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 ─ ≤  

↓╣╕≢─ ⌐⅔™≡ │ ⅝⌂ ╛ ⅔╟┘ ∆═╡╩ ↕∑╢

⌂ ≤↕╣⁸ ─ ⌐№√╡ ╩ ↑≡ ╢↓≤⅜ ≤↕╣≡⅝√⁹

⇔⅛⇔⌂⅜╠ ╛ ─ ─√╘⁸↓─ ╩ ↑╢↓≤⅜≢⅝∏⁸↓╣╩

⇔⌂⅜╠ ╩ ╘≡⅝√╙──⁸ ≢│ ─ ⌐ ∆╢↓≤⅜ ⅛∫√⁹

≢│⁸ ⌐ ה ╛ꜞ♬▪ ─ ⌐⅔™≡⁸↓╣╕≢─ ⌐ ∆

╢ ≤ ─ ⌐ ™⁸ ⌐ ⇔≡ ⌐ ⅜ ╘╠╣≡™╢⅜⁸ ⌂

≤ ⌂ ╩ ∆╢↓≤│ ╙ ╙ ╦╡⌂™ 1⁹ 

♩fiⱠꜟ ─ ≢│⁸ ⁸ ⁸ ⁸ ⁸

⅜ →╠╣⁸↓─ ≢╙ ⌐ ⅝ↄ ╩ ⅎ╢ │⁸ ה ה ⅜

⌐ ╕∫≡ ∆╢╙─≢№╡⁸↓╣│ ≤ ♩fiⱠꜟ ≤─ ≢№╢⁹ 

ה ה ─ ⌐╟∫≡⁸ ⌐♩fiⱠꜟ ─ ╩ ∆╢ ⅜

∆╣┌⁸ ™ ⇔ ─ ≤⌂∫≡ ─ ⌐ ⅜╡⁸↕╠⌐ ⌂

─ ⌐│⁸ ⌐ ╩ ∆╢↓≤⅛╠⁸╟╡ ─ ─ ⅜ ↕╣╢⁹ 

↓╣╕≢ ⌐ ∆╢ ≢│⁸ ⌐ ╢≤ │ ⅜ ⌐╟∫≡

⅝ↄ ⌂╢≤↕╣⁸ꜞ ─≤⌂♩▬ꜝ◗♅fi▪╛♩▬♄כ◙ ⅜ ⇔≡⅔╡⁸∕╣∙╣─

╛ ⅜ ⌂╢√╘ ─ ⅜ ↄ⁸╟∫≡ ╛ ⅜ ∆╢

⅜№╢↓≤⁸╕√⁸ ╩ ↑ ↑╢≤╝∫ↄ╡≤ ⅜ ⱪכꜞ◒╗ ╩ ∆↓≤⁸

ⅎ≡⁸ ╛ ╩ ≈↓≤⅜ ↄ⁸ ⌐╟∫≡ ⅜ ⅝ↄ ⌂╢↓≤⅜ ↕

╣≡™╢╙──⁸↓╣╠╩ ⌐ ⇔√ │ ↕╣≡™⌂™⁹ ⁸ ⌐

╢≤⁸ ╩ ≤⇔√♩fiⱠꜟ─ ⌐ ∆╣┌⁸ ≢│ ≢

⅝⌂™ ⅜№╢↓≤⅛╠⁸ ⌂ ≤⇔≡ ╩ ≤∑↨╢╩ ⌂™↓≤╙

ↄ⁸ ⌂ ⌐ ⇔™⁹╕√ ⁸ ⸗♦ꜟ ≤⇔≡ ⌐╟╡

╛ ╩ ∆╢ ⅜№╢╙──⁸ ─ ⅛╠ ◦☻♥ⱶ┼─

─ ╛∕─ ⌐ ⅜ ╢≤↓╤╙ ∆╢⁹ 

↓╣╠─ ╛ ⌐ ≠™√ ⌐⅔™≡│⁸ ─♩fiⱠꜟ ╩ ⇔⌂⅜╠╙

ה ─ ⅜ ⇔≡™╢↓≤⅜ ↕╣≡™╢⁹ ⌐ ⌐⅔™≡│ ה

─ ─ ⅛╠⁸ ─ ╩ ⌐ ∆╢ ╛

⌐ ∆╢ ─ ╩ ↑√♩fiⱠꜟ─ ⌐≈™≡ ↄ ↕╣ 2 - 4⁸ ≢

│⁸ ─ ⇔™ ⌐╟╢♩fiⱠꜟ ╛↓╣⌐ ℮♩fiⱠꜟ ─ ╙
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№╡ 5⁸ ה ⅛╠ ⌐ ╢╕≢⁸ ⌂ ה ─

⅜ ╘╠╣≡™╢⁹∕↓≢ ≢│⁸↓╣╠─ ⌐ ≠ↄ◔כ☻☻♃♦▫ ⌐╟╡⁸

─ ⌐ ↑√ ─ ⌐╟∫≡⁸ ⌂ ≤ Ɽ♃כ

fiה ⌐⅔↑╢ ⌂ ─ ⌐≈™≡ ∆╢↓≤≤⇔√⁹

⌐│⁸↓╣╕≢ Ɽ♃כfi ⌐ ↕╣≡™⌂™ Ⱳכꜞfi◓⅛╠ ╠╣╢Ⱳכꜞ

fi◓ⱴ◦fi─ ─♃כ♦ ≢№╡⁸ Ⱳכꜞfi◓⅛╠ ╠╣╢◖▪⌐╟╢

─ ⅛╠ ─ ╛ ┼─ ≤─ ≠↑⌐ ≠™√⁸

Ɽ♃כfi⅔╟┘ ─ ╩ ╖╢╙─≢№╢⁹∆⌂╦∟⁸ ꜞ☻◒⌐

∂√ ⌂ ╩ ∆↓≤≤⌂╢⁹↓╣⌐╟╡⁸♩fiⱠꜟ─ ─

╩ ∆↓≤⅜≢⅝⁸ ↕╣≡™╢ ♩fiⱠꜟ─ ─ ⌐ ≢

⅝╢╙─≤ ⅎ√⁹╕√⁸♩fiⱠꜟ ⌐ ╦╢ ⅔╟┘ ⌐╟╢ ⌂

╛ ⌐╟∫≡ ⌂♩fiⱠꜟ ─ ⌐╙ ⅜╢╙─≤ ⅎ≡™╢⁹

↕╠⌐ ─ │⁸ ─ ה ╩ ∆╢♩fiⱠꜟ⌐⅔™≡╙ ─

⅜ ⅎ╠╣╢≤≤╙⌐⁸ ─♩fiⱠꜟ ⌐ ∆╢ ⌂≥ ⌐ ↑≡╙

≢№╢≤ ⅎ╠╣⁸♩fiⱠꜟ ─ ⌂╢ ─ ≤⌂╢↓≤⅜ ↕╣╢⁹ 

 

 ─  

─ │⁸ 1 ─ ⌐≡ ─ ≤ ╩ ⇔⁸ ─ ─ ≈≢№

╢ ♩fiⱠꜟ ⌐⅔↑╢ ⇔√ ╩ ╡ →⁸ ♩fiⱠꜟ ⌐⅔™≡

⇔℮╢ ╩ ⇔≡™╢⁹ 

2 ≢│⁸ ─ ⌐ ⅝⁸ ⌐⅔↑╢ ─ ≤ ╩ ═⁸↓╣╕ 

≢ ≢ ╩ ≤⇔√♩fiⱠꜟ ─ ╩⁸ ⁸ ⁸ ≤™∫√

↔≤⌐ ╡╕≤╘≡™╢⁹ 

3 ≢│♩fiⱠꜟ ╩ ∆╢ ≢─ ╩ ⇔⌂⅜╠⁸ ⌐ ∆╢

╛ ─ ⅜≥─╟℮⌐ ↕╣≡™╢─⅛⌐≈™≡ ⇔√⁹╕√⁸

─ ⌐⌂╡℮╢≤ ↕╣╢ ≤⁸ ─ ⌐

╦╢ ≤─ ⌐≈™≡╙ ╩ ™⁸ ≤⇔≡─ ⌐≈™≡

╩ ∫√⁹ 

4 ≢│⁸ Ⱳכꜞfi◓ⱴ◦fi─ ⅛╠ √⌂ ─ ⌐ ╢

≤∕─ ⌐≈™≡ ⇔≡™╢⁹ ⇔√─│ ≢─ Ⱳכꜞfi◓≢№╡⁸♩

fiⱠꜟ ─ ≢ ─⧵⁸≡⇔≥♃כ♦╢╣↕ ⌐≈™≡ ╩ ∫
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≡™╢⁹↓↓≢│⁸ Ⱳכꜞfi◓⅛╠ ─♃כ♦─╠⅛▪◖╢╣╠ ≤∕─ ⌂╠┘

⌐ ╩ ⇔√ ≢⁸ ⌐╟╡ ╢№≢♃כ♦╢╣↕ ─ ╛⁸

─ ⌐ ∆╢ ≤─ ╩ ⇔≡™╢⁹ 

5 ≢│⁸ 4 ⌐⅔↑╢ ⌐ ≠⅝⁸ ♩fiⱠꜟה ♩fiⱠꜟה ♩

fiⱠꜟ≢ ⌐♃כ♦√╣↕ ─≡⇔≥▫♦♃☻☻כ◔⁸≡⇔ ⌂ ╩ ∫√⁹ ⌐

Ⱳכꜞfi◓ⱴ◦fi─ ⌐┘╠⌂⁸♃כ♦ Ⱳכꜞfi◓≢ ↕╣√◖▪ ⅛╠

√ ─ ⁸◖▪╩ ™√ ⅜ ↕╣≡™╢⁹↓╣╠│⁸ ⌐ ╠

╢№≢♃כ♦╢╣ ╛ ⌐ ∆╢ ≤─ ⅜ ╦╣√ ≢⁸ ♩fiⱠꜟ

↔≤⌐ ╡╕≤╘≡™╢⁹ 

6 ≢│⁸ ♩fiⱠꜟ↔≤─ ⅜ ╦╣≡™╢⁹∕─ ⁸ ─ ⌐╟∫

≡⁸ Ⱳכꜞfi◓ⱴ◦fi─ ╛ ┼─ ⅜ ⅝ↄ⁸↓╣⌐ ∫≡

╛ ┼─ ⌐╙ ⅜ ╢↓≤⅜ ╠⅛⌐↕╣√⁹↓─√╘⁸ Ⱳכꜞ

fi◓⌐╟∫≡ ╠╣╢ ⅛╠⁸ ─ ╛ ─ ⌐≤≥╕╠∏⁸

─ ⌐ ╢╕≢⁸ ™ ⅜№╢↓≤⅜ ↕╣√⁹ 

7 ≢│⁸ ≢ ╠⅛≤⌂∫√ ╩ ╡╕≤╘ ≤⇔≡ ⇔≡™╢⁹ ≢

│⁸ Ⱳכꜞfi◓─ ╛ ⁸∕⇔≡⁸ ╡≤─ ⌐╟∫≡⁸

♩fiⱠꜟ⌐ ∆╢ ⌂ ─ ⅛╠⁸ ↕╠⌐│ ─ ╕≢

╩⁸ ⌐│⌂™ ⅛≈ ⌐ ⅎ╢√╘─ ╩ ≢⅝√≤ ⅎ≡™╢⁹

─ │⁸ ─ ♩fiⱠꜟ⌐ ∆╢ ╛ ≢─ ⁸ ≤⇔≡

⌐ ⇔≡ ╘≡ ⌂ ╩ ⅎ╢╙─≢№╢≤ ⅎ╢⁹ 

 

 ♩fiⱠꜟ─  

♩fiⱠꜟ─ │⁸∕─ ≤ ⁸ ╩ ℮ ≢⁸↓╣╕≢⌐╙

ↄ─ ⅜╙√╠↕╣√⁹ ─ ⅝⌂⸗♅ⱬכ◦ꜛfi─ ≈│⁸↓─╟℮⌂ ה

ה ─ ╩⁸ ⌂╠┘⌐ ╩ ∂≡ ♃כ♦╢╣╠ ⅛╠

≢⅝⌂™⅛≤™℮↓≤⌐№╢⁹↓╣╕≢⌐ ↄ─ ♩fiⱠꜟ⅜ ↕╣≡⅝√⅜⁸∕─

♩fiⱠꜟ↔≤⌐ ⌂╠≢│─ ≤≤╙⌐⁸ ─ ╩ ⌂ↄ↕╣⁸∕─

⁸ ╩ ⌐⇔≡ ⇔≡⅝√⁹∕╣╠─ ≢╙⁸ ⌐ ⅝⌂ ╩╙√╠⇔

√ ♩fiⱠꜟ─ │⁸ ─ ∆═⅝ ≤ ─ ╩ ∆╢√╘⌐

╘≡ ⌂╙─≤ ⅎ╢⁹∕↓≢ ─ ╘ↄↄ╡⌐ ♩fiⱠꜟ⌐⅔↑╢

╩ ∆╢⁹ 

♩fiⱠꜟ│⁸ ─ ⌐ ∆╢ 40 ─ ≤⇔≡ ↕╣

√ 19km─ ─Ᵽ▬Ɽ☻ Ᵽ▬Ɽ☻ ⌐⅔™≡ ↕╣√ 4,686m
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─2 ♩fiⱠꜟ≢№╢⁹ Ᵽ▬Ɽ☻─ ╩ -1.3.1⌐ ∆⁹ 

≤⌂╢ │⁸☺ꜙꜝ ─ ⌐ ∆╢ Ɫ▬▪

꜡◒ꜝ☻♃▬♩ ⁸ ⁸ ⅔╟┘ ─ ─ ⁸ ⅛

╠⌂╡⁸∕╣╠─ ⌐ ─ ⅜ ⇔≡™╢⁹ ─ │

≢ ⁸ ⁸ ╙ ≢№╢⁹↓─℮∟ │ 470m≢⁸↓─

─ ╡│ 320m≢№╢⁹ ╩ -1.3.2⌐ ∆⁹ 

 

     

-1.3.1 Ᵽ▬Ɽ☻  

 

 
-1.3.2 ♩fiⱠꜟ  
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│ 22 9 ╟╡ ↕╣⁸ │ ─ ⅛╠ 1,300m ≢ ⇔⁸

↓╣╟╡ 470m ⌐⅔™≡ ─ ⅜ ╘╠╣≡™√⁹ 

-1.3.3 ⌐ ≢ ⇔√ ⌂ ╩ ∆⁹ │ ≤

⇔⁸ ↑◖fi◒ꜞכ♩─ │36 N/mm2≢№╢⁹╕√⁸♩fiⱠꜟ ╩

⌐ ≠↑⁸ ⌐ ⅜≢⅝╢∞↑ ⇔⌂™ ≤⇔√⁹ ⌐│⁸▬fiⱣכ♩

╩ 3.0R R ⅛╠ 1.5R ┼ ⇔⁸↕╠⌐⁸ ╩ ─ ≤⇔

√⁹▬fiⱣכ♩─ │ 7m ╩ ≤⇔⁸ ╡⅜ 300m ╩ ⅎ╢ ≢│ ╩

4m⌐ ↕∑ ⅜⌂↕╣√⁹ 

                      

   

-1.3.3 ⌐⅔↑╢  

─≤⅔╡ ⌂ ╩ ™≡ ⌐ ╩ ╘≡™√⅜⁸ 26 1 ⌐ ─

⇔⅔╟┘ ≢ ╣⅜ ⇔⁸ ⌐ ╖─ ─ ⌐ ╩

⅝√∆↓≤≤⌂∫√⁹↓─ ─ ╩ -1.3.4⌐⁸ ╩ -1.3.1 -1.3.4

⌐ ∆⁹ ─ ╕╡│ ⅛╠─ ⇔⅜ ≢№∫√⁹∕─ ⁸1 ≢ ⅛╠

⌐ ↑≡ ╣⅜ ⁸∕─ │ ⌐ ↑≡ ⅜ ⇔≡™ↄ≤≤╙⌐⁸ ≢

│⁸ ה ─ ╙ ↕╣√⁹ ה╣ ה ─ │ ─ ≤≤╙⌐

┼ ⇔⁸4 ⌐│ ─ ≢ ─ ⅜ ⇔⁸♩fiⱠꜟ

│ ↕╣⁸↓╣ │⁸ ─ │ ≢⅝⌂™ ≤⌂∫√⁹∕─

⌐╙ ⅛╠ ⌐ ה╣ ה ─ │ ⅝⁸ ⌐│
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─ ⌐╦√∫≡ ⅜ ⇔⁸ ─ ⌐ ∆╢ ≤─ ≢

│ ⇔√⁹ ↕╣╢ ⱷ◌♬☼ⱶ⌐≈™≡│⁸ ⌐⁸ ─ ™ ≤ ⁸

∕⇔≡ ↑◖fi◒ꜞכꜞ◒─♩כⱪ ⅜ ⌐ ⇔√≤™℮ⱷ◌♬☼ⱶ≤↕╣⁸

NATM ─₈ ⅜ ⅎ╢₉≤™℮ ⅜ ⇔⌂™√╘⁸ ⅛╠ ╩ ≢⅝╢

⌂ ⅜ ≢№╢≤ ↕╣≡™╢ 6⁹ 

 

 

-1.3.4 ─  

 

 

-1.3.1 ─ ⇔        -1.3.2 ▬fiⱣכ♩─  

מּ ḵỸḧʹL˹470m

χ◐ϘϤ ἕ ΰʹ̰ Ố ᴃ

1 ḧῇ ϦʾϱрН˔Е℅ἔ

2 ḧῇ ʹ χ “ ʾ χ

4 ḧῇ ӟᴀψ ệ

6 ḧῇ ʹ χ “

SP ʹSP SP

8,134 8,5918,604

8,100 8,200 8,300 8,400 8,500 8,600

SP SP SP SP SP SP
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-1.3.3 ⅔╟┘ ─        -1.3.4  

 

 ╕≤╘ 

 ↓╣╕≢─ ≢│ ╩ ↑╢─⅜ ≢№∫√⅜⁸ ⌐ ∆╢ ≤ 

─ ⌐ ™⁸ ⁸ ⌐ ⇔≡ ⌐♩fiⱠꜟ ⅜ ╘╠╣≡™╢≤↓

╤≢№╢⅜⁸ ⌐⅔↑╢ ─ ⌂≥≢⁸ ─ ⅜ ↕╣╢⁹↓─

⌐╟╡⁸ ⌐ ⅝⌂ ╩ ╓∆↓≤⅛╠⁸♩fiⱠꜟ─ ה ה ⅜ ⌐

╕∫≡ ↕∑╢ ⅜№╢⁹↓╣╩ ╕ⅎ╢≤ ≤ ♩fiⱠꜟ ─

│ ≢№╢≤ ⅎ╢⁹ ⌐ │⁸ ה ⅜ ≢⁸ ╛

─ ⱪכꜞ◒┘╟⅔ ⌂≥⁸↓╣╠╩ ⌐ ⇔√ │ ↕╣≡™

⌂™⁹ ⌂ ≢│⁸ ╩ ™╢↓≤≢─ ⌐ ⇔™↓≤⁸

≢│ ◦☻♥ⱶ┼─ ─ ⌐ ⅜ ╢⁹ ⌂ ≢│⁸ ─

╩ ↑√♩fiⱠꜟ─ ⌐≈™≡ ↄ ↕╣≡⅔╡⁸ ה ⌐│ ⌂ ה

─ ⅜ ╘╠╣╢⁹╟∫≡ ♩fiⱠꜟ─ ╩ ╕ⅎ⁸ ⌂ ─

⌐╟╡⁸ ⅛╠─ ⌂ ╩ ⇔√™≤ ⅎ√⁹ 
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♩fiⱠꜟ ⌐⅔↑╢ Ⱳכꜞfi◓ ᵑ 
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 ─ ≤  

 ─ ≤  

 ─  

│ ⅛╠ ⌐ הꜟ♩ⱴfiה ה ⅛╠ ↕╣ -2.1.17⁸↓

─℮∟ ⱴfi♩ꜟ│⁸⅛╪╠╪ ⅛╠⌂╢≤ ⅎ╠╣≡⅔╡⁸ⱴfi♩ꜟ ⌐╟╡

ↄ⌐ ⇔≡⅝√⅛╪╠╪ ⅜⁸ ≤ ⇔≡ ⇔√ ⅜ ≢№╡ -2.1.28⁸

⌐ ⇔≡™╢⁹ 

  
-2.1.1 ─  -2.1.2 ─  

₈ ─ ₉  

https://www.jma.go.jp/jma/kishou/know/jishin/jishin/about_eq.html 7 12 20

 

ⱶכ♅    ₈ ─ ⌐

⇔√ ⌐ ∆╢ ₉─ ╟╡  

 

 ─ ≤  

╙≤╙≤ │ ≢ ↕╣⁸ ⇔™ ─ ╩ ↑≡™╢√╘⁸ ╣

⅜ ⇔ ⇔≡™╢↓≤⅜ ↄ⁸ ⌐ ⇔≡™╢╙─│ ⇔╛∆™ ⅜№

╢⁹╕√⁸ ה ה ⅜ ⌐ ∆╢ ⅜№╡⁸ ─ ╛

≤ ╪≢⁸ ⇔™ ≤⇔≡ ╠╣≡™╢⁹ 

∕─ ≤⇔≡⁸ ─ ⅜ ⅎ╠╣╢⁹ 

╩ ⅎ╢ ╩ ↑╢↓≤⌐╟╢   

─ ╛ ⌐ ℮ ⁸   

⌐ ∆╢ ─   
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↓╣╠⌐ ⅎ≡ ⌐│ ─ ⅜ ╕╣╢⁹ Mgϓ SiϒOϕ OH ϔ ─  

⌂ │▪fi♅◗ꜝ▬♩⁸◒ꜞ♁♃▬ꜟ⁸ꜞ ⁹╢№≢♩▬♄כ◙ ⅜ ↕╣╢ ─

╩ ∆≤ ≤⌂╢⁹ 

  MgϒSiOϔ    MgSiOϓ    2HϒO  ќ  MgϓSiϒOϕ OH ϔ 

 ⅛╪╠╪                      

 

⌐ ⇔≡│⁸↓─ ⌐╙ ╛ ∆╢ ─ ⌐╟╡6 ─

⅜ ╠⅛⌐↕╣≡⅔╡⁸∕─ ⌐│ ⌐Ⱪꜟכ◘▬♩ ⁸Ⱪꜟכ

◘▬♩꜡♇◒ ⁸ ♃ꜟ◒ ⁸ ◌ꜟ◘▬♩ ⁸⅛╪╠╪ ⱨ◊꜠

☻♥ꜝ▬♩ ⁸ ◒꜡ꜝ▬♩ ⅜ ↕╣╢⁹ ≢╙♃ꜟ◒│ ╠⅛™ ≢№╡

⅜ ↕™≤ ─fi♃ⱨכꜞ◓│♩▬ꜝ꜡◒⁸√╕⁸≥↓╢╣↕ ≢№

╡⁸∕╣⅜ ∆╢ ─ ∆═╡╩ ⅝ ↓∆ ≤⌂╡⁸◌ꜟ◘▬♩│ ⌐ ↑╛∆

™─≢ ╩ ∆╢≤↕╣╢ 9⁹↓─╟℮⌂↓≤⅛╠⁸♩fiⱠꜟ ⌐⅔™≡ ╩

∂╛∆™ ≤↕╣≡™╢⁹ │⁸ ⌐│ ╛ ─ ⅛╠ -2.1.1⁸

-2.1.1⌐ ∆ ⅜ ⌐ ™╠╣≡⅔╡⁸∕╣∙╣ ╛∑╪ ⅔╟┘

─ ⅜ ⌂╢≤↕╣╢⁹ 

 

-2.1.1 ─ ⌂ ≤  

               
 

                        

-2.1.1 ─  
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 ⌐⅔↑╢ ≤ ─  

⌐⅔↑╢ ─ │⁸ ⌐ ⌐ ∆╢ ⁸ ─

⁸ ™─ ⁸ ⅛╠ ╩ ≡ ╕≢ ∆╢

⁸ ─ ה ⌂≥⅜№╢ 10⁹ -2.2.1  

⌂╙─│ ─ ╛ ─ ⅛╠ ╩ ≡

─ ⌂≥⌐ ⇔≡™╢⁹™∏╣╙ ⌂ ⌐ ∫≡ ⇔≡™╢─⅜

≢№╢⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

-2.2.1 ⌐⅔↑╢ ─  

 

─

https://mishi.weblike.jp/tunres11_9_3.html#:~:text=%E8%9B%87%E7%B4%8B%E5%B2%A9%E

3%81%AE%E5%88%86%E5%B8%83,%E5%B1%B1%E5%8F%A3%E5%B8%AF%E3%81%AA%E3%81%A9%E3%81%8C

%E3%81%82%E3%82%8B%EF%BC%8E 7 12 20  
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│⁸ ─ ⌐№╢ ≤ ⅛╠ ╡ ∫≡⅔╡⁸○ꜟ

♪ⱦ☻ ◦ꜟꜟ ─ ⅜ ─ ≤⇔≡ ↄ ⇔≡™╢⁹

│⁸ ⇔√ ה ╣™ ה ה ⱶ◄♬꜡♩ה ⌂

≥⅛╠⌂╢ 11⁹ 

 

  

 │⁸ ─ ⌐ │ ⅛╠ │ ╕≢─

800km⌐╦√∫≡ ⌐ ∆╢ ─ ≢№╢⁹ ≤⇔≡│⁸ ה

≢│ ⌐ ╛ ⁸ ה ה ≢│ ─ ⌐ ╛

⅜ ∆╢ 12 - 16⁹ 

 

  

 │⁸ ⅛╠ ה ה ⌐╦√∫≡ ↄ ⌐ ⇔⁸∕─

↕│ 1,000km⌐ ∆╢⁹ ─ ≢│ ⌐ ה ⅜ ⇔⁸

─ ≢│ ─ ⌐ ⅜ ⇔⁸ 3 ≢│ ⁸ ─

⁸ ╛ ⅜ ∆╢ 17 - 19⁹ 

 

  

 │⁸ ⅛╠ ⌐⅛↑≡ ⌐ ∆╢⁹ ⌐ ↕╣√ 

⅜ ≤⌂╡⁸ ⌂ ⌐╟╢ ≢ ╩ ⇔⁸∕─ ⁸ ─  

╛ ╩ ↑ ⌐ ∫≡™╢⁹ ≤⇔≡│⁸ ⅔╟┘ ≤╙⌐  

ה ה ≢№╡⁸ ─ ─ ≢ ⅜ ∆╢ 20 ,21⁹ 
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 ⌐⅔↑╢ ≤ ─  

-2.3.1⌐⅔™≡⁸ ⌐⅔↑╢ ╩ ∆22⁹∕─℮∟⁸ ⅜ ∆╢

-◄♂ ⁸ ⌐≈™≡─ ╩ ═╢⁹ 

          

5        

-2.3.1 ⌐⅔↑╢ ─  

 

 -◄♂  

-◄♂ │ ─ ⌐ ⌐ ⌂∫≡ ⇔≡⅔╡⁸∕─ ≢ │

-◄♂ ─ ⌐ ∆╢⁹⅔⅔╕⅛⌐│ ⅛╠ ה

⁸ ⁸ ⁸ ה

⁸⅔╟┘ ⌐ ↑╠╣⁸ 300km⌐╦√╡ ⌐ ↄ⁹ 

│⁸ ⌐ ⅔╟┘ ⌂≥─ ⌐

≤─ ™│ ≢№╢ ≢ ≠↑╠╣╢ 23⁹ 

 

  

 │⁸ ⌐ ↕╣√ ≢⁸ -◄♂ ≤ ─ ⌐

∆╢⁹ ─ │⁸ ה ⌂≥─ ≤ ⁸♩כꜗ♅⁸

⌂≥─Ⱪ꜡♇◒╟╡⌂╡⁸ ─ │ ≢№╢ 23⁹ 
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 ⌐⅔↑╢ ♩fiⱠꜟ  

 ⌐↓╣╕≢─ ⌐⅔↑╢ ╩ ≤⇔√♩fiⱠꜟ╩ -2.4.1 ≢ ∆

╢⁹↓─ ⅛╠⁸ ⌐⅔↑╢ ♩fiⱠꜟ ─ ╩ ∆╢≤≤╙⌐⁸ ─

⌐⅔↑╢ ≤ ─ ⅜ ≢⅝⁸ ⅎ≡⁸↓╣╕≢⌐ ↕╣√ ╛

─ ⌂≥─ ≤⇔≡ ⌂ ╩ ∆╢≤ ⅎ╢⁹ 

 

-2.4.1 ⌐⅔↑╢ ♩fiⱠꜟ─  

 
 

 ╕≤╘ 

│ ╣ ⅜ ⇔ ⇔≡™╢↓≤⅜ ↄ⁸ ⇔™ ≢№╢≤≤╙⌐⁸

─ ⌐╟╡ ─ ⇔ↄ ∆╢⁹↓─√╘ │⁸♩fiⱠꜟ ⌐⅔™≡ ╙

™⅜ ⇔™ ─ ≈≤↕╣╢⁹ 

⌐⅔↑╢ ─ │⁸ ה ה ⌂≥ ⌐ ↕╣⁸ ≢│

│ ⅛╠ ה ╩ ≡ ╕≢⁸ ⌐ 300km⌐╦√∫≡ ⌐ ↄ⁹

─ ⅜ ∆╢ ≢♩fiⱠꜟ ⅜ ╘╠╣≡⅝√⅜⁸≥─♩fiⱠꜟ⌐⅔™≡

╙ ⅝⌂ ╩ ℮⌂≥⁸ ⌂ ≢№∫√⁹ 

 

 

♩fiⱠꜟ
m m m m

1 ™⌂↕≤ 274 1,441 885 1984 59

2 NEXCO №╠⇔╛╕ 1,434 165 1989

3 NEXCO ⅎ√╪═≈ 1,896 135 1989

4 NEXCO ≤⅝╦ 1,843 360 1990 2

5 NEXCO └⅜⇔⇔╗⅛∫┴ 2,493 340 2009 21

6 NEXCO ♃fiⱠ♫▬ √╪⌡⌂™ 816 550 2010 22

7 ╒╤⅛⌂™ 275 1,241 1,241 2010 22

8 NEXCO ╒═≈ 4,318 4,304 1,090 1,090 2011 23

9 NEXCO ⇔╗⅛∫┴ 3,824 3,848 695 605 2011 23

10 ⅔≤™⌡∫┴ 40 2,699 835 2016 28

11 ⅔≤⌂⅛ 40 4,686 470 2021 4

1 JR ⅛╗™ 4,523  3,000 1969 44

2 JR ⅔⌐≤℮→ 3,765  480 1981 56

3 JR ⇔╪─╓╡⅛╦ 5,825  1,200 1981 56

1 ⇔╪╡╜℮ 3,240  1,100 1986 61
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 ♩fiⱠꜟ ─  

 ↓─ ≢│ ♩fiⱠꜟ─ ⌐≈™≡⁸♩fiⱠꜟ ה /

ה 24╛ 4 ♩fiⱠꜟ 25╩

⌐ ─ ╩ ⇔≡™ↄ⁹∕─ ≢ ⌐ ⇔√™─│⁸ ╩ ≤⇔√

♩fiⱠꜟ⌐ ∆╢ ─ ≢№╢⁹≥╣∞↑ ≢ ⌂ ⅜⌂↕╣≡™╢⅛

⌐ ⇔√™⁹ ⌐│∕↓╕≢ ╪≢™⌂™─⅜ ≢№╡⁸↓╣╕≢⌐ ╩

≤⇔√♩fiⱠꜟ⅜ ⌂™↓≤⌐ ─♃כ♦≡∫ ⅜ ⌂™↓≤⁸ ⅎ≡⁸ ≢╙

⌐╟╢ ─ ⌂╠┘⌐ ╡⌂≥─ ─ ╙ ╕∫≡⁸ ┼─

⌐ ™ ™≡™⌂™↓≤⅜ ≤ ⅎ╠╣╢⁹ 

 
 ♩fiⱠꜟ ─  

 ♩fiⱠꜟ ─ ⌐│⁸ ⅝ↄ 3 ≈─ ⅜ ∆╢⁹1 ≈ │₈ ₉

≢№╢⁹ ⅜ ─ ╛ ≤⇔≡ ⅝ↄ ⌂╠⌂™ ⌐ ↕╣╢ ╙

⌂ ≢№╡⁸ ↄ─♩fiⱠꜟ≢ ↕╣≡™╢⁹2≈ │₈ ≢─ ₉

≢№╢⁹ ⌐ ⇔√♩fiⱠꜟ≤ ⅜ ∆╢ ⌐ ↕╣╢⁹3≈ │₈

≢─ ₉≢№╢⁹ ⌐ ⌂ ╛ ⌂ ⌂≥ ⌂ ⅜ ╕╣╢♩

fiⱠꜟ≢ ↕╣╢⁹↓╣╠ 3 ≈─ ─ ╩ ♩fiⱠꜟ⌐≈™≡ ∆╢

≤⁸₈ ≢─ ₉⅔╟┘₈ ≢─ ₉⅜ ≤⌂╡ ╢⁹⇔⅛⇔⁸

│ ⅜ ⌂ↄ⁸ │ ─ ⅜ ⇔≡™⌂™√╘⁸ ⅜ ⌐

↕╣≡™╢≤│ ™ ™⁹ 

 

 ─ ≤  

 ♩fiⱠꜟ ⌐⅔™≡ ⌐│₈ ₉─ ⅜ ≢№╡⁸ ⅛╠⁸™╦╝

╢♩fiⱠꜟ Ɽ♃כfi─ ≤ ─ ╩ ℮⁹ ⌐│ ⌂ ≤

⌂ ⌐ ≠™≡ ╩ ⌐ ∆╢ ≤⁸ ─ ⌐ ≠™≡

⌂⸗♦ꜟ╩ ⇔⁸ ╩ ™≡ ∆╢ ⅜№╡⁸♩fiⱠꜟ 24╟

╡ -3.2.1 ⌐ ⇔√⁹↓╣╠╙ 3-1 ≤ ⌐⁸ ♩fiⱠꜟ⌐ ╠⇔ ╦∑╢≤⁸

⌂ ה ⌂ ה ⌐ ⇔≡⁸ ♩fiⱠꜟ─ ⅜ ⌂ↄ♦כ♃─

⅜╒╓⌂™√╘⌐⁸ ♩fiⱠꜟ⌐ ∆╢ ⅜ ↕╣≡™╢≤│ ⅎ⌂

™ ≢№╢↓≤⅜╦⅛╢⁹ ≤⇔≡ ─ 25╩ -3.2.2 ⌐ ∆⁹

⌂⅔⁸ ⌐≈™≡─ ≢│⁸ ≢│⁸ ─ ∞↑≢│

─ ⅜ ≢№╡⁸ ─ ה ╩ ⇔√ √⌂ ─

⁸ ─ ⁸ꜞ▪ꜟ♃▬ⱶ⸗♬♃ꜞfi◓─ ⅜ ≢№╢ 26≤ ↕╣≡™

╢⁹ 
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-3.2.1 ─ ↑ 

24╟╡  

 

 

 

 

  

 

 ⌂  

⌂ ≤ ⌂ ⌐

≠™≡ ╩ ℮ ─  

─ ╛

⌐ ≠ↄ  

⌐╟╢  

⌂ ≤ ⌂ ⌐╙≤≠™≡ ╩ ⌐

⁸ ∆╢ 

⸗♦ꜟ⌐╟╢  

─ ⌐ ≠™≡

⌂⸗♦ꜟ╩ ⇔⁸

╩ ™≡ ∆╢ 
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-3.2.2  
25╟╡  
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 ⅔╟┘ ⌐ ≠ↄ ─  

 ∆╢ ─ ╛∕─ │⁸ ⌐ ⌂ ⅜╣⧵⁸╡№≢♃כ♦

⌐ ⅎ╣┌ ≥╢⌂⌐♃כ♦⌂ ⅎ√⁹∕↓≢ ─ ⅔╟┘ ⌐ ≠ↄ

─ ⌐≈™≡ ╩ ∫√⁹ 

 
 ≤∕─  

 ⌐ ∆╢ ─ ╛ ∕⇔≡ ⌂≥⌐╟∫≡⁸ ╩ ⇔ↄ ↕

∑╢ ≢№╢ 9)↓≤⅛╠⁸ ♩fiⱠꜟ⌐⅔↑╢ ─ ─ ≢╙

⌐⅔™≡│∕─ ⌐╟∫≡ ⌐ ⅝⌂ ╩ ╓∆↓≤≤⌂╢⁹ ⁸3♩fi

Ⱡꜟ─ ⌐≈™≡⁸ ♩fiⱠꜟ│ 5-1-3- 3 ⌐≡⁸ ♩fiⱠꜟ│ 5-2-3-

3 ⌐≡⁸ ♩fiⱠꜟ│ 5-3-3- 3 ⌐≡ ⇔≡™╢⅜⁸ ≢ ℮ 3 ♩fiⱠꜟ

─ ⌐≈™≡│⁸ ♩fiⱠꜟ≢│ ⅜ ↕╣≡⅔╠∏⁸ ─ ╛

│ ╠⅛⌐⌂∫≡™⌂™⁹∕↓≢ ♩fiⱠꜟ─ ∆╢ Ⱳכꜞfi◓◖▪╩ ™≡X

╩ ⇔⁸↓╣≤ ⌐ ∑╪ ⌐╟╢ ─ ╩ ╖√⁹ 

 
 X  

X ⌐⅔↑╢ ⅔╟┘ ─ │⁸ Ⱳכꜞfi◓⅛╠ ╠╣√◖

▪─ ⅛╠34 ╩ ⁸∕─ ╩ⱷⱡ► ⌐≡10ɡm ⌐ ⇔√ ⁸

1cm ─●ꜝ☻ⱱꜟ♄כ⌐ ⇔≡☻ꜝ▬♪●ꜝ☻⌐≡∆╡ ╡⁸∕─●ꜝ☻ⱱꜟ♄

⌐כꜝfiⱪ◘╩כ ═≡ ╩ ∫√⁹X │Panalytical EMPYREAN╩

⇔√⁹ ↕╣√ │ fiכ▫♥Ɽfiכ◘ ⁸ Ⱪꜟכ◘▬♩ ⁸ ◌

ꜟ◘▬♩ ⁸ ⱴ◓Ⱡ♃▬♩ ≢№╡ ♃ꜟ◒ ─ │ ╘╠╣⌂⅛∫√⁹ 

-3.3.1 ⌐ X ─ ╩ ∆⁹↓─ ─ ⁸Ⱪꜟכ◘▬♩─ ⅜╒╓

™ ⌐ ⱴ◓Ⱡ◦►ⱶ╩ ─ ╩ ⇔≡ ╩ ™⁸100

─ ≤ ⇔≡ ≢ ∆╢↓≤⌐╟╡ ╩ ⇔√⁹ XRD ⱪ꜡

ⱨ□▬ꜟ⌐ ⇔≡⁸ XRD ⱪ꜡ⱨ□▬ꜟ╩ ≢ ⇔Ɽ♃כfiⱨ▫♇♥▫fi

◓∆╢ ♩ꜟⱬ♩כꜞ⁹╢№≢ ≤─ ≢ ⇔√ ─ -3.3.2⅛╠⁸y = x

⌐ ╙ ™ ─ ⅝⅛╠ ↕╣╢Ⱪꜟכ◘▬♩─ │ 0 9.02 ≤─ ≢№∫

√ -3.3.1 ⁹ 
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-3.3.1 X ─  

 

 

         

-3.3.2 y=x⌐ ╙ ♩ꜟⱬ♩כꜞ™ ≤─  
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-3.3.1 ─  

                

 

 ∑╪  

∑╪ ≢│⁸ ─ ⅛╠ ≤⇔≡⁸Ⱪꜟכ◘▬♩⌐ ≡√

ⱴ◓Ⱡ◦►ⱶ⁸ ⌐ ≡√ ◔▬ ╩ ™⁸ ≢ ╩ ╘≡ ╩

∫√⁹ ≢│ ⱴ◓Ⱡ◦►ⱶ ╩0.6ɡm≤4ɡm╩ ⇔⁸ ה15ה10ה0

50ה25 ─ ₁5 ≤⇔√⁹↓─ ╩ ∑╪ ─ ≤ ─ ≈⌐

⅛╣√∑╪ ⌐⁸ 6cm⁸ ↕2cm─ ⌐≡ ╩ ∫√⁹ ∑╪ ─

╩ -3.3.3 ⌐ ∆⁹♩fiⱠꜟ ≢ ≤⌂╢ ─ │⁸ ─

≤─ ⅜ ⅎ╠╣⁸ ⅜ ⅝ↄ⌂╢ │♩fiⱠꜟ ⌐ ⅜

↕╣√ ≢№╢≤↕╣╢⁹↓─ ─└≤≈─ ≤⇔≡⁸ ⅜2 ≢⁸⅛

≈⁸ ⅜ ⌡30° ─ ≢ ≢№╢≤ ⅜№╢27) ⁹↓╣╙ ╘≡

-3.3.3╩ ⇔√⁹Ⱪꜟכ◘▬♩─ ─ │∆═≡─ ≢30° ≢№

╡⁸ ⇔≡ ™ ≢№╢↓≤⅛╠⁸ ⅜ ↕╣╛∆ↄ ╩ ⅝ↄ∆╢ ─

≢№╢≤ ↕╣╢⁹ ⌐╖╢≤0 ⌐ ═⁸10 ⅔╟┘15 ≢ │

∆╢ ⅜ ↑╠╣╢╙──⁸ ⌐№╢ 27) ─ ≤ ∆╢≤⁸ ⌂

≤│ ⇔⌐ↄↄ⁸25 ≢│ ⅜ ╩ ∆ ≤⌂∫√⁹ 

wt% wt%

KB14-01 3.95 KB20-3 3.24

KB14-02 5.39 KB22-1 5.40

KB14-03 4.15 KB22-2 9.02

KB15-01 4.55 KB22-3 5.52

KB15-02 1.52 KB24-1 4.62

KB15-03 2.60 KB24-2 6.76

KB17-01 2.55 KB24-3 6.31

KB17-02 7.56 KB25-1 6.28

KB17-03 0.56 KB25-2 6.79

KB18-1 5.41 KB25-3 4.66

KB18-2 0.45 KB26-1 8.51

KB18-3 8.11 KB26-2 6.49

KB19-1 4.41 KB26-3 8.01

KB19-2 6.61 KB27-1a 0

KB19-3 6.72 KB27-1b 0

KB20-1 3.59 KB27-1c 6.27

KB20-2 4.06 KB27-1d 0.47
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-3.3.3 ≤ ─  

 

╟╡⁸Ⱪꜟכ◘▬♩─ ─╖≢ ─ ─ ╩ ⌐ ∆╢↓

≤│ ≢№╡⁸∕─ ⅜ ⇔™↓≤⅜ ⇔√⁹⇔⅛⇔⁸ Ɽ♃כfi─ ⇔⌂≥

⌐⅔™≡ ⌐╟╢ ⅜ ⌐ ╦╣╢ ♩fiⱠꜟ─ ⌐⅔™≡│⁸

─ Ɽꜝⱷכ♃≢№╢ ⌂≥─ ⅜ ⌐ ≢№╡⁸

≤ ≤─ ⌐≈™≡─ │⁸ ╙ ≤ ⅎ╢⁹ ─ ≢│ ─

⌂⇔─ ≢№∫√√╘⁸ ─ ⌐╟╢ ⁸╕√⁸ ≤─ ⌂≥⅜ ─

≤⇔≡ →╠╣╢⁹ 

 

 ╕≤╘ 

♩fiⱠꜟ ⌐ ∆╢ ≢│⁸ ⌂ ⌐⅔↑╢ ─ ≤

⇔≡⁸ הRQDה ⅜ ↕╣≡™╢⅜⁸ ─ ≢│↓

╣╠⌐ ⅎ ─ ⁸ ⌂≥─ ⅜ ∆╢⁹↓─ ≢ ⌐ ∆╢

─ │ ⇔⌂™⁹╟∫≡ ⌐ ∆╢ ⁸™╦╝╢ ─ ⌐№√

∫≡│ ╛ ╩ ≤⇔≡⅝√⁹↓─↓≤⅛╠╙⁸ ≈─ ╩

⇔⁸ ⌐ ∆╢ ─ ╛ ⌐ ≠ↄ ─ ╩ ╖╢√╘⁸X ⌂

╠┘⌐ ∑╪ ╩ ∫√⅜⁸ ⌂ ⌐ ╢↓≤│≢⅝⌂⅛∫√⁹⇔⅛⇔⌂⅜╠⁸

↓╣╠─ ⅛╠⁸ ⌐ ⇔⌂™ ⌂ ╩ ∆╢ ⅜

↕╣√⁹ 
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≥♃כ♦  ─♃כ♦  

♃כ♦  ⌐ ↑√ ⅎ  

 ⌐ ╠╣╢ ꜟfiⱠ♩⁸│♃כ♦ ≢№╣┌ ╛ ⅛╠─ Ⱳ

ה◓fiꜞכ Ⱳכꜞfi◓ ⅜№╡⁸♩fiⱠꜟ ≢│ Ⱳכꜞfi◓⌂≥⅜№╢⁹ 

 Ⱳכꜞfi◓│⁸ ⌐ ∫√ ─ ≤ ─ ≤⅜ ∏⇔╙

⇔⌂™ ╛⁸ Ⱳכꜞfi◓╩ ↕∑╢↓≤⅜ ⇔™♩fiⱠꜟ ≢─ ⌂

╩ ╢↓≤╩ ≤⇔≡ ↕╣╢╙─≢№╡⁸ ⌐ ╦╢ ⌂ ⅜ ⌐

≢⅝╢ ⌂ ─ ≈≢╙№╢⁹↓─√╘⁸╦∏⅛⌂ ─ ™≢╙ ⅝⌂

─ ™⅜ ∆╢ ♩fiⱠꜟ ≢│⁸ ─ ⌐ ∫≡ ↕╣╢↓≤╙

™⁹∕↓≢⁸ ♩fiⱠꜟ≢ ≤ ⇔≡ ↕╣╢↓≤─ ™ Ⱳכꜞfi◓⌐

⇔⁸ ╩♃כ♦╢╣╠ ╛ Ɽ♃כfi─ ⁸ ⁸ ⌐ ≢⅝

⌂™⅛ ⇔√⁹∕↓≢ ≢│⁸ ─ ╩ ≤⇔√♩fiⱠꜟ ≢─

Ⱳכꜞfi◓♦כ♃⅔╟┘ Aה B♦כ♃╩ ה ⇔√ ≢ ╩ ∆╢

↓≤≤⇔√⁹↓╣╠╩ ⌐ ∆≤⁸ Ⱳכꜞfi◓⌐⅔™≡│⁸ ⌐◖▪ ╛◖

▪╩ ⇔√ ─ ⌐ ↕╣⅜∟∞⅜⁸↓↓≢│◖▪ ─ Ⱳכꜞfi◓

ⱴ◦fi─ ⌐♃כ♦ ⇔√⁹↓─ ⁸│⌐♃כ♦ Ⱳכꜞfi◓ⱴ◦fi╩ ↕∑╢

√╘─ ⁸ ⅜№╡⁸∕─ ≤⇔≡ ⅜ ╠╣ ⌂ ⅜ ╠╣╢↓

≤≤⌂╢⁹↓╣╠ Ⱳכꜞfi◓ⱴ◦fi─ ⌐♃כ♦ ⇔√ │↓╣╕≢∕℮ ↄ

⌂™⁹↓╣⌐ ⅎ◖▪ ⌐╟╢ ─ ─ ≤ ⁸

A≢─ ╛ B≢─ ⌐ ∆╢ ─ ╩ ה ⁸ ─

≤⌂╢⁹↓╣⌐╟╡⁸ ─ ─ ⅛╠ ה ⌐ ∆╢≤™℮↓╣╕

≢─ ⌐ ╦╡⁸ ─Ⱳכꜞfi◓♦כ♃≤ A⁸ B♦כ♃⅛╠─ ╩╙≤⌐

⇔√ ⌂ ─ ⅜⁸ ⌐ ⅎ╢↓≤≤⌂╡⁸╟╡ ה ⌂ ⅜ ⌐

⌂╢╙─≤ ⅎ╢⁹↓╣╠♦כ♃─ ™│⁸ ⅜ ∆╢ ♩fiⱠꜟ─

⌐ ∆╢ ⌐ ↕╣≡⅔╡⁸ │↓─ ⌐ ≠™≡

⌐ ┼ ∆╢↓≤≤↕╣≡™╢⁹ 15 ⅛╠ ↕╣ 7 5 ≢

─ 117 ♩fiⱠꜟ⅜ ↕╣≡™╢⁹ ╛ ⅜ ↕╣√╙─≤⌂∫≡⅔

╡⁸↓╣╠ ─ │⁸ ─ ⌐ ↑√ ╙ ╕╣ ⌂≥♃כ♦⌂

╢⁹ ─ ⌐⅔™≡╙⁸ ⌐⅔↑╢♩fiⱠꜟ ┘╟⅔♃כ♦─ ─

⌐ ─♃כ♦⁸≡↑ ה ⅜ ╕╣╢⁹ ⌐ ─ ╩ ⇔≡

∆╢⁹ 
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NATM♦כ♃─  

 

1⁸ │ ⌐NATM ╩♃כ♦ ∆╢╙─≤∆╢⁹ 

 

    ─ ה ⁸ ♩fiⱠꜟ⅔╟┘ ┼─ ≤

∆╢↓≤╩ ≤∆╢⁹ 

2⁸NATM │♃כ♦ ─ ≤∆╢⁹ 

1 ♩fiⱠꜟ    

Ɽ♃כfi⁸ Ɽ♃כfi⅜ ↕╣≡™╢╙─  

  Ⱳכꜞfi◓≢─ ⅜ ↕╣≡™╢╙─  

  2  

  3 ה   ⁸  

  4 A ⁸  ♃כ♦ ⁸♃כ♦  

  5 Ⱳכꜞfi◓♦⁸  ♃כ ⁸◖▪  

  ↓╣ │ ∆╢ ⌐ ∆╢↓≤⁹ 

  6 B ⁸  ♃כ♦ ⁸♃כ♦  

  7 ─ ⌐ ∆╢  

  8 ─ ⅜╦⅛╢  

  9 Ɽ♃כfi≤ Ɽ♃כfi⅜ ≢⅝╢  

  10 ∕─ ∆═⅝  

  ─ ╩CD⌐≡ ┼2 ─↓≤⁹ 
 
 
⅜ ─ ≢№╢⁹ 

 

 Ⱳכꜞfi◓─ ≤ ≤⇔≡─  

 Ⱳכꜞfi◓│ ⇔√╟℮⌐⁸♩fiⱠꜟ ─ ─ ™ ╛ ⅜ ↕

╣╢ ⌐⅔™≡ ↕╣╢╙─≢№╡⁸ ╙↓╣⌐ ∆╢↓≤⅜ ™⁹∟⌂╖

⌐ ⅜ ∆╢♩fiⱠꜟ ⌐⅔↑╢ Ⱳכꜞfi◓│ ∆╢↓≤╩

≤↕╣≡™╢⁹↓╣│ ─ ⅜ ─ ≤ ═⁸ ⌂ ╩

⇔≡™╢↓≤⅛╠≢№╢⁹4-2≢│⁸╕∏ Ⱳכꜞfi◓─ ≤∕╣⌐╟╡ ╠╣╢ ₁

╩♃כ♦⌂ ™√ ─ ⌐≈™≡ ⅎ╢⁹╕√⁸ ╩♃כ♦ ⇔√♩

fiⱠꜟ≤ ╙≡™≈⌐♃כ♦√╣↕ ∆╢⁹ 
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 Ⱳכꜞfi◓─ ⌐≈™≡ 

 Ⱳכꜞfi◓─ ⌐№√∫≡│ Ⱳכꜞfi◓ⱴ◦fi⅜ ╦╣╢↓≤⅜ ↄ⁸∕

─ │ ⌐ 100m ≢№╢⅜⁸ ה ╩ ∆ ≢│⁸ ─

⌐╟╡⁸ Ⱳכꜞfi◓ⱴ◦fi─ ╩ ⅜Ⱪכꜙ♅▪◖╙≡∑↕ ⇔≠╠ↄ⌂∫≡

╩ ∑↨╢╩ ⌂™ ⅜№╢⁹↓℮⇔√↓≤⅛╠⁸ Ⱳכꜞfi◓≢│◖▪ ⌐

╟╢ ─ ⅜ √╢ ≢│№╢╙──⁸ ╛ ⅔╟┘ ╛

⅜ ─ ⌐ ≢⅝⌂™⅛ ⅎ√⁹↓↓≢╕∏⁸ ↄ ↕╣≡™╢ ♩fiⱠ

ꜟ ה 28)⌐ ↕╣√ ⅛╠⁸ Ⱳכꜞfi◓─ ⌐╟╢

⌂ Ɽ♃כfi ╕≢─ⱨ꜡כ⌐≈™≡ ⅎ≡╖╢⁹ -4.2.1 ⌐ ∆╟℮⌐⁸◖▪

◘fiⱪꜟ⅛╠ ╛ ─ ⌂≥╩ ⇔√ ⁸ ╛ ⌐╟╢ ⅜ ⅎ

╠╣⁸∕─ ⌐ ≠ↄ ⌂≥≤─ ⌐╟╡ Ɽ♃כfi⅜ ╘╠╣╢─⅜

≢№╢⁹↓╣⌐ ∫≡ ╠╣╢ ╩ ∆╢≤⁸ Ⱳכꜞfi◓╩ ∆╢↓≤≢

≤ №╢™│ ≤ ⌂≥─ ⅜ ∟⌐ ╠╣╢ ⁸ ≢─ ⌂

⌐╟∫≡ ⌐ ─ ⌂≥⅜ ≢⅝╢↓≤⌐⌂╢⁹⇔⅛⇔⁸↓

⅜♃כ♦─╠╣ ≢─ ╛ ⁸↕╠⌐│ ⌐ ≢⅝╢ ⌐⌂

∫≡™⌂™─⅜ ≢№╢⁹∕↓≢⁸ ≢│ Ⱳכꜞfi◓≢ ╠╣╢ ─♃כ♦

⅛╠ ≢⅝╢╙─│ ⅛╩ ⁸ ⌐℮╟─≤╩♃כ♦─╠╣⧵⁸⌐╙≥≥╢∆ ∆

╢⅛⌐≈™≡ ⅎ╢⁹ ⌐│⁸ Ⱳכꜞfi◓ⱴ◦fi─ ╩ ∆ ◖≥♃כ♦

▪◘fiⱪꜟ─ ⌐ ≠ↄ♦כ♃⌐ ⇔⁸↓╣╠⅜♩fiⱠꜟ ⌐ ╠╣╢

≤≥─╟℮⌐ ↑╠╣╢⅛╩ ⅎ╢╙─≢№╢⁹ 

             

          -4.2.1 Ɽ♃כfi ╕≢─ⱨ꜡כ 

  

≢⁸ Ⱳכꜞfi◓ⱴ◦fi─ │ ⌐ 100m ≤ ⇔√⅜⁸∕─

⌐≈™≡ ∆╢⁹ │⁸ ⅜ ⇔⁸ 15 ⌐

⇔√⁸⅛≈⁸ ♩fiⱠꜟ⌐⅔™≡ B⅜ ↕╣≡™╢⁸13♩fiⱠꜟ≢ ⇔

√⁹ Ⱳכꜞfi◓─ │21,761m⁸ │211 ≢№╢⁹↓─ ⅛╠

Ⱳכꜞfi◓1 №√╡─ │103m≢№∫√⁹ 

Ⱳכꜞfi◓─

Ɽ♃כfi─

◖▪╟╡
ה
ה ⌐╟╢
ה ─ ╛
─▪◖ה

╟╡
ה
ה
RQDה
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 Ⱳכꜞfi◓ⱴ◦fi─ ⌐╟╢  

Ⱳכꜞfi◓ⱴ◦fi╩ ↕∑╢⌐№√╡⁸ ◄Ⱡꜟ◑כ╩ ∆╢√╘─ ⅜

≤⌂╢⁹↓─ ╩ ≤ ┘⁸ ─Ⱪכꜙ♅▪◖ ⌐│⁸↓─ ⅜ ≤

╩ ╡ ⇔⌂⅜╠ ⌐Ⱪכꜙ♅▪◖⁸√╕⁹╢⌂≥≥↓╢∆ ╦╢ ─ ╙◔

◓fi◦כ ⌐ ⅎ╢ ⅜ ⅝™≤ ⅎ╠╣⁸ Ⱳכꜞfi◓ⱴ◦fi─ №√╡

─ ≤⌂╢ ╛⁸ ≢⅝√Ⱳכꜞfi◓ ⌐ ⅝⌂ ╩ ╓∆╙─≢№╢⁹↓

─↓≤⅛╠⁸ Ⱳכꜞfi◓─ ⌐ -4.2.2 ↕╣╢ ╛ ⁸⅔╟┘

Ⱳכꜞfi◓ ─ ⌂╠┘⌐ ⅜⁸ ─ ╛ ─ ≤⇔≡

≢⅝╢ ─№╢╙─≤ ⅎ⁸ ∆╢↓≤≤⇔√⁹↓╣╠ Ⱳכꜞfi◓─ ♦

⌐♃כ ⇔√╙℮└≤≈─ ╩ -4.2.2 ─ ╩ ™≡ ∆╢⁹♩fiⱠꜟ

⌐ ╦╢ │ ─Ⱳכꜞfi◓ ≢ ⌐ ⅜ ↄ─│ ╖≢ ⇔√₈

₉₈RQD 5 ₉₈ ₉₈●☻ ₉⅜ ≢№╢≤ ↕╣╢⁹↓╣│ ─ ≤⌂

╢ ─ ≤≤╙⌐∕─ ─ ⌐ ╩ ╓∆ ╛ ⁸∕⇔≡⁸

≤⇔≡●☻ ─ ─ ⅜ ⌂↓≤⌐№╢⁹╟∫≡∕╣ ─ ─ │∕╣

╒≥ ↕╣≡™⌂™≤ ↕╣╢⁹⇔⅛⇔⌂⅜╠ ⌐№√∫≡│⁸ ♩fiⱠꜟ

─ Ⱳכꜞfi◓─ ─ ™╙№∫≡⁸↓╣╕≢ ↕╣≡↓⌂⅛∫√ ╖≢

⇔√₈ ₉₈ ₉₈ ₉ ─ Ⱳכꜞfi◓ⱴ◦fi─ ⅜♃כ♦

┼─ ⅝⌐⌂╢─≢│≤™℮ ⅝≢№∫√⁹ 

⌂⅔⁸ ⌐№√∫≡ Ⱳכꜞfi◓ⱴ◦fi─ │⁸ⱴ◦fi ╛◄fi☺fi─ ∕⇔

≡ ⌐≤╠ⅎ╢↓≤⅜≢⅝⌂™ⱴ◦fi○Ɑ꜠כ♃כ ⱨ◊▪ⱴfi ─ ⅜ ╩

∆╢≤╙ ╦╣╢⅜⁸↓↓≢│∕╣╩ ⇔≡ ∆╢↓≤≤∆╢⁹ 
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-4.2.2 Ⱳכꜞfi◓  
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 Ⱳכꜞfi◓≢ ↕╣√◖▪─ ≤  

 ◖▪ ⅛╠ ╠╣╢  

 -4.3.1│⁸ Ⱳכꜞfi◓ ⌐⅔™≡ ╡╕≤╘⌐ ╕╣╢◖▪ ≢№╢⁹ 

 ↓─ ↕╣√◖▪⅛╠⁸ ⌐╟∫≡ ╘╠╣╢ ─ ⌐ ∂≡⁸

⅜ ╦╣╢↓≤≤⌂╢⁹ ⌐ ∆╢ ⌐≈™≡│⁸ ⅜

∆╢ ╛ ⌐⅔™≡ ⌂ │ ⇔⌂™⁹↓╣│ ╩ ≤⇔√

≢─ ⅜ ⌂™↓≤╛⁸ ∂ ≢╙ ⌐ ⅝⌂ ⅜№╢↓≤⅛╠⁸

╩ ⌐ ≢⅝⌂™↓≤⅜ ↕╣╢⁹∕↓≢ Ⱳכꜞfi◓⌐╟╡ ╠╣√◖▪─

⅛╠ ╠╣╢ ≤⇔≡⁸ ─ ⅜ ∆╢⁹∕─

≤⇔≡⁸ ⌐ ⇔√ ⅜ ⌐ ™╠╣≡™╢ 29)⁸ ה

ה ≤™∫√ │♩fiⱠꜟ ─ ≢╙№╡⁸ ⅎ┌⁸

♩fiⱠꜟ─ ≢ ↄ ™╠╣╢ ─ │ ≢ ↕╣╢⁹ 

 

-4.3.1 

 

 

─ ⌐│ ⅔╟┘ ≤™∫√ ╙№╡⁸↓╣╠╙ ≤ ⁸

─ ≢ ≢⅝╢╙─≤⇔≡↓↓≢ ∆╢⁹ 

 

-4.3.2 

 

 

 

 

-4.3.3 

 

 

 -4.2.2 ─Ⱳכꜞfi◓ ⌐№╢ ╟╡ ─ ╩ ╖ ╡⁸∕─

─ ╩ ∆╢√╘─ ╩ -4.3.1⅔╟┘ -4.3.2⌐ ∆⁹Ⱳכꜞfi◓ ≢─

⌐⅔™≡⁸ №╢™│ ≤─ ⅜№╢ ⌐│⁸ -

4.3.1─╟℮⌐ ─ ⌐ ⇔2/3─ ╩ ∆╢↓≤≤⇔⁸↓╣╩ ⌐ -4.3.2⌐

≡ Ⱳכꜞfi◓1 №√╡ ⌐ ╩ ⇔≡™╢⁹ 

× 100

Ⱳכꜞfi◓ 10m⌐⅔↑╢
─◖▪ m

Ⱳכꜞfi◓ 10m

× 100

Ⱳכꜞfi◓ 10m⌐⅔↑╢
─◖▪ m

Ⱳכꜞfi◓ 10m

× 100

Ⱳכꜞfi◓ 10m⌐⅔↑╢
─◖▪ m

Ⱳכꜞfi◓ 10m
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-4.3.1 ◖▪  
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-4.3.1 ─ ▬ⱷ ☺ 

 

m 5.0 10.0 10.0

20 40 40

0 3.3 1.7

0 1.7 3.3

0 5.0 0

0 0 5.0

1/1

1/1

ₒ ₓ
2/3
1/3

ₒ ₓ
1/3
2/3

24

25

23

20

21

22

20

16

17

18

19

8

9

10

5

15

15

5

6

7

10

11

12

13

14

m

5.0 0

Br
m

0

1

2

3

4

0

─ ⅎ

1/1
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-4.3.2 ─  

 

Br       L= 26.0

   L=16.5

   L=16.5

0 16.5 0

0 100 0

ₒ ♩fiⱠꜟₓ Br No,13

Br
m

5

6

7

8

9

10

23

24

25

m

0

1

2

3

4

13.50 0

11

12

13

17

18

19

20

21

22

14

15

16

26

ₒ ♩fiⱠꜟₓ Br No, 13
m

0 0 0

0 0 0

0 3.0 0



32 
 

 ◖▪╩ ™√ ╟╡ ╠╣╢  

│⁸ Ⱳכꜞfi◓⅛╠ ↕╣√◖▪╩ ™≡ ╦╣⁸∕─ ╩

⅜ ∆╢ ⅛╠ Ɽ♃כfi⅜ ↕╣╢⁹ ≢│ ≤⇔≡

⌂╠┘⌐ ⁸↓╣⌐ ≠ↄ ⁸∕⇔≡RQD 10 ⅜№╡⁸↓

╣╠│ ⌐ ─ ≢№╢⁹↓╣⌐ ⅎ ⌐⅔™≡│⁸ ⁸

⁸ ⁸ⱳ▪♁fi ⁸∕⇔≡RQD 10 ─ ╦╡⌐RQD 5 ⅜ ↕╣≡™

╢⅜⁸↓↓≢│ ⌐ ─ ≢№╡⁸ ─╟℮⌂ ⌂♩fiⱠꜟ╩

∆╢⌐№√╡⁸ ⌐ ↄ ™╠╣╢ ╩ ∆╢↓≤⇔√⁹ │⁸

─ ≤ ╡ ─ ≤⇔≡ ↕╣⁸ ⌂ ─ ⌐ ↄ ™╠╣╢

≢№╢⁹ ─ ╩ ⌐ ∆≤≤╙⌐⁸ ⌐╟╢ ╩

∆╢ ≤ ╙ ⌐ ∆⁹ 

           qu           qu  ─ kN/m²  

                        1kN/m² = 1/1000N/mm²  

           ɘ H          ɘ  ─ kN/m³  

                                     H  ╡ m  

⌂⅔⁸ ─ │⁸ ─ ⅜ ≢⅝╢ ⌐⅔™≡│ ─  

╩ ≢⅝╢⅜⁸ ─ ⅜ ⅝™ ⌐⅔™≡│ qu´ kN/m²

╩ ™╢↓≤⅜≢⅝╢⁹ 

 

         Vp    2       Vp  ─ ⁸km/s  

   qu´ =        × qu   vp  ─ ⁸km/s  

         vp 

 

 

   y   0.978x  2.621 0.914  

                    y  ─  

                       NP N  

                    x                ─  

                          mm  

 

     98 × 100.978×log10k 1.599 

                    k  kgf/mm  
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 ─  

⌐ ⅜ ╕╣≡™╢↓≤│ ↄ ╠╣≡™╢≤↓╤≢№╡⁸ ⌐╙ ₁⌂

⅜ ↕╣⁸ ╩ ≤⇔√♩fiⱠꜟ ⌐⅔™≡ ∆═⅝ ⌂

╩2≈ ∆⁹ 

 1≈ │⁸ ┼─ ─ ⅛╠ ─ ⌂ ≢№╢ ⌐│▪fi♅◗ꜝ

3─ꜟ▬♃♁ꜞ◒ה♩▬♄כ◙ꜞה♩▬ ⅜ ⇔⁸∕─ ≢╙ ⌐ ╩ ╓∆≤↕

╣╢◒ꜞ♁♃▬ꜟ⅜ ≢№╢⁹↓─◒ꜞ♁♃▬ꜟ│ ─▪☻ⱬ☻♩⁸™╦╝╢

≢ ⅜ ⌐ ⇔√ ─ ≢№╡⁸ ─ 1 │ 0.02 0.35ɡm⁸

─ ─5,000 ─1 ≢№╢⁹↓─ │ ה ה ה ─

⌐ ⌐ ╣ ≢№╢√╘ ↕╣⁸ ה ה ה ⁸↕╕

↨╕⌂ ⌐ ↄ ↕╣≡⅝√⁹⇔⅛⇔⌂⅜╠⁸ ⌐ ⇔√ ╩ ⌐

∆╢≤⁸ ⅜╪╛ ─ ≤⌂╢↓≤⅜ ↕╣╢╟℮⌐⌂╡⁸ ⌐⅔™≡│

2004 10 ╟╡ ─ │ ≤⌂∫√⁹ ─↓≤⅛╠⁸ ╩ ≤∆╢♩

fiⱠꜟ─ ⌐⅔™≡│ ⌐ ─◒ꜞ♁♃▬ꜟ ─ ╛ ─ ╩

∆╢≤≤╙⌐⁸ ≢│☼ꜞ ⇔⌐⅔↑╢ ─ ╛♩fiⱠꜟ ─

─ ≤∕─ ⌂ ⅜ ╘╠╣╢⁹ 

2≈ │⁸ ⅛╠↓╣╕≢ ─ ⌂ ≤⇔≡▪fi♅◗ꜝ▬♩⌂

≥╩ ⇔≡⅝√⅜⁸↓─ ⌂ ⌐╙∕─ ↄ─ ⅜ ∆╢≤↕╣╢⁹↓↓

≢ ⌂ ≢│⁸ ╩ ≤⇔√♩fiⱠꜟ─ ה ה ⌐ ╦╢

⌐≤∫≡ ⌂ │⁸ ≢№╢⸗fi⸗ꜞ꜡♫▬♩⁸

≢№╢♃ꜟ◒─ 2 ≈⅜ ≤ ⅎ╢⁹⸗fi⸗ꜞ꜡♫▬♩│ ⅜ ╡ ╪≢

⇔≡─ ⁸♃ꜟ◒│ ⁸ ─ ⅜ ╘≡ ™↓≤⅛╠⁸↓─ ╩

≢ ⅎ┌⁸ ⅜ ⅝ↄ ⇔≡ ╩╙√╠∆≤↕╣╢⁹↓╣╠ ─

─ ⌐│ X ⅜ ↕╣╢⁹↓─ X ≢│⁸ ⌐ X ╩

⇔√ ⌐ X ⅜ ─ ╡⌐№╢ ⌐╟∫≡ ⁸ ⇔√ ↓╢ ╩ ∆

╢↓≤╩ ≤⇔≡⅔╡⁸↓─ ╩ ™╢↓≤⌐╟╡⁸ ≢│ ─

╛ ⅜ ≤⌂╢⁹ -4.3.3 │⁸↓─ ⌐╟∫≡ ╠╣√ Ɽ♃כfi╩ ⇔≡

™╢⁹↓─ Ɽ♃כfi╟╡ ⌐ ∆╢ ─ ⅔╟┘ ╩ ∆╢↓≤⅜

≢⅝⁸Chr ◒ꜞ♁♃▬ꜟ⁸Liz ⁸Mt♩▬♄כ◙ꜞ ⱴ◓Ⱡ♃▬♩⁸Br Ⱪꜟכ◘▬♩⅜

╕╣≡™╢↓≤⅜ ≢⅝╢⁹ 

 ↓─ ≤ ⇔√ ─ ⌐≈™≡ ╟╡ -4.3.4 ≤⇔≡ ∆╢⁹↓─

│ ⇔√ ─ ɫ´⁸ɫr≤ ⌂ ─ ╩ ⇔⁸ɫ´│

⌐╟╡ ╘√ ⌐ ≠ↄ ≢№╡⁸ɫr│ꜞfi◓∑╪ ⌐╟╡

╘√ ≢─ ≢№╢ 30)⁹↓─ ⅛╠ ⌂ ─ ה♩▬ꜝ○♅╙≢

fi⸗ꜞ꜡♫▬♩─ɫr⌐⅔™≡⁸⸗ה◒ꜟ♃ ⌐ ─ ⇔™ ↕⅜ ≡≤╣╢⁹ 

─↓≤⅛╠⁸♩fiⱠꜟ ⌐⅔™≡│ ⌐ ─ ─ ╛
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─ ╩ ∆╢≤≤╙⌐⁸∕╣╠─ ⌐ ≠™≡♩fiⱠꜟ ─ ≤⇔√

╡⁸ ⌐ √∫≡│⁸♩fiⱠꜟ ─ ⌂ │╙∟╤╪─↓≤⁸ ⌂♩fiⱠꜟ

─ ─ ╙ ╘⁸ ⌐ ⌂ ≤⌂╢↓≤⅜╦⅛╢⁹↓─ ⁸ 5 ⌐⅔™

≡3♩fiⱠꜟ ₁─ ─ ⌐≈™≡ ═╢↓≤≤∆╢⁹ 

 

 

-4.3.3 X ⌐╟╢ Ɽ♃כfi 

 

 

-4.3.4 ⇔√ ─ ɫΐ⁸ɫr≤ ⌂ ─ 
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─♃כ♦   

⇔√ Ⱳכꜞfi◓⅛╠ ⁸╩♃כ♦╢╣╠ ─♩fiⱠꜟ ≤─ ╩

℮↓≤⌐╟╡⁸ Ɽ♃כfi─ ╛ ─ ⁸♩fiⱠꜟ ─

≤ ⌐ ≈ ⅜ ⌐╙ ╠╣╢ ⅜№╢≤ ⅎ√⁹♩fiⱠꜟ─

⌐ ╦╢ ה ⌐│⁸ ─ ─√╘─ A ≤⁸ ה

⌐ ↕∑╢↓≤╩ ≤⇔≡ ↕╣╢ B ⅜№╢⁹↓╣╠∕╣∙╣

─ ≤ ─ ╩ ⇔⁸ ≢ ⇔√ ─ ╩ 4 ⌐ ⇔

≡™ↄ⅜⁸↓─ │⁸ ╛ Ɽ♃כfi⁸∕⇔≡ ⌐╟∫≡ ⅜

∂╢≤ ∂╠╣╢≤↓╤≢№╢⅜⁸ ≢│⁸ ⌐⅔↑╢ ⌂ ╛

Ɽ♃כfi╩ ⇔≈≈⁸↓╣╠─ ⌐╟╠∏⁸ ⌂ ⌐ ≠™≡ ╩ ℮↓≤

≤⇔√⁹ 

 

 A 

 A│⁸ ─ ⌐ ─ ≢№╡⁸ ⅛╠ ╕≢ ⇔≡ ↕╣

╢⁹↓─ │♩fiⱠꜟ ⌐ ─ ≢ ↕╣⁸ │ ⁸ ה

⁸ ⅔╟┘ ⅜№╢⁹↓─ ─℮∟⁸

│⁸ ─ ⁸ ─ ─ ╛ ─ ─√╘⌐ ℮⁹ ה

│⁸ ≤ ∑≡♩fiⱠꜟ ─ ╩ ⇔⁸ ─ ╩ ╡⁸♩fi

Ⱡꜟ ה ─ ╩ ∆╢⁹ │⁸ ה ≤ ∑≡ ⁸

─ ─ ⌐╟╡ᵑ ─ ⁸o ─ ⁸ ─ ⁸ɔ

─ ─ ⌐ ∆╢⁹↓─ ≤ ╩ ⇔√╙

─⅜ -4.4.1 ≢№╢⁹ ─ │ ↕╣√ Ɽ♃כfi≢ ╘╠╣≡⅔╡⁸↓╣

⌐ ∂≡ ⅛╠ ⅜ ↕╣⁸ ≤╖⌂∆ ⌐ ∆╢╕≢ │ ↕╣╢

↓≤≤⌂╢⁹ ↕╣√ ╩ -4.4.1 ⌐ ∆≤≤╙⌐↓╣⌐ ≠™≡ ⅛╣╢

╩ -4.4.2 ⌐ ∆⁹ │⁸ ╡─ ↕™♩fiⱠꜟ ─ ┼─

╛ ─ ╩ ∆╢↓≤⌐ ∆╢ 31)⁹ 

             

-4.4.1 A  



36 
 

-4.4.1 A ─ 

 
 

⁷ ╣
(m)

╣
(m)

╣
(m)

╣
(m)

A
(mm)

B
(mm)

C
(mm)

D
(mm)

1
(mm)

2
(mm)

3
(mm)

4
(mm)

5
(mm)

2011/12/27 17:57 0 -5 -7 -1077 0 0 0 0 0 0

2011/12/28 6:28 0 -5 -7 -1077 2.8 -0.9 -2.5 0 -4.2 -1.7

2012/1/4 8:05 0 -5 -7 -1077 2.1 -0.4 -3.6 -0.5 -5.4 -2.4

2012/1/5 8:35 0 -5 -7 -1077 1.2 -2.8 -7.3 -1.8 -7.1 -2.8

2012/1/6 8:33 0 -5 -7 -1077 1.2 -2.8 -7.3 -1.8 -7.1 -2.8

2012/1/7 7:40 0 -5 -7 -1077 -0.2 -2.8 -8 -2.6 -7.6 -3.4

2012/1/8 10:59 0 -5 -7 -1077 -0.7 -2.9 -8.6 -3.1 -7.9 -3.7

2012/1/9 6:29 0 -5 -7 -1077 -0.6 -2.6 -8.6 -3.3 -8.3 -3.4

2012/1/10 6:57 2 -3 -7 -1077 -8.9 -4.7 -23.6 -3.5 -8.7 -7

2012/1/11 6:54 3 -1 -4 -1077 -9.1 -6.8 -29.9 -4.3 -9.6 -8.1

2012/1/12 6:59 5 1 -2 -1077 -8.9 -10.6 -34.7 -7.3 -13.1 -11.4

2012/1/13 6:13 6 1 -2 -1077 -9.1 -11.4 -35.7 -8.8 -15.1 -12.7

2012/1/14 6:55 6 3 0 -1077 -9.4 -11.4 -36 -0.2 -9.7 -17 -13.2 -1 -0.6

2012/1/16 6:27 7 3 0 -1077 -9.5 -12.5 -36.3 -0.6 -13.8 -20.2 -16.1 -2.4 -3

2012/1/17 7:05 9 4 2 -1077 -9.6 -13.9 -37.4 -3 -14.4 -21.1 -17.8 -4 -4

2012/1/18 6:30 9 4 2 -1077 -9.7 -13.5 -38.2 -3.8 -14.4 -21.4 -18.4 -4.3 -4.4

2012/1/19 7:17 11 6 2 -1077 -10.7 -13.5 -40.3 -4 -16 -21.3 -20 -4.8 -4.6

2012/1/20 7:07 12 8 5 -1077 -10.9 -16.5 -41.6 -4.2 -17.4 -24.3 -22.8 -4.9 -4.6

2012/1/21 7:25 14 10 7 -1077 -10.9 -16.3 -42.5 -4.4 -17.7 -24.4 -22.5 -4.9 -4.7

2012/1/23 7:12 15 11 9 -1077 -11.9 -16.4 -44.7 -6 -19.3 -24.9 -22.9 -5.2 -5.1

2012/1/24 6:44 15 12 9 -1077 -11.6 -16.8 -44.8 -6.3 -19 -25 -23.4 -5.1 -5.1

2012/1/25 6:22 16 13 11 -1077 -12 -16.7 -45 -6.4 -19.5 -25.2 -23.3 -5.4 -5.6

2012/1/26 6:33 18 13 11 -1077 -12.2 -17.1 -45.2 -7.8 -19.6 -25.4 -23.5 -5.6 -5.5

2012/1/27 7:00 19 15 11 -1077 -12.5 -17 -45.4 -8.1 -19.6 -25.1 -23.8 -5.3 -5.5

2012/1/28 6:49 20 17 14 -1077 -12.2 -17.2 -46.5 -8.2 -19.7 -25 -23.5 -5.6 -5.3

2012/1/30 6:39 22 17 14 -1077 -12.3 -17.3 -48.2 -8.5 -19.9 -24.8 -22.9 -5.4 -5.8

2012/1/31 6:45 24 19 16 -1077 -12.5 -17.5 -48.9 -9 -19.9 -25.1 -22.9 -5.6 -5.8

2012/2/1 6:28 24 21 18 -1077 -13.8 -18.1 -49.1 -9.8 -20.1 -24.9 -23.5 -5.9 -5.8

2012/2/2 7:04 25 21 20 -1077 -13.5 -18.1 -49.3 -11.4 -19.9 -24.9 -23.6 -5.9 -6.1

2012/2/3 7:22 27 22 20 -1077 -14.1 -18.6 -50.3 -11.9 -19.9 -24.8 -23.4 -6.7 -6.1

2012/2/6 6:41 29 24 23 -1077 -15.1 -18.8 -50.4 -12.1 -20.1 -25.2 -23.8 -7.1 -6.6

2012/2/7 7:11 31 26 25 -1077 -15.1 -18.7 -51.2 -12 -20.3 -25.9 -24.1 -7.5 -7.5

2012/2/8 7:21 33 28 25 -1077 -15.3 -20 -51.3 -12.1 -20.7 -27.5 -25.2 -9.8 -9.3

2012/2/9 19:01 34 30 27 -1077 -15.8 -20 -52.5 -12.2 -21.2 -29.1 -25.2 -10.6 -9.8

2012/2/10 7:11 35 31 29 -1077 -16 -20.3 -52.4 -12.3 -21.2 -29.1 -25 -10.6 -9.6

2012/2/11 9:18 36 31 29 -1077 -16.4 -20.1 -52.6 -12.2 -21.2 -29.4 -25.4 -10.9 -10

2012/2/13 7:08 36 31 29 -1077 -16.3 -20.2 -53 -12.3 -21.3 -29.2 -25.3 -10.8 -9.8

2012/2/14 7:21 38 33 29 -1077 -16.1 -20.2 -53.3 -12.3 -21.6 -29 -25.3 -10.9 -10.2

2012/2/15 7:16 40 35 32 -1077 -15.9 -20.1 -53.7 -12.2 -21.7 -29.3 -25.2 -10.9 -10.1

2012/2/17 7:24 42 37 36 -1077 -16 -20.5 -53.9 -12.5 -21.7 -29.2 -25.4 -10.7 -10.5

2012/2/20 7:11 43 40 36 -1077 -16 -20.4 -54 -12.3 -21.9 -29.1 -25.1 -10.5 -10.2

2012/2/21 7:48 45 41 36 -1077 -16 -20.3 -54.6 -12.4 -21.6 -29.1 -25.1 -10.6 -10.4

2012/2/23 6:58 49 46 36 -1077 -16 -20.3 -54.6 -12.4 -21.5 -29.1 -25.1 -10.6 -10.4

2012/2/24 7:12 51 47 36 -1077 -16 -20.3 -54.6 -12.5 -21.7 -29.1 -25.1 -10.7 -10.4

2012/2/27 8:10 54 50 36 -1077 -15.9 -20 -54.9 -12.4 -21.6 -29.1 -25.2 -10.6 -10.3

2012/3/5 7:06 62 57 45 -1077 -16 -20.3 -54.9 -12.5 -21.7 -29.3 -25.3 -10.8 -10.4

2012/3/12 7:22 69 65 51 -1077 -16.1 -20.4 -54.7 -12.3 -21.8 -29.1 -25.1 -10.7 -10.5

2012/3/23 10:45 81 77 63 -1077 -16 -20.4 -54.6 -12.4 -21.5 -29.2 -25.3 -10.8 -10.4

2012/4/10 15:39 103 99 87 -1077 -16.1 -20.4 -54.7 -12.4 -21.8 -29.3 -25.2 -10.6 -10.4

2012/5/14 14:18 133 130 120 -1077 -16.3 -20.4 -54.8 -12.5 -21.7 -29.5 -25.2 -10.6 -10.5

2012/7/12 11:24 202 199 188 -1077 -16.1 -20.4 -54.9 -12.6 -21.8 -29.4 -25.4 -10.7 -10.2

2012/10/29 14:54 323 320 311 -1077 -16 -20.3 -54.8 -12.6 -21.7 -29.3 -25.4 -10.6 -10.2

2013/1/21 15:26 410 406 395 -1077 -16.3 -20.5 -54.8 -12.3 -21.9 -29.4 -25.4 -10.7 -10.5

2013/3/14 10:39 461 458 452 -1077 -16.3 -20.5 -54.8 -12.3 -21.9 -29.4 -25.4 -10.7 -10.5

2013/5/14 14:19 514 511 505 -1077 -16.3 -20.1 -54.9 -12.6 -21.8 -29.1 -25.3 -10.8 -10.2

2013/7/17 15:42 574 571 564 -1077 -16 -20.2 -54.8 -12.5 -21.6 -29.4 -25.2 -10.9 -10.4

2013/8/3 17:18 584 581 576 -54 -16 -20.4 -54.6 -12.4 -21.8 -29.4 -25.3 -10.5 -10.5

2013/11/20 14:38 683 680 674 -54 -16.2 -20.4 -54.8 -12.4 -21.5 -29.1 -25.3 -10.5 -10.1

2014/1/15 19:31 742 738 732 -62 -16.2 -20.4 -55 -12.5 -21.6 -29.5 -25.4 -10.6 -10.1

2014/1/27 19:30 758 754 748 -33 -16.5 -20.4 -54.8 -12.4 -21.9 -29.1 -25.2 -10.9 -10.2

2014/2/10 19:59 773 770 764 9 -16.3 -20.5 -54.9 -12.6 -21.7 -29.3 -25.3 -10.8 -10.2

2014/2/24 19:07 789 785 783 51 -16.5 -20.3 -55 -12.3 -21.8 -29.3 -25.4 -10.7 -10.2

2014/3/3 19:30 797 794 792 83 -16.4 -20.4 -54.8 -12.4 -21.9 -29.5 -25.4 -10.8 -10.4

2014/3/10 19:39 805 801 799 102 -16.4 -20.5 -54.9 -12.5 -21.9 -29.4 -25.3 -10.9 -10.4

2014/3/17 14:11 809 805 802 120 -16.3 -20.4 -54.8 -12.4 -21.9 -29.4 -25.2 -10.9 -10.3
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-4.4.2 A ─  
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 B 

B│⁸ ╛ ⌐ ∂≡ A⌐ ⇔≡ ↕╣╢╙─≢№╢⁹ 

 B─ ⌐│ ⅜№╢32)⁹ 

 

│⁸♩fiⱠꜟ ─ ╖ ─ ╩ ╠⅛⌐∆╢↓≤╩ ≤∆

╢⁹∆⌂╦∟⁸ ⌐ ℮♩fiⱠꜟ─ ─ ╩ ⇔≡ ╖─ ╩ ⇔⁸

─ ≤ ─└∏╖ ╩ ∆╢ ≤∆╢╙─≢№╢ 33)⁹ 

꜡♇◒Ⱳꜟ♩  

꜡♇◒Ⱳꜟ♩─ │⁸꜡♇◒Ⱳꜟ♩⌐ ⇔≡™╢ ─ ⅝↕≤∕─

⅛╠꜡♇◒Ⱳꜟ♩─ ╩ ⇔⁸꜡ ♇◒Ⱳꜟ♩─ ↕⁸ Ⱨ♇♅⅔╟┘꜡♇◒Ⱳꜟ

♩ ─ ╩ ∆╢√╘⌐ ∆╢ 34)⁹ 

↑◖fi◒ꜞכ♩  

↑◖fi◒ꜞכ♩ │⁸ ↑◖fi◒ꜞכ♩⌐ ∂╢ ─ ⅝↕⁸⅔╟┘⁸∕

─ ╩ ∆╢↓≤╩ ≤⇔≡ ∆╢⁹ ↑◖fi◒ꜞ⁸│♩כ ≤ ⇔≡

↕╣╢√╘⁸ ─ ⌐ ⌐ ∆╢ ≢№╢⁹⇔√⅜∫≡⁸ ↑◖

fi◒ꜞכ♩╩ √╢ ≤∆╢╟℮⌂ ≢│⁸ ↑◖fi◒ꜞכ♩─ ╩ ∆

╢↓≤│⁸♩fiⱠꜟ ─ ╩ ∆╢℮ⅎ≢ ⌂ ≤⌂╢⁹ ╛ ⅜ ⅝ↄ⁸

↑◖fi◒ꜞכ♩⌐ꜞfi◓≤⇔≡─ ╩ ∆╢╟℮⌂ ⁸↓─ ⌐╟∫≡

╩ ⇔≡™ↄ↓≤⅜ ≤⌂╢ 35)⁹ 

♅כ▪  

♅כ▪ ─ │⁸ ♅כ▪ ⌐ ∂╢ ─ ⅝↕⁸ ♅כ▪ ─

⌂ ה ה ╖ ╩ ∆╢ ╩ ╢↓≤╩ ≤∆╢ 36)⁹ 

 

│⁸ ─ ⌐⅔™≡ ◖fi◒ꜞכ♩╩ ∆╢ ≢⁸♩fiⱠꜟ

⅜ ⇔≡™⌂™ ╛⁸ ♩fiⱠꜟ ≢ ╖─ ◖fi◒ꜞכ♩⌐ √⌂

⅜ ╦╢≤ ⅎ╠╣╢ ⌐⁸ ◖fi◒ꜞכ♩─ ╩ ⇔≡⁸∕─ ╛ ─

╩ ∆╢↓≤╩ ≤⇔≡ ℮ 37)⁹ 

ה ─  

ה ─ │⁸ ╡⅜ ↕ↄ⁸ ⌐ ⅜№╢ ╛ ∆

═╡⁸ ⅜ ↕╣╢ ⁸№╢™│⁸ ⅜ ∂╢╟℮⌂ ≢│⁸ A≢ ℮

⌐ ⇔≡⁸♩fiⱠꜟ ⌐╟╢ ─ ⌐ ™ ⌐ ∂╢

─ ⅝↕⁸ ╩ ⇔⁸ ⅔╟┘♩fiⱠꜟ─ ╩ ∆╢≤≤╙⌐⁸

⌐ ∆╢ ╩ ∆╢√╘─ ╩ ╢↓≤╩ ≤∆╢ 38)⁹ 
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 ↓╣╠─ ╩ ⌐ ⇔√─⅜ -4.4.3≢№╡⁸ -4.4.2─ ⌐╟∫

≡ ↕╣╢↓≤≤⌂╢⁹ ⌐ ↕╣√ │ -4.4.3 ─╟℮⌐ ↕╣⁸ ⌐№╢

╟℮⌐ ≤ ─ ⌐╟∫≡ ↕╣╢↓≤≤⌂╢⁹ 

 

-4.4.3 B ─  
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-4.4.2 B  

     

 

─ │ ─≤⅔╡≢№╢⁹ 

─ SS400  

   ɨ 210 N mm²  

 →   ɨ 210 N mm²  

 ∑╪   ɨ 120 N mm²  

 

 H-250─  

Ẽ kN  

A  9,143 mm²  

N  ɨ × A  1,920,030 N  ԇ 1,920kN 

Ẽ ∑╪ kNהm  

►▼Ⱪ─ AF  250 14×2 ×9  1,998 mm²  

9mm ►▼Ⱪ  ⁸ 14mm ⱨꜝfi☺  

ɩ  ɨ × Af  239,760 N  ԇ 240kN 

Ẽ → kNהm  

z  860,000 mm²  

9mm ►▼Ⱪ  ⁸ 14mm ⱨꜝfi☺  

M  ɨ × z  180,600,000 Nהmm  ԇ 181kN 

й и з
100 75 50

kN 1,920 1,440 960

∑╪ kNהm 240 180 120

→ kN 181 136 91

kN 1,334 1,001 667

∑╪ kNהm 169 127 85

→ kN 99 74 50

kN 833 625 417

∑╪ kNהm 109 82 55

→ kN 45 34 23

N/mm² 18 14 9

N/mm² 36 27 18

꜡♇◒Ⱳꜟ♩ kN 180 135 90

H-250

H-200

H-150

Co

꜠ⱬꜟ
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-4.4.3 B ─  
 

 
β ꜠ⱬꜟй ⌐ ∆╢ ─  

 

 

 ╕≤╘ 

⁸│⌐♃כ♦╢⅝≢ ≥♃כ♦ ⅜♃כ♦ ⇔⁸ │⌐♃כ♦

╛Ⱳכꜞfi◓ ⁸ │⌐♃כ♦ A ╛ B ⅜№╢⁹ │♃כ♦ ⌐

╩♃כ♦ ╢↓≤⅜≢⅝⁸ │♃כ♦ ⅔╟┘ ╩♃כ♦⌐ ╠╣╢╙─≢№

╢⁹ ─ ─ ╩ ⅎ╣┌⁸ ╠⅛♃כ♦─ ⌐ ⅛╠ ⌂

─ ╩ ⇔≡⅔╡⁸ ⌐ Ⱳכꜞfi◓│⁸ ⌐ ╦╢ ⌂ ⅜ ⌐ ╠

╣╢√╘⁸ ♩fiⱠꜟ⌂≥≢│ ⌂ ⅜ ╕╣╢⁹ Ⱳכꜞfi◓⅛╠ ╠╣╢

≢╕╣↓⁸│≢♃כ♦ ╛ ─ ↕⁸⅔╟┘⁸ ─ ⌐ ↄ ⅜ ™≡™√⅜⁸ 

∂ Ⱳכꜞfi◓≢ ╠╣╢ ╛ ╢№≢♃כ♦ ╙♃כ♦─≤⌂ √⌂

≤⇔≡ ≢⅝╢ ─♃כ♦─╠╣↓⁹╢№⅜ ⌂ │⁸ ─

⌐ ∆╢≤ ⅎ╠╣╢⁹ 

 

 

 

  

꜠ⱬꜟ
й

꜠ⱬꜟ
й

A 808 61 A 3 8

B 1,226 92 B 10 26

C 2,192 164 C 14 38

D 2,766 207 D 26 73

E 2,363 177 E 11 30

F 1,056 79 F 10 27

G 650 49 G 6 16

▬fiH 760 57 ▬fiH 7 19

▬fiI 302 23 ▬fiI 7 19

▬fiJ 577 43 ▬fiJ 9 24

H-200 N/mm² 36kN 1,334
Co

SP2,367.50
H-200

SP2,367.50
H-200



42 
 

 

♩fiⱠꜟ ⌐⅔↑╢ Ⱳכꜞfi◓ ᵒ 
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 ♩fiⱠꜟ≤  ♃כ♦

─ │⁸ ─ ─ ≤│ ⌂╢ ─ ╩ ∫≡™╢≤ ↑╠

╣╢⁹↓╣│ ⌐⅔↑╢ⱪ꜠כ♩─ ╛ ≤⁸ ╛ ⌂≥─

⌐ ↕╣√ ⅜ ⌐ ∂╡ ℮↓≤⌐╟╢⁹↓─√╘⁸ ⌐⅔

↑╢ ♩fiⱠꜟ ≢│⁸ ⌂ ╩ ⌐⁸ ⌐⅔™≡ Ⱳכꜞfi◓

╩ ∆╢↓≤⅜ ≤↕╣≡™╢⁹ ≢ ≤⇔√♩fiⱠꜟ│⁸ ─ ⌐

⇔⁸ ─ │™∏╣╙ -◄♂ ⌐ ╕╣╢ ⌐ ∆╢3≈─♩fiⱠꜟ≢№

╢⁹ │⁸ ─ ⌐ ⅔╟┘ ⌂≥─ ≢ ↑╠

╣╢⁹↓─ ⌐⅔↑╢ ╛ ─♩fiⱠꜟ ≢│⁸↓╣╕≢⌐

ↄ─ ⌐ ⇔⁸∕─ ╛ ┼─ ⅜ ↄ ↕╣≡™╢ 2) - 4⁹ 

≢ ⌐ ™√3♩fiⱠꜟ│ ≢ ∆╢↓≤≤∆╢⁹ 

 

 ♩fiⱠꜟ 

 ♩fiⱠꜟ ≤ ─  

 ♩fiⱠꜟ│⁸ ⅜ ≤⇔≡ 22 ⌐ ↕╣√⁸ 40

─ 4,686m⁸2 ─ ♩fiⱠꜟ≢№╢⁹ -5.1.1─≤⅔╡ ⅛╠ 1,300m

⌐⅔™≡ 470m ─ ─ ⅜№╡⁸ ⌐ 190m ─ ⁸

╩ ╖ 260m ─ ─ ⅜ ↕╣√⁹↓─ ⌐⅔↑╢ ╡│ -

5.1.2─≤⅔╡≢№╢⁹ ╡ ↕─ │⁸ Ⱳכꜞfi◓↔≤⌐⅔↑╢ ≢ ⇔

≡™╢⅜⁸ ╡ ↕─ │⁸ Ⱳכꜞfi◓KB-26⌐ ∆╢ 320m≤⌂╢⁹ 

↓─ ⌐≡⁸ ⅔╟┘ ⅜ ⌐ ╦╣≡™√╙──⁸↓─ ─

─ 26 ⁸ ─ ⇔⅔╟┘ ≢ ╣⅜ ⇔⁸∕─ ⁸ ─ ≤

≤╙⌐ ⅛╠ ⌐ ⅛∫≡ ⅜ ⇔√⁹╕√⁸∕╣≤ ♅כ▪⌐ ─ ╙

╣⌐ ∆╢ ≢ ⅜ ⇔√⁹ ⌐ ╖─ ─ 460m

─ ⌐╦√╢ ≤⌂∫√⁹ 1-3  
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 ќ                    њ  

 
 

 

-5.1.1 ♩fiⱠꜟ ≤ ─ ─  

 

 

 

-5.1.2 ♩fiⱠꜟ ─ ╡ ↕ 

  

198204206213
226

243
261273

282291
299308314

318319315

0

50

100

150

200

250

300

350

400

╡
m

Ⱳכꜞfi◓No,

  

╗

186m 25m 259m

470m
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 Ⱳכꜞfi◓⅛╠  ♃כ♦√╣╠

 Ⱳכꜞfi◓│⁸♩fiⱠꜟ ≢ ╦╣≡⅔╡⁸ -5.1.3 ⌐⅔™≡ ⌐⅔

↑╢ Ⱳכꜞfi◓─ ╩ ∆⁹ Ⱳכꜞfi◓─ ⌂ │⁸◖▪╩ ⇔≡─◖▪

╛◖▪╩ ⇔≡─ ╩ ™⁸ Ɽ♃כfi─ ⌐ ™╠╣╢↓≤≤⌂╢⁹ 

 

-5.1.3 ♩fiⱠꜟ ─ Ⱳכꜞfi◓  

 ↓↓≢╕∏ ⇔√ │⁸ -5.1.3 ⌐ ⇔√ Ⱳכꜞfi◓─ ⅜≢⅝√

≢№╡⁸∕─ ╩ -5.1.1⌐ ∆⁹KB-12│ ⌐ ─ ⅜ ↄ ╕╣≡™

√√╘ ⅜70m≢№╡⁸ ≤ ⅜ ⌂╢≤ ⇔≡ ≤⇔≡ ⇔√⁹╟∫

≡ KB-13 KB-27 ╕≢─ Ⱳכꜞfi◓≢ ≢⅝√ │⁸ ≢ №√╡─

│33.0m≤⌂╢⁹↓╣│4-2-1≢ ⇔√⁸13♩fiⱠꜟ≢─ Ⱳכꜞfi◓1 №√╡

─ 103m≤ ∆╢≤⁸ 3 ─ ≢№╡⁸↓╣⌐│ ╠⅛─ ⅜№╢╙

─≤ ↕╣╢⁹ 

 

-5.1.1 ♩fiⱠꜟ Ⱳכꜞfi◓─ ≤Ⱳכꜞfi◓ⱴ◦fi  

 

ה ה ה  

 ↓╣╠ ה ה ה ─ ⌐≈™≡│⁸Ⱳכꜞfi◓ ⅛╠ ╖

╡⁸ ─ ≢ ⇔√⁹ 

KB-12 KB-14 KB-16 KB-18 KB-20 KB-22 KB-24 KB-26

KB-13 KB-15 KB-17 KB-19 KB-21 KB-23 KB-25 KB-27

L 470m

m m m m ◄fi☺fi ⱳfiⱪ
1 KB-12 70.0 0.0 27.0 27.0 TEC-1 7.5kW WEC MS753
2 KB-13 26.0 0.0 26.0 16.5 TEC-1 7.5kW WEC MS753
3 KB-14 25.0 11.0 14.0 14.0 TEC-1 7.5kW WEC MS753
4 KB-15 44.5 4.5 40.0 31.0 TEC-1 7.5kW WEC MS753
5 KB-16 44.4 6.4 38.0 38.0 TEC-1 7.5kW WEC MS753
6 KB-17 50.8 0.8 50.0 50.0 TEC-1 7.5kW WEC MS753
7 KB-18 44.8 0.8 44.0 39.0 TEC-1 7.5kW WEC MS753
8 KB-19 41.8 0.8 41.0 41.0 TEC-1 7.5kW WEC MS753
9 KB-20 44.8 1.8 43.0 43.0 TEC-1 7.5kW WEC MS753
10 KB-21 20.0 0.0 20.0 20.0 TEC-1 7.5kW WEC MS753
11 KB-22 30.0 1.0 29.0 29.0 TEC-1 7.5kW WEC MS753
12 KB-23 23.8 3.8 20.0 20.0 TOHO D2K 7.5kW WEC MS753
13 KB-24 20.3 8.8 11.5 11.5 TEC-1 7.5kW WEC MS753
14 KB-25 20.3 3.3 17.0 17.0 TEC-1 7.5kW WEC MS753
15 KB-26 34.0 8.3 25.7 25.7 TOHO D2K 7.5kW WEC MS753
16 KB-27 25.0 1.0 24.0 24.0 TOHO D2K 7.5kW WEC MS753

565.5 52.3 470.2 446.7

Brⱴ◦fi⁷Br.
  ID

ꜝ♇ⱪ
Br.
NO,
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  Ⱳכꜞfi◓No, ⌐ ↔≤⌐ ⇔⁸ ⇔√∕╣∙╣─ ה

ה ╩ ⇔√⁹ -5.1.2 -5.1.5  

  Ⱳכꜞfi◓No, ⌐ ה ה ─ ╩ ∫√⁹ 

-5.1.6 -5.1.9  

  ⌐ ה ה ─ ╩ ∫√⁹ -5.1.11  

 

ₒ ₓ 

-5.1.2 ♩fiⱠꜟ Ⱳכꜞfi◓No, 1  

  

m MPa cm/ rpm m MPa cm/ rpm m MPa cm/ rpm m MPa cm/ rpm

80

80

80

75

90

75

90

90

75

159

159

164

175

580

⁷KB-14
L=14m

580

580

580

580

580

580

580

580

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

⁷KB-15
L=40m

50

20

580

580

580

580

580

580

580

580

580

580

580

580

580
580
580

70

70
80
70

365

36
37
38
39

294

200

284

414

284 580

50

30

20

40
41

16
17

27
28
29
30
31
32
33
34
35

18
19
20
21
22
23
24
25
26

48
49

19
20
21
22
23

36
37
38
39
40
41

30
31

44
45
46
47

24
25
26
27

42
43

1
2
3
4
5

1
2
3
4
5

32
33
34
35

60

55
56
57
58
59

66

⁷KB-12
L=70m

24
25
26
27
28
29

18

50
51
52
53

12
13
14

90

⁷KB-13
L=26m

15
16
17

6
7
8
9
10
11

235

182

353

201

289

85

67
68
69
70
71

244

300

236

264

219

168

125

61
62
63
64
65

54

90

90

90

90

90

90

110
143

6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23

85

85

70

109

209

299

383

276

580

580

580

580

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
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-5.1.3 ♩fiⱠꜟ Ⱳכꜞfi◓No, 2  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

m MPa cm/ rpm m MPa cm/ rpm m MPa cm/ rpm m MPa cm/ rpm

50

50

30

70

50

70

20

80

60

80

50

4
5
6
7
8
9
10
11
12
13
14
15

60

80

80

80

60

40
41
42

31
32
33
34
35
36

39

1
2
3
4
5
6
7

14
15

65

27

1
2
3
4
5
6

45

65

30

55

70

30

70

30

55

8
9
10
11
12
13

⁷KB-19
L=41m

⁷KB-17
L=50m

500

580

520

520

200

500

100

500

500

500

500

⁷KB-18
L=44m

42
43
44
45

27
28
29

1
2
3

500

500

480

500

580

⁷KB-16
L=38m

28

580

580

500

450

29
30
31
32
33
34
35
36

7

29
30

8
9
10
11
12
13

37
38

21
22
23
24
25
26

37
38

22
23
24
25
26
27
28

17
18
19
20

47
48
49
50

16
17
18
19
20
21

39
40
41

30
31
32
33
34
35
36

51

18
19

38
39
40
41

26
27
28
29
30
31
32
33
34
35

580

1
2
3
4
5
6
7
8
9

14
15
16
17
18

37
38
39

138

19
20
21
22
23
24
25
26

96

177

161

180

220

200

350

180

130

104

170

170

130

125

36
37

46

226

143

169

189

108

176

85

154

330

210

143

42
43
44
45

20
21
22
23
24
25

10
11
12
13
14
15
16
17

16

480

580

580

580

580
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-5.1.4 ♩fiⱠꜟ Ⱳכꜞfi◓No, 3 

 
 

-5.1.5 Ⱳכꜞfi◓No, 4 

 
 

m MPa cm/ rpm m MPa cm/ rpm m MPa cm/ rpm m MPa cm/ rpm

15

15

10

13

30

30

30

30

300

300

300

300

300

300

300

300

300

300

300

130

20
21

30

15
80

80

90

90

70

75

75

90

90

90

90
55

80

90

78

80

80

150

250

350

280

21

1

⁷KB-22
L=29m

300

300

300

300

⁷KB-23
L=20m

15

15

15

10

15

15

15

15

15

60

100

65

75

180

110

580

580

580

580

⁷KB-20
L=43m

540

580

580

580

580

580

580
580

580

580

580

580

580

⁷KB-21
L=20m

18
19
20

33

1
2
3
4
5
6
7
8
9

19

5
6
7
8
9
10
11
12
13
14
15
16
17

10
11
12
13
14
15
16
17
18

31

2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

28
29
30

44

35
36
37
38
39
40
41
42
43

34

17
18
19
20
21
22
23
24
25

8
9
10
11
12
13
14

218

143

147

167

192

429

124

176

188

164

192

223

169

1
2
3
4
5
6
7

26
27
28
29
30
31
32

70

85

80

15
16

18
19
20
21
22
23
24
25
26
27

100

1
2
3
4

120

110

130

180

300

300

300

300

120

110

65

100

m MPa cm/ rpm m MPa cm/ rpm m MPa cm/ rpm m MPa cm/ rpm

18

15
16

1
2
3
4
5
6
7

1
2
3
4
5
6
7
8
9

45
45

45

45

400

400

400

27

350

400

200

270

200

95

140

26

14

⁷KB-25
L=17m

⁷KB-26
L=25.7m

400

400

400

400
400

400

400

⁷KB-27
L=24m

18
19
20
21
22
23
24
25

8
9
10
11
12

580

580

580

580

⁷KB-24
L=11.5m

100

120

120

10

17

230

190

230

200

14517

45

580

580

580

580

13

40075

40

45

45
11
12
13

12
13
14
15

1
2
3
4
5
6
7
8
9

45

10
11

16

1
2
3
4
5
6
7
8
9

85

85

85

85

80

80

80

120

150

17

225

190

220

220
90

150

90

18
19
20
21
22
23
24

10
11
12
13
14
15
16

25

400

400

400

400

400

45

45

45

45
45

45

45
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ₒ ₓ 

-5.1.6 ♩fiⱠꜟ Ⱳכꜞfi◓No, 1  

 

 

 

-5.1.7 ♩fiⱠꜟ Ⱳכꜞfi◓No, 2 

 

 

 

 

 

 

 

 

 

MPa cm/ rpm MPa cm/ rpm MPa cm/ rpm MPa cm/ rpm

90 244 580 70 235 580 80 159 580 90 109 580

90 300 580 85 182 580 80 159 580 75 209 580

90 236 580 85 353 580 90 164 580 90 299 580

90 264 580 85 201 580 75 175 580 90 383 580

90 219 580 70 289 580 75 276 580

90 168 580 70 365 580 50 294 580

90 125 580 80 110 580 20 200 580

70 143 580 50 284 580

30 414 580

20 284 580

90 222 580 77 235 580 81 164 580 59 275 580
MPa cm/ rpm MPa cm/ rpm MPa cm/ rpm MPa cm/ rpm

⁷KB-15⁷KB-12 ⁷KB-13 KB-14

MPa cm/ rpm MPa cm/ rpm MPa cm/ rpm MPa cm/ rpm

45 177 500 50 180 500 70 350 520 60 85 480

65 161 500 50 220 580 50 180 200 80 154 580

30 226 480 30 200 520 70 130 500 80 330 580

55 143 500 20 104 100 80 210 580

70 169 580 80 170 500 60 143 580

30 189 580 60 170 500

70 108 580 80 130 500

30 176 580 50 125 500

55 138 500

65 96 450

52 158 525 43 200 533 60 170 415 72 184 560
MPa cm/ rpm MPa cm/ rpm MPa cm/ rpm MPa cm/ rpm

⁷KB-17⁷KB-16 ⁷KB-19⁷KB-18
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-5.1.8 ♩fiⱠꜟ Ⱳכꜞfi◓No, 3  

 

 

 

-5.1.9 ♩fiⱠꜟ Ⱳכꜞfi◓No, 4  

 

 

 

 

 

 

 

 

MPa cm/ rpm MPa cm/ rpm MPa cm/ rpm MPa cm/ rpm

80 150 580 70 218 540 30 120 300 30 100 300

80 250 580 75 176 580 15 110 300 30 70 300

90 350 580 75 188 580 15 180 300 30 85 300

90 280 580 90 164 580 10 110 300 30 80 300

90 192 580 15 65 300

90 223 580 15 100 300

90 169 580 15 130 300

55 143 580 15 120 300

80 147 580 15 110 300

90 167 580 15 130 300

78 192 580 15 180 300

80 429 580 15 60 300

80 124 580 15 100 300

10 65 300

13 75 300

85 258 580 80 195 577 15 110 300 30 84 300
MPa cm/ rpm MPa cm/ rpm MPa cm/ rpm MPa cm/ rpm

⁷KB-23⁷KB-22⁷KB-21⁷KB-20

MPa cm/ rpm MPa cm/ rpm MPa cm/ rpm MPa cm/ rpm

85 150 580 80 350 580 40 230 400 45 225 400

85 120 580 80 400 580 45 190 400 45 190 400

85 120 580 80 200 580 45 230 400 45 220 400

85 100 580 120 270 580 45 200 400 45 220 400

45 145 400 45 90 400

45 200 400 45 150 400

45 95 400 45 90 400

45 140 400

45 75 400

85 123 580 90 305 580 44 167 400 45 169 400
MPa cm/ rpm MPa cm/ rpm MPa cm/ rpm MPa cm/ rpm

⁷KB-27⁷KB-26⁷KB-25⁷KB-24
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 -5.1.6 -5.1.9─ ╩ ≤⇔≡ Ӈ5.1.10⌐ ∆⁹ 

 

-5.1.10 ♩fiⱠꜟ ♦כ♃  

 

 ↓↓≢⁸ ⌐ ⇔≡™√Ⱳכꜞfi◓ ⅛╠ ∆╢⁹ Ⱳכꜞfi◓ ≢꞉כ

☻♩│⁸KB-21─20.0m⁸ ™≢KB-24≤KB-25⅜20.3m≤ ↄ⁹ Ⱳכꜞfi◓│

⌐ ⅜ 100m ≢№╢↓≤⅛╠⁸↓─3 ─ Ⱳכꜞfi◓≢│ │1/5

≢№╢↓≤⅜╦⅛╢⁹ ™≡ ≢№╢⁹ ≢─ ─ │⁸15MPa 90MPa ≤⌂∫

≡™╢⁹↓─ │⁸ ⅜ ⇔√ ─♩fiⱠꜟ≢ ╢≤⁸⅔⅔╗⌡1

─ ≢№╡⁸↓╣≤ ∆╢≤ ♩fiⱠꜟ≢ ⌐ ⇔√ Ⱳכꜞfi◓─

│∆═≡2 ≢№╢⁹⇔⅛╙↓─꞉3♩☻כ─ │KB-21≢│80MPa⁸KB-24≢│85MPa⁸

KB-25≢│90MPa≢№∫√⁹↓─ ⌐ ─ ⅛∫√KB-12─90MPa≢№╢⅜⁸↓╣│

Ⱳכꜞfi◓─ 44 70m ⌐ ╩ ⅎ√↓≤≢⁸ ╩ →√╙─≤

∆╢⁹ ™≡꞉3♩☻כ─ ≤ ─ ╩ ⇔√≤↓╤⁸ ╩ →√⅜

⅜ ╩ ∫√KB-24⁸∕─ ⌐ ─ ╩ ∫√KB-21≤KB-25≤─

≢№∫√⁹ ⅜ ⅛∫√─│⁸ ꞉כ☻♩ ╡⇔≡™╢KB-24─123cm/ ⁸

∕─ ⌐ KB-23 ─ 84cm/ ⁸ ™≢ KB-22 ─110cm/ ≢№╢⁹⇔⅛⇔⌂⅜╠ KB-23⅔╟┘

KB-22≢─ ╩ ∆╢≤⁸∕╣∙╣30MPa≤15MPa≢№╡⁸ ⅎ≡ ╙ 300rpm

≤ ↄ⌂∫≡™╢↓≤⅛╠⁸ ♩fiⱠꜟ─♦כ♃─╖≢ ⇔≠╠ↄ⁸ ∆╢

♩fiⱠꜟ╛ ♩fiⱠꜟ─ ╙≥♃כ♦ ⇔≡⁸ ╘≡ ∆╢↓≤≤∆╢⁹ 

 

Br
m MPa cm/ rpm

 KB-12 70.0 90 222 580

 KB-13 26.0 77 235 580

 KB-14 25.0 81 164 580

 KB-15 44.5 59 275 580

 KB-16 44.4 52 158 525

 KB-17 50.8 43 200 533

 KB-18 44.8 60 170 415

 KB-19 41.8 72 184 560

 KB-20 44.8 85 258 580

 KB-21 20.0 80 195 577

 KB-22 30.0 15 110 300

 KB-23 23.8 30 84 300

 KB-24 20.3 85 123 580

 KB-25 20.3 90 305 580

 KB-26 34.0 44 167 400

 KB-27 25.0 45 169 400

33.0 63 189 504
m MPa cm/ rpm

KB-12 ↄ

AVE

Br⁷No,
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ₒ ₓ 

-5.1.11 ♩fiⱠꜟ ─ Ⱳכꜞfi◓ⱴ◦fi ─  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

MPa cm/ rpm MPa cm/ rpm MPa cm/ rpm MPa cm/ rpm

45 220 400 90 244 580 80 159 580 80 159 580

45 90 400 90 300 580 80 164 580 90 383 580

45 150 400 90 236 580 75 175 580 75 276 580

45 90 400 90 264 580 90 109 580 20 284 580

90 219 580 75 209 580 45 177 500

90 168 580 90 299 580 70 350 520

90 125 580 50 294 580 50 180 200

70 235 580 20 200 580 70 130 500

85 182 580 50 284 580 20 104 100

85 353 580 30 414 580 80 170 500

85 201 580 65 161 500 60 176 500

70 289 580 30 226 480 80 130 500

70 365 580 55 143 500 50 125 500

80 110 580 70 169 580 60 85 480

70 143 580 30 189 580 80 154 580

50 220 580 70 108 580 80 330 580

90 350 580 30 176 580 80 210 580

85 150 580 55 138 500 60 143 580

85 120 580 65 96 450 80 150 580

50 180 500 80 250 580

30 200 520 90 280 580

70 218 540

75 176 580

75 188 580

90 164 580

90 192 580

90 223 580

90 169 580

55 143 580

80 147 580

90 167 580

78 192 580

80 429 580

80 124 580

30 120 300

15 110 300

15 180 300

10 110 300

15 65 300

15 100 300

15 130 300

15 120 300

15 110 300

15 130 300

15 180 300

15 60 300

15 100 300

10 65 300

13 75 300

30 100 300

30 70 300

30 85 300

30 80 300

85 120 580

85 100 580

80 350 580

80 400 580

80 200 580

120 270 580

40 230 400

45 190 400

45 230 400

45 200 400

45 145 400

45 200 400

45 95 400

45 140 400

45 75 400

45 225 400

45 190 400

45 220 400

45 138 400 82 225 580 57 195 551 54 174 453

MPa cm/ rpm MPa cm/ rpm MPa cm/ rpm MPa cm/ rpm

⁷
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 Ⱳכꜞfi◓◖▪⅛╠  ♃כ♦√╣╠

 

 ─ │⁸2-1-2≢ ⇔√╟℮⌐⁸ ה ה ≤ ⌐3 ⌐ ↕╣

╢⁹ ⌐⅔™≡╙↓─3 ╩ ≤⇔≡⁸ ─ ╩ ╖╢⁹ 

 ♩fiⱠꜟ≢─ ⌐⅔↑╢ Ⱳכꜞfi◓│ KB-12 KB-27 ─ 16 ⅛╠⁸

Ⱳכꜞfi◓↔≤⌐ -4.3.1 ─ ⌐ ≠™≡ ─ ╩ ∫√⁹

─ -5.1.12⁸ -5.1.4 ⅜ 16 ─ ≢№╢⁹↓─ ⅛╠⁸ │ ─

≢ ↕╣√─╖≢⁸ ≤ ⅜ ≢№╢↓≤⅜╦⅛╢⁹∕─ ≢╙⁸KB-18

≢│ ─ ⅜ ↄ⁸↓─ ⅜ ∆╢ Ⱳכꜞfi◓ⱴ◦fi─

╛♃כ♦ Aה B─ ⌐ ⇔≡™╢ ⅜№╢╙─≤ ↕╣╢⁹ 

 

-5.1.12 ♩fiⱠꜟ ─  

               

 

 

 

 

 

Br

KB-12 70.0 27.0 0 100 0

KB-13 26.0 16.5 0 100 0

KB-14 25.0 14.0 0 31 69

KB-15 44.5 31.0 0 56 44

KB-16 44.4 38.0 0 63 37

KB-17 50.8 50.0 0 83 17

KB-18 44.8 39.0 0 33 67

KB-19 41.8 41.0 0 33 67

KB-20 44.8 43.0 0 57 43

KB-21 20.0 20.0 0 33 67

KB-22 30.0 29.0 0 33 67

KB-23 23.8 20.0 0 33 67

KB-24 20.3 11.5 0 33 67

KB-25 20.3 17.0 0 34 66

KB-26 34.0 25.7 0 33 67

KB-27 25.0 24.0 42 20 39

565.5 446.7 3 48 49

Br No,
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-5.1.4 ♩fiⱠꜟ ─  

 

≤  

 ─ │⁸ ─ ╩ ™√╙─⌐ ⅎ⁸ ⌐╟╢ ⅔╟

┘ ─ 3 ╩ ™≡⁸ Ⱳכꜞfi◓ ⌐ ⇔√⁹∕─ ╩ -5.1.13 ⌐ ∆⁹ 

 

-5.1.13 ♩fiⱠꜟ ─  

 

 ─ ≢│⁸ 3 ≤╙ ⇔ↄ ™ ⅜ ↕╣√⁹↓↓≢↓─

≤ ≢ ↕╣╢ ≢ ↕╣╢ ─ ╩ ∆╢≤⁸

⅜ ∆╢ ≤⌂╢ Ɽ♃כfi Dи≢│ │₈2 1₉⁸ ⅜

a b c

ɘ H ɨcΐ quᵑ quᵒ
kN/m³ m kN/m² kN/m² kN/m²

B-12 23.6 198 800 910 848 0.17 0.19 0.18◘fiⱪꜟ  21

B-13 22.9 204 550 876 816 0.12 0.19 0.17◘fiⱪꜟ  14

B-14 23.6 206 450 732 682 0.09 0.15 0.14◘fiⱪꜟ  21

B-15 23.6 213 450 1,127 1,050 0.09 0.22 0.21◘fiⱪꜟ  11

B-16 22.8 226 450 902 840 0.09 0.18 0.16◘fiⱪꜟ  17

B-17 23.3 243 220 877 817 0.04 0.15 0.14◘fiⱪꜟ  10

B-18 23.6 261 390 1,204 1,122 0.06 0.20 0.18◘fiⱪꜟ  12

B-19 23.7 273 480 842 784 0.07 0.13 0.12◘fiⱪꜟ  12

B-20 22.9 282 240 717 668 0.04 0.11 0.10◘fiⱪꜟ 115

B-21 22.7 291 370 764 712 0.06 0.12 0.11◘fiⱪꜟ  56

B-22 22.7 299 370 645 601 0.05 0.10 0.09◘fiⱪꜟ 115

B-23 22.7 308 440 676 630 0.06 0.10 0.09◘fiⱪꜟ  45

B-24 23.6 314 420 3,575 3,330 0.06 0.48 0.45◘fiⱪꜟ  11

B-25 22.5 318 400 2,629 2,449 0.06 0.37 0.34◘fiⱪꜟ  81

B-26 22.5 319 400 1,185 1,104 0.06 0.17 0.15◘fiⱪꜟ 121

B-27 23.0 315 400 836 781 0.06 0.12 0.11◘fiⱪꜟ  41

23.1 267 427 1,156 1,077 0.07 0.19 0.17

ₒ ₓ ₒ ₓ

╡ ⁷⁷Br
No,

ₒ ₓ

A B C
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∆╢ ≤⌂╢ Ɽ♃כfiE≢│₈1 ₉≢№╡⁸ ♩fiⱠꜟ≢ ↕╣√

⅜ ⇔ↄ ™ ≢№╢↓≤⅜╦⅛╢⁹ 

 

 

 ⌐⅔↑╢ Ⱳכꜞfi◓ │⁸KB-12 KB-27 ─ 16 ⅜ ↕╣≡™╢

⅜⁸∕─ ≢ ⌐ ∆╢ ╩ ∆╢X │ ╦╣≡™⌂™⁹ 

 

 ⅛╠  ♃כ♦√╣╠

 ↓╣╕≢⁸ ⌐ ╠╣╢ Ⱳכꜞfi◓─ ╛◖▪⅛╠ ⌂≥⌐╟∫

≡ ─♃כ♦╢╣╠ ╩ ⇔≡⅝√≤↓╤≢№╢⅜⁸↓╣⅛╠│ ⌐ ╠╣╢

⌐≈™≡ ⇔≡™ↄ⁹ │⁸ A ≤ B ─ ⌐≈™≡ ⇔ ⇔≡™ↄ⅜

A≤ B─ ⌐≈™≡│4-4⌐ ⇔√≤⅔╡≢№╢⁹ 

 ↓↓≢ ⅎ⌂↑╣┌⌂╠⌂™↓≤│⁸ ┼ ∆╢╙─≤⇔≡⁸ ─ ╛

Ⱳכꜞfi◓⅛╠ ╠╣√ ⁸ ╡⌂≥⅜№╢⅜⁸ ⌐ ↕╣╢

≤⇔≡─ ╛ ↑◖fi◒ꜞכ♩─ ↕⁸∕─ ⌐ ≤⇔≡─

♅ⱬfi♩כꜛ◦ ╛ ⁸↓╣⌐ ⇔≡◘▬◒ꜟ♃▬ⱶ⅜ ⅎ╠╣╢⁹ 

AהB─ ─ ⌐⁸ Ⱳכꜞfi◓ ≤ ⇔√ ╙ ⇔≡™ↄ⁹ 

 

 ♩fiⱠꜟ─ ⌐⅔↑╢ │⁸ ⌐⅔™≡ ╩ ™╢↓

≤⅜≢⅝⌂™≤ ⇔⁸↓╣╕≢─ ╩ ™≈≈ ⅔╟┘ ╙ ╡

╣ ⅜ ↕╣√⁹ ⌐⅔↑╢ Ɽ♃כfi─ ╩ -5.1.5 ⌐⁸

─ ╩ -5.1.14⌐ ∆⁹ 

 

-5.1.5 ♩fiⱠꜟ ⌐⅔↑╢ Ɽ♃כfi─  

 

 

KB-12 KB-14 KB-16 KB-18 KB-20 KB-22 KB-24 KB-26

KB-13 KB-15 KB-17 KB-19 KB-21 KB-23 KB-25 KB-27

L 470m

Eи
1

Eи
2

Eи
3

Eй
1 Eй
2

Eй
3

Eк
1

Eк
2

21m 10m232m
6m
13m 72m 57m 46m
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-5.1.14 ♩fiⱠꜟ ⌐⅔↑╢  

 

─ ⌐№√∫≡│⁸ -5.1.14─ Ɽ♃כfi ≢─Eи 1 ≢ ⅜

↕╣√⁹Eи 1 ≢─ ╛ A─ ╩ ╕ⅎ⁸ Ɽ♃כfi─

⇔╩ ™⌂⅜╠ ╩ ╘⁸ ₁⌐ ╩ ⌐ ⇔⌂⅜╠⁸ ≤⇔≡Eй 3

⅜ ─ ⌂ ≤⌂∫≡™╢⁹∕─ ⁸ ⅔╟┘ A─ ╙ ╕ⅎ⁸

≢│ ⅜ ↕╣√↓≤⅜ ≢⅝╢⁹ 

↓↓≢ ╕≢⌐⁸ ─ ⌂ ≢№∫√ Eй 3 ─◘▬◒ꜟ♃▬ⱶ╩

∆╢⁹↓─◘▬◒ꜟ♃▬ⱶ⅛╠ Eй 3 ─ ⌐ ∆╢ ⅜ ╖ ╢↓≤

⅜≢⅝⁸ ─ ⌐⌂╢≤ ⅎ╠╣╢⁹ -5.1.6≢│Eй 3 ╩ ⇔≡

⅔╡⁸ -5.1.14⌐№╢Eй 3 ≤ꜞfi◒∆╢⁹ ─ ≤⌂∫≡⅔╡⁸

─ ⁸ ⁸▬fiⱣכ♩≤╙⌐ H-250⅜ ↕╣⁸ ⌐│ ⁸ ⌐

H-250 ⅜ ↕╣≡⅔╡⁸ ⅎ≡▬fiⱣכ♩ ╙ ╟╡ ╖╩ ┘√ ≢

№╢⁹↓╣╠─ │ ⌐⅔™≡╙╒╓ ─⌂™ ≤ ∫≡╙ ≢│⌂™⁹ 

Eи 1 Eи 2 Eи 3 Eй 1 Eй 2 Eй 3 Eк 1 Eк 2

21 232 10 6 13 72 57 46

8,174 8.242
8,268 8,440 8,5068,5568,574

200
200

200
200

200
200

250
250

250
250

250
250

250
250

200
200

25
25

25
25

30
30

30
30

30
30

30
30

30
30

30
30

4m 6
4m 4

4m 6
4m 4

4m 14
4m  8

4m 14
4m  8

4m 14
4m  8

4m 14
4m  8

4m 14
4m  8

4m 14
4m  8

15
15

15
15

15
15

10
10

15
15

15
15

15
15

250
250

150
150

150
150

15
15

20
20

20
20

20
20

30
30

30
30

30
30

30
30

15
15

15
15

15
15

10
10

25
25

20
20

20
20

200 200 200 250 250 250 250 200

25 25 30 30 30 30 30 30

20 20 20 20 30 30 30 30

3.0 1.5 1.5 1.5 1.5 1.5 1.5 1.5

▬
fi
Ᵽ

♩

⁷H

⁷cm

⁷H

⁷cm

⁷ R×

⁷cm

⁷m

⁷H

⁷cm

꜡♇◒Ⱳꜟ♩

⁷cm

Ɽ♃כfi

⁷H

⁷cm

꜡♇◒Ⱳꜟ♩

B ⁷SP
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-5.1.6 ♩fiⱠꜟ Eй 3  

 

-5.1.7 ≢│ ≤ ╩ ⇔√ ≢№╡⁸↓╣│ -5.1.15 ─◘▬◒ꜟ♃▬ⱶ

≤ꜞfi◒∆╢⁹ ⌂♩fiⱠꜟ≢│⁸ 1 ⌐│ 1.0m ↕╣╣┌∕─

⌐ ─1 ↕╣⁸▬fiⱣכ♩│ ─ 300m ⅛╠ ╘╠╣╢↓≤⅜ ™⅜⁸↓─

-5.1.7 ⅛╠│⁸ ⌂ ⌐ ⁸ ⁸▬fiⱣכ♩╩ ⌐ꜞfi◓ ⌐∆═ↄ

⅜ ╘╠╣≡™╢↓≤⅜╦⅛╢⁹↓─ ╖ ╩ ≢ ⇔√╙─⁸™╦╝╢◘▬◒

ꜟ♃▬ⱶ⅜ -5.1.15≤⌂╢⁹ 

                

-5.1.7  Eй 3 ─  

▬fiⱣכ♩
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-5.1.15⅛╠1◘▬◒ꜟ─ ╩ ╖ ╡⁸1─ ⁸2─ ╩ ₁1 8 ⁸

2 ─ 20 ≤ ⅎ ∆╢≤⁸ ⌐ 25m─ ≤⌂╢⁹ ⌂♩fiⱠꜟ

─ ≢ ℮≤⁸ ⌐50 70m─ ⅜ ╕╣╢↓≤≤ ∆╢≤⁸Eй 3 ≢│

1/2 1/3 ─ ≢№╡⁸↓─↓≤⅛╠╙ ≤⇔≡─ ⁸ ╛

≤⇔≡─ ≤⇔≡⁸ ∕⇔≡ ≤╙⌐ ≤⌂╢ ≢№╢⁹ 

 

-5.1.15 Eй 3 ◘▬◒ꜟ♃▬ⱶ  

 
 

 

 

 

 

 

 

 

 

 

 

 

ꜞ☼ה ⇔

▬fiⱣכ♩

▬fiⱣכ♩ ↑

▬fiⱣכ♩ ⇔

↑

↑

꜡♇◒Ⱳꜟ♩

▬fiⱣכ♩

ꜞ☼ה ⇔

↑

↑

꜡♇◒Ⱳꜟ♩

21 227 8 9 10 16 17 18 19 2011 12 13 14 15

No,1570

No,1570

No,1570

No,1568

No,1570

No,1568

No,1566

No,1566

No,1566

No,1566

No,1566

No,1563

No,1563

ה No,1563

No,1566

No,1570

No,1566

ừ ─
7:15 12:00 4:45
12:00 13:00 1:00
13:00 17:00 4:00 ᵑ 9:45
ừ ─
19:00 22:00 3:00 ᵒ 3:00

12:45≢1◘▬◒ꜟ

8ה №√╡ 12:45 1m 12:45÷8:00 0.63m
ה ≢─ 0.63m×2 1.26m
ה ─ 20
ה ─ 1.26m×20 Ԇ25m

Ẽ ─
Ẽ ─
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A 

 ♩fiⱠꜟ─ ⌐⅔↑╢ A │⁸ 470m ─ ≢ 62 ─

≢ ↕╣≡™╢⁹ ⌐⅔↑╢ Ⱳכꜞfi◓≤ ↕∑√ │ -5.1.8 ─≤

⅔╡≢№╢⁹ 

 

-5.1.8 ♩fiⱠꜟ Ⱳכꜞfi◓ ≤ A  

 ↕╣√ ↔≤ ─ ⅛╠⁸ ⅔╟┘ ╣⁸ ⌐ ⅛℮

⁸ ─ ⁸∕⇔≡⁸ ╩ ⌐╕≤╘√⁹5-1-1≢ ═√⅜⁸ ♩fiⱠꜟ≢

│ ⌐ ⌐ ה ⅜ ∂≡™╢⅜⁸ ⌐⅔↑╢ A ≢│⁸

⌂ ≢ ╩ ⅎ√ -5.1.16 ─ ⌐⁸ ╩ ⅎ√╙── ─ ≤

≤╙⌐ A ⅜ ∆╢ -5.1.17 ⁸ ╩ ╙ ⅎ∏⌐ A ⅜

∆╢ -5.1.18 ⅜ ↕╣≡⅔╡⁸↓─3 ─ ╩ ⌐ ∆⁹ 

-5.1.16 ♩fiⱠꜟ ⅔╟┘ ⅜ ≢⅝√  

 

KB-12 KB-14 KB-16 KB-18 KB-20 KB-22 KB-24 KB-26

KB-13 KB-15 KB-17 KB-19 KB-21 KB-23 KB-25 KB-27

2 3 4

њ

─√╘
⌂⇔

5 4 7 2 2 34 5 1 7 6 7

8,4658,249 8,335

8,4558,242 8,287 8,329

8,376 8,445

8,588

8,194 8,238 8,282 8,322

8,369 8,421 8,440

8,561 8,582

8,166 8,189 8,233 8,275 8,316

8,359 8,417 8,437 8,534

8,545 8,556 8,574

8,161 8,184 8,227 8,268 8,310

8,351 8,395 8,433 8,486 8,506 8,526

8,539 8,550 8,567

8,155 8,178 8,221 8,264 8,301

8,343 8,383 8,427 8,477 8,493 8,516

A

62

8,151 8,172 8,200 8,214 8,254 8,295

L 470m

♩fiⱠꜟ⁷8,351

( )
╣
(m)

[A]
(mm)

[B]
(mm)

[C]
(mm)

[D]
(mm)

[ ]
(mm)

[ ]
(mm)

[ ]
(mm)

[ ]
(mm)

[ ]
(mm)

ᵑ 2013/01/18 12:22 0 1 0.0 0.0 0.0 0.0 0.0 0.0

ᵒ 2013/01/22 9:40 4 7 -25.5 -23.5 -102.1 0.0 -19.9 -57.0 -39.3 0.0 0.0

ᵓ 2013/02/14 8:20 27 35 -47.5 -55.0 -150.2 -54.6 -37.9 -88.8 -63.1 -29.8 -19.1

2013/02/19 11:05 32 44 -48.0 -55.3 -152.2 -56.0 -38.3 -90.1 -64.0 -30.4 -20.2

2013/02/20 11:23 33 46 -48.4 -55.5 -152.4 -56.1 -38.4 -90.3 -64.1 -30.5 -20.3

ᵔ 2013/02/21 8:30 34 50 -48.6 -55.6 -152.6 -56.4 -38.5 -90.5 -64.1 -30.7 -20.4

ᵕ 2013/08/10 11:59 204 134 -54.9 -60.7 -162.9 -66.5 -45.5 -95.5 -66.5 -35.1 -21.4

β1⁷ᵑ  ⁸ᵒ  ⁸ᵓ ⌐ ↑√  ⁸ᵔ  ⁸ᵕ ⁷

β2⁷ᵕ ─ ⁷

a mm = ᵕ  ᵔ -6.3 -5.1 -10.3 -10.1 -7.0 -5.0 -2.4 -4.4 -1.0

b = ᵕ  ᵔ⁷

c = b ÷ 30 / ⁷

№√╡ d mm = a ÷ c⁷ -1.1 -0.9 -1.8 -1.8 -1.2 -0.9 -0.4 -0.8 -0.2

2mm ủ ủ ủ ủ ủ ủ ủ ủ ủ

170

6
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-5.1.17 ♩fiⱠꜟ ∆╢╙ ⅜ ⇔ ⅜ ≢⅝⌂™  

 

 

-5.1.18 ♩fiⱠꜟ ∑∏ ⅜ ⇔ ⅜ ≢⅝⌂™  

 

 

 ─ ≤⇔≡│⁸ ♩fiⱠꜟ ה ╟╡⁸ ⅜1 3mm/ ≤⌂

∫√↓≤╩2 ⇔≡ ≢⅝√ ⌐ ⇔√≤╖⌂⇔ ╩ ⇔≡╙╟™⁹⌂⅔⁸

↓─ │ ⌂─≢ №√╡⌐ ∆╢≤1mm/ ≤⌂╢39⁹≤─↓≤⅛╠⁸1mm/

╩2 ≢≢⅝√≤⅝╩ ≤⇔√⁹╕√⁸ ≤⇔≡│⁸

⅜ ↕╣√ ⁸ ╩ ≤⇔≡⁸∕─ ⌐⅔↑╢1⅛ √╡⁸ ה

─ ⅜ ≢№╢↓≤⅛╠⁸ ╩ ╪≢ 2mm ≢№╣┌ ≤⇔≡

♩fiⱠꜟ⁷8,189

( )
╣
(m)

[A]
(mm)

[B]
(mm)

[C]
(mm)

[D]
(mm)

[ ]
(mm)

[ ]
(mm)

[ ]
(mm)

[ ]
(mm)

[ ]
(mm)

ᵑ 2012/05/17 17:21 0 0 0.0 0.0 0.0 0.0 0.0 0.0

ᵒ 2012/05/19 18:12 1 5 -14.0 -18.6 -118.1 0.0 -10.7 -43.5 -68.2 0.0 0.0

ᵓ 2012/08/17 10:17 91 17 -30.9 -28.7 -139.3 -24.8 -28.9 -54.4 -85.0 -10.5 -15.7

2012/09/28 18:30 133 43 -33.3 -30.6 -145.9 -33.4 -34.2 -54.3 -89.7 -11.0 -18.0

2012/10/05 11:35 140 52 -33.1 -31.3 -146.2 -33.3 -34.4 -54.5 -90.3 -11.1 -17.7

ᵔ 2012/10/12 10:08 147 58 -33.0 -31.0 -146.0 -33.7 -34.7 -54.9 -90.5 -11.0 -17.8

ᵕ 2013/03/16 16:04 302 223 -38.2 -34.4 -156.9 -53.5 -39.0 -60.1 -97.4 -17.6 -24.5

β1⁷ᵑ  ⁸ᵒ  ⁸ᵓ ⌐ ↑√  ⁸ᵔ  ⁸ᵕ ⁷

β2⁷ᵕ ─ ⁷

a mm = ᵕ  ᵔ -5.2 -3.4 -10.9 -19.8 -4.3 -5.2 -6.9 -6.6 -6.7

b = ᵕ  ᵔ⁷

c = b ÷ 30 / ⁷

№√╡ d mm = a ÷ c⁷ -1.0 -0.7 -2.2 -4.0 -0.9 -1.0 -1.4 -1.3 -1.3

2mm ủ ủ × × ủ ủ ủ ủ ủ

155

5

♩fiⱠꜟ⁷8,440

( )
╣
(m)

[A]
(mm)

[B]
(mm)

[C]
(mm)

[D]
(mm)

[ ]
(mm)

[ ]
(mm)

[ ]
(mm)

[ ]
(mm)

[ ]
(mm)

ᵑ 2013/06/24 15:03 0 0 0.0 0.0 0.0 0.0 0.0 0.0

ᵒ 2013/06/27 13:47 3 4 -48.7 -18.9 -112.1 0.0 -53.0 -142.1 -32.4 0.0 0.0

ᵓ 2013/08/03 6:15 40 39 -84.2 -37.7 -173.8 -83.3 -101.8 -200.8 -69.2 -56.8 -35.3

ᵕ 2013/11/15 18:41 144 134 -93.4 -51.8 -188.6 -95.7 -114.1 -205.7 -68.5 -58.1 -37.3

β1⁷ᵑ  ⁸ᵒ  ⁸ᵓ ⌐ ↑√  ⁸ᵔ  ⁸ᵕ ⁷

β2⁷ᵕ ─ ⁷

a mm = ᵕ  ᵔ -9.2 -14.1 -14.8 -12.4 -12.3 -4.9 0.7 -1.3 -2.0

b = ᵕ  ᵔ⁷

c = b ÷ 30 / ⁷

№√╡ d mm = a ÷ c⁷ -2.6 -4.0 -4.2 -3.5 -3.5 -1.4 0.2 -0.4 -0.6

2mm × × × × × ủ ủ ủ ủ

105

4
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∆╢↓≤≤⇔√⁹ 

 -5.1.16─ ⅔╟┘ ⅜ ≢⅝√ ≢│⁸ ⅛╠ᵔ ─

34 ⁸ ╣50m≢ ⅜ ↕╣⁸∕─ ⁸ 6⅛ ⌐ ⇔√

≢│⁸ √╡Ӈ0.2mm Ӈ1.8mm─ ≢№╡⁸ √╡─ ⅜±2mm ≢

№╢↓≤⅛╠⁸↓─ ≢│ ⅜ ≢⅝╢≤ ⇔√⁹ 

 ⌐ -5.1.17─ ∆╢╙ ⅜ ⇔ ⅜ ≢⅝⌂™ ≢│⁸

⅛╠ᵔ ─ 147 ⁸ ╣ 58m ≢ ⅜ ↕╣╢╙──⁸∕─

⌐ ─ ⅜ ₁⌐ ╣⁸5 ⌐ ⇔√ ≢│⁸ √╡Ӈ0.7mm Ӈ4.0mm─

≢№╡⁸ √╡─ ⅜±2mm╩ ∆╢ ⅜1 ⁸ ⅜1 ─

≢№╢↓≤⅜ ↕╣√⁹ 

 ⌐ -5.1.18─ ∑∏ ⅜ ⇔ ⅜ ≢⅝⌂™ ≢│⁸

⅛╠↓╣╕≢─ᵔ ─╟℮⌂ ╩ ≢⅝╢ ⅜ ⇔⌂ↄ⁸ ─

≤⌂∫≡™╢⁹╟∫≡ᵓ ─ ⌐ ⅛℮ ⅛╠ 144 ⁸ ╣

134m─ ≢│⁸ √╡0.2mm Ӈ4.2mm─ ≢№╡⁸ √╡─ ⅜±2mm

╩ ∆╢ ⅜4 ⁸ ⅜1 ─ ⅜ ≢⅝╢⁹ 

 ↓╣╕≢ ⅜ ≢⅝╢ ─P 8,189⅔╟┘P=8,440⌐⅔™≡⁸ ↕╣╢

╙─≤⇔≡⁸ ─ ╛ Ⱳכꜞfi◓─ ⌂≥⅜ ↕╣╢↓≤⅛╠⁸

⅛╠ Ⱳכꜞfi◓No,╩ ╡ ⇔ ∆╢↓≤≤⇔√⁹ 

 fi◓No, = KB-13ꜞכP=8,189 ќ Ⱳה

 fi◓No, = KB-20ꜞכP=8,440 ќ Ⱳה

 Ⱳכꜞfi◓15 KB-12│ ─ │ -5.1.1╟╡33.0m≢№╡⁸KB-13

≢│26.0m⁸KB-20≢│44.8m≢№╢⁹╕√⁸ ≢KB-13≢│ │100%⁸

KB-20≢│ │57 ⁸ │43 ≢№╢⁹ Ⱳכꜞfi◓ ≢│KB-13│

─74%╒≥⇔⅛ ↕╣≡⅔╠∏⁸ Ⱳכꜞfi◓ ─┼Ⱪכꜙ♅▪◖╢↑⅔⌐

─ ≤ ⅎ╠╣⁸↓╣⅜ ─ ⌐ ╣√╙─≤ ↕╣╢⁹╕√⁸KB-

20 ≢│ Ⱳכꜞfi◓ │ 44.8m ⌂─≢⁸ ╩ ∫≡™╢⅜⁸∕─ ⁸

⅜ 43 ≤ ™ ╩ ⇔≡™╢↓≤⅛╠⁸↓─ ⅜ ─ ⌐ ╣

√╙─≤ ↕╣╢⁹↓╣╕≢⁸P=8,351⁸8,189⁸8,440─3≈─ A ╩ ⇔√⅜⁸

A─ ⁸62 ─℮∟ ⌐ ⅜ ↕╣√─│10 ⁸ ⌐ ┘

⅜ ⇔√╙─⅜4 ⁸ ⌐ ≢№∫√╙─⅜48 ≢№∫√⁹↓─ ≤⇔

≡│⁸ ─ ⌐ ∆╢ ─ ⌐⅔™≡ ⅔╟┘ ⇔√╙

── ⅜╒╓ ╘≡⅔╡⁸ ─ ⅛╠ ≢│⁸╒╓

─ A ⅜ ╘≡™╢⁹↓╣╠╩ ╢≤ -5.1.19 A B ─ A─ ≤

-5.1.12─ Ⱳכꜞfi◓ ─ ⁸ ה4.3.1- -4.3.2─ ─ ⌐

│ ⅜№╢╙─≤ ↕╣╢⁹ 

-5.1.19 A ─ No,1 30╩ ─ ≤⇔≡ │ ⅜ ≢№
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╡⁸ ≤⇔≡ -5.1.19 B ≢│⁸ │ ⅜ ≤⌂╢⁹ A─

≢─ │∆═≡ ─ ≢ ⇔≡™╢↓≤⅜╦⅛╢⁹ ⌐⅔↑╢

─ ╛ ╩ ⇔≡ ⇔√╙─≢№╢⅜⁸ ─ ≢─

│ ─ ╟╡ ⌐⌂∫≡™╢⌐╙ ╦╠∏⁸ A ─

⅜∆═≡ ─ ≢ ⇔≡™╢↓≤│⁸ ⌂ ⅜ ⇔≡™

╢╙─≤ ↕╣╢⁹ 
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-5.1.19 A  ♩fiⱠꜟ A ≤  
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-5.1.19 B  ♩fiⱠꜟ A ≤  
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B 

♩fiⱠꜟ─ ⌐⅔↑╢ B│⁸ 470m─ ≢7 ─ ≢

↕╣≡™╢⁹ ⌐⅔↑╢ Ⱳכꜞfi◓≤ ↕∑√ │ -5.1.9 ─≤⅔

╡≢№╡⁸ ⌐⅔↑╢ ╩ -5.1.20⌐⁸ ⌐⅔↑╢

╩ -5.1.21⌐⁸ ╩ -5.1.10 -5.1.16⌐ ∆⁹ 

 

-5.1.9 ♩fiⱠꜟ Ⱳכꜞfi◓ ≤ B─  

 

 

-5.1.20 ♩fiⱠꜟ ↔≤─  

 
 

 

 

 

 

KB-12 KB-14 KB-16 KB-18 KB-20 KB-22 KB-24 KB-26

KB-13 KB-15 KB-17 KB-19 KB-21 KB-23 KB-25 KB-27

B
7

L 470m

ừ
8,242

ừ
8,268

ừ
8,440

ừ
8,506

ừ
8,556

ừ
8,574

ừ
8,174

↑ ↑

→ ∑╪ → ∑╪

ủ ủ ủ ủ ủ ủ

100 10 10 10 10 28 10

ủ ủ ủ ủ ủ ủ

56 10 10 10 10 16 10

ủ

63 16

ủ ủ ủ ủ ủ ủ ủ ủ ủ

57 10 10 10 10 8 7 7 7 10

ủ ủ ủ ủ ủ ủ ủ ủ ủ

67 10 10 10 10 8 7 7 7 10

ủ ủ ủ ủ ủ

66 7 7 7 10 16

ủ ủ ủ ủ ủ ủ ủ ủ ủ

67 10 10 10 10 16 7 7 7 10

SP

SP

SP

SP

SP

SP

SP 8,174

8,242

8,268

8,440

≤

8,506

8,556

8,574
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-5.1.21 ♩fiⱠꜟ ↔≤─  

 

 

  

2012/4/182014/2/11 665 22.2 10,006

↑ 2012/4/182014/2/11 665 22.2 10,006

2012/4/182014/2/11 665 22.2 10,000

2012/10/52014/2/11 495 16.5 7,805

↑ 2012/10/52014/2/11 495 16.5 7,803

2012/10/62014/2/11 494 16.5 7,796

↑

2012/10/312014/2/11 469 15.6 7,181

2013/6/242014/1/8 199 6.6 3,201

↑ 2013/6/242014/1/8 199 6.6 3,201

2013/6/242014/1/8 199 6.6 3,172

2013/9/62014/1/8 125 4.2 1,472

↑ 2013/9/62014/1/8 125 4.2 1,472

2013/9/62014/1/8 125 4.2 1,469

2013/10/302014/1/10 73 2.4 963

↑ 2013/10/302014/1/11 74 2.5 978

2013/10/302014/1/11 74 2.5 976

2013/12/62014/1/11 37 1.2 675

↑ 2013/12/62014/1/11 37 1.2 675

2013/12/62014/1/11 37 1.2 653

SP 8,506

SP 8,556

8,440

SP 8,574

⁷

SP 8,174

SP 8,242

SP 8,268

SP
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-5.1.10 ♩fiⱠꜟ B P 8,174  

 

 

-5.1.11 ♩fiⱠꜟ B P 8,242  
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  -5.1.12 ♩fiⱠꜟ B P 8,268  

 

 

 

 

  -5.1.13 ♩fiⱠꜟ B P 8,440  
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 -5.1.14 ♩fiⱠꜟ B P 8,506  

 

 

-5.1.15 ♩fiⱠꜟ B P 8,556  
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-5.1.16 ♩fiⱠꜟ B P 8,574  
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ᵑ SP8,174 

SP8,174 ≢│⁸ -5.1.20 ─ ↔≤─ ≤ -5.1.21 ─ ↔≤─

⌐ ∆≤⅔╡⁸ B─ ─ ╙№∫≡⁸ Ɽ♃כfi≤⇔≡

⌂ ⅔╟┘ ⌐ ⇔ ╩ ⇔√⁹∕─ ⁸ ≢─

⌐⅔↑╢ ה ╪∑ה→ ⁸ ↑◖fi◒ꜞכ♩⌐⅔↑╢ ⁸꜡♇◒Ⱳꜟ♩⌐⅔↑

╢ ⁸∕⇔≡⁸ ≢─ ↑◖fi◒ꜞכ♩⌐⅔↑╢ ╩ ⇔√⁹ 

⌐≈™≡│⁸ ≤⇔≡2012 24 4 ⌐ ╩ ⇔⁸

╩ 2014 26 2 ╕≢─ 22 ⅛ ⁸ ╩ ⇔⁸ ⌐≈™≡│

10,000 ╩ ⅎ╢⁹ ⌐⅔↑╢ ╩ -5.1.22⌐ ∆⁹ 

↓─ ⅛╠⁸ ─꜠ⱬꜟй⌐ ⇔≡ ⅜100 ╩ ∆╢ ╩ ∆≤↓

╤╩ ⇔≡ ⇔≡™╢⁹∕─ ≢ ─ ↑◖fi◒ꜞ⁸│≢♩כ ⅜

325 ≢№∫√⅜⁸↓╣│ D─-948N/mm²⁸ 2,633 │∕─ ─ ⅛╠ ╣┌

≢№╢ ⅜ ↄ⁸↓↓│ ╩ ™≡ ↕╣√ 69≢ ∆╢

↓≤⅜ ≤ ⅎ╠╣╢⁹ ─ ≤⇔≡│ ≢№╡⁸ ה ≢─

│ 200 ╩ ⇔⁸▬fiⱣכ♩ ⌐⅔™≡│ 400 ╩ ∆╢ ╙ ↕╣√⁹

↓╣⌐╟╡⁸ ≢ ⌐ ⅝⌂ ⅜ ⇔≡™╢↓≤⅜ ╠⅛≢№∫√⁹ 

→≢│⁸ ─ ⌐ ⇔≡⁸▬fiⱣכ♩ ≢─ ⅜

≢№╡⁸↓╣│ Ɽ♃כfi≢╙╦⅛╢╟℮⌐▬fiⱣכ♩ ⅜3.0R≢№╡

⅜ ⅝™√╘⁸ ⅛╠─ ⌐ ∆╢ ┼─ ⅜ ↕╣╢⁹

─ ↑◖fi◒ꜞכ♩ ≢│ ∫√ │ ╘╠╣⌂™⁹ 

↓↓≢1≈─ ⅜ ∂╢⁹∕╣│⁸ ─ ≢№╢⁹ ⌐│

≤⇔≡ ⁸ ↑◖fi◒ꜞ⁸♩כ꜡ ♇◒Ⱳꜟ♩⅜№╢⅜⁸ ─

⌐≈™≡ ↕╣≡™╢ 40⅜№╢─≢ ∆╢⁹↓╣│⁸ B♦כ♃⅛╠

⌐ ∂≡™╢ ╩ ≤⇔⁸ ⸗♦ꜟ≤⇔≡ ╩ ⇔√╙─≢⁸∕

─ ╩ ⇔√╙─⅜ -5.1.17≢№╢⁹ 

 

-5.1.17 ─  

 

─ ⌐⅔™≡╙⁸ ─ ⌐≈™≡ ⇔⌂⅜╠ ╩ ╘╢

↓≤≤∆╢⁹ 

 

♩fiⱠꜟ a

♩fiⱠꜟ b

♩fiⱠꜟ c

 41  16↑  43

 45  13↑  42

 40  13↑  47

 38  21↑  41
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-5.1.22 ♩fiⱠꜟ B P 8,174  

 

 
 

 

 

꜠ⱬꜟ
й

꜠ⱬꜟ
й

A 2,950 221 221 A

B 3,492 262 262 B

C 3,736 280 280 C

D 3,313 248 248 D

E 5,288 396 396 E

F 3,046 228 228 F

G 1,161 87 87 G

▬fiH 2,714 203 203 ▬fiH

▬fiI 6,292 472 472 ▬fiI

▬fiJ 3,711 278 278 ▬fiJ

A -241 -244 244 A

B 78 79 79 B

C -42 -42 42 C

D 47 48 48 D

E 119 120 120 E

F 79 80 80 F

G -19 -19 19 G

▬fiH -101 -102 102 ▬fiH

▬fiI -375 -379 379 ▬fiI

▬fiJ 198 200 200 ▬fiJ

A 1,020 604 604 A

B 138 81 81 B

C -27 -16 16 C

D 71 42 42 D

E -67 -40 40 E

F -54 -32 32 F

G -130 -77 77 G

▬fiH 42 25 25 ▬fiH

▬fiI 74 44 44 ▬fiI

▬fiJ -18 -11 11 ▬fiJ

A 22 62 62 A 10 27 27

B 22 62 62 B 12 33 33

C 27 76 76 C 5 13 13

D -948 -2,633 2,633 D 7 19 19

E 33 91 91 E 24 67 67

F 21 59 59 F 16 44 44

G 12 32 32 G 6 17 17

▬fiH 28 77 77 ▬fiH 22 60 60

▬fiI 22 62 62 ▬fiI -44 -123 123

▬fiJ 35 97 97 ▬fiJ 41 114 114

A 1m -106 -59 59

A 2m -63 -35 35 β⁷ ⁷ │ ≤ ⇔√ ╩ ⇔≡─

A 3m -20 -11 11

A 4m -204 -113 113

B 1m 32 18 18

B 2m 26 14 14

B 3m 13 7 7

B 4m 5 3 3

C 1m 89 50 50

C 2m 85 47 47

C 3m -208 -116 116

C 4m -126 -70 70

D 1m 29 16 16

D 2m 37 21 21

D 3m 47 26 26

D 4m 11 6 6

E 1m 19 11 11

E 2m 18 10 10

E 3m -11 -6 6

E 4m -4 -2 2

F 1m 35 19 19

F 2m 27 15 15

F 3m 14 8 8

F 4m 4 2 2

G 1m -64 -35 35

G 2m -47 -26 26

G 3m -28 -15 15

G 4m 6 3 3

SP8,174

ₒ⁷Eи 1 ₓ

⁷⁷⁷⁷⁷

kN

→ kNהm

∑╪

27

325
69 N/mm²

kN

↑
◖
fi
◒
ꜞ

♩

36 52

97
41

36

꜡

◒
Ⱳ
ꜟ
♩

kN 180

268kN 1,334

∑╪ kN 169

→ kNהm 99 131

↑
◖
fi
◒
ꜞ

♩

N/mm²

SP8,174

ₒ⁷Eи 1 ₓ

⁷⁷⁷⁷⁷ ה H-200⁸♩כfiⱣ▬ה
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ᵒ SP8,242 

SP8,242≢│⁸ ─SP8,174⌐ ∂≡⁸ ≢─ ⌐⅔↑╢ ה

╪∑ה→ ה ↑◖fi◒ꜞכ♩⌐⅔↑╢ ⁸꜡♇◒Ⱳꜟ♩⌐⅔↑╢ ⁸∕⇔≡⁸

≢─ ↑◖fi◒ꜞכ♩⌐⅔↑╢ ╩ ⇔√⁹ 

⌐≈™≡│⁸ ≤⇔≡2012 24 10 ⌐ ╩ ⇔⁸

╩2014 26 2 ╕≢─ 17⅛ ⁸ ╩ ⇔⁸ ⌐≈™≡│

7,800 ╩ ⅎ╢⁹ ⌐⅔↑╢ ╩ -5.1.23⌐ ∆⁹ 

↓─ ⅛╠⁸SP8,174≤ ⌐ ─꜠ⱬꜟй⌐ ⇔≡ ⅜100 ╩ ∆╢

╩ ∆≤↓╤╩ ⇔≡ ⇔≡™╢⁹ 

 ∕─ ≢⁸ ─ →≢─1,215kNהm⁸ 1,227 ≤ ─

∑╪ ≢─-2,569kN⁸ 1,520 │⁸∕─ ─ ⅛╠ ╣┌ ≢№╢

⅜ ↄ⁸↓↓│ ╩ ™≡ ↕╣√ ⁸ →≢│ 52 ⁸

∑╪ ≢│23 ≢ ∆╢↓≤⅜ ≢№╢≤ ⅎ╠╣╢⁹ 

─ ≤⇔≡│⁸ ≢№╡⁸ │240 ╩ ⇔⁸▬fiⱣכ♩

⌐⅔™≡│ ⅜400 ╩ ∆╢ ╙ ↕╣√⁹ ─SP8,174≤ ⌐

≢ ⌐ ⅝⌂ ⅜ ⇔≡™╢↓≤⅜ ╠⅛≢№╢⁹ 

▬fiⱣכ♩⌐ ∆╢≤⁸ ─SP8.174≢│▬fiⱣכ♩─ │3.0R≢№

╡⁸ →⌐⅔™≡ 100 ╩∆═≡≢ ⇔≡™√⁹ ≢─▬fiⱣכ♩

─ │ 1.5R ╩ ↕╣≡⅔╡⁸ ╩ ↄ≤ │ 8 23 ≤ ™ ≤⌂∫≡

™╢⁹↓╣│ ⌐⅔™≡│▬fiⱣכ♩ ╩1.5R⌐⇔√↓≤⌐╟∫≡ ה ▬ה

fiⱣכ♩─ ⅜ ≤⌂∫√↓≤⌐╟╢ ↕╣√↓≤⅜ ⅎ╠╣╢⁹

─ ↑◖fi◒ꜞכ♩ ≢│ ∫√ │ ╘╠╣⌂™⁹ 

 ─ ⅛╠ ╢≤⁸ ─SP8,174≢│ ─ ה

╪∑ה→ ⌐ ™ ⅜ ╠╣√⅜⁸ ≢─ ה ╪∑ה→ ─

│ ↄ ⅎ╠╣√ ≢№╢⅜⁸∕─ ⁸꜡ ♇◒Ⱳꜟ♩ ≢─ ⅜ ⇔≡™╢⁹

↓╣│ ⇔√▬fiⱣכ♩ ─ ⌐╟╢ ⌐ ∆╢ ─ ⅜⌂↕╣√↓≤

⅜ ⌡≡ ⅎ╢⁹ 

 

 

 

 

 

 

 

 



74 
 

-5.1.23 ♩fiⱠꜟ B P 8,242  

 

 
 

 

 

꜠ⱬꜟ
й

꜠ⱬꜟ
й

A 1,876 141 141 A

B 4,128 309 309 B

C 3,441 258 258 C

D 2,820 211 211 D

E 5,278 396 396 E

F 3,975 298 298 F

G 1,904 143 143 G

▬fiH -5,990 -449 449 ▬fiH

▬fiI 693 52 52 ▬fiI

▬fiJ 3,000 225 225 ▬fiJ

A -41 -41 41 A

B -67 -67 67 B

C -30 -31 31 C

D 42 43 43 D

E -84 -85 85 E

F -114 -115 115 F

G -11 -11 11 G

▬fiH 1,215 1,227 1,227 ▬fiH

▬fiI -59 -60 60 ▬fiI

▬fiJ -18 -18 18 ▬fiJ

A -33 -19 19 A

B 17 10 10 B

C -22 -13 13 C

D 33 20 20 D

E 106 63 63 E

F -24 -14 14 F

G 40 24 24 G

▬fiH 54 32 32 ▬fiH

▬fiI -2,569 -1,520 1,520 ▬fiI

▬fiJ 20 12 8 ▬fiJ

A 17 47 47 A 15 42 42

B 8 22 22 B 17 47 47

C 17 46 46 C 4 12 12

D 28 77 77 D 14 39 39

E 26 74 74 E 3 8 8

F 26 74 74 F 9 25 25

G 20 55 55 G 18 49 49

▬fiH 24 66 66 ▬fiH 28 79 79

▬fiI 9 24 24 ▬fiI 19 54 54

▬fiJ 29 80 80 ▬fiJ 9 26 26

A 1m 142 79 79

A 2m -144 -80 80 β⁷ ⁷ │ ≤ ⇔√ ╩ ⇔≡─

A 3m 133 74 74

A 4m -12 -7 7

B 1m 204 113 113

B 2m 208 116 116

B 3m 101 56 56

B 4m -8 -4 4

C 1m

C 2m

C 3m

C 4m

D 1m

D 2m

D 3m

D 4m

E 1m

E 2m

E 3m

E 4m

F 1m 182 101 101

F 2m 204 114 114

F 3m 162 90 90

F 4m 30 16 16

G 1m 60 33 33

G 2m 19 11 11

G 3m 38 21 21

G 4m -156 -87 87

SP8,242

ₒ⁷Eи 2 ₓ

57

172
23

kN

∑╪ kN 169

→ kNהm 99

↑
◖
fi
◒
ꜞ

♩

N/mm² 36

꜡

◒
Ⱳ
ꜟ
♩

kN 180 63

∑╪ kN

kN

↑
◖
fi
◒
ꜞ

♩

N/mm² 36 38

⁷⁷⁷⁷⁷ ה H-200⁸♩כfiⱣ▬ה ⁷⁷⁷⁷⁷

→ kNהm

SP8,242

ₒ⁷Eи 2 ₓ

1,334 248

170
52
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ᵓ SP8,268 

SP8,268≢│⁸꜡♇◒Ⱳꜟ♩ ─ ─╖≢№╢⁹↓╣│SP8,174≤SP8,242≢─꜡♇

◒Ⱳꜟ♩ ─ ⅛╠⁸ ⌐꜡♇◒Ⱳꜟ♩⅜ ≤⇔≡ ⌂─⅛≤

™℮ ⅜ ∂√ ⌐╟∫≡ ≢│∕─ ─ ≤─ ™≢꜡♇◒Ⱳꜟ

♩ ─╖─ ≤⇔≡ ↕╣√⁹∕─ ⌐│™ↄ≈⅛№∫≡⁸1≈ ⌐│ ⇔√

≤⇔≡ ⌂─⅛⁸2≈ ⌐│꜡♇◒Ⱳꜟ♩⌐ ⌂ ⅝⅜⌂↑╣┌⁸꜡♇◒Ⱳꜟ♩

╩ ⌐⇔≡⁸∕─ ◘▬◒ꜟ♃▬ⱶ ╩ ⇔≡⁸ ⌂ꜞfi◓ ─ ⌐

≡√╒℮⅜ ≢│⌂™⅛⁸3≈ ⌐│꜡♇◒Ⱳꜟ♩ ⌐│ ∆╢√╘⌐ ╩

∆╢⅜⁸↓─ ⌐╟∫≡ ─ ה ╩ ⇔≡™╢─≢│⌂™⅛≤™℮ ≢

№╢⁹∕╪⌂ ─ ⁸ ⌐⅔↑╢ -5.1.24 ⅛╠│⁸ │

86 ≤ ─ ≢─ ╟╡╙ ™ ⅜ ↕╣⁸ ─ ⌐╟∫≡│

⅜100 ╩ ⇔≡™╢─╙ ≢⅝╢⁹ ⅎ≡ ─ ⌐⅔↑╢ ─

≢╙ 100 ╩ ∆╢ ╙™ↄ≈⅛ ≢⅝╢↓≤⅛╠⁸ ⌐ ∆╢ │

≢№╢≤ ⇔⁸ ─ ⌐⅔™≡╙꜡♇◒Ⱳꜟ♩╩ ⌐ ╖ ╖ ∆╢≤≤╙⌐⁸

─ ⌐⅔™≡╙⁸꜡♇◒Ⱳꜟ♩ ─ ╩ ∆╢↓≤≤⇔√⁹ 
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-5.1.24 ♩fiⱠꜟ B P 8,268  

 

 

 

 

 

꜠ⱬꜟ
й

꜠ⱬꜟ
й

A A

B B

C C

D D

E E

F F

G G

▬fiH ▬fiH

▬fiI ▬fiI

▬fiJ ▬fiJ

A A

B B

C C

D D

E E

F F

G G

▬fiH ▬fiH

▬fiI ▬fiI

▬fiJ ▬fiJ

A A

B B

C C

D D

E E

F F

G G

▬fiH ▬fiH

▬fiI ▬fiI

▬fiJ ▬fiJ

A A

B B

C C

D D

E E

F F

G G

▬fiH ▬fiH

▬fiI ▬fiI

▬fiJ ▬fiJ

A 1m

A 2m

A 3m

A 4m

B 1m 208 116 116

B 2m 179 99 99

B 3m 176 98 98

B 4m 79 44 44

C 1m

C 2m

C 3m

C 4m

D 1m

D 2m

D 3m

D 4m

E 1m

E 2m

E 3m

E 4m

F 1m 177 98 98

F 2m 160 89 89

F 3m 183 102 102

F 4m 70 39 39

G 1m

G 2m

G 3m

G 4m

SP8,268

⁷⁷⁷⁷⁷ ה H-200⁸♩כfiⱣ▬ה

ₒ⁷Eи 2 ₓ

∑╪ kN

kN

→ kNהm

↑
◖
fi
◒
ꜞ

♩

86

꜡

◒
Ⱳ
ꜟ
♩

kN 180

N/mm²

→ kNהm

⁷⁷⁷⁷⁷

SP8,268

ₒ⁷Eи 2 ₓ

kN

∑╪ kN

↑
◖
fi
◒
ꜞ

♩

N/mm²
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ᵔ SP8,440 

SP8,440 ≢│⁸ Ⱳכꜞfi◓◖▪⅛╠ ╠╣√ ─ ∆╢ ≢№╢↓≤⅛╠⁸

⌐⅔™≡│⁸ ⌐╙ ─ ⅜ ≢ ╖ ╕╣≡™╢⁹↓╣⌐╟∫

≡⁸ ─ ה ╪∑ה→ ≤ ↑◖fi◒ꜞכ♩ ─ │⁸ ה

≤╙⌐ ↕╣⁸꜡♇◒Ⱳꜟ♩ ⌐≈™≡│ ≢ ⇔√⁹ 

⌐≈™≡│⁸ ≤⇔≡2013 25 6 ⌐ ╩ ⇔⁸

╩2014 26 1 ╕≢─ 7⅛ ⁸ ╩ ⇔⁸ ⌐≈™≡│ 3,100

╩ ⅎ╢⁹ ⌐⅔↑╢ ╩ -5.1.25⌐ ∆⁹ 

↓─ ⅛╠⁸↓╣╕≢─ ≤ ⌐ ─꜠ⱬꜟй⌐ ⇔≡ ⅜100

╩ ∆╢ ╩ ∆≤↓╤╩ ⇔≡ ⇔≡™╢⁹∕─ ≢⁸ ─

─-377,034kN⁸ 19,637 ⅔╟┘ ─ →─-49,805kNהm⁸

27,517 │∕─ ─ ⅛╠ ╣┌⁸ ≢№╢ ⅜ ↄ⁸↓↓│ ╩ ™≡

↕╣√ ⁸ ≢│290 ⁸ →≢│80 ≢ ∆╢↓≤⅜

≢№╢≤ ⅎ╠╣╢⁹ ─ ≤⇔≡│⁸ ⅔╟┘ ─ ≤

→─╖⌐100 ╩ ∆╢ ⅜ ≢⅝╢↓≤≢№╢⁹ 

 ≢ ⅎ┌⁸ ╩ ™√ ─ │ 290 ⁸ ─

╙ 290 ≢№╡⁸SP8.174╛SP8,242≤ ⇔≡ ╢ ╩ ⇔√≤≤╙⌐⁸

╙ ≤ ⌂ ⅜ ⇔≡™╢≤↓╤│ ⅝⌂ ≢№╢⁹∕─

─ ∑╪ ╛ ↑◖fi◒ꜞכ♩ ⁸∕⇔≡⁸꜡ ♇◒Ⱳꜟ♩ ⌐│꜠ⱬꜟй╩

∆╢ │ ↕╣≡™⌂™⁹ ─ ⅛╠ ╢≤⁸ ↑◖fi◒ꜞכ♩╛꜡♇◒

Ⱳꜟ♩⌐│ ⌂♩fiⱠꜟ⌐⅔↑╢ ⅜ ≢⅝╢⅜⁸ ╛

→─ ⅛╠⁸SP8,174╛SP8,242─ ╙ ∑⁸ ⌐ ⅝⌂ ⅜№╢

↓≤│ ♩fiⱠꜟ ⌂ ─ ⅜№╢─≢│⌂™⅛≤ ⅎ╢↓≤⅜≢⅝╢⁹ 
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-5.1.25 ♩fiⱠꜟ B P 8,440  

 

 

 

 

 

꜠ⱬꜟ
й

꜠ⱬꜟ
й

A 4,164 217 217 A 3,115 162 162

B -377,034 -19,637 19,637 B 6,969 363 363

C 5,779 301 301 C 6,822 355 355

D 6,991 364 364 D 5,077 264 264

E 5,718 298 298 E 6,787 353 353

F 6,778 353 353 F 6,090 317 317

G 4,588 239 239 G 3,557 185 185

▬fiH 4,265 222 222 ▬fiH

▬fiI 4,213 219 219 ▬fiI

▬fiJ 7,628 397 397 ▬fiJ

A -84 -46 46 A 224 124 124

B -49805 -27,517 27,517 B -113 -63 63

C -230 -127 127 C -196 -108 108

D 122 67 67 D 44 24 24

E -200 -111 111 E -217 -120 120

F -94 -52 52 F -282 -156 156

G 24 13 13 G 36 20 20

▬fiH -21 -12 12 ▬fiH

▬fiI 236 131 131 ▬fiI

▬fiJ -286 -158 158 ▬fiJ

A 213 89 89 A -123 -51 51

B 44 18 18 B 80 33 33

C -66 -27 27 C 68 28 28

D 107 44 44 D 159 66 66

E 31 13 13 E 6 2 2

F 39 16 16 F 15 6 6

G -250 -104 104 G -114 -47 47

▬fiH -26 -11 11 ▬fiH

▬fiI -145 -61 61 ▬fiI

▬fiJ -85 -36 36 ▬fiJ

A 29 82 82 A 23 65 65

B 13 37 37 B 18 51 51

C 15 43 43 C 21 59 59

D 16 45 45 D 20 55 55

E 13 36 36 E 35 97 97

F 14 39 39 F 13 37 37

G 16 44 44 G 22 62 62

▬fiH 10 28 28 ▬fiH 20 56 56

▬fiI 31 87 87 ▬fiI 32 90 90

▬fiJ 15 41 41 ▬fiJ 27 76 76

A 1m

A 2m β⁷ ⁷ │ ≤ ⇔√ ╩ ⇔≡─

A 3m

A 4m

B 1m 181 101 101

B 2m 105 58 58

B 3m 84 47 47

B 4m 29 16 16

C 1m

C 2m

C 3m

C 4m

D 1m

D 2m

D 3m

D 4m

E 1m

E 2m

E 3m

E 4m

F 1m 156 87 87

F 2m 169 94 94

F 3m 105 59 59

F 4m 18 10 10

G 1m

G 2m

G 3m

G 4m

65

⁷⁷⁷⁷⁷ ה H-250⁸♩כfiⱣ▬ה ⁷⁷⁷⁷⁷ ה H-250⁸

SP8,440

ₒ⁷Eй 3 ₓ

kN

↑
◖
fi
◒
ꜞ

♩

N/mm² 36

∑╪ kN 240 33

→ kNהm 181 88

1,920 286

180 59

꜡

◒
Ⱳ
ꜟ
♩

kN

36 48

↑
◖
fi
◒
ꜞ

♩

N/mm²

42∑╪ kN 240

181

1,920
2,225
290

2,823
80

kN

→ kNהm

SP8,440

ₒ⁷Eй 3 ₓ
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ᵕ SP8,506 

SP8,506≢│⁸SP8,440≤ ⁸ Ⱳכꜞfi◓◖▪⅛╠ ╠╣√ ─ ⅜ ↕

╣╢ ≢№╢↓≤⅛╠⁸ ⌐⅔™≡│ ⌐╙ ─ ⅜ ≢ ╖

╕╣≡™╢⁹↓╣⌐╟∫≡⁸ ─ ה ╪∑ה→ ≤ ↑◖fi◒ꜞכ♩

─ │⁸ ה ≤╙⌐ ↕╣⁸꜡ ♇◒Ⱳꜟ♩ ⌐≈™≡│ ≢ ⇔√⁹ 

⌐≈™≡│⁸ ≤⇔≡2013 25 9 ⌐ ╩ ⇔⁸

╩2014 26 1 ╕≢─ 4⅛ ⁸ ╩ ⇔⁸ ⌐≈™≡│ 1,400

╩ ⅎ╢⁹ ⌐⅔↑╢ ╩ -5.1.26⌐ ∆⁹ 

↓─ ⅛╠⁸↓╣╕≢─ ≤ ⌐ ─꜠ⱬꜟй⌐ ⇔≡ ⅜100

╩ ∆╢ ╩ ∆≤↓╤╩ ⇔≡ ⇔≡™╢⁹∕─ ≢⁸ ─ ∑

╪ ─-5,083kN⁸ 4,664 │∕─ ─ ⅛╠ ╣┌⁸ ≢№╢ ⅜ ↄ⁸

↓↓│ ╩ ™≡ ↕╣√ 22 ≢ ∆╢↓≤⅜ ≢№╢≤ ⅎ╢⁹

─ │⁸ ≤ ─ ⅜SP8,440≤ ⌐100 ╩ ∆╢ ⅜

≢⅝╢≤↓╤≢№╢⁹ ─ ─ ≢│360 ⁸ ─

─ │190 ≢№╡⁸↓╣╕≢─ ≤ ⌐ ⅝⌂ ≢№╢

↓≤⅜╦⅛╢⁹∕─ ⁸ →╛∑╪ ⁸꜡ ♇◒Ⱳꜟ♩ ─ ⌐⅔™≡

100 ╩ ∆╢≤↓╤⅜ ≢⅝╢⅜⁸ ↑◖fi◒ꜞכ♩ ─ ≢│

⅜21 ⁸ ⅜14 ≤ ™ ≢№∫√⁹ ─ ⅛╠ ╢≤⁸↓╣╕≢─

≤ ⌐ ⌐ ⅝⌂ ⅜№╢↓≤│ ╠⅛≢№╢⁹ 
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-5.1.26 ♩fiⱠꜟ B P 8,506  

 

 

 

 

 

 

꜠ⱬꜟ
й

꜠ⱬꜟ
й

A 4,496 234 234 A 1,205 145 145

B 7,595 396 396 B 2,013 242 242

C 2,910 152 152 C 2,253 271 271

D 3,144 164 164 D 1,243 149 149

E 5,547 289 289 E 1,709 205 205

F 5,224 272 272 F 1,036 124 124

G 6,237 325 325 G 1,439 173 173

▬fiH 13,364 696 696 ▬fiH

▬fiI 16,143 841 841 ▬fiI

▬fiJ 4,175 217 217 ▬fiJ

A -127 -70 70 A -47 -105 105

B -66 -36 36 B -15 -32 32

C -150 -83 83 C -22 -50 50

D 101 56 56 D -3 -7 7

E -211 -117 117 E -16 -35 35

F -54 -30 30 F 10 21 21

G -149 -82 82 G -6 -13 13

▬fiH 230 127 127 ▬fiH

▬fiI 603 333 333 ▬fiI

▬fiJ 104 57 57 ▬fiJ

A 208 87 87 A 36 33 33

B -316 -132 132 B 39 36 36

C 51 21 21 C -28 -26 26

D 81 34 34 D 14 13 13

E -30 -12 12 E -13 -12 12

F -48 -20 20 F -14 -13 13

G -95 -39 39 G -5,083 -4,664 4,664

▬fiH -145 -60 60 ▬fiH

▬fiI 91 38 38 ▬fiI

▬fiJ -39 -16 16 ▬fiJ

A 1 2 2 A 0 1 1

B -3 -7 7 B 2 6 6

C 14 38 38 C 4 12 12

D 14 40 40 D 7 18 18

E 3 7 7 E 4 12 12

F 1 2 2 F 4 10 10

G 1 2 2 G 5 13 13

▬fiH 10 28 28 ▬fiH 7 20 20

▬fiI 13 36 36 ▬fiI 10 28 28

▬fiJ 18 49 49 ▬fiJ 7 19 19

A 1m

A 2m β⁷ ⁷ │ ≤ ⇔√ ╩ ⇔≡─

A 3m

A 4m

B 1m 152 84 84

B 2m 195 108 108

B 3m 176 98 98

B 4m 77 43 43

C 1m

C 2m

C 3m

C 4m

D 1m

D 2m

D 3m

D 4m

E 1m

E 2m

E 3m

E 4m

F 1m 129 72 72

F 2m 126 70 70

F 3m 79 44 44

F 4m 5 3 3

G 1m

G 2m

G 3m

G 4m

kN

181→

1,920

36

180

kNהm

SP8,506

⁷⁷⁷⁷⁷ ה H-250⁸♩כfiⱣ▬ה

ₒ⁷Eк 1 ₓ

65

685
22

꜡

◒
Ⱳ
ꜟ
♩

kN

14

↑
◖
fi
◒
ꜞ

♩

N/mm²

240∑╪ kN

99

359

21

109kN

36

→

46

833

kNהm 45

↑
◖
fi
◒
ꜞ

♩

N/mm²

38

kN

∑╪

187

⁷⁷⁷⁷⁷ ה H-150⁸

SP8,506

ₒ⁷Eк 1 ₓ
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ᵖ SP8,556 

SP8,556≢│⁸ ─ ≢№╢SP8,506⌐⅔™≡ ─ ≢─

│ ─ ≤ ∆╢≤⁸ ─ ⅜ ≢⅝╢↓≤⁸╕√⁸ ↑◖fi◒ꜞכ

♩╛꜡♇◒Ⱳꜟ♩─ ⅜ ™↓≤⅛╠⁸ ≢│ │ ≢ ╖

╕╣≡™╢╙──⁸ ─ ─ │ ╦╣≡™⌂™⁹╟∫≡ ≢│

─ ה ╪∑ה→ ה ↑◖fi◒ꜞכ♩ ⁸꜡♇◒Ⱳꜟ♩ ─

╩ ⇔√⁹ ⌐≈™≡│⁸ ≤⇔≡2013 25 10 ⌐ ╩

⇔⁸ ╩2014 26 1 ╕≢─ 3⅛ ⁸ ╩ ⇔⁸ ⌐

≈™≡│ 960 ╩ ⅎ╢⁹ ⌐⅔↑╢ ╩ -5.1.27⌐ ∆⁹ 

↓─ ⅛╠⁸↓╣╕≢─ ≤ ⌐ ─꜠ⱬꜟй⌐ ⇔≡ ⅜100

╩ ∆╢ ╩ ∆≤↓╤╩ ⇔≡ ⇔≡™╢⁹∕─ ≢⁸ ∑╪

B─Ӈ1,075kN⁸ 636 ≤ F─Ӈ3,316kN⁸ 1,962 │∕─ ─ ⅛╠

╣┌⁸ ≢№╢ ⅜ ↄ⁸↓↓│ ╩ ™≡ ↕╣√ 58 ≢ ∆

╢↓≤⅜ ≢№╢≤ ⅎ╢⁹ ─ │⁸↓╣╕≢─ ≤ ⌐

⌐⅔™≡100 ╩ ∆╢ ⅜ ≢⅝╢≤↓╤≢№╢⁹ ─

≢│ 233 ≢№∫√⁹∕─ ⁸ →─ ⌐⅔™≡ 100 ╩ ∆╢⅜⁸

∕─ ─ │↕╒≥ ⅝ↄ⌂™⁹ ─ ⅛╠ ≡╙⁸↓╣╕≢─ ≤

⌐ ⌐ ⅝⌂ ⅜№╢↓≤⅜ ≢⅝╢⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



82 
 

-5.1.27 ♩fiⱠꜟ B P 8,556  

 

 

 

 

 

꜠ⱬꜟ
й

꜠ⱬꜟ
й

A 1,023 77 77 A

B 1,852 139 139 B

C 4,356 327 327 C

D 4,737 355 355 D

E 2,303 173 173 E

F 5,585 419 419 F

G 1,845 138 138 G

▬fiH ▬fiH

▬fiI ▬fiI

▬fiJ ▬fiJ

A -85 -86 86 A

B -40 -40 40 B

C -92 -93 93 C

D 31 32 32 D

E -45 -46 46 E

F -116 -117 117 F

G -93 -94 94 G

▬fiH ▬fiH

▬fiI ▬fiI

▬fiJ ▬fiJ

A -120 -71 71 A

B -1,075 -636 636 B

C 31 18 18 C

D 145 86 86 D

E -109 -64 64 E

F -3,316 -1,962 1,962 F

G -88 -52 52 G

▬fiH ▬fiH

▬fiI ▬fiI

▬fiJ ▬fiJ

A 0 0 0 A

B 2 4 4 B

C 9 24 24 C

D 11 32 32 D

E 8 22 22 E

F 8 23 23 F

G 1 2 2 G

▬fiH ▬fiH

▬fiI ▬fiI

▬fiJ ▬fiJ

A 1m 55 31 31

A 2m -51 -29 29 β⁷ ⁷ │ ≤ ⇔√ ╩ ⇔≡─

A 3m 55 30 30

A 4m 16 9 9

B 1m 40 22 22

B 2m 42 23 23

B 3m -31 -17 17

B 4m 8 5 5

C 1m

C 2m

C 3m

C 4m

D 1m

D 2m

D 3m

D 4m

E 1m

E 2m

E 3m

E 4m

F 1m -40 -22 22

F 2m 40 22 22

F 3m -46 -26 26

F 4m 7 4 4

G 1m 65 36 36

G 2m -72 -40 40

G 3m -61 -34 34

G 4m 59 33 33

ה H-200⁸♩כfiⱣ▬ה

SP8,556

1,334 233

ₒ⁷Eк 2 ₓ

kN

169∑╪ kN

99 73→ kNהm

180

꜡

◒
Ⱳ
ꜟ
♩

kN

36

↑
◖
fi
◒
ꜞ

♩

N/mm²

kN

24

15

∑╪ kN
413
58

SP8,556

ₒ⁷Eк 2 ₓ

⁷⁷⁷⁷⁷ ה H-150⁸

→ kNהm

↑
◖
fi
◒
ꜞ

♩

N/mm²-1,075
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ᵗ SP8,574 

SP8,574≢│⁸ ─ ⅜ ─ ⌐⅔™≡SP8,615 ≤↕╣≡™√↓

≤⁸∕⇔≡ ─ │ ⅜ ↕╣⁸ ≤ ─ │ ⌐ ⅛∫

≡ ╣ ≢№╢≤ ↕╣√⁹↓╣⌐ ∫≡⁸ ⌐⅔↑╢ ⌂ ─

╙ ↕╣√↓≤⅛╠⁸ ⌐⅔↑╢ B ─ ≤⇔≡ ↑↕

╣√⁹SP8.440≤SP8,506≤ ⌐ ─ ה ╪∑ה→ ≤ ↑◖fi◒ꜞכ♩

─ │⁸ ה ≤╙⌐ ↕╣⁸꜡ ♇◒Ⱳꜟ♩ ⌐≈™≡│ ≢

⇔√⁹ ⌐≈™≡│⁸ ≤⇔≡2013 25 12 ⌐ ╩ ⇔⁸

╩2014 26 1 ╕≢─ 1⅛ ⁸ ╩ ⇔⁸ ⌐≈™≡│

650 ╩ ⅎ╢⁹ ⌐⅔↑╢ ╩ -5.1.28⌐ ∆⁹ 

↓─ ⅛╠⁸↓╣╕≢─ ≤ ⌐ ─꜠ⱬꜟй⌐ ⇔≡ ⅜100

╩ ∆╢ ╩ ∆≤↓╤╩ ⇔≡ ⇔≡™╢⁹∕─ ≢⁸ ▬fiⱣ

♩כ I ─ 27,461kN⁸ 2,059 ≤ →▬fiⱣכ♩ I ─Ӈ653kNהm⁸

659 ⅔╟┘ ∑╪ ▬fiⱣכ♩ I ─ 907kN⁸ 536 │∕─ ─ ⅛╠

╣┌⁸ ≢№╢ ⅜ ↄ⁸↓↓│ ╩ ™≡ ⇔√ ≢│⁸ ⌐172 ⁸

48 ⁸45 ≤⌂╡⁸↓─ ⌐≡ ∆╢↓≤⅜ ≢№╢≤ ⅎ╢⁹ 

↓↓≢ 1-3 ⌐≡ ═√♩fiⱠꜟ ⅔╟┘ ╩ ™ ⇔≡╒⇔™⁹ ∆╢⅜⁸

26 1 ⌐ ─ ⇔ ⇔⅔╟┘ ≢ ╣⅜ ⇔⁸ ⌐ ╖─

─ ⌐ ╩⅝√∆↓≤≤⌂∫√↓≤≢№╢⁹ │2013 25

12 6 ⅛╠─ ≢№╡⁸ 2014 26 1 11 ╕≢⁸ 1⅛ ─

≢─ ≢№╢⅜⁸ ≢│ ─ ≤ ⌐⁸™ↄ≈⅛─ │ ≢

⅝╢╙──⁸ ╩ ™≡ ↕╣√ │ ≢100 ╩ ⇔≡™

╢─⅛⅜╦⅛╢⁹╕√⁸ ⅜100 ╩ ⇔≡™⌂ↄ≤╙꜡♇◒Ⱳꜟ♩ ─

≢ 100 ╩ ⇔≡™╢─⅜ ≢⅝╢⅜⁸↓─ A≤G│▬fiⱣכ

♩ ⌐ ∆╢ ─ ≢№╡⁸↓╣│⁸ ≤ ─ ⅜ ╣ ≢№╢↓

≤⌐ ⇔≡⁸ ≢ ⅜ ⇔≡™╢↓≤⅜ ↕╣╢⁹ ⌐≈™≡│⁸

⅜ ™∑™⅛ ─ ┼─ ⅝⌂ │ ≢⅝⌂™⁹ ⌂

⅛╠ ╣┌⁸↓╣╕≢ ⌐ ┼─ ⅜ ⅝™ │ ≢⅝╢⅜⁸

⇔√╟℮⌐ ─ ♃כ♦╠⅛↕ ╙ ⌂™↓≤╩ ⅎ╢≤⁸↓↓≢│ ≢│

⌂ↄ ─ ╕≢≢№╢⁹ 
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-5.1.28 ♩fiⱠꜟ B P 8,574  

 

 

 

 

 

꜠ⱬꜟ
й

꜠ⱬꜟ
й

A 1,862 140 140 A -16 -2 2

B 1,943 146 146 B -15 -2 2

C 2,505 188 188 C -33 -4 4

D 2,419 181 181 D 14 2 2

E 2,603 195 195 E -7 -1 1

F 2,624 197 197 F 23 3 3

G 1,645 123 123 G 21 3 3

▬fiH 2,585 194 194 ▬fiH

▬fiI 27,461 2,059 2,059 ▬fiI

▬fiJ 2,399 180 180 ▬fiJ

A -25 -25 25 A 5 11 11

B -43 -43 43 B -2 -5 5

C -33 -33 33 C -6 -14 14

D 31 32 32 D 7 15 15

E -64 -64 64 E -2 -5 5

F -74 -75 75 F -7 -16 16

G -49 -50 50 G -2 -5 5

▬fiH 48 49 49 ▬fiH

▬fiI -653 -659 659 ▬fiI

▬fiJ 61 62 62 ▬fiJ

A 53 32 32 A -16 -15 15

B 49 29 29 B -15 -14 14

C 39 23 23 C -33 -30 30

D 143 85 85 D 14 13 13

E -26 -15 15 E -7 -7 7

F -80 -48 48 F 23 21 21

G -181 -107 107 G 21 20 20

▬fiH -82 -48 48 ▬fiH

▬fiI 907 536 536 ▬fiI

▬fiJ -37 -22 22 ▬fiJ

A 8 23 23 A 10 27 27

B 7 21 21 B 5 14 14

C 15 43 43 C 12 33 33

D 24 67 67 D 11 31 31

E 19 54 54 E 8 22 22

F 12 34 34 F 10 29 29

G 12 32 32 G 9 24 24

▬fiH 9 24 24 ▬fiH 12 34 34

▬fiI 23 63 63 ▬fiI 17 47 47

▬fiJ 20 55 55 ▬fiJ 11 30 30

A 1m 183 102 102

A 2m 176 98 98 β⁷ ⁷ │ ≤ ⇔√ ╩ ⇔≡─

A 3m 91 51 51

A 4m 34 19 19

B 1m -56 -31 31

B 2m 105 59 59

B 3m 98 54 54

B 4m 27 15 15

C 1m

C 2m

C 3m

C 4m

D 1m

D 2m

D 3m

D 4m

E 1m

E 2m

E 3m

E 4m

F 1m -79 -44 44

F 2m 94 52 52

F 3m 86 48 48

F 4m 28 15 15

G 1m 208 116 116

G 2m 180 100 100

G 3m 116 65 65

G 4m 15 9 9

⁷⁷⁷⁷⁷ ה H-200⁸♩כfiⱣ▬ה ⁷⁷⁷⁷⁷ ה H-150⁸

→ kNהm 45 10

SP8,574

ₒ⁷Eк 2 ₓ

99

SP8,574

109 17

kN 833

↑
◖
fi
◒
ꜞ

♩

N/mm² 36 29

2

kN

∑╪ kN169∑╪ kN

180 55

36 42

45

→ kNהm

1,334

ₒ⁷Eк 2 ₓ

kN

↑
◖
fi
◒
ꜞ

♩

N/mm²

꜡

◒
Ⱳ
ꜟ
♩

360
172

109
48

95
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 ♩fiⱠꜟ 

 ♩fiⱠꜟ ≤ ─  

 ♩fiⱠꜟ│⁸ ⅜ ≤⇔≡2009 21 ⌐ ↕╣√⁸

40 ─ 2,699m⁸2 ─ ♩fiⱠꜟ≢№╢⁹ -5.2.1─≤⅔╡ ⅛╠

1,050m ⌐⅔™≡ 840m ─ ─ ⅜№╡⁸ ─ ⌐⅔™≡

│ ≤ ↕╣√⁹↓─ ⌐⅔↑╢ ╡│ -5.2.2 ─≤⅔╡≢№╢⁹

╡ ↕─ │⁸ Ⱳכꜞfi◓ ⌐⅔↑╢ ≢ ⇔≡™╢⅜⁸ ╡ ↕─

│⁸ Ⱳכꜞfi◓B-17⌐ ∆╢319m≤⌂╢⁹ │2010 22 5 ⌐

↕╣⁸ │ ⌐ ⇔⁸2015 27 7 ⌐ ⁸∕⇔≡2016 28

3 ⌐ ╩ ⅎ√⁹∕─ ⁸ ─ ∕⇔≡ ⌂≥─ ⅜ ╘╠╣⁸2025

7 ─ ⌐ ↑⁸ ⅜ ╘╠╣≡™╢⁹ 

 
 ќ                             

 

 

 

 

 

-5.2.1 ♩fiⱠꜟ ≤ ─ ─  

 

 

 

835m
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-5.2.2 ♩fiⱠꜟ ─ ╡ ↕ 

 

 Ⱳכꜞfi◓⅛╠  ♃כ♦√╣╠

 Ⱳכꜞfi◓│⁸♩fiⱠꜟ ≢ ╦╣≡⅔╡⁸ -5.2.3 ⌐⅔™≡ ⌐⅔

↑╢ Ⱳכꜞfi◓─ ╩ ∆⁹ Ⱳכꜞfi◓─ ⌂ │⁸◖▪╩ ⇔≡─◖▪

╛◖▪╩ ⇔≡─ ╩ ™⁸ Ɽ♃כfi─ ⌐ ™╠╣╢↓≤≤⌂╢⁹ 

 
-5.2.3 ♩fiⱠꜟ ─ Ⱳכꜞfi◓  

 5-1≢─ ♩fiⱠꜟ≢│⁸ Ⱳכꜞfi◓─ ⌐⅔↑╢ ≢│33m≢№

∫√⅜⁸↓─ ♩fiⱠꜟ≢│B-12 B-20∆═≡⌐⅔™≡ Ⱳכꜞfi◓ │╒

╓100m╩ ⅎ╢ -5.2.1 ⁹↓╣│ ≢№╢ ─ ↕⅜↓↓⌐ ╣≡⅝

√╙─≤ ↕╣╢⁹ 

 

 

 

 

 

249
276 276273

298
319

272

225
196

0

50

100

150

200

250

300

350

400
╡

m

Ⱳכꜞfi◓No,

B-12 B-14 B-16 B-18 B-20

B-13 B-15 B-17 B-19

L 835m
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-5.2.1 ♩fiⱠꜟ Ⱳ ꜞfi◓─ ≤Ⱳכꜞfi◓ⱴ◦fi 

  

ה ה ה  

 ↓╣╠ ה ה ה ─4 ⌐≈™≡│⁸Ⱳכꜞfi◓ ⅛╠ ╖

╡⁸ ─ ≢ ⇔√⁹√∞⇔⁸B-18 B-20⌐≈™≡│⁸ ה ה ─

⅜ ∫≡™⌂™↓≤⅛╠⁸ │B-12 B-17≢ ∫√⁹ 

  Ⱳכꜞfi◓No, ⌐ ↔≤⌐ ⇔⁸ ⇔√∕╣∙╣─ ה

ה ╩ ⇔√⁹ -5.2.2 -5.2.3  

  Ⱳכꜞfi◓No, ⌐ ה ה ─ ╩ ∫√⁹ 

-5.2.4 -5.2.5  

  ⌐ ה ה ─ ╩ ∫√⁹ -5.2.7  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

m m m m ◄fi☺fi ⱳfiⱪ
1 B-12 99.0 30.5 30.5 30.5 TDC-1 200V 7.5kw MS753
2 B-13 100.0 100.0 100.0 100.0 D2-K 200V 11.0kw MS903
3 B-14 100.0 100.0 100.0 94.5 D2-K 200V 11.0kw MS903
4 B-15 110.0 110.0 110.0 110.0 D2-KS58 200V 11.0kw CP100M
5 B-16 106.7 106.7 106.7 106.7 D2-KS58 200V 11.0kw CP100M
6 B-17 100.0 100.0 100.0 100.0 D2-KS58 200V 11.0kw CP100M
7 B-18 118.0 118.0 118.0 118.0 TDC-1 200V 7.5kw MS753
8 B-19 100.0 100.0 100.0 100.0 TDC-1 200V 7.5kw MS753
9 B-20 110.0 75.0 75.0 75.0 TDC-1 200V 7.5kw MS753

943.7 840.2 840.2 834.7

Brⱴ◦fi⁷Br.
  ID

ꜝ♇ⱪ
Br.
NO,
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ₒ ₓ 

-5.2.2 ♩fiⱠꜟ Ⱳכꜞfi◓No, 1  

 

m MPa cm/ rpm m MPa cm/ rpm m MPa cm/ rpm m MPa cm/ rpm

3.0

5.0

5.0

3.0

3.0

3.0
5.0
5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

3.0

3.0

3.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

1.6

1.6

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

1.6

1.6

1.6

1.6

1.6

1.6

1.6

1.6

1.6

1.6

1.6

1.6

1.6

1.6

1.6

1.6

1.6

1.6

1.6

1.6

1.6

1.8

1.8

1.8

1.8

1.8

1.8

1.8

1.8

1.8

1.8

1.8

1.8

1.8

2.0

2.0

2.0

2.0
2.0

2.0

2.0

2.0

2.0

1.6

1.6

1.6

1.6

1.6

8.0

8.0

1.8

1.8

1.8

1.8

1.8

1.8

1.8

1.8
1.8

1.8

1.8

1.8
1.8

1.8

1.8

1.8

1.8

1.8

1.8

1.8

1.8

1.8

1.6

1.6
1.6

1.6

1.6

1.6

1.6

1.6

6.0

8.0

8.0

6.5

6.5

6.5

6.5

7.0
7.0
7.0

1.6

1.6

1.6

1.6

1.6

1.6

1.6

1.6

1.6

1.6

1.6

1.6

1.6

1.6

1.6

1.6

1.6

1.6

1.6

387

236
343

345

345

391

260

490

200

637

1,153

320

272

652

138

428

443

310

480

514

180

487

1,200

329

750

600

675

623

169

750

685

436

123

260

692

240

171

272

1,090

163
461

292

428

750

126

521
521

480

771

300

289

334

400

450

257

417

425

666

500

103

157
160

28
29
30

444

80

600

473

428

440

572

631

750

589

800

370

269

127

196

339

265

260

342

237

186

209

294

150

237

144

300

545

290

180

289

380

186

123

240

333

352

176

333

500

666

236

317
346

346

380

600

521

444

425

387

337

437

333

338

309

155

204

380

387

6
7
8
9
10
11

343
286

300

245

60
61
62
63
64
65

89

78
79
80
81
82
83

7.0

7.0

8.0

88

7.8

7.0

8.0

6.0

59

48
49

99
100

90
91
92
93
94
95

72
73
74
75
76
77

66
67
68
69
70

98

71

84
85
86
87

96
97

47

54
55
56
57
58

29

18
19
20
21
22
23

36
37
38
39
40
41

30
31
32
33

1
2
3
4
5

1
2
3
4
5

12
13
14
15
16
17

6
7
8
9
10
11

2424
25
26

50
51
52
53

42

15
16
17
18
19
20
21
22
23

25
26
27
28
29

34
35

12
13
14

33
34
35
36
37
38
39
40
41
42
43
44
45
46

27
28

30
31
32

43
44
45
46

58
59
60
61
62
63
64
65
66
67
68
69
70

47
48
49
50
51
52
53
54
55
56
57

100
101

18
19
20
21
22
23
24
25
26

36
37
38
39
40
41
42
43

27

89
90
91
92
93
94
95
96
97

80
81
82

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

87
88

66
67
68
69
70

44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

8
9
10
11
12
13
14
15
16
17

99
100
101

71
72
73
74
75
76
77
78
79

32
33
34
35

61
62

89
90
91
92

28
29
30
31
32
33
34
35

18
19
20
21
22
23
24
25
26

36
37
38
39
40
41
42
43
44

63
64
65
66
67
68
69
70

45
46
47
48
49
50
51
52
53

105

71

54
55
56
57
58
59
60
61
62

81
82
83
84
85
86
87

98

88
89

72
73
74
75
76
77
78
79

108
109
110
111

99

106
107

90
91
92
93
94
95
96
97

80

100
101
102
103
104

554

642

480

720

900

923

900

800

520

480

480

336

480

646

522

600

391

543

500

330

329

750

408

384

273

326

233

392

305

403

942

522

331

450

181

329

195

600

488

312
171
150

240

152

320

240

450

222

216

204

270

312

545

400

750

400

380

291

400

400

240

240

240

240

240

240

240

240

120

580

580

580

580

580

580

580

580

580

580

580

580

440

440

440

440

85
86
87

71
72
73
74
75
76
77
78
79

580
580
580

580

580

580

580

⁷B-12
L=99m

580

580

580

580

580

580

580

580
580

580

580

580
580

580

580

580

580

580

580

580

98
99

83
84

88

240

240
240

240

440

440

440

440

440

440

440

440

440

440

440

440

440

580

440

440

440

63
64
65

31

1.6

1.6

1.6

1.6

1.6

1.6

1.6

240

240

240

240

440

440

440

440

440

440

440

440

440

440

440

440

240

240

240

98

93
94
95
96
97

81
82
83
84
85
86

⁷B-13
L=100m

240

240

240

240

240

240

240

240

240

240

240

240

240

240

240

240

⁷B-14
L=100m

240

240

240

240

240

240

240

240

240

240

240

240

240

240

240

240

240

240

240

240

240

240

240

240

240

240

120

120

120

120

120

120

120

120
240
240

300

300

300

300

300

300

300

300

300

300

300

300

300

300

300

300

300

300

300

300

300

300

300

120

120

120

⁷B-15
L=110m

500

500

500

500

500

500

500

500

500

500

500

500

300

300

300

300

480

432

300

408

360

323

545
27

1
2
3
4
5
6
7

120

120

120

360

360

360
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-5.2.3 ♩fiⱠꜟ Ⱳכꜞfi◓No, 2 

 

m MPa cm/ rpm m MPa cm/ rpm

5.0

5.0

5.0

5.0

5.0

5.0

5.0
5.0

5.0

5.0

5.0
5.0

5.0

5.0

5.0

5.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

5.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0
5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0
3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

37
38
39

19
20
21
22
23
24
25
26
27

46
47
48
49
50
51
52
53

57

28
29
30
31
32
33
34
35
36

54

85

88
89
90

73
74
75
76
77
78
79
80
81

40
41
42
43
44
45

64
65
66
67
68
69
70
71
72

55
56

58
59
60

101
102
103
104
105
106
107
108

91
92
93
94
95
96
97
98
99
100

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

29
30
31
32
33
34
35
36
37

20
21
22
23
24
25
26
27
28

82
83
84

86
87

38
39
40
41
42
43
44
45
46

65
66
67
68
69
70
71

320

240

360

61
62
63

18
19

101

72
73

56
57
58
59
60
61
62
63
64

83
84
85
86
87
88

92
93
94
95
96
97
98
99
100

47
48
49

89
90
91

74
75
76
77
78
79
80
81
82

480

600

480

600

400

⁷B-17
L=100m

500

500

500

400

540

1,000

923

540

509

240

312

450

340

360

660
960

570

570

400

1,000

927

867

923

360

450

857

706

923

800

371

760

750

667

356

400

646
240

480

600

480

400

600

400

600

400

267

150
200

380

510

337

360

267

240

368

257

290

491

414

400

329

379

327

180

267

50
51
52
53

200

300

300

300

300

300

300

200

300
343

420

390

240

240

377

480

218

540

1,200

1,140

600

800

600

800

408

1,200

1,200

480

400

300

300

120
120

500

300

400

300

600

552

364

394

400

327

378

120

120

120

120
500

500

338

200

300

300

300

300

300

300
300

300

300

300

300

120

120

120

120

120

120

120

120

120

120

120

120

120

120

120

300

300

300

300

300

⁷B-16
L=106.7m

200

200

200

200

200

200

200

200

200

200

200

200

500

500

500

500

500

500

500

500

500

500

500

500

300

300

500

500

200

200

200

200

200

200

200

200

200

200

200

300

300

500

500

400

331

480

522

567

267

343

171

600

240

54

300

300

500

500

500

120

120

120

120

120

120

120

120

120

120

55

500

500
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ₒ ₓ 

-5.2.4 ♩fiⱠꜟ Ⱳכꜞfi◓No, 1  

 

MPa cm/ rpm MPa cm/ rpm MPa cm/ rpm MPa cm/ rpm

7.8 337 580 1.8 333 580 1.8 600 240 5.0 480 500

7.0 437 580 1.8 352 580 1.8 473 240 5.0 720 500

8.0 333 580 1.8 176 580 1.8 428 240 5.0 900 500

6.0 338 580 1.8 333 580 1.8 440 240 5.0 923 500

6.0 309 580 1.8 500 580 1.8 572 240 5.0 900 500

8.0 155 580 1.8 666 580 1.8 631 240 5.0 800 500

8.0 204 580 1.8 236 580 1.8 750 240 5.0 520 500

6.5 380 580 1.8 317 580 1.8 589 240 5.0 480 500

6.5 387 580 1.8 346 580 1.8 800 240 5.0 480 500

6.5 425 580 1.8 346 580 1.8 480 240 5.0 480 500

6.5 387 580 1.8 380 580 1.8 771 240 5.0 432 500

7.0 236 580 1.8 521 580 1.8 200 240 5.0 300 500

7.0 343 580 1.8 521 580 1.8 490 240 5.0 408 300

7.0 343 580 1.8 600 580 2.0 637 240 5.0 360 300

7.0 286 580 1.8 521 580 2.0 272 240 5.0 323 300

7.0 300 580 1.8 444 580 2.0 1,090 240 5.0 545 300

8.0 245 580 1.8 450 580 2.0 163 240 5.0 554 300

8.0 387 580 1.8 257 580 2.0 461 240 5.0 642 300

8.0 240 580 1.8 417 580 2.0 292 240 5.0 543 300

1.8 425 580 2.0 428 240 5.0 500 300

1.8 666 580 2.0 750 240 5.0 330 300

1.8 500 440 2.0 169 240 5.0 329 300

1.6 103 440 1.6 750 240 5.0 270 300

1.6 157 440 1.6 685 240 5.0 312 300

1.6 160 440 1.6 436 240 5.0 545 300

1.6 144 440 1.6 123 240 5.0 750 300

1.6 300 440 1.6 260 240 5.0 408 300

1.6 545 440 1.6 692 240 5.0 384 300

1.6 290 440 1.6 240 240 5.0 336 300

1.6 180 440 1.6 171 240 5.0 480 300

1.6 289 440 1.6 514 240 5.0 646 300

1.6 380 440 1.6 180 240 5.0 522 300

1.6 186 440 1.6 487 240 5.0 400 300

1.6 123 440 1.6 1,200 240 5.0 750 300

1.6 265 440 1.6 329 240 5.0 600 300

1.6 260 440 1.6 750 240 5.0 391 300

1.6 342 440 1.6 600 240 5.0 240 300

1.6 237 440 1.6 675 240 5.0 450 300

1.6 186 440 1.6 623 240 5.0 273 300

1.6 209 440 1.6 1,153 240 5.0 326 120

1.6 294 440 1.6 320 240 3.0 233 120

1.6 150 440 1.6 272 240 3.0 392 120

1.6 237 440 1.6 652 240 3.0 305 120

1.6 300 440 1.6 138 240 3.0 403 120

1.6 289 440 1.6 428 240 3.0 942 120

1.6 334 440 1.6 443 240 3.0 522 120

1.6 400 440 1.6 310 240 3.0 331 120

1.6 370 440 1.6 480 240 3.0 600 120

1.6 269 440 1.6 444 240 3.0 488 120

1.6 127 440 1.6 345 240 3.0 312 120

1.6 196 440 1.6 345 240 5.0 171 240

1.6 339 440 1.6 391 240 5.0 150 240

1.6 126 440 1.6 260 240 5.0 240 240

5.0 152 240

5.0 320 240

5.0 400 240

5.0 380 240

5.0 291 240

5.0 400 240

5.0 400 240

5.0 450 120

3.0 181 120

3.0 329 120

3.0 195 120

3.0 222 360

5.0 216 360

5.0 204 360

7.1 320 580 1.7 323 495 1.7 494 240 4.6 437 289
MPa cm/ rpm MPa cm/ rpm MPa cm/ rpm MPa cm/ rpm

⁷B-12 ⁷B-13 ⁷B-14 ⁷B-15
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-5.2.5 ♩fiⱠꜟ Ⱳכꜞfi◓No, 2 

 

MPa cm/ rpm MPa cm/ rpm

3.0 400 300 3.0 480 200

3.0 312 300 3.0 218 200

3.0 450 300 3.0 540 200

3.0 340 300 3.0 1200 200

3.0 360 300 3.0 1140 200

3.0 660 300 3.0 600 200

3.0 960 300 3.0 800 200

3.0 570 300 3.0 600 200

3.0 570 300 3.0 800 200

3.0 540 300 3.0 408 200

3.0 400 300 3.0 1200 200

3.0 1,000 120 3.0 1200 200

3.0 927 120 5.0 480 500

3.0 867 120 5.0 400 500

3.0 923 120 5.0 300 500

3.0 360 120 5.0 480 500

3.0 450 120 5.0 600 500

3.0 857 120 5.0 480 500

3.0 1,000 120 5.0 400 500

3.0 706 120 5.0 600 500

3.0 923 120 5.0 400 500

3.0 800 120 5.0 600 500

3.0 371 120 5.0 400 500

3.0 760 120 5.0 480 500

3.0 750 120 5.0 600 500

3.0 667 120 5.0 480 500

3.0 356 120 5.0 600 500

3.0 923 120 5.0 400 500

3.0 400 120 3.0 600 200

3.0 646 120 3.0 552 200

5.0 240 500 3.0 364 200

5.0 320 500 3.0 394 200

5.0 240 500 3.0 400 200

5.0 360 500 3.0 327 200

5.0 380 500 3.0 378 200

5.0 510 500 3.0 338 200

5.0 540 500 3.0 331 200

5.0 337 500 3.0 480 200

5.0 360 500 3.0 522 200

5.0 267 500 3.0 567 200

5.0 240 500 5.0 267 300

3.0 368 120 5.0 343 300

3.0 257 120 5.0 171 300

3.0 290 120 5.0 600 300

3.0 491 120 5.0 240 300

3.0 509 120 5.0 300 300

3.0 414 120 5.0 200 200

3.0 400 120 5.0 400 300

3.0 329 120 5.0 400 300

3.0 379 120 5.0 300 300

3.0 327 120 5.0 267 300

3.0 180 300 5.0 150 120

3.0 267 300 5.0 200 120

3.0 343 300

3.0 240 300

3.0 420 300

3.0 390 300

3.0 240 300

3.0 240 300

3.0 377 300

3.4 492 250 4.1 490 306
MPa cm/ rpm MPa cm/ rpm

⁷B-17⁷B-16
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 -5.2.4⅔╟┘ -5.2.5─ ╩ ≤⇔≡ -5.2.6⌐ ∆⁹ 

≢│⁸ Ⱳכꜞfi◓6 ₁≢╒╓100m╩ ⇔≡⅔╡⁸ ⌂♩fiⱠꜟ≢

─ ≤ ⌂ ≤⌂∫≡™╢⁹↓╣│ ≢№∫≡╙ ≢№╢↓≤⅛╠⁸↓

─╟℮⌂ ⌐⌂∫√╙─≤ ↕╣╢⁹ 

ה  ה ⌐⅔™≡│⁸ ─ ≢ ─Ᵽꜝ♠◐│ ≢⅝╢╙──⁸

≢│ ₁⁸ 4Mpa⁸ 430cm ⁸360rpm≢№∫√⁹ 

 

-5.2.6 ♩fiⱠꜟ ♦כ♃ 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Br
m Mpa cm/ rpm

 K12 99.0 7.1 320 580

 K13 100.0 1.7 323 495

 K14 100.0 1.7 494 240

 K15 110.0 4.6 437 289

 K16 106.7 3.4 492 250

 K17 100.0 4.1 490 306

102.6 3.8 426 360

m MPa cm/ rpm
AVE

Br⁷No,
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ₒ ₓ 

-5.2.7 ♩fiⱠꜟ ─ Ⱳכꜞfi◓ⱴ◦fi ─  

        

MPa cm/ rpm MPa cm/ rpm MPa cm/ rpm MPa cm/ rpm MPa cm/ rpm MPa cm/ rpm

7.8 337 580 3.0 340 300 7.0 437 580 5.0 300 ♃כ♦500 ♃כ♦ ♃כ♦ 8.0 240 580

6.0 338 580 3.0 360 300 8.0 333 580 5.0 408 300

6.0 309 580 3.0 660 300 8.0 155 580 5.0 360 300

6.5 387 580 3.0 960 300 8.0 204 580 5.0 323 300

7.0 236 580 3.0 570 300 6.5 380 580 5.0 554 300

7.0 343 580 3.0 540 300 6.5 387 580 5.0 330 300

7.0 286 580 3.0 400 300 6.5 425 580 5.0 329 300

1.8 346 580 3.0 1000 120 7.0 343 580 5.0 270 300

1.8 380 580 3.0 927 120 7.0 300 580 5.0 750 300

1.8 521 580 3.0 867 120 8.0 245 580 5.0 408 300

1.8 425 580 3.0 923 120 8.0 387 580 5.0 384 300

1.8 666 580 3.0 360 120 1.8 333 580 5.0 336 300

1.8 500 440 3.0 450 120 1.8 352 580 5.0 400 300

1.6 380 440 3.0 857 120 1.8 176 580 5.0 750 300

1.6 186 440 3.0 1000 120 1.8 333 580 5.0 600 300

1.6 123 440 3.0 706 120 1.8 500 580 5.0 391 300

1.6 265 440 3.0 923 120 1.8 666 580 5.0 240 300

1.6 260 440 3.0 800 120 1.8 236 580 5.0 450 300

1.6 342 440 3.0 356 120 1.8 317 580 5.0 273 300

1.6 237 440 3.0 923 120 1.8 346 580 5.0 326 120

1.6 300 440 3.0 400 120 1.8 521 580 3.0 233 120

1.6 289 440 3.0 646 120 1.8 600 580 3.0 392 120

1.6 334 440 5.0 510 500 1.8 521 580 3.0 600 120

1.6 400 440 5.0 540 500 1.8 444 580 3.0 488 120

1.6 370 440 5.0 337 500 1.8 450 580 3.0 312 120

1.8 572 240 5.0 360 500 1.8 257 580 5.0 171 240

1.8 631 240 5.0 267 500 1.8 417 580 5.0 150 240

1.8 750 240 5.0 240 500 1.6 103 440 5.0 240 240

1.8 800 240 3.0 368 120 1.6 157 440 3.0 400 300

1.8 480 240 3.0 257 120 1.6 160 440 3.0 312 300

2.0 637 240 3.0 290 120 1.6 144 440 3.0 450 300

2.0 272 240 3.0 491 120 1.6 300 440 3.0 570 300

2.0 292 240 3.0 509 120 1.6 545 440 3.0 371 120

1.6 750 240 3.0 414 120 1.6 290 440 3.0 760 120

1.6 685 240 3.0 400 120 1.6 180 440 3.0 750 120

1.6 436 240 3.0 329 120 1.6 289 440 3.0 667 120

1.6 123 240 3.0 379 120 1.6 186 440 5.0 240 500

1.6 260 240 3.0 327 120 1.6 209 440 5.0 320 500

1.6 692 240 3.0 180 300 1.6 294 440 5.0 240 500

1.6 240 240 3.0 267 300 1.6 150 440 5.0 360 500

1.6 652 240 3.0 343 300 1.6 237 440 5.0 380 500

1.6 138 240 3.0 240 300 1.6 269 440 3.0 240 300

1.6 428 240 3.0 420 200 1.6 127 440 3.0 377 300

1.6 443 240 3.0 390 200 1.6 196 440 3.0 480 200

1.6 310 240 3.0 240 200 1.6 339 440 3.0 218 200

1.6 480 240 3.0 1200 200 1.6 126 440 3.0 540 200

1.6 444 240 3.0 1140 200 1.8 600 240 5.0 400 500

1.6 345 240 3.0 600 200 1.8 473 240 5.0 600 500

1.6 345 240 3.0 800 200 1.8 428 240 5.0 400 500

1.6 391 240 3.0 600 200 1.8 440 240 3.0 552 200

1.6 260 240 3.0 800 200 1.8 589 240 5.0 600 300

5.0 480 500 3.0 408 200 1.8 771 240 5.0 240 300

5.0 720 500 3.0 1200 200 1.8 200 240 5.0 200 200

5.0 900 500 3.0 1200 200 1.8 490 240 5.0 400 300

5.0 923 500 5.0 480 500 2.0 1090 240 5.0 267 300

5.0 900 500 5.0 400 500 2.0 163 240 5.0 150 120

5.0 800 500 5.0 300 500 2.0 461 240 5.0 200 120

5.0 520 500 5.0 480 500 2.0 428 240

5.0 480 500 5.0 600 500 2.0 750 240

5.0 480 500 5.0 480 500 2.0 169 240

5.0 480 500 5.0 600 500 1.6 171 240

5.0 432 500 5.0 400 500 1.6 514 240

5.0 545 300 5.0 480 500 1.6 180 240

5.0 642 300 5.0 600 500 1.6 487 240

5.0 543 300 5.0 480 500 1.6 1200 240

5.0 500 300 5.0 600 500 1.6 329 240

5.0 312 300 5.0 400 500 1.6 750 240

5.0 545 300 3.0 600 200 1.6 600 240

5.0 480 300 3.0 364 200 1.6 675 240

5.0 646 300 3.0 394 200 1.6 623 240

5.0 522 300 3.0 400 200 1.6 1153 240

3.0 305 120 3.0 327 200 1.6 320 240

3.0 403 120 3.0 378 200 1.6 272 240

3.0 942 120 3.0 338 200

3.0 522 120 3.0 331 200

3.0 331 120 3.0 480 200

5.0 152 240 3.0 522 200

5.0 320 240 3.0 567 200

5.0 400 240 5.0 267 300

5.0 380 240 5.0 343 300

5.0 291 240 5.0 171 300

5.0 400 240 5.0 300 300

5.0 400 240 5.0 400 300

5.0 450 120 5.0 300 300

3.0 181 120

3.0 329 120

3.0 195 120

3.0 222 360

5.0 216 360

5.0 204 360

3.4 475 306 3.3 393 358 8.0 240 580

MPa cm/ rpm MPa cm/ rpm MPa cm/ rpm MPa cm/ rpm

⁷ ⁷ᵑ
B-12 B-15 ᵑ⁷ ⁷ᵒ

B-16 B-17 ᵒ
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 Ⱳכꜞfi◓◖▪⅛╠  ♃כ♦√╣╠

 

 ─ │⁸2-1-2≢ ⇔√╟℮⌐⁸ ה ה ≤ ⌐3 ⌐ ↕

╣╢⁹ ⌐⅔™≡╙↓─3 ╩ ≤⇔≡⁸ ─ ╩ ╖╢⁹ 

♩fiⱠꜟ≢─ ⌐⅔↑╢ Ⱳכꜞfi◓│ B-12 B-20 ─ 9 ⅛╠⁸

Ⱳכꜞfi◓↔≤⌐ -4.3.1 ─ ⌐ ≠™≡ ─ ╩ ∫√⁹

-5.2.8≤ -5.2.4⅜ 9 ─ ≢№╢⁹↓─ ⅛╠│⁸ ⅜ ≢ ↕╣╢

╙──⁸ ⌐│ ה ≢№╡ ⌐ ─ │58 ≤ ╩ ╘≡™╢⁹ 

 

-5.2.8 ♩fiⱠꜟ ─  

 

 

 

 

 

 

 

 

 

 

 

 

 
-5.2.4 ♩fiⱠꜟ ─  

Br

B-12 99.0 30.5 23 74 3

B-13 100.0 100.0 35 37 28

B-14 100.0 94.5 49 47 2

B-15 110.0 110.0 67 25 8

B-16 106.7 106.7 76 23 0

B-17 100.0 100.0 78 23 0

B-18 118.0 118.0 44 56 0

B-19 100.0 100.0 96 3 2

B-20 110.0 75.0 55 45 0

943.7 834.7 58 37 5

Br No, 
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≤  

 ─ │⁸ ─ ╩ ™√╙─⌐ ⅎ⁸ ⌐╟╢ ─2

╩ ™≡⁸ Ⱳכꜞfi◓ ⌐ ⇔√⁹∕─ ╩ -5.2.9⌐ ∆⁹ 

 

-5.2.9 ♩fiⱠꜟ ─  

 

 ─ ≢│⁸ 2 ≢│0.34 7.75≤ ≤⌂╢ ≢№∫

√⁹↓─ ≤ ≢ ↕╣╢ ≢ ↕╣╢ ─ ╩ ∆╢≤⁸

⅜ ∆╢ Ɽ♃כfiDз≢│₈4 2₉⁸ Ɽ♃כfiDи≢│₈2 1₉⁸

⅜ ∆╢ Ɽ♃כfiDз≢╙₈4 2₉⁸ Ɽ♃כfiDи≢╙₈2 1₉≢№╡⁸

♩fiⱠꜟ≢ ↕╣√ ≢│⁸ Ɽ♃כfi⅜Dз Dи⌐ ∆╢⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a b c

ɘ H ɨcΐ quᵑ quᵒ
kN/m³ m kN/m² kN/m² kN/m²

B-12 24.7 249 3,180 6,265 0.52 1.02◘fiⱪꜟ   0

B-13 22.4 276 2,117 6,044 0.34 0.98◘fiⱪꜟ  83

B-14 30.1 276 3,122 10,529 0.38 1.27◘fiⱪꜟ  87

B-15 25.0 273 10,215 12,580 1.50 1.84◘fiⱪꜟ 110

B-16 26.2 298 13,193 17,547 1.69 2.25◘fiⱪꜟ 106

B-17 25.8 319 15,577 16,625 1.89 2.02◘fiⱪꜟ 100

B-18 26.0 272 8,715 17,169 1.23 2.43◘fiⱪꜟ   0

B-19 25.7 225 22,760 44,837 3.94 7.75◘fiⱪꜟ   0

B-20 25.8 196 16,129 31,774 3.19 6.28◘fiⱪꜟ   0

25.7 265 10,556 18,152 1.63 2.87

╡
A B C

Br
No,

ₒ ₓ ₒ ₓ ₒ ₓ

⁷⁷



96 
 

 

⌐⅔↑╢ Ⱳכꜞfi◓ │⁸B-12 B-20 ─ 9 ⅜ ↕╣≡™╢⅜⁸

∕─ ≢X ⅜ ╦╣√─│B-12≢5◘fiⱪꜟ⁸B-13≢1◘fiⱪꜟ⁸B-20≢3◘

fiⱪꜟ≢№╡⁸B-13 B-19≢│ ╦╣≡™⌂™⁹X ╩ -5.2.10⌐ ∆⁹↓─

⅛╠ ⌂─│⁸ ─ ⌂ ≤↕╣╢▪fi♅◗ꜝ▬♩הꜟ▬♃♁ꜞ◒הꜞ

⅜♩▬♄כ◙ ≤⇔≡ ↕╣≡™╢↓≤⁸∕─ ⌐ ≢№╢⸗fi⸗

ꜞ꜡♫▬♩│ ↕╣≡™⌂™↓≤⅜ →╠╣╢⁹╕√ │ ╘╠╣⌂™↓≤

⅛╠⁸ ה ─ │╒╓ ≤ ∫≡╙ ≢│⌂™⁹ 

 

-5.2.10 ♩fiⱠꜟ X  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

1 2 3 4 5 6 7 8 9 10 11 12 13

Ant Chr Riz Dol Mgs Mt Br Cal Chl Sp Pya Heaz Sm

ᵑ Ừ Ừ Ừ ỏ ה ה ה ה ה ה ה ה

ᵒ Ừ Ừ Ừ Ừ ה ה ה ה ה ה ה ה

ᵓ Ừ Ừ Ừ ה ה ה ה ה ה ה

ᵔ ה ỏ ỏ ה ה ה ה ה ỏ ה ה ה ה

ᵕ Ừ Ừ ה ה ה ה ỏ ה ה ה ה ה ה

B-13 ⌂⇔ ᵑ ה ה ה ה ה ỏ ה ה ủ ה ה ה

ᵑ Ừ ה ה ה ỏ ה ה ה ה ה ה ה

ᵒ Ừ Ừ ה ה ה ה ủ ה ה ה ה ה ה

ᵓ Ừ Ừ ה ה ה ה Ừ ה ה ה ה ה ה

B-20

⁷ ⁷⁷Ừ ⁷⁷ủ ⁷⁷ỏ ⁷⁷ ⁷⁷ ה⁷⁷ ⇔♩fiⱠꜟ

B-12

No, No,

⌂⇔

⌂⇔
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 ⅛╠  ♃כ♦√╣╠

 ↓╣╕≢⁸ ⌐ ╠╣╢ Ⱳכꜞfi◓─ ╛◖▪⅛╠ ⌂≥⌐╟∫

≡ ─♃כ♦╢╣╠ ╩ ⇔≡⅝√≤↓╤≢№╢⅜⁸↓╣⅛╠│ ⌐ ╠╣╢

⌐≈™≡ ⇔≡™ↄ⁹ │ A ≤ B ─ ⌐≈™≡ ⇔ ⇔≡™ↄ⅜

A≤ B─ ⌐≈™≡│4-4⌐ ⇔√≤⅔╡≢№╢⁹ 

 ↓↓≢ ⅎ⌂↑╣┌⌂╠⌂™↓≤│⁸ ┼ ∆╢╙─≤⇔≡⁸ ─ ╛

Ⱳכꜞfi◓⅛╠ ╠╣√◖▪⅛╠─ ⁸ ╡⌂≥⅜№╢⅜⁸ ⌐ ↕

╣╢ ≤⇔≡─ ╛ ↑◖fi◒ꜞכ♩─ ↕⁸∕─ ⌐ ≤

⇔≡─ ♅ⱬfi♩כꜛ◦ ╛ ⁸↓╣⌐ ⇔≡◘▬◒ꜟ♃▬ⱶ⅜ ⅎ╠

╣╢⁹ AהB ─ ─ ⌐⁸ Ⱳכꜞfi◓ ≤ ⇔√ ╩ ⇔≡™ↄ⁹ 

 

 

 ♩fiⱠꜟ─ ⌐⅔↑╢ │⁸ ⌐⅔™≡ ╩ ™

╢↓≤⅜≢⅝⌂™≤ ⇔⁸↓╣╕≢─ ╩ ™≈≈ ╙ ╡ ╣

⅜ ↕╣√⁹ ⌐⅔↑╢ Ɽ♃כfi─ ╩ -5.2.5 ⌐⁸ ─ ╩

-5.2.11⌐ ∆⁹ 

 

-5.2.5 ♩fiⱠꜟ ⌐⅔↑╢ Ɽ♃כfi─  

 

 

 

 

 

 

 

 

 

B-12 B-14 B-16 B-18 B-20

B-13 B-15 B-17 B-19

L 835m

Eи
1

48m

Eи
2

8m

Eз
1

87m

E0
1

34m
31m

E0
1

24m

E0
2

10m

E0
3

96m 144m

E0
4

E0
5

64m

E0
4

32m

E0
5

21m

E0
1

31m 42m

E0
4

126m

E0
2

37m
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-5.2.11 ♩fiⱠꜟ ⌐⅔↑╢  

 

─ ⌐№√∫≡│ -5.2.11─ Ɽ♃כfi ≢─Eи 1 ≢ ⅜

↕╣√⁹Eи 1 ╛∕╣ ≢─ ╛ A─ ╩ ╕ⅎ⁸ Ɽ♃כ

fi─ ⇔╩ ™⌂⅜╠ ╩ ╘√⁹ 
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A 

 ♩fiⱠꜟ─ ⌐⅔↑╢ A │⁸ 835m ─ ≢ 83 ─

≢ ↕╣≡™╢⁹ ⌐⅔↑╢ Ⱳכꜞfi◓≤ ↕∑√ │ -5.2.6

─≤⅔╡≢№╢⁹ 

 

-5.2.6 ♩fiⱠꜟ Ⱳכꜞfi◓ ≤ A  

  

↕╣√ ↔≤─ ─ ⅛╠⁸ ⅔╟┘ ╣⁸ ⌐ ⅛℮

⁸ ─ ⁸∕⇔≡⁸ ╩ -5.2.11⌐╕≤╘√⁹ ♩fiⱠꜟ≢│⁸

♩fiⱠꜟ─╟℮⌐ ╩ ⅎ√╙── ─ ≤≤╙⌐ A ⅜ ∆

╢ ⁸⌂╠┘⌐ ╩ ╙ ⅎ∏⌐ A ⅜ ∆╢ │ ↕╣≡™⌂™⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

B-12 B-14 B-16 B-18 B-20

B-13 B-15 B-17 B-19

9 10 75 11 7 11 12 11

2,679.9 2,781.5 2,891.5

2,790.5

2,763.5 2,870.5 2,997.9 3,093.9

2,463.5 2,669.9 2,773.5 2,881.5 3,004.9 3,104.9

2,741.5 2,854.5 2,978.9 3,073.9 3,176.85

2,445.5 2,575.9 2,647.9 2,753.5 2,860.5 2,986.9 3,083.9

2,723.5 2,837.5 3 3,053.9 3,153.85

2,422.5 2,557.9 2,627.9 2,732.5 2,847.5 2,967.9 3,062.9 3,165.85

2,707.5 2,824.5 2,915.5 3,036.9 3,133.85

2,367.5 2,406.5 2,510.5 2,610.9 2,715.5 2,831.5 2,926.0 3,042.9 3,144.85

2,688.9 2,802.5 2,899.5 3,014.9 3,116.85

2,355.5 2,391.5 2,494.5 2,592.9 2,697.6 2,813.5 2,909.5 3,024.9 3,127.85

A

83

2,346.5 2,382.5 2,486.5 2,586.9

2,433.5 2,566.9 2,637.9

2,364.5 2,400.5 2,498.5 2,599.9

2,373.5 2,413.5 4 2,620.9

2,454.5 2,659.9

2,475.5

L 835m

ừ ừ ừ ừ
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-5.2.11 ♩fiⱠꜟ ⅜ ≢⅝√  

 
 

 ─ ≤⇔≡│⁸ ♩fiⱠꜟ ה ╟╡⁸ ⅜1 3mm/ ≤⌂

∫√↓≤╩2 ⇔≡ ≢⅝√ ⌐ ⇔√≤╖⌂⇔ ╩ ⇔≡╙╟™⁹⌂⅔⁸

↓─ │ ⌂─≢ №√╡⌐ ∆╢≤1mm/ ≤⌂╢39⁹↓─↓≤⅛╠⁸1mm/

╩2 ≢≢⅝√≤⅝╩ ≤⇔√⁹╕√⁸ ≤⇔≡│⁸

⅜ ↕╣√ ⁸ ╩ ≤⇔≡⁸∕─ ⌐⅔↑╢1⅛ √╡⁸ ה

─ ⅜ ≢№╢↓≤⅛╠⁸ ╩ ╪≢ 2mm ≢№╣┌ ≤⇔≡

∆╢↓≤≤⇔√⁹ 

 -5.2.11 ─ ⅜ ≢⅝√ ≢│⁸ ⅛╠ᵔ ─ 70

⁸ ╣68m≢ ⅜ ↕╣⁸∕─ ⁸ 3⅛ ⌐ ⇔√ ≢│⁸

√╡─ │╒╓0≢⁸ √╡─ ⅜±2mm ≢№╢↓≤⅛╠⁸↓─ ≢│

⅜ ≢⅝╢≤ ⇔√⁹ 

-5.2.12 A B │ A─83 ─ ⅔╟┘ ─ ≤

╩ ⌐╕≤╘√╙─≢№╡⁸ ≢─ ≤ ⌐ ⇔≡ ∆⁹ ≢

│ No,3─C ⌐⅔™≡ ─Ӈ54.8mm⁸ ─ ≢│C ─Ӈ29.1mm⌐

╕∫≡™╢⁹ ⌐⅔™≡│ No,80─Ӈ31.7mm⅜ ≢№╡⁸ ─ │

1 ≢─Ӈ12.5mm≢№╡⁸ ≤ ⌂ ™ ╩ ∆ ≤⌂∫√⁹ 

 

 

 

 

♩fiⱠꜟ⁷2,790.5

( )
╣
(m)

A
[ ]
(mm)

B
[ ]
(mm)

C
[ ]
(mm)

D
[ ]
(mm)

1
[ ]
(mm)

2
[ ]
(mm)

3
[ ]
(mm)

4
[ ]
(mm)

5
[ ]
(mm)

ᵑ 2013/2/7 6:48 0 0 0.0 0.0 0.0 0.0 0.0 0.0

ᵒ 2013/2/11 9:15 4 3 -6.6 -5.2 -14.8 0.0 -5.7 -3.2 -7.4 0.0 0.0

ᵓ 2013/3/13 6:45 34 35 -13.6 -14.0 -29.2 -21.8 -14.3 -9.7 -14.1 -3.5 -5.6

2013/4/4 6:28 56 55 -13.9 -14.4 -30.8 -22.8 -15.7 -10.4 -14.0 -3.9 -5.6

2013/4/6 6:47 58 57 -13.8 -14.3 -30.9 -22.7 -15.8 -10.3 -14.0 -4.2 -5.5

2013/4/11 6:31 63 60 -13.9 -14.2 -30.9 -22.6 -15.7 -10.4 -14.1 -4.0 -5.3

ᵔ 2013/4/18 5:59 70 68 -13.7 -14.4 -30.8 -22.7 -15.8 -10.2 -14.1 -4.1 -5.5

ᵕ 2014/7/28 16:51 536 639 -13.9 -14.6 -30.6 -22.8 -15.8 -10.6 -14.3 -4.0 -5.3

β1⁷ᵑ  ⁸ᵒ  ⁸ᵓ ⌐ ↑√  ⁸ᵔ  ⁸ᵕ ⁷

β2⁷ᵕ ─ ⁷

a mm = ᵕ  ᵔ -0.2 -0.2 0.2 -0.1 0.0 -0.4 -0.2 0.1 0.2

b = ᵕ  ᵔ⁷

c = b ÷ 30 / ⁷

№√╡ d mm = a ÷ c⁷ 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

2mm ủ ủ ủ ủ ủ ủ ủ ủ ủ

466

16
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-5.2.12 A  ♩fiⱠꜟ A ≤  
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B 

♩fiⱠꜟ─ ⌐⅔↑╢ B│⁸ 835m─ ≢4 ─

≢ ↕╣≡™╢⁹ ⌐⅔↑╢ Ⱳכꜞfi◓≤ ↕∑√ │ -5.2.7 ─

≤⅔╡≢№╡⁸ ⌐⅔↑╢ ╩ -5.2.13⌐⁸ ⌐⅔↑╢

╩ -5.2.14⌐⁸ ╩ -5.2.8 -5.2.11⌐ ∆⁹ 

 

 

-5.2.7 ♩fiⱠꜟ Ⱳכꜞfi◓ ≤ B─  

 

 

-5.2.13 ♩fiⱠꜟ ↔≤─  

 

 

 

 

 

 

 

 

 

B-12 B-14 B-16 B-18 B-20

B-13 B-15 B-17 B-19

B

4

L 835m

ừ
2,367.50

ừ
2,592.85

ừ
2,802.50

ừ
2,860.50

↑ ↑

→ ∑╪ → ∑╪

ủ ủ ủ ủ ủ ủ

74 10 10 10 10 28 10

ủ ủ ủ ủ

67 10 10 10 10

ủ ủ ủ ủ

78 5 5 5 5

ủ ủ ủ ủ

78 10 10 10 10

≤

P

P

P

P 2,367.50

2,592.85

2,802.50

2,860.50
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-5.2.14 ♩fiⱠꜟ ↔≤─  

 
 

 

 

 

 

 

 

2012/1/102012/2/27 49 1.6 1,308

↑ 2012/1/102012/2/27 49 1.6 1,308

2012/1/102012/2/27 49 1.6 1,303

2012/8/42012/10/9 67 2.2 1,567

↑ 2012/8/42012/10/9 67 2.2 1,567

2013/2/192013/5/31 102 3.4 2,413

↑ 2013/2/192013/5/31 102 3.4 2,413

2013/4/192013/9/19 154 5.1 3,535

↑ 2013/4/192013/9/19 154 5.1 3,5352,860.50

⁷

P 2,367.50

P 2,592.85

P 2,802.50

P
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-5.2.8 ♩fiⱠꜟ B P 2,367.50  

 

 

-5.2.9 ♩fiⱠꜟ B P 2,592.85  
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-5.2.10 ♩fiⱠꜟ B P 2,802.50  

 

 

 

-5.2.11 ♩fiⱠꜟ B P 2,860.50  
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ᵑ P 2,367.50 

P 2,367.50 ≢│⁸ -5.2.13 ─ ↔≤─ ≤ -5.2.14 ─ ↔

≤─ ⌐ ∆≤⅔╡⁸ B─ ─ ≤╙№∫≡⁸ Ɽ♃כfi≤

⇔≡ ⌂ ⅔╟┘ ⌐ ⇔ ╩ ⇔√⁹∕─ ⁸ ≢─

⌐⅔↑╢ ה ╪∑ה→ ⁸ ↑◖fi◒ꜞכ♩⌐⅔↑╢ ⁸꜡♇◒Ⱳꜟ♩

⌐⅔↑╢ ⁸∕⇔≡⁸ ≢─ ↑◖fi◒ꜞכ♩⌐⅔↑╢ ⁸∕⇔≡

≢─ ה ה ╩ ⇔√⁹ 

⌐≈™≡│⁸ ≤⇔≡2012 24 1 ⌐ ╩ ⇔⁸

╩2012 24 2 ╕≢─ 2⅛ ⁸ ╩ ⇔⁸ ⌐≈™≡│ 1,300

╩ ⅎ╢⁹ ⌐⅔↑╢ ╩ -5.2.15⌐ ∆⁹ 

↓─ ⅛╠⁸ ─꜠ⱬꜟй⌐ ⇔≡ ⅜100 ╩ ∆╢ ╩ ∆≤↓

╤╩ ⇔≡ ⇔≡™╢⁹ ≤⇔≡│ ≢№╢⁹ ה ≢─

≢│100 ╩ ⇔≡™⌂™╙──⁸ 3 ⌐⅔™≡ ⅜100 ╩ ∆╢⅜⁸

⌐│↕╒≥ ⅝™≤│ ⅎ∏⁸ ⌐ ┼─ ⅜⌂╠╣≡™

╢↓≤⅜╦⅛╢⁹ →╛ ∑╪ ⁸ ↑◖fi◒ꜞכ♩ ⁸꜡ ♇◒Ⱳ

ꜟ♩ ≢│ ⅝⌂ │⌂ↄ⁸↓╣╠ ┼─ │ ↕™≤ ⅎ╢⁹ ≢

│⁸ ≤ ≢ ╩ ∫≡™√⅜⁸ ≢│∆═≡─ ≤╙⌐20mm ≢№

╡⁸™∏╣╙ ꜠ⱬꜟз─ 38mm ≢№∫√⁹╕√⁸ ≢│ ꜠ⱬꜟз─ 0.61%╩

∆╢ │ ⇔√╙──⁸ │0.68 ≢ ╕∫≡™╢⁹ 
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-5.2.15 ♩fiⱠꜟ B P 2,367.50  

 

 

 

 

 

꜠ⱬꜟ
й

꜠ⱬꜟ
й

A 808 61 61 A

B 1,226 92 92 B

C 2,192 164 164 C

D 2,766 207 207 D

E 2,363 177 177 E

F 1,056 79 79 F

G 650 49 49 G

▬fiH 760 57 57 ▬fiH

▬fiI 302 23 23 ▬fiI

▬fiJ 577 43 43 ▬fiJ

A 8 8 8 A

B -8 -8 8 B

C -6 -6 6 C

D 61 62 62 D

E -3 -3 3 E

F -12 -12 12 F

G 7 7 7 G

▬fiH 17 17 17 ▬fiH

▬fiI -20 -21 21 ▬fiI

▬fiJ 21 22 22 ▬fiJ

A -6 -4 4 A

B -2 -1 1 B

C -5 -3 3 C

D 68 40 40 D

E 2 1 1 E

F 25 15 15 F

G -9 -5 5 G

▬fiH 1 1 1 ▬fiH

▬fiI -10 -6 6 ▬fiI

▬fiJ -12 -7 7 ▬fiJ

A 3 8 8 A 2 6 6

B 10 26 26 B 2 7 7

C 14 38 38 C 2 6 6

D 26 73 73 D 2 4 4

E 11 30 30 E 3 10 10

F 10 27 27 F 3 7 7

G 6 16 16 G 2 5 5

▬fiH 7 19 19 ▬fiH 4 11 11

▬fiI 7 19 19 ▬fiI 6 16 16

▬fiJ 9 24 24 ▬fiJ 4 12 12

A 1m 37 21 21

A 2m 59 33 33

A 3m 61 34 34

A 4m 4 2 2

B 1m 97 54 54

B 2m 119 66 66

B 3m 114 64 64

B 4m 13 7 7

C 1m 34 19 19

C 2m 88 49 49

C 3m 51 28 28

C 4m 0 0 0

D 1m 0 0 0

D 2m 1 0 0

D 3m 1 1 1

D 4m 1 1 1

E 1m 5 3 3

E 2m 61 34 34

E 3m 65 36 36

E 4m 1 1 1

F 1m 59 33 33

F 2m 48 27 27

F 3m 10 6 6

F 4m 2 1 1

G 1m 46 25 25

G 2m 56 31 31

G 3m 51 29 29

G 4m 6 3 3

ₒ⁷Eи 1 ₓ

kN169 8

→ kNהm 99 17

kN

∑╪

↑
◖
fi
◒
ꜞ

♩

꜡

◒
Ⱳ
ꜟ
♩

kN 180 22

N/mm² 36 28

∑╪ kN

↑
◖
fi
◒
ꜞ

♩

SP2,367.50

N/mm² 36 8

kN

→ kNהm

1,334 95

SP2,367.50

ₒ⁷Eи 1 ₓ

ה H-200⁸♩כfiⱣ▬ה
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ᵒ P 2,592.85 

P 2,592.85≢│⁸ ─ ⅜⌂™↓≤⁸╕√⁸P 2,367.50≢─꜡♇◒Ⱳꜟ♩

─ ⅛╠⁸ ≢─ ⌐⅔↑╢ ה ╪∑ה→ ה ↑◖fi◒ꜞכ♩

⌐⅔↑╢ ╩ ⇔√⁹ 

⌐≈™≡│⁸ ≤⇔≡2012 24 8 ⌐ ╩ ⇔⁸

╩2012 24 10 ╕≢─ 2⅛ ⁸ ╩ ⇔⁸ ⌐≈™≡│ 1,500

╩ ⅎ╢⁹ ⌐⅔↑╢ ╩ -5.2.16⌐ ∆⁹ 

↓─ ⅛╠⁸P 2,367.50≤ ⌐ ─꜠ⱬꜟй⌐ ⇔≡ ⅜100 ╩

∆╢ ╩ ∆≤↓╤╩ ⇔≡ ⇔≡™╢⁹ 

 ≤⇔≡│⁸↓↓╙ ≢№╢⁹ ה ♩כfiⱣ▬ה ≢─

≢100 ╩ ⇔⌂™╙──⁸ 4 ⌐⅔™≡ ⅜100 ╩ ∆╢⅜⁸

⌐│↕╒≥ ⅝™≤│ ⅎ∏⁸ ⌐ ┼─ ⅜⌂↕╣≡™╢

↓≤⅜╦⅛╢⁹ →╛ ∑╪ ⁸ ↑◖fi◒ꜞכ♩ ⌐│ ⅝⌂

│⌂ↄ⁸↓╣╠┼─ │ ↕™⁹ 
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-5.2.16 ♩fiⱠꜟ B P 2,592.85  

 

 

 

 

꜠ⱬꜟ
й

꜠ⱬꜟ
й

833 A 473 57 57 A

1,334 B 1,419 106 106 B

1,334 C 1,736 130 130 C

1,334 D 1,589 119 119 D

1,334 E 1,565 117 117 E

1,334 F 964 72 72 F

833 G 432 52 52 G

833 ▬fiH 210 25 25 ▬fiH

833 ▬fiI 185 22 22 ▬fiI

833 ▬fiJ 244 29 29 ▬fiJ

45 A -2 -4 4 A

99 B -8 -8 8 B

99 C 11 11 11 C

99 D 76 77 77 D

99 E 10 10 10 E

99 F -10 -10 10 F

45 G 1 2 2 G

45 ▬fiH 1 2 2 ▬fiH

45 ▬fiI -5 -12 12 ▬fiI

45 ▬fiJ 1 3 3 ▬fiJ

109 A 1 1 1 A

169 B -17 -10 10 B

169 C 9 6 6 C

169 D 61 36 36 D

169 E -3 -2 2 E

169 F 18 11 11 F

109 G -5 -4 4 G

109 ▬fiH 1 1 1 ▬fiH

109 ▬fiI 6 6 6 ▬fiI

109 ▬fiJ -7 -6 6 ▬fiJ

A 6 33 33 A

B 12 69 69 B

C 6 33 33 C

D 12 65 65 D

E -2 -11 11 E

F 6 33 33 F

G 6 36 36 G

▬fiH 4 22 22 ▬fiH

▬fiI 6 35 35 ▬fiI

▬fiJ 5 26 26 ▬fiJ

A 1m

A 2m

A 3m

A 4m

B 1m

B 2m

B 3m

B 4m

C 1m

C 2m

C 3m

C 4m

D 1m

D 2m

D 3m

D 4m

E 1m

E 2m

E 3m

E 4m

F 1m

F 2m

F 3m

F 4m

G 1m

G 2m

G 3m

G 4m

SP2,592.85

H-200⁸ H-150⁸♩כfiⱣ▬ה

ₒ⁷E0 2 ₓ

↑
◖
fi
◒
ꜞ

♩

kN

kNהm

kN

→

∑╪

N/mm²

→

∑╪

↑
◖
fi
◒
ꜞ

♩

꜡

◒
Ⱳ
ꜟ
♩

kNהm

kN

⌂⇔

SP2,592.85

ₒ⁷E0 2 ₓ

kN 180

N/mm² 18 36

8

14

73 kN
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ᵓ P 2,802.50 

P 2,802.50≢│⁸P 2,367.50≤P 2,592.85≤ ⌂ ╩ ⇔√⅜⁸ 2

⌐⅔™≡⁸▬fiⱣכ♩ ≢─ ⇔√ ≢№╡⁸╕√⁸ ─ ⅜ ≢⅝√↓

≤⅛╠⁸ ≢│▬fiⱣכ♩ ╩ ™√ ⅔╟┘ ⌐≡ ╩ ∫√⁹ 

⌐≈™≡│⁸ ≤⇔≡2013 25 2 ⌐ ╩ ⇔⁸

╩2013 25 5 ╕≢─ 3 ⁸ ╩ ⇔⁸ ⌐≈™≡│ 2,400

╩ ⅎ╢⁹ ⌐⅔↑╢ ╩ -5.2.17⌐ ∆⁹ 

↓─ ⅛╠⁸P 2,367.50╛P 2,592.86≤ ⌐ ─꜠ⱬꜟй⌐ ⇔≡

⅜100 ╩ ∆╢ ╩ ∆≤↓╤╩ ⇔≡ ⇔≡™╢⁹ 

∆═⅝│ ≢ 100 ╩ ⇔√ ≤ ↑◖fi◒ꜞכ♩

≢№╢⁹ ≢│⁸ │176 ⁸ ≢│ 5 ∆═

≡⌐⅔™≡ 100 ╩ ∆╢ ≤⌂∫√⁹ 

↑◖fi◒ꜞכ♩ ≢│⁸ ─ ≢№╢ P 2,367.50 ≤ P 2,592.85 ⌐⅔

™≡ 100 ╩ ∆╢↓≤⌂ↄ⁸ ⅎ≡⁸ ≢╙ 100 ╩

∆╢ │ ↕╣⌂⅛∫√⁹⇔⅛⇔⁸ ≢│ ⅜112 ⁸

≢│ 5 3 ⌐⅔™≡ ⅜ 100 ╩ ∆╢⁹ ╡─ 2 ≢│ ⅜88

≤90 ≢№╢╙──⁸100 ⌐ ™ ™ ╩ ⇔√⁹ 

⅔╟┘ ↑◖fi◒ꜞכ♩ ≤╙⌐ ≢─ ⅛╠⁸

≢│⌂ↄ ≢─ ⌂ ┼─ ⅜ ≢⅝╢⁹ 

-5.2.11─ A ≤ ⅛╠╖╢≤⁸ │ ─ ≢

№╡⁸⇔⅛╙ ⅜ 80 ≢№╢↓≤⅛╠⁸↓─↓≤⅜ ⌐ ⌂

─ ⅜⌂↕╣≡™╢╙─≤ ∆╢⁹ 
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-5.2.17 ♩fiⱠꜟ B P 2,802.50  

 

 
 

 

 

꜠ⱬꜟ
й

꜠ⱬꜟ
й

833 A 1,235 148 148 A

1,334 B 2,929 220 220 B

1,334 C 2,730 205 205 C

1,334 D 2,218 166 166 D

833 E 1,165 140 140 E

F

G

▬fiH

▬fiI

▬fiJ

45 A -7 -15 15 A

99 B -23 -23 23 B

99 C -21 -21 21 C

99 D -26 -26 26 D

45 E -2 -4 4 E

F

G

▬fiH

▬fiI

▬fiJ

109 A 9 9 9 A

169 B 23 14 14 B

169 C 29 17 17 C

169 D -18 -11 11 D

109 E -22 -20 20 E

F

G

▬fiH

▬fiI

▬fiJ

A 19 107 107 A

B 25 141 141 B

C 24 134 134 C

D 16 88 88 D

E 16 90 90 E

F

G

▬fiH

▬fiI

▬fiJ

A 1m

A 2m

A 3m

A 4m

B 1m

B 2m

B 3m

B 4m

C 1m

C 2m

C 3m

C 4m

D 1m

D 2m

D 3m

D 4m

E 1m

E 2m

E 3m

E 4m

F 1m

F 2m

F 3m

F 4m

G 1m

G 2m

G 3m

G 4m

꜡

◒
Ⱳ
ꜟ
♩

180

112

kN

N/mm² 18

kN 14

kNהm 18

kN

→

∑╪

↑
◖
fi
◒
ꜞ

♩

kNהm

∑╪

↑
◖
fi
◒
ꜞ

♩

→

SP2,802.50

⌂⇔

ₒ⁷E0 4 ₓ

N/mm²

kN

kN176

SP2,802.50

H-200⁸ H-150⁸♩כfiⱣ▬ה

ₒ⁷E0 4 ₓ
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ᵔ P 2,860.50 

P 2,860.50≢│⁸ P 2,802.50⌐⅔™≡ ╛ ↑◖fi◒ꜞכ

♩ ≢─ 100 ╩ ∆╢ ⅜ ↄ ≢⅝√↓≤╛ ╡⅜ ≤

⌂╢ ≢№╢↓≤⁸╕√⁸ ─ ≢ ─ ⅜ ╕╣╢↓≤⅛╠⁸P

2,592.85≤ ⌐▬fiⱣכ♩ ─ ╩ ⇔≡ ∆╢↓≤≤⇔√⁹ 

⌐≈™≡│⁸ ≤⇔≡2013 25 4 ⌐ ╩ ⇔⁸

╩2013 25 9 ╕≢─ 5⅛ ⁸ ╩ ⇔⁸ ⌐≈™≡│ 3,500

╩ ⅎ╢⁹ ⌐⅔↑╢ ╩ -5.2.18⌐ ∆⁹↓─ ⅛╠⁸↓╣╕

≢─ ≤ ⌐ ─꜠ⱬꜟй⌐ ⇔≡ ⅜ 100 ╩ ∆╢ ╩ ∆≤

↓╤╩ ⇔≡ ⇔≡™╢⁹ ∆═⅝│⁸↓╣╕≢≤ ⌐ ≢№╢⁹

ה ♩כfiⱣ▬ה ≢─ ≢100 ╩ ⇔⌂™╙──⁸ 4 ⌐

⅔™≡ ⅜100 ╩ ∆╢⅜⁸ ⌐│↕╒≥ ⅝™≤│ ⅎ∏⁸ ⌐

┼─ ⅜⌂↕╣≡™╢↓≤⅜╦⅛╢⁹ →╛ ∑╪ ⁸

↑◖fi◒ꜞכ♩ ⌐│ ⅝⌂ │⌂ↄ⁸↓╣╠┼─ │ ↕™⁹ 
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-5.2.18 ♩fiⱠꜟ B P 2,860.50  

 

 

 

 

 

꜠ⱬꜟ
й

꜠ⱬꜟ
й

833 A 655 79 79 A

1,334 B 1,054 79 79 B

1,334 C 1,918 144 144 C

1,334 D 1,516 114 114 D

1,334 E 1,861 139 139 E

1,334 F 1,026 77 77 F

833 G 555 67 67 G

833 ▬fiH 405 49 49 ▬fiH

833 ▬fiI 337 40 40 ▬fiI

833 ▬fiJ 460 55 55 ▬fiJ

45 A 0 0 0 A

99 B 6 6 6 B

99 C -4 -4 4 C

99 D -36 -36 36 D

99 E 2 2 2 E

99 F -15 -15 15 F

45 G 1 2 2 G

45 ▬fiH 3 7 7 ▬fiH

45 ▬fiI -4 -8 8 ▬fiI

45 ▬fiJ 6 12 12 ▬fiJ

109 A -23 -21 21 A

169 B 5 3 3 B

169 C 32 19 19 C

169 D -25 -15 15 D

169 E 0 0 0 E

169 F 28 16 16 F

109 G -5 -5 5 G

109 ▬fiH -4 -4 4 ▬fiH

109 ▬fiI -16 -15 15 ▬fiI

109 ▬fiJ -1 -1 1 ▬fiJ

A 8 22 22 A

B 11 29 29 B

C 11 31 31 C

D 14 39 39 D

E 10 28 28 E

F 14 39 39 F

G 9 25 25 G

▬fiH 6 17 17 ▬fiH

▬fiI 10 27 27 ▬fiI

▬fiJ 8 22 22 ▬fiJ

A 1m

A 2m

A 3m

A 4m

B 1m

B 2m

B 3m

B 4m

C 1m

C 2m

C 3m

C 4m

D 1m

D 2m

D 3m

D 4m

E 1m

E 2m

E 3m

E 4m

F 1m

F 2m

F 3m

F 4m

G 1m

G 2m

G 3m

G 4m

180

36 28

kN

N/mm²

↑
◖
fi
◒
ꜞ

♩

꜡

◒
Ⱳ
ꜟ
♩

→

∑╪

↑
◖
fi
◒
ꜞ

♩

kNהm

kN

kN

→

∑╪

SP2,860.50

⌂⇔

ₒ⁷E0 5 ₓ

SP2,860.50

H-200⁸ H-150⁸♩כfiⱣ▬ה

ₒ⁷E0 5 ₓ

10

N/mm²

9

kN

84

kNהm

kN
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 ♩fiⱠꜟ 

 ♩fiⱠꜟ ≤ ─  

 ♩fiⱠꜟ│⁸ ⅜ ≤⇔≡2005 17 ⌐ ↕╣√⁸

275 ─ 1,241m⁸2 ─ ♩fiⱠꜟ≢№╢⁹ -5.3.1─≤⅔╡ ⌐ ╡

─ ⅜№╡⁸ ─ ⅜ ↕╣√⁹↓─ ⌐⅔↑╢ ╡│

-5.3.2 ─≤⅔╡≢№╢⁹ ╡ ↕─ │⁸ Ⱳכꜞfi◓ ⌐⅔↑╢ ≢

⇔≡™╢⅜⁸ ╡ ↕─ │⁸ Ⱳכꜞfi◓B-9⌐ ∆╢134m≤⌂╢⁹ │

2006 18 9 ⌐ ↕╣⁸∕─ ─ │ ⌐ ⇔⁸2009 21

⌐ ⁸∕⇔≡2010 22 3 ⌐ ╩ ⅎ√⁹∕─ ⁸ ─ ∕⇔≡

⌂≥─ ⅜ ╘╠╣⁸2010 22 12 ⌐ ⅜ ↕╣√⁹ 

 
 ќ                             

 

 

 

 

 

 -5.3.1 ♩fiⱠꜟ ≤ ─ ─ 

 

 
-5.3.2 ♩fiⱠꜟ ─ ╡ ↕ 

 

974m

╡2D D│
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 Ⱳכꜞfi◓⅛╠  ♃כ♦√╣╠

 Ⱳכꜞfi◓│⁸♩fiⱠꜟ ≢ ╦╣≡⅔╡⁸ -5.3.3 ⌐⅔™≡ ⌐⅔

↑╢ Ⱳכꜞfi◓─ ╩ ∆⁹ Ⱳכꜞfi◓─ ⌂ │⁸◖▪╩ ⇔≡─◖▪

╛◖▪╩ ⇔≡─ ╩ ™⁸ Ɽ♃כfi─ ⌐ ™╠╣╢↓≤≤⌂╢⁹ 

 
-5.3.3 ♩fiⱠꜟ ─ Ⱳכꜞfi◓  

 

♩fiⱠꜟ≢─ Ⱳכꜞfi◓│⁸B-2 B-17 ─ 16 ≢№╢⁹ ₁─ ╩

╢≤ ≢30m⁸ ≢105m≤ ⌐ ╢ -5.3.1 ⁹↓╣│ ≢№╢√╘

─ ↕⅜ ↕╣≡™╢╙─≤ ∆╢⁹ 

 

-5.3.1 ♩fiⱠꜟ Ⱳ ꜞfi◓─ ≤Ⱳכꜞfi◓ⱴ◦fi  

  
ה ה ה  

 ↓╣╠ ה ה ה ─ ⌐≈™≡│⁸Ⱳכꜞfi◓ ⅛╠ ╖

╡⁸ ─ ≢ ⇔√⁹ 

  Ⱳכꜞfi◓No, ⌐ ↔≤⌐ ⇔⁸ ⇔√∕╣∙╣─ ה

ה ╩ ⇔√⁹ -5.3.2 -5.3.5  

  Ⱳכꜞfi◓No, ⌐ ה ה ─ ╩ ∫√⁹ 

-5.3.6 -5.3.9  

  ⌐ ה ה ─ ╩ ∫√⁹ -5.3.11  

B-2 B-4 B-6 B-8 B-10 B-12 B-14 B-16

B-3 B-5 B-7 B-9 B-11 B-13 B-15 B-17

L 974m

m m m m ◄fi☺fi ⱳfiⱪ
1 B-2 81.0 64.5 64.5 64.5 TEC-1 EC 7.5kW MS1503
2 B-3 87.0 87.0 87.0 87.0 TEC-1 EC 7.5kW MS1503
3 B-4 55.0 55.0 55.0 55.0 TEC-1 EC 7.5kW MS1503
4 B-5 50.0 50.0 50.0 48.5 20Є/min D2-Ks58 11.0kW CP100
5 B-6 82.0 82.0 82.0 82.0 D2-Ks58 11.0kW CP100
6 B-7 71.0 71.0 71.0 71.0 D2-Ks58 11.0kW CP100
7 B-8 42.0 42.0 42.0 42.0 1Є/min D2-Ks58 11.0kW CP100
8 B-9 48.0 48.0 48.0 48.0 1Є/min D2-Ks58 11.0kW CP100
9 B-10 80.0 80.0 80.0 77.0 5Є/min D2-Ks58 11.0kW CP100
10 B-11 60.0 60.0 60.0 60.0 D2-Ks58 11.0kW CP100
11 B-12 30.0 30.0 30.0 26.5 1Є/min D2-Ks58 200V 7.5kw 11.0kw CP100
12 B-13 65.0 65.0 65.0 62.5 1Є/min D2-Ks58 200V 7.5kw 11.0kw CP100
13 B-14 42.0 42.0 42.0 42.0 D2-Ks58 200V 7.5kw 11.0kw CP100
14 B-15 65.0 65.0 65.0 64.0 D2-Ks58 200V 7.5kw 11.0kw CP100
15 B-16 88.0 88.0 88.0 88.0 D2-Ks58 200V 7.5kw 11.0kw CP100
16 B-17 105.0 67.0 67.0 67.0 7Є/min D2-Ks58 200V 7.5kw 11.0kw CP100

1051.0 996.5 996.5 985.0

Brⱴ◦fi⁷Br.
  ID

ꜝ♇ⱪ
Br.
NO,
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ₒ ₓ 

-5.3.2 ♩fiⱠꜟ Ⱳכꜞfi◓No, 1  

   

m MPa cm/ rpm m MPa cm/ rpm m MPa cm/ rpm m MPa cm/ rpm

♃כ♦

235 ♃כ♦

235 ♃כ♦

♃כ♦

18
19
20

♃כ♦

235

33
34
35
36
37
38

8.0

8.0

8.0

8.0

8.0

8.0

8.0

8.0

5.5

5.5

5.5

5.5

5.5

♃כ♦

♃כ♦

♃כ♦

6.0

6.0

6.0

6.0

6.0

350

350

350

42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57

350

350

350

350

350

⁷B-2
L=81.0m

♃כ♦

♃כ♦

♃כ♦

♃כ♦

225 ♃כ♦

175 ♃כ♦

220 ♃כ♦

235 ♃כ♦

235

6.5

6.0

6.0

6.0

5.1

5.0

6.0

6.0

6.0

6.0

⁷B-3
L=87.5m

⁷B-4
L=55.0m

360

360

360

360

190

⁷B-5
L=50.0m

42
43
44

33
34
35

21
22
23
24
25
26
27
28
29
30
31
32

6.0

65

54
55
56
57
58
59

78
79
80
81
82

72
73
74

71
72

78
79

37
38
39
40
41

30
31
32
33
34
35

48
49
50
51
52

42
43
44
45

36

41

75
76
77

66

61
62
63
64

58
59
60
61
62
63
64
65

73
74
75
76
77

67
68
69
70
71

5.0

5.0

5.0

66

24
25
26
27
28
29

18
19
20
21
22
23

53

46
47

60

1
2
3
4
5

1
2
3
4
5

12
13
14
15
16

6
7

7.0 350
17

6
7
8
9
10
11

39
40

♃כ♦

♃כ♦

♃כ♦

24
25
26
27
28
29
30
31
32

15
16
17
18
19
20
21
22
23

8
9
10
11
12
13
14

6.0

6.0

67
68
69
70

89

80
81
82
83
84
85
86
87
88

18
19
20
21
22
23
24
25
26

36
37
38
39
40
41
42
43

27
28
29
30
31
32

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

33
34
35

44
45
46
47
48
49
50
51
52
53
54
55
56

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

36
37
38
39
40
41

45
46
47
48
49
50
51

157

326

397

364

316

178

167

183

202

♃כ♦ ♃כ♦

♃כ♦ ♃כ♦

♃כ♦ ♃כ♦

♃כ♦ ♃כ♦

♃כ♦ ♃כ♦

♃כ♦ ♃כ♦

♃כ♦ ♃כ♦

♃כ♦ ♃כ♦

♃כ♦ ♃כ♦

♃כ♦ ♃כ♦



118 
 

-5.3.3 ♩fiⱠꜟ Ⱳכꜞfi◓No, 2  

 
 

 

0

m MPa cm/ rpm m MPa cm/ rpm m MPa cm/ rpm m MPa cm/ rpm

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

31
32
33
34
35
36
37
38

5.5

5.5

5.5

5.5

5.5

5.5

5.5

44
45

360

360

360

360

360

360

360

360

⁷B-8
L=42.0m

360

360

360

360

⁷B-9
L=48.0m

♃כ♦

21
22
23
24
25
26
27

30

28

360

360

360

360

⁷B-6
L=82.0m

360

360

360

360

360

360

360

360

360

360

360

⁷B-7
L=71.0m

♃כ♦

♃כ♦

♃כ♦

35

♃כ♦

♃כ♦

♃כ♦

5.5

5.5

5.5

5.5

5.5

55

43

22

360

360

360

360

360

56

40
41
42

48
49

360

360

360

3.5

♃כ♦

♃כ♦

19
20
21

23
24
25
26

51
52

♃כ♦

27
28
29

39
38
39
40
41
42
43
44
45

20

30
31
32
33
34

36

♃כ♦

54

♃כ♦

57
58
59
60
61
62
63

46
47
48
49
50

53

73♃כ♦

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

76
77
78
79
80
81

64
65
66
67
68
69
70
71
72

74
75

82
83

21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

56

46

36
37

64
65
66
67
68
69
70
71
72

37
38

61
62
63

47
48
49
50
51
52
53
54
55

57

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

15
16
17

58
59
60

39
40
41
42
43

29
28
29
30

32
33
34
35
36
37
38
39

31

18
19
20

3.5

3.5

22
23
24
25

1
2
3
4
5
6
7
8
9
10
11
12
13
14

26
27

3.5

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

♃כ♦

♃כ♦

♃כ♦

♃כ♦

♃כ♦

♃כ♦

♃כ♦

♃כ♦

♃כ♦

♃כ♦

♃כ♦

♃כ♦

♃כ♦

♃כ♦

♃כ♦

♃כ♦

♃כ♦

♃כ♦

♃כ♦

♃כ♦

♃כ♦

♃כ♦

18
19
20
21

40
41
42
43
44
45
46
47
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-5.3.4 ♩fiⱠꜟ Ⱳכꜞfi◓No, 3  

 

 
 

 

m MPa cm/ rpm m MPa cm/ rpm m MPa cm/ rpm m MPa cm/ rpm

6.5

6.5

6.5

6.5

6.5

6.5

6.5

6.5

6.5

6.5

♃כ♦

♃כ♦

♃כ♦

♃כ♦

17
18
19

31
32
33

6.5

34
35
36
37

20
21
22
23
24
25

4.0

4.0

5.5

5.5

5.5

5.5

5.5

5.5

5.5

5.5

5.5

5.5

♃כ♦

♃כ♦

1
2
3
4
5
6
7

26
27
28
29

360

360

54
55
56
57

♃כ♦

♃כ♦

♃כ♦

360

360

⁷B-13
L=65.0m

360

360

360

190

360

360

360

⁷B-10
L=80.0m

360

360

360

360

360

360

360

360

360

190

⁷B-11
L=60.0m

560

560

560

560

560

560

⁷B-12
L=30.0m

5.5

5.5

5.5

5.5

5.5

5.5

♃כ♦

♃כ♦

♃כ♦

♃כ♦

23

360

360

♃כ♦

♃כ♦

15
16

♃כ♦

♃כ♦

♃כ♦

♃כ♦

♃כ♦

♃כ♦

32
33
34
35

♃כ♦

♃כ♦

360

360

360

360

360

360

360

360

360

360

♃כ♦

♃כ♦

♃כ♦

♃כ♦

♃כ♦

♃כ♦

♃כ♦

♃כ♦

♃כ♦

♃כ♦

♃כ♦

♃כ♦

♃כ♦

♃כ♦

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

6.5

6.5

6.5

6.5

6.5

6.5

6.5

6.5

58
59
60

33
34

45

4.0

4.0

8
9
10

18
19
20
21
22

24
25
26
27
28
29
30

♃כ♦

♃כ♦

27
28

18

31

19
20
21
22
23
24
25
26

17
18
19
20
21
22
23
24
25

57
58
59
60
61

8
9
10
11
12
13
14

44

50
51
52

35
36
37
38
39
40
41
42
43

46
47
48
49

30
31
32

80
81

71
72
73
74
75
76
77
78
79

46
47
48
49
50
51
52
53

62
63
64
65
66
67
68
69
70

53
54
55
56

43
44

26

61

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

27
28
29
30

1
2
3
4
5
6
7

11
12
13
14
15
16
17

31

45

49
50
51
52
53
54
55

38
39
40
41
42
43
44
45
46

36
37
38
39
40
41
42

65
66

56
57
58
59
60
61
62
63
64

47
48

29
30
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-5.3.5 ♩fiⱠꜟ Ⱳכꜞfi◓No, 4  

 

m MPa cm/ rpm m MPa cm/ rpm m MPa cm/ rpm m MPa cm/ rpm

5.5

5.5

5.5

5.5

5.5

5.5

5.5

5.5

5.5

360

360

360

360

360

360

♃כ♦

♃כ♦

♃כ♦

♃כ♦

♃כ♦

♃כ♦

♃כ♦

♃כ♦

♃כ♦

♃כ♦

♃כ♦

360

360

360

360

41

5.5

5.5

5.5

5.5

5.5

5.5

5.5

5.5

5.5

5.5

5.5

5.5

5.5

5.5

5.5

5.5

5.5

♃כ♦

♃כ♦

♃כ♦

♃כ♦

⁷B-16
L=88.0m

360

360

360

360

360

360

360

360

360

⁷B-17
L=105.0m

♃כ♦

♃כ♦

♃כ♦

♃כ♦

♃כ♦

♃כ♦

♃כ♦

5.5

5.5

5.5

5.5

5.5

5.5

5.5

5.5

5.5

5.5

5.5

5.5

5.5

⁷B-14
L=42.0m

360

360

360

360

360

360

360

360

360

360

360

360

⁷B-15
L=65.0m

♃כ♦

♃כ♦

♃כ♦

♃כ♦

♃כ♦

♃כ♦

♃כ♦

19
20

♃כ♦

♃כ♦

18
19
20
21
22
23
24
25
26

♃כ♦

♃כ♦

♃כ♦

♃כ♦

♃כ♦

♃כ♦

♃כ♦

♃כ♦

♃כ♦

♃כ♦

♃כ♦

360

360

360

360

360

5.5

5.5

31
32
33
34
35
36
37
38

25
26
27
28

39
40
41
42
43

♃כ♦

♃כ♦

18
19
20

29
30

21
22
23
24

18♃כ♦

39

22
23

21

31
32
33
34

♃כ♦

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

24
25
26
27
28
29
30

49
50
51
52
53
54
55
56
57

40
41
42
43
44
45
46
47
48

35
36
37
38

58
59
60
61
62
63
64
65
66

1
2
3
4
5
6
7

21
22
23
24
25

8
9
10
11
12
13
14
15
16

35
36
37
38

17

39
40
41
42
43

26
27
28
29
30
31
32
33
34

18
19
20

53
54
55
56
57
58
59
60
61

44
45
46
47
48
49
50
51
52

71
72
73
74
75
76
77
78
79

62
63
64
65
66
67
68
69
70

89

80
81
82
83
84
85
86
87
88

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

36
37
38
39
40

42
43
44

27
28
29
30
31
32
33
34
35

54
55
56
57
58
59
60
61

70
71

90
91
92
93
94
95

62

45
46
47
48
49
50
51
52
53

72
73
74
75
76
77
78

63
64
65
66
67
68
69

99
100
101
102
103
104
105
106

96
97
98

81
82
83
84
85
86
87
88
89

79
80
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ₒ ₓ 

-5.3.6 ♩fiⱠꜟ Ⱳכꜞfi◓No, 1 

  
 

 

-5.3.7 ♩fiⱠꜟ Ⱳכꜞfi◓No, 2 

 

 

 

 

 

 

MPa cm/ rpm MPa cm/ rpm MPa cm/ rpm MPa cm/ rpm

7.0 326 350 5.0 8.0 225 5.5 360

6.5 397 350 6.0 8.0 175 5.5 360

6.0 364 350 6.0 8.0 220 5.5 360

6.0 316 350 6.0 8.0 235 5.5 360

6.0 178 350 6.0 8.0 235 5.5 190

5.1 167 350 6.0 8.0 235

5.0 183 350 6.0 8.0 235

5.0 202 350 6.0 8.0 235

5.0 157 350 6.0

6.0

6.0

6.0

6.0

5.7 254 350 5.9 8.0 224 5.5 326
MPa cm/ rpm MPa cm/ rpm MPa cm/ rpm MPa cm/ rpm

⁷B-2 ⁷B-3

♃כ♦ ♃כ♦

⁷B-4

♃כ♦

⁷B-5

♃כ♦

MPa cm/ rpm MPa cm/ rpm MPa cm/ rpm MPa cm/ rpm

5.5 360 5.0 360 3.0 360 3.5 360

5.5 360 5.0 360 3.0 360 3.5 360

5.5 360 5.0 360 3.0 360 3.5 360

5.5 360 5.0 360 3.0 360 3.5 360

5.5 360 5.0 360 3.0 360

5.5 360 5.0 360 3.0 360

5.5 360 5.0 360 3.0 360

5.5 360 5.0 360 3.0 360

5.5 360 5.0 360

5.5 360 5.0 360

5.5 360 5.0 360

5.5 360

5.5 360 5.0 360 3.0 360 3.5 360
MPa cm/ rpm MPa cm/ rpm MPa cm/ rpm MPa cm/ rpm

⁷B-6

♃כ♦

⁷B-7

♃כ♦

⁷B-8

♃כ♦

♃כ♦

⁷B-9



122 
 

-5.3.8 ♩fiⱠꜟ Ⱳכꜞfi◓No, 3  

 

 

 

-5.3.9 ♩fiⱠꜟ Ⱳכꜞfi◓No, 4  

 

MPa cm/ rpm MPa cm/ rpm MPa cm/ rpm MPa cm/ rpm

4.0 360 5.5 360 5.5 560 6.5 360

4.0 360 5.5 360 5.5 560 6.5 360

4.0 360 5.5 360 5.5 560 6.5 360

4.0 360 5.5 360 5.5 560 6.5 190

5.5 360 5.5 560 6.5 360

5.5 360 5.5 560 6.5 360

5.5 360 6.5 360

5.5 360 6.5 360

5.5 360 6.5 360

5.5 190 6.5 360

6.5 360

6.5 360

6.5 360

6.5 360

6.5 360

6.5 360

6.5 360

6.5 360

6.5 360

4.0 360 5.5 343 5.5 560 6.5 351
MPa cm/ rpm MPa cm/ rpm MPa cm/ rpm MPa cm/ rpm

⁷B-10

♃כ♦

⁷B-11

♃כ♦

♃כ♦

⁷B-13

♃כ♦

⁷B-12

MPa cm/ rpm MPa cm/ rpm MPa cm/ rpm MPa cm/ rpm

5.5 5.5 360 5.5 360 5.5 360

5.5 5.5 360 5.5 360 5.5 360

5.5 5.5 360 5.5 360 5.5 360

5.5 5.5 360 5.5 360 5.5 360

5.5 5.5 360 5.5 360 5.5 360

5.5 360 5.5 360 5.5 360

5.5 360 5.5 360 5.5 360

5.5 360 5.5 360 5.5 360

5.5 360 5.5 360 5.5 360

5.5 360 5.5 360

5.5 360 5.5 360

5.5 360 5.5 360

5.5 360

5.5 360

5.5 360

5.5 5.5 360 5.5 360 5.5 360
MPa cm/ rpm MPa cm/ rpm MPa cm/ rpm MPa cm/ rpm

⁷B-14

♃כ♦ ♃כ♦

♃כ♦

⁷B-16

♃כ♦

⁷B-17

♃כ♦

⁷B-15
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 -5.3.6 -5.3.9─ ╩ ≤⇔≡ -5.3.10⌐ ∆⁹ 

 

-5.3.10 ♩fiⱠꜟ ♦כ♃ 

     

 ⅛╠ ∆╢≤⁸ ♩fiⱠꜟ≢─ ─ ≢│66m⌐ ⇔⁸ ♩fiⱠꜟ

≢│ 33m⁸ ♩fiⱠꜟ≢│ 105m ⅛╠ ╢≤╒╓ ⌐ ∆╢⁹↓╣│

≢№╢↓≤⅛╠⁸ ╕≢│ ↄ⌂ↄ⁸ ╕≢│ ↄ│⌂™≤─ ≢№╢⁹ 

™≢ ╩ ╢≤⁸ ♩fiⱠꜟ≢─ ≢5MPa⌐ ⇔ ♩fiⱠꜟ─

│4Mpa≢№╡⁸ ─ ≢│№╢╙── ♩fiⱠꜟ─ │ ♩fiⱠꜟ

─ ≤ ∆╣┌⁸ ─╒℮⅜ ⌂√╘ ⅜ ∞∫√↓≤⅜ ⅎ╢⁹ 

≢│ ⅜ ⌂ↄ ≤⇔⁸ ⌐≈™≡│ ♩fiⱠꜟ≢─ ⅜

370rpm≢№╡⁸ ♩fiⱠꜟ≤╒╓ ─ ≢№∫√⁹ 

Br
m MPa cm/ rpm

 B-2 81.0 5.7 254 350

 B-3 87.5 5.9

 B-4 55.0 8.0 225

 B-5 50.0 5.5 326

 B-6 82.0 5.5 360

 B-7 71.0 5.0 360

 B-8 42.0 3.0 360

 B-9 48.0 3.5 360

 B-10 80.0 4.0 360

 B-11 60.0 5.5 343

 B-12 30.0 5.5 560

 B-13 65.0 6.5 326

 B-14 42.0 5.5

 B-15 65.0 5.5 360

 B-16 88.0 5.5 360

 B-17 105.0 5.5 360

65.7 5.4 240 368
m MPa cm/ rpm

Br⁷No,

AVE
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ₒ ₓ 

-5.3.11 ♩fiⱠꜟ ─ Ⱳכꜞfi◓ⱴ◦fi ─  

      

MPa cm/ rpm MPa cm/ rpm MPa cm/ rpm MPa cm/ rpm

6.0 7.0 326 350 5.0 202 350 6.5 397 350

6.0 5.1 167 350 6.0 6.5 316 350

6.0 5.0 6.0 6.0 178 350

8.0 235 6.0 6.0 5.0 183 350

8.0 235 6.0 8.0 225 5.0 157 350

5.5 360 6.0 8.0 220 6.0

5.5 360 8.0 175 5.5 360 6.0

5.5 360 8.0 235 6.0 360 6.0

5.5 360 5.5 360 8.0 235

5.5 360 5.5 360 8.0 235

5.5 360 5.5 360 5.5 190

5.5 360 5.5 360 5.5 360

5.5 360 5.0 360 5.5 360

5.0 360 5.0 360 5.5 360

5.0 360 5.0 360 3.0 360

5.0 360 5.0 360 3.0 360

5.0 360 5.0 360 5.5 190

5.0 360 3.0 360 5.5 560

5.0 360 3.0 360 6.5 360

3.0 360 3.0 360 6.5 360

3.0 360 3.5 360 6.5 360

3.0 360 3.5 360 6.5 360

3.5 360 4.0 360 5.5 360

3.5 360 4.0 360

4.0 360 5.5 360

4.0 360 5.5 360

5.5 360 5.5 360

5.5 360 5.5 360

5.5 360 5.5 360

5.5 360 5.5 560

5.5 560 5.5 560

5.5 560 6.5 360

5.5 560 6.5 360

6.5 360 6.5 360

6.5 190 6.5 360

6.5 360 5.5

6.5 360 5.5

6.5 360 5.5

6.5 360 5.5 360

6.5 360 5.5 360

6.5 360 5.5 360

6.5 360 5.5 360

6.5 360 5.5 360

5.5 5.5 360

5.5 5.5 360

5.5 360 5.5 360

5.5 360 5.5 360

5.5 360 5.5 360

5.5 360 5.5 360

5.5 360 5.5 360

5.5 360 5.5 360

5.5 360 5.5 360

5.5 360 5.5 360

5.5 360 5.5 360

5.5 360 5.5 360

5.5 360 5.5 360

5.5 360

5.5 360

5.5 360

5.5 360

5.5 360

5.5 360

5.5 235 368 5.4 226 368 6.3 216 357 5.8 243 349

MPa cm/ rpm MPa cm/ rpm MPa cm/ rpm MPa cm/ rpm

⁷
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 Ⱳכꜞfi◓◖▪⅛╠  ♃כ♦√╣╠

 

 ─ │⁸2-1-2≢ ⇔√╟℮⌐⁸ ה ה ≤ ⌐3 ⌐ ↕

╣╢⁹ ⌐⅔™≡╙↓─3 ╩ ≤⇔≡⁸ ─ ╩ ╖╢⁹

♩fiⱠꜟ≢─ ⌐⅔↑╢ Ⱳכꜞfi◓│B-2 B-17─ 16 ⅛╠⁸ Ⱳכꜞ

fi◓ ⌐ -4.3.1 ─ ⌐ ≠™≡ ─ ╩ ∫√⁹ -5.3.12 ≤ -

5.3.4⅜ 16 ─ ≢№╢⁹↓─ ⅛╠⁸B-2╛B-5⌐⅔™≡ ⅜ ─50

╩ ∆╢╙──⁸ ⅛╠ ╢≤⁸ ≢ ─50 ╩ ╘╢ ≤⌂∫√⁹ 

-5.3.12 ♩fiⱠꜟ ─ 

         
 

 

 

 

 

 

 

 

 

Br

B-2 81.0 64.5 2 35 64

B-3 87.0 87.0 17 61 22

B-4 55.0 55.0 25 46 29

B-5 50.0 48.5 16 32 52

B-6 82.0 82.0 34 42 24

B-7 71.0 71.0 53 47 0

B-8 42.0 42.0 38 29 33

B-9 48.0 48.0 27 73 0

B-10 80.0 77.0 15 85 0

B-11 60.0 60.0 38 60 3

B-12 30.0 26.5 51 34 15

B-13 65.0 62.5 43 40 17

B-14 42.0 42.0 58 42 0

B-15 65.0 64.0 37 63 0

B-16 88.0 88.0 24 76 0

B-17 105.0 67.0 23 74 3

1051.0 985.0 31 52 16

Br No,
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-5.3.4 ♩fiⱠꜟ ─  

 

 

≤  

 ─ │⁸ ╩ ™√ ─ ≢ Ⱳכꜞfi◓↔≤

⌐ ╘√⁹ │ ↕╣≡™⌂™⁹∕─ ╩ -5.3.13⌐ ∆⁹ 

 

-5.3.13 ♩fiⱠꜟ ─  

  

 

2
17 25 16

34
53

38
27

15
38

51 43
58

37
24 23

35

61 46

32

42

47

29
73

85
60 3440

42
63

76 74
64

22 29
52

24
0

33

0 0
3

15 17
0 0 0

3

0

20

40

60

80

100

120

Br No,

a b c

ɘ H ɨcΐ quᵑ quᵒ
kN/m³ m kN/m² kN/m² kN/m²

B-2 24.8 46 11,120 9.75 ◘fiⱪꜟ 0

B-3 25.2 59 15,980 10.75 ◘fiⱪꜟ 0

B-4 23.6 73 5,163 3.00 ◘fiⱪꜟ 0

B-5 23.7 82 4,826 2.48 ◘fiⱪꜟ 0

B-6 23.7 92 4,488 2.06 ◘fiⱪꜟ 0

B-7 23.6 110 7,885 3.04 ◘fiⱪꜟ 0

B-8 23.0 128 5,645 1.92 ◘fiⱪꜟ 0

B-9 22.5 134 343 0.11 ◘fiⱪꜟ 0

B-10 22.2 130 810 0.28 ◘fiⱪꜟ 0

B-11 23.5 118 7,753 2.80 ◘fiⱪꜟ 0

B-12 22.5 111 125 0.05 ◘fiⱪꜟ 0

B-13 24.3 111 510 0.19 ◘fiⱪꜟ 0

B-14 24.2 113 390 0.14 ◘fiⱪꜟ 0

B-15 23.5 101 70 0.03 ◘fiⱪꜟ 0

B-16 25.3 73 7,735 4.19 ◘fiⱪꜟ 0

B-17 24.9 44 2,415 2.20 ◘fiⱪꜟ 0

23.8 95 4,704 2.69

Br
No,

ₒ ₓ

A B C

ₒ ₓ ₒ ₓ

╡ ⁷⁷
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─ ≢│⁸0.03 10.75≤ ─ ≢№∫√⁹↓↓≢↓─ ≤

≢ ↕╣╢ ≢ ↕╣╢ ─ ╩ ∆╢≤⁸ ⅜ ∆

╢ ≤⌂╢ Ɽ♃כfi Dи≢│ │₈2 1₉⁸ ⅜ ∆╢

≤⌂╢ Ɽ♃כfiE≢│₈1 ₉≢№╡⁸ ≢─ ⅜ ⅝™B-2≤

B-3╩ ⇔≡ ⅎ╢≤⁸ ≢ 1.6≤⌂╢√╘Dи ⌐ ∆╢↓≤⅜╦⅛╢⁹ 

 

 

⌐⅔↑╢ Ⱳכꜞfi◓ │⁸B-2 B-17 ─ 16 ⅜ ↕╣≡™╢⅜⁸

16 ∆═≡≢X ⅜ ╦╣≡™╢⁹X ╩ -5.3.14⌐ ∆⁹↓─ ⅛

╠ ⌂─│⁸ ─ ⌂ ⅜♩▬♄כ◙ꜞהꜟ▬♃♁ꜞ◒╢╣↕≥ ≤

⇔≡ ↕╣≡™╢↓≤│╙∟╤╪─↓≤⁸ ⅎ≡Ⱪꜟה♩▬◘כⱴ◓Ⱡ♃▬♩─ ⅜№

╡⁸ ⌐Ⱪꜟכ◘▬♩⅜ ≢№∫√⁹∕─ ⌐ ≢№╢☻ⱷ◒♃▬♩

⸗fi⸗ꜞ꜡♫▬♩ │╒╓ ↕╣≡™⌂™↓≤⅜ →╠╣╢⁹╕√ ╙ ≢№

╢↓≤⅛╠⁸ ⁸ ─ │╒╓ ≤ ∫≡╙ ≢│⌂™⁹ 
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-5.3.14 ♩fiⱠꜟ X  

 
 

 ⅛╠  ♃כ♦√╣╠

 ↓╣╕≢⁸ ⌐ ╠╣╢ Ⱳכꜞfi◓─ ╛◖▪⅛╠ ⌂≥⌐╟∫

≡ ─♃כ♦╢╣╠ ╩ ⇔≡⅝√≤↓╤≢№╢⅜⁸↓╣⅛╠│ ⌐ ╠╣╢

⌐≈™≡ ⇔≡™ↄ⁹ │ A ≤ B ─ ⌐≈™≡ ⇔ ⇔≡™ↄ⅜

A≤ B─ ⌐≈™≡│4-4⌐ ⇔√≤⅔╡≢№╢⁹ 

 ↓↓≢ ⅎ⌂↑╣┌⌂╠⌂™↓≤│⁸ ┼ ∆╢╙─≤⇔≡⁸ ─ ╛

Ⱳכꜞfi◓⅛╠ ╠╣√◖▪─ ⁸ ╡⌂≥⅜№╢⅜⁸ ⌐ ↕╣╢

≤⇔≡─ ╛ ↑◖fi◒ꜞכ♩─ ↕⁸∕─ ⌐ ≤⇔≡

─ ♅ⱬfi♩כꜛ◦ ╛ ⁸↓╣⌐ ⇔≡◘▬◒ꜟ♃▬ⱶ⅜ ⅎ╠╣╢⁹ 

1 2 3 4 5 6 7 8 9 10 11 12 13

Ant Chr Riz Dol Mgs Mt Br Cal Chl Sp Pya Heaz Sm

ᵑ ה Ừ Ừ ה ה ỏ ỏ ה ה ה ỏ ה ה

ᵒ ה Ừ Ừ ה ה ה ỏ ה ה ה ה ה ה

ᵑ ה ה ה ה ה ỏ ה ה ủ ה ה ה

ᵒ ה ה ה ה ה ỏ ה ה ủ ה ה

ᵓ ה ה ה ה ה ỏ ủ ה ה ỏ ה ה

ᵔ ה ה ה ה ה ỏ ה ה ủ ה ה

ᵑ ה Ừ Ừ ה ה ה Ừ ה ה ה ה ה ה

ᵒ ה Ừ Ừ ה ה ủ ה ה ה ה ה ה

ᵓ ה Ừ Ừ ה ה ה ה ה ה ה Ừ ה ה

B-5 20Є/min ᵑ ה Ừ Ừ ה ה ỏ Ừ ה ה ה ה ה

B-6 ᵑ ה Ừ Ừ ה ה ỏ Ừ ה ה ה ה ה ה

B-7 ᵑ ה Ừ Ừ ה ה ỏ Ừ ה ה ה ה ה ה

ᵑ ה Ừ Ừ ה ה ủ ה ה ה ה ה ה

ᵒ ה Ừ Ừ ה ה Ừ ה ה ה ה ה ה

ᵑ ה Ừ Ừ ה ה ỏ ה ה ה ה ה ה

ᵒ ה Ừ Ừ ה ה ỏ Ừ ה ה ה ה ה ה

ᵓ ה Ừ Ừ ה ה ה Ừ ה ה ה ה ה ה

ᵔ ה Ừ Ừ ה ה ỏ ủ ה ה ה ה ה ה

ᵑ ה Ừ ה ה ה Ừ ה ה ה ỏ ה

ᵒ ה Ừ ה ה ה ỏ ủ ה ה ה ה ה ה

ᵑ ה Ừ Ừ ה ה ה ה ה ה ה ה ה

ᵒ ה Ừ Ừ ה ה ỏ Ừ ה ה ה ה ה ה

B-12 0.5Є/min ᵑ ה Ừ Ừ ה ה ỏ Ừ ה ה ה ה ה ה

B-13 0.8Є/min ᵑ ה Ừ Ừ ה ה ỏ ủ ה ה ה ה ה ה

B-14 ⌂⇔ ᵑ ה Ừ Ừ ה ה ỏ ủ ה ה ה ה ה ה

ᵑ ה Ừ Ừ ה ה ủ ה ה ה ה ה ה

ᵒ ה Ừ Ừ ה ה ủ ה ה ה ה ה ה

ᵑ Ừ ה ה ה ה Ừ ủ ה ה ה ה ה

ᵒ Ừ ה ה ה ה ה Ừ ה ה ה ה ה

ᵓ Ừ ה ה ה ה ủ ה ה ה ה ה ה

ᵑ Ừ ה ה ה ה Ừ ה ה ה ה ה ה

ᵒ Ừ ה ה ה ה ה ה ה ה ỏ ה ה

4.5Є/min

⌂⇔

⌂⇔

⌂⇔

6,5Є/min

0.5Є/min

0.5Є/min

B-10

B-11

B-15

B-16

B-17

B-2

B-3

B-4

B-8

B-9

⁷ ⁷⁷Ừ ⁷⁷ủ ⁷⁷ỏ ⁷⁷ ⁷⁷ ה⁷⁷ ⇔♩fiⱠꜟ

No, No,
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AהB─ ─ ⌐⁸ Ⱳכꜞfi◓ ≤ ⇔√ ╙ ⇔≡™ↄ⁹ 

 

 

 ♩fiⱠꜟ─ ⌐⅔↑╢ │⁸ ⌐⅔™≡ ╩ ™╢

↓≤⅜≢⅝⌂™≤ ⇔⁸↓╣╕≢─ ╩ ™≡ ⅜ ↕╣√⁹ ⌐⅔↑

╢ Ɽ♃כfi─ ╩ -5.3.5⌐⁸ ─ ╩ -5.3.15⌐ ∆⁹ 

 

-5.3.5 ♩fiⱠꜟ ⌐⅔↑╢ Ɽ♃כfi─  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

B-2 B-4 B-6 B-8 B-10 B-12 B-14 B-16

B-3 B-5 B-7 B-9 B-11 B-13 B-15 B-17

L 974m

Eᵑ

360m

Eᵒ

441m

Eᵑ

45m

Dи

92m

Eᵑ

36m
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-5.3.15 ♩fiⱠꜟ ⌐⅔↑╢  

 
 

─ ⌐№√∫≡│ -5.3.15─ Ɽ♃כfi ≢─Eᵑ≢ ⅜ ↕

╣√⁹Eᵑ╛∕╣ ≢─ ╛ A─ ╩ ╕ⅎ⁸ Ɽ♃כfi─

⇔╩ ™⌂⅜╠ ╩ ╘√⁹ 

Eᵑ
0.9m

Eᵒ
0.9m

Eᵑ
0.9m

Dи
1.0m

Eᵑ
0.9m

360 441 45 92 36

200
150

200
150

200
150

150
150

200
150

25
25

25
25

25
25

20
20

25
25

4m 18
6m  4

4m 18
6m  4

4m 18
6m  4

4m 14
4m  2

4m 18
6m  4

15 15 15 10 15

150 150 150 150 150

20 20 20 20 20

3 3 3 3 3

⁷cm

⁷H

⁷cm

⁷m

▬
fi
Ᵽ

♩

⁷H

⁷cm

꜡♇◒Ⱳꜟ♩

⁷ R×

⁷cm

⁷H

⁷cm

Ɽ♃כfi

⁷H

꜡♇◒Ⱳꜟ♩

⁷cm
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A 

 ♩fiⱠꜟ─ ⌐⅔↑╢ A│⁸ 974m─ ≢110 ─

≢ ↕╣≡™╢⁹ ⌐⅔↑╢ Ⱳכꜞfi◓≤ ↕∑√ │ -5.3.6 ─

≤⅔╡≢№╢⁹ 

 

-5.3.6 ♩fiⱠꜟ Ⱳכꜞfi◓ ≤ A  

 

↕╣√ ─ ─ ⅛╠⁸ ⅔╟┘ ╣⁸ ⌐ ⅛℮

⁸ ─ ⁸∕⇔≡⁸ ╩ -5.3.16⌐╕≤╘√⁹ 

-5.3.16 ♩fiⱠꜟ ⅜ ≢⅝√

 

B-2 B-4 B-6 B-8 B-10 B-12 B-14 B-16

B-3 B-5 B-7 B-9 B-11 B-13 B-15 B-17

138,744

138,752

138,760

138,769

138,777

138,779

138,786

138,831

138,840

138,851

138,859

138,868

138,871

138,876

138,886

138,796138,196

138,201

138,210

138,219 138,622

138,629

138,636

138,823

138,567 138,609

138,378

138,387

138,396

138,405

138,510

138,520

138,530

138,537

138,545

138,552

138,558

138,612

138,617

4

138,227 138,315

138,252

138,262

138,271

138,280

138,289

138,298

138,306

10

138,342

138,351

6

138,941 138,999 139,138

138,235

138,243

138,324

138,333

138,423

138,441

138,575

138,582

138,662

138,671

138,905

138,659 138,896138,369 138,414 138,500

138,913

138,949

138,953

138,805

138,814

5

138,360

8 8

138,450

138,460

138,470

138,480

138,490

7 8

138,588

138,593

138,599

138,603 138,644

138,653

11

138,683

138,693

138,705

138,713

138,717

138,733

7

138,723

138,732

8 54

138,922

138,932

6

138,977

138,986

138,996

138,958

138,968

138,970

4

A

110

139,146

139,156

139,165

9

139,003

139,012

139,022

139,030

139,039

L 974m

♩fiⱠꜟ93⁷138,949

( )
╣
(m)

[A]
(mm)

[B]
(mm)

[C]
(mm)

[D]
(mm)

[ ]
(mm)

[ ]
(mm)

[ ]
(mm)

[ ]
(mm)

[ ]
(mm)

ᵑ 2009/1/21 19:02 0 0 0.0 0.0 0.0 0.0 0.0 0.0

ᵒ 2009/2/5 10:12 15 16 -20.3 -18.0 -79.3 0.0 -57.8 -85.8 -66.9 0.0 0.0

ᵓ 2009/3/13 19:27 51 61 -24.6 -25.5 -93.6 -16.7 -70.8 -99.9 -80.3 -18.5 -19.9

2009/4/3 14:39 72 91 -25.6 -25.4 -94.8 -17.6 -72.4 -101.4 -80.4 -20.2 -20.5

2009/4/10 16:05 79 102 -25.3 -25.3 -94.8 -17.5 -72.3 -101.6 -80.2 -20.1 -20.8

ᵔ 2009/4/16 14:29 85 119 -25.4 -25.5 -94.9 -17.8 -72.5 -101.3 -80.1 -20.3 -20.5

ᵕ 2009/9/12 15:48 234 294 -26.4 -26.2 -98.0 -21.3 -72.5 -101.0 -80.1 -21.0 -21.1

β1⁷ᵑ  ⁸ᵒ  ⁸ᵓ ⌐ ↑√  ⁸ᵔ  ⁸ᵕ ⁷

β2⁷ᵕ ─ ⁷

a mm = ᵕ  ᵔ -1.0 -0.7 -3.1 -3.5 0.0 0.3 0.0 -0.7 -0.6

b = ᵕ  ᵔ⁷

c = b ÷ 30 / ⁷

№√╡ d mm = a ÷ c⁷ -0.2 -0.1 -0.6 -0.7 0.0 0.1 0.0 -0.1 -0.1

2mm ủ ủ ủ ủ ủ ủ ủ ủ ủ

149
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 ─ ≤⇔≡│⁸ ♩fiⱠꜟ ה ╟╡⁸ ⅜1 3mm/ ≤⌂

∫√↓≤╩2 ⇔≡ ≢⅝√ ⌐ ⇔√≤╖⌂⇔ ╩ ⇔≡╙╟™⁹⌂⅔⁸

↓─ │ ⌂─≢ №√╡⌐ ∆╢≤1mm/ ≤⌂╢39⁹≤─↓≤⅛╠⁸1mm/

╩2 ≢≢⅝√≤⅝╩ ≤⇔√⁹╕√⁸ ≤⇔≡│⁸

⅜ ↕╣√ ⁸ ╩ ≤⇔≡⁸∕─ ⌐⅔↑╢1 √╡⁸ ⁸

─ ⅜ ≢№╢↓≤⅛╠⁸ ╩ ╪≢ 2mm ≢№╣┌ ≤⇔≡

∆╢↓≤≤⇔√⁹ 

 -5.3.16 ─ ⅜ ≢⅝√ ≢│⁸ ⅛╠ᵔ ─ 85

⁸ ╣119m≢ ⅜ ↕╣⁸∕─ ⁸ 5⅛ ⌐ ⇔√ ≢│⁸

√╡ 0.1mm Ӈ0.7mm ─ ≢№╡⁸ √╡─ ⅜±2mm ≢№╢↓≤⅛╠⁸

↓─ ≢│ ⅜ ≢⅝╢≤ ⇔√⁹ 

-5.3.17 A B C │ A─110 ─ ⅔╟┘ ─ ≤

╩ ⌐╕≤╘√╙─≢№╡⁸ ≢─ ≤ ⌐ ⇔≡ ∆⁹

≢│ No,43─C ⌐⅔™≡ ─Ӈ116.4mm⁸ ─ ≢│C ─Ӈ64.4mm⁸

⌐⅔™≡│ No,92─Ӈ101.0mm⅜ ≢№╡⁸ ─ │3 ≢─

Ӈ55.4mm≢№∫√⁹ 
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B 

♩fiⱠꜟ─ ⌐⅔↑╢ B│⁸ 974m─ ≢4 ─

≢ ↕╣≡™╢⁹ ⌐⅔↑╢ Ⱳכꜞfi◓≤ ↕∑√ │ -5.3.7 ─≤

⅔╡≢№╡⁸ ⌐⅔↑╢ ╩ -5.3.18⌐⁸ ⌐⅔↑╢

╩ -5.3.19⌐⁸ ╩ -5.3.8 -5.3.11⌐ ∆⁹ 

 

-5.3.7 ♩fiⱠꜟ Ⱳכꜞfi◓ ≤ B─  

 

 

-5.3.18 ♩fiⱠꜟ ↔≤─  

 
 

 

 

 

 

 

 

 

B-2 B-4 B-6 B-8 B-10 B-12 B-14 B-16

B-3 B-5 B-7 B-9 B-11 B-13 B-15 B-17

B

4

L 974m

ừ
138,201

ừ
138,396

ừ
138,689

ừ
139,050

→ ∑╪ → ∑╪

ủ ủ ủ ủ ủ

64 10 10 10 10 32

ủ ủ ủ ủ ủ

52 10 10 10 10 32

ủ ủ ủ ủ ủ

85 10 10 10 10 32

ủ ủ ủ ủ ủ

76 10 10 10 10 28

P

P

P 138,210

138,396

138,689

139,050

P

≤
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-5.3.19 ♩fiⱠꜟ ↔≤─  

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2007/2/202007/3/28 37 1.2 769

2007/2/202007/3/28 37 1.2 769

2007/2/202007/3/28 37 1.2 765

2007/8/72007/11/9 95 3.2 873

2007/8/72007/11/9 95 3.2 873

2007/8/72007/11/9 95 3.2 860

2008/5/122009/2/2 267 8.9 1,061

2008/5/122009/2/2 267 8.9 1,061

2008/5/132009/2/2 266 8.9 1,051

2009/4/102009/11/24 229 7.6 955

2009/4/102009/11/24 229 7.6 955

2009/4/102009/11/24 229 7.6 950

139,050

⁷

P 138,201

P 138,396

P 138,689

P
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-5.3.8 ♩fiⱠꜟ B P 138,201  

 

 

-5.3.9 ♩fiⱠꜟ B P 138,396  
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-5.3.10 ♩fiⱠꜟ B P 138,689  

 

 

-5.3.11 ♩fiⱠꜟ B P 139,050  



140 
 

ᵑ  P 138,201 

P 138,201≢│⁸ -5.3.18─ ↔≤─ ≤ -5.3.19─ ↔≤

─ ⌐ ∆≤⅔╡⁸ B─ ─ ╙№∫≡⁸ Ɽ♃כfi≤⇔≡

⌂ ⅔╟┘ ⌐ ⇔ ╩ ⇔√⁹∕─ ⁸ ≢─

⌐⅔↑╢ ה ╪∑ה→ ⁸ ↑◖fi◒ꜞכ♩⌐⅔↑╢ ⁸꜡♇◒Ⱳꜟ♩⌐⅔

↑╢ ╩ ⇔√⁹ ─ │ ⇔⌂™⁹ 

⌐≈™≡│⁸ ≤⇔≡2007 19 2 ⌐ ╩ ⇔⁸

╩2007 19 3 ╕≢─ 1⅛ ⁸ ╩ ⇔⁸ ⌐≈™≡│ 760

╩ ⅎ╢⁹ ⌐⅔↑╢ ╩ -5.3.20⌐ ∆⁹ 

↓─ ⅛╠⁸ ∆═≡⌐⅔™≡ 100 ╩ ∆╢ │ ╘╠╣

∏⁸ ⌐ ⇔√ ≤ ⅎ╢⁹ ≤⇔≡│⁸꜡ ♇◒Ⱳꜟ♩ ─ ─ ↕≢№

╢⁹꜡♇◒Ⱳꜟ♩ ─ │⁸ 32 ─ ≢ 5 ≢№╡⁸↓─ ⅛╠

≤⇔≡♩fiⱠꜟ ─ ⌐ ↑≡ ⇔≡™╢≤│ ™ ↄ⁸꜡♇◒Ⱳꜟ♩─

⌐ ⅜ ╢≤↓╤≢№╢⁹ │ Ⱳכꜞfi◓No,│B-2≢№╡⁸↓↓≢

─ │ ≢№∫√⁹ ─ │ 2 ⁸ 35 ⁸

64 ≢№╢⁹ 
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-5.3.20 ♩fiⱠꜟ B P 138,210  

 

 

꜠ⱬꜟ
й

꜠ⱬꜟ
й

833 A 365 44 44 A

1,334 B 594 45 45 B

1,334 C 770 58 58 C

1,334 D 704 53 53 D

1,334 E 911 68 68 E

1,334 F 601 45 45 F

833 G 346 42 42 G

833 ▬fiH 578 69 69 ▬fiH

833 ▬fiI 687 82 82 ▬fiI

833 ▬fiJ 639 77 77 ▬fiJ

45 A -3 -8 8 A

99 B 12 12 12 B

99 C 0 0 0 C

99 D -45 -45 45 D

99 E -14 -14 14 E

99 F -11 -11 11 F

45 G -2 -3 3 G

45 ▬fiH -7 -15 15 ▬fiH

45 ▬fiI -25 -55 55 ▬fiI

45 ▬fiJ -13 -28 28 ▬fiJ

109 A -4 -4 4 A

169 B -2 -1 1 B

169 C 19 11 11 C

169 D -53 -31 31 D

169 E -5 -3 3 E

169 F 19 11 11 F

109 G 18 16 16 G

109 ▬fiH 4 4 4 ▬fiH

109 ▬fiI 21 19 19 ▬fiI

109 ▬fiJ -17 -15 15 ▬fiJ

A 4 24 24 A

B 8 47 47 B

C 5 28 28 C

D 13 73 78 D

E 6 31 31 E

F 3 17 17 F

G 5 26 26 G

▬fiH 5 30 30 ▬fiH

▬fiI 11 59 59 ▬fiI

▬fiJ 4 20 20 ▬fiJ

A 1m 5 3 3

A 2m 5 3 3

A 3m 4 2 2

A 4m 1 1 1

A 5m 0 0 0

A 6m -1 -1 1

B 1m 29 16 16

B 2m 35 19 19

B 3m 20 11 11

B 4m 2 1 1

C 1m 23 13 13

C 2m 26 15 15

C 3m 14 8 8

C 4m -1 0 0

D 1m -2 -1 1

D 2m -3 -1 1

D 3m -8 -4 4

D 4m -3 -2 2

E 1m 17 10 10

E 2m 28 16 16

E 3m 10 5 5

E 4m 1 0 0

F 1m 10 6 6

F 2m 4 2 2

F 3m 0 0 0

F 4m -2 -1 1

G 1m -2 -1 1

G 2m -4 -2 2

G 3m -1 0 0

G 4m -1 0 0

G 5m 0 0 0

G 6m -2 -1 1

5

꜡

◒
Ⱳ
ꜟ
♩

kN 180

19

kN 58

N/mm² 18 36

kN 12

↑
◖
fi
◒
ꜞ

♩

SP138,210

H-200⁸ H-150⁸♩כfiⱣ▬ה

ₒ⁷Eᵑ⁷ₓ

SP138,210

⌂⇔

ₒ⁷Eиᵑ⁷ₓ

N/mm²

kN

kN

kNהmkNהm→

∑╪ ∑╪

↑
◖
fi
◒
ꜞ

♩

→
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ᵒ P 138,396 

P 138,396≢│⁸ ─P 138,201⌐ ∂≡⁸ ≢─ ⌐⅔↑╢

ה ╪∑ה→ ⁸ ↑◖fi◒ꜞכ♩⌐⅔↑╢ ⁸꜡♇◒Ⱳꜟ♩⌐⅔↑╢ ╩ ⇔

√⁹ ─ │ ⇔⌂™⁹ 

⌐≈™≡│⁸ ≤⇔≡2007 19 8 ⌐ ╩ ⇔⁸

╩2007 19 11 ╕≢─ 3⅛ ⁸ ╩ ⇔⁸ ⌐≈™≡│ 860

╩ ⅎ╢⁹ ⌐⅔↑╢ ╩ -5.3.21⌐ ∆⁹ 

↓─ ⅛╠⁸ ─ P 138,201 ≤ ⌐ ∆═≡⌐⅔™≡

100 ╩ ∆╢ │ ╘╠╣∏⁸ ⌐ ⇔√ ≤ ⅎ╢⁹ ≤⇔≡│⁸

꜡♇◒Ⱳꜟ♩ ─ ─ ↕≢№╢⁹꜡♇◒Ⱳꜟ♩ ─ │⁸ 32 ─

≢5 ≢№╡⁸↓─ ⅛╠ ≤⇔≡♩fiⱠꜟ ─ ⌐ ↑≡ ⇔≡

™╢≤│ ™ ↄ⁸꜡ ♇◒Ⱳꜟ♩─ ⌐ ⅜ ╢≤↓╤≢№╢⁹ │ Ⱳ

─≢↓↓fi◓No,│B-5≢№╡⁸ꜞכ │ ≢№∫√⁹ ─

│ 16 ⁸ 32 ⁸ 52 ≢№╢⁹ 
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-5.3.21 ♩fiⱠꜟ B P 138,396  

 

 

꜠ⱬꜟ
й

꜠ⱬꜟ
й

833 A 189.12 23 23 A

1,334 B 565.3 42 42 B

1,334 C 614.36 46 46 C

1,334 D 793.95 60 60 D

1,334 E 635.66 48 48 E

1,334 F 607.88 46 46 F

833 G 161.77 19 19 G

833 ▬fiH 374.77 45 45 ▬fiH

833 ▬fiI 506.11 61 61 ▬fiI

833 ▬fiJ 578.14 69 69 ▬fiJ

45 A 5.26 12 12 A

99 B 18.63 19 19 B

99 C -9.28 -9 9 C

99 D -43.79 -44 44 D

99 E -44.90 -45 45 E

99 F 21.38 22 22 F

45 G 0.66 1 1 G

45 ▬fiH 3.05 7 7 ▬fiH

45 ▬fiI 7.27 16 16 ▬fiI

45 ▬fiJ -8.66 -19 19 ▬fiJ

109 A -17.71 -16 16 A

169 B -15.31 -9 9 B

169 C 1 1 1 C

169 D -39.19 -23 23 D

169 E 3.31 2 2 E

169 F 27.25 16 16 F

109 G 12.07 11 11 G

109 ▬fiH 9.83 9 9 ▬fiH

109 ▬fiI -3.06 -3 3 ▬fiI

109 ▬fiJ -32.84 -30 30 ▬fiJ

A 6.35 35 35 A

B 5.94 33 33 B

C 8.95 50 50 C

D 8.36 46 46 D

E 7.22 40 40 E

F 4.73 26 26 F

G 7.44 41 41 G

▬fiH 12.29 68 68 ▬fiH

▬fiI 10.05 56 56 ▬fiI

▬fiJ 11.57 64 64 ▬fiJ

A 1m 15.22 8 8

A 2m 17.61 10 10

A 3m 10.69 6 6

A 4m -0.71 0 0

A 5m -2.51 -1 1

A 6m -2.57 -1 1

B 1m 16.66 9 9

B 2m 33.68 19 19

B 3m 25.55 14 14

B 4m 0.2 0 0

C 1m -2.66 -1 1

C 2m 2.34 1 1

C 3m -5.84 -3 3

C 4m -2.91 -2 2

D 1m -8.33 -5 5

D 2m -13.75 -8 8

D 3m -13.89 -8 8

D 4m -8.79 -5 5

E 1m -22.4 -12 12

E 2m 6.87 4 4

E 3m 0.86 0 0

E 4m -5.52 -3 3

F 1m -24.91 -14 14

F 2m -11.9 -7 7

F 3m -0.03 0 0

F 4m -3.97 -2 2

G 1m -9.46 -5 5

G 2m -7.87 -4 4

G 3m -10.98 -6 6

G 4m -4.4 -2 2

G 5m -3.11 -2 2

G 6m -3.86 -2 2

→

∑╪ ∑╪

→

kN 46

SP138,396

H-200⁸ H-150⁸♩כfiⱣ▬ה

ₒ⁷Eᵑ⁷ₓ

↑
◖
fi
◒
ꜞ

♩

N/mm²

↑
◖
fi
◒
ꜞ

♩

kN

SP138,396

⌂⇔

ₒ⁷Eᵑ⁷ₓ

N/mm² 18 46

kN 12

kNהm 19 kNהm

kN

꜡

◒
Ⱳ
ꜟ
♩

kN 180 5
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ᵓ P 138,689 

P 138,689≢│⁸ ─P 138,201⅔╟┘P 138,396⌐ ∂≡⁸ ≢─

⌐⅔↑╢ ה ╪∑ה→ ⁸ ↑◖fi◒ꜞכ♩⌐⅔↑╢ ⁸꜡♇◒Ⱳꜟ♩⌐

⅔↑╢ ╩ ⇔√⁹ ─ │ ⇔⌂™⁹ 

⌐≈™≡│⁸ ≤⇔≡2008 20 5 ⌐ ╩ ⇔⁸

╩2009 21 2 ╕≢─ 9⅛ ⁸ ╩ ⇔⁸ ⌐≈™≡│ 1,050

╩ ⅎ╢⁹ ⌐⅔↑╢ ╩ -5.3.22⌐ ∆⁹ 

↓─ ⅛╠⁸ ─꜠ⱬꜟй⌐ ⇔≡ ⅜100 ╩ ∆╢ ╩ ∆≤↓

╤╩ ⇔≡ ⇔≡™╢⁹ ∆═⅝│⁸ 100 ╩ ⇔√ ≤

≢100 ╩ ⇔⌂™⅜ ─ ⅜100 ╩ ∆╢ ⅜ ∆

╢ →≢№╢⁹ ≢│⁸ │129 ⁸ ≢│

10 5 ⌐⅔™≡ 100 ╩ ∆╢≤≤╙⌐⁸▬fiⱣכ♩ ≢─2

⌐⅔™≡│200 ╩ ∆╢ ≤⌂∫√⁹╕√⁸ →≢│⁸ ⌐

⅔↑╢▬fiⱣכ♩ ≢─ ⌂ ╩ ≢⅝⁸ ≢│200 ╩ ∆╢ ╙

≢⅝╢╒⅛⁸ⱴ▬♫☻≢─ ≢№╢↓≤⅛╠ ┬ↄ╣ ─ ⅜ ≢№╢≤

ⅎ╢⁹ 

↑◖fi◒ꜞכ♩ ⌂╠┘⌐꜡♇◒Ⱳꜟ♩ ≢│ 100 ╩ ∆╢

│ ≢⅝⌂™⅜⁸ ⇔√ 100 ╩ ⇔√ ⁸ →≤ ⌂

≢─ ↑◖fi◒ꜞכ♩ ≤꜡♇◒Ⱳꜟ♩ ⌐ ↄ─ ─ ⅜ ≢⅝╢⁹ 

 ꜡♇◒Ⱳꜟ♩ ─ ≢│ ≢ 19 ≢№╡⁸ ≤⇔≡ ⅜⌂™≤™℮↓

≤│ ⅎ⌂™ ≢№╢⁹ 2 ≢─꜡♇◒Ⱳꜟ♩ ─ ⅜

⌐╟∫≡ ™ ≤⌂∫≡™√↓≤⅛╠⁸↓↓≢╙ ╩ ⇔√≤↓╤⁸

│ Ⱳכꜞfi◓ No,│ B-10 ≢№╡⁸↓↓≢─ │ ≢№∫√⁹

─ │ 15 ⁸ 85 ⁸ 0 ≢№╢⁹ 
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-5.3.22 ♩fiⱠꜟ B P 138,689  

 

 

꜠ⱬꜟ
й

꜠ⱬꜟ
й

833 A 333 40 40 A

1,334 B 747 56 56 B

1,334 C 931 70 70 C

1,334 D 1,983 149 149 D

1,334 E 2,072 155 155 E

1,334 F 1,210 91 91 F

833 G 515 62 62 G

833 ▬fiH 1,670 201 201 ▬fiH

833 ▬fiI 2,363 284 284 ▬fiI

833 ▬fiJ 1,547 186 186 ▬fiJ

45 A -7 -15 15 A

99 B -26 -26 26 B

99 C -4 -4 4 C

99 D -63 -63 63 D

99 E 26 26 26 E

99 F -5 -5 5 F

45 G -12 -27 27 G

45 ▬fiH -87 -193 193 ▬fiH

45 ▬fiI -106 -236 236 ▬fiI

45 ▬fiJ -70 -155 155 ▬fiJ

109 A -35 -33 33 A

169 B -17 -10 10 B

169 C -6 -3 3 C

169 D -3 -2 2 D

169 E -47 -28 28 E

169 F 5 3 3 F

109 G 48 44 44 G

109 ▬fiH 18 16 16 ▬fiH

109 ▬fiI 36 33 33 ▬fiI

109 ▬fiJ -29 -27 27 ▬fiJ

A 16 44 44 A

B 7 20 20 B

C 7 20 20 C

D 8 23 23 D

E 18 51 51 E

F 15 41 41 F

G 20 57 57 G

▬fiH 25 69 69 ▬fiH

▬fiI 26 71 71 ▬fiI

▬fiJ 12 33 33 ▬fiJ

A 1m -44 -24 24

A 2m 25 14 14

A 3m 51 28 28

A 4m -8 -5 5

A 5m -4 -2 2

A 6m -3 -2 2

B 1m 50 28 28

B 2m 7 4 4

B 3m 3 2 2

B 4m 1 0 0

C 1m 4 2 2

C 2m -2 -1 1

C 3m -1 0 0

C 4m 0 0 0

D 1m -31 -17 17

D 2m -5 -3 3

D 3m 6 3 3

D 4m -1 0 0

E 1m 26 14 14

E 2m 99 55 55

E 3m 79 44 44

E 4m 10 6 6

F 1m 80 45 45

F 2m 134 74 74

F 3m 83 46 46

F 4m 2 1 1

G 1m 35 19 19

G 2m 67 37 37

G 3m 64 35 35

G 4m 112 62 62

G 5m 38 21 21

G 6m 4 2 2

SP138,689

H-200⁸ H-150⁸♩כfiⱣ▬ה

ₒ⁷Eᵒ⁷ₓ

→

∑╪

43N/mm² 36

180 19

N/mm²

↑
◖
fi
◒
ꜞ

♩

SP138,689

⌂⇔

ₒ⁷Eᵒ⁷ₓ

kN

kN

kNהm

20

kNהm 75

kN 129

kN

꜡

◒
Ⱳ
ꜟ
♩

kN

→

∑╪

↑
◖
fi
◒
ꜞ

♩



146 
 

ᵔ P 139,050 

P 139,050 ≢│⁸ 3 ≈─ ⌐ ∂≡⁸ ≢─ ⌐⅔↑╢ ה

╪∑ה→ ⁸ ↑◖fi◒ꜞכ♩⌐⅔↑╢ ⁸꜡♇◒Ⱳꜟ♩⌐⅔↑╢ ╩ ⇔√⁹

≢ 3 ≤─ │⁸ Ɽ♃כfi⅜Dи≤⌂∫≡™╢↓≤≢№╢⁹↓↓≢

╙ ─ │ ⇔⌂™⁹ ⌐≈™≡│⁸ ≤⇔≡2009 21

4 ⌐ ╩ ⇔⁸ ╩2009 21 11 ╕≢─ 7⅛ ⁸ ╩

⇔⁸ ⌐≈™≡│ 950 ╩ ⅎ╢⁹ ⌐⅔↑╢ ╩ -5.3.23⌐

∆⁹↓─ ⅛╠⁸ ─P 138,201⁸P 138,396≤ ⌐ ∆═≡⌐

⅔™≡ 100 ╩ ∆╢ │ ╘╠╣∏⁸ ⌐ ⇔√ ≤ ⅎ╢⁹

≤⇔≡│⁸P 138,201≤P 138,396⌐⅔™≡꜡♇◒Ⱳꜟ♩ ─ ─ ↕⅜ ↕

╣≡™√⅜⁸ ≢─ │ 29 ≢№∫√⁹↓─ ≢│ ≤⇔≡♩fiⱠ

ꜟ ─ ⌐ ↑≡ ⇔≡™⌂™≤│ ⅎ⌂™⁹ ⌐⅔↑╢꜡♇◒Ⱳꜟ♩

─ ⌐≈™≡ ⅛╠ ⇔√≤↓╤⁸ │ Ⱳכꜞfi◓No,│B-

16 ≢№╡⁸↓↓≢─ │ ≢№∫√⁹ ─ │ 24 ⁸

76 ⁸ 0 ≢№╢⁹ 
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-5.3.23 ♩fiⱠꜟ B P 139,050  

 

 

 

꜠ⱬꜟ
й

꜠ⱬꜟ
й

833 A 230 28 28 A

833 B 314 38 38 B

833 C 739 89 89 C

833 D 629 76 76 D

833 E 803 96 96 E

833 F 318 38 38 F

833 G 219 26 26 G

833 ▬fiH 105 13 13 ▬fiH

833 ▬fiI 42 5 5 ▬fiI

833 ▬fiJ 201 24 24 ▬fiJ

45 A -2 -5 5 A

45 B 3 6 6 B

45 C 0 0 0 C

45 D -2 -4 4 D

45 E -1 -2 2 E

45 F 3 7 7 F

45 G 1 2 2 G

45 ▬fiH -6 -14 14 ▬fiH

45 ▬fiI 0 0 0 ▬fiI

45 ▬fiJ -6 -14 14 ▬fiJ

109 A 3 3 3 A

109 B 5 5 5 B

109 C 1 1 1 C

109 D -12 -11 11 D

109 E 6 5 5 E

109 F -3 -3 3 F

109 G 8 7 7 G

109 ▬fiH 5 5 5 ▬fiH

109 ▬fiI -3 -2 2 ▬fiI

109 ▬fiJ -3 -3 3 ▬fiJ

A 3 19 19 A

B 3 16 16 B

C 7 37 87 C

D 9 48 48 D

E 7 41 41 E

F 5 29 29 F

G 3 15 15 G

▬fiH 4 23 23 ▬fiH

▬fiI 4 20 20 ▬fiI

▬fiJ 4 22 22 ▬fiJ

A 1m 55 31 31

A 2m 21 12 12

A 3m 9 5 5

A 4m 58 32 32

A 5m

A 6m

B 1m 131 73 73

B 2m 127 71 71

B 3m 106 59 59

B 4m 34 19 19

C 1m 62 34 34

C 2m 69 38 38

C 3m 50 28 28

C 4m 24 13 13

D 1m 5 3 3

D 2m 25 14 14

D 3m 35 19 19

D 4m 11 6 6

E 1m 32 18 18

E 2m 48 27 27

E 3m 48 27 27

E 4m 9 5 5

F 1m 116 65 65

F 2m 119 66 66

F 3m 80 45 45

F 4m 36 20 20

G 1m 60 33 33

G 2m 54 30 30

G 3m 30 17 17

G 4m -1 0 0

G 5m

G 6m

SP139,050

ה H-150⁸♩כfiⱣ▬ה

ₒ⁷Dи⁷ₓ

SP139,050

⌂⇔

ₒ⁷Dи⁷ₓ

kN

→ kNהm

∑╪ kN 5

↑
◖
fi
◒
ꜞ

♩

∑╪

N/mm²

kN

↑
◖
fi
◒
ꜞ

♩

꜡

◒
Ⱳ
ꜟ
♩

29kN 180

5

43

→ kNהm

kN

N/mm² 18 32
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 ╕≤╘ 

─♃כ♦√⇔ ♩fiⱠꜟ│⁸ ╩ ≤⇔√ ♩fiⱠꜟה ♩ 

fiⱠꜟה ♩fiⱠꜟ≢№╡⁸ ₁─♩fiⱠꜟ⅛╠⁸ ⌐ ⁸≡⇔≥♃כ♦╢╣╠

─ ╛ Ⱳכꜞfi◓─ ⁸∕⇔≡ Ⱳכꜞfi◓ⱴ◦fi─ כ♦

♃≤⇔≡ ה ה ╩♃כ♦─ ⇔√⁹ ⅎ≡ ה ⌐ ♃כ♦╢╣╠

≤⇔≡⁸ Aה B─♦כ♃╩ ⇔√⁹ 

╩♃כ♦  ⇔√ ≢│⁸ ♩fiⱠꜟ⌐⅔™≡ ─ ⅛╠

⅜ ≢№╢↓≤⅜ ↕╣⁸ Ⱳכꜞfi◓─ │ ⌐ ↄ⁸ Ⱳכ

ꜞfi◓─ ─♃כ♦ ≢│ ⌐ │ ⌐ ™ ≢№∫√⁹ 

ה ╩♃כ♦ ⇔√ ≢│⁸ ♩fiⱠꜟ─ A ⌐⅔™≡⁸ ╩

≢⅝╢ ⅜ ⌂ↄ⁸ B≢│ ─ ⌐≡⁸ ─꜠ⱬ

ꜟй╩ ∆╢ ⅜ ↄ ↕╣√⁹ 
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─╠⅛♃כ♦  ≤  

─╠⅛♃כ♦√╣↕   

 ♩fiⱠꜟ─   

♩fiⱠꜟ ⌐ ↕╣╢ Ⱳכꜞfi◓─♦כ♃╩ ⇔≡⁸ ╛ ⌂╠┘

⌐ ≤─ ─ ╩ ╢≤≤╙⌐⁸◖▪◘fiⱪꜟ─ ⅛╠ ╠╣╢ ─

─ ⌐≈™≡ ⅎ╢⁹ ⌐№√∫≡│⁸ ╛ ⁸╕√⁸○Ɑ

─♃כ꜠ ⌐╟╡ ─┼♃כ♦ ⅜ ↕╣╢⅜⁸↓↓≢│∕╣╠╩ ⇔≡ ⅎ

╢↓≤≤∆╢⁹↓╣╕≢─ ─ ≢│ ─ ⌐╟╢ ┼─

⅜ ↕╣≡™╢⅜⁸ ─ ⌐ Ⱳכꜞfi◓ⱴ◦fi─ ╩♃כ♦

ⅎ√ │ √⌂ ╖≤⌂╢⁹3♩fiⱠꜟ─ ≤⇔≡ -6.1.1─≤⅔╡⁸♩fiⱠꜟ

⁸∕─ ─ ⁸ ⁸ ╡⁸ ∕⇔≡ ≤⇔≡─

ה ╩╕≤╘√⁹ │ 10m ≢ ⇔≡™╢⁹ 

 ♩fiⱠꜟ ─ ≤⇔≡⁸ ♩fiⱠꜟ≢│ ⅜ ≢№╢≤≤╙⌐

╡⅜320m№╢↓≤⁸↓╣⌐ ⅎ ≢╙ ה ≢ H-250

╩ ∆╢⌂≥≢ ⅜ ⅝™⁹↓╣⌐╟∫≡ ╕≢⌐ ╩ ∆╢↓

≤⅜ ≢⅝╢⁹ ♩fiⱠꜟ≢│ ♩fiⱠꜟ≤ ╡⅜ ≢⁸ ⅜

≢№╢↓≤⅛╠⁸ ♩fiⱠꜟ≤─ ≢│ ₁⌂ ⅜ ≤ ∆╢⁹

≢│ ♩fiⱠꜟ≤ ⌂ ≢№╢⅜⁸ ≢№╡∕─ ⁸ ⅜

↕ↄ⌂∫≡™╢⁹ ™≡ ♩fiⱠꜟ≢│⁸ │ ≢№╡ ─

─ ⅛╠ ⅎ╣┌⁸ ♩fiⱠꜟ─ ╟╡│ ↄ⁸ ♩fiⱠꜟ─ ╟╡│

™≤─ ≢№╢⁹ ╡│ ↄ ─ ≢│ ⌐ ↄ╙──⁸ Ⱳכꜞ

fi◓≢ ↕╣√ ⅜ ⌐≥─ ─ ⅜ ╢⅛ │№╢⁹ 

 

-6.1.1 3♩fiⱠꜟ─  

 

 
 
 

♩fiⱠꜟ
♩fiⱠꜟ

m m
╡
m m2

⁷ 4,690 470 ⁷ 320 130

⁷ 2,700 840 ⁷ 320 110

⁷ 1,240 970 ⁷ 130 80 20Є/min
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 Ⱳכꜞfi◓ⱴ◦fi♦כ♃ ─   

  

♩fiⱠꜟ ≢ ↕╣╢ Ⱳכꜞfi◓│ ⌐100m ─ ≤⌂╢↓≤⅜

™⅜⁸ ⇔√3♩fiⱠꜟ─℮∟⁸ ♩fiⱠꜟ≤ ♩fiⱠꜟ⌐≈™≡│ ⌐

≤⌂╢↓≤⅜ ⅛∫√↓≤⅛╠⁸ ─ ╛ ⅔╟┘ ⌐╟╢

⅜ ↕╣√⁹∕↓≢⁸∕╣∙╣─♩fiⱠꜟ↔≤⌐Ⱳכꜞfi◓ ─ ╩ ⇔⁸

-6.1.1 ⌐ ∆ ╡⁸3 ♩fiⱠꜟ ─ Ⱳכꜞfi◓ 1 №√╡─ │⁸ ♩fi

Ⱡꜟ≢│33m⁸ ♩fiⱠꜟ≢│105m⁸ ♩fiⱠꜟ≢│66m≢№∫√⁹↓↓≢⁸↓

╣╠─♩fiⱠꜟ─ ╡╩ ≡╖╢≤⁸ ♩fiⱠꜟ≤ ♩fiⱠꜟ─ ╡│╒╓

⇔™⌐╙ ╦╠∏⁸ ─ ⅜ ⅝ↄ⁸ ♩fiⱠꜟ│ ♩fiⱠꜟ─

─ ╡⌐╙ ╦╠∏ ⅜ ™↓≤⅜╦⅛╢⁹∆⌂╦∟⁸ ♩fiⱠꜟ≤ ♩

fiⱠꜟ─ ≢│ ╡⌐│ ⇔⌂™ ╠⅛─ ⅜№╢≤ ⅎ╠╣╢≤≤╙⌐⁸

♩fiⱠꜟ⌐⅔™≡╙ ╡ ⌐ ╩ ⌐∆╢ ─ ⅜ ↕╣╢⁹↓╣│∆≢

⌐ ═√≤⅔╡⁸ ה ⌂≥ ∆╠√╙⌐Ⱪכꜙ♅▪◖⅜ ─ ⌐╟╢╙─

≤ ↕╣⁸↓─ ≤≤╙⌐ Ⱳכꜞfi◓⌐ ↕╣╢ ⁸∕⇔≡ ⁸

─ ╩⁸3♩fiⱠꜟ─ ⅛╠ ∆╢↓≤≤⇔√⁹ 

 

 

 
-6.1.1 3♩fiⱠꜟ ─ Ⱳכꜞfi◓  
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≤   

 ≤ ─ ╩ -6.1.2⌐ ∆⁹ ⌐№╢KB-12│ -4.3.1─ ≢ ↕╣

√⁸ 70m─ ⁸ Ⱳכꜞfi◓ ─43m⅜ ⌐ ⇔≡™⌂™ ⁸

─ ≢№╢√╘ ≤─ ™⌐⇔≡™╢⁹ ≢ ∆═⅝│⁸ ♩fiⱠꜟ─

⅜ ♩fiⱠꜟ⌐ ═≡ ⌐ ⅝™↓≤≢№╢⁹ ⅜ ⌐ ⅝™↓≤⅛╠⁸Ⱳכꜞfi◓

┼─ ⌐ ⇔≡ ™⌂≥─ ⅜№╡⁸ ⌐ ╩ ∫√≤↓╤ ™

⅜⌂™↓≤╩ ⇔≡™╢⁹ ╘≡ ≤ ╩ ╢≤⁸ ♩fiⱠꜟ≢│ ╩ →≡

™╢⌐╙ ╦╠∏ ⅜ 33m ≤ ↄ⁸ ⌐ ♩fiⱠꜟ≢│ ╩ →⌂ↄ≡

╙ ⅜105m≤ ™⁹ 1 ─ ≢╙ ⇔√⅜⁸↓─ ─ ╡│

319m ≤ ≢№╡⌂⅜╠↓─╟℮⌂ ≤⌂∫≡™╢⁹ ♩fiⱠꜟ╩ ╢≤⁸

│ 66m ≢ │ ♩fiⱠꜟ≤ ♩fiⱠꜟ─ ⌐ ⇔≡™╢⁹

╡│134m≤ ™↓≤⅛╠⁸ ♩fiⱠꜟ≤ ♩fiⱠꜟ≤─ │ ⇔⌂™⅜⁸

⅛╠─ ≤⇔≡ ≢№╢↓≤⅛╠ ⅜№╢↓≤│ ™⌐ ⅎ╠╣╢⁹

╟∫≡⁸ ─ ⌐⅔™≡╙ │ ⌂ ≤⇔≡ ╘╢↓≤≤∆╢⁹ 

 

-6.1.2 3♩fiⱠꜟ ─ ≤ ─  
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≤   

≤ ─ ╩ -6.1.3 ⌐ ∆⁹↓↓≢╙ ♩fiⱠꜟ≤ ♩fiⱠꜟ

╩ ∆╢≤⁸ ♩fiⱠꜟ≢│ ─ ⅜ ↄ⁸⇔⅛╙ ⅜ ™⅜⁸ ♩fi

Ⱡꜟ≢│ ─ ⅜ ↄ⁸⅛≈⁸ ⅜ ™↓≤⅜╦⅛╢⁹™╦╝╢ ♩fiⱠꜟ≢│

Ⱳכꜞfi◓⅜ ╡≠╠ↄ⁸ ♩fiⱠꜟ≢│Ⱳכꜞfi◓⅜ ╡╛∆™ ≤⌂╢⁹

2 ─ ≤─ ╩ ≡╙⁸ ♩fiⱠꜟ≢│ ╩ →≡╙Ⱳכꜞfi◓╩ ╡≠╠ↄ⁸

♩fiⱠꜟ≢│ ╩ →⌂ↄ≡╙Ⱳכꜞfi◓⅜ ╡╛∆™≤ ⅎ╢⁹ ♩fi

Ⱡꜟ≢│♦⁸⅜™⌂⅛⇔≈2⅜♃כ 2 ─ ≤ ⌐ ♩fiⱠꜟ≤ ♩fi

Ⱡꜟ─ ⌐ ⇔≡™╢─⅜╦⅛╢⁹↓─↓≤⅛╠╙ ⌐ ™ ⅜№╢≤ ⅎ

╠╣╢⁹ 

 

 

-6.1.3 3♩fiⱠꜟ ─ ≤ ─  
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≤  

 ≤ ─ ╩ -6.1.4⌐ ∆⁹↓─ │ ⌐ ↕╣╢≤↓╤≢№╡⁸

╩ →╢≤ │ ↄ⌂╡⁸ ╩ →╢≤ │ ↄ⌂╢ ⅜№╢⁹ ─

┌╠≈⅝≢ ⅎ┌ 3 ♩fiⱠꜟ≤╙ ⅝⌂ ⅜⌂ↄ ⅎ╢≤↓╤≢№╡⁸ ≢№╡⌂⅜╠

⇔≡ ♩fiⱠꜟ─ │ ↄ ⅎ╢⁹⇔⅛⇔⌂⅜╠⁸ ⌐│ ⅝⌂ ⅜№

╡⁸ ♩fiⱠꜟ≢│ ╩ →≡╙ │ ↄ⁸ ♩fiⱠꜟ≢│ ╩ →

⌂ↄ≡╙ │ ™⁹ ⅛╠ ⅎ╢≤⁸ ♩fiⱠꜟ≢│ ╩ →≡↓─ ⁸

♩fiⱠꜟ≢│ ╩ →⌂ↄ≡╙↓─ ≢№╡⁸ ─╖ ╢≤↓─ ⌐

↕╒≥─ │⌂ↄ ⅎ╢≤↓╤∞⅜⁸ ╩ ╘≡ ⅎ╢≤↓─ │⅛⌂╡ ⅝™≤ ⅎ

╢⁹↓─↓≤⅛╠╙ ─ ™⌐╟∫≡⁸ Ⱳכꜞfi◓─◖▪♅ꜙכⱩ⌐⌂╪╠⅛

─ ⅜ ⇔≡™╢─≢⌂™⅛≤ ∆╢↓≤⅜≢⅝╢⁹↓─ Ⱪכꜙ♅▪◖│≥

≢─ ה ⌂─⅛⁸∕╣≤╙ ⅛╠─ ♃כ♦─≢╕╣↓⁸│⅛─⌂

≢│╕∞ ≢№╢⁹ 

 

 

-6.1.4 3♩fiⱠꜟ ─ ≤ ─  
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≤  

≤ ─ ╩ -6.1.5 ⌐ ∆⁹↓─ ≢╙⅛⌂╡─ ⅜№╢≤ ⅎ╢

≢№╢⁹ ♩fiⱠꜟ≢│ ╩ →≡™⌂⅜╠ │ ↄ⁸╕√⁸ ─ ™⌐

╟╢ ─┌╠≈⅝╙ ╘≡ ⅝™↓≤⅜╦⅛╢⁹↓╣⌐ ⇔≡ ♩fiⱠꜟ⁸

♩fiⱠꜟ≢│ ╩ →⌂ↄ≤╙ │ ™⁹ 

 

 

-6.1.5 3♩fiⱠꜟ ─ ≤ ─  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



155 
 

≤  

≤ ─ ╩ -6.1.6 ⌐ ∆⁹↓─ ≢╙⅛⌂╡─ ⅜№╢≤ ⅎ╢

≢№╢⁹ ♩fiⱠꜟ≢│ ╩ →⌂™≤ ⅜ ≡∏⁸ ♩fiⱠꜟ⁸

♩fiⱠꜟ≢│ ╩ →⌂ↄ≤╙ │ ≡≡™╢ ⅜ ⅎ╢⁹ 

 

 

-6.1.6 3♩fiⱠꜟ ─ ≤ ─  
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≤  

≤ ─ ╩ -6.1.7 ⌐ ∆⁹↓─ ≢╙⅛⌂╡─ ⅜№╢≤ ⅎ

╢ ≢№╢⁹ ♩fiⱠꜟ≢│ ╩ →⌂™≤ ⅜ ↄ⌂╡⁸ ♩fiⱠ

ꜟ⁸ ♩fiⱠꜟ≢│ ╩ →⌂ↄ≤╙ │ ™⁹ 

 

 

-6.1.7 3♩fiⱠꜟ ─ ≤ ─  

 

 ↓╣╕≢ Ⱳכꜞfi◓─ ≤ Ⱳכꜞfi◓ⱴ◦fi─ ╠⅛♃כ♦

╩ ∫≡⅝√⅜⁸∕─ ⅛╠│ ─ ⅜ ⅝ↄ ⇔≡™╢╙─≤ ⅎ⁸

─ ╩ ∆╢↓≤≤⇔√⁹ 
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 Ⱳכꜞfi◓ⱴ◦fi♦כ♃≤ ╡─   

ₒ √⌂ ₓ 
 

─♃כ♦╡  

6-1-2- 1 7 ⌐⅔™≡⁸ Ⱳכꜞfi◓ⱴ◦fi⅛╠ ╠╣╢ ─⧵≥♃כ♦

⌐╟∫≡ ≢⅝√ ⅛╠ ╩ ∫≡⅝√≤↓╤≢№╢⅜⁸∕─ ≢╙ ⌐

≤ ⌐│№╢ ─ ⅜ ╘╠╣╢≤↓╤≢№∫√√╘⁸↓↓≢ ╡≤─ ⌐

╙ ⅜ ╘╠╣╢≤ ⅎ⁸ Ⱳכꜞfi◓ⱴ◦fi─ ─≥♃כ♦ ה ╩ ╖╢↓

≤≤⇔√⁹3♩fiⱠꜟ ─ ╡ ↕│ -6.1.1⌐≡ ⇔≡™╢⅜⁸ ⌐⅔

↑╢ ⌂ ╡ ↕⌐≈™≡│⁸ ♩fiⱠꜟ│ -5.1.2⁸ ♩fiⱠꜟ│ -5.2.2⁸

♩fiⱠꜟ│ -5.3.2⌐ ⇔≡™╢⁹ 

ₒ √⌂ ₓ ─ ≤  

 ⌐№√∫≡│⁸ Ⱳכꜞfi◓ⱴ◦fi─ ╢№≢♃כ♦ ≤⁸↓─ ⌐╟

∫≡ ↕╣√ ⁸∕⇔≡ ╡─ ╩ ⌐╟∫≡ ⇔≡ ≢⅝⌂™⅛≤

ⅎ√≤↓╤⁸ ≢─ ╠╣√ ⌐╟∫≡⁸ ⅜ ╘⌂™⅛≤ ⅎ₈ KK ₉

≤ ⇔≡⁸ ⌐ ∆ -6.1.1⌐≡ ∆╢↓≤≤⇔√⁹ 

    

-6.1.1 

 

 

↓─ ╩ ™≡⁸3♩fiⱠꜟ─ Ⱳכꜞfi◓↔≤⌐ ⇔≡™ↄ⅜⁸◘fiⱪꜟ≤⇔≡

♩fiⱠꜟ─KB-12─ ╩ ⇔⁸ ⌐ ∆╢⁹ 

 

≤⌂╢⁹ 

 

3 ♩fiⱠꜟ─ Ⱳכꜞfi◓↔≤⌐ ⇔√ ⅜ -6.1.2 ≢№╢⁹ ♩fiⱠꜟ≢─

≢ ⅎ┌⁸ ⅜ ↄ ╡⅜ ™⁸∕⇔≡⁸ ╙ ™↓≤⅛╠⁸

─ │ ⌐ ═ ↕⌂ ╩ ∆↓≤≤⌂╡⁸↓─ ⅜ ↕ↄ⌂╣┌⁸ ─

⅜ ╘╠╣╢↓≤≤⌂╢⁹ ⌐↓─ ╩ ≤ ⇔⁸ ⇔√╙─⅜ -6.1.8≢

№╡⁸ ⌐╟╢ ⌐≈™≡│↕╒≥ ™╙─≤│ ⅎ⌂™⅜⁸♩fiⱠꜟ ─ⱪ꜡♇

♩⅛╠№╢ ⱪכꜟ◓─ ⅜ ≡≤╣╢⁹∕↓≢↓─ ╩ ™≡ ─ ⁸∆⌂

╦∟⁸ ♩fiⱠꜟ⌐⅔↑╢ Ɽ♃כfi╩ ™ ∑⌂™⅛≤ ⅎ√⁹∕↓≢ ⌐

⇔√─│⁸♩fiⱠꜟ ⱪ꜡♇♩⅛╠─area ≢№╡⁸ -6.1.8 ⌐ ≢ ⇔√⁹

Br1 №√╡─ m × 1,000

Br1 №√╡─ MPa × Br1 №√╡─ ╡ ↕ m
KK

70 m ⁷×⁷1,000

90 MPa × 249 m
KK 3.1
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area Z≢│ ⌐ ⅜№╢╙──⁸ ♩fiⱠꜟ─∆═≡─ⱪ꜡♇♩⅜ ╕╢ ≢

∆╢↓≤⅜≢⅝╢⁹area Y≤X≢│ ♩fiⱠꜟ≤ ♩fiⱠꜟ⅜ⱪ꜡♇♩╩

╘╢⅜⁸ ─ ⅛╠2 ∆╢↓≤⅜≢⅝╢⁹↓─area ≤ ⌐ ↕╣√

≤ ∆╣┌⁸≥─area⌐ ∆╣┌≥─ ╕≢─ ─

⅜ ⌂─⅛⅜ ≢⅝╢↓≤≤⌂╢⁹↓─ ╩ ≤⇔≡ ∆⌂╠┌⁸area X≢№╣┌

─ ╕≢│ ⌂™⅜▬fiⱣכ♩ │ ─ 3.0R ⅛╠ 1.5R ⅜ ╕⇔™⁸

area Y≢│ │ ≤⇔≡▬fiⱣכ♩ │1.5R╩ ⁸area Z≢│ │

≢ │ ≤∆╢⌂≥⅜ ⅎ╠╣╢⁹ 

 

-6.1.2 3♩fiⱠꜟ─KK ─   

   

 

 

 

 

 

 

 

♩fiⱠꜟBr KK ♩fiⱠꜟBr KK ♩fiⱠꜟBr KK

 KB-12  B12 55.6  B-2 308.9

 KB-13 1.2  B13 215.3  B-3 251.4

 KB-14 1.1  B14 211.0  B-4 85.6

 KB-15 2.8  B15 87.9  B-5 110.9

 KB-16 2.9  B16 106.4  B-6 162.1

 KB-17 3.7  B17 76.6  B-7 129.1

 KB-18 2.7 125.5  B-8 109.4

 KB-19 2.6  B-9 102.3

 KB-20 2.7  B-10 153.8

 KB-21 0.9  B-11 92.4

 KB-22 6.7  B-12 49.1

 KB-23 2.6  B-13 90.1

 KB-24 0.8  B-14 67.6

 KB-25 0.7  B-15 117.0

 KB-26 2.4  B-16 219.2

 KB-27 1.8  B-17 433.9

���Ë 2.4 ���Ë 155.2

♩fiⱠꜟ ♩fiⱠꜟ ♩fiⱠꜟ
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-6.1.8 ≤ ─  
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2 ≈ ⌐ ⇔√─│ area Z ─ ≢№╢⁹ -6.1.8 ≢│ ⅜ ⅝™√╘⁸

area Z≢─ ─ ⌐╟╢ ⅜ ≢№╢↓≤⅛╠⁸ ╩ ↕ↄ⇔√╙─

╩ -6.1.9⌐ ∆⁹↓↓≢│ ⌐area Z-z≤Z-y≤ ⇔√╙── ⌂

╩ ∆╢─│⁸ ♩fiⱠꜟ≢─ ⅛╠ ≡ ≢№╢≤ ∆╢⅜⁸№╢

─ │ ≢⅝╢≤ ⅎ╢⁹ 

 

 
-6.1.9 area Z─  

 

 3 ≈ ⌐ ⇔√─│⁸ ♩fiⱠꜟ ⱪ꜡♇♩ ≢─ ⁸

∕⇔≡⁸ ♩fiⱠꜟ ⱪ꜡♇♩ ≤ ♩fiⱠꜟ ⱪ꜡♇♩

─ ╖ ╦∑√ ≢№╢⁹↓╣╠╩ ⇔√╙─⅜ -6.1.10⁸ -6.1.11 ≤

⌂╢⁹ -6.1.8≢│ 3♩fiⱠꜟ ─ ⌐╟∫≡ R²=0.2869≢│№∫√⅜⁸

─♩fiⱠꜟ ↑↔≤≢ ↕╣√ R²│ ♩fiⱠꜟ ≢│ R²=0.8446⁸

♩fiⱠꜟ≤ ♩fiⱠꜟ─ ╖ ╦∑≢│ R²=0.5935 ≤⅛⌂╡ ™ ⅜ ↕╣

√⁹ ─ ≢│⁸ ─ ─ ≤⇔≡⁸ Ⱳכꜞfi◓─ ≤

⌐ ╖ ╕╣≡™╢↓≤⅛╠⁸ -6.1.8⁸ -6.1.9 ╩ ™≡ ♩fiⱠꜟ─ Ɽ

fiכ♃ ─ ⅜№╢≤ ⇔√⁹ 
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-6.1.10 ♩fiⱠꜟ ─  

 

      

-6.1.11 ♩fiⱠꜟ≤ ♩fiⱠꜟ ╖ ╦∑─  
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 ⌐ ≤ ╩ ⇔⁸∕─ ╩ ⇔√╙─⅜ -6.1.12≢№╢⁹

⌐╟╢ │R²=0.4951≤↕╒≥ ™ ≢│⌂™ ≢№∫√⁹ 

 

-6.1.12 ≤ ─  
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↓↓≢╙ ≤ ≤─ ≤ ⌐⁸area Z ╩ ╩ ╖╢√╘⁸

╩ ↕ↄ⇔√╙─╩ -6.1.13⌐ ∆⁹↓↓≢╙ ⌐area Z-z≤area Z-y⌐

⇔√╙──⁸ ⌂ ╩ ∆╢↓≤│⁸ -6.1.9 ≤ ⌐ ≤ ∆

╢⅜⁸↓↓≢╙№╢ ─ │ ≢⅝╢≤ ⅎ╢⁹ 

 

-6.1.13 area Z─  
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 Ⱳכꜞfi◓ⱴ◦fi♦כ♃≤ ─   

─♃כ♦  

♩fiⱠꜟ↔≤⌐⅔↑╢ ─ ─ ╩ -6.1.14⌐ ∆⁹╕∏ ⌐≈

™≡ ≡╖╢≤⁸∕─ │3♩fiⱠꜟ↔≤⌐⁸ ♩fiⱠꜟ│3 ⁸ ♩fiⱠꜟ

│58 ⁸ ♩fiⱠꜟ│31 ≢№╡⁸∕╣∙╣─♩fiⱠꜟ≤ ═╢≤ ⅝⌂ ⅜№╢

↓≤⅜╦⅛╢⁹↓─╟℮⌂ │⁸ -6.1.1 ⌐ ⇔√Ⱳכꜞfi◓ 1 №√╡─

≤ ⌐ ↄ √ ⌐№╢√╘⁸ ≤ ≤─ ⌐│ ⌂ ⅜№╢↓

≤⅜ ↕╣╢⁹ ⁸ ⌐≈™≡│ ≤ ↄ ─ ⅜ ╠╣⁸ ≤

─ ⁸∆⌂╦∟ ⅜ ™≤ ⅜ ↄ⁸ ™≤ ⅜ ↄ⌂╢ ⅜№╢≤

ⅎ╠╣╢⁹⌂⅔⁸∕─ ≢╙№╢ │3≈─♩fiⱠꜟ ⌐∕╣╒≥ ⌂

│⌂ↄ⁸ ≤─ ╕≢│ ≢⅝⌂™⁹ 

 

 

-6.1.14 3♩fiⱠꜟ ─ ─  

 

 ⅛╠─ 2 5 ≢│⁸ ה ה ⌐ ⇔≡ Ⱳכꜞ

fi◓ⱴ◦fi─ ♃כ♦ ה ה ה ≤─ ╩ ◘♃כ♦⁹╢╖

fiⱪꜟ─ │⁸ -6.1.3 × ─╟℮⌐⁸3♩fiⱠꜟ─

Ⱳכꜞfi◓↔≤─ ⌐⅔™≡⁸ ⅜ ⌂ ╩ ⇔⁸∕↓⌐

Ⱳכꜞfi◓─ 4♃כ♦ ╩∕╣∙╣№≡│╘≡™ↄ↓≤≤∆╢⁹ 
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-6.1.3 ─  

      

Ⱳכꜞfi◓ ⌐ 3 ─ ≢ ─╙─╩ ⁸ │

KB-12

KB-13 0 100 0 26.0
KB-14 0 31 69 25.0
KB-15 0 56 44 44.5
KB-16 0 63 37 44.4
KB-17 0 83 17 50.8
KB-18 0 33 67 44.8
KB-19 0 33 67 41.8
KB-20 0 57 43 44.8
KB-21 0 33 67 20.0
KB-22 0 33 67 30.0
KB-23 0 33 67 23.8
KB-24 0 33 67 20.3
KB-25 0 34 66 20.3
KB-26 0 33 67 34.0
KB-27 42 20 39 25.0
B-12 23 74 3 99.0
B-13 35 37 28 100.0
B-14 49 47 2 100.0
B-15 67 25 8 110.0
B-16 76 23 0 106.7
B-17 78 23 0 100.0
B-18 44 56 0 118.0
B-19 96 3 2 100.0
B-20 55 45 0 110.0
B-2 2 35 64 81.0
B-3 17 61 22 87.0
B-4 25 46 29 55.0
B-5 16 32 52 50.0
B-6 34 42 24 82.0
B-7 53 47 0 71.0
B-8 38 29 33 42.0
B-9 27 73 0 48.0
B-10 15 85 0 80.0
B-11 38 60 3 60.0
B-12 51 34 15 30.0
B-13 43 40 17 65.0
B-14 58 42 0 42.0
B-15 37 63 0 65.0
B-16 24 76 0 88.0
B-17 23 74 3 105.0

75.1 70.4 35.5

TN Br No,
m
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≤  

 ↓╣╕≢─ │ 3 ♩fiⱠꜟ↔≤⌐ ⇔≡⅝√≤↓╤≢№╢⅜⁸↓↓≢│ 3 ♩fi

Ⱡꜟ∆═≡─ Ⱳכꜞfi◓⅛╠ ↔≤⌐ ∆╢ ╩ ∆╢⁹ -6.1.15≢

│ ≤ ─ ╩ ∆⁹ ⌐┌╠≈⅝│ ™╙──⁸ ⌐│

⅔╟┘ │ ─ ⌐ ⇔⁸ │ ─ ⌐ ∆╢ ≢№∫

√⁹↓─ ╩ ⌐ ─ Ⱳכꜞfi◓ ╩ -6.1.16⌐ ∆⁹ ≢

│75m⁸ ≢│70m⁸ ≢│36m≤─ ≤⌂∫√⁹↓╣╠ ⅛╠⁸ Ⱳכꜞ

fi◓ 1 №√╡≢ ⅜ ↄ ╣╢─│ ≢№╡⁸∕─ ⌐ │ ╡≠╠™↓≤≤

⌂╡⁸ ≢│ ─ ≢№╢↓≤⅜╦⅛╢⁹ 

 

-6.1.15 ≤ ─  

         

-6.1.16 ─ Ⱳכꜞfi◓  
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≤  

 ↓╣╕≢─ │ 3 ♩fiⱠꜟ↔≤⌐ ⇔≡⅝√≤↓╤≢№╢⅜⁸↓↓≢│ 3 ♩fiⱠ

ꜟ∆═≡─ Ⱳכꜞfi◓⅛╠ ↔≤⌐ ∆╢ ╩ ∆╢⁹ -6.1.17≢│

≤ ─ ╩ ∆⁹ ⌐┌╠≈⅝│ ™╙──⁸ ⌐│ ≢

│ 1 ╩ ⅝ │∆═≡ 10MPa ≢№╡⁸ ≢│ ─ ≤ ⌐ 2 ⇔⁸

≢│ ─ ⌐ ∆╢ ≢№∫√⁹↓─ ╩ ⌐ ─ ╩

-6.1.18⌐ ∆⁹ ≢│8MPa⁸ ≢│27MPa⁸ ≢│52MPa≤─ ≤⌂∫√⁹

↓╣╠ ⅛╠⁸ ╩ →⌂ↄ≤╙ ╡╛∆™─│ ≢№╡⁸∕─ ⌐ ╩ →⌂™

≤ ╣⌂™─│ ≢№╡⁸ ≢│ ─ 6 ─ ≢№╢↓≤⅜╦⅛╢⁹ 

 

-6.1.17 ≤ ─  

 

          

-6.1.18 ─  
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≤  

↓╣╕≢─ │ 3 ♩fiⱠꜟ↔≤⌐ ⇔≡⅝√≤↓╤≢№╢⅜⁸↓↓≢│ 3 ♩

fiⱠꜟ∆═≡─ Ⱳכꜞfi◓⅛╠ ↔≤⌐ ∆╢ ╩ ∆╢⁹ -

6.1.19≢│ ≤ ─ ╩ ∆⁹ ⌐┌╠≈⅝│ ™╙──⁸

⌐│ ≢│1 ╩ ⅝ ─ ⁸ │ ⁸ │ ⌐ ∆╢

≢№∫√⁹↓─ ╩ ⌐ ─ ╩ -6.1.20 ⌐ ∆⁹ ≢│

420cm/ ⁸ ≢│250cm/ ⁸ ≢│180cm/ ≤─ ≤⌂∫√⁹↓╣╠ ⅛╠⁸

╖⅜ ™─│ ≢№╡⁸∕─ ⌐ ™─│ ≢№╡⁸ ≢│ ─ ─

≢№╢↓≤⅜╦⅛╢⁹√∞⇔⁸↓╣│ ≤─ ╙№╢─≢ ⌐│ ⅎ⌂™⁹ 

 

-6.1.19 ≤ ─  

 

 

       

-6.1.20 ─  
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≤  

↓╣╕≢─ │ 3 ♩fiⱠꜟ↔≤⌐ ⇔≡⅝√≤↓╤≢№╢⅜⁸↓↓≢│ 3 ♩fi

Ⱡꜟ∆═≡─ Ⱳכꜞfi◓⅛╠ ↔≤⌐ ∆╢ ╩ ∆╢⁹ -6.1.21≢

│ ≤ ─ ╩ ∆⁹↓─ │ ╩ ∆╢√╘⌐ ─

→ →≢ ⇔≡™╢√╘⁸↓─ ─╖≢ ∆╢↓≤│ ≤│ ™ ™⁹↓─

╩ ⌐ ─ ╩ -6.1.22 ⌐ ∆⁹ ≢│ 340rpm⁸ ≢│

460rpm⁸ ≢│450rpm≤─ ≤⌂∫√⁹↓╣╠─ ⅛╠⁸ ה ≢│

™ ⅜ ≢№╡⁸↓─ ─ ╛ ─ ╩∆╢√╘⌐ ╩ ─

⌐╟∫≡ ∫≡™╢≤ ∆╢⁹ 

   

-6.1.21 ≤ ─  

 

 

      

-6.1.22 ─  
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 Ⱳכꜞfi◓ⱴ◦fi♦כ♃≤ A─   

A♦כ♃─  

Ⱳכꜞfi◓ ⌐ ╠╣╢ ╩╙≤⌐ ⌂ ╩ ℮↓≤│⁸

⌂ ╩ ∆╢ ≢ ╘≡ ≢№╢⁹ ≢│↓╣╕≢⌐ ╠╣√Ⱳכꜞfi◓♦כ

♃─ ⌐ ╖⁸ ≢─ ≤─ ╙ ╕ⅎ√ ─ ⌐≈™≡

ⅎ╢⁹ ⌐ ♩fiⱠꜟ─ ⌐⅔™≡ ╙ ↕╣╢↓≤│⁸∕─ ⌐

⅜ ⅎ╠╣∏⁸ ⅝⌂ ⅜ ∆╢↓≤≢№╢⁹↓╣╩ ⌐ ←√╘⌐│⁸⌂╢═

ↄ ™ ≢ ⌐≈⌂⅜╢≤ ╦╣╢ ⌂ ╩ ∆╢↓≤⅜ ≢№╢⁹

⁸ ≤⇔≡™╢ Ⱳכꜞfi◓─ ⁸ ⌐ ⌂ ה ה ↕

╠⌐│ ≤™∫√ │ ⌐⅔™≡ ⌐ ─⧵⁹╢№≢♃כ♦╢╣╠ ⌐⁸

Ⱳכꜞfi◓⌐╟╢◖▪◘fiⱪꜞfi◓╩ ™⁸ ⅜ ∆╢↓≤≤⌂╡⁸↓╣

╠│♩fiⱠꜟ ⌐ ╠╣╢ ⌂ ≤⌂╢⁹∕↓≢╕∏⁸∆═≡─ Ⱳכꜞfi◓⌐

⅔↑╢ ─ ⅜ ∫≡™╢ ≤ A ≢ ↕╣╢ ≤ ─

⌐ ⇔≡ ⇔≡╖╢↓≤≤⇔√⁹ -6.1.4 ⌐ ∆≤⅔╡⁸ ♩fiⱠꜟ─ Ⱳכ

ꜞfi◓↔≤─ ─ ≢ ↕╣√ A ─ ⅛╠⁸ ⅔╟┘

─ ╩ ™╢↓≤≤⇔√⁹ ↕╣√ ╩ -6.1.5 ⌐ ⇔⁸↓╣╠⌐ ⇔≡

Ⱳכꜞfi◓ⱴ◦fi─ 4♃כ♦ ה ה ה ╩∕╣∙╣

№≡│╘≡™ↄ↓≤≤∆╢⁹⌂⅔⁸♩fiⱠꜟ ⌐ ╛ ─◘▬◒ꜟ♃▬ⱶ⌂≥

⌐ │№╢╙──⁸ ≤ ⅔╟┘ ≤─ ⌐╟╡ ™ ≤

╩ ∆╢ ≢⁸↓↓≢│ ⅎ≡∕╣╠─ ╩ ⇔≡ ∆╢↓≤≤⇔√⁹

│ ♩fiⱠꜟ≢ 63 ⁸ ♩fiⱠꜟ≢ 89 ⁸ ♩fiⱠꜟ≢ 110

≢№╢⁹ 

 

-6.1.4 A ⅛╠─ ─  

 
 

 

 

 

A B C D 1 2 3 4 5

1 8,151 -14.8 -13.6 -41.1 -27.6 -10.2 -12.0 -18.8 -8.3 -7.9

2 8,155 -17.3 -16.5 -40.0 -25.9 -21.6 -20.8 -17.4 -12.9 -13.2

3 8,161 -36.4 -21.7 -75.8 -33.3 -18.9 -28.3 -17.7 -11.2 -9.3

4 8,166 -32.6 -14.1 -60.5 -18.2 -18.4 -30.9 -9.3 -10.4 -4.4

-36.4 -21.7 -75.8 -33.3 -21.6 -30.9 -18.8 -12.9 -13.2

-75.8 -30.9

KB-12 01000

─ mm ─ mm

NO,
Br
No,
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-6.1.5 A ─  

 

 

  

KB-12 -75.8 -30.9 B-12 -54.8 -29.4 B-2 -68.4 -87.1

KB-13 -205.2 -97.4 B-13 -44.1 -24.7 B-3 -71.1 -79.3

KB-14 -172.2 -107.6 B-14 -39.6 -15.9 B-4 -71.5 -88.7

KB-15 -220.2 -116.0 B-15 -43.4 -16.5 B-5 -65.2 -49.8

KB-16 -162.1 -108.6 B-16 -42.0 -20.9 B-6 -57.9 -52.8

KB-17 -183.0 -121.8 B-17 -35.0 -16.4 B-7 -92.1 -85.6

KB-18 -291.0 -165.7 B-18 -34.1 -17.0 B-8 -116.4 -92.9

KB-19 -190.0 -170.0 B-19 -35.9 -10.2 B-9 -106.5 -80.4

KB-20 -188.6 -205.7 B-20 -52.2 -31.7 B-10 -90.3 -73.8

KB-21 -109.7 -87.6 B-11 -109.4 -97.5

KB-22 -208.4 -144.6 B-12 -71.4 -74.0

KB-23 -141.6 -113.6 B-13 -94.6 -95.7

KB-24 -204.9 -126.5 B-14 -89.2 -81.2

KB-25 -78.1 -81.0 B-15 -98.0 -101

KB-26 -71.0 -64.3 B-16 -40.5 -54.2

B-17 -16.5 -10.5

mm mmmm

Br
No,

Br
No, mm

Br
No, mm mm
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≤ A 

↓↓≢│ 3 ♩fiⱠꜟ∆═≡─ Ⱳכꜞfi◓⅛╠ ⌐ ∆╢ ⅔╟┘

╩ ∆╢⁹ ⌐ ⇔ -6.1.23≢│ ⁸ -6.1.24≢ ─ ╩ ∆⁹ 

⌐ ♩fiⱠꜟ≢│ ⅜ ↄ ⅔╟┘ ⅜ ⅝™⁸∕─ ⌐

♩fiⱠꜟ≢│ ⅜ ↄ ⅔╟┘ │ ↕ↄ⁸ ♩fiⱠꜟ≢│

─ ⌐ ∆╢↓≤≤⌂∫√⁹∕↓≢↓─3♩fiⱠꜟ ≢─ ╩ ╢√╘⁸

╩ ⇔√ ⅜ ─ ≢№╢⁹↓─ ─ │ ≢│ R2

0.4784⁸ ≢│R2 0.532≤⌂╡⁸ ™⌂⅜╠╙ ⅜ ╘╠╣√⁹∆⌂╦∟⁸

Ⱳכꜞfi◓─ ≢ ⅜ ↄ⌂╠↨╢╩ ⌂™ │⁸ ─ ⅜ ⅝ↄ⌂

╢ ⅜ ™↓≤╩ ⇔≡™╢⁹3♩fiⱠꜟ─ ⌐│ ─

⌂≥╙ ⇔≡╖√⅜⁹™∏╣─ ╙↓─ ╟╡╙ ↕ↄ⌂╡⁸⅔⅔╗⌡ ⅜

≢⅝╢╙─≤ ⅎ√⁹ 
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-6.1.23 ≤ ─♩fiⱠꜟ ≤  

 

 

-6.1.24 ≤ ─♩fiⱠꜟ ≤  
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≤ A 

↓↓≢│ 3 ♩fiⱠꜟ∆═≡─ Ⱳכꜞfi◓⅛╠ ⌐ ∆╢ ⅔╟┘

╩ ∆╢⁹ ⌐ ⇔ -6.1.25 ≢│ ⁸ -6.1.26 ≢ ─ ╩ ∆⁹ 

⌐ ♩fiⱠꜟ≢│ ⅜ ↄ ⅔╟┘ ⅜ ⅝ↄ⁸∕─ ⌐

♩fiⱠꜟ⅔╟┘ ♩fiⱠꜟ≢│ │ ↄ ⅔╟┘ │ ↕™⁹

─ ™ ♩fiⱠꜟ⅔╟┘ ♩fiⱠꜟ≢─ ≤ │ ≤╙

♩fiⱠꜟ─╒℮⅜ ↄ ∆╢ ⅜ ⅎ╢⁹∕↓≢↓─ 3 ♩fiⱠꜟ ≢─

╩ ╢√╘⁸ ╩ ⇔√ ⅜ ─ ≢№╢⁹↓─ ─ │

≢│R2 0.3807⁸ ≢│R2 0.2635≤⌂╡⁸↕╒≥─ │ ╘╠╣⌂™⁹ 
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-6.1.25 ≤ ─♩fiⱠꜟ ≤  

 

 

 
-6.1.26 ≤ ─♩fiⱠꜟ ≤  
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≤ A 

↓↓≢│ 3 ♩fiⱠꜟ∆═≡─ Ⱳכꜞfi◓⅛╠ ⌐ ∆╢ ⅔╟┘

╩ ∆╢⁹ ⌐ ⇔ -6.1.27≢│ ⁸ -6.1.28≢ ─ ╩

∆⁹ ⌐ ♩fiⱠꜟ≢│ ⅜ ↄ ⅔╟┘ ⅜ ⅝ↄ⁸∕─

⌐ ♩fiⱠꜟ≢│ ⅜ ↄ ⅔╟┘ │ ↕™⁹ ♩fiⱠ

ꜟ≢│ ─ ⌐ ∆╢↓≤≤⌂∫√⁹∕↓≢⁸↓─3♩fiⱠꜟ ≢─ ╩ ╢

√╘⁸ ╩ ⇔√ ⅜ ─ ≢№╢⁹↓─ ─ │ ≢│

R2 0.4368⁸ ≢│R2 0.4857≤⌂╡⁸ ™⌂⅜╠╙ ⅜ ╘╠╣√⁹∆⌂╦∟⁸

Ⱳכꜞfi◓─ ≢ ⅜ ↄ⌂╠↨╢╩ ⌂™ │⁸ ─ ⅜

⅝ↄ⌂╢ ⅜ ™↓≤╩ ⇔≡™╢⁹ 
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-6.1.27 ≤ ─♩fiⱠꜟ ≤  

 

 

 
-6.1.28 ≤ ─♩fiⱠꜟ ≤  
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≤ A 

↓↓≢│ 3 ♩fiⱠꜟ∆═≡─ Ⱳכꜞfi◓⅛╠ ⌐ ∆╢ ⅔╟┘

╩ ∆╢⁹ ⌐ ⇔ -6.1.29≢│ ⁸ -6.1.30≢ ─ ╩ ∆⁹ 

⌐ ♩fiⱠꜟ≢│ ⅜ ↄ ⅔╟┘ ⅜ ⅝™⁸∕─ ⌐

♩fiⱠꜟ≢│ ⅜ ↄ ⅔╟┘ │ ↕™⁹ ♩fiⱠꜟ≢│

─ ⌐ ∆╢↓≤≤⌂∫√⁹∕↓≢↓─3♩fiⱠꜟ ≢─ ╩ ╢√╘⁸

╩ ⇔√ ⅜ ─ ≢№╢⁹↓─ ─ │ ≢│ R2

0.1857⁸ ≢│ R2 0.1381 ≤⌂╡⁸╒≤╪≥ ⅜ ╘╠╣⌂⅛∫√⁹↓╣│

─ ⌐≈™≡ ≢─ ⌐╟╡ ⅜ ↕╣≡™╢↓≤⅛╠⁸ │

⌐⌂╠⌂™╙─≤ ↕╣╢⁹ 
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-6.1.29 ≤ ─♩fiⱠꜟ ≤  

 

 

 
-6.1.30 ≤ ─♩fiⱠꜟ ≤  
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 Ⱳכꜞfi◓ⱴ◦fi♦כ♃≤ B─   

B♦כ♃─  

 6-1-5- 1 ≢ ═√ ⅎ ≤ ⌐⁸↓↓≢│ B─ ╩ ╪∞ Ⱳכꜞfi

◓⌐⅔↑╢ ─ ⅜ ∫≡™╢ ≤ B ≢ ↕╣╢ ה

╪∑ה→ ⁸ ↑◖fi◒ꜞכ♩ ⁸꜡ ♇◒Ⱳꜟ♩ ≤─ ⌐ ⇔≡ ∆╢↓

─♃כ♦⁹√⇔≥≥ │⁸3♩fiⱠꜟ ⅔╟┘ ⌐⁸ ⌐ ↕╣√

╩ ≤⇔⁸ │ -4.4.2─ ─ ꜠ⱬꜟй 100 ─ ⅛╠ ℮

↓≤≤⇔√⁹ │ ♩fiⱠꜟ≢7 ⁸ ♩fiⱠꜟ≢4 ⁸ ♩fiⱠꜟ

≢4 ≢№╡⁸ ∆╢ │⁸ ♩fiⱠꜟ│ -5.1.22 -5.1.28⁸ ♩fi

Ⱡꜟ│ -5.2.15 -5.2.18⁸ ♩fiⱠꜟ│ -5.3.20 -5.3.23 ≢№╢⁹╕√⁸↓

╣╠3♩fiⱠꜟ─ B ≤ ꜠ⱬꜟй 100 ─ ╩≤╡╕≤╘√

⅜ -6.1.6≤⌂╢⁹ 

 

-6.1.6 3♩fiⱠꜟ─ B ≤ Ⱳכꜞfi◓No, 

 

→ ∑╪ → ∑╪

ừ ừ
268 131 41 69 27 52

ừ
248 52 23 57 63 38

86

ừ ừ
290 80 42 48 59 286 88 33 65

ừ ừ
359 99 46 21 65 187 38 22 14

ừ
233 73 58 15 24

ừ
172 48 45 42 55 2 10 17 29

95 17 8 28 22 8

73 14 8 36

ừ ừ
176 18 14 112

84 9 10 28

58 19 12 36 5

46 19 12 46 5

ừ
129 75 20 43 19

43 5 5 32 29

β   ꜠ⱬꜟй ⌐ ∆╢ ─ ⁷

♩
fi
Ⱡ
ꜟ

P 139,050B-16

♩
fi
Ⱡ
ꜟ

♩
fi
Ⱡ
ꜟ

♩
fi
Ⱡ
ꜟ

P 138,396B-5

P 138,689B-10

P 2,860.50B-17

P 138,210B-2

P 2,592.85B-15

P 2,802.50B-17

SP 8,574KB-26

P 2,367.50B-12

SP 8,506KB-22

SP 8,556KB-25

SP 8,268KB-16

SP 8,440KB-20

SP 8,174KB-13

SP 8,242KB-15

ừ 100 ⁸ 100 ⁸ ⁷ │ ⁸⁷⁷⁷│ ⌂⇔

Br

No,
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≤ B 

 Ⱳכꜞfi◓≢ ↕╣√ ≤ B ≢ ↕╣√ ─

─ ╩ ∆≤≤╙⌐⁸∕─ ⌐≈™≡ ⇔√╙─⅜ -6.1.31 ≢№╢⁹ ╩ ╢≤⁸

⅜ ™╒≥ ─ ⅜ ↄ⁸ ⅜ ™╒≥ ─

│ ™⁹∕─ ⌐ ∆╢ ⅜50m 85m≢│ ─ │ ™ ≤

⌂∫√⁹♩fiⱠꜟ ⌐ ∆╢≤⁸ ⅜ ™ ♩fiⱠꜟ≢│ ⅜

≢№╡⁸ ♩fiⱠꜟ≢│ │ ⁸↓─ ♩fiⱠꜟ─ ╡│╒╓ ∂

≢№╢↓≤⅛╠╖≡╙⁸ ─ ⌐╟╢ ⅜ ≡≤╣╢⁹ ♩fiⱠꜟ≢│

⅜ ⇔√ ♩fiⱠꜟ─ ⌐ ⇔⁸ │ ≢№∫≡

─ ↕⅛╠╙↓─ │ ™⌐ ↕╣╢≤↓╤≢№╢⁹ ≢│

♩fiⱠꜟ≤╒╓ ⌂ ≢№╢⅜⁸↓╣│ ╡╩ ♩fiⱠꜟ≤ ∆╢≤

≢№╢↓≤⅛╠╙ ≢⅝╢≤↓╤≢№╢⁹ 

╩ ╢≤⁸ R²│0.601≢№╡⁸ ╡ ∫≡ ≤ A⌐⅔↑╢ ╛⁸

R² -6.1.23⁸ -6.1.24 ╩ ∆╢≤⁸╛│╡ │ ─ ↕╩ ∆

⌂ ≢№╢≤ ⅎ╢⁹ 

 

 

-6.1.31 ≤ ─ ≤  
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≤ B 

Ⱳכꜞfi◓ⱴ◦fi─ ╠⅛♃כ♦ ╠╣√ ≤ B ≢ ↕╣√

─ ─ ╩ ∆≤≤╙⌐⁸∕─ ⌐≈™≡ ⇔√╙─⅜ -6.1.32≢№╢⁹

╩ ╢≤⁸ ⅜ ↄ ─ ╣⧵≥ⱪכꜟ◓™ ─ 2 ↕╣≡™╢↓

≤⅜╦⅛╢⁹ ⅜ ↄ ≢⅝√ ≢│⁸ ⌐⅛⅛╢ ⅜ ⌂ↄ⁸∕─ ⁸

♩fiⱠꜟ≢│ ╩ ↄ⇔≡ ↕╣√ ≢ ┼─ ⅜ ⅝ↄ⌂∫≡™

╢⁹↓╣│⁸ ╩ ↄ⇔≡™╢─│⁸ Ⱳכꜞfi◓─◖▪♅ꜙכⱩ⅜ ⅛╠─

╩ ↑╢↓≤⌐╟∫≡⁸ ╩ ∆╢√╘≤ ↕╣╢↓≤⅛╠⁸ ╩ ≤∆╢

≢│ ⅜⅛⅛╡╛∆ↄ⁸∕─ ⅜ ┼─ ∆╢↓≤⅜ ↕╣⁸

─ ⅜ ≤ ↕╣╢⁹ -6.1.32─ ╩ ╢≤⁸ R²│0.5049≢№╡⁸

ⱪ꜡♇♩ 1 ≢ ╣⅜ ⅝™╙─⅜№╡⌂⅜╠╙↓─ ≢№∫√⁹↓─ ╣√ 1 ╩

⇔√ ≢│ R2 │ 0.8921 ≤⌂╡⁸ ╡ ∫≡ ≤ A ⌐⅔↑╢ ╛

R² -6.1.25⁸ -6.1.26 ╩ ∆╢≤⁸╛│╡ ╙ ≤ ⌐ ─

↕╩ ∆ ⌂ ≢№╢≤ ⅎ╢⁹ 

 

 

-6.1.32 ≤ ─ ≤  
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≤ B 

Ⱳכꜞfi◓ⱴ◦fi─ ╠⅛♃כ♦ ╠╣√ ≤ B ≢ ↕╣√

─ ─ ╩ ∆≤≤╙⌐⁸∕─ ⌐≈™≡ ⇔√╙─⅜ -6.1.33≢

№╢⁹ 

╩ ╢≤⁸ ⅜ ↄ ─ ⅜ ™ ≤ ⅜ ↄ

─ ⅜ ™ ⌐ ⅛╣≡™╢↓≤⅜╦⅛╢⁹↓╣│ ─ 3 ≢ ⇔√

≤ B ⌐╟ↄ √ ╩ ⇔⁸ ⅛╠─ ⌐╟∫≡ Ⱳכꜞfi◓─◖▪♅ꜙכ

Ⱪ⌐ ⅜ ⅝⁸ ─ ╩ ™√╙─≤ ↕╣╢⁹∕─ ─ ™ ≢

─ │ ≢№╡⁸ ╡≤╙ ╕∫≡↓─╟℮⌂ ⌐⌂∫√╙─≤╙ ⅎ

╠╣╢⁹∕─ ≢│⁸ Ⱳכꜞfi◓─◔כ◦fi◓⌐ ⅜↕╒≥ ™≡™⌂™≤ ∆

╣┌⁸ ╩ →∏≤╙ ⅜ ╕╢↓≤│ ─ ≤⌂╢⁹╟∫≡ ╩ ⅎ╢

⌂╠┌⁸ ≤ ─ ╖ ╦∑≢⁸ ⅜ ↄ ⅜ ™≤⌂╣┌⁸ │

⅔─∏≤ ─ ╩ ∆╢↓≤⅜≢⅝╢⁹ 

╩ ╢≤⁸ R²│ 0.5 ≢№╡⁸↕╒≥ ↄ│⌂™ ≢№╢↓≤⅛╠╙⁸

╛ ≤ ⌐ ─ ↕╩ ∆ ⌂ ≢№╢≤ ⅎ╢⁹↓╣╠ ה ה

⌐╟∫≡ ─ ╩ ∆╢↓≤⅜≢⅝⁸ ≤⇔≡ ↕╣

╢ ─ ▪♇ⱪ⁸ ⅎ≡ ─ ⌂≥⁸ №≢♃כ♦╢⅝≢⌐

╢≤ ⅎ╢⁹ 

 

 
-6.1.33 ≤ ─ ≤  
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≤ B 

Ⱳכꜞfi◓ⱴ◦fi─ ≢♃כ♦ ╠╣√ ≤ B ≢ ↕╣√

─ ─ ╩ ∆≤≤╙⌐⁸∕─ ⌐≈™≡ ⇔√╙─⅜ -6.1.34≢№╢⁹ 

╩ ╢≤⁸ ⅝⌂ ╩ ∆╢↓≤│≢⅝⌂™⁹↓╣│ ⅜ ⌐ ⇔≡

∆╢↓≤⌐ ⅎ⁸ ─ │ 580rpm ╩ ─ ≤⇔≡ Ⱳכꜞfi◓╩ ⇔⁸

↓─ ─ ⌐≡ ╩ ≢⅝⌂™≤ ⇔√≤⅝⁸ Ⱳכꜞfi◓╩ ∆╢≤

─↓≤⅜ Ⱳכꜞfi◓╩ ∆╢ ⅛╠─ⱥ▪ꜞfi◓≢ ≢⅝√⁹↓─ ╙№∫≡

⅛╠╙ │ ╘╠╣⌂™⁹╟∫≡ ≢ ╠⅛─ ╩∆╢↓≤│≢⅝⌂™≤

ⅎ╢⁹ 

 

 

-6.1.34 ≤ ─ ≤  
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 ≤ A─   

⇔√ Ⱳכꜞfi◓ⱴ◦fi─ ╠⅛♃כ♦ ╠╣√ ⌂╠┘⌐ ≤

A ⌐№╢ ─ ⅜ ≢⅝√↓≤⅛╠⁸ ⌐⅔™≡│ ⅔╟┘

─ ≤ A ⌐⅔™≡╙ ⅜№╢╙─≤ ⅎ√⁹∕↓≢ 6-1-4 ≤ ⌂

≢ ⅔╟┘ ≤ A ─ ⅔╟┘ ─ ╩ ⇔⁸

╩ ╘╢↓≤≤⇔√⁹ 

 

≤ A 

↓↓≢│ 3 ♩fiⱠꜟ∆═≡─ ⌐ ∆╢ ⅔╟┘ ╩ ∆╢⁹

⌐ ⇔ -6.1.35≢│ ⁸ -6.1.36≢ ─ ╩ ∆≤≤╙⌐⁸∕─

⌐≈™≡╙ ⌐ ∆⁹ ⌐ ♩fiⱠꜟ≢│ ─ ⅜⌂ↄ ⅜ ⇔⌂™

≢ ⅔╟┘ ─⅜ ⅝ↄ⁸∕─ ⌐ ♩fiⱠꜟ╛ ♩fiⱠꜟ≢

│ ⅜ ⇔⁸ ⅔╟┘ │ ↕™⁹ ⌐⁸ ♩fiⱠꜟ≢│

│∆═≡ 20 ╩ ⇔≡™╢ ⌐ ⅔╟┘ ≤╙⌐ 50mm ≢─ ≢

╕∫≡™╢↓≤⅜╦⅛╢⁹ ╩ ╢≤ │ ≢│R2 0.396⁸ ≢

│ R2 0.3989 ≤⌂∫√⁹ ⇔≡ ↄ⌂™ ≢№╢╙──⁸ ─ ≤

-6.1.23⁸R2 0.4784 ⅔╟┘ ≤ -6.1.27⁸R2 0.4368 ─

╟╡╙╛╛ ⇔√↓≤⌐⌂╢⁹∕─ ≤⇔≡⁸ ⌐ ♩fiⱠꜟ⌐ ↄ ╠╣╢

0 ⅜♃כ♦─ ↄ ⇔⁸∕─ ─ ⅔╟┘ ─┌╠≈⅝⅜ ⅝™↓≤

⌐№╢─≢│⌂™⅛≤ ⅎ√⁹∕↓≢⁸ 0 ╩♃כ♦╢⌂≥ ™≡ ∂ ╩ ╖√⁹ 

╩ -6.1.37⅔╟┘ -6.1.38⌐ ∆⁹∕─ ⁸ R²│0.6578╕≢ ⅜╢

↓≤≤⌂╡⁸⅛⌂╡ ™ ⅜ ╘╠╣╢↓≤≤⌂∫√⁹∆⌂╦∟⁸ │∕─ ─

─ ╩ ∆╢ ≢ ⌐ ⌂ ≢№╢≤ ⌐⁸ ⅜ 20 ╩

╢╟℮⌐⌂╢≤ ─ ⅜ ⌂╒≥⌐┌╠≈⅝⅜ ⅝ↄ⌂╢≤ ⅎ╢⁹⇔√⅜

∫≡⁸ Ⱳכꜞfi◓ ─◖▪◘fiⱪꜟ⅛╠ ╩ ⇔⁸20 ≢№╣┌ ⌡

100mm ─ ≤⌂╢↓≤⅜ ↕╣╢⁹ ⁸∕╣╟╡╙ ↕⌂ ≢№∫√

│⁸100mm╩ ⅎ╢ ⅜ ∆╢ ⅜№╢≤≤╙⌐⁸∕─ ╩ ╘ ∆

╢↓≤│ ╘≡ ⌐⌂╢≤ ⅎ⁸ ≢─ ⌐⅔™≡ ⌂ ─ ≈⌐⌂╡℮

╢╙─≤ ⅎ╢⁹ 
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-6.1.35 ≤ ─♩fiⱠꜟ ≤  

 

 

 

-6.1.36 ≤ ─♩fiⱠꜟ ≤  
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  -6.1.37 ≤ ─ ≤ ₒ 0 ╩ ↄₓ 

 

 

 
  -6.1.38 ≤ ─ ≤ ₒ 0 ╩ ↄₓ 
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≤ A 

↓↓≢│ 3 ♩fiⱠꜟ∆═≡─ ⌐ ∆╢ ⅔╟┘ ╩ ∆╢⁹

⌐ ⇔ -6.1.39≢│ ⁸ -6.1.40≢ ─ ╩ ∆≤≤╙⌐⁸∕─

⌐≈™≡╙ ⌐ ∆⁹ ⌐│ ─ ⅜ 3 ♩fiⱠꜟ≤╙ ⌐╦√∫≡™

⌂⅜╠⁸ │ ─ ╩ ∫≡™╢╟℮⌐ ⅎ╢⁹ ♩fiⱠꜟ≢│ 180mm

─ ⁸ ♩fiⱠꜟ≢│ 90mm ─ ⁸ ♩fiⱠꜟ≢│ 40mm ⌐

⇔≡™╢─⅜╦⅛╢⁹↓─ ⅛╠⁸ │№╕╡ ╡ √⌂™↓≤│ ≢⅝╢⁹ 
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-6.1.39 ≤ ─♩fiⱠꜟ ≤  

 

 

 
 

-6.1.40 ≤ ─♩fiⱠꜟ ≤  
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≤ A 

↓↓≢│ 3 ♩fiⱠꜟ∆═≡─ ⌐ ∆╢ ⅔╟┘ ╩ ∆╢⁹

⌐ ⇔ -6.1.41≢│ ⁸ -6.1.42≢ ─ ╩ ∆≤≤╙⌐⁸∕─

⌐≈™≡ ⌐ ∆⁹↓↓≢│ 1 ≢ ⇔√ ≤ A─ ⌐⅔™≡⁸

0 ╩♃כ♦╢⌂≥ ↄ≤⁸ ≤ ─ ⌐│ ™ ⅜ ╘╠╣

√√╘⁸ ≤│ ─ ⌐№╢ ≤ ─ ⌐╙ ⅜№╢─≢│

⌂™⅛≤ ⅎ ╩ ∫√⁹↓─ ─ R²│0.2954≢№∫√⁹↓─ ⅛╠╙ ╠

⅛⌂╟℮⌐⁸ ╒≥⌐│ ™ ⅜ ╠╣∏⁸ 0 ╩♃כ♦─ ™≡ ╩

╘√─≤ ⁸ 0 ─╙─╩ ™√ ─ ⌐≈™≡ ╩ ∫≡╙⁸

R²│ ≢ 0.3244 -6.1.43 ⁸ ≢ 0.3517 -6.1.44 ≢№∫√⁹╕

√⁸ ≤─ ⅛╠ ↕╣√ 0 ╩↑∞♃כ♦─ ∫≡ ≤

≤─ ╙ ╘≡╖√⅜⁸ ™ ⅜ ╘╠╣╢ ≤│⌂╠⌂⅛∫√⁹ ─

⅛╠⁸ ⅜ 20 ╩ ╠⌂™ ≢│ ⌡ ─ ⅜ ≢│№

╢╙──⁸∕╣╩ ╢ ─ │┌╠≈⅝╙ ↄ⁸ ∆╢↓≤⅜ ⇔™≤ ⅎ

╠╣╢⁹↓╣│⁸ Ⱳכꜞfi◓ ─ ⌂ ≤┌╠≈⅝─ ≤╙ ⇔≡™╢╙

─≤ ↕╣╢⁹ 
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-6.1.41 ≤ ─♩fiⱠꜟ ≤  

 

 

 

-6.1.42 ≤ ─♩fiⱠꜟ ≤  
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-6.1.43 ≤ ─ ≤ ₒ 0 ╩ ↄₓ 

 

 

 
-6.1.44 ≤ ─ ≤ ₒ 0 ╩ ↄₓ 
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 ≤ B─   

 ⇔√ Ⱳכꜞfi◓ⱴ◦fi─ ╠⅛♃כ♦ ╠╣√ ⌂╠┘⌐ ≤

A ⅔╟┘ ≤ A ─ ⅔╟┘ ⌐≡╙⁸№╢

─ ⅜ ≢⅝√↓≤⅛╠⁸ ⌐⅔™≡│ ≤ B─ ה

↑◖fi◒ꜞה♩כ꜡♇◒Ⱳꜟ♩┼─ ⅔╟┘ ⌐⅔™≡╙ ⅜№╢╙─≤

ⅎ√⁹∕↓≢↓╣╕≢≤ ⌂ ⅎ ≢ ⌐ ∆╢ B ≢ ╠╣√

⅔╟┘ ⅛╠ ╩ ∆╢↓≤≤⇔√⁹ 

 

≤ B 

 ♩fiⱠꜟ ─ B ↔≤⌐ ≤∕─ ⁸∕⇔≡⁸ B ≢ ↕╣√

≢─ ה ╪∑ה→ ⁸ ↑◖fi◒ꜞכ♩ ⁸꜡♇◒Ⱳꜟ♩ ─

╩ -6.1.7 -6.1.9≢ ⇔⁸↓╣╩ ⌐ -6.1.10⌐≡ ─ ה

ה ⌐ ╩⇔≡™╢⁹♩fiⱠꜟ ─ -6.1.7 -6.1.9 ─ ≥↓╤⌐≈

™≡│ ⌐ ♩fiⱠꜟ│ -5.1.22 -5.1.28⁸ ♩fiⱠꜟ│ -5.2.15 -

5.2.18⁸ ♩fiⱠꜟ│ -5.3.20 -5.3.23 ╩ ↕╣√™⁹ ╘≡ ═╢⅜♩fiⱠ

ꜟ ─ │⁸ ♩fiⱠꜟ│ ⁸ ♩fiⱠꜟ│ ⁸ ♩

fiⱠꜟ│ ≢№╢⁹ 

-6.1.7 -6.1.9 ≢ ↕╣√ ─ ╩  ⌐ ⇔⁸∕─

≢100 ╩ ∆╢╙─⌐ ⇔≡ừ≢ ⇔≡™╢⁹↓─ừ⌐ ∆╢≤ ♩fiⱠꜟ⌐≡

ↄ─ừ⅜ ∆╢⁹ ⌐ ∆═⅝│⁸↓─ ♩fiⱠꜟ⌐⅔↑╢ ≢│

↕╣√ ⌐⅔™≡ ⅜100 ╩ ⇔⁸↓╣⌐ ⅎ≡ ─

≢╙3 2 ≢ ⅜100 ╩ ⇔≡™╢⁹ ─ ♩fiⱠꜟ╛

♩fiⱠꜟ≢╙ ─ ≢ ⅜ 100 ╩ ⇔≡™╢─╩ ≢⅝

╢⅜⁸100 ─ │ 100 ⌐ ⇔⁸ ♩fiⱠꜟ─ 100 ─ │╒≤╪≥⅜

200 ╩ ⇔≡™╢⁹↓╣╠⅛╠ ≢ ╠⅛─ ⅜№╢╙─⁸∆⌂╦∟

⌂ ≢№╣┌ ⌐ ↕╣╢ ⅜ ⅝ↄ⌂╢≤─ ─╙≤⁸♩fiⱠ

ꜟ ≢╕≤╘≡™√ -6.1.7 -6.1.9╩ ⌐ -6.1.10≢ ⇔√⁹ ה

ה ≢─ ≢│ ⌐ ≤ ⌐ ⅜ ╢↓≤⅜╦⅛╢╙──⁸

≤ ⌐⅔™≡ ╠⅛─ ⌐╟╢ │ ╘╠╣⌂™⁹↓╣╠─ ╩ -6.1.45

⌐╕≤╘√⅜⁸↓─ ⅛╠╙ ─ ╡│ ⌐ ∆╢↓≤│≢⅝⌂⅛∫√⁹⇔⅛⇔

⌂⅜╠ -6.1.10≢ ⌐№╢ ♩fiⱠꜟ≢─ ⁸™╦╝╢ ♩fiⱠꜟ⌐⅔↑╢

─ ↕⌐ ⇔√⁹╕∏ 1 ≈ │ ♩fiⱠꜟ SP 8,174 ╩ ╪∞ Ⱳכ

ꜞfi◓ No,13 ⌐⅔↑╢ 100%≢№╢⁹↓↓≢│ ⅜ 100 ≢№╡⁸ ↕─

╩ ⅎ╣┌0 ≤⌂╢⅜⁸ ─ │268 ≢№╡⁸

⅜ ™ ⅜ ™│ ⇔⌂™⁹ 
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™≡ 2 ≈ │ ♩fiⱠꜟ SP 8,242 ╩ ╪∞ Ⱳכꜞfi◓ No,15 ⌐⅔↑╢

56%⁸SP 8,268 ╩ ╪∞ Ⱳכꜞfi◓No,16⌐⅔↑╢ 63%⁸SP 8,440

╩ ╪∞ Ⱳכꜞfi◓ No,20 ⌐⅔↑╢ 57%≢№╡⁸3 ≤╙ ╩

50 ⌐⌂╢↓≤⅛╠ ≤ ↕╣≡™╢⁹∕⇔≡↓─ 3 ⌐⅔↑╢

─ │ ⌐ 248 ה 290ה⇔⌂ ≢№╡⁸↓↓≢╙ ⅜ ™

⅜ ™│ ⇔⌂™↓≤≤⌂╢⅜⁸ ∆═⅝│ ─ ↕≢№╢≤

ⅎ√⁹ ⇔√ ♩fiⱠꜟ≢─ Ⱳכꜞfi◓ 3 ≢│⁸ ─ │ ╘╠╣≡⅔╠

∏⁸ ─ ↕≤⌂╢ │ -5.1.12 ⌐╙ ∆≤⅔╡⁸∕╣∙╣ ⌐ 44 ⁸

37 ⁸43 ≢№╢⁹↓↓≢6-1-7 1 ≢ ⅜20 ╡─ ⌐≈™≡ ∆╢⁹₈

│∕─ ─ ─ ╩ ∆╢ ≢ ⌐ ⌂ ≢№╢≤ ⌐⁸

⅜ 20 ╩ ╢╟℮⌐⌂╢≤ ─ ⅜ ⌂╒≥⌐┌╠≈⅝⅜ ⅝ↄ⌂╢

≤ ⅎ╢₉⁹↓─↓≤⅛╠╙ -6.1.10⅛╠ ≤⇔≡ ⇔≡⅝√≤↓╤≢№╢⅜⁸

≢─ ⁸ ™ ⅎ╢≤ ─ ⅝↕⅛╠ ⅎ┌⁸ ─

20 ╩ ≢ ∆╢↓≤⅜ ≤ ⅎ╢⁹ 

-6.1.46⅔╟┘ -6.1.47│⁸ -6.1.7 -6.1.9─ ⅛╠♩fiⱠꜟ ⁸

⌐ ⅎ╢ ≤⇔≡ ⇔√╙─≢№╡⁸↓─ ⌐╟∫≡ ⅎ√╙─⅜2≈№╢⁹1≈ │

↑◖fi◒ꜞכ♩─ ⁸2≈ ⌐│꜡♇◒Ⱳꜟ♩─ ≢№╢⁹↓─2≈│

⌐ ⅜ ⅝ↄ⌂™╟℮⌐ ∂╠╣╢⁹ ⌐꜡♇◒Ⱳꜟ♩ ─ ⌐ ⇔≡│⁸

♩fiⱠꜟ≢│22 ⁸ ♩fiⱠꜟ≢│15 ≤ ↕⌂ ≢№∫√⁹↓╣╠┼─

⌐ ⇔≡│ ⇔↕│№╢╙──⁸1≈─ ⅎ ≤⇔≡ ♩fiⱠꜟ⌐⅔↑╢ ─

⁸™╦╝╢ ╩ ⇔√≤⅝⁸ ⌐⅛⅛╢ │ ⌐ ↕╣╢↓≤⅛

╠⁸ ─ ⌂ꜞfi◓ ─ ╩ ≤ ⅎ╢⌂╠┌⁸꜡ ♇◒Ⱳꜟ♩ ─◘▬◒

ꜟ♃▬ⱶ ╩ꜞfi◓ ─ ⌐ ≡√╒℮⅜ ≢│⌂™⅛≤™℮╙─≢№╢⁹╕

√꜡♇◒Ⱳꜟ♩ ≢│ ≢│ ⌐ ╩ ∆╢⅜⁸↓─ ⅜ ⌐

⇔≡ ╩ ╓∆ ╙№╢↓≤╩ ⅎ╣┌⌂⅔↕╠≢№╢⁹ 
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-6.1.7 ♩fiⱠꜟ B─ 100 ⅎ≤ 

 

-6.1.8 ♩fiⱠꜟ B─ 100 ⅎ≤ 

 

-6.1.9 ♩fiⱠꜟ B─ 100 ⅎ≤  

 

♩fiⱠꜟ

↑ ↑

→ ∑╪ → ∑╪

ừ ừ
100 268 131 41 69 27 52

ừ
56 248 52 23 57 63 38

63 86

ừ ừ
57 290 80 42 48 59 286 88 33 65

ừ ừ
67 359 99 46 21 65 187 38 22 14

ừ
66 233 73 58 15 24

ừ
67 172 48 45 42 55 2 10 17 29

245 81 43 42 54

8,268

8,440

���Ë

SP

SP

SP

SP

SP

ừ 100 ⁸ 100 ⁸ ⁷ │ ⁸⁷⁷⁷│ ⌂⇔

≤

8,506

8,556

8,574

8,174

8,242

SP

SP

♩fiⱠꜟ

↑ ↑

→ ∑╪ → ∑╪

74 95 17 8 28 22 8

67 73 14 8 36

ừ ừ
78 176 18 14 112

78 84 9 10 28

107 15 10 51 22

ừ 100 ⁸ 100 ⁸ ⁷ │ ⁸⁷⁷⁷│ ⌂⇔

≤

P 2,802.50

���Ë

P 2,860.50

P 2,367.50

P 2,592.85

♩fiⱠꜟ

↑ ↑

→ ∑╪ → ∑╪

64 58 19 12 36 5

52 46 19 12 46 5

ừ
85 129 75 20 43 19

76 43 5 5 32 29

78 30 12 37 15

ừ 100 ⁸ 100 ⁸ ⁷ │ ⁸⁷⁷⁷│ ⌂⇔

≤

P 139,050

P 138,396

P 138,689

���Ë

P 138,210
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-6.1.10 3♩fiⱠꜟ  B─ 100 ⅎ≤ 

 

         
   -6.1.45 ≤  

↑ ↑

→ ∑╪ → ∑╪

73 14 8 36

ừ ừ
176 18 14 112

84 9 10 28

ừ ừ
268 131 41 69 27 52

ừ
248 52 23 57 63 38

86

ừ ừ
290 80 42 48 59 286 88 33 65

95 17 8 28 22 8

ừ
129 75 20 43 19

43 5 5 32 29

ừ ừ
359 99 46 21 65 187 38 22 14

ừ
233 73 58 15 24

ừ
172 48 45 42 55 2 10 17 29

58 19 12 36 5

46 19 12 46 5

8,174

SP 8,242

P 2,860.50

P 2,592.85

P 2,802.50

SP

8,556

SP 8,268

SP 8,440

P 2,367.50

SP 8,506

P 138,396

P 138,689

P 139,050

P 138,210

SP 8,574

SP

♩fi
Ⱡꜟ

52

76

67

66

ừ 100 ⁸ 100 ⁸ ⁷ │ ⁸⁷⁷⁷│ ⌂⇔

67

78

78

67

64

100

56

63

57

74

85
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-6.1.46 ♩fiⱠꜟ ─  

 

 

 

-6.1.47 B ─  
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 ⌐ ∆╢   

≤ ╣ 

↓↓╕≢ ≡⅝√╟℮⌐⁸ Ⱳכꜞfi◓⅛╠ ─♃כ♦╢╣╠ ≢╙⁸ │└≤≈

─ ≤⌂╢ 20 ╩ ⅎ√ ⌐⅔™≡⁸ ─ ⌐ ≈↓≤⅜ ⇔√⁹

⌐⅔™≡│⁸ ─ ╩ ╘⌂⅜╠ ╩ ╘╢√╘⁸ ⅛╠ ╛

∕─ ─ ╣╕≢ ≢⅝╢╟℮⌐⌂╣┌⁸ ⌐╙ ™⌐ ≈ ⌐⌂╢⁹∕

↓≢⁸ ⅜ ⇔⁸⅛≈ ≢ ⅜ ⇔√ ♩fiⱠꜟ≤ ♩fiⱠꜟ

─ A ⅛╠ ⅔╟┘ ─ ╣╩ ∆╢↓≤≤⇔√⁹⌂⅔⁸

♩fiⱠꜟ≢│ ≢ ─ ⅜ ╘╠╣√ │ ⅜ ⌐ ⌂™↓≤⅛╠⁸

↓↓≢│ ⇔⌂™⁹2≈─♩fiⱠꜟ─ ╩ -6.1.48⌐ ∆⁹ 

A ─ ⅛╠ ╕≢─ │⁸ ♩fiⱠꜟ≢│ 69 ⁸

♩fiⱠꜟ≢│ 93 ⁸╕√⁸ ─ ╣│ ♩fiⱠꜟ≢│ 70m⁸

♩fiⱠꜟ≢│ 103m≢№╡ ─ ╣╩ D≢ ⇔≡

∆╢≤ ₁ 5.3D⁸ 9.4D≤⌂∫≡™╢⁹ -6.1.48╩ ╢≤⁸ ♩fiⱠꜟ│

⅜ ™∑™⅛⁸◘fiⱪꜟ 83∆═≡⌐⅔™≡ ⅜ 70 ⁸ ╣⅜ 70m

⌐ ∆╢⁹ ⁸ ♩fiⱠꜟ≢│⁸ ⅔╟┘ ╣≤╙⌐┌╠≈⅝⅜

⅝™↓≤⅜╦⅛╢⁹ 

 

 

-6-1-48 ─ ≤ ─ ╣ 

 

0

20

40

60

80

100

120

140

160

180

200

0 50 100 150 200

─
╣

m

─

♩fiⱠꜟ 58 ♩fiⱠꜟ 31
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∕↓≢ ♩fiⱠꜟ─ Ⱳכꜞfi◓ ⌐ ⇔√ ╩⁸ A ≤ ╠⇔

╦∑⁸ ⌐ ≤ ╣⌐ ↑⇔≡ ∆╢↓≤≤⇔√⁹ ♩fiⱠ

ꜟ─ Ⱳכꜞfi◓│ 16 ≤⌂∫≡⅔╡⁸1 №√╡─ │66m⁸ │

31 Ⱳכꜞfi◓ ─ │2 58 ≢№╢  

─ ╩ 0 19 20ה 49 50ה 100 ≤⇔√⅜⁸↓╣│ ─

⌐⅔™≡ 20 ⅜ ─ ╩ ↑╢ ≤⌂╢√╘≢№╢⁹ ⱪכꜟ◓╩

Gr. ⌐ ↑⇔√ ╩ -6.1.11⌐ ∆⁹ 

↓─ ⌐│⁸ Gr.↔≤─ ╕≢─ ≤ ╙ ╦∑≡ ⇔√⁹↓─

─ ⅛╠⁸ ⅜ ™Gr. c ≢│ ⅜ ↄ⁸ ⅜ ™Gr. a

≢│ Gr. c ≤│ ⌐ │ ™ ╩ ∆⁹╕√⁸Gr. b │ Gr. a ≤ Gr. c

─ №√╡⌐ ∆╢↓≤⅛╠⁸ ≤ ≤ ⌐│ ⅜№╢╙─≤ ↕

╣╢⁹≈╕╡⁸ ⅜╦⅛∫√ ≢⁸ ─ ⅜╦⅛╢≤ ⌐⁸∕─ ─

╣╙№╢ ≢⅝╢≤ ⅎ√⁹ 

 

-6.1.11 Gr↔≤─ ≤ 

         

∕↓≢⁸↓─ ↑⌐ ≠™≡ ≤ ╣─ ╩ ⇔√╙─⅜ -6.1.49≢№

╢⁹↓─ ⌐⅔™≡╙⁸ ≤ ─ ⌐ ⇔√ ⅜ ╠╣⁸ ⅜ ™Gr.

c ≢│ ╣⅜ ↄ⁸ ⅜ ™ Gr. a ≢│ ╣⅜ ™ ╩ ⇔≡™╢⁹

↓╣╠╟╡⁸ ≤ ╣─ ⌐╙ ─ ⅜№╢↓≤⅜ ↕╣√⁹ -6.1.11

⌂╠┘⌐ -6.1.49⅛╠ ∆╢≤⁸ ⅜50 ─Gr. c ─ ⁸ │76.1

≤ ™ ⁸∕─ ╙ 17.1 ⁸ ╣─ │ 105.5m ≤⌂╢⁹Gr. b ─

╙⁸ ⅜97.0 ≢№╡⁸ ╙30.3 ⁸ ╣─ │104.3m⌐ ╕

╢√╘⁸ ╕≢─ │№╢ ⁸ ≢⅝╢╙─≤ ⅎ√⁹↓╣⌐ ⇔⁸

─ ≤⇔≡ ™√ 20 ─Gr. a ⌐⌂╢≤⁸ ⅜118.5 ≤ ⅝™ ⌐

∕─ ╙ 38.7 ≤ ⅝ↄ⁸ ╣─ ╙ 120m ╩ ⅎ⁸ ╕≢─ ⅜ ╘

≡ ⇔⌐ↄↄ⌂╢↓≤⅜╦⅛╢⁹ 

 

 

Gr. a Gr. b Gr. c

0 19 20 49 50

◘fiⱪꜟ 30 64 16

118.5 97.0 76.1

38.7 30.3 17.1

Gr.
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-6.1.49 ─ ≤ ╣ 

 

↓╣╠─ Gr.⌐ ⇔⁸ ╩ ⇔√ ─ ≤ ╩ -

6.1.50⅔╟┘ -6.1.51⌐ ∆⁹ -6.1.50⌐⅔™≡│ 80 ≤95 ─ ╙

╦∑≡ ⇔√⁹ 

↓╣╠─ ╟╡⁸ ⅜50 ╩ ⅎ╢╟℮⌂ │⁸ 95 ╩ ∫≡╙ ╕

≢─ │⅔⅔╗⌡ 100 ≢ ╗↓≤⅜╦⅛╢⁹ ⌐ ⅜ 20 49 ─ ≢╙

140 ╩ ⅎ╣┌⁸⅔⅔╗⌡ ∆╢≤ ⅎ╠╣╢⁹⇔⅛⇔⁸ ⅜ ™Gr. a ─

⁸∕─┌╠≈⅝⅜ ⌐ ⅝ↄ⌂╢√╘⁸ 80 ╩ ∫≡╙ 150 ™

╩ ⇔⌂↑╣┌⌂╠⌂™≤ ⅎ╠╣╢⁹↓╣│ ─ ≤™℮ ─╖⌂

╠∏ ╙ ╘√ ─ ⅛╠╙ ⅝⌂ ⌐⌂╢ ⅜№╢↓≤╩ ⇔

≡™╢⁹ 

 

 

 

 

 

 

 

 

0

50

100

150

200

250

300

0 50 100 150 200 250 300

─
╣

m

─

Gr. a 0 19Gr. b 20 49Gr. c 50 100
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─≥↔כꜞ◗♥◌ 6.1.50-   

 

      
─≥↔כꜞ◗♥◌ 6.1.51-  

 

↓╣╠─ ╩ ↑≡ ─♃כ♦─ ≤⌂∫≡™╢ 3 ♩fiⱠꜟ─ ⌂ A

─ ╩ -6.1.52⌐ ∆⁹ ♩fiⱠꜟ⅔╟┘ ♩fiⱠꜟ≢│ ⌐№╢

─≤↓╤≢ ∆╢↓≤│ ≢⅝√⅜⁸╒╓∆═≡─Ⱳכꜞfi◓♦כ♃≢ ⅜

20 ╩ ╢ ♩fiⱠꜟ≢│⁸ ≤≤╙⌐ │ ∆╢ ╙ ╠╣⁸

╣⅜300m⌐ ⇔≡╙ ⅜ ╕╠⌂™ ⅜ ╠╣√⁹ 

0.0000

0.1000

0.2000

0.3000

0.4000

0.5000

0.6000

0.7000

0.8000

0.9000

1.0000

0 50 100 150 200 250 300

( )

Gr. a

Gr. b

Gr. c

95%

80%

0.0000

0.0050
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-6.1.52 ≤ ╕≢─ ▬ⱷכ☺ 

 

─  

↓╣╕≢ 3 ♩fiⱠꜟ─ ╩ ⇔≡⅝√⅜⁸↓╣╠ ╩ ℮

⅛╠ ∆╢√╘⁸ ─♩fiⱠꜟ─ ≤ ∆╢↓≤≤⇔√⁹ ╠⌐

╟╢♩fiⱠꜟ ─ ⌐ ∆╢ 41)≢│⁸↓╣╕≢⌐ ⅜ ⇔√

♩fiⱠꜟ ⌐⅔↑╢ ≡⇔≥♃כ♦ ∆╢ 57 ♩fiⱠꜟ⁸ 70.7km ╩ ≤⇔

√ ─ ⅛╠⁸ ⌂╠┘⌐ Ɽ♃כfi ─ ⅜ ↕╣≡™

╢⁹↓╣╩ ⇔ -6.1.53⌐ ∆⁹ Ɽ♃כfi ─ ≢│⁸ ⅜Cз 47

⁸Cи 68 ⁸Dз 85 ⁸Dи 106 ≤⌂∫≡⅔╡⁸ ─ ╝ⅎ⌐ ⌂

Ɽ♃כfi╩ ⇔√ ⌐│⁸ ─ ⅜ ⌐ ╖ ╣╢⁹ 

↓─ ╩ ╕ⅎ≡ ≢─ -6.1.50 ⌐⅔↑╢ 0.95 ⌐ ∆╢ ╩

≡╖╢≤⁸ ─ ™ ⌐Gr.(c)≢│ 100 , Gr.(b)≢│ 140 ⁸ Gr.(a)≢│

180 ≤⌂∫≡⅔╡⁸Dи╟╡╙ ⌂ Ɽ♃כfi⅜ ↕╣╢↓≤─ ™ ♩fiⱠ

ꜟ╩ ≤⇔√ │⁸↓─ ≤╙ ™ ╩ ⇔≡™╢≤ ⅎ╢⁹╕

√⁸ ⅎ≡ ╛ ─◘▬◒ꜟ♃▬ⱶ≤™∫√♩fiⱠꜟ ─ │ ∑∏⌐

╩ ∫√⅜⁸↓╣╠─ ╩ ∑∏≤╙ ─ ─ ╩ ∑√

↓≤│⁸ ─ ⅝⌂ ─ ≈≢№╢≤ ⅎ╢⁹↓─╟℮⌂ ─ │
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─ ╛ ─ ⌐ ∆╢ ⁸↕╠⌐│ ™ ⇔⌐╟╢

─ ⌐╙≈⌂⅜╡⅛⌡⌂™↓≤⅛╠⁸ ─ ⌐≈⌂⅜╢

│⁸ ♩fiⱠꜟ─ ⅝╦╘≡ ⌂ ⌐⌂╡℮╢╙─≤ ⅎ╢⁹ 

             

-6.1.53 Ɽ♃כfi ─  

41╟╡  

 

 

 ╕≤╘ 

 ─ ⁸ Ⱳכꜞfi◓─ ⅔╟┘ ─♃כ♦ │ ⌐  

≢№╢≤ ≢⅝╢⁹↓╣╠─ ⅛╠ Ⱳכꜞfi◓─ ⅜ 50m ⅔╟┘

⅜ 20 ≤⌂∫√ ⌐│⁸ ─Ᵽꜝ♠◐⅜ ⅝ↄ⌂╢↓≤⁹ ⅎ≡↓╣╠─

Ɽꜝⱷכ♃╩ ™≡⁸ √⌂ ≤⇔≡⁸₈ KK ₉≤⇔≡ ╩ ⇔√⁹

↓─ ─ ⌐╟╡⁸ ⌐ ∆╢ ─Ɽ♃כfi ╩ ≢⅝╢

⅜ ⅝™≤ ⅎ╠╣╢⁹ 

≤↓╣⌐ ℮ ╣⌐≈™≡│⁸ ⅜ ™≤⁸ ╕≢─ ⅔

╟┘ ╣│ ™↓≤⅜ ≢⅝√⁹ 

 ↓╣╠─ ⅛╠ Ⱳכꜞfi◓♦⁸│♃כ♩fiⱠꜟ ─ ה ─

≢ ⌂ ≤⌂╡℮╢↓≤⅜ ↕╣√⁹ 
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♩fiⱠꜟ ⌐⅔↑╢ Ⱳכꜞfi◓ ᵓ 
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 ╕≤╘ 

 ≢│⁸ Ⱳכꜞfi◓ ⌐ ╠╣╢ ≤ A ⅔╟┘ B ≢─

╩╙≤⌐⁸ ♩fiⱠꜟ ⌐ ─♃כ♦╢⅝≢ ╩ ∫≡⅝√⁹∕─ ⁸

Ⱳכꜞfi◓ ⌐ ╠╣╢ ⅛╠│⁸Ⱳכꜞfi◓ⱴ◦fi─ ╩ →≡╙ ⅜

╖⌐ↄ™ ⅜ ∆╢↓≤⅜ ╠⅛≤⌂╡⁸∕─ ≤⇔≡ ⅜ ↄ⌂╢ ⅜

↕╣√⁹↓╣⌐│ ─ ⌐╟╢⁸™╦╝╢ ─ ≤ ⌂ ⌐№╢≤

ⅎ╠╣╢⁹╕√⁸↓─ ─ ⌐╟∫≡⁸ A⌐╟╢ ─ ╙

⅝ↄ⌂╢↓≤⅜ ≢⅝√≤≤╙⌐⁸ B ⌐⅔™≡╙ ┼─ ╙ ⅝ↄ⌂

╢↓≤⅜ ≢⅝√⁹⇔⅛⇔⌂⅜╠⁸ Ⱳכꜞfi◓ ⌐ ╠╣╢ ─ ─ ╛

∞↑≢⁸ ╛ ⁸∕⇔≡ ─ ╩ ⌐ ⌐ ∆╢↓

≤│ ⇔ↄ⁸ Ⱳכꜞfi◓≢ ↕╣╢◖▪⌐ ≠ↄ ╩ ∆╢ ⅜№╢⁹ ⌐

⅜⅔⅔╗⌡ 20 ≢№╣┌⁸ ─ │ ⌡ 100mm ⌐ ╕╢

⅜ ↕╣√⁹ ≤ ≤─ ⅛╠│⁸ ─ ≤ ─

─ ⌐╙⌂╢≤ ⅎ╢⁹ ⁸ ⅜ 20 ⌐⌂╢≤ ─

─┌╠≈⅝⅜ ⅝ↄ⁸ ╩ ⌐ ∆╢↓≤⅜ ≢№╢↓≤⅜ ╠⅛≤

⌂∫√⁹↓╣⌐│ ─ ↕≤ ─ ⌐╦√╢ ⅜ ⇔≡™╢≤ ⅎ╠

╣╢⁹╕√⁸ ─ ™⌐╟∫≡ ╕≢─ ⌐╙ ⅝⌂ ™⅜№╢↓≤⅜ ≢

⅝⁸ ─ │ ─ ⅛╠╙ ⌂ ≤⌂╢↓≤⅜ ⇔√⁹↓╣╠─ ⅛

╠⁸ ─ ⅜ ↕╣√ ╩ ↄ√╘⁸ KK ╩ ⇔√≤↓╤

≢№╢⁹↓─ │⁸ Ⱳכꜞfi◓─ ╩ ⅔╟┘ ╡ ↕≢ ⇔≡ ╘

╠╣╢ ≢№╡⁸ ⅜ ™╒≥ ⅜ ™↓≤╩ ∆⁹↓─ ─ ⌐╟╡⁸

─ ▪♇ⱪ╛ ─ ⁸∕⇔≡ ─ ⌂≥⁸ ⌂

─ ⅜ ⅛╠ ⌐ ╘╢↓≤⌐╟╡⁸ ─ ╛

┼─ ⅜⌂↕╣⁸ ⅎ≡⁸ ⌐ ╢╕≢─ ⅜⌂↕╣╢↓≤⌐╟∫≡⁸♩fi

Ⱡꜟ ─ ⌂ ─ ⅜ ╘╢╙─≤ ⅎ╢⁹ ⌐↓╣╕≢─ 3 ♩fiⱠꜟ

─ Ⱳכꜞfi◓ ╛ ─ ╩ ╕ⅎ⁸ ─ ⅛╠⁸ ♩fiⱠꜟ

⌐⅔↑╢ ╩ Ɑכ☺⅛╠─ -7.1⁸ -7.1 -7.4 ⌐ ∆╢⁹↓╣╕≢

⌐⅔↑╢ ╩ ≤⇔√♩fiⱠꜟ ⌐⅔™≡⁸ ↄ─ ─ ⅜

↕╣⁸∕─ ⁸ ≤⇔≡ ─ ╩▪♇ⱪ⇔√ ™ ⇔─ ≢ ⇔≡⅝√

╙──⁸ ♩fiⱠꜟ ─ ─ ╩ ⌐⁸ ─ ▪♇ⱪ╛

─ ⁸∕⇔≡ ⌐ ™ ─ ⌂≥⁸ ⌂ ⌐ ≠⅝⁸

⅛╠─ ⌂ ─ ╖ ╖⅜ ╕╣╢⁹ │ ⌐⅔↑╢ ♩fiⱠ

⌐♃כ♦ꜟ ≠ↄ╙─≢№╡⁸ │ ─ ─╖⌂╠∏⁸ ─ ⌐≈

™≡ ╩♃כ♦─ ╖ ⌡╢↓≤≢⁸ ─ ⁸ ─ ≤≤╙⌐ ⌂

⌐≈⌂⅜╢╙─≤ ⅎ╠╣╢⁹ 
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-7.1 ₒ ₓ ♩fiⱠꜟ  

    

X Y Z Z-z

1.0 1.0 1.0 1.0

NH-200 NH-200 NH-200 HH-200

↑Co

꜡♇◒Ⱳꜟ♩

NH-200 NH-200 NH-200 HH-200

↑Co

꜡♇◒Ⱳꜟ♩

NH-200 NH-200 NH-200 HH-200

↑Co

▬fiⱣכ♩ 3.0R 1.5R 1.0R 1.0R

NH-200 NH-200 NH-200 HH-200

↑Co

꜡♇◒Ⱳꜟ♩

NH-200 NH-200 NH-200 HH-200

↑Co

꜡♇◒Ⱳꜟ♩

NH-200 NH-200 NH-200 HH-200

↑Co

▬fiⱣכ♩ 3.0R 1.5R 1.0R 1.0R

HH-200

↑Co

꜡♇◒Ⱳꜟ♩

HH-200

↑Co

꜡♇◒Ⱳꜟ♩

HH-200

↑Co

▬fiⱣכ♩ 1.0R

▬
fi

Ᵽ

♩

▬
fi

Ᵽ

♩

Ɽ♃כfi

���³�¢�­�é�ù
��×�¤�>�¥

▬
fi

Ᵽ

♩
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-7.1  

XⱤ♃כfi  

 

 

           

-7.2  

                 YⱤ♃כfi  



208 
 

               

-7.3  

ZⱤ♃כfi  

 

              
-7.4  

Z-zⱤ♃כfi  
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╩ ∆╢⌐№√╡⁸ ↔ ≤ ⅛™↔ ╩ ╡╕⇔√ ─

⁸ ─ ⌐⁸ ╟╡ ↄ ⇔ →╕∆⁹ ≤⇔≡ ⌐

⇔⌂⅜╠ ╩ ╘╢≤™℮ ─ ™ ⌐⅔™≡⁸ ─ ⅛╠ ⌐

╢╕≢⁸ ⌐ ─ ╩↔ ™√∞⅝⁸ ⅛≈ ⌂↔ ╩ ⇔╕⇔√⁹ ─

⌐ ∫√ ⌐│ ↄ ⌐⅔ ⅝ ™™√∞⅝⁸ ─╖⌂╠∏⁸

≤⇔≡─ ⌐≈™≡╙ ↄ╩ ┌∑≡™√∞⅝╕⇔√⁹ 

╕√⁸ ─ ⌐│⁸ ─ ╛ ⌂ ⁸↕╠⌐│ ⌐ ∆╢

⌂ ╩ ∂≡⁸ ⌂╢↔ ╩™√∞⅝╕⇔√⁹ ⅜ ⌐ ≢⅝⌂™ ⅜ ⅛

∫√⌐╙⅛⅛╦╠∏⁸ ─ ╛○fiꜝ▬fi≢─ ⌂≥⁸↕╕↨╕⌂ ≢ ⅎ≡™√∞

™√↓≤⌐ ↄ ⇔ →╕∆⁹ ≤─ │⁸ ╩ ╘╢ ≢ ⅝⌂ ╖≤⌂╡╕

⇔√⁹ 

↕╠⌐⁸ ≢№╢ ─ ⅔╟┘ ─ ⌐│⁸ ⌐ ∆╢ ™

≤ ⅛™↔ ╩ ╡╕⇔√⁹ ≤─ ⅜ ⌂ ⌐│⁸ ╛ ╩ ∂≡

─ ⌐↔ ™√∞⅝╕⇔√⁹╕√⁸ ⌐ⱴכ♥ ∆╢ ⌂ ╛

╩ ∂≡⁸ ≤ ─ ╩ ≈╘ ∆ ⌂ ╩ ⇔╕⇔√⁹ ─ ─

ⅎ⅜⌂↑╣┌⁸ ╩↓↓╕≢ ╘╢↓≤│≢⅝╕∑╪≢⇔√⁹ 

ⅎ≡⁸ ─ ─♃כ♦⁸╡√№⌐ ╛ ▪♪Ᵽ▬☻╩™√∞⅝╕⇔√

♩fiⱠꜟ ─ ⁸ ⌐ 3 ≈─ ♩fiⱠꜟ⌐ ╦╠╣√ ─

⁸ ─ ⌐↔ ™√∞™√↓≤╩⁸↓↓⌐ ⇔≡ ↄ ⇔ →╕∆⁹ 

⌐⁸ ⌐╦√╡ ╩ ⅎ≡ↄ╣√ ⌐⁸ ╟╡ ─ ╩ ⇔╕∆⁹ ≤

─ ⌐╟╡ ⌐ ╩⅛↑╢↓≤╙ ↄ№╡╕⇔√⅜⁸ ─ ≤ ╕⇔⅜№∫√

⅛╠↓∕⁸ ⌂ ╩ ╡ ⅎ⁸ ╩ ↕∑╢↓≤⅜≢⅝╕⇔√⁹ 

─ ─↔ ≤↔ ⌐╟╡⁸ ╩╕≤╘╢↓≤⅜≢⅝╕⇔√⁹↓↓⌐ ⇔≡

ↄ ⇔ →╕∆⁹ 
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