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1    
 

1.1    

↓─ │⁸ ─ ┘ ╩ ⁸⅛≈⁸ ⌐ ℮√╘⁸

₈ ₉ ≤™℮⁹ ⁸ ₈ ₉≤™℮⁹ ⁸

₈ ₉≤™℮⁹ ⁸ ₈ ₉≤

™℮⁹ ⁸ ─ ⌐ ∆╢ ₈ ₉≤™℮⁹ ⌐ ≠

⅝⁸ ─ ┘ ┘⌐ ─ ⌐≈™≡ ╘√╙─≢№╢⁹ 

 

1.2 ─  

↓─ ─ ⌐ ⅜ ∂√ │⁸ ₈ ₉≤™

℮⁹ ─ ⌐╟╢⁹ 

 

1.3 ─  

≤│⁸ ⅛╠ ⇔≡ ↑╠╣√⁸ ┘↓╣⌐ ∆╢

╩™℮⁹ 3 9  

 

1.4 ─  

│⁸ ─ 3 ≤∆╢⁹ 4  

(1)   

│ ⅛ ≢ ∆╢╙─ 

(2)   

│ ⅛ ≢ ∆╢╙─ 

(3)   

⌐ ∆╢╙─ 

 

1.5 ─  

│⁸ ─ ⌐ ∆╢⁹ 

(1)   

√⌐ ╩ ↑╢ ⁹ 

( 2)   

1)  ─ⱷכ♃כ ╩ ∆╢ ⁹  

2)  ─ ⌐ ⇔≡ ╩ ∆╢ ⁹  

3)  ⱷכ♃כ─ ╩ ∆╢ ┘ 1)2)⌐ ⇔⌂™ ⁹
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( 3)   

─ ╩ ℮ ⁹ 

β√∞⇔⁸ 16 ─ 2 3 ≢ ╘╢ ─ ⌂ ( ─ ╡ ⅎ ┘ ┘

⌐↓╕⁸Ɽ♇◐fi ─ ─ ⌐ ↕╣╢ ─ ╩ ╦⌂™ ─ ⅎ)│⁸

≤╖⌂↕⌂™⁹ 

( 4)   

≤⌂∫√ ╩ ⅛╠ ╡ ∆ ⁹ 

 

2 ─  

 

2.1  

─ ╩ ↑√ │⁸ ─ ╩ ∆╢√╘⌐ ⌂ ╩

℮↓≤⁹ - 2.1.1  

│⁸ ה ─ ≤⌂╢ ⌂ ≢№╡⁸ ─ │ ─

⁸ ⁸↕╠⌐│ ─ ⌐╙ ∆╢╙─≢№╢─≢⁸ ⌐ ℮↓≤⁹ 
 

- 2.1.1 ≤  

              

 (  )   

  

 

  

 
  ∕─  

 ⁸  ủ  ủ  

 
( ה ) ⁸  

⁸  
ủ  ủ  

─  

ה ⁸ ⁸ (  

ה )⁸ ⁸ ⁸ ⁸  

⁸  

ủ ủ ủ  

 

ⱷ⁸כ♃כ ⁸ ─ ⁸ 

⁸ ─ ( ≤ )⁸ 

( ─ )  

ủ  ủ  

─  
⁸ ⁸ ⁸ ⁸  

─ ⁸ ─  
 ủ ủ  

─  
( ⁸ )⁸ ⁸ ⁸ 

 
  ủ 

  

 

─  
( ה☻●ה ה )⁸ 

⁸  
  ủ 

 

 

─  ( ה )⁸    ủ 
 

 

⅛╠ 

∆╢  

⁸ ⁸ ⁸ ⁸ 

⁸ ≤─  
ủ ủ ủ  

10 ─  
─ ⁸ ⁸ ─ ⁸ 

 ♩כꜟ
  ủ  

11 ⌐ ∆╢

─  

─ ⁸ ─ ─ ⁸ 

∕─ ─  
ủ   

  

 

12  ( )  ủ    
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2.2 ─  

│⁸ ┘ ─ ≤∆╢ - 2.2.1 ⁹∕─ │⁸

↕⁸ ⁸ ┘ ╩ ⇔ ∆╢↓≤⁹ 

-2.2.1 ─  

₄ ─ ₅ 

₄ ─ ₅ 
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(1)   

⌐│⁸ ─ ≢ ∆╢ ≤⁸ ─ ⌐

ⱳfiⱪ ╩ ⇔≡ ∆╢ ⅜№╢⁹ 

≡ ─ ⌐≈™≡⁸ ─ ⌂≥ ⌐ ⅜⌂↑╣┌₈

⌐ ∆╢ ₉ ┘₈ ⌐ ∆╢ ₉

⌐ ≠™≡ ≤∆╢↓≤⅜≢⅝╢⁹ 

(2)   

⅛╠ ⌐ ↑⁸↓─ ⅛╠ ∆╢ ≢№╡⁸

─ │⁸ ⌐│ ⇔⌂™⁹ 

─ ≤∆╢ ⁸ ⅜ ╠╣⌂™ ─╒⅛⁸ ─╟℮⌂ ⌐

│⁸ ≤∆╢↓≤⅜ ≢№╢⁹ 

1)  ⌂≥≢ ⁸ ⌐╟╢ ─ ה ⌐╙ ─ ⅜

⌂ ⁹ 

2) ⌐ ─ ╩ ∆╢≤⅝⁸ │ ─ ⅜ ⅝™≤⅝⌂≥

⌐⁸ ─ ╩ ⅝ ↓∆⅔∕╣⅜№╢ ⁹ 

3) ─ ⌐⅛⅛╦╠∏⁸ ─ ⁸ ╩ ≤∆╢ ⁹ 

4) ╩ ∆╢ ⌂≥⁸ ⌐╟∫≡ ─ ╩ ∆╢⅔∕╣

─№╢ ⁹ 

5) ≡ ─ ≢₈ ⌐ ∆╢ ₉ ┘₈

⌐ ∆╢ ₉⌐ ⇔⌂™ ⁹ 

6) ╩ ∆╢ ≢─ ─ ⅜⁸0.15MPa╩ ╢ ⁹

√∞⇔⁸ ⌐ ⅜⌂™ │↓─ ╡≢⌂™⁹ 

(3) ה  ─  

≈─ ≢⁸ ┘ ─ │ ╘⌂™⁹ 

√∞⇔⁸ ─ ⁸ ─ │ ⌐ ∆╢√╘─

╩ⱷכ♃כ⅛╠ ╕≢─ ⌐ ∆╢↓≤≤∆╢⁹β ≤│⁸

─ ⅜ ↕╣√ ╛ ⌐╟╡ⱳfiⱪ⅜ ≢⅝⌂™ ⌂≥

╩™℮⁹  

(4)  ─ ⌐ ∆╢  

─ ⌐⅔™≡⁸ ⌂≥ ─ ⅜ ⇔

─ ⅜ ⇔╛∆™ ⌐ ⅎ⁸ ─ ╖ ╩ ≤∆╢↓

≤⅜≢⅝╢╙─≤∆╢⁹⌂⅔⁸↓─ ⁸ ≢⅝╢ │ ⌐╟╡

∆╢⁹ 

⌐ √∫≡│⁸ ─ ⌐ ╩ⱪכ♥ ╢⁸ ╖ ─

⌐ ≤╦⅛╢╟℮ ∆╢⌂≥⁸ ─ ≤ ≢⅝╢╟

℮ ∆╢↓≤⁹ 
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2.3 ─  

2.3.1  ─  

(1)  ≤│⁸ ─ ≤⌂╢ ⌐ ↕╣╢ ╩

™™⁸ ⌐ ⌐⅔↑╢ ─ ╩ ∆╢√╘─ ≤⌂╢╙─≢

№╢⁹ 

(2)  ≤│⁸ ─ ≤⌂╢ ⌐ ↕╣≡™╢

─℮∟⁸™ↄ≈⅛─ ╩ ⌐ ∆╢↓≤⌐╟∫≡∕─

╩ ╣╢ ╩™™⁸ ⌐ │ ⅛╠ ╘╠╣

╢⁹ 

(3)  ≤│⁸ ─ ≤⌂╢ ⌐ ↕╣╢

√╡─ ╩™℮⁹ │⁸ ─ ─

─ ─ ≤⌂╢╙─≢№╢⁹ 

 

2.3.2  ─  

(1)  │⁸ ─ ⁸ ≤™∫√ ─

╩ ∆╢ ─ ≤⌂╢╙─≢№╡⁸ ─ ⁸ ─ ⁸

┘ ╩ ⇔√ ≢ ∆╢↓≤⁹ 

(2)  ─ ⌐ √∫≡│⁸ ─ ╩ ╕ⅎ⁸

⌐ ∂√ ╩ ∆╢↓≤⁹ 

1) ─  

⌐⅔↑╢ │⁸ ─ ─ ╩

⇔≡ ⌐ ∫√ ╩ ∆╢↓≤⅜ ≢№╢⁹↓─ │⁸

│ ⅛╠ ╘╢⁹ 

 ŋ ≡ ⌐⅔↑╢ ─ ─  

( )  ⌐ ∆╢ ╩ ⇔≡ ∆╢ - 2.3.1  

⌐ ∆╢ ╩ - 2.3.1 ⅛╠ ╘⁸ ⌐ ⌐ ∆╢

╩ ⇔⁸ ↕╣√ ─ ╩ ⇔№╦∑≡

╩ ∆╢ ≢№╢⁹ 

√∞⇔⁸ ╛ ─ ™ ─╟℮⌐ ─ ╘≡ ™ ⌐│⁸

⁸ ⁸ ⁸∕─ ↔≤⌐ - 2.3.1 ╩ ⇔≡ ∆╢⁹ 

⌂ ─ │⁸ - 2.3.2 ─≤⅔╡≢№╢⁹╕√⁸

─ ⌐ ╦╠∏ ╩ ⌐╟∫≡ ─ ≤⇔≡ ℮

╙№╢⁹ - 2.3.3  
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- 2.3.1  ╩ ⇔√  

 ⌐ ∆╢  

   1  1 

  2  4 2 

  5  10 3 

  11  15 4 

  16  20 5 

  21  30 6 
 

- 2.3.2 ≤ ∆╢ ─  

     
    

L min  

∆╢  

─ (mm)  
 

⇔ ρς  τπ ρσ  ςπ 

 

⇔ ρς  τπ ρσ  ςπ 

    ψ  ρυ ρσ 

 ( )  ςπ  τπ ρσ  ςπ 

 ( )  σπ  φπ ςπ  ςυ 

◦  ꜗ  ꞉Ί  ψ  ρυ ρσ 

  ( ♃fi◒)  ρς  ςπ ρσ  

4 6 ─ 

2 3  

8 12 ─ 

13.5 16.5  

  ( )  ρυ  σπ ρσ 

  ( ♃fi◒)  ρς  ςπ ρσ 

  ( )   χπ  ρσπ ςυ 

    υ  ρπ ρσ 

  ( )  ρσπ  ςφπ τπ  υπ 

   ρυ  τπ ρσ  ςπ  

   συ  φυ ςπ  ςυ  

 

- 2.3.3 ─  

     (mm)  13 20 25 

      (L/min)  17 40 65 

 

( )  ⇔√ ⌐╟╡ ∆╢ - 2.3.4  

─ ≤ ─ ⌐≈™≡─ ⅛╠ ╘╢ ≢№

╢⁹ ∆═≡─ ⌐⅔↑╢ ₁─ ╩ ⇔ ╦∑√

╩ ─ ≢ ∫√╙─⌐⁸ ╩ ∂≡ ╘╢⁹ 

 

─ ÷ ×  
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- 2.3.4  ≤  

 1 2 3 4 5 6 7 

 1 1.4 1.7 2.0 2.2 2.4 2.6 

 8 9 10 15 20 30  

 2.8 2.9 3.0 3.5 4.0 5.0  

 

 o ⌐⅔↑╢ ─  

( )  ≤ ─ ⌐╟╢ - 2.3.5  

─ ⌐≈™≡│⁸ - 2.3.1 │ - 2.3.2╩ ⇔√ ≢ ╘⁸

─ ⌐≈™≡│⁸ ─ - 2.3.5 ⌐╟

╡ ╩ ╘⁸ ╩ ∆╢ ≢№╢⁹ 

 

- 2.3.5 ≤  

     1 3 4 10 11 20 21 30 31 40 41 60 61 80 81 100 

( )  100 90 80 70 65 60 55 50 

 

( )  ⅛╠ ╩ ∆╢ ╩ ™╢  

10  42 0.33 

10 600  19 0.67 

√∞⇔⁸ /min  

 

( )  ⅛╠ ╩ ∆╢ ╩ ™╢  

1  30  26 0.36 

31 200  13 0.56 

√∞⇔⁸ /min  

 

 

 ɔ ─ ╩ ∆╢ ⱦꜟ ⌐⅔↑╢ ─

 

( )  ⌐╟╢ - 2.3.6⁸ - 2.3.1  

≤│⁸ ─ ⌐╟╢ ⁸

┘ ─ ─ ╩ ⇔√ ╩ ╪≢⁸ ╩

⇔√╙─≢№╢⁹ ─ │⁸ - 2.3.6─ ─

⌐ ╩ ∂√╙─╩ ⇔⁸ - 2.3.1─

╩ ⇔≡ ╩ ╘╢ ≢№╢⁹ 
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- 2.3.6  

    
  

   
   

┘ 
   

ה  ה 10 6   

ה  
ה   3 5 

ה      5 

ה      3 

   1 2 

  n 0.5 1 

  n 2 4 

◦ꜗ꞉4 2  כ 

⇔   3  

⇔  n 2 5 

⇔  n  2 

(   14 )  

 

- 2.3.1  ⌐╟╢  
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2) ─  

⌐⅔↑╢ ┼─ │⁸ ─ ≤ ─

╩ ⇔≡ ╘╢⁹ ⌐ ┼─ ╡ │⁸1 ╡

─ ╩ ≢ ⇔√ ≤∆╢⁹ 

│⁸ ה ה ( - 2.3.7 )╩

⌐∆╢≤≤╙⌐⁸ ─ ≤ ⁸ ⌐⅔↑╢ ─

⌂≥╩ ⇔≡ ∆╢⁹ 

─ ⌐│⁸ ─ ⅜№╢⁹ 

 ŋ ⅛╠ ∆╢  

╡ ( - 2.3.7 )×  

 o ⅜ ≢⅝⌂™  

╡ ( - 2.3.7 )×  

 ɔ ∕ ─  

⌐╟╢  

- 2.3.7 │⁸ ≤⇔≡ ⇔√╙─≢⁸↓─ ⌐⌂™ ⌐≈™≡

│⁸ ┘ ⇔√ ─ ╩ ⇔≡ ∆╢ ⅜№

╢⁹ 

╕√⁸ ⅜⌂™ ≢╙⁸ ⅎ┌ ┘ ↔≤⌐

╩ ╖ →≡ ∆╢ ╙№╢⁹ 

⌂⅔⁸ │⁸ ─ 4/10 6/10 ⅜ ≢№╢⁹(

6 ─ ⌐ ⅎ℮╢ ╩ ∆╢↓≤⁹)  
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- 2.3.7 ⁸ ⁸  

    
 

(1 √╡ )  

 
 

(h/ ) 

 
   

 

╡ 
─ ⌂≥ 

 

 
 
 

200 400 L/  
200 350 L/  
400 600 L/  

10 
15 
10 

1 ╡ 
1 ╡ 
1 ╡ 

0.16 /  
0.16 /  

 

 
 

60 100 L/  9 1 ╡ 0.2 /  
♩fi♫♥ה │

 

 60 100 L/  
 
 
 

1 ╡ 
0.3 /  
0.1 /  

כ꞉ꜗ◦ה │
 

 
1,500 3,500 L/  
30 60 L/  

16 ═ 1 ╡  
⌐╟╡ ⌐ ∆

╢⁹ 

ⱱ♥ꜟ  500 6,000 L/  12     

ⱱ♥ꜟ  350 450 L/  12   ─╖⁹ 

 500 800 L /  10    

 
20 35 L/  

55 130 L/  
10  

⌐│
╩ ╗⁹ 

≢ ↕╣╢ ─╖⁹
│  

 
55 130 L/  

110 530 L/  
10   

⁹ ⌐│⁸ ה┌⧵ה
ה ה ─ ⌐ ™⁹ 

 
25 50 L/  

80 140 L/  
10  

⌐│
╩ ╗⁹ 

  

☿fi♃20 כ 30 L /  10     

♦Ɽה♩כ 
☻ כ Ɽ  כ
ⱴכ◔♇♩ 

15 30 L/  10 ═ 1 ה  ╡ ╩ ╗⁹ 

ה  ה
 

70 100 L/  9 ( + )1 ╡  
ה ╩ ╗⁹ⱪכꜟ
(40 100 L/ )│  

 2 4 L/  9 ═ 1 ה  ╡ │  

ה  
25 40 L/  
0.2 0.3 L/  

14 
═ 1 ╡ 

1 ╡ 
ה  ╩ ╗⁹ 

ꜟ♫Ⱶכ♃  10 L/ 1,000  16 1,000 ╡  
ה │ ⁹
ה ─♥♫fi♩ ╩

╗⁹ 

 3 L/ 1,000  16 1,000 ╡    

ה  10 L/  2 1 ה  ╡ │  

 25 L/  6 1 ╡ 0.4 /  │  

 │⁸ ≢№╡⁸ 1 ≢│⌂™⁹ 

⌐ ─⌂™ ╡⁸ ⁸ ⁸ ה ⁸ⱪ꜡☿☻ ⁸ⱪכ ♫►◘הꜟ ⌂≥│ ∆╢⁹ 

₡ ה ( ρτ )₢ 
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2. 4 ─ ─  

(1)  ─ │⁸ ⅜ ╘╢ ─ 0.15 0.20MPa╩

≤∆╢⁹ ⌐⅔™≡ ╩ ≢⅝╢ ⅝↕≤∆╢↓≤⁹╕√⁸

ⱷכ♃כ ─ ─ │ ≤⇔≡ⱷכ♃כ ≤∆╢⁹√∞⇔⁸

ⱷכ♃כ ⅜13mm─ │⁸ⱷכ♃כ ─ ⌐ 16mm╩ ∆╢↓

≤⅜≢⅝╢⁹ 

(2)  ⌐ √∫≡│⁸ ⌐ ≠⅝⁸ ⁸ ⁸ⱷכ♃כ

╩ ∆╢↓≤⁹ 

│⁸ ─ ∟ ⅜╡ ↕≤ ⌐ ∆╢ ╩

ⅎ√╙─⅜⁸ ─ ─ ⌐⌂╢╟℮ ⌐╟∫≡ ╘╢⁹(

- 2.4.1 )  

√∞⇔⁸ ─ ─ ⁸ ─ ╩ ⇔≡⁸№╢

─ ╩ ⇔≡⅔ↄ ⅜№╢⁹ 

⌂⅔⁸ ╩ ≤∆╢ ⅜№╢ │⁸ ─ ╡

↑ ⌐⅔™≡3 5m ─ ╩ ⇔⁸╕√ ╘ ≢ ⅜

™ │⁸ ╛◦ꜗ꞉כ⌂≥⌐⅔™≡ ╩ ≢⅝╢╟℮⌐∆

╢↓≤⅜ ≢№╢⁹ 

↕╠⌐⁸ ─ │⁸ ⌐⌂╠⌂™╟℮ ∆╢↓≤⅜ ≢№╢⁹

( ה ≢│2.0m/s ≤⇔≡™╢⁹)  

─ │( - 2.4.2 )⁸╕∏ ─ ╩ ⇔⁸ ─

⌐ ╣╢ ╩ ╘╢⁹ ⌐ ╩ ⇔⁸∕─ ≢ ─

⅜⁸ ─ ≢№╢⅛≥℮⅛╩ ⅛╘⁸ √↕╣≡™╢ │

∕╣╩ ╘╢ ≤∆╢⁹ 
 

 

- 2.4. 1  
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- 2.4.2 ─  

 

⌐│⁸ ─ ⁸ ⌐⅔↑╢ ⁸ ─ ⌐╟╢ ⁸

ⱷ⁸כ♃כ ⌐╟╢ ⁸ ─ ⅜╡⁸ ה ⌐╟╢

⅜№╢⁹↓╣╠─℮∟ ⌂╙─│⁸ ─ ⁸ ⱷכ♃כ ┘

⌐╟╢ ≢№∫≡⁸∕─ ─╙─│ ⇔≡╙ │ ⌂

™⁹ 
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(1)  ─  

─ ─ │⁸ 50mm ─ │►◄☻♩fi(Weston)

⌐╟╡⁸ 75mm ─ ⌐≈™≡│Ⱬכ♀fiה►▫ꜞ▪ⱶ☻(Hazenה

Wi11iams) ⌐╟╡ ℮⁹ 

1) ►◄☻♩fi ( 50mm ─ )  

πȢπρςφ
πȢπρχσωπȢρπψχ

ה ה
ς

 

ʌ

τ
Р  

↓↓⌐⁸ ─  

─ /sec  

─ ↕  

─  

9.8 /sec 2  
3/sec  

►◄☻♩fi ⌐╟╢ ─ ╩ ∑┌⁸ - 2.4.3─≤⅔╡≢№╢⁹ 

- 2.4.3 ►◄☻♩fi ⌐╟╢ ─  
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2) Ⱬכ♀fiה►▫ꜞ▪ⱶ☻ ( 75mm ─ )  

϶ϊρπȢφφφ-ρȢψυ -τȢψχρȢψυ  

πȢσυτφτ πȢφσπȢυτ 

πȢςχψυσ ςȢφσπȢυτ 

↓↓⌐⁸ ×1000 

  ↕╣√ ─ ─ │⁸ ─ ≤ ─ ⁸

─ ┘ ⌐╟╡ ⌂╢⅜⁸ ⌐⁸ ╩ ∆╢ ⌐⅔™

≡│⁸ ⌂≥╩ ╪∞ ≤⇔≡110⁸ ─╖─ │⁸130

⅜ ≢№╢⁹ 

(2)  ⌐╟╢  

⁸ ⱷ⁸כ♃כ ⌐╟╢ ≤ ─ ( )╩

∑┌⁸ - 2.4.4─≤⅔╡≢№╢⁹ 

⌂⅔⁸↓╣╠─ ⌐ ⇔≡™⌂™ ─ │⁸ ─

⌂≥╩ ⌐⇔≡ ╘╢↓≤⅜ ≤⌂╢⁹ 

- 2.4.4   ─ ⌐ ∆╢  
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(3)  ⌂≥⌐╟╢ ─  

≤│⁸ ⁸ ⱷ⁸כ♃כ ⌐╟╢ ⅜⁸↓

╣≤ ─ ─ ⱷכ♩ꜟ ─ ⌐ ∆╢⅛╩ ─ ↕≢ ⇔

√╙─╩™℮⁹ 

─ ⌐ ∆╢ ╩№╠⅛∂╘ ⇔≡⅔

↑┌⁸↓╣╠─ │ ─ ╩ ╘╢ ⅛╠ ≢⅝╢⁹ 

─ ╘ │ ─≤⅔╡≢№╢⁹ 

1) ─ ⌐ ∆╢ (h)╩ - 2.4.4⌂≥⅛╠

╘╢⁹ 

2) - 2.4.3─►◄☻♩fi ⅛╠⁸ ⌐ ∆╢

(1)╩ ╘╢⁹ 

3)  (L)│⁸ ×1000≢№╢⁹ 

 

─  

⌐⅔™≡⁸ ╩ ∆√╘⌐ ⌂ │⁸ ⅛╠ ⇔≡

╘╢↓≤╙≢⅝╢⅜⁸↓↓≢│⁸ ╩ ⇔≡ ╘╢ ⌐≈™≡ ≢

∆⁹ 

⌂⅔⁸ ⅔⅔╟∕─ ╩ ∆ ≤⇔≡⁸ ─ ─ ↕≤

─ ⅛╠ ─ ∟ ⅜╡ ↕╩ ⇔ ™√ ( )╟╡

╩ ╘⁸↓─ ≤ ╩ ⇔√ ╩ ™≡►◄☻♩fi

⌐╟╡ ╘╢ ╙№╢⁹ 

(1)  ( )─  

1)  

╩ ─≤⅔╡≤∆╢⁹ 

─       O.2MPa 

         

↕        7.Om 
  
 

 

2)  

 ŋ ╩ ∆╢⁹ 

 

  

   

 ⇔ 
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 o ∕╣∙╣─ ─ ╩ ∆╢⁹ 

 ɔ ─ ⅛╠ ╩ ™⁸ ≢─ ╩ ╘╢⁹ 

 ᴖ ∂ ⅛╠─ ⌐⅔™≡⁸∕╣∙╣─ ≢─ ╩

╘╢⁹∕─ ⅜⁸∕─ ≢─ ⌐⌂╢⁹ 

 ᴗ ⌐⁸∕─ ⅜ ⅛╠ ∆╢ ≢─ ⅜⁸

─ ≤⌂╢╟℮ ╩ ⇔≡ ╩ ∆╢⁹ 

3) ─  

│⁸₈ - 2.3.1 ╩ ⇔√ ₉≤₈ - 2.3.2

≤ ∆╢ ─ ₉╟╡ ⇔√⁹ 
 

          ─   

  13mm  12 L /min  

   13mm   

 ⇔ 13mm  12 L /min  

  13mm   

  13mm  20 L /min  

  13mm   

   44 L /min  

 

4) ─ ─ ╩ ─╟℮⌐ ∆╢⁹ 

5) ─  

   
 

L/min  

 

 

mm 

 

ϸ  

 

 

 

 

 

 

× /1000  

→ 

↕  

 

 

 

 
   

 12 13 ─  0.80 - 0.80 -2.4.4╟╡ 

 12 13 230 1.0 0.23 1.0 1.23 
│ - 

2.4.3╟╡ ╘╢ 
  n  12 25 13 1.2 0.02 - 0.02 

  n  12 25 13 2.5 0.03 2.5 2.53 

  4.58  
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 12 13 ─  0.80  0.80 -2.4.4╟╡ 

 12 13 230 1.0 0.23 1.0 1.23 │ - 

2.4.3╟╡ ╘╢   n  12 25 13 2.5 0.03  0.03 

  2.06  

 

─ 4.58 ─ 2.06 ⁹╟∫≡ ≢─ │⁸4.58 ≤⌂╢⁹ 

 24 25 48 2.5 0.12 2.5 2.62 -2.4.3╟╡ 

  2.62  

 

 20 13 ─  2.10  2.10 -2.4.4╟╡ 

 20 13 600 1.5 0.90 1.5 2.40 │ - 

2.4.3╟╡ ╘╢   n  20 25 33 4.0 0.13  0.13 

  4.63  

 

─ 4.58 2.62 7.20m ─ 4.63 ⁹╟∫≡ ≢─ │⁸7.20 ≤⌂╢⁹ 

N O  

44 25 120 9.2 1.10 1.0 2.10 -2.4.3╟╡ 

44 25 ⱷ1.80  1.80 כ♃כ 

-2.4.4╟╡ 44 25  1.00  1.00 

44 25  0.40  0.40 

  5.30  

│7.20 +5.30 12.50 ≤⌂╢⁹ 

╟∫≡12.50 1.250kgf/cm2⁹1.250×0.098MPa 0.123MPa 0.2MPa≢№╢─≢⁸

≥⅔╡─ ≢ ≢№╢⁹ 

 

( 2) ─  

1)  

╩ ─≤⅔╡≤∆╢⁹ 

─  0.2MPa 

─   

  

↕ 6.0m 
 

  

 16 L/min  

 ⇔ 
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2) ─  

≢─ │⁸(1) ≤ ⌐ ™⁸

│⁸ 2.3.2 ─ ) ᵒ ⅛╠ ╩ ∆

╢ ₉⌐╟╡ ⇔√⁹ 

 ŋ ≢─  

  ─   

  20mm  β16 L/min  

 ⇔ 13mm   

  13mm  12 L/min  

  13mm   

  13mm  20 L/min  

   48 L/min  

β ─ ⌐≈™≡│⁸ ─ ⌐╟╢ 

 o  

⅛╠ ╩ ∆╢  

10  42N0.33  

 

2   42×20.33 53 L/min  

4   42×40.33 66 L/min  

6   42×60.33 76 L/min  

3) ─   

─ ╩ ─╟℮⌐ ∆╢⁹ 

4)  

   
 

L/min  

 

 

mm 

 

ϸ  

 

 

 

 

 

 

× /1000  

→ 

↕  

 

 

 

 
   

 16 20 ┘ ─ ╩2.5m≤∆╢ 2.50 -ςȢτȢτ╟╡ 

 16 20 60 2.5 0.15 0.5 0.65 -2.4.3╟╡ 

  3.15  

β ─ ⌐≈™≡│⁸ ─ ⌐╟╢ 
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L/min  

 

 

mm 

 

ϸ  

 

 

 

 

 

 

× /1000  

→ 

↕  

 

 

 

 
   

 

 

12 13 ─  0.80  0.80 -2.4.4╟╡ 

 12 13 230 0.5 0.12 0.5 0.62 -2.4.3╟╡ 

  1.42  

 

─ 3.15m ─ 1.42 ⁹╟∫≡ ≢─ │⁸3.15 ≤⌂╢⁹ 

 28 25 55 2.0 0.11  0.11 -2.4.3╟╡ 

  0.11  

 

 20 13 ─  2.10  2.10 -2.4.4╟╡ 

 20 13 600 0.5 0.30 0.5 0.80 -2.4.3╟╡ 

  2.90  

─ 3.15 0.11 3.26 ─ 2.90 ⁹╟∫≡ ≢─ │⁸3.26 ≤⌂╢⁹ 

 

β ⁸ ─ ⌐≈™≡│⁸ ─ ⌐╟╢ 

│⁸3.26 +11.29 14.55 ≤⌂╢⁹ 

╟∫≡14.55 1.455kgf/ cm2⁹1.455×0.098MPa 0.143MPa 0.2MPa≢№╢─≢⁸ ≥⅔╡─ ≢ ≢№╢⁹ 

 

( 3)   

1)  

│⁸ ─≤⅔╡≤∆╢⁹ 

(ⱴfi◦ꜛfi)  

 20  

 30  

 

 3.5  

 4.0  

 200 L  

─  0.2MPa 

 

48 25 160 1.5 0.24  0.24 -2.4.3╟╡ 

48 25 ⱷ1.80  1.80 כ♃כ 
-2.4.4╟╡ 

48 25  1.20  1.20 

 53 40 20 2.5 0.05 2.5 2.55 
│

-2.4.3╟╡ ╘╢ 
 66 40 33 2.5 0.08 2.5 2.58 

 

76 40 40 8.0 0.32 0.5 0.82 

76 40 ⱷ2.4.4- 0.80  0.80 כ♃כ╟╡ 

76 40 ─ ╩0.5m≤∆╢ 0.50  

76 40 ─ ╩0.8m≤∆╢ 0.80  

 

 

 

 

 

 11.29  
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↕ 4.5  

 15  

 

40mm     0.5 ≤∆╢ 

Ⱳכꜟ♃♇ⱪ 40mm   10 ≤∆╢ 

40mm     0.8 ≤∆╢ 

2)   

 ŋ 1  3.5 ×20 ×200 L/ / 14,000 L /  

4.0 ×30 ×200 L/ / 24,000 L /  

14, 000 L / 24,000 L/ 38,000 L/  

 o  ─1/2≤∆╢⁹ 

38, 000 L / ÷2 19,000 L/  ╟∫≡19 3≤∆╢⁹ 

 ɔ     ╩10 ≤∆╢⁹ 

38, 000 L / ÷10 3,800 L/ h 1.1  L / s 

 ᴖ     ⱷכ♃כ─ ╩ ⇔≡40mm≤∆╢⁹ 

 ᴗ     ⱷ0.8:כ♃כ - 2.4.4╟╡  

0.5  

Ⱳכꜟ♃♇ⱪ:10  

0.8  

35Χ×15 0.525 - 2.4.3╟╡  

 p    ↕ 4.5  

 t     0.8+0.5+10+0.8+0.525+4.5 17.13  

╟∫≡⁸17.13 1.713 kgf/cm2⁹1.713×0.098MPa 0.168MPa 0.2MPa≢№

╢─≢⁸ ≥⅔╡─ ≢ ≢№╢⁹ 
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2. 5 ⱷכ♃כ ─  

(1)  ⱷכ♃כ │⁸ ⌐ ≠⅝ⱷכ♃כ─ - 2.5.1

─ ≤∆╢⁹╕√⁸ ─ ╘╢ ⌐⅔™≡╙

╩ ⌐ ≢⅝╢ ⅝↕≤∆╢↓≤⁹ 

 

- 2.5.1  ⱷכ♃כ  

 
(mm) 

  
 
 

( 3/h ) 

─  
( 3/h)  

√╡─ 3/h  

 
 

( 3/h)  
 
 

─  

 
─ 

  

 
─  
⅜  
─≤⅝ 

 
─  
⅜10  
─≤⅝ 

24  
─≤⅝ 

 

13 
 

ⱷכ♃כ 
0.1 1 1.5 2.5 4.5 7 12 100 

20 
 

ⱷכ♃כ 

0.2 1.6 2.5 4 7 12 20 170 

25 0.23 2.5 4 6.3 11 18 30 260 

►◊ꜟ♩ⱴfi 

40B 
►◊ꜟ♩ⱴfi 
ⱷכ♃כ 

0.4 6.5 9 16 28 44 80 700 

50 
 

►◊ꜟ♩ⱴfi 
ⱷכ♃כ 

1.25 17.0 30 40 87 140 250 2,600 

75 2.5 27.5 47 63 138 218 390 4,100 

100 4.0 44.0 74.5 100 218 345 620 6,600 

 

150 
 

ⱷכ♃כ 

2.5 400    4,000 7,800 234,000 

200 3.94 630    7,800 13,680 410,000 

 

 

(2)  ⱷכ♃כ ⌐≈™≡│ ≤⇔≡ ─≤⅔╡ ∆╢↓≤⅜≢⅝╢⁹ 

1) ╕≢─ ⅜ - 2.5.2─ ─ⱷכ♃כ ↔≤─ ≢№

╢≤⅝⁹ 

2) ⅜ - 2.5.3─ ─ⱷכ♃כ ↔≤─ ≢№╢≤⅝⁹ 

- 2.5.2 ─  

     13mm 20mm 25mm 40mm 50mm 
╕≢─  

       30  50  80  200  300  

( )  ─ ⌐ ∂ ∆╢↓≤ 
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- 2.5.3 ⱷכ♃כ  

         ⱷ Ί ♃ Ί   

10    13mm 

17    20mm 

( )   │⁸ ─ ⌐ ╗⁹ │⁸ ─ ≤∆╢⁹ 

 

3 ─  
 

(1)  ─  

1)  

⅛╠ⱷכ♃כ╕≢─ ⌐ ∆╢ ─ │⁸ - 3.1.1─≤

⅔╡≤∆╢⁹ 

2)  ─  

ᵑ ⅛╠ⱷכ♃כ╕≢ 

┼─ ⅛╠ ⱷכ♃כ╕≢─ ⌐ ∆╢ ⁸ ⁸

⁸ ♩כ◦ ┘↓╣╠⌐ ∆╢ │⁸ ⅜ ⇔√╙─

≢⌂↑╣┌⌂╠⌂™⁹ 

 
- 3.1.1  

  

─  

⅛╠ 

( )╕≢ 

( )⅛╠ 

ⱷכ♃כ╕≢ 
( ) 

25mm  ⱳꜞ◄♅꜠fi    

40mm ⱳꜞ◄♅꜠fi  

ⱦ♬ꜟꜝ▬♬fi◓  

ⱦ♬ꜟ  

ⱳꜞ◄♅꜠fi ꜝ▬♬fi◓  

ⱳꜞ◄♅꜠fi  

 

( ) 

50mm 
ⱳꜞ◄♅꜠fi  

ⱳꜞ◄♅꜠fi  

ⱦ♬ꜟꜝ▬♬fi◓  

ⱦ♬ꜟ  

ⱳꜞ◄♅꜠fi ꜝ▬♬fi◓  

ⱳꜞ◄♅꜠fi  

ⱳꜞ◄♅꜠fi  

 

(♁ⱨ♩◦כꜟ ) 

75mm  ♄◒♃▬ꜟ  ♄◒♃▬ꜟ  
 

(♁ⱨ♩◦כꜟ ) 

 │ ≡◖▪ ╡≤∆╢↓≤⁹ 

 ─ ⌐╟╡ ─ ⅜№╡℮╢⁹ 

 ┘ ⌐⅔↑╢ ─ │⁸ ≤ ─ ╩ ∆╢↓≤⅜≢⅝╢⁹ 

 50mm ─ ─ ⌐≈™≡⁸ ⅜ ─ ╛ ─ ⌐ ⇔≡

≢№╢ ─ │⁸ ⅛╠ ╕≢╩ ≡ ≤∆╢↓≤⁹ 
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ᵒ ⱷכ♃כ  

ⱷכ♃כ╟╡ ─ ⌐ ∆╢ ⁸ ┘↓╣╠⌐

∆╢ │⁸ ⁸ ─ ⁸

─ │ ⇔ↄ│ ≤∆╢⁹ 

 
─ ⱴכ◒ 

 

 

 

 

 

 
 

1 ( ) ─ ─ⱴכ◒        ( 2 ∕─ ─ ─ⱴכ◒        

 

4  
 

 (1)  ─  

│⁸ ─ ╩ ∆╢↓≤⁹ 

1  │ ⁸ ⁸ ⁸ ⁸ ⌂ ⁸

┘ ≤∆╢↓≤⁹ 

2  │⁸ 1/100 1/500─ ≢ ∆╢↓≤⁹ 

∕─ ─ │⁸ ↔≤⌐ ╩ ∆╢↓≤⁹ 

│⇔╜╪ ⌐ ╩ ∆╢↓≤⁹╕√⁸ │

⌐ ∆╢↓≤⁹ 

3  ⌐ ∆╢╙─│⁸ ─≤⅔╡≤∆╢⁹ 

ᵑ ╩ ∆╢ ╩ ⌐∆╢↓≤╩ ≤∆╢↓≤⁹)  

ᵒ ⁸ ─  

ᵓ ─ ( ⁸ ⁸ ⁸ ┘ ─ )  

ᵔ ∆╢ ┘ ─ ⁸ ⁸  

ᵕ ─  

ᵖ ∆╢ ─ ⁸ ⁸ ┘  

ᵗ ⁸ ⁸ ⁸ ⁸ ⌐ №╢ ╡ ┘  

ᵘ ⱷכ♃כ─ ┘ ( ─ ⅛╠─ ┘⁸∆╖⅝╡

⅛╠─ )  

 

 

 

( )  

 

 

 

 

 
( )  

 

 

 

 

 
( ) ●☻  

 

 

 

 
▪fi♄ה☼כ♃▬ꜝכ 

ꜝⱲꜝ♩ꜞה☼כ▬fi◒ 
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ᵙ ⱷכ♃כ─  

4  ┘ ─ ─ │ Ⱶꜞⱷכ♩ꜟ ≤⇔⁸

│≈↑⌂™⁹ 

─ ─ │ ⱷכ♩ꜟ ≤⇔⁸ │≈↑⌂™⁹⌂

⅔⁸ │ ╩ ╕≢≤∆╢⁹ 

5  │ ⌐ ⅝⁸ │ ≤∆╢⁹ │ ⅝≤∆╢⁹ 

6  ∕─ ─ ⁸ 50mm ╟╡ ⅝

╖↕╣≡™╢ ┘ ⁹( - 4.1.1 )  

7  ─ ─ │⁸ ( ╕≢)≤

⌐ ↑╢↓≤⁹ 

8  ⌐ ⅜№╢ │⁸ ⌐ ╩ ⁸ ∆╢↓

≤⁹ 

9  ⇔╜╪ │⁸ ⁸ ╩ⱲכꜟⱭfi ⌐ ⅎ⌂™╙─≢

∆╢↓≤⁹ 

10  ╩ ⇔√╙─2 ⁹ 

11  ⇔╜╪ ⌐│ᵑ  ᵒ  ᵓ  ᵔ ╩

( : )⌐ ─↓≤⁹ 

 

 

   ⇔╜╪  

 ủủủủủủ 

 ủủ ủủ  

   

   ủủủủ( )  

 

12  │A3◘▬☼≢⁸ ↕135kg─╙─╩ ⇔⁸ ⌐│ ≈

╡ ╡ ∆╢↓≤⁹ ≤∂≤⇔⁸≤∂⇔╤ │ 23mm↑╢↓≤⁹ 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

- 4.1.1   
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13)   
1
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Ю ˔ Ќ

˔ 

 S 1/50 

⇔╜╪ ⌐ ∆╢↓≤ 

ʹʹ ΰϟϭῬ

ẚ ‹ ̓̓̓̓̓

ῬⱧ ︡◕̓̓ ̓̓̓

יּ ʹⱳ

Ộ  ּי  ̓̓̓̓(ᶴ)
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⇔╜╪  

⇔╜╪ ⌐ ∆╢↓≤ 
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⇔╜╪ ⌐ ∆╢↓≤ 

⇔╜╪  
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14)  ┘ ─ │⁸ - 4.1.1─≤⅔╡≤∆╢⁹ 
- 4.1.1 ⌐ ∆╢ ┘
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15)  ─ ↑ 
 

                       

ה              
─ ⌐ 

Ɫ♇♅ 
 

 

                  
∕ ─  

 

ה          
─ ⌐ 

Ɫ♇♅ 
    

 

 

5   

 
5. 1  

5. 1.1  ─  

( 1)  ⌐ ∆╢ ─  

(2)  ⌐ ∆╢ ─ ─  

(3)  ⌐ ╢ ─ ┘ ⅜ 16 ─ ⌐

≠ↄ ≢ ╘╢ ⌐ ⇔≡™╢↓≤─  

(4)  ⌐ ⇔⁸ ≤ ⌐ →╢ │ ╩ ℮↓≤⁹ 

1)  ⅛╠ ⇔≡ ╩ ↑╢ ╩ ⇔╟℮≤∆╢ ⌐⅔

↑╢ ─ ─ ⌐ ∆╢  

2)  ⌐ ╢ ⁸ ⁸∕─ ─ ─ ⌐ ∆╢

⁹ 

3)  ╩ ⇔√ ─ ⁹ 

 

5.1.2   

─√╘⁸ ┘ ⌐ ≠⅝ ╩ ∆╢↓≤⁹ 

 

5.1.3   

⁸ ⁸ ─ ─ ╩ ∆╢≤≤╙⌐ ≤─

⌐ ╩ ↓↕⌂™╟℮⁸∕─ ⁸ ⁸ ⌐≈™≡ ⌐ ⇔⌂

↑╣┌⌂╠⌂™⁹ 
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5.1.4    ™ 

⌐≈™≡│⁸ ⌐ ∂≡ ⌐ ╩ ─℮ⅎ⁸

╩ ╘⁸ ⌐≈™≡ ∆╢↓≤⁹ 

 

5.1.5   

─ ≢ ⅜ ∂√ │⁸ ∟⌐∕─ ╩ ⌐ ⇔⁸ ╩

←↓≤⁹ 

 

5.1.6     

(1)  ╩ ℮ ╟╡ 7 ╕≢⌐ ₈ ₉≤

™℮⁹ ≤ ⇔⁸ ╩ ∆╢↓≤⁹╕√⁸ ≤⌂╢ ⌐

│ ⌐ ∆╢↓≤⁹ 

(2)  │⁸ ─ ⌐ ℮↓≤⁹ 

 

5.1.7   

⁸ ─ ⅜ ⇔√ │⁸ ∟⌐ ⁸

⌐ ∆╢≤≤╙⌐⁸ ⌐ ⇔⌂↑╣┌⌂╠⌂™⁹ ⌐ ⇔≡│⁸

№╠⅛∂╘↓╣╠─ ╩ ⇔⁸ ╩ ℮↓≤⁹ 

╕√⁸ ─ ╩ ⇔√ │⁸ ∟⌐∕─ ─ ⌐ ⇔⁸

∕─ ⌐ ╦⌂↑╣┌⌂╠⌂™⁹ 

 

5. 2 ─  

(1)  ─ ─ ↑ │⁸ - 5.2.1─≤⅔╡≤∆╢⁹ 

(2)  ┼─ ⌐⅔↑╢ ─ │⁸ ⌐╟╢ ─

⌐ ⇔⁸ ≢⌂™╙─≤∆╢↓≤⁹ 

(3)  ⌐│⁸ ─ ┘ ┘⌐ ─ ⌐ ∂√◘♪ꜟ

⁸ ⁸☼כ♅│ ╩ ╩☼כ♅⁸√╕⁹≥↓╢™ ™√

⌐≈™≡│⁸ - 5.2.1─≤⅔╡ ∆╢↓≤⁹ 

(4)  │ ╕≢─ │⁸ ≤⇔≡ ⌐ ⇔≡ ⌐

⇔⁸ ⌐ ∆╢╙─≤∆╢⁹ 

(5)  ─ⱷכ♃כ │⁸∕─ ─2 ╕≢ ∆╢↓≤⅜

≢⅝╢⁹√∞⇔⁸ⱷכ♃כ ⅜50mm ─ │⁸ⱷכ♃כ ⌐

─10 ⁸ ⌐ ─5 ─ ╩ ∆╢↓≤⁹ 

(6)  ─ ( ⅛╠ ╕≢)─ │20mm ≤∆╢⁹√∞⇔⁸

⅜20mm─ │↓─ ╡≢⌂™⁹ 
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( 7)  ─ │⁸ ⇔╟℮≤∆╢ ─ ≤∆╢↓≤⁹╕√⁸

╩ ≢⅝╢ ─ │ 300mm ≤∆╢↓≤⁹ 

(8)  ─ │⁸ - 5.2.2 ╩ ≤∆╢⁹ 
 

- 5.2.1 ─ ─  

─     ─   ─     

20 25mm 30cm  
⅛╠ ⇔≡│⌂╠⌂™⁹ 

40 50mm 50cm  

20 50mm ┘ ─ ≤ ─ ≤─ │50cm ≤∆╢⁹ 

 

- 5.2.1  ⅛╠─  
 

- 5.2.2  

⌐╟╢ N (D/d) 2.63 β  DΝ ─  dΝ ─  

 

(9)  ⌐ √∫≡│ ─ ╩ ⇔⁸◘♪ꜟ

─ ╡ ↑│⁸Ⱳꜟ♩─ ╘ ↑⅜ ╘⌐⌂╠⌂™╟℮ ⌐ ╘ ↑

╢↓≤⁹ 

( 10)  ◄ⱳ◐◦ ꜝ▬♬fi◓ ╩ ∆╢ ⁸

─ (mm) 

 

─ (mm) 
13 20 25 30 40 50 

13 1      

20 3 1     

25 6 2 1    

30 9 3 2 1   

40 17 6 3 2 1  

50 34 10 6 4 2 1 

↓─ ─ │⁸ O.196MPa(2kgf/cm2)╩ ≤⇔⁸ ─ ⌐ ∂ ⌐⅔™≡

∆╢↓≤⅜≢⅝╢⁹ 
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╩ ∆╢≤ ╡ ╡─◄ⱳ◐◦ ⅜ ∆╢↓≤⅜№╢√╘⁸

╩ ∆╢↓≤⁹ 

( 11)  ⸗ꜟ♃ꜟꜝ▬♬fi◓ ♪ꜞꜟ≢◄ⱳ◐◦ ꜝ▬♬

fi◓ ╩ ∆╢≤◄ⱳ◐◦ ─ ה ─ ↑ ⅜ ∂

╢√╘⁸ ∏ ⌐╟╡ ─ ♪ꜞꜟ╩ ™ ↑╢↓≤⁹ 

(12)  ⱳꜞ◄♅꜠fi ╩ ∆╢ │⁸ ─ ⱱꜟ♁╩

∆╢↓≤⁹ 

(13)  ◘♪ꜟ ⁸ ⁸│☼כ♅│ ╡ ↑ ◄ꜞⱳ)♩כ◦

♅꜠fi☻ꜞכⱩ)⌐╟╢ ╩ ⌐ ℮↓≤⁹ 

(14)  ◘♪ꜟⱣfi♪─ ╘ ↑│⁸ - 5.2.3⌐╟╡♩ꜟ◒꜠fi♅≢ ╘ ↑╢

↓≤⁹ 

 
- 5.2.3 ♩ꜟ◒   

(  N.m)  

 

─  

♩ꜟ◒ 

Ⱳꜟ♩─ ┘  

M16 M20 

 60 75 

ⱦ♬ꜟ  40  

 60 75 

( ⱳꜞ◄♅꜠fi )  40  

JWWA B 117╟╡ 
 

5. 3 ─ ↕ ┘  

(1)  ─ ↕│⁸ ⌐№∫≡│ ─ ⌐ ℮╙─≤

⇔⁸ ⌐№∫≡│0.3m ╩ ≤∆╢↓≤⁹ 

(2)  ⌐ ∆╢ │⁸●☻ ⁸ Ⱪꜟ⁸כ◔ Ⱪꜟ⁸כ◔

─ ⌐ ⇔⁸ ⅜ ╘√ ⌐ ∆╢↓≤⁹ 

⌂⅔⁸ ─ ≤─ │30cm ∆╢╙─≤⇔⁸↓╣⅜ ⌂

│ ⌐ ∆╢↓≤⁹ 

(3)  ∆╖⅝╡⅛╠4.0m ─ │⁸ ╘⌂™╙─≤∆╢⁹ 

 

5. 4 ─  

(1)  ⌐ ∆╢ 75mm ─ ⌐│⁸ ⱪ⁸כ♥ ♩כ◦

⌐╟╡ ╩ ∆╢↓≤⁹╕√⁸ 50mm ⌐ √∫≡│⁸ ⌐♩כ◦
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╟╡ ─ ╩ ∆╢↓≤⁹ 

(2)  ╩╛╗╩ ∏ ⌐ ⇔≡ ⌐ ⇔ ⌐ ≢

⅝⌂™ ⌐│⁸ ─ ╩ ╠⅛⌐∆╢√╘⁸ ─

─ ┼ Ⱨfi╩ ∆╢↓≤⁹ 

(3) ─♩כ◦  │⁸ ─≤⅔╡≤∆╢⁹ 

1)  ⅜1.2m ─≤⅝│⁸ ⅛╠0.6m─ ⌐ ∆╢⁹ 

2)  ⅜1.2m ─≤⅝│⁸ ≤⇔≡ ≤ ─ ⌐ ∆

╢⁹√∞⇔⁸ ╟╡ ↄ ∆╢↓≤⁹ 

( 4)  ─ ⌐≈™≡│⁸ ─≤⅔╡≤∆╢⁹ 

1)  ⌐ ∆╢  
 

▪   ⱦ♬ꜟ♥כⱪ 

▬  ΝΝ  β ─ │  

ΝΝ  

─ⱪכ♥ ►    

ⱪכ♥  ⱪכ♥  ⱪכ♥  ↕ 

350mm  3cm -   

0.15mm 0.03mm 
400mm  3cm 3cm 

 

─ⱪכ♥ (2  

ᵑ 75mm ─ ─≤⅔╡≤∆╢⁹ 

( )  4m +ⱪכ♥  ⅛ⱪ(3כ♥⅝ / )  

│ⱪכ♥⅝ ─ ⅛╠15 20cm ┘⌐ 1⅛  

( )  5m 6m ♥כⱪ+ ⅛ⱪ(4כ♥⅝ / )  

│ⱪכ♥⅝ ─ ⅛╠15 20cm ┘⌐ 2⅛  

( ) ⱪ(2כ♥⅝     3⅛ / )  

ᵒ 50mm ─  ⱪ─╖≤∆╢⁹כ♥

ᵓ ⅝♥כⱪ│ ⅝≤∆╢⁹ 

 

5. 5 ⁸ ─  

( 1)  ⅛╠ ⇔≡ ⌐ ∆╢ │ ╩ ─

⅛╠ ⌡ ⱷכ♩ꜟ ⌐ ╡ ↑⌂↑╣┌⌂╠⌂™⁹ 

(2)  25mm ─ ╩ ∆╢ │⁸ ⅜ ┘⅝∫√

┘ ╖⅝∫√ ≢ ⇔⌂™↓≤⁹ 

(3)  ⱷכ♃כ╩ ⇔⌂™ │⁸ ⌐ ◗ⱴ≤ ◐ꜗ♇ⱪ╩ ∆

╢↓≤⁹ 
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5. 6 ⱷכ♃כ─  

(1)  ⱷכ♃כ─ │⁸ ≤⇔≡ ⌐ ╙ ⇔√

≢⁸ⱷכ♃כ─ ┘ ⅜ ≢№╡⁸⅛≈⁸ ⁸ ─⅔∕

╣⅜⌂™ ≢№╢↓≤⁹ 

(2)  ⱷכ♃כ─ ⅜ ─ │⁸ⱷכ♃כⱲ♇◒☻─ ╡╩ 15cm⁸

↕5cm ─◖fi◒ꜞכ♩≢ ∆╢↓≤⁹ 

(3)  ⁸ ⌂≥⌐╟╡⁸ⱷכ♃כ─ ⁸ ⌐ ⅜№╢ ⁸ⱷכ

─כ♃ ⌐│⁸ - 5.6.1─ ╩ ∆╢↓≤⁹ 

(4)  50mm ─ⱷכ♃כⱲ♇◒☻│⁸ ⅜ ╠⌂™ ≤⇔⁸ ⅝⅜≢⅝╢

│⁸ ⅝╩ ↑╢↓≤⁹ 

(5)  ⱷכ♃כ─ ⌐ √∫≡│⁸ⱷכ♃כ⌐ ↕╣≡™╢ ─

╩ ⇔⁸∕─ ≢ ╡ ↑╢↓≤⁹ 

(6)  ⱷכ♃כ─ │⁸ ⅜ ↕╣≡™╢╙─⌐≈™≡│∕─

≥⅔╡─ ≢ ⁸ ⅜ ↕╣≡™⌂™╙─⌐≈™≡│

⌐ ╡ ↑╢↓≤⁹( 9 )  

(7)  25mm ─ⱷכ♃כ ⌐│0.5m ─ⱨ꜠◐◦Ⱪꜟ♅ꜙכⱩ

╩ ∆╢↓≤⁹ 

(8)  ⱷכ♃כⱲ♇◒☻ ┘ ─ │⁸ - 5.6.2 - 5.6.4⁸ - 5.6.1

- 5.6.3⌐╟╢⁹ 

(9)  40mm─ⱷכ♃כ╩ ∆╢ │⁸ - 5.6.5─≤⅔╡≤∆╢⁹ 

(10)  ⱷכ♃כⱲ♇◒☻│⁸ ⅜ ⇔√ ╩ ™╢↓≤⁹ 

(11)  ⱷכ♃כⱲ♇◒☻╩ ∆╢ │⁸ⱷכ♃כ ꜚ♬○fi⅜Ⱳ♇

◒☻ ⌐ ╕╢╟℮⌐ ∆╢↓≤⁹╕√⁸ ─ ⌐ ⅜⌂

™╟℮⌐ ∆╢↓≤⁹ 

(12)  ⱷכ♃כ╩ ↑∏ ─ ╩ ℮ │⁸ⱷכ♃כⱲ♇◒☻ ⌐ⱷ

⅜כ♃כ ≢⅝╢ ╩ ∆╢↓≤⁹( - 5.6.4 )  

- 5.6.1  
β  │ 25mm ⌐ ∆╢

⁹ 
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- 5.6.2 Ⱳ♇◒☻ 

 

- 5.6.1 ⱷכ♃כⱲ♇◒☻  ( : mm) 

 
  L1 L2 L3 L4 L5 h1 h2  

13 378 420 200 242 50 162 60 A  

20 25 484 505 213 245 50 182 70 B  

40 520 545 260 285 62 180 80 C  

β 13 50mm⌐ ⇔≡│⁸ ⅜ ⇔√ FRP ⱷכ♃כⱲ♇◒☻╩ ∆╢↓≤⅜≢⅝╢⁹ 

 
  

 

 

 

 

ɫ50mm─  
 

 

 

 

 

 

 

 

 

 

ɫ75mm ─  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

βⱷכ♃כⱲ♇◒☻ ≤ⱷכ♃כ ≤─ ╩ 100mm 200mm ≤╡ ╩ ∆╢↓≤⁹ 

─ ⅝↕│⁸ⱷכ♃כ ╩ ∆╢↓≤⁹ 

- 5.6.3  ⱷכ♃כⱲ♇◒☻   
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- 5.6.2 ⱷכ♃כⱲ♇◒☻  ( :mm) 

 

 A B C D E F G 

50 1, 260 960 1,100 800 1, 030 1, 180 560 

75 1, 330 1,030 1, 100 800 1, 060 1, 210 630 

100 1, 450 1, 150 1, 100 800 1, 100 1, 250 750 

150 1, 700 1, 400 1, 300 1, 000 1, 180 1, 330  

200 1, 860 1, 560 1, 300 1, 000 1, 260 1, 410  

1 ◖fi◒ꜞכ♩  ɨCK 18N/mm2 

2 │D10 ╩  

β ╩ ≤⇔⁸ ⌐╟∫≡Ⱳ♇◒☻ ⅛╠ⱷכ♃כⱨꜝfi☺ ╕≢ 200mm

∆╢↓≤⁹ 

 

 
 

- 5.6.4 ⱷכ♃כ  
 

- 5.6.3 ⱷכ♃כ  ( :mm) 

  

 A B C D E F G 

50 1, 260 960 1, 100 800 190 880 190 

75 1, 330 1, 030 1, 100 800 190 950 190 

100 1, 450 1, 150 1,1 00 800 190 1, 070 190 

150 1, 700 1, 400 1, 300 1, 000 240 1, 220 240 

200 1, 860 1, 560 1, 300 1, 000 240 1, 380 240 

 

  

6mm  
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- 5.6.5  

 

- 5.6.4 ⱷכ♃כ    

  ⱨꜝfi☺─  

13mm◦ꜛ100 ♩כmm -  

13mm꜡ fi◓ 165mm -  

20mm 190mm -  

25mm 225mm -  

40mm 245mm -  

50mm 560mm 186mm 

75mm 630mm 211mm 

100mm 750mm 238mm 

150mm 1000mm 290mm 

200mm 1170mm 342mm 

 

5. 7 ⱷכ♃כ─  

(1)  ≈─ ↔≤⌐1 ─ⱷכ♃כ╩ ∆╢⁹√∞⇔⁸ ≢

∂ ⌐ ↕╣╢╙─⌐≈™≡│⁸ ─ ⌐ ⌂ↄ1 ─ⱷכ♃

╩כ ∆╢⁹ 

(2)  ≈─ ≢№∫≡╙⁸ ⁸ ⇔≡ ↕╣╢ (

)⌐ ╩ ↑╢ │⁸∕╣∙╣⌐1 ─ⱷכ♃כ╩ ∆╢↓

≤⅜≢⅝╢⁹ 

(3)  ⱷכ♃כ─ │⁸ - 5.7.1 - 5.7.6⌐╟╢⁹ 

( 4)  ╩ⱷכ♃כⱲ♇◒☻ ⌐ ∆╢↓≤⁹ 

(5)  ⌐ ╩ ╡ ↑╢↓≤⁹ 

(6)  - 5.7.5─ │⁸ ─ ⅜№╢⅜⁸ ⱷכ♃כ ─ ≤⌂

╢⁹ 

40mm  40mm ⱷכ♃כ 
40mm  



- 39 - 
 

(7)  - 5.7.6─ │⁸▪Ɽכ♩ ≢ ⱷכ♃כ╩ ≤∆╢ ─

≢№╢⁹( )  

 

 

 

 

 

 

 

 

 

 

 

- 5.7.1  
 
 

 

 

 

 

 

 

 

 

 

- 5.7.2  
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

- 5.7.3  
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- 5.7.4  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

- 5.7.5  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

- 5.7.6  
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5.8  ─  

( 1)  25mm ─ ─  

 

(2)  40mm─ ─  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(3)  50mm─ ─  

 
 

≤℮  
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5. 9  

(1)  │⁸ ╩ ⇔≡⁸ ⌐ ⇔√ ⌐ ∫≡ ™⁸ ─

⁸ ⌂ ⌐╟∫≡ ╛ ╩ ↓∆↓≤⅜⌂™╟℮⌐∆╢↓

≤⁹ 

(2)  ⌐ ∟ ─ ╩ ™⁸ ╩ ∆╢≤≤╙

⌐⁸ ─ ⌐ √∫≡│⁸ ─ ╩ ∆╢↓≤⁹ 

1)  │⁸ ⅜ ∆╢ ╩ ⅝⁸ ⌐⅔↑╢

⁸ ⁸ ⁸ ─ ┘ ─ ─ ╡ ╩

⌐ ⇔⁸ ≢ ⅛≈ ⌂ ⅜≢⅝╢╟℮⌂ ┘

╩ ∆╢↓≤⁹ 

2)  ⌐ ↕⅜1.5m╩ ⅎ╢ │⁸ ╡ ⅜∕─ ─ ⌐

∫√ ╩ ≢⅝╢ ╩ ⅝ ╩ ∆↓≤⁹ 

3)  ↕⅜1.5m ≢№∫≡╙ ⌐ ⇔™ ─ │⁸ ─

╩ ∆╢√╘ ⌂ ╩ ╘≡ ╩ ∆╢⅛⁸ │ ╩

∆╙─≤∆╢⁹ 

(3)  ─ ⌐ √∫≡│⁸ ╩ ⌐ ⇔√ ≢ ∆

╢↓≤⁹ 

(4)  │⁸ ─ ⁸ ⁸ ─ ⌐ ⅎ╢ ╩ ⇔⁸

⌐ ℮↓≤⁹⌂⅔⁸ ⌐≈™≡│⁸ ⌐╟╠⌂↑╣┌⌂╠⌂™⁹ 

1)  ─ │⁸ ∆╢ ┼─ ⅜⌂™╟℮◌♇♃

╩ ⇔⁸ ╡│ ⌐⁸ ╡ │ ⌐⌂╢╟℮⌐ ⌐ ⇔√ ⁸

⌐ ⇔ ─ ↕ ⌐ ∆╢↓≤⁹ 

2)  ╩ ∆╢ │⁸1 ─ ≤⇔⁸ ⅝│⇔⌂™↓≤⁹ 

3)  ─ ↄ╩ ∆╢ │⁸ ⌐╟╡ ─ ─ ™╩

╘╢↓≤⁹ 

(5)  ─ ⇔⌐ √∫≡│ ⌂ ╩ ™⁸ ⌐ ⁸ ⅜

⇔⌂™╟℮ ╘ ╘╢≤≤╙⌐⁸ ⇔√ ┘ ─ ⌐

╙ ∆╢↓≤⁹⌂⅔⁸ ⇔│⁸ ⌐╟╠⌂↑╣┌⌂╠⌂™⁹ 

1)  ⌐⅔↑╢ ⇔│⁸ ⅜ ∆╢ ╩ ™≡⁸

≤⇔≡20cm╩ ⅎ⌂™ ↔≤⌐ ╘⁸ ⁸ ╩ ↓↕⌂

™╟℮⌐⇔⌂↑╣┌⌂╠⌂™⁹╕√⁸ ─ ╡─ ⇔⌐ √∫≡

│⁸ ─ ─ ⅛╠ ⌂ ╩ ™ ⌐ ∆╢ ⅜№╢⁹ 

2)  ─ ⇔│⁸ ─ ─ ╩ ≡ ⌂ ╩ ™⁸

≤⇔≡ ↕20cm╩ ⅎ⌂™ ↔≤⌐ ╘╩ ╦⌂↑╣┌⌂╠⌂

™⁹ 
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3) ╘│⁸♃fiⱤ ⁸ ꜡ ꜝ ─ ⌐╟╢↓≤╩ ≤∆╢⁹ 

4)  ╛╗╩ ⌂™ │⁸ ─ ╩ ↑≡ ─ ╘

╩ ™╢↓≤⅜≢⅝╢⁹ 

 

5. 10  

(1)  ─ │⁸ ─ ⌐ ℮↓≤≤⇔⁸ ⌐ ≠⅝

⇔⌂↑╣┌⌂╠⌂™⁹ 

 

5. 11  

╩ ∆╢≤≤╙⌐⁸ ⌐ ─ ⌐ ⇔⁸ ╩ ⌐

™⁸ ⌐ ╘╢↓≤⁹ 

(1)  ─ ⌐ √∫≡│⁸ ─ ה ─ ─╙─╩ ∆╢

↓≤⁹ 

1)   

2)   

3)   

4)  ⌐ ℮

 

5)   

6)  ⌐⅔↑╢ ─  

7)   

(2)  ⌐ √∫≡│⁸ ─ ⌐≈™≡ ┘

≤ ⌐ ⇔≡⅔ↄ↓≤⁹ 

(3)  ─ ⌐╟∫≡ ∂√ ⁸ ─ │⁸₈

─ ┘ ⌐ ∆╢ ₉∕─ ─ ⌐ ≠⅝⁸ ⅜

╩╙∫≡ ⅛≈ ╛⅛⌐ ∆╢↓≤⁹ 

(4)  ⌐ √∫≡│⁸ ─ ─ ╩ ∆╢√╘⌐ ╩

⇔⁸ ⌐ ∂≡ ( )╩ ∆╢↓≤⁹╕√⁸∕─

─ ─ ⌐≈™≡╙ ∆╢↓≤⁹ 

(5)  │⁸ ╕≢ ⌐ ╩ ⇔⁸ ⁸

∕─ ⅜ ∂√ │ ⅛╠ ╩ ↑√≤⅝│⁸√

∞∟⌐ ╩⇔⌂↑╣┌⌂╠⌂™⁹ 

(6)  │⁸ - 5.1 1.1─ ⌐ ⇔≡ ∆╢↓≤⁹ 
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- 5.11.1  ( )  

 ┘  

 ⁸  β ≢ ⅛╠  

 ─  

  ─  

   

 ⁸ ╡ ⇔  

   

  ↕ ┘ ⁸ ╘ ─  

 ╡ ┘ ─ ⅛╠─  

   

  ◖▪  

  ─ ⁸ ♅▼♇◒  

  ⱨ▫ꜟⱶהⱳꜞ◄♅꜠fi☻ꜞכⱩ ⁸ ⱪכ♥  

♩כ◦    

  Ⱳ♇◒☻  

  ─  

  ─ ⅛╠─ ─  

  ⅛╠─  

( )   

  

ⱪכ♥    

   β ╟╡ⱷכ♃כ ─  

⇔  ⇔  

   

  ─ ↕ 

  ⌐╟╢ ╘  β ⌐ ∂≡ 

   β ⌐ ∂≡ 

 ⇔  

   

   β ⌐ ∂≡ 

 ⇔  

   

  ─  

 ⁸ ∆╢ ╕≢─  

∆⅝ ╡   

  ∆⅝ ╡  

 ⁸ ⁸  

  ⅜╡ ↕ 

  ⁸  

 ╘  

β ─♫fiⱣכⱪ꜠כ♩ ⁸ ≤⌂╢╙─⌐≈™≡│ ⌐ ⇔⌂™↓≤⁹⌂⅔⁸ ≤⌂╢╙─⅜  

⌐ ╢ ⌐│⁸∕─ ⌐≈™≡ ⇔ ─ ╩ ∫√ ⌐ ∆╢↓≤⁹ 
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5.12  

(1)  ┘ │⁸ ─ ─ ⌐ ↕╣╢ ╩

⅝⁸ ╩ ∆╢╙─╩ ™╢↓≤⁹( ─ ┘ ─

⌐ ∆╢ ( ₈ ₉ ≤™℮⁹)  1 1 )  

(2)  ⁸ ⇔ ⁸ ⁸ ┘ │⁸ ╩ ∆╢╙─╩

™╢↓≤⁹( 7 )  

(3)  ─ │⁸ ⌐ ∆╢ ⌂ ╩ ∆╢√╘⌐∕─

┘ ⌐ ∂√ ⌂ ╩ ℮↓≤⁹( 1 2 )  

(4)  ─ │⁸ ─ ⌐≈™≡ ─ ─ ╩ ↑╢↓≤ ⌐

╟╡ ─ ╩ ⌐ ℮↓≤⅜≢⅝╢╟℮⌐∆╢↓≤⁹ 

 

5. 13 ─  

─ ≤│⁸ ⌐ ∆╢√╘⌐ ↑╠╣√ ⅜ ╡ ↑╠

╣╢ ╛ ⅜ ─ ╩ ⇔⁸ ⌐│⁸1 ⌐ ↕╣√

ⱷכ♃כ≤ ─ ─ ⅜↓╣⌐ ∆╢⁹ 

─ ⅜ ─ ─ ╩ ⇔⁸ ╩ ⇔⌂↑╣┌

╩ ℮↓≤⅜≢⅝⌂™ ⁸ ⌐≤∫≡ ⅝⌂ ⅜ ∂╢√╘⁸

│⁸ ─ ─ ╡⌐ ∆╢↓≤╩ ≤∆╢⁹☻Ɑכ☻ ─

≢╛╗╩ ∏ ─ ╩ ↕∑╢ │⁸↕╛ Ⱬ♇♄ ≤⇔⁸

─ ╩ ⌐∆╢ ה ╩ ↑╢ ⁸ ─ ╩ ⌐∆╢√╘

⌐ ∆╢ ⅜№╢⁹ 

ᵑ ─ ⌐ ∂⁸ ⁸ ∕─ ─ ⌐ ⇔⁸ ⌂

╩ ∆╢ ┘ ─ ╩ ∆╢╒⅛⁸ ─ ⌐ ≢

⅝╢╟℮ ≤℮ ⌐ ╪∞ ┘ ⌐≈™≡ ∆╢↓≤⁹ 

ᵒ │⁸ ⌐ ∂√ ┘ ─ ╩ ⇔≡ ∆

╢↓≤⁹ 

ᵓ ─√╘⁸ ─ ≤─ ╩ ≤⇔≡30cm ∆╢↓≤⁹ 

ᵔ ─ │⁸ ≤⇔≡ ┘ ╩ ∆╢↓≤⌐╟╡ ℮↓≤⁹

╛╗╩ ∏ → ╩ ℮ ⌐│⁸ ⌐ ∂√ ⌂ ╩

℮↓≤⁹ 

ᵕ ─ │⁸≢⅝╢∞↑ ⌐∆╢↓≤⁹ 

ᵖ №╢™│2 ⌐ ∆╢ │⁸ ╩ ∆╢↓≤⁹ 

ᵗ ⁸ ⌐╟╡ ⅜ ∆╢⅔∕╣─№╢ ⌐№∫≡│⁸

⌂ ─√╘─ ╩ ∂╢↓≤⁹ 
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ᵘ │⁸Ⱳ▬ꜝ⁸כ ≤⌂╢ ╩ ↑≡ ∆╢↓≤⁹ 

ᵙ ╩ ∂╢⅔∕╣⅜№╢ ⌐│ ╩⁸ ⌐№∫≡│⁸

⁸ ┘ ( ⇔ )╩ ∆╢↓≤⁹ 

ᵚ ╡╩ ∂╢⅔∕╣⅜№╢ ⌐№∫≡│⁸ ╩ ∆╢↓≤⁹ 

ᵛ │⁸™⅛⌂╢ ≢╙ ⌐ ⇔⁸ ─ │

⌐│⁸ ⌐ⱪꜝ◓ ≢ ╩⇔⁸ ⅜ ⇔⌂™╟℮

⌐∆╢↓≤⁹ 

 

6 ─ ה  
 

 

6. 1 ─  

(1)  ⌐ ∆╢ ╩ ∆╢ ┘ │⁸ ⌐ ∆╢ ⌐

∆╢╙─╩ ™╢↓≤⁹( 2 1 )  

(2)  ⅝ ╕╡ ⅜ ∆╢ ≤⇔⌂™↓≤⁹√∞⇔⁸ ╛╗

╩ ∏ ⅜ ∆╢ ⌐│⁸ ⌐ ╩ ∆╢↓≤⁹(

2 2 )  

(3)  ◦▪fi⁸ ◒꜡ⱶ⁸∕─ ╩ ∆╢ ╣─№╢ ╩ ⇔⁸ │

╡ ℮ ⌐ ⇔≡ ⇔⌂™↓≤⁹( 2 3 )  

(4)  ⁸ ∕─ ─ ⅜ ∆╢⅔∕╣─№╢ ⌐№∫≡│⁸

⅜ ∆╢ ╣─⌂™ ─ ╩ ∆╢↓≤⁹ │⁸↕

╛ ⌐╟╡ ⌂ ─√╘─ ╩ ∂╢↓≤⁹( 2 4 )  

 

6. 2  

∕─ ╩ ∂╢⅔∕╣─№╢ │⁸ ╩ ∆

╢╙─╩ ™╢↓≤⁹ │⁸∕─ ⌐ ⇔≡ ╩ ∆╢↓

≤ ⌐╟╡ ⌂ ─√╘─ ╩ ∂╢↓≤⁹( 3 )  

( 1)  ╩ ∂╢⅔∕╣─№╢  

│ ⌐ ∆╢─≢⁸ ⌐⅔↑╢ ╩ ∆╢⌐│

⌐│ ╩ ↄ∆╢ ⅜№╢⁹( ⌐│1.5 2.0m/sec)⁹

⇔⅛⇔⁸ ─ ⌐⅔™≡│ ⇔√ ─ │ ≢№╡

│√ⅎ∏ ⇔≡™╢─≢ ─╟℮⌂ │ ⌐⅔™≡│

⅜ ∂╢ ╣⅜№╢⁹ 

1)  ⌐ ∆╟℮⌂ ⅜ ™ │ ⌂ ╩ ∂╢⅔

∕╣⅜№╢⁹ 
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ᵑ ꜠ⱣכⱢfi♪ꜟ (꞉fi♃♇♅)

 

ᵒ Ⱳכꜟ♃♇ⱪ 

ᵓ  

ᵔ  

ᵕ ╘  

2)  ─╟℮⌂ ⌐⅔™≡│⁸

⅜ ↕╣╢⅔∕╣⅜№╢─≢⁸

⌐ ⅜ ≢№╢⁹ 

ᵑ ─ ⅜ ⇔ↄ ™≤

↓╤ 

ᵒ ⅜ ™  

ᵓ ⅜ ™  

(2)  ╩ ∂╢⅔∕╣─№╢ │⁸

╛ ╩ ∆↓≤⁹ 

1)  ⅜ ≤⌂╢ │⁸ ⁸

╩ ⇔ │ ╩ →╢↓≤⁹ 

2)  ─⅔∕╣─№╢ ⌐│⁸∕─ ⌐ ⇔≡

╩ ∆╢↓≤⁹( - 6.2.1 )  

(3)  Ⱳכꜟ♃♇ⱪ─ ⌐ √∫≡│⁸ ─ ⌂™ ⁸ 2

┘ ⅛╠⁸∕─ ⌐ ⇔√╙─╩ ∆╢↓≤⁹ 

(4)  ⌐Ⱳכꜟ♃♇ⱪ≢ ∆╢ │⁸ ⌐ ∂≡ ∟

╩ ∆↓≤⁹ ( - 6.2.2 )  

(5)  ─ ╩ ←√╘⁸ ─ ⅜ ∂╢⅔∕╣─№╢

│↕↑╢↓≤⁹ 

(6)  ─ ⇔ ≢╛╗╩ ∏ ─ ⅜ ∂╢⅔∕╣─№╢ ≤⌂

╢ │⁸↓╣╩ ∆╢√╘⁸ ⁸ │ ╩ ∆╢↓≤⁹ 

(7)  ⁸ ⌐╟╡ ⅜ ∂╢⅔∕╣⅜№╢ ⌐№∫≡│⁸

│ ≤℮ ╩ ∆╢ ╩ ∆╢↓≤⁹ 
 

 

 

- 6.2. 1  

( ה ─ ─ )  
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- 6.2.2 ─ ∟  

 

 

 

 

 

 

 

 

 

 

 

 

 

- ─Ⱪכꜞ☻ 6.2.3                   - 6.2.4 ⇔─  
 
 

(8)  ⌐ ↕╣√ ─ │⁸ ⌂ ≢ ╩ ⇔

∆╢↓≤⁹ 

1)  ─ ╛ ⌐ ╦∑≡ ∆╢ ⌐│⁸ ⁸ ⁸ ⌐╟

╢ ╛√╦╖≢ ╩ ↑╛∆™─≢⁸ ╩◒ꜞ♇ⱪ⌂≥─≈⅛╖

╩ ⇔⁸1 2m─ ≢ ⌐ ∆╢⁹ ↑ │⁸ ⌐

⇔╛∆™─≢⁸ ⌐ ↑╢↓≤⁹ 

2)  ⅜ ─ ┘ ╩ ∆╢ │⁸ ⌐ כꜞ☻

Ⱪ ╩ ─≥Ⱪכꜞ☻⁸↑ ╩ ≢ ⇔⁸ ─ ╩ ∆╢↓

≤⁹( - 6.2.3 )  

3)  │⁸ ─ ( ⁸ ─ )╟╡30cm ─ ╩

⇔⁸ ∆╢─⅜ ╕⇔™⅜⁸╛╗╩ ∏ ⅜≤╣∏ ⇔≡

∆╢ ⌐│ ⌐ ⱶכ◊⁸ⱳꜞ◄♅꜠fiⱨꜟכ꜡♅☻ ╩ ⇔⁸
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╩ ╢↓≤⁹ 

(9)  ╩ ∆╢ ⌐№∫≡│ ≤⇔≡ ─ ⌐ ╩

∆╢↓≤⁹╛╗╩ ∏ ─ ⌐ ∆╢ ⌐│⁸ ─

↕⌐ ⇔⁸⅛≈⁸↕╛ ⌐╟╢ ╩ ∂╢↓≤⁹( - 6.2.4 )  

 

6. 3  

6. 3. 1 ─  

│▪ꜟ◌ꜞ⌐╟∫≡ ↕╣╢⅔∕╣─№╢ ⌐№∫≡│⁸ │▪

ꜟ◌ꜞ⌐ ∆╢ ╩ ∆╢ ─╙─⁸ │ ≢ ∆╢↓≤ ⌐

╟╡ ⌂ ─ ─√╘─ ╩ ∂╢↓≤⁹( 4 1 )  

ⅎ™ ⌐╟╡ ↕╣╢⅔∕╣─№╢ ⌐ ↕╣≡™╢

│⁸ ─ ─╙─ │ ≢ ∆╢↓≤ ⌐╟╡ ⌂

─√╘─ ╩ ∂╢↓≤⁹( 4 2 )  

(1)  ( )  

⅜ ⁸ ⌐ ⇔≡ ↕╣≡™╢ ⌐⁸ ⅎ™ ⌐

╟╢ ⌐╟╡ ╩ ↑╢⁹↓─≤⅝⁸ ⅜ ⅛╠ ∆

╢ ⌐ ⅜ ⅝╢⁹↓╣╩ ⅎ™ ⌐╟╢ ≤™℮⁹ 

(2)   

│ ⅝ↄ ⇔≡ⱴ◒꜡☿ꜟ ≤Ⱶ◒꜡☿ꜟ ⅜№╡⁸ⱴ◒

꜡☿ꜟ ≤│⁸ ⌐№╢ ⁸ ⁸ ⁸ ⁸pH⁸

─ ™ ─ ≢─ ⌐╟╢ ≢№╢⁹Ⱶ◒꜡☿ꜟ ≤

│⁸ ─ ™ ⁸Ᵽ◒♥ꜞ▪ ⌐╟╢ ≢№╢⁹ 

─ ╩ ∆╢≤⁸ ─≤⅔╡≢№╢⁹( - 6.3.1 )  
 
 
 

 

ⅎ™ ⌐╟╢ 
 
 

⌐╟╢ 
 

   
 
 
 

 

ⱴ◒꜡☿ꜟ  
 
 
 
 

Ⱶ◒꜡☿ꜟ  

◖fi◒ꜞכ♩/  

( )  

 

Ᵽ◒♥ꜞ▪  
─  

 

- 6.3.1  ─ ─ (₈ ₉ )  
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6. 3. 2 ─  

(1)   

⅜ ⌐ ⌐ ∆╢ ≢⁸ ─ ╩ ⌐ ↕∑≡⁸∕

─ ╩ ↕∑╢⁹ 

(2)   

⅜ ⌐ ∆╢√╘⁸ ─ ╩ ↕∑╢⁹╕√⁸ ─

⌐╟∫≡ ∆╢ ─◖Ⱪ│⁸ ╩ ∆╢≤≤╙⌐ ╩

⇔⁸ ╩╕⌡ↄ⁹ 

 

6. 3. 3 ─⅔↓╡╛∆™ ─  

(1)  │▪ꜟ◌ꜞ ─ ⅜ ⇔≡™╢  

(2)  ≢ ⌐ ─ ╩ ╗  

(3)  ─ (™⅔℮ ╩ ╪∞ ⁸≢™ )  
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─ ─  
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6. 3. 4 ─  

(1)  ╩ ∆╢⁹ 

(2)  ╩ ∆╢ │⁸ ⌂ ╩ ∂╢↓≤⁹ 

 

6. 3. 5  

(1)  ◘♪ꜟ ─   

ⱳꜞ◄♅꜠fi◦כ♩╩ ⇔≡◘♪ꜟ ╩ ℮╟℮⌐⇔

≡ ╖◗ⱶⱣfi♪ ≢ ⌐ ┘ ⇔⁸ ─ ╩ ╢ ≢

№╢⁹( - 6.3.2 )  
 

  
- 6.3.2  ◘♪ꜟ ─  

 
(2)  ─  

─ ─ │ ⌐╟╢⁹ 

1)  ⱳꜞ◄♅꜠fi☻ꜞכⱩ⌐╟╢  

─ ╩ⱳꜞ◄♅꜠fi☻ꜞכⱩ≢ ⇔⁸◗ⱶⱣfi♪ ≢ ⌐

┘ ⇔⁸ ─ ╩ ╢ ≢№╢⁹( - 6.3.3 )  

2) ⱪכ♥  ⅝⌐╟╢  

⌐ הⱪכ♥ ⱪכ♥ ╩ ↑⁸ ─ ╩ ╢

≢№╢⁹ │⁸ᵑ ─ ᵒ ≤─ ╩ⱴ☻♅♇◒(

)≢ ╘√ ⁸ⱪꜝ▬ⱴכ╩ ∆╢ᵓ ╩ⱪכ♥ ⌐ ⌐1

⅝⁸ ─ⱪכ♥⌐ 1/2 ╩ ⌡⁸ ⌐ ╕≢ ↄ⁹∕↓≢

⌐1 ⅝ ↑≡ ∂ ≢ ⅝⌂⅜╠⁸ ⅝│∂╘─ ╕≢╙≥

╢⁹∕⇔≡ ⌐1 ™≡ ⁹ 


