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ʏʠʬʔʧʩ,  
ʩʮʮʬ ,ʩʰʥʰʥ ʩʰʣ,  

ʣʩʮʺ ʥʰʠʹ ʥʮʫ ʺʥʩʤʬʥ ʪʩʹʮʤʬ ʲʣʰʹ.  
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] ʪʥʺʮ'ʸʡʣʮʡ ,'ʯʮʹʩʸʴ ʣʩʥʣ ,1923[  
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ʺʥʣʥʺ:  
 ʺʮʬʹʤʬ ʲʩʢʮ ʩʺʩʩʤ ʠʬʥʦ ʤʣʥʡʲ, ʠʩʬʥʬʠʩʺʬʡʩʷ ʦʲ ʭʩʡʸ ʭʩʹʰʠʮ ʺʩʲʥʶʷʮʥ ʺʩʹʥʰʠ ʤʸ.  

 ʣʧʠ ʬʫʬʭʤʮ ,ʺʩʡʡʬ ʤʣʥʺ ʡʧ ʩʰʠ:  
  

ʤʩʧʰʤʤ ʬʲ ʤʣʥʮ ʩʰʠ ʩʫʩʸʣʮ ʺʹʥʬʹʬ , ʤʡʩʹʧʤʺʴʺʥʹʮʤ ʪʸʣʤʥ:  
  

ʴʥʸʴ 'ʯʥʡʰ ʣʣʥʲ  ,ʣ"ʣʥ  ʯʩʩʨʹʰʩʥ ʩʹʩ ʸ"ʢʸʢʸʡʰʩʥ ʩʮʸ ʸ.  
  

 ʥʲʩʩʱʹ ʭʩʡʸʬ ʩʬʪʸʣʡ-  
ʣ"ʩʢʥʬʥʠʩʢʤ ʯʥʫʮʤʮ ʺʸʥʴ ʩʮʲʰ ʸ ʭʩʬʹʥʸʩʡ -ʩʶʰʱʰʩʮʥʬʤ ʪʥʸʠʩʺ ʺʠ ʩʮʩʲ ʤʫʸʲʥ ʤʺʣʡʲʮ ʺʠ ʩʬ ʤʧʺʴʹ ʤ,  

ʩʢʥʬʥʠʩʢʤ ʯʥʫʮʤʥ ʤʷʬʧʮʤ ʬʢʱ ,ʴʥʸʴ 'ʮʠʯʥʰʢʲ ʵʥ,ʴʥʸʴ  'ʩʢʧʯʥʸ  ,ʴʥʸʴ'ʵʫ ʩʺʩʮʠ  ,ʣ"ʯʮʩʩʤ ʬʠʩʸʠ ʸ , ʬʠʫʩʮ
ʱʩʥʥʩʣ,ʣ "ʬʱʷ ʺʩʰʥʸ ʸ,ʣ "ʯʥʮʨʮ ʩʸʠ ʸʴʥʸʴʥ  'ʹʹ ʯʺʩʠ - ʺʥʺʬʣ ʩʰʴʡ ʥʧʺʴʹ ʬ ʭʩʴʱʥʰ ʭʩʰʥʥʩʫʥ ʺʥʰʥʩʲʸ

ʸʣʡ ʭʩʹʣʧʥʩʫ.  
ʷʲʩʥ ʥʬʹ ʸʮʺ ʡ)ʩʷʩ (ʱʩʩʥ,ʡʥʸʴ ʥʸʷʩʮ ʯʥʸʨʷʬʠʤ ʺʬʲʴʤʡ .  

ʣ"ʣʥ ʵʩʬʤ ʢʩʥʣʥʬ ʸ"ʩʢʥʬʥʠʩʢʤ ʯʥʫʮʤ ʯʮ ʪʩʬʸʠ ʤʸʹ ʸʭʩʬʹʥʸʩʡ  -ʺʥʩʮʩʫʤ ʺʥʦʩʬʰʠʤ ʬʲ .  
ʯʥʸʤ ʯʶʡʩʠʥ ʯʸʩʬ ,ʥ ʯʮʨʸʥʥ ʬʡʰʲʥ ʩʰʥʩ-ʤʣʹʤ ʺʣʥʡʲ ʺʥʲʥʡʹʡ ʭʩʩʰʥʴʶʤ ʭʤʩʺʡʡ ʩʺʥʠ ʥʰʩʬʤʹ .  

ʯʮʸʡʬʩʦ ʩʮʺ ,ʬʩʥʥ ʤʲʥʰʥ ʯʥʦʬʱʩ ʤʲʥʰ - ʤʣʹʤ ʺʣʥʡʲʡ ʥʸʦʲʹ ʭʩʸʡʧʤ ,ʤʴʷʡʥ ʣʸʹʮʡ.  
  

 ʭʩʡʩʡʧ ʭʩʰʥʸʧʠʥ– ʬʤ ʩʸʡʧʯʬʥʢʤ ʺʮʸ ʯʥʴʶ ʬʹ ʺʩʦʥʸʣʤ ʤʬʩʤʷ -ʧʺʴʹ ʥʴʡ ʤʩʲʨʮ ʩʸʲʹ ʺʠ ʩʰʭ ,ʧʡʨʮʭ 
ʡʩʬʥʭ.  

  
 ʺʣʧʥʩʮ ʤʣʥʺʥ– ʡʥʹ – ʴʥʸʴʬ 'ʯʥʡʰ ʣʣʥʲ –   

ʵʸʠʤ ʸʥʣʫ ʩʣʥʮʩʬʬ ʯʥʫʮʡ ʯʥʹʠʸʤ ʸʠʥʺʤ ʩʣʥʮʩʬʬ ʬʡʷʺʤʬ ʩʹʷʡʡʹ ʬʲ ,ʢʥʧʤ ʹʠʸ ʥʣʥʲʡ ,ʸʹʴʩʠʩʬ  ,
ʯʩʣʤ ʺʸʥʹʮ ʭʩʰʴʬ ,ʪʫʡʥ ʯʩʩʰʮʤ ʯʮ ʣʩʮʬʺʫ ʭʩʣʥʮʩʬʡ ʡʬʺʹʤʬ ʤʩʢʥʬʥʠʩʢʡ ʭʩʰʥʹʠʸʤ ʩʩʣʲʶ ʺʠ ʺʥʹʲʬ.  

  

*     *      *   
ʯʮʥʮ ʸʷʧʮʤ,ʥʷʬʧʡ ,  ʺʥʩʮʥʠʬʤ ʺʥʩʺʹʺʤ ʣʸʹʮʡ ʤʮʣʠʤ ʩʲʣʮʬ ʬʤʰʮʤ ʩʣʩ ʬʲ)ʱʮ '036-17-24(  

  
ʤʣʥʺ ʭʬʥʫʬ!  
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ʸʩʶʷʺ  
ʭʢʠ ʤʰʩʤ ʭʸ ʺʫʩʸʡ-ʩʰʷʬʥʥʤ ʤʣʹʤ ʬʹ ʩʡʸʲʮ ʯʥʴʶʤ ʤʶʷʡ ʭʷʥʮʮʤ ʸʠʠʮ ,ʠ ʺʠʸʧ-ʭʠʹ , ʲʢʮʬ ʪʥʮʱ

ʥʰʥʸʣʮ ʭʲ ʯʬʥʢʤ ʺʮʸ ʯʥʴʶ ʬʹ ʺʥʩʰʷʥʨʱʩʩʬʴʤ ʺʥʬʦʡʤʯʥʮʸʧʤ ʺ .ʡʤʥʸʣʩʤ ʯʥʬʧ ʤʰʩʤ ʤʫʩʸ- ʧʺʴʰʹ ʩʰʷʬʥʥ

ʥʨʠʩʸʴ ʺʥʩʥʶʸʴʺʤʡʮʢʠʮʩʸʥʴʲʩ ʺʲʷʡ ʬʹ ʭʥʤʺʤ ʩʮ ʱʬʴʮ ʬʠ ʺʥʩʺ .ʹʲʥʬʤ ʩʬʥ ,ʸʡʤ ʡʩʡʱʩʤʫ , ʭʩʱʥʫʮ

ʭʸ ʺʫʩʸʡ ʳʥʨʡ . ʳʥʨʤʮ ʡʫʸʥʮʩʸʡʹ ʲʥʬʤ ʬʬʧʡ ʭʩʩʥʶʮ ʥʩʤʹ ʭʩʲʬʱʤ )ʤʮʸʨʠʩʣʤ ( ʸʮʥʧʤ ʺʴʱʥʺʡ

ʹ ʩʬʩʰʡʥʩʤʬ ʭʸʢʭʩʶʥʶʩʴ.  

ʩʣʱʤ ʺʩʺʹʺʤʠʸʥʩ ʩʬʩʢʮ ʭʩʲʬʱ ʺʬʬʥʫ ʭʸ ʺʫʩʸʡ ʸʥʦʠʡ ʺʩʸʨʰʮ,ʯʷʥʠʩʠʥ ʯʥʷʩʨʸʷ  . ʤʮʶʲ ʭʸ ʺʫʩʸʡ

 ʭʥʣʷ ʷʮʲ ʬʲʮ ʺʮʷʥʮʮ)ʯʬʤʬ: "ʭʸ ʷʮʲ"( ,ʭʩʩʰʷʥʨʱʩʩʬʴ ʭʩʩʰʷʬʥʥ ʭʩʴʶʸʡ ʠʬʮʺʤʹ. ʷʮʲʡ ʺʥʬʦʡʤ ʡʥʸ 

ʭʩʴʥʹʧʮʮ ʺʥʸʫʥʮ ʭʸ,ʡ ʥʠʶʮʰ ʭʬʥʠ ʡ ʭʩʨʰʮʢʸʴʺʥʴʥʹʧ ʯʰʩʠʹ ʺʥʬʦʡ ʭʢ ʳʥʨ : ʺʥʬʦʡ17 ,15 ,ʥ-6 . ʺʬʦʡ

17 ʺʸʫʥʮ  ʭʢʸʥʦʠʡ ʭʩʧʥʣʩʷʮ .ʭʸ ʷʮʲ ʬʹ ʩʰʥʹʠʸʤ ʥʩʥʬʩʮ ʺʠ ʺʥʥʤʮ ʥʬʠ ʺʥʬʦʡ ,ʯʩʲ ʺʥʬʦʡ ʥʧʬʷ ʯʤʩʬʲʥ-

ʯʥʥʩʦ,  ʭʩʮʸʫʥ ʤʰʥʺʧʺʤʰʥʩʬʲ ʭʩʮʸʫ .ʤʰʡʰ ʸʠʠʮʤ ʡʸʲʮ ʭʥʸʣʡ,ʭʩʮʸʫ ʺʬʦʡ ʬʲ ʤʰʥʩʬʲ ,ʩʸʥʷʱ ʬʹ ʬʺ ʤ 

ʭʣʥʠ,ʩʸʥʴʲʩ ʺʬʦʡ ʬʹ ʺʥʩʦʥʸʨʰʩʠ ʸʥʣʧʤ  . ʭʸ ʺʫʩʸʡ ʳʥʨʬʺʤ ʺʠ ʤʱʫʮ ʩʧʥʬʩʷ ʺʠʥ ʤʺʬʦʡ. ʺʩʡʸʲʮ 

ʸʲʱ ʺʬʦʡ ʧʥʬʩʷʡ ʳʥʨʤ ʤʱʥʫʮ ʸʠʠʮʬ, ʢʶʩʩʮʤʤ ʺʠ ʥʸʠʥ ʸʥʦʠʡ ʸʩʲʶʤ ʩʰʷʬʥʥʤ ʲ ʤʸʦʧ ʬʲ ʲʩʡʶʮʤ

 ʹʡʩ ʭʦʩʰʷʬʥʥʬʥʤ ʺʥʬʩʲʴʤ ʭʥʩʱʥʨʠʩʸʴʮʢʠʮʺʩʺʸʥʦʠʡ ʭʸ ʺʫʩʸʡ .  

 ʬʲʥ ʸʥʦʠʡ ʺʥʩʥʶʮʤ ʺʥʩʢʥʬʥʺʩʬʤ ʬʲ ʺʩʴʸʢʥʸʨʴʥ ʺʩʮʩʫ ʤʣʥʡʲʳʥʨʡ ʭʩʩʺʬʦʡʤ ʭʩʨʰʮʢʸʴʤ,ʺʠʸʤ  ʯʥʩʮʣ ʤ

ʺʥʬʦʡʤ ʯʩʡ ʩʮʩʫʺʥʰʥʹʤ , ʸʹʠ  ʯʬʥʫʩʨʩʰʦʡʤ ʭʥʧʺʡ . ʭʩʸʥʸʡ ʭʩʩʴʸʢʥʸʨʴ ʭʩʬʣʡʤʸʹʴʩʠ ʡʥʸ ʺʷʥʬʧ ʥ

 ʭʩʨʰʮʢʸʴʤ ʭʩʩʺʬʦʡʤʲʡʹʬ ʳʥʨʡʤ ʭʩʨʸʴ : ʺʥʬʦʡ17 ,15 ,6 ,ʯʥʩʦ ʯʩʲ ,ʤʰʥʺʧʺ ʭʩʮʸʫ , ʭʩʮʸʫʩʬʲʥʤʰ 

ʩʸʥʴʲʩʥ.   

ʭʩʩʣʥʮʲ ʭʩʫʺʧ ʤʲʡʹʤʫʩʸʡʬ ʡʩʡʱʮ ʥʣʣʮʰ ʳʥʨ ʩʴʥʹʧʮ ʬʹ  .ʥʬʹʡ ʺʥʩʡʩʨʬʸʥʷ ʳʥʨ ʺʥʡʫʹ ʥʠʶʮʰ ʭʤʮ ʤʹ

 ʩʴ ʬʲʥʡ ʤʮʠʺʤʤʣʹ ,ʺʩʸʨʮʥʬʥʰʸʢ ʤʣʥʡʲʡ ʤʺʮʥʠʹ,ʫ ʬʹ ʳʥʨ ʪʺʧ ʡʫʸʥʤ -46ʸʨʮ ʤʫʩʸʡʤ ʧʸʦʮ ʭʥʸʣʡ  

)ʯʬʤʬ: "ʩʸʷʩʲʤ ʪʺʧʤ".(  

ʸʢʸʢʤ ʬʣʥʢʡ ʭʩʩʸʥʦʧʮ ʭʩʩʥʰʩʹ ʤʺʠʸʤ ʩʸʷʩʲʤ ʪʺʧʤ ʬʲ ʺʩʸʨʮʥʬʥʰʸʢʤ ʤʣʥʡʲʤʩʴʥʨʤ ʱʷʩʸʨʮʤ ʬʹ , 

ʬʥʣʢ ʭʩʨʰʮʢʸʴ ʺʥʧʫʥʰʡ ʭʩ) <30ʸʨʮʩʬʩʮ .(ʬʠ ʭʩʩʥʰʩʹ ʤ ʺʥʩʥʶʸʴʺʤʤ ʺʥʮʶʥʲʡ ʭʩʩʥʰʩʹ ʬʲ ʭʩʣʩʲʮ 

ʥʨʠʩʸʴʤʮʢʠʮʺʥʩʺ .ʫʩʰ ʩʸʷʩʲʤ ʪʺʧʡʺʥʩʥʶʸʴʺʤʤ ʺʮʶʥʲʡ ʤʣʩʸʩʥ ʤʩʬʲ ʬʹ ʭʩʸʥʦʧʮ ʩʰʹ ʺʥʧʴʬ ʭʩʸ .

 ʺʥʧʫʥʰ ʬʹ ʺʥʬʩʫʮʤ ʺʥʡʫʹʡ ʭʩʬʥʣʢ ʭʩʨʰʮʢʸʴʺʥʸʥʨʷʥʸʨʱ ʸʮʥʧ ʬʹ ʤʬʡʥʤ ʩʰʥʰʢʰʮ ʩʰʹ ʭʥʩʷ ʤʲʩʶʮ ʤʮʩʸʦ 

ʰʷʬʥʥʩʨʱʠʬʷʩ ʥʬʲʴʹ ʡʬʩʡʷʮ , ʣʧʠʤ-  ʩʨʱʩʬʡ ʳʥʲʮ ʬʹʩʰʹʤʥ -  ʭʩʩʰʷʬʥʥ ʭʩʬʥʹʧʰ ʬʹ)base surge(.  

 ʤʱʩʱʡ ʸʨʥʷʬ ʤʥʥʹ ʤʮʸʨʠʩʣʤ ʷʮʥʲ ʩʫ ʤʧʰʤʡ)ʫ-1ʷ "ʮ(, ʩʫ ʠʶʮʰ  ʤʮʸʨʠʩʣʤ ʨʥʸʧ ʧʴʰʥʰʩʤʫ -0.26ʷ "ʮ 

ʡʷʥʲʮ .ʭʩʸʨʮ ʺʥʠʮ ʬʹ ʩʰʷʬʥʥ ʪʺʧ ʪʸʣ ʺʸʣʥʧ ʤʮʸʨʠʩʣʤ ,ʭʸ ʷʮʲ ʱʩʱʡ ʺʠ ʺʸʡʥʲʹʮʮʥ  ʪʥʺ ʬʠ ʤʫʩ

ʭʩʩʸʨʰʮʩʣʱʤ ʭʩʲʬʱʤ ʪʺʧʭʩʩʰʥʷʩʨʸʷʤ .  ʵʸʥʥʷ ʩʸʢʸʢʮ ʯʥʺʧʺʤ ʯʥʷʩʨʸʷʤʮ ʲʩʨʷ ʺʸʥʶʺ ʳʥʨʡ ʥʠʶʮʰʹ

ʥʦ ʤʸʥʶʺʬ ʣʲ ʺʥʧʴʬ ʤʸʣʧ ʤʮʸʨʠʩʣʤ ʩʫ ʭʩʲʩʶʮʩʸʨʰʮʩʣʱʤ ʪʺʧʡ .  
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ʩʬʩʢʡ ʩʬʥʠʩʠ ʵʸʥʥʷ ʬʹ ʭ ʩʨʩʸʷʬʷ ʬʥʱʥʠʬʴ)166±15 ka (ʥ ʬʹ ʩʰʥʷʩʨʸʷ ʸʥʷʮʮ ʵʸʥʥʷ ʩʸʢʸʢʡ ʳʥʨ ʺʡʫʹ

 ʤʩʬʲ ʸʲʱ ʺʬʦʡ ʤʧʬʷ)115±13 ka (ʯʮʦ ʯʥʬʧ ʭʩʸʩʣʢʮ  ʬʹ80 ʳʬʠ  ʯʩʡ ʤʰʹ180ʬ -100ʤʰʹ ʳʬʠ  , ʥʡ

ʥʨʠʩʸʴʤ ʺʥʩʥʶʸʴʺʤʤ ʥʹʧʸʺʤʮʢʠʮʺʥʩʺ . ʤʬʠ ʭʩʬʩʢʭʩʮʥʣ ʬ ʩʬʩʢAr-Arʥʨʠʩʸʴ ʺʥʶʸʴʺʤ ʬʹ ʮʢʠʮ ʺʩʺ

 ʤʲʸʠʹ ʺʴʱʥʰʡʬʨʩʡʠʤ ʱʷʬʴʮʥʷ-ʬʨʰʡ .ʩʱʧʩ ʸʶʷ ʯʮʦ ʷʸʴʡ ʥʹʧʸʺʤ ʺʥʩʥʶʸʴʺʤʤʺ,ʸʺʥʩ ʠʬ ʬʹ ʮ -10-

15ʤʰʹ .  

ʷʺʲʤ ʠʶʮʰ ʸʠʠʮʤ ʭʥʸʣʡ, ʥʰʥʥʩʫʹ ʭʩʩʰʷʥʨʱʩʩʬʴʤ ʤʩʸʥʷʱʤ ʩʬʺ ʺʸʥʹʬ ʬʩʡʷʮ ,ʹʤʫʸʥʠʬ ʺʫʩʸʡ ʤʩʥʶʮ 

ʭʸ .ʸʥʹʩʮ ʩʫ ʲʶʥʮʤʷʺʲʤʤ , ʫʩʸʥʴʲʩ ʺʲʷʡ ʬʹ ʺʩʢʥʬʥʸʣʩʤʤ ʺʫʸʲʮʤ ʯʮ ʷʬʧ ,ʠʹ ʠʥʤʩ ʺʠ ʸʹʴ ʹʢʴʮʤ

 ʯʩʡʤʮʢʠʮʤʭʥʤʺʤ ʩʮʥ  ,ʹʢʴʮ ʹʭʸʢʬ ʤ ʭʩʲʥʸʩʠʥʨʠʩʸʴʮʢʠʮʩʺʭʩ.  

ʸʫ ʺʬʦʡʡʬʥʡʩʴʮʠ ʩʹʩʡʢ ʥʠʶʮʰ ʤʰʥʩʬʲ ʭʩʮ, ʪʺʰʤʮ ʥʬʣʢ ʩʫ ʸʫʩʰ ʸʹʠ )ʭʩʨʱʩʸʷʥʰʴ .( ʸʫʥʮ ʥʰʩʠ ʬʥʡʩʴʮʠ

ʩʨʱʩʸʷʥʰʴʫʺʩʣʥʧʩʩ ʤʰʩʤ ʥʦ ʺʬʦʡʡ ʥʺʥʧʫʥʰʥ ʯʬʥʢʤ ʺʥʬʦʡʡ  . ʬʥʡʩʴʮʠʡ ʯʩʡʩʬʥʠ ʺʥʩʦʥʬʷʰʩʠ ʯʩʡ ʯʥʩʮʣʤ

ʤʸʡʱʤ ʺʠ ʷʦʧʮ ʭʩʮʸʫ ʺʬʦʡʡ ʯʩʡʩʬʥʠ ʬʹ ʭʩʨʱʩʸʷʥʰʴʥʸʷʩʮʥ,ʦʡ ʬʹ ʭʩʬʥʡʩʴʮʠʤ ʩʫ  ʭʰʩʤ ʭʩʮʸʫ ʺʬ

ʭʩʨʱʩʸʷʥʰʴ,ʤ ʭʲ ʬʷʹʮ ʩʥʥʩʹʡ ʥʬʣʢʹ ʮʢʠʮʤ . ʭʩʮʸʫ ʺʬʦʡʡ ʬʥʡʩʴʮʠ ʬʹ ʭʩʨʱʩʸʷʢʮʥ ʭʩʨʱʩʸʷʥʰʴ ʺʥʧʫʥʰ

ʳʥʨʤ ʬʹ ʩʬʩʰʡʥʩʤ ʸʮʥʧʡʥ ,ʭʤʩʰʹʡ ʭʩʺʩʬʥʰʱʷ ʺʥʧʩʫʹʥ , ʬʲ ʭʩʣʩʲʮʮʢʠʮ ʬʹ ʥʦʮ ʤʰʥʹ ʤʩʢʥʬʥʠʩʸ ʺʬʲʡ ʤ

ʯʬʥʢʤ ʺʥʬʦʡ ʸʠʹ .ʬʥʷʩʦʥʬ ʬʩʡʥʤ ʭʩʮʡ ʩʱʧʩʤ ʸʹʥʲʤ ʩʫ ʲʶʥʮ ʺʸʡʢʥʮ ʤʩʶ ʤʮʢʠʮʤ ʬʹ ʤʩʶʷʠʸʨʰʩʠʬ ʪʫʡʥ

ʭʥʤʺʤ ʩʮ ʭʲ ʪʺʰʤ ʬʹ ʤʡʥʨ,ʺʬʦʡ ʩʧʥʬʩʷʥ ʺʥʩʰʠʩʬʥʡʮʥʸʨʱ ʺʥʩʥʶʸʴʺʤʮ ʸʡʲʮʬʥ , ʭʩʶʥʶʩʴʬ 

ʥʨʠʩʸʴʤʮʢʠʮʸʠʠʮʤ ʺʠ ʥʸʶʩʹ ʭʩʩʺ.  

 



 6

ʭʩʰʩʩʰʲʤ ʯʫʥʺ 
1 .ʲʷʸ...........................................................................................................................................9  

1.1 .ʭʦʩʺʮʢʠʮʥʨʠʩʸʴ...................................................................................................................9  
1.2 .ʬʠʸʹʩʡ ʭʦʩʰʷʬʥʥ.................................................................................................................11  

1.2.1 .ʲʷʸ...........................................................................................................................11  
1.2.2 .ʯʬʥʢʤ ʺʮʸʡ ʳʥʨʥ ʤʩʸʥʷʱ ʩʰʡʮ.........................................................................................13  
1.2.3 .ʭʸ ʺʫʩʸʡ ʬʹ ʤʩʢʥʬʥʠʩʢʤʥ ʤʩʴʸʢʥʠʩʢʤ...............................................................................13  

1.3 .ʲʺʥʮʣʥʷ ʺʥʣʥʡ....................................................................................................................14  
1.3.1 .ʩʬʬʫ..........................................................................................................................14  
1.3.2 .ʭʩʺʩʬʥʰʱʷ...................................................................................................................16  

2 .ʷʧʮʤ ʺʥʸʨʮʸ............................................................................................................................17  
3 .ʺʥʨʩʹ......................................................................................................................................18  

3.1 .ʤʣʹʤ ʺʣʥʡʲ......................................................................................................................18  
3.2 .ʮʩʫʥ ʺʥʩʴʸʢʥʸʨʴ ʺʥʦʩʬʰʠʺʥʩ...................................................................................................18  
3.3 .ʤʩʸʨʮʥʬʥʰʸʢ.......................................................................................................................18  
3.4 .ʨʰʥʡʸʷʤ ʺʬʥʫʺ ʺʷʩʣʡ..........................................................................................................19  
3.5 .ʨʷʬʠʡʥʸʴʥʸʷʩʮ ʯʥʸ.............................................................................................................19  
3.6 . ʤʩʶʰʱʰʩʮʥʬʤ ʺʨʩʹʡ ʪʥʸʠʩʺ(OSL)........................................................................................20  

4 .ʺʥʠʶʥʺ.....................................................................................................................................21  
4.1 .ʩʢʥʬʥʠʩʢ ʩʥʴʩʮ ,ʲʷʸʷʤ ʺʺʥ ʤʩʴʸʢʩʨʸʨʱ....................................................................................21  

4.1.1 .ʤʣʹ ʩʱʧʩʥ ʲʬʱʮʤ ʺʥʣʩʧʩ...............................................................................................21  
4.1.2 .ʭʸ ʺʫʩʸʡ ʸʥʦʠʡ ʲʷʸʷʤ ʺʺ............................................................................................23  

4.2 .ʭʸ ʺʫʩʸʡ ʸʥʦʠʡ ʺʥʬʦʡʤ ʬʹ ʤʩʮʩʫʤʥ ʤʩʢʥʬʥʸʨʴʤ........................................................................26  
4.2.1 .ʤʩʴʸʢʥʸʨʴ..................................................................................................................26  
4.2.2 .ʺʥʬʦʡʤ ʬʹ ʤʩʮʩʫ..........................................................................................................28  
4.2.3 .ʭʩʬʸʰʩʮ ʩʡʫʸʤ.............................................................................................................29  

4.3 .ʭʸ ʺʫʩʸʡ ʳʥʨ.....................................................................................................................32  
4.3.1 .ʭʩʫʺʧʥ ʤʩʴʸʢʩʨʸʨʱ......................................................................................................32  
4.3.2 .ʤʩʴʸʢʥʸʨʴʥ ʤʩʢʥʬʥʺʩʬ....................................................................................................34  
4.3.3 .ʨʰʥʡʸʷ ʺʬʥʫʺ.............................................................................................................38  
4.3.4 .ʤʩʸʨʮʥʬʥʰʸʢ................................................................................................................39  

4.4 .ʭʸ ʺʫʩʸʡʡ ʬʥʡʩʴʮʠ.............................................................................................................44  
4.5 .ʭʸ ʺʫʩʸʡʡ ʩʰʷʬʥʥʤ ʪʺʧʤ ʩʬʩʢ................................................................................................46  

4.5.1 .ʲʷʸ...........................................................................................................................46  
4.5.2 .ʭʩʬʩʢʥ ʺʥʠʮʢʥʣ............................................................................................................46  

5 .ʯʥʩʣ.........................................................................................................................................48  
5.1 .ʺʩʢʥʬʥʠʩʢ ʤʩʸʥʨʱʩʤ..............................................................................................................49  
5.2 .ʤʸʴʤ ʤʩʴʸʢʥʴʥʨʤʥ ʺʩʺʹʺʤ-ʺʩʰʷʬʥʥ........................................................................................50  
5.3 .ʩʺʬʦʡʤ ʭʦʩʰʷʬʥʥʤ -ʠʩʬʥʡʮʥʸʨʱ ʸʠʠʮʤ ʺʸʩʶʩ ʡʸʲ ʤʩʴʸʢʥʠʩʢʥʠʩʬʴʤʥ ʩʰ............................................51  
5.4 .ʺʩʺʮʢʠʮʥʨʠʩʸʴʤ ʺʥʶʸʴʺʤʤ ʬʩʢ.............................................................................................52  
5.5 .ʭʸ ʺʫʩʸʡ ʸʠʠʮ ʬʹ ʤʩʢʥʬʥʰʷʬʥʥʤ............................................................................................53  

5.5.1 .ʭʸ ʺʫʩʸʡ ʳʥʨ..............................................................................................................53  
5.5.2 .ʺʥʶʸʴʺʤ ʺʥʮʶʥʲ..........................................................................................................54  
5.5.3 .ʴʺʤʤ ʩʴʥʠʥ ʤʬʡʥʤ ʩʰʥʰʢʰʮʺʥʩʥʶʸ......................................................................................55  
5.5.4 .ʤʮʸʨʠʩʣʤʥ ʸʠʠʮʤ.......................................................................................................56  

5.6 .ʭʩʩʺʮʢʠʮʥʨʠʩʸʴʤ ʭʩʲʥʸʩʠʬ ʺʥʡʩʱʤ........................................................................................59  
5.6.1 .ʩʺʮʢʠʮʥʨʠʩʸʴʤ ʵʥʶʩʴʡ ʭʩʮʤ ʸʥʷʮ..................................................................................59  
5.6.2 .ʷʺʲʤ.........................................................................................................................60  
5.6.3 .ʭʩʬʥʡʩʴʮʠ ,ʸʴʬ ʩʰʠʩʬʥʡʮʥʸʨʱ ʭʦʩʰʷʬʥʥʮ ʸʡʲʮʥ ʭʩʺʩʬʥʰʱʷʩʺʮʢʠʮʥʨʠʩ....................................60  

6 .ʺʥʰʷʱʮ....................................................................................................................................62  
7 .ʺʩʴʸʢʥʩʬʡʩʡ ʤʮʩʹʸ....................................................................................................................63  
8 .ʭʩʧʴʱʰ.....................................................................................................................................68  



 7

ʭʩʸʥʩʠ ʺʮʩʹʸ  
ʸʥʩʠ 1 :ʺʩʰʠʫʮ ʤʩʢʸʰʠʡ ʺʩʮʸʺ ʤʩʢʸʰʠ ʺʸʮʤ ʺʥʬʩʲʩ.................................................................10  
ʸʥʩʠ2  :ʤʣʥʡʲʤ ʸʥʦʠ...........................................................................................................12  
ʸʥʩʠ 3 : ʭʸ ʺʫʩʸʡ ʸʥʦʠ ʬʹ ʩʴʸʢʩʨʸʨʱʤ ʸʥʨʤʥ ʺʩʢʥʬʥʠʩʢʤ ʤʴʮʤ)ʭʣʥʠ ʸʤ ʯʥʩʬʢ ʪʥʺʮ(.....................14  
ʸʥʩʠ 4 :ʭʸ ʺʫʩʸʡ ʸʥʦʠ ʬʹ ʺʩʴʸʢʥʴʥʨ ʤʴʮ..............................................................................16  
ʸʥʩʠ 5 :ʭʸ ʺʫʩʸʡ ʬʹ ʺʩʢʥʬʥʠʩʢ ʤʴʮ......................................................................................21  
ʸʥʩʠ 6 :ʭʣʥʠ ʤʩʸʥʷʱʡ ʸʥʣʧ ʩʸʥʴʲʩ ʺʬʦʡ ʬʹ ʷʩʩʣ......................................................................22  
ʸʥʩʠ 7 :ʭʩʫʺʧʤ ʭʥʷʩʮ ʺʴʮ..................................................................................................23  
ʸʥʩʠ8  :ʭʸ ʺʫʩʸʡ ʺʡʩʡʱʡ ʭʩʧʥʣʩʷʤ ʬʹ ʩʢʥʬʥʺʩʬ ʸʥʠʺ..............................................................24  
ʸʥʩʠ 9 : ʧʸʦʮ ʯʥʴʶ ʯʥʥʩʫʡ ʪʺʧ–ʡʸʲʮ ʭʥʸʣ  ,ʪʸʣ ʭʸ ʺʫʩʸʡ........................................................25  
ʸʥʩʠ 10 : ʺʮʠʸʢʠʩʣTotal alkalis – Silica) TAS  ( ʬʹʺʥʬʦʡʤ.................................................28  
ʸʥʩʠ 11 :ʬʦʡʡ ʤʷʩʬʩʱ ʬʥʮ ʭʥʩʦʰʢʮʤ ʸʴʱʮʥʺ............................................................................28  
ʸʥʩʠ 12  :ʩʩʡʫʸʤ ʺʥʬʦʡʮ ʯʱʷʥʸʩʴʥʰʩʬʷ 006 ,017ʭʩʰʱʷʥʸʩʴ ʬʹ ʤʸʣʢʤ ʹʬʥʹʮ ʬʲ ʭʩʺʩʬʥʰʱʷʮʥ ........29  
ʸʥʩʠ 13 : ʭʥʩʦʰʢʮʤ ʸʴʱʮ ʯʸʺʰ ʬʥʮʺʥʬʦʡʮ ʭʩʰʱʷʥʸʩʴʡ 006 , 017ʳʥʨʡ ʭʩʺʩʬʥʰʱʷʥ .........................30  
ʸʥʩʠ 14 : ʺʥʬʦʡʮ ʯʱʷʥʸʩʴʥʰʩʬʷʡ ʭʥʩʰʨʩʨʥ ʭʥʩʰʩʮʥʬʠ006 ,017ʭʩʺʩʬʥʰʱʷʮʥ ...................................30  
ʸʥʩʠ 15 :ʢʡ ʨʩʸʨʱʸʥʴ ʩʫʸʲʯʩʡʩʬʥʠ ʩʹʩʡ.................................................................................31  
ʸʥʩʠ 16 : ʩʣʩ ʬʲ ʤʣʡʸʤ ʺʥʰʩʴʠʮʤ ʺʥʩʸʨʰʮʩʣʱ ʺʥʸʥʨʷʥʸʨʱbase surgeʭʸ ʺʫʩʸʡ ʳʥʨʡ ...................32  
ʸʥʩʠ 17 : ʭʩʢʩʶʮʤ ʭʩʩʣʥʮʲ ʭʩʫʺʧʭʸ ʺʫʩʸʡ ʡʩʡʱ ʳʥʨ ʩʴʥʹʧʮ.....................................................33  
ʸʥʩʠ 18 :ʤʫʩʸʡʤ ʧʸʦʮ ʭʥʸʣʡ ʩʸʷʩʲʤ ʪʺʧʤ.............................................................................34  
ʸʥʩʠ19  :ʳʥʨʡ ʱʷʩʸʨʮʫ ʺʩʨʩʰʥʢʠʬʴ ʺʩʫʥʫʦ) ʴʥʷʱʥʸʷʩʮ ʩʮʥʬʩʶ(...................................................36  
ʸʥʩʠ20  :ʫ ʺʩʨʩʰʥʢʠʬʴ ʺʩʫʥʫʦ'ʨʰʮʶ 'ʳʥʨʡ ʭʩʨʰʮʢʸʴ ʤʴʶʮʤ) ʴʥʷʱʥʸʷʩʮ ʩʮʥʬʩʶ(.............................36  
ʸʥʩʠ 21 :ʳʥʨ ʪʥʺʡ ʭʩʮʸʫ ʺʬʦʡ ʨʰʮʢʸʴ) ʷʩʮ ʩʮʥʬʩʶʴʥʷʱʥʸ(.......................................................36  
ʸʥʩʠ 22 :ʳʥʨ ʲʬʱʡ ʺʩʬʥʰʱʷ) ʴʥʷʱʥʸʷʩʮ ʩʮʥʬʩʶ(.......................................................................37  
ʸʥʩʠ23  :ʳʥʨ ʲʬʱʡ ʵʸʥʥʷ ʩʸʢʸʢ) ʴʥʷʱʥʸʷʩʮ ʩʮʥʬʩʶ(..................................................................37  
ʸʥʩʠ24  :ʲʩʨʷ ʺʸʥʶʺʮ ʺʩʰʥʷʩʨʸʷ ʬʥʧ ʯʡʠ) ʴʥʷʱʥʸʷʩʮ ʩʮʥʬʩʶ(....................................................37  
ʸʥʩʠ 25 :ʩʸʷʩʲʤ ʪʺʧʤ ʺʠ ʭʩʡʩʫʸʮʤ ʭʩʫʺʧʤ ʬʹ ʳʥʨʤ ʺʥʡʫʹʡ ʨʰʥʡʸʷʤ ʬʹ ʺʩʬʷʹʮ ʤʩʶʷʸʴ...........38  
ʸʥʩʠ26  :ʳʥʨʡ ʸʢʸʢʤ ʩʬʣʢ ʬʹ ʺʩʬʷʹʮ ʤʷʥʬʧ..........................................................................39  
ʸʥʩʠ 27 :ʺʩʸʨʮʥʬʥʰʸʢ ʤʩʶʬʸʥʷ ʭʩʫʺʧ ʬʹ H4, H3ʥ -5H...........................................................41  
ʸʥʩʠ 28 : ʬʣʥʢʡ ʭʩʨʱʠʬʷ ʬʹ ʺʩʬʷʹʮʤ ʤʩʶʷʸʴʤ4-30ʮ "ʳʥʨʡ ʺʥʰʥʹʤ ʺʥʡʫʹʡ ʮ...........................42  
ʸʥʩʠ 29 : ʬʹ ʤʩʸʨʮʥʬʥʰʸʢʩʸʷʩʲʤ ʪʺʧʤ..................................................................................43  
ʸʥʩʠ 30 :ʩʨʩʨʥʱʸʷ ʬʥʡʩʴʮʠ ʬʹ ʨʱʩʸʷʢʮ ,ʭʸ ʺʫʩʸʡ ʳʥʨ............................................................44  
ʸʥʩʠ31  :ʩʸʷʩʲʤ ʪʺʧʤ ,ʭʩʺʩʬʥʰʱʷ ʥʠ ʨʩʨʥʱʸʷ ʬʹ ʭʩʨʱʩʸʷʢʮ ʥʠʶʮʰ ʯʡ ʺʥʡʫʹʤ ʺʥʰʮʥʱʮ ʥʩʬʲ..........44  
ʸʥʩʠ 32 : ʤʷʩʬʩʱʤ ʬʥʮ ʭʥʩʦʰʢʮ ʸʴʱʮʭʩʮʸʫ ʺʬʦʡʮ ʭʩʬʥʡʩʴʮʠʡ , ʭʩʺʩʬʥʰʱʷʭʩʨʱʩʸʷʢʮʥ....................45  
ʸʥʩʠ33  :ʭʸ ʺʫʩʸʡʡ ʭʩʬʥʱʥʠʬʴ............................................................................................46  
ʸʥʩʠ34  :ʤʩʱʰʱʰʩʮʥʬʤ ʩʬʩʢ ʭʲ ʩʸʷʩʲʤ ʳʥʨʤ ʪʺʧ.......................................................................47  
ʸʥʩʠ35  : ʩʬʩʢOSLʭʸ ʺʫʩʸʡʮ  ,ʡ-ka....................................................................................47  
ʸʥʩʠ 36 : ʬʹ ʩʺʠʮʩʫʱ ʸʥʠʺʤ ʩʡʬʹʤʬʹ ʺʥʧʺʴʺʸʠʠʮ ʭʸ ʺʫʩʸʡ ................................................49  
ʸʥʩʠ 37 :ʭʸ ʺʫʩʸʡ ʸʥʦʠʡ ʭʩʩʴʸʢʥʴʥʨʥ ʭʩʩʰʷʬʥʥ ʭʩʨʰʮʬʠ ʬʹ ʺʩʨʠʮʩʫʱ ʤʴʮ...................................50  
ʸʥʩʠ 38 : ʭʩʮʸʫ ʺʬʦʡʭʸ ʺʫʩʸʡ ʸʠʠʮʬ ʭʥʸʣʮ ʭʩʩʨʱʸʷ ʭʩʬʬʧ ʺʠʬʮʮ ʤʰʥʩʬʲ................................51  
ʸʥʩʠ 39 :ʭʸ ʺʫʩʸʡʡ ʪʥʸʠʩʺ ʺʥʣʥʡʲ.......................................................................................53  
ʸʥʩʠ40  :ʸʠʠʮ ʤʰʡʮ ʬʹ ʩʺʠʮʩʫʱ ʨʥʨʸʹ-ʸʨʠʩʣʤʮ...................................................................54  
ʸʥʩʠ 41 : ʤʬʡʥʤ ʩʰʥʰʢʰʮ ʡʥʬʩʹ ʬʹ ʤʩʶʸʨʱʥʬʩʠ ʬʹfallʥ -surgeʺʩʺʮʢʠʮʥʨʠʩʸʴ ʺʥʶʸʴʺʤʡ ..............56  
ʸʥʩʠ 42 :ʩʹ ʺʥʬʲʡ ʺʥʮʸʨʠʩʣ ʺʩʶʸʨʱʥʬʩʠʭʩʰʥʹ ʭʩʲʥʴ...............................................................58  

  



 8

ʺʥʠʬʡʨ ʺʮʩʹʸ  
ʤʬʡʨ 1 :ʭʸ ʺʫʩʸʡ ʺʡʩʡʱʡ ʺʥʬʦʡʤ ʬʹ ʭʩʨʬʥʡʤ ʭʩʩʴʸʢʥʸʨʴʤ ʭʩʰʩʩʴʠʮʤ ʭʥʫʩʱ..............................27  

ʨʤʬʡ 2 :ʭʩʰʥʹʤ ʭʤʩʺʥʸʥʷʮʬ ʳʥʨʡ ʭʩʨʰʮʢʸʴ ʯʥʩʮ ʺʥʠʶʥʺ...........................................................35  

ʭʩʧʴʱʰ ʺʮʩʹʸ  
ʧʴʱʰ 1 :ʺʬʦʡʤ ʩʨʸʴ ʤʰʥʮʹ ʬʹ ʩʴʸʢʥʸʨʴ ʸʥʠʺ ,ʩʨʴʥʠ ʴʥʷʱʥʸʷʩʮʡ ʥʮʬʥʶʹ ʺʥʩʰʩʩʴʥʠ ʺʥʰʥʮʺ ʳʥʸʩʶʡ...68  
ʧʴʱʰ 2 :ʭʩʩʬʷʹʮ ʭʩʦʥʧʠʡ ʭʸ ʺʫʩʸʡ ʺʡʩʡʱʮ ʺʬʦʡ ʺʥʠʮʢʥʣ ʬʹ ʭʩʩʮʩʫ ʭʩʡʫʸʤ..............................74  
ʧʴʱʰ 3 :ʭʩʰʱʷʥʸʩʴ ʩʡʫʸʤ.....................................................................................................75  
ʧʴʱʰ 4 :ʭʩʰʩʡʩʬʥʠ ʩʡʫʸʤ.....................................................................................................76  
ʧʴʱʰ 5 :ʭʸ ʺʫʩʸʡʮ ʬʥʡʩʴʮʠ ʩʹʩʡʢ ʩʡʫʸʤ...............................................................................77  
ʧʴʱʰ 6 : ʤ ʩʬʩʢ ʬʹ ʤʣʩʣʮʤ ʩʨʸʴOSL....................................................................................78  
ʧʴʱʰ 7 :ʭʩʩʬʨʩʢʩʣ ʭʩʧʴʱʰ....................................................................................................79  



 9

1 .ʲʷʸ  
1.1 .ʥʨʠʩʸʴʮʢʠʮʭʦʩʺ  

ʥʸʣʩʤ ʭʩʧʰʥʮʤ-ʥʨʠʩʸʴʥ ʭʦʩʰʷʬʥʥʮʢʠʮ ʬʹ ʤʩʶʷʠʸʨʰʩʠʡ ʺʥʫʥʸʫʤ ʺʥʩʰʷʬʥʥʤ ʺʥʲʴʥʺʤ ʬʬʫʬ ʭʩʱʧʥʩʮ ʭʦʩʺ

ʮʢʠʮʤʭʩʩʰʥʶʩʧ ʭʩʮ ʭʲ  , ʭʥʤʺ ʩʮ ʯʥʢʫ)ʴʩʥʥʷʠʸʭʩʷʣʱ ʥʠ ʨʱʸʷ ʩʬʬʧ ʭʩʠʬʮʮʤ ʭʩʮʥ ʩʡʥʡʷʰ ʪʥʥʺʡ (, ʥʠ 

 ʭʩʩʬʩʲ ʭʩʮ)ʭʩ ʥʠ ʭʢʠ ʩʮ .(ʤʥ ʭʩʮʤ ʡʥʡʸʲʥ ʭʥʧʤ ʺʸʡʲʤ ʡʶʷʥ ʩʴʥʠʮʢʠʮʤ , ʤʲʴʥʺʤ ʢʥʱ ʺʠ ʭʩʡʩʺʫʮʹ ʭʤ

ʥʨʠʩʸʴʤʮʢʠʮ ʯʩʡ ʺʥʲʰʤ ʺʥʲʴʥʺ ʯʥʥʢʮ ʸʶʥʩʤ ʡʧʸ ʧʥʥʨ ʭʩʩʷʥ ʤʺʮʶʥʲ ʺʠʥ ʺʩʺ'ʯʥʰʩʶ ')quenching ( ʩʡʩʱʠʴ

 ʺʩʡʩʦʥʬʴʱʷʠ ʤʩʶʨʰʮʢʸʴʬ)Sheridan and Wohletz, 1981, 1983; Wohletz and McQueen, 1984; 

Francis, 1993 Wohletz, 2002; .(  

ʨʠʩʸʴ ʭʦʩʰʷʬʥʥʥʮʢʠʮʺʩʠʡ ʩʥʶʮ ʺ ʭʩʸ ʩʬʩʫʮʭʩʮ ,ʧʨʹʤ ʩʰʴ ʬʠ ʪʥʮʱ ʭʥʤʺʤ ʩʮ ʱʬʴʮ ʭʡ, ʧʨʹʤ ʩʰʴʹ ʥʠ 

ʭʩʮʡ ʭʩʱʥʫʮ .ʥʶʸʴʺʤʠʡ ʺʥʹʧʸʺʮʤ ʺʥʩʰʷʬʥʥ ʺʥʩʸʺ ʭʩ'ʭʩʹʡʩ'  ʡʨʩʤ ʭʩʦʷʥʰʮ ʥʠʥʸʶʩʩʮʺ,ʡʥʸʬ , ʩʨʥʸʧ 

 ʤʩʸʥʷʱ)Solgevik et al., 2007; Martin et al., 2007(.ʨʠʩʸʴ ʭʦʩʰʷʬʥʥ ʥʮʢʠʮʺ ʩʬʫ ʺʥʥʤʬ ʳʠ ʬʥʫʩ ʩ

ʥʠʬʴʥ ʩʮʩʬʷʠʥʠʬʴʥʠʩʢʩʴʸʢ,ʭʩʮ ʺʥʧʫʥʰ ʬʲ ʣʩʲʮʤ  ,ʥʸʦʧʥʹ ʥʺʸʦʲʡʡʩʡʱ ʩʠʰʺ ʤ ,ʬʹʮʬʡ -'Snake River 

Plain'ʥʤʣʩʩʠʡʹ  ,ʤʸʠ"ʡ) Nemeth and White, 2005.(  

ʥʨʠʩʸʴ ʭʩʶʥʶʩʴʮʢʠʮ ʭʩʲʰʥʮ ʭʩʩʺ ʩʣʩ ʬʲ ʬʹ ʸʩʤʮ ʡʥʡʸʲʮʢʠʮ ʺʩʮʸʺ ʤʩʢʸʰʠ ʺʸʮʤʥ ʭʩʩʰʥʶʩʧ ʭʩʮ ʭʲ ʤ

ʩʰʠʫʮ ʤʩʢʸʰʠʡʺ,ʭʩʮʤ ʧʴʰ ʺʬʣʢʤ ʩʣʩ ʬʲ  .ʤ ʭʲ ʭʩʮʤ ʬʹ ʤʩʶʷʠʸʨʰʩʠʮ ʲʡʥʰ ʵʥʶʩʴʤʮʢʠʮʤ, ʱʧʩʡ 

ʬ ʸʹʴʠʮʤʮʢʠʮʤ ʺʠ ʺʥʣʠʬ ʤ ʭʩʣʠ ʵʧʬ ʸʥʶʩʬ ʪʫʡʥ ʺʥʩʮʥʠʺʴʡ ʭʩʮ)ʸʥʨʩʷ(, ʬʩʡʥʮʥ ʧʨʹʤ ʩʰʴ ʺʠ ʲʸʥʷʤ 

ʵʥʶʩʴʬ )Francis, 1993( .ʥʨʠʩʸʴ ʵʥʶʩʴʮʢʠʮʩʸʴʤ ʵʥʶʩʴʤ ʯʮ ʬʣʡʰ ʩʺʩʨʠ, ʵʥʶʩʴʤ ʺʲʡʹ ʪʫʡ  ʭʩʲʸʥʷ

ʤʡʩʡʱʤ ʩʲʬʱ ʺʠ ʷʸ ʠʬ ʭʩʣʠʤ,ʤ ʺʠ ʭʢ ʠʬʠ ʮʢʠʮ ʯʫʬʥ ʤʬʥʲʤ ʤʤ ʸʴʠʡʮʢʠʮʩʺʥʠʶʮʩ , ʲʬʱ ʩʸʡʹʬ ʳʱʥʰʡ 

ʤʡʩʡʱʤ, ʹʣʧ ʸʮʥʧ ʬʹ ʭʩʨʰʮʢʸʴ ʭʢ )ʩʬʩʰʡʥʩ( ,ʤʮ ʸʦʢʰʹʮʢʠʮʵʥʶʩʴʤ ʺʸʩʶʩʡ ʷʬʧ ʤʧʷʬʹ ʤ .  

 ʭʩʰʥʫʮ ʵʥʶʩʴʤ ʪʩʬʤʺʡ ʭʩʡʸʥʲʮʤ ʭʩʩʰʥʶʩʧʤ ʭʩʮʤ'ʭʩʩʡʩʨʷʠʸʨʰʩʠ ʭʩʮ ')interactive water(.  ʩʠʰʺ

 ʠʥʤ ʵʥʶʩʴʤ ʺʥʸʶʥʥʩʤʬ ʩʧʸʫʤʩʡ ʩʬʷʹʮʤ ʱʧʩʤʹʭʩʩʡʩʨʷʠʸʨʰʩʠʤ ʭʩʮʤ ʯʤ ʯʩʡʬ ʮʢʠʮʤʤʩʤʩ ʮ ʧʥʥʨʡ ʭʩʥʱ :

ʤ ʯʥʰʩʶʬ ʬʩʡʥʩ ʭʩʮ ʳʣʥʲʮʢʠʮʤ ,ʤʡ ʤʲʥʰʺʤ ʺʷʱʴʤʬʥ ʤʹʥʡʩʢʬ ,ʭʩʮʡ ʸʱʥʧ ʥʬʩʠʥ -  ʤʫʥʮʰ ʵʥʶʩʴ ʺʩʢʸʰʠʬ

 ʤʬʩʢʸ ʺʩʰʷʬʥʥ ʺʥʶʸʴʺʤʬʥ)Zimanowski et al., 1991.(ʧʨʹʤ ʩʰʴ ʬʠ ʡʥʡʸʲʤ ʺʥʫʩʮʱ ʭʢ ʤʡʥʹʧ , ʯʥʥʩʫʮ 

ʩʨʨʱʥʺʩʬʤ ʵʧʬʤ ʸʹʠʫ ʭʩʬʡʢʥʮ ʵʥʶʩʴʤ ʺʮʶʥʲʥ ʧʴʰʤ ʬʥʣʩʢ ʺʣʩʮʹ ʡʢʤʥʮ -20-30 bar) Lorenz, 1986, 

2007.(  

 ʭʩʩʥʱʩʰʹʥ ʭʩʮ ʬʹ ʡʥʡʸʲʡ ʺʥʱʮʤ ʩʱʧʩ ʺʥʩʡʩʨʷʴʠ ʺʠ ʭʩʺʮʫʮʮʢʠʮ ʤ) ʸʥʩʠ1( ʤʩʶʨʰʮʢʸʴ ʩʫ ʥʠʸʤ 

ʤ ʬʹ ʺʸʡʢʥʮʮʢʠʮʤʤ ʬʹ ʤʩʢʸʰʠʤ ʬʹ ʺʩʡʸʮ ʤʢʩʴʱʬ ʤʠʩʡʮʥ ʭʥʧʤ ʺʸʡʲʤ ʺʠ ʺʸʴʹʮ ʮʢʠʮʭʩʮʡ ʤ, ʣʥʲ 

ʩʰʠʨʰʥʴʱ ʤʧʩʺʸʬ ʭʺʲʢʤ ʭʸʨʡʺ) ʸʴʥʱ ʡʶʮʬ ʥʠ-ʷʨʩʸʩʤʥʡʢ ʳʩʷʮ ʵʧʬʡ ) (Sheridan and Wohletz, 

1981, 1983 .(ʭʩʮ ʩʱʧʩʡ\ʮʢʠʮ ʭʩʫʥʮʰ ʤ) ʤʣʥʷʰʬ ʺʧʺʮA ʸʥʩʠʡ 1 ( ʩʴʥʠ ʬʲ ʺʩʰʹʮ ʤʲʴʹʤ ʭʩʮʬ ʤʩʤʺ

ʺʥʶʸʴʺʤʤ . ʤʣʥʷʰʡʹ ʤʬʠʮ ʭʩʤʥʡʢ ʭʩʱʧʩA,ʤ ʬʹ ʤʩʶʨʰʮʢʸʴʮ ʭʩʲʴʹʥʮ ʮʢʠʮʮ ʤʸʮʤʬ ʭʩʬʩʡʥʮʥ ʤʡʢʥ ʺʸ

ʤ ʬʹ ʺʩʮʸʺʤ ʤʩʢʸʰʠʤ ʬʹʮʢʠʮʤ,ʰʠʬ ʩʰʠʫʮ ʤʩʢʸʺʣʧʥʩʮʡ ʭʩʮʩʬʠ ʭʩʶʥʶʩʴ ʺʸʩʶʩʬʥ  .ʭʩʮ ʩʱʧʩ\ʮʢʠʮ ʤ

 ʬʲ ʭʩʬʥʲʤ1:1 ʤʮʩʲʥ ʺʩʰʠʫʮʤ ʤʩʢʸʰʠʡ ʤʣʩʸʩʬ ʥʠʩʡʩ ʬʺʥʶʸʴʺʤʤ ʺʮʶʥʲʡ ʤʣʩʸʩ .ʩʴʬʥʥ ʯʣʩʸʹ ʥʦʨʬ 
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(Sheridan and Wohletz, 1983(ʬʹ ʭʩʩʬʮʩʨʴʥʠʤ ʭʩʱʧʩʤ ʮ ʭʩ\ʮʢʠʮʤʵʥʶʩʴ ʺʸʩʶʩʬ , ʯʩʡ ʭʤ 1:1ʬ -

3:1 .ʩʴʬʥʥʷʮʥ ʦʨʬʥʥ ʯʩ) Wohletz and McQueen, 1984( , ʡʥʡʸʲ ʩʱʧʩʮ ʺʲʡʥʰ ʸʠʠʮ ʺʥʧʺʴʺʤ

ʭʩʮ\ʮʢʠʮ ʬʹ ʤ3:1) ʭʩʩʬʷʹʮ ʭʩʱʧʩ(, ʺʸʶʥʩʤ ʺʥʶʸʴʺʤʹ ʣʥʲʡ 'ʺʲʡʨ-ʳʥʨ 'ʥ ʭʩʮ ʡʥʡʸʲʮ ʺʲʡʥʰʮʢʠʮ ʤ

 ʬʹ ʭʩʱʧʩʡ1:1) ʲ" ʴLorenz, 1986 .( ʸʬʷʥʷ)Kokelaar, 1986 (ʯʲʥʨ,ʤʩʸʥʠʺʮ ʯʤʥ ʭʩʩʥʱʰʮ ʯʤ ʩʫ  ,

ʹ ʤʬʥʲʸʲʤ ʱʧʩʸʩʶʩʬ ʩʬʮʩʨʴʥʠʤ ʡʥʡʡʥʸʷ ʠʥʤ ʵʥʶʩʴ ʺʬ -0.35 . ʩʷʦʡʥʰʮʩʦʧʥʥʥʩʸʡ) Zimanowski et al., 

1991 (ʱʧʩʮʭʩʤ ʭʢ ʭʱʧʩʮ ʸʺʥʩ ʤʰʨʷ ʭʩʮ ʺʥʮʫ ʭʩʮ \ʮʢʠʮʤ ʬʹ 0.3ʩʬʠʮʩʱʷʮ ʤʮʶʥʲʡ ʵʥʶʩʴ ʺʸʩʶʩʬ ʺ 

ʭʩʮʤ ʭʲ ʥʡʥʡʸʲ ʺʮʶʥʲʥ ʪʺʰʤ ʺʸʥʨʸʴʮʨʬ ʤʡʸ ʺʥʡʩʹʧʥ. ʥʩʸʡʥʧʥ ʩʱʩʸʥʮ )Morrissey et al., 2000 (

ʭʩʮ ʬʹ ʩʧʴʰʤ ʱʧʩʤ ʺʠ ʺʮʫʬ ʯʥʩʱʰʡ ʭʩʩʥʱʩʰ ʥʫʸʲ\ʮʢʠʮʤ,ʤ ʤʩʢʸʰʠʤ ʺʸʮʤ ʥʡ ʩʮʸʺʺʩʡʨʩʮ ʺʩʰʫʮʬ ʺ ,

ʡ ʥʺʥʠ ʥʲʡʷʥ-11%ʭʩʮ  , ʸʥʡʲʮʢʠʮʤʫʥʮʰ ʺʥʩʸʬʥʷʩʦʥ ʭʲ ʺʩʱʩʱʡʸʨʬʥʠ ʤ . ʤʱʮ ʩʱʧʩʬ ʲʶʥʮʤ ʪʸʲʤ ʺʸʮʤ

ʬʡʥʷʮʤʮ ʭʩʤʥʡʢ ʭʩʫʸʲ ʺʰʺʥʰ.  

  

  

  

  

ʸʥʩʠ 1:ʩʲʩ  ʺʩʮʸʺ ʤʩʢʸʰʠ ʺʸʮʤ ʺʥʬ
 ʺʥʱʮ ʩʱʧʩ ʬʹ ʤʩʶʷʰʥʴʫ ʺʩʰʠʫʮ ʤʩʢʸʰʠʡ

ʥ ʭʩʮ ʬʹʮʢʠʮʤ . ʸʥʡʲ ʺʩʮʸʺʤ ʤʩʢʸʰʠʤ
 ʠʩʤ ʬʥʩʫʤ ʩʥʱʩʰʡ ʪʺʰʤ ʬʹ ʤʱʮ ʺʣʩʧʩ

ʺʬʦʡ ʬʹʮ ʹʥʬʹ ʩʴ ʡʥʸʩʷʡ , ʺʠ ʲʮʹʮ
 ʩʥʱʩʰʤ ʯʮ ʬʡʷʺʮʤ ʱʧʩʤ)ʳʸʢʤʮ ( ʹʩ

 ʬʹ ʸʥʨʷʴʡ ʬʥʴʫʬ3-4 ʺʫʸʲʮ ʬʣʮʬ ʩʣʫʡ 
ʺʩʰʷʬʥʥ .ʭʩʮʤ ʱʧʩ ʺʩʬʲ ʭʲʬ ʮʢʠʮʤ ,

 ʤʲʩʴʥʤʬ ʤʬʩʧʺʮ ʺʩʡʩʦʥʬʴʱʷʠ ʺʥʢʤʰʺʤ
 ʤʣʥʷʰʡA .ʪʥʺʮ) Sheridan and 

Wohletz, 1981(.  

  

ʥʨʠʩʸʴ ʺʥʩʥʶʸʴʺʤʮʢʠʮʥʰʩʩʴʠʺʮ ʺʥʮʩʬʠ ʺʥʩʺʺʤʤʥʡʢ ʺʥʶʸʴʺʤ ʺʩʢʸʰʠʡʥ ʸʶʷ ʯʮʦ ʺʫʹʮʰʤ ʺʥʬʩʲʴʡ  . ʥʮʫ

ʭʩʱʬʥʴʡ ʺʥʰʩʩʴʠʺʮ ʯʤ ʯʫ,ʤ ʺʩʬʲʡ ʺʥʸʩʣʱ ʩʠʬ ʭʩʱʧʥʩʮʤ ʮʢʠʮʭʲ ʲʢʮʤ ʸʥʦʠ ʬʠ ʤʭʩʮʤ  . ʥʦ ʺʥʸʩʣʱ ʩʠ

ʤ ʡʥʫʩʹʬ ʸʥʷʮʫ ʺʬʡʥʷʮʨʬʥʡʤʥ ʷʣ,ʬʷʥʸʩʴʤ ʭʩʨʰʮʩʣʱʤ ʺʠ ʯʩʩʴʠʮʤ ʠ ʥʬʠ ʺʥʩʥʶʸʴʺʤ ʬʹ ʭʩʩʨʱ

)Schmincke, 2004 .(ʥʨʠʩʸʴ ʺʥʬʩʲʴʮʢʠʮʺʥʴʱʥʰ ʺʥʲʴʥʺʡ ʤʥʥʬʮ ʺʩʺ,ʤʮʣʠ ʩʹʲʸ ʯʥʢʫ ʥ  ʺʥʶʸʴʺʤ ʩʰʰʲ

)eruption clouds ( ʸʮʥʧ ʭʩʠʹʥʰʤ ʭʩʩʰʷʬʥʥ ʭʩʦʢ ʬʹʰʷʬʥʥʩʷʬʠʩʨʱ.ʥʩʥʶʸʴʺʤ ʩʰʰʲ ʺ ʭʩʬʥʫʩ ʭʩʸʠʠʮ ʬʹ 

 ʬʹ ʭʥʸʬ ʲʩʢʤʬ20ʷ " ʮ)Lorenz, 2007; Moore et al., 1966 .(ʤʸʮʥʧ ʺʥʡʫʹ ʸʶʥʩ ʺʥʶʸʴʺʤʤ ʩʰʰʲ ʬʹ 

ʳʥʨ ʬʹ)  ʥʠtephra fall(, ʺʥʹʥʸʴʤ  ʬʲ ʣʩʧʠ ʩʡʥʲʡ ʩʡʢʺʮʩʩʷʤ ʤʩʴʸʢʥʴʥʨʤ .ʰʷʬʥʥʤ ʸʮʥʧʤʩʬʷʠʩʨʱʬʥʫʩ  

 ʷʣ ʺʥʩʤʬ)ʳʥʨ( , ʬʥʧʮ ʨʲʮ ʱʢ)ʩʬʩʴʬ(,  ʭʩʸʨʮ ʣʲ ʭʩʸʨʮʩʨʰʱ ʸʴʱʮ ʬʹ ʭʩʬʣʢʡ ʥʠ)ʲʬʱ ʩʸʡʹʥ ʭʩʷʥʬʡ .(

 ʭʩʩʰʷʬʥʥ ʭʩʬʥʹʧʰ)base surges (ʡ ʭʩʰʩʩʴʥʠʮʬʹ ʲʷʸʷ ʺʬʩʡʷʮ ʤʸʩʤʮ ʤʲʥʰʺ  ʸʮʥʧ ʸʩʺʲ ʩʨʱʠʬʷʩʰʷʬʥʥ

ʦʢ .ʥʨʠʩʸʴ ʺʥʩʥʶʸʴʺʤʡ ʺʥʹʧʸʺʮʤ ʺʥʴʱʥʰ ʺʥʲʴʥʺʮʢʠʮ ʩʨʱʠʬʷʥʸʩʴ ʵʥʡ ʩʮʸʦ ʺʥʬʬʥʫ ʺʥʩʺ)lahars( , ʯʤʹ
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ʩʸʦ ʥʠ ʺʥʹʩʬʢʡʥʨʸ ʪʥʥʺʡ ʩʨʱʠʬʷʥʸʩʴ ʸʮʥʧ ʬʹ ʤʮ , ʭʩʩʰʷʬʥʥ ʭʩʦʢ ʺʲʩʡʰʥ)Sheridan and Wohletz, 

1981; Lorenz, 2007 .(  

ʥʨʠʩʸʴʤ ʨʰʮʩʣʱʤʮʢʠʮʺʥʩʸʨʰʮʩʣʱ ʺʥʸʥʨʷʥʸʨʱʥ ʲʥʸʢ ʯʥʩʮʡ ʯʩʩʴʠʺʮ ʩʺ,ʩʨʰʠ ʯʥʢʫ -ʡʬʥʶ ʡʥʫʩʹʥ ʺʥʰʥʩʣ ,

ʥʸʩʴ ʭʩʮʸʦ ʩʣʩ ʬʲ ʤʣʡʸʤ ʬʲ ʭʩʣʩʲʮʤʩʨʱʠʬʷ ʭʩʩʰʷʬʥʥ ʭʩʬʥʹʧʰʥ ʭʩ)Lorenz, 1970; Fisher and 

Waters, 1970( , ʭʢ ʥʮʫʺʥʡʫʹʡʤʩʴʸʢʥʴʥʨʤ ʺʠ ʺʥʱʫʮʤ ʡ ʯʸʥʷʮʹ ʣʩʧʠ ʩʡʥʲʡ -fall . ʤʸʥʨʷʥʸʨʱ

 ʭʩʷʥʬʡ ʠʩʤ ʺʴʱʥʰ ʺʩʰʩʩʴʥʠ ʩʲʬʱ ʬʹʤʡʩʡʱ, ʺʸʩʶʩʬ ʭʺʧʺ ʸʮʥʧʤ ʺʠ ʺʩʬʩʨʷʥʣ ʭʩʺʥʥʲʮʥ ʭʩʲʢʥʴʤ 

impact sags .ʥʨʠʩʸʴʤ ʭʩʨʰʮʩʣʱʤʮʢʠʮʭʩʠʸʮ ʭʩʩʺ ,ʸʨʱʬ ʳʱʥʰʡ ʺʥʸʥʨʷʥʥʩʰʩʩʴʥʠʤʺ ,ʩʰʩʩʴʠʮʭ ʬʹ 

ʺʥʫʥʮʰ ʺʥʸʥʨʸʴʮʨʡ ʤʣʡʸʤ) ʸʩʤʮ ʸʥʸʩʷ ʬʲ ʭʩʣʩʲʮʤ ʭʩʩʺʩʫʥʫʦ ʭʩʨʰʮʢʸʴ( .ʠʩʤ ʪʫʬ ʤʡʩʱʤ , ʭʩʲʥʸʩʠʡʹ

ʥʨʠʩʸʴʥ ʭʩʩʨʠʩʸʴʮʢʠʮʭʩʩʺ,ʭʩʮʤ ʭʥʮʩʧʡ ʲʷʹʥʮ ʺʩʮʸʺʤ ʤʩʢʸʰʠʤʮ ʬʥʣʢ ʷʬʧ  ,ʲʬʱʤ ʷʥʱʩʸʡʥ ʭʣʥʩʠʡ .

ʥʨʠʩʸʴʤ ʨʰʮʩʣʱʤʮʢʠʮʩ ʸʮʥʧʡ ʯʤ ʯʩʩʴʠʺʮ ʩʺʩʬʩʰʡʥ, ʩʸʱʧʥ ʭʩʺʥʥʦʮ ʺʩʫʥʫʦ ʩʷʩʷʬʧʮ ʬʬʫ ʪʸʣʡ ʡʫʸʥʮʤ 

 ʺʥʬʥʷʩʦʥ)ʩʮʸʺ ʷʥʹʬ ʺʥʣʲ ,ʥ-'quenching'ʤ ʬʹ ʮʢʠʮʤ ( ʤʡʩʡʱʤ ʩʲʬʱ ʬʹ ʭʩʸʡʹʡ ʸʹʥʲʡ ʯʤʥ

)Schmincke, 2004; Sheridan and Wohletz, 1983 .(ʥʬʠ ʭʩʸʡʹ , ʤʨʩʬʴʡ ʩʸʷʩʲ ʡʩʫʸʮ ʭʩʥʥʤʮ

ʤʥʨʠʩʸʴʮʢʠʮʩʺʺ , ʸʷ ʤʩʤʹ ʲʬʱʡ ʭʸʥʷʮʥʵʥʶʩʴʤ ʺʲʡ . ʸʩʤʮ ʸʥʸʩʷʬ ʠʩʤ ʭʢ ʤʠʩʡʮ ʤʤʥʡʢʤ ʷʥʱʩʸʤ ʺʢʸʣ

ʤ ʲʢʮʡʮʢʠʮʸʮʥʧʤ ʺʴʥʲʺ ʪʬʤʮʡ ʸʩʥʥʠʤ ʭʲ ʭʩʮʧʤ ʭʩʦʢʤʥ ʤ .  

ʮʤʰʡ ʭʩʧʩʫʹʤ ʭʩʬ ʭʩʸʥʹʷʤʤʥʨʠʩʸʴʥ ʺʥʩʨʠʩʸʴ ʺʥʩʥʶʸʴʺʮʢʠʮʺʥʩʺ,ʥ ʭʩʸʠʠʮ ʭʤ 'ʺʥʲʡʨ-ʳʥʨ' . ʸʠʠʮ

)maar (ʠʥʤʺʥʶʶʥʴʺʤ ʹʺʫʮ , ʤ ʸʣʥʧ ʺʠʩʡʱʤ ʩʲʬʱ ʬʠ ʧʨʹʤ ʩʰʴ ʤʸʶʩʹ ʺʩʰʷʬʥʥʤ ʺʥʶʸʴʺʤʬ ʥʮʣʷʹ ʤʡ

ʥʺʥʠ .ʥʰʷʬʥʥ ʭʩʨʰʮʩʣʱ ʭʩʡʫʥʹʮ ʸʠʠʮʤ ʺʥʰʴʣ ʬʹ ʭʩʩʰʥʶʩʧʤʥ ʭʩʩʮʩʰʴʤ ʺʥʰʥʸʣʮʡ-ʭʩʩʨʱʠʬʷ, ʩʸʶʥʺ ʭʤʹ 

ʸʶʩʹ ʺʥʶʸʴʺʤʤ ʺʨʩʬʴʹʺʫʮʤ ʺʠ ʤ .ʺʥʲʡʨ-ʳʥʨ) tuff rings (ʯʤ ʭʢ ʺʥʸʶʥʰ,ʭʩʸʠʠʮʬ ʤʮʥʣʡ  , ʺʥʶʸʴʺʤʡ

ʥʨʠʩʸʴʮʢʠʮʺʩʺ , ʤʥʡʢ ʭʦʫʸʮʡ ʲʷʹʤ ʭʬʥʠ ʤʡʩʡʱʤ ʩʰʴʮ)Lorenz, 1986, 2007 .(ʰʩʤ ʸʠʠʮ ʺʥʸʶʥʥʩʤʤ 

ʫ ʣʲʥ ʭʩʮʩ ʸʴʱʮ ʪʸʥʠʤ ʩʨʰʢʥʰʥʮ ʪʩʬʤʺ-15 ʭʩʰʹ )Lorenz, 2007.(  ʹʺʫʮ ʬʹ ʩʨʥʸʧʤ ʹʸʥʹʤ

ʸʠʠʮʬ ʺʧʺʮʹ ʺʥʶʸʴʺʤʤ ʤʮʸʨʠʩʣʤ ʠʥʤ )diatreme .( ʭʩʩʥʶʮ ʤʮʸʨʠʩʣʤ ʪʥʺʡ ʺʲʡ ʥʲʸʷʰʹ ʭʩʨʰʮʢʸʴ

ʵʥʶʩʴʤ) ʤʮ ʯʤʥ ʤʡʩʡʱʤ ʩʲʬʱʮ ʯʤʮʢʠʮʤ (ʥʸʥʡʤ ʬʠ ʥʨʨʥʮʺʤʹ ʤʡʩʡʱ ʩʲʬʱ . ʤʮʸʨʠʩʣʤ ʺʥʣʩʮ

ʥʩʬʠʰʥʩʶʸʥʴʥʸʴʺʥʨʠʩʸʴʤ ʤʰʡʮʤ ʺʥʧʺʴʺʤ ʭʲ ʣʧʩ ʭʩʬʣʢ ʭʤʩʰʹʥ ʸʠʠʮʤ ʺʥʣʩʮʬ ʮʢʠʮʩʺ . ʬʹ ʤʷʮʥʲ

 ʩʥʹʲ ʤʮʸʨʠʩʣʫʬ ʲʩʢʤʬ-2.5ʷ "ʮ.(Lorenz, 1986; Martin et al., 2007) .  

1.2 .ʬʠʸʹʩʡ ʭʦʩʰʷʬʥʥ  
1.2.1 .ʲʷʸ  

ʷʺ ʺʥʸʫʥʮ ʬʠʸʹʩ ʸʥʦʠʡʥʰʩʩʴʠʺʮʤ ʺʥʩʢʥʬʥʠʩʢ ʺʥʴʥʺʭʩʱʥʴʩʨ ʸʴʱʮʮ ʭʦʩʰʷʬʥʥʡ  . ʯʥʷʩʠʥʦʥʸʨʥʸʴʤ ʩʲʬʱ

ʨʱʥʴʥ ʩʰʢʥʸʥʠ ʭʦʩʰʷʬʥʥʬ ʺʥʩʥʣʲ ʭʩʴʹʥʧ ʭʥʸʣʡ-ʯʥʷʩʠʥʦʥʸʨʥʸʴʥʠʩʰʤ ʯʮ ʩʰʢʥʸʥʠ .ʥʷʩʠʥʦʥʠʩʬʴʡʯ ʯʥʷʩʠʥʦʥʦʮʡʥ 

 ʺʥʨʷʹ ʺʥʴʥʷʺ ʹʩ)ʺʩʰʷʬʥʥ ʤʰʩʧʡʮ(,ʥʰʩʩʴʥʠʮʤ ʺʥʴʥʷʺ ʯʩʡ ʺ ʩʧʥʬ ʭʩʰʴ ʭʦʩʰʷʬʥʥʡ )Segev, 2005 .(

ʩʧʥʬ ʭʩʰʴ ʠʥʤ ʭʢ ʡʸʲ ʩʠʤ ʩʶʧʡ ʩʠʥʦʥʰʷʤ ʭʦʩʰʷʬʥʥʤ .ʫʮ ʡʫʸʥʮ ʠʥʤ-20ʭʩʩʰʷʬʥʥ ʺʥʣʹ  , ʬʹ ʧʨʹ ʭʩʱʫʮʤ

ʮʷ ʳʬʠ ʭʩʩʺʠʮʫ"ʸ , ʳʥʱ ʭʩʥ ʯʣʲ ʵʸʴʮ ʬʹ ʲʥʷʩʡʬ ʺʩʰʥʨʷʨ ʸʹʥʷʮ ʠʥʤʥ)Camp and Roobol, 1989; 

Shaw et al., 2003(.  
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 ʥʡʥʸʡ ʦʫʥʸʮ ʬʠʸʹʩ ʩʮʥʧʺʡ ʩʠʥʦʥʰʷʤ ʭʦʩʰʷʬʥʥʤʬʩʬʢʤ ʧʸʦʮʡʥ ʯʬʥʢʤ ʺʮʸʡ , ʬʹ ʩʡʸʲʮ ʯʥʴʶʤ ʥʤʶʷʡ ʸʹʠ

ʠ ʺʸʠʧ ʩʰʷʬʥʥʤ ʤʣʹʤ- ʭʠʹ) ʸʥʩʠ2 .('ʤʸʠʧ 'ʥ ʩʰʷʬʥʥ ʤʣʹʬ ʺʩʡʸʲʤ ʤʬʮʤ ʠʩʤ'ʠ-ʭʠʹ ' ʥʲʮʹʮ'ʩʮʠʹ '

ʷʹʮʣ ʬʹ ʥʠ ʩʠʷʹʮʣ ʸʮʥʬʫ) ʩʨʥʠʣ ,1921( .ʩʩʶʰʩʡʥʸʴʡ ʬʥʣʢʤ ʤʣʹʤ ʠʥʤ ʤʦ ʤʣʹʺ ʲʸʺʹʮ ʠʥʤʥ ʡʸʲ 

ʭʥʸʣʡ ʺʩʣʥʲʱʤ ʡʸʲʮ ,ʣʸʩ ʪʸʣʫ ʬʹ ʧʨʹ ʤʱʫʮʥ ʬʠʸʹʩʥ ʤʩʸʥʱ ʣʲʥ ʯ-43,000ʮʷ "ʸ . ʬʹ ʩʬʬʫʤ ʥʰʥʥʩʫ

 ʳʥʱ ʭʩ ʲʷʡʬ ʬʩʡʷʮ ʤʣʹʤ(N25W) .ʠ ʺʸʠʧʡ ʺʥʬʦʡʤ ʩʬʩʢ- ʭʠʹʭʩʲʰ ʯʷʥʬʥʤʬ ʯʷʥʢʩʬʥʠʤ ʯʩʡ 

(Weinberger et al., 2001; Ilani et al., 2001) .ʠ ʺʸʠʧ ʯʥʴʶʡ- ʭʩʩʰʷʬʥʥʤ ʭʩʲʬʱʤ ʭʩʱʫʮ ʭʠʹ

ʡ ʭʩʩʰʢʥʠʰʤʩʠ-ʮʠʺʤʤ, ʬʲ  ʭʩʩʰʢʥʠʬʴʥ ʭʩʩʰʥʷʩʨʸʷ ʭʩʩʸʨʰʮʩʣʱ ʺʩʺʹʺ ʩʲʬʱ ʬʹ ʤʰʩʬʷʰʩʱ)Tarawneh et 

al., 2000; Michelson 1979 .(ʯʬʥʢʤ ʺʮʸ ʪʥʺ ʬʠ ʺʫʹʮʰ ʤʰʩʬʷʰʩʱʤ , ʬʲ ʺʬʦʡ ʩʧʥʬʩʷ ʭʩʱʫʮ ʤʫʥʺʡʥ

ʺʥʩʥʨʰʤ ʺʥʡʫʹʤ ,ʡʩʠ-ʮʠʺʤʩʺʩʥʥʦʥ ʺʩʡʩʦʥʸʠ ʤʺ.  

  
ʸʥʩʠ 2 :ʤʣʥʡʲʤ ʸʥʦʠ . ʯʩʮʩ- ʡ ʭʩʩʬʸʥʨʷʥʸʨʱʥ ʭʩʩʰʷʬʥʥ ʭʩʨʰʮʬʠ ʺʴʮʤʣʹʤʩʰʷʬʥʥʤ  ,ʠ ʺʸʠʧ-ʭʠʹ) ʪʥʺʮ: Garfunkel, 

1989(.ʬʠʮʹ -ʯʥʴʶʡʥ ʡʸʲʡ ʭʩʩʠʥʦʥʰʷʤ ʭʩʩʰʷʬʥʥʤ ʺʥʣʹʤ - ʯʬʥʢʡ ʭʩʩʰʷʬʥʥʤ ʭʩʲʬʱʤ ʬʹ ʺʩʢʥʬʥʠʩʢ ʤʴʮʥ ʤʷʩʸʴʠ ʧʸʦʮ
)ʪʥʺʮ :Weinstein, 2007(  

ʩʥʱʩʫʤ ʺʬʦʡ) ʯʷʥʩʬʴ(ʱ ʡʸʲʮ ʭʥʸʣ ʩʰʴ ʬʲ ʺʲʸʺʹʮ ʤʩʸʥ ,ʣʩʡʸʩʠ ʺʮʸ ,ʯʬʥʢʤ ʭʥʸʣ , ʧʸʦʮʥ ʭʩʦʸʥʫ ʺʮʸ

ʯʥʺʧʺʤ ʬʩʬʢʤ .ʯʥʰʡʬ ʭʥʸʣʡ ʩʰʡʶʧʥ ʩʫʹʮ ʺʥʬʦʡ ʥʧʬʷ ʯʥʩʬʲʤ ʯʷʥʩʬʴʡ .ʡʥ ʬʩʬʢʡʭʩʦʸʥʫ ʺʮʸ ʺʥʬʦʡ ʥʧʬʷ 

 ʯʮʥʸʥ ʯʥʺʬʣ) ʯʮʩʩʤ1990 .( ʺʮʸ ʯʥʴʶ ʬʠ ʯʬʥʢʤ ʺʮʸ ʭʥʸʣʥ ʬʩʬʢʤ ʯʮ ʸʥʦʠʡ ʭʦʩʰʷʬʥʥʤ ʣʣʰ ʯʷʥʨʱʩʩʬʴʡ

ʥ ʯʬʥʢʤʤʧʸʦʮ ,ʮ ʠʥʤʥʺʥʣʩʧʩ ʩʺʹʡ ʲʩʴʥ: ʠʩʤ ʤʰʥʩʬʲʤʥ ʯʥʺʧʺʤ ʯʷʥʨʱʩʩʬʴʤ ʯʮ ʬʨʸʥʠ ʺʬʦʡ ʠʩʤ ʤʰʥʺʧʺʤ 

 ʯʥʩʬʲʤ ʯʷʥʨʱʩʩʬʴʤʮ ʯʬʥʢ ʺʬʦʡ(Mor, 1993) .ʬʬʫʫ , ʯʬʥʢʡ ʭʩʩʰʷʬʥʥʤ ʭʩʲʬʱʤ ʩʬʩʢʭʤ  ʭʲ ʸʺʥʩ ʭʩʸʩʲʶ
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ʯʥʴʶ ʯʥʥʫʬ ʤʲʥʰʺʤ-ʧʸʦʮ ,ʭʣʷʥʮʤ ʯʷʥʩʬʴʤʮ ʭʤ ʤʮʸʤ ʭʥʸʣʡ ʭʩʲʬʱʤ ʸʹʠʫ ,ʤ ʧʸʦʮʥ ʯʥʴʶ ʬʹ ʥʬʠʥ ʭʤ ʯʬʥʢ

 ʭʩʩʰʷʥʨʱʩʩʬʴ)ʸʥʩʠʭʩ 2 ,3 .(ʯʫ ʥʮʫ ,ʬʷʬʠ ʱʥʴʩʨʮ ʭʤ ʯʬʥʢʤ ʭʥʸʣʮ ʭʩʩʰʷʬʥʥʤ ʭʩʲʬʱʤʩ-ʺʬʦʡ, ʣʥʲʡ 

 ʭʩʨʩʰʦʡ ʸʷʩʲʡ ʭʤ ʤʮʸʤ ʧʸʦʮʥ ʯʥʴʶʮ ʭʩʩʰʷʥʨʱʩʩʬʴʤ ʭʩʲʬʱʤʹ) ʺʥʣʥʱʩʡ ʭʩʸʩʹʲʬʷʬʠʭʩʩ , ʨʸʥʷ ʺʥʣʥʱʩʡ

ʭʩʬʩʡʨʴʮʥʷʰʩʠ ,ʤʷʩʬʩʱʡ ʺʩʱʧʩ ʭʩʬʣʥ( (Weinstein et al., 2006).  

1.2.2 .ʯʬʥʢʤ ʺʮʸʡ ʳʥʨʥ ʤʩʸʥʷʱ ʩʰʡʮ 
 ʠʥʤ ʵʸʠʡ ʩʠʥʦʥʰʷʤ ʭʦʩʰʷʬʥʥʤ ʡʥʸʺʥʩʺʬʦʡ ʺʥʡʬ ʬʹ .ʭʩʩʥʶʮ ,ʺʥʧʴ ʭʩʧʩʫʹ ʪʠ ,ʳʥʨʥ ʤʩʸʥʷʱ ʬʹ ʭʩʲʴʥʮ .

ʭʩʡʧʸʰ ʭʩʧʨʹ ʭʩʱʫʮʤ ʺʬʦʡʤ ʩʧʥʬʩʷʬ ʣʥʢʩʰʡ ,ʺʥʶʸʴʺʤʤ ʩʦʫʸʮʬ ʭʺʶʥʴʺʡ ʭʩʬʡʢʥʮ ʳʥʨʤʥ ʤʩʸʥʷʱʤ ʩʰʡʮ ,

ʬʡ ʩʰʴʡ ʺʩʱʧʩ ʤʫʥʮʰ ʺʥʣʩʮʲ ʭʤʬʥʤʩ .ʥʬʠ ʭʩʬʣʡʤʭʩʠʸʧʠ ,ʺʥʧʴʬ ʺʩʷʬʧ , ʤʠʥʥʹʤʡ ʤʫʥʮʰʤ ʭʺʥʧʩʫʹʬ 

ʺʥʬʦʡʬ .ʯʬʥʢʤ ʺʮʸ ʧʸʦʮʡ ʤʩʸʥʷʱʤ ʩʨʥʸʧ ,ʺʺ ʺʥʸʥʹ ʩʺʹʡ ʭʩʸʥʣʱ- ʧʬʮʤ ʭʩ ʲʷʡʬ ʺʥʬʩʡʷʮ)ʯʥʴʶ ʪʸʲʡ-

ʭʥʸʣ .(ʠ ʤʣʹʡ ʭʩʶʥʴʰ ʤʮʥʣ ʯʥʥʩʫ ʩʬʲʡ ʭʩʨʰʮʠʩʰʩʬ- ʡʸʲʡ ʭʩʸʧʠʤ ʺʥʣʹʡ ʭʢ ʭʩʩʥʶʮʥ ʭʠʹ)ʸʥʮ,1986 

Camp and Roobol, 1989;()  ʸʥʩʠ2( .ʩʧʸʦʮʤ ʨʰʮʠʩʰʩʬʤ ʬʹ ʩʰʥʴʶʤ ʥʤʶʷ ʺʠ ʤʥʥʤʮ ʭʸ ʺʫʩʸʡ 

 ʸʤʮ ʲʸʺʹʮʹʱʸʴʨʥʸʧ ʪʸʣ ʪʹʮʰʥ ʭʥʸʣʡ ʺʩʰʥʮʸʧ ʸʤ ʬʹ ʤʩʸʥʷʱʤ ʩ ,ʭʩʮʸʫʥ ʤʣʸʥ)  ʸʥʩʠ3(, ʺʫʩʸʡʬ ʣʲ 

ʭʸ.  

ʯʬʥʢʤ ʺʮʸʡ , ʩʥʶʮ ʳʥʨ ʷʸʭʩʰʡʮ ʩʰʹʡ,ʭʩʴʺʥʹʮ ʭʩʰʩʩʴʠʮ ʸʴʱʮ ʭʩʷʬʥʧʤ :ʬʨʩʡʠʤ ʱʷʬʴʮʥʷ -ʡʥ ʬʨʰʡ ʺʫʩʸ

ʭʸ)  ʸʥʩʠ2( .ʡ ʭʩʰʡʮʤ ʩʰʹ ʣʡʸʥʮʤʩʸʥʷʱ ʬʲ ʳʥʨʺʥʬʦʡʥ ʩʰʷʥʨʱʩʩʬʴ ʥʺ ,ʤʣʡʥʲʺʸʠʺʮʤ  ʺʥʩʥʶʸʴʺʤʮ ʸʡʲʮ 

ʥʸʣʩʤ ʭʩʶʥʶʩʴʬ ʺʥʩʰʠʩʬʥʡʮʥʸʨʱ-ʭʩʩʰʷʬʥʥ.  

ʬʨʩʡʠʤ ʱʷʬʴʮʥʷ ʦʫʸʮʡ-ʲʷʹ ʩʥʶʮ ʬʨʰʡ , ʸʤ ʬʹ ʤʦʡ ʭʥʸʣʮʥ ʬʨʰʡ ʸʤ ʬʹ ʤʩʸʥʷʱʤ ʨʥʸʧʡ ʯʥʴʶʮ ʬʡʢʥʮʤ

ʬʨʩʡʠ .ʤ ʲʷʹʬ ʡʸʲʮʥ ʧʸʦʮʮʬʨʩʡʠ ʳʥʨ ʬʹ ʭʩʴʥʹʧʮ ʭʩʩʥʶʮ ʩʦʫʸʮ . ʺʥʬʩʲʴʤ ʩʴʥʠʡ ʩʥʰʩʹ ʤʥʥʧ ʱʷʬʴʮʥʷʤ

ʺʩʰʷʬʥʥʤ . ʯʩʩʨʹʰʩʥ)Weinstein, 2007 ( ʸʢʸʡʰʩʥʥʥ ʯʩʩʨʹʰʩʥʥ)Weinstein and Weinberger, 2007 (

ʤʩʸʥʷʱ ʩʨʥʸʧ ʺʩʰʡ ʬʹ ʺʥʩʰʠʩʬʥʡʮʥʸʨʱ ʺʥʩʥʶʸʴʺʤʥ ʺʬʦʡ ʩʧʥʬʩʷ ʬʹ ʺʥʬʩʲʴʮ ʸʡʲʮʤ ʩʫ ʥʲʩʶʤ ,

 ʺʥʩʥʶʸʴʺʤʬʥʨʠʩʸʴʤʮʢʠʮ ʺʲʷʡ ʬʹ ʦʥʷʩʰʤ ʯʢʠʡ ʭʩʩʥʰʩʹʮ ʤʠʶʥʺʫ ʭʸʢʰ  ʳʥʨ ʺʣʡʸʤʬ ʥʠʩʡʤʹ ʺʥʩʺ

ʤʸʨʩʰʥʷʤʲʷʡʡ ʭʢʠ ʺʸʩʶʩʥ  ,ʩʹ ʥʠʹ ʭʢʠ ʬʹ ʭʩʮʤ ʱʬʴʮ ʺʩʬʲʥ ʩʥʰʡ ʭʩʩʷ ʤʩʤʸʺʠ . ʺʥʬʩʲʴʹ ʭʢ ʯʫʺʩ

 ʺʩʰʷʬʥʥ'ʭʥʸʨ-ʺʩʨʠʩʸʴ ' ʵʧʬʤ ʺʠ ʤʣʩʸʥʤʠʥʩ ʺʸʩʣʧ ʤʸʹʴʤ ʸʥʰʩʶ ʬʠ ʭʩʮʮʢʠʮ ʭʲ ʭʩʮʤ ʬʹ ʲʢʮʥ ʤ

ʤʮʮʢʠʤ .  

1.2.3 .ʤʥʠʩʢʩʢʥʬʥʠʩʢʤʥ ʤʩʴʸʢʤʭʸ ʺʫʩʸʡ ʬʹ  
 ʩʨʴʩʬʠ ʩʴʸʢʥʴʥʨ ʲʷʹ ʥʰʩʤ ʭʸ ʺʫʩʸʡ ʸʠʠʮ)1000u1200ʸʨʮ () ʸʥʩʠ ʭʩ3, 4 ,5( .ʤ ʸʴʱʮ ʤʷʮʥʲʹ ʤʫʩʸʡ

 ʬʹ ʭʥʸʡ ʺʠʶʮʰ ʭʩʸʨʮ940ʭʩʤ ʩʰʴ ʬʲʮ ʸʨʮ  ,ʫ-20ʤʣʲʱʮʥ ʩʸʥʴʲʩ ʺʲʷʡʬ ʺʧʺʮ ʸʨʮ  . ʸʠʠʮʤ ʩʬʥʹ

ʫ ʭʩʠʹʰʺʮ-30 ʣʲ 100 ʬʲʮ ʸʨʮ ʤ ʱʬʴʮʤʫʩʸʡ .ʤ ʺʩʲʷʸʷʡʤʫʩʸʡʫ ʬʹ ʩʡʥʲʡ ʩʮʢʠ ʨʰʮʩʣʱ ʠʶʮʰ -80 

ʸʨʮ, ʤʱʫʮʤ ʩʰʷʬʥʥ ʪʺʧ ʬʲ .ʸʲʱ ʬʧʰ ʸʡʥʲ ʸʠʠʮʤ ʤʰʡʮʬ ʡʸʲʮ ʯʥʴʶʮ, ʯʩʡ ʥ ʸʠʠʮʤ ʯʥʮʸʧʤ ʺʥʰʥʸʣʮ

 ʺʩʰʥʴʶʤ ʥʺʣʢ ʺʠ ʭʩʰʥʡʤ ʯʩʡʬʺʩʮʥʸʣʤ ʥʺʣʢʡ ʭʩʩʥʶʮʤ ʯʬʥʢʤ ʬʹ ʭʩʩʰʷʬʥʥʤ ʭʩʲʬʱʤ . ʯʥʮʸʧʤ ʺʥʰʥʸʣʮ

 ʭʩʡʫʸʥʮ ʸʥʦʠʡʮʱʭʩʲʬ,ʠʸʥʩʤʥ ʣʲʥ ʯʮʥʰʷʤ ʯʮ ,ʧʸʦʮ ʭʥʸʣ ʯʥʥʫʬ ʭʩʩʥʨʰʤ  . ʸʤ ʩʥʶʮ ʭʸ ʺʫʩʸʡʬ ʧʸʦʮ ʯʥʴʶʮ

ʭʸ,ʺʩʰʷʥʩʬʴ ʺʬʦʡ ʤʩʬʲʮʥ ʺʩʰʮʥʰʷʤ ʠʰʧ ʸʩʣ ʺʸʥʶʺʮ ʡʫʸʥʮʤ  .ʬ ʡʸʲʮ ʯʥʴʶʮʭʸ ʸʤ , ʯʩʡʬ ʥʰʩʡ ʺʥʰʥʸʣʮ
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ʯʥʮʸʧʤ ,ʸʲʱ ʯʢʠʡ ,ʩʸʥʴʲʩ ʺʲʷʡ ʤʩʥʶʮ,ʭʥʩʡʥʬʠʥ ʳʥʨ ʺʡʫʸʥʮ ʤʺʩʲʷʸʷʹ  .ʮ ʸʠʠʮʬ ʭʥʸʣʮ ʨʥʸʧ ʩʥʶ

ʭʩʮʸʫ ʸʤ ʬʹ ʤʩʸʥʷʱʤ .ʺʩʰʷʥʨʱʩʩʬʴʤ  ʭʩʮʸʫ ʺʬʦʡ ʩʧʥʬʩʷ ʭʩʴʥʹʧ ʸʠʠʮʤ ʺʥʰʥʸʣʮʥ ʭʩʮʸʫ ʸʤ ʯʩʡ .

ʸʠʠʮʤ ʡʸʲʮ ʭʥʸʣʡ , ʭʩʮʸʫ ʺʬʦʡ ʬʹ ʯʥʩʬʲʤ ʧʥʬʩʷʤ ʬʲ)ʯʬʤʬ: "ʤʰʥʩʬʲ ʭʩʮʸʫ" ( ʤʩʸʥʷʱ ʬʹ ʨʥʸʧ ʩʥʶʮ

ʭʣʥʠ , ʩʸʥʴʲʩ ʺʬʦʡ ʬʹ ʭʩʸʣʧʮ ʭʩʡʬʥʹʮ ʥʡ) ʸʥʩʠ6 .(ʭʥʨʷ ʤʩʸʥʷʱʤ ʨʥʸʧʸʠʠʮʤ ʩʣʩ ʬʲ  .ʸʠʠʮʬ ʡʸʲʮʮ ,

ʤʩʸʥʷʱʤ ʨʥʸʧʬ ʸʡʲʮʥ ,ʸʲʱ ʺʬʦʡʮʥ ʯʥʩʦ ʯʩʲ ʺʬʦʡ ʩʧʥʬʩʷʮ ʺʡʫʸʥʮʤ ʺʩʺʬʦʡ ʤʮʸ ʤʩʥʶʮ , ʺʸʧʥʠʮʤ

ʸʠʠʮʬ ,ʸʲʱ ʬʧʰʬ ʤʫʴʹʰʥ ʯʥʴʶ ʯʥʥʫʬ ʸʠʠʮʤ ʬʹ ʩʡʸʲʮʤ ʥʬʥʡʢ ʪʸʥʠʬ ʤʮʸʦ ʸʹʠ . ʬʹ ʭʩʩʮʩʰʴʤ ʥʩʺʥʰʥʸʣʮ

ʤʡʩʡʱʤ ʩʲʬʱʮ ʭʩʡʫʸʥʮ ʸʠʠʮʤ,ʥʨʮʥ ʸʣʥʧ ʠʥʤ ʭʺʥʠ ʭʺʥʠ ʤʱʫʮʤ ʳ . ʲʣʥʢ ʡʸʲʮ ʭʥʸʣʡ ʸʠʠʮʤ ʨʥʸʧ ʺʠ

ʤʩʸʥʷʱʤ) ʸʥʩʠ 5(.ʤ ʧʸʦʮ ʭʥʸʣʡʥ ʭʩʮʸʫ ʺʬʦʡ ʩʧʥʬʩʷ ʭʩʴʹʧʰ ʸʠʠʮʤ ʬʹ ʩʰʥʴʶʤ ʥʩʶʧ ʪʸʥʠʬ ʤʫʩʸʡ 

ʲʡ  ʺʥʸʥʶʺʮ ʭʩʩʸʨʰʮʩʣʱ ʭʩʲʬʱ ʭʩʴʥʹʧ' ʺʩʰʮʥʰʷʤ ʠʰʧ ʸʩʣʥ ʺʩʰʥʸʥʨʤ ʤʰ)ʸʥʮ ,1986 ; ʯʮʩʩʤ1982 ; 

ʯʮʩʩʤ ,1993 .(  

  
ʸʥʩʠ 3 : ʭʸ ʺʫʩʸʡ ʸʥʦʠ ʬʹ ʩʴʸʢʩʨʸʨʱʤ ʸʥʨʤʥ ʺʩʢʥʬʥʠʩʢʤ ʤʴʮʤ)ʭʣʥʠ ʸʤ ʯʥʩʬʢ ʪʥʺʮ.  Mor, 1987(  

  

1.3 .ʺʥʮʣʥʷ ʺʥʣʥʡʲ 
1.3.1 .ʩʬʬʫ  

ʥʦʫʫʥ ʯʬʥʢʤ ʳʥʰʡ ʢʩʸʧ ʲʴʥʮ ʤʰʩʤ ʭʸ ʺʫʩʸʡ ,ʩʸʥʨʱʩʤʤ ʪʬʤʮʡ ʤʫʹʮʤʤʡʸ ʡʬ ʺʮʥʹʺ  . ʥʫʸʲʰ ʸʺʠʡ

ʭʩʰʥʹ ʭʩʸʷʧʮ ,ʭʩʩʢʥʬʥʸʣʩʤ ʭʸʷʩʲ ,ʰ ʪʠʺʥʩʢʥʬʥʠʩʫʸʠ ʺʥʣʥʡʲ ʭʢ ʥʫʸʲ ,ʥʠʬʴ-ʺʥʩʮʩʬʷʠ , ʭʩʩʥʴʩʮ

ʭʩʩʢʥʬʥʠʩʢ ,ʥ ʺʥʩʢʥʬʥʰʷʬʥʥ ʺʥʣʥʡʲʥʠʩʢʺʥʩʮʩʫ.  

ʱʥʩʡʬʴ ʱʥʴʱʥʩ ʩʡʺʫʡ ʲʩʴʥʮ ʭʸ ʺʫʩʸʡʡ ʸʷʧʮ ʬʲ ʯʥʹʠʸ ʧʥʥʩʣ ,ʺʮ ʯʡ ʳʱʥʩ ʠʥʤʥʤʩʺ , ʩʥʱʩʰ ʸʠʥʺʮ ʥʡ

ʢʥʬʥʸʣʩʤʩ ʱʥʴʩʬʩʴ ʪʸʲʹ )ʯʹʡʤ ʪʸʠʸʨʨʥ ʱʥʣʸʥʤ ʪʬʮʤ ʬʹ ʥʰʡ (..."ʬ ʹʩʠʥʭʩʰʴʬ ʲʣʩ ʠ ,ʤ ʯʮ ʩʫʤʫʩʸʡ ʥʦʤ 
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ʯʣʸʩʤ ʠʶʥʩ ,ʺʴʥʮʡ ʸʡʣʤ ʺʠ ʤʬʢʥ ʯʥʫʸʨ ʵʸʠ ʪʩʱʰ ʱʥʴʩʬʩʴ ʠʡ ʸʹʠ ʣʲ .ʬʲ ʵʥʮ ʤʸʦ ʠʥʤ- ʤʸʲʷʤ ʩʰʴ] ʤʰʥʥʫʤ

ʭʸ ʺʫʩʸʡʬ[ ,ʩʸʧʠʥ-ʠʶʮ ʯʫ ,ʱʠʩʰʴ ʬʠ ʵʥʮʤ ʳʧʱʰ ʩʫ ,ʯʣʸʩʤ ʺʥʸʥʷʮ ʺʠ ʭʩʰʥʹʠʸʤ ʥʹʷʡ ʭʹ ʸʹʠ , ʭʥʷʮʡʥ

ʭʩʮʤ ʩʰʴ ʬʲ ʳʶ ʠʥʤʤ".) 'ʧʬʮ ʺʥʣʬʥʺʭʩʠʮʥʸʤ ʭʲ ʭʩʣʥʤʩʤ ʺʮ ,'ʢ ʸʴʱ 'ʩ ʷʸʴ 'ʦ ʤʷʱʴ'.( ʯʥʸʣʷ )1971, ʩʴʬ 

ʯʮʩʩʤ ,1982 (ʤʺ ʩʧʥʣʩʷ ʺʥʧʥʣ ʭʫʩʱ"ʤ ʺʩʲʷʸʷ ʺʧʺ ʠʶʮʥ ʸʥʦʠʤ ʯʮ ʬʤʫʩʸʡ ʭʩʲʬʱ ʬʹ ʭʩʸʨʮ ʺʥʸʹʲ 

ʭʩʩʰʷʬʥʥ .ʥʩʱʩʰʡ ʥʹʲʰʹ ʺʥʴʱʥʰ ʺʥʣʥʡʲʯʸʥʦʠʡ ʭʥʤʺʤ ʩʮ ʸʨʹʮ ʺʠ ʯʩʡʤʬ ʥʰʩʩʴʠʬʥ ,ʩʣʩ ʬʲ ʥʫʸʲʰ   : ʩʮʸʫ

ʥʸʩʮʥ) 1969( , ʵʩʡʥʰʤʫʥ ʥʸʩʮ)1969( , ʯʥʱʬʫʩʮ)1975( , ʯʥʸʣʷ)1971 ,1974 ,1977 ,1978 ( ʩʰʴʣʥ

 ʥʩʸʡʥʧʥ)Dafny et al., 2003 .( ʯʩʩʨʹʰʩʥ)Weinstein, 1976 ( ʧʥʣʩʷʮ ʯʬʥʴ ʤʰʧʡP/8 ʺʬʩʧʺʹ ʤʲʩʶʤʥ  

ʡ ʤʺʩʩʤ ʤʩʶʨʰʮʩʣʱʤ-Würmian) 60–18 Ka .( ʸʢʰʩʦʥ ʪʩʬʸʠ)Ehrlich and singer, 1976 ( ʺʠ ʥʸʷʧ

ʨʰʮʩʣʱʤ ʺʲʷʹʤ ʺʬʩʧʺ ʺʠ ʥʫʸʠʺʥ ʭʢʠʤ ʺʥʣʬʥʺʬ -108 Ka )ʤʠʸʭʸ ʺʫʩʸʡ ʩʬʩʢ ʷʸʴ   .( ʷʰʸʴʧʥʥʸʡʤ 

(Frank et al., 2002)ʥʠʬʴʤ ʺʠ ʥʸʷʧ -ʥʩʨʰʢʮʺʡ ʨʰʮʩʣʱʡ ʤʫʩʸʡ , ʯʫʥʡʠʥʥʹ ʧʥʥʥʩʸʡ) Schwab et al., 

2004(.ʥʠʬʴ ʸʥʦʧʹ ʪʸʥʶʬ ʭʩʨʰʮʩʣʱʡ ʭʩʺʩʦʥ ʭʩʰʥʬʠ ʬʹ ʯʬʥʴ ʥʰʧʡ  -ʬʥʷʠʢʥʩ . ʯʸʥʢ)Goren-Inbar, 

1985( ,ʤʴʹʧ,ʩʩʺʩʬʥʠʩʬʴ ʭʩʬʫ ʺʩʢʥʬʥʠʩʫʸʠ ʤʣʥʡʲʡ ʭ ,ʥʱʥʠʩʬʴʤʮʬʭʩʮʸʫ ʺʬʦʡ ʩʧʥʬʩʷ ʩʰʹ ʯʩʡʹ  ,

ʸʺʠʤ ʬʲ ʤʣʥʡʲʤ ʪʬʤʮʡʥ ,ʥʸʴ ʧʥʥʥʩʸʡ) Feraud et al., 1983 ( ʭʩʧʥʬʩʷʤ ʩʰʹ ʺʠ ʥʫʸʠʺ)ʤʠʸ ʩʬʩʢ ʷʸʴ 

ʭʸ ʺʫʩʸʡ  .( ʯʸʥʢ ʥʫʸʲ ʺʩʢʥʬʥʠʩʫʸʠʤ ʤʣʥʡʲʬ ʪʹʮʤʡʧʥʤʩʸʡʥ) Goren-Inbar et al., 1986 ( ʺʥʦʩʬʰʠ

ʸʥʦʠʡ ʺʥʩʰʷʬʥʥʤ ʺʥʸʥʶʺʤ ʬʹ ʺʥʩʮʩʫ ,ʯʤʩʰʩʡ ʺʩʴʸʢʩʨʸʨʱʤ ʤʷʥʬʧʤ ʺʠ ʥʹʹʩʠʥ ʯʷʬʧ ʺʠ ʥʰʩʩʴʠ.  

ʤ ʸʥʦʠʤʫʩʸʡ ʺʩʢʥʬʥʠʩʢʤ ʤʴʮʡ ʬʬʫʰ 1:200,000 ʤʸʨʸʡʥʣ ʬʹ )Dubertret, 1954 .( ʯʮʩʩʤ)1982 ( ʯʩʫʤ

  ʤʣʩʮ ʤʰʷʡ ʤʴʮ1:10,000ʡʩʡʱ ʸʥʦʠʤ ʬʹ ʤ ʤʫʩʸʡ . ʸʥʮ)Mor, 1987( ʺʥʩʢʥʬʥʠʩʢʤ ʺʥʸʥʶʺʤ ʺʠ ʤʴʩʮ 

 ʬʠʸʹʩ ʬʹ ʺʩʢʥʬʥʠʩʢʤ ʤʴʮʤ ʬʹ ʭʣʥʠ ʸʤ ʯʥʩʬʩʢ ʺʫʩʸʲ ʺʸʢʱʮʡ ʸʥʦʠʡ)1:50,000 .(  

ʭʩʰʥʰʢʰʮ ʸʴʱʮ ʥʲʶʥʤ ʭʸ ʺʫʩʸʡ ʺʥʸʶʥʥʩʤʬ . ʸʫʮʥʹ)Schumacher, 1888 ,ʯʮʩʩʤ ʩʴʬ ,1982 ( ʪʹʮʤʡ

ʱʥʴʩʬʩʴʬ ,ʤ ʩʫ ʲʩʶʤʤʫʩʸʡʩʰʷʬʥʥ ʸʶʥʺ ʠʩʤ  . ʸʱʫʬʴ)1969 (ʩʨʱʸʷ ʠʶʥʮʮ ʹʺʫʮʡ ʸʡʥʣʮ ʩʫ ʲʩʶʤ , ʸʥʦʮʥ

)1969 ,1976 (ʤʬʥʣʢ ʺʩʰʷʬʥʥ ʺʥʶʶʥʴʺʤʡ ʠʥʤ ʸʺʠʤ ʺʩʢʥʬʥʴʸʥʮ ʬʹ ʤʸʥʷʮ ʩʫ ʯʲʨ . ʸʥʮ)1986 ( ʩʫ ʲʩʶʤ

ʤʰʨʷ ʤʸʣʬʷ ʥʰʩʤʥ ʤʮʣʠʤ ʯʨʡ ʬʠ ʨʨʥʮʺʤʹ ʹʲʢ ʨʥʸʧ ʠʩʤ ʭʸ ʺʫʩʸʡ . ʤʰʡʮʤ ʺʥʧʺʴʺʤ ʺʠ ʷʬʧʮ ʸʥʮ

 ʭʩʩʰʷʬʥʥ ʭʩʡʬʹ ʤʹʩʮʧʬʭʩʩʸʷʩʲ .ʩʸʥʴʲʩ ʷʮʲ ʭʥʸʣ ʬʠ ʭʩʮʸʫ ʺʬʦʡ ʩʧʥʬʩʷ ʬʹ ʠʥʤ ʯʥʹʠʸ ʡʬʹ . ʥʩʸʧʠ

 ʺʠ ʤʰʥʡʤ ʭʣʥʠ ʺʩʸʥʷʱ ʨʥʸʧ ʺʩʰʡ'ʭʸ ʸʤ ')ʤ ʭʥʩʫ ʤʩʥʶʮ ʥʡ ʭʥʷʮʡ ʠʹʰʺʤʹ ʨʥʸʧʤʫʩʸʡ .( ʩʹʩʬʹ ʡʬʹ

ʭʸ ʺʫʩʸʡ ʳʥʨ ʺʥʩʥʶʸʴʺʤ ʡʬʹ ʠʥʤ , ʪʥʺʮ'ʩʹʲʢ ʨʥʸʧ ,'ʨʥʸʧʤ ʺʥʣʸʥʮ ʬʲ ʥʺʣʡʸʤʥ . ʳʥʨʤ ʺʣʡʸʤʬ ʸʧʥʠʮ

ʥʷʸʲʱ ʺʬʦʡ ʺʧʬ ,ʹʲʢʤ ʸʤʮ ,ʡʸʲʮʮ ʥʺʥʠ ʤʴʩʷʮ ,ʭʥʣʷʤ ʸʲʱ ʬʧʰ ʵʥʸʲʡ ʺʣʸʥʩʥ . ʠʺ ʺʥʰʷʥʸʺʤ ʭʲ

ʤʮʢʠʮʸʤʤ ʺʧʺ ʤ ,ʹʲʢʤ ʸʤ ʦʫʸʮ ʨʨʥʮʺʮ ʥʫʥʺʬʥ ʱʸʥʷ ʠʥʤʥ ʥʡ ʵʧʬʤ ʣʸʥʩ . ʯʮʩʩʤ)1982 ( ʥʺʲʶʤʡ ʪʮʺ

ʺʥʬʦʡʤ ʬʹ ʯʸʥʷʮʡ ʩʥʰʩʹ ʲʩʶʤ ʪʠ ʸʥʮ ʬʹ .ʬʺʮ ʠʬʥ ʭʩʮʸʫ ʸʤʮ ʤʲʩʢʤ ʭʩʮʸʫ ʺʬʦʡ ʥʺʰʲʨʬʤʧʥʴʰʮ  ,

 ʭʣʥʠ ʸʤʮ ʥʠ ʤʲʶʷ ʬʺʮ ʤʲʩʢʤ ʸʲʱ ʺʬʦʡʥ)ʸʥʩʠ ʭʩ3 ,4( , ʯʮʩʩʤ ʳʩʱʥʤ ʯʫ ʥʮʫ)1982 ( ʺʬʦʡ ʺʠ ʩʥʴʩʮʬ

ʩʸʥʴʲʩ .ʢʩʸʣʬʡ ')1984 ,ʬʲʡ ʭʩʸʡʣ-ʸʥʮ ʩʴ ʬʲ ʤʴ ,1986 ( ʥʩʸʡʥʧʥ ʯʩʩʨʹʰʩʥʥ)2004 (ʤ ʩʫ ʥʲʩʶʤʤʫʩʸʡ 

ʸʠʠʮ ʤʰʩʤ ,ʥʨʠʩʸʴ ʪʩʬʤʺʡ ʸʶʥʰʹʮʢʠʮʩʺ.  
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ʸʥʩʠ 4 : ʭʸ ʺʫʩʸʡ ʸʥʦʠ ʬʹ ʺʩʴʸʢʥʴʥʨ ʤʴʮ)ʬʠʸʹʩ ʩʥʴʩʮʬ ʦʫʸʮʤ.(  

  
1.3.2 .ʭʩʺʩʬʥʰʱʷ  

 ʬʹ ʳʥʨʤ ʯʥʺʧʺ ʭʥʸʷ ʬʹ ʭʩʺʩʬʥʰʱʷʡʥ ʩʨʩʨʥʱʸʷ ʬʥʡʩʴʮʠ ʬʹ ʭʩʨʱʩʸʷʢʮʡ ʸʩʹʲ ʭʸ ʺʫʩʸʡʭʥʸʷ ʬʥʡʢʥ-

ʺʴʨʲʮ . ʭʩʩʴʠʮ ʭʩʨʩʬʥʰʸʢʮ ʡʫʸʥʮ ʭʸ ʺʫʩʸʡ ʬʹ ʭʩʺʩʬʥʰʱʷʤ ʳʱʠʮʬʥʡʩʴʮʠʥ ʭʩʨʩʰʱʷʥʸʩʴʮʥ-

ʩʴʭʩʨʩʰʱʷʥʸ) Mittlefehldt, 1984 .( ʺʮʸ ʬʹ ʭʦʩʰʷʬʥʥʡ ʤʢʩʸʧ ʤʤʥʡʢ ʤʫ ʺʥʧʩʫʹʡ ʭʩʨʩʬʥʰʱʷ ʺʥʧʫʥʰ

ʯʬʥʢʤ. ʯʫ ʥʮʫ , ʭʢʳʱʠʮ ʭʸ ʺʫʩʸʡ ʬʹ ʭʩʺʩʬʥʰʱʷʤ ʩʨʩʨʥʣʩʸʴʤ ʳʱʠʮʤʮ ʤʰʥʹ , ʭʩʨʩʰʱʡʡ ʠʶʮʰ ʬʬʫ ʪʸʣʡʹ

ʯʬʥʢʤ ʬʹ ʭʩʩʰʷʥʨʱʩʩʬʴʤ .ʣʬʴʬʨʩʮ) Mittlefehldt, 1984, 1982 (ʬ ʯʺʩʰ ʩʫ ʤʠʸʤ ʤʩʴʸʢʥʸʨʴʤ ʺʠ ʯʩʡʤ

ʭʸ ʺʫʩʸʡ ʬʹ ʭʩʺʩʬʥʰʱʷʤ ʬʹ ʨʸʥʷʤ ʺʥʣʥʱʩ ʡʫʸʤʥ, ʡʥʡʸʲ ʬʹ ʤʠʶʥʺʫ ʮʢʠʮ ʩʫʥ ʯʬʥʢʤ ʬʹ ʺʥʩʺʬʦʡ ʺʥ

ʩʺʬʦʡ ʡʫʸʤʡ ʪʺʰ ʬʹ ʭʩʨʬʥʮʥʷ ʭʤ ʭʸ ʺʫʩʸʡʮ ʬʥʡʩʴʮʠʤ ʩʬʩʫʮ ʭʩʨʩʬʥʰʱʷʤ. ʸʥʷʮ ʩʫ ʲʡʷ ʭʢ ʠʥʤ 

 ʯʥʺʧʺʤ ʭʥʸʷʡ ʠʥʤ ʭʩʨʩʬʥʰʸʢʤ ʭʩʺʩʬʥʰʱʷʤ) ʬʹ ʭʩʶʧʬ MPa550-800 .(ʥ ʯʩʩʨʹʰʩʥʥʥʩʸʡʥʧ) Weinstein 

et al., 2006(ʭʩʲʩʶʮ ,ʩʬʷʬʠ ʪʺʰ ʺʥʩʤʬ ʭʩʩʥʹʲ ʭʸ ʺʫʩʸʡ ʬʹ ʭʩʨʩʰʱʷʥʸʩʴʤʮ ʷʬʧʹ -ʠʥʴʷ ʩʺʬʦʡ . ʺʥʣʥʡʲ

ʬʲ ʺʥʴʱʥʰʬʹ ʤʩʮʩʫʥʠʩʢʤ ʩʣʩ ʬʲ ʥʫʸʲʰ ʭʸ ʺʫʩʸʡʮ ʭʩʺʩʬʥʰʱʷ  ʥʩʸʡʥʧʥ ʯʩʩʨʹ ) Stein et al., 1993( ,

ʥʤʩʸʡʥʧʥ ʱʰʥʠʣ) Downes et al., 2004.(  
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2 .ʸʷʧʮʤ ʺʥʸʨʮ  
ʭʸ ʺʫʩʸʡ ʸʺʠ ʬʹ ʺʩʰʷʬʥʥʤ ʺʥʧʺʴʺʤʡ ʭʩʡʬʹʤ ʸʥʺʩʠʬ ʤʣʲʥʰ ʤʣʥʡʲʤ , ʺʠ ʥʸʶʩʹ ʺʥʩʥʶʸʴʺʤʤ ʯʥʩʴʩʠʬʥ

ʩʧʫʥʰʤ ʤʰʡʮʤ, ʬʠ ʺʥʱʧʩʩʺʤ ʪʥʺ ʤ ʹʡʩ ʭʦʩʰʷʬʥʥʮ ʸʡʲʮʤ ʺʡʩʱʥ ʯʮʦ) ʩʧʥʬʩʷ ʺʥʩʥʶʸʴʺʤʥ ʺʬʦʡ

ʺʥʩʰʠʩʬʥʡʮʥʸʨʱ (ʥʨʠʩʸʴʤ ʺʥʩʥʶʸʴʺʤʬʮʢʠʮʸʠʠʮʤ ʺʠ ʥʸʶʩʹ ʺʥʩʺ .ʲʤ ʤʩʴʸʢʩʨʸʨʱʤ ʣʥʮʩʬ ʺʬʬʥʫ ʤʣʥʡ

ʺʤʥ ʺʩʸʥʦʠʤʣʷʮ ʺʥʩʲʷʹʮʡ ʥʨʠʩʸʴʤ ʺʥʩʥʶʸʴʺʤʡ ʥʸʶʥʰʹ ʳʥʨʤ ʮʢʠʮʺʥʩʺ ,ʭʸʥʦʩʴʡ ,ʭʬʩʢʡ , ʤʩʢʥʬʥʺʩʬʡ

ʨʰʮʢʸʴʤ ʩʬʣʥʢʡʥʩ ʭ ʭʩʩʥʶʮʤʭʡ . ʸʹʥʲʬ ʸʡʱʤ ʭʢ ʲʶʥʮ ʤʣʥʡʲʤ ʺʸʢʱʮʡʡ ʭʩʷʥʮʲ ʲʬʱ ʩʷʬʧ) ʭʩʺʩʬʥʰʱʷʡ

ʭʩʨʱʩʸʷʢʮʥ (ʳʥʨʡ ,ʤ ʭʩʫʩʬʤʺʬ ʭʩʸʹʷʤ ʭʩʡʶʥʮʥʭʩʩʰʷʬʥʥʸʣʩʤ. 
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3 .ʺʥʨʩʹ 
3.1 .ʤʣʹʤ ʺʣʥʡʲ 

ʺʥʰʥʹʤ ʲʬʱʤ ʺʥʣʩʧʩ ʩʥʴʩʮ,ʥʺʸʥʠ ʩʡʢ ʬʲ ʤʣʹʡ ʲʶʡʺʤ - ʬʹ ʤʣʩʮ ʤʰʷʡ ʥʨʥʴ1:5,000)  ʸʥʩʠ5 .( ʭʩʲʬʱʤ

 ʤʣʹʡ ʥʤʥʦʥʯʸʺʠʡ ʥʮʨʠʰ ʥʴʱʠʰʹ ʺʥʠʮʢʥʣ,ʣʮʶʰ ʥʠ ʧʩʹʷ ʯʥʬʩʩʰʡ  ,ʺʥʮʥʨʠ ʺʥʰʧʡʮ ʬʠ ʥʴʱʠʰʹ ʥʠ . ʭʩʫʺʧʤ

ʰ ʺʥʡʫʹ ʺʩʩʨʰʥ ʭʩʩʴʸʢʩʨʸʨʱʤʯʥʨʰʸʡ ʺʥʲʶʮʠʡ ʥʣʣʮ ,ʥ ʤʣʩʣʮ ʨʸʱ-GPS .ʺʥʣʥʷʰʥ ʭʩʫʺʧʤ ʩʸʺʠ ʭʥʢʩʣʤ 

ʥʺʸʥʠʤ ʩʡʢ ʬʲ ʥʰʮʥʱ-ʡ ʺʥʣʥʷʰʡʥ ʥʨʥʴʤʤʹʷ ʺʥʠʶʮʺʤʤ ʯ ,ʤʣʹʡ ʭʢ ʥʰʮʥʱ,ʺʹʥʧʰ ʺʥʧʥʬ ʭʲ ʺʥʣʺʩʡ , 

ʸʴʱʮʥ ʺʩʰʩʨʬ ʺʥʠ ʭʤʩʬʲ ʭʩʠʹʥʰʤ.ʭʩʰʥʺʰʤ ʣʥʡʩʲʡ  ʹʥʮʩʹ ʤʹʲʰ  ʺʩʢʥʬʥʠʩʢʤ ʤʴʮʤ ʺʫʩʸʲʥ ʭʩʩʡʧʸʮʤ 

ʺʰʫʥʺʡ Arcview G.I.S. ,ʠʱʸʢʮ :6.5.20.0)  ʭʩʸʥʩʠ4 ,5 ,7(.  

3.2 .ʺʥʩʮʩʫʥ ʺʥʩʴʸʢʥʸʨʴ ʺʥʦʩʬʰʠ 
148ʲʬʱ ʩʸʡʹ ʬʹʥ ʳʥʨ ʺʥʡʫʹʮ ʺʥʠʮʢʥʣ ʬʹ ʭʩʴʷʹ  ʯʤʡ ʥʠʶʮʰʹ,ʠʬ ʥʹʮʩʹ ʩʥʩʴʯʩʡʩʫʸʮ ʳʥʨʤ ʭʺʸʫʤʥ  . 

 ʩʲʬʱʮ ʭʩʴʷʹ ʥʰʫʥʤ ʯʫ ʥʮʫʤʮʥ ʭʸ ʺʫʩʸʡ ʡʩʡʱ ʭʩʴʥʹʧʮ ʬʹ ʭʩʢʥʬ ʭʩʧʥʣʩʷʤʮʸʥʦʠ ,ʺʸʫʤ ʪʸʥʶʬ  ʪʺʧʤ

ʩʮʥʷʮʤ ʩʢʥʬʥʺʩʬʤ ʩʥʤʩʦʬʥ  ʬʹ ʭʸʥʷʮ ʭʩʨʰʮʢʸʴ ʥʠʶʮʰʹʳʥʨʡ. ʭʩʬʹʥʸʩʡ ʩʢʥʬʥʠʩʢʤ ʯʥʫʮʡ ʥʰʫʥʤ ʭʩʴʷʹʤ ,

ʯʡ ʺʨʩʱʸʡʩʰʥʠʡ ʤʡʩʡʱʤʥ ʤʩʢʥʬʥʠʩʢʤ ʩʲʣʮʬ ʤʷʬʧʮʡ-ʡʥ ʡʢʰʡ ʯʥʩʸʥʢ-Spectrum Petrographics, Inc 

ʸʡʥʷʰʥʥʡʹ ,ʤʣʰʷ ,ʭʩʴʥʷʱʥʸʷʩʮ ʺʥʲʶʮʠʡ ʥʣʮʬʰʥ-ʭʩʩʨʴʥʠ- ʺʸʶʥʺ ʭʩʡʨʷʮNikon , ʩʮʢʣʮEclipse E400 

POLʥ -Labophot-pol.ʡ ʹʥʮʩʹ ʪʥʺ ʭʩʰʥʹʤ ʭʩʡʩʫʸʮʤ ʦʥʧʠ ʲʡʷʰ ʳʥʨʤ ʩʴʷʹʮ ʷʬʧʡ -Pick-pointer ,

ʳʷʹʤ ʩʡʩʫʸʮ ʬʹ ʤʩʩʰʮ ʺʸʹʴʠʮʥ ʭʩʲʥʡʷ ʭʩʧʥʥʸʮʡ ʳʷʹʤ ʺʠ ʤʨʩʱʮʤ ʴʥʷʱʥʸʷʩʮ ʺʮʡ. 

ʺʥʰʥʹ ʺʬʦʡ ʺʥʠʮʢʥʣ ʲʡʹʡ ʭʩʩʸʷʩʲ ʺʥʣʥʱʩ ʬʹ ʺʩʮʩʫ ʤʷʩʣʡ , ʬʹ ʯʫʥ238U, 232Thʥ -40K ʺʥʠʮʢʥʣ ʸʥʡʲ 

ʤʩʶʰʱʩʰʩʮʥʬʤ ,ʯʥʫʮʡ ʤʫʸʲʰʩʢʥʬʥʠʩʢʤ  .ʫ-100ʰʧʨʰ ʲʬʱ ʺʮʢʥʣ ʬʹ ʭʸʢ ʥʭʩʸʥʣʫ ʺʰʧʨʮʡ  . ʺʥʣʥʱʩʤ ʸʥʡʲ

ʭʩʩʸʷʩʲʤ , ʭʸʢ ʲʡʸʤʮʢʥʣ , ʭʲ ʡʡʸʥʲ1.25 g ʬʹ LiBO2 ʴʮʨʡ ʤʰʩʨʬʴ ʺʩʸʥʫʡ ʪʺʥʤʥʤʸʥʨʸʫ ʬʹ -

800ºC .ʤʲʹ ʲʡʸ ʸʧʠʬ ,ʹ ʺʩʫʥʫʦʬ ʺʥʸʩʤʮʡ ʤʮʢʥʣʤ ʤʸʸʥʷʡ ʤʱʮʥʤ-8ʸʨʩʬʩʬʩʮ  ʺʩʺʷʰʧ ʤʶʮʥʧ %)60 .(

ʡ ʤʬʩʤʮ ʸʧʠʬ-150ʨʩʬʩʬʩʮ ʸʭʩʷʷʥʦʮ ʭʩʮ ,ʡ ʭʩʩʸʷʩʲʤ ʺʥʣʥʱʩʤ ʥʷʣʡʰ -Inductively Coupled Plasma 

Atomic Emission Spectroscopy) ICP-AES .(ʧʡ ʬʷʹʮʤ ʯʣʡʥʠ ʭʥʮʩ)L.O.I. (Loss On Ignition 

 ʬʹ ʤʸʥʨʸʴʮʨʬ ʤʮʢʥʣʤ ʭʥʮʩʧ ʩʣʩ ʬʲ ʲʡʷʰCº1050 ʯʥʷʸʩʶ ʺʩʸʥʫʡ. 238U,ʥ -232Th ,ʡ ʥʷʣʡʰ-ICP-MS, 

 ʥʡ ʪʩʬʤʺʡ ʬʷʹʮʡ ʤʮʢʥʣʭʸʢ ʩʶʧ ,ʡʸʥʲʤ ʭʲ ʯʥʷʸʩʶ ʺʩʸʥʫʡ 2 g Na2O2 ,ʮʥʧʥʤʮʡ ʺʥʷʣ ʭʩʲʡʸʠ ʪʹʮʬ -

500ºC . ʯʥʰʩʶ ʸʧʠʤʱʮʥʤʮʢʥʣʤ ʤ ʥʴʱʥʤ ʤʱʩʮʺʬʥ ʭʩʷʷʥʦʮ ʭʩʮʡ 20ʮ  ʸʨʩʬʩʬʩHNO3.ʮ ʤʥʱʩʮʺ ʺʥʰʫʥʮʤ ʺ

ʡ ʹʥʮʩʹ ʤʹʲʰ-100ʩʬʩʬʩʮ ʸʨ.  

3.3 .ʤʩʸʨʮʥʬʥʰʸʢ 
ʮ ʭʩʬʥʣʢʤ ʭʩʨʰʮʢʸʴʤ-30ʮ "ʮ ʰʮʰʥʣʣʮʰʥ ʥʤʣʩʣʮ ʨʸʱ ʺʸʦʲʡ ʤʣʹʡ  .ʮ ʭʩʷʣʤ ʭʩʨʰʮʢʸʴʤ-30ʮ " ʮʥʰʩʥʮ 

ʵʸʠʤ ʸʥʣʫ ʩʲʣʮʬ ʯʥʫʮʡʹ ʭʩʨʰʣʥʨʱʤ ʺʣʡʲʮʡ ,ʺʩʸʡʲʤ ʤʨʩʱʸʡʩʰʥʠʤ .ʫ ʬʹ ʣʫʥʬʮ ʩʺʬʡ ʳʥʨ ʺʥʠʮʢʥʣ-

100-300ʭʸʢ  ʥʹʡʥʩʡ ʸʥʰʺʡ -Cº107 ʺʥʲʹ ʲʡʸʠʥ ʭʩʸʹʲ ʪʹʮʡ ʤʥ ʸʺʥʩ ʥʠʥʣʸʴʥ ʭʩʨʰʮʢʸʴʬ ʩʬʲ ʺʸʦʲʡ 

 ʹʺʫʮʥ)ʹ ʤʨʩʹʸʹʴʩʠʸʩʡʹʮ ʺʥʲʰʮʩʤ ʪʥʺ ʤʣʸʴʤ ʤʤʷʥʱʩʸʥ ʭʩʨʰʮʢʸʴʤ .(  ʤʺʴʥʰ ʺʸʸʥʴʮʤ ʤʮʢʥʣʤ ʺʥʴʰʡ

 ʬʹ4000 ,2000 ,1000 ,500ʥ -125ʸʨʮʥʸʷʩʮ  .ʡ ʥʬʷʹʰ ʸʢʸʢʤ ʩʬʣʢ ʬʹ ʺʥʰʥʹʤ ʺʥʩʶʷʸʴʤʭʩʩʰʦʠʮ 
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ʩʬʠʨʩʢʩʣʭʩ ʢʥʱʮ Precision Balances, BBA-600 ʬʹ ʤʠʩʢʹ ʭʲ 0.01 g . ʬʷʹʮʡ ʥʩʤ ʺʥʰʥʹʤ ʺʥʩʶʷʸʴʤ

ʭʸʢʮ ʬʥʣʢ,ʹ ʪʫ ʺʩʱʧʩʤ ʤʠʩʢʹʤʤʫʥʮʰ ʮ -1% . ʭʩʲʬʱʬ ʤʮʩʹʩ ʥʦ ʤʨʩʹʣʡʬʡ ʭʩʫʩʸʴ , ʬʲ ʤʮʹʥʩ ʠʬ ʯʫ ʬʲʥ

ʺʥʡʫʹʳʥʨ ʨʩʤ ʣʫʥʬʮ ʡ.  

3.4 .ʨʰʥʡʸʷʤ ʺʬʥʫʺ ʺʷʩʣʡ 
ʨʰʥʡʸʷʤ ʺʬʥʫʺʤʲʡʷʰ ʡ -66ʳʥʨ ʺʥʡʫʹ , ʩʴ ʬʲʱʮʥʮʤ ʸʮʥʧʤ ʬʹ ʩʬʷʹʮʤ ʥʷʬʧ ʥʸʣʩʤ ʤʶʮʥʧʡ -ʺʩʸʥʬʫ. 

ʸʩʩʰ ʯʰʱʮʡ ʣʸʴʥʤ ʱʮʥʮʤ ʸʮʥʧʤ,ʩʮʸʷ ʯʰʱʮʡ ʥʠ .  ʸʩʩʰʤ ʯʰʱʮʡ ʤʷʩʣʡʤ ʪʩʬʤʺ)Whatman & Balston, 

GF/A 5.5cm.(ʬʬʫ   ʺʬʩʷʹʤ ʪʴʹʮʥ ʸʩʩʰʤʯʥʰʩʱ ,ʫʡ ʪʴʹʮʤ ʩʥʬʩʮ-50 ʳʥʨ ʭʸʢ ʮʢʥʣʤ ʹʥʡʩʩʥʤ ʪʹʮʡ 24 

ʡ ʺʥʲʹ-Cº80.ʠʬʮʤ ʪʴʹʮʤ ʺʬʩʷʹ ʸʧʠʬ ,ʩʮʲʴ ʤʮʢʥʣʤ ʤʱʮʥʤ ʡ ʭʩ-200 ʺʩʧʬʮ ʤʶʮʥʧ ʬʹ ʸʨʩʬʩʬʩʮ 

)HCl 9.25%, ʬʹ ʬʥʤʩʮ 1:4( ,ʡ ʤʴʨʹʰ-200ʸʨʩʬʩʬʩʮ ʭʩʷʷʥʦʮ ʭʩʮ ʬʹ ʭʩʴʱʥʰ  ,ʩʥʥ ʪʹʮʡ ʤʹʡ24ʺʥʲʹ  

ʡ-Cº80. ʤ ʭʲ ʯʥʰʩʱʤ ʩʬʫ ʺʬʩʷʹʤʮʢʥʣʤʱʮʤʤ ʸʧʠʬ ʤʹʡʩʤ ʠ ʩʤʱʮʥʤʹ ʺʥʮʫʤ ʡʥʹʩʧ ʤʸʹʴ. 

ʡ ʩʮʠʸʷʤ ʯʰʱʮʡ ʤʷʩʣʡʤ ʪʩʬʤʺ) ʺʸʶʥʺDuran, West Germany. (ʬʷʹʰʷʩʸʥ ʩʷʰ ʠʥʤʹʫ ʯʰʱʮʤ ʥ  ʡʥʹ

ʡ ʥʺʰʲʨʤ ʸʧʠʬʫ-24ʭʸʢ  ʳʥʨ ʥ ʪʹʮʡ ʹʥʡʩʩ24ʡ ʺʥʲʹ -Cº80 . ʪʴʹʮʤ ʳʶʥʤ ʤʬʩʷʹʤ ʸʧʠʬʡ-50 

 ʸʨʩʬʩʬʩʮʤʶʮʥʧ.ʬ ʸʧʠʱ ʤʲʹ ʩʶʧʫ ʥʰ ʤʮʢʥʣʤ ʤʰʭʥʷʠʥʥ ʺʡʠʹʮ ʺʸʦʲʡ , ʤʴʨʹʰʡʫ-50 ʸʨʩʬʩʬʩʮ  ʭʩʮ

ʭʩʷʷʥʦʮ ,ʹʡʥʩ ʤ ʪʹʮʡ24ʺʥʲʹ  ʡ-Cº80ʤʬʷʹʰʥ .  ʺʥʠʮʢʥʣʤ ʬʷʹʮʡ ʥʬʷʹʰPLS 360-3 ʺʸʡʧ ʬʹ 

KERN ʬʹ ʷʥʩʣʡ  0.001ʭʸʢ . 

ʤ ʺʠʩʢʹʤʣʩʣʮʭʩʰʴʥʠ ʩʰʹʡ ʤʲʡʷʰ :  

1. ʣʩʣʮʥ ʺʲʡʸʠʡ ʺʥʡʫʹ ʲʡʸʠ ʸʥʡʲ ʤʡʫʹ ʤʺʥʠʮ ʺʥʠʮʢʥʣ ʺʥʰʥʹ ʳʥʨ, ʠʸʤʥʤʡʥʨ ʤʮʠʺʤ  , ʭʲ ʺʩʨʱ

 ʬʹ ʺʲʶʥʮʮ ʯʷʺ0.22ʺʥʡʫʹʤ ʲʡʸʠ ʸʥʡʲ ʭʸʢ .ʤʥʡʢʤ ʤʩʩʨʱʤ ʤ ʬʲ ʤʺʬʲ ʠʬ ʸʺʥʩʡ 0.33ʭʸʢ  ]ʤʹ ʭ

4.7%ʩʱʧʩ [. ʳʱʥʰʡ ,ʳʥʨ ʺʥʡʫʹ ʹʹʮ ʺʥʠʮʢʥʣ ʬʹ ʭʩʣʮʶ ʤʹʩʹʺʥʰʥʹ  ,ʤʡʫʹ ʤʺʥʠʮ ʣʮʶ ʬʫ , ʥʠʸʤ

ʭʤʩʰʩʡ ʺʥʠʶʥʺʡ ʤʡʥʨ ʤʮʠʺʤ ʭʤ ʭʢ, ʭʲ ʹʸʴʤʬʹ ʲʶʥʮʮ  0.48  ʭʸʢ)ʣʧʠ ʣʮʶ ʠʩʶʥʤʬ, ʥʡ ʧʥʥʨʤʹ 

 ʬʹ ʠʥʤ3.6 ʤʡʫʹʮ ʥʺʥʩʤ ʭʥʹʮ ʺʠʦʥ ʭʸʢ H3-10,ʨʰʥʡʸʷʤ ʦʥʫʩʸʡ ʤʩʬʮʥʰʠ ʤʬʩʫʮʤ  ,ʤʠʸʷʸʴ  

ʺʥʠʶʥʺ(. 

2.  ʬʹ ʺʸʦʥʧ ʤʱʮʤ11ʺʥʠʮʢʥʣ ,ʤʴʩʨʹʥ ʤʶʮʥʧ ʬʹ ʳʱʥʰ ʸʥʦʧʮʡ , ʪʠ ʸʮʥʧ ʬʹ ʤʱʮʤ ʪʹʮʤ ʤʺʠʸʤ 

ʤʰʨʷ ʺʥʮʫʡ ʸʣʱʡ ʪʸʲʡ-ʬʣʥʢ ʮʥʦʱʮʥʤʹ ʤ ʤʱʮʤʡ ʤʤʰʥʹʠʸ . ʤʱʮʤ ʸʥʦʧʮʡ ʱʮʥʤʹ ʸʮʥʧʤ ʺʩʶʷʸʴ

ʱʮʥʤʹ ʸʮʥʧʤ ʬʬʫ ʪʥʺʮ ʩʰʹ ,ʲ ʤʬʥʲ ʤʰʩʠ ʬ0.21ʭʸʢ \ʭʸʢ, ʠʥʤ ʲʶʥʮʮʤ ʤʫʸʲʥ 0.09ʭʸʢ \ʸʢʭ. 

3.5 .ʡʥʸʴʥʸʷʩʮ ʯʥʸʨʷʬʠ 
ʥ ʺʥʬʦʡ ʬʹ ʭʩʹʨʬʡʥ ʭʩʴʷʹʡ ʭʩʬʸʰʩʮ ʬʹ ʺʩʮʩʫ ʤʦʩʬʰʠʲʬʱ ʩʸʡʹʭʩʴʥʨʤʮ ,ʯʥʸʨʷʬʠ ʺʥʲʶʮʠʡ ʤʫʸʲʰ  

 ʢʥʱʮ ʡʥʸʴʥʸʷʩʮJeol JXA 8600ʵʸʠʤ ʸʥʣʫ ʩʲʣʮʬ ʯʥʫʮʡ  ,ʤʺʩʸʡʲʤ ʤʨʩʱʸʡʩʰʥʠ.  

 ʭʩʹʨʬʤʥ ʭʩʴʷʹʤ)ʩʱʷʥʴʠ ʺʷʩʶʩʡ ʥʹʷʥʤʹ ʲʬʱ ʺʥʠʮʢʥʣ (ʭʥʬʤʩ ʺʥʷʡʠʡ ʥʹʨʥʬ,ʯʮʧʴ ʥʴʥʶʥ  . ʺʥʠʮʢʥʣʤ

ʶʠʥʤʹ ʭʩʰʥʸʨʷʬʠ ʯʸʷʡ ʥʰʸʷʥʤʥ ʬʹ ʧʺʮʡ 15 keV (Accelerating Voltage) ʬʹ ʭʸʦʡ ~10 nA . ʩʰʸʷ

 ʤX ʪʹʮʡ ʥʣʣʮʰ 60 ʺʥʲʶʮʠʡ ʺʥʩʰʹ Energy Dispersive Spectrometry (E.D.S.) . ʺʥʣʥʱʩʤ ʩʱʧʩ

ʡʤʮʢʥʣ ʺʰʫʥʺʡ ʥʡʹʥʧ ZAF/Proza ʺʥʲʶʮʠʡ ʬʥʩʫ ʸʧʠʬʲʡʨ ʭʩʨʸʣʰʨʱ  ʬʹ ʭʩʩS.P.I..  



 20

3.6 . ʤʩʶʰʱʰʩʮʥʬʤ ʺʨʩʹʡ ʪʥʸʠʩʺ(OSL) 
 ʪʥʸʠʩʺʺʥʨʩʹʡ ʤʩʶʰʱʰʩʮʥʬʤ ʭʩʴʥʹʧ ʥʩʤ ʸʴʱʣʬʴʥ ʵʸʥʥʷ ʥʡ ʯʮʦʤ ʺʲʩʡʷ ʸʹʴʠʮ  ʤʰʥʸʧʠʤ ʭʲʴʡ ʺʰʩʸʷʬ

 ʥʠ ʹʮʹʬʭʥʧ .ʤʰʹ ʩʴʬʠ ʺʥʠʮ ʣʲʥ ʺʥʣʣʥʡ ʭʩʰʹʮ ʯʬʩʢʹ ʺʥʠʮʢʥʣ ʪʥʸʠʩʺʬ ʤʬʩʲʩ ʤʨʩʹʤ .ʰʱʰʩʮʥʬʶ ʤʩ

ʺʸʶʥʰ ʮ ʺʨʩʬʴʭʩʰʥʨʥʴʥʧʮ ʩʰʥʶʩʧ ʩʥʸʩʢʬ ʤʡʥʢʺʫ ʸʮ , ʺʮʢʥʣʭʩʠʺʮ ʬʢ ʪʸʥʠʡ ʸʥʠ ,ʭʥʧ ,ʵʧʬ , ʤʩʶʷʠʩʸ

ʺʩʮʩʫ,ʥʠ  ʺʩʨʰʢʮʥʸʨʷʬʠ ʤʰʩʸʷ )Lian, 2006 .(ʭʩʩʰʡʮ ʭʩʮʢʴ ʭʩʬʩʫʮ ʭʩʩʲʡʨ ʭʩʬʸʰʩʮ ʥʠ ʺʥʩʶʷʥʬʱʩʣ ʯʥʢʫ 

ʢʩʸʹʡ ʺʥʴʬʧʤ ,ʹʷʬʧʯʥʥʤʮ ʤ' ʺʥʣʥʫʬʮ 'ʭʩʰʥʸʨʷʬʠ . ʤʩʢʸʰʠ ʺʩʮʱʥʷ ʤʰʩʸʷʮʮʥʰʩʸʷʺ ,Į  ȕ ʥ-Ȗʬʴʰʤ  ʺʨ

 ʲʬʱʡ ʺʩʡʩʨʷʠʥʩʣʸ ʤʫʩʲʣ ʩʫʩʬʤʺʡʤʡʩʡʱʤ ʭʩʮʥʨʠʤ ʺʠ ʺʰʰʩʩʮ,ʭʩʸʸʧʺʹʮʤ ʭʩʰʥʸʨʷʬʠʤʥ  ʭʩʸʡʨʶʮ 

ʡʺʥʣʥʫʬʮ, ʤʰʩʸʷʤ ʺʥʮʫʮ ʸʦʢʰʤ ʡʶʷʡ ʡ ʺʲʢʥʴʤ ʪʹʮʥ ʹʩʡʢʤʴʩʹʧʤ .ʠʩ ʤʥʥʤʮ ʺʥʣʥʫʬʮʤ ʬʹ ʠʬʮ ʱʥʬʫ

ʣʥʣʮʬ ʤʨʩʹʤ ʺʬʢʥʱʮʹ ʯʮʦʬ ʯʥʩʬʲ ʬʥʡʢ .ʤʩʶʰʱʰʩʮʥʬʤʥʸʧʹʡ ʤʸʥʷʮ ʤʮʶʲ ʸʭʩʰʥʸʨʷʬʠʤ ʭʩʣʥʫʬʤ  

ʺʥʣʥʫʬʮʡ ,ʸʹʴʠʮʤ ʸʥʸʧʹʡʶʮʬ ʡʥʹʬ ʭʤʬ ʭ ʤ ʡʩʶʩʺʨʩʬʴ ʪʥʺʭʩʰʥʨʥʴ  .ʩʷʩʭʬʹ ʯʥʥʢʮ  ʺʥʣʥʫʬʮ ʹʩʡʢʡ, 

ʯʤʬʹ ʩʨʢʸʰʠʤ ʷʮʥʲʡ ʺʥʣʧʩʩʺʮʤ ,ʡʥ ʭʩʰʥʹ ʯʮʦ ʩʷʸʴʬ ʭʩʰʥʸʨʷʬʠ ʺʸʩʶʠ ʺʬʥʫʩʡʺʥʣʩʮʲʯ ʭʩʩʥʸʩʢ ʩʰʴʡ 

ʭʩʩʰʥʶʩʧ.  

ʤʹ ʸʴʱʣʬʴ ʥʠ ʵʸʥʥʷ ʬʲ ʡʥʸʬ ʺʥʲʶʡʺʮ ʤʩʶʰʱʰʩʮʥʬʤ ʺʥʣʩʣʮʨʰʮʩʣʱʤʮ ʣʸʴʥ .ʤ ʬʩʢʤʮʢʥʣ ʩʣʩ ʬʲ ʲʡʷʰ 

 ʬʹ ʤʣʩʣʮʺʸʡʨʶʮʤ ʤʰʩʸʷʤequivalent dose) (ʬʸʰʩʮʡ ,  ʩʣʩ ʬʲʩʲʡʨʤ ʬʰʢʩʱʤ ʸʥʦʧʹ , ʩʴʨʹʡ ʤʺʷʥʬʧʥ

ʤʰʩʸʷʤ ʭʩʩʺʡʩʡʱʤ (dose Rate). ʣʣʮʰ ʤʡ ʤʨʩʹʤʺʺʸʡʨʶʮʤ ʤʰʩʸʷʤ   ʤʰʥʫʮSingle Aliquot 

Regenerative (SAR) dose . ʺʸʹʴʠʮ ʤʨʩʹʤʤʣʩʣʮ ʭʢ ʬʹ  ʣʧʥʩʮʡ ʺʥʰʨʷ ʺʥʠʮʢʥʣ)Lian, 2006(. ʯʥʺʰ 

 ʤʦ ʡʥʹʧʭʸ ʺʫʩʸʡ ʬʹ ʤʸʷʮʡ , ʭʥʹʮ ʦʥʫʩʸʹ ʩʸʢʸʢʤʵʸʥʥʷ ʸʺʥʩʡ ʪʥʮʰ ʳʥʨʡ )ʩʴʬʠ ʣʲʥʺʮʢʥʣʮ ʺʳʥʨʤ  :

 ʬʹ ʬʣʥʢʡ ʤʺʩʩʤ ʸʺʥʩʡ ʤʰʨʷʤ ʤʮʢʥʣʤ0.01ʭʸʢ .(  

 ʹʹ ʥʴʱʠʰ ʺʥʠʮʢʥʣʮʳʥʨ ʺʥʡʫʹʭʩʬʥʱʥʠʩʬʴʥ  ʭʩʴʥʹʧʤʭʸ ʺʫʩʸʡ ʡʩʡʱ  . ʪʸʲʰ ʭʥʢʩʣʤʤʬʴʠʡ, ʺʧʺ ʩʥʱʩʫ ,

ʹʮʹʬ ʤʮʢʥʣʤ ʺʴʩʹʧ ʺʲʩʰʮʬ ,ʬ ʤʺʩʤ ʤʬʥʬʲʹʤ ʬʰʢʩʱ ʱʥʴʩʠʬ ʭʥʸʢ-OSL . ʭʥʨʠ ʯʥʬʩʩʰʡ ʥʮʹʥʤ ʺʥʠʮʢʥʣʤ

)ʥ ʸʥʠʬʬʸʩʥʥʠ.( ʺʥʰʩʸʷ ʬʹ ʤʮʥʸʺʤ ʡʥʹʩʧʮ ʥʬʡʷʺʤ ʭʩʩʺʡʩʡʱʤ ʤʰʩʸʷʤ ʩʴʨʹ Įʥ -ȕ,  ʩʴʬ ʦʥʫʩʸ  ʺʥʣʥʱʩʤ

 ʭʩʩʡʩʨʷʠʥʩʣʸʤʨʰʮʩʣʱʡ) 238U, 232Thʥ -40K( . ʺʠʮʥʸʺʤ ʬʹ ʤʥ ʺʩʮʱʥʷʤ ʤʰʩʸʷʤ ʬʹʤ ʺʰʩʸʷ-Ȗ ʭʩʣʣʥʮ 

ʤʰʥʮ ʺʸʦʲʡ ʤʣʹʡ  Ȗ) ʢʥʱʮ ʸʥʨʬʩʨʰʩʱPM-11( . ʺʬʥʫʺ ʺʠ ʺʲʣʬ ʪʩʸʶ ʤʰʩʸʷʤ ʩʴʨʹ ʺʠ ʷʩʥʣʮʡ ʡʹʧʬ ʩʣʫ

ʨʰʮʩʣʱʡ ʭʩʮʤ ,ʥʥʩʫʮʯʤʥʡʢ ʤʲʩʬʡ ʭʩʮʬʹ ʤ ʬʹ ʤ ʺʰʩʸʷ-Ȗ . ʤʬʩʷʹʥ ʹʥʡʩʡ ʺʩʬʷʹʮ ʤʡʹʥʧ ʭʩʮʤ ʺʬʥʫʺ

ʤʮʢʥʣʤʮ ʷʬʧ ʬʹ ʺʸʦʥʧ .ʥʮʫʡ ʤʠʩʢʹʤʭʩʮʤ ʺ ,ʨʰʮʩʣʱʡ ʺʥʧʬʤ ʩʦʥʧʠʡ ʭʩʩʺʰʥʲ ʭʩʩʥʰʩʹʮ ʺʲʡʥʰʤ, ʤʮʶʮʥʶ 

ʷʮʥʲʬ ʤʸʩʴʧ ʪʥʺʮ ʸʮʥʧ ʬʹ ʭʥʢʩʣ ʩʣʩ ʬʲ,ʭʥʢʩʣʤ ʺʣʥʷʰʡ  . ʸʣʧʡ ʤʫʸʲʰ ʤʩʶʰʱʰʩʮʥʬʤ ʺʥʠʮʢʥʣ ʬʲ ʤʣʥʡʲʤ

ʤʮʥʮʲ ʤʮʥʺʫ ʤʸʥʠʺ ʭʲ,ʩʢʥʬʥʠʩʢʤ ʯʥʫʮʤ ʺʣʡʲʮʡ  .ʸʡʲ ʺʥʠʮʢʥʣʤʥ ʡʥʨʸ ʩʥʴʩʰ ʡ ʭʩʸʢʸʢʤ ʩʥʶʩʮʬʬʣʥʢ74-

210 ȝm  .ʤʥʸʹʥʤ ʺʥʠʮʢʥʣ ʮ ʤʬʲʮʬ ʪʹʮʡ-24ʺʥʲʹ ʥʸʣʩʤ ʤʱʩʮʺʡ -ʺʩʸʥʬʫ) HCl 10% (ʯʫʮ ʸʧʠʬʥ 

ʰʴʨʹʥ ʥʸʡʲʥʡ ʸʥʰʺʡ ʭʩʮʩ ʸʴʱʮ ʬʹ ʹʥʡʩʩ -50ºC ,ʤ ʬʰʢʩʱʡ ʺʲʢʥʴ ʠʬʹ ʤʸʥʨʸʴʮʨ-OSL . ʹʡʩʤ ʸʮʥʧʤ

ʤʥʺʩʨʰʢʮ ʣʸʴ)  ʬʹ ʣʩʸʴʮʡFranz( ʬʹ ʭʸʦʡ ʤʸʹʥʮ ʤʣʹʡ 1.5 Ampʸʠʹʮ ʵʸʥʥʷʤ ʩʸʢʸʢ ʺʠ ʣʣʥʡʬ ʩʣʫ  

ʭʩʬʸʰʩʮʤ .ʣʸʴʥʤʹ ʵʸʥʥʷʤ ʺʶʮʥʧʡ ʤʸʹʥʤ HFʺʦʫʥʸʮ ) 40%(ʺʥʷʣ ʭʩʲʡʸʠ ʪʹʮʬ ,ʪʸʥʶʬ  ʤʱʮʺ 

 ʺʥʩʸʠʹʸʴʱʣʬʴʤ ʥʵʸʥʥʷʤ ʩʸʢʸʢ ʬʹ ʩʰʥʶʩʧʤ ʭʷʬʧ .ʤʣʣʮʰ ʯʤʡʥ ʣʡʬʡ ʵʸʥʥʷʤ ʩʸʢʸʢ ʺʥʡʩʬ ʥʸʺʥʰ ʤʦ ʯʴʥʠʡ 

ʤʩʶʰʱʰʩʮʥʬʤ. 
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4 .ʺʥʠʶʥʺ 
4.1 .ʩʢʥʬʥʠʩʢ ʩʥʴʩʮ ,ʲʷʸʷʤ ʺʺʥ ʤʩʴʸʢʩʨʸʨʱ 

 
ʸʥʩʠ 5 : ʤʴʮʥʠʩʢʭʸ ʺʫʩʸʡ ʬʹ ʺʩʢʥʬ .ʮ ʤʴʮʡ ʭʩʮʸʫ ʺʬʦʡ ʬʹ ʯʥʮʩʱʤʩʩʺʤʰʥʩʬʲ ʭʩʮʸʫ ʺʬʦʡʬ ʱʧ . ʤʰʥʺʧʺ ʭʩʮʸʫ ʺʬʦʡ

ʤ ʡʸʲʮ ʯʥʴʶʡ ʩʫʰʠ ʳʥʹʧʮʮ ʺʸʫʥʮʤʫʩʸʡʤʴʮ ʨʡʮʡ ʺʩʠʸʰ ʤʰʩʠʥ .  

4.1.1 .ʤʣʹ ʩʱʧʩʥ ʲʬʱʮʤ ʺʥʣʩʧʩ 
ʫ ʬʹ ʸʥʦʠʭʩʸʹʲʮʷ "ʩʮ ʤʰʷʡ ʤʴʥʮ ʭʸ ʺʫʩʸʡʬ ʡʩʡʱʮ ʸ ʬʹ ʤʣ1:5,000)  ʸʥʩʠ5 .( ʪʺʧʤ ʬʹ ʥʩʡʥʲ

ʤ ʺʡʩʡʱʡ ʩʰʷʬʥʥʤʤʫʩʸʡ ,ʭʩʸʨʮ ʺʥʠʮʬ ʭʩʸʥʴʱ ʭʩʸʨʮ ʯʩʡ ʲʰ , ʺʲʡ ʤʴʩʸʧ ʤʩʴʸʢʥʴʥʨ ʬʲ ʤʣʩʲʮʤ ʤʣʡʥʲ

ʤʣʡʸʤʤ .ʸʺʠʡ ʤʧʬʷʹ ʤʰʥʹʠʸʤ ʺʬʦʡʤ , ʠʩʤ ʺʩʸʨʰʮʩʣʱʤ ʺʩʺʹʺʤ ʬʲ' ʺʬʦʡ17 ') ʭʩʰʩʩʴʠʮ ʺʬʲʡ ʺʬʦʡ

ʤʬ ʭʩʩʣʥʧʩ ,ʥʤ ʥʩʴ ʬʲ ʳʷʹʤ ʭʹʡ ʤʩʥʸʷʤʤʰʥʹʠʸʬ ʤʸʣʢ .( ʺʥʬʦʡ ʳʥʨʡ ʭʩʨʰʮʢʸʴʫ ʺʥʩʥʶʮ ʥʦ ʺʬʦʡʬ ʳʱʥʰʡ

006ʥ -15ʸʥʸʡ ʥʰʩʠ ʩʴʸʢʩʨʸʨʱʤ ʪʺʧʡ ʯʮʥʷʩʮʹ  , ʺʥʷʩʺʲ ʯʤ ʩʫ ʲʩʶʮ ʧʨʹʤ ʩʰʴʡ ʭʩʴʥʹʧʮʡ ʯʸʣʲʤ ʪʠ

ʺʥʴʥʹʧʤ ʺʥʬʦʡʤʮ . ʣʡʬʡ ʲʷʸʷʤ ʺʺʮ ʭʩʧʥʬʩʷʫ ʺʥʸʫʥʮ ʯʤʥ ʧʨʹʤ ʩʰʴʡ ʺʥʴʥʹʧ ʯʰʩʠ ʥʬʠ ʺʥʣʩʧʩ ʹʥʬʹ

)ʤʠʸʸʷʤ ʺʺ ʷʸʴ ʺʺ ʭʸ ʺʫʩʸʡ ʸʥʦʠʡ ʲʷ .( ʺʬʦʡ ʠʩʤ ʭʸ ʺʫʩʸʡ ʸʥʦʠʡ ʤʴʥʹʧʤ ʸʺʥʩʡ ʤʮʥʣʷʤ ʺʬʦʡʤ

ʤʰʥʺʧʺ ʭʩʮʸʫ .ʤ ʧʸʦʮ ʯʥʴʶʡ ʤʴʥʹʧ ʥʦ ʺʬʦʡʤʫʩʸʡʡ ʤʫʸʠʥʺ ʠʩʤʥ -Ar-Arʬ -470 ka) Feraud et al., 

1983 .(ʩʬʥʠʬʴ ʭʩʬʫ ʤʬʩʫʮʤ ʬʥʱʥʠʬʴ ʺʡʫʹ ʤʩʥʶʮ ʤʰʥʺʧʺ ʭʩʮʸʫ ʺʬʦʡ ʬʲʩʺ ʭʩʮʸʫ ʺʬʦʡ ʺʧʰʥʮ ʤʩʬʲʥ ʭʩ

ʬʲ ʤʬʩʢʹ ʤʰʥʩ ka3±223) Feraud et al., 1983; Goren-Inbar, 1985 .( ʺʠ ʤʺʱʩʫ ʤʰʥʩʬʲ ʭʩʮʸʫ ʺʬʦʡ

ʥʺʡʩʡʱʥ ʸʠʠʮʤ ʧʨʹ ʬʫ)  ʸʥʩʠ5( .ʸʠʠʮʤ ʡʸʲʮ ʭʥʸʣʡ ,ʤʰʥʩʬʲ ʭʩʮʸʫ ʺʬʦʡ ʬʲ,ʮ ʩʥʶʭʣʥʠ ʺʩʸʥʷʱ ʨʥʸʧ , 
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 ʺʬʦʡ ʬʹ ʺʥʩʦʥʸʨʰʩʠ ʩʣʩ ʬʲ ʸʥʣʧʤʩʸʥʴʲʩ) ʸʥʩʠ 6( .ʺʬʦʡʷʩʩʣʫ ʤʲʩʴʥʮ ʩʸʥʴʲʩ ʭʩʩʫʰʠʥ ʭʩʩʷʴʥʠ ʭʩ , ʭʷʬʧʹ

 ʤʩʸʥʷʱʤ ʳʥʢʬ ʤʺʶʥʴʺʡ ʺʬʡʢʥʮ ʠʩʤʥ ʺʥʣʺʩʩʺʤ ʥʠ ʤʩʶʨʰʮʢʱ ʭʩʠʸʮʣʡʬʡ) ʸʥʩʠ 5( .ʡʸʲʮʮ ʨʥʸʧʬ 

ʯʥʩʦ ʯʩʲ ʺʬʦʡ ʩʧʥʬʩʷ ʬʹ ʺʩʺʬʦʡ ʤʮʸ ʤʩʥʶʮ ʤʩʸʥʷʱʤ,ʭʩʰʥʹ ʭʩʧʥʬʩʷ ʬʹ ʡʸ ʸʴʱʮʮ ʺʡʫʸʥʮʤ  . ʭʮʥʷʩʮ

ʤʣʹʤ ʩʱʧʩʮ ʸʥʸʡ ʣʩʮʺ ʥʰʩʠ ʩʴʸʢʩʨʸʨʱʤ .ʮ ʸʠʠʮʬ ʭʥʸʣʮ ʭʩʮʸʫ ʺʬʦʡ ʺʠ ʯʥʥʩʦ ʯʩʲ ʺʬʦʡ ʩʧʥʬʩʷ ʭʩʱʫ

ʤʬ ʭʩʸʧʥʠʮ ʭʤʥ ʤʰʥʩʬʲ,ʭʩʧʥʬʩʷ ʸʴʱʮʡ ʸʡʥʣʮʥ ʸʧʠʮ ʪʠ ,ʭʩʮʸʫ ʺʬʦʡʬ ʭʩʮʣʥʷ ʳʠ ʭʤʮ ʷʬʧʹ ʯʫʺʩ  .

 ʤʣʲʱʮ ʧʥʣʩʷʡ3ʺʥʬʦʡ ʥʠʶʮʰ  ,ʯʥʥʩʦ ʯʩʲ ʺʥʬʦʡʬ ʯʤʬʹ ʤʩʴʸʢʥʸʨʴʡ ʺʥʮʥʣʤ , ʺʬʦʡ ʬʲʮʥ ʤʩʸʥʷʱʤ ʬʺ ʺʧʺ  

17 ) ʸʥʩʠ9( .ʩʸʨʰʮʩʣʱʤ ʭʩʲʬʱʤʭʩ ,ʩʸʥʴʲʩ ʺʬʦʡ ʺʠ ʬʬʥʫʤ ʤʩʸʥʷʱʤ ʨʥʸʧʥ ʤʰʥʩʬʲ ʭʩʮʸʫ ʺʬʦʡ, ʭʩʱʥʫʮ 

ʡʩʠ-ʮʠʺʤʭʸ ʺʫʩʸʡ ʳʥʨʡ ʤ, ʭʩʨʰʮʢʸʴ ʬʩʫʮʤ ʬʫ ʬʹʺʥʣʩʧʩʤ ʺʥʩʰʷʬʥʥʤ ʥʸʫʦʥʤʹ  . ʺʥʡʫʹ ʬʹ ʺʥʧʺʥʴʮ

ʩʠʩʸʥʷʱʥ ʩʨʩʸʷʬʷ ʬʥʱʥʠʬʴ ʤʮʠʺʤʡ ʤʩʸʥʷʱʬʥ ʭʩʩʸʨʰʮʩʣʱʤ ʭʩʲʬʱʬ ʳʥʨʤ ʯʩʡ ʺʥʩʥʶʮ . ʸʲʱ ʺʬʦʡ ʧʥʬʩʷ

ʤ ʺʠ ʤʱʫʮʤ ʸʥʦʠʡ ʸʺʥʩʡ ʸʩʲʶʤ ʩʰʷʬʥʥʤ ʲʴʥʮʤ ʠʥʤʥ ʸʠʠʮʬ ʡʸʲʮʮ ʳʥʨʤʫʩʸʡ.  

  
  

ʸʥʩʠ 6 :ʭʣʥʠ ʤʩʸʥʷʱʡ ʸʥʣʧ ʩʸʥʴʲʩ ʺʬʦʡ ʬʹ ʷʩʩʣ , ʸʠʠʮʤ ʡʸʲʮ ʭʥʸʣ
)271566-792953.(  
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4.1.2 .ʭʸ ʺʫʩʸʡ ʸʥʦʠʡ ʲʷʸʷʤ ʺʺ  
 ʭʸ ʺʫʩʸʡ ʺʡʩʡʱʡ) ʱʥʩʣʸʡ1,500ʭʩʸʨʮ  (ʩʧʥʣʩʷ ʸʹʲ ʣʧʠ ʥʧʣʷʰʭ ,ʤʺ ʩʣʩ ʬʲ ʥʧʣʷʰ ʤʹʹ" ʸʷʧʮʬ ʬ

 ʺʩʴʶʺʥ)P-8, P-7, P-6, P-5, P-4, P-1 ( ʩʣʩ ʬʲ ʤʹʩʮʧʥ'ʺʥʸʥʷʮ' : ʭʸ ʺʫʩʸʡ-2 ,ʥ-3 ʤʣʲʱʮ ʩʧʥʣʩʷʥ 1-3 

) ʭʩʸʥʩʠ7 ,8.( 

  
 ʸʥʩʠ 7 : ʭʩʩʣʥʮʲʤ ʭʩʫʺʧʤ ʭʥʷʩʮ ʺʴʮ)ʷʥʸʩ ( ʭʩʧʥʣʩʷʤ ʩʸʺʠ)ʡʥʤʶ ( ʸʥʩʠ ʬʹ ʷʮʥʲʤ ʪʺʧ ʥʷʥ9) ʭʥʣʠ.(  

  

 ʺʥʠʮʢʥʣʮ ʭʩʴʷʹ ʥʷʣʡʰʥ ʥʰʫʥʤʥ ʭʩʧʥʣʩʷʤ ʺʥʧʥʣ ʥʣʡʥʲʥ ʥʸʷʱʰ ʺʩʧʫʥʰʤ ʤʣʥʡʲʤ ʺʸʢʱʮʡcuttings ʩʧʥʣʩʷʮ 

ʭʸ ʺʫʩʸʡ-2 ,ʤʣʲʱʮ-2ʤʣʲʱʮʥ -3)  ʭʩʸʥʩʠ7 ,8 ,9 .( ʸʱʥʧ ʠʥʤ ʭʩʢʥʬʤʥ ʺʥʧʥʣʤ ʺʠʥʥʹʤʡ ʤʬʲʹ ʩʹʥʷ

ʥʣʡ ʤʬʹ ʸʥʠʺʬ ʤʩʢʥʬʥʺʩʬʤ ʯʩʡ ʤʮʠʺʤ"ʧ .ʩʥʨʩʡ ʩʣʩʬ ʠʡ ʤʮʠʺʤʤ ʸʱʥʧ ʧʥʰʩʮʡ ʹʥʮʩʹʡ 'ʳʥʨ ' ʬʬʫ ʸʥʡʲ

ʥʸʩʴʤ ʭʩʲʬʱʤʩʨʱʠʬʷ ʪʺʧʡ ʭʩ)ʩʬʩʴʬ-ʳʥʨ ,ʤʩʸʥʷʱʥ ʳʥʨ .(ʷʣ ʳʥʨ ʯʤʹ ʺʥʡʫʹ ʩʫ ʯʫʺʩ ʯʫ ʥʮʫ ,ʥʸʣʢʥʤ , ʬʹʡ

ʯʥʩʮʣʤ ,ʺʥʩʱʸʧʫ . ʸʥʩʠ8 ʡʸʲʮ ʭʥʸʣʮ ʭʸʥʣʩʱ ʩʴʬʥ ʺʥʧʥʣʡ ʩʢʥʬʥʺʩʬʤ ʭʸʥʠʩʺ ʩʴ ʬʲ ʭʩʧʥʣʩʷʤ ʺʠ ʢʩʶʮ 

ʧʸʦʮ ʯʥʴʶʬ .ʡʺʥʧʥʣʡ ʤʮʠʺʤʤ ʸʱʥʧ ʬʹ,ʥʸʩʴʤ ʭʩʲʬʱʤ ʬʬʫ ʯʠʫ ʭʩʢʶʥʮ ʩʨʱʠʬʷʤʸʴʨʫ ʭʩ.  
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ʸʥʩʠ 8 :ʭʩʧʥʣʩʷʤ ʺʥʧʥʣʡ ʸʠʥʺʮʤ ʩʴ ʬʲ ʭʸ ʺʫʩʸʡ ʺʡʩʡʱʡ ʭʩʧʥʣʩʷʤ ʬʹ ʩʢʥʬʥʺʩʬ ʸʥʠʺ .ʭʩʫʺʧʤ ʤʲʥʶʸ ʪʸʥʠʬ ʭʩʱʥʸʴ 

ʭʩʧʥʣʩʷʤ ʬʫ ʪʸʣ ʧʸʦʮ ʯʥʴʶʬ ʡʸʲʮ ʭʥʸʣʮ ʺʸʡʥʲʤ .ʥʸʩʴʤ ʺʥʡʫʹʤʩʨʱʠʬʷ ʺʥʺʥʢʶʥʮʤʸʴʨʫ .ʪʺʧʤ ʬʲ  ,ʺʥʰʮʥʱʮ ,ʯʸʺʠʡ ,
 ʺʥʬʦʡ17ʯʥʩʦ ʯʩʲʥ  ,ʮ ʥʰʫʥʤʹ ʭʩʴʷʹʡ ʥʸʣʢʥʤʹʩʰʩʲʬʢ ʭʸ ʺʫʩʸʡ ʭʩʧʥʣʩʷʤ 2 ʤʣʲʱʮʥ 3 .  

 ʧʥʣʩʷʺʫʩʸʡ ʭʸ 3 ,ʫ-1500ʮ  'ʤʫʩʸʡʤ ʦʫʸʮʬ ʧʸʦʮ ʯʥʴʶʮ , ʸʣʧ215ʺʩʸʨʰʮʩʣʱ ʺʩʺʹʺ ʬʹ ʸʨʮ  . ʭʩʧʥʣʩʷ

P7ʥ ʺʫʩʸʡ ʭʸ 2 ,ʫ ʭʩʮʷʥʮʮʤ-1000ʮ  'ʬ ʤʰʥʴʶʤ ʦʫʸʮʤʫʩʸʡʣʥ ʭʥʸ-ʬ ʺʩʡʸʲʮʺʫʩʸʡ ʭʸ 3 ,) ʸʥʩʠ7 (

 ʬʹ ʷʮʥʲʡ ʺʩʸʨʰʮʩʣʱʤ ʺʩʺʹʺʤ ʢʢ ʬʠ ʥʲʩʢʤ49ʥ -65ʤʮʠʺʤʡ ʸʨʮ  , ʤʱʥʫʮʤ ʩʺʬʦʡ ʪʺʧ ʥʸʣʧʹ ʩʸʧʠ

ʺʥʩʱʸʧʡ .ʤ ʬʠ ʭʩʡʥʸʷʤ ʭʩʧʥʣʩʷʤʤʫʩʸʡ) ʺʥʧʴʮ -1000ʮ  'ʤʦʫʸʮʮ ( ʧʸʦʮ ʯʥʴʶʮ)P4, P5( , ʡʸʲʮ ʯʥʴʶʮ

)P6 ( ʡʸʲʮ ʭʥʸʣʮʥ)P1 ʤʣʲʱʮʥ 2 (ʺʧʡ ʭʩʰʩʩʴʠʺʮʥʸʩʴ ʪʩʨʱʠʬʷ ʩʡʥʲʡ  ʤʰʺʹʮ)12 ʣʲ 53ʮ '(, ʤʱʫʮʤ 

ʺʬʦʡ ʩʧʥʬʩʷ ʭʲ ʲʡʶʠʺʮ ʥʠ .ʤʫʩʸʡʬ ʭʩʡʥʸʷʤ ʭʩʧʥʣʩʷʤ ʯʩʡ ʢʩʸʧʠʥʤ   ʧʥʣʩʷ6P ʤʫʩʸʡʤ ʡʸʲʮ ʯʥʴʶʡ  ,

ʸʣʥʧʹ ʺʩʱʧʩ ʷʣ ʩʺʬʦʡ ʪʺʧ ) ʬʹ ʸʡʨʶʮ ʩʡʥʲʡ14ʮ 'ʣʡʬʡ (. ʧʥʣʩʷʤʦ ʧ ʥ ʺʩʸʨʰʮʩʣʱʤ ʺʩʺʹʺʤ ʬʠ ʸʣ

 ʺʩʱʧʩ ʣʥʣʸ ʷʮʥʲʡ)98ʮ '.( ʩʰʹ ʺʩʱʧʩ ʭʩʷʥʮʲ ʭʩʧʥʣʩʷ ) ʤʣʲʱʮ3 - 258ʥ ʸʨʮ -P8 - 186ʸʨʮ  (
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 ʸʠʠʮʤ ʪʥʺʡ ʭʩʮʷʥʮʮʤ) ʸʥʩʠ7( ,ʤʰʥʹ ʪʺʧ ʭʩʢʩʶʮ . ʤʣʲʱʮ ʧʥʣʩʷʹ ʣʥʲʡ3 ʣʲ ʺʩʱʸʧʥ ʺʬʦʡ ʩʴʥʬʩʧ ʸʣʥʧ 

 ʷʮʥʲʡ ʺʩʸʨʰʮʩʣʱʤ ʺʩʺʹʺʤ ʬʠ ʥʲʩʢʤ200ʸʨʮ  , ʧʥʣʩʷ8Pʸʠʠʮʤ ʦʫʸʮʡ ʩʥʶʮʤ  , ʸʣʥʧ88 ʬʹ ʸʨʮ 

ʯʺʧʺʮʹ ʺʥʩʮʢʠ ʺʥʩʱʸʧ 58ʥʸʩʴ ʸʮʥʧ ʬʹ ʸʨʮ ʩʨʱʠʬʷʤʮʸʨʠʩʣʤ ʨʥʸʧ ʺʠ ʠʬʮʮʤ  . ʧʥʣʩʷP8 , ʬʠ ʲʩʢʮ

 ʬʹ ʷʮʥʲ186ʥʸʩʴʤ ʸʮʥʧʤ ʺʧʺ ʺʬʦʡ ʸʣʥʧ ʠʥʤʹʫ ʸʨʮ ʩʨʱʠʬʷ , ʺʩʺʹʺʤ ʬʠ ʲʩʢʮ ʥʰʩʠ ʩʫ ʲʶʥʮʥ

ʹʮ ʺʩʸʨʰʮʩʣʱʤʸʠʠʮʤ ʬʹ ʤʮʸʨʠʩʣʡ ʸʥʣʧ ʠʥʤʹ ʭʥ.  

 ʸʥʩʠʡ ʭʩʢʥʬʤ ʩʰʥʺʰ ʩʴ ʬʲ8 ,ʭʩʴʷʹʤ ʧʥʺʩʰ , ʤʣʹʤ ʩʰʥʺʰʥ)ʥʩʠ ʸ5 ( ʧʸʦʮ ʯʥʴʶ ʩʬʬʫ ʯʥʥʩʫʡ ʪʺʧ ʸʩʥʶ– 

ʡʸʲʮ ʭʥʸʣ ,ʤ ʪʸʣʤʫʩʸʡ)  ʸʥʩʠ9 .( ʬʬʥʫ ʸʥʩʠʤʤʩʸʥʷʱʬ ʳʥʨ ʯʩʡ ʤʰʧʡʠ, ʬʲ ʺʱʱʥʡʮʤ ʧʥʺʩʰ ʩʰʥʺʰ ʬʹ 

ʤʣʹʤ .ʩʥʥʦʬʥ ʩʸʲʦʮʤ ʷʮʥʲʬ ʬʥʡʢ ʺʲʩʡʷ ʥʡ ʹʩʥ ʤʮʸʨʠʩʣ ʢʩʶʮ ʸʥʩʠʤʺ ʨʥʸʧ ʬʹ ʭʩʩʸʹʴʠʤ ʸʺʥʩʡ ʤʡʧʸʤ 

ʤʮʸʨʠʩʣʤ . ʺʥʬʥʡʢ ʭʤ ʥʬʬʤ ʭʩʣʮʩʮʤʣʡʬʡ, ʥʰʩʠ ʪʺʧʤʹ ʭʥʹʮ  ʸʡʥʲʤʮʸʨʠʩʣʤ ʬʹ ʤʦʫʸʮʡ ʧʸʫʤʡ . ʪʺʧʤ

ʤ ʸʥʦʠʡ ʲʷʹ ʺʥʠʶʮʤʥ ʺʩʸʨʰʮʩʣʱʤ ʺʩʺʹʺʡ ʭʥʣʷ ʨʩʬʡʺ ʬʲ ʣʩʲʮʤʫʩʸʡ .ʤ ʸʥʦʠʡ ʲʷʹʤʤʫʩʸʡʫʡ ʪʥʮʰ -

200ʤʮʸʨʠʩʣʤ ʤʸʲʴʰ ʭʫʸʣʹ ʺʥʬʦʡʤ ʩʧʥʬʩʷʡ ʠʬʮʺʤ ʠʥʤʥ ʩʸʥʴʲʩ ʺʲʷʡʬ ʺʩʱʧʩ ʸʨʮ .  

 ʺʬʦʡ17ʨʡ ʭʩʨʰʮʢʸʴʮ ʭʩʴʷʹʡ ʤʸʣʢʥʤ ʤʥʡʢ ʺʥʧʩʫʹʡ ʭʡ ʤʠʶʮʰʥ ʳʥ)  ʬʹ ʤʩʮʩʫʤʥ ʤʩʢʥʬʥʸʨʴʤ ʤʠʸ

ʭʸ ʺʫʩʸʡ ʸʥʦʠʡ ʺʥʬʦʡʤ ,ʪʹʮʤʡ( ,ʤʮʸʨʠʩʣʤ ʬʬʧ ʬʹ ʩʺʥʲʮʹʮ ʡʩʫʸʮ ʤʺʩʩʤ ʩʫ ʤʲʩʶʮʤ ʺʩʴʶʺ . ʥʦ ʺʬʦʡ

)17 ( ʭʩʧʥʣʩʷʡ ʭʢ ʤʺʤʥʦ' ʭʸ ʺʫʩʸʡ2 ' ʭʩʷʮʥʲʡ22 ʣʲ 47ʥ ʸʨʮ ' ʤʣʲʱʮ3 ' ʭʩʷʮʥʲʡ73 ʣʲ 88 ʸʨʮ 

) ʭʩʸʥʩʠ8 ,9 .(ʥʥʩʫʮʯ  ʺʬʦʡ ʱʩʱʡ ʭʢʥ ʢʢ ʭʢʹ17 , ʭʸ ʺʫʩʸʡ ʧʥʣʩʷʡ ʸʺʥʩ ʭʩʤʥʡʢ ʧʸʫʤʡ2 ʤʣʲʱʮʬ ʱʧʩʡ 

3 ,ʥʥ ʺʥʩʤʤ ʺʬʦʡʤ ʬʹ ʯʥʺʧʺʤ ʧʥʬʩʷʤ ʱʩʱʡʥʦ ʭʸ ʺʫʩʸʡ ʧʥʣʩʷʡ ʺʩʸʨʰʮʩʣʱʤ ʺʩʺʹʺʤ ʬʲ ʧʰʥʮ 2 , ʯʺʩʰ

ʸʮʥʬ, ʺʬʦʡ ʧʥʬʩʷ ʩʫ 17 ʩʫʥ ʺʩʸʨʰʮʩʣʱʤ ʺʩʺʹʺʤ ʬʹ ʩʴʸʢʥʴʥʨʤ ʲʷʹʤʮ ʷʬʧ ʺʥʧʴʬ ʠʬʩʮʹ ʠʥʤ ʤ ʧʥʬʩʷ

ʣʬ ʧʸʦʮ ʯʥʴʶʮ ʪʸʲʡ ʭʸʦʡʸʲʮ ʭʥʸ ,ʭʥʣʷʤ ʷʮʲʤ ʣʸʥʮʡʥ ʪʸʣ.  

  
 

  
ʸʥʩʠ 9 : ʧʸʦʮ ʯʥʴʶ ʯʥʥʩʫʡ ʪʺʧ–ʡʸʲʮ ʭʥʸʣ  , ʤʫʩʸʡʤ ʪʸʣ)itm 222380/294440 – 221500/292246 .( ʭʩʷʧʸʮʤ

 ʭʩʩʰʥʩʶʸʥʴʥʸʴ ʭʩʧʥʣʩʷʤ ʯʩʡ ʭʩʩʷʴʥʠʤʪʺʧʤ ʸʥʹʩʮ ʬʲ ʩʫʰʠ ʬʨʩʤʬ.  

 ʧʸʦʮ ʯʥʴʶ
272380/794440 

ʡʸʲʮ ʭʥʸʣ  
271500/792246 
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4.2 .ʬʥʸʨʴʤʤ ʬʹ ʤʩʮʩʫʤʥ ʤʩʢʥʭʸ ʺʫʩʸʡ ʸʥʦʠʡ ʺʥʬʦʡ 
4.2.1 .ʤʩʴʸʢʥʸʨʴ 

ʺʥʰʥʹ ʺʥʬʦʡʮ ʭʩʩʺʬʦʡ ʭʩʨʰʮʢʸʴ ʠʥʤ ʳʥʨʡ ʩʸʷʩʲʤ ʡʩʫʸʮʤ .ʥʬʠ ʭʩʨʰʮʢʸʴʬ ʸʥʷʮʤ ʩʲʬʱ ʺʠ ʺʥʤʦʬ ʩʣʫʡ, 

ʤʫʩʸʡʤ ʺʡʩʡʱʡ ʺʥʴʥʹʧʤ ʺʥʬʦʡʤ ʬʹ ʤʩʮʩʫʤʥ ʤʩʴʸʢʥʸʨʴʤ ʥʣʮʬʰ, ʥʭʩʧʥʣʩʷʡ ʥʸʣʧʰʹ ʥʬʠ ʭʢ  . ʺʥʠʮʢʥʣ

 ʭʩʨʰʮʢʸʴʥ ʺʬʦʡ ʤʰʥʮʹʬ ʥʫʩʥʹʥ ʥʷʬʥʧʭʩʨʸʴ,ʤʩʰʩʩʴʠʮ ʩʴʬ ʭʭʩʩʴʸʢʩʨʸʨʱʤʥ ʭʩʩʴʸʢʥʸʨʴʤ  . ʯʺʩʰ ʠʬ

ʯʤʬʹ ʤʩʮʩʫʤ ʩʴ ʬʲ ʺʥʬʦʡʤ ʯʩʡ ʸʥʸʡ ʯʴʥʠʡ ʣʩʸʴʤʬ) ʪʹʮʤʡ ʤʠʸ( , ʭʬʥʠʤʩʴʸʢʥʸʨʴʤʸʹʴʠʮ ʤʣʸʴʤ ʺ 

ʥʬʦʡʬ ʳʥʨʡ ʭʩʨʰʮʢʸʴʤ ʬʹ ʪʥʩʹʥʺʥʰʥʹʤ ʺ)  ʧʴʱʰ ʤʠʸ1 ,ʭʸ ʺʫʩʸʡ ʺʥʬʦʡ ʬʹ ʩʴʸʢʥʸʨʴ ʸʥʠʺ( .ʩʬʣʡʤʤ ʭ

ʭʩʨʱʩʸʷʥʰʴʤ ʬʹ ʤʸʥʨʱʷʨʡʥ ʤʬʥʫʺʡ ʸʷʩʲʡ ʭʩʠʨʡʺʮ ,ʬ ʷʦʧ ʩʴʸʢʥʸʨʴ ʩʬʫ ʭʩʥʥʤʮʤʯʥʩʴʩʠ ʺʥʬʦʡʤ ʩʥʤʩʦʥ 

ʭʩʴʷʹʡ . ʥʷʣʡʰ ʤʰʧʡʠʬ ʭʩʬʥʷʩʹʤ ʯʩʡʷʬʧʤ ʭʩʨʱʩʸʷʥʰʴʤ ʬʹ ʩʱʧʩʤ ʱʷʩʸʨʮʤ ʬʥʮ , ʬʹ ʩʱʧʩʤ ʷʬʧʤ

ʭʩʨʱʩʸʷʥʰʴʡ ʭʩʰʥʹ ʭʩʬʸʰʩʮ , ʸʠʺʮʭʩʹʩʡʢʤ ,ʭʸʥʦʩʴ ʱʷʩʸʨʮʡ )ʢʸʢʠʫ ʥʠ ʭʩʣʣʥʡʫʭʩʨ (ʥ ʭʥʠʺ ʺʥʧʫʥʰ

)ʡʭʩʰʱʷʥʸʩʴ  .( ʭʩʡʫʸʤ ʬʹ ʡʧʸ ʯʥʥʢʮ ʠʶʮʰ ʺʥʣʩʧʩʤʮ ʷʬʧʡʹ ʸʧʠʮ ʤʸʣʢʤʬ ʭʩʬʩʲʩ ʺʥʧʴ ʱʷʩʸʨʮʤ ʩʹʩʡʢ

ʺʥʸʥʨʱʷʨʥ .  

ʺʥʬʦʡʤ ʬʫ , ʺʬʦʡ ʨʲʮʬ015, ʤʸʥʨʱʷʨʡ ʺʥʰʩʩʴʥʠʮ ʺʩʸʩʴʸʥʴ . ʠʥʤ ʭʩʨʱʩʸʷʥʰʴʤ ʬʹ ʩʰʩʩʴʥʠʤ ʭʬʣʥʢ0.5-1 

ʮ"ʮ ,ʮ ʸʺʥʩʬ ʭʩʲʩʢʮ ʭʤ ʭʩʺʩʲʬ ʪʠ-2ʮ "ʮ)  ʤʬʡʨ1 .(ʭʩʺʩʲʬ , ʩʰʩʩʴʥʠ ʬʣʥʢʡ ʭʩʨʱʩʸʷʥʰʴʥʸʷʩʮ ʭʢ ʭʩʮʩʩʷ

 ʬʹ0.05 ʣʲ 0.4ʮ "ʮ .ʭʩʨʱʩʸʷʥʰʴʤ ʳʱʠʮʭʩʨʱʩʸʷʥʰʴʥʸʷʩʮʤʥ ʯʩʡʩʬʥʠ ʬʬʥʫ  ,ʥʰʩʬʷʥ ʯʱʷʥʸʩʴʬʸʰʩʮ ʸʶʡ ʩ

 ʩʰʥʰʩʡ ʣʲ ʷʣ ʱʷʩʸʨʮ ʪʥʺʡʤ ʩʣʩ ʬʲ ʡʥʸʬ ʨʬʹʰʯʩʬʴʰʥ ʦʬʷʥʩʢʬʴʭʢ ʠʹʥʰʥ ʯʩʡʩʬʥʠ  ,ʥ ʯʱʷʥʸʩʴʬʸʰʩʮʸʶʡ ʩ .

ʩʡʫʸʤ ʩʨʩʸʥʣʸʡʬ ʩʦʬʷʥʩʢʬʴ ʡʫʸʤ ʧʩʫʹ ʺʥʬʥʣʢʤ ʺʥʮʦʩʸʴʡ ʸʹʠʫ ʭʩʹʩʡʢʤ ʬʣʥʢ ʭʲ ʭʩʰʺʹʮ ʸʴʱʣʬʴʤ 

(An 50-67) ʺʥʮʦʩʸʴʡʥ ʩʠʤ ʸʮʥʧʡʹʰ ʧʩʫʹ ʩʸʬʥʰʸʢʸʨ ʩʬʷʬʠʸʴʱʣʬʴʯʩʬʴʰʥ ) ʯʩʩʨʹʰʩʥ, 1992.(  

ʯʩʲʥ ʸʲʱ ʺʥʬʦʡ- ʯʥʩʦ) ʧʴʱʰ1 (ʬʹ ʭʩʨʱʩʸʷʥʰʴ ʺʥʧʫʥʰʡ ʥʦʬ ʥʦ ʺʥʮʥʣʥ ʤʫʩʸʡʬ ʺʩʡʸʲʮ ʺʥʴʥʹʧ 

ʷ ʦʬʷʥʩʢʬʴ ʬʹ ʺʥʬʥʣʢ ʺʥʮʦʩʸʴ ʬʩʫʮʤ ʱʷʩʸʨʮʡʥ ʭʠʥʺʮ ʯʱʷʥʸʩʴʥʰʩʬ) ʣʲ0.75ʮ "ʮ .( ʯʤʩʰʩʡ ʺʥʬʣʡʰ ʯʤ

ʸʲʱ ʺʬʦʡ ʬʹ ʭʩʨʱʩʸʷʥʰʴʡ ʯʩʡʩʬʥʠʤ ʬʹ ʺʥʩʨʰʰʩʮʥʣʡʥ ʺʥʧʫʥʰʡ . ʩʸʥʴʲʩ ʺʬʦʡ) ʧʴʱʰ1( , ʭʲ ʺʲʡʶʠʺʮʤ

ʭʥʸʣʤ ʤʣʩʶʡ ʤʩʸʥʷʱʤ- ʤʫʩʸʡʤ ʬʹ ʩʡʸʲʮ) ʸʥʩʠ5( ,ʭʩʨʱʩʸʷʥʰʴ ʺʨʩʬʹʡ ʺʰʩʩʴʠʺʮ ʭʩʲʩʴʥʮʤ ʯʩʡʩʬʥʠ ʬʹ 

ʡʱʥʸʴʺʤʬʥʣʢ ʭʩʬʣʢ ʺ ,ʣʣʥʡ ʸʨʮʩʬʩʮ ʣʲʥ ʸʨʮʩʬʩʮʤ ʺʩʸʩʹʲʮ ,ʡʫʸʤʡ ʺʸʫʩʰ ʺʥʰʥʹ ʤʠʸʮʥ/ ʺʸʥʨʱʷʨ

 ʱʷʩʸʨʮʤ)ʤʰʺʹʮ ʺʥʮʫʡ ʺʥʬʥʷʩʦʥʥ ʸʴʱʣʬʴ ʺʥʮʦʩʸʴ .( ʭʩʰʥʹ ʭʩʸʣʧʮʥ ʭʩʧʥʬʩʷʮ ʺʡʫʸʥʮ ʥʦ ʺʬʦʡ

ʤʩʸʥʷʱʡ ʭʩʡʬʥʹʮʤ . ʯʩʡʩʬʥʠ ʬʹ ʭʩʨʱʩʸʷʥʰʴʤ ʺʩʩʱʥʬʫʥʠʭʩʮʸʫ ʺʬʦʡʤʰʥʩʬʲ  ) ʧʴʱʰ1( ,ʤʰʩʤʩʡ -ʩʬʣʥʮ ʺ

ʠʩʤʥ ʮ ʺʡʫʸʥʮʬʹ ʬʣʥʢʡ ʭʩʨʱʩʸʷʥʰʴ 0.75-2.25 ʮ" ʮʥʮʬʣʢʡ ʭʩʨʱʩʸʷʥʰʴʥʸʷʩʮʭʩʬʹ  0.05 ʣʲ 0.4ʮ "ʮ. 

 ʺʬʦʡ ʺʰʩʩʴʥʠʮ ʯʫ ʥʮʫ ʥʦʡʥʰʴʥ ʭʩʺʩʬʥʰʱʷ ʺʥʧʫʥʰʬʥʡʩʴʮʠ ʬʹ ʭʩʨʱʩʸʷ .ʥʦʺʬʦʡʤ   ʯʬʥʢʤ ʺʮʸʡ ʤʣʩʧʩʤ

ʤ ʬʥʡʩʴʮʠ ʩʹʩʡʢ ʤʬʩʫʮ) ʭʩʨʸʴʬ ʭʩʴʱʥʰʠʸʬʥʡʩʴʮʠ ʷʸʴ ʤʭʸ ʺʫʩʸʡʡ (. ʭʩʮʸʫ ʺʬʦʡ  ʤʰʥʺʧʺ) ʧʴʱʰ1( 

ʩʺʩʬʥʠʬʴʤ ʸʺʠʤ ʸʥʦʠʡ ʤʫʩʸʡʤ ʡʸʲʮ ʯʥʴʶʡ ʺʴʹʧʰ )Goren-Inbar, 1985 (ʥ ʺʰʩʩʴʥʠʮʺʥʧʫʥʰʡ  ʺʥʮʦʩʸʴ

 ʦʬʷʥʩʢʬʴ ʺʥʬʥʣʢ) ʣʲ1.25ʮ "ʮ( ʯʩʡʩʬʥʠ ʬʹ ʭʩʡʸ ʭʩʨʱʩʸʷʥʰʴʥ . ʺʬʦʡ006 ) ʧʴʱʰ1 (ʤ ʺʬʦ006 ) ʧʴʱʰ1 (

 ʭʩʨʰʮʢʸʴʡ ʤʩʥʶʮʤʳʥʨʡ ,ʺʥʧʫʥʰʡ ʺʰʩʩʴʠʺʮʬʹ ʭʩʨʢʸʢʠ ʬʹ ʭʩʨʱʩʸʷʥʰʴ  ʥʰʩʬʷ ʭʩʰʱʷʥʸʩʴ ʺʥʲʴʥʺ ʭʲ

ʥ ʭʥʠʩʺʱʷʩʸʨʮʩʰʥʰʩʡ  ʸʱʧ ʺʥʮʦʩʸʴ, ʯʱʷʥʸʩʴ ʬʩʫʮʤ ,ʬʸʰʩʮʥ ʯʩʡʩʬʥʠʩʭʩʡʸ ʸʶʡ  . ʤʡʫʸʤʡ ʭʢ ʺʸʫʩʰ ʥʦ ʺʬʦʡ

 ʤʰʥʹʤ ʩʮʩʫʤ ʨʲʮʺʥʬʦʡʤ ʸʠʹʮ . ʭʲ ʺʥʧʴ ʺʧʺʥʴʮ ʠʩʤMg#=0.59ʩʩʰʲʥ ʺʩʱʧʩ ʤʥʡʢ ʪʸʲ ʠʥʤʹ ʤ 
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ʭʸ ʺʫʩʸʡʡ ʺʥʸʧʠʤ ʺʥʬʦʡʬ ʱʧʩʡ ʤʷʩʬʩʱʡ) ʪʹʮʤʡ ʤʠʸ.(  ʺʬʦʡ015)  ʧʴʱʰ1(  ʳʥʨʡ ʭʩʨʰʮʢʸʴʡ ʤʲʩʴʥʮ

ʺʰʩʩʴʠʺʮʥ ʸʣʲʤʡʭʩʨʱʩʸʷʥʰʴ  . ʺʥʮʦʩʸʴ ʺʥʸʫʩʰ ʥʦ ʺʬʦʡʡʸʴʱʣʬʴ ʺʥʡʸ ʥʸʥʨʱʷʨʥʩʫʸʨ ʺʥʩʨʺ . ʺʬʦʡ017 

) ʧʴʱʰ1 (ʩʣʩ ʬʲ ʺʨʬʹʰʯʱʷʥʸʩʴʥʰʩʬʷ ʬʹ ʭʩʨʱʩʸʷʥʰʴ ʥʸʧʠʤ ʯʮ ʺʬʣʡʰʥ ʯʩʡʩʬʥʠʥ  ʩʹʩʡʢ ʬʹ ʤʸʥʨʱʷʨʡ ʺ

ʯʱʷʥʸʩʴʤ ,ʭʢ ʭʩʴʬʧʥʮʤ ʭʤʩʬʥʹʡ ʹʩʡʢʤ ʯʩʲʬʢʡ ʭʢʥ .ʩʤ ʥʦ ʤʴʬʧʤʤʰʣʰʩʠ ʩʥ ʺʩʡʩʨʷ ʭʸ ʺʫʩʸʡ ʸʥʦʠʡ ʤʩʥʶʮ

 ʷʸʥʦ ʺʬʦʡʡ . ʺʬʦʡ017ʭʩʧʥʣʩʷ ʩʰʩʲʬʢʡ ʥʠʶʮʰ ʤʰʮʮ ʺʥʠʮʢʥʣʥ ʧʨʹʤ ʩʰʴʡ ʤʴʥʹʧ ʤʰʩʠ ,ʳʥʨʡ ʭʩʨʰʮʢʸʴʡ  

 ʪʥʺʡ ʭʩʬʫʥʮʤ ʭʩʣʥʣʸ ʭʩʺʩʬʥʰʱʷʡʥʬʲ ʭʩʮʸʫ ʺʬʦʡʤʰʥʩ.  

  
ʤʬʡʨ 1 :ʭʥʫʩʱ ʭʸ ʺʫʩʸʡ ʺʡʩʡʱʡ ʺʥʬʦʡʤ ʬʹ ʭʩʨʬʥʡʤ ʭʩʩʴʸʢʥʸʨʴʤ ʭʩʰʩʩʴʠʮʤ  

 ʺʬʦʡ ʢʥʱ /
ʭʩʰʩʩʴʠʮ  

% ʭʩʨʱʩʸʷʥʰʴ 
ʲʬʱʡ ʭʩʨʬʥʹ  

ʱʷʩʸʨʮ  ʺʥʸʲʤ  ʺʥʠʮʢʥʣʤ ʸʥʷʮ  

ʸʲʱ  ʯʩʡʩʬʥʠ-13%  

ʯʱʷʥʸʩʴʥʰʩʬʷ– 7%  

 ʺʥʮʦʩʸʴ ʭʲ ʩʰʥʰʩʡ
ʬʴʦʬʷʥʩʢ  

ʩʧʥʬʩʷʬ ʺʩʢʥʬʥʴʸʥʮ ʤʮʥʣ 
ʯʥʩʦ ʯʩʲ .ʺʩʨʩʫʸʨ ʤʸʥʨʱʷʨ  

ʲʬʱ ʩʴʥʹʧʮ  

ʯʥʩʦ ʯʩʲ  ʯʱʷʥʸʩʴʥʰʩʬʷ– 5%  

)ʭʩʨʢʸʢʠʡ ʭʢ(  

  

 ʺʥʮʦʩʸʴ ʭʲ ʩʰʥʰʩʡ
ʬʴʦʬʷʥʩʢ  

 ʭʰʩʠʹ ʭʩʧʥʬʩʷ ʯʥʥʢʮ ʭʩʩʷ
ʯʩʨʥʬʧʬ ʭʩʤʦ . ʤʸʥʨʱʷʨ

ʺʩʨʩʫʸʨ  

 ʩʰʩʲʬʢʥ ʲʬʱ ʩʴʥʹʧʮ
ʭʩʧʥʣʩʷ  

ʩʸʥʴʲʩ   ʯʩʡʩʬʥʠ– 13%  

ʯʱʷʥʸʩʴʥʰʩʬʷ– 2%  

  

 ʯʥʥʢʮ– ʯʩʡ ʤʰʺʹʮ 
ʺʥʠʮʢʥʣʤ  

 ʭʩʸʣʧʮ ʬʹ ʭʤ ʭʩʴʥʹʧʮʤ
ʡ ʤʩʢʥʬʥʴʸʥʮ ʩʬʲʤʰʺʹʮ  

 ʲʬʱ ʩʴʥʹʧʮ
ʳʥʨʡ ʭʩʨʰʮʢʸʴʥ  

ʤʰʥʩʬʲ ʭʩʮʸʫ ʩʡ ʯʩʡʩʬʥʠ-ʩʬʣʥʮ  

ʥʰʴʥʸʷʩʮ  '– 11%  

 ʭʩʨʱʩʸʷʥʰʴ – 6%  

ʣʥʠʮ ʷʣ ,ʸʶʡ ʬʩʫʮ, 
ʴʸʴʱʣʬʥ ʬʸʰʩʮ ʭʩ

ʭʩʩʴʠʮ  

ʬʩʫʮʭʩʺʩʬʥʰʱʷ  
ʥʬʥʡʩʴʮʠ ʬʹ ʭʩʨʱʩʸʷʥʰʴ  

 ʲʬʱ ʩʴʥʹʧʮ
ʳʥʨʡ ʭʩʨʰʮʢʸʴʥ  

 ʭʩʮʸʫ
ʤʰʥʺʧʺ  

ʠ ʯʩʡʩʬʥ– 16%  

ʯʱʷʥʸʩʴʥʰʩʬʷ– 6%  

 ʦʬʷʥʩʢʬʴ– 6%  

ʩʰʥʰʩʡ  

 ʸʶʡ ʦʬʷʥʩʢʬʴ
ʯʩʡʩʬʥʠʥ ʯʱʷʥʸʩʴ  

 ʺʥʬʣʢʤ ʦʬʷʥʩʢʬʴʤ ʺʥʮʦʩʸʴ
ʸʫʩʤ ʯʮʱ ʺʥʥʤʮ ʤʸʥʨʱʷʨ 

ʺʩʨʩʫʸʨ  

 ʲʬʱ ʩʴʥʹʧʮ
ʳʥʨʡ ʭʩʨʰʮʢʸʴʥ  

006  ʯʱʷʥʸʩʴʥʰʩʬʷ–11%  

 ʯʩʡʩʬʥʠ– 10%  

ʩʰʥʰʩʡ , ʤʤʥʡʢ ʤʬʥʫʺ
ʸʶʡ ʬʹ  

 ʭʥʠʺ ʸʫʩʰ ʭʩʰʱʷʥʸʩʴʡ
ʩʲʡʶ ʬʬʹʡʭ  

ʳʥʨʡ ʭʩʨʰʮʢʸʴ  

015  ʭʩʨʱʩʸʷʥʰʴ ʺʸʱʧ  

  

  

ʩʰʥʰʩʡ , ʬʩʫʮ
ʸʴʱʣʬʴ ,ʸʶʡ ,

ʯʩʡʩʬʥʠʥ ʯʱʷʥʸʩʴ  

ʬʴ ʺʥʮʦʩʸʴʸʴʱʣʥ  ʤʸʥʨʱʷʨ
ʺʩʨʩʫʸʨ   

ʳʥʨʡ ʭʩʨʰʮʢʸʴ  

017   ʯʱʷʥʸʩʴʥʰʩʬʷ– 9%  

 ʯʩʡʩʬʥʠ– 9%  

  

ʸʴʱʣʬʴ ʭʲ ʩʰʥʰʩʡ ,
ʸʶʡ , ʯʩʡʩʬʥʠ

ʯʱʷʥʸʩʴʥ  

ʣʥʠʮ ʭʩʴʬʧʥʮ ʭʩʨʱʩʸʷʥʰʴʤ  ʳʥʨʡ ʭʩʨʰʮʢʸʴ ,
ʣʩʷ ʩʰʩʲʬʢʭʩʧʥ  
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4.2.2 .ʺʥʬʦʡʤ ʬʹ ʤʩʮʩʫ 
ʯʬʥʢʤ ʯʥʴʶʮ ʺʥʬʦʡʤ ʡʥʸ ʬʹ ʤʦʬ ʤʮʥʣʡ ʩʨʩʰʱʡ ʡʫʸʤ ʭʸ ʺʫʩʸʡ ʬʹ ʺʥʬʦʡʤ ʬʫʬ , ʭʸ ʺʫʩʸʡʮ ʺʥʬʦʡʤ ʪʠ

ʤʷʩʬʩʱʡ ʸʺʥʩ ʺʥʩʰʲ , ʺʥʧʴʬʷʬʠʩ ʺʥ) ʸʥʩʠ10(ʬʠʲʸʦʩ ʷʮʲʮ ʭʩʩʰʷʥʩʮ ʭʩʨʩʰʱʡʬ ʸʺʥʩ ʺʥʮʥʣʥ  )Weinstein 

et al., 2006( .ʭʸ ʺʫʩʸʡ ʬʹ ʺʥʬʦʡʤ ʯʩʡ , ʺʬʦʡ006ʩʩʰʲʤ ʤʰʩʤ ʤʤʷʩʬʩʱʡ ʸʺʥʩʡ  . ʤʬʩʫʮ ʠʩʤ41.5% 

ʤʷʩʬʩʱ ,ʭʢʣʰʹ ʸʺʥʩʡ ʪʥʮʰʤ ʦʥʫʩʸʤʥ ʯʬʥʢʤ ʺʮʸʡ ʤʫ ʣʲ  ʤʥʡʢ ʤʬʹ ʭʥʩʦʰʢʮʤ ʸʴʱʮ)0.59(. ʯʥʩʦ ʯʩʲ ʺʬʦʡ 

ʤʥʡʢ ʭʥʩʰʩʮʥʬʠ ʩʦʥʫʩʸʡ ʺʨʬʥʡ , ʸʴʱʮʡʥ ʪʥʮʰ ʭʥʩʦʰʢʮʤ ʤʬʹ ʪʥʮʰʤ ʭʥʩʦʰʢʮ) ʧʴʱʰ2 ʸʥʩʠʥ 11.(  

BR_006

BR-ʯʥʩʬʲ ʭʩʮʸʫ

BR-ʸʲʱ

BR-ʯʥʩʦ-ʯʩʲ
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ʸʥʩʠ 10 :ʮʠʸʢʠʩʣʺ Total alkalis – Silica) TAS  ( ʭʸ ʺʫʩʸʡʮ ʺʬʦʡ ʺʥʠʮʢʥʣ ʬʹ)BR ( ʺʥʠʮʢʥʣ ʩʡʫʸʤ ʭʲ ʤʠʥʥʹʤʡ

 ʯʬʥʢʤ ʺʮʸ ʯʥʴʶʮ ʺʥʸʧʠ)ʺʥʷʥʸʩ ,Weinstein, 1998 .(ʺʥʬʮʸʥʰʮ ʭʸ ʺʫʩʸʡ ʬʹ ʺʥʬʦʡʤ ʩʰʥʺʰʬ -100% ʠʬʬ LOI.  

  

BR_006

BR-ʯʥʩʬʲ ʭʩʮʸʫ

BR-ʯʥʩʦ-ʯʩʲ

BR-017

BR-ʸʲʱ

BR-ʯʥʺʧʺ ʩʸʥʴʲʩ

BR-ʯʥʩʬʲ ʩʸʥʴʲʩ

Wy-285
Mt. Ram

Wy-50
Mt. Bental

Wy-25
En Zivan

Wy-16
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Wy-18
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Wy-20
Mt. Bental

Wy-58
Mt. Odem
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ʸʥʩʠ 11 :ʩʦʰʢʮʤ ʸʴʱʮ ʭʥ)ʥʣʤ ʬʦʸʡʤ-ʬʦʸʡʤ ʬʬʫʮ ʺʥʩʬʷʹʮ ʺʥʩʸʩʹʲ ʲʹʺʫ ʡʹʥʧ ʩʫʸʲ ( ʺʬʦʡ ʺʥʠʮʢʥʣʡ ʤʷʩʬʩʱ ʬʥʮ

 ʯʬʥʢʤ ʺʮʸ ʯʥʴʶʮʥ ʭʸ ʺʫʩʸʡʮ)ʺʥʷʥʸʩ ,Weinstein, 1998 .(ʺʥʬʮʸʥʰʮ ʭʸ ʺʫʩʸʡ ʬʹ ʺʥʬʦʡʤ ʩʰʥʺʰʬ -100% ʠʬʬ LOI.  
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4.2.3 . ʩʡʫʸʤʬʸʰʩʮʭʩ 
ʺʥʬʦʡʤ ʣʥʮʩʬ ʺʸʢʱʮʡ,ʨʴʤ ʺʥʰʷʱʮʤ ʺʥʮʩʠʡ ʪʸʥʶ ʤʬʲ ʺʥʩʴʸʢʥʸ.ʥʸʨʷʬʠʡ ʺʥʦʩʬʰʠ ʸʴʱʮ ʥʫʸʲʰ ʪʫ ʭʹʬ  ʯ

ʥʸʷʩʮʡʥʸʴ .ʺʩʴʸʢʥʸʨʴ ʥʤʥʦʹ ʭʩʹʩʡʢʬ ʯʡʥʸʡ ʥʫʸʲʰ ʥʬʠ ʺʥʦʩʬʰʠ, ʺʩʢʥʬʸʰʩʮʤ ʤʷʥʬʧʤ ʺʠ ʠʣʥʥʬ ʤʸʨʮʡ 

ʬ ʭʩʰʥʹ ʭʩʨʰʮʢʸʴ ʬʹ ʭʫʥʩʹ ʺʠ ʷʥʣʡʬʥʩʨʸʴʰʥʹʤ ʺʬʦʡʤ ʭʩ .ʥʸʨʷʬʠʡ ʺʥʦʩʬʰʠʤ ʩʰʥʺʰʥʸʷʩʮ ʯ ʥʹʹʩʠ ʡʥʸʴ

ʥ ʺʥʩʴʸʢʥʸʨʴʤ ʺʥʲʩʡʷʤ ʺʠʤ ʺʥʣʥʠ ʲʣʩʮ ʥʴʩʱʥʤʬʸʰʩʮʥʷʣʡʰʹ ʺʥʬʦʡʤʥ ʭʩ.  

 ʭʩʸʥʩʠʡ12 ,13ʥ -14,ʡʥ  ʧʴʱʰ3 ʺʥʬʦʡʮ ʭʩʨʱʩʸʷʥʰʴʡ ʭʩʰʱʷʥʸʩʴ ʩʡʫʸʤ ʭʩʢʶʥʮ 006 ,017 ʭʩʺʩʬʥʰʱʷʡʥ 

ʭʩʩʺʴʨʲʮ,ʭʸ ʺʫʩʸʡ ʳʥʨʡ ʥʠʶʮʰʹ  .ʭʩʣʩʱʴʥʠʩʣ ʭʰʩʤ ʭʩʰʱʷʥʸʩʴʤ ʬʫ)  ʸʥʩʠ12( , ʺʥʶʥʡʷ ʯʩʩʴʠʬ ʯʺʩʰ ʭʬʥʠ

 ʯʡʫʸʤ ʩʴ ʬʲ ʺʥʮʩʩʥʱʮ)ʠʸʥʩ ʭʩ13, 14 .( ʤʦʬ ʺʩʱʧʩ ʪʥʮʰ ʭʥʩʦʰʢʮ ʸʴʱʮ ʭʩʺʩʬʥʰʱʷʡʹ ʭʩʰʱʷʥʸʩʴʬ

ʭʩʫʸʲ ʩʮʥʧʺ ʩʰʹʡ ʭʩʬʴʥʰ ʭʤʥ ʭʩʨʱʩʸʷʥʰʴʡʹ: ʤ ʬʹ ʭʩʫʸʲʡ ʠʥʤ ʣʧʠ0.70-0.74, ʩʫʸʲ ʧʥʥʨʡ ʭʩʩʥʶʮʤ 

 ʺʥʬʦʡʡʹ ʭʩʨʱʩʸʷʥʰʴʤ)0.69-0.82 ( ʩʰʹʤʥ-  ʭʩʨʱʩʸʷʥʰʴʡʹ ʤʬʠʮ ʭʩʫʥʮʰ ʭʩʫʸʲ ʭʲ)0.65-0.60) ( ʸʥʩʠ

13 .(ʩʸʭʩʺʩʬʥʰʱʷʡʹ ʭʩʰʱʷʥʸʩʴʤ ʡʥʸʡ ʯʸʺʰʤ ʩʦʥʫ) ʢʤ ʡʩʫʸʮ'ʨʩʠʣ(ʩʴ ʭʩʤʥʡʢ -3.5 ʤʬʠʮ ʲʶʥʮʮʡ 

ʭʩʨʱʩʸʷʥʰʴʡʹ ,ʩʸʷʥʰʴʬ ʯʸʺʰʤ ʦʥʫʩʸʡʥ ʭʥʩʦʰʢʮʤ ʸʴʱʮʡ ʤʮʥʣʤ ʺʩʬʥʰʱʷʡ ʣʣʥʡ ʹʩʡʢ ʭʢ ʠʶʮʰ ʭʬʥʠ ʭʩʨʱ

 ʺʥʬʦʡʡʹ ʭʩʩʰʱʷʥʸʩʴʤ) ʸʥʩʠ13 .(ʥʩʰʩʮʥʬʠ ʯʩʡ ʡʥʨ ʩʡʥʩʧ ʭʠʺʮ ʭʩʠʸʮ ʭʩʨʱʩʸʷʥʰʴʤʭʨʩʨʥ  ʺʬʦʡ ʬʫʥ ʭʥʩʰ

ʺʸʧʠʤ ʯʮ ʤʰʥʹ ʭʩʫʸʲ ʧʥʥʨʡ ʺʰʩʩʴʠʺʮ . ʺʬʦʡ006 ʬʹ ʭʥʩʰʨʩʨ ʩʫʸʲ ʤʠʸʮ 0.21-0.42 ʭʥʰʩʮʥʬʠ ʩʫʸʲʥ 

 ʬʹ1.05-1.9ʧʱʥʰ ʺʣʩʧʩʬ ʤ ,ʭʩʰʶʮʧ ʤʹʩʹ ʸʥʡʲ , ʺʬʦʡ ʣʥʲʡ17 ʬʹ ʭʥʩʰʨʩʨ ʩʫʸʲ ʤʠʸʮ 0.07-0.12 

 ʬʹ ʭʥʩʰʩʮʥʬʠ ʩʫʸʲʥ0.55-0.88ʤʧʱʥʰ ʺʣʩʧʩʬ   , ʭʩʰʶʮʧ ʤʹʩʹ ʸʥʡʲ)ʠ ʸʥʩ14 .(ʥʩʰʩʮʥʬʠʤ ʭʩʺʩʬʥʰʱʷʡʭ 

ʤʮʥʣ ʭʥʩʰʨʩʨ ʺʬʥʫʺ ʭʲ ʺʥʬʦʡʡ ʸʹʠʮ ʤʥʡʢ . ʬʲ ʺʥʣʩʲʮʥ ʭʩʤʥʡʢʤ ʯʸʺʰʤ ʩʦʥʫʩʸ ʭʲ ʤʴʩ ʤʬʥʲ ʥʦ ʤʮʢʮ

ʢʤ ʤʶʷʤ ʡʩʫʸʮ ʬʹ ʸʺʥʩ ʤʤʥʡʢ ʺʥʧʫʥʰ' ʩʨʩʠʣ(NaAlSi2O6)ʭʩʺʩʬʥʰʱʷʡ .  
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ʸʥʩʠ 12 : ʺʥʬʦʡʮ ʯʱʷʥʸʩʴʥʰʩʬʷ ʩʹʩʡʢ006 ,017ʭʩʰʱʷʥʸʩʴ ʬʹ ʤʸʣʢʤ ʹʬʥʹʮ ʬʲ ʭʩʺʩʬʥʰʱʷʮʥ  . ʭʥʧʺʡ ʺʥʬʴʥʰ ʺʥʠʮʢʥʣʤ

 ʣʩʱʴʥʠʩʣʤ)Di0.61 -Di0.80.(  
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ʸʥʩʠ 13 : ʭʥʩʦʰʢʮʤ ʸʴʱʮ)ʫ ʬʦʸʡʤ ʬʫ-Fe2+ ( ʺʥʬʦʡʮ ʭʩʰʱʷʥʸʩʴʡ006 , 017ʳʥʨʡ ʭʩʺʩʬʥʰʱʷʥ  , ʩʸʨʮʥʩʫʥʨʱʤ ʪʸʲʤ ʬʥʮ
ʧʱʥʰ ʺʣʩʧʩʡ ʯʸʺʰʤ ʬʹʤ.  

 

y = 3.3825x + 0.4361
R2 = 0.9174
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ʸʥʩʠ 14 :ʥʩʰʩʮʥʬʠ ʺʥʣʥʱʩʤ ʬʹ ʩʸʨʮʥʩʫʥʨʱ ʱʧʩʭ ʺʥʬʦʡʮ ʯʱʷʥʸʩʴʥʰʩʬʷ ʺʥʠʮʢʥʣʡ ʭʥʩʰʨʩʨʥ 006 ,017 ʭʩʺʩʬʥʰʱʷʮʥ 
ʭʸ ʺʫʩʸʡʮ . ʬʹ ʭʩʨʱʩʸʷʥʰʴʤʹʫ ʩʮʩʫʤ ʭʡʫʸʤʡ ʭʩʬʣʡʰʤ ʭʩʰʥʹ ʭʩʴʱʠʮ ʤʹʥʬʹʫ ʭʩʲʩʴʥʮ ʭʩʺʩʬʥʰʱʷʤʥ ʺʬʦʡʤ ʩʢʥʱ ʩʰʹ

 ʤʮʢʮ ʥʷʬ ʭʩʮʩʠʺʮ ʺʥʬʦʡʤ)R2 = 0.92 (ʤʮʥʣ ʭʥʩʰʨʩʨ ʺʬʥʫʺ ʩʬʲʡ ʭʩʺʩʬʥʰʱʷ ʬʹ ʥʬʠʮ ʭʩʫʥʮʰ ʭʥʰʩʮʥʬʠ ʩʦʥʫʩʸ ʬʲʡ.  

  
 ʸʥʩʠʡ ʭʩʢʶʥʮ ʺʥʬʦʡ ʹʬʹʮ ʭʩʰʩʡʩʬʥʠ ʩʡʫʸʤ15ʡʥ  ʧʴʱʰ4 . ʺʥʬʦʡʡ ʭʩʩʰʩʡʩʬʥʠʤ ʭʩʨʱʩʸʷʥʰʴʤ ʩʡʫʸʤ

 ʬʹ ʧʥʥʨ ʭʩʠʸʮFo67-85 ʭʲ ʺʥʰʥʹʤ ʺʥʬʦʡʤ ʯʩʡ ʤʴʩʴʧ . ʧʥʬʩʷʡ ʭʩʨʱʩʸʷʥʰʴ ʺʬʦʡʥʩʬʲ ʭʩʮʸʫʤʰʠʸʮ  ʭʩ

 ʡʫʸʤʤʮʥʣ ʺʬʦʡʤ ʤʺʥʠʮ ʬʥʡʩʴʮʠʡʹ ʯʩʡʩʬʥʠʤ ʺʥʩʦʥʬʷʰʩʠ ʸʹʠʮ ʸʺʥʩ ʩʡʩʨʩʮʩʸʴ ʥʠ )81-82Foʥ -Fo70-
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82 ,ʤʮʠʺʤʡ( ,ʤ ʪʠʩʸʷʥʰʴʥʸʷʩʮ ʭʩʡʫʸʤ ʭʩʠʸʮ ʳʠʥ ʧʥʥʨʤ ʬʫ ʺʠ ʭʩʱʫʮ ʺʬʦʡ ʤʺʥʠʡ ʯʩʡʩʬʥʠ ʬʹ ʭʩʨʱ

  ʭʩʩʦʰʢʮ ʸʺʥʩ)Fo70-82 .( ʭʩʮʸʫ ʺʬʦʡʡ ʭʩʬʥʡʩʴʮʠʤʹ ʺʥʸʹʴʠʡ ʺʫʮʥʺ ʥʦ ʺʩʴʶʺ ʤʺʥʠʮ ʥʹʡʢʺʤ ʤʰʥʩʬʲ

ʮʢʠʮʭʩʨʱʩʸʷʥʰʱʷ ʭʰʩʠʥ ʤ . ʯʩʡʩʬʥʠʤ ʺʥʩʦʥʬʷʰʩʠ ʬʹ ʺʩʱʧʩ ʧʺʥʴʮʤ ʡʫʸʤʤʮ ʥʬʧʤ ʭʩʬʥʡʩʴʮʠʤ ʩʫ ʣʮʬ

ʯʩʡʩʬʥʠʤ ʸʧʠʬ ʹʡʢʺʤʬ . ʺʬʦʡ ʬʹ ʤʸʷʮʡ017 , ʪʥʮʰ ʨʩʸʨʱʸʥʴ ʸʴʱʮ ʭʩʰʱʷʥʸʩʴʡ ʯʩʡʩʬʥʠʤ ʺʥʩʦʥʬʷʰʩʠʬ

ʡ ʯʩʡʩʬʥʠ ʬʹ ʭʩʨʱʩʸʷʥʰʴʤ ʬʹ ʭʩʡʫʸʤʤ ʧʥʥʨʮ ʺʸʫʩʰ ʤʸʥʶʡ ʤʩʺʥʰʫʹʡ ʥʠ ʥʦ ʺʬʦʡ)Fo58-60ʥ -Fo67-

85 ,ʤʮʠʺʤʡ ( ʡʥʡʸʲ ʬʹ ʤʩʸʥʨʱʩʤ ʬʲ ʣʩʲʤʬ ʤʩʥʹʲʤ ʤʣʡʥʲʮʢʠʮʥʦ ʺʬʦʡʡ ʺʥ.  
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ʸʥʩʠ 15 :ʭʸ ʺʫʩʸʡʮ ʯʩʡʩʬʥʠ ʩʹʩʡʢʡ ʨʩʸʨʱʸʥʴ ʩʫʸʲ.  
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4.3 .ʭʸ ʺʫʩʸʡ ʳʥʨ  
 ʺʥʩʺʮʢʮʥʨʠʩʸʴʤ ʺʥʩʥʶʸʴʺʤʡ ʸʶʥʰʹ ʩʨʱʬʷʥʸʩʴ ʲʬʱ ʠʥʤ ʳʥʨʥʥʮ ʤʡʩʡʱʤ ʩʲʬʱ ʬʹ ʭʩʨʰʮʢʸʴʮ ʡʫʸ

ʵʥʶʩʴʤ ʺʠ ʸʶʩʹ ʩʬʩʰʡʥʩʤ ʸʮʥʧʤ ʺʴʱʥʺʡ . ʭʸ ʺʫʩʸʡ ʳʥʨʩʴʠʺʮʯʩʤʰʺʹʮ ʩʡʥʲʡ ʡʥʫʩʹʡ  ʥ ʬʩʫʮ ʭʩʨʩʲʬ
 ʺʥʩʸʨʰʮʩʣʱ ʺʥʸʥʨʷʥʸʨʱ)ʸʥʩʠ 16(.  

  
ʸʥʩʠ 16 :ʣʩ ʬʲ ʤʣʡʸʤ ʺʥʰʩʴʠʮʤ ʺʥʩʸʨʰʮʩʣʱ ʺʥʸʥʨʷʥʸʨʱ ʩbase surgeʭʸ ʺʫʩʸʡ ʳʥʨʡ  . ʯʩʮʩ– ʺʥʩʬʢʥ ʩʡʥʲ ʩʩʥʰʩʹ )H3-

39( ,ʬʠʮʹ- ʡʬʥʶ ʡʥʫʩʹ )H3-23.(  
 

4.3.1 .ʭʩʫʺʧʥ ʤʩʴʸʢʩʨʸʨʱ 
ʮʤ ʩʡʥʲʤʩ ʳʥʨʤ ʪʺʧ ʬʹ ʩʡʸ)46ʸʨʮ  (ʤ ʧʸʦʮ ʭʥʸʣʡ ʣʣʮʰʤʫʩʸʡ , ʭʩʫʺʧ ʤʹʬʹ ʬʹ ʡʥʬʩʹʮ ʡʫʸʥʮ ʠʥʤʥ

 ʭʩʰʥʫʮʤ H4 ,H3ʥ-5H) ʯʬʤʬ:' ʩʸʷʩʲʤ ʪʺʧʤ ,' ʭʩʸʥʩʠ7, 17 ,18 .( ʣʣʮʰʹ ʣʩʧʩʤ ʪʺʧʤ ʠʥʤ ʩʸʷʩʲʤ ʪʺʧʤ

ʸʠʠʮʤ ʬʹ ʭʩʩʮʩʰʴʤ ʥʩʺʥʰʥʸʣʮʡ , ʭʩʴʱʥʰʤ ʭʩʫʺʧʤ ʬʫ ʣʥʲʡʡ ʥʹʲʰ ʥʩʺʥʰʥʸʣʮ ʬʲ ʺʥʩʥʶʮʤ ʳʥʨ ʺʥʡʫʹ

ʭʩʩʰʥʶʩʧʤ.  

 ʪʺʧH8 ,ʬ ʭʥʸʣʮʤʫʩʸʡ)  ʭʩʸʥʩʠ7ʥ -17(, ʬʹ ʸʡʨʶʮ ʩʡʥʲʡ ʤʩʸʥʷʱ ʬʹ ʺʥʡʫʹ ʥʱʩʱʡ 5.75 ʮ ,' ʺʥʱʥʫʮʤ

ʡ ʬʥʱʥʠʩʬʴ ʩʡʥʲʡʬʹʫ -0.30ʮ  'ʩʬʲʮʥʥ ʩʡʥʲʡ ʳʥʨ ʺʥʡʫʹ ʳʶʸ 3.15ʮ ', ʤʱʥʫʮʤ ʡʺʩʨʰʶʸ ʲʷʸʷ.  

 ʪʺʧH6)  ʭʩʸʥʩʠ7ʥ -17 ( ʡʸʲʮ ʯʥʴʶʮʬʤʫʩʸʡ, ʬʹ ʩʡʥʲʬ ʲʩʢʮ7.40 ʮ  'ʬʬʥʫʤ  2.20ʮ 'ʬʹʳʥʨ , ʯʩʡ ʠʥʬʫʤ 

ʬʦʡʭʩʮʸʫ ʺʤʰʥʩʬʲ ʥ ʤʨʮʬʮ  ʺʬʦʡʬʲʮ ʸʲʱ.  

 ʪʺʧH9 , ʲʶʥʡ ʧʸʦʮ ʯʥʴʶʮʤʫʩʸʡʬ, ʩʸʥʴʲʩ ʺʲʷʡ ʺʥʠʥʡʮʡ )ʩʠ ʭʩʸʥ7ʥ -17 .(  ʠʥʤ ʣʣʮʰʹ ʳʥʨʤ ʩʡʥʲ4.80 

ʮ  'ʺʩʨʰʶʸ ʲʷʸʷ  ʤʱʥʫʮ ʠʥʤʥ .ʲʩʢʤʹ ʤʸʩʴʧ ʯʴʥʣʡ ʩʥʶʮ ʤʦ ʪʺʧʤʩʸʥʴʲʩ ʺʲʷʡ ʬʹ ʭʥʤʺʤ ʩʮ ʬʠ  . ʱʩʱʡ

ʳʹʧʰ ʠʬ ʳʥʨʤ.  

 ʪʺʧH7 ,ʬ ʧʸʦʮʮʤʫʩʸʡ)  ʭʩʸʥʩʠ7ʥ -17( ,ʬʬʥʫ  ʬʹ ʩʡʥʲʡ ʳʥʨ1.45ʮ ʸʨ, ʩʡʥʲʡ ʩʨʩʸʷʬʷ ʬʥʱʥʠʬʴ ʤʱʫʮʤ 

ʫ ʬʹ-0.5 ʮʸʨ .ʤ ʬʥʱʥʠʬʴʤʱʫʮʠʰʧ ʸʩʣ ʺʸʥʶʺʮ ʭʩʩʰʮʥʰʷ ʭʩʲʬʱ .  
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ʸʥʩʠ 17 :ʭʸ ʺʫʩʸʡ ʡʩʡʱ ʳʥʨ ʩʴʥʹʧʮ ʭʩʢʩʶʮʤ ʭʩʩʣʥʮʲ ʭʩʫʺʧ . ʸʥʩʠʡ ʲʩʴʥʮ ʭʩʫʺʧʤ ʭʥʷʩʮ7 . ʯʩʡ ʤʩʶʬʸʥʷʤH4, H3ʥ -

5Hʨʰʥ ʭʥʷʩʮ ʬʹ ʤʩʶʬʥʴʸʨʱʷʠʥ ʤʩʢʥʬʥʴʸʥʮ ʩʴ ʬʲ ʤʣʹʡ ʤʫʸʲʰ ʩʲʡ ʤʺʮʥʠʥ ʺʥʡʫʹ ʺʩ ʤʣʥʡ ʺʩʸʨʮʥʬʥʰʸʢ) ʸʥʩʠ27 .(
ʡʭʩʫʺʧ ʭʩʸʩʥʠʮ ʭʩʰʥʢʩʬʥʴ,ʭʩʢʶʩʮʤ  ʲʬʱ ʩʸʡʹ )ʭʩʬʥʣʢʮ -3 ʱ"ʮ ( ʥʣʣʮʰʹʪʸʥʠʬ ʩʠʸʷʠ ʩʷʴʥʠ ʸʨʮ ʡʤʡʫʹ ʬʫ . ʭʩʬʥʢʩʲ

 ʺʥʩʺʥʠʤʥ ʭʩʴʷʹ ʯʤʮ ʥʰʫʥʤʹ ʺʥʡʫʹ ʣʩʬ ʭʩʰʮʥʱʮ ʭʩʸʥʧʹOSLʤʩʶʱʩʰʩʮʥʬ ʪʥʸʠʺ ʪʸʥʶʬ ʥʮʢʣʰʹ ʺʥʡʫʹ ʣʩʬ ʺʥʰʮʥʱʮ .  
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ʸʥʩʠ 18 :ʩʸʷʩʲʤ ʪʺʧʤʳʥʨʡ ʤ ʧʸʦʮ ʭʥʸʣʡ ʤʫʩʸʡ)  itm222457/293037 - 222555/292817 .( ʭʩʫʺʧ ʬʹ ʸʥʡʩʧʮ ʡʫʸʥʮ
H4, H3ʥ -5H)  ʸʥʩʠ7( .ʩʥʠʮ ʪʺʧʡʩʭʩʰʥʢʩʬʥʴ ʭʩʸ , ʲʬʱ ʩʸʡʹ ʭʩʢʶʩʮʤ)ʭʩʬʥʣʢʮ -3 ʱ"ʮ ( ʩʷʴʥʠ ʸʨʮ ʪʸʥʠʬ ʥʣʣʮʰʹ

ʤʡʫʹ ʬʫʡ ʩʠʸʷʠ.  

4.3.2 .ʤʩʴʸʢʥʸʨʴʥ ʤʩʢʥʬʥʺʩʬ 
ʬʱʭʺʧʺʮʹ ʩʸʨʰʮʩʣʱʤʥ ʩʺʬʦʡʤ ʪʺʧʤ ʬʹ ʭʩʸʡʹʮ ʭʸʷʩʲʡ ʭʩʡʫʸʥʮ ʳʥʨʤ ʩʲ ,ʩʬʩʰʡʥʩ ʸʮʥʧ ʺʴʱʥʺʡ ,

ʭʥʸʷ ʬʥʡʢʥ ʯʥʺʧʺ ʭʥʸʷ ʬʹ ʭʩʺʩʬʥʰʱʷʥ ʬʥʡʩʴʮʠ ʬʹ ʭʩʨʱʩʸʷʢʮ/ʺʴʨʲʮ . ʭʩʴʷʹʡ ʲʩʴʥʮ ʩʬʩʰʡʥʩʤ ʸʮʥʧʤ

ʫʺʩʨʩʰʥʢʠʬʴ) ʺʴʬʧʥʮ ʺʩʰʷʬʥʥ ʺʩʫʥʫʦ(ʭʩʩʨʱʠʬʷʤ ʯʩʡʹ ʱʷʩʸʨʮʡ , ʸʮʥʧʫ ʥʠ ʮ ʥʠ ʣʫʬʮʤ ʭʩʨʰʮʢʸʴ ʳʩʷ

) ʭʩʸʥʩʠ19 ,20 .(ʣʠʮ ʤʰʺʹʮ ʳʥʨʤ ʺʥʠʮʢʥʣʡ ʩʬʩʰʡʥʩʤ ʸʮʥʧʤ ʺʬʥʫʺ , ʭʲ ʺʥʠʮʢʥʣ ʯʩʡ50% ʩʬʩʰʡʥʩ ʸʮʥʧ 

ʬʬʫ ʥʡ ʯʩʧʡʤʬ ʯʺʩʰ ʠʬ ʯʤʡ ʺʥʠʮʢʥʣʬ.ʩʺʩʱʸʧ ʸʮʥʧʡ  ʭʩʡʸ ʭʩʸʷʮʡ ʡʡʸʥʲʮ ʩʬʩʰʡʥʩʤ ʸʮʥʧʤ  , ʸʫʩʰ ʷʬʧʹ

ʳʬʧʥʮ ʩʬʩʰʡʥʩ ʸʮʥʧ ʺʥʩʤʬ ʠʥʤ ʳʠ ʩʥʹʲ ʥʰʮʮ ,ʩʡ ʤʣʸʴʤʤʥʥʷʱʥʸʷʩʮʡ ʭʤʩʰʴʤʸʹʴʠʺʤ ʠʬ . ʺʷʩʣʡʡ 469 

ʳʥʨ ʩʴʷʹ ʤʹʩʮʧʡ ʺʥʩʠʸʷʠ ʺʥʣʥʷʰ , ʺʥʲʶʮʠʡPick-pointer , ʺʩʫʥʫʦʤ ʬʹ ʲʶʥʮʮʤ ʦʥʫʩʸʤ ʩʫ ʤʬʲ

 ʬʲ ʣʮʥʲ ʳʥʨʡ ʺʩʱʸʧʤʥ23% . ʬʲ ʣʮʲ ʥʷʣʡʰʹ ʺʥʠʮʢʥʣʡ ʲʶʥʮʮʤ ʭʩʬʬʧʤ ʧʨʹ9%)  ʥʷʣʡʰʹ ʭʩʴʷʹʤ

ʥ ʳʥʷʩʹʤ ʭʸʨ ʤʩʹʷʤ ʥʸʡʲʤʭʩʬʬʧʥʷʮʤ ʲʬʱ ʩʬʬʧ ʭʤ ʸ(. ʯʮ ʥʸʦʢʰʹ ʭʩʨʰʮʢʸʴ ʠʥʤ ʳʥʨʡ ʩʸʷʩʲʤ ʡʩʫʸʮʤ 

ʤʸʶʥʥʩʤ ʭʸʨ ʤʮʸʨʠʩʣʤ ʬʬʧʡ ʥʩʤʹ ʭʩʲʬʱʤ , ʭʩʡʩʫʸʮ ʥʬʠʥ68%ʳʥʨʤ ʺʥʠʮʢʥʣʡ ʭʩʴʷʹʤ ʧʨʹʮ  . ʳʥʨʡ

ʣʮʩʤʬ ʩʣʫʡ ʭʩʬʥʣʢʤ ʭʩʨʰʮʢʸʴ ʭʢ ʭʩʩʥʶʮʣʭʩʴʷʹʡ ,  ʬʲ ʤʬʥʲ ʥʰʩʠ ʭʤʬʹ ʧʴʰʤ ʪʱ ʪʠ1%ʳʥʨʤʮ , ʤʸʷʮʡʥ

 ʡʶʮʤ ʺʠ ʡʨʩʤ ʭʩʴʷʹʤ ʭʩʢʶʩʮ ʤʦʤʣʹʡ .ʭʩʩʸʨʰʮʩʣʱ ʯʨʷʤ ʭʷʬʧʥ ʭʩʩʺʬʦʡ ʭʰʩʤ ʭʩʨʰʮʢʸʴʤ ʡʥʸ . ʣʥʮʩʬ

ʯʤʮ ʺʧʠ ʬʫʬ ʺʩʰʩʩʴʥʠʤ ʤʩʴʸʢʥʸʨʴʤ ʩʴ ʬʲ ʺʥʰʥʹʤ ʺʥʬʦʡʤ ʯʩʡ ʯʩʧʡʤʬ ʸʹʴʠ ʩʫ ʤʠʸʤ ʩʺʬʦʡʤ ʪʺʧʤ, 
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ʭʤʩʺʥʸʥʷʮʬ ʳʥʨʡ ʭʩʰʥʹʤ ʭʩʨʰʮʢʸʴʤ ʺʠ ʪʩʩʹʬʥ . ʬʹ ʤʰʩʧʡʡ2600 ʭʩʨʰʮʢʸʴ ʺʥʬʩʫʮʤ ʺʥʩʠʸʷʠ ʺʥʣʥʷʰ 

)ʥʠ ʭʩʬʬʧ ʠʬʥʩʺʩʫʥʫʦʥ ʩʺʩʱʸʧ ʸʮʥʧ  (ʡ-20ʳʥʨ ʩʴʷʹ , ʥʫʩʥʹʥ ʥʤʥʦ 80% ʯʮ ʭʩʨʰʮʢʸʴʤ ʲʬʱʬ ʥʷʣʡʰʹ 

ʩʴʩʶʴʱ ʸʥʷʮ)  ʤʬʡʨ2(. 42%ʰʮʢʸʴʫ ʥʤʥʦ  ʤʰʥʩʬʲ ʭʩʮʸʫ ʺʬʦʡ ʬʹ ʭʩʨ) ʸʥʩʠ21( ,18% -  ʺʬʦʡʫ017 ,

9% - ʯʥʩʦ ʯʩʲ ʺʬʦʡʫ ,4% ʺʬʦʡʮ ʥʸʦʢʰ 015 ,3% -  ʺʬʦʡʮ ʠʥʤ ʣʣʥʡ ʦʥʧʠʥ ʩʸʥʴʲʩ ʺʬʦʡʮ006 .ʰʡ ʳʱʥ

 ʩʸʨʰʮʩʣʱ ʠʶʥʮʮ ʭʩʨʰʮʢʸʴ ʭʢ ʥʴʶʰ ʺʥʬʦʡʬ)ʨʰʥʡʸʷʩʬʥʧ ʩʰʡʠʥ  ,ʮ ʸʺʥʩ ʨʲʮ-1% ( ʭʥʸʷ ʬʹ ʭʩʺʩʬʥʰʱʷ ʯʫʥ

ʯʥʺʧʺ/ʺʴʨʲʮ .  

ʸʩʲʤʬ ʹʩ ʩʫ ʹ ʯʫʺʩʩʤʰʥʩʬʲ ʭʩʮʸʫ ʺʬʦʡʫ ʥʸʴʱʰ ʩʸʥʴʲʩ ʺʬʦʡ ʬʹ ʭʩʰʨʷ ʭʩʨʰʮʢʸʴ,ʯʤʩʰʩʡ ʯʥʩʮʣʤ ʬʹʡ  . ʥʮʫ

ʯʫʺʩʩ ʯʫ,ʢʥʤ ʤʰʥʺʧʺ ʭʩʮʸʫ ʺʬʦʡ ʬʹ ʭʩʨʰʮʢʸʴʹ ʯʥʩʦ ʯʩʲ ʺʬʦʡʫ ʥʸʣ,ʯʤʩʰʩʡ ʯʥʩʮʣʤ ʬʹʡ , ʭʩʮʸʫ ʺʬʦʡ ʯʫʹ 

ʸʷʧʮʤ ʬʹ ʸʧʥʠʮ ʡʬʹʬ ʣʲ ʺʩʴʸʢʥʸʨʴ ʤʸʣʢʥʤ ʠʬ ʤʰʥʺʧʺ, ʥʡ ʭʥʢʩʣʤ ʲʥʶʩʡ ʸʧʠʬ ʷʸ-Pick-pointer.  
ʤʬʡʨ 2 :ʭʩʰʥʹʤ ʭʤʩʺʥʸʥʷʮʬ ʳʥʨʡ ʭʩʨʰʮʢʸʴ ʯʥʩʮ ʺʥʠʶʥʺ  

ʳʥʨʡ ʭʩʨʰʮʢʸʴʤ ʪʥʺʮ ʦʥʧʠ ʲʬʱʮ 

42 ʺʬʦʡʤʰʥʩʬʲ ʭʩʮʸʫ  

18  ʺʬʦʡ017 

9 ʤʰʥʺʧʺ ʭʩʮʸʫʥ ʯʥʩʦ ʯʩʲ ʺʥʬʦʡ 

4  ʺʬʦʡ015 

1  ʺʬʦʡ006 

3 ʩʸʥʴʲʩ ʺʬʦʡ 

~1 ʭʩʺʩʬʥʰʱʷ 

~1 ʭʩʩʸʨʰʮʩʣʱ ʭʩʲʬʱ 

~1 ʵʸʥʥʷ ʩʸʢʸʢ 

20 ʭʩʤʥʦʮ ʠʬ  

ʤʸʲʤ : ʯʥʩʮ ʺʥʠʶʥʺ ʺʥʢʶʥʮ ʤʬʡʨʡ2600ʳʥʨ ʩʴʷʹ ʭʩʸʹʲ ʪʥʺʮ ʭʩʨʰʮʢʸʴ ʬʹ ʺʥʩʠʸʷʠ ʺʥʣʥʷʰ % .20ʷʰʤʮ  ʠʬ ʺʥʣʥ
ʢʶʩʩʬ ʺʥʩʥʹʲ ʯʤʥ ʥʤʥʦʯʷʬʧʡ ,ʲʷʸʷʤ ʺʺʮ ʺʥʸʫʥʮ ʠʬ ʺʥʬʦʡ ʬʹ ʭʩʨʰʮʢʸʴ .  

ʥʦ ʭʩʨʰʮʢʸʴʤ ʯʩʡ ʭʩʷʥʮʲ ʭʩʺʩʬʥʰʱʷ ʩʷʬʧ ʥʤ) ʸʥʩʠ22 ( ʩʸʨʰʮʩʣʱʤ ʪʺʧʤ ʯʮ ʥʸʦʢʰʹ ʭʩʩʸʨʰʮʩʣʱ ʭʩʲʬʱʥ

ʺʥʬʦʡʬ ʺʧʺʮʹ . ʭʩʨʰʮʢʸʴ ʭʩʬʬʥʫ ʥʴʶʰʹ ʭʩʩʸʨʰʮʩʣʱʤ ʭʩʲʬʱʤʨʰʥʡʸʷʩʩʭ ʵʸʥʥʷ ʩʸʢʸʢʥ ) ʸʥʩʠ23 .(

ʤ ʸʮʥʧʤʨʰʥʡʸʷʩʭʩʨʰʮʢʸʴʫ ʭʢ ʠʶʮʰ , ʷʣʤ ʱʷʩʸʨʮʡ ʥʡʥʸ ʭʬʥʠ )5.4%  ~ ʦʥʧʠʥ ʥʬʥʫ ʳʥʨʤʮ ʩʬʷʹʮ ʲʶʥʮʮ

ʭʩʨʰʮʢʸʴʤ ʯʮ ʣʣʥʡ ,ʤʠʸʷʸʴʤ ʪʹʮʤ  .( ʯʩʡ ʲʰ ʳʥʨʡ ʥʠʶʮʰʹ ʵʸʥʥʷʤ ʩʸʢʸʢ ʬʣʥʢ0.1ʮ " ʮʬ-0.6ʮ "ʮ .

ʺʥʡʥʨ ʺʥʩʸʥʣʫʥ ʺʥʩʬʥʢʩʲ ʭʲ ʤʤʥʡʢ ʺʥʸʢʡ ʺʢʸʣ ʥʬʠ ʭʩʸʢʸʢʬ .ʮʢʸʴʤ ʯʮ ʷʬʧ ʤʶʩʧʬ ʬʹ ʭʩʰʮʩʱ ʭʩʠʸʮ ʭʩʨʰ

ʺʩʬʢ ʤʫʹʧʤ ʭʤʡ ʺʸʫʩʰʹ ʥʠ ʭʩʷʱʥʸʮ ʭʤʥ . ʤʸʩʺʧʥ ʲʩʨʷ ʺʥʸʥʶʺʡ)ʯʥʺʧʺ ʯʥʷʩʨʸʷ ( ʯʥʮʸʧʤ ʩʬʥʴʩʹʮ

ʭʩʮʥʣ ʵʸʥʥʷ ʩʸʢʸʢ ʺʥʬʩʫʮʤ ʬʥʧ ʩʰʡʠ ʥʠʶʮʰ ʭʸ ʺʫʩʸʡʬ ʭʩʡʥʸʷʤ .ʤʤʮʢʥʣ ʲʩʨʷ ʺʸʥʶʺʮ )ʰ.ʶ:  

itm22055/29425 , ʸʥʩʠ24( ,ʸʺʥʩ ʤʥʡʢ ʺʮʷʥʮʮʤʩʩʺʹʤ ʯʩʡʮ ʭʪʺʧʡ ʩʢʥʬʥʺʩʬʤ  , ʩʸʢʸʢʬ ʸʺʥʩ ʤʮʥʣ

 ʵʸʥʥʷʤʹ ʳʥʨʡ)ʭʤʡ ʷʥʱʩʸʤʥ ʺʥʩʸʥʣʫʤ ʬʹ ʤʰʺʹʮʤ ʩʴʥʠʡʥ ʭʩʸʢʸʢʤ ʬʣʥʢʡ ( ʩʸʷʩʲʤ ʸʥʷʮʤ ʤʠʸʰʫ ʠʩʤʥ

 ʥʬʠ ʭʩʨʰʮʢʸʴ ʬʹ) ʸʥʩʠ24 .(ʤʺʩʩʬʲ ʪʥʺ ʤʮʢʠʮʤ ʩʣʩ ʬʲ ʥʮʢʣʰ ʬʥʧʤ ʩʰʡʠʥ ʯʫʺʩ , ʤʥʡʢ ʦʥʫʩʸʡ ʭʺʲʴʥʤ ʪʠ

ʫʮʤ ʤʰʥʩʬʲ ʭʩʮʸʫ ʺʬʦʡʡ ʸʹʠʮ ʤʡʸʤʡʠʩʤ ʳʠ ʭʤʮ ʨʲʮ ʤʬʩ , ʣʲ ʲʩʢʤ ʤʮʸʨʠʩʣʤ ʹʸʥʹ ʩʫ ʣʩʲʤʬ ʤʩʥʹʲ

ʬʥʧʤ ʩʰʡʠʬ ,ʫ ʬʹ ʷʮʥʲʡ ʺʥʩʥʶʮʤ-1000 ʸʨʮ )ʤʠʸʯʥʩʣʤ ʷʸʴʡ ʡʥʹʩʧʤ ʸʡʱʤ .(  
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ʠ                                                                .ʡ.  

  
ʥʩʠʸ 19 :ʳʥʨʡ ʱʷʩʸʨʮʫ ʺʩʨʩʰʥʢʠʬʴ ʺʩʫʥʫʦ ,ʡʬʥʶ ʡʥʨʩʷʡ ʤʫʹʧʤʡʥ ʩʸʥʹʩʮ ʡʥʨʩʷʡ ʭʥʧ ʯʥʥʢʡ ʺʰʩʩʴʠʺʮ ʺʩʫʥʫʦʤ . ʭʥʬʩʶ

ʥʷʱʥʸʷʩʮʡ ʳʷʹʴʡʨʥʷʮ ʸʥʠ :ʠ  .ʺʩʸʥʹʩʮ ʡʨʥʷʮ ʸʥʠ ,ʡ .ʭʩʡʥʬʶ ʭʩʡʨʷʮ.  

ʠ                                                           .ʡ     .  

  
ʸʥʩʠ 20 :ʫ ʺʩʨʩʰʥʢʠʬʴ ʺʩʫʥʫʦ'ʨʰʮʶ'ʳʥʨʡ ʭʩʨʰʮʢʸʴ ʤʴʶʮʤ  ,ʥʷʱʥʸʷʩʮʡ ʳʷʹ ʭʥʬʩʶʴʡʨʥʷʮ ʸʥʠ  :ʠ . ʡʨʥʷʮ ʸʥʠ

ʺʩʸʥʹʩʮ ,ʡ .ʭʩʡʥʬʶ ʭʩʡʨʷʮ .  

ʠ                                     .ʡ                           .  

 
ʸʥʩʠ 21 :ʳʥʨ ʪʥʺʡ ʭʩʮʸʫ ʺʬʦʡ ʨʰʮʢʸʴ .ʭʩʮʸʫ ʺʬʦʡ ʺʠ ʭʩʰʩʩʴʠʮʤ ʯʩʡʩʬʥʠ ʬʹ ʭʩʨʱʩʸʷʥʰʴʥʸʷʩʮ ʨʰʮʢʸʴʡ . ʱʷʩʸʨʮʤ

ʮ ʡʫʸʥʮ ʨʰʮʢʸʴʤ ʡʩʡʱʩʨʱʠʬʷʭʩʷʣ ʭ , ʺʥʩʱʸʧʺʩʬʩʰʡʥʩ ʺʩʫʥʫʦʥ .ʥʷʱʥʸʷʩʮʡ ʳʷʹ ʭʥʬʩʶʴʡʨʥʷʮ ʸʥʠ :ʠ  . ʡʨʥʷʮ ʸʥʠ
ʺʩʸʥʹʩʮ,ʡ  .ʭʩʡʥʬʶ ʭʩʡʨʷʮ.  

1 1.5m0.5 0.25 
SH_BR_041_PP

1 1.5m0.5 0.25 
SH_BR_041_CP

0.5 mm 0.25 
SH_BR_113_PPL 

0.5 mm 0.25 
SH_BR_113_CPL 

0.2 0.3mm 0.1 0.05 
SH_BR_114_PP

0.2 0.3mm 0.1 0.05 
SH_BR_114_CP
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ʠ                                                                .ʡ.  

  
ʸʥʩʠ 22 :ʺʩʬʥʰʱʷʳʥʨ ʲʬʱʡ  ,ʭʤʩʰʩʡ ʤʸʹʴ ʬʹ ʺʥʬʥʡʢ ʭʩʠʸʮ ʺʩʬʥʰʱʷʡ ʭʩʰʱʷʥʸʩʴʤ .ʺʩʬʥʰʱʷʬ ʺʧʺʮ ʭʩʨʰʮʢʸʴʤ , ʯʩʮʩʮ

ʭʩʮʸʫ ʺʬʦʡ ʬʹ ʭʤ ʬʠʮʹʮʥ , ʺʬʦʡʮ ʤʠʸʰʫ ʠʥʤ ʤʰʥʺʧʺʤ ʺʩʬʠʮʹʤ ʤʰʩʴʡ ʨʰʮʢʸʴʤ17 .ʥʷʱʥʸʷʩʮʡ ʳʷʹ ʭʥʬʩʶʴ ʸʥʠ 
ʡʨʥʷʮ:ʠ  .ʺʩʸʥʹʩʮ ʡʨʥʷʮ ʸʥʠ ,ʡ .ʭʩʡʥʬʶ ʭʩʡʨʷʮ.  

ʠ                .ʡ                                                .  

  
ʸʥʩʠ 23 :ʳʥʨ ʲʬʱʡ ʵʸʥʥʷ ʩʸʢʸʢ, ʦʫʸʮʡ ʩʺʬʦʡ ʨʰʮʢʸʴʥ .ʥʷʱʥʸʷʩʮʡ ʳʷʹ ʭʥʬʩʶʴʡʨʥʷʮ ʸʥʠ :ʠ  .ʺʩʸʥʹʩʮ ʡʨʥʷʮ ʸʥʠ ,ʡ .

ʭʩʡʥʬʶ ʭʩʡʨʷʮ.  

ʠ                                                                .ʡ.  

  
ʸʥʩʠ 24 : ʲʩʨʷ ʺʸʥʶʺʮ ʺʩʰʥʷʩʨʸʷ ʬʥʧ ʯʡʠ)ʰ.ʶ .itm  756617/681326( ,ʭʩʩʬʣʥʮʩʡ ʵʸʥʥʷ ʩʸʢʸʢ ,ʥʩʬʥʢʩʲ ʩʬʲʡ ʭʤʩʰʩʡ ʺ

ʤʲʥʸʢʥ ʤʡʥʨ ,ʺʩʬʢ ʤʫʹʧʤ ʭʷʬʧʡ ʺʸʷʩʰ ʯʫʥ ʭʩʮʬʹ ʥʠ ʷʥʱʩʸʥ ʷʥʣʩʱ .ʩʬʦʸʡ ʣʥʫʩʬ .ʥʷʱʥʸʷʩʮʡ ʳʷʹ ʭʥʬʩʶʴʡʨʥʷʮ ʸʥʠ : 
ʠ .ʺʩʸʥʹʩʮ ʡʨʥʷʮ ʸʥʠ ,ʡ .ʭʩʡʥʬʶ ʭʩʡʨʷʮ.  

1 1.5mm 0.5 0.25 
SH_BR_119_PPL 

1 1.5mm 0.5 0.25 
SH_BR_119_CPL 

1 1.5mm 0.5 0.25 
SH_BR_042_PPL 

1 1.5mm 0.5 0.25 
SH_BR_042_CPL 

1 1.5mm 0.5 0.25 
SH_BR_041_PP

1 1.5mm 0.5 0.25 
SH_BR_041_CP
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4.3.3 .ʨʰʥʡʸʷ ʺʬʥʫʺ 

ʳʥʨʡ ʭʩʩʥʶʮ ʭʩʬʥʣʢ ʭʩʩʨʰʥʡʸʷ ʭʩʨʰʮʢʸʴ,ʭʩʧʩʫʹ ʭʰʩʠ ʭʬʥʠ  .ʡ ʷʣʤ ʸʮʥʧʡ ʩʥʶʮ ʨʰʥʡʸʷʤ ʸʷʩʲʳʥʨ .

ʤʶʮʥʧ ʩʣʩ ʬʲ ʤʱʮʤʡ ʥʩʥʶʩʮ ʺʠ ʺʸʴʹʮ ʥʦ ʤʣʡʥʲ .ʤʰʧʡʰ ʨʰʥʡʸʷʤ ʺʬʥʫʺʤʱʮʤ ʩʣʩ ʬʲ ʡ -80% ʺʥʡʫʹʮ 

ʳʥʨʤ, ʭʩʫʺʧ ʬʹ ʳʥʨʤ ʺʥʡʫʹʡʥ ʩʸʷʩʲʤ ʪʺʧʡ H8, H7ʥ -H6 . ʩʣʩ ʬʲ ʺʩʬʷʹʮ ʤʣʣʮʰ ʨʰʥʡʸʷʤ ʺʬʥʫʺ

ʥʸʣʩʤ ʤʶʮʥʧʡ ʤʱʮʤʥ ʤʴʩʨʹ-ʺʩʸʥʬʫ.ʹʥʡʩʩ ʸʧʠ ʥʬʷʹʰ ʳʥʨʤ ʺʥʠʮʢʥʣ  , ʩʸʧʠʥ ʩʰʴʬʤʱʮʤʤ ʹʸʥʴ ʹʸʴʤʤʥ 

ʳʥʨʡ ʨʰʥʡʸʷʤ ʬʹ ʩʬʷʹʮʤ ʥʷʬʧʫ) ʤʠʸʺʥʨʩʹ ʷʸʴ .(ʤ ʡʩʫʸʤ ʬʹ ʺʲʶʥʮʮʤ ʤʬʥʫʺʤ ʨʰʥʡʸʷʩ ʠʩʤ 5.42% 

 ʬʹ ʯʷʺ ʺʩʨʱ ʭʲ2.9% .ʬʬʫʫ ,ʯʨʷ ʳʥʨʡ ʩʨʰʥʡʸʷʤ ʡʩʫʸʤʮ -10% )ʩʬʷʹʮ(ʤʮ ʤʮʢʥʣ , ʩʺʹ ʨʲʮʬ

ʩʸʷʩʲʤ ʪʺʧʡ ʺʥʩʥʶʮʤ ʺʥʨʬʥʡ ʺʥʩʬʮʥʰʠ ,ʺʥʩʥʶʮʤʫ -4ʥ -12ʧʤ ʱʩʱʡʮ ʸʨʮ  ʩʣʫʬ ʺʥʲʩʢʮʥ ʪʺ14%ʥ -16% 

)ʩʬʷʹʮ() ʸʥʩʠʭʩ 25 ,29 .(ʺʥʡʫʹʬʩʡʷʮ ʳʥʨ ʺʥ ʭʩʫʺʧʡ H3ʥ -H4ʠʸʮ ʺʥ ʺʬʥʫʺ ʬʹ ʤʡʥʨ ʤʮʠʺʤ 

ʨʰʥʡʸʷʤ , ʪʺʧʡ ʨʰʥʡʸʷʤ ʦʥʫʩʸ ʪʠH5ʡ ʸʹʠʮ ʤʥʡʢ ʤ ʺʥʡʫʹʤ ʩʫʺʧ ʭʩʫʺʧʡ ʺʥʩʡʩʨʬʸʥʷʤʭʩʸʧʠʤ)  ʸʥʩʠ

25 .(ʩʠ-ʮʠʺʤʳʥʨʤ ʺʡʫʹʡ ʭʩʬʸʨʬ ʭʩʩʥʰʩʹʮ ʲʥʡʰʬ ʤʬʥʫʩ ʥʦ ʤ. ʺʥʩʬʮʥʰʠʤ ʩʺʹ ) ʸʴʱʮ ʤʡʫʹʡ10 

 ʺʥʡʫʹʡʥ19-20,ʡ -H3 (ʺʥʣʩʲʮ,ʤʠʸʰʤ ʬʫʫ ,ʺʥʩʥʶʸʴʺʤʤ ʳʶʸʡ ʭʩʢʩʸʧ ʭʩʲʥʸʩʠ ʬʲ  . ʥʬʠ ʺʥʡʫʹʹ ʸʹʴʠ

ʤ ʺʩʺʹʺʤ ʪʥʺʬ ʤʮʸʨʠʩʣʤ ʺʥʷʮʲʺʤʬ ʩʥʨʩʡ ʯʤʨʰʥʡʸʷʩʺ, ʸʠʠʮʤ ʭʥʸʣ ʬʹ ʨʰʥʡʸʷʤ ʩʴʥʹʧʮʡ ʯʸʥʷʮʹ ʥʠ 

)ʯʥʩʣʤ ʷʸʴ ʤʠʸ( .ʥʫʺ ʯʩʡ ʭʩʩʨʮʨʱʩʱ ʭʩʬʣʡʤ ʯʩʠʩʸʷʩʲʤ ʪʺʧʡ ʨʰʥʡʸʷʤ ʺʬ, ʡʩʡʱ ʭʩʸʧʠ ʭʩʫʺʧʡʹ ʥʦʬ 

ʤʤʫʩʸʡ )  ʠʥʤ ʨʰʥʡʸʷʤ ʭʡ1.8-9.3%( ,ʸʠʠʮʤ ʦʫʸʮʮ ʭʩʷʥʧʸʤʥ ʭʩʡʥʸʷʤ ʭʩʫʺʧʤ ʯʩʡ ʥʠ.  
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ʸʥʩʠ 25 :ʩʸʷʩʲʤ ʪʺʧʤ ʺʠ ʭʩʡʩʫʸʮʤ ʭʩʫʺʧʤ ʬʹ ʳʥʨʤ ʺʥʡʫʹʡ ʨʰʥʡʸʷʤ ʬʹ ʺʩʬʷʹʮ ʤʩʶʷʸʴ ,H4 ,H3ʥ -H5 . ʺʥʡʫʹʤ
ʢʶʥʮ ʸʩʶ ʬʲ ʺʥYʩʸʷʩʲʤ ʪʺʧʡ ʩʴʸʢʩʨʸʨʱʤ ʯʸʣʩʱ ʩʴʬ .  
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4.3.4 .ʤʩʸʨʮʥʬʥʰʸʢ 
ʤʰʺʹʮ ʳʥʨʤ ʺʥʡʫʹʡ ʭʩʸʢʸʢʤ ʬʣʥʢ,ʺʥʰʥʹʤ ʺʥʡʫʹʡ ʺʥʧʩʫʹʡ ʯʤʥ ʺʲʸʹʮʡ ʯʤ  .ʢʡ ʺʥʰʥʹʤʥ ʸʢʸʢʤ ʬʣ

ʭʩʮʸʥʢ ʸʴʱʮʮ ʺʲʴʹʥʮʥ ʺʴʷʹʮ ,ʭʤʩʰʩʡ :ʺʥʶʸʴʺʤʤ ʺʮʶʥʲ , ʺʥʧʥʸʤ ʯʥʥʩʫʥ ʺʮʶʥʲʥ ʤʩʶʨʰʮʢʸʴʤ ʺʢʸʣ

ʺʥʶʸʴʺʤʤ ʪʬʤʮʡ .ʺʥʶʸʴʺʤʤ ʺʮʶʥʲʮ ʺʸʦʢʰ ʤʩʶʨʰʮʢʸʴʤ ʺʢʸʣʤʷʮʥʲʥ ʥ  ʯʮ ʲʬʱʤ ʬʹ ʤʩʢʥʬʥʺʩʬʤ

)Kuppers et al., 2006.(  

 ʭʩʬʥʣʢ ʲʬʱ ʩʸʡʹ)ʮ ʬʥʣʢ ʸʨʥʷʡ-30ʮ "ʮ (ʺʥʰʥʹ ʺʥʡʫʹʡ ʤʰʥʹ ʺʥʧʩʫʹʡ ʳʥʨʡ ʥʠʶʮʰ,ʡ ʭʩʩʥʶʮ ʭʤ -43% 

ʮ ʭʩʸʣʲʰʥ ʩʸʷʩʲʤ ʪʺʧʤ ʩʡʥʲʮ-%57ʭʩʸʺʥʰʤ  . ʣʲ ʲʩʢʮ ʪʺʧʡ ʭʩʱʴʥʺ ʭʤʹ ʧʨʹʤ0.3%ʲʩʢʮ ʭʬʣʥʢʥ ʣʲ  

 ʬʹ ʸʨʥʷʬ450ʮ " ʮ) ʠʥʤ ʯʥʩʶʧʤ ʬʣʥʢ70ʮ "ʮ .(ʸʢʸʢʤ ʩʬʣʥʢ ʺʥʢʬʴʺʤʡ ʺʸʫʩʰ ʺʥʩʬʩʡʠʸʥ, ʭʢ ʤʺʴʶʰ 

 ʱʷʩʸʨʮʡ)< 30ʮ "ʮ (ʳʥʨʤ ʬʹ . ʭʩʸʥʩʠ26ʠ  ,'ʡ 'ʢʥ 'ʷʣʤ ʸʮʥʧʤ ʸʥʦʩʴ ʺʠ ʭʩʢʩʶʮ, ʺʩʬʷʹʮʤ ʤʷʥʬʧʤ ʩʴʬ 

 ʭʩʫʺʧʡ ʭʩʰʥʹʤ ʭʩʬʣʢʤ ʺʥʩʶʷʸʴ ʬʹH3 ʣʲ H9  . ʺʷʩʣʡʡʤʸʢʸʢʤ ʬʣʥʢʡ ʺʥʰʥʹ,ʡ ʤ ʯʩʺʥʡʫʹ ʺʥʰʥʹʤ 

ʤʬʥʲ,ʩʫ ʷʣʡʰʤ ʸʢʸʢʤ ʬʣʥʢ ʯʨʷʹ ʬʫʫ  ,ʪʫʤ ʤʬʥʲ ʯʥʩʮʣ ʣʣʮʫ ʱʢʤ ʸʢʸʢʤ ʺʩʶʷʸʴ ʤʸʧʡʰ ʯʫʬʥ ʺʥʡʫʹʤ ʯʩʡ 

ʺʥʡʫʹʤ ʯʩʡ ʩʰʥʹʬ.  
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ʸʥʩʠ 26ʠ' : ʳʥʨʤ ʤʰʥʡ ʸʮʥʧʡ ʸʢʸʢʤ ʩʬʣʢ ʬʹ ʺʩʬʷʹʮ ʤʷʥʬʧ)< 30ʮ "ʮ (ʳʥʨʤ ʺʥʠʮʢʥʣ ʬʫʡʥʷʣʡʰʹ  .  
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 ʸʥʩʠ26ʡ': ʳʥʨʤ ʤʰʥʡ ʸʮʥʧʡ ʸʢʸʢʤ ʩʬʣʢ ʬʹ ʺʩʬʷʹʮ ʤʷʥʬʧ )< 30ʮ "ʮ (ʥʷʣʡʰʹ ʳʥʨʤ ʺʥʠʮʢʥʣ ʬʫʡ . ʠʡ ʩʰʥʹʤ ʸʷʩʲ
 ʭʩʱʢʤ ʸʢʸʢʤ ʩʬʣʥʢ ʺʩʶʷʸʴʡ ʩʥʨʩʡ ʩʣʩʬ)4  ʮ"ʮ30 >X>  ʮ"ʮ.(  
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 ʸʥʩʠ26ʢ' :ʭʩʰʨʷʤ ʸʢʸʢʤ ʩʬʣʢ ʬʹ ʺʩʬʷʹʮ ʤʷʥʬʧʮ -2ʮ "ʺʥʠʮʢʥʣ ʬʫʡ ʳʥʨʤ ʤʰʥʡ ʸʮʥʧʡ ʮʥʷʣʡʰʹ ʳʥʨʤ  . ʺʥʠʸʬ ʯʺʩʰ
 ʸʢʸʢ ʬʣʥʢ ʺʩʶʷʸʴ ʯʩʡ ʤʷʥʬʧʤʹX < 0.5ʮ " ʸʢʸʢ ʬʣʥʢʬ ʮ 1 > X > 0.5ʮ" ʬʹ ʲʥʡʷ ʱʧʩʡ ʠʩʤ ʺʥʰʥʹʤ ʺʥʡʫʹʡ ʮ1:1.  

  

 ʸʥʩʠ27 ʬʣʥʢʡ ʭʩʸʢʸʢʤ ʬʹ ʩʬʷʹʮʤ ʷʬʧʤ ʺʠ ʢʩʶʮ 2-4  ʮ"ʮ,ʪʺʧʡ ʩʴʸʢʩʨʸʨʱʤ ʭʮʥʷʩʮ ʩʴʬ  . ʭʩʬʣʢ ʧʥʥʨ

ʤʥʥʤʮ ʤʦ 4-30%  ʳʥʨʤʮ) ʺʠ ʠʩʶʥʤʬʭʩʬʥʣʢʤ ʲʬʱʤ ʩʸʡʹ (ʣʧʠ ʤʸʷʮʡʥ, ʺʨʬʥʹ ʳʠ ʤʦ ʸʢʸʢ ʬʣʥʢ ʺʶʥʡʷ 

 ʳʱʠʮʡ)> 50% .( ʭʩʫʺʧʤ ʯʩʡ ʤʠʥʥʹʤʡH3 ,H4ʥ -H5ʤʬʥʲ , ʤʰʩʠ ʤʦ ʸʢʸʢ ʬʣʥʢ ʺʶʥʴʺʹ ʺʥʸʮʬ ʩʫ 
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ʡ ʤʣʩʧʠʺʥʡʫʹʩʡʩʨʬʸʥʷ ʺʥ ,ʭʩʫʺʧʤ ʺʹʬʹʡ ʺʩʡʷʲ ʺʥʡʫʹʤ ʯʩʡ ʩʥʰʩʹʤ ʺʮʢʮ .ʬʤʮʢʥʣ , ʭʩʸʢʸʢʤ ʦʥʧʠ

 ʤʡʫʹʡ ʯʥʣʰʤ ʬʣʥʢʡ43, ʭʩʫʺʧʤ ʺʹʥʬʹ ʬʫʡ ʤʩʬʲʮʥ ʤʩʺʧʺʮʹ ʺʥʡʫʹʡ ʸʹʠʮ ʤʥʡʢ ) ʸʥʩʠ27.(  
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ʸʥʩʠ 27 : ʩʬʣʢʡ ʭʩʸʢʸʢʤ ʬʹ ʩʬʷʹʮʤ ʭʷʬʧ2-4  ʮ"ʮ ʭʩʫʺʧ ʬʹ ʭʩʩʡʩʨʬʸʥʷʤ ʭʩʷʬʧʡ  H4, H3ʥ -5H ʺʥʡʫʹʤ ʸʹʠʫ 

 ʸʩʶ ʬʲ ʺʥʮʷʥʮʮ ʺʥʩʡʩʨʬʸʥʷʤY ʩʸʷʩʲʤ ʪʺʧʡ ʩʴʸʢʩʨʸʨʱʤ ʯʮʥʷʩʮ ʩʴʬ )40-49(.  

  

 ʸʥʩʠ28 ʭʩʬʣʢʡ ʭʩʸʢʸʢ ʬʹ ʩʬʷʹʮʤ ʭʷʬʧ ʺʠ ʢʩʶʮ 4-30ʮ "ʮ ,ʭʩʰʥʹʤ ʳʥʨʤ ʩʫʺʧʡ . ʭʩʰʮʥʱʮ ʭʩʫʺʧʤ ʬʲ

ʭʩʬʥʣʢʤ ʲʬʱʤ ʩʸʡʹ ʭʢʮ -30ʮ "ʮ , ʩʷʴʥʠ ʸʨʮ ʪʸʥʠʬ ʥʠʶʮʰʹ ʭʩʨʰʮʢʸʴʤ ʸʴʱʮ ʺʠ ʳʷʹʮ ʯʥʮʩʱʤ ʸʹʠʫ

ʪʺʧʡ ʤʡʫʹ ʬʫʡ ʩʠʸʷʠ .ʸʥʸʩʡʡ ʤʬʥʲ ʭʩʫʺʧʤ ʬʹ ʤʩʸʨʮʥʬʥʰʸʢʤ ʺʠʥʥʹʤʮ,ʧʩʫʹ ʩʫ  ʲʬʱʤ ʩʸʡʹ ʺʥ

 ʭʩʬʥʣʢʤʺʩʬʩʡʠʩʸʥʣʡʬʡ ʭʩʡʥʸʷʤ ʭʩʫʺʧʤ ʩʴʥʹʧʮʬ ʺʬʡʢʥʮ ʤʰʩʠʥ  . ʤʷʩʣʡʡ ʩʸʷʩʲʤ ʪʺʧʤ ʪʸʥʠʬ ʺʩʺʨʩʹ

) ʸʥʩʠ29 (ʠʶʮʰ ,ʭʩʬʥʣʢʤ ʲʬʱʤ ʩʸʡʹ ʺʬʥʫʺ ʯʩʡ ʤʡʥʨ ʤʩʶʬʸʥʷ ʺʮʩʩʷ ʩʫ , ʩʫʥ ʱʷʩʸʨʮʡ ʸʢʸʢʤ ʬʣʥʢʬ

ʮ ʭʩʬʥʣʢʤ ʲʬʱʤ ʩʸʡʹʡ ʺʥʸʩʺʲʤ ʺʥʡʫʹʤ-30ʮ "ʮ, ʭʢ ʯʤ ʺʥʬʲʡʩʸʨʮ ʱʷʱʢ ʺʩʱʧʩ  . ʺʥʬʩʫʮʤ ʺʥʡʫʹʤ ʬʫ

ʭʩʬʥʣʢ ʲʬʱ ʩʸʡʹ , ʺʥʢʩʸʧ ʩʺʹ ʨʲʮʬ)H3-5ʥ -,H5-5 ʸʥʩʠ29(, ʬʲʮ ʺʥʬʩʫʮ 26% ʤʱʢ ʱʷʩʸʨʮ ʺʩʶʷʸʴ 

)4-30ʮ "ʮ .(ʠʶʮʰ ʯʫ ʥʮʫ , ʪʺʧʤ ʬʹ ʯʥʺʧʺʤ ʥʷʬʧʡ ʳʥʨʤ ʩʫ)ʪʺʧʤ ʲʡʸ ʸʥʦʠʬ ʨʸʴ ( ʸʩʺʲʥ ʺʩʱʧʩ ʱʢ

ʭʩʬʥʣʢ ʲʬʱ ʩʸʡʹ, ʯʥʩʬʲʤ ʹʩʬʹʤʹ ʣʥʲʡ ʥʩ ʷʧʥʸʮʤʥʸʡʤ ʦʫʸʮʮ ʸʺʩ ʤʫ ʺʨʲʥʮ ʲʬʱʤ ʩʸʡʹ ʺʥʮʫʥ ʸʺʥʩ ʷʣ

ʺʩʱʧʩ .ʨʥʸʴ ʸʺʩʡ ,ʪʺʧʤ ʱʩʱʡʮ ʭʩʷʬʧ ʤʹʩʮʧʬ ʪʺʧʤ ʺʠ ʷʬʧʬ ʯʺʩʰ :0-9 ʭʩʸʨʮ –ʱʢ ʸʮʥʧ  ,9-12 ʸʨʮ - 

ʷʣ ʸʮʥʧ ,12-29 ʸʨʮ –ʱʢ ʸʮʥʧ  ,29-43 ʸʨʮ –ʷʣ ʸʮʥʧ  ,43-44 ʸʨʮ )ʤʰʥʩʬʲ ʤʡʫʹ (– ʸʮʥʧ ʺʡʫʸʥʮ 

ʱʢ .  

ʩʸʷʩʲʤ ʪʺʧʤʮ ʤʰʥʹʡ ,ʺʧʡʤʫʩʸʡʤ ʯʮ ʭʩʷʥʧʸʤ ʭʩʫ , ʸʠʠʮʤ ʬʹ ʭʩʩʰʥʶʩʧʤ ʺʥʰʥʸʣʮʡ ʭʩʩʥʶʮʤ) ʪʺʧH6 

 ʪʺʧʥH9 (ʺʥʡʫʸʥʮʤ ʺʥʡʫʹ ʪʥʺʡ ʭʩʬʥʣʢ ʲʬʱ ʩʸʡʹ ʭʩʩʥʶʮʭʢ ʷʣ ʱʷʩʸʨʮʮ .  
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ʸʥʩʠ 28 : ʬʹ ʺʩʬʷʹʮʤ ʤʩʶʷʸʴʤʩʨʱʠʬʷ ʬʣʥʢʡ ʭ4-30ʮ "ʡ ʮʺʥʡʫʹʰʥʹʤ ʺʥʳʥʨʡ . ʬʫʡ ʺʥʣʥʷʰʤ ʸʴʱʮ ʤʡʫʹʩʩʶʮ  ʺʠ ʯ
ʭʩʬʥʣʢʤ ʲʬʱʤ ʩʸʡʹ ʸʴʱʮʮ -30ʮ "ʮ,ʪʺʧʡ ʤʡʫʹ ʬʫʡ ʩʠʸʷʠ ʩʷʴʥʠ ʸʨʮ ʪʸʥʠʬ ʥʸʴʱʰʹ  . ʬʹ ʺʥʡʫʹ ʺʥʰʮʥʱʮ ʬʥʧʫʡ

ʳʥʨ ʭʰʩʠʹ ʭʩʲʬʱ ,ʤʩʸʥʷʱ ʯʥʢʫ , ʺʥʲʷʸʷʥ ʺʬʦʡ)ʥʸʩʴ ʳʥʨ ʭʰʩʠʹ ʭʩʲʬʱʤ ʨʡ ʲʩʴʥʮ ʸʥʩʠ17.(  
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ʸʥʩʠ 29 :ʩʸʷʩʲʤ ʪʺʧʤʳʥʨʡ  ,ʤʷʬʧ ʯʮʥʱʮ ʥʩʬʲ ʸʢʸʢ ʬʣʥʢ ʺʶʥʡʷ ʬʹ ʩʬʷʹʮʤ 4-30ʮ " ʲʬʱ ʩʸʡʹ ʭʩʸʩʥʠʮ ʯʫʥ ʮ) ʭʩʬʥʣʢ
ʮ30  ʮ"ʮ (ʪʺʧʡ ʤʡʫʹ ʬʫʡ ʩʠʸʷʠ ʩʷʴʥʠ ʸʨʮ ʪʸʥʠʬ ʥʠʶʮʰʹ)  ʸʥʩʠ7 ,H3, H4, H5(.  
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4.4 .ʭʸ ʺʫʩʸʡʡ ʬʥʡʩʴʮʠ 
 ʤʰʥʩʬʲ ʭʩʮʸʫ ʺʬʦʡʡʥ ʭʸ ʺʫʩʸʡ ʳʥʨʡ ʥʠʶʮʰ ʨʩʨʥʱʸʷ ʢʥʱʮ ʬʥʡʩʴʮʠ ʩʹʩʡʢ) ʧʴʱʰ5 .( ʭʸ ʺʫʩʸʡ ʳʥʨʡ

ʶʮʹʩʡʢ ʭʩʩʥ ʭʩʨʱʩʸʷʢʮʫ ʯʤ ʨʩʨʥʱʸʷʤ ʩ) ʸʥʩʠ30 ( ʺʴʨʲʮʤ ʯʮʥ ʯʥʺʧʺʤ ʭʥʸʷʤ ʯʮ ʭʩʺʩʬʥʰʱʷ ʪʥʺʡ ʯʤʥ

 ʤʰʥʩʬʲʤ)Mittlefehldt, 1984; Downes et al., 2004 .(ʤʰʥʩʬʲ ʭʩʮʸʫ ʺʬʦʡ , ʤʰʥʸʧʠʤ ʺʬʦʡʤ ʠʩʤʹ

ʠʮʤ ʺʸʩʶʩ ʭʸʨʡ ʸʺʠʡ ʤʧʬʷʹʸʠ ,ʬʥʡʩʴʮʠ ʬʹ ʭʩʨʱʩʸʷʥʰʴ ʤʬʩʫʮ ʥʭʩʺʩʬʥʰʱʷ .  ʯʮ ʷʬʧ ʭʩʺʩʬʥʰʱʷʤ

ʭʸʥʷʮʹ ʵʸʥʥʷ ʩʸʢʸʢʥ ʩʮʥʷʮʤ ʪʺʧʤ ʯʮ ʺʥʬʦʡ ʬʹ ʭʩʨʰʮʢʸʴ ʭʷʬʧʥ ʷʥʮʲ ʸʥʷʮʮ,ʤʠʸʰʫ , ʯʥʷʩʨʸʷʤ ʩʲʬʱʡ 

ʯʥʺʧʺʤ .ʤʮʢʥʣʸʲʱ ʩʧʥʬʩʷʮ ʺʬʦʡ ʬʹ ʣʣʥʡ ʳʷʹʡ ʤʠʶʮʰ ʬʥʡʩʴʮʠ ʬʹ ʤʣʩʧʩʥ ʺʴʱʥʰ  , ʸʹʢʡ ʤʴʱʠʰʹ

ʺʥʣʩʣʩʤ .ʥʥʩʫʮʯʤʹ ʤʮʢʥʣʺʣʣʥʡ  ,ʸʲʱ ʺʬʦʡʡ ʤʢʩʸʧʥ ʤʷʥʧʸ ,ʯʩʠʹ ʭʥʹʮʥʸʥʸʡ ʩʴʸʢʩʨʸʨʱ ʪʥʩʹ ʤʬ  , ʯʫʥ

ʹʥʬʹʮ ʺʧʠʬ ʺʫʩʩʹ ʤʰʩʠ ʤʤʥʡʢ ʺʥʧʩʫʹʡ ʭʩʬʥʡʩʴʮʠ ʥʠʶʮʰ ʯʤʡ ʺʥʩʶʠʩʶʥʱʠʤ ,ʧʩʩʺʠ ʠʬʱʪʹʮʤʡ ʤʩʬʠ .  

  
ʸʥʩʠ 30 :ʩʸʷʩʲʤ ʪʺʧʤ ʯʮ ʠʶʥʤʹ ʩʨʩʨʥʱʸʷ ʬʥʡʩʴʮʠ ʬʹ ʨʱʩʸʷʢʮ ,ʭʸ ʺʫʩʸʡ ʳʥʨ. 

ʸʥʩʠ 31 : ʪʺʧʤʩʸʷʩʲʤ ,ʭʩʺʩʬʥʰʱʷ ʥʠ ʨʩʨʥʱʸʷ ʬʹ ʭʩʨʱʩʸʷʢʮ ʥʠʶʮʰ ʯʡ ʺʥʡʫʹʤ ʺʥʰʮʥʱʮ ʥʩʬʲ.  

ʳʥʨʤ ʪʺʧʡ ʭʩʲʩʴʥʮ ʭʰʩʠ ʭʩʨʱʩʸʷʢʮʤʺʩʰʢʥʮʥʤ ʤʱʩʸʴʡ  ʥ ʪʺʧʤ ʱʩʱʡʮ ʭʩʸʣʲʰ ʭʤ) ʸʥʩʠ31 .( ʩʫ ʯʩʩʶʬ ʹʩ

ʭʩʨʩʬʥʰʱʷ ʥʠʶʮʰ ʯʤʡ ʺʥʡʫʹʤ ʬʫʡ ,ʬʥʡʩʴʮʠ ʬʹ ʭʩʨʱʩʸʷʢʮ ʭʢ ʥʠʶʮʰ . ʲʰ ʭʩʨʱʩʸʷʢʮʤ ʬʹ ʭʬʣʥʢ

ʩʮʮ ʣʲʥ ʭʩʣʣʥʡ ʭʩʸʨʮʩʬ35u35u60ʮ "ʮ .ʸʣʤʥʠ ʭʩʨʱʩʸʷʢʮʤʮ ʷʬʧ ʭʩʧʺʥʴʮ ʹʩʡʢ ʩʰʴ ʭʲ ʭʩʩʬ) ʸʥʩʠ30 (

ʺʥʷʬʧʥʮ ʭʤʩʺʥʠʴʥ ʭʩʩʬʸʣʤʰʠ ʭʩʸʧʠʥ .ʠʩʤ ʺʥʠʴʤ ʺʷʬʧʤ ʩʫ ʯʫʺʩʩ ʹʩʡʢʤ ʩʬʥʹ ʬʹ ʺʩʷʬʧ ʤʱʮʤʬ ʺʥʣʲ 

)Nasir and Al-Rawas, 2006 .(  

ʣʥʢʥ ʭʩʴʷʹʡ ʥʤʥʦ ʤʰʥʩʬʲ ʭʩʮʸʫ ʺʬʦʡʡʹ ʭʩʬʥʡʩʴʮʠʤ ʣʲ ʲʩʢʮ ʭʬ5ʮ "ʮ . ʥʠʶʮʰ ʥʬʠ ʭʩʬʥʡʩʴʮʠʡ

 ʩʫ ʸʩʡʱ ʯʫ ʬʲʥ ʺʬʦʡ ʤʺʥʠʡ ʭʩʩʥʶʮʤ ʭʩʩʰʩʡʩʬʥʠ ʭʩʨʱʩʸʷʥʰʴʥʸʷʩʮ ʬʹ ʤʦʬ ʤʮʥʣ ʡʫʸʤʡ ʯʩʡʩʬʥʠ ʺʥʩʦʥʬʷʰʩʠ

ʪʺʰ ʥʺʥʠʮ ʥʹʡʥʢ , ʭʩʩʰʩʡʩʬʥʠʤ ʭʩʨʱʩʸʷʥʰʴʥʸʷʩʮʤ ʺʥʹʡʢʺʤʬ ʭʩʸʧʥʠʮ ʭʩʬʥʡʩʴʮʠʤ ʩʫʥ) ʸʥʩʠ15ʥ  ʧʴʱʰ

4(  
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ʡ ʸʥʩʠ32ʮ ʩʸʴʱʮ ʭʩʢʶʥʮ ʭʩʬʥʡʩʴʮʠʡ ʤʧʱʥʰ ʺʣʩʧʩʡ ʯʥʷʩʬʩʱʤ ʩʮʥʨʠ ʸʴʱʮ ʬʥʮ ʭʥʩʦʰʢ . ʭʩʬʥʡʩʴʮʠʤ

ʭʥʩʦʰʢʮ ʩʸʴʱʮ ʩʬʲʡ ʭʤ ʭʸ ʺʫʩʸʡ ʳʥʨʮ ʭʩʺʩʬʥʰʱʷʡ  ʬʹ0.50-0.65 . ʭʩʫʸʲʤʮ ʭʩʫʥʮʰ ʥʬʠ ʭʩʫʸʲ

 ʳʥʨʡ ʥʠʶʮʰʹ ʭʩʨʱʩʸʷʢʮʡ)0.60-0.77 (ʭʩʮʸʫ ʺʬʦʡ ʬʹ ʭʩʨʱʩʸʷʥʰʴʡʥʤʰʥʩʬʲ ) 0.66-0.73  .( ʭʩʬʥʡʩʴʮʠ

ʥʨʮ ʥʴʱʠʰʹʠ ʺʸʠʧ ʬʹ ʩʸʥʱʤ ʷʬʧʡ ʠʶʮʰ ʸʹʠ ʯʥʰʣ ʸʤʡ ʳ- ʭʠʹ)Nasir and Al-Rawas, 2006 ( ʭʩʮʥʣ

ʭʩʮʸʫ ʺʬʦʡʡ ʭʩʨʱʩʸʷʥʰʴʬʥ ʳʥʨʡ ʭʩʨʱʩʸʷʢʮʬ .ʩʰʸʷʮ ʺʥʬʦʡʡ ʯʥʺʧʺʤ ʭʥʸʷʤʮ ʭʩʺʩʬʥʰʱʷʡ ʭʩʬʥʡʩʴʮʠ-

 ʯʩʨʩʧ)ʺʩʦʢ, 2005 (ʸʺʥʩ ʤʤʥʡʢ ʤʷʩʬʩʱ ʺʬʥʫʺʡ ʭʩʬʣʡʰ.  
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ʭʩʮʸʫ ʺʬʦʡ ʳʥʨʤʮ ʨʩʬʥʰʱʷ ʳʥʨʤʮ ʨʱʩʸʷʢʮ ʯʩʨʩʧ ʩʰʸʷ (ʤʩʸʥʱ) ʯʥʰʣ ʸʤ

  
ʸʥʩʠ 32 :ʮʩʧʩʬ ʤʷʩʬʩʱʤ ʬʥʮ ʭʥʩʦʰʢʮ ʸʴʱ ʭʩʬʥʡʩʴʮʠʡ ʤʧʱʥʰ ʺʣ)22ʭʩʰʶʮʧ (ʭʩʮʸʫ ʺʬʦʡʮ , ʺʫʩʸʡ ʳʥʨʮ ʭʩʺʩʬʥʰʱʷʮ 
ʭʸ ,ʭʸ ʺʫʩʸʡ ʳʥʨʡ ʭʩʨʱʩʸʷʢʮʮ ,ʩʰʸʷʮ ʭʩʺʩʬʥʰʱʷʮ- ʯʩʨʩʧ)ʺʩʦʢ ,2005 ( ʭʩʨʱʩʸʷʢʮʮʥʮʯʥʰʣ ʸʤ , ʤʩʸʥʱ)Nasir and 

Al-Rawas, 2006.(  

  

ʤʲʩʺʴʮ ʤʰʩʠ ʭʩʺʩʬʥʰʱʷʡ ʬʥʡʩʴʮʠ ʺʥʧʫʥʰ,ʺʬʦʡʡ ʬʸʰʩʮʤ ʬʹ ʥʺʥʧʫʥʰ ʭʬʥʠ ʤʰʥʩʬʲ ʭʩʮʸʫ  ʱʧʩʡ ʤʢʩʸʧ ʠʩʤ 

ʯʬʥʢʤ ʺʥʬʦʡ ʬʫʬ . ʭʩʨʱʩʸʷʥʰʴʥʸʷʩʮ ʬʹ ʭʡʫʸʤʡ ʯʩʡʩʬʥʠ ʺʥʩʦʥʬʷʰʩʠ ʭʩʬʩʫʮ ʭʩʬʥʡʩʴʮʠʤ ʩʫ ʤʣʡʥʲʤ

ʺʬʦʡʡ ,ʡ ʺʫʮʥʺʮʡ ʥʬʣʢʹ ʭʩʨʱʩʸʷʥʰʴ ʭʺʥʩʤʠʤʮʢ, ʬʹ ʯʥʹʠʸ ʸʥʣ ʺʥʹʡʢʺʤ ʸʧʠʬʥ ʤʮʲ ʬʷʹʮ ʩʥʥʩʹʡ 

ʯʩʡʩʬʥʠ .ʤ ʬʲ ʤʣʥʡʲʡʯʥʰʣ ʸʤ ʬʹ ʳʥʨʡ ʥʠʶʮʰʹ ʭʩʬʥʡʩʴʮʠ , ʺʥʣʥʱʩʥ ʭʩʩʸʷʩʲ ʺʥʣʥʱʩ ʺʠʥʥʹʤ ʪʥʺʮ ʤʬʲ

ʨʸʥʷ,ʥʩʤ ʭʩʬʥʡʩʴʮʠʤ ʩʫ  ,ʤʠʸʰʫ, ʥʬʣʢ ʥʡ ʧʸʠʮʤ ʪʺʰʤ ʭʲ ʬʷʹʮ ʩʥʥʩʹʡ ʭʡʥʸʡ )Nasir, 1995; Nasir 

and Al-Rawas, 2006 .( ʺʥʩʦʥʬʷʰʩʠʡ ʺʩʴʶʺʤ ʡʥʬʩʹʮʭʩʬʥʡʩʴʮʠʡʹ ʩʥʶʮʤ ʩʺʬʦʡ ʪʺʰ ʭʥʩʷʬ ʺʥʣʲʮʥ 

ʩʹʡʯʥʰʣ ʸʤʡ ʬʥʡʩʴʮʠ ʭʲ ʬʷʹʮ ʩʥʥ ,ʤʮ ʥʹʡʥʢ ʭʩʮʸʫ ʺʬʦʡʡ ʭʩʬʥʡʩʴʮʠʤ ʩʫ ʧʩʰʤʬ ʯʺʩʰʮʢʠʮʺʧʸʠʮʤ ʤ .

ʧʩʰʤʬ ʯʫ ʥʮʫ ʯʺʩʰ ,ʳʥʨʡʹ ʭʩʨʱʩʸʷʢʮʤʹ ,ʭʩʨʱʩʸʷʥʰʴʡʹ ʤʬʠʬ ʭʡʫʸʤʡ ʭʩʮʥʣʤ ,ʤʮ ʥʬʣʢʮʢʠʮ ʺʧʸʠʮʤ ʤ

ʤʮ ʥʠʮʢʠʮʤʰʥʩʬʲ ʭʩʮʸʫ ʺʬʦʡ ʬʹ ʤ.   
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4.5 .ʭʸ ʺʫʩʸʡʡ ʩʰʷʬʥʥʤ ʪʺʧʤ ʩʬʩʢ 
4.5.1 .ʸʲʷ 

ʤʣʩʲʮ ʭʸ ʺʫʩʸʡ ʩʲʬʱ ʬʹ ʤʩʴʸʢʩʨʸʨʱʤ, ʭʦʩʰʷʬʥʥʮ ʸʡʲʮʤ ʩʫ 'ʹʡʩ 'ʥʨʠʩʸʴ ʺʥʩʥʶʸʴʺʤʬʮʢʠʮʺʥʩʺ, ʸʧʥʠʮ 

ʮ ʭʣʷʥʮʥ ʤʰʥʩʬʲ ʭʩʮʸʫ ʺʬʦʡ ʧʥʬʩʷʮʸʲʱ ʧʥʬʩʷ .ʭʩʮʸʫ ʺʬʦʡ ʬʠ ʸʣʥʧ ʸʠʠʮʤ ʤʰʡʮʤʰʥʩʬʲ  ʭʩʨʰʮʢʸʴʥ 

ʳʥʨʡ ʩʸʷʩʲ ʡʩʫʸʮ ʭʩʥʥʤʮ ʤʰʮʮ ʥʸʦʢʰʹ .ʡ ʤʫʸʠʥʺ ʤʰʥʩʬʲ ʭʩʮʸʫ ʺʬʦʡ-Ar-Arʬ - ka3±223) Goren-

Inbar, 1985; Feraud et al., 1983 .(ʸʠʠʮʤ ʬʩʢʬ ʯʥʩʬʲ ʭʱʧ ʤʥʥʤʮ ʤʦ ʬʩʢ . ʳʥʨ ʺʥʡʫʹ ʤʱʫʮ ʸʲʱ ʺʬʦʡ

 ʺʨʩʹʡ ʤʫʸʠʥʺ ʠʩʤʥ ʸʠʠʮʬ ʺʩʡʸʲʮK-Arʬ -ka 80±140  ʸʺʠʬ ʺʩʡʸʲʮ)Mor, 1993 .( ʯʥʺʧʺ ʭʱʧ

 ʸʢʰʩʦʥ ʪʩʬʸʠ ʩʣʩ ʬʲ ʲʡʷʰ ʸʠʠʮʤ ʬʩʢʬ)Ehrlich and Singer, 1976 ( ʬʩʢʬ ʤʩʶʬʥʴʸʨʱʷʠ ʥʫʸʲʹ

 ʷʮʥʲʮ ʩʮʢʠ ʨʰʮʩʣʱʮ ʯʥʡʸʷʥʩʣʸ36ʮ  'ʸʠʠʮʤ ʺʫʩʸʡʮ .ʤʲʷʹʤ ʩʡʶʷ ʺʧʰʤʡ , ʺʠ ʥʲʡʷ ʭʤ ʨʰʮʩʣʱʤ ʬʩʢ

ʤ ʩʮʢʠʤʸʺʥʩʡ ʷʩʺʲʬ -108 ka . ʤ ʺʬʩʧʺ ʬʹ ʸʺʥʩ ʸʩʲʶ ʬʩʢWürmian) 60 ka ( ʧʥʣʩʷʮ ʯʬʥʴ ʩʣʩ ʬʲ ʲʡʷʰ

P8) Weinstein, 1976( ,ʠʩʶʬʢʤʹ ʬʡʥʷʮ ʭʥʩʫ ʩʫ ʭʠʪʥʸʠʺʤ ʺʠ ʯʫʣʲʬ ʹʩʥ ʸʺʥʩ ʭʣʷʥʮ ʬʧʤ ʬ.  

ʥʩʱʩʰʡʯʸʠʠʮʤ ʺʸʩʶʩ ʤʹʧʸʺʤ ʥʡ ʯʮʦʤ ʯʥʬʧ ʺʠ ʸʶʤʬ  ,ʡ ʥʫʸʠʥʺ-OSL ʳʥʨʡ ʭʩʱʥʫʮʤ ʭʩʬʥʱʥʠʬʴ ʩʰʹ 

ʳʥʨ ʺʥʡʫʹ ʲʡʸʠʥ .ʩʬʥʠʠ ʵʸʥʥʷ ʩʸʢʸʢ ʬʲ ʲʶʥʡ ʭʩʬʥʱʥʠʩʬʴʤ ʪʥʸʠʺ , ʬʲ ʲʶʥʡ ʳʥʨʤ ʺʥʡʫʹ ʪʥʸʠʺʹ ʣʥʲʡ

ʵʸʥʥʷ ʩʸʢʸʢ,ʤ ʯʮ ʷʬʧ ʭʩʥʥʤʮʤ ʷʩʰʷʬʥʥʨʱʠʬʭʩ,ʯʥʺʧʺʤ ʯʥʷʩʨʸʷʤ ʩʲʬʱʡ ʭʸʥʷʮʥ ʳʥʨʤ ʺʠ ʭʩʡʩʫʸʮʤ , 

ʸʥʦʠʡ ʩʺʬʦʡʤ ʪʺʧʤ ʺʧʺ ʭʩʩʥʶʮʤ. ʤʧʰʤʺʩʤ ʤʣʥʡʲʤ ʺ ʤʩʤ ʺʥʶʸʴʺʤʤ ʭʥʧ ʩʫ ʤʥʡʢ ʺʠ ʱʴʠʬ ʩʣʫʡ ʷʩʴʱʮ 

ʡ ʤʩʶʰʱʰʩʮʥʬʤ ʬʰʢʩʱʭʩʸʢʸʢ.  

4.5.2 .ʭʩʬʩʢʥ ʺʥʠʮʢʥʣ  
ʤ ʩʬʩʢ ʩʰʥʺʰ-OSLʡ ʭʩʢʶʥʮ  ʸʥʩʠ35ʡʥ  ʧʴʱʰ6.  

ʤʮʢʥʣ BRU-2ʹ ʠʩʤ ʬ ʡʸʲʮʮ ʩʥʶʮʥ ʳʥʨ ʤʱʥʫʮʤ ʩʠʩʸʥʷʱ ʬʥʱʥʠʬʴ ʬʤʫʩʸʡ) (ITM) 221357-293230( 

) ʸʥʩʠ33 .( ʥʦ ʤʮʢʥʣʤʫʸʠʥʺʬ -215±54 ka.  

ʤʮʢʥʣ BRU-3ʬ ʧʸʦʮʮ ʩʥʶʮʥ ʳʥʨ ʤʱʥʫʮʤ ʩʨʩʸʷʬʷ ʬʥʱʥʠʬʴ ʺʮʢʥʣ ʠʩʤ ʤʫʩʸʡ) (ITM) 222800-292950 (

 ʠʩʤʥʬ ʤʫʸʠʥʺ- ka15±166.  

   
ʸʥʩʠ 33 :ʭʸ ʺʫʩʸʡʡ ʭʩʬʥʱʥʠʬʴ .ʮʯʩʮʩ - ʳʥʨ ʤʱʥʫʮʤ ʩʠʩʸʥʷʱ ʬʥʱʥʠʬʴ ʥʬ ʺʩʡʸʲʮ ʩʥʶʮʤʫʩʸʡ) itm 221357-293230 (. 
ʮʬʠʮʹ - ʪʺʧ ʱʩʱʡ ʺʠ ʤʥʥʤʮʤ ʳʥʨ ʤʱʥʫʮʤ ʩʨʩʸʷʬʷ ʬʥʱʥʠʬʴ H7ʬ ʺʩʧʸʦʮ ʤʫʩʸʡ) itm 222800-292950.(  
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BRU-4 ʠʩʤ ʤʮʢʥʣ ʪʺʧʡ ʺʩʹʩʬʹʤ ʳʥʨʤ ʺʡʫʹʮ H7 , ʬʲʮBRU-3) ʥʠʬʴʤʩʨʩʸʷʬʷʤ ʬʥʱ ( ʬʩʢ ʤʰʺʰ ʠʩʤʥ

 ʬʹka 44±332 . ʤʡʫʹʤ ʬʹ ʩʴʸʢʩʨʸʨʱʤ ʤʮʥʷʩʮʬ ʭʩʠʺʮ ʥʰʩʠ ʤʦ ʬʩʢ) ʬʹ ʬʥʱʥʠʬʴ ʬʲʮ ka15±166 (

 ʬʥʣʢ ʳʠ ʠʥʤʥʤʬʩʢʮʤʰʥʩʬʲ ʭʩʮʸʫ ʺʬʦʡ  ʬʹ  .ʲʶʥʮʡ ʵʸʥʥʷʤ ʩʸʢʸʢ ʬʹ ʤʩʶʰʱʰʩʮʥʬʤ ʬʰʢʩʱ ʩʫ ʤʮʢʥʣʥʦ , ʠʬ 

ʺʥʶʸʴʺʤʤ ʪʬʤʮʡ ʠʬʮ ʱʥʴʩʠ ʸʡʲ.  

BRU-5ʥ -BRU-6 ʩʸʷʩʲʤ ʪʺʧʡ ʺʥʡʫʹʮ ʺʥʠʮʢʥʣ ʯʤ )H3-37 ʥ -,H3-18 

ʤʮʠʺʤʡ ( ʬʹ ʭʩʬʩʢ ʥʰʺʰ ʯʤʥka 15±112ʥ -ka 19±147 ʤʮʠʺʤʡ )ʭʩʸʥʩʠ ,34 

35 .(ʤʸʥʠʫʬ , ʭʮʥʷʩʮ ʺʠ ʭʩʮʠʥʺ ʭʰʩʠ ʳʥʨʤ ʺʥʡʫʹ ʩʺʹ ʬʹ ʭʩʬʩʢʤ

ʩʱʧʩʤ ʩʴʸʢʩʨʸʨʱʤ ,ʩʫ ʯʫʺʩʩ ʳʠʥ ʬʣʡʤʤ ʺʠ ʭʩʮʶʮʶʮ ʤʠʩʢʹʤ ʩʧʥʥʨ ʭʬʥʠ, 

 ʤʮʢʥʣʬ ʤʮʥʣʡBRU-4, ʪʬʤʮʡ ʨʬʧʥʮ ʱʥʴʩʠ ʸʡʲ ʠʬ ʯʤʬʹ ʬʰʢʩʱʤ ʭʢ 

ʺʥʶʸʴʺʤʤ .ʡʶʮʤ ʤʦ ʯʫʠ ʭʠ ,ʠʬʮ ʱʥʴʩʠ ʥʸʡʲ ʠʬ ʥʬʠ ʺʥʠʮʢʥʣʥ , ʵʮʠʬ ʹʩ ʦʠ

ʸʺʥʩ ʯʩʮʠʫ ʭʩʩʰʹʤ ʯʩʡʮ ʸʩʲʶʤ ʬʩʢʤ ʺʠ.  

  
  

ʸʥʩʠ 34 :ʥʣʣʮʰʹ ʺʥʡʫʹʤ ʬʲ ʭʩʰʮʥʱʮ ʤʩʱʰʱʰʩʮʥʬʤ ʩʬʩʢ ʭʲ ʩʸʷʩʲʤ ʳʥʨʤ ʪʺʧ  

  

ʤʮʢʥʣ BRU-1 ʪʺʧʮ ʤʴʱʠʰ H6ʬ ʺʩʡʸʲʮ ʩʥʶʮʤ ʤʫʩʸʡ) itm 22120-27110 ( ʬʹ ʬʩʢ ʺʰʺʥʰ ʠʩʤʥka 

13±115 .ʤʤʮʢʥʣ ʠʩʤ ʮʺʡʫʹʩʬʲ ʳʥʨ ʤʸʲʱ ʺʬʦʡ ʤʧʬʷ ) ʫ-20ʱ "ʧʥʬʩʷʤ ʺʧʺ ʮ( . ʭʥʢʩʣʡ ʤʰʥʥʫʤ

ʤ ʬʩʢʬ ʺʰʺʩʰʹ ʺʥʰʹʸʴʤʥʤʮʢʥʣʸʲʱ ʺʬʦʡ ʧʥʬʩʷ ʬʩʢ ʬʹ ʭʤ  , ʩʡʥʲʡ ʧʥʬʩʷ ʬʹ ʭʥʧʤ ʩʫ ʤʧʰʤʤ ʪʥʺʮʬʹʫ -4 

ʥʦ ʳʥʨ ʺʡʫʹʡ ʵʸʥʥʷʤ ʩʸʢʸʢ ʬʹ ʤʩʶʰʱʰʩʮʥʬʤ ʬʰʢʩʱ ʺʠ ʱʴʩʠ ʭʩʸʨʮ.  

BRU-2

BRU-5

BRU-6

BRU-1

ʺʩʠʩʸʥʷʱ ʬʥʱʥʠʬʴ

ʺʩʨʩʸʷʬʷ  ʬʥʱʥʠʬʴ

H3-18

H3-37

ʸʲʱ ʺʬʦʡ ʤʧʬʷ ʥʩʬʲ ʳʥʨ

147

115

215

112

166
BRU-3

050100150200250300

OSL Ages in Ky

  
ʸʥʩʠ 35 : ʩʬʩʢOSLʮ ʡʭʸ ʺʫʩʸ,ʡ -ka.  

 ʤʮʢʥʣBRU-4ʺʬʬʫʰ ʤʰʩʠ  , ʱʥʴʩʠ ʥʸʡʲ ʠʬ ʥʦ ʤʮʢʥʣʡ ʵʸʥʥʷʤ ʩʸʢʸʢ ʩʫ ʤʫʸʲʤ ʪʥʺʮ)ʨʱʷʨ ʤʠʸ.(  



5 .ʯʥʩʣ  

 ʭʸ ʺʫʩʸʡ ʬʹ ʤʩʢʥʬʥʴʸʥʮʤ ʺʸʶʥʩʹ ʲʷʹʳʥʨ ʬʹ ʺʲʡʨʡ ʳʷʥʮʤ ʩʴʸʢʥʴʥʨ , ʩʸʡʹ ʬʹ ʳʥʨʡ ʺʥʩʨʰʰʩʮʥʣʤ

ʺʥʬʥʷʩʦʥ ʸʱʧ ʩʺʩʫʥʫʦ ʩʬʩʰʡʥʩ ʸʮʥʧ ʺʥʧʫʥʰʥ ʤʡʩʡʱʤ ʲʬʱ ,ʤʣʥʡʲʤ ʺʧʰʤʡ ʭʩʫʮʥʺ ʤʬʠ ʬʫ, ʭʸ ʺʫʩʸʡ ʩʫ 

ʩʰʷʬʥʥ ʸʠʠʮ ʤʰʩʤ ,ʥʨʠʩʸʴ ʺʥʩʥʶʸʴʺʤ ʺʸʣʱʡ ʸʶʥʰ ʸʹʠʮʢʠʮ ʺʥʩʺ)Lorenz, 1986; Zimanowski, 

1991.(  

ʤʹʲʮʬ ,ʤ ʷʮʥʲ'ʥʡʸ 'ʤʣʹʡ ʳʥʹʧʹ ʤʦʮ ʸʺʥʩ ʳʠ ʬʥʣʢ , ʭʩʮʡ ʠʬʮʺʤ ʠʥʤʥ ʸʧʠʮ)ʣʲʫ -10ʸʨʮ ʷʮʥʲ  (

ʭʺʧʺʥʫ -90ʮ  ' ʭʢʠ ʩʲʷʹʮ ʬʹ) ʸʥʩʠ8 , ʧʥʣʩʷP8 .( ʲʷʹʤ ʩʬʥʹ ʸʨʥʷ)1000 ʣʲ 1200ʮ '()  ʸʥʩʠ40( 

 ʭʬʥʲʡ ʭʩʸʫʥʮ ʭʩʸʠʠʮ ʩʰʡʮʬ ʩʰʩʩʴʥʠʤ ʭʩʣʮʩʮʤ ʧʥʥʨʡ ʩʥʶʮ)Gencalioglu-Kuscu et al., 2007 .( ʩʴʬ

ʢʤ ʩʧʰʦʷʥ ʷʸʡʢ ʬʹ ʭʺʸʣ)Gevrek and Kaznci, 2000(,ʬ ʭʩʸʠʠʮ ʺʷʬʧʮʤ 'ʬʥʣʢ' 'ʯʨʷ 'ʥ'ʩʰʥʰʩʡ ,' ʺʫʩʸʡ

ʬʥʣʢ ʸʠʠʮ ʠʥʤ ʭʸ .ʺʥʶʸʴʺʤʤ ʦʫʸʮ ʭʥʷʩʮ ʩʫ ʤʲʩʶʮ ʩʸʨʮʩʱ ʨʲʮʫ ʥʺʥʩʤ ,ʤʫʩʸʡʤ ʦʫʸʮʬ ʪʥʮʱ . ʤʰʩʧʡʮ

ʺʩʢʥʬʥʸʣʩʤ , ʥʰʩʤ ʲʷʹʤ'ʯʥʬʧ 'ʩʮʥʷʮʤ ʸʴʩʥʥʷʠʤ ʬʠ.  

ʥʨʠʩʸʴʤ ʺʥʶʸʴʺʤʤ ʡʸʲʢʠʮʮʺʩʺ, ʩʴʸʢʥʴʥʨ ʲʷʹʮ ʷʬʧ ʸʠʠʮʤ ʸʥʦʠ ʤʩʤ )ʯʬʤʬ: "ʭʸ ʷʮʲ" .( ʤʦ ʡʬʹʡ

 ʲʸʺʹʤ ʭʸ ʷʮʲʤʩʤʥ ʩʸʥʴʲʩ ʺʲʷʡ ʺʥʬʥʡʢʡʭʩʩʰʷʬʥʥ ʭʩʴʶʸʡ ʠʬʮ  ʪʫ ʭʥʹʮʥ ʭʩʲʥʴʩʹ ʬʲʡʭʩʰʥʺʮ  . ʩʠʺ

ʬʩʢʮ ʩʸʨʰʮʩʣʱ ʲʬʱʮ ʬʹ ʭʩʤʥʡʢ ʧʨʹ ʠʸʥʩ  ʣʲʯʷʥʠʩʠ,ʯʥʴʶʮ ʥʩʺʥʬʥʡʢ ʺʠ ʥʸʩʣʢʤ  ,ʭʥʸʣʮʥ ʧʸʦʮʮ . ʡʸʲʮʡ

 ʷʮʲʤʯʥʥʩʦ ʯʩʲ ʩʧʥʬʩʷ ʬʹ ʺʩʺʬʦʡ ʤʮʸ ʤʲʸʺʹʤ .ʭʥʣʷʤ ʸʲʱ ʬʧʰ ʪʸʣ ʤʠʸʰʫ ʤʩʤ ʷʮʲʤ ʬʹ ʥʦʥʷʩʰ  , ʩʫ ʭʠ

ʩʮʩʰʴ ʩʨʱʸʷ ʦʥʷʩʰ ʬʲʡ ʤʩʤ ʷʮʲʤ ʩʫ ʺʥʸʹʴʠ ʺʮʩʩʷ.  

ʤ ʬʹ ʹʢʴʮʡ ʸʶʥʰ ʸʠʠʮʤʮʢʠʮ ʧʨʹʤ ʩʰʴʬ ʪʥʮʱ ʭʥʤʺ ʩʮ ʭʲ ʤʬʥʲʤ ʤ)ʪʹʮʤʡ ʯʥʩʣ ʤʠʸ .( ʤʩʢʸʰʠʤ

ʤ ʬʹ ʺʩʮʸʺʤʮʢʠʮʫʮ ʤʩʢʸʰʠʡ ʤʸʮʥʤ ʤʰʠʸʥʨʩʷ ʬʹ ʺʩ ,ʧʨʹʤ ʩʰʴ ʺʲʩʸʷ ʪʥʺ , ʬʹ ʤʩʶʨʰʮʢʸʴ ʤʮʢʮʤ

 ʬʹ ʷʥʱʩʸʥʤʡʩʡʱʤ ʩʲʬʱ . ʧʥʥʨʤʩʱʧʩʭʭʩʮ \ʮʢʠʮʤ ,ʤ ʩʬʠʮʩʨʴʥʠʥ ʩʺʮʢʮʥʨʠʩʸʴ ʵʥʶʩʴʬʬʸʠʠʮ ʺʸʩʶʩ , ʩʥʶʮ

 ʡʩʡʱ3:1) Wohletz and McQueen, 1984 .( ʭʩʰʥʹ ʭʩʱʧʩ ʤʬʠʮ ʥʠ ʤʺʥʧʴ ʤʮʶʥʲʡ ʺʥʩʥʶʸʴʺʤ ʥʸʶʩʩ

ʥʨʠʩʸʴ ʭʩʲʴʥʮʮʢʠʮʩʩʺʭʩʸʧʠ ʭ ,ʸʥʨʩʷ ʺʥʲʩʡʰ ʥʠ ʳʥʨ ʩʨʥʸʧ ʯʥʢʫ.  
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5.1 .ʺʩʢʥʬʥʠʩʢ ʤʩʸʥʨʱʩʤ 

ʭʩʡʬʹ ʤʲʡʸʠʬ ʷʬʧʬ ʯʺʩʰ ʭʸ ʺʫʩʸʡ ʬʹ ʺʩʢʥʬʥʠʩʢʤ ʤʩʸʥʨʱʤʤ ʺʠ .ʤʸʴʤ ʡʬʹʤ ʠʥʤ ʯʥʹʠʸ ʡʬʹ-ʩʰʷʬʥʥ ,

 ʤʴʩʸʧ ʤʩʴʸʢʥʴʥʨ ʭʲ ʲʷʹ ʧʺʴʺʮ ʥʡ)ʭʸ ʷʮʲ , ʸʥʩʠ36,- 1 (ʤʸʴ ʱʫʸʬ ʯʥʮʸʧʤ ʺʥʰʥʸʣʮ ʯʩʡ- ʩʺʬʦʡ) ʱʫʸ

 ʥʠʩʹʹʤʧʥʴʰʮ ʬʺ ʸʥʦʠʡ,ʫ -2ʷ "ʤʫʩʸʡʬ ʧʸʦʮʮ ʮ .(ʹʡʩʤ ʭʦʩʰʷʬʥʥʤ ʡʬʹ ʠʥʤ ʩʰʹ ʡʬʹ, ʷʮʲ ʠʬʮʺʮ ʥʡ 

ʭʩʩʰʷʬʥʥ ʭʩʴʶʸ ʬʹ ʤʡʲ ʪʺʧʡ ʭʸ, ʤʩʸʥʷʱʥ ʺʥʬʦʡ ʭʩʬʬʥʫʤ ) ʸʥʩʠ36,- 2-3 .( ʹʧʸʺʮ ʩʹʩʬʹʤ ʡʬʹʡ

 ʭʦʩʰʷʬʥʥʮ ʸʡʲʮ'ʹʡʩ 'ʥʨʠʩʸʴ ʭʦʩʰʷʬʥʥʬʮʢʠʮʩʺ,ʸʠʠʮʤ ʥʸʶʥʰ ʥʡ  ,ʧʨʹʤ ʩʰʴ ʺʧʺ ʵʥʶʩʴʡ ,ʥ ʭʩʨʰʮʢʸʴʤ

 ʺʠ ʭʩʡʩʫʸʮ ʤʦ ʵʥʶʩʴʡ ʥʸʦʢʰʹ ʭʸ ʺʫʩʸʡ ʳʥʨ) ʸʥʩʠ36,- 4 .(ʤ ʥʬʩʠʥ ʡʬʹʤ ʭʥʩʱ ʺʠ ʬʮʱʮ ʩʲʩʡʸ

ʥʨʠʩʸʴʤ ʭʦʩʰʷʬʥʥʤʮʢʠʮʹʡʩ ʭʦʩʰʷʬʥʥʬ ʤʸʦʧʥ ʩʺ , ʬʹ ʭʩʩʡʸʲʮʤ ʥʩʺʥʰʥʸʣʮ ʪʸʥʠʬ ʸʲʱ ʺʬʦʡ ʺʧʬʥʷ ʥʡ

 ʸʠʠʮʤ) ʸʥʩʠ36,- 5.(  

  

  
ʸʥʩʠ 36 : ʸʥʠʺʩʺʠʮʩʫʱʭʸ ʺʫʩʸʡ ʬʹ ʪʺʧʤ ʺʥʧʺʴʺʤ ʩʡʬʹ ʬʹ .  

1. ʥʰʥʸʣʮʡ ʯʥʴʶʮ ʬʡʢʥʮ ʭʸ ʲʷʹʤʸʴ ʱʫʸʡ ʭʥʸʣʮʥ ʯʥʮʸʧʤ ʺ-ʩʺʬʦʡ .ʲʷʹʤ ,ʤʦ ʡʬʹʡ,ʤʴʩʸʧ ʤʩʴʸʢʥʴʥʨ ʬʲʡ . 

2.  ʺʥʬʦʡ ʺʠ ʬʬʥʫʤ ʩʰʷʬʥʥ ʳʶʸʡ ʠʬʮʺʮ ʭʸ ʲʷʹ17 ,15 ,ʥ-6) ʲʷʸʷʤ ʺʺʡ ʺʥʸʥʡʷʤ .( ʷʮʲʡ ʺʧʬʥʷʹ ʤʰʥʸʧʠʤ ʺʬʦʡʤ
)ʸʠʮʤ ʺʥʸʶʥʥʤ ʭʸʨ (ʤʰʥʩʬʲ ʭʩʮʸʫ ʺʬʦʡ ʠʩʤ. 

3. ʭʸ ʲʷʹ ʪʥʺʡ ,ʭʩʮʸʫ ʺʬʦʡ ʩʡʢ ʬʲ,ʸʥʷʱ ʨʥʸʧ ʧʺʴʺʮ ʩʸʥʴʲʩ ʺʬʦʡ ʬʹ ʭʩʸʣʧʮʥ ʭʣʥʠ ʺʩʸʥʷʱʮ ʡʫʸʥʮʤ ʤʩ. 

4.  ʬʹ ʤʩʶʷʠʸʨʰʩʠʮʢʠʮʧʨʹʤ ʩʰʴʬ ʪʥʮʱ ʭʩʮ ʭʲ ʤ,ʥʨʠʩʸʴ ʺʥʩʥʶʸʴʺʤʬ ʤʠʩʡʤ ʮʢʠʮʸʠʠʮ ʤʰʡʮ ʺʸʩʶʩʬʥ ʺʥʩʺ-
ʤʮʸʨʠʩʣ,ʭʸ ʺʫʩʸʡ ʳʥʨʡ ʭʺʥʠ ʤʱʫʮʥ ʭʩʩʸʨʰʮʩʣʱʤ ʭʩʲʬʱʤ ʣʲʥ ʩʰʷʬʥʥʤ ʪʺʧʤ ʪʸʣ ʸʣʥʧʤ . 

5. ʠ .ʤʫʩʸʡʬ ʡʸʲʮʮ , ʸʲʱ ʺʬʦʡ ʬʹ ʧʥʬʩʷʭʸ ʺʫʩʸʡ ʳʥʨʥ ʭʩʮʸʫ ʺʬʦʡ ʬʲ ʤʱʫʮ. 

  ʡ .ʭʩʩʮʢʠ ʭʩʨʰʮʩʣʱ ʲʩʷʹʮʤ ʭʢʠ ʩʥʶʮ ʥʫʥʺʡʥ ʩʸʥʴʲʩ ʺʲʷʡ ʬʹ ʭʥʤʺʤ ʩʮ ʬʠ ʯʥʬʧ ʤʥʥʤʮ ʸʠʠʮʤ. 

1 2 3km 

ʸʲʱ ʺʬʦʡ  
ʭʸ ʺʫʩʸʡ  

ʭʩʩʮʢʠ ʭʩʲʷʹʮ  
ʭʸ ʺʫʩʸʡ ʳʥʨ  
ʩʸʥʴʲʩ ʺʬʦʡ  
ʭʣʥʠ ʺʩʸʥʷʱ  
ʭʩʮʸʫ ʺʬʦʡ  

 ʺʬʦʡ15 ,6ʺʥʸʧʠʥ   
 ʺʬʦʡ17  

ʭʩʩʸʨʰʮʩʣʱ ʭʩʲʬʱ  

ʡʸʲʮ ʯʥʴʶ                                                     ʧʸʦʮ ʭʥʸʣ  ʡʸʲʮ ʯʥʴʶ                                                     ʧʸʦʮ ʭʥʸʣ  ʡʸʲʮ ʯʥʴʶ                                                     ʧʸʦʮ ʭʥʸʣ  

  ʧʸʦʮ ʭʥʸʣʡʸʲʮ ʯʥʴʶ                                                     ʡʸʲʮ ʯʥʴʶ                                                     ʧʸʦʮ ʭʥʸʣ  
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5.2 .ʤʸʴʤ ʤʩʴʸʢʥʴʥʨʤʥ ʺʩʺʹʺʤ-ʺʩʰʷʬʥʥ  
 ʯʥʷʩʨʸʷʤʥ ʠʸʥʩʤ ʯʮ ʭʩʩʸʨʰʮʩʣʱ ʭʩʲʬʱ ʥʰʩʤ ʸʺʠʤ ʸʥʦʠʡ ʳʥʹʧʤ ʸʺʥʩʡ ʷʩʺʲʤ ʲʬʱʮʤ)Mor, 1987 .(

ʬʠ ʭʩʲʬʱʺʩʸʨʰʮʩʣʱʤ ʤʮʸʥʴʨʬʴʤ ʩʲʷʹʮʮ ʷʬʧ ʭʤ ʥ ,ʺʺʥ ʡʸʲ ʧʥʬ ʺʠ ʤʱʫʮʤ-ʨʰʡʬʤ ʧʥʬ . ʭʩʴʥʹʧʮ

ʭʸ ʺʫʩʸʡʬ ʯʥʴʶʮ ʭʩʩʥʶʮ ʥʬʠ ʭʩʩʸʨʰʮʩʣʱ ,ʯʥʮʸʧʤ ʤʰʡʮ ʬʹ ʭʩʩʮʥʸʣʤ ʥʩʺʥʰʥʸʣʮʫ . ʭʩʩʥʨʰ ʥʬʠ ʺʥʰʥʸʣʮʡ

ʧʸʦʮ ʭʥʸʣ ʯʥʥʩʫʬ ʭʩʲʬʱʤ . ʲʩʴʥʮ ʤʫʩʸʡʬ ʧʸʦʮ ʭʥʸʣʮʥ ʧʸʦʮʮ'ʩʸʨʰʮʩʣʱ ʯʥʬʧ ')ʤʸʴ ʱʫʸ-ʦʡ ʬʲ ʩʺʬ

ʩʴDafny et al., 2003 ) ( ʸʥʩʠ37 .( ʸʩʣ ʺʥʸʥʶʺʤ ʬʹ ʭʩʩʰʥʷʩʨʸʷ ʭʩʲʬʱ ʭʩʴʥʹʧ ʤʫʩʸʡʤ ʧʸʦʮ ʭʥʸʣʡ

ʲʡʥ ʠʰʧ' ʤʰ) ʸʥʩʠ3 .(ʥʬʠ ʭʩʴʥʹʧʮ ʯʩʡ ,ʤʥ ʤʫʩʸʡʬ ʯʥʴʶʮ ʯʥʮʸʧʤ ʺʥʰʥʸʣʮ ʬʹ'ʩʸʨʰʮʩʣʱʤ ʯʥʬʧ ' ʧʸʦʮʮ

ʤʬ ʭʥʸʣʮʥ , ʭʸ ʲʷʹ ʧʺʴʺʤ) ʭʩʸʥʩʠ3 ,5, 9, 36 .(ʮ ʲʷʹʤ ʬʹ ʧʨʹʤ ʩʰʴʳʥʨʡ ʭʥʩʫ ʭʩʱʥʫ ,ʭʢʠʡ , ʳʧʱʡ

ʲʷʸʷʤ ʺʺʮ ʭʩʧʥʣʩʷ ʩʰʥʺʰʡ ʭʬʥʠ ʺʥʩʠʬʷʧ ʺʥʮʣʠʡʥ ,ʭʩʡʲ ʭʩʩʰʷʬʥʥ ʭʩʴʶʸʡ ʠʬʮ ʲʷʹʤ ʩʫ ʺʥʠʸʬ ʯʺʩʰ .

 ʭʩʧʥʣʩʷP4ʥ -P5 , ʬʲʮ ʬʹ ʭʩʷʮʥʲʬ ʥʲʩʢʤ ʲʷʹʤ ʦʫʸʮʡ ʥʸʣʧʹ60ʮ  ,' ʬʹ ʩʡʥʲʡ ʺʥʬʦʡ ʩʴʶʸ ʪʸʣ ʥʸʡʲ

47ʮ  'ʥ-28ʮ  'ʬʥʥʤ ʳʶʸʤ ʲʢʮʬ ʥʲʩʢʤ ʠʬʥ ʤʮʠʺʤʡ ʭʩʩʸʨʰʮʩʣʱʤ ʭʩʲʬʱʤ ʭʲ ʩʰʷ) ʸʥʩʠ8 .(ʤʫʩʸʡʤ ʭʥʸʣʡ ,

ʠʰʧ ʸʩʣ ʩʲʬʱ ʬʹ ʭʩʴʥʹʧʮʬ ʪʥʮʱ , ʣʲ ʭʩʲʩʢʮʤ100ʮ 'ʤʫʩʸʡʤ ʬʲʮ  , ʤʣʲʱʮ ʧʥʣʩʷ ʲʩʢʤ3)  ʸʥʩʠ7 ( ʬʠ

ʫ ʬʹ ʷʮʥʲʡ ʺʩʸʨʰʮʩʣʱʤ ʺʩʺʹʺʤ ʭʲ ʭʩʩʰʷʬʥʥʤ ʭʩʲʬʱʤ ʲʢʮ-200ʮ ' .ʺʥʣʩʲʮ ʥʬʠ ʺʥʩʴʶʺ , ʤʩʴʸʢʥʴʥʨʤʹ

ʥʤ ʪʺʧʤ ʺʥʸʡʨʶʤʬ ʤʮʣʷʹʸʺʥʩʡ ʤʴʩʸʧ ʤʺʩʩʤ ʸʺʠʡ ʩʰʷʬʥ . ʬʹ ʯʥʩʬʲʤ ʸʲʱ ʬʧʰ ʸʥʦʠʡ ʲʸʺʹʤ ʲʷʹʤ

ʭʥʩʤ ,ʤʸʴ ʱʫʸ ʩʣʩ ʬʲ ʧʸʦʮ ʭʥʸʣʮ ʬʡʢʥʮ ʤʩʤʥ- ʤʧʥʴʰʮʮ ʪʹʮʰʹ ʩʺʬʦʡ)2ʷ "ʤʫʩʸʡʬ ʧʸʦʮʮ ʮ ( ʯʥʥʩʫʡ

 ʡʸʲʮ ʭʥʸʣ)Dafny et al., 2003 .( ʺʥʮʥʣ ʭʸ ʺʫʩʸʡ ʸʥʦʠʡ ʺʩʸʨʰʮʩʣʱʤ ʺʩʺʹʺʤ ʩʲʬʱʡ ʺʥʩʨʰʤ) ʩʫ ʭʠ

ʺʥʤʦ ʠʬ ( ʯʥʮʸʧʡʹ ʤʬʠʬ)ʮʸʣʬ"ʮʸʣʬʥ ʲ"ʦ , ʸʥʩʠ5( ,ʺʥʸʹʴʠʤ ʺʠ ʺʥʬʬʥʹ ʯʫ ʬʲʥ , ʸʲʷ ʥʰʩʤ ʲʷʹʤʹ

ʩʮʥʷʮ .ʩʡʩʦʥʸʠ ʸʥʷʮ ʬʲ ʤʲʩʡʶʮ ʲʷʹʤ ʬʹ ʺʥʴʩʸʧʤ .ʸʠʠʮʬ ʭʥʸʣʮ ʤʡʶʧʮ ʩʴʥʹʧʮʡ , ʭʩʮʸʫ ʺʬʦʡ ʺʠʬʮʮ

 ʭʩʩʨʱʸʷ ʭʩʬʬʧ) ʸʥʩʠ38( ,ʺʥʸʹʴʠʤ ʺʠ ʤʬʲʮʤ ʺʩʴʶʺ ,ʩʨʱʸʠʷ ʤʩʤ ʸʥʮʠʤ ʲʷʹʤ ʩʫ .ʹ ʬʹ ʥʮʥʩʷ ʸʡ

 ʤʫʩʸʡʤ ʭʥʸʣʡ)ʪʹʮʤʡ ʯʥʩʣ ʤʠʸ (ʲʷʹʤ ʺʸʩʶʩʡ ʩʰʥʨʷʨ ʡʩʫʸʮ ʬʲ ʣʩʲʤʬ ʳʠ ʩʥʹʲ  

  

  
ʸʥʩʠ 37 :ʭʸ ʺʫʩʸʡ ʸʥʦʠʡ ʭʩʩʴʸʢʥʴʥʨʥ ʭʩʩʰʷʬʥʥ ʭʩʨʰʮʬʠ ʬʹ ʺʩʨʠʮʩʫʱ ʤʴʮ.  

ʤʸʴʤ ʱʫʸʤ-ʩʺʬʦʡ  
)ʩʸʨʰʮʩʣʱ ʯʥʬʧ(  

ʧʤ ʺʥʰʥʸʣʮʯʥʮʸ  
ʩʸʥʴʲʩ ʺʲʷʡ  

)ʭʸ ʷʮʲ(  

ʸʲʱ ʬʧʰ  

ʺʩʰʷʬʥʥ ʤʮʸ  
ʯʩʲ ʩʧʥʬʩʷ ʬʹ-ʯʥʩʦ  

ʩʧʸʦʮʤ ʩʰʷʬʥʥʤ ʨʰʮʠʩʰʩʬʤ  

ʤʸʨʩʰʥʷ ʺʲʷʡ  

ʬʨʰʡ ʬʨʩʡʠʤ ʱʷʬʴʮʥʷ  

ʭʩʮʸʫ ʸʤ  

ʤʣʸʥ ʬʺ  ʭʸ ʺʫʩʸʡ  
10 km  

5 km  
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ʸʥʩʠ 38 :ʧ ʺʠʬʮʮ ʤʰʥʩʬʲ ʭʩʮʸʫ ʺʬʦʡʭʩʩʨʱʸʷ ʭʩʬʬʭʩʩʰʥʷʩʨʸʷ ʭʩʨʰʥʡʸʷʡ ) ʯʮʥʰʷ-ʯʥʸʥʨ(ʭʸ ʺʫʩʸʡ ʸʠʠʮʬ ʭʥʸʣʮ  

)2725332/792607(.  
  

5.3 .ʩʺʬʦʡʤ ʭʦʩʰʷʬʥʥʤ - ʢʥʠʩʬʴʤʥ ʩʰʠʩʬʥʡʮʥʸʨʱʩʸʠʠʮʤ ʺʸʩʶʩ ʡʸʲ ʤʩʴʸʢʥʠ 
 ʺʥʧʴʬ ʬʹ ʩʡʥʲʡ ʺʥʬʦʡ ʪʺʧ ʸʡʨʶʤ ʭʸ ʷʮʲʡ200ʮ  ,'ʥ ʤʡʸʤʡ ʬʥʣʢ ʤʠʸʰʤ ʬʫʫ)ʪʹʮʤʡ ʯʥʩʣ ʤʠʸ .( ʷʬʧ

ʠ ʺʥʬʦʡʮ ʧʨʹʤ ʩʰʴ ʬʲ ʳʥʹʧ ʤʬ)ʤʰʥʺʧʺ ʭʩʮʸʫ ,ʤʰʥʩʬʲ ʭʩʮʸʫ ,ʩʸʥʴʲʩʥ ʯʥʩʦ ʯʩʲ , ʸʥʩʠ ʤʠʸ5 ( ʷʬʧʥ-  ʷʸ

ʤ ʺʺʡʲʷʸʷ,ʹ ʥʠ  ʠʥʤ ʳʥʨʡ ʭʩʨʰʮʢʸʴʫ ʢʶʥʩʮ) ʺʥʬʦʡ17 ,15 ,ʥ-6 , ʸʥʩʠ9 , ʧʴʱʰʥ1 .( ʺʬʦʡ ʩʧʥʬʩʷʬ ʳʱʥʰʡ

 ʤʩʸʥʷʱ ʭʢ ʩʰʷʬʥʥʤ ʳʶʸʡ ʺʡʬʥʹʮ)ʺʥʩʰʠʩʬʥʡʮʥʸʨʱ ʺʥʩʥʶʸʴʺʤ( ʨʥʸʧʫ ʤʲʩʴʥʮʤʤʫʩʸʡʤ ʡʸʲʮ ʭʥʸʣʡ  ,

ʲʷʸʷʤ ʺʺʡʥ ʳʥʨʡ ʭʩʨʰʮʢʸʴʫ.  

ʥ ʤʫʩʸʡʤ ʸʥʦʠʡʡʩʸʥʴʲʩ ʺʲʷʡ ʡʸʲʮ ,ʬʹ ʣʩʧʠ ʤʡʥʢʡ ʭʩʩʥʶʮ ʭʩʮʸʫ ʺʬʦʡ ʩʴʥʹʧʮʫ -950 ʩʰʴ ʬʲʮ ʸʨʮ 

ʭʩʤ ,ʢʩʸʥʴʲʩ ʺʲʷʡ ʬʹ ʤʦʬ ʤʮʥʣ ʤʡʥ .ʲʶʥʮ ,ʯʫ ʬʲ ,ʺʥʬʦʡʡ ʲʷʹʤ ʩʥʬʩʮ ʸʧʠʬ ʩʫ , ʲʷʹ ʸʥʦʠʡ ʨʩʬʡʺʤ ʤʩʤ

ʧʥʨʹ ʸʺʥʩ ʥʠ ʺʥʧʴ ʭʸ )ʠ ʸʥʩ36,- 4( . ʯʥʮʸʧʤ ʱʫʸ ʩʣʩ ʬʲ ʯʥʴʶʮ ʸʥʢʱ ʲʷʹʤʥ ʭʥʸʣʮʥ ʧʸʦʮʮ–ʲ ʩʣʩ ʬ 

 ʯʩʡ ʲʰʤ ʩʮʥʷʮ ʲʷʹʮ ʩʲʬʱ ʨʩʬʡʺ1,000ʬ -1,100ʮ  ' ʬʲʮʭʩʤ ʩʰʴ) ʸʥʩʠʭʩ 3 ,36( .ʡʸʲʮʮ  ʺʠ ʺʸʢʥʱ

ʲʷʹʤ ,ʯʥʩʦ ʯʩʲ ʩʧʥʬʩʷ ʬʹ ʺʩʺʬʦʡ ʤʮʸ, ʯʩʡ ʲʰ ʤʤʡʢʹ 980ʬ -1,000ʯʥʴʶ ʯʥʥʩʫʡ ʺʥʬʷ ʤʩʥʨʰ ʠʩʤʥ ʸʨʮ  .

ʰʤʠʸ ,ʯʫ ʬʲ , ʬʹ ʩʡʸʲʮʤ ʥʤʶʷʡ ʠʶʥʩʤ ʸʲʱʤ ʵʥʸʲ ʪʸʣ ʦʠ ʭʢ ʤʩʤ ʷʮʲʤ ʬʹ ʦʥʷʩʰʤʹʲʷʹʤ) ʸʥʩʠʭʩ 3 ,4 ,

36( .ʭʢ ʸʹʴʠ ,ʩʮʩʰʴ ʦʥʷʩʰ ʤʩʤ ʷʮʲʬ ʩʫ, ʥʠ ʧʨʹʤ ʺʺʡ ʺʩʨʱʸʷ ʺʫʸʲʮ ʬʠ ʺʥʬʦʡʤ ʪʸʣ  ʪʸʣ ʲʷʹʮʤ ʩʲʬʱ

ʲʷʹʤ ʭʥʸʣʡ ʭʩʴʥʹʧʤ.  
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5.4 . ʬʩʢʤʤ ʺʥʶʸʴʺʤʥʨʠʩʸʴʮʢʠʮʺʩʺ  
ʠ ʺʸʠʧʡ ʭʦʩʰʷʬʥʥʤ- ʩʰʷʥʬʥʤ ʣʲ ʩʰʷʥʢʩʬʥʠ ʠʥʤ ʭʠʹ)Weinberger et al., 2001; Ilani et al., 2001; 

Shaw et al., 2003 .(ʭʩʩʰʷʥʨʱʩʩʬʴ ʣʲ ʭʩʩʰʷʥʩʬʴ ʭʤ ʯʬʥʢʡ ʭʩʩʰʷʬʥʥʤ ʭʩʲʬʱʤ  ,ʤʬʬʫʤʡʥ , ʭʩʲʬʱʤ

ʤʮʸʤ ʧʸʦʮ ʯʥʴʶʡ ʭʩʩʥʶʮ ʸʺʥʩ ʭʩʸʩʲʶʤ, ʩʰʷʥʨʱʩʩʬʴ ʠʥʤ ʭʦʩʰʷʬʥʥʤ ʡʥʸ ʭʹ )Mor, 1993 .( ʱʷʬʴʮʥʷ

ʬʨʩʡʠ-ʬʨʰʡ ,ʩʥʶʮʤʫ -12ʷ "ʭʸ ʺʫʩʸʡʬ ʭʥʸʣʮ ʮ) ʸʥʩʠ ʭʩ2, 37( ,ʡ ʤʰʥʸʧʠʬ ʪʸʠʥʺ-Ar-Ar , ʩʫ ʠʶʮʰʥ

ʱ ʺʥʶʸʴʺʤʮ ʸʡʲʮʤʨʩʰʴʬ ʲʸʩʠ ʭʦʩʺʮʢʠʮʥʨʠʩʸʴʬ ʺʩʰʠʩʬʥʡʮʥʸʥ 100-120 ka )Weinstein et al., 

unpublished data.(   

 ʺʩʧʫʥʰʤ ʤʣʥʡʲʡ ʲʡʷʰʧʸʦʮʡ ʳʥʨʡ ʤʱʥʫʮʤ ʩʨʩʸʷʬʷʤ ʬʥʱʥʠʬʴʤ ʬʩʢ ʸʠʠʮʤ ) ka15±166(, ʯʥʩʬʲ ʬʥʡʢʫ 

ʥʨʠʩʸʴʤ ʲʥʸʩʠʤ ʬʩʢʬʮʢʠʮʩʺ ,ʥʢʶʩʩʮʤ ʳʥʨʤ ʺʮʢʥʣ ʬʩʢʺ ʸʲʱ ʧʥʬʩʷ ʺʠ )ka 13±115( ,ʯʥʺʧʺ ʬʥʡʢʫ . ʩʬʩʢ

 ʪʺʧʮʥ ʩʸʷʩʲʤ ʪʺʧʤ ʯʮ ʳʥʨ ʺʥʡʫʹ ʹʥʬʹ ʬʹ ʤʩʶʱʩʰʮʥʬʤH7 , ʺʥʬʡʢʮ ʭʲ ʤʡʥʨ ʤʮʠʺʤ ʥʠʸʤ ʠʬ

ʺʥʮʣʥʷʤ ʺʥʣʥʡʲʤʥ ʤʩʴʸʢʩʨʸʨʱʤ .ʱʧʥʩ ʤʮʠʺʤʤ ʸʱʥʧʳʥʨʡ ʵʸʥʥʷʤ ʩʸʢʸʢ ʬʹ ʬʰʢʩʱʤ ʬʹ ʠʬʮ ʠʬ ʱʥʴʩʠʬ  ,

ʤ ʤʣʡʥʲ ʺʡʹʩʩʺʮʥʨʠʩʸʴ ʺʥʩʥʶʸʴʺʤ ʺʥʩʤ ʭʲ ʤʴʩʮʢʠʮ ʺʥʫʥʮʰ ʺʥʸʥʨʸʴʮʨʡ ʺʥʰʩʩʴʥʠʮ ʺʥʩʺ

)Schmincke, 2004.(  

ʥʨʠʩʸʴ ʺʥʩʥʶʸʴʺʤʮʢʠʮ ʪʹʮʤʬ ʺʥʩʥʹʲʥ ʣʲʥʮ ʺʥʸʶʷʫ ʺʥʰʩʩʴʥʠʮ ʭʸ ʺʫʩʸʡʫ ʸʠʠʮ ʺʥʸʶʥʩʤ ʺʥʩʺʮ ʸʴʱʮ

ʫ ʣʲ ʭʩʮʩ-15 ʤʰʹ )Lorenz, 2007 .(ʡʥʹʧʬ ʤʡʩʱ ʯʩʠʥ ʭʩʬʥʱʥʠʬʴ ʥʠʶʮʰ ʠʬ ʭʸ ʺʫʩʸʡ ʬʹ ʳʥʨʤ ʳʶʸʡ, 

ʸʥʮʠʤʮ ʸʺʥʩ ʪʥʸʠ ʥʺʸʩʶʩ ʪʹʮʹ .ʥʨʠʩʸʴʤ ʺʥʩʥʶʸʴʺʤʤ ʬʩʢʬ ʭʩʮʱʧʤ ʩʰʹʮʢʠʮ ʭʲ ʣʧʠ ʤʰʷʡ ʭʩʬʥʲ ʺʥʩʺ

ʸʥʦʠʤ ʯʮ ʺʥʮʣʥʷʤ ʪʥʸʠʩʺʤ ʺʥʣʥʡʲ)  ʸʥʩʠ39(ʩʲʥʸʩʠʤ ʥʹʧʸʺʤ ʥʡ ʯʮʦʤ ʯʥʬʧ ʺʠ ʭʩʮʶʮʶʮʥ ʭ 

ʥʨʠʩʸʴʤʮʢʠʮʭʩʩʺ,ʬ -80ʤʰʹ ʳʬʠ  ,ʯʩʡʹ180 ka  (166±15 ka)ʥ -115±13 ka) 100 ka .(ʸʥʮʠʫ , ʥʴʥʱʡ

ʥʨʠʩʸʴʤ ʺʥʶʸʴʺʤʤ ʭʢ ʤʲʸʠ ʤʦʤ ʯʮʦʤ ʷʸʴ ʬʹʮʢʠʮʬʨʩʡʠ ʱʷʬʴʮʥʷʡ ʺʩʺ-ʬʨʰʡ.  

ʬʨʩʡʠ ʱʷʬʴʮʥʷʬ ʤʮʥʣʡ-ʭʸ ʺʫʩʸʡ ʸʠʠʮʬʥ ʬʨʰʡ ,ʺʥʩʰʷʬʥʥ ʺʥʫʸʲʮ ʹʮʧ ʺʥʧʴʬʡ ʭʢ, ʪʸʥʠʬ ʥʧʺʴʺʤʹ 

ʮʤ ʬʴʩʠʤ ʤʣʹʡ ʭʩʷʺʲʤʤʩʰʮʸʢʡʹ ʩʡʸʲ ,ʥʨʠʩʸʴʬ ʺʩʰʠʩʬʥʡʮʥʸʨʱ ʺʥʬʩʲʴʮ ʭʩʸʡʲʮ ʥʹʧʸʺʤʮʢʠʮ ʺʩʺ

ʺʥʠ ʬʲ ʸʠʠʮ ʧʺʴʺʤʹʫ ʬʥʲʴʬ ʥʬʣʧ ʤʩʸʥʷʱʤ ʩʬʺʥʤʰʦʤ ʺʫʸʲʮ ʤ .ʤ ʩʫ ʯʫʺʩʮʢʠʮ ʩʬʺ ʺʠ ʤʰʩʦʤʹ ʤ

ʭʩʫʥʮʱʤ ʤʩʸʥʷʱʤ,ʰ ʴʧʣ ʤʮʸʨʠʩʣʤ ʺʥʸʺʧʺʤ ʺʥʡʷʲʡ ʸʠʠʮʤ ʺʧʺ ʵʧʬʤ ʺʣʩʸʩʮ ʤʠʶʥʺʫ ʸʠʠʮʤ ʬʠ ʤ

)Lorenz, 2007.(  
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ʸʲʱ  ʺʬʦʡ ʤʧʬʷ ʥʩʬʲ ʳʥʨ

 (Mor, 1993 )  ʸʲʱ  ʺʬʦʡ

 ʬʩʢʬ ʤʩʶʬʥʴʸʨʱʷʠ
  ʯʥʹ ʠʸʤ  ʩʮʢʠʤ ʨʰʮʩʣʱʤ

 ,Ehrlich and Singer )
 (1976ʺʩʠʩʸʥʷʱ  ʬʥʱʥʠʬʴ

ʺʩʨʩʸʷʬʷ ʬʥʱ ʥʠʬʴ

 ,Goren )  ʤʰ ʥʩʬʲ ʭʩʮʸʫ
 (1983

050100150200250300

O SL Ages in  Ka

80 Ky

 
ʠʸʥʩ 39 :ʩʢʺʩʺʮʢʮʥʨʠʩʸʴʤ ʺʥʶʸʴʺʤʤ ʬʹ ʭʩʩʬʮʩʰʩʮʥ ʭʩʩʬʮʩʱʷʮ ʭʩʬ , ʥʮʣʷʹ ʺʥʣʩʧʩ ʪʥʸʠʺ ʩʣʩ ʬʲ ʥʲʡʷʰʹ ʩʴʫ

 ʺʥʶʸʴʺʤʬ)ʭʥʣʠ(, ʭʩʩʺʮʢʮʥʨʠʩʸʴʤ ʭʩʲʷʹʮʤ ʺʠ ʺʥʱʫʮʤ ʤʬʠʫʥ)ʷʥʸʩ( ,ʤʮʠʺʤʡ.  
 

5.5 .ʭʸ ʺʫʩʸʡ ʸʠʠʮ ʬʹ ʤʩʢʥʬʥʰʷʬʥʥʤ 

ʲ ʡʸ ʲʣʩʮ ʭʩʬʩʫʮ ʳʥʨʤ ʩʲʷʹʮʥʨʠʩʸʴʤ ʺʥʶʸʴʺʤʤ ʬʮʢʠʮʺʩʺ . ʤʩʶʨʰʮʢʸʴʤ ʺʮʶʥʲ ʬʲ ʣʩʲʮ ʸʢʸʢʤ ʬʣʥʢ

 ʵʥʶʩʴʤ ʺʩʢʸʰʠʥ)Zimanowski et al., 2003; Wohletz and McQueen, 1984(, ʸʥʦʩʴʥ ʺʸʥʶʥ ʳʥʨʤ 

ʥʶʸʴʺʤʤ ʩʴʥʠʥ ʤʬʡʥʤʤ ʩʰʥʰʢʰʮ ʬʲ ʭʩʣʩʲʮ ʥʺʣʡʸʤʺ .ʳʥʨʡ ʭʩʨʰʮʢʸʴʤ ʬʹ ʤʩʢʥʬʥʺʩʬʤ ʬʲ ʤʣʩʲʮ 

ʠ ʤʡʩʫʸʤʹ ʤʩʢʥʬʥʺʩʬʤʵʥʶʩʴʤ ʷʮʥʲ ʬʲʥ ʤʮʸʨʠʩʣʤ ʬʬʧ ʺ . ʳʥʨʡ ʭʩʨʱʠʬʷʤ ʬʹ ʩʢʥʬʥʺʩʬʤ ʲʣʩʮʤ ʺʠʥʥʹʤ

ʸʥʦʠʡ ʤʩʴʸʢʩʨʸʨʱʤ ʭʲ ,ʥʨʠʩʸʴʤ ʺʥʩʥʶʸʴʺʤʤ ʺʥʮʶʥʲʥ ʩʴʥʠ ʭʲ ʡʥʬʩʹʡʮʢʠʮʺʥʩʺ , ʬʹ ʩʥʤʩʦ ʺʸʹʴʠʮ

ʭʸ ʺʫʩʸʡ ʬʹ ʸʠʠʮʤ ʺʠ ʥʡʶʩʲʥ ʥʸʶʩʹ ʺʥʲʸʥʠʮʥ ʭʩʫʩʬʤʺ.  

5.5.1 .ʭʸ ʺʫʩʸʡ ʳʥʨ  

 ʧʨʹʡ ʳʥʹʧ ʭʸ ʺʫʩʸʡ ʳʥʨ ʬʹ1.15ʮʷ "ʸ ,ʸʠʠʮʤ ʬʹ ʭʩʩʰʥʶʩʧʤʥ ʭʩʩʮʩʰʴʤ ʥʩʺʥʰʥʸʣʮ ʬʲ . ʳʥʨʤ ʪʺʧ

 ʣʣʮʰʹ ʸʺʥʩʡ ʤʡʲʤ– 46 ʸʨʮ –ʸʠʠʮʤ ʬʹ ʩʧʸʦʮ ʭʥʸʣʤ ʥʣʩʶʡ ʩʮʩʰʴʤ ʯʥʸʣʮʡ ʠʶʮʰ  , ʭʩʫʺʧʤ ʣʥʲʡ

 ʬʲ ʭʩʬʥʲ  ʭʰʩʠ ʭʩʩʱʥʴʩʨʤ10ʸʨʮ  .ʣʲ ʲʩʢʮʥ ʬʡʢʥʮ ʳʥʨʤ ʬʹ ʥʸʥʦʩʴʫ -1.2ʷ "ʸʠʠʮʤ ʦʫʸʮʮ ʮ , ʤʫʸʲʤʥ

ʴʰʬ ʺʩʰʸʮʹʬʲ ʺʣʮʥʲ ʩʬʬʫʤ ʥʧ 0.01ʷ "ʡʷʥʲʮ ʮ .ʥʲ ʥʰʩʠ ʤʦ ʧʴʰʤʬ ʬʲ ʺʥʱʱʡʺʮʤ ʺʥʫʸʲʤ ʭʲ ʣʧʠ ʤʰʷʡ 

ʸʠʠʮʤ ʬʹ ʸʥʡʡ ʸʱʧʤ ʧʴʰʤ . ʬʹ ʤʡʥʢʡ ʥʣʮʲ ʧʨʹʤ ʩʰʴʹ ʤʧʰʤʡ950ʮ  'ʲʮʭʩʤ ʩʰʴ ʬ, ʭʩʨʰʮʩʣʱʤ ʩʥʷʩʰʡʥ 

ʭʩʩʮʢʠʤ , ʷʮʥʲʡ ʸʥʡ ʬʡʷʺʮ110ʮ ')  ʸʥʩʠ40, H-h .(ʸʠʠʮ ʱʷʬʴʮʥʷʮ ʷʬʧ ʠʥʤ ʤʦ ʸʥʡ-ʨʠʩʣʤʮʸ , ʩʴʬʥ

 ʵʰʸʥʬ)Lorenz, 1986( , ʥʷʮʲ)ʤʮʸʨʠʩʣʤ ʹʸʥʹ , ʸʥʩʠ40 ,H ( ʨʥʸʧʤ ʱʩʱʡ ʸʨʥʷʬ ʤʮʥʣʥ ʩʬʰʥʩʶʸʥʴʥʸʴ

)ʸʥʡʤ ʸʨʥʷ , ʸʥʩʠ40 ,2R .( ʬʹ ʱʩʱʡ ʸʨʥʷ ʬʲ ʱʱʡʺʮʤ ʡʥʹʩʧʡ1,000ʮ  ' ʬʹ ʨʥʸʧ ʧʴʰ ʬʡʷʺʮ0.26ʷ " ʮ

 ʡʷʥʲʮ)ʪʹʮʤʡ ʤʠʸ ( ʸʥʡ ʧʴʰʥ)ʸʱʧʤ ʸʮʥʧʤ ( ʬʹ0.073ʷ "ʡʷʥʲʮ ʮ .ʥʩʤ ʤʡʩʡʱʤ ʲʬʱ ʬʹ ʭʩʨʰʮʢʸʴʥ ʺ

 ʭʩʥʥʤʮ75% ʳʥʨʤ ʬʹ ʸʮʥʧʤʮ )ʺʥʠʶʥʺ ʷʸʴ ,ʭʸ ʺʫʩʸʡ ʳʥʨ( ,ʧʴʰʹ ʩʸʤʩʶʡʸʮ ʳʥʨʤ ʤʫʸʡʤ ʡʩʡʱ  ʸʥʮʠ 

 ʺʥʩʤʬ0.091ʷ "ʡʷʥʲʮ ʮ . ʤʦ ʧʴʰ ʳʠʺʥʸʧʠ ʺʥʣʥʡʲ ʭʲ ʤʮʫʱʤʡ ʠʶʮʰ .ʠʮʢʥʣʬ , ʱʨʸʮ ʩʴʬ)Mertes, 

1983(,ʩʰʷʬʥʥʤ ʸʮʥʧʤ ʬʹ ʧʴʰʤ ʨʱʠʬʷʸʨʥʷʹ ʸʠʠʮʮ ʨʬʴʰʤ ʩ ʥ1ʷ " ʠʥʤ ʮ0.1 -0.075ʷ "ʡʷʥʲʮ ʮ .
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ʺʮʰ ʥʫʸʲʹ ʤʣʥʡʲʡ ' ʥʩʸʡʥʧʥ)Németh et al., 2000( ʬʲ Tihany East Maarʤʩʸʢʰʥʤ ʡʸʲʮʡʹ  , ʡʹʥʧ

 ʬʹ ʤʨʩʬʴ ʧʴʰ0.11ʷ "ʭʸ ʺʫʩʸʡ ʬʹ ʤʦʬ ʤʮʥʣ ʥʬʣʥʢʹ ʸʠʠʮʡ ʡʷʥʲʮ ʮ .  

ʥʰʩʤ ʭʸ ʺʫʩʸʡʡ ʠʶʮʰʹ ʺʩʺʥʲʮʹʮ ʯʨʷʤ ʳʥʨʤ ʧʴʰ,ʤʠʸʰʤ ʬʫʫ ,ʬʡʺʤ ʬʹ ʤʠʶʥʺ ʩʮʥʷʮʤ ʨʩ, ʠʩʡʤʹ 

ʺʥʧʥʬʹʤ ʯʮ ʥʺʸʱʤʬ .ʳʥʨ ʪʺʧ ʬʲ ʸʲʱ ʧʥʬʩʷ ʤʱʫʮ ʸʠʠʮʬ ʺʩʡʸʲʮ, ʸʨʮ ʩʰʹʮ ʤʬʲʮʬ ʥʩʡʥʲʹ ) ʪʺʧH6 

 ʭʩʸʥʩʠ7 ,17( ,ʯʥʮʸʧʤ ʺʥʰʥʸʣʮ ʬʲ ʸʠʠʮʬ ʯʥʴʶʮʹ ʣʥʲʡ ,ʸʠʠʮʤ ʦʫʸʮʮ ʤʮʥʣ ʷʧʸʮʡ ,ʬʬʫ ʳʥʨ ʩʥʶʮ ʠʬ .

ʸʠʠʮʤ ʡʩʡʱ ʧʨʹʤ ,ʭʩʩʮʩʰʴʤ ʥʩʺʥʰʥʸʣʮ ʺʠ ʠʩʶʥʤʬ ,ʥʬʥʫ ʦʷʥʰʮʥʬʡʥʩʥ ʸʲʱ ʬʧʰ ʩʣʩ ʬʲ  ,ʥʡʠ ʩʣʠʥ-ʣʩʲʱ .

ʯʥʮʸʧʤ ʺʥʰʥʸʣʮ ʬʲʥ ʩʸʥʴʲʩ ʺʲʷʡʡ  ʣʡʸʥʤ ʳʥʨ ʬʹ ʯʨʷ ʠʬ ʧʴʰ ʩʫ ʸʩʡʱ ,ʤʸʴʤ ʱʫʸʤ ʬʲ ʭʢ ʥʮʫ- ʩʺʬʦʡ

ʤʫʩʸʡʬ ʧʸʦʮ ʭʥʸʣʮʥ ʭʥʸʣʮʹ ,ʲʷʡʤ ʬʠ ʸʲʱ ʬʧʰ ʩʣʩ ʬʲ ʬʡʥʤʥ ʤʩʦʥʸʩʠʡ ʸʱʥʤ ʤʦʥ.  

  

ʸʥʩʠ 40:  ʨʥʨʸʹʺʠʮʩʫʱʸʠʠʮ ʤʰʡʮ ʬʹ ʩ-ʤʮʸʨʠʩʣ  .R –ʬʲ ʣʮʥʲ ʸʠʠʮʤ ʲʥʬ ʱʥʩʣʸ ʫ -500ʸʨʮ  .H – ʷʮʥʲ 
ʤʮʸʨʠʩʣʤ , ʫʡ ʪʸʲʥʮ1,000 ʸʨʮ )ʱʥʩʣʸʤ ʯʮ ʭʩʩʰʹ ʩʴ .( ʭʩʧʥʣʩʷP8ʥ -Masada 3 ʬʬʧʡ ʭʮʥʷʩʮ ʺʫʸʲʤ ʩʴ ʬʲ ʭʩʰʮʥʱʮ 
ʤʮʸʨʠʩʣʤ.5.5.4 .ʤʮʸʨʠʩʣʤʥ ʸʠʠʮʤ  

  

5.5.2 .ʺʥʶʸʴʺʤ ʺʥʮʶʥʲ  

ʭʩʮ ʱʧʩʤ\ʮʢʠʮʤʩʶʨʰʮʢʸʴʤ ʺʮʶʥʲ ʺʸʦʢʰ ʤʰʮʮʥ ʺʥʶʸʴʺʤʤ ʺʮʶʥʲ ʺʠ ʡʩʺʫʮ ʤ , ʸʺʥʩ ʭʩʬʠ ʵʥʶʩʴ ʸʹʠʫ

 ʤʩʶʨʰʮʢʸʴʬ ʠʩʡʮʬʩʲʩ ʳʥʨʡʥ ʸʴʠʡ ʸʺʥʩ ʭʩʷʣ ʭʩʨʱʠʬʷʬʥ ʤ)Sheridan and Wohletz, 1983; 

Kueppers et al., 2006; Zimanowski et al., 2003 .(ʸʢʤ ʬʣʥʢ ʺʶʥʴʺʡ ʩʥʰʩʹʤ ʺʥʮʢʮ ʧʥʺʩʰʮ ʪʺʧʡ ʸʢ

ʭʩʸʥʦʧʮ ʩʰʹ ʺʥʧʴʬ ʭʩʠʥʸ ʩʸʷʩʲʤʭʩʸʥʸʡ  ʺʥʶʸʴʺʤʤ ʺʮʶʥʲʡ ʤʣʩʸʩʥ ʤʩʬʲ ʬʹ ) ʸʥʩʠ29 .( ʤʹʩʮʧ ʪʺʧʡ

ʤʰʥʹ ʺʥʶʸʴʺʤ ʺʥʮʶʥʲ ʩʬʲʡ ʭʩʡʬʹ : ʯʥʹʠʸʤ ʭʩʡʬʹʤ)0-9ʸʨʮ  ( ʩʹʩʬʹʤʥ)12-29ʸʨʮ ( ʩʹʩʮʧʤʥ )44-

45ʸʨʮ (ʸʢʸʢ ʱʢ ʸʮʥʧʮ ʭʩʡʫʸʥʮ , ʣʥʲʡ ʹ ʩʰʹʤ)9-12ʸʨʮ  ( ʩʲʩʡʸʤʥ)29-43ʮ ʸʨ (-ʮ ʸʢʸʢ ʷʣ ʸʮʥʧ. 

ʠʩʤ ʭʢʥ ʩʹʩʮʧʤ ʡʬʹʤ ʺʠ ʤʥʥʤʮ ʪʺʧʡ ʤʣʣʮʰʹ ʸʺʥʩʡ ʤʰʥʩʬʲʤ ʤʡʫʹʤ,ʸʥʮʠʫ , ʺʡʫʸʥʮ ʮʸʢʸʢ ʱʢ ʸʮʥʧ .

 ʤʬʠ ʭʩʬʣʡʤʸʢʸʢʤ ʬʣʥʢʡ , ʭʩʩʥʰʩʹʮ ʭʩʲʡʥʰʤʺʥʶʸʴʺʤ ʺʮʶʥʲʡ,ʭʩʴʷʹʮ ,ʤʠʸʰʤ ʬʫʫ , ʭʩʮʤ ʱʧʩʡ ʭʩʩʥʰʩʹ 

ʤʥʮʢʠʮʤ ʵʧʬʡ ʭʩʩʥʰʩʹ ʬʲ ʣʩʲʤʬ ʭʩʩʥʹʲʥ ʤʮʢʠʮʤ,ʡ ʥʠ ʤʮʸʨʠʩʣʤ ʬʬʧʡ ʭʩʬʧʬʧʮʤ ʭʥʤʺʤ ʩʮ ʺʷʩʴʱ.  
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ʥʨʠʩʸʴ ʭʩʫʺʧʡ ʭʩʸʠʥʺʮ ʤʩʸʨʮʥʬʥʰʸʢʡ ʥʠ ʤʩʶʨʰʮʢʸʴʤ ʺʮʶʥʲʡ ʭʩʩʥʰʩʹʮʢʠʮʭʩʡʸ ʭʩʩʺ , ʺʮʢʥʣNarko¨y 

maarʤʩʬʥʨʰʠ ʦʫʸʮʡʹ ) Gevrek and Kazanci, 2000( ,Crater Hill ʣʰʬʩʦ ʥʩʰʡʹ )Houghton et al., 

1999( ,Tihany East Maarʰʥʤ ʡʸʲʮʡʹ   ʤʩʸʢ)Németh et al., 2000(ʥ -Ukinrek maars ʤʷʱʬʠʡʹ 

)Self et al., 1980( . ʤʰʥʫʮʤ ʲʥʬʡ"The Crater"ʣʰʬʩʦ ʥʩʰ ʬʹ ʩʮʥʸʣʤ ʩʠʡ ʸʹʠ , ʭʩʸʡʲʮʤ ʭʩʹʸʥʴʮ 

 ʺʥʶʸʴʺʤʤ ʺʮʶʥʲʡ ʭʩʩʥʰʩʹʫ ʪʺʧʡ ʭʩʩʸʨʮʥʬʥʰʸʢʤ)Németh, 2000( .ʡ-Atexcac crater ʧʸʦʮʡʹ 

 ʬʹ ʸʠʠʮ ʺʨʩʬʴ ʪʺʧ ʩʥʶʮ ʥʷʩʱʷʮ60ʸʨʮ ,ʭʩʲʨʷʮ ʤʲʡʸʠʬ ʷʬʥʧʮʤ  : ʭʩʩʰʹʥ ʸʢʸʢ ʩʱʢ ʭʤʮ ʭʩʩʰʹ-  ʩʷʣ

ʸʢʸʢ .ʤʥ ʭʩʮʤ ʬʹ ʱʧʩʥ ʤʷʩʴʱ ʩʩʥʰʩʹʫ ʭʩʹʸʥʴʮ ʥʬʠ ʭʩʩʥʰʩʹʮʢʠʮ ʺʥʶʸʴʺʤʤ ʸʺʠʡ ʤ)Carrasco-Núñez 

et al., 2007 .( ʪʺʧʡ ʭʩʩʥʰʩʹʤ ʭʢ ʬʹ ʩʨʱʠʬʷʥʸʩʴʤCapelas tuff cone ʬʢʩʮ ʯʠʱʡʹ ) ʭʩʩʠʤ ʢʬʴʩʫʸʠ

ʭʩʩʸʥʦʠʤ(, ʮʬ ʭʩʱʧʥʩʤʥ ʭʩʮʤ ʩʱʧʩʡ ʭʩʩʥʰʩʹʮʢʠʮʪʺʧʤ ʺʠ ʥʸʶʩʹ ʭʩʩʰʷʬʥʥʤ ʭʩʶʥʶʩʴʤ ʬʹ ʤ) Solgevik 

et al., 2007(.  

5.5.3 .ʺʥʩʥʶʸʴʺʤʤ ʩʴʥʠʥ ʤʬʡʥʤ ʩʰʥʰʢʰʮ 

ʭʩʰʴʥʠ ʩʰʹʡ ʩʨʱʠʬʷʩʰʷʬʥʥʤ ʸʮʥʧʤ ʸʷʩʲ ʬʡʥʮ ʺʥʩʺʮʢʠʮʥʨʠʩʸʴ ʺʥʩʥʶʸʴʺʤʡ . ʬʠ ʺʥʮʮʥʸʺʤʡ ʠʥʤ ʯʥʹʠʸʤ

 ʺʥʶʸʴʺʤ ʩʰʰʲʡ ʬʲ)eruption clouds(, ʩʫʰʠ ʯʰʲʫ ʭʩʠʸʰʤ )ʱʥʬʥʮʥʷ ʯʰʲ ʺʮʢʥʣ  ( ʩʰʹʤʥ- ʭʩʬʥʹʧʰʡ 

 ʭʩʩʰʷʬʥʥ)base surges(,ʲʷʸʷ ʣʥʮʶ ʬʥʹʧʰʫ ʭʩʠʸʰʤ , ʺʩʬʠʩʣʸ ʺʲʡʨʫ ʥʠ ʲʥʸʦʫ ʺʥʶʸʴʺʤʤ ʦʫʸʮʮ ʠʶʥʩʤ 

)Fisher and Waters, 1970.( ʣʩʧʠ ʩʡʥʲʡ ʺʥʡʫʹʡ ʺʰʩʩʴʥʠʮ ʺʥʶʸʴʺʤ ʯʰʲʮ ʸʮʥʧ ʺʣʡʸʤ . ʺʥʧʩʫʹ

ʭʩʬʥʣʢ ʭʩʨʰʮʢʸʴ , ʭʤʩʺʧʺ ʺʥʡʫʹʤ ʳʥʴʩʫʡ ʭʩʥʥʬʮʤ)impact sags (ʩʺʮʢʠʮʥʨʠʩʸʴʤ ʨʰʮʩʣʱʡ , ʬʲ ʤʣʩʲʮ

 ʬʹ ʯʥʰʢʰʮʡ ʤʣʡʸʤFall) Gençalio÷lu-Kuúcu et al., 2007 .( ʯʩʩʴʠʺʮ ʭʩʩʰʷʬʥʥ ʭʩʬʥʹʧʰʡ ʣʡʸʥʮʤ ʸʮʥʧ

ʩʡʥʲ ʩʩʥʰʩʹ ʭʲ ʺʥʷʣ ʺʥʡʫʹʡʥ ʭʩʬʥʣʢ ʭʩʨʰʮʢʸʴ ʸʣʲʩʤʡ ,ʩʨʰʠ- ʺʥʰʥʩʣ ʡʬʥʶ ʡʥʫʩʹʥʥ ʢʸʥʣʮ)Lorenz, 

1970; Fisher and Waters, 1970; Gençalio÷lu-Kuúcu et al., 2007()  ʸʥʩʠ16(. ʳʥʨʤ ʪʺʧʡ 

 ʧʸʦʮ ʭʥʸʣʡ ʩʸʷʩʲʤʭʩʩʥʶʮ ʤʫʩʸʡʤʭʩʬʥʣʢ ʭʩʨʰʮʢʸʴ  ,ʫʡ-43% ʪʺʧʤ ʯʮ )ʺʥʡʫʹʤ ʯʮ ʠʬʥ ʪʺʧʤ ʯʮ( , ʫʡʥ

14% ʪʺʧʤʮ ʺʥʩʥʶʮʭʩʩʰʷʬʥʥ ʭʩʬʥʹʧʰ ʺʥʰʩʩʴʠʮʤ ʺʥʸʥʨʷʥʸʨʱ  . ʺʥʡʫʹʤʮ ʺʩʶʧʮʫʡ ʭʩʰʩʩʴʠʮʤ ʺʥʠʹʥʰ

 ʭʩʬʥʹʧʰ ʬʹ)7%ʪʺʧʤ ʯʮ  (ʭʩʬʥʣʢ ʭʩʨʰʮʢʸʴ ʭʢ ʭʩʲʩʴʥʮ , ʬʲ ʭʩʣʩʲʮʤ ʸʮʥʧ ʬʹ ʤʣʡʸʤ ʬʹ ʡʬʥʹʮ ʯʥʰʢʰʮ

 ʩʰʷʬʥʥ ʬʥʹʧʰ ʬʲ ʩʨʱʩʬʡ ʳʥʲʮʡ ʥʠ ʺʥʶʸʴʺʤ ʯʰʲʮ ʣʸʩʹ) ʸʥʩʠ41.(  

ʩʸʷʩʲʤ ʪʺʧʡ ,ʸʠʠʮʤ ʬʹ ʭʩʩʧʸʦʮ ʭʥʸʣʤ ʭʩʩʮʩʰʴʤ ʥʩʺʥʰʥʸʣʮʡ ʩʥʶʮʤ ,ʤ ʯʩʡ ʤʡʥʨ ʤʮʠʺʤ ʺʮʩʩʷ ʺʲʴʥ

ʱʢ ʱʷʩʸʨʮ,ʬ  ʯʩʡ ʭʩʬʥʣʢ ʭʩʨʰʮʢʸʴ ʺʥʧʫʥʰ) <30ʮ "ʮ .(ʺʧʠ ʤʢʩʸʧ ʨʲʮʬ , ʭʩʩʥʶʮʭʩʬʥʣʢʤ ʭʩʨʰʮʢʸʴʤ  ʷʸ 

 ʱʢʤ ʸʢʸʢʤ ʬʹ ʩʬʷʹʮʤ ʥʷʬʧ ʯʤʡ ʺʥʡʫʹʡ)4-30ʮ "ʮ ( ʬʲ ʤʬʥʲ13% ʳʥʨʤ ʤʰʥʡ ʸʮʥʧʤ ʯʮ ) ʸʥʩʠ29 .(

ʺʠʦ ʺʮʥʲʬ , ʸʠʠʮʤ ʦʫʸʮʮ ʸʺʥʩ ʷʥʧʸ ʥʫʸʲʰʹ ʭʩʫʺʧʡ)H-6 ʣʲ H-9( ,ʣʮ ʬʲ ʬʹ ʭʩʩʰʥʶʩʧʤ ʥʩʺʥʰʥʸ

ʸʠʠʮʤ , ʭʩʩʥʶʮʤʰʨʷ ʤʱʢʤ ʺʩʬʷʹʮʤ ʤʩʶʷʸʴʤ ʯʤʡ ʺʥʡʫʹ ʹʮʧ ʪʥʺʮ ʲʡʸʠʡ ʭʩʬʥʣʢ ʭʩʨʰʮʢʸʴʮ -13% 

) ʭʩʸʥʩʠ28 ,29 .(ʬʹ ʺʩʰʮʦ ʥʡ ʺʥʬʩʲʴ ʬʲ ʺʥʣʩʲʮ ʤʬʠ ʺʥʩʴʶʺʭʩʰʥʹ ʤʬʡʥʤ ʩʰʥʰʢʰʮ  . ʤʦʲ ʤʮʶʥʲʡ ʵʥʶʩʴ

 ʠʩʡʮ ʣʧʮ ʤʩʶʨʰʮʢʸʴʬʬʩʲʩ ʤ)Zimanowski et al., 2003( , ʺʩʱʧʩ ʷʣ ʸʴʠ ʸʶʥʰ ʤʡʹ ʣʥʲʡ ʭʩʨʰʮʢʸʴʤ

 ʡʸ ʷʧʸʮʬ ʭʩʷʸʦʰ ʭʩʬʥʣʢʤ) ʭʩʫʺʧʡ ʭʩʱʢʤ ʭʩʨʰʮʸʴʤʥ ʷʣʤ ʳʥʨʤ ʬʹ ʤʩʶʠʩʶʥʱʠʤH6 ʣʲ ,H9 ʸʥʩʠ 41ʠ .(
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ʺʠʦ ʺʮʥʲʬ ,ʷʦʧ ʺʥʧʴ ʵʥʶʩʴʡ,ʶʥʰ ʸ )1 (ʥ ʺʩʱʧʩ ʱʢ ʳʥʨ) 2 ( ʦʫʸʮʬ ʸʺʥʩ ʡʥʸʷ ʭʩʬʴʥʰ ʭʩʬʥʣʢʤ ʭʩʨʰʮʢʸʴʤ

ʤʤ ʺʥʶʸʴʺ)ʩʸʷʩʲʤ ʪʺʧʤ , ʸʥʩʠ18.(  

ʺʥʧʫʥʰʥʡ - ʬʹ ʺʩʰʮʦ ʩʲʷʹʮSurge  ʭʩʬʥʣʢ ʭʩʨʰʮʢʸʴʥʥʨʠʩʸʴ ʭʩʸʺʠʡ ʤʸʠʥʺʮʢʠʮʭʩʴʱʥʰ ʭʩʩʺ , ʭʤʩʰʩʡ

Cora maar ʤʩʫʸʥʺʡʹ )Gençalio÷lu-Kuúcu et al., 2007(ʥ -Neapolitan Maarʤʩʬʨʩʠʡʹ  .ʯʥʸʧʠʡ ,

ʥʨʠʩʸʴʤ ʭʩʲʷʹʮʤ ʬʹ ʯʥʺʧʺʤ ʨʸʴʤʮʢʠʮ ʬʩʫʮ ʭʩʩʺ13ʺʥʣʩʧʩ ʺʺ , ʩʲʷʹʮʮ ʺʥʡʫʸʥʮʤ Surgeʥ -Fall 

ʤʦʡ ʤʦ ʭʩʡʬʥʹʮʤ .ʺʩʸʨʮʥʬʥʰʸʢʥ ʺʩʴʸʢʩʨʸʨʱ ʤʣʥʡʲ ʤʫʸʲʰ ʸʺʠʡ, ʺʣʣʥʡ ʺʥʶʸʴʺʤ ʩʫ ʤʲʩʶʮʤ  ʤʬʩʲʴʤ

  ʺʩʰʮʦ ʥʡ ʤʬʡʥʤ ʩʰʥʰʢʰʮ ʩʰʹ)Wohletz et al., 1995.(  

  
ʸʥʩʠ 41 :ʬʥʹʮ ʭʸ ʺʫʩʸʡ ʬʹ ʭʩʩʨʱʠʬʷʥʸʩʴʤ ʭʩʨʰʮʩʣʱʡ ʬʹ ʤʬʡʥʤ ʩʰʥʰʢʰʮ ʭʩʡfallʥ -surge , ʩʰʹ ʺʲʴʥʤ ʬʲ ʭʩʣʩʲʮʤ
ʮʤʰʥʰʢʰʺʥʩʥʶʸʴʺʤʤ ʪʬʤʮʡ ʺʩʰʮʦ ʥʡ ʭʩ . ʺʩʱʧʩ ʭʩʩʺʮʶʥʲ ʭʩʶʥʶʩʴ)ʠ ( ʷʣ ʳʥʨ ʺʥʸʶʥʥʤʬʥ ʸʺʥʩ ʤʡʥʨ ʤʩʶʨʰʮʢʸʴʬ ʥʠʩʡʤ

ʺʩʱʧʩ ʡʸ ʷʧʸʮʬ ʭʩʬʥʣʢ ʭʩʨʰʮʢʸʴ ʸʥʦʩʴʬʥ ʸʢʸʢ , ʺʥʺʥʧʴ ʺʥʮʶʥʲʡ ʭʩʶʥʶʩʴ ʣʥʲʡ)ʡ (ʸʮʥʧʡ ʭʩʰʩʩʴʠʺʮ ʺʩʱʧʩ ʱʢ 
ʥʡʺʥʶʸʴʺʤʤ ʣʷʥʮʬ ʪʥʮʱʡ ʷʸ ʭʩʬʥʣʢ ʭʩʨʰʮʢʸʴ ʺʶʥʴʺ.  
  

5.5.4 .ʤʮʸʨʠʩʣʤʥ ʸʠʠʮʤ 

ʥʨʠʩʸʴ ʺʥʩʥʶʸʴʺʤʮʢʠʮʮ ʪʥʮʰ ʩʨʨʱʥʺʩʬ ʵʧʬʡ ʺʥʹʧʸʺʮ ʺʥʩʺ-30 bar,ʣʲ ʬʹ ʭʩʣʥʣʸ ʭʩʷʮʥʲʡ ʸʮʥʬʫ ʫ -

120 ʸʨʮ )Lorenz, 1986, 2007.( ʤʡʩʱ ʯʩʠ ʧʩʰʤʬʤʰʥʹ ʤʩʤ ʺʥʶʸʴʺʤʤ ʯʮʦʡ ʭʥʤʺʤ ʩʮ ʱʬʴʮʹ  

ʸʺʠʡ ʭʥʩʫ ʩʥʶʮʤ ʣʥʣʸʤ ʱʬʴʮʤʮ ʺʩʺʥʲʮʹʮ.ʵʥʶʩʴʤ ʷʮʥʲ ʬʣʢ ʲʥʸʠʤ ʺʥʧʺʴʺʤ ʭʲ , ʬʥʧʬʧʮ ʤʠʶʥʺʫ 

ʤ ʭʲ ʭʹʢʴʮ ʺʷʮʲʤʥ ʤʮʸʨʠʩʣʤ ʨʥʸʧʡ ʭʩʮʤʮʢʠʮʤʬʥʲʤ ʤ .ʬʲʩ ʷʥʱʩʸʤ ʸʥʦʠ ʺʠ ʤʬʩʣʢʮ ʵʥʶʩʴʤ ʷʮʥʲ ʺʩ

 

 

ʠ  

ʡ  
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ʤʮʸʨʠʩʣʤ ʺʠʥ ʥʩʬʲʮʹ .ʤʮʸʨʠʩʣʤ ʬʥʣʩʢʬ ʭʩʡʩʢʮ ʸʠʠʮʤ ʩʬʥʹʠ ʭʩʩʮʩʰʴʤ ʥʩʬʥʹ ʺʱʩʸʷʡ ʤʫʥʺ ʬ ʪʥʺ 

 ʪʸʲʡ ʬʹ ʱʧʩ ʬʲ ʤʸʩʮʹ1:1 ʤʮʸʨʠʩʣʤ ʷʮʥʲʥ ʸʠʠʮʤ ʸʨʥʷ ʯʩʡ )Lorenz, 1986 .(ʪʫʩʴʬ , ʵʥʮʩʠ ʪʥʺ

ʯʺʩʰ ʵʰʸʥʬ ʬʹ ʬʣʥʮʤ, ʭʸ ʺʫʩʸʡ ʸʠʠʮ ʬʹ ʺʥʶʸʴʺʤʤ ʹʺʫʮ ʸʨʥʷ ʩʴ ʬʲ ) ʺʴʹ ʠʬʥ ʺʥʶʸʴʺʤʤ ʹʺʫʮ

ʤʫʩʸʡʤ(,ʫʡ ʤʮʸʨʠʩʣʤ ʷʮʥʲ ʺʠ ʪʩʸʲʤʬ -1000ʸʨʮ )  ʸʥʩʠ40 (ʤʮʸʨʠʩʣʤ ʧʴʰ ʺʠʥ)  ʧʴʰ ʺʠʥʥʹʮ

ʨʥʸʧ:
3

2 hrV S
  (ʡ-0.26ʷ "ʡʷʥʲʮ ʮ.  

 ʹʸʥʹ ʺʠ ʹʴʧʬ ʹʩ ʩʫʥ ʺʩʥʥʹʫʲʤ ʤʫʩʸʡʤ ʦʫʸʮʬ ʡʥʸʷ ʸʠʠʮʤ ʦʫʸʮ ʩʫ ʲʩʶʮ ʸʠʠʮʤ ʬʹ ʩʸʨʮʩʱʤ ʸʠʺʮʤ

ʥʦ ʤʣʥʷʰʡ ʤʮʸʨʠʩʣʤ . ʤʣʲʱʮ ʭʩʧʥʣʩʷ3ʥ -P8 ʸʠʠʮʤ ʪʥʺʡ ʭʩʩʥʶʮ ) ʸʥʩʠ7 .( ʤʣʲʱʮ ʧʥʣʩʷ3 ʤʶʷʡ ʩʥʶʮ 

ʸʡʤ ʬʹ ʩʮʥʸʣʤʩʤʫ , ʺʩʸʨʰʮʩʣʱʤ ʺʩʺʹʺʤ ʬʠ ʸʡʥʲʥ ʩʰʷʬʥʥ ʪʺʧ ʪʸʣ ʸʣʥʧ)ʤʮʸʨʠʩʣʤ ʨʥʸʧʬ ʵʥʧʮ -  ʸʥʩʠ

9 ( ʬʹ ʷʮʥʲʡ200ʸʨʮ  . ʧʥʣʩʷP8 , ʸʡʤ ʦʫʸʮʡ ʩʥʶʮʤʩʤʫ , ʬʹ ʷʮʥʲʬ ʲʩʢʮ186 ʸʣʥʧ ʥʫʸʣʡʥ ʸʨʮ 88 

ʸʠʠʮʤ ʭʢʠ ʩʲʷʹʮ ʬʹ ʸʨʮ, 58ʥʸʩʴ ʭʩʲʬʱ ʬʹ ʸʨʮ ʨʱʠʬʷʭʩʩ ʥ 40ʥʺʩʺʧʺʡ ʺʥʬʦʡ ʬʹ ʸʨʮ  . ʧʥʣʩʷʤ ʠʬ

ʠʬʠ ʭʩʰʩʲʬʢ ʭʢʣ Cuttings  ʣʡʬʡ ʭʢʥʣ ʷʥʮʲʤ ʥʷʬʧ ʭʠ ʲʥʡʷʬ ʤʹʷʥʮ ʺʥʷʱʥʸʮ ʺʥʬʦʡʤʮʸʨʠʩʣʤ ʪʥʺ, ʥʠ 

 ʤʮʸʨʠʩʣʤʮ ʠʶʥʩ ʠʥʤʹ ʩʰʷʬʥʥʤ ʳʶʸʤ ʺʠ ʸʣʥʧʥʡʩʡʱʮʹ) ʸʥʩʠ ʭʩ9, 40 .( ʪʫ ʥʠ ʪʫP8 ʬʠ ʲʩʢʮ ʥʰʩʠ 

ʺʩʸʨʰʮʩʣʱʤ ʺʩʺʹʺʤ.  

ʤʮʸʨʠʩʣʤ ʤʸʣʧ ʭʺʥʠ ʤʡʩʡʱʤ ʩʲʬʱ ʷʱʸʮ ʥʡʥʸʡ ʡʫʸʥʮ ʳʥʨʤ. ʸʩʲʶ ʲʬʱ ʠʥʤ ʭʸ ʺʫʩʸʡ ʳʥʨ ʩʫ ʤʣʡʥʲʤ 

ʺʩʱʧʩ ,ʺʥʶʸʴʺʤʤ ʩʫʩʬʤʺ ʧʥʺʩʰ ʺʸʹʴʠʮ ,ʤʬʡʥʤʤʥ ʤʩʶʨʰʮʢʸʴʤ,ʭʩʸʧʥʠʮ ʤʩʬʡ ʩʫʩʬʤʺ ʬʹ ʤʲʸʴʤ ʠʬʬ  .

 ʭʸ ʺʫʩʸʡ ʳʥʨʡʹ ʤʡʩʡʱʤ ʲʬʱ ʷʱʸ ʺʩʩʶʷʸʴ)ʫ75% ʳʥʨʤʮ  ( ʭʩʩʥʶʮ ʯʫʥ ʺʬʦʡ ʬʹ ʷʱʸʮ ʸʷʩʲʡ ʺʡʫʸʥʮ

ʥʡʫ -5 wt% ʩʨʰʥʡʸʷ ʸʮʥʧ )8%ʬʥʮʸʰ ʸʧʠʬ ʲʬʱʤ ʩʸʡʹ ʬ -100% (ʫʥ-1%  ʵʸʥʥʷ ʩʸʢʸʢ ʬʹ) ʷʸʴ ʤʠʸ

ʺʥʠʶʥʺ ,ʭʸ ʺʫʩʸʡ ʳʥʨ ,ʨʰʥʡʸʷ ʺʬʥʫʺ .(ʨʰʥʡʸʷʤ ʸʮʥʧʤʩ ,ʺʥʧʴ ʣʩʮʲʤ , ʺʩʺʥʲʮʹʮ ʤʩʶʨʰʮʢʸʴ ʸʡʲʥʥʡʥʸ 

ʲʩʴʥʮ ʺʩʺʩʱʸʧʤ ʤʩʶʷʸʴʡ .  

ʲʩʶʮ ʪʺʧʡ ʨʰʥʡʸʷʤ ʨʥʲʩʮʥ ʭʩʩʺʬʦʡʤ ʭʩʨʰʮʢʸʴʤ ʺʨʩʬʹʭʩ, ʥʰʩʤ ʤʮʸʨʠʩʣʤ ʺʸʣʥʧ ʥʺʥʠ ʪʺʧʤ ʡʥʸʹ 

ʩʰʷʬʥʥ . ʨʥʸʧ ʺʠʥʥʹʮʡ ʭʩʫʸʲʤ ʺʡʶʤ ʬʹ ʨʥʸʧ ʷʮʥʲ ʺʧʰʤʥ1000 ʸʨʮ  ʭʩʲʬʱʤ ʯʩʡ ʲʢʮʤ ʩʫ ʤʬʲʮ

 ʭʩʩʰʷʬʥʥʤ) ʭʩʥʥʤʮʤ91%ʤʮʸʨʠʩʣʤ ʧʴʰʮ  ( ʭʩʩʸʨʰʮʩʣʱʬ)9%ʤʮʸʨʠʩʣʤ ʧʴʰʮ  ( ʷʮʥʲʡ ʤʦ ʸʺʠʡ ʠʶʮʰ

ʬʹʫ -550 ʸʠʠʮʤ ʺʴʹʮ ʸʨʮ )400ʮ  'ʭʩʤ ʩʰʴ ʬʲʮ .(  

ʺʩʸʠʰʩʬ ʠʬ ʤʮʸʨʠʩʣ ʧʩʰʮʤ ʡʥʹʩʧ , ʥʦʫʤʮʥʷʲ ʸʧʠ ʺʥʡʷʥʲ ʤʩʺʥʰʴʣʹ ʤʬʥʬʺ ʸʺʥʩ)  ʸʥʩʠ42( ,ʬʧʩʵ ʷʮʥʲ 

 ʣʥʣʸ ʲʢʮʩʸʨʰʮʩʣʱʬ ʩʰʷʬʥʥʤ ʳʶʸʤ ʯʩʡ ʸʺʥʩ . ʷʮʥʲ ʤʩʤʩ ʩʲʥʡʩʸ ʹʸʥʹ ʺʥʸʠʺʮ ʤʩʺʥʰʴʣʹ ʤʮʸʨʠʩʣ ʨʥʸʧʡ

ʫ ʲʢʮʤ-380ʸʠʠʮʤ ʺʴʹʮ ʸʨʮ  , ʭʩʲʬʱʤ ʯʩʡ ʲʢʮʤ ʷʮʥʲ ʤʩʤʩ ʹʬʥʹʮ ʹʸʥʹ ʺʸʥʶʡ ʤʩʺʥʰʴʣʹ ʤʮʸʨʠʩʣʡʥ

ʩʣʱʤʥ ʭʩʩʰʷʬʥʥʤʭʩʩʸʨʰʮʫ -290ʸʨʮ  ) ʸʥʩʠ42(. ʬʹ ʭʩʩʴʸʢʥʴʥʨ ʭʩʹʸʴʤ ʬʲ ʭʩʣʮʬʮ ʥʬʬʤ ʭʩʷʮʥʲʤ 400-

650ʮ ',ʸʠʠʮʤ ʧʸʦʮʥ ʭʥʸʣʡʹ ʭʩʩʸʨʰʮʩʣʱ ʭʩʲʬʱ ʺʥʩʥʰʡʤ ʺʥʲʡʢʤ ʯʩʡ )  ʸʥʩʠ5(, ʪʺʧʤ ʹʠʸ ʯʩʡʬ 

ʥʺʩʺʧʺʡ ʩʸʨʰʮʩʣʱʤ ,ʯʫʬʥʺʥʬʦʡʡ ʲʷʹʤ ʩʥʬʩʮ ʩʰʴʬ ʸʺʥʩʡ ʳʩʸʧ ʲʥʴʩʹ ʭʥʩʷ ʬʲ .  
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ʸʥʩʠ 42 : ʺʩʸʠʰʩʬ ʤʮʸʨʠʩʣ ʬʹ ʺʩʨʮʫʱ ʤʢʶʤ)ʣʥʸʥ( , ʩʲʥʡʩʸ ʹʸʥʹ ʭʩʸʠʺʮʤ ʭʩʲʥʴʩʹ ʭʲ ʤʮʸʨʠʩʣ)ʬʥʧʫ ( ʤʡ ʥʦʫʥ
 ʹʬʥʹʮ ʹʸʥʹ ʭʩʸʠʺʮ ʭʩʲʥʴʩʹʤ)ʭʥʣʠ .( ʬʹ ʧʴʰ ʩʥʶʮ ʥʩʺʧʺ ʷʮʥʲʤ ʺʠ ʭʩʰʮʱʮ ʭʩʩʷʴʠʤ ʭʩʥʷʤ% 10 ʺʧʠ ʬʫ ʺʩʺʧʺʮ 

ʺʥʮʸʨʠʩʣʤʮ..  

ʤʧʰʤʡ ʥʲʶʥʡ ʭʩʰʥʸʧʠʤ ʭʩʡʥʹʩʧʤ,ʫʹ ʲʷʸʷʤ ʺʺʡ ʷʥʮʲ ʠʶʮʰʤ ʩʸʨʰʮʩʣʱ ʪʺʧʮ ʸʦʢʰ ʨʰʥʡʸʷʤ ʬ ,ʥʤʹ ʲʢʮ

ʠ ʥʰʩʤ ʩʺʬʦʡʬ ʩʸʨʰʮʩʣʱʤ ʪʺʧʤ ʯʩʡʥʩʷʴ .ʤʰʥʹ ʤʰʩʤ ʭʸ ʺʫʩʸʡ ʬʹ ʸʠʠʮʡ ʺʥʠʩʶʮʤ . ʭʩʩʸʨʰʮʩʣʱ ʭʩʲʬʱ

ʭʩʩʧʸʦʮʤʥ ʭʩʩʮʥʸʣʤ ʤʫʩʸʡʤ ʩʬʥʹʡ ʭʩʴʥʹʧ , ʬʹ ʤʡʥʢʬ ʭʩʠʹʰʺʮ ʳʠʥ100ʮ  ')1,070ʮ  'ʭʩʤ ʩʰʴ ʬʲʮ (

ʸʠʠʮʤ ʺʴʹʬ ʬʲʮ.ʤʲʩʶʮ ʥʦ ʤʰʥʮʺ ,ʸʠʠʮʤ ʩʬʥʹ ʩʣʩ ʬʲ ʭʸʺʰ ʳʥʨʡʹ ʨʰʥʡʸʷʤʮ ʷʬʧ ʺʥʧʴʬ ʩʫ  , ʺʥʸʹʴʠ

ʤʮʸʨʠʩʣʤ ʷʮʥʲʮ ʭʸʺʰʤ ʨʰʥʡʸʷʤ ʬʹ ʤʩʶʷʸʴʤ ʺʠ ʤʣʩʸʥʮʤ , ʪʺʧʤ ʬʹ ʸʺʥʩ ʬʥʣʢ ʩʡʥʲ ʤʲʩʶʮ ʠʬʩʮʮʥ

ʭʸ ʲʷʹʡ ʩʰʷʬʥʥʤ .  

 ʤʮʥʸʺ ʬʹ ʤʲʶʤʤ)ʤʠʬʮ ʥʠ ʺʩʷʬʧ (ʦʩʴʹ ʺʩʴʶʺʤ ʩʣʩ ʬʲ ʺʫʮʺʰ ʭʩʩʬʥʹʤʮ ʨʰʥʡʸʷ ʬʹ ʨʲʮʫ ʨʰʥʡʸʷʤ ʸʥ

 ʩʸʷʩʲʤ ʳʥʨʤ ʪʺʧ ʪʸʥʠʬ ʤʰʺʹʮ ʥʰʩʠʥ) ʸʥʩʠ25( , ʠʥʡʬ ʤʫʩʸʶ ʤʺʩʤ ʷʮʥʲʤʮ ʤʮʥʸʺ ʬʹ ʺʥʩʨʰʰʩʮʥʣ ʯʫʹ

ʯʮʦʡ ʤʮʸʨʠʩʣʤ ʺʷʮʲʤʮ ʤʠʶʥʺʫ ʪʺʧʡ ʤʩʬʲʤ ʭʲ ʩʨʰʥʡʸʷʤ ʡʩʫʸʮʤ ʺʩʩʬʲʡ ʩʥʨʩʡ ʩʣʩʬ .ʺʥʡʫʹʤ ʩʺʹ ,

 ʤʡʥʢʡ4ʥ -12ʪʺʧʤ ʺʩʺʧʺʮ ʸʨʮ  ,ʰʥʡʸʷʤ ʦʥʫʩʸʡ ʺʥʩʬʮʥʰʠ ʺʥʠʸʮʤ ʨ)16%ʥ -14%ʩʬʷʹʮ  ,ʤʮʠʺʤʡ ,

 ʭʩʸʥʩʠ25 ,29( ,ʭʩʩʬʥʹʤʮ ʤʮʥʸʺ ʬʹ ʬʣʥʮ ʭʲ ʸʺʥʩ ʡʥʨ ʺʥʡʬʺʹʮ ʯʤ ʭʢ , ʩʲʥʸʠ ʺʥʢʶʩʩʮ ʭʺʱʤ ʯʮʥ

ʺʩʥʥʤʺʮʤ ʤʮʸʨʠʩʣʤ ʪʥʺ ʬʠ ʺʥʨʨʥʮʺʤ.  

ʤʩʡʩʨʰʸʨʬʠ ʸʡʱ ʬʥʨʠʩʸʴʤ ʭʩʲʥʸʠʤ ʺʬʩʧʺʡ ʸʡʫ ʭʩʩʸʨʰʮʩʣʱ ʭʩʨʰʮʢʸʴ ʺʥʠʶʮʤʮʢʠʮʤ ʭʩʩʺʥʠ, 

ʥ ʭʩʮʤ ʭʲ ʤʩʶʷʸʨʰʩʠʤʹʩʸʨʰʮʩʣʱʤ ʪʺʧʤ ʷʮʥʲʡ ʥʲʸʠ ʭʩʰʥʹʠʸʤ ʭʩʶʥʶʩʴʤ, ʵʧʬʤʮ ʪʥʮʰʤ ʵʧʬ ʺʧʺ 

ʤʦ ʷʮʥʲʡ ʩʨʨʱʥʺʩʬʤ .ʷʮʥʲʡ ʩʨʱʸʷ ʬʬʧ ʬʹ ʥʮʥʩʷ ʩʣʩ ʬʲ ʸʹʴʠʺʤʬ ʬʥʫʩ ʤʦʫʹ ʡʶʮ . ʩʨʠʩʸʴ ʩʨʱʸʷ ʬʬʧ

)ʭʥʤʺ ʩʮ ʱʬʴʮ ʺʧʺ ʩʥʶʮʤ (ʩʨʨʱʥʸʣʩʤ ʵʧʬʬ ʯʥʺʰ ʤʩʤʩ ,ʩʨʨʱʥʺʩʬʤ ʵʧʬʤ ʯʮ ʹʩʬʹʬ ʡʥʸʷ ʠʥʤ ʥʫʸʲʹ ,

ʠ ʸʹʴʠʮʥʥʨʠʩʸʴ ʵʥʶʩʴʥ ʤʩʶʷʸʨʰʩʮʢʠʮ ʬʹ ʷʮʥʲʡ ʩʰʥʹʠʸ ʩʺ300-400ʸʨʮ  .ʤʹʲʮʬ , ʬʹ ʤʩʶʷʸʨʰʩʠ

ʮʢʠʮʸʺʥʩ ʭʩʬʥʣʢ ʭʩʷʮʲʡ ʳʠ ʺʥʸʷʬ ʤʩʥʹʲ ʺʩʨʱʸʷ ʺʫʸʲʮʡ ʭʩʮ ʭʲ ʤ ,ʠʮʢʥʣʬ :Peperino Albano 

ʤʩʬʨʩʠʡʹ , ʬʹ ʤʩʶʷʠʸʨʰʩʠ ʺʥʡʷʲʡ ʸʡʲʮʤ ʹʧʸʺʤ ʭʹʮʢʠʮʸʴʩʥʥʷʠ ʩʮ ʭʲ ʤʬʥʲ ʤ, ʺʩʨʱʸʷ ʺʫʸʲʮʡ 

ʤʩʥʶʮʤʫ -1ʷ " ʧʨʹʤ ʩʰʴ ʺʧʺ ʮ)Funiciello et al., 2003; Giordano G. et al., 2001 .( ʭʩʲʬʱʡ

ʸʥʦʠʡ ʭʩʩʨʰʥʡʸʷʤʯʫʠ ʭʸ ʺʫʩʸʡ ʺʥʧʺʥʴʮ ʺʥʩʨʱʸʷ ʺʥʫʸʲʮ ʺʥʸʫʥʮ  . ʺʩʮʥʷʮ ʺʩʨʱʸʷ ʺʫʸʲʮ ʩʫ ʳʠ ʯʫʺʩ

 ʸʠʠʮʤ ʭʥʸʣʡ ʳʥʹʧʤ ʷʺʲʤʤ ʸʥʹʩʮ ʬʲ ʤʧʺʴʺʤ)ʤʦ ʷʸʴ ʪʹʮʤʡ ʤʠʸ .(ʮ ʡʩʺʰ ʺʥʥʤʬ ʩʥʹʲ ʷʺʲʤ ʳʣʲʥ

ʤ ʺʲʥʰʺʬʮʢʠʮʩʨʱʸʷʤ ʬʬʧʡʹ ʭʩʮʤ ʭʲ ʤʡʥʨ ʤʩʶʷʸʨʰʩʠ ʸʹʴʠʬʥ ʤ.  
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ʩʨʰʥʡʸʷʤ ʸʮʥʧʬ ʳʱʥʰʡ,ʥʸʦʢʰʹ ʵʸʥʥʷ ʩʸʢʸʢ ʬʹ ʦʥʧʠ ʪʸʲʡ ʳʥʨʡ ʩʥʶʮ  ,ʤʠʸʰʤ ʬʫʫ , ʯʮ ʲʩʨʷ ʺʸʥʶʺʮ

 ʯʥʺʧʺʤ ʯʥʷʩʨʸʷʤ) ʸʥʩʠ3 .(ʭʤʬʹ ʸʥʷʮʤ ʺʡʫʹ ʷʮʥʲʬ ʤʮʸʨʠʩʣʤ ʺʸʩʣʧ ʬʲ ʤʣʩʲʮ ʵʸʥʥʷʤ ʩʸʢʸʢ ʺʥʧʫʥʰ .

ʥʡʸʷʤ ʥʮʫʨʰ ,ʸʡ ʷʸ ʠʬʥ ʪʺʧʤ ʪʸʥʠʬ ʭʩʲʩʴʥʮ ʵʸʥʥʷʤ ʩʸʢʸʢ ʭʢʮʥʥ . ʵʥʶʩʴ ʬʹ ʤʲʶʤʡ ʺʫʮʥʺ ʥʦ ʺʩʴʶʺ

ʷʥʮʲ ʩʰʥʹʠʸ,ʩʨʱʸʷ ʬʬʧ ʭʲ ʸʹʷʤʡ  , ʡʥʸʷʤ)ʺʩʴʸʢʩʨʸʨʱ (ʲʩʨʷ ʺʸʥʶʺ ʬʹ ʬʥʧʬ .ʺʣʮʬʮ ʳʠ ʥʦ ʺʩʴʶʺ ,

ʭʸ ʲʷʹʡ ʩʰʷʬʥʥʤ ʪʺʧʬ ʺʧʺʮ ʡʸ ʠʬ ʷʮʥʲʡ ʺʥʠʶʮʰ ʯʥʺʧʺʤ ʯʥʷʩʨʸʷʤ ʺʥʡʫʹʹ ,ʤʣʡʥʲʤʲʩʶʮʤ   ʪʺʧʤʹ

 ʩʨʰʥʡʸʷʤ)ʯʥʺʧʺ ʯʥʷʩʨʸʷ ʣʲ ʯʥʩʬʲ ʯʥʷʩʨʸʷ (ʭʸ ʷʮʲ ʱʩʱʡʡʺʩʱʧʩ ʷʣ ʥʰʩʤ  ,ʪʫʡ ʺʫʮʥʺʥ  ʤʩʤ ʭʸ ʲʷʹʹ

ʩʡʩʦʥʸʠ ʲʷʹ.  

 ʺʥʸʴʱʤʮ ʭʩʸʷʮʬ ʣʥʢʩʰʡ)Németh et al., 2000( ,ʨʰʥʡʸʷʤ ʺʬʥʫʺʡ ʩʥʰʩʹ ʤʴʶʰ ʠʬ ʭʸ ʺʫʩʸʡʡ , ʵʸʥʥʷʤ

ʳʥʨʤ ʪʺʧ ʪʸʥʠʬ ʺʥʰʥʹʤ ʺʥʬʦʡʤ ʯʩʡ ʥʠ . ʺʫʮʥʺ ʥʦ ʺʩʴʶʺ ʹʧʸʺʤ ʸʠʠʮʤ ʬʹ ʩʰʥʹʠʸʤ ʵʥʶʩʴʤ ʩʫ ʤʲʶʤʡ

ʪʺʧʤ ʷʮʥʲʡ.  

5.6 .ʥʨʠʩʸʴʤ ʭʩʲʥʸʩʠʬ ʺʥʡʩʱʤʮʢʠʮʭʩʩʺ 

ʭʩʩʥʶʮ ʯʬʥʢʤ ʺʮʸ ʯʥʴʶʡʫ -60ʯʥʴʶ ʯʥʥʩʫʡ ʺʥʸʥʹ ʩʺʹʡ ʭʩʸʥʣʱʤ ʭʩʩʰʷʥʨʱʩʩʬʴ ʤʩʸʥʷʱ ʩʬʺ - ʭʥʸʣ)ʸʥʮ ,

1986 .(ʳʥʨ ,ʺʠʦ ʺʮʥʲʬ ,ʬʨʩʡʠ ʱʷʬʴʮʥʷʡ ʩʥʶʮ-ʣʡʬʡ ʭʸ ʺʫʩʸʡʡʥ ʬʨʰʡ .ʸʺʠʤ ʩʰʹʡ ʸʡʲʮ ʳʥʨʤ ʯʮʱʮ ʭʩ

 ʺʥʩʰʠʩʬʥʡʮʥʸʨʱ ʺʥʩʥʶʸʴʺʤʮ)ʺʬʦʡʥ ʤʩʸʥʷʱ ʺʥʨʬʥʴ (ʥʨʠʩʸʴ ʭʩʶʥʶʩʴʬʮʢʠʮʭʩʩʺ.  

5.6.1 .ʥʨʠʩʸʴʤ ʵʥʶʩʴʡ ʭʩʮʤ ʸʥʷʮʮʢʠʮʩʺ 

ʡʨʩʤ ʭʩʦʷʥʰʮʤ ʭʩʸʥʦʠʡ ʺʥʹʧʸʺʮʤ ʺʥʩʺʬʦʡ ʺʥʩʰʷʬʥʥ ʺʥʩʥʶʸʴʺʤ,ʥʸʶʩʩʮ ʺ,ʡʥʸʬ , ʤʩʸʥʷʱ ʩʨʥʸʧ 

)Solgevik et al., 2007 .(ʥʨʠʩʸʴ ʺʥʶʸʴʺʤʮʮʢʠʲʥʸʢ ʦʥʷʩʰ ʭʲ ʭʩʸʥʦʠʡ ʬʬʫ ʪʸʣʡ ʤʸʷʺ ʺʩʺ . ʭʩʮʤ

ʭʸ ʺʫʩʸʡʡ ʵʥʶʩʴʡ ʷʬʧ ʥʧʷʬʹ , ʺʥʩʤʬ ʥʩʤ ʭʩʬʥʫʩ)1 (ʭʢʠ ʩʮ , ʯʩʩʨʹʰʩʥ ʩʣʩ ʬʲ ʲʶʥʤʹ ʹʩʧʸʺʬ ʤʮʥʣʡ

ʬʨʩʡʠ ʱʷʬʴʮʥʷʡ-ʬʨʰʡ ,)Weinstein and Weinberger, 2007; Weinstein, 2007(, ʥʠ )2 (ʭʥʤʺ ʩʮ.  

ʨʠʩʸʴ ʺʥʶʸʴʺʤʹ ʺʥʸʴʱʡ ʬʡʥʷʮʥʮʢʠʮʭʢʠ ʭʲ ʸʹʷʤʡ ʺʩʺ, ʳʥʨ ʺʲʡʨ ʺʸʩʶʩʬ ʬʬʫ ʪʸʣʡ ʠʩʡʺ )Tuff 

ring ( ʸʠʠʮ ʠʬʥ)ʤʡʩʡʱʤ ʩʰʴʮ ʪʥʮʰ ʲʷʹ ( ʭʸ ʺʫʩʸʡʫ)Lorenz, 1986 .(ʤʩʩʰʹʤ ʺʥʸʹʴʠʤ , ʬʹ

ʭʥʤʺ ʩʮ ʭʲ ʤʩʶʷʠʸʨʰʩʠ ,ʭʸ ʺʫʩʸʡ ʸʥʦʠʡ ʭʩʠʰʺʬ ʤʮʩʠʺʮ ʺʩʠʸʰ .ʮ ʤʰʥʹʡʬʨʩʡʠʤ ʱʷʬʴʮʥʷ-ʬʨʰʡ , ʭʹ

ʷʮʥʲʡ ʩʥʶʮ ʭʥʤʺʤ ʩʮ ʱʬʴʮ ʧʨʹʤ ʩʰʴʬ ʺʧʺʮ ʭʩʸʨʮ ʺʥʠʮ ʬʹ )Dafny et al., 2003( , ʭʥʤʺʤ ʩʮ ʱʬʴʮ

ʣʠʮ ʣʥʣʸ ʭʸ ʺʫʩʸʡ ʸʥʦʠʡ ,ʩʸʥʴʲʩ ʺʲʷʡʡ ʭʩʣʣʥʡ ʭʩʸʨʮ ʬʹ ʷʮʥʲʡ ʺʥʸʠʡʡʥ ʤʫʩʸʡʡ ʳʹʧʰ ʠʥʤʥ . ʺʥʩʤ

ʤʡʸʤ ʥʰʺʹʤ ʠʬ ʸʥʦʠʡ ʭʩʩʮʩʬʷʠʤ ʭʩʠʰʺʤʥʡ -100-200 ka) ʮ .ʸʡ-ʮʨʱʥʩ ,ʲʡ ʤʧʩʹ"ʡ ʴ-Weinstein, 

1997 ( ʷʮʲʥʭʩʰʷʬʥʥ ʭʩʴʶʸʡ ʠʬʮ ʸʡʫ ʤʩʤ ʭʸ,ʤʮʥʣ ʤʩʤ ʺʥʶʸʴʺʤʤ ʺʲʡ ʭʥʤʺʤ ʩʮ ʱʬʴʮʹ ʧʩʰʤʬ ʸʩʡʱ  .

ʯʫ ʥʮʫ ,ʭʩʮ ʱʧʩ\ʮʢʠʮʺʩʱʧʩ ʤʥʡʢ ʤ ,ʥʨʠʩʸʴ ʵʥʶʩʴʬ ʠʩʡʩʹʮʢʠʮʸʹʴʠʺʤ ʩʺʭʩʩʨʱʸʷ ʭʩʬʬʧ ʭʥʩʷ ʣʩ ʬʲ  

ʶʥʴʰʤʭʩʸʥʦʠʡʹ ʸʩʢʤ ʩʲʬʱʡ ʣʠʮ .  

 ʩʸʥʷʮʤ ʳʥʨʤ ʧʴʰ)ʤʸʱʤʤ ʩʰʴʬ (ʡ ʪʸʲʥʮʫ-0.09ʷ "ʡʷʥʲʮ ʮ )ʷʸʴʤ ʺʩʹʠʸʡ ʡʥʹʩʧ ʤʠʸ ( ʲʶʥʮʮʤ ʦʥʫʩʸʤʥ

 ʩʺʩʱʸʧʤʥ ʩʬʩʰʡʥʩʤ ʸʮʥʧʤ ʬʹ)ʺʥʩʰʫʨ ʺʥʡʩʱʮ ʭʩʣʸʴʥʮ ʭʰʩʠʹ (  ʫʡ ʪʸʲʥʮ23% . ʯʮ ʺʩʶʧʮʫ ʩʫ ʧʩʰʰ ʭʠ

 ʸʮʥʧʤ)10% ( ʩʬʩʰʡʥʩ ʸʮʥʧ ʤʰʩʤ)ʳʬʧʥʮ ʥʠ ʩʺʩʫʥʫʦ( ,ʥʨʠʩʸʴʤ ʭʩʶʥʶʩʴʡʹ ʩʸʤʮʢʠʮʭʩʡʸʥʲʮ ʥʩʤ ʭʩʩʺʫ -
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0.01ʷ " ʬʹ ʭʩʡʷʥʲʮ ʮʮʢʠʮʤ .ʥʶʬʭʩʮ ʬʹ ʩʬʷʹʮ ʱʧʩ ʹʥʸʣ ʵʥʶʩʴʤ ʺʸʩʶʩ ʪʸ\ʮʢʠʮ ʬʹ ʤ3:1) Wohletz 

and McQueen, 1984; Kokelaar, 1986; Zimanowski et al., 1991 .( ʪʺʰʤ ʬʹ ʺʥʴʩʴʶʤʹ ʤʧʰʤʡ

 ʤʺʩʩʤ,2.5 g/cm3ʫʡ ʸʡʥʣʮ ʩʦʠ -25ʪʺʰ ʯʥʨ ʯʥʩʬʮ  .ʯʫ ʬʲ ,ʸ ʸʥʶʩʬ ʩʣʫʡʩʤʡʥʨ ʤʩʶʷʠ ,ʫʡ ʪʸʥʶ ʹʩ-

8,000,000ʮ ʡʷʥʲʮ ʸʨʮ ʭʩ .ʯʩʩʶʬ ʹʩ ,ʵʥʶʩʴʡ ʥʴʺʺʹʤʹ ʭʩʮʤ ʪʱ ʬʹ ʠʩʤ ʺʡʹʥʧʮʤ ʭʩʮʤ ʺʥʮʫ ʩʫ . ʺʥʮʫ

ʤʡʸʤʡ ʤʰʨʷ ʺʥʩʤʬ ʤʺʩʤ ʤʬʥʫʩ ʩʰʥʹʠʸʤ ʵʥʶʩʴʡʥ ʤʩʶʷʸʨʰʩʠʡ ʤʴʺʺʹʤʹ ʭʩʮʤ.  

5.6.2 .ʷʺʲʤ  

ʷʺʲʤ ʩʥʶʮ ʸʠʠʮʤ ʭʥʸʣʡ,ʸʥʸʡ ʥʰʩʠ ʤʸʥʲʩʹʹ ʤʷʩʸʦ ʥʡ ʺʸʫʩʰʹ ,ʭʩʸʨʮ ʸʴʱʮ ʬʲ ʤʬʥʲ ʠʥʤ ʪʠ  , ʠʥʤʥ

ʤ ʪʺʧʤ ʺʠ ʡʩʶʮ ʩʰʷʬʥʥ)ʤʩʸʥʷʱʥ ʺʥʬʦʡ ( ʭʩʨʰʥʡʸʷ ʬʥʮʰʥʸʥʨ ʭʩʩ)ʸʥʩʠ ʭʩ3 ,5 .(ʯʥʴʶ ʠʥʤ ʷʺʲʤʤ ʯʥʥʩʫ-

ʯʥʴʶ-ʺʺ ʥʰʥʥʩʫʥ ʡʸʲʮ-ʯʬʥʢʤ ʯʥʴʶʡ ʤʩʸʥʷʱʤ ʩʬʺ ʬʹ ʺʩʧʸʦʮʤ ʤʸʥʹʤ ʬʹ ʤʦʬ ʬʩʡʷʮ , ʺʮʷʥʮʮ ʭʸ ʺʫʩʸʡʹ

ʤʬʹ ʩʰʥʴʶʤ ʤʶʷʡ .ʸʠʠʮʤ ʬʹ ʺʥʫʸʠʺʤʤ ʸʩʶʬ ʬʩʡʷʮ ʳʠ ʷʺʲʤʤ ʯʥʥʩʫ .ʸʩʶ ʺʥʥʤʬ ʩʥʹʲ ʷʺʲʤʤ ʬʹ ʦʥʷʩʰ 

ʤ ʬʠ ʭʩʮʮʢʠʮʤ ,ʷʺʲʤʤ ʪʸʥʠʬ ʤʺʬʲ ʠʩʤ ʳʠʹ ʸʹʴʠʹ .ʹʫ ʬʬʫ ʪʸʣʡ ʭʩʸʶʥʰ ʭʩʸʠʠʮʮʢʠʮ ʪʥʺʡ ʤʬʥʲ ʤ

 ʭʥʤʺ ʩʮ ʺʹʢʥʴʥ ʷʣʱ)Martin et al., 2007 .( ʩʧʰʦʷʥ ʷʸʡʢ ʩʣʩ ʬʲ ʸʠʥʺʮ ʤʮʥʣ ʹʩʧʸʺ)Gevrek and 

Kaznci, 2000( ,ʡ-Narkoy maarʤʩʬʥʨʰʠ ʧʥʬ ʦʫʸʮʡʹ  , ʥʡʮʢʠʮ ʤʸʥʠʬ ʤʺʬʲʹ ʪʹʢʴ ʷʺʲʤ ʸʥʹʩʮʤ 

ʥ ʥʫʸʥʠʬ ʤʧʺʴʺʤʹ ʺʩʢʥʬʥʸʣʩʤ ʺʫʸʲʮʤʠʩʡʤ ʸʹʠ ʺʥʩʥʶʸʴʺʤʬ ʺʥʩʰʠʩʬʥʡʮʥʸʨʱ ʺʥʩʥʶʸʴʺʤʮ ʸʡʲʮʬ 

ʥʨʠʩʸʴʮʢʠʮʺʥʩʺ .  

5.6.3 .ʭʩʬʥʡʩʴʮʠ ,ʥ ʭʩʺʩʬʥʰʱʷʥʨʠʩʸʴʬ ʩʰʠʩʬʥʡʮʥʸʨʱ ʭʦʩʰʷʬʥʥʮ ʸʡʲʮʮʢʠʮʩʺ 

ʥʨʠʩʸʴ ʺʥʩʥʶʸʴʺʤʬ ʤʩʸʥʷʱ ʺʥʸʶʥʩ ʺʥʩʥʶʸʴʺʤʮ ʭʩʸʡʲʮʮʢʠʮʭʩʸʫʥʮ ʺʥʩʺ ʭʩʸʷʮ ʤʹʩʮʧʡ  ʺʥʧʴʬ ʤʣʹʡ

 ʤʩʰʮʸʢʡ ʬʴʩʩʠ)Lorenz, 2007 .(ʬʨʩʡʠ ʱʷʬʴʮʥʷʡ-ʬʨʰʡ, ʬʹʡ ʦʥʷʩʰʡ ʭʩʩʥʰʩʹ ʬʹ ʸʶʥʺ ʠʥʤ ʸʡʲʮʤ 

 ʺʬʦʡ ʧʥʬʩʷ ʩʣʩ ʬʲ ʯʢʠʤ ʺʸʩʫʱ)Weinstein and Weinberger, 2007; Weinstein, 2007 .( ʯʥʣʰʹ ʩʴʫ

ʤʬʲʮʬ ,ʥʨʠʩʸʴʬ ʸʡʲʮʤʮʢʠʮʲʸʩʠ ʭʸ ʺʫʩʸʡʡ ʭʦʩʺ ,ʠʸʰʤ ʬʫʫʤ ,ʭʩʣʥʣʸ ʭʥʤʺ ʩʮ ʭʲ ʹʢʴʮʮ ʤʠʶʥʺʫ .

ʺʠʦ ʺʠʸʮʬ,ʡʬʡ ʭʩʨʱʩʸʷʥʰʴʫ ʬʥʡʩʴʮʠ ʬʹ ʺʥʧʫʥʰʤʥ ʬʥʡʩʴʮʠ ʬʹ ʭʩʨʱʩʸʷʢʮʡ ʸʹʥʲʤʥ ʺʥʧʫʥʰʤ ʤʮʣʷʹ ʤ 

ʩʲʥʸʩʠʬʥʨʠʩʸʴʤ ʭʮʢʠʮ ʭʩʩʺ)ʭʩʮʸʫ ʺʬʦʡʤʰʥʩʬʲ  (ʬʲʮʭʩʺʥʸʹʴʠ  ,ʤ ʩʫʮʢʠʮ ʥʬʩʫʤ ʭʸ ʺʫʩʸʡ ʸʥʦʠʡ ʺʥ

 ʭʩʮ ʬʹ ʺʩʱʧʩ ʤʥʡʢ ʦʥʧʠʮʢʠʮ ʭʩʩʺ)ʣ ʠʶʥʩʬ ʯʴʥʮʢʠʮʯʬʥʢʡ ʺʥ .(ʣʹʧ ʤʬʲʮ ʥʦ ʤʣʡʥʲ , ʯʩʡ ʸʹʷ ʭʩʩʷ ʩʫ

ʭʩʲʥʸʩʠʤʥʨʠʩʸʴʤ ʮʢʠʮʩʺʩ ʺʬʥʫʺʬ ʭʭʩʮʤʡ ʮʢʠʮʤ.  

ʭʸ ʺʫʩʸʡ ʳʥʨʡ,ʤʰʥʩʬʲ ʭʩʮʸʫ ʺʬʦʡʡ ʭʢ ʥʮʫ  , ʬʥʡʩʴʮʠ ʬʹ ʭʩʹʩʡʢ ʭʩʩʥʶʮ)ʭʩʨʱʩʸʷʢʮʫ ʭʩʲʩʴʥʮʤ (

 ʭʩʺʩʬʥʰʱʷʥ'ʭʩʷʥʮʲ 'ʭʥʸʷ ʬʥʡʢʥ ʯʥʺʧʺ ʭʥʸʷʮ/ʩʱʧʩ ʤʤʥʡʢ ʺʥʧʩʫʹʡ ʺʴʨʲʮ ʺ)Mittlefehldt, 1984, 

1982; Stein et al., 1993) ( ʭʩʸʥʩʠ22 ,30 ,31 .( ʭʢʥ ʭʩʨʱʩʸʷʢʮʤ ʥʬʲ ʭʩʺʩʬʥʰʱʷʤ ʭʢ ʸʮʥʧʤ ʭʲ

 ʺʥʶʥʡʷʤ ʩʺʹ ʺʥʧʩʫʹʡ ʭʠʺʮ ʭʩʩʷʥ ʳʥʨʤ ʬʹ ʩʬʩʰʡʥʩʤ) ʸʥʩʠ31 .( ʤʰʥʩʬʲ ʭʩʮʸʫ ʺʬʦʡ ʬʹ ʭʩʬʥʡʩʴʮʠʤ

ʰʴʥʸʷʩʮʤ ʡʫʸʤʬ ʭʩʠʺʮ ʯʡʫʸʤʹ ʯʩʡʩʬʥʠ ʺʥʩʦʥʬʷʰʩʠ ʭʩʬʩʫʮʭʩʰʩʡʩʬʥʠʤ ʭʩʨʱʩʸʷʥ, ʥʦ ʺʬʦʡ ʭʩʰʩʩʴʠʮʤ 

) ʸʥʩʠ15 ʧʴʱʰʥ 4 .(ʤʮ ʥʬʣʢʹ ʭʩʨʱʩʸʷʥʰʴ ʭʰʩʤ ʭʩʬʥʡʩʴʮʠʤ ʩʫ ʤʲʩʶʮ ʥʦ ʺʩʴʶʺʮʢʠʮ ʭʰʩʠʥ ʤ

ʤʬ ʭʩʸʦ ʭʩʨʱʩʸʷʥʰʱʷ.  
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ʤʣʩʲʮ ʤʩʴʸʢʥʸʨʴʤ,ʯʫ ʭʠ ,ʬʥʡʩʴʮʠ ʬʹ ʹʥʡʩʢ ʺʸʹʴʠʮʤ ʺʥʮʫʡ ʭʩʮ ʭʩʬʩʫʮʤ ʭʩʫʺʰ ʬʹ ʭʮʥʩʷ ʬʲ  . ʹʥʡʩʢ

 ʬʹ ʩʷʬʧʮʢʠʮʥʦʫ ʤ ,ʪʺʰʤ ʺʩʬʲʡ ʭʩʫʥʸʫʤ ʤʸʥʨʸʴʮʨʤʥ ʵʧʬʤ ʺʣʩʸʩ ʭʲ ʥʡʥʬʩʹ ʥʠ , ʩʦʥʫʩʸ ʺʠ ʭʩʬʲʮ

ʡ ʭʺʥʱʩʱʮ ʺʠ ʭʩʣʩʸʥʮʥ ʭʩʴʩʣʰʤʮʢʠʮʤ . ʺʩʬʲ ʭʲ ʺʥʲʥʡ ʬʹ ʤʩʶʠʩʬʷʥʰʬ ʠʩʡʤʬ ʩʥʹʲ ʥʬʠ ʭʩʮʸʥʢ ʡʥʬʩʹ

ʤʮʢʠʮ ʤʬʹ ʤʩʢʥʬʥʠʩʸʤ ʺʠ ʺʥʰʹʬʥ ʤʺʥʴʩʴʶ ʺʠ ʣʩʸʥʤʬ ʪʫʡʥ ʤ)Lensky et al., 2006 .( ʭʩʮ ʹʢʴʮʡ

ʰʥʶʩʧ ʭʲ ʭʩʩʮʢʠʮʤʬʥʲ ʤʪʺʰʤ ʬʹ ʤʩʶʨʰʮʢʸʴʥ ʡʥʡʸʲ ʯʥʰʢʰʮ ʹʥʸʣ , ʬʹ ʤʡʥʨ ʤʩʶʷʠʸʨʰʩʠ ʸʹʴʠʬ ʺʰʮ ʬʲ 

ʪʺʰʤʥ ʭʩʮʤ,  ʥʦʫʥʨʠʩʸʴʤ ʵʥʶʩʴʬ ʠʩʡʺʹʮʢʠʮʩʺ . ʺʧʺʴʺʮ ʬʬʫ ʪʸʣʡ ʸʥʨʩʷ ʺʡʫʹ ʭʩʮʤ ʭʲ ʪʺʰʤ ʲʢʮʡ

)vapor film (ʤ ʺʠ ʺʣʣʥʡʮʥ ʺʫʫʥʱʮʤʮʢʠʮʭʩʩʰʥʶʩʧʤ ʭʩʮʤʮ ʤ, ʪʫʡʥ ʲʥʰʮʬ ʤʩʥʹʲʸʲʤ ʺʠ ʡʥʡ ʣʩʸʥʤʬʥ 

ʵʥʶʩʴʤ ʺʥʬʩʲʩʮ) Sheridan and Wohletz, 1983; Trigila et al., 2007; Francis P., 1993 .(ʮʢʠʮʤ 

ʺʩʰʢʥʸʨʤʺʥʲʥʡʡ ʤʸʩʹʲ , ʤʬʥʲʤ  ʬʹʡ ʺʩʱʧʩ ʤʤʥʡʢ ʺʥʸʩʤʮʡ ʧʥʫʤ ʤʴʩʶʸʡʢʥʮʤ ʬʲ ʤʸʩʮʹʡ ʺʥʹʷʺʤʬ 

ʥʶʩʧ ʭʩʮ ʭʲ ʤʡʥʨ ʤʩʶʷʠʸʨʰʩʠ ʸʹʴʠʬ ʪʫʡʥ ʺʣʣʥʡʮʤ ʸʥʨʩʷʤ ʺʡʫʹ ʺʥʴʩʶʸʭʩʩʰ.  

 ʥʩʸʡʥʧʥ ʤʬʩʢʩʸʨ ʬʹ ʭʺʣʥʡʲ ʩʣʩ ʬʲ ʺʫʮʺʰ ʥʦ ʤʲʶʤ)Trigila et al., 2007 (ʥʠʸʤ ʸʹʠ ʩʫ ʤʣʡʲʮ ʩʩʥʱʩʰʡ 

ʩʸʬʥʷʩʦʥ ʪʺʰʤʹʫ ʺʥʴʩʶʸ ʬʲ ʸʥʮʹʬ ʤʹʷʺʮ ʺʫʫʥʱʮʤ ʸʥʨʩʷʤ ʺʡʫʹ , ʠʩʡʮ ʪʺʰʡ ʺʥʬʥʷʩʦʥ ʭʥʩʷ ʩʫʥ

ʤʥ ʭʩʮʤ ʬʹ ʡʥʡʸʲʬʮʢʠʮʤ .ʥʫʸʲʹ ʭʩʩʥʱʩʰʮ ,ʭʩʲʥʡʷ ʭʩʠʰʺʡ ,ʬ ʭʩʮ ʺʷʸʦʤʡʤʰʥʹ ʺʥʩʸʬʥʷʩʦʥ ʩʬʲʡ ʭʩʫʺʰ ,

 ʩʫ ʤʬʥʲʤ ʺʮʶʥʲʥ ʺʥʹʧʸʺʤ ʺʥʩʥʶʸʴʺʤʤʪʺʰʤ ʺʥʩʦʥʸʥʴʡ ʭʩʬʣʡʤʮ ʸʷʩʲʡ ʲʡʥʰ ʺʥʩʨʠʩʸʴ , ʩʦʥʸʥʴ ʪʺʰ ʩʫʥ

ʩʥʹʲʸʺʥʩ ʭʩʩʰʥʶʩʧʤ ʭʩʮʤ ʬʠ ʤʬʡʥʤ ʯʥʰʢʰʮ ʥʬ ʯʺʰʤʡ ʺʩʡʩʦʥʬʴʱʷʠ ʵʸʴʺʤʬ  . ʪʺʰʤ ʬʹ ʺʥʩʡʩʦʥʬʴʱʷʠʤ

ʩʩʰʥʶʩʧ ʭʩʮ ʬʹ ʤʸʩʤʮ ʤʮʩʸʦʡ ʺʸʡʱʥʮ ʩʦʥʸʥʴʤ ʪʥʺ ʬʠ ʭʺʥʲʥʡʤ ʩʬʬʧ , ʪʫʡʥ ʺʮʸʢʰ ʺʡʫʹ ʺʥʴʩʶʸʡ ʤʲʩʢʴ

ʸʥʨʩʷʤ ,ʭʩʩʰʥʶʩʧʤ ʭʩʮʤ ʭʲ ʥʡʥʡʸʲ ʺʠ ʤʸʩʡʢʮʥ ʪʺʰʤ ʬʹ ʤʩʶʨʰʮʢʸʴʬ ʤʲʩʡʮʹ ʤʲʩʢʴ ,ʥʲʩʣʩ ʬ  ʵʥʶʩʴʬ ʪʫ

ʥʨʠʩʸʴʤʮʢʠʮʩʺ.  

ʭʥʫʩʱʬ ,ʭʩʮʡ ʺʩʱʧʩ ʺʥʸʩʹʲ ʥʩʤ ʳʥʨʤ ʬʹʥ ʭʩʮʸʫ ʺʬʦʡ ʬʹ ʺʥʮʢʮʤ ʩʫ ʲʶʥʮ , ʯʥʸʧʠʤ ʤʸʷʮʡʹ ʤʣʡʥʲ

ʤʠʩʡʤʭʥʤʺ ʩʮ ʭʲ ʺʸʡʢʥʮ ʤʩʶʷʸʨʰʩʠʬʥ ʺʥʲʥʡ ʬʹ ʤʩʶʠʩʬʷʥʰʬ  , ʤʮʸʢ ʸʹʠ ʺʥʩʥʶʸʴʺʤʬ

ʤʺʥʩʺʮʢʠʮʥʨʠʩʸʴ.  

ʤ ʤʴʩʶʤ ʧʥʫʸʡʢʥʮʩʥʹʲ ʺʥʲʥʡʤ ʺʥʸʶʥʥʩʤʥ ʭʩʤ ʸʥʰʩʶʡ ʵʧʬʤ ʺʠ ʺʥʬʲʤʬ ʭʢ ʮʢʠʮʥ ʤ ʩʲʬʱʡ ʷʥʣʩʱʬ ʭʥʸʢʬ

ʤʡʩʡʱʤ. ʷʥʣʩʱ  ʤʦʩʦʥʤ ʪʺʰʤ ʬʠ ʭʩʩʰʥʶʩʧʤ ʭʩʮʤ ʬʹ ʸʺʥʩ ʤʡʥʨ ʤʬʡʥʤ ʸʹʴʠʬ ʩʥʹʲʩʸʬʥʷ . ʷʥʣʩʱʬ

 ʤʤʥʡʢʤ ʭʩʮʤ ʺʬʥʫʺ ʬʹʡ ʤʰʥʹʤ ʤʩʢʥʬʥʠʩʸʬʥ ʩʥʹʲ ʳʠʬʥʰʱʷ ʺʸʩʦʢʡ ʣʩʷʴʺ ʺʥʩʤʬʩʭʩʺ )Lensky et al., 

2006(.ʤ ʺʥʧʩʫʹ ʬʹ ʤʤʥʡʢʤ ʳʥʨʡ ʭʩʺʩʬʥʰʱʷ)ʭʩʮʸʫ ʺʬʦʡʡʥ( ʤʩʥʬʺ ʩʺʬʡʥ ʺʫʮʥʺ ʺʥʣʲ ʤʥʥʤʮ 

ʬ ʺʥʩʡʩʱʸʢʠʥʬʠ ʺʥʮʢʠʮ ʬʹ . ʬʹ ʺʥʧʫʥʰ'ʭʩʣʥʣʸ ʭʩʺʩʬʥʰʱʷ ' ʬʹ)ʺʥʬʦʡʲ ʺʥʷʩʺ ( ʪʥʺʡ ʤʣʩʲʮ ʭʩʮʸʫ ʺʬʦʡ

 ʤʮʩʸʦ ʬʲ'ʺʩʡʩʱʸʢʠ 'ʧʨʹʤ ʩʰʴ ʬʠ ʡʥʸʷ ʭʢ.  
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6 .ʺʥʰʷʱʮ  
x ʤʡʩʡʱ ʲʬʱ ʩʸʡʹ ʬʹ ʺʥʩʨʰʰʩʮʥʣʤ ,ʩʣʺʤʥ ʳʥʨʡʹ ʩʬʩʰʡʥʩʤ ʸʮʥʧʡ ʺʥʬʥʷʩʦʥʤ ʸʣʲʤʸ ʩʲʷʹʮ ʬʹ ʺʥ

 ʭʩʩʰʷʬʥʥ ʭʩʬʥʹʧʰ)base surges(,ʥʨʠʩʸʴʤ ʸʥʷʮʤ ʬʲ ʭʩʣʩʲʮ ʮʢʠʮʭʸ ʺʫʩʸʡ ʬʹ ʸʠʠʮʤ ʬʹ ʩʺ . 

x  ʭʣʥʷʸʠʠʮʤ ʺʸʩʶʩʬ, ʤʩʤ ʭʸ ʺʫʩʸʡ ʸʥʦʠʡʭʩʩʸʨʰʮʩʣʱ ʭʩʲʬʱ ʬʹ ʤʴʩʸʧ ʤʩʴʸʢʥʴʥʨ ʬʲʡ ʷʮʲ  , ʸʹʠ

ʤʱʥʫʭʩʸʨʮ ʺʥʠʮ ʬʹ ʩʰʷʬʥʥ ʳʶʸʡ . 

x ʥʨʠʩʸʴʤ ʺʥʶʸʴʺʤʤʮʢʠʮʤ ʬʹ ʤʩʶʷʸʨʰʩʠʮ ʤʠʶʥʺʫ ʤʲʸʠ ʺʩʺʮʢʠʮ ʸʴʩʥʥʷʠʡ ʭʩʣʥʣʸ ʭʥʤʺ ʩʮ ʭʲ ʤ

ʩʮʥʷʮʤ. 

x  ʺʬʦʡʡʥ ʳʥʨʡ ʬʥʡʩʴʮʠ ʺʥʧʩʫʹʮʤ ʺʸʩʶʩ ʭʸʨ ʸʺʠʡ ʤʧʬʷʹʸʠʠ ʤʲʩʶʮ ʤʤʥʡʢ ʤʬʥʫʺ ʩʬʲʡ ʭʩʫʺʰ ʩʫ 

ʭʩʮ ʬʹ ʺʩʱʧʩ ,ʺʩʱʧʩ ʭʩʩʸʬʥʷʩʦʥ ʥʩʤʹ , ʪʫʡʥ ʩʮʥʷʮʤ ʸʴʩʥʥʷʠʤ ʩʮ ʭʲ ʤʡʥʨ ʤʩʶʷʠʸʨʰʩʠ ʥʸʹʴʩʠ ʥʮʸʢ

ʬʭʩʩʺʮʢʠʮʥʨʠʩʸʴʤ ʭʩʶʥʶʩʴ. 

x ʭʥʸʣʡʷʺʲʤ ʩʥʶʮ ʤʫʩʸʡʤ ,ʬ ʬʩʡʷʮʤ ʮʤ ʺʸʥʹ ʸʥʦʠʡ ʭʩʩʰʷʥʨʱʩʩʬʴʤ ʭʩʩʰʷʬʥʥʤ ʭʩʰʡ)ʯʥʴʶ ʥʰʥʥʩʫ-ʯʥʴʶ-

ʡʸʲʮ .(ʶʥʮ ʩʫ ʲʤ ʸʥʹʩʮʤʥ ʭʩʮʤ ʹʢʴʮʡ ʲʩʩʱ ʷʺʲʤʮʢʠʮʤ,ʥʨʠʩʸʴʤ ʭʩʶʥʶʩʴʬ ʠʩʡʤʹ ʮʢʠʮʭʩʩʺ. 

x ʩʲʥʸʩʠʤʭʥʨʠʩʸʴʤ ʮʢʠʮ ʸʠʠʮʤ ʺʠ ʥʸʶʩʹ ʭʩʩʺʹ ʯʮʦʤ ʯʥʬʧʡ ʥʹʧʸʺʤʯʩʡ  166±15 kaʬ -115±13 

ka. 

x ʡʥʬʩʹʤ,ʳʥʨʤ ʺʥʡʫʹʮ ʷʬʧʡ ,ʭʩʱʢ ʭʩʨʰʮʢʸʴ ʭʲ ʤʮʩʸʦ ʺʥʸʥʨʷʥʸʨʱ ʬʹ , ʭʲ ʤʩʶʠʩʶʥʱʠʡ 

 ʤʲʩʢʴ ʺʥʸʥʨʷʥʸʨʱ)impact sags(, ʺʩʨʱʩʬʡ ʤʷʩʸʦʡ ʵʥʶʩʴʤ ʩʸʶʥʺ ʬʹ ʺʩʰʮʦ ʥʡ ʤʬʡʥʤ ʬʲ ʣʩʲʮ 

)ʱʢ ʸʮʥʧ ( ʭʩʩʰʷʬʥʥ ʭʩʬʥʹʧʰʡʥ)base surges ,ʦʢ ʸʩʺʲʥ ʷʣ ʸʮʥʧ.( 

x ʸʥʸʩʡʡ ʭʩʠʥʸ ʩʸʷʩʲʤ ʪʺʧʡ ʸʢʸʢʤ ʬʣʥʢ ʺʶʥʴʺʡ ʩʥʰʩʹʤ ʺʥʮʢʮ ʧʥʺʩʰʮ, ʤʩʬʲ ʬʹ ʭʩʸʥʦʧʮ ʩʰʹ ʺʥʧʴʬ 

 ʺʥʶʸʴʺʤʤ ʺʮʶʥʲʡ ʤʣʩʸʩʥ) ʸʥʩʠ29.( 

x ʮʲʥʡʷʬ ʯʺʩʰ ʸʠʠʮʤ ʩʣʮʩʮʥ ʳʥʨʤ ʡʫʸʤ ʡʥʬʩʹ, ʩʫʥ ʯʥʺʧʺʤ ʯʥʷʩʨʸʷʤ ʺʥʬʥʧ ʣʲ ʺʸʣʥʧ ʤʮʸʨʠʩʣʤ ʩʫ 

ʩʸʨʰʮʩʣʱʤ ʪʺʧʤ ʭʲ ʩʰʷʬʥʥʤ ʳʶʸʤ ʲʢʮ, ʭʩʸʨʮ ʺʥʠʮ ʬʹ ʷʮʥʲʡ ʠʥʤ )300-550ʸʺʥʩ ʳʠ ʩʬʥʠʥ ʸʨʮ .(  

x ʫ ʸʠʠʮʤ ʸʥʦʠʮ ʥʠʶʥʤ ʺʥʩʥʶʸʴʺʤʤ ʪʬʤʮʡ-0.09ʷ "ʮʩʣʱʥ ʭʩʩʺʬʦʡ ʤʡʩʡʱ ʩʲʬʱ ʬʹ ʡʷʥʲʮ ʮ ʭʩʩʸʨʰ

ʫʥ-0.01ʷ "ʺʩʬʩʰʡʥʩ ʤʮʢʠʮ ʬʹ ʡʷʥʲʮ ʮ . 
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8 .ʭʩʧʴʱʰ  
ʧʴʱʰ 1 : ʸʥʠʺʩʴʸʢʥʸʨʴʬʹ  ʤʰʥʮʹ ʺʬʦʡʤ ʩʨʸʴ, ʳʥʸʩʶʡ ʥʮʬʥʶʹ ʺʥʩʰʩʩʴʥʠ ʺʥʰʥʮʺ ʩʨʴʥʠ ʴʥʷʱʥʸʷʩʮʡ  

1 .ʸʲʱ ʺʬʦʡ) 9 ʭʩʴʥʹʧʮʮ ʭʩʴʷʹ:(  

ʭʩʨʱʩʸʷʥʰʴ: ʩʹʩʡʢ ʩʡʩʬʥʠ ʬʹ ʬʣʥʢʡ ʯ 0.2-1.5ʮ"ʮʫ ʭʩʥʤʮ -13%ʭʩʴʷʹʤ ʧʨʹʮ  , ʭʤ ʭʩʹʩʡʢʤ

ʣʤʥʠ ʣʲ ʭʩʩʬʸʣʤʡʥʱʬʸʰʩʮ ʬʹ ʺʥʩʦʥʬʷʰʩʠ ʭʩʠʹʥʰʥ ʭʩʩʨʩʦʢʰʩʣʩʠ ʭʩʩʬʥʹ ʭʲ ʭʩʩʬʸʩʸʶʡ  .

 ʭʩʰʱʷʥʸʩʴʥʰʩʬʷ)7% ( ʭʩʲʩʴʥʮ ʭʩʨʢʸʢʠʡ ʣʲ ʬʹ ʭʩʣʣʥʡ ʭʩʹʩʡʢʫ ʥʠ2.5 ʮ "ʮ .ʭʤ ʭʩʹʩʡʢʤ 

ʭʩʩʬʸʣʤʡʥʱ ʣʲ ʭʩʩʬʸʣʤʰʠʭʥʠʺ ʭʡ ʸʫʩʰ ʭʩʺʩʲʬʥ .  

ʱʷʩʸʨʮ:ʬʷʥʩʢʬʴ ʺʥʮʦʩʸʴ ʩʣʩ ʬʲ ʨʬʹʰ ʹʩʡʢ ʩʰʥʰʩʡ  ʣʲ ʲʩʢʤʬ ʩʥʹʲ ʯʫʸʥʠʹ ʦ0.5ʮ " ʺʥʸʶʥʩʤ ʮ

ʺʩʨʩʫʸʨ ʤʸʥʨʱʷʨ .ʬʸʰʩʮʥ ʭʩʰʱʷʥʸʩʴ ʭʩʩʥʶʮ ʺʥʮʦʩʸʴʤ ʯʩʡʩ ʣʲ ʬʹ ʩʰʩʩʴʥʠ ʬʣʥʢʡ ʸʶʡ 0.1ʮ "ʮ.  

ʭʩʩʡʩʨʷʣʰʩʠ ʭʩʰʮʩʱ:ʭʩʩʬʸʣʤʥʠ ʭʩʨʱʩʸʷʥʰʴʡ ʯʩʡʩʬʥʠ ʺʨʩʬʹ  ,ʭʩʨʢʸʢʠʡ ʭʷʬʧ , ʦʬʷʥʩʢʬʴ ʺʥʮʦʩʸʴʥ

ʺʩʨʩʫʸʨ ʤʸʥʨʱʷʨʡ .ʥʬʩʷʬ ʺʩʢʥʬʥʴʸʥʮ ʤʮʥʣʤʬʹ ʤʥʡʢʤ ʯʩʡʩʬʥʠʤ ʺʬʥʫʺʡ ʤʰʮʮ ʺʬʣʡʰʥ ʯʥʩʦ ʯʩʲ ʩʧ.  

ʠ                                                                .ʡ.  

  
ʸʲʱ ʺʬʦʡ ,ʯʱʷʥʸʩʴʥ ʯʩʡʩʬʥʠ ʬʹ ʭʩʨʢʸʢʠ ʥʡʩʡʱʮʥ ʩʬʸʣʤʥʠ ʯʱʷʥʸʩʴ ʦʫʸʮʡ . ʺʥʬʥʣʢ ʦʬʷʥʩʢʬʴ ʺʥʮʦʩʸʴ ʱʷʩʸʨʮʡ

ʺʩʨʩʫʸʨ ʤʸʥʨʱʷʨ ʺʥʸʶʥʩ .ʷʹ ʭʥʬʩʶʥʷʱʥʸʷʩʮʡ ʳʴʡʨʥʷʮ ʸʥʠ  ,ʠ .ʺʩʸʥʹʩʮ ʡʨʥʷʮ ʸʥʠ ,ʡ .ʭʩʡʥʬʶ ʭʩʡʨʷʮ .  

  

2 .ʯʩʲ ʺʬʦʡ-ʯʥʩʦ) 12ʭʩʴʷʹ  ,10ʥ ʭʩʴʥʹʧʮʮ -2ʧʥʣʩʷ ʩʰʩʲʬʢʮ :( 

ʭʩʨʱʩʸʷʥʰʴ:ʬʹ ʬʣʥʢʡ ʯʱʷʥʸʩʴʥʰʩʬʷ ʩʹʩʡʢ 0.25-0.6 ʮ "ʮʫ ʭʩʥʥʤʮ -5%ʭʩʴʷʹʤ ʧʨʹʮ  , ʭʤʥ

ʺʥʩʦʥʬʷʰʩʠ ʺʥʠʩʶʮʥ ʭʥʠʺ ʭʩʸʫʩʰ ʭʷʬʧʡʥ ʭʩʩʬʸʣʤʡʥʱʯʩʡʩʬʥʠ  . ʤʸʥʨʱʷʨ ʭʩʨʱʩʸʷʥʰʴʡ ʤʺʴʶʰ ʯʫ ʥʮʫ

ʡʥʱ- ʺʩʨʩʴʥʠ)ʯʱʷʥʸʩʴʡ ʦʬʷʥʩʢʬʴ .( ʣʲ ʬʹ ʬʣʥʢʡ ʦʬʷʥʩʢʬʴʤ ʩʹʩʡʢ0.6 ʮ "ʮʭʥʠʺ ʭʷʬʧʡ  ʸʫʩʰʥ   .

 ʬʠ ʭʩʲʩʢʮʤ ʭʩʬʣʢʡ ʯʩʡʩʬʥʠ ʩʹʩʡʢ2.5 ʮ "ʮʬʸʰʩʮ ʬʹ ʺʥʩʦʥʬʷʰʩʠ ʭʩʬʩʫʮ ʭʤʥ ʩʸʶʡ .  

ʱʷʩʸʨʮ:ʩʰʥʰʩʡ  , ʣʲ ʲʩʢʮʤ ʹʩʡʢ ʬʣʥʢʡ0.15ʮ "ʮ.ʯʱʷʥʸʩʴ ʩʹʩʡʢ ʩʣʩ ʬʲ ʨʬʹʰ ʱʷʩʸʨʮʤ  , ʺʥʮʦʩʸʴʥ

 ʬʹ ʪʸʥʠʬ ʣʲ ʺʥʲʩʢʮʤ ʭʩʰʥʹ ʭʩʬʣʢʡ ʦʬʷʥʩʢʬʴ0.75ʮ "ʮ . ʺʸʥʨʱʷʨ ʺʥʸʶʥʩ ʦʬʷʥʩʢʬʴʤ ʺʥʮʦʩʸʴ

ʺʩʫʸʨ .ʬʸʰʩʮ ʱʷʩʸʨʮʡ ʭʩʩʥʶʮ ʯʫ ʥʮʫʩʯʩʡʩʬʥʠʥ ʸʶʡ .  



 69

ʭʩʩʡʩʨʷʣʰʩʠ ʭʩʰʮʩʱ:ʭʩʨʢʸʢʠʡ ʥʠ ʭʩʩʬʸʣʤʥʠ ʭʩʨʱʩʸʷʥʰʴʡ ʯʱʷʥʸʩʴʥʰʩʬʷ  ,ʺʥʮʦʩʸʴʥ ʦʬʷʥʩʢʬʴ 

ʺʩʨʩʫʸʨ ʤʸʥʨʱʷʨʡ .ʤʬʹ ʤʫʥʮʰʤ ʯʩʡʩʬʥʠʤ ʺʬʥʫʺʡ ʤʰʮʮ ʺʬʣʡʰʥ ʸʲʱ ʺʬʦʡʬ ʺʩʢʥʬʥʴʸʥʮ ʤʮʥʣ.  

ʠ                                                                .ʡ.  

  
ʯʩʲ ʺʬʦʡ-ʯʥʩʦ ,ʺʩʨʩʫʸʨ ʤʸʥʨʱʷʨ ʭʲ ʱʷʩʸʨʮ ʪʥʺʡ ʭʩʰʱʷʥʸʩʴ ʬʹ ʨʢʸʢʠ .ʥʷʱʥʸʷʩʮʡ ʳʷʹ ʭʥʬʩʶʴʸʥʠ ʡʨʥʷʮ  ,ʠ .

ʺʩʸʥʹʩʮ ʡʨʥʷʮ ʸʥʠ ,ʡ .ʭʩʡʥʬʶ ʭʩʡʨʷʮ  .  

  

3 .ʩʸʥʴʲʩ ʺʬʦʡ) 10ʭʩʴʷʹ  ,9ʥ ʭʩʴʥʹʧʮʮ -1ʳʥʨʡ ʨʰʮʢʸʴʮ :( 

ʭʩʨʱʩʸʷʥʰʴ: ʣʲ ʭʩʲʩʢʮʤ ʭʩʰʺʹʮ ʭʩʬʣʢʡ ʯʩʡʩʬʥʠ ʩʹʩʡʢ 1.4ʮ " ʭʩʱʫʮ ʮ13%ʭʩʴʷʹʤ ʧʨʹʮ  . ʩʹʩʡʢ

ʭʩʩʬʸʣʤʰʠ ʣʲ ʭʩʩʬʸʣʤʥʠ ʯʩʡʩʬʥʠʤ .ʲ ʭʩʲʩʢʮʤ ʯʱʷʥʸʩʴʥʰʩʬʷ ʩʹʩʡʢ ʬʹ ʬʣʥʢʬ ʣ1ʮ " ʭʩʲʩʴʥʮ ʮ

 ʭʩʱʴʥʺʥ ʭʩʨʢʸʢʠʡ ʥʠ ʭʩʣʣʥʡʫ2%ʭʩʴʷʹʤ ʧʨʹʮ .  

ʱʷʩʸʨʮ:ʯʥʥʢʮ  . ʩʰʥʰʩʡ ʭʩʹʩʡʢʤ ʬʣʥʢ ʺʥʠʮʢʥʣʤ ʯʮ ʷʬʧʡ) ʬʹ ʬʣʥʢʬ ʭʩʲʩʢʮ0.15ʮ "ʮ ( ʠʥʤ ʺʥʸʧʠʡʥ

 ʷʣ)ʭʩʰʨʷ ʥʡ ʭʩʹʩʡʢʤʥʮ -0.05ʮ "ʮ .( ʺʥʮʦʩʸʴʤ ʭʩʺʩʲʬʥ ʸʴʱʣʬʴ ʺʥʮʦʩʸʴ ʩʣʩ ʬʲ ʨʬʹʰ ʭʩʺʩʲʬ

ʮ ʥʠ ʺʥʸʱʧʺʥʨʲʥ .ʯʱʷʥʸʩʴ ʬʩʫʮ ʱʷʩʸʨʮʤ .ʩʮʩʩʷʭʸʶʡ ʩʬʸʰʩʮ ʥʡ  , ʺʥʬʦʡʬ ʺʩʱʧʩ ʤʫʥʮʰ ʺʥʮʫʡ ʪʠ

ʤʡʩʡʱʡ ʺʥʸʧʠ . ʺʥʧʫʥʰʡ ʭʢ ʺʸʣʲʰ ʠʩʤ ʯʷʬʧʡʥ ʤʸʥʸʡ ʺʩʨʩʫʸʨ ʤʸʥʨʱʷʨ ʺʸʫʩʰ ʺʥʠʮʢʥʣʤʮ ʷʬʧʡ

ʺʥʮʦʩʸʴʤ . ʺʥʩʡʩʱʠʮ ʯʷʬʧʥ ʣʥʠʮ ʺʥʩʸʬʥʷʩʦʥ ʺʥʠʮʢʥʣʤ ʯʮ ʷʬʧ) ʯʩʡ45%ʬ -1% .( ʤʡʸʤ ʺʥʰʥʹʤ

ʩ ʺʬʦʡʡ ʤʩʸʥʷʱʤ ʤʰʡʮʡ ʭʩʲʩʴʥʮʤ ʭʩʰʥʹ ʭʩʸʣʧʮ ʥʠ ʭʩʫʴʹʡ ʸʡʥʣʮʹ ʪʫʬ ʤʸʥʹʷ ʺʥʩʤʬ ʤʩʥʹʲ ʩʸʥʴʲ

ʤʫʩʸʡʤ ʡʸʲʮ ʭʥʸʣʡʹ.  

ʭʩʩʡʩʨʷʣʰʩʠ ʭʩʰʮʩʱ:ʭʩʩʬʣʥʮʩʬʥʴ ʭʩʩʰʩʡʩʬʥʠ ʭʩʨʱʩʸʷʥʰʴ ʺʨʩʬʹʡ ʺʰʩʩʴʠʺʮ .  
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ʠ                                                                .ʡ.  

  
ʲʩ ʺʬʦʡʩʸʥʴ ,ʭʩʩʬʣʥʮʩʬʥʴ ʭʩʨʱʩʸʷʥʰʴ ,ʯʩʡʩʬʥʠ ʬʹ ʭʩʩʬʸʣʤʰʠ ʣʲ ʭʩʩʬʸʣʤʥʠ , ʤʸʥʨʱʷʨ ʱʷʩʸʨʮʤ ʥʮʫ ʭʩʢʩʶʮʤ
ʺʩʨʩʫʸʨ .ʥʷʱʥʸʷʩʮʡ ʳʷʹ ʭʥʬʩʶʴʡʨʥʷʮ ʸʥʠ  ,ʠ .ʺʩʸʥʹʩʮ ʡʨʥʷʮ ʸʥʠ ,ʡ .ʭʩʡʥʬʶ ʭʩʡʨʷʮ .  

  

4 .ʤʰʥʩʬʲ ʭʩʮʸʫ ʺʬʦʡ) 24ʭʩʴʷʹ  ,11ʥ ʭʩʴʥʹʧʮʮ -11ʳʥʨʡ ʭʩʨʰʮʢʸʴʮ :( 

ʭʩʨʱʩʸʷʥʰʴ:ʡʢ  ʨʩʦʢʰʩʣʩʠ ʨʲʮ ʭʲ ʭʩʩʬʸʣʤʡʥʱ ʭʩʨʱʩʸʷʥʰʴʥʸʷʩʮʫ ʲʩʴʥʮʤ ʩʬʣʥʮʩʡ ʯʩʡʩʬʥʠ ʩʹʩ

 ʭʬʣʥʢʹ0.05 ʣʲ 0.4ʮ " ʭʩʱʫʮʤ ʮ11% ʬʹ ʭʩʬʣʢʡ ʭʩʩʬʸʣʤʡʥʱ ʭʩʨʱʩʸʷʥʰʴʫʥ ʳʷʹʤ ʧʨʹʮ 

0.75-2.25ʮ "ʮ ʭʩʱʫʮʤ 6%ʳʷʹʤ ʯʮ   .ʬ ʭʩʲʩʢʮʤ ʯʱʷʥʸʩʴʥʰʩʬʷ ʩʹʩʡʢ-1 ʮ "ʮ ʩʬʸʣʤʡʥʱ ʬʥʡʩʴʮʠʥ 

 ʬʣʥʢʡ0.5-7ʮ "ʮ .ʤ ʪʥʺʡ ʺʥʩʦʥʬʷʰʩʠʫ ʭʢʥ ʱʷʩʸʨʮʡ ʭʢ ʭʩʲʩʴʥʮ ʭʩʩʰʩʡʩʬʥʠʤ ʭʩʨʱʩʸʷʥʰʴʥʸʷʩʮ

ʭʩʬʥʡʩʴʮʠʤ ʭʩʨʱʩʸʷʥʰʴʤ.  

ʱʷʩʸʨʮ: ʣʥʠʮ ʷʣ ) ʣʲ0.04ʮ "ʮ( ,ʸʶʡ ʩʬʸʰʩʮ ʬʩʫʮ , ʭʩʩʴʠʮ ʭʩʬʸʰʩʮʥ ʺʥʰʨʷ ʸʴʱʣʬʴ ʺʥʮʦʩʸʴ

)ʯʱʷʥʸʩʴ ʥʠ ʯʩʡʩʬʥʠ.(  

ʭʩʩʡʩʨʷʣʰʩʠ ʭʩʰʮʩʱ:ʥʰʴʥ ʭʩʩʰʩʡʩʬʥʠ ʭʩʨʱʩʸʷʥʰʴʥʸʷʩʮ ʺʨʩʬʹ ʭʩʩʬʥʡʩʴʮʠ ʭʩʨʱʩʸʷ.  

ʠ                                                                .ʡ.  

  

ʤʰʥʩʬʲ ʭʩʮʸʫ ʺʬʦʡ ,ʯʩʡʩʬʥʠ ʬʹ ʭʩʨʱʩʸʷʥʰʴʥʸʷʩʮʡ ʺʰʩʩʴʥʠʮ .ʥʷʱʥʸʷʩʮʡ ʳʷʹ ʭʥʬʩʶʴʡʨʥʷʮ ʸʥʠ  ,ʠ . ʡʨʥʷʮ ʸʥʠ
ʺʩʸʥʹʩʮ ,ʡ .ʭʩʡʥʬʶ ʭʩʡʨʷʮ .ʸʨʮ ʪʥʺʡ ʭʩʩʰʩʡʩʬʥʠ ʭʩʨʱʩʸʷʥʰʴʸʥʷʩʮʷʣ ʱʷʩ.  
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5 .ʤʰʥʺʧʺ ʭʩʮʸʫ ʺʬʦʡ) 9ʭʩʴʷʹ  ,5ʥ ʭʩʴʥʹʧʮʮ -4ʳʥʨʡ ʭʩʨʰʮʢʸʴʮ :( 

ʭʩʨʱʩʸʷʥʰʴ:ʬʣʥʢʡ ʯʩʡʩʬʥʠ ʩʹʩʡʢ 0.25-1.25 ʮ "ʮ , ʭʩʱʫʮ16%ʳʷʹʤ ʯʮ  . ʣʲ ʩʬʸʣʤʡʥʱ ʯʩʡʩʬʥʠʤ

ʨʩʦʢʰʩʣʩʠ ʩʬʥʹ ʭʲ ʩʬʸʣʤʥʠ .ʬʹ ʭʩʬʣʢʡ ʯʱʷʥʸʩʴʥʰʩʬʷ ʩʹʩʡʢ0.25-1 ʮ "ʮ ʭʩʱʫʮ 6%ʳʷʹʤʮ  .

ʩʰʱʷʥʸʩʴʥʰʩʬʷʤʭʩʨʢʸʢʠʡ ʥʠ ʭʩʣʣʥʡ ʭʩʹʩʡʢʫ ʭʩʲʩʴʥʮ ʭ , ʸʫʩʰ ʭʷʬʧʡʥ ʭʩʩʬʸʣʤʡʥʱ ʥʠ ʭʩʩʬʸʣʤʰʠʫ

ʭʥʠʺ . ʬʹ ʪʸʥʠʬ ʺʥʲʩʢʮ  ʦʬʷʥʩʢʬʴ ʬʹ ʺʥʬʥʣʢ ʺʥʮʦʩʸʴ1.25 ʮ "ʮ ʺʥʱʫʮʥ 6%ʭʩʴʷʹʤ ʧʨʹʮ .  

ʱʷʩʸʨʮ: ʩʰʥʰʩʡ ʹʩʡʢ ʬʣʥʢ ) ʣʲ0.1ʮ "ʮ( ,ʸʶʡ ʩʬʸʰʩʮ ʬʩʫʮʥ ʦʬʷʥʩʢʬʴ ʩʣʩ ʬʲ ʨʬʹʰ ,ʯʩʡʩʬʥʠʥ ʯʱʷʥʸʩʴ.  

ʩʱʭʩʩʡʩʨʷʣʰʩʠ ʭʩʰʮ:ʥʷʬʧʡ ʭʠʥʺʮʤ ʯʱʷʥʸʩʴʥʰʩʬʷʥ ʯʩʡʩʬʥʠ ʬʹ ʭʩʬʥʣʢ ʭʩʨʢʸʢʠ  . ʦʬʷʥʩʢʬʴ ʺʥʮʦʩʸʴ

ʺʩʨʩʫʸʨ ʤʸʥʨʱʷʨʡ ʺʥʬʥʣʢ.  

ʠ                                                                .ʡ.  

 
ʤʰʥʺʧʺ ʭʩʮʸʫ ʺʬʦʡ , ʱʷʩʸʨʮʡ ʯʱʷʥʸʩʴʥʰʩʬʷʥ ʯʩʡʩʬʥʠ ʬʹ ʭʩʨʢʸʢʠ ʩʰʹ ʦʫʸʮʡʺʥʬʥʣʢ ʦʬʷʥʩʢʬʴ ʺʥʮʦʩʸʴ ʬʩʫʮʤ .

ʥʷʱʥʸʷʩʮʡ ʳʷʹ ʭʥʬʩʶʴʡʨʥʷʮ ʸʥʠ  ,ʠ .ʺʩʸʥʹʩʮ ʡʨʥʷʮ ʸʥʠ ,ʡ .ʭʩʡʥʬʶ ʭʩʡʨʷʮ .  

  

6 . ʺʬʦʡ 006)4ʳʥʨʡ ʭʩʨʰʮʢʸʴʮ ʭʩʴʷʹ :( 

ʭʩʨʱʩʸʷʥʰʴ :ʬʹ ʭʩʬʣʢʡ ʯʱʷʥʸʩʴʥʰʩʬʷ ʩʹʩʡʢ0.3-1.75 ʮ "ʮ ʭʩʱʫʮʥ ʭʥʠʺ ʭʩʠʸʮ 11%ʳʷʹʤ ʧʨʹʮ  .

ʥ ʭʩʴʬʧʥʮ ʭʤʩʬʥʹ ʷʸ ʭʩʺʩʲʬʭʩʨʱʩʸʷʥʰʴʤ ʳʥʢʡ ʤʴʬʧʤ ʺʸʫʩʰ ʭʩʺʩʲʬ . ʩʬʸʣʤʡʥʱ ʥʠ ʩʬʸʣʤʥʠ ʯʩʡʩʬʥʠ

 ʪʸʲʡ ʬʹ ʭʩʬʣʢʡ1 ʮ "ʮ ʤʱʫʮ 10%ʳʷʹʤʮ  . ʨʩʦʢʰʩʣʩʠʬ ʤʠʬʮ ʤʴʬʧʤ ʳʬʧʥʮ ʥʡʥʸʡ ʯʩʡʩʬʥʠʤ

 ʥʩʬʥʹʡ ʷʸ ʳʬʧʥʮ ʠʥʤ ʭʩʺʩʲʬʥ.  

ʱʷʩʸʨʮ : ʬʹ ʭʩʹʩʡʢ ʬʣʥʢʬ ʲʩʢʮ ʩʰʥʰʩʡ0.1ʮ "ʮ .ʭʩʡʸ ʸʶʡ ʩʹʩʡʢ ʱʷʩʸʨʮʡ ,ʩʴʥ ʯʩʡʩʬʥʠʯʱʷʥʸ .

ʪʫ ʬʹʡʥ ʺʥʮʦʩʸʴ ʯʩʨʥʬʧʬ ʸʱʧ ʱʷʩʸʨʮʤ ,ʺʩʨʩʫʸʨ ʤʸʥʨʱʷʨ ʺʸʫʩʰ ʠʬ.  

ʭʩʩʡʩʨʷʣʰʩʠ ʭʩʰʮʩʱ: ʸʱʧ ʩʰʥʰʩʡ ʱʷʩʸʨʮʥ ʭʩʲʡʶ ʬʬʹʡ ʭʥʠʺ ʺʥʲʴʥʺ ʭʲ ʯʱʷʥʸʩʴʥʰʩʬʷ ʬʹ ʭʩʨʢʸʢʠ 

ʺʥʮʦʩʸʴ.  
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ʠ                                                                .ʡ.  

  
 ʺʬʦʡ006 ,ʷʥʸʩʴʭʩʨʢʸʢʠʡ ʥʠ ʭʩʣʣʥʡ ʭʩʨʱʩʸʷʥʰʴʫ ʭʠʥʺʮ ʯʱ .ʥʷʱʥʸʷʩʮʡ ʳʷʹ ʭʥʬʩʶʴʡʨʥʷʮ ʸʥʠ  ,ʠ . ʡʨʥʷʮ ʸʥʠ

ʺʩʸʥʹʩʮ ,ʡ .ʭʩʡʥʬʶ ʭʩʡʨʷʮ .  

  

7 . ʺʬʦʡ 015)4ʭʩʴʷʹ  ,ʳʥʨʡ ʭʩʨʰʮʢʸʴʮ:( 

ʭʩʨʱʩʸʷʥʰʴ ʺʸʱʧ ʺʬʦʡ , ʬʹ ʬʣʥʢʬ ʭʩʲʩʢʮʤ ʸʶʡ ʩʹʩʡʢ ʬʹ ʨʲʥʮ ʸʴʱʮ ʨʲʮʬ1ʮ "ʮ ,)ʥʠʩʺʡ ʭʸʥʠʺʸ 

ʱʷʩʸʨʮʤ(.  

ʩʸʨʮʱʷ : ʣʲ ʬʹ ʬʣʥʢʬ ʲʩʢʮ ʥʡʥʸʡʹ ʩʰʥʰʩʡ ʬʣʥʢʡ0.05ʮ "ʮ . ʸʴʱʣʬʴ ʺʥʮʦʩʸʴ ʬʩʫʮ ʱʷʩʸʨʮʤ

ʺʩʨʩʫʸʨ ʤʸʥʨʱʷʨʡ ,ʣʥʠʮ ʭʩʰʨʷ ʯʱʷʥʸʩʴ ʩʹʩʡʢ ʯʤʩʰʩʡ ,ʩʡ ʸʶʡ ʩʬʸʰʩʮʥ ʭʩʰʨʷ ʯʩʡʩʬʥʠ ʩʹʩʡʢ ʨʲʮ-

ʭʩʩʬʣʥʮ , ʭʩʩʬʸʣʤʡʥʱ ʣʲ ʭʩʩʬʸʣʤʥʠ ʭʰʩʤʥ ʸʨʮʩʬʩʮ ʬʹ ʬʣʥʢ ʣʲ ʭʩʲʩʢʮ ʭʤʡ ʭʩʬʥʣʢʤʹ ,ʭʩʰʨʷʤʥ 

ʸʨʮʩʬʩʮʤ ʺʩʸʩʹʲ ʡʩʡʱ ʭʩʲʰ.  

ʭʩʩʡʩʨʷʣʰʩʠ ʭʩʰʮʩʱ:ʭʩʨʱʩʸʷʥʰʴ ʸʣʲʩʤ  ,ʸʶʡ ʩʬʸʰʩʮ ʨʲʮʬ ,ʺʩʫʸʨ ʺʸʥʨʱʷʨʥ.  

ʠ                                                                .ʡ.  

  
 ʺʬʦʡ015 ,ʺʩʨʩʫʸʨ ʤʸʥʨʱʷʨʡ ʸʴʱʣʬʴʥ ʸʶʡ ʯʩʡʩʬʥʠ ʯʱʷʥʸʩʴ ʬʹ ʱʷʩʸʨʮ . ʬʸʰʩʮ ʬʹ ʣʣʥʡ ʹʩʡʢʸʶʡ . ʳʷʹ ʭʥʬʩʶ

ʥʷʱʥʸʷʩʮʡʴʡʨʥʷʮ ʸʥʠ  ,ʠ .ʺʩʸʥʹʩʮ ʡʨʥʷʮ ʸʥʠ ,ʡ .ʭʩʡʥʬʶ ʭʩʡʨʷʮ .  
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8 . ʺʬʦʡ 017)16ʭʩʴʷʹ  ,11ʥ ʳʥʨ ʬʹ ʭʩʨʰʮʢʸʴʮ -5ʧʥʣʩʷ ʩʰʩʲʬʢʮ :( 

ʭʩʨʱʩʸʷʥʰʴ: ʬʣʥʢʡ ʯʱʷʥʸʩʴʥʰʩʬʷ ʩʹʩʡʢ 0.25-1.75ʮ "ʮ , ʭʦʫʸʮʡ ʭʩʴʬʧʥʮʤ)ʭʩʩʡʩʦʥʸʥʷ (ʭʤʩʬʥʹʡʥ ,

 ʺʥʩʦʥʬʷʰʩʠ ʭʡ ʺʥʩʥʶʮʥʯʩʡʩʬʥʠ , ʭʩʱʫʮ9%ʳʷʹʤ ʧʨʹʮ  . ʬʣʥʢ ʣʲ ʭʩʲʩʢʮʤ ʯʩʡʩʬʥʠ ʩʹʩʡʢ2ʮ "ʮ 

 ʭʩʱʫʮ9%ʳʷʹʤʮ  .ʨʩʦʢʰʩʣʩʠ ʬʹ ʭʩʩʬʥʹ ʭʤʬʥ ʭʩʩʬʸʣʤʡʥʱ ʥʠ ʭʩʩʬʸʣʤʥʠ ʯʩʡʩʬʥʠʤ ʩʹʩʡʢ . ʺʥʦʩʬʰʠ

ʺʥʣʮʬʮ ʡʥʸʴʥʸʷʩʮ ʯʥʸʨʷʬʠʤ , ʡʫʸʤʮ ʤʰʥʹ ʡʫʸʤ ʯʱʷʥʸʩʴʥʰʩʬʷʡʹ ʯʩʡʩʬʥʠʤ ʺʥʩʦʥʬʷʰʩʠʬ ʩʫ

ʰʩʡʩʬʥʠʤ ʭʩʨʱʩʸʷʥʰʴʤʭʩʩ , ʺʬʦʡ ʬʹ ʺʡʫʸʥʮ ʤʦʰʢ ʬʲ ʤʸʥʮʤ ʤʣʡʥʲ017)  ʤʠʸ'ʭʩʬʸʰʩʮ ʩʡʫʸʤ',  ʸʥʩʠ

15.(  

ʱʷʩʸʨʮ :ʩʰʥʰʩʡ ʬʣʥʢ . ʬʹ ʬʣʥʢʬ ʭʩʲʩʢʮ ʭʩʹʩʡʢʤ0.1ʮ "ʸʴʱʣʬʴ ʺʥʮʦʩʸʴ ʭʤʩʰʩʡʥ ʮ ,ʸʶʡ ʩʬʸʰʮ , ʨʲʮʥ

ʯʱʷʥʸʩʴʥ ʯʩʡʩʬʥʠ.  

ʭʩʩʡʩʨʷʣʰʩʠ ʭʩʰʮʩʱ:ʸʩʴʥ ʹʩʡʢʤ ʬʫ ʥʠ ʭʩʩʬʥʹʡ ʨʩʦʢʰʩʣʩʠʬ ʳʬʧʥʮ ʯʩʡʩʬʥʠ  ʭʦʫʸʮʡ ʭʩʴʬʧʥʮʤ ʭʩʰʱʷʥ

ʯʩʡʩʬʥʠ ʺʥʩʦʥʬʷʰʩʠ ʭʩʬʩʫʮʥ ʭʤʩʬʥʹʡʥ.  

ʠ                                                                .ʡ.  

  
 ʺʬʦʡ017 ,ʨʩʦʢʰʩʣʩʠʬ ʭʩʴʬʧʥʮʤ ʯʩʡʩʬʥʠ ʩʹʩʡʢ ʥʩʬʲʮʥ ʥʡʩʡʱʥ ʥʴʥʢʡ ʳʬʧʥʮʤ ʩʬʸʣʤʥʠ ʯʱʷʥʸʩʴ ʦʫʸʮʡ . ʳʷʹ ʭʥʬʩʶ

ʥʷʱʥʸʷʩʮʡʴʡʨʥʷʮ ʸʥʠ  ,ʠ ʠ .ʺʩʸʥʹʩʮ ʡʨʥʷʮ ʸʥʠ ,ʡ .ʭʩʡʥʬʶ ʭʩʡʨʷʮ .  
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ʧʴʱʰ 2:ʭʩʩʬʷʹʮ ʭʩʦʥʧʠʡ ʭʸ ʺʫʩʸʡ ʺʡʩʡʱʮ ʺʬʦʡ ʺʥʠʮʢʥʣ ʬʹ ʭʩʩʮʩʫ ʭʩʡʫʸʤ .  

SH-BR-
23 

SH-BR-
25 

SH-BR-
73 

SH-BR-
76 

SH-BR-
83 

SH-BR-
87 

SH-BR-
88 

  BR-017 BR_006 
 ʭʩʮʸʫ

ʥʩʬʲʤʰBR ʸʲʱ-BR 
ʯʩʲ-ʯʥʩʦ-

BR 
 ʩʸʥʴʲʩ
ʯʥʺʧʺ-BR

 ʩʸʥʴʲʩ
ʯʥʩʬʲ-BR 

SiO2 42.5 41.0 42.7 42.1 42.2 43.7 43.4

TiO2 2.7 2.7 3.1 3.4 2.9 3.0 3.2

Al2O3 13.7 13.2 14.5 15.0 17.6 14.3 14.8

Fe2O3 1.3 1.3 1.3 1.4 1.3 1.3 1.3

FeO* 11.7 11.6 11.7 12.2 11.9 11.4 11.7

MnO 0.17 0.18 0.18 0.17 0.18 0.17 0.20

MgO 8.2 9.4 7.0 7.8 5.8 8.8 8.1

CaO 11.7 12.7 9.5 9.6 10.0 10.1 9.7

Na2O 4.5 3.6 4.3 2.8 2.7 3.1 3.2

K2O 1.0 1.0 1.3 1.2 0.8 1.6 1.8

P2O5 1.4 1.3 2.0 1.5 1.3 1.4 1.4

SO3 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

L.O.I 1.1 1.3 1.5 2.5 3.0 0.8 1.3

SrO 0.15 0.15 0.21 0.15 0.11 0.13 0.15

Ba, ppm 680 690 950 720 570 610 590

Mg# 0.56 0.59 0.52 0.53 0.47 0.58 0.55

Total 100.1 99.4 99.3 99.8 99.8 99.8 100.3

* ʥʣʤ ʬʦʸʡʤ-ʬʦʸʡʤ ʬʬʫʮ ʺʥʩʸʩʹʲ ʲʹʺʫ ʡʹʥʧ ʩʫʸʲ  
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 :
ʭʩʰʱʷʥʸʩʴ ʩʡʫʸʤ

  

ʤʮʢʥʣʤ ʭʹ
 

ʸʥʷʮʤ ʲʬʱ
 

SiO
2 w

t%
 

TiO
2 w

t%
 

A
l2O

3w
t%

 
FeO

 w
t%

 
M

nO
 w

t%
 

M
gO

 w
t%

 
C

aO
 w

t%
 

N
a2O

w
t%

 
M

g/(M
g+Fe) 

S
H

_B
R

_006_B
 

 ʺʬʦʡ
006

 
48.94 

1.90 
6.05 

6.05 
0.00 

13.42 
23.47 

0.50 
0.80 

S
H

_B
R

_007_B
 

ʳʥʨʤʮ ʨʩʬʥʰʱʷ
 

50.45 
1.63 

8.40 
7.30 

0.00 
10.25 

19.86 
2.24 

0.71 

S
H

_B
R

_014_B
 

 ʺʬʦʡ
017

 
51.58 

0.83 
3.91 

8.66 
0.00 

13.34 
21.91 

0.69 
0.73 

S
H

_B
R

_017_C
 

 ʺʬʦʡ
017

 
51.73 

0.61 
3.77 

9.13 
0.00 

13.46 
21.28 

0.58 
0.72 

S
H

_B
R

_025_A
 

 ʺʬʦʡ
006

 
48.44 

2.14 
6.59 

6.26 
0.00 

13.18 
23.62 

0.51 
0.79 

S
H

_B
R

_025_B
 

 ʺʬʦʡ
006

 
48.27 

1.69 
8.62 

10.29 
0.00 

9.24 
19.31 

2.09 
0.62 

S
H

_B
R

_109_D
 

ʳʥʨʤʮ ʨʩʬʥʰʱʷ
 

48.27 
1.69 

8.62 
10.29 

0.00 
9.24 

19.31 
2.09 

0.62 

S
H

_B
R

_109_E
 

ʳʥʨʤʮ ʨʩʬʥʰʱʷ
 

48.01 
1.61 

7.70 
10.83 

0.27 
9.82 

19.38 
2.16 

0.62 

S
H

_B
R

_109_F 
ʳʥʨʤʮ ʨʩʬʥʰʱʷ

 
47.23 

1.75 
9.09 

10.03 
0.11 

9.74 
19.17 

2.07 
0.63 

S
H

_B
R

_109_H
 

ʨʩʬʥʰʱʷ
ʳʥʨʤʮ 

 
47.86 

1.65 
7.93 

10.29 
0.30 

9.53 
18.72 

2.14 
0.62 

S
H

_B
R

_109_I 
ʳʥʨʤʮ ʨʩʬʥʰʱʷ

 
48.01 

1.75 
8.66 

10.35 
0.26 

9.27 
18.99 

2.15 
0.61 

S
H

_B
R

_109_J 
ʳʥʨʤʮ ʨʩʬʥʰʱʷ

 
47.55 

1.95 
8.74 

9.88 
0.23 

9.41 
19.34 

2.17 
0.63 

S
H

_B
R

_110_B
 

ʳʥʨʤʮ ʨʩʬʥʰʱʷ
 

48.72 
0.87 

7.30 
8.76 

0.12 
11.68 

21.31 
1.04 

0.70 
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ʧʴʱʰ
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 :
ʭʩʰʩʡʩʬʥʠ ʩʡʫʸʤ

  

ʤʮʢʥʣʤ ʭʹ
 

ʸʥʷʮʤ ʲʬʱ
 

SiO
2 w

t% 
Al2O

3 w
t% 

FeO
 w

t% 
M

nO
 w

t% 
M

gO
 w

t% 
C

aO
 w

t% 
M

g/(M
g+Fe) 

S
H

_B
R

_005_B
 

ʭʩʮʸʫ ʺʬʦʡ
 

40.45 
  

17.06 
  

43.95 
0.00 

0.82 

S
H

_B
R

_006_A
 

 ʺʬʦʡ
006

  
40.60 

  
15.77 

  
44.20 

0.00 
0.83 

S
H

_B
R

_014_A
 

 ʺʬʦʡ
017

 
39.62 

0.25 
22.09 

  
38.05 

0.29 
0.75 

S
H

_B
R

_014_B
_inclusion 

 ʺʬʦʡ
017

 
36.45 

  
35.35 

0.46 
28.29 

0.53 
0.59 

S
H

_B
R

_017_A
 

 ʺʬʦʡ
017

 
40.19 

  
14.44 

  
44.62 

0.30 
0.85 

S
H

_B
R

_030_Inc3 
ʭʩʮʸʫ ʺʬʦʡʡ ʬʥʡʩʴʮʠʡ ʤʩʦʥʬʷʰʩʠ

 
39.71 

  
20.29 

  
40.02 

0.31 
0.78 

S
H

_B
R

_030_Inc4 
ʭʩʮʸʫ ʺʬʦʡʡ ʬʥʡʩʴʮʠʡ ʤʩʦʥʬʷʰʩʠ

 
39.73 

  
20.75 

  
39.57 

0.37 
0.77 

S
H

_B
R

_030_M
icri-phano1 

ʭʩʮʸʫ ʺʬʦʡʡ ʨʱʩʸʷʥʰʴʥʸʷʩʮ
 

40.60 
  

17.11 
  

43.92 
0.13 

0.82 

S
H

_B
R

_030_M
icri-phano2 

ʭʩʮʸʫ ʺʬʦʡʡ ʨʱʩʸʷʥʰʴʥʸʷʩʮ
 

39.44 
  

21.94 
  

38.45 
0.31 

0.76 

S
H

_B
R

_030_M
icri-phano3 

ʭʩʮʸʫ ʺʬʦʡʡ ʨʱʩʸʷʥʰʴʥʸʷʩʮ
 

39.09 
  

21.20 
  

38.02 
0.38 

0.76 
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ʧʴʱʰ
 5

 :
ʭʩʩʬʷʹ

ʮ ʭʩʦʥʧʠʡ ʭʸ ʺʫʩʸʡʮ ʬʥʡʩʴʮʠ ʩʹ
ʩʡʢ ʩʡʫʸʤ

.  
ʤʮʢʥʣʤ ʸʥʷʮ

 
ʤʮʢʥʣʤ ʭʹ

 
ʬʥʡʩʴʮʠʤ ʢʥʱ

 
ʺʥʦʩʬʰʠ ʸʴʱʮ

 
N

a2O
 

M
gO

 
A

l2O
3 

SiO
2 

K
2O

 
C

aO
 

TiO
2 

FeO
 

M
nO

 

ʸʫ ʺʬʦʡ
ʭʩʮ

  
SH

_BR
_005_A

 
K

aersutite 
5 

2.18 
12.86 

15.27 
40.36 

1.88 
11.19 

5.17 
8.64 

  

ʩʬʥʰʱʷ
ʺ

ʳʥʨʤʮ 
 

SH
_BR

_007_A
 

K
aersutite 

5 
2.78 

11.12 
15.42 

40.99 
1.78 

10.88 
5.00 

10.44 
  

ʩʬʥʰʱʷ
ʺ

ʳʥʨʤʮ 
 

SH
_BR

_007_C
 

K
aersutite 

3 
2.74 
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15.35 

40.31 
1.62 

10.69 
4.64 

11.53 
0.14 

ʰʱʷ
ʩʬʥ
ʺ

ʳʥʨʤʮ 
 

SH
_BR

_007_D
 

Pargasite 
3 

2.75 
11.31 

14.92 
40.77 

1.51 
10.64 

4.40 
11.13 

0.14 

ʩʬʥʰʱʷ
ʺ

ʳʥʨʤʮ 
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_BR

_007_E 
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3 
2.92 

11.44 
14.89 

40.88 
1.47 
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4.34 

11.10 
0.25 

ʭʩʮʸʫ ʺʬʦʡ
 

SH
_BR

_026_A
 

K
aersutite 

3 
2.48 

11.88 
15.34 

39.59 
1.81 

11.10 
5.02 

11.04 
  

ʭʩʮʸʫ ʺʬʦʡ
 

SH
_BR

_026_B 
K

aersutite 
3 

2.35 
12.25 

15.48 
39.95 

1.80 
11.26 

5.26 
9.92 

  

ʭʩʮʸʫ ʺʬʦʡ
 

SH
_BR

_030_A
 

K
aersutite 

3 
2.41 

12.56 
15.40 

39.75 
1.74 

11.27 
4.99 

9.53 
  

ʭʩʮʸʫ ʺʬʦʡ
 

SH
_BR

_030_B 
K
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3 

2.66 
11.76 

15.33 
39.99 

1.46 
10.77 

5.15 
10.96 

  

ʬʦʡ
ʸʲʱ ʺ

 
SH

_BR
_093_A

 
K

aersutite 
3 

2.35 
12.46 

13.93 
39.63 

0.89 
12.14 

6.47 
10.42 

  

ʸʲʱ ʺʬʦʡ
 

SH
_BR

_093_B 
K

aersutite 
3 

2.32 
12.36 

14.24 
39.25 

0.77 
12.27 

6.48 
10.12 

  

ʸʲʱ ʺʬʦʡ
 

SH
_BR

_093_C
 

K
aersutite 

3 
2.41 

12.05 
14.17 

39.29 
0.97 

11.96 
6.28 

10.44 
  

ʸʲʱ ʺʬʦʡ
 

SH
_BR

_093_D
 

K
aersutite 

3 
2.43 

12.23 
14.23 

39.49 
0.99 

12.26 
6.30 

10.26 
  

ʳʥʨʤʮ ʨʱʩʸʷʢʮ
 

SH
_BR

_106_A
 

K
aersutite 

3 
2.33 

13.09 
15.29 

39.75 
1.88 

11.29 
5.31 

8.75 
  

ʳʥʨʤʮ ʨʱʩʸʷʢʮ
 

SH
_BR

_106_B 
K

aersutite 
3 

2.12 
13.00 

15.36 
39.59 

1.77 
11.27 

5.30 
8.53 

  

ʳʥʨʤʮ ʨʱʩʸʷʢʮ
 

SH
_BR

_106_C
 

K
aersutite 

3 
2.34 

13.24 
15.91 

40.55 
1.89 

11.23 
5.01 

8.44 
  

ʳʥʨʤʮ ʨʱʩʸʷʢʮ
 

SH
_BR

_107_A
 

K
aersutite 

3 
2.54 

12.76 
15.32 

40.25 
1.76 

11.19 
5.03 

9.25 
0.08 

ʳʥʨʤʮ ʨʱʩʸʷʢʮ
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K

aersutite 
3 

2.27 
12.96 

15.64 
40.08 

1.79 
11.11 

5.36 
9.52 

0.01 

ʨʱʩʸʷʢʮ
ʳʥʨʤʮ 

 
SH

_BR
_108_C

 
K

aersutite 
3 

2.33 
12.86 

15.36 
40.25 

1.74 
11.22 

5.01 
8.51 

0.09 

ʥrʨʤʮ ʨʩʬʥʰʱʷ
 

SH
_BR

_110_F 
K

aersutite 
3 

2.39 
10.90 

15.68 
40.42 

0.78 
10.77 

2.54 
13.33 

  

ʥrʨʤʮ ʨʩʬʥʰʱʷ
 

SH
_BR

_109_G
 

K
aersutite 

3 
2.80 

10.16 
14.91 

39.66 
1.38 

10.27 
4.82 

13.78 
0.20 

ʩʬʥʰʱʷ
ʺ

ʳʥʨʤʮ 
 

SH
_BR

_110_I 
Pargasite 

2 
2.58 

10.98 
15.89 

40.14 
0.80 

11.12 
2.73 

13.69 
0.20 

ʩʬʥʰʱʷ
ʺ

ʳʥʨʤʮ 
 

SH
_BR

_125_A
 

Pargasite 
3 

2.32 
9.84 

14.02 
40.80 

1.54 
10.51 

3.85 
15.57 

  

ʩʬʥʰʱʷ
ʺ

ʳʥʨʤʮ 
 

SH
_BR

_125_B 
Pargasite 

3 
2.50 

9.66 
14.32 

40.65 
1.55 

10.63 
3.77 

15.84 
  

ʩʬʥʰʱʷ
ʺ

ʳʥʨʤʮ 
 

SH
_BR
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Pargasite 
3 

2.56 
9.95 

13.93 
40.83 

1.50 
10.52 

3.94 
15.45 

  

ʩʬʥʰʱʷ
ʺ

ʳʥʨʤʮ 
 

SH
_BR

_125_D
 

Edenite 
3 

1.18 
11.13 

5.95 
49.47 

0.01 
19.89 

0.72 
11.41 

  

ʩʬʥʰʱʷ
ʺ

ʳʥʨʤʮ 
 

SH
_BR

_125_E 
Pargasite 

3 
2.38 

9.74 
13.90 

41.12 
1.53 

10.67 
3.71 

15.80 
  

ʩʬʥʰʱʷ
ʺ

ʳʥʨʤʮ 
 

SH
_BR

_125_F 
Pargasite 

3 
2.12 

9.77 
14.23 

40.74 
1.56 

10.88 
3.68 

15.27 
  

ʱʩʸʷʢʮ
ʨ

ʳʥʨʤʮ 
 

SH
_BR

_122_A
 

K
aersutite 

3 
2.52 

10.48 
15.14 

39.60 
1.43 

10.97 
5.31 

12.46 
  

ʱʩʸʷʢʮ
ʨ

ʳʥʨʤʮ 
 

SH
_BR

_122_B 
Edenite 

3 
1.25 

12.74 
9.56 

47.85 
0.02 

20.36 
2.08 

6.76 
  

ʱʩʸʷʢʮ
ʨ

ʳʥʨʤʮ 
 

SH
_BR

_122_C
 

K
aersutite 

3 
2.39 

12.46 
15.34 

40.53 
1.51 

11.24 
5.19 

9.97 
  

ʱʩʸʷʢʮ
ʨ

ʳʥʨʤʮ 
 

SH
_BR

_122_D
 

K
aersutite 

3 
2.43 

12.81 
15.45 

40.22 
1.65 

11.33 
5.32 

9.45 
  

ʱʩʸʷʢʮ
ʨ

ʳʥʨʤʮ 
 

SH
_BR

_123_A
 

K
aersutite 

9 
2.39 

12.34 
15.62 

40.12 
1.72 

11.20 
5.07 

9.84 
  

ʩʬʥʰʱʷ
ʺ

ʳʥʨʤʮ 
 

SH
_BR

_127_A
 

K
aersutite 

4 
2.82 

10.37 
16.16 

39.92 
1.33 

10.65 
4.63 

13.10 
  

ʩʬʥʰʱʷ
ʺ

ʳʥʨʤʮ 
 

SH
_BR

_127_B 
K

aersutite 
5 

2.73 
9.89 

16.10 
39.85 

1.39 
10.71 

4.59 
13.51 

  

ʩʬʥʰʱʷ
ʺ

ʳʥʨʤʮ 
 

SH
_BR

_129_A
 

K
aersutite 

4 
2.67 

10.72 
16.10 

39.70 
1.25 

11.06 
5.22 

12.15 
  

 *
ʩʴʩʶʴʱ ʹʩʡʢ ʸʥʡʲ ʺʥʦʩʬʰʠʤ ʺʥʠʶʥʺ ʲʶʥʮʮ ʭʰʩʤ ʭʩʢʶʥʮʤ ʭʩʡʫʸʤʤ
.
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ʧʴʱʰ 7 : ʭʩʩʬʨʩʢʩʣ ʭʩʧʴʱʰ  
1 :ʭʩʫʺʧʤ ʺʰʫʤʮ ʤʣʹʤ ʱʷʰʴ ʷʺʲʤ.  
2 :ʡʥʸʴʥʸʷʩʮ ʯʥʸʨʷʬʠʤ ʭʥʢʩʣ ʩʰʥʺʰ.  
3 :ʨʰʥʡʸʷʤ ʺʬʥʫʺ ʺʥʣʩʣʮ ʩʰʥʺʰ.  
4 :ʭʩʴʷʹʤ ʸʥʠʺʥ ʭʥʢʩʣʤ ʩʸʺʠ.  

  
  



The volume of the diatreme was calculated as 0.26 cubic km, assuming a cone model 

and a depth-diameter ratio of 1:1. The diatreme penetrates through a volcanic section 

of hundreds of meters, and through the base of Ram Valley into the cretaceous. 

Quartz grains, identified as the Lower Cretaceous Katih formation, were found as 

fragments in the tuff, suggesting the diatreme penetrated at least as deep as this 

formation in the sedimentary section. 

Thermoluminicence ages of eolian quartz from a calcritic paleosol (166±15 ka) and of 

cretaceous quarts grains, found in a tuff layer directly underlying the Sa'ar Basalt 

(115±13 ka) set a time window of 80 thousand years between 100 to 180 ka within 

which the phreatomagmatic explosions occurred. These ages are similar to Ar-Ar ages 

of the phreatomagmatic eruption of Mt. avital, 13 km to the south. The absence of 

paleosol within the tuff implies that the explosions occurred within a relatively short 

time of no more than 10-15 years. 

A NNE-trending fault was described in the southern rim of the maar. It is suggested 

that the fault was part of the hydrological system, and enabled the interaction of the 

rising magma with groundwater in the local aquifer, causing the phreatomagmatic 

eruption.    

Amphibole (Kaersutite) megacrysts are very common in Birket Ram Tuff together 

with other lower crustal to upper mantle xenoliths. Kaersutite phenocrysts were also 

uniquely found in the Upper Keramim Basalt. Olivine inclusions in the amphibole 

have very similar composition to that of olivine microphenocrysts in the same basalt, 

implying that the amphibole crystallization occurred simultaneously with the olivine. 

The presence of the amphibole phenocrysts and megacrysts in the Upper Keramim 

Basalt and the tuff suggests that these magmas were H2O-rich. It is suggested that the 

relatively high content of water and the resultant vesiculation with decreasing 

pressure allowed better interaction of the melt with shallow groundwater, which led to 

the phreatomagmatic eruption. The abundance of xenoliths in the tuff (also in 

Keramim Basalt) could also be related to the different rheology of this water-rich 

magma. 



Abstract 
Birket Ram is a maar lake located at the northwestern edge of the Ash-Shaam 

volcanic field, next to the contact of the Golan Pleistocene basalts with the Mt. 

Harmon anticline. The maar-lake is a window into the regional aquifer, created by 

phreatomagmatic eruptions. The maar's rims are covered with Birket Ram Tuff. The 

tuff mainly consists of lithic clasts, fragments of surrounding rocks that were 

fragmented during the explosions, with a minor component of juvenile material 

(palagonitic glass). 

The sedimentary basement of the Birket Ram area consists of Jurassic, Cretaceous 

and Eocene rocks. Birket Ram is underlain by a depression with a steep topography, 

the Ram Valley. This valley was filled with a thick section of Pleistocene volcanics, 

mainly basalts, which unconformably covered the Mezozoic sediments.  Some of the 

basalts (En zivan, Lower Keramim and Upper Keramim) are exposed at the surface 

around the maar, while other, older basalts are known just from the subsurface or 

found as fragments in the tuff (basalts 17, 15 and 6). A Scoria cone covers the Upper 

Keramim Basalt at the southwestern part of the maar, and it is intruded and 

intercalating with intrusions and flows of the Ya'afuri Basalt. Birket Ram Tuff covers 

all of the above volcanic units. West of the maar, the tuff is covered by the Sa'ar 

Basalt, which represents the most recent volcanic event in the area and the end of the 

phreatomagmatic era at Birket Ram.  

All the basalts have a similar, basanitic composition. Petrographic differences 

between the basaltic units allow the identification of the basaltic fragments in the tuff.  

Seven columnar sections of tuff were described around the lake. Three of these 

sections were correlated at the field. This correlation was verified through the 

granulometric work results, enabling the documentation of a 46 m-long tuff sequence 

of the southeastern rim (hereinafter "The Main Section").  

A granulometric work on the main section showed cyclical changes in the grain size 

of the tuff matrix and in the occurrence of big fragments (> 30 mm) in the tuff. These 

reflect changes in the intensity of the phreatomagmatic eruptions. At least two cycles 

of increasing and decreasing intensity were identified. The presence of big fragments 

in tuff layers containing flow structures suggests a synchronous activity of base surges 

and ballistic transport during the phreatomagmatic explosions. 
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