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ɺʚʝʜʝʥʠʝ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʙʣʝʤʳ. ʇʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʢʠʤʙʝʨʣʠʪʦʚ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ 

ʘʣʤʘʟʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝʤ ʠ ʢʘʯʝʩʪʚʦʤ ʘʣʤʘʟʦʚ ʚ ʧʦʨʦʜʝ 

[ɸʬʘʥʘʩʴʝʚ ʠ ʜʨ., 2010]. ɼʣʷ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʚʦʟʤʦʞʥʦʡ ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ 

ʢʠʤʙʝʨʣʠʪʦʚ ʧʦ ʠʭ ʤʠʥʝʨʘʣʴʥʦʤʫ ʩʦʩʪʘʚʫ ʜʦ ʧʨʦʚʝʜʝʥʠʷ ʪʨʫʜʦʝʤʢʦʛʦ ʦʧʨʦʙʦʚʘʥʠʷ 

ʠʣʠ ʫʤʝʥʴʰʝʥʠʷ ʝʛʦ ʦʙʲʝʤʘ, ʘ ʪʘʢʞʝ ʧʨʠ ʧʦʠʩʢʘʭ ʢʠʤʙʝʨʣʠʪʦʚ ʚʘʞʥʳ ʤʠʥʝʨʘʣʳ-

ʩʧʫʪʥʠʢʠ, ʢʦʣʠʯʝʩʪʚʘ ʢʦʪʦʨʳʭ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ ʙʦʣʴʰʝ, ʯʝʤ ʘʣʤʘʟʦʚ. 

ʐʠʨʦʢʦʝ ʚʥʝʜʨʝʥʠʝ, ʥʘʯʠʥʘʷ ʩ 1970-ʭ ʛʦʜʦʚ, ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ (ʩʧʝʢʪʨʘʣʴʥʳʭ) 

ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʥʘʙʦʨ ʙʘʥʢʦʚ ʜʘʥʥʳʭ ʧʦ ʤʠʥʝʨʘʣʴʥʦʤʫ ʩʦʩʪʘʚʫ 

ʢʠʤʙʝʨʣʠʪʦʚ ʢʘʨʜʠʥʘʣʴʥʦ ʨʘʩʰʠʨʠʣʠ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʝʪʨʦʣʦʛʠʠ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ. 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʣʦʩʴ ʚʢʣʶʯʝʥʠʷʤ ʚ ʘʣʤʘʟʘʭ, ʪʘʢ ʢʘʢ ʢʘʞʜʳʡ ʢʨʠʩʪʘʣʣ 

ʘʣʤʘʟʘ, ʩʦʜʝʨʞʘʱʠʡ ʚʢʣʶʯʝʥʠʷ ʜʨʫʛʠʭ ʤʠʥʝʨʘʣʦʚ, ʷʚʣʷʝʪʩʷ ʩʚʦʝʦʙʨʘʟʥʳʤ 

ʧʨʦʙʦʦʪʙʦʨʥʠʢʦʤ, ʟʘʢʣʶʯʘʶʱʠʤ ʚ ʩʝʙʝ ʤʘʪʝʨʠʘʣ ʠʟ ʩʚʦʝʛʦ ʙʣʠʞʘʡʰʝʛʦ 

ʦʢʨʫʞʝʥʠʷ ʠ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʩʦʭʨʘʥʷʶʱʠʤ ʝʛʦ ʚ ʥʝʠʟʤʝʥʝʥʥʦʤ 

ʚʠʜʝ. ʅʘ ʦʩʥʦʚʝ ʵʪʠʭ ʜʘʥʥʳʭ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʢʠʤʙʝʨʣʠʪ ï ʛʣʫʙʠʥʥʘʷ ʧʦʨʦʜʘ, ʩʣʫʞʘʱʘ ̫ ʪʨʘʥʩʧʦʨʪʝʨʦʤ 

ʤʘʥʪʠʡʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʚʢʣʶʯʘʷ ʘʣʤʘʟʳ, ʢ ʧʦʚʝʨʭʥʦʩʪʠ [ʉʦʙʦʣʝʚ, 1974; Meyer, 

1987]. ʇʨʠ ʵʪʦʤ, ʣʠʰʴ ʤʠʥʝʨʘʣʳ, ʢʨʠʩʪʘʣʣʠʟʫʶʱʠʝʩʷ ʩʦʚʤʝʩʪʥʦ ʩ ʘʣʤʘʟʦʤ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦ ʩʦʩʪʘʚʫ ʚʢʣʶʯʝʥʠʷʤ ʚ ʥʝʤ, ʠʩʪʠʥʥʳʤʠ ʩʧʫʪʥʠʢʘʤʠ ʘʣʤʘʟʘ. 

ɼʨʫʛʠʝ ʛʣʫʙʠʥʥʳʝ ʤʠʥʝʨʘʣʳ ʥʝ ʠʤʝʶʪ ʩ ʘʣʤʘʟʦʤ ʛʝʥʝʪʠʯʝʩʢʦʡ ʩʚʷʟʠ ʠ ʤʦʛʫʪ 

ʚʳʩʪʫʧʘʪʴ ʣʠʰʴ ʭʘʨʘʢʪʝʨʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ ʢʠʤʙʝʨʣʠʪʦʚ. ɺʢʣʶʯʝʥʠʷ ʚ ʘʣʤʘʟʘʭ ï 

ʫʥʠʢʘʣʴʥʳʡ ʠʩʪʦʯʥʠʢ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʩʪʘʚʝ ʘʣʤʘʟʦʦʙʨʘʟʫʶʱʠʭ ʩʨʝʜ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʘʣʤʘʟʦʚ ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʧʦʟʚʦʣʠʣʠ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʦʜʚʠʥʫʪʴʩʷ ʚ 

ʚʦʧʨʦʩʝ ʦ ʧʨʦʠʩʭʦʞʜʝʥʠʠ ʘʣʤʘʟʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʫ ʠʥʬʦʨʤʘʮʠʶ ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʥʘ ʘʣʤʘʟʳ. ʇʨʠ ʵʪʦʤ ʪʠʧʦʤʦʨʬʥʳʝ 

ʧʨʠʟʥʘʢʠ ʘʣʤʘʟʦʚ ʟʘʯʘʩʪʫʶ ʪʨʫʜʥʦ ʩʦʦʪʥʦʩʠʪʴ ʩ ʪʘʢʦʚʳʤʠ ʠʟ ʠʟʚʝʩʪʥʳʭ 

ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʝʣ, ʦʧʠʨʘʷʩʴ ʣʠʰʴ ʥʘ ʚʥʝʰʥʶʶ ʤʦʨʬʦʣʦʛʠʶ ʢʨʠʩʪʘʣʣʘ. ʊʘʢ, ʚ 

ɼʘʣʜʳʥʦ-ɸʣʘʢʠʪʩʢʦʤ ʨʘʡʦʥʝ ʜʦʚʦʣʴʥʦ ʨʝʜʢʠ ʧʨʦʤʳʰʣʝʥʥʳʝ ʨʦʩʩʳʧʠ ʘʣʤʘʟʦʚ. 

ʈʦʩʩʳʧʠ ʙʣʠʞʥʝʛʦ ʩʥʦʩʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʣʠʰʴ ʨʫʯʴʷʤʠ ʇʠʨʦʧʦʚʳʡ ʠ 
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ʄʝʣʢʦʠʣʴʤʝʥʠʪʦʚʳʡ. ɺ ʮʝʣʦʤ, ʝʜʠʥʠʯʥʳʝ ʥʘʭʦʜʢʠ ʘʣʤʘʟʦʚ ʚ ʙʘʩʩʝʡʥʘʭ ʨʝʢ 

ɸʣʘʢʠʪ-ʄʘʨʭʠʥʩʢʦʛʦ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʧʦʣʷ ʥʝ ʧʦʟʚʦʣʷʶʪ ʩ ʜʦʣʞʥʦʡ ʩʪʝʧʝʥʴʶ 

ʚʝʨʦʷʪʥʦʩʪʠ ʩʦʦʪʥʦʩʠʪʴ ʠʭ ʩ ʢʦʨʝʥʥʳʤʠ ʪʝʣʘʤʠ ʨʘʡʦʥʘ. ɼʝʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʘʣʤʘʟʦʚ ʠ ʚʢʣʶʯʝʥʠʡ ʚ ʥʠʭ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʨʫʙʦʢ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʦʣʝʡ ï 

ʅʘʢʳʥʩʢʦʛʦ ʠ ɸʣʘʢʠʪ-ʄʘʨʭʠʥʩʢʦʛʦ, ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ 

ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʝʰʝʥʠʶ ʧʨʦʙʣʝʤʳ ʢʦʨʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʘʣʤʘʟʦʚ ʨʦʩʩʳʧʝʡ 

ʅʘʢʳʥʩʢʦʛʦ ʘ ɸʣʘʢʠʪ-ʄʘʨʭʠʥʩʢʦʛʦ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʣʝʡ.  

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʩʧʝʮʠʬʠʢʠ 

ʘʣʤʘʟʦʚ ʠ ʚʢʣʶʯʝʥʠʡ ʚ ʥʠʭ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʨʫʙʦʢ ʅʘʢʳʥʩʢʦʛʦ ʠ ɸʣʘʢʠʪ-

ʄʘʨʭʠʥʩʢʦʛʦ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʣʝʡ ʗʢʫʪʩʢʦʡ ʘʣʤʘʟʦʥʦʩʥʦʡ ʧʨʦʚʠʥʮʠʠ ʠ 

ʚʳʷʩʥʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʟʘʠʤʦʩʚʷʟʠ ʘʣʤʘʟ ï ʚʢʣʶʯʝʥʠʝ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʧʨʦʛʥʦʟʥʦ-ʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪʘʭ. 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʡ: 

1. ʆʪʙʦʨ ʘʣʤʘʟʦʚ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ ʠʟ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʢʦʣʣʝʢʮʠʡ, 

ʧʨʦʚʝʜʝʥʠʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʛʦ ʚʠʟʫʘʣʴʥʦʛʦ ʦʧʠʩʘʥʠʷ, ʚʳʙʦʨ ʘʣʤʘʟʦʚ ʩ 

ʤʠʥʝʨʘʣʴʥʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ. 

2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʠ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʦʧʪʠʢʦ-ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʘʣʤʘʟʦʚ ʠ ʚʢʣʶʯʝʥʠʡ ʚ ʥʠʭ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʝʣ ʅʘʢʳʥʩʢʦʛʦ ʠ 

ɸʣʘʢʠʪ-ʄʘʨʭʠʥʩʢʦʛʦ ʧʦʣʝʡ ʥʘ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʭ ʢʦʣʣʝʢʮʠʷʭ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʦʚ ʀʂ, ʂʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ.  

3. ɺʳʷʚʣʝʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʚʥʫʪʨʝʥʥʠʤ ʩʪʨʦʝʥʠʝʤ ʘʣʤʘʟʘ ʧʦ ʜʘʥʥʳʤ 

ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʟʘʢʣʶʯʝʥʥʳʤ ʚ ʥʝʤ ʚʢʣʶʯʝʥʠʝʤ ʧʦ ʜʘʥʥʳʤ ʂʈ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

4. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚʢʣʶʯʝʥʠʡ ʚ 

ʘʣʤʘʟʘʭ, ʙʝʟ ʧʨʠʰʣʠʬʦʚʢʠ ʢʨʠʩʪʘʣʣʦʚ. 

5. ʆʧʨʝʜʝʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʚʦʡʩʪʚ ʘʣʤʘʟʦʚ ʠʟ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʅʘʢʳʥʩʢʦʛʦ ʠ ɸʣʘʢʠʪ-ʄʘʨʭʠʥʩʢʦʛʦ ʜʣʷ ʧʘʩʧʦʨʪʠʟʘʮʠʠ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 
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ʌʘʢʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ, ʤʝʪʦʜʳ ʠ ʦʙʲʝʤ ʧʨʦʚʦʜʠʤʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʅʀɻʇ ɸʂ çɸʃʈʆʉɸè ʠ ʯʘʩʪʠʯʥʦ ʚ ʣʘʙʦʨʘʪʦʨʠʠ 

ʛʝʦʭʠʤʠʠ ʠ ʨʫʜʦʦʙʨʘʟʫʶʱʠʭ ʧʨʦʮʝʩʩʦʚ ɻʝʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʉʆ ʈɸʅ. 

ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ ʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʣʣʝʢʮʠʡ ʘʣʤʘʟʦʚ ʠʟ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʅʘʢʳʥʩʢʦʛʦ ʠ ɸʣʘʢʠʪ-ʄʘʨʭʠʥʩʢʦʛʦ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʣʝʡ 

ʧʨʦʚʦʜʠʣʠʩʴ ʘʚʪʦʨʦʤ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʟʫʯʝʥʠʷ ʘʣʤʘʟʦʚ ʅʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ɸʂ çɸʃʈʆʉɸè (ʇɸʆ). 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʠʣʠʩʴ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʝ ʚʳʙʦʨʢʠ ʘʣʤʘʟʦʚ ʠʟ 

ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʨʫʙʦʢ ʅʘʢʳʥʩʢʦʛʦ ʧʦʣʷ (ʅʶʨʙʠʥʩʢʘʷ, ɹʦʪʫʦʙʠʥʩʢʘʷ) ʠ ɸʣʘʢʠʪ-

ʄʘʨʭʠʥʩʢʦʛʦ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʧʦʣʷ (ʖʙʠʣʝʡʥʘʷ, ʂʦʤʩʦʤʦʣʴʩʢʘʷ, ɸʡʭʘʣ, 30 ʣʝʪ 

ɸʡʭʘʣʫ, ɹʦʙʢʦʚʘ, ɺʦʩʪʦʢ, ɿʘʨʷ, ʏʫʢʫʢʩʢʘʷ, ʄʦʣʦʜʦʩʪʴ, ʈʘʜʠʦʚʦʣʥʦʚʘʷ, 

ʈʘʜʠʦʛʝʦʜʝʟʠʯʝʩʢʘʷ, ʉʳʪʳʢʘʥʩʢʘʷ, ʉʦʙʦʣʝʚʘ, ʆʟʝʨʥʘʷ, ʂʨʘʩʥʦʧʨʝʩʥʝʥʩʢʘʷ, 

ʆʜʠʥʮʦʚʘ). ʅʘʨʷʜʫ ʩ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʣʤʘʟʦʚ ʙʦʣʴʰʦʝ 

ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʣʦʩʴ ʠʟʫʯʝʥʠʶ ʘʣʤʘʟʦʚ ʩ ʤʠʥʝʨʘʣʴʥʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ. ɺ ʦʩʥʦʚʫ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʧʦʣʦʞʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʘʚʪʦʨʦʤ ʚ ʧʝʨʠʦʜ ʩ 2007 ʧʦ 2018 

ʛʛ. ʙʦʣʝʝ 15000 ʘʣʤʘʟʦʚ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʝʣ ʅʘʢʳʥʩʢʦʛʦ ʠ ɸʣʘʢʠʪ-ʄʘʨʭʠʥʩʢʦʛʦ 

ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʣʝʡ. 

ɼʣʷ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʚʢʣʶʯʝʥʠʡ ʚ ʘʣʤʘʟʘʭ ʙʳʣʦ ʦʪʦʙʨʘʥʦ ʙʦʣʝʝ 1000 

ʢʨʠʩʪʘʣʣʦʚ ʠ ʚʳʧʦʣʥʝʥʦ ʠʭ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʪʦʜʦʤ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ. ɹʦʣʝʝ 15000 ʘʣʤʘʟʦʚ ʠʩʩʣʝʜʦʚʘʥʦ ʤʝʪʦʜʦʤ ʀʂ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ.  

ʆʧʠʩʘʥʠʝ ʚʥʝʰʥʝʡ ʤʦʨʬʦʣʦʛʠʠ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ ʧʨʦʠʟʚʝʜʝʥʦ 

ʩʦʪʨʫʜʥʠʢʘʤʠ ʣʘʙʦʨʘʪʦʨʠʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʟʫʯʝʥʠʝ ʘʣʤʘʟʦʚ ʊ.ɺ. ʂʝʜʨʦʚʦʡ, ɸ.ʅ. 

ʃʠʧʘʰʦʚʦʡ.  

ʉʲʝʤʢʘ ʩʧʝʢʪʨʦʚ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʚʢʣʶʯʝʥʠʡ ʚ ʘʣʤʘʟʘʭ 

ʚʳʧʦʣʥʝʥʘ ʥʘ ʈʘʤʘʥʦʚʩʢʦʤ ʤʠʢʨʦʩʢʦʧʝ InVia (ʬʠʨʤʘ Renishaw, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ). 

ɺʩʝ ʩʧʝʢʪʨʳ ʙʳʣʠ ʩʥʷʪʳ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʀʩʪʦʯʥʠʢ ʚʦʟʙʫʞʜʝʥʠʷ ï 

ʪʚʝʨʜʦʪʝʣʴʥʳʡ ʣʘʟʝʨ ʈʘʤʘʥʦʚʩʢʦʛʦ ʤʠʢʨʦʩʢʦʧʘ, ɚ ï 532 ʥʤ, ʤʦʱʥʦʩʪʴ - 100 ʤɺʪ. 

ʀʩʧʦʣʴʟʦʚʘʣʘʩʴ ʦʪʨʘʞʘʪʝʣʴʥʘʷ ʛʦʣʦʛʨʘʬʠʯʝʩʢʘʷ ʜʠʬʨʘʢʮʠʦʥʥʘʷ ʨʝʰʝʪʢʘ 1800 
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ʣʠʥ/ʤʤ, ʠʟʤʝʨʷʝʤʳʡ ʩʧʝʢʪʨʘʣʴʥʳʡ ʜʠʘʧʘʟʦʥ ʧʨʠ ʚʦʟʙʫʞʜʘʶʱʝʤ ʠʟʣʫʯʝʥʠʠ 532 ʥʤ 

ʩʦʩʪʘʚʣʷʣ 0 õ 1800 ʩʤ-1. ʆʙʲʝʢʪʠʚ 50Ĭ (Leica). ʇʨʠʸʤʥʠʢʦʤ ʠʟʣʫʯʝʥʠʷ ʩʣʫʞʠʣʘ 

ʇʝʣʴʪʴʝ-ʦʭʣʘʞʜʘʝʤʘʷ CCD-ʤʘʪʨʠʮʘ 1024Ĭ256, ʨʘʟʤʝʨ ʧʠʢʩʝʣʷ 26 ʤʢʤ  

ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʣʤʘʟʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʀʂ-ʌʫʨʴʝ 

ʩʧʝʢʪʨʦʤʝʪʨʝ VERTEX 70 (Bruker) ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʀʂ-ʤʠʢʨʦʩʢʦʧʦʤ Hyperion 2000. 

ɼʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʡ: 400ï5500ʩʤ-1. ɹʳʣʘ ʚʳʧʦʣʥʝʥʘ ʩʲʝʤʢʘ ʠʥʪʝʛʨʘʣʴʥʳʭ (ʩʦ 

ʚʩʝʛʦ ʦʙʲʸʤʘ ʢʨʠʩʪʘʣʣʘ) ʩʧʝʢʪʨʦʚ.  

ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ 

ʨʘʙʦʪʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʘʪʝʨʠʘʣʳ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ ʅʀɻʇ ʧʦ ʘʣʤʘʟʘʤ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ.  

1. ʀʥʩʪʨʫʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʞʜʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʤ 

ʚʢʣʶʯʝʥʠʷʤ ʚ ʘʣʤʘʟʘʭ ʠʟ ʨʷʜʘ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʝʣ ʅʘʢʳʥʩʢʦʛʦ ʠ ɸʣʘʢʠʪ-

ʄʘʨʭʠʥʩʢʦʛʦ ʧʦʣʝʡ ʧʦʟʚʦʣʠʣʠ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʥʘʙʦʨ ʩʪʨʫʢʪʫʨʥʳʭ ʜʝʬʝʢʪʦʚ ʠ 

ʚʢʣʶʯʝʥʠʡ ʚ ʘʣʤʘʟʘʭ ʩʧʝʮʠʬʠʯʥʳ ʜʣʷ ʢʘʞʜʦʛʦ ʧʦʣʷ ʠ ʯʪʦ ʜʣʷ ʢʠʤʙʝʨʣʠʪʦʚʳʭ 

ʪʨʫʙʦʢ ʅʘʢʳʥʩʢʦʛʦ ʧʦʣʷ ʭʘʨʘʢʪʝʨʥʘ ʧʦʚʳʰʝʥʥʘ̫ ʜʦʣʷ ʘʣʤʘʟʦʚ ʩ ʚʢʣʶʯʝʥʠʷʤʠ 

ʵʢʣʦʛʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ. 

2. ʉʦʟʜʘʥʘ ʵʣʝʢʪʨʦʥʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ ʧʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʤ 

ʚʢʣʶʯʝʥʠʷʤ ʚ ʘʣʤʘʟʘʭ ʠʟ ʨʷʜʘ (ʙʦʣʝʝ 20) ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʝʣ ʅʘʢʳʥʩʢʦʛʦ ʠ ɸʣʘʢʠʪ-

ʄʘʨʭʠʥʩʢʦʛʦ ʧʦʣʝʡ. 

3. ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʪʝʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʢʣʶʯʝʥʠʡ ʢʦʵʩʠʪʘ ʚ ʘʣʤʘʟʘʭ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʨʠʩʪʘʣʣʳ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʤʘʥʪʠʠ ʧʨʠ ʙʦʣʝʝ 

ʚʳʩʦʢʦʤ ʜʘʚʣʝʥʠʠ, ʯʝʤ ʨʦʤʙʦʜʦʜʝʢʘʵʜʨʠʯʝʩʢʠʝ.  

4. ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʘʨʘʛʝʥʝʪʠʯʝʩʢʦʡ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʘʣʤʘʟʦʚ ʧʦ ʚʢʣʶʯʝʥʠʷʤ ʛʨʘʥʘʪʦʚ ʚ ʥʠʭ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʩʦʩʪʘʚ ʩʨʝʜʳ ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʩʝʛʤʝʥʪʘʭ ʤʘʥʪʠʠ 

ʭʘʨʘʢʪʝʨʠʟʫʝʤʳʭ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʣʝʡ ʠʣʠ ʦʪʜʝʣʴʥʳʭ ʪʨʫʙʦʢ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʘʣʤʘʟʳ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʛʨʘʥʘʪʦʚ ʵʢʣʦʛʠʪʦʚʦʛʦ ʧʘʨʘʛʝʥʝʟʠʩʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʚʳʩʦʢʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʦʙʱʝʛʦ ʘʟʦʪʘ ʠ ʩʨʝʜʥʝʡ ʝʛʦ ʘʛʨʝʛʘʮʠʝʡ, ʪʦʛʜʘ ʢʘʢ 

ʘʣʤʘʟʳ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʛʨʘʥʘʪʦʚ ʚʝʨʣʠʪʦʚʦʛʦ, ʜʫʥʠʪ-ʛʘʨʮʙʫʨʛʠʪʦʚʦʛʦ ʠ 
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ʣʝʨʮʦʣʠʪʦʚʦʛʦ ʧʘʨʘʛʝʥʝʟʠʩʦʚ ʦʪʣʠʯʘʶʪʩʷ ʥʠʟʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʘʟʦʪʘ ʠ ʰʠʨʦʢʦʡ 

ʚʘʨʠʘʮʠʝʡ ʩʪʝʧʝʥʠ ʝʛʦ ʘʛʨʝʛʠʨʦʚʘʥʥʦʩʪʠ, ʯʪʦ ʩʚʦʡʩʪʚʝʥʥʦ ʘʣʤʘʟʘʤ 

ʧʝʨʠʜʦʪʠʪʦʚʦʛʦ ʛʝʥʝʟʠʩʘ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ.  

1. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠ ̫ ʨʘʩʰʠʨʠʣʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʚʟʘʠʤʦʩʚʷʟʠ 

ʘʣʤʘʟ-ʚʢʣʶʯʝʥʠʝ ʠ ʨʘʟʣʠʯʠʡ ʚʦ ʚʥʫʪʨʝʥʥʝʤ ʩʪʨʦʝʥʠʠ ʘʣʤʘʟʦʚ ʅʘʢʳʥʩʢʦʛʦ ʠ 

ɸʣʘʢʠʪ-ʄʘʨʭʠʥʩʢʦʛʦ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʣʝʡ, ʯʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪ ʥʘ ʘʣʤʘʟʳ ʚ ʜʘʥʥʦʤ ʨʝʛʠʦʥʝ. 

2. ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʦ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʝʜʠʥʠʯʥʳʭ 

ʥʘʭʦʜʦʢ ʘʣʤʘʟʦʚ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʠʟ ʨʦʩʩʳʧʝʡ ʩ ʘʣʤʘʟʘʤʠ ʠʟ ʠʟʚʝʩʪʥʳʭ ʢʦʨʝʥʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʨʦʩʩʳʧʥʳʭ 

ʦʙʲʝʢʪʦʚ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʚʝʜʝʥʠʷ ʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪ. 

3. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʩʜʝʣʘʥʥʳʝ ʚʳʚʦʜʳ ʚʥʦʩʷʪ ʩʫʱʝʩʪʚʝʥʥʳʡ 

ʚʢʣʘʜ ʚ ʧʦʥʠʤʘʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʨʦʩʪʘ ʘʣʤʘʟʦʚ ʚ ʫʩʣʦʚʠʷʭ ʣʠʪʦʩʬʝʨʥʦʡ ʤʘʥʪʠʠ 

ʧʦʜ ʨʘʟʣʠʯʥʳʤʠ ʩʝʛʤʝʥʪʘʤʠ ʗʢʫʪʩʢʦʡ ʘʣʤʘʟʦʥʦʩʥʦʡ ʧʨʦʚʠʥʮʠʠ ʠ ʤʦʛʫʪ ʙr ʪʴ 

ʚʦʩʪʨʝʙʦʚʘʥʳ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ, ʩʧʝʮʠʘʣʠʟʠʨʫʶʱʠʤʠʩʷ ʥʘ ʧʨʦʙʣʝʤʘʭ 

ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ, ʟʘʥʠʤʘʶʱʠʤʠʩʷ 

ʧʦʠʩʢʘʤʠ ʘʣʤʘʟʦʚ. 

ʆʩʥʦʚʥʳʝ ʟʘʱʠʱʘʝʤʳʝ ʧʦʣʦʞʝʥʠʷ: 

1. ʈʘʟʨʘʙʦʪʘʥʳ ʥʘʫʯʥʳʝ ʦʩʥʦʚʳ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʘʚʘ ʚʢʣʶʯʝʥʠʡ 

ʛʨʘʥʘʪʦʚ ʚ ʘʣʤʘʟʘʭ ʙʝʟ ʠʭ ʨʘʟʨʫʰʝʥʠʷ, ʙʘʟʠʨʫʶʱʠʝʩʷ ʥʘ ʢʦʨʨʝʣʷʮʠʠ ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ ʠ ʧʦʣʦʞʝʥʠʷ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʧʠʢʦʚ ʚ ʩʧʝʢʪʨʘʭ ʂʈ çʛʨʘʥʘʪʦʚ-ʫʟʥʠʢʦʚè, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʧʘʨʘʛʝʥʝʪʠʯʝʩʢʫʶ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ çʘʣʤʘʟʘ-

ʭʦʟʷʠʥʘè, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʩʫʱʝʩʪʚʣʷʪʴ ʨʝʢʦʥʩʪʨʫʢʮʠʶ ʩʨʝʜʳ ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʷ 

ʚ ʨʘʟʣʠʯʥʳʭ ʩʝʛʤʝʥʪʘʭ ʤʘʥʪʠʠ, ʘ ʪʘʢʞʝ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʧʝʨʚʦʠʩʪʦʯʥʠʢ ʨʦʩʩʳʧʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ.   

2. ʆʩʦʙʝʥʥʦʩʪʠ ʤʦʨʬʦʣʦʛʠʠ ʢʨʠʩʪʘʣʣʦʚ ʠ ʩʧʝʮʠʬʠʢʘ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʘʣʤʘʟʦʚ ʠ ʚʢʣʶʯʝʥʠʡ ʚ ʥʠʭ ʠʟ ʪʨʫʙʦʢ ɸʣʘʢʠʪ-ʄʘʨʭʠʥʩʢʦʛʦ ʠ ʅʘʢʳʥʩʢʦʛʦ 
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ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʣʝʡ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʨʘʟʣʠʯʠʠ ʘʣʤʘʟʦʦʙʨʘʟʫʶʱʝʡ ʩʨʝʜʳ 

(ʤʘʥʪʠʡʥʦʛʦ ʩʫʙʩʪʨʘʪʘ) ʧʦʜ ʵʪʠʤʠ ʧʦʣʷʤʠ. ʋʩʪʘʥʦʚʣʝʥʥʘʷ ʧʦʚʳʰʝʥʥʘʷ 

ʚʩʪʨʝʯʘʝʤʦʩʪʴ ʚʢʣʶʯʝʥʠʡ ʢʦʵʩʠʪʘ ʠ ʜʨʫʛʠʭ ʤʠʥʝʨʘʣʦʚ ʵʢʣʦʛʠʪʦʚʦʛʦ ʧʘʨʘʛʝʥʝʟʠʩʘ 

ʚ ʘʣʤʘʟʘʭ ʩʝʚʝʨʥʳʭ ʧʦʣʝʡ ʗɸʇ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʦʟʨʘʩʪʘʥʠʠ ʨʦʣʠ ʵʢʣʦʛʠʪʦʚʦʛʦ 

ʩʫʙʩʪʨʘʪʘ ʢʘʢ ʘʣʤʘʟʦʦʙʨʘʟʫʶʱʝʡ ʩʨʝʜʳ ʩ ʶʛʘ ʥʘ ʩʝʚʝʨ ʧʨʦʚʠʥʮʠʠ. ʕʪʠ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʠ ʧʨʦʚʝʜʝʥʠʠ ʧʦʠʩʢʦʚʳʭ 

ʨʘʙʦʪ ʥʘ ʘʣʤʘʟʳ. 

3. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʥʠʟʢʦʧʨʦʜʫʢʪʠʚʥʳʭ ʢʠʤʙʝʨʣʠʪʦʚ ɸʣʘʢʠʪ-

ʄʘʨʭʠʥʩʢʦʛʦ ʧʦʣʷ ʫʩʪʘʥʦʚʣʝʥʘ ʧʦʚʳʰʝʥʥʘʷ ʜʦʣʷ ʘʣʤʘʟʦʚ ʵʢʣʦʛʠʪʦʚʦʛʦ 

ʧʘʨʘʛʝʥʝʟʠʩʘ, (ʙʝʟ ʫʯʝʪʘ ʩʦʜʝʨʞʘʥʠʷ ʩʫʣʴʬʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ) çʙʝʟʘʟʦʪʥʳʭè 

ʢʨʠʩʪʘʣʣʦʚ ʠ ʧʦʥʠʞʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʘʣʤʘʟʦʚ ʩʦ ʩʪʝʧʝʥʴʶ ʘʛʨʝʛʘʮʠʠ ʘʟʦʪʘ ~25 ʠ 

45%. 

ʇʫʙʣʠʢʘʮʠʠ ʠ ʘʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. 

ɸʚʪʦʨ ʠʤʝʝʪ 19 ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʥʘʫʯʥʳʭ ʨʘʙʦʪ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ, ʚ ʪʦʤ 

ʯʠʩʣʝ 7 ʩʪʘʪʝʡ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ʜʣʷ 

ʦʧʫʙʣʠʢʦʚʘʥʠʷ ʦʩʥʦʚʥʳʭ ʥʘʫʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʜʠʩʩʝʨʪʘʮʠʡ, ʠ 12 ʨʘʙʦʪ ʚ 

ʤʘʪʝʨʠʘʣʘʭ ʠ ʪʝʟʠʩʘʭ ʢʦʥʬʝʨʝʥʮʠʡ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʜʠʩʩʝʨʪʘʥʪ ʷʚʣʷʝʪʩʷ ʩʦʘʚʪʦʨʦʤ 

ʧʷʪʠ ʥʘʫʯʥʦ-ʪʝʤʘʪʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʪʯʝʪʦʚ ʧʦ ʦʙʲʝʢʪʘʤ çʃʘʙʦʨʘʪʦʨʥʦ-

ʘʥʘʣʠʪʠʯʝʩʢʠʡ -5è, 2012 ʛ.; çʃʘʙʦʨʘʪʦʨʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʡ -6è, 2015 ʛ.; çɸʣʤʘʟʥʳʡ-

5è, 2010 ʛ.; çɸʣʤʘʟʥʳʡ-6è, 2013 ʛ.; çɸʣʤʘʟʥʳʡ-7è, 2016 ʛ. 

ʄʘʪʝʨʠʘʣʳ ʜʠʩʩʝʨʪʘʮʠʠ ʠ ʦʪʜʝʣʴʥʳʝ ʟʘʱʠʱʘʝʤʳʝ ʧʦʣʦʞʝʥʠʷ 

ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʠ ʦʙʩʫʞʜʘʣʠʩʴ ʥʘ ʩʣʝʜʫʶʱʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʠ ʩʝʤʠʥʘʨʘʭ: 

ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʩʝʤʠʥʘʨ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ ï çʂʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʠ 

ʪʚʝʨʜʦʝ ʥʝʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʤʠʥʝʨʘʣʴʥʦʛʦ ʚʝʱʝʩʪʚʘ: ʧʨʦʙʣʝʤʳ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ, ʫʧʦʨʷʜʦʯʝʥʠʷ ʠ ʵʚʦʣʶʮʠʠ ʩʪʨʫʢʪʫʨʳè (ʛ. ʉʳʢʪʳʚʢʘʨ, 2012 ʛ.), 

XXIV ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʤʦʣʦʜʝʞʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ï çʉʪʨʦʝʥʠʝ ʣʠʪʦʩʬʝʨʳ ʠ 

ʛʝʦʜʠʥʘʤʠʢʘè (ʛ. ʀʨʢʫʪʩʢ, 2011 ʛ.), IX ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ï çʅʦʚʳʝ ʠʜʝʠ 

ʚ ʥʘʫʢʘʭ ʦ ʟʝʤʣʝè (ʈɻɻʈʋ, ʛ. ʄʦʩʢʚʘ, 2009 ʛ.), The 8th International Siberian 

Conference ï çEarly Career GeoScientistsè (Novosibirsk, 2016), XII international 
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conference ï çGEORAMAN ï 2016è (Novosibirsk 2016), XVII ɺʩʝʨʦʩʩʠʡʩʢʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ ï çʊʝʨʤʦʙʘʨʦʛʝʦʭʠʤʠʷè  (ʛ. ʋʣʘʥ- ʋʜʵ, 2016 ʛ.), ʄʝʞʜʫʥʘʨʦʜʥʘʷ 

ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʅʘʫʢʘ ʠ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʨʘʟʨʘʙʦʪʢʠ ï ʩʝʚʝʨʫ, 

(ʛ. ʄʠʨʥʳʡ, 2014 ʛ.), ʖʙʠʣʝʡʥʳʡ ʩʲʝʟʜ ʈʦʩʩʠʡʩʢʦʛʦ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘ 

ï ç200 ʣʝʪ ʈʄʆè (ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2017 ʛ.), V ʧʦʣʝʚʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʡ 

ʩʝʤʠʥʘʨ ï çɻʝʦʣʦʛʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʘʣʤʘʟʦʚ ɸʂ 

çɸʃʈʆʉɸè: ʧʨʦʙʣʝʤʳ, ʧʫʪʠ ʨʝʰʝʥʠʷ, ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʨʘʟʨʘʙʦʪʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠè 

(ʧ. ɸʡʭʘʣ, 2015 ʛ.), V ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ 

ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ (ʛ. ʄʠʨʥʳʡ, 2018 ʛ.), V ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çɻʝʦʜʠʥʘʤʠʢʘ ʠ ʤʠʥʝʨʘʛʝʥʠʷ ʉʝʚʝʨʥʦʡ ʠ ʎʝʥʪʨʘʣʴʥʦʡ 

ɸʟʠʠè (ʛ. ʋʣʘʥ-ʋʜʵ, 2018 ʛ.), IX ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

çɻʝʦʣʦʛʠʷ ʠ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʳʝ ʨʝʩʫʨʩʳ ʉʝʚʝʨʦ-ɺʦʩʪʦʢʘ ʈʦʩʩʠʠè (ʛ. ʗʢʫʪʩʢ, 

2019 ʛ.). 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʨʘʙʦʪʳ. 

ʈʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ ʠ ʯʝʪʳʨʝʭ ʛʣʘʚ, ʠʟʣʦʞʝʥʥʳʭ ʥʘ 143 ʩʪʨʘʥʠʮʘʭ, 

ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʘ 63 ʨʠʩʫʥʢʘʤʠ, 7 ʪʘʙʣʠʮʘʤʠ. ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ ʩʦʜʝʨʞʠʪ 125 

ʥʘʠʤʝʥʦʚʘʥʠʡ. 

ɺʚʝʜʝʥʠʝ ʩʦʜʝʨʞʠʪ ʦʙʦʙʱʝʥʥʳʝ ʩʚʝʜʝʥʠʷ ʦ ʨʘʙʦʪʝ, ʦʧʨʝʜʝʣʝʥʳ 

ʘʢʪʫʘʣʴʥʦʩʪʴ, ʮʝʣʠ ʠ ʟʘʜʘʯʠ ʨʘʙʦʪʳ, ʥʘʫʯʥʘʷ ʥʦʚʠʟʥʘ, ʩʪʝʧʝʥʴ ʧʨʦʨʘʙʦʪʘʥʥʦʩʪʠ ʠ 

ʣʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ, ʧʨʠʚʝʜʝʥ ʬʘʢʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʠ ʫʢʘʟʘʥʳ ʩʦʚʨʝʤʝʥʥʳʝ 

ʤʝʪʦʜʳ ʥʝ ʜʝʩʪʨʫʢʪʠʚʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʣʤʘʟʦʚ ʠ ʚʢʣʶʯʝʥʠʡ ʚ ʥʠʭ, ʘ ʪʘʢʞʝ 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʟʘʱʠʱʘʝʤʳʝ ʧʦʣʦʞʝʥʠʷ. ʇʝʨʚʘʷ ʛʣʘʚʘ ʷʚʣʷʝʪʩʷ ʠʟʣʦʞʝʥʠʝʤ 

ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʦʪʨʘʞʘʶʱʝʛʦ ʦʩʥʦʚʥʳʝ ʩʦʚʨʝʤʝʥʥʳʝ ʟʥʘʥʠʷ ʦ 

ʚʢʣʶʯʝʥʠʷʭ ʚ ʘʣʤʘʟʘʭ, ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʷʭ ʘʣʤʘʟʦʚ, ʠ ʠʭ ʚʟʘʠʤʦʩʚʷʟʴ ʩ P-T 

ʫʩʣʦʚʠʷʤʠ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ, ʧʨʠʚʝʜʝʥʘ ʢʨʘʪʢʘʷ ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʨʘʡʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺʦ ʚʪʦʨʦʡ ʛʣʘʚʝ ʦʧʠʩʘʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʝʪʦʜʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʧʦʢʘʟʘʥ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ. ɺ 

ʪʨʝʪʴʝʡ ʛʣʘʚʝ ʠʟʣʦʞʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʣʤʘʟʦʚ. ɺ ʯʝʪʚʝʨʪʦʡ ʛʣʘʚʝ 

ʧʨʦʚʝʜʝʥʘ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʩʥʦʚʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʘʣʤʘʟʦʚ 
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ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʨʘʡʦʥʦʚ ʥʘ ʦʩʥʦʚʝ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʢʣʶʯʝʥʠʡ ʚ ʘʣʤʘʟʘʭ. ɺ ʟʘʢʣʶʯʝʥʠʠ ʠʟʣʦʞʝʥʳ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʨʘʙʦʪʳ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʛʝʦʭʠʤʠʠ ʠ ʨʫʜʦʦʙʨʘʟʫʶʱʠʭ ʧʨʦʮʝʩʩʦʚ 

ɻʀʅ ʉʆ ʈɸʅ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʢ.ʛ.-ʤ.ʥ. ɽ.ɺ. ʂʠʩʣʦʚʘ ʠ ʚ ʣʘʙʦʨʘʪʦʨʠʠ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʟʫʯʝʥʠʷ ʘʣʤʘʟʦʚ ʅʀɻʇ ɸʂ çɸʃʈʆʉɸè (ʇɸʆ) ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ 

ʜ.ʛ.-ʤ.ʥ. ɿ.ɺ. ʉʧʝʮʠʫʩʘ. ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʦʩʦʙʫʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʟʘ ʧʦʤʦʱʴ, 

ʚʥʠʤʘʥʠʝ, ʧʦʜʜʝʨʞʢʫ ʠ ʪʝʨʧʝʥʠʝ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʷʤ ʨʘʙʦʪʳ ʜ.ʛ.-ʤ.ʥ. ɿ.ɺ. 

ʉʧʝʮʠʫʩʫ ʠ ʢ.ʛ.-ʤ.ʥ. ɽ.ɺ. ʂʠʩʣʦʚʫ. ʅʝʦʮʝʥʠʤʳʡ ʚʢʣʘʜ ʚ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʚʥʝʩʣʠ ʩʦʪʨʫʜʥʠʢʠ ʣʘʙʦʨʘʪʦʨʠʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʟʫʯʝʥʠʷ ʘʣʤʘʟʦʚ: ʢ.ʛ.-ʤ.ʥ. ʀ.ʅ. 

ɹʦʛʫʰ, ʢ.ʬ.-ʤ.ʥ. ʉ.ɺ. ʉʦʬʨʦʥʝʝʚ, ʊ.ɺ. ʂʝʜʨʦʚʘ, ɸ.ʅ. ʃʠʧʘʰʦʚʘ, ʆ.ɺ. ɻʦʨʠʥʘ, ʀ.ɺ. 

ɻʣʫʰʢʦʚʘ, ʆ.ɺ. ɼʘʥʠʣʦʚʘ, ʅ.ɺ. ʂʦʥʜʨʘʪʴʝʚʘ. ʇʦʣʥʦʮʝʥʥʘʷ ʧʦʜʜʝʨʞʢʘ ʦʢʘʟʳʚʘʣʘʩʴ 

ʨʫʢʦʚʦʜʩʪʚʦʤ, ʩʦʪʨʫʜʥʠʢʘʤʠ ʠ ʙʳʚʰʠʤʠ ʨʘʙʦʪʥʠʢʘʤʠ ʅʀɻʇ ɸʂ çɸʃʈʆʉɸè 

(ʇɸʆ): ʆ.ɽ. ʂʦʚʘʣʴʯʫʢʦʤ, ʢ.ʛ.-ʤ.ʥ. ɸ.ɺ. ɻʝʨʘʩʠʤʯʫʢʦʤ, ɹ.ʉ. ʇʦʤʘʟʘʥʩʢʠʤ, ʜ.ʛ.-ʤ.ʥ. 

ɸ.ɺ. ʊʦʣʩʪʦʚʳʤ, ʢ.ʛ.-ʤ.ʥ. ɸ.ʉ. ʀʚʘʥʦʚʳʤ, ʈ.ɺ. ʄʦʥʭʦʨʦʚʳʤ, ʘ ʪʘʢʞʝ ʩʦʪʨʫʜʥʠʢʘʤʠ 

ɻʀʅ ʉʆ ʈɸʅ: ʢ.ʛ.-ʤ.ʥ. ɽ.ɺ. ɺʘʩʠʣʴʝʚʦʡ, ʜ.ʛ.-ʤ.ʥ. ɸ.ɸ. ʎʳʛʘʥʢʦʚʳʤ, ʜ.ʛ.-ʤ.ʥ. ɸ.ʄ. 

ʇʣʶʩʥʠʥʳʤ, ʉ.ɸ. ɿʘʥʛʝʝʚʦʡ.  

ɺʩʝʤ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʤ ʢʦʣʣʝʛʘʤ, ʘ ʪʘʢʞʝ ʚʩʝʤ ʪʝʤ, ʢʪʦ ʪʘʢ ʠʣʠ ʠʥʘʯʝ 

ʩʧʦʩʦʙʩʪʚʦʚʘʣ ʧʨʦʚʝʜʝʥʠʶ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʘʚʪʦʨ ʚʳʨʘʞʘʝʪ ʛʣʫʙʦʢʫʶ 

ʙʣʘʛʦʜʘʨʥʦʩʪʴ. 
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ɻʣʘʚʘ 1 . ɻʝʥʝʪʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʧʨʠʨʦʜʥʦʛʦ ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʷ 

1.1. ʈʝʛʠʦʥʘʣʴʥʘʷ ʧʦʟʠʮʠʷ ʅʘʢʳʥʩʢʦʛʦ ʠ ɸʣʘʢʠʪ-ʄʘʨʭʠʥʩʢʦʛʦ 

ʘʣʤʘʟʦʥʦʩʥʳʭ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʣʝʡ 

ɼʘʣʜʳʥʦ-ɸʣʘʢʠʪʩʢʠʡ ʘʣʤʘʟʦʥʦʩʥʳʡ ʨʘʡʦʥ (ɼɸɸʈ) ʥʘʭʦʜʠʪʩʷ ʚ ʙʘʩʩʝʡʥʝ 

ʚʝʨʭʥʝʛʦ ʪʝʯʝʥʠʷ ʨʝʢ ʄʘʨʭʘ ʠ ɸʣʘʢʠʪ, ʘ ʚ ʩʪʨʫʢʪʫʨʥʦʤ ʧʣʘʥʝ ï ʥʘ ʶʛʦ-ʟʘʧʘʜʥʦʤ 

ʩʢʣʦʥʝ ɸʥʘʙʘʨʩʢʦʡ ʘʥʪʝʢʣʠʟʳ, ʥʘ ʢʦʪʦʨʳʡ ʥʘʣʦʞʠʣʦʩʴ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʝ ʢʨʳʣʦ 

ʊʫʥʛʫʩʩʢʦʡ ʚʝʨʭʥʝʧʘʣʝʦʟʦʡʩʢʦʡ ʩʠʥʝʢʣʠʟʳ. ɼʘʣʜʳʥʦ-ɸʣʘʢʠʪʩʢʠʡ ʘʣʤʘʟʦʥʦʩʥʳʡ 

ʨʘʡʦʥ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʜʚʘ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʣʷ: ɸʣʘʢʠʪ-ʄʘʨʭʠʥʩʢʦʝ ʠ 

ɼʘʣʜʳʥʩʢʦʝ. ɿʜʝʩʴ ʰʠʨʦʢʦ ʨʘʟʚʠʪʳ ʢʘʨʙʦʥʘʪʥʳʝ ʧʦʨʦʜʳ ʥʠʞʥʝʛʦ ʧʘʣʝʦʟʦʷ, 

ʪʝʨʨʠʛʝʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʚʝʨʭʥʝʛʦ ʧʘʣʝʦʟʦʷ, ʩʣʦʞʥʦ ʠʥʪʨʫʜʠʨʦʚʘʥʥʳʝ ʪʝʣʘʤʠ 

ʪʨʘʧʧʦʚ (ɸʣʘʢʠʪ-ʄʘʨʭʠʥʩʢʦʝ ʢʠʤʙʝʨʣʠʪʦʚʦʝ ʧʦʣʝ), ʘ ʪʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʦ ʦʢʦʣʦ 120 

ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʝʣ [ɿʠʥʯʫʢ ʠ ʜʨ., 2003]. ɺ ʨʘʡʦʥʝ ʜʦʚʦʣʴʥʦ ʨʝʜʢʠ ʧʨʦʤʳʰʣʝʥʥʳʝ 

ʨʦʩʩʳʧʠ ʘʣʤʘʟʦʚ. ʈʦʩʩʳʧʠ ʙʣʠʞʥʝʛʦ ʩʥʦʩʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʫʯʴʷʤʠ ʇʠʨʦʧʦʚʳʡ ʠ 

ʄʝʣʢʦʠʣʴʤʝʥʠʪʦʚʳʡ. ɺ ʮʝʣʦʤ, ʝʜʠʥʠʯʥʳʝ ʥʘʭʦʜʢʠ ʘʣʤʘʟʦʚ ʚ ʙʘʩʩʝʡʥʘʭ ʨʝʢ 

ɸʣʘʢʠʪ-ʄʘʨʭʠʥʩʢʦʛʦ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʧʦʣʷ ʥʝ ʧʦʟʚʦʣʷʶʪ ʩ ʜʦʣʞʥʦʡ ʩʪʝʧʝʥʴʶ 

ʚʝʨʦʷʪʥʦʩʪʠ ʩʦʦʪʥʦʩʠʪʴ ʠʭ ʩ ʢʦʨʝʥʥʳʤʠ ʪʝʣʘʤʠ ʨʘʡʦʥʘ.  

ʉʨʝʜʥʝʤʘʨʭʠʥʩʢʠʡ ʘʣʤʘʟʦʥʦʩʥʳʡ ʨʘʡʦʥ  ʦʭʚʘʪʳʚʘʝʪ ʧʨʘʚʦʙʝʨʝʞʴʝ ʩʨʝʜʥʝʛʦ 

ʪʝʯʝʥʠʷ ʨ. ʄʘʨʭʘ, ʙʘʩʩʝʡʥ ʨʝʢ ʍʘʥʥʷ, ʅʘʢʳʥ ʠ ʚʝʨʭʦʚʴʝ ʨ. ʊʶʢʷʥ, ʘ ʚ ʩʪʨʫʢʪʫʨʥʦʤ 

ʧʣʘʥʝ ʥʘʭʦʜʠʪʩʷ ʥʘ ʶʞʥʦʤ ʩʢʣʦʥʝ ɸʥʘʙʘʨʩʢʦʡ ʘʥʪʝʢʣʠʟʳ (ʈʠʩ. 1.1), ʥʘ ʢʦʪʦʨʳʡ 

ʥʘʣʦʞʠʣʩʷ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʳʡ ʙʦʨʪ ɺʠʣʶʡʩʢʦʡ ʩʠʥʝʢʣʠʟʳ. ʉʨʝʜʥʝʤʘʨʭʠʥʩʢʠʡ ʨʘʡʦʥ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʅʘʢʳʥʩʢʦʝ ʢʠʤʙʝʨʣʠʪʦʚʦʝ ʧʦʣʝ. ʕʪʘ ʪʝʨʨʠʪʦʨʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʙʦʣʝʝ ʰʠʨʦʢʠʤ ʧʨʦʷʚʣʝʥʠʝʤ ʨʦʩʩʳʧʥʦʡ ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ɼɸɸʈ. 

ɼʝʪʘʣʴʥʦ ʠʟʫʯʝʥʘ ʘʣʤʘʟʦʥʦʩʥʦʩʪʴ ʩʦʚʨʝʤʝʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʙʦʣʝʝ ʯʝʤ ʥʘ 300-

ʢʠʣʦʤʝʪʨʦʚʦʤ ʫʯʘʩʪʢʝ ʨ. ʄʘʨʭʘ, ʥʠʞʝ ʫʩʪʴʷ ʨ. ʍʘʥʥʷ [ɿʠʥʯʫʢ ʠ ʜʨ., 2003].  

ɺ ʮʝʣʦʤ, ʝʜʠʥʠʯʥʳʝ ʥʘʭʦʜʢʠ ʘʣʤʘʟʦʚ ʚ ʙʘʩʩʝʡʥʘʭ ʨʝʢ ɸʣʘʢʠʪ-ʄʘʨʭʠʥʩʢʦʛʦ 

ʠ ʅʘʢʳʥʩʢʦʛʦ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʣʝʡ ʥʝ ʧʦʟʚʦʣʷʶʪ ʩ ʜʦʣʞʥʦʡ ʩʪʝʧʝʥʴʶ 

ʚʝʨʦʷʪʥʦʩʪʠ ʩʦʦʪʥʦʩʠʪʴ ʠʭ ʩ ʢʦʨʝʥʥʳʤʠ ʪʝʣʘʤʠ ʨʘʡʦʥʘ. ʅʝʦʙʭʦʜʠʤʳ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʢʨʠʪʝʨʠʠ, ʥʘʨʷʜʫ ʩ ʤʦʨʬʦʣʦʛʠʝʡ ʘʣʤʘʟʦʚ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʜʦʩʪʦʚʝʨʥʦ ʨʘʟʛʨʘʥʠʯʠʪʴ ʦʨʝʦʣ. ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʤʠ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 
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ʛʝʥʝʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʷʚʣʷʶʪʩʷ ʟʘʢʣʶʯʝʥʥʳʝ ʚ ʘʣʤʘʟʘʭ ʚʢʣʶʯʝʥʠʷ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʩʨʝʜʫ ʦʙʨʘʟʦʚʘʥʠʷ ʘʣʤʘʟʦʚ. 

 

ʈʠʩ. 1.1.ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʣʝʡ ʗʢʫʪʩʢʦʡ ʧʨʦʚʠʥʮʠʠ [ʧʦ 

ʂʦʩʪʨʦʚʠʮʢʠʡ ʠ ʜʨ., 2015]: 

ʎʚʝʪ ʧʦʣʷ ʦʪʨʘʞʘʝʪ ʚʦʟʨʘʩʪ ʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ (ʤʣʥ. ʣʝʪ):ʟʝʣʝʥʳʡ-419-410, 

ʢʨʘʩʥʳʡ -380-347, ʩʚʝʪʣʦ-ʩʠʥʠʡ-231-164, ʛʦʣʫʙʦʡ -170-156. ʅʘʟʚʘʥʠʝ ʶʞʥʳʭ 

ʧʦʣʝʡ ʧʨʠʚʝʜʝʥʳ ʥʘ ʢʘʨʪʝ. ʅʘʟʚʘʥʠʷ ʩʝʚʝʨʥʳʭ ʧʦʣʝʡ:1-ʕʙʝʣʷʭʩʢʦʝ, 2- ʆʨʪʦ-

ʓʘʨʛʳʥʩʢʦʝ, 3- ʉʪʘʨʦʨʝʯʠʥʩʢʦʝ, 4- ɸʨ-rʄʘʩʪʘʭʩʢʦʝ, 5- ɼʶʢʝʥʩʢʦʝ, 6-ɺʝʨʭʥʝ-

ʢʫʦʥʘʤʩʢʦʝ, 7-ɹʠʨʠʛʠʥʜʠʥʩʢʦʝ, 8-ʂʫʨʘʥʘʭʩʢʦʝ, 9- ʃʫʯʘʢʘʥʩʢʦʝ, 10- ʋʩʪʴ-

ʉʠʣʠʛʠʨʩʢʦʝ, 11-ʉʝʚʝʨʥʵʡʩʢʦʝ, 12-ʏʦʤʫʨʜʘʭʩʢʦʝ, 13- ɿʘʧʘʜʥʦ-ʋʢʫʢʠʪʩʢʦʝ, 14-
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ɺʦʩʪʦʯʥʦ-ʋʢʫʢʠʪʩʢʦʝ, 15- ʆʛʦʥʝʨ-ʖʨʷʭʩʢʦʝ, 16- ʄʝʨʯʠʤʜʝʥʩʢʦʝ, 17- ʂʫʦʡʩʢʦʝ-

ʄʦʣʦʜʠʥʩʢʦʝ, 18-ʊʦʣʫʦʧʩʢʦʝ, 19- ʍʦʨʙʫʩʫʦʥʩʢʦʝ.  

 

ʈʠʩ. 1.2. ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʝʣ ʚ ɸʣʘʢʠʪ-ʄʘʨʭʠʥʩʢʦʤ ʧʦʣʝ [ʧʦ 

ʂʦʩʪʨʦʚʠʮʢʠʡ ʠ ʜʨ., 2015]:1-ʢʦʨʝʥʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, 2- ʢʠʤʙʝʨʣʠʪʦʚʳʝ ʪʨʫʙʢʠ, 

3- ʢʦʥʪʫʨ ʧʦʣʷ 

ɺ ɸʣʘʢʠʪ-ʄʘʨʭʠʥʩʢʦʤ ʢʠʤʙʝʨʣʠʪʦʚʦʤ ʧʦʣʝ ʦʙʥʘʨʫʞʝʥʦ ʙʦʣʝʝ 65 

ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʝʣ (ʈʠʩ. 1.2), ʛʨʫʧʧʠʨʫʶʱʠʭʩʷ, ʚ ʦʩʥʦʚʥʦʤ, ʚ ʢʫʩʪʳ ʪʨʫʙʦʢ 

ʣʠʥʝʡʥʦʡ ʉɺ ʦʨʠʝʥʪʠʨʦʚʢʠ [ʂʦʩʪʨʦʚʠʮʢʠʡ ʠ ʜʨ., 2015]. ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ 

ʢʠʤʙʝʨʣʠʪʦʚʳʝ ʪʨʫʙʢʠ ʷʚʣʷʶʪʩʷ ʘʣʤʘʟʦʥʦʩʥʳʤʠ, ʥʦ ʧʨʦʤʳʰʣʝʥʥʳʡ ʫʨʦʚʝʥʴ 

ʩʦʜʝʨʞʘʥʠʷ ʘʣʤʘʟʦʚ ʙʳʣ ʚʳʷʚʣʝʥ ʪʦʣʴʢʦ ʚ ʰʝʩʪʠ ʠʟ ʥʠʭ, ʘ ʠʤʝʥʥʦ, ʚ ʪʨʫʙʢʘʭ 

ɸʡʭʘʣ, ʖʙʠʣʝʡʥʘʷ, ʉʳʪʳʢʘʥʩʢʘʷ, ʂʦʤʩʦʤʦʣʴʩʢʘʷ, ɿʘʨʷ ʠ ʂʨʘʩʥʦʧʨʝʩʥʝʥʩʢʘʷ. 
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ʉʣʦʞʥʳʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ ʧʝʨʤʴ-ʪʨʠʘʩʦʚʦʛʦ ʪʨʘʧʧʦʚʦʛʦ 

ʚʫʣʢʘʥʠʟʤʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʧʦʣʷ ʚ ʚʠʜʝ ʩʠʣʣʦʚ, ʧʝʨʝʢʨʳʚʰʠʭ ʙʦʣʴʰʠʥʩʪʚʦ 

ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʝʣ ʩʨʝʜʥʝʧʘʣʝʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ, ʫʩʣʦʞʥʷʶʪ ʧʦʠʩʢʠ, ʧʦʵʪʦʤʫ 

ʥʝʦʙʭʦʜʠʤʳ ʥʦʚʳʝ ʤʝʪʦʜʳ ʨʘʟʚʝʜʢʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʩʘʤʦʛʦ 

ʘʣʤʘʟʘ. 

 

ʈʠʩ. 1.3. ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʝʣ ʚ ʅʘʢʳʥʩʢʦʤ ʧʦʣʝ [ʧʦ 

ʂʦʩʪʨʦʚʠʮʢʠʡ ʠ ʜʨ., 2015]:1-ʢʦʨʝʥʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, 2- ʢʠʤʙʝʨʣʠʪʦʚʳʝ ʪʨʫʙʢʠ, 

3-ʢʦʥʪʫʨ ʧʦʣʷ 

ʅʘʢʥrʩʢʦʝ ʧʦʣʝ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʧʨʝʜʝʣʘʭ ʖɺ ʩʢʣʦʥʘ ɸʥʘʙʘʨʩʢʦʡ ʘʥʪʝʢʣʠʟʳ 

ʚ ʟʦʥʝ ʝʸ ʩʦʯʣʝʥʝʥʠʷ ʩ ɺʠʣʶʡʩʢʦʡ ʩʠʥʝʢʣʠʟʦʡ. ʇʦʣʝ ʧʨʠʫʨʦʯʝʥʦ ʢ ɺʠʣʶʡʩʢʦ-

ʄʘʨʭʠʥʩʢʦʡ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʟʦʥʝ, ʚ ʶʞʥʦʡ ʯʘʩʪʠ ʢʦʪʦʨʦʡ ʣʦʢʘʣʠʟʦʚʘʥʦ 

ʄʠʨʥʠʥʩʢʦʝ ʠ ʧʨʦʛʥʦʟʠʨʫʶʪʩʷ ʜʨʫʛʠʝ ʧʦʣʷ ʢʠʤʙʝʨʣʠʪʦʚ [ʂʦʩʪʨʦʚʠʮʢʠʡ ʠ ʜʨ., 

2015]. ɺʥʫʪʨʠ ʩʪʨʫʢʪʫʨʳ ʅʘʢʳʥʩʢʦʛʦ ʧʦʣʷ ʧʨʦʩʣʝʞʝʥ ɼʠʘʛʦʥʘʣʴʥʳʡ ʨʘʟʣʦʤ, ʢ 

ʢʦʪʦʨʦʤʫ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦ ʧʨʠʫʨʦʯʝʥʳ ʚʩʝ ʚʳʷʚʣʝʥʥʳʝ ʢʠʤʙʝʨʣʠʪʦʚʳʝ ʪʝʣʘ. ɺ 
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ʧʨʝʜʝʣʘʭ ʅʘʢʳʥʩʢʦʛʦ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʧʦʣʷ ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ ʧʦʣʫʯʠʣʠ 

ʧʨʦʷʚʣʝʥʠʷ ʙʘʟʠʪʦʚʦʛʦ ʚʫʣʢʘʥʠʟʤʘ ʚ ʚʠʜʝ ʩʠʣʣʦʚ ʠ ʜʘʝʢ, ʩʣʦʞʝʥʥʳʝ ʛʘʙʙʨʦ-

ʜʦʣʝʨʠʪʘʤʠ. ʅʘʢʳʥʩʢʦʝ ʧʦʣʝ ʧʨʝʜʩʪʘʚʣʝʥʦ 4 ʢʠʤʙʝʨʣʠʪʦʚʳʤʠ ʪʝʣʘʤʠ (ʈʠʩ. 1.3) - 

ʪʨʫʙʢʠ ɹʦʪʫʦʙʠʥʩʢʘʷ ʠ ʅʶʨʙʠʥʩʢʘʷ, ʪʝʣʦ ʄʘʡʩʢʦʝ ʠ ʨʫʜʦʧʨʦʷʚʣʝʥʠʝ ʄʘʨʭʠʥʩʢʦʝ. 

ʇʝʨʚʳʝ ʪʨʠ ʧʝʨʝʚʝʜʝʥʳ ʚ ʨʘʟʨʷʜ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʨʫʜʦʧʨʦʷʚʣʝʥʠʝ ʄʘʨʭʠʥʩʢʦʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʫʙʚʝʨʪʠʢʘʣʴʥʫʶ ʜʘʡʢʫ. ʉʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʚʩʝ 

ʢʠʤʙʝʨʣʠʪʦʚʳʝ ʪʝʣʘ ʜʘʥʥʦʛʦ ʧʦʣʷ ʧʝʨʝʢʨʳʪʳ ʤʦʱʥʳʤ ʯʝʭʣʦʤ ʦʩʘʜʦʯʥʳʭ 

ʦʙʨʘʟʦʚʘʥʠʡ (60-80 ʤ), ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʣʦʞʥʷʝʪ ʧʦʠʩʢʠ ʥʦʚʳʭ ʢʠʤʙʝʨʣʠʪʦʚʳʭ 

ʪʨʫʙʦʢ.  

1.2. ʉʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʘʣʤʘʟʦʚ ʢʘʢ ʧʦʢʘʟʘʪʝʣʴ P-T 

ʫʩʣʦʚʠʡ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ɼʝʬʝʢʪʥʦ-ʧʨʠʤʝʩʥʳʡ ʩʦʩʪʘʚ ʠ ʨʘʟʥʦʦʙʨʘʟʠʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʬʦʨʤ ʘʣʤʘʟʦʚ 

ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʝʥ rʫʩʣʦʚʠʷʤʠ ʦʙʨʘʟʦʚʘʥʠʷ ʘʣʤʘʟʦʚ. ʆʙʱʝʧʨʠʥʷʪʳʤʠ 

ʬʦʨʤʘʤʠ ʘʣʤʘʟʘ ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ ʛʘʙʠʪʫʩʥʳʝ ʬʦʨʤʳ ʚ ʚʠʜʝ ʦʢʪʘʵʜʨʘ ʠ ʢʫʙʘ [ʆʨʣʦʚ, 

1984]. ʈʘʟʣʠʯʥʳʝ ʬʦʨʤʳ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʷʪ ʦʪ ʤʝʭʘʥʠʟʤʘ ʨʦʩʪʘ, ʩʦʩʪʘʚʘ 

ʩʨʝʜʳ [Zedgenizov et al., 2006; ɹʫʣʘʥʦʚʘ ʠ ʜʨ., 1993]. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʨʦʩʪ ʘʣʤʘʟʘ ʚ ʢʠʤʙʝʨʣʠʪʦʚʦʤ 

ʨʘʩʧʣʘʚʝ, ʷʚʣʷʶʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʜʘʚʣʝʥʠʝ ʠ ʩʦʩʪʘʚ ʩʨʝʜʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

[ʇʘʣʴʷʥʦʚ ʠ ʜʨ., 2015]. ʉʪʨʫʢʪʫʨʥʘʷ ʧʨʠʤʝʩʴ ʘʟʦʪʘ ʚ ʘʣʤʘʟʘʭ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʢʘʢ ʦʜʠʥ ʠʟ ʪʠʧʦʤʦʨʬʥʳʭ ʧʨʠʟʥʘʢʦʚ ʧʨʠ ʧʨʦʛʥʦʟʥʦ-ʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪʘʭ [ʍʘʯʘʪʨʷʥ, 

2013; ɹʦʛʫʰ, 2004] ʥʘʨʷʜʫ ʩ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʠʟʥʘʢʘʤʠ, ʚʢʣʶʯʝʥʠʷʤʠ ʚ 

ʘʣʤʘʟʘʭ ʠ ʠʟʦʪʦʧʥʳʤ ʩʦʩʪʘʚʦʤ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʩʦʜʝʨʞʘʥʠʝ ʘʟʦʪʘ ʠ ʝʛʦ ʘʛʨʝʛʘʮʠʷ ʚ 

ʘʣʤʘʟʘʭ ʥʝʩʫʪ ʚ ʩʝʙʝ ʛʝʥʝʪʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʫʩʣʦʚʠʷʭ ʦʙʨʘʟʦʚʘʥʠʷ ʘʣʤʘʟʘ, 

ʚʳʩʪʫʧʘʷ ʛʝʦʪʝʨʤʦʤʝʪʨʦʤ [Evans, Qi, 1982; Taylor et al., 1996]. 

ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʘʟʦʪʘ ʚ ʘʣʤʘʟʘʭ ʚ ʝʛʦ ʩʪʨʫʢʪʫʨʥʳʭ ʤʦʜʠʬʠʢʘʮʠʷʭ ï 

ʉ, ɸ ʠ ɺ ʩʨʝʜʩʪʚʘʤʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʚʳʩʪʫʧʘʝʪ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʜʥʠʤ ʠʟ 

ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʠ ʪʠʧʠʟʘʮʠʠ ʘʣʤʘʟʦʚ ʠʟ ʨʘʟʣʠʯʥʳʭ ʢʦʨʝʥʥʳʭ ʠ 

ʨʦʩʩʳʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʀʟʫʯʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʟʦʪʘ ʧʦ 

ʢʨʠʩʪʘʣʣʫ ʧʨʠ ʧʦʤʦʱʠ ʀʂ-ʌʫʨʴʝ ʤʠʢʨʦʩʢʦʧʠʠ ʪʘʢʞʝ ʦʯʝʥʴ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 
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ʚʢʫʧʝ ʩ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ ʭʠʤʠʯʝʩʢʦʛʦ ʤʠʢʨʦʘʥʘʣʠʟʘ ʜʣʷ ʤʦʜʝʣʴʥʳʭ ʧʦʩʪʨʦʝʥʠʡ 

ʫʩʣʦʚʠʡ ʛʝʥʝʟʠʩʘ ʧʨʠʨʦʜʥʳʭ ʘʣʤʘʟʦʚ. 

ʆʩʥʦʚʦʡ ʜʣʷ ʩʪʦʣʴ ʰʠʨʦʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʳʭ ʧʦ ʘʟʦʪʫ ʚ ʘʣʤʘʟʘʭ ʚ 

ʛʝʦʣʦʛʠʠ ʤʦʛʫʪ ʙʳʪʴ ʜʚʘ ʧʦʣʦʞʝʥʠʷ: 

- ʢʦʣʠʯʝʩʪʚʦ ʘʟʦʪʘ ʚ ʘʣʤʘʟʝ ʟʘʚʠʩʠʪ ʦʪ ʈ-ʊ ʫʩʣʦʚʠʡ ʝʛʦ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ 

ʩʦʩʪʘʚʘ ʤʘʪʝʨʠʥʩʢʦʡ ʩʨʝʜʳ; 

- ʩʪʝʧʝʥʴ ʘʛʨʝʛʘʮʠʠ ʘʟʦʪʘ ʠʟ ʬʦʨʤʳ ʉ ʚ ʬʦʨʤʫ ɸ ʠ ʠʟ ʬʦʨʤʳ ɸ ʚ ʬʦʨʤʫ ɺ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʚʨʝʤʝʥʥʦʡ ʠʩʪʦʨʠʝʡ ʧʨʝʙʳʚʘʥʠʷ ʢʨʠʩʪʘʣʣʘ ʚ ʤʘʥʪʠʠ 

ʜʦ ʝʛʦ ʚʳʙʨʦʩʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʯʠʪʘʶʪʩʷ ʫʩʪʦʷʚʰʠʤʠʩʷ ʩʣʝʜʫʶʱʠʝ ʩʪʨʫʢʪʫʨʥʳʝ 

ʤʦʜʝʣʠ ʘʟʦʪʥʳʭ ʮʝʥʪʨʦʚ: ʉ ï ʦʜʠʥʦʯʥʳʝ ʘʪʦʤʳ ʘʟʦʪʘ ʚ ʟʘʤʝʱʘʶʱʝʤ ʧʦʣʦʞʝʥʠʠ, 

ɸ ï ʧʘʨʘ ʘʟʦʪʥʳʭ ʘʪʦʤʦʚ ʚ ʧʦʣʦʞʝʥʠʠ ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡ ʠ ɺ ï ʯʝʪʳʨʝ ʘʪʦʤʘ 

ʘʟʦʪʘ, ʦʢʨʫʞʘʶʱʠʭ ʚʘʢʘʥʩʠʶ [Davies, 1976; Evans, 1992]. ʊʘʢʞʝ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ 

ʫʩʪʘʥʦʚʣʝʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʚʷʟʠ ʤʝʞʜʫ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʘʟʦʪʘ ʚ ʬʦʨʤʝ ʉ, ɸ ʠ ɺ ʠ 

ʘʤʧʣʠʪʫʜʘʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʤ ʢʨʠʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʘ ʀʂ-ʧʦʛʣʦʱʝʥʠʷ ʚ 

ʦʜʥʦʬʦʥʦʥʥʦʡ ʦʙʣʘʩʪʠ [Boyd et al., 1995; Bursill et al., 1985]. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ ʠ ʥʘʜʝʞʥʦ ʦʧʨʝʜʝʣʷʪʴ ʤʝʪʦʜʦʤ ʀʂ-ʌʫʨʴʝ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʟʦʪʘ ʚ ʢʨʠʩʪʘʣʣʝ ʚ ʪʨʝʭ ʝʛʦ ʦʩʥʦʚʥʳʭ ʬʦʨʤʘʭ ʚ ʜʠʘʧʘʟʦʥʝ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʪ ~ 20 ʜʦ 3000 at. ppm. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʘʛʨʝʛʘʮʠʠ ʘʟʦʪʥʳʭ ʮʝʥʪʨʦʚ ʉ+ʉŸɸ 

ʠ ɸ+ɸŸɺ, ʦʩʫʱʝʩʪʚʣʝʥʥʦʝ ʥʘ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʠ ʧʨʠʨʦʜʥʳʭ ʘʣʤʘʟʘʭ [Chrenko et al., 

1977; Evans, Qi, 1982], ʧʦʟʚʦʣʠʣʦ ʫʩʪʘʥʦʚʠʪʴ ʤʦʜʝʣʴ ʠ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʢʠʥʝʪʠʢʠ ʘʛʨʝʛʘʮʠʠ ʘʟʦʪʘ ʚ ʘʣʤʘʟʝ. ɸʛʨʝʛʘʮʠʷ ʉ ʮʝʥʪʨʦʚ ʚ ʬʦʨʤʫ ɸ ʭʦʨʦʰʦ 

ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ʢʠʥʝʪʠʢʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʩ ʢʦʥʩʪʘʥʪʦʡ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ 

ʘʛʨʝʛʘʮʠʠ K. 

    2

C
C NK

dt

dN
³-=    (1) 

ɿʜʝʩʴ NC ï ʪʝʢʫʱʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʉ-ʮʝʥʪʨʦʚ ʚ ʧʨʦʮʝʩʩʝ ʘʛʨʝʛʘʮʠʠ, ʘ K ï 

ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʘʛʨʝʛʘʮʠʠ, ʢʦʪʦʨʘʷ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʧʨʝʜʝʣʷʝʪʩʷ 
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ʵʥʝʨʛʠʝʡ ʘʢʪʠʚʘʮʠʠ ʮʝʥʪʨʦʚ ɽʘ ʠ ʘʙʩʦʣʶʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʊ, ʧʨʠ ʢʦʪʦʨʦʡ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ. 

Tk

E

r
B

a

eAK
-

=     (2) 

ɿʜʝʩʴ kB ï ʧʦʩʪʦʷʥʥʘʷ ɹʦʣʴʮʤʘʥʘ, ʘ Ar ï ʧʦʩʪʦʷʥʥʘʷ ɸʨʨʝʥʠʫʩʘ. ɿʥʘʯʝʥʠʷ 

ʢʦʥʩʪʘʥʪ Ar ʠ Ea ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦ-ʚʳʩʦʢʦʙʘʨʠʯʝʩʢʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʘʛʨʝʛʘʮʠʠ ʮʝʥʪʨʦʚ 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʨʦʮʝʩʩʘ. ʀʥʪʝʛʨʠʨʦʚʘʥʠʝ ʫʨʘʚʥʝʥʠʷ (1) ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʠʪʴ ʩʚʷʟʴ ʤʝʞʜʫ ʥʘʯʘʣʴʥʦʡ N0 ʠ ʢʦʥʝʯʥʦʡ Nt ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʘʛʨʝʛʠʨʫʶʱʠʭ 

ʮʝʥʪʨʦʚ ʠ ʧʨʦʠʟʚʝʜʝʥʠʝʤ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ K ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 

ʧʨʦʮʝʩʩʘ ʘʛʨʝʛʘʮʠʠ t ʜʣʷ ʢʠʥʝʪʠʢʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ. 

                   
0

11

NN
Kt

t

-=         (3) 

ɼʘʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʠʟ ʜʘʥʥʳʭ ʦ ʩʦʜʝʨʞʘʥʠʠ ʘʟʦʪʘ ʚ ʢʨʠʩʪʘʣʣʝ 

ʘʣʤʘʟʘ ʚʳʯʠʩʣʠʪʴ ʦʙʦʙʱʝʥʥʳʡ ʧʘʨʘʤʝʪʨ Kt, ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ ʪʝʤʧʝʨʘʪʫʨʫ ʠ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʘʛʨʝʛʘʮʠʠ ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ 

ʪʝʤʧʝʨʘʪʫʨʥʦ-ʚʨʝʤʝʥʥʳʭ ʧʦʩʪʨʦʝʥʠʡ ʜʣʷ ʚʝʨʦʷʪʥʳʭ ʩʮʝʥʘʨʠʝʚ ʛʝʥʝʟʠʩʘ 

ʧʨʠʨʦʜʥʳʭ ʘʣʤʘʟʦʚ.  

ʅʘ ʦʩʥʦʚʝ ʩʦʦʪʥʦʰʝʥʠʡ (2) ʠ (3) ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʜʚʫʤʝʨʥʘʷ ʜʠʘʛʨʘʤʤʘ ʚ 

ʦʩʷʭ ï ʦʙʱʠʡ ʘʟʦʪ, (ɸ+ɺ); ʩʪʝʧʝʥʴ ʘʛʨʝʛʘʮʠʠ ʚ ɺ-ʬʦʨʤʝ, (ɺ/(ɸ+ɺ)) ʩ ʥʘʥʝʩʝʥʥʳʤʠ 

ʠʟʦʣʠʥʠʷʤʠ ʨʘʟʣʠʯʥʳʭ ʧʦʩʪʦʷʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ [Taylor et al., 1995]. 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʘʛʨʝʛʘʮʠʠ t ʧʨʠʥʠʤʘʣʘʩʴ ʧʦʩʪʦʷʥʥʦʡ ʜʣʷ ʜʘʥʥʦʡ 

ʜʠʘʛʨʘʤʤʳ ʠ ʨʘʚʥʦʡ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʦʪʨʝʟʢʫ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʚʨʝʤʝʥʠ (ʦʪ ʩʦʪʝʥ Ma 

ʜʦ ʝʜʠʥʠʮ Ga). ʅʘʥʝʩʝʥʠʝ ʧʘʨ ʟʥʘʯʝʥʠʡ (ʦʙʱʠʡ ʘʟʦʪ, ʘʛʨʝʛʘʮʠʷ) ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ ʠʟ 

ʚʳʙʦʨʢʠ ʢʦʥʢʨʝʪʥʦʛʦ ʘʣʤʘʟʦʥʦʩʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʯʘʩʪʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʜʦʩʪʘʪʦʯʥʦ 

ʢʦʤʧʘʢʪʥʫʶ ʣʦʢʘʣʠʟʘʮʠʶ ʪʦʯʝʢ ʥʘ ʜʠʘʛʨʘʤʤʝ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʧʨʝʜʝʣʝʥʥʫʶ 

ʩʚʷʟʴ ʧʘʨʘʤʝʪʨʘ ʘʛʨʝʛʘʮʠʠ Kt ʩ ʫʩʣʦʚʠʷʤʠ ʛʝʥʝʟʠʩʘ ʘʣʤʘʟʦʚ.  

ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ 

ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʘʛʨʝʛʘʮʠʠ C-ʮʝʥʪʨʦʚ ʚ ɸ-ʬʦʨʤʫ, ʦʩʫʱʝʩʪʚʣʝʥʥʳʭ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʘʣʤʘʟʘʭ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, 
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ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʜʣʷ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ ʘʛʨʝʛʘʮʠʠ ʥʘʭʦʜʠʪʩʷ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ ʜʠʘʧʘʟʦʥʝ (4õ5,5) eV. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʨʝʘʢʮʠʠ ʘʛʨʝʛʘʮʠʠ ɸ+ɸŸ ʦʢʘʟʘʣʦʩʴ 

ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʩʣʦʞʥʳʤ, ʧʦʩʢʦʣʴʢʫ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʜʘʥʥʦʡ 

ʨʝʘʢʮʠʠ ʪʨʝʙʫʶʪʩʷ ʦʯʝʥʴ ʚʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʚ ʩʠʣʫ ʙʦʣʴʰʝʛʦ ʟʥʘʯʝʥʠʷ 

ʚʝʣʠʯʠʥʳ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ, ʧʨʠʚʦʜʷʱʝʛʦ ʢ ʨʝʟʢʦʤʫ ʫʤʝʥʴʰʝʥʠʶ ʚʝʣʠʯʠʥʳ 

ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʘʛʨʝʛʘʮʠʠ (ʬʦʨʤʫʣʘ (2)). ʇʦʣʫʯʝʥʥʳʝ ʚ [Evans, Qi, 

1982] ʦʮʝʥʦʯʥʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʧʨʦʮʝʩʩʘ ʘʛʨʝʛʘʮʠʠ ɸ-ʮʝʥʪʨʦʚ 

ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ (6,5õ7,5)eV. ɺ ʨʘʙʦʪʝ [Mendelssohn et al., 1995] ʠʟʤʝʨʝʥʦ 

ʟʥʘʯʝʥʠʝ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʜʣʷ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ, ʨʘʚʥʦʝ 7 eV. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʝʘʢʮʠʠ ʘʛʨʝʛʘʮʠʠ ɸ+ɸŸɺ, ʜʣʷ ʦʧʠʩʘʥʠʷ ʝʝ ʢʠʥʝʪʠʢʠ ʙʳʣʠ 

ʦʧʨʦʙʦʚʘʥʳ ʤʦʜʝʣʠ, ʛʜʝ ʧʦʨʷʜʦʢ ʨʝʘʢʮʠʠ ʚ ʫʨʘʚʥʝʥʠʠ (1) ʤʝʥʴʰʝ ʜʚʫʭ (ʉʪʝʧʘʥʦʚ 

ʠ ʜʨ., 2007).  

1.3. ʉʦʚʨʝʤʝʥʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʨʦʮʝʩʩʘ ʧʨʠʨʦʜʥʦʛʦ 

ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʷ 

ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʢʘʢ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʜʨʫʛʠʭ ʤʝʪʦʜʦʚ ʧʦʠʩʢʘ 

ʘʣʤʘʟʦʥʦʩʥʳʭ ʧʦʨʦʜ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʨʝʰʝʥʠʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ 

ʚʘʞʥʦʛʦ ʚʦʧʨʦʩʘ ʚ ʘʣʤʘʟʦʧʦʠʩʢʦʚʦʡ ʛʝʦʣʦʛʠʠ ï ʤʝʩʪʘ, ʬʘʢʪʦʨʦʚ ʠ ʫʩʣʦʚʠʡ 

ʦʙʨʘʟʦʚʘʥʠʷ ʵʪʦʛʦ ʤʠʥʝʨʘʣʘ. ʉʝʛʦʜʥʷ ʵʪʦ ʩʪʨʘʪʝʛʠʯʝʩʢʦʝ ʥʘʧʨʘʚʣʝʥʠʝ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʤʝʪʦʜʘ ʧʦʠʩʢʦʚ ʘʣʤʘʟʦʥʦʩʥʳʭ ʦʙʲʝʢʪʦʚ, ʙʝʟ ʢʦʪʦʨʦʛʦ ʪʨʫʜʥʦ 

ʧʦʥʷʪʴ ʩ ʢʘʢʠʤʠ ʤʠʥʝʨʘʣʘʤʠ ʛʝʥʝʪʠʯʝʩʢʠ ʩʚʷʟʘʥʳ ʘʣʤʘʟʳ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʪʦʡ ʠʣʠ ʠʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ï ʪ.ʝ. ʢʘʢʠʝ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʩʣʫʯʘʝ 

ʷʚʣʷʶʪʩʷ ʠʭ çʩʧʫʪʥʠʢʘʤʠè, ʦʮʝʥʠʪʴ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʘʣʤʘʟʦʥʦʩʥʦʩʪʴ ʢʦʨʝʥʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʤʝʩʪʦʨʘʩʧʦʣʦʞʝʥʠʝ ʦʙʲʝʢʪʦʚ ʩ ʠʩʢʦʤʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʢʨʠʩʪʘʣʣʦʚ, ʨʝʰʠʪʴ ʨʷʜ ʜʨʫʛʠʭ ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ ʧʦʠʩʢʦʚʦʡ ʛʝʦʣʦʛʠʠ.  

ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʘʣʤʘʟʦʚ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ 

ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠʭ ʚʢʣʶʯʝʥʠʡ ʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠʭ 

ʤʘʪʝʨʠʥʩʢʠʭ ʧʦʨʦʜ ʷʚʣʷʶʪʩʷ ʦʙʲʝʢʪʠʚʥʳʤ, ʦʙʰʠʨʥʳʤ ʠ ʚʘʞʥʝʡʰʠʤ ʠʩʪʦʯʥʠʢʦʤ 

ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʨʘʩʰʠʬʨʦʚʢʠ ʫʩʣʦʚʠʡ ʠ ʤʘʥʪʠʡʥʦʛʦ ʫʨʦʚʥʷ ʦʙʨʘʟʦʚʘʥʠʷ ʘʣʤʘʟʦʚ. 
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ʈʘʟʚʠʪʠʝ ʘʧʧʘʨʘʪʫʨʥʦʡ ʙʘʟʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʣʤʘʟʦʚ, ʤʘʥʪʠʡʥʳʭ ʤʠʥʝʨʘʣʦʚ ʠ 

ʢʠʤʙʝʨʣʠʪʦʚ ʧʦʟʚʦʣʠʣʦ ʛʝʦʣʦʛʘʤ ʥʘʰʝʡ ʩʪʨʘʥʳ ʠ ʟʘ ʨʫʙʝʞʦʤ ʧʦʣʫʯʠʪʴ ʟʘ 

ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʥʦʚʳʭ ʜʘʥʥʳʭ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʦʜʚʠʥʫʪʴʩʷ 

ʚ ʨʝʰʝʥʠʠ ʵʪʦʡ ʟʘʜʘʯʠ. 

ʉ ʤʦʤʝʥʪʘ ʦʪʢʨʳʪʠʷ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʝʣ ʥʘ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʝ ʠ ʧʦ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʦʚʦʜʷʪʩʷ ʜʝʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʣʤʘʟʦʚ ʠ ʢʠʤʙʝʨʣʠʪʦʚ 

ʚʠʟʫʘʣʴʥʦ ʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʤʝʶʱʝʡʩʷ ʘʧʧʘʨʘʪʫʨʳ, ʥʘ ʦʩʥʦʚʝ ʯʝʛʦ ʙʳʣʦ 

ʧʨʝʜʧʦʣʦʞʝʥʦ ʙʦʣʴʰʦʝ ʤʥʦʞʝʩʪʚʦ ʛʠʧʦʪʝʟ ʦʙ ʫʩʣʦʚʠʷʭ ʘʣʤʘʟʦ- ʠ 

ʢʠʤʙʝʨʣʠʪʦʦʙʨʘʟʦʚʘʥʠʷ. ɺ ʜʘʥʥʦʡ ʧʦʜʛʣʘʚʝ ʧʨʠʚʝʜʝʥʳ ʣʠʪʝʨʘʪʫʨʥʳʝ, ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʣʠ ʪʝʦʨʝʪʠʯʝʩʢʠ ʜʦʢʘʟʘʥʥʳʝ ʠ ʭʦʨʦʰʦ 

ʩʦʛʣʘʩʫʶʱʠʝʩʷ ʩ ʧʦʣʫʯʝʥʥʳʤʠ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʘʣʤʘʟʦʚ ʚ ʨʘʤʢʘʭ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʜʘʥʥʳʝ ʧʦ ʵʪʠʤ ʚʦʧʨʦʩʘʤ, ʧʨʠʥʷʪʳʤʠ ʟʘ 

ʦʩʥʦʚʫ. 

ʆʙʟʦʨ ʛʝʦʣʦʛʦ-ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʧʦʣʦʞʝʥʠʷ ʢʠʤʙʝʨʣʠʪʦʚ ʠ ʣʘʤʧʨʦʠʪʦʚ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʦʥʠ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʧʨʠʫʨʦʯʝʥʳ ʢ 

ʩʪʘʙʠʣʴʥʳʤ ʫʯʘʩʪʢʘʤ ʧʣʘʪʬʦʨʤ ʠʣʠ ʱʠʪʦʚ [ɹʦʙʨʠʝʚʠʯ ʠ ʜʨ., 1959; Dawson 1980].  

ʇʦʩʣʝʜʥʠʝ ʧʫʙʣʠʢʘʮʠʠ ʧʦ ʧʝʪʨʦʣʦʛʠʠ ʢʠʤʙʝʨʣʠʪʦʚ ʠ ʣʘʤʧʨʦʠʪʦʚ ʫʢʘʟʳʚʘʶʪ 

ʥʘ ʪʦ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʘʣʤʘʟʦʥʦʩʥʳʭ ʤʘʛʤ ʣʝʞʠʪ ʥʘ ʛʣʫʙʠʥʘʭ ʣʠʪʦʩʬʝʨʥʦʡ 

ʤʘʥʪʠʠ. ʀʟʫʯʝʥʠʝ ʘʣʤʘʟʦʥʦʩʥʳʭ ʢʩʝʥʦʣʠʪʦʚ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ 

ʛʝʥʝʟʠʩʫ ʧʦʟʚʦʣʠʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʛʠʧʦʪʝʟ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʢʠʤʙʝʨʣʠʪʦʚ. ɹʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʧʦʩʪʫʣʠʨʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʚʝʱʝʩʪʚʦ ʧʝʨʝʥʦʩʠʪʩʷ 

ʟʘ ʩʯʝʪ ʩʤʝʩʠ ʛʘʟʘ ʠ ʬʣʶʠʜʦʚ ʩ ʛʣʫʙʠʥʳ ʤʘʥʪʠʡʥʦʛʦ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʦʯʘʛʘ.  

ɻʝʥʝʪʠʯʝʩʢʠʡ ʠʩʪʦʯʥʠʢ ʘʣʤʘʟʦʚ ʣʝʞʠʪ ʥʘ ʛʣʫʙʠʥʝ 150-350 ʢʤ, ʛʜʝ 

ʥʘʠʙʦʣʴʰʝʝ ʧʦʣʝ ʝʛʦ ʩʪʘʙʠʣʴʥʦʩʪʠ (ʜʘʚʣʝʥʠʝ 4-7 ɻʇʘ ʠ ʪʝʤʧʝʨʘʪʫʨʘ 900-1400Áʉ, 

ʵʪʦ ʧʦʜʪʚʝʨʞʜʘʶʪ ʜʘʥʥʳʝ ʧʦ ʠʟʦʪʦʧʠʠ ʫʛʣʝʨʦʜʘ, ʩʦʩʪʘʚ ʚʢʣʶʯʝʥʠʡ ʚ ʘʣʤʘʟʘʭ, ʘ 

ʪʘʢʞʝ ʩʚʝʜʝʥʠʷ ʧʦ ʘʣʤʘʟʦʥʦʩʥʳʤ ʢʩʝʥʦʣʠʪʘʤ [ʉʦʙʦʣʝʚ, 1960; ʉʦʙʦʣʝʚ, 1974; 

Meyer, 1987]. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʪʠʨʦʚʘʥʠʝ ʙʦʣʴʰʠʥʩʪʚʘ ʘʣʤʘʟʦʚ ʧʦʢʘʟʘʣʦ, 

ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʘʣʤʘʟʦʚ ʧʨʦʠʩʭʦʜʠʣʦ ʥʘʤʥʦʛʦ ʨʘʥʴʰʝ ʠʭ ʟʘʭʚʘʪʘ ʢʠʤʙʝʨʣʠʪʦʚʦʡ 

ʤʘʛʤʦʡ [Gurney et al., 1989; Meyer, 1985; Navon, 1999, Ringwood, 1990; Spetsius, 

1995].  
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʩʝʥʦʛʝʥʥʘʷ ʧʨʠʨʦʜʘ ʘʣʤʘʟʦʚ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ 

ʜʦʢʘʟʘʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʠ ʠʟʫʯʝʥʠʝʤ ʚʝʱʝʩʪʚʘ [ɽʬʠʤʦʚʘ ʠ ʜʨ., 

1977; ʈʦʟʝʥ ʠ ʜʨ., 2002; Ireland et al., 1994], ʘʣʤʘʟʳ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʤʘʥʪʠʡʥʳʭ 

ʧʦʨʦʜʘʭ, ʘ ʣʘʤʧʨʦʠʪʳ ʠ ʢʠʤʙʝʨʣʠʪʳ ʚʳʩʪʫʧʘʶʪ ʪʦʣʴʢʦ ʠʭ ʪʨʘʥʩʧʦʨʪʝʨʦʤ. 

ʀʟʫʯʝʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʘʣʤʘʟʘʭ ʠ ʘʣʤʘʟʦʥʦʩʥʳʭ ʢʩʝʥʦʣʠʪʦʚ ʚ 

ʢʠʤʙʝʨʣʠʪʘʭ ʠ ʣʘʤʧʨʦʠʪʘʭ ʫʢʘʟʳʚʘʝʪ ʥʘ ʜʚʝ ʛʣʘʚʥʳʝ ʩʨʝʜʳ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʢʨʠʩʪʘʣʣʦʚ ï ʧʝʨʠʜʦʪʠʪʦʚʫʶ ʠ ʵʢʣʦʛʠʪʦʚʫʶ, ʥʦ ʘʣʤʘʟʳ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʦʙʰʠʨʥʦʤ 

ʩʧʝʢʪʨʝ ʤʘʥʪʠʡʥʳʭ ʧʦʨʦʜ [ʉʦʙʦʣʝʚ, 1974; Anand et al., 2004; ɽʬʠʤʦʚʘ ʠ ʜʨ., 1977]. 

ɸʣʤʘʟʦʥʦʩʥʳʝ ʢʩʝʥʦʣʠʪʳ ʰʠʨʦʢʦ ʚʘʨʴʠʨʫʶʪ ʧʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤʫ ʩʦʦʪʥʦʰʝʥʠʶ 

ʠʭ ʦʩʥʦʚʥʳʭ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʤʠʥʝʨʘʣʦʚ ï ʛʨʘʥʘʪʘ ʠ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ ʜʣʷ 

ʵʢʣʦʛʠʪʘ, ʛʨʘʥʘʪʘ ʠ ʦʣʠʚʠʥʘ ʜʣʷ ʧʝʨʠʜʦʪʠʪʦʚ ʠ ʪ. ʜ., ʘ ʪʘʢʞʝ ʧʦ ʭʠʤʠʟʤʫ ʧʦʨʦʜ ʠ 

ʤʠʥʝʨʘʣʦʚ [ʉʧʝʮʠʫʩ ʠ ʜʨ., 1990].  

ʐʠʨʦʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʠ ʧʝʩʪʨʦʪʘ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʛʣʫʙʠʥʥʳʭ 

ʘʣʤʘʟʦʥʦʩʥʳʭ ʢʩʝʥʦʣʠʪʦʚ ʚ ʢʠʤʙʝʨʣʠʪʘʭ ʜʘʞʝ ʦʜʥʦʛʦ ʢʦʨʝʥʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʫʢʘʟʳʚʘʶʪ ʥʘ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ ʧʦ ʚʝʨʪʠʢʘʣʠ [ʉʦʙʦʣʝʚ ʠ ʜʨ., 1974, 

1984; Ringwood, 1990]. ʈʘʟʜʝʣʝʥʠʝ ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ, ʵʢʣʦʛʠʪʦʚʦʡ ʠ ʧʠʨʦʢʩʝʥʠʪʦʚʦʡ 

ʩʨʝʜ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ ʧʦ ʈʊ ʧʘʨʘʤʝʪʨʘʤ ʠ ʛʣʫʙʠʥʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʘʟʥʦʦʙʨʘʟʠʠ 

ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʛʣʫʙʠʥ ʦʙʨʘʟʦʚʘʥʠʷ ʤʘʥʪʠʡʥʳʭ ʘʣʤʘʟʦʚ. ɺʦʧʨʦʩ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʤʘʥʪʠʠ ʧʦ ʣʘʪʝʨʘʣʠ ʨʘʟʨʘʙʦʪʘʥ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ [ʍʘʨʴʢʠʚ ʠ 

ʜʨ., 1985], ʥʦ ʨʘʟʣʠʯʠʷ ʚ ʝʝ ʩʦʩʪʘʚʝ ʬʠʢʩʠʨʫʶʪʩʷ ʢʘʢ ʧʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʠ 

ʩʦʦʪʥʦʰʝʥʠʶ ʢʩʝʥʦʣʠʪʦʚ ʤʘʥʪʠʡʥʳʭ ʧʦʨʦʜ ʚ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʨʫʙʢʘʭ ʠʟ 

ʨʘʟʣʠʯʥʳʭ ʩʝʛʤʝʥʪʦʚ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ, ʪʘʢ ʠ ʧʦ ʛʝʦʭʠʤʠʠ ʢʠʤʙʝʨʣʠʪʦʚʳʭ 

ʧʦʨʦʜ ʨʘʟʣʠʯʥʳʭ ʧʦʣʝʡ. 

ɺʥʫʪʨʝʥʥʝʝ ʩʪʨʦʝʥʠʝ ʘʣʤʘʟʦʚ ʯʨʝʟʚʳʯʘʡʥʦ ʨʘʟʥʦʦʙʨʘʟʥʦ ʠ ʟʘʯʘʩʪʫʶ 

ʥʝʦʜʥʦʨʦʜʥʦ [ʆʨʣʦʚ, 1984; ɹʝʩʢʨʦʚʘʥʦʚ, 2000; Boyd et al., 1987]. ʉʚʦʝʦʙʨʘʟʥʳʤ 

ʢʣʶʯʦʤ ʢ ʨʝʰʝʥʠʶ ʚʦʧʨʦʩʦʚ ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʜʝʬʝʢʪʥʦ-ʧʨʠʤʝʩʥʳʡ 

ʩʦʩʪʘʚ ʘʣʤʘʟʦʚ, ʪ.ʢ. ʥʘʣʠʯʠʝ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʠ ʠʟʤʝʥʯʠʚʦʩʪʴ 

ʩʪʨʫʢʪʫʨʥʳʭ ʜʝʬʝʢʪʦʚ ʘʣʤʘʟʦʚ ï ʢʦʤʧʣʝʢʩ ʚʘʞʥʝʡʰʠʭ, ʦʙʲʝʢʪʠʚʥʳʭ ʭʨʦʥʦʨʝʧʝʨʦʚ 

ʠʭ ʠʩʪʦʨʠʠ. ʇʨʠ ʵʪʦʤ ʥʘʜʝʞʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʠʥʬʦʨʤʘʮʠʠ ʷʚʣʷʶʪʩʷ ʘʣʤʘʟʳ ʩ 

ʚʩʢʨʳʪʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ ʠ ʠʟ ʘʣʤʘʟʦʥʦʩʥʳʭ ʤʘʥʪʠʡʥʳʭ ʢʩʝʥʦʣʠʪʦʚ, ʪʘʢ ʢʘʢ 
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ʪʦʣʴʢʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʤʳ ʠʤʝʝʤ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʤʘʥʪʠʡʥʦʤ ʫʨʦʚʥʝ ʨʦʩʪʘ ʜʘʥʥʳʭ 

ʠʥʜʠʚʠʜʦʚ ʠ ʥʝʢʦʪʦʨʳʭ PT-ʧʘʨʘʤʝʪʨʘʭ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʘʣʤʘʟʥʳʭ 

ʧʣʘʩʪʠʥʦʢ ʩ ʠʟʚʝʩʪʥʳʤ ʧʘʨʘʛʝʥʝʟʠʩʦʤ ʘʣʤʘʟʦʚ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʫʩʪʘʥʦʚʠʪʴ PT-

ʧʘʨʘʤʝʪʨʳ ʠ ʚʦʟʨʘʩʪ ʦʙʨʘʟʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ, ʥʦ ʠ ʚʳʷʚʠʪʴ ʜʠʥʘʤʠʢʫ ʠ 

ʜʠʩʢʨʝʪʥʦʩʪʴ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ, ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ 

ʠ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʧʨʝʜʝʣʘʭ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʨʦʚʠʥʮʠʡ ʠ ʦʪʜʝʣʴʥʳʭ 

ʧʣʘʪʬʦʨʤ, ʘ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʠ ʵʚʦʣʶʮʠʠ ʧʣʘʪʬʦʨʤ ʠ ʢʨʘʪʦʥʦʚ ʨʘʟʣʠʯʥʳʭ 

ʢʦʥʪʠʥʝʥʪʦʚ. 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʤʠ ʠ ʬʠʟʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʘʣʤʘʟʦʚ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ ʗʢʫʪʠʠ 

ʧʝʨʠʜʦʪʠʪʦʚʦʛʦ ʠ ʵʢʣʦʛʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ. ʇʨʠ ʵʪʦʤ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʠʟʫʯʘʣʠʩʴ 

ʘʣʤʘʟʳ ʧʝʨʠʜʦʪʠʪʦʚʦʛʦ ʠ ʵʢʣʦʛʠʪʦʚʦʛʦ ʧʘʨʘʛʝʥʝʟʠʩʘ ʠʟ ʨʘʟʣʠʯʥʳʭ ʘʣʤʘʟʦʥʦʩʥʳʭ 

ʨʘʡʦʥʦʚ, ʧʦʣʝʡ, ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʨʫʙʦʢ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ. ʇʦ ʧʦʣʫʯʝʥʥʳʤ 

ʩʦʚʦʢʫʧʥʳʤ ʜʘʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʧʨʠʤʝʩʥʦʛʦ ʘʟʦʪʘ ʠ ʩʪʝʧʝʥʠ ʝʛʦ 

ʘʛʨʝʛʘʮʠʠ ʚ ʘʣʤʘʟʘʭ ʩ ʠʟʚʝʩʪʥʳʤ ʧʘʨʘʛʝʥʝʟʠʩʦʤ ʧʨʦʠʟʚʝʜʝʥʘ ʧʦʧʳʪʢʘ 

ʚʦʩʩʪʘʥʦʚʠʪʴ ʫʩʣʦʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʘʣʤʘʟʦʚ ʨʘʟʣʠʯʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʉʠʙʠʨʩʢʦʡ 

ʧʣʘʪʬʦʨʤʳ.  

1.4. ɺʢʣʶʯʝʥʠʷ ʚ ʘʣʤʘʟʘʭ ʢʘʢ ʧʦʢʘʟʘʪʝʣʴ ʩʨʝʜʳ ʠʭ 

ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʉʦʩʪʘʚ ʩʠʥʛʝʥʝʪʠʯʝʩʢʠʭ ʤʠʥʝʨʘʣʴʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʘʣʤʘʟʘʭ ʚʦ ʤʥʦʛʦʤ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʭʠʤʠʯʝʩʢʫʶ ʩʨʝʜʫ, ʚ ʢʦʪʦʨʦʡ ʬʦʨʤʠʨʦʚʘʣʩʷ ʘʣʤʘʟ. ʀʟʫʯʝʥʠʶ 

ʚʢʣʶʯʝʥʠʡ ʚ ʘʣʤʘʟʘʭ ʧʦʩʚʷʱʝʥ ʨʷʜ ʧʫʙʣʠʢʘʮʠʡ ʦ ʛʝʥʝʟʠʩʝ ʘʣʤʘʟʘ [Meyer, 1987; 

Harris et al., 1979; ʃʦʛʚʠʥʦʚʘ ʠ ʜʨ., 2011; ʉʦʙʦʣʝʚ ʠ ʜʨ. 2001; Anand et al., 2004]. 

ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʘʣʤʘʟʦʚ ʩʚʦʜʷʪʩʷ ʢ ʜʚʫʤ ʦʩʥʦʚʥʳʤ 

ʩʨʝʜʘʤ: ʧʝʨʠʜʦʪʠʪʦʚʦʡ ʠ ʵʢʣʦʛʠʪʦʚʦʡ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 

ʛʣʫʙʠʥʥʳʭ ʢʩʝʥʦʣʠʪʦʚ [ʉʧʝʮʠʫʩ ʠ ʜʨ., 1990] ʫʩʪʘʥʦʚʣʝʥʘ ʢʘʢ ʰʠʨʦʢʘʷ ʚʘʨʠʘʮʠʷ 

ʠʥʜʠʢʘʪʦʨʥʳʭ ʤʠʥʝʨʘʣʦʚ ʢʠʤʙʝʨʣʠʪʘ ʧʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʛʨʘʥʘʪʘ, 

ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ, ʦʣʠʚʠʥʘ ʠ ʜʨʫʛʠʭ ʤʠʥʝʨʘʣʦʚ, ʪʘʢ ʠ ʧʦ ʠʭ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ 

ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʦʙʨʘʟʮʦʚ. ʂ ʦʩʥʦʚʥʳʤ ʤʠʥʝʨʘʣʘʤ ʧʝʨʠʜʦʪʠʪʦʚʦʛʦ ʧʘʨʘʛʝʥʝʟʠʩʘ 
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ʦʪʥʦʩʷʪʩʷ: ʛʨʘʥʘʪʳ, ʦʣʠʚʠʥʳ; ʵʢʣʦʛʠʪʦʚʦʛʦ ï ʢʣʠʥʦʧʠʨʦʢʩʝʥʳ ʠ ʛʨʘʥʘʪʳ. ɺ ʩʚʦʶ 

ʦʯʝʨʝʜ,ɹ ʢ ʨʝʜʢʦ ʚʩʪʨʝʯʘʶʱʠʤʩʷ ʚʢʣʶʯʝʥʠʷʤ ʚ ʘʣʤʘʟʘʭ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢʦʵʩʠʪʳ, 

ʤʝʜʞʦʨʠʪʦʚʳʝ ʛʨʘʥʘʪʳ, ʧʝʨʦʚʩʢʠʪʳ [Kaminsky et al., 2001; ʇʦʭʠʣʝʥʢʦ ʠ ʜʨ., 2001; 

Sobolev et al., 2004; ɿʝʜʛʝʥʠʟʦʚ ʠ ʜʨ. 2015; ɹʘʨʜʫʭʠʥʦʚ ʠ ʜʨ., 2016]. ʀʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʜʦʙʥʳʭ ʤʠʥʝʨʘʣʦʚ ʚ ʚʠʜʝ ʚʢʣʶʯʝʥʠʡ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʷʶʪ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʘʣʤʘʟʘ. 

ɺʢʣʶʯʝʥʠʷ ʛʨʘʬʠʪʘ ʚ ʘʣʤʘʟʘʭ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʠ ʤʥʦʛʦʦʙʨʘʟʥʳ 

[ʉʦʙʦʣʝʚ, 1974]. ɼʦʩʪʘʪʦʯʥʦ ʜʠʩʢʫʩʩʠʦʥʥʳʤ ʷʚʣʷʝʪʩʷ ʚʦʧʨʦʩ ʦ ʧʨʦʠʩʭʦʞʜʝʥʠʠ 

ʚʢʣʶʯʝʥʠʡ ʛʨʘʬʠʪʘ ʚ ʘʣʤʘʟʘʭ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʫʪʚʝʨʞʜʘʶʪ 

ʵʧʠʛʝʥʝʪʠʯʝʩʢʫʶ ʧʨʠʨʦʜʫ ʛʨʘʬʠʪʘ ʚ ʘʣʤʘʟʘʭ [Harris, Vance, 1972], ʪʘʢʦʝ ʚʢʣʶʯʝʥʠʝ 

ʯʘʩʪʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʚʠʜʝ ʨʦʟʝʪʦʢ, ʦʢʨʫʞʘʶʱʝʝ ʜʨʫʛʦʝ ʚʢʣʶʯʝʥʠʝ, ʠʣʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ ʧʦ ʪʨʝʱʠʥʘʤ ʚ ʘʣʤʘʟʘʭ. ʇʨʦʪʦʛʝʥʝʪʠʯʝʩʢʠʝ ʚʢʣʶʯʝʥʠʷ ʛʨʘʬʠʪʘ, ʧʦ 

ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ [ɹʫʣʘʥʦʚʘ ʠ ʜʨ., 1979; Korsakov et al., 2010], ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ 

ʮʝʥʪʨʘʣʴʥʳʭ ʯʘʩʪʷʭ ʤʠʥʝʨʘʣʘ, ʠʤʝʶʪ ʟʘʢʦʥʦʤʝʨʥʫʶ ʦʨʠʝʥʪʠʨʦʚʢʫ ʠ ʭʦʨʦʰʦ 

ʨʘʟʣʠʯʠʤʳʝ ʛʨʘʥʠ. ɸʣʤʘʟʳ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʛʨʘʬʠʪʘ ʩʠʥʛʝʥʝʪʠʯʝʩʢʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʣʠʬʘʟʥʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ [Zedgenizov et al., 

2004], ʪʘʢʠʝ ʘʣʤʘʟʳ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʯʝʨʥʦʛʦ ʮʚʝʪʘ. ɺʢʣʶʯʝʥʠʷ ʛʨʘʬʠʪʘ, 

ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʵʧʠʛʝʥʝʪʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʧʦ 

ʪʨʝʱʠʥʘʤ ʚ ʚʠʜʝ ʨʦʟʝʪʦʢ, ʦʢʨʫʞʘʶʱʠʭ, ʚ ʦʩʥʦʚʥʦʤ, ʩʫʣʴʬʠʜʥʳʝ ʚʢʣʶʯʝʥʠʷ 

[Harris et al., 1972]. ʆʜʥʠʤ ʠʟ ʧʦʢʘʟʘʪʝʣʝʡ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʫʩʣʦʚʠʷʭ (ʙʦʣʝʝ 1000 Áʉ), ʚʝʨʦʷʪʥʦ, ʩʣʫʞʠʪ ʛʨʘʬʠʪ ʚʦʢʨʫʛ ʚʢʣʶʯʝʥʠʡ ʚ ʘʣʤʘʟʝ 

[ʅʝʯʘʝʚ ʠ ʜʨ., 2013].  

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʩʠʣʠʢʘʪʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʘʣʤʘʟʘʭ 

ʚʳʩʪʫʧʘʝʪ ʦʣʠʚʠʥ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʚʢʣʶʯʝʥʠʡ ʦʣʠʚʠʥʘ ʚ ʣʠʪʦʩʬʝʨʥʳʭ 

ʘʣʤʘʟʘʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʥʠʞʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʬʘʷʣʠʪʦʚʦʛʦ 

ʤʠʥʘʣʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʦʚʳʰʝʥʥʦʡ ʤʘʛʥʝʟʠʘʣʴʥʦʩʪʴʶ. ɺ ʨʘʙʦʪʝ [Sobolev et al., 

2009] ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʤʘʛʥʝʟʠʘʣʴʥʦʩʪʴ [100 Mg/(Mg +Fe)] ʧʦʜʘʚʣʷʶʱʝʛʦ 

ʙʦʣʴʰʠʥʩʪʚʘ ʠʟʫʯʝʥʥʳʭ ʦʣʠʚʠʥʦʚ ʚʘʨʴʠʨʫʝʪ ʤʝʞʜʫ 91 ʠ 94%. ʀʩʩʣʝʜʦʚʘʥʠʷ 

ʦʣʠʚʠʥʦʚ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ ʧʦʟʚʦʣʠʣʠ ʚʳʜʝʣʠʪʴ ʜʚʘ ʪʠʧʘ ʤʠʥʝʨʘʣʘ: ʦʣʠʚʠʥʳ I 

ʛʝʥʝʨʘʮʠʠ (ʤʘʢʨʦʢʨʠʩʪʘʣʣʳ) ʠ ʦʣʠʚʠʥʳ II  ʛʝʥʝʨʘʮʠʠ (ʚ ʦʩʥʦʚʥʦʤ ʤʝʥʝʝ 0.5 ʤʤ), 
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ʧʨʠ ʵʪʦʤ ʦʪʤʝʪʠʤ, ʯʪʦ ʚ ʚʠʜʝ ʚʢʣʶʯʝʥʠʡ ʚ ʘʣʤʘʟʘʭ ʜʦʤʠʥʠʨʫʶʪ ʦʣʠʚʠʥʳ ʨʘʟʤʝʨʦʤ 

ʦʢʦʣʦ 500 ʤʠʢʨʦʥ. 

ʅʝʩʦʤʥʝʥʥʳʤ ʷʚʣʷʝʪʩʷ ʬʘʢʪ, ʯʪʦ ʧʨʠʨʦʜʥʳʝ ʘʣʤʘʟʳ ʢʨʠʩʪʘʣʣʠʟʦʚʘʣʠʩʴ ʚ 

ʤʘʥʪʠʠ ʠ ʙʣʘʛʦʜʘʨʷ ʢʠʤʙʝʨʣʠʪʦʚʳʤ ʠ ʣʘʤʧʨʦʠʪʦʚʳʤ ʤʘʛʤʘʤ ʙʳʣʠ ʚʳʥʝʩʝʥʳ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ [ʉʦʙʦʣʝʚ ʠ ʜʨ., 1972; ʂʦʩʪʨʦʚʠʮʢʠʡ ʠ ʜʨ., 2015]. ɿʘʢʣʶʯʝʥʥʳʝ ʚ 

ʘʣʤʘʟʘʭ ʚʢʣʶʯʝʥʠʷ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʨʝʜʝ 

ʠ P-T ʫʩʣʦʚʠʷʭ ʦʙʨʘʟʦʚʘʥʠʷ ʘʣʤʘʟʘ ʚ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ. ʀʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ 

ʥʘ ʠʟʫʯʝʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʠ ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʘʣʤʘʟʘʭ ʧʦʟʚʦʣʠʣʠ ʫʩʪʘʥʦʚʠʪʴ 

ʧʘʨʘʛʝʥʝʟʠʩʳ ʤʠʥʝʨʘʣʴʥʳʭ ʚʢʣʶʯʝʥʠʡ: ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ (ʧʝʨʠʜʦʪʠʪʦʚʳʡ) ð ʋ(ʇ)-

ʪʠʧ ʧʘʨʘʛʝʥʝʟʠʩʘ ʚʢʣʶʯʝʥʠʡ ʠ ʵʢʣʦʛʠʪʦʚʳʡ ð ʕ-ʪʠʧ [Meyer, 1972; ʉʦʙʦʣʝʚ, 1972]. 

ɺʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʧʨʠ ʠʟʫʯʝʥʠʠ ʚʢʣʶʯʝʥʠʡ ʧʨʠʤʝʥʷʝʪʩʷ ʜʝʩʪʨʫʢʪʠʚʥʳʡ 

ʧʦʜʭʦʜ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʤʠʥʝʨʘʣʫ-ʭʦʟʷʠʥʫ, ʧʨʠ ʵʪʦʤ ʚʢʣʶʯʝʥʠʝ ʚʳʚʦʜʠʪʩʷ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʛʦ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ. ɺʚʠʜʫ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʠ 

ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʮʝʥʥʦʩʪʠ ʘʣʤʘʟʘ, ʦʩʦʙʝʥʥʦ ʚ ʚʘʣʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʘʣʤʘʟʦʚ, 

ʨʘʟʨʫʰʝʥʠʝ ʤʠʥʝʨʘʣʘ ʭʦʟʷʠʥʘ ʥʝ ʚʩʝʛʜʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʠ 

ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ. ʆʜʥʠʤ ʠʟ ʦʧʪʠʢʦ-ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʶʱʠʤʩʷ ʧʨʠ ʠʟʫʯʝʥʠʠ ʚʢʣʶʯʝʥʠʡ ʚ ʘʣʤʘʟʘʭ ʥʝʨʘʟʨʫʰʘʶʱʠʤ ʩʧʦʩʦʙʦʤ, 

ʷʚʣʷʝʪʩʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ. ʈʘʤʘʥʦʚʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ʩʦʚʤʝʩʪʥʦ ʩ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʝ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʪʨʫʢʪʫʨʥʳʭ 

ʜʝʬʝʢʪʘʭ ʚ ʘʣʤʘʟʝ, ʧʦʟʚʦʣʷʶʪ ʫʩʪʘʥʦʚʠʪʴ ʤʠʥʝʨʘʣʴʥʫʶ ʬʘʟʫ ʚʢʣʶʯʝʥʠʡ, ʦʮʝʥʠʪʴ 

ʦʩʪʘʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʚ ʘʣʤʘʟʘʭ, ʠ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʚʨʝʤʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʭ 

ʦʙʨʘʟʦʚʘʥʠʷ, ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʤʠʥʝʨʘʣʘ-ʭʦʟʷʠʥʘ.  

ʈʘʥʝʝ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʩʦʜʝʨʞʘʥʠʷ ʢʘʣʴʮʠʷ ʚ ʢʨʠʩʪʘʣʣʘʭ ʦʣʠʚʠʥʘ ʠʟ 

ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʦʩʥʦʚʥʦʛʦ-ʫʣʴʪʨʘʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ, ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʚ 

ʨʘʟʣʠʯʥʳʭ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʦʙʩʪʘʥʦʚʢʘʭ ʠ ʨʘʟʜʝʣʝʥʥʳʭ ʥʘ 3 ʬʘʮʠʘʣʴʥʳʝ 

ʨʘʟʥʦʩʪʠ, ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʧʦ ʛʣʫʙʠʥʘʤ ʩʪʘʥʦʚʣʝʥʠʷ [ʇʦʥʦʤʘʨʝʚ, 2014]. ʕʪʠ 

ʜʘʥʥʳʝ, ʚ ʩʚʝʪʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʦʣʠʚʠʥʘʭ ʠʟ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʩʧʣʘʚʦʚ, ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʢʨʠʩʪʘʣʣʳ ʦʣʠʚʠʥʘ ʚ 

ʨʷʜʝ ʩʣʫʯʘʝʚ ʧʦʪʝʨʷʣʠ ʧʝʨʚʠʯʥʳʡ ʢʘʣʴʮʠʡ ʣʠʙʦ ʠʤʝʣʠ ʥʝ ʤʘʛʤʘʪʠʯʝʩʢʠʡ ʛʝʥʝʟʠʩ. 

ʊʦʣʴʢʦ ʥʠʟʢʦʢʘʣʴʮʠʝʚʳʝ ʦʣʠʚʠʥʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʚʢʣʶʯʝʥʠʷ ʵʪʦʛʦ ʤʠʥʝʨʘʣʘ ʚ 
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ʘʣʤʘʟʘʭ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ, ʚʝʨʦʷʪʥʦ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʝ ʨʘʩʧʣʘʚʥʦʤ ʛʝʥʝʟʠʩʝ 

ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ, ʚʳʥʦʩʠʤʳʭ ʢʠʤʙʝʨʣʠʪʦʚʳʤʠ ʤʘʛʤʘʤʠ [ʇʦʥʦʤʘʨʝʚ, 2014]. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʛʨʘʥʘʪʦʚ, ʢʘʢ ʚ ʚʠʜʝ ʩʠʥʛʝʥʝʪʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ ʚ ʘʣʤʘʟʘʭ, 

ʪʘʢ ʠ ʚ ʚʠʜʝ ʠʥʜʠʢʘʪʦʨʥʳʭ ʤʠʥʝʨʘʣʦʚ ʢʠʤʙʝʨʣʠʪʦʚ, ʤʦʞʥʦ ʩʯʠʪʘʪ ɹʦʜʥʠʤʠ ʠʟ 

ʩʘʤʳʭ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʩʨʝʜʠ ʧʦʩʚʷʱʝʥʥʳʭ ʤʠʥʝʨʘʣʘʤ-ʩʧʫʪʥʠʢʘʤ ʘʣʤʘʟʘ, 

ʧʫʙʣʠʢʘʮʠʡ. ɹʦʣʴʰʠʥʩʪʚʦ ʨʘʙʦʪ ʧʦ ʛʨʘʥʘʪʘʤ ʧʦʩʚʷʱʝʥʦ ʜʚʫʤ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʤ 

ʧʨʦʙʣʝʤʘʤ: ʛʝʥʝʟʠʩʫ ʛʨʘʥʘʪʘ ʠ ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʶ [Meyer, 1968]. ɺ ʧʦʩʣʝʜʥʠʝ 

ʛʦʜʳ ʧʦʚʳʰʝʥ ʠʥʪʝʨʝʩ ʢ ɻ ʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠ ʁ ʧʨʦʮʝʩʩʘ 

ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʩʠʩʪʝʤʘʭ ʩ ʫʯʘʩʪʠʝʤ ʛʨʘʥʘʪʘ [ɼʦʨʦʰʝʚ ʠ ʜʨ., 

1997]. ʋʜʘʣʦʩʴ ʫʩʪʘʥʦʚʠʪʴ ʧʘʨʘʛʝʥʝʟʠʩʳ ʚʢʣʶʯʝʥʠʡ ʛʨʘʥʘʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʂʈ- ʩʧʝʢʪʨʦʩʢʦʧʠʠ [ɹʘʨʜʫʭʠʥʦʚ ʠ ʜʨ. 2018]. ɸʣʤʘʟʳ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʛʨʘʥʘʪʦʚ 

ʵʢʣʦʛʠʪʦʚʦʛʦ ʧʘʨʘʛʝʥʝʟʠʩʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʦʙʱʝʛʦ 

ʘʟʦʪʘ ʠ ʩʨʝʜʥʝʡ ʝʛʦ ʘʛʨʝʛʘʮʠʝʡ, ʪʦʛʜʘ ʢʘʢ ʘʣʤʘʟʳ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʛʨʘʥʘʪʘ 

ʚʝʨʣʠʪʦʚʦʛʦ, ʜʫʥʠʪ-ʛʘʨʮʙʫʨʛʠʪʦʚʦʛʦ ʠ ʣʝʨʮʦʣʠʪʦʚʦʛʦ ʧʘʨʘʛʝʥʝʟʠʩʦʚ ʦʪʣʠʯʘʶʪʩʷ 

ʥʠʟʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʘʟʦʪʘ ʠ ʰʠʨʦʢʦʡ ʚʘʨʠʘʮʠʝʡ ʩʪʝʧʝʥʠ ʝʛʦ ʘʛʨʝʛʠʨʦʚʘʥʥʦʩʪʠ 

ʘʟʦʪʘ, ʯʪʦ ʦʙʳʯʥʦ ʩʚʦʡʩʪʚʝʥʥʦ ʘʣʤʘʟʘʤ ʧʝʨʠʜʦʪʠʪʦʚʦʛʦ ʛʝʥʝʟʠʩʘ. 

ʇʘʨʘ ñʢʦʵʩʠʪ ʚ ʘʣʤʘʟʝò ʠʤʝʝʪ ʨʷʜ ʫʥʠʢʘʣʴʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ. ɺʳʩʦʢʘʷ 

ʩʞʠʤʘʝʤʦʩʪʴ ʠ ʥʠʟʢʦʝ ʪʝʧʣʦʚʦʝ ʨʘʩʰʠʨʝʥʠʝ ʢʦʵʩʠʪʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʨʝʠʤʫʱʝʩʪʚʘ 

ʚ ʩʦʭʨʘʥʝʥʠʠ ʜʘʚʣʝʥʠʷ ʩ ʤʘʣʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. ʂʦʤʧʦʟʠʮʠʦʥʥʘʷ 

ʧʨʦʩʪʦʪʘ ʢʦʵʩʠʪʘ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʧʨʦʙʣʝʤʳ ʭʠʤʠʯʝʩʢʠʭ ʚʘʨʠʘʮʠʡ ʩʦʩʪʘʚʘ, ʢʘʢ 

ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʣʠʚʠʥʝ, ʛʨʘʥʘʪʝ, ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʷʭ, ʧʦʪʦʤʫ ʯʪʦ 

ʠʟʤʝʨʝʥʥʳʝ ʩʚʦʡʩʪʚʘ (ʧʦʣʦʩʳ ʢʦʣʝʙʘʥʠʡ, ʨʝʰʝʪʦʯʥʳʝ ʧʘʨʘʤʝʪʨʳ) ʩʜʚʠʛʘʶʪʩʷ ʩ 

ʩʦʩʪʘʚʦʤ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʩ ʜʘʚʣʝʥʠʝʤ [ɹʘʨʜʫʭʠʥʦʚ ʠ ʜʨ., 2016]. 

ɺʘʞʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʈ-ʊ ʫʩʣʦʚʠʷʭ ʦʙʨʘʟʦʚʘʥʠʷ ʘʣʤʘʟʘ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, 

ʠʟʫʯʘʷ ʚʢʣʶʯʝʥʠʷ ʚ ʘʣʤʘʟʝ. ɺ ʦʙʨʘʟʮʘʭ ʛʣʫʙʠʥʥʳʭ ʤʠʥʝʨʘʣʦʚ ʯʘʩʪʦ ʩʦʜʝʨʞʘʪʩʷ 

ʚʢʣʶʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦʙ ʠʭ ʚʳʩʦʢʦʙʘʨʠʯʝʩʢʦʤ 

ʧʨʦʠʩʭʦʞʜʝʥʠʠ [Dobrzhinetskaya et al., 1996]. ʆʩʪʘʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʠʣʠ 

ʤʝʭʘʥʠʯʝʩʢʦʝ ʥʘʧʨʷʞʝʥʠʝ ʚʦ ʚʢʣʶʯʝʥʠʠ ʨʝʜʢʦ ʩʦʭʨʘʥʷʝʪʩʷ ʠ ʥʘʙʣʶʜʘʝʪʩʷ. 

ʆʩʪʘʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ (ʪʘʢʞʝ ʥʘʟʳʚʘʝʤʦʝ çʟʘʤʦʨʦʞʝʥʥʳʤè, çʠʩʢʦʧʘʝʤʳʤè, 

ʨʝʣʠʢʪʦʚʳʤ ʠʣʠ ʚʥʫʪʨʝʥʥʠʤ ʜʘʚʣʝʥʠʝʤ ʚʢʣʶʯʝʥʠʷ) ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʫʩʨʝʜʥʝʥʥʦʝ 
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ʤʝʭʘʥʠʯʝʩʢʦʝ ʥʘʧʨʷʞʝʥʠʝ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʠʟʦʪʨʦʧʥʦʛʦ ʩʞʘʪʠʷ ʚʢʣʶʯʝʥʠʷ. ɼʣʷ 

ʥʘʙʣʶʜʝʥʠʷ ʦʩʪʘʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ ʤʠʥʝʨʘʣʴʥʦʝ ʚʢʣʶʯʝʥʠʝ ʜʦʣʞʥʦ ʦʩʪʘʚʘʪʴʩʷ ʚ 

ʧʨʦʯʥʦʤ ʢʦʥʪʝʡʥʝʨʝ ʩ ʧʨʠʝʤʣʝʤʳʤʠ ʦʪʥʦʩʠʪʝʣʴʥʳʤʠ ʪʝʨʤʦʵʣʘʩʪʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ, ʘ ʪʘʢʞʝ ʜʦʣʞʝʥ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʥʝʨʘʟʨʫʰʘʶʱʠʡ ʤʝʪʦʜ ʘʥʘʣʠʟʘ, 

ʯʪʦʙʳ ʠʟʤʝʨʠʪʴ in situ ʟʘʤʦʨʦʞʝʥʥʦʝ ʜʘʚʣʝʥʠʝ ʚʦ ʚʢʣʶʯʝʥʠʠ.  

ɸʣʤʘʟ ʜʦʚʦʣʴʥʦ ʯʘʩʪʦ ʩʦʜʝʨʞʠʪ ʤʠʥʝʨʘʣʴʥʳʝ ʚʢʣʶʯʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ 

ʙʦʣʴʰʦʡ ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ. ʇʦʩʢʦʣʴʢʫ ʘʣʤʘʟ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʪʚʝʨʜʳʤ ʠʟ 

ʠʟʚʝʩʪʥʳʭ ʧʨʠʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʝʛʦ ʧʦʣʠʨʦʚʢʘ ʠ ʚʩʢʨʳʪʠʝ ʤʠʥʝʨʘʣʴʥʳʭ 

ʚʢʣʶʯʝʥʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʨʫʜʦʝʤʢʠʡ ʠ ʯʘʩʪʦ ʜʦʨʦʛʦʩʪʦʷʱʠʡ ʧʨʦʮʝʩʩ. 

ʉʧʝʢʪʨʦʩʢʦʧʠʷ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ (ʂʈ) ʧʦʟʚʦʣʷʝʪ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ 

ʚʢʣʶʯʝʥʠʝ, ʥʘʭʦʜʷʱʝʝʩʷ ʚʥʫʪʨʠ ʘʣʤʘʟʘ-ʭʦʟʷʠʥʘ, ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʥʬʦʢʘʣʴʥʦʡ 

ʈʘʤʘʥʦʚʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʤʠʥʝʨʘʣ ʧʦʜ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʘʣʤʘʟʘ, ʢʦʛʜʘ ʥʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʚʩʢʨʳʪʴ ʚʢʣʶʯʝʥʠʝ.  

ʆʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ ʧʦʩʚʷʱʝʥʦ ʠʟʫʯʝʥʠʶ ʢʦʵʩʠʪʘ ʚ ʂʦʢʯʝʪʘʚʩʢʦʤ 

ʤʝʪʘʤʦʨʬʠʯʝʩʢʦʤ ʢʦʤʧʣʝʢʩʝ. ɺ ʨʘʙʦʪʝ [ʉʦʙʦʣʝʚ, 2006] ʦʧʠʩʘʥʳ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʘʛʨʝʛʘʪʳ ʢʚʘʨʮʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʤʠʥʝʨʘʣʴʥʳʝ 

ʦʙʨʘʟʦʚʘʥʠʷ, ʧʩʝʚʜʦʤʦʨʬʦʟʳ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʢʦʵʩʠʪʘ. ɺ ɹʘʨʯʠʥʩʢʦʤ ʫʯʘʩʪʢʝ 

ʦʙʥʘʨʫʞʝʥʳ ʢʦʵʩʠʪʦʚʳʝ ʚʢʣʶʯʝʥʠʷ ʚ ʮʠʨʢʦʥʝ ʠʟ ʵʢʣʦʛʠʪʦʚ [ʂʦʨʩʘʢʦʚ ʠ ʜʨ., 1998]. 

ɺ ʧʷʪʠ ʘʣʤʘʟʘʭ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʨʫʙʦʢ ɿʘʧʦʣʷʨʥʘʷ, ʄʘʡʩʢʘʷ, 

ʂʦʤʩʦʤʦʣʴʩʢʘʷ-ʤʘʛʥʠʪʥʘʷ, ʨʦʩʩʳʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʂʫʦʡʢʘ ʠ ɹʦʣʴʰʘʷ 

ʂʫʦʥʘʤʢʘ ʥʘʤʠ ʙʳʣʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʢʦʵʩʠʪʦʚʳʝ ʚʢʣʶʯʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ 

ʩʦʙʦʡ ʙʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ ʠ ʨʘʟʤʝʨʦʚ ʦʪ 20 ʤʢʤ ʜʦ 80 ʤʢʤ. ʇʦ 

ʢʨʠʩʪʘʣʣʦʤʦʨʬʦʣʦʛʠʠ ʘʣʤʘʟʳ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʢʦʵʩʠʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʨʠʩʪʘʣʣʘʤʠ 

I ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʧʦ ʖ.ʃ. ʆʨʣʦʚʫ [ʆʨʣʦʚ, 1965] ʨʘʟʤʝʨʥʦʩʪʴʶ ʦʢʦʣʦ 2 ʤʤ. ɸʣʤʘʟ 

ʠʟ ʪʨʫʙʢʠ ɿʘʧʦʣʷʨʥʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʢʪʘʵʜʨ ʩ ʧʦʣʠʮʝʥʪʨʠʯʝʩʢʠʤʠ ʛʨʘʥʷʤʠ. 

ʂʨʠʩʪʘʣʣʳ ʧʝʨʝʭʦʜʥʦʡ ʬʦʨʤʳ ʦʪʤʝʯʝʥʳ ʚ ʪʨʫʙʢʝ ʄʘʡʩʢʘʷ ʠ ʨʦʩʩʳʧʠ ɹʦʣʴʰʘʷ 

ʂʫʦʥʘʤʢʘ. ʃʘʤʠʥʘʨʥʳʝ ʨʦʤʙʦʜʦʜʝʢʘʵʜʨʳ ʚʩʪʨʝʯʝʥʳ ʚ ʪʨʫʙʢʝ ʂʦʤʩʦʤʦʣʴʩʢʘʷ-

ʤʘʛʥʠʪʥʘʷ ʠ ʨʦʩʩʳʧʠ ʂʫʦʡʢʘ.   

ɺʳʜʝʣʝʥʠʶ ʧʘʨʘʛʝʥʝʪʠʯʝʩʢʠʭ ʪʠʧʦʚ ʛʨʘʥʘʪʦʚ ʚʢʣʶʯʝʥʠʡ ʚ ʘʣʤʘʟʘʭ 

ʧʦʩʚʷʱʝʥʦ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʫʙʣʠʢʘʮʠʡ, ʅ.ɺ. ʉʦʙʦʣʝʚ [ʉʦʙʦʣʝʚ, 1974] ʥʘ 
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ʦʩʥʦʚʘʥʠʠ ʦʛʨʦʤʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʙʦʙʱʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦ ʩʦʩʪʘʚʫ ʚʢʣʶʯʝʥʠʡ 

ʛʨʘʥʘʪʦʚ ʚ ʘʣʤʘʟʘʭ, ʚʳʜʝʣʷʝʪ 4 ʦʩʥʦʚʥʳʭ ʧʘʨʘʛʝʥʝʟʠʩʘ (ʜʫʥʠʪ-ʛʘʨʮʙʫʨʛʠʪʦʚʳʡ, 

ʵʢʣʦʛʠʪʦʚʳʡ, ʣʝʨʮʦʣʠʪʦʚʳʡ ʠ ʚʝʨʣʠʪʦʚʳʡ). ʊʘʢ ʛʨʘʥʘʪʳ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʭʨʦʤʘ 

ʤʝʥʝʝ 0,2 ʤʘʩ. %, ʥʘʠʙʦʣʝʝ ʚʩʪʨʝʯʝʥʳ ʚ ʢʩʝʥʦʣʠʪʘʭ ʛʣʫʙʠʥʥʳʭ ʧʦʨʦʜ (ʚ ʦʩʥʦʚʥʦʤ 

ʚ ʵʢʣʦʛʠʪʦʚʳʭ), ʘ ʪʘʢʞʝ ʧʦʚʳʰʝʥʘ ʚʩʪʨʝʯʘʝʤʦʩʪʴ ʪʘʢʦʚʳʭ ʩʨʝʜʠ ʚʢʣʶʯʝʥʠʡ ʚ 

ʘʣʤʘʟʘʭ, ʪʘʢʠʝ ʚʢʣʶʯʝʥʠʷ ʦʪʥʦʩʷʪ ʢ ʛʨʘʥʘʪʘʤ ʵʢʣʦʛʠʪʦʚʦʛʦ ʧʘʨʘʛʘʥʝʟʠʩʘ. 

ɺʢʣʶʯʝʥʠʷ ʛʨʘʥʘʪʦʚ, ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʅ.ɺ. ʉʦʙʦʣʝʚʘ [ʉʦʙʦʣʝʚ ʠ ʜʨ., 1969; 

Sobolev et al., 1973], ʦʪʥʝʩʝʥʥʳʝ ʢ ʜʫʥʠʪ-ʛʘʨʮʙʫʨʛʠʪʦʚʦʤʫ, ʣʝʨʮʦʣʠʪʦʚʦʤʫ ʠ 

ʚʝʨʣʠʪʦʚʦʤʫ ʧʘʨʘʛʝʥʝʟʠʩʘʤ, ʥʘʟʳʚʘʶʪ ʛʨʘʥʘʪʘʤʠ ʧʝʨʠʜʦʪʠʪʦʚʦʛʦ ʧʘʨʘʛʝʥʝʟʠʩʘ.  

ɼʣʷ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʚʦʟʤʦʞʥʦʡ ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ ʢʠʤʙʝʨʣʠʪʦʚ ʧʦ ʠʭ 

ʤʠʥʝʨʘʣʴʥʦʤʫ ʩʦʩʪʘʚʫ ʜʦ ʧʨʦʚʝʜʝʥʠʷ ʦʧʨʦʙʦʚʘʥʠʷ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʥʘ ʘʣʤʘʟʳ, ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʧʦʩʣʝʜʥʠʭ ʣʝʪ, ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʠʥʜʠʢʘʪʦʨʥʳʝ ʤʠʥʝʨʘʣʳ ʘʣʤʘʟʦʚ (ʀʄɸ). ʆʜʥʠʤʠ ʠʟ ʛʣʘʚʥʳʭ ʀʄɸ 

ʷʚʣʷʶʪʩʷ ʛʨʘʥʘʪʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʛʨʫʧʧʫ ʤʠʥʝʨʘʣʦʚ ʩ ʨʘʟʣʠʯʥʳʤ 

ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ. ʉ ʧʝʨʝʭʦʜʦʤ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʥʘ ʟʘʢʨʳʪʳʝ 

ʪʝʨʨʠʪʦʨʠʠ, ʩʦʜʝʨʞʘʥʠʝ ʛʨʘʥʘʪʦʚ ʚ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʘʭ ʨʝʟʢʦ ʫʤʝʥʴʰʠʣʦʩʴ, 

ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʝʜʠʥʠʯʥʳʭ ʥʘʭʦʜʦʢ ʘʣʤʘʟʘ. ʇʦʩʣʝʜʥʝʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʩʚʷʟʘʥʦ ʩ 

ʙʦʣʝʝ ʜʘʣʴʥʠʤ ʧʝʨʝʥʦʩʦʤ ʘʣʤʘʟʘ ʦʪ ʩʚʦʝʛʦ ʢʦʨʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʚ ʩʚʷʟʠ ʩ ʝʛʦ ʙʦʣʝʝ 

ʚʳʩʦʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʀʄɸ. ʃʶʙʦʡ ʢʨʠʩʪʘʣʣ ʘʣʤʘʟʘ, 

ʩʦʜʝʨʞʘʱʠʡ ʚʢʣʶʯʝʥʠʷ ʤʠʥʝʨʘʣʦʚ, ʷʚʣʷʝʪʩʷ ʩʧʝʮʠʬʠʯʥʳʤ ʢʦʥʪʝʡʥʝʨʦʤ 

ʛʣʫʙʠʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʥʘʭʦʜʠʚʰʝʛʦʩʷ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʚ ʤʦʤʝʥʪ ʦʙʨʘʟʦʚʘʥʠʷ 

ʘʣʤʘʟʘ ʠ ʩʦʭʨʘʥʠʚʰʝʛʦʩʷ ʚ ʥʝʠʟʤʝʥʥʦʤ ʚʠʜʝ. ʀʤʝʥʥʦ ʧʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʚ ʧʦʩʣʝʜʥʠʝ 

ʛʦʜr ʚʦʟʨʦʩʣʦ ʢʦʣʠʯʝʩʪʚʦ ʧʫʙʣʠʢʘʮʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʧʨʦʙʣʝʤʝ ʛʝʥʝʟʠʩʘ ʘʣʤʘʟʘ ʠ 

ʚʢʣʶʯʝʥʠʡ ʀʄɸ, ʚ ʢʦʪʦʨʳʭ ʦʩʦʙʦʝ ʤʝʩʪʦ ʫʜʝʣʝʥʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ 

ʤʠʥʝʨʘʣʦʚ, ʟʘʢʣʶʯʝʥʥʳʭ ʚ ʘʣʤʘʟʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʧʝʪʨʦʛʝʥʝʟʠʩʝ ʤʘʥʪʠʡʥʳʭ ʧʦʨʦʜ. ʅʘʠʙʦʣʝʝ ʧʦʣʥʦʝ ʦʧʠʩʘʥʠʝ ʧʘʨʘʛʝʥʝʪʠʯʝʩʢʠʭ 

ʘʩʩʦʮʠʘʮʠʡ ʚʢʣʶʯʝʥʠʡ ʘʣʤʘʟʦʚ ʧʨʠʚʝʜʝʥʦ ʥʘ ʧʨʠʤʝʨʝ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʪʨʫʙʢʠ 

ɹʦʪʫʦʙʠʥʩʢʘʷ [ʉʧʝʮʠʫʩ ʠ ʜʨ., 2005].  

ʆʧʨʝʜʝʣʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚʢʣʶʯʝʥʠʡ ʛʨʘʥʘʪʦʚ ʦʙʳʯʥʦ ʧʨʦʚʦʜʷʪ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʟʦʥʜʘ [ʉʦʙʦʣʝʚ, 1974], ʧʨʠ ʵʪʦʤ 
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ʠʟʫʯʘʝʤʦʝ ʚʢʣʶʯʝʥʠʝ ʚʳʚʦʜʠʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʘʣʤʘʟʘ ʧʫʪʝʤ ʝʛʦ ʧʨʠʰʣʠʬʦʚʢʠ. 

ʇʨʠʤʝʥʝʥʠʝ ʈʘʤʘʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦʟʚʦʣʷʝʪ ʫʧʨʦʩʪʠʪʴ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʫ ʠ 

ʠʩʢʣʶʯʘʝʪ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʷʭ ʨʘʟʨʫʰʝʥʠʝ ʠʩʭʦʜʥʦʛʦ ʘʣʤʘʟʘ, ʷʚʣʷʶʱʝʛʦʩʷ 

ʤʠʥʝʨʘʣʦʤ-ʭʦʟʷʠʥʦʤ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʚʢʣʶʯʝʥʠʷʤ ʛʨʘʥʘʪʦʚ ʚ ʥʝʤ. ʆʜʥʘʢʦ, 

ʦʧʨʝʜʝʣʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʛʨʘʥʘʪʦʚ ʤʝʪʦʜʦʤ ʢʦʤʙʠʥʘʮʠʦʥʥʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʦʛʨʘʥʠʯʝʥʦ ʥʝʢʦʪʦʨʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩʦ ʩʪʨʫʢʪʫʨʥʳʤ 

ʩʪʨʦʝʥʠʝʤ ʤʠʥʝʨʘʣʘ. 

ʊʘʢ ʨʘʥʝʝ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ 25 ʚʘʣʝʥʪʥʳʭ ʠ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ, 

ʧʨʦʷʚʣʷʶʱʠʭʩʷ ʚ ʈʘʤʘʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʛʨʘʥʘʪʦʚ [Peng et.al., 1994]. ʇʨʠ 

ʵʪʦʤ ʫʩʪʘʥʦʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʵʥʝʨʛʠʝʡ ʚʥʫʪʨʝʥʥʠʭ ʨʘʩʪʷʞʝʥʠʡ ʠ ʢʨʫʯʝʥʠʡ 

ʩʚʷʟʠ Si-O ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʛʨʘʥʘʪʦʚ, ʯʪʦ ʦʪʨʘʞʘʝʪʩʷ ʚ ʝʛʦ ʨʘʤʘʥʦʚʩʢʦʤ 

ʩʧʝʢʪʨʝ ʚ ʚʠʜʝ ʩʜʚʠʛʦʚ ʦʩʥʦʚʥʳʭ ʧʦʣʦʩ.  

ʀʟʤʝʨʝʥʠʷ ʨʘʤʘʥʦʚʩʢʠʭ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʢʦʥʝʯʥʳʭ ʯʣʝʥʦʚ ʛʨʫʧʧʳ ʛʨʘʥʘʪʦʚ (ʧʠʨʦʧ, ʘʣʴʤʘʥʜʠʥ, ʛʨʦʩʩʫʣʷʨ) ʨʘʩʩʤʦʪʨʝʥʳ ʚ 

ʨʘʙʦʪʝ [ʃʷʣʠʥʘ, 2000]. ʀʩʩʣʝʜʦʚʘʥʠʷ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ 

ʧʦʣʦʞʝʥʠʷ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʭ ʧʦʣʦʩ (ʦʢʦʣʦ 900 ʠ 370 ʩʤ-1) ʜʣʷ ʧʠʨʦʧʘ (927 ʠ 

365 ʩʤ-1), ʘʣʴʤʘʥʜʠʥʘ (917 ʠ 342 ʩʤ-1) ʠ ʛʨʦʩʩʫʣʷʨʘ (880 ʠ 374 ʩʤ-1). ɸʚʪʦʨ ʧʨʠʚʦʜʠʪ 

ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ, ʧʦʟʚʦʣʷʶʱʫʶ ʚʳʧʦʣʥʠʪʴ ʧʦʣʫʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʨʘʩʯʝʪ 

ʤʠʥʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʛʨʘʥʘʪʦʚ, ʪʘʢʞʝ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʩʨʝʜʥʝʝ ʨʘʩʭʦʞʜʝʥʠʝ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʠʢʨʦʟʦʥʜʦʚʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʘʚʠʣʦ 5%. 

ʆʨʠʛʠʥʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʣʠ ʫʯʝʥʳʝ ʠʟ ʫʥʠʚʝʨʩʠʪʝʪʘ ɸʨʠʟʦʥʳ 

[Henderson et. al., 2009]. ɹʣʘʛʦʜʘʨʷ ʩʚʷʟʠ ʨʘʤʘʥʦʚʩʢʠʭ ʤʦʜ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʛʨʘʥʘʪʦʚ, ʠʤʠ ʩʦʟʜʘʥʘ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʤʘʪʨʠʮʘ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʩʜʚʠʛʦʚ ʧʦʣʦʞʝʥʠʷ 

ʧʠʢʘ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʠ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʭʠʤʠʯʝʩʢʦʤ 

ʩʦʩʪʘʚʝ. ʕʪʦʪ ʧʦʜʭʦʜ ʤʦʞʝʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʦʙʨʘʟʮʳ ʩʠʣʠʢʘʪʥʳʭ ʛʨʘʥʘʪʦʚ ʩ 13 

ʚʘʨʠʘʮʠʷʤʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʰʝʩʪʠ ʢʦʤʙʠʥʘʮʠʦʥʥʳʭ ʤʦʜ. 

ʊʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʜʘʥʥʳʤ ʤʝʪʦʜʦʤ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ Ñ5% ʦʪ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʤʠʢʨʦʟʦʥʜʦʚʦʛʦ ʨʘʩʯʝʪʘ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʜʦʩʪʘʪʦʯʥʦ ʧʨʘʚʠʣʴʥʦ ʦʧʨʝʜʝʣʷʝʪ 

ʚʩʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʩʠʣʠʢʘʪʥʳʭ ʛʨʘʥʘʪʦʚ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʜʘʥʥʦʛʦ ʤʘʪʨʠʯʥʦʛʦ ʤʝʪʦʜʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚʢʣʶʯʝʥʠʡ 
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ʛʨʘʥʘʪʦʚ ʚ ʘʣʤʘʟʘʭ ʙʝʟ ʨʘʟʨʫʰʝʥʠʷ, ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ, 

ɽʜʠʥʩʪʚʝʥʥʳʤ ʦʛʨʘʥʠʯʝʥʠʝʤ ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʧʦʷʚʣʝʥʠʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʦ 

ʰʫʤʦʚ ʚ ʩʧʝʢʪʨʝ ʚʢʣʶʯʝʥʠʡ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʚʩʝ 6 ʪʨʝʙʫʝʤʳʭ 

ʢʦʤʙʠʥʘʮʠʦʥʥʳʭ ʤʦʜ ʜʣʷ ʨʘʩʯʝʪʘ.  
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ɻʣʘʚʘ 2 . ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

2.1. ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ ʦʧʠʩʘʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʘʣʤʘʟʦʚ 

ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʚʥʝʰʥʝʡ ʤʦʨʬʦʣʦʛʠʠ ʢʨʠʩʪʘʣʣʘ, ʘ ʪʘʢʞʝ 

ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʨʦʝʥʠʷ ʠ ʥʘʣʠʯʠʷ ʚʢʣʶʯʝʥʠʡ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʤʝʪʦʜʦʤ ʦʧʪʠʯʝʩʢʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ ʥʘ ʤʠʢʨʦʩʢʦʧʝ Leica Wild M420. ɼʣʷ ʚʦʟʙʫʞʜʝʥʠʷ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʌʃ) ʧʨʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʮʚʝʪʘ ʩʚʝʯʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥ ʣʘʟʝʨ 

ɸʀʃ ï 3 (ɚ ï 337 ʥʤ.). ʌʦʪʦʛʨʘʬʠʨʦʚʘʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʚʳʧʦʣʥʝʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʙʠʥʦʢʫʣʷʨʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ Leica M205 ʩ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʮʠʬʨʦʚʦʡ 

ʚʠʜʝʦʢʘʤʝʨʦʡ Leica DFC 495 ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʬʠʨʤʝʥʥʦʛʦ ʇʆ LAS (Version 4.1.0 

(Build 1264)).  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʢʣʶʯʘʝʪ ʤʦʨʬʦʣʦʛʠʯʝʩʢʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʠ ʦʧʠʩʘʥʠʝ ʝʛʦ 

ʬʠʟʠʦʛʨʘʬʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ (ʩʦʭʨʘʥʥʦʩʪʴ, ʭʘʨʘʢʪʝʨ ʩʢʦʣʘ, ʪʨʝʱʠʥʦʚʘʪʦʩʪʴ, 

ʩʢʫʣʴʧʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ, ʚʢʣʶʯʝʥʠʷ, ʦʢʨʘʩʢʘ, ʚʠʟʫʘʣʴʥʘʷ ʦʮʝʥʢʘ ʮʚʝʪʘ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʥʘʣʠʯʠʝ ʦʞʝʣʝʟʥʝʥʠʷ, ʧʷʪʝʥ ʧʠʛʤʝʥʪʘʮʠʠ) ʢʘʞʜʦʛʦ 

ʠʥʜʠʚʠʜʘ. ʄʦʨʬʦʣʦʛʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʦʜʝʨʞʠʪ ʦʧʨʝʜʝʣʝʥʠʝ 

ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʘʣʤʘʟʘ (ʊʘʙʣʠʮʘ 2.1) ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʖ.ʃ. ʆʨʣʦʚʘ [ʆʨʣʦʚ, 1984] 

ʠ ʩʚʝʜʝʥʠʷ ʦ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʤ ʪʠʧʝ ʢʨʠʩʪʘʣʣʘ ʧʦ ʩʠʩʪʝʤʝ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ 

ʦʧʠʩʘʥʠʷ ʘʣʤʘʟʦʚ, ʧʨʠʥʷʪʦʡ ʚ ʅʀɻʇ ɸʂ çɸʃʈʆʉɸè (ʇɸʆ). ɺʝʟʜʝ ʜʘʣʝʝ ʧʦ ʪʝʢʩʪʫ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʧʨʠʚʦʜʠʪʩʷ ʧʦ ʘʥʘʣʦʛʠʯʥʦʡ ʩʭʝʤʝ (ʊʘʙʣʠʮʘ 2.1). ɺ 

ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʥʘ ʈʠʩ. 2.1 ʧʨʠʚʝʜʝʥʳ ʬʦʪʦʛʨʘʬʠʠ ʘʣʤʘʟʦʚ I ʨʘʟʥʦʚʠʜʥʦʩʪʠ.  

ʊʘʙʣʠʮʘ 2.1. ʂʦʜʠʨʦʚʢʘ ʩʠʤʚʦʣʦʚ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʘʣʤʘʟʦʚ 

I ʨʘʟʥʦʚʠʜʥʦʩʪʴ   III ʨʘʟʥʦʚʠʜʥʦʩʪʴ    

ʦʢʪʘʵʜʨʳ ʧʣʦʩʢʦʛʨʘʥʥʳʝ Ia 1 ʢʫʙʳ II-III 

ʨʘʟʥʦʚʠʜʥʦʩʪ. 

 39 

ʦʢʪ. ʧʣʦʩʢʦʛʨʘʥʥʳʝ 

ʧʨʠʪʫʧʣʝʥʥʳʤʠ ʨʝʙʨʘʤʠ 

IIa 2 ʵʤʘʣ. ʢʫʙʳ II-III 

ʨʘʟʥʦʚʠʜ. 

 40 

ʦʢʪ. ʩ ʪʨʠʛʦʥʘʣʴʥʳʤʠ ʩʣʦʷʤʠ ʨʦʩʪʘ IIIa 3 ʢʫʙʳ  41 

ʦʢʪʘʵʜʨʳ ʩʦ ʩʥʦʧʦʚʠʜʥʦʡ 

ʰʪʨʠʭʦʚʢʦʡ 

IVa 4 ʪʝʪʨʘʛʝʢʩʘʵʜʨʦʠʜʳ  42 

ʦʢʪ. ʩ ʟʘʥʦʟʠʩʪʦʡ ʰʪʨʠʭʦʚʢʦʡ 

ʜʠʪʨʠʛʦʥ 

Va 5 IV ʨʘʟʥʦʚʠʜʥʦʩʪʴ   



31 

 

ʦʢʪʘʵʜʨʳ ʦʢʨʫʛʣʦʩʪʫʧʝʥʯʘʪʳʝ VIa 6 ʢʫʙʳ II-III ʨʘʟʥʦʚʠʜʥ.  43 

ʦʢʪʘʵʜʨʳ ʩ ʙʣʦʢʦʚʦʡ ʩʢʫʣʴʧʪʫʨʦʡ VIIa 7 ʦʢʪʘʵʜʨʳ ʘ 44 

ʦʢʪ. ʩ ʧʦʣʠʮʝʥʪʨʠʯʝʩʢʠʤʠ ʛʨʘʥʷʤʠ VIIIa  8 ʇʌ ʙ 45 

ʦʢʪ. ʩ ʧʦʣʠʮʝʥʪʨʠʯʝʩʢʠʤʠ ʛʨʘʥʷʤʠ 

ʜʠʪʨʠʛʦʥ 

IXa 9 ʨʦʤʙʦʜʦʜʝʢʘʵʜʨʳ ʚ 46 

ʇʌ ʩ ʪʨʠʛʦʥʘʣʴʥʳʤʠ ʩʣʦʷʤʠ ʨʦʩʪʘ IIIb 10 ʢʫʙʳ  47 

ʇʌ ʩʦ ʩʥʦʧʦʚʠʜʥʦʡ ʰʪʨʠʭʦʚʢʦʡ IVb 11 ʢʫʙʦʨʦʤʙʦʜʦʜʝʢʘʵʜʨʦ

ʠʜ 

ʂʆʈ 48 

ʇʌ ʩ ʟʘʥʦʟʠʩʪʦʡ ʰʪʨʠʭʦʚʢʦʡ Vb 12 ʪʝʪʨʘʛʝʢʩʘʵʜʨʦʠʜ  49 

ʇʌ ʦʢʨʫʛʣʦʩʪʫʧʝʥʯʘʪʳʝ VIb 13 V ʨʘʟʥʦʚʠʜʥʦʩʪʴ    

ʇʌ ʩ ʙʣʦʢʦʚʦʡ ʩʢʫʣʴʧʪʫʨʦʡ VIIb 14 ʦʢʪʘʵʜʨʳ ʘ 50 

ʇʌ ʩ ʧʦʣʠʮʝʥʪʨʠʯʝʩʢʠʤʠ ʨʦʩʪʦʤ 

ʛʨʘʥʝʡ 

VIIIb  15 ʇʌ ʙ 51 

ʇʌ ʩ ʧʦʣʠʮʝʥʪʨʠʯʝʩʢʠʤʠ ʛʨʘʥʷʤʠ 

ʜʠʪʨʠʛʦʥ 

IXb 16 ʨʦʤʙʦʜʦʜʝʢʘʵʜʨ ʚ 52 

ʈɼ ʣʘʤʠʥʘʨʥʳʝ ʩ ʧʘʨʘʣʣʝʣʴʥʦʡ 

ʰʪʨʠʭʦʚʢʦʡ 

IIIʚ 17 ʰʘʨʦʚʠʜʥʳʝ ʬʦʨʤʳ  53 

ʈɼ ʣʘʤʠʥʘʨʥʳʝ ʩʦ ʩʥʦʧʦʚʠʜʥʦ-

ʟʘʥʦʟ. ʜʠʪʨʠʛʦʥ 

IVʚ 18 VI ʨʘʟʥʦʚʠʜʥʦʩʪʴ   

ʈɼ ʣʘʤʠʥʘʨʥʳʝ ʪʦʥʢʦʩʣʦʠʩʪʳʝ Vʚ 19 ʧʦʣʫʙʘʣʣʘʩʳ  54 

ʈɼ ʣʘʤʠʥʘʨʥʳʝ 

ʦʢʨʫʛʣʦʩʪʫʧʝʥʯʘʪʳʝ 

VIʚ 20 VII ʨʘʟʥʦʚʠʜʥʦʩʪʴ   

ʈɼ ʣʘʤʠʥʘʨʥʳʝ ʩ ʙʣʦʢʦʚʦʡ 

ʩʢʫʣʴʧʪʫʨʦʡ 

VIIʚ 21 ʨʦʤʙʦʜʦʜʝʢʘʵʜʨʳ  55 

ʈɼ ʦʢʨʫʛʣʳʝ ʩʢʨʳʪʦʩʣʦʠʩʪʳʝ XIII/1  22 ʜʦʜʝʢʘʵʜʨʦʠʜʳ  56 

ʈɼ ʦʢʨʫʛʣʳʝ ʩʦ ʩʥʦʧʦʚʠʜʥʦʡ 

ʰʪʨʠʭʦʚʢʦʡ 

XIII/2  23 VIII ʨʘʟʥʦʚʠʜʥʦʩʪʴ   

ʈɼ ʦʢʨʫʛʣʳʝ ʩ ʙʣʦʢʦʚʦʡ 

ʩʢʫʣʴʧʪʫʨʦʡ 

XIII/3  24 (ʙʦʨʪ ʢʨʫʧʥʦʢʨʠʩʪʘʣ)   

ʈɼ ʦʢʨʫʛʣʳʝ ʩ ʰʘʛʨʝʥʴʶ ʠ ʇʇɼ XIII/4  25 ʦʢʪʘʵʜʨʳ ʘ 57 

ʈɼ ʦʢʨʫʛʣʳʝ ʩ ʢʘʚʝʨʥʘʤʠ XIII/5  26 ʇʌ ʙ 58 

ʦʢʪʘʵʜʨʦʠʜ  27 ʨʦʤʙʦʜʦʜʝʢʘʵʜʨ ʚ 59 

ʢʫʙʦʨʦʤʙʦʜʦʜʝʢʘʵʜʨʦʠʜ ʂʆʈ 28 ʷʥʫʩʳ  60 

ʪʝʪʨʘʛʝʢʩʘʵʜʨʦʠʜ  29 IX ʨʘʟʥʦʚʠʜʥʦʩʪʴ   

ʢʫʙʳ  30 (ʙʦʨʪ ʤʝʣʢʦʢʨʠʩʪʘʣ.)   

ʙʝʟ ʪʠʧʘ  31 ʦʢʪʘʵʜʨʳ ʘ 61 

ʪʨʠʛʦʥʪʨʠʦʢʪʘʵʜʨʦʠʜʳ  32 ʇʌ ʙ 62 

ʧʩʝʚʜʦʛʝʤʠʤʦʨʬʥʳʝ (ʷʥʫʩʳ)  33 ʨʦʤʙʦʜʦʜʝʢʘʵʜʨ ʚ 63 

II ʨʘʟʥʦʚʠʜʥʦʩʪʴ      

ʢʫʙʳ  34 X ʨʘʟʥʦʚʠʜʥʦʩʪʴ   

ʪʝʪʨʘʛʝʢʩʘʵʜʨʦʠʜʳ  35 ʢʘʨʙʦʥʘʜʦ ɹʨʘʟʠʣʠʠ  64 

ʢʫʙʦʨʦʤʙʦʜʦʜʝʢʘʵʜʨʳ  36    

ʜʦʜʝʢʘʵʜʨʦʠʜʳ  37 XI ʨʘʟʥʦʚʠʜʥʦʩʪʴ   
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ʂʫʙ + ʦʢʪ + ʨʦʤʙʦʜʦʜʝʢʘʵʜʨ  38 ʷʢʫʪʠʪʳ  65 
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ʈʠʩ. 2.1. ʌʦʪʦʛʨʘʬʠʠ ʘʣʤʘʟʦʚ I ʨʘʟʥʦʚʠʜʥʦʩʪʠ: ʘ- ʦʢʪʘʵʜʨ ʧʣʦʩʢʦʛʨʘʥʥʳʡ ʩ 

ʧʨʠʪʫʧʣʝʥʥʳʤʠ ʨʝʙʨʘʤʠ, ʙ- ʦʢʪʘʵʜʨ ʩ ʪʨʠʛʦʥʘʣʴʥʳʤʠ ʩʣʦʷʤʠ ʨʦʩʪʘ, ʚ- 

ʈʦʤʙʦʜʦʜʝʢʘʵʜʨ ʦʢʨʫʛʣʳʡ ʩʢʨʳʪʦʩʣʦʠʩʪʳʡ, ʛ- ʈʦʤʙʦʜʦʜʝʢʘʵʜʨ ʦʢʨʫʛʣʳʡ ʩ 

ʰʘʛʨʝʥʴʶ ʠ ʇʇɼ, ʜ- ʢʨʠʩʪʘʣʣ ʧʝʨʝʭʦʜʥʦʡ ʬʦʨʤʳ ʩ ʪʨʠʛʦʥʘʣʴʥʳʤʠ ʩʣʦʷʤʠ ʨʦʩʪʘ, 

ʝ- ʢʨʠʩʪʘʣʣ ʧʝʨʝʭʦʜʥʦʡ ʬʦʨʤʳ ʩʦ ʩʥʦʧʦʚʠʜʥʦʡ ʰʪʨʠʭʦʚʢʦʡ 

2.2. ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʀʂ-ʌʫʨʴʝ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ - ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʣʤʘʟʦʚ ʧʨʦʚʦʜʠʣʠʩʴ 

ʥʘ ʀʂ-ʌʫʨʴʝ ʩʧʝʢʪʨʦʤʝʪʨʝ VERTEX 70 (Bruker) ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʀʂ-ʤʠʢʨʦʩʢʦʧʦʤ 

Hyperion 2000 (ʈʠʩ. 2.2). ɼʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʡ: 400ï5500ʩʤ-1. ɺʳʧʦʣʥʝʥʘ ʩʲʝʤʢʘ 

ʠʥʪʝʛʨʘʣʴʥʳʭ (ʩʦ ʚʩʝʛʦ ʦʙʲʸʤʘ ʢʨʠʩʪʘʣʣʘ) ʩʧʝʢʪʨʦʚ. ʅʦʨʤʠʨʦʚʘʥʠʝ ʩʧʝʢʪʨʦʚ 

ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʦ ʧʦʛʣʦʱʝʥʠʶ ʚ ʜʚʫʭʬʦʥʦʥʥʦʡ ʦʙʣʘʩʪʠ [ɹʦʢʠʡ ʠ ʜʨ, 1986, 

Zaitsev, 2001]. ʇʦ ʩʧʝʢʪʨʘʤ ʦʧʨʝʜʝʣʷʣʠʩʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ɸ-, ɺ1-, ɺ2- ʜʝʬʝʢʪʦʚ 

ʘʣʤʘʟʦʚ. 

ʈʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʠʥʪʝʛʨʘʣʴʥʳʝ ʩʧʝʢʪʨʳ, ʥʦʨʤʠʨʦʚʘʥʠʝ ʢʦʪʦʨʳʭ 

ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʦ ʧʦʛʣʦʱʝʥʠʶ ʚ ʜʚʫʭʬʦʥʦʥʥʦʡ ʦʙʣʘʩʪʠ [ɹʦʢʠʡ ʠ ʜʨ., 1986]. ʇʦ 

ʩʧʝʢʪʨʘʤ ʦʧʨʝʜʝʣʷʣʠʩʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʉ-, ɸ-, ɺ1-, ɺ2-ʜʝʬʝʢʪʦʚ ʘʣʤʘʟʦʚ. ʉʦʛʣʘʩʥʦ 

ʩʦʚʨʝʤʝʥʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʵʪʠ ʜʝʬʝʢʪʳ ʦʙʫʩʣʦʚʣʝʥʳ: ʉ ï ʦʜʠʥʦʯʥʳʤʠ ʘʪʦʤʘʤʠ 

ʘʟʦʪʘ, ɸ ï ʧʘʨʘʤʠ ʘʪʦʤʦʚ ʘʟʦʪʘ ʚ ʩʦʩʝʜʥʠʭ ʫʟʣʘʭ ʨʝʰʝʪʢʠ [Davies 1976], ɺ (ɺ1) ï 

ʘʛʨʝʛʘʪʘʤʠ ʠʟ ʯʝʪʳʨʝʭ ʘʪʦʤʦʚ ʘʟʦʪʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠ ʚʦʢʨʫʛ 

ʚʘʢʘʥʩʠʠ [Bursill et al., 1985], ɺ2 (ɺË ʠʣʠ ʈ) ï ʧʣʘʩʪʠʥʯʘʪʳʤʠ ʜʝʬʝʢʪʘʤʠ (platelets) 

[Woods, 1986]. ɼʣʷ ʨʘʩʯʸʪʘ ʩʧʝʢʪʨʦʚ ʘʣʤʘʟʘ, ʩʤʝʰʘʥʥʦʛʦ IaAB ʪʠʧʘ ʧʨʠʤʝʥʷʣʠ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʨʘʟʣʦʞʝʥʠʝ ʩʫʤʤʘʨʥʦʛʦ ʀʂ-ʩʧʝʢʪʨʘ ʩ ʚʳʜʝʣʝʥʠʝʤ ʢʦʥʪʫʨʦʚ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʉ-, ɸ- ʠ ɺ-ʩʠʩʪʝʤʘʤ ʧʦʣʦʩ [ɹʦʢʠʡ ʠ ʜʨ., 1986]. ʆʧʨʝʜʝʣʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʟʦʪʘ ʚ ɸ ʠ ɺ1 ʬʦʨʤʘʭ ʚʳʯʠʩʣʷʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [Boyd et al., 1994; 

Boyd et al., 1995]. ʊʘʢ ʢʘʢ ʜʦʣʷ ʘʟʦʪʘ ʚ ɺ2 ʥʝ ʫʩʪʘʥʦʚʣʝʥʘ, ʪʦ ʩʫʤʤʘʨʥʳʡ ʘʟʦʪ Ntot 

ʦʧʨʝʜʝʣʷʣʩʷ ʩʣʦʞʝʥʠʝʤ ʚʳʷʚʣʝʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʵʪʦʡ ʧʨʠʤʝʩʠ ʚ ɸ-, ɺ-, ʉ-

ʬʦʨʤʘʭ. ʉʦʜʝʨʞʘʥʠʝ ɺ2-ʜʝʬʝʢʪʦʚ ʦʧʨʝʜʝʣʷʣʦʩʴ ʧʦ ʢʦʵʬʬʠʮʠʝʥʪʫ ʧʦʛʣʦʱʝʥʠʷ 

ʧʦʣʦʩʳ ʚ ʜʠʘʧʘʟʦʥʝ 1358ï1380 ʩʤ-1, ʘ ʨʘʟʤʝʨ ï ʧʦ ʧʦʣʦʞʝʥʠʶ ʤʘʢʩʠʤʫʤʘ ʝʛʦ 

ʧʦʣʦʩʳ [ʉʦʙʦʣʝʚ ʠ ʜʨ., 1968]. ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʘʣʤʘʟʦʚ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʪʘʢʦʡ 
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ʧʘʨʘʤʝʪʨ ʢʘʢ ʘʛʨʝʛʘʮʠʷ ʘʟʦʪʘ ï ʧʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʘʟʦʪʘ ʚ ɺ-ʬʦʨʤʝ. 

ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʛʣʦʱʝʥʠʷ ʜʣʷ ɸ, ɺ1 ʠ 

ɺ2-ʮʝʥʪʨʦʚ ʩʦʩʪʘʚʠʣʠ ʦʢʦʣʦ 10 %. ʅʘʙʣʶʜʘʝʤʳʝ ʚ ʩʧʝʢʪʨʘʭ ʠʥʜʠʚʠʜʦʚ ʫʟʢʠʝ 

ʣʠʥʠʠ ʥʘ 3107 ʩʤ-1 ʠ 1405 ʩʤ-1 (ʅ) ʧʨʠʧʠʩʳʚʘʶʪʩʷ ʢʦʣʝʙʘʥʠʷʤ ʘʪʦʤʦʚ ʚ ʛʨʫʧʧʝ ʉ-

ʅ, ʩʚʷʟʘʥʥʳʤ ʩ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʦʡ [ʉʦʙʦʣʝʚ ʠ ʜʨ., 1971]. 

 

 

ʈʠʩ. 2.2. ɺʥʝʰʥʠʡ ʚʠʜ ʀʂ-ʌʫʨʴʝ ʩʧʝʢʪʨʦʤʝʪʨʘ VERTEX 70 (Bruker) ʚ ʢʦʤʧʣʝʢʩʝ 

ʩ ʀʂ-ʤʠʢʨʦʩʢʦʧʦʤ Hyperion 2000. 

ɺʘʢʘʥʩʠʠ ʠ ʤʝʞʜʦʫʟʝʣʴʥʳʝ ʘʪʦʤʳ ʚ ʘʣʤʘʟʝ ʤʦʛʫʪ ʧʦʷʚʣʷʪʴʩʷ ʪʘʢʞʝ ʠ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ, ʚʦʟʥʠʢʘʶʱʝʡ ʧʨʠ ʨʦʩʪʝ ʢʨʠʩʪʘʣʣʦʚ ʠʣʠ ʚ 

ʧʦʩʪʨʦʩʪʦʚʦʡ ʧʝʨʠʦʜ ʚ ʤʘʥʪʠʡʥʳʭ ʫʩʣʦʚʠʷʭ. ɺ ʩʧʝʢʪʨʘʭ ʀʂ-ʧʦʛʣʦʱʝʥʠʷ 

ʧʨʠʨʦʜʥʳʭ ʘʣʤʘʟʦʚ ʩʦ ʩʣʝʜʘʤʠ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʯʘʩʪʦ ʥʘʙʣʶʜʘʶʪʩʷ 

ʩʠʩʪʝʤʳ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 4060ï6200 ʩʤ-1 (çamber centreè), ʘ ʚ ʩʧʝʢʪʨʘʭ 

ʌʃ ʠ ʂʃ ï ʩ ʅʌʃ ʥʘ 490,7 ʥʤ [ɹʦʢʠʡ ʠ ʜʨ, 1986]. 

ʅʘʜʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʪʨʫʢʪʫʨʥʘʷ ʧʨʠʤʝʩʴ ʘʟʦʪʘ ʚ ʘʣʤʘʟʝ ʷʚʣʷʝʪʩʷ ʰʠʨʦʢʦ 
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ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʡ (ʦʢʦʣʦ 98% ʧʨʠʨʦʜʥʳʭ ʘʣʤʘʟʦʚ ʠʤʝʶʪ ʟʥʘʯʠʤʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʘʟʦʪʘ), ʦʧʨʝʜʝʣʷʝʪ ʤʥʦʛʠʝ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʘʣʤʘʟʦʚ ʠ ʦʪʨʘʞʘʝʪ ʠʭ ʈʊ-ʫʩʣʦʚʠʷ 

ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʜʘʣʴʥʝʡʰʫʶ ʪʝʨʤʠʯʝʩʢʫʶ ʵʚʦʣʶʮʠʶ [Boyd et al., 1987; Taylor et al., 

1990]. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʚ ʘʣʤʘʟʝ ʠʟʚʝʩʪʥʦ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʨʘʟʣʠʯʥʳʭ 

ʘʟʦʪʥʳʭ ʠ ʩʚʷʟʘʥʥʳʭ c ʥʠʤʠ ʮʝʥʪʨʦʚ. ʂ ʦʩʥʦʚʥʳʤ ʜʝʬʝʢʪʘʤ ʦʙʳʯʥʦ ʦʪʥʦʩʷʪ C-, ɸ-

, ɺ1- ʠ ɺ2-ʮʝʥʪpʳ, ʦʙʣʘʜʘʶʱʠʝ ʭʘʨʘʢʪʝʨʥʳʤʠ ʩʧʝʢʪʨʘʤʠ ʀʂ-ʧʦʛʣʦʱʝʥʠʷ [Davies, 

1970]. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ C-ʮʝʥʪʨ ï ʵʪʦ ʦʜʠʥʦʯʥʳʡ ʟʘʤʝʱʘʶʱʠʡ ʘʪʦʤ ʘʟʦʪʘ ʚ 

ʘʣʤʘʟʥʦʡ ʨʝʰʸʪʢʝ, ɸ-ʮʝʥʪʨ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʘʪʦʤʦʚ ʘʟʦʪʘ ʚ ʩʦʩʝʜʥʠʭ ʫʟʣʘʭ ʨʝʰʸʪʢʠ 

[Cʦʙʦʣʝʚ ʠ ʜʨ. 1972]. ʎʝʥʪʨ ɺ1 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʛʨʝʛʘʪ ʠʟ ʯʝʪʳʨʸʭ ʘʪʦʤʦʚ ʘʟʦʪʘ 

ʠ ʚʘʢʘʥʩʠʠ, ʘ ɺ2 (platelets) ï ʧʣʘʩʪʠʥʯʘʪʳʝ ʦʙʦʩʦʙʣʝʥʠʷ ʠʥʪʝʨʩʪʠʮʠʘʣʴʥʳʭ ʘʪʦʤʦʚ 

ʫʛʣʝʨʦʜʘ ʧʦ {100}, ʩʦʜʝʨʞʘʱʠʝ ʧʨʠʤʝʩʴ ʥʝʩʪʨʫʢʪʫʨʥʦʛʦ ʘʟʦʪʘ [Fallon et al., 1995]. 

ɺ ʀʂ-ʦʙʣʘʩʪʠ ʉ-ʮʝʥʪʨ ʚʳʟʳʚʘʝʪ ʩʠʩʪʝʤʫ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ 1130, 1332, 1344 ʩʤ-1; 

ɸ-ʮʝʥʪʨʳ ʠʤʝʶʪ ʚ ʦʜʥʦʬʦʥʦʥʥʦʡ ʦʙʣʘʩʪʠ ʀʂ-ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ ʩʠʩʪʝʤʫ ʧʦʣʦʩ 

480, 1100, 1215 ʠ 1282 ʩʤï1; -ʮʝʥʪʨ ʦʧʨʝʜʝʣʷʝʪ ʩʠʩʪʝʤʫ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ 1010, 

1100, 1175, 1332 ʩʤ-1. ʉʦʜʝʨʞʘʥʠʝ ɺ2-ʜʝʬʝʢʪʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʢʦʵʬʬʠʮʠʝʥʪʫ 

ʧʦʛʣʦʱʝʥʠʷ ʧʦʣʦʩʳ ʚ ʜʠʘʧʘʟʦʥʝ 1358ï1380 ʩʤ-1.  

ɸʛʨʝʛʠʨʦʚʘʥʠʝ C ʮʝʥʪʨʦʚ ʚ A ʜʝʬʝʢʪʳ ʘʣʤʘʟʘ ʧʦʩʚʷʱʝʥʦ ʨʷʜ ʧʫʙʣʠʢʘʮʠʡ 

[Evans, 1992; Taylor et al., 1996]. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʳʷʚʠʣʦ 

ʢʠʥʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ ʘʛʨʝʛʠʨʦʚʘʥʠʷ. ʉʫʱʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʫ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʧʦʟʚʦʣʷʶʪ ʣʠʰʴ 

ʦʨʠʝʥʪʠʨʦʚʦʯʥʦ ʩʫʜʠʪʴ ʦ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʚʨʝʤʝʥʠ ʧʨʝʙʳʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʦʚ 

ʚ ʤʘʥʪʠʠ. 

ʆʙʦʙʱʸʥʥʳʡ ʧʘʨʘʤʝʪʨ Kt ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʪʝʤʧʝʨʘʪʫʨʫ ʠ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʘʛʨʝʛʘʮʠʠ ʠ ʥʘ ʦʩʥʦʚʝ ʵʪʦʛʦ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʪʝʤʧʝʨʘʪʫʨʥʦ-ʚʨʝʤʝʥʥʳʭ ʧʦʩʪʨʦʝʥʠʡ ʠ ʜʣʷ ʚʝʨʦʷʪʥʳʭ ʩʮʝʥʘʨʠʝʚ ʛʝʥʝʟʠʩʘ 

ʧʨʠʨʦʜʥʳʭ ʘʣʤʘʟʦʚ. 

ʂ ʢʦʥʮʫ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʦʧʫʙʣʠʢʦʚʘʥ ʨʷʜ ʥʘʫʯʥʳʭ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ 

ʠʟʫʯʝʥʠʶ ʢʠʥʝʪʠʢʠ ʘʛʨʝʛʠʨʦʚʘʥʠʷ ɸ ʜʝʬʝʢʪʦʚ ʚ B1 ʮʝʥʪʨʳ ʚ ʘʣʤʘʟʝ [Evans et.al., 

1982; Evans, 1992; Taylor et al., 1996]. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʚʨʝʤʝʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦ ʨʝʘʢʮʠʠ ʘʛʨʝʛʠʨʦʚʘʥʠʷ A ʚ B1 ʜʦʚʦʣʴʥʦ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ 
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ʛʝʦʪʝʨʤʦʤʝʪʨ ʊʵʡʣʦʨʘ [Taylor et al., 1990]. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ, ʥʝ ʩʤʦʪʨʷ ʥʘ ʩʚʦʶ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ, 

ʧʦʣʫʯʝʥʥʳʝ ʦʧʨʝʜʝʣʝʥʠʷ ʠʤʝʶʪ ʦʮʝʥʦʯʥʳʡ ʠ ʫʩʣʦʚʥʳʡ ʭʘʨʘʢʪʝʨ, ʢʦʛʜʘ ʥʝ ʪʦʣʴʢʦ 

ʟʘʜʘʸʪʩʷ ʚʨʝʤʷ, ʧʦʨʷʜʦʢ ʨʝʘʢʮʠʠ, ʥʦ ʠ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʧʦʩʪʦʷʥʩʪʚʦ ʵʪʠʭ ʟʥʘʯʝʥʠʡ 

ʥʘ ʚʩʝʤ ʧʝʨʠʦʜʝ ʨʦʩʪʘ ʠ ʥʘʭʦʞʜʝʥʠʷ ʘʣʤʘʟʦʚ ʚ ʤʘʥʪʠʠ. ʆʥʠ ʥʝ ʤʦʛʫʪ ʩʯʠʪʘʪʴʩʷ 

ʩʧʦʩʦʙʦʤ ʜʘʪʠʨʦʚʢʠ, ʦʜʥʘʢʦ ʪʘʢʠʝ ʨʘʩʯʸʪʳ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ ʜʠʘʧʘʟʦʥ 

ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ ʚʨʝʤʝʥʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ. ʊʘʢʠʝ ʚʳʯʠʩʣʝʥʠʷ ʪʘʢʞʝ ʚʘʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʞʠʛʘ ʧʝʨʠʜʦʪʠʪʦʚʳʭ ʠ ʵʢʣʦʛʠʪʦʚʳʭ 

ʘʣʤʘʟʦʚ ʧʨʠ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʝʜʠʥʦʚʨʝʤʝʥʥʦʛʦ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ ʠʣʠ ʩʨʘʚʥʝʥʠʷ 

ʚʨʝʤʝʥʠ ʦʪʞʠʛʘ ʧʝʨʠʜʦʪʠʪʦʚʳʭ ʠ ʵʢʣʦʛʠʪʦʚʳʭ ʘʣʤʘʟʦʚ ʨʘʟʣʠʯʥʳʭ ʛʝʥʝʨʘʮʠʡ ʧʨʠ 

ʟʘʜʘʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʧʦʨʷʜʢʝ ʨʝʘʢʮʠʠ. 

ʏʠʩʣʦ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʚ ʘʣʤʘʟʝ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʜʦʩʪʠʛʘʝʪ 300, ʧʨʠ ʵʪʦʤ ʯʠʩʣʦ ʦʧʠʩʘʥʥʳʭ ʣʠʥʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʪʠʤ 

ʮʝʥʪʨʘʤ, ʧʨʝʚʳʰʘʝʪ 2000 [Dischler, 2012]. ʏʘʩʪʴ ʵʪʠʭ ʮʝʥʪʨʦʚ ʦʪʚʝʯʘʝʪ ʟʘ 

ʧʦʛʣʦʱʝʥʠʝ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ, ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʨʝʜʝʣʷʝʪ ʮʚʝʪʦʚʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʣʤʘʟʘ, ʘ ʟʥʘʯʠʪ, ʝʛʦ ʶʚʝʣʠʨʥʦʝ ʢʘʯʝʩʪʚʦ ʠ ʮʝʥʫ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʮʝʥʪʨʦʚ ʚ ʧʦʛʣʦʱʝʥʠʠ ʩʚʝʪʘ ʚ ʀʂ ʠ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ, ʘ ʪʘʢʞʝ ʠʭ ʧʨʦʷʚʣʝʥʠʝ ʚ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʜʘʶʪ ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʠ ʢʘʯʝʩʪʚʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʧʨʠʤʝʩʷʭ ʚ ʘʣʤʘʟʝ ʠ ʜʝʬʝʢʪʘʭ ʘʣʤʘʟʥʦʡ ʨʝʰʝʪʢʠ, ʧʦʟʚʦʣʷʶʱʠʭ ʩʫʜʠʪʴ ʦ ʧʨʠʨʦʜʝ 

ʢʨʠʩʪʘʣʣʘ ʠ ʧʦʩʪʨʦʩʪʦʚʳʭ ʚʦʟʜʝʡʩʪʚʠʷʭ ʥʘ ʢʨʠʩʪʘʣʣ ʩ ʮʝʣʴʶ ʦʙʣʘʛʦʨʘʞʠʚʘʥʠʷ ʝʛʦ 

ʮʚʝʪʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʢʦʧʣʝʥ ʠ ʦʙʦʙʱʝʥ ʟʥʘʯʠʪʝʣʴʥʳʡ 

ʤʘʪʝʨʠʘʣ ʧʦ ʠʝʨʘʨʭʠʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʤʦʜʠʬʠʢʘʮʠʠ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ 

ʚ ʘʣʤʘʟʝ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʨʦʩʪʘ ʚ ʧʨʠʨʦʜʥʳʭ ʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ, ʘ ʪʘʢʞʝ ʚ 

ʧʨʦʮʝʩʩʝ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʮʝʥʪʨʦʚ ʚ ʧʦʩʪʨʦʩʪʦʚʦʡ ʧʝʨʠʦʜ [Dobrinets 

et. al., 2013; Davies, 2009; Zaitsev, 2001]. ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚ ʧʝʨʝʯʠʩʣʝʥʥʳʭ 

ʤʦʥʦʛʨʘʬʠʷʭ ʩʧʨʘʚʦʯʥʳʡ ʤʘʪʝʨʠʘʣ ʟʥʘʯʠʪʝʣʴʥʦ ʦʙʣʝʛʯʘʝʪ ʵʚʨʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦ ʠʟʫʯʝʥʠʶ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʛʣʦʱʝʥʠʷ 

ʠ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʘʢ ʩʠʥʪʝʪʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʧʨʠʨʦʜʥʳʭ ʘʣʤʘʟʦʚ ʥʘ ʧʨʝʜʤʝʪ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʠʭ ʧʨʠʨʦʜʳ ʠ ʮʚʝʪʘ. 
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ʆʩʥʦʚʥʦʡ ʧʨʠʤʝʩʴʶ ʚ ʧʨʠʨʦʜʥʦʤ ʘʣʤʘʟʝ ʷʚʣʷʝʪʩʷ ʘʟʦʪ, ʢʦʪʦʨʳʡ ʚʭʦʜʠʪ ʚ 

ʧʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʦʧʠʩʘʥʥʳʭ ʚ ʘʣʤʘʟʝ ʮʝʥʪʨʦʚ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʚʦʝʤ 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʘʟʦʪʥʳʝ ʠ ʘʟʦʪʥʦ-ʚʘʢʘʥʩʠʦʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʚ ʨʘʟʣʠʯʥʳʭ 

ʟʘʨʷʜʦʚʳʭ ʩʦʩʪʦʷʥʠʷʭ. ʂʨʦʤʝ ʘʟʦʪʘ, ʚ ʧʨʠʨʦʜʥʳʭ ʘʣʤʘʟʘʭ ʤʦʞʝʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ 

ʙʦʨ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ ʦʪʜʝʣʴʥʫʶ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʙʝʟʘʟʦʪʥʳʭ ʧʦʣʫʧʨʦʚʦʜʷʱʠʭ 

ʘʣʤʘʟʦʚ ï ʪʠʧ IIb. ʊʘʢʞʝ ʚ ʧʦʜʘʚʣʷʶʱʝʤ ʯʠʩʣʝ ʧʨʠʨʦʜʥʳʭ ʢʨʠʩʪʘʣʣʦʚ 

ʜʠʘʛʥʦʩʪʠʨʫʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝ ʚʦʜʦʨʦʜʘ ʚ ʨʘʟʣʠʯʥʳʭ ʢʦʤʙʠʥʘʮʠʷʭ ʠ ʚʦʟʤʦʞʥʦ 

ʧʨʠʩʫʪʩʪʚʠʝ ʤʝʪʘʣʣʦʚ (Ni, Ti ʠ ʜʨ.) ʚ ʦʯʝʥʴ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ, 

ʦʙʨʘʟʫʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʮʝʥʪʨʳ ʠ ʧʨʦʷʚʣʷʶʱʠʭ ʩʝʙʷ ʚ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʧʦʛʣʦʱʝʥʠʠ. 

2.3. ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʂʈ- ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʚ ʧʨʠʣʦʞʝʥʠʠ ʢ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʘʣʤʘʟʦʚ 

ʇʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʠʟʣʫʯʝʥʠʷ ʯʝʨʝʟ ʚʝʱʝʩʪʚʦ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʩʝʷʥʠʝ ʩʚʝʪʘ ʥʘ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʭ ʩʨʝʜʳ, ʥʘʧʨʠʤʝʨ, ʥʘ ʬʣʫʢʪʫʘʮʠʷʭ ʧʣʦʪʥʦʩʪʠ ʚʝʱʝʩʪʚʘ, 

ʚʦʟʥʠʢʘʶʱʠʭ ʟʘ ʩʯʝʪ ʪʝʧʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʤʦʣʝʢʫʣ [ʂʦʥʠʥʛʩʪʘʡʥ, 1975]. ʊʘʢʦʝ 

ʨʘʩʩʝʷʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ ʩʚʝʪʘ, ʧʦʩʢʦʣʴʢʫ ʦʙʫʩʣʦʚʣʝʥʦ 

ʫʧʨʫʛʠʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʬʦʪʦʥʦʚ ʧʘʜʘʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʚʝʱʝʩʪʚʦʤ, ʠ 

ʥʘʟʳʚʘʝʪʩʷ ʈʵʣʝʝʚʩʢʠʤ ʨʘʩʩʝʷʥʠʝʤ. ʂʦʤʙʠʥʘʮʠʦʥʥʦʝ ʨʘʩʩʝʷʥʠʝ (ʂʈ) ʩʚʝʪʘ 

ʦʙʫʩʣʦʚʣʝʥʦ ʥʝʫʧʨʫʛʠʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩʚʝʪʘ ʩ ʤʦʣʝʢʫʣʘʤʠ ʚʝʱʝʩʪʚʘ, ʣʠʙʦ ʩ 

ʢʦʣʝʙʘʪʝʣʴʥʳʤʠ ʤʦʜʘʤʠ ʢʨʠʩʪʘʣʣʘ ï ʬʦʥʦʥʘʤʠ, ʘ ʪʘʢʞʝ ʩ ʜʨʫʛʠʤʠ ʢʚʘʟʠʯʘʩʪʠʮʘʤʠ 

(ʧʦʣʷʨʠʪʦʥʘʤʠ, ʤʘʛʥʦʥʘʤʠ) ʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʟʘʤʝʪʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʯʘʩʪʦʪʳ. 

ʉʧʝʢʪʨ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʣʝʙʘʪʝʣʴʥʦ-ʚʨʘʱʘʪʝʣʴʥʳʤ 

ʧʝʨʝʭʦʜʘʤ ʚ ʤʦʣʝʢʫʣʘʭ ʠʩʩʣʝʜʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ ʣʠʙʦ ʩʠʤʤʝʪʨʠʯʥʦ ʨʘʟʨʝʰʝʥʥʳʤ 

ʧʝʨʝʭʦʜʘʤ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʠʟʣʫʯʝʥʠʷ ʩ ʢʦʣʝʙʘʪʝʣʴʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ. ʇʨʠ ʵʪʦʤ ʚ ʨʘʩʩʝʷʥʥʦʤ ʩʧʝʢʪʨʝ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴʩʷ 

ʥʘʙʦʨ ʯʘʩʪʦʪ, ʢʘʢ ʤʝʥʴʰʠʭ ʯʘʩʪʦʪʳ ʠʩʭʦʜʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʩʪʦʢʩʦʚʘ ʢʦʤʧʦʥʝʥʪʘ), 

ʪʘʢ ʠ ʙʦʣʴʰʠʭ ʝʸ (ʘʥʪʠʩʪʦʢʩʦʚʘ ʢʦʤʧʦʥʝʥʪʘ), ʧʨʠʯʝʤ ʧʨʠ ʦʙʳʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʘʥʪʠʩʪʦʢʩʦʚʳʭ ʣʠʥʠʡ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ ʩʪʦʢʩʦʚʳʭ. ɺ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʪʦʢʩʦʚʳʭ ʢʦʤʧʦʥʝʥʪ ʂʈ ʪʘʢʞʝ ʯʨʝʟʚʳʯʘʡʥʦ ʤʘʣʘ ʠ 
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ʩʦʩʪʘʚʣʷʝʪ 10-5õ10-6 ʦʪ ʚʝʣʠʯʠʥʳ ʨʵʣʝʝʚʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ. ʕʪʦʪ ʬʘʢʪ ʧʦʨʦʞʜʘʝʪ 

ʧʨʦʙʣʝʤʫ ʦʪʩʝʯʝʥʠʷ ʩʚʝʪʘ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ʧʘʜʘʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʠʟ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʚ ʂʈ-ʩʧʝʢʪʨʦʤʝʪʨʝ ʩʧʝʢʪʨʘ. ɿʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝʤ ʩʧʝʮʠʘʣʴʥʳʭ 

ʫʟʢʦʧʦʣʦʩʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʬʠʣʴʪʨʦʚ (ʨʵʣʝʝʚʩʢʠʭ ʬʠʣʴʪʨʦʚ), ʦʩʪʘʚʣʷʶʱʠʭ ʚ 

ʩʧʝʢʪʨʝ ʩʪʦʢʩʦʚʳʭ ʢʦʤʧʦʥʝʥʪ ʨʘʩʩʝʷʥʥʦʛʦ ʩʚʝʪʘ ʪʦʣʴʢʦ ʯʘʩʪʦʪʳ ʩʦ ʩʜʚʠʛʦʤ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʯʘʩʪʦʪʳ ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʚʝʣʠʯʠʥʫ ʧʦʨʷʜʢʘ 100 ʩʤ-1 ʠ 

ʙʦʣʝʝ. 

ʇʨʠ ʘʥʘʣʠʟʝ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʩʧʝʢʪʨʦʚ ʚʝʱʝʩʪʚʘ ʤʝʪʦʜ ʂʈ ʤʦʞʝʪ ʙʳʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʢ ʤʝʪʦʜʫ ʀʂ-ʌʫʨʴʝ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʪʘʢ ʢʘʢ ʨʘʟʨʝʰʝʥʥʳʝ 

ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʧʝʨʝʭʦʜʳ ʚ ʀʂ-ʧʦʛʣʦʱʝʥʠʠ ʥʝ ʘʢʪʠʚʥʳ ʚ ʩʧʝʢʪʨʘʭ ʂʈ ʠ ʥʘʦʙʦʨʦʪ. 

ʇʨʠ ʵʪʦʤ ʤʝʪʦʜ ʂʈ ʦʙʣʘʜʘʝʪ ʩʫʱʝʩʪʚʝʥʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʧʝʨʝʜ ʤʝʪʦʜʦʤ ʀʂ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʧʦʩʢʦʣʴʢʫ ʜʠʘʧʘʟʦʥ ʠʩʩʣʝʜʫʝʤʳʭ ʯʘʩʪʦʪ ʈʘʤʘʥʦʚʩʢʦʛʦ ʩʜʚʠʛʘ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʣʠʥʘʤ ʚʦʣʥ ʧʦʨʷʜʢʘ 10 ʤʢʤ (ʯʘʩʪʦʪʘ 1000 ʩʤϖĭ), ʠ ʤʝʪʦʜʦʤ ʀʂ-

ʧʦʛʣʦʱʝʥʠʷ ʥʝʚʦʟʤʦʞʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʦʙʨʘʟʮʳ ʩ ʧʦʧʝʨʝʯʥʳʤʠ ʨʘʟʤʝʨʘʤʠ, 

ʩʨʘʚʥʠʤʳʤʠ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ, ʠʟ-ʟʘ ʜʠʬʨʘʢʮʠʠ ʩʚʝʪʘ ʥʘ ʦʙʲʝʢʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʪʦ 

ʞʝ ʚʨʝʤʷ ʤʝʪʦʜʦʤ ʂʈ ʤʦʞʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʦʙʨʘʟʮʳ ʩ ʧʦʧʝʨʝʯʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʦʪ 1 

ʤʢʤ ʠ ʚʳʰʝ, ʧʦʩʢʦʣʴʢʫ ʚʦʟʙʫʞʜʘʶʱʝʝ ʂʈ ʢʦʛʝʨʝʥʪʥʦʝ ʠʟʣʫʯʝʥʠʝ ʣʘʟʝʨʘ ʠʤʝʝʪ 

ʜʣʠʥʫ ʚʦʣʥʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʚʠʜʠʤʦʤʫ ʜʠʘʧʘʟʦʥʫ (ʚ ʥʘʰʝʤ ʧʨʠʙʦʨʝ 0.325 ʤʢʤ, 

0.532 ʤʢʤ ʠ 0.785 ʤʢʤ) ʠ ʤʦʞʝʪ ʙʳʪʴ ʩʬʦʢʫʩʠʨʦʚʘʥʦ ʜʦ ʧʦʧʝʨʝʯʥʦʛʦ ʨʘʟʤʝʨʘ 

ʧʦʨʷʜʢʘ 1 ʤʢʤ. ʌʠʢʩʠʨʫʝʤʳʡ ʚ ʥʘʰʝʤ ʧʨʠʙʦʨʝ ʜʠʘʧʘʟʦʥ ʯʘʩʪʦʪ ʈʘʤʘʥʦʚʩʢʦʛʦ 

ʩʜʚʠʛʘ ʩʦʩʪʘʚʣʷʝʪ 100õ9000 ʩʤϖĭ. ɼʣʠʥʥʦʚʦʣʥʦʚʘʷ ʛʨʘʥʠʮʘ ʠʟʤʝʨʷʝʤʳʭ ʩʧʝʢʪʨʦʚ 

ʦʛʨʘʥʠʯʝʥʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ CCD-ʜʝʪʝʢʪʦʨʘ ʠ ʩʦʩʪʘʚʣʷʝʪ ʚʝʣʠʯʠʥʫ, ʧʦʨʷʜʢʘ 

1000 ʥʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʣʘʟʝʨʘ 785 ʥʤ ʤʘʢʩʠʤʘʣʴʥʘʷ ʠʟʤʝʨʷʝʤʘʷ ʚʝʣʠʯʠʥʘ 

ʨʘʤʘʥʦʚʩʢʦʛʦ ʩʜʚʠʛʘ ʙʫʜʝʪ ʨʘʚʥʘ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 3000 ʩʤϖĭ (1027 ʥʤ). 

ʀʜʝʘʣʴʥʳʡ ʤʦʥʦʢʨʠʩʪʘʣʣ ʘʣʤʘʟʘ ĭĮʉ ʠʤʝʝʪ ʦʜʥʫ ʘʢʪʠʚʥʫʶ ʚ ʨʘʤʘʥʦʚʩʢʦʤ 

ʨʘʩʩʝʷʥʠʠ ʪʨʠʞʜʳ ʚʳʨʦʞʜʝʥʥʫʶ ʬʦʥʦʥʥʫʶ ʤʦʜʫ, ʜʘʶʱʫʶ ʦʩʪʨʳʡ ʧʠʢ ʥʘ 

ʨʘʤʘʥʦʚʩʢʦʡ ʯʘʩʪʦʪʝ 1332.4 ʩʤ-1 [Dobrinets et.al., 2013; Davies, 2009; Zaitsev, 2001]. 

ʐʠʨʠʥʘ ʧʠʢʘ ʥʘ ʧʦʣʫʚʳʩʦʪʝ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 1.2 ʩʤ-1. 
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ʅʘʙʣʶʜʘʝʤʘʷ ʰʠʨʠʥʘ ʨʘʤʘʥʦʚʩʢʦʡ ʣʠʥʠʠ ʚ ʘʣʤʘʟʘʭ ʨʘʟʣʠʯʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠ 

ʢʘʯʝʩʪʚʘ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʦʪ 1.2 ʜʦ 40 ʩʤ-1. 

ʅʘ ʯʘʩʪʦʪʫ ʣʠʥʠʠ ʂʈ ʚ ʘʣʤʘʟʝ ʤʦʞʝʪ ʚʣʠʷʪʴ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʚʭʦʜʷʱʝʛʦ ʚ 

ʘʣʤʘʟ ʫʛʣʝʨʦʜʘ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʚ ʘʣʤʘʟʝ x ʯʘʩʪʝʡ ʫʛʣʝʨʦʜʘ ĭįʉ ʠ (1-x) 

ʯʘʩʪʝʡ ʫʛʣʝʨʦʜʘ ĭĮʉ, çʩʨʝʜʥʷʷ ʤʘʩʩʘè ʫʛʣʝʨʦʜʘ ʘʣʤʘʟʥʦʡ ʨʝʰʝʪʢʠ ʙʫʜʝʪ ʨʘʚʥʘ 12+x, 

ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʤʝʥʴʰʝʥʥʘʷ, ʟʘ ʩʯʝʪ ʫʪʷʞʝʣʝʥʠʷ çʩʨʝʜʥʝʡ ʤʘʩʩʳè.  

ɺ ʧʨʠʨʦʜʥʳʭ ʠ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʘʣʤʘʟʘʭ ʯʘʩʪʦ ʥʘʙʣʶʜʘʶʪʩʷ ʂʈ ʩʧʝʢʪʨʳ 

ʛʨʘʬʠʪʦʚ ʩ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʴʶ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ, ʠ ʘʤʦʨʬʥʦʛʦ ʫʛʣʝʨʦʜʘ. ɼʘʞʝ 

ʦʧʪʠʯʝʩʢʠ ʧʨʦʟʨʘʯʥʳʡ ʢʨʠʩʪʘʣʣ ʘʣʤʘʟʘ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʨʘʟʣʠʯʥʳʝ ʜʝʬʝʢʪʳ ʚ 

ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚ ʂʈ ʩʧʝʢʪʨʘʭ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʧʦʣʦʩʳ, ʥʝʢʦʪʦʨʳʝ ʠʟ ʢʦʪʦʨʳʭ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʦʪʥʦʩʷʪ ʢ ʢʣʘʩʪʝʨʘʤ ʘʤʦʨʬʥʦʛʦ 

ʫʛʣʝʨʦʜʘ ʩ ʧʦʣʦʩʘʤʠ ʂʈ ʦʢʦʣʦ 1380-1450 ʩʤ-1. ʆʯʝʥʴ ʩʣʘʙʫʶ ʧʦʣʦʩʫ ʦʢʦʣʦ 1315 ʩʤ-

1 ʦʪʥʦʩʷʪ [Vogelgesang et. al., 1998; Spear, 1989] ʢ ʤʠʢʨʦʧʨʠʤʝʩʷʤ ʣʦʥʩʜʝʡʣʠʪʘ ï 

ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʘʣʤʘʟʘ. 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʛʨʘʬʠʪ ʠʤʝʝʪ ʧʦʣʦʩʫ ʂʈ 1582 ʩʤ-1, ʘ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʳʡ 

ʛʨʘʬʠʪ ï ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʧʦʣʦʩʫ ʧʨʠ 1360 ʩʤ-1, ʧʨʠʯʝʤ ʩʦʦʪʥʦʰʝʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʵʪʠʭ ʧʦʣʦʩ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʝʬʝʢʪʦʚ ʚ ʩʪʨʫʢʪʫʨʝ 

ʛʨʘʬʠʪʘ [Kawashima Katagiri, 1995; Pasteris et. al., 1991]. ɺ ʛʨʘʬʠʪʦʚʦʡ ʧʣʝʥʢʝ, 

ʠʥʦʛʜʘ ʨʘʟʚʠʚʘʶʱʝʡʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʣʤʘʟʘ, ʦʩʥʦʚʥʘʷ ʧʦʣʦʩʘ ʛʨʘʬʠʪʘ ʤʦʞʝʪ 

ʩʜʚʠʛʘʪʴʩʷ ʜʦ 1600 ʩʤ-1 ʠ ʚʳʰʝ ʧʦ ʯʘʩʪʦʪʝ, ʯʪʦ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʦʮʝʥʢʠ 

ʦʩʪʘʪʦʯʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ [Tan et. al., 1998]. 

ɺʠʟʫʘʣʴʥʘʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʚʢʣʶʯʝʥʠʡ ʚ ʘʣʤʘʟʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʙʠʥʦʢʫʣʷʨʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʥʝ ʚʩʝʛʜʘ ʜʘʝʪ ʧʨʘʚʠʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ, ʚ ʩʠʣʫ 

ʦʧʪʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʠʥʝʨʘʣʴʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʘʣʤʘʟʝ, ʘ ʪʘʢʞʝ 

ʩʫʙʲʝʢʪʠʚʥʦʛʦ ʧʦʜʭʦʜʘ ʠʩʩʣʝʜʦʚʘʪʝʣʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʠʥʝʨʘʣʦʚ-ʚʢʣʶʯʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʠʩʢʣʶʯʠʪʴ ʚʩʝ ʥʝʜʦʩʪʘʪʢʠ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʠʜʝʥʪʠʬʠʢʘʮʠʝʡ ʚʢʣʶʯʝʥʠʡ ʚʠʟʫʘʣʴʥʦ. ʆʜʥʠʤ ʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʠ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʦʜʭʦʜʦʚ ʚ ʠʟʫʯʝʥʠʠ ʚʢʣʶʯʝʥʠʡ ʚ ʘʣʤʘʟʝ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ 

ʈʘʤʘʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 
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ʈʠʩ. 2.3. ɺʥʝʰʥʠʡ ʚʠʜ ʈʘʤʘʥʦʚʩʢʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʘ inVia (RENISHAW) ʠ 

ʩʭʝʤʘʪʠʯʝʩʢʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʦʩʥʦʚʥʳʭ ʙʣʦʢʦʚ. 

ʅʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʥʬʦʢʘʣʴʥʦʛʦ ʈʘʤʘʥʦʚʩʢʦʛʦ ʤʠʢʨʦʩʢʦʧʘ Invia 

(Renishaw) (ʈʠʩ. 2.3) ʚʦʟʤʦʞʥʘ ʜʠʘʛʥʦʩʪʠʢʘ ʤʠʥʝʨʘʣʴʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʘʣʤʘʟʝ (ʈʠʩ. 

2.5). ʉʧʝʢʪʨ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʘʣʤʘʟʘ ʠʤʝʝʪ ʦʜʥʫ ʠʟ ʩʘʤʳʭ ʠʥʪʝʥʩʠʚʥʳʭ 

ʧʦʣʦʩ ʦʢʦʣʦ 1332 ʩʤ-1 (ʈʠʩ. 2.4), ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʫʩʣʦʞʥʷʝʪ ʧʨʦʮʝʩʩ 

ʨʝʛʠʩʪʨʘʮʠʠ ʂʈ ï ʩʧʝʢʪʨʘ ʤʠʥʝʨʘʣʴʥʦʛʦ ʚʢʣʶʯʝʥʠʷ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʨʘʤʘʥʦʚʩʢʠʭ ʩʧʝʢʪʨʦʚ ʠʟʚʝʩʪʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ 

ʙʠʙʣʠʦʪʝʢʝ WIRE, ʟʘʧʠʩʘʥʳ ʚ ʦʙʣʘʩʪʠ ʦʪ 0 ʜʦ 1200 ʩʤ-1, ʵʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʩʧʝʢʪʨ ʚʢʣʶʯʝʥʠʷ ʘʣʤʘʟʘ ʜʦ 1200 ʩʤ-1, ʦʙʭʦʜʷ ʚʳʩʦʢʦʠʥʪʝʥʩʠʚʥʫʶ 

ʣʠʥʠʶ ʨʘʤʘʥʦʚʩʢʦʛʦ ʦʪʨʘʞʝʥʠʷ ʘʣʤʘʟʘ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʘʷ 
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ʧʦʣʦʩʘ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʚʢʣʶʯʝʥʠʷ ʛʨʘʬʠʪʘ ʨʘʩʧʦʣʦʞʝʥʘ ʧʦʩʣʝ 

ʘʣʤʘʟʥʦʡ ʣʠʥʠʠ, ʦʢʦʣʦ 1600ʩʤ-1.  

 

ʈʠʩ. 2.4. ʉʧʝʢʪʨ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʘʣʤʘʟʘ 

  

ʂʈ-ʩʧʝʢʪʨ ʚʢʣʶʯʝʥʠʷ ʭʨʦʤʠʪʘ ʚ ʘʣʤʘʟʝ ʂʈ-ʩʧʝʢʪʨ ʚʢʣʶʯʝʥʠʷ ʦʣʠʚʠʥʘ ʚ ʘʣʤʘʟʝ 

  

ʂʈ-ʩʧʝʢʪʨ ʚʢʣʶʯʝʥʠʷ ʛʨʘʬʠʪʘ ʚ ʘʣʤʘʟʝ ʂʈ-ʩʧʝʢʪʨ ʚʢʣʶʯʝʥʠʷ ʩʫʣʴʬʠʜʘ ʚ ʘʣʤʘʟʝ 

  

ʂʈ-ʩʧʝʢʪʨ ʚʢʣʶʯʝʥʠʷ ʧʠʨʦʧʘ ʚ ʘʣʤʘʟʝ ʂʈ-ʩʧʝʢʪʨ ʚʢʣʶʯʝʥʠʷ ʧʠʨʦʧ-ʘʥʜʨʘʜʠʪʘ ʚ 

ʘʣʤʘʟʝ 
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ʂʈ-ʩʧʝʢʪʨ ʚʢʣʶʯʝʥʠʷ ʦʤʬʘʮʠʪʘ ʚ ʘʣʤʘʟʝ ʂʈ-ʩʧʝʢʪʨ ʚʢʣʶʯʝʥʠʷ ʵʥʩʪʘʪʠʪʘ ʚ ʘʣʤʘʟʝ 

  

ʂʈ-ʩʧʝʢʪʨ ʚʢʣʶʯʝʥʠʷ ʢʦʵʩʠʪʘ ʚ ʘʣʤʘʟʝ ʂʈ-ʩʧʝʢʪʨ ʚʢʣʶʯʝʥʠʷ ʨʫʪʠʣʘ ʚ ʘʣʤʘʟʝ 

ʈʠʩ. 2.5. ʉʧʝʢʪʨʳ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʚʢʣʶʯʝʥʠʡ ʚ ʘʣʤʘʟʘʭ ʠʟ 

ʢʠʤʙʝʨʣʠʪʦʚ ʗʢʫʪʩʢʦʡ ʘʣʤʘʟʦʥʦʩʥʦʡ ʧʨʦʚʠʥʮʠʠ 

2.4. ʕʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʦʪ ʚʥʝʜʨʝʥʠʷ ʤʠʢʨʦʩʢʦʧʘ-ʩʧʝʢʪʨʦʤʝʪʨʘ Invia 

(Renishaw) 

ʈʘʩʯʝʪ ʚʝʨʦʷʪʥʦʛʦ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʦʪ ʚʥʝʜʨʝʥʠʷ ʤʠʢʨʦʩʢʦʧʘ-

ʩʧʝʢʪʨʦʤʝʪʨʘ Invia (Renishaw) ʜʣʷ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʠʟʫʯʝʥʠʷ ʚʢʣʶʯʝʥʠʡ ʚ 

ʘʣʤʘʟʘʭ. 

ɺʧʝʨʚʳʝ ʚ ʅʀɻʇ, ʈʘʤʘʥʦʚʩʢʠʡ ʤʠʢʨʦʩʢʦʧ inVia ʧʦʟʚʦʣʠʣ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʤʠʥʝʨʘʣʴʥʳʝ ʚʢʣʶʯʝʥʠʷ ʚ ʘʣʤʘʟʘʭ ʙʝʟ ʠʭ ʨʘʟʨʫʰʝʥʠʷ ʠ ʩ 

ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʦʧʨʝʜʝʣʝʥʠʷ. ɹʣʘʛʦʜʘʨʷ ʧʨʠʙʦʨʫ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ 

ʚʢʣʶʯʝʥʠʷ ʚ 2000 ʘʣʤʘʟʘʭ (ʊʘʙʣʠʮʘ 2.2) ʠ ʧʨʠ ʵʪʦʤ ʙʳʣʠ ʩʦʭʨʘʥʝʥʳ ʠʭ ʠʩʭʦʜʥʦʝ 

ʢʘʯʝʩʪʚʦ, ʶʚʝʣʠʨʥʘʷ ʠ ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ. 

ʊʘʙʣʠʮʘ 2.2. ʇʦʢʘʟʘʪʝʣʠ ʚʥʝʜʨʝʥʠʷ ʤʠʢʨʦʩʢʦʧʘ-ʩʧʝʢʪʨʦʤʝʪʨʘ Invia (Renishaw) 

 ̄
ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʧʦʢʘʟʘʪʝʣʷ 

ɽʜ. 

ʠʟʤ. 

ɺʘʨʠʘʥʪ 

ʙʘʟʦʚʳʡ 

ɺʘʨʠʘʥʪ ʥʦʚʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ 

1 ʆʙʲʝʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʙʳ 200 2000 

2 
ʉʪʦʠʤʦʩʪʴ 1 ʘʥʘʣʠʟʘ ʚ 

ʪʝʢʫʱʠʭ ʮʝʥʘʭ 
ʨʫʙ. 2405 2019,15 
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3 
ʉʪʦʠʤʦʩʪʴ ʘʥʘʣʠʟʘ 

ʢʦʣʣʝʢʮʠʠ 
ʨʫʙ. 4 810 000 4 038 300 

 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʦʜʭʦʜ ʚ ʠʟʫʯʝʥʠʠ ʚʢʣʶʯʝʥʠʡ ʚ ʘʣʤʘʟʘʭ ʷʚʣʷʝʪʩʷ 

ʠʥʥʦʚʘʮʠʦʥʥʳʤ ʠ ʥʝ ʠʤʝʝʪ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʙʘʟʳ ʜʣʷ ʩʨʘʚʥʝʥʠʷ. ʇʨʠʨʦʩʪ ʧʨʠʙʳʣʠ 

ʙʳʣ ʨʘʩʩʯʠʪʘʥ ʠʩʭʦʜʷ ʠʟ ʥʫʣʝʚʦʡ ʧʨʠʙʳʣʠ ʧʦ ʙʘʟʦʚʦʤʫ ʚʘʨʠʘʥʪʫ. ʇʨʠʙʳʣʴ ʧʦ 

ʥʦʚʦʤʫ ʦʙʦʨʫʜʦʚʘʥʠʶ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʠʟ ʩʪʦʠʤʦʩʪʠ ʠ ʟʘʪʨʘʪ (ʊʘʙʣʠʮʘ 2.3), 

ʧʦʥʝʩʝʥʥʳʭ ʥʘ ʨʝʘʣʠʟʘʮʠʶ 1 ʘʥʘʣʠʟʘ (ʵʥʝʨʛʠʷ, ʦʧʣʘʪʘ ʪʨʫʜʘ, ʘʤʦʨʪʠʟʘʮʠʷ). ɼʣʷ 

ʨʘʩʯʝʪʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʦʚʦʡ ʪʝʭʥʠʢʠ, ʪʝʭʥʦʣʦʛʠʠ ɸʂ çɸʃʈʆʉɸè). ʉʦʛʣʘʩʥʦ ʧʫʥʢʪʫ 8 

ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʦʚʦʡ 

ʪʝʭʥʠʢʠ, ʪʝʭʥʦʣʦʛʠʠ ɸʂ çɸʃʈʆʉɸè ʛʦʜʦʚʦʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʦʪ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʦʚʦʡ ʧʨʦʜʫʢʮʠʠ ʠʣʠ ʧʨʦʜʫʢʮʠʠ ʧʦʚʳʰʝʥʥʦʛʦ ʢʘʯʝʩʪʚʘ ʥʘ ʦʩʥʦʚʝ 

ʠʟʦʙʨʝʪʝʥʠʡ ʠ ʨʘʮʠʦʥʘʣʠʟʘʪʦʨʩʢʠʭ ʧʨʝʜʣʦʞʝʥʠʡ, ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 4. 

(ʕ)= (ʇ-ɽʥ*ʂ)*ɸ2                         (4) 

ʊʘʙʣʠʮʘ 2.3. ʈʘʩʯʝʪ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʦʪ ʚʥʝʜʨʝʥʠʷ ʥʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʤʠʢʨʦʩʢʦʧʘ-ʩʧʝʢʪʨʦʤʝʪʨʘ Invia (Renishaw) 

ˉ 
ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʧʦʢʘʟʘʪʝʣʷ 

ɽʜ. 

ʠʟʤ. 

ɿʘʪʨʘʪʳ (ʙʘʟʦʚʳʡ 

ʚʘʨʠʘʥʪ) ɿ1, ʨʫʙ 

ɿʘʪʨʘʪʳ (ʚʘʨʠʘʥʪ 

ʥʦʚʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ) ɿ2, 

ʨʫʙ 

ʇʨʠʤʝʯʘʥʠʝ 

1 
ʇʦʪʝʨʷ ʩʪʦʠʤʦʩʪʠ 

ʘʣʤʘʟʥʦʛʦ ʩʳʨʴʷ 
ʈʫʙ. 

100*170*62=1 054 

000 
0 

100 ʜʦʣ.- ʩʨʝʜʥʷʷ ʮʝʥʘ 1 ʢʘʨ. 

ɸʣʤʘʟʦʚ, 170 ʢʘʨ.-ʩʨʝʜʥʠʡ ʚʝʩ 

2000 ʢʨʠʩʪʘʣʣʦʚ, 62-ʢʫʨʩ ʜʦʣ. 

2 
ʉʪʦʠʤʦʩʪʴ ʘʥʘʣʠʟʘ 

ʢʦʣʣʝʢʮʠʠ 
ʈʫʙ. 

2000*2405=4 810 

000 

2019.15*2000=4 

038 300 

2000 ʘʣʤʘʟʦʚ, 2405 ʩʪʦʠʤʦʩʪʴ 

ʤʠʢʨʦʟʦʥʜʦʚʦʛʦ ʘʥʘʣʠʟʘ, 

ʩʪʦʠʤʦʩʪʴ ʘʥʘʣʠʟʘ ʥʘ ʂʈ-

ʩʧʝʢʪʨʦʤʝʪʨʝ 

3 
ʉʪʦʠʤʦʩʪʴ ʨʘʩʧʠʣʦʚʢʠ 

ʘʣʤʘʟʦʚ 
ʈʫʙ. 

500*2000= 1 000 

000 
0 500- ʩʪʦʠʤʦʩʪʴ ʨʘʩʧʠʣʦʚʢʠ  

4 

ʂʘʧʠʪʘʣʴʥʳʝ ʚʣʦʞʝʥʠʷ, 

ʩ ʫʯʝʪʦʤ ʥʦʨʤʘʪʠʚʥʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ (0.15) 

ʈʫʙ. 0 
13709447*0.15=2 

056 417.05 

13 709 447- ʩʪʦʠʤʦʩʪʴ ʂʈ-

ʤʠʢʨʦʩʢʦʧʘ, 0,15-ʥʦʨʤʘʪʠʚʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʦʢʫʧʘʝʤʦʩʪʠ 

5 ʀʪʦʛ ʈʫʙ. 6 864 000 6 094 717.05 
  

ʕʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʦʪ ʚʥʝʜʨʝʥʠʷ ʥʦʚʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ 
769 282.95 
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ʋʜʝʣʴʥʳʡ ʧʨʠʨʦʩʪ ʧʨʠʙʳʣʠ (ʇ) ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ, ʠʩʭʦʜʷ ʠʟ ʥʦʨʤ ʥʘ 

ʚʳʧʦʣʥʝʥʠʝ ʘʥʘʣʠʟʦʚ ʚ ʅʀɻʇ ʜʣʷ ʠʟʤʝʨʝʥʠʡ ʠ ʦʙʨʘʙʦʪʢʠ ʂʈ-ʩʧʝʢʪʨʦʚ ʚʢʣʶʯʝʥʠʷ 

ʚ ʘʣʤʘʟʝ. ʋʜʝʣʴʥʳʝ ʢʘʧʠʪʘʣʦʚʣʦʞʝʥʠʷ (ʂ) ʦʧʨʝʜʝʣʝʥʳ, ʩʦʛʣʘʩʥʦ ʦʩʪʘʪʦʯʥʦʡ 

ʩʪʦʠʤʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʤʠʢʨʦʩʢʦʧʘ-ʩʧʝʢʪʨʦʤʝʪʨʘ Invia (Renishaw) ʥʘ ʝʜʠʥʠʮʫ 

ʘʥʘʣʠʟʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʛʦʜʦʚʦʤ ʚʳʨʘʞʝʥʠʠ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʦʪ 

ʚʥʝʜʨʝʥʠʷ ʥʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʤʠʢʨʦʩʢʦʧʘ-ʩʧʝʢʪʨʦʤʝʪʨʘ Invia (Renishaw) 

ʩʦʩʪʘʚʠʣ ʦʢʦʣʦ 770 ʪʳʩ. ʨʫʙʣʝʡ. ɺ ʪʦʞʝ ʚʨʝʤʷ, ʥʫʞʥʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʠʟʫʯʝʥʠʝ 

ʘʣʤʘʟʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʥʝ ʜʝʩʪʨʫʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ, ʪʝʤ ʩʘʤʳʤ ʩʦʭʨʘʥʝʥʘ ʙʝʩʮʝʥʥʘʷ 

ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ ʠʟʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʠ ʧʨʠ ʵʪʦʤ ʧʦʣʫʯʝʥʘ 

ʫʥʠʢʘʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʦ ʘʣʤʘʟʘʤ. 

2.5. ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʘʣʤʘʟʘ 

ʈʘʤʘʥʦʚʩʢʠʡ ʩʧʝʢʪʨʦʤʝʪʨ (ʈʠʩ. 2.3) ʤʦʞʝʪ ʙʳʪʴ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʩʧʝʢʪʨʦʚ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʌʃ). ʇʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʌʃ ʣʘʟʝʨʦʤ 325 

ʥʤ, ʚ ʠʟʤʝʨʷʝʤʳʡ ʚ ʜʘʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʜʠʘʧʘʟʦʥ ʧʨʠʙʦʨʘ 326õ742 ʥʤ ʧʦʧʘʜʘʝʪ 

ʙʦʣʴʰʠʥʩʪʚʦ ʣʠʥʠʡ ʠ ʧʦʣʦʩ ʌʃ, ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʚ ʘʣʤʘʟʝ, ʦʪ ʮʝʥʪʨʘ 

N3 (415.2 ʥʤ) ʜʦ ʮʝʥʪʨʘ GR1 (741 ʥʤ) (ʈʠʩ. 2.6). ʆʧʪʠʯʝʩʢʠʝ ʮʝʥʪʨʳ, 

ʧʨʦʷʚʣʷʶʱʠʝʩʷ ʚ ʢʨʘʩʥʦʤ ʠ ʙʣʠʞʥʝʤ ʠʥʬʨʘʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥʝ, ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ 

ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʟʝʣʝʥʳʤ ʣʘʟʝʨʦʤ 532 ʥʤ (535 õ 1021 ʥʤ). ʇʨʠʩʫʪʩʪʚʫʶʱʘʷ ʚ ʂʈ-

ʩʧʝʢʪʨʦʤʝʪʨʝ InVia ʪʝʭʥʦʣʦʛʠʷ ʟʘʧʠʩʠ ʩʧʝʢʪʨʘ SynchroScan ʧʦʟʚʦʣʷʝʪ ʧʨʦʧʠʩʘʪʴ ʟʘ 

ʦʜʠʥ ʧʨʦʭʦʜ ʩʧʝʢʪʨ ʚʩʝʛʦ ʜʠʘʧʘʟʦʥʘ ʙʝʟ ʩʰʠʚʢʠ ʬʨʘʛʤʝʥʪʦʚ, ʩ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ 

ʠ ʩ ʦʯʝʥʴ ʚʳʩʦʢʠʤ ʩʧʝʢʪʨʘʣʴʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ, ʧʦʟʚʦʣʷʶʱʠʤ, ʧʨʠ ʣʦʢʘʣʴʥʦʤ 

ʫʚʝʣʠʯʝʥʠʠ ʣʶʙʦʛʦ ʬʨʘʛʤʝʥʪʘ ʧʦʣʫʯʝʥʥʦʛʦ ʛʨʘʬʠʢʘ, ʥʘʙʣʶʜʘʪʴ ʢʘʯʝʩʪʚʝʥʥʫʶ 

ʢʘʨʪʠʥʫ ʪʦʥʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʧʝʢʪʨʘ. 

ʇʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʪʦʥʢʠʝ ʙʝʟʬʦʥʦʥʥʳʝ ʣʠʥʠʠ ʩʧʝʢʪʨʦʚ ʌʃ 

ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʚ ʘʣʤʘʟʝ, ʘ ʪʘʢʞʝ ʠʭ ʬʦʥʦʥʥʳʝ ʧʦʚʪʦʨʝʥʠʷ, 

ʩʢʨʘʜʳʚʘʶʪʩʷ ʰʠʨʦʢʠʤʠ ʧʦʣʦʩʘʤʠ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʤʠ 

ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʚʦʟʤʫʱʝʥʠʝʤ ʬʦʥʦʥʥʦʛʦ ʩʧʝʢʪʨʘ. ʇʦʵʪʦʤʫ ʜʣʷ ʥʘʜʝʞʥʦʡ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʮʝʥʪʨʦʚ ʧʦ ʠʭ ʩʧʝʢʪʨʫ ʌʃ ʥʝʦʙʭʦʜʠʤʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʟʘʧʠʩʴ 
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ʩʧʝʢʪʨʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʞʠʜʢʦʛʦ ʘʟʦʪʘ 77.3 ʂ (-195.7 Üʉ). ʅʘ ʩʧʝʢʪʨʦʤʝʪʨʝ InVia 

ʵʪʦ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʧʦʩʨʝʜʩʪʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʨʤʦʠʟʦʣʠʨʦʚʘʥʥʦʡ 

ʚʘʥʥʦʯʢʠ ʜʣʷ ʞʠʜʢʦʛʦ ʘʟʦʪʘ. ʂʨʠʩʪʘʣʣ ʧʨʠ ʪʘʢʦʤ ʩʧʦʩʦʙʝ ʠʟʤʝʨʝʥʠʷ ʥʠʞʥʝʡ ʩʚʦʝʡ 

ʯʘʩʪʴʶ ʧʦʛʨʫʞʝʥ ʚ ʞʠʜʢʠʡ ʘʟʦʪ. 

ʇʨʠ ʜʦʩʪʘʪʦʯʥʦ ʠʥʪʝʥʩʠʚʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʦʙʨʘʟʮʘ ʧʨʠʩʫʪʩʪʚʫʶʱʘʷ ʧʨʠ 

ʟʘʧʠʩʠ ʩʧʝʢʪʨʘ ʌʃ ʣʠʥʠʷ ʂʈ ʘʣʤʘʟʘ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʚʥʫʪʨʝʥʥʠʤ ʩʪʘʥʜʘʨʪʦʤ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʌʃ ʚ ʜʘʥʥʦʤ ʦʙʨʘʟʮʝ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʥʦʨʤʠʨʦʚʘʪʴ ʩʧʝʢʪʨ ʥʘ 

ʚʳʩʦʪʫ ʧʠʢʘ ʣʠʥʠʠ ʂʈ ʘʣʤʘʟʘ. ʇʨʠ ʩʣʘʙʦʡ ʌʃ ʥʝʦʙʭʦʜʠʤʦ ʠʩʢʣʶʯʘʪʴ ʠʟ 

ʟʘʧʠʩʳʚʘʝʤʦʛʦ ʜʠʘʧʘʟʦʥʘ ʣʠʥʠʶ ʂʈ ʘʣʤʘʟʘ ʜʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʫʚʝʣʠʯʝʥʠʷ ʚʨʝʤʝʥʠ 

ʥʘʢʦʧʣʝʥʠʷ ʩʠʛʥʘʣʘ ʧʨʠ ʩʲʝʤʢʝ ʩʧʝʢʪʨʘ.  

ʉʲʝʤʢʘ ʩʧʝʢʪʨʦʚ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʦʚ ʚʳʧʦʣʥʝʥʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʦʟʤʦʞʥʦʩʪʝʡ ʂʈ-ʤʠʢʨʦʩʢʦʧʘ InVia (ʬʠʨʤʘ Renishaw, 

ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ). ɺʩʝ ʩʧʝʢʪʨʳ ʙʳʣʠ ʩʥʷʪʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʞʠʜʢʦʛʦ ʘʟʦʪʘ (ʊ = 

77ʂ). ʀʩʪʦʯʥʠʢ ʚʦʟʙʫʞʜʝʥʠʷ ï ʣʘʟʝʨ ʂʈ ï ʤʠʢʨʦʩʢʦʧʘ, ɚ ï 325ʥʤ, ʤʦʱʥʦʩʪʴ 20 ʤɺʪ. 

ʀʩʧʦʣʴʟʦʚʘʣʘʩʴ ʦʪʨʘʞʘʪʝʣʴʥʘʷ ʛʦʣʦʛʨʘʬʠʯʝʩʢʘʷ ʜʠʬʨʘʢʮʠʦʥʥʘʷ ʨʝʰʝʪʢʘ 2400 

ʣʠʥ/ʤʤ, ʠʟʤʝʨʷʝʤʳʡ ʩʧʝʢʪʨʘʣʴʥʳʡ ʜʠʘʧʘʟʦʥ ʧʨʠ ʚʦʟʙʫʞʜʘʶʱʝʤ ʠʟʣʫʯʝʥʠʠ 325 ʥʤ 

ʩʦʩʪʘʚʣʷʝʪ 326 õ 740 ʥʤ. ʋʌ ʦʙʲʝʢʪʠʚ Thorlabs 15x, ʯʠʩʣʦʚʘʷ ʘʧʝʨʪʫʨʘ 0.32, 

ʨʘʙʦʯʝʝ ʨʘʩʩʪʦʷʥʠʝ 8.5 ʤʤ. ʇʨʠʸʤʥʠʢʦʤ ʠʟʣʫʯʝʥʠʷ ʩʣʫʞʠʪ ʇʝʣʴʪʴʝ-ʦʭʣʘʞʜʘʝʤʘʷ 

CCD-ʤʘʪʨʠʮʘ 1024Ĭ256, ʨʘʟʤʝʨ ʧʠʢʩʝʣʷ 26 ʤʢʤ.  ɿʘʷʚʣʝʥʥʦʝ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ 

ʩʧʝʢʪʨʘʣʴʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʥʝ ʭʫʞʝ 0.5 ʩʤ-1 ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ (ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʤʙʠʥʘʮʠʡ ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ, ʦʙʲʝʢʪʠʚʦʚ ʠ 

ʨʝʰʝʪʦʢ), ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʥʝ ʭʫʞʝ 0.1 ʩʤ-1. ʅʘ ʚʩʝʭ ʩʥʷʪʳʭ ʩʧʝʢʪʨʘʭ ʌʃ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʣʠʥʠʠ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʘʣʤʘʟʘ ʧʝʨʚʦʛʦ (339.7 ʥʤ) ʠ 

ʚʪʦʨʦʛʦ (355.8 ʥʤ) ʧʦʨʷʜʢʘ, ʘ ʪʘʢʞʝ ʠʭ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʧʦʚʪʦʨʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘ 

ʥʝʢʦʪʦʨʳʭ ʩʧʝʢʪʨʘʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚʳʩʦʢʠʝ ʫʟʢʠʝ (0.05 ʥʤ) ʧʘʨʘʟʠʪʥʳʝ ʧʠʢʠ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʩʨʘʙʘʪʳʚʘʥʠʝʤ ʤʘʪʨʠʯʥʦʛʦ CCD-ʧʨʠʝʤʥʠʢʘ ʧʨʠ ʩʣʫʯʘʡʥʦʤ 

ʚʦʟʜʝʡʩʪʚʠʠ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ. 

ʋ ʜʦʤʠʥʠʨʫʶʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʟʫʯʝʥʥʳʭ ʘʣʤʘʟʦʚ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʰʠʨʦʢʦ 

ʠʟʚʝʩʪʥʳʡ ʠ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʡ N3-ʜʝʬʝʢʪ (ʈʠʩ. 2.6) ʩ ɹʌʃ 415,2 ʥʤ (2.985 ʵɺ). ʇʦ 
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ʩʦʚʦʢʫʧʥʦʩʪʠ ʜʘʥʥʳʭ ʜʝʬʝʢʪʫ ʧʨʠʧʠʩʳʚʘʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʠʟ ʪʨʸʭ ʘʪʦʤʦʚ ʘʟʦʪʘ, 

ʦʢʨʫʞʘʶʱʠʭ ʚʘʢʘʥʩʠʶ (N3V). 

ɺ ʪʦʞʝ ʚʨʝʤʷ ʚ ʘʣʤʘʟʘʭ ʜʦʚʦʣʴʥʦ ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʪʩʷ ʜʝʬʝʢʪ H3 (ʈʠʩ. 2.7). ʅʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʟʚʝʩʪʥʦ [Davies, 1970], ʯʪʦ Hɿ-, H2-ʜʝʬʝʢʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ A-ʮʝʥʪʨʳ, ʟʘʭʚʘʪʠʚʰʠʝ ʚʘʢʘʥʩʠʶ. ʈʘʟʣʠʯʠʷ ʩʦʩʪʦʷʪ ʚ ʪʦʤ, ʯʪʦ ʮʝʥʪʨ H3 

ʟʘʭʚʘʪʠʣ ʝʛʦ ʚ ʥʝʡʪʨʘʣʴʥʦʤ, ʘ ʜʝʬʝʢʪ H2 ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʟʘʨʷʜʦʤ. ʉ ʜʝʬʝʢʪʦʤ ʅɿ 

ʩʚʷʟʳʚʘʝʪʩʷ ʟʝʣʝʥʦʚʘʪʘʷ ʦʢʨʘʩʢʘ ʘʣʤʘʟʦʚ ʠ ʠʭ ʞʸʣʪʦ-ʟʝʣʸʥʘʷ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʷ 

ʩ ɹʌʃ 503,2 ʥʤ (2,463 ʵɺ). ʌʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʷ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʢ 

ʧʦʷʚʣʝʥʠʶ ʠʣʠ ʠʟʤʝʥʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʧʪʠʯʝʩʢʠ-ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ. ʕʪʦ 

ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʜʣʷ ʘʥʘʣʠʟʘ 

ʚʦʟʤʦʞʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʦʧʪʠʢʦ-ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʣʤʘʟʦʚ ʚ 

ʧʦʩʪʨʦʩʪʦʚʦʡ ʧʝʨʠʦʜ.  

 

ʈʠʩ. 2.6. ʉʧʝʢʪʨ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʘʣʤʘʟʘ ʠʟ ʪʨ. ʅʶʨʙʠʥʩʢʘʷ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʘʣʤʘʟʦʚ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʧʨʠ ʧʘʩʧʦʨʪʠʟʘʮʠʠ 

ʢʨʠʩʪʘʣʣʦʚ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʝʣ, ʚ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ ʘʣʤʘʟʳ ʜʦʚʦʣʴʥʦ ʯʘʩʪʦ ʠʤʝʶʪ 

ʟʦʥʘʣʴʥʦ-ʩʝʢʪʦʨʘʣʴʥʦʝ ʩʪʨʦʝʥʠʝ [ʉʧʝʮʠʫʩ ʠ ʜʨ., 2015], ʪʝʤ ʩʘʤʳʤ ʩʧʝʢʪʨ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʦʪʨʘʞʘʝʪ ʜʝʬʝʢʪʥʦ-ʧʨʠʤʝʩʥʳʡ ʩʦʩʪʘʚ ʣʦʢʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʘʣʤʘʟʘ. 
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ʈʠʩ. 2.7. ʉʧʝʢʪʨ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʘʣʤʘʟʘ ʠʟ ʪʨ. ɸʡʭʘʣ 

ʅʝʦʩʧʦʨʠʤʳʤ ʬʘʢʪʦʤ ʚ ʧʦʣʴʟʫ ʧʨʠʤʝʥʠʤʦʩʪʠ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʘʣʤʘʟʘ 

ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʚʳʩʦʢʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʤʝʪʦʜʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʙʝʟʘʟʦʪʥʳʭ 

ʘʣʤʘʟʘʭ, ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʦ ʜʘʥʥʳʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʈʠʩ. 2.8. ʉʧʝʢʪʨ ʀʂ-

ʧʦʛʣʦʱʝʥʠʷ (ʘ) ʠ ʩʧʝʢʪʨ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʙ) ʙʝʟ ʘʟʦʪʥʦʛʦ ʘʣʤʘʟʘ ʠʟ ʪʨ. 

ʖʙʠʣʝʡʥʘʷʈʠʩ. 2.8, ʘ), ʦʙʥʘʨʫʞʝʥʳ ʘʟʦʪʥʳʝ ʜʝʬʝʢʪʳ N3, H3 ʧʦ ʜʘʥʥʳʤ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʈʠʩ. 2.8, ʙ). 

 

                             (ʘ)                                                          (ʙ) 

ʈʠʩ. 2.8. ʉʧʝʢʪʨ ʀʂ-ʧʦʛʣʦʱʝʥʠʷ (ʘ) ʠ ʩʧʝʢʪʨ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʙ) ʙʝʟ 

ʘʟʦʪʥʦʛʦ ʘʣʤʘʟʘ ʠʟ ʪʨ. ʖʙʠʣʝʡʥʘʷ 
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ɻʣʘʚʘ 3 . ʆʩʦʙʝʥʥʦʩʪʠ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʨʦʝʥʠʷ ʘʣʤʘʟʦʚ ʧʦ ʜʘʥʥʳʤ ʀʂ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ  

3.1. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʣʤʘʟʦʚ ʅʘʢʳʥʩʢʦʛʦ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʧʦʣʷ 

3.1.1. ɸʣʤʘʟʳ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʪʨʫʙʢʠ ʅʶʨʙʠʥʩʢʘʷ 

ɺʩʝʛʦ ʠʟʫʯʝʥʦ ʙʦʣʝʝ 5000 ʘʣʤʘʟʦʚ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʪʨʫʙʢʠ ʅʶʨʙʠʥʩʢʘʷ 

ʤʝʪʦʜʦʤ ʦʧʪʠʯʝʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

ʇʦ ʜʘʥʥʳʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʩʨʝʜʠ ʠʟʫʯʝʥʥʳʭ ʘʣʤʘʟʦʚ ʠʟ ʪʨʫʙʢʠ 

ʅʶʨʙʠʥʩʢʘʷ ʚ ʙʣʠʟʢʠʭ ʜʦʣʷʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʘʣʤʘʟʳ ʩ ʤʘʣʳʤʠ (ʜʦ 400 at. ppm) ʠ 

ʩʨʝʜʥʠʤʠ (ʦʪ 400 ʜʦ 800 at. ppm) ï 33 ʠ 42% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ ʩ ʚʳʩʦʢʠʤʠ (ʦʪ 800 

ʜʦ 2200 at. ppm) ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʩʪʨʫʢʪʫʨʥʦʡ ʧʨʠʤʝʩʠ ʘʟʦʪʘ ʦʢʦʣʦ 25% (ʈʠʩ. 3.1). 

çɹʝʟʘʟʦʪʥʳʭè (ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʤʝʥʝʝ 25 at. ppm, ʪʠʧ IIʘ) ï ʤʝʥʝʝ 3 %, ʦʩʪʘʣʴʥʳʝ 

ʘʣʤʘʟʳ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʬʠʟʠʯʝʩʢʦʤʫ ʪʠʧʫ Iʘ. ʇʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʉ-ʮʝʥʪʨʘ 

(ʦʜʠʥʦʯʥʳʡ ʘʪʦʤ ʘʟʦʪʘ ʚ ʧʦʟʠʮʠʠ ʟʘʤʝʱʝʥʠʷ) ʚʳʷʚʣʝʥʳ ʪʦʣʴʢʦ ʫ ʦʪʜʝʣʴʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ IV ʨʘʟʥʦʚʠʜʥʦʩʪʠ, ʧʨʠʯʝʤ ʉ-ʮʝʥʪʨ ʩʦʩʨʝʜʦʪʦʯʝʥ ʚ ʦʙʦʣʦʯʢʝ ʠ ʵʪʫ 

ʢʨʘʡʥʶʶ ʦʙʣʘʩʪʴ ʘʣʤʘʟʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʪʠʧʫ Ib. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʘʣʤʘʟʦʚ ʧʦ 

ʩʦʜʝʨʞʘʥʠʶ ʦʙʱʝʛʦ ʘʟʦʪʘ ʦʜʥʦʤʦʜʘʣʴʥʦʝ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʚ ʚʳʙʦʨʢʝ ʢʨʠʩʪʘʣʣʦʚ 

ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʘʟʦʪʘ ʦʢʦʣʦ 500 at.ppm.  ʋ 98% ʘʣʤʘʟʦʚ ʜʦʤʠʥʠʨʫʝʪ ʘʟʦʪ ʚ ɸ-ʬʦʨʤʝ 

(ʈʠʩ. 3.1ʙ). ʅʘʨʷʜʫ ʩ ɸ-ʮʝʥʪʨʘʤʠ ʫ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʪʠʧʘ Iʘ ʦʪʤʝʯʘʶʪʩʷ 

ʘʟʦʪʥʳʝ ɺ-ʜʝʬʝʢʪʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʪʥʝʩʪʠ ʵʪʠ ʦʙʨʘʟʮʳ ʢ ʩʤʝʰʘʥʥʦʤʫ ʧʦʜʪʠʧʫ 

IaAB. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʘʟʦʪʘ ʚ ɺ-ʬʦʨʤʝ ʠʤʝʝʪ ʦʩʥʦʚʥʦʡ ʤʘʢʩʠʤʫʤ ʥʘ 

25%, ʠ ʪʦʣʴʢʦ ʫ 2% ʢʨʠʩʪʘʣʣʦʚ ʙʦʣʝʝ 60% ʧʨʠʤʝʩʠ ʥʘʭʦʜʠʪʩʷ ʚ ɺ-ʬʦʨʤʝ (ʈʠʩ. 

3.1ʙ). ʂʦʥʮʝʥʪʨʘʮʠʠ ʘʟʦʪʘ ʚ ʤʘʣʦʘʛʨʝʛʠʨʦʚʘʥʥʦʡ ɸ-ʬʦʨʤʝ ʠ 

ʚʳʩʦʢʦʘʛʨʝʛʠʨʦʚʘʥʥʦʡ ɺ-ʬʦʨʤʝ ʫ ʘʣʤʘʟʦʚ ʥʘʭʦʜʷʪʩʷ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ, 

ʜʦʩʪʠʛʘʷ 1540 ʠ 1600 at. ppm ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʨʠʩʪʘʣʣʳ ʪʠʧʘ IaB1 ʥʝ ʚʳʷʚʣʝʥʳ: ʫ 

ʚʩʝʭ ʘʣʤʘʟʦʚ ʩ ʚʳʩʦʢʦʡ ʘʛʨʝʛʘʮʠʝʡ ʘʟʦʪʘ (ʙʦʣʝʝ 80% ʚ ɺ-ʬʦʨʤʝ) ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ 

ʠʥʪʝʥʩʠʚʥʳʝ ʧʦʣʦʩʳ ɺ2-ʮʝʥʪʨʦʚ. ʂʦʵʬʬʠʮʠʝʥʪʳ ʧʦʛʣʦʱʝʥʠʷ ɺ2-ʮʝʥʪʨʦʚ ʚ 

ʩʧʝʢʪʨʘʭ ʜʦʩʪʠʛʘʶʪ 38 ʩʤ-1, ʘ ʫ 72% ʢʨʠʩʪʘʣʣʦʚ ʪʠʧʘ Iʘ ʦʥʠ ʙʦʣʝʝ 2 ʩʤ-1, ʘ 

ʫʩʨʝʜʥʝʥʥʦʝ ʟʥʘʯʝʥʠʝ 5,9 ʩʤ-1.  ɼʦʤʠʥʠʨʫʶʪ ʢʨʠʩʪʘʣʣʳ ʩ ʵʪʠʤʠ ʧʣʘʩʪʠʥʯʘʪʳʤʠ 
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ʜʝʬʝʢʪʘʤʠ ʚ ʦʩʥʦʚʥʦʤ ʩʨʝʜʥʠʭ ʨʘʟʤʝʨʦʚ (ʧʦʣʦʞʝʥʠʝ ʤʘʢʩʠʤʫʤʘ ʦʩʥʦʚʥʦʡ ʧʦʣʦʩʳ 

ʧʦʛʣʦʱʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ 1363ï1373 ʩʤ-1). ʉʦʜʝʨʞʘʥʠʷ ʧʨʠʤʝʩʠ ʚʦʜʦʨʦʜʘ 

ʧʦʚʳʰʝʥʳ ʫ 40% ʘʣʤʘʟʦʚ, ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ ʫʟʢʦʡ ʣʠʥʠʠ ʥʘ 3107 ʩʤ-1 ʫ 

ʥʠʭ ʙʦʣʝʝ 1 ʩʤ-1 ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ ʟʥʘʯʝʥʠʠ 38 ʩʤ-1, ʘ ʫʩʨʝʜʥʝʥʥʳʡ ʧʦ ʚʳʙʦʨʢʝ ï 

2,4 ʩʤ-1 (ʊʘʙʣʠʮʘ 3.1). 

ʊʘʙʣʠʮʘ 3.1. ʋʩʨʝʜʥʝʥʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʜʝʬʝʢʪʦʚ ʚ ʘʣʤʘʟʘʭ 

ʆʙʲʝʢʪ 

ʂʦʣ-

ʚʦ, 

ʰʪ. 

Ntot, 

at. 

ppm 

ɸ, at. 

ppm 

ɺ, at. 

ppm 
ɺ, % 

ɺ2, 

ʩʤ-1 

ɜɺ2, ʩʤ-

1 

ʅ, 

ʩʤ-1 

ʪʨ. ʅʶʨʙʠʥʩʢʘʷ 5851 583,5 385,7 197,8 31,7 5,9 1367,4 2,4 

ʪʨ. 

ɹʦʪʫʦʙʠʥʩʢʘʷ 
1436 405,6 304,7 100,8 23,5 3,0 1365,9 1,3 

ʪʨ. ɸʡʭʘʣ 698 360,0 219,3 140,6 37,4 4,9 1364,0 1,3 

ʪʨ. 

ʂʦʤʩʦʤʦʣʴʩʢʘʷ 
260 387,8 215,6 172,1 40,9 5,8 1365,2 1,5 

ʪʨ. ʖʙʠʣʝʡʥʘʷ 1554 422,5 257,2 165,3 40,4 5,2 1365,9 1,2 
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ʈʠʩ. 3.1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʘʣʤʘʟʦʚ ʠʟ ʪʨ. ʅʶʨʙʠʥʩʢʘʷ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʩʫʤʤʘʨʥʦʛʦ 

ʘʟʦʪʘ (ʘ) ʠ ʧʦ ʧʨʦʮʝʥʪʥʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʘʟʦʪʘ ʚ ɺ-ʬʦʨʤʝ (ʙ) 

ʉʨʝʜʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʢʪʘʵʜʨʦʚ ʠʟ ʪʨʫʙʢʠ ʅʶʨʙʠʥʩʢʘʷ ʟʘʤʝʪʥʦ ʙʦʣʴʰʝ 

ʘʣʤʘʟʦʚ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʧʨʠʤʝʩʠ ʘʟʦʪʘ ʦʪ 600 ʜʦ 1500 at.ppm ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʣʘʤʠʥʘʨʥʳʤʠ ʨʦʤʙʦʜʦʜʝʢʘʵʜʨʘʤʠ ʠ ʢʨʠʩʪʘʣʣʘʤʠ ʧʝʨʝʭʦʜʥʳʭ ʬʦʨʤ (ʈʠʩ. 3.2 ʘ). 

ʄʘʣʦʘʟʦʪʠʩʪʳʝ ʘʣʤʘʟʳ (ʤʝʥʝʝ 300 at.ppm) ʚ ʦʩʥʦʚʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʨʠʩʪʘʣʣʘʤʠ 

ʧʝʨʝʭʦʜʥʳʭ ʬʦʨʤ ʠ ʣʘʤʠʥʘʨʥʳʤʠ ʨʦʤʙʦʜʦʜʝʢʘʵʜʨʘʤʠ, ʘ ʩʨʝʜʠ ʠʟʫʯʝʥʥʳʭ 

ʙʝʩʬʦʨʤʝʥʥʳʭ ʦʩʢʦʣʢʦʚ ʜʘʥʥʦʡ ʚʳʙʦʨʢʠ ʤʥʦʛʦ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 300ï800 at.ppm 

ʘʟʦʪʘ. ɺ ʦʩʥʦʚʥʦʤ ʠʟʫʯʝʥʥʳʝ ʘʣʤʘʟʳ ʠʤʝʶʪ ʥʝʙʦʣʴʰʫʶ ʘʛʨʝʛʘʮʠʶ ʧʨʠʤʝʩʠ ʘʟʦʪʘ. 

ɸʣʤʘʟʳ ʩ ʧʦʚʳʰʝʥʥʦʡ (50-90% ʚ ɺ-ʬʦʨʤʝ) ʘʛʨʝʛʘʮʠʝʡ ʘʟʦʪʘ, ʢʦʥʮʝʥʪʨʘʮʠʝʡ ɺ2-

ʮʝʥʪʨʘ ʠ ʧʨʠʤʝʩʠ ʚʦʜʦʨʦʜʘ ʚ ʦʩʥʦʚʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʨʠʩʪʘʣʣʘʤʠ ʧʝʨʝʭʦʜʥʳʭ 

ʬʦʨʤ ʠ ʙʝʩʬʦʨʤʝʥʥʳʤʠ ʦʩʢʦʣʢʘʤʠ (ʈʠʩ. 3.2 ʙ-ʛ).  

ʂʨʠʩʪʘʣʣʦʚ IV ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʧʦ ʖ.ʃ. ʆʨʣʦʚʫ ʚ ʚʳʙʦʨʢʝ ʦʢʦʣʦ 7%, ʦʥʠ 

ʠʤʝʶʪ ʚ ʦʩʥʦʚʥʦʤ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʘʟʦʪʘ (ʙʦʣʝʝ 600 at.ppm) 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ɸ-ʬʦʨʤʝ (80%), ʩʦʜʝʨʞʘʪ ʧʣʘʩʪʠʥʯʘʪʳʝ ɺ2-ʦʙʨʘʟʦʚʘʥʠʷ 

ʤʘʣʳʭ ʨʘʟʤʝʨʦʚ ʠ ʚ ʥʝʙʦʣʴʰʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ (ʈʠʩ. 3.2 ʚ). ɼʣʷ ʵʪʠʭ ʢʨʠʩʪʘʣʣʦʚ 
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ʦʪʤʝʯʘʶʪʩʷ ʤʘʣʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʤʝʩʠ ʚʦʜʦʨʦʜʘ. 
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ʈʠʩ. 3.2. ʂʦʥʮʝʥʪʨʘʮʠʷ ʦʙʱʝʛʦ ʘʟʦʪʘ (ʘ), ʧʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʘʟʦʪʘ ʚ ɺ-ʬʦʨʤʝ 

(ʙ), ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʛʣʦʱʝʥʠʷ ʧʦʣʦʩ ɺ2 (ʚ) ʠ ʅ (ʛ) ʮʝʥʪʨʦʚ ʚ ʘʣʤʘʟʘʭ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʪʠʧʦʚ ʠʟ ʪʨ. ʅʶʨʙʠʥʩʢʘʷ 

ʌʫʥʢʮʠʷ ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʣʤʘʟʦʚ ʠʟ ʪʨ. ʅʶʨʙʠʥʩʢʘʷ 

ʠʤʝʝʪ ʦʜʥʦʤʦʜʘʣʴʥʳʡ ʚʠʜ (ʈʠʩ. 3.3). ʌʫʥʢʮʠʷ ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʪʨʫʙʢʠ ʅʶʨʙʠʥʩʢʘʷ ʧʦ ʣʦʛʘʨʠʬʤʫ Kt 

ʦʪʨʘʞʘʝʪ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʚʨʝʤʝʥʥʦʡ ʨʘʟʙʨʦʩ ʧʨʦʮʝʩʩʦʚ ʨʦʩʪʘ ʜʣʷ ʨʘʟʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ. 

 

ʈʠʩ. 3.3. ʌʫʥʢʮʠʷ ʧʣʦʪʥʦʩʪʠ ʧʦ lgKt ʜʣʷ ʪʨ. ʅʶʨʙʠʥʩʢʘʷ 

3.1.2. ɸʣʤʘʟʳ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʪʨʫʙʢʠ ɹʦʪʫʦʙʠʥʩʢʘʷ 

ɺʩʝʛʦ ʠʟʫʯʝʥʦ ʙʦʣʝʝ 1400 ʘʣʤʘʟʦʚ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʪʨʫʙʢʠ ɹʦʪʫʦʙʠʥʩʢʘʷ 

ʤʝʪʦʜʦʤ ʦʧʪʠʯʝʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

ʇʦ ʜʘʥʥʳʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʩʨʝʜʠ ʠʟʫʯʝʥʥʳʭ ʘʣʤʘʟʦʚ ʠʟ ʪʨʫʙʢʠ 

ɹʦʪʫʦʙʠʥʩʢʘʷ ʚ ʙʣʠʟʢʠʭ ʜʦʣʷʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʘʣʤʘʟʳ ʩ ʤʘʣʳʤʠ (ʜʦ 400 at. ppm) ʠ 

ʩʨʝʜʥʠʤʠ (ʦʪ 400 ʜʦ 800 at. ppm) ï 53 ʠ 39% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ ʩ ʚʳʩʦʢʠʤʠ (ʦʪ 800 

ʜʦ 2200 at. ppm) ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʩʪʨʫʢʪʫʨʥʦʡ ʧʨʠʤʝʩʠ ʘʟʦʪʘ ʦʢʦʣʦ 8% (ʈʠʩ. 3.4). 

çɹʝʟʘʟʦʪʥʳʭè (ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʤʝʥʝʝ 25 at. ppm, ʪʠʧ IIʘ) ï ʤʝʥʝʝ 4 %, ʦʩʪʘʣʴʥʳʝ 

ʪʨ. ʅʶʨʙʠʥʩʢʘʷ (n=5851)

log([Kt*10^5];10)
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ʘʣʤʘʟʳ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʬʠʟʠʯʝʩʢʦʤʫ ʪʠʧʫ Iʘ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʘʣʤʘʟʦʚ ʧʦ 

ʩʦʜʝʨʞʘʥʠʶ ʦʙʱʝʛʦ ʘʟʦʪʘ ʜʚʫʤʦʜʘʣʴʥʦʝ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʚ ʚʳʙʦʨʢʝ ʢʨʠʩʪʘʣʣʦʚ ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ ʘʟʦʪʘ ʦʢʦʣʦ 500 at.ppm ʠ ʧʦʜʯʠʥʝʥʥʳʤ ʤʘʢʩʠʤʫʤʦʤ ʦʢʦʣʦ 200 at.ppm.  

ʋ 97% ʘʣʤʘʟʦʚ ʜʦʤʠʥʠʨʫʝʪ ʘʟʦʪ ʚ ɸ-ʬʦʨʤʝ (ʈʠʩ. 3.4). ʅʘʨʷʜʫ ʩ ɸ-ʮʝʥʪʨʘʤʠ ʫ ʚʩʝʭ 

ʠʟʫʯʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʪʠʧʘ Iʘ ʦʪʤʝʯʘʶʪʩʷ ʘʟʦʪʥʳʝ ɺ-ʜʝʬʝʢʪʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʦʪʥʝʩʪʠ ʵʪʠ ʦʙʨʘʟʮʳ ʢ ʩʤʝʰʘʥʥʦʤʫ ʧʦʜʪʠʧʫ IaAB. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʩʦʜʝʨʞʘʥʠʶ 

ʘʟʦʪʘ ʚ ɺ-ʬʦʨʤʝ ʠʤʝʝʪ ʦʩʥʦʚʥʦʡ ʤʘʢʩʠʤʫʤ ʥʘ 25%, ʠ ʪʦʣʴʢʦ ʫ 1% ʢʨʠʩʪʘʣʣʦʚ ʙʦʣʝʝ 

60% ʧʨʠʤʝʩʠ ʥʘʭʦʜʠʪʩʷ ʚ ɺ-ʬʦʨʤʝ (ʈʠʩ. 3.4). ʂʦʥʮʝʥʪʨʘʮʠʠ ʘʟʦʪʘ ʚ 

ʤʘʣʦʘʛʨʝʛʠʨʦʚʘʥʥʦʡ ɸ-ʬʦʨʤʝ ʠ ʚʳʩʦʢʦʘʛʨʝʛʠʨʦʚʘʥʥʦʡ ɺ-ʬʦʨʤʝ ʫ ʘʣʤʘʟʦʚ 

ʥʘʭʦʜʷʪʩʷ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ, ʜʦʩʪʠʛʘʷ 1200 ʠ 1300 at. ppm ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʂʨʠʩʪʘʣʣʳ ʪʠʧʘ IaB1 ʥʝ ʚʳʷʚʣʝʥʳ: ʦʙʥʘʨʫʞʝʥ ʦʜʠʥ ʢʨʠʩʪʘʣʣ ʩ ʚrʩʦʢʦʡ ʘʛʨʝʛʘʮʠʝʡ 

ʘʟʦʪʘ (ʙʦʣʝʝ 70% ʚ ɺ-ʬʦʨʤʝ). ʂʦʵʬʬʠʮʠʝʥʪʳ ʧʦʛʣʦʱʝʥʠʷ ɺ2-ʮʝʥʪʨʦʚ ʚ ʩʧʝʢʪʨʘʭ 

ʜʦʩʪʠʛʘʶʪ 23 ʩʤ-1, ʘ ʫ 50% ʢʨʠʩʪʘʣʣʦʚ ʪʠʧʘ Iʘ ʦʥʠ ʙʦʣʝʝ 2 ʩʤ-1, ʘ ʫʩʨʝʜʥʝʥʥʦʝ 

ʟʥʘʯʝʥʠʝ 3,0 ʩʤ-1 (ʊʘʙʣʠʮʘ 3.1).  ʉʦʜʝʨʞʘʥʠʷ ʧʨʠʤʝʩʠ ʚʦʜʦʨʦʜʘ ʧʦʚʳʰʝʥʳ ʫ 31 % 

ʘʣʤʘʟʦʚ, ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ ʫʟʢʦʡ ʣʠʥʠʠ ʥʘ 3107 ʩʤ-1 ʫ ʥʠʭ ʙʦʣʝʝ 1 ʩʤ-1 ʧʨʠ 

ʤʘʢʩʠʤʘʣʴʥʦʤ ʟʥʘʯʝʥʠʠ 28 ʩʤ-1, ʘ ʫʩʨʝʜʥʝʥʥʳʡ ʧʦ ʚʳʙʦʨʢʝ ï 1,3 ʩʤ-1 (ʊʘʙʣʠʮʘ 3.1). 
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ʈʠʩ. 3.4. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʘʣʤʘʟʦʚ ʠʟ ʪʨ. ɹʦʪʫʦʙʠʥʩʢʘʷ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʩʫʤʤʘʨʥʦʛʦ 

ʘʟʦʪʘ (ʘ) ʠ ʧʦ ʧʨʦʮʝʥʪʥʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʘʟʦʪʘ ʚ ɺ-ʬʦʨʤʝ (ʙ) 

ʉʨʝʜʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʢʪʘʵʜʨʦʚ ʠʟ ʪʨʫʙʢʠ ɹʦʪʫʦʙʠʥʩʢʘ,̫ ʪʘʢʞʝ ʢʘʢ ʠ ʚ 

ʪʨʫʙʢʝ ʅʶʨʙʠʥʩʢʘʷ, ʟʘʤʝʪʥʦ ʙʦʣʴʰʝ ʘʣʤʘʟʦʚ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʧʨʠʤʝʩʠ ʘʟʦʪʘ ʦʪ 600 

ʜʦ 1500 at.ppm ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʣʘʤʠʥʘʨʥʳʤʠ ʨʦʤʙʦʜʦʜʝʢʘʵʜʨʘʤʠ ʠ ʢʨʠʩʪʘʣʣʘʤʠ 

ʧʝʨʝʭʦʜʥʳʭ ʬʦʨʤ (ʈʠʩ. 3.5 ʘ). ʄʘʣʦʘʟʦʪʠʩʪʳʝ ʘʣʤʘʟʳ (ʤʝʥʝʝ 300 at.ppm) ʚ 

ʦʩʥʦʚʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʨʠʩʪʘʣʣʘʤʠ ʧʝʨʝʭʦʜʥʳʭ ʬʦʨʤ ʠ ʣʘʤʠʥʘʨʥʳʤʠ 

ʨʦʤʙʦʜʦʜʝʢʘʵʜʨʘʤʠ, ʘ ʩʨʝʜʠ ʠʟʫʯʝʥʥʳʭ ʙʝʩʬʦʨʤʝʥʥʳʭ ʦʩʢʦʣʢʦʚ ʜʘʥʥʦʡ ʚʳʙʦʨʢʠ 

ʤʥʦʛʦ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 300ï800 at.ppm ʘʟʦʪʘ. ɺ ʦʩʥʦʚʥʦʤ ʠʟʫʯʝʥʥʳʝ ʘʣʤʘʟʳ ʠʤʝʶʪ 

ʥʝʙʦʣʴʰʫʶ ʘʛʨʝʛʘʮʠʶ ʧʨʠʤʝʩʠ ʘʟʦʪʘ. ɸʣʤʘʟʳ ʩ ʧʦʚʳʰʝʥʥʦʡ (50-90% ʚ ɺ-ʬʦʨʤʝ) 

ʘʛʨʝʛʘʮʠʝʡ ʘʟʦʪʘ, ʢʦʥʮʝʥʪʨʘʮʠʝʡ ɺ2-ʮʝʥʪʨʘ ʠ ʧʨʠʤʝʩʠ ʚʦʜʦʨʦʜʘ ʚ ʦʩʥʦʚʥʦʤ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʨʠʩʪʘʣʣʘʤʠ ʧʝʨʝʭʦʜʥʳʭ ʬʦʨʤ ʠ ʙʝʩʬʦʨʤʝʥʥʳʤʠ ʦʩʢʦʣʢʘʤʠ (ʈʠʩ. 

3.5 ʙ-ʛ).  

ʂʨʠʩʪʘʣʣʦʚ IV ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʧʦ ʖ.ʃ. ʆʨʣʦʚʫ ʚ ʚʳʙʦʨʢʝ ʦʢʦʣʦ 9%, ʦʥʠ 

ʠʤʝʶʪ ʚ ʦʩʥʦʚʥʦʤ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʘʟʦʪʘ (ʙʦʣʝʝ 600 at.ppm) 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ɸ-ʬʦʨʤʝ (80%), ʩʦʜʝʨʞʠʪ ʧʣʘʩʪʠʥʯʘʪʳʝ ɺ2-ʦʙʨʘʟʦʚʘʥʠʷ 
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ʤʘʣʳʭ ʨʘʟʤʝʨʦʚ ʠ ʚ ʥʝʙʦʣʴʰʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ (ʈʠʩ. 3.5 ʚ). ɼʣʷ ʵʪʠʭ ʢʨʠʩʪʘʣʣʦʚ 

ʦʪʤʝʯʘʶʪʩʷ ʤʘʣʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʤʝʩʠ ʚʦʜʦʨʦʜʘ. 
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ʈʠʩ. 3.5. ʂʦʥʮʝʥʪʨʘʮʠʷ ʦʙʱʝʛʦ ʘʟʦʪʘ (ʘ), ʧʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʘʟʦʪʘ ʚ ɺ-ʬʦʨʤʝ 

(ʙ), ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʛʣʦʱʝʥʠʷ ʧʦʣʦʩ ɺ2 (ʚ) ʠ ʅ (ʛ) ʮʝʥʪʨʦʚ ʚ ʘʣʤʘʟʘʭ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʪʠʧʦʚ ʠʟ ʪʨ. ɹʦʪʫʦʙʠʥʩʢʘʷ 

ʌʫʥʢʮʠʷ ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʣʤʘʟʦʚ ʠʟ ʪʨ. ɹʦʪʫʦʙʠʥʩʢʘʷ 

ʧʦ Kt (ʈʠʩ. 3.6)  ʠʤʝʝʪ ʜʚʝ ʤʦʜʳ. ʌʫʥʢʮʠʷ ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʢʨʠʩʪʘʣʣʦʚ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʪʨʫʙʢʠ ɹʦʪʫʦʙʠʥʩʢʘʷ ʧʦ ʣʦʛʘʨʠʬʤʫ Kt ʦʪʨʘʞʘʝʪ 

ʪʝʤʧʝʨʘʪʫʨʥʦ-ʚʨʝʤʝʥʥʦʡ ʨʘʟʙʨʦʩ ʧʨʦʮʝʩʩʦʚ ʨʦʩʪʘ ʜʣʷ ʨʘʟʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. 

 

ʈʠʩ. 3.6. ʌʫʥʢʮʠʷ ʧʣʦʪʥʦʩʪʠ ʧʦ lgKt ʜʣʷ ʪʨ. ɹʦʪʫʦʙʠʥʩʢʘʷ. 

3.2. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʣʤʘʟʦʚ ɸʣʘʢʠʪ-ʄʘʨʭʠʥʩʢʦʛʦ 

ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʧʦʣʷ 

3.2.1. ɸʣʤʘʟʳ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʪʨʫʙʢʠ ɸʡʭʘʣ 

ɺʩʝʛʦ ʠʟʫʯʝʥʦ ʦʢʦʣʦ 700 ʘʣʤʘʟʦʚ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʪʨʫʙʢʠ ɸʡʭʘʣ ʤʝʪʦʜʦʤ 

ʦʧʪʠʯʝʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

ʇʦ ʜʘʥʥʳʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʩʨʝʜʠ ʠʟʫʯʝʥʥʳʭ ʘʣʤʘʟʦʚ ʠʟ ʪʨʫʙʢʠ ɸʡʭʘʣ ʚ 

ʚʳʙʦʨʢʝ ʧʦʚʳʰʝʥʦ ʢʦʣʠʯʝʩʪʚʦ ʘʣʤʘʟʦʚ ʩ ʤʘʣʳʤʠ (ʜʦ 400 at. ppm)- ʦʢʦʣʦ 61 %, ʘ ʩʦ 

ʩʨʝʜʥʠʤʠ (ʦʪ 400 ʜʦ 800 at. ppm) ï 28% ʠ ʚʳʩʦʢʠʤʠ (ʦʪ 800 ʜʦ 2200 at. ppm)   

ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʩʪʨʫʢʪʫʨʥʦʡ ʧʨʠʤʝʩʠ ʘʟʦʪʘ ʚʩʝʛʦ 11% (ʈʠʩ. 3.7). çɹʝʟʘʟʦʪʥʳʭè (ʩ 

ʪʨ. ɹʦʪʫʦʙʠʥʩʢʘʷ (n=1436)

log([Kt*10^5];10)
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ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʤʝʥʝʝ 25 at. ppm, ʪʠʧ IIʘ) ï ʦʢʦʣʦ 8 %, ʦʩʪʘʣʴʥʳʝ ʘʣʤʘʟʳ ʤʦʞʥʦ 

ʦʪʥʝʩʪʠ ʢ ʬʠʟʠʯʝʩʢʦʤʫ ʪʠʧʫ Iʘ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʘʣʤʘʟʦʚ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʦʙʱʝʛʦ 

ʘʟʦʪʘ ʠʤʝʝʪ ʜʚʝ ʤʦʜʳ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʚ ʚʳʙʦʨʢʝ ʢʨʠʩʪʘʣʣʦʚ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʘʟʦʪʘ 

ʦʢʦʣʦ 100 at.ppm.  ʋ 79% ʘʣʤʘʟʦʚ ʜʦʤʠʥʠʨʫʝʪ ʘʟʦʪ ʚ ɸ-ʬʦʨʤʝ (ʈʠʩ. 3.7). ʅʘʨʷʜʫ ʩ 

ɸ-ʮʝʥʪʨʘʤʠ ʫ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʪʠʧʘ Iʘ ʦʪʤʝʯʘʶʪʩʷ ʘʟʦʪʥʳʝ ɺ-ʜʝʬʝʢʪʳ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʪʥʝʩʪʠ ʵʪʠ ʦʙʨʘʟʮʳ ʢ ʩʤʝʰʘʥʥʦʤʫ ʧʦʜʪʠʧʫ IaAB. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ 

ʩʦʜʝʨʞʘʥʠʶ ʘʟʦʪʘ ʚ ɺ-ʬʦʨʤʝ ʠʤʝʝʪ ʦʩʥʦʚʥʦʡ ʤʘʢʩʠʤʫʤ ʥʘ 25%, ʠ ʪʦʣʴʢʦ ʫ 11% 

ʢʨʠʩʪʘʣʣʦʚ ʙʦʣʝʝ 60% ʧʨʠʤʝʩʠ ʥʘʭʦʜʠʪʩʷ ʚ ɺ-ʬʦʨʤʝ (ʈʠʩ. 3.7). ʂʦʥʮʝʥʪʨʘʮʠʠ 

ʘʟʦʪʘ ʚ ʤʘʣʦʘʛʨʝʛʠʨʦʚʘʥʥʦʡ ɸ-ʬʦʨʤʝ ʠ ʚʳʩʦʢʦʘʛʨʝʛʠʨʦʚʘʥʥʦʡ ɺ-ʬʦʨʤʝ ʫ ʘʣʤʘʟʦʚ 

ʥʘʭʦʜʷʪʩʷ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ, ʜʦʩʪʠʛʘʷ 950 ʠ 1200 at. ppm ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʂʨʠʩʪʘʣʣʳ ʪʠʧʘ IaB1 ʥʝ ʚʳʷʚʣʝʥʳ: ʫ ʚʩʝʭ ʘʣʤʘʟʦʚ ʩ ʚʳʩʦʢʦʡ ʘʛʨʝʛʘʮʠʝʡ ʘʟʦʪʘ 

(ʙʦʣʝʝ 80% ʚ ɺ-ʬʦʨʤʝ) ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʠʥʪʝʥʩʠʚʥʳʝ ʧʦʣʦʩʳ ɺ2-ʮʝʥʪʨʦʚ. 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʧʦʛʣʦʱʝʥʠʷ ɺ2-ʮʝʥʪʨʦʚ ʚ ʩʧʝʢʪʨʘʭ ʜʦʩʪʠʛʘʶʪ 24 ʩʤ-1, ʘ ʫ 56% 

ʢʨʠʩʪʘʣʣʦʚ ʪʠʧʘ Iʘ ʦʥʠ ʙʦʣʝʝ 2 ʩʤ-1, ʘ ʫʩʨʝʜʥʝʥʥʦʝ ʟʥʘʯʝʥʠʝ 4,9 ʩʤ-1.  ɼʦʤʠʥʠʨʫʶʪ 

ʢʨʠʩʪʘʣʣʳ ʩ ʵʪʠʤʠ ʧʣʘʩʪʠʥʯʘʪʳʤʠ ʜʝʬʝʢʪʘʤʠ ʚ ʦʩʥʦʚʥʦʤ ʩʨʝʜʥʠʭ ʨʘʟʤʝʨʦʚ 

(ʧʦʣʦʞʝʥʠʝ ʤʘʢʩʠʤʫʤʘ ʦʩʥʦʚʥʦʡ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ 1363ï1373 ʩʤ-1). 

ʉʦʜʝʨʞʘʥʠʷ ʧʨʠʤʝʩʠ ʚʦʜʦʨʦʜʘ ʧʦʥʠʞʝʥʳ ʫ 19% ʘʣʤʘʟʦʚ, ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʦʛʣʦʱʝʥʠʷ ʫʟʢʦʡ ʣʠʥʠʠ ʥʘ 3107 ʩʤ-1 ʫ ʥʠʭ ʙʦʣʝʝ 1 ʩʤ-1 ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ 

ʟʥʘʯʝʥʠʠ 35 ʩʤ-1, ʘ ʫʩʨʝʜʥʝʥʥʳʡ ʧʦ ʚʳʙʦʨʢʝ ï 1,3 ʩʤ-1 (ʊʘʙʣʠʮʘ 3.1). 

 



60 

 

 

ʈʠʩ. 3.7. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʘʣʤʘʟʦʚ ʠʟ ʪʨ. ɸʡʭʘʣ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʩʫʤʤʘʨʥʦʛʦ ʘʟʦʪʘ (ʘ) 

ʠ ʧʦ ʧʨʦʮʝʥʪʥʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʘʟʦʪʘ ʚ ɺ-ʬʦʨʤʝ (ʙ) 

ʉʨʝʜʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʢʪʘʵʜʨʦʚ ʠʟ ʪʨʫʙʢʠ ɸʡʭʘʣ ʟʘʤʝʪʥʦ ʙʦʣʴʰʝ ʘʣʤʘʟʦʚ ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ ʧʨʠʤʝʩʠ ʘʟʦʪʘ ʦʪ 600 ʜʦ 1500 at.ppm ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʣʘʤʠʥʘʨʥʳʤʠ 

ʨʦʤʙʦʜʦʜʝʢʘʵʜʨʘʤʠ ʠ ʢʨʠʩʪʘʣʣʘʤʠ ʧʝʨʝʭʦʜʥʳʭ ʬʦʨʤ (ʈʠʩ. 3.8 ʘ). ʄʘʣʦʘʟʦʪʠʩʪʳʝ 

ʘʣʤʘʟʳ (ʤʝʥʝʝ 300 at.ppm) ʚ ʦʩʥʦʚʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʨʠʩʪʘʣʣʘʤʠ ʧʝʨʝʭʦʜʥʳʭ 

ʬʦʨʤ ʠ ʣʘʤʠʥʘʨʥʳʤʠ ʨʦʤʙʦʜʦʜʝʢʘʵʜʨʘʤʠ, ʘ ʩʨʝʜʠ ʠʟʫʯʝʥʥʳʭ ʙʝʩʬʦʨʤʝʥʥʳʭ 

ʦʩʢʦʣʢʦʚ ʜʘʥʥʦʡ ʚʳʙʦʨʢʠ ʤʥʦʛʦ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 300ï1000 at.ppm ʘʟʦʪʘ. ɺ 

ʦʩʥʦʚʥʦʤ ʠʟʫʯʝʥʥʳʝ ʘʣʤʘʟʳ ʠʤʝʶʪ ʥʝʙʦʣʴʰʫʶ ʘʛʨʝʛʘʮʠʶ ʧʨʠʤʝʩʠ ʘʟʦʪʘ. ɸʣʤʘʟʳ 

ʩ ʧʦʚʳʰʝʥʥʦʡ (50-90% ʚ ɺ-ʬʦʨʤʝ) ʘʛʨʝʛʘʮʠʝʡ ʘʟʦʪʘ, ʢʦʥʮʝʥʪʨʘʮʠʝʡ ɺ2-ʮʝʥʪʨʘ ʠ 

ʧʨʠʤʝʩʠ ʚʦʜʦʨʦʜʘ ʚ ʦʩʥʦʚʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʨʠʩʪʘʣʣʘʤʠ ʧʝʨʝʭʦʜʥʳʭ ʬʦʨʤ ʠ 

ʙʝʩʬʦʨʤʝʥʥʳʤʠ ʦʩʢʦʣʢʘʤʠ (ʈʠʩ. 3.8 ʙ-ʛ).  

ʂʨʠʩʪʘʣʣʦʚ IV ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʧʦ ʖ.ʃ. ʆʨʣʦʚʫ ʚ ʚʳʙʦʨʢʝ ʦʢʦʣʦ 6%, ʦʥʠ 

ʠʤʝʶʪ ʚ ʦʩʥʦʚʥʦʤ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʘʟʦʪʘ (ʙʦʣʝʝ 600 at.ppm) 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ɸ-ʬʦʨʤʝ (80%), ʩʦʜʝʨʞʠʪ ʧʣʘʩʪʠʥʯʘʪʳʝ ɺ2-ʦʙʨʘʟʦʚʘʥʠʷ 

ʤʘʣʳʭ ʨʘʟʤʝʨʦʚ ʠ ʚ ʥʝʙʦʣʴʰʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ (ʈʠʩ. 3.8 ʚ). ɼʣʷ ʵʪʠʭ ʢʨʠʩʪʘʣʣʦʚ 

ʦʪʤʝʯʘʶʪʩʷ ʤʘʣʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʤʝʩʠ ʚʦʜʦʨʦʜʘ. 
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ʈʠʩ. 3.8. ʂʦʥʮʝʥʪʨʘʮʠʷ ʦʙʱʝʛʦ ʘʟʦʪʘ (ʘ), ʧʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʘʟʦʪʘ ʚ ɺ-ʬʦʨʤʝ 

(ʙ), ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʛʣʦʱʝʥʠʷ ʧʦʣʦʩ ɺ2 (ʚ) ʠ ʅ (ʛ) ʮʝʥʪʨʦʚ ʚ ʘʣʤʘʟʘʭ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʪʠʧʦʚ ʠʟ ʪʨ. ɸʡʭʘʣ 

 

ʈʠʩ. 3.9. ʌʫʥʢʮʠʷ ʧʣʦʪʥʦʩʪʠ ʧʦ lgKt ʜʣʷ ʪʨ. ɸʡʭʘʣ 

ʌʫʥʢʮʠʷ ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʣʤʘʟʦʚ ʠʟ ʪʨ. ɸʡʭʘʣ ʧʦ Kt 

(ʈʠʩ. 3.9) ʠʤʝʝʪ ʜʚʝ ʤʦʜʳ. ʌʫʥʢʮʠʷ ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʢʨʠʩʪʘʣʣʦʚ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʪʨʫʙʢʠ ɸʡʭʘʣ ʧʦ ʣʦʛʘʨʠʬʤʫ Kt ʦʪʨʘʞʘʝʪ 

ʪʝʤʧʝʨʘʪʫʨʥʦ-ʚʨʝʤʝʥʥʦʡ ʨʘʟʙʨʦʩ ʧʨʦʮʝʩʩʦʚ ʨʦʩʪʘ ʜʣʷ ʨʘʟʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. 

3.2.2. ɸʣʤʘʟʳ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʪʨʫʙʢʠ ʖʙʠʣʝʡʥʘʷ 

ɺʩʝʛʦ ʠʟʫʯʝʥʦ ʦʢʦʣʦ 1500 ʘʣʤʘʟʦʚ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʪʨʫʙʢʠ ʖʙʠʣʝʡʥʘʷ 

ʤʝʪʦʜʦʤ ʦʧʪʠʯʝʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

ʇʦ ʜʘʥʥʳʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʩʨʝʜʠ ʠʟʫʯʝʥʥʳʭ ʘʣʤʘʟʦʚ ʠʟ ʪʨʫʙʢʠ 

ʖʙʠʣʝʡʥʘʷ ʚ ʚʳʙʦʨʢʝ ʧʦʚʳʰʝʥʦ ʢʦʣʠʯʝʩʪʚʦ ʘʣʤʘʟʦʚ ʩ ʤʘʣʳʤʠ (ʜʦ 400 at. ppm)- 

ʦʢʦʣʦ 55 %, ʘ ʩʦ ʩʨʝʜʥʠʤʠ (ʦʪ 400 ʜʦ 800 at. ppm) ï 28% ʠ ʚʳʩʦʢʠʤʠ (ʦʪ 800 ʜʦ 2200 

at. ppm)  ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʩʪʨʫʢʪʫʨʥʦʡ ʧʨʠʤʝʩʠ ʘʟʦʪʘ ʚʩʝʛʦ 17% (ʈʠʩ. 3.10). 

ʇʦʚʳʰʝʥʦ ʩʦʜʝʨʞʘʥʠʝ çʙʝʟʘʟʦʪʥʳʭè (ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʤʝʥʝʝ 25 at. ppm, ʪʠʧ IIʘ) ï 

ʦʢʦʣʦ 13 %, ʦʩʪʘʣʴʥʳʝ ʘʣʤʘʟʳ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʬʠʟʠʯʝʩʢʦʤʫ ʪʠʧʫ Iʘ. 

ʪʨ. ɸʡʭʘʣ (n=698)

log([Kt*10^5];10)
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ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʘʣʤʘʟʦʚ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʦʙʱʝʛʦ ʘʟʦʪʘ ʠʤʝʝʪ ʪʨʠ ʤʦʜʳ ʩ 

ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʚ ʚʳʙʦʨʢʝ ʢʨʠʩʪʘʣʣʦʚ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʘʟʦʪʘ ʦʢʦʣʦ 100 at.ppm.  ʋ 

72% ʘʣʤʘʟʦʚ ʜʦʤʠʥʠʨʫʝʪ ʘʟʦʪ ʚ ɸ-ʬʦʨʤʝ (ʈʠʩ. 3.10). ʅʘʨʷʜʫ ʩ ɸ-ʮʝʥʪʨʘʤʠ ʫ ʚʩʝʭ 

ʠʟʫʯʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʪʠʧʘ Iʘ ʦʪʤʝʯʘʶʪʩʷ ʘʟʦʪʥʳʝ ɺ-ʜʝʬʝʢʪʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʦʪʥʝʩʪʠ ʵʪʠ ʦʙʨʘʟʮʳ ʢ ʩʤʝʰʘʥʥʦʤʫ ʧʦʜʪʠʧʫ IaAB. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʩʦʜʝʨʞʘʥʠʶ 

ʘʟʦʪʘ ʚ ɺ-ʬʦʨʤʝ ʠʤʝʝʪ ʦʩʥʦʚʥʦʡ ʤʘʢʩʠʤʫʤ ʥʘ 25%, ʠ ʜʚʘ ʧʦʜʯʠʥʝʥʥʳʭ ʝʤʫ 

ʤʘʢʩʠʤʫʤʘ ʥʘ 45% ʠ 75% (ʈʠʩ. 3.10). ʂʦʥʮʝʥʪʨʘʮʠʠ ʘʟʦʪʘ ʚ ʤʘʣʦʘʛʨʝʛʠʨʦʚʘʥʥʦʡ 

ɸ-ʬʦʨʤʝ ʠ ʚʳʩʦʢʦʘʛʨʝʛʠʨʦʚʘʥʥʦʡ ɺ-ʬʦʨʤʝ ʫ ʘʣʤʘʟʦʚ ʥʘʭʦʜʷʪʩʷ ʚ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ, ʜʦʩʪʠʛʘʷ 1200 ʠ 2000 at. ppm ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʙʥʘʨʫʞʝʥʳ ʜʚʘ 

ʢʨʠʩʪʘʣʣʘ ʪʠʧʘ IaB1, ʧʨʠ ʵʪʦʤ ʫ ʚʩʝʭ ʘʣʤʘʟʦʚ ʩ ʚʳʩʦʢʦʡ ʘʛʨʝʛʘʮʠʝʡ ʘʟʦʪʘ (ʙʦʣʝʝ 

80% ʚ ɺ-ʬʦʨʤʝ) ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʠʥʪʝʥʩʠʚʥʳʝ ʧʦʣʦʩʳ ɺ2-ʮʝʥʪʨʦʚ. 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʧʦʛʣʦʱʝʥʠʷ ɺ2-ʮʝʥʪʨʦʚ ʚ ʩʧʝʢʪʨʘʭ ʜʦʩʪʠʛʘʶʪ 40 ʩʤ-1, ʘ ʫ 66% 

ʢʨʠʩʪʘʣʣʦʚ ʪʠʧʘ Iʘ ʦʥʠ ʙʦʣʝʝ 2 ʩʤ-1, ʘ ʫʩʨʝʜʥʝʥʥʦʝ ʟʥʘʯʝʥʠʝ 5,2 ʩʤ-1.  ɼʦʤʠʥʠʨʫʶʪ 

ʢʨʠʩʪʘʣʣʳ ʩ ʵʪʠʤʠ ʧʣʘʩʪʠʥʯʘʪʳʤʠ ʜʝʬʝʢʪʘʤʠ ʚ ʦʩʥʦʚʥʦʤ ʩʨʝʜʥʠʭ ʨʘʟʤʝʨʦʚ 

(ʧʦʣʦʞʝʥʠʝ ʤʘʢʩʠʤʫʤʘ ʦʩʥʦʚʥʦʡ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ 1363ï1373 ʩʤ-1). 

ʉʦʜʝʨʞʘʥʠʷ ʧʨʠʤʝʩʠ ʚʦʜʦʨʦʜʘ ʧʦʥʠʞʝʥʳ ʫ 23% ʘʣʤʘʟʦʚ, ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʦʛʣʦʱʝʥʠʷ ʫʟʢʦʡ ʣʠʥʠʠ ʥʘ 3107 ʩʤ-1 ʫ ʥʠʭ ʙʦʣʝʝ 1 ʩʤ-1 ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ 

ʟʥʘʯʝʥʠʠ 21 ʩʤ-1, ʘ ʫʩʨʝʜʥʝʥʥʳʡ ʧʦ ʚʳʙʦʨʢʝ ï 1,2 ʩʤ-1 (ʊʘʙʣʠʮʘ 3.1). 
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ʈʠʩ. 3.10. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʘʣʤʘʟʦʚ ʠʟ ʪʨ. ʖʙʠʣʝʡʥʘʷ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʩʫʤʤʘʨʥʦʛʦ 

ʘʟʦʪʘ (ʘ) ʠ ʧʦ ʧʨʦʮʝʥʪʥʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʘʟʦʪʘ ʚ ɺ-ʬʦʨʤʝ (ʙ) 

ʉʨʝʜʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʢʪʘʵʜʨʦʚ ʠʟ ʪʨʫʙʢʠ ʖʙʠʣʝʡʥʘʷ ʟʘʤʝʪʥʦ ʙʦʣʴʰʝ 

ʘʣʤʘʟʦʚ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʧʨʠʤʝʩʠ ʘʟʦʪʘ ʦʪ 600 ʜʦ 1500 at.ppm ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʣʘʤʠʥʘʨʥʳʤʠ ʨʦʤʙʦʜʦʜʝʢʘʵʜʨʘʤʠ ʠ ʢʨʠʩʪʘʣʣʘʤʠ ʧʝʨʝʭʦʜʥʳʭ ʬʦʨʤ (ʈʠʩ. 3.11 ʘ). 

ʄʘʣʦʘʟʦʪʠʩʪʳʝ ʘʣʤʘʟʳ (ʤʝʥʝʝ 300 at.ppm) ʚ ʦʩʥʦʚʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʨʠʩʪʘʣʣʘʤʠ 

ʧʝʨʝʭʦʜʥʳʭ ʬʦʨʤ ʠ ʣʘʤʠʥʘʨʥʳʤʠ ʨʦʤʙʦʜʦʜʝʢʘʵʜʨʘʤʠ, ʘ ʩʨʝʜʠ ʠʟʫʯʝʥʥʳʭ 

ʙʝʩʬʦʨʤʝʥʥʳʭ ʦʩʢʦʣʢʦʚ ʜʘʥʥʦʡ ʚʳʙʦʨʢʠ ʤʥʦʛʦ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 300ï1000 at.ppm 

ʘʟʦʪʘ. ɺ ʦʩʥʦʚʥʦʤ ʠʟʫʯʝʥʥʳʝ ʘʣʤʘʟʳ ʠʤʝʶʪ ʥʝʙʦʣʴʰʫʶ ʘʛʨʝʛʘʮʠʶ ʧʨʠʤʝʩʠ ʘʟʦʪʘ. 

ɸʣʤʘʟʳ ʩ ʧʦʚʳʰʝʥʥʦʡ (50-90% ʚ ɺ-ʬʦʨʤʝ) ʘʛʨʝʛʘʮʠʝʡ ʘʟʦʪʘ, ʢʦʥʮʝʥʪʨʘʮʠʝʡ ɺ2-

ʮʝʥʪʨʘ ʠ ʧʨʠʤʝʩʠ ʚʦʜʦʨʦʜʘ ʚ ʦʩʥʦʚʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʨʠʩʪʘʣʣʘʤʠ ʧʝʨʝʭʦʜʥʳʭ 

ʬʦʨʤ ʠ ʙʝʩʬʦʨʤʝʥʥʳʤʠ ʦʩʢʦʣʢʘʤʠ (ʈʠʩ. 3.11 ʙ-ʛ).  

ʂʨʠʩʪʘʣʣʦʚ IV ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʧʦ ʖ.ʃ. ʆʨʣʦʚʫ ʚ ʚʳʙʦʨʢʝ ʦʢʦʣʦ 4%, ʦʥʠ 

ʠʤʝʶʪ ʚ ʦʩʥʦʚʥʦʤ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʘʟʦʪʘ (ʙʦʣʝʝ 600 at.ppm) 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ɸ-ʬʦʨʤʝ (80%), ʩʦʜʝʨʞʠʪ ʧʣʘʩʪʠʥʯʘʪʳʝ ɺ2-ʦʙʨʘʟʦʚʘʥʠʷ 

ʤʘʣʳʭ ʨʘʟʤʝʨʦʚ ʠ ʚ ʥʝʙʦʣʴʰʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ (ʈʠʩ. 3.11 ʚ). ɼʣʷ ʵʪʠʭ ʢʨʠʩʪʘʣʣʦʚ 
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ʦʪʤʝʯʘʶʪʩʷ ʤʘʣʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʤʝʩʠ ʚʦʜʦʨʦʜʘ. 
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ʈʠʩ. 3.11. ʂʦʥʮʝʥʪʨʘʮʠʷ ʦʙʱʝʛʦ ʘʟʦʪʘ (ʘ), ʧʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʘʟʦʪʘ ʚ ɺ-

ʬʦʨʤʝ (ʙ), ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʛʣʦʱʝʥʠʷ ʧʦʣʦʩ ɺ2 (ʚ) ʠ ʅ (ʛ) ʮʝʥʪʨʦʚ ʚ ʘʣʤʘʟʘʭ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʪʠʧʦʚ ʠʟ ʪʨ. ʖʙʠʣʝʡʥʘʷ 

 

ʈʠʩ. 3.12. ʌʫʥʢʮʠʷ ʧʣʦʪʥʦʩʪʠ ʧʦ lgKt ʜʣʷ ʪʨ. ʖʙʠʣʝʡʥʘʷ 

ʌʫʥʢʮʠʷ ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʣʤʘʟʦʚ ʠʟ ʪʨ. ʖʙʠʣʝʡʥʘʷ ʧʦ 

Kt (ʈʠʩ. 3.12) ʠʤʝʝʪ ʜʚʝ ʤʦʜʳ, ʧʨʠʯʝʤ ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʥʦʟʥʘʯʥʳʝ. ʌʫʥʢʮʠʷ 

ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʪʨʫʙʢʠ 

ʖʙʠʣʡʥʦʡ ʧʦ ʣʦʛʘʨʠʬʤʫ Kt ʦʪʨʘʞʘʝʪ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʚʨʝʤʝʥʥʦʡ ʨʘʟʙʨʦʩ ʧʨʦʮʝʩʩʦʚ 

ʨʦʩʪʘ ʜʣʷ ʨʘʟʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. 

3.2.3. ɸʣʤʘʟʳ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʪʨʫʙʢʠ ʂʦʤʩʦʤʦʣʴʩʢʘʷ 

ɺʩʝʛʦ ʠʟʫʯʝʥʦ ʦʢʦʣʦ 260 ʘʣʤʘʟʦʚ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʪʨʫʙʢʠ ʂʦʤʩʦʤʦʣʴʩʢʘʷ 

ʤʝʪʦʜʦʤ ʦʧʪʠʯʝʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

ʇʦ ʜʘʥʥʳʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʩʨʝʜʠ ʠʟʫʯʝʥʥʳʭ ʘʣʤʘʟʦʚ ʠʟ ʪʨʫʙʢʠ 

ʂʦʤʩʦʤʦʣʴʩʢʘʷ ʚ ʚʳʙʦʨʢʝ ʧʦʚʳʰʝʥʦ ʢʦʣʠʯʝʩʪʚʦ ʘʣʤʘʟʦʚ ʩ ʤʘʣʳʤʠ (ʜʦ 400 at. 

ppm)- ʦʢʦʣʦ 60 %, ʘ ʩʦ ʩʨʝʜʥʠʤʠ (ʦʪ 400 ʜʦ 800 at. ppm) ï 24% ʠ ʚʳʩʦʢʠʤʠ (ʦʪ 800 

ʜʦ 2200 at. ppm) ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʩʪʨʫʢʪʫʨʥʦʡ ʧʨʠʤʝʩʠ ʘʟʦʪʘ ʚʩʝʛʦ 16% (ʈʠʩ. 3.13). 

ʇʦʚʳʰʝʥʦ ʩʦʜʝʨʞʘʥʠʝ çʙʝʟʘʟʦʪʥʳʭè (ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʤʝʥʝʝ 25 at. ppm, ʪʠʧ IIʘ) ï 

ʪʨ. ʖʙʠʣʝʡʥʘʷ (n=1554)

log([Kt*10^5];10)
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ʦʢʦʣʦ 13 %, ʦʩʪʘʣʴʥʳʝ ʘʣʤʘʟʳ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʬʠʟʠʯʝʩʢʦʤʫ ʪʠʧʫ Iʘ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʘʣʤʘʟʦʚ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʦʙʱʝʛʦ ʘʟʦʪʘ ʠʤʝʝʪ ʦʜʠʥ ʤʘʢʩʠʤʫʤ ʩ 

ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʚ ʚʳʙʦʨʢʝ ʢʨʠʩʪʘʣʣʦʚ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʘʟʦʪʘ ʦʢʦʣʦ 100 at.ppm.  ʋ 

73% ʘʣʤʘʟʦʚ ʜʦʤʠʥʠʨʫʝʪ ʘʟʦʪ ʚ ɸ-ʬʦʨʤʝ (ʈʠʩ. 3.13). ʅʘʨʷʜʫ ʩ ɸ-ʮʝʥʪʨʘʤʠ ʫ ʚʩʝʭ 

ʠʟʫʯʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʪʠʧʘ Iʘ ʦʪʤʝʯʘʶʪʩʷ ʘʟʦʪʥʳʝ ɺ-ʜʝʬʝʢʪʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʦʪʥʝʩʪʠ ʵʪʠ ʦʙʨʘʟʮʳ ʢ ʩʤʝʰʘʥʥʦʤʫ ʧʦʜʪʠʧʫ IaAB. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʩʦʜʝʨʞʘʥʠʶ 

ʘʟʦʪʘ ʚ ɺ-ʬʦʨʤʝ ʠʤʝʝʪ ʦʩʥʦʚʥʦʡ ʤʘʢʩʠʤʫʤ ʥʘ 35%, ʠ ʦʜʠʥ ʧʦʜʯʠʥʝʥʥʳʡ ʝʤʫ 

ʤʘʢʩʠʤʫʤ ʥʘ 75% (ʈʠʩ. 3.13). ʂʦʥʮʝʥʪʨʘʮʠʠ ʘʟʦʪʘ ʚ ʤʘʣʦʘʛʨʝʛʠʨʦʚʘʥʥʦʡ ɸ-ʬʦʨʤʝ 

ʠ ʚʳʩʦʢʦʘʛʨʝʛʠʨʦʚʘʥʥʦʡ ɺ-ʬʦʨʤʝ ʫ ʘʣʤʘʟʦʚ ʥʘʭʦʜʷʪʩʷ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ, 

ʜʦʩʪʠʛʘʷ 1300 ʠ 1400 at. ppm ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʙʥʘʨʫʞʝʥʳ ʜʚʘ ʢʨʠʩʪʘʣʣʘ ʪʠʧʘ IaB1, 

ʧʨʠ ʵʪʦʤ ʫ ʚʩʝʭ ʘʣʤʘʟʦʚ ʩ ʚʳʩʦʢʦʡ ʘʛʨʝʛʘʮʠʝʡ ʘʟʦʪʘ (ʙʦʣʝʝ 80% ʚ ɺ-ʬʦʨʤʝ) 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʠʥʪʝʥʩʠʚʥʳʝ ʧʦʣʦʩʳ ɺ2-ʮʝʥʪʨʦʚ. ʂʦʵʬʬʠʮʠʝʥʪʳ ʧʦʛʣʦʱʝʥʠʷ 

ɺ2-ʮʝʥʪʨʦʚ ʚ ʩʧʝʢʪʨʘʭ ʜʦʩʪʠʛʘʶʪ 23 ʩʤ-1, ʘ ʫ 58% ʢʨʠʩʪʘʣʣʦʚ ʪʠʧʘ Iʘ ʦʥʠ ʙʦʣʝʝ 2 

ʩʤ-1, ʘ ʫʩʨʝʜʥʝʥʥʦʝ ʟʥʘʯʝʥʠʝ 5,8 ʩʤ-1.  ɼʦʤʠʥʠʨʫʶʪ ʢʨʠʩʪʘʣʣʳ ʩ ʵʪʠʤʠ 

ʧʣʘʩʪʠʥʯʘʪʳʤʠ ʜʝʬʝʢʪʘʤʠ ʚ ʦʩʥʦʚʥʦʤ ʩʨʝʜʥʠʭ ʨʘʟʤʝʨʦʚ (ʧʦʣʦʞʝʥʠʝ ʤʘʢʩʠʤʫʤʘ 

ʦʩʥʦʚʥʦʡ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ 1363ï1373 ʩʤ-1). ʉʦʜʝʨʞʘʥʠʷ ʧʨʠʤʝʩʠ 

ʚʦʜʦʨʦʜʘ ʧʦʥʠʞʝʥʳ ʫ 35% ʘʣʤʘʟʦʚ, ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ ʫʟʢʦʡ ʣʠʥʠʠ ʥʘ 3107 

ʩʤ-1 ʫ ʥʠʭ ʙʦʣʝʝ 1 ʩʤ-1 ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ ʟʥʘʯʝʥʠʠ 19 ʩʤ-1, ʘ ʫʩʨʝʜʥʝʥʥʳʡ ʧʦ 

ʚʳʙʦʨʢʝ ï 1,5 ʩʤ-1 (ʊʘʙʣʠʮʘ 3.1). 
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ʈʠʩ. 3.13. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʘʣʤʘʟʦʚ ʠʟ ʪʨ. ʂʦʤʩʦʤʦʣʴʩʢʘʷ ʧʦ ʩʦʜʝʨʞʘʥʠʶ 

ʩʫʤʤʘʨʥʦʛʦ ʘʟʦʪʘ (ʘ) ʠ ʧʦ ʧʨʦʮʝʥʪʥʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʘʟʦʪʘ ʚ ɺ-ʬʦʨʤʝ (ʙ) 

ʉʨʝʜʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʢʪʘʵʜʨʦʚ ʠʟ ʪʨʫʙʢʠ ʂʦʤʩʦʤʦʣʴʩʢʘʷ ʟʘʤʝʪʥʦ ʙʦʣʴʰʝ 

ʘʣʤʘʟʦʚ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʧʨʠʤʝʩʠ ʘʟʦʪʘ ʦʪ 600 ʜʦ 1500 at.ppm ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʣʘʤʠʥʘʨʥʳʤʠ ʨʦʤʙʦʜʦʜʝʢʘʵʜʨʘʤʠ ʠ ʢʨʠʩʪʘʣʣʘʤʠ ʧʝʨʝʭʦʜʥʳʭ ʬʦʨʤ (ʈʠʩ. 3.14 ʘ). 

ʄʘʣʦʘʟʦʪʠʩʪʳʝ ʘʣʤʘʟʳ (ʤʝʥʝʝ 300 at.ppm) ʚ ʦʩʥʦʚʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʨʠʩʪʘʣʣʘʤʠ 

ʧʝʨʝʭʦʜʥʳʭ ʬʦʨʤ ʠ ʣʘʤʠʥʘʨʥʳʤʠ ʨʦʤʙʦʜʦʜʝʢʘʵʜʨʘʤʠ, ʘ ʩʨʝʜʠ ʠʟʫʯʝʥʥʳʭ 

ʙʝʩʬʦʨʤʝʥʥʳʭ ʦʩʢʦʣʢʦʚ ʜʘʥʥʦʡ ʚʳʙʦʨʢʠ ʤʥʦʛʦ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 300ï1000 at.ppm 

ʘʟʦʪʘ. ɺ ʦʩʥʦʚʥʦʤ ʠʟʫʯʝʥʥʳʝ ʘʣʤʘʟʳ ʠʤʝʶʪ ʥʝʙʦʣʴʰʫʶ ʘʛʨʝʛʘʮʠʶ ʧʨʠʤʝʩʠ ʘʟʦʪʘ. 

ɸʣʤʘʟʳ ʩ ʧʦʚʳʰʝʥʥʦʡ (50-90% ʚ ɺ-ʬʦʨʤʝ) ʘʛʨʝʛʘʮʠʝʡ ʘʟʦʪʘ, ʢʦʥʮʝʥʪʨʘʮʠʝʡ ɺ2-

ʮʝʥʪʨʘ ʠ ʧʨʠʤʝʩʠ ʚʦʜʦʨʦʜʘ ʚ ʦʩʥʦʚʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʨʠʩʪʘʣʣʘʤʠ ʧʝʨʝʭʦʜʥʳʭ 

ʬʦʨʤ ʠ ʙʝʩʬʦʨʤʝʥʥʳʤʠ ʦʩʢʦʣʢʘʤʠ (ʈʠʩ. 3.14 ʙ-ʛ).  

ʂʨʠʩʪʘʣʣʦʚ IV ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʧʦ ʖ.ʃ. ʆʨʣʦʚʫ ʚ ʚʳʙʦʨʢʝ ʦʢʦʣʦ 3%, ʦʥʠ 

ʠʤʝʶʪ ʚ ʦʩʥʦʚʥʦʤ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʘʟʦʪʘ (ʙʦʣʝʝ 600 at.ppm) 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ɸ-ʬʦʨʤʝ (80%), ʩʦʜʝʨʞʠʪ ʧʣʘʩʪʠʥʯʘʪʳʝ ɺ2-ʦʙʨʘʟʦʚʘʥʠʷ 

ʤʘʣʳʭ ʨʘʟʤʝʨʦʚ ʠ ʚ ʥʝʙʦʣʴʰʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ (ʈʠʩ. 3.14 ʚ). ɼʣʷ ʵʪʠʭ ʢʨʠʩʪʘʣʣʦʚ 

ʦʪʤʝʯʘʶʪʩʷ ʤʘʣʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʤʝʩʠ ʚʦʜʦʨʦʜʘ. 
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ʈʠʩ. 3.14. ʂʦʥʮʝʥʪʨʘʮʠʷ ʦʙʱʝʛʦ ʘʟʦʪʘ (ʘ), ʧʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʘʟʦʪʘ ʚ ɺ-

ʬʦʨʤʝ (ʙ), ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʛʣʦʱʝʥʠʷ ʧʦʣʦʩ ɺ2 (ʚ) ʠ ʅ (ʛ) ʮʝʥʪʨʦʚ ʚ ʘʣʤʘʟʘʭ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʪʠʧʦʚ ʠʟ ʪʨ. ʂʦʤʩʦʤʦʣʴʩʢʘʷ 

 

ʈʠʩ. 3.15. ʌʫʥʢʮʠʷ ʧʣʦʪʥʦʩʪʠ ʧʦ lgKt ʜʣʷ ʪʨ. ʂʦʤʩʦʤʦʣʴʩʢʘʷ 

ʌʫʥʢʮʠʷ ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʣʤʘʟʦʚ ʠʟ ʪʨ. 

ʂʦʤʩʦʤʦʣʴʩʢʘʷ ʧʦ Kt (ʈʠʩ. 3.15) ʠʤʝʝʪ ʜʚʝ ʤʦʜʳ. ʌʫʥʢʮʠʷ ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʪʨʫʙʢʠ ʂʦʤʩʦʤʦʣʴʩʢʘʷ ʧʦ ʣʦʛʘʨʠʬʤʫ 

Kt ʦʪʨʘʞʘʝʪ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʚʨʝʤʝʥʥʦʡ ʨʘʟʙʨʦʩ ʧʨʦʮʝʩʩʦʚ ʨʦʩʪʘ ʜʣʷ ʨʘʟʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ. 

3.2.4. ʆʧʪʠʢʦ-ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʬʫʥʢʮʠʠ ʧʣʦʪʥʦʩʪʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ Kt  ʜʣʷ ʘʣʤʘʟʦʚ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ ɸʣʘʢʠʪ-ʄʘʨʭʠʥʩʢʦʛʦ ʧʦʣʷ 

ɺ ʮʝʣʦʤ, ʜʣʷ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʝʣ ɸʣʘʢʠʪ-ʄʘʨʭʠʥʩʢʦʛʦ ʧʦʣʷ ʭʘʨʘʢʪʝʨʥʳ 

ʘʣʤʘʟʳ ʩ ʧʦʥʠʞʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʪʨʫʢʪʫʨʥʦʡ ʧʨʠʤʝʩʠ ʘʟʦʪʘ (ʦʢʦʣʦ 100 at.ppm), 

ʚʳʩʦʢʘʷ ʜʦʣʷ çʙʝʟʘʟʦʪʥʳʭè ʢʨʠʩʪʘʣʣʦʚ (ʤʝʥʝʝ 25 at.ppm) (ʈʠʩ. 3.17).  ɺʳʙʦʨʢʠ 

ʘʣʤʘʟʦʚ ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʪʨʫʙʦʢ ɸʣʘʢʠʪ-ʄʘʨʭʠʥʩʢʦʛʦ ʧʦʣʷ ʠʤʝʶʪ ʜʦʩʪʘʪʦʯʥʦ 

ʙʣʠʟʢʠʝ ʩʦʜʝʨʞʘʥʠʷ ʘʟʦʪʘ (ʊʘʙʣʠʮʘ 3.2), ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʪʦʯʥʦ ʧʨʠʚʷʟʘʪʴ ʚʥʦʚʴ 

ʥʘʡʜʝʥʥʳʝ ʥʘʭʦʜʢʠ ʘʣʤʘʟʦʚ ʢ ʫʞʝ ʦʪʢʨʳʪʳʤ ʢʠʤʙʝʨʣʠʪʦʚʳʤ ʪʝʣʘʤ.  

ʪʨ. ʂʦʤʩʦʤʦʣʴʩʢʘʷ (n=260)

log([Kt*10^5];10)
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ʊʘʙʣʠʮʘ 3.2. ʋʩʨʝʜʥʝʥʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʜʝʬʝʢʪʦʚ ʚ ʘʣʤʘʟʘʭ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ ɸʣʘʢʠʪ-

ʄʘʨʭʠʥʩʢʦʛʦ ʧʦʣʷ 

ʆʙʲʝʢʪ ʂʦʣ-ʚʦ, ʰʪ. 
Ntot, at. 

ppm 
ɺ, % 

ɺ2, 

ʩʤ-1 
ɜɺ2, ʩʤ

-1 ʅ, ʩʤ-1 

30 ʣʝʪ ɸʡʭʘʣʫ 122 281,8 32,9 2,3 1365,7 1,5 

ɸʡʭʘʣ 698 360,0 37,4 4,9 1364 1,3 

ɺʦʩʪʦʢ 804 263,2 57,4 4,0 1364,1 2,0 

ɿʘʨʷ 2497 384,3 40,6 5,4 1372,1 1,5 

ʂʦʤʩʦʤʦʣʴʩʢʘʷ 260 387,8 40,9 5,8 1365,2 1,5 

ʂʨʘʩʥʦʧʨʝʩʥʝʥʩʢʘʷ 2999 303,8 42,0 5,0 1364,2 1,2 

ʄʦʣʦʜʦʩʪʴ 1744 415,3 54,1 7,4 1367,9 1,7 

ʆʟʝʨʥʘʷ 807 302,5 43,0 4,4 1363,7 1,9 

ʈʘʜʠʦʚʦʣʥʦʚʘʷ 825 375,8 54,0 6,1 1364,9 2,0 

ʉʦʙʦʣʝʚʘ 393 366,0 53,7 6,4 1364,2 1,9 

ʉʳʪʳʢʘʥʩʢʘʷ 3809 318,0 33,9 4,2 1363,7 1,5 

ʏʫʢʫʢʩʢʘʷ 137 293,6 45,1 4,9 1363,3 1,6 

ʑʫʢʠʥʘ 55 44,6 56,5 0,9 1361,3 4,3 

ʖʙʠʣʝʡʥʘʷ 1554 422,5 40,4 5,2 1365,9 1,2 

 

ʋʩʨʝʜʥʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʟʦʪʘ ʠ ʝʛʦ ʘʛʨʝʛʘʮʠʠ ʚ ʘʣʤʘʟʘʭ ʠʟ 

ʢʠʤʙʝʨʣʠʪʦʚ ʅʘʢʳʥʩʢʦʛʦ ʠ ɸʣʘʢʠʪ-ʄʘʨʭʠʥʩʢʦʛʦ ʧʦʣʝʡ ʚʳʥʝʩʝʥʳ ʥʘ ʜʠʘʛʨʘʤʤʫ 

(ʈʠʩ. 3.16). ʅʘ ʦʩʥʦʚʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʦʧʨʝʜʝʣʝʥʳ ʠʟʦʭʦʨʥʳʝ ʣʠʥʠʠ 

ʥʘʭʦʞʜʝʥʠʷ ʘʣʤʘʟʦʚ ʚ ʤʘʥʪʠʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʦʧʨʝʜʝʣʠʪʴ ʚʨʝʤʷ ʦʙʨʘʟʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ [Evans, 1992]. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, 

ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʘʣʤʘʟʦʚ ʠʟ ʪʨʫʙʦʢ ʅʘʢʳʥʩʢʦʛʦ ʧʦʣʷ ʙʳʣʦ 

ʤʥʦʛʦʵʪʘʧʥʳʤ ʠ ʯʘʩʪʴ ʘʣʤʘʟʦʚ ʩʬʦʨʤʠʨʦʚʘʥʘ ʥʝʟʘʜʦʣʛʦ ʜʦ ʚʨʝʤʝʥʠ ʬʦʨʤʠʨʦʚʘʥʠ ̫

ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʩʫʙʩʪʨʘʪʘ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʢʨʠʩʪʘʣʣʘʤʠ ʠʟ ʪʨʫʙʦʢ ɸʣʘʢʠʪ-

ʄʘʨʭʠʥʩʢʦʛʦ ʧʦʣʷ. 
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ʈʠʩ. 3.16. ʋʩʨʝʜʥʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʟʦʪʘ ʠ ʝʛʦ ʘʛʨʝʛʘʮʠʠ ʚ ʘʣʤʘʟʘʭ ʠʟ 

ʢʠʤʙʝʨʣʠʪʦʚ ʅʘʢʳʥʩʢʦʛʦ ʠ ɸʣʘʢʠʪ-ʄʘʨʭʠʥʩʢʦʛʦ ʧʦʣʝʡ 

 

ʈʠʩ. 3.17. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʘʣʤʘʟʦʚ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ ɸʣʘʢʠʪ-ʄʘʨʭʠʥʩʢʦʛʦ ʧʦʣʷ ʧʦ 

ʩʦʜʝʨʞʘʥʠʶ ʩʫʤʤʘʨʥʦʛʦ ʘʟʦʪʘ 

ʊʘʢ ʢʘʢ ʬʫʥʢʮʠʷ ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʧʦ 

ʣʦʛʘʨʠʬʤʫ Kt ʦʪʨʘʞʘʝʪ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʚʨʝʤʝʥʥʦʡ ʨʘʟʙʨʦʩ ʧʨʦʮʝʩʩʦʚ ʨʦʩʪʘ ʜʣʷ 

ʨʘʟʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʚʠʜʥʦ ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʘʣʤʘʟʦʚ ʧʦ LgKt ʜʣʷ ʪʨʫʙʦʢ ɸʣʘʢʠʪ-

ʄʘʨʭʠʥʩʢʦʛʦ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʧʦʣʷ ʠʤʝʝʪ ʨʘʟʣʠʯʥʳʡ ʭʘʨʘʢʪʝʨ (ʈʠʩ. 3.18). ʋʩʣʦʚʥʦ, 
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ʘʣʤʘʟʳ ʠʟ ʪʨʫʙʦʢ ɸʣʘʢʠʪ-ʄʘʨʭʠʥʩʢʦʛʦ ʧʦʣʷ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʧʦ ʭʘʨʘʢʪʝʨʫ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ LgKt ʥʘ ʦʜʥʦʤʦʜʘʣʴʥʳʝ (ʂʨʘʩʥʦʧʨʝʩʥʝʥʩʢʘʷ), ʙʠʤʦʜʘʣʴʥʳʝ (ɿʘʨʷ, 

ʉʳʪʳʢʘʥʩʢʘʷ) ʠ ʠʤʝʶʱʠʝ ʪʨʠ ʤʦʜʳ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ (ɺʦʩʪʦʢ). 

 

ʈʠʩ. 3.18. ʌʫʥʢʮʠʠ ʧʣʦʪʥʦʩʪʠ ʧʦ lgKt ʢʦʨʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ɸʣʘʢʠʪ-ʄʘʨʭʠʥʩʢʦʛʦ 

ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʧʦʣʷ 

3.3. ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʚʳʙʦʨʦʢ ʘʣʤʘʟʦʚ ʠʟ ʨʦʩʩʳʧʥʳʭ ʠ ʢʦʨʝʥʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʥʘ ʧʨʠʤʝʨʝ ʅʘʢʳʥʩʢʦʛʦ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʧʦʣʷ 

ʆʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʦʛʣʦʱʝʥʠʷ 

ʘʣʤʘʟʦʚ ʚ ʠʥʬʨʘʢʨʘʩʥʦʡ ʦʙʣʘʩʪʠ ʠ ʧʨʠʤʝʥʝʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ 

ʢʘʯʝʩʪʚʝ ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʤ ʨʘʡʦʥʠʨʦʚʘʥʠʠ ʠʟʚʝʩʪʥʦ ʜʘʚʥʦ 

[ɹʦʛʫʰ, 2004; ʍʘʯʘʪʨʷʥ, 2010].  ʊʘʢ, ʍʘʯʘʪʨʷʥ ɻ.ʂ. [2010] ʚʳʜʝʣʷʝʪ 6 ʪʠʧʦʚ 

ʧʦʧʫʣʷʮʠʡ ʘʣʤʘʟʘ, ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʩʪʨʫʢʪʫʨʥʦʡ ʧʨʠʤʝʩʠ ʘʟʦʪʘ ʠ ʚʦʜʦʨʦʜʘ ʚ 

ʘʣʤʘʟʘʭ. ʇʦ ʤʥʝʥʠʶ ʘʚʪʦʨʘ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʝʡ 

ʛʣʫʙʠʥʝ ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʠʟʤʝʥʷʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʘʟʦʪʘ ʠ ʝʛʦ ʘʛʨʝʛʘʮʠʷ. 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʨʦʛʥʦʟʘ ʠ ʧʦʠʩʢʘ ʢʦʨʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʘʣʤʘʟʘ, 

ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʪʠʧʦʤʦʨʬʥʳʭ ʧʨʠʟʥʘʢʘʭ ʘʣʤʘʟʘ (ʪʠʧ ʧʦʧʫʣʷʮʠʠ, ʩʦʜʝʨʞʘʥʠʝ ʘʟʦʪʘ, 

ʚʦʜʦʨʦʜʘ)  [ʍʘʯʘʪʨʷʥ, 2013] ʧʦʟʚʦʣʷʝʪ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʘʣʤʘʟʳ ʠʟ ʨʦʩʩʳʧʝʡ ʠ 

ʢʦʨʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʩʨʘʚʥʠʚʘʪʴ ʠʭ ʤʝʞʜʫ ʩʦʙʦʡ. ʇʨʠʟʥʘʢʦʤ ʝʱʝ ʥʝ 

ʚʳʷʚʣʝʥʥʦʛʦ ʢʦʨʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʷʚʣʷʶʪʩʷ ʨʘʟʣʠʯʠʷ ʚ ʪʠʧʦʤʦʨʬʠʟʤʝ ʘʣʤʘʟʦʚ 

ʪʨ. 30 ʣʝʪ ɸʡʭʘʣʫ (55ʰʪ.)ʪʨ. ɹʦʙʢʦʚʘ (40ʰʪ.)ʪʨ. ɺʦʩʪʦʢ (364ʰʪ.)

ʪʨ. ɿʘʨʷ (1468ʰʪ.) ʪʨ. ʂʨʘʩʥʦʧʨʝʩʥʝʥʩʢʘʷ (1230ʰʪ.)ʪʨ. ʄʦʣʦʜʦʩʪʴ (394ʰʪ.)

ʪʨ. ʆʜʠʥʮʦʚʘ (142ʰʪ.)ʪʨ. ʆʟʝʨʥʘʷ (267ʰʪ.)ʪʨ. ʈʘʜʠʦʚʦʣʥʦʚʘʷ (510ʰʪ.)

ʪʨ. ʈʘʜʠʦʛʝʦʜʝʟʠʯʝʩʢʘʷ (115ʰʪ.)ʪʨ. ʉʦʙʦʣʝʚʘ (264ʰʪ.)ʪʨ. ʉʳʪʳʢʘʥʩʢʘʷ (617ʰʪ.)

ʪʨ. ʏʫʢʫʢʩʢʘʷ (133ʰʪ.)

log([Kt*10^5];10)
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ʠʟʚʝʩʪʥʦʛʦ ʢʦʨʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʩ ʨʦʩʩʳʧʥʳʤ ʧʨʦʷʚʣʝʥʠʝʤ. ʆʜʥʠʤ ʠʟ 

ʦʛʨʘʥʠʯʝʥʠʡ, ʧʨʝʜʣʦʞʝʥʥʦʡ ʍʘʯʘʪʨʷʥ ɻ.ʂ. [2010] ʤʝʪʦʜʠʢʠ, ʷʚʣʷʝʪʩʷ ʘʧʨʦʙʘʮʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʤʦʜʝʣʝʡ ʥʘ ʨʝʘʣʴʥʳʭ ʘʣʤʘʟʦʥʦʩʥʳʭ ʨʦʩʩʳʧʷʭ.  

ɺ ʢʘʞʜʦʤ ʠʟ ʩʣʫʯʘʝʚ, ʘʚʪʦʨʳ ʧʦʩʪʫʣʠʨʫʶʪ ʦʙ ʫʥʠʢʘʣʴʥʦʩʪʠ ʚʳʙʦʨʦʢ ʘʣʤʘʟʦʚ 

ʢʦʥʢʨʝʪʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦ ʥʘʙʦʨʫ ʘʟʦʪʥʳʭ, ʚʦʜʦʨʦʜʥʳʭ ʜʝʬʝʢʪʦʚ. ʇʨʠ ʵʪʦʤ 

ʧʨʠʤʝʥʠʤʦʩʪʴ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʧʦʜʭʦʜʦʚ ʧʦ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʤʘʣʦʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʭ ʥʘʭʦʜʦʢ ʘʣʤʘʟʦʚ ʚ ʨʦʩʩʳʧʝʧʨʦʷʣʝʥʠʷʭ ʅʘʢʳʥʩʢʦʛʦ 

ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʧʦʣʷ ʥʝ ʦʮʝʥʝʥʘ. 

ʂʨʠʩʪʘʣʣʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʘʣʤʘʟʘ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʷʪ 

ʦʪ ʟʘʢʣʶʯʠʪʝʣʴʥʦʛʦ ʵʪʘʧʘ ʨʦʩʪʘ ʠ ʨʘʩʪʚʦʨʝʥʠʷ ʘʣʤʘʟʘ, ʧʦ ʵʪʦʡ ʧʨʠʯʠʥʝ, ʘʢʮʝʥʪ ʚ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʩʜʝʣʘʥ ʥʘ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʟʘʚʠʩʷʱʠʝ ʦʪ 

ʫʩʣʦʚʠʡ ʘʣʤʘʟʦʙʨʘʟʦʚʘʥʠʷ.  

ʂʨʠʪʝʨʠʡ ʦʜʥʦʨʦʜʥʦʩʪʠ ʠ ʢʨʠʪʝʨʠʡ ʩʦʛʣʘʩʠʷ ʇʠʨʩʦʥʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʦʡ ʚʝʨʦʷʪʥʦʩʪʥʦʡ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʤʘʣʦʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʭ ʚʳʙʦʨʦʢ ʘʣʤʘʟʦʚ 

ʠʟ ʨʦʩʩʳʧʝʡ ʢ ʪʝʤ ʠʣʠ ʠʥʳʤ ʢʦʨʝʥʥʳʤ ʠʩʪʦʯʥʠʢʘʤ ʧʦʩʨʝʜʩʪʚʦʤ ʩʨʘʚʥʝʥʠʷ ʠʭ 

ʬʫʥʢʮʠʡ ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ ʧʦ ʚʳʙʨʘʥʥʦʤʫ ʧʘʨʘʤʝʪʨʫ. ʆʙʦʩʥʦʚʘʥʥʦʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʢʨʠʪʝʨʠʝʚ ʇʠʨʩʦʥʘ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʚʝʨʦʷʪʥʳʭ ʢʦʨʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʨʦʩʩʳʧʥʳʭ ʘʣʤʘʟʦʚ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʩʣʝʜʫʶʱʠʭ ʧʨʝʜʧʦʣʦʞʝʥʠʷʭ, ʠʩʧʦʣʴʟʫʶʱʠʭ 

ʩʚʦʡʩʪʚʦ çʛʝʥʝʨʘʣʴʥʦʩʪʠè ʩʦʚʦʢʫʧʥʦʩʪʠ ʘʣʤʘʟʦʚ ʠʟ ʜʘʥʥʦʛʦ ʢʦʨʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ, 

ʚʳʪʝʢʘʶʱʝʛʦ ʠʟ ʥʘʙʣʶʜʘʝʤʦʡ ʧʨʝʜʝʣʴʥʦʩʪʠ ʬʦʨʤ ʝʛʦ ʬʫʥʢʮʠʡ ʧʣʦʪʥʦʩʪʠ ʧʦ 

ʬʠʟʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʯʠʩʣʘ ʘʣʤʘʟʦʚ ʚ ʚʳʙʦʨʢʝ. 

ʃʶʙʘʷ ʜʦʩʪʘʪʦʯʥʦ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʚʳʙʦʨʢʠ ʘʣʤʘʟʦʚ ʠʟ ʢʦʨʝʥʥʦʛʦ 

ʠʩʪʦʯʥʠʢʘ, ʦʙʣʘʜʘʶʱʘʷ ʟʥʘʯʝʥʠʷʤʠ ʬʠʟʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ ʚʥʫʪʨʠ ʚʳʙʨʘʥʥʦʛʦ 

ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʜʠʘʧʘʟʦʥʘ, ʪʘʢʞʝ ʤʦʞʝʪ ʩʯʠʪʘʪʴʩʷ ʛʝʥʝʨʘʣʴʥʦʡ, ʪʘʢ ʢʘʢ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʯʠʩʣʝʥʠʝ ʜʦʩʪʦʚʝʨʥʳʭ ʦʪʥʦʰʝʥʠʡ ʚʝʨʦʷʪʥʦʩʪʝʡ ʦʙʥʘʨʫʞʝʥʠʷ 

ʘʣʤʘʟʦʚ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʨʘʟʣʠʯʥʳʤ ʠʥʪʝʨʚʘʣʘʤ ʬʠʟʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ ʚʥʫʪʨʠ 

ʚʳʙʨʘʥʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʜʠʘʧʘʟʦʥʘ. 



78 

 

ɼʣʷ ʘʣʤʘʟʦʚ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʨʫʙʦʢ ʠ ʨʦʩʩʳʧʝʡ ʅʘʢʳʥʩʢʦʛʦ 

ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʧʦʣʷ ʧʨʦʚʝʜʝʥ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʨʠʪʝʨʠʷ 

ʇʠʨʩʦʥʘ.  

ʅʘ ʨʠʩʫʥʢʘʭ ʥʠʞʝ (ʈʠʩ. 3.19-ʈʠʩ. 3.22) ʧʨʠʚʝʜʝʥʳ ʬʫʥʢʮʠʠ ʧʣʦʪʥʦʩʪʠ ʧʦ 

ʣʦʛʘʨʠʬʤʘʤ ʘʛʨʝʛʘʮʠʠ ɺ%, ʦʙʱʝʛʦ ʘʟʦʪʘ N ʠ ʧʘʨʘʤʝʪʨʘ KtĬ10ϐ ʜʣʷ ʪʨʫʙʦʢ 

ʅʶʨʙʠʥʩʢʘʷ ʠ ɹʦʪʫʦʙʠʥʩʢʘʷ ʠ ʨʦʩʩʳʧʝʡ ʅʶʨʙʠʥʩʢʘʷ ʠ ʨ. ʅʘʢʳʥ (ɻʈʈ ʖʞʥʦ-

ʅʘʢʳʥʩʢʠʡ). 

 

ʈʠʩ. 3.19. ʌʫʥʢʮʠʠ ʧʣʦʪʥʦʩʪʠ ʧʦ ʣʦʛʘʨʠʬʤʘʤ ʘʛʨʝʛʘʮʠʠ ɺ%, ʦʙʱʝʛʦ ʘʟʦʪʘ N ʠ 

ʧʘʨʘʤʝʪʨʘ KtĬ10ϐ ʜʣʷ ʪʨ. ɹʦʪʫʦʙʠʥʩʢʘʷ 
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ʈʠʩ. 3.20. ʌʫʥʢʮʠʠ ʧʣʦʪʥʦʩʪʠ ʧʦ ʣʦʛʘʨʠʬʤʘʤ ʘʛʨʝʛʘʮʠʠ ɺ%, ʦʙʱʝʛʦ ʘʟʦʪʘ N ʠ 

ʧʘʨʘʤʝʪʨʘ KtĬ10ϐ ʜʣʷ ʪʨ. ʅʶʨʙʠʥʩʢʘʷ 

 

ʈʠʩ. 3.21. ʌʫʥʢʮʠʠ ʧʣʦʪʥʦʩʪʠ ʧʦ ʣʦʛʘʨʠʬʤʘʤ ʘʛʨʝʛʘʮʠʠ ɺ%, ʦʙʱʝʛʦ ʘʟʦʪʘ N ʠ 

ʧʘʨʘʤʝʪʨʘ KtĬ10ϐ ʜʣʷ ʦʙʲʝʢʪʘ ʅʘʢʳʥ, ɻʈʈ ʖʞʥʦ-ʅʘʢʳʥʩʢʠʡ 
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ʈʠʩ. 3.22. ʌʫʥʢʮʠʠ ʧʣʦʪʥʦʩʪʠ ʧʦ ʣʦʛʘʨʠʬʤʘʤ ʘʛʨʝʛʘʮʠʠ ɺ%, ʦʙʱʝʛʦ ʘʟʦʪʘ N ʠ 

ʧʘʨʘʤʝʪʨʘ KtĬ10ϐ ʜʣʷ ʨʦʩʩʳʧʠ ʅʶʨʙʠʥʩʢʘʷ 

ʉʨʘʚʥʝʥʠʝ ʬʫʥʢʮʠʡ ʧʣʦʪʥʦʩʪʠ ʧʦ ʣʦʛʘʨʠʬʤʘʤ B%, ʦʙʱʝʛʦ ʘʟʦʪʘ N ʜʣʷ 

ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʦʙʲʝʢʪʦʚ ʅʘʢʳʥʩʢʦʛʦ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʧʦʣʷ ʧʦʢʘʟʘʣʦ ʜʦʩʪʘʪʦʯʥʫʶ 

ʙʣʠʟʦʩʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʦʙʲʝʢʪʦʚ. ɺʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʬʫʥʢʮʠʠ ʧʣʦʪʥʦʩʪʠ ʧʦ lgKt 

ʦʙʣʘʜʘʶʪ ʥʘʠʙʦʣʴʰʝʡ ʚʘʨʠʘʪʠʚʥʦʩʪʴʶ ʬʦʨʤ ʫ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʦʚ, ʜʘʣʝʝ ʦʙʲʝʢʪʳ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʠʤʝʥʥʦ ʧʦ ʵʪʦʤʫ ʧʘʨʘʤʝʪʨʫ.  

ʅʠʞʝ ʧʨʠʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʬʫʥʢʮʠʡ ʧʣʦʪʥʦʩʪʠ ʧʦ lgKt ʫ ʦʙʲʝʢʪʦʚ ʪʨ. 

ɹʦʪʫʦʙʠʥʩʢʘʷ ʠ ʦʙʲʝʢʪʘ ʅʘʢʳʥ, ɻʈʈ ʖʞʥʦ-ʅʘʢʳʥʩʢʠʡ ʧʦ ʢʨʠʪʝʨʠʶ ʩʦʛʣʘʩʠʷ 

ʇʠʨʩʦʥʘ. 

ʇʨʦʮʝʜʫʨʘ ʩʨʘʚʥʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʩʨʘʚʥʝʥʠʷ ʧʦ ʢʨʠʪʝʨʠʶ ʇʠʨʩʦʥʘ 

ʧʨʝʜʧʦʣʘʛʘʝʪ: 

ʘ) ɺʳʙʦʨ ʨʘʩʯʝʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʠʟʤʝʥʝʥʠʷ ʬʠʟʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ ʧʨʠ 

ʩʨʘʚʥʝʥʠʠ ʬʫʥʢʮʠʡ ʧʣʦʪʥʦʩʪʠ, ʨʘʟʙʠʝʥʠʝ ʚʳʙʨʘʥʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʩʨʘʚʥʝʥʠʷ ʜʚʫʭ 

ʬʫʥʢʮʠʡ ʧʣʦʪʥʦʩʪʠ ʥʘ k ʠʥʪʝʨʚʘʣʦʚ. ʈʝʢʦʤʝʥʜʫʝʤʳʝ ʧʘʨʘʤʝʪʨʳ: ʢʦʣʠʯʝʩʪʚʦ 

ʠʥʪʝʨʚʘʣʦʚ ï ʥʝ ʤʝʥʴʰʝ 8, ʢʦʣʠʯʝʩʪʚʦ ʘʣʤʘʟʦʚ, ʧʦʧʘʜʘʶʱʠʭ ʚ ʦʜʠʥ ʠʥʪʝʨʚʘʣ ï ʥʝ 
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ʤʝʥʴʰʝ 7. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʠʥʠʤʘʣʴʥʘʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʘʷ ʚʳʙʦʨʢʘ n 

ʩʦʩʪʦʠʪ ʠʟ 56 ʢʨʠʩʪʘʣʣʦʚ.  

ʙ) ʇʨʦʛʨʘʤʤʥʳʡ ʧʝʨʝʨʘʩʯʝʪ, ʥʦʨʤʠʨʫʶʱʠʡ ʧʣʦʱʘʜʠ ʬʫʥʢʮʠʡ ʧʣʦʪʥʦʩʪʠ 

ʨʦʩʩʳʧʠ ʠ ʪʨʫʙʢʠ ʥʘʜ ʚʳʙʨʘʥʥʳʤ ʜʠʘʧʘʟʦʥʦʤ ʩʨʘʚʥʝʥʠʷ ʥʘ ʝʜʠʥʠʮʫ ʠ 

ʦʩʫʱʝʩʪʚʣʷʶʱʠʡ: ʨʘʩʯʝʪ ʯʠʩʣʘ n ʢʨʠʩʪʘʣʣʦʚ ʚʳʙʦʨʢʠ, ʧʦʧʘʜʘʶʱʠʭ ʚ ʚʳʙʨʘʥʥʳʡ 

ʜʠʘʧʘʟʦʥ; ʨʘʩʯʝʪ ʯʘʩʪʦʪ ʧʦʧʘʜʘʥʠʷ ʚ ʚʳʙʨʘʥʥʳʝ ʠʥʪʝʨʚʘʣʳ ɜi ʜʣʷ ʨʦʩʩʳʧʠ; ʨʘʩʯʝʪ 

ʩʨʝʜʥʠʭ ʯʘʩʪʦʪ npi ʧʦʧʘʜʘʥʠʷ ʚ ʚʳʙʨʘʥʥʳʝ ʠʥʪʝʨʚʘʣʳ, ʠʩʭʦʜʷ ʠʟ ʬʫʥʢʮʠʠ 

ʧʣʦʪʥʦʩʪʠ ʜʣʷ ʪʨʫʙʢʠ; ʚʳʯʠʩʣʝʥʠʝ ʯʠʩʣʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʢʨʠʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ 

ɖ. 

 

ʈʠʩ. 3.23. ʌʫʥʢʮʠʠ ʧʣʦʪʥʦʩʪʠ ʧʦ lgKt, ʚʳʙʨʘʥʥʳʭ ʜʣʷ ʘʥʘʣʠʟʘ ʥʝʢʦʪʦʨʳʭ 

ʢʦʨʝʥʥʳʭ ʠ ʨʦʩʩʳʧʥʳʭ ʦʙʲʝʢʪʦʚ ʉʨʝʜʥʝ-ʄʘʨʭʠʥʩʢʦʛʦ ʨʘʡʦʥʘ ʗɸʇ 

ʅʘ ʧʨʠʚʝʜʝʥʥʦʤ ʈʠʩ. 3.24 ʚʠʜʥʦ, ʯʪʦ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʝʪʘ, ʛʠʧʦʪʝʟʘ ʦ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʘʣʤʘʟʦʚ ʦʙʲʝʢʪʘ ʖʞʥʦ-ʅʘʢʳʥʩʢʠʡ ʢʦʨʝʥʥʦʤʫ ʠʩʪʦʯʥʠʢʫ ʪʨ. 

ɹʦʪʫʦʙʠʥʩʢʘʷ ʧʨʠʥʠʤʘʝʪʩʷ. ɺʳʙʨʘʥʥʳʡ ʫʨʦʚʝʥʴ ʟʥʘʯʠʤʦʩʪʠ a ʨʘʚʝʥ 0,05 ʠ 

ʦʪʦʙʨʘʞʝʥ ʥʘ ʢʨʠʚʳʭ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʬʫʥʢʮʠʠ ʧʣʦʪʥʦʩʪʠ ʢʨʘʩʥʳʤʠ 

ʢʚʘʜʨʘʪʘʤʠ. ʈʘʩʯʝʪʥʦʝ ʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʢʨʠʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ … ʧʦ 
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ʢʨʠʪʝʨʠʶ ʩʦʛʣʘʩʠʷ ʇʠʨʩʦʥʘ, ʨʘʚʥʦ 6,5 ʠ ʦʪʦʙʨʘʞʝʥʦ ʟʝʣʝʥʳʤ ʢʨʫʞʢʦʤ. ʏʠʩʣʦ 

ʠʥʪʝʨʚʘʣʦʚ k = 7 ʚʳʙʨʘʥʦ ʧʦ ʉʪʝʨʜʞʝʩʫ, ʯʠʩʣʦ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ m ʫ ʬʫʥʢʮʠʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʬʫʥʢʮʠʠ ʧʣʦʪʥʦʩʪʠ ʨʘʚʥʦ 6 = k - 1, ʤʘʢʩʠʤʫʤ ʬʫʥʢʮʠʠ ʧʣʦʪʥʦʩʪʠ 

ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ 4 = m - 2, ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ ʧʣʦʪʥʦʩʪʠ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ 

ʟʥʘʯʝʥʠʠ 6 = m. 

 

ʈʠʩ. 3.24. ʉʨʘʚʥʝʥʠʝ ʧʦ ʢʨʠʪʝʨʠʶ ʩʦʛʣʘʩʠʷ ʪʨ. ɹʦʪʫʦʙʠʥʩʢʘʷ ʩ ʦʙʲʝʢʪʦʤ ʅʘʢʳʥ 

(ɻʈʈ ʖʞʥʦ-ʅʘʢʳʥʩʢʠʡ), ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ ʨʘʚʥʦ 6,5 

ɺʦʧʨʦʩ ʦ ʪʦʤ, ʥʘʩʢʦʣʴʢʦ ʜʦʩʪʦʚʝʨʥʦ ʤʦʞʥʦ ʩʫʜʠʪʴ ʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʜʘʥʥʦʡ 

ʨʦʩʩʳʧʠ ʧʨʝʜʧʦʣʘʛʘʝʤʦʤʫ ʢʦʨʝʥʥʦʤʫ ʠʩʪʦʯʥʠʢʫ, ʤʦʞʥʦ ʨʝʰʠʪʴ ʠʩʭʦʜʷ ʠʟ 

ʟʥʘʯʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʥʘ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʚʳʯʠʩʣʝʥʥʦʤʫ 

ʟʥʘʯʝʥʠʶ ʢʨʠʪʝʨʠʷ, ʨʘʚʥʦʛʦ 6,5. ʂʘʢ ʚʠʜʥʦ ʠʟ ʛʨʘʬʠʢʘ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, 

ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʝ … ʤʝʥʴʰʝʝ, ʯʝʤ 6,5 ʩʦʩʪʘʚʣʷʝʪ 0,63 ʠʣʠ 63%. ʕʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʝʩʣʠ ʙʳ ʤʳ ʚʳʙʨʘʣʠ ʫʨʦʚʝʥʴ ʟʥʘʯʠʤʦʩʪʠ a ʨʘʚʥʳʤ 0,37 ʠ ʦʪʚʝʨʛʣʠ 

ʙʳ ʛʠʧʦʪʝʟʫ ʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʚʳʙʦʨʢʠ ʜʘʥʥʦʡ ʛʝʥʝʨʘʣʴʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ, ʪʦ 

ʦʰʠʙʢʘ ʩʦʩʪʘʚʠʣʘ ʙʳ ʚ 37 ʩʣʫʯʘʷʭ ʠʟ 100, ʠʣʠ, ʜʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 
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ʚ 2-ʭ ʩʣʫʯʘʷʭ ʠʟ 5-ʪʠ. ɽʩʣʠ ʙʳ ʧʦʣʫʯʝʥʥʦʝ ʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʢʨʠʪʠʯʝʩʢʦʡ 

ʩʪʘʪʠʩʪʠʢʠ ʦʢʘʟʘʣʦʩʴ ʙʳ ʨʘʚʥʳʤ, ʥʘʧʨʠʤʝʨ, ʤʝʜʠʘʥʥʦʤʫ ʟʥʘʯʝʥʠʶ ʥʘ ʬʫʥʢʮʠʠ 

ʧʣʦʪʥʦʩʪʠ (50/50) ï ʦʥʦ ʦʙʳʯʥʦ ʥʘʭʦʜʠʪʩʷ ʧʨʠʤʝʨʥʦ ʧʦʩʝʨʝʜʠʥʝ ʤʝʞʜʫ ʩʨʝʜʥʠʤ 

(m - 2) ʠ ʥʘʠʚʝʨʦʷʪʥʳʤ (m) ʟʥʘʯʝʥʠʝʤ, ʪʦʛʜʘ ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʢʠ ʧʨʠ ʦʪʚʝʨʞʝʥʠʠ 

ʛʠʧʦʪʝʟʳ ʙʳʣʘ ʙʳ 50%, ʪʦ ʝʩʪʴ ʥʠ çʜʘè ʥʠ çʥʝʪè.  

ɺʳʩʦʢʘʷ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʚʳʚʦʜʘ ʚ ʧʦʣʴʟʫ ʧʨʠʥʷʪʠʷ ʛʠʧʦʪʝʟʳ ʙʫʜʝʪ 

ʜʦʩʪʠʛʘʪʴʩʷ ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʚʳʯʠʩʣʝʥʥʦʛʦ ʢʨʠʪʝʨʠʷ h, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʘ 

ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʷʤ 0,1õ0,2. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʪʚʝʨʞʝʥʠʝ ʛʠʧʦʪʝʟʳ 

ʧʨʠʚʝʜʝʪ ʢ ʦʰʠʙʢʝ ʚ 80%õ90% ʧʨʦʮʝʥʪʘʭ ʩʣʫʯʘʝʚ. ʊʘʢʘʷ ʩʠʪʫʘʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ, 

ʥʘʧʨʠʤʝʨ, ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʘʣʤʘʟʦʚ ʠʟ ʪʝʣʘ ʄʘʡʩʢʦʝ (668 ʰʪ.) ʠ ʨʦʩʩʳʧʠ ʄʘʡʩʢʘʷ 

(54 ʰʪ.). 

ʏʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʢʨʠʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ ʨʘʚʥʦ 1,7. ɺʝʣʠʯʠʥʘ 

ʚʝʨʦʷʪʥʦʩʪʠ ʠʤʝʪʴ ʟʥʘʯʝʥʠʷ ʢʨʠʪʝʨʠʷ … ʤʝʥʴʰʠʝ 1,7 ʨʘʚʥʘ, ʩʦʛʣʘʩʥʦ ʬʫʥʢʮʠʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʣʷ 5-ʪʠ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ, 0,12 ʠʣʠ 12%. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʦʪʚʝʨʞʝʥʠʝ ʧʨʝʜʣʘʛʘʝʤʦʡ ʛʠʧʦʪʝʟʳ ʧʨʠʚʝʜʝʪ ʢ ʦʰʠʙʢʝ ʚ 9 ʩʣʫʯʘʷʭ ʠʟ 10 (ʈʠʩ. 3.25). 
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ʈʠʩ. 3.25. ʉʨʘʚʥʝʥʠʝ ʧʦ ʢʨʠʪʝʨʠʶ ʩʦʛʣʘʩʠʷ ʪʝʣʦ ʄʘʡʩʢʦʝ ʩ ʨʦʩʩʳʧʴʶ ʄʘʡʩʢʘʷ, 

ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ ʨʘʚʥʦ 1,7 ʚʝʨʦʷʪʥʦʩʪʴ ʥʘ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʚʥʘ 0,12 

ʠʣʠ 12% 

ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʧʦ ʢʨʠʪʝʨʠʶ ʩʦʛʣʘʩʠʷ ʬʫʥʢʮʠʡ 

ʧʣʦʪʥʦʩʪʠ ʧʦ lgKt ʘʣʤʘʟʦʚ ʪʨ. ɹʦʪʫʦʙʠʥʩʢʘʷ c ʥʝʢʦʪʦʨʳʤʠ ʨʦʩʩʳʧʥʳʤʠ ʦʙʲʝʢʪʘʤʠ 

ʉʨʝʜʥʝ-ʄʘʨʭʠʥʩʢʦʛʦ ʨʘʡʦʥʘ. ɺ ʩʢʦʙʢʘʭ ʫʢʘʟʘʥʳ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʩʪʠ ʚʳʙʦʨʦʢ. 

ɸʩʩʦʮʠʠʨʦʚʘʥʥʳʤʠ ʩ ʪʨ. ɹʦʪʫʦʙʠʥʩʢʘʷ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʦʙʲʝʢʪʳ ɻʈʈ ʖʞʥʦ-

ʅʘʢʳʥʩʢʠʡ ʠ ɺʝʨʭʥʠʝ ʦʩʪʨʦʚʘ (ʈʠʩ. 3.26-ʈʠʩ. 3.29). 

 

ʈʠʩ. 3.26. ʊʨ. ɹʦʪʫʦʙʠʥʩʢʘʷ (71 ʰʪ.) ʠ ʦʙʲʝʢʪ ʅʘʢʳʥ, ɻʈʈ ʖʞʥʦ-ʅʘʢʳʥʩʢʠʡ (105 

ʰʪ.) k=7;  h=6,5; ʈ(h)=0,63. ɻʠʧʦʪʝʟʘ ʧʨʠʥʠʤʘʝʪʩʷ 
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ʈʠʩ. 3.27. ʊʨ. ɹʦʪʫʦʙʠʥʩʢʘʷ (71 ʰʪ.) ʠ ʦʙʲʝʢʪ ʅʘʢʳʥ, ɻʈʈ ʅʠʞʥʝ-ʅʘʢʳʥʩʢʠʡ (200 

ʰʪ.), k=8; h=29,7;  ʈ(h)=0,9999. ɻʠʧʦʪʝʟʘ ʦʪʚʝʨʛʘʝʪʩʷ 
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ʈʠʩ. 3.28. ʪʨ. ɹʦʪʫʦʙʠʥʩʢʘʷ (71 ʰʪ.) ʠ ʨ. ɺʝʨʭʥʠʝ ʆʩʪʨʦʚʘ (31 ʰʪ.), k=5;  h=2,2;  

ʈ(h)=0,27. ɻʠʧʦʪʝʟʘ ʧʨʠʥʠʤʘʝʪʩʷ 

 

ʈʠʩ. 3.29. ʪʨ. ɹʦʪʫʦʙʠʥʩʢʘʷ (71 ʰʪ.) ʠ ʨʦʩ. ʅʶʨʙʠʥʩʢʘʷ (1573ʰʪ.), k=11; h=810,3; 

ʈ(h)>0,999999. ɻʠʧʦʪʝʟʘ ʦʪʚʝʨʛʘʝʪʩʷ 

ʌʫʥʢʮʠʠ ʧʣʦʪʥʦʩʪʠ ʧʦ lgKt ʜʣʷ ʚʩʝʭ ʢʦʨʝʥʥʳʭ ʠ ʨʦʩʩʳʧʥʳʭ ʦʙʲʝʢʪʦʚ 

ʉʨʝʜʥʝ-ʄʘʨʭʠʥʩʢʦʛʦ ʨʘʡʦʥʘ, ʢʦʪʦʨʳʝ ʚʥʝʩʝʥʳ ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʚ ʙʘʟʫ ʜʘʥʥʳʭ 

ʠ ʠʤʝʶʪ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʩʪʴ ʚʳʙʦʨʢʠ ʙʦʣʝʝ 20, ʧʨʠʚʝʜʝʥʳ ʥʘ ʥʠʞʝʩʣʝʜʫʶʱʝʤ 

ʛʨʘʬʠʢʝ (ʈʠʩ. 3.30). ʇʨʦʚʝʜʝʥ ʧʦʧʘʨʥʳʡ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʚʩʝʭ ʢʦʨʝʥʥʳʭ 

ʦʙʲʝʢʪʦʚ ʩʦ ʚʩʝʤʠ ʨʦʩʩʳʧʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʨʘʡʦʥʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʩʨʘʚʥʝʥʠʷ ʵʪʠʭ ʬʫʥʢʮʠʡ ʧʣʦʪʥʦʩʪʠ ʫ ʢʦʨʝʥʥʳʭ 

ʠ ʨʦʩʩʳʧʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʥʘ ʦʩʥʦʚʝ ʢʨʠʪʝʨʠʷ ʩʦʛʣʘʩʠʷ ʇʠʨʩʦʥʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʚʠʜʝ ʊʘʙʣʠʮʘ 3.3. ɺ ʚʝʨʭʥʝʡ ʩʪʨʦʢʝ ʪʘʙʣʠʮʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʦʨʝʥʥʳʝ ʦʙʲʝʢʪʳ, ʚ 

ʩʪʦʣʙʮʝ ʩʣʝʚʘ ï ʨʦʩʩʳʧʥʳʝ. ɺ ʩʢʦʙʢʘʭ ʫʢʘʟʘʥʳ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʩʪʠ ʚʳʙʦʨʦʢ. ɺ 

ʩʪʦʣʙʮʘʭ ʧʦʜ ʢʦʨʝʥʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʧʨʠʚʝʜʝʥʳ ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ: ʯʠʩʣʦ ʠʥʪʝʨʚʘʣʦʚ ʨʘʟʙʠʝʥʠʷ ʦʙʣʘʩʪʠ ʩʨʘʚʥʝʥʠʷ (k); 

ʚʳʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʢʨʠʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ (h); ʟʥʘʯʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ ʥʘ 
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ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ … ʜʣʷ k-1 ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 

ʚʳʯʠʩʣʝʥʥʦʤʫ ʟʥʘʯʝʥʠʶ h. 

 

ʈʠʩ. 3.30. ʌʫʥʢʮʠʠ ʧʣʦʪʥʦʩʪʠ ʧʦ lgKt ʜʣʷ ʚʩʝʭ ʦʙʲʝʢʪʦʚ ʉʨʝʜʥʝ-ʄʘʨʭʠʥʩʢʦʛʦ 

ʨʘʡʦʥʘ, ʟʘʥʝʩʝʥʥʳʭ ʚ ʙʘʟʫ ʅʀɻʇ ʧʦ ʀʂ ʠʟʤʝʨʝʥʠʷʤ 

ʊʘʙʣʠʮʘ 3.3. ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʷ ʬʫʥʢʮʠʡ ʧʣʦʪʥʦʩʪʠ ʫ ʢʦʨʝʥʥʳʭ ʠ ʨʦʩʩʳʧʥʳʭ 

ʦʙʲʝʢʪʦʚ ʉʨʝʜʥʝ-ʄʘʨʭʠʥʩʢʦʛʦ ʨʘʡʦʥʘ ʧʦ ʢʨʠʪʝʨʠʶ ʩʦʛʣʘʩʠʷ ʇʠʨʩʦʥʘ 

ʉʨʝʜʥʝ-ʄʘʨʭʠʥʩʢʠʡ ʨ-ʥ. 

ʪʨ. ɹʦʪʫʦʙʠʥʩʢʘʷ 

(71) 

k        h       P(h) 

ʪʨ. ʅʶʨʙʠʥʩʢʘʷ 

(4987) 

k        h       P(h) 

ʪʝʣʦ ʄʘʡʩʢʦʝ 

(668) 

k        h       P(h) 

ʪʨ. ʅʶʨʙʠʥʩʢʘʷ 1657 11     810,3          1  30       33,7    0,75 11      575          1 

ʨ. ʅʘʢʳʥ  (ɻʈʈ 

ʖʞʥʦ-ʅʘʢʳʥʩʢʠʡ) 
105 7        6,5         0,63 7       152,3         1 7         96,3        1 

ʨ. ʅʘʢʳʥ  (ɻʈʈ 

ʅʠʞʥʝ-ʅʘʢʳʥʩʢʠʡ) 
200 8        29,7           1 8       675,6         1 8         458         1 

ɺʝʨʭʥʠʝ ʆʩʪʨʦʚʘ 31 5        2,2        0,27 5       47,1           1 5         32,5        1 

ʪ. ʄʘʡʩʢʘʷ 54 6       18,4     0,998 6        5,8       0,67 6         1,7      0,12 

ʪ. ʄʘʨʭʠʥʩʢʘʷ 28 5        3,8      0,42 5         4,3      0,63 5        16,1    0,997 

ʫʯ. ʅʴʝʤʝʣʠʤʵ 20 5        4,1      0,61 5        42,3           1 5        24,8         1 

ʫʯ. ʆʟʝʨʥʳʡ 96 7        23,8           1 7         5,9      0,57 7          7,5      0,72   

ʫʯ. ʍʘʥʥʠʥʩʢʠʡ  48 6;28,4(5,8); 1(0,67) 6         3,5     0,38 6         4,6       0,53 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʜʠʥʩʪʚʝʥʥʳʤ ʦʙʲʝʢʪʦʤ, ʥʝ ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʤ ʥʠ ʩ ʦʜʥʠʤ ʠʟ 

ʪʨʝʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʢʦʨʝʥʥʳʭ ʪʝʣ, ʷʚʣʷʝʪʩʷ ʦʙʲʝʢʪ ʅʘʢʳʥ (ɻʈʈ ʅʠʞʥʝ-

ʅʘʢʳʥʩʢʠʡ). ʈʝʟʫʣʴʪʘʪ ʩʨʘʚʥʝʥʠʷ ʪʨ. ɹʦʪʫʦʙʠʥʩʢʘʷ ʩ ʫʯ. ʍʘʥʥʠʥʩʢʠʡ ʦʪʨʘʞʘʝʪ 

ʧʨʠʤʝʥʝʥʠʝ ʜʚʫʭ, ʧʨʠʚʝʜʝʥʥʳʭ ʥʠʞʝ, ʚʘʨʠʘʥʪʦʚ ʚʳʙʦʨʘ ʜʠʘʧʘʟʦʥʘ ʩʨʘʚʥʝʥʠʷ ï 

ʰʠʨʦʢʦʛʦ (ʈʠʩ. 3.31ʘ) ʠ ʫʟʢʦʛʦ (ʈʠʩ. 3.31ʙ). ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʛʠʧʦʪʝʟʘ ʦʪʚʝʨʛʘʝʪʩʷ 

(P(ɖ)=1), ʚʦ ʚʪʦʨʦʤ ï ʧʨʠʥʠʤʘʝʪʩʷ (P(ɖ)=0,67). 

 

ʘ 

 

ʙ 

ʈʠʩ. 3.31. ʉʨʘʚʥʝʥʠʝ ʧʦ ʢʨʠʪʝʨʠʶ ʩʦʛʣʘʩʠʷ ʪʨ. ɹʦʪʫʦʙʠʥʩʢʘʷ ʠ ʦʙʲʝʢʪʘ ʫʯ. 

ʍʘʥʥʠʥʩʢʠʡ. ʅʘ ʚʝʨʭʥʝʤ ʬʦʪʦ ʚʳʙʨʘʥ ʰʠʨʦʢʠʡ ʠʥʪʝʨʚʘʣ ʧʝʨʝʢʨʳʪʠʷ ï ʛʠʧʦʪʝʟʘ 
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ʦʪʢʣʦʥʝʥʘ (ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ 28,4), ʥʘ ʥʠʞʥʝʤ ʬʦʪʦ ʚʳʙʨʘʥ ʫʟʢʠʡ ʠʥʪʝʨʚʘʣ 

ʧʝʨʝʢʨʳʪʠʷ, ʛʠʧʦʪʝʟʘ ʧʨʠʥʠʤʘʝʪʩʷ (ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ 5,8) 

3.4. ʇʝʨʩʧʝʢʪʠʚʳ ʥʘʣʠʯʠʷ (ʦʙʥʘʨʫʞʝʥʠʷ) ʢʨʫʧʥʳʭ ʘʣʤʘʟʦʚ ʚ 

ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʨʫʙʢʘʭ ʗʢʫʪʠʠ 

ɺ ʧʨʦʰʣʦʤ ʚʝʢʝ ʤʘʣʦʧʨʦʜʫʢʪʠʚʥʳʝ ʢʠʤʙʝʨʣʠʪʳ ʩ ʦʯʝʥʴ ʥʠʟʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ (ʤʝʥʝʝ 0.5 ʢʘʨʘʪ) ʘʣʤʘʟʦʚ ʥʘ ʪʦʥʥʫ ʦʙʨʘʙʦʪʘʥʥʦʡ ʨʫʜʳ ʥʝ 

ʧʨʝʜʩʪʘʚʣʷʣʠ ʜʦʩʪʘʪʦʯʥʳʡ ʠʥʪʝʨʝʩ ʫ ʢʨʫʧʥʳʭ ʤʠʨʦʚʳʭ ʢʦʤʧʘʥʠʡ ʚ ʧʣʘʥʝ 

ʨʘʟʨʘʙʦʪʢʠ ʪʘʢʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ ʩʠʣʫ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ. 

ʇʝʨʝʣʦʤʥʳʤ ʤʦʤʝʥʪʦʤ ʚʦ ʚʟʛʣʷʜʘʭ ʥʘ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʦʩʚʦʝʥʠʷ ʪʘʢʠʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʩʣʫʞʠʣʦ ʦʙʥʘʨʫʞʝʥʠʝ ʚ ʥʠʟʢʦʧʨʦʜʫʢʪʠʚʥʳʭ ʪʝʣʘʭ Karowe 

(ɹʦʪʩʚʘʥʘ) ʠ Letseng (ʃʝʩʦʪʦ) ʢʨʫʧʥʳʭ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʘʣʤʘʟʦʚ, 

ʛʜʝ ʦʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʘʣʤʘʟʦʚ ʚ ʢʠʤʙʝʨʣʠʪʘʭ ʥʝʚʳʩʦʢʦʝ (ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʢʘʨʘʪ 

ʥʘ 100 ʪ ʧʦʨʦʜʳ), ʦʜʥʘʢʦ ʚʳʰʝ ʩʦʜʝʨʞʘʥʠʝ ʢʨʫʧʥʳʭ ʢʘʤʥʝʡ ʠ ʢʘʤʥʝʡ ʭʦʨʦʰʝʛʦ 

ʢʘʯʝʩʪʚʘ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʤʦʤʝʥʪ ʠʟʚʝʩʪʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʪʢʨʳʪʳʭ 

ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʨʫʙʦʢ ʚ ʗʢʫʪʩʢʦʡ ʘʣʤʘʟʦʥʦʩʥʦʡ ʧʨʦʚʠʥʮʠʠ c ʥʠʟʢʦʡ ʠ ʫʙʦʛʦʡ 

ʘʣʤʘʟʦʥʦʩʥʦʩʪʴʶ, ʧʨʠ ʵʪʦʤ ʨʘʟʨʘʙʦʪʢʘ ʪʘʢʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʵʢʦʥʦʤʠʯʝʩʢʠ 

ʩʯʠʪʘʝʪʩʷ ʥʝ ʨʝʥʪʘʙʝʣʴʥʦʡ. ɺ ʪʦʞʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʶʪ ʧʨʠʤʝʨʳ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʛʜʝ ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ ʦʢʘʟʳʚʘʶʪ ʥʘʭʦʜʢʠ ʢʨʫʧʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʢʨʫʧʥʳʝ ʢʘʤʥʠ ʤʘʩʩʦʡ ʙʦʣʝʝ 50 ʢʘʨʘʪ ʚʩʪʨʝʯʘʶʪʩʷ 

ʢʨʘʡʥʝ ʨʝʜʢʦ. ʊʘʢʠʝ ʘʣʤʘʟʳ ʪʨʘʜʠʮʠʦʥʥʦ ʧʨʦʜʘʶʪʩʷ ʥʘ ʘʫʢʮʠʦʥʘʭ, ʛʜʝ ʧʦʣʴʟʫʶʪʩʷ 

ʙʦʣʴʰʠʤ ʩʧʨʦʩʦʤ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʤʝʶʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ 

ʦʪʜʝʣʴʥʳʭ ʫʥʠʢʘʣʴʥʳʭ ʢʘʤʥʝʡ. ɿʘ ʧʷʪʠʜʝʩʷʪʠʣʝʪʥʶʶ ʠʩʪʦʨʠʶ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʢʦʤʧʘʥʠʠ çɸʃʈʆʉɸè (ʇɸʆ) (ʙʳʚʰʝʝ ʥʘʟʚʘʥʠʝ ʇʅʆ çʗʢʫʪʘʣʤʘʟè) ʥʘʢʦʧʣʝʥʘ 

ʠʥʬʦʨʤʘʮʠʷ ʧʦ ʪʘʢʠʤ ʢʨʫʧʥʳʤ ʘʣʤʘʟʘʤ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʘʣʤʘʟʘʤ ï ʛʠʛʘʥʪʘʤ, ʚʝʩ 

ʢʦʪʦʨʳʭ ʜʦʩʪʠʛʘʝʪ 50 ʠ ʙʦʣʝʝ ʢʘʨʘʪ, ʧʨʠʥʷʪʦ ʧʨʠʩʚʘʠʚʘʪʴ ʩʦʙʩʪʚʝʥʥʳʝ ʠʤʝʥʘ, ʪʝʤ 

ʩʘʤʳʤ ʠʭ ʯʘʩʪʦ ʥʘʟʳʚʘʶʪ çʠʤʝʥʥʳʝ ʘʣʤʘʟʳè. ʀʟʫʯʝʥʠʝ ʢʨʫʧʥʳʭ ʘʣʤʘʟʦʚ 

ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʙʣʝʤʘʪʠʯʥʦ, ʦʩʦʙʝʥʥʦ ʨʘʟʨʫʰʘʶʱʠʤʠ ʤʝʪʦʜʘʤʠ, ʚʩʣʝʜʩʪʚʠʝ ʠʭ 

ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ ʠ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʥʠʤ. ʅʝʙʦʣʴʰʘʷ ʩʝʨʠʷ ʧʫʙʣʠʢʘʮʠʡ 
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ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʢʨʫʧʥʳʭ ʘʣʤʘʟʦʚ, ʛʜʝ ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ, ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʢʣʶʯʝʥʠʡ, ʫʩʪʘʥʦʚʠʪʴ ʛʝʥʝʟʠʩ ʪʘʢʠʭ ʘʣʤʘʟʦʚ. ɺʘʞʥʦʝ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʪʦʛʦ, ʯʪʦ ʢʨʫʧʥʳʝ ʘʣʤʘʟʳ ʢʨʠʩʪʘʣʣʠʟʦʚʘʣʠʩʴ ʠʟ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʞʠʜʢʦʡ ʬʘʟʳ, ʫʩʪʘʥʦʚʣʝʥʦ ʥʘ ʦʧʨʝʜʝʣʝʥʠʠ 

ʚʢʣʶʯʝʥʠʡ ʟʘʪʚʝʨʜʝʚʰʝʛʦ ʞʝʣʝʟʦ-ʥʠʢʝʣʴ-ʫʛʣʝʨʦʜ-ʩʝʨʥʦʛʦ ʨʘʩʧʣʘʚʘ, 

ʩʦʧʨʦʚʦʞʜʘʝʤʳʡ ʪʦʥʢʠʤ ʞʠʜʢʠʤ ʩʣʦʝʤ ʤʝʪʘʥʘ-ʚʦʜʦʨʦʜʘ, ʠ ʠʥʦʛʜʘ 

ʤʵʡʜʞʦʨʠʪʦʚʳʤ ʛʨʘʥʘʪʦʤ (Evan, et al., 2016). ɼʦʚʦʣʴʥʦ ʯʘʩʪʦ, ʚ ʨʘʙʦʪʘʭ 

ʩʦʦʙʱʘʝʪʩʷ ʦ ʩʚʝʨʭʛʣʫʙʦʢʦʤ ʧʨʦʠʩʭʦʞʜʝʥʠʠ ʘʣʤʘʟʦʚ-ʛʠʛʘʥʪʦʚ, ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ 

ʢʦʪʦʨʦʛʦ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʦʪʩʫʪʩʪʚʠʝ ʚʢʣʶʯʝʥʠʡ (Smith et al., 2016). ɹʦʣʴʰʠʥʩʪʚʦ 

ʪʘʢʠʭ ʘʣʤʘʟʦʚ ʯʘʩʪʦ ʙʝʟʘʟʦʪʥʳʝ, ʪʘʢ ʩʦʦʙʱʘʝʪʩʷ (DôHaenens-Johansson et al. 2017), 

ʯʪʦ ʢʨʫʧʥʳʝ ʘʣʤʘʟʳ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ Karowe ʚ ʦʩʥʦʚʥʦʤ ʥʝ ʩʦʜʝʨʞʘʪ ʘʟʦʪʘ ʠ 

ʦʪʥʦʩʷʪʩʷ ʢ ʪʠʧʫ IIa ʧʦ ʬʠʟʠʯʝʩʢʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʣʠʙʦ ʩʦʜʝʨʞʘʪ ʘʟʦʪ ʚ ʚʳʩʦʢʦ 

ʘʛʨʝʛʠʨʦʚʘʥʥʦʡ ʬʦʨʤʝ (ʪʠʧ IaB). ɺ ʪʦʞʝ ʚʨʝʤʷ, ʨʘʥʝʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʩʪʨʝʯʘʶʪʩʷ 

ʣʠʪʦʩʬʝʨʥʳʝ ʘʣʤʘʟʳ ʠʟ ʧʝʨʠʜʦʪʠʪʦʚʳʭ ʠ ʵʢʣʦʛʠʪʦʚʳʭ ʧʦʨʦʜ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʪʠʧʫ 

IIa (Moore, 2014). ʅʘ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʡ ʢʦʣʣʝʢʮʠʠ ʧʦʢʘʟʘʥʦ (Evan, et al., 2017), ʯʪʦ 

ʜʦʣʷ ʘʣʤʘʟʦʚ ʪʠʧʘ IIa ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʪʦʣʴʢʦ ʢʨʫʧʥʳʭ ʘʣʤʘʟʦʚ.  

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘ ʧʨʠʤʝʨʝ ʠʟʫʯʝʥʠʷ ʚʢʣʶʯʝʥʠʡ ʘʣʤʘʟʦʚ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ 

Karowe ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʦʩʥʦʚʥʦʤ ʵʪʦ ʵʢʣʦʛʠʪʦʚʳʝ ʘʣʤʘʟʳ (53%), ʥʝʩʢʦʣʴʢʦ 

ʤʝʥʴʰʝ ʘʣʤʘʟʦʚ ʧʝʨʠʜʦʪʠʪʦʚʦʛʦ ʧʘʨʘʛʝʥʝʟʠʩʘ (44%), ʚʩʝʛʦ 2 % ʘʣʤʘʟʦʚ ʩ 

ʧʨʠʟʥʘʢʘʤʠ ʩʫʙʣʠʪʦʩʬʝʨʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʀʥʜʠʚʠʜʫʘʣʴʥʳʤ ʦʪʣʠʯʠʝʤ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ Karowe ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʥʘʣʠʯʠʝ ʘʣʤʘʟʦʚ ʩ ʚʢʣʶʯʝʥʠʷʤʠ 

ʵʢʣʦʛʠʪʦʚʦʛʦ ʤʵʡʜʞʦʨʠʪʦʚʦʛʦ ʛʨʘʥʘʪʘ (Motsamai et al., 2018). 

ʇʦʠʩʢ ʢʨʫʧʥʳʭ ʘʣʤʘʟʦʚ ʚʝʩʴʤʘ ʩʣʦʞʥʘʷ ʟʘʜʘʯʘ, ʢʘʢ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʠʩʢʦʚʦʡ 

ʛʝʦʣʦʛʠʠ, ʪʘʢ ʠ ʜʣʷ ʥʘʫʯʥʳʭ ʟʘʜʘʯ ʧʦ ʝʛʦ ʛʝʥʝʟʠʩʫ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʮʝʥʠʪʴ 

ʢʠʤʙʝʨʣʠʪʦʚʦʝ ʪʝʣʦ ʥʘ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ ʘʣʤʘʟʦʚ-ʛʠʛʘʥʪʦʚ ʪʨʝʙʫʝʪʩʷ 

ʢʦʣʦʩʩʘʣʴʥʦʝ ʚʣʦʞʝʥʠʝ ʩʨʝʜʩʪʚ ʥʘ ʵʢʩʧʣʦʨʘʟʚʝʜʦʯʥʳʝ ʨʘʙʦʪʳ, ʪʘʢʠʝ ʘʣʤʘʟʳ 

ʜʦʩʪʘʪʦʯʥʦ ʨʝʜʢʠʝ ʠ ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʥʘʣʠʯʠʝ ʠʭ ʚ ʢʦʥʢʨʝʪʥʳʭ ʧʨʦʙʘʭ, ʩ ʫʯʝʪʦʤ 

ʙʦʣʴʰʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ, ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʘʷ ʟʘʜʘʯʘ. 

ɺ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʗʢʫʪʩʢʦʡ ʘʣʤʘʟʦʥʦʩʥʦʡ ʧʨʦʚʠʥʮʠʠ ʧʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 

ʢʦʥʝʮ 2018 ʛʦʜʘ ʙʳʣʦ ʜʦʙʳʪʦ 610 ʘʣʤʘʟʦʚ ʩ ʤʘʩʩʦʡ ʚʳʰʝ 50 ʢʘʨʘʪ. ʉʨʝʜʠ ʣʠʜʝʨʦʚ 
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ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʪʘʢʠʭ ʘʣʤʘʟʦʚ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ: ʪʨʫʙʢʘ 

ʖʙʠʣʝʡʥʘʷ - 220, ʋʜʘʯʥʘʷ - 122, ʄʠʨ - 103, ʀʥʪʝʨʥʘʮʠʦʥʘʣʴʥʘʷ - 28, ʅʶʨʙʠʥʩʢʘʷ 

- 31, ʉʳʪʳʢʘʥʩʢʘʷ - 20, ɸʡʭʘʣ ï 17 ʢʨʠʩʪʘʣʣʦʚ. 

ʇʦ ʜʘʥʥʳʤ ʦʪʜʝʣʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʛʝʦʣʦʛʠʠ ɸʂ çɸʃʈʆʉɸè (ʇɸʆ) 

ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʙʦʪʘʥʥʦʡ ʨʫʜʳ ʢʦʨʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʟʘ ʧʝʨʠʦʜ ʩ 2001 ʧʦ 2018 

ʛ. ʩʦʩʪʘʚʣʷʝʪ (ʪʳʩ. ʪʦʥʥ): ʖʙʠʣʝʡʥʘʷ ï 85 800, ʋʜʘʯʥʘʷ ï 42 096, ɿʘʨʥʠʮʘ ï 21 474, 

ʅʶʨʙʠʥʩʢʘʷ ï 13 754, ʂʦʤʩʦʤʦʣʴʩʢʘʷ ï 9 223, ʀʥʪʝʨʥʘʮʠʦʥʘʣʴʥʘʷ ï 5 511 ʠ ʄʠʨ ï 

4 658. ʅʘʤʠ ʧʨʦʠʟʚʝʜʝʥʦ ʥʦʨʤʠʨʦʚʘʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʢʨʫʧʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʜʣʷ 

ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʪʝʣ ʩ ʫʯʝʪʦʤ ʦʙʨʘʙʦʪʘʥʥʦʡ ʨʫʜʳ ʟʘ ʧʝʨʠʦʜ ʩ 2001 ʧʦ 2018 ʛ. (ʈʠʩ. 

3.32). ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʭʦʨʦʰʦ ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʘʣʤʘʟʦʥʦʩʥʦʩʪʴʶ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ (ʈʠʩ. 3.32), ʚ ʪʦʞʝ ʚʨʝʤʷ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʪʨʫʙʦʢ 

ʖʙʠʣʝʡʥʘʷ ʠ ʂʦʤʩʦʤʦʣʴʩʢʘʷ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʧʦʚʳʰʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʨʫʧʥʳʭ 

ʘʣʤʘʟʦʚ ʥʘ ʤʠʣʣʠʦʥ ʪʦʥʥ ʨʫʜʳ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ 

ʘʣʤʘʟʦʥʦʩʥʦʩʪʴʶ. 

ʉ ʮʝʣʴʶ ʚʳʷʩʥʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʘʣʤʘʟʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʢʦʨʨʝʣʠʨʦʚʘʪʴʩʷ ʩ 

ʧʦʚʳʰʝʥʥʳʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʢʨʫʧʥʳʭ ʘʣʤʘʟʦʚ ʚ ʢʠʤʙʝʨʣʠʪʘʭ ʦʪʜʝʣʴʥʳʭ ʪʨʫʙʦʢ, 

ʥʘʤʠ ʠʟʫʯʝʥʳ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʥʝʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ ʠʟ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʢʦʣʣʝʢʮʠʡ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʨʫʙʦʢ ɿʘʨʥʠʮʘ, 

ʅʶʨʙʠʥʩʢʘʷ, ʄʠʨ, ʋʜʘʯʥʘʷ, ʖʙʠʣʝʡʥʘʷ, ʂʦʤʩʦʤʦʣʴʩʢʘʷ ʠ ʀʥʪʝʨʥʘʮʠʦʥʘʣʴʥʘʷ. 

 



92 

 

ʈʠʩ. 3.32. ɸʣʤʘʟʥʦʩʥʦʩʪʴ ʠ ʢʦʣʠʯʝʩʪʚʦ ʢʨʫʧʥʳʭ ʘʣʤʘʟʦʚ ʥʘ ʤʠʣʣʠʦʥ ʪʦʥʥ 

ʦʙʨʘʙʦʪʘʥʥʦʡ ʨʫʜʳ (2001-2018) ʜʣʷ ʢʠʤʙʝʨʣʠʪʦʚ ʪʨʫʙʦʢ ʅʶʨʙʠʥʩʢʘʷ, 

ʀʥʪʝʨʥʘʮʠʦʥʘʣʴʥʘʷ, ʄʠʨ, ʋʜʘʯʥʘʷ ʖʙʠʣʝʡʥʘʷ, ɿʘʨʥʠʮʘ ʠ ʂʦʤʩʦʤʦʣʴʩʢʘʷ. 

ɼʣʷ ʠʟʫʯʝʥʥʳʭ ʘʣʤʘʟʦʚ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ ʅʶʨʙʠʥʩʢʘʷ, ʀʥʪʝʨʥʘʮʠʦʥʘʣʴʥʘʷ, 

ʄʠʨ, ʋʜʘʯʥʘʷ ʖʙʠʣʝʡʥʘʷ, ɿʘʨʥʠʮʘ ʠ ʂʦʤʩʦʤʦʣʴʩʢʘʷ ʜʝʬʝʢʪʥʦ-ʧʨʠʤʝʩʥʳʡ ʩʦʩʪʘʚ 

ʘʣʤʘʟʘ ʨʘʟʣʠʯʝʥ. ɼʣʷ ʢʠʤʙʝʨʣʠʪʦʚ ʫʨʘʛʘʥʥʦ ʠ ʚʳʩʦʢʦʘʣʤʘʟʦʥʦʩʥʳʭ ʪʨʫʙʦʢ 

ʪʠʧʠʯʥʦ ʥʘʣʠʯʠʝ ʚʳʩʦʢʦʘʟʦʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ (ʦʪ 400 ʜʦ 1400 at.ppm), ʧʨʠʯʝʤ ʜʣʷ 

ʪʨ. ʀʥʪʝʨʥʘʮʠʦʥʘʣʴʥʘʷ ʪʘʢʦʚʳʭ ʙʦʣʝʝ 70% (ʈʠʩ. 3.32). ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʦʡ ʜʠʘʛʨʘʤʤʝ ɺ.ʊʵʡʣʦʨʘ (ʈʠʩ. 3.33, ʘ), ʠʟ ʢʦʪʦʨʦʡ 

ʦʯʝʚʠʜʥʦ, ʯʪʦ ʘʣʤʘʟʳ ʚʳʩʢʦʧʨʦʜʫʢʪʠʚʥʳʭ ʢʠʤʙʝʨʣʠʪʦʚ ʦʙʨʘʟʫʶʪ ʧʦʧʫʣʷʮʠʶ 

ʘʣʤʘʟʦʚ ʩ ʘʛʨʝʛʘʮʠʝʡ ʧʨʠʤʝʩʠ ʘʟʦʪʘ ʚ ʦʩʥʦʚʥʦʤ ʦʪ 15 ʜʦ 40%, ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʘʣʤʘʟʳ ʪʘʢʠʭ ʪʨʫʙʦʢ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʦʩʥʦʚʥʦʤ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʦʣʦ 1100 ʉ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʜʥʫ ʛʝʥʝʨʘʮʠʶ ʘʣʤʘʟʦʚ ʚ 

ʧʨʦʮʝʩʩʝ ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʷ. 

  

ʈʠʩ. 3.33. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʫʤʤʘʨʥʦʛʦ ʘʟʦʪʘ (N tot) ʠ 

ʩʪʝʧʝʥʠ ʘʛʨʝʛʘʮʠʠ ʘʟʦʪʘ (%ɺ) ʚ ʘʣʤʘʟʘʭ ʠʟ ʪʨʫʙʦʢ: ʅʶʨʙʠʥʩʢʘʷ, 

ʀʥʪʝʨʥʘʮʠʦʥʘʣʴʥʘʷ, ʄʠʨ ʠ ʋʜʘʯʥʘʷ (ʘ); ʖʙʠʣʝʡʥʘʷ, ɿʘʨʥʠʮʘ, ʂʦʤʩʦʤʦʣʴʩʢʘʷ (ʙ). 

ɿʥʘʯʝʥʠʷ ʥʘʥʝʩʝʥʳ ʥʘ ʜʠʘʛʨʘʤʤʫ ʊʝʡʣʦʨʘ (ʈʘʩʯʝʪʥʳʡ ʚʦʟʨʘʩʪ ʘʣʤʘʟʘ ï 3 ʤʣʨʜ. 

ʣʝʪ) (Taylor, 1990). 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʜʣʷ ʘʣʤʘʟʦʚ ʠʟ ʪʨʫʙʦʢ ʖʙʠʣʝʡʥʘʷ, ɿʘʨʥʠʮʘ ʠ 

ʂʦʤʩʦʤʦʣʴʩʢʘʷ ʭʘʨʘʢʪʝʨʥʦ ʰʠʨʦʢʘʷ ʚʘʨʠʘʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʟʦʪʘ ʠ ʝʛʦ ʘʛʨʝʛʘʮʠʠ 
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(ʈʠʩ. 3.33, ʙ), ʯʪʦ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʢʘʢ ʤʠʥʠʤʫʤ ʜʚʫʭ ʛʝʥʝʨʘʮʠʡ 

ʚ ʧʨʦʮʝʩʩʝ ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʵʪʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 

ʂʨʫʧʥʳʝ ʘʣʤʘʟʳ, ʢʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʯʘʱʝ ʚʩʝʛʦ ʷʚʣʷʶʪʩʷ 

ʙʝʟʘʟʦʪʥʳʤʠ (ʥʠʟʢʦʘʟʦʪʥʳʤʠ), ʧʨʠ ʵʪʦʤ ʜʦʚʦʣʴʥʦ ʯʘʩʪʦ ʥʠʟʢʦʧʨʦʜʫʢʪʠʚʥʳʝ ʪʝʣʘ 

ʦʙʥʘʨʫʞʠʚʘʶʪ ʩʨʝʜʠ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʢʦʣʣʝʢʮʠʡ ʘʣʤʘʟʦʚ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʷ 

ʙʝʟʘʟʦʪʥʳʭ ʘʣʤʘʟʦʚ. ʊʘʢ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʢʨʫʧʥʳʭ ʘʣʤʘʟʦʚ ʚ 

ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʩʥʠʞʝʥʠʝ ʧʨʦʮʝʥʪʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ 

ʥʠʟʢʦʘʟʦʪʥʳʭ ʘʣʤʘʟʦʚ ʚ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ( ʈʠʩ. 3.34), ʚ ʪʦʞʝ ʚʨʝʤʷ ʥʝʦʙʭʦʜʠʤʦ 

ʦʪʤʝʪʠʪʴ ʠʩʢʣʶʯʝʥʠʷ ʜʣʷ ʘʣʤʘʟʦʚ ʠʟ ʪʨʫʙʦʢ ʖʙʠʣʝʡʥʘʷ ʠ ʂʦʤʩʦʤʦʣʴʩʢʘʷ, ʜʣʷ 

ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʥʦ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʷ ʥʠʟʢʦʘʟʦʪʥʳʭ ʘʣʤʘʟʦʚ ʠ ʢʦʣʠʯʝʩʪʚʦ 

ʦʙʥʘʨʫʞʝʥʥʳʭ ʢʨʫʧʥʳʭ ʘʣʤʘʟʦʚ.  

 

 ʈʠʩ. 3.34. ʉʦʦʪʥʦʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʢʨʫʧʥʳʭ ʘʣʤʘʟʦʚ ʥʘ ʤʠʣʣʠʦʥ ʪʦʥʥ 

ʦʙʨʘʙʦʪʘʥʥʦʡ ʨʫʜʳ ʠ ʧʨʦʮʝʥʪʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʥʠʟʢʦʘʟʦʪʥʳʭ ʘʣʤʘʟʦʚ ʚ ʪʨʫʙʢʘʭ 

ʗɸʇ: 1 ï ɿʘʨʥʠʮʘ, 2 ï ʋʜʘʯʥʘʷ, 3 ï ʂʦʤʩʦʤʦʣʴʩʢʘʷ, 4 ï ʄʠʨ, 5 ï ʖʙʠʣʝʡʥʘʷ, 6 ï 

ʅʶʨʙʠʥʩʢʘʷ, 7 ï ʀʥʪʝʨʥʘʮʠʦʥʘʣʴʥʘʷ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʨʫʧʥʳʭ ʘʣʤʘʟʦʚ ʜʣʷ 

ʚʳʩʦʢʦʧʨʦʜʫʢʪʠʚʥʳʭ ʠ ʥʠʟʢʦʧʨʦʜʫʢʪʠʚʥʳʭ ʪʝʣ ʨʘʟʣʠʯʥʳʝ. ɼʣʷ ʧʝʨʚʳʭ ʦʯʝʚʠʜʥʦ 

ʥʘʣʠʯʠʝ ʝʜʠʥʦʡ ʛʝʥʝʨʘʮʠʠ ʘʣʤʘʟʦʚ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ ʢʨʫʧʥʦʩʪʠ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʜʣʷ ʥʠʟʢʦʘʣʤʘʟʦʥʦʩʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʦʪʤʝʯʘʝʪʩʷ ʥʘʣʠʯʠʝ ʢʘʢ ʤʠʥʠʤʫʤ ʜʚʫʭ 

ʵʪʘʧʦʚ ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʷ, ʩ ʨʘʟʣʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ. 
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ɻʣʘʚʘ 4 . ʄʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚʢʣʶʯʝʥʠʡ ʚ ʘʣʤʘʟʘʭ 

4.1. ʄʠʥʝʨʘʣʴʥʳʝ ʚʢʣʶʯʝʥʠʷ ʚ ʘʣʤʘʟʘʭ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʨʫʙʦʢ 

ɸʣʘʢʠʪ-ʄʘʨʭʠʥʩʢʦʛʦ ʠ ʅʘʢʳʥʩʢʦʛʦ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʣʝʡ 

ɺʢʣʶʯʝʥʠʷ ʚ ʦʩʥʦʚʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʳ: ʛʨʘʬʠʪʦʤ, ʦʣʠʚʠʥʦʤ, ʭʨʦʤʠʪʦʤ, 

ʧʠʨʦʧʦʤ, ʛʨʘʥʘʪʦʤ, ʭʨʦʤʜʠʦʧʩʠʜʦʤ, ʦʤʬʘʮʠʪʦʤ, ʨʫʪʠʣʦʤ, ʩʫʣʴʬʠʜʦʤ, ʢʦʵʩʠʪʦʤ ʠ 

ʩʦʙʩʪʚʝʥʥʦ ʩʘʤʠʤ ʘʣʤʘʟʦʤ (ʈʠʩ. 4.1). ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʘʣʤʘʟʘʭ ʗʢʫʪʠʠ 

ʚʢʣʶʯʝʥʠʷ ʦʣʠʚʠʥʦʚ, ʛʨʘʥʘʪʦʚ ʠ ʛʨʘʬʠʪʦʚ. ʍʘʨʘʢʪʝʨʥʳʝ ʩʧʝʢʪʨʳ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʚʢʣʶʯʝʥʠʡ ʨʘʟʣʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ ʧʨʠʚʝʜʝʥʳ (ʈʠʩ. 2.5). 

ɺ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʝʣʘʭ ʅʘʢʳʥʩʢʦʛʦ ʠ ɸʣʘʢʠʪ-ʄʨʘʭʠʥʩʢʦʛʦ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ 

ʧʦʣʷ, ʦʙʥʘʨʫʞʝʥʳ ʩʠʥʛʝʥʝʪʠʯʝʩʢʠʝ ʚʢʣʶʯʝʥʠʷ ʧʝʨʠʜʦʪʠʪʦʚʦʡ (ʦʣʠʚʠʥ, ʭʨʦʤʠʪ, 

ʧʠʨʦʧ ʤʘʣʠʥʦʚʳʡ, ʵʥʩʪʘʪʠʪ ʠ ʭʨʦʤʜʠʧʩʠʜ) ʠ ʵʢʣʦʛʠʪʦʚʦʡ (ʛʨʘʥʘʪ ʦʨʘʥʞʝʚʳʡ, 

ʦʤʬʘʮʠʪ, ʢʦʵʩʠʪ) ʘʩʩʦʮʠʘʮʠʡ. ʉʨʝʜʠ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ ʚ ʘʣʤʘʟʘʭ 

ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʷʚʣʷʝʪʩʷ ʛʨʘʬʠʪ.  

    

(ʘ)                                                        (ʙ) 
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