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ʃɳʄɹɽɶʌɶ 

ɮ˄ ˁʰʽ ˋˍʽˌ ˃ʷˊʶˌ ˃ʰˌ ˉʰˊʰˍʹˊʶʾˍʰʽ ˃ʽʰ ˉˊˇˋˉʱʻʶʽʰ ʰˉˇ˃ʱˁˊˎ˄ˋʹˌ ʰˉˈ 

ˋˎ˃ʲʰˍʽˁʷˌ ˉʹʴʷˌ ʶ˄ʷˊʴʶʽʰˌΣ ˈˉ˖ˌ ˍˇ ˉʶˍˊʷ˂ʰʽˇ, ˁʰʽ ʹ h˄ˍʽˁʰˍʱˋˍʰˋʺ ˍˇˎˌ ˃ʶ 

ʰ˄ʰ˄ʶ˗ˋʽ˃ʶˌΣ ʶ˄ ˍˇˏˍˇʽˌ ˇʽ ʶˉʽˉˍ˗ˋʶʽˌ ʰˉˈ ˂ʱʻˇˌ ˔ʶʽˊʽˋ˃ˇˏˌ ˍˇˎ ˉʰˊʶ˂ʻˈ˄ˍˇˌ 

ˉʰˊʰ˃ʷ˄ˇˎ˄Φ ɮˍˎ˔ʺ˃ʰˍʰ ˋʶ ʻʱ˂ʰˋˋʶˌ ˁʰʽ ʵʽʰˊˊˇʷˌ ˉˇˎ ʷ˔ˇˎ˄ ˂ʱʲʶʽ ˔˗ˊʰΣ ʷ˔ˇˎ˄ 

ˇʵʹʴʺˋʶʽ ˋʶ ʰˉʶ˂ʶˎʻʷˊ˖ˋʹ ˃ʶʴʱ˂˖˄ ˉˇˋˇˍʺˍ˖˄ ˉʶˍˊʶ˂ʰʾˇˎ ˋˍˇ ˉʶˊʽʲʱ˂˂ˇ˄Σ ˇʽ 

ˇˉˇʾʶˌ ʰˁˈ˃ʰ ˁʰʽ ʰˊˁʶˍʱ ˔ˊˈ˄ʽʰ ˃ʶˍʱ ʵʶ˄ ʷ˔ˇˎ˄ ʶ˅ʰ˂ʁ ʾ˒ʶʽ ˉ˂ʺˊ˖ˌΦ ʃʰˊˈ˂ʰ ʰˎˍʱΣ ʹ 

ˍʶ˔˄ʽˁʺ ˍʹˌ ʲʽˇʶ˅ˎʴʾʰ˄ˋʹˌ ˉˇˎ ʰ˄ʰˉˍˏˋˋʶˍʰʽ ˍʰ ˍʶ˂ʶˎˍʰʾʰ ˔ˊˈ˄ʽʰΣ ʰˉˇˍʶ˂ʶʾ ˃ʽʰ 

ˉˇ˂˂ʱ ˎˉˇˋ˔ˈ˃ʶ˄ʹ ˁʰʽ ˒ʽ˂ʽˁʺ ˉˊˇˌ ˍˇ ˉʶˊʽʲʱ˂˂ˇ˄ ˃ʶʻˇʵˇ˂ˇʴʾʰ ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ 

ˋˎ˃ʲʱ˂˂ʶʽ ˋˍʹ˄ ʰˉˇˁʰˍʱˋˍʰˋʹ ˍˇˎ ʻʰ˂ʱˋˋʽˇˎ ˉʶˊʽʲʱ˂˂ˇ˄ˍˇˌ ʰˉˈ ˉʶˍˊʶ˂ʰʽˇʶʽʵʺΦ 

ɶ ˍʶ˔˄ʽˁʺ ʰˎˍʺΣ ʲʰˋʾʸʶˍʰʽ ˋˍʹ˄ ʽˁʰ˄ˈˍʹˍʰ ˇˊʽˋ˃ʷ˄˖˄ ˃ʽˁˊˇˇˊʴʰ˄ʽˋ˃˗˄ ˄ʰ 

ʲʽˇʵʽʰˋˉˇˏ˄ ˍˇ ˉʶˍˊʷ˂ʰʽˇΣ ˁʰʻ˗ˌ ʷ˔ʶʽ ʰˉˇʵʶʽ˔ʻʶʾ ˉ˖ˌ ˉʶˊʽˋˋˈˍʶˊʰ ʰˉˈ нлл ʴʷ˄ʹ 

ʲʰˁˍʹˊʾ˖˄ ˁʰʽ ˃ˎˁʺˍ˖˄ ʷ˔ˇˎ˄ ˍʹ˄ ʽˁʰ˄ˈˍʹˍʰ ˄ʰ ʰˉˇʽˁˇʵˇ˃ˇˏ˄ ˎʵˊˇʴˇ˄ʱ˄ʻˊʰˁʶˌΦ 

ɱʽʰ ˁʰ˂ˏˍʶˊʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰΣ ˋˎ˔˄ʱ ˉˊˇˋˍʾʻʶ˄ˍʰʽ ˁʰʽ ʲʽˇʶˉʽ˒ʰ˄ʶʽˇʵˊʰˋˍʽˁʷˌ 

ˇˎˋʾʶˌΣ ˇʽ ˇˉˇʾʶˌ ʰˎ˅ʱ˄ˇˎ˄ ˍʹ ʲʽˇʵʽʰʻʶˋʽ˃ˈˍʹˍʰ ˍˇˎ ˉʶˍˊʶ˂ʰʾˇˎ ˋˍˇˎˌ 

˃ʽˁˊˇˇˊʴʰ˄ʽˋ˃ˇˏˌΣ ˁʱ˄ˇ˄ˍʰˌ ʶˎˁˇ˂ˈˍʶˊˇ ˍˇ ʷˊʴˇ ˍˇˎˌΦ 

ʅˍˇ ˉʶʾˊʰ˃ʰ ˉˇˎ ʵʽʶ˅ʱ˔ʻʹˁʶΣ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ˃ʶʾʴ˃ʰ ˃ʽˁˊˇˇˊʴʰ˄ʽˋ˃˗˄ 

ˉˇˎ ʷ˔ʶʽ ʰˉˇ˃ˇ˄˖ʻʶʾ ʰˉˈ ʾʸʹ˃ʰ ˂ʾ˃˄ʹˌ ˋˍʹ˄ ʆˎ˄ʹˋʾʰ ˁʰʽ ʻʰ˂ʰˋˋʽ˄ˈ ˄ʶˊˈ ʰˉˈ ˍˇ˄ 

ɯʴʽˇ ʁ˄ˇˏ˒ˊʽˇ ό˃ʶ ʰˎˍˈ˔ʻˇ˄ʶˌ ˃ʽˁˊˇˇˊʴʰ˄ʽˋ˃ˇˏˌύΣ ˁʰʻ˗ˌ ˁʰʽ ˍʰˋʽʶ˄ʶˊʴ ̋ˇˎˋʾ h

ʲʽˇ˂ˇʴʽˁʺˌ ˉˊˇʷ˂ʶˎˋʹˌΣ ˁʰʽ ˃ʶ˂ʶˍʺʻʹˁʰ˄ ʵʽʱ˒ˇˊʰ ˋʶ˄ʱˊʽʰΣ ˃ʶ ˋˁˇˉˈ ˄ʰ ʶ˅ʶˍʰˋˍʶʾ 

ʹ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁˈˍʹˍʰ ˍˇˎ ˁʰʻʶ˄ˈˌ ˋˍʹ˄ ʰˉˇʽˁˇʵˈ˃ʹˋʹ ʽʸʺ˃ʰˍˇ ̩ ʲʰˊʷ˖ˌ 

ˁ˂ʱˋ˃ʰˍˇˌ ˉʶˍˊʶ˂ʰʾˇˎΣ ʴʽʰ ʵʽʰ˒ˇˊʶˍʽˁʱ ˔ˊˇ˄ʽˁʱ ʵʽʰˋˍʺ˃ʰˍʰΦ ʆʰ ˋʶ˄ʱˊʽʰ ʰˎˍʱ 

ˉʶˊʽʶ˂ ʱ˃ʲʰ˄ʰ˄ ʵʶʾʴ˃ʰˍʰ ˃ ʁ i) ˉʶˍˊʷ˂ʰʽˇ ˁʰʽ ʻʰ˂ʰˋˋʽ˄ˈ ˄ʶˊˈ όʰˎˍˈ˔ʻˇ˄ʶˌ 

˃ʽˁˊˇˇˊʴʰ˄ʽˋ˃ˇ)ʾ, ii) ˉʶˍˊʷ˂ʰʽˇΣ ʰˉˇˋˍʶʽˊ˖˃ʷ˄ˇ ʻʰ˂ʰˋˋʽ˄ˈ ˄ʶˊˈ ˁʰʽ 

˃ʽˁˊˇˇˊʴʰ˄ʽˋ˃ˇˏˌ ˉˇˎ ʰˉˇ˃ˇ˄˗ʻʹˁʰ˄ ʰˉˈ ʾʸʹ˃ʰ ˂ʾ˃˄ʹˌ ˋˍʹ˄ ʆˎ˄ʹˋʾʰ, iii)  

ˉʶˍˊʷ˂ʰʽˇΣ ʻʰ˂ʰˋˋʽ˄ˈ ˄ʶˊˈ ˁʰʽ ʲʽˇˍʰˋʽʶ˄ʶˊʴʺ ˇˎˋʾʰΣ iv) ˉʶˍˊʷ˂ʰʽˇΣ ʰˉˇˋˍʶʽˊ˖˃ʷ˄ˇ 

ʻʰ˂ʰˋˋʽ˄ˈ ˄ʶˊˈΣ ˃ʽˁˊˇˇˊʴʰ˄ʽˋ˃ˇˏˌ ˉˇˎ ʰˉˇ˃ˇ˄˗ʻʹˁʰ˄ ʰˉˈ ʾʸʹ˃ʰ ˂ʾ˃˄ʹˌ ˋˍʹ˄ 

ʆˎ˄ʹˋʾʰ ˁʰʽ ʲʽˇˍʰˋʽʶ˄ʶˊʴʺ ˇˎˋʾʰ  ˁʰʽ ˍʷ˂ˇˌΣ ʵʶʾʴ˃ʰˍʰ ˃ʶ ˉʶˍˊʷ˂ʰʽˇ ˁʰʽ 

ʰˉˇˋˍʶʽˊ˖˃ʷ˄ˇ ˄ʶˊˈ ˖ˌ control. ʅʶ ʶˉˈ˃ʶ˄ˇ ˋˍʱʵʽˇΣ ˉʰˊʰ̀ˁʶˎʱˋˍʹˁʶ ˁʰʽ ʵʶˏˍʶˊʹ 

ˋʶʽˊʱ ʵʶʽʴ˃ʱˍ˖˄Σ ˈ˃ˇʽʰ ˃ʶ ˍʰ ˉˊ˗ˍʰ ʰ˂˂ʱ ˃ʶ ˔ˊʺˋʹ ʵʽʰ˒ˇˊʶˍʽˁʺ ˇˎˋʾʰˌ ˒ˎˍʽˁʺˌ 

ˉˊˇʷ˂ʶˎˋʹˌ ˁ ʰʽ ˃ʶ ˉˊˇˋʻʺˁʹ ʱ˃˃ˇˎΣ ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ˉˊˇˋˇ˃ˇʽʰˋˍˇˏ˄ ˁʰ˂ˏˍʶˊʰ ˇʽ 
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ˋˎ˄ʻʺˁʶˌ ˍˇˎ ˉʶʵʾˇˎΦ ʅˍˇ ˋʹ˃ʶʾˇ ʰˎˍˈΣ ʰ˅ʾʸʶʽ ˄Ω ʰ˄ʰ˒ʶˊʻʶʾ ˉ˖ˌ ˍˇ ˁ˂ʱˋ˃ʰ 

ˉʶˍˊʶ˂ʰʾˇˎ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ʶʾ˄ʰʽ ˉˊˇʿˈ˄ ʵʽˎ˂ʽˋˍʹˊʾˇˎ ˁʰʽ ʰˉˇˍʶ˂ʶʾˍʰʽ ˁʰˍʱ 

ʲʱˊˇˌ ʰˉˈ ˁˇˊʶˋ˃ʷ˄ˇˎˌ ˎʵˊˇʴˇ˄ʱ˄ʻˊʰˁʶˌΣ ʰˊ˖˃ʰˍʽˁˇˏˌ ˎʵˊˇʴˇ˄ʱ˄ʻˊʰˁʶˌ ˁʰʽ 

ˉˇ˂ʽˁʷˌ ʶ˄˗ˋʶʽˌ ˋʶ ˉˇˋˇˋˍʱ ртΣу҈Σ омΣн҈ ˁʰʽ млΣф҈ ʰ˄ˍʾˋˍˇʽ˔ʰΦ  

ʆˇ ˉʶʽˊʰ˃ʰˍʽˁˈ ˋˍʱʵʽˇΣ ˉʶˊʽ˂ʱ˃ʲʰ˄ʶ ʶˁ˔ˏ˂ʽˋʹ ˎʴˊˇˏ-ˎʴˊˇˏ ˁʰʽ ˋˍʹ 

ˋˎ˄ʷ˔ʶʽʰ ˋˍʶˊʶʺˌ ˒ʱˋʹˌ ʴʽʰ ˍʰ ʵʶʾʴ˃ʰˍʰ ˍˇˎ ˉˊ˗ˍˇˎ ˁˏˁ˂ˇˎΦ ʂˋˇ˄ ʰ˒ˇˊʱ ˍʰ 

ʵʶʾʴ˃ʰˍʰ ˍˇˎ ʵʶˏˍʶˊˇˎ ˁˏˁ˂ˇˎΣ ˉʶˊʽ˂ʱ˃ʲʰ˄ʶ ʶˁ˔ˏ˂ʽˋʹ soxhlet όʴʽʰ ˍʹ ˒ʱˋʹ ˍʹˌ 

ʱ˃˃ˇˎύΣ ʶˁ˔ˏ˂ʽˋʹ ˎʴˊˇˏ-ˎʴˊˇˏ όʴʽʰ ˍʹ˄ ˎˉʶˊˁʶʾ˃ʶ˄ʹ ˎʵʰˍʽˁʺ ˒ʱˋʹύ ˁʰʽ ʶˁ˔ˏ˂ʽˋʹ 

ˋˍʶˊʶʺˌ ˒ʱˋʹˌΦ ɳʽʵʽˁˈˍʶˊʰ ˋˍʰ ˍʶ˂ʶˎˍʰʾʰΣ ʰ˄ʰ˂ˏʻʹˁʶ ˅ʶ˔˖ˊʽˋˍʱ ʹ ˎʵʰˍʽˁʺ ʰˉΩ ˍʹ 

ˋˍʶˊʶʺ ˒ʱˋʹΣ ʴʽʰ ˄ʰ ʶ˅ʶˍʰˋˍʶʾ ʹ ˉˇˋˈˍʹˍʰ ˍˇˎ ˉʶˍˊʶ˂ʰʾˇˎ ˉˇˎ ˎˉʺˊ˔ʶ ˋʶ ˁʱʻʶ 

˒ʱˋʹΦ ʆˇ ˍʶ˂ʽˁˈ ˋˍʱʵʽˇ ʺˍʰ˄ ˁˇʽ˄ˈ ʴʽʰ ˈ˂ʰ ˍʰ ʵʶʾʴ˃ʰˍʰ ˁʰʽ ˉʶˊʽ˂ʱ˃ʲʰ˄ʶ ˍʹ˄ 

ʰ˄ʱ˂ˎˋʹ ˋʶ ʰʷˊʽˇ ˔ˊ˖˃ʰˍˇʴˊʱ˒ˇ-˒ʰˋ˃ʰˍˇʴˊʱ˒ˇ ˃ʱʸʰˌ όGC/MS)Σ ˃ʶ ˋˁˇˉˈ ˄ʰ 

ˉˇˋˇˍʽˁˇˉˇʽʹʻˇˏ˄ ˍʰ ʶˉʽ˃ʷˊˇˎˌ ˋˎˋˍʰˍʽˁʱ ˍˇˎ ˉʶˍˊʶ˂ʰʾˇˎ ˉˇˎ ˉʰˊʰ˃ʷ˄ˇˎ˄ ˁʰʽ 

ʵʶ˄ ʷ˔ˇˎ˄ ˁʰˍʰ˄ʰ˂˖ʻʶʾ ʰˉˈ ̱ ˇˎˌ ˃ʽˁˊˇˇˊʴʰ˄ʽˋ˃ˇˏˌΦ 

ʆh  ʰˉˇˍʶ˂ʷˋ˃ʰˍʰΣ ̫ ʵʶʽ˅ʰ˄ ˈˍʽ ˇʽ ʰˎˍˈ˔ʻˇ˄ʶˌ ˃ʽˁˊˇˇˊʴʰ˄ʽˋ˃ˇʾ ˃ʶ ˍʹ ʲˇʺʻʶʽʰ 

ˍʹˌ ʲʽˇˍʰˋʽʶ˄ʶˊʴʺˌ ˇˎˋʾʰˌ ʰˉˇʵˈ˃ʹˋʰ˄ ʷ˖ˌ ˁʰʽ ут҈ ˍˇ ˋˎ˄ˇ˂ʽˁˈ ˊˏˉˇ ˃ʶ 

˃ʶʴʰ˂ˏˍʶˊʹ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁˈˍʹˍʰ ˋˍˇˎ̩ ˁˇˊʶˋ˃ʷ˄ˇˎˌ ˎʵˊˇʴˇ˄ʱ˄ʻˊʰˁʶˌΦ ɾʶ 

ʰˉˈʵˇˋʹ ул҈ ˇʽ ˃ʽˁˊˇˇˊʴʰ˄ʽˋ˃ˇʾ ʰˉˈ ˍˇ ʾʸʹ˃ʰ ˂ʾ˃˄ʹˌ ʷʵ˖ˋʰ˄ ˁʰʽ ʰˎˍˇʾ 

ʽˁʰ˄ˇˉˇʽʹˍʽˁʱ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˉʰˊˇˎˋʾʰ ʲʽˇˍʰˋʽʶ˄ʶˊʴʺˌ ˇˎˋʾʰˌ ʰ˂˂ʱ ˁʰʽ ʰˉˇˎˋʾʰ 

ʰˎˍʺˌ тл҈Φ ʅˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˈˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ˃ˈ˄ˇ ˇʽ ʰˎˍˈ˔ʻˇ˄ʶˌ 

˃ʽˁˊˇˇˊʴʰ˄ʽˋ˃ˇʾ ˍˇˎ ɮʴʾˇˎ ʁ˄ˇˏ˒ˊʽˇˎ ʹ ʲʽˇʰˉˇʵˈ˃ʹˋʹ ʺˍʰ˄ ˍʹˌ ˍʱ˅ʹˌ ˍˇˎ ол҈Φ 

ʍˌ ʻˊʶˉˍʽˁʱ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ˍˇ ʱʸ˖ˍˇ ˁʰʽ ˇ ˒˗ˋ˒ˇˊˇˌ ˉˇˎ ˉʶˊʽʷ˔ʶʽ ˒ˎˋʽˁʱ ˍˇ 

ʻʰ˂ʰˋˋʽ˄ˈ ˄ʶˊˈΦ ɮ˅ʾʸʶʽ ˄ʰ ˋʹ˃ʶʽ˖ʻʶʾ ˈˍʽ ˍˇ ˉʶʾˊʰ˃ʰ ˋˍˇ ˇˉˇʾˇ ˇ ˊˏˉˇˌ 

ʵʽʰˋˉʱˊʻʹˁʶ ˋʶ ʱ˃˃ˇΣ ˉˊˇˋˇ˃ˇʾ˖ˋʶ ˁʰ˂ˏˍʶˊʰ ˍʽˌ ˋˎ˄ʻʺˁʶˌΣ ˋʶ ʰ˄ˍʾʻʶˋʹ ˃ʶ ˍˇ 

ˉʶʾˊʰ˃ʰ ˔˖ˊʾˌ ˉˊˇˋʻʺˁʹ ʱ˃˃ˇˎ. 
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ABSTRACT 

Nowadays, an attempt to move away from conventional forms of energy, 

such as oil, and turn to its alternative forms, has been observed. Nevertheless, the 

effects of oil releases in the environment remain. Large amounts of oil have been 

released in the marine environment causing a chronic pollution problem. 

Bioremediation, has emerged as a very promising and environmentally friendly 

method that can reinforce the rehabilitation of the marine environment from 

petroleum products. This technique is based on the ability of some microorganisms 

to degrade hydrocarbons. In order to enhance their efficiency, biosurfactants are 

often added, since they increase the surface area of the pollutant thus the 

bioavailability of the oil to the microorganisms. 

In this work, we studied the bioremediation of a heavy crude oil refinery 

product, in the sea sediment. Microbial consortia isolated from a Tunisian lake 

sediment, as well as sea water from Saint Onufrio (indigenous microorganisms) were 

used. We investigated various scenarios in order to reveal the biodegradation ability 

of the microorganisms and how their efficiency is affected by the addition or not of 

biosurfactants. The experiment lasted 9 months, in order to observe the 

bioremediation not only of the saturated hydrocarbons that the microorganisms 

degrade more easily, but also of the aromatic components. The experimental 

scenarios involved samples with i) oil and sea water (indigenous microorganisms) ii) 

oil and sterilized sea water (background N,P) with consortia from Tunisia iii) oil, sea 

water (indigenous microorganisms) and biosurfactant iv) oil, sterilized sea water, 

consortia from Tunisia and biosurfactant and finally samples with sterilized water 

and oil as control samples. Samples were prepared in triplicates and the pollutant 

which was a refinery heavy oil product was initially used as is and in the second set 

of experiment was dispersed in sand, in order to emulate better the marine 

sediment conditions. The heavy oil product consists of 57,8% w/w saturated 

hydrocarbons, 31,2% w/w aromatic hydrocarbons and 10,9% w/w polar compounds.  

The chemical analysis of the samples included liquid-liquid extraction, 

followed by solid phase extraction, when no sand was added. While the ones that 
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sand was used were extracted using soxhlet (for the sand phase) and liquid-liquid 

extraction (of the overlying aqueous phase). The final analysis step was common for 

all samples and included gas chromatography-mass spectroscopy (GC-MS) in order 

to quantify the hydrocarbons. 

Results revealed that indigenous microorganisms in the presence of 

biosurfactants degraded up to 87% of the pollutant, showing greater efficiency on 

the saturated hydrocarbons degradation. The Tunisian lake consortium yielded an 

80% also in the presence of biosurfactants, while in its absence their biodegradation 

ability decreased to 70%. In the case where only indigenous microorganisms from 

Saint Onufrio were used, biodegradation was of the order of 30%. Nitrogen and 

phosphorus that seawater naturally contains were used as nutrients. It is worth 

noting that the experiment in which the pollutant was dispersed in sand, better 

emulated real conditions, thus showed promising results, as opposed to the 

experiment without sand addition. 
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ɣʀʒʗʇɻʅʋ ρȡ ɡʀʖʍʂʐʅʆʝ ɭʌʝɼɻʃʍʋ 

1.1 ɩʀʐʍʘʇɻʅʋ 

1.1.1ɞʐʑʈʋʇʋɾʚɻ 

ɮ˄ ˁʰʽ ʶʾ˄ʰʽ ʶˎˊʷ˖ˌ ˉʽˋˍʶˎˍˈ ˉ˖ˌ ʹ ˂ʷ˅ʹ Ψˉʶˍˊʷ˂ʰʽˇΩ ˉˊˇʷˊ˔ʶˍʰʽ ʰˉˈ ˍʹ˄ 

ʶ˂˂ʹ˄ʽˁʺ ˂ʷ˅ʹ ΨˉʷˍˊʰΩ ˁʰʽ ˍʹ ˂ʰˍʽ˄ʽˁʺ ˂ʷ˅ʹ άoleumέ ˉˇˎ ˋʹ˃ʰʾ˄ʶʽ ˂ʱʵʽΣ ˎˉʱˊ˔ˇˎ˄ 

˖ˋˍˈˋˇ ʶ˄ʵʶʾ˅ʶʽˌ ˈˍʽ ˋˍʹ˄ ˉˊʰʴ˃ʰˍʽˁˈˍʹˍʰ ʹ ˂ʷ˅ʹ ά̄ ʶˍˊʷ˂ʰʽˇέ ʶˉʽ˄ˇʺʻʹˁʶ ʰˉˈ ˍˇ 

ɱʶˊ˃ʰ˄ˈ ʴʶ˖˂ˈʴˇ ɱˁʶˈˊʴˁ ɾˉʱˇˎʶˊΣ ˍˇ м.556[36]Φ ʃʹʴʰʾ˄ˇ˄ˍʰˌ ʰˁˈ˃ʰ ˉʰ˂ʰʽˈˍʶˊʰΣ 

ˋˏ˃˒˖˄ʰ ˃ʶ ʽˋˍˇˊʽˁʱ ˋˍˇʽ˔ʶʾʰΣ ˇʽ ɼʽ˄ʷʸˇʽ ˉˇˎ ʷˁʰ˄ʰ˄ ˍʹ˄ ˉˊ˗ˍʹ ʴʶ˗ˍˊʹˋʹ ʴʽʰ 

ˉʶˍˊʷ˂ʰʽˇ ˍˇ опт ˃ΦʋΦ ˔ˊʹˋʽ˃ˇˉˇʾʹˋʰ˄ ʴʽʰ ˍˇ ˎʴˊˈ ˉˇˎ ʷʲʴʰʽ˄ʶ ʰˉˈ ˍˇ нпл ˃ʷˍˊ˖˄ 

ˉʹʴʱʵʽΣ ˍʹ˄ ˇ˄ˇ˃ʰˋʾʰ ά̀ ʽ ʴʽˇˎέ όʷ˂ʰʽˇ ˍʹˌ ˉʷˍˊʰˌύ[36]. 

1.1.2 ɬʍʝʌʋʏ ʎʔʂʈɻʐʅʎʈʋʞ ʐʋʑ ʌʀʐʍʀʇɻʚʋʑ 

ʆˇ ʰˊʴˈ ˉʶˍˊʷ˂ʰʽˇ ʲˊʾˋˁʶˍʰʽ ˃ʷˋʰ ˋˍʹ ʴʹ ʶ˃ˉˇˍʽˋ˃ʷ˄ˇ ˋʶ ˉˇˊ˗ʵʹ 

ʽʸʹ˃ʰˍˇʴʶ˄ʺ ˉʶˍˊ˗˃ʰˍʰ, ˋˍʰ ʰ˄˗ˍʶˊʰ ˋˍˊ˗˃ʰˍʰ ˉʶˊʽˇ˔˗˄ ˍˇˎ ˒˂ˇʽˇˏ ˍʹˌ ʴʹˌ ˁʰʽ 

ˋˎ ˄ʺʻ˖ˌ ʷˊ˔ʶˍʰʽ ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍʹˌ ɱʹˌ ˃ʷˋʰ ʰˉˈ ˊ˖ʴ˃ʷˌ ˋˍˇˎˌ ʲˊʱ˔ˇˎˌ, ˈˉˇˎ 

ˋˎʴˁʶ˄ˍˊ˗˄ʶˍʰʽ ˋʶ ˂ʽ˃˄ˇˏ˂ʶˌΦ ɳʾ˄ʰʽ ˉˊˇʿˈ˄ ˍʹˌ ʰ˄ʰʶˊˈʲʽʰˌ ʲʰˁˍʹˊʽʰˁʺˌ 

ʰˉˇˋˏ˄ʻʶˋʹˌΣ ˒ˎˍʽˁʺˌ ˁʰʽ ʸ˖ʽˁʺˌ ʻʰ˂ʱˋˋʽʰˌ ʸ˖ʺˌ ό˒ˎˍˇˉ˂ʰʴˁˍˈ˄ ˁʰʽ 

ʸ˖ˇˉ˂ʰʴˁˍˈ˄ύΦ ʃˊʽ˄ ˉˇ˂˂ʱ ʶˁʰˍˇ˃˃ˏˊʽʰ ˔ˊˈ˄ʽʰ, ˍˇ ˉ˂ʰʴˁˍˈ˄ ʲˎʻʾˋˍʹˁʶ ˋˍʰ ʲʱʻʹ 

ˍ˖˄ ˉˊ˖ˍˇʴʶ˄˗˄ ˖ˁʶʰ˄˗˄ ˁʰʽ ʻʱ˒ˍʹˁʶ ʰˉˈ ˉʰ˔ˏ ˋˍˊ˗˃ʰ ˂ʱˋˉʹˌΦ ɳˁʶʾ ʱˊ˔ʽˋʶ ʹ 

ʰ˄ʰʶˊˈʲʽʰ ʵˊʱˋʹ ʵʽʰ˒ˈˊ˖˄ ˃ʽˁˊˇˇˊʴʰ˄ʽˋ˃˗˄Σ ˁˎˊʾ˖ˌ ˋˍʰ ˂ʽˉʰˊʱ ˋˎˋˍʰˍʽˁʱ ˍˇˎ 

ˉ˂ʰʴˁˍˈ˄Σ ˃ʶ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹ˄ ʰˏ˅ʹˋʹ ˍʹˌ ʻʶˊ˃ˇˁˊʰˋʾʰˌ ˁʰʽ ˍʹˌ ˉʾʶˋʹˌ ˁʰʽ ˍʹ 

˃ʶˍʰˍˊˇˉʺΣ ʷˍˋʽΣ ˍˇˎ ˉ˂ʰʴˁˍˈ˄ ˋʶ ˃ʶʾ ʴ˃ʰ ˎʵˊˇʴˇ˄ʰ˄ʻˊʱˁ˖˄ ˉˇˎ ʰˉˇˍʶ˂ˇˏ˄ ˍˇ 

ˉʶˍˊʷ˂ʰʽˇΦ  ɴ˄ʰ мл҈ ˍˇˎ ˉʶˍˊʶ˂ʰʾˇˎ ʵʹ˃ʽˇˎˊʴʺʻʹˁʶ ˍʹ˄ ʃʰ˂ʰʽˇʸ˖ʽˁʺ ʶˉˇ˔ʺ όˉʱ˄˖ 

ʰˉˈ нпл ʶˁʰˍΦ ˔ˊˈ˄ʽʰύΣ ˍˇ ˃ʶʴʰ˂ˏˍʶˊˇ ˉˇˋˇˋˍˈ όтл҈ύ ˍʹ ɾʶˋˇʸ˖ʽˁʺ ʶˉˇ˔ʺ όʵʹ˂ʰʵʺ 

ˉʱ˄˖ ʰˉˈ ср ˁʰʽ ˁʱˍ˖ ʰˉˈ нпл ʶˁʰˍΦ ˔ˊˈ˄ʽʰύ ˁʰʽ ˍˇ нл҈ ˍʹ˄ ɼʰʽ˄ˇʸ˖ʽˁʺ ʶˉˇ˔ʺ 

όʵʹ˂ʰʵʺ ˋʶ ˔ˊˈ˄ˇ ˃ʽˁˊˈˍʶˊˇ ʰˉˈ ср ʶˁʰˍΦ ˔ˊˈ˄ʽʰύΦ ɼʰˍʱ ˍʹ ɾʶˋˇʸ˖ʽˁʺ ʶˉˇ˔ʺ ˍˇ 

ˁ˂ʾ˃ʰ ˉˇˎ ʶˉʽˁˊʰˍˇˏˋʶ ʺˍʰ˄ ˍˊˇˉʽˁˈΣ ˍˇ ˉ˂ʰʴˁˍˈ˄ ʺˍʰ˄ ʱ˒ʻˇ˄ˇ ˋˍˇˎˌ ˖ˁʶʰ˄ˇˏˌΣ ˇʽ 

ˉˎʻ˃ʷ˄ʶˌ ˍ˖˄ ˖ˁʶʰ˄˗˄ ʺˍʰ˄ ˋˍʱˋʽ˃ˇʽ ˁʰʽ ˔˖ˊʾˌ ˇ˅ˎʴˈ˄ˇ ˁʰ̔  ʶˁʶʾ ʶʾ˔ʶ ˋˎˋˋ˖ˊʶˎˍʶʾ 

˃ʾʰ ˃ʰˏˊʹΣ ˉ˂ˇˏˋʽʰ ˋʶ ˇˊʴʰ˄ʽˁʱ ˂ʱˋˉʹ[6]. 

ɶ ˉʰˊʰˉʱ˄˖ ʻʶ˖ˊʾʰ ˋ˔ʹ˃ʰˍʽˋ˃ˇˏ ʷ˔ʶʽ ʶˉʽʲʶʲʰʽ˖ʻʶʾ ˍʰ ˍʶ˂ʶˎˍʰʾʰ ˔ˊˈ˄ʽʰ ˃ʶ 

ˍʶ˔˄ʽˁʷˌ ʰʷˊʽʰˌ ˔ˊ˖˃ʰˍˇʴˊʰ˒ʾʰˌ ˋ ʁ ˒ʰˋ˃ʰˍˇʴˊʱ˒ˇ ˃ʰʸ˗˄ όD//MS)Σ ˈˉˇˎ 



[7] 
 

ˍʰˎˍˇˉˇʽʺʻʹˁʰ˄ ʵʽʱ˒ˇˊˇʽ ˎʵˊˇʴˇ˄ʱ˄ʻˊʰˁʶˌ ˉˇˎ ʵʽʰˍʹˊˇˏ˄ ʲʰˋʽˁʱ 

˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍ˖˄ ʰˊ˔ʰʾ˖˄ ʸ˖˄ˍʰ˄˗˄ ˇˊʴʰ˄ʽˋ˃˗˄ ʰˉˈ ˍˇˎˌ ˇˉˇʾˇˎˌ ˉˊˇʺ˂ʻʰ˄ 

ό˒ˏˁʽʰΣ ʻʰ˂ʱˋˋʽʰ ˒ˎˍʱΣ ˁΦʰύΦ ʁʽ ˎʵˊˇʴˇ˄ʱ˄ʻˊʰˁʶˌ ʰˎˍˇʾ ˁʰ˂ˇˏ˄ˍʰʽ ˁʰʽ ʲʽˇ˂ˇʴʽˁˇʾ 

˃ʱˊˍˎˊʶˌ ˁʰʽ ʰ˄ʷˊ˔ˇ˄ˍʰʽ ˋʶ ˇˊʽˋ˃ʷ˄ʰ ˁˇʽˍʱˋ˃ʰˍʰ ˉʶˍˊʶ˂ʰʾˇˎ ˃ʷ˔ˊʽ ˁʰʽ ор-40%, 

ʴʶʴˇ˄ˈˌ ˉˇˎ ʰˉˇʵʶʽˁ˄ˏʶʽ ˍʹ ʲʽˇʴʷ˄ʶˋʹ ˍˇˎ ʰˊʴˇˏ ˉʶˍˊʶ˂ʰʾˇˎ. 

ɱʽʰ ˍˇ ˋ˔ʹ˃ʰˍʽˋ˃ˈ ˁˇʽˍʰˋ˃ʱˍ˖˄ ʶʾ˄ʰʽ ʰˉʰˊʰʾˍʹˍʹ ʹ ˉʰˊˇˎˋʾʰ ˃ʽʰˌ 

ʴʶ˖˂ˇʴʽˁʺˌ ʵˇ˃ʺˌ ˃ʶ ˁʰˍʱ˂˂ʹ˂ˇ ˋ˔ʺ˃ʰΣ ˗ˋˍʶ ˍˇ ˉʶˍˊʷ˂ʰʽˇ ˎˉˈ ˃ˇˊ˒ʺ ˋˍʰʴˇ˄ʽʵʾ˖˄ 

˄ʰ ˋˎʴˁʶ˄ˍˊ˖ʻʶʾ ˋˍˇˎˌ ˉˈˊˇˎˌ ʶ˄ˈˌ ˉʶˍˊ˗˃ʰˍˇˌ ˉˇˎ ˁʰ˂ˏˉˍʶˍʰʽ ʰˉˈ ʷ˄ʰ ʱ˂˂ˇΣ 

ʰʵʽʰˉʷˊʰˋˍˇ ˉʷˍˊ˖˃ʰΦ ʆʰ˃ʽʶˎˍʺˊʶˌ ˉʶˍˊʶ˂ʰʾˇˎ ˃ˉˇˊˇˏ˄ ˄ʰ ˋ˔ʹ˃ʰˍʽˋˍˇˏ˄ ˃ʶ 

ʵʽʰ˒ˇˊʶˍʽˁˇˏˌ ˍˊˈˉˇˎˌΦ ʆˇ ʰˉ˂ˇˏˋˍʶˊˇ ˉʰˊʱʵʶʽʴ˃ʰ ʶʾ˄ʰʽΣ ˈˍʰ˄ ʵʽʰˋˍˊ˖˃ʰˍ˖˃ʷ˄ʰ 

ʽʸʹ˃ʰˍˇʴʶ˄ʺ ˉʶˍˊ˗˃ʰˍʰΣ ˉˇˎ ˉʶˊʽˁ˂ʶʾˇˎ˄ ˁʰʽ ʷ˄ʰ ˉʷˍˊ˖˃-hˁʱ˂ˎ˃˃ʰΣ 

ʰ˄ʰʵʽˉ˂˗˄ˇ˄ˍʰʽ ˋʶ ʷ˄ʰ ʰ˄ˍʾˁ˂ʽ˄ˇ1Φ ʅˏ˃˒˖˄ʰ ˃ʶ ʴʶ˖˂ˈʴˇˎˌ, ˍʰ ʰ˄ˍʾˁ˂ʽ˄ʰ 

ʰˉˇˍʶ˂ˇˏ˄ ˍʽˌ ˁʰ˂ˏˍʶˊʶˌ ˉʶˊʽˇ˔ʷˌ ʴʽʰ ʰ˄ʰʸʺˍʹˋʹ ˉʶˍˊʶ˂ʰʾˇˎΣ ʶ˄˗ ʶ˄h ˂˂ʰˁˍʽˁʱΣ 

˃ˉˇˊˇˏ˄ ˄ʰ ˋ˔ʹ˃ʰˍʽˋˍˇˏ˄ ˁˎˊˍʱ ʽʸʹ˃ʰˍˇʴʶ˄ʺ ˋˍˊ˗˃ʰˍʰ ˃ʶ ̱̄ˏ˔˖ˋʹ2 ˍ˖˄ ʽʸʹ˃ʱˍ˖˄ 

˖ˌ ˉˊˇˌ ʷ˄ʰ ˎ˕ʹ˂ˈ ˋʹ˃ʶʾˇ ˁʰʽ ˃ʶ ˋ˔ʹ˃ʰˍʽˋ˃ˈ ˍˇ˅˖ˍʺˌ ˁ˂ʾ˄ʹˌ ʰˉˈ ˍʹ˄ ˁʾ˄ʹˋʹ ˉˊˇˌ 

ˍʰ ˉʱ˄˖ ʶ˄ˈˌ ʻˈ˂ˇˎ ʱ˂ʰˍˇˌΦ ɾʶ ˍʰ ˔ˊˈ˄ʽʰ ˋˍˇ˄ ˍʰ˃ʽʶˎˍʺˊʰ, ˍʰ ʵʽʱ˒ˇˊʰ ˊʶˎˋˍʱ 

ˁʰˍʰ˄ʷ˃ˇ˄ˍʰʽ ˋʶ ˋ˔ʶʵˈ˄ ˇˊʽʸˈ˄ˍʽʶˌ ʸ˗˄ʶˌ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍʹ˄ ˉˎˁ˄ˈˍʹˍʱ ˍˇˎˌΦ 

1.1.3 ɢʎʐʋʍʅʆʙ ɚʉɻɿʍʋʈʙ 

ʂˋˇ˄ ʰ˒ˇˊʱ ˍʹ ˔ˊʺˋʹ ˍˇˎ ˉʶˍˊʶ˂ʰʾˇˎΣ ʹ ˉʰ˂ʰʽˈˍʶˊʹ ʰ˄ʰʴˊʱ˒ʶˍʰʽ ˋˍʹ 

ɰʾʲ˂̌ Σ ˈˉˇˎ ʰ˄ʰ˒ʷˊʶˍʰʽ ˉ˖ˌ ˇ ɿ˗ʶ ˔ˊʹˋʽ˃ˇˉˇʾʹˋ ʁ ˁʱˉˇʽˇ ˎ˂ʽˁˈ ʰˋ˒ʰ˂ˍʽˁʺˌ 

ˋˏˋˍʰˋʹˌ ˖ˌ ʶˉʾˋˍˊ˖ˋʹ ˍʹˌ ɼʽʲ˖ˍˇˏ ˍˇˎΦ ʃˊʽ˄ ʰˉˈ рΦллл ˍˇˎ˂ʱ˔ʽˋˍˇ˄ ˔ˊˈ˄ʽʰΣ ˇʽ 

ʅˇˎ˃ʷˊʽˇʽΣ ˇʽ ɮˋˋˏˊʽˇʽ ˁʰʽ ˇʽ ɰʰʲˎ˂˗˄ʽˇʽ ˔ˊʹˋʽ˃ˇˉˇʾʹˋʰ˄ ˍʽˌ ˃ʶʴʱ˂ʶˌ 

ʶˉʽ˒ʰ˄ʶʽʰˁʷˌ ʵʽʰˊˊˇʷˌ ˉʶˍˊʶ˂ʰʾˇˎ ˋˍʹ˄ ˉˈ˂ʹ ʋʽˍ ˍˇˎ ɳˎ˒ˊʱˍʹ ˉˇˍʰ˃ˇˏΣ ʶ˄˗ 

˔ˊʺˋʹ ˉʰˊˈ˃ˇʽ˖˄ ʵʽʰˊˊˇ˗˄ ʶʾ˄ʰʽ ʴ˄˖ˋˍʺ ˋʶ ˉˇ˂˂ʱ ˃ʷˊʹ ˍʹˌ ɾʶˋˇˉˇˍʰ˃ʾʰˌ ˁʰʽ 

ˍ˖˄ ʴʶʽˍˇ˄ʽˁ˗˄ ˉʶˊʽˇ˔˗˄ ˉˇˎ ˉʶˊʽʲʱ˂˂ˇˎ˄ ˍʹ˄ ʰ˄ʰˍˇ˂ʽˁʺ ɾʶˋˈʴʶʽˇΦ ɮ˄ʰ˒ˇˊʱ ˋˍˇ 

ˉʶˍˊʷ˂ʰʽˇΣ ʷ˔ʶʽ ʴʾ˄ʶʽ ˁʰʽ ʰˉ ̍ˍˇ˄ ɶˊˈʵˇˍˇ (5ˇˌ ʰʽ˗˄ʰˌ ˉΦʋΦύΣ ˋˏ˃˒˖˄ʰ ˃ʶ ˍˇ˄ ˇˉˇʾˇΣ 

ˋˍʹ ɵʱˁˎ˄ʻˇ ˎˉʺˊ˔ʶ ʷ˄ʰ ˉʹʴʱʵʽ ˃ʶ ʱˋ˒ʰ˂ˍˇ[35]. 

                                                           
1
 ɮ˄ˍʾˁ˂ʽ˄ˇ ʁ ʾ˄ʰʽ ʹ ˁˎˊˍʺ ˉˍˎ˔ʺ ˃ʶ ʰ˕ʽʵ˖ˍʺ ˃ˇˊ˒ʺΦ ʆʰ ˋˍˊ˗˃ʰˍʰ ˋˍˊʶʲ˂˗˄ˍʰʽ ˂ˈʴ˖ ˍʹˌ ˉˍˏ˔˖ˋʹˌ ʶʾˍʶ ˉˊˇˌ ˍʰ 
ˉʱ˄˖ ʶʾˍʶ ˉˊˇˌ ˍʰ ˁʱˍ˖Φ ɮ˄ˍʾˁ˂ʽ˄ˇ ʶʾ˄ʰʽ ʹ ˉˊˇˌ ˍʰ ˉʱ˄˖ ʻˇ˂˖ˍʺ ˉˍˏ˔˖ˋʹ

[31]
 . 

2
 ʃˍˎ˔ʺ ʁ ʾ˄ʰʽ ʹ ˁʱ˃˕ʹ ˍ˖˄ ̄ ʶˍˊ˖˃ʱˍ˖˄ ̱ ˇˎ ɹ ʺʽ˄̌ ˎ ˒˂ˇʽˇˏΦ ʆʰ ˉʶˍˊ˗˃ʰˍʰ ˉˍˏ˔˖˄ˍʰʽ ˋˎ˄ʺʻ˖ˌ ˋˍʽˌ ˉʶˊʽˇ˔ʷˌ 

ˋˍʽˌ ˇˉˇʾʶˌ ˍʰ ˋˍˊ˗˃ʰˍʰ ˋˎ˄ʻ˂ʾʲˇ˄ˍʰʽ, ˁ ʰʻ˗ˌ ˋˎ˃ˉʽʷʸˇ˄ˍʰʽ ˇˊʽʸˈ˄ˍʽʰ ˁʰʽ ˁʰˍʰˁˈˊˎ˒ʰΣ ˉʽʻʰ˄ˈ˄ ˂ˈʴ˖ ˍʹˌ 
ˋˏɹˁ ˂ʽˋʹˌ ʵˏˇ ˂ ʽʻˇˋ˒ʰʽˊʽˁ˗˄ ˉ˂ʰˁ˗˄ 

[31]
. 

https://el.wikipedia.org/wiki/%CE%A0%CE%AD%CF%84%CF%81%CF%89%CE%BC%CE%B1
https://el.wikipedia.org/wiki/%CE%93%CE%AE%CE%B9%CE%BD%CE%BF%CF%82_%CF%86%CE%BB%CE%BF%CE%B9%CF%8C%CF%82
https://el.wikipedia.org/w/index.php?title=%CE%9B%CE%B9%CE%B8%CE%BF%CF%83%CF%86%CE%B1%CE%B9%CF%81%CE%B9%CE%BA%CE%AE_%CF%80%CE%BB%CE%AC%CE%BA%CE%B1&action=edit&redlink=1


[8] 
 

ɳ˄ ˋˎ˄ʶ˔ʶʾʰΣ ˉˇ˂˂ʱ ʰˊ˔ʰʽˇ˂ˇʴʽˁʱ ʶˎˊʺ˃ʰˍʰ ˎˉˇʵʹ˂˗˄ˇˎ˄ ˍʹ ˔ˊʺˋʹ ˍˇˎ 

ˉʶˍˊʶ˂ʰʾˇˎ ˋˍʰ ʰˊ˔ʰʾʰ ˔ˊˈ˄ʽʰΦ ʁʽ ʰˊ˔ʰʾˇʽ ʷ˂˂ʹ˄ʶˌ (4ˇ ̩ʰʽ˗˄ʰˌ ˉΦʋ - 1ˇˌ ʰʽ˗˄ʰˌ ˃ΦʋΦύ 

ʶʾ˔ʰ˄ ʰ˄ʰˁʰ˂ˏ˕ʶʽ ˍʹ ˔ˊʹˋʽ˃ˈˍʹˍʱ ˍˇˎ ˋʶ ˁʰˍʰˋˁʶˎʰˋˍʽˁʷˌ ʶˊʴʰˋʾʶˌ ˁʰʽ 

ˋˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ˍˇ ˔ˊʹˋʽ˃ˇˉˇʽˇˏˋʰ˄ ˋʰ˄ ˎ˂ʽˁˈ ˇʵˇˉˇʽʾʰˌΣ ˋˎʴˁˇ˂˂ʹˍʽˁˈΣ ʴʽʰ ˍˇ 

ˁʰ˂ʰ˒ʱˍʽˋ˃ʰ ˍ˖˄ ˉ˂ˇʾ˖˄Σ ˁʰʻ˗ˌ ˁʰʽ ˋˍʹ˄ ʽʰˍˊʽˁʺ ˖ˌ ʰˉˇ˂ˎ˃ʰ˄ˍʽˁˈΣ ˎʴˊˈ ʶ˄ˍˊʽʲ˗˄ 

ˁʰʽ ˁʰʻʰˊˍʽˁˈ. ʇˉʱˊ˔ˇˎ˄ ʶˉʾˋʹˌ ˋ˔ʶ̱̔ ˁʷˌ ʰ˄ʰ˒ˇˊʷˌΣ ˉˇˎ ˃ʰˊˍˎˊˇˏ˄ ˍʹ 

˔ˊʹˋʽ˃ˈˍʹˍʰ ˍˇˎ ˉʶˍˊʶ˂ʰʾˇˎ ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ˍˇˎ ɾˉʰˁˇˏ ˁʰʽ ˍˇˎ ɮʸʶˊ˃ˉʰʿˍʸʱ˄. 

ʅˎ˄ʶ˔ʾʸˇ˄ˍʰˌ ˍʹ˄ ʽˋˍˇˊʽˁʺ ˉˇˊʶʾʰ ˍˇˎ ˉʶˍˊʶ˂ʰʾˇˎΣ ˒ˍʱ˄ˇˎ˃ʶ ˋˍˇˎˌ ˉˊ˗ˍˇˎˌ 

˔ˊʽˋˍʽʰ˄ʽˁˇˏˌ ˔ˊˈ˄ˇˎˌ όмˇ̩ ʰʽ˗˄ʰˌ ˃ΦʋΦ ˁʰʽ ˃ʶˍʱύΣ ˈˉˇˎ ˇʽ ɯˊʰʲʶˌ ˁʰʽ ˇʽ ʃʷˊˋʶˌ 

ʰˋ˔ˇ˂ʺʻʹˁʰ˄ ˃ʶ ˍˇ ʰˊʴˈ ˉʶˍˊʷ˂ʰʽˇ ˁʰʽ ˉʽˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ˃ʶ ˍʹ ʵʽˏ˂ʽˋʺ ˍˇˎ ˋʶ 

˒˖ˍʽˋˍʽˁˈ ˉʶˍˊʷ˂ʰʽˇΦ ʁʽ ʴ˄˗ˋʶʽˌ ˉˇˎ ˁʰˍʰˁˍʺʻʹˁʰ˄Σ ʷ˒ˍʰˋʰ˄ ˋˍʹ ʵˎˍʽˁʺ ɳˎˊ˗ˉʹ 

ˁʰˍʱ ˍˇ˄ мнˇ ʰʽ˗˄ʰΣ ˁʰʻ˗ˌ ˁʰʽ ˋˍˇ ɰˎʸʱ˄ˍʽˇΣ ʵʽˈˍʽ ˎˉʱˊ˔ʶʽ ˎˉˈ˄ˇʽʰ ˉ˖ˌ ˍˇ ˎɹ ˊˈ 

ˉˎˊ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏˍʰ˄ ˖ˌ ˈˉ˂ˇ ˋˍʰ ˃ʶˍʷˉʶʽˍʰ ɰˎʸʰ˄ˍʽ˄ʱ ˔ˊˈ˄ʽʰ (4ˇ ̩ς 15ˇˌ 

ʰʽ˗˄ʰˌ ˃ΦʋΦύΣ ʰ˄ ˁʰʽ ʵʶ˄ ʶʾ˄ʰʽ ʴ˄˖ˋˍʺ ʶˉʰˁˊʽʲ˗ˌ ʹ ˋˏ˄ʻʶˋʺ ˍˇΣˎ ʶ˄ʵʶ˔ˇ˃ʷ˄˖ˌ ˄ʰ 

ʶʾ˔ʶ ˖ˌ ʲʱˋʹ ˁʱˉˇʽʰˌ ˃ˇˊ˒ʺˌ ˉʶˍˊʶ˂ʰʿˁ ˈ ˉˊˇʽˈ˄. 

ʃʽˇ ˉˊˈˋ˒ʰˍʹ ʰ˄ʰ˒ˇˊʱ ʰˉˇˍʶ˂ˇˏ˄ ˇʽ ʰ˄ʰˋˁʰ˒ʷˌ ˉˇˎ ʷʴʽ˄ʰ˄ ˋˍʽˌ ʰˊ˔ʰʾʶˌ 

ˉˈ˂ʶʽˌΣ ʅˇˏˋʰ ˍˇˎ ɹˊʱ˄ ˁʰʻ˗ˌ ˁʰʽ ʁˎˊ ˍˇˎ ɹˊʱˁ ˁʰˍʱ ˍˇ˄ мфˇ ʰʽ˗˄ʰΣ ˈˉˇˎ 

ʰˉˇˁʱ˂ˎ˕ʰ˄ ˉ˖ˌ ˇʽ ˁʱˍˇʽˁˇʽ ˔ˊʹˋʽ˃ˇˉˇʽˇˏˋʰ˄ ʴʽʰ ˍʹ˄ ˁʰˍʰˋˁʶˎʺ ʰˊʵʶˎˍʽˁ˗˄ 

ˍʱ˒˖˄ ʷ˄ʰ ˃ʶʾʴ˃ʰ ˉˇˎ ʰˉˇˍʶ˂̌ ˏˍʰ˄ ʰˉˈ ˋˍʶˊʶʱ ˉʰˊʱʴ˖ʴʰ ˉʶˍˊʶ˂ʰʾˇˎΣ ʱ˃˃ˇˎ ˁʰʽ 

ʽ˄˗ʵʹ ˎ˂ʽˁʱΦ  

ɮˉˈ ˍˇ˄ мфˇ ʰʽ˗˄ʰ ˁʰʽ ˃ʶˍʱΣ ʰˊ˔ʾʸˇˎ˄ ˄ʰ ˂ʰ˃ʲʱ˄ˇˎ˄ ˔˗ˊʰ ˋˎ˄ʁ ˔ʶʾˌ ʰ˂˂ʰʴʷˌ 

ˋˍˇ ˔˗ˊˇ ˍʹˌ ʲʽˇ˃ʹ˔ʰ˄ʾʰˌ ˁʰʽ ˍˇ˄ нлˇ ʰʽ˗˄ʰ ʷ˔ˇˎ˃ʶ ˍʹ ɰʽˇ˃ʹ˔ʰ˄ʽˁʺ ɳˉʰ˄ʱˋˍʰˋʹΣ 

ˈˉˇˎ ˃ʶ ˍʹ˄ ʶ˃˒ʱ˄ʽˋʹ ˍˇˎ ʰˎˍˇˁʽ˄ʺˍˇˎΣ ˍˇ ˉʶˍˊʷ˂ʰʽˇ ˉʰʾˊ˄ʶʽ ˍʹ ʻʷˋʹ ˍʹˌ 

ˋʹ˃ʰ˄ˍʽˁˈˍʶˊʹˌ ʴʽʰ ˍˈˍʶ ˉʹʴʺˌ ʶ˄ʷˊʴʶʽʰˌ ˋˍˇ˄ ˁˈˋ˃ˇΦ ʅˍˇ ˋʹ˃ʶʾˇ ʰˎˍˈ ʰ˅ʾʸʶʽ ˄ʰ 

ˋʹ˃ʶʽ˖ʻʶʾΣ ˉ˖ˌ ʶ˄˗ ˍˇ мутл ʹ ˉʰʴˁˈˋ˃ʽʰ ˉʰˊʰʴ˖ʴʺ ˉʶˍˊʶ˂ʰʾˇˎ ʶˍʹˋʾ˖ˌ ʺˍʰ˄ 

˃ʽˁˊˈˍʶˊʹ ʰˉˈ мΦлллΦллл ˍˈ˄ˇˎˌΣ ˍʰ ʶˉˈ˃ʶ˄ʰ ʷˍʹΣ ʷ˒ˍʰˋʶ ˄ʰ ˅ʶˉʶˊ˄ʱ ˍˇˎˌ 

оΦлллΦлллΦллл ˍˈ˄ˇˎˌ ʶˍʹˋʾ˖ˌΦ 

1.1.4 ɫʞɾʔʍʋʉʂ ʔʍʂʎʅʈʝʐʂʐɻ ʐʋʑ ʌʀʐʍʀʇɻʚʋʑ 

ɮˁˈ˃ʰ ˁʰʽ ˋʺ˃ʶˊʰ ˍ̌  ˉʶˍˊʷ˂ʰʽˇ ʰˉˇˍʶ˂ʶʾ ˎ˕ʾˋˍʹˌ ˋʹ˃ʰˋʾʰˌ ˉˊ˗ˍʹ ˏ˂ʹ ˋˍʹ 

ʲʽˇ˃ʹ˔ʰ˄ʾʰ ˁ ʰʽ ˃ ʶʴʰ˂ˏˍʶˊʹ ʶ˒ʰˊ˃ˇʴʺ ʲˊʾˋˁʶʽ ˖ˌ ˁʰˏˋʽ˃ˇ όʴʽʰ ˁʾ˄ʹˋʹ ʺ ʻʷˊ˃ʰ˄ˋʹύ. 
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ʅˍʹ˄ ɳʽˁˈ˄ʰ 1Σ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˍʰ ˉˇˋˇˋˍʱ ˉˇˎ ʰ˄ˍʽˋˍˇʽ˔ˇˏ˄ ˋˍʽˌ ˔ˊʺˋʶʽˌ ˍˇˎ 

ˉʶˍˊʶ˂ʰʾˇˎΦ ʆʰ ˉˊˇʿˈ˄ˍʰ ˍˇˎ ˉʶˍˊʶ˂ʰʾˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˁˎˊʾ˖ˌ ˋˍˇ˄ ˍˇ˃ʷʰ ˍ˖˄ 

˃ʶˍʰ˒ˇˊ˗˄ ˁʰʽ ˍʹˌ ʻʷˊ˃ʰ˄ˋʹˌΣ ʰ˂˂ʱ ʶˉʾˋʹˌΣ ˋˍʹ˄ ˉʰˊʰʴ˖ʴʺ ˃ʽʰˌ ˉ˂ʹʻ˗ˊʰˌ 

ˇˊʴʰ˄ʽˁ˗˄ ˔ʹ˃ʽˁ˗˄ ˇˎˋʽ˗˄ ʴ˄˖ˋˍ˗˄ ˖ˌ ˉʶˍˊˇ˔ʹ˃ʽˁʱΦ ʃʰˊʰʵʶʾʴ˃ʰˍʰ ˍʷˍˇʽ˖˄ 

ˉˊˇʿˈ˄ˍ˖˄ ʶʾ˄ʰʽ ʶ˄˗ˋʶʽˌΣ ˈˉ˖ˌ ˇʽ ˇ˂ʶ˒ʾ˄ʶˌ όʰʽʻˎ˂ʷ˄ʽˇΣ ˉˊˇˉˎ˂ʷ˄ʽˇΣ ˁΦʰύ ˍʰ ˇˉˇʾʰ 

ʰˉˇˍʶ˂ˇˏ˄ ˃ˇ˄ˇ˃ʶˊʺ ʴʽʰ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ ʶ˃ˉˇˊʽˁ˗˄ ˉˇ˂ˎ˃ʶˊ˗˄Σ ˈˉ˖ˌ ˍˇ 

ˉˇ˂ˎʰʽʻˎ˂ʷ˄ʽˇ ό[5t9Σ I5t9ύ ˁʰʽ ˍˇ ˉˇ˂ˎˉˊˇˉˎ˂ʷ˄ʽˇ όttύ. ʍˋˍˈˋˇ, ˇ ̔ ʷ˄ˍˇ˄ˇʽ 

ˊˎʻ˃ˇʾ ʶ˅ˈˊˎ˅ʹΣ̩ ʷ˔ˇˎ˄ ˇʵʹʴʺˋʶʽ ˋʶ ʶ˅ʱ˄ˍ˂ʹˋʹ ˍ˖˄ ˁˇʽˍʰˋ˃ʱˍ˖˄Φ ʅˎʴˁʶˁˊʽ˃ʷ˄ʰ 

ˋˍʽˌ ɶΦʃΦɮΦ ʰ˄ʰ˒ʷˊʶˍʰʽ ˉ˖ˌ ʷ˔ʶʽ ʺʵʹ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ˍˇ тр҈ ˍ˖˄ ʰˉˇʻʶ˃ʱˍ˖˄Σ 

ʴʶʴˇ˄ˈˌ ˉˇˎ ˁʱ˄ʶʽ ʶˉʽˍʰˁˍʽˁʺ ˍʹ˄ ʰ˄ʱʴˁʹ ˋˍˊˇ˒ʺˌ ˋʶ ʶ˄ʰ˂˂ʰˁˍʽˁʷˌ ˉʹʴʷˌ ʶ˄ʷˊʴʶʽʰˌ 

ˁʰʽ ʰ˄ʰ˄ʶ˗ˋʽ˃ˇˎˌ ˉˈˊˇˎˌΦ ɳˁˍˈˌ ˈ˃˖ˌ ʰˉˈ ʰˎˍʷˌ ˍʽˌ ʵˏˇ ʲʰˋʽˁʷˌ ˔ˊʺˋʶʽˌ ˍˇˎΣ ˍˇ 

ˉʶˍˊʷ˂ʰʽˇ ˁʰʽ ˍʰ ˉʰˊʱʴ˖ʴʱ ˍˇˎ ˋˎ˃˃ʶˍʷ˔ˇˎ˄ ʶ˄ʶˊʴʱ ˋˍʹ˄ ˁʰʻʹ˃ʶˊʽ˄ˈˍʹˍʱ ˃ʰˌΣ 

ˁʰʻ˗ˌ ʰˉˇˍʶ˂ˇˏ˄ ˋˎˋˍʰˍ̔ ˁʱ ˉˇ˂˂˗˄ ˎ˒ʰˋ˃ʱˍ˖˄Σ ˁʰ˂˂ˎ˄ˍʽˁ˗˄Σ ˒ʰˊ˃ʱˁ˖˄Σ 

ˉ˂ʰˋˍʽˁ˗˄Σ ˋˁʶˎ˗˄Σ ˉʰʽ˔˄ʽʵʽ˗˄ ˁʰʽ ˉˇ˂˂˗˄ ʱ˂˂˖˄ ˉˊʰʴ˃ʱˍ˖˄ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ 

ˋʶ ʹ˃ʶˊʺˋʽʰ ʲʱˋʹΦ  

 

ɳʽˁˈ˄ʰ 1: ʋˊʺˋʶʽˌ ˍˇˎ ˉʶˍˊʶ˂ʰʾˇˎ ˁʰʽ ˍ˖˄ ˉˊˇʽˈ˄ˍ˖˄ ˍˇˎ όˉʹʴʺΥ ɯʴʴʶ˂ˇˌ ɿˍʱ˄ˇˌκʋʹ˃ʽˁˈˌκPhD/ζʃʶˍˊʶ˂ʰʽˇʶʽʵʺ 

ˋˍˇ ˉʶˊʽʲʱ˂˂ˇ˄ ˁʰʽ ˍʶ˔˄ʽˁʷˌ ʰˉˇˊˊˏˉʰ˄ˋʹˌηκCp Foodlab Itd)   

 

ʅˍˇ˄ ˉʾ˄ ʰˁ  h1 ˉˇˎ ˉʰˊʰˍʾʻʶˍʰʽΣ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˍʰ ˉʰʴˁˈˋ˃ʽʰ ʰˉˇʻʷ˃ʰˍʰ 

ˉʶˍˊʶ˂ʰʾˇˎ, ˈˉ˖ˌ ʰˎˍʱ ˁʰˍʰʴˊʱ˒ˍʹˁʰ˄ ˍˇ нллф όˍʰ ˉʶˊʽˋˋˈˍʶˊʰ ʲˊʾˋˁˇ˄ˍʰʽ ˋˍʽˌ 

˔˗ˊʶˌ ˍʹˌ ɾʷˋʹˌ ɮ˄ʰˍˇ˂ʺˌύΦ ʅˍˇ˄ ʾʵʽˇ ˉʾ˄ʰˁʰ ʰ˄ʰ˒ʷˊˇ˄ˍʰʽΣ ʶˉʾˋʹˌΣ ˍʰ ˔ˊˈ˄ʽʰ ʴʽʰ 

ˍʰ ˇˉˇʾʰ ˍʰ ʰˉˇʻʷ˃ʰˍʰ ˉʶˍˊʶ˂ʰʾˇˎ ʶˉʰˊˁˇˏ˄ ҡʶ ʲʱˋʹ ˍˇ ˊˎʻҡˈ ˁʰˍʰ˄ʱ˂˖ˋʹˌ ˉˇˎ 
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ˋʹ˃ʁ̔ ˗ʻʹˁʶ ˍˇ ʾʵʽˇ ʷˍˇˌΦ ʍˌ ʵʶʾˁˍʹˌ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˍˇ ˉʹ˂ʾˁˇ 

ʰˉ̍ʻʶҡʰκˁʰˍʰ˄ʱ˂˖ˋʹ (R/P). 

 

ʃʶˊʽˇ˔ʺ 109 

ʲʰˊʷ˂ʽʰ 

ʃˇˋˇˋˍˈ ʶˉʾ ˍˇˎ 

ˋˎ˄ˈ˂ˇˎ (%) 

ɽˈʴˇˌ R/P 

ɰΦ ɮ˃ʶˊʽˁʺ 73,3 5,5 15 

ɽʰˍʽ˄ʽˁʺ ɮ˃ʶˊʽˁʺ 198,9 14,9 80,6 

ɳˎˊ˗ˉʹ ˁʰʽ ˔˗ˊʶ ̩̱ ʹˌ ˉˊ˗ʹ˄ 

ɳʅʅɲ 

136,9 10,3 21,2 

ɾʷˋʹ ɮ˄ʰˍˇ˂ʺ 754,2 56,6 84,8 

ɮ˒ˊʽˁʺ 127,7 9,6 36 

ɽˇʽˉʺ ɮˋʾʰ ˁʰʽ ʍˁʶʰ˄ʾʰ 42,2 3,2 14,4 

ʃʰʴˁˈˋ˃ʽʰ 1333,1 100 45,7 

ʃʾ˄ʰˁʰˌ 1: ʃʰʴˁˈˋ˃ʽʰ ʰˉˇʻʷ˃ʰˍʰ ˉʶˍˊʶ˂ʰʾˇˎ ˍˇ нллф όˉʹʴʺΥ ɳ˂˂ʹ˄ʽˁʱ ɮˁʰʵʹ˃ʰʿˁʱ ɶ˂ʶˁˍˊˇ˄ʽˁʱ ʅˎʴʴˊʱ˃ʰˍʰ 

ˁʰʽ ɰˇʹʻʺ˃ʰˍʰκɳʻ˄ʽˁˈ ɾʶˍˋˈʲ̔ ˇ ʃˇ˂ˎˍʶ˔˄ʶʾˇκɰʽˇ˃ʹ˔ʰ˄ʽˁʺ ʁˊʴʰ˄ʽˁʺ ʋʹ˃ʶʾʰκ ɲʹ˃ʺˍˊʹˌ ʅΦ ɮ˔ʽ˂ʽʱˌ-ɹ˖ʱ˄˄ʹˌ 

ɳ˂ʶˎʻʶˊʽʱʵʹˌ-ɿʽˁˈ˂ʰˇˌ ɿʽˁˇ˂ʰˀʵʹˌκɮʻʺ˄ʰ нлмрύ 

 

1.1.5 ɫʞʎʐɻʎʂ ʆɻʅ ʅɿʅʝʐʂʐʀʏ ʐʋʑ ʌʀʐʍʀʇɻʚʋʑ ʆɻʅ ʐʖʉ ʌʍʋʛʝʉʐʖʉ ʐʋʑ 

ʆˇ ˉʶˍˊʷ˂ʰʽˇ ʰˉˇˍʶ˂ʶʾˍʰʽ ˁˎˊʾ˖ˌ ʰˉˈ ˎʵˊˇʴˇ˄ʱ˄ʻˊʰˁʶˌΣ ˉʶˊʽʷ˔ʶʽ ˈ˃˖ˌ ˁʰʽ 

ʱ˂˂ʰ ˋˍˇʽ˔ʶʾʰ ˋʶ ˔ʰ˃ʹ˂ˈˍʶˊʶˌ ˋˎʴˁʶ˄ˍˊ˗ˋʶʽˌ ˈˉ˖ˌΣ ʱʸ˖ˍˇ όɿύΣ ʻʶʾˇ ό{ύΣ ˇ˅ˎʴˈ˄ˇ 

όʁύΣ ˍʰ ˇˉˇʾʰ ʰ˄ʰ˒ʷˊˇ˄ˍʰʽ ˖ˌ ʶˍʶˊˇʱˍˇ˃ʰ ʺ ʶˍʶˊˇˋˎˋˍʰˍʽˁʱΦ ʅˍʰ ʶˍʶˊˇˋˎˋˍʰˍʽˁʱ 

ˋˎʴˁʰˍʰ˂ʷʴˇ˄ˍʰʽ ʶˉʾˋʹˌ ˁʰʽ ˋ˔ʹ˃ʰˍʽˋ˃ˇʾ ˉˇˎ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄Σ ʶˁˍˈˌ ʰˉˈ ʱ˄ʻˊʰˁʰ 

ˁʰʽ ˎʵˊˇʴˈ˄ˇΣ ˋˍˇʽ˔ʶʾʰ ˈˉ˖ˌ ˍˇ ˄ʽˁʷ˂ʽˇ όNi), ̡ ʰ˄ʱʵʽˇ όV), ˃ʰʴ˄ʺˋʽˇ όMg) ˁʰʽ ˔ʰ˂ˁˈ 

(Cu). ʆʰ ˉʰˊʰˉʱ˄˖ ˋˍˇʽ˔ʶʾʰΣ ˉˊˇʷˊ˔ˇ˄ˍʰʽ ʶʾˍʶ ʰˉˈ ˍʹ˄ ˉˊˈʵˊˇ˃ʹ ˇˊʴʰ˄ʽˁʺ ˏ˂ʹ ˍˇˎ 

ˉʶˍˊʶ˂ʰʾˇˎΣ ʶʾˍʶ ʶ˄ˋ˖˃ʰˍ˗˄ˇ˄ˍʰʽ ˋˍʰ ˃ˈˊʽʰ ˍ˖˄ ˎʵˊˇʴˇ˄ʰ˄ʻˊʱˁ˖˄ ˁʰˍʱ ˍʽˌ 

ʵʽʶˊʴʰˋʾʶˌ ʵʹ˃ʽˇˎˊʴʾʰˌ ˍˇˎΦ  

ɶ ˋˏˋˍʰˋʺ ˍˇˎ ˃ˉˇˊʶʾ ˄ʰ ʵʽʰ˒ʷˊʶʽΣ ˈ˔ʽ ˃ˈ˄ˇ ʰˉˈ ˍʹ˄ ˍˇˉˇʻʶˋʾʰ ˁʰʽ ˍʹ˄ 

ʹ˂ʽˁʾʰ ˍˇˎΣ ʰ˂˂ʱ ˁʰʽ ʰˉˈ ˍˇ ʲʱʻˇˌ ˍʹˌ ʶ˅ˈˊˎ˅ʹˌ ˁʰʽ ʱ˂˂ˇˎˌ ˉʰˊʱʴˇ˄ˍʶˌΣ ˖ˋˍˈˋˇ 

ˋˍʹ˄ ˉ˂ʶʽˇ˄ˈˍʹˍʰ ˍ˖˄ ˉʶˍˊʶ˂ʰʾ˖˄Σ ˇʽ ˎʵˊˇʴˇ˄ʱ˄ʻˊʰˁʶˌ ˁʰˍʰ˂ʰ˃ʲʱ˄ˇˎ˄ 

ˉʶˊʽˋˋˈˍʶˊˇ ˍˇˎ тл҈ ˁΦʲΦ ˍʹˌ ˋˎ˄ˇ˂ʽˁʺˌ ˋˎʴˁʷ˄ˍˊ˖ˋʹˌΦ ɳ˄ˍˇˏˍˇʽˌΣ ˋʶ ʲʰˊʽʱΣ 
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ʲʽˇʰˉˇʽˁˇʵˇ˃ʹ˃ʷ˄ʰ ˉʶˍˊʷ˂ʰʽʰΣ ʺ ˋˍʰ ʲʽˍˇˎ˃ʷ˄ʽʰ3 ʰˉˈ ʰˋ˒ʰ˂ˍˇˏ˔ʶˌ ʱ˃˃ˇˎˌΣ ˍʰ 

ʶˍʶˊˇˋˎˋˍʰˍʽˁʱ ˃ˉˇˊʶʾ ˄ʰ ˁʰˍʰ˂ʰ˃ʲʱ˄ˇˎ˄ ˉˇˋˇˋˍˈ ˃ʶʴʰ˂ˏˍʶˊˇ ˍˇˎ рл҈[23]. 

ɳ˄ʵʶʽˁˍʽˁʷˌ ˍʽ˃ʷˌ ʴʽʰ ˍˇ ˉʶˍˊʷ˂ʰʽˇ ˁʰʽ ˍʹ˄ ʱˋ˒ʰ˂ˍˇ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˋˍˇ˄ ̄ ʾ˄h ˁh 2. 

 

ʅˍˇʽ˔ʶʾˇ ʃʶˊʽʶˁˍʽˁˈˍʹˍʰ ҈ ˁΦʲΦ 

ʃʶˍˊʷ˂ʰʽˇ ɯˋ˒ʰ˂ˍˇˌ 

ɯ˄ʻˊʰˁʰˌ όC) 82,2-87,1 80-85 

ʇʵˊˇʴˈ˄ˇ όɶύ 1,7-14,7 8,5-11 

ʁ˅ˎʴˈ˄ˇ όʁύ 0,1-4,5  

ɯʸ˖ˍˇ 0,1-1,5 0-2 

ɸʶʾˇ 0,1-5,5 2-8 

ɾʷˍʰ˂˂ʰ όNi, V ˁ ˂ˉύ <1.000 ppm  

ʃʾ˄ʰˁʰˌ 2: ʅˍˇʽ˔ʶʽʰˁʺ ˋˏˋˍʰˋʹ ˉʶˍˊʶ˂ʰʾˇˎ ˁʰʽ ʰˋ˒ʱ˂ˍˇˎ όˉʹʴʷˌΥ ɱʶ˖˔ʹ˃ʶʾʰ ʃʶˍˊʶ˂ʰʾˇˎκɿʾˁˇˌ 

ʃʰˋˋʰʵʱˁʹˌκɳˁʵˈˋʶʽˌ ʆʸʽˈ˂ʰκɸʶˋˋʰ˂ˇ˄ʾˁʹ нлмр ˁʰʽ ɳ˂˂ʹ˄ʽˁʱ ɮˁʰʵʹ˃ʰʿˁʱ ɶ˂ʶˁˍˊˇ˄ʽˁʱ ʅˎʴʴˊʱ˃˃ʰˍʰ ˁʰʽ 

ɰˇʹʻʺ˃ʰˍʰκɳʻ˄ʽˁˈ ɾʶˍˋˈʲʽˇ ʃˇ˂ˎˍʶ˔˄ʶʾˇκɰʽˇ˃ʹ˔ʰ˄ʽˁʺ ʁˊʴʰ˄ʽˁʺ ʋʹ˃ʶʾʰκ ɲʹ˃ʺˍˊʹˌ ʅΦ ɮ˔ʽ˂ʽʱˌ-ɹ˖ʱ˄˄ʹˌ 

ɳ˂ʶˎʻʶˊʽʱʵʹˌ-ɿʽˁˈ˂ʰˇˌ ɿʽˁˇ˂ʰˀʵʹˌκɮʻʺ˄ʰ нлмрύ 

 

ʅˍʹ˄ ˉˊˇˋˉʱʻʶʽʰ ˁʰˍʹʴˇˊʽˇˉˇʾʹˋʹˌ ˍ˖˄ ʵʽʰ˒ˈˊ˖˄ ˉʶˍˊʶ˂ʰʾ˖˄ ˃ʶ ʲʱˋʹ ˍʰ 

ˋˎˋˍʰˍʽˁʱ ˍˇˎˌΣ ˉˊˇʷˁˎ˕ʶ ʰˊ˔ʽˁʱ ˃ʽʰ ʰˉ˂ʺ ˍʰ˅ʽ˄ˈ˃ʹˋʹ ˋʶ ʵˏˇ ˁʰˍʹʴˇˊʾʶˌΣ ˍʰ 

ˉʰˊʰ˒ʽ˄ʽˁʱ ˁʰʽ ˍʰ ˄ʰ˒ʻʶ˄ʽˁʱ[6]Φ ɶ ˁʰˍʹʴˇˊʽˇˉˇʾʹˋʹ ʴʽ˄ˈˍʰ˄ ˃ʶ ʲʱˋʹ ˍʹ˄ 

ˉʶˊʽʶˁˍʽˁˈˍʹˍʰ ˍ˖˄ ˉʶˍˊʶ˂ʰʾ˖˄ ˋˍʽˌ ʰˁˈ˂ˇˎʻʶˌ ˁʰˍʹʴˇˊʾʶˌ ˋˎˋˍʰˍʽˁ˗˄Υ 

× ɼˇˊʶˋ˃ʷ˄ˇʽ ʇʵˊˇʴˇ˄ʱ˄ʻˊʰˁʶˌ: ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄ ˍʰ ˁʰ˄ˇ˄ʽˁʱ ˁʰʽ 

ʵʽʰˁ˂ʰʵʽˋ˃ʷ˄ʰ ʰ˂ˁʱ˄ʽʰ ˁʰʽ ˍʰ ʽˋˇ-ʰ˂ˁʱ˄ʽʰ όˉʰˊʰ˒ʾ˄ʶˌΣ ʽˋˇ-

ˉʰˊʰ˒ʾ˄ʶˌ ˁʰʽ ˄ʰ˒ʻʷ˄ʽʰύΣ ʰ˂˂ʱ ˁʰʽ ʰ˂ˁʷ˄ʽʰ όˇ˂ʶ˒ʾ˄ʶˌύΣ ˉˇˎ 

ˎˉʱˊ˔ˇˎ˄ ˃ˈ˄ˇ ˋʶ ˃ʽˁˊˈ ʲʰʻ˃ˈ. 

× ɮˊ˖˃ʰˍʽˁˇʾ ʇʵˊˇʴˇ˄ʱ˄ʻˊʰˁʶˌ: ˃ˇ˄ˇʰˊ˖˃ʰˍʽˁʷˌ ʶ˄˗ˋʶʽˌ (ʲʶ˄ʸˈ˂ʽˇ) 

ʷ˖ˌ ˉˇ˂ˎʰˊ˖˃ʰˍʽˁʷˌ ό˄ʰ˒ʻʰ˂ʷ˄ʽˇΣ ˒ʰʽ˄ʰ˄ʻˊʷ˄ʽˇΣ ˁ˂ˉύ. 

                                                           
3
 ɰʽˍˇˎ˃ʷ˄ʽˇ: ʅˍʶˊʶˈˌ ʺ ʹ˃ʽˋˍʶˊʶˈˌ ˎ ʵˊ̌ʴˇ˄ʱ˄ʻˊʰˁʰˌ ˃ʶ ˁˇ˂˂ˇʶʽʵʺ ʵˇ˃ʺΣ ˔ˊ˗˃ʰˍˇˌ ˒ʰʽˇˏ ˉˊˇˌ ˃ʰˏˊˇΣ ˇ 

ˇˉˇʾˇˌ ˂ʰ˃ʲʱ˄ʶˍʰʽ ˖ˌ ˁʰˍʱ˂ˇʽˉˇ ʰˉˈ ˍʹ˄ ʰˉˈˋˍʰ˅ʹ ʰˊʴˇˏ ˉʶˍˊʶ˂ʰʾˇˎΣ ˃ʶ ʰˉˈˋˍʰ˅ʹ ˋʶ ˁʶ˄ˈ ʰʷˊˇˌ 
ˎˉˇ˂ʶʽ˃˃ʱˍ˖˄ ʰˍ˃ˇˋ˒ʰʽˊʽˁʺˌ ʰˉˈˋˍʰ˅ʹˌ ˍˇˎ ˉʶˍˊʶ˂ʰʾˇˎ 
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× ɳ˄˗ˋʶʽˌ ˍˇˎ ʱ˄ʻˊʰˁʰ ˃ʶ ʶˍʶˊˇʱˍˇ˃ʰΥ ɸʶʽˈ˂ʶˌ ό˃ʶˊˁʰˉˍʱ˄ʶˌύΣ όˉΦ˔Φ 

ʻʶʽˇ˒ʷ˄ʽʰ), ʶ˄˗ˋʶʽˌ ˍˇˎ ʰʸ˗ˍˇˎ ˁʰʽ ˍˇˎ ˇ˅ˎʴˈ˄ˇˎ όˈˉ˖ˌΣ ˉˎˊʽʵʾ˄ʶˌΣ 

ˉˎˊˊˈ˂ʶˌΣ ˒ʰʽ˄ˈ˂ʶˌΣ ˁʰˊʲˇ˅ˎ˂ʽˁʱ ˇ˅ʷʰΣ ʰ˃ʾʵʽʰΣ ʰʽʻʷˊʶˌύΦ 

ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ˈ˃˖ˌΣ ˂ˈʴ˖ ˍʹˌ ˃ʶʴʱ˂ʹˌ ˋˉˇˎʵʰʽˈˍʹˍʰˌ ˍˇˎ ˉʶˍˊʶ˂ʰʾˇˎΣ 

ˁʰʻ˗ˌ ˁʰʽ ˍ˖˄ ˉˊˇʿˈ˄ˍ˖˄ ˍˇˎΣ ˋˎ˄ʶ˔ʾˋˍʹˁʶ ʹ ʷˊʶˎ˄ʰ ˁʰʽ ʵʽʰˉʽˋˍ˗ʻʹˁʶ ˉ˖ˌ ˋʶ ʰˎˍˈ 

ˉʶˊʽʷ˔ˇ˄ˍʰʽ ˍˊʶʽˌ ˁʰˍʹʴˇˊʾʶˌ ˎʵˊˇʴˇ˄ʰ˄ʻˊʱˁ˖˄Σ ˇʽ ˇˉˇʾʶˌ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍʹ˄ 

ˉʶˊʽʶˁˍʽˁˈˍʹˍʱ ˍˇˎˌ ˁʰʻˇˊʾʸˇˎ˄ ˍʰ ˒ˎˋʽˁˇ˔ʹ˃ʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍˇˎ ˉʶˍˊʶ˂ʰʾˇˎ 

ˁʰʽ ˍ˖˄ ˉˊˇʿˈ˄ˍ˖˄ ˍˇˎΦ ɮˎˍʷˌ ʶʾ˄ʰʽ ˇʽ ˉʰˊʰ˒ʾ˄ʶˌ, ˍʰ ˄ʰ˒ʻʷ˄ʽʰ4 ˁʰʽ ˇʽ ʰˊ˖˃ʰˍʽˁˇʾ 

ˎʵˊˇʴˇ˄ʱ˄ʻˊʰˁʶˌΦ ɾʶ ˁˊʽˍʺˊʽˇ ˂ˇʽˉˈ˄Σ ˍʹ˄ ˉʶˊʽʶˁˍʽˁˈˍʹˍʰ ˍ˖˄ ˉʶˍˊʶ˂ʰʾ˖˄ ˋˍʽˌ 

ˍˊʶʽˌ ʰˎˍʷˌ ˇ˃ʱʵʶˌ ˎʵˊˇʴˇ˄ʰ˄ʻˊʱˁ˖˄Σ ˉˊˇʷˁˎ˕ʶ ʹ ʰˁˈ˂ˇˎʻʹΣ ˉʽˇ ˂ʶˉˍˇ˃ʶˊʺˌ 

ˍʰ˅ʽ˄ˈ˃ʹˋʹ: 

× ʃʰˊʰ˒ʽ˄ʽˁʱ: ɮˉˇˍʶ˂ˇˏ˄ˍʰʽ ʰˉˈ ˉʰˊʰ˒ʽ˄ʽˁˇˏˌ ˎʵˊˇʴˇ˄ʱ˄ʻˊʰˁʶˌ ˋʶ 

ˉˇˋˇˋˍˈ ˍˇˎ˂ʱ˔ʽˋˍˇ˄ рл҈ ˍʹˌ ˃ʱʸʰˌ ˍ˖˄ ʶ˂ʰ˒ˊ˗˄ ˁ˂ʰˋ˃ʱˍ˖˄. 

× ʃʰˊʰ˒ʽ˄-̌˄ʰ˒ʻʶ˄ʽˁʱΥ ʃʶˊʽʷ˔ˇˎ˄ ˁʰˍʱ ˁˏˊʽˇ ˂ˈʴˇ ˉʰˊʰ˒ʽ˄ʽˁˇˏˌ ˁʰʽ 

˄ʰ˒ʻʶ˄ʽˁˇˏˌ ˎʵˊˇʴˇ˄ʱ˄ʻˊʰˁʶˌ ˁʰʽ ˋʶ ˃ʽˁˊˈˍʶˊˇ ˉˇˋˇˋˍˈ 

ʰˊ˖˃ʰˍʽˁˇˏˌΦ 

× ɿʰ˒ʻʶ˄ʽˁʱΥ ʁʽ ˄ʰ˒ʻʶ˄ʽˁˇʾ ˎʵˊˇʴˇ˄ʱ˄ʻˊʰˁʶˌ ˎˉʶˊˍʶˊˇˏ˄ ˋʶ ˈ˂ʰ ˍʰ 

ˁ˂ʱˋ˃ʰˍʰ ˁʰʽ ˅ʶˉʶˊ˄ˇˏ˄ ˋʶ ˉˇˋˇˋˍˈ ˍˇ сл҈ ˍʹˌ ˃ʱʸʰˌ ˍˇˎ 

ˉʶˍˊʶ˂ʰʾˇˎ. 

× ʃʰˊʰ˒ʽ˄ˇ-˄ʰ˒ʻʶ˄ˇ-ʰˊ˖˃ʰˍʽˁʱΥ ʃʶˊʽʷ˔ˇˎ˄ ˋ˔ʶʵˈ˄ ʾˋʶˌ ˉˇˋˈˍʹˍʶˌ 

ʰˉˈ ˍʽˌ ˍˊʶʽˌ ˍʱ˅ʶʽˌ ʶ˄˗ˋʶ˖˄ ˁʰʽ ʶʾ˄ʰʽ ˍʰ ˉʽˇ ʵʽʰʵˇ˃ʷ˄ʰ ˋʺ˃ʶˊʰ ˋˍʹ 

˒ˏˋʹ. 

× ɿʰ˒ʻ˄ʁ-̌ʰˊ˖˃ʰˍʽˁʱ: ʃʶˊʽʷ˔ˇˎ˄ ˁʰˍʱ ˁˏˊʽˇ ˂ˈʴˇ ˄ʰ˒ʻʶ˄ʽˁˇˏˌ ˁʰʽ 

ʰˊ˖˃ʰˍʽˁˇˏˌ ˎʵˊˇʴˇ˄ʱ˄ʻˊʰˁʶˌ ˁʰʽ ˋʶ ˃ʽˁˊˈˍʶˊˇ ˉˇˋˇˋˍˈ 

ˉʰˊʰ˒ʽ˄ʽˁˇˏˌ. 

× ɮˊ˖˃ʰˍʽˁʱ: ʃ˂ˇˏˋʽʰ ˋʶ ʰˊ˖˃ʰˍʽˁˇˏˌ ˎʵˊˇʴˇ˄ʱ˄ʻˊʰˁʶˌ όˁˏˊʽʰ 

ˉʰˊʱʴ˖ʴʰ ˍˇˎ ʲʶ˄ʸˇ˂ʾˇˎύΦ 

                                                           
4
 ɿʰ˒ʻʷ˄ʽʰΥ ɼˎˁ˂ʽˁʷˌ ˇˊʴʰ˄ʽˁʷˌ ʶ˄˗ˋʶʽˌ ˍʹˌ ˍʱ˅ʹˌ ˍ˖˄ ˎʵˊˇʴˇ˄ʰ˄ʻˊʱˁ˖˄Σ ˇʽ ˇˉˇʾʶˌ ʰ˄ˍʽˋˍˇʽ˔ˇˏ˄ ˋˍˇ˄ ʴʶ˄ʽˁˈ 

ˍˏˉˇ /nH2n ˁ ʰʽ ʶʾ˄ʰʽ ʽˋˇ˃ʶˊʶʾˌ ˃ʶ ˍʰ ʰ˂ˁʷ˄ʽʰΦ ʁʽ ʶ˄˗ˋʶʽˌ ʰˎˍʷˌ ˇ˄ˇ˃ʱˋˍʹˁʰ˄ ˄Φ ˁʰˍʱ ˍʰ ˍʷ˂ʹ ˍˇˎ мфˇˎ ʰʽΦ ʰˉˈ 
ˍˇ˄ ʄ˗ˋˇ ˔ʹ˃ʽˁˈ ɰ˂ʰ˄ˍʽ˃ʾˊ ɾʰˊˁˈʲ˄ʽˁˇ˒Σ ʰ˂˂ʱ ˋʺ˃ʶˊʰ ʷ˔ˇˎ˄ ʶˁ˂ʱʲʶʽ ˍʹ˄ ˉʽˇ ˋˏʴ˔ˊˇ˄ʹ ˇ˄ˇ˃ʰˋʾʰ 
ˁˎˁ˂ˇʰ˂ˁʱ˄ʽʰ ʺ ˁ ˎˁ˂ˇˉʰˊʰ˒ʾ˄ʶˌ

[32]
. 
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ʅˎ˄ʺʻ˖ˌΣ ˍˇ ˉˇˋˇˋˍˈ ˍ˖˄ ˉʰˊʰ˒ʽ˄ʽˁ˗˄ ˎʵˊˇʴˇ˄ʰ˄ʻˊʱˁ˖˄Σ ˃ʶʽ˗˄ʶˍʰʽ ˃ʶ 

ˍʹ˄ ʰˏ˅ʹˋʹ ˍˇˎ ˃ˇˊʽʰˁˇˏ ʲʱˊˇˎˌΦ ɱʶ˄ʽˁʱΣ ʹ ˋˎˋ˔ʷˍʽˋʹ ˃ʶˍʰ˅ˏ ˍ˖˄ ʵʽʰ˒ˈˊ˖˄ 

ˎʵˊˇʴˇ˄ʰ˄ʻˊʱˁ˖˄ ˋʶ ʷ˄ʰ ˉʶˍˊʷ˂ʰʽˇ ʷ˔ʶʽ ˄ʰ ˁʱ˄ʶʽ ˃ʶ ˍʹ˄ ʰˉ˗˂ʶʽʰ ʺ ˉˊˈˋ˂ʹ˕ʹ 

ˎʵˊˇʴˈ˄ˇˎΣ ˈˉ˖ˌ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˋˍʹ˄ ɳʽˁˈ˄ʰ 2. ɳˉˇ˃ʷ˄˖ˌΣ ˉˊˇˁˏˉˍʶʽ ˉ˖ˌ 

ˉʰˊʰ˒ʽ˄ʽˁˇˏ ˍˏˉˇˎ ˎʵˊˇʴˇ˄ʱ˄ʻˊʰˁʶˌ ˃ʶˍʰˋ˔ʹ˃ʰˍʾʸˇ˄ˍʰʽ ˋʶ ˄ʰ˒ʻʶ˄ʽˁˇˏˌ ˁʰʽ 

ʰˎˍˇʾ ˃ ʶ ˍʹ ˋʶʽˊʱ ˍˇˎˌΣ ̀ ʶ ʰˊ˖˃ʰˍʽˁˇˏˌΦ 

 

ɳʽˁˈ˄ʰ 2: ɮ˂˂ʹ˂ˇˋˎˋ˔ʷˍʽˋʹ ˍ˖˄ ʵʽʰ˒ˈˊ˖˄ ˍˏˉ˖˄ ˎʵˊˇʴˇ˄ʰ˄ʻˊʱˁ˖˄ ˋˍˇ ˉʶˍˊʷ˂ʰʽˇ όˉʹʴʺΥ ɳ˂˂ʹ˄ʽˁʱ 

ɮˁʰʵʹ˃ʰʿˁʱ ɶ˂ʶˁˍˊˇ˄ʽˁʱ ʅˎʴʴˊʱ˃ʰˍʰ ˁʰʽ ɰˇʹʻʺ˃ʰˍʰκɳʻ˄ʽˁˈ ɾʶˍˋˈ˄ʽˇ ʃˇ˂ˎˍʶ˔˄ʶʾˇκɰʽˇ˃ʹ˔ʰ˄ʽˁʺ ʁˊʴʰ˄ʽˁʺ 

ʋʹ˃ʶʾʰκ ɲʹ˃ʺˍˊʹˌ ʅΦ ɮ˔ʽ˂ʽʱˌ-ɹ˖ʱ˄˄ʹˌ ɳ˂ʶˎʻʶˊʽʱʵʹˌ-ɿʽˁˈ˂ʰˇˌ ɿʽˁˇ˂ʰˀʵʹˌκɮʻʺ˄ʰ нлмрύ 

 

ɳ˄ʰ˂˂ʰˁˍʽˁʱΣ ˎˉʱˊ˔ʶʽ ˁʰʽ ʷ˄ʰˌ ˉʽˇ ʰˉ˂ˇʿˁˈˌ ˍˊˈˉˇˌ ˁʰˍʱˍʰ˅ʹˌΣ ˉˇˎ ʰ˒ˇˊʱ 

ˍˇ ʰˊʴˈ ˉʶˍˊʷ˂ʰʽˇ ˁʰʽ ʲʰˋʾʸʶˍʰʽ ˋˍʹ˄ ˉˎˁ˄ˈˍʹˍʱ ˍˇˎΣ ˋˎ˄ʵˎʰˋˍʽˁʱ ˃ʶ ˍˇ˄ ˍˊˈˉˇ 

ˉˊˇʷ˂ʶˎˋʹˌΣ ˈˉ˖ˌ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˋˍˇ˄ ʃʾ˄ʰˁʰˌ 3. 

 

ʁ˃ʱʵʰ ʃˎˁ˄ˈˍʹˍʰ ʆˏˉˇˌ ˉʶˍˊʶ˂ʰʽˇʶʽʵ˗˄ 

1 < 0,8 Gasoline, Kerosene 

2 0,8-0,85 Gas Oil, Abu Dhabi Crude 

3 0,85-0,95 Arabian Light Crude, North Sea Crude Oils (e.g. Forties) 

4 >0,95 Heavy Fuel Oil, Venezuelan Crude Oils 

ʃʾ˄ʰˁʰˌ 3: ɼʰˍʹʴˇˊʾʶˌ ʰˊʴˇˏ ˉʶˍˊʶ˂ʰʾˇˎΣ ˃ʶ ʲʱˋʹ ˍʹ˄ ˉˎˁ˄ˈˍʹˍʱ ˍˇˎˌ όˉʹʴʺΥ ʃˇ˂ˎˍʶ˔˄ʶʾˇ ɼˊʺˍʹˌκ ɿʽˁˈ˂ʰˇˌ 

ɼʰ˂ˇʴʶˊʱˁʹˌ κɲʽʵʰˁˍʽˁʷˌ ʅʹ˃ʶʽ˗ˋʶʽˌ ˃ʰʻʺ˃ʰˍˇˌ Ψɰʽˇ˂ˇʴʽˁʷˌ ɾʷʻˇʵˇʽ ɳ˅ˎʴʾʰ˄ˋʹˌ ʃʶˊʽʲʱ˂˂ˇ˄ˍˇˌΩκʋʰ˄ʽʱ нлмоύ 
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1.1.5Ȣυ ɨʈʗɿʀʏ ʎʑʎʐɻʐʅʆʡʉ ʎʐʋ ʌʀʐʍʘʇɻʅʋ 

ʁ ˃ʶʴʱ˂ˇˌ ʰˊʽʻ˃ˈˌ ʶ˄˗ˋʶ˖˄ ˉˇˎ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶˍʰʽ ˋˍˇ ˉʶˍˊʷ˂ʰʽˇΣ ʷ˔ʶʽ 

ˇʵʹʴʺˋʶʽ ˋˍˇ ˄ʰ ʶˁ˒ˊʱʸʶˍʰʽ ʹ ˔ʹ˃ʽˁʺ ˍˇˎ ˋˏˋˍʰˋʹΣ ʶʽʵʽˁʱ ˋˍʽˌ ʴʶ˖˔ʹ˃ʽˁʷˌ 

ʶ˒ʰˊ˃ˇʴʷˌΣ ˃ʶ ˈˊˇˎˌ ˇ˃ʱʵ˖˄ ˋˎˋˍʰˍʽˁ˗˄Σ ˃ʶ ʲʰˋʽˁˈ ˁˊʽˍʺˊʽˇ ˍʹ ˋˎ˃ˉʶˊʽ˒ˇˊʱ 

ˍˇˎˌ ˋˍʽˌ ʰ˄ʰ˂ˎˍʽˁʷˌ ʵʽʰʵʽˁʰˋʾʶˌ ʵʽʰ˔˖ˊʽˋ˃ˇˏ ˍˇˎˌΦ ɾʶ ʱ˂˂ʰ ˂ˈʴʽʰΣ ˍˇ ˉʶˍˊʷ˂ʰʽˇ 

ʵʽʰ˔˖ˊʾʸʶˍʰʽ ˋʶ ˇ˃ʱʵʶˌ ʶ˄˗ˋʶ˖˄Σ ˃ʶ ʲʱˋʹ ˍʹ ʵʽʰ˂ˎˍˈˍʹˍʱ ˍˇˎˌ ˋʶ ʶˉʽ˂ʶʴ˃ʷ˄ˇˎˌ 

ʵʽʰ˂ˏˍʶˌ ʺ ˍʹ˄ ʽˁʰ˄ˈˍʹˍʰ ˉˊˇˋ˒ˊˈ˒ʹˋʺˌ ˍˇˎˌ ˋʶ ˎ˂ʽˁʱ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˋˍʹ 

˔ˊ˖˃ʰˍˇʴˊʰ˒ʾʰ ʰ˄ˇʽˁˍʺˌ ˋˍʺ˂ʹˌΦ ɮˎˍʷˌ ˇʽ ˇ˃ʱʵʶˌ ʶʾ˄ʰʽΣ ˍʰ ˁˇˊʶˋ˃ʷ˄ʰ ˋˎˋ̱h ˍʽˁʱ 

(saturates), ˍʰ h́ ˖˃ʰˍʽˁʱ (aromatics)Σ ˇʽ ˊʹˍʾ˄ʶˌ (resins) ˁʰʽ ˍʰ ʰˋ˒ʰ˂ˍʷ˄ʽʰ 

(asphaltenes). ɶ ˁʰˍʹʴˇˊʽˇˉˇʾʹˋʹ ʰˎˍʺ ʰ˄ʰ˒ʷˊʶˍʰʽ ʲʽʲ˂ʽˇʴˊʰ˒ʽˁʱ ˖ˌ SARA (ʰˉˈ 

ˍʰ ʰˊ˔ʽˁʱ ˍ˖˄ ˍʶˋˋʱˊ˖˄ ˇ˃ʱʵ˖˄ύ [23]. 

ɮˊ˔ʽˁʱΣ ˋˍˇ ˁ˂ʱˋ˃ʰ ˍ˖˄ ˁˇˊʶˋ˃ʷ˄˖˄ ˋˎˋˍʰˍʽˁ˗˄Σ ˋˎʴˁʶ˄ˍˊ˗˄ˇ˄ˍʰʽ ˍʰ 

ʰ˂ˁʱ˄ʽʰ ˁʰʽ ˍʰ ˄ʰ˒ʻʷ˄ʽʰΣ ʶ˄˗ ˋʶ ʰˎˍˈ ˍ˖˄ ʰˊ˖˃ʰˍʽˁ˗˄Σ ˍʰ ʰˊ˖˃ʰˍʽˁʱ ˁʰʻ˗ˌ ˁʰʽ 

ˍʰ ˄ʰ˒ʻʶ˄ˇ˃ʷ˄ʰ ʰˊ˖˃ʰˍʽˁʱ ˋˎˋˍʰˍʽˁʱΦ ɮ˅ʾʸʶʽ ˄ʰ ʶˉʽˋʹ˃ʰ˄ʻʶʾ ˉ˖ˌΣ ʰ˄ʱ˃ʶˋʰ ˋˍʽˌ 

ʵˏˇ ʰˎˍʷˌ ˇ˃ʱʵʶˌ όˁˇˊʶˋ˃ʷ˄ʰ ˁʰʽ ʰˊ˖˃ʰˍʽˁʱύ ˎˉʱˊ˔ʶʽ ʰ˂˂ʹ˂ˇʶˉʽˁʱ˂ˎ˕ʹΣ 

ʵʶʵˇ˃ʷ˄ˇˎ ˈˍʽ ˋˍˇ ˉʶˍˊʷ˂ʰʽˇ ˎˉʱˊ˔ˇˎ˄ ʶ˄˗ˋʶʽˌ ˉˇˎ ˋˍˇ ˃ˈˊʽˈ ˍˇˎˌ ˋˎ˄ʰ˄ˍʱ˃ʶ 

ʵˇ˃ʷˌ ˃ʶ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ʽʵʽˈˍʹˍʶˌΦ ʋʰˊʰˁˍʹˊʽˋˍʽˁˈ ˉʰˊʱʵʶʽʴ˃ʰ ʰˉˇˍʶ˂ʶʾ ʷ˄ʰ 

˃ˇ˄ˇʰˊ˖˃ʰˍʽˁˈ ˃ˈˊʽˇΣ ˃ʶ ˉ˂ʶˎˊʽˁˈ ˎˉˇˁʰˍʰˋˍʱˍʹ ˃ʽʰ ˃ʰˁˊʽʱ ˁˇˊʶˋ˃ʷ˄ʹ 

ˎʵˊˇʴˇ˄ʰ˄ʻˊʰˁʽˁʺ ʰ˂ˎˋʾʵʰΣ ˍˇ ˇˉˇʾˇ ˃ˉˇˊʶʾ ˄ʰ ˉʰˊˇˎˋʽʱʸʶʽ ʶ˄ʵʽʱ˃ʶˋʹ 

ˋˎ˃ˉʶˊʽ˒ˇˊʱ ˁˇˊʶˋ˃ʷ˄ˇˎ ˁʰʽ ʰˊ˖˃ʰˍʽˁˇˏ ˃ˇˊʾˇˎΦ 

ʂˋˇ˄ ʰ˒ˇˊʱ ˍʽˌ ʱ˂˂ʶˌ ʵˏˇ ˇ˃ʱʵʶˌ ˁʰʽ ˇʽ ʵˏˇ ʰˉˇˍʶ˂ˇˏ˄ˍʰʽ ʰˉˈ ˉˇ˂ʽˁʷˌ 

ʶ˄˗ˋʶʽˌΣ ˁˎˊʾ˖ˌ ʲʰˊʽʱ ʰˊ˖˃ʰˍʽˁʱ ˁʰʽ ʶˍʶˊˇˋˎˋˍʰˍʽˁʱΦ ɮ˄ ˁʰʽ ˇʽ ʶ˄˗ˋʶʽˌ ˍ˖˄ ʵˏˇ 

ʰˎˍ˗˄ ˇ˃ʱʵ˖˄ ʰ˄ʺˁˇˎ˄ ˋʶ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ˇ˃ˈ˂ˇʴʶˌ ˋʶʽˊʷˌΣ ˇ˃ʰʵˇˉˇʽˇˏ˄ˍʰʽ 

ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍʹ ˋˎ˃ˉʶˊʽ˒ˇˊʱ ˍˇˎˌ ˖ˌ ˉˊˇˌ ˇˊʽˋ˃ʷ˄ˇˎˌ ʵʽʰ˂ˏˍʶˌ όʶˎˁˇ˂ʾʰκʵˎˋˁˇ˂ʾʰ 

ʵʽʱ˂ˎˋʹˌ ˋʶ ʰˎˍˇˏˌύΦ  

ʃʽˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ˖ˌ ʰˋ˒ʰ˂ˍʷ˄ʽʰ ˇˊʾʸˇ˄ˍʰʽ ˍʰ ˋˎˋˍʰˍʽˁʱ ˍˇˎ ˉʶˍˊʶ˂ʰʾˇˎ 

ˉˇˎ ˃ˉˇˊˇˏ˄ ˄ʰ ʵʽʰ˔˖ˊʽˋˍˇˏ˄ ʰˉˈ ˍˇ ˎˉˈ˂ˇʽˉˇ ˃ʶʾʴ˃ʰ ˃ʶ ˁʰʻʾʸʹˋʹ ˋʶ ʱˉˇ˂ˇˎˌ 

ʵʽʰ˂ˏˍʶˌΣ όʶ˂ʰ˒ˊʽʱ ˄ʱ˒ʻʰΣ ˉʶˍˊʶ˂ʰʿˁˈˌ ʰʽʻʷˊʰˌΣ ˉʶ˄ˍʱ˄ʽˇΣ ʶ˅ʱ˄ʽˇ ˁΦʰΦύΦ ɾʽʰ ʱ˂˂ʹ 

ʽʵʽˈˍʹˍʰ ˍ˖˄ ʰˋ˒ʰ˂ˍʶ˄ʾ˖˄ ʶʾ˄ʰʽ ʹ ˉ˂ʺˊʹˌ ʰ˄ʰ˃ʶʽ˅ʽ˃ˈˍʹˍʱ ˍˇˎˌ ˃ʶ ʵʽʰ˂ˏˍʶˌ ˎ˕ʹ˂ʺˌ 

ʶˉʽ˒ʰ˄ʶʽʰˁʺˌ ˍʱˋʹˌ όˉˎˊʽʵʾ˄ʹΣ ʵʽʻʶʽʱ˄ʻˊʰˁʰˌΣ ˍʶˍˊʰ˔˂˖ˊʱ˄ʻˊʰˁʰˌ ˁΦʰΦύΦ ʆˇ 
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ˎˉˇ˂ʶʽˉˈ˃ʶ˄ˇ ˁ˂ʱˋ˃ʰ ˉʶˍˊʶ˂ʰʾˇˎ ˃ʶˍʱ ˍʹ˄ ʰˉˇ˃ʱˁˊˎˋʹ ˍ˖˄ ʰˋ˒ʰ˂ˍʶ˄ʾ˖˄Σ 

ʰˉˇˍʶ˂ʶʾ ˍˇ ˁ˂ʱˋ˃ʰ ˍ˖˄ ˃ʰ˂ˍʶ˄ʾ˖˄Φ ʁʽ ˊʹˍʾ˄ʶˌΣ ʰˉˇˍʶ˂ˇˏ˄ ʶˉʽ˃ʷˊˇˎˌ ˁ˂ʱˋ˃ʰ ˍ˖˄ 

˃ʰ˂ˍʶ˄ʾ˖˄Φ ɴ˄ʰˌ ˍˊˈˉˇˌ ʰˉˇ˃ʱˁˊˎ˄ˋʹˌ ˍ˖˄ ʰˋ˒ʰ˂ˍʶ˄ʾ˖˄ ˁʰʽ ˍ˖˄ ˊʹˍʽ˄˗˄ ˋʶ ˁˇʽ˄ˈ 

ˁ˂ʱˋ˃ʰΣ ʶʾ˄ʰʽ ʹ ˔ˊʺˋʹ ˍˇˎ ˉˊˇˉʰ˄ʾˇˎ ˋʰ˄ ʵʽʰ˂ˏˍʹ ˁʰʻʾʸʹˋʹˌ όˋʶ ˎʴˊʺ ˒ʱˋʹύΦ 

1.1.5.2 Ȱɤʚɾɻ ʇʝɾʅɻȱ ɾʅɻ ʐʋʑʏ ɭɿʍʋɾʋʉʗʉʃʍɻʆʀʏ ɉ(Ⱦ#) ([16],[23],[28],[29]) 

ʁʽ ˎʵˊˇʴˇ˄ʱ˄ʻˊʰˁʶˌ ˈˉ˖ˌ ˉˊˇˁˏˉˍʶʽ ˁʰʽ ʰˉˈ ˍʹ˄ ʶˍˎ˃ˇ˂ˇʴʾʰΣ ʰˉˇˍʶ˂ˇˏ˄ 

˃ʽʰ ˃ʶʴʱ˂ʹ ˇ˃ʱʵʰ ʶ˄˗ˋʶ˖˄ ˉˇˎ ˉʶˊʽʷ˔ˇˎ˄ ʱˍˇ˃ʰ ʱ˄ʻˊʰˁʰ ˁʰʽ ˎʵˊˇʴˈ˄ˇˎΦ ʆˇ 

ˉ˂ʺʻˇˌ ˍˇˎˌ ˅ʶˉʶˊ˄ʱ ˍʰ ʶˉˍʱ ʶˁʰˍˇ˃˃ˏˊʽʰΣ ˁʱ˄ˇ˄ˍʰˌ ʰˉʰˊʰʾˍʹˍʹ ˍʹ ˃ʶ˂ʷˍʹ ˍ˖˄ 

ʽʵʽˇˍʺˍ˖˄ ˁʰʻ˗ˌ ˁʰʽ ˍ˖˄ ˃ʶʻˈʵ˖˄ ˉʰˊʰʴ˖ʴʺˌ ˍˇˎˌΦ ɱʶ˄ʽˁʱΣ ʶʾ˄ʰʽ ˎʵˊˈ˒ˇʲʶˌ 

ʶ˄˗ˋʶʽˌΣ ˈˉ˖ˌ ˍʰ ˂ʽˉʾʵʽʰΦ ʁʽ ʶ˒ʰˊ˃ˇʴʷˌ ˍˇˎˌ ˉˇʽˁʾ˂˂ˇˎ˄Σ ʰˉˈ ʵʽʰ˂ˎˍʽˁʱΣ 

ʶ˄ˍˇ˃ˇʰˉ˖ʻʹˍʽˁʱΣ ˉʰˊʰʴ˖ʴʺ ˉˇ˂ˎ˃ʶˊ˗˄ ˁʰʽ ʱ˂˂˖˄ ˉʶˍˊˇ˔ʹ˃ʽˁ˗˄Σ ˅ʶ˔˖ˊʾʸʶʽ ˈ˃˖ˌ 

ʹ ˔ˊʹˋʽ˃ˈˍʹˍʱ ˍˇˎˌ ˖ˌ ˁʰˏˋʽ˃ʰ ʴʽʰ ˉʰˊʰʴ˖ʴʺ ʶ˄ʷˊʴʶʽʰˌΦ 

ɶ ˉʽˇ ʰˉ˂ʺ ˍʰ˅ʽ˄ˈ˃ʹˋʺ ˍˇˎˌ ʴʾ˄ʶˍʰʽ ʶʾˍʶ ˃ʶ ʲʱˋʹ ˍʹ ˃ˇˊ˒ʺ ˍʹˌ ʰ˄ʻˊʰˁʽˁʺˌ 

ʰ˂ˎˋʾʵʰˌΣ ʶʾˍʶ ʲʱˋʶʽ ˍˇˎ ˍˊˈˉˇˎ ˃ʶ ˍˇ˄ ˇˉˇʾˇ ˋˎ˄ʵʷˇ˄ˍʰʽ ˍʰ ʱˍˇ˃ʰ ʱ˄ʻˊʰˁʰ 

˃ʶˍʰ˅ˏ ˍˇˎˌΦ ʅˏ˃˒˖˄ʰ ˃ʶ ˍʹ˄ ˉˊ˗ˍʹ ˁʰˍʹʴˇˊʽˇˉˇʾʹˋʹ ʵʽʰˁˊʾ˄ˇ˄ˍʰʽ ˋʶ ˁˎˁ˂ʽˁˇˏˌ 

ˁʰʽ ʱˁˎˁ˂ˇˎˌΣ ˈˉˇˎ ˍʰ ʱˍˇ˃ʰ ʱ˄ʻˊʰˁʰ ˋ˔ʹ˃ʰˍʾʸˇˎ˄ ˁ˂ʶʽˋˍʷˌ όʵʰˁˍˏ˂ʽˇˎˌύ ʺ 

ʰ˄ˇʽˁˍʷˌ ʰ˂ˎˋʾʵʶˌ όʶˎʻʶʾʶˌ ʺ ʵʽʰˁ˂ʰʵʽʸˈ˃ʶ˄ʶˌύ ʰ˄ˍʾˋˍˇʽ˔ʰΦ ʆʷˍˇʽʰ ˉʰˊʰʵʶʾʴ˃ʰˍʰ 

˒ʰʾ˄ˇ˄ˍʰʽ ˋˍʹ˄ ɳʽˁˈ˄ʰ 3Φ  ɾʶ ʲʱˋʹ ˍˇ˄ ˍˊˈˉˇ ˋˏ˄ʵʶˋʹˌ ˍ˖˄ ʰˍˈ˃˖˄ ʱ˄ʻˊʰˁʰΣ 

ʷ˔ˇˎ˃ʶ ˍˇˎˌ ˁˇˊʶˋ˃ʷ˄ˇˎˌ ˁʰʽ ˍˇˎˌ ʰˁˈˊʶˋˍˇˎˌ ˎʵˊˇʴˇ˄ʱ˄ʻˊʰˁʶˌΦ ʅˍˇˎˌ 

ˁˇˊʶˋ˃ʷ˄ˇˎˌΣ ʷ˔ˇˎ˃ʶ ˋˏ˄ʵʶˋʹ ʰˍˈ˃˖˄ ʱ˄ʻˊʰˁʰ ˃ʶ ʰˉ˂ˇˏˌ ʵʶˋ˃ˇˏˌΣ ʶ˄˗ ˋˍˇˎˌ 

ʰˁˈˊʶˋˍˇˎˌ ʵˏˇ ˍˇˎ˂ʱ˔ʽˋˍˇ˄ ʱˍˇ˃ʰ ˋ˔ʹ˃ʰˍʾʸˇˎ˄ ʵʽˉ˂ˈ όʰ˂ˁʷ˄ʽʰύ ʺ ˁʰʽ ˍˊʽˉ˂ˈ 

ʵʶˋ˃ˈ όʰ˂ˁʾ˄ʽʰύΦ ʅˍʹ˄ ɳʽˁˈ˄ʰ 4, ʲ˂ʷˉˇˎ˃ʶ ˉʰˊʰʵʶʾʴ˃ʰˍʰ ˎʵˊˇʴˇ˄ʰ˄ʻˊʱˁ˖˄ ˃ʶ 

ʲʱˋʹ ˍˇ ʵʶˏˍʶˊˇ ˍˊˈˉˇ ˁʰˍʹʴˇˊʽˇˉˇʾʹˋʹˌΦ 
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ɳʽˁˈ˄ʰ 3Υ ɲˇ˃ʺ ˍ˖˄ ˎʵˊˇʴˇ˄ʰ˄ʻˊʱˁ˖˄ ˃ʶ ʲʱˋʹ ˍʹ˄ м
ʹ
  ˁʰˍʹʴˇˊʽˇˉˇʾʹˋʹ όˉʹʴʺΥ ʅ˔ˇ˂ʽˁˈ ʲʽʲ˂ʾˇ ʋʹ˃ʶʾʰˌ ɱΩ 

ʴˎ˃˄ʰˋʾˇˎκʃʰ˄ʰʴʽ˗ˍʹˌ ɸʶˇʵ˖ˊˈˉˇˎ˂ˇˌ-ʃʰˏ˂ˇˌ ʃʰˉʰʻʶˇ˒ʱ˄ˇˎˌ-ʊʽ˂˂ʷ˄ʽʰ ʅʽʵʷˊʹκʁˊʴʰ˄ʽˋ˃ˈˌ ɳˁʵˈˋʶ˖˄ 

ɲʽʵʰˁˍʽˁ˗˄ ɰʽʲ˂ʾ˖˄κɮʻʺ˄ʰύ 

 

 

ɳʽˁˈ˄ʰ 4: ɲˇ˃ʺ ˍ˖˄ ˎʵˊˇʴˇ˄ʰ˄ʻˊʱˁ˖˄ ˃ʶ ʲʱˋʹ ˍʹ 2
ʹ
 ˁʰˍʹʴˇˊʽˇˉˇʾʹˋʹ όˉʹʴʺΥ ʅ˔ˇ˂ʽˁˈ ʲʽʲ˂ʾˇ ʋʹ˃ʶʾʰˌ ɱΩ 

ʴˎ˃˄ʰˋʾˇˎκʃʰ˄ʰʴʽ˗ˍʹˌ ɸʶˇʵ˖ˊˈˉˇˎ˂ˇˌ-ʃʰˏ˂ˇˌ ʃʰˉʰʻʶˇ˒ʱ˄ˇˎˌ-ʊʽ˂˂ʷ˄ʽʰ ʅʽʵʷˊʹκʁˊʴʰ˄ʽˋ˃ˈˌ ɳˁʵˈˋʶ˖˄ 

ɲʽʵʰˁˍʽˁ˗˄ ɰʽʲ˂ʾ˖˄κɮʻʺ˄ʰύ 

 

ɞʅɿʅʆʝʐʀʍɻ ɾʅɻ ʐʋʑʏ ɻʍʖʈɻʐʅʆʋʞʏ ɭɿʍʋɾʋʉʗʉʃʍɻʆʀʏ 

ʂ̄ ˖ˌ ʰ˄ʰ˒ʷˊʰ˃ʶ ˁʰʽ ˉˊˇʹʴˇˎ˃ʷ˄˖ˌΣ ˖ˌ ʰˊ˖˃ʰˍʽˁˇʾ ˎʵˊˇʴˇ˄ʱ˄ʻˊʰˁʶˌΣ 

˔ʰˊʰˁˍʹˊʾʸˇ˄ˍʰʽ ˇʽ ʶ˄˗ˋʶʽˌ ʱ˄ʻˊʰˁʰ ˁʰʽ ˎʵˊˇʴˈ˄ˇˎ ˉˇˎ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄ ˋˍˇ ˃ˈˊʽˈ 

ˍˇˎˌ ˍˇˎ˂ʱ˔ʽˋˍˇ˄ ʷ˄ʰ ʲʶ˄ʸˇ˂ʽˁˈ ʵʰˁˍˏ˂ʽˇ όʰˊ˖˃ʰˍʽˁˈ ˋˏˋˍʹ˃ʰύΦ ɶ ˉʽˇ ʰˉ˂ʺ 

ʰˊ˖˃ʰˍʽˁʺ ʷ˄˖ˋʹ ʶʾ˄ʰʽ ˍˇ ʲʶ˄ʸˈ˂ʽˇΣ ˈ˃˖ˌ ˋˍˇ ˉʶˍˊʷ˂ʰʽˇ ˎˉʱˊ˔ˇˎ˄ ˁʰʽ ˍʰ 

ʰ˂ˁˎ˂ʽ˖˃ʷ˄ʰ ˉʰˊʱʴ˖ʴʱ ˍˇˎΣ ˃ʶˊʽˁʱ ʰˉˈ ̱ ʰ ˇˉˇʾʰ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˋˍʹ˄ ɳʽˁˈ˄ʰ 5. 

ʁʽ ʰˊ˖˃ʰˍʽˁˇʾ ˎʵˊˇʴˇ˄ʱ˄ʻˊʰˁʶˌΣ ˔˖ˊʾʸˇ˄ˍʰʽ ˋʶ ˃ˇ˄ˇʰˊ˖˃ʰˍʽˁˇˏˌ ˁʰʽ 

ˉˇ˂ˎʰˊ˖˃ʰˍʽˁˇˏˌΦ ʁʽ ˉˊ˗ˍˇʽΣ ˉʶˊʽʷ˔ˇˎ˄ ˃ˈ˄ˇ ʷ˄ʰ ʲʶ˄ʸˇ˂ʽˁˈ ʵʰˁˍˏ˂ʽˇ ˁʰʽ 

ˇˉˇʽʰˋʵʺˉˇˍʶ ˃ˇˊ˒ʺˌ ˉ˂ʶˎˊʽˁˇˏˌ ˎˉˇˁʰˍʰˋˍʱˍʶˌΣ ʶ˄˗ ˇʽ ʵʶˏˍʶˊˇʽ ʰˉˇˍʶ˂ˇˏ˄ˍʰʽ 
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ʰˉˈ ˋˎʸˎʴʶʾˌ ʲʶ˄ʸˇ˂ʽˁˇˏˌ ʵʰˁˍˎ˂ʾˇˎˌΦ ʅˎ˄ʹʻʷˋˍʶˊʰ ʰˉʰ˄ˍ˗˃ʶ˄ˇʽ ˋˍˇ ˉʶˍˊʷ˂ʰʽˇ 

ˉˇ˂ˎʰˊ˖˃ʰˍʽˁˇʾ ʶʾ˄ʰʽΣ ˍˇ ˒ʰʽ˄ʰ˄ʻˊʷ˄ʽˇΣ ˍˇ ˄ʰ˒ʻʰ˂ʷ˄ʽˇΣ ˁʰʻ˗ˌ ˁʰʽ ˍʰ ʰ˂ˁˎ˂ʽ˖˃ʷ˄ʰ 

ˉʰˊʱʴ˖ʴʱ ˍˇˎˌΣ ʶ˄˗ ˋʶ ˃ʽˁˊˈˍʶˊʶˌ ˋˎʴˁʶ˄ˍˊ˗ˋʶʽˌ ˋˎ˄ʰ˄ˍʱ˃ʶ ˁʰʽ ʲʰˊˏˍʶˊʶˌ 

ʰˊ˖˃ʰˍʽˁʷˌ ʶ˄˗ˋʶʽˌΣ ˃ʶ ˉʶˊʽˋˋˈˍʶˊˇˎˌ ʲʶ˄ʸˇ˂ʽˁˇˏˌ ʵʰˁˍˎ˂ʾˇˎˌ όʰ˄ʻˊʰˁʷ˄ʽˇΣ 

ˉˎˊʷ˄ʽˇΣ ˒˂ˇˎˇˊʰ˄ʻʷ˄ʽˇ ˁΦʱΦύΦ 

 

 

ɳʽˁˈ˄ʰ 5Υ ʆˇ ʲʶ˄ʸˈ˂ʽˇ ˁʰʽ ˍʰ ˉʰˊʱʴ˖ʴʱ ˍˇˎ όˉʹʴʺΥ ɹˋˍˇˋʶ˂ʾʵʰ ΨDreamstimeΩκ ɶ˂ʶˁˍˊˇ˄ʽˁˈˌ ɼʰˍʱ˂ˇʴˇˌ 

ʊ˖ˍˇʴˊʰ˒ʽ˗˄ύ 

 

ʅˎ˄ʶ˔ʾʸˇ˄ˍʰˌΣ ˋˍʹ˄ ʰ˄ʱ˂ˎˋʹ ˍˇˎ ˉʶˍˊʶ˂ʰʾˇˎΣ ˍʰ ˉˇ˂ˎʰˊ˖˃ʰˍʽˁʱ 

ʰ˄ʰ˒ʷˊˇ˄ˍʰʽ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍˇ˄ ʰˊʽʻ˃ˈ ˍ˖˄ ʲʶ˄ʸˇ˂ʽˁ˗˄ ʵʰˁˍˎ˂ʾ˖˄ ˍˇˎˌ όʵʽ-

ʰˊ˖˃ʰˍʽˁʱΣ ˍˊʽ-ʰˊ˖˃ʰˍʽˁʱ ˁ˂ˉύΦ ʅˍʰ ˉʶˊʽˋˋˈˍʶˊʰ ʵʶʾʴ˃ʰˍʰ ˉʶˍˊʶ˂ʰʾˇˎΣ ˍˇ 

ˉˇˋˇˋˍˈ ˍ˖˄ ʰˊ˖˃ʰˍʽˁ˗˄ ʵʶ˄ ˅ʶˉʶˊ˄ʱ ˍˇ мр҈Σ ˎˉʱˊ˔ˇˎ˄ ˈ˃˖ˌ ˁʰʽ ˉʶˍˊʷ˂ʰʽʰ ˉˇˎ 

˃ˉˇˊʶʾ ˄ʰ ˒ˍʱˋʶʽ ˍˇ рл҈Φ ʅˍʽˌ ʶ̔ˁ ˈ˄ʶ̩ 6 ˁh  ̔ 7 ˒ʰʾ˄ˇ˄ˍʰʽ ˃ʶˊʽˁˇʾ ʰˉˈ ˍˇˎˌ 

ˉˇ˂ˎˁˎˁ˂ʽˁˇˏˌ ʰˊ˖˃ʰˍʽˁˇˏˌ ˎʵˊˇʴˇ˄ʱ˄ʻˊˁʶˌ ˉˇˎ ˉʶˊʽʷ˔ˇ˄ˍʰʽ ˋˍˇ ˉʶˍˊʷ˂ʰʽˇΦ 

ɮ˅ʾʸʶʽ ˄ʰ ˋʹ˃ʶʽ˖ʻʶʾΣ ˉ˖ˌ ˇʽ ˉˇ˂ˎʰˊ˖˃ʰˍʽˁˇʾ ˎʵˊˇʴˇ˄ʱ˄ʻˊʰˁʶˌΣ ʰ˄ ˁʰʽ 

ˎˉʱˊ˔ˇˎ˄ ˋʶ ˃ʽˁˊʷˌ ˋˎʴˁʶ˄ˍˊ˗ˋʶʽˌ ˋˍˇ ˉʶˍˊʷ˂ʰʽˇΣ ʷ˔ˇˎ˄ ˃ʶʴʰ˂ˏˍʶˊʹ ˉˎˁ˄ˈˍʹˍʰ 

ʰˉˈ ˍʰ ʰ˂ˁʱ˄ʽʰ ˁʰʽ ˍʰ ˄ʰ˒ʻʷ˄ʽʰ ˁʰʽ ʶˉʾˋʹˌ ˉʰˊˇˎˋʽʱʸˇˎ˄ ˎ˕ʹ˂ʺ ˍˇ˅ʽˁˈˍʹˍʰΦ ʍˌ 
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ʶˉʾ ˍˇ ˉ˂ʶʾˋˍˇ˄Σ ˇʽ ˋʹ˃ʰ˄ˍʽˁˈˍʶˊˇʽ ʰ˄ʽ˔˄ʶˏˇ˄ˍʰʽ ˋʶ ʽʸʺ˃ʰˍʰ ʺ ʶʽˋʷˊ˔ˇ˄ˍʰʽ ˋˍˇ 

ˉʶˊʽʲʱ˂˂ˇ˄ ˂ˈʴ˖ ʵʽʰˊˊˇ˗˄Φ 

 

ɳʽˁˈ˄ʰ 6Υ ɾʶˊʽˁˇʾ ʰˉˈ ˍˇˎˌ ˉˇ˂ˎˁˎˁ˂ʽˁˇˏˌ ʰˊ˖˃ʰˍʽˁˇˏˌ ˎʵˊˇʴˇ˄ʱ˄ʻˊʰˁʶˌ ˉˇˎ ˎˉʱˊ˔ˇˎ˄ ˋˍˇ ˉʶˍˊʷ˂ʰʽˇ 

όˉʹʴʷˌΥ ɹˋˍˇˋʶ˂ʾʵʰ ΨTrends in BiotechnologyΩκPolycyclic aromatic hydrocarbons: environmental pollution and 

bioremediation  ˁʰʽ GSO/The University of Rhode Island/Graduate School of Oceanographyκ ɯˊʻˊˇ ˃ʶ ˍʾˍ˂ˇ 

ΨDouble Trouble: Marine Plastic Debris Absorbs Toxic PollutantsΩκCarrie McDonough/December 2013) 

  

ɳʽˁˈ˄ʰ 7Υ ɾʶˊʽˁˇʾ ʰˉˈ ˍˇˎˌ ˉˇ˂ˎˁˎˁ˂ʽˁˇˏˌ ʰˊ˖˃ʰˍʽˁˇˏˌ ˎʵˊˇʴˇ˄ʱ˄ʻˊʰˁʶˌ ˉˇˎ ˎˉʱˊ˔ˇˎ˄ ˋˍˇ ˉʶˍˊʷ˂ʰʽˇ 

όˉʹʴʷˌΥ ɹˋˍˇˋʶ˂ʾʵʰ ΨTrends in BiotechnologyΩκPolycyclic aromatic hydrocarbons: environmental pollution and 

bioremediation  ˁʰʽ GSO/The University of Rhode Island/Graduate School of Oceanographyκ ɯˊʻˊˇ ˃ʶ ˍʾˍ˂ˇ 

ΨDouble Trouble: Marine Plastic Debris Absorbs Toxic PollutantsΩκCarrie McDonough/December 2013) 

 

ɬʋʊʅʆʝʐʂʐɻ ʐʖʉ ɩʋʇʑʆʑʆʇʅʆʡʉ ɚʍʖʈɻʐʅʆʡʉ ɭɿʍʋɾʋʉɻʉʃʍʗʆʖʉ ɉɩɚɭɊ 

ʆˇ мфспΣ ˇ ʃʰʴˁˈˋ˃ʽˇˌ ʁˊʴʰ˄ʽˋ˃ˈˌ ʇʴʶʾʰˌ όWorld Health Organization -

WHO-) ʷʵ˖ˋʶ ʷ˄ʰ˄ ˁʰˍʱ˂ˇʴˇ ˃ʶ ˍʽˌ ʶˉʽˍˊʶˉˈ˃ʶ˄ʶˌ ˋˎʴˁʶ˄ˍˊ˗ˋʶʽˌ ˍ˖˄ ˉʽˇ ʲʰˋʽˁ˗˄ 

ˁʰˊˁʽ˄ˇʴˈ˄˖˄ ʶ˄˗ˋʶ˖˄ ˉˇˎ ˉʶˊʽʷ˔ˇ˄ˍʰʽ ˋˍˇ ˉˈˋʽ˃ˇ ˄ʶˊˈΦ ɹʵʽʰʾˍʶˊʹ ʲʰˊˏˍʹˍʰ 

ʵˈʻʹˁʶ ˋˍˇˎˌ ʃɮʇΣ ʷ˅ʽ ʰˉˈ ˍˇˎˌ ˇˉˇʾˇˎˌ ˔ʰˊʰˁˍʹˊʾˋˍʹˁʰ˄ ʽʵʽʰʾˍʶˊʰ ʶˉʽˁʾ˄ʵˎ˄ˇʽ 

ˁʰʽ ʶʾ˄ʰʽ ˇʽ ʶ˅ʺˌΥ ˒˂ˇˎˇˊʰ˄ʻˊʷ˄ʽˇΣ ʲʶ˄ʸˇώb]˒˂ˇˎˇˊʰ˄ʻˊʷ˄ʽˇΣ ʲʶ˄ʸˇώa]ˉˎˊʷ˄ʽˇΣ 

https://oceanbites.org/author/carrie/
https://oceanbites.org/author/carrie/
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ʲʶ˄ʸˇώƪϐ ˒˂ˇˎˇˊʰ˄ʻˊʷ˄ʽˇΣ ʲʶ˄ʸˇώg,h,i]ˉʶˊˎ˂ʷ˄ʽˇΣ ˁʰʽ ʽʵʶ˄ˇώмΣнΣо-cd]ˉˎˊʷ˄ʽˇΦ ʅʶ 

ʶˉˈ˃ʶ˄ˇ ˋˍʱʵʽˇΣ ʹ EPA (Environmental Protection Agency) ˔ʰˊʰˁˍʺˊʽˋʶ ˁʱˉˇʽʶˌ 

ʶ˄˗ˋʶʽˌ ˃ʶ ʲʱˋʹ ˍʹ˄ ˍˇ˅ʽˁˈˍʹˍʰ ˁʰʽ ˍʹ ˋˎ˔˄ˈˍʹˍʰ ʶ˃˒ʱ˄ʽˋʺˌ ˍˇˎˌ ˖ˌ ˊˏˉˇˎˌ 

ʱ˃ʶˋʹˌ ˉˊˇˍʶˊʰʽˈˍʹˍʰˌΦ ɮ˄ʱ˃ʶˋʰ ˋʶ ʰˎˍʷˌ ˍʽˌ ʶ˄˗ˋʶʽˌ ʲˊʾˋˁˇ˄ˍʰʽ ʵʶˁʰʷ˅ʽ ʃɮʇΣ ˁʰʽ 

ˉʶˊʽ˂ʰ˃ʲʱ˄ˇ˄ˍʰʽ ˁʰʽ ˇʽ ʷ˅ʽ ˉˇˎ ʰ˄ʰ˒ʷˊˇ˄ˍʰʽ ˉʰˊʰˉʱ˄˖Φ 

ʁʽ ʃɮʇ ʶʾ˄ʰʽ ˎˉʶˏʻˎ˄ˇʽ ʴʽʰ ʷ˄ʰ ʶˎˊˏ ˒ʱˋ˃ʰ ˍˇ˅ʽˁˇ˂ˇʴʽˁ˗˄ ʶˉʽʵˊʱˋʶ˖˄ ˉˇˎ 

ʰ˒ˇˊˇˏ˄ ʰ˄ʰˉˍˎ˅ʽʰˁʺ ˁʰʽ ʰ˄ʰˉʰˊʰʴ˖ʴʽˁʺ ˍˇ˅ʽˁˈˍʹˍʰΣ ˁˎˍˍʰˊˇˍˇ˅ʽˁˈˍʹˍʰΣ 

ʴˇ˄ʽʵʽʰˁʺ ˍˇ˅ʽˁˈˍʹˍʰ ˁʰʽ ˁʰˊˁʽ˄ˇʴʷ˄ʶˋʹ ˋʶ ˃ʽˁˊˇˇˊʴʰ˄ʽˋ˃ˇˏˌΣ ˒ˎˍʱΣ ʰ˃˒ʾʲʽʰΣ 

ʶˊˉʶˍʱΣ ˉˇˎ˂ʽʱ ˁʰʽ ʻʹ˂ʰˋˍʽˁʱΣ ˃ʶ ˍʰ ʵˏˇ ˍʶ˂ʶˎˍʰʾʰ ˉʶʵʾʰ ˄ʰ ˁʶ˄ˍˊʾʸˇˎ˄ 

ˉʶˊʽˋˋˈˍʶˊˇ ˍˇ ʶ˄ʵʽʰ˒ʷˊˇ˄ ˍ˖˄ ʶˊʶˎ˄ʹˍ˗˄Φ ʅˏ˒˖˄ʰ ˃ʶ ˃ʶ˂ʷˍʶˌΣ ʵʽʱ˒ˇˊˇʽ ʃɮʇ 

ʶʾ˄ʰʽ ʽˁʰ˄ˇʾ ˄ʰ ʶˉʽʵˊʱˋˇˎ˄ ˋˍˇ DNA ̄ ˊˇˁʰ˂˂˗˄ˍʰˌ ˃ʶˍʰ˂˂ʱ˅ʶʽˌΣ ˇʽ ˇˉˇʾʶˌ ˃ˉˇˊˇˏ˄ 

ˁʰˍʱ ˉʶˊʽˉˍ˗ˋʶʽˌ ˄ʰ ˇʵʹʴʺˋˇˎ˄ ˋʶ ʰ˄ʱˉˍˎ˅ʹ ˁʰˊˁʾ˄ˇˎΦ ʍˋˍˈˋˇΣ ˇʽ ˃ʹ 

ˎˉˇˁʰˍʶˋˍʹ˃ʷ˄ˇʽ ʃɮʇ ʵʶ˄ ʶʾ˄ʰʽ ʹ ʰˊ˔ʽˁʺ ʷ˄˖ˋʹ ˉˇˎ ʶˉʽʵˊʱ ˋˍˇ DNAΣ ʵʽˈˍʽ 

ˉˊˇːˉˇˍʾʻʶˍʰʽ ˃ʶˍʰʲˇ˂ʽˁʺ ʶ˄ʶˊʴˇˉˇʾʹˋʹ ˁʰʽ ˃ʶˍʰˍˊˇˉʺ ˍˇˎˌΣ ʴʽʰ ˄ʰ ʶ˃˒ʰ˄ʾˋˇˎ˄ 

ʴʶ˄ˇˍˇ˅ʽˁʷˌ ˁʰʽ ˁʰˊˁʽ˄ˇʴˈ˄ʶˌ ʽʵʽˈˍʹˍʶˌΦ ɶ ʵʽʰʵʽˁʰˋʾʰ ʰˎˍʺΣ ˂ʰ˃ʲʱ˄ʶʽ ˔˗ˊʰ ˁʰʻ˗ˌ 

ˇʽ ʃɮʇ ˃ʶˍʰʲˇ˂ʾʸˇ˄ˍʰʽ ˋˍˇˎˌ ʰ˄˗ˍʶˊˇˎˌ ˇˊʴʰ˄ʽˋ˃ˇˏˌΦ  

ʅˍˇ ˋʹ˃ʶʾˇ ʰˎˍˈ ʰ˅ʾʸʶʽ ˄ʰ ˋʹ˃ʶʽ˖ʻʶʾ ˉ˖ˌ ˇʽ ʃɮʇ ʵʶ˄ ˋˎˋˋ˖ˊʶˏˇ˄ˍʰʽ ˃ʶ ˍˇ˄ 

ʾʵʽˇ ˍˊˈˉˇ ˈˉ˖ˌ ʱ˂˂ʶˌ ˂ʽˉˈ˒ʽ˂ʶˌ ʶ˄˗ˋʶʽˌ όˉΦ˔Φ ˉˇ˂ˎ˔˂˖ˊʽ˖˃ʷ˄ʰ ʵʽ˒ʰʽ˄ˏ˂ʽʰ PCBs), 

ʰ˄ˍʽʻʷˍ˖ˌΣ ˃ʶˍʰˍˊʷˉˇ˄ˍʰʽ ˋʶ ˉʶˊʽˋˋˈˍʶˊˇ ˎʵʰˍˇʵʽʰ˂ˎˍʷˌ ʶ˄˗ˋʶʽˌΣ ʴʶʴˇ˄ˈˌ ˉˇˎ 

ʵ̔ ʶˎˁˇ˂ˏ˄ʶʽ ˍʹ˄ ʰˉˈˁˊʽˋʺ ˍˇˎˌ ʰˉˈ ˍˇ˄ ʶˁʱˋˍˇˍʶ ˇˊʴʰ˄ʽˋ˃ˈΦ ɮˉˈ ˍʹ˄ ʱ˂˂ʹΣ ʹ 

ʵʽʰʵʽˁʰˋʾʰ ʰˎˍʺ ˃ˉˇˊʶʾ ˄ʰ ˇʵʹʴʺˋʶʽ ˋˍˇ ˋ˔ʹ˃ʰˍʽˋ˃ˈ ʵˊʰˋˍʽˁ˗˄ ʶ˄ʵʽʱ˃ʶˋ˖˄ 

ˋˎ˃ˉ˂ˈˁ˖˄Σ ʽˁʰ˄˗˄ ˄ʰ ʰ˄ˍʽʵˊʱˋˇˎ˄ ˃ʶ ˍˇ DNAΣ ʶ˃ˉˇʵʾʸˇ˄ˍʰˌ ˍʹ ˒ˎˋʽˇ˂ˇʴʽˁʺ 

˂ʶʽˍˇˎˊʴʾʰ ˍˇˎ ʶ˃ˉ˂ʶˁˈ˃ʶ˄ˇˎ ʴˇ˄ʽʵʾˇˎΦ ʇˉʱˊ˔ʶʽ ˉʽʻʰ˄ˈˍʹˍʰ ʵʽˈˊʻ˖ˋʹˌ ˍʹˌ 

ʴʶ˄ʶˍʽˁʺˌ ʰˎˍʺˌ ʲ˂ʱʲʹˌΣ ˋʶ ˉʶˊʾˉˍ˖ˋʹ ˈ˃˖ˌ ʰˉˇˍˎ˔ʾʰˌΣ ʹ ˃ʶˍʱ˂˂ʰ˅ʹ ʻʰ ʴʾ˄ʶʽ 

˃ˈ˄ʽ˃ʹΦ 

1.1.6 ɬʞʔʂ ʐʋʑ ʌʀʐʍʀʇɻʚʋʑ ʎʐʋ ʌʀʍʅɼʗʇʇʋʉ 

1.1.6Ȣυ ɝʅʀʍɾɻʎʚʀʏ ɾʙʍɻʉʎʂʏ ʌʀʐʍʀʇɻʚʋʑ  

ʁ ˔ˊˈ˄ˇˌ ʸ˖ʺˌ ˁʰʻ˗ˌ ˁʰʽ ʹ ˋˎ˃ˉʶˊʽ˒ˇˊʱ ˃ʽʰˌ ˉʶˍˊʶ˂ʰʽˇˁʹ˂ʾʵʰˌΣ 

ʶˉʹˊʶʱʸˇ˄ˍʰʽ ʰˉˈ ˃ʽʰ ˋʶʽˊʱ ˒ˎˋʽˁ˗˄Σ ˔ʹ˃̔ˁ ˗˄ ˁʰʽ ʲʽˇ˂ˇʴʽˁ˗˄ ʵʽʶˊʴʰˋʽ˗˄Σ ˇʽ 

ˇˉˇʾʶˌ ˋˎ˄ˍʶ˂ˇˏ˄ ˋˍʹ ˂ʶʴˈ˃ʶ˄ʹ ʴʺˊʰ˄ˋʺ ˍˇˎ (weathering proŎŜǎǎύ ˁʰʽ ʶʾ˄ʰʽ 
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ˎˉʶˏʻˎ˄ʶˌ ʴʽʰ ʰ˂˂ʰʴʷˌ ˋˍʹ ˋˏ˄ʻʶˋʹ ˍˇˎ ˉʶˍˊʶ˂ʰʾˇˎΦ ɶ ʵˊʱˋʹ ˍˇˎˌ ʶˉʹˊʶʱʸʶˍʰʽ 

ˁˎˊʾ˖ˌ ʰˉˈ ˍʽˌ ˖ˁʶʰ˄ˇ˂ˇʴʽˁʷˌ ˋˎ˄ʻʺˁʶˌ ˁʰʽ ˍʹ ˋˏ˄ʻʶˋʹ ˍˇˎ ˉʶˍˊʶ˂ʰʾˇˎ ˁʰʽ  ˅ʶˁʽ˄ʱ 

ʰ˃ʷˋ˖ˌ ˃ˈ˂ʽˌ ʰˎˍˈ ʶʽˋʷ˂ʻʶʽ ˋˍˇ ʻʰ˂ʱˋˋʽˇ ˉʶˊʽʲʱ˂˂ˇ˄Φ ɼʰˍʷ˔ˇˎ˄ ˁʰʻˇˊʽˋˍʽˁˈ ˊˈ˂ˇ 

ˋˍʹ˄ ʶˉʽ˂ˇʴʺ ˍʹˌ ʰ˄ˍʽˊˊˎˉʰ˄ˍʽˁʺˌ ˍʶ˔˄ˇ˂ˇʴʾʰˌ ˉˇˎ ʻʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾΣ ʰ˂˂ʱ ˁʰʽ 

ˋˍʹ˄ ʰˉˇˁʰˍʱˋˍʰˋʹ ˍˇˎ ˉʶˊʽʲʱ˂˂ˇ˄ˍˇˌ ʰˎˍʺˌ ˁʰʻ˘ʰˎˍʺˌΣ ˁʰʻ˗ˌ ˃ˉˇˊˇˏ˄ ˄ʰ ˍʹ˄ 

ʶˉʹˊʶʱˋˇˎ˄ ʻʶˍʽˁʱ ̋  ˁʰʽ ʰˊ˄ʹˍʽˁʱΦ  

ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ˉʶˊʽʴˊʱ˒ˇ˄ˍʰʽ ˇʽ ˇˁˍ˗ ʵʽʶˊʴʰˋʾʶˌ ʴʺˊʰ˄ˋʹˌ([1],[3])Σ ʹ ʵˊʱˋʹ 

ˍ˖˄ ˇˉˇʾ˖˄ ˒ʰʾ˄ʶˍʰʽ ˁʰʽ ˋˍʹ˄ ɳʽˁˈ˄ʰ 8.  

 

 

ɳʽˁˈ˄ʰ 8Υ ʅ˔ʹ˃ʰˍʽˁʺ ʰˉʶʽˁˈ˄ʽˋʹ ˍ˖˄ ʵʽʶˊʴʰˋʽ˗˄ ʴʺˊʰ˄ˋʹˌ ˍˇˎ ˉʶˍˊʶ˂ʰʾˇˎ όˉʹʴʺΥ aŜŘƛǘŜǊǊŀƴŜŀƴ 5ŜŎƛǎƛƻƴ 

Support System for Marine Safety)  

 

× ɳ˅ʱˉ˂˖ˋʹ όSpreading)Υ ʆˇ ˉʶˍˊʷ˂ʰʽˇ ʷ˔ʶʽ ˍʹ˄ ˍʱˋʹ ˄ʰ ʵʽʰˋˁˇˊˉʾʸʶˍʰʽ ˉˊˇˌ 

ˈ˂ʶˌ ˍʽˌ ˁʰˍʶˎʻˏ˄ˋʶʽˌ ˁʰʽ ʹ ˁʾ˄ʹˋʺ ˍˇˎ ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍˇˎ ˄ʶˊˇˏ ʰˁˇ˂ˇˎʻʶʾ 

ˍˊʶʽˌ ˒ʱˋʶʽˌΦ ɮˊ˔ʽˁʱΣ ˂ˈʴ˖ ʰʵˊʱ˄ʶʽʰˌ όʲʰˊˏˍʹˍʰˌύ ʹ ˇˉˇʾʰ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ 

ʶ˄ʽ̝̀ˏʶˍʰʽ ˁʰʽ ʶˉʹˊʶʱʸʶˍʰʽ  ˁʰʽ ʰˉˈ ˍ ̌ʽ˅˗ʵʶˌ ˁʰʽ ˍʷ˂ˇˌΣ ˈˍʰ˄ ˍˇ ˉʱ˔ˇˌ ˍʹˌ 

ˁʹ˂ʾʵʰˌ ʷ˔ʶʽ ˃ʶʽ˖ʻʶʾΣ ʹ ʶ˅ʱˉ˂˖ˋʹ ˇ˒ʶʾ˂ʶˍʰʽ ˁˎˊʾ˖ˌ ˋˍʽˌ ʶˉʽ˒ʰ˄ʶʽʰˁʷˌ 

ˍʱˋʶʽˌΦ ɶ ʶˉʽ˒ʱ˄ʶʽʰ ˉˇˎ ˁʰˍʰ˂ʰ˃ʲʱ˄ʶʽ ʹ ˉʶˍˊʶ˂ʰʽˇˁʹ˂ʾʵʰ ʶʾ˄ʰʽ ʰ˄ʱ˂ˇʴʹ 

ˍʹˌ ʵʽʶˉʽ˒ʱ˄ʶʽʰˌ ˉˇˎ ʰ˄ʰˉˍˏˋˋʶˍʰʽ ˃ʶˍʰ˅ˏ ˎʵʰˍʽˁʺˌ ˁʰʽ ˇˊʴʰ˄ʽˁʺˌ ˒ʱˋʹˌΣ 

ˁʱ˄ˇ˄ˍʰˌ ʷˍˋʽ ˉʽˇ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁʺ ˍʹ ʵʽʰ˂ˎˍˇˉˇʾʹˋʺ ˍʹˌΣ ˃ʶ ˔ˊʺˋʹ ˇˎˋʽ˗˄ 
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ʵʽʰˋˉˇˊʱˌΦ ʆʰ ˉʶˊʽˋˋˈˍʶˊʰ ʶʾʵʹ ʰˊʴˇˏ ˉʶˍˊʶ˂ʰʾˇˎ ʶ˅ʰˉ˂˗˄ˇ˄ˍʰʽ ˋʶ 

ˋˍˊ˗˃ʰ ˉʱ˔ˇˎˌ лΣо mm ʶ˄ˍˈˌ мн ˖ˊ˗˄Σ ʰ˄ ˈ˃˖ˌ ʵʶ˄ ˎˉʱˊ˔ˇˎ˄ ʱ˂˂ʶˌ 

ʶˉʽʵˊʱˋʶʽˌ ʹ ʶ˅ʱˉ˂˖ˋʹ ˋˎ˄ʶ˔ʾʸʶˍʰʽ ˁʰʽ ˍˇ ˉʱ˔ˇˌ ˃ˉˇˊʶʾ ˄ʰ ˃ʶʽ˖ʻʶʾ ˃ʷ˔ˊʽ ˍʰ 

р ˃m. 

× ɲʽʱ˂ˎˋʹ όDissolution)Υ ɶ ʵʽʶˊʴʰˋʾʰ ʰˎˍʺ ʶʾ˄ʰʽ ʰˋʻʶ˄ʺˌ ˋʶ ʻʱ˂ʰˋˋʶˌ ˃ʶ 

ˎ˕ʹ˂ʺ ʰ˂ʰˍˈˍʹˍʰ όʰ˂˃ˎˊʷˌύΦ ɮ˄ ˁʰʽ ˍʰ ˉʶˊʽˋˋˈˍʶˊʰ ˋˎˋˍʰˍʽˁʱ ˍˇˎ 

ˉʶˍˊʶ˂ʰʾˇˎ ʷ˔ˇˎ˄ ˃ʽˁˊʺ ʷ˖ˌ ˁʰʽ ˃ʹʵʶ˄ʽˁʺ ʵʽʰ˂ˎˍˈˍʹˍʰ ˋˍˇ ˄ʶˊˈ ˁʰʽ 

ˋˎ˄ʺʻ˖ˌ ʹ ʵʽʱ˂ˎˋʹ ʷˉʶˍʰʽ ˍʹˌ ʶ˅ʱˍ˃ʽˋʹˌΣ ʹ ˉˊ˗ˍʹ ˃ˉˇˊʶʾ ˄ʰ ʻʶ˖ˊʹʻʶʾ 

ˋʹ˃h˄ ˍʽˁʺ ʵʽʶˊʴʰˋʾʰ ʰ˄ ˂ʱʲˇˎ˃ʶ ˎˉˈ˕ʽ˄ ˈˍʽ ˍʰ ʵʽʰ˂ˎˍʱ ˋˎˋˍʰˍʽˁʱ ˍˇˎ 

ˉʶˍˊʶ˂ʰʾˇˎ ˁʰʽ ˁˎˊʾ˖ˌ ˇʽ ʶ˂ʰ˒ˊˏˍʶˊʶˌ ʰˊ˖˃ʰˍʽˁʷˌ ʶ˄˗ˋʶʽˌ όʶ˒ˈˋˇ˄ ʵʶ˄ 

ʷ˔ˇˎ˄ ˉˊˇ˂ʱʲʶʽ ˄ʰ ʶ˅ʰˍ˃ʽˋˍˇˏ˄ύ ʶʾ˄ʰʽ ˉʽˇ ˍˇ˅ʽˁʷˌ ʴʽʰ ˍʰ ˎʵˊˈʲʽʰ ʶʾʵʹ ˋʶ 

ˋ˔ʷˋʹ ˃ʶ ˍˇˎˌ ʰ˂ʶʽ˒ʰˍʽˁˇˏˌ ˎʵˊˇʴˇ˄ʱ˄ʻˊʰˁʶˌΦ  

× ɳ˅ʱˍ˃ʽˋʹ όEvaporation)Υ ʀʶˁʽ˄ʱ ʶ˄ˍˈˌ ˇ˂ʾʴ˖˄ ˖ˊ˗˄ ʰˉˈ ˍʹ ˋˍʽʴ˃̋  ˍʹˌ 

ʵʽʰˊˊˇʺˌ ˁʰʽ ʰ˒ˇˊʱ ˁˎˊʾ˖ˌ ˍʰ ʶ˂ʰ˒ˊʽʱ ˉˍʹˍʽˁʱ ˋˎˋˍʰˍʽˁʱ ˍˇˎ ˉʶˍˊʶ˂ʰʾˇˎΦ 

ʆˇ ˒ʰʽ˄ˈ˃ʶ˄ˇ ˍʹˌ ʶ˅ʱˍ˃ʽˋʹˌ ʶ˄ʽˋ˔ˏʶˍʰʽ ˎˉˈ ˋˎ˄ʻʺˁʶˌ ʷ˄ˍˇ˄ˇˎ ʰ˄ʷ˃ˇˎΣ 

ˁˎ˃ʰˍʽˋ˃ˇˏΣ ˎ˕ʹ˂ʺˌ ʻʶˊ˃ˇˁˊʰˋʾʰˌΣ ʷ˄ˍˇ˄ʹˌ ʶ˅ʱˉ˂˖ˋʹˌ ˁʰʽ ʶ˅ʰˊˍʱˍʰʽ 

ʶˉʾˋʹˌ ʰˉˈ ˍʹ˄ ˍʱˋʹ ʰˍ˃˗˄ ˍ˖˄ ʶˉʽ˃ʷˊˇˎˌ ˋˎˋˍʰˍʽˁ˗˄ ˍʹˌ 

ˉʶˍˊʶ˂ʰʽˇˁʹ˂ʾʵʰˌΦ ɱʶ˄ʽˁʱ, ˈ˂ʰ ˍʰ ˋˎˋˍʰˍʽˁʱ ˉˇˎ ʷ˔ˇˎ˄ ʻʶˊ˃ˇˁˊʰˋʾʰ 

ʲˊʰˋ˃ˇˏ ˃ʷ˔ˊʽ нлл 0/ ˋˎ˄ʺʻ˖ˌ ʶ˅ʰˍ˃ʾʸˇ˄ˍʰʽ ʶ˄ˍˈˌ ˍ˖˄ ˉˊ˗ˍ˖˄ нп ˖ˊ˗˄Φ ʆˇ 

ˉʶˍˊʷ˂ʰʽˇ ˉˇˎ ˉʰˊʰ˃ʷ˄ʶʽ ˋˍʹ ʻʱ˂ʰˋˋʰΣ ʷ˔ʶʽ ˁʰˍʱ ˁʰ˄ˈ˄ʰ ˃ʶʴʰ˂ˏˍʶˊʹ 

ˉˎˁ˄ˈˍʹˍʰ ˁʰʽ ʽ˅˗ʵʶˌ ʰˉˈ ˍˇ ʰˊ˔ʽˁˈΦ ɮ˄ʱ˂ˇʴʰ ˃ʶ ˍʹ ˋˏˋˍʰˋʹ ˍˇˎ ʰˊ˔ʽˁˇˏ 

˃ʶʾʴ˃ʰˍˇˌΣ ˃ʷˋʰ ˋʶ ˃ʶˊʽˁʷˌ ˃ʷˊʶˌ ˍʰ ʶ˂ʰ˒ˊʽʱ ˁ˂ʱˋ˃ʰˍʰ ˃ˉˇˊˇˏ˄ ˄ʰ ˔ʱˋˇˎ˄ 

˃ʷ˔ˊʽ ˁʰʽ тр҈ ˍˇˎ ʰˊ˔ʽˁˇˏ ˈʴˁˇˎ ˍˇˎˌΣ ˍʰ ˃ʶˋʰʾʰ ʷ˖ˌ пл҈Σ ʶ˄˗ ˍʰ ʲʰˊˏˍʶˊʰ 

ˍˇ ˉˇ˂ˏ ˃ʷ˔ˊʽ мл҈Φ ʆʰ ʶ˂ʰ˒ˊʽʱ ˉˊˇʿˈ˄ˍʰ ʵʽˏ˂ʽˋʹˌ όʲʶ˄ʸʾ˄ʹΣ ˁʹˊˇʸʾ˄ʹΣ ˄ˍʾʸʶ˂ 

ˁΦΦɦύ ʶ˅ʰˍ˃ʾʸˇ˄ˍʰʽ ˋʶ ˉˇˋˇˋˍˈ ˋ˔ʶʵˈ˄ млл҈ ʶˉʽ˒ʷˊˇ˄ˍʰˌ ˁʾ˄ʵˎ˄ˇ ˉˎˊˁʰʴʽʱˌ 

ˋʶ ˁ˂ʶʽˋˍˇˏˌ ˁˈ˂ˉˇˎˌ όˉΦ˔Φ ˂ʽ˃ʱ˄ʽʰύΦ ʅˎ˃ˉʶˊʰˋ˃ʰˍʽˁʱΣ ʹ ʶ˅ʱˍ˃ʽˋʹ ʰ˄ ˁʰʽ 

ʰˉˇ˃ʰˁˊˏ˄ʶʽ ˃ʶʴʱ˂ˇ ˉˇˋˇˋˍˈ ˍˇˎ ˉʶˍˊʶ˂ʰʾˇˎ ʰˉˈ ˍʹ ʻʱ˂ʰˋʰΣ ˍʰˎˍˈ˔ˊˇ˄ʰ 

ˇʵʹʴʶʾ ˋʶ ʷ˄ʰ ˂ʽʴˈˍʶˊˇ ʲʽˇʵʽʰˋˉʱˋʽҡˇ ˁ˂ʱˋ˃ʰ ˉʶˍˊʶ˂ʰʾˇˎΣ ˍˇ ˇˉˇʾˇ 

ʵˏˋˁˇ˂ʰ ʰˉˇ˃ʰˁˊˏ˄ʶˍʰʽ ˁʰʽ ˃ʶˍʱ ʰˉˈ ˃ʶʴʱ˂ˇ ˔ˊˇ˄ʽˁˇ ʵʽʱˋˍʹ˃ʰ ʶ˄ʵʷ˔ʶˍʰʽ 

˄ʰ ˁʰˍʰ˂ʺ˅ʶʽ ˋˍˇ ʲˎʻˈΦ 

× ɲʽʰˋˉˇˊʱ όDispersion): ʁ ʷ˄ˍˇ˄ˇˌ ˁˎ˃ʰˍʽˋ˃ˈˌ ˋʶ ˋˎ˄ʵˎʰˋ˃ˈ ˃ʶ ˍˇ˄ ʱ˄ʶ˃ˇΣ 

ʰ˄ʰʵʶˏˇˎ˄ ˍʹ˄ ˉʶˍˊʶ˂ʰʽˇˁʹ˂ʾʵʰΣ ˃ʶ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍˇ ˋ˔ʹ˃ʰˍʽˋ˃ˈ 
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ˋˍʰʴˇ˄ʽʵʾ˖˄ ʵʽʰ˒ˈˊ˖˄ ˃ʶʴʶʻ˗˄Φ ɮˎˍʱ ˉˇˎ ʷ˔ˇˎ˄ ˃ʽˁˊˈ ˃ʷʴʶʻˇˌ 

ˉʰˊʰ˃ʷ˄ˇˎ˄ ˁʱˍ˖ ʰˉˈ ˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍʹˌ ʻʱ˂ʰˋˋʰˌΣ ʶ˄˗ ˍʰ ˃ʶʴʰ˂ˏˍʶˊʰ 

ʶˉʰ˄ʷˊ˔ˇ˄ˍʰʽ ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ʵʹ˃ʽˇˎˊʴ˗˄ˍʰˌ ʷ˄ʰ ˂ʶˉˍˈ ˋˍˊ˗˃ʰ ό˒ʽ˂˃ύΦ ʆʰ 

ˋˍʰʴˇ˄ʾʵʽʰ ˉˇˎ ˉʰˊʰ˃ʷ˄ˇˎ˄ ˃ʷˋʰ ˋˍˇ ˄ʶˊˈ ʰ˂˂ʱ ˁˇ˄ˍʱ ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰΣ 

ʷ˔ˇˎ˄ ˃ʶʴʱ˂ʹ ʶ˄ʶˊʴʺ ʶˉʽ˒ʱ˄ʶʽʰΣ ʶˉˇ˃ʷ˄˖ˌ ʶˉʽˍʰ˔ˏ˄ˇˎ˄ ʱ˂˂ʶˌ ʵʽʶˊʴʰˋʾʶˌ 

ˉˇˎ ˖˒ʶ˂ˇˏ˄ ˍʹ˄ ʰˉˇˁʰˍʱˋˍʰˋʹ ˍˇˎ ˉʶˊʽʲʱ˂˂ˇ˄ˍˇˌ όˉΦ˔Φ 

ʲʽˇʰˉˇʽˁˇʵˈ˃ʹˋʹύΦ ɰʰˋʽˁˇʾ ˉʰˊʱʴˇ˄ˍʶˌ ˉˇˎ ʶˉʹˊʶʱʸˇˎ˄ ˍˇ ˊˎʻ˃ˈ 

ʵʽʰˋˉˇˊʱˌ ʶʾ˄ʰʽ ˇʽ ʶˉʽˁˊʰˍˇˏˋʶˌ ˁʰʽˊʽˁʷˌ ˋˎ˄ʻʺˁʶˌΣ ʹ ˋˏˋˍʰˋʹ ˍʹˌ 

ˉʶˍˊʶ˂ʰʽˇˁʹ˂ʾʵʰˌΣ ˁʰʻ˗ˌ ˁʰʽ ˍˇ ʽ˅˗ʵʶˌ ˍʹˌ ό˃ʽˁˊˈ ʽ˅˗ʵʶˌ ˋˎ˄ʶˉʱʴʶˍʰʽ 

ˍʰ˔ˏˍʶˊʹ ʵʽʰˋˉˇˊʱύΦ ɳˉʽˉ˂ʷˇ˄Σ ʹ ʵʽʰˋˉˇˊʱ ˃ˉˇˊʶʾ ˄ʰ ʶ˄ʽˋ˔ˎʻʶʾ ˃ʶ ˍʹ˄ 

ˉˊˇˋʻʺˁʹ ʶˉʽ˒ʰ˄ʶʽˇʵˊʰˋˍʽˁ˗˄ ˇˎˋʽ˗˄Φ 

× ɱʰ˂ʰˁˍ˖˃ʰˍˇˉˇʾʹˋʹ όEmulsification)Υ ɶ ʵʽʶˊʴʰˋʾʰ ʰˎˍʺ ʰ˄ʰ˒ʷˊʶˍʰʽ ˋˍʹ 

ʵʽʰʵʽˁʰˋʾʰ ˈˉˇˎ ˋˍʰʴˈ˄ʶˌ ʻʰ˂ʰˋˋʽ˄ˇˏ ˄ʶˊˇˏ ˉʰˊʰ˃ʷ˄ˇˎ˄ ʰʽ˖ˊˇˏ˃ʶ˄ʶˌ 

ˋˍʹ˄ ˇˊʴʰ˄ʽˁʺ ˒ʱˋʹ ʺ ˍˇ ʰ˄ˍʾˋˍˊˇ˒ˇΦ ʁʽ ʵˏˇ ʰˎˍˇʾ ˍˊˈˉˇʽ 

ʴʰ˂ʰˁˍ˖˃ʰˍˇˉˇʾʹˋʹˌ ˉʶˊʽʴˊʱ˒ˇ˄ˍʰʽ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ˁʰʽ ʶʾ˄ʰʽΥ 

¶ ɿʶˊˈ ˋʶ ˉʶˍˊʷ˂ʰʽˇΥ ɳʾ˄ʰʽ ʹ ˉʽˇ ˋˎ˄ʹʻʽˋ˃ʷ˄ʹ ˉʶˊʾˉˍ˖ˋʹ 

ʴʰ˂ʰˁˍ˖˃ʰˍˇˉˇʾʹˋʹˌ ˁʰʽ ˇ˄ˇ˃ʱʸʶˍʰʽ Ψchocolate mousseΩ ˂̍ ʴ˖ ˍˇˎ 

ˋˁˇˏˊˇˎ ˁʰ˒ʷ ˔ˊ˗˃ʰˍˇˌ ˉˇˎ ʰˉˇˁˍʱ ˋʶ ˋˎ˄ʵˎʰˋ˃ˈ ˃ʶ ˍʹ˄ ˉʹ˔ˍʺΣ 

ˋ˔ʶʵˈ˄ ˋˍʶˊʶʺ ˃ˇˊ˒ʺ ˍˇˎΦ ɶ ʰˉˇˊˊˈ˒ʹˋʹ ˄ʶˊˇˏ ʰˉˈ ˍˇ ˉʶˍˊʷ˂ʰʽˇ 

ʷ˔ʶʽ ˖ˌ ʰˉˇˍʷ˂ʶˋ˃ʰ ˇ ˍʶ˂ʽˁˈˌ ˍˇˎ ˈʴˁˇˌ ˄ʰ ʰˎ˅ʹʻʶʾ ˁʰˍʱ о-р ˒ˇˊʷˌ 

ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍˇ˄ ʰˊ˔ʽˁˈΣ ʶ˄˗ ˍˇ ˉˇˋˇˋˍˈ ˍˇˎ ˄ʶˊˇˏ ˁˎ˃ʰʾ˄ʶˍʰʽ 

˃ʶˍʰ˅ˏ сл-ур҈ ˋˍʰ ˋˍʰʻʶˊʱ ʴʰ˂ʰˁˍ˗˃ʰˍʰΦ 

¶ ʃʶˍˊʷ˂ʰʽˇ ˋʶ ˄ʶˊˈΥ ɶ ˏˉʰˊ˅ʹ ˍˎˊʲ˗ʵˇˎˌ ˊˇʺˌ ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍʹˌ 

ʻʱ˂ʰˋˋʰˌ ʶ˄ʽˋ˔ˏʶʽ ˍʹ ʵʽʱˋˉʰˋʹ ˍˇˎ ˉʶˍˊʶ˂ʰʾˇˎ ˋʶ ˋˍʰʴˇ˄ʾʵʽʰ 

ʰʽ˖ˊˇˏ˃ʶ˄ʰ ˋˍˇ ˄ʶˊˈΦ ɾʶ ˍˇ˄ ˍˊˈˉˇ ʰˎˍˈΣ ʹ ˁʹ˂ʾʵʰ ˉˇˎ ˉ˂ʷˇ˄ ʵʶ˄ 

ʶˉʹˊʶʱʸʶˍʰʽ ʰˉˈ ˍˇ˄ ʱ˄ʶ˃ˇ ˃ˉˇˊʶʾ ˄ʰ ˅ʰ˄ʰˋ˔ʹ˃ʰˍʽˋˍʶʾ ˋʶ ˁʱˉˇʽʰ 

ʰˉˈˋˍʰˋʹ ʰˉˈ ̱ ˇ ˋʹ˃ʶʾˇ ʵʽʰˊˊˇʺˌΦ 

ɱʶ˄ʽˁʱΣ ˇ ˋ˔ʹ˃ʰˍʽˋ˃ˈˌ ʴʰ˂ʰˁˍ˗˃ʰˍˇˌ ʶˉʽʲˊʰʵˏ˄ʶʽ ˍʽˌ ˎˉˈ˂ˇʽˉʶˌ ʵʽʶˊʴʰˋʾʶˌ 

ʴʺˊʰ˄ˋʹˌ όʶ˅ʱˍ˃ʽˋʹΣ ʲʽˇʰˉˇʵˈ˃ʹˋʹύΣ ˁʰʻ˗ˌ ˉʶˊʽˇˊʾʸʶˍʰʽ ʹ ʶ˄ʶˊʴʺ 

ʶˉʽ˒ʱ˄ʶʽʰ ˉʶˍˊʶ˂ʰʾˇˎΦ ɳˁˍˈˌ ʰˎˍˇˏ, ʶˉʽʲʰˊˏ˄ʶʽ ˍʹ ʴʶ˄ʽˁˈˍʶˊʹ ʵʽʰʵʽˁʰˋʾʰ 

ʰˉˇˁʰˍʱˋˍʰˋʹˌ ˍˇˎ ˉʶˊʽʲʱ˂˂ˇ˄ˍˇˌΣ  ˁʰʻ˗ˌ ˇ ˈʴˁˇˌ ˉˇˎ ˉˊʷˉʶʽ ˄ʰ 
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ˁʰˍʰˉˇ˂ʶ˃ʹʻʶʾ ʰˎ˅ʱ˄ʶˍʰʽΣ ʷ˔ʶʽ ˉ˂ʷˇ˄ ˃ʶʴʰ˂ˏˍʶˊˇ ʽ˅˗ʵʶˌ ˁʰʽ ʶʽʵʽˁˈ ʲʱˊˇˌ 

ˁʰʽ ʹ ˃ˇˊ˒ʺ ˍˇˎ ˉ˂ʹˋʽʱʸʶʽ ˉʶˊʽˋˋˈˍʶˊˇ ˍʹ ˋˍʶˊʶʺ ˉʰˊʱ ˍʹ˄ ˎʴˊʺΦ ɮˁˈ˃ʰ 

ˁʰʽ ʹ ˉˊˇˋʻʺˁʹ ˔ʹ˃ʽˁ˗˄ ʵʽʰˋˉˇˊʱˌ ʵʶ˄ ʷ˔ʶʽ ʰˉˇʵʶʵʶʽʴ˃ʷ˄ʰ ʻʶˍʽˁʱ 

ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˋˍʹ ʲʽˇʵʽʱˋˉʰˋʹ ˍˇˎ ˉʶˍˊʶ˂ʰʾˇˎΦ 

× ɰʽˇʰˉˇʽˁˇʵˈ˃ʹˋʹ όbiodegradation)Υ ɶ ʵʽʶˊʴʰˋʾʰΣ ˁʰˍʱ ˍʹ˄ ˇˉˇʾʰ ˇˊʽˋ˃ʷ˄ˇʽ 

ʰˉˈ ˍˇˎˌ ˃ʽˁˊˇˇˊʴʰ˄ʽˋ˃ˇˏˌ ˉˇˎ ˎˉʱˊ˔ˇˎ˄ ˋˍʹ ʻʱ˂ʰˋˋʰ ʵʽʰˋˉˇˏ˄ 

ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ˋˎˋˍʰˍʽˁʱ ˍˇˎ ˉʶˍˊʶ˂ʰʾˇˎΣ ʰˊ˔ʽˁʱ ˋʶ ʵʽʰ˂ˎˍʷˌ ʶ˄˗ˋʶʽˌ ˁʰʽ 

ˍʶ˂ʽˁʱ ˋʶ ʵʽˇ˅ʶʾʵʽˇ ˍˇˎ ʱ˄ʻˊʰˁʰ ˁʰʽ ˄ʶˊˈ όCO2+H2O). ɱˊʹʴˇˊˈˍʶˊʰ 

ʰˉˇʵˇ˃ˇˏ˄ˍʰʽ ˇʽ ʶ˂ʰ˒ˊˏˍʶˊˇʽ ˎʵˊˇʴˇ˄ʱ˄ʻˊʰˁʶˌΣ ʵʹ˂ʰʵʺ ʶ˄˗ˋʶʽˌ ˃ʶ 

˂ʽʴˈˍʶˊʰ ˃ˈˊʽʰ ʱ˄ʻˊʰˁʰΣ ˈˉ˖ˌ ʰ˂ˁʱ˄ʽʰ ˁʰʽ ˁˎˁ˂ʽˁˇʾ ˎʵˊˇʴˇ˄ʱ˄ʻˊʰˁʶˌΣ ʶ˄˗ 

ʲˊʰʵˏˍʶˊʰ ˇʽ ˉʽˇ ˉˇ˂ˏˉ˂ˇˁˇʽ ˈˉ˖ˌ ˇʽ ˉˇ˂ˎˁˎˁ˂ʽˁˇʾ ʰˊ˖˃ʰˍʽˁˇʾ ˁʰʽ ˇʽ 

ʰ˂ʶʽ˒ʰˍʽˁˇʾΣ ʵʽˈˍʽ ˋˎ˄ʺʻ˖ˌ ʰˉʰʽˍˇˏ˄ ˋˎ˄ʶˊʴʰˋʾʰ ʵʽʰ˒ˈˊ̟ ˄ ʲʰˁˍʹˊʽʰˁ˗˄ 

ˋˍʶ˂ʶ˔˗˄Φ ɽʰ˃ʲʱ˄ˇ˄ˍʰˌ ˎˉˈ˕ʽ˄ ˉ˖ˌ ʹ ʲʽˇʰˉˇʽˁˇʵˈ˃ʹˋʹ ˂ʰ˃ʲʱ˄ʶʽ ˔˗ˊʰ 

ˋˍʹ ʵʽʶˉʽ˒ʱ˄ʶʽʰ ˃ʶˍʰ˅ˏ ˉʶˍˊʶ˂ʰʾˇˎ ˁʰʽ ˄ʶˊˇˏΣ ʹ ʵʽʶˊʴʰˋʾʰ ʶ˄ʽˋ˔ˏʶˍʰʽ ˈˍʰ˄ 

ˎˉʱˊ˔ʶʽ ˂ʶˉˍˈ ˋˍˊ˗˃ʰ ˉʶˍˊʶ˂ʰʾˇˎ ʺ ˍˇ ˉʶˍˊʷ˂ʰʽˇ ʶʾ˄ʰʽ ʵʽʰˋˁˇˊˉʽˋ˃ʷ˄ˇ ˋʶ 

ˋˍʰʴˈ˄ʶˌΣ ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ʰˎ˅ʱ˄ʶˍʰʽ ʹ ʲʽˇʵʽʰʻʶˋʽ˃ˈˍʹˍʱ ˍˇˎΦ ʁ ˊˎʻ˃ˈˌ 

ʲʽˇʰˉˇʽˁˇʵˈ˃ʹˋʹˌ ʶˉʹˊʶʱʸʶˍʰʽ ˁˎˊʾ˖ˌ ʰˉˈ ˍʹ ˋˏˋˍʰˋʹ ˍˇˎ ˉʶˍˊʶ˂ʰʾˇˎΣ ˍʹ 

ʻʶˊ˃ˇˁˊʰˋʾʰ όʽʵʰ˄ʽˁʱ ˉʱ˄˖ ʰˉˈ нр 0C)Σ ˍʽˌ ʵʽʰʻʷˋʽ˃ʶˌ ʻˊʶˉˍʽˁʷˌ ˇˎˋʾʶˌ ˁʰʽ 

ˍˇ ʵʽʰ˂ˎ˃ʷ˄ˇ ˇ˅ˎʴˈ˄ˇΦ ɮ˅ʾʸʶʽ ˄ʰ ˋʹ˃ʶʽ˖ʻʶʾ ˉ˖ˌ ʹ ʵʽʰ˂ˎˍˈˍʹˍʰ ˍˇˎ ˇ˅ˎʴˈ˄ˇˎ 

ˋˍˇ ˄ʶˊˈ ʶʾ˄ʰʽ ˔ʰ˃ʹ˂ʺ όˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ˁˎ˃ʰʾ˄ʶˍʰʽ ˃ʶˍʰ˅ˏ с-8 
άὫ

ὒ
), ˋˎʴˁˊʽˍʽˁʱ 

˃ʶ ˍʹ˄ ʰˉʰʽˍˇˏ˃ʶ˄ʹ ˉˇˋˈˍʹˍʰ ʴʽʰ ˉ˂ʺˊʹ ˇ˅ʶʾʵ˖ˋʹ ˎʵˊˇʴˇ˄ʰ˄ʻˊʱˁ˖˄ ˉˇˎ 

ʷ˔ʶʽ ˎˉˇ˂ˇʴʽˋˍʶʾ ˋˍʰ о-4 
άὫ  2

άὫ Ὄ/ὅ
 ɹ ʽʰ ˃ʶˍʰˍˊˇˉʺ ˋʶ CO2+H2O. 

× ʁ˅ʶʾʵ˖ˋʹ όoxidation)Υ ɶ ʰ˄ˍʾʵˊʰˋʹ ˍ˖˄ ˋˎˋˍʰˍʽˁ˗˄ ˍˇˎ ˉʶˍˊʶ˂ʰʾˇˎ ˃ʶ ˍˇ 

ʰˍ˃ˇˋ˒ʰʽˊʽˁˈ ˇ˅ˎʴˈ˄ˇ ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍʹˌ ʻʱ˂ʰˋˋʰˌΣ ˉˇˎ ˇʵʹʴʶʾ ˋˍˇ 

ˋ˔ʹ˃ʰˍʽˋ˃ˈ ʵʽʰ˂ˎˍ˗˄ ˉˊˇʿˈ˄ˍ˖˄, ˍʰ ˇˉˇʾʰ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ʻʰ 

ʲʽˇʰˉˇʽˁˇʵˇ˃ʹʻˇˏ˄ ʺ ʰʵʽʱ˂ˎˍ˖˄ ʶ˄˗ˋʶ˖˄ όtars) ˉˇˎ ʶ˄˗˄ˇ˄ˍʰʽ ˋʶ 

ˋˎˋ̟̀ ˃ʰˍ˗˃ʰˍʰ όtar balls) ˁʰʽ ˃ˉˇˊˇˏ˄ ˄ʰ ˒ˍʱˋˇˎ˄ ˋˍʹ˄ ʰˁˍʺΦ ʁʽ 

ˍʶ˂ʶˎˍʰʾʶˌ ˉˊˇˁˏˉˍˇˎ˄ ʰˉˈ ˍʹ˄ ˇ˅ʶʾʵ˖ˋʹ ˋˎˋˍʰˍʽˁ˗˄ ˃ʶ ˃ʶʴʱ˂ˇ ʽ˅˗ʵʶˌΦ ʁ 

ˊˎʻ˃ˈˌ ˇ˅ʶʾʵ˖ˋʹˌ ʶʾ˄ʰʽ ʴʶ˄ʽˁʱ ʰˊʴˈˌΣ ˖ˋˍˈˋˇ ʶ˄ʽˋ˔ˏʶˍʰʽ ˈˍʰ˄ ˍˇ ˉʶˍˊʷ˂ʰʽˇ 

ʷ˔ʶʽ ʶ˅ʰˉ˂˖ʻʶʾ ˋ˔ʹ˃ʰˍʾʸˇ˄ˍʰˌ ˂ʶˉˍʺ ˃ʶ˃ʲˊʱ˄ʹ ˁʰʽ ʰˉˈ ˍʹ˄ ˎˉʶˊʽ˗ʵʹ 

ʰˁˍʽ˄ˇʲˇ˂ʾʰ ˍˇˎ ʺ˂ʽˇˎΣ ʹ ˇˉˇʾʰ ʷ˔ʶʽ ˍʹ˄ ʽˁʰ˄ˈˍʹˍʰ ˄ʰ ʵʽʶʽˋʵˏʶʽ ˋʶ ˁʹ˂ʾʵʶˌ 
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˃ʶ ˃ʽˁˊˈ ˉʱ˔ˇˌΦ ʃʰˊˇˎˋʾʰ ˇ˅ˎʴˈ˄ˇˎΣ ˍˇ ˒ˎˋʽˁˈ ʹ˂ʽʰˁˈ ˒˖ˌ ʷ˔ʶʽ ˍʹ˄ 

ʰˉʰʽˍˇˏ˃ʶ˄ʹ ʶ˄ʷˊʴʶʽʰ ˗ˋˍʶ ˄ʰ ˃ʶˍʰˋ˔ʹ˃ʰˍʾˋʶʽ ˉˇ˂˂ʷˌ ˋˏ˄ʻʶˍʶˌ 

ˉʶˍˊʶ˂ʰʿˁʷˌ ʶ˄˗ˋʶʽˌ όʰˊ˖˃ʰˍʽˁʷˌ ˃ʶʴʱ˂ˇˎ ˃ˇˊʽʰˁˇˏ ʲʱˊˇˎˌΣ ˉˇ˂ʽˁʷˌύ ˋʶ 

ʰˉ˂ˇˏˋˍʶˊʶˌ ˁʰʽ ʶ˂ʰ˒ˊˏˍʶˊʶˌΣ ˃ʷˋ˖ ˃ʽʰˌ ˋʶʽˊʱˌ ʰ˂ˎˋʽʵ˖ˍ˗˄ ʰ˄ˍʽʵˊʱˋʶ˖˄ 

ʶ˂ʶˏʻʶˊ˖˄ ˊʽʸ˗˄Φ ɮˉˇˍʷ˂ʶˋ˃ʰ ʰˎˍˇˏΣ ʶʾ˄ʰʽ ˇ ˋ˔ʹ˃ʰˍʽˋ˃ˈˌ ˉˇ˂ʽˁ˗˄ 

ʶ˄˗ˋʶ˖˄ όʰ˂ʵʶˑʵʶˌΣ ˎˉʶˊˇ˅ʶʾʵʽʰΣ ˁʶˍˈ˄ʶˌΣ ˒ʰʽ˄ˈ˂ʶˌΣ ˁʰˊʲˇ˅ˎ˂ʽˁʱ ˇ˅ʷʰ ˁΦʱΦύ  

ˁʰʽ ʹ ʰˎ˅ʹ˃ʷ˄ʹ ʵʽʰ˂ˎˍˈˍʹˍʰ ˍˇˎ ˉʶˍˊʶ˂ʰʾˇˎ ˋˍˇ ˄ʶˊˈΣ ʹ ˇˉˇʾʰ ʷ˔ʶʽ ˃ʶʽˁˍʷˌ 

ˋˎ˄ʷˉʶʽʶˌΣ ˁʰʻ˗ˌ ʰˎ˅ʱ˄ʶʽ ˃ʶ˄ ˍʹ ʲʽˇʵʽʰʻʶˋʽ˃ˈˍʹˍʰ ˍˇˎ ˊˏˉˇˎ ˋˍˇ ˄ʶˊˈΣ 

ˍʰˎˍˈ˔ˊˇ˄ʰ ˈ˃˖ˌ ˃ˉˇˊʶʾ ˄ʰ ˋ˔ʹ˃ʰˍʽˋˍˇˏ˄ ˍˇ˅ʽˁʷˌ ʶ˄˗ˋʶʽˌ ʰˉ ̍ ˍʹ 

˒˖ˍˇˇ˅ʶʾʵ˖ˋʹ ˉˇˎ ʻʰ ʲ˂ʱ˕ˇˎ˄ ˍˇ ʻʰ˂ʱˋˋʽˇ ˇʽˁˇˋˏˋˍʹ˃ʰΦ  

× ɰˏʻʽˋʹ-ɼʰʻʾʸʹˋʹ όsinking-sedimentation)Υ ɮ˒ˇˊʱ ˍʰ ʲʰˊʽʱ ˁ˂ʱˋ˃ʰˍʰ 

ˉʶˍˊʶ˂ʰʾˇˎΣ ˍʰ ˇˉˇʾʰ ʶʾˍʶ ˉˊˇːˉʺˊ˔ʰ˄ όˋʶ ˉʶˊʽˉˍ˗ˋʶʽˌ ˈˉˇˎ ˍˇ ˉʶˍˊʷ˂ʰʽˇ 

ˉˇˎ ʵʽʷˊˊʶˎˋʶ ʶʾ˔ʶ ʵʽʰ˔˖ˊʽˋˍʶʾ ˋʶ ʵʽˎ˂ʽˋˍʺˊʽˇύΣ ʶʾˍʶ ˉˊˇʷˁˎ˕ʰ˄ ˖ˌ 

ʰˉˇˍʷ˂ʶˋ˃ʰ ˋˎʴˁˈ˂˂ʹˋʹˌ ˋˍʶˊʶ˗˄ ʰ˄ˈˊʴʰ˄˖˄ ʺ ˇˊʴʰ˄ʽˁ˗˄ ˋ˖˃ʰˍʽʵʾ˖˄Σ ˍʰ 

ˇˉˇʾʰ ˇʵʺʴʹˋʰ˄ ˋˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ˋˎˋˋ˖˃ʰˍ˖˃ʱˍ˖˄ ʰˊˁʶˍʱ ˃ʶʴʱ˂˖˄ ˗ˋˍʶ 

˄ʰ ʲˎʻʽˋˍˇˏ˄Φ ɶ ˋˎˋˋ˖˃ʱˍ˖ˋʹ ʰˎˍʺ ʶʾ˄ʰʽ ʰˉʰˊʰʾˍʹˍʹ ʵʽˈˍʽΣ ʶ˄˗ ˋˍˇ 

ˁʰʻʰˊˈ ʺ ʶ˂ʰ˒ˊʱ ˎ˒ʱ˂˃ˎˊˇ ˄ʶˊˈ ˃ʶ ˉˎˁ˄ˈˍʹˍʰ м 
Ὣ

ὧά3 ʹ ˁˍʰʲˏʻʽˋʹ ʶʾ˄ʰʽ 

ʶˎˁˇ˂ˈˍʶˊʹΣ ˍˇ ʻʰ˂ʰˋˋʽ˄ˈ ʷ˔ʶʽ мΣлнр 
Ὣ

ὧά3 ʶˉˇ˃ʷ˄˖ˌΣ ˍˇ ˉˇˋˇˋˍˈ ˍ˖˄ 

ˋˎˋˍʰˍʽˁ˗˄ ˉˇˎ ʶʾ˄ʰʽ ʲʰˊˏˍʶˊʰ ˁʰʽ ˃ˉˇˊˇˏ˄ ˄ʰ ʲˎʻʽˋˍˇˏ˄ ʶʾ˄ʰʽ ˃ʽˁˊˈΦ ɾʽʰ 

ʱ˂˂ʹ ʶ˄ʰ˂˂ʰˁˍʽˁʺ ʶʾ˄ʰʽ ʶ˅ʰʽˍʾʰˌ ˍʹˌ ʶ˅ʱˍ˃ʽˋʹˌ ˋʶ ˋˎ˄ʵˎʰˋ˃ˈ ˃ʶ ˍʹ 

ʴʰ˂ʰˁˍ˖˃ʰˍˇˉˇʾʹˋʹΣ ʵʽʶˊʴʰˋʾʶˌ ˉˇˎ ˁʱ˄ˇˎ˄ ˍʹ˄ ˁʹ˂ʾʵʰ ʲʰˊˏˍʶˊʹ ˁʰʽ ˉʽˇ 

ˉʹ˔ˍʺ ʰˉˈ ̌ Σˍʽ ʺˍʰ˄ ʰˊ˔ʽˁʱΦ  

1.1.7 ɪʞʌɻʉʎʂ ɻʌʝ ʌʀʐʍʀʇɻʅʋʀʅɿʙ  

I ˉˊ˗ˍʹ ˒ˇˊʱ ˉˇˎ ʴʾ˄ʶˍʰʽ ʰ˄ˍʽ˂ʹˉˍˈ ˍˇ ˉˊˈʲ˂ʹ˃ʰ ˍʹˌ ˊˏˉʰ˄ˋʹˌ ˍˇˎ 

ʻʰ˂ʱˋˋʽˇˎ ˉʶˊʽʲʱ˂˂ˇ˄ˍˇˌ ʰˉˈ ˉʶˍˊʷ˂ʰʽˇΣ ˁʰʽ ˈ˔ʽ ˃ˈ˄ˇ˄Σ ˍˇˉˇʻʶˍʶʾˍʰʽ ˋˍˇ ˔ˊˇ˄ʽˁˈ 

ʵʽʱˋˍʹ˃ʰ ʰ˃ʷˋ˖ˌ ˃ʶˍʱ ˍʹ ˂ʺ˅ʹ ˍˇˎ ɲʶˏˍʶˊˇˎ ʃʰʴˁˈˋ˃ʽˇˎ ʃˇ˂ʷ˃ˇˎ ˉˇˎ ˉˇ˂˂ɦ  

ˋˎ˃˃ʰ˔ʽˁʱ ʶ˃ˉˇˊʽˁʱ ˉ˂ˇʾʰΣ ˍʰ ˇˉˇʾʰ ˃ʶˍʷ˒ʶˊʰ˄ ˁʰˏˋʽ˃ʰ ʺˍʰ˄ ˋ˔ʶʵˈ˄ 

ʰˉˇˁ˂ʶʽˋˍʽˁˈˌ ˋˍˈ˔ˇˌ ˍ˖˄ ʴʶˊ˃ʰ˄ʽˁ˗˄ ˎˉˇʲˊˎ˔ʾ˖˄Φ ɮˎˍˈ ˇʵʺʴʹˋʶ ˋˍʹ˄ ˉˊ˗ˍʹ 

ʽˋˍˇˊʽˁʱ ˃ʰʸʽˁʺ ʻʰ˂ʱˋˋʽʰ ˊˏˉʰ˄ˋʹ ˁʰʽ ʶˁˍʽ˃ʱˍʰʽ ˈˍʽ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍˇˎ ˉˇ˂ʷ˃ˇˎ 

˔ˏʻʹˁʰ˄ ˉʱ˄˖ ʰˉˈ пΦлллΦллл ˍˈ˄ˇʽ ˉʶˍˊʶ˂ʰʾˇˎ ˋˍˇ ʻʰ˂ʱˋˋʽˇ ˉʶˊʽʲʱ˂˂ˇ˄Φ ɳʱ˄ 

ˉˊˇˋʻʷˋˇˎ˃ʶ ˁʰʽ ˍʰ ˉ˂ˇʾʰ ˉˇˎ ˎˉʺˊ˅ʰ˄ ʻˏ˃ʰˍʰ ˄ʰˊˁˇˉʶʵʾ˖˄ ˁʰʽ ˎˉˇʻʰ˂ʱˋˋʽ˖˄ 
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ʶˁˊʺ˅ʶ˖˄ ˃ʶˍʱ ˍˇ ˍʷ˂ˇˌ ˍˇˎ ˉˇ˂ʷ˃ˇˎΣ ˍˈˍʶ ˇ ʰˊʽʻ˃ˈˌ ʰˎˍˈˌ ʶʾ˄ʰʽ ʰˁˈ˃ʹ 

˃ʶʴʰ˂ˏˍʶˊˇˌΦ 

ɶ ˊˏˉʰ˄ˋʹ ˉˇˎ ˉˊˇʷˊ˔ʶˍʰʽ ʰˉˈ ˍʰ ˉʶˍˊʶ˂ʰʽˇʶʽʵʺ ʶʾ˄ʰʽ ʶ˅ʾˋˇˎ ˋʹ˃ʰ˄ˍʽˁʺ 

ˁʰʽ ʶˁˍʶˍʰ˃ʷ˄ʹ ʶ˅ʰʽˍʾʰˌ ˍʹˌ ˉʰʴˁˈˋ˃ʽʰˌ ˔ˊʺˋʹˌ ˍˇˎˌ ˁʰʽ ˍʹˌ ʶ˅ʱˊˍʹˋʹˌ ʰˉˈ ʰˎˍʱ 

ˍʹˌ ˉʰʴˁˈˋ˃ʽʰˌ ˇʽˁˇ˄ˇ˃ʾʰˌΦ ɮ˄ ˁʰʽ ˊˏˉʰ˄ˋʹ ʻʰ ˃ˉˇˊˇˏˋʶ ˄ʰ ˉˊˇˁ˂ʹʻʶʾ ˁʰʽ 

ˉˊˇˁʰ˂ʶʾˍʰʽ ʰˉˈ ˍˇˉʽˁʷˌ, ˒ˎˋʽˁʷˌ ʰ˄ʰʲ˂ˏˋʶʽˌ ˉʶˍˊʶ˂ʰʾˇˎΣ ˈˉ˖ˌ ˋˍʹ˄ ˉʶˊʽˇ˔ʺ 

{ŀƴǘŀ .ŀǊōŀǊŀ ˍʹˌ ɼʰ˂ʽ˒ˈˊ˄ʽʰˌΣ ʶ˄ ˍˇˏˍˇʽˌ ˇʽ ˉˊˇˋʻʺˁʶˌ, ˖ˌ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍ˖˄ 

ʰ˄ʻˊ˖ˉˇʴʶ˄˗˄ ʵˊʰˋˍʹˊʽˇˍʺˍ˖˄ ʶʾ˄ʰʽ ˋʹ˃ʰ˄ˍʽˁʱ ˃ʶʴʰ˂ˏˍʶˊʶˌΣ ˃ˉˇˊʶʾ ˄ʰ ˋˎ˃ʲˇˏ˄ 

ˇˉˇˎʵʺˉˇˍʶ ˋˍˇ˄ ˉ˂ʰ˄ʺˍʹ ˁʰʽ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʱ ˍˇˎˌ ʶʾ˄ʰʽ ʶ˅ʰʽˊʶˍʽˁʱ ʵˎˋ˃ʶ˄ʺ ʴʽʰ 

ˍʰ ʶʾʵʹ ˁʰʽ ˍˇˎˌ ˉ˂ʹʻˎˋ˃ˇˏˌ ˍˇˎˌ ˋʶ ʲʱʻˇˌ ˔ˊˈ˄ˇˎΦ ɳʾ˄ʰʽ ʰ˂ʺʻʶʽʰ ˈˍʽ ˍʰ 

ˉʶˍˊʶ˂ʰʽˇʶʽʵʺ ʵʶ˄ ʶʾ˄ʰʽ ʽʵʽʰʾˍʶˊʰ ˍˇ˅ʽˁˇʾ ˊˏˉˇʽΣ ˖ˋˍˈˋˇ ˍˇ ˉˊˈʲ˂ʹ˃ʰ 

ʵʹ˃ʽˇˎˊʴʶʾˍʰʽ ʶ˅ʰʽˍʾʰˌ ˍˇˎ ˃ʶʴʱ˂ˇˎ ʰˊʽʻ˃ˇˏ ʶˉʽʲ˂ʰʲ˗˄ ʵʶˎˍʶˊˇʴʶ˄˗˄ 

ʶˉʽʵˊʱˋʶ˖˄ ˉˇˎ ʶˉʽ˒ʷˊˇˎ˄ ˋˍˇ ˉʶˊʽʲʱ˂˂ˇ˄ ˉˇˎ ʶʽˋʷˊ˔ˇ˄ˍʰʽΦ 

ʁʽ ˁˎˊʽˈˍʶˊʶˌ ʵˊʰˋˍʹˊʽˈˍʹˍʶˌ ˉˇˎ ʶˉʽʲʰˊˏ˄ˇˎ˄ ˍʰ ʻʰ˂ʱˋˋʽʰ ˋˎˋˍʺ˃ʰˍʰ ˃ʶ 

ˉʶˍˊʶ˂ʰʽˇʶʽʵʺ, ʶʾ˄ʰʽ ˇʽ ʻʰ˂ʱˋˋʽʶˌ ˃ʶˍʰ˒ˇˊʷˌΣ ˍʰ ʰˍˎ˔ʺ˃ʰˍʰΣ ʹ ʱ˄ˍ˂ʹˋʹ ˃ʶ ˉ˂˖ˍʷˌ 

ʶ˅ʷʵˊʶˌ ˉʶˍˊʶ˂ʰʾˇˎ ʰˉˈ ˍʹ ʻʱ˂ʰˋˋʰΣ ʹ ʰˍ˃ˇˋ˒ʰʽˊʽˁʺ ˃ʶˍʰ˒ˇˊʱΣ ʹ ʰˉˈˉ˂ˎˋʹ 

ʶʵʰ˒˗˄Σ ˍʰ ʲʽˇ˃ʹ˔ʰ˄ʽˁʱ ʰˉˈʲ˂ʹˍʰ ˁʰʽ ˍʰ ʰˎˍˇˁʾ˄ʹˍʰΣ ʵʽʰˊˊˇʷˌ ʰˉˈ ˎˉˈʴʶʽʶˌ 

ʵʶ˅ʰ˃ʶ˄ʷˌΦ ʅʺ˃ʶˊʰ ˈ˂ʶˌ ˇʽ ʻʱ˂ʰˋˋʶˌΣ ʰˁˈ˃ʰ ˁʰʽ ˇ ˁʰʻʰˊˈˌ ʰ˄ˇʽˁˍˈˌ ɮˍ˂ʰ˄ˍʽˁˈˌ 

ʍˁʶʰ˄ˈˌ ʷ˔ˇˎ˄ ˃ʶˍˊʺˋʽ˃ˇ ʶˉʽ˒ʰ˄ʶʽʰˁˈ ˎ˃ʷ˄ʽˇ όŦƛƭƳύ ˁʰʽ ˃ʽˁˊˇˋˁˇˉʽˁʱ ˋ˒ʰʽˊʾʵʽʰ 

ˉʾˋˋʰˌ ˍʹˌ ˍʱ˅ʶ˖ˌ ˍˇˎ м
άὫ 

ά2Φ ɶ ɾʶˋˈʴʶʽˇˌ ʷ˔ʶʽ ˉˇ˂˂ʰˉ˂ʱˋʽʰ ˉˇˋˈˍʹˍʰ όϤ нл
άὫ 

ά2  ), 

ʶ˄˗ ˇʽ ʰˁˍʷˌ ˁʰʽ ˍʰ ˂ʽ˃ʱ˄ʽʰ ʷ˔ˇˎ˄ ˉˇ˂ˏ ˃ʶʴʰ˂ˏˍʶˊʶˌ ˉʶˊʽʶˁˍʽˁˈˍʹˍʶˌ όʅˁˇˏ˂˂ˇˌΣ 

1988). 

1.1.8 ɞʌʅʌʐʡʎʀʅʏ ʍʞʌɻʉʎʂʏ ɻʌʝ ʌʀʐʍʀʇɻʅʋʀʅɿʙ 

ɡɻʇʗʎʎʅɻ ʋʅʆʋʎʑʎʐʙʈɻʐɻ 

ɶ ʶˉʾʵˊʰˋʹ ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ ʷ˔ˇˎ˄ ˍʰ ˉʶˍˊʶ˂ʰʽˇʶʽʵʺ ˋˍˇˎˌ ʵʽʱ˒ˇˊˇˎˌ 

ˇˊʴʰ˄ʽˋ˃ˇˏˌ ʶ˅ʰˊˍʱˍʰʽ ʰˉˈ ˉˇ˂˂ˇˏˌ ˉʰˊʱʴˇ˄ˍʶˌ, ˈˉ˖ˌ ʶʾ˄ʰʽ ˍˇ ʶʾʵˇˌ ˍˇˎ 

ˉʶˍˊʶ˂ʰʾˇˎΣ ˍˇ ʶʾʵˇˌ ˍˇˎ ˇˊʴʰ˄ʽˋ˃ˇˏΣ ʹ ʹ˂ʽˁʾʰ ˍˇˎΣ ʹ ʻʶˊ˃ˇˁˊʰˋʾʰ ˁʰʽ ˁˎˁ˂ˇ˒ˇˊʾʰ 

ˍ˖˄ ˎʵʱˍ˖˄Σ ʹ ˇ˅ˏˍʹˍʰΣ ʹ ʻˇ˂ʶˊˈˍʹˍʰΣ ʹ ˉʰˊˇˎˋʾʰ ʻˊʶˉˍʽˁ˗˄ ˋˎˋˍʰˍʽˁ˗˄ ʺ ʱ˂˂˖˄ 

ˊˏˉ˖˄ ˁʰʽ ʹ ʰ˂ʰˍˈˍʹˍʰΦ ʁˊʴʰ˄ʽˋ˃ˇʾ ˉˇˎ ʲˊʾˋˁˇ˄ˍʰʽ ˋʶ ˄ʶˊʱ ˉˇˎ ʰ˄ʰ˄ʶ˗˄ˇ˄ˍʰʽ 

ʵˏˋˁˇ˂ʰ όˉΦ˔Φ ˁˈ˂ˉˇʽύ ˎˉˇ˒ʷˊˇˎ˄ ˉʶˊʽˋˋˈˍʶˊˇ, ʴʽʰˍʾ ˋʶ ʰˎˍˇˏˌ ʶˉʽʵˊˇˏ˄ ʶˁˍˈˌ ˍʹˌ 
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ˋˎʴˁʷ˄ˍˊ˖ˋʹˌ ˍˇˎ ˊˏˉˇˎ ˁʰʽ ˇʽ ˉʰˊʱʴˇ˄ˍʶˌ ˍʹˌ ˋˎ˔˄ˈˍʹˍʰˌ ˉˊˇˋʲˇ˂ʺˌ ˁʰʽ ˍˇˎ 

˔ˊˈ˄ˇˎ ʶˉʰ˒ʺˌΦ 

ʆʰ ˂ʶˉˍʱ ˁʰʽ ˂ʶˉˍˈˍʰˍʰ ʵʽʰˋˁˇˊˉʽˋ˃ʷ˄ʰ ˁ˂ʱˋ˃ʰˍʰ ˉˊˇˋʵʾ˄ˇˎ˄ ʷ˄ˍˇ˄ʹ ˇˋ˃ʺ 

ˋˍʰ ˏʵʰˍʰ ˁʰʽ ʶ˅ˇˎʵʶˍʶˊ˗˄ˇˎ˄ ˍʹ ˄ˇˋ˃ʺ ˒ˎˋʽˁ˗˄ ˇˎˋʽ˗˄ όˉΦ˔Φ ˒ʶˊˇ˃ˈ˄ʶˌύ ˉˇˎ 

ʶˁˁˊʾ˄ˇˎ˄ ˍʰ ʸ˗ʰ ʴʽʰ ˍʹ˄ ˉˊˇˋʷ˂ˁˎˋʹ ˍˇˎ ʱ˂˂ˇˎ ˒ˏ˂˂ˇˎΣ ˉʰˊʶ˃ˉˇʵʾʸˇ˄ˍʰˌ ʷˍˋʽ 

ˍʹ˄ ʰ˄ʰˉʰˊʰʴ˖ʴʺΦ ɶ ʰ˄ʰˉʰˊʰʴ˖ʴʺ ʲ˂ʱˉˍʶˍʰʽ ʶˉʾˋʹˌ ˁʰʽ ʰˉˈ ˍʹ˄ ʰ˂˂ˇʾ˖ˋʹ ˍ˖˄ 

ʴʰ˃ʶˍ˗˄ ˍ˖˄ ˇˊʴʰ˄ʽˋ˃˗˄Φ ʆʰ ʴʰ˂ʰˁˍ˗˃ʰˍʰ ˉˇˎ ˋ˔ʹ˃ʰˍʾʸˇ˄ˍʰʽ ˃ʶ ˍˇ˄ ˍˊˈˉˇ ˉˇˎ 

ʰ˄ʰ˒ʷˊʻʹˁʶ ʰ˂˂ʱ ˁʰʽ ʰˉˈ ˍʹ ˔ˊʺˋʹ ʵʽʰˋˁˇˊˉʽˋˍʹˁ ˗Σ˄ ˁʰ˂ˏˉˍˇˎ˄ ˍʽˌ ˁʶˊʰʾʶˌ ˁʰʽ 

ʱ˂˂ʰ ʰʽˋʻʹˍʺˊʽʰ ˈˊʴʰ˄ʰ ˍ˖˄ ʲʶ˄ʻʽˁ˗˄ ˁˎˊʾ˖ˌ ˇˊʴʰ˄ʽˋ˃˗˄ ʶ˂ʰˍˍ˗˄ˇ˄ˍʰˌ ˍʹ 

ʵˎ˄ʰˍˈˍʹˍʰ ʶˉʽ˂ˇʴʺˌ ˍˊˇ˒ʺˌΣ ʱ˃ˎ˄ʰˌΣ ˁʾ˄ʹˋʹˌ ˁʰʽ ˇˊʰˍˈˍʹˍʰˌΦ ɳˉʽˉ˂ʷˇ˄Σ ʹ 

ʵʹ˃ʽˇˎˊʴʾʰ ʴʰ˂ʰˁˍ˖˃ʱˍ˖˄ ʷ˔ʶʽ ˖ˌ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍˇ˄ ˋ˔ʹ˃ʰˍʽˋ˃ˈ ʰˋˍʰʻ˗˄ 

ˉˎʻ˃ʷ˄˖˄Σ ʷˋˍ˖ ˁʰʽ ˉʰˊˇʵʽˁʱΣ ʶ˃ˉˇʵʾʸˇ˄ˍʰˌ ˍʹ˄ ʰˉˈʻʶˋʹ ʰˎʴ˗˄ ˁʰʽ ˈ˂ʶˌ ˍʽˌ 

˒ˎˋʽˁʷˌ ˂ʶʽˍˇˎˊʴʾʶˌ ˍ˖˄ ʻʰ˂ʱˋˋʽ˖˄ ˇˊʴʰ˄ʽˋ˃˗˄Φ ʆˇ ʶˉʽ˒ʰ˄ʶʽʰˁˈ ˎ˃ʷ˄ʽˇ ʶ˂ʰˍˍ˗˄ʶʽ 

ˍʹ˄ ˇ˅ˎʴˈ˄˖ˋʹ ˍˇˎ ˄ʶˊˇˏΣ ʰˎ˅ʱ˄ʶʽ ˍʹ˄ ʰ˄ʱˁ˂ʰˋʹ ˍˇˎ ˒˖ˍˈˌΣ ʶ˂ʰˍˍ˗˄ʶʽ ˍʹ˄ 

ʽˁʰ˄ˈˍʹˍʰ ʵʽʱ˂ˎˋʹˌ ˍˇˎ /h2 ˁʰʽ ˋˎ˄ʶˉ˗ˌ ˍʹ ˒˖ˍˇˋˏ˄ʻʶˋʹΦ ɳˁˍˈˌ ʰˉˈ ˍˇ ˉʶˉˍʽˁˈ 

ˋˏˋˍʹ˃ʰΣ ˍʰ ˉʶˍˊʶ˂ʰʽˇʶʽʵʺ ʶʽˋʷˊ˔ˇ˄ˍʰʽ ˋˍˇ˄ ˇˊʴʰ˄ʽˋ˃ˈ ˍ˖˄ ˕ʰˊʽ˗˄ ˁʰʽ ˃ʶ 

ʵʽʰˉʾʵˎˋʹ ˃ʷˋʰ ˋˍʽˌ ʵʽʱ˒ˇˊʶˌ ˃ʶ˃ʲˊʱ˄ʶˌΦ ɮˋ˒ˎ˅ʾʰ ˁʰʽ ˍˇ˅ʽˁʺ ʵˊʱˋʹ ʶˉʽ˒ʷˊˇˎ˄ ˇʽ 

ˎʵˊˇʴˇ˄ʱ˄ʻˊʰˁʶˌ ˁʰʽ ˋˍʰ ʰˎʴʱ ˍ˖˄ ˕ʰˊʽ˗˄Σ ʶ˄˗ ˇˋˍˊʰˁˈʵʶˊ˃ʰ ˁʰʽ ˃ʰ˂ʱˁʽʰ, 

ʽʵʽʰʾˍʶˊʰ ʰˎˍʱ ˉˇˎ ˍˊʷ˒ˇ˄ˍʰʽ ˃ʶ ˃ʹ˔ʰ˄ʽˋ˃ˇˏˌ ʵʽʺʻʹˋʹˌ ʺ ʰˉˈ ˍʰ ʽʸʺ˃ʰˍʰ 

ˋˎʴˁʶ˄ˍˊ˗˄ˇˎ˄ ˋʹ˃ʰ˄ˍʽˁʱ ˉˇˋʱ ˋˍˇ˄ ˇˊʴʰ˄ʽˋ˃ˈ ˍˇˎˌ ˁʰʽ ˋˎ˔˄ʱ ˉʶʻʰʾ˄ˇˎ˄ ʺ ʰˉˈ 

ˍʹ˄ ˍˇ˅ʽˁʺ ʵˊʱˋʹ ˁʰʽ ʰˋ˒ˎ˅ʾʰ ʺ ʰˉˈ ʱ˂˂ʶˌ ʰʽˍʾʶˌ ˉˇˎ ˉˊˇˁʰ˂ˇˏ˄ˍʰʽ ʰˉˈ ˍʹ˄ 

ˉʰˊʶ˃ˉˈʵʽˋʹ ˋˍʹ˄ ˁʾ˄ʹˋʹ ˁʰʽ ˋˍʰ ʰ˄ʰˁ˂ʰˋˍʽˁʱ ˍˇˎˌΦ ɵ˗ʰ ˃ʶ ˃ʶʴʱ˂ʹ ʶˎʰʽˋʻʹˋʾʰ 

ˋˍʰ ˉʶˍˊʶ˂ʰʽˇʶʽʵʺ ʶʾ˄ʰʽ ˇ ʰˋˍʶˊʾʰ,̩ ˍʰ ʶ˔ʽ˄ˈʵʶˊ˃ʰ ˁʰʽ ˇʽ ʰˋˍʰˁˇʾΦ ɳˎʰʾˋʻʹˍʰ ʶʾ˄ʰʽ 

ʶˉʾˋʹˌ ˍʰ ˁˇˊʱ˂˂ʽʰ, ˍʰ ˇˉˇʾʰ ʶʾ˄ʰʽ ʶ˅ʰʽˊʶˍʽˁʱ ˋʹ˃ʰ˄ˍʽˁˇʾ ˇˊʴʰ˄ʽˋ˃ˇʾ ʰ˒ˇˏ 

ˉˊˇˋ˒ʷˊˇˎ˄ ˒ˎˋʽˁʺ ˉˊˇˋˍʰˋʾʰ ˋʶ ˉ˂ʺʻˇˌ ʱ˂˂˖˄ ˇˊʴʰ˄ʽˋ˃˗˄Φ ʁ ʻʱ˄ʰˍˈˌ ˍˇˎ ̩

ˉˊˇˁʰ˂ʶʾ ʵʽʱʲˊ˖ˋʹ ˍ˖˄ ʰˁˍ˗˄Σ ʰˉ˗˂ʶʽʰ ˍʹˌ ˇʽˁˇ˂ˇʴʽˁʺˌ ʽˋˇˊˊˇˉʾʰˌ ˂ˈʴ˖ 

ˁʰˍʰˋˍˊˇ˒ʺˌ ˍ˖˄ ˒˖˂ʽ˗˄ ˉˇ˂˂˗˄ ʻʰ˂ʱˋˋʽ˖˄ ˇˊʴʰ˄ʽˋ˃˗˄ ˁʰʽ ʰ˄ʱˉˍˎ˅ʹ ˋˍʹ ʻʷˋʹ 

ˍˇˎˌ ˒ˎˁʽ˗˄ ˁʰʽ ʰˋˍʰʻ˗˄ ˉˎʻ˃ʷ˄˖˄Φ 

ɹʵʽʰʾˍʶˊʹ ʰ˄ʰ˒ˇˊʱ ʰ˅ʾʸʶʽ ˄ʰ ʴʾ˄ʶʽ ˋˍʰ ʲʰˊʽʱ ˁ˂ʱˋ˃ʰˍʰ ˉʶˍˊʶ˂ʰʾ˖˄Σ ˍʰ ˇˉˇʽʰ 

ʰˁˈ˃ʰ ˁʰʽ ʰ˄ ʵʶ˄ ˎˉʺˊ˔ʰ˄ ʶ˅Ω ʰˊ˔ʺˌΣ ˃ˉˇˊˇˏ˄ ˄ ʰ ˉˊˇˁˏ˕ˇˎ˄Σ ˁʰʻ˗ˌ ʶ˅ʰˍ˃ʾʸˇ˄ˍʰʽ ʺ 

ʵʽʰˋˉ˗˄ˍʰʽ ˍʰ ʶ˂ʰ˒ˊˏˍʶˊʰ ˋˎˋˍʰˍʽˁʱ ˍˇˎ ʰˊ˔ʽˁˇˏ ˃ʶʾʴ˃ʰˍˇˌ ˉʶˍˊʶ˂ʰʾˇˎΦ ʆʰ 
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ˁ˂ʱˋ˃ʰˍʰ ʰˎˍʱ ˋˎ˄ʺʻ˖ˌ ˁʰˍʰ˂ʺʴˇˎ˄ ˋˍˇ ʲˎʻˈ ˍʹˌ ʻʱ˂ʰˋˋʰˌΣ ˈˉˇˎ 

ʰ˄ʰ˃ʶʽʴ˄ˏˇ˄ˍʰʽ ˃ʶ ˍʹ˄ ʱ˃˃ˇΦ ɾʶ ˍˇ˄ ˍˊˈˉˇ ʰˎˍˈ ʴʾ˄ʶˍʰʽ ʰˁˈ˃ʰ ʵˎˋˁˇ˂ˈˍʶˊʹ ʹ 

ʰˉˇʽˁˇʵˈ˃ʹˋʺ ˍˇˎˌΣ ˂ˈʴ˖ ʷ˂˂ʶʽ˕ʹˌ ʵʽʰ˂ˎ˃ʷ˄ˇˎ ˇ˅ˎʴˈ˄ˇˎ ˁʰʽ ʻˊʶˉˍʽˁ˗˄Φ ɳˁˍˈˌ 

ʰˉˈ ˍʰ ʲʰˊʽʱ ˁ˂ʱˋ˃ʰˍʰΣ ʶˉʽʲ˂ʰʲʶʾˌ ʶ˄˗ˋʶʽˌ, ˈˉ˖̩ ˇʽ ˉˇ˂ˎˁˎˁ˂ʽˁˇʾ ʰˊ˖˃ʰˍʽˁˇʾ 

ˎʵˊˇʴˇ˄ʱ˄ˊʰˁʰˌ όʃɮʇύΣ ˇʽ ˇˉˇʾˇʽ ˉʶˊʽʷ˔ˇ˄ˍʰʽ ˋˍʰ ˉʶˍˊʶ˂ʰʽˇʶʽʵʺ ˉˇˎ 

ʶ˄ˋ˖˃ʰˍ˗˄ˇ˄ˍʰʽ ˋˍʰ ʽʸʺ˃ʰˍʰ ˍ˖˄ ˉˎʻ˃ʷ˄˖˄Σ ʰ˒ˇ˃ˇʽ˗˄ˇ˄ˍʰʽ ˁʰʽ 

ʲʽˇˋˎˋˋ˖ˊʶˏˇ˄ˍʰʽ ˋˍˇˎˌ ˇˊʴʰ˄ʽˋ˃ˇˏˌ.  

ɱʽʰ ˄ʰ ˃ʽ˂ʺˋˇˎ˃ʶ ˃ʶ ʰˊʽʻ˃ˇˏˌΣ ʰˁˈҡʹ ˁʰʽ м 
‘Ὣ

ὒ
όм ǇǇōύ ˉʶˍˊʶ˂ʰʾˇˎ ˋˍʹ 

ʻɦ ˂ʰˋˋʰ ҡˉˇˊʶʾ ˄ʰ ʲ˂ʱ˕ʶʽ ˍˇˎˌ ˉʽˇ ʶˎʰʾˋʻ́ˍˇˎˌ ˇˊʴʰ˄ʽˋ˃ˇˏˌ (UNEP, 1988). ɺ˔˄ʹ 

ˉʶˍˊʶ˂ʰʾˇˎ ˋˍˇ ˄ʶˊˈ ʶˉʹˊʶʱʸˇˎ˄ ˍʹ ˋʶ˅ˇˎʰ˂ʽˁʺ ˋˎ˃ˉʶˊʽ˒ˇˊʱ ˍ˖˄ ʻʰ˂ʰˋˋʾ˖˄ 

ˇˊʴʰ˄ʽˋҡ˗˄Σ ˍʹ ʵˎ˄ʰˍˈˍʹˍʰ ˉˊˇˋʰ˄ʰˍˇ˂ʽˋҡˇˏ ˍˇˎˌ ˁʰʽ ˍˇˎˌ ˊˎʻҡˇˏˌ ʰ˒ˇҡˇʾ˖ˋʹˌ 

ˍʹˌ ˍˊˇ˒ʺˌΦ ɼʱˉˇʽʶˌ ʰˉˈ ˍʽˌ ˋˎ˄ʷˉʶʽʶˌ ʰˎˍʷˌ ʶ˄ʽˋ˔ˏˇ˄ˍʰʽ ʰˉˈ ˍʹ ˔ʰҡʹ˂ʺ ʰ˂ʰˍˈˍʹˍʰ 

ˁʰʽ ˍʽˌ ˎ˕ʹ˂ʷˌ ʻʶˊҡˇˁˊʰˋʾʶˌΣ ʶ˄˗ ˎˉʱˊ˔ʶʽ ˋˎ˄ʶˊʴʽˋˍʽˁʺ ʵˊʱˋʹ ʰ˄ʱҡʶˋʰ ˋˍˇˎˌ 

ʰˊ˖ҡʰˍʽˁˇˏˌ ˎʵˊˇʴˇ˄ʱ˄ʻˊʰˁʶˌ ˁʰʽ ˁʱˉˇʽʰ ҡʷˍʰ˂˂ʰ ό¦b9tΣ мфууύΦ ɾˈ˂ʽˌ лΣн 
‘Ὣ

ὒ
 

ˉʶˍˊʶ˂ʰʾˇˎ ˋˍˇ ʻʰ˂ʰˋˋʽ˄ˈ ˄ʶˊˈ ҡˉˇˊˇˏ˄ ˄ʰ ʶˉʹˊʶʱˋˇˎ˄ ˍʹ˄ ʰ˄ʰˉʰˊʰʴ˖ʴʺ 

ˇˊʽˋҡʷ˄˖˄ ʰ˂ʴ˗˄ ό{ǘŜŜƭŜΣ мфттύΦ ʅʶ ˋˎʴˁʶ˄ˍˊ˗ˋʶʽˌ н-10 
‘Ὣ

ὒ
 ˍˇ ˉʶˍˊʷ˂ʰʽˇ ʶˉʹˊʶʱʸʶʽ 

ˍʹ˄ ʶˉʽʲʾ˖ˋʹ ˍ˖˄ ˄ˎҡ˒˗˄ ˍ˖˄ ˕ʰˊʽ˗˄ ό±ŀƴŘŜǊƳŜǳƭŜƴ ϧ /ŀǇǳȊȊƻΣ мфуоύ ˁʰʽ 

ʶ˂ʰˍˍ˗˄ʶʽ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ ʰˎʴ˗˄ ˁʰʽ ˍʹ˄ ˉʽʻʰ˄ˈˍʹˍʰ ʶˉʽˍˎ˔ˇˏˌ ˖ˇˍˇˁʾʰˌ όYǳƘƴƘƻƭŘ 

et al, 1978). ʁʽ ʰˋˍʰˁˇʾ ˉʶʻʰʾ˄ˇˎ˄ ˋʶ ˋˎʴˁʶ˄ˍˊ˗ˋʶʽˌ 2-30 ǇǇƳ ˃ʶ ˋʹ˃ʰ˄ˍʽˁʱ 

ˋˎ˃ˉˍ˗˃ʰˍʰ ˄ʰ ʶ˃˒ʰ˄ʾʸˇ˄ˍʰʽ ʰˉˈ ˋˎʴˁʶ˄ˍˊ˗ˋʶʽˌ ˍ˖˄ лΣф ppm. ʅʶ ˋˎʴˁʶ˄ˍˊ˗ˋʶʽˌ 

20-40 
‘Ὣ

ὒ
 ̱ ˇ ˉʶˍˊʷ˂ʰʽˇ ҡˉˇˊʶʾ ˄ʰ ʶˉʽ˒ʷˊʶʽ ʰ˂˂ʰʴʷˌ ˋˍʹ ˋˏˋˍʰˋʹ ˍˇˎ ˒ˎˍˇˉ˂ʰʴˁˍˇˏΣ 

ʶˎ˄ˇ˗˄ˍʰˌ ˉ˔Φ ˍʰ ҡʽˁˊˈˍʶˊʰ ʶʾʵʹΣ ʰ˄ʰˍˊʷˉˇ˄ˍʰˌ ˁʰˍʱ ʰˎˍˈ ˄ ˍˇ˄ ˍˊˈˉˇ ˍʽˌ 

ʽˋˇˊˊˇˉʾʶˌ ˇ˂ˈˁ˂ʹˊʹˌ ˍʹˌ ˍˊˇ˒ʽˁʺˌ ʰ˂ˎˋʾʵʰˌ ό[ŜŜΣ мфттύΦ ʅˎʴˁʶ˄ˍˊ˗ˋʶʽˌ ˍʹˌ ˍʱ˅ʹˌ 

ˍ˖˄ лΣм 
Ὣ

ὑὫ
 ˋˍʰ ʽʸʺҡʰˍʰ ҡˉˇˊˇˏ˄ ˄ʰ ʶˉʽ˒ʷˊˇˎ˄ ʵˎˋҡʶ˄ʶʾˌ ʶˉʽˉˍ˗ˋʶʽˌ ˋˍˇˎˌ 

ʲʶ˄ʻʽˁˇˏˌ ˇˊʴʰ˄ʽˋҡˇˏˌ ό9ƭƳƎǊŜƴ ϧ CǊƛǘƘǎŜƴΣ мфунύΦ 

ʆʰ ʻʰ˂ʱˋˋʽʰ ˉˍʹ˄ʱΣ ˇʽ ˔ʶ˂˗˄ʶˌ ˁʰʽ ˍʰ ʸ˗ʰ ˈˉ˖ˌ ˇʽ ˒˗ˁʽʶˌ, ʶʾ˄ʰʽ ʴ˄˖ˋˍʱ 

ʻˏ˃ʰˍʰ ˍˇˎ ˉʶˍˊʶ˂ʰʾˇˎ, ʶ˄˗ ˋʶ ˉˇ˂ʽˁʷˌ ˉʶˊʽˇ˔ʷˌ ʰˎˍˈ ʶˉʶˁˍʶʾ˄ʶˍʰʽ ˋʶ ˒ʱ˂ʰʽ˄ʶˌ 

ˁʰʽ ʰˊˁˇˏʵʶˌΦ ʁʽ ʰˊˁˇˏʵʶˌ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ʵʹ˂ʹˍʹˊʽʱʸˇ˄ˍʰʽ ˉˊˇˋˉʰʻ˗˄ˍʰˌ ˄ʰ 

ˁʰʻʰˊʾˋˇˎ˄ ˍʹ ʴˇˏ˄ʰ ˍˇˎˌ ʰˉˈ ˍˇ ˉʶˍˊʷ˂ʰʽˇΦ ʅˍʽˌ ˒˗ˁʽʶˌ ˍˇ ˉʶˍˊʷ˂ʰʽˇ ˉˇˎ ˁˇ˂˂ʱ 

ˋˍʰ ˃ˇˎˋˍʱˁʽʰ ˍˇˎˌ ʶ˃ˉˇʵʾʸʶʽ ˍʹ˄ ˈˋ˒ˊʹˋʹ, ˃ʶ ʰˉˇˍʷ˂ʶˋ˃ʰ ˇʽ ˃ʹˍʷˊʶˌ ˄ʰ ˃ʹ˄ 
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˃ˉˇˊˇˏ˄ ʶˏˁˇ˂ʰ ˄ʰ ʰ˄ʰʴ˄˖ˊʾˋˇˎ˄ ˍʰ ˃ʽˁˊʱ ˍˇˎˌ ˁʰʽ ˍʰ ˍʶ˂ʶˎˍʰʾʰ ˄ʰ 

ʶʴˁʰˍʰ˂ʶʾˉˇ˄ˍʰʽ ˁʰʽ ˄ʰ ˉʶʻʰʾ˄ˇˎ˄ ʰˉˈ ʰˋʽˍʾʰΦ ʆʰ ˉˍʹ˄ʱ ˋˎ˔˄ʱ ʶ˅ˇ˂ˇʻˊʶˏˇ˄ˍʰʽ ˋʶ 

ʷˁˍh̀ ʹ ˇ˂ˈˁ˂ʹˊʹˌ ʲʽˇˁˇʽ˄˖˄ʾʰˌΦ ʂˉ˖ˌ ˒ʰʾ˄ʶˍʰʽ ˁʰʽ ˋˍʹ˄ ɳʽˁˈ˄ʰ 9Σ ˍʰ 

ˉʶˍˊʶ˂ʰʽˇʶʽʵʺ ʰ˔ˊʹˋˍʶˏˇˎ˄ ˍʰ ˒ˍʶˊʱ ˍˇˎˌΣ ˔ʱ˄ˇˎ˄ ˍʹ ˄ʰ˄ʰʴˁʰʾʰ ʱ˄˖ˋʹ ʴʽʰ ˍˇ 

˄ʶˊˈ ˁʰʽ ˉ˄ʾʴˇ˄ˍʰʽΦ ɳˉʾˋʹˌΣ ˔ʱ˄ˇˎ˄ ˍʹ˄ ˃ˈ˄˖ˋʺ ˍˇˎˌ ˁʰʽ ʰˎ˅ʱ˄ʶˍʰʽ ˁʰˍʱ ˉˇ˂ˏ ˇ 

˃ʶˍʰʲˇ˂ʽˋ˃ˈˌ ˍˇˎˌΣ ˋˍʹ˄ ˉˊˇˋˉʱʻʶʽʰ ˍˇˎ ˇˊʴʰ˄ʽˋ˃ˇˏ ˍˇˎˌ ˄ʰ ʰ˄ˍʽˋˍʰʻ˃ʾˋʶʽ ˍʹ 

˔ʰ˃ʹ˂ʺ ʻʶˊ˃ˇˁˊʰˋʾʰΣ ʶ˄˗ ˍʰˎˍˈ˔ˊˇ˄ʰ ʶ˂ʰˍˍ˗˄ʶˍʰʽ ʹ ʵˎ˄ʰˍˈˍʹˍʱ ˍˇˎˌ ˄ʰ ʲˊˇˎ˄ 

ˍˊˇ˒ʺΦ ɮˎˍˈ ʷ˔ʶʽ ˋʰ˄ ʰˉˇˍʷ˂ʶˋ˃ʰ ˄ʰ ˉʶʻʰʾ˄ˇˎ˄ ʰˉˈ ˕ˏ˅ʹ ʺ ʰˋʽˍʾʰ όʅˁˇˏ˂˂ˇˌΣ 

1988; WWF/toxics). 

 

 

ɳʽˁˈ˄ʰ 9: ɼʰ˒ʷ ʃʶ˂ʶˁʱ˄ˇʽ όtŜƭŜŎŀƴǳǎ ƻŎŎƛŘŜƴǘŀƭƛǎύ ˋˍˇ Grand Isle ̱ ʹˌ ɽˇˎʽʸʽʱ˄ʰ ˉʶˊʽ˃ʷ˄ˇˎ˄ ˄ʰ ˁʰʻʰˊʽˋˍˇˏ˄ ʰˉˈ 

ˉʶˍˊʷ˂ʰʽˇ όˉʶˍˊʶ˂ʰʽˇˁʹ˂ʾʵʰ ˍˇˎ 5ŜŜǇǿŀǘŜǊ IƻǊƛȊƻƴΣ ɹˇˏ˄ʽˇˌ нлмлύ όˉʹʴʺΥ Encyclopedia Britannica/The Editors of 

Encyclopŋdia Britannica/Science/Oil Spill/  International Bird Rescue) 

 

ɳʽˁˈ˄ʰ 10: ɿʶˁˊˈ ˕ʱˊʽ ʶ˅ʰʽˍʾʰˌ ˉʶˍˊʶ˂ʰʿˁˇˏ ʰˍˎ˔ʺ˃ʰˍˇˌ ˋʶ ʰˁˍʺ ˍʹˌ ʆʰʿ˂ʱ˄ʵʹˌ όˉʹʴʺΥ Greenpeace 

International/Oceans/Fit for the future/Pollution) 

 

https://www.britannica.com/editor/The-Editors-of-Encyclopdia-Britannica/4419
https://www.britannica.com/editor/The-Editors-of-Encyclopdia-Britannica/4419
https://www.google.gr/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjlnPGQ1c3VAhWBvBQKHdxeCLUQFgglMAA&url=https%3A%2F%2Fwww.bird-rescue.org%2F&usg=AFQjCNFTCbEj3qZVi9M1Y-7A8ZOyfQTcrQ
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ɚʈʈʡɿʀʅʏ ɻʆʐʘʏ 

ʆˇ ˉʶˍˊʷ˂ʰʽˇ ʵʶ˄ ʰˉˇˁˇ˂˂ʱˍʰʽ ʶˏˁˇ˂ʰ ʰˉˈ ˍʽˌ ʰҡҡ˗ʵʶʽˌ ʰˁˍʷˌΦ ʂˍʰ˄ 

ҡʱ˂ʽˋˍʰ ʲˊʾˋˁʶˍʰʽ ʰˁˈҡʰ ˋʶ ˎʴˊʺ ҡˇˊ˒ʺΣ ʷ˔ʶʽ ˍʹ˄ ʽʵʽˈˍʹˍʰ ˄ʰ ʰˉˇˊˊˇ˒ʱˍʰʽ ˋʶ 

ҡʶʴʰ˂ˏˍʶˊˇ ʲʱʻˇˌΣ ˈˉˇˎ ˂ˈʴ˖ ˔ʰҡʹ˂ˈˍʶˊʹˌ ʵʽʰʻʶˋʽҡˈˍʹˍʰˌ ˇ˅ˎʴˈ˄ˇˎ ʵʶ˄ 

ʶˎ˄ˇʶʾˍʰʽ ʹ ʰˉˇʵˈҡʹˋʺ ˍˇˎΦ ɾʶ ˍˇ˄ ˍˊˈˉˇ ʰˎˍˈΣ ʵʽʰˍʹˊʶʾˍʰʽ ʹ ˍˇ˅ʽˁˈˍʹˍʱ ˍˇˎ ʴʽʰ 

ҡʶʴʰ˂ˏˍʶˊˇ ʵʽʱˋˍʹҡʰ όwƻǎǘǊƻƴΣ мффлύΦ ɮˌ ʰ˄ʰ˒ʶˊʻˇˏ˃ʶ ˋˍˇ ʰˍˏ˔ʹ˃ʰ ˍˇˎ !ƳƻŎƻ 

/ŀŘƛȊ ʷ˅˖ ʰˉˈ ˍʽˌ ʰˁˍʷˌ ˍʹˌ ɰˊʶˍʱ˄ʹˌ ˍˇ˄ ɾʱˊˍʽˇ ˍˇˎ мфтуΣ ˁʰˍʱ ˍˇ ˇˉˇʾˇ ˔ˏʻʹˁʰ˄ 

нноΦллл ˍˈ˄ˇʽ ʰˊʴˇˏ ˉʶˍˊʶ˂ʰʾˇˎΦ ɴ˄ʰ ҡʶʴʱ˂ˇ ҡʷˊˇˌ ˍˇˎ ҡʶˍʰ˒ʷˊʻʹˁʶ ˋˍʽˌ ʶˁʲˇ˂ʷˌ 

ˍ˖˄ ˉʰˊʰˁʶʾ˃ʶ˄˖˄ ̄ ˇˍʰҡ˗˄ ˁʰʽ ˁʰˍʰˁʱʻʽˋʶ ˋˍʰ ʽʸʺҡʰˍʰ[25].  

ʃʷˊʰ ʰˉˈ ˍʽˌ ʱҡʶˋʶˌ ʶˉʽˉˍ˗ˋʶʽˌ ˋˍʹ˄ ˉʰ˄ʾʵʰΣ ˇʽ ˔ʰҡʹ˂ˇʾ ˊˎʻҡˇʾ 

ʰˉˇʵˈҡʹˋʹˌΣ ˉˇˎ ˈˉ˖ˌ ʶʾˉʰҡʶ ˁʰʻʽˋˍˇˏ˄ ˍˇ ˉʶˍˊʷ˂ʰʽˇ ˍˇ˅ʽˁˈ ʴʽʰ ҡʶʴʰ˂ˏˍʶˊˇ 

ʵʽʱˋˍʹҡʰΣ ʶҡˉˈʵʽˋʰ˄ ˍʹ˄ ʶˉʰ˄ʱˁʰҡ˕ʹ ˍ˖˄ ˇʽˁˇˋˎˋˍʹҡʱˍ˖˄ ˍʹˌ ˉʶˊʽˇ˔ʺˌΦ 

ɳˉʽˉ˂ʷˇ˄Σ ˍˇ ˉʶˍˊʷ˂ʰʽˇ ˉˇˎ ˉˊˇʶˊ˔ˈˍʰ˄ ʰˉˈ ˍʰ ʽʸʺҡʰˍʰ ˋˎ˄ʷ˔ʽʸʶ ˄ʰ ˊˎˉʰʾ˄ʶʽ ˍʹ˄ 

ˉʶˊʽˇ˔ʺ ˁʰʽ ˍˇ˄ ʶˊ˔ˈҡʶ˄ˇ ˔ˊˈ˄ˇ ό/ƭŀǊƪΣ мфусύΦ ʆʰ ˋˎˋˍʰˍʽˁʱ ˍˇˎ ˉʶˍˊʶ˂ʰʾˇˎ 

ҡˉˇˊˇˏ˄ ˄ʰ ˉʰˊʰҡʶʾ˄ˇˎ˄ ˋˍʰ ʽʸʺҡʰˍʰ ʰˁˈҡʹ ˁʰʽ ʴʽʰ ʵʶˁʱʵʶˌ ʺ ʶˁʰˍˇ˄ˍʱʵʶˌ ˔ˊˈ˄ʽʰ 

ʰ˄ ʶˉʽˁˊʰˍˇˏ˄ ʰ˄ʰʶˊˈʲʽʶˌ ˋˎ˄ʻʺˁʶˌ όIƻǿŀǊǘƘ ϧ aŀǊƛƴƻΣ мффмύΦ 

ɛʍɻʔʡɿʀʅʏ ɻʆʐʘʏ 

ʂˉ˖ˌ ˉˊˇˁˏˉˍʶʽ ʰˉˈ ˍʹ˄ ʶҡˉʶʽˊʾʰ ʰˉˈ ʰˍˎ˔ʺҡʰˍʰ ˈˉ˖ˌ ʰˎˍˈ ˍˇˎ ¢ƻǊǊŜȅ 

/ŀƴȅƻƴ ˍˇ˄ ɾʱˊˍʽˇ ˍˇˎ мфст ˋˍʹ ˄ˇˍʽˇʵˎˍʽˁʺ ɮʴʴ˂ʾʰ ʺ ˍˇˎ ¢ŀƳǇƛŎƻ aŀǊǳ ˋˍˇ 

ɾʶ˅ʽˁˈ όɾʱˊˍʽˇˌ мфртύΣ ˇʽ ʶˉʽˉˍ˗ˋʶʽˌ ˍ˖˄ ˉʶˍˊʶ˂ʰʽˇˁʹ˂ʾʵ˖˄ ˋˍʰ ˇʽˁˇˋˎˋˍʺҡʰˍʰ 

ˍ˖˄ ʲˊʰ˔˖ʵ˗˄ ʰˁˍ˗˄ ʶʾ˄ʰʽ ʽʵʽʰʾˍʶˊʰ ˋˇʲʰˊʷˌΦ ɴ˄ʰˌ ҡʶʴʱ˂ˇˌ ʰˊʽʻҡˈˌ ʸ˗˖˄ ˁʰʽ ˍʰ 

ˉʽˇ ʶˎʰʾˋʻʹˍʰ ˁˈˁˁʽ˄ʰ ˁʰʽ ˉˊʱˋʽ˄ʰ ʱ˂ʴʹ ˉʶʻʰʾ˄ˇˎ˄Φ ʅʶ ˈ˂ʶˌ ˍʽˌ ˉʶˊʽˉˍ˗ˋʶʽˌ, 

ˎˉʺˊ˅ʶ ʵʽʰˍʰˊʰ˔ʺ ˍˇˎ ˇʽˁˇˋˎˋˍʺҡʰˍˇˌ ˁʰʽ ʹ ʶˉʰ˄ʱˁʰҡ˕ʹ ʵʶ˄ ʷʴʽ˄ʶ ʵˎ˄ʰˍʺ ʴʽʰ 

ˉˇ˂˂ʱ ˔ˊˈ˄ʽʰ, ʶ˅ʰʽˍʾʰˌ ҡʽʰˌ ʰˊ˔ʽˁʺˌ ʶ˅ʱ˂ʶʽ˕ʹˌ ˍ˖˄ ˁˎˊʾʰˊ˔˖˄ ˒ˎˍˇ˒ʱʴ˖˄ 

ˇˊʴʰ˄ʽˋҡ˗˄[25]Φ ʅʰ˄ ʰˉˇˍʷ˂ʶˋҡʰΣ ˎˉʺˊ˅ʶ ˎˉʷˊҡʶˍˊʹ ʰ˄ʱˉˍˎ˅ʹ ˁʰʽ ʶˉʽˁˊʱˍʹˋʹ ˍ˖˄ 

ʰ˂ʴ˗˄Σ ʴʶʴˇ˄ˈˌ ˉˇˎ ҡʶ ˍʹ ˋʶʽˊʱ ˍˇˎ ʶҡˉˈʵʽˋʶ ˍʹ˄ ʶˉʰ˄ʰˉˇʽˁʽˇˉˇʾʹˋʹ ˍʹˌ ˉʶˊʽˇ˔ʺˌ 

ҡʶ ˒ˎˍˇ˒ʱʴˇˎˌ ˇˊʴʰ˄ʽˋҡˇˏˌ ό²ŀǊŘƭŜȅ-{ƳƛǘƘΣ мфуоύΦ ʅˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˍˇˎ ¢ƻǊǊŜȅ 

/ŀƴȅƻƴΣ ʰˁˈҡʰ ˁʰʽ ʵʷˁʰ ˔ˊˈ˄ʽʰ ҡʶˍʱΣ ʹ ˉʰ˄ʾʵʰ ˍʹˌ ˉʶˊʽˇ˔ʺˌ ʵʶ˄ ʶʾ˔ʶ ˍˇ˄ ˉ˂ˇˏˍˇ ˁʰʽ 

ˍʹ˄ ˉˇʽˁʽ˂ʾʰ ˉˇˎ ʶʾ˔ʶ ˉˊʽ˄ ˍˇ ʰˍˏ˔ʹҡʰ ό/ƭŀǊk, 1986). 
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ɩɻʍʗʆʐʅɻ ɼʇʗʎʐʂʎʂ 

ʆˇ ˉʶˍˊʷ˂ʰʽˇ ˉˊˇˋˁˇ˂˂ʱˍʰʽ ˋˍʰ ˉʰˊʱˁˍʽʰ ˒ˎˍʱ ˁʰʽ ʵʶ˄ ˅ʶˉ˂ʷ˄ʶˍʰʽ ʶˏˁˇ˂ʰ 

ҡʶ ˍʹ˄ ˉʰ˂ʾˊˊˇʽʰΦ ʆʰ ˒ˏ˂˂ʰ ˁʽˍˊʽ˄ʾʸˇˎ˄ ˁʰʽ ˍʶ˂ʽˁʱ ˄ʶˁˊ˗˄ˇ˄ˍʰʽ ҡʶˍʱ ʰˉˈ ҡʶˊʽˁʷˌ 

ҡʷˊʶˌΦ ʂˍʰ˄ ʹ ˊˏˉʰ˄ˋʹ ʶʾ˄ʰʽ ҡʽˁˊʺˌ ʷˁˍʰˋʹˌΣ ˍʰ ˒ˎˍʱ ˅ʰ˄ʰʲʴʱʸˇˎ˄ ˄ʷʰ ˒ˏ˂˂ʰ 

ҡ̫ ˋʰ ̀ʁ ˍˊʶʽˌ ʶʲʵˇҡʱʵʶˌ ˉʶˊʾˉˇˎΣ ˋʶ ˉʶˊʾˉˍ˖ˋʹ ˈҡ˖ˌ ˋˇʲʰˊʺˌ ˊˏˉʰ˄ˋʹˌ 

˄ʶˁˊ˗˄ˇ˄ˍʰʽ ˍʶ˂ʶʾ˖ˌΦ ʆʰ ʶˍʺˋʽʰ ˒ˎˍʱ ˄ʶˁˊ˗˄ˇ˄ˍʰʽ ʰˉˈ ˍʹ˄ ʶˉʱ˂ʶʽ˕ʹ ҡʶ ˉʶˍˊʷ˂ʰʽˇ 

ˁʰʽ ʹ ʶˉʰ˄ʱˁʰҡ˕ʹ ˍˇˎ ˇʽˁˇˋˎˋˍʺҡʰˍˇˌ ʰˉʰʽˍʶʾ ʵˏˇ ҡʶ ˍˊʶʽˌ ˉʶˊʽˈʵˇˎˌ[25]Φ ʆʰ 

ˉˇ˂ˎʶˍʺ ˒ˎˍʱ ʵʶʾ˔˄ˇˎ˄ ҡʽʰ ˉˇʽˁʽ˂ʾʰ ʰ˄ˍʽʵˊʱˋʶ˖˄Σ ʰˉˈ ʰ˄ʻʶˁˍʽˁˈˍʹˍʰ ҡʷ˔ˊʽ 

˄ʷˁˊ˖ˋʹ ʰ˄ʱ˂ˇʴʰ ҡʶ ˍʽˌ ˋˎ˄ʻʺˁʶˌ ˁʰʽ ˍʽˌ ˉˇˋˈˍʹˍʶˌ ˍˇˎ ˉʶˍˊʶ˂ʰʾˇˎΣ ʶ˄˗ ˁʱˉˇʽʰ 

ʶˁʵʹ˂˗˄ˇˎ˄ ʶˉʾˋʹˌ ˉˊˇʲ˂ʺҡʰˍʰ ʰ˄ʻˇ˒ˇˊʾʰˌ όwƻǎǘǊƻƴΣ мффлύΦ  

ʂˋˇ˄ ʰ˒ˇˊʱ ˋˍˇ ʷʵʰ˒ˇˌ ˍ˖˄ ʰˁˍ˗˄Σ ˍˇ ̄ ʶˍˊʷ˂ʰʽˇ ʁ ˉʽʵˊʱ ҡʶ ʵˏˇ ˍˊˈˉˇˎˌΦ ʁ 

ˉˊ˗ˍˇˌ ʶʾ˄ʰʽΣ ʵʽʰˉʶˊ˄˗˄ˍʰˌ ˍˇ ˔˗ҡʰ ˁʰʽ ʶˉʹˊʶʱʸ̌ ˄ˍʰˌ ˍˇ ˊʽʸʽˁˈ ˋˏˋˍʹҡʰ ˍ˖˄ 

˒ˎˍ˗˄Σ ˍˇˎˌ ҡʽˁˊˇʲʽʰˁˇˏˌ ˉ˂ʹʻˎˋҡˇˏˌ ˁʰʽ ˍʹ ʵʽʰʻʶˋʽҡˈˍʹˍʰ ˍˇˎ ˇ˅ˎʴˈ˄ˇˎΦ 

ɳ˄ʰ˂˂ʰˁˍʽˁʱΣ ˈˍʰ˄ ʶˉʽˁʰʻʾˋʶʽ ˉʶˍˊʷ˂ʰʽˇ ˋˍˇˎˌ ʲ˂ʰˋˍˇˏˌ ˍ˖˄ ˒ˎˍ˗˄, ʶˉʹˊʶʱʸʶˍʰʽ ʹ 

ʵʽʱ˔ˎˋʹ ˍˇˎ ˇ˅ˎʴˈ˄ˇˎ ˉˊˇˌ ˍˇ ˊʽʸʽˁˈ ˋˏˋˍʹҡʰΣ ʶҡˉˇʵʾʸˇ˄ˍʰˌ ˃ʶ ˍˇ˄ ˍˊˈˉˇ ʰˎˍˈ ˍʹ˄ 

ˇ˅ˎʴˈ˄˖ˋʹ ˍ˖˄ ˊʽʸ˗˄Σ ˁʰʻ˗ˌ ˁʰʽ ˍ˖˄ ҡʽˁˊˇˇˊʴʰ˄ʽˋҡ˗˄ ˍˇˎ ʶʵʱ˒ˇˎˌΦ 

ɣʚʉɿʑʉʋʅ ɾʅɻ ʐʂ ɿʂʈʝʎʅɻ ʑɾʀʚɻ 

ɮ˄ ˁʰʽ ˇʽ ʱҡʶˋʶˌ ʶˉʽˉˍ˗ˋʶʽˌ ˍˇˎ ˉʶˍˊʶ˂ʰʾˇˎ ˋˍʽˌ ˍˊˇ˒ʽˁʷˌ ʰ˂ˎˋʾʵʶˌ ˁʰʽ ˋˍʰ 

ʵʾˁˍˎʰ ʻʶ˖ˊˇˏ˄ˍʰʽ ˋˎ˔˄ʱ ҡʽˁˊʺˌ ˁ˂ʾҡʰˁʰˌΣ ʵʶ˄ ʰˉˇˁ˂ʶʾˇ˄ˍʰʽ ˖ˋˍˈˋˇΣ 

ҡʰˁˊˇ˔ˊˈ˄ʽʶˌ ʶˉʽˉˍ˗ˋʶʽˌ, ˁʰʻ˗ˌ ˁʰʽ ˒ʰʽ˄ˈҡʶ˄ʰ ʲʽˇˋˎˋˋ˗ˊʶˎˋʹˌ, ˁˎˊʾ˖ˌ 

ˁʰˊˁʽ˄ˇʴˈ˄˖˄ ˉˇ˂ˎˁˎˁ˂ʽˁ˗˄ ʰˊ˖ҡʰˍʽˁ˗˄ ˎʵˊˇʴˇ˄ʰ˄ʻˊʱˁ˖˄Φ ʁʽ ʲʶ˄ʻʽˁˇʾ 

ˇˊʴʰ˄ʽˋҡˇʾ ˉˇˎ ˒ʽ˂ˍˊʱˊˇˎ˄ ˍʹ˄ ˍˊˇ˒ʺ ˍˇˎˌ όˉΦ˔ ҡˏʵʽʰΣ ˋˍˊʶʾʵʽʰύ ˋˎˋˋ˖ˊʶˏˇˎ˄ 

ˎʵˊˇʴˇ˄ʱ˄ʻˊʰˁʶˌ ҡʶ ʴˇˊʴˇˏˌ ˊˎʻҡˇˏˌΦ ʆʰ ˋˍˊʶʾʵʽʰ ʰˉˇˁˍˇˏ˄ ʵˎˋʱˊʶˋˍʹ ʴʶˏˋʹ 

ˈˍʰ˄ ˇʽ ˋˎʴˁʶ˄ˍˊ˗ˋʶʽˌ ˎʵˊˇʴˇ˄ʰ˄ʻˊʱˁ˖˄ ˒ˍʱ˄ˇˎ˄ ˍʰ мл ǇǇōΦ ɱʽʰ ˍʰ ˕ʱˊʽʰ ˁʰʽ ˍʰ 

ˁʰˊˁʽ˄ˇʶʽʵʺ ˇʽ ʰ˄ˍʾˋˍˇʽ˔ʶˌ ˋˎʴˁʶ˄ˍˊ˗ˋʶʽˌ ˁˎҡʰʾ˄ˇ˄ˍʰʽ ʰˉˈ п ʷ˖ˌ 300 ppm 

όwƻǎǘǊƻƴΣ мффлύΦ ʆʰ ʻʰ˂ʰˋˋʽ˄ʱ ˉʶˊʽʷ˔ˇˎ˄ ʴʶ˄ʽˁʱ ҡʽˁˊʷˌ ˉˇˋˈˍʹˍʶˌ ˁʰˊˁʽ˄ˇʴˈ˄˖˄ 

ˉˇ˂ˎˁˎˁ˂ʽˁ˗˄ ʰˊ˖˃ʰˍʽˁ˗˄ ˎʵˊˇʴˇ˄ʰ˄ʻˊʱˁ˖˄ όʄɮɶύΦ ɶ ˁʰˍʰ˄ʱ˂˖ˋʹ ʻʰ˂ʰˋˋʽ˄˗˄ 

ʶˁˍʽҡʱˍʰʽ ˈˍʽ ˋˎ˄ʶʽˋ˒ʷˊʶʽ ˋʶ ˉˇˋˇˋˍˈ 2-о҈ ˍʹˌ ˋˎ˄ˇ˂ʽˁʺˌ ˁʰˍʰ˄ʱ˂˖ˋʹˌ ʄɮɶ ʰˉˈ 

ˍˊˈ˒ʽҡʰΦ ɮˁˈҡʹ ˁʽ ʰ˄ ˇʽ ˋˎʴˁʶ˄ˍˊ˗ˋʶʽˌ ʰˎˍʷˌ ˍ˖˄ ʄɮɶ ʵʶ˄ ʰˉˇˍʶ˂ˇˏ˄ ʱҡʶˋˇ 

ˁʾ˄ʵˎ˄ˇ ʴʽʰ ˍˇ˄ ʱ˄ʻˊ˖ˉˇΣ ˇʽ ˁʰˊˁʽ˄ˇʴˈ˄ʶˌ ʰˎˍʷˌ ˇˎˋʾʶˌ ʶˎʻˏ˄ˇ˄ˍʰʽ ʴʽʰ ˈʴˁˇˎˌ ˁʰʽ 
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ʰˉˇ˂ʶˉʾˋʶʽˌ ˕ʰˊʽ˗˄ ˋ ʁˉʶˊʽˇ˔ʷˌ ҡʶ ˔ˊˈ˄ʽʰ ˊˏˉʰ˄ˋʹ ʰˉˈ ˉʶˍˊʶ˂ʰʽˇʶʽʵʺΣ ˁʰʻ˗ˌ ˁʰʽ 

ˈʴˁˇˎˌ ˁʰʽ ˉˊˇˁʰˊˁʽ˄ʽˁʷˌ ˁʰˍʰˋˍʱˋʶʽˌ ˋʶ ˈˋˍˊʰˁʰ ʰˎˍ˗˄ ˍ˖˄ ˉʶˊʽˇ˔˗˄ ό/ƭŀǊƪΣ 

1986). 

1.1.9 ɣɻʐɻɾʍɻʒʘʉʐɻ ɚʐʑʔʙʈɻʐɻ  

ʅˍˇ˄ ˉʾ˄ ʰˁ  h4 ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽΣ ˍʰ ˃ʶʴʰ˂ˏˍʶˊʰ ʰˍˎ˔ʺ˃ʰˍʰ ˍ˖˄ ˍʶ˂ʶˎˍʰʾ˖˄ 

˔ˊˈ˄˖˄. 

ʂ˄ˇ˃ʰ ʃ˂ˇʾˇˎ ʋˊˇ˄ˇ˂ˇʴʾʰ ʆˇˉˇʻʶˋʾʰ ʃʶˍˊʷ˂ʰʽˇ 

όˍˈ˄ˇʽύ 

Atlantic Empress  1979 ʆˇ˃ˉʱʴˁˇΣ ɲˎˍʽˁʷˌ ɹ˄ʵʾʶˌ 287 

ABT Summer 1991 700 ˄ʰˎˍʽˁʱ ˃ʾ˂ʽʰ ʰˉˈ ˍʹ˄ 

ɮ˄ʴˁˈ˂ʰ 

260 

Castillo de Bellver 1983 ɿˈˍʽʰ ɮ˒ˊʽˁʺΣ ʂˊ˃ˇˌ Saldanha 252 

Amoco Cadiz 1978 ɱʰ˂˂ʾʰΣ ɰˊʶˍʱ˄ʹ 223 

Haven 1991 ɹˍʰ˂ʾʰΣ ʆʸʶ˄ˈʰ 144 

Odyssey 1988 ɼʰ˄ʰʵʱˌΣ 700 ˄ ʰˎˍʽˁʱ ˃ʾ˂ʽʰ ʰˉˈ ̱ ʹ 

ɿʷʰ ʅˁ˖ˍʾʰ 

132 

Torrey Canyon 1967 ɶ˄˖˃ʷ˄ˇ ɰʰˋʾ˂ʶʽˇΣ ɿʹˋʽʱ ʅʾ˂ʽ 119 

Sea Star 1972 ɼˈ˂ˉˇˌ ˍˇˎ ʁ˃ʱ˄ 115 

Irenes Serenade 1980 ɳ˂˂ʱʵʰΣ ɿʰˎʰˊʾ˄ˇ 100 

Urquiola 1976 ɹˋˉʰ˄ʾʰΣ ɽʰ ɼˇˊˇˏ˄ʽʰ 100 

Hawaiian Patriot 1977 олл ˄ʰˎˍʽˁʱ ˃ʾ˂ʽʰ ʰˉˈ ˍʹ 

ʋˇ˄ˇ˂ˇˎ˂ˇˏ 

95 

Independenta 1979 ʆˇˎˊˁʾʰΣ ɰˈˋˉˇˊˇˌ 95 

Jacob Maersk 1975 ʃˇˊˍˇʴʰ˂ʾʰ, ʃˈˊˍˇ 88 

Braer 1993 ɶ˄˖˃ʷ˄ˇ ɰʰˋʾ˂ʶʽˇΣ ɿʹˋʽʱ ʅʷˍ˂ʰ˄ˍ 85 

Khark 5 1989 мнл ˄ʰˎˍʽˁʱ ˃ʾ˂ʽʰ ʰˉˈ ˍʹ 

ɮ˄ˍ˂ʰ˄ˍʽˁʺ ʰˁˍʺ ˍˇˎ ɾʰˊˈˁˇ 

80 

Prestige 2002 ɹˋˉʰ˄ʽˁʺ ʰˁˍʺ 77 

ʃʾ˄ʰˁʰˌ 4: ʆʰ ˃ʶʴʰ˂ˏˍʶˊʰ ʰˍˎ˔ʺ˃ʰˍʰ ˍ˖˄ ˍʶ˂ʶˎˍʰʾ˖˄ ˔ˊˈ˄˖˄ όˉʹʴʺΥ ɹ˄ˋˍʽˍˇˏˍˇ ɳʵʰ˒ˇ˂ˇʴʾʰˌ ɮʻʹ˄˗˄κɳʻ˄ʽˁˈ 

ɺʵˊˎ˃ʰ ɮʴˊˇˍʽˁʺˌ ɴˊʶˎ˄ʰˌκɲˊΦ ɿˍˇˏ˂ʰ ɾʰˊʾʰκʊʰʽ˄ˈ˃ʶ˄ʰ ʄˏˉʰ˄ˋʹˌ ˋˍˇ ʻʰ˂ʱˋˋʽˇ ˉʶˊʽʲʱ˂˂ˇ˄-ɳˉʽˉˍ˗ˋʶʽˌ ˋˍʽˌ 

ʲʽˇˁˇʽ˄˖˄ʾʶˌύ 

https://www.google.gr/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjGr6-b-sfVAhXK7BQKHT-OBe0QFgglMAA&url=https%3A%2F%2Fel.wikipedia.org%2Fwiki%2F%25CE%25A3%25CE%25AD%25CF%2584%25CE%25BB%25CE%25B1%25CE%25BD%25CF%2584&usg=AFQjCNFMAgaxGVKjzgHHIgAX6WXArdKbsA
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ɮˉˈ ˍ ̌1974 ˁ ʰˍʰʴˊʱ˒ˇ˄ˍʰʽ ˋˍˇʽ˔ʶʾʰ ʰˉˈ ˍʹ˄ ITOPF (International Tanker 

Owners Pollution Federation) ̀ ˔ʶˍʽˁʱ ˃ʶ ˉʶˍˊʶ˂ʰʽˇˁʹ˂ʾʵʶˌ ˉˇˎ ʵʹ˃ʽˇˎˊʴʺʻʹˁʰ˄ 

˂ˈʴ˖ ʰˍˎ˔ʹ˃ʱˍ˖˄Σ ˔˖ˊʾˌ ˈ˃˖ˌ ˄ʰ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇ˄ˍʰʽ ˇʽ ˁʹ˂ʾʵʶˌ ˂ˈʴ˖ ˉˇ˂ʶ˃ʽˁ˗˄ 

ʵˊʰˋˍʹˊʽˇˍʺˍ˖˄Φ ɱʽʰ ʽˋˍˇˊʽˁˇˏˌ ˂ˈʴˇˎˌΣ ʷ˔ʶʽ ʶˉʽˁˊʰˍʺˋʶʽ ˇʽ ˉʶˍˊʶ˂ʰʽˇˁʹ˂ʾʵʶˌ ˄ʰ 

˔˖ˊʾʸˇ˄ˍʰʽ ˋʶ ˍˊʶʾˌ ʲʰˋʽˁʷˌ ˇ˃ʱʵʶˌΣ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍˇ˄ ˈʴˁˇ ˉʶˍˊʶ˂ʰʾˇˎ ˉˇˎ ʵʽʰˊˊʷʶʽ 

ˋˍʹ ʻʱ˂ʰˋˋʰΦ ʅˍʹ˄ ˉˊ˗ˍʹ ˁʰˍʹʴˇˊʾʰ ʰ˄ʺˁˇˎ˄ ˉʶˍˊʶ˂ʰʽˇˁʹ˂ʾʵʶˌ ˃ʽˁˊˈˍʶˊʶˌ ˍ˖˄ т 

ˍˈ˄˖˄Σ ˋˍʹ ʵʶˏˍʶˊʹ ˉʶˍˊʶ˂ʰʽˇˁʹ˂ʾʵʶˌ ˃ʶˍʰ˅ˏ т ˁʰʽ тлл ˍˈ˄˖˄Σ ʶ˄˗ ˋˍʹ˄ ˍʶ˂ʶˎˍʰʾʰΣ 

ʰˎˍʷˌ ˉˇˎ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄ ˉʶˊʽˋˋˈˍʶˊˇˎˌ ʰˉˈ тлл ˍˈ˄ˇˎˌΦ ʁʽ ˉ˂ʶʽˇ˄ˈˍʹˍʰ ˍ˖˄ 

ʰˍˎ˔ʹ˃ʱˍ˖˄ ˁʰˍʰˍʱˋˋʶˍʰʽ ˋˍʹ˄ ˍʶ˂ʶˎˍʰʾʰ ˁʰˍʹʴˇˊʾʰΣ ˋʶ ˉˇˋˇˋˍˈ ур҈Φ 

1.1.10 ɬʀʔʉʅʆʘʏ ɚʌʋʍʍʞʌɻʉʎʂʏ 

ɴ˔ˇˎ˄ ʰ˄ʰˉˍˎ˔ʻʶʾ ˉˇʽˁʾ˂ʶˌ ˍʶ˔˄ʽˁʷˌ ˉˇˎ ʰˉˇˋˁˇˉˇˏ˄ ˋˍʹ ˄ʰˉˇˁʰˍʱˋˍʰˋʹ 

˃ʽʰˌ ˉʶˊʽˇ˔ʺˌ ˉˇˎ ʷ˔ʶʽ ˊˎˉʰ˄ʻʶʾ ˃ʶ ˉʶˍˊʶ˂ʰʿˁʱΣ ˇʽ ˇˉˇʾʶˌ ˈ˃˖ˌ ˋˍʹ ˋˎ˄ˍˊʽˉˍʽˁʺ 

ˉ˂ʶʽˇ˄ˈˍʹˍʱ ˍˇˎˌ ʰ˒ˇˊˇˏ˄ ʶˉʽ˒ʰ˄ʶʽʰˁʷˌ ˊˎˉʱ˄ˋʶʽˌ. ʂˋˇ˄ ʰ˒ˇˊʱ ˍʰ ʽʸʺ˃ʰˍʰ 

ˉʶˍˊʶ˂ʰʾ˖˄Σ ˍʰ ˇˉˇʾʰ ˃ʶ˂ʶˍʺʻʹˁʰ˄ ˁʰʽ ˋˍʹ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ʵʽˉ˂˖˃ʰˍʽˁʺ ʶˊʴʰˋʾʰ ˇʽ 

ˉʽʻʰ˄ʷˌ ˍʶ˔˄ʽˁʷˌ ˉˇˎ ˃ˉˇˊˇˏ˄ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ ʶʾ˄ʰʽ ʰˁˈ˃ʰ ˎˉˈ ˃ʶ˂ʷˍʹΦ 

ʅˎ˄ʺʻ˖ˌ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄ ˎ˂ʽˁʱ ʺ ˊˇ˃ˉˇˍʽˁʱ ˃ʹ˔ʰ˄ʺ˃ʰˍʰΣ ˍʰ ˇˉˇʾʰ ʶ˃ˉ˂ˇˎˍʾʸˇˎ˄ ˍˇ 

ʲˎʻˈ ˋʶ ˇ˅ˎʴˈ˄ˇ ˁʰʽ ʻˊʶˉˍʽˁʱΣ ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ʶ˄ʽˋ˔ˎʻʶʾ ʹ ʵˊʱˋʹ ˍ˖˄ 

˃ʽˁˊˇˇˊʴʰ˄ʽˋ˃˗˄Φ  

ʅʶ ʴʶ˄ʽˁʷˌ ʴˊʰ˃˃ʷˌΣ ʹ ʶˉʽ˂ˇʴʺ ˍʹˌ ˁʰˍʰ˂˂ʹ˂ˈˍʶˊʹˌ ˃ʶʻˈʵˇˎ ʰ˄ʱ ˉʶˊʾˉˍ˖ˋʹ 

ʶˉʹˊʶʱʸʶˍʰʽ ʰˉˈ ˉʰˊʱʴˇ˄ˍʶˌ ˈˉ˖ˌΣ ˍʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ, ʹ ʶˎʰʽˋʻʹˋʾʰ ˁʰʽ ʹ 

ʴʶ˖˂ˇʴʾʰ ˍʹˌ ˊˎˉʰˋ˃ʷ˄ʹˌ ˉʶˊʽˇ˔ʺˌΣ ʹ ˋˏˋˍʰˋʹ ˍˇˎ ˉʶˍˊʶ˂ʰʾˇˎ, ˁʰʻ˗ˌ ˁʰʽ ˇʽ 

ˁʰʽˊʽˁʷˌ ˋˎ˄ʻʺˁʶˌ[5]Φ ʃˇ˂˂ʷˌ ˒ˇˊʷˌ ʴʽʰ ˍʹ˄ ʶˉʾˍʶˎ˅ʹ ˍˇˎ ʲʷ˂ˍʽˋˍˇˎ ʰˉˇˍʶ˂ʷˋ˃ʰˍˇˌΣ 

ʶˉʽ˂ʷʴʶˍʰʽ ˇ ˋˎ˄ʵˎʰˋ˃ˈˌ ˍʶ˔˄ʽˁ˗˄ ʶ˅ˎʴʾʰ˄ˋʹˌΦ 

1.1.10.1 ɮʑʎʅʆʘʏ ɥʘʃʋɿʋʅ 

ɮʑʎʅʆʙ ɻʌʋʆɻʐʗʎʐɻʎʂ ɉnatural  degradation ) 

ɼʰˍʱ ˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ ʰˎˍʺˌ ˍʹˌ ˍʶ˔˄ʽˁʺˌΣ ˋˍʹ˄ ˇˎˋʾʰ ʵʶ˄ ˂ʰ˃ʲʱ˄ʶˍʰʽ ˁʱˉˇʽˇ 

˃ʷˍˊˇ ˁʰʽ ʹ ˊˏˉʰ˄ˋʹ ʰ˒ʺ˄ʶˍʰʽ ˄ʰ ʰˉˇ˃ʰˁˊˎ˄ʻʁ ʾ ʺ ˄ʰ ʰˉˇʽˁˇʵˇ˃ʹʻʶʾ ˃ʶ ˒ˎˋʽˁʱ 

˃ʷˋʰΦ ɶ ˍʶ˔˄ʽˁʺ ʰˎˍʺ ʲʰˋʾʸʶˍʰʽ ˋˍʹ ˒ˎˋʽˁʺ ʲʽˇʰˉˇʵˈ˃ʹˋʹ ˍˇˎ ˉʶˍˊʶ˂ʰʾˇˎ ʰˉˈ 

ʰˎˍˈ˔ʻˇ˄ʶˌ ˃ʽˁˊˇˇˊʴʰ˄ʽˋ˃ˇˏˌ ˋʶ ˋˎ˄ʵˎʰˋ˃ˈ ˃ʶ ˍʽˌ ʵʽʱ˒ˇˊʶˌ ʵʽʶˊʴʰˋʾʶˌ ʴʺˊʰ˄ˋʹˌ 

ˉˇˎ ʰˎˍˈ ˎ˒ʾˋˍʰˍʰʽΦ 
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ɱʽʰ ˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ ˍʹˌ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹˌ ˍʶ˔˄ʽˁʺˌΣ ˉˊʷˉʶʽ ˄ʰ ˋˎ˄ˍˊʷ˔ˇˎ˄ 

ˋˎʴˁʶˁˊʽ˃ʷ˄ˇʽ ˂ˈʴˇʽ ˁʰʽ ʰˉʰʽˍʶʾˍʰʽ ˋˎˋˍʹ˃ʰˍʽˁʺ ˉʰˊʰˁˇ˂ˇˏʻʹˋʹ ˗ˋˍʶ ˄ʰ 

ʰ˅ʽˇ˂ˇʴʹʻʶʾ ʹ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁˈˍʹˍʱ ˍʹˌΦ ʁʽ ˋˎ˄ʺʻʶʽˌ ˉʶˊʽˉˍ˗ˋʶʽˌ ʶˉʽ˂ˇʴʺˌ ˍʹˌ ʶʾ˄ʰʽ 

ˇʽ ʰˁˈ˂ˇˎʻʶˌ: 

× ʃʶˍˊʶ˂ʰʽˇˁʹ˂ʾʵʶˌ ˋʶ ʰˉˊˈˋʽˍʶˌ ʺ ˉˇ˂ˏ ˃ʰˁˊʽ˄ʷˌ ʰˉˇˋˍʱˋʶʽˌ. 

× ʃʶˍˊʶ˂ʰʽˇˁʹ˂ʾʵʶˌ ˋʶ ʶˎʰʾˋʻʹˍʶˌ ˉʶˊʽˇ˔ʷˌΣ ˈˉˇˎ ˎˉʱˊ˔ʶʽ ˁʾ˄ʵˎ˄ˇˌ 

˃ʶ ˇˉˇʽʰʵʺˉˇˍʶ ˉʰˊʷ˃ʲʰˋʹ ˄ʰ ˉˊˇˁ˂ʹʻʶʾ ˉʶˊʽˋˋˈˍʶˊʹ ʸʹ˃ʽʱ. 

× ʂˍʰ˄ ˍʰ ˒ˎˋʽˁʱ ˉˇˋˇˋˍʱ ʰˉˇ˃ʱˁˊˎ˄ˋʹˌ ʶʾ˄ʰʽ ʴˊʺʴˇˊʰ. 

1.1.10.2 ɥʂ ʔʂʈʅʆʘʏ- ɥʂʔɻʉʅʆʘʏ ʈʘʃʋɿʋʅ 

ʁʽ ˃ʹ-˔ʹ˃ʽˁʷˌ ʺ ˃ʹ˔ʰ˄ʽˁʷˌ ˃ʷʻˇʵˇʽ ʰˉˇˋˁˇˉˇˏ˄ ˋˍˇ˄ ˉʶˊʽˇˊʽˋ˃ˈ ˁʰʽ ˍʹ˄ 

ˍʰˎˍˈ˔ˊˇ˄ʹ ʰ˄ʱˁˍʹˋʹ ˈˋˇ ˉʶˊʽˋˋˈˍʶˊˇˎ ˉʶˍˊʶ˂ʰʾˇˎ ʴʾ˄ʶˍʰʽΦ  

ɮʍʗɾʈɻʐɻ (barriers / booms)  

ʃʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍʹ ˔ˊʺˋʹ ˉ˂˖ˍ˗˄ ˒ˊʰʴ˃ʱˍ˖˄Σ ʶʽʵʽˁʱ ˋ˔ʶʵʽʰˋ˃ ʷ˄˖˄ ʴʽʰ ˍˇ˄ 

ʷ˂ʶʴ˔ˇ ˍʹˌ ˁʾ˄ʹˋʹˌ ˍˇˎ ˉʶˍˊʶ˂ʰʾˇˎ ˋˍʹ ʶˉʽ˒ʱ˄ʶʽʰ ˍʹˌ ʻʱ˂ʰˋˋʰˌΦ ɾˉˇˊˇˏ˄ ˄ʰ 

˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ ˄ ʴʽʰ ʶʴˁ˂˖ʲʽˋ˃ˈΣ ˋˎʴˁʷ˄ˍˊ˖ˋʹΣ ˉʶˊʽˋˎ˂˂ˇʴʺΣ ˉˊˇˋˍʰˋʾʰ ʺ 

ˁʰˍʶˏʻˎ˄ˋʹ ˍˇˎ ˊˏˉˇˎΦ ʅˎ˄ʺʻ˖ˌ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˋʶ ˋˎ˄ʵˎh ˋ˃ˈ ˃ʶ ʶʽʵʽˁʱ 

ˉ˂ˇʽʱˊʽʰ-ˉʶˍˊʶ˂ʰʽˇˋˎ˂˂ʷˁˍʶˌ όʰ˄ʰ˂ˏˇ˄ˍʰʽ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰύ, ˗ˋˍʶ ʹ ˉʶˍˊʶ˂ʰʽˇˁʹ˂ʾʵʰ 

˄ʰ ˉʶˊʽˇˊʽˋˍʶʾ ˁʰʽ ˄ʰ ˋˎ˂˂ʶ˔ʻʶʾ[21]. ɳˉʾˋʹˌΣ ʷ˔ˇˎ˄ ˁʰˍʰˋˁʶˎʰˋˍʶʾ ˒ˊʱʴ˃ʰˍʰ 

ʰ˄ʻʶˁˍʽˁʱ ˋʶ ˎ˕ʹ˂ʷˌ ʻʶˊ˃ˇˁˊʰˋʾʶˌΣ ˃ʹ ʶˏ˒˂ʶˁˍʰ ˗ˋˍʶ ˄ʰ ˃ˉˇˊˇˏ˄ ˄ʰ 

˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ ˋˎ˄ʵˎʰˋˍʽˁʱ ˃ʶ ˍʹ ˃ʷʻˇʵˇ ˍʹˌ ʶˉʾ ˍˈˉˇˎ ʰ˄ʱ˒˂ʶ˅ʹˌΣ ˈˉ˖ˌ 

ʲ˂ʷˉˇˎ˃ʶ ˁʰʽ ˋˍʹ˄ ɳʽˁˈ˄ʰ 11. ɶ ʰˉˈʵˇˋʺ ˍˇˎˌ ʶˉʹˊʶʱʸʶˍʰʽ ʰˉˈ ˉʰˊʱʴˇ˄ˍʶˌ ˈˉ˖ˌ 

ʹ ˍʰ˔ˏˍʹˍʰ ˍˇˎ ʰ˄ʷ˃ˇˎΣ ˇʽ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁʷˌ ˋˎ˄ʻʺˁʶˌ ˁʰʽ ˍˇ ˏ˕ˇˌ ˍ˖˄ ˁˎ˃ʱˍ˖˄Φ 



[34] 
 

 

ɳʽˁˈ˄ʰ 11: ʅˎ˄ʵˎʰˋ˃ˈˌ ˍʹˌ ˍʶ˔˄ʽˁʺˌ ˉ˂˖ˍ˗˄ ˒ˊʰʴ˃ʱˍ˖˄ όboomsύ ˃ʶ ʶˉʾ ˍˈˉˇˎ ʰʱ˒˂ʶ˅ʹ όIn-situ burningύ όˉʹʴʺΥ 

Verde/Spill Response Equipment/Booms & Acceossories/Hydro-Fire Boom) 

 

 

ɳʽˁˈ˄ʰ 12: ʊˊʱʴ˃ʰ ˍˏˉˇˎ ˒ˊʱˁˍˇˎ όˉʹʴʺΥ ɳʻ˄ʽˁˈ ɾʶˍˋˈʲʽˇ ʃˇ˂ˎˍʶ˔˄ʶʾˇκʆ˃ʺ˃ʰ ɿʰˎˉʹʴ˗˄ 

ɾʹ˔ʰ˄˂ˈʴ˖˄ ɾʹ˔ʰ˄ʽˁ˗˄κʃʶˊʽʲʱ˂˂ˇ˄ ˁʰʽ ɮ˄ʱˉˍˎ˅ʹκɳ˄ˈˍʹˍʰ ζʃʶˍˊʶ˂ʰʽˇˁʹ˂ʾʵʶˌηκɼʰʻΦ ɱΦ 

ʆˊʽʰ˄ˍʰ˒ˏ˂˂ˇˎκɾΦ ɰʶˊʴʷˍʹˌ ʵʽˉ˂Φ ɿΦɾΦɾΦκɮʻʺ˄ʰ нллп) 
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ɳʽˁˈ˄ʰ 13Υ ʊˊʱʴ˃ʰ ˍˏˉˇˎ ˁˇˎˊˍʾ˄ʰˌΣ όˉʹʴʺΥ ɳʻ˄ʽˁˈ ɾʶˍˋˈʲʽˇ ʃˇ˂ˎˍʶ˔˄ʶʾˇκʆ˃ʺ˃ʰ ɿʰˎˉʹʴ˗˄ 

ɾʹ˔ʰ˄ˇ˂ ˈʴ˖˄ ɾʹ˔ʰ˄ʽˁ˗˄κʃʶˊʽʲʱ˂˂ˇ˄ ˁʰʽ ɮ˄ʱˉˍˎ˅ʹκɳ˄ˈˍʹˍʰ ζʃʶˍˊʶ˂ʰʽˇˁʹ˂ʾʵʶˌηκɼʰʻΦ ɱΦ 

ʆˊʽʰ˄ˍʰ˒ˏ˂˂ˇˎκɾΦ ɰʶˊʴʷˍʹˌ ʵʽˉ˂Φ ɿΦɾΦɾΦκɮʻʺ˄ʰ нллп) 

 

ʆʰ ˒ˊʱʴ˃ʰˍʰ ʵʽʰˁˊʾ˄ˇ˄ˍʰʽ ˋʶ ʵˏˇ ʲʰˋʽˁʷˌ ˁʰˍʹʴˇˊʾʶˌ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍˇ˄ 

ˍˊˈˉˇ ˁʰˍʰˋˁʶˎʺˌ ˍˇˎˌΣ ˇʽ ˇˉˇʾʶˌ ʶʾ˄ʰʽΥ ˍʰ ˒ˊʱʴ˃ʰˍʰ ˍˏˉˇˎ ˒ˊʱˁˍˇˎ ˁʰʽ ˍˏˉˇˎ 

ˁˇˎˊˍʾ˄ʰˌΣ ˈˉ˖ˌ ˒ʰʾ˄ˇ˄ˍʰʽ ˋˍʽˌ ʶ̔ˁ ˈ˄ʶ̩ 12 ˁh  ̔ 13 ʰ˄ˍʾˋˍˇʽ˔ʰΦ ɼʰˍʰˋˁʶˎʰˋˍʽˁʱΣ 

ʰˉˇˍʶ˂ˇˏ˄ˍʰʽ ʰˉˈ ˍʷˋˋʶˊʰ ʲʰˋʽˁʱ ˃ʷˊʹΥ 

× ʆˇ˄ ˉ˂˖ˍʺˊʰ όˍˇ ˁˇ˃˃ʱˍʽ ˉˇˎ ʶˉʽˉ˂ʷʶʽύ 

× ʆ́ ˄ ˉˇʵʽʱ όˍˇ ˁˇ˃˃ʱˍʽ ˉˇˎ ˋˎʴˁˊʰˍʶʾ ˍˇ ˉʶˍˊʷ˂ʰʽˇύ 

× ʆˇ ʷˊ˃ʰ 

× ʆˇˎˌ ʶ˄ˍʰˍʺˊʶˌ 

ʁ ˍˏˉˇˌ ˍˇˎ ˒ˊʱʴ˃ʰˍˇˌ ˉˇˎ ʻʰ ʶˉʽ˂ʶʴʶʾ ˁʰʽ ˇ ˍˊˈˉˇˌ ˉˇˎ ʻʰ 

˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ, ʶ˅ʰˊˍʱˍʰʽ ʰˉˈ ʰˊˁʶˍˇˏˌ ˉʰˊʱʴˇ˄ˍʶˌΣ ˋʹ˃ʰ˄ˍʽˁˈˍʶˊˇʽ ʰˉˈ ˍˇˎˌ 

ˇˉˇʾˇˎ ʶʾ˄ʰʽ:  

× ɶ ʻʷˋʹ ˁʰʽ ˍˇ ˃ʷʴʶʻˇˌ ˍʹˌ ˁʹ˂ʾʵʰˌ. 

× ɶ ˁʾ˄ʹˋʺ ˍʹˌΦ 
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× ɾʶˍʶ˖ˊˇ˂ˇʴʽˁʷˌ ˁ ʰʽ ˎʵˊˇ˂ˇʴʽˁʷˌ ˋˎ˄ʻʺˁʶˌ. 

× ɾˇˊ˒ˇ˂ˇʴʾʰ ˅ʹˊʱˌ ˁʰʽ ˋ˔ʺ˃ʰ ˎʵʱˍʽ˄ʹˌ ˃ʱʸʰˌ. 

× ʃˊˇˍʶˊʰʽˈˍʹˍʶˌ ˈˋˇ˄ ʰ˒ˇˊʱ ˍʹ˄ ˉˊˇˋˍʰˋʾʰ. 

ɱʽʰ ˄ʰ ʶ˅ʰˋ˒ʰ˂ʽˋˍʶʾ ʹ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁʺ ʶ˅ˎʴʾʰ˄ˋʹΣ ˉˊʷˉʶʽ ˄ʰ ˂ʹ˒ʻˇˏ˄ 

ˎˉ̍˕ʽ˄ ˇʽ ˉʰˊʰˁʱˍ˖ ˉʰˊʱʴˇ˄ˍʶˌΣ ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ʶˉʽ˂ʶ˔ʻʶʾ ˇ ˁʰˍʰ˂˂ʹ˂ˈˍʶˊˇˌ 

ˍˏˉˇˌ ˒ˊʱʴ˃ʰˍˇˌ: 

× ʃʽʻʰ˄ʺ ˍˇˉˇʻʶˋʾʰ ʶ˄ˍˇˉʽˋ˃ˇˏ ˉʶˍˊʶ˂ʰʽˇˁʹ˂ʾʵʰˌ 

× ɮ˄ ́ ˉʶˊʽˇ˔ʺ ʶʾ˄ʰʽ ˉˊˇˋˍʰˍʶˎˈ˃ʶ˄ʹ ʰˉˈ ˉʽʻʰ˄ʺ ˉˊˇˋʲˇ˂ʺ 

ˉʶˍˊʶ˂ʰʾˇˎ. 

× ɾʷʴʶʻˇˌ ˍˇˎ ˒ˊʱʴ˃ʰˍˇˌ 

× ʅˎ˔˄ˈˍʹˍʰ ʶ˃˒ʱ˄ʽˋʹˌ ˁʹ˂ʾʵ˖˄ 

× ɾʷʴʶʻˇˌ ˍʹˌ ˁʹ˂ʾʵʰˌ 

× ɮ˄ˍˇ˔ʺ ˒ˊʱʴ˃ʰˍˇˌ 

× ʆʰ˔ˏˍʹˍʰ ˁʽ˄ʹˍˇˉˇʾʹˋʹˌ 

× ɮˉˇʻʺˁʶˎˋʹ ˁʰʽ ʰ˄ʱˉˍˎ˅ʹ ˒ˊʰʴ˃ʱˍ˖˄ 

× ɽʶʽˍˇˎˊʴʾʰ 

ɩʀʐʍʀʇɻʅʋʎʑʇʇʘʆʐʀʏ ɉSkimmers)  

ɴ˄ʰˌ ˋˎ˂˂ʷˁˍʹˌ ˉʶˍˊʶ˂ʰʾˇˎ ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ ˃ʾʰ ˋˎˋˁʶˎʺ ʰ˄ʱˁˍʹˋʹˌ 

ˉʶˍˊʶ˂ʰʾˇˎΣ ˃ʽʰ ʰ˄ˍ˂ʾʰ ʴʽʰ ˍʹ ˃ʶˍʰ˒ˇˊʱ ˍˇˎ ˉʶˍˊʶ˂ʰʾˇˎ ˋʶ ʲˎˍʾˇ ˁʰʽ ˃ʾʰ ˋˎˋˁʶˎʺ 

ʴʽʰ ˄ʰ ʵʽʰˍʹˊʶʾ ˋˍʰʻʶˊˈ ˍˇ ʶˉʾˉʶʵˇ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍʹ ʻʱ˂ʰˋˋʰΦ ɶ ʰˉˈʵˇˋʹ ˍ˖˄ 

ˉʶˍˊʶ˂ʰʽˇˋˎ˂˂ʶˁˍ˗˄ ʶ˅ʰˊˍʱˍʰʽ ˁʰˍʱ ˉˇ˂ˏ ʰˉˈ ˍʹ˄ ˁʰˍʱˋˍʰˋʹ ˍʹˌ ʻʱ˂ʰˋˋʰˌΣ 

ʵʹ˂ʰʵʺ ˏ˕ˇˌ ˁˏ˃ʰˍˇˌ ˁʰʽ ˍʰ˔ˏˍʹˍʰ ˊʶˏ˃ʰˍˇˌΦ ɮ˄ʰˋˍʰ˂ˍʽˁˈ ˉʰˊʱʴˇ˄ˍʰ ˋˍʹ˄ 

ʰˉˈʵˇˋʹ ˍ̟ ˄ ˉʶˍˊʶ˂ʰʽˇˋˎ˂˂ʶˁˍ˗˄Σ ˃ˉˇˊʶʾ ˄ʰ ʰˉˇˍʶ˂ʷˋˇˎ˄ ˍʰ ˋˁˇˎˉʾʵʽʰ ˍʰ ˇˉˇʾʰ 

ʶ˄ʵʷ˔ʶˍʰʽ ˄ʰ ˉˊˇˁʰ˂ʷˋˇˎ˄ ˁ ʰʽ y ʹ˃ʽʱ ˋˍʹ ˋˎˋˁʶˎʺ[21].  

ʅˍʹ˄ ɳʽˁˈ˄ʰ 14, ʲ˂ʷˉˇˎ˃ʶ ˍʰ ˃ʹ˔ʰ˄ʽˁʱ ˃ʷˊʹ ʶ˄ˈˌ ˉʶˍˊʶ˂ʰʽˇˋˎ˂˂ʷˁˍʹ ˁʰʽ 

ʴʶ˄ʽˁʱ ʵʽʰˁˊʾ˄ˇˎ˃ ʁʵˏˇ ˃ʶʴʱ˂ʶˌ ˁʰˍʹʴˇˊʾʶˌΣ όˇʽ ˇˉˇʾʶˌ ˉʶˊʽ˂ʰ˃ʲʱ˄̌ ˎ˄ ʶˉʽ˃ʷˊˇˎˌ 

ˎˉˇˁʰˍʹʴˇˊʾʶˌύΣ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍˇ ˃ʹ˔ʰ˄ʽˋ˃ˈ ˉˇˎ ˔ˊʹˋ̔ ˃ˇˉˇʽˇˏ˄ ʴʽʰ ˍʹ ˋˎ˂˂ˇʴʺ ˍˇˎ 

ˉʶˍˊʶ˂ʰʾˇˎΦ ɮˎˍʷˌ ʶʾ˄ʰʽ: 
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× ɾʹ˔ʰ˄ʽˁˇʾ ˉʶˍˊʶ˂ʰʽˇˋˎ˂˂ʷˁˍʶˌ: ʲʰˋʾʸˇ˄ˍʰʽ ˋˍʽˌ ʽʵʽˈˍʹˍʶˌ ˍ˖˄ 

ˉʶˍˊʶ˂ʰʾ˖˄ ˁʰʽ ˍ˖˄ ˃ʶ̔ ʴ˃ʱˍ˖˄ ˉʶˍˊʶ˂ʰʾˇˎκ˄ʶˊˇˏΣ ˁʰʻ˗ˌ ˁʰʽ ˋˍʹ 

ʵʽʰ˒ˇˊʱ ̄ ˎˁ˄ˈˍʹˍʰˌ ˃ʶˍʰ˅ˏ ˊˏˉˇˎ ˁʰʽ ˄ ʶˊˇˏΦ 

¶ ɯ˃ʶˋʹˌ ʰ˄ʰˊˊˈ˒ʹˋʹˌ: ɮˉˇˊˊˇ˒ˇˏ˄ ʱ˃ʶˋʰ ˍˇ ʶˉʽ˒ʰ˄ʶʽʰˁˈ 

ˋˍˊ˗˃ʰ ˍˇˎ ˊˏˉˇˎ. 

¶ ʆˏˉˇˎ WEIR: ʆˇˉˇʻʶˍˇˏ˄ˍʰʽ ˂ʾʴˇ ˁʱˍ˖ ʰˉˈ ˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ 

ˍˇˎ ˄ʶˊˇˏ ˁʰʽ ˃ʶ ˍʹ ʲˇʺʻʶʽʰ ˍʹˌ ʲʰˊˏˍʹˍʰˌ ˍˇ ˉʶˍˊʷ˂ʰʽˇ ˊʷʶʽ 

ˋˍˇ ˒ˊʶʱˍʽˇ ˍˇˎ ˉʶˍˊʶ˂ʰʽˇˋˎ˂˂ʷˁˍʹΣ ʰˉˈ ˈˉˇˎ ʰ˄ˍ˂ʶʾˍʰʽ ˋˍʹ 

ʵʶ˅ʰ˃ʶ˄ʺ ʰˉˇʻʺˁʶˎˋʹˌ. 

¶ ʊˎʴˇˁʶ˄ˍˊʽˁˇʾ όʵʾ˄ʹˌύ: ɶ ʵʾ˄ʹ ʵʹ˃ʽˇˎˊʴʶʾˍʰʽ ʶʾˍʶ ʰˉˈ ˍʹ˄ 

ˁʾ˄ʹˋʹ ˍˇˎ ˉʶˍˊʶ˂ʰʽˇˋˎ˂˂ʷˁˍʹΣ ʶʾˍʶ ʰˉˈ ˋˍˊˇ˒ʶʾˇ ˁʰʽ 

ˋˎʴˁʶ˄ˍˊ˗˄ʶʽ ˉʶˍˊʷ˂ʰʽˇ ˋˍˇ ˁʷ˄ˍˊˇ ˍʹˌ ʵʾ˄ʹˌ ʰˉˈ ˈˉˇˎ ʰˎˍˈ 

ʰ˄ˍ˂ʶʾˍʰʽ ˋˎ˄ʶ˔˗ˌΦ 

¶ ɾʶ ˁˎ˂ʽˈ˃ʶ˄ˇ ʽ˃ʱ˄ˍʰ: ɴ˄ʰˌ ˁʶˁ˂ʽ˃ʷ˄ˇˌ, ˁˎ˂ʽˈ˃ʶ˄ˇˌ ʽ˃ʱ˄ˍʰˌ 

ʰˉˈ ˃ʹ ʶ˂ʰʽˈ˒ʽ˂ˇ ˎ˂ʽˁˈ, ˃ʶˍʰ˒ʷˊʶʽ ˍˇ ˉʶˍˊʷ˂ʰʽˇ ˋˍʹ ˄

ˉʶˊʽˇ˔ʺ ˉʶˊʽˋˎ˂˂ˇʴʺˌ. 

× ɳ˂ʰʽˇ˒ʽ˂ʽˁˇʾ ʃʶˍˊʶ˂ʰʽˇˋˎ˂˂ʷˁˍʶˌ: ɶ ʰˊ˔ʺ ˂ʶʽˍˇˎˊʴʾʰˌ ʲʰˋʾʸʶˍʰʽ 

ˋˍʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˇˊʽˋ˃ʷ˄˖˄ ˎ˂ʽˁ˗˄ ˉˇˎ ʷ˔ˇˎ˄ ˃ʶʴʰ˂ˏˍʶˊʹ 

ˋˎʴʴʷ˄ʶʽʰ ˋˍˇ ˉʶˍˊʷ˂ʰʽˇ ˉʰˊʱ ˋˍˇ ˄ʶˊˈΦ ʆʰ ˎ˂ʽˁʱ ʶʾ˄ʰʽ ʴ˄˖ˋˍʱ ˖ˌ 

ʶ˂ʰʽˈ˒ʽ˂ʰ. ɮ˄ʱ˂ˇʴʰ ˃ʶ ˍʹ ˃ˇˊ˒ʺ ˍʹˌ ˁʽ˄ˇˏ˃ʶ˄ʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ˋˍʹ˄ 

ˇˉˇʾʰ ˉˊˇˋˁˇ˂˂ʱˍʰʽ ˍˇ ˉʶˍˊʷ˂ʰʽˇ, ʵʽʰˁˊʾ˄ˇ˄ˍʰʽ ˍʷˋˋʶˊʽˌ 

ˎˉˇˁʰˍʹʴˇˊʾʶˌ ˉʶˍˊʶ˂ʰʽˇˋˎ˂˂ʶˁˍ˗˄: 

¶ ʆˎ ˃ˉʱ˄ˇˎ: ʆˇ ˉʶˍˊʷ˂ʰʽˇ ˉˊˇˋˁˇ˂˂ʱˍʰʽ ˋʶ ˍˏ˃ˉʰ˄ˇ ˍˇ ˇˉˇʾˇ 

ʶʾ˄ʰʽ ʹ˃ʽʲˎʻʽʸˈ˃ʶ˄ˇ ˋʶ ˇˊʽʸˈ˄ˍʽʰ ʻʷˋʹ ˁʰʽ ˒ʷˊʶʽ ʶˉʾˋˍˊ˖ˋʹ 

ʰˉˈ ʶ˂ʰʽˈ˒ʽ˂ˇ ˎ ˂ʽˁˈ. 

¶ ɲʾˋˁˇˎ: ɮˉˇˍʶ˂ˇˏ˄ˍʰʽ ʰˉˈ ʷ˄ʰ ˃ʶˍʰʲ˂ʹˍˈ ʰˊʽʻ˃ˈ 

ˉʶˊʽˋˍˊʶ˒ˈ˃ʶ˄˖˄ ʵʾˋˁ˖˄ ˉˇˎ ʶʾ˄ʰʽ ˁʰˍʰˋˁʶˎʰˋ˃ʷ˄ˇʽ ʰˉˈ 

ʶ˂ʰʽˈ˒ʽ˂ˇ ˎ˂ʽˁˈΦ ʆˇ ˉʶˍˊʷ˂ʰʽˇ ˉˇˎ ˉˊˇˋˁˇ˂˂ʱˍʰʽ ˋˍʹ˄ 

ʶˉʽ˒ʱ˄ʶʽʰ ˍ˖˄ ʵʾˋˁ˖˄ ʰ˒ʰʽˊʶʾˍʰʽ ˃ʶ ˅ˏˋˍˊʶˌ, ˇ ̔ˇˉˇʾʶˌ ˍˇ 

ˇʵʹʴˇˏ˄ ˋʶ ʵʶ˅ʰ˃ʶ˄ʺ ɦ ˄ˍ˂ʹˋʹˌΦ 
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¶ ɹ˃ʱ˄ˍʰ: ʆ ̌ ˉʶˍˊʷ˂ʰʽˇ ˉˊˇˋˁˇ˂˂ʱˍʰʽ ˋʶ ʷ˄ʰ ʹ˃ʽʲˎʻʽˋ˃ʷ˄ˇ 

ʽ˃ʱ˄ˍʰ ˉˇˎ ʷ˔ʶʽ ˁʰˍʰˋˁʶˎʰˋʻʶʾ ʰˉˈ ʶ˂ʰʽˈ˒ʽ˂ˇ ˎ˂ʽˁˈ ˁʰʽ ˃ʶ 

ˍʹ˄ ˁʾ˄ʹˋʹ ˍˇˎ ʽ˃ʱ˄ˍʰ ˃ʶˍʰ˒ʷˊʶˍʰʽ ˋˍˇ ʰ˄˗ˍʶˊˇ ˃ʷˊˇˌ 

ʰˎˍˇˏ, ̍ ˉˇˎ ʰ˒ʰʽˊʶʾˍʰʽ. 

¶ ʅ˔ˇʽ˄ʽˇˏ: ɲʽʰʻʷˍˇˎ˄ ʶ˂ʰʽˈ˒ʽ˂ˇ ˋ˔ˇʽ˄ʾ ˉˇˎ ʶˉʽˉ˂ʷʶʽ ˁʰʽ ʶʾˍʶ 

ˉʶˊʽˋˍˊʷ˒ʶˍʰʽ ˃ʶˍʰ˅ˏ ʵˏˇ ˍˊˇ˔ʰ˂ʽ˗˄Σ ʶʾˍʶ ˋˏˊʶˍʰʽ ˋˍʹ˄ 

ʶˉʽ˒ʱ˄ʶʽʰ ˍʹˌ ʻʱ˂ʰˋˋʰˌ ʰˉˈ ˋˁʱ˒ˇˌΦ ʆˇ ˉʶˍˊʷ˂ʰʽˇ 

ˋˎ˂˂ʷʴʶˍʰʽ ˋʶ ˒ˊʶʱˍʽˇ ʰˉˈ ̍ ˉˇˎ ʰ˄ˍ˂ʶʾˍʰʽ. 

 

 

ɳʽˁˈ˄ʰ 14: ɾʹ˔ʰ˄ʽˁʱ ˃ʷˊʹ ʶ˄ˈˌ ˉʶˍˊʶ˂ʰʽˇˋˎ˂˂ʷˁˍʹ όskimmerύ όˉʹʴʺΥ SkimTech Inc.) 

 

ʅ˔ʶʵˈ˄ ˈ˂ˇʽ ˇʽ ˋˎ˂˂ʷˁˍʶˌ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ ˃ʾʰ ʰˉˈ ˍʽˌ ˉʰˊʰˁʱˍ˖ ˃ʶʻˈʵˇˎˌ 

ʴʽʰ ˍʹ˄ ʰ˄ʱˁˍʹˋʹ: 

× ɮ˄ʱˁˍʹˋʹ ˃ʶ ˊˈ˒ʹˋʹΥ ʆˇ ˉʶˍˊʷ˂ʰʽˇ ʰ˄ʰˁˍʱˍʰʽ ˃ʶ ʰ˄ˍ˂ʾʰΦ ɶ 

ʰ˄ʱˁˍʹˋʹ ˃ʶ ˊˈ˒ʹˋʹ ʶʾ˄ʰʽ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁˈˍʶˊʹ ˋʶ ˉʶˊʽˉˍ˗ˋʶʽˌ 

ˉʶˍˊʶ˂ʰʾˇˎ ˃ʶ ˃ʶʴʱ˂ˇ ʽ˅˗ʵʶˌΦ ʁʽ ˋˎ˂˂ʷˁˍʶˌ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ ʰˎˍʺ 

ˍʹ˄ ˍʶ˔˄ʽˁʺ ˉˊʷˉʶʽ ˄ʰ ʷ˔ˇˎ˄ ˃ʶʴʱ˂ʹ ʽˁʰ˄ˈˍʹˍʰ ʵʽʰ˔˖ˊʽˋ˃ˇˏ ˄ʶˊˇˏ ς 

ˉʶˍˊʶ˂ʰʾˇˎ ˁʰʽ ˃ʶʴʱ˂ʹ ʽˁʰ˄ˈˍʹˍʰ ʰ˄ʱˁˍʹˋʹˌ. 

× ɮ˄ʱˁˍʹˋʹ ˃ʶ ˉˊˇˋˁˈ˂˂ʹˋʹΥ ɶ ˃ʷʻˇʵˇˌ ˔ˊʹˋʽ˃ˇˉˇʽʶʾ ˍʹ˄ 

ʰˉˇˊˊˇ˒ʹˍʽˁʺ ʽˁʰ˄ˈˍʹˍʰ ˇˊʽˋ˃ʷ˄˖˄ ˃ʶˊ˗˄ ˍˇˎ ˋˎ˂˂ʷˁˍʹ ˈˉ˖ˌ ʶʾ˄ʰʽ 
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ʷ˄ʰˌ ˁʽ˄ˇˏ˃ʶ˄ˇˌ ʽ˃ʱ˄ˍʰˌΣ ʷ˄ʰ ˍˏ˃ˉʰ˄ˇΣ ʷ˄ʰˌ ʵʾˋˁˇˌ ʺ ʷ˄ʰ ˋ˔ˇʽ˄ʾΦ 

ɮˎˍʺ ʹ ˃ʷʻˇʵˇˌ ʰ˒ˇˊʱ ˉʶˍˊʷ˂ʰʽʰ ˃ʶˋʰʾˇˎ ʽ˅˗ʵˇˎˌΦ 

ɱʽʰ ˍʹ˄ ʶˉʽ˂ˇʴʺ ˍˇˎ ˁʰˍʱ˂˂ʹ˂ˇˎ ˉʶˍˊʶ˂ʰʽˇˋˎ˂˂ʷˁˍʹ ˉˊʷˉʶʽ ˄ʰ ˂ʹ˒ʻˇˏ˄ 

ˎˉ̍˕ʽ˄ ˇʽ ʰˁˈ˂ˇˎʻʶˌ ˉʰˊʱ˃ʶˍˊˇʽΥ 

× ʃʽʻʰ˄ʺ ˍˇˉˇʻʶˋʾʰ ʶ˄ˍˇˉʽˋ˃ˇˏ ˉʶˍˊʶ˂ʰʽˇˁʹ˂ʾʵʰˌ 

× ɾʷʴʶʻˇˌ ˋˎˋˁʶˎʺˌ ˉʶˊʽˋˎ˂˂ˇʴʺˌ 

× ʋʶʽˊʽˋ˃ˈˌ ˋˎˋˁʶˎʺˌ 

× ɮˉˇʻʺˁʶˎˋʹ ˋˎˋˁʶˎ˗˄ 

× ɮˉˇʵˇˍʽˁˈˍʹˍʰ ˋˎˋˁʶˎʺˌ 

ɚʌʋʍʍʋʒʂʐʅʆʗ ɭʇʅʆʗ ɉSorbents)  

¢ʰ ʰˉˇˊˊˇ˒ʹˍʽˁʱ, ʶʾ˄ʰʽ ˎ˂ʽˁʱ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ ʰˉˇˊˊˇ˒ʹˍʽˁʷˌ ʺ 

ˉˊˇˋˁˇ˂˂ʹˍʽˁʷˌ ʽʵʽˈˍʹˍʶˌΣ ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ˉʶˊʽˋˎ˂˂ʷ˅ˇˎ˄ ˊʶˎˋˍʱ ˁʰʽ ʶʾ˄ʰʽ ʶʽʵʽˁʱ 

ˋ˔ʶʵʽʰˋ˃ʷ˄ʰ ʴʽʰ ˍʹ ˋˎ˂˂ˇʴʺ ˉʶˍˊʶ˂ʰʾˇˎ ʰˉˈ ˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍˇˎ ˄ʶˊˇˏ[21]. ʆʰ 

ʰˉˇˊˊˇ˒ʹˍʽˁʱ ˉˇˎ ʶˉʽ˂ʷʴˇ˄ˍʰʽ ʻʰ ˉˊʷˉʶʽ ˄ʰ ʷ˔ˇˎ˄ ˁʰ˂ʷˌ ʶ˂ʰʽˇ˒ʽ˂ʽˁʷˌ ʽʵʽˈˍʹˍʶˌ 

ˁʰʽ ʴʽʰ ˄ʰ ʶʾ˄ʰʽ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁʱΣ ˉˊʷˉʶʽ ˄ʰ ʁ ʾ˄ʰʽ ʰʲˏʻʽˋˍʰ ˁʰʽ ˄ʰ ʰˉ˖ʻˇˏ˄ ˍˇ ˄ʶˊˈ.  

ʅʶ ˉˊ˗ˍˇ ˋˍʱʵʽˇΣ ʹ ʶ˒ʰˊ˃ˇʴʺ ˍˇˎˌ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ʵʽʰˋˁˇˊˉʽˋ˃ˈ ˍˇˎˌ ˋˍʹ˄ 

ˁʹ˂ʾʵʰ. ʅ̱ʹ ˋˎ˄ʷ˔ʶʽʰ, ʰ˄ʰ˃ʷ˄ʶˍʰʽ ˄ʰ ˁˇˊʶˋˍˇˏ˄ ˋʶ ˉʶˍˊʷ˂ʰʽˇ ˁʰʽ ˄ʰ 

ˉʶˊʽˋˎ˂˂ʶ˔ʻˇˏ˄Φ ʅˎ˄ʺʻ˖ˌ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˋˎ˄ʵˎʰˋˍʽˁʱ ˁʰʽ ˃ʶ ʱ˂˂ʶˌ ˃ʶʻˈʵˇˎˌ 

ʰˉˇˊˊˏˉʰ˄ˋʹˌΦ  ɶ ˃ʶʴʱ˂ʹ ˉˇˋˈˍʹˍʰ ʰˉˇˊˊˇ˒ʹˍʽˁ˗˄ ˉˇˎ ʰˉʰʽˍʶʾˍʰʽ ʴʽʰ ˍʹ˄ 

ˁʰˍʰˉˇ˂ʷ˃ʹˋʹ ˋʶ ˃ʶʴʱ˂˖˄ ˁʹ˂ʾʵ˖˄Σ ˁʱ˄ʶʽ ʰˉˇˍˊʶˉˍʽˁʺ ˍʹ˄ ʶˉʽ˂ˇʴʺ ˍʹˌ 

ˋˎʴˁʶˁˊʽ˃ʷ˄ʹˌ ˃ʶʻˈʵˇˎˌΣ ˇˉˈˍʶ ˉˊʰˁˍʽˁʱΣ ʹ ˔ˊʺˋʹ ˍʹˌ ˁʰʻʾˋˍʰˍʰʽ ʵˎ˄ʰˍʺ ˃ˈ˄ˇ ˋʶ 

˃ʽˁˊˇˏ ˁʰʽ ˃ʶˋʰʾˇˎ ˃ʶʴʷʻˇˎˌ ˁʹ˂ʾʵʶˌ ό˃ʷ˔ˊʽ ˃ʶˊʽˁʷˌ ʵʶˁʱʵʶˌ ˍˈ˄ˇʽ). ɾˉˇˊʶʾ ˄ʰ 

˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ʴʽʰ ˍʹ˄ ʰ˄ˍʽ˃ʶˍ˗ˉʽˋʹ ˊˏˉʰ˄ˋʹ ̩ʵʽʰ˒ˇˊʶˍʽˁ˗˄ ˃ˇˊ˒˗˄Σ ʴʽʰ ˍʽˌ 

ˇˉˇʾʶˌ ʱ˂˂ʶˌ ˃ʷʻˇʵˇʽ ˁʰˍʰˉˇ˂ʷ˃ʹˋʹˌ ʵʶ˄ ʶʾ˄ʰʽ ʵˎ˄ʰˍˈ˄ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ ˂ˈʴ˖ 

ˍʶ˔˄ʽˁ˗˄ ʺ ˇʽˁˇ˂ˇʴʽˁ˗˄ ˉˊˇʲ˂ʹ˃ʱˍ˖˄Φ ʋʰˊʰˁˍʹˊʽˋˍʽˁʷˌ ˉʶˊʽˉˍ˗ˋʶʽˌ ʰˉˇˍʶ˂ˇˏ˄ ʹ 

ˁʰˍʰˉˇ˂ʷ˃ʹˋʹ ˉʶˍˊʶ˂ʰʾ˖˄ ˃ʶʴʱ˂ˇˎ ʽ˅˗ʵˇˎˌ ʺ ˁˇ˄ˍʱ ˋʶ h ˁˍʷˌ. 

ɶ ʰˉˈʵˇˋʹ ˍ˖˄ ʰˉˇˊˊˇ˒ʹˍʽˁ˗˄ ˎ˂ʽˁ˗˄ ˔ʰˊʰˁˍʹˊʾʸʶˍʰʽ ʰˉˈ ˍˊʾʰ ˃ʶʴʷʻʹΣ ˍʰ 

ˇˉˇʾʰ ʶʾ˄ʰʽ: 
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× ɶ ʰˉˇˊˊˇ˒ʹˍʽˁʺ ʽˁʰ˄ˈˍʹˍʰ όRecovery Capacity)Υ ˇ ˂ˈʴˇˌ ˍʹˌ 

ˋˎ˄ˇ˂ʽˁʺˌ ˉˇˋˈˍʹˍʰˌ ˉʶˍˊʶ˂ʰʾˇˎ ˉˇˎ ʰ˄ʰˁˍʱˍʰʽ ˉˊˇˌ ˍˇ ʲʱˊˇˌ ˍˇˎ 

ʰˉˇˊˊˇ˒ʹˍʽˁˇˏΦ 

× ɮˉˇˊˊˇ˒ʹˍʽˁˈˍʹˍʰ όwŜŎƻǾŜǊȅ 9ŦŦƛŎƛŜƴŎȅύΥ 9ʾ˄ʰʽ ˇ ˂ˈʴˇˌ ˍʹˌ 

ˉˇˋˈˍʹˍʰˌ ˊˏˉˇˎ ˉˊˇˌ ˍʹ ˋˎ˄ˇ˂ʽˁʺ ˉˇˋˈˍʹˍʰ ˃ʶʾ ʴ˃ʰˍˇˌ ˄ʶˊˇˏ-

ˉʶˍˊʶ˂ʰʾˇˎ ˉˇˎ ʰ˄ʰˁˍʱˍʰʽΦ ʋʰˊʰˁˍʹˊʾʸʶʽ ˍˇ ˁʰˍʱ ˉˈˋˇ ˍˇ ˎ˂ʽˁˈ ʶʾ˄ʰʽ 

ʶ˂ʰʽˇ˒ʽ˂ʽˁˈ. 

× ʋˊˈ˄ˇˌ ɼˇˊʶˋ˃ˇˏ όwŜŎƻǾŜǊȅ wŀǘŜύΥ ʋʰˊʰˁˍʹˊʾʸʶʽ ˍʹ˄ ˉˇˋˈˍʹˍʰ ˉˇˎ 

ʰ˄ʰˁˍʱˍʰʽ ˋˍʹ ˃ˇ˄ʱʵʰ ˍˇˎ ˔ˊˈ˄ˇˎ. 

ʇˉʱˊ˔ˇˎ˄ ˍˊʶʽˌ ˍˏˉˇʽ ˎ˂ ʽˁ˗˄Σ ˉˇˎ ʵʽʰˁˊʾ˄ˇ˄ˍʰʽ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍʹ˄ ˉˊ˗ˍʹ ˏ˂ʹ 

ˁʰˍʰˋˁʶˎʺˌ ˍˇˎˌΥ 

× ɼʰˍʶˊʴʰˋ˃ʷ˄ʰ ʊˎˍʽˁʱ (Natural Organic Sorbents) 

× ɼʰˍʶˊʴʰˋ˃ʷ˄ʰ ʁˊˎˁˍʱ όaƛƴŜǊŀƭ {ƻǊōŜƴǘǎύ 

× ʅˎ˄ʻʶˍʽˁʱ-ʃˇ˂ˎ˃ʶˊʺ ό{ȅƴǘƘŜǘƛŎ {ƻǊōŜƴǘǎύ 

ɩʇʞʎʂ 

ɱʾ˄ʶˍʰʽ ʷˁˉ˂ˎˋʹ όˋˎ˄ʺʻ˖ˌ ˃ʶ ˁʰˎˍˈ ˄ʶˊˈύ ˍˇˎ ˉʶˍˊʶ˂ʰʾˇˎ ˉˇˎ ʶ˃˃ʷ˄ʶʽ ˁʰˍʱ 

˃ʺˁˇˌ ˍ˖˄ ʰˁˍ˗˄Φ ɶ ˉ˂ˏˋʹ ʰˎˍʺ ˃ˉˇˊʶʾ ˄ʰ ʴʾ˄ʶʽΥ 

× ɾʶ ˔ʰ˃ʹ˂ʺ ˉʾʶˋʹ: ʋˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˁˎˊʾ˖ˌ ˋʶ ʰˁˍʷˌΣ ʴʽʰ ˍʹ˄ 

ʰ˒ʰʾˊʶˋʹ ʶ˂ʰ˒ˊʽˇˏ ˁʰʽ ˈ˔ʽ ˉˇ˂ˏ ˉʰ˔ˏˊ́ ʶˎˋˍˇˎ ˉʶˍˊʶ˂ʰʾˇˎΦ 

ɳ˄ʵʶʾˁ˄ˎ̱ ʰʽ ʴʽʰ ˇʽˁˇ˂ˇʴʽˁʱ ʶˎʰʾˋʻʹˍʶˌ ˉʶˊʽˇ˔ʷˌΣ ˁʰʻ˗ˌ ʵʶ˄ 

ʶˉʹˊʶʱʸʶˍʰʽ ˋʹ˃ʰ˄ˍʽˁʱ ˍˇ ˎˉˈˋˍˊ˖˃ʰΦ  

× ɾʶ ˎ˕ʹ˂ʺ ˉʾʶˋʹΥ ɳ˒ʰˊ˃ˈʸʶˍʰʽ ˁˎˊʾ˖ˌ ˋʶ ʰˁˍʷˌ ˃ʶ ʲˊʱ˔ʽʰΣ ˃ʶʴʱ˂ʶˌ 

ˉʷˍˊʶˌ ʺ  ˍʶ˔˄ʽˁʷˌ ˁʰˍʰˋˁʶˎʷˌΦ 

ɣɻʃɻʍʅʎʈʝʏ ʈʀ ɻʐʈʝ 

ʋ́ ʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˃ˈ˄ˇ ˈˍʰ˄ ʶʾ˄ʰʽ ʰˉˇ˂ˏˍ˖ˌ ʰ˄ʰʴˁʰʾˇ ʴʽʰ ˍˇ˄ ˁʰʻʰˊʽˋ˃ˈ 

ˉˇ˂ˏ ˉʰ˔ˏˊˊʶˎˋˍ˖˄ ˉʶˍˊʶ˂ʰʽˇʶʽʵ˗˄ ˁʰʽ ʰ˒ˇˏ ʴʾ˄ʶʽ ʶˁˍʾ˃ʹˋʹ ˍ˖˄ ˉʽʻʰ˄˗˄ 

ʶˉʽˉˍ˗ˋʶ˖˄ ˋˍˇ ˉʶˊʽʲʱ˂˂ˇ˄Φ ɳʾ˄ʰʽ ˉˇ˂ˏ ˉʽʻʰ˄ˈ ˄ʰ ˁʰˍʰˋˍˊʰ˒ʶʾ ˁʱʻʶ ʸ˖˄ˍʰ˄ˈˌ 
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ˇˊʴʰ˄ʽˋ˃ˈˌ ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˉˇˎ ˁʰʻʰˊʾʸʶˍʰʽΣ ʴʽ˘ʰˎˍˈ ʹ ˔ˊʺˋʹ ˍˇˎ ˋˎ˄ʽˋˍʱˍʰʽ ˋʶ 

ˍʶ˔˄ʽˁʷˌ ˁʰˍʰˋˁʶˎʷˌΦ 

ɥʂʔɻʉʅʆʝʏ ʆɻʃɻʍʅʎʈʝʏ 

ʃʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍʹ ˋˎ˂˂ˇʴʺ ˁʰʽ ʰˉˇ˃ʱˁˊˎ˄ˋʹ ˊˎˉʰˋ˃ʷ˄˖˄ ʶˉʽ˒ʰ˄ʶʽ˗˄ ˁʰʽ 

ʽʸʹ˃ʱˍ˖˄ ˃ʶ ˔ˊʺˋʹ ˃ʹ˔ʰ˄ˇ˂ˇʴʽˁˇˏ ʶ˅ˇˉ˂ʽˋ˃ˇˏΦ ɳˉʽ˂ʷʴʶˍʰʽ ˃ˈ˄ˇ ˈˍʰ˄ ʰˉʰʽˍʶʾˍʰʽ ʹ 

ʰ˒ʰʾˊʶˋʹ ˃ʽˁˊ˗˄ ˉˇˋˇˍʺˍ˖˄ ˊˎˉʰˋ˃ʷ˄˖˄ ˃ʶ ˉʶˍˊʷ˂ʰʽˇ ˁʰʽ ˉˊʷˉʶʽ ˄ʰ 

ʰˉˇ˒ʶˏʴʶˍʰʽ ˈˍʰ˄ ˍʾʻʶˍʰʽ ʸʺˍʹ˃ʰ ʵʽʱʲˊ˖ˋʹˌ ʺ ˈˍʰ˄ ʷ˔ˇˎ˄ ˊˎˉʰ˄ʻʶʾ ʶˎʰʾˋʻʹˍˇʽ 

ʲʽˈˍˇˉˇʽΦ 

ɚʈʈʋɼʋʇʙ 

ɶ ˃ʷʻˇʵˇˌ ʰˎˍʺΣ ˁʰ˂ˈ ʶʾ˄ʰʽ ˄ʰ ˉʶˊʽˇˊʾʸʶˍʰʽ ˋʶ ˍʶ˔˄ʽˁʷˌ ˁʰˍʰˋˁʶˎʷˌ ˋˍʽˌ 

ˇˉˇʾʶˌ ʰˉʰʽˍʶʾˍʰʽ ά̱ ʷ˂ʁ̔ ˇˌέ ˁʰʻʰˊʽˋ˃ˈˌΦ ʃʶˊʽˋˍʰˋʽʰˁʱ ˃ˉˇˊʶʾ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ 

ˋʶ ˃ʶʴʱ˂ʶˌ ˉʷˍˊʶˌ ˁʰʽ ʲˊʱ˔ʽʰΣ ˍʰ ˇˉˇʾʰ ˈ˃˖ˌ ʵʶ˄ ˉʰˊˇˎˋʽʱʸˇˎ˄ ˇʽˁˇ˂ˇʴʽˁʺ 

ʶˎʰʽˋʻʹˋʾʰΦ 

ɯʀʅʍʖʉɻʆʐʅʆʝʏ ʆɻʃɻʍʅʎʈʝʏ 

ɾˉˇˊʶʾ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ˋʶ ˈ˂ˇˎˌ ˍˇˎˌ ˍˏˉˇˎˌ ʰˁˍ˗˄Σ ʴʽʰ ˍʹ˄ 

ˉʶˊʽˋˎ˂˂ˇʴʺ ˉʶˍˊʶ˂ʰʾˇˎ ˁʰʽ ˊˎˉʰˋ˃ʷ˄ˇˎ ˎ˂ʽˁˇˏΣ ʽʵʽʰʾˍʶˊʰ ˋʶ ˉˊˇˋʲˇ˂ʷˌ ˃ʽˁˊʺˌ 

ˁʰʽ ˃ʶˋʰʾʰˌ ʷˁˍʰˋʹˌΦ ʅˍʹ˄ ɳʽˁˈ˄ʰ 15Σ ʲ˂ʷˉˇˎ˃ʶ ˍˇ˄ ˁʰʻʰˊʽˋ˃ˈ ʲˊʱ˔ˇˎ ˋʶ ˉʰˊʰ˂ʾʰ 

ˍˇˎ Green Island, ̀ ˍʹ˄ ɮ˂ʱˋˁʰ. 

 

 

ɳʽˁˈ˄ʰ 15: ʋʶʽˊ˖˄ʰˁˍʽˁˈˌ ˁʰʻʰˊʽˋ˃ˈˌ ʲˊʱ˔ˇˎ ˋʶ ˉʰˊʰ˂ʾʰ ˍˇˎ ΨGreen IslandΩ ˋˍʹ˄ ɮ˂ʱˋˁʰ όмфуфύ όˉʹʴʺΥ 
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ɥʀʐɻʒʋʍʗ ɢʁʂʈʗʐʖʉ ʆɻʅ ʀʌʀʊʀʍɾɻʎʚɻ (Sediment relocation  and tilling )  

ʆˇ ˊˎˉʰˋ˃ʷ˄ˇ ˃ʶ ˉʶˍˊʷ˂ʰʽˇ ʾʸʹ˃ʰ ˃ʶˍʰ˒ʷˊʶˍʰʽ ʰˉˈ ˍˇ ʷ˄ʰ ˍ˃ʺ˃ʰ ˍʹˌ 

ˉʰˊʰ˂ʾʰˌ ˋʶ ʱ˂˂ˇΦ ʅˍʹ ˋˎ˄ʷ˔ʶʽʰΣ ʴʾ˄ʶˍʰʽ ʶˉʽ˒ʰ˄ʶʽʰˁʺ ˁʰˍʶˊʴʰˋʾʰ όtilling) ˍˇˎ 

ʶʵʱ˒ˇˎˌ ˁʰʽ ʰ˄ʱ˃ʶʽ˅ʺ ˍˇˎ ˃ʶ ˍˇ ˊˎˉʰˋ˃ʷ˄ˇ ʾʸʹ˃ʰΣ ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ʶ˄ʽˋ˔ˎʻʶʾ ˇ 

˒ˎˋʽˁˈˌ ˁʰʻʰˊʽˋ˃ˈˌ ˃ʷˋ˖ ˍʹˌ ʵʽʰˋˉˇˊʱˌ ˍˇˎ ˉʶˍˊʶ˂ʰʾˇˎ ˋˍʹ˄ ˎʵʱˍʽ˄ʹ ˋˍʺ˂ʹ ˁʰʽ 

ˍʹ˄ ˉˊˇ˗ʻʹˋʹ ˍʹˌ ʰ˂˂ʹ˂ʶˉʾʵˊʰˋʹˌ ˃ ʶˍʰ˅ˏ ˉʶˍˊʶ˂ʰʾˇˎ ˁʰʽ ʰ˄ˈˊʴʰ˄˖˄ ˋ˖˃ʰˍʽʵʾ˖˄Φ 

ʃˊʷˉʶʽ ˄ʰ ˋʹ˃ʶʽ˖ʻʶʾ, ˉ˖ˌ ˁʰˍʱ ˍʹ˄ ʶˉʽ˒ʰ˄ʶʽʰˁʺ ˁʰˍʶˊʴʰˋʾʰ ˍˇˎ ʶʵʱ˒ˇˎˌΣ ˎˉʱˊ˔ʶʽ 

ˁʾ˄ʵˎ˄ˇˌ ʵʽʶʾˋʵˎˋʹˌ ˉʶˍˊʶ˂ʰʾˇˎ ʲʰʻʽʱ ˋˍʰ ʽʸʺ˃ʰˍʰ ˍ˖˄ ʰˁˍ˗˄Φ ɳˁˍˈˌ ʰˎˍˇˏΣ 

ˉˊʷˉʶʽ ˄ʰ ˂ʹ˒̒ˇˏ˄ ˎˉˈ˕ʽ˄ ˇʽ ˉʽʻʰ˄ʷˌ ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁʷˌ ʶˉʽʵˊʱˋʶʽˌ ʰˉˈ ˍʹ˄ 

ʰˉʶ˂ʶˎʻʷˊ˖ˋʹ ˉʶˍˊʶ˂ʰʾˇˎ ˁʰʽ ˊˎˉʰˋ˃ʷ˄˖˄ ʽʸʹ˃ʱˍ˖˄ ˋˍʰ ˉʰˊʰˁʶʾ˃ʶ˄ʰ ˎʵʱˍʽ˄ʰ 

ˋˍˊ˗˃ʰˍʰΦ    

Ȱɫʆʋʞʌʅʎʈɻȱ ʈʀ ɻʌʋʍʍʋʒʂʐʅʆʗ ʑʇʅʆʗ ɉWiping  with  absorbent  materials ) 

ʋˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˎʵˊˇ˒ˇʲʽˁʱ ˎ˂ʽˁʱ ʴʽʰ ʰˉˇ˃ʱˁˊˎˋ˄ʹ ˉʶˍˊʶ˂ʰʾˇˎ ʶˉʱ˄˖ 

ʰˉˈ ˍʹ ˃ˇ˂ˎˋ˃ʷ˄ʹ ʶˉʽ˒ʰ˄ʶʽʰ. ʅˍʹ˄ ɳʽˁˈ˄ʰ 16, ʲ˂ʷˉˇˎ˃ʶ ˍʹ˄ ʶˉʷ˃ʲʰˋʹ ˋˍˇ ʄʾˇ ˄ˍʶ 

ʆʸʰ˄ʷʽˊˇΣ ʴʽʰ ʰˉˇˁʰˍʱˋˍʰˋʹ ˍʹˌ ʰˁˍʺˌ ˉˇˎ ˊˎˉʱ˄ʻʹˁʶΣ ʰˉˈ ʵʽʰˊˊˇʺ ˉʶˍˊʶ˂ʰʾˇˎ 

ˊʰʴʽˋ˃ʷ˄ˇ ˎʵʶ˅ʰ˃ʶ˄ˈˉ˂ˇʽˇˎΦ ʆʾʻʶˍʰʽ ʲʷʲʰʽʰ ˍˇ ʸʺˍʹ˃ʰ ʵʽʱʻʶˋʹˌ ˍ˖˄ ˊˎˉʰˋ˃ʷ˄˖˄ 

ʰˉˇˊˊʽ˃ʱˍ˖˄Σ ˈ˃˖ˌ ʹ ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁʺ ʶˉʾˉˍ˖ˋʹ ʰˎˍʺˌ ˍʹˌ ҡʶʻˈʵˇˎ ʶʾ˄ʰʽ 

ˉʶˊʽˇˊʽˋҡʷ˄ʹ ʶʱ˄ ʹ ˁˎˁ˂ˇ˒ˇˊʾʰ ˍ˖˄ ˉ˂ʹˊ˖ҡʱˍ˖˄ ˁʰʻʰˊʽˋҡˇˏ ˁʰʽ ʹ ˉʰˊʰʴ˖ʴʺ 

ʰˉˇʲ˂ʺˍ˖˄ ʶʾ˄ʰʽ ʶ˂ʶʴ˔ˈ˃ʶ˄ʹΦ 

 

 

ɳʽˁˈ˄ʰ 16: ɳˉʶʾʴˇˎˋʰ ʶˉʷ˃ʲʰˋʹ ʴʽʰ ʰˉˇˁʰˍʱˋˍʰˋʹ ʰˁˍʺˌόά̀ ˁˇˏˉʽˋ˃ʰέ ˃ʶ ʰˉˇˊˊˇ˒ʹˍʽˁʱ ˎ˂ʽˁʱύ ˋˍˇ ʄʾˇ ˄ˍʶ 

ʆʸʰ˄ʷʽˊˇΣ ʰˉˈ ˊʰʴʽˋ˃ʷ˄ˇ ʵʶ˅ʰ˃ʶ˄ˈˉ˂ˇʽˇ όнллрύ όˉʹʴʺΥ Encyclopedia Britannica/The Editors of Encyclopedia 

Britannica/Science/Oil Spill/Associated Press) 

https://www.britannica.com/editor/The-Editors-of-Encyclopdia-Britannica/4419
https://www.britannica.com/editor/The-Editors-of-Encyclopdia-Britannica/4419
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1.1.10Ȣχ ɯʂʈʅʆʘʏ ɥʘʃʋɿʋʅ 

ʅʶ ˉʶˊʽˉˍ˗ˋʶʽˌ ˉˇˎ ʹ ˔ˊʺˋʹ ˃ʹ˔ʰ˄ʽˁ˗˄ ˃ʷˋ˖˄ ʵʶ˄ ʶ˄ʵʶʾˁ˄ˎˍʰʽ ό˂ˈʴ˖ 

ˍˇˉˇʻʶˋʾʰˌΣ ˁʰʽˊʽˁ˗˄ ˋˎ˄ʻʹˁ˗˄ ˁΦʱΦύΣ ʹ ˔ˊʺˋʹ ˔ʹ˃ʽˁ˗˄ ˃ʶʻˈʵ˖˄ ʶʾ˄ʰʽ ˋˎ˄ʺʻ˖ˌ 

˃ˇ˄ˈʵˊˇ˃ˇˌΦ ɶ ʲʰˋʽˁʺ ʵʽʰ˒ˇˊʱ ˍˇˎˌ ˃ʶ ˍʽˌ ˉˊ˗ˍʶˌ ʶʾ˄ʰʽ ˈˍʽΣ ˍˇ ˉʶˍˊʷ˂ʰʽˇ ʵʶ˄ 

ʰˉˇ˃ʰˁˊˏ˄ʶˍʰʽ ʰˉˈ ˍˇ ʻʰ˂ʱˋˋʽˇ ˉʶˊʽʲʱ˂˂ˇ˄Σ ʰˉ˂ʱ ʵʽʰˋˁˇˊˉʾʸʶˍʰʽ ˋʶ ʰˎˍˈΣ 

˃ʶʽ˗˄ˇ˄ˍʰˌ ˍʽˌ ʰˊ˄ʹˍʽˁʷˌ ʶˉʽˉˍ˗ˋʶʽˌ ˁʰʽ ˁʱ˄ˇ˄ˍʰˌ ʶˎˁˇ˂ˈˍʶˊʹ ˍʹ ʵʽʰʵʽˁʰˋʾʰ 

ʲʽˇʵʽʱˋˉʰˋʺˌ ˍˇˎΦ 

ɯʂʈʅʆʘʏ ɞʉʡʎʀʅʏ ɝʅɻʎʌʋʍʗʏ 

ɮˉˇˍʶ˂ˇˏ˄ˍʰʽ ʰˉˈ ˃ʾʰ ʶˉʽ˒ʰ˄ʶʽʰˁʱ ʵˊʰˋˍʽˁʺ ˇˎˋʾʰ ˁʰʽ ʷ˄ʰ ʵʽʰ˂ˏˍʹ ˁʰʽ 

˂ʶʽˍˇˎˊʴˇˏ˄ ˃ʶʽ˗˄ˇ˄ˍʰˌ ˍʹ˄ ʶˉʽ˒ʰ˄ʶʽʰˁʺ ˍʱˋʹ ˃ʶˍʰ˅ˏ ˄ʶˊˇˏ ˁʰʽ ˉʶˍˊʶ˂ʰʾˇˎΦ ʅʰ˄ 

ʰˉˇˍʷ˂ʶˋ˃ʰΣ ʹ ˉʶˍˊʶ˂ʰʽˇˁʹ˂ʾʵʰ ʵʽʰˋˉʱˍʰʽ ˋʶ ˃ʽˁˊʱ ˋˍʰʴˇ˄ʾʵʽʰ ˉˇˎ 

ʵʽʰˋˁˇˊˉʾʸˇ˄ˍʰʽ ˋˍʹ˄ ˎʵʱˍʽ˄ʹ ˒ʱˋʹ ˂ˈʴ˖ ˍʹˌ ˒ˎˋʽˁʺˌ ˁʾ˄ʹˋʹˌ ˍˇˎ ˄ʶˊˇˏΣ 

ʰˎ˅ʱ˄ˇ˄ˍʰˌ ˃ʶ ˍˇ˄ ˍˊˈˉˇ ʰˎˍˈ ˍʹ ʲʽˇʵʽʰʻʶˋʽ˃ˈˍʹˍʱ ˍˇˎˌ ˋˍˇˎˌ ˃ʽˁˊˇˇˊʴʰ˄ʽˋ˃ˇˏˌ 

ˉˇˎ ʻʰ ˍˇ ˁʰˍʰ˄ʰ˂˗ˋˇˎ˄Φ όʁʽ ʶˉʽ˒ʰ˄ʶʽˇʵˊʰˋˍʽˁʷˌ ˇˎˋʾʶˌΣ ʰ˄ʰ˂ˏˇ˄ˍʰʽ ʶˁˍʶ˄ʷˋˍʶˊʰ 

ˋˍˇ ˁʶ˒ʱ˂ʰʽˇ мΦн ̱ ʹˌ ˉʰˊˇˏˋʰˌ ʶˊʴʰˋʾʰˌύΦ  

ɶ ʶ˒ʰˊ˃ˇʴʺ ˍˇˎˌ ˃ˉˇˊʶʾ ˄ʰ ʴʾ˄ʶʽ ˃ʶ ʵˏˇ ˍˊˈˉˇˎˌΥ 

× ɾʶ ˁʰˊʱʲʽʰΥ ˇʽ ˇˎˋʾʶˌ ʶˁˍˇ˅ʶˏˇ˄ˍʰʽ ˋˍʹ˄ ˉʶˍˊʶ˂ʰʽˇˁʹ˂ʾʵʰ ʰˉˈ 

ʲˊʰ˔ʾˇ˄ʶˌ ˃ʶ ʶʽʵʽˁʱ ʰˁˊˇ˒ˏˋʽʰΣ ˋˎ˄ʵʶʵʶ˃ʷ˄ʶˌ ˃ʶ ʰ˄ˍ˂ʾʶˌ ˉʰˊˇ˔ʺˌ 

ˁʰʽ ʵʶ˅ʰ˃ʶ˄ʷˌΦ 

× ɾʶ ʰʶˊˇˋˁʱ˒ʹ όˋˎ˄ʺʻ˖ˌ ʴʶ̟ ˊʴʽˁʱύ: ɼʰˍʱ˂˂ʹ˂ʰ ʵʽʰ˃ˇˊ˒˖˃ʷ˄ˇ 

ʰʶˊˇˋˁʱ˒ˇˌΣ ˉˊˇˋ˒ʷˊʶʽ ʵˎ˄ʰˍˈˍʹˍʰ ʴʽʰ ˍʰ˔ˏˍʶˊʹ ˁʰˍʰˉˇ˂ʷ˃ʹˋʹ 

˃ʶʴʱ˂˖˄ ˁʹ˂ʾʵ˖˄Φ ɼˎˊʾ˖ˌ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˁʹ˂ʾʵʶˌ ˉˇˎ 

ʲˊʾˋˁˇ˄ˍʰʽ ˃ʰˁˊʽʱ ʰˉˈ ˂ʽ˃ʱ˄ʽʰ. 

ʇˉʱˊ˔ˇˎ˄ ʵˏˇ ˍˏˉˇʽ ˇˎˋʽ˗˄ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽΣ ʰ˄ʱ˂ˇʴʰ ˍˇ ˉʶˊʽˋˍʰˍʽˁˈ 

ˁʰʽ ʶʾ˄ʰʽΥ 

× ʆʰ ˋˎ˃ʲʰˍʽˁʱ ʵʽʰˋˁˇˊˉʽˋˍ̔ ˁʱ όнʹ ʴʶ˄ʽʱˌύΥ ˁʰˍʰˉˇ˂ʶ˃ˇˏ˄ м 
ά3”ʞ“‛‡

Ὤ
 

˃ʶ ʰ˄ʰ˂ˇʴʾʰ 
ʝ‖―„―“”‛‖„‌―‏

”ʞ“‛‟
=

1

2
. 
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× ʆʰ ̀˃ˎ ˉˎˁ˄˖˃ʷ˄ h ʵʽʰˋˁˇˊˉʽˋˍʽˁʱ όоʹˌ ʴʶ˄ʽʱˌύΥ ʶʾ˄ʰʽ ʽˁʰ˄ʱ ˄ʰ 

ˁʰˍʰˉˇ˂ʶ˃ʺˋˇˎ˄ м 
ά3”ʞ“‛‡

Ὤ
 ˃ ʶ ʰ˄ʰ˂ˇʴʾʰ 

ʝ‖―„―“”‛‖„‌―‏

”ʞ“‛‟
=

1

20
. 

ɱʽʰ ˍʹ˄ ʶˉʽ˂ˇʴʺ ˍˇˎ ˁʰ˂ˏˍʶˊˇˎ ʵʽʰˋˁˇˊˉʽˋˍʽˁˇˏ ʰ˂˂ʱ ˁʰʽ ˍʹˌ ˃ʶʻˈʵˇˎ 

ʶ˒ʰˊ˃ˇʴʺˌΣ ˎˉʱˊ˔ˇˎ˄ ˃ʰʻʹ˃ʰˍʽˁʱ ˃ˇ˄ˍʷ˂ʰ ˁʰʽ ˉˊˇʴˊʱ˃˃ʰˍʰΣ ˉˇˎ ˋʶ ˋˎ˄ʵˎʰˋ˃ˈ 

˃ʶ ˇ˃ʱʵʶˌ ˇˊʴʰ˄ʽˋ˃˗˄ ˈˉ˖ˌ ˇ IMO (International Marine Organism), ˋˎ˃ʲʱ˂˂ˇˎ˄ 

ˋˍʹ˄ ˍʶ˂ʽˁʺ ʰˉˈ˒ʰˋʹΦ 

ɫʐʀʍʀʋʌʋʅʂʐʘʏ ɉ3ÏÌÉdifiers)  

ɳ˄ʽˋ˔ˏˇˎ˄ ˍˇ˄ ˉˇ˂ˎ˃ʶˊʽˋ˃ˈ ˍˇˎ ˉʶˍˊʶ˂ʰʾˇˎ ˁʰʽ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʴʽʰ ˄ʰ 

ˋˍʰʻʶˊˇˉˇʽʺˋˇˎ˄ ˍˇ ˉʶˍˊʷ˂ʰʽˇΣ ˄h  ʶ˂ʰ˔ʽˋˍˇˉˇʽʺˋˇˎ˄ ˍʹ ʵʽʱʵˇˋʹ ˁʰʽ ʴʽʰ ˄ʰ 

ʰˎ˅ʺˋˇˎ˄ ˍʹ˄ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁˈˍʹˍʰ ˍ˖˄ ˒ˎˋʽˁ˗˄ ʵʽʶˊʴʰˋʽ˗˄ ʰˉˇˁʰˍʱˋˍʰˋʹˌΦ  

ɚʌʋɾɻʇɻʆʐʋʈɻʐʋʌʋʅʂʐʘʏ ɉ%ÍÕÌÓÉÏÎ "ÒÅakers/ Demulsifiers)  

ʋˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʴʽʰ ˄ʰ ʵʽʰˋˉʱˋˇˎ˄ ˍʰ ʴʰ˂ʰˁˍ˗˃ʰˍʰ ˁʰʽ ʴʽʰ ˄ʰ ʶ˄ʽˋ˔ˎʻʶʾ 

ʹ ˒ˎˋʽˁʺ ʵʽʰˋˉˇˊʱ. 

ɥʀʐɻɼʋʇʀʚʏ ɞʌʅʒɻʉʀʅɻʆʙʏ ɬʗʎʂʏ ɉ'ÅÌÌÉÎÇ !ÇÅÎÔÓ) 

ʁʽ ˇˎˋʾʶˌ ʰˎˍʷˌ ʶˁˍˇ˅ʶˏˇ˄ˍʰʽ ˋˍˇ ˄ʶˊˈ ˉˇˎ ˉʶˊʽʲʱ˂˂ʶʽ ˍʹ˄ ˁʹ˂ʾʵʰ ˁʰʽ 

ˉʶˊʶ˃ˉˇʵʾˇʸˇˎ˄ ˍʹ˄ ʶ˅ʱˉ˂˖ˋʺ ˍʹˌ. 

ɯʂʈʅʆʗ ɞʌʅʒɻʉʀʅɻʆʗ ʒʅʇʈ ɉ3ÕÒÆÁÃÅ ÆÉÌÍ ÃÈÅÍÉÃÁÌÓɊ 

ʁʽ ŦƛƭƳ-ŦƻǊƳƛƴƎ ŀƎŜƴǘǎ ˃ˉˇˊˇˏ˄ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ ʴʽʰ ˄ʰ ʰˉˇˍˊʷ˕ˇˎ˄ ˍˇ 

ˉʶˍˊʷ˂ʰʽˇ ʰˉˈ ˍˇ ˄ʰ ˉˊˇˋˁˇ˂˂ʹʻʶʾ ˋˍʰ ˎˉˇˋˍˊ˗˃ʰˍʰ ˍ˖˄ ʰˁˍ˗˄ ˁʰʽ ʴʽʰ ˄ʰ 

ʶ˄ʽˋ˔ˏˋˇˎ˄ ˍʹ˄ ʰ˒ʰʾˊʶˋʹ ˍʹˌ ˉˇˋˈˍʹˍʰˌ ˉˇˎ ʶ˃˃ʷ˄ʶʽ ˋˍʽˌ ʶˉʽ˒ʱ˄ʶʽʶˌ ˃ʶ 

ʵʽʰʵʽˁʰˋʾʶˌ ʷˁˉ˂ˎˋʹˌ ˎˉˈ ̄ ʾʶˋʹ. 

ɥʘʎɻ ɚʉʗʒʇʀʊʂʏ (Burning Agents )  

ɳʾ˄ʰʽ ˇˎˋʾʶˌ ˉˇˎ ʶʽˋʱʴˇ˄ˍʰʽ ˋˍʽˌ ˁʹ˂ʾʵʶˌ ˗ˋˍʶ ˄ʰ ˁʰˍʰˋˍʺˋˇˎ˄ ʵˎ˄ʰˍʺ ˍʹ˄ 

ʰ˄ʱ˒˂ʶ˅ʹ ˍˇˎ ˉʶˍˊʶ˂ʰʾˇˎ ˉʱ˄˖ ˋˍʹ˄ ʰˁˍʺ ʺ ˋˍʹ ʻʱ˂ʰˋˋʰΦ ʋˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˁʰˍʱ 

ˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ ˍʹˌ ˍʶ˔˄ʽˁʺˌ ˍʹˌ ʶˉʾ-ˍˈˉˇˎ ˁʰˏˋʹˌ ό˃ʹ-˔ʹ˃ʽˁʺ ˃ʷʻˇʵˇˌύ. 
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ɨʑɿʀʐʀʍʋʌʋʅʂʐʘʏ (Neutralizing Agents )  

ʁʽ ˇˎˋʾʶˌ ʰˎˍʷˌ ʰ˄ˍʽʵˊˇˏ˄ ˔ʹ˃ʽˁʱ ˃ʶ ˍˇ ˉʶˍˊʷ˂ʰʽˇ ˁʰʽ ˍʶ˂ʽˁʱ ˋ˔ʹ˃ʰˍʾʸˇˎ˄ 

˂ʽʴˈˍʶˊˇ ˍˇ˅ʽˁʷˌ ʶ˄˗ˋʶʽˌ, ˃ ʶ ˋˍˈ˔ˇ ˄ʰ ˃ʶʽ˗ˋˇˎ˄ ˍʽˌ ʶˉʽˉˍ˗ˋʶʽˌ ˍʹˌ ˊˏˉʰ˄ˋʹˌΦ 

1.1.10.4 ɞʉɻʇʇɻʆʐʅʆʘʏ ɥʘʃʋɿʋʅ 

ɞʌʚ ʐʝʌʋʑ ɻʉʗʒʇʀʊʂ ɉIn-situ  burning )   

ʂˋˇ˄ ʰ˒ˇˊʱ ˍʹ˄ ˁʰˏˋʹ ˋˍʹ˄ ʰˁˍʺΣ ʰˎˍʺ ˃ˉ̌ ˊʶʾ ˄ʰ ʴʾ˄ʶʽ ˈˍʰ˄ ˍˇ ˉʶˍˊʷ˂ʰʽˇ 

ʲˊʾˋˁʶˍʰʽ ˉʱ˄˖ ˋʶ ˁʰˏˋʽ˃ˇ ˎˉˈˋˍˊ˖˃ʰ όˉΦ˔Φ ʲ˂ʱˋˍʹˋʹΣ ˁˇˏˍˋˇˎˊʰΣ ˋˎ˄ˍˊʾ˃˃ʽʰύΦ ɶ 

ˁʰˏˋʹ ˉʶˍˊʶ˂ʰʽˇˁʹ˂ʾʵ˖˄ ˋˍʹ ʻʱ˂ʰˋˋʰ ˉʰˊʷ˔ʶʽ ˍʹ ʵˎ˄ʰˍˈˍʹˍʰ ʰˉˇ˃ʱˁˊˎ˄ˋʹˌ 

˃ʶʴʱ˂˖˄ ˉˇˋˇˍʺˍ˖˄ ˉʶˍˊʶ˂ʰʾˇˎ ʰˉˈ ˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʱ ˍʹˌ[21]. 

ɮ˄ ˁʰʽ ˒ʰʽ˄ˇ˃ʶ˄ʽˁʱ ˃ˇʽʱʸʶʽ ʰˉ˂ʺΣ ʹ ˃ʷʻˇʵˇˌ ʰˎˍʺ ˉʰˊˇˎˋʽʱʸʶʽ ˉˇ˂˂ʱ 

ˉˊˇʲ˂ʺ˃ʰˍʰ ˁʰˍʱ ˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ ˍʹˌ ˁʰʽ ʶˉʽ˂ʷʴʶˍʰʽ ˉˇ˂ˏ ˋˉʱ˄ʽʰ όʷ˔ʶʽ ʰˉʰʴˇˊʶˎˍʶʾ 

ˋˍʹ˄ ɳˎˊ˗ˉʹύΦ ɳˁˍˈˌ ˍˇˎ ˈˍʽ ʶʾ˄ʰʽ ʶˉʽʲ˂ʰʲʺˌ ʴʽʰ ˍˇ ˉʶˊʽʲʱ˂˂ˇ˄Σ ʵʶ˄ ʶʾ˄ʰʽ ʽʵʽʰʾˍʶˊʰ 

ʰˉˇɻ̌ ˍʽˁʺΣ ʵʽˈˍʽ ʹ ˁʰˏˋʹ ʶʾ˄ʰʽ ˋˎ˄ʺʻ˖ˌ ʰˍʶ˂ʺˌΦ ɳ˄ˍˇˏˍˇʽˌΣ ˋˎ˄ʶ˔ʾʸʶʽ ˄ʰ ʻʶ˖ˊʶʾˍʰʽ 

ʹ ˉʽˇ άh ˉˇˍʶ˂ʶˋ˃ʰˍʽˁʺέ ˃ʷʻˇʵˇˌ ˋʶ ˉʶˊʽˉˍ˗ˋʶʽˌ ˉʶˍˊʶ˂ʰʽˇˁʹ˂ʾʵ˖˄ ʰˉˈ ˍʹ 

ʲʽˇ˃ʹ˔ʰ˄ʾʰΦ ʃʰˊʰʵʶʾʴ˃ʰˍ̌ ˌ ˔ʱˊʽ˄Σ ˋˍˇ ˉˊˈˋ˒ʰˍˇ ʰˍˏ˔ʹ˃ʰ ˍʹˌ bp ˋˍˇ˄ ˁˈ˂ˉˇ ˍˇˎ 

ɾʶ˅ ʽˁˇˏΣ ʹ ʰ˃ʶˊʽˁʰ˄ʽˁʺ EPA (Environmental Protection Agency) ʷʵ˖ˋʶ ʱʵʶʽʰ ʴʽʰ 

ˉʱ˄˖ ʰˉˈ плл ˁʰˏˋʶʽˌ  ˋʶ ʶˉʽˉ˂ʷˇ˄ˍʶˌ ˎʵˊˇʴˇ˄ʱ˄ʻˊʰˁʶˌΦ 

ʁʽ ʵˎˋˁˇ˂ʾʶˌ ˉˇˎ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˋˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ ˍʹˌ ʶʾ˄ʰʽ[22]: 

× ɶ ʰʵˎ˄ʰ˃ʾʰ ʰ˄ʱ˒˂ʶ˅ʹˌ ʺ ʵʽʰˍʺˊʹˋʹˌ ˍʹˌ ˁʰˏˋʹˌ όʰˉʰʽˍʶʾˍʰʽ ˉʱ˔ˇˌ 

ˍˇˎ˂ʱ˔ʽˋˍˇ˄ н-3 mm ʴʽʰ ˄ʰ ˃ʹ˄ ˎˉʶˊʽˋ˔ˏˋʶʽ ʹ ˕ˏ˅ʹ ˂ˈʴ˖ ˄ʶˊˇˏ ˁʰʽ 

ʰ˄ʷ˃˖˄ύ. 

× ɶ ˉˇ˂ˏ ʴˊʺʴˇˊʹ ʶ˅ʱˍ˃ʽˋʹ ˍ˖˄ ʶ˂ʰ˒ˊʽ˗˄ ˋˎˋˍʰˍʽˁ˗˄ ˉʶˍˊʶ˂ʰʾˇˎ 

ˁʱ˄ʶʽ ˍʹ˄ ʰ˄ʱ˒˂ʶ˅ʹ ̀ ˔ʶʵˈ˄ ʰ˄ʷ˒ʽˁˍʹ. 

× ɶ ʵˏˋˁˇ˂ʹ ʰ˄ʱ˒˂ʶ˅ʹ ˉʶˍˊʶ˂ʰʾˇˎ ˉˇˎ ʷ˔ʶʽ ˎˉˇˋˍʶʾ ʴʺˊʰ˄ˋʹ όʰ˄ 

ʷ˔ʶʽ ʶ˅ʰˍ˃ʽˋˍʶʾ ˍˇ нл҈ ˁΦʲΦ ˉˊʰˁˍʽˁʱ ʶʾ˄ʰʽ ʰ˄ʶ˒ʱˊ˃ˇˋˍʹ ʹ ˍʶ˔˄ʽˁʺ 

ʰˎˍʺύ. 
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ʃʶˊʽʲʰ˂˂ˇ˄ˍʽˁʱ ˉˊˇʲ˂ʺ˃ʰˍʰ ˉˇˎ ʵʹ˃ʽˇˎˊʴˇˏ˄ˍʰʽ: 

× ʃʰˊʰʴ˖ʴʺ ˃ʰˏˊˇˎ ˁʰˉ˄ˇˏ ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ ʶˉʽˁʰʻʺˋʶʽ ˋʁ  

ʰˉˈˋˍʰˋʹ ˃ʷ˔ˊʽ ˁʰʽ млл km ˃ ʰˁˊʽʱ. 

× ʆʰ ʶˉʽˉ˂ʷˇ˄ˍʰ ˎˉˇ˂ʶʾ˃˃ʰˍʰ ˍʹˌ ˁʰˏˋʹˌ ʶʾ˄ʰʽ ˉʽʻʰ˄ˈ ˄ʰ 

ʲʽˇʵʽʰˋˉ˗˄ˍʰʽ ˉˇ˂ˏ ʵˏˋˁˇ˂ʰ ʷ˖ˌ ˁʰʻˈ˂ˇˎ. 

× ʆʰ ˁʰˍʰʲˎʻʽʸˈ˃ʶ˄ʰ ˎˉˇ˂ʶʾ˃˃ʰˍ h˃ˉˇˊʶʾ ˄ʰ ʰˉˇʲˇˏ˄ ˍˇ˅ʽˁʱ ʴʽʰ 

ˍˇˎˌ ʲʶ˄ʻʽˁˇˏˌ ˇˊʴʰ˄ʽˋ˃ˇˏˌΦ 

ɛʅʋʀʊʑɾʚɻʉʎʂ ʖʏ ʐʀʔʉʅʆʙ ʆɻʃɻʍʅʎʈʋʞ ʌʀʐʍʀʇɻʅʋʆʂʇʚɿʖʉ 

ʁʽ ˋˎ˃ʲʰˍʽˁʷˌ ˃ʷʻˇʵˇʽ ˉˇˎ ˉʶˊʽʴˊʱ˒ʹˁʰ˄ ˉʰˊʰˉʱ˄˖Σ ˋˉʱ˄ʽʰ ʶˉ̔ ˍˎʴ˔ʱ˄ˇˎ˄ 

ˉ˂ʺˊʹ ʰˉˇˊˊˏˉʰ˄ˋʹ ˁʰʽ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ˋˏ˃˒˖˄ʰ ˃ʶ ˍˇ ʴˊʰ˒ʶʾˇ OTA (Office of 

Technology Assessment)[8] ˍʹˌ ɮ˃ʶˊʽˁʺˌΣ ˇʽ ˍˊʷ˔ˇˎˋʶˌ ˍʶ˔˄ˇ˂ˇʴʾʶˌ ʰ˄ʰˁˍˇˏ˄ 

˂ʽɹ̍ ˍʶˊˇ ʰˉˈ мл-мр҈ ˍˇˎ ˉʶˍˊʶ˂ʰʾˇˎ ʰˉˈ ˃ʽʰ ˉʶˍˊʶ˂ʰʽˇˁʹ˂ʾʵʰΦ ɶ ʲʽˇʶ˅ˎʴʾʰ˄ˋʹΣ ˃ʶ 

ˇˉˇʽʰʵʺˉˇˍʶ ˃ˇˊ˒ʺ ˍʹˌΣ ʰˉˇˍʶ˂ʶʾ ˃ʽʰ ʰˉ ̍ˍʽˌ ˉʽˇ ʶ˂ˉʽʵˇ˒ˈˊʶˌ ʵʶˎˍʶˊˇʲʱʻ˃ʽʶˌ 

ʶˉʽ˂ˇʴʷˌ ʶˉʶ˅ʶˊʴʰˋʾʰˌ όǎŜŎƻƴŘŀǊȅ ǘǊŜŀǘƳŜƴǘ ƻǇǘƛƻƴǎύΣ ʷˉʶʽˍʰ ʰˉˈ ˍʹ˄ ʶˉʽˍˎ˔ʺ 

ʶ˒ʰˊ˃ˇʴʺ ˍʹˌ ˋˍˇ ʰˍˏ˔ʹ˃ʰ ˍˇˎ Ψ9ȄȄƻƴ ±ŀƭŘŜȊΩ όAlaska 1989) [9]. 

ʍˌ ʲʽˇʶ˅ˎʴʾʰ˄ˋʹΣ ˇˊʾʸʶˍʰʽ  ́ ˍʶ˔˄ʽˁʺ ʰˏ˅ʹˋʹˌ ˍˇˎ ˊˎʻ˃ˇˏ ˒ˎˋʽˁʺ ̩

ʰˉˇʵˈ˃ʹˋʹˌ ˍˇˎ ˉʶˍˊʶ˂ʰʾˇˎΣ ˃ʶ ˍʹ˄ ˉʰˊʷ˃ʲʰˋʹ ˍˇˎ ʰ˄ʻˊ˗ˉˇˎΦ ʁˎˋʽʰˋˍʽˁʱ, ʹ 

ˍʶ˔˄ʽˁʺ ʰˎˍʺ ʶˁ˃ʶˍʰ˂˂ʶˏʶˍʰʽ ˍˇ ʴʶʴˇ˄ˈˌ ˉ˖ˌ ʹ ˉ˂ʶʽˇ˄ˈˍʹˍʰ ˍ˖˄ ˉʶˍˊʶ˂ʰʿˁ˗˄ ˁʰʽ 

ˉˇ˂ˎˁˎˁ˂ʽˁ˗˄ ˎʵˊˇʴˇ˄ʰ˄ʻˊʱˁ˖˄ ʲʽˇʰˉˇʽˁˇʵˇ˃ʶʾˍʰʽ ʰˉˈ ˉ˂ʺʻˇˌ ˃ʽˁˊˇˇˊʴʰ˄ʽˋ˃˗˄ 

ˉˇˎ ʶʾˍʶ ʲˊʾˋˁˇ˄ˍʰʽ ˋˍˇ ʷʵʰ˒ˇˌΣ ʶʾˍʶ ˃ˉˇˊˇˏ˄ ˄ʰ ˉˊˇˋˍʶʻˇˏ˄ ˋʶ ʰˎˍˈΦ ɶ 

ʲʽˇʶ˅ˎʴʾʰ˄ˋʹ ˃ˉˇˊʶʾ ˄ʰ ˂ʱʲʶʽ ʵˏˇ ˃ˇˊ˒ʷˌΣ ˍʹ ʲʽˇʶ˄ʾˋ˔ˎˋʹ ʺ ˍʹ ʲʽˇʵʽʷʴʶˊˋʹΣ ˇʽ 

ˇˉˇʾʶˌ ˉʶˊʽʴˊʱ˒ˇ˄ˍʰʽ ʰ˄ʰ˂ˎˍʽˁʱ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰΦ 

ɰʽˇʵʽʷʴʶˊˋʹ όBiostimulation) 

ɰʰ̀ʾʸʶˍʰʽ ˋˍˇ ʴʶʴˇ˄ˈˌ ˈˍʽ ˎˉʱˊ˔ˇˎ˄ ˉʱ˄ˍʰ ʴʹʴʶ˄ʶʾˌ ˃ʽˁˊˇˇˊʴʰ˄ʽˋ˃ˇʾ ˉˇˎ 

˃ˉˇˊˇˏ˄ ˄ʰ ʵʽʰˋˉʱˋˇˎ˄ ˍˇ ˉʶˍˊʷ˂ʰʽˇΣ ʰ˂˂ʱ ˋʶ ˃ʾʰ ˉʶˍˊʶ˂ʰʽˇˁʹ˂ʾʵʰ ʹ ʰ˄ʰ˂ˇʴʾʰ 

ʱ˄ʻˊʰˁʰ-ʰʸ˗ˍˇˎ-˒̟ ˋ˒ˈˊˇˎ ʵʶ˄ ʶʾ˄ʰʽ ʹ ʽʵʰ˄ʽˁʺ όC:N:P=120:10:1 ̀ ʶ moles)Σ ˃ʶ 

ʰˉˇˍʷ˂ʶˋ˃ʰ ˄ʰ ˃ʹ˄ ʶˎ˄ˇʶʾˍʰʽ ʹ ʰ˄ʱˉˍˎ˅ʹ ˍ˖˄ ʶ˄ ˂ˈʴ˖ ˃ʽˁˊˇˇˊʴʰ˄ʽˋ˃˗˄Φ ɱʽʰ ˍˇ 

˂ˈʴˇ ʰˎˍˈ, ʴʾ˄ʶˍʰʽ ˉˊˇˋʻʺˁʹ ˂ʽˉʰˋ˃ ʱˍ˖˄ ʴʽʰ ˄ʰ ʶˉʽˍʶˎ˔ʻʶʾ ʹ ʶˉʽʻˎ˃ʹˍ ̋ʰ˄ʰ˂ˇʴʾʰ 

ʻˊʶˉˍʽˁ˗˄Φ ɳ˄ʰ˂˂ʰˁˍʽˁʱ, ˇʽ ʶˉʽʻˎ˃ʹˍʷˌ ˋˎ˄ʻʺˁʶˌ ˃ˉˇˊˇˏ˄ ˄ʰ ʶˉʽˍʶˎ˔ʻˇˏ˄ ˃ʶ 
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ʰ˂˂ʰʴʷˌ ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁ˗˄ ˋˎ˄ʻʹˁ˗˄, ˈˉ˖ˌ ʷˁˉ˂ˎˋʹ ʰˉˈ ˍʰ ˁˏ˃ʰˍʰ όsurf-washing), 

ˉˊˇˋʻʺˁʹ ˇ˅ˎʴˈ˄ˇˎ ʰˉˈ ˍʹ˄ ʰ˄ʱˉˍˎ˅ʹ ˒ˎˍ˗˄ ˁ˂ˉΦ 

ʃʰˊʱ ˍʹ˄ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁˈˍʹˍʰ ˍʹˌ ˍʶ˔˄ʽˁʺˌ ʰˎˍʺˌΣ ˋˎ˔˄ʱ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ 

ˉˊˇʲ˂ʺ˃ʰˍʰ ʶ˒ʰˊ˃ˇʴʺˌ ˍʹˌ, ˂ˈʴ˖ ˍʹˌ ˋˎ˄ʶ˔ˇˏˌ ʵʽʰˋˉˇˊʱˌ ʺ ˁʰʽ ʵʽʱ˂ˎˋʹˌ ˍ˖˄ 

ˉˊˈˋʻʶˍ˖˄Σ ˃ʰˁˊʽʱ ʰˉˈ ˍʰ ˋˍʰʴˇ˄ʾʵʽʰ ˉʶˍˊʶ˂ʰʾˇˎΦ ʍˌ ˃ʷˍˊˇ ʰ˄ˍʽ˃ʶˍ˗ˉʽˋʹˌΣ 

ˉˊˇˍʶʾ˄ʶˍʰʽ ʹ ˔ˊʺˋʹ ʶ˂ʰʽˇ˒ʽ˂ʽˁ˗˄ όˎʵˊˈ˒ˇʲ˖˄ύ ˉˊˈˋʻʶˍ˖˄ όˉΦ˔Φ ˍˇ S200 ˉˇˎ 

˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ˋˍˇ ʰˍˏ˔ʹ˃ʰ ˍˇˎ ˍʱ˄ˁʶˊ Prestige ˋˍʽˌ ʽˋˉʰ˄ʽˁʷˌ ʰˁˍʷˌΣ ʺ ˍˇ 

Inipol). ɮˉˈ ˍʹ˄ ʱ˂˂ʹΣ ˍʰ ˋˁʶˎʱˋ˃ʰˍʰ ʰˎˍʱ ʷ˔ˇˎ˄ ʰˉˇʵʶʽ˔ʻʶʾ ˍˇ˅ʽˁʱ ʴʽʰ ˍˇˎ ˌ 

ʻʰ˂ʱˋˋʽˇˎˌ ʰˉˇʽˁˇʵˇ˃ʹˍʷˌ ˍˇˎ ˉʶˍˊʶ˂ʰʾˇˎΣ ʶˉˇ˃ʷ˄˖ˌ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˉ˂ʷˇ˄ 

ʲʽˇ˂ˇʴʽˁʱ ˉʰˊʰˋˁʶˎʰˋ˃ʷ˄ʶˌ ʶˉʽ˒ʰ˄ʶʽˇʵˊʰˋˍʽˁʷˌ ˇˎˋʾʶˌ όBiosurfactants). 

ɰʽˇʶ˄ʾˋ˔ˎˋʹ ό.ƛƻŀǳƎƳŜƴǘŀǘƛƻƴ) ([7], [13],[22])    

ɶ ˍʶ˔˄ʽˁʺ ʰˎˍʺ, ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ʶ˃ʲˇ˂ʽʰˋ˃ˈ ʶ˅ʶʽʵʽˁʶˎ˃ʷ˄˖˄ 

˃ʽˁˊˇˇˊʴʰ˄ʽˋ˃˗˄, ˉˇˎ ʰˉˇʵʶʵʶʽʴ˃ʷ˄ʰ ʵʽʰˋˉˇˏ˄ ˉʶˍˊʶ˂ʰʽˇʶʽʵʺΣ ˍʰ ˇˉˇʾʰ ˋʶ 

ˋˎ˄ʵˎʰˋ˃ˈ ˃ʶ ˍˇˎˌ ʶʴ˔˗ˊʽˇˎˌΣ ʶˉʽˍˎʴ˔ʱ˄ˇˎ˄ ˎ˕ʹ˂ˈˍʶˊˇ ʲʰʻ˃ˈ ʲʽˇʵʽʱˋˉʰˋʹˌΦ  

ɳ˄ ˍˇˏˍˇʽˌΣ ˁʰʽ ʴʽʰ ˍʹ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˃ʷʻˇʵˇ ˎˉʱˊ˔ʶʽ ʷ˄ʰˌ ˋˁʶˉˍʽˁʽˋ˃ˈˌΦ ɼʰˍΩ 

ʰˊ˔ʱˌΣ ʵʶ˄ ʶ˄ʵʶʾˁ˄ˎ̱ ʰʽ ʹ ʶ˒ʰˊ˃ˇʴʺ ˍʹˌ ˋʶ ˉʶˊʽˇ˔ʷˌ ˃ʶ ˃ˈ˄ʽ˃ʹ ˉʶˍˊʶ˂ʰʿˁʺ 

ˊˏˉʰ˄ˋʹ̩Φ ɳˁ ˍˈˌ ʰˎˍˇˏΣ ʰ˃˒ʽˋʲʹˍʶʾˍʰʽ ʹ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁˈˍʹˍʱ ˍʹˌΣ ʵʶʵˇ˃ʷ˄ˇˎ ˈˍʽ ˇ 

ʰˊʽʻ˃ˈˌ ˍ˖˄ ˉˊˇˋˍʽʻʷ˃ʶ˄˖˄ ˃ʽˁˊˇˇˊʴʰ˄ʽˋ˃˗˄ ˋˎ˔˄ʱ ˅ʶˉʶˊ˄ʱ ˍˇ˄ ʰˊʽʻ˃ˈ ˍ˖˄ 

ʰˎˍˈ˔ʻˇ˄˖˄ ˁʰʽ ʰˉˈ ˁʱˉˇʽˇ ˋʹ˃ʶʾˇ ˁʰʽ ˃ʶˍʱΣ ˂ˈʴ˖ ʰ˄ˍʰʴ˖˄ʽˋ˃ˇˏΣ ˇʽ ˉˊ˗ˍˇʽ 

ˎˉˇ˔˖ˊˇˏ˄Σ ʶ˒ˈˋˇ˄ ʵʶ˄ ʷ˔ˇˎ˄ ˋˎ˄ʹʻʾˋʶʽ ˄ʰ ʸˇˎ˄ ˋˍʽˌ ʵʶʵˇ˃ʷ˄ʶˌ ˋˎ˄ʻʺˁʶˌΣ ˋʶ 

ʰ˄ˍʾʻʶˋʹ ˃ʶ ˍˇˎˌ ʴʹʴʶ˄ʶʾˌΦ ɳˉʽˉ˂ʷˇ˄Σ ʹ ʰˉˇ˃ˈ˄˖ˋʹ ˁʰʽ ʰˉˇʻʺˁʶˎˋʹ ʶ˄ˈˌ 

ˋˍʶ˂ʷ˔ˇˎˌ ˋˍˇ ʶˊʴʰˋˍʺˊʽˇ ʶʾ˄ʰʽ ˃ʽʰ ʶˉʾˉˇ˄ʹ ʵʽʰʵʽˁʰˋʾʰΣ ʹ ˇˉˇʾʰ ˃ˉˇˊʶʾ ˄ʰ ʷ˔ʶʽ ˖ˌ 

ʰˉˇˍʷ˂ʶˋ˃ ʰ ʷ˄ʰ ʰˉˇʵˎ˄ʰ˃˖˃ʷ˄ˇ ˋˍʷ˂ʶ˔ˇˌΦ ɴ˄ʰˌ ˍˊˈˉˇˌΣ ˃ʶ ˍˇ˄ ˇˉˇʾˇ ʻʰ 

˃ˉˇˊˇˏˋʶ ˄ʰ ʶ˅ʰˋ˒ʰ˂ʽˋˍʶʾ ʹ ʵˊʰˋˍʽˁˈˍʹˍʰ ˍˇˎ ʶ˃ʲˇ˂ʾˇˎ ʴʽʰ ˃ʶʴʱ˂ˇ ˔ˊˇ˄ʽˁˈ 

ʵʽʱˋˍʹ˃ʰ, ʶʾ˄ʰʽ ʹ ˍʶ˔˄ʹˍʺ ʰˁʽ˄ʹˍˇˉˇʾʹˋʹ ʺ ˇ ˋ˔ʹ˃ʰˍʽˋ˃ˈˌ ʲʽˇ˒ʾ˂˃ όFantroussi and 

Agathos 2005). ɮˁˈ˃ʰ ʷ˄ʰ ʰˊ˄ʹˍʽˁˈ ˋʶ˄ʱˊʽˇΣ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍʹ˄ ʶˉʽ˂ˇʴʺ ʰˉˈ ˍˇˎˌ 

˃ʽˁˊˇˇˊʴʰ˄ʽˋ˃ˇˏˌΣ ʱ˂˂˖˄ ˉʹʴ˗˄ ʱ˄ʻ́ ʰˁʰ ʶˁˍˈˌ ˍ˖˄ ˊˎˉˇʴˈ˄˖˄ ʶ˄˗ˋʶ˖˄Φ 

ʅˏ˃˒˖˄ʰ ˃ʶ ˃ʶ˂ʷˍʶˌ ʶˊɹ ʰˋˍʹˊʽʰˁʷˌΣ ʰ˂˂ʱ ˁʰʽ ˋˍˇ ˉʶʵʾˇΣ ˇʽ ʶ˄ ˂ˈʴ˖ ˃ʷʻˇʵˇʽ 

ˁʰʽ ˁˎˊʾ˖ˌ ʹ ʲʽˇʵʽʷʴʶˊˋʹ ˃ˉˇˊʶʾ ˄ʰ ʶ˄ʽˋ˔ˏˋʶʽ ˍʹ ʲʽˇʵʽʱˋˉʰˋʹ ˍˇˎ ˉʶˍˊʶ˂ʰʾˇˎ ˋˍʽˌ 
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ˊˎˉʰˋ˃ʷ˄ʶˌ ʰˁˍʷˌ [10],[11]. ɶ ʲʽˇʵʽʷʴʶˊˋʹ ˁʰˍʰʵʶʽˁ˄ˏʶˍʰʽ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁˈˍʶˊʹΣ 

ʶˉʶʽʵʺ, ʰ˄ ˁʰʽ ʶˉʽ˒ʷˊʶʽ ˍʰ ʾʵʽʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˃ʶ ˍʹ ʲʽˇʶ˄ʾˋ˔ˎˋʹΣ ʹ ˍʶ˂ʶˎˍʰʾʰ ʶʾ˄ʰʽ 

ˉʽˇ ˁˇˋˍˇʲˈˊʰ. ʅˎ˃ˉʶˊʰˋ˃ʰˍʽˁʱΣ ˇ ˋˎ˄ʵˎʰˋ˃ˈˌ ˍ˖˄ ʵˏˇ ʰˎˍ˗˄ ˃ʶʻˈʵ˖˄Σ ʰˉˇˍʶ˂ʶʾ 

˃ʽʰ ˉˇ˂˂ʱ ˎˉˇˋ˔ˈ˃ʶ˄ʹ ˉˊˇˋʷʴʴʽˋʹ ʴʽʰ ˍʹ˄ ʶ˄ʾˋ˔ˎˋʹ ˍʹˌ ʲʽˇʰˉˇʵˈ˃ʹˋʹˌ 

(Fantroussi and Agathos 2005, Silva et al, 2004, Atagana 2004, Trindale et al. 2005). 

ʅˎ˄ˇˉˍʽˁʱ ˍʰ ˉ˂ʶˇ˄ʶˁˍʺ˃ʰˍʰ ˍ˖˄ ʵˏˇ ʰˎˍ˗˄ ˃ʶʻˈʵ˖˄ ʲʽˇʶ˅ˎʴʾʰ˄ˋʹˌ ʶʾ˄ʰʽ: 

× ʋʰ˃ʹ˂ˈ ˁˈˋˍˇˌ: ˇ ʶ˅ˇˉ˂ʽˋ˃ˈˌ ˁʰʽ ˇʽ ʵʽˇʽˁʹˍʽˁʷˌ ˃ʷˊʽ˃˄ʶˌ ʴʽʰ ˍʹ 

ʲʽˇʶ˅ˎʴʾʰ˄ˋʹ ʶʾ˄ʰʽ ʰˉ˂ˇˏˋˍʶˊʶˌ ˁʰʽ ʶˉʽˉ˂ʷˇ˄ ʰˉʰʽˍʶʾˍʰʽ ˂ʽʴˈˍʶˊʹ 

˔ʶʽˊˇ˄ʰˁˍʽˁʺ ʶˊʴʰˋʾʰΦ ʋʰˊʰˁˍʹˊʽˋˍʽˁˈ ʶʾ˄ʰʽ ˍˇ ˉʰˊʱʵʶʽʴ˃ʰ 

ˁʰʻʰˊʽˋ˃ˇˏ ˍʹˌ ˉʶˍˊʶ˂ʰʽˇˁʹ˂ʾʵʰˌ Exxon Valdez ˈˉˇˎ ˍˇ ˁˈˋ̱ ˇˌ 

ʲʽˇʶ˅ˎʴʾʰ˄ˋʹˌ мнл km ʰˁˍʺˌ ʺˍʰ˄ ˂ʽʴˈˍʶˊˇ ʰˉˈ ˍʹ˄ ʹ˃ʶˊʺˋʽʰ 

ʵʰˉʱ˄ʹ ʴʽʰ ˒ˎˋʽˁʺ ʷˁˉ˂ˎˋʹ όphysical washing)[12]. 

× ɳˉʽˍˎʴ˔ʱ˄ʶˍʰʽ on-site ˁ ʰʽ ˉˊˇˋ˒ʷˊʶʽ ʰˉ˂ˇˏˋˍʶˊʹ ˁʰʽ ˉʽˇ ˂ʶˉˍˇ˃ʶˊʺ 

˂ˏˋʹ ˋˍʽˌ ˊˎˉʰˋ˃ʷ˄ʶˌ ˉʶˊʽˇ˔ʷˌ [7]. 

× ɲʶ˄ ʰˉʰʽˍʶʾˍʰʽ ˃ʶʴʱ˂ˇˌ ˃ʹ˔ʰ˄ ʽˁˈˌ ʶ˅ˇˉ˂ʽˋ˃ˈˌ ˁʰʽ ˂ˇʴʽˋˍʽˁʺ 

ʽˁʰ˄ˈˍʹˍʰ όlogistical capability) ʴʽʰ ˍʹ˄ ʰ˄ˍʽ˃ʶˍ˗ˉʽˋʹˌ ˃ʽʰˌ ˃ʶʴʱ˂ʹˌ 

ˉʶˍˊʶ˂ʰʽˇˁʹ˂ʾʵʰˌ [7]. 

× ʃʶˊʽʲʰ˂˂ˇ˄ˍʽˁʱ ˒ʽ˂ʽˁ ̋ ˍʶ˔˄ˇ˂ˇʴʾʰ: ɶ ˍʶ˂ʽˁʺ ʰˉˇʵˈ˃ʹˋʹ ˍˇˎ 

ˉʶˍˊʶ˂ʰʾˇˎ ʷ˔ʶʽ ʰ˄ˈˊʴʰ˄ʰ ˉˊˇʿˈ˄ˍʰ όCO2+H2O), ˋʶ ʰ˄ˍʾʻʶˋʹ ˃ʶ ˍʽˌ 

˒ˎˋʽˁˇ˔ʹ˃ʽˁʷˌ ˃ʶʻˈʵˇˎˌ ˉˇˎ ʰ˂˂ʱʸˇˎ˄ ˍʹ˄ ˁʰˍʰ˄ˇ˃ʺ ˍˇˎ ˊˎˉʰ˄ˍʺ 

ˋˍˇ ˔˗ˊˇΣ ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ʵʽʶˎˁˇ˂ˎ˄ʻʶʾ ʹ ʰˉˇʵˈ˃ʹˋʺ ˍˇˎ[12]. 

× ʍˌ ̄́ ʱˋʽ˄ʹ ˍʶ˔˄ˇ˂ˇʴʾʰ ʶˉʽ˒ʷˊʶʽ ʶ˂ʱ˔ʽˋ̱ ʶˌ ʲ˂ʱʲʶˌ ˋˍʹ ˊˎˉʰˋ˃ʷ˄ʹ 

ˉʶˊʽˇ˔ʺ όʲʰˋʾʸʶˍʰʽ ˋʶ ˒ˎˋʽˁʷˌ ʵʽʶˊʴʰˋʾʶˌύ ˁʰʽ ˃ˉˇˊʶʾ ˄ʰ ʴʾ˄ʶʽ ˉʽˇ 

ʶˏˁˇ˂ʰ ʰˉˇʵʶˁˍʺ ʰˉˈ ̱ ˇ ʶˎˊˏ ˁˇʽ˄ˈ [12]. 

ʅˎ˄ˇˉˍʽˁʱ ˍʰ ˃ʶʽˇ˄ʶˁˍʺ˃ ʰˍʰ ˍ˖˄ ʵˏˇ ʰˎˍ˗˄ ˃ʶʻˈʵ˖˄ ʲʽˇʶ˅ˎʴʾʰ˄ˋʹˌ ʶʾ˄ʰʽ: 

× ʍˌ ʰˊ˔ʽˁˈ ˃ʷˍˊˇ ʴʽʰ ˍʹ˄ ʰ˄ˍʽ˃ʶˍ˗ˉʽˋʹ ˃ʽʰˌ ʰˉʶʽ˂ʺˌΣ ʰˉʰʽˍʶʾ ʰˊˁʶˍˈ 

˔ˊˈ˄ˇ ˃ʷ˔ˊʽ ˄ʰ ʵˇˎ˂ʷ˕ʶʽΦ ɳ˄ʵʶʾˁ˄ˎˍʰʽ ʹ ʶ˒ʰˊ˃ˇʴʺ ˖ˌ ʵʶˎˍʶˊʶˏˇˎˋʰ 

˃ʷʻˇʵˇˌ ʰ˄ˍʽ˃ʶˍ˗ˉʽˋʹˌ. 

× ʅˎ˄ʺʻ˖ˌ ʶʾ˄ʰʽ ʵˏˋˁˇ˂ˇ ˄ʰ ˂ʶʽˍˇˎˊʴʺˋʶʽ ˋˍʰ ʰ˄ˇʽ˔ˍʱΣ ˂ˈʴ˖ ˍʹˌ 

ʷ˄ˍˇ˄ʹˌ ʵʽʱ˂ˎˋʹˌ. 
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× ɶ ˉˊˇˋʷʴʴʽˋʹ ˍʹˌ ʲʽˇʶ˅ˎʴʾʰ˄ˋʹˌΣ ˉˊʷˉʶʽ ˄ʰ ˉˊˇˋʰˊ˃ˇˋˍʶʾ 

ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ˋʶ ˁʱʻʶ ˊˎˉʰˋ˃ʷ˄ʹ ˉʶˊʽˇ˔ʺΦ ɮ˄ ˁʰʽ ʰˎˍˈ ʽˋ˔ˏʶʽ ʴʶ˄ʽˁʰ 

ʴʽʰ ˁʱʻʶ ˍʶ˔˄ˇ˂ˇʴʾʰΣ ʹ ˉˊˇʹʴ˃ʷ˄ʹ ʴ˄˗ˋʹ ˉˇˎ ʰˉʰʽˍʶʾˍʰʽ ˈˋˇ˄ 

ʰ˒ˇˊʱ ˍʹ ʶ˒ʰˊ˃ˇʴʺ ˁʱˉˇʽʰˌ ˃ʶʻˈʵˇˎ ʲʽˇʶ˅ˎʴʾʰ˄ˋʹˌ ʶʾ˄ʰʽ 

˃ʶʴʰ˂ˏˍʶˊʹ (ˉΦ˔Φ ʹ ˉˊˇʹʴ˃ʷ˄ʹ ʴ˄˗ˋʹ ˍʹˌ ʰˉˇʵˇˍʽˁˈˍʹˍʰˌ ʴʹʴʶ˄˗˄ 

ʲʰˁˍʹˊʾ˖˄ ˁʰʽ ʹ ʵʽʰʻʶˋʽ˃ˈˍʹˍʰ ˍ˖˄ ˉʶˊʽˇˊʽˋˍʽˁ˗˄ ʻˊʶˉˍʽˁ˗˄ 

ˇˎˋʽ˗˄ ʶʾ˄ʰʽ ˃ʶˊʽˁˇʾ ʰˉ ̍ ˍˇˎˌ ˉʰˊʱʴˇ˄ˍʶˌ ˉˇˎ ˉˊʷˉʶʽ ˄ʰ 

ˉˊˇˋʵʽˇˊʽˋˍˇˏ˄ύΦ 

× ʆˇ ˁˇʽ˄ˈΣ ʰ˄ ˁʰʽ ʶʾ˄ʰʽ ʻʶˍʽˁˈ ˋˍʹ ˔ˊʺˋʹ ˒ˎˋʽˁ˗˄ ˍʶ˔˄ˇ˂ˇʴʽ˗˄Σ ʵʶ˄ 

ʶʾ˄ʰʽ ʶˏˁˇ˂ˇ ˄ʰ ʰˉˇʵʶ˔ˍʶʾ ˍʹ ˔ˊʺˋʹ ˃ʽˁˊˇˇˊʴʰ˄ʽˋ˃˗˄ ˖ˌ ˃ʷˍˊˇ 

ʰ˄ˍʽ˃ʶˍ˗ˉʽˋʹˌΦ ɱʽʰ ˍˇ ˂ˈʴˇ ʰˎˍˈΣ ˉˊˇˍˇˏ ˇʽ ˍʶ˔˄ˇ˂ˇʴʾʶˌ 

ʲʽˇʶ˅ˎʴʾʰ˄ˋʹˌ ˔ˊʹˋʽ˃ˇˉˇʽʹ̒ ˇˏ˄ ʶˎˊʷ˖ˌΣ ˉˊʷˉʶʽ ˄ʰ ʵʽʰˋ˒ʰ˂ʽˋˍʶʾ ʹ 

ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁˈˍʹˍʰ ˁʰʽ ʹ ʰˋ˒ʱ˂ʶʽʱ ˍˇˎˌΦ 

1.2 ɬɻʎʅʀʉʀʍɾʘʏ ʋʑʎʚʀʏ[2],[4],[7] 

ʁʽ ʶˉʽ˒ʰ˄ʶʽʰˁʱ ʵˊʰˋˍʽˁʷˌ ʺ ˍʰˋʽʶ˄ʶˊʴʷˌ ˇˎˋʾʶˌΣ ʶʾ˄ʰʽ ˇˊʴʰ˄ʽˁʱ ʰ˃˒ʾ˒ʽ˂ʰ 

˃ˈˊʽʰ ˉˇˎ ʰˉˇˍʶ˂ˇˏ˄ˍʰʽ ʰˉˈ ʷ˄ʰ ˎʵˊˈ˒ʽ˂ˇ ˁʰʽ ʷ˄ʰ ˎʵˊˈ˒ˇʲˇ ˍ˃ʺ˃ʰΦ ʆˇ ˎʵˊˈ˒ʽ˂ˇΣ 

ʵʾ˄ʶʽ ˋˍʽˌ ˇˎˋʾʶˌ ʰˎˍʷˌ ˍʹ˄ ʽʵʽˈˍʹˍʰ ˄ʰ ʵʽʰ˂ˏˇ˄ˍʰʽ ˋˍˇ ˄ʶˊˈΣ ʶ˄˗ ˃ʷˋ˖ ˍˇˎ 

ˎʵˊˈ˒ˇʲˇˎ ˍ˃ʺ˃ʰˍˇˌ ˋˎˋˋ˖˃ʰˍ˗˄ˇ˄ˍʰʽ ˋʶ ʵʽʶˉʽ˒ʱ˄ʶʽʶˌΣ ˃ʶʽ˗˄ˇ˄ˍʰ ̩ ˍʹ˄ 

ʶˉʽ˒ʰ˄ʶʽʰˁʺ ˍʱˋʹ ˎʵʰˍʽˁ˗˄ ʵʽʰ˂ˎ˃ʱˍ˖˄Φ ʃˇʽˁʽ˂ʾʰ ˉˊˇʿ̍ ˄ˍ̟˄  ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ 

ˁʰʻʹ˃ʶˊʽ˄ʱ ˉʶˊʽʷ˔ʶʽ ˍʷˍˇʽˇˎ ʶʾʵˇˎˌ ˇˎˋʾʶˌΣ ˃ʶˊʽˁʱ ʰˉˈ ʰˎˍʱ ʶʾ˄ʰʽ ˍʰ ˋʰˉˇˏ˄ʽʰΣ ˍʰ 

˃ʶ˂ʱ˄ʽʰΣ ˇʽ ˇʵˇ˄ˍˈˁ́ ʶ˃ʶˌΣ ˇʽ ˁˈ˂˂ʶˌ ˁΦΦɦ ʁʽ ˍˊˈˉˇʽ ˉʰˊʰˋˁʶˎʺˌ ˍ˖˄ ˍʰˋʽʶ˄ʶˊʴ˗˄ 

ˇˎˋʽ˗˄ ˃ˉˇˊʶʾ ˄ʰ ʶʾ˄ʰʽ ˋˎ˄ʻʶˍʽˁˇʾ ʺ ʲʽˇ˂ˇʴʽˁˇʾΦ 

 ɴ˄ʰˌ ˍˊˈˉˇˌ ˁʰˍʱˍʰ˅ʹˌ ˍ˖˄ ˍʰˋʽʶ˄ʶˊʴ˗˄ ˇˎˋʽ˗˄Σ ʶʾ˄ʰʽ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍˇ 

˒ˇˊˍʾˇ ˍˇˎˌΣ ˇˉˈˍʶ ʷ˔ˇˎ˃ʶ ʰ˄ʽˇ˄̔ ˁʷˌΣ ˁʰˍʽˇ˄ʽˁʷˌΣ ʵʽʽˇ˄ʽˁʷˌ ˁʰʽ ˃ʹ ʽˇ˄ʽˁʷˌ 

ʲʽˇˍʰˋʽʶ˄ʶˊʴʷˌ ˇˎˋʾʶˌ ˁʰʽ ˋˎ˄ʺʻ˖ˌ ʹ ˍʰ˅ʽ˄ˈ˃ʹˋʺ ˍˇˎˌ ʴʾ˄ʶˍʰʽ ʲʱˋʶʽ ˍʹˌ ˎʵˊˈ˒ʽ˂ʹˌ 

ˁʶ˒ʰ˂ʺˌΦ ʆʰ ˎʵˊˈ˒ʽ˂ʰ ˍ˃ʺ˃ʰˍʰΣ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄ ˃ʽʰ ˁʰˊʲˇ˅ˎ˂ʽˁʺ ʺ ʻʶʽʽˁʺ ˇ˃ʱʵʰ 

όʰ˄ʽˇ˄ʽˁʷˌύΣ ˃ʽʰ ˇ˃ʱʵʰ ˍʶˍʰˊˍˇʴʶ˄ˇˏˌ ʰ˃˃˖˄ʾˇˎ όˁʰˍʽˇ˄ˍʽˁʺύΣ ˉˇ˂ˎˇ˅ˎʰʽʻˎ˂ʷ˄ʽˇΣ 

ˋʰˁ˔ʰˊˈʸʹ ʺ ʷ˄ʰ ˉʶˉˍʾʵʽˇ όˇˎʵʷˍʶˊʹύΦ ɶ ˎʵˊˈ˒ˇʲʹ ˇˎˊʱ ʰˉˇˍʶ˂ʶʾˍʰʽ ʶʾˍʶ ʰˉˈ ˃ʽʰ 

ʰ˂ˎˋʾʵʰ ˎʵˊˇʴˇ˄ʰ˄ʻ́ʱˁ˖˄Σ ʶʾˍʶ ʰˉˈ ʰˊ˖˃ʰˍʽˁˇˏˌ ˎʵˊˇʴˇ˄ʱ˄ʻˊʰˁʶˌΦ 
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ʅʶ ˔ʰ˃ʹ˂ʱ ʶˉʾˉʶʵʰ ˋˎʴˁʶ˄ˍˊ˗ˋʶ˖˄Σ ˇʽ ˍʰˋʽʶ˄ʶˊʴʷˌ ˇˎˋʾʶˌ ʲˊʾˋˁˇ˄ˍʰʽ ˖ˌ 

˃ˇ˄ˇ˃ʶˊʶʾˌ ʰʽ˖ˊˇˏ˃ʶ˄ʶˌ ˋˍʹ˄ ˎʵʰˍʽˁʺ ˒ʱˋʹΣ ˃ʷ˔ˊʽˌ ˈˍˇˎ ʹ ˋˎʴˁʷ˄ˍˊ˖ˋʺ ˍˇˎˌ ˄ʰ 

˒ˍʱˋʶʽ ˍʹ˄ ˁˊʾˋʽ˃ʹ ˋˎʴˁʷ˄ˍˊ˖ˋ́  ˃ʽˁˁˎ˂ʾˇˎ όCMCύΣ ˈˉˇˎ ʰ˄ ʹ ʻʶˊ˃ˇˁˊʰˋʾʰ ˍˇˎ 

ˋˎˋˍʺ˃ʰˍˇˌ ʶʾ˄ʰʽ ˃ʶʴʰ˂ˏˍʶˊʹ ʰˉˈ ˍʹ˄ ˁˊʾˋʽ˃ʹ ʻʶˊ˃ˇˁˊʰˋʾʰ ˃ʽˁˁˎ˂ʾˇˎΣ ʶˉʷˊ˔ʶˍʰʽ 

ʷ˄˖ˋʹ ˍ˖˄ ˃ˇ˄ˇ˃ʶˊ˗˄ ˁʰʽ ˋ˔ʹ˃ʰˍʽˋ˃ˈˌ ˃ʽˁˁˎ˂ʾˇˎΦ ʁ ˋ˔ʹ˃ʰˍʽˋ˃ˈˌ ˍ˖˄ ˃ʽˁˁˎ˂ʾ˖˄ 

ʴʾ˄ʶˍʰʽ ˋˏ˃˒˖˄ʰ ˃ʶ ˍˇˎˌ ˄ˈ˃ˇˎˌ ˍʹˌ ʻʶˊ˃ˇʵˎ˄ʰ˃ʽˁʺˌ ˁʰʽ ˋʶ ˎʵʱˍʽ˄ˇ ʵʽʰ˂ˏˍʹ 

όˈˉ˖ˌ ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˉˇˎ ˃ʶ˂ʶˍʱ˃ʶύΣ ʶ˄˗ ʲʰˋʽˁˈˌ ˉʰˊʱʴˇ˄ˍʰˌ ˋ˔ʹ˃ʰˍʽˋ˃ˇˏ ˍˇˎˌ 

ʶʾ˄ʰʽ ʹ ˎʵˊˇ˒ˇʲʽˁˈˍʹˍʰ ˍ˖˄ ʶˉʽ˒ʰ˄ʶʽˇʵˊʰˋˍʽˁ˗˄ ˇˎˋʽ˗˄Φ 

ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ, ˉʰˊʰˍʾʻʶ˄ˍʰʽ ˁʱˉˇʽʶˌ ʶʽˁˈ˄ʶˌ ʴʽʰ ˄ʰ ˁʰˍʰ˄ˇʹʻʶʾ ˁʰ˂ˏˍʶˊʰ ʹ 

ʵˊʱˋʹ ˍ˖˄ ʶˉʽ˒ʰ˄ʶʽˇʵˊʰˋˍʽˁ˗˄ ˇˎˋʽ˗˄Φ ɮˎˍʷˌ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄Σ ˋˍʹ˄ ɳʽˁˈ˄ʰ 17Σ ˍʹ 

ˋ˔ʹ˃ʰˍʽˁʺ ʰˉʶʽˁˈ˄ʽˋʹ ˍʹˌ ˋˎˋˋ˗ˊʶˎˋʹˌ ʶˉʽ˒ʰ˄ʶʽˇʵˊʰˋˍʽˁ˗ ˄ ˇˎˋʽ˗˄ ˋˍʹ 

ʵʽʶˉʽ˒ʱ˄ʶʽʰ ˄ʶˊˇˏ-ʰʷˊʰ ˁʰʽ ˋˍʽˌ ʶ̔ˁ ˈ˄ʶ̩ 18 ˁh  ̔ 19Σ ˍʹ ˋˍʰʵʽʰˁʺ ʵʹ˃ʽˇˎˊʴʾʰ 

˃̔ˁ ˁˎ˂ ʾˇˎ ʰˉˈ ˍʰˋʽʶ˄ʶˊʴʷˌ ˇˎˋʾʶ ̩ˁ ʰʽ ˍʹ˄ ʶʽˁˈ˄ʰ ʶ˄ˈˌ ˃ʽˁˁˎ˂ʾˇˎ h ˄ˍʾˋˍˇʽ˔ʰΦ 

 

 

ɳʽˁˈ˄ʰ 17Υ ʅˎˋˋ˗ˊʶˎˋʹ ʶˉʽ˒ʰ˄ʶʽˇʵˊʰˋˍʽˁ˗˄ ˇˎˋʽ˗˄ ˋˍʹ ʵʽʶˉʽ˒ʱ˄ʶʽʰ ˄ʶˊˇˏ-ʰʷˊʰ όˉʹʴʺΥ ʃʰ˄ʶˉʽˋˍʺ˃ʽˇ 

ʃʰˍˊ˗˄-ʆ˃ʺ˃ʰ ʋʹ˃ʽˁ˗˄ ɾʹ˔ʰ˄ʽˁ˗˄ύ 

 

ɳʽˁˈ˄ʰ 18Υ ʅˍʰʵʽʰˁʺ ʵʹ˃ʽˇˎˊʴʾʰ ˃ʽˁˁˎ˂ʾˇˎ h ˉˈ ˍʰˋʽʶ˄ʶˊʴʷˌόˉʹʴʺΥ J R HESS & COMPANY) 
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ɳʽˁˈ˄ʰ 19: ɾʽˁˁˏ˂ʽ ̱̌ ʰˋʽʶ˄ʶˊʴ˗˄ ˇˎˋʽ˗˄ ̀ ˍˇ ˄ʶˊˈ όˉʹʴʺΥ J R HESS & COMPANY) 

 

1.2.1 ɥʂʔɻʉʅʎʈʝʏ ɿʍʗʎʂʏ ʐɻʎʅʀʉʀʍɾʡʉ ʋʑʎʅʡʉ 

ʅˎ˄ˇˉˍʽˁʱΣ ʹ ʵʽʰʵʽˁʰˋʾʰ ˉˇˎ ˂ʰ˃ʲʱ˄ʶʽ ˔˗ˊʰ ˁʰʽ ʷ˔ʶʽ ˖ˌ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹ˄ 

ʰˏ˅ʹˋʹ ˍʹˌ ʲʽˇʵʽʰʻʶˋʽ˃ˈˍʹˍʰˌ ˍ˖˄ ˎʵˊˇʴˇ˄ʰ˄ʻˊʱˁ˖˄ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍʰ ˋˍʱʵʽʰ ˉˇˎ 

ˉʶˊʽʴˊʱ˒ˇ˄ˍʰʽ ˉʰˊʰˁʱˍ˖Φ 

ɮˊ˔ʽˁʱΣ ʶˉʷˊ˔ʶˍʰʽ ˃ʶʾ˖ˋʹ ˍʹˌ ʶˉʽ˒ʰ˄ʶʽʰˁʺˌ ˍʱˋʹˌ ˃ʶˍʰ˅ˏ ˎʵʰˍʽˁʺˌ ˁʰʽ ˃ʹ-

ˎʵʰˍʽˁʺˌ ˒ʱˋʹˌΦ ʅˍʹ ˋˎ˄ʷ˔ʶʽʰΣ ʹ ʰˏ˅ʹˋʹ ˍʹˌ ʵʽʰ˂ˎˍˈˍʹˍʰˌ ˍ˖˄ ˎʵˊˇʴˇ˄ʰ˄ʻˊʱˁ˖˄ 

ˋˎ˄ˍʶ˂ʶʾ ˋˍʹ ʵʽʰ˂ˎˍˇˉˇʾʹˋʹ ʰˎˍ˗˄Σ ˂ˈʴ˖ ˍʹˌ ˉʰˊˇˎˋʾʰˌ ˃ʽˁˁˎ˂ʾ˖˄Φ ɳˉʹˊʶʱʸʶˍʰʽ 

ʰˉˈ ˉʰˊʱʴˇ˄ˍʶˌ ˈˉ˖ˌΣ ˇ ˍˏˉˇˌΣ ʹ ˋˎʴˁʷ˄ˍˊ˖ˋʹΣ ʹ ˎʵˊˇ˒ˇʲʽˁˈˍʹˍʰ ˍʹˌ ˍʰˋʽʶ˄ʶˊʴʺˌ 

ˇˎˋʾʰˌΣ ˇʽ ʰ˂˂ʹ˂ʶˉʽʵˊʱˋʶʽˌ ˉˇˎ ʷ˔ʶʽ ˃ʶ ˍˇ ʻʰ˂ʱˋˋʽˇ ˄ʶˊˈ ˁʰʻ˗ˌ ˁʰʽ ʰˉ ̍ˍˇ ˔ˊˈ˄ˇ 

ˉʰˊʰ˃ˇ˄ʺˌ ˍˇˎ ˊˏˉˇˎ ˋˍʹ ʻʱ˂ʰˋˋʰΦ ʅʰ˄ ʰˉˇˍʷ˂ʶˋ˃ʰΣ ʵʽʶˎˁˇ˂ˏ˄ʶˍʰʽ ʹ 

ˉˊˇˋˁˈ˂˂ʹˋʹ ʺ ʰˉˇˁˈ˂˂ʹˋʹ ˍ˖˄ ˃ʽˁˊˇˇˊʴʰ˄ʽˋ˃˗˄ ʰˉˈ ˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍˇˎ ˊˏˉˇˎΣ 

ʶˉ́ˊʶʱʸˇ˄ˍʰˌ ˃ʶ ˍˇ˄ ˍˊˈˉˇ ʰˎˍˈ ˍʹ˄ ˎʵˊˇ˒ˇʲʽˁˈˍʹˍʰ ˍʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ˍ˖˄ 

ˁˎˍˍʱˊ˖˄ ˁʰʽ ˍ˖˄ ˊˎˉˇʴˈ˄˖˄ ʶ˄˗ˋʶ˖˄Φ 

ɮˉʰˊʰʾˍʹˍʹ ˉˊˇːˉˈʻʶˋʹ ʴʽʰ ˍʹ˄ ʶˉʽˍˎ˔ʺ ˉˊˇˋʻʺˁʹ ˇˎˋʽ˗˄ ʵʽʰˋˉˇˊʱˌ ʶʾ˄ʰʽ 

ˍˇ ʽ˅˗ʵʶˌ ˍ˖˄ ʶˉʽˉ˂ʶˈ˄ˍ˖˄ ˋˎˋˍʰˍʽˁ˗˄ ˍˇˎ ˉʶˍˊʶ˂ʰʾˇˎ ˄ʰ ˃ʹ˄ ʶʾ˄ʰʽ ˉˇ˂ˏ ˎ˕ʹ˂ˈΣ 

ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ˉˊˇ˂ʱʲʶʽ ˇ ʵʽʰ˂ˏˍʹˌ ˄ʰ ʶʽˋʷ˂ʻʶʽ ˋˍʹ˄ ˇˊʴʰ˄ʽˁʺ ˒ʱˋʹΣ ˉˊˇˍˇˏ ˍʰ 

ˍʰˋʽʶ˄ʶˊʴʱ ʵʽʰ˂ˎʻˇˏ˄ ˋˍʹ˄ ˎʵʰˍʽˁʺ ˒ʱˋʹΦ ʆˇ ˃ʷʴʽˋˍˇ ʶˉʽˍˊʶˉˍˈ ʽ˅˗ʵʶˌ ʷ˔ʶʽ 

ˎˉˇ˂ˇʴʽˋˍʶʾ ˋˍʰ нΦллл cpoise (2 Pa*sύ ˁʰʽ ʹ ˉˊˇˋʻʺˁʹ ˉˊʷˉʶʽ ˄ʰ ʴʾ˄ʶʽ ʶ˄ˍˈˌ нп 

˖ˊ˗˄ όˍˇ ʰˊʴˈˍʶˊˇ ʶ˄ˍˈˌ пу ˖ˊ˗˄ύ. 
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ɶ ˉˊˇˋʻʺˁʹ ˍ˖˄ ˇˎˋʽ˗˄ ʴʾ˄ʶˍʰʽ ˋˎ˄ʺʻ˖ˌ ˃ʶ ʴʶ˖ˊʴʽˁʱ ʰʶˊˇˉ˂ʱ˄ʰ ʺ 

ˉ˂ˇʽʱˊʽʰΦ ʍˋˍˈˋˇΣ ˉˇ˂˂ʷˌ ˒ˇˊʷˌΣ ʶˉʽ˒ˎ˂ʱˋˋʶʽ ˁʰʽ ˁʱˉˇʽʶˌ ʰˊ˄ʹˍʽˁʷˌ ʶˉʽˉˍ˗ˋʶʽˌΣ 

ˉˇˎ ʰ˒ˇˊˇˏ˄ ˁˎˊʾ˖ˌ ˍʰ ˇʽˁˇˋˎˋˍʺ˃ʰˍʰΦ ɮˎˍʷˌ ˇ˒ʶʾ˂ˇ˄ˍʰʽ ˋˍʹ˄ ˉˊˇˋˊˈ˒ʹˋʹ ˍ˖˄ 

ˇˎ̀̔ ˗˄ ʰˎˍ˗˄, ˁʰʻ˗ˌ ˁʰʽ ˋˍʹ˄ ˉʽʻʰ˄ʺ ˔ˊʺˋʹ ˍˇˎˌ ˖ˌ ʻˊʶˉˍʽˁˈ ˎˉˈˋˍˊ˖˃ʰ ʰˉˈ 

˃ʽˁˊˇˇˊʴʰ˄ʽˋ˃ˇˏˌΦ ɳˁˍˈˌ ʰˎˍˇˏΣ ʹ ˎ˕ʹ˂ʺ ʵʽʰʻʶˋʽ˃ˈˍʹˍʰ ˍˇˎ ˊˏˉˇˎ ˃ˉˇˊʶʾ ˄ʰ 

ʶˉʽ˒ʷˊʶʽ ˍˇ˅ʽˁˈˍʹˍʰΣ ʶ˄˗ ˍʰˎˍˈ˔ˊˇ˄ʰ ʹ ʵʹ˃ʽˇˎˊʴʾʰ ˃ʽˁˁˎ˂ʾ˖˄ ˍʰ ˇˉˇʾʰ ʵʶˋ˃ʶˏˇˎ˄ 

ˍˇˎˌ ˊˏˉˇˎˌΣ ʷ˔ʶʽ ˖ˌ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹ ˃ʶʾ˖ˋʹ ˍʹˌ ʲʽˇʵʽʰʻʶˋʽ˃ˈˍʹˍʰˌ ˍ̟ ˄ 

ˍʶ˂ʶˎˍʰʾ˖˄Φ  ɹʵʽʰʾˍʶˊʰ ˋˍʹ ɾʶˋˈʴʶʽˇ ʻʱ˂ʰˋˋʰΣ όˉˇˎ ʶʾ˄ʰʽ ˃ʽʰ ʶˎʰʾˋʻʹˍʹ ˉʶˊʽˇ˔ʺύΣ 

ʹ ʶ˒ʰˊ˃ˇʴʺ ʵʽʰˋˁˇˊˉʽˋˍʽˁ˗˄ ˋˍʹ˄ ˉʰˊʱˁˍʽʰ ʸ˗˄ʹ ʵʶ˄ ʻʶ˖ˊʶʾˍʰʽ ʹ ˁʰ˂ˏˍʶˊʹ 

ʶˉʽ˂ˇʴʺ ʴʽʰ ˍʹ˄ ˁʰˍʰˉˇ˂ʷ˃ʹˋʹ ˃ʽʰˌ ˋˇʲʰˊʺˌ ˊˏˉʰ˄ˋʹˌΦ ʍˋˍˈˋˇΣ ʶˉʽ˂ʷʴʶˍʰʽ ˋʶ 

ˇˊʽˋ˃ʷ˄ʶˌ ˉʶˊʽˉˍ˗ˋʶʽˌΣ ʰ˄ ˏˋˍʶˊʰ ʰˉˈ ˋˇʲʰˊʷˌ ˇʽˁˇ˂ˇʴʽˁʷˌ ˃ʶ˂ʷˍʶˌ ˉˊˇˁˏ˕ʶʽ ˈˍʽ 

ʶʾ˄ʰʽ ʰˉˇʵʶˁˍʺ ʹ ˍˇˉʽˁʺ ˔ˊʹˋʽ˃ˇˉˇʾʹˋʺ ˍˇˎˌΦ  

ʂˉ˖ˌ ˉˊˇʰ˄ʰ˒ʷˊʻʹˁʶΣ ˎˉʱˊ˔ˇˎ˄ ʵˏˇ ˉʽʻʰ˄ˇʾ ˍˊˈˉˇʽ ˉʰˊʰˋˁʶˎʺˌ 

ˍʰˋʽʶ˄ʶˊʴ˗˄ ˇˎˋʽ˗˄Φ ʁ ˉˊ˗ˍˇˌ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˔ʹ˃ʽˁʷˌ ʵʽʶˊʴʰˋʾʶˌΣ ʶ˄˗ ˇ ʵʶˏˍʶˊˇˌ 

ʲʽˇ˂ˇʴʽˁʷˌΦ ʅˍˇ ˋʹ˃ʶʾˇ ʰˎˍˈ ʻʰ ˉʰˊʰˍʶʻˇˏ˄ ˍʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍ˖˄ ʵˏˇ ʰˎˍ˗˄ 

ʶʽʵ˗˄ ˍʰˋʽʶ˄ʶˊʴ˗˄ ˇˎˋʽ˗˄Σ ˅ʶˁʽ˄˗ˍʰˌ ˃ʶ ˍʽˌ ˋˎ˄ʻʶˍʽˁʱ ˉʰˊʰʴˈ˃ʶ˄ʶˌ ˍʰˋʽʶ˄ʶˊʴʷˌ 

ˁʰʽ ˍʶ˂ʶʽ˗˄ˇ˄ˍʰˌ ˃ʶ ˍʽˌ ʲʽˇ˂ˇʴʽˁʱ ˉʰˊʰʴˈ˃ʶ˄ʶˌ, ˇʽ ˇˉˇʾʶˌ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ˁʰʽ 

ˋˍʹ˄ ʶ˄ ˂ˈʴ˖ ʵʽˉ˂˖˃ʰˍʽˁʺ ʶˊʴʰˋʾʰΦ  

1.2.2 ɫʑʉʃʀʐʅʆʗ ʌɻʍɻɾʝʈʀʉʀʏ ʐɻʎʅʀʉʀʍɾʘʏ 

ɶ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˁʰˍʹʴˇˊʾʰ ʶˉʽ˒ʰ˄ʶʽˇʵˊʰˋˍʽˁ˗˄ ˎˉʶˊˍʶˊʶʾ ˋˎʴˁˊʽˍʽˁʱ ˃ʶ ˍʽˌ 

ʲʽˇ˂ˇʴʽˁʱ ˉʰˊʰʴˈ˃ʶ˄ʶˌ ˋʶ ˈΣˍʽ ʰ˒ˇˊʱ ˍˇ ˁˈˋˍˇˌ ˉʰˊʰʴ˖ʴʺˌ ˍˇˎˌΣ ˍˇ ˇˉˇʾˇ ʶʾ˄ʰʽ 

ʰˊˁʶˍʱ ˔ʰ˃ʹ˂ˈˍʶˊˇΦ ɾʽʰ ˁʰˍʹʴˇˊʾʰ ʶ˄˗ˋʶ˖˄ ˉˇˎ  ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʶˎˊʷ˖ˌ ʴʽʰ ˍʹ˄ 

ˉʰˊʰʴ˖ʴʺ ˍʰˋʽʶ˄ʶˊʴ˗˄ ʶʾ˄ʰʽ ˇʽ ˂ʽˉʰˊʷˌ ʰ˂ˁˇˈ˂ʶˌΣ ʰ˂ˁˇˈ˂ʶˌ ʵʹ˂ʰʵʺ ˃ʶ ˍˇ 

ˎʵˊˇ˅ˏ˂ʽˇ ˋˍʹ ʻʷˋʹ м ˍʹˌ ʰ˄ʻˊʰˁʽˁʺˌ ˍˇˎˌ ʰ˂ˎˋʾʵʰˌΦ 

ʃˊˇˁʶʽ˃ʷ˄ˇˎ ˇʽ ˇˎˋʾʶˌ ʰˎˍʷˌ ˄ʰ ʰ˅ʽˇˉˇʽʹʻˇˏ˄ ʴʽʰ ʶ˅ˎʴʾʰ˄ˋʹΣ ˋˎ˄ʵˎʱʸˇ˄ˍʰʽ 

˃ʶ ˁʱˉˇʽˇ˄ ʵʽʰ˂ˏˍʹΣ ˋ˔ʹ˃ʰˍʾʸˇ˄ˍʰˌ ά˔ʹ˃ʽˁʷˌ ˇˎˋʾʶˌ ʵʽʰˋˉˇˊʱˌέΣ ˇʽ ˇˉˇʾʶˌ ɻ́ˇˎ˄ 

˃ʶ ˍˇ˄ ˃ʹ˔ʰ˄ʽˋ˃ˈ ˉˇˎ ˉʶˊʽʴˊʱ˒ʶˍʰʽ ˋˍˇ ˎˉˇˁʶ˒ʱ˂ʰʽˇ мΦнΦмΦ ʁ ʵʽʰ˂ˏˍʹˌ ʷ˔ʶʽ ˍʹ˄ 

ʽˁʰ˄ˈˍʹˍʰ ˄ʰ ʶʽˋʷˊ˔ʶˍʰʽ ˋˍʹ˄ ˇˊʴʰ˄ʽˁʺ ˒ʱˋʹ ʶˎˁˇ˂ˈˍʶˊʰ ˁʰʽ ʶˉˇ˃ʷ˄˖ˌ ˃ˉˇˊʶʾ ˄ʰ 

˃ʶˍʰ˒ʷˊʶʽ ˋˎʴ˔ˊˈ˄˖ˌ ˁʰʽ ˍʽˌ ˍʰˋʽʶ˄ʶˊʴʷˌ ˇˎˋʾʶˌ ˋʶ ʰˎˍʺ˄Φ   
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1.2.3 ɛʅʋʇʋɾʅʆʗ ʌɻʍɻɾʝʈʀʉʀʏ ʐɻʎʅʀʉʀʍɾʘʏ ʋʑʎʚʀʏ 

ʁʽ ʲʽˇˍʰˋʽʶ˄ʶˊʴʷˌ ˇˎˋʾʶˌ ʲʽˇ˂ˇʴʽˁʺˌ ˉˊˇʷ˂ʶˎˋʹˌ όʲʽˇˍʰˋʽʶ˄ʶˊʴʷˌύ 

ˉʰ́ʱʴˇ˄ˍʰʽ ʰˉˈ ˉ˂ʺʻˇˌ ʲʰˁˍʹˊʾ˖˄Σ ˃ˎˁʺˍ˖˄ ˁʰʻ˗ˌ ˁʰʽ ʸˎ˃˗˄Φ ʆʰ ʴʷ˄ʹ ʲʰˁˍʹˊʾ˖˄ 

ˉˇˎ ˋˎ˃˃ʶˍʷ˔ˇˎ˄ ʶʾ˄ʰʽ ˁˎˊʾ˖ ̩ ˍʰ άBacillusέ, άPseudomonasέ, άAcietobecterέΣ 

άaȅŎƻōŀŎǘŜǊƛǳƳέ ˁʰʽ ά!ƭŎŀƴƛǾƻǊŀȄέ.  

ʆʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍ˖˄ ʲʽˇˍʰˋʽʶ˄ʶˊʴ˗˄ ˇˎˋʽ˗˄ ʵʶ˄ ʵʽʰ˒ʷˊˇˎ˄ ʰˉˈ ʰˎˍʱ 

ˍ˖˄ ˋˎ˄ʻʶˍʽˁʱ ˉʰˊʰʴˈ˃ʶ˄˖˄ ˍʰˋʽʶ˄ʶˊʴ˗˄ ˁʰʽ ʴʽʰ ˍʹ˄ ʰˁˊʾʲʶʽʰ ˋˎʴˁʶ˄ˍ̠́ ˄ˇˎ˄ 

ˉˇ˂˂ʱ ʰˉˈ ˍʰ ˉ˂ʶˇ˄ʶˁˍʺ˃ʰˍʰ ʰˎˍ˗˄Σ ˋ˔ʶʵˈ˄ ˈ˃˖ˌ ˁʰ˄ʷ˄ʰ ʰˉˈ ˍʰ ˃ʶʽˇ˄ʶˁˍʺ˃ʰˍʱ 

ˍˇˎˌΦ ɶ ˉˇʽˁʽ˂ʾʰ ˍ˖˄ ʲʽˇʶˉʽ˒ʰ˄ʶʽˇʵ́ ʰˋˍʽˁ˗˄ ˍʰ ʰ˄ʱʴʶʽ ˋʶ ˃ʽʰ ˉˇ˂ˏ ʶ˄ʵʽʰ˒ʷˊˇˎˋʰ 

ˇ˃ʱʵʰ ˃ʶ ʵˎ˄ʰˍˈˍʹˍʶˌ ʶ˒ʰˊ˃ˇʴʺˌ ˋʶ ˍˇ˃ʶʾˌ ˈˉ˖ˌ ʹ ʴʶ˖ˊʴʾʰΣ ʹ ʵʹ˃ˈˋʽʰ ˎʴʶʾʰΣ ʹ 

ʰ˅ʽˇˉˇʾʹˋʹ ʰˉˇʲ˂ʺˍ˖˄ Σ ˇ ʷ˂ʶʴ˔ˇˌ ˊˏˉʰ˄ˋʹˌ ˉʶˊʽʲʱ˂˂ˇ˄ˍˇˌ ˁΦʱΦ ɳˁˍˈˌ ʰˎˍˇˏΣ ʹ 

ˋˍʰʻʶˊˈˍʹˍʰ ˉˇˎ ˉʰˊˇˎˋʽʱʸˇˎ˄ ˋʶ ʰˁˊʰʾʶˌ ˍʽ˃ʷˌ pH, ʻʶˊ˃ˇˁˊʰˋʾʰˌ ˁʰʻ˗ˌ ˁʰʽ 

ʰ˂ʰˍˈˍʹˍʰˌ, ˍʰ ˁʰʻʽˋˍˇˏ˄ ˋ˔ʶʵˈ˄ ʽʵʰ˄ʽˁʱΦ ʍˋˍˈˋˇΣ ʷ˔ˇˎ˄ ʷ˄ʰ ʲʰˋʽˁˈ ˃ʶʽˇ˄ʷˁˍʹ˃ʰΣ 

ˍˇ ˇˉˇʾˇ ʶʾ˄ʰʽ ˍˇ ˁˈˋˍˇˌ ˉʰˊʰʴ˖ʴʺˌ ˍˇˎˌΦ   

ɶ ˋˎ˄ʶ˔ʺˌ ˃ʶˍʱʲʰˋʹ ˍ˖˄ ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁ˗˄ ˁʰ˄ˇ˄ʽˋ˃˗˄ ˋʶ ˈ˂ˇ ˁʰʽ 

ʰˎˋˍʹˊˈˍʶˊˇˎˌΣ ˋʶ ˋˎ˄ʵˎh ˋ˃ˈ ˃ʶ ˍʹ˄ ʰ˄ʱʴˁʹ ˉˊˇˋ̱ ʰˋʾʰˌ ˍ˖˄ ˇʽˁˇˋˎˋˍʹ˃ʱˍ˖˄, 

ʶ˄ʽˋ˔ˏʶʽ ˍˇ ʶ˄ʵʽʰ˒ʷˊˇ˄ ˉˊˇˌ ʶ˄˗ˋʶʽˌ ʲʽˇ˂ˇʴʽˁʺˌ ˉˊˇʷ˂ʶˎˋʹˌΣ ˇʽ ˇˉˇʾʶˌ ʻʰ 

˂ʶʽˍˇˎˊʴˇˏ˄ ʽˋʱ˅ʽʰ ˁʰʽ ˉˇ˂˂ʷˌ ˒ˇˊʷˌ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁˈˍʶˊʰ ʰˉˈ ˍʽˌ ʰ˄ˍʾˋˍˇʽ˔ʰ 

˔ʹ˃ʽˁʱ ˉʰˊʰʴˈ˃ʶ˄ʶˌΦ ʃʽˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ˇʽ ʲʽˇ˂ˇʴʽˁʱ ˉʰˊʰʴˈ˃ʶ˄ʶˌ ˍʰˋʽʶ˄ʶˊʴʷˌ 

ˇˎˋʾʶˌ ʶʾ˄ʰʽ ˃-́ˍˇ˅ʽˁʷˌΣ ʰˁʾ˄ʵˎ˄ ʶˌΣ ʲʽˇʵʽʰˋˉʱˋʽҡʶˌ ˁʰʽ ˒ʽ˂ʽˁʷˌ ˉˊˇˌ ˍˇ ˉʶˊʽʲʱ˂˂ˇ˄Φ 

ʁʽ ʶ˄ ˂ˈʴ˖ ˇˎˋʾʶˌΣ ˃ˉˇˊˇˏ˄ ˄ʰ ˉʰˊʰ˔ʻˇˏ˄ ˎˉˈ ˋˎ˄ʻʺˁʶˌ ex-situ ˋˍʹ ˊˎˉʰˋ˃ʷ˄ʹ 

ˉʶˊʽˇ˔ʺ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ˁʰʽ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ˄ʰ ʰ˄ʰˁˍʹʻˇˏ˄ ˁʰʽ ˄ʰ ʰ˄ʰˁˎˁ˂˖ʻˇˏ˄Φ ʅˍˇ 

ˋʹ˃ʶʾˇ ʰˎˍˈΣ ʰ˅ʾʸʶʽ ˄ʰ ˋʹ˃ʶʽ˖ʻʶʾ ˉ˖ˌ ˋˏ˃˒˖˄ʰ ˃ʶ ʷˊʶˎ˄ʶˌΣ ˇʽ ʲʽˇˍʰˋʽʶ˄ʶˊʴʷˌ 

ˇˎˋʾʶˌ ʷ˔ˇˎ ˄ˍʹ˄ ʽˁʰ˄ˈˍʹˍʰ ˄ʰ ˋˍʰʻʁ ˊˇˉˇʽˇˏ˄ ˄ʶˊˈ ˋʶ ˉʶˍˊʶ˂ʰʽˇʴʰ˂ʰˁˍ˗˃ʰˍʰΣ 

˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˉˇˋˈˍʹˍʰ ˃ʽˁˊˈˍʶˊʹ ˍˇˎ м҈ ˁʰˍΩ ˈʴˁˇΦ 

ʂˉ˖ˌ ˉˊˇˁˏˉˍʶʽ ˁʰʽ ʰˉˈ ˍˇ ʵʽʱʴˊʰ˃˃ʰ ˋˍʹ˄ ɳʽˁˈ˄ʰ 20 Σ ˈˋˇ ˔ʰ˃ʹ˂ˈˍʶˊʹ 

ˁˊʾˋʽ˃ʹ ˋˎʴˁʷ˄ˍˊ˖ˋʹ ˃ʽˁˁˎ˂ʾˇˎ όcritical micellar concentration-CMC-ύ ʷ˔ʶʽ ˃ʽʰ 

ˍʰˋʽʶ˄ʶˊʴʺ ˇˎˋʾʰΣ ˍˈˋˇ ˉʽˇ ʵˊʰˋˍʽˁʺ ʶʾ˄ʰʽΣ ʵʽˈˍʽ ʰˉʰʽˍʶʾˍʰʽ ˃ʽˁˊˈˍʶˊʹ ˉˇˋˈˍʹˍʰ 

ʰˎˍʺˌ ʴʽʰ ˃ʶʾ˖ˋʹ ˍʹˌ ʶˉʽ˒ʰ˄ʶʽʰˁʺˌ ˍʱˋʹˌ ˋˍˇ˄ ʾʵʽˇ ʲʰʻ˃ˈΦ ɴ˄ʰˌ ʶ˄ʰ˂˂ʰˁˍʽˁˈˌ 

ˍˊˈˉˇˌ ˉˊˇˋʵʽˇˊʽˋ˃ˇˏ ˍʹˌ ʲʽˇʶˉʽ˒ʰ˄ʶʽʰˁʺˌ ʰˉˇʵˇˍʽˁˈˍʹˍʰˌ ʰˉˇˍʶ˂ʶʾ ʹ ˃ʷˍˊʹˋʹ 
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ˍʹˌ ʽˁʰ˄ˈˍʹˍʰˌ ʰ˂˂ʰʴʺˌ ˍʹˌ ʶˉʽ˒ʰ˄ʶʽʰˁʺˌ ˁʰʽ ʵʽʶˉʽ˒ʰ˄ʶʽʰˁʺˌ ˍʱˋʹˌΣ ʹ 

ˋˍʰʻʶˊˇˉˇʾʹˋʹ ˍ˖˄ ʴʰ˂ʰˁˍ˖˃ʱˍ˖˄ ˁʰʽ ʹ ˃ʶ˂ʷˍʹ ˎʵˊˈ˒ʽ˂ʹˌ-˂ʽˉˈ˒ʽ˂ʹˌ ʽˋˇˊˊˇˉʾʰˌ 

(HLBύΣ ʹ ˍʽ˃ʺ ˍʹˌ ˇˉˇʾʰˌ ʵʹ˂˗˄ʶʽ ˍˇ ˁʰˍʱ ˉˈˋˇ ʷ˄ʰ ʲʽˇʶˉʽ˒ʰ˄ʶʽˇʵˊʰˋˍʽˁˈ 

ˋ˔ʶˍʾʸʶˍʰʽ ˃ʶ ˍˇ ʴʰ˂ʱˁˍ˖˃ʰ ˄ʶˊˇˏ-ʶ˂ʰʾˇˎ ʺ ʶ˂ʰʾˇˎ-˄ʶˊˇˏΦ ʁ ˉʰˊʱʴˇ˄ˍʰˌ ʰˎˍˈˌΣ 

˃ˉˇˊʶʾ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ʴʽʰ ˍˇ˄ ˉˊˇˋʵʽˇˊʽˋ˃ˈ ˍʹˌ ˁʰˍʱ˂˂ʹ˂ʹˌ ʶ˒ʰˊ˃ˇʴʺˌ ˍ˖˄ 

ʶˉʽ˒ʰ˄ʶʽˇʵˊʰˋˍʽˁ˗˄Φ 

 

 

ɳʽˁˈ˄ʰ 20Υ ʅ˔ʷˋʹ ˃ʶˍʰ˅ˏ ˋˎʴˁʷ˄ˍˊ˖ˋʹˌ ʲʽˇʶˉʽ˒ʰ˄ʶʽˇʵˊʰˋˍʽˁˇˏ ˉʰˊʱʴˇ˄ˍʰΣ ʶˉʽ˒ʰ˄ʶʽʰˁʺˌ ˍʱˋʹˌ ˁʰʽ 

ˋ˔ʹ˃ʰˍʽˋ˃ˇˏ ˃ʽˁˁˎ˂ʾ˖˄ όˉʹʴʺΥ ²ƘŀƴƎ Ŝǘ ŀƭΣ нллуύ 

 

ʅˎ˄ʶ˔ʾʸˇ˄ˍʰˌ ˃ʶ ˍʰ ̝ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍ˖˄ ʶ˄ ˂ˈʴ˖ ˇˎˋʽ˗˄Σ ˇʽ ˉʶˊʽˋˋˈˍʶˊʶˌ 

ʷ˔ˇˎ˄ ʰ˄ʽˇ˄ʽˁˈ ʺ ˇˎʵʷˍʶˊˇ ˔ʰˊʰˁˍʺˊʰΣ ʶ˄˗ ʹ ˃ʶʽˇ˕ʹ˒ʾʰ ˍˇˎ ̩ˉˇˎ ʰ˄ʺˁʶʽ ˋˍʽˌ 

ˁʰˍʽˇ˄ʽˁʷˌ ʰˉˇˍʶ˂ʶʾˍʰʽ ˁˎˊʾ˖ ̩ʰˉˈ ʰ˃ʽ˄ˇ˃ʱʵʶˌΦ ʆˇ ˎʵˊˈ˒ˇʲˇ ˍ˃ʺ˃ʰ ˍˇˎˌ ˃ˉˇˊʶʾ 

˄ʰ ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ ˂ʽˉʰˊʱ ˇ˅ʷʰ ˃ʶ ˃ʶʴʱ˂ʹ ʰ˂ˎˋʾʵʰ όˉΦ˔Φ ˎʵˊˈ˅ˎ-˂ʽˉʰˊʱ ʺ ʰ-

ʰ˂ˁˎ˂- -̡ˎʵˊˇ˅ˎ-˂ʽˉʰˊʱ ˇ˅ʷʰύ, ʶ˄˗ ˍˇ ˎʵˊˈ˒ˇʲˇ ˃ˉˇˊʶʾ ˄ʰ ʶʾ˄ʰʽ ˁʰˊʲˇ˅ˎ˂ʽˁˈ ˇ˅ˏΣ 

ʰ˃ʽ˄ˇ˅ˏΣ ˉʶˉˍʾʵʽˇΣ ʰ˂ˁˇˈ˂ʹ ʺ ˒˖ˋ˒ˇˊʽˁʺ ˇ˃ʱʵʰΦ ɴ˔ʶʽ ʶˉʽˁˊʰˍʺˋʶʽ ʹ ˁʰˍʱˍʰ˅ʺ ˍˇˎˌ 

ˋʶ ˉʷ˄ˍʶ ˃ʶʴʱ˂ʶˌ ˁʰˍʹʴˇˊʾʶˌΣ ˃ʶ ʲʱˋʹ ˍʹ ˃ʽˁˊˇʲʽʰˁʺ ˍˇˎˌ ˉˊˇʷ˂ʶˎˋʹΣ ˇʽ ˇˉˇʾʶˌ 

ʰ˄ʰʴˊʱ˒ˇ˄ˍʰʽ ʰˁˇ˂ˇˏʻ˖ˌ ˃ʰʸʾ ˃ʶ ˍʽˌ ʲʰˋʽˁʷˌ ̄ ʶˊʽʲʰ˂˂ˇ˄ˍʽˁʷˌ ʶ˒ʰˊ˃ˇʴʷˌ ˍˇˎˌΥ 

× ɱ˂ˎˁˇ˂ʽˉʾʵʽʰ όʶ˄ʾˋ˔ˎˋʹ ˁʰʽ ʵʽʰˋˉˇˊʱ H/CΣ ʰ˄ʱˁˍʹˋʹ H/C ʰˉˈ 

ˁʰˍʰˁʱʻʽh  ˁʰʽ ˂ʱˋˉʶˌΣ ʴʰ˂ʰˁˍ˖˃ʰˍˇˉˇʾʹˋʹ ˎʵˊˇʴˇ˄ʰ˄ʻˊʱˁ˖˄ ˁʰʽ 

˒ˎˍʽˁ˗˄ ʶ˂ʰʾ˖˄Σ ʶ˄ʾˋ˔ˎˋʹ ʲʽˇʵʽʰʻʶˋʽ˃ˈˍʹˍʰˌ ˎʵˊˇʴˇ˄h ˄ʻˊʱˁ˖˄ύ. 

× ʊ˖ˋ˒ˇ˂ʽˉʾʵʽʰ ˁʰʽ ˂ʽˉʰˊʱ ˇ˅ʷʰ όʰˉˇ˃ʱˁˊˎ˄ˋʹ ˃ʶˍʰ˂˂ʽˁ˗˄ ʽˈ˄ˍ˖˄ 

ʰˉˈ ˎʵʰˍʽˁʱ ʵʽʰ˂ˏ˃ʰˍʰΣ ˂ˏˋʹ ˎʵˊˈ˒ʽ˂˖˄ ˔ˊ˖ˋˍʽˁ˗˄Σ ˉˊˇʶˍˇʽ˃ʰˋʾʰ 
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˄ʷˇˎ ˍˏˉˇˎ ʴʰ˂ʰˁˍ˖˃ʱˍ˖˄Σ ʰˏ˅ʹˋʹ ʰ˄ˍˇ˔ʺ ̩ ˍ˖˄ ʲʰˁˍʹˊʾ˖˄ ˋʶ 

ʲʰˊʷʰ ˃ʷˍʰ˂˂ʰύ. 

× ɽʽˉˇˉʶˉˍʾʵʽʰκ ˂ʽˉˇˉˊ˖ˍʶˀ˄ʶˌ όʶ˄ʾˋ˔ˎˋʹ ʲʽˇʰˉˇʽˁˇʵˈ˃ʹˋʹˌ H/C ˁʰʽ 

˔˂˖ˊʽ˖˃ʷ˄˖˄ ˒ˎˍˇ˒ʰˊ˃ʱˁ˖˄Σ ʶ˄ʾˋ˔ˎˋʹ ʰ˄ʱˁˍʹˋʹˌ ˉʶˍˊʶ˂ʰʾˇˎύ. 

× ʃˇ˂ˎ˃ʶˊʽˁʷˌ ʶˉʽ˒ʰ˄ʶʽˇʵˊʰˋˍʽˁʷˌ ʶ˄˗ˋʶʽˌ όˋˍʰʻʶˊˇˉˇʾʹˋʹ H/C ˋʶ 

ʴʰ˂ʰˁˍ˗˃ʰˍʰ ˄ʶˊˇˏύ. 

× ʅ˖˃ʰˍʽʵʽʰˁʷˌ ʶˉʽ˒ʰ˄ʶʽˇʵˊʰˋˍʽˁʷˌ 

ʅˍʽˌ ʶ̔ˁ ˈ˄ʶ̩ 21 ˁh  ̔ 22 ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˇʽ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʷˌ ʵˇ˃ʷˌ ˍˊʽ˗˄ 

˂ʽˉʽʵʾ˖˄Σ ˉˇˎ ˎˉʱʴˇ˄ˍʰʽ ˋˍʹ˄ ˁʰˍʹʴˇˊʾʰ ˍ˖ ˄ɹ ˂ˎˁˇ˂ʽˉʽʵʾ˖˄Φ 

 

 

ɳʽˁˈ˄ʰ 21: ʋʰˊʰˁˍʹˊʽˋˍʽˁʺ ʵˇ˃ʺ ˍˇˎ ʵʽ-ˊh˃˄ˇ˂ʽˉʽʵʾˇˎ ˉˇˎ ʰ˄ʺˁʶʽ ˋˍʹ˄ ˁʰˍʹʴˇˊʾʰ ˍ˖˄ ʴ˂ˎˁˇ˂ʽˉʽʵʾ˖˄ όˉʹʴʺΥ 

ʃʰ˄ʶˉʽˋˍʺ˃ʽˇ ʃʰˍˊ˗˄κʆ˃ʺ˃ʰ ʋʹ˃ʽˁ˗˄ ɾʹ˔ʰ˄ʽˁ˗˄ύ 

 

 

ɳʽˁˈ˄ʰ 22Υ ʋʰˊʰˁˍʹˊʽˋˍʽˁʺ ʵˇ˃ʺ ˍ˖˄ ˋˇ˒ˇˊˇ˂ʽˉʽʵʾ˖˄ ˂ʰˁˍˇ˄ʽˁʺˌ όʰˊʽˋˍʶˊʱύ ˁʰʽ ˈ˅ʽ˄ʹˌ ˃ˇˊ˒ʺˌ όʵʶ˅ʽʱύ ˉˇˎ 

ʰ˄ʺˁˇˎ˄ ˋˍʹ˄ ˁʰˍʹʴˇˊʾʰ ˍ˖˄ ʴ˂ˎˁˇ˂ʽˉʽʵʾ˖˄ όˉʹʴʺΥ ʃʰ˄ʶˉʽˋˍʺ˃ʽˇ ʃʰˍˊ˗˄κʆ˃ʺ˃ʰ ʋʹ˃ʽˁ˗˄ ɾʹ˔ʰ˄ʽˁ˗˄ύ 

 

ʅˍˇ ˋʹ˃ʶʾˇ ʰˎˍˈΣ ʰ˅ʾʸʶʽ ˄ʰ ˋʹ˃ʶʽ˖ʻʶʾ ˉ˖ˌ ˍʰ ˔ʰ˃ʹ˂ˇˏ ˃ˇˊʽʰˁˇˏ ʲʱˊˇˎˌ 

˃ˈˊʽʰ ˈˉ˖ˌΣ ʴ˂ˎˁˇ˂ʽˉʾʵʽʰΣ ˂ʽˉˇˉʶˉˍʾʵʽʰ ˁʰʽ ˒˖ˋ˒ˇ˂ʽˉʾʵʽʰΣ ʵˊˇˎ˄ 

ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁˈˍʶˊʰ ˋˍʹ ˃ʶʾ˖ˋʹ ˍʹˌ ʶˉʽ˒ʰ˄ʶʽʰˁʺˌ  ˍʱˋʹˌΣ ʶ˄˗ ˍʰ ʲʰˊˏˍʶˊʰ 
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ˉˇ˂ˎ˃ʶˊʺ ˈˉ˖ˌΣ ʰ˃˒ʽˉʰʻʶʾˌ ˉˇ˂ˎˋʰˁ˔ʰˊʾˍʶˌΣ ˉˊ˖ˍʶˀ˄ʶˌΣ ˂ʽˉˇˉˇ˂ˎˋʰˁ˔ʰˊʾˍʶˌΣ 

˂ʽˉˇˉˊ˖ˍʶˀ˄ʶˌΣ ʶʾ˄ʰʽ ʰˉˇʵˇˍʽˁˈˍʶˊʰ ˖ˌ ʴʰ˂ʰˁˍˇ˃ʰˍˇˉˇʽʹˍʷˌ-ˋˍʰʻʶˊˇˉˇʽʹˍʷˌ 

(Rosenberg & Ron, 1999; Calvo et al, 2009). 

1.3 ɥʅʆʍʋʋʍɾɻʉʅʎʈʋʚ[5], [13], [14]  

ʁʽ ˃ʹ˔ʰ˄ʽˋ˃ˇʾ ˃ʶ ˍˇˎˌ ˇˉˇʾˇˎˌ ˇʽ ˃ʽˁˊˇˇˊʴʰ˄ʽˋ˃ˇʾ ʷˊ˔ˇ˄ˍʰʽ ˋ ʁʶˉʰ˒ʺ ˃ʶ 

ˍˇˎˌ ˎʵˊˇʴˇ˄ʱ˄ʻˊʰˁʶˌ ʶʾ˄ʰʽ ˍˊʶʽˌ ˁʰʽ ʶʾ˄ʰʽ ˇʽ ʰˁˈ˂ˇˎʻˇʽΥ 

1. ʃˊˈˋ˂ʹ˕ʹ ˍ˖˄ ʵʽʰ˂ˎ˃ʷ˄˖˄ ˎʵˊˇʴˇ˄h ˄ʻˊʱˁ˖˄ ˋˍʹ˄ ˎʵʰˍʽˁʺ ˒ʱˋʹ 

όʰ˒ˇˊɦ  ˁˎˊʾ˖ˌ ˎʵˊˇʴˇ˄ʱ˄ʻˊʰˁʶˌ ˃ʽˁˊʺˌ ʰ˂ˎˋʾʵʰˌύ. 

2. ɯ˃ʶˋʹ ʶˉʰ˒ʺ ˃ʶ ˍʰ ˋˍʰʴˇ˄ʾʵʽʰ ʺ ˍʽˌ ʶˉʽ˒ʱ˄ʶʽʶˌ ˍʹˌ ʰʵʽʱ˂ˎˍʹˌ 

˒ʱˋʹˌ. 

3. ɯ˃ʶˋʹ ʰ˂˂ʹ˂ʶˉʾʵˊʰˋʹ ˃ʶ ˎʵˊˇʴˇ˄ʱ˄ʻˊʰˁʶˌΣ ˇʽ ˇˉˇʾˇʽ ʷ˔ˇˎ˄ 

ˎˉˇˋˍʶʾ ʵʽʱ˂ˎˋʹ ˏˋˍʶˊʰ ʰˉˈ ̱ ʹ˄ ʶ˒ʰˊ˃ˇʴʺ ˍʰˋʽʶ˄ʶˊʴ˗˄ ˇˎˋʽ˗˄. 

 

 

ɳʽˁˈ˄ʰ 23: ʁ ˁˏˁ˂ˇˌ ˍˇˎ ʱ˄ʻˊʰˁʰ (ˉʹʴʺ: University of New Hampshire/ Readings from Natural Resources 

Stewards Class) 

ʁʽ ˎʵˊˇʴˇ˄ʱ˄ʻˊʰˁʶˌ ˖ˌ ˃ʷˊˇˌ ˍˇˎ ˁˏˁ˂ˇˎ ˍˇˎ ʱ˄ʻˊʰˁʰΣ ˉˇˎ ˋ˔ʹ˃ʰˍʽˁʱ 

ʰˉʶʽˁˇ˄ʾʸʶˍʰʽ ˋˍʹ˄ ɳʽˁˈ˄ʰ 23Σ ˎˉʱˊ˔ˇˎ˄ ˋˍʹ ˒ˏˋʹ ʶʵ˗ ˁʰʽ ˔ˊˈ˄ʽʰΣ ˈ˃˖ˌ ˇʽ 

˃ʽˁˊˇˇˊʴʰ˄ʽˋ˃ˇʾ ˉˇˎ ˃ˉˇˊˇˏ˄ ˄ʰ ˍˇˎˌ ʵʽʰˋˉʱˋˇˎ˄ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˋʶ ˔ʰ˃ʹ˂ʺ 

ʰ˒ʻˇ˄ʾʰΦ ɮ˄ ˁʰʽ ˇʽ ˉˇˋˈˍʹˍʶˌ ˉʶˍˊʶ˂ʰʾˇˎ ˉˇˎ ʰˉʶ˂ʶˎʻʶˊ˗˄ˇ˄ˍʰʽ ˋˍʹ ʻʱ˂ʰˋˋʰ 
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˃ˉˇˊˇˏ˄ ˄ʰ ʷ˔ˇˎ˄ ˁʰˍʰˋˍˊˇ˒ʽˁʷˌ ˋˎ˄ʷˉʶʽʶˌ ʴʽʰ ˍˇ ʻʰ˂ʱˋˋʽˇ ˇʽˁˇˋˏˋˍʹ˃ʰ ˁʰʽ ˍˇ 

ˉʶˊʽʲʱ˂˂ˇ˄ ʴʶ˄ʽˁˈˍʶˊʰΣ ˍʰˎˍˈ˔ˊˇ˄ʰ ˋˎ˄ˍʶ˂ˇˏ˄ ˋˍʹ˄ ʰ˄ʱˉˍˎ˅ʹ ʰˉˇʽˁʽ˗˄ ʰˉˈ 

˃ʽˁˊˇˇˊʴʰ˄ʽˋ˃ˇˏˌ ˉˇˎ ˃ˉˇˊˇˏ˄ ˄ʰ ˍʽˌ ʰˉˇʽˁˇʵˇ˃ʺˋˇˎ˄ όHarayama et al., 2004).  

ʁʽ ˃̔ ˁˊˇˇˊʴʰ˄ʽˋ˃ˇʾ ˉˇˎ άˍˊ˗˄ʶέ ˎʵˊˇʴˇ˄ʱ˄ʻˊʰˁʶˌ ʷ˔ˇˎ˄ ʶˎʷ˂ʽˁˍˇ 

˃ʶˍʰʲˇ˂ʽˋ˃ˈ ˁʰʽ ˇʽ ˎʵˊˇʴˇ˄ʱ˄ʻˊʰˁʶˌ όˉˇˎ ˉʶˊʽʷ˔ˇ˄ˍʰʽ ˁʰʽ ˋˍˇ ˉʶˍˊʷ˂ʰʽˇύ ʵʶ˄ 

ʶʾ˄ʰʽ ˉʱ˄ˍʰ ʹ ˉˊ˗ˍʹ ˉʹʴʺ ʱ˄ʻˊʰˁʰ ˉˇˎ ʻʰ ˉˊˇˍʽ˃ʺˋˇˎ˄ όHarayama et al., 2004; 

amrgesin et al., 2003).  ʍˋˍˈˋˇΣ ˎˉʱˊ˔ʶʽ ˃ʽʰ ˍʱ˅ʹ ʲʰˁˍʹˊʾ˖˄ ˉˇˎ ʷ˔ʶʽ ˉʰˊʰˍʹˊʹʻʶʾ 

ˉ˖ˌ ˔ˊʹˋʽ˃ˇˉˇʽʶʾ ˎʵˊˇʴˇ˄ʱ˄ʻˊʰˁʶˌ ˖ˌ ʲʰˋʽˁˈ ˎˉˈˋˍˊ˖˃ʰ ˁʰʽ ʰ˄ʺˁˇˎ˄ ˋˍʹ˄ 

ˁʰˍʹʴˇˊʾʰ OHBC (obligate hydrocarbonoclastic bacteria) (Harayama et al., 2004; 

Head et al., 2006; Yakimov et alΦΣ нллтύΦ ɮˉˇˍʶ˂ˇˏ˄ άʲʰˋʽˁˇˏˌ ˉʰʾˁˍʶˌέ ˋʶ 

ˉʶˊʽˉˍ˗ˋʶʽˌ ʰˉˇˁʰˍʱˋˍʰˋʹˌ ʻʰ˂ʱˋˋʽ˖˄ ˉʶˊʽˇ˔˗˄ ʰˉˈ ˉʶˍˊʶ˂ʰʽˇˁʹ˂ʾʵʶˌΦ ʆˇ 

ʲʰˋʽˁˈ ˉˊˈʲ˂ʹ˃ʰ ˉˇˎ ˉˊˇˁˏˉˍʶʽ ˃ʶ ˍˇˎˌ ʶ˄ ˂ˈʴ˖ ˃ʽˁˊˇˇˊʴʰ˄ʽˋ˃ˇˏˌ ʷʴˁʶʽˍʰʽ ˋˍˇ 

ˈˍʽ ʵʶ˄ ˃ˉˇˊˇˏ˄ ʶˏˁˇ˂ʰ ˄ʰ ʰ˄ʰˁˍʹʻˇˏ˄ ˃ʶ ˍʽˌ ˁ˂ʰˋˋʽˁʷˌ ˃ʶʻˈʵˇˎˌ ˁʰ˂˂ʽʷˊʴʶʽʰˌΦ 

ɴ˔ˇˎ˄ ʴʾ˄ʶʽ ʶˁˍʶ˄ʶʾˌ ˃ʶ˂ʷˍʶˌ ˍʰ ˍʶ˂ʶˎˍʰʾʰ ˔ˊˈ˄ʽʰΣ ˃ʶ ˃ˇˊʽʰˁʷˌ ˍʶ˔˄ʽˁʷˌ ˈˉ˖ˌ ʹ 

ʰ˂ˎˋʽʵ˖ˍʺ ʰ˄ˍʾʵˊʰˋʹ ˉˇ˂ˎ˃ʶˊʱˋʹˌ όPCR), ˋʶ ˋˎ˄ʵˎh ˋ˃ˈ ˃ʶ ˃ʶʻˈʵˇˎˌ ˉˇˎ 

ʵʹ˃ʽˇˎˊʴˇˏ˄ άʵʰˁˍˎ˂ʽˁʱ ʰˉˇˍˎˉ˗˃ʰˍʰέ, ˈˉ˖ˌ ʹ ʹ˂ʶˁˍˊˇ˒ˈˊʹˋʹ ˋʶ ˉʹˁˍʺ ˃ʶ 

ʲʰʻ˃ʾʵ˖ˋʹ ʰˉˇʵʽʰˍʰˁˍʽˁ˗˄ ˇˎˋʽ˗˄ ό5DD9Σ 5ŜƴŀǘǳǊƛƴƎ DǊŀŘƛŜƴǘ DŜƭ 

ElectrƻǇƘƻǊŜǎƛǎύ όaǳȅȊŜǊ Ŝǘ ŀƭΦΣ мффоύΦ ʆʰ ʰˉˇˍʶ˂ ʷˋ˃ʰˍʰ ʶˉʷ˒ʶˊʰ˄ ʽˁʰ˄ˇˉˇʽʹˍʽˁˈ 

˔ʰˊʰˁˍʹ́ ʽˋ˃ˈ ˁʰʽ ʰˉˇ˃ˈ˄˖ˋʹ ʲʰˁˍʹˊʾ˖˄ ˉˇˎ ʰˉˇʽˁˇʵˇ˃ˇˏ˄ ˎʵˊˇʴˇ˄ʱ˄ʻˊʰˁʶˌ ˁʰʽ 

ˋˎ˄ʺʻ˖ˌ ʰ˄ʺˁˇˎ˄ ˋˍʰ ʴʷ˄ʹΣ άAlcnivoraxέ, άCycloclasticusέ, άMarinobacterέ, 

άThallassolituusέ, άNeptunomonasέ, άOleiphilusέ ˁʰʽ άOleispiraέΣ ˃ʶˍʰ˅ˏ ˍ˖˄ ʴ-

Proteobacteria ˁʰʽ άPlanococcusέ ˃ʶˍʰ˅ˏ ˍ˖˄ Gram-ʻʶˍʽˁ˗˄ ʲʰˁˍʹˊʾ˖˄ όHarayama 

et al., 2004; Head et al., 2006; Yakimov et alΦΣ нллтύΦ ɾʶˍʰ˅ˏ ʰˎˍ˗˄Σ 

˔ʰˊʰˁˍʹˊʽˋˍʽˁˈˍʶˊˇʽ ʰ˄ˍʽˉˊˈˋ˖ˉˇʽ ˍ˖˄ OHBC ʶʾ˄ʰʽ ˍʰ ʴʷ˄ʹ άAlcnivoraxέ, 

άCycloclasticusέΣ άMarinobacterέ, άThallassolituusέ ˁʰʽ άOleispiraέ, ˂ˈʴ˖ ˍʹˌ 

ˉʰʴˁˈˋ˃ʽʰˌ ʵʽʰ˄ˇ˃ʺˌ ˍˇˎˌ ˁʰʽ ˍˇˎ ʴʶʴˇ˄ˈˍˇˌ ˈˍʽ ʷ˔ˇˎ˄ ʵʽʶˊʶˎ˄ʹʻʶʾ ˋʶ ˃ʶʴʱ˂ˇ 

ʲʰʻ˃ˈ ˈˋˇ˄ ʰ˒ˇˊʱ ˍʹ˄ ʰˉˇʽˁˇʵˈ˃ʹˋʹ ˎʵˊˇʴˇ˄ʰ˄ʻˊʱˁ˖˄ όYakimov et al., 2007). 

ɱʶ˄ʽˁʱΣ ʹ ʰˁˇ˂ˇˎʻʾʰ ʲʽˇʵʽʱˋˉʰˋʹ ̩ ˎʵˊˇʴˇ˄ʰ˄ʻˊʱˁ˖˄ ʰˉˈ 

˃ʽˁˊˇˇˊʴʰ˄ʽˋ˃ˇˏˌ ʶʾ˄ʰʽΥ ˄-ʰ˂ˁʱ˄ʽʰ Ҧ ɻʽʰˁ˂ʰʵʽˋ˃ʷ˄ʰ Ҧ ˔ʰ˃ʹ˂ˇˏ ˃ˇˊʽʰˁˇˏ ʲʱˊˇˎˌ 

ʰˊ˖˃ʰˍʽˁʱ Ҧ ˁˎˁ˂ʽˁʱ ʰ˂ˁʱ˄ʽʰΦ ʍˋˍˈˋˇ, ʰˎˍˈ ˍˇ ˉˊˈˍˎˉˇ ʵʶ˄ ʰˁˇ˂ˇˎʻʶʾˍʰʽ ˉʱ˄ˍʰ 

ˁʰʽ ʶˉʹˊʶʱʸʶˍʰʽ ˋʶ ˃ʶʴʱ˂ˇ ʲʰʻ˃ˈ ʰˉˈ ˍʹ˄ ʶˍʶˊˇʴʷ˄ʶʽʰ ˋˏ˄ʻʶˋʹˌ ˍ˖˄ ʵʽʰ˒ˈˊ˖˄ 
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ˉʶˍˊʶ˂ʰʾ˖˄ ˁʰʽ ˉʶˍˊʶ˂ʰʿˁ ˗˄ ˉˊˇʿˈ˄ˍ˖˄Σ ˃ʶ ˍʽˌ ˊʹˍʾ˄ʶˌ ˁʰʽ ˍʰ ʰˋ˒ʰ˂ˍʷ˄ʽʰ ˄ʰ 

ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˖ˌ ˍʽˌ ˉ˂ʷˇ˄ ʰ˄ʻʶˁˍʽˁˈˍʶˊʶˌ ʶ˄˗ˋʶʽˌΦ  

ʂˋˇ˄ ʰ˒ˇˊʱ ˍʰ ʰ˂ˁʱ˄ʽʰΣ ʹ ʰˉˇʽˁˇʵˈ˃ʹˋʺ ˍˇˎˌ ˎˉˇˁʽ˄ʶʾˍʰʽ ʰˉˈ ʰ˂ˁʰ˄ˇ-

ˎʵˊˇ˅ˎ˂ʱˋʶˌΣ ˇʽ ˇˉˇʾʶˌ ʶʽˋʱʴˇˎ˄ ʱˍˇ˃ʰ ˇ˅ˎʴˈ˄ˇˎ ˉˊˇʶˊ˔ˈ˃ʶ˄ʰ ʰˉˈ ˃ˇˊʽʰˁˈ 

ˇ˅ˎʴˈ˄ˇΣ ʶ˄ˍˈˌ ˍˇˎ ʰ˂ˁʰ˄ˇː˂ʽˁˇˏ ˎˉˇˋˍˊ˗˃ʰˍˇˌ ˃ʶˍʰˍˊʷˉˇ˄ˍʰˌ ˍʰ ʰ˂ˁʱ˄ʽʰ ˋʶ 

ʰ˂ˁʰ˄ˈ˂ʶˌΦ ʅˏ˃˒˖˄ʰ ˃ʶ ˍˇˎˌ van Beilen ˁʰʽ Funhoff όнллтύ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍˇ ˃ʺˁˇˌ 

ˍʹˌ ʰ˂ˎˋʾʵʰˌΣ ˎˉʱˊ˔ˇˎ˄ ˍˊʾʰ ʶʾʵʹ ʰ˂ˁʰ˄ˇ-ˎʵˊˇ˅ˎ˂ʱˋʶ˖˄ ˉˇˎ ʵˊˇˎ˄Φ ʅˍʽˌ ˃ʽˁˊˇˏ 

˃ʺˁˇˎˌ ʰ˂ˁʰ˄ʽˁʷˌ ʰ˂ˎˋʾʵʶˌ όʰˉˈ н ʷ˖ˌ п ʱˍˇ˃ʰ ʱ˄ʻˊʰˁʰύ ʷ˔ˇˎ˃ʶ ˖ˌ ʷ˄ʸˎ˃ʰ ˍʽˌ 

˃ˇ˄ˇˇ˅ˎʴʶ˄ʱˋʶˌ ˃ʶʻʰ˄ʾˇˎ  όƳŜǘƘŀƴŜ ƳƻƴƻƻȄȅƎŜƴŀǎŜ-ƭƛƪŜ ŜƴȊȅƳŜǎύΦ ʁʽ ʰ˂ˎˋʾʵʶˌ 

˃ʶˋʰʾˇˎ ˃ʺˁˇˎˌ όʰˉˈ р ʷ˖ˌ мс ʱˍˇ˃ʰ ʱ˄ʻˊʰˁʰύ ˇ˅ˎʴˇ˄˗˄ˇ˄ˍʰʽ ʰˉˈ 

ʶ˄ˋ˖˃ʰˍ˖˃ʷ˄ʶˌ ˃ʹ-ʰʽ˃ʶˊʶʾˌ ˃ˇ˄ˇˇ˅ˎʴˇ˄ʱˋʶˌ ˋʽʵʺˊˇˎΣ ˉˇˎ ˋˎ˄ʵʷˇ˄ˍʰʽ ˃ʶ ˍʹ˄ 

tǎŜǳŘƻƳƻƴŀǎ ǇǳǘƛŘŀ Dtƻƭ !ƭƪ. ʰ˂ˁʰ˄ʽˁʺ ˎʵˊˇ˅ˎ˂ʱˋʹ όƛƴǘŜƎǊŀƭ ƳŜƳōǊŀƴŜ ƴƻƴ-

heme iron monooxygenases, related to the well-characterized Pseudomonas putida 

Dtƻƭ !ƭƪ. ŀƭƪŀƴŜ ƘȅŘǊƻȄȅƭŀǎŜύ ʺ ˃ʶ ˃ˇ˄ˇˇ˅ˎʴʶ˄ʱˋʶˌ ˍˇˎ ˁˎˍˇ˔ˊ˗˃ʰˍˇˌ ʄпрл 

(cytochrome P450 monƻƻȄȅƎŜƴŀǎŜǎύΦ ʆʷ˂ˇˌ, ˋˍʽˌ ˃ʶʴʱ˂ʶˌ ʰ˂ˎˋʾʵʁ ˌ όʰˉˈ мт ʱˍˇ˃ʰ 

ʱ˄ʻˊʰˁʰ ˁʰʽ ʱ˄ ˖ύ ʵˊˇˎ˄ ʱ˂˂ˇʽ ˍˏˉˇʽ ʰ˂ˁʰ˄ʽˁ˗˄ ˎʵˊˇ˅ˎ˂ʱˋʶ˖˄ ʴʽʰ ˍʽˌ ˇˉˇʾʶˌ 

ˉˊˈˋ˒ʰˍʰ ʷ˔ˇˎ˄ ˅ʶˁʽ˄ʺˋʶʽ ʷˊʶˎ˄ʶˌ ˉˇˎ ʰ˒ˇˊˇˏ˄ ˍˇ˄ ʰˁˊʽʲʺ ˔ʰˊʰˁˍʹˊʽˋ˃ˈ ˍˇˎˌ 

(van Beilen ˁ ʰʽ Funhoff 2007). 

ʅˎ˄ʶ˔ʾʸˇ˄ˍʰˌ ˃ʶ ˍˇˎˌ ʰˊ˖˃ʰˍʽˁˇˏˌ ˎʵˊˇʴˇ˄ʱ˄ʻˊʰˁʶˌΣ ʰ˄ ˁʰʽ ʴʶ˄ʽˁʱ ʶʾ˄h ʽ 

ʰˊˁʶˍʱ ʰ˄ʻʶˁˍʽˁˇʾΣ ˃ˉˇˊˇˏ˄ ˄ʰ ˃ʶˍʰʲˇ˂ʽˋˍˇˏ˄ ʰˉˈ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇˎˌ 

˃ʽˁˊˇˇˊʴʰ˄ʽˋ˃ˇˏˌΦ ʁʽ ˃ʽˁˊˇˇˊʴʰ˄ʽˋ˃ˇʾ ʰˎˍˇʾΣ ʵʽʰʻʷˍˇˎ˄ ˍʰ ˁʰˍʱ˂˂ʹ˂ʰ ʴˇ˄ʾʵʽʰ ˉˇˎ 

ˁ˖ʵʽˁˇˉˇʽˇˏ˄ ˍʰ ʰˊ˔ʽˁʱ ʷ˄ʸˎ˃ʰ ˃ˇ˄ˇ- ˁʰʽ ʵˎˇ˅ˎʴʶ˄ʱˋʶˌΣ ˍʰ ˇˉˇʾʰ ˁʰˍʰ˂ˏˇˎ˄ ˍʽˌ 

ʰ˄ˍʽʵˊʱˋʶʽˌ ˎʵˊˇ˅ˎ˂ʾ˖ˋʹˌ ˁʰʽ ʶ˄ʶˊʴˇˉˇʽˇˏ˄ˍʰʽ ˇʽ ʰˊ˖˃ʰˍʽˁˇʾ ʵʰˁˍˏ˂ʽˇʽ ˃ʶ ˍʹ˄ 

ˉˊˇˋʻʺˁʹ ʰˍˈ˃˖˄ ˃ˇˊʽʰˁˇˏ ˇ˅ˎʴˈ˄ˇˎ ˋʶ ʷ˄ʰ ʺ ˉʶˊʽˋˋˈˍʶˊʰ ʱˍˇ˃ʰ ʱ˄ʻˊʰˁʰΦ ʆʰ 

ˁˎˁ˂ʽˁʱ ʰˊ˖˃ʰˍʽˁʱ ˉˊˇʿˈ˄ˍʰ ˉˇˎ ˉʶˊʽʷ˔ˇˎ˄ ʵˏˇ ˎʵˊˇ˅ˎ˂ʽˁˇˏˌ ˎˉˇˁʰˍʰˋˍʱˍʶˌ ˋʶ 

ʴʶʽˍˇ˄ʽˁʱ ʱˍˇ˃ʰ ʱ˄ʻˊʰˁʰ ˍˇˎ ʵʰˁˍˎ˂ʾˇˎΣ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ˃ʶˍʰˍˊʷˉˇ˄ˍʰʽ ˋʶ ˃ʹ 

ˁˎˁ˂ʽˁʱ ˉˊˇʿˈ˄ˍʰ ˃ʶ ʵʽˇ˅ˎʴʶ˄ʱˋʶˌ ʵʽʱˋˉʰˋʹˌ ʵʰˁˍˎ˂ʾˇˎ όring-cleavage 

dioxygenasesύ  ˉˇˎ ʵʶˋ˃ʶˏˇˎ˄ ˍˇ˄ ʵʶˋ˃ˈ /-/ ʶʾˍʶ ˃ʶˍʰ˅ˏ ˍˇˎ ˎʵˊˇ˅ˎ˂ʽ˖˃ʷ˄ˇˎ 

ʱ˄ʻˊʰˁʰ όˇˊʻˇ-ʵʽʱˋˉʰˋʹύ ʶʾˍʶ ˃ʶˍʰ˅ˏ ʶ˄ˈˌ ˎʵˊˇ˅ˎ˂ʽ˖˃ʷ˄ˇˎ ˁʰʽ ˃ʹ 

ˎʵˊˇ˅ˎ˂ʽ˖˃ʷ˄ˇˎ ʱ˄ʻˊʰˁʰ ό˃ʶˍʰ-ʵʽʱˋˉʰˋʹύΦ ʆʰ ˃ˇ˄ˇˉʱˍʽʰ ʰˉˇʽˁˇʵˈ˃ʹˋʹˌ 

ˉˇʽˁʾ˂˖˄ ʰˊ˖˃ʰˍʽˁ˗˄ ʶ˄˗ˋʶ˖˄, ˋˎ˔˄ʱ ˋˎʴˁ˂ʾ˄ˇˎ˄ ˃ʶ ˍʹ ʵʽˇ˔ʷˍʶˎˋʹ ʶ˄ʵʽʱ˃ʶˋ˖˄ 



[59] 
 

ˉˊˇʿˈ˄ˍ˖˄ ˉˊˇˌ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ ˁˇʽ˄˗˄ ˎʵˊˇ˅ˎ˂ʽ˖˃ʷ˄˖˄ ˎˉˇˋ̱ ˊ˖˃ʱˍ˖˄ ʵʽʱˋˉʰˋʹˌ 

ʵʰˁˍˎ˂ʾˇˎ όhydroxylated ring-cleavage substrateύ ˈˉ˖ˌ ˇʽ ό˃ʶʻˎ˂ˇύˁʰˍʶ˔ˈ˂ʶˌ[5]. 

ɾʶˍʱ ˍʽˌ ʶˉʰˁˈ˂ˇˎʻʶˌ ʰ˄ˍʽʵˊʱˋʶʽˌ ʵʽʱˋˉʰˋʹˌ ˍˇˎ ʵʰˁˍˎ˂ʾˇˎΣ ˉˊˇˁˏˉˍˇˎ˄ 

ˉˊˇʿˈ˄ˍʰ ˈˉ˖ˌΣ ˇ˅ʽˁˈ ʱ˂ʰˌΣ όacerateύΣ ˉˎˊˇˋˍʰ˒ˎ˂ʽˁˈ ˇ˅ˏ όpyruvateύ ˁʰʽ ˍˇ 

ʹ˂ʶˁˍˊʽˁˈ ˇ˅ˏ όsuccinateύ ˉˇˎ ʶʾˍʶ ʶʽˋʷˊ˔ˇ˄ˍʰʽ ˋˍˇ˄ ˍˊʽˁʰˊʲˇ˅ˎ˂ʽˁˇˏ ˇ˅ʷˇˌ όˁˏˁ˂ˇˌ 

Krebsύ ʶʾˍʶ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʴʽʰ ʲʽˇˋˏ˄ʻʶˋʹ όHaddock, 2010). 

ʅˍʹ˄ ɳʽˁˈ˄ʰ 24, ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʹ ˃ʶˍʰʲˇ˂ʽˁʺ ˉˇˊʶʾʰ ʰˉˇʵˈ˃ʹˋʹˌ 

ˉˇ˂ˎˁˎˁ˂ʽˁ˗˄ ʰˊ˖˃ʰˍʽˁ˗˄ ˎʵˊˇʴˇ˄ʰ˄ʻˊʱˁ˖˄ ʰˉˈ ʲʰˁˍʺˊʽʰ ˁʰʽ ˃ˏˁʹˍʶˌ. 

 

 

ɳʽˁˈ˄ʰ 24Υ ɱʶ˄ʽˁʺ ˃ʶˍʰʲˇ˂ʽˁʺ ˉˇˊʶʾʰ ʰˉˇʵˈ˃ʹˋʹˌ ˉˇ˂ˎˁˎˁ˂ʽˁ˗˄ ʰˊ˖˃ʰˍʽˁ˗˄ ˎʵˊˇʴˇ˄ʰ˄ʻˊʱˁ˖˄ ʰˉˈ ʲʰˁˍʺˊʽʰ 

ˁʰʽ ˃ˏˁʹˍʶˌ όˉʹʴʺΥ Cernilia C.E. Biodegradaion of polycyclic aromatic hydrocarbons, Biodegradation 3, 351-368, 

1992) 

 

ɼ˂ʶʾ˄ˇ˄ˍʰˌΣ ʰ˅ʾʸʶʽ ˄ʰ h˄ʰ˒ʶˊʻˇˏ˃ʶ ˋʶ ˃ʽʰ ˃ʶ˂ʷˍʹ ˍˇˎ Yakimov et al., 2007 

ˋˏ˃˒˖˄ʰ ˃ʶ ˍʹ˄ ˇˉˇʾʰΣ ʹ ʶʽˋˊˇʺ ˉʶˍˊʶ˂ʰʾˇˎ ˋʶ ʻʰ˂ʱˋˋʽʶˌ ʶˁˍʱˋʶʽˌΣ ʷ˔ʶʽ ˖ˌ 

ʰˉˇˍʷ˂ʶˋ˃ʰ ʰˏ˅ʹˋʹ ˍʹˌ ˉ˂ʹʻˎˋ˃ʽʰˁʺ ˉˎˁ˄ˈˍʹˍʰˌ ˍ˖˄ OHBC (obligate 

hydrocarbonoclastic bacteriaύ ˋʶ ˉˇˋˇˋˍˈ ˃ʷ˔ˊʽ ˁʰʽ фл҈ ˍˇˎ ˋˎ˄ˇ˂ʽˁˇʾ ˃ʽˁˊˇʲʽʰˁˇˏ 

ˉ˂ʹʻˎˋ˃ˇˏΦ ɾʶˍʰ˅ˏ ʰˎˍ˗˄Σ ʽʵʽʰʾˍʶˊˇ ˊˈ˂ˇ ˉʰʾʸˇˎ˄ ˍʰ ʴʷ˄ʹ άAlcnivorax 

borkumensisέΣ άThallassolituus oleivoransέ ˁʰʽ άCycloclasticus sppΦέΣ ʶ˅ʰʽˍʾʰˌ ˍʹˌ 

ˉʰʴˁˈˋ˃ʽʰˌ ʰ˄ʶˎˊʶˋʽ˃ˈˍʹˍʱˌ ˍˇˎˌ ˁʰʽ ˍʹˌ ʽʵʽˈˍʹˍʱˌ ˍˇˎˌ ˄ʰ ʰˉˇʽˁˇʵˇ˃ˇˏ˄ 
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ʰ˄ˍʾˋˍˇʽ˔ʰ ʰ˂ˁʱ˄ʽʰ ˁʰʽ ʰˊ˖˃ʰˍʽˁʷˌ ʶ˄˗ˋʶʽˌΦ ʅˎ˃ˉʶˊʰˋ˃ʰˍʽˁʱΣ ˇʽ ˃ʽˁˊˇˇˊʴʰ˄ʽˋ˃ˇʾ 

ʰˎˍˇʾ ʻʰ ˃ˉˇˊˇˏˋʰ˄ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ ˖ˌ ʰ˅ʽˈˉʽˋˍˇʽ ʲʽˇʵʶʾˁˍʶˌ ʴʽʰ ˍʹ˄ 

ˉʰˊʰˁˇ˂ˇˏʻʹˋʹ ˍʹˌ ʹ˂ʽˁʾʰˌ ˁʰʽ ˍˇˎ ˍˏˉˇˎ ˃ˈ˂ˎ˄ˋʹˌ ˉˇˎ ˋʹ˃ʶʽ˗˄ʶˍʰʽ ˋˍʰ 

ʶˁʱˋˍˇˍʶ ʻʰ˂ʱˋˋʽʰ ˉʶˊʽʲʱ˂˂ˇ˄ˍʰΣ ˃ʷˋ˖ ˍʹˌ ˉʰˊʰˁˇ˂ˇˏʻʹˋʹˌ ˍ˖˄ ʴˇ˄ʽʵʾ˖˄ ˍˇˎˌ 

ˉˇˎ ʶ˂ʷʴ˔ˇˎ˄ ˍʹ˄ ʰˉˇʽˁˇʵˈ˃ʹˋʹΦ 
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ɣʀʒʗʇɻʅʋ ςȡ ɭʇʅʆʗ ʆɻʅ ʈʘʃʋɿʋʅ 

ʅˍʹ˄ ˉʰˊˇˏˋʰ ʶˊʴʰˋʾʰΣ ˃ʶ˂ʶˍʺʻʹˁʶ ʹ ʰˉˇʽˁˇʵˈ˃ʹˋʹ ʲʰˊʷ˖ˌ ˁ˂ʱˋ˃ʰˍˇˌ 

ˉʶˍˊʶ˂ʰʾˇˎ ˋʶ ʾʸʹ˃ʰΣ ˃ʶ ˔ˊʺˋʹ ˃ʽˁˊˇˇˊʴʰ˄ʽˋ˃˗˄ ˉˇˎ ʰˉˇʵˇ˃ˇˏ˄ 

ˎʵˊˇʴˇ˄ʱ˄ʻˊʰˁʶˌΦ ʅˎʴˁʶˁˊʽ˃ʷ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ʰˎˍˈ˔ʻˇ˄ʶˌ ˃ʽˁˊˇˇˊʴʰ˄ʽˋ˃ˇʾ 

ʰˉˈ ˍʹ˄ ˉʰˊʰ˂ʾʰ ˍˇˎ ɮʴʾˇˎ ʁ˄ˇˎ˒ˊʾˇˎ ˁʰʽ ˃ʽˁˊˇˇˊʴʰ˄ʽˋ˃ˇʾ ˉˇˎ ʷ˔ˇˎ˄ 

ʰˉˇ˃ˇ˄˖ʻʶʾ ʰˉˈ ʾʸʹ˃ʰ  ˂ʾ˃˄ʹˌ ˋˍʹ˄ ʆˎ˄ʹˋʾʰΦ ɳ˅ʶˍʱˋˍʹˁʰ˄ ʵˏˇ ˋʶ˄ʱˊʽʰΣ ˍʰ ˇˉˇʾʰ 

ˉʶˊʽ˂ʱ˃ʲʰ˄ʰ˄ ˍʹ˄ ˉˊˇˋʻʺˁʹ ʺ ˃ʹ ʲʽˇʶˉʽ˒ʰ˄ʶʽˇʵˊʰˋˍʽˁ˗˄ ˇˎˋʽ˗˄Φ  

2.1 ɭʇʅʆʗ-ɩɻʍɻʎʆʀʑʙ ɝʀʅɾʈʗʐʖʉ 

ʆˇ ̄ʁ ˍˊʶ˂ʰʿˁˈ ˁ˂ʱˋ˃ʰ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ, ʶʾ˄ʰʽ ˉˊˇʿˈ˄ ʵʽˎ˂ʽˋˍʹˊʾˇˎ ˁʰʽ 

ʰˉˇˍʶ˂ʶʾˍʰʽ ˁʰˍʱ ʲʱˊˇˌ ʰˉˈ ˁˇˊʶˋ˃ʷ˄ˇˎˌ ˎʵˊˇʴˇ˄ʱ˄ʻˊʰˁʶˌΣ ʰˊ˖˃ʰˍʽˁˇˏˌ 

ˎʵˊˇʴˇ˄ʱ˄ʻˊʰˁʶˌ ˁʰʽ ˉˇ˂ʽˁʷˌ ʶ˄˗ˋʶʽˌ ˋʶ ˉˇˋˇˋˍʱ ртΣу҈Σ омΣн҈ ˁʰʽ млΣф҈ 

ʰ˄ˍʾˋˍˇʽ˔ʰ. ʅʶ ˁʱʻʶ ʵʶʾʴ˃ʰ ˉˊˇˋˍʷʻʹˁʰ˄ 0,1 g ˉʶˍˊʶ˂ʰʿˁˇˏ ˁ˂ʱˋ˃ʰˍˇˌ ˋʶ мр ml 

˄ʶˊˇˏΣ ˉˊˇˁʶʽ˃ʷ˄ˇˎ ́  h˄ ʰ˂ˇʴʾʰ ˉʶˍˊʶ˂ʰʾˇˎ ˋʶ ˄ʶˊˈ ˄ ʰ ʶʾ˄ʰʽ 0,7҈ ˁΦʲΦ  

ʃˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ ʵˏˇ ˋʶʽˊʷˌ ˉʶʽˊʰ˃ʱˍ˖˄Φ ʅˍʹ˄ ˉˊ˗ˍʹ ˋʶʽˊʱ 

ˉh ˊʰˋˁʶˎʱˋˍʹˁʰ˄ ˉʷ˄ˍʶ ʵʽʰ˒ˇˊʶˍʽˁʱ ʵʶʾʴ˃ʰˍʰ ˋʶ ˍˊʶʽˌ ʶˉʰ˄ʰ˂ʺ˕ʶʽˌ, ˍʰ ˇˉˇʾʰ 

ʰ˒ʷʻʹˁʰ˄ ʴʽʰ ˔ˊˇ˄ʽˁʱ ʵʽʰˋˍʺ˃ʰˍʰ лΣ слΣ мул ˁʰʽ нтл ʹ˃ʶˊ˗˄Σ ˋʶ ˍˊʱˉʶʸʰ 

ʰ˄ʱʵʶˎˋʹˌ (100 rpm), ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ˉˊˇˋˇ˃ˇʽʱʸˇ˄ˍʰʽ ˇʽ ˋˎ˄ʻʺˁʶˌ ˁˎ˃ʰˍʽˋ˃ˇˏ 

ˉˇˎ ʶˉʽˁˊʰˍˇˏ˄ ˋˍˇ ʻʰ˂ʱˋˋʽˇ ˉʶˊʽʲʱ˂˂ˇ˄Φ ɶ ˍʰˋʽʶ˄ʶˊʴʺ ˇˎˋʾʰ ˉˇˎ 

˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ˋˍˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ  ˉʶʾˊʰ˃ʰ ʶʾ˄ʰʽ ˃ʶʾʴ˃ʰ ˂ʽˉʽʵʾ˖˄ ˉʰˊʰʴ˃ʷ˄ˇ ʰˉˈ 

˃ʽˁˊˇˇˊʴʰ˄ʽˋ˃ˇˏˌ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˖ˌ ˉʹʴʺ ʱ˄ʻˊʰˁʰ ʹ˂ʽʷ˂ʰʽˇΦ 

ɳˉʾˋʹˌΣ ˋʶ ˃ʾʰ ˉˊˇˋˉʱʻʶʽʰ ʵʹ˃ʽˇˎˊʴʾʰˌ ˉʽˇ ʰ˄ˍʽˉˊˇˋ˖ˉʶˎˍʽˁ˗˄ ˋˎ˄ʻʹˁ˗˄Σ 

˃ʶ˂ʶˍʺʻʹˁʶ ˁʰʽ ʵʶˏˍʶˊʹ ˋʶʽˊʱ ʵʶʽʴ˃ʱˍ˖˄, ˈ˃ˇʽʰ ˃ʶ ˍʰ ˉʰˊʰˉʱ˄˖ ʰ˂˂ʱ ˃ʶ ˍʹ˄ 

ˉˊˇˋʻʺˁʹ ʱ˃˃ˇˎ ʰˉˈ ˍˇ˄ ɯʴʽˇ ʁ˄ˇˏ˒ˊʽˇ όʰˎˍˈ˔ʻˇ˄ʶˌ ˃ʽˁˊˇˇˊʴʰ˄ʽˋ˃ˇʾύ ˁʰʽ ˔ˊʺˋʹ 

ʵʽʰ˒ˇˊʶˍʽˁʺˌ ʶˉʽ˒ʰ˄ʶʽˇʵˊʰˋˍʽˁʺˌ ˇˎˋʾʰˌ ˒ˎˍʽˁʺˌ ˉˊˇʷ˂ʶˎˋʹˌ όOil begone). ʆʰ 

ʵʶʾʴ˃ʰˍʰ h ˎˍʱ ˃ʶ˂ʶˍʺʻʹˁʰ˄ ʴʽʰ ˔ˊˇ˄ʽˁˈ ɻ ʽʱˋˍʹ˃ʰ 0, о ˁʰʽ с ˃ʹ˄˗˄Φ  

ʅˎʴˁʶˁˊʽ˃ʷ˄ʰ ˍʰ ʵʶʾʴ˃ʰˍʰ ˉˇˎ ʰ˄ʰ˂ˏʻʹˁʰ˄ ˉʶˊʽʴˊʱ˒ˇ˄ˍʰʽ ʰˁˇ˂ˇˏʻ˖ˌΥΦ  

× о ʵʶʾʴ˃ʰˍʰ ˃ʶ ʰˉˇˋˍʶʽˊ˖˃ʷ˄ˇ ˄ʶˊˈ ˁʰʽ ˉʶˍˊʷ˂ʰʽˇ (Control) 

× о ʵʶʾʴ˃ʰˍʰ ˃ʶ ʻʰ˂ʰˋˋʽ˄ˈ ˄ʶˊˈ ʰˉˈ ˍˇ˄ ɮʴΦ ʁ˄ˇˏ˒ˊʽˇ όˉʶˊʽʷ˔ʶʽ 

ʰˎˍˈ˔ʻˇ˄ʶˌ ˃ʽˁˊˇˇˊʴʰ˄ʽˋ˃ˇˏˌύ ˁʰʽ ˉʶˍˊʷ˂ʰʽˇ (Sea water) 
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× о ʵʶʾʴ˃ʰˍʰ ˃ʶ ʰˉˇˋˍʶʽˊ˖˃ʷ˄ˇ ʻʰ˂ʰˋˋʽ˄ˈ ˄ʶˊˈ ˁʰʽ ˃ʶʾʴ˃ʰ 

˃ʽˁˊˇˇˊʴʰ˄ʽˋ˃˗˄ ˉˇˎ ʷ˔ˇˎ˄ ʰˉˇ˃ˇ˄˖ʻʶʾ ʰˉˈ ʾʸʹ˃ʰ ˂ʾ˃˄ʹˌ ˋˍʹ˄ 

ʆˎ˄ʹˋʾʰ (Sea water* -Consortia) 

× о ʵʶʾʴ˃ʰˍʰ ˃ʶ ʻʰ˂ʰˋˋʽ˄ˈ ˄ʶˊˈ ˁʰʽ ʲʽˇˍʰˋʽʶ˄ʶˊʴʺ ˇˎˋʾʰ (Sea 

water-Biosurfactants) 

× о ʵʶʾʴ˃ʰˍʰ ˃ʶ ʰˉˇˋˍʶʽˊ˖˃ʷ˄ˇ ʻʰ˂ʰˋˋʽ˄ˈ ˄ʶˊˈΣ ˃ʶʾʴ˃ʰ 

˃ʽˁˊˇˇˊʴʰ˄ʽˋ˃˗˄ ˉˇˎ ʷ˔ˇˎ˄ ʰˉˇ˃ˇ˄˖ʻʶʾ ʰˉˈ ʾʸʹ˃ʰ ˂ʾ˃˄ʹˌ ˋˍʹ˄ 

ʆˎ˄ʹˋʾʰ ˁʰʽ ̡̔ˇˍʰˋʽʶ˄ʶˊʴʺ ˇˎˋʾʰ (Sea water* -Consortia-

Biosurfactants)  

2.2 ɥʘʃʋɿʋʅ 

ʆˇ ˉˊ˗ˍˇ ˋˍʱʵʽˇ ʶˉʶ˅ʶˊʴʰˋʾʰˌΣ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶ̔ ʶˁ˔ˏ˂ʽˋʹ ˎʴˊˇˏ-ˎʴˊˇˏ (LPE) 

ˁʰʽ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ʶˁ˔ˏ˂ʽˋʹ ˋˍʶˊʶʺˌ ˒ʱˋʹˌ (solid phase extraction (SPE)). ɶ ʶˁ˔ˏ˂ʽˋʹ 

˄ˇʶʾˍʰʽ ˋʰ˄ ˍʹ˄ ʵʽʰʵʽˁʰˋʾʰ ˈˉˇˎ ˃ʽʰ ˇˎˋʾʰ ˃ʶˍʰ˒ʷˊʶˍʰʽ ʰˉˈ ˃ʽʰ ˒ʱˋʹ ˈˉˇˎ 

ʲˊʾˋˁʶˍʰʽ ʶʾˍʶ ˎˉˈ ˃ˇˊ˒ʺ ʵʽʰ˂ˏ˃ʰˍˇˌ ʶʾˍʶ ʵʽʰˋˉˇˊʱˌ ˋʶ ˃ʽʰ ˎʴˊʺ ˒ʱˋʹΦ ɾʶ ˍʹ˄ 

ˍʶ˔˄ʽˁʺ ˍʹˌ ʶˁ˔ˏ˂ʽˋʹˌΣ ʶ̄ ʽˍˎʴ˔ʱ˄ʶˍʰʽ ʹ ʰˉˇ˃ˈ˄˖ˋʹ ˃ʽʰˌ ˇˎˋʾʰˌ ʰˉˈ ʷ˄ʰ ˃ʶʾ ʴ˃ʰΣ 

˃ʷˋ˖ ̀ ˍʶ˄ʺ ̩ʁ ˉʰ˒ʺ ̩̱ ˇˎ ˃ʶ ʷ˄ʰ ʵʽʰ˂ˎˍʽˁˈ ˃ʷˋˇ ˍˇ ˇˉˇʾˇ ˍʹ˄ ʵʽʰ˂ˏʶʽ ʶˁ˂ʶˁˍʽˁʱΦ 

ʅˍˇ ˋʹ˃ʶʾˇ ʰˎˍˈ ˄ʰ ʶˉʽˋʹ˃ʰ˄ʻʶʾ ˉ˖ˌΣ ˋˍʹ˄ ˍʶ˂ʶˎˍʰʾʰ ˋʶʽˊʱ ʵʶʽʴ˃ʱˍ˖˄Σ ˍʰ 

ˇˉˇʾʰ ˉʶˊʽʶʾ˔ʰ˄ ˁʰʽ ʱ˃˃ˇΣ ˉˊˇʹʴʺʻʹˁʶ ʵʽʰ˔˖ˊʽˋ˃ˈˌ ˍʹˌ ˋˍʶˊʶʺˌ ˒ʱˋʹˌ όʱ˃˃ˇˌύ 

ˁʰʽ ˍʹˌ ˎʴˊʺˌΦ ʅˍʹ ˋˎ˄ʷ˔ʶʽʰΣ ʶ˒ʰˊ˃ˈˋˍʹˁʶ ˋˍˇ ˉˊ˗ˍˇ ˁ˂ʱˋ˃ʰ ʹ ˍʶ˔˄ʽˁʺ ʶˁ˔ˏ˂ʽˋʹˌ 

soxhlet (Soxhlet Extraction Apparatus)Σ ʶ˄˗ ˋˍˇ ʵʶˏˍʶˊˇ ʹ ʶˁ˔ˏ˂ʽˋʹ ˎʴˊˇˏ ˋʶ ˎʴˊʺ 

˒ʱˋʹΦ 

ʅʶ ˍʶ˂ʽˁˈ ˋˍʱʵʽˇΣ ˍʰ ˁ˂ʱˋ˃ʰˍʰ ˉˇˎ ˉˊˇʷˁˎ˕ʰ˄ ʰˉˈ ˍʹ˄ ʶˁ˔ˏ˂ʽˋʹ ˋˍʶˊʶʺˌ 

˒ʱˋʹˌΣ ˃ʶˍʰ˒ʷˊʻʹˁʰ˄ ˋʶ ˃ˉˇˎˁʰ˂ʱˁʽʰ ˍ˖˄ п ml ˁʰʽ ʷˉʶʽˍʰ ʰˉˈ ˁʰˍʱ˂˂ʹ˂ʹ 

ˉˊˇʶˍˇʽ˃ʰˋʾʰΣ ˉˇˎ ˉʶˊʽʴˊʱ˒ʶˍʰʽ ˂ʶˉˍˇ˃ʶˊ˗ˌ ˋˍˇ ˁʶ˒ʱ˂ʰʽˇ нΦнΦпΣ ʰ˄ʰ˂ˏʻʹˁʰ˄ ˃ʶ 

ʰʷˊʽʰ ˔ˊ˖˃ʰˍˇʴˊʰ˒ʾ-h˒ʰˋ˃ʰˍˇˋˁˇˉʾʰ ˃ʱʸʰˌ όGC/MS).  

2.2.1 ɞʆʔʞʇʅʎʂ ʑɾʍʋʞ ʎʀ ʑɾʍʝ (liquid to liquid extraction)  

ɰʰˋʽˁʺ ˉʰˊʱ˃ʶˍˊˇˌ ˋˍʹ˄ ʶˁ˔ˏ˂ʽˋʹˌ ˎʴˊʺˌ ˒ʱˋʹˌ ʶʾ˄ʰʽ ˇ ˋˎ˄ˍʶ˂ʶˋˍʺˌ 

ˁʰˍʰ˄ˇ˃ʺˌ (KD) ̌  ˇˉˇʾˇˌ ˇˊʾʸʶˍʰʽ ˖ˌ ʶ˅ʺˌ[20]: 

ὑὈ=
ὅέὶὫ.

ὅὥή.
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ʂˉˇˎ 

Corg.: ́  ˋˎʴˁʷ˄ˍˊ˖ˋʹ ˍʹˌ ˇˎˋʾʰˌ ˋˍʹ˄ ˇˊʴʰ˄ʽˁʺ ˒ʱˋʹ 

Caq.:ʹ ˋˎʴˁʷ˄ˍˊ˖ˋʹ ˍʹˌ ˇˎˋʾʰˌ ˋˍʹ˄ ˎʵʰˍʽˁʺ ˒ʱˋʹ 

ɳʾ˄ʰʽ ˉˊˇ˒ʰ˄ʷˌ ˉ˖ˌ ˈˋˇ ˃ʶʴʰ˂ˏˍʶˊʹ ʶʾ˄ʰʽ ʹ ˍʽ˃ʺ ˍʹˌ ˋˍʰʻʶˊʱˌ ˁʰˍʰ˄ˇ˃ʺˌΣ 

ˍˈˋˇ ˁʰ˂ˏˍʶˊˇˌ ʻʰ ʶʾ˄ʰʽ ˁʰʽ ˇ ʵʽʰ˔˖ˊʽˋ˃ˈˌ ˉˇˎ ʻʰ ʶˉʷ˂ʻʶʽ ˃ʶ ˍʹ˄ ʶˁ˔ˏ˂ʽˋʹΦ 

ɼˊʽˍʺˊʽʰ ʶˉʽ˂ˇʴʺˌ ˇˊʴʰ˄ʽˁˇˏ ʵʽʰ˂ˏˍʹ: 

× ɾʽˁˊʺ ˃ˇˊʽʰˁʺ ʵʽʰ˂ˎˍˈˍʹˍʰ ˋˍˇ ˄ʶˊˈ όғмл҈ύ 

× ʃˍʹˍʽˁˈˍʹˍʰΣ ʴʽʰ ʶˏˁˇ˂ʹ ʰˉˇ˃ʱˁˊˎ˄ˋʹ ˃ʶˍʱ ˍʹ˄ ʶˁ˔ˏ˂ʽˋʹ 

× ʃˇ˂ʽˁˈˍʹˍʰ ˁʰʽ ʽʵʽˈˍʹˍʶˌ ʵʶˋ˃ˇˏ ˎʵˊˇʴˈ˄ˇˎΣ ˉˇˎ ʰˎ˅ʱ˄ˇˎ˄ ˍʹ˄ ʰʱˁˍʹˋʹ 

ˍˇˎ ʰ˄ʰ˂ˏˍʹ ˋˍʹ˄ ˇˊʴʰ˄ʽˁʺ ˒ʱˋʹ 

× ɾʶʴʱ˂ʹ ˁʰʻʰˊˈˍʹˍʰΣ ʴʽʰ ʶ˂ʰ˔ʽˋˍˇˉˇʾʹˋʹ ˃ˈ˂ˎ˄ˋʹˌ ˍˇˎ ʵʶʾʴ˃ʰˍˇˌ 

ʅˍˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˉʶʾˊʰ˃ʰ ˇ ʵʽʰ˂ˏˍʹˌ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ʴʽʰ ˍʹ˄ 

ʶˁ˔ˏ˂ʽˋʹˌ ˎʴˊʺˌ ˒ʱˋʹˌ ʺˍʰ˄ ˍˇ ʵʽ˔˂˖ˊˇ˃ʶʻʱ˄ʽˇ όDCM), ˍˇ ˇˉˇʾˇ ʷ˔ʶʽ ˍʹ 

ʵˎ˄ʰˍˈˍʹˍʰ ˄ʰ ʵʽʰ˂ˏʶʽ ˍˈˋˇ ˍʰ ˁˇˊʶˋ˃ʷ˄ʰΣ ˈˋˇ ˁʰʽ ˍʰ ʰˊ˖˃ʰˍʽˁʱ ˋˎˋˍʰˍʽˁʱ ˍˇˎ 

ˉʶˍˊʶ˂ʰʾˇˎ. 

ʃˊˇʲ˂ʺ˃ʰˍʰ ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ ˉˊˇˁˏ˕ˇˎ˄ ˁʰˍʱ ˍʹ˄ ʶˁ˔ˏ˂ʽˋʹ ˎ ʴˊˇˏ ˋʶ ˎʴˊˈ: 

× ʅ˔ʹ˃ʰˍʽˋ˃ˈˌ ʴʰ˂ʰˁˍ˗˃ʰˍˇˌ (ɳʽˁˈ˄ʰ 25)Υ ɱʽʰ ˄ʰ ʰ˄ˍʽ˃ʶˍ˖ˉʽˋˍʶʾ ˉˊʷˉʶʽ ˍˇ 

˃ʶʾʴ˃ʰ ˄ hʰ˄ʰˁʽ˄ʹʻʶʾ ˁʰʽ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ˄ hʰ˒ʶʻʶʾ ˋʶ ʹˊʶ˃ʾʰ ˃ʶ ʰ˄ˇʽ˔ˍˈ ˍˇ 

ˁʰˉʱˁʽ ˍʹˌ ʵʽʰ˔˖ˊʽˋˍʽˁʺ ˔ˇʱ˄ʹˌΣ ˃ʷ˔ˊʽ ˍˇ ʴʰ˂ʱˁˍ˖˃ʰ ˄ʰ ʵʽʰˋˉʰˋˍʶʾ. 

× ʃʰˊˇˎˋʾʰ ˎʴˊʰˋʾʰˌ ˋ̱ ʹ˄ ˇˊʴʰ˄ʽˁʺ ˒ʱˋʹΣ ˋʶ ˃ˇˊ˒ʺ ˋˍʰʴˇ˄ʽʵʾ˖˄ 

ˁˇ˂˂ʹ˃ʷ˄˖˄ ˋˍˇ ˍʸʱ˃ʽ ˍʹˌ ʵʽʰ˔˖ˊʽˋˍʽˁʺ ˔ˇʱ˄ʹˌΥ ɮ˄ˍʽ˃ʶˍ˖ˉʾʸʶˍʰʽ 

ˉˊˇ̀̒ ʷˍˇ˄ˍʰˌ ˃ʽˁˊʺ ˉˇˋˈˍʹˍʰ ˔˂˖ˊʽˇˏ˔ˇˎ ˄ʰˍˊʾˇˎ όNaCl) ˁʰʽ ʰ˄ʰˁʽ˄˗˄ˍʰˌ 

ˁʰ˂ʱ ˍʹ ʵʽʰ˔˖ˊʽˋˍʽˁʺ ˔ˇʱ˄ʹΣ ˃ʷ˔ˊʽ ˄ʰ ʵʽʰ˂ˎʻʶʾ ˍˇ ʰ˂ʱˍʽ ˁʰʽ ˄ʰ ˃ʹ˄ 

ʶ˃˒ʰ˄ʾʸˇ˄ˍʰʽ ̄ ˂ʷˇ˄ ̀ ˍʰʴˇ˄ʾʵʽʰΦ 

× ɮ˃ˇʽʲʰʾʰ ʵʽʰ˂ˎˍˈˍʹˍʰ ˃ ʶˍʰ˅ˏ ʵˏˇ ˒ʱˋʶ˖˄Φ 
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ɳʽˁˈ˄ʰ 25: ʅ˔ʹ˃ʰˍʽ˃ˈˌ ʴʰ˂ʰˁˍ˗˃ʰˍˇˌ ˁʰˍʱ ˍʹ˄ ʶˁ˔ˏ˂ʽˋʹ ˎʴˊˇˏ ˋʶ ˎʴˊˈ 

 

ʃʶʽˊʰ˃ʰˍʽˁˈˌ ɳ˅ˇˉ˂ʽˋ˃ˈˌ 

¶ Vial 30 ml 

¶ DCM analysis 

¶ DCM suprasolv 

¶ ʁʴˁˇ˃ʶˍˊʽˁˈˌ ˁˏ˂ʽ˄ʵˊ̌ ˌ 50 ml 

¶ ɲʽʰ˔˖ˊʽˋˍʽˁʺ ʋˇʱ˄ʹ нрл ml 

¶ ɼʰˉʱˁʽ όʴʽʰ ˍʹ ʵʽʰ˔˖ˊʽˋˍʽˁʺ ˔ˇʱ˄ʹύ 

¶ ɼ˂ʱ˃ʶˊ 

¶ ʅˎˋˁʶˎʺ VORTEX 

¶ ʅ˒ʰʽˊʽˁʺ ˒ˎʱ˂ʹ 250 ml 

¶ ʃʶˊʽˋˍˊˇ˒ʽˁˈˌ ʶ˅ʰˍ˃ʽˋˍʺˊʰˌ 

 

1) ʆˇ ʵʶʾʴ˃ʰ ʶˁ˔ˎ˂ʾʸʶˍʰʽ ˍˊʶʽˌ ˒ˇˊʷˌ ˃ʶ ʾˋˇˎˌ ˈʴˁˇˎˌ ʵʽʰ˂ˏˍʹ όDCM analysis)  
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2) ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ʶ˅ʰˍ˃ʾʸˇˎ˃ʶ ˍˇ ʵʽʰ˂ˏˍʹ ˋʶ ˉʶˊʽˋˍˊˇ˒ʽˁˈ ʶ˅ʰˍ˃ʽˋˍʺˊʰ όˋˍˇˎˌ 

60 0C ˁ ʰʽ фл ˋˍˊˇ˒ʷˌ)  

3) ʆˇ ʵʶʾʴ˃ʰ ˃ʶˍʰ˒ʷˊʶˍʰʽ ˃ʶ 5/a ǎǳǇǊŀǎƻƭǾ ˋʶ ˉˊˇʸˎʴʽˋ˃ʷ˄ˇ vial ˁʰʽ 

ʶ˅ʰˍ˃ʾʸʶˍʰʽ ˁʱˍ˖ ʰˉˈ ˊʶˏ˃ʰ ʰʸ˗ˍˇˎΦ 

4) ʆʷ˂ˇˌΣ ˍˇˉˇʻʶʾˍʰʽ ˍˇ ʵʶʾʴ˃ʰ ̀  ʁ˅ ʹˊʰ˄ˍʺˊʰ ʴʽʰ нп ˗ˊʶˌ ˁ ʰʽ ʸˎʴʾʸʶˍʰʽ. 

ςȢςȢς ɞʆʔʞʇʅʎʂ Soxhlet 

ɶ ʶˁ˔ˏ˂ʽˋʹ soxhlet. ʰ̄ ˇˍʶ˂ʶʾ ˃ʽʰ ʵʽʱˍʰ˅ʹ ˋˎ˄ʶ˔ˇˏˌ ʶˁ˔ˏ˂ʽˋʹˌ όϤнп ˗ˊʶˌύΣ ʹ 

ˇˉˇʾʰ ʵʽʰ˔˖ˊʾʸʶʽ ˃ʽʰ ˋˍʶˊʶʺ ˒ʱˋʹ ʰˉˈ ˍʰ ˉʶˊʽʶ˔ˈ˃ʶ˄ʰ ˇˊʴʰ˄ʽˁʱΦ ʅˍʹ˄ ˉʶˊʾˉˍ˖ˋʺ 

˃ʰˌ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ʴʽʰ ˄ʰ ʰˉˇ˃ʰˁˊˏ˄ʶʽ ˍˇ˄ ˉʶˍˊʶ˂ʰʿˁˈ ˊˏˉˇ ʰˉ̍ ˍʹ˄ ʱ˃˃ˇ ˉˇˎ 

ˎˉʺˊ˔ʶ ˋˍʹ ʵʶˏˍʶˊʹ ˋʶʽˊʱ ʵʶʽʴ˃ʱˍ˖˄ (ɳʽˁˈ˄ʰ 26).  

ʅʶ ˉˊ˗ˍʹ ˒ʱˋʹΣ ˇʽ ʰˍ˃ˇʾ ˍˇˎ ʵʽʰ˂ˏˍʹ ˒ʻʱ˄ˇˎ˄ ˃ʷˋ˖ ˍˇˎ ˉ˂ʶˎˊʽˁˇˏ ˋ˖˂ʺ˄ʰ 

ˋˍˇ˄ ˕ˎˁˍʺˊʰΣ ˈˉˇˎ ˎʴˊˇˉˇʽˇˏ˄ˍʰʽ ˁʽ ʶʽˋʷˊ˔ˇ˄ˍʰʽ ˋˍˇ ˔˗ˊˇ ˍˇˎ ʶˁ˔ˎ˂ʽˋˍʺˊʰ 

soxhlet, ˋˍˇ˄ ˇˉˇʾˇ ˎˉʱˊ˔ʶʽ ˍˇ ʵʶʾʴ˃ʰΣ ʶ˄ˍˈˌ ˍˇˎ ʹʻ˃ˇˏΦ ʂˍʰ˄ ʹ ˋˍʱʻ˃ʹ ˍˇˎ 

ʵʽʰ˂ˏˍʹ ˒ˍʱˋʶʽ ˋˍʹ˄ ˁˇˊˎ˒ʺΣ ʷ˔ˇˎ˃ʶ ʰ˄ʰˊ́ ˈ˒ʹˋʹΣ ˇˉˈˍʶ ˇ ʵʽʰ˂ˏˍʹˌ ˃ʰʸʾ ˃ʶ ˍʹ˄ 

ˇˎˋʾʰ ˉˇˎ ˅ʷˉ˂ˎ˄ʶ ˔ˏ˄ʶˍʰʽ ˋˍʹ ˒˂ʱˋˁʰΦ ɶ ˈ˂ʰ ʵʽʰʵʽˁʰˋʾʰ ˋˎ˄ʶ˔ʾʸʶˍʰʽ ʰˎˍˈ˃ʰˍʰ 

ʴʽʰ ˍʽˌ ʶˉˈ˃ʶ˄ʶˌ нп ˗ˊʶˌ ˉʶˊʾˉˇˎΣ ˃ʷ˔ˊʽ ˄ʰ ˅ʶˉ˂ˎʻʶʾ ˈ˂ˇ ˍˇ ˉʶˍˊʷ˂ʰʽˇ ˉˇˎ 

ˉʶˊʽʷ˔ʶˍʰʽ ˋˍʹ˄ ʱ˃˃ˇ[37]. 

 

ɳʽˁˈ˄ʰ 26Υ ɲʽʱˍʰ˅ʹ ʶˁ˔ˏ˂ʽˋʹˌ soxhlet 
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ʃʶʽˊʰ˃ʰˍʽˁˈˌ ɳ˅ˇˉ˂ʽˋ˃ˈˌ 

¶ ʇˉˇʵˇ˔ʷʰˌ ʵʶʾʴ˃ʰˍˇˌ-ʊˎˋʾʴʴʽ 

¶ ɶʻ˃ˈˌ ɳˁ˔ˎ˂ʽˋʹˌ (extraction hulsen) 

¶ ʌˎˁˍʺˊʰˌ 

¶ ʅ˒ʰʽˊʽˁʺ ˒ˎʱ˂ʹ 500 ml 

¶ ɸʶ̔ˁ̔ ˈ ɿʱˍˊʽ̌  όSodium Sulfateύ ʶ˄ʶˊʴˇˉˇʽʹ˃ʷ˄ˇ ˋˍˇˎˌ плл 0C ɹ ʽʰ п ˗ˊʶˌ   

¶ DCM analysis (330 ml h ˄ʱ ʵʶʾʴ˃ʰύ 

¶ ʇʰ˂ˇʲʱ˃ʲʰˁʰˌ όglass wool)5 

¶ ɾˉʾ˂ʽʶˌ ʲˊʰˋ˃ˇˏ όBoiling balls) 

¶ ɱˎʱ˂ʽ˄ʹ ˉʽˉʷˍʰ ˃ʽʰˌ ˔ˊʺˋʹˌ 

¶ ʅˉʱˍˇˎ˂ʰ 

¶ ʆˋʽ˃ˉʾʵʰ 

¶ ʃˇˎʱ́ 

 

1) ʅˍʰ ʵʶʾʴ˃ʰˍʰ ˍʹˌ ʱ˃˃ˇˎ ˉˊˇˋˍʾʻʶˍʰʽ ʶ˄ʶˊʴˇˉˇʽʹ˃ʷ˄ˇ ʻʶʽʽˁˈ ˄ʱˍˊʽˇΣ 

ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ʰˉˇ˃ʰˁˊˎ˄ʻʶʾ ʹ ˎʴˊʰˋʾʰ ˁʰʽ ˃ʶˍʰ˒ʷˊˇ˄ˍʰʽ ˋˍˇ˄ ʹʻ˃ˈ 

ʶˁ˔ˏ˂ʽˋʹˌ 

2) ʃˊˇˋʻʷˍˇˎ˃ʶ ˎʰ˂ˇʲʱ˃ʲʰˁʰΣ ˗ˋˍʶ ˄ʰ ˁʰ˂ˎ˒ʻʶʾ ʹ ˉʱ˄˖ ʶˉʽ˒ʱ˄ʶʽʰ ˍˇˎ 

ʵʶʾʴ˃ʰˍˇˌΦ 

3) ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ˍˇˉˇʻʶˍˇˏ˃ʶ ̱ ˇ˄ ʹʻ˃ˈ ˋˍˇ˄ ˎˉˇʵˇ˔ʷʰ. 

4) ʅˍʹ ˋ˒ʰʽˊʽˁʺ ˒ˎʱ˂ʹΣ ˉˊˇˋˍʾʻʶ˄ˍʰʽ 330 ml DCM analysis ˁʰʽ т-мл ˃ˉʾ˂ʽʶˌ 

ʲˊʰˋ˃ˇˏ. 

5) ɶ ʶˁ˔ˏ˂ʽˋʹ ˂ʰ˃ʲʱ˄ʶʽ ˔˗ˊʰ ˋˍˇˎˌ пл ˇC ɹ ʽʰ нп ˗ˊʶˌΦ 

2.2.3 ɞʆʔʞʇʅʎʂ ʎʐʀʍʀʙʏ ʒʗʎʂʏ (solid phase extraction)  

ɼʰˍʱ ˍʹ ʵʽʶˊʴʰˋʾʰ ʰˎˍʺΣ ˍʰ ˋˎˋˍʰˍʽˁʱ ˍʹˌ ˁʽ˄ʹˍʺˌ ˒ʱˋʹˌ όƳƻōƛƭŜ ǇƘŀǎŜύ, 

ʵʽʰ˔˖ˊʾʸˇ˄ˍʰʽ ʰˉˈ ʰˎˍʱ ˍʹˌ ˋˍʰˍʽˁʺˌ ˒ʱˋʹˌ όǎǘŀǘƛƻƴŀǊȅ ǇƘŀǎŜύΦ ʍˌ ʵʽʰ˂ˏˍʶˌ 

˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ˍˇ ʶ˅ʱ˄ʽˇ /сΣ ʴʽʰ ˍʹ˄ ʰˉˇ˃ʱˁˊˎ˄ˋʹ ˍ˖˄ ˁˇˊʶˋ˃ʷ˄˖˄ 

ˎʵˊˇʴˇ˄ʰ˄ʻˊʱˁ˖˄ ˁʰʽ ˍˇ ʵʽ˔˂˖ˊˇ˃ʶʻʱ˄ʽˇ 5/aΣ ʴʽʰ ˍʹ˄ ʰˉˇ˃ʱˁˊˎ˄ˋʹ ˍ˖˄ 

                                                           
5
 ʇʰ˂ˇʲʱ˃ʲʰˁʰˌΥ ʶʾ˄ʰʽ ʰˉʰˊʰʾˍʹˍʹ ʹ ˔ˊʺˋʹ ˍˇˎΣ ʵʽˈˍʽ ʰˉˇˍˊʷˉʶʽ ˍʹ˄ ʰʽ˗ˊʹˋʹ ˋˍʶˊʶ˗˄ ʰˉΩ ˍˇ ʵʶʾʴ˃ʰ ˋˍˇ 
˒ˎˋʾʴʴʽΣ ˉˊˇˋˍʰˍʶˏˇ˄ˍʰˌ ˍʰ ˋ˖˂ʹ˄ʱˁʽʰ ʰˉˈ ˉʽʻʰ˄ˈ ˒ˊʱ˅ʽ˃ˇΦ 
























































