
ȶȺȹȽȾȼȿȶɂȴȺȹȹɇȱ ȽȾȬȷȴ ȴ ȽȮȬȼȺɃȹɇȱ 

ȾȱɁȹȺȷȺȯȴȴ Ȱȷɋ ȬȼȶȾȴȶȴ 

ȹȬɂȴȺȹȬȷɈȹɇȵ ȴȽȽȷȱȰȺȮȬȾȱȷɈȽȶȴȵ ɂȱȹȾȼ çȶȿȼɃȬȾȺȮȽȶȴȵ ȴȹȽȾȴȾȿȾè 

ʍɾɽɾʉɹʄʕʆʇɾ ɼʇʊʌɽɹʉʊʋɻɾʆʆʇɾ ʌʆʁʋɹʉʆʇɾ ʈʉɾɽʈʉʁʘʋʁɾ 
ʏɾʆʋʉɹʄʕʆʔʂ ʆɹʌʐʆʇ-ʁʊʊʄɾɽʇɻɹʋɾʄʕʊʃʁʂ ʁʆʊʋʁʋʌʋ  

ʃʇʆʊʋʉʌʃʏʁʇʆʆʔʎ ʅɹʋɾʉʁɹʄʇɻ 

çʇʈʆʄɽʊɽʁè 

ʀʄɽʅʀ ɸʂɸɼɽʄʀʂɸ ʀ. ɺ. ɻʆʈʓʅʀʅɸ 

ɼʇʊʌɽɹʉʊʋɻɾʆʆʔʂ ʆɹʌʐʆʔʂ ʏɾʆʋʉ ʉʇʊʊʁʂʊʃʇʂ ʍɾɽɾʉɹʏʁʁ 

ʀʣʴʠʥ ɸʣʝʢʩʝʡ ɺʠʪʘʣʴʝʚʠʯ 
ʀʙʥʞʪʫʡʫʞʤʵ ʜʞʦʞʩʙʤʵʦʧʜʧ ʝʡʩʞʣʫʧʩʙ 

ʆʁʏ çʃʌʉʐɹʋʇɻʊʃʁʂ ʁʆʊʋʁʋʌʋè ð ʏʆʁʁ ʃʅ çʈʉʇʅɾʋɾʂè, 

ʝʧʣʫʧʩ ʫʞʮʦʡʰʞʪʣʡʮ ʦʙʬʣ  



ʇɽʈʉʇɽʂʊʀɺʅʓɽ  ʂʆʅʉʊʈʋʂʎʀʆʅʅʓɽ 

ʉʊɸʃʀ 

ʆʁʏ çʃʌʉʐɹʋʇɻʊʃʁʂ ʁʆʊʋʁʋʌʋè 

ʏʆʁʁ ʃʅ çʈʉʇʅɾʋɾʂè 

2 



͙͙̇͟͡;͔͙͔ͫ͟ ͎͙ͤ͊ͪͯ͘͟Υ N ~107ҏ 108 ͼ͙͍ͦ͟͡  

˾͊ͫ;͔ͭͤ͊Ύ ͔͔ͭͣͨͪ͊ͭͯͪ͊ ͒͡Ύ ͦͤͫͭͪͯ͟͟ͼ͙͚ ͚ͣͦͪͫͦ͟ ͔ͭͻ͙͙ͤ͟ Υ  

d́esign ͒ ͦ -рлΧ-60ͦ˿ ͒͡Ύ ͔͊ͣͪ͊͘͘Ό΅͙ͻ ͔͚͍͋͊ͫͫͤͦΣ  
͒ͦ -35ͦ˿ ς ͒ ͡Ύ ͦͭͪ͟·ͭ·ͻ ͔͚͍͋͊ͫͫͤͦ. 

˨͙͊ͨ͊ͦͤ͘ ͭͦ͡΅͙ͤΥ 
Å˨ ͡Ύ ͔͍͒ͦͦͦ͟͡͡ ς ͒ ͦ сл-70 ͣ ͣΦ 

Å˨ ͡Ύ ͫͭ͊ͼ͙ͦͤ͊ͪͤ·ͻ ͨ͊ͭ͡ͺͦͪͣ ͙ ͍ͨ͊ͯ͡;͙ͻ ͍͋ͯͪͦ·ͻ ͍ͯͫͭ͊ͤͦͦ͟ ς ͒ ͦ тл ͣ ,ͣ ͫ  
͔ͤͦͭͦͪ͟·͙ͣ Ή͔͔͙ͣͤͭ͊ͣ͡ ͒ͦ мол ͣ ͣΦ 

Å ˨ ͡Ύ ͍ͨͦ͒ͦ͒ͤ·ͻ ͍͍ͭͪͯ͋ͦͨͪͦͦ͒ͦ ς ͒ ͦ пл ͣ ͣΦ 
͍͙̂ͫͦ͡Ύ ͎͔͙ͤ͊ͪͯ͗ͤΎ: 

Å˿ ͙ͭ͊ͭ;͔ͫ͊͟ΎΣ ͼ͙͙͟͡;͔ͫ͊͟Ύ ͙ ͙͙͒ͤ͊ͣ;͔ͫ͊͟Ύ ͎͙ͤ͊ͪͯ͘͟Φ 
Åʕ ·͔ͫͦͦ͟ ͍͔͔͔ͤͯͭͪͤͤ ͍͔͙͔͒͊ͤ͡ ό͒ͦ нн-нр ˸˽͊ύΦ 

Å˴ ͙͔ͦͪͪͦͦͤͤͦ͘ ͍͔͚͍͙͔ͦ͒ͫͭ͘Φ 
́Ύ͔͗͡·͔ Ή͎͙ͦͦ͟͡;͔͙͔ͫ͟ ͔͍͙ͨͦͫ͒ͫͭ͡Ύ ͪ͊ͪͯ͘΄͔͙͚ͤ ͙ͨͪ ͙͚ͤͦ͘͟ 

͔͙ͪͣͦͤͭͦ͒ͦͫͭͯͨͤͦͫͭ 

ʌʊʄʇɻʁʘ ʖʃʊʈʄʌɹʋɹʏʁʁ ɹʉʃʋʁʐɾʊʃʁʎ ʃʇʆʊʋʉʌʃʏʁʂ 
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ʆʁʏ çʃʌʉʐɹʋʇɻʊʃʁʂ ʁʆʊʋʁʋʌʋè 

ʍɼʌʈ çʏʆʁʁ ʃʅ çʈʉʇʅɾʋɾʂè 

͔̏ͫͭͪͣ͊͟͡Έͤͦ ͙͙͔ͤ͘͟ ͔͔ͭͣͨͪ͊ͭͯͪ· 



ʉɹʊʐɾʋʆʔɾ (ʅʁʆʁʅɹʄʕʆʔɾ) ʋɾʅʈɾʉɹʋʌʉʔ ɽʄʘ ɹʉʃʋʁʐɾʊʃʁʎ ʈʉʇɾʃʋʇɻ 

ζˢ͙ͪͭ͟;͔ͫ͊͟Ύη ς Tdesign = -35̄ C ζ˽ ͙ͪͪ͊ͦͣͤ͊͘͡Ύη ς Tdesign = -45̄ C 

͔̆ͪͯͨͦ͟ ͪ͊ͪͯ͘΄͔͙͔ͤ ͨ͊ͯ͋͡· ͔ͭ͊ͤͪ͊͟ 
ζˮ ͙͎ͤ͒͊η ͙ͨͪ ͔͍͚͒ͦͦ͡ ͍͔ͨͪͦͦ͒͟ ͙ͨͪ -24̄  ˿ 4 

͔̆ͪͯͨͦ͟ ͪ͊ͪͯ͘΄͔͙͔ͤ ͍͚ͫ͊ͪͤͦ 
ͦͤͫͭͪͯ͟͟ͼ͙͙ ͙͘ ͙͚ͣͨͦͪͭͤͦ ͙ͫͭ͊͡ S690QL 
͔ͨͦͫ͡ ͍͙ͫ͊ͪ͟ ͤ͊ ͔͔ͫͭ͊ͨ͡ ό-5¯˿) 

ʆʁʏ çʃʌʉʐɹʋʇɻʊʃʁʂ ʁʆʊʋʁʋʌʋè 

ʍɼʌʈ çʏʆʁʁ ʃʅ çʈʉʇʅɾʋɾʂè 



X ˽͙͔͔͙͔ͪͣͤͤ ͔͙͍ͣ͊ͭͪ͊ͦ͡ ͫ ͍·͚ͫͦͦ͟ ͻ͚͊͒ͦͫͭͦͦͫͭ͟͡ΈΌ ͙  ͍·͙ͫͦͣ͟ 

͙͍͔͙͔ͫͦͨͪͦͭͤͣ͡ ͻͪͯͨͦͣͯ͟ ͙ ͨͪͦͭΎ͔͗ͤͤͦͣͯ ͍Ύͦͣͯ͘͟ ͪ͊ͪͯ͘΄͔͙ͤΎͣΦ 

X ˾͊ͪ͊͋ͦͭ͊͘͟ ͔͍͙͚ͭͪ͋ͦ͊ͤ ͨͦ ͻ͚͙͊͒ͦͫͭͦͦͫͭ͟͡ ͙  ͭͪ ͔΅͙͚͙ͤͦͫͭͦͦͫͭ͟ 

͍͎ͦͫͤͦͤͦͦ ͔ͣͭ͊͊͡͡ ͙ ͔ͣͭ͊͊͡͡ ͍ͫ͊ͪͤ·ͻ ͔͙͔͙͚ͫͦ͒ͤͤΦ  

X ˿͔͙ͪͭͺ͙͊͟ͼ͙Ύ ͔͙͍ͣ͊ͭͪ͊ͦ͡ ͙ ͔ͭͻ͎͙͚ͤͦͦ͡ ͍͙ͫ͊ͪ͟ ͒͡Ύ ͍͔͔͙ͨͦ͒ͭͪ͗͒ͤΎ 

͍·͔͙ͨͦͤͤ͡Ύ Ή͙ͭͻ ͔͍͙͚ͭͪ͋ͦ͊ͤΦ  

X ˨͙͔ͦͨͦͤͭ͡͡Έͤ·͔ ͔͍͙ͭͪ͋ͦ͊ͤΎ ͟ ͔͙͍͙ͨͪͦͭͪͦ͊ͤ͟Ό ͙ ͙͔ͫͭͪͦͭ͡Έ͍ͫͭͯ 

͙ͣͦͪͫ͟ͻ ͦͤͫͭͪͯ͟͟ͼ͙͚ ͫ ͯ;͔ͭͦͣ ͙ͯͫͭ͊ͦͫͭ͡Φ 

X ˽͙͔͔͙͔ͪͣͤͤ ͔͙͍ͣ͊ͭͪ͊ͦ͡ ͫ ͍·͚ͫͦͦ͟ ͻ͚͊͒ͦͫͭͦͦͫͭ͟͡ΈΌ ͙  ͍·͙ͫͦͣ͟ 

͙͍͔͙͔ͫͦͨͪͦͭͤͣ͡ ͻͪͯͨͦͣͯ͟ ͙ ͨͪͦͭΎ͔͗ͤͤͦͣͯ ͍Ύͦͣͯ͘͟ ͪ͊ͪͯ͘΄͔͙ͤΎͣΦ 

X ˾͊ͪ͊͋ͦͭ͊͘͟ ͔͍͙͚ͭͪ͋ͦ͊ͤ ͨͦ ͻ͚͙͊͒ͦͫͭͦͦͫͭ͟͡ ͙  ͭͪ ͔΅͙͚͙ͤͦͫͭͦͦͫͭ͟ 

͍͎ͦͫͤͦͤͦͦ ͔ͣͭ͊͊͡͡ ͙ ͔ͣͭ͊͊͡͡ ͍ͫ͊ͪͤ·ͻ ͔͙͔͙͚ͫͦ͒ͤͤΦ  

X ˿͔͙ͪͭͺ͙͊͟ͼ͙Ύ ͔͙͍ͣ͊ͭͪ͊ͦ͡ ͙ ͔ͭͻ͎͙͚ͤͦͦ͡ ͍͙ͫ͊ͪ͟ ͒͡Ύ ͍͔͔͙ͨͦ͒ͭͪ͗͒ͤΎ 

͍·͔͙ͨͦͤͤ͡Ύ Ή͙ͭͻ ͔͍͙͚ͭͪ͋ͦ͊ͤΦ  

X ˨͙͔ͦͨͦͤͭ͡͡Έͤ·͔ ͔͍͙ͭͪ͋ͦ͊ͤΎ ͟ ͔͙͍͙ͨͪͦͭͪͦ͊ͤ͟Ό ͙ ͙͔ͫͭͪͦͭ͡Έ͍ͫͭͯ 

͙ͣͦͪͫ͟ͻ ͦͤͫͭͪͯ͟͟ͼ͙͚ ͫ ͯ;͔ͭͦͣ ͙ͯͫͭ͊ͦͫͭ͡Φ 

ʈʉʁʆʏʁʈʔ ʈʉɾɽʇʋɻʉɹʒɾʆʁʘ ʎʉʌʈʃʁʎ ʉɹʀʉʌʑɾʆʁʂ 
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ʆʁʏ çʃʌʉʐɹʋʇɻʊʃʁʂ ʁʆʊʋʁʋʌʋè 

ʍɼʌʈ çʏʆʁʁ ʃʅ çʈʉʇʅɾʋɾʂè 



ʆʇʉʅʔ, ʉɾɼʌʄʁʉʌʗʒʁɾ ʈʉʁʅɾʆɾʆʁɾ ʆʁʀʃʇʄɾɼʁʉʇɻɹʆʆʔʎ ʊʋɹʄɾʂ ʁ ʊɻɹʉʇʐʆʔʎ 

ʅɹʋɾʉʁɹʄʇɻ  ɽʄʘ ɹʉʃʋʁʃʁ 

˾͙ͦͫͫΎ ˿ͭͪ͊ͤ· ˩˿ 

˽͍͙ͪ͊͊͡ ˾͙͚͎ͦͫͫͫͦͦ͟ ͎ͣͦͪͫͦͦ͟ 
͔͎͙ͪͫͭͪ͊Υ 

˽͍͙ͪ͊͊͡ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙͙Σ 
͍͙ͦ͋ͦͪͯ͒ͦ͊ͤΎ ͙ ͚͙ͨͦͫͭͪͦ͟ 
͙ͣͦͪͫ͟ͻ ͍ͫͯ͒ͦ 
˿͔ͦ͒ͪ͗͊ͭ ͔ͪ͊͒͘͡ ζ͚͙͔̆͊͒ͦͫͭͦ͟͡ 
͙ͫͭ͊͡η ͫ ͔ͨͦ͒ͪ͊͒ͦͣ͘͡ ζ˿͙ͭ͊͡ 
͊ͫͫ͊͟͡ Arcη 

˽͍͙ͪ͊͊͡ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙͙ ͚͙ͨͦͫͭͪͦ͟ 
͙ ͍͙ͦ͋ͦͪͯ͒ͦ͊ͤΎ ˸˿˽/˽ˣ̂ 
˿͔ͦ͒ͪ͗͊ͭ ͔͙͙ͣͭͦ͒͟ ͙ͫͨ·͙͚ͭ͊ͤ 
͙ ͨͪͦͼ͔͒ͯͪ· ͍·͋ͦͪ͊ ͔͙͍ͣ͊ͭͪ͊ͦ͡ 
͒͡Ύ Ή͔ͫͭͪͣ͊͟͡Έͤͦ ͙͙ͤ͘͟ͻ 
͔͔ͭͣͨͪ͊ͭͯͪ  

ISO 19 906 Arctic Structures 
ISO 19 902 Petroleum and natural 
gas industries ς Fixed steel offshore 
structures 
EN 10225 Weldable structural steels 
for fixed offshore structures 
 DNV-OS-B101 Offshore standard. 
Metallic materials 
NORSOK standard M-120 Material 
data sheets for structural steel  

˹ͦͪͣ· ͍ Ύ͍ͤͦͣ ͍͙͔͒ ͍͔ͯͫͭ͊ͤͦͤ͡· 
͙͡΄Έ ͒ͦ ͔͔ͭͣͨͪ͊ͭͯͪ ςмнΧ-20̄˿Φ ˹ͦͪͣ· 
ͤ͊ ͔͔͋ͦ͡ ͙͙͔ͤ͘͟ ͔͔ͭͣͨͪ͊ͭͯͪ· ͙͍͊ͭͤͦ͟ 
ͪ͊ͪ͊͋͊ͭ͘·͍͊ΌͭͫΎΣ ͍ ͤ͊ͫͭͦΎ΅͔͔ ͍͔ͪͣΎ ς 
͍͙͍ͯͫͭ͊ͤ͊͊͡ΌͭͫΎ  ͨͦ ͔͍͙ͭͪ͋ͦ͊ͤΎͣ 
˭͊͊͘͟;͙͊͟ 
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ʆʁʏ çʃʌʉʐɹʋʇɻʊʃʁʂ ʁʆʊʋʁʋʌʋè 

ʍɼʌʈ çʏʆʁʁ ʃʅ çʈʉʇʅɾʋɾʂè 



ɻʘʨʘʥʪʠʨʦʚʘʥʥ

ʳʡ ʧʨʝʜʝʣ 

ʪʝʢʫʯʝʩʪʠ, 

ʄʇʘ 

ɿʘʚʦʜʳ-ʠʟʛʦʪʦʚʠʪʝʣʠ 
ʂʘʪʝʛʦʨʠʷ 

ʭʣʘʜʦʩʪʦʡʢʦʩʪʠ 

ʄʘʢʩʠʤʘʣʴʥʘʷ 

ʪʦʣʱʠʥʘ 

ʧʨʦʢʘʪʘ, ʤʤ 

ʀʩʭʦʜʥʘʷ 

ʟʘʛʦʪʦʚʢʘ 

ʊʝʭʥʦʣʦʛʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ 

355 ʆʆʆ çʆʄɿ-ʉʧʝʮʩʪʘʣʴè,  

ʇɸʆ çʉʝʚʝʨʩʪʘʣʴè,  

ʇɸʆ çʄʄʂè 

D, E, F 100 

ʪʤʸʚ, ʪʤʡʫʧʣ ʋʅʇ+ʌʇ 
ɹrc 50 

390 
D, E, F 100 

ɹrc 50 

420 
ʇɸʆ çʉʝʚʝʨʩʪʘʣʴè,  

ʇɸʆ çʄʄʂè 

D, E, F 60 

ʪʤʸʚ ʋʅʇ+ʌʇ 
ɹrc 50 

460 
D, E, F 60 

ɹrc 50 

500 
ʆʆʆ çʆʄɿ-ʉʧʝʮʩʪʘʣʴè,  

ʇɸʆ çʉʝʚʝʨʩʪʘʣʴè,  

ʇɸʆ çʄʄʂè 
D, E, F, ɹrc 70 ʪʤʸʚ, ʪʤʡʫʧʣ ʀ+ʇ, ʀʈʆ+ʇ 

620 

ʆʆʆ çʆʄɿ-ʉʧʝʮʩʪʘʣʴè 

ʇɸʆ çʄʄʂè 
D, E, F  60 ʪʤʸʚ, ʪʤʡʫʧʣ 

ʀ+ʇ, ʀʈʆ+ʇ 
ʆʆʆ çʆʄɿ-ʉʧʝʮʩʪʘʣʴè ɹrc 50 

ʪʤʡʫʧʣ 

 

690 

ʆʆʆ çʆʄɿ-ʉʧʝʮʩʪʘʣʴè,  

ʇɸʆ çʄʄʂè 
D, E, F 

50 

ʪʤʸʚ, ʪʤʡʫʧʣ 

ʀ+ʇ, ʀʈʆ+ʇ 
ʆʆʆ çʆʄɿ-ʉʧʝʮʩʪʘʣʴè 

ɹrc 

 
ʪʤʡʫʧʣ 

750 ʆʆʆ çʆʄɿ-ʉʧʝʮʩʪʘʣʴè D, E,    Arc 40 ʪʤʡʫʧʣ ʀ+ʇ, ʀʈʆ+ʇ 

890 ʇɸʆ çʉʝʚʝʨʩʪʘʣʴè D 50 ʪʤʸʚ ʀʈʆ+ʇ 

ʊʇɻʉɾʅɾʆʆʔɾ ʎʄɹɽʇʊʋʇʂʃʁɾ ʊʌɽʇʊʋɹʄʁ 

7 ʈʩʧʡʠʛʧʝʡʫʞʤʡ: ʇʇʇ çʇʅʀ-ʊʨʞʯʪʫʙʤʵè, ʈɹʇ çʊʞʛʞʩʪʫʙʤʵè, ʈɹʇ çʅʙʜʦʡʫʧʜʧʩʪʣʡʢ ʥʞʫʙʤʤʬʩʜʡʰʞʪʣʡʢ ʠʙʛʧʝè 



ʁɽɾʇʄʇɼʁʘ ʊʁʊʋɾʅʔ ʆɹʀʆɹʐɾʆʁʘ ʋʉɾɺʇɻɹʆʁʂ ʃ ARC-ʊʋɹʄʘʅ (ʉɾɼʁʊʋʉ) 

˨͊ͭ;͙͟ 
͔͔͔ͨͪͣ΅͔͙͚ͤ 
(ɲ) 

˨͊ͭ;͙͟ ͪ͊ͫͪ͟·͙ͭΎ 
͔ͭͪ΅͙ͤ·  όV) 

˿͔ͭͯͨͤΈ ͔͙͋ͦͨ͊ͫͤͦͫͭ͘ мΥ 
˽͔͍ͪ͒ͦͭͪ͊΅͔͙͔ͤ ͫͭ͊ͪͭ͊ ͻ͎ͪͯͨͦͦ͟ 
ͪ͊ͪͯ͘΄͔͙ͤΎ ͦͭ ͔ͭͻ͎͙ͤͦͦ͡;͔͙ͫ͟ͻ ͔͒ͺ͔͍ͭͦ͟ ͙ 
Ήͫͨͯ͊ͭ͊͟͡ͼ͙ͦͤͤ·ͻ ͍͔͔͙͚ͨͦͪ͗͒ͤ  

(CTOD)͔͙ͣ͊ͭͪ͊͡ ² (CTOD)ͪ͊ͫ;͔ͭ 

 
˨͡Ύ ͍͎ͦͫͤͦͤͦͦ ͔ͣͭ͊͊͡͡Σ ͦͤ͘· ͔͍͙ͭͪͣͦ͡Ύ͙ͤΎ 
͍͙ͫ͊ͪ͟Σ ͔ͣͭ͊͊͡͡ ͍͎ͫ͊ͪͤͦͦ ΄͍͊ 

˿͔ͭͯͨͤΈ ͔͙͋ͦͨ͊ͫͤͦͫͭ͘ 2: 
˻͔͔͋ͫͨ;͔͙͔ͤ ͔͙ͭͦͪͣͦ͗ͤΎ 
͎͙ͣ͊ͫͭͪ͊͡Έ͎ͤͦͦ ͻ͎ͪͯͨͦͦ͟ ͪ͊ͪͯ͘΄͔͙ͤΎ 
͍ͦͫͤͦͤ·ͣ ͔ͣͭ͊ͦͣ͡͡ 

Tͻ ͪ¢ Tdesign 

 
́ͦ͡Έͦ͟ ͒͡Ύ ͍͎ͦͫͤͦͤͦͦ ͔ͣͭ͊͊͡͡ 
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ʆʁʏ çʃʌʉʐɹʋʇɻʊʃʁʂ ʁʆʊʋʁʋʌʋè 

ʍɼʌʈ çʏʆʁʁ ʃʅ çʈʉʇʅɾʋɾʂè 



9 

ʊʇʈʇʊʋɹɻʄɾʆʁɾ ʉɾʀʌʄʕʋɹʋʇɻ ʃʇʆʋʉʇʄʘ ʎʄɹɽʇʊʋʇʂʃʇʊʋʁ ʈʉʇʃɹʋɹ ʇʈʔʋʆʔʎ 

ʈʄɹɻʇʃ ʈʇ ʉɹʀʄʁʐʆʔʅ ʅɾʋʇɽʁʃɹʅ 

͔͔́ͣͨͪ͊ͭͯͪ͊ NDT - -105̄  ˿

͔͔́ͣͨͪ͊ͭͯͪ͊ ́͋͟ - - 47̄  ˿

CTOD ͨ ͙ͪ -40̄ ˿ ς лΦроΧлΦсс ͣͣ 

͔͔́ͣͨͪ͊ͭͯͪ͊ NDT - - 80̄  ˿

͔͔́ͣͨͪ͊ͭͯͪ͊ ́͋͟ -   +8̄  ˿

CTOD ͨ ͙ͪ -40̄ ˿ ς лΦмоΧлΦнл ͣͣ 

ˤ˩˶ˮ̉ˮ˹ˢ KV ˹ ˩ ˻˽˾˩˨˩˶̒˩́ 
˾˩˭̂˶̎́ˢ́ ˮ˿˽̍́ˢ˹ˮ˯ ˽˻ 
˨˻˽˻˶˹ˮ́˩˶̎˹̍˸ ˴˾ˮ́˩˾ˮ̒˸Η 

ʆʁʏ çʃʌʉʐɹʋʇɻʊʃʁʂ ʁʆʊʋʁʋʌʋè 

ʍɼʌʈ çʏʆʁʁ ʃʅ çʈʉʇʅɾʋɾʂè 



ʊɾʉʋʁʍʁʃɹʏʁʇʆʆʔɾ ʁʊʈʔʋɹʆʁʘ ʆɹ ɻʘʀʃʇʊʋʕ ʉɹʀʉʌʑɾʆʁʘ (ʋʉɾʒʁʆʇʊʋʇʂʃʇʊʋʕ) 

ɽʄʘ ʇʈʉɾɽɾʄɾʆʁʘ CTOD (ʣʩʡʫʡʰʞʪʣʧʞ ʩʙʪʣʩʴʫʡʞ ʛʞʩʱʡʦʴ ʫʩʞʲʡʦʴ)  

͙́ͨ ͙͎͒͊ͪ͊ͣͣ· I ς ͦ ͔͔͔͙͔ͨͪ͒ͤ͡ K1c ͨ ͦ ͙͙ͪͭ͟;͔͚ͫͦ͟ 
͎͔ͤ͊ͪͯ͘͟  ˾  ͫς ͪ ͔ͯ͘͡Έͭ͊ͭ ͔͙͔͔ͤͨͪͣͣ͡·͚ 

͙́ͨ ͙͎͒͊ͪ͊ͣͣ II ͙ ͙͡ III  - ͦ ͔͔͔͙͔ͨͪ͒ͤ͡ CTOD ͨ ͦ 
͙͙ͪͭ͟;͔͚ͫͦ͟ ͎͔ͤ͊ͪͯ͘͟  ˾  ͙ͫ  ͨ͡ ͙͊ͫͭ;͔͚ͫͦ͟ ͍ͫͦͫͭ͊͡ΎΌ΅͔͚ 
ͪ͊ͫͪ͟·͙ͭΎ ͔ͭͪ΅͙ͤ· Vp  - ͪ ͔ͯ͘͡Έͭ͊ͭ ͙͔͔ͨͪͣͣ͡·͚ ͙ͨͪ 
͙͔͙͙͒ͦͫͭ͗ͤ ͎͊͒͊ͤͤͦͦ͘ CTOD    

10 

˿ͻ͔ͣ͊ ͙ͫͨ·͙͚ͭ͊ͤ 
˨͙͎͊ͪ͊ͣͣ· ͎͔͙ͤ͊ͪͯ͗ͤΎ 

˹͎͊ͪͯ͊͘͟ 

ʈʘʩʢʨʳʪʠʝ ʙʝʨʝʛʦʚ 

ʪʨʝʱʠʥʳ 

P 

V 

(Vp ς ͨ ͙͊ͫͭ͡;͔ͫ͊͟Ύ ;͊ͫͭΈ V) 
V 

ʆʁʏ çʃʌʉʐɹʋʇɻʊʃʁʂ ʁʆʊʋʁʋʌʋè 

ʍɼʌʈ çʏʆʁʁ ʃʅ çʈʉʇʅɾʋɾʂè 



ʊʎɾʅɹ ʆɹɼʉʌɿɾʆʁʘ ʇɺʉɹʀʏɹ ʈʉʁ ʁʊʈʔʋɹʆʁʘʎ ʆɹ ɽɻʇʂʆʇɾ ʉɹʊʋʘɿɾʆʁɾ 

11 

ʆʁʏ çʃʌʉʐɹʋʇɻʊʃʁʂ ʁʆʊʋʁʋʌʋè 

ʍɼʌʈ çʏʆʁʁ ʃʅ çʈʉʇʅɾʋɾʂè 

1 ς ͙ ͫͨ·ͭ·͍͔͊ͣ·͚ ͔ͦ͋ͪ͊͘ͼΤ н ς ͫ Ά͖ͣͤ·͔ ͊͘ͻ͍͊ͭͤ·͔ ;͙͊ͫͭ ͦ͋ͪ͊͘ͼ͊Σ о ς ͘ ͊ͻ͍͊ͭͤ·͔ ͙͔͙ͨͪͫͨͦͫͦ͋ͤ͡Ύ ͙ͫͨ·͔ͭ͊ͭ͡Έ͚ͤͦ ͣ͊΄͙ͤ·Τ  
4 ς ͙ ͫͨ·͔ͭ͊ͭ͡Έͤ͊Ύ ͣ͊΄͙ͤ͊Τ р ς ͪ ͔͊ͫͪͨ͟͡ΎΌ΅͙͔ ͙ͤ͟͡ΈΎΤ с ς ͤ ͎͊ͪͯ͗͊Ό΅͔͔ ͚͍ͯͫͭͪͦͫͭͦΤ т ς ͻ͙ͦͦ͒͡͡Έͤ͊Ύ ͔͊ͣͪ͊͟Τ у ς ͘ ͊ͻ͍͊ͭͤ·͔ ͔ͫͪΈ͎͙Φ 

2 

8 

7 

6 
5 4 

3 1 

ɻʡʝ ʩʙʠʩʬʱʞʦʡʸ ʧʚʩʙʠʯʙ 


