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1. ╕ⅎ⅜⅝ 

 ≢│⁸ ⌐╟∫≡ ╩ ⇔≡™╢⁹ ⌐ ≢ ⇔

√ ⌂≥│ ⌐ ™ ⅜№╢≤↕╣≡™╢⁹ ⁸ ≢ ⅜ ⌐

╟╡ ⇔√ │ ⅛⌂™⁹╕√ ≢╙ ≢ ⇔√ ⅜⁸ ⌐╟

╡ ⇔√ │ ⌐│⌂™⁹⇔⅛⇔⁸ ⌐ ⌐ ∫√ │⇔≡⅔╠∏⁸∕

─ │ ↕╣≡™⌂™⁹∕↓≢⁸ ─ ─ ⌐≈™≡ ╩ ™⁸

─ ╩ ∫√⁹ 

ᵑ ⌐╟∫≡ ⇔√ ⅛╠ ╡ ⇔√ ⌂  

ᵒ ᵑ≤ ∂ ≢ ⇔ ╖ ⌐╟∫≡ ⇔⁸◄fi♩꜠fi♪◄▪כ⅜ 4.5 ─

⌂ AE ◖fi◒ꜞכ♩ 43N/  

ᵓ ᵑ≤ ∂ ≢ ⇔ ╖ ⌐╟∫≡ ⇔⁸◄fi♩꜠fi♪◄▪כ⅜ 2.0%─

⌂ⱪ꜠כfi◖fi◒ꜞכ♩ 47N/  

ᵔ ≤ ╩ ⅎ⁸♀꜡☻ꜝfiⱪ─ ≢ ⇔√Ⱪ꜡♇◒⅛╠ ╡

⇔√ 44N/  

ᵕ ⌂ ╩ ∆╢ ⌐ ⇔ ╖ ≢ ∆╢ ≢⁸◄fi♩꜠fi♪◄

⅜כ▪ 4.2 ─ AE ◖fi◒ꜞכ♩ 30N/  

ᵖ ⌂ ╩ ∆╢ ⌐ ⇔ ╖ ≢ ∆╢ ≢⁸◄fi♩꜠fi♪◄

⅜כ▪ 1.8 ─ⱪ꜠כfi◖fi◒ꜞכ♩ 38N/  

ᵗ ꜠☺fi◖fi◒ꜞכ♩ 96N/  
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2. ─  

2.1 ⌐╟∫≡ ⇔√ ⅛╠ ╡ ⇔√ ⌂  

 

-1 6⌐ ∆╟℮⌐⁸ ─ 35 ─ ╩ ⅎ≡ ⇔√ ɫ400×2,500⅛

╠ ╡ ⇔⁸4 ╩◌♇♩⇔ 2 ◌♇♩ ⇔─ ≢ 100×100×400mm ─ ⌐ ╡

∕╤ⅎ√ ╩ 4 ⇔√⁹ │ⱨ꜠♇◦ꜙ◖fi◒ꜞכ♩╩ ⅜ ╦∫√ ─

⌐ ⌐ ↑≡ ⇔ ⇔⁸ ⅛╠ 3 ≢ 65ϴ╕≢ →⁸3 ─

⇔√⁹A-1⁸A-2⁸A-3 │ ─ ⅛╠ ╡ ⇔√ ≢⁸ ─ ≢№╢

⅛╠ ╡∞⇔√ ╩ A-4≤⇔√⁹ 

   

   

   

, 

 

 

 

                             ×4  

 

 

 

 

 

A-1⁸A-2⁸

A-3 

 

 

A-4 

 

-1  -2 ɫ400─  

-3 ꞉▬ꜘכ♁כ≢─ ╡ ⇔  -4 ╡ ⇔ ─  

-5 A ╡ ⇔ ─▬ⱷכ☺  

ћ  

ѝ  

 



 

3 

 

   

 

 

2.2  AE◖fi◒ꜞכ♩ 2.1≤ ∂ ≢ ⇔ ╖ ⌐╟∫≡ ⇔◄fi 

♩꜠fi♪◄▪כ⅜ 4.5 ─ ⌂ AE◖fi◒ꜞכ♩ 43N/  

AE ╩ ╣⁸ 4 ⁸W/C 32%⁸☻ꜝfiⱪ 4.0cm─ ╡◖fi◒ꜞכ♩╩ ™

⇔√⁹ ⅛╠ 3 ≢ 65ϴ╕≢ → 3 ─ ⇔√⁹150×150×

530mm ╩♪ꜟכ⸗─ ⇔ ⇔ ╖ ≢ ⇔√ ⅛╠ ⌐ 100×100×400mm

─ ⌐ ╡ ⇔√ ╩ ≤⇔√⁹↓╣╠─ │ 4 ◌♇♩⁸2 ◌♇♩ ⇔ ≤

⌂╢⁹ │ B-1⁸B-2⁸B-3 -7 ≤⇔√⁹ 

 

2.3 ⱪ꜠כfi◖fi◒ꜞכ♩ 2.1 ≤ ∂ ≢ ⇔ ╖ ⌐╟∫≡ ⇔⁸

◄fi♩꜠fi♪◄▪2.0%⅜כ─ ⌂ⱪ꜠כfi◖fi◒ꜞכ♩ 47N/  

☿ⱷfi♩ W/C 32%⁸☻ꜝfiⱪ 4.5cm─ ╡ⱪ꜠כfi◖fi◒ꜞכ♩⌐╟╡

⇔√⁹ ⅛╠ 3 ≢ 65ϴ╕≢ → 3 ─ ⇔√⁹ 150×150×530mm

╩♪ꜟכ⸗─ ⇔ ⇔ ╖ ≢ ⇔√ ⅛╠ ⌐ 100×100×400mm ─ ⌐

╡ ⇔√ ╩ ≤⇔√⁹↓╣╠─ │ 4 ◌♇♩⁸2 ◌♇♩ ⇔ ≤⌂╢⁹ᵑ

≤ ∂ⱨ꜠♇◦ꜙ◖fi◒ꜞכ♩≢ ⇔≡™╢⅜⁸ ╩⅛↑⌂™ ⌂ ⇔ ╖

─ ≢ ⇔√⁹AE ╩ ╣⌂™⁸ⱪ꜠כfi◖fi◒ꜞכ♩≢ │ 2.0 ≢№

╢⁹ │ C-1⁸C-2⁸C-3 -8 ≤⇔√⁹ 

   

 

-6 A-1⁸-2⁸-3 ⁸-4  

-7 B-1⁸-2⁸-3  -8 C-1⁸-2⁸-3  
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2.4 ◖fi◒ꜞכ♩ ≤ ╩ ⅎ⁸♀꜡☻ꜝfiⱪ─ ≢

⇔√Ⱪ꜡♇◒⅛╠ ╡ ⇔√ 44N/  

420×280×350mm ─ ─☻ⱪꜞ♇♩fiⱩ꜡♇◒ ─ ╩ ⌐∆╢ ╖Ⱪ꜡

♇◒ ─ ╩ ↕∑≡ ⇔√ ╖Ⱪ꜡♇◒╩ ╢ ─ │⁸420×280×

700mm ─ -10 ⅜№╡⁸ ⌐ 100×100×400mm ╩ ≢⅝╢⁹∕─℮∟

─ ⅛╠ ╡ ⇔√ ╩ E-1 ╕√ ─ⱪ꜠☻ ⅛╠ ╡ ⇔√ ╩

E-2⁸E-3 -11 ≤⇔√⁹ 

  

 

 

2.5 AE◖fi◒ꜞכ♩ ⌂ ╩ ∆╢ ⌐ ⇔ ╖ ≢ ∆╢

≢⁸◄fi♩꜠fi♪◄▪כ⅜ 4.2 ─ AE◖fi◒ꜞכ♩ 30N/  

↓─ │⁸ ⌂ ╩ ∆╢ ⌐ ∆╢ ⇔ ╖ ─AE◖fi◒ꜞכ

♩≢ ⇔√⁹ ⅛╠ 3 ≢ 65ϴ╕≢ → 3 ─ ⇔√⁹W/C 50%⁸

◄fi♩꜠fi♪◄▪כ⅜ 4 ─ ≢ 100×100×400 ≤⇔⁸ ╩O- 1⁸O- 2⁸

O- 3 - 11 ≤⇔√⁹ 

 

 

-10 E-1⁸-2⁸-3 -9 E ─ ╡ ⇔  

-11 O-1⁸-2⁸-3⁸  
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2.6 ⱪ꜠כfi◖fi◒ꜞכ♩ ⌂ ╩ ∆╢ ⌐ ⇔ ╖ ≢

∆╢ ≢⁸◄fi♩꜠fi♪◄▪כ⅜ 1.8 ─ⱪ꜠כfi◖fi◒ꜞכ♩ 38N/

 

↓─ │ ⌂ ╩ ∆╢ ⌐ ∆╢ ⇔ ╖ ─ⱪ꜠כfi◖

fi◒ꜞכ♩≢ ⇔√⁹ ⅛╠ 3 ≢ 65ϴ╕≢ → 3 ─ ⇔√⁹

W/C 50%⁸ 1.8 ─ ≢ 100×100×400mm ≤⇔⁸ ╩ P-1⁸

P-2⁸P-3 -12 ≤⇔√⁹  

 

 

 

2.7 ꜠☺fi◖fi◒ꜞכ♩ ꜠☺fi◖fi◒ꜞכ♩ 96N/  

≢ⱴfiⱱכꜟ╛Ɽ▬ⱪ⌐ ™≡™╢꜠☺fi◖fi◒ꜞכ♩╩Ᵽ◔♠⌐ ╡ ⇔⁸

⌐╟╡ ⇔√⁹ 100×100×400mm≤⇔⁸ ╩ R- 1⁸R- 2⁸R- 3 - 13 ≤⇔

√⁹ ─ │ ⌐╟╡ ⇔≡™╢⅜ ─ │ ⇔ ╖ ≢№╢⁹ 

꜠☺fi◖fi◒ꜞכ♩│ ⱳꜞ◄☻♥ꜟ ≤ ─ ⁸ ⁸ ╩ − ╦

∑⁸ ╩ ⅎ≡ ⇔√◖fi◒ꜞ⁸≢♩כ ⌂◖fi◒ꜞכ♩─╟℮⌐ ╛☿

ⱷfi♩│ ∫≡™⌂™⁹ ⁸ →⁸ ⅜ ↄ⁸ ⌐ ™≤™∫√ ⅜№╢⁹

│ ⌂√╘⁸ ╛ ∕─╙── ⅜ ─ ⌐≢╢⁹ ⅜ ⌂─│⁸

─ⱨ▼꜡♬♇◔ꜟ☻ꜝ◓⅜↓─ ≢№╢↓≤⌐ ↕╣≡™╢⁹ 

 

 

-12 P-1⁸-2⁸-3 

-13 R-1⁸-2⁸-3 
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3. ≤  

≤ ╩╕≤╘≡ 1⌐ ∆⁹ 

 

-1 ≤  

 

 

│⁸R ꜠☺fi◖fi◒ꜞכ♩ ⅜ ↄ 96.2 N/mm2 ≤⌂∫√⁹ ™≢

⅜ ™ ⌐C ⱪ꜠כfi◖fi◒ꜞכ♩W/C 32 47.0 N/mm2⁸E W/C 32 44.1

N/mm2⁸B AE◖fi◒ꜞכ♩W/C 32 42.5 N/mm2⁸P ⱪ꜠כfi◖fi◒ꜞכ♩W/C

50 37.5 N/mm2 ⁸O AE◖fi◒ꜞכ♩W/C 50 30.3 N/mm2 ≤⌂∫√⁹ ☿ⱷfi

♩ ⅜ ™ ─ │ ↄ⁸ ∂ ☿ⱷfi♩ ≢№╣┌ⱪ꜠כfi◖fi◒ꜞכ♩─

⅜AE◖fi◒ꜞכ♩╟╡ ™ ≤⌂∫√⁹ ─ │⁸☿ⱷfi♩ ⅜

280 kg/ 3 ≤ ⌂™⌐╙ ╦╠∏ 44.1 N/mm2 ≤ ™⁹ 

A B C E R O P

15 15 15 15 5 15 15

4.5 4 4.5 0 - 18 16.5

32.4 32.4 32.4 32 - 50 50

47 47 47 49 - 47.1 47.1

- 4.5 2 - - 4.2 1.8

485 485 485 280 - 342 342

157 157 157 89 - 171 171

809 778 809 1010 - 837 873

937 902 937 1045 - 940 940

4.9 4.9 4.9 - - 4.8 4.8

- 0.03 - - - 0.09 -

286

2.48 2.31 2.35 2.31 2.25 2.32 2.36

42.5 47 44.1 96.2 30.3 37.5

407

462

473

572
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4.  

4.1  

◖fi◒ꜞכ♩ ⌐≡⁸ ╩ ™ ╩ ∫√⁹

│  A  JISA1148⌐ ∂√⁹ │ 100×100×400mm╩ ⇔⁸

3 ─ ╩ ⇔√⁹ │ 3mm ─ ≢ ⅜ ╦╣╢ ⌐ ╩

╙≈◗ⱶ ─╙─╩ ™√⁹ ─1◘▬◒ꜟ│ ⅜5 18ϴ⌐ ⅜╡⁸

╕√ 18 5ϴ╕≢ ⅜╡⁸1 ◘▬◒ꜟ─ │ 4 ≤⇔√⁹ │⁸ ─√

╦╖ ─ ⁸ ┘ ≤⇔√⁹ - 14│ ≢─

≤ ─ ≢№╢⁹ 

│⁸300◘▬◒ꜟ╕≢│ 30◘▬◒ꜟ ⁸300◘▬◒ꜟ ≢│ 60◘▬◒ꜟ ≢

600◘▬◒ꜟ ╩ ≤⇔⁸A⁸B⁸C⁸E⌐≈™≡│⁸ 480◘▬◒ꜟ╕≢╩ ⇔⁸R│

360◘▬◒ꜟ⁸O⁸P│ 240◘▬◒ꜟ╕≢ ⇔√⁹P⌐≈™≡│ 60◘▬◒ꜟ ⌐

⅜ ≤⌂╡⁸ ─╖ 90◘▬◒ꜟ╕≢ ⇔√⁹ ⅜ ≤ ╦

╣╢ ⌐≈™≡│⁸600◘▬◒ꜟ╕≢ ─ ≢№╢⁹ 

 

   

 

   

 

 

 

─  ─ ─  

√╦╖ ≤  √╦╖ ─  

-14 ≢─  
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4.2  

1  

│⁸ ─ ⌐╟∫≡ ⇔ ⌐╟╡ ⌐ ╘╢⁹  

           0Î   ρππ 

↓↓⌐  Pn   n ◘▬◒ꜟ ─  

       fn   n◘▬◒ꜟ ─√╦╖ ─ Hz  

            f0   0◘▬◒ꜟ⌐⅔↑╢√╦╖ ─ Hz  

2  

   │⁸ ─ ⌐╟∫≡ ⇔ ⌐╟╡ ⌐ ╘╢⁹ 

DF  

     ↓↓⌐  DF  

         P   N ◘▬◒ꜟ─≤⅝─  

         N   ⅜ 60 ⌐⌂╢◘▬◒ꜟ │⁸300◘▬◒ꜟ─™

∏╣⅛ ↕™╙─  

              M  300◘▬◒ꜟ 

  

3  

     │⁸ ─ ⌐╟∫≡ ⇔ ⌐╟╡ ↑√⌐ ╘╢⁹ 

  Wn  

↓↓⌐  Wn  n◘▬◒ꜟ ─  

        Wn  n ◘▬◒ꜟ ─ ─ g  

        W0  0◘▬◒ꜟ⌐⅔↑╢ ─ g  

 

 

 

 

 

 

 

 

 

 

 

 

 

הההההההההההההההההההההההה -1  

 

ההההההההההההההההההההההההההההה -2  

ההההההההההההההההההההההההההה -3  
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5. √╦╖ ─ ≤  

5.1  

◘▬◒ꜟ≢─√╦╖ ─ ╩ - 2⌐ ∆⁹ │HZ  

 

- 2 √╦╖ ─  

 

 

0 ◘▬◒ꜟ ≢─√╦╖ ─ │⁸A W/C 32 ⁸C ⱪ

fiW/Cכ꜠ 32 ⁸B AE◖fi◒ꜞכ♩W/C 32 ⁸E W/C 32 ⁸P ⱪ꜠כ

fiW/C 50 ⁸O AE◖fi◒ꜞכ♩W/C 50 ⁸R ꜠☺fi◖fi◒ꜞכ♩ ─ ≢ ™ ≢№∫

√⁹ 

─ ─ ≤◘▬◒ꜟ ─ │ ↔≤⌐ ∂ ⅝╩ ⇔√⅜⁸

─╖ ─ ⌐╟╡ ⅝ↄ ∫√⁹ ╩ ═╢≤ ⅛╠ ╡

⇔√ E- 1 │ 2.34 /c ⁸ ⅛╠ ╡ ⇔√ E- 2.3 │ 2.29⁸2.30 /c ≤

⅜ ™⁹ ⌐ │ ╕╡⅜ ™⅜ │ ╕╡⅜ ™≤ ╦╣╢⁹ 

P0 P30 P60 P90 P120 P150 P180 P210 P240 P270 P300 P360 P420 P480

A-1 2,312 2,314 2,317 2,328 2,328 2,333 2,328 2,336 2,336 2,336 2,343 2,402 2,344 2,334

A-2 2,314 2,310 2,317 2,312 2,317 2,317 2,317 2,315 2,330 2,330 2,317 2,335 2,405 2,313

A-3 2,314 2,324 2,333 2,333 2,338 2,338 2,338 2,338 2,341 2,345 2,341 2,338 2,328 2,335

A-4 2,352 2,352 2,364 2,364 2,359 2,359 2,354 2,362 2,362 2,349 2,355 2,325 2,421 2,256

B-1 2,108 2,107 2,115 2,121 2,124 2,115 2,119 2,138 2,131 2,131 2,135 2,140 2,131 2,133

B-2 2,085 2,086 2,099 2,095 2,101 2,115 2,096 2,105 2,118 2,114 2,105 2,099 2,087 2,093

B-3 2,091 2,101 2,096 2,106 2,101 2,124 2,096 2,096 2,119 2,119 2,094 2,121 2,115 2,101

C-1 2,213 2,218 2,219 2,222 2,236 2,221 2,236 2,236 2,257 2,223 2,207 2,186 2,144 2,084

C-2 2,187 2,184 2,192 2,196 2,197 2,197 2,197 2,241 2,248 2,208 2,218 2,214 2,249 2,218

C-3 2,201 2,218 2,236 2,222 2,221 2,226 2,231 2,231 2,231 2,222 2,238 2,195 2,163 2,056

E-1 2,177 2,177 2,147 2,129 2,124 2,108 2,077 2,049 2,017 2,025 2,056 1,991 1,928

E-2 2,110 2,073 2,055 2,010 1,894 1,834 1,731 1,669 1,566

E-3 2,138 2,124 2,080 2,042 1,974 1,928 1,839 1,768 1,670 1,548

O-1 2,029 2,032 2,020 2,033 2,040 2,043 2,029 2,043 2,032

O-2 2,051 2,046 2,055 2,059 2,063 2,067 2,054 2,072 2,072

O-3 2,030 2,019 2,020 2,019 2,017 2,034 2,028 2,035 2,031

P-1 2,123 1,777

P-2 2,096 1,587

P-3 2,118 1,804

R-1 1,788 1,803 1,788 1,777 1,793 1,761 1,768 1,781 1,762 1,783 1,762 1,754

R-2 1,829 1,851 1,819 1,814 1,828 1,826 1,828 1,807 1,814 1,807 1,772 1,776

R-3 1,788 1,808 1,783 1,783 1,783 1,770 1,774 1,760 1,781 1,760 1,734 1,728
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5.2 ≤◘▬◒ꜟ ─  

◘▬◒ꜟ≢─ ╩ - 15⌐ ∆⁹             

 

-15 ≤◘▬◒ꜟ ─  

 

5.3 ─ ≤◘▬◒ꜟ ─  

◘▬◒ꜟ≢─ ─ ─ ╩ - 16⌐ ∆⁹

-16 ─ ≤◘▬◒ꜟ ─  
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A ≤ │ 420◘▬◒ꜟ⌐≡ ⌂╢ ⅜№∫√√╘ ⌐ ∆⁹E─

│ ─ ─ ™⌐╟╡ ⌂╢ ≤⌂∫√⁹ ⱪ꜠☻ ↄ

⅛╠ ⇔√ ─ ─ ⅜ ⇔ↄ⁸ ↄ ⅛╠ ⇔√

─ ─ │ ╛⅛≢№∫√⁹P ⱪ꜠כfi W/C 50 │⁸3

≤╙ 60◘▬◒ꜟ ≢ ≤⌂∫√⁹╕√⁸30◘▬◒ꜟ ⌐│ ─ⱳ♇ⱪ

▪►♩⅜ ╠╣⁸60◘▬◒ꜟ ─ │ ™ ⅜∆╢ ≢№╡⁸90◘▬◒ꜟ≢│

≤⌂╡ ─╖ ∫√ 

 

5. 4 ≤◘▬◒ꜟ ─  

◘▬◒ꜟ≢─ ╩ - 17⌐ ∆⁹         

 

-17 ≤◘▬◒ꜟ ─  

 

│ -1 ⌐╟╡ ╘√⁹JIS ≢─ ≈─ ≤↕╣╢ 300◘▬◒ꜟ
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5.5 ─ ≤◘▬◒ꜟ ─  

◘▬◒ꜟ≢─ ─ ─ ╩ -18⌐ ∆⁹  

 

- 18 ≤◘▬◒ꜟ ─  
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6. ─  

6.1 ◖fi◒ꜞכ♩ ( ─ A- 1.2.3  

    

-19 0 480◘▬◒ꜟ⌐ ╢ ─  

 

-20 480◘▬◒ꜟ ─ ♥Ɽכ ─  

 

│⁸480◘▬◒ꜟ ╙ⱳ♇ⱪ▪►♩ ∫√ │ ╠╣∏⁸ │

≢№╡⁸ ≤ ═≡╙ ⅝⌂ │⌂™⅜ כⱤכ♥ ─Ɑ

⁸╣⅜│⅜♩☻כ ─ ⅜ ╠╣╢ ⅜№╢⁹ 

 

 

6.2 ◖fi◒ꜞכ♩ ( ─ A- 4  
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6.3 AE ◖fi◒ꜞכ♩ ─ B-1.2.3.  

   

   

   

 

0 480◘▬◒ꜟ╕≢─ ╩ -21⌐ ∆⁹ ⅝⌂
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⌐ ⅜ ╠╣╢⁹↓─ │⁸ⱨ꜠♇◦ꜙ◖

fi◒ꜞכ♩╩ ⅜ ╦∫√ ─ ⌐ ⌐

↑≡ ⇔ ∆╢ ⁸ ⌐ ⌐ ∫≡

─ ⅝™ │ ⌐ ↕⌂╙─│ ⌐ ╕╡╛

∆™⁹∕─ ⱨ꜠♇◦ꜙ◖fi◒ꜞכ♩─ ─

≤ ─ ⌐☿ⱷfi♩Ɑכ☻♩─ ⅜

╢⁹ 

 

 

 

-22 480◘▬◒ꜟ ─  

-23 B 0 480◘▬◒ꜟ╕≢─ ─  


