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Cͦ ͍͔ͣͫͭͤͦ  ͫ ͔͎͔͔͙͙ͨ͊ͦͤͭ͊ͣ͟͡ ˮ͙ͤͫͭͭͯͭ͊ 
Ή͍ͦ͡Όͼ͙͚ͦͤͤͦ ͎͙͙͊ͤͭͪͦͨͦͦ͡ ͙ .ͣ ˸͊ͫ͊͟ 
˽͊ͤ͊͟͡  ͨͦ͊͊ͤͦ͘͟Σ ;ͭͦ ͎͙͊ͤͭͪͦͨͦͦ͡;͔͙͔ͫ͟ 
͙ͦͫͭ͊ͭ͟Σ ͚͔ͤ͊͒ͤͤ·͔  ͍ ͯ͟͡Έͭͯͪͤͦͣ ͔ͫͦ͡ 
ͤ͊;͊͡Έ͚ͤͦ ͙͙ͫͭ͊͒ ͍͔ͪͻ͔͎ͤͦ ͔͙ͨ͊ͦͭ͊͡͡ (50ς40 
ͭ·ͫ. ͔ͭ͡ ͤ͊͊͒͘ύ  ͍˨͔͙͍͚ͤͫͦͦ ͔ͨ΅͔͔ͪ ͤ ͊ˢ͔ͭ͊͡Σ 
͙͔͙ͨͪͤ͊͒͗͊͡͡ ͎͙͙ͦͣͤͤͯ, ͫͯ΅͔͍͔ͫͭͤͤͦ 
͙ͦͭ͡;͍͊΄͔ͣͯͫΎ ͨ ͙ͦͭͨͯ ͙ͣͭͦͻ͙ͦͤ͒ͪ͊͡Έ͚ͤͦ  ͙
Ύ͔͚͒ͪͤͦ ˨˹ ˴ͦ ͔͔ͭͤ͊ͤ͒ͪͭ͊͡Έͼ͊  ͙ͦ ͭ;͔͍͔ͦ͊͟͡ 
͍͔͔͎ͫͦͪͣͤͤͦͦ ͅ ͙͙͘;͔͎ͫͦͦ͟ ͍ ͙͒͊.  
 ˹ ͍ͦ͊Ύ ͨͦͨͯ͡Ύͼ͙Ύ ͎͙͙͍ͦͣͤͤͦ, ͦ͋ͦͤ͊͘;͔ͤͤ͊Ύ 
͊͟͟ ζ͒ ͔͙͍ͤͫͦͼ·ηΣ ͫͦͫͯ΅͔͍͍ͫͭͦ͊͊͡ ͤ ͊ Ή͚ͭͦ 
͔͙͙͙ͭͪͪͭͦͪ ͍͔͔ͣͫͭ  ͫ ͍ͦͫͭͦ;͚ͤͦ ͎͚ͪͯͨͨͦ 
͔͔ͤ͊ͤ͒ͪͭ͊͡Έͼ͔͍Σ ͍͔͚ͯͫͭ͊ͤͦͤͤͦ͡ ͨ ͦ ͒͊ͤͤ·ͣ 
͙͊ͤ͊͊͘͡ ͣͭ˨˹˴ ͍ͦͫͭ͊ͤͦ͟ ͙͔͎ͫͦͨ͊ͣͦͦ͟ 
;͔͍͔ͦ͊͟͡ ͙  ͨ͘ ͔΅͔ͪ ˻ ͙͍͊͒ͤͦ͊͟͟͡ ͙  ̉ ͎͊·͚ͪͫͦ͟.  
˽ͦͯ͡;͔ͤͤ·͔ ͔ͪͯ͘͡Έͭ͊ͭ· ͨͦ͊͘͟·͍͊ΌͭΣ ;ͭͦ ͤ ͊
͙͔͔ͦͤͭͤͤͭ͟ ˩͍͙ͪ͊͘Ύ  ͍ ͔͙ͨͪͦ͒ ͍͔ͪͻ͔͎ͤͦ 
͔͚ͨͫͭͦ͡ͼ͔ͤ͊ ͍͔͔ͣͫͭ  ͫ ;͔͍͔ͦͦͣ͟͡ 
͍͔͔͎ͫͦͪͣͤͤͦͦ ͺ͙͙͘;͔͎ͫͦͦ͟ ͙ͭͨ͊ 
ͫͯ΅͔͍͍ͫͭͦ͊ͦ͡ ͔΅ ͔ ͍͔͒ ͺͦͪͣ· ͎͙͙͍ͦͣͤͤͦ: 
ͺͦͪͣ͊ ˭͚͊ͨ͊͒ͤͦ ˩͍͙͙ͪ͊͘ - ͔͔ͤ͊ͤ͒ͪͭ͊͡Έͫ͊͟ΎΣ 
 ͙͍ ͦͫͭͦ;ͤ͊Ύ ͅ ͦͪͣ͊ - ͒ ͔͙͍ͤͫͦͼ·.  

˹͊͋ͦͪ· ͔͊ͣͤͤ͟·ͻ  ͙ ͦͫͭ͟Ύͤ·ͻ ͙͚ͦͪͯ͒Σ 
͔͔ͨͪ͒ͣͭ· ͙͍͙ͫͣͦ͡;͔͚ͫͦ͟ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭΣ 
ͫͨͦͫͦ͋·  ͙ ͙͔ͨͪͣ· ͙͔͔͔͗ͤͦ͋ͫͨ͘;͔͙ͤΎ ς 
͍͙͔͔ͫ͒ͭ͡Έ͍ͫͭͯΌͭΣ ;ͭͦ ͒͡Ύ ͔͙͍͒ͤͫͦͼ͔͍ 
ͻ͔͊ͪ͊ͭͪͤͦ͟ ͍͔͔͙͔ͨͦ͒ͤ ;͔͍͔ͦ͊͟͡ 
͍͔͔͎ͫͦͪͣͤͤͦͦ ͅ ͙͙͘;͔͎ͫͦͦ͟ ͦ ͙͋͊͟͡.  

 ˮ ͙ͤͫͭͭͯͭ ͊ͪͻ͔͎͙͙ͦͦ͡ ͙ Ή͎ͭͤͦͪ͊ͺ͙͙ ˿˻ ˾ˢ˹ 



ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩʦ ʚʩʪʨʝʯʥʳʤʠ ʧʫʯʢʘʤʠ ʪʷʞʝʣʳʭ ʠʦʥʦʚ ʥʘ ɹʦʣʴʰʦʤ ʘʜʨʦʥʥʦʤ ʢʦʣʣʘʡʜʝʨʝ ʧʨʠ 

ʨʝʢʦʨʜʥʳʭ ʵʥʝʨʛʠʷʭ ʚʧʝʨʚʳʝ ʧʨʦʚʝʜʝʥʦ ʧʨʷʤʦʝ ʥʘʙʣʶʜʝʥʠʝ ʷʚʣʝʥʠʷ ʧʦʜʘʚʣʝʥʠʷ ʘʜʨʦʥʥʳʭ ʩʪʨʫʡ. 

ʂʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ, ʧʦʟʚʦʣʠʚʰʠʤ ʦʩʫʱʝʩʪʚʠʪʴ ʥʘʢʦʧʣʝʥʠʝ ʠʦʥʥʳʭ ʧʫʯʢʦʚ ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʵʪʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʠ ʩʦʟʜʘʥʥʘʷ ʚ ʀʗʌ ʉʆ ʈɸʅ ʩʠʩʪʝʤʘ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ, ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʥʘ ʠʦʥʥʦʤ ʥʘʢʦʧʠʪʝʣʝ ʥʠʟʢʦʡ ʵʥʝʨʛʠʠ LEIR. 

ʅʘ ʧʨʦʬʠʣʦʤʝʪʨʝ ʚʠʜʥʦ ʢʘʢ ʧʦʩʣʝ ʠʥʞʝʢʮʠʠ ʩʞʠʤʘʝʪʩʷ ʧʫʯʦʢ 

ʠʦʥʦʚ, ʘ ʧʦʩʣʝ ʚʪʦʨʦʡ ʠʥʞʝʢʮʠʠ ʚʳʨʘʩʪʘʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ. 

ʕʣʝʢʪʨʦʥʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʩʞʠʤʘʝʪ ʧʫʯʦʢ ʠ ʦʥ ʫʩʢʦʨʷʝʪʩʷ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ LHC. 

ʇʨʠ ʣʦʙʦʚʦʤ ʩʪʦʣʢʥʦʚʝʥʠʠ ʜʚʫʭ ʷʜʝʨ ʦʙʨʘʟʫʝʪʩʷ ʩʚʝʨʭʧʣʦʪʥʳʡ 

ʩʛʫʩʪʦʢ, ʫʩʣʦʚʠʷ ʚ ʢʦʪʦʨʦʤ ʙʣʠʟʢʠ ʢ ʫʩʣʦʚʠʷʤ  ʚ ʥʘʯʘʣʴʥʳʡ 

ʤʦʤʝʥʪ ʦʙʨʘʟʦʚʘʥʠʷ ɺʩʝʣʝʥʥʦʡ.  

ʅʘ ʨʠʩʫʥʢʝ - ʨʘʩʧʘʜ ʪʘʢʦʛʦ ʩʛʫʩʪʢʘ ʥʘ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʯʘʩʪʠʮ ʚ 

ʜʝʪʝʢʪʦʨʝ ALICE  

ʀʥʩʪʠʪʫʪ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʠʤ. ɻ.ʀ. ɹʫʜʢʝʨʘ ʉʆ ʈɸʅ 
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ʇʨʦʝʢʪ  megascience: ʯʘʨʤ - ʪʘʫ ʬʘʙʨʠʢʘ ʚ ʀʗʌ ʉʆ ʈɸʅ 

ʇʨʝʠʤʫʱʝʩʪʚʘ: 
Å ʉʚʝʪʠʤʦʩʪʴ ʥʘ ʜʚʘ ʧʦʨʷʜʢʘ ʚʳʰʝ, ʯʝʤ 
ʫ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ ʧʣʘʥʠʨʫʝʤʳʭ 
ʫʩʪʘʥʦʚʦʢ 
Å ʇʦʣʷʨʠʟʘʮʠʷ ʧʫʯʢʦʚ ʚ ʤʝʩʪʝ ʚʩʪʨʝʯʠ 
Å ʐʠʨʦʢʠʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ 
Å ʏʘʩʪʴ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʩʫʱʝʩʪʚʫʝʪ 

ʌʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʬʠʟʠʢʘ: 
Å ʬʠʟʠʢʘ ʯʘʨʤʦʥʠʷ ʠ ʪʘʫ-ʣʝʧʪʦʥʘ 
Å ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʩʦʩʪʦʷʥʠʡ ʠʟ ʣʝʛʢʠʭ 
ʢʚʘʨʢʦʚ   
Å ʬʠʟʠʢʘ ʦʯʘʨʦʚʘʥʥʳʭ ʙʘʨʠʦʥʦʚ ʠ D-
ʤʝʟʦʥʦʚ 
Å ʠʟʤʝʨʝʥʠʝ ʩʝʯʝʥʠʷ e+eī Ÿ ʘʜʨʦʥʳ 
Å ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʥʪʠʥʝʡʪʨʦʥʦʚ ʩ 
ʚʝʱʝʩʪʚʦʤ 
Å ʜʚʫʭʬʦʪʦʥʥʘʷ ʬʠʟʠʢʘ 

ʊʝʭʥʦʣʦʛʠʠ, ʩʦʟʜʘʚʘʝʤʳʝ ʠ ʨʘʟʚʠʚʘʝʤʳʝ 

ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ, ʦʙʣʘʜʘʶʪ 

ʚʳʩʦʢʠʤ ʠʥʥʦʚʘʮʠʦʥʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʠ 

ʙʫʜʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʘʟʚʠʪʠʶ ʚʩʝʭ 

ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʥʘʫʢʠ ʠ 

ʪʝʭʥʦʣʦʛʠʠ ʈʌ 

ʇʦʜʧʠʩʘʥʳ  

ʉʦʛʣʘʰʝʥʠʷ: 

Åʀʪʘʣʠʷ (INFN) 

Åʗʧʦʥʠʷ (ʂɽʂ) 

Åɼʫʙʥʘ (ʆʀʗʀ) 

 

ʆʙʩʫʞʜʘʶʪʩʷ  

ʩʦʛʣʘʰʝʥʠʷ ʩ  

ɸʥʛʣʠʝʡ,  

ʉʐɸ,  

ʀʟʨʘʠʣʝʤ,  

ʇʦʣʴʰʝʡ 

ʠ ʜʨ. ʩʪʨʘʥʘʤʠ 

ɹʶʜʞʝʪ ï 17 400 ʤʣʥ. ʨʫʙʣʝʡ, ʚ ʪ.ʯ. 
Å 13 100 ʤʣʥ. ʨʫʙ. ï ʪʨʝʙʫʝʤʦʝ ʙʶʜʞʝʪʥʦʝ 
ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ; 
Å   1 000 ʤʣʥ. ʨʫʙ. ï ʫʞʝ ʧʨʠʚʣʝʯʝʥʦ ʀʗʌ ʉʆ ʈɸʅ ʠʟ 
ʚʥʝʙʶʜʞʝʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ; 
Å      500 ʤʣʥ. ʨʫʙ. ï ʫʞʝ ʚʣʦʞʝʥʦ ʙʶʜʞʝʪʥʳʭ ʩʨʝʜʩʪʚ; 
Å   1 000 ʤʣʥ. ʨʫʙ. ï ʩʨʝʜʩʪʚʘ ʠʥʦʩʪʨʘʥʥʳʭ ʫʯʘʩʪʥʠʢʦʚ 
ʧʨʦʝʢʪʘ; 
Å      800 ʤʣʥ. ʨʫʙ. ï ʧʣʘʥʠʨʫʝʪʩʷ ʧʨʠʚʣʝʯʴ ʠʟ 
ʚʥʝʙʶʜʞʝʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ; 
Å   1 000 ʤʣʥ. ʨʫʙ. ï ʧʨʠʚʣʝʢʘʝʤʳʝ ʩʨʝʜʩʪʚʘ ʥʘ ʨʘʟʚʠʪʠʝ 
ʩʦʮʠʘʣʴʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 

ʇʦʟʠʪʨʦʥʥʳʡ ʠʩʪʦʯʥʠʢ 

ʌʠʟʠʯʝʩʢʘʷ ʧʨʦʛʨʘʤʤʘ ʏʘʨʤ/ʪʘʫ ʬʘʙʨʠʢʠ ʥʘʧʨʘʚʣʝʥʘ, 

ʚ ʦʩʥʦʚʥʦʤ, ʥʘ ʧʦʠʩʢ ʷʚʣʝʥʠʡ, ʚʳʭʦʜʷʱʠʭ ʟʘ ʨʘʤʢʠ 

ʉʪʘʥʜʘʨʪʥʦʡ ʤʦʜʝʣʠ, ʜʦʧʦʣʥʷʝʪ ʠ ʦʙʦʛʘʱʘʝʪ 

ʧʨʦʛʨʘʤʤʫ ʧʦʠʩʢʘ ñʅʦʚʦʡò ʬʠʟʠʢʠ, ʨʝʘʣʠʟʫʝʤʫʶ ʥʘ 

ɹʦʣʴʰʦʤ ʘʜʨʦʥʥʦʤ ʢʦʣʣʘʡʜʝʨʝ 

ʏʘʨʤ/ʪʘʫ ʬʘʙʨʠʢʘ - ʠʩʪʦʯʥʠʢ 

ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚʳʩʦʢʦʡ 

ʷʨʢʦʩʪʠ - ʩʦʟʜʘʩʪ ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʳʝ 

ʫʩʣʦʚʠʷ ʜʣʷ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʉʠʙʠʨʩʢʦʤ ʮʝʥʪʨʝ ʉʀ 



ˤ͔͍ͨͪ·͔ ͍ ͙͔ͣͪ Ή͔͙͔ͫͨͪͣͤͭ͊͟͡Έͤͦ ͨͦ͊͊ͤ͘͟· ͔ͣͻ͙͊ͤͣ͘· 
͙͙ͫͭ͊͋͊͘͡ͼ͙͙ ͙͎͊ͣͤ͊ͪͤͦͦ͡ ͔ͭ;͔͙ͤΎ ͙ͨͪ ͎͙͔͍͍ͨͪͯͦ͘͟·ͻ ͫͦͪͦͫͭ͟Ύͻ 

ʈʩʡ ʡʪʨʧʤʵʠʧʛʙʦʡʡ ʨʧʩʡʪʫʧʜʧ 
ʨʧʣʩʴʫʡʸ 

ʈʧʤʧʟʞʦʡʞ  
ʨʞʩʞʮʧʝʙ ʛ ʨʧʤʞʫʞ  

ʄʙʥʡʦʙʩʦʧ-ʫʬʩʚʬʤʞʦʫʦʴʢ ʨʞʩʞʮʧʝ ʦʙ ɼʄɹ 

1 

2 

0 1 2 3 4 R, mm 

Xtrpor /Xtrsol  



ɺ ʀʃʌ ʉʆ ʈɸʅ ʩʦʟʜʘʥ ʣʘʟʝʨʥʳʡ ʠʩʪʦʯʥʠʢ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 457 ʥʤ ʩ ʰʠʨʠʥʦʡ ʣʠʥʠʠ 

ʠʟʣʫʯʝʥʠʷ ~1ʂɻʮ ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ, ʚʳʧʦʣʥʝʥʳ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʫʣʴʪʨʘʭʦʣʦʜʥʳʭ ʘʪʦʤʦʚ ʤʘʛʥʠʷ, ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʚ ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʦʡ ʣʦʚʫʰʢʝ. ʉ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʝʤʪʦʩʝʢʫʥʜʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʯʘʩʦʚ ʧʨʦʚʝʜʝʥʳ ʧʝʨʚʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ 

ʧʦ ʠʟʤʝʨʝʥʠʶ ʯʘʩʪʦʪʳ ʧʝʨʝʭʦʜʘ 1S0  3P1 ʘʪʦʤʘ ʤʘʛʥʠʷ. ʀʟʤʝʨʝʥʥʘʷ ʯʘʩʪʦʪʘ ʧʝʨʝʭʦʜʘ 

ʩʦʩʪʘʚʠʣʘ ʚʝʣʠʯʠʥʫ ɜʠʟʤ= 655659923834,1(5) ʂɻʮ. ʆʧʨʝʜʝʣʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʚʳʰʝʥʠʷ 

ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʥʘ ʜʚʘ-ʪʨʠ ʧʦʨʷʜʢʘ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤ 

ʰʘʛʦʤ ʥʘ ʧʫʪʠ ʩʦʟʜʘʥʠʷ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʩʪʘʥʜʘʨʪʦʚ ʯʘʩʪʦʪʳ ʩʦ 

ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʥʘ ʫʨʦʚʥʝ 10 17 ʜʣʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ɻʃʆʅɸʉʉ. 

ʈʠʩ.1 ʈʝʟʦʥʘʥʩʳ ʈʘʤʩʠ ʚ ʨʘʟʥʝʩʝʥʥʳʭ ʚʦ 

ʚʨʝʤʝʥʠ ʣʘʟʝʨʥʳʭ ʧʦʣʷʭ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ 

ʦʭʣʘʞʜʝʥʥʳʤʠ ʠ ʣʦʢʘʣʠʟʦʚʘʥʥʳʤʠ ʚ ʤʘʛʥʠʪʦ-

ʦʧʪʠʯʝʩʢʦʡ ʣʦʚʫʰʢʝ ʘʪʦʤʘʤʠ ʤʘʛʥʠʷ. 

ʈʠʩ.2  ʌʫʥʢʮʠʷ ɸʣʣʘʥʘ ʠʟʤʝʨʝʥʠʡ ʯʘʩʪʦʪʳ 

ʧʝʨʝʭʦʜʘ 1S0 - 
3P1 ʘʪʦʤʦʚ Mg. 
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 S.K. Turitsyn, S.A. Babin, A.E. El-Taher, P. Harper, D.V. Churkin, S.I. Kablukov, J.D. Ania-Casta¶·n, V. Karalekas,  E.V. 
Podivilov. ñRandom distributed feedback fibre laserò,    Nature Photonics, 2010, v.4, N4, p.231-235. 

ɺʦʣʦʢʦʥʥʳʡ ʣʘʟʝʨ ʙʝʟ ʨʝʟʦʥʘʪʦʨʘ (ʥʝʪ ʟʝʨʢʘʣ) 

    II 

 1-ʤʝʨʥʳʡ çcʣʫʯʘʡʥʳʡè (random) ʣʘʟʝʨ:  

 ʋʩʠʣʝʥʠʝ ï ɺʂ ʈʘʩʩʝʷʥʠʝ   

 ʆʙʨʘʪʥʘʷ ʩʚʷʟʴ ï ʈʵʣʝʝʚʩʢʦʝ ʈʘʩʩʝʷʥʠʝ 

 ʧʨʠʤʝʥʝʥʠʷ ʚ ʩʚʝʨʭʜʘʣʴʥʝʡ ʩʚʷʟʠ 

ü  ɺʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ (>30%) 

ü  ʋʟʢʠʡ çʙʝʟʤʦʜʦʚʳʡè ʩʧʝʢʪʨ (FWHM~1,5 ʥʤ) 

ü  ɺʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʩʪʨʦʡʢʠ ʙʝʟ ʩʝʣʝʢʪʦʨʦʚ 

ü  ʅʝʪ ʦʛʨʘʥʠʯʝʥʠʡ ʧʦ ʜʣʠʥʝ ʚʦʣʦʢʥʘ 

ɺʦʣʦʢʦʥʥʳʡ ʣʘʟʝʨ ʩʦ ʩʣʫʯʘʡʥʦʡ ʨʘʩʧʨʝʜʝʣʸʥʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ 

     ʀʥʩʪʠʪʫʪ ʘʚʪʦʤʘʪʠʢʠ ʠ ʵʣʝʢʪʨʦʤʝʪʨʠʠ ʉʆ ʈɸʅ  



 



ʆʩʥʘʱʝʥʠʝ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʵʪʘʣʦʥʘ ʝʜʠʥʠʮʳ ʩʢʦʨʦʩʪʠ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ 
ʈʦʩʩʠʠ ʧʨʝʮʠʟʠʦʥʥʳʤ ʣʘʟʝʨʥʳʤ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤ ʢʦʤʧʣʝʢʩʦʤ çʃɸɼ-015è 

ɺʧʝʨʚʳʝ ʚʳʧʦʣʥʝʥʦ ʦʩʥʘʱʝʥʠʝ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʵʪʘʣʦʥʘ ʚʦʟʜʫʰʥʦʛʦ 
ʧʦʪʦʢʘ ʈʦʩʩʠʠ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʧʨʝʮʠʟʠʦʥʥʳʤ ʣʘʟʝʨʥʳʤ 
ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤ ʢʦʤʧʣʝʢʩʦʤ çʃɸɼ-015è.  
ʕʪʦ ʧʦʟʚʦʣʠʣʦ ɺʅʀʀʄ ʫʩʧʝʰʥʦ ʚʳʧʦʣʥʠʪʴ ʇʨʦʛʨʘʤʤʫ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʢʣʶʯʝʚʳʭ ʩʣʠʯʝʥʠʡ ʥʘʮʠʦʥʘʣʴʥʳʭ ʵʪʘʣʦʥʦʚ ʝʜʠʥʠʮʳ ʩʢʦʨʦʩʪʠ ʚʦʟʜʫʰʥʦʛʦ 
ʧʦʪʦʢʘ. ɺ ʩʣʠʯʝʥʠʷʭ ʧʨʠʥʠʤʘʣʠ ʫʯʘʩʪʠʝ ʵʪʘʣʦʥʳ ʰʝʩʪʠ ʩʪʨʘʥ - ʗʧʦʥʠʠ, ʂʦʨʝʠ, 
ʈʦʩʩʠʠ, ʉʠʥʛʘʧʫʨʘ, ʉʐɸ ʠ ʊʘʡʚʘʥʷ  (ʦʢʪʷʙʨʴ 2008- ʘʚʛʫʩʪ 2010). 

ʀʊ ʉʆ ʈɸʅ 



˽ͦͤͦ͡ͺͦͪͣ͊ͭͤ·͔ ͎͙͙͋ͪ͒ͤ·͔ ˮ˴ ̅˽ 
ͤ͊ ͍͔ͦͫͤͦ ˥̏˿ ˴˾́ ˸˶̏ ͤ͊ ͨͦ͒ͦ͗͊͟͡ͻ ͙͘ ͔͙ͪͣͤ͟Ύ 

˥͙͙͋ͪ͒ͤ·͔ ˮ˴ ̅˽ ͺͦͪͣ͊ͭ͊ сплͻрмн 
ͤ͊ ͍͔ͦͫͤͦ ˥̏˿ ˴˾́ ˸˶̏ ͤ͊ ͔͙͔͍͚ͪͣͤͦ͟ 

͔ͨͦ͒ͦ͗͟͡ 

          ˮ ͙ͤͫͭͭͯͭ ͺ͙͙͙͘͟ ͍͙͍ͨͦͯͨͪͦͦ͒ͤͦ͟͡ ˿˻ ˾ˢ˹ 



˴͍͍͊ͤͭͦ·͚ Ήͺͺ͔ͭ͟ ̆ͦ͊͡͡ ͍ ͭͦ;͔͟ ͊ͪ͘Ύ͍͚͒ͦͦ ͔͚ͤͭͪ͊͡Έ͙ͤͦͫͭ  
͍͔͚͒ͯͣͪͤͦ Ή͔ͭͪͦͤͤͦ͟͡-͒·ͪͦ;͚ͤͦ ͙͔ͫͫͭͣ· 

˥Φ˸Φ ˥ ͔͍ͯͫΣ ˩ΦˣΦ ˻ ͡Έ΄͔͊ͤͼ͙͚͟Σ ˭Φ˨Φ ˴ ͍ͦͤΣ ˹Φ˹Φ ˸ ͙ͻ͚͍͊ͦ͡Σ ˿ΦˢΦ ˨ ͍͔ͦͪͼ͙͚͟Σ J.C. Portal 

˿͔͍͊͡Υ ˭͍͙͙͊ͫͣͦͫͭΈ 

͙͎͒͊ͦͤ͊͡Έ͚ͤͦ ͙ ͻ͍͚ͦͦͫͦ͟͡͡ 

͔ͦͣͨͦͤͤͭ͟ ͔ͭͤͦͪ͊͘ 

͙͍͔͙ͫͦͨͪͦͭͤ͡Ύ όŀύ ͙ 

͍͙͙ͨͪͦͦ͒ͣͦͫͭ όbύ ͦͭ 

͍͎͊ͭͦͪͤͦͦ͘ ͤ͊ͨͪΎ͔͙͗ͤΎ ͍ 

͎͙ͣ͊ͤͭͤͦͣ ͔ͨͦ͡ B Ґ нΦу ͔́ͫ͊͡Φ 

˿͍ͨͪ͊͊Υ ́ ͎͙ͦͨͦͦ͡Ύ ͍ͭͦͦ͟·ͻ 

ͫͦͫͭͦΎ͙͚ͤ ͍͔͎͒ͯͣͪͤͦͦ 

͔ͨͦͯͣͭ͊͊͡͡͡ ͍ ͔͙͔ͪ͗ͣ ˴̏̆ ͍ 

ͭͦ;͔͟ ͊ͪ͘Ύ͍͚͒ͦͦ 

͔͚ͤͭͪ͊͡Έ͙ͤͦͫͭΦ 

ˤ͔͍ͨͪ·͔ Ή͔͙͔ͫͨͪͣͤͭ͊͟͡Έͤͦ ͙ͯ͘;͔ͤ ͔͙ͪ͗ͣ ͍͍͎͊ͤͭͦͦͦ͟ Ήͺͺ͔ͭ͊͟ ̆ͦ͊͡͡  ͍ ͍͔͚͒ͯͣͪͤͦ 
Ή͔ͭͪͦͤͤͦ͟͡-͒·ͪͦ;͚ͤͦ ͙͔͔ͫͫͭͣ  ͍ͭͦ;͔͟ ͊ͪ͘Ύ͍͚͒ͦͦ ͔͚ͤͭͪ͊͡Έ͙ͤͦͫͭΣ ͭ ͔ͦͫͭΈ  ͍ͭͦ;͔͟ ͍͔͍ͪ͊ͤͫͭ͊ 
ͦͤ͟ͼ͔ͤͭͪ͊ͼ͙͚ Ή͔͍ͭͪͦͤͦ͟͡  ͙͒·ͪͦ͟. ˻͔͋ͤ͊ͪͯ͗ͤ Ήͺͺ͔ͭ͟  ͍͔͙ͨͦ͒͊ͤ͡Ύ ͙ͫ͡Έ͚ͤͦ ͙ͦ͊͊͘͟͡͡ͼ͙͙  ͍
ͯ͊͊ͤͤ͘͟·ͻ ͯ ͍͙ͫͦ͡Ύͻ. 



ɻʠʩʪʦʛʨʘʤʤʘ ʨʘʟʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʰʫʤʫ ʬʦʪʦʧʨʠʝʤʥʠʢʘ 640Ĭ512 

ʵʣʝʤʝʥʪʦʚ ʠ ʧʨʠʤʝʨ ʪʝʧʣʦʚʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʩ ʝʛʦ ʧʦʤʦʱʴʶ.  

          ˮ ͙ͤͫͭͭͯͭ ͺ͙͙͙͘͟ ͍͙͍ͨͦͯͨͪͦͦ͒ͤͦ͟͡ ˿˻ ˾ˢ˹ 



ɼʘʥʥʳʝ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʜʠʩʧʝʨʩʠʠ ʛʨʘʬʝʥ-ɼʄʌɸ 

(ʩʣʝʚʘ) ʠ ʵʣʝʢʪʨʦʥʦʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʛʨʘʬʝʥʦʚʦʡ 

ʧʣʝʥʢʠ (ʩʧʨʘʚʘ) 

    

Functionalization

ʇʦʣʫʯʝʥʠʝʛʨʘʬʝʥʦʚʯʝʨʝʟʭʠʤʠʯʝʩʢʫʶ

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʶʠʢʦʣʣʦʠʜʥʳʝʜʠʩʧʝʨʩʠʠ

Colloidal

dispersion

ʕʣʝʢʪʨʦʥʦʤʠʢʨʦʩʢʦʧʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʟʘʮʠʷ 

ʚʳʩʦʢʦʨʘʩʱʝʧʣʝʥʥʦʛʦ ʥʘʥʦʨʘʟʤʝʨʥʦʛʦ ʛʨʘʬʠʪʘ 

      

ʇʦʣʫʯʝʥʠʝ ʛʨʘʬʝʥʘ ʯʝʨʝʟ ʭʠʤʠʯʝʩʢʫʶ 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʶ ʠ ʢʦʣʣʦʠʜʥʳʝ 

ʜʠʩʧʝʨʩʠʠ 

ʀʥʩʪʠʪʫʪ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɺ. ʅʠʢʦʣʘʝʚʘ ʉʆ ʈɸʅ 

ɺʳʩʦʢʘʷ ʧʦʜʚʠʞʥʦʩʪʴ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ, ʧʨʦʷʚʣʝʥʠʝ ʨʷʜʘ ʢʚʘʥʪʦʚʳʭ ʵʬʬʝʢʪʦʚ 

(ʢʚʘʥʪʦʚʦʛʦ ʵʬʬʝʢʪʘ ʍʦʣʣʘ,  ʵʬʬʝʢʪʘ ʙʘʣʣʠʩʪʠʯʝʩʢʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ ʠ ʜʨ.), ʙʦʣʴʰʘʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʞʸʩʪʢʦʩʪʴ, 

ʧʨʝʢʨʘʩʥʘʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ʧʨʦʟʨʘʯʥʦʩʪʴ ï ʚʩʝ ʵʪʠ 

ʟʘʤʝʯʘʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʦʧʨʝʜʝʣʷʶʪ ʧʦʪʝʥʮʠʘʣ ʛʨʘʬʝʥʘ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʫʩʪʨʦʡʩʪʚ: ʧʦʣʝʚʳʭ 

ʪʨʘʥʟʠʩʪʦʨʦʚ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ, ʧʨʦʟʨʘʯʥʳʭ ʵʣʝʢʪʨʦʜʦʚ ʚ 

ʞʠʜʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʜʠʩʧʣʝʷʭ (LCD), ʩʦʣʥʝʯʥʳʭ 

ʙʘʪʘʨʝʷʭ, ʫʣʴʪʨʘʢʦʥʜʝʥʩʘʪʦʨʘʭ, ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʘʭ ʠ 

ʜʨʫʛʠʭ ʫʩʪʨʦʡʩʪʚʘʭ. ɻʨʘʬʝʥ ʠʤʝʝʪ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʙʠʦʫʩʪʨʦʡʩʪʚʘʭ ʠ ʩʝʥʩʦʨʘʭ, ʛʜʝ ʚʘʞʥʫʶ 

ʨʦʣʴ ʠʛʨʘʝʪ ʝʛʦ ʙʦʣʴʰʘʷ ʧʦʚʝʨʭʥʦʩʪʴ.  

ʇʆʃʋʏɽʅʀɽ ʀ ʉɺʆʁʉʊɺɸ ɻʈɸʌɽʅɸ ï ʅʆɺʆɻʆ  
ʋɻʃɽʈʆɼʅʆɻʆ ʄɸʊɽʈʀɸʃɸ 



ɽʜʠʥʩʪʚʝʥʥʘʷ ʚ ʈʦʩʩʠʠ ʫʩʪʘʥʦʚʢʘ ʚʳʩʦʢʦʪʦʯʥʦʡ ʰʪʘʤʧʦʚʦʡ 

ʥʘʥʦʣʠʪʦʛʨʘʬʠʠ, ʨʘʙʦʪʘʶʱʘʷ ʚ ʩʚʝʨʭʯʠʩʪʳʭ ʫʩʣʦʚʠʷʭ  

(ʯʠʩʪʘʷ ʢʦʤʥʘʪʘ 1-10 ʢʣʘʩʩʘ) 

ʐʠʨʠʥʘ ʣʠʥʠʠ ʜʦ 10 ʥʤ, ʜʠʘʤʝʪʨ ʧʦʜʣʦʞʢʠ 150 ʤʤ.  



ʉʍɽʄɸ ʉʀʅʊɽɿɸ ʊɸʊɹ 

 ʈʘʟʨʘʙʦʪʘʥʘ ʠ ʚʥʝʜʨʝʥʘ ʚ ʧʨʦʤʳʰʣʝʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʦʚʘʷ 
ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ 1,3,5-ʪʨʠʘʤʠʥʦ-2,4,6-ʪʨʠʥʠʪʨʦʙʝʥʟʦʣʘ 

(ʊɸʊɹ) ʠʟ ʬʣʦʨʦʛʣʶʮʠʥʘ 

  

OH

OHOH

NO2

NO2O2N

NH2

NH2NH2

NO2

NO2O2N

OH

OHOH
[NO2]

+

NO2

NO2O2N

OEt

OEtEtO

CH(OEt)3 NH3

ü ʇʨʦʠʟʚʦʜʩʪʚʦ ʌʂʇ çɹʆɿè ʦʙʣʘʜʘʝʪ ʤʦʱʥʦʩʪʴʶ ʧʦ ʚʳʧʫʩʢʫ ʊɸʊɹ ʜʦ 1000 ʢʛ/ʛʦʜ 

ü ʄʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʥʠʟʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʚʟʨʳʚʯʘʪʳʭ ʩʦʩʪʘʚʦʚ 

ü ɺ ʈʌʗʎ ɺʅʀʀʊʌ ʥʘ ʦʩʥʦʚʝ ʊɸʊɹ ʥʦʚʦʛʦ ʢʘʯʝʩʪʚʘ ʨʘʟʨʘʙʦʪʘʥʦ ʠ ʧʨʦʰʣʦ 

ʠʩʧʳʪʘʥʠʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʝ ʥʠʟʢʦʯʫʚʩʪʚʠʪʝʣʴʥʦʝ ʣʠʪʴʝʚʦʝ ɺɺ (ʩ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ ʫʜʘʨʥʦ-ʚʦʣʥʦʚʳʤ ʥʘʛʨʫʟʢʘʤ ʜʦ 150 ʢʙʘʨ) 

                ʀʇʍʕʊ ʉʆ ʈɸʅ (ʛ.ɹʠʡʩʢ), ʅʀʆʍ ʉʆ ʈɸʅ (ʛ.ʅʦʚʦʩʠʙʠʨʩʢ) ʩʦʚʤʝʩʪʥʦ ʩ ʀʆʉ ʋʨʆ       

 ʈɸʅ (ʛ.ɽʢʘʪʝʨʠʥʙʫʨʛ), ʈʌʗʎ ɺʅʀʀʊʌ (ʛ.ʉʥʝʞʠʥʩʢ) ʠ ʌʂʇ ɹʆɿ (ʛ.ɹʠʡʩʢ)  



ɼʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʥʘʨʫʞʝʥʠʝ ɺɺ 
ɻʦʣʦʚʥʦʡ ʠʩʧʦʣʥʠʪʝʣʴ ʀʇʍʕʊ ʉʆ ʈɸʅ. ʉʦʠʩʧʦʣʥʠʪʝʣʠ ï ʀʆɸ ʉʆ ʈɸʅ, ʀʉʕ ʉʆ ʈɸʅ. 

ʄʝʭʘʥʠʟʤ ʦʙʥʘʨʫʞʝʥʠʷ ʦʩʥʦʚʘʥ ʥʘ 

ʣʘʟʝʨʥʦʡ ʬʨʘʛʤʝʥʪʘʮʠʠ ʤʦʣʝʢʫʣ ɺɺ  

ʩ ʠʭ ʧʦʩʣʝʜʫʶʱʝʡ ʣʘʟʝʨʥʦ-

ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʝʡ ʚ 

ʋʌ ʦʙʣʘʩʪʠ. 

ʄʝʭʘʥʠʟʤ ʦʙʥʘʨʫʞʝʥʠʷ ʦʩʥʦʚʘʥ ʥʘ 

ʤʝʪʦʜʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ 

ʧʦʛʣʦʱʝʥʠʷ ʠʟʣʫʯʝʥʠʷ ʣʘʟʝʨʘ  

ʀʂ-ʜʠʘʧʘʟʦʥʘ. 

ʉʦʟʜʘʥʳ ʜʝʡʩʪʚʫʶʱʠʝ ʤʘʢʝʪʳ ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʦʙʥʘʨʫʞʠʪʝʣʝʡ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʦʙʥʘʨʫʞʠʚʘʪʴ ʩʫʨʨʦʛʘʪʥʳʝ ɺɺ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʦʪ 0,1 ppm ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ ʜʦ 50 ʤ, 

ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʠʨʦʚʦʤʫ ʫʨʦʚʥʶ, ʘʟʦʪʩʦʜʝʨʞʘʱʠʝ ɺɺ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ  

ʦʪ 1 ppb ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ ʜʦ 15 ʤ, ʯʪʦ ʧʨʝʚʳʰʘʝʪ ʤʠʨʦʚʦʡ ʫʨʦʚʝʥʴ ʚ ʪʨʠ ʨʘʟʘ. 



ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʧʨʦʪʝʦʤʠʢʘ 

 ʉʦʟʜʘʥʠʝ ʠʥʛʠʙʠʪʦʨʦʚ 

  ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʙʝʣʢʦʚ 

ʋʩʪʘʥʦʚʣʝʥʦ ʩʪʨʦʝʥʠʝ 

ʨʠʙʦʩʦʤʳ ʯʝʣʦʚʝʢʘ ʠ 

ʧʦʣʦʞʝʥʠʝ ʩʘʡʪʘ 

ʩʚʷʟʳʚʘʥʠʷ ʚʠʨʫʩʥʳʭ ʈʅʂ 

- IRES-ʵʣʝʤʝʥʪʘ ʚʠʨʫʩʘ 

ʛʝʧʘʪʠʪʘ ʉ 

 ʀʟʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʩʣʦʞʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʙʝʣʢʦʚʳʭ  ʘʥʩʘʤʙʣʝʡ   

ʋʩʢʦʨʷʝʪ ʧʦʠʩʢ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ 

ʇʦʪʝʥʮʠʘʣʴʥʳʝ 

ʩʘʡʪʳ ʩʚʷʟʳʚʘʥʠʷ 

ʠʥʛʠʙʠʪʦʨʘ 

ʂʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʠʥʛʠʙʠʪʦʨʦʚ  

ʈʅʂ-ʧʦʣʠʤʝʨʘʟʳ  

ʚʠʨʫʩʘ ʛʝʧʘʪʠʪʘ ʉ  

 ɸʥʘʣʠʟ ʧʨʦʪʝʦʤʘ ʩʠʩʪʝʤʳ ʨʝʧʘʨʘʮʠʠ ɼʅʂ  

 

ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʦʚʨʝʤʝʥʥʳʭ 

ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʭ ʧʨʝʧʘʨʘʪʦʚ  

ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʪʝʨʘʧʠʠ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ 

ʀʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ 

ʥʦʚʳʝ ʙʝʣʢʠ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ 

ʵʬʬʝʢʪʠʚʥʫʶ  ʨʘʙʦʪʫ 

ʩʠʩʪʝʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʧʦʚʨʝʞʜʝʥʠʡ (ʨʝʧʘʨʘʮʠʠ) 

ɼʅʂ ʯʝʣʦʚʝʢʘ 

ʀʥʛʠʙʠʪʦʨ ʚ 

ʦʧʪʠʤʘʣʴʥʦʤ 

ʩʘʡʪʝ ʩʚʷʟʳʚʘʥʠʷ 

ʀʍɹʌʄ ʉʆ ʈɸʅ 



ɺ ʎʂʇ SPF-ʚʠʚʘʨʠʡ ʀʎʠɻ ʉʆ ʈɸʅ ʨʘʟʨʘʙʦʪʘʥʳ ʪʝʭʥʦʣʦʛʠʠ ʢʨʠʦʭʨʘʥʝʥʠʷ 
ʣʘʙʦʨʘʪʦʨʥʳʭ ʞʠʚʦʪʥʳʭ ʠ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʠʭ ʠʟ ʟʘʤʦʨʦʞʝʥʥʳʭ ʵʤʙʨʠʦʥʦʚ. 
ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʠʥʪʝʛʨʘʮʠʠ ʚ 
ʄʝʞʜʫʥʘʨʦʜʥʳʝ ʘʩʩʦʮʠʘʮʠʠ ʛʝʥʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ 

ʅʘ ʵʪʦʡ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʳ ʧʝʨʚʳʝ ʞʠʚʦʪʥʳʝ SPF-ʩʪʘʪʫʩʘ ʠʟ ʫʥʠʢʘʣʴʥʦʡ ʣʠʥʠʠ 

ʜʦʤʝʩʪʠʮʠʨʦʚʘʥʥʳʭ ʢʨʳʩ, ʜʨʫʞʝʣʶʙʥʳʭ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʯʝʣʦʚʝʢʫ 

ʉʫʧʝʦʚʫʣʷʮʠʷ 

ɺʳʤʳʚʘʥʠʝ ʵʤʙʨʠʦʥʦʚ 

ʂʨʠʦʙʘʥʢ 

ʧʦʪʦʤʦʢ ʩʝʨʦʡ ʨʫʯʥʦʡ  

ʢʨʳʩʳ, ʧʝʨʝʚʝʜʝʥʥʳʡ ʚ 

SPF-ʩʪʘʪʫʩ 

ʩʫʨʨʦʛʘʪʥʘʷ ʤʘʪʴ SPF-ʩʪʘʪʫʩʘ 

(ʣʠʥʠʷ Sprague-Dawley) 
ʇʝʨʝʩʘʜʢʘ  

ʵʤʙʨʠʦʥʦʚ 

X 

˾͊͋ͦͭ͊ ͍·͔ͨͦͤͤ͊͡ ͍ ͪ͊ͣ͊͟ͻ ˭͎͊͊ͤͦͦ͘͟ ͙͔͎ͤͭͪ͊ͼ͙͎ͦͤͤͦͦ ͔ͨͪͦͭ͊͟ ͔͙͙ͨͪ͒ͯͣ͊͘ ˿˻ ˾ˢ˹ Ѕ мо 
όˮ͙̇˥ ˿˻ ˾ˢ˹Σ ˹˥̂Σ ˮ̒̅ ˿˻ ˾ˢ˹Σ ˮ́˽˸ ˿˻ ˾ˢ˹Σ ˮ̆ˣ͙̅˸ ˿˻ ˾ˢ˹ύ 



˹͍͊ͤͦͨͪͦͦͦ͡;ͤ·͚ ͫ ͔ͤͫͦͪ ͙͔͋ͦͣͦͯ͟͡͡ 

ü ͭͦ͡΅͙ͤ͊ ˴˹ ˮ(WNW) (10 ς 40) ͤ ;ͣ 
ü ΄͙͙ͪͤ͊ ͍͙ͤ͊ͤͦͨͪͦͦͦ͟͡:   (50 ς 100) ͤ ;ͣ 
ü ͙͒ͤ͊͡ ς 10 m 
ü ;͙ͫͦ͡ ͤ ͊;͙ͨ  ς 20 
ü ͙͔͒͊ͣͭͪ ͪ͊͋ͦ;͔͚ ͦͤ͘· - 2 ͣ  ͣ

˽͙ͪͦͭͦͭͨ ͙͔͋ͦͫͤͫͦͪ͊ ͫ ͙͚͗͒ͦͫͭͤͦ͟ 
͙ͣͪͦ͟Ύ;͔͚͚ͦ͟ ͙ Ή͔ͭͪͦͤͤ͟͡·ͣ ;͙ͨͦͣ ͫ 
;͍͍͙͔ͯͫͭͭ͡ΈͤͦͫͭΈΌ  ~ 1 ͅ  ˸

ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʉʆ ʈɸʅ 



 

×  ȽɚɓɐɌəɔɑ ȴəɝɞɔɞɟɞɌ ɟɏɗɫ ɔ ȴəɝɞɔɞɟɞɌ ɛɜɚɍɗɑɘ ɟɏɗɑɡɔɘɔɔ ɔ 

ɡɔɘɔɣɑɝɖɚɏɚ ɘɌɞɑɜɔɌɗɚɎɑɐɑəɔɫ Ɏ ȶɑɘɑɜɚɎɝɖɚɘ əɌɟɣəɚɘ 

ɢɑəɞɜɑ ȽȺ ȼȬȹ (ȺɍɜɌɥɑəɔɑ ȯɟɍɑɜəɌɞɚɜɌ ȶɑɘɑɜɚɎɝɖɚɕ ɚɍɗɌɝɞɔ ɔ 

ɛɚɜɟɣɑəɔɑ ȻɜɌɎɔɞɑɗɨɝɞɎɌ ȼɀ);  

×ȺɜɏɌəɔɓɌɢɔɫ ȴəɝɞɔɞɟɞɌ ɘɚɗɑɖɟɗɫɜəɚɕ ɔ ɖɗɑɞɚɣəɚɕ ɍɔɚɗɚɏɔɔ 

Ɏ ȹɚɎɚɝɔɍɔɜɝɖɚɘ əɌɟɣəɚɘ ɢɑəɞɜɑ (ȼɑɤɑəɔɑ Ⱥɍɥɑɏɚ ɝɚɍɜɌəɔɫ ɔ 

ȻɜɑɓɔɐɔɟɘɌ ȽȺ ȼȬȹ, ɜɑɤɑəɔɑ ȭɊȼȺ ȺȹȴȾ);  

× ȺɜɏɌəɔɓɌɢɔɫ ȴəɝɞɔɞɟɞɌ ɠɔɓɔɣɑɝɖɚɏɚ ɘɌɞɑɜɔɌɗɚɎɑɐɑəɔɫ Ɏ 

ȭɟɜɫɞɝɖɚɘ əɌɟɣəɚɘ ɢɑəɞɜɑ (ȺɍɜɌɥɑəɔɑ ȻɜɌɎɔɞɑɗɨɝɞɎɌ ȼɑɝɛɟɍɗɔɖɔ 

ȭɟɜɫɞɔɫ, ɜɑɤɑəɔɑ ȻɜɑɓɔɐɔɟɘɌ ȽȺ ȼȬȹ ɔ ȭɊȼȺ Ⱥɀȹ);  

× ȺɜɏɌəɔɓɌɢɔɫ ȴəɝɞɔɞɟɞɌ ɏɟɘɌəɔɞɌɜəɚɏɚ ɛɜɚɠɔɗɫ Ɏ 

ȴɜɖɟɞɝɖɚɘ əɌɟɣəɚɘ ɢɑəɞɜɑ (ȺɍɜɌɥɑəɔɑ ȯɟɍɑɜəɌɞɚɜɌ ȴɜɖɟɞɝɖɚɕ 

ɚɍɗɌɝɞɔ). 

ȼȬȳȮȴȾȴȱ ȽȴȭȴȼȽȶȺȯȺ ȺȾȰȱȷȱȹȴɋ ȼȬȹ Ȯ ȻȺȽȷȱȰȹȴȱ ȯȺȰɇ  



ɺʚʝʜʝʥ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ 25 ʥʦʷʙʨʷ 2010 ʛ. 

ɺɺɽɼɽʅ ɺ ʉʊʈʆʁ ʂʆʈʇʋʉ ʈɸɿʈɸɹʆʊʂʀ ʀ ɺʅɽɼʈɽʅʀʗ ʅʆɺʓʍ 

ʊɽʍʅʆʃʆɻʀʁ ʀʅʉʊʀʊʋʊɸ ʂɸʊɸʃʀɿɸ ʀʄ. ɻ.ʂ. ɹʆʈɽʉʂʆɺɸ ʉʆ ʈɸʅ 

˶͊͋ͦͪ͊ͭͦͪͤ·͔ ͔ͨͦͣ΅͔͙ͤΎ 
͒͡Ύ ͎ͭͦͤͦͦ͟ ͎͙ͦͪ͊ͤ;͔͎ͫͦͦ͟ ͙͔ͫͤͭ͊͘ 

˽͙ͦͭͤ͡·͔ ͯ ͍͙ͫͭ͊ͤͦ͟ ͙͙ͨͪͦ͊͘͡ ͙͋ͦͣ͊ͫͫ· ˻ͨ·ͭͤ·͚ ͔ͫͭͤ͒ ͙ͤ͊ͪ͊͋ͦͭ͟ 
͎͔ͯͪͦ͒ͤ͡·ͻ ͔͙͍ͤ͊ͤͦͣ͊ͭͪ͊ͦ͡ 


