆ ≢│∕─ ⌐ ∂≡ ╘╢⁹ 

(3) s 1.5 1.8 tf m3 14.71 17.64kN m  

(4) ɢ 0.3 0.45 

(5) e  0.3 0.6 

(6) ɡ 1/3 1.0 ⌐1/3╩ ™╢ ⅜ ™  

(7) ◖fi◒ꜞכ♩─  

      f�
ck

/4  f�
ck

:◖fi◒ꜞכ♩─  

       ∑╪ ─1/5 1/10 

 

3.43.43.43.4    ────     

    

    

    

    

    

    

    

◖fi◒ꜞכ♩ │⁸ ⁸ ⅔╟┘ ╩ ⇔⁸ ⅔╟┘ ─ ⅜

≢⅝╢╟℮⌐ ∆╢╙─≤∆╢⁹ 

─ ⌐⅔™≡│⁸ ─ ╩ ∆╢╙─≤∆╢⁹ 

1 ≤⇔≡⁸ ─ ⌐ ⅜ ∂⌂™╟℮⌐⁸ ─ ⅔╟┘ ─ ─ ⅜

─ 1 3 ⌐ ╢↓≤⁹  

2 ≤ ≤─ ⅔╟┘ ≢ ╩ ↓↕⌂™↓≤⁹  

3 ⌐ ∂╢ ⅜⁸ ─ ╩ ⅎ⌂™≤≤╙⌐⁸ ─ ↑╢ ⅜ ─

≢№╢↓≤⁹╕√⁸ ⅜ ─ │⁸ ⌐ ⇔≡╙ ≢№╢↓≤⁹ 
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(1) ⌐⅔™≡ ╩ ∂↕∑⌂™╟℮⁸ ─ ⅔╟┘ ─ ⅜ ─ 1 3

⌐ ╢╟℮⌐⇔⌂↑╣┌⌂╠⌂™⁹↓─╟℮⌐∆╢↓≤⌐╟╡⁸ ⌐ ⌐ ∆╢ ╙ ↕╣╢⁹

↓─ ─ ⌐ ™╢ │⁸ ≤⇔≡⁸3.5.2─ ⌐ ™╢ ╩ ∆╢⁹  

(2) ─™⅛⌂╢ ⌐ ⇔≡╙ ⌐ ⇔≡ ≢⌂↑╣┌⌂╠⌂™⁹ ─ ≤ ≤─

⌐⅔↑╢ ⌐ ∆╢ │⁸ ⌐ ⌐╟╡ ⅛╘╠╣╢⁹ 

      ֔( ɩ
0

)  

        ⌐ ─ │⁸∑╪ ⅜ ⅝ↄ╕√ ⌂ ⅜ ╠

╣╢√╘ ™ ≤∆╢↓≤⅜ ↄ⁸ ─ ╩ ⇔≡ 4.0≤⇔≡™╢⁹⇔

⅛⇔⁸ ⌐⅔™≡│⁸∑╪ ⅜ ↕™√╘⁸ ⌐ ─ɩ
0

╩ ⇔≡

∆╢ ⅜ ↄ⁸╕√ ™ ⅜ ≢⅝⌂™√╘ 15 ≤∆╢─

⅜ ≢⁸ 1.2≤⇔≡™╢⅜⁸ 15 ≤∆╢ │ ─ ╩ ⇔

1.5≤⇔≡™╢  

        

       №√╡ ⌐ ∆╢ tf/m kN/m  

       №√╡ ⌐ ∆╢ tf/m kN/m  

       ɩ
0

╕√│ ─℮∟ ↕™╒℮─∑╪ tf/m2 kN/m2  

       ∑╪ ╩ ≢⅝╢ ↕ m  

   ─∑╪ ⅔╟┘ │⁸ 3.6.1(b)⁸3.6.1(e)╩ ⁹ 

(3) ⅔╟┘ ─ ⌐ ∆╢ ⌐≈™≡─ │ ⌐╟╢⁹ 

ᵑ ⌐ ⇔≡│⁸ ─ ─ ─ ⅔╟┘ ⅜⁸∕─ ⅔╟┘  

  ╩ ⇔⌂™↓≤⅜ ≢№╢⁹ 

ᵒ ─ ⌐ ⇔≡│⁸ ─ ⅜⁸ ─ ╩ ⇔⌂

™↓≤⅜ ≢№╢⁹↓─ ─ ─ ⌐│⁸ ╩ ⇔√ ╙ ∫≡⅔ↄ

⅜№╢⁹ 

   ─ ╕√│ ⌐⅔↑╢ │⁸ ⌐╟╡ ╘╠╣╢⁹ 

       

      ɨ 1/
2

(1±6 /
2

) 

        ─ ─ ≤ ≤─ ⅛╠ ─ ╕≢─ m  

        ─ ╩ ≤⇔≡⁸ №√╡ ⌐ ∆╢ ─♩ⱷfiכ⸗─  

                                          t m  

        №√╡ ⌐ ∆╢ ─ tf/m kN/m  

        №√╡ ⌐ ∆╢ ─ tf/m kN/m  

        
2

m  

        ɨ ─ ╕√│ ⌐⅔↑╢ tf/m2 kN/m2  

        ─ ─ ≤ ≤─ ⅛╠ ─ ╕≢─ m  

      
2

/2 

    6 /
2

1─≤⅝ ⌐ ⅜ ∆╢⁹ ≤⇔≡ ╩ ╘⌂™√╘⁸ ─

╩ ⌐ ∆╢ ─ 1/3 ⌐⅔↕╘╢╟℮ ╩ ╘╢⁹ 
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─ │⁸ ⌐ ⇔ ≢⌂↑╣┌⌂╠⌂™⁹ ─ ⅜ ⇔√≤⇔≡╙

⅜ ⌐≈⌂⅜╠⌂™╟℮⁸ⱨ▼כ☿ꜟכⱨ─ ⅛╠⁸≢⅝╢∞↑ ꜞ♄fi♄fi◦כ)─ ™

≤∆╢↓≤⁹ 

≢ ∆╢ │⁸ ⁸ ⁸ ⁸ ≤∆╢⁹ 

╟∫≡⁸ 

      
2

/3֔ ֔2
2

/3 

≤∆╢⁹⌂⅔⁸ ⅜ ─ │⁸ 1 2 ─╒⅛⌐ 

◒▬♇◒◘fi♪⅔╟┘Ɽ▬Ⱨfi◓⌐ ∆╢ ╙ ∆╢  

⅜№╢⁹ ╩ ⁹ 

       3.4 ⌐ ∆╢  

 3.53.53.53.5    ────         

3.5.13.5.13.5.13.5.1        

                

 ─ ─ ─ ╩ ⇔⌂↑╣┌⌂╠⌂™⁹╕√⁸ ─╟℮⌐ ⅜ ⅝ↄ⁸

⌂ ≢№╡⌂⅜╠ ⌂ ╩ ⅎ╢ ⌐ ⇔≡│⁸ ─ ─ ⅜ ⌐

⇔⌂™╟℮⁸ ─ ™ ≤∆╢⁹ 

 ╩ ∆═⅝ │⁸ ─≤⅔╡≤∆╢⁹ 

ᵑ ⅔╟┘ ⌐ ∆╢⁸ ─  

ᵒ ⌐╟╢ ⌐ ∆╢⁸ ─  

ᵓ ᵑ⅔╟┘ᵒ─ ⌐ ∆╢⁸ ─ ─  

ᵔ ─ ⌐╟╢⁸ ─ ─  

 ╕√⁸ ╩ ∆╢ ≢ ↕╣╢ ─℮∟⁸ ─ ╩ ∆╢√╘─

⌐ ⇔⌂™ ⌐│⁸ ─ ╩ ≢⅝╣┌ ╩ ∆╢√╘⁸ ╩

∆╢↓≤⅜≢⅝╢⁹ 

 

3.5.23.5.23.5.23.5.2        

                

 ╩ ℮ ─ ╖ ╦∑╩ 3.5.2⌐ ∆⁹ 

 │ ≢№╢↓≤⅛╠⁸↓╣╕≢─ ╩ ⇔≡ ╩1.5 ∆╙─≤∆╢⁹╕√⁸

│ ⅜ ∆╢↓≤⅛╠ ─ ─ │ ╦⌂™⁹ ⌐ ⇔≡

│⁸ ⌐ ╩1.15 ╡ ∆╙─≤∆╢⁹⌂⅔⁸ ⅜ ⅝ↄ⌂╢ │⁸ ⅜
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⇔ │⁸ ≤⇔≡ ≤ ≤∆╢⅜⁸ ☻ꜞ♇♩ ╙ ⌐

Ⱨכ◒ ╩ ⇔ ╢ ≤∆╢⁹ 

≢ ↕╣⌂™╟℮⌂ ≤∆╢⅛⁸ ╩ ∆╢╙─≤∆╢⁹ 

 ─ ⌐№√∫≡│⁸ ─ ≤ ─ ⌐≈™≡⁸ ┘

─ ─ ╖ ╦∑⌐ ⇔≡ ≢⌂↑╣┌⌂╠⌂™⁹↕╠⌐⁸ ≢ ↕╣╢ ⅜

≤⌂∫≡™╢ ⌐│⁸ ─ ─ ╖ ╦∑⌐ ⇔≡ ╩ ⇔⌂↑╣┌⌂╠⌂™⁹ 

 ─ ─ ⌐⅔™≡│ 3.5.2─╒⅛⌐⁸ ⅜ ⌐ ⇔≡ ∆╢ ≤⁸

╛ ─ ⌐╟╢ ≤⌐ ⇔≡ ≢№╢╟℮⌐ ∆╢⁹ 

 ↕╠⌐⁸ ⌐⅔↑╢ │⁸ ⌐ ⇔≡ ⌡ ⅜ ╕⇔™⅜⁸ ⅛╠ ⌐

⇔≡╙≢⅝╢∞↑ ⇔⌂™╟℮⌐ ∆╢⁹ ─ ⌐ ⇔≡ ∆╢ ⌐│⁸ ↕╣╢ ─

≤ ─ ɝ
f2

╩ ⇔⁸↕╠⌐ ɝ
f3

╩ ⇔≡⁸ ⌐ ∆╢ ɝ
f1

╩ ∆╢⁹╕√⁸ ⌐ ∆╢ ⌐│⁸ ⅜ ─ ⌐ ╕╣╢ ≢ ∑∏⁸

⅜ ⇔≡⇔╕℮ ⌐╙ ∆╢⁹ 

3.5.2 ≢ ∆╢ ─ ╖ ╦∑ 

    ☻כ◔

 ủ ủ ủ 

 ủ   

 ủ ủ  

   ủ 

─  1.5 1.0 1.15 

 

 

 

 

 

3.5.2 ⌐ ∆╢ ─ ⌐ ╩ ∆╢  

3.5.33.5.33.5.33.5.3    ⇔⇔⇔⇔     

                

 ⅜ ⌐╟╡ ⌐ ⇔√ ⌐ Ⱨכ◒ ╩ ⇔ ╢ ⌂ ⇔ ╩ ∆╢

≤∆╢⁹ │ ⇔⌂ↄ≡╙ ™⁹ 

 ⌂⅔⁸ ⌂≥─ ⌐╟╡ ⇔ ╩ ≢⅝⌂™≤⅝│ ╩ ╘√ ⌐╟∫≡ ∆╢↓≤⅜

≢⅝╢⁹ 
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