
 

 

 

 

 

 

 

 

 

 

 

 

 

 

♃fi◒─ ─ ⌐ ╢●▬♪ꜝ▬fi─ 

⌐ ∆╢  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

│∂╘⌐ 

 

 

 ⁸ ⅜ ─ ♃fi◒⌐≈™≡│⁸ ⅜ ⇔√╙─⅜

ↄ⁸↓─ ⌐╟╢ ⅎ™ ⅜ ╕∫≡™╢⁹ ⌐⁸ ≤ ⌂╡ ⌂

⅜ ╘╠╣≡™⌂™ ⌐ ⇔≡│⁸ ⌐╟╢ ⅎ™ │ ╕╡≈≈

№╢↓≤⅛╠⁸↓╣╕≢⁸ ♃fi◒ ─ ╩ ∆╢√╘─ ₁⌂

⅜⌂↕╣≡⅝√≤↓╤≢№╢⁹ 

 ∕─ ≢│⁸ ─ ⌐⅔↑╢ ⅎ™ ─ ⁸ ⅎ™ ─ ╩

↕∑╢√╘─ ─ ╛ ♃fi◒ ⌐ ∆╢ ⁸ ─♦

◒fi♃⁸♃כ ⅛╠─ ⌂ ⅎ™ ╩ ⇔√ ♃fi◒ ─

⌂ ⌐ ∆╢ ⅜ ╡╕≤╘╠╣≡™╢⁹ 

 ≢│⁸↓╣╕≢⌐ ↕╣√ ♃fi◒ ─ ⌐ ∆╢ ⌐

≈™≡ ╩ ℮≤≤╙⌐⁸ ─ ╩ ╕ⅎ√ ─♃כ♦ ╩ ℮↓≤

⌐╟╡⁸♃fi◒ ─ ╩ ∆╢√╘⌐ ≤↕╣╢ ─ ─№╡

⌐≈™≡ ∆╢↓≤╩ ≤⇔⁸∕─ ─ ≈≤⇔≡⁸ ♃fi◒─ ─

⌐ ╢●▬♪ꜝ▬fi─ ╩ ∫√⁹ 

─ ⌐№√╡⁸↔ ⌐╙ ╦╠∏ ⌐ ↕╣⁸ ↄ─

⌂↔ ╩™√∞™√ ─ ⁸ ┘⌐ ╩↔ ™√ ⌐

⇔ ↄ ⇔ →╢ ≢№╢⁹ 

 

 

 

 

 

 

♃fi◒─ ─ ⌐ ╢ 

●▬♪ꜝ▬fi─ ⌐ ∆╢  

       

 

 

 

 

 

 

 



 

     

 

│∂╘⌐ 

 

 

 ─  1הההההההההההההההההההההההההההההה

 ┘  1הההההההההההההההההההההההההההההה

 1הההההההההההההההההההההההההההההה 

 2הההההההההההההההההההההההההההההה 

 2הההההההההההההההההההההההההההההה 

 

 ♃fi◒─ ─ ⌐ ╢ ─  3הההההההההההה

 ♃fi◒─ ─ ┘ ─  3ההההההההה

 ─ ⌐ ∆╢↓╣╕≢─  5ההההההההההההה≡™≈⌐╖

 ─ ╖  7ההההההההההההההההההה

 

 ♃fi◒─ ─  10הההההההההההההההההההה 

 ─  10הההההההההההההההההההההההההההה 

 ⅛╠─ ─  12ההההההההההההההההההה 

 ♃fi◒─ ⌐╟╢  14הההההההההההההההההההההה 

 

─♃כ♦  ≤  15הההההההההההההההההההההה 

╠⅛♃כ♦  ╠╣╢ ─  15הההההההההההההה 

╠⅛♃כ♦  ╠╣╢ ─ ─ ┘ 

♃fi◒─  16הההההה 

 

 ♃fi◒─ ─ ⌐ ╢●▬♪ꜝ▬fi⌐≈™≡ 25ההההה 

 ●▬♪ꜝ▬fi─  25ההההההההההההההההההההההההה 

 ╩ ∆╢  25הההההההההההההההההההההההה 

 ⅜ ≤⌂╢  25ההההההההההההההההההההההה 

 ─  26הההההההההההההההההההההההההההה 

 ∕─ ─  27ההההההההההההההההההההההההההה 

 

 

 31ההההההההההההההההההההההההההההההההההה ⌐╡╦⅔

 

 

 ♃fi◒─ ┘ ⅛╠─   33הההה

 ♃fi◒─ ⅛╠─  41הההההההה

 ♃fi◒ ─ ⇔™  49הההההההההההההה 

 ╩ ∆╢ ♃fi◒⌐ ∆╢ ─ 71הההה ≡™≈⌐



 

 

 ─  

 ┘  

  ╩ ⌐ ∆╢ ♃fi◒ ⌐⅔™≡⁸└≤√┘ ⅜ ⇔√

│⁸ ╛ ≤™∫√ ─╖⌂╠∏⁸ ⌂ ╩ ⅝ ↓∆ ≤

⌂╡⁸ ╙ ⅝ↄ⌂╢↓≤⅛╠⁸ ♃fi◒ ─ ⌐│ ╩

∆╢ ⅜№╢⁹ 

  ╕√⁸ ⌐⅔↑╢ ●☻♃fi◒─ ╛ ⁸ ┘

⇔≡™╢ ≢─ ─ ⌐╟╡⁸ ╩ ╡ ℮ ⌐ ∆╢

─ ⌐≈™≡↓╣╕≢ ⌐ ─ ⅜ ╕∫≡⅔╡⁸ ♃fi◒⌐≈™≡

╙ ⌂ ⅜ ╘╠╣≡™╢≤↓╤≢№╢⁹ 

  ♃fi◒ │ │ ⅜ ↕╣≡⅔╡⁸ │♃

fi◒ ─ ─ ↕ ┘♃fi◒ ─ ⌐≈™≡⁸ ─ ⌐ ⇔≡™╢↓

≤╩ ⇔⌂↑╣┌⌂╠⌂™⁹ ⁸♃fi◒─ │ ⌐ ╩ ≢ ∆

╢↓≤⅜ ╘╠╣≡™╢─╖≢№╡⁸ ⌐ ═≡ ⅜ ⌐ ⅝ ™≡™

⌂™─⅜ ≢№╢⁹↓╣╕≢─ ♃fi◒ ⅛╠─ ╩ ⇔√

⌐⅔™≡╙⁸ ⅛╠─ │ ⌐№╢↓≤⅜ ⅛∫≡™╢⁹

♃fi◒ ─ │ ⌐ ╪≢™╢╙──⁸ ⌂ ⅜ ↕╣≡™⌂™

⌐⅔™≡│ ─ ⅜ ╕⌂™↓≤⅜ ⅎ╠╣╢↓≤⅛╠⁸ ⅛╠─

⌂ ⅜ ↕╣╢⁹ 

  ≢│⁸ ⅛╠─ ─ ╩ ⇔≡⁸♃fi◒ ─

╩ ∆╢√╘⌐⁸ ≤↕╣╢ ─ ─№╡ ⌐≈™≡ ⇔⁸●▬

♪ꜝ▬fi≤⇔≡ ╡╕≤╘╢⁹ 

 

  

♃fi◒─ ⅛╠─ ─  

⌂ ─ ─№╡ ⌐ ∆╢  

─ ⌐ ╢●▬♪ꜝ▬fi─ ╡╕≤╘ 

 

♃fi◒─ ─ ⌐ ╢ ─  
ѝ 

♃fi◒─ ─  
ѝ 

─♃כ♦ ≤  
ѝ 

●▬♪ꜝ▬fi ─  
ѝ 

 

 

1.2- 1 ⱨ꜡כ 



 

  

  ⌐№√∫≡│⁸₈ ♃fi◒─ ─ ⌐ ╢●▬♪ꜝ▬fi─ ⌐

∆╢ ╩ ⇔⁸ ╩ ∫√⁹ 

  ─ │⁸ ─≤⅔╡≢№╢⁹ 

 

      

      

      

      

ה☻●       

        

      

      

     ♃fi◒  

       

 

   ♃fi◒  

     ♃fi◒  

     

     

 

 

  

  ─ │ ─≤⅔╡≢№╢⁹ 

 

  

 25 1 30  

 25 3 18  

  ⌂⅔⁸ ─ ⌐│⁸ ─ ⁸ ─ ╙

⇔√⁹ 

 

 

 



 

 

 ♃fi◒─ ─ ⌐ ╢ ─  

 ♃fi◒─ ─ ┘ ─  

  ♃fi◒│⁸ ⁸ ↔≤⌐♃fi◒╩ ⇔⁸ ─ ⌐

∫≡ ↕╣≡™╢⅛≥℮⅛╩ ∆╢↓≤⅜ ↑╠╣≡™╢⁹↓↓≢│⁸

♃fi◒─ ─ ⌐≈™≡ ∆╢≤≤╙⌐⁸ ≤ ─

─ ™⌐≈™≡╕≤╘╢↓≤≤∆╢⁹ 

⌐ ≠ↄ ─  

♃fi◒⌐ ∆╢ ─ ─ ⌐≈™≡│⁸ ⁸

┘ ⅜№╢⁹↓╣╠─ ─ ⌐≈™≡╕≤╘╢⁹ 

 

2.1- 1 ⁸ ↑╠╣≡™╢  

 ♃fi◒ 
/  

 
    

 

─

200  
 1  

┘

 

─  

⁸ ─  

┘

─  

 

⅜ ╘╠

╣√ │

 

 

1,000kl  

1 kl  
 10 13 β1  

─ ↕ 

 

 

 

 

 
1 kl  

 
7 8 β1  

─ ↕ 

 

 

 

 

β1 ♃fi◒ ┘ ♃fi◒─  

 

2.1- 2 ⌐⅔↑╢ ♃fi◒  

   
 ┘  

 

 

ⅎ™─     

⁸ ─     

┘

─  

⇔™ ⅜ ╘╠╣√

│⁸ ⌐╟╢  

  

►▬fi♪

כ♄כ●

┘  

⁸ ─     

┘

─  

   



 

    1,000kl ─ ♃fi◒│⁸ ─ ⌐⁸♃fi◒ ╩ ⇔

╛ ╩ ℮↓≤≤⌂╢⅜⁸ ─ ⌐≈™≡│⁸ ─

╙ ≢ ⌐ ↕╣⁸ ─ ⌐ ⇔⌂™ ⌐│ ─ ⁸ ⅜

↕╣╢↓≤≤⌂╢⁹ 

⇔⅛⇔⌂⅜╠⁸ ♃fi◒─ ─ ╩╖╢≤⁸♃fi◒ ─ ─

↕─ ≤ ─ ⌐ ∆╢ ⌐ ↕╣⁸ ⌐≈™≡│⁸ ⌐

╟╡ ⅜ ↕╣╢∞↑≢№╢⁹ 

  

⌐ ≠ↄ ⌐ ↕╣√  

⇔√╟℮⌐⁸♃fi◒ ─ ⌐≈™≡ ⌐ ↕╣≡™╢─│⁸

─ ─╖≤⌂∫≡™╢⅜⁸ ⌐│⁸ ╛ ⌐ ™ ─

╩ ⇔√ ⅜ ↕╣≡™╢⁹↓╣╠ ─ ⌐≈™≡

∆╢⁹ 

 

2.1- 3 ⌐ ↕╣√ ─  

   

S.54.12.25  

169  

─ ⌐⅔™≡ ⅜ ╘╠╣╢  

─♃fi◒≢ ⅛╠─ ⅜ ⌂╙─│⁸

♃fi◒ ⅛╠ ─300mm ╩

⌐ 100mm─ ⁸ ⌐ 2m─ ≢≤∫√

┘ ⅜ ╘╠╣╢  

 

H.14.5.15  

67  

►▫fi♪●כ♄כ ⁸ ⅜ ╕╡╛∆™  

⁹√∞⇔⁸ ─ ⌐ 

⅝ ♃fi◒│⁸ ⅝ ⌐  

╩ ⇔≡™╢♃fi◒│⁸  

 

─ │

 

♄꜠ ╩

⇔√ │

╩

⇔≡  

 

─╟℮⌐⁸↓╣╠ ≈─ ≢ ↕╣√ ─ ⌐≈™≡ ∆╢≤⁸

⁸ ≢ ∆╢↓≤≤⌂∫≡⅔╡⁸ ⅜ ╘╠╣√ ⌐ ∆

╢↓≤≤↕╣≡™╢⁹╕√⁸ ⅜ ↕╣≡™≡╙ ╩ ∆╢↓≤⌂ↄ⁸

│ ⌐ ↕╣⁸ ╩ ⇔√ ⅛╠─ ╩ ∆╢↓≤

⌐│⌂∫≡™⌂™⁹ 

 

 



 

 ─ ⌐ ∆╢↓╣╕≢─ ╖⌐≈™≡ 

 

⌐ ≢│⁸ ♃fi◒ ─ ─ ┘

─ ╩ ≤⇔√₈ ♃fi◒ ─ ⌐ ∆╢

₉╩ ⇔⁸ ⅜ ≤⇔≡╕≤╘╠╣≡™╢⁹ 

ⅎ≡⁸ ⌐│ ─ ≤⇔≡₈ ♃fi◒ ─

─ ≤ ⌂ ─№╡ ⌐ ∆╢ ₉╩ ⇔⁸ ╩ ∆╢

♃fi◒─ ╛ ⱨ꜡כ⌐≈™≡─ ⌂ ╩ ∫√≤↓╤≢№╢⁹ 

    ↓─↓≤╩ ╕ⅎ⁸ ⌐ ⌐₈ ♃fi◒─ ⌐ ╢

⌂ ⌐ ∆╢ ₉╩ ⇔⁸ ♃fi◒ ⌐⅔↑╢ ⇔╛∆

™ ⌐≈™≡ ⌂ ⅜⌂↕╣╢╟℮⁸ ⅜ ≢⅝╢₈ ♃

fi◒ ⌐ ╢♅▼♇◒ꜞ☻♩₉╩ ⇔√⁹ 

 

⌐⅔↑╢  

    ─ ≢─ ≢│⁸₈ ♃fi◒─ ⌐⅔↑╢ ─

⌐ ∆╢ ₉⅜ ≈─▪►♩ⱪ♇♩≤⇔≡ ↕╣≡⅔╡⁸∕─ ≢⁸

─ ≤⇔≡ᵑ ⁸ᵒ♃fi◒ ⁸ᵓ ⌐╟╢ ⅜

≤⇔≡ ↕╣≡™╢⁹ 

    ↓─ │⁸ ♃fi◒ ─ ⅎ™ ─ ╩ ╕ⅎ≈≈⁸ ₁⌂

╛ ╩ ™⁸ ╩ ⇔√ ≢ ↕╣≡™╢⁹ ≤

≤─ ─▬ⱷכ☺⌐≈™≡ 2.2- 1⌐ ∆⁹ 

 

 

 

14 ─ ─ ⌐ ≠ↄ ♃fi◒─  

♃fi◒─ ⌐⅔↑╢ ─

⌐ ∆╢   

♃fi◒ ─

⌐⅔↑╢ ⌐

≤↕╣╢  

♃

fi◒

─

─  

⌐⅔↑╢

♃fi◒

─

 

●☻

⁸ ⌐⅔™≡

⌐ ╦╣≡™

╢  

⌐⅔

↑╢

 

 
 

2.2- 1 ♃fi◒ ─ ⌐ ∆╢ ─ ▬ⱷכ☺ 

 



 

⌐⅔↑╢  

    ╕∏⁸ ⌐ ∫√ ≢─ ≢│⁸ ≢─ ≢─

╩ ╕ⅎ⁸ ⅜ ∆╢ ♃fi◒─ ─ ╛ ╩ ⇔

≡ ♃fi◒ ─ ⌐ ∆╢ ╩ ∫√⁹ 

∕─ ─ ≢⁸♃fi◒ ─ ⌐ ∆╢ ≤⇔≡⁸ ╩ ∆╢

♃fi◒─ ╛ ⱨ꜡כ ⌐≈™≡ ⇔≡™╢⁹∕─ ⌐≈™≡⁸ 2.2- 2

⌐ ∆⁹ 

 

2.2- 2 ╩ ∆╢♃fi◒─ ─  

 

    ╕√⁸ ⌐⅔↑╢ ≢─ ⌐⅔™≡│⁸ ♃fi◒⌐⅔

↑╢ ⇔╛∆™ ╩ ⌐ ∆╢√╘⁸♅▼♇◒ ∆╢ ╛

─ ╩ ⅎ⁸ ⅜ ≢⅝╢√╘─♅▼♇◒ꜞ☻♩╩ ⇔≡™

╢⁹ ♅▼♇◒ꜞ☻♩─ ╩ 2.2- 1⌐ ∆⁹ 

 

2.2- 1 ♃fi◒ ─ ⌐ ╢♅▼♇◒ꜞ☻♩  

 

 

 

 

 

 

 

 

 

 

 

 

ẽ ↄ╓╖ה♃fi◒ ≤─ ─ ⇔╛∆™ ╩ ⌐ ⇔≡™╢⅛

ẽ ─ ה╣ ה ╣ ─ ⌐≈™≡ ⇔≡™╢⅛

ẽ ►▫fi♪●כ♄כ≤♃fi◒ ─ ┼─ ⁸ ─ ⌐≈™≡ ⇔≡™╢⅛

ẽ ►▫fi♪●כ♄כ─ ⅝ ┼─◗Ⱶ─ ╛ ⁸ ─ ⌐≈™≡ ⇔≡™╢⅛

ẽ ►▫fi♪●כ♄כ─ ⅝ ⅛╠─ ∞╣─ ⌐≈™≡ ⇔≡™╢⅛

ẽ ►▫fi♪●כ♄כ◘ⱳכ♩ ─ ╙⁸ ⌐ ⁸ ─ ⌐≈™≡ ⇔≡™╢⅛

ẽ ↄ╓╖ה♃fi◒ ≤─ ─ ⇔╛∆™ ╩ ⌐ ⇔≡™╢⅛

ẽ ─ ה╣ ה ╣ ─ ⌐≈™≡ ⇔≡™╢⅛

ẽ ☻♥▫ⱨ♫כ≤♃fi◒ ─ ┼─ ⁸ ─ ⌐≈™≡ ⇔≡™╢⅛

ẽ ☻♥▫ⱨ♫כ─ ⅝ ┼─◗Ⱶ─ ╛ ⁸ ─ ⌐≈™≡ ⇔≡™╢⅛

ẽ ☻♥▫ⱨ♫כ─ ⅝ ⅛╠─ ∞╣─ ⌐≈™≡ ⇔≡™╢⅛

ẽ ☻♥▫ⱨ♫כ◘ⱳכ♩ ─ ╙⁸ ⌐ ⁸ ─ ⌐≈™≡ ⇔≡™╢⅛

ẽ ↄ╓╖ה♃fi◒ ≤─ ─ ⇔╛∆™ ╩ ⌐ ⇔≡™╢⅛

ẽ ─ ה╣ ה ╣ ─ ⌐≈™≡ ⇔≡™╢⅛

ẽ ≤ ─ ─ ⁸ ⌐≈™≡ ⇔≡™╢⅛

ẽ ⅝ ┼─◗Ⱶ─ ה ⌐≈™≡ ⇔≡™╢⅛

ẽ ⌐≈™≡ ⁸ ─ ╩ ⇔≡™╢⅛

ẽ ╡ ☺כ♥☻┘ ♃fi◒≤ ⇔≡™╢ ─ ⁸ ─ ╩ ⇔≡™╢⅛

ẽ ►▫fi♪●כ♄כ ≤─ ┼─◗Ⱶ─ ╛ ⁸ ─ ⌐≈™≡ ⇔≡™╢⅛

ẽ ►▫fi♪●כ♄כ ≤─ ≤ ─ ⌐≈™≡ ⇔≡™╢⅛

ẽ ┼─◗Ⱶ─ ╛ ⁸ ─ ⌐≈™≡⇔≡™╢⅛

ẽ ♃fi◒ ⌐≈™≡⁸ ─ ╩ ⇔≡™╢⅛

ẽ ⱡ☼ꜟהⱣꜟⱩ ─♃fi◒ ─ ⁸ ╩ ⇔≡™╢⅛

ẽ ─ ┘ ╩ ⇔≡™╢⅛

ẽ ⌐≈™≡ ┘ ╩ ⇔≡™╢⅛

ẽ ה ┘ⱡ☼ꜟהⱣꜟⱩ ◓fi◐כ◖─ ─ ╩ ⇔≡™╢⅛

ẽ ─Ⱳꜟ♩ ─ ╖⁸ ⁸ ⌐≈™≡ ⇔≡™╢⅛

ẽ ─ ─ ╖⁸ ⁸ ⌐≈™≡ ⇔≡™╢⅛

ẽ ─ ─ ⁸ ⌐≈™≡ ⇔≡™╢⅛

ẽ ─ ┘ ⌐≈™≡ ⇔≡™╢⅛

. ♃fi◒

.

.►▫fi♪●כ♄כ

.☻♥▫ⱨ♫כ

.

.

. ┘



 

╕≤╘ 

┘ ≢─↓╣╕≢─ ≢│⁸ ─ ♃fi◒─

╩ ⇔⁸ ╛ ⌐╟╢ ╩ ∆╢√╘─ ⁸ ⌂ ╛

⌐≈™≡ ╩ ∫≡⅝√≤↓╤≢№╢⁹ 

⇔⅛⇔⌂⅜╠⁸ ╩ ↓⇔≡™⌂™ ♃fi◒⌐ ∆╢ ─ ╕≢⌐

│ ∫≡⅔╠∏⁸ ⅜ ♃כ♦╢™≡∫ ─ ⌐ ╕∫≡™√↓≤⅛

╠⁸ ⁸ ♃fi◒─ ─ ⇔™ ─ ╩ ™⁸ ⌂●▬♪

ꜝ▬fi⌐ ↑√ ⌐ ∆╢↓≤≤⇔≡™╢⁹ 

 

 ─ ╖  

  ⌐⅔↑╢₈ ♃fi◒₉ ─ ⌂ ╖ ⌐≈™≡│⁸₈

♃fi◒ ─ ⌐ ∆╢ 17

₉─ ≢ ↕╣≡™╢⁹ 

↓↓≢│⁸↓─ ─ ≢ ↕╣≡™╢ ─ ╖⌐ ⅎ⁸ √⌂

╖ ⌐ ∆╢ ≤ ╦∑≡⁸№╠√╘≡ ╩ ∫√⁹⌂⅔⁸

─ ╖ ⌐≈™≡│⁸ ─ ⌐ ⅜⌂⅛∫√↓≤⅛╠⁸ ─

─ ╩∕─╕╕ ⇔≡™╢⁹ 

 ⌐⅔↑╢ ╖ ⌐≈™≡ 

      ≤╙₈ ₉⌐ ≠⅝ ╩ ⇔⁸ ╩ ⇔≡™╢⁹

╕√⁸ ⁸ ♩ꜝⱩꜟ ╩ ⌐ ∂≡ ⇔≡™╢⁹ 

    ─ │ ─≤⅔╡≢№╢⁹⌂⅔⁸ ⅜ ⇔≡ ─ ≡─

╩ ≢ ⇔≡™╢╦↑≢│⌂™⁹ 

▪  

     ┘ ⁸ ⌂≥╩  

    ( )  ⌐≈™≡⁸ 169 ₈ ♃fi◒ ─ ⌐≈™

≡ 54 12 25 ₉⌐ ⇔√ ≢ ╩  

    ( )  ⌐≈™≡⁸ ™⌐ ≢ ⅛╠ ⁸

⅜ ╘╠╣√ │ ╩  

    ( )  ⅝♃fi◒│⁸ ─ ⌐╟╡⁸ ⇔≡ ╩  

    ( )  ⅝ ♃fi◒│⁸ ⌐ ⅛╠─ ╩  

    ( )  ►▬fi♪●⁸כ♃כⱡ☼ꜟ ⁸ ↑ ⁸ ◘ⱳה♩כꜝ◓ ↑

⌂≥⁸ ⌂≥≢ ⇔╛∆™ ─      

▬ ♃fi◒  

     Ɽ♩꜡כꜟ( ⁸ │ ⌐ )⌐╟╢  

► ∕─  

     ─ ⁸ ⁸  



 

◄ √⌂ ╖  

ה      ≤⇔≡⁸2 / ≢ ≤ ⅜ ⇔≡ ⇔⁸ ⌐≈™

♪כ꜠◓│≡ ⇔≡ ⌐    

ה      ⅝♃fi◒│⁸ ╡╛ ─ ↑ ⁸ ⅜ ⇔

╛∆™ ╩ ⌐ ∑≡ ╩ ⇔⁸ ⌐≡ ╩

 

כ♃כ●♪fi▬►ה      ─ ⌐≈™≡│⁸◌ⱷꜝ ─ ╩  

₈ה      ♃fi◒─ ⌐ ╢ ⌂ ⌐ ∆╢

24 ₉╩ ⇔⁸ ─ ─ ⌐

 

 

⌐⅔↑╢ ╖ ⌐≈™≡ 

    ≤⇔≡ ≢─ ╖│ ∫≡™⌂™⁹ 

─ ╖ ─ ⌐≈™≡ ⌐ ∆⁹⌂⅔⁸ ⇔√ ≢│⁸

─ ─≤⅔╡─ ⅜ ↕╣≡™√⁹ 

▪  

     ≤╙ ⌐⅔™≡⁸ ⁸ ⁸ ╩ ⇔≡™╢⁹ 

    ( )  ⌂⇔♃fi◒ 

       

       169 ⌐ ⇔√ ≢ ╩ ⁸ ⅜ ╘╠╣

√ │ ╩  

       ┘ MT ╩ MT │▪♬ꜙꜝ ≤

─ ⁸ ─ ╦∑ ┘ ∆╢ⱴfiⱱ

ꜟכ ┘ⱡ☼ꜟ ╩⁸ ⌐ ⅛╠  

      2  

       ™ ≢ ⁸ ⅛╠ ⁸ ⅜ ╘╠╣√

│⁸ ╩  

       ⌐≡ ⁸ ⁸ ╩ ⁸ ⌐ ∂⁸

╩ ⇔⁸ ─ ─ ╩  

    ( )  ⅝♃fi◒ 

      ( )─ ⌐ ⅎ≡ ─ ╩  

ה       │ ꜞfi◓⁸ꜝ◓ ⁸ ─ ⇔╛∆™ ─ ⁸

╩  

ה       ─ ⌐ ∂⁸ ╩ ⁸ ╩ ⇔⁸ ⁸

╩  

 



 

▬ ♃fi◒  

     ≤╙ ⌐⅔™≡⁸ ┘ Ɽ♩꜡כꜟ ⌐╟╡

─ ╩ ⇔≡™╢⁹ 

    ( )   

      1 2 / ⁸ ⅎ™⁸ ⁸ ┘ ╩ ⌐≡

⁸ ⌐ ∂ ─ ╩  

    ( )   

      ₁─ ⌐╟╢Ɽ♩꜡כꜟ≢ ⅎ™⁸ ⁸ ╩  

► ∕─  

     ─꜡Ⱳ♇♩ ⌐╟╢ │ ─ ≢♥☻♩ ⌐ ⇔√ ⅜

№╢⅜⁸ ⌐│ ⌂⇔⁹ 

 

⌐⅔↑╢ ╖  

    ≤⇔≡ ≢─ ╖│ ∫≡™⌂™⁹ ╩

⇔⁸ ⌐ ∂≡ ⇔≡™╢⁹ 

│ ─ ⌐ ≠⅝ ╩ ⇔⁸ ╩ ⇔≡™╢⁹

─ │ ─≤⅔╡≢№╢⁹ ⇔⁸ ⅜ ─ ≡─ ╩ ≢

⇔≡™╢╦↑≢│⌂™⁹ 

▪  

ה     ⁸ ⁸ ⁸ ╩ ⇔≡™╢⁹ 

ה ⌐≈™≡⁸ 48 ₈ ─ ⌐ ∆╢ ─

⌐≈™≡( 28 ₉⌐ ∂√ ─ ╩ ™⁸ ⇔™

⅜ ╘╠╣√ │⁸ ╩ ⇔≡™╢⁹     

▬ ♃fi◒  

     ⌐╟╢ ╩ ⇔⁸ ─ ⁸ ─ ┘

⁸ ┼─ ─ ╩ ⇔≡™╢⁹ 

 

 

 

 

 

 

 

 

 

 



 

 ♃fi◒─ ─  

₈ ⌐ ╢ ₉╟╡⁸ 49 ⅛╠ 22 ╕≢─ 37

─ ♃fi◒⌐⅔↑╢♃fi◒ ┘ ⅛╠─ ╩ ⇔

⁸♃fi◒ ⁸ ┘ ⌐⅔↑╢ ⅛╠─

₈ ₉≤™℮⁹ ─ ⅛╠ ה ╩ ∫√⁹ 

 ─  

♃fi◒⅛╠─ ╩ ≤ ≤⌐ ↑⁸ ─ ╩ ∆≤

3.1- 1─≤⅔╡≤⌂╢⁹ 49 ⅛╠ 22 ╕≢⌐ ⇔√ ♃fi◒⅛╠─

─ │ 163 ≢№╡⁸∕─℮∟ ⅛╠─ │ 100 ⁸ ⅛╠─ │

63 ≤⌂╢⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

╕√⁸ 3.1- 1⅛╠ 1,000kl ─ ♃fi◒─╖╩ ∆╢≤⁸ 3.1- 2

─≤⅔╡≤⌂╢⁹ ♃fi◒⅛╠─ ─ │ 60 ≢№╡⁸∕─℮∟

⅛╠─ │ 32 ⁸ ⅛╠─ │ 28 ≢№∫√⁹ 

 

 

 

 

 

 

 

 

 

 

 

3.1 - 1 ♃fi◒─ ─  

3.1 - 2 ♃fi◒─ ─  



 

⌐⁸ 3.1- 1 ╩ ⌐ ∆╢↓≤≤⇔⁸₈ 49 ⅛╠ 63 15 ₉

─₈ ₉≤₈ ⅛╠ 22 22 ₉─₈ ₉⌐ ⇔≡╖╢≤⁸

3.1- 3 ⌐ ∆≤⅔╡≤⌂╢⁹ ⅛╠─ ⌐ ∆╢≤⁸₈ ₉─ 23% 17

/ 74 ⌐ ⇔₈ ₉─ 52% 46 / 89 ≤⁸₈ ₉│ ⅛╠─ ─

─ ⅜ ≢№╢⁹ 

 

 

 

 

 

 

 

 

 

 

 

⌐⁸ 3.1- 2─ ♃fi◒╩₈ ₉≤₈ ₉⌐ ⇔≡╖╢≤⁸

3.1- 4─≤⅔╡≤⌂╢⁹ 

 

 

 

 

 

 

 

 

 

 

 

♃fi◒│ 52 ─ ─ ⌐╟╡⁸ ─ ⅜

↑╠╣⁸ 63 ╕≢⌐ ─ ─ ╩ ∆╢↓≤≤↕╣√⁹ 

♃fi◒│ ⅛╠ 63 ╕≢─ ⌐⁸ │♃fi◒ ─

╩ ⇔≡™╢↓≤⌐⌂╢⁹⇔√⅜∫≡⁸ ♃fi◒─ ⅛╠─ ─

⅜₈ ₉≤ ⇔≡₈ ₉≢│ ⌐ ⇔√≤ ⅎ╠╣╢⁹ 

 

 

3.1 - 4 ♃fi◒─ ─ ─ ─  

3.1 - 3 ♃fi◒ ─ ─ ─  

  

  

 



 

 ⅛╠─ ─  

⅜ ⇔√ ♃fi◒ 163 ⌐≈™≡⁸ ╩╖≡╖╢≤⁸

─ │ ─ ≤ ─ ≢№╢⅜⁸ │ ≡ ⌐ ∆╢╙─

≢№╢↓≤⅜╦⅛╢⁹⇔√⅜∫≡⁸ ⅛╠─ ╩ ⌐ ←⌐│⁸ ─

⌐≈™≡ ⌐ ∆╢↓≤⅜ ≢№╢≤ ⅎ╠╣╢⁹ 

∕↓≢⁸ ≢ ∆ ⅛╠─ ⅜⅔⅝√♃fi◒ 63 ─℮∟⁸ ⅜

≢№∫√ 10 ╩ ↄ 53 ─♃fi◒⌐≈™≡⁸≥─╟℮⌂ ≢ ⅜ ⇔

√⅛ ∆╢⁹ 

 ─ ─  

≤ ─≥∟╠─ ⌐╟╡⁸ ⅜ ⇔√─⅛ ⇔≡╖╢≤⁸

3.2- 1⌐ ∆≤⅔╡⁸ ⌐╟╢ ⅜ ™↓≤⅜ ⅛╢⁹ 

 

 

 

 

 

 

 

               3.2- 1  

 ⌐╟╢ ─ ─  

≤ ╩ ⌐ ∆╢ 3.2- 2 ⁹ │⁸

⅜ ™⅜⁸™∏╣─ ⌐╙ │ ⇔≡™╢⁹ ╩╖╢≤⁸

⅛ ⅝ ≢ ⇔≡⅔╡⁸ ⅝ ♃fi◒⌐│ │ ╠╣⌂

™↓≤⅜╦⅛╢⁹↓╣│⁸ ⅝ ♃fi◒│⁸ ⅜ ↕╣≡⅔╠∏

⅜ ─ ⌐ √╢↓≤╛ ⅜ ⌐↕╠↕╣≡™╢↓≤ ⁸

─ ≤⌂╢ ⅜ ↕╣⌐ↄ™√╘ ⌐™√╢╒≥─ │

⇔⌂™≤ ⅎ╠╣╢⁹ 

                            

 

 

 

 

 

 

 

  3.2- 2  



 

─  

≤ ≤⌐ ↑⁸≥─ ≢ ⅜ ⇔√─⅛╩ 3.2- 3⌐╕≤

╘╢⁹ ─ ─℮∟⁸ ≤│⁸►▫fi♪●כ♃כ╛ ⅜

╡ ↑╠╣≡™╢ ╩ ∆⁹╕√⁸ ─℮∟⁸ │⁸ ╟╡

─ ≢│⌂ↄ⁸ ה ⁸ ≤⌂╡ ╢ ≤⇔≡ ⇔√⁹ 

  

 

 

 

 

 

 

 

 

 

 

⌐╟╢ ─ │⁸ ⅜ ≤⌂∫≡™╢⁹

≢ ↄ─ ⅜ ↓╢ │⁸ ⅜ ╡ ↑╠╣≡™╢↓≤

⌐╟╡⁸ ⅜ ⇔≡╙ ⌐ ∆╢↓≤⅜≢⅝⌂™≤™℮ ⅜№→╠╣╢⁹

╕√⁸ ─ ╩╖≡╖╢≤⁸ ╛ ⌐╟╢ ⅜ ⌐

⇔⁸ ⅜ ∆╢≤™℮╙─≢№∫√⁹ 

╕√⁸ ─ ⌐ ™ │⁸ ≢№╢⁹ ─

│⁸ ─ ⌐ ─ ⌐╟╡ ⇔√╙─≢№∫√⁹

⅜ ╡ ™≡™√⅛≥℮⅛│ ≢№╢⅜⁸ ─ ≢╙ ⅜ ⇔≡

™╢⁹ 

│⁸╒≤╪≥ ≢ ⇔≡⅔╡⁸ │ ≤ ↕╣≡™

╢⁹ ⅜ ⇔√ │⁸ ⌐≈↑√ ⅜ ≢≤╡≈™≡™

√↓≤⌐╟╢ ⌐╟╢╙─≢№∫√⁹ 

 

 ⅛╠─ ─  

▪ ⅝ ♃fi◒─  

─ 152≢│⁸ ⅝ ♃fi◒─

mm⌐ ⌐╟╢ ⅜ ⇔ ⅜ ⇔√⁹↓─ │♃fi◒─

⅛╠ 13 ≢ ⅜ ⇔√⁹ ♃fi◒│ ─ ─ ↄ⌐ ↕╣≡

⅔╡⁸ ⅝ ♃fi◒│ ⌐╟∫≡⁸ ⅛╠─ ─ ⌐

╟╡ ─ ⅜ ↄ ∆╢ ⅜№╢⁹ 

 

 

 

 

3.2- 3 ⅛╠ ⅜ ⇔√  



 

╩◓fi▫♥כ◖ ▬ ⇔√ ─  

│◓fi▫♥כ◖─ ⌐ ↕╣╢ ⅜ ™⅜⁸ ─√╘

╩◓fi▫♥כ◖≢╕ ⇔≡™╢╙─╙№╢⁹ 129≢│⁸ 10

mm─◖כ♥▫fi◓ ⌐⅔™≡ ⅜ ⌐ ⇔≡ ⅜ ⇔

⅜◓fi▫♥כ◖⁹√ ↕╣≡™╢ ≢ ⅜◓fi▫♥כ◖⌐ ⇔√ ⁸

⌐ ⅜ ⇔ↄ ∆╢↓≤⅜№╢⁹ 

 

 ♃fi◒─ ⌐╟╢  

─ ♃fi◒─ ╩⁸ 1,000kl ─ ♃fi◒≤

♃fi◒⌐ ⇔≡ 3.3- 1⌐ ∆⁹ 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1,000kl ─ ♃fi◒│⁸ ⅜ 20 ╩ ⅎ╢≤ ⅜ ∆

╢⅜⁸ ♃fi◒│⁸30 ╩ ⅎ╢≤ ⅜ ∆╢ ⌐№╢⁹∕─

≤⇔≡⁸ ♃fi◒─ ─ │ ⅜ ⅝™╒≥ ↄ ↕╣╢√╘⁸ ⌐

╟╢ ─ ⅜⅔⅝√ ⁸ ♃fi◒╟╡╙ ™ ≢ ↕╣╢

1,000kl ─ ♃fi◒─ ⅜╟╡ ™ ≢ ⅜ ↓╢≤ ⅎ╠╣╢⁹ 

 

3.3- 1 ⅛╠─ ≤♃fi◒─  

1,000kl ─ ♃fi◒ 

♃fi◒ 



 

─♃כ♦  ≤  

 KHK ╠⅛♃כ♦ ╠╣╢ ─  

 ≢│⁸ ╛ ─ ⁸♃fi◒ ⌐

─ ╩≥─╟℮⌂ ≢ ⇔√─⅛ ⅝ ╡ ⇔≡™╢⁹ ╛ ╡

⌐≈™≡│⁸ ⌐ ─ ⅜ ≢⅝╢↓≤⅛╠⁸ │╒≤╪≥─♃fi

◒≢ ⅜ ↕╣⁸ ─ ⅜ ↕╣≡™╢─⅜ ≢№╢⁹ 

↓↓≢│⁸ ╛ ╡ ─ ⅛╠ ╕≢ ₈ ₉

≤™℮⁹ ─ ⌐≈™≡⁸ 22 4 ⅛╠ 24 12 ─ ⌐ ⇔√♃

fi◒─ ⅝ ╡ ╩ ⇔⁸ ─ ╩ ה ∆╢↓≤≤∆╢⁹ 

─ ─  

 ⇔√ ─℮∟⁸ ≤ ╩ ⇔√♃fi◒ 1,314

⅛╠⁸ ─ ╩ ∆╢↓≤⅜≢⅝√⁹♃fi◒ ⌐⁸ ─

─ ╩ ╠⅜ ⇔√⅛≥℮⅛╩ ⇔√╙─⅜⁸ 4.1- 1 ⌐⌂╢⁹

4.1- 1 ⌐ ∆₈ ₉♃fi◒≤│⁸ ⁸ ─╖⌐ ╦╠∏⁸╕√⁸►▫

fi♪●כ♄כ ─╖ ⁸ ⌂ ╩ ⇔√♃fi◒╙₈ ₉♃fi◒≤⇔

≡⁸ ╩ ⇔√⁹≈╕╡⁸ ─ ╩ ⇔╟℮≤™℮ ⅜№∫

√♃fi◒╩₈ ₉♃fi◒≤⇔≡™╢⁹ 

 4.1- 1 ╩╖╢≤⁸ ⌐ ─ ╩ ⇔√♃fi◒│⁸ ⌐

∆╢ 269 ≢№∫√⁹♃fi◒╩ ⇔√ ─♃fi◒⅜⁸ ╩ ⇔≡™

⌂™↓≤⅜ ⅛∫√⁹ 

 

 

 

 

 

 

 

4.1- 1 ─  

─  

 ─ ╩ ⇔√♃fi◒ 269 ─℮∟⁸ ─ ⁸ ─

⌐≈™≡╕≤╘√╙─⅜⁸ 4.1- 2⌐⌂╢⁹ 

    ╩ ⇔√♃fi◒─ │⁸ ↕─ ⌐ ╦╠∏⁸ ╠⅛─

⅜ ╘╠╣√↓≤⅜ ⅛∫√⁹ 

 

 

 



 

 

 

 

 

 

 

 

 

─  

    4.1- 2 ─ ⅜ ╘╠╣√♃fi◒ 243 ─℮∟⁸∕─ ↕─ ≤ ─

╩╕≤╘√╙─⅜⁸ 4.1- 3 ⌐⌂╢⁹ │⁸ ─ ↕⅜ ⇔√

─ ─ ⌐ ∆╢ ↕≤⇔≡™╢⁹ 

 ⅜ ╘╠╣√ 243 ─℮∟⁸ ™ 115 ⅜ ─ 50 ⇔≡

⅔╡⁸∕─℮∟─ 37 │⁸ ─ 80 ⅜ ⇔≡™√⁹↕╠⌐⁸37 ─

℮∟⁸13 │ ⇔≡™√⁹ 

 

 

 

 

 

 

 

4.1- 3 ─  

↕ ∕─ ─  

 

    ─ ╩╕≤╘╢≤⁸↓↓ ⌐ ⇔√♃fi◒≢⁸ ─ ╩

⇔√♃fi◒│ ⌐ ⅞⌂™↓≤⅜ ⇔√⁹╕√⁸⌂╪╠⅛─ ≢ ╩

⇔≡╖╢≤⁸ ─♃fi◒≢ ⅜ ╘╠╣⁸ ™♃fi◒│ ─ 50

─ ⅜ ╘╠╣√⁹ 

 

 KHK ╠⅛♃כ♦ ╠╣╢ ─ ─ ┘ ♃fi◒─  

 KHK ╠⅛♃כ♦ ╠╣╢ ─  

19 ⁸ ≢│⁸ ╩ ⇔√ ♃

fi◒─ ≢ ⌐ ⇔™ ⅜ ↕╣√ ⌐≈™≡⁸∕─ ╩ ♃כ♦⇔

╩ ≡™≈⌐♃כ♦─╠╣⧵⁹╢™≡⇔ ┘ ╩ ∫√⁹ 

19 4 ⅛╠ 24 12 ╕≢⌐ ╩ ∫√ 3023 ─℮∟⁸ ⌐

4.1- 2 ╩ ⇔√♃fi◒─  



 

⇔™ ─ ⌡ 1/2 ⅜ ↕╣√ 208 ─♃fi◒⌐≈™≡⁸♃

fi◒ ⁸ ⁸ ⁸ ↕⁸ ⁸ ─ ⌐≈™

≡ ⇔√ ⁹ 

▪ ─  

    ( )   

⅜ ⇔ↄ ⇔≡™√♃fi◒ 188 ─℮∟ ─ ╩ ⇔

√ ╩ 4.2- 1 ⌐ ∆⁹ ─ │⁸₈ ₉ ┘₈

₉⅜ ↄ⁸ ╦∑╢≤ ╩ ╘≡™╢⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

⌐╟╡ ⅜ ⇔√ ≤ ⇔™ ⅜ ↕╣√♃fi

◒─ │ ⌂ ≢№╢↓≤⅛╠⁸↓╣╠─ ─ ╩ ⌐

∆╢↓≤≢ ⌐╟╢ │ ⌐ ←↓≤⅜≢⅝╢≤ ⅎ╠╣╢⁹ 

⌐╟╢ ─ │ ≢ ⇔≡™╢⅜⁸ ⇔

™ ⅜ ↕╣√♃fi◒≢│ ≢№╢⁹↓╣│⁸ ─ ⅜

↕╣≡™╢♃fi◒⅜ ⌂™⅛╠≢│⌂™⅛≤ ⅎ╠╣╢⁹ │⁸

⌐╟╡ ⌐ ⅜ ⇔ ⅜ ↕╣≡ ⇔√╙─∞∫√⁹ 

⅛╠─ │ ≢№╢─⌐ ⇔≡⁸ ⇔™ ⅜

↕╣√♃fi◒≢│ ≤⌂∫≡™╢⁹ ⇔™ ⅜ ↕╣√♃fi◒

─℮∟ ─♃fi◒│►▫fi♪●כ♃כ≢ ↕╣≡™╢⁹↕╠⌐⁸

╩╖╢≤ ⅜ ⅝ ♃fi◒≢№╢↓≤⅜ ⅛╢⁹ 

( )   

⅜ ⇔ↄ ⇔≡™√♃fi◒ 20 ─℮∟ ─ ╩ ⇔

√ ╩ 4.2- 2⌐ ∆⁹ 

 

4.2- 1 ─ ─  



 

 

 

 

 

 

 

 

 

 

⌐╟╡ ⅜ ⇔√ ≤ ⇔™ ⅜ ↕╣√♃fi

◒─ │ ⌂ ≢№╢↓≤⅛╠⁸↓╣╠─ ─ ╩ ⌐

∆╢↓≤≢ ⌐╟╢ │ ⌐ ←↓≤⅜≢⅝╢≤ ⅎ╠╣╢⁹ 

₈ ₉≤ ⅎ╠╣╢ ─ ≢ ⇔√ ⅜ ╙ ↄ ╩

╘≡™╢⁹ ╩╖≡╖╢≤⁸ ≤ ─ ⌐╟╢╙─≤ ⇔

≡™╢ ⅜ ™⁹ 

≢ ⇔™ ⅜ ⇔≡™╢ ╩╖╢≤⁸ ≢ ⇔≡™╢╙─

⅜ ≢№╢⁹ ─ │♃fi◒ ─♪꜠fi╛☻ꜝ♇☺ ─ ⌐╟╡

─ ≤ ⁸ ⇔™ ⅜ ⇔╛∆™ ≢№╢⁹ 

─℮∟ ≢ ⇔™ ⅜ ⇔√♃fi◒ ⌐≈™≡ ╩╖

≡╖╢≤⁸ ─ ⅜ 1.0 ╩ ⅎ╢╙─╩ ⇔≡⅔╡⁸♃fi◒ ─

⅜ ⌐ ⇔≡ ⇔√╙─∞∫√⁹ 

▬  

⇔™ ⅜ ⇔≡™√♃fi◒─ ↔≤─ ⌐≈™≡ ⇔√

╩ 4.2- 1⌐⇔╘⇔⁸ ─ ╩ 4.2- 3 4.2- 7⌐⇔╘∆⁹ 

 

4.2- 1 ─  

 
 

mm/  
 

mm/  
 

mm/  
 

mm/   
 

 

  0.1
0.15  

0.188 0.83 0.16 0.11 70 

 0.15
0.2  

0.159 0.28 0.16 0.05 106 

 0.15
0.2  

0.151 0.23 0.17 0.07 11 

  0.05
0.15 

0.10 0.19 0.09 0.04 15 

 0.1
0.2  

0.185 0.34 0.18 0.09 5 

≢ ⇔√♃fi◒─℮∟ ⅜ ⌂╙─⅜ №∫√⁹ 

4.2- 2 ─ ─  



 

( )   

  

─ │⁸0.1 0.2 mm/ ─╙─⅜ ™⁹╕√

⅜ ⌐ ⇔√ │0.4 0.8mm/ ─ ↕≢ ∆╢ ╙№

╢↓≤⅜╦⅛╢⁹ 

  

─ │⁸0.1 0.2 mm/ ─╙─⅜ ™⁹╕√⁸

⌐ ↄ ∆╢ │╖╠╣⌂™⁹ 

  

─ │⁸ │ ⌂™╙──⁸ ⁸ ┘ ╩╖

╢≤⁸ ≤ ⌂ ≢№╢⁹ 

( )   

  

─ │ ⌐╖╢≤ ↕™⁹√∞⇔⁸

≢ ⇔√ ⌂ ─ ╙№╢─≢ ⅜ ≢№╢⁹ 

  

─ │⁸ │ ⌐ ⇔√ ≢№╢⁹ ⌐

⇔√ │ 0.15 0.34 mm/ ≤ ™ ≤⌂∫≡™╢⅜⁸ ⌐

⇔√ │⁸0.07mm/ ≤∕╣╒≥ ™ ≤│⌂∫≡™⌂™⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.2- 3 ─ ─  

0.188mm/y  

 

4.2- 4 ─ ─  

0.159mm/y  

0.28mm/y  

0.83mm/y  

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.2- 5 ─ ─  

0.151mm/y  

4.2- 6 ─ ─  

0.23mm/y  

0.1mm/y  

0.19mm/y  

4.2- 7 ─ ─  

0.185mm/y  

0.34mm/y  



 

► ⌐ ∆╢ ─  

( )   

  

─ 163─ ≢│⁸ ╩ ⇔≡⁸ ─

╩ ⇔√⁹∕─ ╩ 4.2- 8 ⌐ ∆⁹ │

6.0mm ⌐ ↕ 4.5mm 1.5mm ─ ⅜№∫√⁹ ⌐

∆╢ │ ⇔⁸⅛≈ ⌐ ⇔≡™╢↓≤⅜╦⅛╢⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

(a)   

176 ─ ≢│⁸ mm

─ ╡ ╡ ↑ ─ ↑ ⅜ ⌐╟╡ ⇔≡⁸ ⅜

L ⇔√⁹ │ 0.19mm/ ≤∕╣╒≥ ⅝ↄ│⌂™⅜⁸

─ ╩ ╢≤ ⅜ ⇔≡™╢⁹ ⅜ ⇔√№≤⌐⁸

─ ╩ ⇔√ ╩ 4.2- 9⌐ ∆⁹ ╛◘ⱳ

♩כ ⌐ ⅜ ⇔≡™╢⁹╕√⁸ │ ⌐ ↕╣

√ ♃fi◒≢№╢⅜⁸ ♃fi◒≢№∫≡╙ ⅛╠ 30 ⇔≡

™╢≤ ─ ⅜ ∆╢↓≤⅜ ⅛╢⁹ 

 

 
 

4.2- 8 ─ ─

 

4.5mm  



 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(b)  ►▫fi♪●כ♃כ  

─ 203 ─ ≢│⁸►▫fi♪●כ♃כ ─ ─

╩ ⇔≡™╢⁹∕─ ╩ 4.2- 10⌐ ∆⁹ │

9.6mm⌐ ↕ 5.5mm─ ⅜№∫√⁹►▫fi♪●כ♃כ─

↑ ╛∕─◘ⱳכ♩ ⌐╙ ⅜ ⇔≡™╢⁹ 

 

 

 

 

 

 

 

 

 

4.2- 9 ─ ─  

4.2-10 ►▫fi♪●כ♃כ ─ ─  

 



 

  

149 ─ ≢│⁸ │

4.5mm ⌐ ↕ 3.3mm 1.0mm ─ ⅜№∫√⁹∕─ ╩ 4.2- 11

⌐ ∆⁹ ⅜ ⇔≡ ⇔√ ⁸ │∕╣╒≥ ↄ│⌂™⅜⁸

⌐╦√╡ ⅜ ∆╢≤ ─ ⅜№╢⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

( )   

 ♃fi◒  

41 ─ ≢│⁸ │

8.0mm ⌐ ↕ 5.1m 2.9mm─ ⅜№∫√⁹∕─ ╩ 4.2- 12

⌐ ∆⁹↓╣│⁸꜡Ⱳ♇♩╩ ⇔≡♃fi◒ ⅛╠ ─ ╩

⌐ ⇔√ ≢№╢⁹ ⌐╟╡ ─ ╩ ⇔≡⅔╡⁸

⅜ 6.5mm №╢ ⁸ ⅜ 3.1mm ≢⁸ ќ

ќ ќ ⌐ ⅜℮≈╢╒≥ ⅜ ↄ⌂∫≡™╢↓≤╩ ⇔≡™╢⁹↓─

⅛╠⁸ ↄ─ │ ≢⁸4.8mm ─ ⅜ ↕╣≡™╢⅜⁸

⌐ ─ 3.1mm ⅜№╢↓≤⅜╦⅛╢⁹↓─╟℮⌂ ⌂ │

─ ╩ ⇔⌂↑╣┌ ≢⅝⌂⅛∫√⁹ ─ ─ ╩╖≡╙

⌂ ≢№∫√⁹ 

 

 

 

 
4.2- 12 ─ ─  

4.2- 11 ─ ─  

↕ 

3.3mm 

↕ 

2.2mm 

↕ 

2.0mm 



 

 ⅝ ♃fi◒  

124 ─ ≢│⁸ ⌐ ╩ ⇔≡

╩ ⇔√⁹ ─ │ ⌐⅔╟┘⁸ ⁸ │ ⌐ ⅜

⇔≡™√⁹ │ 4.5mm⌐ ↕3.7mm 0.8mm

─ ⅜№∫√⁹ │ 0.1mm/ ≤∕╣╒≥ ↄ│⌂™⅜⁸ ⅜

∆╢ ≢№∫√⁹ 

◄ ⇔™ ⅜ ↕╣√♃fi◒─ ─  

⅛╠ ─ ⌐≈™≡ ─№╢╙─╩ ∆╢⁹ 

( )   

  

─ │ ─ ╕√│⁸꜡ Ⱳ♇♩╩ ™≡ ⅛

╠ ─ ╩ ⇔≡ ╩ ⇔≡™╢⁹ 

  

►▫fi♪●כ♃כ─ ↑ ─ │⁸►▫fi♪●כ♃כ ⅛╠─ ╛

꜡Ⱳ♇♩╩ ™≡ ⅛╠►▫fi♪●כ♃כ ╡ ─ ╩

⇔≡ ╩ ⇔≡™╢⁹►▫fi♪●כ♃כ─ ╛ ◘ⱳכ♩ │◗

fi♪ꜝ╛ ⅛╠─ ╩ ⇔≡ ╩ ⇔≡™╢⁹ 

  

◘ⱦ⅜ ↄ≢≡™╢ │⁸ ╛◗fi♪ꜝ ⅛╠─ ╩ ⇔≡

╩ ⇔≡™╢⁹ 

( )   

  

♃fi◒ ⌐ ╩ ⇔≡ ─ ╕√│⁸♃fi◒─ ⌐≈™≡꜡

Ⱳ♇♩╩ ™≡ ⅛╠ ─ ╩ ⇔≡ ╩ ⇔≡™╢⁹ 

  

♃fi◒ ─ ─ ─ ⌐ ↕╣≡™╢⁹ 

 

KHK ╠⅛♃כ♦ ╠╣╢ ♃fi◒─  

≢ ⁸╠⅛♃כ♦╢™≡⇔ ♃fi◒─ ⅛

╠─ ─ ╩ 4.2- 13⌐ ∆⁹ ♃fi◒│ ⌐╖≡╙ 40

⇔≡⅔╡⁸30 ⇔≡™╢╙─⅜ ™↓≤⅜╦⅛╢⁹ 

 

 

 

 

 

 

 

 

 

↕ 

3.7mm 

⅛╠─  

40  

23  

4.2- 13 ♃fi◒─ ─  



 

 ♃fi◒─ ─ ⌐ ╢●▬♪ꜝ▬fi⌐≈™≡ 

 ╕≢─ ⅛╠⁸ ♃fi◒⅜ 30 ╩ ⅎ╢≤ ⅜ ∆╢

⅜№╢↓≤⌐ ╖⁸∕─ ⌐ ╩ ∆╢ ⅜№╢╙─≤ ⅎ╠╣╢⁹╕√⁸

⅜ ≤⌂╢ ⌐≈™≡╙ ╠⅛⌐⌂∫√↓≤╩ ╕ⅎ⁸ ─ ┘

∕─ ⌐≈™≡ ╩ ™⁸₈ ♃fi◒─ ─ ⌐ ╢●▬♪ꜝ▬

fi₉≤⇔≡≤╡╕≤╘√╙─╩ ⌐ ∆⁹ 

 ⌂⅔⁸ ⌂ ♃fi◒⅛╠─ │ ⅜ ≢№╢↓≤⁸╕√⁸ ⌂

─ │♃fi◒ ⌐ ℮ ⅜№╢↓≤⅛╠⁸ ╩ ∆╢ ╩

♃fi◒≤⇔≡●▬♪ꜝ▬fi╩ ⇔√≤↓╤≢№╢⁹ 

 

 ●▬♪ꜝ▬fi─  

─ ♃fi◒⌐ ∆╢ │⁸ ⅛╠─ ⅜ ≢⁸ ╛

╣⌐ ∆╢ ⅜ ╙ ⇔≡™╢ ─ ה ╩

⌐ ╦╣≡⅝√⁹↓─╟℮⌂ ╖⌐╟╡⁸ ─ ⌐╟╢ ╩

⇔≡⅝√≤↓╤∞⅜⁸ ─ ⌐╟╢ │ ≤⇔≡ ↄ ⇔≡⅔╡⁸

─ ╩ ∆╢↓≤⅜ ≢№╢⁹ 

∕↓≢⁸ ╦╣≡⅝√ ─ ⌐ ⅎ⁸ ─ ⌐ ∆╢ ♃

fi◒⌐≈™≡│⁸♃fi◒ ⌐ ⌐ ∆ ╩ ∆╢↓≤⅜ ♃fi◒─

⅛╠─ ╩ ∆╢ ≢ ≢№╢↓≤⅛╠⁸ ♃fi◒─ ⅜

╩ ∆╢√╘⌐ ∆═⅝●▬♪ꜝ▬fi╩ ∆╢⁹ 

 

 ╩ ∆╢  

⌐⅔™≡ ─ │↓╣≤ ─ ₈ ₉≤™℮⁹

╩ ⇔√↓≤⅜⌂™ ♃fi◒⌐№∫≡│⁸♃fi◒ 25 ╩ ⇔√─

∟⌐ ℮ ─ │ ⌐ ─ ╩ ∆╢↓≤⁹ 

╕√⁸ ⌐ ─ ╩ ⇔√↓≤─№╢ ♃fi◒⌐№∫≡│⁸

⌐ ⇔√ ⌐⅔™≡ ↕╣√ ─ ┘ ╩ ⇔⁸

╩ ╢℮ⅎ≢ ⌂ ⌐ ∆╢↓≤⁹√∞⇔⁸ ─ │ 25

╩ ⅎ⌂™╙─≢№╢↓≤⁹ 

 

 ⅜ ≤⌂╢  

♃fi◒─ ⅛╠ ⇔√ ─ ↄ⅜►▬fi♪●כ♄כ╛

─ ─ ┘ ╩ ∆╢♃fi◒─ ⌐╟╢╙─≢№╢⁹ 

↓─↓≤⅛╠⁸(1) ─ ⁸(2) ╩ ∆╢♃fi◒─ ⌐ ⇔

≡ ╩ ∆╢↓≤⅜ ≢№╢⁹ 

 



 

╕√⁸ ⌐╟╡ ⇔™ ─ ⅜ ╦╣╢ ♃fi◒⌐№∫≡│⁸

♃fi◒ ≢№∫≡╙ ─ ⌐ ╘╢≤≤╙⌐⁸ ─♃fi◒ ⌐

╦∑≡ ╩ ∆╢↓≤⅜ ≢№╢⁹ 

 

 ─  

─ ⌐ ∆╢  

►▬fi♪●כ♄כ╛ ─ ─ ⌐ ∆╢ │⁸ ─™∏╣

⅛─ ⌐╟∫≡ ℮↓≤⁹ 

▪ ⌐ ∂≡ ╛◗fi♪ꜝ╩ ⇔⁸ ─ ⅛╠ ≢ ─

╩ ∆╢↓≤⁹ ⌐╟╡ ⇔™ ⅜ ↕╣√ ⌐≈™≡│ ⌐

╟╢ ╩ ⇔⁸ ─ ┘ ─ ↕⌐≈™≡ ╩ ╢↓≤⁹ 

   ▬ ⅜ ╡ ↑╠╣≡™╢ ─♃fi◒ ⅛╠ ╕√│

╩ ⇔√ ⌂ ╩ ⇔⁸ ⅜ ⇔≡™╢ ┘

⌐⅔↑╢ │ β⌐≈™≡ ╩ ╢↓≤⁹ 

 

╩ ∆╢♃fi◒─ ⌐ ∆╢  

╩ ∆╢♃fi◒─ ⌐ ∆╢ │⁸ ─™∏╣⅛─ ⌐╟∫

≡ ℮↓≤⁹ 

▪ ╛◗fi♪ꜝ ╩ ⇔ ╩ ⇔√ ⁸ ─ ⅛╠

≢ ─ ╩ ∆╢↓≤⁹ ⌐╟╡ ⇔™ ⅜ ↕╣√ ⌐≈™≡

│ ⌐╟╢ ╩ ⇔⁸ ─ ┘ ─ ↕⌐≈™≡ ╩ ╢

↓≤⁹ 

   ▬ ♃fi◒ ⅛╠ ╕√│ ╩ ⇔√ ⌂ ╩

⇔⁸ ⅜ ⇔≡™╢ ┘ ⌐⅔↑╢ │ ⌐≈™≡

╩ ╢↓≤⁹ 

 

⇔™ ─ ⅜ ╦╣√ ♃fi◒⌐ ∆╢  

┘ ≢ ⌐╟╡ ⇔™ ─ ⅜ ╦╣√

♃fi◒⌐ ∆╢ │⁸ ⌐╟╢ ╩ ⇔⁸ ─ ┘ ─

↕⌐≈™≡ ╩ ╢↓≤⁹ 

√∞⇔⁸♃fi◒ ⅛╠ ╕√│ ╩ ⇔√ ⌂

─ ⌐╟╡ ─ ⅜ ↕╣≡™╢╙─⌐№∫≡│↓─ ╡≢│⌂™⁹ 

 

 

                                                   
β ₈ │ ₉≤ ⇔≡™╢─│⁸ ─ ⌐╟∫≡│⁸♃fi◒ ─ ╩

≢⅝⌂™ ⅜№╢↓≤⅛╠⁸ ╩ ≢⅝⌂™ ⌐≈™≡│ ─ ╩ ∆╢

↓≤╩ ⇔≡™╢╙─≢№╢⁹ 



 

 ∕─ ─  

●▬♪ꜝ▬fi≢ ─ ≤⇔√─│ ─ ≢№╢⅜⁸

≤│™ⅎ ─ ⅛╠─ ⌐╟∫≡╙ ─ ⅜ ⇔≡™╢⁹↓╣╠

─ ╩ ⌐ ∆─≢⁸ ♃fi◒─ ⅜ ∆╢♃fi◒─ ≤

╠⇔ ╦∑≡ ⌂ ─ ⌐↕╣√™⁹ 

 

⅛≈ ⌂ ╩ ∆╢√╘⌐│⁸ ─♃fi◒ ⌐⅔

↑╢ ⅜ ≢№╢⁹♃fi◒ ⌐⅔↑╢ ─ ⌐ ∆╢ ╩╕≤╘√

♅▼♇◒ꜞ☻♩╩ β⌐ ∆─≢ ⌐↕╣√™⁹ 

 

─ ╠╣√ ─ ⌐ ∆╢ │⁸ ♃fi◒─ ╛ ─

─ ╩ ∆╢√╘⌐ ≢№╢⁹ ─ ╩ ∆╢ⱨ꜡כ ╩

⌐ ∆─≢ ⌐↕╣√™⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                   
β ⌐ ∆♅▼♇◒ꜞ☻♩⌐≈™≡│⁸ ⌐ ≢ ╩ ∫√₈ ♃fi◒─

⌐ ╢ ⌂ ⌐ ∆╢ ₉─ ≤⌂∫≡™╢⁹ │⁸ ⱱ

☺כⱶⱭכ ⌐ http://www.khk -syoubou.or.jp/pdf/guide/research/2012 -03-tenkenkoumoku.pdf

⇔≡™╢↓≤⅛╠⁸∕─ ⌐≈™≡│↔ ⅝√™⁹ 



 

 

 

 ⅝ ♃fi◒─ ⌐╟╢  

 21 10 13  

♃fi◒      

 980◐꜡ꜞ♇♩ꜟ 

 9 5 30  

 ⅝ ♃fi◒─ Ⱶꜞⱷכ♩ꜟ ⌐

⌐╟╢ ⅜ ⇔⁸ ⅜ ⇔√╙─⁹↓─ │

♃fi◒─ ⅛╠ 12 4⅛ ≢─ ≤⌂╢⁹ 

♃fi◒│ ─ ─ ↄ⌐ ↕╣≡⅔╡⁸ ⅝

♃fi◒─ ⅛╠─ ─ ⌐╟∫≡ ─ ⅜ ⇔

√╙─≤ ⅎ╠╣≡™╢⁹ 

 

 

╩◓fi▫♥כ◖⌐  ⇔√ ♃fi◒─ ⌐╟╢

 

 17 15  

♃fi◒      

 12,000◐꜡ꜞ♇♩ꜟ 

 47 12 27  

 ♃fi◒─ 10 Ⱶꜞⱷכ♩ꜟ ─

⌐⅔™≡ ⌐╟╢ ⅜ ⇔⁸ ⅜

⇔√╙─⁹ 

♃fi◒≢│⁸ 63 ─ ⌐ ─ ⅜

╘╠╣√√╘⁸ ≤⇔≡ ⅛╠ ⱷכ♩ꜟ─ ─

⌐ ⇔≡●ꜝ☻ⱨ꜠כ◒ ╩ ⇔≡™√╙─⁹ 

─ ≢│⁸ ⅛╠ ⱷכ♩ꜟ─ ⌐⅔↑╢

│ ≢№∫√╙──⁸∕─ ⱷכ♩ꜟ─ ─ │ ⌐╦

√╡ ⇔≡™√↓≤⅜ ↕╣≡⅔╡⁸ ⌐⅔™≡ ⅜

⇔ↄ ⇔√╙─≤ ⅎ╠╣≡™╢⁹ 

 

 

 

 

 

─ ⌐╟╢  

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  ─ ─ ⱨ꜡כ 

♦ⱪ☻◕כ☺ ⌐ 

╟╡ ╠╣√  

─ 

 

─

 

─ 

 

≤⌂╢  

─ 

 

 

 

∑∏ 

─ 

 
  

∆╢ ─ ┘ ─  

 

NG 

OK 

OK 

NG 



 

 

⅔╦╡⌐ 

 

 

 ≢│⁸↓╣╕≢ ₁⌂ ⌐⅔™≡ ↕╣√ ♃fi◒ ─

⌐ ∆╢ ─ ⁸ ⁸ ─ ─♃כ♦ ╩ ℮≤≤╙

⌐⁸ ≤↕╣╢ ─ ─№╡ ⌐≈™≡ ╩ ™⁸ ♃fi◒

─ ─ ⌐ ╢●▬♪ꜝ▬fi╩ ⇔√⁹ 

●▬♪ꜝ▬fi│⁸↓╣╕≢⌐ ₁⌂ ⌐⅔™≡ ↕╣√ ♃fi◒

─ ⌐ ∆╢ ─≤╡╕≤╘─ ≈─ ≤⇔≡ ∆╢╙─≢№╢⁹ 

⁸ ●▬♪ꜝ▬fi⌐≈™≡│⁸ ⌐⅔↑╢ ─ ╩ ╕ⅎ⁸╟

╡ ⅛≈ ⌂╙─≤⇔≡™ↄ ⅜№╢⁹ 

∕─√╘⁸ ⌐⅔↑╢ ┼─ │╙≤╟╡⁸ ╩ ╘√

⌐⅔™≡╙ ●▬♪ꜝ▬fi⅜ ↕╣╢↓≤╩ ∆╢╙─≢№╢⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 




