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ʛʨʘʬʠʷ ʨʘʩʩʯʠʪʘʥʘ ʥʘ ʰʠʨʦʢʠʡ ʢʨʫʛ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ ʚ ʦʙʣʘʩʪʠ 

ʦʢʝʘʥʦʣʦʛʠʠ, ʘ ʪʘʢʞʝ ʚ ʩʤʝʞʥʳʭ ʜʠʩʮʠʧʣʠʥʘʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʏʝʨʥʳʤ ʤʦʨʝʤ. 
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ʏʝʨʥʦʝ ʤʦʨʝ ï ʦʜʥʦ ʠʟ ʩʘʤʳʭ ʠʟʫʯʝʥʥʳʭ ʤʦʨʝʡ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ,  

ʚ ʥʝʤ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʤʦʨʩʢʠʝ ʵʢʩʧʝʜʠʮʠʠ,  ʝʤʫ ʧʦ-

ʩʚʷʱʝʥʳ ʩʦʪʥʠ ʥʘʫʯʥʳʭ ʩʪʘʪʝʡ ʠ ʜʝʩʷʪʢʠ ʤʦʥʦʛʨʘʬʠʡ. ʊʝʤ ʥʝ ʤʝʥʝʝ, 

ʧʦʩʣʝ ʙʦʣʝʝ ʯʝʤ 100-ʣʝʪʥʝʛʦ ʧʝʨʠʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʤʥʦʛʠʝ ʚʦʧʨʦʩʳ   

ʦʩʪʘʶʪʩʷ ʥʝʨʝʰʝʥʥrʤʠ. 

ʇʦʩʣʝʜʥʠʝ ʢʨʫʧʥʳʝ ʨʘʙʦʪʳ ʦʙʦʙʱʘʶʱʝʛʦ ʭʘʨʘʢʪʝʨʘ ʧʦ ʦʢʝʘʥʦ-

ʛʨʘʬʠʠ  ʏʝʨʥʦʛʦ ʤʦʨʷ [ɹʣʘʪʦʚ ʠ ʜʨ., 1984; ʉʠʤʦʥʦʚ, ɸʣʴʪʤʘʥ ʠ ʜʨ., 

1991] ʙʳʣʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʦʢʦʣʦ 20 ʣʝʪ ʥʘʟʘʜ. ʉ ʪʝʭ ʧʦʨ ʙʳʣ ʥʘʢʦʧʣʝʥ 

ʥʦʚʳʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʤʘʪʝʨʠʘʣ,  ʧʦʣʫʯʝʥʥʳʡ, ʚ ʪʦʤ ʯʠʩʣʝ, ʩ ʧʦ-

ʤʦʱʴʶ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ, ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʦʩ-

ʣʠ ʚʦʟʤʦʞʥʦʩʪʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʰʠʨʦʢʦ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʠʝ ʤʦʜʝʣʠ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʙʳʣʦ ʦʧʫʙʣʠʢʦʚʘʥʦ ʥʝʩʢʦʣʴʢʦ ʨʘʙʦʪ, ʚʳʧʦʣ-

ʥʝʥʥʳʭ, ʚ ʦʩʥʦʚʥʦʤ, ʥʘʰʠʤʠ ʟʘʨʫʙʝʞʥʳʤʠ ʢʦʣʣʝʛʘʤʠ, ʚ ʢʦʪʦʨʳʭ ʚ 

ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʦʙʦʙʱʘʶʪʩ ̫ ʨʝʟʫʣʴʪʘʪʳ ʥʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʨʝʜʣʘʛʘʝʪ ʥʘʰ ʚʟʛʣʷʜ ʥʘ ʩʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʬʠʟʠʯʝʩʢʦʡ ʦʢʝʘʥʦʛʨʘʬʠʠ ʏʝʨʥʦʛʦ ʤʦʨʷ. 

ʀʟʣʦʞʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʚʝʜʝʪʩʷ ʚ ʩʪʠʣʝ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʦʢʝʘʥʦʛʨʘ-

ʬʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ, ʧʦʵʪʦʤʫ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʘ-

ʪʝʨʠʘʣʳ  ʥʘʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɼʣʷ ʨʘʙʦʪ, ʩʚʷʟʘʥʥʳʭ ʩ ʤʘʪʝʤʘʪʠʯʝ-

ʩʢʠʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ, ʧʨʠʚʦʜʷʪʩʷ 

ʣʠʰʴ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. ʊʘʢʘʷ ʤʘʥʝʨʘ ʠʟʣʦʞʝʥʠʷ, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦ-

ʨʦʚ, ʜʦʣʞʥʘ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʢʥʠʛʠ ʰʠʨʦʢʠʤ ʢʨʫʛʦʤ 

ʩʧʝʮʠʘʣʠʩʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʏʝʨʥʳʤ ʤʦʨʝʤ. 

ɺ ʨʘʙʦʪʝ ʥʝʪ ʩʧʝʮʠʘʣʴʥʦʛʦ ʨʘʟʜʝʣʘ, ʧʦʩʚʷʱʝʥʥʦʛʦ ʠʩʪʦʨʠʠ ʦʢʝʘ-

ʥʦʛʨʘʬʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʏʝʨʥʦʤ ʤʦʨʝ, ʦʥʘ ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʦ 

ʠʟʣʦʞʝʥʘ ʚ ʪʘʢʠʭ ʨʘʙʦʪʘʭ ʢʘʢ [ʌʠʣʠʧʧʦʚ, 1968; ʉʠʤʦʥʦʚ, ɸʣʴʪʤʘʥ ʠ 

ʜʨ., 1991; ʀʚʘʥʦʚ ɺ.ɸ, ʂʦʩʘʨʝʚ, ʊʫʞʠʣʢʠʥ, 2004]. ʂʨʘʪʢʠʡ ʠʩʪʦʨʠʯʝ-

ʩʢʠʡ ʦʙʟʦʨ ʧʨʠʚʦʜʠʪʩʷ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʢʘʞʜʦʡ ʦʪʜʝʣʴʥʦʡ ʪʝʤʳ. 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 

ʧʨʠʨʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʙʳʣʘ ʟʘʚʝʜʦʤʦ ʦʛʨʘʥʠʯʝʥʘ ʚ ʦʩʥʦʚʥʦʤ ʩʝʟʦʥ-

ʥʳʤ, ʠ, ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ, ʩʠʥʦʧʪʠʯʝʩʢʠʤ ʠ ʤʝʟʦʤʘʩʰʪʘʙʥʳʤ ʜʠʘʧʘ-

ʟʦʥʘʤʠ. ʇʨʠʨʦʜʥʳʝ ʧʨʦʮʝʩʩʳ, ʬʦʨʤʠʨʫʶʱʠʝ ʠʟʤʝʥʯʠʚʦʩʪʴ ʥʘ ʜʨʫʛʠʭ 

ʤʘʩʰʪʘʙʘʭ, ʪʨʝʙʫʶʪ ʦʪʜʝʣʴʥʦʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ. ɺʢʣʘʜ ʨʝʛʠʦʥʘʣʴʥʳʭ 

ʦʢʝʘʥʦʛʨʘʬʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʩʪʘʥʦʚʠʪʩʷ ʤʝʥʝʝ ʚʘʞʥʳʤ ʠ ʚʦʟʨʘʩʪʘʝʪ 

ʨʦʣʴ ʜʨʫʛʠʭ ʥʘʫʯʥʳʭ ʜʠʩʮʠʧʣʠʥ. 

ʇʨʠ ʠʟʣʦʞʝʥʠʠ ʤʘʪʝʨʠʘʣʘ ʘʚʪʦʨʳ ʨʫʢʦʚʦʜʩʪʚʦʚʘʣʠʩʴ ʩʦʙʩʪʚʝʥ-

ʥʳʤ ʚʠʜʝʥʠʝʤ ʨʝʛʠʦʥʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʦʢʝʘʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩ-

ʩʦʚ ʚ ʏʝʨʥʦʤ ʤʦʨʝ, ʥʦ ʩʪʘʨʘʣʠʩʴ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʫʱʝʩʪʚʫ-

ʶʱʝʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʤʥʝʥʠʡ ʧʦ ʟʘʪʨʘʛʠʚʘʝʤʳʤ ʚʦʧʨʦʩʘʤ. 
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ɻʣʘʚʘ 1 

 

ʌʀɿʀʂʆ-ɻɽʆɻʈɸʌʀʏɽʉʂʀɽ ʆʉʆɹɽʅʅʆʉʊʀ 

 

 

 

ʏʝʨʥʦʝ ʤʦʨʝ ʷʚʣʷʝʪʩʷ ʚʥʫʪʨʝʥʥʠʤ ʤʦʨʝʤ, ʩʘʤʳʤ ʚʦʩʪʦʯʥʳʤ ʠʟ 

ʤʦʨʝʡ ʙʘʩʩʝʡʥʘ ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʦʢʝʘʥʘ.  ʅʘ ʶʛʦ-ʟʘʧʘʜʝ ʦʥʦ ʩʦʝʜʠʥʷʝʪ-

ʩʷ ʩ ʄʨʘʤʦʨʥʳʤ ʤʦʨʝʤ ʯʝʨʝʟ ʧʨʦʣʠʚ ɹʦʩʬʦʨ, ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ ï ʩ 

ɸʟʦʚʩʢʠʤ ʤʦʨʝʤ ʯʝʨʝʟ ʂʝʨʯʝʥʩʢʠʡ ʧʨʦʣʠʚ. ʂʦʪʣʦʚʠʥʘ ʤʦʨʷ ʨʘʩʧʦʣʦ-

ʞʝʥʘ ʥʘ ʛʨʘʥʠʮʝ ɽʚʨʦʧʝʡʩʢʦʛʦ ʠ ɸʟʠʘʪʩʢʦʛʦ  ʢʦʥʪʠʥʝʥʪʦʚ ʤʝʞʜʫ ʶʛʦ-

ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʴʶ ɽʚʨʦʧʳ, ʧʦʣʫʦʩʪʨʦʚʦʤ ʄʘʣʘʷ ɸʟʠʷ ʠ ʂʘʚʢʘʟʦʤ 

(ʨʠʩ.1.1.1).  

ʄʦʨʬʦʤʝʪʨʠʷ ʙʘʩʩʝʡʥʘ ʠ ʨʝʣʴʝʬ ʜʥʘ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ ʦʢʝʘʥʦ-

ʛʨʘʬʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʪ.ʢ. ʦʥʠ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʶʪ ʦʩ-

ʥʦʚʥʳʝ ʯʝʨʪʳ ʪʝʨʤʦʭʘʣʠʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʮʠʨʢʫʣʷʮʠʠ ʚʦʜ. ʅʘʣʠʯʠʝ  

ʛʣʫʙʠʥʥʳʭ ʚʦʜʥʳʭ ʤʘʩʩ ʚ ʙʘʩʩʝʡʥʝ ʦʧʨʝʜʝʣʷʝʪʩ ̫ʛʣʫʙʠʥʦʡ ʤʦʨʷ. ʆʪ 

ʦʙʲʝʤʘ ʚʦʜ ʙʘʩʩʝʡʥʘ ʟʘʚʠʩʠʪ ʝʛʦ ʪʝʧʣʦʩʦʜʝʨʞʘʥʠʝ ʠ ʩʪʝʧʝʥʴ ʚʦʟʜʝʡ-

ʩʪʚʠʷ ʥʘ ʥʝʛʦ ʘʪʤʦʩʬʝʨʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʆʪ ʛʣʫʙʠʥʳ ʠ ʰʠʨʠʥʳ ʧʨʦʣʠ-

ʚʦʚ ʟʘʚʠʩʠʪ ʚʦʜʦʦʙʤʝʥ ʩ ʛʨʘʥʠʯʘʱʠʤʠ ʤʦʨʷʤʠ ʠ ʩʪʝʧʝʥʴ ʦʙʦʩʦʙʣʝʥʥʦ-

ʩʪʠ ʙʘʩʩʝʡʥʘ. ʂʦʥʬʠʛʫʨʘʮʠʷ ʙʝʨʝʛʦʚʦʡ ʯʝʨʪʳ, ʠhʨʠʥʘ ʰʝʣʴʬʘ ʠ ʢʦʥ-

ʪʠʥʝʥʪʘʣʴʥʦʛʦ ʩʢʣʦʥʘ, ʬʦʨʤʘ ʧʨʦʬʠʣʷ ʜʥʘ, ʥʘʣʠʯʠʝ ʧʦʜʚʦʜʥʳʭ ʭʨʝʙ-

ʪʦʚ, ʚʧʘʜʠʥ, ʜʦʣʠʥ ʠ ʢʘʥʴʦʥʦʚ ʚʣʠʷʶʪ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʦʜʥʳʭ ʤʘʩʩ, 

ʥʘʧʨʘʚʣʝʥʠʝ ʠ ʩʢʦʨʦʩʪʴ ʪʝʯʝʥʠʡ, ʘ ʪʘʢʞʝ ʥʘ ʧʦʣʦʞʝʥʠʝ ʠ ʠʥʪʝʥʩʠʚ-

ʥʦʩʪʴ ʪʦʧʦʛʝʥʥʳʭ ʚʠʭʨʝʚʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʠ ʧʨʠʙʨʝʞʥʦʛʦ ʘʧʚʝʣʣʠʥʛʘ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʨʘʡʦʥʳ ʩ ʙʦʣʴʰʠʤʠ ʫʢʣʦʥʘʤʠ ʜʥʘ ʠ ʛʨʘʥʠʮʘ ʰʝʣʴʬʘ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʝʩʪʝʩʪʚʝʥʥʳʝ ʚʦʣʥʦʚʦʜʳ ʜʣʷ ʟʘʭʚʘʯʝʥʥʳʭ ʚʦʣʥ. 

ʂʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ ʪʝʯʝʥʠʷ ʚʦ ʤʥʦʛʦʤ ʩʣʝʜʫʶʪ ʪʦʧʦʛʨʘʬʠʠ ʤʦʨʩʢʦʛʦ 

ʜʥʘ, ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʥʘʜ ʢʦʥʪʠʥʝʥʪʘʣʴʥrʤ ʩʢʣʦʥʦʤ 

ʟʘʚʠʩʷʪ ʦʪ ʟʥʘʯʝʥʠʡ ʫʢʣʦʥʘ ʜʥʘ. 

ʄʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʨʝʣʴʝʬ ʜʥʘ ʏʝʨʥʦʛʦ ʤʦʨʷ  

ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ ʠ ʨʝʛʠʦʥʘʣʴ-

ʥʳʭ ʦʢʝʘʥʦʛʨʘʬʠʯʝʩʢʠʭ ʦʧʠʩʘʥʠʷʭ [ɸʨʭʘʥʛʝʣʴʩʢʠʡ, ʉʪʨʘʭʦʚ, 1938; 

ʃʝʦʥʦʚ, 1960;  ɻʦʥʯʘʨʦʚ, 1972, 1978; ʉʠʤʦʥʦʚ, ɸʣʴʪʤʘʥ ʠ ʜʨ., 1991; 

ʐʥʶʢʦʚ ʠ ʜʨ., 1997; Ignatov, 2008]. 

 

 

1.1 ɻʝʦʛʨʘʬʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ 

 

ɻʝʦʛʨʘʬʠʯʝʩʢʠʝ ʛʨʘʥʠʮʳ ʏʝʨʥʦʛʦ ʤʦʨʷ ʦʛʨʘʥʠʯʝʥʳ ʩʣʝʜʫʶʱʠʤʠ 

ʢʨʘʡʥʠʤʠ ʪʦʯʢʘʤʠ: ʥʘ ʩʝʚʝʨʝ 46Á38ǋ ʩ.ʰ.  (ʚʭʦʜ ʚ ɹʝʨʝʟʘʥʩʢʠʡ ʣʠʤʘʥ), 

ʥʘ ʶʛʝ 40Á54ǋ ʩ.ʰ. (ʫ ʛ. ɻʠʨʝʩʫʥ ʠ ʛ. ʉʶʨʤʝʥʝ, ʊʫʨʮʠʷ), ʥʘ ʟʘʧʘʜʝ 27Á27ǋ 

ʚ.ʜ. (ɹʫʨʛʘʩʩʢʠʡ ʟʘʣʠʚ) ʠ ʥʘ ʚʦʩʪʦʢʝ  41Á47ǋ ʚ.ʜ. (ʫ ʛ. ʂʦʙʫʣʝʪʠ, ɻʨʫʟʠʷ). 
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ʉʦʛʣʘʩʥʦ  ʪʨʘʜʠʮʠʦʥʥʦʤʫ ʠ ʩʦʚʨʝʤʝʥʥʦʤʫ ʜʝʣʝʥʠʶ ʤʦʨʝʡ ʠ ʦʢʝʘʥʦʚ 

[IHO, 2002] ʛʨʘʥʠʮʘ ʏʝʨʥʦʛʦ ʠ ɸʟʦʚʩʢʦʛʦ ʤʦʨʝʡ ʧʨʦʭʦʜʠʪ ʚ ʂʝʨʯʝʥ-

ʩʢʦʤ ʧʨʦʣʠʚʝ ʧʦ ʣʠʥʠʠ ʤʝʞʜʫ ʤ. ʊʘʢʠʣʴ, ʶʛʦ-ʚʦʩʪʦʯʥʘʷ ʦʢʦʥʝʯʥʦʩʪʴ 

ʂʝʨʯʝʥʩʢʦʛʦ ʧ-ʚʘ (45Á06ǋ ʩ.ʰ.,  36Á27ǋ ʚ.ʜ.) ʠ ʤ. ʇʘʥʘʛʠʷ, ʶʛʦ-ʟʘʧʘʜʥʘʷ 

ʦʢʦʥʝʯʥʦʩʪʴ ʊʘʤʘʥʩʢʦʛʦ ʧ-ʚʘ (45Á08ǋ ʩ.ʰ., 36Á38ǋ ʚ.ʜ.).  ɻʨʘʥʠʮʘ ʏʝʨʥʦ-

ʛʦ ʤʦʨʷ ʩ ʄʨʘʤʦʨʥʳʤ ʤʦʨʝʤ ʧʨʦʭʦʜʠʪ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʧʨʦʣʠʚʘ ɹʦʩ-

ʬʦʨ  ʧʦ ʣʠʥʠʠ ʤʝʞʜʫ ʤ. ʈʫʤʝʣʠ (41Á14ǋ ʩ.ʰ.,  29Á07ǋ ʚ.ʜ.) ʠ ʤ. ɸʥʘʜʦʣʫ 

(41Á13ǋ ʩ.ʰ., 29Á09ǋ ʚ.ʜ.). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʣʠʚ ɹʦʩʬʦʨ ʦʪʥʦʩʠʪʩʷ ʢ 

ʄʨʘʤʦʨʥʦʤʫ ʤʦʨʶ, ʘ ʂʝʨʯʝʥʩʢʠʡ ʧʨʦʣʠʚ ʢ ɸʟʦʚʩʢʦʤʫ ʤʦʨʶ.  

ʅʘʠʙʦʣʴʰʘʷ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʤʦʨʷ ʚ ʰʠʨʦʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ 

ʚʝʨʰʠʥʳ ɹʫʨʛʘʩʩʢʦʛʦ ʟʘʣʠʚʘ ʜʦ ʛ.ʂʦʙʫʣʝʪʠ ʚ ʧʦʣʦʩʝ  42Á29ǋ ï 41Á51ǋ  

ʩ.ʰ. ʩʦʩʪʘʚʣʷʝʪ 1180 ʢʤ. ʅʘʠʙʦʣʴʰʘʷ ʰʠʨʠʥʘ ʤʦʨʷ ʧʦ ʤʝʨʠʜʠʘʥʫ 

31Á10ǋ ʚ.ʜ. ï 615 ʢʤ, ʥʘʠʤʝʥʴʰʘʷ ʰʠʨʠʥʘ ʤʦʨʷ ʤʝʞʜʫ ʤ. ʉʘʨʳʯ ʠ ʤ. 

ʂʝʨʝʤʧʝ ï 264 ʢʤ. ʈʘʩʩʪʦʷʥʠʝ ʧʦ ʣʠʥʠʠ ʤ. ʍʝʨʩʦʥʝʩ ï ɹʦʩʬʦʨ ʨʘʚʥʦ 

615 ʢʤ, ʧʦ ʣʠʥʠʠ ʗʣʪʘ ï ɹʘʪʫʤʠ ʩʦʩʪʘʚʣʷʝʪ 685 ʢʤ. 

ɼʣʠʥʘ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ʏʝʨʥʦʛʦ ʤʦʨʷ (ʙʝʟ ʣʠʤʘʥʦʚ), ʦʧʨʝʜʝʣʝʥ-

ʥʘʷ ʧʦ ʤʦʨʩʢʠʤ ʥʘʚʠʛʘʮʠʦʥʥʳʤ ʢʘʨʪʘʤ ʤʘʩʰʪʘʙʘ 1 : 200 000 ʦʮʝʥʠʚʘ-

ʝʪʩʷ ʚ 4125 ʢʤ [ɼʞʘʦʰʚʠʣʠ, 2003], ʥʘ ʜʦʣʶ ʊʫʨʮʠʠ ʧʨʠʭʦʜʠʪʩʷ 1450 

ʢʤ, ʋʢʨʘʠʥʳ ï 1330 ʢʤ. 

ɺ ʏʝʨʥʦʤ ʤʦʨʝ ʦʪʩʫʪʩʪʚʫʶʪ ʢʨʫʧʥʳʝ ʦʩʪʨʦʚʘ. ʉʘʤʳʤ ʟʥʘʯʠʪʝʣʴ-

ʥʳʤ ʷʚʣʷʝʪʩʷ ʦ.ɿʤʝʠʥʳʡ (ʧʣʦʱʘʜʴ 1.5 ʢʤ
2
), ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚ 35 ʢʤ ʦʪ 

ʢʨʘʷ ʜʝʣʴʪʳ ɼʫʥʘʷ. ʄʝʥʴʰʠʤʠ ʧʦ ʨʘʟʤʝʨʘʤʠ ʷʚʣʷʶʪʩʷ ʦ.ɹʝʨʝʟʘʥʴ (ʫ 

ʚʭʦʜʘ ʚ ʦʜʥʦʠʤʝʥʥʳʡ ʣʠʤʘʥ) ʠ ʦ.ʂʝʬʢʝʥ (ʚ 93 ʢʤ ʚʦʩʪʦʯʥʝʝ ʧʨʦʣʠʚʘ 

ɹʦʩʬʦʨ). 

ʀʟʨʝʟʘʥʥʦʩʪʴ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ʏʝʨʥʦʛʦ ʤʦʨʷ ʥʝʟʥʘʯʠʪʝʣʴʥʘ. ʉʘ-

ʤʳʤʠ ʢʨʫʧʥʳʤʠ ʬʦʨʤʘʤʠ ʨʝʣʴʝʬʘ ʩʫʰʠ, ʦʢʘʟʳʚʘʶʱʠʤʠ ʚʣʠʷʥʠʝ ʥʘ 

ʦʙʱʫʶ ʮʠʨʢʫʣʷʮʠʶ ʤʦʨʷ, ʷʚʣʷʶʪʩʷ ʂʨʳʤʩʢʠʡ ʧ-ʦʚ ʠ ʩʝʚʝʨʥʳʡ ʚʳʩʪʫʧ 

ɸʥʘʪʦʣʠʡʩʢʦʛʦ ʧ-ʦʚʘ ʤʝʞʜʫ ʛ.ʕʨʝʛʣʠ ʠ ʛ.ɻʠʨʝʩʫʥ. ʅʝʙʦʣʴʰʠʝ ʧʦʣʫ-

ʦʩʪʨʦʚʘ, ʪʘʢʠʝ ʢʘʢ ʊʘʨʭʘʥʢʫʪʩʢʠʡ, ʀʥʜʞʝʙʫʨʫʥ (ʉʠʥʦʧʩʢʠʡ), ʗʩʫʥ, 

ɻʝʨʘʢʣʝʡʩʢʠʡ, ʜʝʣʴʪʳ ʨ. ʂʠʟʠʣ-ʀʨʤʘʢ ʠ ʨ. ɽʰʠʣʴ-ʀʨʤʘʢ, ʤ. ʂʘʣʠʘʢʨʘ, 

ʤ. ʄʝʛʘʥʦʤ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʮʠʨʢʫʣʷʮʠʶ ʚʦʜ ʚ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʝ 

ʤʦʨʷ. ʅʘʠʙʦʣʝʝ ʢʨʫʧʥʳʝ ʟʘʣʠʚʳ: ʆʜʝʩʩʢʠʡ, ʂʘʨʢʠʥʠʪʩʢʠʡ, ʂʘʣʘʤʠʪ-

ʩʢʠʡ, ʌʝʦʜʦʩʠʡʩʢʠʡ, ʉʠʥʦʧʩʢʠʡ, ɹʫʨʛʘʩʩʢʠʡ, ɺʘʨʥʝʥʩʢʠʡ, ʙʫʭʪʳ ʉʘʤ-

ʩʫʥ, ʉʝʚʘʩʪʦʧʦʣʴʩʢʘʷ, ʅʦʚʦʨʦʩʩʠʡʩʢʘʷ, ɻʝʣʝʥʜʞʠʢʩʢʘʷ (ʨʠʩ. 1.1.2) 

ʠʤʝʶʪ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʝ-

ʞʠʤʘ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʭ ʤʦʨʬʦʣʦʛʠʝʡ. 
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ʈʠʩʫʥʦʢ 1.1.1 ï ʂʘʨʪʘ ʨʝʣʴʝʬʘ ʜʥʘ ʏʝʨʥʦʛʦ ʤʦʨʷ ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʙʘʪʠʤʝʪʨʠʯʝʩʢʦʡ ʢʘʨʪʳ ʉʨʝʜʠʟʝʤʥʦʛʦ ʤʦʨʷ (IBCM) 
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ʈʠʩʫʥʦʢ 1.1.2 ï ʅʘ ʩʭʝʤʝ ʏʝʨʥʦʛʦ ʤʦʨʷ ʦʙʦʟʥʘʯʝʥʳ: A ï ʆʜʝʩʩʢʠʡ 

ʟ-ʚ, B ï ʂʘʨʢʠʥʠʪʩʢʠʡ ʟ-ʚ, C ï ʂʘʣʘʤʠʪʩʢʠʡ ʟ-ʚ, D ï ʩʝʚʝʨʦ-

ʟʘʧʘʜʥʳʡ ʰʝʣʴʬ, E ï ɼʫʥʘʡʩʢʠʡ ʢʘʥʴʦʥ, F ï ʢʦʥʫʩ ʚʳʥʦʩʘ ʧʘʣʝʦ-

ɼʫʥʘʷ, G ï ɺʘʨʥʝʥʩʢʠʡ ʟ-ʚ, H ï ɹʫʨʛʘʩʩʢʠʡ ʟ-ʚ, I ï ʧʨ-ʚ ɹʦʩʬʦʨ, J ï 

ʢʘʥʴʦʥ ʉʘʢʘʨʴʷ, K ï ʉʠʥʦʧʩʢʠʡ ʟ-ʚ, L ï ʙʫʭʪʘ ʉʘʤʩʫʥ, M ï ʭʨʝʙʝʪ 

ɸʨʭʘʥʛʝʣʴʩʢʦʛʦ, N ï ʢʘʥʴʦʥ ʂʦʜʦʨʠ, O ï ɻʫʜʘʫʪʩʢʘʷ ʙʘʥʢʘ, P ï ʅʦ-

ʚʦʨʦʩʩʠʡʩʢʘʷ ʙʫʭʪʘ, Q ï ʢʘʥʴʦʥ ʂʫʙʘʥʴ, R ï ʂʝʨʯʝʥʩʢʦ-ʊʘʤʘʥʩʢʠʡ 

ʰʝʣʴʬ, S ï ʂʝʨʯʝʥʩʢʠʡ ʧ-ʚ, T ï ʌʝʦʜʦʩʠʡʩʢʠʡ ʟ-ʚ, U ï ʂʠʥʙʫʨʥ-

ʩʢʠʡ ʧʨ-ʚ; 1 ï ʤ. ʊʘʨʭʘʥʢʫʪ, 2 ï ʤ.ɽʚʧʘʪʦʨʠʡʩʢʠʡ, 3 ï ʤ.ʃʫʢʫʣʣ, 4 ï 

ʤ.ʍʝʨʩʦʥʝʩ, 5 ï ʤ.ɸʡʷ, 6 ï ʤ.ʉʘʨʳʯ, 7 ï ʤ.ɸʡ-ʊʦʜʦʨ, 8 ï ʤ.ɸʶ-ɼʘʛ,  

9 ï ʤ.ʄʝʛʘʥʦʤ, 10 ï ʤ.ʂʠʠʢ-ɸʪʣʦʤʘ, 11 ï ʤ.ʏʘʫʜʘ, 12 ï ʤ.ʊʘʢʠʣʴ, 

13 ï ʤ.ʋʪʨʠʰ, 14 ï ʤ.ʀʜʦʢʦʧʘʩ, 15 ï ʤ.ʂʦʜʦʰ, 16 ï 

ʤ.ʂʦʥʩʪʘʥʪʠʥʦʚʩʢʠʡ, 17 ï ʤ.ʇʠʮʫʥʜʘ, 18 ï ʤ.ʉʫʭʫʤʩʢʠʡ, 19 ï 

ʤ.ʀʩʢʫʨʠʷ, 20 ï ʤ.ʀʰʠʢʣʳ, 21 ï ʤ.ʏʘʤ, 22 ï ʤ.ɼʞʠʚʘ, 23 ï 

ʤ.ɹʘʬʨʘ, 24 ï ʤ.ɹʦʟʪʝʧʝ, 25 ï ʤ.ʀʥʜʞʝʙʫʨʫʥ, 26 ï ʤ.ʂʝʨʝʤʧʝ, 27 ï 

ʤ.ʆʣʶʜʞʝ, 28 ï ʤ.ʇʘʟʘʨʙʘʰʠ, 29 ï ʤ.ɸʥʘʜʦʣʫ, 30 ï ʤ.ʂʦʨʫ, 31 ï 

ʤ.ʄʘʩʣʝʥ-ʅʦʩ, 32 ï ʤ.ɽʤʠʥʝ, 33 ï ʤ.ʂʘʣʠʘʢʨʘ, 34 ï ʤ.ʐʘʙʣʘ, 35 ï 

ʤ.ʊʫʟʣʘ, 36 ï ʤ.ɹʦʣ.ʌʦʥʪʘʥ, 37 ï ʤ.ʇʝʩʯʘʥʳʡ (ʪʦʥʢʠʤʠ ʣʠʥʠʷʤʠ 

ʥʘʥʝʩʝʥʳ ʠʟʦʙʘʪʳ 200 ʠ 2000 ʤ). 

 

1.2 ʈʝʣʴʝʬ ʜʥʘ 

 

ʏʝʨʥʦʝ ʤʦʨʝ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʢʨʫʧʥʳʭ ʠ ʛʣʫʙʦʢʠʭ ʚʥʫʪ-

ʨʝʥʥʠʭ ʤʦʨʝʡ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʛʣʫʙʠʥʘ ʤʦʨʷ ʧʦ ʨʘʟʣʠʯʥʳʤ ʠʩʪʦʯʥʠʢʘʤ, 

ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʜʘʥʥʳʭ ʵʭʦʣʦʪʥʦʛʦ ʧʨʦʤʝʨʘ, ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 

2210 ï 2258 ʤ.  
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ʉʦʛʣʘʩʥʦ ʩʦʚʨʝʤʝʥʥʳʤ ʮʠʬʨʦʚʳʤ ʤʘʩʩʠʚʘʤ ʨʝʣʴʝʬʘ ɿʝʤʣʠ, ʪʘ-

ʢʠʤ ʢʘʢ ETOPO2 (2ǋĬ2ǋ), GEBCO 2008 (1ǋĬ1ǋ), ʦʩʥʦʚʘʥʥʳʤ ʢʘʢ ʥʘ ʜʘʥ-

ʥʳʭ ʵʭʦʣʦʪʥʦʛʦ ʧʨʦʤʝʨʘ, ʪʘʢ ʠ ʥʘ ʩʧʫʪʥʠʢʦʚʳʭ ʘʣʴʪʠʤʝʪʨʠʯʝʩʢʠʭ ʠ 

ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʛʣʫʙʠʥʘ ʚ ʏʝʨʥʦʤ ʤʦʨʝ ʧʨʝ-

ʚʳʰʘʝʪ 2500 ʤ, ʯʪʦ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʙʘʪʠʤʝʪʨʠʯʝʩʢʠʤ ʢʘʨʪʘʤ. ʉʦʧʦ-

ʩʪʘʚʣʝʥʠʝ ʫʢʘʟʘʥʥʳʭ ʤʘʩʩʠʚʦʚ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʵʭʦʣʦʪʥʳʭ ʧʨʦʤʝʨʦʚ 

[ɸʚʜʝʝʚ, ɹʝʣʦʢʦʧʳʪʦʚ, 2011], ʘ ʪʘʢʞʝ ʩʧʝʮʠʘʣʴʥʦ ʧʨʦʚʝʜʝʥʥʳʝ ʵʢʩʧʝ-

ʜʠʮʠʦʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ [ʐʥʶʢʦʚ ʠ ʜʨ., 2007], ʧʦʢʘʟʘʣʦ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʦʪʣʠʯʠʷ ʤʝʞʜʫ ʤʘʩʩʠʚʘʤʠ ETOPO ʠ GEBCO ʠ ʨʝʘʣʴʥʳʤ ʨʝʣʴʝʬʦʤ ʜʥʘ  

ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʨʘʡʦʥʦʚ ʰʝʣʴʬʘ, ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʩʢʣʦʥʘ ʠ ʛʣʫʙʦ-

ʢʦʚʦʜʥʦʡ ʢʦʪʣʦʚʠʥʳ ʤʦʨʷ. ʉʢʦʨʝʝ ʚʩʝʛʦ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʛʝʦʬʠʟʠ-

ʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʵʪʠʭ ʤʘʩʩʠʚʦʚ, ʥʝ ʫʯʪʝʥʦ ʚʣʠʷʥʠʝ ʙʦ-

ʣʝʝ ʛʣʫʙʦʢʦ ʟʘʣʝʛʘʶʱʠʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ, ʪʘʢʠʭ ʢʘʢ ʧʦʜʥʷʪʠʷ 

ɸʥʜʨʫʩʦʚʘ ʠ ʐʘʪʩʢʦʛʦ, ɺʦʩʪʦʯʥʦʡ ʠ ɿʘʧʘʜʥʦʡ ʢʦʪʣʦʚʠʥ, ʚʧʘʜʠʥ rʉʦ-

ʨʦʢʠʥʘ ʠ ʜʨ., ʧʦʛʨʝʙʝʥʥʳʭ ʧʦʜ ʤʦʥɦʳʤ ʦʩʘʜʦʯʥʳʤ ʯʝʭʣʦʤ. 

ɺ ʨʝʣʴʝʬʝ ʜʥʘ ʏʝʨʥʦʛʦ ʤʦʨʷ ʦʪʯʝʪʣʠʚʦ ʚʳʜʝʣʷʶʪʩʷ ʪʨʠ ʦʩʥʦʚʥʳʝ 

ʬʦʨʤʳ ï ʰʝʣʴʬ, ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ ʩʢʣʦʥ ʠ ʛʣʫʙʦʢʦʚʦʜʥʘʷ ʢʦʪʣʦʚʠʥʘ. 

ʍʘʨʘʢʪʝʨʥʳʝ ʧʨʦʬʠʣʠ ʜʥʘ ʏʝʨʥʦʛʦ ʤʦʨʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1.2.1.  

 

ʐʝʣʴʬ. ʐʝʣʴʬ, ʠʣʠ ʤʘʪʝʨʠʢʦʚʘʷ ʦʪʤʝʣʴ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ 

ʟʘʪʦʧʣʝʥʥʫʶ ʯʘʩʪʴ ʧʨʠʙʨʝʞʥʦʡ ʩʫʰʠ, ʟʘʥʠʤʘʝʪ  25 %  ʘʢʚʘʪʦʨʠʠ ʤʦʨʷ 

(112140 ʢʤ
2
) ʠ 1.5 % ʦʙʲʝʤʘ ʚʦʜ (8190 ʢʤ

3
) ʧʨʠ ʧʨʠʥʷʪʠʠ ʠʟʦʙʘʪʳ 

200ʤ, ʦʙʳʯʥʦ ʧʨʠʥʠʤʘʝʤʦʡ ʟʘ ʛʨʘʥʠʮʫ ʰʝʣʴʬʘ ʜʣʷ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ. 

ʅʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʝ ʤʦʨʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʰʠʨʠʥʘ ʰʝʣʴʬʘ ʜʦʩʪʠʛʘʝʪ 220 

ʢʤ. ʉʝʚʝʨʦ-ʟʘʧʘʜʥʳʡ ʰʝʣʴʬ (ʨʠʩ. 1.2.2) ʟʘʥʠʤʘʝʪ 16 % ʘʢʚʘʪʦʨʠʠ ʤʦʨʷ 

(68390 ʢʤ
2
) ʠ 0.7 % ʦʙʲʝʤʘ ʚʦʜ (3555 ʢʤ

3
) ʚ ʛʨʘʥʠʮʘʭ ʦʪ ʤ. ʍʝʨʩʦʥʝʩ ʜʦ 

ʤ. ʂʘʣʠʘʢʨʘ. ɺ ʚʳʨʦʚʥʝʥʥʦʡ ʠ ʧʦʣʦʛʦʡ ʯʘʩʪʠ ʤʝʣʢʦʚʦʜʴʷ,  ʧʨʠʣʝʛʘʶ-

ʱʝʡ ʢ ʙʝʨʝʛʫ ʟʦʥʝ ʛʣʫʙʠʥ 30 ï 40 ʤ, ʫʢʣʦʥ ʜʥʘ ʩʦʩʪʘʚʣʷʝʪ 1 ï 2'. ʂʨʫ-

ʪʠʟʥʘ ʜʥʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢ ʙʨʦʚʢʝ ʦʪʤʝʣʠ, ʫʛʣʳ ʥʘʢʣʦʥʘ ʚʦʟʨʘʩʪʘʶʪ, 

ʜʦʩʪʠʛʘʷ ʟʥʘʯʝʥʠʷ 10 ï 12'. ʅʘ ʬʦʥʝ ʧʣʦʩʢʦʡ ʨʘʚʥʠʥʳ ʰʝʣʴʬʘ ʚʳʜʝʣʷ-

ʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʢʨʫʧʥʳʭ ʧʦʣʦʛʠʭ ʣʦʞʙʠʥ ï ʜʦʣʠʥ ʧʘʣʝʦ-ʨʝʢ, ʨʘʟʜʝ-

ʣʝʥʥʳʭ ʥʝʚʳʩʦʢʠʤʠ ʧʦʜʚʦʜʥʳʤʠ ʚʦʟʚʳʰʝʥʥʦʩʪʷʤʠ (ʨʠʩ.1.2.2).  

ʂ ʜʨʫʛʠʤ, ʤʝʥʝʝ ʦʙʰʠʨʥʳʤ ʰʝʣʴʬʦʚʳʤ ʦʙʣʘʩʪʷʤ ʏʝʨʥʦʛʦ ʤʦʨʷ 

ʦʪʥʦʩʷʪʩʷ:  

ï  ʧʦʙʝʨʝʞʴʝ ɹʦʣʛʘʨʠʠ ʠ ʟʘʧʘʜʥʦʡ ʊʫʨʮʠʠ ʦʪ ʤ. ʂʘʣʠʘʢʨʘ ʜʦ ʛ. 

ʕʨʝʛʣʠ (ʰʠʨʠʥʘ ʰʝʣʴʬʘ ʜʦ 50 ʢʤ); 

ï ʂʝʨʯʝʥʩʢʦ-ʊʘʤʘʥʩʢʠʡ ʰʝʣʴʬ (ʰʠʨʠʥʘ ʰʝʣʴʬʘ ʜʦ 50 ʢʤ);  

ï ʮʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ ɸʥʘʪʦʣʠʡʩʢʦʛʦ ʧʦʙʝʨʝʞʴʷ ʦʪ ʤ. ʂʝʨʝʤʧʝ ʜʦ 

ʛ. ɻʠʨʝʩʫʥ (ʰʠʨʠʥʘ ʰʝʣʴʬʘ ʜʦ 35 ʢʤ);  

ï ʯʘʩʪʴ ʶʞʥʦʛʦ ʧʦʙʝʨʝʞʴʷ ʂʨʳʤʘ ʦʪ ʤ. ʍʝʨʩʦʥʝʩ ʜʦ ʤ. ɸʡ-ʊʦʜʦʨ 

(ʠhʨʠʥʘ ʰʝʣʴʬʘ ʜʦ 30 ʢʤ);  

ï ɻʫʜʘʫʪʩʢʘʷ ʙʘʥʢʘ, ʨʘʡʦʥ ʛ. ʆʯʘʤʯʠʨʘ (ʰʠʨʠʥʘ ʰʝʣʴʬʘ ʜʦ 20 

ʢʤ).  
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ʈʠʩʫʥʦʢ 1.2.1 ï ʇʨʦʬʠʣʠ ʜʥʘ ʏʝʨʥʦʛʦ ʤʦʨʷ ʥʘ ʦʩʥʦʚʝ ʤʘʩʩʠʚʘ ʛʣʫʙʠʥ 

ʄɻʀ5 [ɸʚʜʝʝʚ, ɹʝʣʦʢʦʧʳʪʦʚ, 2011]. ʇʨʦʬʠʣʴ ˉ 6 ʧʦʩʪʨʦʝʥ ʧʦ ʜʘʥʥʳʤ 

ʤʘʩʩʠʚʘ GEBCO 2008. ʅʘ ʩʭʝʤʝ ʨʘʟʨʝʟʦʚ ʧʫʥʢʪʠʨʦʤ ʥʘʥʝʩʝʥʳ ʠʟʦʙʘʪʳ 

200 ʠ 2000 ʤ.  ɺʝʨʪʠʢʘʣʴʥʳʡ ʤʘʩʰʪʘʙ ʧʨʦʬʠʣʝʡ ʜʥʘ 0 ï 2000 ʤ. 
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ʅʘ  ʫʟʢʠʭ ʰʝʣʴʬʘʭ ï ʚʜʦʣʴ ʂʘʚʢʘʟʩʢʦʛʦ ʠ ɸʥʘʪʦʣʠʡʩʢʦʛʦ ʧʦʙʝ-

ʨʝʞʠʡ, ʘ ʪʘʢʞʝ ʫ ʖʞʥʦʛʦ ʙʝʨʝʛʘ ʂʨʳʤʘ ʦʪ ʗʣʪʳ ʜʦ ʤ. ʄʝʛʘʥʦʤ, ʰʠ-

ʨʠʥʘ ʤʘʪʝʨʠʢʦʚʦʡ ʦʪʤʝʣʠ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʥʝʩʢʦʣʴʢʦ ʢʠʣʦʤʝʪʨʦʚ. 

ʋʢʣʦʥ ʜʥʘ ʥʘ ʫʟʢʠʭ ʰʝʣʴʬʘʭ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝ, ʯʝʤ ʥʘ ʰʠʨʦʢʠʭ ʠ 

ʩʦʩʪʘʚʣʷʝʪ  ʦʪ 5 ï 6' ʜʦ 30'. ɹʨʦʚʢʘ ʰʝʣʴʬʘ, ʪ.ʝ. ʛʣʫʙʠʥʘ  ʨʝʟʢʦʛʦ ʫʚʝʣʠ-

ʯʝʥʠʷ ʫʢʣʦʥʘ ʜʥʘ,  ʟʘʣʝʛʘʝʪ  ʥʘ  ʛʣʫʙʠʥʘʭ  ʦʪ 100  ʜʦ 200 ʤ, ʫʢʣʦʥ ʜʥʘ 

1ï2Á. ʅʘ ʫʯʘʩʪʢʘʭ ʩ ʫʟʢʠʤ ʰʝʣʴʬʦʤ  ʛʣʫʙʠʥʘ ʙʨʦʚʢʠ ʙʣʠʟʢʘ ʢ 100 ʤ ʠ 

ʤʦʞʝʪ ʫʤʝʥʴh ʘʪʴʩʷ ʜʦ 50 ʤ, ʚ ʨʘʡʦʥʘʭ ʩ ʙʦʣʝʝ ʰʠʨʦʢʠʤ ʰʝʣʴʬʦʤ ʦʥʘ 

ʤʦʞʝʪ ʧʨʝʚʳʰʘʪʴ 200 ʤ (ʨʠʩ. 1.2.3). ɻʝʦʣʦʛʠʯʝʩʢʦʤʫ ʩʪʨʦʝʥʠʶ ʠ ʛʝʦ-

ʤʦʨʬʦʣʦʛʠʠ ʰʝʣʴʬʦʚʦʡ ʟʦʥʳ ʏʝʨʥʦʛʦ ʤʦʨʷ ʧʦʩʚʷʱʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠ-

ʯʝʩʪʚʦ ʨʘʙʦʪ, ʚ ʯʘʩʪʥʦʩʪʠ [ʑʝʨʙʘʢʦʚ, ʏʠʩʪʷʢʦʚ, 1980; ʐʥʶʢʦʚ ʠ ʜʨ., 

1982, 1999, 2007; ʀʥʞʝʥʝʨʥʘʷ ʛʝʦʣʦʛʠʷ, 1990; ɽʚʩʶʢʦʚ, 1996, 2007]. 

 

 
 

ʈʠʩʫʥʦʢ 1.2.2 ï ɹʘʪʠʤʝʪʨʠʯʝʩʢʘʷ ʢʘʨʪʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ 

ʰʝʣʴʬʘ ʧʦ ʜʘʥʥʳʤ ʤʦʨʩʢʠʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʢʘʨʪ. 

 

ʂʦʥʪʠʥʝʥʪʘʣʴʥʳʡ ʩʢʣʦʥ. ʂʦʥʪʠʥʝʥʪʘʣʴʥʳʡ, ʠʣʠ ʤʘʪʝʨʠʢʦʚʳʡ 

ʩʢʣʦʥ ʟʘʥʠʤʘʝʪ ʦʢʦʣʦ 40% ʘʢʚʘʪʦʨʠʠ ʤʦʨʷ, ʦʥ ʦʛʨʘʥʠʯʝʥ ʠʟʦʙʘʪʘʤʠ 

200 ʠ 2000 ʤ. ʉʢʣʦʥ ʫ ʖʞʥʦʛʦ ʙʝʨʝʛʘ ʂʨʳʤʘ, ʂʘʚʢʘʟʩʢʦʛʦ ʠ ɸʥʘʪʦ-

ʣʠʡʩʢʦʛʦ ʧʦʙʝʨʝʞʠʡ ʜʦʩʪʘʪʦʯʥʦ ʢʨʫʪʦʡ (ʩʨʝʜʥʠʡ ʫʢʣʦʥ 5 ï 8Á), ʩʤ. 

ʨʠʩ. 1.2.3, ʜʦʩʪʠʛʘʶʱʠʡ ʥʘ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʢʨʫʪʠʟʥʳ ʜʦ 30 ï 40Á, 

ʠʟʨʝʟʘʥ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʧʦʜʚʦʜʥʳʤʠ ʜʦʣʠʥʘʤʠ ʠ ʢʘʥʴʦʥʘʤʠ. ʂʦʥ-

ʪʠʥʝʥʪʘʣʴʥʳʡ ʩʢʣʦʥ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʤʦʨʷ ʠ ʫ ʂʝʨʯʝʥʩʢʦʛʦ 



 

 12 

ʧʨʦʣʠʚʘ ʙʦʣʝʝ ʧʦʣʦʛʠʡ, ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʫʢʣʦʥʘ ʜʥʘ 2 ï 3Á. ʉʘʤʳʝ 

ʢʨʫʧʥʳʝ ʢʘʥʴʦʥʳ ï ɼʫʥʘʡʩʢʠʡ, ʉʘʢʘʨʴʷ, ʂʠʟʠʣ-ʀʨʤʘʢ, ʂʦʜʦʨʠ, ʂʫ-

ʙʘʥʴ (ʨʠʩ. 1.2.4, 1.2.5). ʇʦʜʨʦʙʥʦʝ  ʦʧʠʩʘʥʠʝ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦ ʩʢʣʦʥʘ ʠ 

ʧʦʜʚʦʜʥʦʡ ʜʦʣʠʥʥʦ-ʢʘʥʴʦʥʥʦʡ ʩʝʪʠ ʏʝʨʥʦʛʦ ʤʦʨʷ ʧʨʠʚʝʜʝʥʦ ʚ ʨʘʙʦʪʘʭ 

[ʂʘʨʘ, 1979; ʄʝʣʴʥʠʢ, 1982ï2001; ɽʚʩʶʢʦʚ ʠ ʜʨ.,1986; ɽʚʩʶʢʦʚ, ʂʘʨʘ, 

1989,1990; Popescu et al, 2004; ɸʚʜʝʝʚ, ɹʝʣʦʢʦʧʳʪʦʚ, 2011].  

ʅʠʞʥʷʷ ʯʘʩʪʴ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʩʢʣʦʥʘ ï ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʝ ʧʦʜ-

ʥʦʞʠʝ ï ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʘ ʣʠʰʴ ʚ ʫʩʪʴʝʚʳʭ ʨʘʡʦʥʘʭ  ʜʨʝʚʥʠʭ ʨʝʢ: ʧʘ-

ʣʝʦ-ɼʫʥʘʷ ʠ ʧʘʣʝʦ-ɼʥʝʧʨʘ ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʤʦʨʷ (ʰʠʨʠʥʘ 80 ï 100 

ʢʤ), ʧʘʣʝʦ-ɼʦʥʘ ʠ ʧʘʣʝʦ-ʂʫʙʘʥʠ ʢ ʶʛʫ ʦʪ ʂʝʨʯʝʥʩʢʦʛʦ ʧʨʦʣʠʚʘ. ʉʨʝʜ-

ʥʠʡ ʫʢʣʦʥ ʜʥʘ ʥʘ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʤ ʧʦʜʥʦʞʠʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 2Á. 

ʅʘʠʙʦʣʝʝ ʢʨʫʧʥʳʝ ʬʦʨʤʳ ʧʦʜʚʦʜʥʦʛʦ ʨʝʣʴʝʬʘ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ 

ʩʢʣʦʥʘ, ʩʧʦʩʦʙʥʳʝ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʥʘ ʮʠʨʢʫʣʷʮʠʶ ʚʦʜ ï ʭʨʝʙʝʪ ɸʨ-

ʭʘʥʛʝʣʴʩʢʦʛʦ, ʧʨʦʩʪʠʨʘʶʱʠʡʩʷ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ 

ʫʩʪʴʝʚʦʛʦ ʨʘʡʦʥʘ ʨ.ɽʰʠʣʴ-ʀʨʤʘʢ, ʧʦʜʚʦʜʥʳʡ ʢʦʥʫʩ ʚʳʥʦʩʘ ʧʘʣʝʦ-

ɼʫʥʘʷ, ʨʘʡʦʥ ʂʝʨʯʝʥʩʢʦ-ʊʘʤʘʥʩʢʦʛʦ ʰʝʣʴʬʘ (ʨʠʩ. 1.1.1, 1.1.2). 

 

ɻʣʫʙʦʢʦʚʦʜʥʘʷ ʢʦʪʣʦʚʠʥʘ. ʃʦʞʝ ʛʣʫʙʦʢʦʚʦʜʥʦʡ ʢʦʪʣʦʚʠʥʳ, 

ʦʛʨʘʥʠʯʝʥʥʦʡ ʠʟʦʙʘʪʦʡ 2000 ʤ, ʟʘʥʠʤʘʝʪ ʦʢʦʣʦ 35% ʘʢʚʘʪʦʨʠʠ ʤʦʨʷ. 

ʆʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʣʦʩʢʫʶ ʘʢʢʫʤʫʣʷʪʠʚʥʫʶ ʨʘʚʥʠʥʫ, ʠʤʝʝʪ ʥʝ-

ʙʦʣhɹʦʡ ʥʘʢʣʦʥ ʚ ʶʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ɼʥʦ ʘʙʠʩʩʘʣʴʥʦʡ ʢʦʪʣʦʚʠʥʳ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʘʙʦʭʦʣʤʠʩʪʳʤ ʨʝʣʴʝʬʦʤ, ʫʛʣʳ ʥʘʢʣʦʥʘ ʠʟʤʝʥʷʶʪʩʷ 

ʚ ʧʨʝʜʝʣʘʭ  ʦʪ 0 ʜʦ 1Á. ʂʨʫʧʥʳʭ ʬʦʨʤ ʧʦʜʚʦʜʥʦʛʦ ʨʝʣʴʝʬʘ ʧʦ ʜʘʥʥʳʤ 

ʭɻʦʤʝʪʨʠʯʝʩʢʠʭ ʩʲʝʤʦʢ ʟʜʝʩʴ ʥʝ ʦʙʥʘʨʫʞʝʥʦ. 

 

ʇʨʦʣʠʚʳ. ʇʨʦʣʠʚ ɹʦʩʬʦʨ ʠʛʨʘʝʪ ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʏʝʨʥʦʛʦ ʤʦʨʷ, ʧʦʵʪʦʤʫ 

ʦʧʠʩʘʥʠʝ ʤʦʨʬʦʤʝʪʨʠʠ ʧʨʦʣʠʚʘ ʠ ʧʨʝʜʧʨʦʣʠʚʥʦʡ ʟʦʥʳ ʧʨʠʚʦʜʠʪʩʷ ʚʦ 

ʤʥʦʛʠʭ ʨʘʙʦʪʘʭ ʧʦ ʦʢʝʘʥʦʛʨʘʬʠʠ ʠ ʤʦʨʩʢʦʡ ʛʝʦʣʦʛʠʠ [ɿʫʙʦʚ, 1956; 

ʃʝʦʥʦʚ, 1960; Gunnerson, ¥zturgut, 1974; ¥zsoy et al., 2001; Flood et al., 

2009]. ɼʣʠʥʘ ʧʨʦʣʠʚʘ 31 ʢʤ, ʰʠʨʠʥʘ ʦʪ 0.7 ʜʦ 3.5 ʢʤ, ʛʣʫʙʠʥʳ ʥʘ ʬʘʨ-

ʚʘʪʝʨʝ ʦʪ 30 ʜʦ 110 ʤ. ʋʟʦʩʪʴ ʠ ʥʝʙʦʣʴʰʘʷ ʛʣʫʙʠʥʘ ʧʨʦʣʠʚʘ, ʥʘʣʠʯʠʝ 

ʧʦʨʦʛʦʚ (ʨʠʩ. 1.2.6) ʦʯʝʥʴ ʩʠʣʴʥʦ ʦʛʨʘʥʠʯʠʚʘʶʪ ʚʦʜʦʦʙʤʝʥ ʩ ʄʨʘʤʦʨ-

ʥʳʤ ʤʦʨʝʤ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʚʳʩʦʢʦʩʦʣʝʥʳʭ ʩʨʝʜʠʟʝʤ-

ʥʦʤʦʨʩʢʠʭ ʚʦʜ. ɻʣʫʙʠʥʳ ʧʦʨʦʛʦʚ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ 

ʢʘʢ ʥʘ ʦʙʲʝʤ ʧʦʩʪʫʧʘʝʤʳʭ ʚʦʜ, ʪʘʢ ʠ ʥʘ ʠʭ ʩʦʣʝʥʦʩʪʴ. ʖʞʥʳʡ ʧʦʨʦʛ ʥʘ 

ʚʭʦʜʝ ʠʟ ʄʨʘʤʦʨʥʦʛʦ ʤʦʨʷ ʫ ʙʫʭʪʳ ɿʦʣʦʪʦʡ ʈʦʛ ʠʤʝʝʪ ʛʣʫʙʠʥʫ 35 ï 40  

ʤ, ʩʝʚʝʨʥʳʡ ʧʦʨʦʛ ʜʣʠʥʦʡ 3.5 ʢʤ ʚ 3 ʢʤ ʦʪ ʚʳʭʦʜʘ ʚ ʏʝʨʥʦʝ ʤʦʨʝ  ï 

ʛʣʫʙʠʥʫ 60 ʤ   [Latif et al, 1991]. ʈʝʣʝɹʬ ʜʥʘ ʧʨʠʙʦʩʬʦʨʩʢʦʛʦ ʰʝʣʴʬʘ ʠ 

ɹʦʩʬʦʨʩʢʦʛʦ ʢʘʥʴʦʥʘ (ʨʠʩ. 1.2.6)  ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʧʨʝʜʝʣʝ̫ʪ ʧʫʪɹ 

ʜʚʠʞʝʥʠʷ ʠ ʩʤʝʰʝʥʠʷ ʤʨʘʤʦʨʥʦʤʦʨʩʢʠʭ ʠ ʯʝʨʥʦʤʦʨʩʢʠʭ ʚʦʜ. 
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ʈʠʩʫʥʦʢ 1.2.3 ï ʇʦʣʦʞʝʥʠʝ ʙʨʦʚʢʠ ʰʝʣʴʬʘ ʚ ʏʝʨʥʦʤ ʤʦʨʝ ʧʦ ʜʘʥʥʳʤ ʤʘʩʩʠʚʘ GEBCO 2008 (ʞʠʨʥʘʷ ʣʠʥʠʷ). ʉʧʣʦʰʥʦʡ ʟʘʣʠʚ-

ʢʦʡ ʠʟʦʙʨʘʞʝʥ ʫʢʣʦʥ ʜʥʘ ʩ ʛʨʘʜʘʮʠʷʤʠ: 3 ï 5Á, 5 ï 10Á ʠ 10 ï 15Á, ʧʫʥʢʪʠʨʦʤ ʥʘʥʝʩʝʥʳ ʠʟʦʙʘʪʳ 200 ʠ 2000 ʤ. 
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ʈʠʩʫʥʦʢ 1.2.4 ï ʈʝʣʴʝʬ ʜʥʘ ʚ ʨʘʡʦʥʝ ɼʫʥʘʡʩʢʦʛʦ ʢʘ-

ʥʴʦʥʘ (ʠʟ [Popescu et al., 2004])  

 

 
ʈʠʩʫʥʦʢ 1.2.5 ï ʈʝʣʴʝʬ ʜʥʘ ʚ ʨʘʡʦʥʝ ʢʘʥʴʦʥʘ ʂʫʙʘʥʴ, ʨʘʩ-

ʧʦʣʦʞʝʥʥʦʛʦ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʂʝʨʯʝʥʩʢʦ-ʊʘʤʘʥʩʢʦʛʦ 

ʰʝʣʴʬʘ, ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʙʘʪʠʤʝʪʨʠʯʝʩʢʦʡ ʢʘʨʪʳ IBCM. 
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ʈʠʩʫʥʦʢ 1.2.6 ï ʈʝʣʴʝʬ ʜʥʘ ʚ ʨʘʡʦʥʝ ʧʨʦʣʠʚʘ ɹʦʩʬʦʨ: ʘ ï ʨʝʣʴʝʬ 

ʜʥʘ ʧʦ ʜʘʥʥʳʤ ʤʦʨʩʢʠʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʢʘʨʪ ʠ ʩʲʝʤʢʠ SWATH; 

ʙ ï ʧʨʦʬʠʣʴ ʜʥʘ ʚʜʦʣʴ ʦʩʠ ʧʨʦʣʠʚʘ ʠ ʝʛʦ ʧʦʜʚʦʜʥʦʛʦ ʧʨʦʜʦʣʞʝ-

ʥʠʷ ʥʘ ʰʝʣʴʬʝ (ʨʠʩʫʥʢʠ ʠʟ [¥zsoy  et al., 2001]); ʚ ï 3-ʭ ʤʝʨʥʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʨʝʣʴʝʬʘ ʜʥʘ ʧʦ ʜʘʥʥʳʤ ʤʘʩʩʠʚʘ GEBCO 2008. 
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ʈʠʩʫʥʦʢ 1.2.7 ï ʈʝʣʴʝʬ ʜʥʘ ʂʝʨʯʝʥʩʢʦʛʦ ʧʨʦʣʠʚʘ ʧʦ ʜʘʥ-

ʥʳʤ ʤʦʨʩʢʠʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʢʘʨʪ:  ʘ ï ʧʨʦʬʠʣʴ ʜʥʘ ʚʜʦʣʴ 

ʦʩʠ ʧʨʦʣʠʚʘ (ʜʥʦʫʛʣʫʙʠʪʝʣʴʥʳʝ ʨʘʙʦʪʳ ʥʘ ʬʘʨʚʘʪʝʨʝ ʥʝ 

ʫʯʪʝʥʳ); ʙ ï ʙʘʪʠʤʝʪʨʠʯʝʩʢʘʷ ʢʘʨʪʘ ʧʨʦʣʠʚʘ. 

 

ʂʝʨʯʝʥʩʢʠʡ ʧʨʦʣʠʚ ʧʦ ʜʣʠʥʝ ʩʦʧʦʩʪʘʚʠʤ ʩ ʧʨʦʣʠʚʦʤ ɹʦʩʬʦʨ (45 

ʠ 31 ʢʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʧʦ ʰʠʨʠʥʝ ʚ ʩʘʤʦʡ ʫʟʢʦʡ ʯʘʩʪʠ ʧʨʝʚʦʩʭʦʜʠʪ 

ʝʛʦ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ (4.5 ʠ 0.7 ʢʤ), ʥʦ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʤʝʣʢʦʚʦʜʥʳʤ. 

ɻʣʫʙʠʥʘ ʧʦʨʦʛʘ ʥʝ ʧʨʝʚʳʰʘʝʪ 6 ʤ (c ʫʯʝʪʦʤ ʜʥʦʫʛʣʫʙʠʪʝʣʴʥʳʭ ʨʘʙʦʪ ʚ 

ʩʫʜʦʭʦʜʥʦʤ ʢʘʥʘʣʝ ʜʦ 8 ʤ), ʨʠʩ. 1.2.7. ʇʣʦʱʘʜʴ ʥʘʠʤʝʥʴʰʝʛʦ ʧʦʧʝʨʝʯ-

ʥʦʛʦ ʩʝʯʝʥʠʷ ʂʝʨʯʝʥʩʢʦʛʦ ʧʨʦʣʠʚʘ 0.02 ʢʤ
2
, ʯʪʦ ʚ ʜʚʘ ʨʘʟʘ ʤʝʥʴʰʝ ʯʝʤ 
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ʜʣʷ ʧʨʦʣʠʚʘ ɹʦʩʬʦʨ. ʄʝʣʢʦʚʦʜʥʦʩʪʴ ʧʨʦʣʠʚʘ ï ʦʜʥʘ ʠʟ ʧʨʠʯʠʥ ʪʦʛʦ, 

ʯʪʦ  ʦʙʱʠʡ ʚʦʜʦʦʙʤʝʥ ʩ ɸʟʦʚʩʢʠʤ ʤʦʨʝʤ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʪʫʧʘʝʪ ʚʦʜʦ-

ʦʙʤʝʥʫ ʩ ʄʨʘʤʦʨʥʳʤ ʤʦʨʝʤ (ʧʦ ʨʘʟʣʠʯʥʳʤ ʦʮʝʥʢʘʤ ʚ 5ï10 ʨʘʟ), ʘ ʝʛʦ 

ʚʣʠʷʥʠʝ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʣʠʰʴ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʴʶ ʤʦʨʷ. 

ʉʦʛʣʘʩʥʦ [ɿʫʙʦʚ, 1956], ʝʩʣʠ ʧʨʠʥʠʤʘʪʴ ʟʘ ʤʝʨʫ ʦʙʦʩʦʙʣʝʥʥʦʩʪʠ 

ʤʦʨʷ ʦʪ ʜʨʫʛʠʭ ʤʦʨʝʡ ʦʪʥʦʰʝʥʠʝ ʦʙʲʝʤʘ ʤʦʨʷ ʢ ʩʫʤʤʝ ʧʣʦʱʘʜʝʡ 

ʥʘʠʤʝʥʴʰʠʭ ʧʦʧʝʨʝʯʥʳʭ ʩʝʯʝʥʠʡ ʚʩʝʭ ʝʛʦ ʧʨʦʣʠʚʦʚ (0.04 ʢʤ
2
 ʜʣʷ ɹʦʩ-

ʬʦʨʘ ʠ 0.02 ʢʤ
2
 ʜʣʷ ʂʝʨʯʝʥʩʢʦʛʦ ʧʨʦʣʠʚʘ), ʪʦ ʏʝʨʥʦʝ ʤʦʨʝ ʤʦʞʥʦ ʩʯʠ-

ʪʘʪʴ ʩʘʤʳʤ ʦʙʦʩʦʙʣʝʥʥʳʤ ʤʦʨʝʤ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ. 

 

1.3 ʄʦʨʬʦʤʝʪʨʠʷ 

 

ʆʩʥʦʚʥʳʝ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʏʝʨʥʦʛʦ ʤʦʨʷ ï 

ʧʣʦʱʘʜʠ ʠ ʦʙʲʝʤʳ ʚʦʜ ʧʦ ʨʘʟʣʠʯʥʳʤ ʩʣʦ̫ ʤ ʤʦʨʷ ʨʘʥʝʝ ʦʮʝʥʠʚʘʣʠʩʴ ʚ 

ʨʘʙʦʪʘʭ [ɻʦʥʯʘʨʦʚ ʠ ʜʨ., 1965; ʉʠʤʦʥʦʚ, ɸʣʴʪʤʘʥ ʠ ʜʨ., 1991]. ɺ ʪʘʙʣ. 

1.3.1 ʠ ʥʘ ʨʠʩ. 1.2.8 ʧʨʠʚʝʜʝʥʳ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʤʘʩʩʠʚʫ ʛʣʫʙʠʥ 5ǋĬ5ǋ, ʧʦʜʛʦʪʦʚʣʝʥʥʦʛʦ ʥʘ ʦʩʥʦʚʝ 

ʤʦʨʩʢʠʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʢʘʨʪ (ʤʘʩʩʠʚ ʄɻʀ5 [ɸʚʜʝʝʚ, ɹʝʣʦʢʦʧʳʪʦʚ, 

2011]). ʆʙɦ ʘʷ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ (ʙʝʟ ʣʠʤʘʥʦʚ, ʚ ʪ.ʯ. ɼʥʝʧʨʦ-

ɹʫʛʩʢʦʛʦ) ʩʦʩʪʘʚʠʣʘ 416790 ʢʤ
2
, ʦʙʲʝʤ ʚʦʜʳ  ï 535430 ʢʤ

3
. ʉʨʝʜʥʷʷ 

ʛʣʫʙʠʥʘ ʤʦʨʷ, ʢʘʢ ʯʘʩʪʥʦʝ ʦʪ ʜʝʣʝʥʠʷ ʦʙʲʝʤʘ ʚʦʜʳ ʥʘ ʧʣʦɦ ʘʜʴ, ʨʘʚʥʘ 

1284 ʤ. ʈʘʟʥʠʮʘ ʤʝʞʜʫ ʥʦʚʤrʠ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʠ ʧʨʝʞʥʠʤʠ ʦʮʝʥʢʘʤʠ ʩʦʩʪʘʚʣʷʶʪ ʤʝʥʝʝ 1%, ʥʝʩʤʦʪʨʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝ ʢʘʨʪ ʙʦʣʝʝ ʢʨʫʧʥʦʛʦ ʤʘʩh ʪʘʙʘ. 

 
ʊʘʙʣʠʮʘ 1.3.1  

ʄʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʏʝʨʥʦʛʦ ʤʦʨʷ 

 

ʉʣʦʡ, ʤ ʇʣʦʱʘʜʴ ʚʝʨʭʥʝʛʦ 

ʛʦʨʠʟʦʥʪʘ, ʢʤ2 

% ʆʙʲʝʤ, ʢʤ3 % 

0 ï ʜʥʦ 416790 100 535430 100 

20 ï ʜʥʦ 397590 95 527260 98 

50 ï ʜʥʦ 361390 87 515880 96 

100 ï ʜʥʦ 323270 77 498990 93 

200 ï ʜʥʦ 310340 74 467460 87 

500 ï ʜʥʦ 292840 70 377120 70 

1000 ï ʜʥʦ 265660 64 237410 44 

1500 ï ʜʥʦ 229190 55 113200 21 

2000 ï ʜʥʦ 139810 34 16860 3 

2100 ï ʜʥʦ 94720 23 4750 0.9 

 

 

 



 

 18 

 
 

ʈʠʩʫʥʦʢ 1.3.1 ï ɹʘʪʠʤʝʪʨʠʯʝʩʢʘʷ (ʘ) ʠ ʙʘʪʠʛʨʘʬʠʯʝʩʢʘʷ 

(ʙ) ʢʨʠʚʳʝ ʜʣʷ ʏʝʨʥʦʛʦ ʤʦʨʷ. 

 

ʌʦʨʤʘ ʙʘʪʠʤʝʪʨʠʯʝʩʢʦʡ  ʠ ʙʘʪʠʛʨʘʬʠʯʝʩʢʦʡ  ʢʨʠʚʳʭ  ʏʝʨʥʦʛʦ 

ʤʦʨʷ (ʨʠʩ. 1.3.1) ʥʝ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʚʥʫʪʨʝʥʥʠʭ ʤʦʨʝʡ 

ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ, ʦʥʘ ʙʦʣʝʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʢʨʘʠʥʥʳʤ ʤʦʨʷʤ ʩ ʧʨʦʪʷ-

ʞʝʥʥʳʤ ʰʝʣʴʬʦʤ ʠ ʢʨʫʪʳʤ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʤ ʩʢʣʦʥʦʤ. ʅʘʠʙʦʣʝʝ 

ʙʣʠʟʢʠʡ ʘʥʘʣʦʛ ï ɹʝʨʠʥʛʦʚʦ ʤʦʨʝ, ʛʜʝ ʙʘʪʠʛʨʘʬʠʯʝʩʢʘʷ ʢʨʠʚʘʷ ʪʘʢʞʝ 

ʠʤʝʝʪ ʙʦʣʴʰʫʶ ʢʨʫʪʠʟʥʫ ʟʘ ʩʯʝʪ ʨʝʟʢʦʛʦ ʩʦʢʨʘʱʝʥʠʷ ʜʦʣʠ ʧʨʦʤʝʞʫ-

ʪʦʯʥʳʭ ʛʣʫʙʠʥ [ʂʘʟʘʥʮʝʚ, 2007]. 
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ɻʣʘʚʘ 2 

 

ʂʃʀʄɸʊ, ɺʆɼʅʓʁ ʀ ʊɽʇʃʆɺʆʁ ɹɸʃɸʅʉ 

 

 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʏʝʨʥʦʛʦ ʤʦ-

ʨʷ, ʘʪʤʦʩʬʝʨʥʦʡ ʮʠʨʢʫʣʷʮʠʠ, ʪʝʧʣʦʚʦʤʫ ʠ ʚʦʜʥʦʤʫ ʙʘʣʘʥʩʫ ʧʦʩʚʷʱʝʥʦ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʘʫʯʥʳʭ ʨʘʙʦʪ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʙʦʙʱʘʶʱʠʭ ʤʦʥʦ-

ʛʨʘʬʠʡ [ʃʝʦʥʦʚ, 1960; ʉʦʨʢʠʥʘ ʠ ʜʨ., 1974; ʉʠʤʦʥʦʚ, ɸʣʴʪʤʘʥ ʠ ʜʨ., 

1991; Kosarev et al., 2008],  ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʘʪʣʘʩʦʚ [ʉʘʤʦʡʣʝʥʢʦ ʠ ʜʨ., 

1956; ɸʣʴʪʤʘʥ, ʄʘʪʫʰʝʚʩʢʠʡ, 1987; ʄʠʪʠʥ ʠ ʜʨ., 2006; ʆʢʝʘʥʦ-

ʛʨʘʬiʯʥʠʡ ʘʪʣʘʩ, 2009] ʠ ʩʧʨʘʚʦʯʥʳʭ ʧʦʩʦʙʠʡ [ʉʧʨʘʚʦʯʥʠʢ ʧʦ ʢʣʠʤʘ-

ʪʫ ʉʉʉʈ, 1967 ï 1970, 1990]. ʉʦʧʦʩʪʘʚʣʷʷ ʵʪʠ ʨʘʙʦʪʳ, ʤʦʞʥʦ ʫʚʠʜʝʪʴ, 

ʯʪʦ ʩʦʚʧʘʜʘʷ ʚ ʦʙʱʠʭ ʯʝʨʪʘʭ, ʦʥʠ ʨʘʟʣʠʯʘʶʪʩʷ ʚ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʩʝ-

ʟʦʥʥʦʛʦ ʭʦʜʘ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʭ ʠʣʠ ʠʥʳʭ ʵʣʝ-

ʤʝʥʪʦʚ. 

 

2.1 ʂʣʠʤʘʪ 

 

ɺ ʢʣʠʤʘʪʦʣʦʛʠʠ ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ ʢ ʢʣʘʩʩʠʬʠʢʘ-

ʮʠʠ ʢʣʠʤʘʪʦʚ, ʧʨʝʜʣʦʞʝʥʥʳʝ ʚ ʨʘʙʦʪʘʭ ʃ.ʉ.ɹʝʨʛʘ, ɸ.ʀ.ɺʦʝʡʢʦʚʘ, 

ɹ.ʇ.ɸʣʠʩʦʚʘ, ʄ.ʀ.ɹʫʜʳʢʦ, L.Holdridge ʠ ʜʨ.  ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥ-

ʥʦʡ ʷʚʣʷʝʪʩʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ɺ.ʂʸʧʧʝʥʘ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʩʝʟʦʥʥʦʤ ʭʦʜʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʠ ʦʩʘʜʢʦʚ ʠ ʫʯʠʪʳʚʘʶʱʘʷ ʧʨʝʦʙʣʘʜʘʶʱʠʝ ʪʠʧʳ 

ʣʘʥʜʰʘʬʪʘ ʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ. 

 ʆʮʝʥʢʠ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʠʧʦʚ ʢʣʠʤʘʪʘ ʧʦ ʂʸʧ-

ʧʝʥʫ ʜʣʷ ʙʘʩʩʝʡʥʘ ʏʝʨʥʦʛʦ ʤʦʨʷ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʨʝʪʝʨʧʝʣʠ ʟʥʘʯʠ-

ʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ. ʇʦ ʧʝʨʚʦʥʘʯʘʣʴʥʳʤ ʦʮʝʥʢʘʤ [Kºppen, 1936], ʢʦʪʦ-

ʨʳʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʯʘʩʪʦ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʦʧʠʩʘʥʠʷʭ, 

ʩʝʚʝʨʥʦʝ ʧʦʙʝʨʝʞʴʝ ʦʪʥʦʩʠʣʦʩʴ ʢ ʩʪʝʧʥʦʤʫ ʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʤʫ ʢʣʠ-

ʤʘʪʫ, ʟʘʧʘʜʥʦʝ ʠ ʢʘʚʢʘʟʩʢʦʝ ʧʦʙʝʨʝʞʴʝ ʢ ʫʤʝʨʝʥʥʦʤʫ ʤʦʨʩʢʦʤʫ ʢʣʠʤʘ-

ʪʫ, ʧʦʙʝʨʝʞʴʝ ʊʫʨʮʠʠ ʠ ʶʞʥʳʡ ʙʝʨʝʛ ʂʨʳʤʘ ï ʢ ʩʨʝʜʠʟʝʤʥʦʤʦʨʩʢʦʤʫ 

(ʨʠʩ.2.1.1). ɺ ʧʦʩʣʝʜʥʠʭ ʦʮʝʥʢʘʭ ʛʣʦʙʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʠʧʦʚ 

ʢʣʠʤʘʪʘ ʟʘ ʧʝʨʠʦʜ 1950ï2000 ʛʛ. ʥʘ ʩʝʪʢʝ 0.5Ĭ0.5Á [Kottek et al., 2006] ʠ 

0.1Ĭ0.1Á [Peel et al., 2007] ʥʘʠʙʦʣʴʰʠʝ ʠʟʤʝʥʝʥʠʷ ʜʣʷ ʙʘʩʩʝʡʥʘ ʏʝʨʥʦʛʦ 

ʤʦʨʷ ʦʪʥʦʩʷʪʩʷ ʢ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʩʪʝʧʥʦʛʦ ʠ ʩʨʝʜʠʟʝʤʥʦʤʦʨʩʢʦʛʦ ʢʣʠ-

ʤʘʪʦʚ (ʨʠʩ.2.1.1). ɻʨʘʥʠʮʘ ʩʪʝʧʥʦʛʦ ʢʣʠʤʘʪʘ ʩʤʝʩʪʠʣʘʩʴ ʜʘʣʝʢʦ ʥʘ ʚʦ-

ʩʪʦʢ ʢ ʂʘʩʧʠʡʩʢʦʤʫ ʤʦʨʶ, ʨʘʩʰʠʨʠʚ ʟʦʥʫ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʢʣʠʤʘʪʘ. 

ʟʦʥʘ ʢʣʠʤʘʪʘ ʩʪʝʧʝʡ ʚ ɺʦʩʪʦʯʥʦʤ ʂʨʳʤʫ ʚʳʜʝʣʷʝʪʩʷ ʣʠʰʴ ʧʨʠ ʧʦʚr -

ʰʝʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʨʘʟʨʝʰʝʥʠʠ [Peel et al., 2007]. ʂ ʩʨʝʜʠʟʝʤ-

ʥʦʤʦʨʩʢʦʤʫ ʢʣʠʤʘʪʫ ʦʪʥʝʩʝʥʘ ʪʦʣʴʢʦ ʯʘʩʪʴ ʶʛʦ-ʟʘʧʘʜʥʦʛʦ ʧʦʙʝʨʝʞʴʷ 

ʫ ʉʪʘʤʙʫʣʘ, ʥʘ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʧʦʙʝʨʝʞʴʷ ʧʨʝʦʙʣʘʜʘʝʪ ʫʤʝʨʝʥʥʳʡ ʢʣʠ-

ʤʘʪ (ʩʫʙʪʨʦʧʠʯʝʩʢʠʡ ʠʣʠ ʤʦʨʩʢʦʡ). 
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ʈʠʩʫʥʦʢ 2.1.1 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʠʧʦʚ ʢʣʠʤʘʪʘ ʥʘ ʧʦʙʝʨʝʞʴʝ ʏʝʨʥʦʛʦ 

ʤʦʨʷ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʂʸʧʧʝʥʘ:  

Cfa ï ʫʤʝʨʝʥʥʳʡ ʩ ʨʘʚʥʦʤʝʨʥʳʤ ʫʚʣʘʞʥʝʥʠʝʤ ʠ ʞʘʨʢʠʤ ʣʝʪʦʤ (ʩʫʙʪʨʦʧʠ-

ʯʝʩʢʠʡ),  

Cfb ï ʫʤʝʨʝʥʥʳʡ ʩ ʨʘʚʥʦʤʝʨʥʳʤ ʫʚʣʘʞʥʝʥʠʝʤ ʠ ʪʝʧʣʳʤ ʣʝʪʦʤ (ʤʦʨʩʢʦʡ),  

Csa ï ʫʤʝʨʝʥʥʳʡ ʩ ʩʫʭʠʤ ʠ ʞʘʨʢʠʤ ʣʝʪʦʤ (ʩʨʝʜʠʟʝʤʥʦʤʦʨʩʢʠʡ),  

Bsk ï ʟʘʩʫʰʣʠʚʳʡ ʭʦʣʦʜʥʳʡ (ʩʪʝʧʥʦʡ),  

Dfa ï ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ ʩ ʨʘʚʥʦʤʝʨʥʳʤ ʫʚʣʘʞʥʝʥʠʝʤ ʠ ʞʘʨʢʠʤ ʣʝʪʦʤ,  

Dfb ï ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ ʩ ʨʘʚʥʦʤʝʨʥʳʤ ʫʚʣʘʞʥʝʥʠʝʤ ʠ ʪʝʧʣʳʤ ʣʝʪʦʤ. 

 

ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʠ ʦʩʘʜʢʠ. ʅʘ ʨʠʩ. 2.1.2 ʧʦʢʘʟʘʥ ʩʝʟʦʥʥʳʡ 

ʭʦʜ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʠ ʢʦʣʠʯʝʩʪʚʘ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʧʦ ʜʘʥ-

ʥʳʤ ʙʝʨʝʛʦʚʳʭ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ ʟʘ ʧʦʩʣʝʜʥʠʡ ʢʣʠʤʘ-

ʪʠʯʝʩʢʠʡ ʧʝʨʠʦʜ ɺʄʆ (ɺʩʝʤʠʨʥʘʷ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʘʷ ʦʨʛʘʥʠʟʘʮʠʷ) 

1961 ï 1990 ʛʛ. ʉʨʝʜʥʝʛʦʜʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʚʥʦʤʝʨʥʦ ʧʦʚʳʰʘʝʪʩʷ ʩ 

ʩʝʚʝʨʘ ʥʘ ʶʛ ʦʪ 10Áʉ ʚ ʨʘʡʦʥʝ ʆʜʝʩʩʳ, ʆʯʘʢʦʚʘ ʜʦ ʟʥʘʯʝʥʠʡ, ʧʨʝʚʳ-

ʰʘʶʱʠʭ 14Áʉ ʥʘ ʶʞʥʦʤ ʧʦʙʝʨʝʞʴʝ ʦʪ ʉʪʘʤʙʫʣʘ ʜʦ ɹʘʪʫʤʠ. ʈʘʟʤʘʭ 

ʩʝʟʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʫʤʝʥʴʰʘʝʪ-

ʩʷ ʦʪ 22 ï 23Áʉ ʥʘ ʩʝʚʝʨʥʦʤ ʧʦʙʝʨʝʞʴʝ ʜʦ 15Áʉ ʥʘ ʶʞʥʦʤ. ʉʨʝʜʥʷʷ ʧʦ 

ʚʩʝʤʫ ʧʦʙʝʨʝʞʴʶ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʨʘʚʥʘ 12.8Áʉ, ʯʪʦ ʥʠʞʝ ʩʨʝʜʥʝʡ 
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ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ ʥʘ 2Áʉ. ʆʪʝʧʣʷʶʱʝʝ ʜʝʡʩʪʚʠʝ 

ʏʝʨʥʦʛʦ ʤʦʨʷ ʤʘʢʩʠʤʘʣʴʥʦ ʚ ʜʝʢʘʙʨʝ-ʷʥʚʘʨʝ, ʨʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ ʚʦ-

ʜʳ ʠ ʚʦʟʜʫʭʘ ʜʦʩʪʠʛʘʝʪ ʚ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʝ  3 ï 4Áʉ. ʆʭʣʘʞʜʘʶʱʝʝ 

ʜʝʡʩʪʚʠʝ ʤʦʨʷ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʚʳʨʘʞʝʥʦ ʩʣʘʙʝʝ, ʨʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ 

ʚʦʜʳ ʠ ʚʦʟʜʫʭʘ ʦʢʦʣʦ ï1Áʉ. ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʨʘʟʥʦʩʪʠ ʪʝʤʧʝ-

ʨʘʪʫʨ ʚʦʜʳ ʠ ʚʦʟʜʫʭʘ ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʠ ʠ ʙʣʠʟʢʠ ʢ ʪʘʢʦʚʳʤ ʚ ʩʫʙʘʨʢ-

ʪʠʯʝʩʢʠʭ ʤʦʨʷʭ.  

 

 

 
 

ʈʠʩʫʥʦʢ 2.1.2 ï ʉʝʟʦʥʥʳʡ ʭʦʜ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ,Áʉ ʠ ʢʦ-

ʣʠʯʝʩʪʚʘ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ, ʤʤ/ʤʝʩʷʮ ʥʘ ʧʦʙʝʨʝʞʴʝ 

ʏʝʨʥʦʛʦ ʤʦʨʷ ʟʘ ʧʝʨʠʦʜ 1961ï1990 ʛʛ. 
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ʄʠʥʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʚʳʧʘʜʘʝʪ ʥʘ ʩʝ-

ʚʝʨʦ-ʟʘʧʘʜʥʦʤ ʧʦʙʝʨʝʞʴʝ (400 ï 450 ʤʤ). ʆʙʣʘʩʪʴ ʦʩʘʜʢʦʚ, ʧʨʝʚʳʰʘ-

ʶʱʠʭ ʩʨʝʜʥʝʛʦʜʦʚʦʝ ʟʥʘʯʝʥʠʝ 1000 ʤʤ, ʦʭʚʘʪʳʚʘʝʪ ʧʦʯʪʠ ʚʩʝ ɸʥʘʪʦ-

ʣʠʡʩʢʦʝ ʠ ʂʘʚʢʘʟʩʢʦʝ ʧʦʙʝʨʝʞʴʷ ï ʦʪ ɿʦʥʛʫʣʜʘʢʘ ʜʦ ʊʫʘʧʩʝ, ʩʦ ʟʥʘʯʝ-

ʥʠʷʤʠ ʩʚʳʰʝ 2000 ʤʤ ï ʦʪ ʊʨʘʙʟʦʥʘ ʜʦ ʇʦʪʠ.  ʄʘʢʩʠʤʘʣʴʥʳʝ ʩʨʝʜʥʝ-

ʛʦʜʦʚʳʝ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ (14.6Áʉ) ʠ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ (2750 ʤʤ) 

ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʥʘ ʧʦʙʝʨʝʞʴʝ ɻʨʫʟʠʠ ʚ ɹʘʪʫʤʠ. ɺʥʫʪʨʠʛʦʜʦʚʦʝ ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʝ ʦʩʘʜʢʦʚ ʥʘ ʶʞʥʦʤ ʠ ʢʘʚʢʘʟʩʢʦʤ ʧʦʙʝʨʝʞʴʝ, ʘ ʪʘʢʞʝ ʥʘ ʶʞʥʦʤ 

ʙʝʨʝʛʫ ʂʨʳʤʘ ʩ ʷʚʥʳʤ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʚ ʭʦʣʦʜʥʳʡ ʩʝʟʦʥ ʛʦʜʘ, ʦʪʥʦʩʠʪ-

ʩʷ ʢ ʩʨʝʜʠʟʝʤʥʦʤʦʨʩʢʦʤʫ ʪʠʧʫ. ʅʘ ʦʩʪʘʣʴʥʦʤ ʧʦʙʝʨʝʞʴʝ ʥʘʙʣʶʜʘʝʪʩʷ 

ʩʣʘʙʦʝ ʧʨʝʦʙʣʘʜʘʥʠʝ ʚʳʧʘʜʝʥʠ ̫ʦʩʘʜʢʦʚ ʚ ʪʝʧʣʳʡ ʧʝʨʠʦʜ, ʯʪʦ ʙʦʣʝʝ 

ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʢʣʠʤʘʪʘ. 

ʀʩʭʦʜʷ ʠʟ ʦʮʝʥʦʢ ʩʪʝʧʝʥʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʩʪʠ ʜʣʷ ɽʚʨʦʧʳ ʧʦ 

[Bl¿thgen, 1966], ʟʥʘʯʝʥʠʷ ʠʥʜʝʢʩʘ ɹʝʨʛʘ (ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʢʦʥʪʠʥʝʥ-

ʪʘʣʴʥʳʭ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ) ʚ ʏʝʨʥʦʤ ʤʦʨʝ ʩʦʩʪʘʚʣʷʶʪ ʙʦʣʝʝ 50%. ɺ ʩʝ-

ʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʤʦʨʷ ʟʥʘʯʝʥʠʷ ʠʥʜʝʢʩʘ ɻʦʨʯʠʥʩʢʦʛʦ (ʦʪʥʦʩʠʪʝʣʴ-

ʥʘʷ ʚʝʣʠʯʠʥʘ ʘʤʧʣʠʪʫʜʳ ʩʝʟʦʥʥʦʛʦ ʭʦʜʘ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʚ ʜʠʘʧʘ-

ʟʦʥʝ ʦʪ 0 ʜʦ 100) ʧʨʝʚʳʰʘʝʪ ʟʥʘʯʝʥʠʷ 30, ʪ.ʝ. ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʩʪʴ ʟʜʝʩʴ 

ʚrʰʝ, ʯʝʤ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʝʚʨʦʧʝʡʩʢʠʭ ʤʦʨʝʡ. ʅʘ ʚʩʝʤ ʦʩʪʘʣʴʥʦʤ 

ʧʦʙʝʨʝʞʴʝ ʤʦʨʷ ʟʥʘʯʝʥʠʷ ʠʥʜʝʢʩʘ ʤʝʥʝʝ 30, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʩʣʦʚʠ-

ʷʤ ʉʨʝʜʠʟʝʤʥʦʛʦ ʤʦʨʷ. 

 

ɸʪʤʦʩʬʝʨʥʘʷ ʮʠʨʢʫʣʷʮʠʷ. ʀʟʤʝʥʯʠʚʦʩʪʴ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʥʘʨʷʜʫ ʩ ʩʝʟʦʥʥʳʤ ʭʦʜʦʤ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ, ʚʦ ʤʥʦʛʦʤ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʘʪʤʦʩʬʝʨʥʦʡ ʮʠʨʢʫʣʷʮʠʝʡ. ʏʝʨʥʦʝ ʤʦʨʝ ʥʘʭʦʜʠʪʩʷ ʧʦʜ 

ʚʣʠʷʥʠʝʤ ʧʦʩʪʦʷʥʥʦʛʦ ʮʝʥʪʨʘ ʜʝʡʩʪʚʠʷ ʘʪʤʦʩʬʝʨʳ ï ɸʟʦʨʩʢʦʛʦ ʤʘʢ-

ʩʠʤʫʤʘ ʠ ʥʝʩʢʦʣʴʢʠʭ ʩʝʟʦʥʥʳʭ ʪʝʨʤʠʯʝʩʢʠʭ ʙʘʨʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ: 

ʟʠʤʦʡ ʉʠʙʠʨʩʢʦʛʦ ʘʥʪʠʮʠʢʣʦʥʘ ʠ ʩʨʝʜʠʟʝʤʥʦʤʦʨʩʢʦʡ ʜʝʧʨʝʩʩʠʠ, ʣʝ-

ʪʦʤ ʘʨʘʚʠʡʩʢʦʡ ʜʝʧʨʝʩʩʠʠ.  

ʅʘ ʨʠʩ.2.1.3 ʧʦʢʘʟʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʨʝʜʥʝʛʦ ʧʨʠʟʝʤʥʦʛʦ ʘʪʤʦ-

ʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘʜ ʏʝʨʥʳʤ ʤʦʨʝʤ ʟʘ ʧʝʨʠʦʜ 1961ï1990 ʛʛ. ʅʘ 

ʩʨʝʜʥʝʤʝʩʷʯʥʳʭ ʙʘʨʠʯʝʩʢʠʭ ʧʦʣʷʭ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʛʦʜʘ ʦʙʣʘʩʪʴ ʧʦʚʳ-

ʰʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʤʦʨʷ, ʘ ʦʙʣʘʩʪʴ ʧʦ-

ʥʠʞʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʶʞʥʦʡ ʯʘʩʪʠ. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʩʨʝʜʥʝʛʦ ʙʘʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠʤʝʝʪ ʜʚʝ ʤʦʜʠʬʠʢʘʮʠʠ: ʟʠʤʥʝ-ʚʝʩʝʥʥʶʶ, 

ʢʦʛʜʘ ʦʙʣʘʩʪʴ ʧʦʥʠʞʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘʜ ʤʦʨʝʤ, ʠ 

ʣʝʪʥʝ-ʦʩʝʥʥʶʶ, ʢʦʛʜʘ ʵʪʘ ʦʙʣʘʩʪʴ ʩʤʝʱʘʝʪʩʷ ʚ ʶʛʦ-ʚʦʩʪʦʯʥʫʶ ʯʘʩʪʴ 

ʤʦʨʷ. ɿʠʤʥʷʷ ʤʦʜʠʬʠʢʘʮʠʷ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʩʝʟʦʥʥʦʡ ʘʢʪʠʚʠʟʘʮʠʠ 

ʩʨʝʜʠʟʝʤʥʦʤʦʨʩʢʠʭ ʮʠʢʣʦʥʦʚ, ʚʳʭʦʜʷʱʠʭ ʥʘ ʏʝʨʥʦʝ ʤʦʨʝ ʩ ʶʛʘ. ʃʝʪ-

ʥʷʷ ʤʦʜʠʬʠʢʘʮʠʷ ʩʚʷʟʘʥʘ ʢʘʢ ʩ ʩʝʟʦʥʥʳʤ ʫʩʠʣʝʥʠʝʤ ɸʟʦʨʩʢʦʛʦ ʤʘʢʩʠ-

ʤʫʤʘ, ʪʘʢ ʠ ʩ ʤʫʩʩʦʥʥʳʤ ʵʬʬʝʢʪʦʤ [ɽʬʠʤʦʚ ʠ ʜʨ., 2002; ɽʬʠʤʦʚ, ɸʥʠ-

ʩʠʤʦʚ, 2011], ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʦʤʫ ʥʘʜ ʟʘʧʘʜʥʦʡ ʯʘʩʪʴʶ ʤʦʨʷ ʨʘʟʚʠʚʘ-

ʝʪʩʷ ʦʙʣʘʩʪʴ ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʦʡ ʟʘʚʠʭʨʝʥʥʦʩʪʠ.  
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ʈʠʩʫʥʦʢ 2.1.3 ï ʉʨʝʜʥʝʝ ʧʨʠʟʝʤʥʦʝ ʘʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ 

ʥʘʜ ʏʝʨʥʳʤ ʤʦʨʝʤ, ʛʇʘ ʟʘ ʧʝʨʠʦʜ 1961ï1990 ʛʛ.: ʘ ï ʧʦ ʜʘʥ-

ʥʳʤ ʩʠʥʦʧʪʠʯʝʩʢʠʭ ʢʘʨʪ; ʙ ï ʧʦ ʜʘʥʥʳʤ ERA-40 (1.1ÁĬ1.1Á) 
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ɼʣʷ ʩʝʟʦʥʥʦʛʦ ʭʦʜʘ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘʜ ʤʦʨʝʤ (ʨʠʩ.2.1.4) 

ʭʘʨʘʢʪʝʨʝʥ ʤʘʢʩʠʤʫʤ ʚ ʭʦʣʦʜʥʳʡ ʧʝʨʠʦʜ ʛʦʜʘ ʠ ʤʠʥʠʤʫʤ ʚ ʪʝʧʣʳʡ. 

ʃʦʢʘʣʴʥʳʡ ʵʢʩʪʨʝʤʫʤ ʧʦʚʳʰʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʘʧʨʝʣʝ ï 

ʤʘʝ, ʢʦʛʜʘ ʧʨʝʦʙʣʘʜʘʶʪ ʤʘʣʦʛʨʘʜʠʝʥʪʥʳʝ ʧʦʣʷ. 

ɺ ʨʘʙʦʪʘʭ, ʚʳʧʦʣʥʝʥʥʳʭ ʧʦ ʜʘʥʥʳʤ ʥʘʙʣʶʜʝʥʠʡ ʧʝʨʚʦʡ ʧʦʣʦʚʠ-

ʥʳ 20-ʛʦ ʚʝʢʘ [ʉʘʤʦʡʣʝʥʢʦ ʠ ʜʨ., 1956; ɿʝʤʣʷʢʦʚ, 1957; ʃʝʦʥʦʚ, 1960], 

ʦʧʠʩʳʚʘʝʪʩʷ ʠʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʠʟʝʤʥʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘʜ ʏʝʨʥʳʤ 

ʤʦʨʝʤ. ʆʥʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʣʠʯʠʝʤ ʜʚʫʭ ʦʙʣʘʩʪʝʡ ʧʦʥʠʞʝʥʥʦʛʦ 

ʜʘʚʣʝʥʠʷ ʥʘʜ ʟʘʧʘʜʥʦʡ ʠ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʷʤʠ ʤʦʨʷ ʟʠʤʦʡ ʠ ʜʚʫʭ ʦʙʣʘ-

ʩʪʝʡ ʧʦʚʳʰʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʣʝʪʥʝ-ʦʩʝʥʥʠʡ ʧʝʨʠʦʜ. ɺ ʨʘʙʦʪʝ  [ʉʠʤʦ-

ʥʦʚ, ɸʣʴʪʤʘʥ ʠ ʜʨ., 1991] ʥʝʢʦʪʦʨʳʝ ʯʝʨʪʳ ʜʘʥʥʦʡ ʩʭʝʤʳ ʪʘʢʞʝ ʧʨʠ-

ʩʫʪʩʪʚʫʶʪ ʚ ʟʠʤʥʠʭ ʧʦʣʷʭ ʜʘʚʣʝʥʠʷ, ʥʦ ʚ ʮʝʣʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʚʣʝ-

ʥʠʷ ʙʦʣʝʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʠʩ.2.1.3. ʂʘʯʝʩʪʚʝʥʥʦʝ ʨʘʟʣʠʯʠʝ ʧʦʣʝʡ ʧʨʠ-

ʟʝʤʥʦʛʦ ʜʘʚʣʝʥʠʷ ʜʣʷ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʳ 20-ʛʦ ʚʝʢʘ ʤʦʞʝʪ 

ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʢʘʯʝʩʪʚʝʥʥʳʤ ʦʪʣʠʯʠʝʤ ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʘʥʥʳʭ, ʥʦ ʚʦʟ-

ʤʦʞʥʳ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ. ʅʘʣʠʯʠʝ ʜʚʫʭ ʦʙʣʘʩʪʝʡ ʧʦʥʠʞʝʥ-

ʥʦʛʦ ʜʘʚʣʝʥʠʷ ʦʙʲʷʩʥʷʣʦʩʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʦʪʨʦʛʘ ʉʠʙʠʨʩʢʦʛʦ ʘʥ-

ʪʠʮʠʢʣʦʥʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʂʨʳʤʘ ʠ ʨʘʟʜʝʣʷʶʱʝʛʦ ʝʜʠʥʫʶ ʦʙʣʘʩʪʴ ʥʠʟ-

ʢʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʜʚʝ ʯʘʩʪʠ. ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ [Gong, 2002; Gillett, 2005] 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʉʠʙʠʨʩʢʦʛʦ ʘʥʪʠʮʠʢʣʦʥʘ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʫʩʪʦʡʯʠʚʦ 

ʩʥʠʞʘʝʪʩʷ, ʘ ʩʫʙʪʨʦʧʠʯʝʩʢʦʛʦ ʘʥʪʠʮʠʢʣʦʥʘ ʨʘʩʪʝʪ, ʯʪʦ ʜʣʷ ʏʝʨʥʦʛʦ 

ʤʦʨʷ ʜʦʣʞʥʦ ʧʨʠʚʦʜʠʪʴ ʢ ʧʦʚʳʰʝʥʠʶ ʨʦʣʠ ɸʟʦʨʩʢʦʛʦ ʤʘʢʩʠʤʫʤʘ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ʘʪʤʦʩʬʝʨʳ. 

  

 
ʈʠʩʫʥʦʢ 2.1.4 ï ʉʝʟʦʥʥʳʡ ʭʦʜ ʧʨʠʟʝʤʥʦʛʦ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘʜ 

ʏʝʨʥʳʤ ʤʦʨʝʤ, ʛʇʘ ʟʘ ʧʝʨʠʦʜ 1961ï1990 ʛʛ. ʧʦ ʜʘʥʥʳʤ ʩʠʥʦʧʪʠʯʝ-

ʩʢʠʭ ʢʘʨʪ (ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ) ʠ ʨʝʘʥʘʣʠʟʘ ERA-40 (ʰʪʨʠʭʦʚʘʷ ʣʠʥʠʷ). 

 

ʅʘ ʩʠʥʦʧʪʠʯʝʩʢʦʤ ʤʘʩʰʪʘʙʝ ʧʦʛʦʜʘ ʥʘʜ ʤʦʨʝʤ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʜʚʠʞʝʥʠʝʤ ʮʠʢʣʦʥʦʚ ʠ ʘʥʪʠʮʠʢʣʦʥʦʚ. ʉʦʛʣʘʩʥʦ [ɼʨʦʟʜʦʚ ʠ ʜʨ., 1989] 

ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʧʦʜʚʠʞʥʳʭ ʮʠʢʣʦʥʦʚ ʥʘʜ ʏʝʨʥʳʤ ʤʦʨʝʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʦʪ 5% ʚ ʠʶʣʝ ʜʦ 10ï15% ʚ ʷʥʚʘʨʝ, ʘ ʢʦʣʠʯʝʩʪʚʦ ʧʦʜʚʠʞʥʳʭ ʘʥʪʠʮʠʢ-

ʣʦʥʦʚ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʠʟʤʝʥʷʝʪʩʷ (ʦʢʦʣʦ 4%). ʉʦʛʣʘʩʥʦ 
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[ʇʦʣʦʥʩʢʠʡ ʠ ʜʨ., 2007] ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʮʠʢʣʦʥʦʚ ʥʘʜ ʏʝʨʥʳʤ ʤʦʨʝʤ, 

ʧʦ ʜʘʥʥʳʤ ʟʘ 1952ï2000 ʛʛ., ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪ 7% ʣʝʪʦʤ ʜʦ 17% ʚ ʷʥʚʘ-

ʨʝ, ʘ ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʘʥʪʠʮʠʢʣʦʥʦʚ, ʥʘʦʙʦʨʦʪ, ʫʤʝʥʴʰʘʝʪʩʷ ʦʪ ʣʝʪʘ ʢ 

ʟʠʤʝ (ʦʪ 21% ʜʦ 13%) ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʞʛʦʜʦʚʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʠ 

ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʭ ʪʝʥʜʝʥʮʠʷʭ. 

ʅʘʨʷʜʫ ʩ  ʙʳʩʪʨʦ ʧʝʨʝʜʚʠʛʘʶʱʠʤʠʩʷ ʙʘʨʠʯʝʩʢʠʤʠ ʦʙʨʘʟʦʚʘʥʠʷ-

ʤʠ ʧʦʛʦʜʫ ʥʘʜ ʤʦʨʝʤ ʪʘʢʞʝ ʦʧʨʝʜʝʣʷʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʩʪʦʡʯʠʚʳʝ ʩʠ-

ʥʦʧʪʠʯʝʩʢʠʝ ʩʠʪʫʘʮʠʠ. ʆʥʠ ʙʦʣʴʰʝʡ ʯʘʩʪʴʶ ʦʧʨʝʜʝʣʷʶʪʩʷ ʛʝʦʛʨʘʬʠ-

ʯʝʩʢʠʤ ʧʦʣʦʞʝʥʠʝʤ ʦʙʰʠʨʥʳʭ, ʤʝʜʣʝʥʥʦ ʜʚʠʞʫʱʠʭʩʷ ʘʥʪʠʮʠʢʣʦʥʦʚ 

ʠʣʠ ʛʨʝʙʥʝʡ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʜʝʧʨʝʩʩʠʡ ʠʣʠ ʣʦʞʙʠʥ, ʢʦʪʦ-

ʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʛʝʥʝʨʘʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʧʝʨʝʥʦʩʘ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ. 

ɺ ʢʣʠʤʘʪʦʣʦʛʠʠ ʏʝʨʥʦʛʦ ʤʦʨʷ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʠʧʠʟʘʮʠʷ 

ʩʠʥʦʧʪʠʯʝʩʢʠʭ ʩʠʪʫʘʮʠʡ ʏʝʨʥʷʢʦʚʦʡ [ʏʝʨʥʷʢʦʚʘ, 1967], ʭʘʨʘʢʪʝʨʠʟʫ-

ʶʱʘʷ ʥʘʧʨʘʚʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʚʝʪʨʦʚʳʭ ʧʦʪʦʢʦʚ: 

ʩʝʚʝʨʥʳʡ ï ʘʥʪʠʮʠʢʣʦʥ ʥʘʜ ɿʘʧʘʜʥʦʡ ɽʚʨʦʧʦʡ; 

ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʳʡ ï ʘʥʪʠʮʠʢʣʦʥ ʥʘʜ ɺʦʩʪʦʯʥʦʡ ɽʚʨʦʧʦʡ; 

ʚʦʩʪʦʯʥʳʡ ï ʘʥʪʠʮʠʢʣʦʥ ʥʘʜ ʝʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʴʶ ʈʦʩʩʠʠ; 

ʶʛʦ-ʚʦʩʪʦʯʥʳʡ ï ʘʥʪʠʮʠʢʣʦʥ ʚʦʩʪʦʯʥʝʝ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ; 

ʶʛʦ-ʟʘʧʘʜʥʳʡ (ʚʤʝʩʪʝ ʩ ʶʞʥʳʤ) ï ʣʦʞʙʠʥʘ ʩ ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ 

ʥʘ ɹʘʣʢʘʥʳ; 

ʟʘʧʘʜʥʳʡ ï ʜʝʧʨʝʩʩʠʷ ʥʘʜ ɺʦʩʪʦʯʥʦʡ ɽʚʨʦʧʦʡ; 

ʩʝʚʝʨʦ-ʟʘʧʘʜʥʳʡ ï ʮʠʢʣʦʥ ʥʘʜ ʩʝʚʝʨʥʳʤ ʇʨʠʯʝʨʥʦʤʦʨʴʝʤ, ʘʥʪʠ-

ʮʠʢʣʦʥ ʥʘʜ ɿʘʧʘʜʥʦʡ ɽʚʨʦʧʦʡ; 

ʮʠʢʣʦʥʠʯʝʩʢʠʡ ï ʮʠʢʣʦʥ ʥʘʜ ʏʝʨʥʳʤ ʤʦʨʝʤ; 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʩʠʥʦʧʪʠʯʝʩʢʠʭ ʢʘʨʪ ʟʘ 1971ï1980 ʛʛ. [ʉʠʤʦʥʦʚ, 

ɸʣʴʪʤʘʥ ʠ ʜʨ., 1991] ʚʳʷʚʣʝʥʦ, ʯʪʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ (52%) ʧʨʝ-

ʦʙʣʘʜʘʶʪ ʤʘʣʦʛʨʘʜʠʝʥʪʥʳʝ ʙʘʨʠʯʝʩʢʠʝ ʧʦʣʷ ʙʝʟ ʚʳʨʘʞʝʥʥʦʛʦ ʧʝʨʝʥʦ-

ʩʘ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ. ʀʟ ʚʳʰʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʪʠʧʦʚ ʩʠʥʦʧʪʠʯʝʩʢʠʭ ʩʠ-

ʪʫʘʮʠʡ (ʚʝʪʨʦʚʳʭ ʧʦʪʦʢʦʚ) ʧʨʝʦʙʣʘʜʘʶʪ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʳʡ (13%, ʟʠ-

ʤʦʡ ʜʦ 18%), ʶʛʦ-ʟʘʧʘʜʥʳʡ (11%, ʟʠʤʦʡ ʜʦ 20%) ʠ ʩʝʚʝʨʥʳʡ (8%, ʟʠ-

ʤʦʡ ʜʦ 12%) ʪʠʧʳ. ɺ ʮʝʣʦʤ, ʥʘʜ ʤʦʨʝʤ ʘʜʚʝʢʮʠʷ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ ʩ ʩʝ-

ʚʝʨʘ ʚ ʜʚʘ ʨʘʟʘ ʧʨʝʦʙʣʘʜʘʝʪ ʥʘʜ ʶʞʥʳʤ ʧʝʨʝʥʦʩʦʤ. ɸʥʦʤʘʣʴʥʦ ʪʝʧʣʳʝ 

ʠʣʠ ʭʦʣʦʜʥʳʝ ʩʝʟʦʥʳ ʥʘ ʏʝʨʥʦʤ ʤʦʨʝ ʚ ʦʧʨʝʜʝʣʝʥʥʳʝ ʛʦʜʳ ʤʦʛʫʪ ʙʳʪʴ 

ʦʙʲʷʩʥʝʥʳ ʘʥʦʤʘʣʠʷʤʠ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʩʝʚʝʨʥʳʭ ʠʣʠ ʶʞʥʳʭ ʪʠʧʦʚ ʧʦ-

ʣʝʡ ʚʝʪʨʘ [ʊʠʪʦʚ, 2003], ʜʣʷ ɽʚʨʦʧʝʡʩʢʦʛʦ ʢʦʥʪʠʥʝʥʪʘ  ʵʪʦ ʙʳʣʦ ʧʦʢʘ-

ʟʘʥʦ ʚʦ ʤʥʦʛʠʭ ʨʘʙʦʪʘʭ, ʥʘʧʨʠʤʝʨ [Hurrell, 1995; Luterbacher et al., 

2001]. 

ɺʝʪʝʨ. ɼʣʷ ʨʝʛʠʦʥʘʣʴʥʦʡ ʦʢʝʘʥʦʛʨʘʬʠʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʝʪʨʦʚʦ-

ʛʦ ʨʝʞʠʤʘ ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʳ, ʚʝʪʝʨ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʮʠʨ-

ʢʫʣʷʮʠʶ ʠ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʚʦʜ, ʪʝʧʣʦʚʦʡ ʠ ʚʦʜʥʳʡ  ʙʘʣʘʥʩ. ʀʩʩʣʝʜʦ-

ʚʘʥʠʷʤ ʚʝʪʨʦʚʳʭ ʫʩʣʦʚʠʡ ʪʨʘʜʠʮʠʦʥʥʦ ʫʜʝʣʷʣʦʩʴ ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ 

ʚʥʠʤʘʥʠʷ,  ʜʣʷ ʏʝʨʥʦʛʦ ʤʦʨʷ ʚ ʣʠʪʝʨʘʪʫʨʝ ʩʫʱʝʩʪʚʫʶʪ ʤʥʦʛʦʯʠʩʣʝʥ-

ʥʳʝ ʧʫʙʣʠʢʘʮʠʠ ʠ ʩʧʨʘʚʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ [ʉʘʤʦʡʣʝʥʢʦ ʠ ʜʨ., 1956; 
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ʃʝʦʥʦʚ, 1960; ʈʞʝʧʣʠʥʩʢʠʡ ʠ ʜʨ., 1969; ʉʦʨʢʠʥʘ ʠ ʜʨ., 1974; ɸʣʴʪʤʘʥ, 

ʄʘʪʫʰʝʚʩʢʠʡ, 1987; ʉʠʤʦʥʦʚ, ɸʣʴʪʤʘʥ ʠ ʜʨ., 1991; ɹʝʣʦʢʦʧʳʪʦʚ ʠ ʜʨ., 

1998; ʈʝʧʝʪʠʥ, ɹʝʣʦʢʦʧʳʪʦʚ, 2003ï2009; ʅʘʫʤʦʚʘ ʠ ʜʨ., 2010; ɽʬʠʤʦʚ, 

ɸʥʠʩʠʤʦʚ, 2011]. 

ʉʪʘʥʜʘʨʪʥʳʝ ʨʝʛʫʣʷʨʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʚʝʪʨʦʤ ʥʘ ʙʝʨʝʛʦʚʳʭ 

ʩʪʘʥʮʠʷʭ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʣʷ ʶʛʦ-ʚʦʩʪʦʯʥʦʛʦ ʧʦʙʝʨʝʞʴʷ ʤʦʨʷ ʠ ʖʞ-

ʥʦʛʦ ʙʝʨʝʛʘ ʂʨʳʤʘ ʭʘʨʘʢʪʝʨʥʳ ʩʣʘʙʳʝ ʚʝʪʨʳ (ʩʨʝʜʥʝʛʦʜʦʚʘʷ ʩʢʦʨʦʩʪʴ 

ʚʝʪʨʘ <3 ʤ/ʩ), ʘ ʚ ʟʘʧʘʜʥʦʡ ʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʤʦʨʷ, ʘ ʪʘʢʞʝ ʚʙʣʠ-

ʟʠ ʂʝʨʯʝʥʩʢʦʛʦ ʧʨʦʣʠʚʘ ʥʘʙʣʶʜʘʶʪʩʷ ʙʦʣʝʝ ʩʠʣʴʥʳʝ ʚʝʪʨʳ (ʩʨʝʜʥʝʛʦ-

ʜʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ >4 ʤ/ʩ, ʥʘ ʥʝʢʦʪʦʨʳʭ ʩʪʘʥʮʠʷʭ >5 ʤ/ʩ).  

ɼʣʷ ʚʩʝʛʦ ʙʘʩʩʝʡʥʘ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʘ ʚʥʫʪʨʠʛʦʜʦʚʘʷ ʠʟʤʝʥʯʠ-

ʚʦʩʪʴ, ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪ ʚʝʩʝʥʥʝ-ʣʝʪʥʝʛʦ ʧʝʨʠʦʜʘ ʢ 

ʦʩʝʥʥʝ-ʟʠʤʥʝʤʫ ʚ 1.2 ï 1.5 ʨʘʟʘ. ʅʘ ʨʠʩ. 2.1.5 ʧʦʢʘʟʘʥ ʩʝʟʦʥʥʳʡ ʭʦʜ 

ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʟʘ ʢʣʠʤʘʪʠʯʝʩʢʠʡ ʧʝʨʠʦʜ 1961 ï 1990 ʛʛ. ʜʣʷ ʤʝʪʝʦʨʦ-

ʣʦʛʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ ʯʝʨʥʦʤʦʨʩʢʦʛʦ ʧʦʙʝʨʝʞʴʷ ʙʳʚʰʝʛʦ ʉʉʉʈ ʠ ʜʣʷ 

ʦʪʢʨʳʪʦʛʦ ʤʦʨʷ ʧʦ ʪʨʝʤ ʠʩʪʦʯʥʠʢʘʤ. ʉʘʤʳʝ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ 

ʚʝʪʨʘ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʨʝʘʥʘʣʠʟʘ ERA-40 [Uppala et al., 2005]. ɺ ʨʘʙʦʪʝ 

[Romanou et al., 2010] ʪʘʢʞʝ ʧʨʠʚʦʜʠʪʩʷ ʩʨʘʚʥʝʥʠʝ ʩʝʟʦʥʥʦʛʦ ʭʦʜʘ ʩʢʦ-

ʨʦʩʪʠ ʚʝʪʨʘ ʥʘʜ ʏʝʨʥʳʤ ʤʦʨʝʤ ʧʦ ʨʘʟʣʠʯʥʳʤ ʠʩʪʦʯʥʠʢʘʤ, ʛʜʝ ʨʝʘʥʘ-

ʣʠʟ ERA-40  ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʘʤʤrʠ ʥʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ, ʜʘʥʥʳʝ 

ERA-Interim ʙʣʠʟʢʠ ʢ NCEP [Kalnay et al., 1996] ʠ ʩʠʥʦʧʪʠʯʝʩʢʠʤ ʢʘʨ-

ʪʘʤ, ʧʦʢʘʟʘʥʥʳʤ ʥʘ ʨʠʩ. 2.1.5,  ʜʘʥʥʳʝ ʤʘʩʩʠʚʘ HOAPS-3, ʦʩʥʦʚʘʥʥʦʛʦ 

ʥʘ ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʙʣʜʁʝʥʠʷʭ, ʧʨʝʚʳʰʘʶʪ ʠʭ ʧʨʠʤʝʨʥʦ ʥʘ 1 ʤ/ʩ. 

 

 
 

ʈʠʩʫʥʦʢ 2.1.5 ï ʉʝʟʦʥʥʳʡ ʭʦʜ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ, ʤ/ʩ: ʘ ï ʧʦ ʜʘʥʥʳʤ ʙʝʨʝʛʦʚʳʭ 

ʩʪʘʥʮʠʡ  ʟʘ ʧʝʨʠʦʜ 1961ï1990 ʛʛ.: 1 ï ʆʜʝʩʩʘ, 2 ï ʏʝʨʥʦʤʦʨʩʢʦʝ, 3 ï ɽʚʧʘ-

ʪʦʨʠʷ, 4 ï ʍʝʨʩʦʥʝʩʩʢʠʡ ʤʘʷʢ, 5 ï ʗʣʪʘ, 6 ï ʌʝʦʜʦʩʠʷ, 7 ï ɸʥʘʧʘ, 8 ï ʊʫʘʧ-

ʩʝ, 9 ï ɹʘʪʫʤʠ; ʙ  ï ʜʣʷ ʦʪʢʨʳʪʦʛʦ ʤʦʨʷ (ʩʨʝʜʥʝʝ ʧʦ ʘʢʚʘʪʦʨʠʠ) ʧʦ ʜʘʥʥʳʤ 

ʨʝʘʥʘʣʠʟʦʚ ERA-40, NCEP/NCAR ʠ ʩʠʥʦʧʪʠʯʝʩʢʠʤ ʢʘʨʪʘʤ. 



 

 27 

 

ʆʮʝʥʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʝʪʨʘ ʥʘʜ ʦʪʢʨʳʪʳʤ ʤʦʨʝʤ ʥʘ ʨʘʥʥʝʤ ʵʪʘ-

ʧʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʥʘ ʦʩʥʦʚʝ ʧʦʧʫʪʥʳʭ ʩʫʜʦʚʳʭ ʥʘʙʣʶ-

ʜʝʥʠʡ. ʅʘ ʨʠʩ. 2.1.6 ʧʨʠʚʝʜʝʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʩʢʦʨʦʩʪʠ 

ʚʝʪʨʘ ʥʘʜ ʏʝʨʥʳʤ ʤʦʨʝʤ, ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʪʦʨʦʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʘʢ ʩʫ-

ʜʦʚʳʝ, ʪʘʢ ʠ ʙʝʨʝʛʦʚʳʝ ʥʘʙʣʶʜʝʥʠʷ. ʆʩʥʦʚʦʡ ʧʦʩʣʫʞʠʣʘ ʨʘʙʦʪʘ [ʉʘ-

ʤʦʡʣʝʥʢʦ ʠ ʜʨ., 1956], ʛʜʝ ʙʳʣʦ ʦʙʨʘʙʦʪʘʥʦ 50 ʪʳʩ. ʩʫʜʦʚʳʭ ʥʘʙʣʶʜʝ-

ʥʠʡ ʟʘ 1880 ï 1953 ʛʛ., ʜʘʣʝʝ ʚ ʨʘʙʦʪʝ [ʉʦʨʢʠʥʘ ʠ ʜʨ., 1974] ʦʥʘ ʙʳʣʘ 

ʜʦʧʦʣʥʝʥʘ ʤʘʪʝʨʠʘʣʘʤʠ ʧʦ 1966 ʛ., ʘ ʚ ʨʘʙʦʪʝ [ʉʠʤʦʥʦʚ, ɸʣʴʪʤʘʥ ʠ ʜʨ., 

1991] ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʘ ʩ ʫʯʝʪʦʤ ʜʘʥʥʳʭ ʙʝʨʝʛʦʚʳʭ ʩʪʘʥʮʠʡ 1980-ʭ ʛʛ. 

 

 
 

ʈʠʩʫʥʦʢ 2.1.6 ï ʉʨʝʜʥʝʛʦʜʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ, ʤ/ʩ ʧʦ 

[ʉʦʨʢʠʥʘ ʠ ʜʨ., 1974]  ʠ [ʉʠʤʦʥʦʚ, ɸʣʴʪʤʘʥ ʠ ʜʨ., 1991]. 

 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʠʝʤʣʝʤʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʦʮʝʥʦʢ ʪʨʝʙʫʝʪʩʷ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʧʫʪʥʳʭ ʩʫʜʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ ʠʟ-ʟʘ ʠʭ ʥʝʚʳʩʦ-

ʢʦʛʦ ʢʘʯʝʩʪʚʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʙʝʨʝʛʦʚʳʭ ʩʪʘʥʮʠʡ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʚʝʪʨʦʚʳʭ ʫʩʣʦʚʠʡ ʚ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʝ ʦʛʨʘʥʠʯʝʥʦ  ʠʩʢʘʞʘʶʱʠʤ ʚʣʠʷ-

ʥʠʝʤ ʦʨʦʛʨʘʬʠʠ ʙʝʨʝʛʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʝʪʨʘ ʥʘʜ ʤʦ-

ʨʝʤ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʮʝʥʠʚʘʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʨʘʩʯʝʪʥʳʤʠ ʤʝʪʦʜʘʤʠ: 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʛʣʦʙʘʣʴʥʳʝ ʨʝʘʥʘʣʠʟʳ ʘʪʤʦʩʬʝʨʥʳʭ ʧʦʣʝʡ, ʪʘʢʠʝ ʢʘʢ 

ERA-40,  NCEP/NCAR, JRA, ʨʝʛʠʦʥʘʣʴʥʳʝ ʨʝʘʥʘʣʠʟʳ ʩ ʧʦʚʳʰʝʥʥʳʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ [ɽʬʠʤʦʚ, ɸʥʠʩʠʤʦʚ, 2011] ʠʣʠ ʙʘʨʠ-

ʯʝʩʢʠʝ ʧʦʣ̫ ʩʠʥʦʧʪʠʯʝʩʢʠʭ ʢʘʨʪ [ɹʝʣʦʢʦʧʳʪʦʚ ʠ ʜʨ., 1998]. ʇʨʝʜʩʪʘʚ-

ʣʝʥʥʳʝ ʥʘ ʨʠʩ.2.1.7 ʢʘʨʪʳ ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʜʣʷ ʢʣʠʤʘʪʠ-

ʯʝʩʢʦʛʦ ʧʝʨʠʦʜʘ 1961 ï 1990 ʛʛ. ʧʦ ERA-40 (1.1ÁĬ1.1Á) ʠ ʩʠʥʦʧʪʠʯʝ-

ʩʢʠʤ ʢʘʨʪʘʤ ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʠ ʢ ʧʦʣʷʤ, ʧʦʢʘʟʘʥʥʳʤ ʥʘ ʨʠʩ. 2.1.6. ʈʝ-

ʛʠʦʥʘʣʴʥʳʡ ʨʝʘʥʘʣʠʟ [ɽʬʠʤʦʚ, ɸʥʠʩʠʤʦʚ, 2011],  ʩ ʨʘʟʨʝʰʝʥʠʝʤ 25Ĭ25 

ʢʤ ʜʣʷ ʧʝʨʠʦʜʘ 1958ï1991 ʛʛ.,  ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʠ 

ʟʥʘʯʝʥʠʷʤ ʤʦʜʫʣʷ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʥʘʠʙʦʣʝʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʙʦʪʝ [ʉʠ-

ʤʦʥʦʚ, ɸʣʴʪʤʘʥ ʠ ʜʨ., 1991]. 
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ʈʠʩʫʥʦʢ 2.1.7 ï ʉʨʝʜʥʝʛʦʜʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ, ʤ/ʩ ʟʘ ʧʝʨʠʦʜ 

1961 ï 1990 ʛʛ. ʧʦ ʜʘʥʥʳʤ ERA-40 ʠ ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦ ʩʠʥʦʧ-

ʪʠʯʝʩʢʠʤ ʢʘʨʪʘʤ [ɹʝʣʦʢʦʧʳʪʦʚ ʠ ʜʨ., 1998]. 

  

 

 
 

ʈʠʩʫʥʦʢ 2.1.8 ï ʉʨʝʜʥʝʛʦʜʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ, ʤ/ʩ ʟʘ ʧʝʨʠʦʜ 

1999 ï 2002 ʛʛ. ʧʦ ʜʘʥʥʳʤ ERA40, NCEP/NCAR, NASA 

scatterometer (ʠʟ [Kara et al., 2005] ʠ ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦ ʩʠʥʦʧ-

ʪʠʯʝʩʢʠʤ ʢʘʨʪʘʤ. 

 

ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʨʘʟʚʠʚʘʶʪʩʷ ʪʝʭʥʦʣʦʛʠʠ ʠʟʤʝʨʝʥʠʷ ʚʝʪ-

ʨʘ ʩ ʧʦʤʦʱʴʶ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʢʘʪʪʝʨʦ-

ʤʝʪʨʠʷ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ, ʥʘ ʨʠʩ.2.1.8 ʧʨʠʚʝʜʝʥʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʷ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʚ ʏʝʨʥʦʤ ʤʦʨʝ, ʧʦʣʫʯʝʥʥʦʡ ʧʦ ʨʘʟ-
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ʣʠʯʥʳʤ ʤʝʪʦʜʠʢʘʤ, ʜʣʷ ʧʝʨʠʦʜʘ 1999 ï 2002 ʛʛ., ʢʦʪʦʨʳʡ ʩʦʦʪʚʝʪʩʪʚʫ-

ʝʪ ʧʝʨʠʦʜʫ ʦʩʨʝʜʥʝʥʠʷ ʜʣʷ ʢʘʨʪʳ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʧʦ ʜʘʥʥʳʤ ʩʧʫʪʥʠʢʦ-

ʚʦʛʦ ʩʢʘʪʪʝʨʦʤʝʪʨʘ NASA ʠʟ ʨʘʙʦʪʳ [Kara et al., 2005]. ɿʥʘʯʝʥʠʷ ʩʢʦ-

ʨʦʩʪʠ ʚʝʪʨʘ ʧʦ NASA scatterometer ʧʨʝʜʩʪʘʚʣʷʁ ʪʩʷ ʟʘʥʠʞʝʥʥʳʤʠ, ʪ.ʢ. 

ʦʥʠ ʤʝʥʴʰʝ ʟʥʘʯʝʥʠʡ ʥʘ ʙʝʨʝʛʦʚʳʭ ʩʪʘʥʮʠʷʭ ʟʘ ʵʪʦʪ ʧʝʨʠʦʜ. 

ɺʩʝ ʧʨʠʚʝʜʝʥʥʳʝ ʚʳʰʝ ʦʮʝʥʢʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʥʘʜ ʏʝʨʥʳʤ ʤʦʨʝʤ ʠʤʝʶʪ ʦʙʱʠʝ ʯʝʨʪʳ: ʥʘʠʙʦʣʴʰʠʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʦʪʣʠʯʘʝʪʩʷ ʟʘʧʘʜʥʘʷ ʯʘʩʪʴ ʤʦʨʷ, ʟʦʥʘ ʩʣʘʙʳʭ ʚʝʪʨʦʚ ʭʘʨʘʢ-

ʪʝʨʥʘ ʜʣʷ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʤʦʨʷ. ʃʦʢʘʣʴʥʳʡ ʤʘʢʩʠʤʫʤ ʩʢʦʨʦʩʪʠ 

ʚʝʪʨʘ ʨʘʩʧʦʣʦʞʝʥ ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʤʦʨʷ ʢ ʶʛʫ ʦʪ ʂʝʨʯʝʥʩʢʦʛʦ 

ʧʨʦʣʠʚʘ. 

ʅʘʧʨʘʚʣʝʥʠʝ ʧʨʝʦʙʣʘʜʘʶʱʠʭ ʚʝʪʨʦʚ [ɿʝʤʣʷʢʦʚ, 1957, 1965; ʉʦʨ-

ʢʠʥʘ ʠ ʜʨ., 1974; ɹʝʣʦʢʦʧʳʪʦʚ ʠ ʜʨ., 1998;  Schrum et al., 2001; ʈʝʧʝ-

ʪʠʥ,  ɹʝʣʦʢʦʧʳʪʦʚ, 2008, 2009; ɽʬʠʤʦʚ ʠ ʜʨ., 2002; ɽʬʠʤʦʚ, ɸʥʠʩʠʤʦʚ, 

2011] ʚ ʪʝʯʝʥʠʝ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʛʦʜʘ ʬʦʨʤʠʨʫʝʪ ʮʠʢʣʦʥʠʯʝʩʢʫ  ʁʮʠʨʢʫ-

ʣʷʮʠʶ. ɺʝʪʨʳ ʩʝʚʝʨʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʨʝʦʙʣʘʜʘʶʪ  ʥʘ ʟʘʧʘʜʝ ʠ ʥʘ ʩʝ-

ʚʝʨʝ ʤʦʨʷ, ʚʦʩʪʦʯʥʳʝ ʠ ʶʛʦ-ʚʦʩʪʦʯʥʳʝ ʚʝʪʨʳ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʚʦʩʪʦʢʘ 

ʠ ʶʛʦ-ʚʦʩʪʦʢʘ ʤʦʨʷ. ɺʝʩʥʦʡ ʠ ʣʝʪʦʤ ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʤʦʨʷ ʧʦʜ ʚʣʠʷ-

ʥʠʝʤ ɸʟʦʨʩʢʦʛʦ ʤʘʢʩʠʤʫʤʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʟʘʧʘʜʥʳʭ, 

ʶʛʦ-ʟʘʧʘʜʥʳʭ ʠ ʶʞʥʳʭ ʚʝʪʨʦʚ. 

ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʠʟʤʝʥʯʠʚʦʩʪʠ ʚʝʪʨʘ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʩʠʥʦʧʪʠ-

ʯʝʩʢʠʡ ʠ ʤʝʟʦʤʘʩʰʪʘʙʥʳʡ ʜʠʘʧʘʟʦʥʳ (85% ʦʪ ʦʙʱʝʡ ʜʠʩʧʝʨʩʠʠ, ʩʦ-

ʛʣʘʩʥʦ [ɹʝʣʦʢʦʧʪrʦʚ ʠ ʜʨ., 1998]). ʆʥʘ ʦʙʫʩʣʦʚʣʝʥʘ ʩʠʥʦʧʪʠʯʝʩʢʠʤʠ 

ʙʘʨʠʯʝʩʢʠʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ, ʙʨʠʟʦʚʦʡ ʮʠʨʢʫʣʷʮʠʝʡ [ʉʦʨʢʠʥʘ ʠ ʜʨ., 

1974; ɽʬʠʤʦʚ, ɹʘʨʘʙʘʥʦʚ, 2009, 2010] ʛʦʨʥʦ-ʜʦʣʠʥʥʦʡ ʮʠʨʢʫʣʷʮʠʝʡ, 

ʤʝʟʦʤʘʩʰʪʘʙʥʳʤʠ ʮʠʢʣʦʥʘʤʠ  ʠ ʘʥʪʠʮʠʢʣʦʥʘʤʠ [ɽʬʠʤʦʚ ʠ ʜʨ., 2009]. 

ʆʩʥʦʚʥʦʡ ʬʘʢʪʦʨ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʚʝʪʨʦʚʫʶ ʮʠʨʢʫʣʷʮʠʶ ʚ ʤʦʨʝ ï 

ʟʘʚʠʭʨʝʥʥʦʩʪʴ ʥʘʧʨʷʞʝʥʠʷ ʪʨʝʥʠʷ ʧʨʠʚʦʜʥʦʛʦ ʚʝʪʨʘ [Pedlosky, 1979]. ɺ 

ʩʚʷʟʠ ʩ ʢʚʘʜʨʘʪʠʯʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʥʘʧʨʷʞʝʥʠʷ ʪʨʝʥʠʷ Ű ʦʪ ʩʢʦʨʦʩʪʠ 

ʚʝʪʨʘ ʠ ʧʨʠʤʝʥʝʥʠʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʦʧʝʨʘʪʦʨʘ ʧʨʠ ʨʘʩʯʝʪʘʭ, ʜʘʞʝ 

ʥʝʙʦʣʴʰʦʡ ʨʘʟʙʨʦʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʝʪʨʦʚʳʭ ʧʦʣʝʡ  ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʴ-

ʰʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʚ ʦʮʝʥʢʘʭ rot Ű ʧʦ ʨʘʟʣʠʯʥʳʤ ʠʩʪʦʯʥʠʢʘʤ. ɺ 

ʪʘʙʣ. 2.1.1 ʧʨʠʚʝʜʝʥʳ ʥʝʢʦʪʦʨʳʝ ʦʮʝʥʢʠ ʩʨʝʜʥʝʡ ʟʘʚʠʭʨʝʥʥʦʩʪʠ ʥʘʜ 

ʤʦʨʝʤ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʨʘʟʣʠʯʘʪʴʩʷ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ. ɺ ʨʘʙʦʪʝ [Kara et 

al., 2005] ʧʨʝʜʩʪʘʚʣʝʥʦ ʝʱʝ ʥʝʩʢʦʣʴʢʦ ʦʮʝʥʦʢ ʩʦ ʩʣʘʙʦʡ ʟʘʚʠʭʨʝʥʥʦ-

ʩʪʴʶ ʚʝʪʨʘ ʥʘʜ ʏʝʨʥʳʤ ʤʦʨʝʤ (<2Ā10
-8
 PaĀʤ

-1
) ʠʟ ʜʨʫʛʠʭ ʠʩʪʦʯʥʠʢʦʚ. 

ʉʝʟʦʥʥʳʡ ʭʦʜ ʟʘʚʠʭʨʝʥʥʦʩʪʠ ʚʝʪʨʘ, ʧʦ ʙʦʣʴʰʠʥʩʪʚʫ ʦʮʝʥʦʢ, ʢʘ-

ʯʝʩʪʚʝʥʥʦ ʘʥʘʣʦʛʠʯʝʥ ʩʝʟʦʥʥʦʤʫ ʭʦʜʫ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ: ʟʘʚʠʭʨʝʥʥʦʩʪʴ 

ʤʠʥʠʤʘʣʴʥʘ ʚ ʢʦʥʮʝ ʚʝʩʥʳ ï ʥʘʯʘʣʝ ʣʝʪʘ ʠ ʤʘʢʩʠʤʘʣʴʥʘ ʟʠʤʦʡ. ʇʦ ʥʝ-

ʢʦʪʦʨʳʤ ʦʮʝʥʢʘʤ, ʥʘʧʨʠʤʝʨ NCEP, ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʚ ʮʝʣʦʤ ʥʘʜ ʤʦʨʝʤ 

ʧʨʝʦʙʣʘʜʘʝʪ ʦʪʨʠʮʘʪʝʣʴʥʘʷ (ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʘʷ) ʟʘʚʠʭʨʝʥʥʦʩʪʴ ʚʝʪʨʘ. 

ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ [ɽʬʠʤʦʚ ʠ ʜʨ., 2002; ɽʬʠʤʦʚ, ɸʥʠʩʠʤʦʚ, 2011] ʵʪʦ ʭʘ-

ʨʘʢʪʝʨʥʦ ʣʠʰʴ ʜʣʷ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʤʦʨʷ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʤʫʩʩʦʥʥʳʤ 
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ʵʬʬʝʢʪʦʤ, ʠʤʝʶʱʠʤ ʛʦʜʦʚʫʶ ʧʝʨʠʦʜʠʯʥʦʩʪʴ. ʅʘʜ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʴʶ 

ʤʦʨʷ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʚʳʩʦʢʠʭ ʛʦʨ ʚʩʝʛʜʘ ʩʫʱʝʩʪʚʫʝʪ ʦʙʣʘʩʪʴ ʠʥʪʝʥʩʠʚ-

ʥʦʡ ʮʠʢʣʦʥʠʯʝʩʢʦʡ ʮʠʨʢʫʣʷʮʠʠ. ʌʠʟʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤʳ ʬʦʨʤʠʨʦʚʘ-

ʥʠʷ ʟʘʚʠʭʨʝʥʥʦʩʪʠ ʚʝʪʨʘ ʥʘʜ ʏʝʨʥʳʤ ʠ ʂʘʩʧʠʡʩʢʠʤ ʤʦʨʝʤ  ʧʦʜʨʦʙʥʦ  

ʨʘʩʩʤʦʪʨʝʥʳ  ʚ [ɽʬʠʤʦʚ ʠ ʜʨ., 2002], ʛʜʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʨʫʧʥʦʤʘʩ-

ʰʪʘʙʥʘʷ ʟʘʚʠʭʨʝʥʥʦʩʪʴ, ʩʚʷʟʘʥʥʘʷ ʩ ʦʙʱʠʤ ʟʘʧʘʜʥʳʤ ʧʝʨʝʥʦʩʦʤ ʚ ʘʪ-

ʤʦʩʬʝʨʝ, ʠʛʨʘʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ, ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʧʨʠʥʘʜʣʝʞʠʪ 

ʤʫʩʩʦʥʥʦʤʫ ʠ ʦʨʦʛʨʘʬʠʯʝʩʢʦʤʫ ʵʬʬʝʢʪʘʤ. 
ʊʘʙʣʠʮʘ 2.1.1 

ʆʮʝʥʢʠ ʩʨʝʜʥʝʡ ʧʦ ʘʢʚʘʪʦʨʠʠ ʏʝʨʥʦʛʦ ʤʦʨʷ ʟʘʚʠʭʨʝʥ-

ʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠʚʦʜʥʦʛʦ ʚʝʪʨʘ rot Ű (10-8),  PaĀʤ-1 
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ʆʮʝʥʢʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠ ̫ ʟʘʚʠʭʨʝʥʥʦʩʪʠ ʚʝʪʨʘ 

ʧʦ ʘʢʚʘʪʦʨʠʠ ʤʦʨʷ ʪʘʢʞʝ ʤʦʛʫʪ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʟʣʠʯʘʪʴʩʷ. ɺʧʝʨʚʳʝ 

ʩʨʝʜʥʝʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʚʠʭʨʝʥʥʦʩʪʠ ʙʳʣʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʨʘʙʦʪʝ 

[ʄʦʩʢʘʣʝʥʢʦ, 1975] ʧʦ ʜʘʥʥʳʤ ʦ ʚʝʪʨʝ ʠʟ [ʃʝʦʥʦʚ, 1960]. ɺ ʥʝʡ ʦʙʣʘʩʪʠ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʮʠʢʣʦʥʠʯʝʩʢʦʡ ʟʘʚʠʭʨʝʥʥʦʩʪʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʢ ʶʛʦ-

ʟʘʧʘʜʫ ʦʪ ʂʨʳʤʘ ʠ ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʤʦʨʷ, ʘ ʢ ʶʛʦ-ʚʦʩʪʦʢʫ ʦʪ 

ʂʨʳʤʘ ʠ ʚ ʶʞʥʦʡ ʯʘʩʪʠ ʤʦʨʷ ʥʘʭʦʜʠʪʩʷ ʟʦʥʘ ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʦʛʦ 

ʚʨʘʱʝʥʠʷ. ʇʦʜʦʙʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʘʢʞʝ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʧʨʠ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʠ ʘʨʭʠʚʥʳʭ ʩʠʥʦʧʪʠʯʝʩʢʠʭ ʢʘʨʪ ʟʘ ʧʝʨʠʦʜ 1961 ï 1990 ʛʛ. ʠ ʚ 

ʨʘʙʦʪʘʭ [Rachev et al., 1991; Rachev, Stanev, 1997] ʧʦ ʜʘʥʥʳʤ [ʉʦʨʢʠʥʘ 

ʠ ʜʨ., 1974]. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʜʨʫʛʠʭ ʦʮʝʥʦʢ ʦʙʣʘʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦʡ ʟʘ-

ʚʠʭʨʝʥʥʦʩʪʠ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʪʦʣʴʢʦ ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʤʦʨʷ. 

ʉʨʝʜʥʝʤʝʩʷʯʥʳʝ ʢʘʨʪʳ ʟʘʚʠʭʨʝʥʥʦʩʪʠ ʚʝʪʨʘ ʧʦ ʨʝʘʥʘʣʠʟʘʤ NCEP ʠ 

ERA-40 ʯʘʩʪʦ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʦʯʪʠ ʧʨʘʚʠʣʴʥʫʶ ʢʚʘʜʨʫʧʦʣʴʥʫʶ 

ʩʪʨʫʢʪʫʨʫ [ɿʘʮʝʧʠʥ ʠ ʜʨ., 2002] ʩ ʜʚʫʤʷ ʮʠʢʣʦʥʠʯʝʩʢʠʤʠ ʠ ʜʚʫʤʷ ʘʥʪʠ-

ʮʠʢʣʦʥʠʯʝʩʢʠʤʠ ʦʙʣʘʩʪʷʤʠ. ɺ ʜʨʫʛʠʭ ʦʮʝʥʢʘʭ ʵʪʘ ʩʪʨʫʢʪʫʨʘ ʩʦʭʨʘʥʷ-

ʝʪʩʷ, ʥʦ ʩʠʣʴʥʦ ʚʠʜʦʠʟʤʝʥʝʥʘ.  
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ɺ ʨʝʛʠʦʥʘʣʴʥʦʤ ʨʝʘʥʘʣʠʟʝ [ɽʬʠʤʦʚ, ɸʥʠʩʠʤʦʚ, 2011] ʟʦʥʳ ʚʳʩʦ-

ʢʦʡ ʟʘʚʠʭʨʝʥʥʦʩʪʠ ʚ ʦʩʥʦʚʥʦʤ ʧʨʠʫʨʦʯʝʥʳ ʢ ʙʝʨʝʛʦʚʦʡ ʟʦʥʝ: ʚʜʦʣʴ ʟʘ-

ʧʘʜʥʦʛʦ ʧʦʙʝʨʝʞʴʷ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʘʷ ʟʦʥʘ, ʚ ʟʘʧʘʜʥʦʡ 

ʯʘʩʪʠ ɸʥʘʪʦʣʠʡʩʢʦʛʦ ʧʦʙʝʨʝʞʴʷ ï ʮʠʢʣʦʥʠʯʝʩʢʘʷ, ʚ ʝʛʦ ʚʦʩʪʦʯʥʦʡ ʯʘ-

ʩʪʠ ʚʧʣʦʪʴ ʜʦ ʧʦʙʝʨʝʞʴʷ ɻʨʫʟʠʠ ï ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʘʷ, ʚʜʦʣʴ ʂʘʚʢʘʟ-

ʩʢʦʛʦ ʧʦʙʝʨʝʞʴʷ ï ʮʠʢʣʦʥʠʯʝʩʢʘʷ. ʅʘ ʧʦʙʝʨʝʞʴʝ ʂʨʳʤʘ ʟʘʚʠʭʨʝʥʥʦʩʪʴ 

ʚʝʪʨʘ ʠʤʝʝʪ ʚʳʨʘʞʝʥʥʳʡ ʩʝʟʦʥʥʳʡ ʭʦʜ: ʚ ʭʦʣʦʜʥʳʡ ʩʝʟʦʥ ʥʘ ʖʞʥʦʤ 

ʙʝʨʝʛʫ ʂʨʳʤʘ ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʘʷ ʟʘʚʠʭʨʝʥʥʦʩʪʴ, ʚʜʦʣʴ ʟʘʧʘʜʥʦʛʦ ʙʝ-

ʨʝʛʘ ï ʮʠʢʣʦʥʠʯʝʩʢʘʷ; ʚ ʪʝʧʣʳʡ ʩʝʟʦʥ ʮʠʢʣʦʥʠʯʝʩʢʘʷ ʟʘʚʠʭʨʝʥʥʦʩʪʴ 

ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʚʩʝʛʦ ʂʨʳʤʩʢʦʛʦ ʧʦʙʝʨʝʞʴʷ.  

 

2.2 ɺʦʜʥʳʡ ʙʘʣʘʥʩ 

 

ɼʣʷ ʟʘʤʢʥʫʪʳʭ ʤʦʨʝʡ ʩ ʫʟʢʠʤʠ ʧʨʦʣʠʚʘʤʠ ʠ ʦʛʨʘʥʠʯʝʥʥʳʤ ʚʦʜʦ-

ʦʙʤʝʥʦʤ ʩ ʄʠʨʦʚʳʤ ʦʢʝʘʥʦʤ ʚʦʜʥʳʡ ʙʘʣʘʥʩ ʠʛʨʘʝʪ ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞ-

ʥʫʶ ʨʦʣʴ. ʆʥ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪ ʛʠʜʨʦʣʦʛʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʤʦʨʷ, 

ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʚʝʨʪʠʢʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʦʣʝʥʦʩʪʠ. ʆʪ ʩʪʝʧʝʥʠ 

ʧʣʦʪʥʦʩʪʥʦʛʦ ʨʘʩʩʣʦʝʥʠʷ ʚʦʜʥʦʡ ʪʦʣʱʠ ʟʘʚʠʩʠʪ ʦʙʱʘʷ ʢʘʨʪʠʥʘ ʮʠʨʢʫ-

ʣʷʮʠʠ ʚʦʜ,  ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʦʙʤʝʥʘ ʪʝʧʣʦʤ ʠ ʩʦʣʷʤʠ, 

ʨʘʟʚʠʪʠʝ ʧʨʦʮʝʩʩʦʚ ʟʠʤʥʝʡ ʢʦʥʚʝʢʮʠʠ. ʋʨʘʚʥʝʥʠʝ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʘ 

ʤʦʨʷ, ʧʨʠ ʫʩʣʦʚʠʠ ʩʦʭʨʘʥʝʥʠʷ ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʙʘʩʩʝʡʥʘ, ʤʦʞʝʪ ʙʳʪʴ 

ʟʘʧʠʩʘʥʦ ʚ ʚʠʜʝ: 

 

Vc ï Vʧ  = (R + P) ï E 

ʛʜʝ  Vʧ ï ʧʨʠʪʦʢ ʚʦʜʳ ʯʝʨʝʟ ʧʨʦʣʠʚʳ; 

        Vc ï ʩʪʦʢ ʚʦʜʳ ʯʝʨʝʟ ʧʨʦʣʠʚʳ; 

        R ï ʨʝʯʥʦʡ ʩʪʦʢ; 

        P ï ʘʪʤʦʩʬʝʨʥʳʝ ʦʩʘʜʢʠ; 

        E ï ʠʩʧʘʨʝʥʠʝ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ. 

 

Vʧ = Vʧʘ + Vʧʙ 

ʛʜʝ  Vʧʘ ï ʧʨʠʪʦʢ ʚʦʜʳ ʠʟ ɸʟʦʚʩʢʦʛʦ ʤʦʨʷ ʯʝʨʝʟ ʂʝʨʯʝʥʩʢʠʡ ʧʨʦʣʠʚ; 

       Vʧʙ ï ʧʨʠʪʦʢ ʚʦʜʳ ʠʟ ʄʨʘʤʦʨʥʦʛʦ ʤʦʨʷ ʯʝʨʝʟ ɹʦʩʬʦʨ. 

 

Vʩ = Vʩʘ + Vʩʙ 

ʛʜʝ  Vʩʘ ï ʩʪʦʢ ʚʦʜʳ ʚ ɸʟʦʚʩʢʦʝ ʤʦʨʝ ʯʝʨʝʟ ʂʝʨʯʝʥʩʢʠʡ ʧʨʦʣʠʚ; 

    Vʩʙ ï ʩʪʦʢ ʚʦʜʳ ʚ ʄʨʘʤʦʨʥʦʝ ʤʦʨʝ ʯʝʨʝʟ ɹʦʩʬʦʨ. 
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ʈʠʩʫʥʦʢ 2.2.1 ï ʆʙʱʘʷ ʩʭʝʤʘ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʘ ʤʦʨʷ. 

 

 

ɽʩʣʠ (R + P) >E, ʪʦ ʤʦʨʩʢʦʡ ʙʘʩʩʝʡʥ ʠʤʝʝʪ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʧʨʝʩ-

ʥʳʡ ʙʘʣʘʥʩ (ʙʘʩʩʝʡʥ ʦʧʨʝʩʥʝʥʠʷ), ʯʪʦ ʷʚʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʥʦʡ ʯʝʨʪʦʡ 

ʏʝʨʥʦʛʦ ʤʦʨʷ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʦʩʝʜʥʝʛʦ ʉʨʝʜʠʟʝʤʥʦʛʦ ʤʦʨʷ, ʛʜʝ ʧʨʝʩʥʳʡ 

ʙʘʣʘʥʩ ʦʪʨʠʮʘʪʝʣʝʥ (ʙʘʩʩʝʡʥ ʠʩʧʘʨʝʥʠʷ). ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ  

(R+P)ïE, ʪ.ʝ. ʙʘʣʘʥʩ ʧʨʝʩʥʳʭ ʚʦʜ, ʦʧʨʝʜʝʣʷʝʪ ʦʙʱʠʡ ʩʦʣʝʟʘʧʘʩ ʙʘʩʩʝʡ-

ʥʘ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠ ʧʨʝʦʙʣʘʜʘʶʱʫʶ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʚʦʜʦʦʙʤʝʥʘ ʯʝ-

ʨʝʟ ʧʨʦʣʠʚʳ, ʘ ʪʘʢʞʝ ʩʚʷʟʘʥʥʫʶ ʩ ʚʦʜʦʦʙʤʝʥʦʤ  ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʝʨʠʦʜʘ 

ʧʦʣʥʦʛʦ ʦʙʥʦʚʣʝʥʠʷ ʚʦʜ.  

ɼʣʷ ʏʝʨʥʦʛʦ ʤʦʨʷ ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʨʠʚʦʜʠʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʦʮʝʥʢʠ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʘ (ʪʘʙʣ. 2.2.1), ʧʨʝʩʥʳʡ ʙʘʣʘʥʩ ʦʮʝʥʠ-

ʚʘʣʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʦʪ 116 ʜʦ 520 ʢʤ
3
/ʛʦʜ ʩʦ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ 

240 ʢʤ
3
/ʛʦʜ. ʉʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʵʪʠ ʦʮʝʥʢʠ ʦʧʨʝʜʝʣʷʣʠʩʴ ʥʝ ʪʦʣʴ-

ʢʦ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʥʦ ʠ ʟʘ ʨʘʟʥʳʝ ʚʨʝʤʝʥʥʳʝ ʧʝʨʠʦʜʳ. ʅʘʠʙʦ-

ʣʝʝ ʧʦʣʥʳʡ ʨʷʜ ʦʮʝʥʦʢ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʘ ʏʝʨʥʦʛʦ ʤʦʨʷ ʧʨʠʚʝʜʝʥ ʚ ʤʦ-

ʥʦʛʨʘʬʠʠ [ʉʠʤʦʥʦʚ, ɸʣʴʪʤʘʥ ʠ ʜʨ., 1991]. 

ʀʩʭʦʜʷ ʠʟ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʘ ʧʦ 

ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ (ʊʘʙʣ.2.2.1), ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ 

ʧʨʠʭʦʜ ʚʦʜʳ ʩ ʨʝʯʥʳʤ ʩʪʦʢʦʤ R = 355 ʢʤ
3
/ʛʦʜ (853 ʤʤ/ʛʦʜ) ʧʨʠʙʣʠʟʠ-

ʪʝʣʴʥʦ ʨʘʚʝʥ  ʧʦʪʝʨʷʤ ʚʦʜʳ ʥʘ ʠʩʧʘʨʝʥʠʝ E = ï335 ʢʤ
3
/ʛʦʜ (ï805 

ʤʤ/ʛʦʜ), ʘ ʘʪʤʦʩʬʝʨʥʳʝ ʦʩʘʜʢʠ ʜʘʶʪ P = 220 ʢʤ
3
/ʛʦʜ (528 ʤʤ/ʛʦʜ). 

ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʧʨʝʩʥʦʛʦ ʙʘʣʘʥʩʘ (R + P) ï E ʨʘʚʥʦ 240 ʢʤ
3
/ʛʦʜ (576 

ʤʤ/ʛʦʜ), ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʦʮʝʥʦʢ ʝʛʦ ʩʦʩʪʘʚʣʷʶʱʠʭ ʦʢʦʣʦ 50 

ʢʤ
3
/ʛʦʜ (120 ʤʤ/ʛʦʜ), ʨʠʩ.2.2.2. ʇʨʠʪʦʢ ʚʦʜʳ ʯʝʨʝʟ ʧʨʦʣʠʚʳ ʜʘʝʪ 255 

ʢʤ
3
/ʛʦʜ (612 ʤʤ/ʛʦʜ), ʠʟ ʥʠʭ ʥʘ ɹʦʩʬʦʨ ʧʨʠʭʦʜʠʪʩʷ 200 ʢʤ

3
/ʛʦʜ. ʉʪʦʢ 

ʚʦʜʳ ʯʝʨʝʟ ʧʨʦʣʠʚʳ ʩʦʩʪʘʚʣʷʝʪ ï460 ʢʤ
3
/ʛʦʜ (ï1104 ʤʤ/ʛʦʜ), ʯʝʨʝʟ 

ɹʦʩʬʦʨ ï420 ʢʤ
3
/ʛʦʜ. ɺʦʜʥʳʡ ʙʘʣʘʥʩ ʧʦ ʧʨʠʚʝʜʝʥʥʳʤ ʩʨʝʜʥʠʤ ʦʮʝʥ-

ʢʘʤ ʧʦʣʫʯʘʝʪʩʷ ʥʝ ʟʘʤʢʥʫʪʳʤ, ʩ ʥʝʚʷʟʢʦʡ ʦʢʦʣʦ 30 ʢʤ
3
/ʛʦʜ (78 ʤʤ/ʛʦʜ), 

ʪ.ʢ. ʤʥʦʛʠʝ ʦʮʝʥʢʠ  ʩʦʜʝʨʞʘʪ ʪʦʣʴʢʦ ʦʪʜʝʣʴʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ. 
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ʊʘʙʣʠʮʘ 2.2.1 

ʆʮʝʥʢʠ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʘ ʏʝʨʥʦʛʦ ʤʦʨʷ, ʢʤ3/ʛʦʜ 

 

  

ʆʩʘʜʢʠ 

 

ʉʪʦʢ 

ʨʝʢ 

 

ʀʩʧʘ-

ʨʝʥʠʝ 

 

ʇʨʝʩ-

ʥʳʡ 

ʙʘʣʘʥʩ 

 

 

ʇʨʠ- 

ʪʦʢ 

ɹʦʩʬ 

 

 

ʇʨʠ- 

ʪʦʢ 

ɸʟʦʚ 

 

ʉʪʦʢ 

ɹʦʩʬ 

 

ʉʪʦʢ 

ɸʟʦʚ 

ʄʘʢʘʨʦʚ (1885)     179  330  
ʄʘʥʴʷʛʠ (1892)     298  726  

ʐʧʠʥʜʣʝʨ (1899) 220 474 232 462   416  
Merz (ʠʟ Moller, 1928) 231 328 354 205 193  398  
Sverdrup (1942) 240 328 363 205 192  397  
Elliot, Ilgaz (1946)       1028  

ɿʝʥʢʝʚʠʯ (1947) 145 320 319 146 202  348  
ɺʦʜʷʥʠʮʢʠʡ (1948) 280 480 240 520     
ɹʨʫʝʚʠʯ (1953) 225 350 350 225 175  400  

ʈʦʞʜʝʩʪʚʝʥʩʢʠʡ (1953) 280 340 240 380 195  575  
Neuman, Rosenan (1954) 240 427 397 206 192  462  
Caspers (1957) 234 320 354 200     

ʃʝʦʥʦʚ (1960) 230 309 365 174 193 95 392 70 
ɹʝʨʝʥʙʝʡʤ (1960) 120 340 280 180 193 59 398 34 
ʂʦʯʠʢʦʚ (1961)   254      

ʄʘʢʝʨʦʚ (1961) 225  329      
ʇʨʫʩʝʥʢʦʚ (1962)   358      
ʉʦʣʷʥʢʠʥ (1963) 119 346 332 132 176 53 340 32 

ɿʝʥʢʦʚʠʯ (1966)  400   202  398 59 
ɹʦʛʜʘʥʦʚʘ (1969)     174  357  
Tixeront (1970) 182 400 393 189   189  
ʈʦʞʜʝʩʪʚʝʥʩʢʠʡ (1971) 254 294 301 247 229 38 485 29 

Ozturgut (1971) 300 352 353 299 249  548  
ʉʠʪʥʠʢʦʚ (1972) 148 423 381 190   190  
ʈʦʟʝʥʛʫʨʪ, ʉʠʪʥʠʢʦʚ 

(1973) 
212 406 381 237   241  

Serpoianu (1973) 120 336 340 116 123 53 260 32 

ʉʦʨʢʠʥʘ (1974) 214  304      
Pora, Oros (1974) 254 294 301 247 229 38 485 29 
ʌʦʥʩʝʣʠʫʩ (1974) 230 320 350 200 200  400  

F.Richards (1983) 234 320 354 200 188  388  
ɻʦʣʫʙʝʚʘ (1987)   383      
¦nl¿ata et al (1990) 300 352 353 299 312  612  
ɽʬʠʤʦʚ, ʊʠʤʦʬʝʝʚ 

(1990) 
  441      

ʉʠʤʦʥʦʚ, ɸʣʴʪʤʘʥ 

(1991) 
236 338 396 178 176 50 371 33 
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ʇʨʦʜʦʣʞʝʥʠʝ ʊʘʙʣʠʮ r2.2.1 

 
ʈʝʰʝʪʥʠʢʦʚ (1992) 225 353 370 208  22 227  
Oguz et al (1995) 226  384      
ɻʦʨʷʯʢʠʥ, ʃʠʧʯʝʥʢʦ 

(2000) 
662        

ɻʦʨʷʯʢʠʥ, ʀʚʘʥʦʚ (2006) 241        

ʈʝʧʝʪʠʥ ʠ ʜʨ  (2006) 292        
Schrum et al (2001) 

ECWMF 
188  292      

Kara et al (2005) 

ECWMF 
221  270      

Kara et al (2005) 

 NOGAPS 
178  266      

Kara et al (2005) NCEP 255  335      

Kara (2008) RivDIS  287       
ɼʞʘʦʰʚʠʣʠ (2003)  365       
Matsoukas et al. (2007)   400      

Vardavas and Taylor, 

(2007) ERA40 
  291      

Mikhailov, Mikhailova 

(2008) 
 355       

ʀʣʴʠʥ ʠ ʜʨ. (2009)      75  55 
ʊʠʤʦʬʝʝʚ, ʖʨʦʚʩʢʠʡ 

(2009) 
240        

Romanou et al (2010) 

HOAPS3 
198  272      

Romanou et al (2010) 

NCEP 
274  335      

Romanou et al (2010) 

ERA40 
189  300      

Romanou et al (2010) 

ERA-Interim 
204  341      

 

ʇʦ ʟʥʘʯʝʥʠʷʤ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʘ ʯʘʩʪʦ ʦʮʝʥʠʚʘʶʪ ʧʝʨʠʦʜ ʧʦʣʥʦʛʦ 

ʦʙʥʦʚʣʝʥʠʷ ʚʦʜ ʚ ʙʘʩʩʝʡʥʝ, ʢʘʢ ʯʘʩʪʥʦʝ ʦʪ ʜʝʣʝʥʠʷ ʦʙʲʝʤʘ ʤʦʨʷ ʥʘ 

ʧʨʠʭʦʜʥʫʶ (ʠʣʠ ʨʘʩʭʦʜʥʫʶ) ʯʘʩʪʴ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʘ. ʇʨʠ ʩʨʝʜʥʝʤ ʟʥʘ-

ʯʝʥʠʠ ~ 800 ʢʤ
3
/ʛʦʜ ʦʥ ʙʫʜʝʪ ʨʘʚʝʥ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 700 ʛʦʜʘʤ. ɽʩʣʠ, 

ʩʣʝʜʫʷ ʖ.ʄ.ʐʦʢʘʣʴʩʢʦʤʫ, ʨʘʟʜʝʣʠʪʴ ʦʙʲʝʤ ʤʦʨʷ ʪʦʣʴʢʦ ʥʘ ʛʦʜʦʚʦʡ 

ʧʨʠʪʦʢ ʯʝʨʝʟ ɹʦʩʬʦʨ, ʧʦʣʫʯʠʤ ~ 2500 ʣʝʪ. ʊʦʯʥʦ ʪʘʢʦʡ ʞʝ ʧʝʨʠʦʜ ʦʙ-

ʥʦʚʣʝʥʠʷ ʜʣʷ ʏʝʨʥʦʛʦ ʤʦʨʷ ʚ 2500 ʣʝʪ ʧʨʠʚʦʜʠʪʩʷ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʦ-

ʥʦʛʨʘʬʠʠ [Sverdrup, Johnson, Fleming, 1942]. ɼʣʷ ʩʨʘʚʥʝʥʠʷ, ʦʮʝʥʢʠ 

ʧʝʨʠʦʜʘ ʦʙʥʦʚʣʝʥʠʷ, ʩʜʝʣʘʥʥʳʝ ʧʦ ʩʦʣʝʚʦʤʫ ʙʘʣʘʥʩʫ ʤʨʘʤʦʨʥʦʤʦʨ-

ʩʢʠʭ ʠ ʛʣʫʙʠʥʥʳʭ ʯʝʨʥʦʤʦʨʩʢʠʭ ʚʦʜ [¥stlund, 1974; Latif et al, 1991], 

ʜʘʶʪ 400ï500 ʣʝʪ, ʧʦ ʨʘʜʠʦʫʛʣʝʨʦʜʥʦʤʫ ʘʥʘʣʠʟʫ [¥stlund, 1974] 1ï2 

ʪʳʩ. ʣʝʪ.  
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ʈʠʩʫʥʦʢ 2.2.2 ï ʉʨʝʜʥʠʝ ʦʮʝʥʢʠ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚʦʜʥʦʛʦ ʙʘ-

ʣʘʥʩʘ ʏʝʨʥʦʛʦ ʤʦʨʷ  (ʢʤ3/ʛʦʜ, ʩʤ/ʛʦʜ) ʧʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥ-

ʥʳʤ. ʆʪʨʝʟʢʘʤʠ ʧʦʢʘʟʘʥʳ ʩʪʘʥʜʘʨʪʥʳʝ ʦʪʢʣʦʥʝʥʠʷ. 

 

ɹʘʣʘʥʩ ʧʨʝʩʥʳʭ ʚʦʜ. ʆʮʝʥʢʠ ʩʫʤʤʘʨʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʩʘʜʢʦʚ ʠ 

ʠʩʧʘʨʝʥʠʷ ʜʣʷ ʏʝʨʥʦʛʦ ʤʦʨʷ ʜʘʶʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʨʘʟʙʨʦʩ ʟʥʘʯʝʥʠʡ, 

ʢʘʢ ʠ ʧʦ ʙʦʣʝʝ ʨʘʥʥʠʤ ʦʮʝʥʢʘʤ, ʪʘʢ ʠ ʧʦ ʩʦʚʨʝʤʝʥʥʳʤ ʤʘʩʩʠʚʘʤ ʘʪʤʦ-

ʩʬʝʨʥʦʛʦ ʨʝʘʥʘʣʠʟʘ, ʪʘʢʠʤ ʢʘʢ ECWMF, NCEP, NOGAPS, HOAPS 

[Schrum et al, 2001; Kara 2005, 2008; Romanou et al, 2010]. 

ɺʥʫʪʨʠʛʦʜʦʚʦʡ ʭʦʜ ʙʘʣʘʥʩʘ ʧʨʝʩʥʳʭ ʚʦʜ ʚ ʏʝʨʥʦʤ ʤʦʨʝ (ʨʠʩ. 

2.2.3, ʘ) ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʧʝʨʠʦʜʦʚ: ʩ ʠʶʣʷ ʧʦ ʦʢʪʷʙʨʴ ʙʘʣʘʥʩ ʦʪʨʠʮʘ-

ʪʝʣʴʥʳʡ ((R + P) < E)  ʩ ʤʠʥʠʤʫʤʦʤ ʚ ʘʚʛʫʩʪʝ; ʩ ʥʦʷʙʨʷ ʧʦ ʠʶʥʴ ʙʘʣʘʥʩ 

ʧʦʣʦʞʠʪʝʣʴʥʳʡ ((R + P) >E), ʤʘʢʩʠʤʫʤ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʘʧʨʝʣʴ ï ʤʘʡ. 

ʆʪʨʠʮʘʪʝʣʴʥʳʡ ʧʨʝʩʥʳʡ ʙʘʣʘʥʩ ʚ ʣʝʪʥʝ-ʦʩʝʥʥʠʡ ʧʝʨʠʦʜ ʩʚʷʟʘʥ ʩ ʠʥ-

ʪʝʥʩʠʚʥʳʤ ʠʩʧʘʨʝʥʠʝʤ, ʚʝʩʝʥʥʠʡ ʤʘʢʩʠʤʫʤ ʦʙʫʩʣʦʚʣʝʥ ʢʘʢ ʧʘʚʦʜʢʦʤ 

ʥʘ ʨʝʢʘʭ, ʪʘʢ ʠ ʤʠʥʠʤʘʣʴʥʳʤ ʠʩʧʘʨʝʥʠʝʤ ʚ ʵʪʦʪ ʧʝʨʠʦʜ (ʨʠʩ. 2.2.3, ʙ). 

ʋʤʝʥʴʰʝʥʠʝ ʠʩʧʘʨʝʥʠʷ ʚʝʩʥʦʡ ʩʚʷʟʘʥʦ ʩʦ ʩʥʠʞʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ 

ʧʦʩʣʝ ʟʠʤʥʝʛʦ ʧʝʨʠʦʜʘ ʩʠʣʴʥʳʭ ʚʝʪʨʦʚ ʧʨʠ ʝʱʝ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʜʳ. 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʩʧʘʨʝʥʠʷ ʧʦ ʘʢʚʘʪʦʨʠʠ ʤʦʨʷ  

ʦʪʣʠʯʘʝʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴʶ, ʦʙʣʘʩʪʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʠʩʧʘʨʝʥʠʷ ʨʘʩ-

ʧʦʣʦʞʝʥʳ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʷʭ ʤʦʨʷ, ʩʦʦʪʚʝʪ-

ʩʪʚʫʷ ʟʦʥʘʤ ʤʘʢʩʠʤʘʣʴʥʳʭ ʚʝʪʨʦʚ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʦʮʝʥʦʢ  ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʩʘʜʢʦʚ ʚ ʙʘʩʩʝʡʥʝ ʧʦʢʘʟʳ-

ʚʘʝʪ ʫʚʝʣʠʯʝʥʠʝ ʠʭ ʢʦʣʠʯʝʩʪʚʘ ʫ ʙʝʨʝʛʦʚ  ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʪʢʨʳʪʳʤ 
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ʤʦʨʝʤ, ʯʪʦ ʩʣʫʞʠʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʨʘʩʧʨʝʩʥʝʥʠʷ ʧʦʚʝʨʭ-

ʥʦʩʪʥʦʛʦ ʩʣʦʷ ʚ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʝ. ɺ ʦʙʣʘʩʪʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʦʩʘʜʢʦʚ, 

ʦʭʚʘʪʳʚʘʶʱʝʡ ʧʦʯʪʠ ʚʩʝ ɸʥʘʪʦʣʠʡʩʢʦʝ ʠ ʂʘʚʢʘʟʩʢʦʝ ʧʦʙʝʨʝʞʴʷ, ʠʭ 

ʨʦʣʴ ʚ ʧʨʝʩʥʦʤ ʙʘʣʘʥʩʝ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʷʶʱʝʡ,  ʫʯʠʪʳʚʘʷ ʪʦ,  ʯʪʦ ʚ 

ʵʪʫ ʯʘʩʪʴ ʤʦʨʷ ʧʦʩʪʫʧʘʝʪ ʥʝ ʙʦʣʝʝ 25% ʨʝʯʥʦʛʦ ʩʪʦʢʘ.  

  

 

 
 

ʈʠʩʫʥʦʢ 2.2.3 ï ʉʝʟʦʥʥʳʡ ʭʦʜ: ʘ ï ʙʘʣʘʥʩʘ ʧʨʝʩʥʳʭ ʚʦʜ 

ʏʝʨʥʦʛʦ ʤʦʨʷ; ʙ ï ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʨʝʩʥʦʛʦ ʙʘʣʘʥʩʘ (ʧʦ 

ʜʘʥʥʳʤ [ʉʠʤʦʥʦʚ, ɸʣʴʪʤʘʥ ʠ ʜʨ., 1991]) 

 

ʀʩʧʘʨʝʥʠʝ ʧʨʝʚʳʰʘʝʪ ʦʩʘʜʢʠ (E >P) ʥʘ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʘʢʚʘʪʦʨʠʠ 

ʏʝʨʥʦʛʦ ʤʦʨʷ, ʢʨʦʤʝ ʧʦʙʝʨʝʞʴʷ ɻʨʫʟʠʠ ʠ ʚʦʩʪʦʯʥʦʡ ʊʫʨʮʠʠ. ɿʜʝʩʴ, 

ʢʨʦʤʝ ʚʳʧʘʜʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ,  

ʨʘʩʧʦʣʦʞʝʥʘ ʪʘʢʞʝ ʠ ʦʙʣʘʩʪʴ ʤʠʥʠʤʫʤʘ ʠʩʧʘʨʝʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʟʦ-

ʥʦʡ ʩʣʘʙʳʭ ʚʝʪʨʦʚ. 

ʉʪʦʢ ʨʝʢ. ɺ ʧʨʠʭʦʜʥʦʡ ʯʘʩʪʠ ʙʘʣʘʥʩʘ ʧʨʝʩʥʳʭ ʚʦʜ ʥʘʠʙʦʣʴʰʠʡ 

ʚʢʣʘʜ ʧʨʠʥʘʜʣʝʞʠʪ ʨʝʯʥʦʤʫ ʩʪʦʢʫ, ʦʩʦʙʝʥʥʦ ʚ ʚʝʩʝʥʥʝ-ʣʝʪʥʠʡ ʧʝʨʠʦʜ. 

ʆʩʝʥʴʶ ʠ ʟʠʤʦʡ ʦʙʲʝʤ ʚʳʧʘʜʘʶʱʠʭ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʥʝʩʢʦʣʴʢʦ 

ʧʨʝʚʳʰʘʝʪ ʦʙʲʝʤ ʤʘʪʝʨʠʢʦʚʦʛʦ ʩʪʦʢʘ (ʚ ʩʨʝʜʥʝʤ ʥʘ 5 ʢʤ
3
/ʤʝʩʷʮ, ʨʠʩ. 

2.2.3, ʙ). ɻʝʦʛʨʘʬʠʯʝʩʢʘʷ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʦʢʘ ʦʙʫ-

ʩʣʘʚʣʠʚʘʝʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʩʦʣʝʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪ-

ʥʦʛʦ ʩʣʦʷ. 
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ɺ ʏʝʨʥʦʝ ʤʦʨʝ ʚʧʘʜʘʝʪ ʦʢʦʣʦ 1000 ʨʝʢ, ʠʟ ʥʠʭ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 

500  ʠʤʝʶʪ ʜʣʠʥʫ ʙʦʣʴʰʝ 10 ʢʤ, ʧʣʦʱʘʜʴ ʚʦʜʦʩʙʦʨʘ ʙʦʣʝʝ 10 ʪʳʩ. ʢʤ
2
 

ʠʤʝʶʪ ʪʦʣʴʢʦ 10 ʨʝʢ [ɼʞʘʦʰʚʠʣʠ, 2003], ʦʙʱʘʷ ʧʣʦʱʘʜʴ ʚʦʜʦʩʙʦʨʘ 

ʙʘʩʩʝʡʥʘ 1760 ʪʳʩ. ʢʤ
2
 [Mikhailov, Mikhailova, 2008]. ʅʘ ʨʠʩ. 2.2.4 ʧʦ-

ʢʘʟʘʥʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʛʦʜʦʚʦʛʦ ʩʪʦʢʘ ʥʘʠʙʦʣʝʝ ʧʦʣ-

ʥʦʚʦʜʥʳʭ ʨʝʢ (ʙʦʣʝʝ 2 ʢʤ
3
/ʛʦʜ). ɼʣʷ  ʢʨʫʧʥʳʭ ʨʝʢ ʩʪʦʢ ʚʦʜʳ ʜʦʩʪʘʪʦʯ-

ʥʦ ʥʘʜʝʞʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʨʝʛʫʣʷʨʥʳʭ ʠʟʤʝʨʝʥʠʡ. ɼʣʷ ʤʘʣʳʭ 

ʨʝʢ ʧʨʠʤʝʥʷʶʪʩʷ ʢʦʩʚʝʥʥʳʝ ʤʝʪʦʜʳ, ʠʭ ʦʙʱʠʡ ʩʪʦʢ ʦʮʝʥʠʚʘʝʪʩʷ ʚ 10 

% ʦʪ ʦʙʱʝʛʦ ʩʪʦʢʘ (~36 ʢʤ
3
/ʛʦʜ), ʧʦʜʟʝʤʥʳʡ ʩʪʦʢ ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʳʤ 

5% ʦʪ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʪʦʢʘ (~17 ʢʤ
3
/ʛʦʜ) [ɼʞʘʦʰʚʠʣʠ, 2003]. ʉʫʤ-

ʤʘʨʥʳʡ ʨʝʯʥʦʡ ʩʪʦʢ ʚ ʏʝʨʥʦʝ ʤʦʨʝ ʧʦ ʥʘʠʙʦʣʝʝ ʧʦʣʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠ-

ʷʤ ʦʮʝʥʠʚʘʝʪʩʷ ʢʘʢ 338 ʢʤ
3
/ʛʦʜ [ʉʠʤʦʥʦʚ, ɸʣʴʪʤʘʥ ʠ ʜʨ., 1991], 365 

ʢʤ
3
/ʛʦʜ [ɼʞʘʦʰʚʠʣʠ, 2003], 355 ʢʤ

3
/ʛʦʜ [Mikhailov, Mikhailova, 2008], 

ʯʪʦ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʝʪ 350 ʢʤ
3
/ʛʦʜ. 

 

 
 

ʈʠʩʫʥʦʢ 2.2.4 ï ʉʨʝʜʥʝʛʦʜʦʚʦʡ ʩʪʦʢ (ʢʤ3/ʛʦʜ) 

ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʭ ʨʝʢ ʏʝʨʥʦʛʦ ʤʦʨ ̫

 

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʨʝʯʥʦʛʦ ʩʪʦʢʘ (>70%) ʧʦʧʘʜʘʝʪ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʫʶ 

ʯʘʩʪʴ ʤʦʨʷ, ʚ ʶʛʦ-ʚʦʩʪʦʯʥʫʶ ʯʘʩʪʴ ʤʦʨʷ ʩ ʧʦʙʝʨʝʞʴʷ ɻʨʫʟʠʠ ʧʦʩʪʫʧʘʝʪ 

ʦʢʦʣʦ 13% ʦʙʱʝʛʦ ʩʪʦʢʘ, ʨʝʢʠ ʧʦʙʝʨʝʞʴʷ ʊʫʨʮʠʠ ʜʘʶʪ, ʚ ʮʝʣʦʤ, ʦʢʦʣʦ 

10 % ʩʪʦʢʘ. ʇʦʯʪʠ ʧʦʣʦʚʠʥʘ ʚʩʝʛʦ ʩʪʦʢʘ ʧʦʩʪʫʧʘʝʪ ʚ ʤʦʨʝ ʚ ʪʝʯʝʥʠʝ 

ʚʝʩʝʥʥʝʛʦ ʧʝʨʠʦʜʘ ï ʩ ʤʘʨʪʘ ʧʦ ʠʶʥʴ (ʨʠʩ. 2.2.5), ʚ ʦʩʝʥʥʠʡ ʧʝʨʠʦʜ ï ʩ 

ʩʝʥʪʷʙʨʷ ʧʦ ʥʦʷʙʨʴ ï ʨʝʯʥʦʡ ʩʪʦʢ ʤʠʥʠʤʘʣʝʥ. 
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ʈʠʩʫʥʦʢ 2.2.5 ï ʉʝʟʦʥʥʳʡ ʭʦʜ ʩʪʦʢʘ 

ʨ. ɼʫʥʘʡ ʠ ʨ.ɼʥʝʧʨ (1950 ï 2000 ʛʛ.). 

 

ɺʦʜʦʦʙʤʝʥ ʯʝʨʝʟ ʧʨʦʣʠʚʳ. ɺ ʠʩʪʦʨʠʠ ʦʢʝʘʥʦʣʦʛʠʠ ʧʨʦʣʠʚ ɹʦʩ-

ʬʦʨ ʟʘʥʠʤʘʝʪ ʦʩʦʙʦʝ ʤʝʩʪʦ. ʋʞʝ ʚ ʧʝʨʚʦʡ ʤʦʥʦʛʨʘʬʠʠ, ʩ ʢʦʪʦʨʦʡ ʬʠ-

ʟʠʯʝʩʢʘʷ ʦʢʝʘʥʦʛʨʘʬʠʷ ʥʘʯʠʥʘʣʘʩʴ ʢʘʢ ʦʪʜʝʣʴʥʘʷ ʥʘʫʢʘ [Marsili, 1725], 

ʃ.ʄʘʨʩʠʣʴʠ ʦʧʠʩʘʣ ʩʚʦʠ ʠʟʤʝʨʝʥʠʷ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʭ ʪʝʯʝʥʠʡ ʚ 

ʧʨʦʣʠʚʝ, ʧʨʦʚʝʜʝʥʥʳʝ ʠʤ ʚ ʢʦʥʮʝ 17-ʛʦ ʚʝʢʘ (ʩʦʚʨʝʤʝʥʥʦʝ ʦʧʠʩʘʥʠʝ ʚ 

[Soffientino, Pilson, 2005]). ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʘʠʙʦʣʴʰʠʡ ʨʘʟʙʨʦʩ ʚ ʦʮʝʥ-

ʢʘʭ ʦʪʜʝʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʘ ʏʝʨʥʦʛʦ ʤʦʨʷ ʠʤʝʝʪ 

ʩʪʦʢ ʚʦʜʳ ʩ ʚʝʨʭʥʝʙʦʩʬʦʨʩʢʠʤ ʪʝʯʝʥʠʝʤ, ʢʦʪʦʨʳʡ ʚʥʦʩʠʪ ʥʘʠʙʦʣʴʰʠʡ 

ʚʢʣʘʜ ʚ ʨʘʩʭʦʜʥʫʶ ʯʘʩʪʴ ʙʘʣʘʥʩʘ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʚʦʜʦʦʙʤʝʥ ʚ 

ʧʨʦʣʠʚʘʭ ʨʘʥʝʝ ʦʮʝʥʠʚʘʣʩ ̫ʚ ʦʩʥʦʚʥʦʤ  ʢʦʩʚʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ï ʯʝʨʝʟ 

ʟʥʘʯʝʥʠʷ ʫʨʦʚʥʷ ʤʦʨʷ ʠʣʠ ʢʘʢ ʦʩʪʘʪʦʯʥʳʡ ʯʣʝʥ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʘ.  

ɺ ʧʦʩʣʝʜʥʠʝ 20 ʣʝʪ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʠʟʤʝʨʝʥʠ ̫

ʨʘʩʭʦʜʘ ʚʦʜʳ ʚ ʧʨʦʣʠʚʝ ʧʫʪʝʤ ʠʟʤʝʨʝʥʠʷ ʪʝʯʝʥʠʡ ʚʦ ʚʩʝʡ ʪʦʣʱʝ, ʚ 

ʯʘʩʪʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʪʝʭʥʦʣʦʛʠʠ ADCP.  ʅʘ ʨʠʩ. 2.2.6 ʧʨʠʚʝʜʝʥʳ 

ʩʨʝʜʥʝʤʝʩʷʯʥʳʝ ʚʝʣʠʯʠʥʳ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚʦʜʦʦʙʤʝʥʘ ʯʝʨʝʟ ɹʦʩʬʦʨ ʥʘ 

ʦʩʥʦʚʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ADCP ʠʟʤʝʨʝʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ, ʢʘʢ ʚ 

ʥʘʫʯʥʳʭ ʵʢʩʧʝʜʠʮʠʷʭ, ʪʘʢ ʠ ʚ ʠʥʪʝʨʝʩʘʭ ʤʫʥʠʮʠʧʘʣʴʥʦʛʦ ʭʦʟʷʡʩʪʚʘ 

ʉʪʘʤʙʫʣʘ [¥zsoy et al, 1998; Di Iorio, Y¿ce, 1999; Dogan et al, 2001 (ʠʟ 

Yukcel et al, 2003); Gregg, ¥zsoy, 2002]. ɽʩʣʠ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʪʴ ʩʝʟʦʥ-

ʥʳʡ ʭʦʜ ʵʪʠʭ ʜʘʥʥʳʭ (ʨʠʩ.2.2.6, 2.2.7) ʠ ʦʮʝʥʠʪʴ ʩʨʝʜʥʝʛʦʜʦʚʳʝ ʟʥʘʯʝ-

ʥʠʝ, ʪʦ ʜʣʷ ʚʝʨʭʥʝʙʦʩʬʦʨʩʢʦʛʦ ʧʦʪʦʢʘ Vʩʙ =  653 ʢʤ
3
/ʛʦʜ, ʜʣʷ ʥʠʞʥʝʙʦ-

ʩʬʦʨʩʢʦʛʦ ʧʦʪʦʢʘ Vʧʙ = 145 ʢʤ
3
/ʛʦʜ. ɼʣʷ ʚʝʨʭʥʝʙʦʩʬʦʨʩʢʦʛʦ ʧʦʪʦʢʘ 

ʜʘʥʥʘʷ ʦʮʝʥʢʘ ʙʣʠʟʢʘ ʢ ʦʮʝʥʢʝ [¦nl¿ata et al, 1990] ï 612 ʢʤ
3
/ʛʦʜ ʠ ʧʦ-

ʯʪʠ ʚ ʜʚʘ ʨʘʟʘ ʧʨʝʚʳʰʘʝʪ ʦʮʝʥʢʫ 371 ʢʤ
3
/ʛʦʜ  ʠʟ [ʉʠʤʦʥʦʚ, ɸʣʴʪʤʘʥ ʠ 

ʜʨ., 1991]. ʈʘʩʭʦʜ ʥʠʞʥʝʙʦʩʬʦʨʩʢʦʛʦ ʧʦʪʦʢʘ ʙʦʣʝʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʦʮʝʥʢʘʤ [ʄʘʢʘʨʦʚ, 1885; ɹʨʫʝʚʠʯ, 1953; ʉʦʣʷʥʢʠʥ, 1963;  ʉʠʤʦʥʦʚ, 

ɸʣʴʪʤʘʥ ʠ ʜʨ., 1991] ï ʦʪ 174 ʜʦ 179 ʢʤ
3
/ʛʦʜ. ʅʘ ʩʝʟʦʥʥʦʤ ʤʘʩʰʪʘʙʝ 

ʦʧʨʝʜʝʣʝʥʥʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʧʦʣʫʯʘʝʪʩʷ ʩ [ɹʦʛʜʘʥʦʚʘ, 1972], ʛʜʝ ʦʜʠʥ ʠʟ 

ʤʘʢʩʠʤʫʤʦʚ ʧʦʩʪʫʧʣʝʥʠʷ ʤʨʘʤʦʨʥʦʤʦʨʩʢʠʭ ʚʦʜ ʪʘʢʞʝ ʧʨʠʭʦʜʠʪʩʷ ʥʘ 

ʦʢʪʷʙʨʴïʥʦʷʙʨʴ, ʧʝʨʠʦʜ ʤʠʥʠʤʘʣʴʥʦʛʦ ʧʝʨʝʧʘʜʘ ʫʨʦʚʥʷ ʤʝʞʜʫ ʏʝʨ-

ʥʳʤ ʠ ʉʨʝʜʠʟʝʤʥʳʤ ʤʦʨʷʤʠ (ʨʠʩ. 2.2.7). 
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 ʆʮʝʥʢʘ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʙʘʣʘʥʩʘ ʚʦʜʦʦʙʤʝʥʘ ʩ  ʄʨʘʤʦʨʥʳʤ 

ʤʦʨʝʤ Vʧʙ ï Vʩʙ = ï508 ʢʤ
3
/ʛʦʜ ʧʦ ʜʘʥʥʳʤ ADCP  ʧʦʣʫʯʘʝʪʩʷ ʦʯʝʥʴ 

ʙʦʣʴʰʦʡ, ʦʥʘ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʜʘʞʝ ʤʘʢʩʠʤʘʣʴʥʳʝ ʦʮʝʥʢʠ ʚ ï

300 ʢʤ
3
/ʛʦʜ [¦nl¿ata et al, 1990], ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʩʦʣʝʚʦʤ ʙʘʣʘʥʩʝ,  ʠ ï

330 ʢʤ
3
/ʛʦʜ [Stanev et al, 2000], ʨʘʩʩʯʠʪʘʥʥʫʶ ʧʦ ʘʣʴʪʠʤʝʪʨʠʯʝʩʢʠʤ 

ʜʘʥʥʳʤ ʟʘ 1993ï1996 ʛʛ. ʉʨʝʜʥʷʷ ʠʟ ʚʩʝʭ ʦʮʝʥʦʢ Vʧʙ ï Vʩʙ  (ʪʘʙʣ.2.2.1) 

ʨʘʚʥʘ ï217 ʢʤ
3
/ʛʦʜ, ʦʮʝʥʢʠ ʧʦ ʥʘʠʙʦʣʝʝ ʜʣʠʥʥʳʤ ʨʷʜʘʤ ʚʦʜʥʦʛʦ ʙʘ-

ʣʘʥʩʘ [ʉʠʤʦʥʦʚ, ɸʣʴʪʤʘʥ ʠ ʜʨ., 1991] ʠ ʫʨʦʚʥʷ ʤʦʨʷ [Peneva et al, 

2001] ʨʘʚʥʳ ï195 ʢʤ
3
/ʛʦʜ ʠ ï198 ʢʤ

3
/ʛʦʜ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʣʝʜʫʝʪ, ʢʦ-

ʥʝʯʥʦ, ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʣʠʪʝʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ʨʘʩʭʦʜʦʚ ʚ 

ʧʨʦʣʠʚʝ ʧʦʢʘ ʥʝʤʥʦʛʦ, ʠ ʚʳʧʦʣʥʷʣʠʩʴ ʦʥʠ  ʧʦ ʨʘʟʣʠʯʥʳʤ ʩʭʝʤʘʤ 

ʥʘʙʣʶʜʝʥʠʡ. ʄʦʥʠʪʦʨʠʥʛ ʚʦʜʦʦʙʤʝʥʘ ʤʝʞʜʫ ʏʝʨʥʳʤ ʠ ʄʨʘʤʦʨʥʳʤ 

ʤʦʨʷʤʠ ʥʘ ʦʩʥʦʚʝ ʨʝʛʫʣʷʨʥʳʭ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʦʯʝʚʠʜ-

ʥʦ, ʜʝʣʦ ʙʫʜʫʱʝʛʦ. 

 

 
 

ʈʠʩʫʥʦʢ 2.2.6 ï ʆʮʝʥʢʠ ʚʦʜʦʦʙʤʝʥʘ ʯʝʨʝʟ ɹʦʩʬʦʨ ʧʦ ʠʥʩʪʨʫ-

ʤʝʥʪʘʣʴʥʳʤ ʠʟʤʝʨʝʥʠʷʤ ADCP, ʢʤ3/ʤʝʩʷʮ ʠʟ [¥zsoy et al, 

1998; Di Iorio, Y¿ce, 1999; Dogan et al, 2001 (ʠʟ Yukcel et al, 

2003); Gregg, ¥zsoy, 2002]. ʂʨʫʞʢʘʤʠ ʠʟʦʙʨʘʞʝʥʳ ʩʨʝʜʥʝʤʝ-

ʩʷʯʥʳʝ ʦʮʝʥʢʠ ʩʪʦʢʘ ʚʦʜʳ ʩ ʚʝʨʭʥʝʙʦʩʬʦʨʩʢʠʤ ʪʝʯʝʥʠʝʤ, ʢʨʝ-

ʩʪʠʢʘʤʠ ï ʩ ʥʠʞʥʝʙʦʩʬʦʨʩʢʠʤ ʪʝʯʝʥʠʝʤ. 

 

ʉʨʘʚʥʝʥʠʝ ʠʟʤʝʨʝʥʥʳʭ ʠ  ʧʦʪʦʢʦʚ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʦ ʤʝʪʦʜʠʢʝ  

[ɸʣʴʪʤʘʥ, 1987; ʉʠʤʦʥʦʚ, ɸʣʴʪʤʘʥ ʠ ʜʨ., 1991],  ʜʣʷ ʪʝʭ ʞʝ ʧʝʨʠʦʜʦʚ 

ʚʨʝʤʝʥʠ, ʧʦʢʘʟʳʚʘʝʪ ʨʘʟʣʠʯʠʷ ʦʪ 10 ʜʦ 100% ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʩʦʩʪʘʚʣʷ-

ʶʱʠʭ, ʧʨʠʯʝʤ ʜʣʷ ʚʝʨʭʥʝʙʦʩʬʦʨʩʢʦʛʦ ʧʦʪʦʢʘ ʟʥʘʯʝʥʠʷ ʨʘʩʭʦʜʦʚ ʚʦʜʳ 

ʧʦ ʠʟʤʝʨʝʥʠʷʤ ADCP ʚʩʝʛʜʘ ʚʳʰʝ. ʅʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʦʝ ʦʪʣʠʯʠʝ ʚ 

ʢʘʯʝʩʪʚʝʥʥʦʤ ʧʣʘʥʝ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʠʟʤʝʨʝʥʠʷ 

ʥʝ ʧʦʜʪʚʝʨʞʜʘʶʪ ʩʝʟʦʥʥʦʛʦ ʧʨʝʦʙʣʘʜʘʥʠʷ ʥʠʞʥʝʙʦʩʬʦʨʩʢʦʛʦ ʧʦʪʦʢʘ 
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ʥʘʜ ʚʝʨʭʥʝʙʦʩʬʦʨʩʢʠʤ ʚ ʧʝʨʠʦʜ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʧʨʝʩʥʦʛʦ ʙʘʣʘʥʩʘ ʩ 

ʠʶʣʷ ʧʦ ʦʢʪʷʙʨʴ (ʨʠʩ.2.2.7). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫʢʘʟʘʥʥʘ ̫ʤʝʪʦʜʠʢʘ 

ʨʘʩʯʝʪʘ ʚʦʜʦʦʙʤʝʥʘ ʯʝʨʝʟ ɹʦʩʬʦʨ ʦʧʨʝʜʝʣʷʝʪ ʨʝʟʫʣʴʪʠʨʫʶɦ ʠʡ ʩʪʦʢ 

ʯʝʨʝʟ ʧʨʦʣʠʚ ʢʘʢ ʩʫʤʤʘʨʥʳʡ ʙʘʣʘʥʩ ʧʨʝʩʥʳʭ ʚʦʜ ʤʦʨʷ ʩ ʦʙʨʘʪʥʳʤ 

ʟʥʘʢʦʤ. ɼʘʣʝʝ, ʧʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ ʩʦʦʪʥʦʰʝʥʠʷʤ ʠʟ [ɹʦʛʜʘʥʦʚʘ, 

1972]  ʨʝʟʫʣʴʪʠʨʫʶʱʠʡ ʧʦʪʦʢ ʧʝʨʝʩʯʠʪʳʚʘʝʪʩʷ ʚ ʜʚʝ ʩʦʩʪʘʚʣʷʶʱʠʝ. 

ʇʨʠ ʵʪʦʤ ʥʝ ʫʯʠʪʳʚʘʪʁʩ ̫ʣʦʢʘʣʴʥʳʝ ʫʩʣʦʚʠ ̫ʚ ʧʨʦʣʠʚʝ ɹʦʩʬʦʨ, ʪʘʢʠʝ 

ʢʘʢ ʚʝʪʝʨ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʣʦʢʠʨʦʚʘʪʴ ʠʣʠ, ʥʘʦʙʦʨʦʪ,  ʫʚʝʣʠʯʠʚʘʪʴ ʚʦ-

ʜʦʦʙʤʝʥ, ʘ ʪʘʢʞʝ ʧʝʨʝʧʘʜ ʫʨʦʚʥʷ ʤʦʨʷ ʚʜʦʣʴ ʩʘʤʦʛʦ ʧʨʦʣʠʚʘ (ʚ ʦʪʣʠ-

ʯʠʝ ʦʪ [ɹʦʛʜʘʥʦʚʘ, 1972]). ʇʦʩʣʝʜʥʠʡ ʬʘʢʪʦʨ ʪʨʫʜʥʦ ʫʯʠʪʳʚʘʪʴ ʠʟ-ʟʘ 

ʥʝʜʦʩʪʘʪʢʘ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ɹʦʩʬʦʨʘ, ʢ ʪʦʤʫ ʞʝ, ʠʟʤʝʥʯʠʚʦʩʪʴ ʫʨʦʚʥʷ 

ʤʦʨʷ ʩʦ ʩʪʦʨʦʥʳ ʄʨʘʤʦʨʥʦʛʦ ʤʦʨʷ ʯʘʩʪʦ ʛʦʨʘʟʜʦ ʚʳʰʝ, ʯʝʤ ʥʘ ʯʝʨʥʦ-

ʤʦʨʩʢʦʤ ʢʦʥʮʝ ʧʨʦʣʠʚʘ  [Andersen et al, 1997; Gregg and ¥zsoy, 1999].   

 

 
 

ʈʠʩʫʥʦʢ 2.2.7 ï ʉʝʟʦʥʥʳʡ ʭʦʜ ʚʦʜʦʦʙʤʝʥʘ ʯʝʨʝʟ ɹʦʩʬʦʨ ʧʦ 

[ʉʠʤʦʥʦʚ, ɸʣʴʪʤʘʥ ʠ ʜʨ., 1991] (ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ ʧʦʜ ʥʦʤʝ-

ʨʦʤ 1, ʰʪʨʠʭʦʚʘʷ ʣʠʥʠʷ ʦʪʦʙʨʘʞʘʝʪ ʜʠʘʧʘʟʦʥ ʤʝʞʛʦʜʦʚʳʭ 

ʢʦʣʝʙʘʥʠʡ Ñ ů); ʦʮʝʥʢʠ ʩʝʟʦʥʥʦʛʦ ʭʦʜʘ ʨʘʩʭʦʜʘ ʚʦʜʳ ʧʦ 

ADCP ʠʟʤʝʨʝʥʠʷʤ ʠʟ ʨʠʩ. 2.2.6 (ʧʦʢʘʟʘʥʦ ʢʨʫʞʢʘʤʠ, ʞʠʨʥʘʷ 

ʣʠʥʠʷ ʧʦʜ ʥʦʤʝʨʦʤ 2 ï ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʧʦʣʠʥʦʤʦʤ); ʩʝʟʦʥ-

ʥʳʡ ʭʦʜ ʥʠʞʥʝʙʦʩʬʦʨʩʢʦʛʦ ʧʦʪʦʢʘ ʧʦ [ɹʦʛʜʘʥʦʚʘ, 1972] 

(ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ ʩ ʪʨʝʫʛʦʣʴʥʠʢʘʤʠ ʧʦʜ ʥʦʤʝʨʦʤ 3) 
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ɼʣʷ ʂʝʨʯʝʥʩʢʦʛʦ ʧʨʦʣʠʚʘ ʥʘʠʙʦʣʝʝ ʜʝʪʘʣʴʥʳʝ ʠ ʜʦʩʪʦʚʝʨʥʳʝ 

ʦʮʝʥʢʠ ʧʨʠʚʝʜʝʥʳ ʚ [ʉʠʤʦʥʦʚ, ɸʣʴʪʤʘʥ ʠ ʜʨ., 1991], ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ 

ʵʤʧʠʨʠʯʝʩʢʠʤ ʟʘʚʠʩʠʤʦʩʪʷʤ ʤʝʞʜʫ ʨʘʩʭʦʜʘʤʠ ʚʦʜʳ, ʨʘʟʥʦʩʪʴʶ ʫʨʦʚ-

ʥʷ ʤʦʨʷ ʥʘ ʢʦʥʮʘʭ ʧʨʦʣʠʚʘ ʠ ʧʨʦʝʢʮʠʝʡ ʚʝʪʨʘ ʥʘ ʦʩʴ ʧʨʦʣʠʚʘ ʟʘ ʧʝʨʠʦʜ 

1923 ï 1985 ʛʛ., ʘ ʪʘʢʞʝ ʚ  ʤʦʥʦʛʨʘʬʠʠ [ʀʣʴʠʥ ʠ ʜʨ., 2009] ʥʘ ʦʩʥʦʚʝ   

ʜʘʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʪʝʯʝʥʠʡ ʚ ʧʨʦʣʠʚʝ ʟʘ 1980 ï 2008 ʛʛ.  ʉʦʛʣʘʩʥʦ [ʉʠ-

ʤʦʥʦʚ, ɸʣʴʪʤʘʥ ʠ ʜʨ., 1991],  ʧʨʠʪʦʢ ʚ ʏʝʨʥʦʝ ʤʦʨʝ ʠʟ ɸʟʦʚʩʢʦʛʦ ʤʦʨʷ 

Vʧʘ = 50 ʢʤ
3
/ʛʦʜ, ʦʙʨʘʪʥʳʡ ʯʝʨʥʦʤʦʨʩʢʠʡ ʧʦʪʦʢ Vʩʘ = 33 ʢʤ

3
/ʛʦʜ, ʙʘ-

ʣʘʥʩ ʚʦʜ Vʧʘ ï Vʩʘ = 17 ʢʤ
3
/ʛʦʜ. ʇʦ ʜʘʥʥʳʤ [ʀʣʴʠʥ ʠ ʜʨ., 2009],  ʧʨʠ 

ʫʚʝʣʠʯʝʥʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚʦʜʦʦʙʤʝʥʘ Vʧʘ = 75 ʢʤ
3
/ʛʦʜ ʠ Vʩʘ = 55 

ʢʤ
3
/ʛʦʜ, ʦʙʱʠʡ ʙʘʣʘʥʩ ʨʘʩʭʦʜʘ ʚʦʜʳ ʦʩʪʘʣʩʷ ʧʦʯʪʠ ʪʘʢʠʤ ʞʝ: Vʧʘ ï Vʩʘ 

= 20 ʢʤ
3
/ʛʦʜ. ɺ ʮʝʣʦʤ, ʵʪʠ ʦʮʝʥʢʠ ʙʣʠʟʢʠ ʢ ʩʨʝʜʥʝʤʫ ʟʥʘʯʝʥʠʶ ʠʟ ʚʩʝʭ 

ʦʮʝʥʦʢ ʚʦʜʦʦʙʤʝʥʘ ʯʝʨʝʟ ʂʝʨʯʝʥʩʢʠʡ ʧʨʦʣʠʚ (ʪʘʙʣ. 2.2.1) Vʧʘ = 55 

ʢʤ
3
/ʛʦʜ ʠ Vʩʘ = 40 ʢʤ

3
/ʛʦʜ. 

 

2.3 ʊʝʧʣʦʚʦʡ ʙʘʣʘʥʩ 

 

ʊʝʧʣʦʚʦʤʫ ʙʘʣʘʥʩʫ ʏʝʨʥʦʛʦ ʤʦʨʷ ʧʦʩʚʷʱʝʥʦ ʛʦʨʘʟʜʦ ʤʝʥʴʰʝ ʨʘ-

ʙʦʪ, ʯʝʤ ʚʦʜʥʦʤʫ ʙʘʣʘʥʩʫ (ʪʘʙʣ. 2.3.1). ʀʩʭʦʜʷ ʠʟ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ 

ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʦʮʝʥʦʢ (ʈʠʩ. 2.3.1), ʤʦʞʥʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ ʨʘʜʠ-

ʘʮʠʦʥʥʳʡ ʙʘʣʘʥʩ Rn å 100 ɺʪ/ʤ
2
, ʯʪʦ ʚ ʦʩʥʦʚʥʦʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʥʘʯʝ-

ʥʠʷʤ Rn ʚ ʄʠʨʦʚʦʤ ʦʢʝʘʥʝ ʥʘ ʪʝʭ ʰʝ ʰʠʨʦʪʘʭ. ʂʦʥʪʘʢʪʥʳʡ ʪʝʧʣʦʦʙʤʝʥ 

(ʪʫʨʙʫʣʝʥʪʥʳʡ ʧʦʪʦʢ ʷʚʥʦʛʦ ʪʝʧʣʘ) H å 13 ɺʪ/ʤ
2
, ʯʪʦ ʪʘʢʞʝ ʩʦʦʪʚʝʪ-

ʩʪʚʫʝʪ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʘʢʚʘʪʦʨʠʠ ʦʢʝʘʥʘ, ʢʨʦʤʝ  ʨʘʡʦʥʦʚ ʩ ʙʦʣʴʰʦʡ 

ʪʝʧʣʦʪʜʘʯʝʡ, ʪʘʢʠʭ ʢʘʢ ɻʦʣʴʬʩʪʨʠʤ. ɿʘʪʨʘʪʳ ʪʝʧʣʘ ʥʘ ʠʩʧʘʨʝʥʠʝ (ʪʫʨ-

ʙʫʣʝʥʪʥʳʡ ʧʦʪʦʢ ʩʢʨʳʪʦʛʦ ʪʝʧʣʘ) LE å 64 ɺʪ/ʤ
2
 ʚ 1.5 ï 2 ʨʘʟʘ ʥʠʞʝ 

ʦʩʪʘʣʴʥʦʡ ʯʘʩʪʠ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ (ʩʨʘʚʥʝʥʠʝ ʩ [ɹʫʜʳʢʦ ʠ ʜʨ., 1963]), 

ʯʪʦ ʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʩʫʙʘʨʢʪʠʯʝʩʢʠʭ ʨʘʡʦʥʦʚ. 
ʊʘʙʣʠʮʘ 2.3.1 

ʆʮʝʥʢʠ ʩʦʩʪʘʚʣʷʶʱʠʭ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ ʏʝʨʥʦʛʦ ʤʦʨʷ, ɺʪ/ʤ2 

 

 Qn Fn Rn H LE 

ʄʘʢʝʨʦʚ (1961) 140 66.2 73.8 10.4 62.5 
ɻʦʣʫʙʝʚʘ (1987)   85.6 13.9 71.8 
ɽʬʠʤʦʚ, ʊʠʤʦʬʝʝʚ (1990)   105.1 19.7 83.3 
ʉʠʤʦʥʦʚ, ɸʣʴʪʤʘʥ (1991) 149.8 64.4 85.4 13.7 69.7 

Staneva et al (1995)  141 62.2 78.8 12.7 67.5 
Schrum et al (2001) ECWMF 145.8 70.7 75.1 13.7 55.4 
Kara et al (2005) ECWMF 141.3 63.9 77.4   

Kara et al (2005) NOGAPS 174.1 66.5 107.6   
Kara et al (2005) NCEP 171.2 72.8 98.4   
Matsoukas et al (2007) 139 50 89 14 60ï75 

ʊʠʤʦʬʝʝʚ, ʖʨʦʚʩʢʠʡ (2009)   101.9   
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ʈʘʜʠʘʮʠʦʥʥʳʡ ʙʘʣʘʥʩ Rn, ʠʣʠ ʨʘʟʥʦʩʪʴ ʧʨʠʭʦʜʷʱʝʡ ʩʦʣʥʝʯʥʦʡ 

ʨʘʜʠʘʮʠʠ Qn ʠ ʬɻʬʝʢʪʠʚʥʦʛʦ ʜʣʠʥʥʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ Fn, ʤʘʢʩʠʤʘ-

ʣʝʥ ʚ ʠʶʥʝ [ʉʠʤʦʥʦʚ, ɸʣʴʪʤʘʥ ʠ ʜʨ., 1991; Schrum et al, 2001; Kara et 

al, 2005], ʠʶʣʝ [ɽʬʠʤʦʚ, ʊʠʤʦʬʝʝʚ, 1990] ʠ ʤʠʥʠʤʘʣʝʥ ʚ ʜʝʢʘʙʨʝ. 

ʉʫʤʤʘʨʥʘʷ ʪʫʨʙʫʣʝʥʪʥʘʷ ʪʝʧʣʦʦʪʜʘʯʘ ʤʦʨʷ ʚ ʘʪʤʦʩʬʝʨʫ H+LE, ʩʠʣʴʥʦ 

ʟʘʚʠʩʷʱʘʷ ʦʪ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ, ʤʠʥʠʤʘʣʴʥʘ ʚ ʘʧʨʝʣʝ [ʉʠʤʦʥʦʚ, ɸʣʴʪʤʘʥ 

ʠ ʜʨ., 1991], ʤʘʝ [ɽʬʠʤʦʚ, ʊʠʤʦʬʝʝʚ, 1990;  ɽʬʠʤʦʚ, ʇʦʩʦʰʢʦʚ, 2001] ʠ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢ ʦʩʝʥʠ ʚ 5 ï 7 ʨʘʟ. ʉ ʤʘʨʪʘ ʧʦ ʘʚʛʫʩʪ ʤʦʨʝ ʧʦʣʫʯʘʝʪ 

ʪʝʧʣʦ, ʩ ʩʝʥʪʷʙʨʷ ʧʦ ʬʝʚʨʘʣʴ ʦʪʜʘʝʪ ʪʝʧʣʦ ʚ ʘʪʤʦʩʬʝʨʫ. ʇʝʨʝʭʦʜ ʢ ʧʦ-

ʣʦʞʠʪʝʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ, ʩʦʛʣʘʩʥʦ [ʉʠʤʦʥʦʚ, ɸʣʴʪ-

ʤʘʥ ʠ ʜʨ., 1991], ʧʨʦʠʩʭʦʜʠʪ 10 ï 20 ʤʘʨʪʘ ʚ ʩʝʚʝʨʥʳʭ ʨʘʡʦʥʘʭ ʠ 23 ï 

28 ʬʝʚʨʘʣʷ ʚ ʶʞʥʳʭ, ʘ ʢ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ 10 ï 15 ʘʚʛʫʩʪʘ ʚ 

ʩʝʚʝʨʥʳʭ ʨʘʡʦʥʘʭ ʠ 23 ï 28 ʘʚʛʫʩʪʘ ʚ ʶʞʥʳʭ. 

 

 

 
 

ʈʠʩʫʥʦʢ 2.3.1 ï ʉʨʝʜʥʠʝ ʦʮʝʥʢʠ ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ ʏʝʨʥʦʛʦ ʤʦʨʷ, ɺʪ/ʤ2 ʧʦ ʣʠ-

ʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ. ʆʪʨʝʟʢʘʤʠ ʧʦʢʘʟʘʥʳ 

ʩʪʘʥʜʘʨʪʥʳʝ ʦʪʢʣʦʥʝʥʠʷ. 

 

ʉʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʪʝʧʣʦʟʘʧʘʩʘ ʜʝʷʪʝʣʴʥʦʛʦ ʩʣʦʷ ʏʝʨʥʦʛʦ ʤʦʨʷ, 

ʠʣʠ ʧʦʣʥʳʡ ʪʝʧʣʦʚʦʡ ʙʘʣʘʥʩ,  ʢʦʪʦʨʘʷ ʚ ʫʩʣʦʚʠʷʭ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʦ-

ʛʦ ʪʝʧʣʦʦʙʤʝʥʘ ʩ ʩʦʩʝʜʥʠʤʠ ʤʦʨʷʤʠ ʨʘʚʥʘ  ʚʥʝʰʥʝʤʫ ʪʝʧʣʦʚʦʤʫ ʙʘ-

ʣʘʥʩʫ, ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ  ʚ ʤʘʝ (140ï150 ɺʪĀʤ
-2
) ʠ 

 
ʚ 

ʜʝʢʘʙʨʝ ï ʷʥʚʘʨʝ (ï140ï150 ɺʪĀʤ
-2
), ʨʠʩ.2.3.2. ʕʪʠ ʦʮʝʥʢʠ, ʩʜʝʣʘʥʥʳʝ 

ʧʦ ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʧʦʣʷʤ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ʏʝʨʥʦʛʦ ʤʦʨʷ ʚ ʩʣʦʝ 0ï

100 ʤ,   ʩʦʚʧʘʜʘʶʪ ʩ ʙʦʣʴʰʠʥʩʪʚʦʤ ʦʮʝʥʦʢ ʩʝʟʦʥʥʦʛʦ ʭʦʜʘ ʨʝʟʫʣʴʪʠ-

ʨʫʶʱʝʛʦ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ ʠ ʚ ʮʝʣʦʤ ʩʦʦʪʚʝʪ-

ʩʪʚʫʪʁ  ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠ̫ ʤ ʚ ʦʢʝʘʥʝ ʜʣʷ ʪʝʭ ʞʝ ʰʠʨʦʪ. 



 

 43 

ʆʮʝʥʢʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʘʚʣʷʶʱʠʭ ʪʝʧʣʦ-

ʚʦʛʦ ʙʘʣʘʥʩʘ ʧʦ ʘʢʚʘʪʦʨʠʠ ʤʦʨʷ ʤʦʛʫʪ ʨʘʟʣʠʯʘʪʴʩʷ ʢʘʢ ʜʣʷ ʩʨʝʜʥʝʤʝ-

ʩʷʯʥʳʭ, ʪʘʢ ʠ ʜʣʷ ʩʨʝʜʥʝʛʦʜʦʚʳʭ ʚʝʣʠʯʠʥ. ʆʙʣʘʩʪʠ ʤʘʢʩʠʤʘʣʴʥʳʭ 

ʩʨʝʜʥʝʛʦʜʦʚʳʭ ʟʥʘʯʝʥʠʡ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʙʘʣʘʥʩʘ Rn ʦʪʥʦʩʠʣʠ ʢ ʮʝʥ-

ʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʤʦʨʷ [ʊʠʤʦʬʝʝʚ, ʖʨʦʚʩʢʠʡ, 2009], ʢ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʯʘ-

ʩʪʠ ʤʦʨʷ [ɽʬʠʤʦʚ, ʊʠʤʦʬʝʝʚ, 1990; ʉʠʤʦʥʦʚ, ɸʣʴʪʤʘʥ, 1991] ʠʣʠ ʢ 

ʶʞʥʦʤʫ ʧʦʙʝʨʝʞʴʶ [Kara et al, 2005]. ʄʘʢʩʠʤʫʤʳ ʩʫʤʤʘʨʥʦʡ ʪʫʨʙʫ-

ʣʝʥʪʥʦʡ ʪʝʧʣʦʦʪʜʘʯʠ ʤʦʨʷ H+LE ʤʦʛʫʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʚ ʩʝʚʝʨʦ-

ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʤʦʨʷ [Staneva et al, 1995], ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ  

[ʉʠʤʦʥʦʚ, ɸʣʴʪʤʘʥ ʠ ʜʨ., 1991] ʠʣʠ ʚ ʪʦʤ ʠ ʜʨʫʛʦʤ ʨʘʡʦʥʝ ʦʜʥʦʚʨʝ-

ʤʝʥʥʦ [ɽʬʠʤʦʚ, ʊʠʤʦʬʝʝʚ, 1990].  

 

 

 

 
 

ʈʠʩʫʥʦʢ 2.3.2 ï  ʉʝʟʦʥʳʡ ʭʦʜ ʩʢʦʨʦʩʪʠ ʠʟ-

ʤʝʥʝʥʠʷ ʪʝʧʣʦʩʦʜʝʨʞʘʥʠʷ ʩʣʦ̫ 0ï100 ʤ, 

ɺʪ/ʤ2  ʚ ʏʝʨʥʦʤ ʤʦʨʝ.   

 

ɺ ʦʮʝʥʢʘʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʘʢʚʘʪʦʨʠʠ ʤʦʨʷ  ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ 

ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ ʪʘʢʞʝ ʝʩʪʴ ʨʘʟʣʠʯʠʷ, ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʦʙʱʝʡ ʢʘʨʪʠ-

ʥ  rï ʤʦʨʝ ʚ ʩʨʝʜʥʝʤ ʟʘ ʛʦʜ ʧʦʣʫʯʘʝʪ ʪʝʧʣʦ ʚ ʶʞʥʦʡ ʯʘʩʪʠ ʤʦʨʷ ʠ ʦʪ-

ʜʘʝʪ ʪʝʧʣʦ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ. ɺ ʨʘʙʦʪʘʭ [ɻʦʣʫʙʝʚʘ, 1987; ʉʠʤʦʥʦʚ, 
ɸʣʴʪʤʘʥ ʠ ʜʨ., 1991] ʛʨʘʥʠʮʘ ʩʤʝʥʳ ʟʥʘʢʘ ʪʝʧʦʚʦʛʦ ʙʘʣʘʥʩʘ ʧʨʦʣʝʛʘʝʪ 

ʚ ʰʠʨʦʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʦʢʦʣʦ 44Áʩ.ʰ., ʜʝʣʷ ʤʦʨʝ ʧʨʠʤʝʨʥʦ ʥʘ ʨʘʚ-

ʥʳʝ ʯʘʩʪʠ, ʘʙʩʦʣʶʪʥʳʡ ʤʠʥʠʤʫʤ ʥʘʭʦʜʠʪʩʷ ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ 

ʤʦʨʷ ʙʣʠʟ ʅʦʚʦʨʦʩʩʠʡʩʢʘ. ɺ ʨʘʙʦʪʝ [ɽʬʠʤʦʚ, ʊʠʤʦʬʝʝʚ, 1990] ʧʣʦʘɦ-

ʜʠ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʙʘʣʘʥʩʘ ʪʘʢʞʝ ʧʨʠʤʝʨʥʦ ʨʘʚʥʳ, 

ʥʦ ʛʨʘʥʠʮʘ ʥʝ ʷʚʣʷʝʪʩʷ ʢʚʘʟʠʰʠʨʦʪʥʦʡ, ʚʩʷ ʟʘʧʘʜʥʘʷ ʯʘʩʪʴ ʤʦʨʷ ʠʤʝʝʪ 

ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʙʘʣʘʥʩ, ʘʙʩʦʣʶʪʥʳʡ ʤʠʥʠʤʫʤ ʥʘʭʦʜʠʪʩʷ ʚʙʣʠʟʠ ɼʫ-

ʥʘʷ, ʘ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ɸʥʘʪʦʣʠʡʩʢʦʛʦ ʧʦʙʝʨʝʞʴʷ ʚʳʜʝʣʷʝʪʩʷ ʣʦ-

ʢʘʣʴʥʘʷ ʦʙʣʘʩʪʴ ʦʭʣʘʞʜʝʥʠʷ, ʘʥʘʣʦʛʠʯʥʦ  ʨʘʙʦʪʝ [ʄʘʢʝʨʦʚ, 1961]. 

ʅʘʢʦʥʝʮ, ʚ ʨʘʙʦʪʘʭ [Staneva et al, 1995; Schrum et al, 2001] ʥʘ ʙʦʣʴʰʝʡ 

ʯʘʩʪʠ ʘʢʚʘʪʦʨʠʠ  ʏʝʨʥʦʛʦ ʤʦʨʷ ʧʨʝʦʙʣʘʜʘʝʪ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʪʝʧʣʦʚʦʡ 

ʙʘʣʘʥʩ, ʤʦʨʝ ʧʦʣʫʯʘʝʪ ʪʝʧʣʦ ʣʠʰʴ ʚ ʦʙʣʘʩʪʠ ʶʞʥʝʝ 42 ï 43Áʩ.ʰ. 
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ɻʣʘʚʘ 3 

 

ʊɽʈʄʆʍɸʃʀʅʅɸʗ ʉʊʈʋʂʊʋʈɸ ɺʆɼ  

 

 

ɺ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʭ, ʦʙʦʙʱʘʶʱʠʭ ʨʘʙʦʪʘʭ ʧʦ ʦʢʝʘʥʦʛʨʘʬʠʠ 

ʏʝʨʥʦʛʦ ʤʦʨʷ:   [ʂʥʠʧʦʚʠʯ, 1932; ʃʝʦʥʦʚ, 1960; ʌʠʣʠʧʧʦʚ, 1968; ɹʣʘ-

ʪʦʚ ʠ ʜʨ., 1984; ʉʠʤʦʥʦʚ,  ɸʣʴʪʤʘʥ,  1991] ʜʦʩʪʘʪʦʯʥʦ ʧʦʜʨʦʙʥʦ ʨʘʩ-

ʩʤʘʪʨʠʚʘʣʘʩʴ ʪʝʨʤʦʭʘʣʠʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʙʘʩʩʝʡʥʘ. ʂʨʘʪʢʘʷ, ʥʦ ʠʩʯʝʨ-

ʧʳʚʘʶʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚʦʜ ʜʘʥʘ ʚ ʤʦʥʦ-

ʛʨʘʬʠʠ [ɹʣʘʪʦʚ ʠ ʜʨ., 1984]: 

ʘ) ʦʧʨʝʜʝʣʷʶʱʠʡ ʚʢʣʘʜ ʩʦʣʝʥʦʩʪʠ ʚ ʧʣʦʪʥʦʩʪʥʫʶ ʩʪʨʘʪʠʬʠʢʘ-

ʮʠʶ ʚʦʜ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʚʝʨʭʥʝʛʦ 50-ʤʝʪʨʦʚʦʛʦ ʩʣʦʷ ʚ ʪʝʧʣʫʶ ʧʦʣʦ-

ʚʠʥʫ ʛʦʜʘ; 

ʙ) ʯʨʝʟʚʳʯʘʡʥʦ ʙʦʣʴʰʠʝ ʚʝʨʪʠʢʘʣʴʥʳʝ ʢʦʥʪʨʘʩʪʳ ʧʦ ʩʦʣʝʥʦʩʪʠ, 

ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʧʣʦʪʥʦʩʪʠ; 

ʚ) ʣʦʢʘʣʠʟʘʮʠʷ ʵʪʠʭ ʢʦʥʪʨʘʩʪʦʚ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʥʢʠʭ ʩʣʦʷʭ (ʩʝ-

ʟʦʥʥʳʡ ʪʝʨʤʦʢʣʠʥ ʠ ʧʦʩʪʦʷʥʥʳʡ ʛʘʣʦʢʣʠʥ); 

ʛ) ʷʨʢʦ ʚʳʨʘʞʝʥʥʘʷ ʚʝʨʪʠʢʘʣʴʥʘʷ ʘʩʩʠʤʝʪʨʠʷ ʩʪʨʫʢʪʫʨʳ ʚʦʜ ʩ 

ʪʦʥʢʠʤ ʚʝʨʭʥʠʤ ʦʧʨʝʩʥʝʥʥʳʤ ʠ ʤʦʱʥʳʤ ʥʠʞʥʠʤ ʦʩʦʣʦʥʝʥʥʳʤ ʢʚʘʟʠ-

ʦʜʥʦʨʦʜʥʳʤʠ ʩʣʦʷʤʠ, ʨʘʟʜʝʣʝʥʥʳʤʠ ʛʘʣʦʢʣʠʥʦʤ; 

ʜ) ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʧʦʩʪʦʷʥʥʦʛʦ ʛʘʣʦʢʣʠʥʘ ʭʦʣʦʜ-

ʥʦʛʦ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʩʣʦʷ, ʥʠʞʝ ʢʦʪʦʨʦʛʦ ʪʝʤʧʝʨʘʪʫʨʘ ʩ ʛʣʫʙʠʥʦʡ 

ʨʘʩʪʝʪ. 

ʆʪʜʝʣʴʥʳʤ ʚʦʧʨʦʩʘʤ ʪʝʨʤʦʭʘʣʠʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚʦʜ ʏʝʨʥʦʛʦ ʤʦ-

ʨʷ ʧʦʩʚʷʱʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ ʨʘʟʣʠʯʥʳʭ ʘʚʪʦʨʦʚ ʠʟ ʉʉʉʈ, 

ʋʢʨʘʠʥʳ, ʈʦʩʩʠʠ, ʊʫʨʮʠʠ, ɹʦʣʛʘʨʠʠ, ʉʐɸ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʟʘ ʙʦʣʝʝ 

ʯʝʤ 100-ʣʝʪʥʠʡ ʧʝʨʠʦʜ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ, ʥʝʩʤʦʪʨʷ ʥʘ ʦʙʱʝʝ ʩʦʢʨʘʱʝʥʠʝ ʤʦʨ-

ʩʢʠʭ  ʵʢʩʧʝʜʠʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʄʠʨʦʚʦʤ ʦʢʝʘʥʝ, ʦʙʲʝʤ ʜʦ-

ʩʪʫʧʥʳʭ ʦʢʝʘʥʦʛʨʘʬʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʣʩʷ,  ʩʪʘʣʠ 

ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʪʴʩʷ ʥʦʚʳʝ ʩʨʝʜʩʪʚʘ ʢʦʥʪʘʢʪʥʳʭ ʠ ʜʠʩʪʘʥʮʠʦʥʥʳʭ 

ʦʢʝʘʥʦʛʨʘʬʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʫʪʦʯʥʷʪʴ ʠ ʜʦʧʦʣʥʷʪʴ 

ʨʘʥʝʝ ʩʣʦʞʠʚʰʠʝʩʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʪʝʨʤʦʭʘʣʠʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʚʦʜ 

ʏʝʨʥʦʛʦ ʤʦʨʷ, ʯʪʦ ʩʜʝʣʘʥʦ, ʚ ʯʘʩʪʥʦʩʪʠ,  ʚ ʨʘʙʦʪʘʭ [¥zsoy, ¦nl¿ata, 

1997; ɹʝʣʦʢʦʧʳʪʦʚ, 2004; Tuzhilkin, 2008a, ʊʫʞʠʣʢʠʥ, 2008; BSC, 2008]. 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʚ ʙʘʥʢʘʭ ʦʢʝʘʥʦʛʨʘʬʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʜʣʷ 

ʏʝʨʥʦʛʦ ʤʦʨʷ ʩʦʙʨʘʥʦ >150 ʪʳʩ. ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ ʟʘ ʧʝʨʠʦʜ 

1910 ï 2010 ʛʛ. ʇʨʠʚʦʜʠʤʳʝ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʠ ʪʝʨʤʦʭʘʣʠʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʦʨʷ ʦʪʥʦʩʷʪʩʷ ʢ ʧʝʨʠʦʜʫ 1950 ï 

2000 ʛʛ. (105 ʪʳʩ. ʩʪʘʥʮʠʡ ʙʝʟ ʤʥʦʛʦʩʫʪʦʯʥʳʭ ʩʝʨʠʡ). ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ 

ʩʧʫʪʥʠʢʦʚʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʦʩʥʦʚʘʥʳ ʥʘ ʜʘʥʥʳʭ ʦʪʜʝʣʘ ʜʠʩʪʘʥʮʠʦʥʥʳʭ 

ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʄɻʀ ʅɸʅ ʋʢʨʘʠʥʳ (http://dvs.net.ua/). 
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3.1 ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ 

 

ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʚ ʏʝʨʥʦʤ ʤʦʨʝ ʠʟʤʝʥʷʝʪʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝ-

ʣʘʭ: ʦʪ ʟʥʘʯʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʤʝʨʟʘʥʠʷ ʚʦʜʳ ʚ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʝ ʩʝ-

ʚʝʨʥʦʡ ʯʘʩʪʠ ʤʦʨʷ (ï0.97Áʉ ʧʨʠ ʩʦʣʝʥʦʩʪʠ 18 PSU, ï0.54Áʉ ʧʨʠ ʩʦʣʝ-

ʥʦʩʪʠ 10 PSU), ʜʦ 28 ï 29Áʉ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ ʣʝʪʥʝʤ ʧʨʦʛʨʝʚʝ. ʉʨʝʜ-

ʥʷʷ ʧʦ ʚʩʝʤʫ ʦʙʲʝʤʫ ʤʦʨʷ ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʚʥʘ 8.96Áʉ. ʕʪʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʚʳʰʝ ʩʨʝʜʥʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʦʢʝʘʥʘʭ, ʥʦ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʦʩʝʜʥʝʛʦ 

ʉʨʝʜʠʟʝʤʥʦʛʦ ʤʦʨʷ.  ʉʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʚʥʘ 

14.87Áʉ, ʚ ʚʝʨʭʥʝʤ ʩʣʦʝ 0 ï 300 ʤ ʠʤʝʝʪ  ʟʥʘʯʝʥʠʝ 8.81Áʉ, ʚ ʛʣʫʙʠʥʥʦʤ 

ʩʣʦʝ 400 ï 2000 ʤ  ʧʦʚʳʰʘʝʪʩʷ ʜʦ 8.99Áʉ.    

ɺʝʨʪʠʢʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ. ʆʩʥʦʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʚʝʨʪʠʢʘʣʴ-

ʥʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʜʝʷʪʝʣʴʥʦʛʦ ʩʣʦʷ ʏʝʨʥʦʛʦ ʤʦʨʷ ʧʨʠʥʷʪʦ 

ʩʯʠʪʘʪʴ: ʚʝʨʭʥʠʡ ʢʚʘʟʠʦʜʥʦʨʦʜʥʳʡ ʩʣʦʡ ʦʪ 5 ʜʦ 130 ʤ, ʩʝʟʦʥʥʳʡ ʪʝʨ-

ʤʦʢʣʠʥ, ʛʜʝ ʤʘʢʩʠʤʫʤ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʥʘʭʦʜʠʪʩʷ ʣʝʪʦʤ ʥʘ 

ʛʣʫʙʠʥʝ 15 ï 20 ʤ (ʟʥʘʯʝʥʠʷ ʜʦ ï5Áʉ ʤ
-1
, ʩʨʝʜʥʷʷ ʚʝʣʠʯʠʥʘ ï1Áʉ ʤ

-1
), ʘ 

ʪʘʢʞʝ ʭʦʣʦʜʥʳʡ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʩʣʦʡ (ʍʇʉ), ʪ.ʝ. ʩʣʦʡ ʧʦʜʧʦʚʝʨʭ-

ʥʦʩʪʥʦʛʦ ʤʠʥʠʤʫʤʘ ʪʝʤʧʝʨʘʪʫʨ, ʩ ʛʣʫʙʠʥʦʡ ʟʘʣʝʛʘʥʠʷ ʤʠʥʠʤʫʤʘ 30 ï 

100 ʤ. ʅʠʞʝ ʦʩʠ ʍʇʉ ʪʝʤʧʝʨʘʪʫʨʘ ʤʦʥʦʪʦʥʥʦ ʧʦʚʳʰʘʝʪʩʷ ʩ ʛʣʫʙʠʥʦʡ 

ʜʦ ʟʥʘʯʝʥʠʡ 9.1Áʉ ʫ ʜʥʘ. ɺ ʩʣʦʝ 50 ï 100 ʤ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʡ 

ʪʝʨʤʦʢʣʠʥ (ʨ̫ʜ ʘʚʪʦʨʦʚ ʧʨʠʤʝʥʷʝʪ ʪʝʨʤʠʥ ʘʥʪʠʪʝʨʤʦʢʣʠʥ) ʩ ʚʝʨʪʠ-

ʢʘʣʴʥʳʤ ʛʨʘʜʠʝʥʪʦʤ ʜʦ +0.2Áʉ ʤ
-1
, ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ +0.02Áʉ ʤ

-1
. 

 

 
 

ʈʠʩʫʥʦʢ 3.1.1 ï ʉʨʝʜʥʝʤʝʩʷʯʥʳʝ   ʚʝʨʪʠʢʘʣʴʥʳʝ 

ʧʨʦʬʠʣʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ, oʉ ʚ ʏʝʨʥʦʤ ʤʦʨʝ 

(ʮʠʬʨʘʤʠ ʦʙʦʟʥʘʯʝʥʳ  ʤʝʩʷʮʳ ʛʦʜʘ). 
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ʈʠʩʫʥʦʢ 3.1.2 ï ʉʨʝʜʥʠʝ  ʧʨʦʬʠʣʠ ʚʝʨʪʠʢʘʣʥɹʦʛʦ 

ʛʨʘʜʠʝʥʪʘ ʪʝʤʧʝʨʘʪʫʨʳ, oʉĀʤ-1 ʚ ʏʝʨʥʦʤ ʤʦʨʝ ʜʣʷ 

ʣʝʪʥʝʛʦ ʩʝʟʦʥʘ. 

 

ʅʘ ʛʣʫʙʠʥʘʭ  500 ï 700 ʤ ʩʫʱʝʩʪʚʫʝʪ ʩʪʘʮʠʦʥʘʨʥʳʡ ʢʚʘʟʠʠʟʦʪʝʨ-

ʤʠʯʝʩʢʠʡ ʩʣʦʡ (ʨʠʩ.3.1.3), ʧʦ ʧʦʚʦʜʫ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʢʦʪʦʨʦʛʦ ʩʫʝɦ-

ʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʛʠʧʦʪʝʟ. ɺ [Ivanov, Samodurov, 2001; ʉʘʤʦʜʫʨʦʚ, 

2002] ʦʥ ʦʙʲʷʩʥʷʝʪʩʷ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʧʨʦʮʝʩʩʘ ʪʝʧʣʦʦʙʤʝʥʘ ʤʨʘʤʦʨʥʦ-

ʤʦʨʩʢʦʡ ʩʪʨʫʠ ʠ ʛʝʦʪʝʨʤʘʣʴʥʦʛʦ ʧʦʪʦʢʘ ʪʝʧʣʘ. ʅʘ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʝ 

ʩʣʦʷ (500 ʤ), ʧʣʦʪʥʦʩʪʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ 
dz

dS

dz

dT
R /  ʜʦʩʪʠʛʘʝʪ ʤʠ-

ʥʠʤʫʤʘ, ʯʪʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʧʝʨʝʭʦʜ ʦʪ ʨʝʞʠʤʘ, ʢʦʛʜʘ ʤʨʘʤʦʨʥʦʤʦʨʩʢʘʷ 

ʩʪʨʫʷ ʦʪʜʘʝʪ ʪʝʧʣʦ, ʥʘʛʨʝʚʘʷ ʦʢʨʫʞʘʶʱʫʶ ʞʠʜʢʦʩʪʴ, ʥʘ ʧʨʦʪʠʚʦʧʦ-

ʣʦʞʥʳʡ ʨʝʞʠʤ, ʢʦʛʜʘ ʦʥʘ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʚʥʠʟ ʢʘʢ ʙʦʣʝʝ ʭʦʣʦʜʥʘʷ 

ʚʦʜʘ. ɺ ʨʘʙʦʪʘʭ [ʄʘʤʘʝʚ, 1987, 1997] ʧʦʜʦʙʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝ-

ʨʘʪʫʨʳ ʚʳʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ T,S-ʢʨʠʚʳʭ ʩ ʫʯʝ-

ʪʦʤ ʜʚʦʡʥʦʡ ʜʠʬʬʫʟʠʠ (ʧʨʠ 
dz

dS

dz

dT
). ɹʦʣʝʝ ʧʨʦʩʪʳʤ ʦʙʲʷʩʥʝʥʠ-

ʝʤ ʤʦʞʝʪ ʩʣʫʞʠʪ ɹʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʥʠʞʝ ʵʪʦʛʦ ʩʣʦʷ (500ï700 

ʤ) ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʤʨʘʤʦʨʥʦʤʦʨʩʢʠʝ ʚʦʜr ʥʝ ʧʦʛʨʫʞʘʶʪʩʷ, ʧʦ-

ʜʨʦʙʥʝʝ ʩʤ. ʨʘʟʜʝʣ 3.4.3.  
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ʉ ʛʣʫʙʠʥʳ 1700 ï 1750 ʤ  ʥʘʯʠʥʘʝʪʩʷ ʧʨʠʜʦʥʥʳʡ ʦʜʥʦʨʦʜʥʳʡ 

ʩʣʦʡ (ʨʠʩ. 3.1.3, 3.1.4) ʩ ʧʦʩʪʦʷʥʥʦʡ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ 

(8.897 ï 8.903Áʉ), ʢʦʪʦʨʳʡ ʦʙʨʘʟʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ   ʧʣʦʪʥʦʩʪʥʦʡ  ʢʦʥ-

ʚʝʢʮʠʠ, ʚʳʟʳʚʘʝʤʦʡ ʛʝʦʪʝʨʤʘʣʴʥʳʤ ʧʦʪʦʢʦʤ ʪʝʧʣʘ [Murray 1991, 

¥zsoy et al, 1991, 1995; ɽʨʝʤʝʝʚ, ʂʫʰʥʠʨ, 1994, 1998; Eremeev et al, 

1997; ʂʫʰʥʠʨ ʠ ʜʨ., 1996ï2000; ʉʘʤʦʜʫʨʦʚ 2002, 2009; ɺʦʣʢʦʚ ʠ ʜʨ., 

2002]. ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʪʘʢʦʛʦ ʩʣʦʷ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ ʜʦʩʪʘʪʦʯʥʦ ʜʘʚʥʦ, 

ʥʦ ʤʘʣʘʷ ʪʦʯʥʦʩʪʴ ʦʢʝʘʥʦʛʨʘʬʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʥʝ ʧʦʟʚʦʣʷʣʘ ʧʨʘ-

ʚʠʣʴʥʦ ʦʧʨʝʜʝʣʠʪʴ ʝʛʦ ʪʦʣʱʠʥʫ: ʦʮʝʥʢʠ ʚʘʨʴʠʨʦʚʘʣʠ ʦʪ 1000 ʤ [ʏʠʛʠ-

ʨʠʥ, 1938; ɺʦʜʷʥʠʮʢʠʡ, 1948] ʜʦ 500 ʤ [ɺʣʘʜʠʤʠʨʮʝʚ, 1962, 1964]. ʆʩʦ-

ʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʵʪʦʪ ʚʦʧʨʦʩ ʧʨʠʦʙʨʝʣ ʚ 1950ï60-ʭ ʛʛ. ʚ ʩʚʷʟʠ ʩ ʧʨʦ-

ʝʢʪʘʤʠ ʟʘʭʦʨʦʥʝʥʠʷ ʚ ʏʝʨʥʦʤ ʤʦʨʝ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ [ɺʦʜʷʥʠʮ-

ʢʠʡ, 1958]. ʇʦ ʩʦʚʨʝʤʝʥʥʳʤ ʜʘʥʥʳʤ ʪʦʣʱʠʥʘ ʧʨʠʜʦʥʥʦʛʦ ʩʣʦʷ ʩʦʩʪʘʚ-

ʣʷʝʪ 300 ï 500 ʤ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʜʣʷ ʄʠʨʦʚʦʛʦ 

ʦʢʝʘʥʘ. 

ʆʙʱʘʷ ʩʠʩʪʝʤʘ ʚʝʨʪʠʢʘʣʴʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ʤʦʨʷ ʩ ʧʦʜʲʝʤʦʤ ʚʦʜ ʚ 

ʮʝʥʪʨʝ ʠ ʦʧʫʩʢʘʥʠʝʤ ʥʘ ʧʝʨʠʬʝʨʠʠ ʤʦʨʷ ʬʦʨʤʠʨʫʝʪ ʢʫʧʦʣʦʦʙʨʘʟʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ (ʨʠʩ. 3.1.5). ʕʪʦ ʷʚʣʷʝʪʩʷ 

ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʨʘʟʣʠʯʠ ̫ ʚʝʨʪʠʢʘʣʴʥʦʡ 

ʪʝʨʤʦʭʘʣʠʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʤʦʨʷ ʠ ʧʨʠʙʨʝʞʥʳʭ 

ʨʘʡʦʥʘʭ, ʯʪʦ ʦʙʲʷʩʥʷʣʦʩʴ ʝʱʝ ʚ ʨʘʥʥʠʭ ʨʘʙʦʪʘʭ [ʐʧʠʥʜʣʝʨ, ɺʨʘʥʛʝʣʴ, 

1899; ʂʥʠʧʦʚʠʯ, 1932]. 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ. ʂʣʠʤʘʪʠʯʝʩʢʠʝ ʪʝʨʤʦʭʘʣʠʥ-

ʥʳʝ ʧʦʣʷ ʏʝʨʥʦʛʦ ʤʦʨʷ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʜʘʥʥʳʤ ʟʘ ʨʘʟʣʠʯʥʳʝ ʚʨʝ-

ʤʝʥʥʳʝ ʧʝʨʠʦʜʳ,  ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʦ ʤʥʦʛʠʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʘʪʣʘʩʘʭ: 

[ʉʘʤʦʡʣʝʥʢʦ, 1956; ɺʠʥʦʛʨʘʜʦʚ ʠ ʜʨ., 1966; ɹʦʛʫʩʣʘʚʩʢʠʡ ʠ ʜʨ., 1984; 

ʊʝʨʟʠʝʚ ʠ ʜʨ., 1986; ɸʣʴʪʤʘʥ, ɻʝʨʪʤʘʥ, ɻʦʣʫʙʝʚʘ, 1987; ʀʚʘʥʦʚ ɺ.ɸ, 

ʂʦʩʘʨʝʚ, ʊʫʞʠʣʢʠʥ, 1999; ʉʫʚʦʨʦʚ ʠ ʜʨ., 2004; ɹʫʢʘʪʦʚ ʠ ʜʨ., 2005; 

ʆʢʝʘʥʦʛʨʘʬiʯʥʠʡ ʘʪʣʘʩ, 2009]. 

ɼʣʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪ-

ʥʦʛʦ ʩʣʦʷ ʚ ʏʝʨʥʦʤ ʤʦʨʝ ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʤ ʷʚʣʷʝʪʩʷ ʝʝ ʨʦʩʪ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʩʝʚʝʨʦ-ʟʘʧʘʜʘ ʢ ʶʛʦ-ʚʦʩʪʦʢʫ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʛʦʜʘ 

(ʨʠʩ.3.1.6). ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʦʙʱʠʤʠ ʘʪʤʦʩʬʝʨʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʨʝʛʠʦʥʘ: 

ʩʝʚʝʨʦ-ʟʘʧʘʜʥʘʷ ʯʘʩʪʴ ʏʝʨʥʦʛʦ ʤʦʨʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʤʝʨʝʥʥʳʤ ʢʣʠ-

ʤʘʪʦʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʢʣʠʤʘʪ ʚʦʩʪʦʯʥʦʡ ʧʦʣʦʚʠʥʳ ʤʦʨʷ ʩʫʙʪʨʦʧʠʯʝ-

ʩʢʠʡ. ɺ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ʭʘʨʘʢʪʝʨʥʳ 

ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ, ʥʦ ʠ ʜʣʷ ʮʝʥʪʨʘ ʤʦʨʷ, ʯʪʦ ʦʙʫ-

ʩʣʦʚʣʝʥʦ ʠʥʪʝʥʩʠʚʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʚ ʮʝʥʪʨʘʭ 

ʮʠʢʣʦʥʠʯʝʩʢʠʭ ʢʨʫʛʦʚʦʨʦʪʦʚ. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʢʦʥʪʨʘʩʪʳ ʪʝʤʧʝʨʘ-

ʪʫʨ ʥʘʠʙʦʣʝʝ ʨʝʟʢʦ ʚʳʨʘʞʝʥʳ ʟʠʤʦʡ, ʚ ʚʝʩʝʥʥʝ-ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʦʥʠ 

ʟʥʘʯʠʪʝʣʴʥʦ ʩʛʣʘʞʝʥʳ.  
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ʈʠʩʫʥʦʢ 3.1.3 ï ʇʨʦʬʠʣʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, 
oʉ ʚ ʛʣʫʙʠʥʥʳʭ ʩʣʦʷʭ ʏʝʨʥʦʛʦ ʤʦʨʷ ʧʦ ʜʘʥʥʳʤ ʧʦʩʣʝʜ-

ʥʠʭ ʜʝʩʷʪʠʣʝʪʠʡ.  

 

 
 

ʈʠʩʫʥʦʢ 3.1.4 ï ʉʨʝʜʥʠʡ ʚʝʨʪʠʢʘʣʴʥʳʡ ʧʨʦʬʠʣʴ 

ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, oʉ ʚ ʛʣʫʙʠʥʥʳʭ ʩʣʦʷʭ 

ʏʝʨʥʦʛʦ ʤʦʨʷ. 
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ʈʠʩʫʥʦʢ 3.1.5 ï ʉʨʝʜʥʠʝ ʚʝʨʪʠʢʘʣʴʥʳʝ ʨʘʟʨʝʟʳ ʪʝʤʧʝ-

ʨʘʪʫʨʳ ʚʦʜʳ, oʉ ʯʝʨʝʟ ʮʝʥʪʨʘʣʴʥʫʶ ʯʘʩʪʴ ʏʝʨʥʦʛʦ ʤʦ-

ʨʷ ʜʣʷ ʬʝʚʨʘʣʷ ʠ ʘʚʛʫʩʪʘ (ʚʚʝʨʭʫ ʥʘ ʩʭʝʤʝ ʨʘʟʨʝʟʘ 

ʰʪʨʠʭʦʚʦʡ ʣʠʥʠʝʡ ʥʘʥʝʩʝʥʳ ʠʟʦʙʘʪʳ 200 ʠ 2000 ʤ). 
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ʃʦʢʘʣʴʥʳʡ ʤʠʥʠʤʫʤ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ɸʥʘʪʦʣʠʡʩʢʦʛʦ ʧʦʙʝ-

ʨʝʞʴʷ, ʚʳʟʚʘʥʥʳʡ ʫʩʪʦʡʯʠʚʳʤ ʘʧʚʝʣʣʠʥʛʦʤ, ʩʫʱʝʩʪʚʫʝʪ ʩ ʤʘʷ ʧʦ ʦʢ-

ʪʷʙʨʴ, ʥʘʠʙʦʣʝʝ ʦʥ ʨʘʟʚʠʪ ʚ ʠʶʥʝ. ʇʨʠʯʠʥʳ ʝʛʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʙʲʷʩ-

ʥʷʶʪʩʷ  ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʳʭ ʚʝʪʨʦʚ [Oguz et al., 1992] 

ʠʣʠ ʜʠʚʝʨʛʝʥʮʠʝʡ ʪʝʯʝʥʠʡ [Sur et al., 1994].  

 

 
ʈʠʩʫʥʦʢ 3.1.6 ï ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʨʝʜʥʝʤʝʩʷʯ-

ʥʳʭ ʟʥʘʯʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ, 
o
ʉ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨ.̫ 

 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʩʣʦʝ ʦʩʥʦʚʥʦʛʦ 

ʧʠʢʥʦʢʣʠʥʘ  (ʨʠʩ.3.1.7) ʧʦʣʥʦʩʪʴʶ ʦʙʫʩʣʦʚʣʝʥʦ ʩʠʩʪʝʤʦʡ ʚʝʨʪʠʢʘʣʴ-

ʥʳʭ ʜʚʠʞʝʥʠʡ, ʚʦʩʭʦʜʷʱʠʭ ʚ ʮʝʥʪʨʝ ʠ ʥʠʩʭʦʜʷʱʠʭ ʥʘ ʧʝʨʠʬʝʨʠʠ. ɺ 

ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʛʦʜʘ  ʪʝʤʧʝʨʘʪʫʨʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʚʳʰʝʥʥʳʤʠ ʟʥʘʯʝ-

ʥʠʷʤʠ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʤʦʨʷ, ʠ ʧʦʥʠʞʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʥʘ ʤʘʪʝ-

ʨʠʢʦʚʦʤ ʩʢʣʦʥʝ. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʜʠʩʧʝʨʩʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʛʦʨʠ-

ʟʦʥʪʝ 75 ʤ ʩʥʠʞʘʝʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʟʥʯʝʥʠʷʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ 

ʚ 10
2
 ʨʘʟ,  ʥʘ ʛʦʨʠʟʦʥʪʝ 300 ʤ  ʚ 10

4
 ʨʘʟ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʛʣʫʙʠʥʥʳʭ ʩʣʦʷʭ ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦ-

ʢʦʡ ʦʜʥʦʨʦʜʥʦʩʪʴʶ. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʩʪʘʥʦʚʠʪʩʷ ʩʦʧʦ-

ʩʪʘʚʠʤʦʡ ʩ ʚʨʝʤʝʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʴʶ ʠ ʧʦʛʨʝʰʥʦʩʪʴʶ ʠʟʤʝʨʠʪʝʣʥɹʳʭ 

ʩʨʝʜʩʪʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʧʨʦʰʣʳʝ ʛʦʜʳ. ʇʦʵʪʦʤʫ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʠʞʝ 500 ʤ, ʨʘʩʯʠʪʘʥʥʳʝ ʧʦ ʠʩʪʦʨʠʯʝʩʢʠʭ 

ʜʘʥʥʳʤ, ʤʦʛʫʪ ʥʦʩʠʪʴ ʷʯʝʠʩʪʳʡ ʭʘʨʘʢʪʝʨ [ɸʣʴʪʤʘʥ, ɻʝʨʪʤʘʥ, ɻʦʣʫʙʝ-

ʚʘ, 1984]. ɺ ʨʘʙʦʪʝ [ʇʦʣʦʥʩʢʠʡ, ʃʦʚʝʥʢʦʚʘ, 2003] ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ  

ʧʦʣʥʳʡ ʤʘʩʩʠʚ ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʠ ʧʦʣʫʯʝʥ ʨʝʟʫʣʴʪʘʪ, ʢʘʯʝ-

ʩʪʚʝʥʥʦ ʩʦʚʧʘʜʘʶʱʠʡ ʩ [ɺʣʘʜʠʤʠʨʮʝʚ, 1964], ʦ ʪʦʤ, ʯʪʦ ʮʝʥʪʨʘʣʴʥʘʷ 
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ʯʘʩʪʴ ʤʦʨʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʚʳʰʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʠʬʝʨʠʡʥʳʤʠ ʨʘʡʦʥʘʤʠ. 

 
 

 
 

ʈʠʩʫʥʦʢ 3.1.7 ï ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʨʝʜʥʝʤʝ-

ʩʷʯʥʳʭ ʟʥʘʯʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ, oʉ  ʥʘ ʛʦʨʠʟʦʥʪʝ 75 ʤ. 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʨʘʩʯʝʪʘ ʩʨʝʜʥʠʭ ʧʦʣʝʡ ʚ ʛʣʫʙʠʥʥʳʭ ʩʣʦʷʭ ʠʩ-

ʢʣʶʯʠʪʝʣʴʥʦ ʜʘʥʥʳʭ ʚʳʩʦʢʦʪʦʯʥʳʭ CTD-ʟʦʥʜʦʚ ʧʦʩʣʝʜʥʝʛʦ ʜʝʩʷʪʠʣʝ-

ʪʠʷ ʦʛʨʘʥʠʯʝʥʦ ʤʘʣʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʩʪʘʥʮʠʡ ʠ ʠʭ ʥʝ-

ʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʦ ʘʢʚʘʪʦʨʠʠ. ʊʘʢʞʝ ʥʝʣʴʟʷ ʠʩʢʣʶʯʘʪʴ 

ʜʦʣʛʦʧʝʨʠʦʜʥʫʶ ʠʟʤʝʥʯʠʚʦʩʪʴ ʚ ʛʣʫʙʠʥʥʳʭ ʩʣʦʷʭ [ʇʦʣʦʥʩʢʠʡ, ʃʦʚʝʥ-

ʢʦʚʘ, 2006]. ɼʘʞʝ ʚ ʧʨʝʜʝʣʘʭ ʦʪʜʝʣʴʥʦʡ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʡ ʦʢʝʘʥʦ-

ʛʨʘʬʠʯʝʩʢʦʡ ʩʲʝʤʢʠ ʪʨʫʜʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʨʘʟʣʠʯʠʷʭ ʤʝʞʜʫ ʟʘʧʘʜ-

ʥʦʡ, ʮʝʥʪʨʘʣʴʥʦʡ ʠ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʷʤʠ ʤʦʨʷ [ʀʚʘʥʦʚ ʃ.ʀ., ʐʢʚʦʨʝʮ, 

1995]. ʉʨʝʜʥʠʝ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʜʘʥʥʳʤ ʧʦʩʣʝʜʥʠʭ ʜʝʩʷʪʠʣʝʪʠʡ 

ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʚ [ɹʝʣʦʢʦʧʳʪʦʚ, 2004], ʜʣʷ ʛʦʨʠʟʦʥʪʘ 2000 ʤ (ʨʠʩ. 

3.1.8) ʦʥʠ ʙʣʠʟʢʠ ʢ ʨʝʟʫʣʴʪʘʪʘʤ [ʇʦʣʦʥʩʢʠʡ, ʃʦʚʝʥʢʦʚʘ, 2003]. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʘʩʩʠʚʦʚ ʜʘʥʥʳʭ, ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʩʨʝʜʥʠʭ ʪʝʨʤʦʭʘʣʠʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ 

ʛʣʫʙʠʥʘʭ ʙʦʣʝʝ 1000 ʤ ʠʤʝʶʪ ʤʘʣʫʶ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ ʠ ʤʦ-

ʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʣʠʰʴ ʢʘʢ ʦʮʝʥʦʯʥʳʝ. 
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ʈʠʩʫʥʦʢ 3.1.8 ï ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʩʨʝʜʥʝʛʦʜʦʚʳʭ ʟʥʘʯʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ, oʉ ʚ 

ʛʣʫʙʠʥʥʭr ʩʣʦʷʭ. 

ʌʨʦʥʪʘʣʴʥʳʝ ʟʦʥʳ. ʉʠʩʪʝʤʘ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ ʠ ʨʘʟʜʝʣʦʚ ʪʝʨ-

ʤʦʭʘʣʠʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʏʝʨʥʦʤ ʤʦʨʝ ʚ ʮʝʣʦʤ ʤʘʣʦ ʠʩʩʣʝʜʦʚʘʥʘ. 

ɺ ʨʘʙʦʪʝ [ɸʨʪʘʤʦʥʦʚ ʠ ʜʨ., 2005] ʨʘʩʩʤʦʪʨʝʥʘ ʩʝʟʦʥʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʬʨʦʥʪʦʚ ʧʦ ʩʧʫʪʥʠʢʦʚʳʤ ʜʘʥʥʳʤ ʠ ʧʨʝʜʣʦʞʝʥ r

ʥʘʟʚʘʥʠʷ ʬʨʦʥʪʦʚ. ʅʘ ʪʦʤ ʞʝ ʤʘʪʝʨʠʘʣʝ ʩʧʫʪʥʠʢʦʚʳʭ ʜʘʥʥʳʭ ʩʦʟʜʘʥ 

ʘʪʣʘʩ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ ʠ ʝʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʛʨʘʜʠʝʥ-

ʪʦʚ [ɹʫʢʘʪʦʚ ʠ ʜʨ., 2005]. 

ʊʝʨʤʠʯʝʩʢʠʝ ʬʨʦʥʪʳ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʧʦʜʚʝʨʞʝʥʳ ʟʥʘʯʠ-

ʪʝʣʴʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ, ʚʳʜʝʣʝʥʠʝ ʦʙʱʠʭ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚʦʟʤʦʞʥʦ ʣʠʰʴ ʧʦ ʢʣʠʤʘʪʠʯʝʩʢʠʤ 

ʧʦʣʷʤ. ɼʚʝ ʦʩʥʦʚʥʳʭ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥʳ ï ʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ ʰʝʣʴʬʝ 

ʠ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʤʦʨʷ (ʨʠʩ. 3.1.9) ʩʚʷʟʘʥʳ ʩ ʦʙʱʠʤ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ 

ʛʨʘʜʠʝʥʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ  ʩ ʩʝʚʝʨʦ-ʟʘʧʘʜʘ ʥʘ ʶʛʦ-ʚʦʩʪʦʢ, ʟʥʘʯʝʥʠʷ ʢʦ-

ʪʦʨʦʛʦ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʤʦʨʷ ʦʙʳʯʥʦ ʧʦʥʠʞʝʥʳ. ʅʘʠʙʦʣʴʰʝʡ ʠʥ-

ʪʝʥʩʠʚʥʦʩʪʠ ʵʪʠ ʬʨʦʥʪʘʣʴʥʳʝ ʟʦʥʳ ʜʦʩʪʠʛʘʶʪ ʚ ʥʘʯʘʣʝ ʟʠʤʳ (ʜʦ 0.5ÁC 

/10 ʢʤ ʚ ʷʥʚʘʨʝ ʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʝ ʤʦʨʷ). ɺ ʣʝʪʥʝʝ ʚʨʝʤʷ ʨʘʟʚʠʚʘʝʪʩʷ 

ʝʱʝ ʦʜʥʘ ʬʨʦʥʪʘʣʴʥʘʷ ʟʦʥʘ, ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʚʜʦʣʴ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ 

ɸʥʘʪʦʣʠʡʩʢʦʛʦ ʧʦʙʝʨʝʞʴʷ, ʢʦʪʦʨʘʷ ʩʚʷʟʘʥʘ ʩ ʥʘʭʦʜʷʱʝʡʩʷ ʪʘʤ ʦʙʣʘ-

ʩʪʴʶ ʘʧʚʝʣʣʠʥʛʘ. 
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ʈʠʩʫʥʦʢ 3.1.9 ï ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʩʨʝʜʥʝʤʝʩʷʯʥʳʭ ʟʥʘʯʝʥʠʡ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʛʨʘʜʠʝʥʪʦʚ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ, ÁC/10 ʢʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ 
 

ɺ ʩʣʦʝ ʦʩʥʦʚʥʦʛʦ ʪʝʨʤʦʢʣʠʥʘ ʬʨʦʥʪʘʣʴʥʘʷ ʟʦʥʘ ʚʳʨʘʞʝʥʘ ʙʦʣʝʝ 

ʫʩʪʦʡʯʠʚʦ, ʦʥʘ ʧʨʦʩʪʠʨʘʝʪʩʷ ʚʜʦʣʴ ʚʩʝʡ ʧʝʨʠʬʝʨʠʠ ʤʦʨʷ ʥʘʜ ʢʦʥʪʠ-

ʥʝʥʪʘʣʴʥʳʤ ʩʢʣʦʥʦʤ, ʘ ʥʘ ʶʛʦ-ʚʦʩʪʦʢʝ ï ʧʦ ʢʨʘʶ ɹʘʪʫʤʩʢʦʛʦ ʘʥʪʠʮʠʢ-

ʣʦʥʘ. ʋʩʠʣʝʥʠʝ ʠ ʦʩʣʘʙʣʝʥʠʝ ʬʨʦʥʪʘ ʩʚʷʟʘʥʦ ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʦʙɦ ʝʡ 

ʮʠʨʢʫʣʷʮʠʠ ʤʦʨʷ. ʅʘ ʛʣʫʙʠʥʝ 75 ʤ ʩʨʝʜʥʠʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʛʨʘʜʠʝʥʪʳ 

ʪʝʤʧʝʨʘʪʫʨʳ ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʛʨʘʜʠʝʥʪʘʤʠ, ʦʥʠ ʜʦʩʪʠ-

ʛʘʶʪ ʟʥʘʯʝʥʠʡ 0.075 ï 0.1ÁC /10 ʢʤ ʚ ʬʝʚʨʘʣʝ ʠ 0.05ÁC /10 ʢʤ ʚ ʥʦʷʙʨʝ.  

ʇʦ ʜʘʥʥʳʤ ʢʦʥʢʨʝʪʥʳʭ ʦʢʝʘʥʦʛʨʘʬʠʯʝʩʢʠʭ ʩʲʝʤʦʢ ʧʦʣʦʞʝʥʠʝ 

ʪʝʨʤʠʯʝʩʢʠʭ ʬʨʦʥʪʦʚ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʩʨʝʜʥʝʤʝʩʷʯ-

ʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ, ʘ ʚʝʣʠʯʠʥʘ ʛʨʘʜʠʝʥʪʦʚ ʧʨʝʚʳʰʘʪʴ ʢʣʠʤʘʪʠʯʝʩʢʠʝ  

ʟʥʘʯʝʥʠʷ ʚ 3 ï 5 ʨʘʟ.  

ʉʝʟʦʥʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ. ɺʥʫʪʨʠʛʦʜʦʚʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʪʝʤʧʝʨʘ-

ʪʫʨʳ ʚʦʜʳ ʚ ʏʝʨʥʦʤ ʤʦʨʝ ʦʯʝʥʴ ʚʝʣʠʢʘ, ʦʩʦʙʝʥʥʦ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ 

ʯʘʩʪʠ ʤʦʨʷ, ʛʜʝ ʨʘʟʤʘʭ ʩʝʟʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦʩʪʠʛʘʝʪ 

20Áʉ (ʨʠʩ. 3.1.10). ɻʦʜʦʚʳʝ ʢʦʣʝʙʘʥʠʷ ʪʘʢʦʡ ʘʤʧʣʠʪʫʜʳ ʧʨʠʩʫʱʠ ʣʠʰʴ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʯʘʩʪʠ ʤʦʨʝʡ ʫʤʝʨʝʥʥʳʭ ʰʠʨʦʪ, ʪʘʢʠʭ ʢʘʢ ʉʝʚʝʨʥʦʝ, 

ɹʘʣʪʠʡʩʢʦʝ, ʜʘʣʴʥʝʚʦʩʪʦʯʥʳʝ ʤʦʨʷ [ʉʪʝʧʘʥʦʚ, 1974]. ɺ ʦʙʣʘʩʪʠ, ʧʨʠ-

ʣʝʛʘʶʱʝʡ ʢ ʶʛʦ-ʟʘʧʘʜʥʦʤʫ ʂʨʳʤʫ, ʚ ʟʦʥʝ ʜʝʡʩʪʚʠʷ ʉʝʚʘʩʪʦʧʦʣʴʩʢʦʛʦ 

ʘʥʪʠʮʠʢʣʦʥʘ, ʛʦʜʦʚʦʡ ʭʦʜ ʤʠʥʠʤʘʣʝʥ, ʘʤʧʣʠʪʫʜʘ ʩʝʟʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 16Áʉ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʣʝʪʥʠʡ 

ʥʘʛʨʝʚ ʚʦʜʳ ʟʜʝʩʴ ʫʤʝʨʝʥʥʳʡ, ʘ ʟʠʤʥʝʝ ʦʭʣʘʞʜʝʥʠʝ ʩʤʷʛʯʘʝʪʩʷ ʘʜʚʝʢ-

ʮʠʝʡ ʪʝʧʣʳʭ ʚʦʜ ʩ ʂʘʚʢʘʟʩʢʦʛʦ ʧʦʙʝʨʝʞʴʷ.   

ʉʝʟʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʙʳʩʪʨʦ ʟʘʪʫʭʘʶʪ ʩ ʛʣʫʙʠʥʦʡ, 

ʨʠʩ. 3.1.11 (ʘʥʘʣʦʛʠʯʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʠʚʦʜʠʪʩʷ ʚ [ɻʝʨʪʤʘʥ, 1991], 

ʨʠʩ. 2.26). ʅʘ ʛʣʫʙʠʥʝ 75 ʤ, ʙʣʠʟʢʦʡ ʢ ʛʣʫʙʠʥʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʝʨʪʠ-

ʢʘʣʴʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʧʣʦʪʥʦʩʪʠ,  ʘʤʧʣʠʪʫʜʘ ʩʝʟʦʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʪʝʤʧʝ-

ʨʘʪʫʨʳ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʫʤʝʥʴʰʘʝʪʩʷ ʚ 30 ʨʘʟ, ʚ ʟʘʧʘʜʥʦʤ 

ʮʠʢʣʦʥʠʯʝʩʢʦʤ ʢʨʫʛʦʚʦʨʦʪʝ  ʚ 85 ʨʘʟ (ʨʠʩ. 3.1.10). ʅʘʩʪʫʧʣʝʥʠʝ ʩʝʟʦʥ-

ʥʦʛʦ ʤʘʢʩʠʤʫʤʘ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʧʘʟʜʳʚʘʝʪ ʩ ʛʣʫʙʠʥʦʡ: ʥʘ 0 ʤ ʤʘʢʩʠ-

ʤʫʤ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʘʚʛʫʩʪʝ,  ʥʘ ʛʦʨʠʟʦʥʪʝ 30 ʤ ï ʚ ʦʢʪʷʙʨʝ. 
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ʈʠʩʫʥʦʢ 3.1.10 ï ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʟ-

ʤʘʭʘ ʩʝʟʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ, oʉ ʥʘ ʧʦ-

ʚʝʨʭʥʦʩʪʠ  ʤʦʨʷ ʠ ʥʘ 100 ʤ. 

 

ʊʨʘʥʩʬʦʨʤʘʮʠʷ ʚʝʨʪʠʢʘʣʴʥʳʭ ʧʨʦʬʠʣʝʡ ʪʝʤʧʝʨʘʪʫʨʳ  ʥʘ ʧʨʦʪʷ-

ʞʝʥʠʠ ʩʝʟʦʥʥʦʛʦ ʮʠʢʣʘ (ʨʠʩ. 3.1.1) ʧʨʦʠʩʭʦʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

ʪʦʣʱʠʥʘ ʚʝʨʭʥʝʛʦ ʢʚʘʟʠʦʜʥʦʨʦʜʥʦʛʦ ʩʣʦʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪ 5ï10 ʤ ʚ 

ʚʝʩʝʥʥʝ-ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʜʦ 30ï50 ʤ ʚ ʷʥʚʘʨʝ-ʤʘʨʪʝ; ʧʦʩʪʝʧʝʥʥʦ ʟʘʛʣʫʙ-

ʣʷʝʪʩʷ ʦʩʴ ʍʇʉ (ʛʣʫʙʠʥʘ ʤʠʥʠʤʫʤʘ ʪʝʤʧʝʨʘʪʫʨʳ) ʩ 20ï30 ʤ ʚ ʤʘʨʪʝ-

ʘʧʨʝʣʝ ʜʦ 70ï80 ʤ  ʚ ʜʝʢʘʙʨʝ;  ʩ ʘʧʨʝʣʷ ʧʦ ʘʚʛʫʩʪ ʨʘʟʚʠʚʘʝʪʩʷ ʩʝʟʦʥʥʳʡ 

ʪʝʨʤʦʢʣʠʥ; ʩ ʩʝʥʪʷʙʨʷ ʧʦ ʜʝʢʘʙʨʴ ʦʩʣʘʙʣʷʝʪʩʷ ʪʝʨʤʠʯʝʩʢʘʷ ʩʪʨʘʪʠʬʠ-

ʢʘʮʠʷ; ʚ ʜʝʢʘʙʨʝï̫ ʥʚʘʨʝ ʟʘʛʣʫʙʣʷʝʪʩʷ ʠ ʦʢʦʥʯʘʪʝʣʴʥʦ ʨʘʟʨʫʰʘʝʪʩʷ 

ʪʝʨʤʦʢʣʠʥ.   

 

 

ʈʠʩʫʥʦʢ 3.1.11 ï ɺʝʨʪʠʢʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ  ʩʝʟʦʥʥʦʛʦ ʭʦʜʘ ʪʝʤʧʝʨʘ-

ʪʫʨʳ ʚʦʜʳ, oʉ ʚ ʏʝʨʥʦʤ ʤʦʨʝ 

 



 

 55 

ʉʨʝʜʥʠʡ ʛʦʜʦʚʦʡ ʭʦʜ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ (ʨʠʩ. 3.1.12, ʩʤ. ʪʘʢʞʝ 

[ɹʣʘʪʦʚ ʠ ʜʨ., 1984; ɻʝʨʪʤʘʥ, 1991; ʐʦʢʫʨʦʚʘ ʠ ʜʨ., 2004]) ʷʚʣʷʝʪʩʷ 

ʨʝʟʫʣʴʪʘʪʦʤ ʚʦʟʜʝʡʩʪʚʠʷ  ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ: ʩʝʟʦʥʥʦʛʦ 

ʭʦʜʘ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ, ʘʜʚʝʢʮʠʠ ʪʝʧʣʘ ʪʝʯʝʥʠʷ-

ʤʠ, ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ. ɼʣʷ ʍʇʉ ʦʩʦʙʫʶ 

ʨʦʣʴ ʠʛʨʘʶʪ ʧʨʦʮʝʩʩʳ ʟʠʤʥʝʛʦ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ, ʜʣʷ ʧʦ-

ʩʪʦ̫ ʥʥʦʛʦ ʪʝʨʤʦʢʣʠʥʘ ï ʚʝʨʪʠʢʘʣʴʥʳʝ ʜʚʠʞʝʥʠ,̫ ʩʚʷʟʘʥʥʳʝ ʩ ʦʙʱʝʡ 

ʮʠʨʢʫʣʷʮʠʝʡ ʤʦʨ.̫ 

 

 

ʈʠʩʫʥʦʢ 3.1.12 ï ʉʨʝʜʥʠʡ  ʩʝʟʦʥʥʳʡ ʭʦʜ ʪʝʤʧʝ-

ʨʘʪʫʨʳ ʚʦʜʳ ʚ ʏʝʨʥʦʤ ʤʦʨʝ,Áʉ ʚ ʩʣʦʝ 0ï100 ʤ 
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3.2 ʉʦʣʝʥʦʩʪʴ ʚʦʜʳ 

 

ʇʦʣʝ ʩʦʣʝʥʦʩʪʠ ʚ ʏʝʨʥʦʤ ʤʦʨʝ ʬʦʨʤʠʨʫʝʪʩʷ  ʙʘʣʘʥʩʦʤ ʧʨʝʩʥʳʭ 

ʚʦʜ ʠ ʚʦʜʦʦʙʤʝʥʦʤ ʯʝʨʝʟ ʧʨʦʣʠʚ ɹʦʩʬʦʨ. ʇʨʝʚʳʰʝʥʠʝ ʧʦʩʪʫʧʣʝʥʠʷ 

ʧʨʝʩʥʦʡ ʚʦʜʳ ʩ ʨʝʯʥʳʤ ʩʪʦʢʦʤ ʠ  ʦʩʘʜʢʘʤʠ ʥʘʜ  ʠʩʧʘʨʝʥʠʝʤ ʧʨʠʚʦʜʠʪ 

ʢ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʩʦʣʝʡ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʙʦʣʴʰʠʥ-

ʩʪʚʦʤ ʤʦʨʩʢʠʭ ʙʘʩʩʝʡʥʦʚ. ʉʦʣʝʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʏʝʨʥʦʛʦ 

ʤʦʨʷ (17.85 PSU) ʧʦʯʪʠ ʚʜʚʦʝ ʤʝʥʴʰʝ, ʯʝʤ ʩʦʣʝʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʚʦʜ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ. ʂʘʢ ʦʪʤʝʯʝʥʦ ʚ (Tuzhilkin, 2008a), ʏʝʨʥʦʝ ʤʦʨʝ ï  

ʩʘʤʳʡ ʙʦʣʴʰʦʡ ʚ ʤʠʨʝ ʧʦ ʧʣʦʱʘʜʠ ʨʘʩʧʨʝʩʥʝʥʥʳʡ (ʩʦʣʦʥʦʚʘʪʦʚʦʜ-

ʥʳʡ, S<24.7 PSU) ʙʘʩʩʝʡʥ. ʉʨʝʜʥʷʷ ʩʦʣʝʥʦʩʪʴ ʧʦ ʚʩʝʤʫ ʦʙʲʝʤʫ ʏʝʨʥʦ-

ʛʦ ʤʦʨʷ ʨʘʚʥʘ 21.96 PSU, ʚ ʩʣʦʝ 0ï300 ʤ  20.26 PSU, ʚ ʩʣʦʝ 400ï2000 ʤ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 22.26 PSU.  

ʂʦʥʢʨʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʩʦʣʝʥʦʩʪʠ ʚʦʜʳ ʚ ʏʝʨʥʦʤ ʤʦʨʝ ʥʘʭʦʜʷʪʩʷ ʚ 

ʜʦʩʪʘʪʦʯʥʦ  ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʦʪ 0 ʜʦ 37 PSU. ʀʟʦʣʠʨʦʚʘʥʥʳʝ ʦʙʲʝ-

ʤʳ ʧʨʝʩʥʦʡ ʚʦʜʳ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʥʘʙʣʶʜʘʶʪʩʷ ʚʙʣʠʟʠ ʫʩʪʴʝʚ 

ʨʝʢ ʚ ʧʝʨʠʦʜʳ ʧʘʚʦʜʢʦʚ, ʚʳʩʦʢʦʩʦʣʝʥʳʝ ʩʨʝʜʠʟʝʤʥʦʤʦʨʩʢʠʝ ʚʦʜʳ (34 

ï 37 PSU) ʧʨʦʥʠʢʘʶʪ ʚ ʤʦʨʝ ʧʦ ʜʥʫ ɹʦʩʬʦʨʩʢʦʛʦ ʧʦʜʚʦʜʥʦʛʦ ʢʘʥʴʦʥʘ ï 

ʧʨʦʜʦʣʞʝʥʠʶ ɹʦʩʬʦʨʩʢʦʛʦ ʧʨʦʣʠʚʘ.  

 ɺʝʨʪʠʢʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ. ʉʦʣʝʥʦʩʪʴ ʨʘʩʪʝʪ ʩ ʛʣʫʙʠʥʦʡ ʦʪ 

17.58 ï 18.09 PSU ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ  (ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʧʦ ʘʢʚʘʪʦ-

ʨʠʠ  ʤʦʨʷ ʚ ʠʶʥʝ ʠ ʚ ʬʝʚʨʘʣʝ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʜʦ  22.33 PSU ʫ ʜʥʘ 

(ʨʠʩ. 3.2.1). ʋʩʪʦʡʯʠʚʳʭ ʚʝʨʪʠʢʘʣʴʥʳʭ ʵʢʩʪʨʝʤʫʤʦʚ ʩʦʣʝʥʦʩʪʠ, ʢʘʢ ʚʦ 

ʤʥʦʛʠʭ ʨʘʡʦʥʘʭ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ, ʚ ʏʝʨʥʦʤ ʤʦʨʝ ʥʝʪ. ʃʦʢʘʣʴʥʳʝ ʵʢʩ-

ʪʨʝʤʫʤʳ ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʤʨʘʤʦʨʥʦʤʦʨʩʢʠʭ ʚʦʜ (ʧʦ-

ʜʨʦʙʥʝʝ ʨʘʟʜʝʣ 3.4.3). ʍʘʨʘʢʪʝʨʥʦʡ ʯʝʨʪʦʡ ʚʝʨʪʠʢʘʣʴʥʦʡ ʭʘʣʠʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʤʦʨʷ  ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʜʚʫʭ ʛʘʣʦʢʣʠʥʦʚ: ʩʝʟʦʥʥʦʛʦ ʚ ʩʣʦʝ 

0ï30 ʤ ʠ ʧʦʩʪʦʷʥʥʦʛʦ (ʦʩʥʦʚʥʦʛʦ) ʚ ʩʣʦʝ 50ï100 ʤ. ʉʝʟʦʥʥʳʡ ʛʘʣʦʢʣʠʥ 

ʭʦʨʦʰʦ ʚʳʨʘʞʝʥ ʚ ʧʝʨʠʦʜ ʩ ʘʧʨʝʣʷ ʧʦ ʩʝʥʪʷʙʨʴ, ʤʘʢʩʠʤʫʤ ʚʝʨʪʠʢʘʣʴ-

ʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʩʦʣʝʥʦʩʪʠ ʧʦʩʪʝʧʝʥʥʦ ʟʘʛʣʫʙʣʷʝʪʩʷ ʚ ʪʝʯʝʥʠʝ ʵʪʦʛʦ ʧʝ-

ʨʠʦʜʘ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ ʜʦ ʛʣʫʙʠʥʳ 20 ʤ, ʟʥʘʯʝʥʠʷ ʛʨʘʜʠʝʥʪʘ ʚ 

ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʶʪ 0.02 ï 0.05 PSUĀʤ
-1
, ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʤʦʨʷ 

ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ 2 PSUĀʤ
-1
. ʄʘʢʩʠʤʫʤ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʚ ʧʦ-

ʩʪʦʷʥʥʦʤ ʛʘʣʦʢʣʠʥʝ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ 50ï70 ʤ, ʟʥʘʯʝʥʠʷ ʛʨʘʜʠʝʥʪʘ 

ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 0.03 ï 0.06 PSUĀʤ
-1
, ʤʘʢʩʠʤʫʤʳ ʤʦʛʫʪ ʧʨʝʚʳ-

ʰʘʪʴ 0.1 PSUĀʤ
-1
. ɺ ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʠʭ ʚʠʭʨʷʭ ʤʘʢʩʠʤʫʤ ʚʝʨʪʠʢʘʣʴ-

ʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʩʦʣʝʥʦʩʪʠ ʟʘʣʝʛʘʝʪ ʛʣʫʙʞʝ, ʯʝʤ ʚ ʮʝʥʪʨʘʭ ʮʠʢʣʦʥʠʯʝ-

ʩʢʠʭ ʢʨʫʛʦʚʦʨʦʪʦʚ ʚ ʩʨʝʜʥʝʤ ʥʘ 50ʤ (ʨʠʩ. 3.2.2).   

ɸʥʘʣʦʛʘ ʢʚʘʟʠʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʩʣʦʷ ʥʘ ʛʣʫʙʠʥʘʭ 500 ï 700 ʤ (ʢʘʢ 

ʥʘ ʨʠʩ. 3.1.3) ʜʣʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʦʣʝʥʦʩʪʠ ʥʝʪ. ɺ ʧʨʠ-

ʜʦʥʥʦʤ ʦʜʥʦʨʦʜʥʦʤ ʩʣʦʝ ʦʪ ʛʣʫʙʠʥ 1700ï1750 ʤ  ʜʦ ʜʥʘ, ʩʦʣʝʥʦʩʪʴ ʧʦ-

ʩʪʦʷʥʥʘ (22.325 ï 22.340 PSU), ʨʠʩ. 3.2.3 ï 3.2.4.  
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ɼʣʷ ʩʦʣʝʥʦʩʪʠ, ʪʘʢʞʝ ʢʘʢ ʠ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ, ʭʘʨʘʢʪʝʨʥʦ 

ʢʫʧʦʣʦʦʙʨʘʟʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʟʦʭʘʣʠʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʦʙʫʩʣʦʚ-

ʣʝʥʥʦʝ ʦʙʱʝʡ ʩʠʩʪʝʤʦʡ ʚʝʨʪʠʢʘʣʴʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ʤʦʨʷ ʩ ʧʦʜʲʝʤʦʤ 

ʚʦʜ ʚ ʮʝʥʪʨʝ ʠ ʦʧʫʩʢʘʥʠʝʤ ʥʘ ʧʝʨʠʬʝʨʠʠ ʤʦʨʷ (ʨʠʩ. 3.2.5). 

 

 

ʈʠʩʫʥʦʢ 3.2.1 ï ʉʨʝʜʥʝʛʦʜʦʚʦʡ ʚʝʨʪʠʢʘʣʴʥʳʡ ʧʨʦʬʠʣʴ 

ʩʦʣʝʥʦʩʪʠ ʚʦʜʳ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʏʝʨʥʦʛʦ ʤʦʨʷ. 

 

 
 

ʈʠʩʫʥʦʢ 3.2.2 ï ʉʨʝʜʥʠʝ  ʧʨʦʬʠʣʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʛʨʘ-

ʜʠʝʥʪʘ ʩʦʣʝʥʦʩʪʠ ʚ  ʏʝʨʥʦʤ ʤʦʨʝ ʜʣʷ ʣʝʪʥʝʛʦ ʩʝʟʦʥʘ. 
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ʈʠʩʫʥʦʢ 3.2.3 ï ʇʨʦʬʠʣʠ ʩʦʣʝʥʦʩʪʠ, PSU ʚ ʛʣʫʙʠʥʥʳʭ ʩʣʦʷʭ 

ʏʝʨʥʦʛʦ ʤʦʨʷ ʧʦ ʜʘʥʥʳʤ ʧʦʩʣʝʜʥʠʭ ʜʝʩʪ̫ʠʣʝʪʠʡ.  
 

 
 

ʈʠʩʫʥʦʢ 3.2.4 ï ʉʨʝʜʥʠʡ ʚʝʨʪʠʢʘʣʴʥʳʡ ʧʨʦʬʠʣʴ 

ʩʦʣʝʥʦʩʪʠ, PSU ʚ ʛʣʫʙʠʥʥʳʭ ʩʣʦʷʭ ʏʝʨʥʦʛʦ ʤʦʨʷ. 
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ʈʠʩʫʥʦʢ 3.2.5 ï ʉʨʝʜʥʠʝ ʚʝʨʪʠʢʘʣʴʥʳʝ ʨʘʟʨʝʟʳ ʩʦʣʝʥʦʩʪʠ 

ʚʦʜʳ, PSU ʯʝʨʝʟ ʮʝʥʪʨʘʣʴʥʫʶ ʯʘʩʪʴ ʏʝʨʥʦʛʦ ʤʦʨʷ ʜʣʷ 

ʬʝʚʨʘʣʷ ʠ ʘʚʛʫʩʪʘ (ʨʘʩʧʦʣʦʞʝʥʠʝ ʨʘʟʨʝʟʘ ʥʘ ʨʠʩ. 3.1.5). 

 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ. ʇʦʣʝ ʩʦʣʝʥʦʩʪʠ  ʥʘ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʤʦʨʷ (ʨʠʩ. 3.2.6) ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ  ʨʝʯʥʳʤ ʩʪʦʢʦʤ ʠ ʘʪ-

ʤʦʩʬʝʨʥʳʤʠ ʦʩʘʜʢʘʤʠ. ʇʦʥʠʞʝʥʥʘʷ ʩʦʣʝʥʦʩʪʴ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʩʝʚʝʨʦ-

ʟʘʧʘʜʥʦʛʦ ʰʝʣʴʬʘ (ʨ. ɼʫʥʘʡ, ʨ. ɼʥʝʧʨ, ʨ. ɼʥʝʩʪʨ), ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ 

ʤʦʨʷ (ʨ. ʈʠʦʥʠ, ʨ. ʏʦʨʦʭ, ʨ. ʀʥʛʫʨʠ, ʨ. ʂʦʜʦʨʠ, ʨʝʛʠʦʥʘʣʴʥʳʡ ʤʘʢʩʠ-

ʤʫʤ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ), ʠ ʥʝʢʦʪʦʨʳʭ ʯʘʩʪʝʡ ɸʥʘʪʦʣʠʡʩʢʦʛʦ ʧʦʙʝ-

ʨʝʞʴʷ: ʮʝʥʪʨʘʣʴʥʦʡ (ʨ. ʂʠʟʠʣ-ʀʨʤʘʢ, ʨ.ɽʰʠʣʴ-ʀʨʤʘʢ) ʠ ʟʘʧʘʜʥʦʡ 
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(ʨ.ʉʘʢʘʨʴʷ, ʨ. ʌʠʣʴʦʩ (ɽʥʠʜʞʝ)). ʅʘ ʂʝʨʯʝʥʩʢʦ-ʊʘʤʘʥʩʢʦʤ ʰʝʣʴʬʝ ʠ 

ʶʛʦ-ʚʦʩʪʦʯʥʦʤ ʧʦʙʝʨʝʞʴʝ ʂʨʳʤʘ ʦʧʨʝʜʝʣʝʥʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ 

ʧʨʠʪʦʢ ʘʟʦʚʦʤʦʨʩʢʠʭ ʚʦʜ (12 ï 15 PSU). ʆʙʣʘʩʪʠ ʧʦʚʳʰʝʥʥʦʡ ʩʦʣʝʥʦ-

ʩʪʠ ʧʨʠʫʨʦʯʝʥʳ ʢ ʮʝʥʪʨʘʤ ʮʠʢʣʦʥʠʯʝʩʢʠʭ ʢʨʫʛʦʚʦʨʦʪʦʚ, ʛʜʝ ʧʨʦʠʩʭʦ-

ʜʠʪ ʚʳʥʦʩ ʩʦʣʝʥʳʭ ʚʦʜ ʦʩʥʦʚʥʦʛʦ ʛʘʣʦʢʣʠʥʘ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ 

(ʤʘʢʩʠʤʫʤ ʩʦʣʝʥʦʩʪʠ ʚ ʬʝʚʨʘʣʝ 18.4 PSU, ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʡ ʢʦʥʚʝʢʮʠʠ 

ʜʦ 18.7 PSU). ɸʥʘʣʦʛʠʯʥʳʝ ʧʨʦʮʝʩʩʳ ʧʨʦʠʩʭʦʜʷʪ ʧʨʠ ʘʧʚʝʣʣʠʥʛʘʭ ʚ 

ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʝ, ʚ ʯʘʩʪʥʦʩʪʠ, ʥʘ ʖʞʥʦʤ ʙʝʨʝʛʫ ʂʨʳʤʘ ʧʨʠ ʨʝʟʢʦʤ 

ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩʦʣʝʥʦʩʪʴ ʧʦʚʳʰʘʝʪʩʷ ʚ ʩʨʝʜʥʝʤ ʥʘ 0.5 PSU 

(ʧʦ ʥʘʙʣʶʜʝʥʠʷʤ ʥʘ ʩʪʘʥʮʠʠ ʗʣʪʘ), ʧʦ ʜʘʥʥʳʤ ʠʟ ʨʘʙʦʪʳ [ɻʦʨʷʯʢʠʥ, 

ʀʚʘʥʦʚ, 2005] 0.2 ï 1.5 PSU. 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʦʣʝʥʦʩʪʠ ʚ ʩʣʦʝ ʦʩʥʦʚʥʦʛʦ ʛʘ-

ʣʦʢʣʠʥʘ (ʨʠʩ. 3.2.7) ʪʝʩʥʦ ʩʚʷʟʘʥʦ ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʦʙʱʝʡ ʮʠʨʢʫʣʷ-

ʮʠʠ ʤʦʨʷ. ʇʦʚʳʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʩʦʣʝʥʦʩʪʠ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʤʦʨʷ 

ʠ ʧʦʥʠʞʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʚ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʝ ʦʙʫʩʣʦʚʣʝʥʳ ʦʙʱʝʡ ʩʭʝ-

ʤʦʡ ʚʝʨʪʠʢʘʣʴʥʳʭ ʜʚʠʞʝʥʠʡ, ʚʦʩʭʦʜʷʱʠʭ ʚ ʮʝʥʪʨʝ ʠ ʥʠʩʭʦʜʷʱʠʭ ʥʘ 

ʧʝʨʠʬʝʨʠʠ. ʅʘ ʛʣʫʙʠʥʝ 75 ʤ ʨʘʟʥʦʩʪʴ ʟʥʘʯʝʥʠʡ ʤʝʞʜʫ ʮʝʥʪʨʦʤ ʠ ʧʝ-

ʨʠʬʝʨʠʝʡ ʤʦʨʷ ʩʦʩʪʘʚʣʷʝʪ 1 ï 1.5 PSU.  

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʦʣʝʥʦʩʪʠ ʚ ʛʣʫʙʠʥʥʳʭ ʩʣʦʷʭ ʧʦ ʜʘʥʥʳʤ ʚʳʩʦʢʦ-

ʪʦʯʥʳʭ CTD-ʟʦʥʜʦʚ, ʧʦʣʫʯʝʥʥʳʤ ʚ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ (ʨʠʩ. 3.2.8), 

ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʦʡ ʦʜʥʦʨʦʜʥʦʩʪʴʶ, ʧʦ-

ʚʳʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʩʦʣʝʥʦʩʪʠ ʦʪʤʝʯʝʥʳ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʤʦʨʷ 

ʘʥʘʣʦʛʠʯʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʚ ʚʳʰʝʣʝʞʘʱʠʭ ʩʣʦʷʭ. ɺʳʚʦʜʳ, ʩʜʝʣʘʥʥʳʝ 

ʚ  [ɺʣʘʜʠʤʠʨʮʝʚ, 1964], ʦ ʧʦʥʠʞʝʥʥʦʡ ʩʦʣʝʥʦʩʪʠ ʧʨʠʜʦʥʥʦʛʦ ʩʣʦʷ ʮʝʥ-

ʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʤʦʨʷ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʧʝʨʠʬʝʨʠʝʡ ʙʘʩʩʝʡʥʘ ʥʝ ʧʦʜʪʚʝʨ-

ʞʜʘʶʪʩʷ, ʯʪʦ ʪʘʢʞʝ ʦʪʤʝʯʘʣʦʩʴ ʚ ʨʘʙʦʪʘʭ [ʀʚʘʥʦʚ ʃ.ʀ., ʐʢʚʦʨʝʮ, 

1995; ʇʦʣʦʥʩʢʠʡ, ʃʦʚʝʥʢʦʚʘ, 2006].  

 

ʌʨʦʥʪʘʣʴʥʳʝ ʟʦʥʳ. ɺ ʧʦʣʝ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʩʦʣʝʥʦʩʪʠ ʬʨʦʥʪʘʣʴ-

ʥʳʝ ʟʦʥʳ ʦʪʯʝʪʣʠʚʦ ʚʳʨʘʞʝʥʳ ʚʜʦʣʴ ʟʘʧʘʜʥʦʛʦ ʠ ʚʦʩʪʦʯʥʦʛʦ ʧʦʙʝʨʝ-

ʞʠʡ (ʨʠʩ. 3.2.9). ʅʘʠʙʦʣʴʰʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʥʠ ʜʦʩʪʠʛʘʶʪ ʚ ʚʝʩʝʥʥʠʡ 

ʧʝʨʠʦʜ, ʩʣʝʜʫʷ ʩʝʟʦʥʥʦʤʫ ʭʦʜʫ ʨʝʯʥʦʛʦ ʩʪʦʢʘ. ɺ ʘʧʨʝʣʝ-ʤʘʝ ʦʙʣʘʩʪʠ, 

ʦʛʨʘʥʠʯʝʥʥʳʝ ʠʟʦʣʠʥʠʝʡ 1 PSU/10 ʢʤ ʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ ʰʝʣʴʬʝ ʠ 0.3 

PSU/10 ʢʤ ʚ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʤʦʨʷ, ʠʤʝʶʪ ʤʘʢʩʠʤʘʣʴʥʫʶ ʧʣʦ-

ʱʘʜʴ, ʟʦʥʘ ʩ ʛʨʘʜʠʝʥʪʘʤʠ >0.05 PSU/10 ʢʤ ʧʨʠʣʝʛʘʝʪ ʢ ɸʥʘʪʦʣʠʡʩʢʦʤʫ 

ʧʦʙʝʨʝʞʴʶ ʧʦʯʪʠ ʥʘ ʚʩʝʤ ʝʛʦ ʧʨʦʪʷʞʝʥʠʠ. 

ɺ ʩʣʦʝ ʧʦʩʪʦʷʥʥʦʛʦ ʛʘʣʦʢʣʠʥʘ ʬʨʦʥʪʘʣʴʥʘʷ ʟʦʥʘ ʧʨʦʩʪʠʨʘʝʪʩʷ 

ʚʜʦʣʴ ʚʩʝʡ ʧʝʨʠʬʝʨʠʠ ʤʦʨʷ ʥʘʜ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʤ ʩʢʣʦʥʦʤ. ʋʩʠʣʝʥʠʝ 

ʠ ʦʩʣʘʙʣʝʥʠʝ ʬʨʦʥʪʘ ʩʚʷʟʘʥʦ ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʦʙʱʝʡ ʮʠʨʢʫʣʷʮʠʠ 

ʤʦʨʷ. ʅʘ ʛʣʫʙʠʥʝ 75 ʤ ʩʨʝʜʥʠʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʛʨʘʜʠʝʥʪʳ ʩʦʣʝʥʦʩʪʠ 

ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʛʨʘʜʠʝʥʪʘʤʠ, ʦʥʠ ʜʦʩʪʠʛʘʶʪ ʟʥʘʯʝʥʠʡ 

0.15 ï 0.2 PSU/10 ʢʤ ʚ ʬʝʚʨʘʣʝ ʠ 0.1 PSU/10 ʢʤ ʚ ʥʦʷʙʨʝ. 
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ʈʠʩʫʥʦʢ 3.2.6 ï ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʨʝʜʥʝʤʝ-

ʩʷʯʥʳʭ ʟʥʘʯʝʥʠʡ ʩʦʣʝʥʦʩʪʠ ʚʦʜʳ, PSU ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ 

 

 
ʈʠʩʫʥʦʢ 3.2.7 ï ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʩʨʝʜʥʝʤʝʩʷʯʥʳʭ ʟʥʘʯʝʥʠʡ ʩʦʣʝʥʦʩʪʠ ʚʦʜʳ, PSU  ʥʘ 

ʛʦʨʠʟʦʥʪʝ 75 ʤ 
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ʈʠʩʫʥʦʢ 3.2.8 ï ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʩʨʝʜʥʝʛʦʜʦʚʳʭ ʟʥʘʯʝʥʠʡ ʩʦʣʝʥʦʩʪʠ ʚʦʜʳ, PSU ʚ 

ʛʣʫʙʠʥʥʳʭ ʩʣʦʷʭ. 

ʇʦ ʜʘʥʥʳʤ ʢʦʥʢʨʝʪʥʳʭ ʦʢʝʘʥʦʛʨʘʬʠʯʝʩʢʠʭ ʩʲʝʤʦʢ ʧʦʣʦʞʝʥʠʝ 

ʩʦʣʝʥʦʩʪʥʳʭ ʬʨʦʥʪʦʚ ʢʘʯʝʩʪʚʝʥʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʨʝʜʥʝʤʝʩʷʯʥʳʤ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʷʤ, ʧʨʠ ʵʪʦʤ ʚʝʣʠʯʠʥʘ ʛʨʘʜʠʝʥʪʦʚ ʤʦʞʝʪ ʧʨʝʚʳʰʘʪʴ ʢʣʠʤʘ-

ʪʠʯʝʩʢʠʝ  ʟʥʘʯʝʥʠʷ ʚ 2 ï 3 ʨʘʟʘ. 

ʉʝʟʦʥʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ. ɺʥʫʪʨʠʛʦʜʦʚʳʝ ʢʦʣʝʙʘʥʠʷ ʩʦʣʝʥʦʩʪʠ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʏʝʨʥʦʤ ʤʦʨʝ ʧʦ ʩʚʦʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʪʠʧʠʯʥʳ ʜʣʷ 

ʙʘʩʩʝʡʥʘ ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʦʢʝʘʥʘ. ɺ ʫʩʪʴʷʭ ʙʦʣʴʰʠʭ ʨʝʢ ï ʚ ʩʝʚʝʨʦ-

ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʤʦʨʷ  ï ʨʘʟʤʘʭ ʩʝʟʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʦʣʝʥʦʩʪʠ ʜʦʩʪʠʛʘ-

ʝʪ 4 PSU, ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʤʦʨʷ ʦʥ  ʥʝ ʧʨʝʚʳʰʘʝʪ 0.4
 
PSU 

(ʨʠʩ.3.2.10).  

ɺ ʦʪʣʠʯʠʝ ʦʪ ʚʥʫʪʨʠʛʦʜʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʤʦʥʦʪʦʥʥʦ 

ʫʤʝʥʴʰʘʶʱʠʭʩʷ ʩ ʛʣʫʙʠʥʦʡ, ʚʝʨʪʠʢʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʘʤʧʣʠʪʫʜʳ 

ʩʝʟʦʥʥʦʛʦ ʭʦʜʘ ʩʦʣʝʥʦʩʪʠ ʠʤʝʝʪ ʜʚʘ ʤʘʢʩʠʤʫʤʘ: ʦʜʠʥ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʦʨʷ ʠ ʚʪʦʨʦʡ ï ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʧʦʩʪʦʷʥʥʦʛʦ ʛʘʣʦʢʣʠʥʘ (ʨʠʩ.3.2.11). 

ʅʘʣʠʯʠʝ ʚʪʦʨʦʛʦ ʤʘʢʩʠʤʫʤʘ ʚʧʝʨʚʳʝ ʙʳʣʦ ʦʧʠʩʘʥʦ ʚ ʨʘʙʦʪʝ [ʌʠʣʠʧ-

ʧʦʚ, 1968] ʠ ʦʙʲʷʩʥʝʥʦ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʩʝʟʦʥʥʦʛʦ ʭʦʜʘ ʦʙʱʝʡ ʮʠʨʢʫʣʷ-

ʮʠʠ ʤʦʨʷ, ʚʳʟʳʚʘʶʱʝʛʦ ʚʝʨʪʠʢʘʣʴʥʳʝ ʜʚʠʞʝʥʠʷ ʦʩʥʦʚʥʦʛʦ ʛʘʣʦʢʣʠʥʘ. 

ʈʘʟʤʘʭ ʩʝʟʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʦʣʝʥʦʩʪʠ ʥʘ ʛʦʨʠʟʦʥʪʘʭ, ʙʣʠʟʢʠʭ ʢ ʛʣʫ-

ʙʠʥʝ ʚʪʦʨʦʛʦ ʤʘʢʩʠʤʫʤʘ (ʨʠʩ.3.2.10, 100 ʤ), ʤʘʢʩʠʤʘʣʝʥ ʥʘ ʧʝʨʠʬʝʨʠʠ 

ʤʦʨʷ ʠ ʤʠʥʠʤʘʣʝʥ ʚ ʮʝʥʪʨʝ (ʘʥʘʣʦʛʠʯʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚ [ɻʝʨʪʤʘʥ, 

1991], ʨʠʩ. 2.26).  
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ʈʠʩʫʥʦʢ 3.2.9 ï ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʩʨʝʜʥʝʤʝʩʷʯʥʳʭ ʟʥʘʯʝʥʠʡ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʛʨʘʜʠʝʥʪʦʚ 

ʩʦʣʝʥʦʩʪʠ ʚʦʜʳ, PSU/10 ʢʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ 
 

 

 

 

 
 

ʈʠʩʫʥʦʢ 3.2.10 ï ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝ-

ʥʠʝ ʨʘʟʤʘʭʘ ʩʝʟʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʦʣʝʥʦʩʪʠ ʚʦ-

ʜʳ, PSU ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʥʘ 100 ʤ. 
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ʈʠʩʫʥʦʢ 3.2.11 ï ɺʝʨʪʠʢʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ  ʩʝʟʦʥʥʦʛʦ ʭʦʜʘ ʩʦʣʝʥʦ-

ʩʪʠ ʚʦʜʳ, PSU ʚ ʏʝʨʥʦʤ ʤʦʨʝ 

 

 

ɻʣʘʚʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʩʝʟʦʥʥʦʛʦ ʭʦʜʘ ʩʦʣʝʥʦʩʪʠ ʚ ʏʝʨʥʦʤ ʤʦʨʝ ï  

ʫʤʝʥʴʰʝʥʠʝ ʩʦʣʝʥʦʩʪʠ ʚ ʢʦʥʮʝ ʚʝʩʥʳ, ʥʘʯʘʣʝ ʣʝʪʘ. ʄʠʥʠʤʘʣʴʥʳʡ ʩʦ-

ʣʝʟʘʧʘʩ ʚ ʩʣʦʝ 0ï100 ʤ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʠʶʣʴ, ʯʝʨʝʟ ʤʝʩʷʮ ʧʦʩʣʝ ʜʦʩʪʠ-

ʞʝʥʠʷ ʤʠʥʠʤʫʤʘ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʩʦʣʝʥʦʩʪʠ ʠ ʯʝʨʝʟ ʜʚʘ ʤʝʩʷʮʘ ʧʦʩʣʝ 

ʤʘʢʩʠʤʫʤʘ ʧʨʝʩʥʦʛʦ ʙʘʣʘʥʩʘ. ɺ ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʧʨʦʮʝʩʩ ʧʝʨʝʨʘʩʧʨʝʜʝ-

ʣʝʥʠʷ ʨʝʯʥʳʭ ʚʦʜ, ʧʦʩʪʫʧʠʚʰʠʭ ʚ ʤʦʨʝ ʟʘ ʧʝʨʠʦʜ ʚʝʩʝʥʥʝʛʦ ʧʘʚʦʜʢʘ, 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʙʱʝʡ ʮʠʨʢʫʣʷʮʠʠ ʠ 

ʚʝʪʨʦʚʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʩʝʟʦʥʥʦʛʦ ʛʘ-

ʣʦʢʣʠʥʘ. ʄʘʢʩʠʤʘʣʴʥʳʡ ʩʦʣʝʟʘʧʘʩ ʥʘʙʣʶʜʘʝʪʩʷ ʟʠʤʦʡ (ʤʘʨʪ), ʢʦʛʜʘ 

ʧʨʦʠʩʭʦʜʠʪ ʘʢʪʠʚʥʦʝ ʚʝʪʨʦʚʦʝ ʠ ʢʦʥʚʝʢʪʠʚʥʦʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʚ ʧʦ-

ʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ, ʘ ʫʩʠʣʝʥʠʝ ʦʙʱʝʡ ʮʠʨʢʫʣʷʮʠʠ ʤʦʨʷ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʧʦʜʲʝʤ ʛʣʫʙʠʥʥʳʭ ʚʦʜ ʧʦʚʳʰʝʥʥʦʡ ʩʦʣʝʥʦʩʪʠ. ʉʝʟʦʥʥʳʡ ʭʦʜ ʩʦʣʝʥʦ-

ʩʪʠ ʚ ʧʨʠʙʨʝʞʥʳʭ ʨʘʡʦʥʘʭ, ʙʣʠʟʢʠʤ ʢ ʫʩʪʴʷʤ ʢʨʫʧʥʳʭ ʨʝʢ, ʦʪʣʠʯʘʝʪʩʷ 

ʦʪ ʨʘʡʦʥʦʚ ʦʪʢʨʳʪʦʛʦ ʤʦʨʷ: ʥʘʧʨʠʤʝʨ, ʚ ʆʜʝʩʩʢʦʤ ʨʝʛʠʦʥʝ [ɼʦʮʝʥʢʦ, 

2002] ʠʣʠ ʚʙʣʠʟʠ ʫʩʪʴʷ ɼʫʥʘʷ ʤʠʥʠʤʫʤ ʩʦʣʝʥʦʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʘʧ-

ʨʝʣʝ ï ʤʘʝ. ʅʘ ʫʜʘʣʝʥʠʠ 100 ï 150 ʢʤ, ʫʞʝ ʚ ʮʝʥʪʨʝ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ 

ʰʝʣʴʬʘ ʠʣʠ ʚ ʂʘʨʢʠʥʠʪʩʢʦʤ ʟʘʣʠʚʝ [ʇʫʭʪʷʨ ʠ ʜʨ., 2002] ʩʝʟʦʥʥʳʡ ʭʦʜ 

ʩʦʣʝʥʦʩʪʠ ʘʥʘʣʦʛʠʯʝʥ ʨʘʡʦʥʘʤ ʦʪʢʨʳʪʦʛʦ ʤʦʨʷ ï ʤʠʥʠʤʫʤ ʥʘʙʣʶʜʘʝʪ-

ʩʷ ʚ ʠʶʣʝ. 

ʉʨʝʜʥʠʡ ʛʦʜʦʚʦʡ ʭʦʜ ʩʦʣʝʥʦʩʪʠ  ʚʦʜʳ (ʨʠʩ. 3.2.12) ʬʦʨʤʠʨʫʝʪʩʷ 

ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ  ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ: ʩʝʟʦʥʥʦʛʦ ʭʦʜʘ 

ʧʨʝʩʥʦʛʦ ʙʘʣʘʥʩʘ ʤʦʨʷ, ʘʜʚʝʢʮʠʠ ʚʦʜ ʪʝʯʝʥʠʷʤʠ, ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʠ ʛʦ-
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ʨʠʟʦʥʪʘʣʴʥʦʛʦ ʩʦʣʝʦʙʤʝʥʘ. ɼʣʷ ʍʇʉ ʚʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʧʨʦʮʝʩʩʳ 

ʟʠʤʥʝʛʦ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ, ʜʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʛʘʣʦʢʣʠʥʘ ï 

ʚʝʨʪʠʢʘʣʴʥʳʝ ʜʚʠʞʝʥʠ,̫ ʩʚʷʟʘʥʥʳʝ ʩ ʦʙʱʝʡ ʮʠʨʢʫʣʷʮʠʝʡ ʤʦʨʷ. 

 

ʈʠʩʫʥʦʢ 3.2.12 ï ʉʨʝʜʥʠʡ ʩʝʟʦʥʥʳʡ ʭʦʜ ʩʦʣʝʥʦʩʪʠ 

ʚʦʜʳ, PSU ʚ ʏʝʨʥʦʤ ʤʦʨʝ ʚ ʩʣʦʝ 0ï100 ʤ 
 

ʉʝʟʦʥʥʳʝ ʮʠʢʣʳ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʣʝʥʦʩʪʠ ʥʘ ʛʣʫʙʠʥʘʭ ʤʦʛʫʪ ʢʘ-

ʯʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʪʴʩʷ ʤʝʞʜʫ ʩʦʙʦʡ.  ɺ ʩʣʦʝ 0 ï 50 ʤ ʦʥʠ ʥʘʭʦʜʷʪʩʷ ʚ 

ʧʨʦʪʠʚʦʬʘʟʝ: ʤʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʘʢʩʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ ʩʦʣʝʥʦʩʪʠ, ʠ, ʥʘʦʙʦʨʦʪ, ʩʦʣʝ-

ʥʦʩʪʴ ʤʠʥʠʤʘʣʴʥʘ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ, ʘ ʪʝʤʧʝʨʘʪʫʨʘ ʤʘʢʩʠʤʘʣʴʥʘ. ɺ 

ʩʣʦʝ ʦʩʥʦʚʥʦʛʦ ʧʠʢʥʦʢʣʠʥʘ (75 ï 200 ʤ) ʩʝʟʦʥʥʳʝ ʮʠʢʣʳ ʪʝʤʧʝʨʘʪʫʨʳ 

ʠ ʩʦʣʝʥʦʩʪʠ ʙʦʣʝʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʨʫʛ ʜʨʫʛʫ: ʤʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʚ 

ʦʩʥʦʚʥʦʤ ʥʘʙʣʶʜʘʶʪʩʷ  ʚʝʩʥʦʡ. 

 

3.3 ʇʣʦʪʥʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʚʦʜ 

 

ɿʥʘʯʠʪʝʣʴʥʘʷ ʨʘʩʧʨʝʩʥʝʥʥʦʩʪʴ ʚʦʜ ʏʝʨʥʦʛʦ ʤʦʨʷ ʧʨʠʚʦʜʠʪ ʢ ʪʦ-

ʤʫ, ʯʪʦ ʧʣʦʪʥʦʩʪʴ ʚʦʜʳ ʚ ʥʝʤ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʦʢʝʘʥʩʢʦʡ. ʉʨʝʜʥʝ-

ʛʦʜʦʚʦʝ ʟʥʘʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ  ɟ = 1012.6 ʢʛ/ʤ
3
 (ʫʩʣʦʚʥʘʷ 

ʧʣʦʪʥʦʩʪʴ  = 12.6), ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʚʦʜʳ ʚ ʛʣʫʙʠʥʥʳʭ ʩʣʦʷʭ 

ʤʦʨʷ ʥʝ ʧʨʝʚʳʰʘʝʪ  = 17.2. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʚʦʜʳ ʩʨʝʜʠʟʝʤʥʦʤʦʨʩʢʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʥʘ ʚʳʭʦʜʝ ʠʟ ɹʦʩʬʦʨʘ ʠʤʝʶʪ ʧʣʦʪʥʦʩʪʴ  = 26ï28, ʪ.ʝ. 

ʦʪʥʦʩʷʪʩʷ ʢ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʣʦʪʥʳʭ ʚʦʜ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ. ɺ ʫʩʪʴ-

ʝʚʳʭ ʨʘʡʦʥʘʭ ʚ ʪʝʧʣʳʡ ʩʝʟʦʥ ʛʦʜʘ ʧʨʠ ʥʠʟʢʦʡ ʩʦʣʝʥʦʩʪʠ ʠ ʚʳʩʦʢʦʡ 
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ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʜʳ ʧʣʦʪʥʦʩʪʴ ʤʦʞʝʪ ʧʦʥʠʞʘʪʴʩʷ ʚʧʣʦʪʴ ʜʦ ʟʥʘʯʝʥʠʡ  

< ï2 (ɟ<998 ʢʛ/ʤ
3
). 

 ɺʝʨʪʠʢʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ. ʇʣʦʪʥʦʩʪʴ ʚʦʜʳ ʨʘʩʪʝʪ ʩ ʛʣʫʙʠʥʦʡ ʦʪ 

 = 10.8 ï 14.0 ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ (ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʧʦ ʘʢʚʘʪʦʨʠʠ  

ʤʦʨʷ ʚ ʠʶʣʝ ʠ ʚ ʬʝʚʨʘʣʝ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʜʦ   = 17.2 ʥʘ 2000 ʤ (ʨʠʩ. 

3.3.1). ɼʣʷ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʣʦʪʥʦʩʪʠ ʚ ʏʝʨʥʦʤ ʤʦʨʝ ʭʘʨʘʢ-

ʪʝʨʥʦ ʥʘʣʠʯʠʝ ʜʚʫʭ ʧʠʢʥʦʢʣʠʥʦʚ (ʩʢʘʯʢʦʚ ʧʣʦʪʥʦʩʪʠ). ʉʝʟʦʥʥʳʡ ʧʠʢ-

ʥʦʢʣʠʥ ʩʫʱʝʩʪʚʫʝʪ ʚ ʧʝʨʠʦʜ ʩ ʘʧʨʝʣʷ ʧʦ ʥʦʷʙʨʴ ʚ ʩʣʦʝ 15ï20 ʤ, ʜʦʩʪʠ-

ʛʘʷ ʥʘʠʙʦʣʴʰʝʛʦ ʨʘʟʚʠʪʠʷ ʚ ʠʶʣʝ-ʘʚʛʫʩʪʝ (ʚʝʨʪʠʢʘʣʴʥʳʡ ʛʨʘʜʠʝʥʪ ʜʦ 

1.5 ʢʛʤ
-2
, ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 0.2 ï 0.3 ʢʛʤ

-2
, ʨʠʩ. 3.3.2). ʉʝʟʦʥʥʳʡ ʧʠʢ-

ʥʦʢʣʠʥ ʚʦʟʥʠʢʘʝʪ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʨʘʟʚʠʪʠʷ ʩʝʟʦʥʥʦʛʦ ʪʝʨʤʦʢʣʠʥʘ, ʠ, ʚ 

ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ, ʩʝʟʦʥʥʦʛʦ ʛʘʣʦʢʣʠʥʘ. ʇʦʩʪʦʷʥʥʳʡ (ʦʩʥʦʚʥʦʡ)  ʧʠʢ-

ʥʦʢʣʠʥ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʦʩʥʦʚʥʦʤʫ ʛʘʣʦʢʣʠʥʫ, ʟʘʣʝʛʘʝʪ ʥʘ ʛʣʫʙʠʥʘʭ 

ʦʪ 50 ʜʦ 100 ʤ, ʟʥʘʯʝʥʠʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʧʣʦʪʥʦʩʪʠ ʚ ʩʨʝʜʥʝʤ  

ʨʘʚʥʳ 0.02 ï 0.04 ʢʛʤ
-2
, ʤʘʢʩʠʤʘʣʴʥʳʝ ʜʦ 0.15 ʢʛʤ

-2
.  

 

 
 

ʈʠʩʫʥʦʢ 3.3.1 ï ʉʨʝʜʥʝʛʦʜʦʚʦʡ ʚʝʨʪʠʢʘʣʴʥʳʡ ʧʨʦʬʠʣʴ 

ʧʣʦʪʥʦʩʪʠ  ʚʦʜʳ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʏʝʨʥʦʛʦ ʤʦʨʷ. 

 

ɺʝʨʭʥʠʡ ʢʚʘʟʠʦʜʥʦʨʦʜʥʳʡ ʩʣʦʡ (ɺʂʉ), ʦʙʨʘʟʫʶʱʠʡʩʷ ʧʨʠ ʚʝʪʨʦ-

ʚʦʣʥʦʚʦʤ ʠ ʢʦʥʚʝʢʪʠʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ, ʨʝʞʝ ʚʩʝʛʦ ʥʘʙʣʶʜʘʝʪʩʷ ʚ 

ʤʘʝ-ʠʶʥʝ (ʧʦʚʪʦʨʷʝʤʦʩʪʴ 20 ï 30%), ʚ ʦʩʝʥʥʝ-ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʦʥ ʨʘʩ-

ʧʨʦʩʪʨʘʥʝʥ ʧʦ ʚʩʝʡ ʘʢʚʘʪʦʨʠʠ. ʅʘʠʙʦʣʴʰʝʡ ʪʦʣʱʠʥ rɺʂʉ ʜʦʩʪʠʛʘʝʪ ʚ 

ʟʦʥʘʭ ʥʠʩʭʦʜʷʱʠʭ ʚʝʨʪʠʢʘʣʴʥʳʭ ʜʚʠʞʝʥʠʡ ʚ ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʠʭ ʚʠʭ-

ʨʷʭ (ʜʦ 120 ï 130 ʤ). ʅʘ ʨʠʩ.3.3.3 ʧʦʢʘʟʘʥʳ ʧʨʦʬʠʣʠ ʧʣʦʪʥʦʩʪʠ ʧʨʠ 

ʤʘʢʩʠʤʘʣʴʥʦʤ ʨʘʟʚʠʪʠʠ ɺʂʉ ʚ ʨʘʡʦʥʝ ʉʝʚʘʩʪʦʧʦʣʴʩʢʦʛʦ ʘʥʪʠʮʠʢʣʦʥʘ 

ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʤʝʩʷʮʝʚ ʛʦʜʘ. ʇʦʜʦʙʥʘʷ ʚʝʨʪʠʢʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʣʦʪ-

ʥʦʩʪʠ ʭʘʨʘʢʪʝʨʥʘ ʠ ʜʣʷ ʜʨʫʛʠʭ ʘʥʪʠʮʠʢʣʦʥʦʚ. 
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ʈʠʩʫʥʦʢ 3.3.2 ï ʉʨʝʜʥʠʝ  ʧʨʦʬʠʣʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʛʨʘʜʠ-

ʝʥʪʘ ʧʣʦʪʥʦʩʪʠ ʠ ʯʘʩʪʦʪʳ ɹʨʝʥʪʘ-ɺʷʡʩʷʣʷ ʚ  ʏʝʨʥʦʤ 

ʤʦʨʝ ʜʣʷ ʣʝʪʥʝʛʦ ʩʝʟʦʥʘ. 

 

 

 
 

ʈʠʩʫʥʦʢ 3.3.3 ï ɺʝʨʪʠʢʘʣʴʥʳʝ ʧʨʦʬʠʣʠ 

ʧʣʦʪʥʦʩʪʠ ʚʦʜʳ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ ʨʘʟʚʠʪʠʠ 

ɺʂʉ ʚ ʨʘʡʦʥʝ ʉʝʚʘʩʪʦʧʦʣʴʩʢʦʛʦ ʘʥʪʠʮʠʢʣʦ-

ʥʘ (ʮʠʬʨʘʤʠ ʦʙʦʟʥʘʯʝʥʳ  ʤʝʩʷʮʳ ʛʦʜʘ). 



 

 68 

 

ɺ ʧʨʠʜʦʥʥʦʤ ʦʜʥʦʨʦʜʥʦʤ ʩʣʦʝ, ʧʦ ʠʟʤʝʨʝʥʠʷʤ ʩʦʚʨʝʤʝʥʥʳʭ 

CTD-ʟʦʥʜʦʚ, ʦʪ ʛʣʫʙʠʥ 1650 ï 1750 ʤ ʜʦ ʜʥʘ ʚʳʜʝʣʷʝʪʩʷ ʫʩʪʦʡʯʠʚʳʡ 

ʩʣʘʙʳʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʛʨʘʜʠʝʥʪ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ (0.0001 ï 

0.0002 ʢʛ/ʤ
3 
ʥʘ 100 ʤ). 

ɺʦʜʳ ʏʝʨʥʦʛʦ ʤʦʨʷ ʚ ʮʝʣʦʤ ʦʯʝʥʴ ʩʠʣʴʥʦ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʳ: 

ʧʝʨʝʧʘʜ ʧʣʦʪʥʦʩʪʠ ʚ ʩʣʦʝ 0  ï 100 ʤ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʤʦʨʷ ʣʝʪʦʤ 

ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 5 ʢʛ/ʤ
3
, ʯʪʦ ʩʦʧʦʩʪʘʚʠʤʦ ʩ  ʪʘʢʠʤʠ ʨʘʡʦʥʘʤʠ ʄʠʨʦ-

ʚʦʛʦ ʦʢʝʘʥʘ ʢʘʢ ɻʚʠʥʝʡʩʢʠʡ ʟʘʣʠʚ ʠ ʦʙʣʘʩʪʴ ʚʙʣʠʟʠ ʫʩʪʴ ̫ɸʤʘʟʦʥʢʠ. 

ʆʩʦʙʝʥʥʦʩʪʴ ʏʝʨʥʦʛʦ ʤʦʨʷ ï ʣʦʢʘʣʠʟʘʮʠʷ ʢʦʥʪʨʘʩʪʦʚ ʧʣʦʪʥʦʩʪʠ ʚ ʪʦʥ-

ʢʠʭ ʩʣʦʷʭ, ʯʪʦ ʚʳʨʘʞʘʝʪʩʷ ʚ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʷʭ ʚʝʨʪʠʢʘʣʴʥʳʭ ʛʨʘʜʠ-

ʝʥʪʦʚ ʧʣʦʪʥʦʩʪʠ. ʅʘʠʙʦʣʝʝ ʙʣʠʟʢʠʡ ʘʥʘʣʦʛ ʏʝʨʥʦʛʦ ʤʦʨʷ ʧʦ ʬʘʢʪʦʨʘʤ, 

ʦʧʨʝʜʝʣʷʶʱʠʤ  ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʝʨʤʦʭʘʣʠʥʥʦʡ ʠ ʧʣʦʪʥʦʩʪʥʦʡ ʩʪʨʫʢ-

ʪʫʨʳ, ï ɹʘʣʪʠʡʩʢʦʝ ʤʦʨʝ, ʥʦ ʦʥʦ  ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʦ ʩʣʘʙʝʝ (ʚ 1.5 ʨʘʟʘ).  

ɺ ʩʣʦʝ 0 ï 50 ʤ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ  ʚʥʦʩʠʪ ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʧʦ-

ʚʳʰʝʥʠʝ ʧʣʦʪʥʦʩʪʠ, ʚ ʩʨʝʜʥʝʤ ʦʥʘ ʚ 2 ʨʘʟʘ ʧʨʝʚʳʰʘʝʪ ʚʢʣʘʜ ʩʦʣʝʥʦ-

ʩʪʠ. ɼʘʣʝʝ ʩ ʛʣʫʙʠʥʦʡ ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʩʪʝʪ, ʩʧʦʩʦʙʩʪʚʫʷ ʦʩʣʘʙʣʝʥʠʶ 

ʩʪʨʘʪʠʬʠʢʘʮʠʠ, ʠ ʦʧʨʝʜʝʣʷʶʱʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʩʦʣʝʥʦʩʪʴ, ʚ ʩʣʦʝ 50 ï 

300 ʤ ʝʝ ʚʢʣʘʜ ʚ 25 ʨʘʟ ʧʨʝʚʳʰʘʝʪ ʚʢʣʘʜ ʪʝʤʧʝʨʘʪʫʨʳ. 

ɺʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʚʝʨʪʠʢʘʣʴʥʳʭ ʛʨʘʜʠʝʥʪʦʚ ʧʣʦʪʥʦʩʪʠ ʚ ʏʝʨʥʦʤ 

ʤʦʨʝ ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʯʘʩʪʦʪʳ ɹʨʝʥʪʘ-ɺʷʡʩʷʣʷ. ɼʚʘ 

ʤʘʢʩʠʤʫʤʘ ʚ ʝʝ ʚʝʨʪʠʢʘʣʴʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʝʟʦʥʥʦʤʫ 

ʠ ʦʩʥʦʚʥʦʤʫ ʧʠʢʥʦʢʣʠʥʘʤ (ʨʠʩ. 3.3.2). ɺ ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʟʥʘʯʝʥʠʷ ʯʘ-

ʩʪʦʪʳ ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ ʚ ʩʝʟʦʥʥʦʤ ʧʠʢʥʦʢʣʠʥʝ 70 ʮʠʢʣ/ʯʘʩ ʧʨʠ ʩʨʝʜʥʠʭ 

ʟʥʘʯʝʥʠʷʭ 25 ï 28 ʮʠʢʣ/ʯʘʩ, ʚ ʧʦʩʪʦʷʥʥʦʤ ʧʠʢʥʦʢʣʠʥʝ 8 ï 12 ʮʠʢʣ/ʯʘʩ. 

ɺ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʩʫʱʝʩʪʚʫʝʪ ʪʦʣʴʢʦ ʥʠʞʥʠʡ ʤʘʢʩʠʤʫʤ ʯʘʩʪʦʪʳ ʧʣʘʚʫ-

ʯʝʩʪʠ ʚ ʦʩʥʦʚʥʦʤ ʧʠʢʥʦʢʣʠʥʝ. 

ɼʣʷ ʧʣʦʪʥʦʩʪʠ ʠ ʧʦʢʘʟʘʪʝʣʝʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʦʜ, ʪʘʢʞʝ ʢʘʢ ʜʣʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʣʝʥʦʩʪʠ ʚʦʜʳ, ʭʘʨʘʢʪʝʨʥʦ ʢʫʧʦʣʦʦʙʨʘʟʥʦʝ ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʝ ʠʟʦʧʦʚʝʨʭʥʦʩʪʝʡ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʦʙʱʝʡ ʩʠʩʪʝʤʦʡ ʚʝʨʪʠʢʘʣʴʥʦʡ 

ʮʠʨʢʫʣʷʮʠʠ ʚʦʜ (ʨʠʩ. 3.3.4, 3.3.5). 

 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ. ʇʦʣʝ ʧʣʦʪʥʦʩʪʠ ʚ ʦʩʥʦʚʥʦʤ 

ʬʦʨʤʠʨʫʝʪʩʷ ʧʦʣʝʤ ʩʦʣʝʥʦʩʪʠ, ʪ.ʢ. ʚʢʣʘʜ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʢʦʥʪʨʘ-

ʩʪʦʚ ʩʦʣʝʥʦʩʪʠ ʚ ʠʟʤʝʥʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʚʢʣʘʜ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʳ. ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʦʱʫʪʠʤʦ ʣʠʰʴ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʤʦʨʷ, ʛʜʝ ʧʦ-

ʣʝ ʩʦʣʝʥʦʩʪʠ ʜʦʩʪʘʪʦʯʥʦ ʦʜʥʦʨʦʜʥʦ. 
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ʈʠʩʫʥʦʢ 3.3.4 ï ʉʨʝʜʥʠʝ ʚʝʨʪʠʢʘʣʴʥʳʝ ʨʘʟʨʝʟʳ ʫʩʣʦʚʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʯʝʨʝʟ ʮʝʥʪʨʘʣʴʥʫʶ ʯʘʩʪʴ ʏʝʨʥʦʛʦ ʤʦʨʷ ʜʣʷ 

ʬʝʚʨʘʣʷ ʠ ʘʚʛʫʩʪʘ (ʨʘʩʧʦʣʦʞʝʥʠʝ ʨʘʟʨʝʟʘ ʥʘ ʨʠʩ. 3.1.5). 

 

ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ ʧʦʥʠʞʝʥʥʘʷ ʧʣʦʪʥʦʩʪʴ ʚʦʜʳ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ 

ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʰʝʣʴʬʘ ʠ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʤʦʨʷ ( < 12), ʘ ʪʘʢʞʝ 

ʜʣʷ ʟʘʧʘʜʥʦʡ ʠ ʚʦʩʪʦʯʥʦʡ  ʯʘʩʪʠ ɸʥʘʪʦʣʠʡʩʢʦʛʦ ʧʦʙʝʨʝʞʴʷ (ʨʠʩ.3.3.6). 

ʆʙʣʘʩʪʠ ʧʦʚʳʰʝʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʮʝʥʪʨʘʤ ʮʠʢʣʦʥʠʯʝ-

ʩʢʠʭ ʢʨʫʛʦʚʦʨʦʪʦʚ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʚʳʥʦʩ ʩʦʣʝʥʳʭ, ʧʣʦʪʥʳʭ ʚʦʜ ʦʩ-

ʥʦʚʥʦʛʦ ʛʘʣʦʢʣʠʥʘ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ (ʤʘʢʩʠʤʫʤ ʚ ʬʝʚʨʘʣʝ  = 

14.4, ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʡ ʢʦʥʚʝʢʮʠʠ ʜʦ 14.8).  
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ʈʠʩʫʥʦʢ 3.3.5 ï ʉʨʝʜʥʠʝ ʚʝʨʪʠʢʘʣʴʥʳʝ ʨʘʟʨʝʟʳ ʯʘʩʪʦʪʳ ɹʨʝʥ-

ʪʘ-ɺʷʡʩʷʣʷ, ʮʠʢʣ/ʯʘʩ ʯʝʨʝʟ ʮʝʥʪʨʘʣʴʥʫʶ ʯʘʩʪʴ ʏʝʨʥʦʛʦ ʤʦʨʷ 

ʜʣʷ ʬʝʚʨʘʣʷ ʠ ʘʚʛʫʩʪʘ (ʨʘʩʧʦʣʦʞʝʥʠʝ ʨʘʟʨʝʟʘ ʥʘ ʨʠʩ. 3.1.5). 

 

 

ɺ ʩʣʦʝ ʦʩʥʦʚʥʦʛʦ ʧʠʢʥʦʢʣʠʥʘ ʧʦʣʝ ʧʣʦʪʥʦʩʪʠ, ʢʘʢ ʠ ʧʦʣʷ ʪʝʤʧʝ-

ʨʘʪʫʨʳ ʠ ʩʦʣʝʥʦʩʪʠ, ʬʦʨʤʠʨʫʝʪʩʷ ʦʙʱʝʡ ʮʠʨʢʫʣʷʮʠʝʡ ʤʦʨʷ: ʧʦʚʳʰʝʥ-

ʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʤʦʨʷ,  ʧʦʥʠʞʝʥʥʳʝ ï 

ʥʘ ʧʝʨʠʬʝʨʠʠ (ʨʠʩ. 3.3.7).  ʈʘʟʥʦʩʪʴ ʟʥʘʯʝʥʠʡ ʤʝʞʜʫ ʮʝʥʪʨʦʤ ʤʦʨʷ ʠ 

ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʦʡ ʥʘ ʛʣʫʙʠʥʝ 75 ʤ ʩʦʩʪʘʚʣʷʝʪ 0.6 ï 1 ʢʛ/ʤ
3
.  
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ʈʠʩʫʥʦʢ 3.3.6 ï ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʨʝʜʥʝʤʝ-

ʩʷʯʥʳʭ ʟʥʘʯʝʥʠʡ ʫʩʣʦʚʥʦʡ ʧʣʦʪʥʦʩʪʠ  ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ. 

 

 
 

ʈʠʩʫʥʦʢ 3.3.7 ï ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʨʝʜʥʝʤʝ-

ʩʷʯʥʳʭ ʟʥʘʯʝʥʠʡ ʫʩʣʦʚʥʦʡ ʧʣʦʪʥʦʩʪʠ  ʥʘ ʛʦʨʠʟʦʥʪʝ 75 ʤ. 
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ʌʨʦʥʪʘʣʴʥʳʝ ʟʦʥʳ. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʛʦʨʠʟʦʥ-

ʪʘʣʴʥʳʭ ʛʨʘʜʠʝʥʪʦʚ ʧʣʦʪʥʦʩʪʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ ʢʘʯʝʩʪʚʝʥʥʦ ʠ ʢʦ-

ʣʠʯʝʩʪʚʝʥʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ ʩʦʣʝʥʦʩʪʠ 

(ʨʠʩ. 3.2.9). ʇʣʦʪʥʦʩʪʥʳʝ ʬʨʦʥʪʳ ʦʪʯʝʪʣʠʚʦ ʚʳʨʘʞʝʥʳ ʚʜʦʣʴ ʟʘʧʘʜʥʦ-

ʛʦ ʠ ʚʦʩʪʦʯʥʦʛʦ ʧʦʙʝʨʝʞʠʡ ʩ ʥʘʠʙʦʣʴʰʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʚ ʚʝʩʝʥʥʠʡ 

ʧʝʨʠʦʜ. ɺ ʘʧʨʝʣʝ ï ʤʘʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʛʨʘʜʠʝʥʪʦʚ ʧʣʦʪʥʦʩʪʠ ʜʦʩʪʠ-

ʛʘʶʪ ʟʥʘʯʝʥʠʡ 1 ʢʛĀʤ
-3
/10 ʢʤ ʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ ʰʝʣʴʬʝ ʠ 0.3 ʢʛĀʤ

-3
/10 

ʢʤ ʚ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʤʦʨʷ, ʟʦʥʘ ʩ ʛʨʘʜʠʝʥʪʘʤʠ >0.05 PSU/10 ʢʤ 

ʟʘʥʠʤʘʝʪ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʧʦʙʝʨʝʞʴʷ ʚʩʝʛʦ ʤʦʨʷ. ɺ ʧʝʨʠʦʜ ʩ ʘʚʛʫʩʪʘ ʧʦ 

ʥʦʷʙʨʴ ʬʨʦʥʪʘʣʴʥʳʝ ʟʦʥʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ  ʚ ʧʦʣʝ ʧʣʦʪʥʦʩʪʠ  ʚr -

ʨʘʞʝʥ rʩʣʘʙʦ. 

ɺ ʩʣʦʝ ʧʦʩʪʦʷʥʥʦʛʦ ʧʠʢʥʦʢʣʠʥʘ ʬʨʦʥʪʘʣʴʥʘʷ ʟʦʥʘ ʧʣʦʪʥʦʩʪʠ ʚʦ-

ʜʳ, ʢʘʢ ʠ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʣʝʥʦʩʪʠ ʧʨʦʩʪʠʨʘʝʪʩʷ ʚʜʦʣʴ ʚʩʝʡ ʧʝʨʠ-

ʬʝʨʠʠ ʤʦʨʷ ʥʘʜ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʤ ʩʢʣʦʥʦʤ. ʅʘ ʛʣʫʙʠʥʝ 75 ʤ ʩʨʝʜʥʠʝ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʛʨʘʜʠʝʥʪʳ ʫ ʂʨʳʤʩʢʦʛʦ ʠ ɸʥʘʪʦʣʠʡʩʢʦʛʦ ʧʦʙʝʨʝʞʠʡ 

ʜʦʩʪʠʛʘʶʪ ʟʥʘʯʝʥʠʡ 0.1 ï 0.15 ʢʛĀʤ
-3
/10 ʢʤ. 

ʇʦ ʜʘʥʥʳʤ ʦʪʜʝʣʴʥʳʭ ʦʢʝʘʥʦʛʨʘʬʠʯʝʩʢʠʭ ʩʲʝʤʦʢ ʧʦʣʦʞʝʥʠʝ 

ʧʣʦʪʥʦʩʪʥʳʭ ʬʨʦʥʪʦʚ ʢʘʯʝʩʪʚʝʥʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʷʤ, ʧʨʠ ʵʪʦʤ ʚʝʣʠʯʠʥʘ  ʛʨʘʜʠʝʥʪʘ ʤʦʞʝʪ ʧʨʝʚʳʰʘʪʴ ʢʣʠʤʘ-

ʪʠʯʝʩʢʠʝ  ʟʥʘʯʝʥʠʷ ʚ 1.5 ï 2 ʨʘʟʘ. 

ʉʝʟʦʥʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ. ɹʦʣʴʰʘʷ ʘʤʧʣʠʪʫʜʘ ʚʥʫʪʨʠʛʦʜʦʚʦʡ ʠʟ-

ʤʝʥʯʠʚʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ʠ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʥʳʡ ʩʝʟʦʥʥʳʡ ʭʦʜ 

ʩʦʣʝʥʦʩʪʠ ʦʧʨʝʜʝʣʷʶʪ ʭʘʨʘʢʪʝʨ ʩʝʟʦʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʧʣʦʪʥʦʩʪʠ ʚʦ-

ʜʳ. ʉʨʝʜʥʠʡ ʨʘʟʤʘʭ ʩʝʟʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ  ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ ʩʦʩʪʘʚ-

ʣʷʝʪ 3.3 ʢʛ/ʤ
3
, ʯʪʦ ʧʨʝʚʳʰʘʝʪ ʪʠʧʠʯʥʳʝ ʟʥʘʯʝʥʠʷ ʩʝʟʦʥʥʦʛʦ ʭʦʜʘ ʧʣʦʪ-

ʥʦʩʪʠ ʚ ʄʠʨʦʚʦʤ ʦʢʝʘʥʝ. 

ʉʝʟʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʧʣʦʪʥʦʩʪʠ ʙʳʩʪʨʦ ʟʘʪʫʭʘʶʪ ʩ ʛʣʫʙʠʥʦʡ (ʨʠʩ. 

3.3.8). ʅʘ ʛʣʫʙʠʥʝ 75 ʤ  ʘʤʧʣʠʪʫʜʘ ʩʝʟʦʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʫʤʝʥʴʰʘʝʪʩʷ ʚ 30 ʨʘʟ. ɸʥʘʣʦʛʠʯʥʦ ʩʦʣʝʥʦʩʪʠ, ʚʝʨʪʠ-

ʢʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʩʝʟʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʧʣʦʪʥʦʩʪʠ 

ʠʤʝʝʪ ʜʚʘ ʤʘʢʩʠʤʫʤʘ: ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ ʠ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʧʦʩʪʦʷʥ-

ʥʦʛʦ ʧʠʢʥʦʢʣʠʥʘ (ʨʠʩ. 3.3.8). ʅʠʞʥʠʡ ʤʘʢʩʠʤʫʤ ʩʝʟʦʥʥʦʡ ʠʟʤʝʥʯʠʚʦ-

ʩʪʠ ʩʚʷʟʘʥ ʩ ʩʝʟʦʥʥʳʤ ʭʦʜʦʤ ʦʙʱʝʡ ʮʠʨʢʫʣʷʮʠʠ ʤʦʨʷ. ʉ ʛʣʫʙʠʥʦʡ 

ʥʘʙʣʜʁʘʝʪʩʷ ʬʘʟʦʚʦʝ ʟʘʧʘʟʜʳʚʘʥʠʝ ʥʘʩʪʫʧʣʝʥʠʷ ʩʝʟʦʥʥʦʛʦ ʤʠʥʠʤʫʤʘ 

ʧʣʦʪʥʦʩʪʠ, ʚʳʟʚʘʥʥʦʛʦ ʩʝʟʦʥʥʳʤ ʤʘʢʩʠʤʫʤʦʤ ʥʘʛʨʝʚʘʥʠʷ ʠ ʨʘʩʧʨʝʩ-

ʥʝʥʠʷ: ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ ʦʥ ʥʘʩʪʫʧʘʝʪ ʚ ʘʚʛʫʩʪʝ,  ʥʘ ʛʦʨʠʟʦʥʪʝ 30 ʤ 

ï ʚ ʦʢʪʷʙʨʝ (ʨʠʩ. 3.3.9).  

ʉʝʟʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʧʣʦʪʥʦʩʪʥʦʡ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʚ ʏʝʨʥʦʤ ʤʦʨʝ, 

ʚʧʝʨʚʳʝ ʦʧʠʩʘʥʥʳʝ ʚ [ʌʠʣʠʧʧʦʚ, 1968], ʦʯʝʥʴ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʳ. ʅʘ 

ʨʠʩ. 3.3.10 ʠʟʦʙʨʘʞʝʥ ʩʨʝʜʥʠʡ ʩʝʟʦʥʥʳʡ ʭʦʜ ʨʘʟʥʦʩʪʠ ʧʣʦʪʥʦʩʪʠ ʤʝʞ-

ʜʫ ʛʦʨʠʟʦʥʪʦʤ 100 ʤ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ ʤʦʨʷ ȹɟ = ɟ100 ï ɟ0, ʢʦʪʦʨʘʷ ʫʚʝ-

ʣʠʯʠʚʘʝʪʩʷ ʦʪ ʬʝʚʨʘʣʷ ʢ ʘʚʛʫʩʪʫ ʙʦʣʝʝ ʯʝʤ ʚ 3 ʨʘʟʘ. 
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ʈʠʩʫʥʦʢ 3.3.8 ï ɺʝʨʪʠʢʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ  ʩʝʟʦʥʥʦʛʦ ʭʦʜʘ 

ʧʣʦʪʥʦʩʪʠ ʚʦʜʳ, ʢʛ/ʤ3 ʚ ʏʝʨʥʦʤ ʤʦʨʝ 

 

 

 

 

 
 

ʈʠʩʫʥʦʢ 3.3.9 ï ʉʨʝʜʥʠʡ ʩʝʟʦʥʥʳʡ ʭʦʜ ʧʣʦʪʥʦʩʪʠ 

ʚʦʜʳ, ʢʛ/ʤ3 ʚ ʏʝʨʥʦʤ ʤʦʨʝ ʚ ʩʣʦʝ 0 ï 100 ʤ 
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ʈʠʩʫʥʦʢ 3.3.10  ï  ʉʨʝʜʥʠʡ ʩʝʟʦʥʥʳʡ ʭʦʜ ʨʘʟʥʦ-

ʩʪʠ ʧʣʦʪʥʦʩʪʠ ʤʝʞʜʫ ʛʦʨʠʟʦʥʪʦʤ 100 ʤ ʠ ʧʦ-

ʚʝʨʭʥʦʩʪʴʶ ʤʦʨʷ ȹɟ = ɟ100 ï ɟ0 (ʢʛ/ʤ
3)  

 

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚʝʨʪʠʢʘʣʴʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʚʦʜ, ʤʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʩʦʣʝʥʦʩʪʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ  Es=ɓdS/dz  ʚ ʪʝʯʝʥʠʝ 

ʛʦʜʘ ʠʟʤʝʥʷʝʪʩʷ ʛʦʨʘʟʜʦ ʤʝʥʴʰʝ, ʯʝʤ ʪʝʨʤʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ 

Et=ŬdT/dz. ʅʘ ʨʠʩ. 3.3.11 ʠʟʦʙʨʘʞʝʥ ʛʦʜʦʚʦʡ ʭʦʜ ʧʣʦʪʥʦʩʪʥʦʛʦ ʦʪʥʦ-

ʰʝʥʠʷ R = ïEt / Es, ʢʦʪʦʨʳʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʪʝʨʤʠʯʝ-

ʩʢʘʷ ʠ ʩʦʣʝʥʦʩʪʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʧʨʠʤʝʨʥʦ ʨʘʚ-

ʥʳ, ʘ ʣʝʪʦʤ ʪʝʨʤʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʦʙʣʘʜʘʝʪ (ʚ 15 

ʨʘʟ). ʊʢʨʤʠʯʝʩʢʘʷ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʚ ʩʣʦʝ ʧʦʩʪʦʷʥʥʦʛʦ ʪʝʨʤʦʢʣʠʥʘ, ʩʚʷ-

ʟʘʥʥʘʷ ʩ ʠʥʚʝʨʩʠʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʥʠʞʝ ʍʇʉ, ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘ-

ʝʪʩʷ ʦʪ ʟʠʤʳ ʢ ʣʝʪʫ (ʚ 1.2 ʨʘʟʘ). 

 

 
ʈʠʩʫʥʦʢ 3.3.11  ï  ʉʨʝʜʥʠʡ ʩʝʟʦʥʥʳʡ ʭʦʜ ʧʣʦʪʥʦʩʪ-

ʥʦʛʦ ʦʪʥʦʰʝʥʠʷ R ʚ ʏʝʨʥʦʤ ʤʦʨʝ ʚ ʩʣʦʝ 0 ï 300 ʤ 
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3.4  ɺʦʜʥʳʝ ʤʘʩʩʳ 

 

ɺ ʬʦʨʤʠʨʦʚʘʥʠʠ ʚʦʜʥʳʭ ʤʘʩʩ ʏʝʨʥʦʛʦ ʤʦʨʷ ʫʯʘʩʪʚʫʶʪ ʜʚʝ ʧʝʨ-

ʚʠʯʥʳʝ ʚʦʜʥʳʝ ʤʘʩʩʳ: ʤʨʘʤʦʨʥʦʤʦʨʩʢʠʝ ʚʦʜʳ (ʄɺ), ʧʦʩʪʫʧʘʶʱʠʝ ʩ 

ʥʠʞʥʝʙʦʩʬʦʨʩʢʠʤ ʪʝʯʝʥʠʝʤ (T=12ï15ÁC, S=34ï37 PSU,  = 26ï28) ʠ 

ʧʨʝʩʥʘʷ ʚʦʜʘ (T=0ï28ÁC, S=0), ʧʨʠʭʦʜʷʱʘʷ ʩ ʨʝʯʥʳʤ ʩʪʦʢʦʤ ʠ ʦʩʘʜʢʘ-

ʤʠ.  ɺ ʨʘʡʦʥʝ ʂʝʨʯʝʥʩʢʦʛʦ ʧʨʦʣʠʚʘ ʚ ʏʝʨʥʦʝ ʤʦʨʝ ʧʦʩʪʫʧʘʶʪ ʘʟʦʚʦ-

ʤʦʨʩʢʠʝ ʚʦʜʳ (ɸɺ), S=12ï15 PSU. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ-

ʩʪʫʧʘʶɦ ʠʭ ʚʦʜʥʳʭ ʤʘʩʩ, ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦ- ʠ ʩʦʣʝʦʙʤʝʥʘ, ʚʦʟʜʝʡʩʪʚʠʷ 

ʘʪʤʦʩʬʝʨʥʳʭ ʧʨʦʮʝʩʩʦʚ ʬʦʨʤʠʨʫʶʪʩʷ ʩʦʙʩʪʚʝʥʥʳʝ ʚʦʜʥʳʝ ʤʘʩʩʳ ʙʘʩ-

ʩʝʡʥʘ. ɺʳʜʝʣʷʝʪʩʷ ʜʦ ʧʷʪʠ ʯʝʨʥʦʤʦʨʩʢʠʭ ʚʦʜʥʳʭ ʤʘʩʩ: ʜʚʝ ʧʦʚʝʨʭ-

ʥʦʩʪʥʳʝ ï ʇʨʠʙʨʝʞʥʘʷ ʯʝʨʥʦʤʦʨʩʢʘʷ ʚʦʜʥʘʷ ʤʘʩʩʘ (ʇʨʏɺʄ) ʠ ɺʝʨʭ-

ʥʷʷ ʯʝʨʥʦʤʦʨʩʢʘʷ ʚʦʜʥʘʷ ʤʘʩʩʘ (ɺʏɺʄ), ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʘʷ ï ʍʦʣʦʜ-

ʥʳʡ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʩʣʦʡ (ʍʇʉ), ʇʨʦʤʝʞʫʪʦʯʥʘʷ ʯʝʨʥʦʤʦʨʩʢʘʷ ʚʦʜ-

ʥʘʷ ʤʘʩʩʘ (ʇʏɺʄ) ʠ ɻʣʫʙʠʥʥʘʷ ʯʝʨʥʦʤʦʨʩʢʘʷ ʚʦʜʥʘʷ ʤʘʩʩʘ (ɻʏɺʄ) 

(ʨʠʩ.3.4.1,3.4.2). ɼʘʥʥʳʝ ʥʘʟʚʘʥʠʷ ʚʦʜʥʳʭ ʤʘʩʩ ʚʚʝʜʝʥʳ ʚ ʨʘʙʦʪʝ [ʃʝʦ-

ʥʦʚ, 1960], ʍʇʉ ʩʪʘʣ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʦʪʜʝʣʴʥʘʷ ʚʦʜʥʘʷ ʤʘʩʩʘ ʚ 

[ɻʣʘʟʢʦʚ, 1979].  

 

 

 
 

ʈʠʩʫʥʦʢ 3.4.1  ï  T,S-ʜʠʘʛʨʘʤʤʘ  ʚʦʜ ʏʝʨʥʦʛʦ ʤʦʨʷ. 
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ʈʠʩʫʥʦʢ 3.4.2  ï  ʉʭʝʤʘ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʚʦʜʥʳʭ ʤʘʩʩ ʏʝʨʥʦʛʦ ʤʦʨʷ. 
 

 

 

 

ʊʘʙʣʠʮʘ 3.4.1 

ʉʨʝʜʥʠʝ T,S-ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʦʪʥʦʩʠʪʝʣʥɹʳʡ 

ʦʙʲʝʤ (%) ʚʦʜʥʳʭ ʤʘʩʩ ʏʝʨʥʦʛʦ ʤʦʨʷ  

 

ɺʦʜʥʘʷ 

ʤʘʩʩʘ 

ɻʣʘʟʢʦʚ, 1979 ɻʝʨʪʤʘʥ, 

1991 

ʄʘʤʘʝʚ ʠ ʜʨ., 

1994 

ɹʝʣʦʢʦʧʳʪʦʚ, 

2004 

ʇʨʏɺʄ S<17 

(0.2%) 

S<17 

(0.05%) 

T>8 

S<20 

(3.5%) 

S<=17.8 

(0.5%) 

ɺʏɺʄ 
S=17.4-18.6 

(4.2%) 
S=17.4-18.6 

(3.8%) 

S=18.0-18.4 

<14.0 

(2.3%) 

ʍʇʉ 
TÒ8 

(2.9%) 

S=18.6-20 

(3.7%) 

TÒ8 

(4.5%) 

T=6.0-7.8 

S=18.0-19.0 

 =14.0-14.8 

(2.2%) 

ʇʏɺʄ 
T=8-9 

S=21.6-22.2 

(50.2%) 

S=20-22.2 

(43.5%) 

S>20 

(92%) 

T=7.8-8.98 

S=19.0-22.30 

 =14.8-17.19 

(55%) 

ɻʏɺʄ 
T=8-9 

S=22.2-22.4 

(45.4%) 

S>22.2 

(49%) 

T=8.98-9.11 

S=22.30-2.34 

 =17.19-17.21 

(40%) 
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3.4.1 ʇʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʥʳʝ ʤʘʩʩ r

 

 

ʇʨʠʙʨʝʞʥʘʷ ʯʝʨʥʦʤʦʨʩʢʘʷ ʚʦʜʥʘʷ ʤʘʩʩʘ (ʇʨʏɺʄ), ʬʦʨʤʠʨʫʝʤʘʷ 

ʨʝʯʥʳʤ ʩʪʦʢʦʤ ʠ ʘʪʤʦʩʬʝʨʥʳʤʠ ʦʩʘʜʢʘʤʠ ʚ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʝ, ʭʘʨʘʢ-

ʪʝʨʠʟʫʝʪʩʷ ʥʠʟʢʠʤ ʩʦʣʝʟʘʧʘʩʦʤ ʠ ʧʦʚʳʰʝʥʥʳʤʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤʠ 

ʛʨʘʜʠʝʥʪʘʤʠ ʩʦʣʝʥʦʩʪʠ. ɿʘ ʢʨʠʪʝʨʠʠ ʚʳʜʝʣʝʥʠʷ ʵʪʦʡ ʤʘʩʩʳ ʧʨʠʥʠʤʘ-

ʣʠʩʴ ʟʥʘʯʝʥʠʷ ʩʦʣʝʥʦʩʪʠ S<15  [ʃʝʦʥʦʚ, 1960] ʠ S<17 [ɹʦʣʴʰʘʢʦʚ, 

1970; ɻʣʘʟʢʦʚ, 1979; ɻʝʨʪʤʘʥ, 1991]. ʀʟʦʭʘʣʠʥʘ 15 PSU ʭʦʨʦʰʦ ʭʘʨʘʢ-

ʪʝʨʠʟʫʝʪ ʧʦʣʦʞʝʥʠʝ ʬʨʦʥʪʘ ʨʝʯʥʳʭ ʚʦʜ ʜʣʷ ʩʘʤʳʭ ʢʨʫʧʥʳʭ ʨʝʢ ʙʘʩ-

ʩʝʡʥʘ ï ɼʫʥʘʷ, ɼʥʝʧʨʘ, ɼʥʝʩʪʨʘ, ʈʠʦʥʠ, ʏʦʨʦʭʠ (ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʛʨʘ-

ʜʠʝʥʪʳ ʩʦʣʝʥʦʩʪʠ > 0.5 PSU/10 ʢʤ). ʀʟʦʭʘʣʠʥʘ 17 PSU ʤʦʞʝʪ ʭʘʨʘʢʪʝ-

ʨʠʟʦʚʘʪʴ ʛʨʘʥʠʮʫ ʬʨʦʥʪʘʣʴʥʦʡ ʟʦʥʳ ʨʝʯʥʳʭ ʚʦʜ ʢʨʫʧʥʳʭ ʨʝʢ (ʛʦʨʠ-

ʟʦʥʪʘʣʴʥʳʝ ʛʨʘʜʠʝʥʪʳ ʩʦʣʝʥʦʩʪʠ  0.1ï0.2 PSU/10 ʢʤ). ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ 

ʫʯʝʩʪʴ ʚʣʠʥ̫ʠʝ ʩʨʝʜʥʠʭ ʨʝʢ, ʪʘʢʠʭ ʢʘʢ ʂʠʟʠʣ-ʀʨʤʘʢ, ʉʘʢʘʨʴʷ, ʘ ʪʘʢʞʝ 

ʘʟʦʚʦʤʦʨʩʢʠʭ ʚʦʜ, ʚ ʨʘʙʦʪʝ  [ɹʝʣʦʢʦʧʳʪʦʚ, 2004] ʟʘ ʛʨʘʥʠʮʫ ʇʨʏɺʄ 

ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʟʥʘʯʝʥʠʝ S=17.8
 
PSU (ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʛʨʘʜʠʝʥʪʳ ʩʦ-

ʣʝʥʦʩʪʠ  0.05ï0.1 PSU/10 ʢʤ).  ʇʨʠ S<17.8
 
PSU ʥʘ ʦʙʲʝʤʥʦʡ T,S-

ʜʠʘʛʨʘʤʤʝ ʨʝʟʢʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʨʘʟʙʨʦʩ T,S-ʢʣʘʩʩʦʚ ʠ ʫʤʝʥʴʰʘʝʪʩʷ ʠʭ 

ʧʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ.  

ʉʨʝʜʥʠʡ ʦʙʲʝʤ ʇʨʏɺʄ ʧʨʠ  ʢʨʠʪʝʨʠʠ S<17.8
 
PSU ʩʦʩʪʘʚʣʷʝʪ 

0.5% ʦʪ ʚʩʝʛʦ ʦʙʲʝʤʘ ʤʦʨʷ. ɺ ʠʶʣʝ ʦʥʘ ʜʦʩʪʠʛʘʝʪ ʥʘʠʙʦʣʴʰʝʛʦ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʠʷ, ʟʘʥʠʤʘʷ ʧʦʯʪʠ ʚʩʶ ʧʨʠʙʨʝʞʥʫʶ ʧʦʣʦʩʫ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ɸʥʘʪʦʣʠʡʩʢʦʛʦ ʧʦʙʝʨʝʞʴʷ. ʅʘ ʨʠʩ. 3.4.3 ʧʦʢʘʟʘʥʦ 

ʩʨʝʜʥʝʝ ʢʣʠʤʘʪʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʠʟʦʭʘʣʠʥʳ 17.8 PSU ʚʦ ʚʨʝʤʷ ʝʝ 

ʤʠʥʠʤʘʣʴʥʦʛʦ ʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ  ʫʜʘʣʝʥʠʷ ʦʪ ʧʦʙʝʨʝʞʴʷ. ʅʠʞʥʷʷ ʛʨʘ-

ʥʠʮʘ ʚʦʜʥʦʡ ʤʘʩʩʳ ʥʘʭʦʜʠʪʩʷ ʥʘ ʛʣʫʙʠʥʝ 10ï20 ʤ, ʚ ʢʦʥʮʝ ʛʦʜʘ ʥʘ 20ï

30 ʤ. ʇʨʏɺʄ ʷʚʣʷʝʪʩʷ ʩʘʤʦʡ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʧʦ ʩʦʣʝʥʦʩʪʠ ʚʦʜ-

ʥʦʡ ʤʘʩʩʦʡ. ʈʘʟʥʦʩʪʴ ʩʦʣʝʥʦʩʪʠ ʤʝʞʜʫ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʛʨʘʥʠʮʘʤʠ 

ʚʦʜʥʦʡ ʤʘʩʩʳ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʝʪ 2 PSU ʫ ʛʨʫʟʠʥʩʢʦʛʦ ʧʦʙʝʨʝʞʴʷ ʠ 

2.5 PSU ʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ ʰʝʣʴʬʝ. ʇʨʏɺʄ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʥʘʯʠ-

ʪʝʣʴʥʦʡ ʩʝʟʦʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʴʶ ʪʝʤʧʝʨʘʪʫʨʳ, ʙʦʣʝʝ ʚʳʩʦʢʦʡ, ʯʝʤ ʚ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʤʦʨʷ. ɿʠʤʦʡ ʧʨʠʙʨʝʞʥʳʝ ʚʦʜʳ ʦʙʳʯʥʦ ʭʦʣʦʜʥʝʝ ʥʘ 

3 ï 5Áʉ ʚʦʜ ʦʪʢʨʳʪʦʛʦ ʤʦʨʷ, ʣʝʪʦʤ, ʚ ʟʦʥʘʭ ʘʧʚʝʣʣʠʥʛʦʚ ʢʨʦʤʝ ʧʦʥʠ-

ʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʩʦʣʝʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʩʣʦʷ. 

ʉʝʟʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʦʙʲʝʤʘ ʚʦʜ ʇʨʏɺʄ ʦʯʝʥʴ ʚʝʣʠʢʠ, ʦʥ ʫʚʝʣʠ-

ʯʠʚʘʝʪʩʷ ʦʪ ʟʠʤʳ ʢ ʣʝʪʫ ʚ 3 ʨʘʟʘ (ʨʠʩ. 3.4.4). ʉʝʟʦʥʥʳʡ ʮʠʢʣ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦ ʩʚʷʟʘʥ ʩ ʧʨʝʩʥʳʤ ʙʘʣʘʥʩʦʤ ʤʦʨʷ. ʅʘʠʙʦʣʴʰʠʡ ʦʙʲʝʤ ʧʨʠʭʦ-

ʜʠʪʩʷ ʥʘ ʠʶʣʴ, ʪ.ʝ. ʪʨʝʙʫʝʪʩʷ ʦʢʦʣʦ ʜʚʫʭ ʤʝʩʷʮʝʚ ʧʦʩʣʝ ʚʝʩʝʥʥʝʛʦ ʧʘ-

ʚʦʜʢʘ ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʝʯʥʳʭ ʚʦʜ ʧʦ ʘʢʚʘʪʦʨʠʠ 

ʤʦʨʷ. 
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ʈʠʩʫʥʦʢ 3.4.3  ï  ʉʨʝʜʥʝʝ ʧʦʣʦʞʝʥʠʝ ʠʟʦʭʘʣʠʥʳ 17.8 PSU ʚʦ 

ʚʨʝʤʷ ʝʝ ʤʠʥʠʤʘʣʴʥʦʛʦ (ʤʘʨʪ) ʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ (ʠʶʣʴ) ʫʜʘ-

ʣʝʥʠʷ ʦʪ ʧʦʙʝʨʝʞʴʷ. 
 

 
 

ʈʠʩʫʥʦʢ 3.4.4 ï ʉʝʟʦʥʥʳʡ ʭʦʜ ʦʙʲʝʤʘ (ʢʤ3) 

ʧʨʠʙʨʝʞʥʦʡ ʚʦʜʥʦʡ ʤʘʩʩʳ ʏʝʨʥʦʛʦ ʤʦʨʷ 
 

ʅʘ ʂʝʨʯʝʥʩʢʦ-ʊʘʤʘʥʩʢʦʤ ʰʝʣʴʬʝ ʠ ʫ ʚʦʩʪʦʯʥʦʛʦ ʧʦʙʝʨʝʞʴʷ 

ʂʨrʤʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʦʙʲʝʤ ʧʨʠʙʨʝʞʥʦʡ ʚʦʜʥʦʡ ʤʘʩʩʳ ʚʥʦ-

ʩʷʪ ʨʘʩʧʨʝʩʥʝʥʥʳʝ ʘʟʦʚʦʤʦʨʩʢʠʝ ʚʦʜʳ, ʧʦʩʪʫʧʘʶʱʠʝ ʠʟ ʂʝʨʯʝʥʩʢʦʛʦ 

ʧʨʦʣʠʚʘ. ʉʣʝʜʫʷ ʥʘʧʨʘʚʣʝʥʠʶ ʦʩʥʦʚʥʦʛʦ ʧʝʨʝʥʦʩʘ ʚʦʜ, ʦʥʠ ʜʚʠʛʘʶʪʩʷ 

ʥʘ ʟʘʧʘʜ, ʤʝʞʜʫ ʙʝʨʝʛʦʤ ʠ ʆʩʥʦʚʥʳʤ ʏʝʨʥʦʤʦʨʩʢʠʤ ʪʝʯʝʥʠʝʤ (ʆʏʊ), 

ʜʦʩʪʠʛʘʷ ʨʘʡʦʥʘ ʤ. ʄʝʛʘʥʦʤ ï ɸʣʫʰʪʘ. ʈʠʩ.3.4.5 ʠʣʣʶʩʪʨʠʨʫʝʪ, ʯʪʦ ʚ 

ʭʦʣʦʜʥʫ  ʁʧʦʣʦʚʠʥʫ ʛʦʜʘ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʘʟʦʚʦʤʦʨʩʢʠʭ ʚʦʜ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʧʦʥʠʞʝʥʥʫʶ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʪʝʧʣʳʤʠ ʚʦʜʘʤʠ ʆʏʊ,  

ʪʝʤʧʝʨʘʪʫʨʫ. ʇʨʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʭ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʳʭ ʚʝʪʨʘʭ, ʢʘʢ 

ʫʩʪʘʥʦʚʣʝʥʦ ʧʦ ʠʟʤʝʨʝʥʠʷʤ ʩʦʣʝʥʦʩʪʠ ʥʘ ʙʝʨʝʛʦʚʳʭ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦ-

ʛʠʯʝʩʢʠʭ ʩʪʘʥʮʠʷʭ, ʘʟʦʚʦʤʦʨʩʢʠʝ ʚʦʜʳ ʤʦʛʫʪ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʚʜʦʣʴ 

ʚʩʝʛʦ ʶʞʥʦʛʦ ʧʦʙʝʨʝʞʴʷ ʂʨʳʤʘ ʚʧʣʦʪʴ ʜʦ ʤ.ʍʝʨʩʦʥʝʩ. ɺ ʌʝʦʜʦʩʠʡ-
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ʩʢʦʤ ʟʘʣʠʚʝ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʨʠʪʦʢʘ ʚʦʜ ɸʟʦʚʩʢʦʛʦ 

ʤʦʨ̫,  ʩʝʟʦʥʥʳʡ ʭʦʜ ʩʦʣʝʥʦʩʪʠ ʧʦʜʦʙʝʥ ʪʘʢʦʚʦʤʫ ʚ ʨʘʡʦʥʘʭ ʤʦʨʷ ʚʙʣʠ-

ʟʠ ʫʩʪʴʝʚ ʢʨʫʧʥʳʭ ʨʝʢ ï ʧʝʨʠʦʜ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʩʥʝʥʠʷ ʧʨʠʭʦ-

ʜʠʪʩʷ ʥʘ ʤʘʡ ï ʠʶʥʴ (ʚ ʩʨʝʜʥʝʤ 17.5 PSU). ʇʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʛʠʜʨʦ-

ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʩʦʣʝʥʦʩʪʴ ʟʜʝʩʴ ʤʦʞʝʪ ʫʤʝʥʴʰʘʪʩɹʷ ʜʦ 

13 ï 14 PSU. 

 

 

 
 

ʈʠʩʫʥʦʢ 3.4.5  ï  ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʏʝʨʥʦʛʦ ʤʦʨʷ ʚʙʣʠʟʠ ʂʨʳʤʘ 4 ʘʧʨʝʣʷ 2005 ʛ. ʧʦ ʜʘʥ-

ʥʳʤ ʩʧʫʪʥʠʢʘ NOAA-17. ʇʝʨʝʧʘʜ ʟʥʘʯʝʥʠʡ ʤʝʞʜʫ 

ʘʟʦʚʦʤʦʨʩʢʠʤʠ ʚʦʜʘʤʠ ʠ ʦʪʢʨʳʪʦʡ ʯʘʩʪʴʶ ʤʦʨʷ ʩʦ-

ʩʪʘʚʣʷʝʪ 2 ï 3Áʉ 
 

ʄʝʟʦʤʘʩʰʪʘʙʥʳʝ ʚʠʭʨʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʆʏʊ, ʩʧʦʩʦʙʩʪʚʫʶʪ ʚʳ-

ʥʦʩʫ  ʘʟʦʚʦʤʦʨʩʢʠʭ ʚʦʜ ʚ ʦʪʢʨʳʪʦʝ ʤʦʨʝ, ʥʘʙʣʶʜʘʝʤʦʛʦ ʚ ʚʠʜʝ ʫʟʢʠʭ 

ʩʪʨʫʡ (ʨʠʩ.3.4.5). ʇʦʜʦʙʥʳʝ ʧʨʦʮʝʩʩʳ ʣʦʢʘʣʴʥʦʛʦ ʚʦʜʦʦʙʤʝʥʘ ʤʝʞʜʫ 

ʰʝʣʴʬʦʤ ʠ ʦʪʢʨʳʪʳʤ ʤʦʨʝʤ ʤʦʛʫʪ ʧʨʦʠʩʭʦʜʠʪʴ ʧʦ ʚʩʝʡ ʛʨʘʥʠʮʝ ʧʨʠ-

ʙʨʝʞʥʳʭ ʚʦʜ. ʅʘʠʙʦʣʝʝ ʤʘʩʰʪʘʙʥʳʝ ʷʚʣʝʥʠʷ ʚʦʟʥʠʢʘʶʪ ʚ ʩʝʚʝʨʦ-

ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʤʦʨʷ. ʇʨʠʤʝʨʦʤ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʩʣʫʯʘʡ ʧʨʦʥʠʢʥʦʚʝʥʠʷ 

ʙʦʣʴʰʦʡ ʤʘʩʩʳ ʨʘʩʧʨʝʩʥʝʥʥʳʭ ʚʦʜ ʚ ʟʘʧʘʜʥʫʶ ʧʦʣʦʚʠʥʫ ʮʝʥʪʨʘʣʴʥʦʡ 

ʯʘʩʪʠ ʤʦʨʷ ʚ ʠʶʣʝ 2007 ʛ. ʅʘ ʨʠʩ. 3.4.6 ʧʦʢʘʟʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝ-

ʨʘʪʫʨʳ ʚʦʜʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʛʜʝ ʫ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʦʢʦʥʝʯʥʦʩʪʠ ʂʨʳʤʘ 

ʥʘʙʣʶʜʘʣʩʷ ʰʣʝʡʬ ʦʪʥʦʩʠʪʝʣʴʥʦ ʭʦʣʦʜʥʳʭ ʚʦʜ (ʧʝʨʝʧʘʜ 2ï3Áʉ), ʚʳ-

ʪʷʥʫʪʳʡ ʚ ʩʪʦʨʦʥʫ ʦʪʢʨʳʪʦʛʦ ʤʦʨʷ.  ʇʦ ʜʘʥʥʳʤ ʙʝʨʝʛʦʚʦʡ ʩʪʘʥʮʠʠ 

ʍʝʨʩʦʥʝʩʩʢʠʡ ʤʘʷʢ ʠ ʦʢʝʘʥʦʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʟʨʝʟʘ, ʚʳʧʦʣʥʝʥʥʦʛʦ  ʅʀʉ 

"ʕʢʩʧʝʨʠʤʝʥʪ", ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʩʦʣʝʥʦʩʪʴ ʚ ʧʦʣʦʩʝ ʨʘʩʧʨʝʩʥʝʥʥʳʭ ʚʦʜ 
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ʧʦʥʠʞʘʣʘʩʴ ʜʦ 16.3 PSU. ʇʦʜʦʙʥʳʝ ʧʨʠʤʝʨʳ ʬʠʣʘʤʝʥʪʦʚ, ʚʳʥʦʩʷʱʠʭ 

ʰʝʣʴʬʦʚʳʝ ʚʦʜʳ ʥʘ ʦʩʥʦʚʝ ʩʧʫʪʥʠʢʦʚʳʭ ʠʟʤʝʨʝʥʠʡ ʭʣʦʨʦʬʠʣʣʘ ʩʢʘ-

ʥʝʨʦʤ SeaWIFS ʧʨʠʚʝʜʝʥʳ ʚ [Oguz et al, 2002]. 

 
 

 

 
 

ʈʠʩʫʥʦʢ 3.4.6  ï  ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʝʚʝʨʦ-

ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʏʝʨʥʦʛʦ ʤʦʨʷ 16 ʠʶʣʷ 2007 ʛ. ʧʦ ʜʘʥʥʳʤ 

ʩʧʫʪʥʠʢʘ NOAA-17. ʇʝʨʝʧʘʜ ʟʥʘʯʝʥʠʡ ʤʝʞʜʫ ʰʝʣʴʬʦʚʤrʠ 

ʨʘʩʧʨʝʩʥʝʥʥʳʤʠ ʚʦʜʘʤʠ ʫ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʦʢʦʥʝʯʥʦʩʪʠ ʂʨʳ-

ʤʘ ʠ ʦʪʢʨʳʪʦʡ ʯʘʩʪʴʶ ʤʦʨʷ ʩʦʩʪʘʚʣʝ̫ʪ 2 ï 3Áʉ. 
 

ɺʝʨʭʥʷʷ ʯʝʨʥʦʤʦʨʩʢʘʷ ʚʦʜʥʘʷ ʤʘʩʩʘ (ɺʏɺʄ), ʠʣʠ ʧʦʚʝʨʭʥʦʩʪʥʘʷ 

ʚʦʜʥʘʷ ʤʘʩʩʘ  ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʝʷʪʝʣʴʥʳʡ ʩʣʦʡ ʚ ʛʣʫʙʦʢʦʚʦʜʥʦʡ 

ʯʘʩʪʠ ʤʦʨʷ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʤ ʨʘʟʙʨʦʩʦʤ ʩʦ-

ʣʝʥʦʩʪʠ, ʚʳʩʦʢʠʤʠ ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʛʨʘʜʠʝʥʪʘʤʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʣʝ-

ʥʦʩʪʠ ʠ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʝʟʦʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʴʶ ʪʝʤʧʝʨʘʪʫʨʳ. ɼʠʘʧʘʟʦʥ 

ʩʦʣʝʥʦʩʪʠ ɺʏɺʄ 18.0 ï 18.4 PSU, ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʪ ʮʝʥʪʨʘʤ ʮʠʢʣʦʥʠʯʝʩʢʠʭ ʢʨʫʛʦʚʦʨʦʪʦʚ, ʥʠʞʥʷʷ ʛʨʘʥʠʮʘ ʚʦʜʥʦʡ 

ʤʘʩʩʳ ʚ ʩʨʝʜʥʝʤ ʟʘʣʝʛʘʝʪ ʥʘ  = 14.0ï14.2 (ʛʣʫʙʠʥʘ 30ï60 ʤ). ʉʨʝʜʥʠʡ 

ʦʙʲʝʤ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʚʦʜʥʦʡ ʤʘʩʩʳ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 2,3 % ʦʪ ʚʩʝʛʦ 

ʦʙʲʝʤʘ ʤʦʨʷ.  ʉʦʣʝʥʦʩʪʴ 18.2ï18.3 PSU ʠʤʝʝʪ ʣʦʢʘʣʴʥʳʡ ʵʢʩʪʨʝʤʫʤ 

ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʥʘ ʦʙʱʝʡ ʛʠʩʪʦʛʨʘʤʤʝ ʩʦʣʝʥʦʩʪʠ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʘ-

ʥʠʝʤ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ɺʏɺʄ ʚ ʢʘʯʝʩʪʚʝ ʦʪʜʝʣʴʥʦʡ ʚʦʜʥʦʡ ʤʘʩʩʳ. 
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3.4.2 ʍʦʣʦʜʥʳʡ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʩʣʦʡ 

 

ʍʦʣʦʜʥʳʡ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʩʣʦʡ (ʍʇʉ), ʠʣʠ ʩʣʦʡ ʤʠʥʠʤʘʣʴʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨ ʤʝʞʜʫ ʩʝʟʦʥʥʳʤ ʠ ʧʦʩʪʦʷʥʥʳʤ ʧʠʢʥʦʢʣʠʥʘʤʠ, ï ʧʦʜʧʦ-

ʚʝʨʭʥʦʩʪʥʘʷ ʚʦʜʥʘʷ ʤʘʩʩʘ, ʷʚʣʷʶʱʘʷʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʟʠʤʥʝʛʦ ʢʦʥʚʝʢ-

ʪʠʚʥʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʚ ʮʝʥʪʨʘʭ ʮʠʢʣʦʥʠʯʝʩʢʠʭ ʢʨʫʛʦʚʦʨʦʪʦʚ ʠ ʚ 

ʰʝʣʴʬʦʚʳʭ ʨʘʡʦʥʘʭ. ʋʩʣʦʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʍʇʉ ʚ ʏʝʨʥʦʤ ʤʦʨʝ ʘʥʘʣʦ-

ʛʠʯʥʳ ʫʩʣʦʚʠʷʤ ʚ ʪʝʭ ʤʦʨʷʭ,  ʛʜʝ ʟʠʤʥʷʷ ʢʦʥʚʝʢʮʠʷ ʦʛʨʘʥʠʯʝʥʘ ʧʦ 

ʛʣʫʙʠʥʝ ʛʘʣʦʢʣʠʥʦʤ  ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ɹʘʣʪʠʡʩʢʦʤ, ʆʭʦʪʩʢʦʤ ʤʦʨʷʭ, 

ʟʘʣʠʚʝ ʉʚ. ʃʘʚʨʝʥʪʠʷ ʠ ʜʨ.  ɺ  ʪʝʭ ʨʘʡʦʥʘʭ ʏʝʨʥʦʛʦ ʤʦʨʷ,  ʛʜʝ ʢʦʥʚʝʢ-

ʮʠʷ ʟʠʤʦʡ ʥʝ ʨʘʟʚʠʚʘʝʪʩʷ (ʶʛʦ-ʚʦʩʪʦʯʥʘʷ ʯʘʩʪʴ ʤʦʨʷ), ʍʇʉ ʠʤʝʝʪ ʘʜ-

ʚʝʢʪʠʚʥʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ.  

ʀʩʩʣʝʜʦʚʘʥʠʷʤ ʍʇʉ ï ʢʘʢ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʭʘʨʘʢʪʝʨʥʳʭ ʯʝʨʪ 

ʪʝʨʤʦʭʘʣʠʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʏʝʨʥʦʛʦ ʤʦʨʷ ï ʧʦʩʚʷʱʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝ-

ʩʪʚʦ ʨʘʙʦʪ. ʅʘʠʙʦʣʴʰʠʝ ʨʘʟʥʦʛʣʘʩʠʷ ʫ ʘʚʪʦʨʦʚ ʚʳʟʳʚʘʝʪ ʦʧʨʝʜʝʣʝʥʠʝ 

ʦʩʥʦʚʥʳʭ ʨʘʡʦʥʦʚ ʟʠʤʥʝʛʦ ʦʙʥʦʚʣʝʥʠʷ ʚʦʜ ʠ ʨʦʣʴ  ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʯʝ-

ʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ɼʦ ʥʘʯʘʣʘ 1950-ʭ ʛʛ. ʧʨʝʦʙʣʘʜʘʣʘ çʢʦʥʚʝʢʮʠʦʥʥʘʷè 

ʛʠʧʦʪʝʟʘ [ʐʧʠʥʜʣʝʨ, ɺʨʘʥʛʝʣʴ, 1899; ɿʫʙʦʚ, 1938], ʧʦ ʢʦʪʦʨʦʡ ʦʙʥʦʚ-

ʣʝʥʠʝ ʚʦʜ ʍʇʉ ʧʨʦʠʩʭʦʜʠʪ ʧʦʯʪʠ ʝʞʝʛʦʜʥʦ ʧʦ ʚʩʝʤʫ ʙʘʩʩʝʡʥʫ ʟʘ ʩʯʝʪ 

ʦʩʝʥʥʝ-ʟʠʤʥʝʛʦ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʚʦʜ. ɿʘʪʝʤ ʙʳʣʘ ʧʨʝʜ-

ʣʦʞʝʥʘ ʛʠʧʦʪʝʟʘ ʦʙ ʘʜʚʝʢʪʠʚʥʦʤ ʧʨʦʠʩʭʦʞʜʝʥʠʠ ʍʇʉ [ʂʦʣʝʩʥʠʢʦʚ, 

1953], ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʤʦʨʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʷʶ-

ʱʝʛʦʩʷ ʧʦ ʙʘʩʩʝʡʥʫ ʩʠʩʪʝʤʦʡ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʪʝʯʝʥʠʡ. ɺ ʜʘʣʴʥʝʡ-

ʰʝʤ, ʮʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ ʤʦʨʷ ʪʘʢʞʝ ʙʳʣʘ ʦʪʥʝʩʝʥʘ ʢ ʨʘʡʦʥʘʤ ʩ ʧʨʝʦʙ-

ʣʘʜʘʥʠʝʤ ʧʨʦʮʝʩʩʦʚ ʢʦʥʚʝʢʪʠʚʥʦ-ʚʝʪʨʦʚʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ [ɻʝʦʨʛʠʝʚ, 

1967, 1972]. ɺ ʨʘʙʦʪʘʭ [ʆʚʯʠʥʥʠʢʦʚ, ʇʦʧʦʚ, 1984, 1987; ʃʘʪʫʥ, ʗʩʪ-

ʨʝʙ, 1987] ʨʦʣʴ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʤʦʨʷ ʙʳʣʘ ʫʩʠʣʝʥʘ ʛʠʧʦʪʝʟʦʡ ʦ ʪʦʤ, 

ʯʪʦ ʍʇʉ, ʚ ʦʩʥʦʚʥʦʤ, ʦʙʨʘʟʫʝʪʩʷ ʚ ʮʝʥʪʨʘʭ ʦʩʥʦʚʥʳʭ ʮʠʢʣʦʥʠʯʝʩʢʠʭ 

ʢʨʫʛʦʚʦʨʦʪʦʚ, ʧʦ ʧʨʠʤʝʨʫ ʛʣʫʙʦʢʦʡ ʢʦʥʚʝʢʮʠʠ ʚ ɻʨʝʥʣʘʥʜʩʢʦʤ ʤʦʨʝ 

ʠʣʠ ʃʠʦʥʩʢʦʤ ʟʘʣʠʚʝ ʉʨʝʜʠʟʝʤʥʦʛʦ ʤʦʨʷ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʙʦʣʴ-

ʰʠʥʩʪʚʦ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʩʯʠʪʘʝʪ, ʯʪʦ ʍʇʉ ʦʙʨʘʟʫʝʪʩʷ ʢʘʢ ʚ ʮʝʥʪʨʘʭ 

ʮʠʢʣʦʥʠʯʝʩʢʠʭ ʢʨʫʛʦʚʦʨʦʪʦʚ, ʪʘʢ ʠ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʤʦʨʷ (ʚ 

ʦʩʥʦʚʥʦʤ ʥʘ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʤ ʩʢʣʦʥʝ). ɽʩʪʴ ʪʦʯʢʘ ʟʨʝʥʠʷ [Ivanov L.I. et 

al., 1997; Oguz et al., 1998b], ʢʨʠʪʠʢʫʝʤʘʷ ʚ [ʂʨʠʚʦʰʝʷ ʠ ʜʨ., 2000], ʯʪʦ 

ʚʦʜʳ ʍʇʉ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʤʦʨʷ ʥʝ ʧʨʦʥʠʢʘʶʪ ʚ ʧʨʠʙʨʝʞʥʳʝ ʦʙʣʘ-

ʩʪʠ, ʛʜʝ ʍʇʉ ʬʦʨʤʠʨʫʝʪʩʷ ʠʟ ʦʭʣʘʞʜʝʥʥʳʭ ʚʦʜ, ʘʜʚʝʢʪʠʚʥʦ ʧʦʩʪʫʧʘ-

ʶʱʠʭ ʠʟ ʟʦʥʳ ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʠʭ ʚʠʭʨʝʡ ʥʘ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʤ ʩʢʣʦʥʝ 

ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʤʦʨʷ.  

ʆʪʥʦʩʠʪʝʣʴʥʦ ʧʨʝʦʙʣʘʜʘʶʱʝʡ ʨʦʣʠ ʢʘʢʦʛʦ-ʣʠʙʦ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ 

ʨʘʡʦʥʘ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʍʇʉ ʏʝʨʥʦʛʦ ʤʦʨʷ ʜʦ ʩʠʭ ʧʦʨ ʥʝʪ ʝʜʠʥʦʛʦ 

ʤʥʝʥʠʷ. ʉʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʤʦʨʷ  ʦʪʜʘʝʪʩʷ ʧʨʝʜʧʦʯʪʝʥʠʝ ʚ ʨʘʙʦʪʘʭ 

[Tolmazin, 1985a; ʂʘʤʠʥʩʢʠʡ ʠ ʜʨ., 1987;  Ivanov et al, 1997; Oguz et al, 

1999; ʂʥʳʰ, ʀʥʶʰʠʥʘ, 2004; Stanev, Staneva, 2001,2002, 2003; Beckers 
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et al, 2002], ʦʩʥʦʚʘʥʥʳʭ ʢʘʢ ʥʘ ʘʥʘʣʠʟʝ ʥʘʙʣʶʜʝʥʠʡ, ʪʘʢ ʠ ʥʘ ʤʘʪʝʤʘ-

ʪʠʯʝʩʢʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ. ɸʚʪʦʨʳ,  ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʘʥʘʣʠʟʠʨʫʶʱʠʝ 

ʜʘʥʥʳʝ ʥʘʙʣʶʜʝʥʠʡ, ʩʢʣʦʥʥʳ  ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʦʪʢʨʳʪʫʶ ʯʘʩʪʴ ʤʦʨʷ ʢʘʢ 

ʦʩʥʦʚʥʦʡ ʠʩʪʦʯʥʠʢ ʍʇʉ [ʆʚʯʠʥʥʠʢʦʚ ʠ ʜʨ, 1984 ï 1993;  ɻʝʨʪʤʘʥ, 

1991; ʊʠʪʦʚ, 2003; ɹʝʣʦʢʦʧʳʪʦʚ, 2004]  ʠʣʠ ʩʯʠʪʘʶʪ, ʯʪʦ ʨʦʣʴ ʵʪʠʭ 

ʜʚʫʭ ʨʘʡʦʥʦʚ ʧʨʠʙʣʠʟʠʪʝʣʴʥʘ ʨʘʚʥʘ [ɽʨʝʤʝʝʚ, ʀʚʘʥʦʚ ɺ.ɸ., ʊʫʞʠʣʢʠʥ, 

1991; ʊʫʞʠʣʢʠʥ, 2008].  

ʂʦʣʠʯʝʩʪʚʝʥʥʘʷ  ʦʮʝʥʢʘ ʚʢʣʘʜʦʚ ʦʙʲʝʤʦʚ ʍʇʉ ʠʟ ʨʘʟʣʠʯʥʳʭ ʠʩ-

ʪʦʯʥʠʢʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʙʲʝʤʥʦʛʦ ʊ,S-ʘʥʘʣʠʟʘ ʢʣʠʤʘ-

ʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʚ [ɹʝʣʦʢʦʧʪrʦʚ, 2004]: ʚ ʟʘʧʘʜʥʦʤ, 

ʚʦʩʪʦʯʥʦʤ ʮʠʢʣʦʥʠʯʝʩʢʠʭ ʢʨʫʛʦʚʦʨʦʪʘʭ ʠ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʤʦ-

ʨʷ ʬʦʨʤʠʨʫʝʪʩʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 60, 15 ʠ 25% ʚʦʜ ʍʇʉ. ɺ ʨʘʙʦʪʝ 

[Stanev et al., 2003] ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʦʧʨʝʜʝʣʝʥʳ ʚʢʣʘʜʳ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʩʢʣʦʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ 

ʤʦʨʷ, ʮʠʢʣʦʥʠʯʝʩʢʠʭ ʢʨʫʛʦʚʦʨʦʪʦʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʤʦʨʷ, ʩʝʚʝʨʦ-

ʟʘʧʘʜʥʦʛʦ ʰʝʣʴʬʘ ʠ ʢʨʘʡʥʝʡ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʤʦʨʷ ʢʘʢ 42, 28, 20 ʠ 

10%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʣʥʦʝ ʦʙʥʦʚʣʝʥʠʝ ʚʦʜ ʍʇʉ ʙʳʣʦ ʦʮʝʥʝʥʦ ʚ 5.5 

ʣʝʪ. ɺ ʤʦʥʦʛʨʘʬʠʠ [ʇʦʣʦʥʩʢʠʡ, ʇʦʧʦʚ, 2011] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘ ʰʝʣʴʬʝ 

ʬʦʨʤʠʨʫʝʪʩʷ ʦʪ 16 ʜʦ 26% ʚʩʝʭ ʚʦʜ ʍʇʉ ʏʝʨʥʦʛʦ ʤʦʨʷ. 

ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ ʧʦʩʚʷʱʝʥʦ ʤʝʞʛʦʜʦʚʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ 

ʍʇʉ, ʢʦʪʦʨʫʶ ʯʘʱʝ ʚʩʝʛʦ ʩʚʷʟʳʚʘʶʪ ʩ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷ-

ʤʠ ï ʦʭʣʘʞʜʝʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ [ʌʠʣʠʧʧʦʚ, 

1968; ɻʝʦʨʛʠʝʚ, 1972; ɹʣʘʪʦʚ, ʂʦʩʘʨʝʚ, ʊʫʞʠʣʢʠʥ, 1980; Belokopytov, 

1998; Ivanov et al, 2000; ʂʨʠʚʦʰʝʷ ʠ ʜʨ., 2002; ʊʠʪʦʚ, 2003; ɹʝʣʦʢʦʧʳ-

ʪʦʚ, ʐʦʢʫʨʦʚʘ, 2005; ɹʝʣʦʢʦʧʳʪʦʚ, 2010; ʇʦʣʦʥʩʢʠʡ, ʇʦʧʦʚ, 2011]. 

ʊʨʘʜʠʮʠʦʥʥʦ, ʢʨʠʪʝʨʠʝʤ ʚʳʜʝʣʝʥʠʷ ʍʇʉ ʷʚʣʷʝʪʩʷ ʠʟʦʪʝʨʤʘ 8Áʉ 

[ʂʦʣʝʩʥʠʢʦʚ, 1953] ʥʘ ʪʦʤ ʦʩʥʦʚʘʥʠʠ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʪ ʨʘʡʦʥʳ ʤʦʨʷ 

(ʶʛʦ-ʚʦʩʪʦʯʥʘʷ ʯʘʩʪʴ), ʛʜʝ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʥʝ ʦʧʫʩʢʘʝʪʩʷ 

ʥʠʞʝ ʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʉʫʱʝʩʪʚʫʶʪ ʠ ʜʨʫʛʠʝ, ʙʦʣʝʝ ʬʠʟʠʯʝʩʢʠʝ 

ʧʦʜʭʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʦʧʨʝʜʝʣʝʥʠʠ ʛʨʘʥʠʮ ʚʦʜʥʳʭ ʤʘʩʩ ʧʦ ʛʨʘʜʠʝʥ-

ʪʘʤ ʪʝʨʤʦʭʘʣʠʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɼʣʷ ʍʇʉ ʪʘʢʠʤʠ ʢʨʠʪʝʨʠʤ̫ʠ ʤʦ-

ʛʫʪ ʩʣʫʞʠʪʴ ʤʘʢʩʠʤʫʤ rʚʝʨʪʠʢʘʣʴʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʧʣʦʪʥʦʩʪʠ (ʧʦ ʘʙʩʦ-

ʣʶʪʥʳʤ ʟʥʘʯʝʥʠʷʤ), ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚʳʰʝ ʠ ʥʠʞʝ ʤʠʥʠʤʫʤʘ ʪʝʤʧʝʨʘ-

ʪʫʨʳ [ʇʨʦʢʦʧʦʚ, 2000, 2006]. ʊʘʢʞʝ ʤʦʞʥʦ ʚʳʜʝʣʷʪʴ ʍʇʉ ʢʘʢ ʩʣʦʡ 

ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʤʠʥʠʤʫʤʘ ʪʝʤʧʝʨʘʪʫʨʳ ʩ ʧʦʥʠʞʝʥʥʳʤʠ ʚʝʨʪʠ-

ʢʘʣʴʥʳʤʠ ʛʨʘʜʠʝʥʪʘʤʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʣʝʥʦʩʪʠ, ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʦʛʦ 

ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʢ ʟʠʤʥʝʤʫ ʧʝʨʝʤʝʰʘʥʥʦʤʫ ʩʣʦʁ (ʧʦ ʘʥʘʣʦʛʫ ʤʦ-

ʜʦʚʳʭ ʚʦʜ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, 18Á-ʷ ʚʦʜʘ ʉʘʨʛʘʩʩʦʚʘ ʤʦ-

ʨʷ).  ʇʨʠ ʪʘʢʠʭ ʧʦʜʭʦʜʘʭ ʛʨʘʥʠʮʳ ʍʇʉ ʤʦʛʫʪ ʥʝ ʩʦʚʧʘʜʘʪʴ ʩ ʢʨʠʪʝʨʠ-

ʝʤ ʠʟʦʪʝʨʤʳ 8Áʉ, ʧʨʠʚʦʜʷ ʢʘʢ ʢ ʫʚʝʣʠʯʝʥʠʶ ʦʙʲʝʤʘ ʍʇʉ, ʪʘʢ ʠ ʢ ʝʛʦ 

ʫʤʝʥʴʰʝʥʠʶ. ʊʨʘʜʠʮʠʦʥʥʳʡ ʢʨʠʪʝʨʠʡ ʚʳʜʝʣʝʥʠʷ ʍʇʉ, ʧʨʠ ʚʩʝʡ ʩʚʦ-

ʝʡ ʬʦʨʤʘʣʴʥʦʩʪʠ, ʦʩʪʘʝʪʩʷ, ʙʣʘʛʦʜʘʨʷ ʧʨʦʩʪʦʪʝ, ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘ-

ʥʝʥʥʳʤ. ʆʥ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʜʘʥʥʫʶ ʚʦʜʥʫʶ ʤʘʩʩʫ ʠ 
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ʤʝʥʝʝ ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ ʧʨʠʤʝʥʝʥʠʶ  ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ ʠʥʪʝʨʧʦʣʷʮʠʠ 

ʠ ʬʠʣʴʪʨʘʮʠʠ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʨʘʩʯʝʪʘʭ ʛʨʘʜʠʝʥʪʦʚ.  

 

 
 

ʈʠʩʫʥʦʢ 3.4.7  ï  ʉʝʟʦʥʥʳʡ ʭʦʜ ʦʙʲʝʤʘ (ʢʤ3), ʛʣʫʙʠ-

ʥʳ (ʤ) ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʛʨʘʥʠʮ  ʭʦʣʦʜʥʦʛʦ ʧʨʦʤʝ-

ʞʫʪʦʯʥʦʛʦ ʩʣʦʷ ʏʝʨʥʦʛʦ ʤʦʨʷ 

 

 
 

ʈʠʩʫʥʦʢ 3.4.8 ï ʉʝʟʦʥʥʳʡ ʭʦʜ ʩʨʝʜʥʝʡ ʪʝʤʧʝʨʘʪʫʨʳ, 

Áʉ ʠ ʩʦʣʝʥʦʩʪʠ, PSU ʭʦʣʦʜʥʦʛʦ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ 

ʩʣʦʷ ʏʝʨʥʦʛʦ ʤʦʨʷ 

 

ʉʨʝʜʥʠʡ ʦʙʲʝʤ ʍʇʉ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʝʥ ʩʨʝʜʥʝʤʫ ʦʙʲʝʤʫ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʚʦʜʥʦʡ ʤʘʩʩʳ ʠ ʩʦʩʪʘʚʣʷʝʪ 15.9 ʪʳʩ. ʢʤ
3 
(2.2 % ʦʪ ʦʙʲ-

ʝʤʘ ʤʦʨʷ) ʧʦ ʢʨʠʪʝʨʠʶ 8Áʉ ʟʘ ʧʝʨʠʦʜ 1950 ï 2000 ʛʛ.. ʀʟʚʝʩʪʥʳ ʜʨʫʛʠʝ 

ʦʮʝʥʢʠ ʦʙʲʝʤʘ ʍʇʉ: 16 ʪʳʩ. ʢʤ
3 
ʟʘ ʧʝʨʠʦʜ 1924 ï 1966 ʛʛ. [ɻʣʘʟʢʦʚ, 

1979], 12 ʪʳʩ. ʢʤ
3
 ʟʘ 1984 ʛ. [ʃʘʪʫʥ, 1989] (ʧʦ ʢʨʠʪʝʨʠʶ 8Áʉ), 18ï20 

ʪʳʩ. ʢʤ
3 
[ɻʝʨʪʤʘʥ, 1987, 1991] (ʧʦ ʩʦʣʝʥʦʩʪʥʦʤʫ ʢʨʠʪʝʨʠʶ). ɺ ʪʝʯʝʥʠʝ 

ʩʝʟʦʥʥʦʛʦ ʮʠʢʣʘ  ï ʦʪ ʦʙʥʦʚʣʝʥʠʷ ʜʦ ʯʘʩʪʠʯʥʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʩ ʜʨʫ-

ʛʠʤʠ ʚʦʜʥʳʤʠ ʤʘʩʩʘʤʠ ï ʦʙʲʝʤ ʚʦʜ ʍʇʉ ʫʤʝʥʴʰʘʝʪʩʷ ʚ 3 ï 4 ʨʘʟʘ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʩʦʣʝʥʦʩʪʴ ʤʦʥʦʪʦʥʥʦ ʧʦʚʳʰʘʶʪʩʷ (ʨʠʩ. 3.4.7, 3.4.8). 
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ʄʥʦʛʦʣʝʪʥʠʝ ʢʦʣʝʙʘʥʠʷ ʩʨʝʜʥʝʤʝʩʷʯʥʳʭ ʘʥʦʤʘʣʠʡ ʦʙʲʝʤʘ ʚʦʜ  ʩʦ-

ʩʪʘʚʣʷʶʪ  ~20 % ʝʛʦ ʩʨʝʜʥʝʛʦ ʦʙʲʝʤʘ, ʇʦʜʦʙʥʘʷ ʦʮʝʥʢʘ ʩʝʟʦʥʥʦʛʦ ʭʦʜʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʍʇʉ ʪʘʢʞʝ ʧʨʠʚʝʜʝʥʘ ʚ ([ɻʝʨʪʤʘʥ, 1991], ʨʠʩ. 2.24). 

ʆʩʥʦʚʥʳʝ ʨʘʡʦʥʳ ʦʙʥʦʚʣʝʥʠʷ ʚʦʜ ʍʇʉ ï  ʮʝʥʪʨʳ ʚʦʩʪʦʯʥʦʛʦ ʠ 

ʟʘʧʘʜʥʦʛʦ ʮʠʢʣʦʥʠʯʝʩʢʠʭ ʢʨʫʛʦʚʦʨʦʪʦʚ, ʚʥʝʰʥʷʷ ʯʘʩʪʴ ʩʝʚʝʨʦï

ʟʘʧʘʜʥʦʛʦ ʰʝʣʴʬʘ (ʦʪ ʧïʦʚʘ ʊʘʨʭʘʥʢʫʪ ʜʦ 30Á ʚ.ʜ.), ʚʳʜʝʣʷʶʪʩʷ ʢʘʢ 

ʦʙʣʘʩʪʠ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ (ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ů 

= 14.3 ï 14.4 ʜʣʷ ʬʝʚʨʘʣʷ, ʨʠʩ.3.3.6). ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʟʠʤʥʝʛʦ ʦʭʣʘʞʜʝ-

ʥʠʷ ʷʜʨʦ çʩʪʘʨʦʛʦè ʍʇʉ ʚ ʮʝʥʪʨʘʭ ʮʠʢʣʦʥʠʯʝʩʢʠʭ ʢʨʫʛʦʚʦʨʦʪʦʚ ʟʘʣʝ-

ʛʘʝʪ ʥʘ ʫʨʦʚʥʝ ʠʟʦʧʠʢʥ 14.9 ï 15.0. ʇʨʠ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʩʦʣʝʥʦʩʪʠ ʜʣʷ 

ʵʪʠʭ ʨʘʡʦʥʦʚ ʚ ʬʝʚʨʘʣʝ 18.4 PSU (ʨʠʩ.3.2.6)  ʜʘʞʝ ʦʯʝʥʴ ʩʠʣʴʥʦʝ ʦʭʣʘ-

ʞʜʝʥʠʝ ʥʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʫʧʣʦʪʥʝʥʠʶ  ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʜʦ ʪʘʢʠʭ 

ʟʥʘʯʝʥʠʡ. ʆʜʥʘʢʦ, ʠʟ ʥʘʙʣʶʜʝʥʠʡ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʡ ʢʦʥ-

ʚʝʢʮʠʠ ʥʘʜ ʢʫʧʦʣʘʤʠ ʧʠʢʥʦʢʣʠʥʘ ʧʨʦʠʩʭʦʜʠʪ ʫʩʠʣʝʥʥʳʡ ʚʝʨʪʠʢʘʣʴ-

ʥʳʡ ʦʙʤʝʥ ʩ ʚʩrʦʢʦʩʦʣʝʥʳʤʠ ʚʦʜʘʤʠ ʛʘʣʦʢʣʠʥʘ ʠ ʩʦʣʝʥʦʩʪʴ ʤʦʞʝʪ 

ʧʦʚʳʰʘʪʴʩʷ ʜʦ 18.7 PSU (ʨʠʩ.3.4.9). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʥʠʞʝʥʠʝ ʪʝʤʧʝ-

ʨʘʪʫʨʳ ʜʦ 4.5 ï 5Áʉ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʧʣʦʪʥʦʩʪʠ ʜʦ 14.8, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʥʦʚʳʭ ʚʦʜ ʚ ʚʝʨʭʥʶʶ ʯʘʩʪʴ çʩʪʘʨʦʛʦè 

ʍʇʉ. ʅʘ ʨʠʩ.3.4.10 ʧʨʠʚʝʜʝʥʦ ʧʦʣʦʞʝʥʠʝ ʦʢʝʘʥʦʛʨʘʬʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ 

ʚ ʨʘʟʣʠʯʥʳʭ ʵʢʩʧʝʜʠʮʠʷʭ, ʥʘ ʢʦʪʦʨʳʭ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʦʙʥʦʚʣʝʥʠʝ ʚʦʜ 

ʍʇʉ ʚ ʮʝʥʪʨʘʭ ʮʠʢʣʦʥʠʯʝʩʢʠʭ ʢʨʫʛʦʚʦʨʦʪʦʚ, ʘʥʘʣʦʛʠʯʥʦʝ ʧʨʠʤʝʨʫ, 

ʧʦʢʘʟʘʥʥʦʤʫ ʥʘ ʨʠʩ.3.4.9. ʇʨʠ ʩʨʝʜʥʠʭ ʟʠʤʥʠʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠ-

ʷʭ ï ʪʝʤʧʝʨʘʪʫʨʝ 6,8Áʉ (ʨʠʩ.3.1.6), ʢʦʪʦʨʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʣʦʪʥʦʩʪʠ ů 

= 14.4, ʥʦʚʳʝ ʦʭʣʘʞʜʝʥʥʳʝ ʚʦʜʳ ʦʧʫʩʢʘʶʪʩʷ ʜʦ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʳ 

çʩʪʘʨʦʛʦè ʩʣʦʷ, ʠ ʦʙʥʦʚʣʝʥʠʝ ʚʦʜ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʝʧʝʥʥʦ, ʧʦʩʨʝʜʩʪʚʦʤ 

ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ.  

ʄʘʣʘʷ ʪʦʣʱʠʥʘ ʚʝʨʭʥʝʛʦ ʦʜʥʦʨʦʜʥʦʛʦ ʩʣʦʷ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʙʦʣʴʰʝʝ ʦʭʣʘʞʜʝʥʠʝ ʠ ʫʧʣʦʪʥʝʥʠʝ, ʚ ʮʝʥʪʨʘʭ ʮʠʢʣʦʥʠʯʝʩʢʠʭ ʚʠʭʨʝʡ 

ʠʣʠ ʤʝʘʥʜʨʦʚ ʩʚʷʟʘʥʦ ʩ ʚʳʩʦʢʠʤ ʧʦʣʦʞʝʥʠʝʤ ʧʠʢʥʦʢʣʠʥʘ. ɺ ʩʝʚʝʨʦ-

ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʤʦʨʷ ʪʘʢʫʶ ʨʦʣʴ ʠʩʧʦʣʥʷʝʪ ʜʥʦ, ʪ.ʝ. ʩʘʤʘ ʤʝʣʢʦʚʦʜ-

ʥʦʩʪʴ ʨʘʡʦʥʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʠʣʴʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʪʦʥʢʦʛʦ ʩʣʦʷ ʚʦʜʳ. ʅʘ 

ʚʥʝʰʥʝʤ ʢʨʘʝ ʰʝʣʴʬʘ, ʛʜʝ ʩʦʣʝʥʦʩʪʴ ʫʞʝ ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʘ ʜʣʷ ʦʙʝʩ-

ʧʝʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ ʧʣʦʪʥʦʩʪʠ, ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʦʮʝʩʩ ʩʪʝʢʘʥʠʷ ʦʭʣʘ-

ʞʜʝʥʥʳʭ ʚʦʜ ʧʦ ʜʥʫ ʠ ʜʘʣʝʝ ʠʟʦʧʠʢʥʠʯʝʩʢʠ ʚ ʩʪʦʨʦʥʫ ʦʪʢʨʳʪʦʛʦ ʤʦʨʷ 

(ʨʠʩ.3.4.11). ʅʘ ʨʠʩ.3.4.12  ʧʨʠʚʝʜʝʥʦ ʧʦʣʦʞʝʥʠʝ ʦʢʝʘʥʦʛʨʘʬʠʯʝʩʢʠʭ 

ʩʪʘʥʮʠʡ, ʥʘ ʢʦʪʦʨʳʭ ʬʠʢʩʠʨʦʚʘʣʠʩʴ ʧʦʜʦʙʥʳʝ ʷʚʣʝʥʠʷ.  ɼʣʷ ʦʙʣʘʩʪʠ 

ʤʝʞʜʫ ʟʘʧʘʜʥʳʤ ʮʠʢʣʦʥʠʯʝʩʢʠʤ ʢʨʫʛʦʚʦʨʦʪʦʤ ʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʳʤ 

ʰʝʣʴʬʦʤ ʭʘʨʘʢʪʝʨʥʦ ʧʦʩʪʫʧʣʝʥʠʝ ʥʦʚʳʭ ʦʭʣʘʞʜʝʥʥʳʭ ʚʦʜ ʠʟ ʨʘʟʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ, ʩʪʝʢʘʶʱʠʭ ʥʘʚʩʪʨʝʯʫ ʜʨʫʛ ʜʨʫʛʫ (ʨʠʩ.3.4.13). ɺ ʦʙʣʘʩʪʠ 

ʂʝʨʯʝʥʩʢʦ-ʊʘʤʘʥʩʢʦʛʦ ʰʝʣʴʬʘ ʪʘʢʞʝ ʦʙʥʘʨʫʞʠʚʘʣʠʩʴ ʩʣʝʜʳ ʩʪʝʢʘʥʠʷ 

ʭʦʣʦʜʥʳʭ ʚʦʜ, ʥʦ ʚʚʠʜʫ ʝʛʦ ʥʝʙʦʣʴʰʦʡ ʧʣʦʱʘʜʠ, ʨʦʣʴ ʵʪʦʛʦ ʨʘʡʦʥʘ ʚ 

ʦʙʥʦʚʣʝʥʠʠ ʍʇʉ ʤʝʥʝʝ ʟʥʘʯʠʪʝʣʴʥʘ. 
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ʇʨʦʥʠʢʥʦʚʝʥʠʶ ʦʭʣʘʞʜʝʥʥʳʭ ʚʦʜ ʰʝʣʴʬʘ ʚ ʦʪʢʨʳʪʫʶ ʯʘʩʪʴ ʤʦ-

ʨʷ ʩʧʦʩʦʙʩʪʚʫ ʪʁ ʩʠʥʦʧʪʠʯʝʩʢʠʝ ʚʠʭʨʠ, ʧʨʦʭʦʜʷʱʠʝ ʧʦ ʢʦʥʪʠʥʝʥʪʘʣʴ-

ʥʦʤʫ ʩʢʣʦʥʫ. ɺ [Staneva, Stanev, 1997] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʘʥʪʠʮʠʢʣʦʥʠʯʝ-

ʩʢʠʝ ʚʠʭʨʠ, ʬʦʨʤʠʨʫʶʱʠʝʩʷ ʤʝʞʜʫ ʆʏʊ ʠ ʧʦʙʝʨʝʞʴʝʤ, ʫʚʝʣʠʯʠʚʘʁ ʪ 

ʩʢʦʨʦʩʪʴ ʧʦʩʪʫʧʣʝʥʠʷ ʚʦʜ ʍʇʉ ʚ ʧʠʢʥʦʢʣʠʥ, ʧʨʠʯʝʤ ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ 

ʚʦʜ ʧʦʩʪʫʧʘʝʪ ʥʝ ʩ ʥʠʩʭʦʜʷʱʠʤʠ ʜʚʠʞʝʥʠʷʤʠ, ʘ ʧʫʪʝʤ ʛʦʨʠʟʦʥʪʘʣʴʥʦ-

ʛʦ ʦʙʤʝʥʘ [Stanev, Staneva, 2001]. ʆ ʚʘʞʥʦʡ ʨʦʣʠ ʩʠʥʦʧʪʠʯʝʩʢʠʭ ʚʠʭ-

ʨʝʡ ʚ ʪʨʘʥʩʬʨʦʥʪʘʣʴʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʚʦʜ ʰʝʣʴʬʘ ʩ ʚʦʜʘʤʠ ʍʇʉ 

ʦʪʢʨʳʪʦʡ ʯʘʩʪʠ ʤʦʨʷ ʛʦʚʦʨʠʪʩʷ ʪʘʢʞʝ ʚ ʤʦʥʦʛʨʘʬʠʠ [ʇʦʣʦʥʩʢʠʡ, ʇʦ-

ʧʦʚ, 2011]. 

 
 

ʈʠʩʫʥʦʢ 3.4.9 ï ʆʙʥʦʚʣʝʥʠʝ ʍʇʉ ʚ ʮʝʥʪʨʝ ʚʦʩʪʦʯʥʦʛʦ ʮʠʢʣʦʥʠʯʝ-

ʩʢʦʛʦ ʢʨʫʛʦʚʦʨʦʪʘ ʧʦ ʜʘʥʥʳʤ ʅʀʉ çʗʢʦʚ ɻʘʢʢʝʣʴè 6 ï 14 ʤʘʨʪʘ 

1985 ʛ.: ʘ ï ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ; ʙ ï ʩʦʣʝʥʦʩʪʴ ʥʘ ʧʦ-

ʚʝʨʭʥʦʩʪʠ; ʚ ï ʤʝʨʠʜʠʦʥʘʣʴʥʳʡ ʨʘʟʨʝʟ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ 36Á ʚ.ʜ.; ʛ ï 

ʤʝʨʠʜʠʦʥʘʣʥɹʳʡ ʨʘʟʨʝʟ ʩʦʣʝʥʦʩʪʠ ʧʦ 36Á ʚ.ʜ. 
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ʈʠʩʫʥʦʢ 3.4.10 ï ʇʦʣʦʞʝʥʠʝ ʦʢʝʘʥʦʛʨʘʬʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ, ʚʳ-

ʧʦʣʥʝʥʥʳʭ ʚ ʧʝʨʠʦʜ 1957 ï 1993 ʛʛ., ʥʘ ʢʦʪʦʨʳʭ ʟʘʬʠʢʩʠʨʦʚʘʥʦ 

ʦʙʥʦʚʣʝʥʠʝ ʚʦʜ ʍʇʉ ʚ ʮʝʥʪʨʘʭ ʮʠʢʣʦʥʠʯʝʩʢʠʭ ʢʨʫʛʦʚʦʨʦʪʦʚ 

 

 

 

 
 

ʈʠʩʫʥʦʢ 3.4.11 ï ʈʘʟʨʝʟ ʪʝʤʧʝʨʘʪʫʨʳ  ʚʦʜʳ ʥʘ ʚʥʝʰʥʝʤ 

ʢʨʘʝ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʰʝʣʴʬʘ ʧʦ  30.5Á ʚ.ʜ. 4 ï 6 ʘʧʨʝʣʷ 

1993 ʛ. ʧʦ ʜʘʥʥʳʤ ʅʀʉ çBilimè 
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ʈʠʩʫʥʦʢ 3.4.12 ï ʇʦʣʦʞʝʥʠʝ ʦʢʝʘʥʦʛʨʘʬʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ, ʚʳʧʦʣ-

ʥʝʥʥʳʭ ʚ ʧʝʨʠʦʜ 1973 ï 2004 ʛʛ., ʥʘ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʣʦʩʴ ʩʪʝʢʘ-

ʥʠʝ ʧʨʠʜʦʥʥʳʭ ʭʦʣʦʜʥʳʭ ʚʦʜ ʧʦ ʚʥʝʰʥʝʤʫ ʢʨʘʶ ʩʝʚʝʨʦ-

ʟʘʧʘʜʥʦʛʦ ʰʝʣʴʬʘ ʠ ʢʦʥʪʠʥʝʥʪʘʣʥɹʦʛʦ ʩʢʣʦʥʘ 

 

 
 
ʈʠʩʫʥʦʢ 3.4.13 ï ʈʘʟʨʝʟ ʪʝʤʧʝʨʘʪʫʨʳ  ʚʦʜʳ ʥʘ ʚʥʝʰ-

ʥʝʤ ʢʨʘʝ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʰʝʣʴʬʘ ʧʦ  31.8Á ʚ.ʜ. 6 ï 7 

ʤʘʷ 1994 ʛ. ʧʦ ʜʘʥʥʳʤ ʅʀʉ çɻʠʜʨʦʦʧʪʠʢè 
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ɺʦ ʚʥʫʪʨʝʥʥʝʡ, ʧʨʠʙʨʝʞʥʦʡ ʯʘʩʪʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʰʝʣʴʬʘ ʥʠʟ-

ʢʘʷ ʩʦʣʝʥʦʩʪʴ ʧʨʝʧʷʪʩʪʚʫʝʪ ʧʦʛʨʫʞʝʥʠʶ ʭʦʣʦʜʥʳʭ ʚʦʜ ʚ ʧʦʜʧʦʚʝʨʭ-

ʥʦʩʪʥʳʡ ʩʣʦʡ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʵʪʠ ʚʦʜʳ ʤʦʛʫʪ ʦʯʝʥʴ ʙʳʩʪʨʦ ʨʘʩʧʨʦʩʪʨʘ-

ʥʷʪʴʩʷ ʚʜʦʣʴ ʙʝʨʝʛʘ ʠ ʧʨʦʩʣʝʞʠʚʘʪʴʩʷ ʚʧʣʦʪʴ ʜʦ ʚʦʩʪʦʯʥʦʛʦ ʧʦʙʝʨʝʞʴʷ 

ʊʫʨʮʠʠ (ʨʠʩ.3.4.14).  ʉʠʥʦʧʪʠʯʝʩʢʠʝ ʠ ʤʝʟʦʤʘʩʰʪʘʙʥʳʝ ʚʠʭʨʠ ʫʩʠʣʠ-

ʚʘʶʪ ʚʦʜʦʦʙʤʝʥ ʩ ʟʦʥʦʡ ʆʏʊ (ʨʠʩ.3.4.15), ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʱʝʤʫ 

ʦʭʣʘʞʜʝʥʠʶ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʤʦʨʷ ï ʦʩʥʦʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʚʦʜ ʍʇʉ. 

 

 

 
 

 
ʈʠʩʫʥʦʢ 3.4.14  ï  ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʏʝʨʥʦʛʦ ʤʦʨʷ 

3 ʬʝʚʨʘʣʷ 2008 ʛ. ʧʦ ʜʘʥʥʳʤ ʩʧʫʪʥʠʢʘ NOAA-17.  

 

ʉʨʝʜʥʠʝ TS-ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ ʨʘʟʥʳʭ ʦʙʣʘʩʪʝʡ ʦʙʥʦʚʣʝʥʠʷ ʚʦʜ 

ʍʇʉ ʩʦʩʪʘʚʣʷʶʪ: ʜʣʷ ʮʝʥʪʨʘ ʚʦʩʪʦʯʥʦʛʦ ʢʨʫʛʦʚʦʨʦʪʘ ʊ = 6.3ï7.0ÁC, S 

= 18.55ï18.7 PSU,  = 14.5ï14.6; ʜʣʷ ʮʝʥʪʨʘ ʟʘʧʘʜʥʦʛʦ ʢʨʫʛʦʚʦʨʦʪʘ ʊ = 

6.3ï7.0ÁC, S = 18.35ï18.5 PSU,  = 14.3ï14.5); ʜʣʷ ʧʨʠʙʨʝʞʥʦʡ ʯʘʩʪʠ 

ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʰʝʣʴʬʘ ʊ<5.0ÁC, S<18.2 PSU, <14.4; ʜʣʷ ʚʥʝʰʥʝʛʦ 

ʢʨʘʷ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʰʝʣʴʬʘ ʊ = 5ï7ÁC, S = 18.3ï18.4 PSU,  = 14.3ï

14.4).  
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ʈʠʩʫʥʦʢ 3.4.15  ï  ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ 

ʏʝʨʥʦʛʦ ʤʦʨʷ ʧʦ ʜʘʥʥʳʤ ʩʧʫʪʥʠʢʦʚ NOAA: ʘ ï 18 ʬʝʚʨʘʣʷ 2006 

ʛ.; ʙ ï 21 ʬʝʚʨʘʣʷ 2006 ʛ.; ʚ ï  20 ʬʝʚʨʘʣʷ 2008 ʛ.; ʛ ï  23 ʬʝʚʨʘʣʷ 

2008 ʛ. ʇʝʨʝʧʘʜ ʟʥʘʯʝʥʠʡ ʤʝʞʜʫ ʰʝʣʴʬʦʚʳʤʠ ʚʦʜʘʤʠ ʠ ʦʪʢʨʳʪʦʡ 

ʯʘʩʪʴʶ ʤʦʨʷ ʩʦʩʪʘʚʣʷʝʪ 3 ï 5Áʉ 

 

ɼʘʣʴʥʝʡʰʫʶ ʩʝʟʦʥʥʫʶ ʵʚʦʣʶʮʠʶ ʷʜʨʘ ʍʇʉ ʤʦʞʥʦ ʦʭʘʨʘʢʪʝʨʠ-

ʟʦʚʘʪʴ ʢʘʢ  ʤʝʜʣʝʥʥʦʝ ʮʠʢʣʦʥʠʯʝʩʢʦʝ  ʜʚʠʞʝʥʠʝ ʚʜʦʣʴ ʤʘʪʝʨʠʢʦʚʦʛʦ 

ʩʢʣʦʥʘ. ɺ ʤʘʨʪʝ ʫ ʘʥʘʪʦʣʠʡʩʢʦʛʦ ʧʦʙʝʨʝʞʴʷ ʦʙʨʘʟʫʝʪʩʷ ʦʙʥʦʚʣʝʥʥʦʝ 

ʷʜʨʦ ʍʇʉ, ʚ ʢʦʪʦʨʦʤ ʩʤʝʰʘʥʳ ʚʦʜʳ ʠʟ ʨʘʟʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʩ T,S-

ʟʥʘʯʝʥʠʷʤʠ, ʙʣʠʟʢʠʤʠ ʢ T,S-ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʟʘʧʘʜʥʦʛʦ ʢʨʫʛʦʚʦʨʦʪʘ 

(ʊ = 6.3ï6.8ÁC, S = 18.3ï18.4 PSU,  = 14.4ï14.5). ɺʦʜʳ ʠʟ ʚʦʩʪʦʯʥʦʛʦ 

ʠʩʪʦʯʥʠʢʘ ʤʦʛʫʪ ʧʨʠʭʦʜʠʪʴ ʩʶʜʘ ʧʦ ʟʘʧʘʜʥʦʡ ʧʝʨʠʬʝʨʠʠ ʚʦʩʪʦʯʥʦʛʦ 

ʮʠʢʣʦʥʠʯʝʩʢʦʛʦ ʢʨʫʛʦʚʦʨʦʪʘ, ʚʦʜʳ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʰʝʣʴʬʘ ʨʘʩʧʨʦ-

ʩʪʨʘʥʷʶʪʩʷ ʚ ʟʦʥʝ ʆʏʊ. ɺ ʘʧʨʝʣʝ, ʚʥʦʚʴ ʦʙʨʘʟʦʚʘʥʥʳʝ ʚʦʜʳ ʍʇʉ 

ʥʘʯʠʥʘʪʁ ʩʤʝʱʘʪʴʩʷ ʥʘ ʚʦʩʪʦʢ ʚʜʦʣʴ ʠʟʦʧʠʢʥʳ 14.5, ʧʦʩʪʝʧʝʥʥʦ 

ʥʘʛʨʝʚʘʷʩʴ ʠ ʦʩʦʣʦʥʷʷʩʴ. ʉ ʠʶʣʷ ʧʦ ʩʝʥʪʷʙʨʴ ʷʜʨʦ ʍʇʉ ʢʦʥʮʝʥʪʨʠʨʫ-

ʝʪʩʷ ʚ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʤʦʨʷ, ʫʜʝʨʞʠʚʘʝʤʦʝ ɹʘʪʫʤʩʢʠʤ ʘʥʪʠʮʠʢ-

ʣʦʥʦʤ. ɺ ʦʢʪʷʙʨʝ ʦʥʦ ʩʤʝʱʘʝʪʩʷ ʢ ʩʝʚʝʨʫ, ʨʘʩʧʦʣʘʛʘʷʩʴ ʚʜʦʣʴ ʢʘʚʢʘʟ-

ʩʢʦʛʦ ʧʦʙʝʨʝʞʴʷ (ʊ = 7.4ï7.5ÁC, S = 18.75 PSU,  = 14.6), ʚ ʥʦʷʙʨʝ ï 

ʜʝʢʘʙʨʝ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʤʦʨʷ. 

ʆʙʦʙʱʝʥʥʘʷ ʩʭʝʤʘ ʩʝʟʦʥʥʦʡ ʵʚʦʣʶʮʠʠ ʷʜʨʘ ʍʇʉ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩ.3.4.16. 

 



 

 90 

 
 

ʈʠʩʫʥʦʢ 3.4.16 ï ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʨʝʜʥʝʤʝʩʷʯ-

ʥʳʭ ʟʥʘʯʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ (oʉ) ʚ ʷʜʨʝ ʍʇʉ ʠ ʦʙʱʘʷ ʩʭʝʤʘ 

ʝʛʦ ʩʝʟʦʥʥʦʡ ʵʚʦʣʶʮʠʠ 
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ʅʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ ʰʝʣʴʬʝ ʚ ʪʝʯʝʥʠʝ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʛʦʜʘ ʩʦʭʨʘ-

ʥʷʶʪʩʷ ʚʦʜʳ ʍʇʉ, ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʟʜʝʩʴ ʟʠʤʦʡ. ʉ ʤʘʷ ʧʦ ʦʢʪʷʙʨʴ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ ʷʜʨʘ ʍʇʉ ʚ ʵʪʦʤ ʨʘʡʦʥʝ ʤʘʣʦ ʠʟʤʝʥʷʶʪʩʷ (ʊ = 6.0ï

7.0ÁC, S = 18.0ï18.2 PSU,  = 14.0ï14.2) ʠ ʧʨʦʜʦʣʞʘʝʪʩʷ ʩʪʝʢʘʥʠʝ ʭʦ-

ʣʦʜʥʳʭ ʚʦʜ ʧʨʠʜʦʥʥʦʛʦ ʩʣʦʷ ʧʦ ʫʛʣʫʙʣʝʥʠʷʤ ʨʝʣʴʝʬʘ ʜʥʘ ʚ ʩʪʦʨʦʥʫ 

ʦʪʢʨʳʪʦʛʦ ʤʦʨʷ. ɺ ʥʦʷʙʨʝ ʍʇʉ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʰʝʣʴʬʘ ʠʩʯʝʟʘʝʪ, ʟʘ-

ʤʝʥʷʷʩʴ ʚʦʜʘʤʠ ʍʇʉ ʦʪʢʨʳʪʦʡ ʯʘʩʪʠ ʤʦʨʷ, ʚ ʷʥʚʘʨʝ ʚʥʦʚʴ ʥʘʯʠʥʘʝʪʩʷ 

ʦʙʥʦʚʣʝʥʠʝ ʚʦʜ. 

 

 

3.4.3 ʇʨʦʤʝʞʫʪʦʯʥʘʷ ʠ ʛʣʫʙʠʥʥʘʷ ʚʦʜʥʳʝ ʤʘʩʩʳ 

 

ʇʨʦʤʝʞʫʪʦʯʥʘʷ ʯʝʨʥʦʤʦʨʩʢʘʷ ʚʦʜʥʘʷ ʤʘʩʩʘ ʟʘʥʠʤʘʝʪ ʩʣʦʡ ʦʩ-

ʥʦʚʥʦʛʦ ʧʠʢʥʦʢʣʠʥʘ ʩ  ʧʝʨʝʧʘʜʘʤʠ ʩʦʣʝʥʦʩʪʠ ʠ ʧʣʦʪʥʦʩʪʠ ʤʝʞʜʫ 

ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʛʨʘʥʠʮʘʤʠ S=3ï3.5 PSU ʠ =2.4ï2.6. ʕʪʦʪ ʩʣʦʡ 

ʤʦʞʥʦ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʢʘʢ ʟʦʥʫ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʤʝʞʜʫ ʍʇʉ ʠ ʛʣʫ-

ʙʠʥʥʳʤʠ ʚʦʜʘʤʠ. ʅʝ ʚʩʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʚʳʜʝʣʷʶʪ ʝʛʦ ʚ ʦʪʜʝʣʴʥʫʶ 

ʚʦʜʥʫʶ ʤʘʩʩʫ, ʪ.ʢ. ʚ ʥʝʤ ʦʪʩʫʪʩʪʚʫʶʪ ʣʦʢʘʣʴʥʳʭ ʵʢʩʪʨʝʤʫʤʳ ʩʦʣʝʥʦ-

ʩʪʠ ʠʣʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʦʜʥʘʢʦ ʩʨʝʜʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʚʦʜʥʳʭ ʤʘʩʩ ʄʠ-

ʨʦʚʦʛʦ ʦʢʝʘʥʘ ʩʫʱʝʩʪʚʫʶʪ ʘʥʘʣʦʛʠ, ʥʘʧʨʠʤʝʨ, ʧʨʦʤʝʞʫʪʦʯʥʘʷ ʩʝʚʝʨʦ-

ʘʪʣʘʥʪʠʯʝʩʢʘʷ ʚʦʜʥʘʷ ʤʘʩʩʘ.  

 

 

 
 

ʈʠʩʫʥʦʢ 3.4.17 ï ʉʨʝʜʥʷʷ T,S-ʢʨʠʚʘʷ ʚ ʛʣʫʙʠʥʥʳʭ ʩʣʦʷʭ ʏʝʨʥʦʛʦ ʤʦʨʷ 
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ɺʝʨʭʥʷʷ ʛʨʘʥʠʮʘ ʇʏɺʄ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʩʣʦʝ 50ï100 ʤ,  = 14.8 

(ʊ=7.4ï7.8ÜC, S=18.9ï19.0 PSU). ʅʠʞʥʷʷ ʛʨʘʥʠʮʘ  ʇʏɺʄ  ʟʘʣʝʛʘʝʪ ʥʘ 

ʛʣʫʙʠʥʝ 1100ï1200 ʤ ( = 17.195, T=8.98ÜC, S=22.30 PSU, ʩʤ. 

ʨʠʩ.3.4.17). ɻʨʘʥʠʮʳ ʇʏɺʄ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʦ ʦʙʝ̡ʤʥʦʤʫ T,S-ʘʥʘʣʠʟʫ, 

ʧʦ ʪʦʯʢʝ ʧʝʨʝʛʠʙʘ T,S-ʢʨʠʚʦʡ ʠ ʧʦ ʘʣʴʪʝʨʥʘʪʠʚʥʦʤʫ ʢʨʠʪʝʨʠʶ ï ʟʥʘ-

ʯʝʥʠʶ ʧʣʦʪʥʦʩʪʥʦʛʦ ʦʪʥʦʰʝʥʠʷ R=0.1 [ʀʚʘʥʦʚ ʃ.ʀ., ʐʢʚʦʨʝʮ, 1995] 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʥʳ. ʇʨʠ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʪʝʨʤʦʭʘʣʠʥʥʳʭ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʘʭ ʇʏɺʄ ʟʘʥʠʤʘʝʪ ʥʘʠʙʦʣʴʰʠʡ ʦʙʲʝʤ (55 %).  

 

ʊʘʙʣʠʮʘ 3.4.2 

ʉʨʝʜʥʠʝ ʪʝʨʤʦʭʘʣʠʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʠ  

ʛʣʫʙʠʥʥʦʡ ʚʦʜʥʳʭ ʤʘʩʩ ʏʝʨʥʦʛʦ ʤʦʨʷ 

 

ɻʣʫʙʠʥʘ, 

ʤ 
ʊ Üʉ S PSU t 

400 8.862 21.927 16.945 

500 8.881 22.042 17.021 

600 8.893 22.128 17.082 

700 8.905 22.188 17.118 

800 8.920 22.229 17.156 

900 8.938 22.261 17.171 

1000 8.955 22.281 17.184 

1100 8.973 22.296 17.194 

1200 8.991 22.305 17.201 

1300 9.006 22.312 17.202 

1400 9.021 22.316 17.203 

1500 9.033 22.319 17.204 

1600 9.049 22.323 17.205 

1700 9.065 22.326 17.205 

1800 9.078 22.326 17.203 

1900 9.091 22.326 17.202 

2000 9.104 22.326 17.201 

 

 

ɻʣʫʙʠʥʥʘʷ ʯʝʨʥʦʤʦʨʩʢʘʷ ʚʦʜʥʘʷ ʤʘʩʩʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʥʦ-

ʨʦʜʥʫʶ ʚʦʜʥʫʶ ʤʘʩʩʫ ʩʦ ʩʪʘʙʠʣʴʥʳʤʠ T,S-ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʊ=8.98ï

9.11
o
C, S=22.30ï22.335 PSU (ʨʠʩ.3.4.17, ʊʘʙʣ.3.4.2). ɺ ʵʪʦʤ ʜʠʘʧʘʟʦʥʝ 

T,S-ʠʥʜʝʢʩʦʚ ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʥʘ ʦʙʲʝʤʥʦʡ T,S-ʜʠʘʛʨʘʤʤʝ ʨʝʟʢʦ ʚʦʟʨʘʩ-

ʪʘʝʪ. ɺ ʮʝʣʦʤ, ɻʏɺʄ ʩʦʩʪʘʚʣʷʝʪ 40 % ʦʪ ʚʩʝʛʦ ʦʙʲʝʤʘ ʚʦʜ ʤʦʨʷ.  
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0, Ț
O

S

Bilim 1991

Bilim 1992

Knorr 2001

Knorr 2003

Bilim 1993

Endevour 2005

Bilim 1990

 
ʈʠʩʫʥʦʢ 3.4.18 ï  T,S-ʢʨʠʚʳʝ ʚ ʛʣʫʙʠʥʥʳʭ ʩʣʦʷʭ ʏʝʨʥʦʛʦ ʤʦʨʷ 

ʧʦ ʜʘʥʥʳʤ ʧʦʩʣʝʜʥʠʭ ʜʝʩʷʪʠʣʝʪʠʡ 
 

ʊʘʙʣʠʮʘ 3.4.3 

ʉʨʝʜʥʠʝ ʪʝʨʤʦʭʘʣʠʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  ʛʣʫʙʠʥʥʳʭ ʩʣʦʝʚ 

ʏʝʨʥʦʛʦ ʤʦʨʷ ʧʦ ʜʘʥʥʳʤ ʧʦʩʣʝʜʥʠʭ ʜʝʩʷʪʠʣʝʪʠʡ 

 

ɻʣʫʙʠʥʘ, 

ʤ 
ɗ ʦʉ S, PSU ɗ 

1000 8.861 22.288 17.203 

1100 8.868 22.302 17.213 

1200 8.873 22.311 17.219 

1300 8.878 22.317 17.224 

1400 8.882 22.322 17.227 

1500 8.885 22.325 17.229 

1600 8.889 22.327 17.231 

1700 8.8964 22.3310 17.2322 

1750 8.8988 22.3320 17.2327 

1800 8.8990 22.3321 17.2327 

1900 8.8992 22.3321 17.2327 

2000 8.8994 22.3321 17.2327 
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ɺ ʢʘʯʝʩʪʚʝ ʚʪʦʨʠʯʥʦʡ ʚʦʜʥʦʡ ʤʘʩʩʳ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʧʨʠʜʦʥʥʳʡ 

ʦʜʥʦʨʦʜʥʳʡ ʩʣʦʡ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʳʡ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʜʥʦʨʦʜʥʦʩʪʴʶ ʩʦ-

ʣʝʥʦʩʪʠ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ ʛʣʫʙʠʥʳ 1700ï1750 ʤ ʜʦ ʜʥʘ 

(ɗ=8.90
o
C, S=22.332 PSU, ʨʠʩ.3.1.4, 3.2.4). ʇʨʠʜʦʥʥʳʡ ʦʜʥʦʨʦʜʥʳʡ 

ʩʣʦʡ ʟʘʥʠʤʘʝʪ ʦʢʦʣʦ 10%  ʦʙʲʝʤʘ ʚʩʝʛʦ ʤʦʨʷ. 

T,S-ʢʨʠʚʝr ʚ ʛʣʫʙʠʥʥʳʭ ʩʣʦʷʭ ʤʦʨʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩ. 

3.4.18, ʧʦʣʫʯʝʥʳ ʚ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʩ ʧʦʤʦʱʴʶ ʚʳʩʦʢʦʪʦʯʥʳʭ 

ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʭ ʟʦʥʜʦʚ. ʉʨʝʜʥʠʝ ʪʝʨʤʦʭʘʣʠʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʛʣʫʙʠʥʥʦʡ ʚʦʜʥʦʡ ʤʘʩʩʳ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʦ ʵʪʠʤ ʜʘʥʥʳʤ (ʊʘʙʣ. 3.4.3), 

ʥʝʩʢʦʣʴʢʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʩʨʝʜʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʦ ʙʦ-

ʣʝʝ ʦʙʰʠʨʥʦʤʫ, ʠʩʪʦʨʠʯʝʩʢʦʤʫ ʤʘʩʩʠʚʫ ʥʘʙʣʶʜʝʥʠʡ (ʊʘʙʣ. 3.4.2), ʨʘʟ-

ʥʠʮʘ ʚ ʩʦʣʝʥʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ 0.006 PSU. 

 

ʄʨʘʤʦʨʥʦʤʦʨʩʢʠʝ ʚʦʜʳ. ɺʦʜʳ ʩʨʝʜʠʟʝʤʥʦʤʦʨʩʢʦʛʦ ʧʨʦʠʩʭʦʞ-

ʜʝʥʠʷ, ʧʦʩʪʫʧʘʶʱʠʝ ʠʟ ʄʨʘʤʦʨʥʦʛʦ ʤʦʨʷ ʩ ʥʠʞʥʝʙʦʩʬʦʨʩʢʠʤ ʪʝʯʝʥʠ-

ʝʤ (T=12ï15ÁC, S=34ï37 PSU,  = 26ï28 ʥʘ ʚʳʭʦʜʝ ʠʟ ɹʦʩʬʦʨʘ), ʷʚʣʷ-

ʶʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʩʦʣʠ ʜʣʷ ʏʝʨʥʦʛʦ ʤʦʨʷ. ɻʦʜʦʚʦʝ ʧʦ-

ʩʪʫʧʣʝʥʠʝ ʤʨʘʤʦʨʥʦʤʦʨʩʢʠʭ ʚʦʜ, ʜʘʞʝ ʧʨʠ ʩʘʤʦʡ ʤʘʢʩʠʤʘʣʴʥʦʡ ʦʮʝʥ-

ʢʝ ʚ 312 ʢʤ
3
, ʧʨʝʚʳʰʘʶʱʝʡ ʩʪʦʢ ʨ. ɼʫʥʘʡ [¦nl¿ata et al, 1990], ʩʦʩʪʘʚ-

ʣʷʝʪ ʚʩʝʛʦ 0.05% ʦʪ ʦʙʲʝʤʘ ʤʦʨʷ, ʧʦʵʪʦʤʫ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʤʝʞʫʪʦʯ-

ʥʦʡ ʠ ʛʣʫʙʠʥʥʦʡ ʚʦʜʥʳʭ ʤʘʩʩ ʜʦʣʞʥʦ ʧʨʦʠʩʭʦʜʠʪʴ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴ-

ʥʦʛʦ ʧʝʨʠʦʜʘ, ʧʦʨʷʜʢʘ ʪʳʩʷʯʠ ʣʝʪ. 

ɺ 1940ï50-ʭ ʛʛ. ʩʫʱʝʩʪʚʦʚʘʣʦ ʤʥʝʥʠʝ, ʯʪʦ ʧʦʩʪʫʧʣʝʥʠʝ ʚʦʜ ʩ 

ʥʠʞʥʝʙʦʩʬʦʨʩʢʠʤ ʪʝʯʝʥʠʝʤ ʧʨʦʠʩʭʦʜʠʪ ʪʦʣʴʢʦ ʚ ʩʝʟʦʥ ʥʠʟʢʦʛʦ ʩʪʦʷ-

ʥʠʷ ʫʨʦʚʥʷ ʏʝʨʥʦʛʦ ʤʦʨʷ [Pektas, 1956] ʠʣʠ ʦʥʦ ʧʨʦʠʩʭʦʜʠʪ ʢʨʘʡʥʝ 

ʨʝʜʢʦ [Ullyott, Ilgaz, 1946], ʪʘʢ ʢʘʢ ʵʪʦʤʫ ʧʨʝʧʷʪʩʪʚʫʝʪ ʩʝʚʝʨʥʳʡ ʧʦʨʦʛ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ, ʚ ʨʘʙʦʪʘʭ [ɹʦʛʜʘʥʦʚʘ, 1961, 1969] ʥʘ ʦʩʥʦʚʝ ʦʢʦʣʦ 40 

ʩʲʝʤʦʢ ʧʨʠʙʦʩʬʦʨʩʢʦʛʦ ʨʘʡʦʥʘ ʧʦ ʧʨʦʛʨʘʤʤʝ ʀʅɹʖʄ (1959ï1973 ʛʛ.) 

ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ ʤʨʘʤʦʨʥʦʤʦʨʩʢʠʝ ʚʦʜʳ ʧʦʩʪʫʧʘʶʪ ʚ ʏʝʨʥʦʝ 

ʤʦʨʝ ʚʦ ʚʩʝ ʩʝʟʦʥʳ, ʢʨʦʤʝ ʥʝʧʨʦʜʦʣʞʠʪʝʣʴʥʳʭ ʧʝʨʠʦʜʦʚ ʥʝʙʣʘʛʦʧʨʠ-

ʷʪʥʳʭ ʚʝʪʨʦʚ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠ ʩʦʚʨʝʤʝʥʥʳʤʠ ʥʘʙʣʶʜʝʥʠʷʤʠ. 

ɹʦʣʝʝ ʧʦʣʦʚʠʥʳ ʦʙʲʝʤʘ ʤʨʘʤʦʨʥʦʤʦʨʩʢʠʭ ʚʦʜ ʧʦʩʪʫʧʘʝʪ ʚ ʤʦʨʝ ʩ 

ʠʶʣʷ ʧʦ ʦʢʪʷʙʨʴ, ʩʦʛʣʘʩʥʦ ʩʨʝʜʥʝʤʫ ʩʝʟʦʥʥʦʤʫ ʭʦʜʫ ʨʘʩʭʦʜʘ ʥʠʞʥʝʙʦ-

ʩʬʦʨʩʢʦʛʦ ʪʝʯʝʥʠʷ [ʉʠʤʦʥʦʚ, ɸʣʴʪʤʘʥ, 1991]. 

ʇʦ ʧʦʚʦʜʫ ʜʘʣʴʥʝʡʰʝʛʦ  ʨʘʩʧʨʦʩʪʨʘʥʝʥʠ ̫ʤʨʘʤʦʨʥʦʤʦʨʩʢʠʭ ʚʦʜ 

ʚ ʏʝʨʥʦʤ ʤʦʨʝ ʚʳʩʢʘʟʳʚʘʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʧʨʝʜʧʦʣʦʞʝʥʠʷ: ʧʦʛʨʫʞʝʥʠʝ 

ʚʦʜ ʜʦ ʜʥʘ [ʄʘʢʘʨʦʚ, 1885; ʐʧʠʥʜʣʝʨ, ɺʨʘʥʛʝʣʴ, 1899],  ʨʘʩʧʨʦʩʪʨʘʥʝ-

ʥʠʝ ʚʦʜ ʚ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʣʦʷʭ [ʉʢʘʣʦʚʩʢʠʡ, 1894; Pektas, 1956]. ɸ.ʂ. 

ɹʦʛʜʘʥʦʚʘ ʩʯʠʪʘʣʘ, ʯʪʦ ʪʝʨʤʦʭʘʣʠʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʩʪʫʧʘʶʱʠʭ ʩ 

ʥʠʞʥʝʙʦʩʬʦʨʩʢʠʤ ʪʝʯʝʥʠʝʤ ʚʦʜ ʟʘʚʠʩʷʪ ʦʪ ʧʦʣʦʞʝʥʠʷ ʚʝʨʭʥʝʡ ʛʨʘʥʠ-

ʮʳ ʩʨʝʜʠʟʝʤʥʦʤʦʨʩʢʠʭ ʚʦʜ ʚ ʧʨʠʙʦʩʬʦʨʩʢʦʤ ʨʘʡʦʥʝ ʄʨʘʤʦʨʥʦʛʦ ʤʦʨʷ 

[ɹʦʛʜʘʥʦʚʘ, 1961, 1969], ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʢʘʢ ʩʝʟʦʥʥʳʡ ʭʦʜ, ʪʘʢ ʠ ʢʦʨʦʪ-
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ʢʦʧʝʨʠʦʜʥʫʶ ʠʟʤʝʥʯʠʚʦʩʪʴ, ʩʚʷʟʘʥʥʫʶ ʩʦ ʩʛʦʥʥʦ-ʥʘʛʦʥʥʳʤʠ ʷʚʣʝʥʠ-

ʷʤʠ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʣʦʪʥʦʩʪʠ ʧʦʩʪʫʧʘʶʱʠʭ ʚ ʏʝʨʥʦʝ ʤʦʨʝ ʤʨʘ-

ʤʦʨʥʦʤʦʨʩʢʠʭ ʚʦʜ, ʦʥʠ ʣʠʙʦ ʧʦʛʨʫʞʘʶʪʩʷ ʜʦ ʜʥʘ, ʣʠʙʦ ʨʘʩʧʨʦʩʪʨʘʥʷ-

ʶʪʩʷ ʚ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʣʦʷʭ. ɺ ʨʘʙʦʪʝ [ɹʦʛʫʩʣʘʚʩʢʠʡ, 1980] ʚʳʩʢʘʟʳ-

ʚʘʝʪʩʷ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʣʝʪʦʤ ʤʨʘʤʦʨʥʦʤʦʨʩʢʠʝ ʚʦʜʳ, ʢʘʢ ʙʦʣʝʝ 

ʪʝʧʣʳʝ ʠ ʤʝʥʝʝ ʧʣʦʪʥʳʝ ʦʧʫʩʢʘʶʪʩʷ ʜʦ ʛʣʫʙʠʥ 500 ʤ, ʟʠʤʦʡ ï ʜʦ ʜʥʘ. 

ɿʘ ʧʦʩʣʝʜʥʠʝ 20 ʣʝʪ ʚ ʧʨʦʣʠʚʝ ɹʦʩʬʦʨ ʠ ʧʨʠʙʦʩʬʦʨʩʢʦʤ ʨʘʡʦʥʝ 

ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚ ʦʩʥʦʚʥʦʤ ʪʫʨʝʮ-

ʢʠʤʠ ʦʢʝʘʥʦʣʦʛʘʤʠ, ʯʪʦ ʜʘʣʦ ʥʦʚʳʡ ʤʘʪʝʨʠʘʣ ʜʣʷ ʣʫʯʰʝʛʦ ʧʦʥʠʤʘʥʠʷ 

ʧʨʦʮʝʩʩʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʣʫʙʠʥʥʳʭ ʚʦʜ. ʄʨʘʤʦʨʥʦʤʦʨʩʢʠʝ ʚʦʜʳ ʧʦ-

ʩʣʝ ʚʳʭʦʜʘ ʠʟ ʧʨʦʣʠʚʘ ʜʚʠʛʘʶʪʩʷ ʧʦ S-ʦʙʨʘʟʥʦʡ ʪʨʘʝʢʪʦʨʠʠ, ʩʣʝʜʫʷ 

ʨʝʣʴʝʬʫ ʜʥʘ ɹʦʩʬʦʨʩʢʦʛʦ ʢʘʥʴʦʥʘ (ʨʠʩ. 1.2.6), ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʚʳʦʜʳ [ɹʦʛʜʘʥʦʚʘ, 1961, 1969; Tolmazin, 1985b], ʩʜʝʣʘʥʥʳʝ, ʥʝʩʤʦʪʨʷ 

ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʪʦʯʥʳʭ ʩʚʝʜʝʥʠʡ ʦ ʨʝʣʴʝʬʝ ʜʥʘ. ʊʦʣʱʠʥʘ ʩʪʨʫʠ ʫʤʝʥʴ-

ʰʘʝʪʩʷ ʦʪ 20ï25 ʤ ʧʨʠ ʚʳʭʦʜʝ ʠʟ ɹʦʩʬʦʨʘ ʜʦ 10ï15 ʤ ʯʝʨʝʟ 10 ʢʤ ʥʘ 

ʩʝʨʝʜʠʥʝ ʰʝʣʴʬʘ ʠ ʜʦ 2ï3 ʤ ʫ ʩʚʘʣʘ ʛʣʫʙʠʥ. ʅʘ ʨʠʩ. 3.4.19 ʦʪʤʝʯʝʥʦ 

ʧʦʣʦʞʝʥʠʝ ʩʪʘʥʮʠʡ, ʥʘ ʢʦʪʦʨʳʭ ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʩʦʣʝʥʦʩʪʴ ʙʦʣʝʝ 23 

PSU  ʟʘ ʧʝʨʠʦʜ ʩ 1960 ʧʦ 2003 ʛ. (523 ʩʪʘʥʮʠʠ). ʂʦʥʢʨʝʪʥʳʝ ʧʨʠʤʝʨʳ  

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʤʨʘʤʦʨʥʦʤʦʨʩʢʠʭ ʚʦʜ ʧʦ ʜʘʥʥʳʤ ʦʢʝʘʥʦʛʨʘʬʠʯʝʩʢʠʭ 

ʩʲʝʤʦʢ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʨʘʙʦʪʘʭ [Y¿ce, 1990; Latif et al, 1991; ¥zsoy et al, 

1993, 2001; Di Iorio, Y¿ce, 1999; Gregg et al, 1999].  

 

 
 

 
ʈʠʩʫʥʦʢ 3.4.19 ï ʇʦʣʦʞʝʥʠʝ ʦʢʝʘʥʦʛʨʘʬʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ, 

ʚʳʧʦʣʥʝʥʥʳʭ ʚ ʧʝʨʠʦʜ 1960 ï 2003 ʛʛ., ʥʘ ʢʦʪʦʨʳʭ ʟʘʬʠʢʩʠ-

ʨʦʚʘʥʳ ʟʥʘʯʝʥʠʷ ʩʦʣʝʥʦʩʪʠ ʙʦʣʝʝ 23 PSU 
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ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʜʦʙʥʳʭ ʧʨʠʤʝʨʦʚ ʧʦ ʩʲʝʤʢʘʤ 1950ï60ʭ 

ʛʛ. ʧʨʠʚʝʜʝʥʦ ʚ [ɹʦʛʜʘʥʦʚʘ, 1969], ʥʦ ʩʝʨʲʝʟʥʦʡ ʧʨʦʙʣʝʤʦʡ ʜʣʷ ʪʘʢʦʛʦ 

ʨʦʜʘ  ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʪʦ ʚʨʝʤʷ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʘʪʦʤʝʪʨʠʯʝʩʢʠʭ 

ʩʝʨʠʡ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʚʝʨʪʠʢʘʣʴʥʫʶ ʜʠʩʢʨʝʪʥʦʩʪʴ, ʠ ʦʪʩʫʪʩʪʚʠʝ 

ʩʚʝʜʝʥʠʡ ʦ ʧʦʣʦʞʝʥʠʠ ɹʦʩʬʦʨʩʢʦʛʦ ʢʘʥʴʦʥʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʧʨʦʚʝʩʪʠ 

ʠʟʤʝʨʝʥʠ̫ ʚ ʜʦʩʪʘʪʦʯʥʦ ʫʟʢʦʡ ʥʠʞʥʝʙʦʩʬʦʨʩʢʦʡ ʩʪʨʫʝ ʫʜʘʚʘʣʦʩʴ ʜʦ-

ʩʪʘʪʦʯʥʦ ʨʝʜʢʦ. 

ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʚ [ɹʦʛʜʘʥʦʚʘ, 1969; Tolmazin, 1985b] ʜʝʣʘʝʪʩʷ ʚʳ-

ʚʦʜ ʦ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʤ ʨʘʟʙʨʦʩʝ T,S ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʨʘʤʦʨʥʦʤʦʨ-

ʩʢʠʭ ʚʦʜ ʠ ʠʭ ʩʠʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʣʦʢʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ. ɹʦʣʝʝ 

ʪʦʯʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʚ ʥʠʞʥʝʙʦʩʬʦʨʩʢʦʡ ʩʪʨʫʝ ʥʘ ʚʳʭʦʜʝ ʠʟ ʧʨʦʣʠʚʘ 

ʚʙʣʠʟʠ ʩʝʚʝʨʥʦʛʦ ʧʦʨʦʛʘ ʚ 18 ʩʲʝʤʢʘʭ ʟʘ ʧʝʨʠʦʜ 1986ï2003 ʛʛ. ʧʦʢʘʟʳ-

ʚʘʁʪ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʪʝʤʧʝʨʘʪʫʨʘ ʦʪ 12.2 ʜʦ 15.5Áʉ, 

ʩʦʣʝʥʦʩʪʴ ʦʪ 34 ʜʦ 37 PSU. ɼʣʷ ʥʘʜʝʞʥʦʛʦ ʚʳʜʝʣʝʥʠʷ ʩʝʟʦʥʥʦʛʦ ʭʦʜʘ 

ʜʘʥʥʳʭ ʚʩʝ ʞʝ ʥʝʜʦʩʪʘʪʦʯʥʦ, ʤʦʞʥʦ ʣʠʰʴ ʚʳʜʝʣʠʪʴ  ʪʝʥʜʝʥʮʠʶ 

ʫʤʝʥʴʰʝʥʠʷ ʩʦʣʝʥʦʩʪʠ ʚ ʥʠʞʥʝʙʦʩʬʦʨʩʢʦʡ ʩʪʨʫʝ ʦʪ ʣʝʪʘ ʢ ʟʠʤʝ. 

ʇʦ ʤʝʨʝ ʧʨʦʜʚʠʞʝʥʠʷ ʧʦ ʰʝʣʴʬʫ ʚʦʟʨʘʩʪʘʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦ-

ʮʝʩʩʘ ʚʦʚʣʝʯʝʥʠʷ ʚʦʜ ʍʇʉ ʚ ʩʪʨʫʶ ʤʨʘʤʦʨʥʦʤʦʨʩʢʠʭ ʚʦʜ. ʆʮʝʥʢʠ ʩʦ-

ʦʪʥʦʰʝʥʠʷ  ʦʙʲʝʤʘ ʤʨʘʤʦʨʥʦʤʦʨʩʢʠʤ ʚʦʜ ʢ ʚʦʜʘʤ ʍʇʉ ʚ ʨʝʟʫʣʴʪʠʨʫ-

ʶʱʝʡ ʩʤʝʩʠ ʧʦ ʠʟʤʝʥʝʥʠʶ ʩʦʣʝʥʦʩʪʠ ʧʨʠʚʦʜʠʣʠʩʴ ʤʥʦʛʠʤʠ ʘʚʪʦʨʘʤʠ, 

ʚ ʧʦʩʣʝʜʥʠʭ ʠʟ ʥʠʭ [Murray, 1991; ¥zsoy, 1993] ʦʥʦ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝ-

ʣʘʭ 1/3 ï 1/6. ɺ ʨʘʙʦʪʝ [Stanev et al, 2001] ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʷ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʪʨʘʩʩʝʨʦʚ ʠʟ [Buesseler et al, 1991] ʧʨʠʚʦʜʠʪʩʷ 

ʩʦʦʪʥʦʰʝʥʠʝ 1/10 ï 1/12. 

ʉʤʝʩʴ ʚʦʜ ʩʨʝʜʠʟʝʤʥʦʤʦʨʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠ ʍʇʉ, ʠʤʝʶʱʘʷ 

ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʙʨʦʚʢʠ ʰʝʣʴʬʘ ʩʦʣʝʥʦʩʪʴ ʤʝʥʝʝ 23 PSU, ʧʨʦʜʦʣʞʘʝʪ 

ʦʧʫʩʢʘʥʠʝ ʚ ʩʣʦʡ ʦʩʥʦʚʥʦʛʦ ʧʠʢʥʦʢʣʠʥʘ, ʜʚʠʛʘʷʩʴ ʧʦ ʜʥʫ ʢʦʥʪʠʥʝʥ-

ʪʘʣʴʥʦʛʦ ʩʢʣʦʥʘ. ɺ ʦʪʜʝʣʴʥʳʭ, ʜʦʩʪʘʪʦʯʥʦ ʨʝʜʢʠʭ ʩʣʫʯʘʷʭ ʥʘʙʣʶʜʘʶʪ-

ʩʷ ʧʨʦʩʣʦʡʢʠ ʙʦʣʝʝ ʪʝʧʣʳʭ ʠ ʩʦʣʝʥʳʭ ʚʦʜ ʥʝ ʫ ʜʥʘ, ʘ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʠʟʦʧʠʢʥʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ (ʨʠʩ. 3.4.20, 3.4.21), ʩʤ. ʪʘʢʞʝ ʚ [ɹʦʛʜʘ-

ʥʦʚʘ, 1969]. ʇʨʠʤʝʨ ʥʘʙʣʶʜʝʥʠ ̫ʪʘʢʦʛʦ ʷʚʣʝʥʠʷ, ʥʘʠʙʦʣʝʝ ʫʜʘʣʝʥʥʦʛʦ 

ʦʪ ʛʨʘʥʠʮ ʰʝʣʴʬʘ  ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 3.4.21. 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʨʦʮʝʩʩ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʤʦʜʠʬʠʮʠʨʦ-

ʚʘʥʥʳʭ ʤʨʘʤʦʨʥʦʤʦʨʩʢʠʭ ʚʦʜ ʠ ʦʢʨʫʞʘʶʱʠʭ ʚʦʜ ʧʠʢʥʦʢʣʠʥʘ ʧʨʦʷʚ-

ʣʷʝʪʩʷ ʚ ʚʠʜʝ ʭʘʨʘʢʪʝʨʥʳʭ ʚʝʨʪʠʢʘʣʴʥʳʭ ʧʨʦʬʠʣʝʡ ʩʦʚʩʝʤ ʜʨʫʛʦʛʦ ʪʠ-

ʧʘ, ʧʦʢʘʟʘʥʥʦʛʦ ʥʘ ʨʠʩ. 3.4.22. ʀʭ ʦʪʣʠʯʠʪʝʣʴʥʘʷ ʯʝʨʪʘ ï ʥʘʣʠʯʠʝ ʭʦ-

ʣʦʜʥʳʭ (ʜʦ 0.5Áʉ) ʠ ʤʝʥʝʝ ʩʦʣʝʥʳʭ ʠʥʪʨʫʟʠʡ, ʩʣʘʙʦ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥ-

ʥʳʭ ʠʣʠ ʠʤʝʶʱʠʭ ʥʝʙʦʣʴʰʫʶ ʠʥʚʝʨʩʠʶ ʧʣʦʪʥʦʩʪʠ. ʇʨʠʤʝʨʳ ʪʘʢʦʛʦ 

ʠʥʪʨʫʟʠʦʥʥʦʛʦ ʨʘʩʩʣʦʝʥʠʷ ʧʦ ʜʘʥʥʳʤ ʦʢʝʘʥʦʛʨʘʬʠʯʝʩʢʠʭ ʩʲʝʤʦʢ ʧʨʠ-

ʚʝʜʝʥʳ ʚ [Oguz and Rozman, 1991; ¥zsoy et al, 1991, 1993; Gregg and 

¥zsoy, 1999]. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʣʫʯʘʝʚ ʷʚʥʦʛʦ ʧʨʦʚ̫-

ʣʝʥʠʷ ʧʦʜʦʙʥʦʡ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3.4.23. ʆʥʦ 
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ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʪʨʘʝʢʪʦʨʠʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʨʘʤʦʨʥʦʤʦʨʩʢʠʭ ʚʦʜ, ʢʦ-

ʪʦʨʘʷ ʩʦʚʧʘʜʘʝʪ ʩ ʧʨʝʦʙʣʘʜʘʶʱʠʤ ʧʝʨʝʥʦʩʦʤ ʚʦʜ. ɺʝʣʠʯʠʥʘ ʘʥʦʤʘʣʠʡ 

ʫʤʝʥʴʰʘʝʪʩʷ ʧʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʦʪ ʧʨʠʙʦʩʬʦʨʩʢʦʛʦ ʰʝʣʴʬʘ, ʚʦʩʪʦʯʥʝʝ 

ʉʠʥʦʧʩʢʦʛʦ ʧ-ʦʚʘ ʦʥʠ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʪʦʣʴʢʦ ʥʘ ʫʨʦʚʥʝ ʪʦʥʢʦʩʪʨʫʢ-

ʪʫʨʥʳʭ ʠʟʤʝʨʝʥʠʡ. 

 
ʈʠʩʫʥʦʢ 3.4.20 ï ɺʝʨʪʠʢʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʠ ʩʦʣʝʥʦʩʪʠ 23 ʥʦʷʙʨʷ 1989 ʛ., 41Á25'.02 ʩ.ʰ.,  29Á30'.0 ʚ.ʜ., 

ʧʦ ʜʘʥʥʳʤ ʦʢʝʘʥʦʛʨʘʬʠʯʝʩʢʦʡ ʩʲʝʤʢʠ ʅʀʉ Bilim.   

 

ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʠʥʪʨʫʟʠʡ ʦʙʲʷʩʥʷʝʪʩʷ ʚ [¥zsoy et al, 1993, 2001] 

ʧʨʦʮʝʩʩʘʤʠ ʜʚʦʡʥʦʡ ʜʠʬʬʫʟʠʠ [Turner, 1973, 1978] ʧʨʠ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʠ ʤʨʘʤʦʨʥʦʤʦʨʩʢʦʡ ʩʪʨʫʠ ʠ ʚʦʜ ʧʠʢʥʦʢʣʠʥʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨ-

ʤʠʨʦʚʘʥʠʶ ʪʦʥʢʠʭ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʢʦʥʚʝʢʪʠʚʥʳʭ ʩʣʦʝʚ. ɺ ʵʪʠʭ ʞʝ ʨʘ-

ʙʦʪʘʭ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʠʥʪʨʫʟʠʡ ʚ ʛʣʫʙʠ-

ʥʫ, ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʚʦʜʳ ʩʨʝʜʠʟʝʤʥʦʤʦʨʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ 

ʥʝ ʧʦʛʨʫʞʘʶʪʩʷ ʛʣʫʙʞʝ 500 ʤ. ʕʪʦ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷʤʠ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʪʨʘʩʩʝʨʦʚ: 
14
ʉ [¥stlund, 1974; Buesseler & Living-

ston, 1997; Stanev et al., 1999], 
3
H [Top et al, 1991; ¥zsoy et al, 2002], ʘ 

ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʤʨʘʤʦʨʥʦʤʦʨʩʢʦʡ ʩʪʨʫʠ [Simeonov et al, 1997; Stanev et al, 2001].  

ʂ ʪʘʢʦʤʫ ʚʳʚʦʜʫ ʤʦʞʥʦ ʪʘʢʞʝ ʧʨʠʡʪʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʙʦʣʝʝ ʧʨʦ-

ʩʪʦʛʦ ʦʢʝʘʥʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ: ʧʨʦʩʣʝʞʠʚʘʷ ʠʟʤʝʥʝʥʠʷ ʧʣʦʪʥʦʩʪʠ 

ʚ ʤʨʘʤʦʨʥʦʤʦʨʩʢʦʡ ʩʤʝʩʠ ʧʨʠ ʝʝ ʧʨʦʜʚʠʞʝʥʠʠ ʧʦ ʰʝʣʴʬʫ, ʤʦʞʥʦ 

ʫʚʠʜʝʪʴ, ʯʪʦ ʦʥʠ ʫʤʝʥʴʰʘʪʁʩʷ ʦʪ ʟʥʘʯʝʥʠʡ ů = 26ï28 ʥʘ ʚʳʭʦʜʝ ʠʟ 

ɹʦʩʬʦʨʘ ʜʦ ů = 18ï20 ʥʘ ʛʣʫʙʠʥʝ 100 ʤ. ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʢʦʥʪʠʥʝʥ-

ʪʘʣʴʥʦʛʦ ʩʢʣʦʥʘ ʧʣʦʪʥʦʩʪʴ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ,  ʧʨʦʜʦʣʞʘʝʪ 
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ʫʤʝʥʴʰʘʪʴʩʷ  (ů < 17) ʠ ʥʝ ʧʨʝʚʳʰʘʝʪ ʟʥʘʯʝʥʠʡ ʧʣʦʪʥʦʩʪʠ ʥʘ ʛʦʨʠʟʦʥ-

ʪʝ 500 ʤ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʝ ʧʦʟʚʦʣʷʝʪ ʤʨʘʤʦʨʥʦʤʦʨʩʢʦʡ ʩʤʝʩʠ ʦʧʫ-

ʩʪʠʪʴʩʷ ʜʦ ʜʥʘ. 

ɺʩʝ ʚʳʰʝ ʩʢʘʟʘʥʥʦʝ ʝʱʝ ʨʘʟ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʚ ʧʦʣʴʟʫ ʧʨʝʜʩʪʘʚ-

ʣʝʥʠʷ ʦ ʯʨʝʟʚʳʯʘʡʥʦ ʩʣʘʙʦʤ ʦʙʥʦʚʣʝʥʠʠ ʛʣʫʙʠʥʥʳʭ ʚʦʜ ʏʝʨʥʦʛʦ ʤʦʨʷ, 

ʧʦʜʜʝʨʞʠʚʘʝʤʦʛʦ ʣʠʰʴ ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʜʚʠʞʝʥʠʷʤʠ ʠ ʧʨʦʮʝʩʩʘʤʠ 

ʜʠʬʬʫʟʠʠ.  

 

 

 

 

 

ʈʠʩʫʥʦʢ 3.4.21 ï ʘ ï ʧʦʣʦʞʝʥʠʝ ʦʢʝʘʥʦʛʨʘʬʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ 

10 ʦʢʪʷʙʨʷ 1974 ʛ., 41Á33'.30 ʩ.ʰ.,  29Á22'.92 ʚ.ʜ., 9 ʨʝʡʩ ʅʀʉ 

çɸʢʘʜʝʤʠʢ ɺʝʨʥʘʜʩʢʠʡè; ʙ ï T,S-ʢʨʠʚʘʷ; ʚ ï ʚʝʨʪʠʢʘʣʴʥʦʝ 
ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʣʝʥʦʩʪʠ     
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ʈʠʩʫʥʦʢ 3.4.22 ï ɺʝʨʪʠʢʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʩʦʣʝʥʦʩʪʠ 14 ʤʘʷ 1994 ʛ., 41Á24'.48 ʩ.ʰ.,  29Á22'.02 ʚ.ʜ., ʧʦ 

ʜʘʥʥʳʤ ʦʢʝʘʥʦʛʨʘʬʠʯʝʩʢʦʡ ʩʲʝʤʢʠ ʅʀʉ Bilim.   

 

 

 

 

ʈʠʩʫʥʦʢ 3.4.23 ï ʇʦʣʦʞʝʥʠʝ ʦʢʝʘʥʦʛʨʘʬʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ, ʚʳʧʦʣ-

ʥʝʥʥʳʭ ʚ ʧʝʨʠʦʜ 1986 ï 2003 ʛʛ., ʥʘ ʢʦʪʦʨʳʭ ʦʪʤʝʯʝʥʘ ʚʝʨʪʠʢʘʣʴ-

ʥʘʷ ʠʥʪʨʫʟʠʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʧʦʜʦʙʥʘʷ ʨʠʩ.3.4.22 
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ɻʣʘʚʘ 4 

 

ʎʀʈʂʋʃʗʎʀʗ ɺʆɼ 

 

4.1 ʆʙʱʘʷ ʩʭʝʤʘ ʮʠʨʢʫʣʷʮʠʠ ʚʦʜ 

 

ʎʠʨʢʫʣʷʮʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ. ʇʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙ ʦʙʱʝʡ ʩʭʝʤʝ 

ʪʝʯʝʥʠʡ ʚ ʏʝʨʥʦʤ ʤʦʨʝ ʢʘʢ ʮʠʢʣʦʥʠʯʝʩʢʦʤ ʜʚʠʞʝʥʠʠ ʩ ʜʚʫʤʷ ʢʨʫʧʥʳ-

ʤʠ ʢʨʫʛʦʚʦʨʦʪʘʤʠ ʩʣʦʞʠʣʠʩʴ ʝʱʝ ʚ ʢʦʥʮʝ 19-ʛʦ ï ʥʘʯʘʣʝ 20-ʛʦ ʚʚ. ʚ 

ʨʘʙʦʪʘʭ ʌ.ʌ.ɺʨʘʥʛʝʣʷ, ʀ.ɹ.ʐʧʠʥʜʣʝʨʘ, ʅ.ʀ.ɸʥʜʨʫʩʦʚʘ, ʉ.ɸ.ɿʝʨʥʦʚʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ ʮʠʨʢʫʣʷʮʠʠ ʤʦʨʷ ʧʨʝʜʣʘʛʘʣʦʩʴ ʧʨʝʦʙʣʘ-

ʜʘʶʱʝʝ ʮʠʢʣʦʥʠʯʝʩʢʦʝ ʜʚʠʞʝʥʠʝ ʚʝʪʨʘ ʥʘʜ ʤʦʨʝʤ ʠʣʠ ʩʪʦʢ ʨʝʢ. ʅʘ 

ʦʩʥʦʚʝ ʵʢʩʧʝʜʠʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 1920ï30-ʭ ʛʛ. ʅ.ʄ. ʂʥʠʧʦʚʠʯ 

ʩʦʩʪʘʚʠʣ ʦʙʱʝʧʨʠʟʥʘʥʥʫʶ ʩʭʝʤʫ ʮʠʨʢʫʣʷʮʠʠ ʚʦʜ ʠ ʦʙʲʷʩʥʠʣ ʢʫʧʦʣʦ-

ʦʙʨʘʟʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʟʦʧʦʚʝʨʭʥʦʩʪʝʡ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝʤ ʧʦʣʷ 

ʧʣʦʪʥʦʩʪʠ ʢ ʮʠʢʣʦʥʠʯʝʩʢʦʤʫ ʚʨʘʱʝʥʠʶ [ʂʥʠʧʦʚʠʯ, 1932, 1938]. ʉ ʪʝʭ 

ʧʦʨ ʵʪʘ ʩʭʝʤʘ ʜʣʷ ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʤʦʨʷ ʥʝ ʧʦʜʚʝʨʛʘʣʘʩʴ  ʧʝʨʝʩʤʦʪʨʫ, ʘ 

ʪʦʣʴʢʦ ʫʪʦʯʥʣ̫ʘʩʴ. 

ʅʘ ʨʠʩ. 4.1.1 ï 4.1.5 ʧʨʠʚʝʜʝʥʳ ʩʭʝʤʳ ʪʝʯʝʥʠʡ ʏʝʨʥʦʛʦ ʤʦʨʷ ʨʘʟ-

ʥʳʭ ʣʝʪ: [Neumann, 1942; ʃʝʦʥʦʚ, 1960] ï ʜʠʥʘʤʠʯʝʩʢʠʡ ʤʝʪʦʜ ʩ ʧʨʠ-

ʚʣʝʯʝʥʠʝʤ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ; [ɹʦʛʘʪʢʦ ʠ ʜʨ., 1979] ï ʠʥ-

ʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʠʟʤʝʨʝʥʠʷ ʪʝʯʝʥʠʡ ʠ ʜʠʥʘʤʠʯʝʩʢʠʡ ʤʝʪʦʜ ʧʦ ʜʘʥʥʳʤ 

1970-ʭ ʛʛ.; [ʉʠʤʦʥʦʚ, ɸʣʴʪʤʘʥ ʠ ʜʨ., 1991] ï ʢʚʘʟʠʛʝʦʩʪʨʬʠʯʝʩʢʘʷ ʤʦ-

ʜʝʣʴ ʧʦ ʜʘʥʥʳʤ ʜʦ 1982 ʛ.; [Oguz et al, 1993; Korotaev, Oguz et al, 2003] 

ï ʦʢʝʘʥʦʛʨʘʬʠʯʝʩʢʠʝ ʩʲʝʤʢʠ 1980 ï 90-ʭ ʛʛ., ʘʣʴʪʠʤʝʪʨʠʯʝʩʢʠʝ ʠʟʤʝ-

ʨʝʥʠʷ. ɸʥʘʣʦʛʠʯʥʳʝ ʩʭʝʤʳ ʮʠʨʢʫʣʷʮʠʠ ʚʦʜ ʧʨʠʚʝʜʝʥʳ ʚ ʤʦʥʦʛʨʘʬʠʷʭ 

[ʌʠʣʠʧʧʦʚ, 1968; ɹʣʘʪʦʚ ʠ ʜʨ., 1984]. 

 

 
 
ʈʠʩʫʥʦʢ 4.1.1 ï ʉʭʝʤʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʪʝʯʝʥʠʡ ʏʝʨʥʦʛʦ ʤʦʨʷ [Neumann, 1942] 
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ʈʠʩʫʥʦʢ 4.1.2 ï ʉʭʝʤʘ ʮʠʨʢʫʣʷʮʠʠ ʚʦʜ ʏʝʨʥʦʛʦ ʤʦʨʷ 

[ʃʝʦʥʦʚ, 1960] 

 

 

 

 

 
 

ʈʠʩʫʥʦʢ 4.1.3 ï ʉʭʝʤʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʪʝʯʝʥʠʡ ʏʝʨʥʦʛʦ 

ʤʦʨʷ [ɹʦʛʘʪʢʦ ʠ ʜʨ., 1979] 
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ʈʠʩʫʥʦʢ 4.1.4 ï ʉʭʝʤʘ ʪʝʯʝʥʠʡ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ 

ʏʝʨʥʦʛʦ ʤʦʨʷ [ʉʠʤʦʥʦʚ, ɸʣʴʪʤʘʥ ʠ ʜʨ., 1991] 

 

 
 

ʈʠʩʫʥʦʢ 4.1.5 ï ʉʭʝʤʘ ʮʠʨʢʫʣʷʮʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʏʝʨ-

ʥʦʛʦ ʤʦʨʷ [Oguz et al, 1993; Korotaev, Oguz et al, 2003] 

 

ʅʘ ʚʩʝʭ ʠʟʚʝʩʪʥʳʭ ʩʭʝʤʘʭ ʚʳʜʝʣʷʶʪʩ ̫ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʯʝʨ-

ʪr ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʡ ʩʪʨʫʢʪʫʨʳ ʮʠʨʢʫʣʷʮʠʠ ʚʦʜ: ʆʩʥʦʚʥʦʝ ʏʝʨʥʦ-

ʤʦʨʩʢʦʝ ʪʝʯʝʥʠʝ (ʆʏʊ), ʣʦʢʘʣʠʟʦʚʘʥʥʦʝ ʚ ʟʦʥʝ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ 

ʩʢʣʦʥʘ; ʜʚʘ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʮʠʢʣʦʥʠʯʝʩʢʠʭ ʢʨʫʛʦʚʦʨʦʪʘ ʚ ʚʦʩʪʦʯ-

ʥʦʡ ʠ ʟʘʧʘʜʥʦʡ ʯʘʩʪʷʭ ʤʦʨʷ; ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʳʝ ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʠʝ 

ʚʠʭʨʠ ʚ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʝ, ʪʘʢʠʝ ʢʘʢ ɹʘʪʫʤʩʢʠʡ, ʉʝʚʘʩʪʦʧʦʣʴʩʢʠʡ, 

ʂʘʚʢʘʟʩʢʠʡ, ʉʘʢʘʨʴʷ, ʉʠʥʦʧʩʢʠʡ ʠ ʜʨ. 
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ʆʜʥʠʤ ʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʡ ʪʝʯʝʥʠʡ ʷʚʣʷʝʪʩʷ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʜʨʠʬʪʝʨʦʚ. ʇʝʨʚʳʡ ʵʪʘʧ ʜʨʠʬʪʝʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ 

ʠʟʫʯʝʥʠʶ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ʏʝʨʥʦʛʦ ʤʦʨʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʙʫʝʚ ʪʠʧʘ ʃʆɹɸʅ ʦʪʥʦʩʠʪʩʷ ʢ ʧʝʨʠʦʜʫ 1987 ï 1997 ʛʛ. [ɻʨʠʰʠʥ ʠ ʜʨ., 

1988, 1989, 1990; ʄʦʪʳʞʝʚ, 1998]. ʉ 1999 ʛ. ʥʘʯʘʣʦʩʴ ʧʨʠʤʝʥʝʥʠʝ ʣʘ-

ʛʨʘʥʞʝʚʳʭ SVP ʠ SVPB ʜʨʠʬʪʝʨʦʚ  ʩ ʛʣʫʙʠʥʦʡ ʟʘʣʝʛʘʥʠʷ ʧʦʜʚʦʜʥʦʛʦ 

ʧʘʨʫʩʘ 15 ʤ [Motyzhev, 2000; Eremeev et al, 2002, 2003, ɾʫʨʙʘʩ ʠ ʜʨ., 

2002, 2003; ʄʦʪʳʞʝʚ, 2004; Poulain et al., 2005]. ʊʨʘʝʢʪʦʨʠʠ  ʧʦʚʝʨʭ-

ʥʦʩʪʥʳʭ ʜʨʠʬʪʝʨʦʚ (ʨʠʩ.4.1.6) ʧʦʜʪʚʝʨʞʜʘʶʪ ʦʙʱʫʶ ʩʭʝʤʫ ʪʝʯʝʥʠʡ, 

ʧʦʣʫʯʝʥʥʫʶ ʩ ʧʦʤʦʱʴʶ ʜʨʫʛʠʭ ʤʝʪʦʜʦʚ. ɹʦʣʴʰʠʥʩʪʚʦ ʜʨʠʬʪʝʨʦʚ ʟʘ-

ʭʚʘʪʳʚʘʝʪʩʷ ʆʏʊ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʙʫʝʚ 

ʙʳʣʦ ʟʘʧʫʱʝʥʦ ʚʥʝ ʟʦʥʳ ʝʛʦ ʜʝʡʩʪʚʠʷ ï ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʤʦʨʷ.  

 
ʈʠʩʫʥʦʢ 4.1.6 ï ʊʨʘʝʢʪʦʨʠʠ ʜʨʝʡʬʘ 70 ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʜʨʠʬʪʝʨʦʚ ʚ ʏʝʨʥʦʤ ʤʦʨʝ ʟʘ ʧʝʨʠʦʜ 1999 ï 2009 ʛʛ. 

(ʢʨʫʞʢʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʤʝʩʪʘ ʟʘʧʫʩʢʘ ʙʫʝʚ) 

 

ɺ ʨʘʙʦʪʝ [ɾʫʨʙʘʩ ʠ ʜʨ., 2003] ʧʦ ʜʘʥʥʳʤ ʜʨʠʬʪʝʨʦʚ ʟʘ ʧʝʨʠʦʜ 

1999 ï 2002 ʛʛ. ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʚʦʩʪʦʯʥʳʡ ʠ ʟʘʧʘʜʥʳʡ 

ʮʠʢʣʦʥʠʯʝʩʢʠʝ ʢʨʫʛʦʚʦʨʦʪʳ ʝʩʣʠ ʠ ʩʫʱʝʩʪʚʫʶʪ, ʪʦ ʜʘʣʝʢʦ ʥʝ ʚʩʝʛʜʘ, 

ʪ.ʢ. ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʨʝʜʥʠʭ ʚʝʢʪʦʨʦʚ  ʥʝ ʧʦʢʘʟʳʚʘʝʪ ʠʭ ʥʘʣʠʯʠ.̫ 

ʇʨʠ ʘʥʘʣʠʟʝ ʤʘʩʩʠʚʘ ʜʘʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʜʨʠʬʪʝʨʦʚ ʟʘʤʢʥʫ-

ʪʳʝ ʪʨʘʝʢʪʦʨʠʠ ʚ ʮʠʢʣʦʥʠʯʝʩʢʠʭ ʢʨʫʛʦʚʦʨʦʪʘʭ ʚʩʝ ʞʝ ʤʦʞʥʦ ʦʙʥʘʨʫ-

ʞʠʪʴ, ʧʨʠʯʝʤ ʥʝʢʦʪʦʨʳʝ ʜʨʠʬʪʝʨʳ ʦʧʠʩʳʚʘʶʪ ʧʦʣʥʳʡ ʦʙʦʨʦʪ ʙʦʣʝʝ 

ʦʜʥʦʛʦ ʨʘʟʘ (ʨʠʩ. 4.1.7). ʄʘʣʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʘʢʠʭ ʪʨʘʝʢʪʦʨʠʡ, ʩʢʦʨʝʝ 

ʚʩʝʛʦ, ʩʚʷʟʘʥʦ ʥʝ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʮʠʢʣʦʥʠʯʝʩʢʠʭ ʢʨʫʛʦʚʦʨʦʪʦʚ, ʘ ʩ ʥʝ-

ʙʦʣʴʰʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʜʣʷ ʜʨʠʬʪʝʨʘ ʙʳʪʴ ʚʳʥʝʩʝʥʥʳʤ ʠʟ ʩʠʩʪʝʤʳ 

ʆʏʊ ʚ ʟʦʥʫ ʩʣʘʙʳʭ ʪʝʯʝʥʠʡ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʤʦʨʷ. 
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ʈʠʩʫʥʦʢ 4.1.7 ï ʆʪʨʝʟʢʠ ʪʨʘʝʢʪʦʨʠʡ ʜʨʝʡʬʘ ʧʦʚʝʨʭʥʦʩʪ-

ʥʳʭ ʜʨʠʬʪʝʨʦʚ ʚ ʏʝʨʥʦʤ ʤʦʨʝ, ʩʦʚʝʨʰʠʚʰʠʭ ʧʦʣʥʳʡ 

ʦʙʦʨʦʪ ʚ ʦʩʥʦʚʥʳʭ ʮʠʢʣʦʥʠʯʝʩʢʠʭ ʢʨʫʛʦʚʦʨʦʪʘʭ: ʘ ï ʚ ʚʦ-

ʩʪʦʯʥʦʡ ʯʘʩʪʠ ʤʦʨʷ; ʙ ï ʚ ʟʘʧʘʜʥʦʡ ʠ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʷʭ 

ʤʦʨʷ (ʨʷʜʦʤ ʩ ʪʨʘʝʢʪʦʨʠʷʤʠ ʫʢʘʟʘʥʳ ʥʦʤʝʨʘ ʙʫʝʚ) 
 

ʎʠʨʢʫʣʷʮʠʷ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʠ ʛʣʫʙʠʥʥʳʭ ʚʦʜ. ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʤʦʨʷ, ʛʜʝ ʦʙʱʘʷ ʩʭʝʤʘ ʪʝʯʝʥʠʡ ʥʝ ʚʳʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥ-

ʥʳʭ ʨʘʟʥʦʛʣʘʩʠʡ, ʪʦ ʜʣʷ ʙʦʣʝʝ ʛʣʫʙʦʢʠʭ ʩʣʦʝʚ ʤʦʨʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ 

ʭʘʨʘʢʪʝʨʝ ʮʠʨʢʫʣʷʮʠʠ ʚʦʜ ʤʦʛʫʪ ʦʪʣʠʯʘʪʴʩʷ ʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙ-

ʨʘʟʦʤ. ɹʦʣʴʰʠʥʩʪʚʦ ʘʚʪʦʨʦʚ ʩʯʠʪʘʝʪ, ʯʪʦ ʮʠʢʣʦʥʠʯʝʩʢʦʝ ʚʨʘʱʝʥʠʝ 

ʩʫʱʝʩʪʚʫʝʪ ʚʦ ʚʩʝʡ ʪʦʣʱʝ ʚʦʜ, ʚʧʣʦʪʴ ʜʦ ʜʥʘ, ʥʦ ʩʫʱʝʩʪʚʫʝʪ ʠ ʜʨʫʛʘʷ 

ʪʦʯʢʘ ʟʨʝʥʠʷ. G. Neumann [Neumann, 1942] ʧʦʣʘʛʘʣ, ʯʪʦ ʚʳʧʫʢʣʘʷ 

ʬʦʨʤʘ ʠʟʦʭʘʣʠʥʥr ʭ ʠ ʠʟʦʧʠʢʥʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚ ʩʣʦʝ 0ï1000 ʤ 

ʩʤʝʥʝ̫ʪʩʷ  ʚʦʛʥʫʪʦʡ ʬʦʨʤʦʡ ʚ ʩʣʦʝ ʛʣʫʙʞʝ 1000 ʤ, ʪ.ʝ. ʚ ʮʝʥʪʨʝ ʤʦʨʷ ʚ 

ʛʣʫʙʠʥʥʳʭ ʩʣʦʷʭ ʥʘʭʦʜʷʪʩʷ ʤʝʥʝʝ ʩʦʣʝʥʳʝ ʚʦʜʳ. ʇʨʦʚʝʜʝʥʥʳʝ  ʥʘ ʦʩ-

ʥʦʚʝ ʵʪʠʭ ʜʘʥʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʧʦʟʚʦʣʠʣʠ ʝʤʫ ʫʪʚʝʨʞʜʘʪʴ, 

ʯʪʦ ʚ ʛʣʫʙʠʥʥʳʭ ʩʣʦʷʭ ʤʦʨʷ ʩʫʱʝʩʪʚʫʝʪ ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʘʷ ʮʠʨʢʫʣʷ-

ʮʠʷ. ʇʦʜʦʙʥʳʝ ʚʳʚʦʜʳ ʜʝʣʘʣʠʩʴ ʚ ʨʘʙʦʪʘʭ [ɺʣʘʜʠʤʠʨʮʝʚ, 1964; ʅʦʚʠʮ-

ʢʠʡ, 1964; ʉʘʨʢʠʩʷʥ, ɼʞʠʦʝʚ, 1974; ɽʨʝʤʝʝʚ, ʂʦʯʝʨʛʠʥ, 1991; ʊʨʫʭʯʝʚ ʠ 

ʜʨ., 1993; ʈʷʙʮʝʚ, ʐʘʧʠʨʦ, 1994; Whitehead et al, 1998; ɼʝʤʳʰʝʚ ʠ ʜʨ., 

2002], ʜʣʷ ʩʣʦʷ ʦʩʥʦʚʥʦʛʦ ʧʠʢʥʦʢʣʠʥʘ ʚ [ɹʫʣʛʘʢʦʚ, ʂʦʨʦʪʘʝʚ, 1989, 

1996; Korotaev, 1997],  ʜʣʷ ʧʨʠʜʦʥʥʳʭ ʪʝʯʝʥʠʡ ʚ [ʇʝʪʨʝʥʢʦ, ʂʫʰʥʠʨ, 

2006]. 

ɼʘʥʥʳʝ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʚʦʝʤ ʥʝ 

ʧʦʜʪʚʝʨʞʜʘʶʪ ʥʘʣʠʯʠʝ ʫʩʪʦʡʯʠʚʦʡ  ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʦʡ ʮʠʨʢʫʣʷʮʠʠ 

ʥʘ ʛʣʫʙʠʥʘʭ ʙʦʣʝʝ 300 ʤ, ʚ ʦʙʱʠʭ ʯʝʨʪʘʭ ʛʣʫʙʠʥʥʳʝ ʪʝʯʝʥʠʷ ʩʦʛʣʘʩʫ-

ʶʪʩʷ ʩʦ ʩʭʝʤʦʡ  ʮʠʨʢʫʣʷʮʠʠ ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʤʦʨʷ. [ɹʦʛʫʩʣʘʚʩʢʠʡ ʠ ʜʨ., 

1976, 2001]. ʆ ʩʣʫʯʘʷʭ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʭ ʦʙʨʘʪʥʳʭ ʪʝʯʝʥʠʡ ʥʘ ʙʦʣʴ-

ʰʠʭ ʛʣʫʙʠʥʘʭ ʫʧʦʤʠʥʘʝʪʩʷ ʚ ʤʦʥʦʛʨʘʬʠʠ [ʌʠʣʠʧʧʦʚ, 1968]. ɺ ʨʘʙʦʪʝ 

[ʃʘʪʫʥ, 1989] ʧʨʠʚʦʜʠʪʩʷ ʧʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʧʨʦʪʠʚʦʪʝʯʝʥʠʷ ʥʘ ʛʣʫ-

ʙʠʥʝ 1500 ʤ ʩʦ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʴʶ 15 ʩʤ/ʩ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ 12 ʩʫ-
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ʪʦʢ, ʟʘʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʥʘ ɸɹʉ ʚʝʩʥʦʡ 1988 ʛ. ʚ ʟʦʥʝ ʆʏʊ.  ɺ.ʉ. ʃʘʪʫʥ 

ʩʚʷʟʳʚʘʝʪ ʵʪʦ ʷʚʣʝʥʠʝ ʩ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʥʝʧʝʨʠʦʜʠʯʝʩʢʠʭ ʪʝʯʝʥʠʡ ʦʙ-

ʨʘʪʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ, ʚʳʟʚʘʥʥʳʭ ʜʣʠʥʥʳʤʠ ʟʘʭʚʘʯʝʥʥʳʤʠ ʚʦʣʥʘʤʠ. 

ʅʘʯʠʥʘʷ ʩ 2002 ʛ. ʚ ʏʝʨʥʦʤ ʤʦʨʝ ʧʨʦʚʦʜʷʪʩʷ ʟʘʧʫʩʢʠ ʙʫʝʚ-

ʧʨʦʬʠʣʝʤʝʨʦʚ ARGO. ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʜʨʠʬʪʝʨʦʚ ʦʥʠ 

ʜʨʝʡʬʫʶʪ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʭ ʛʣʫʙʠʥʘʭ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʪʝ-

ʯʝʥʠʷ ʚ ʧʨʦʤʝʞʫʪʦʯʥʦʤ ʠ ʛʣʫʙʠʥʥʦʤ ʩʣʦʷʭ. ʅʘ ʨʠʩ.4.1.8 ʧʦʢʘʟʘʥʳ ʪʨʘ-

ʝʢʪʦʨʠʠ ʜʨʝʡʬʘ ʙʫʝʚ ʥʘ ʨʘʟʣʠʯʥʳʭ ʛʣʫʙʠʥʘʭ, ʠʟ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʟʘ-

ʢʣʶʯʠʪʴ, ʯʪʦ ʮʠʨʢʫʣʷʮʠʷ ʚʦ ʚʩʝʡ ʪʦʣʱʝ ʚʦʜ ʠʤʝʝʪ ʦʙʱʠʝ ʯʝʨʪʳ: ʛʝʥʝ-

ʨʘʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʚʦʜ ï ʮʠʢʣʦʥʠʯʝʩʢʦʝ, ʦʙʨʘʪʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ʥʝ ʦʪ-

ʤʝʯʝʥʦ, ʦʩʥʦʚʥʳʝ ʮʠʢʣʦʥʠʯʝʩʢʠʝ ʢʨʫʛʦʚʦʨʦʪʳ ʠ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʳʝ 

ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʠʝ ʚʠʭʨʠ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʜʦ ʙʦʣʴʰʠʭ ʛʣʫʙʠʥ. ʉʣʝʜʫ-

ʝʪ, ʢʦʥʝʯʥʦ, ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʜʘʥʥʳʝ ʪʨʘʝʢʪʦʨʠʠ ʥʝ ʦʪʥʦʩʷʪʩʷ ʧʦʣʥʦ-

ʩʪʴʶ ʢ ʫʢʘʟʘʥʥʳʤ ʛʣʫʙʠʥʘʤ, ʪ.ʢ. ʙʫʠ ʧʝʨʠʦʜʠʯʝʩʢʠ ʚʩʧʣʳʚʘʶʪ ʥʘ ʧʦ-

ʚʝʨʭʥʦʩʪʴ, ʛʜʝ ʥʘʭʦʜʷʪʩʷ ʚ ʪʝʯʝʥʠʝ 8 ï 12 ʯʘʩʦʚ ʠ ʧʝʨʝʥʦʩʷʪʩʷ ʛʦʨʘʟʜʦ 

ʙʦʣʝʝ ʙʳʩʪʨʳʤʠ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʪʝʯʝʥʠʤ̫ʠ.  

 

 
ʈʠʩʫʥʦʢ 4.1.8 ï ʊʨʘʝʢʪʦʨʠʠ ʜʨʝʡʬʘ 7 ʙʫʝʚ-ʧʨʦʬʠʣʝʤʝʨʦʚ 

ARGO ʚ ʏʝʨʥʦʤ ʤʦʨʝ ʥʘ ʨʘʟʣʠʯʥʳʭ ʛʣʫʙʠʥʘʭ ʚ ʧʝʨʠʦʜ 

2002 ï 2009 ʛʛ. (ʢʨʫʞʢʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʤʝʩʪʘ ʟʘʧʫʩʢʘ ʙʫʝʚ) 
 

ɺ ʨʘʙʦʪʝ [Korotaev et al, 2006] ʙʳʣʠ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʳ ʨʝ-

ʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʪʨʝʭ ʙʫʝʚ ARGO ʥʘ ʛʣʫʙʠʥʘʭ 200, 750 ʠ 1550 ʤ ʚ ʪʝ-

ʯʝʥʠʝ 18 ʤʝʩʷʮʝʚ. ɺ ʩʣʦʝ ʜʦ 200 ʤ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʪʝʯʝʥʠʡ 

ʦʯʝʥʴ ʩʠʣʴʥʦ ʚʟʘʠʤʦʩʚʷʟʘʥʘ ʧʦ ʚʝʨʪʠʢʘʣʠ, ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʡ ʫʤʝʥʴ-
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ʰʘʶʪʩʷ ʚ 8 ï 10 ʨʘʟ ʥʘ ʛʣʫʙʠʥʝ 200 ʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʤʦʨʷ.  ɺ ʩʣʦʝ 750 ï 1500 ʤ ʩʢʦʨʦʩʪʴ ʪʝʯʝʥʠʡ ʫʤʝʥʴʰʘʝʪʩʷ ʚ 15 ï 20 ʨʘʟ, 

ʟʥʘʯʠʤʘʷ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʠ ʛʣʫʙʠʥʥʳʤʠ ʪʝʯʝʥʠʷ-

ʤʠ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʥʘ ʩʝʟʦʥʥʦʤ ʤʘʩʰʪʘʙʝ. ʃʠʥʠʠ ʪʦʢʘ ʛʣʫʙʠʥ-

ʥʳʭ ʪʝʯʝʥʠʡ ʚ ʦʩʥʦʚʥʦʤ ʩʣʝʜʫʶʪ ʠʟʦʣʠʥʠʷʤ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʟʘʚʠʭʨʝʥ-

ʥʦʩʪʠ. 

ʆʮʝʥʢʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʷ ʪʝʯʝʥʠʡ ʥʘ ʛʣʫ-

ʙʠʥʘʭ ʙʦʣʝʝ 1000 ʤ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʪʝʯʝʥʠʡ ʥʝʤʥʦʛʦʯʠʩʣʝʥʥʳ. ʀʥʪʝʥʩʠʬʠʢʘʮʠʷ ʛʣʫʙʠʥʥʦʡ ʮʠʨʢʫʣʷʮʠʠ 

ʦʪʤʝʯʘʝʪʩʷ ʚ ʮʝʥʪʨʘʣʴʥʦʡ [ʂʥʳʰ ʠ ʜʨ., 2002; ɼʝʤʳʰʝʚ ʠ ʜʨ., 2002] ʠʣʠ 

ʚʦʩʪʦʯʥʦʡ [ʂʦʨʦʪʘʝʚ, 2005; ɼʝʤʳhʝʚ ʠ ʜʨ., 2005]  ʯʘʩʪ̫ʭ ʤʦʨʷ. 

 

ʉʢʦʨʦʩʪʴ ʪʝʯʝʥʠʡ. ʉʦʛʣʘʩʥʦ ʃʦʮʠʠ ʏʝʨʥʦʛʦ ʤʦʨʷ, ʘ ʪʘʢʞʝ [ʌʠ-

ʣʠʧʧʦʚ, 1964; ɹʣʘʪʦʚ ʠ ʜʨ., 1980, 1984], ʚʳʜʝʣʷʶʪ ʪʨʠ ʭʘʨʘʢʪʝʨʥʳʝ ʦʙ-

ʣʘʩʪʠ ʩ ʨʘʟʣʠʯʥʳʤ ʨʝʞʠʤʦʤ ʪʝʯʝʥʠʡ: ʘ) ʧʨʠʙʨʝʞʥʫʶ, ʩ ʦʯʝʥʴ ʠʟʤʝʥ-

ʯʠʚʳʤ ʭʘʨʘʢʪʝʨʦʤ ʪʝʯʝʥʠʡ, ʩʦ ʩʢʦʨʦʩʪʴʶ ʜʦ 20 ï 30 ʩʤ/ʩ; ʙ) ʟʦʥʫ ʆʏʊ, 

ʠʤʝʶʱʝʛʦ ʩʪʨʫʡʥʳʡ ʭʘʨʘʢʪʝʨ, ʰʠʨʠʥʦʡ ʜʦ 40 ï 80 ʢʤ ʩʦ ʩʢʦʨʦʩʪʴʶ 40 

ï 50 ʩʤ/ʩ, ʜʦʩʪʠʛʘʶʱʠʤʠ ʟʥʘʯʝʥʠʡ 1 ï 1.5 ʤ/ʩ; ʚ) ʦʙʣʘʩʪʴ ʦʪʢʨʳʪʦʛʦ 

ʤʦʨʷ, ʛʜʝ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʡ ʤʦʥʦʪʦʥʥʦ ʫʤʝʥʴʰʘʶʪʩʷ ʦʪ ʧʝʨʠʬʝʨʠʠ ʢ 

ʮʝʥʪʨʫ, ʥʝ ʧʨʝʚʳʰʘʷ 5 ï 15 ʩʤ/ʩ. 

ɺ ʨʘʙʦʪʝ [ɹʦʛʘʪʢʦ ʠ ʜʨ., 1979] ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʠʟʤʝʨʝ-

ʥʠʡ ʪʝʯʝʥʠʡ ʥʘ ʟʘʷʢʦʨʝʥʥʳʭ ʘʚʪʦʥʦʤʥʳʭ ʙʫʡʢʦʚʳʭ ʩʪʘʥʮʠʷʭ (ɸɹʉ) 

ʧʨʠʚʦʜʷʪʩʷ ʩʨʝʜʥʠʝ ʢʘʨʪʳ ʪʝʯʝʥʠʡ, ʥʘ ʢʦʪʦʨʳʭ ʟʥʘʯʝʥʠʷ ʤʦʜʫʣʷ ʩʢʦ-

ʨʦʩʪʠ ʪʝʯʝʥʠʡ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ. ɺ ʟʦʥʝ ʆʏʊ ʦʥʠ ʩʦʩʪʘʚʣʷʶʪ 0.8 ï 1.4 

ʤ/ʩ, ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʤʦʨʷ 40 ï 60 ʩʤ/ʩ. 

ɺ ʨʘʙʦʪʝ [ɾʫʨʙʘʩ ʠ ʜʨ., 2003] ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʜʘʥʥʳʝ 34 

ʜʨʠʬʪʝʨʦʚ ʟʘ ʧʝʨʠʦʜ 1999 ï 2002 ʛʛ. (ʨʠʩ. 4.1.9). ʀʟ ʚʩʝʭ ʜʨʠʬʪʝʨʦʚ 

ʪʦʣʴʢʦ 9 ʩʦʚʝʨʰʠʣʠ ʭʦʪʷ ʙʳ ʦʜʠʥ ʧʦʣʥʳʡ ʦʙʦʨʦʪ ʚʦʢʨʫʛ ʤʦʨʷ. ʇʨʠ 

ʵʪʦʤ ʚʨʝʤʷ ʦʙʦʨʦʪʘ ʩʦʩʪʘʚʠʣʦ ʦʪ 3.3 ʜʦ 9 ʤʝʩ. (ʩʨʝʜʥʝʝ ʦʢʦʣʦ 5 ʤʝʩ.), 

ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʙʦʣʝʝ ʤʝʜʣʝʥʥʦʤ ʦʙʱʝʤ ʜʚʠʞʝʥʠʠ ʚʦʜ, ʯʝʤ ʩʣʝ-

ʜʫʝʪ ʠʟ ʦʙʦʙʱʝʥʥʳʭ ʜʘʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʪʝʯʝʥʠʡ ʥʘ ɸɹʉ [ɹʦʛʘʪʢʦ ʠ 

ʜʨ., 1979].  

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʦʛʠʯʥʦʛʦ ʤʘʩʩʠʚʘ ʜʨʠʬʪʝʨʥʳʭ ʜʘʥʥʳʭ (1999 ï 

2003 ʛʛ.) ʚ [Poulain et al., 2005] ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʨʝʜʥʷʷ ʩʭʝʤʘ ʪʝʯʝʥʠʡ, 

ʙʣʠʟʢʘʷ ʢ ʧʦʢʘʟʘʥʥʦʡ ʥʘ ʨʠʩ. 4.1.9.  ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʤʦʨʷ ʩʢʦ-

ʨʦʩʪʴ ʪʝʯʝʥʠʡ ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ 10 ʩʤ/ʩ, ʥʘ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʤ ʩʢʣʦʥʝ ʚ 

ʦʪʜʝʣʴʥʳʭ ʨʘʡʦʥʘʭ ʜʦʩʪʠʛʘʝʪ 40 ʩʤ/ʩ.  ʄʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ 96 ʩʤ/ʩ 

ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʫ ʙʨʦʚʢʠ ʰʝʣʴʬʘ ʚ 100 ʢʤ ʚʦʩʪʦʯʥʝʝ ɹʦʩʬʦʨʘ. ʇʨʠ 

ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ 21ï22 ʩʤ/ʩ ʪʨʝʙʫʝʪʩʷ 120ï130 ʜʥʝʡ ʜʣʷ ʧʦʣʥʦʛʦ ʦʙʦ-

ʨʦʪʘ ʚʦʢʨʫʛ ʤʦʨʷ ʚʜʦʣʴ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʩʢʣʦʥʘ. ʇʨʠ ʪʨʘʝʢʪʦʨʠʷʭ, 

ʨʘʩʧʦʣʘʛʘʶʱʠʭʩʷ ʤʦʨʠʩʪʝʝ, ʦʙʱʠʡ ʧʫʪʴ ʙʫʜʝʪ ʢʦʨʦʯʝ (~2000 ʢʤ), ʥʦ ʩ 

ʫʯʝʪʦʤ ʙʦʣʝʝ ʥʠʟʢʦʡ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʡ (~16 ʩʤ/ʩ) ʧʦʣʥʳʡ ʦʙʦʨʦʪ ʩʦ-

ʚʝʨʰʘʝʪʩʷ ʟʘ 140 ʜʥʝʡ. 
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ʈʠʩʫʥʦʢ 4.1.9 ï ʂʘʨʪʘ ʚʝʢʪʦʨʦʚ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʏʝʨʥʦʛʦ ʤʦʨ ʧʦ ʜʘʥʥʳʤ ʜʨʠʬʪʝʨʦʚ ʟʘ ʧʝ-

ʨʠʦʜ 1999 ï 2002 ʛʛ. (ʠʟ [ɾʫʨʙʘʩ ʠ ʜʨ., 2003]) 
 

ɺʦʧʨʦʩ ʦ ʧʦʚʳʰʝʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʩʢʦʨʦʩʪʝʡ ʪʝʯʝʥʠʡ ʧʦ ʜʘʥʥʳʤ 

ɸɹʉ [ɹʦʛʘʪʢʦ ʠ ʜʨ., 1979], ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʦʮʝʥʢʘʤʠ, ʩʜʝʣʘʥʥʳʤʠ ʥʘ 

ʦʩʥʦʚʝ ʜʨʫʛʠʭ ʤʝʪʦʜʦʚ, ʦʙʩʫʞʜʘʣʩʷ ʨʘʥʝʝ ʚ ʤʦʥʦʛʨʘʬʠʠ [ɹʣʘʪʦʚ ʠ ʜʨ., 

1984]. ʇʨʝʜʣʘʛʘʣʦʩʴ ʦʙʲʷʩʥʝʥʠʝ, ʯʪʦ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʠʟʤʝʨʝʥʠʷ ʪʝ-

ʯʝʥʠʡ ʬʠʢʩʠʨʫʶʪ ʢʘʢ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʡ ʧʝʨʝʥʦʩ, ʪʘʢ ʠ ʠʟʤʝʥʯʠ-

ʚʦʩʪʴ, ʩʚʷʟʘʥʥʫʶ ʩ ʤʝʟʦʤʘʩʰʪʘʙʥʳʤʠ ʚʠʭʨʝʚʳʤʠ ʠ ʚʦʣʥʦʚʳʤʠ ʜʚʠʞʝ-

ʥʠʷʤʠ. ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ 

ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʡ ʥʘ ʢʘʨʪʘʭ ʚ [ɹʦʛʘʪʢʦ ʠ ʜʨ., 1979], ʚ ʦʧʠʩʘʥʠʠ ʨʝʞʠʤʘ 

ʪʝʯʝʥʠʡ ʚ ʪʝʢʩʪʝ ʵʪʦʡ ʨʘʙʦʪʳ ʧʨʠʚʦʜʷʪʩʷ ʙʦʣʝʝ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ. 

ʇʦʣʷ ʩʢʦʨʦʩʪʠ ʩʨʝʜʥʠʭ ʪʝʯʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʤ ʤʝ-

ʪʦʜʦʤ ʠ ʩ ʧʦʤʦʱʴʶ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʨʠʩ.4.1.10), ʭʦ-

ʨʦʰʦ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʮʝʥʢʘʤ ʩʢʦʨʦʩʪʠ ʛʝʥʝʨʘʣʴʥʦʛʦ ʧʝʨʝʥʦʩʘ ʚʦʜ ʠ 

ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʧʦ ʜʨʠʬʪʝʨʥʳʤ ʜʘʥʥʳʤ [ɾʫʨʙʘʩ ʠ ʜʨ., 2003]. 

ʆʙʣʘʩʪʠ ʤʘʢʩʠʤʫʤʦʚ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʢ ʶʛʫ ʦʪ ʂʨʳʤʘ, 

ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ɸʥʘʪʦʣʠʡʩʢʦʛʦ ʧʦʙʝʨʝʞʴʷ, ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʂʘʚʢʘʟ-

ʩʢʦʛʦ ʧʦʙʝʨʝʞʴʷ, ʪ.ʝ. ʧʨʠ ʩʫʞʝʥʠʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʩʢʣʦʥʘ ʠ ʢʦʥʚʝʨ-

ʛʝʥʮʠʠ ʧʦʪʦʢʘ, ʘ ʪʘʢʞʝ ʥʘ ʧʝʨʠʬʝʨʠʠ ɹʘʪʫʤʩʢʦʛʦ ʘʥʪʠʮʠʢʣʦʥʘ. 

ʉʢʦʨʦʩʪʴ ʪʝʯʝʥʠʡ ʚ ʏʝʨʥʦʤ ʤʦʨʝ ʫʙʳʚʘʝʪ ʩ ʛʣʫʙʠʥʦʡ, ʦʩʦʙʝʥʥʦ ʚ 

ʩʣʦʝ 100 ï 500 ʤ, ʛʜʝ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʡ ʫʤʝʥʴʰʘʶʪʩʷ ʚ ~ 4 

ʨʘʟʘ. ʅʘ ʨʠʩ.4.1.11 ʧʦʢʘʟʘʥʦ ʚʝʨʪʠʢʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʨʝʜʥʝʡ ʩʢʦ-

ʨʦʩʪʠ ʪʝʯʝʥʠʡ ʥʘ ʦʩʥʦʚʝ  1000 ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʥʘ ʨʘʟʣʠʯʥʳʭ ʛʦʨʠ-

ʟʦʥʪʘʭ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʦʪ 1 ʜʦ 35 ʩʫʪʦʢ, ʠʟʤʝʨʝʥʥʳʭ ʥʘ 70 ɸɹʉ ʚ 

ʧʝʨʠʦʜ ʩ 1955 ʧʦ 1983 ʛʛ. ɹʫʡʢʦʚʳʝ ʩʪʘʥʮʠʠ ʠʟ ʵʪʦʛʦ ʤʘʩʩʠʚʘ ʜʘʥʥʳʭ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ  ʨʘʚʥʦʤʝʨʥʦ ʧʦʯʪʠ ʧʦ ʚʩʝʡ ʘʢʚʘʪʦʨʠʠ ʤʦʨʷ, 

ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʠʭ ʢʦʣʠʯʝʩʪʚʘ  ʚ ʟʦʥʝ ʆʏʊ ʫ ʂʨʳʤʩʢʦʛʦ ʠ ʂʘʚʢʘʟʩʢʦʛʦ 

ʧʦʙʝʨʝʞʴʷ. ʅʘʣʠʯʠʝ ʤʘʢʩʠʤʫʤʘ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ ʥʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʦʨʷ, ʘ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ 10 ï 25 ʤ ʦʙʲʷʩʥʷʣʦʩʴ ʚ [ɹʣʘʪʦʚ ʠ 
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ʜʨ., 1984] ʚʟʘʠʤʥʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʨʝʡʬʦʚʦʡ ʠ ʛʝʦ-

ʩʪʨʦʬʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ, ʯʪʦ ʠʤʝʝʪ ʤʝʩʪʦ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ. 

 

 
 

ʈʠʩʫʥʦʢ 4.1.10 ï ʉʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʪʝʯʝʥʠʡ, ʩʤ/ʩ ʚ ʏʝʨʥʦʤ 

ʤʦʨʝ ʥʘ ʛʣʫʙʠʥʝ 5 ʤ: ʘ ï ʛʝʦʩʪʨʦʬʠʯʝʩʢʠʝ ʩʢʦʨʦʩʪʠ, ʨʘʩʩʯʠ-

ʪʘʥʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʧʦ ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʧʦʣʷʤ 

ʧʣʦʪʥʦʩʪʠ; ʙ ï ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʯʠʩʣʝʥʥʳʭ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʭ 

ʨʘʩʯʝʪʦʚ ʩ ʨʘʟʨʝʰʝʥʠʝʤ 5Ĭ5 ʢʤ [ɼʝʤʳʰʝʚ ʠ ʜʨ., 2007, 2011]. 

 

 

 
 
ʈʠʩʫʥʦʢ 4.1.11 ï ɺʝʨʪʠʢʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʨʝʜʥʝʡ ʩʢʦʨʦ-

ʩʪʠ ʪʝʯʝʥʠʡ ʚ ʏʝʨʥʦʤ ʤʦʨʝ ʧʦ ʜʘʥʥʳʤ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʠʟ-

ʤʝʨʝʥʠʡ ʪʝʯʝʥʠʡ ʟʘ ʧʝʨʠʦʜ 1955ï1983 ʛʛ. (ʰʪʨʠʭʦʚʦʡ ʣʠʥʠʝʡ 

ʦʙʦʟʥʘʯʝʥʘ ʦʙʣʘʩʪʴ Ñ 1 ʩ.ʢ.ʦ.) 
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ʆʧʠʩʘʥʠʝ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʪʝʯʝ-

ʥʠʡ ʧʦ ʜʘʥʥʳʤ ʠʟʤʝʨʝʥʠʡ ʥʘ ɸɹʉ, ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʩʦʚʧʘʜʘʶ-

ʱʝʝ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʥʘ ʨʠʩ. 4.1.11, ʧʨʠʚʝʜʝʥʦ ʚ [ɹʦʛʫʩʣʘʚʩʢʠʡ ʠ ʜʨ., 

1976]. ɸʥʘʣʦʛʠʯʥʳʝ ʧʨʦʬʠʣʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʨʦʬʠʣʷ ʩʨʝʜʥʝʡ ʩʢʦʨʦ-

ʩʪʠ ʪʝʯʝʥʠʡ ʧʦ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʤ ʠʟʤʝʨʝʥʠʷʤ ʠʟ ʜʨʫʛʠʭ ʤʘʩʩʠʚʦʚ 

ʜʘʥʥʳʭ (ʦʢʦʣʦ 100 ɸɹʉ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ [ɹʦʛʫʩʣʘʚʩʢʠʡ ʠ ʜʨ., 2001; Tu-

zhilkin, 2008b], ʥʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʨʠʩ.4.1.11 ʟʥʘʯʝʥʠʷ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ  ʚ 

1.2 ï 1.5 ʨʘʟʘ ʥʠʞʝ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʩʜʚʠʛʠ ʩʢʦʨʦʩʪʠ ʧʦ [Tuzhilkin, 

2008b] ʥʘʭʦʜʠʪʩʷ ʚ ʩʣʦʷʭ 10 ï 25 ʠ 50 ï 300 ʤ,  ʚ [ɹʦʛʫʩʣʘʚʩʢʠʡ ʠ ʜʨ., 

2001] ʬʦʨʤʘ ʢʨʠʚʦʡ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʢʘʯʝʩʪʚʝʥ-

ʥʦ ʩʦʚʧʘʜʘʝʪ ʩ 4.1.11. 

 

ɺʝʨʪʠʢʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʧʦʜʲʝʤʘ ʚʦʜ. ɺ ʨʘʥʥʠʭ ʨʘʙʦʪʘʭ, ʥʘʯʠ-

ʥʘʷ ʩ ʨʘʙʦʪʳ ɺ.ɸ.ɺʦʜʷʥʠʮʢʦʛʦ,  ʚʝʨʪʠʢʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʧʦʜʲʝʤʘ ʚʦʜ ʚ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʤʦʨʷ ʦʮʝʥʠʚʘʣʘʩʴ ʠʟ ʧʨʠʥʮʠʧʘ ʦʙʱʝʛʦ ʙʘʣʘʥʩʘ ʩʦ-

ʣʝʡ [ɺʦʜʷʥʠʮʢʠʡ, 1948; ʉʢʦʧʠʥʮʝʚ ʠ ʜʨ., 1958] ʠʣʠ ʢʠʩʣʦʨʦʜʘ [ɼʦʙʨ-

ʞʘʥʩʢʘʷ, 1959]. ɺ ʜʘʣʴʥʝʡʰʝʤ, ʦʥʘ ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʧʦ ʫʨʘʚʥʝʥʠ ʁʥʝ-

ʨʘʟʨʳʚʥʦʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ ʠʟʤʝʨʝʥʠʡ [ɼʞʠʛʘʥʰʠʥ ʠ ʜʨ., 

1976] ʠʣʠ ʛʝʦʩʪʨʦʬʠʯʝʩʢʠʭ ʪʝʯʝʥʠʡ [ʉʠʤʦʥʦʚ, ɸʣʴʪʤʘʥ ʠ ʜʨ.,1991], ʩ 

ʧʦʤʦʱʴʶ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ [ɼʝʤʳʰʝʚ ʠ ʜʨ., 2006] ʠ ʬʠʟʠʯʝʩʢʠʭ 

[ʉʘʤʦʜʫʨʦʚ ʠ ʜʨ., 2002, 2006] ʤʦʜʝʣʝʡ. 
ʊʘʙʣʠʮʘ 4.1.1 

ʆʮʝʥʢʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦʜʲʝʤʘ ʚʦʜ ʚ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʏʝʨʥʦʛʦ ʤʦʨʷ, 10-4  ʩʤĀʩ-1 

 

ɺʦʜʷʥʠʮʢʠʡ (1948)  0.95 

ʉʢʦʧʠʥʮʝʚ ʠ ʜʨ. (1958) 0.5 

ɼʦʙʨʞʘʥʩʢʘʷ (1959) 0.3 

ɹʘʨʳʰʝʚʩʢʘʷ (1967) ~1 

ɼʞʠʛʘʥʰʠʥ ʠ ʜʨ. (1976) ʜʦ 10 

ʂʦʣʝʩʥʠʢʦʚ, ɹʦʛʫʩʣʘʚʩʢʠʡ (1978) ~0.1 

ʉʠʤʦʥʦʚ, ɸʣʴʪʤʘʥ ʠ ʜʨ. (1991) 1ï20 

ɼʝʤʳʰʝʚ ʠ ʜʨ. (2006) 0.1 ï0.5 

ʉʘʤʦʜʫʨʦʚ ʠ ʜʨ. (2002, 2006) 2ï30 

 

ʉʝʟʦʥʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ. ɺ ʦʪʣʠʯʠʝ ʦʪ  ʜʦʩʪʘʪʦʯʥʦ ʩʦʛʣʘʩʦʚʘʥ-

ʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʰʝʡ ʩʭʝʤ rʪʝʯʝʥʠʡ, ʚ ʦʪʥʦʰʝʥʠʠ 

ʩʝʟʦʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʮʠʨʢʫʣʷʮʠʠ ʚʦʜ ʏʝʨʥʦʛʦ ʤʦʨʷ ʩʫʱʝʩʪʚʫʶʪ 

ʨʘʟʣʠʯʥʳʝ ʤʥʝʥʠʷ. ʇʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʳʟʳʚʘʝʪ ʨʘʟʥʦʛʣʘʩʠʡ ʫ ʨʘʟʣʠʯʥʳʭ 

ʘʚʪʦʨʦʚ ʪʦʣʴʢʦ ʥʘʣʠʯʠʝ ʩʝʟʦʥʥʦʛʦ ʤʘʢʩʠʤʫʤʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʮʠʨʢʫʣʷ-

ʮʠʠ ʚʦʜ ʚ ʢʦʥʮʝ ʟʠʤʥʝʛʦ ï ʥʘʯʘʣʝ ʚʝʩʝʥʥʝʛʦ ʧʝʨʠʦʜʘ, ʢʦʛʜʘ ʩʨʝʜʥʷʷ 

ʩʢʦʨʦʩʪʴ ʪʝʯʝʥʠʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 1.5 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʝʟʦʥʥʳʤ 

ʤʠʥʠʤʫʤʦʤ, ʨʠʩ. 4.1.12, 4.1.13. ʏʘʩʪʦ ʚʳʜʝʣʷʶʪ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʤʘʢ-
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ʩʠʤʫʤ  ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʮʠʨʢʫʣʷʮʠʠ ʚ ʢʦʥʮʝ ʣʝʪʥʝʛʦ ʩʝʟʦʥʘ [ʏʝʨʝʜʠʣʦʚ, 

1967; ɹʣʘʪʦʚ ʠ ʜʨ., 1984, 1989], ʦʮʝʥʢʠ ʝʛʦ ʚʝʣʠʯʠʥʳ ʤʦʛʫʪ ʢʦʣʝʙʘʪʴʩʷ 

ʦʪ ʥʝʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʡ (ʨʠʩ. 4.1.13, ʘ) ʜʦ ʧʦʣʦʚʠʥʳ ʘʤʧʣʠʪʫʜʳ ʩʝʟʦʥ-

ʥʦʛʦ ʭʦʜʘ (ʨʠʩ. 4.1.12, 4.1.13, ʙ). ɺ ʤʦʥʦʛʨʘʬʠʠ [ɹʣʘʪʦʚ ʠ ʜʨ., 1984] 

ʚʝʣʠʯʠʥʘ ʣʝʪʥʝʛʦ ʤʘʢʩʠʤʫʤʘ ʦʮʝʥʠʚʘʣʘʩʴ  ʧʦʯʪʠ ʨʘʚʥʦʡ ʚʝʣʠʯʠʥʝ 

ʟʠʤʥʝ-ʚʝʩʝʥʥʝʛʦ ʤʘʢʩʠʤʫʤʘ. ɺʦ ʤʥʦʛʠʭ ʦʧʠʩʘʥʠʷʭ ʩʝʟʦʥʥʦʡ ʠʟʤʝʥʯʠ-

ʚʦʩʪʠ ʪʝʯʝʥʠʡ, ʥʘʧʨʦʪʠʚ,  ʣʝʪʥʠʡ ʤʘʢʩʠʤʫʤ ʧʦʣʥʦʩʪʴʶ ʦʪʩʫʪʩʪʚʫʝʪ, 

ʮʠʨʢʫʣʷʮʠʷ ʤʦʨʷ ʚ ʵʪʦʪ ʧʝʨʠʦʜ ʛʦʜʘ ʩʯʠʪʘʝʪʩʷ ʩʣʘʙʦʡ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ 

ʣʝʪʥʝʛʦ ʩʝʟʦʥʘ [ʌʠʣʠʧʧʦʚ, 1968; ɹʦʛʘʪʢʦ ʠ ʜʨ., 1979; ʂʨʠʚʦʰʝʷ ʠ ʜʨ., 

1979 ï 1981; ʉʠʤʦʥʦʚ, ɸʣʴʪʤʘʥ ʠ ʜʨ., 1991; ʊʠʪʦʚ, 1993, 2003].  

ʇʦ ʦʮʝʥʢʘʤ ʩʝʟʦʥʥʦʛʦ ʭʦʜʘ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ 

ʠʟʤʝʨʝʥʠʡ ʥʘ ɸɹʉ ʫ ʧʦʙʝʨʝʞʴʷ ʩʝʟʦʥʥʳʡ ʤʠʥʠʤʫʤ ʦʪʥʦʩʷʪ ʢ ʥʘʯʘʣʫ 

ʣʝʪʘ (ʤʘʡïʠʶʥʴ), ʘ ʤʘʢʩʠʤʫʤ ï ʢ ʜʝʢʘʙʨʶ-ʷʥʚʘʨʶ [ʆʚʯʠʥʥʠʢʦʚ ʠ ʜʨ., 

1986] ʠʣʠ ʬʝʚʨʘʣʶ-ʤʘʨʪʫ [ʂʨʠʚʦʰʝʷ ʠ ʜʨ., 1980]. ɺ ʮʝʣʦʤ ʵʪʦ ʩʦʦʪʚʝʪ-

ʩʪʚʫʝʪ ʦʩʨʝʜʥʝʥʥʳʤ ʜʘʥʥʳʤ ɸɹʉ ʧʦ ʚʩʝʤʫ ʤʦʨʶ, ʨʠʩ.4.1.12. ʆʜʥʘʢʦ, 

ʝʩʪʴ ʠ ʪʘʢʦʝ ʤʥʝʥʠʝ, ʯʪʦ ʧʦ ʩʫʱʝʩʪʚʫʶʱʠʤ ʤʘʩʩʠʚʘʤ ʜʘʥʥʳʭ ɸɹʉ 

ʥʝʣʴʟʷ ʥʘʜʝʞʥʦ ʚʳʷʚʠʪʴ ʩʝʟʦʥʥʳʡ ʮʠʢʣ ʪʝʯʝʥʠʡ [Tuzhilkin, 2008b]. 

ʇʦ ʦʮʝʥʢʝ ʩʝʟʦʥʥʦʛʦ ʭʦʜʘ ʩʢʦʨʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʪʝʯʝʥʠʡ ʧʦ 

ʜʘʥʥʳʤ ʜʨʠʬʪʝʨʦʚ ʟʘ ʧʝʨʠʦʜ 1999 ï 2003 ʛʛ. [Poulain et al., 2005] ʤʘʢ-

ʩʠʤʫʤ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʤʘʨʪ, ʤʠʥʠʤʫʤ ï ʥʘ ʠʶʥʴ (ʠ ʜʝʢʘʙʨʴ). ɺʳʜʝʣʷʝʪ-

ʩʷ ʠ ʚʪʦʨʠʯʥʳʡ ʤʘʢʩʠʤʫʤ ʩʢʦʨʦʩʪʠ ʚ ʘʚʛʫʩʪʝ, ʥʦ ʘʚʪʦʨʳ ʚʳʩʢʘʟʳʚʘʶʪ 

ʩʦʤʥʝʥʠʷ ʚ ʝʛʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʜʦʩʪʦʚʝʨʥʦʩʪʠ, ʫʯʠʪʳʚʘʷ ʥʘʠʤʝʥʴʰʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʜʘʥʥʳʭ ʚ ʵʪʦʤ ʤʝʩʷʮʝ. 

ʇʦ ʦʮʝʥʢʘʤ ʥʘ ʦʩʥʦʚʝ ʛʝʦʩʪʨʦʬʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ, ʯʠʩʣʝʥʥʳʭ 

ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ [ɼʝʤʳʰʝʚ ʠ ʜʨ., 2005, 2007; ʂʥʳʰ ʠ ʜʨ., 

2011], ʘ ʪʘʢʞʝ ʘʣʴʪʠʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ [Korotaev et al, 2003] ʤʠʥʠ-

ʤʫʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʮʠʨʢʫʣʷʮʠʠ ʤʦʨʷ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʦʩʝʥʥʠʡ ʧʝʨʠʦʜ. 

 

 
 

ʈʠʩʫʥʦʢ 4.1.12 ï ʉʝʟʦʥʥʳʡ ʭʦʜ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʪʝʯʝ-

ʥʠʡ ʚ ʏʝʨʥʦʤ ʤʦʨʝ ʚ ʩʣʦʝ 0 ï 100 ʤ ʧʦ ʜʘʥʥʳʤ ʠʥʩʪʨʫ-

ʤʝʥʪʘʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ʪʝʯʝʥʠʡ ʟʘ ʧʝʨʠʦʜ 1955ï1983 ʛʛ.  
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ʈʠʩʫʥʦʢ 4.1.13 ï ʉʝʟʦʥʥʳʡ ʭʦʜ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʡ ʚ 

ʏʝʨʥʦʤ ʤʦʨʝ ʥʘ ʛʣʫʙʠʥʝ 5 ʤ: ʘ ï ʛʝʦʩʪʨʦʬʠʯʝʩʢʠʝ ʩʢʦʨʦʩʪʠ, 

ʨʘʩʩʯʠʪʘʥʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʧʦ ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʧʦ-

ʣʷʤ ʧʣʦʪʥʦʩʪʠ; ʙ ï ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠ-

ʨʦʚʘʥʠʷ  [ɼʝʤʳʰʝʚ ʠ ʜʨ., 2005, 2007].  

 

 ʂʘʯʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʦʮʝʥʢʘʭ  ʚʥʫʪʨʠʛʦʜʦʚʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʮʠʨʢʫʣʷʮʠʠ ʦʙʲʷʩʥʷʶʪʩʷ ʚ ʨʘʙʦʪʝ [ʇʦʣʦʥʩʢʠʡ, ʐʦʢʫ-

ʨʦʚʘ, 2010] ʠʟʤʝʥʝʥʠʝʤ ʩʝʟʦʥʥʦʛʦ ʭʦʜʘ ʚ ʪʝʯʝʥʠʝ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʳ ʍʍ 

ʚ., ʢʦʛʜʘ ʧʨʦʠʟʦʰʣʦ ʠʩʯʝʟʥʦʚʝʥʠʝ ʣʝʪʥʝʛʦ ʤʘʢʩʠʤʫʤʘ.  ɿʥʘʯʠʪʝʣʴʥʘʷ 

ʤʝʞʛʦʜʦʚʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʩʝʟʦʥʥʦʛʦ ʮʠʢʣʘ ʮʠʨʢʫʣʷʮʠʠ ʤʦʨʷ  ʧʦ ʘʣʴ-

ʪʠʤʝʪʨʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʟʘ 7-ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʦʪʤʝʯʘʝʪʩʷ ʪʘʢʞʝ ʚ [Koro-

taev et al, 2003]. ʆʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʨʘʟʙʨʦʩʘ ʦʮʝʥʦʢ ʩʝ-

ʟʦʥʥʦʛʦ ʮʠʢʣʘ, ʫʯʠʪʳʚʘʷ ʪʦ, ʯʪʦ ʵʪʦ, ʚ ʦʩʥʦʚʥʦʤ, ʦʪʥʦʩʠʪʩʷ ʢ ʣʝʪʥʝ-

ʦʩʝʥʥʝʤʫ ʩʝʟʦʥʫ, ʪʘʢʞʝ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʠʥʪʝʥʩʠʬʠʢʘʮʠʷ ʩʠʥʦʧʪʠʯʝ-

ʩʢʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʚ ʵʪʦʪ ʧʝʨʠʦʜ ʥʘ ʬʦʥʝ ʦʩʣʘʙʣʝʥʠʷ ʦʙʱʝʡ ʮʠʨʢʫʣʷ-

ʮʠʠ. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʜʘʥʥʳʭ ʧʨʠ ʫʚʝʣʠ-

ʯʝʥʠʠ  çʰʫʤʦʚè ʩʠʥʦʧʪʠʯʝʩʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʜʦʩʪʦ-

ʚʝʨʥʳʤ ʩʨʝʜʥʠʤ ʦʮʝʥʢʘʤ. 

ɼʣʷ ʩʝʟʦʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʮʠʨʢʫʣʷʮʠʠ ʚʦʜ ʚ ʏʝʨʥʦʤ ʤʦʨʝ ʭʘ-

ʨʘʢʪʝʨʥʳʤ ʷʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʡ ʚ ʮʝʣʦʤ ʧʦ 

ʙʘʩʩʝʡʥʫ, ʥʦ ʪʘʢʞʝ ʢʦʣʝʙʘʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ ʦʪʜʝʣʴʥʦʩʪʠ ʜʣʷ ʮʠʢ-

ʣʦʥʠʯʝʩʢʠʭ ʢʨʫʛʦʚʦʨʦʪʦʚ ʠ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʳʭ ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʠʭ 

ʚʠʭʨʝʡ. 

ʆʜʥʦ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʩʝʟʦʥʥʦʛʦ 

ʮʠʢʣʘ ʪʝʯʝʥʠʡ ï ʵʪʦ ʩʦʭʨʘʥʝʥʠʝ ʦʙʱʝʡ ʩʭʝʤʳ ʮʠʨʢʫʣʷʮʠʠ ʚ ʪʝʯʝʥʠʝ 

ʚʩʝʛʦ ʛʦʜʘ ʩ ʥʝʙʦʣʴʰʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʧʦʣʦʞʝʥʠʠ ʠ ʨʘʟʤʝʨʘʭ ʝʝ ʦʪ-

ʜʝʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ [ɹʦʛʘʪʢʦ ʠ ʜʨ., 1979; ɹʣʘʪʦʚ ʠ ʜʨ., 1984, 1989; 

ʉʠʤʦʥʦʚ, ɸʣʴʪʤʘʥ ʠ ʜʨ., 1991; ɽʨʝʤʝʝʚ, ʂʦʯʝʨʛʠʥ, 1991].   

ɼʨʫʛʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʚ ʪʝʯʝʥʠʝ ʩʝʟʦʥʥʦʛʦ 

ʮʠʢʣʘ ʧʨʦʠʩʭʦʜʠʪ  ʢʘʯʝʩʪʚʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʩʭʝʤʳ ʮʠʨʢʫʣʷʮʠʠ ʤʦʨʷ 

[Oguz, Malanotte-Rizzoli, 1996; Trukhchev, Ibrayev,  1997; Ibrayev, 

Trukhchev, 1998; Stanev and Beckers, 1999; Stanev et al, 2000b; Staneva et 



 

 112 

al, 2001; ɹʝʣʦʢʦʧʳʪʦʚ, 2003, 2004;  Korotaev et al, 2001, 2003; Tuzhilkin 

2008b; ʂʥʳʰ ʠ ʜʨ., 2005 ï 2011; ɼʝʤrh ʝʚ ʠ ʜʨ., 2005, 2007; ʇʦʣʦʥʩʢʠʡ, 

ʐʦʢʫʨʦʚʘ, 2010]. ʎʠʨʢʫʣʷʮʠʷ ʤʦʞʝʪ ʚʳʛʣʷʜʝʪʴ ʢʘʢ ʝʜʠʥʦʝ ʮʠʢʣʦʥʠʯʝ-

ʩʢʦʝ ʜʚʠʞʝʥʠʝ ʩ ʮʝʥʪʨʦʤ ʚ ʟʘʧʘʜʥʦʡ ʠʣʠ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʤʦʨʷ, ʠʣʠ ʚ 

ʚʠʜʝ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʥʳʭ ʦʪʜʝʣʴʥʳʭ ʢʨʫʛʦʚʦʨʦʪʦʚ. 

ʉʝʟʦʥʥʳʡ ʮʠʢʣ ʛʝʦʩʪʨʦʬʠʯʝʩʢʦʡ ʮʠʨʢʫʣʷʮʠʠ, ʨʘʩʩʯʠʪʘʥʥʦʡ ʧʦ 

ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʪʝʨʤʦʭʘʣʠʥʥʳʤ ʧʦʣʷʤ ʟʘ ʧʝʨʠʦʜ 1950 ï 2000 ʛʛ., ʤʦʞ-

ʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʩʣʝʜʫʶʱʝʡ ʩʭʝʤʳ [ɹʝʣʦʢʦʧʳʪʦʚ, 2004]:  

ʥ̫ʚʘʨʴ ï ʤʘʨʪ: ʝʜʠʥʦʝ ʮʠʢʣʦʥʠʯʝʩʢʦʝ ʚʨʘʱʝʥʠʝ  ʩ ʮʝʥʪʨʦʤ  ʚ ʚʦ-

ʩʪʦʯʥʦʡ ʯʘʩʪʠ ʤʦʨʷ, ʟʘʧʘʜʥʳʡ ʢʨʫʛʦʚʦʨʦʪ ʚʳʨʘʞʝʥ ʩʣʘʙʦ; 

ʘʧʨʝʣʴ ï ʤʘʡ: ʝʜʠʥʦʝ ʮʠʢʣʦʥʠʯʝʩʢʦʝ ʚʨʘʱʝʥʠʝ   ʩ ʮʝʥʪʨʦʤ  ʚ ʟʘ-

ʧʘʜʥʦʡ ʯʘʩʪʠ ʤʦʨʷ, ʚʦʩʪʦʯʥʳʡ ʢʨʫʛʦʚʦʨʦʪ ʚʳʨʘʞʝʥ ʩʣʘʙʦ; 

ʠʶʥʴ ï ʠʶʣʴ: ʜʚʘ  ʢʨʫʛʦʚʦʨʦʪʘ, ʟʘʧʘʜʥʳʡ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʝʥ; 

ʘʚʛʫʩʪ ï ʩʝʥʪʷʙʨʴ: ʜʚʘ ʢʨʫʛʦʚʦʨʦʪʘ, ʚʦʩʪʦʯʥʳʡ ʙʦʣʝʝ ʠʥʪʝʥʩʠ-

ʚʝʥ; 

ʦʢʪʷʙʨʴ ï ʜʝʢʘʙʨʴ: ʜʚʘ  ʢʨʫʛʦʚʦʨʦʪʘ ʨʘʚʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. 

ʅʘ ʨʠʩ. 4.1.14 ʧʨʠʚʝʜʝʥʳ ʩʨʝʜʥʝʤʝʩʷʯʥʳʝ ʧʦʣʷ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʪʦʧʦʛʨʘʬʠʠ, ʧʦʩʣʫʞʠʚʰʠʝ ʦʩʥʦʚʦʡ ʜʘʥʥʦʡ ʩʭʝʤʳ ʮʠʨʢʫʣʷʮʠʠ. ɹʣʠʟ-

ʢʠʝ ʦʮʝʥʢʠ ʢʘʨʪʠʥʳ ʩʝʟʦʥʥʦʛʦ ʭʦʜʘ ʮʠʨʢʫʣʷʮʠʠ ʤʦʨʷ ʧʦʣʫʯʝʥʳ ʠ ʜʨʫ-

ʛʠʤʠ ʘʚʪʦʨʘʤʠ [ʇʦʣʦʥʩʢʠʡ, ʐʦʢʫʨʦʚʘ, 2010; ʂʥʳʰ ʠ ʜʨ., 2005ï2011; 

ɼʝʤʳʰʝʚ ʠ ʜʨ., 2007].  

ʂʘʢ ʩʣʝʜʩʪʚʠʝ ʧʦʧʝʨʝʤʝʥʥʦʛʦ ʫʩʠʣʝʥʠ ̫ʮʠʢʣʦʥʠʯʝʩʢʠʭ ʢʨʫʛʦʚʦ-

ʨʦʪʦʚ ʥʘ ʚʦʩʪʦʢʝ ʠ ʟʘʧʘʜʝ ʤʦʨʷ, ʩʝʟʦʥʥʳʝ ʮʠʢʣʳ ʮʠʨʢʫʣʷʮʠʠ ʚ ʵʪʠʭ 

ʨʘʡʦʥʘʭ ʨʘʟʣʠʯʘʶʪʩʷ. ʕʪʦ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʚʠʜʥʦ ʥʘ ʨʠʩ. 4.1.15,  ʛʜʝ 

ʧʦʢʘʟʘʥʳ ʚʥʫʪʨʠʛʦʜʦʚʳʝ ʠʟʤʝʥʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʚʳʩʦʪ ʚʜʦʣʴ ʨʘʟʨʝ-

ʟʦʚ, ʧʝʨʝʩʝʢʘʶʱʠʭ ʮʝʥʪʨʘʣʴʥʫʶ ʯʘʩʪʴ ʤʦʨʷ, ʠ ʥʘ ʨʠʩ. 4.1.16 ï ʩʝʟʦʥ-

ʥʳʤ ʭʦʜʦʤ ʧʝʨʝʧʘʜʘ ʚʳʩʦʪ ʤʝʞʜʫ ʮʝʥʪʨʦʤ ʠ ʧʝʨʠʬʝʨʠʝʡ ʤʦʨʷ.  ʈʘʟʣʠ-

ʯʠʷ ʩʦʩʪʦʷʪ ʚ ʬʘʟʦʚʦʤ (ʜʚʫʭʤʝʩʷʯʥʦʤ) ʩʜʚʠʛʝ ʥʘʩʪʫʧʣʝʥʠʷ ʦʩʥʦʚʥʦʛʦ, 

ʟʠʤʥʝ-ʚʝʩʝʥʥʝʛʦ ʤʘʢʩʠʤʫʤʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʮʠʨʢʫʣʷʮʠʠ, ʘ ʪʘʢʞʝ ʚ ʩʘ-

ʤʦʤ ʢʦʣʠʯʝʩʪʚʝ ʤʘʢʩʠʤʫʤʦʚ. ɺ ʟʘʧʘʜʥʦʡ ʧʦʣʦʚʠʥʝ ʤʦʨʷ ʝʩʪʴ ʦʜʠʥ ʩʝ-

ʟʦʥʥʳʡ ʤʘʢʩʠʤʫʤ ʧʝʨʝʧʘʜʘ ʜʠʥʘʤʠʯʝʩʢʠʭ ʚʳʩʦʪ (ʘʧʨʝʣʴ, 17.5 ʜʠʥ.ʩʤ), 

ʘ ʚ ʚʦʩʪʦʯʥʦʡ ʧʦʣʦʚʠʥʝ ï ʜʚʘ: ʚ ʬʝʚʨʘʣʝ (18.5 ʜʠʥ.ʩʤ) ʠ ʚ ʠʶʣʝ (15 

ʜʠʥ.ʩʤ). ʀʟ ʵʪʦʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʚʪʦʨʠʯʥʳʡ ʣʝʪʥʠʡ ʤʘʢʩʠ-

ʤʫʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʮʠʨʢʫʣʷʮʠʠ ʚ ʏʝʨʥʦʤ ʤʦʨʝ (ʝʩʣʠ ʦʥ ʩʫʱʝʩʪʚʫʝʪ) 

ʩʚʷʟʘʥ ʩ ʠʥʪʝʥʩʠʬʠʢʘʮʠʝʡ ʚʦʩʪʦʯʥʦʛʦ ʮʠʢʣʦʥʠʯʝʩʢʦʛʦ ʢʨʫʛʦʚʦʨʦʪʘ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʘʨʛʫʤʝʥʪʦʤ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʥʘʣʠʯʠʝ ʣʝʪʥʝʛʦ ʤʘʢʩʠ-

ʤʫʤʘ ʚ ʩʝʟʦʥʥʦʤ ʭʦʜʝ ʟʘʚʠʭʨʝʥʥʦʩʪʠ ʚʝʪʨʘ ʜʣʷ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʤʦʨʷ 

[ɽʬʠʤʦʚ, ɸʥʠʩʠʤʦʚ, 2011].  
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ʈʠʩʫʥʦʢ 4.1.14 ï ʉʨʝʜʥʝʤʝʩʷʯʥʳʝ ʧʦʣʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʪʦʧʦ-

ʛʨʘʬʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʏʝʨʥʦʛʦ ʤʦʨʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 300 ʜʙ, 

ʨʘʩʩʯʠʪʘʥʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʧʦ ʢʣʠʤʘʪʠʯʝʩʢʠʤ 

ʧʦʣʷʤ ʧʣʦʪʥʦʩʪʠ (ʠʟʦʣʠʥʠʠ ʧʨʦʚʝʜʝʥʳ ʯʝʨʝʟ 2 ʜʠʥ. ʩʤ) 
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ʈʠʩʫʥʦʢ 4.1.15 ï ʉʝʟʦʥʥʳʡ  ʭʦʜ  ʜʠʥʘʤʠʯʝʩʢʦʡ  ʪʦʧʦʛʨʘʬʠʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʏʝʨʥʦʛʦ ʤʦʨʷ, ʜʠʥ.ʩʤ ʦʪʥʦʩʠʪʝʣʴʥʦ 300 ʜʙ 

ʚʜʦʣʴ ʜʚʫʭ ʨʘʟʨʝʟʦʚ: ʘ ï ʧʦʣʦʞʝʥʠʝ ʨʘʟʨʝʟʦʚ; ʙ ïʦʪʢʣʦʥʝʥʠʷ 

ʦʪ ʩʨʝʜʥʝʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʚʳʩʦʪʳ  ʥʘ ʨʘʟʨʝʟʝ 1; ʚ ï ʪʦ ʞʝ, ʥʘ 

ʨʘʟʨʝʟʝ 2  (ʰʪʨʠʭʦʚʳʤʠ ʣʠʥʠʷʤʠ ʠʟʦʙʨʘʞʝʥʳ ʦʪʨʠʮʘʪʝʣʴ-

ʥʳʝ ʦʪʢʣʦʥʝʥʠʷ, ʩʧʣʦʰʥʳʤʠ ï ʧʦʣʦʞʠʪʝʣʥɹʳʝ) 

 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʨʝʜʥʝʡ ʟʘ ʛʦʜ ʜʠʥʘʤʠʯʝʩʢʦʡ ʪʦʧʦʛʨʘʬʠʠ ʙʦʣʝʝ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʠʤʥʝ-ʚʝʩʝʥʥʝʤʫ ʧʝʨʠʦʜʫ, ʢʦʛʜʘ ʧʨʝʦʙʣʘʜʘʝʪ ʠʥʪʝʥʩʠʚ-

ʥʘʷ ʦʙʱʝʮʠʢʣʦʥʠʯʝʩʢʘʷ ʮʠʨʢʫʣʷʮʠʷ ʚʦʜ. ʕʪʦ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʦʙʲʷʩʥʝ-

ʥʠʝʤ ʦʪʩʫʪʩʪʚʠ ̫ʮʠʢʣʦʥʠʯʝʩʢʠʭ ʢʨʫʛʦʚʦʨʦʪʦʚ ʧʦ ʦʩʨʝʜʥʝʥʥʳʤ ʜʘʥ-
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ʥʳʤ ʜʨʠʬʪʝʨʦʚ [ɾʫʨʙʘʩ ʠ ʜʨ., 2003], ʨʠʩ.4.1.9. ʇʨʠ ʛʨʫʧʧʠʨʦʚʢʝ ʜʨʠʬ-

ʪʝʨʥʳʭ ʜʘʥʥʳʭ ʧʦ ʩʝʟʦʥʘʤ ([Poulain et al., 2005], Fig.9) ʢʘʨʪʠʥʘ ʮʠʨʢʫ-

ʣʷʮʠʠ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʩʣʦʞʥʦʡ, ʚ ʥʝʡ ʫʞʝ ʤʦʞʥʦ ʦʙʥʘʨʫʞʠʪʴ ʧʨʠ-

ʟʥʘʢʠ ʮʠʢʣʦʥʠʯʝʩʢʠʭ ʢʨʫʛʦʚʦʨʦʪʦʚ. 

 

 

 
 

ʈʠʩʫʥʦʢ 4.1.16 ï ʉʝʟʦʥʥʳʡ  ʭʦʜ  ʧʝʨʝʧʘʜʘ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʚʳʩʦʪ ʤʝʞʜʫ ʮʝʥʪʨʦʤ ʠ ʧʝʨʠʬʝʨʠʝʡ ʏʝʨʥʦʛʦ ʤʦʨ.̫ 

 

ʆʩʥʦʚʥʳʝ ʬʘʢʪʦʨ,r ʬʦʨʤʠʨʫʶʱʠʝ ʮʠʨʢʫʣʷʮʠ ʁʚʦʜ. ʎʠʢʣʦʥʠ-

ʯʝʩʢʦʝ ʜʚʠʞʝʥʠʝ ʚʝʪʨʘ ʥʘʜ ʤʦʨʝʤ ʠ ʩʪʦʢ ʨʝʢ ʪʨʘʜʠʮʠʦʥʥʦ ʩʯʠʪʘʣʠʩʴ 

ʦʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʩʫʱʝʩʪʚʫʶʱʝʡ ʮʠʨʢʫʣʷʮʠʠ ʚʦʜ ʏʝʨʥʦʛʦ ʤʦʨʷ. 

ɼʦ 1970-ʭ ʛʛ. ʫʪʚʝʨʞʜʘʪʴ ʦ ʨʦʣʠ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ  ʤʦʞʥʦ ʙʳʣʦ 

ʪʦʣʴʢʦ ʥʘ ʢʘʯʝʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ [ʐʧʠʥʜʣʝʨ, ɺʨʘʥʛʝʣʴ, 1899; ʂʥʠʧʦʚʠʯ, 

1932; ʃʝʦʥʦʚ, 1960; ʌʠʣʠʧʧʦʚ, 1968]. ʉ ʨʘʟʚʠʪʠʝʤ ʪʝʦʨʠʠ ʤʦʨʩʢʠʭ ʪʝ-

ʯʝʥʠʡ ʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ, ʨʦʣʴ ʬʠʟʠʯʝʩʢʠʭ ʤʝ-

ʭʘʥʠʟʤʦʚ ʮʠʨʢʫʣʷʮʠʠ ʤʦʨʷ ʩʪʘʣʠ ʦʮʝʥʠʚʘʪʴ ʩ ʧʦʤʦʱʴʶ ʜʠʘʛʥʦʩʪʠʯʝ-

ʩʢʠʭ ʠ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʭ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ.  

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʨʘʙʦʪ, ʛʜʝ ʜʝʣʘʣʠʩʴ ʪʘʢʠʝ ʦʮʝʥʢʠ,  ʢʦʥʩʪʘʪʠʨʫʝʪ-

ʩʷ, ʯʪʦ ʚʦʟʜʝʡʩʪʚʠʝ ʚʝʪʨʘ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʥʘʙʣʶʜʘʝʤʦʡ 

ʩʭʝʤʳ ʪʝʯʝʥʠʡ [ʉʘʨʢʠʩʷʥ, ɼʞʠʦʝʚ, 1974;  ɼʞʠʦʝʚ, ʉʘʨʢʠʩʷʥ, 1976; 

ʄʦʩʢʘʣʝʥʢʦ, 1975; ʄʘʨʯʫʢ ʠ ʜʨ., 1975; ʉʪʘʥʝʚ ʠ ʜʨ., 1988; Stanev, 1990, 

2005; Oguz, Malanotte-Rizzoli, 1995, 1996; ʂʦʨʦʪʘʝʚ, 2001; Korotaev et 

al, 2003]. ʂʨʦʤʝ ʚʦʟʙʫʞʜʝʥʠʷ ʜʨʝʡʬʦʚʳʭ ʪʝʯʝʥʠʡ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ 

ʩʣʦʝ ʤʦʨʷ, ʵʥʝʨʛʠʷ ʚʝʪʨʘ ʪʨʘʪʠʪʩʷ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʜʦʩʪʫʧʥʦʡ ʧʦʪʝʥʮʠ-

ʘʣʴʥʦʡ ʵʥʝʨʛʠʠ, ʧʨʝʦʙʨʘʟʫʶʱʝʡʩʷ ʚ ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʮʠʢʣʦʥʠ-

ʯʝʩʢʦʛʦ ʜʚʠʞʝʥʠʷ ʚʦ ʚʩʝʡ ʪʦʣʱʝ ʚʦʜ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʛʣʫʙʠʥʥʳʭ ʩʣʦʷʭ. 

ɹʳʣʦ ʧʦʢʘʟʘʥʦ [Oguz, Malanotte-Rizzoli, 1995, 1996], ʯʪʦ ʚʝʪʝʨ ʜʘʞʝ ʙʝʟ 

ʫʯʝʪʘ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ ʤʦʞʝʪ ʩʬʦʨʤʠʨʦʚʘʪʴ ʦʙʱʫʶ ʮʠʢʣʦʥʠʯʝʩʢʫʶ 

ʮʠʨʢʫʣʷʮʠʶ, ʘ ʪʘʢʞʝ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʳʝ ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʠʝ ʚʠʭʨʠ, ʚ 

ʯʘʩʪʥʦʩʪʠ,  ɹʘʪʫʤʩʢʠʡ ʠ ɼʫʥʘʡʩʢʠʡ [Korotaev et al, 2003]. 



 

 116 

ʉ ʜʝʡʩʪʚʠʝʤ ʚʝʪʨʘ ʩʚʷʟʳʚʘʣʦʩʴ  ʠ ʥʘʣʠʯʠʝ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʢʨʫʛʦ-

ʚʦʨʦʪʦʚ [ʄʦʩʢʘʣʝʥʢʦ, 1975], ʧʨʠʫʨʦʯʝʥʥʳʭ ʢ ʦʙʣʘʩʪʤ ʤʘʢʩʠʤʫʤʦʚ 

ʮʠʢʣʦʥʠʯʝʩʢʦʡ ʟʘʚʠʭʨʝʥʥʦʩʪʠ ʚʝʪʨʘ. ʈʘʥʝʝ [ʃʝʦʥʦʚ, 1960; ʌʠʣʠʧʧʦʚ, 

1968] ʨʘʟʜʝʣʝʥʠʝ ʢʨʫʛʦʚʦʨʦʪʦʚ ʦʙʲʷʩʥʷʣʦʩʴ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʙʝʨʝʛʦʚʦʡ 

ʣʠʥʠʠ (ʩʫʞʝʥʠʝʤ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʤʦʨʷ ʤʝʞʜʫ ʂʨʳʤʩʢʠʤ ʠ ɸʥʘ-

ʪʦʣʠʡʩʢʠʤ ʧ-ʦʚʦʤ).  

ɼʨʫʛʦʡ ʬʘʢʪʦʨ,  ʢʦʪʦʨʳʡ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʡ 

ʜʚʠʞʫʱʝʡ ʩʠʣʳ ʮʠʨʢʫʣʷʮʠʠ ʤʦʨʷ, ï ʭʘʣʠʥʥʳʡ, ʩʚʷʟʘʥʥʳʡ ʩ ʨʘʩʧʨʝʩ-

ʥʝʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʨʝʯʥʳʤ ʩʪʦʢʦʤ ʠ ʧʦʩʪʫʧʣʝʥʠʝʤ ʚʳʩʦʢʦʩʦ-

ʣʝʥʳʭ ʩʨʝʜʠʟʝʤʥʦʤʦʨʩʢʠʭ ʚʦʜ [ʐʪʦʢʤʘʥ, 1951; ɹʫʣʛʘʢʦʚ, ʂʦʨʦʪʘʝʚ, 

1984, 1989, 1996; Korotaev, 1997; ʉʠʤʦʥʦʚ, ɸʣʴʪʤʘʥ ʠ ʜʨ., 1991]. ʉʯʠ-

ʪʘʣʦʩʴ, ʯʪʦ ʦʥ ʤʦʞʝʪ ʧʨʝʚʦʩʭʦʜʠʪʴ ʨʦʣʴ ʚʝʪʨʘ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʦʙ-

ʱʝʡ ʩʭʝʤʳ ʮʠʨʢʫʣʷʮʠʠ, ʚʢʣʶʯʘʷ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʆʏʊ, ʘ ʪʘʢʞʝ ʩʦʟʜʘ-

ʚʘʪʴ ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʫʶ ʮʠʨʢʫʣʷʮʠʶ ʚ ʧʨʦʤʝʞʫʪʦʯʥʦʤ ʩʣʦʝ ʤʦʨʷ.  

 ʕʪʠ ʜʚʘ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ ʯʘʩʪʦ ʩʯʠʪʘʶʪʩʷ ʚʟʘʠʤʦʜʦʧʦʣʥʷʶ-

ʱʠʤʠ, ʪ.ʢ. ʦʥʠ ʜʝʡʩʪʚʫʶʪ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ [ɹʣʘʪʦʚ ʠ ʜʨ., 1984]. 

ʆʜʥʘʢʦ ʝʩʪʴ ʠ ʜʨʫʛʘʷ ʪʦʯʢʘ ʟʨʝʥʠʷ  [Oguz et al., 1995, 1996; Rachev, 

Stanev, 1997], ʟʘʢʣʶʯʘʶʱʘʷʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʦʪʦʢʠ ʧʣʘʚʫʯʝʩʪʠ ʤʦʛʫʪ ʩʦ-

ʟʜʘʚʘʪʴ ʮʠʨʢʫʣʷʮʠʶ, ʥʘʧʨʘʚʣʝʥʥʫʶ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤ ʦʙʨʘʟʦʤ ʪʦʡ, 

ʯʪʦ ʩʦʟʜʘʝʪʩʷ ʚʝʪʨʦʤ. 

ɺ ʨʘʙʦʪʘʭ [ɼʦʨʦʬʝʝʚ, 1999; ɼʦʨʦʬʝʝʚ ʠ ʜʨ., 2001] ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ 

ʙʘʨʦʪʦʨʦʧʥʳʡ ʦʪʢʣʠʢ ʤʦʨʷ ʥʘ ʧʦʩʪʫʧʣʝʥʠʝ ʧʨʝʩʥʦʡ ʚʦʜʳ ʩ ʨʝʢʘʤʠ, 

ʦʙʤʝʥʦʤ ʯʝʨʝʟ ɹʦʩʬʦʨ, ʦʩʘʜʢʘʤʠ ʤʠʥʫʩ ʠʩʧʘʨʝʥʠʝ, ʙʝʟ ʫʯʝʪʘ ʜʨʫʛʠʭ 

ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʩʪʘʥʦʚʠʚʰʘʷʩʷ ʮʠʨʢʫʣʷʮʠʷ  

ʤʘʢʩʠʤʘʣʴʥʘ ʥʘ ʟʘʧʘʜʥʦʤ ʰʝʣʴʬʝ ʏʝʨʥʦʛʦ ʤʦʨʷ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ, ʚ ʦʩ-

ʥʦʚʥʦʤ, ɼʫʥʘʝʤ, ʚ ʛʣʫʙʦʢʦʚʦʜʥʦʡ ʯʘʩʪʠ ʤʦʨʷ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʩʣʘʙʘʷ 

ʮʠʢʣʦʥʠʯʝʩʢʘʷ ʮʠʨʢʫʣʷʮʠʷ. ʇʦʭʦʞʠʡ ʨʝʟʫʣʴʪʘʪ, ʚʢʣʶʯʘʷ ʚʦʟʥʠʢʥʦʚʝ-

ʥʠʝ  ʆʏʊ ʩʪʨʫʡʥʦʛʦ ʪʠʧʘ ʩʦ ʩʢʦʨʦʩʪʴʶ 15 ʩʤ/ʩ, ʧʦʣʫʯʝʥ ʚ [Oguz et al., 

1995]. 

ɺʘʞʥʳʤ ʬʠʟʠʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʮʠʨʢʫʣʷʮʠʠ ʤʦ-

ʨʷ ʩʯʠʪʘʝʪʩʷ ʩʦʚʤʝʩʪʥʳʡ ʵʬʬʝʢʪ ʙʘʨʦʢʣʠʥʥʦʩʪʠ ʠ ʨʝʣʴʝʬʘ ʜʥʘ 

(ʉʕɹʀʈ, ʚ ʘʥʛʣʦʷʟʳʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ JEBAR) [ɻʘʤʩʘʭʫʨʜʠʷ, ʉʘʨʢʠʩʷʥ, 

1975], ʠʤʝʥʥʦ ʝʤʫ ʦʪʚʦʜʷʪ ʨʦʣʴ ʚ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʆʏʊ [ʊʨʫʭʯʝʚ, 

ʉʘʨʢʠʩʷʥ, 1995; Oguz, Malanotte-Rizzoli, 1995, 1996]. ɼʝʡʩʪʚʠʝ ʵʪʦʛʦ 

ʵʬʬʝʢʪʘ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ [Stanev, 1990], ʚ ʏʝʨʥʦʤ ʤʦʨʝ ʟʥʘʯʠʪʝʣʴʥʦ 

ʦʩʣʘʙʣʝʥʦ ʩʠʣʴʥʦʡ ʧʣʦʪʥʦʩʪʥʦʡ ʩʪʨʘʪʠʬʠʢʘʮʠʝʡ. 

ʈʦʣʴ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ ʧʨʠʟʥʘʝʪʩʷ ʤʝʥʝʝ ʩʫʱʝʩʪʚʝʥʥʦʡ, ʥʘʧʨʠ-

ʤʝʨ, ʚ ʨʘʙʦʪʝ [ʄʦʩʢʘʣʝʥʢʦ, 1975] ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʟʘʧʘʜʥʦ-ʚʦʩʪʦʯʥʘʷ 

ʘʩʩʠʤʝʪʨʠʷ ʚʝʪʨʦʚʦʡ ʮʠʨʢʫʣʷʮʠʠ, ʚʳʟʳʚʘʝʤʘʷ ɓ-ʵʬʬʝʢʪʦʤ (ʠʟʤʝʥʝʥʠʝ 

ʧʘʨʘʤʝʪʨʘ ʂʦʨʠʦʣʠʩʘ ʩ ʰʠʨʦʪʦʡ), ʚ ʏʝʨʥʦʤ ʤʦʨʝ ʚʳʨʘʞʝʥʘ ʛʦʨʘʟʜʦ 

ʩʣʘʙʝʝ, ʯʝʤ ʚ ʙʘʩʩʝʡʥʘʭ, ʩʠʣʴʥʦ ʚʳʪʷʥʫʪʳʭ ʧʦ ʤʝʨʠʜʠʘʥʫ, ʠ ʟʥʘʯʠ-

ʪʝʣʴʥʦ ʫʩʪʫʧʘʝʪ  ʨʦʣʠ ʨʝʣʴʝʬʘ ʜʥʘ.  
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ʉʝʟʦʥʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʮʠʨʢʫʣʷʮʠʠ ʏʝʨʥʦʛʦ ʤʦʨʷ ʪʨʘʜʠʮʠʦʥʥʦ 

ʩʚʷʟʳʚʘʣʘʩʴ ʩ ʩʝʟʦʥʥʳʤ ʭʦʜʦʤ ʚʝʪʨʘ, ʩʢʦʨʦʩʪʴ ʢʦʪʦʨʦʛʦ ʤʘʢʩʠʤʘʣʴʥʘ 

ʟʠʤʦʡ, ʥʘʧʨʠʤʝʨ ʚ ʨʘʙʦʪʘʭ [ʊʠʪʦʚ, 1999, 2003] ʜʣʷ ʂʘʚʢʘʟʩʢʦʛʦ ʧʦʙʝ-

ʨʝʞʴʷ. ʉʝʟʦʥʥʳʡ ʭʦʜ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʥʪʝʛʨʘʣʴʥʦʡ ʧʦ ʙʘʩʩʝʡʥʫ ʮʠʨʢʫ-

ʣʷʮʠʠ ʦʙʲʷʩʥʷʝʪʩʷ ʚ [ʂʦʨʦʪʘʝʚ, 2001; Korotaev et al, 2001] ʩʝʟʦʥʥʳʤ 

ʭʦʜʦʤ ʟʘʚʠʭʨʝʥʥʦʩʪʠ ʚʝʪʨʘ ʥʘʜ ʤʦʨʝʤ, ʧʨʠʯʝʤ ʟʠʤʥʷʷ ʠʥʪʝʥʩʠʬʠʢʘʮʠʷ 

ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʤʘʢʩʠʤʫʤʦʤ ʟʘʚʠʭʨʝʥʥʦʩʪʠ ʚʝʪʨʘ, ʚʳʟʚʘʥʥʦʛʦ ʤʫʩʩʦʥ-

ʥʳʤ ʵʬʬʝʢʪʦʤ [ʂʦʨʦʪʘʝʚ, 2001; ɽʬʠʤʦʚ ʠ ʜʨ., 2002]. ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ 

ʬʘʢʪʦʨʦʤ ʫʩʠʣʝʥʠʷ ʆʏʊ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʩʣʘʙʘʷ ʩʪʨʘ-

ʪʠʬʠʢʘʮʠʷ ʚʝʨʭʥʝʛʦ ʩʣʦʷ, ʢʦʪʦʨʘʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʪʨʫʡ-

ʥʦʛʦ ʪʝʯʝʥʠʷ ʧʨʠ ʙʘʣʘʥʩʝ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʟʘʚʠʭʨʝʥʥʦʩʪʠ ʤʝʞʜʫ ʚʦʜʘʤʠ 

ʰʝʣʴʬʘ ʠ ʦʪʢʨʳʪʦʛʦ ʤʦʨʷ [Staneva, Dietrich et al., 2001]. ʇʝʨʝʥʦʩ ʫʛʣʦ-

ʚʦʛʦ ʤʦʤʝʥʪʘ ʢ ʮʝʥʪʨʫ ʢʨʫʛʦʚʦʨʦʪʘ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʧʨʠ ʧʨʦʮʝʩ-

ʩʘʭ ʢʦʥʚʝʢʮʠʠ ʚʦʜ, ʢʘʢ ʤʝʭʘʥʠʟʤ ʟʠʤʥʝʡ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʮʠʨʢʫʣʷʮʠʠ 

ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʚ ʨʘʙʦʪʝ [ʃʘʪʫʥ, 1988]. 

ʂʨʦʤʝ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʚʝʪʝʨ ʠʣʠ ʧʦʪʦʢʠ ʧʣʘʚʫʯʝ-

ʩʪʠ,  ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʠ ʚʥʫʪʨʝʥʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʠʯʠʥʳ, ʪʘʢʠʝ ʢʘʢ: 

ʢʦʣʝʙʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʯʝʨʝʜʦʚʘʥʠʷ ʩʪʨʫʡʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʮʠʨʢʫʣʷʮʠʠ 

ʟʠʤʦʡ ʠ ʚʠʭʨʝʚʦʛʦ ʭʘʨʘʢʪʝʨʘ ʣʝʪʦʤ ʚʩʣʝʜʩʪʚʠʝ ʙʘʨʦʢʣʠʥʥʦʡ ʥʝʫʩʪʦʡ-

ʯʠʚʦʩʪʠ ʆʏʊ ʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʚʠʭʨʝʥʥʦʩʪʠ ʤʝʞʜʫ ʮʝʥʪʨʦʤ ʠ 

ʧʝʨʠʬʝʨʠʝʡ ʤʦʨʷ [ɽʨʝʤʝʝʚ ʠ ʜʨ., 1991; Eremeev et al., 1992;  Stanev, 

Staneva, 2000], ʧʨʦʮʝʩʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥ ʈʦʩʩʙʠ ʠʟ ʚʦʩʪʦʯʥʦʡ ʯʘ-

ʩʪʠ ʤʦʨʷ ʚ ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ [Rachev, Stanev, 1997; Stanev, Rachev, 

1999;  Stanev, Staneva, 2000; Staneva, Dietrich et al., 2001; Sokolova et al., 

2001; Korotaev et al, 2001; ʊʫʞʠʣʢʠʥ, 2008]. ɺ ʨʘʙʦʪʝ [Rachev, Stanev, 

1997] ʛʦʚʦʨʠʪʩʷ ʦ ʪʦʤ, ʯʪʦ ʦʙʱʝʮʠʢʣʦʥʠʯʝʩʢʘʷ ʮʠʨʢʫʣʷʮʠʷ ʚ ʤʦʨʝ ʤʦ-

ʞʝʪ ʫʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʜʘʞʝ ʧʨʠ ʩʣʘʙʦʡ ʮʠʢʣʦʥʠʯʝʩʢʦʡ ʟʘʚʠʭʨʝʥʥʦʩʪʠ 

ʚʝʪʨʘ, ʙʣʘʛʦʜʘʨʷ ʧʨʦʮʝʩʩʘʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʙʝʨʝʛʦʚʳʭ ʟʘʭʚʘʯʝʥʥʳʭ 

ʚʦʣʥ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʮʠʢʣʦʥʠʯʝʩʢʦʡ ʮʠʨʢʫʣʷʮʠʠ ʟʘʤʢʥʫʪʳʭ ʙʘʩʩʝʡʥʦʚ 

ʉʝʚʝʨʥʦʛʦ ʧʦʣʫʰʘʨʠʷ ʟʘ ʩʯʝʪ ʵʬʬʝʢʪʘ çʦʪʨʠʮʘʪʝʣʴʥʦʡè ʚʷʟʢʦʩʪʠ,  ʨʝ-

ʟʦʥʘʥʩʘ ʦʪʜʝʣʴʥʳʭ ʤʦʜ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʙʘʩʩʝʡʥʘ ʠ ʠʭ ʩʫʧʝʨʧʦ-

ʟʠʮʠʠ ʧʨʝʜʣʘʛʘʣʦʩʴ ʚ [ʀʚʘʥʦʚ ʃ.ʄ, ʂʫʭʘʨʯʠʢ, 1988; ɽʨʝʤʝʝʚ, ʀʚʘʥʦʚ 

ʃ.ʄ. ʠ ʜʨ., 1991]. 
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4.2 ʈʝʛʠʦʥʘʣʴʥʘʷ ʮʠʨʢʫʣʷʮʠʷ 

 

 

4.2.1 ʆʩʥʦʚʥʦʝ ʏʝʨʥʦʤʦʨʩʢʦʝ ʪʝʯʝʥʠʝ 

 

 

ʆʩʥʦʚʥʦʝ ʏʝʨʥʦʤʦʨʩʢʦʝ ʪʝʯʝʥʠʝ (ʆʏʊ) ï ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʝ 

ʠ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʥʦʝ ʟʚʝʥʦ ʮʠʨʢʫʣʷʮʠʠ ʏʝʨʥʦʛʦ ʤʦʨʷ. ɼʦ 

ʢʦʥʮʘ 1970-ʭ ʛʛ. ʦʥʦ ʥʝ ʠʤʝʣʦ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʥʘʟʚʘʥʠʷ ʠ ʠʤʝʥʦʚʘʣʦʩʴ 

ʢʘʢ ʦʩʥʦʚʥʦʝ ʪʝʯʝʥʠʝ ʠʣʠ ʦʩʥʦʚʥʦʡ ʧʦʪʦʢ. ʉ ʥʘʯʘʣʘ 1980-ʭ ʛʛ., ʚ ʦʩ-

ʥʦʚʥʦʤ, ʥʘʯʠʥʘʷ ʩ ʨʘʙʦʪ ɸ.ʉ. ɹʣʘʪʦʚʘ, ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʥʘʟʚʘʥʠʝ 

ʆʏʊ. ɺ ʘʥʛʣʦʷʟʳʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʦʥʦ ʠʟʚʝʩʪʥʦ ʢʘʢ Rim Current (ʢʦʣʴ-

ʮʝʚʦʝ ʪʝʯʝʥʠʝ), ʥʘʯʠʥʘʷ ʩ ʨʘʙʦʪʳ [Oguz et al., 1992]. ɺ ʨʘʙʦʪʝ [ʂʨʠʚʦ-

ʰʝʷ ʠ  ʜʨ., 1996] ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʥʘʟʚʘʥʠʝ ʂʦʣʴʮʝʚʦʝ ʎʠʢʣʦʥʠʯʝʩʢʦʝ 

ʪʝʯʝʥʠʝ (ʂʎʊ), ʢʦʪʦʨʦʝ ʩ ʪʝʭ ʧʦʨ ʯʘʩʪʦ ʫʧʦʪʨʝʙʣʷʝʪʩʷ ʚ ʨʦʩʩʠʡʩʢʦʡ 

ʦʢʝʘʥʦʣʦʛʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ. ɺ ʩʚʦʝ ʚʨʝʤʷ ɸ.ʂ.ʃʝʦʥʦʚʳʤ [ʃʝʦʥʦʚ, 

1960] ʧʨʝʜʣʘʛʘʣʠʩʴ ʥʘʟʚʘʥʠʷ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʚʝʪʚʝʡ ʆʏʊ ï ɸʥʘʪʦʣʠʡ-

ʩʢʦʝ, ʂʘʚʢʘʟʩʢʦʝ ʠ ʜʨ., ʢʦʪʦʨʳʝ, ʦʜʥʘʢʦ, ʥʝ ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʛʦ ʨʘʩ-

ʧʨʦʩʪʨʘʥʝʥʠʷ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʨʘʙʦʪ ʉ.ɻ.ɹʦʛʫʩʣʘʚʩʢʦʛʦ ʠ ʥʝʢʦʪʦʨʳʭ 

ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ. ʇʦʜʚʝʨʛʘʣʠʩʴ ʢʨʠʪʠʢʝ ʢʘʢ ʦʪʜʝʣʴʥʳʝ ʥʘʟʚʘʥʠʷ ʚʝʪʚʝʡ, 

ʥʘʧʨʠʤʝʨ, ʈʫʤʝʣʠʡʩʢʦʝ [ʉʪʘʥʝʚ ʠ ʜʨ., 1988], ʪʘʢ ʠ ʩʘʤ ʧʨʠʥʮʠʧ ʨʘʟʜʝ-

ʣʝʥʠʷ ʝʜʠʥʦʛʦ ʪʝʯʝʥʠʷ ʥʘ ʦʪʜʝʣʴʥʳʝ ʩʦʩʪʘʚʣʷʶɦ ʠʝ. 

ʆʏʊ ʚ ʦʩʥʦʚʥʦʤ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘʜ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʤ ʩʢʣʦʥʦʤ, ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʤʦʨʷ, ʛʜʝ ʦʥʦ ʤʦʞʝʪ ʦʪʭʦʜʠʪʴ ʦʪ 

ʧʦʙʝʨʝʞʴʷ ʠ ʧʝʨʝʩʝʢʘʪʴ ʛʣʫʙʦʢʦʚʦʜʥʫʶ ʯʘʩʪʴ. ʅʘ ʨʠʩ. 4.2.1 ʥʘʥʝʩʝʥʳ 

ʧʦʣʦʞʝʥʠʷ ʦʩʠ ʆʏʊ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʦ ʧʦʣʷʤ ʛʝʦʩʪʨʦʬʠʯʝʩʢʦʡ ʩʢʦʨʦ-

ʩʪʠ ʪʝʯʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ 200 ʦʢʝʘʥʦʛʨʘʬʠʯʝʩʢʠʭ ʩʲʝʤʦʢ ʚ ʧʝʨʠʦʜ 

1956 ï 2002 ʛʛ. 

ʆʏʊ ʨʘʟʛʨʘʥʠʯʠʚʘʝʪ ʤʦʨʝ ʥʘ ʜʚʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʦʙʣʘʩʪʠ: ʫʟʢʫʶ 

ʧʨʠʙʨʝʞʥʫʶ ʟʦʥʫ ʩ ʩʠʣʴʥʦʡ ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʦʡ ʟʘʚʠʭʨʝʥʥʦʩʪʴ ʁʪʝʯʝ-

ʥʠʡ ʠ ʦʙʰʠʨʥʫʶ ʦʙʣʘʩʪʴ ʩʣʘʙʦʡ ʮʠʢʣʦʥʠʯʝʩʢʦʡ ʟʘʚʠʭʨʝʥʥʦʩʪʠ ʚ ʦʪ-

ʢʨʳʪʦʡ ʯʘʩʪʠ ʤʦʨʷ [ʆʚʯʠʥʥʠʢʦʚ, ʊʠʪʦʚ, 1990, 1993]. ɺ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʨʝʞʠʤʘ ʪʝʯʝʥʠʡ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʳ ʘʥʪʠʮʠʢʣʦʥʠʯʝ-

ʩʢʘʷ ʟʘʚʠʭʨʝʥʥʦʩʪʴ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʙʠʤʦʜʘʣʴʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʧʦʚʪʦ-

ʨʷʝʤʦʩʪʝʡ ʥʘʧʨʘʚʣʝʥʠʷ ʪʝʯʝʥʠʡ, ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʙʝʨʝʛʦʚʦʡ ʯʝʨʪʝ [ɿʘʮ ʠ 

ʜʨ., 1966; ʂʨʠʚʦʰʝʷ ʠ ʜʨ., 1980, 2001, 2004; ʆʚʯʠʥʥʠʢʦʚ ʠ ʜʨ., 1986; 

ʊʠʪʦʚ, 1991, 1992; ɹʝʣʦʢʦʧʳʪʦʚ, 2011]. ʆʜʥʘ ʤʦʜʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʛʝʥʝ-

ʨʘʣʴʥʦʤʫ ʧʝʨʝʥʦʩʫ ʚʦʜ ʚ ʆʏʊ, ʜʨʫʛʘʷ ï ʦʙʨʘʪʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ ʧʦʪʦ-

ʢʘ, ʚʦʟʥʠʢʘʶʱʝʛʦ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʠʭ ʚʠʭʨʝʡ. ʅʘʣʠ-

ʯʠʝ ʦʙʨʘʪʥʦʛʦ ʧʦʪʦʢʘ, ʠʣʠ ʧʨʦʪʠʚʦʪʝʯʝʥʠʷ ʩʧʨʘʚʘ ʦʪ ʆʏʊ ʦʙʲʷʩʥʷʝʪʩʷ 

ʚ [ʃʘʪʫʥ, 2001] ʜʨʫʛʦʡ ʧʨʠʯʠʥʦʡ ï ʥʝʫʩʪʦʡʯʠʚʦʩʪʴʶ ʆʏʊ ʠʟ-ʟʘ ʧʦʧʝ-

ʨʝʯʥʦʛʦ ʩʜʚʠʛʘ ʩʢʦʨʦʩʪʠ, ʘ ʙʠʤʦʜʘʣʴʥʦʩʪʴ ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʠʙʨʝʞʥʳʭ 

ʪʝʯʝʥʠʡ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʨʝʞʠʤʦʤ ʤʝʩʪʥʳʭ ʚʝʪʨʦʚ. 
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ɺ ʩʣʦʝ ʦʩʥʦʚʥʦʛʦ ʧʠʢʥʦʢʣʠʥʘ ʆʏʊ ʭʦʨʦʰʦ ʚʳʜʝʣʷʝʪʩʷ ʧʦ ʬʨʦʥ-

ʪʘʣʴʥʦʡ ʟʦʥʝ ʚ ʧʦʣʷʭ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʣʝʥʦʩʪʠ. ɺ ʨʘʙʦʪʘʭ [ɹʣʘʪʦʚ ʠ 

ʜʨ., 1979, 1984] ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʦʩʪʦʡ ʩʧʦʩʦʙ ʚʳʜʝʣʝʥʠʷ ʦʩʠ ʆʏʊ ʧʦ 

ʩʦʣʝʥʦʩʪʠ ï ʠʟʦʭʘʣʠʥʘ 20 PSU ʥʘ ʛʦʨʠʟʦʥʪʝ 100 ʤ. ɺ ʧʦʚʝʨʭʥʦʩʪʥʦʤ 

ʩʣʦʝ ʩʠʪʫʘʮʠʷ ʠʥʘʷ: ʆʏʊ, ʭʦʪʷ ʠ ʷʚʣʷʝʪʩʷ ʛʨʘʥʠʮʝʡ ʤʝʞʜʫ ʚʦʜʘʤʠ 

ʰʝʣʴʬʘ ʠ ʦʪʢʨʳʪʦʛʦ ʤʦʨʷ, ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʤʠ ʬʨʦʥʪʘʣʴʥʳʤʠ ʩʚʦʡ-

ʩʪʚʘʤʠ ʦʙʳʯʥʦ ʥʝ ʦʪʣʠʯʘʝʪʩʷ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚ ʦʧʨʝʜʝʣʝʥʥʝr ʩʝʟʦʥʳ 

ʦʥʦ ʤʦʞʝʪ ʭʦʨʦʰʦ ʚʳʜʝʣʷʪʴʩʷ ʧʦ ʪʝʨʤʦʭʘʣʠʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ: ʚ 

ʧʝʨʠʦʜ ʚʝʩʝʥʥʝʛʦ ʧʘʚʦʜʢʘ ï ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʛʨʘʜʠʝʥʪʘʤ ʩʦʣʝʥʦʩʪʠ, 

ʟʠʤʦʡ  ï ʧʦ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʢʦʥʪʨʘʩʪʫ ʩ ʭʦʣʦʜʥʳʤʠ ʚʦʜʘʤʠ ʰʝʣʴʬʘ, 

ʠʥʦʛʜʘ ʚ ʚʠʜʝ ʧʦʣʦʩʳ ʪʝʧʣʦʡ ʚʦʜʳ ʤʝʞʜʫ ʰʝʣʴʬʦʤ ʠ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘ-

ʩʪʴʶ ʤʦʨʷ. 

 

 
ʈʠʩʫʥʦʢ 4.2.1 ï ʇʦʣʦʞʝʥʠʝ ʦʩʠ ʆʏʊ, ʦʧʨʝʜʝʣʝʥʥʦʝ ʧʦ ʧʦ-

ʣʷʤ ʛʝʦʩʪʨʦʬʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ 

ʦʢʝʘʥʦʛʨʘʬʠʯʝʩʢʠʭ ʩʲʝʤʦʢ ʚ ʧʝʨʠʦʜ 1956 ï 2002 ʛʛ. 

 

 

ʐʠʨʠʥʘ ʩʪʨʫʠ ʆʏʊ ʧʦ ʨʘʟʣʠʯʥʳʤ ʦʮʝʥʢʘʤ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 20 ï 50 

ʢʤ [ɹʦʛʘʪʢʦ ʠ ʜʨ., 1979] ʜʦ 40 ï 80 ʢʤ [ɹʣʘʪʦʚ ʠ ʜʨ., 1984]. ɺ ʨʘʙʦʪʝ 

[ʊʠʪʦʚ, 2003] ʥʘ ʦʩʥʦʚʝ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʩʲʝʤʦʢ ʚ ʨʦʩʩʠʡʩʢʦʤ ʩʝʢʪʦʨʝ 

ʤʦʨʷ ʟʘ 50 ʣʝʪ, ʰʠʨʠʥʘ ʆʏʊ ʚ ʩʨʝʜʥʝʤ ʦʮʝʥʠʚʘʝʪʩʷ ʢʘʢ 65 ʢʤ ʟʠʤʦʡ  ʠ 

90 ʢʤ ʣʝʪʦʤ. 
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ʇʦʣʦʞʝʥʠʝ ʦʩʠ ʆʏʊ. ʇʦʣʦʞʝʥʠʝ ʦʩʠ, ʠʣʠ ʩʪʨʝʞʥʷ ʆʏʊ, ʩʦʛʣʘʩ-

ʥʦ ʦʮʝʥʢʘʤ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʨʦʬʠʣʷ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ ʧʦ ʠʥʩʪʨʫʤʝʥ-

ʪʘʣʴʥʳʤ ʠʟʤʝʨʝʥʠʷʤ (ʨʠʩ. 4.2.2) ʥʘʭʦʜʠʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 20 ï 50 ʢʤ ʦʪ 

ʙʝʨʝʛʘ. 

 

 
ʈʠʩʫʥʦʢ 4.2.2 ï ɻʦʨʠʟʦʥʪʘʣʴʥʳʡ ʧʨʦʬʠʣʴ ʩʢʦʨʦʩʪʠ ʆʩʥʦʚʥʦ-

ʛʦ ʯʝʨʥʦʤʦʨʩʢʦʛʦ ʪʝʯʝʥʠʷ ʧʦ ʥʦʨʤʘʣʠ ʢ ʙʝʨʝʛʫ: ʘ ï [ʌʠʣʠʧ-

ʧʦʚ, 1968], ʜʘʥʥʳʝ ʕʄʀʊ; ʙ ï  [ɹʣʘʪʦʚ ʠ ʜʨ., 1980, 1984], 

ʜʘʥʥʳʝ ɸɹʉ; ʚ ï [Tuzhilkin, 2008b], ʜʘʥʥʳʝ ɸɹʉ 

 

 

ʇʦ ʠʟʤʝʨʝʥʠʷʤ ʪʝʯʝʥʠʡ ADCP ʥʘ ʨʘʟʨʝʟʘʭ, ʚʳʧʦʣʥʝʥʥʳʭ ʧʝʨ-

ʧʝʥʜʠʢʫʣʷʨʥʦ ʙʨʦʚʢʝ ʰʝʣʴʬʘ ʚ ʨʘʟʣʠʯʥʳʭ ʨʘʡʦʥʘʭ ʤʦʨʷ [Oguz, Besik-

tepe, 1998, 1999], ʨʠʩ. 4.2.3, ʤʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʩʪʨʝʞʝʥʴ ʆʏʊ ʯʘʩʪʦ 

ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚʙʣʠʟʠ ʠʟʦʙʘʪʳ 1000 ʤ. ʅʘ ʩʭʝʤʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʩʠ 

ʆʏʊ ʧʦ ʧʦʣʷʤ ʜʠʥʘʤʠʯʝʩʢʦʡ ʪʦʧʦʛʨʘʬʠʠ (ʨʠʩ. 4.2.1) ʩʛʫʱʝʥʠʝ ʧʦʣʦ-

ʞʝʥʠʡ ʦʩʠ ʚ ʦʩʥʦʚʥʦʤ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʜʠʘʧʘʟʦʥ ʛʣʫʙʠʥ 1200 ï 1500 ʤ. 

ɽʩʣʠ ʧʨʠʥʷʪʴ, ʯʪʦ ʩʨʝʜʥʝʝ ʧʦʣʦʞʝʥʠʝ ʦʩʠ ʆʏʊ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʙʣʘʩʪʠ 

ʛʣʫʙʠʥ 1000 ï 1500 ʤ, ʪʦ ʥʘ ʫʯʘʩʪʢʘʭ  ʂʨʳʤʩʢʦʛʦ, ʂʘʚʢʘʟʩʢʦʛʦ ʠ ɸʥʘ-

ʪʦʣʠʡʩʢʦʛʦ ʧʦʙʝʨʝʞʠʡ ʩ ʫʟʢʠʤ ʰʝʣʴʬʦʤ ʦʥʦ ʙʫʜʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ 15 ï 

20 ʢʤ ʦʪ ʙʝʨʝʛʘ, ʧʨʠ ʨʘʩʰʠʨʝʥʠʠ ʰʝʣʴʬʘ ʫ ʖʞʥʦʛʦ ʙʝʨʝʛʘ ʂʨʳʤʘ, ʚ 

ʨʘʡʦʥʝ ʉʠʥʦʧʩʢʦʛʦ ʧ-ʦʚʘ ʠ ɻʫʜʘʫʪʩʢʦʡ ʙʘʥʢʠ ʚ 30 ï 40 ʢʤ, ʥʘ ʂʝʨʯʝʥ-

ʩʢʦ-ʊʘʤʘʥʩʢʦʤ ʠ ɹʦʣʛʘʨʩʢʦʤ ʰʝʣʴʬʝ ʠ ʚʙʣʠʟʠ ʫʩʪʴʝʚ ʨʝʢ ʂʠʟʠʣ-ʀʨʤʘʢ 

ʠ ɽʰʠʣʴ-ʀʨʤʘʢ ï ʚ  60 ï 80 ʢʤ. 



 

 121 

 

 
 

ʈʠʩʫʥʦʢ 4.2.3 ï ɿʦʥʘʣʴʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ, ʩʤ/ʩ ʧʦ 

ʜʘʥʥʳʤ ʠʟʤʝʨʝʥʠʡ ADCP ʥʘ ʨʘʟʨʝʟʝ ʧʦ 34Á ʚ.ʜ. ʫ ɸʥʘʪʦʣʠʡʩʢʦʛʦ 

ʧʦʙʝʨʝʞʴʷ ʚ ʘʧʨʝʣʝ 1993 ʛ. (ʠʟ [Oguz, Besiktepe, 1999]) 

 

ʉʦʛʣʘʩʥʦ [ʊʠʪʦʚ, 2003], ʩʪʨʝʞʝʥʴ ʆʏʊ ʚ ʨʦʩʩʠʡʩʢʦʤ ʩʝʢʪʦʨʝ ʤʦ-

ʨʷ, ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʦ ʛʝʦʩʪʨʦʬʠʯʝʩʢʠʤ ʨʘʩʯʝʪʘʤ, ʟʠʤʦʡ ʥʘʭʦʜʠʪʩʷ ʚ 25 

ï 35 ʢʤ ʦʪ ʙʝʨʝʛʘ, ʣʝʪʦʤ ʫʜʘʣʷʝʪʩʷ ʥʘ 45 ï 55 ʢʤ, ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ 

ʜʦ 100 ʢʤ. 

ɺ ʨʘʙʦʪʝ [Poulain et al., 2005] ʧʨʠʚʝʜʝʥʳ ʩʨʝʜʥʠʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ 

ʧʨʦʬʠʣʠ ʪʝʯʝʥʠʡ ʜʣʷ ʯʝʪʳʨʝʭ ʨʘʡʦʥʦʚ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʩʢʣʦʥʘ ʧʦ 

ʜʘʥʥʳʤ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʜʨʠʬʪʝʨʦʚ (Fig.13). ɼʣʷ ʫʯʘʩʪʢʦʚ ʢʨʫʪʦʛʦ 

ʩʢʣʦʥʘ ʩʪʨʝʞʝʥʴ ʆʏʊ ʥʘʭʦʜʠʪʩʷ ʚ 10ï30 ʢʤ ʦʪ ʙʝʨʝʛʘ, ʜʣʷ ʙʦʣʝʝ ʧʦʣʦ-

ʛʠʭ ʩʢʣʦʥʦʚ ï 40ï70 ʢʤ, ʰʠʨʠʥʘ ʪʝʯʝʥʠʷ ʦʪ 20 ʜʦ 80 ʢʤ. 

ʉʢʦʨʦʩʪʴ ʪʝʯʝʥʠʷ. ʉʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʆʏʊ ʧʦ ʜʘʥʥʳʤ ʠʟʤʝʨʝ-

ʥʠʡ ʥʘ ɸɹʉ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 30 ï 40 ʩʤ/ʩ [ʊʠʪʦʚ, 1991; ɹʦʛʫʩʣʘʚʩʢʠʡ ʠ 

ʜʨ., 1995] ʜʦ 40 ï 60 ʩʤ/ʩ [ʀʚʘʥʦʚ ɺ.ɸ ʠ ʜʨ., 1994]. ɺ ʨʘʙʦʪʝ [ʊʠʪʦʚ, 

1991] ʧʨʠʚʦʜʠʪʩʷ ʟʥʘʯʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ >140 ʩʤ/ʩ, 

ʥʦ ʚ ʮʝʣʦʤ, ʩʣʫʯʘʠ ʩ ʫʩʪʦʡʯʠʚʦʡ ʩʢʦʨʦʩʪʴʶ >1 ʤ/ʩ, ʠʟʤʝʨʝʥʥʦʡ ʥʘ ɸɹʉ 

(ʧʨʠʤʝʨ ʥʘ ʨʠʩ. 4.2.4), ʢʨʘʡʥʝ ʨʝʜʢʠ. ɿʘʯʘʩʪʫʶ ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʪʨʫʜʥʦ-

ʩʪʷʤʠ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʘ ʧʦʩʪʘʥʦʚʢʠ ɸɹʉ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʩʪʨʝʞʥʝ 

ʧʦʪʦʢʘ, ʠʤʝʶʱʝʛʦ ʭʘʨʘʢʪʝʨ ʫʟʢʦʡ,  ʤʝʘʥʜʨʠʨʫʶʱʝʡ ʩʪʨʫʠ. 

ʀʟʤʝʨʝʥʠʷ ʪʝʯʝʥʠʡ ʩ ʧʦʤʦʱʴʶ ADCP ʠʤʝʶʪ ʚ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ 

ʧʨʝʠʤʫʱʝʩʪʚʦ, ʪ.ʢ. ʧʦʟʚʦʣʷʶʪ ʧʨʦʠʟʚʦʜʠʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʩʲʝʤʢʠ. 


