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ɺʚʝʜʝʥʠʝ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʙʣʝʤʳ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʨʝʰʝʥʠʷ 

ʜʠʩʢʫʩʩʠʦʥʥʳʭ ʚʦʧʨʦʩʦʚ ʛʝʥʝʟʠʩʘ ʘʣʤʘʟʘ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʢʨʠʪʝʨʠʝʚ ʧʨʦʛʥʦʟʘ ʝʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʩʚʦʡʩʪʚ ʩʘʤʦʛʦ ʘʣʤʘʟʘ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳ 

ʧʨʠʤʝʩʠ. ʆʥʠ ʥʝ ʪʦʣʴʢʦ ʦʪʨʘʞʘʶʪ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʫʩʣʦʚʠʷ, ʭʠʤʠʟʤ ʠ ʛʝʦʣʦʛʠʯʝʩʢʠʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʩʨʝʜʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʘʣʤʘʟʘ, ʥʦ ʠ ʩʣʫʞʘʪ ʪʠʧʦʤʦʨʬʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʵʪʦʛʦ ʤʠʥʝʨʘʣʘ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʧʨʦʛʥʦʟʥʦ-ʧʦʠʩʢʦʚʳʭ ʮʝʣʷʭ. ɺ ʨʷʜʫ ʪʠʧʦʤʦʨʬʥʳʭ 

ʩʚʦʡʩʪʚ ʘʣʤʘʟʘ ʚʘʞʥʝʡʰʠʤʠ ʷʚʣʷʶʪʩʷ ʩʪʨʫʢʪʫʨʥʳʝ ʧʨʠʤʝʩʠ ʘʟʦʪʘ ʠ ʚʦʜʦʨʦʜʘ, ʘ ʪʘʢʞʝ 

ʚʢʣʶʯʝʥʠʷ ʤʠʥʝʨʘʣʦʚ, ʬʣʶʠʜʥʳʭ ʬʘʟ, ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʫʛʣʝʨʦʜʘ.  

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ. ɻʝʥʝʟʠʩ ʘʣʤʘʟʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʩʚʷʟʴ ʠʭ ʩ ʛʝʦʣʦʛʠʯʝʩʢʦʡ 

ʩʨʝʜʦʡ ʜʦ ʩʠʭ ʧʦʨ ʦʩʪʘʝʪʩʷ ʧʨʝʜʤʝʪʦʤ ʦʩʪʨʳʭ ʜʠʩʢʫʩʩʠʡ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚ ʧʦʩʣʝʜʥʠʝ 

ʜʝʩʷʪʠʣʝʪʠʷ ʟʥʘʥʠʷ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʦʜʚʠʥʫʣʠʩʴ.  

ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʚʦʟʨʘʩʪ ʠ ʫʩʣʦʚʠʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʘʣʤʘʟʘ ʦʙʳʯʥʦ ʦʮʝʥʠʚʘʶʪ ʢʦʩʚʝʥʥʦ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʘʣʤʘʟʝ. ʉ ʧʦʤʦʱʴʶ ʤʠʥʝʨʘʣʦʚ-ʩʧʫʪʥʠʢʦʚ 

ʘʣʤʘʟʘ ʫʩʧʝʰʥʦ ʥʘʭʦʜʷʪ ʛʣʘʚʥʳʝ ʝʛʦ ʥʦʩʠʪʝʣʠ ï ʪʝʣʘ ʢʠʤʙʝʨʣʠʪʦʚ ʠ ʣʘʤʧʨʦʠʪʦʚ, ʦʜʥʘʢʦ ʧʦʯʪʠ 

ʚ 90 % ʩʣʫʯʘʝʚ ʚ ʥʠʭ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ ʘʣʤʘʟʳ.  

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʢʦʥʮʝʧʮʠʠ ʢʩʝʥʦʛʝʥʥʦʩʪʠ ʘʣʤʘʟʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʠʤʙʝʨʣʠʪʘʤ, ʦʜʥʠ 

ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʩʯʠʪʘʶʪ ʘʣʤʘʟ ʧʨʦʜʫʢʪʦʤ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʦʩʥʦʚʥʳʭ ʠ ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʤʘʛʤ, ʘ 

ʜʨʫʛʠʝ ï ʨʝʟʫʣʴʪʘʪʦʤ ʨʝʘʢʮʠʠ ʦʢʩʠʜʦʚ ʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʤʘʥʪʠʡʥʳʭ ʫʩʣʦʚʠʷʭ, ʢʘʢ ʚ ʚʠʜʝ 

ʶʚʝʥʠʣʴʥʳʭ ʬʣʶʠʜʦʚ, ʪʘʢ ʠ ʧʝʨʚʠʯʥʦ ʵʢʟʦʛʝʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ, ʧʦʛʨʫʞʝʥʥʳʭ ʥʘ ʙʦʣʴʰʠʝ 

ʛʣʫʙʠʥʳ. ɼʠʩʢʫʩʩʠʦʥʥʦʩʪʴ ʧʨʦʙʣʝʤʳ ʚʳʟʳʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʪʝ 

ʩʚʦʡʩʪʚʘ ʩʘʤʦʛʦ ʘʣʤʘʟʘ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʜʪʚʝʨʜʠʪʴ ʠʣʠ ʩʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʫʧʦʤʷʥʫʪʳʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ. 

ʉʨʝʜʠ ʩʚʦʡʩʪʚ ʘʣʤʘʟʘ ʚʝʩʴʤʘ ʠʥʬʦʨʤʘʪʠʚʥʳ ʧʨʠʤʝʩʠ, ʚʭʦʜʷʱʠʝ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ 

ʨʝʰʝʪʢʫ ʘʣʤʘʟʘ (ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʘʟʦʪʥʳʝ ʠ ʚʦʜʦʨʦʜʥʳʝ), ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚ ʦʙʲʝʤʝ 

ʢʨʠʩʪʘʣʣʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʭʘʥʠʟʤʘ ʝʛʦ ʨʦʩʪʘ, ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʩʪʨʫʢʪʫʨʥʳʭ 

ʧʨʠʤʝʩʝʡ ʩ ʩʦʩʪʘʚʦʤ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʘʣʤʘʟʝ. ɼʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʩʝʭ ʵʪʠʭ ʜʘʥʥʳʭ 

ʚ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʦʡ ʧʨʘʢʪʠʢʝ, ʪ.ʝ. ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʤʠʢʨʦʤʠʨʘ ʥʘ 

ʢʨʫʧʥʳʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʤʘʩʩʳ, ʘʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʚʳʜʝʣʝʥʠʝ ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʦ ʦʙʲʝʤʫ ʛʨʫʧʧ 

ʢʨʠʩʪʘʣʣʦʚ (ʧʦʧʫʣʷʮʠʡ), ʦʙʣʘʜʘʶʱʠʭ ʝʜʠʥʳʤʠ ʛʝʥʝʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʫʩʣʦʚʠʷʤʠ 

ʣʦʢʘʣʠʟʘʮʠʠ.  

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ï ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʙʣʝʤ ʤʠʥʝʨʘʛʝʥʠʠ ʘʣʤʘʟʘ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ 

ʤʝʪʦʜʠʯʝʩʢʠʭ ʦʩʥʦʚ ʧʨʦʛʥʦʟʘ ʠ ʧʦʠʩʢʦʚ ʘʣʤʘʟʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 
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ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʡ: 

1. ɸʥʘʣʠʟ ʩʦʩʪʦʷʥʠʷ ʠʟʫʯʝʥʥʦʩʪʠ ʠ ʛʝʥʝʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ ʩʪʨʫʢʪʫʨʥʳʭ ʠ 

ʬʘʟʦʚʳʭ ʧʨʠʤʝʩʝʡ ʚ ʢʨʠʩʪʘʣʣʘʭ ʘʣʤʘʟʘ, ʘ ʪʘʢʞʝ ʜʘʥʥʳʭ ʧʦ ʠʟʦʪʦʧʥʦʤʫ ʩʦʩʪʘʚʫ ʘʣʤʘʟʘ  

2. ʈʘʟʨʘʙʦʪʢʘ ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʟʦʪʥʳʭ ʮʝʥʪʨʦʚ ʚ 

ʘʣʤʘʟʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʩʦʧʦʩʪʘʚʠʤʦʩʪʴ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʘʟʥʳʭ ʣʘʙʦʨʘʪʦʨʠʷʭ. 

3. ʉʦʟʜʘʥʠʝ ʙʘʟʳ ʜʘʥʥʳʭ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʘʟʦʪʥʳʭ ʠ ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ ʚ ʢʨʠʩʪʘʣʣʘʭ 

ʘʣʤʘʟʘ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ ʠ ʣʘʤʧʨʦʠʪʦʚ ʨʘʟʥʳʭ ʧʣʘʪʬʦʨʤ ʤʠʨʘ. 

4. ʉʠʩʪʝʤʘʪʠʟʘʮʠʷ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ ʧʦ ʦʙʱʝʤʫ ʩʦʜʝʨʞʘʥʠʶ ʘʟʦʪʘ ʠ ʩʪʝʧʝʥʠ ʝʛʦ 

ʘʛʨʝʛʘʮʠʠ ʩ ʚʳʜʝʣʝʥʠʝʤ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʛʨʫʧʧ ï ʧʦʧʫʣʷʮʠʡ. 

5. ɺʳʷʚʣʝʥʠʝ ʣʘʪʝʨʘʣʴʥʦʡ ʟʦʥʘʣʴʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʣʤʘʟʥʳʭ ʧʦʧʫʣʷʮʠʡ ʚ ʧʨʦʚʠʥʮʠʠ 

ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʘʣʤʘʟʦʚ ʩ ʵʢʣʦʛʠʪʦʚʳʤʠ ʠ ʫʣʴʪʨʘʙʘʟʠʪʦʚʳʤʠ 

ʚʢʣʶʯʝʥʠʷʤʠ. 

6. ɺʳʷʩʥʝʥʠʝ ʧʨʠʨʦʜʳ ʠ ʛʝʥʝʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ ʚ ʘʣʤʘʟʝ ʥʘ 

ʦʩʥʦʚʝ ʠʟʫʯʝʥʠʷ: 

ï ʚʟʘʠʤʦʩʚʷʟʠ ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ ʚ ʘʣʤʘʟʝ ʩ ʤʝʭʘʥʠʟʤʦʤ ʝʛʦ ʨʦʩʪʘ; 

ï ʚʘʨʠʘʮʠʠ ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʦʨʦʜʘ ʚ ʠʩʪʦʨʠʠ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʘ ï ʦʪ ʝʛʦ ʟʘʨʦʞʜʝʥʠʷ ʜʦ 

ʟʘʢʣʶʯʠʪʝʣʴʥʦʛʦ ʵʪʘʧʘ;  

ï ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚʦʜʦʨʦʜʥʳʭ ʠ ʘʟʦʪʥʳʭ ʮʝʥʪʨʦʚ, ʧʨʠʤʝʩʝʡ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʚʝʱʝʩʪʚ ʚ ʘʣʤʘʟʘʭ ʠʟ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜ ʠ ʢʠʤʙʝʨʣʠʪʦʚ; 

ï ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʩʦʜʝʨʞʘʥʠʝʤ ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ ʠ ʠʟʦʪʦʧʥʳʤ ʩʦʩʪʘʚʦʤ ʫʛʣʝʨʦʜʘ ʚ 

ʦʙʲʝʤʝ ʢʨʠʩʪʘʣʣʦʚ ʩ ʥʝʦʜʥʦʨʦʜʥʳʤ ʚʥʫʪʨʝʥʥʠʤ ʩʪʨʦʝʥʠʝʤ.  

7. ɸʥʘʣʠʟ ʩʦʦʪʚʝʪʩʪʚʠʷ ʚʳʷʚʣʝʥʥʳʭ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʣʤʘʟʘ 

ʩʫʱʝʩʪʚʫʶʱʠʤ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʤ ʤʦʜʝʣʷʤ ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʷ.  

8. ɺʳʷʚʣʝʥʠʝ ʥʦʚʳʭ ʛʝʥʝʪʠʯʝʩʢʠ ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʪʠʧʦʤʦʨʬʥʳʭ ʧʨʠʟʥʘʢʦʚ ʘʣʤʘʟʘ. 

9. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʯʝʩʢʠʭ ʦʩʥʦʚ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʢʨʠʪʝʨʠʝʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʢʦʨʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʠʤʝʩʝʡ ʚ 

ʢʨʠʩʪʘʣʣʘʭ ʘʣʤʘʟʘ ʠʟ ʨʦʩʩʳʧʝʡ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ.  

ɺ ʜʠʩʩʝʨʪʘʮʠʠ ʥʘ ʙʦʣʴʰʦʤ ʬʘʢʪʠʯʝʩʢʦʤ ʤʘʪʝʨʠʘʣʝ ʨʝʰʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʛʝʥʝʟʠʩʘ ʘʟʦʪʥʳʭ 

ʠ ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ ʚ ʘʣʤʘʟʝ, ʠʭ ʩʚʷʟʠ ʩ ʧʨʦʮʝʩʩʘʤʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʬʫʥʜʘʤʝʥʪʘ ʧʣʘʪʬʦʨʤ, ʘ 

ʪʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʳʭ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʧʨʠʤʝʩʝʡ ʠ 

ʜʝʬʝʢʪʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʘʣʤʘʟʘ ʠʟ ʨʦʩʩʳʧʝʡ ʜʣʷ ʮʝʣʝʡ ʧʨʦʛʥʦʟʘ ʠ ʧʦʠʩʢʦʚ ʝʛʦ 

ʢʦʨʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ.  

1. ʉʨʝʜʠ ʘʣʤʘʟʦʚ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ ʠ ʣʘʤʧʨʦʠʪʦʚ ʚʧʝʨʚʳʝ ʧʨʦʚʝʜʝʥʦ ʛʨʫʧʧʠʨʦʚʘʥʠʝ ʧʦ 

ʦʙʱʝʤʫ ʩʦʜʝʨʞʘʥʠʶ ʘʟʦʪʘ ʚ ʢʨʠʩʪʘʣʣʘʭ ʠ ʩʪʝʧʝʥʠ ʝʛʦ ʘʛʨʝʛʘʮʠʠ ʩ ʚʳʜʝʣʝʥʠʝʤ ʪʠʧʦʚ 
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ʧʦʧʫʣʷʮʠʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʨʘʟʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʛʠʧʝʨʙʘʟʠʪʦʚʳʭ ʠ 

ʵʢʣʦʛʠʪʦʚʳʭ ʩʣʦʷʭ ʤʘʥʪʠʠ ɿʝʤʣʠ. ɼʣʷ ʘʣʤʘʟʥʳʭ ʧʦʧʫʣʷʮʠʡ ʫʩʪʘʥʦʚʣʝʥʘ ʪʝʥʜʝʥʮʠʷ 

ʫʤʝʥʴʰʝʥʠʷ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʘʟʦʪʘ ʚ ʢʨʠʩʪʘʣʣʘʭ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʚʝʣʠʯʝʥʠʷ ʝʛʦ 

ʘʛʨʝʛʠʨʦʚʘʥʥʦʩʪʠ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʢʦʪʦʨʘʷ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʛʣʫʙʠʥʥʦʩʪʠ.  

2. ʅʘ ʧʨʠʤʝʨʝ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʘʟʦʪʘ ʚ ʢʨʠʩʪʘʣʣʘʭ ʚʳʷʚʣʝʥʘ 

ʜʚʫʩʪʦʨʦʥʥʷʷ ʩ ʵʣʝʤʝʥʪʘʤʠ ʢʦʥʮʝʥʪʨʠʯʥʦʩʪʠ ʣʘʪʝʨʘʣʴʥʘʷ ʟʦʥʘʣʴʥʦʩʪʴ ʨʘʟʤʝʱʝʥʠʷ ʧʦʧʫʣʷʮʠʡ 

ʘʣʤʘʟʘ: ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʧʦʧʫʣʷʮʠʠ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʮʝʥʪʨʘʣʴʥʳʭ ʯʘʩʪʷʭ, ʘ 

ʥʘʠʤʝʥʝʝ - ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦ ʧʝʨʠʬʝʨʠʠ ʧʣʘʪʬʦʨʤʳ. 

3. ɸʚʪʦʨʫ ʧʨʠʥʘʜʣʝʞʠʪ ʧʨʠʦʨʠʪʝʪ ʚ ʚr̫ʚʣʝʥʠʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʦʩʪʘʚʘ ʩʪʨʫʢʪʫʨʥʳʭ 

ʧʨʠʤʝʩʝʡ ʚ ʤʠʢʨʦʘʣʤʘʟʘʭ ʠʟ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜ [ɹʣʠʥʦʚʘ, 1986, 19872, 1989], ʛʣʘʚʥʳʤʠ ʠʟ 

ʢʦʪʦʨʳʭ, ʪʘʢ ʞʝ ʢʘʢ ʠ ʚ ʘʣʤʘʟʘʭ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ ʠ ʣʘʤʧʨʦʠʪʦʚ, ʷʚʣʷʶʪʩʷ ʘʟʦʪ ʠ ʚʦʜʦʨʦʜ. ɺ 

ʮʝʣʦʤ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʨʠʤʝʩʠ ʘʟʦʪʘ ʚ ʚʠʜʝ ʦʜʠʥʦʯʥʳʭ, ʟʘʤʝʱʘʶʱʠʭ ʫʛʣʝʨʦʜ ʘʪʦʤʦʚ, ʚ ʘʣʤʘʟʘʭ 

ʠʟ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜ ʚʳʰʝ ʥʘ ʧʦʨʷʜʦʢ ʠ ʙʦʣʝʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʣʤʘʟʘʤʠ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ 

ʠ ʣʘʤʧʨʦʠʪʦʚ.  

4. ɺ ʨʘʙʦʪʝ [ɹʣʠʥʦʚʘ, ʂʘʤʠʥʩʢʠʡ, ʉʦʙʦʣʝʚ, ʘʚʪʦʨʩʢʦʝ ʩʚʠʜʝʪʝʣʴʩʪʚʦ, 1984; ɹʣʠʥʦʚʘ, 

19871], ʘʚʪʦʨʫ ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʠʥʘʜʣʝʞʠʪ ʧʨʠʦʨʠʪʝʪ ʚ ʫʩʪʘʥʦʚʣʝʥʠʠ ʥʦʚʦʛʦ ʪʠʧʦʤʦʨʬʥʦʛʦ 

ʧʨʠʟʥʘʢʘ ʘʣʤʘʟʘ ï ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʦʜʦʨʦʜʘ ʚ ʢʨʠʩʪʘʣʣʘʭ. ɺ ʨʘʙʦʪʘʭ ʘʚʪʦʨʘ [ɹʣʠʥʦʚʘ, 1987; 

ɹʣʠʥʦʚʘ ʠ ʜʨ., 1988] ʚʧʝʨʚʳʝ ʨʘʩʩʤʦʪʨʝʥʘ ʧʨʦʙʣʝʤʘ ʛʝʥʝʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ 

ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ ʚ ʘʣʤʘʟʝ.  

5. ʋʩʪʘʥʦʚʣʝʥʦ ʫʯʘʩʪʠʝ ʵʢʟʦʛʝʥʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ ʚ 

ʢʨʠʩʪʘʣʣʝ ʘʣʤʘʟʘ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʬʘʢʪʘʤʠ: 

- ʧʨʷʤʳʤʠ ʥʘʭʦʜʢʘʤʠ ʬʘʟʦʚʳʭ ʧʨʠʤʝʩʝʡ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʢʨʠʩʪʘʣʣʘʭ ʘʣʤʘʟʘ 

ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ ʠ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜ, ʦʙʦʛʘʱʝʥʥʳʭ ʣʝʛʢʠʤ ʠʟʦʪʦʧʦʤ ʫʛʣʝʨʦʜʘ, ʧʨʠʩʫʱʠʤ 

ʙʠʦʛʝʥʥʳʤ ʫʛʣʝʚʦʜʦʨʦʜʘʤ, ʘ ʪʘʢʞʝ ʦʙʨʘʪʥʦʡ ʢʦʨʨʝʣʷʮʠʝʡ ʤʝʞʜʫ ʩʦʜʝʨʞʘʥʠʝʤ ʵʪʠʭ ʧʨʠʤʝʩʝʡ ʠ 

ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʨʠʩʪʘʣʣʘʭ; 

- ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʢʦʨʨʝʣʷʮʠʝʡ ʤʝʞʜʫ ʩʦʜʝʨʞʘʥʠʝʤ ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ ʠ ʣʝʛʢʦʛʦ ʠʟʦʪʦʧʘ 

ʫʛʣʝʨʦʜʘ ʚ ʦʙʲʝʤʝ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ, ʦʙʣʘʜʘʶʱʠʭ ʥʝʦʜʥʦʨʦʜʥʳʤ ʚʥʫʪʨʝʥʥʠʤ ʩʪʨʦʝʥʠʝʤ 

(ʮʝʥʪʨʘʣʴʥʘʷ ʦʙʣʘʩʪʴ ʢʨʠʩʪʘʣʣʦʚ ʦʙʦʛʘʱʝʥʘ ʚʦʜʦʨʦʜʦʤ ʠ ʣʝʛʢʠʤ ʠʟʦʪʦʧʦʤ ʫʛʣʝʨʦʜʘ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ). 

6. ɸʚʪʦʨʦʤ ʫʩʪʘʥʦʚʣʝʥʘ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʦʙʱʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʩʪʨʫʢʪʫʨʥʦ ʩʚʷʟʘʥʥʦʛʦ ʘʟʦʪʘ ʠ ʚʦʜʦʨʦʜʘ ʚ ʢʨʠʩʪʘʣʣʘʭ ʘʣʤʘʟʘ. ɺ ʨʝʜʢʠʭ ʩʣʫʯʘʷʭ ʵʪʘ ʢʦʨʨʝʣʷʮʠʷ 

ʣʠʥʝʡʥʘʷ, ʥʘʧʨʠʤʝʨ, ʚ ʘʣʤʘʟʘʭ ʠʟ ʪʨʫʙʦʢ ʢʣʘʩʪʝʨʘ ʇʘʥʜʨʵʘ ʨʘʡʦʥʘ ɾʫʠʥʘ, ɹʨʘʟʠʣʠʷ. ɼʘʥʥʘʷ 

ʢʦʨʨʝʣʷʮʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʦʥʘʭʦʞʜʝʥʠʠ ʘʟʦʪʘ ʠ ʚʦʜʦʨʦʜʘ ʚ ʩʨʝʜʝ ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʠ 

ʢʦʩʚʝʥʥʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʙʱʠʡ ʠʩʪʦʯʥʠʢ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ.  
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7. ʋʩʪʘʥʦʚʣʝʥʦ ʚʣʠʷʥʠʝ ʩʪʨʝʩʩʘ ʥʘ ʤʦʨʬʦʣʦʛʠʶ, ʚʥʫʪʨʝʥʥʝʝ ʩʪʨʦʝʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚ ʥʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʠʤʝʩʝʡ ʠ ʜʝʬʝʢʪʦʚ ʚ ʠʩʪʦʨʠʠ ʨʦʩʪʘ ʘʣʤʘʟʘ.  

8. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ ʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʤʝʱʝʥʠʝ ʧʦʧʫʣʷʮʠʡ ʜʘʶʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʠ 

ʛʝʦʜʠʥʘʤʠʢʝ ʛʣʫʙʠʥʥʦʡ ʟʦʥʳ ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʤʘʩʰʪʘʙʘʭ ʧʨʦʚʠʥʮʠʠ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʜʠʩʩʝʨʪʘʮʠʠ.  

1. ʋʩʪʘʥʦʚʣʝʥ ʥʦʚʳʡ ʪʠʧʦʤʦʨʬʥʳʡ ʧʨʠʟʥʘʢ ʘʣʤʘʟʘ ï ʩʪʨʫʢʪʫʨʥʘʷ ʧʨʠʤʝʩʴ ʚʦʜʦʨʦʜʘ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʨʘʟʨʘʙʦʪʘʥ çʉʧʦʩʦʙ ʧʦʠʩʢʦʚ ʢʦʨʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʘʣʤʘʟʦʚè. ʉʧʦʩʦʙ 

ʦʩʥʦʚʘʥ ʥʘ ʩʨʘʚʥʝʥʠʠ ʚʳʙʦʨʦʢ ʘʣʤʘʟʘ ʠʟ ʨʦʩʩʳʧʝʡ ʠ ʠʟʚʝʩʪʥʳʭ ʪʨʫʙʦʢ ʚ ʠʩʩʣʝʜʫʝʤʦʤ 

ʘʣʤʘʟʦʥʦʩʥʦʤ ʨʘʡʦʥʝ ʠʣʠ ʧʦʣʝ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ ʚ ʢʨʠʩʪʘʣʣʘʭ. ɺ ʩʣʫʯʘʝ 

ʦʪʣʠʯʠʷ ʩʦʧʦʩʪʘʚʣʷʝʤʳʭ ʚʳʙʦʨʦʢ, ʜʝʣʘʝʪʩʷ ʧʨʦʛʥʦʟ ʦ ʥʘʣʠʯʠʠ ʥʦʚʦʛʦ, ʝʱʝ ʥʝʠʟʚʝʩʪʥʦʛʦ 

ʢʦʨʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʥʘ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ. 

ʅʘ çʉʧʦʩʦʙ ʧʦʠʩʢʦʚ ʢʦʨʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʘʣʤʘʟʦʚè; çʉʧʦʩʦʙ ʧʦʠʩʢʦʚ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʘʣʤʘʟʦʚè ʧʦʣʫʯʝʥʳ ʪʨʠ ɸʚʪʦʨʩʢʠʭ ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʉʉʉʈ: ˉ 1254890 ʦʪ 

01.05.1984 ʠ ˉ 1264736 ʦʪ 15.06.1986; ˉ 1419348 ʦʪ 22.10.1986. 

2. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʘ ʜʘʥʥʳʭ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʘʟʦʪʘ, ʚʦʜʦʨʦʜʘ, ʧʣʝʡʪʣʝʪʩ ʚ 

ʢʨʠʩʪʘʣʣʘʭ ʘʣʤʘʟʘ ʜʘʥ ʧʨʦʛʥʦʟ ʥʘʣʠʯʠʷ ʥʦʚʳʭ ʝʱʝ ʥʝ ʚʳʷʚʣʝʥʥʳʭ ʢʦʨʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʘʣʤʘʟʘ 

ʚ ʨʘʟʥʳʭ ʘʣʤʘʟʦʥʦʩʥʳʭ ʨʘʡʦʥʘʭ ʗʢʫʪʠʠ ʠ ʜʨʫʛʠʭ ʨʝʛʠʦʥʦʚ. 

3. ʈʘʟʨʘʙʦʪʘʥʘ ʫʥʠʬʠʮʠʨʦʚʘʥʥʘʷ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʘʷ ʤʝʪʦʜʠʢʘ ʦʮʝʥʢʠ ʩʦʜʝʨʞʘʥʠʡ 

ʘʟʦʪʥʳʭ ɸ- ʠ ɺ-ʮʝʥʪʨʦʚ ʚ ʢʨʠʩʪʘʣʣʘʭ ʘʣʤʘʟʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʩʦʧʦʩʪʘʚʠʤʦʩʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʘʟʥʳʭ ʣʘʙʦʨʘʪʦʨʠʷʭ.  

4. ʉʦʟʜʘʥʘ ʙʘʟʘ ʜʘʥʥʳʭ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʩʪʨʫʢʪʫʨʥʳʭ ʜʝʬʝʢʪʦʚ ʚ ʢʨʠʩʪʘʣʣʘʭ, 

ʩʦʜʝʨʞʘʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʠʭ ʢʨʫʧʥʦʩʪʠ, ʬʦʨʤʳ, ʦʢʨʘʩʢʠ ʜʣʷ ʘʣʤʘʟʦʚ ʠʟ ʨʘʟʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʣʝʡ, ʨʫʜʥʳʭ ʨʘʡʦʥʦʚ ʠ ʧʨʦʚʠʥʮʠʡ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʢʘʢ ʧʨʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʘʣʤʘʟʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʪʘʢ ʠ ʜʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ 

ʢʨʠʩʪʘʣʣʦʚ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʆʩʥʦʚʦʡ ʤʝʪʦʜʦʣʦʛʠʠ ʷʚʣʷʣʦʩʴ ʫʩʪʘʥʦʚʣʝʥʠʝ 

ʩʚʷʟʠ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʠʤʝʩʝʡ ʠ ʠʥʳʭ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ ʩ 

ʩʦʩʪʘʚʦʤ ʠ ʛʝʦʣʦʛʠʝʡ ʚʤʝʱʘʶʱʝʡ ʩʨʝʜʳ.  

ʅʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʩʦʜʝʨʞʘʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʠ 

ʬʘʟʦʚʳʭ ʧʨʠʤʝʩʝʡ ʚ ʘʣʤʘʟʘʭ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ ʠ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜ ʷʚʣʷʝʪʩʷ ʀʂ-

ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʘʚʪʦʨʦʤ ʚ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʛʦ ʤʝʪʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʀʂ-

ʩʧʝʢʪʨʳ ʘʣʤʘʟʦʚ ʟʘʧʠʩʳʚʘʣʠʩʴ ʚ ʎʅʀɻʈʀ ʥʘ ʧʨʠʙʦʨʘʭ Specord IR-75, Specord M-80 ʬʠʨʤʳ 

Carl Zeiss, Jena ʠ ʀʂ-ʌʫʨʴʝ ʩʧʝʢʪʨʦʤʝʪʨʝ ʤʘʨʢʠ Nicolet 380 ʩ ʤʠʢʨʦʩʢʦʧʦʤ Centaurus ʢʦʤʧʘʥʠʠ 

THERMO Electron Corporation, USA. ʇʨʠ ʵʪʦʤ ʙʳʣʘ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʦʮʝʥʢʠ 
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ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʟʦʪʘ ʚ ɸ- ʠ ɺ-ʬʦʨʤʘʭ ʚ ʘʣʤʘʟʝ [ʍʘʯʘʪʨʷʥ ɻ.ʂ., 2003]. ʉ ʧʦʤʦʱʴʶ ʵʪʦʛʦ ʤʝʪʦʜʘ 

ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʢʨʠʩʪʘʣʣʳ ʘʣʤʘʟʘ ʠʟ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʋʨʘʣʘ ʠ ʂʫʤʜʳ-ʂʦʣʷ, ʂʘʟʘʭʩʪʘʥ 

(ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʆ.ɼ.ɿʘʭʘʨʯʝʥʢʦ, ɽ.ɼ.ʅʘʜʝʞʜʠʥʦʡ, ɺ.ɸ.ʇʝʯʥʠʢʦʚʳʤ, ʢʦʣʣʝʢʮʠʷ ʎʅʀɻʈʀ), 

ʗʢʫʪʠʠ (ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʌ.ɺ.ʂʘʤʠʥʩʢʠʤ ʠ ʆ.ɼ.ɿʘʭʘʨʯʝʥʢʦ, ʢʦʣʣʝʢʮʠʷ ʎʅʀɻʈʀ, ɺ.ʀ.ʂʦʧʪʠʣʝʤ, 

ʗʅʀɻʇ ʎʅʀɻʈʀ, ʖ.ʄ.ʉʠʙʠʨʮʝʚʳʤ, ʌɻʋʅʇʇ çɸʵʨʦʛʝʦʣʦʛʠʷè, ʈ.ʄ.ɹʘʟʠʣʝʚʩʢʦʡ, ɸʆ 

çɸʣʤʘʟʳ ɸʥʘʙʘʨʘè), ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ (ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʆ.ɼ.ɿʘʭʘʨʯʝʥʢʦ, ʢʦʣʣʝʢʮʠʷ 

ʎʅʀɻʈʀ, ʘ ʪʘʢʞʝ ɻ.ʇ.ʂʫʜʨʷʚʮʝʚʦʡ ʠ ɺ.ʂ.ɻʘʨʘʥʠʥʳʤ, ʄɻʋ ʠʤ. ʃʦʤʦʥʦʩʦʚʘ), ɺʝʥʝʩʫʵʣʳ, 

ɹʨʘʟʠʣʠʠ ʠ ʂʘʥʘʜʳ (ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʌ.ɺ.ʂʘʤʠʥʩʢʠʤ, KM Diamond Corporation, ʂʘʥʘʜʘ), ʂʦʥʛʦ 

(ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʄ.ɻ.ʂʦʧʳʣʦʚʦʡ, University of British Columbia, ɺʘʥʢʫʚʝʨ, ʂʘʥʘʜʘ).  

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ ʠʟ ʢʦʨʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʨʦʩʩʳʧʝʡ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ 

ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʘʚʪʦʨʦʤ ʜʠʩʩʝʨʪʘʮʠʠ ʙʘʟʳ ʜʘʥʥʳʭ. ʆʥʘ ʚʢʣʶʯʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ 5435 

ʦʙʨʘʟʮʘʭ ʘʣʤʘʟʘ ʠʟ 96 ʪʨʫʙʦʢ ʢʠʤʙʝʨʣʠʪʦʚ ʠ ʣʘʤʧʨʦʠʪʦʚ ʠ ʠʟ ʨʦʩʩʳʧʝʡ.  

ɼʘʥʥʳʝ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʜʦʧʦʣʥʷʣʠʩʴ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʟʫʯʝʥʠʷ ʤʦʨʬʦʣʦʛʠʠ ʠ 

ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʨʦʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ, ʩʦʩʪʘʚʘ ʤʠʥʝʨʘʣʴʥʳʭ ʚʢʣʶʯʝʥʠʡ, ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ 

ʫʛʣʝʨʦʜʘ ʘʣʤʘʟʘ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʢʨʠʩʪʘʣʣʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʣʤʘʟʦʚ 

ʚʳʧʦʣʥʝʥʘ ʆ.ɼ.ɿʘʭʘʨʯʝʥʢʦ ʠ ɺ.ʀ.ʂʦʧʪʠʣʝʤ. ɺʥʫʪʨʝʥʥʝʝ ʩʪʨʦʝʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ 

ʘʥʘʣʠʟʠʨʦʚʘʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʢʘʪʦʜʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʥʘ ʨʘʩʪʨʦʚʦʤ ʵʣʝʢʪʨʦʥʥʦʤ 

ʤʠʢʨʦʩʢʦʧʝ çʉʪʝʨʝʦʩʢʘʥ ʄʂ-II Aè ʥʘ ʬʠʟʠʯʝʩʢʦʤ ʬʘʢʫʣʴʪʝʪʝ ʄɻʋ ʠʤ. ʃʦʤʦʥʦʩʦʚʘ ʧʦʜ 

ʨʫʢʦʚʦʜʩʪʚʦʤ ʧʨʦʬʝʩʩʦʨʘ ɻ.ɺ.ʉʘʧʘʨʠʥʘ ʠ ʩ ʧʦʤʦʱʴʶ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʚ 

ʎʅʀɻʈʀ ʥʘ ʩʪʝʨʝʦʩʢʦʧʠʯʝʩʢʦʤ ʤʠʢʨʦʩʢʦʧʝ ʄʇʉ-2, ʘ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʦʜʠʣʘʩʴ 

ʜʠʩʩʝʨʪʘʥʪʦʤ ʩʦʚʤʝʩʪʥʦ ʩ ʩʦʘʚʪʦʨʘʤʠ ɻ.ɸ.ɻʫʨʢʠʥʦʡ, ʆ.ɼ.ɿʘʭʘʨʯʝʥʢʦ, ʌ.ɺ.ʂʘʤʠʥʩʢʠʤ, 

ʆ.ɺ.ʇʘʣʘʞʯʝʥʢʦ, ɺ.ʂ.ɻʘʨʘʥʠʥʳʤ ʠ ɻ.ʇ.ʂʫʜʨʷʚʮʝʚʦʡ. ɼʘʥʥʳʝ ʧʦ ʩʦʩʪʘʚʫ ʤʠʥʝʨʘʣʴʥʳʭ 

ʚʢʣʶʯʝʥʠʡ ʚ ʘʣʤʘʟʝ ʠ ʦʪʯʘʩʪʠ ʧʦ ʠʟʦʪʦʧʥʦʤʫ ʩʦʩʪʘʚʫ ʫʛʣʝʨʦʜʘ ʘʣʤʘʟʘ ʟʘʠʤʩʪʚʦʚʘʥʳ ʘʚʪʦʨʦʤ ʠʟ 

ʩʦʚʤʝʩʪʥʳʭ ʧʫʙʣʠʢʘʮʠʡ ʩ ʌ.ɺ.ʂʘʤʠʥʩʢʠʤ ʠ ʆ.ɼ.ɿʘʭʘʨʯʝʥʢʦ. ʆʪʜʝʣʴʥʳʝ ʘʥʘʣʠʟʳ ʠʟʦʪʦʧʥʦʛʦ 

ʩʦʩʪʘʚʘ ʫʛʣʝʨʦʜʘ ʚʳʧʦʣʥʝʥʳ ʚ ʎʅʀɻʈʀ ʉ.ɻ.ʂʨʷʞʝʚʳʤ. 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

ʊʝʟʠʩ 1. ʇʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʩʪʨʫʢʪʫʨʥʦʡ ʧʨʠʤʝʩʠ ʘʟʦʪʘ ʚ ʘʣʤʘʟʘʭ, ʚʳʥʝʩʝʥʥʳʭ ʠʟ ʥʝʜʨ 

ʢʠʤʙʝʨʣʠʪʘʤʠ ʠ ʣʘʤʧʨʦʠʪʘʤʠ, ʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʤʠʨʘ ʚʳʜʝʣʝʥʦ 6 ʪʠʧʦʚ ʧʦʧʫʣʷʮʠʡ, 

ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʫʩʣʦʚʠʷʤʠ ʬʦʨʤʠʨʦʚʘʥʠʷ. ʇʦʧʫʣʷʮʠʠ ʦʙʨʘʟʫʶʪ ʨʷʜ, ʚ ʢʦʪʦʨʦʤ ʫʚʝʣʠʯʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʛʣʫʙʠʥʳ ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʙʱʝʡ 

ʪʝʥʜʝʥʮʠʝʡ ʫʤʝʥʴʰʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʘʟʦʪʘ ʠ ʫʚʝʣʠʯʝʥʠʷ ʩʪʝʧʝʥʠ ʝʛʦ ʘʛʨʝʛʘʮʠʠ ʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ ʘʣʤʘʟʘ (ʦʪ ʧʘʨʥʦʡ ʢ ʯʝʪʳʨʝʭʘʪʦʤʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʘʪʦʤʦʚ), ʘ 

ʪʘʢʞʝ ʧʦʷʚʣʝʥʠʝʤ ʚʢʣʶʯʝʥʠʡ ʚʳʩʦʢʦʙʘʨʠʯʝʩʢʠʭ ʤʠʥʝʨʘʣʦʚ ʚ ʥʘʠʙʦʣʝʝ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʦʧʫʣʷʮʠʠ. 



 

 

10 

ʊʝʟʠʩ 2. ɺʦʜʦʨʦʜʥʳʝ ʮʝʥʪʨʳ, ʚʭʦʜʷʱʠʝ ʚ ʩʪʨʫʢʪʫʨʫ ʢʨʠʩʪʘʣʣʘ  ʘʣʤʘʟʘ, ʬʦʨʤʠʨʫʶʪʩʷ ʚ 

ʧʨʦʮʝʩʩʝ ʝʛʦ ʨʦʩʪʘ ʩ ʫʯʘʩʪʠʝʤ ʵʢʟʦʛʝʥʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʦʛʨʫʞʝʥʥʳʭ ʚ ʤʘʥʪʠʶ 

ʚʤʝʩʪʝ ʩ ʚʤʝʱʘʶʱʠʤʠ ʪʦʣʱʘʤʠ. ʉʪʨʫʢʪʫʨʥʳʝ ʧʨʠʤʝʩʠ ʘʟʦʪʘ ʠ ʚʦʜʦʨʦʜʘ ʚ ʘʣʤʘʟʝ ʠʤʝʶʪ ʦʙʱʠʝ 

ʠʩʪʦʯʥʠʢʠ, ʚʢʣʶʯʘʶʱʠʝ ʘʟʦʪʩʦʜʝʨʞʘʱʠʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ. 

ʊʝʟʠʩ 3. ɼʣʷ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʫʩʪʘʥʦʚʣʝʥʘ ʜʚʫʩʪʦʨʦʥʥʷʷ ʩ ʵʣʝʤʝʥʪʘʤʠ 

ʢʦʥʮʝʥʪʨʠʯʥʦʩʪʠ ʣʘʪʝʨʘʣʴʥʘʷ ʟʦʥʘʣʴʥʦʩʪʴ ʨʘʟʤʝʱʝʥʠʷ ʛʣʘʚʥʳʭ ʧʦʧʫʣʷʮʠʡ ʘʣʤʘʟʘ: ʥʘʠʙʦʣʝʝ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʮʝʥʪʨʝ, ʘ ʥʘʠʤʝʥʝʝ ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦ ʧʝʨʠʬʝʨʠʠ. ʕʪʘ 

ʟʦʥʘʣʴʥʦʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʫʚʝʣʠʯʝʥʠʝ ʛʣʫʙʠʥʳ ʩʪʨʫʢʪʫʨʥʦʡ ʟʦʥʳ, ʚ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʣʦ 

ʦʙʨʘʟʦʚʘʥʠʝ ʘʣʤʘʟʦʚ, ʦʪ ʧʝʨʠʬʝʨʠʠ ʢ ʮʝʥʪʨʘʣʴʥʳʤ ʯʘʩʪʷʤ ʧʣʘʪʬʦʨʤʳ ʠ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʦʜʥʠʤ 

ʠʟ ʧʨʠʥʮʠʧʦʚ ʝʸ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ.  

ʊʝʟʠʩ 4. ʈʘʟʨʘʙʦʪʘʥʘ ʦʨʠʛʠʥʘʣʴʥʘʷ ʤʝʪʦʜʠʢʘ ʧʨʦʛʥʦʟʘ ʠ ʧʦʠʩʢʦʚ ʢʦʨʝʥʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʘʣʤʘʟʘ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʘ ʝʛʦ ʪʠʧʦʤʦʨʬʥʳʭ ʧʨʠʟʥʘʢʦʚ, 

ʚʢʣʶʯʘʶʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚ ʢʨʠʩʪʘʣʣʘʭ ʩʪʨʫʢʪʫʨʥʦʡ ʧʨʠʤʝʩʠ ʚʦʜʦʨʦʜʘ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ 

ʘʟʦʪʦʤ ʚ ɸ-, ɺ-ʬʦʨʤʘʭ ʠ ʧʣʝʡʪʣʝʪʩ, ʘ ʪʘʢʞʝ ʪʠʧ ʘʣʤʘʟʥʦʡ ʧʦʧʫʣʷʮʠʠ. 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʢʦʤʧʣʝʢʩ ʧʨʠʟʥʘʢʦʚ ʧʦʟʚʦʣʷʝʪ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʘʣʤʘʟʳ ʠʟ ʨʦʩʩʳʧʝʡ ʠ 

ʢʦʨʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʠ ʩʨʘʚʥʠʚʘʪʴ ʠʭ ʤʝʞʜʫ ʩʦʙʦʡ. ɽʩʣʠ ʘʣʤʘʟʳ ʚ ʨʦʩʩʳʧʷʭ ʠ ʠʟʚʝʩʪʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʨʘʡʦʥʘ ʦʪʣʠʯʘʶʪʩʷ, ʪʦ ʵʪʦ ʩʣʫʞʠʪ ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʧʦʠʩʢʘ ʥʦʚʦʛʦ ʝʱʝ ʥʝ 

ʚʳʷʚʣʝʥʥʦʛʦ ʢʦʨʝʥʥʦʛʦ ʘʣʤʘʟʦʥʦʩʥʦʛʦ ʦʙʲʝʢʪʘ. 

ʊʝʟʠʩ 5. ʅʘʣʠʯʠʝ ʚ ʨʦʩʩʳʧʷʭ ɸʨʢʪʠʯʝʩʢʦʡ ʟʦʥʳ ʗʢʫʪʠʠ ʧʦʧʫʣʷʮʠʡ ʘʣʤʘʟʘ, ʩʭʦʜʥʳʭ ʩ 

ʧʦʧʫʣʷʮʠʷʤʠ ʘʣʤʘʟʘ ʠʟ ʪʨʫʙʦʢ ʢʠʤʙʝʨʣʠʪ-ʣʘʤʧʨʦʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ ɿʠʤʥʝʙʝʨʝʞʥʦʛʦ ʨʘʡʦʥʘ 

ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ, ʧʦʟʚʦʣʷʝʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʘʥʘʣʦʛʠʯʥʳʝ ʢʦʨʝʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ʘʣʤʘʟʦʚ ʚ 

ʨʘʡʦʥʘʭ ʗʢʫʪʠʠ.  

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠ ʘʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ.  

ɼʠʩʩʝʨʪʘʮʠʷ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʤʘʪʝʨʠʘʣʘʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʣʤʘʟʦʚ ʘʚʪʦʨʦʤ ʚ ʎʅʀɻʈʀ ʟʘ 

ʧʝʨʠʦʜ ʩ 1981 ʧʦ 2015 ʛ.ʛ. - ʦʢʦʣʦ 5,5 ʪʳʩ. ʢʨʠʩʪʘʣʣʦʚ (ʩʚʳʰʝ ʪʨʝʭ ʪʳʩʷʯ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ 

ʠʟʫʯʝʥʦ ʣʠʯʥʦ ʠ ʙʦʣʝʝ ʜʚʫʭ ʪʳʩʷʯ ʧʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʠʩʪʦʯʥʠʢʘʤ). ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ 

ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʪʨʝʭ ʢʥʠʛʘʭ, 42 ʩʪʘʪʴʷʭ ʠ 20 ʪʝʟʠʩʘʭ. ʅʘ ʨʘʟʨʘʙʦʪʢʠ ʧʦʣʫʯʝʥʳ ʪʨʠ 

ʘʚʪʦʨʩʢʠʝ ʩʚʠʜʝʪʝʣʴʩʪʚʘ. ʄʘʪʝʨʠʘʣʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʠʣʠ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠʩʴ ʥʘ 

ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʢʦʥʛʨʝʩʩʝ (ʂʠʦʪʦ, 1992), ʥʘ ʄʝʞʜʫʥʘʨʦʜʥʳʭ ʢʠʤʙʝʨʣʠʪʦʚʳʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ (ʅʦʚʦʩʠʙʠʨʩʢ, 1995; ʂʝʡʧʪʘʫʥ, 1998; ʂʘʥʘʜʘ, 2003; ʌʨʘʥʢʬʫʨʪ, 2008; ɹʘʥʛʘʣʦʨ, 

2012), ʥʘ ɻʝʦʣʦʛʠʯʝʩʢʦʤ ʢʦʥʛʨʝʩʩʝ (ʇʦʨʣʘʤʘʨ, ɺʝʥʝʩʫʵʣʘ, 1997), ʥʘ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʚ 

ʎʅʀɻʈʀ (ʄʦʩʢʚʘ, 1982, 1983), ʥʘ ɺʩʝʩʦʶʟʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʉʘʤʦʨʦʜʥʦʝ 

ʵʣʝʤʝʥʪʦʦʙʨʘʟʦʚʘʥʠʝ ʚ ʵʥʜʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʘʭè (ʗʢʫʪʩʢ, 1985), ʥʘ ɺɼʅʍ ʉʉʉʈ (ʄʦʩʢʚʘ, 1986), 

ʥʘ II ɺʩʝʩʦʶʟʥʦʤ ʩʦʚʝʱʘʥʠʠ ʧʦ ʛʝʦʭʠʤʠʠ ʫʛʣʝʨʦʜʘ (ʄʦʩʢʚʘ, 1986), ɺʩʝʩʦʶʟʥʦʤ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʦʤ ʩʦʚʝʱʘʥʠʠ çʆʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ ʠ ʧʫʪʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ 
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ʦʙʦʛʘʱʝʥʠʷ ʧʨʠʨʦʜʥʳʭ ʘʣʤʘʟʦʚ ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʭ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚè (ʄʠʨʥʳʡ, 

1987), ʥʘ VI ʄʝʞʚʝʜʦʤʩʪʚʝʥʥʦʤ ʩʦʚʝʱʘʥʠʠ ʧʦ ʛʝʦʣʦʛʠʠ ʘʣʤʘʟʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ (ʀʨʢʫʪʩʢ, 

1990), ʥʘ ʩʝʩʩʠʠ ʄʦʩʢʦʚʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘ (ʄʦʩʢʚʘ, 2001), ʥʘ 

ʢʦʥʬʝʨʝʥʮʠʷʭ ʨʘʟʥʳʭ ʣʝʪ ɸʂ ɸʃʈʆʉɸ (ʄʠʨʥʳʡ, 2003, 2008, ʗʣʪʘ, 2004), ʚʦʰʣʠ ʚ ʦʪʯʝʪ ʧʦ 

ʧʦʜʩʯʝʪʫ ʟʘʧʘʩʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠʤ. ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ, ʜʨʫʛʠʝ ʥʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ 

ʦʪʯʝʪʳ ʎʅʀɻʈʀ, ʘ ʪʘʢʞʝ ʦʪʯʝʪʳ ʧʦ ʜʦʛʦʚʦʨʥʳʤ ʨʘʙʦʪʘʤ ʩ ʆɸʆ çɸʃʈʆʉɸè ʠ ɸʆ çɸʣʤʘʟʳ 

ɸʥʘʙʘʨʘè). ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʜʪʚʝʨʞʜʝʥʘ ʨʝʮʝʥʟʠʷʤʠ ʥʘ ʦʪʯʝʪʳ ʧʦ 

ʛʦʩʙʶʜʞʝʪʥʳʤ ʠ ʜʦʛʦʚʦʨʥʳʤ ʪʝʤʘʤ, ʘ ʪʘʢʞʝ ʧʫʙʣʠʢʘʮʠʷʤʠ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʞʫʨʥʘʣʘʭ. 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʧʦʣʥʦʩʪʴʶ ʚ 31 ʩʪʘʪʴʷʭ ʞʫʨʥʘʣʦʚ, ʚʭʦʜʷʱʠʭ 

ʚ ʇʝʨʝʯʝʥʴ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʠʟʜʘʥʠʡ ʠ Scopus. 

ɺ ʩʦʘʚʪʦʨʩʢʠʭ ʩʪʘʪʴʷʭ ʘʚʪʦʨʫ ʜʠʩʩʝʨʪʘʮʠʠ ʧʦʣʥʦʩʪʴʶ ʧʨʠʥʘʜʣʝʞʠʪ ʧʨʦʚʝʜʝʥʥʳʡ ʀʂ-

ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʦʙʨʘʟʮʦʚ ʘʣʤʘʟʘ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʩ ʝʛʦ ʧʦʤʦʱʴʶ 

ʨʝʟʫʣʴʪʘʪʦʚ, ʯʘʩʪʠʯʥʦ ʦʧʠʩʘʥʠʝ ʛʨʘʥʫʣʦʤʝʪʨʠʠ, ʦʢʨʘʩʢʠ, ʢʨʠʩʪʘʣʣʦʤʦʨʬʦʣʦʛʠʠ ʦʙʨʘʟʮʦʚ, 

ʘʥʘʣʠʟ ʠʭ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʨʦʝʥʠʷ. ʉʦʘʚʪʦʨʘʤ ʧʨʠʥʘʜʣʝʞʠʪ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʢʦʣʣʝʢʮʠʡ 

ʘʣʤʘʟʘ, ʢʦʪʦʨʳʝ ʦʥʠ ʧʨʝʜʦʩʪʘʚʣʷʣʠ ʜʣʷ ʩʦʚʤʝʩʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʧʦʟʠʮʠʠ ʢʨʠʩʪʘʣʣʦʚ, ʯʘʩʪʠʯʥʦ ʠʭ ʤʦʨʬʦʣʦʛʠʠ, ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʨʦʝʥʠʷ, ʘ ʪʘʢʞʝ 

ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʥʠʭ ʚʢʣʶʯʝʥʠʡ ʠ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʫʛʣʝʨʦʜʘ ʘʣʤʘʟʘ. 

ʆʙʲʝʤ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʷ ʦʙʱʠʤ ʦʙʲʝʤʦʤ 254 ʩʪʨ. ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʧʷʪʠ ʛʣʘʚ, 

ʟʘʢʣʶʯʝʥʠʷ, 84 ʨʠʩʫʥʢʘ, 11 ʪʘʙʣʠʮ, ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʧʠʩʢʦʤ ʣʠʪʝʨʘʪʫʨʳ ʠʟ 337 

ʥʘʠʤʝʥʦʚʘʥʠʡ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ. ʅʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘʫʯʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʤʠʥʝʨʘʣʦʛʠʠ ʠ 

ʛʝʦʣʦʛʠʠ ʘʣʤʘʟʦʚ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʘʣʠ ʚ ʩʚʦʝ ʚʨʝʤʷ ʢʦʥʩʫʣʴʪʘʮʠʠ ʠ ʧʣʦʜʦʪʚʦʨʥʦʝ 

ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʩ ʢʘʥʜ. ʬʠʟ-ʤʘʪ. ʥʘʫʢ. ɽ.ɺ.ʉʦʙʦʣʝʚʳʤ, ʩʚʝʪʣʘʷ ʧʘʤʷʪʴ ʦ ʢʦʪʦʨʦʤ ʩʦʭʨʘʥʠʣʘʩʴ ʠ 

ʧʦʥʳʥʝ. ʉ ʫʚʘʞʝʥʠʝʤ ʠ ʙʣʘʛʦʜʘʨʥʦʩʪʴʶ ʘʚʪʦʨ ʚʩʧʦʤʠʥʘʝʪ ʜ. ʛ-ʤ.ʥ. ɸ.ɼ.ʍʘʨʴʢʠʚʘ ʠ ʜ. ʛ-ʤ.ʥ. 

ɹ.ʀ.ʇʨʦʢʦʧʯʫʢʘ, ʦʢʘʟʳʚʘʚʰʠʭ ʧʦʩʪʦʷʥʥʫʶ ʧʦʜʜʝʨʞʢʫ ʚ ʨʘʙʦʪʝ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʤʥʦʛʠʭ ʣʝʪ. 

ɺʳʨʘʞʘʶ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ʤʦʠʤ ʩʦʘʚʪʦʨʘʤ ʧʦ ʧʫʙʣʠʢʘʮʠʷʤ ʠ ʪʝʤʘʪʠʯʝʩʢʠʤ ʨʘʙʦʪʘʤ 

ʆ.ɽ. ʂʦʚʘʣʴʯʫʢʫ, ʄ.ʉ.ʄʝʜʚʝʜʝʚʦʡ, ʢʘʥʜʠʜʘʪʘʤ ʛ.-ʤ. ʥ. ʖ.ʂ. ɻʦʣʫʙʝʚʫ, ɻ.ɸ.ɻʫʨʢʠʥʦʡ, 

ʆ.ɼ.ɿʘʭʘʨʯʝʥʢʦ, ɽ.ɼ.ʅʘʜʝʞʜʠʥʦʡ, ʉ.ɻ.ʂʨʷʞʝʚʫ, ʆ.ɺ.ʂʦʥʦʥʦʚʫ, ɺ.ʀ.ʂʦʧʪʠʣʶ, ɺ.ʄ. ʃʘʧʫʰʢʦʚʫ, 

ʄ.ɻ.ʂʦʧʳʣʦʚʦʡ, ʢʘʥʜʠʜʘʪʫ ʬʠʟ.-ʤʘʪ. ʥʘʫʢ ʖ.ɸ.ʂʣʶʝʚʫ, ʢʘʥʜʠʜʘʪʫ ʭʠʤ. ʥʘʫʢ ɹ.ʅ.ʊʘʨʘʩʝʚʠʯʫ, 

ʜʦʢʪʦʨʘʤ ʛ.-ʤ.ʥ. ɺ.ʀ.ɺʘʛʘʥʦʚʫ, ɸ.ɺ.ʋʭʘʥʦʚʫ, ʉ.ʂ.ʉʠʤʘʢʦʚʫ, ʅ.ʅ.ɿʠʥʯʫʢʫ, ɺ.ʂ.ɻʘʨʘʥʠʥʫ, 

ɻ.ʇ.ʂʫʜʨʷʚʮʝʚʦʡ, ɼ.ɻ.ʂʦʱʫʛʫ, ʜʦʢʪʦʨʫ ʭʠʤ. ʥʘʫʢ ɸ.ɸ.ʐʠʨʷʝʚʫ ʟʘ ʢʦʥʩʫʣʴʪʘʮʠʠ, 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ, ʜʘʥʥʳʭ ʧʦ ʠʭ ʩʚʦʡʩʪʚʘʤ ʠ ʩʦʚʤʝʩʪʥʦʝ ʦʙʩʫʞʜʝʥʠʝ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʘ ʪʘʢʞʝ ʈ.ɺ.ɹʘʟʠʣʝʚʩʢʦʡ, ʢʘʥʜʠʜʘʪʘʤ ʛ.-ʤ.ʥ. ɸ.ɺ.ɻʝʨʘʩʠʤʯʫʢʫ, 

ɺ.ɸ.ʇʝʯʥʠʢʦʚʫ ʠ ʜʦʢʪʦʨʫ ʛ.-ʤ.ʥ. ɺ.ʇ.ɸʬʘʥʘʩʴʝʚʫ ʟʘ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʢʦʣʣʝʢʮʠʡ ʠ ʦʪʜʝʣʴʥʳʭ 

ʦʙʨʘʟʮʦʚ ʘʣʤʘʟʘ.  
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ʆʩʦʙʫʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʘʚʪʦʨ ʚʳʨʘʞʘʝʪ ʜ. ʛ-ʤ. ʥ. ʌ.ɺ.ʂʘʤʠʥʩʢʦʤʫ ʟʘ ʤʥʦʛʦʣʝʪʥʝʝ 

ʧʣʦʜʦʪʚʦʨʥʦʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ, ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʢʦʣʣʝʢʮʠʡ ʘʣʤʘʟʘ ʠ ʜʘʥʥʳʭ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʠʟʫʯʝʥʠʷ ʵʪʠʭ ʢʨʠʩʪʘʣʣʦʚ ʠʟ ʟʘʨʫʙʝʞʥʳʭ ʪʝʨʨʠʪʦʨʠʡ, ʦʙʩʫʞʜʝʥʠʷ ʧʨʦʙʣʝʤ ʠʭ ʛʝʦʣʦʛʠʠ, 

ʠʥʠʮʠʘʪʠʚʫ ʧʫʙʣʠʢʘʮʠʡ ʚ ʠʥʦʩʪʨʘʥʥʳʭ ʠʟʜʘʥʠʷʭ, ʘ ʪʘʢʞʝ ʜ. ʛ-ʤ. ʥ. ɸ.ʅ.ɹʘʨʳʰʝʚʫ ʟʘ 

ʢʦʥʩʫʣʴʪʘʮʠʠ ʧʦ ʚʦʧʨʦʩʘʤ ʛʝʦʜʠʥʘʤʠʢʠ ʘʣʤʘʟʦʥʦʩʥʳʭ ʩʠʩʪʝʤ ʠ ʟʘ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʩʦʚʝʪʳ ʧʦ 

ʥʘʧʠʩʘʥʠʶ ʜʠʩʩʝʨʪʘʮʠʠ. 
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1. ʉʦʩʪʘʚ ʧʨʠʤʝʩʝʡ ʠ ʠʟʦʪʦʧʦʚ ʫʛʣʝʨʦʜʘ ʚ ʘʣʤʘʟʝ 

ʚ ʛʝʥʝʪʠʯʝʩʢʦʤ ʘʩʧʝʢʪʝ: ʦʙʟʦʨ ʧʨʦʙʣʝʤʳ 
 

ʋʩʣʦʚʠʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʘʣʤʘʟʘ ʚ ʛʣʫʙʠʥʘʭ ɿʝʤʣʠ ʟʘʧʝʯʘʪʣʝʥʳ ʚ ʝʛʦ ʧʨʠʤʝʩʷʭ ʠ 

ʠʟʦʪʦʧʥʦʤ ʩʦʩʪʘʚʝ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʠ ʩʦʩʪʘʚ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʠʤʝʩʝʡ, ʘ ʪʘʢʞʝ ʚʢʣʶʯʝʥʠʡ ʪʚʝʨʜʳʭ, 

ʞʠʜʢʠʭ ʠ ʛʘʟʦʦʙʨʘʟʥʳʭ ʚʝʱʝʩʪʚ ʦʪʨʘʞʘʶʪ ʭʠʤʠʟʤ ʩʨʝʜʳ ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ 

ʚʢʣʶʯʝʥʠʷ ʚ ʢʨʠʩʪʘʣʣʘʭ ʘʣʤʘʟʘ ʩ ʨʘʟʣʠʯʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʨʦʝʥʠʷ - ʧʦʩʣʦʡʥʳʤ 

ʠʣʠ ʚʦʣʦʢʥʠʩʪʳʤ, ʠʤʝʶʪ ʩʚʦʶ ʩʧʝʮʠʬʠʢʫ. 

ʌʦʨʤʘ ʚʭʦʞʜʝʥʠʷ ʠʟʦʤʦʨʬʥʦʡ ʧʨʠʤʝʩʠ ʘʟʦʪʘ ʚ ʘʣʤʘʟʥʫʶ ʨʝʰʝʪʢʫ (ʦʜʠʥʦʯʥʳʝ, 

ʩʧʘʨʝʥʥʳʝ, ʪʝʪʨʘʵʜʨʠʯʝʩʢʠ ʩʛʨʫʧʧʠʨʦʚʘʥʥʳʝ ʘʪʦʤʳ ʠ ʜʨ.), ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʥʦ-

ʚʨʝʤʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʦʮʝʩʩʘ ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʷ.  

ɺʘʞʥʳʤ ʘʨʛʫʤʝʥʪʦʤ ʜʣʷ ʟʘʢʣʶʯʝʥʠʷ ʦ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʝ ʠʩʪʦʯʥʠʢʘ ʫʛʣʝʨʦʜʘ 

ʘʣʤʘʟʘ ʷʚʣʷʝʪʩʷ ʝʛʦ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ.  

 

1.1. ʄʠʥʝʨʘʣʴʥʳʝ ʚʢʣʶʯʝʥʠʷ ʚ ʘʣʤʘʟʝ ʩ ʧʦʩʣʦʡʥʳʤ ʚʥʫʪʨʝʥʥʠʤ ʩʪʨʦʝʥʠʝʤ 

 

ɺʠʜʠʤʳʝ ʤʠʥʝʨʘʣʴʥʳʝ ʚʢʣʶʯʝʥʠʷ ʚ ʧʨʠʨʦʜʥʳʭ ʘʣʤʘʟʘʭ (ʤʠʥʝʨʘʣʳ-ʫʟʥʠʢʠ ʘʣʤʘʟʘ) 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʝʜʢʠ - ʜʦʣʷ ʢʨʠʩʪʘʣʣʦʚ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 5% ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ 

ʢʨʠʩʪʘʣʣʦʚ [ɻʘʨʘʥʠʥ, ʂʫʜʨʷʚʮʝʚʘ, 2006]. ʇʨʠ ʵʪʦʤ ʤʠʥʝʨʘʣʳ-ʫʟʥʠʢʠ ʘʣʤʘʟʘ ʷʚʣʷʶʪʩʷ 

ʧʨʝʜʤʝʪʦʤ ʤʥʦʛʦʣʝʪʥʠʭ ʜʝʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʉʦʩʪʘʚ ʵʪʠʭ ʚʢʣʶʯʝʥʠʡ ʨʘʟʥʦʦʙʨʘʟʝʥ ʠ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʭʚʘʪʳʚʘʝʪ ʙʦʣʝʝ ʪʨʝʭ ʜʝʩʷʪʢʦʚ ʤʠʥʝʨʘʣʦʚ, ʜʘʥʥʳʝ ʧʦ ʢʦʪʦʨʳʤ ʦʙʦʙʱʝʥʳ ʚ 

ʨʘʙʦʪʘʭ [ʉʦʙʦʣʝʚ, 1983; ɹʫʣʘʥʦʚʘ ʠ ʜʨ., 1993; ɻʘʨʘʥʠʥ, ʂʫʜʨʷʚʮʝʚʘ, 2006]. ʉʘʤʳʤ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʚʢʣʶʯʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʘʣʤʘʟ ʚ ʘʣʤʘʟʝ (ʦʢʦʣʦ 40% ʦʪ ʚʩʝʭ ʤʠʥʝʨʘʣʴʥʳʭ 

ʚʢʣʶʯʝʥʠʡ), ʜʘʣʝʝ ʩʣʝʜʫʶʪ ʩʫʣʴʬʠʜʳ, ʦʣʠʚʠʥ, ʛʨʘʥʘʪʳ, ʧʠʨʦʢʩʝʥʳ, ʰʧʠʥʝʣʠ, ʢʘʨʙʦʥʘʪʳ, 

ʢʦʵʩʠʪ, ʤʫʘʩʩʦʥʠʪ, ʚʶʩʪʠʪ, ʪʵʥʠʪ, ʩʘʤʦʨʦʜʥʦʝ ʞʝʣʝʟʦ ʠ ʜʨʫʛʠʝ ʤʠʥʝʨʘʣʳ. ʉʨʝʜʠ ʚʢʣʶʯʝʥʠʡ 

ʦʙʥʘʨʫʞʝʥʳ ʧʦʣʠʤʠʥʝʨʘʣʴʥʳʝ ʘʛʨʝʛʘʪʳ, ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʘʩʩʦʮʠʘʮʠʷʤ 

ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʧʦʨʦʜ (ʧʠʨʦʧ+ʭʨʦʤʠʪ, ʦʣʠʚʠʥ+ʭʨʦʤʠʪ, ʵʥʩʪʘʪʠʪ+ʜʠʦʧʩʠʜ, ʦʣʠʚʠʥ+ʜʠʦʧʩʠʜ, 

ʧʠʨʦʧ+ʜʠʦʧʩʠʜ, ʧʠʨʦʧ+ʵʥʩʪʘʪʠʪ ʠ ʜʨ.) ʠ ʵʢʣʦʛʠʪʦʚ (ʛʨʘʥʘʪ+ʦʤʬʘʮʠʪ, ʛʨʘʥʘʪ+ʢʦʵʩʠʪ ʠ ʜʨ.) 

[ɻʝʦʣʦʛʠʷ ʠ ʛʝʥʝʟʠʩé, 1989]. ʈʘʟʥʳʝ ʤʠʥʝʨʘʣʴʥʳʝ ʪʠʧʳ ʚʢʣʶʯʝʥʠʡ ʚ ʘʣʤʘʟʝ ʧʦʩʣʫʞʠʣʠ 

ʦʩʥʦʚʘʥʠʝʤ ʢ ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʦ ʪʨʝʭ ʧʘʨʘʛʝʥʝʪʠʯʝʩʢʠʭ ʘʩʩʦʮʠʘʮʠʷʭ ʘʣʤʘʟʘ: 1) ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ, 

ʠʣʠ ʧʝʨʠʜʦʪʠʪʦʚʦʡ (P), 2) ʵʢʣʦʛʠʪʦʚʦʡ, ʠʣʠ ʦʩʥʦʚʥʦʡ (ɽ), 3) ʧʨʦʤʝʞʫʪʦʯʥʦʡ ï ʧʠʨʦʢʩʝʥʠʪʦʚʦʡ, 

ʠʣʠ ʚʝʙʩʪʝʨʠʪʦʚʦʡ (W) [Meyer, Boyd, 1968; ʉʦʙʦʣʝʚ, 1974]. ʇʦ ʩʦʩʪʘʚʫ ʤʠʥʝʨʘʣʦʚ ʵʪʠ 

ʘʩʩʦʮʠʘʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʠʧʘʤ ʛʣʫʙʠʥʥʳʭ ʧʦʨʦʜ - ʧʠʨʦʧʦʚʳʤ 

ʧʝʨʠʜʦʪʠʪʘʤ, ʵʢʣʦʛʠʪʘʤ ʠ ʛʨʘʥʘʪʦʚʳʤ ʧʠʨʦʢʩʝʥʠʪʘʤ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʢʨʠʩʪʘʣʣʠʟʦʚʘʣʩʷ ʘʣʤʘʟ.  
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ʉʚʦʜʢʘ ʧʦ ʘʩʩʦʮʠʘʮʠʷʤ (ʧʘʨʘʛʝʥʝʟʠʩʘʤ) ʦʪʤʝʯʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ ʙʳʣʘ ʚʧʝʨʚʳʝ ʩʜʝʣʘʥʘ 

ʅ.ɺ.ʉʦʙʦʣʝʚʳʤ (1983). ʇʦʟʞʝ ʵʪʠ ʜʘʥʥʳʝ ʙʳʣʠ ʜʦʧʦʣʥʝʥʳ ɻ.ʇ.ɹʫʣʘʥʦʚʦʡ ʩ ʩʦʘʚʪʦʨʘʤʠ (1993). 

ɺ ʪʘʙʣʠʮʝ 1.1, ʟʘʠʤʩʪʚʦʚʘʥʥʦʡ ʥʘʤʠ ʠʟ ʨʘʙʦʪʳ [ɹʦʙʨʦʚ, ʃʠʪʚʠʥ, ɼʳʤʰʠʮ, 2011], ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʦʙʦʙʱʝʥʥʘʷ ʩʭʝʤʘ ʤʠʥʝʨʘʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʡ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʫʧʦʤʷʥʫʪʳʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ 

ʚ ʢʘʯʝʩʪʚʝ ʧʘʨʘʛʝʥʝʪʠʯʝʩʢʠʭ ʩ ʘʣʤʘʟʦʤ.  

 

ʊʘʙʣʠʮʘ 1.1 ʄʠʥʝʨʘʣʴʥʳʝ ʧʘʨʘʛʝʥʝʟʠʩʳ ʧʨʠʨʦʜʥʳʭ ʘʣʤʘʟʦʚ ʧʦ ʜʘʥʥʳʤ ʨʘʙʦʪ [ʉʦʙʦʣʝʚ, 1983, 

ɹʫʣʘʥʦʚʘ ʠ ʜʨ.,1993] 

 

ʇʘʨʘʛʝʥʝʟʠʩ ʄʠʥʝʨʘʣʳ ʉʧʝʮʠʬʠʢʘ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ 

ʋʣʴʪʨʘʦʩʥʦʚʥʦʡ (ʧʝʨʠʜʦʪʠʪʦʚʳʡ) ʪʠʧ 

ɻʘʨʮʙʫʨʛʠʪ- 

ʜʫʥʠʪʳ 

Cr-Mg ʛʨʘʥʘʪ+ʦʣʠʚʠʥ+ʭʨʦʤʠʪ(+ʵʥʩʪʘʪʠʪ+ 

ʩʫʣʴʬʠʜʳ+ʩʘʤʦʨʦʜʥʦʝ Fe+ʬʣʦʛʦʧʠʪ) 

Cr ʧʠʨʦʧ ʙʝʜʥʳʡ ʉʘ 

ʃʝʨʮʦʣʠʪʳ Mg ʛʨʘʥʘʪ+ʦʣʠʚʠʥ+ʵʥʩʪʘʪʠʪ+ʢʣʠʥʦʧʠʨʦʢʩʝʥ 

(+ʠʣʴʤʝʥʠʪ+ʭʨʦʤʠʪ+ʩʫʣʴʬʠʜʳ+ʬʣʦʛʦʧʠʪ) 

ʇʠʨʦʧ ʩ ʫʤʝʨʝʥʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʉʘ 

ʄʘʛʥʝʟʠʪʦʚʳʡ 

ʣʝʨʮʦʣʠʪ 

Mg ʛʨʘʥʘʪ+ʦʣʠʚʠʥ+ʵʥʩʪʘʪʠʪ+ʢʣʠʥʦʧʠʨʦʢʩʝʥ + 

ʤʘʛʥʝʟʠʪ 

Cr ʜʠʦʧʩʠʜ, ʤʘʛʥʝʟʠʪ 

ɺʝʨʣʠʪʳ Cr-Mg ʛʨʘʥʘʪ+ʦʣʠʚʠʥ+ʢʣʠʥʦʧʠʨʦʢʩʝʥ+ʭʨʦʤʠʪ Cr ʧʠʨʦʧ, ʙʦʛʘʪʳʡ ʉʘ 

ɺʝʙʩʪʝʨʠʪ- 

ʧʠʨʦʢʩʝʥʠʪʳ 

Mg ʛʨʘʥʘʪ+ʢʣʠʥʦʧʠʨʦʢʩʝʥ (+ʵʥʩʪʘʪʠʪ) ʆʪʩʫʪʩʪʚʠʝ ʦʣʠʚʠʥʘ 

ʆʩʥʦʚʥʦʡ (ʵʢʣʦʛʠʪʦʚʳʡ) ʪʠʧ 

ʕʢʣʦʛʠʪʳ Mg-Fe ʛʨʘʥʘʪ+ ʢʣʠʥʦʧʠʨʦʢʩʝʥ (+ʨʫʪʠʣ+ 

ʩʘʥʠʜʠʥ+ʩʫʣʴʬʠʜʳ +ʩʘʤʦʨʦʜʥʦʝ Fe) 

Na ʚ ʛʨʘʥʘʪʝ, ʂ ʚ 

ʧʠʨʦʢʩʝʥʝ 

ʂʦʵʩʠʪʚʳʝ 

ʵʢʣʦʛʠʪʳ 

Mg-Fe ʛʨʘʥʘʪ+ ʢʣʠʥʦʧʠʨʦʢʩʝʥ+ʢʦʵʩʠʪ (+ʨʫʪʠʣ 

+ʩʫʣʴʬʠʜʳ+ʩʘʥʠʜʠʥ) 

ʂʦʵʩʠʪ 

ʀʣʴʤʝʥʠʪʦʚʳʝ 

ʵʢʣʦʛʠʪʳ 

Mg-Fe ʛʨʘʥʘʪ+ʠʣʴʤʝʥʠʪ(+ʢʣʠʥʦʧʠʨʦʢʩʝʥ) ʇʠʢʨʦʠʣʴʤʝʥʠʪ 

ʂʠʘʥʠʪʦʚʳʝ 

ʵʢʣʦʛʠʪʳ 

Mg-Fe ʛʨʘʥʘʪ+ ʢʣʠʥʦʧʠʨʦʢʩʝʥ+ʢʠʘʥʠʪ 

(+ʢʦʨʫʥʜ+ʨʫʪʠʣ +ʩʫʣʴʬʠʜʳ) 

ʂʠʘʥʠʪ 

ʂʦʨʫʥʜʦʚʳʝ 

ʵʢʣʦʛʠʪʳ 

Mg-Fe ʛʨʘʥʘʪ+ ʢʣʠʥʦʧʠʨʦʢʩʝʥ+ ʢʦʨʫʥʜ (+ʨʫʪʠʣ + 

ʢʠʘʥʠʪ) 

ʂʦʨʫʥʜ 

ɻʨʦʩʧʠʜʠʪʳ Mg-Ca ʛʨʘʥʘʪ+ ʢʣʠʥʦʧʠʨʦʢʩʝʥ+ʢʠʘʥʠʪ 

(+ʢʦʨʫʥʜ+ʨʫʪʠʣ) 

ʉʘ-ʛʨʘʥʘʪ, ʢʠʘʥʠʪ 

 

ʄʥʦʛʠʝ ʤʠʥʝʨʘʣʳ, ʚʢʣʶʯʝʥʥʳʝ ʚ ʵʪʫ ʪʘʙʣʠʮʫ, ʠʤʝʶʪ ʧʝʨʝʤʝʥʥʳʡ ʩʦʩʪʘʚ. ɿʘ ʧʦʩʣʝʜʥʠʝ 

ʜʝʩʷʪʠʣʝʪʠʷ ʚʳʧʦʣʥʝʥʦ ʦʛʨʦʤʥʦʝ ʯʠʩʣʦ ʘʥʘʣʠʟʦʚ ʤʠʥʝʨʘʣʦʚ, ʘʩʩʦʮʠʠʨʫʶʱʠʭ ʩ ʘʣʤʘʟʦʤ, 

ʚʳʷʚʣʝʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʚʘʨʠʘʮʠʠ ʠʭ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 

1.1, ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʡ CaO ʠ Cr2O3 ʚ ʛʨʘʥʘʪʝ ʵʢʣʦʛʠʪʦʚʘʷ ʘʩʩʦʮʠʘʮʠʷ ʦʪʣʠʯʘʝʪʩʷ 

ʦʪ ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ, ʘ ʩʨʝʜʠ ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ - ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʤʠʥʝʨʘʣʴʥʳʝ ʚʢʣʶʯʝʥʠʷ, 

ʩʦʧʦʩʪʘʚʠʤʳʝ ʩ ʛʘʨʮʙʫʨʛʠʪ-ʜʫʥʠʪʘʤʠ, ʣʝʨʮʦʣʠʪʘʤʠ ʠ ʚʝʨʣʠʪʘʤʠ. ʀʟ ʚʢʣʶʯʝʥʠʡ ʚ ʘʣʤʘʟʝ, 

ʧʦʤʠʤʦ ʛʨʘʥʘʪʦʚ, ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʪʘʢʞʝ ʦʣʠʚʠʥʳ, ʢʣʠʥʦ-  ʠ 

ʦʨʪʦʧʠʨʦʢʩʝʥʳ, ʩʫʣʴʬʠʜʳ, ʭʨʦʤʠʪ ʠ ʬʣʦʛʦʧʠʪ. 
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ʉʦʩʪʘʚ ʤʠʥʝʨʘʣʦʚ ʦʩʥʦʚʥʦʡ ʘʩʩʦʮʠʘʮʠʠ ʪʘʢʞʝ ʦʪʨʘʞʘʝʪ ʩʧʝʮʠʬʠʢʫ ʩʦʩʪʘʚʘ ʵʢʣʦʛʠʪʦʚ, 

ʢʦʪʦʨʳʝ, ʩʦʛʣʘʩʥʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʊʝʡʣʦʨʘ ʠ ʅʠʣʘ [Taylor, Neal, 1989], ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʪʨʠ 

ʛʨʫʧʧʳ ɸ-ʉ. ɻʨʫʧʧʘ ɸ ʦʙʦʟʥʘʯʘʝʪ ʵʢʣʦʛʠʪʳ, ʧʝʨʝʭʦʜʥʳʝ ʢ ʧʠʨʦʢʩʝʥʠʪʘʤ. ɺ ʵʢʣʦʛʠʪʘʭ ʵʪʦʡ 

ʛʨʫʧʧʳ ʛʨʘʥʘʪʳ ʥʘʠʙʦʣʝʝ ʦʙʦʛʘʱʝʥʳ ʧʠʨʦʧʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ, ʘ ʧʠʨʦʢʩʝʥʳ ʩʦʜʝʨʞʘʪ 

ʤʠʥʠʤʘʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʪʨʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʢʣʦʛʠʪʘʤʠ ʛʨʫʧʧ ɺ ʠ ʉ. 

ɺ ʘʣʤʘʟʘʭ ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ ʠ ʵʢʣʦʛʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚʢʣʶʯʝʥʠʷ 

ʩʫʣʴʬʠʜʦʚ (ʪʘʙʣʠʮʘ 1.1). ɺ ʥʝʢʦʪʦʨʳʭ ʪʨʫʙʢʘʭ ʗʢʫʪʠʠ ʠ ʖʞʥʦʡ ɸʬʨʠʢʠ ʩʫʣʴʬʠʜʳ 

ʜʦʤʠʥʠʨʫʶʪ ʩʨʝʜʠ ʜʨʫʛʠʭ ʚʢʣʶʯʝʥʠʡ ʚ ʘʣʤʘʟʝ (ʜʦ 46% ʦʪ ʚʩʝʭ ʚʢʣʶʯʝʥʠʡ). ʇʦ ʜʘʥʥʳʤ ʨʘʙʦʪ 

[ɻʘʨʘʥʠʥ ʠ ʜʨ., 1988; ɹʫʣʘʥʦʚʘ ʠ ʜʨ., 1993; Spetsius, Taylor, 2008], ʩʦʩʪʘʚ ʩʫʣʴʬʠʜʥʳʭ 

ʚʢʣʶʯʝʥʠʡ ʦʯʝʥʴ ʨʘʟʥʦʦʙʨʘʟʝʥ. ɻʣʘʚʥʳʤʠ ʷʚʣʷʶʪʩʷ ʧʠʨʠʪ, ʧʠʨʨʦʪʠʥ, ʧʝʥʪʣʘʥʜʠʪ, 

ʭʘʣʴʢʦʧʠʨʠʪ, ʞʝʣʝʟʦ-ʥʠʢʝʣʝʚʳʝ ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ ʥʘ ʦʩʥʦʚʝ ʧʠʨʠʪʘ, ʧʠʨʨʦʪʠʥʘ, ʧʝʥʪʣʘʥʜʠʪʘ, ʘ 

ʪʘʢʞʝ ʩʬʘʣʝʨʠʪ, ʧʦʣʠʜʠʤʠʪ, ʤʠʣʣʝʨʠʪ, ʜʞʝʨʬʠʰʝʨʠʪ, ʢʫʙʘʥʠʪ ʠ ʜʨʫʛʠʝ. ɺ.ʂ. ɻʘʨʘʥʠʥʳʤ ʩ 

ʩʦʘʚʪʦʨʘʤʠ (1988) ʙʳʣ ʚʳʷʚʣʝʥ ʪʠʧʦʭʠʤʠʟʤ ʩʫʣʴʬʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ, ʘʩʩʦʮʠʠʨʫʶʱʠʭ ʩ 

ʤʠʥʝʨʘʣʴʥʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ ʠ ʵʢʣʦʛʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʡ. ʉʫʣʴʬʠʜʥʳʝ 

ʚʢʣʶʯʝʥʠʷ ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ ʘʩʩʦʮʠʘʮʠʠ ʦʙʦʛʘʱʝʥʳ ʥʠʢʝʣʝʤ, ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʧʝʥʪʣʘʥʜʠʪʦʤ ʠ ʤʦʥʦʩʫʣʴʬʠʜʥʳʤ ʪʚʝʨʜʳʤ ʨʘʩʪʚʦʨʦʤ ʥʘ ʦʩʥʦʚʝ ʥʠʢʝʣʷ. ʉʫʣʴʬʠʜʳ ʠʟ 

ʚʢʣʶʯʝʥʠʡ ʚ ʘʣʤʘʟʝ ʵʢʣʦʛʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʠʟʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʥʠʢʝʣʷ ʠ 

ʥʝʨʝʜʢʦ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʠʨʨʦʪʠʥʦʤ ʠ ʤʦʥʦʩʫʣʴʬʠʜʥʳʤ ʪʚʝʨʜʳʤ ʨʘʩʪʚʦʨʦʤ ʥʘ ʦʩʥʦʚʝ 

ʞʝʣʝʟʘ. ʆʪʤʝʯʝʥʳʡ ʪʠʧʦʭʠʤʠʟʤ ʩʫʣʴʬʠʜʦʚ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʦʙʱʝʠʟʚʝʩʪʥʳʤʠ ʚʘʨʠʘʮʠʷʤʠ ʩʦʩʪʘʚʘ 

ʩʫʣʴʬʠʜʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʚʝʱʘʶʱʠʭ ʧʦʨʦʜ (ʫʣʴʪʨʘʙʘʟʠʪʦʚ ʠʣʠ ʙʘʟʠʪʦʚ).  

ɿʘ ʧʦʩʣʝʜʥʠʝ ʜʚʘʜʮʘʪʴ ʣʝʪ ʧʦʣʫʯʝʥʳ ʥʦʚʳʝ ʜʘʥʥʳʝ ʦ ʤʠʥʝʨʘʣʴʥʦʤ ʩʦʩʪʘʚʝ ʚʢʣʶʯʝʥʠʡ ʚ 

ʘʣʤʘʟʝ. ʇʦʤʠʤʦ ʪʠʧʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ ʠ ʵʢʣʦʛʠʪʦʚʦʡ 

ʘʩʩʦʮʠʘʮʠʷʤ (ʪʘʙʣʠʮʘ 1.1), ʚ ʢʨʠʩʪʘʣʣʘʭ ʘʣʤʘʟʘ ʥʝʢʦʪʦʨʳʭ ʪʨʫʙʦʢ ʠ ʨʦʩʩʳʧʝʡ ʙʳʣʠ 

ʦʙʥʘʨʫʞʝʥʳ ʚʢʣʶʯʝʥʠʷ ʬʝʨʨʠʧʝʨʠʢʣʘʟʘ, (Mg,Fe)O-, MgSi- ʠ CaSi- ʧʝʨʦʚʩʢʠʪʦʚ, 

ʤʝʡʜʞʦʨʠʪʦʚʦʛʦ ʛʨʘʥʘʪʘ ʠ ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ ʤʠʥʝʨʘʣʦʚ. ʂʘʢ ʧʦʢʘʟʘʣʠ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ 

ʬʘʟʦʚʳʤ ʧʨʝʚʨʘʱʝʥʠʷʤ [Rinwood, Irifune, 1988], ʧʨʠ ʩʚʝʨʭʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʷʭ (24 ɻʇʘ), ʠʤʝʝʪ 

ʤʝʩʪʦ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʚʘʜʩʣʝʠʪʘ ʚ ʬʝʨʨʠʧʝʨʠʢʣʘʟ ʠ MgSi-ʧʝʨʦʚʩʢʠʪ:  

(Mg,Fe)2 [SiO4 ]Ÿ (Mg,Fe)O + (Mg,Fe) SiO3     (1) 

ɺ ʵʪʦʡ ʩʚʷʟʠ ʘʩʩʦʮʠʘʮʠʶ ʬʝʨʨʠʧʝʨʠʢʣʘʟ + MgSi-ʧʝʨʦʚʩʢʠʪ ʤʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʩʪʘʣʠ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʘʩʩʦʮʠʘʮʠʶ, ʬʠʢʩʠʨʫʶʱʫʶ ʧʝʨʝʭʦʜ ʢ ʥʠʞʥʝʡ ʤʘʥʪʠʠ ï ʛʣʫʙʠʥʘʤ 650-670 

ʢʤ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʢʣʶʯʝʥʠʷ ʚ ʘʣʤʘʟʝ ʤʦʛʫʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʝʛʦ ʢʨʠʩʪʘʣʣʠʟʘʮʠʶ ʚ ʫʩʣʦʚʠʷʭ 

ʩʚʝʨʭʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʠ ʛʣʫʙʠʥ ɿʝʤʣʠ.  

ʉʦʙʩʪʚʝʥʥʦ, ʤʝʡʜʞʦʨʠʪ ï ʤʠʥʝʨʘʣ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʦ ʩʦʩʪʘʚʫ ʧʠʨʦʢʩʝʥʫ, ʥʦ ʠʤʝʶʱʠʡ 

ʩʪʨʫʢʪʫʨʫ ʛʨʘʥʘʪʘ, ʙʳʣ ʧʦʣʫʯʝʥ ʧʫʪʝʤ ʩʠʥʪʝʟʘ ʧʨʠ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʷʭ [Rinwood, Mayor, 1971]. 

ʇʨʠʨʦʜʥʳʝ ʤʝʡʜʞʦʨʠʪʦʚʳʝ ʛʨʘʥʘʪʳ - Mg3 (Mg,Fe,Al ,Si)2 [SiO4]3 ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʣʦʞʥʳʝ 
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ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ ʤʝʞʜʫ çʦʙʳʯʥʳʤè ʢʫʙʠʯʝʩʢʠʤ ʛʨʘʥʘʪʦʤ ʠ ʤʠʥʘʣʘʤʠ ʤʝʡʜʞʦʨʠʪʦʚʦʛʦ 

ʩʦʩʪʘʚʘ. ʇʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʤʝʡʜʞʦʨʠʪʦʚʳʭ ʛʨʘʥʘʪʦʚ ʧʨʦʠʩʭʦʜʠʪ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʘʪʠʦʥʦʚ [Rinwood, Mayor, 1971; Akaogi, Akimoto, 1977]: ʜʦʣʷ 

ʪʨʝʭʚʘʣʝʥʪʥʳʭ ʫʤʝʥʴʰʘʝʪʩʷ, ʘ ʜʚʫʭʚʘʣʝʥʪʥʳʭ, ʥʘʦʙʦʨʦʪ, ʚʦʟʨʘʩʪʘʝʪ. ʋʚʝʣʠʯʠʚʘʝʪʩʷ ʪʘʢʞʝ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʨʝʤʥʠʷ ʚ ʥʝʦʙʳʯʥʦʡ ʦʢʪʘʵʜʨʠʯʝʩʢʦʡ ʢʦʦʨʜʠʥʘʮʠʠ.  

ɸʩʩʦʮʠʘʮʠʷ ʬʝʨʨʠʧʝʨʠʢʣʘʟʘ ʠ MgSi-ʧʝʨʦʚʩʢʠʪʘ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʚʦ ʚʢʣʶʯʝʥʠʷʭ ʘʣʤʘʟʦʚ 

ʠʟ ʨʦʩʩʳʧʝʡ ʠ ʪʨʫʙʦʢ ʨʘʡʦʥʘ ɾʫʠʥʘ (ɹʨʘʟʠʣʠʷ), ʨʦʩʩʳʧʠ ʂʘʥʢʘʥ (ɻʚʠʥʝʷ), ʥʝʢʦʪʦʨʳʭ ʪʨʫʙʢʘʭ 

ʧʨʦʠʥʮʠʠ ʉʣʝʡʚ (ʂʘʥʘʜʘ), ʶʞʥʦʘʬʨʠʢʘʥʩʢʦʡ ʪʨʫʙʢʝ ʂʦʬʬʠʬʦʥʪʝʡʥ [Kaminsky e.a., 2001, 2009, 

2010; Stachel e.a., 2000, 2001; Davies e.a., 2004; Tappert e.a., 2005]. ɺʤʝʩʪʝ ʩ ʬʝʨʨʠʧʝʨʠʢʣʘʟʦʤ ʠ 

MgSi-ʧʝʨʦʚʩʢʠʪʦʤ ʚ ʢʨʠʩʪʘʣʣʘʭ ʥʝʢʦʪʦʨʳʭ ʪʨʫʙʦʢ ʙʳʣʠ ʚʩʪʨʝʯʝʥʳ ʤʝʡʜʞʦʨʠʪʦʚʳʝ ʛʨʘʥʘʪʳ, 

ʪʝʪʨʘʛʦʥʘʣʴʥʘʷ ʬʘʟʘ ʧʠʨʦʧ-ʘʣʴʤʘʥʜʠʥʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʬʘʟʘʤʠ 

ʫʣʴʪʨʘʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ. 

ʌ.ɺ.ʂʘʤʠʥʩʢʠʤ ʚ ʘʣʤʘʟʘʭ ʨʘʡʦʥʘ ɾʫʠʥʘ ʤʝʡʜʞʦʨʠʪʦʚʳʝ ʛʨʘʥʘʪʳ ʦʙʥʘʨʫʞʝʥʳ ʩʨʝʜʠ 

ʚʢʣʶʯʝʥʠʡ ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ ʘʩʩʦʮʠʘʮʠʠ [ʂʘʤʠʥʩʢʠʡ, 2011]. ʇʦ ʤʥʝʥʠʶ ɸ.ɺ.ɹʦʙʨʦʚʘ ʩ 

ʩʦʘʚʪʦʨʘʤʠ (2011), ʤʝʡʜʞʦʨʠʪʦʚʳʡ ʛʨʘʥʘʪ ʙʦʣʝʝ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʵʢʣʦʛʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ, 

ʧʨʠʯʝʤ ʦʙʥʘʨʫʞʝʥ ʪʠʧʦʭʠʤʠʟʤ ʤʝʡʜʞʦʨʠʪʦʚʳʭ ʛʨʘʥʘʪʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ 

ʤʠʥʝʨʘʣʴʥʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ ʫʣʴʪʨʘʦʩʥʦʚʥʦʛʦ, ʪ.ʝ. ʧʝʨʠʜʦʪʠʪʦʚʦʛʦ (ʈ), ʠ ʵʢʣʦʛʠʪʦʚʦʛʦ (ɽ) 

ʧʘʨʘʛʝʥʝʟʠʩʦʚ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʤʝʡʜʞʦʨʠʪʦʚʳʭ ʛʨʘʥʘʪʦʚ ɽ-ʪʠʧʘ, ʛʨʘʥʘʪʳ ʚ ʈ-ʘʩʩʦʮʠʘʮʠʠ 

ʦʙʣʘʜʘʶʪ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ Na, Ca ʠ ʧʦʚʳʰʝʥʥʳʤʠ Cr. 

ɸʥʘʣʠʟ ʤʠʥʝʨʘʣʴʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʘʣʤʘʟʝ ʫʞʝ ʙʦʣʝʝ ʧʦʣʫʚʝʢʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʚʘʞʥʝʡʰʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʠ ʧʝʪʨʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʛʝʦʣʦʛʠʠ 

ʘʣʤʘʟʘ. ʇʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʪʘʢʠʭ ʚʢʣʶʯʝʥʠʡ ʧʨʠʥʷʪʦ ʦʮʝʥʠʚʘʪʴ ʈ-ʊ- ʧʘʨʘʤʝʪʨʳ 

ʦʙʨʘʟʦʚʘʥʠʷ ʤʘʥʪʠʡʥʳʭ ʧʦʨʦʜ ʠ ʩʠʥʛʝʥʝʪʠʯʥʳʭ ʩ ʥʠʤʠ ʘʣʤʘʟʦʚ, ʘ ʪʘʢʞʝ ʚʦʟʨʘʩʪ ʧʦʨʦʜ, 

ʨʘʩʧʨʦʩʪʨʘʥʷʝʤʳʡ ʥʘ ʘʣʤʘʟ (Sm-Nd, K-Ar ʠʟʦʪʦʧʥʳʝ ʤʝʪʦʜʳ).  

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʤʠʥʝʨʘʣʴʥʳʝ ʚʢʣʶʯʝʥʠʷ ʚ ʘʣʤʘʟʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʫʥʠʢʘʣʴʥʳʡ 

ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ, ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʜʘʥʥʳʭ ʠʭ ʠʟʫʯʝʥʠʷ ʥʘʜʦ ʧʨʦʚʦʜʠʪʴ ʩ ʦʩʪʦʨʦʞʥʦʩʪʴʶ. 

ʅʝʦʜʥʦʟʥʘʯʥʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʜʘʥʥʳʭ ʧʦ ʤʠʥʝʨʘʣʴʥʳʤ ʚʢʣʶʯʝʥʠʷʤ ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʯʪʦ 

ʜʘʣʝʢʦ ʥʝ ʚʩʝ ʠʟ ʥʠʭ ʷʚʣʷʶʪʩʷ ʩʠʥʝʛʝʥʝʪʠʯʥʳʤʠ. ʅʘʧʨʠʤʝʨ, ʦʜʥʠʤ ʠʟ ʜʦʢʘʟʘʪʝʣʴʩʪʚ 

ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʘʣʤʘʟʘ ʠ ʤʠʥʝʨʘʣʴʥʳʭ ʚʢʣʶʯʝʥʠʡ ʩʯʠʪʘʝʪʩʷ ʦʢʪʘʵʜʨʠʯʝʩʢʘʷ 

ʬʦʨʤʘ ʚʢʣʶʯʝʥʠʡ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʙʩʪʚʝʥʥʦʡ ʩʠʤʤʝʪʨʠʠ ʤʠʥʝʨʘʣʘ-ʫʟʥʠʢʘ. ɻ.ʇ.ɹʫʣʘʥʦʚʘ ʩ 

ʩʦʘʚʪʦʨʘʤʠ (1993) ʦʙʥʘʨʫʞʠʣʘ ʚ ʷʢʫʪʩʢʠʭ ʘʣʤʘʟʘʭ ʥʝʩʢʦʣʴʢʦ ʜʚʫʭʬʘʟʥʳʭ ʚʢʣʶʯʝʥʠʡ 

(ʛʨʘʥʘʪ+ʧʠʨʦʢʩʝʥ, ʩʫʣʴʬʠʜ+ʩʠʣʠʢʘʪ, ʭʨʦʤʠʪ+ʧʠʨʦʢʩʝʥ), ʦʙʣʘʜʘʶʱʠʭ ʦʢʪʘʵʜʨʠʯʝʩʢʦʡ 

ʦʛʨʘʥʢʦʡ. ɻʨʘʥʠʮʘ ʤʝʞʜʫ ʤʠʥʝʨʘʣʘʤʠ ʚʥʫʪʨʠ ʚʢʣʶʯʝʥʠʡ ʙʳʣʘ ʩʪʨʦʛʦ ʧʨʷʤʦʣʠʥʝʡʥʦʡ. ɺ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚʳʚʦʜ ʦ ʩʠʥʛʝʥʝʟʠʩʝ ʘʣʤʘʟʘ ʠ ʧʦʣʠʬʘʟʥʦʛʦ ʚʢʣʶʯʝʥʠʷ ʥʝ ʷʚʣʷʝʪʩʷ ʦʜʥʦʟʥʘʯʥʳʤ. 

ʇʦ ʤʥʝʥʠʶ ɹ.ɸ.ʄʘʣʴʢʦʚʘ ʠ ʄ.ɸ.ɸʩʭʘʙʦʚʘ (1979), ʦʢʪʘʵʜʨʠʯʝʩʢʘʷ ʬʦʨʤʘ ʤʠʥʝʨʘʣʦʚ-ʫʟʥʠʢʦʚ 
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ʘʣʤʘʟʘ ʦʙʨʘʟʦʚʘʣʘʩʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʭ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʧʝʨʝʦʛʨʘʥʢʝ ʚʥʫʪʨʠ ʢʨʠʩʪʘʣʣʘ 

ʘʣʤʘʟʘ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʤʘʢʩʠʤʘʣʴʥʦ ʚʳʩʦʢʦʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʤʠʥʝʨʘʣʘʤʠ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʵʥʝʨʛʠʝʡ ʘʣʤʘʟʘ, ʢʨʠʩʪʘʣʣʳ ʢʦʪʦʨʦʛʦ ʚʦ ʚʩʝʭ ʧʨʠʨʦʜʥʳʭ ʘʩʩʦʮʠʘʮʠʷʭ 

ʠʤʝʶʪ ʩʦʙʩʪʚʝʥʥʫʶ (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʢʪʘʵʜʨʠʯʝʩʢʫʶ) ʦʛʨʘʥʢʫ.  

ɺʘʞʥʳʤ ʧʨʠʟʥʘʢʦʤ ʩʠʥʛʝʥʝʟʠʩʘ ʘʣʤʘʟʘ ʠ ʚʢʣʶʯʝʥʥʳʭ ʚ ʥʝʛʦ ʤʠʥʝʨʘʣʦʚ ʩʯʠʪʘʝʪʩʷ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʟʘʢʦʥʦʤʝʨʥʳʭ ʧʘʨʘʛʝʥʝʟʠʩʦʚ ʚʢʣʶʯʝʥʠʡ ʚ ʘʣʤʘʟʝ ʠ ʤʠʥʝʨʘʣʦʚ ʘʣʤʘʟʦʥʦʩʥʳʭ 

ʢʩʝʥʦʣʠʪʦʚ. ʆʧʫʙʣʠʢʦʚʘʥʥʳʝ ʚ ʣʠʪʝʨʘʪʫʨʝ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʮʝʣʦʤ ʩʦʧʦʩʪʘʚʣʷʝʤʳʝ 

ʤʠʥʝʨʘʣʳ ʩʭʦʜʥʳ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ, ʥʦ ʤʝʞʜʫ ʥʠʤʠ ʚʩʝ-ʪʘʢʠ ʠʤʝʶʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʨʘʟʣʠʯʠʷ [ɻʝʦʣʦʛʠʷ ʠ ʛʝʥʝʟʠʩé, 1989; ɹʫʣʘʥʦʚʘ ʠ ʜʨ., 1993]. ʅʘʧʨʠʤʝʨ, ʜʘʥʥʳʝ ʦʧʪʠʯʝʩʢʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ [ʄʘʮʶʢ, ɹʫʣʘʥʦʚʘ, ʇʣʘʪʦʥʦʚ, 1990] ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʤʠʥʝʨʘʣʦʚ 

ʢʩʝʥʦʣʠʪʦʚ, ʤʠʥʝʨʘʣʳ-ʫʟʥʠʢʠ ʘʣʤʘʟʘ: ʭʨʦʤʠʪ, ʦʣʠʚʠʥ, Cr-ʧʠʨʦʧ, ʧʠʨʦʧ-ʘʣʴʤʘʥʜʠʥ, ʵʥʩʪʘʪʠʪ ʠ 

ʢʣʠʥʦʧʠʨʦʢʩʝʥʳ - ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʥʘʙʦʨʦʤ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ. ʕʪʘ 

ʩʧʝʮʠʬʠʢʘ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʠʟʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʚ ʤʠʥʝʨʘʣʘʭ-ʫʟʥʠʢʘʭ ʪʨʝʭʚʘʣʝʥʪʥʦʛʦ 

ʞʝʣʝʟʘ. ʆʜʥʦʡ ʠʟ ʚʝʨʦʷʪʥʳʭ ʧʨʠʯʠʥ ʚʳʷʚʣʝʥʥʳʭ ʦʪʣʠʯʠʡ ʤʠʥʝʨʘʣʦʚ-ʫʟʥʠʢʦʚ ʠ ʤʠʥʝʨʘʣʦʚï

ʩʧʫʪʥʠʢʦʚ ʘʣʤʘʟʘ ʷʚʣʷʶʪʩʷ ʨʘʟʥʳʝ ʫʩʣʦʚʠʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʦʧʦʩʪʘʚʣʷʝʤʳʭ ʤʠʥʝʨʘʣʦʚ. ʆʯʝʥʴ 

ʠʥʪʝʨʝʩʥʳʡ ʧʨʠʤʝʨ ʧʦʜʦʙʥʳʭ ʨʘʟʣʠʯʠʡ ʧʨʠʚʦʜʠʪʩʷ ʚ ʨʘʙʦʪʝ ʀ.ʇ.ʀʣʫʧʠʥʘ ʩ ʩʦʘʚʪʦʨʘʤʠ (1982). 

ʊʘʢ, ʦʣʠʚʠʥ ʠʟ ʢʩʝʥʦʣʠʪʘ ʘʣʤʘʟʦʥʦʩʥʦʛʦ ʜʫʥʠʪʘ (ʪʨʫʙʢʘ ʋʜʘʯʥʘʷ) ʦʪʣʠʯʘʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʞʝʣʝʟʠʩʪʦʩʪʴʶ, ʦʪ ʦʣʠʚʠʥʘ ʠʟ ʚʢʣʶʯʝʥʠʷ ʚ ʘʣʤʘʟʝ, ʩʦʜʝʨʞʘʱʝʛʦʩʷ ʚ ʵʪʦʡ ʞʝ ʤʘʪʝʨʠʥʩʢʦʡ 

ʧʦʨʦʜʝ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʦʣʠʚʠʥ, ʚʢʣʶʯʝʥʥʳʡ ʚ ʘʣʤʘʟʝ, ʦʙʨʘʟʦʚʘʣʩʷ 

ʥʘ ʙʦʣʴʰʝʡ ʛʣʫʙʠʥʝ, ʯʝʤ ʦʣʠʚʠʥ ʦʢʨʫʞʘʶʱʠʭ ʫʣʴʪʨʘʙʘʟʠʪʦʚ. ʇʦ ʜʘʥʥʳʤ ɿ.ɺ.ʉʧʝʮʠʫʩʘ ʠ 

ɻ.ʇ.ɹʫʣʘʥʦʚʦʡ (1992) ʚ ʪʨʫʙʢʝ ʄʠʨ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʢʩʝʥʦʣʠʪ ʵʢʣʦʛʠʪʘ, ʩʦʜʝʨʞʘʱʠʡ ʜʚʘ 

ʢʨʠʩʪʘʣʣʘ ʘʣʤʘʟʘ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʛʨʘʥʘʪʘ. ɻʨʘʥʘʪ ʚʢʣʶʯʝʥʠʡ ʦʙʣʘʜʘʝʪ ʤʝʥʴʰʝʡ ʞʝʣʝʟʠʩʪʦʩʪʴʶ, 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʨʘʥʘʪʦʤ ʚ ʦʢʨʫʞʘʶʱʝʡ ʧʦʨʦʜʝ. ʊʦ ʝʩʪʴ ʛʨʘʥʘʪ ʚʢʣʶʯʝʥʠʡ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤ ʠ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʙʦʣʝʝ ʨʘʥʥʠʤ. 

ʆ ʪʦʤ, ʯʪʦ ʫʩʣʦʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʤʠʥʝʨʘʣʦʚ-çʫʟʥʠʢʦʚè ʠ ʘʥʘʣʦʛʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ-

çʩʧʫʪʥʠʢʦʚè ʘʣʤʘʟʘ ʧʦʨʦʡ ʙʳʚʘʶʪ ʨʘʟʥʳʤʠ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ 

ʉ.ʂ.ʉʠʤʘʢʦʚʘ [ʉʠʤʘʢʦʚ, 2003]. ʉʦʛʣʘʩʥʦ ʝʛʦ ʜʘʥʥʳʤ, ʜʣʷ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʪʨʫʙʢʠ ʈ-ʊ 

ʧʘʨʘʤʝʪʨʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʢʣʠʥʦʧʠʨʦʢʩʝʥʦʚ ʠʟ ʚʢʣʶʯʝʥʠʡ ʚ ʘʣʤʘʟʘʭ ʦʙʳʯʥʦ ʚʳʰʝ, ʯʝʤ 

ʢʣʠʥʦʧʠʨʦʢʩʝʥʦʚ ʘʣʤʘʟʦʥʦʩʥʳʭ ʢʩʝʥʦʣʠʪʦʚ. ʇʦʜʦʙʥʦʝ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʪʨʫʙʦʢ ʋʜʘʯʥʘʷ 

(ʗʢʫʪʠʷ), ʠʤ. ɺ.ɻʨʠʙʘ ʠ ʠʤ. ʄ.ʃʦʤʦʥʦʩʦʚʘ (ɸʨʭʘʥʛʝʣʴʩʢʘʷ ʦʙʣʘʩʪʴ), ʘ ʪʘʢʞʝ ʨʷʜʘ ʢʘʥʘʜʩʢʠʭ 

ʪʨʫʙʦʢ. ʆʪʤʝʯʝʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʤʠʥʝʨʘʣʦʚ ʘʣʤʘʟʥʦʡ ʘʩʩʦʮʠʘʮʠʠ ʤʦʛʫʪ ʙʳʪʴ ʧʦ-ʨʘʟʥʦʤʫ 

ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʣʝʜʫʶʱʠʭ ʜʦʧʫʱʝʥʠʡ. ɽʩʣʠ ʘʣʤʘʟ ʠ ʤʠʥʝʨʘʣʳ-ʫʟʥʠʢʠ 

ʢʨʠʩʪʘʣʣʠʟʦʚʘʣʠʩʴ ʠʟ ʝʜʠʥʦʛʦ ʨʘʩʧʣʘʚʘ, ʪʦ ʚʢʣʶʯʝʥʠʷ ʚ ʘʣʤʘʟʝ ʙʳʣʠ ʩʘʤʳʤʠ ʨʘʥʥʠʤʠ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʠʥʝʨʘʣʳ ʢʩʝʥʦʣʠʪʦʚ 

ï ʙʦʣʝʝ ʧʦʟʜʥʠʤʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤʠ. ʅʝ ʠʩʢʣʶʯʝʥʦ ʪʘʢʞʝ, ʯʪʦ ʩʦʩʪʘʚ ʤʠʥʝʨʘʣʦʚ ʠʟ 
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ʚʤʝʱʘʶʱʠʭ ʘʣʤʘʟ ʢʩʝʥʦʣʠʪʦʚ ʤʦʛ ʠʟʤʝʥʠʪʴʩʷ ʧʦʩʣʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʘʣʤʘʟʘ, ʪʦʛʜʘ ʢʘʢ ʩʦʩʪʘʚ 

çʟʘʢʦʥʩʝʨʚʠʨʦʚʘʥʥʳʭè ʚʢʣʶʯʝʥʠʡ ʦʩʪʘʣʩʷ ʥʝʠʟʤʝʥʥʳʤ. ʊʘʢʦʝ ʚʦʟʤʦʞʥʦ ʢʘʢ ʧʨʠ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʘʣʤʘʟʘ ʠʟ ʨʘʩʧʣʘʚʘ, ʪʘʢ ʠ ʚ ʪʚʝʨʜʦʡ ʩʨʝʜʝ ʚ ʧʨʦʮʝʩʩʝ ʤʝʪʘʤʦʨʬʠʟʤʘ ʠʣʠ 

ʤʝʪʘʩʦʤʘʪʦʟʘ.  

ʆʩʦʙʦ ʩʣʝʜʫʝʪ ʦʩʪʘʥʦʚʠʪʴʩʷ ʥʘ ʚʦʟʤʦʞʥʦʩʪʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʘʣʤʘʟʘ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʠʣʠ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʚʰʠʭ ʚ ʪʚʝʨʜʦʡ ʩʨʝʜʝ [Meyer, 

Boyd, 1969; Boyd, Finnerty, 1980]. ʂʨʠʩʪʘʣʣʠʟʦʚʘʚʰʠʡʩʷ ʘʣʤʘʟ ʤʦʛ ʟʘʭʚʘʪʳʚʘʪʴ ʦʙʣʦʤʢʠ 

ʤʠʥʝʨʘʣʦʚ ʠ ʧʦʨʦʜ ʫʣʴʪʨʘʦʩʥʦʚʥʦʛʦ ʠ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ, ʢʦʪʦʨʳʝ ʷʣʷʶʪʩʷ ʢʩʝʥʦʛʝʥʥʳʤʠ 

ʠʣʠ ʧʨʦʪʦʛʝʥʥʳʤʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʘʣʤʘʟʫ. ɺʳʜʝʣʷʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʪʠʧ 

ʧʨʦʪʦʛʝʥʝʪʠʯʝʩʢʠʭ ʠʣʠ ʢʩʝʥʦʛʝʥʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʘʣʤʘʟʝ ʧʨʝʜʣʘʛʘʣ ɻ.ʄʝʡʝʨ [Meyer, 1987]. 

ʇʦʟʞʝ ʧʨʦʪʦʛʝʥʥʳʝ ʚʢʣʶʯʝʥʠʷ ʛʨʘʥʘʪʘ ʚ ʷʢʫʪʩʢʠʭ ʘʣʤʘʟʘʭ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʃ.ɸ.ʊʝʡʣʦʨʦʤ 

ʩ ʩʦʘʚʪʦʨʘʤʠ, ʠʟʫʯʠʚʰʠʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ (REE) ʚ ʵʪʠʭ 

ʚʢʣʶʯʝʥʠʷʭ [Taylor, e.a., 2003].  

ɺ ʨʘʙʦʪʝ [ɻʘʨʘʥʠʥ, ʂʫʜʨʷʚʮʝʚʘ, 2006] ʥʘ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʤ ʬʘʢʪʠʯʝʩʢʦʤ ʤʘʪʝʨʠʘʣʝ (80 

ʢʨʠʩʪʘʣʣʦʚ ʠʟ ʪʨʝʭ ʪʨʫʙʦʢ ʗʢʫʪʠʠ) ʫʙʝʜʠʪʝʣʴʥʦ ʧʦʢʘʟʘʥʘ ʜʠʩʢʨʝʪʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʦʙʨʘʟʦʚʘʥʠʷ 

ʘʣʤʘʟʘ. ɺʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʨʦʩʪ ʘʣʤʘʟʘ ʠʟ ʪʨʫʙʦʢ ʄʠʨ, ʉʧʫʪʥʠʢ ʠ ʠʤ. ʍXIII  ʩʲʝʟʜʘ ʂʇʉʉ 

ʥʘʯʠʥʘʣʩʷ ʩ ʘʣʤʘʟʥʦʛʦ ʟʘʨʦʜʳʰʘ, ʦʙʣʘʜʘʶʱʝʛʦ ʧʦʣʠʮʝʥʪʨʠʯʝʩʢʠʤ ʚʥʫʪʨʝʥʥʠʤ ʩʪʨʦʝʥʠʝʤ. 

ʕʪʦʪ ʟʘʨʦʜʳʰ ʦʪʜʝʣʝʥ ʦʪ ʧʦʩʣʦʡʥʦ-ʦʢʪʘʵʜʨʠʯʝʩʢʦʡ ʤʘʪʨʠʮʳ ʢʨʠʩʪʘʣʣʘ ʧʦʚʝʨʭʥʦʩʪʴʶ ʨʘʟʜʝʣʘ. 

ɼʠʩʢʨʝʪʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʜʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʥʳʤ ʩʦʩʪʘʚʦʤ 

ʤʠʥʝʨʘʣʴʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚʥʫʪʨʠ ʢʨʠʩʪʘʣʣʘ-ʟʘʨʦʜʳʰʘ ʠ ʧʝʨʠʬʝʨʠʡʥʦʡ ʟʦʥʳ ʤʘʪʨʠʮʳ. 

ʅʘʧʨʠʤʝʨ, ʚ ʦʜʥʦʤ ʠʟ ʦʙʨʘʟʮʦʚ ʚ ʮʝʥʪʨʝ ʠʤʝʣʠʩʴ ʚʢʣʶʯʝʥʠʷ ʧʠʨʦʧ-ʘʣʴʤʘʥʜʠʥʘ ʠ ʚʶʩʪʠʪʘ, ʘ ʥʘ 

ʧʝʨʠʬʝʨʠʠ ï ʦʣʠʚʠʥʘ. ʀʥʘʯʝ ʛʦʚʦʨʷ, ʚʢʣʶʯʝʥʠʷ ʘʣʤʘʟ ï ʚ ʘʣʤʘʟʝ ʷʚʣʷʶʪʩʷ 

ʧʨʦʪʦʛʝʥʝʪʠʯʝʩʢʠʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ɻ.ʇ. ʂʫʜʨʷʚʮʝʚʦʡ ʠ ɺ.ʂ. ɻʘʨʘʥʠʥʳʤ ʥʘʡʜʝʥʳ ʢʦʥʢʨʝʪʥʳʝ 

ʧʨʠʤʝʨʳ ʠʥʳʭ ʧʨʦʪʦʛʝʥʝʪʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ ʚ ʘʣʤʘʟʝ, ʠʤʝʶʱʠʭ ʬʦʨʤʫ ʦʙʣʦʤʢʦʚ ʠ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʧʠʨʦʧ-ʘʣʴʤʘʥʜʠʥʦʤ, ʩʘʤʦʨʦʜʥʳʤ ʞʝʣʝʟʦʤ ʩ ʦʪʦʨʦʯʢʦʡ ʪʨʦʠʣʠʪʘ, ʧʝʨʠʜʦʪʠʪʦʤ 

ʧʠʨʦʧ-ʦʨʪʦʧʠʨʦʢʩʝʥ-ʭʨʦʤʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ. ɺʤʝʩʪʝ ʩ ʚʳʰʝʠʟʣʦʞʝʥʥʳʤ ʦʪʤʝʪʠʤ, ʯʪʦ ʚ 

ʫʧʦʤʷʥʫʪʦʡ ʠ ʜʨʫʛʠʭ ʨʘʙʦʪʘʭ ɺ.ʂ.ɻʘʨʘʥʠʥʘ [ɸʚʪʦʨʝʬʝʨʘʪ ʜʠʩʩʝʨʪʘʮʠʠ, 2006] ʘʣʤʘʟ ʠ ʝʛʦ 

ʤʠʥʝʨʘʣʳ - ʩʧʫʪʥʠʢʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʧʨʦʜʫʢʪʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ 

ʨʘʩʧʣʘʚʘ, ʘ ʥʝ ʤʝʪʘʤʦʨʬʦʛʝʥʥʳʝ, ʢʨʠʩʪʘʣʣʠʟʫʶʱʠʝʩʷ ʚ ʪʚʝʨʜʦʡ ʩʨʝʜʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʚʝʜʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʩʣʦʞʥʳʭ ʚʦʟʨʘʩʪʥʳʭ 

ʩʦʦʪʥʦʰʝʥʠʷʭ ʘʣʤʘʟʘ ʠ ʤʠʥʝʨʘʣʦʚ-ʫʟʥʠʢʦʚ, ʚʢʣʶʯʘʷ ʪʝ ʠʟ ʥʠʭ, ʢʦʪʦʨʳʝ ʪʨʘʜʠʮʠʦʥʥʦ 

ʩʯʠʪʘʶʪʩʷ ʩʠʥʛʝʥʝʪʠʯʝʩʢʠʤʠ. ʉʦʛʣʘʩʥʦ ɻ.ʇ.ʂʫʜʨʷʚʮʝʚʦʡ ʠ ɺ.ʂ.ɻʘʨʘʥʠʥʫ (2006), 

ʧʨʦʪʦʛʝʥʝʪʠʯʝʩʢʠʝ ʚʢʣʶʯʝʥʠʷ ʚ ʘʣʤʘʟʝ ʥʝ ʷʚʣʷʶʪʩʷ ʨʝʜʢʠʤʠ, ʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʥʘʨʘʚʥʝ ʩ 

ʩʠʥʛʝʥʝʪʠʯʝʩʢʠʤʠ.  
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ʇʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʬʘʢʪʳ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʢʘʢ ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʜʠʩʢʨʝʪʥʦʩʪʠ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʘʣʤʘʟʘ, ʤʦʛʫʪ ʦʪʨʘʞʘʪʴ ʥʝ ʩʪʦʣʴʢʦ ʩʫʱʝʩʪʚʝʥʥʳʝ ʚʨʝʤʝʥʥʳʝ ʧʝʨʝʨʳʚʳ ʚ 

ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʠ, ʩʢʦʣʴʢʦ ʣʦʢʘʣʴʥʳʝ ʨʝʟʢʠʝ ʠʟʤʝʥʝʥʠʷ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠ 

ʩʝʡʩʤʠʯʝʩʢʠʭ ʪʦʣʯʢʘʭ (ʚʢʣʶʯʘʷ ʬʦʨʰʦʢʠ ʠ ʘʬʪʝʨʰʦʢʠ). ʕʪʠ ʪʦʣʯʢʠ ʤʦʛʫʪ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ 

ʧʦʚʦʨʦʪʘʤʠ ʘʣʤʘʟʦʥʦʩʥʳʭ ʫʯʘʩʪʢʦʚ ʚ ʧʣʘʩʪʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʟʘʪʝʤ ʧʨʦʜʦʣʞʝʥʠʝʤ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚʥʝʰʥʠʭ ʟʦʥ ʢʨʠʩʪʘʣʣʘ ʚ ʦʙʱʝʤ ʧʦʣʝ ʥʘʧʨʷʞʝʥʠʡ, ʘʥʘʣʦʛʠʯʥʦʤ ʪʦʤʫ, ʢʦʪʦʨʦʝ 

ʙʳʣʦ ʜʦ ʧʦʜʚʠʞʝʢ. ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʵʪʦʪ ʚʦʧʨʦʩ ʨʘʩʩʤʦʪʨʝʥ ʚ ʛʣʘʚʝ 4  

ɺ ʩʣʫʯʘʝ ʩ ʤʠʥʝʨʘʣʘʤʠ-ʫʟʥʠʢʘʤʠ ʘʣʤʘʟʘ ʦʩʥʦʚʥʳʤʠ ʢʨʠʪʝʨʠʷʤʠ ʚʳʜʝʣʝʥʠʷ 

ʧʨʦʪʦʛʝʥʝʪʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ ʷʚʣʷʶʪʩʷ ʬʦʨʤʘ ʚʢʣʶʯʝʥʠʷ (ʦʙʣʦʤʦʢ ʠʣʠ ʠʜʠʦʤʦʨʬʥʳʡ 

ʢʨʠʩʪʘʣʣ) ʠ ʭʘʨʘʢʪʝʨ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ (ʧʨʦʪʦʛʝʥʝʪʠʯʝʩʢʠʝ ʩʢʦʣʳ, ʩʣʝʜʳ ʨʘʩʪʚʦʨʝʥʠʷ, 

ʭʘʨʘʢʪʝʨʥʳʝ ʩʢʫʣʴʧʪʫʨʳ, ʧʨʦʠʩʭʦʜʠʚʰʠʝ ʜʦ ʟʘʭʚʘʪʘ ʦʙʣʦʤʢʘ ʘʣʤʘʟʦʤ). ʆʜʥʘʢʦ ʯʝʪʢʦ 

ʨʘʟʜʝʣʠʪʴ ʧʨʦʪʦ- ʠ ʩʠʥʝʛʝʥʝʪʠʯʝʩʢʠʝ ʚʢʣʶʯʝʥʠʷ ʩʣʦʞʥʦ. ʎʝʥʪʨʘʣʴʥʳʝ ʧʨʦʪʦʛʝʥʝʪʠʯʝʩʢʠʝ 

ʚʢʣʶʯʝʥʠʷ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʣʫʞʠʣʠ ʟʘʪʨʘʚʢʘʤʠ ʜʣʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʘʣʤʘʟʘ. ɻ.ʇ.ɹʫʣʘʥʦʚʘ ʩ 

ʩʦʘʚʪʦʨʘʤʠ (1993) ʢ ʧʨʝʜʧʦʣʘʛʘʝʤʳʤ ʧʨʦʪʦʛʝʥʝʪʠʯʝʩʢʠʤ ʚʢʣʶʯʝʥʠʷʤ ʦʪʥʦʩʠʪ ʥʝ ʠʤʝʶʱʠʝ 

ʦʛʨʘʥʢʠ ʪʵʥʠʪ, ʢʦʛʝʥʠʪ, ʚʶʩʪʠʪ, ʥʝʢʦʪʦʨʳʝ ʩʫʣʴʬʠʜʳ, ʛʨʘʬʠʪ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʪʦʛʝʥʝʪʠʯʝʩʢʠʤʠ 

ʤʦʛʫʪ ʙʳʪʴ ʚʢʣʶʯʝʥʠʷ ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ ʘʩʩʦʮʠʘʮʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʦʣʠʚʠʥʦʤ (ʬʦʨʩʪʝʨʠʪʦʤ), 

ʵʥʩʪʘʪʠʪʦʤ, ʛʨʘʥʘʪʦʤ ʠ ʵʢʣʦʛʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʦʤʬʘʮʠʪʦʤ. 

ɺʩʝ ʤʠʥʝʨʘʣʴʥʳʝ ʚʢʣʶʯʝʥʠʷ, ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʳʝ ʚʳʰʝ, ʚʩʪʨʝʯʘʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ 

ʢʨʠʩʪʘʣʣʘʭ ʩ ʧʦʩʣʦʡʥʦ-ʦʢʪʘʵʜʨʠʯʝʩʢʠʤ ʚʥʫʪʨʝʥʥʠʤ ʩʪʨʦʝʥʠʝʤ (ʦʢʪʘʵʜʨʳ, ʨʦʤʙʦʜʦʜʝʢʘʵʜʨʳ, 

ʜʦʜʝʢʘʵʜʨʦʠʜʳ ʠ ʧʝʨʝʭʦʜʥʳʝ ʤʝʞʜʫ ʥʠʤʠ ʬʦʨʤʳ.). ɺ ʢʨʠʩʪʘʣʣʘʭ ʘʣʤʘʟʘ ʩ ʚʦʣʦʢʥʠʩʪʳʤ 

ʚʥʫʪʨʝʥʥʠʤ ʩʪʨʦʝʥʠʝʤ (ʢʫʙʳ, ʢʫʙʦʠʜʳ, ʪʝʪʨʘʛʝʢʩʘʵʜʨʦʠʜʳ) ʚʠʜʠʤʳʝ ʤʠʥʝʨʘʣʴʥʳʝ ʚʢʣʶʯʝʥʠʷ 

ʜʦʩʪʘʪʦʯʥʦ ʨʝʜʢʠ. 

 

ʀʪʘʢ: 

1. ʂʨʠʩʪʘʣʣʳ ʘʣʤʘʟʘ ʩ ʧʦʩʣʦʡʥʳʤ ʚʥʫʪʨʝʥʥʠʤ ʩʪʨʦʝʥʠʝʤ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ ʠ ʣʘʤʧʨʦʠʪʦʚ 

ʩʦʜʝʨʞʘʪ ʚʢʣʶʯʝʥʠʷ ʤʠʥʝʨʘʣʦʚ (ʨʝʜʢʦ ʧʦʣʠʤʠʥʝʨʘʣʴʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ), ʢʦʪʦʨʳʝ ʩʦʦʪʥʦʩʷʪʩʷ ʩ 

ʫʣʴʪʨʘʙʘʟʠʪʘʤʠ, ʙʘʟʠʪʘʤʠ ʠ ʧʦʨʦʜʘʤʠ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʫʣʴʪʨʘʙʘʟʠʪ-ʙʘʟʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ. ʕʪʠ 

ʧʦʨʦʜʳ ʷʚʣʷʶʪʩʷ ʩʫʙʩʪʨʘʪʦʤ, ʚ ʢʦʪʦʨʦʤ ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʘʣʤʘʟʳ ʚ ʛʣʫʙʠʥʘʭ ɿʝʤʣʠ.  

2. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʨʦʪʦʛʝʥʝʪʠʯʝʩʢʠʝ ʚʢʣʶʯʝʥʠʷ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʡ ʚʦʟʨʘʩʪʘ ʠ ʈ-ʊ ʧʘʨʘʤʝʪʨʦʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʘʣʤʘʟʘ. 

 

1.2. ʇʦʣʠʬʘʟʥʳʝ ʚʢʣʶʯʝʥʠʷ ʚ ʘʣʤʘʟʘʭ ʩ ʚʦʣʦʢʥʠʩʪʳʤ ʚʥʫʪʨʝʥʥʠʤ ʩʪʨʦʝʥʠʝʤ 

 

ʇʦʣʠʬʘʟʥʳʝ ʫʣʴʪʨʘʤʝʣʢʠʝ ʚʢʣʶʯʝʥʠʷ ʩʦʜʝʨʞʘʪʩʷ ʚ ʢʨʠʩʪʘʣʣʘʭ (ʢʫʙʳ, ʢʫʙʦʠʜʳ, 

ʪʝʪʨʘʛʝʢʩʘʵʜʨʦʠʜʳ) ʠ ʦʪʜʝʣʴʥʳʭ ʟʦʥʘʭ ʢʨʠʩʪʘʣʣʦʚ (ʧʠʨʘʤʠʜʳ ʨʦʩʪʘ ʢʫʙʘ) ʩ ʚʦʣʦʢʥʠʩʪʳʤ 
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ʚʥʫʪʨʝʥʥʠʤ ʩʪʨʦʝʥʠʝʤ. ɼʦʚʦʣʴʥʦ ʯʘʩʪʦ ʮʝʥʪʨʘʣʴʥʘʷ ʦʙʣʘʩʪʴ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʠ 

ʨʦʤʙʦʜʦʜʝʢʘʵʜʨʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʫʙʦʠʜʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʩ ʚʦʣʦʢʥʠʩʪʳʤ 

ʚʥʫʪʨʝʥʥʠʤ ʩʪʨʦʝʥʠʝʤ, ʣʠʙʦ ʩʝʢʪʦʨʠʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʩ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ ʚʦʣʦʢʥʠʩʪʳʤ ʠ 

ʧʦʩʣʦʡʥʳʤ ʩʪʨʦʝʥʠʝʤ. ɺʩʪʨʝʯʘʶʪʩʷ ʪʘʢʞʝ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʠ ʨʦʤʙʦʜʦʜʝʢʘʵʜʨʠʯʝʩʢʠʝ 

ʢʨʠʩʪʘʣʣʳ ʘʣʤʘʟʘ, ʠʤʝʶʱʠʝ ʦʙʦʣʦʯʢʫ ʩ ʚʦʣʦʢʥʠʩʪʳʤ ʩʪʨʦʝʥʠʝʤ (ʛʣʘʚʘ 3). ʅʘʟʚʘʥʥʳʝ 

ʚʢʣʶʯʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʫʣʴʪʨʘʤʝʣʢʠʝ (50-100 ʥʤ) ʯʘʩʪʠʯʥʦ 

ʨʘʩʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʩʣʦʞʥʦʛʦ ʩʦʩʪʘʚʘ, ʩʦʜʝʨʞʘʱʠʝ ʚ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʅ2ʆ. 

ɺʧʝʨʚʳʝ ʪʘʢʠʝ ʚʢʣʶʯʝʥʠʷ ʚʳʷʚʣʝʥʳ ʚ ʨʘʙʦʪʝ [Chrenko e.a., 1967]. ɸʚʪʦʨʘʤʠ ʵʪʦʡ ʨʘʙʦʪʳ ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʀʂ-ʩʧʝʢʪʨʘʭ ʦʙʦʣʦʯʝʢ ʘʣʤʘʟʦʚ ʠʟ ʂʦʥʛʦ ʧʨʠʩʫʪʩʪʚʫʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ, ʥʝ 

ʪʠʧʠʯʥʳʝ ʜʣʷ ʩʧʝʢʪʨʦʚ ʘʣʤʘʟʘ ʣʠʥʠʠ ʦʢʦʣʦ 3400 ʠ 1450 ʩʤ-1, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʧʨʠʤʝʩʷʤʠ ʚʦʜʳ ʠ 

ʢʘʨʙʦʥʘʪʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʚ ʤʠʢʨʦʚʢʣʶʯʝʥʠʷʭ ʧʦʤʠʤʦ ʚʦʜʳ ʠ ʢʘʨʙʦʥʘʪʦʚ ʙʳʣʠ 

ʚʳʷʚʣʝʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʤʠʥʝʨʘʣʴʥʳʝ ʬʘʟʳ ʘʧʘʪʠʪ, ʨʫʪʠʣ, ʢʚʘʨʮ, ʩʣʶʜʳ, ʤʘʛʥʝʪʠʪ, 

ʠʣʴʤʝʥʠʪ, ʬʝʨʨʠʧʝʨʠʢʣʘʟ, ʩʫʣʴʬʠʜʳ ʠ ʜʨʫʛʠʝ, ʘʤʦʨʬʥʳʝ ʩʠʣʠʢʘʪʳ ʠ ʢʘʨʙʦʥʘʪʳ, ʘ ʪʘʢʞʝ 

ʬʣʶʠʜʥʳʝ ʧʫʟʳʨʴʢʠ, ʩʦʜʝʨʞʘʱʠʝ K ʠ Cl [Bibby, 1982; Wirth e.a., 2007; Logviniva e.a., 2008; 

Kopylova e.a., 2010]. ʆ. ʅʘʚʦʥ ʩ ʩʦʘʚʪʦʨʘʤʠ (1988) ʧʨʝʜʧʦʣʦʞʠʣ, ʯʪʦ ʵʪʠ ʚʢʣʶʯʝʥʠʷ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʟʘʩʪʳʚʰʠʡ, ʯʘʩʪʠʯʥʦ ʨʘʩʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʡ ʛʣʫʙʠʥʥʳʡ ʨʘʩʧʣʘʚ-ʬʣʶʠʜ, 

ʥʘʩʳʱʝʥʥʳʡ ʞʠʜʢʠʤʠ ʠ ʛʘʟʦʦʙʨʘʟʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. ʇʨʠʯʝʤ ʤʠʥʝʨʘʣʴʥʳʝ ʪʚʝʨʜʳʝ 

ʘʤʦʨʬʥʳʝ ʬʘʟʳ ʚʢʣʶʯʝʥʠʡ ʦʙʨʘʟʦʚʘʣʠʩʴ ʧʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʧʝʨʚʠʯʥʦʛʦ ʨʘʩʧʣʘʚʘ (ʬʣʶʠʜʘ), 

ʢʦʪʦʨʳʡ ʚʦ ʚʨʝʤʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʘʣʤʘʟʘ ʧʨʠ ʦʯʝʥʴ ʚʳʩʦʢʠʭ ʈ-ʊ ʧʘʨʘʤʝʪʨʘʭ ʙʳʣ ʛʦʤʦʛʝʥʥʳʤ, 

ʪʘʢ ʢʘʢ ʥʘʭʦʜʠʣʩʷ ʚ ʟʘʢʨʠʪʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ. ʉʦʩʪʘʚ ʵʪʦʛʦ ʥʘʩʳʱʝʥʥʦʛʦ ʬʣʶʠʜʘʤʠ ʨʘʩʧʣʘʚʘ, 

ʧʦ-ʚʠʜʠʤʦʤʫ, ʦʪʨʘʞʘʝʪ ʩʦʩʪʘʚ ʘʣʤʘʟʦʦʙʨʘʟʫʶʱʝʡ ʩʨʝʜʳ, ʯʪʦ ʜʦʣʞʥʦ ʠʤʝʪʴ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ 

ʜʣʷ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʫʩʣʦʚʠʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʠʨʦʜʥʳʭ ʘʣʤʘʟʦʚ.  

ɿʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʤʘʩʩʦʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʦʙʥʳʭ 

ʤʠʢʨʦʚʢʣʶʯʝʥʠʡ ʚ ʘʣʤʘʟʘʭ ʨʘʟʣʠʯʥʦʛʦ ʛʘʙʠʪʫʩʘ ʠʟ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʂʘʥʘʜʳ, ɹʦʪʩʚʘʥʳ, ʖʞʥʦʡ 

ɸʬʨʠʢʠ, ɹʨʘʟʠʣʠʠ, ʗʢʫʪʠʠ [Klein Ben David e.a., 2004, 2006; Shrauder, Navon, 1994; 

Izraeli e.a., 2001, 2004; ɹʫʣʘʥʦʚʘ ʠ ʜʨ., 1993; Zedgenizov e.a., 2004, 2009; ʐʠʨʷʝʚ ʠ ʜʨ., 2005; 

ʃʦʛʚʠʥʦʚʘ ʠ ʜʨ., 2007; ʉʢʫʟʦʚʘʪʦʚ ʠ ʜʨ., 2011]. ɺ ʢʨʠʩʪʘʣʣʘʭ ʠ ʦʪʜʝʣʴʥʳʭ ʟʦʥʘʭ ʢʨʠʩʪʘʣʣʦʚ ʩ 

ʚʦʣʦʢʥʠʩʪʳʤ ʚʥʫʪʨʝʥʥʠʤ ʩʪʨʦʝʥʠʝʤ ʧʨʝʦʙʣʘʜʘʶʪ ʤʠʢʨʦʚʢʣʶʯʝʥʠʷ ʩʣʦʞʥʦʛʦ ʭʣʦʨʠʜʥʦ-

ʩʠʣʠʢʘʪʥʦ-ʢʘʨʙʦʥʘʪʥʦʛʦ ʩʦʩʪʘʚʦʚ. ʅʝʩʤʦʪʨʷ ʥʘ ʩʣʦʞʥʳʡ ʩʦʩʪʘʚ ʧʦʣʠʬʘʟʥʳʭ ʤʠʢʨʦʚʢʣʶʯʝʥʠʡ 

ʚ ʘʣʤʘʟʝ ʩ ʚʦʣʦʢʥʠʩʪʳʤ ʩʪʨʦʝʥʠʝʤ, ʧʦʜʯʝʨʢʠʚʘʶʱʠʡ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ ʘʣʤʘʟʦʦʙʨʘʟʫʶʱʝʡ ʩʨʝʜʳ, 

ʠʤʝʶʪʩʷ ʦʙʱʠʝ ʜʣʷ ʚʩʝʭ ʚʢʣʶʯʝʥʠʡ ʧʨʠʟʥʘʢʠ. ɼʣʷ ʘʣʤʘʟʦʚ ʠʟ ʨʘʟʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʤʠʨʘ 

ʩʦʩʪʘʚ ʤʠʢʨʦʚʢʣʶʯʝʥʠʡ ʥʝʧʨʝʨʳʚʥʦ ʚʘʨʴʠʨʫʝʪ ʤʝʞʜʫ ʢʘʨʙʦʥʘʪʥʳʤ ʠ ʚʦʜʥʦ-ʩʦʣʝʚʳʤ, ʘ ʪʘʢʞʝ 

ʤʝʞʜʫ ʢʘʨʙʦʥʘʪʥʳʤ ʠ ʚʦʜʥʦ-ʩʠʣʠʢʘʪʥʳʤ ʢʨʘʡʥʠʤʠ ʯʣʝʥʘʤʠ. ɺʢʣʶʯʝʥʠʷ ʢʘʨʙʦʥʘʪʥʦʛʦ ʠ 

ʭʣʦʨʠʜʥʦʛʦ ʩʦʩʪʘʚʦʚ ʦʙʥʘʨʫʞʠʚʘʶʪ ʥʝʧʨʝʨʳʚʥʫʶ ʩʤʝʩʠʤʦʩʪʴ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʭʣʦʨʠʜʥʳʭ ʠ 

ʚʦʜʥʦ-ʩʠʣʠʢʘʪʥʳʭ.  
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ɺʦʣʦʢʥʠʩʪʳʝ ʘʣʤʘʟʳ ʠʟ ʨʘʟʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʤʠʨʘ ʤʦʛʫʪ ʦʪʣʠʯʘʪʴʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʧʦ 

ʩʦʩʪʘʚʫ ʧʦʣʠʬʘʟʥʳʭ ʤʠʢʨʦʚʢʣʶʯʝʥʠʡ ʚʢʣʶʯʝʥʠʡ. ʅʘʧʨʠʤʝʨ, ʚ ʪʨʫʙʢʘʭ ʂʦʬʬʠʬʦʥʪʝʡʥ (ʖɸʈ) 

ʠ ɼʠʘʚʠʢ (ʂʘʥʘʜʘ) ʩʦʩʪʘʚ ʚʢʣʶʯʝʥʠʡ - ʩʫʱʝʩʪʚʝʥʥʦ ʭʣʦʨʠʜʥʳʡ ʩ ʫʯʘʩʪʠʝʤ ʢʘʨʙʦʥʘʪʘ 

[Klein Ben David e.a., 2009], ʚʦ ʤʥʦʛʠʭ ʪʨʫʙʢʘʭ ʗʢʫʪʠʠ, ʘ ʪʘʢʞʝ ɹʦʪʩʚʘʥʳ ʚʢʣʶʯʝʥʠʷ ʠʤʝʶʪ 

ʩʠʣʠʢʘʪʥʦ-ʢʘʨʙʦʥʘʪʥʳʡ ʩʦʩʪʘʚ [ʉʢʫʟʦʚʘʪʦʚ ʠ ʜʨ., 2011]. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʨʘʟʣʠʯʥʳʝ ʛʝʥʝʨʘʮʠʠ 

ʚʦʣʦʢʥʠʩʪʦʛʦ ʘʣʤʘʟʘ ʚ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʪʨʫʙʢʝ ʥʝʩʢʦʣʴʢʦ ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʩʦʩʪʘʚʫ. ʊʘʢ ʚ ʪʨʫʙʢʝ 

ʀʥʪʝʨʥʘʮʠʦʥʘʣʴʥʘʷ (ʗʢʫʪʠʷ) ʚʥʫʪʨʠ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʚʢʣʶʯʝʥʠʷ ʚ ʨʘʥʥʝʡ (ʙʦʣʝʝ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ) ʛʝʥʝʨʘʮʠʠ ʚʦʣʦʢʥʠʩʪʦʛʦ ʘʣʤʘʟʘ ʠʤʝʶʪ ʩʫʱʝʩʪʚʝʥʥʦ ʢʘʨʙʦʥʘʪʥʳʡ ʩʦʩʪʘʚ 

[ʉʢʫʟʦʚʘʪʦʚ ʠ ʜʨ., 2011]. ʆʜʥʘʢʦ ʙʦʣʝʝ ʧʦʟʜʥʷʷ ʛʝʥʝʨʘʮʠʷ ʢʨʠʩʪʘʣʣʦʚ ʢʫʙʠʯʝʩʢʦʛʦ ʛʘʙʠʪʫʩʘ ʠʟ 

ʵʪʦʡ ʞʝ ʪʨʫʙʢʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʠʥʳʤ, ʢʘʨʙʦʥʘʪʥʦ-ʩʠʣʠʢʘʪʥʳʤ ʩʦʩʪʘʚʦʤ ʚʢʣʶʯʝʥʠʡ. 

ʇʨʠʚʝʜʝʥʥʳʝ ʜʘʥʥʳʝ, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ ʩʪʘʪʴʠ, ʫʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʦʩʪʘʚ ʩʨʝʜʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʘʣʤʘʟʘ ʪʨʫʙʢʠ ʖʙʠʣʝʡʥʘʷ ʵʚʦʣʶʮʠʦʥʠʨʦʚʘʣ ʦʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʘʨʙʦʥʘʪʥʦʛʦ ʥʘ ʨʘʥʥʠʭ ʜʦ 

ʢʘʨʙʦʥʘʪʥʦ-ʩʠʣʠʢʘʪʥʦʛʦ ʥʘ ʙʦʣʝʝ ʧʦʟʜʥʠʭ ʵʪʘʧʘʭ ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʷ.  

ɺʝʩʴʤʘ ʠʥʪʝʨʝʩʥʳʝ ʥʦʚʳʝ ʜʘʥʥʳʝ ʧʦʣʫʯʝʥʳ ʌ.ɺ.ʂʘʤʠʥʩʢʠʤ ʩ ʩʦʘʚʪʦʨʘʤʠ ʧʦ ʚʢʣʶʯʝʥʠʷʤ 

ʚ ʘʣʤʘʟʘʭ ʨʘʡʦʥʘ ɾʫʠʥʘ (ɹʨʘʟʠʣʠʷ) [Kaminsky, Wirth, Schreiber, 2013]. ɺ ʘʣʤʘʟʘʭ ʙʳʣʠ 

ʚʳʷʚʣʝʥʳ ʦʜʠʥʥʘʜʮʘʪʴ ʥʦʚʳʭ ʤʠʥʝʨʘʣʦʚ, ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʢ ʥʠʞʥʝʤʘʥʪʠʡʥʘʷ 

ʧʝʨʚʠʯʥʘʷ ʢʘʨʙʦʥʘʪʠʪʦʚʘʷ ʘʩʩʦʮʠʘʮʠʷ: ʜʚʘ ʢʘʨʙʦʥʘʪʘ - ʤʘʛʥʝʟʠʪ ʠ ʵʠʪʝʣʠʪ Na2Mg(CO3)2; ʜʚʘ 

ʬʦʩʬʘʪʘ ï ʩʤʝʰʘʥʥʦ-ʠʦʥʥʳʡ ʬʦʩʬʘʪ Na4Mg3(PO4)2(P2O7); Fe-ʜʠʬʦʩʬʘʪ Fe2Fe5(P2O7)4; ʜʚʘ 

ʬʪʦʨʠʜʘ ï ʦʩʢʘʨʩʩʦʥʠʪ AlF3 ʠ ʙʦʛʘʪʳʡ ʙʘʨʠʝʤ ʬʪʦʨʠʜ (Ba,Sr)AlF5; ʪʨʠ ʩʫʣʴʬʠʜʘ ï ʧʝʥʪʣʘʥʜʠʪ 

(Fe,Ni)9S8, ʚʠʦʣʘʨʠʪ FeNi2S4 ʠ ʤʠʣʣʝʨʠʪ NiS; ʛʝʤʘʪʠʪ ʠ ʤʝʪʘʣʣʠʯʝʩʢʦʝ ʥʠʢʝʣʠʩʪʦʝ ʞʝʣʝʟʦ. ɺ 

ʜʦʧʦʣʥʝʥʠʝ ʢ ʧʨʠʚʝʜʝʥʥʦʤʫ ʩʧʠʩʢʫ ʚ ʩʪʘʪʴʝ ʧʨʠʚʦʜʠʪʩʷ ʧʝʨʝʯʝʥʴ ʤʠʥʝʨʘʣʦʚ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ 

ʚ ʚʠʜʝ ʚʢʣʶʯʝʥʠʡ ʨʘʟʤʝʨʦʤ ʦʪ 50 ʜʦ 700 ʥʘʥʦʤʝʪʨʦʚ (ʜʦʣʦʤʠʪ, ʘʥʢʝʨʠʪ, ʤʘʛʥʝʟʠʪ, ʙʨʝʡʥʝʨʠʪ, 

ʛʘʣʠʪ, ʩʠʣʴʚʠʥ ʠ ʜʨ.). ʆʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʥʠʢʝʣʠʩʪʦʝ ʞʝʣʝʟʦ ʠ ʙʨʝʡʥʝʨʠʪ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ 

ʞʝʣʝʟʠʩʪʳʭ ʠ ʫʛʣʠʩʪʳʭ ʤʝʪʝʦʨʠʪʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʵʪʠʭ ʚʢʣʶʯʝʥʠʡ ʢ ʛʣʫʙʦʢʦʡ ʤʘʥʪʠʠ. ʂʘʢ ʩʯʠʪʘʶʪ ʌ.ɺ. ʂʘʤʠʥʩʢʠʡ ʩ 

ʩʦʘʚʪʦʨʘʤʠ (2013), ʬʦʨʤʠʨʦʚʘʥʠʝ ʘʣʤʘʟʘ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʢʘʨʙʦʥʘʪʠʪʦʚʦʡ, ʢʘʨʙʦʥʘʪ-ʛʘʣʠʜ-

ʬʦʩʬʘʪ-ʬʪʦʨʠʜʥʦʡ ʩʨʝʜʝ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʦʙʦʛʘʱʝʥʘ ʣʝʪʫʯʠʤʠ ʠ ʧʨʝʜʩʪʘʚʣʷʣʘ ʦʪʢʨʳʪʫʶ ʩʠʩʪʝʤʫ. 

ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʫʣʴʪʨʘʤʠʢʨʦʚʢʣʶʯʝʥʠʡ ʚʘʨʴʠʨʫʝʪ ʜʘʞʝ ʚ ʤʘʩʰʪʘʙʘʭ 

ʥʘʥʦʤʝʪʨʦʚ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʩʨʝʜʳ ʠʩʪʦʯʥʠʢʘ ʦʙʨʘʟʦʚʘʥʠʷ ʘʣʤʘʟʘ. 

ɼʠʩʩʝʨʪʘʥʪʦʤ ʩʦʚʤʝʩʪʥʦ ʩ ʘʚʪʦʨʘʤʠ ʨʘʙʦʪʳ [Kopylova e.a., 2008, 2011] ʠʩʩʣʝʜʦʚʘʥʳ 

ʘʣʤʘʟʳ ʚ ʦʙʦʣʦʯʢʝ ʠʟ ʪʨʫʙʦʢ ʂʦʥʛʦ. ʂʨʠʩʪʘʣʣʳ ʢʫʙʠʯʝʩʢʦʛʦ, ʨʦʤʙʦʜʦʜʝʢʘʵʜʨʠʯʝʩʢʦʛʦ ʠ 

ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʛʘʙʠʪʫʩʘ ʠʤʝʣʠ ʦʢʪʘʵʜʨʠʯʝʩʢʫʶ ʠʣʠ ʢʫʙʠʯʝʩʢʫʶ ʧʨʦʟʨʘʯʥʫʶ ʮʝʥʪʨʘʣʴʥʫʶ 

ʟʦʥʫ ʠ ʧʦʣʫʧʨʦʟʨʘʯʥʫʶ ʚʥʝʰʥʶʶ ʟʦʥʫ ʩ ʚʦʣʦʢʥʠʩʪʳʤ ʩʪʨʦʝʥʠʝʤ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʣʴʪʨʘʤʠʢʨʦʚʢʣʶʯʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʚʦʣʦʢʥʠʩʪʦʡ 

ʦʙʦʣʦʯʢʝ, ʠʤʝʶʪ ʩʣʦʞʥʳʡ ʩʠʣʠʢʘʪʥʦ-ʢʘʨʙʦʥʘʪʥʳʡ ʩʦʩʪʘʚ (ʨʠʩʫʥʦʢ 1.1). 
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ɻʣʘʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ: SiO2+Al 2O3 (ʩʠʣʠʢʘʪʥʳʡ), CaO+MgO+FeO+Na2O+P2O5 (ʢʘʨʙʦʥʘʪʥʳʡ), 

K2O+Cl (ʩʦʣʝʚʦʡ); 

ʆʙʣʘʩʪʠ ʩʦʩʪʘʚʘ ʨʘʟʥʳʭ ʦʙʨʘʟʮʦʚ ʧʦʢʘʟʘʥʳ ʯʝʨʥʳʤʠ ʰʪʨʠʭʦʚʳʤʠ ʣʠʥʠʷʤʠ. 

 

ʈʠʩʫʥʦʢ 1.1. ʊʨʦʡʥʘʷ ʜʠʘʛʨʘʤʤʘ ʩʦʩʪʘʚʘ ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʘʣʤʘʟʘʭ (7 ʦʙʨʘʟʮʦʚ) ʠʟ 

ʪʨʫʙʦʢ ʂʦʥʛʦ ʧʦ ʜʘʥʥʳʤ ʨʘʙʦʪʳ [Kopylova, Navon, Dubrowinsky, Khachatryan, 2010] 

  

ɻʣʘʚʥʳʝ ʠʭ ʢʦʤʧʦʥʝʥʪʳ- ʚʳʩʦʢʦʢʨʝʤʥʠʩʪʳʝ ʩʣʶʜʳ (30-90%), ʢʘʨʙʦʥʘʪʳ (5-70 %) ʠ 

ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ, ʩʦʜʝʨʞʘʱʠʡ ʠʦʥʳ ʂ+, ʉl- ,CO3
2- ʠ ʛʘʟʦʦʙʨʘʟʥʳʡ ʉʆ2. ʉ ʧʦʤʦʱʴʶ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʤʠʢʨʦʘʥʘʣʠʟʘʪʦʨʘ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʤʠʢʨʦʚʢʣʶʯʝʥʠʡ ʚ 

ʘʣʤʘʟʝ ʠʤʝʝʪ ʩʠʣʠʢʘʪʥʦ-ʢʘʨʙʦʥʘʪʥʳʡ ʩʦʩʪʘʚ. ʇʨʠ ʵʪʦʤ ʚ ʦʜʥʦʤ ʢʨʠʩʪʘʣʣʝ ʤʦʛʫʪ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʚʩʪʨʝʯʘʶʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ ʩʠʣʠʢʘʪʥʳʝ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʢʘʨʙʦʥʘʪʥʳʝ ʚʢʣʶʯʝʥʠʷ. ɼʘʥʥʳʝ 

ʈʘʤʘʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʪʘʢʞʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʘʣʠʯʠʠ ʚ ʘʣʤʘʟʘʭ 

ʧʨʠʤʝʩʝʡ ʩʠʣʠʢʘʪʦʚ (ʩʣʶʜʳ) ʠ ʢʘʨʙʦʥʘʪʦʚ, ʠ, ʢʨʦʤʝ ʪʦʛʦ, ʚʦʜʳ, CO2 ʠ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ 

ʤʝʪʠʣʝʥʦʚʳʭ ʛʨʫʧʧ ï ʉʅ2. ʉ ʧʦʤʦʱʴʶ ʨʝʥʪʛʝʥʦʛʨʘʬʠʠ ʚ ʘʣʤʘʟʘʭ ʦʙʥʘʨʫʞʝʥʦ ʙʦʣʝʝ 30ïʪʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʧʨʝʦʙʣʘʜʘʶʪ ʙʠʦʪʠʪ, ʬʣʦʛʦʧʠʪ, Fe-ʬʣʦʛʦʧʠʪ, 

ʛʠʜʨʦʩʣʶʜʳ, ʭʣʦʨʠʪʳ, ʤʠʥʝʨʘʣʳ ʛʨʫʧʧʳ, ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʘ, ʛʘʣʣʫʘʟʠʪ, ʩʝʨʧʝʥʪʠʥ, ʛʣʘʫʢʦʥʠʪ, 

ʘʧʘʪʠʪ, ʙʨʫʩʠʪ, ʤʘʛʥʝʪʠʪ, ʛʝʤʘʪʠʪ, ʠʣʴʤʝʥʠʪ, ʭʨʦʤʠʪ, ʮʠʨʢʦʥ, ʮʝʦʣʠʪ ʠ ʜʨʫʛʠʝ ʤʠʥʝʨʘʣʳ. 

ʄʠʥʝʨʘʣʳ ʛʨʫʧʧʳ ʢʘʨʙʦʥʘʪʦʚ ʚ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ ʥʝ ʚʳʷʚʣʝʥʳ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʛʦ ʥʘʤʠ ʩʜʝʣʘʥʦ ʟʘʢʣʶʯʝʥʠʝ, ʯʪʦ ʢʘʨʙʦʥʘʪʳ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚʦ ʚʢʣʶʯʝʥʠʷʭ ʚ 

ʚʠʜʝ ʘʤʦʨʬʥʦʡ ʬʘʟʳ ʠʣʠ ʚ ʨʘʩʪʚʦʨʝʥʥʦʡ ʚ ʚʦʜʝ ʬʦʨʤʝ.  
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ʆʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʚʝʱʝʩʪʚʘ ʦʪʤʝʯʝʥʥʳʭ ʫʣʴʪʨʘʤʠʢʨʦʚʢʣʶʯʝʥʠʡ ʚ ʢʨʠʩʪʘʣʣʘʭ 

ʘʣʤʘʟʘ ʩ ʚʦʣʦʢʥʠʩʪʳʤ ʩʪʨʦʝʥʠʝʤ ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʥʳʝ ʪʦʯʢʠ ʟʨʝʥʠʷ. ʆʜʥʠ ʠʩʩʣʝʜʦʚʘʪʝʣʠ [Navon 

e.a., 2008; Weiss e.a., 2008] ʦʙʲʷʩʥʷʶʪ ʩʦʩʪʘʚ ʤʠʢʨʦʚʢʣʶʯʝʥʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʚʦʜʥʦ-ʩʦʣʝʚʳʭ 

ʠ ʢʘʨʙʦʥʘʪʥʳʭ ʬʣʶʠʜʦʚ ʩ ʤʘʥʪʠʡʥʳʤʠ ʧʦʨʦʜʘʤʠ, ʜʨʫʛʠʝ [Wallce, Green, 1988; Yaxey, Green, 

1994; Hammouda, 2003] ʩʯʠʪʘʶʪ, ʯʪʦ ʚʝʱʝʩʪʚʦ ʚʢʣʶʯʝʥʠʡ ʦʙʨʘʟʦʚʘʣʦʩʴ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʯʘʩʪʠʯʥʦʛʦ ʧʣʘʚʣʝʥʠʷ ʢʘʨʙʦʥʘʪʠʟʠʨʦʚʘʥʥʳʭ ʧʝʨʠʜʦʪʠʪʦʚ ʠ ʵʢʣʦʛʠʪʦʚ. 

ʉ ʥʘʰʝʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʦʙʝ ʵʪʠ ʪʨʘʢʪʦʚʢʠ ʠʩʪʦʯʥʠʢʘ ʚʝʱʝʩʪʚʘ ʧʦʣʠʬʘʟʥʳʭ 

ʫʣʴʪʨʘʤʠʢʨʦʚʢʣʶʯʝʥʠʡ ʚ ʘʣʤʘʟʘʭ ʜʠʩʢʫʩʩʠʦʥʥʳ. ʅʝ ʦʙʩʫʞʜʘʷ ʢʨʠʪʠʯʝʩʢʠ ʧʝʨʚʠʯʥʳʡ ʬʘʟʦʚʳʡ 

ʩʦʩʪʘʚ ʢʘʨʙʦʥʘʪʦʚ, ʩʣʝʜʫʝʪ ʧʨʠʟʥʘʪʴ, ʯʪʦ ʦʥʠ ʷʚʣʷʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʚʢʣʶʯʝʥʠʡ ʚ 

ʚʦʣʦʢʥʠʩʪʦʤ ʘʣʤʘʟʝ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʢʘʨʙʦʥʘʪʥʦʛʦ ʚʝʱʝʩʪʚʘ ʜʣʷ 

ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠʨʦʜʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ, ʧʨʠʯʝʤ ʫʛʣʝʨʦʜ ʢʘʨʙʦʥʘʪʘ ï ʦʜʠʥ ʠʟ ʚʝʨʦʷʪʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʫʛʣʝʨʦʜʘ ʘʣʤʘʟʘ. 

ʇʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʚʦʧʨʦʩ: ʧʦʯʝʤʫ ʧʠʨʘʤʠʜʳ ʨʦʩʪʘ ʦʢʪʘʵʜʨʘ (ʧʦʩʣʦʡʥʦʝ ʚʥʫʪʨʝʥʥʝʝ 

ʩʪʨʦʝʥʠʝ) ʠ ʢʫʙʘ (ʚʦʣʦʢʥʠʩʪʦʝ ʚʥʫʪʨʝʥʥʝʝ ʩʪʨʦʝʥʠʝ) ʚ ʘʣʤʘʟʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʨʘʟʥʳʤ ʪʠʧʦʤ ʠ 

ʩʦʩʪʘʚʦʤ ʚʢʣʶʯʝʥʠʡ? ɺ ʧʠʨʘʤʠʜʘʭ ʨʦʩʪʘ ʦʢʪʘʵʜʨʘ ʩ ʧʦʩʣʦʡʥʳʤ ʚʥʫʪʨʝʥʥʠʤ ʩʪʨʦʝʥʠʝʤ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʤʠʥʝʨʘʣʴʥʳʝ ʚʢʣʶʯʝʥʠʷ ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ ʠ ʵʢʣʦʛʠʪʦʚʦʡ 

ʘʩʩʦʮʠʘʮʠʡ, ʘ ʚ ʧʠʨʘʤʠʜʘʭ ʨʦʩʪʘ ʢʫʙʘ ʠ ʜʨʫʛʠʭ ʛʨʘʥʝʡ ʩ ʚʦʣʦʢʥʠʩʪʳʤ ʚʥʫʪʨʝʥʥʠʤ ʩʪʨʦʝʥʠʝʤ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʠʩʫʪʩʪʚʫʶʪ ʚʦʜʦʥʘʩʳʱʝʥʥʳʝ ʤʠʢʨʦʚʢʣʶʯʝʥʠʷ ʩʣʦʞʥʦʛʦ ʩʦʩʪʘʚʘ, ʩʦʜʝʨʞʘʱʠʝ 

ʭʣʦʨʠʜʥʦ-ʩʠʣʠʢʘʪʥʦ-ʢʘʨʙʦʥʘʪʥʳʝ ʢʦʤʧʦʥʝʥʪʳ. ɺ ʥʝʢʦʪʦʨʳʭ ʢʨʠʩʪʘʣʣʘʭ ʥʘʙʣʶʜʘʝʪʩʷ 

ʥʝʦʜʥʦʢʨʘʪʥʦʝ ʯʝʨʝʜʦʚʘʥʠʝ ʟʦʥ ʩ ʧʦʩʣʦʡʥʦ-ʦʢʪʘʵʜʨʠʯʝʩʢʠʤ ʠ ʚʦʣʦʢʥʠʩʪʳʤ ʚʥʫʪʨʝʥʥʠʤ 

ʩʪʨʦʝʥʠʝʤ. ʄʘʣʦʚʝʨʦʷʪʥʦ, ʯʪʦʙʳ ʩʦʩʪʘʚ ʩʨʝʜʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʥʝʦʜʥʦʢʨʘʪʥʦ ʧʦʚʪʦʨʥʦ 

ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʣʩʷ ʚ ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʢʨʠʩʪʘʣʣʘ. ʇʨʠʯʠʥʘ ʚʝʨʦʷʪʥʝʝ ʜʨʫʛʘʷ. 

ʂʘʢ ʥʘʤʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ [ɹʘʨʳʰʝʚ, ʍʘʯʘʪʨʷʥ, 2015], ʦʥʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʚ ʩʫʙʜʫʢʮʠʦʥʥʦʡ 

ʩʪʨʝʩʩʦʚʦʡ ʩʠʪʫʘʮʠʠ ʥʘʠʙʦʣʝʝ ʧʦʜʚʠʞʥʳʝ ʢʦʤʧʦʥʝʥʪʳ (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʭʣʦʨʠʜʥʳʝ, 

ʢʘʨʙʦʥʘʪʥʳʝ, ʦʙʣʘʜʘʶʱʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʦʡ ʚʷʟʢʦʩʪʴʶ) ʦʪʞʠʤʘʶʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʥʘʠʤʝʥʴʰʠʭ ʩʞʠʤʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ (ʧʦʜʦʙʥʦ ʧʨʠʥʮʠʧʫ ʈʠʢʢʝ, ʦʧʠʩʘʥʥʦʤʫ ʚ ʧʝʪʨʦʛʨʘʬʠʠ). 

ɺ ʵʪʦʤ ʞʝ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʦʠʩʭʦʜʠʪ ʥʦʨʤʘʣʴʥʳʡ ʨʦʩʪ ʘʣʤʘʟʘ. ʆʙʣʘʜʘʶʱʠʝ ʙʦʣʴʰʝʡ ʚʷʟʢʦʩʪʴʶ 

(ʤʝʥʝʝ ʧʦʜʚʠʞʥʳʝ) ʤʠʥʝʨʘʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʫʣʴʪʨʘʙʘʟʠʪʦʚ ʠ ʵʢʣʦʛʠʪʦʚ ʟʘʜʝʨʞʠʚʘʶʪʩʷ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʷʭ ʛʨʘʥʝʡ, ʧʦʜʚʝʨʛʘʶʱʠʭʩʷ ʥʘʠʙʦʣʴʰʝʤʫ ʥʦʨʤʘʣʴʥʦʤʫ ʩʞʘʪʠʶ (ʧʨʝʧʷʪʩʪʫʶʱʝʤʫ 

ʨʦʩʪʫ ʘʣʤʘʟʘ), ʠ ʪʘʥʛʝʥʮʠʘʣʴʥʳʤ ʥʘʧʨʷʞʝʥʠʷʤ (ʧʨʝʧʷʪʩʪʚʫʶʱʠʤ ʥʦʨʤʘʣʴʥʦʤʫ, ʥʦ 

ʩʧʦʩʦʙʩʪʚʫʶʱʠʤ ʪʘʥʛʝʥʮʠʘʣʴʥʦʤʫ ʨʦʩʪʫ). ʕʪʠʤ ʦʙʲʷʩʥʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʨʘʟʥʳʡ ʩʦʩʪʘʚ ʬʘʟʦʚʳʭ 

ʧʨʠʤʝʩʝʡ ʚ ʧʠʨʘʤʠʜʘʭ ʨʦʩʪʘ ʦʢʪʘʵʜʨʘ ʠ ʢʫʙʘ ʢʨʠʩʪʘʣʣʘ ʘʣʤʘʟʘ, ʥʦ ʠ ʨʘʟʥʘʷ ʢʦʮʝʥʪʨʘʮʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʠʤʝʩʝʡ. 

ʊʘʢ, ʛʨʘʥʠ ʘʣʤʘʟʘ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʦ ʪʘʥʛʝʥʮʠʘʣʴʥʦʤʫ (ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ) ʠ ʥʦʨʤʘʣʴʥʦʤʫ 

(ʢʫʙʠʯʝʩʢʠʝ) ʤʝʭʘʥʠʟʤʘʤ ʨʦʩʪʘ ʦʙʣʘʜʘʶʪ ʨʘʟʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʟʘʭʚʘʪʳʚʘʪʴ ʧʨʠʤʝʩʥʳʝ ʬʘʟʳ 
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ʠʟ ʩʨʝʜʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ɹʳʩʪʨʦ ʨʘʩʪʫʱʠʝ ʧʦ ʥʦʨʤʘʣʴʥʦʤʫ ʤʝʭʘʥʠʟʤʫ ʚʦʣʦʢʥʠʩʪʳʝ ʘʣʤʘʟʳ, 

ʥʝ ʧʨʝʢʨʘʱʘʷ ʨʦʩʪʘ, ʟʘʭʚʘʪʳʚʘʶʪ ʚʢʣʶʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ (ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ, ʪʚʝʨʜʳʝ 

ʘʤʦʨʬʥʳʝ, ʞʠʜʢʠʝ ʠ ʛʘʟʦʚʳʝ). ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʙʣʘʛʦʜʘʨʷ ʩʧʦʩʦʙʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʚʦʣʦʢʦʥ 

ʦʛʠʙʘʪʴ ʠʥʦʨʦʜʥʳʝ ʚʢʣʶʯʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʘ ʘʣʤʘʟʘ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʤʝʜʣʝʥʥʦʛʦ 

ʧʦʩʣʦʡʥʦʛʦ ʨʦʩʪʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʛʨʘʥʴ ʧʨʠ ʩʚʦʝʤ ʜʚʠʞʝʥʠʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʘʨʘʣʣʝʣʴʥʦʤ ʫʞʝ 

ʩʬʦʨʤʠʨʦʚʘʚʰʝʡʩʷ ʧʦʚʝʨʭʥʦʩʪʠ çʩʨʳʚʘʝʪè ʠʥʦʨʦʜʥʳʝ ʧʨʠʤʝʩʠ ʠ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, 

ʦʙʣʘʜʘʶʱʠʝ ʤʘʣʦʡ ʚʷʟʢʦʩʪʴʶ. ɺ ʩʚʷʟʠ ʩ ʥʘʟʚʘʥʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʚ ʘʣʤʘʟʘʭ ʩ ʧʦʩʣʦʡʥʦ-

ʦʢʪʘʵʜʨʠʯʝʩʢʠʤ ʩʪʨʦʝʥʠʝʤ ʧʦʣʠʬʘʟʥʳʝ ʫʣʴʪʨʘʤʠʢʨʦʚʢʣʶʯʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ, ʘ 

ʪʚʝʨʜʳʝ ʩʠʥʛʝʥʝʪʠʯʥʳʝ ʚʢʣʶʯʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʝʜʢʠ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʪʨʫʙʢʘʭ ʗʢʫʪʠʠ ʠ 

ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ ʥʘ ʜʦʣʶ ʘʣʤʘʟʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʩʠʥʛʝʥʝʪʠʯʥʳʝ ʚʢʣʶʯʝʥʠʷ 

ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ ʠʣʠ ʵʢʣʦʛʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʡ ʧʨʠʭʦʜʠʪʩʷ ʦʙʳʯʥʦ ʥʝ ʙʦʣʝʝ 5%. 

ʇʦʜʚʦʜʷ ʠʪʦʛ ʚʳʰʝʠʟʣʦʞʝʥʥʦʤʫ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ: 

1. ʉʧʝʮʠʬʠʯʝʩʢʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʨʠʨʦʜʥʳʭ ʘʣʤʘʟʦʚ ʩ ʚʦʣʦʢʥʠʩʪʳʤ ʚʥʫʪʨʝʥʥʠʤ 

ʩʪʨʦʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʫʣʴʪʨʘʤʝʣʢʠʭ ʚʢʣʶʯʝʥʠʡ ʢʘʨʙʦʥʘʪʥʦ-ʩʠʣʠʢʘʪʥʦ-

ʭʣʦʨʠʜʥʦʛʦ ʩʦʩʪʘʚʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʅ2ʆ ʠ ʉʆ2. ʕʪʘ ʦʩʦʙʝʥʥʦʩʪʴ ʚʦʣʦʢʥʠʩʪʳʭ ʘʣʤʘʟʦʚ 

ʦʙʫʩʣʦʚʣʝʥʘ ʥʦʨʤʘʣʴʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʠʭ ʨʦʩʪʘ. 

2. ɺ ʨʘʟʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʩʦʩʪʘʚ ʤʠʢʨʦʚʢʣʶʯʝʥʠʡ ʚ ʘʣʤʘʟʘʭ ʨʘʟʥʦʦʙʨʘʟʝʥ 

(ʩʫʱʝʩʪʚʝʥʥʦ ʢʘʨʙʦʥʘʪʥʳʡ, ʩʫʱʝʩʪʚʝʥʥʦ ʩʠʣʠʢʘʪʥʳʡ, ʢʘʨʙʦʥʘʪʥʦ-ʩʠʣʠʢʘʪʥʳʡ, ʩʫʱʝʩʪʚʝʥʥʦ 

ʭʣʦʨʠʜʥʳʡ, ʭʣʦʨʠʜʥʦ-ʢʘʨʙʦʥʘʪʥʳʡ). ʉʦʩʪʘʚ ʤʠʢʨʦʚʢʣʶʯʝʥʠʡ ʚ ʚʦʣʦʢʥʠʩʪʳʭ ʘʣʤʘʟʘʭ ʨʘʟʥʳʭ 

ʛʝʥʝʨʘʮʠʡ ʥʘ ʦʜʥʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʪʘʢʞʝ ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ. ɺʩʝ ʵʪʠ ʠʟʤʝʥʝʥʠʷ, ʧʦ ʚʩʝʡ 

ʚʠʜʠʤʦʩʪʠ, ʦʙʫʩʣʦʚʣʝʥʳ ʪʦʥʯʘʡʰʠʤ ʚʝʩʴʤʘ ʥʝʦʜʥʦʨʦʜʥʳʤ ʩʦʩʪʘʚʦʤ ʩʨʝʜʳ, ʚ ʢʦʪʦʨʦʡ ʨʘʩʪʫʪ 

ʢʨʠʩʪʘʣʣʳ ʘʣʤʘʟʘ.  

3. ʂʘʨʙʦʥʘʪʳ ʷʚʣʷʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʚʢʣʶʯʝʥʠʡ ʚ ʚʦʣʦʢʥʠʩʪʦʤ ʘʣʤʘʟʝ. ʕʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʢʘʨʙʦʥʘʪʥʦʛʦ ʚʝʱʝʩʪʚʘ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠʨʦʜʥʳʭ ʢʨʠʩʪʘʣʣʦʚ 

ʘʣʤʘʟʘ. 

 

1.3. çɻʘʟʦʚʳʝè ʚʢʣʶʯʝʥʠʷ ʚ ʘʣʤʘʟʝ 

 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʤʥʦʛʠʭ ʧʨʦʟʨʘʯʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʧʨʠʨʦʜʥʳʝ ʘʣʤʘʟʳ ʦʙʳʯʥʦ ʥʝ ʩʦʜʝʨʞʘʪ 

ʚʠʜʠʤʳʭ ʛʘʟʦʚʦ-ʞʠʜʢʠʭ ʚʢʣʶʯʝʥʠʡ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʛʘʟʦʚʦ-ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ ʧʦʟʚʦʣʠʣʠ ʚʳʷʚʠʪʴ ʚ ʥʠʭ ʨʷʜ ʧʨʠʤʝʩʝʡ, ʢʦʪʦʨʳʝ ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʛʘʟʳ. ʊʘʢ, ʚ ʨʘʙʦʪʝ ʂʘʡʟʝʨʘ ʠ ɹʦʥʜʘ (1959) ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʨʘʬʠʪʠʟʘʮʠʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʨʷʜʢʘ 2000ʦʉ ʠʟ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ ʙʳʣ ʚʳʜʝʣʝʥ ʘʟʦʪ. ɽʛʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʨʷʤʦ 

ʢʦʨʨʝʣʠʨʦʚʘʣʘ ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʧʠʢʘ ʦʢʦʣʦ 1282 ʩʤ-1, ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ ʩʪʨʫʢʪʫʨʥʦʡ ʧʨʠʤʝʩʴʶ 

ʘʟʦʪʘ ʚ ʚʠʜʝ ʧʘʨʳ ʟʘʤʝʱʘʶʱʠʭ ʫʛʣʝʨʦʜ ʘʪʦʤʦʚ (ɸ-ʮʝʥʪʨʳ). ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʛʦ ʘʚʪʦʨʳ ʜʘʥʥʦʡ 
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ʨʘʙʦʪʳ ʩʜʝʣʘʣʠ ʚʳʚʦʜ, ʯʪʦ ʚʝʩʴ ʚʳʜʝʣʠʚʰʠʡʩʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʘʟʦʪ ʧʨʠʩʫʪʩʪʚʦʚʘʣ ʚ ʩʪʨʫʢʪʫʨʥʦ 

ʩʚʷʟʘʥʥʦʡ ʬʦʨʤʝ. ʆʜʥʘʢʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʦʤʠʤʦ ʘʟʦʪʘ ʠʟ ʘʣʤʘʟʘ ʧʫʪʝʤ ʨʘʩʢʘʣʳʚʘʥʠʷ ʚ 

ʛʣʫʙʦʢʦʤ ʚʘʢʫʫʤʝ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʜʨʫʛʠʝ ʛʘʟʳ: ʜʚʫʦʢʠʩʴ ʫʛʣʝʨʦʜʘ, ʧʘʨʳ ʚʦʜʳ, ʤʝʪʘʥ ʠ ʘʨʛʦʥ 

[Melton, Salotti, Giardini, 1972]. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʥʘʨʷʜʫ ʩ ʧʨʠʤʝʩʷʤʠ, 

ʚʭʦʜʷʱʠʤʠ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ, ʚ ʘʣʤʘʟʝ ʠʤʝʶʪʩʷ ʩʫʙʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʬʘʟʦʚʳʝ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ, ʩʦʜʝʨʞʘʱʠʝ ʬʣʶʠʜʥʳʝ ʢʦʤʧʦʥʝʥʪʳ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʘʬʨʠʢʘʥʩʢʠʭ ʠ ʶʞʥʦʘʤʝʨʠʢʘʥʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ (ʨʘʩʢʘʣʳʚʘʥʠʝ ʚ 

ʚʘʢʫʫʤʝ ʧʨʠ 200ʦʉ) ʧʦʟʚʦʣʠʣʦ ʨʘʩʰʠʨʠʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʛʘʟʦʚʳʭ ʧʨʠʤʝʩʷʭ ʚ ʘʣʤʘʟʝ [Melton, 

Giardini, 1974]. ʅʘʨʷʜʫ ʩ ʫʧʦʤʷʥʫʪʳʤʠ ʚʳʰʝ ʜʚʫʦʢʠʩʴʶ ʫʛʣʝʨʦʜʘ, ʧʘʨʘʤʠ ʚʦʜʳ, ʤʝʪʘʥʦʤ ʠ 

ʘʨʛʦʥʦʤ ʚ ʘʣʤʘʟʘʭ ʙʳʣ ʦʙʥʘʨʫʞʝʥʳ ʟʥʘʯʠʪʝʣʴʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʦʜʦʨʦʜʘ (ʜʦ 59 

ʦʙ.%), ʦʢʠʩʠ ʫʛʣʝʨʦʜʘ (ʜʦ 45,8 ʦʙ.%), ʘ ʪʘʢʞʝ ʥʝʙʦʣʴʰʠʝ ʩʦʜʝʨʞʘʥʠʷ ʥʝʧʨʝʜʝʣʴʥʳʭ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ: ʵʪʝʥʘ (ʅ2ʉ=ʉʅ2) ʠ ʧʨʦʧʝʥʘ (ʅ2ʉ=ʉʅïʉʅ3). ʇʨʠ ʵʪʦʤ ʙʳʣʘ ʚʳʷʚʣʝʥʘ 

ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʛʘʟʦʚʳʤ ʩʦʩʪʘʚʦʤ ʘʣʤʘʟʦʚ, ʪʠʧʦʤ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʨʦʝʥʠʷ ʠ ʛʘʙʠʪʫʩʦʤ 

ʢʨʠʩʪʘʣʣʦʚ. ʊʘʢ, ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʘʭ ʩ ʧʦʩʣʦʡʥʳʤ ʚʥʫʪʨʝʥʥʠʤ ʩʪʨʦʝʥʠʝʤ ʛʣʘʚʥʳʤʠ 

ʧʨʠʤʝʩʷʤʠ ʷʚʣʷʶʪʩʷ ʚʦʜʦʨʦʜ, ʧʘʨʳ ʚʦʜʳ, ʤʝʪʘʥ, ʦʢʠʩʴ ʠ ʜʚʫʦʢʠʩʴ ʫʛʣʝʨʦʜʘ. ɺ ʢʫʙʘʭ ʩ 

ʚʦʣʦʢʥʠʩʪʳʤ ʚʥʫʪʨʝʥʥʠʤ ʩʪʨʦʝʥʠʝʤ ʨʝʟʢʦ ʧʨʝʦʙʣʘʜʘʝʪ H2ʆ (63,6 ʠ 85,1 ʦʙ.%), ʘ ʚ 

ʧʦʜʯʠʥʝʥʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʜʚʫʦʢʠʩʴ ʫʛʣʝʨʦʜʘ ʠ ʤʝʪʘʥ. ʉ.ʄʝʣʪʦʥ ʠ ɸ.ɾʠʘʨʜʠʥʠ 

(1974) ʧʦʣʘʛʘʶʪ, ʯʪʦ ʨʦʩʪ ʘʣʤʘʟʘ ʚ ʤʘʥʪʠʠ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʧʫʪʝʤ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ ʛʘʟʘ ʠʣʠ 

ʨʘʩʧʣʘʚʘ. ʇʨʠ ʵʪʦʤ ʚʢʣʶʯʝʥʠʷ ʛʘʟʦʚ ʚ ʘʣʤʘʟʘʭ ʷʚʣʷʶʪʩʷ ʧʝʨʚʠʯʥʳʤʠ, ʪ.ʝ. ʛʘʟʳ, ʚʳʜʝʣʝʥʥʳʝ ʠʟ 

ʘʣʤʘʟʘ - ʵʪʦ ʢʦʤʧʦʥʝʥʪʳ ʩʨʝʜʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʧʨʦʮʝʩʩʝ ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʧʦ 

ʨʝʘʢʮʠʷʤ: 

ʉ+ʆ2 ź CO2    (2) 

H2 +0.5ʆ2ź H2ʆ    (3) 

ʉ+0.5ʆ2ź CO    (4) 

C+2 H2źCH4     (5) 

H2 + CO2ź H2ʆ+CO   (6) 

4H2 + CO2ź CH4 +2H2ʆ  (7) 

CH4 +CO źH2ʆ+ H2 +C ʘʣʤ  (8) 

 

ʇʦʩʣʝʜʫʶʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʉ.ʄʝʣʪʦʥʘ ʠ ɸ. ɾʠʘʨʜʠʥʠ (1975, 1981) ʧʦʟʚʦʣʠʣʠ ʚʳʷʚʠʪʴ 

ʥʝʢʦʪʦʨʳʝ ʚʘʨʠʘʮʠʠ ʚ ʩʦʩʪʘʚʝ ʛʘʟʦʚ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ ʨʘʟʣʠʯʥʳʭ ʘʣʤʘʟʦʥʦʩʥʳʭ ʧʨʦʚʠʥʮʠʡ 

(ʪʘʙʣʠʮʘ 1.2). 
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ʊʘʙʣʠʮʘ 1.2. ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʦʙʲʝʤʥʳʭ % ʛʘʟʦʚ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʘʣʤʘʟʦʚ ʨʘʟʥʳʭ ʧʨʦʚʠʥʮʠʡ 

ʧʨʠ 200ʦʉ ʚ ʚʘʢʫʫʤʝ [Melton, Giardini, 1981] 

 

ɻʘʟʦʚʳʝ 

ʢʦʤʧʦʥʝʥʪʳ 

ɸʨʢʘʥʟʘʩ ɸʬʨʠʢʘ ʀʥʜʠʷ 

(ʦʙʲʝʤʥʳʡ %) (ʦʙʲʝʤʥʳʡ %) (ʦʙʲʝʤʥʳʡ %) 

H2 19,4 37,4 61,3 

CH4 3,7 6,5 7,0 

H2ʆ 39,6 16,5 16,9 

C2H4 0 1,1 0 

N2 15,9 0,3 0,7 

CO 3,8 21,0 1,4 

CH3OH 1,0 0 0 

CH3CH2OH 1,0 0,5 0 

C3H6 0 0,3 0 

Ar 0 0,4 0 

CO2 15,5 7,5 12,7 

 

ʊʘʢ, ʩʝʚʝʨʦʘʤʝʨʠʢʘʥʩʢʠʝ ʘʣʤʘʟʳ (ɸʨʢʘʥʟʘʩ) ʦʢʘʟʘʣʠʩʴ ʩʭʦʜʥʳʤʠ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ 

ʛʘʟʦʚʳʭ ʧʨʠʤʝʩʝʡ ʩ ʘʬʨʠʢʘʥʩʢʠʤʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʥʠʭ ʠʥʜʠʡʩʢʠʝ ʢʨʠʩʪʘʣʣʳ (ʠʟ ʜʦʢʝʤʙʨʠʡʩʢʠʭ 

ʢʦʥʛʣʦʤʝʨʘʪʦʚ ʨʘʡʦʥʘ ʇʘʥʥʘ) ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʤʝʥʝʝ ʨʘʟʥʦʦʙʨʘʟʥʳʤ ʛʘʟʦʚʳʤ ʩʦʩʪʘʚʦʤ. 

ɺ ʪʘʙʣʠʮʝ ʧʨʠʚʝʜʝʥʳ ʫʩʨʝʜʥʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ (ʦʙʲʝʤʥ. %) ʛʘʟʦʚ ʚ 

ʢʨʠʩʪʘʣʣʘʭ ʘʣʤʘʟʘ ʩ ʨʘʟʣʠʯʥʳʤ ʪʠʧʦʤ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʨʦʝʥʠʷ ʠʟ ʨʘʟʣʠʯʥʳʭ ʘʣʤʘʟʦʥʦʩʥʳʭ 

ʧʨʦʚʠʥʮʠʡ ʤʠʨʘ [Melton, Giardini, 1981]. ʇʦ ʤʥʝʥʠʶ ʉ.ʄʝʣʪʦʥʘ ʠ ɸ.ɾʠʘʨʜʠʥʠ (1981), 

ʚʘʞʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʨʠʨʦʜʥʳʭ ʘʣʤʘʟʦʚ ʷʚʣʷʶʪʩʷ ʦʪʥʦʰʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʪʜʝʣʴʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ :H2/H2ʆ ʠ CO/CO2  ʚ ʢʨʠʩʪʘʣʣʘʭ. 

ʀʟ ʪʘʙʣʠʮʳ ʚʠʜʥʦ, ʯʪʦ ʦʜʥʠ ʢʦʤʧʦʥʝʥʪʳ - H2, CH4, N2, H2ʆ, CO, ʉʆ2 ʪʠʧʠʯʥʳ ʜʣʷ 

ʙʦʣʴʰʠʥʩʪʚʘ ʢʨʠʩʪʘʣʣʦʚ, ʘ ʜʨʫʛʠʝ - ʥʝʧʨʝʜʝʣʴʥʳʝ ʫʛʣʝʚʦʜʦʨʦʜʳ, ʩʧʠʨʪʳ, O2 ʠ Ar ïʧʨʦʷʚʣʷʶʪʩʷ 

ʩʧʦʨʘʜʠʯʝʩʢʠ. ʇʦʩʣʝʜʥʠʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʩʧʝʮʠʬʠʢʫ ʣʦʢʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʦʙʨʘʟʦʚʘʥʠʷ 

ʦʪʜʝʣʴʥʳʭ ʛʨʫʧʧ ʘʣʤʘʟʘ, ʧʨʠʯʝʤ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʥʝ ʚʩʝ ʵʪʠ ʚʢʣʶʯʝʥʠʷ  ʦʪʥʦʩʷʪʩʷ ʢ ʨʘʟʨʷʜʫ 

ʧʝʨʚʠʯʥʳʭ. ʇʦʤʠʤʦ ʘʨʛʦʥʘ, ʠʟ ʘʣʤʘʟʘ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʠ ʜʨʫʛʠʝ ʠʥʝʨʪʥʳʝ ʛʘʟʳ. [Takaoka, 

Ozima, 1978 a, ʙ].  

ʀʩʩʣʝʜʦʚʘʥʠʶ ʛʘʟʦʚʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʘʣʤʘʟʘʭ ʉʠʙʠʨʩʢʦʡ ʠ ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʦʡ 

ʧʣʘʪʬʦʨʤ ʧʦʩʚʷʱʝʥʳ ʨʘʙʦʪʳ ɿ.ɺ.ɹʘʨʪʦʰʠʥʩʢʦʛʦ ʩ ʩʘʚʪʦʨʘʤʠ (1987 ʘ, ʙ). ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʨʝʜʰʝʩʪʚʫʶʱʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ [Melton, Giardini, 1974, 1975, 1981], ɿ.ɺ. ɹʘʨʪʦʰʠʥʩʢʠʤ ʩ 

ʩʦʘʚʪʦʨʘʤʠ ʙʳʣʘ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʙʦʣʝʝ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʘʷ ʢʦʣʣʝʢʮʠʷ ʢʨʠʩʪʘʣʣʦʚ ï 44 ʘʣʤʘʟʘ 

ʠʟ ʷʢʫʪʩʢʠʭ ʪʨʫʙʦʢ ʄʠʨ, ʉʳʪʳʢʘʥʩʢʘʷ ʠ ʥʝʢʦʪʦʨʳʭ ʩʠʙʠʨʩʢʠʭ ʨʦʩʩʳʧʝʡ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 
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ʛʣʘʚʥʦʡ, ʧʨʝʦʙʣʘʜʘʶʱʝʡ ʚ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʦʪʥʦʰʝʥʠʠ ʧʨʠʤʝʩʴʶ ʷʚʣʷʝʪʩʷ ʘʟʦʪ, 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʪʘʢʞʝ ʧʨʠʤʝʩʠ ʚʦʜʳ, ʚʦʜʦʨʦʜʘ, ʦʢʩʠʜʘ ʠ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ, ʘ ʪʘʢʞʝ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ʇʨʠ ʵʪʦʤ ʧʨʠʤʝʩʥʳʝ ʛʘʟʦʚʳʝ ʢʦʤʧʦʥʝʥʪʳ ʧʦ ʤʝʨʝ ʟʥʘʯʠʤʦʩʪʠ ʦʙʨʘʟʫʶʪ ʨʷʜ:  

N2 > H2ʆ> H2 >CO > CO2 > CH4. 

ɻʣʘʚʥʳʤʠ ʛʘʟʦʚʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʚ ʘʣʤʘʟʘʭ ʠʟ ʪʨʫʙʦʢ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠʤ. 

ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʦʡ ʧʣʘʪʬʦʨʤʳ (ʪʘʙʣʠʮʘ 1.3), ʷʚʣʷʶʪʩʷ CO2 ʠ  H2ʆ, ʪʦʛʜʘ 

ʢʘʢ CO ʥʝ ʦʙʥʘʨʫʞʝʥ [ɹʘʨʪʦʰʠʥʩʢʠʡ ʠ ʜʨ. 1987, ʙ]. ɺʩʣʝʜ ʟʘ ʉ.ʄʝʣʪʦʥʦʤ ʠ ɸ.ɾʠʘʨʜʠʥʠ 

(1981), ɿ.ɺ.ɹʘʨʪʦʰʠʥʩʢʠʡ ʩ ʩʦʘʚʪʦʨʘʤʠ (1987,ʙ) ʠʩʧʦʣʴʟʦʚʘʣ ʦʪʥʦʰʝʥʠʝ CO/CO2 ʚ ʢʨʠʩʪʘʣʣʘʭ 

ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ ʚ ʩʨʝʜʝ ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʷ. ʇʦ 

ʵʪʦʤʫ ʧʘʨʘʤʝʪʨʫ ʘʣʤʘʟʳ ʠʟ ʪʨʫʙʦʢ ʎʝʥʪʨʘʣʴʥʦʡ ʗʢʫʪʠʠ ʟʘʤʝʪʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʘʣʤʘʟʦʚ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠʤ. ʃʦʤʦʥʦʩʦʚʘ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ. ʕʪʦ, ʧʦ ʤʥʝʥʠʶ ɿ.ɺ. ɹʘʨʪʦʰʠʥʩʢʦʛʦ ʩ 

ʩʦʘʚʪʦʨʘʤʠ, ʦʪʨʘʞʘʝʪ ʦʢʠʩʣʠʪʝʣʴʥʳʝ ʫʩʣʦʚʠʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʦʩʣʝʜʥʠʭ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʘʣʤʘʟʘʤʠ ʗʢʫʪʠʠ. 

 

ʊʘʙʣʠʮʘ 1.3. ʉʦʩʪʘʚ ʛʘʟʦʚ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠʤ. ʃʦʤʦʥʦʩʦʚʘ 

ʧʦ ʜʘʥʥʳʤ ɿ.ɺ.ɹʘʨʪʦʰʠʥʩʢʦʛʦ ʩ ʩʦʘʚʪʦʨʘʤʠ (1987, ʙ) 

 

 

ʉʦʩʪʘʚ 

ʛʘʟʦʚ 

ʉʦʜʝʨʞʘʥʠʝ ʛʘʟʦʚ (ʦʙʲʝʤ. %) ʚ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʛʨʫʧʧʘʭ ʢʨʠʩʪʘʣʣʦʚ  

ʈʷʜ ʦʢʪʘʵʜʨ-

ʜʦʜʝʢʘʵʜʨʦʠʜ 

ɼʦʜʝʢʘʵʨʦʠʜʳ 

çʫʨʘʣʴʩʢʦʛʦè ʪʠʧʘ 

ʈʦʤʙʦʜʦʜʝʢʘʵʜʨʳ ʩ 

ʙʣʦʢʦʚʦʡ 

ʩʢʫʣʴʧʪʫʨʦʡ 

H2 1,21 1,03 0 

H2ʆ 34,14 69,82 18,82 

CO2 90,12 25,26 77,81 

CH4 1,45 0,52 0,48 

N2 13,08 3,37 2,89 

 

ʉʫʤʤʠʨʫʷ ʚʳʰʝʠʟʣʦʞʝʥʥʦʝ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʛʘʟʦʚʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʚ 

ʘʣʤʘʟʘʭ ʠʟ ʨʘʟʣʠʯʥʳʭ ʘʣʤʘʟʦʥʦʩʥʳʭ ʧʨʦʚʠʥʮʠʡ ʤʠʨʘ ʷʚʣʷʶʪʩʷ H2ʆ, CO CO2, CH4 ʠ N2. ʕʪʠ 

ʩʦʝʜʠʥʝʥʠʷ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʩʨʝʜʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʘʣʤʘʟʘ ʠ 

ʤʦʛʫʪ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʨʝʘʢʮʠʠ ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʷ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, H2 ʠ Ar ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʥʝ 

ʚʦ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʧʨʦʙʘʭ. ɼʘʥʥʳʝ ʧʦ ʘʣʤʘʟʘʤ ʗʢʫʪʠʠ, ʧʦʣʫʯʝʥʥʳʝ ɿ.ɺ. ɹʘʨʪʦʰʠʥʩʢʠʤ ʩ 

ʩʦʘʚʪʦʨʘʤʠ (1987, ʙ), ʢʘʯʝʩʪʚʝʥʥʦ ʩʭʦʜʥʳ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʙʦʣʝʝ ʧʦʟʜʥʠʭ ʘʥʘʣʠʟʦʚ ʷʢʫʪʩʢʠʭ 

ʢʨʠʩʪʘʣʣʦʚ, ʚʳʧʦʣʥʝʥʥʳʭ ʉ.ɹ.ʊʘʣʴʥʠʢʦʚʦʡ (1991) ʠ ʂ.ʇ.ɸʨʛʫʥʦʚʳʤ (2000). ʆʜʥʘʢʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʛʘʟʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚʦ ʚʢʣʶʯʝʥʠʷʭ ʚ ʨʘʙʦʪʘʭ ʨʘʟʥʳʭ ʘʚʪʦʨʦʚ ʦʪʣʠʯʘʝʪʩʷ. ɺ 

ʙʦʣʴʰʠʥʩʪʚʝ ʢʨʠʩʪʘʣʣʦʚ, ʠʟʫʯʝʥʥʳʭ ʉ.ɹ.ʊʘʣʴʥʠʢʦʚʦʡ ʠ ʂ.ʇ.ɸʨʛʫʥʦʚʳʤ, ʜʠʢʦʩʠʜ ʫʛʣʝʨʦʜʘ 

ʧʨʝʦʙʣʘʜʘʝʪ ʥʘʜ ʘʟʦʪʦʤ, ʘ ʧʦ ʜʘʥʥʳʤ ɿ.ɺ. ɹʘʨʪʦʰʠʥʩʢʦʛʦ ʩ ʩʦʘʚʪʦʨʘʤʠ, ʥʘʦʙʦʨʦʪ.  
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ʋʛʣʫʙʣʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʘʣʤʘʟʝ ʛʘʟʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʠʭ 

ʛʝʥʝʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ ʧʨʦʚʝʜʝʥʦ ʉ.ɹ.ʊʘʣʴʥʠʢʦʚʦʡ [ʊʘʣʴʥʠʢʦʚʘ, 1991; ɹʫʣʘʥʦʚʘ ʠ ʜʨ. 

1993]. ɹʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʢʨʠʩʪʘʣʣʳ ʘʣʤʘʟʘ ʠʟ ʪʨʫʙʦʢ ʋʜʘʯʥʘʷ ʠ ʄʠʨ ʩ ʚʢʣʶʯʝʥʠʷʤʠ 

ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ ʠ ʵʢʣʦʛʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʡ, ʘ ʪʘʢʞʝ ʩʨʘʚʥʠʚʘʣʦʩʴ ʩʦʜʝʨʞʘʥʠʝ ʛʘʟʦʚ ʚ ʨʘʟʥʳʭ 

ʯʘʩʪʷʭ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʢʨʠʩʪʘʣʣʘ ï ʩ ʤʠʥʝʨʘʣʴʥʳʤ ʚʢʣʶʯʝʥʠʝʤ ʠ ʙʝʟ ʥʝʛʦ. ʇʨʠʥʮʠʧʠʘʣʴʥʦ 

ʚʘʞʥʳʤʠ ʚʳʚʦʜʘʤʠ, ʩʜʝʣʘʥʥʳʤʠ ʚ ʨʘʙʦʪʝ [ɹʫʣʘʥʦʚʘ ʠ ʜʨ., 1993] ʙʳʣʠ ʥʘʣʠʯʠʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʩʦʜʝʨʞʘʥʠʷ ʛʘʟʦʚ ʚ ʘʣʤʘʟʝ ʦʪ ʥʘʣʠʯʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʚʢʣʶʯʝʥʠʡ ʠ ʠʭ ʪʠʧʘ. ʇʦ ʜʘʥʥʳʤ ʵʪʦʡ 

ʨʘʙʦʪʳ, ʫʯʘʩʪʢʠ ʢʨʠʩʪʘʣʣʘ ʘʣʤʘʟʘ, ʩʦʜʝʨʞʘʱʠʝ ʧʝʨʚʠʯʥʳʝ ʤʠʥʝʨʘʣʴʥʳʝ ʚʢʣʶʯʝʥʠʷ ʦʙʦʛʘʱʝʥʳ 

ʛʘʟʦʚʳʤʠ ʧʨʠʤʝʩʷʤʠ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʜʦʙʥʳʤʠ ʫʯʘʩʪʢʘʤʠ ʢʨʠʩʪʘʣʣʘ ʙʝʟ ʚʢʣʶʯʝʥʠʡ. 

ɻ.ʇ. ɹʫʣʘʥʦʚʘ ʩ ʩʦʘʚʪʦʨʘʤʠ (1993) ʩʧʨʘʚʝʜʣʠʚʦ ʧʦʣʘʛʘʶʪ, ʯʪʦ ʜʘʥʥʳʡ ʵʬʬʝʢʪ ʦʙʫʩʣʦʚʣʝʥ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʛʘʟʘ, ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʚʢʣʶʯʝʥʠʷ 

ʧʝʨʝʜ ʝʛʦ ʢʦʥʩʝʨʚʘʮʠʝʡ ʢʨʠʩʪʘʣʣʦʤ ʘʣʤʘʟʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʯʴ ʠʜʝʪ ʦ ʛʘʟʘʭ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ 

ʚ ʩʨʝʜʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʘʣʤʘʟʘ.  

ɺʪʦʨʳʤ ʚʘʞʥʳʤ ʬʘʢʪʦʤ ʷʚʣʷʝʪʩʷ ʨʘʟʜʝʣʝʥʠʝ ʧʦ ʪʠʧʫ ʩʨʝʜʳ ʘʣʤʘʟʦʚ ʵʢʣʦʛʠʪʦʚʦʡ ʠ 

ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ ʘʩʩʦʮʠʘʮʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʩʨʝʜʳ. ʉʫʱʝʩʪʚʝʥʥʦ ʪʦ, ʯʪʦ ʘʣʤʘʟʳ ʩ 

ʚʢʣʶʯʝʥʠʷʤʠ ʵʢʣʦʛʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ, ʢʨʠʩʪʘʣʣʠʟʦʚʘʚʰʠʝʩʷ ʚ ʩʨʝʜʝ ʙʘʟʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ, 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʙʦʛʘʱʝʥʳ ʛʘʟʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʘʣʤʘʟʘʤʠ ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ 

ʘʩʩʦʮʠʘʮʠʠ, ʩʬʦʨʤʠʨʦʚʘʨʰʠʤʠʩʷ ʩʨʝʜʠ ʙʝʜʥʳʭ ʣʝʪʫʯʠʤʠ ʧʝʨʠʜʦʪʠʪʦʚ. ɻʘʟʦʚʳʝ ʢʦʤʧʦʥʝʥʪʳ, 

ʚʳʜʝʣʝʥʥʳʝ ʠʟ ʘʣʤʘʟʘ, ʧʨʠʩʫʪʩʪʚʫʶʪ ʚʥʫʪʨʠ ʢʨʠʩʪʘʣʣʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʘʭ: ʩʪʨʫʢʪʫʨʥʦʡ (N-, 

N2-, N4-, C2H2 ï ʮʝʥʪʨʳ ʠ ʜʨ.) ʠ ʬʘʟʦʚʦʡ (ʧʝʨʚʠʯʥʳʝ ʠ ʚʪʦʨʠʯʥʳʝ ʚʢʣʶʯʝʥʠʷ ʨʘʟʣʠʯʥʦʛʦ 

ʩʦʩʪʘʚʘ). ʇʨʠ ʪʝʨʤʠʯʝʩʢʦʤ ʨʘʟʨʫʰʝʥʠʠ ʘʣʤʘʟʘ, ʦʪʜʝʣʴʥʳʝ ʛʘʟʦʚʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʧʦ-ʚʠʜʠʤʦʤʫ, 

ʤʦʛʫʪ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴʩʷ ʠʣʠ ʚʩʪʫʧʘʪʴ ʚ ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʤʝʞʜʫ ʩʦʙʦʡ. ɺ ʵʪʦʡ ʩʚʷʟʠ 

ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ, ʩ ʛʝʥʝʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʜʘʥʥʳʝ ʧʨʷʤʳʭ ʦʧʨʝʜʝʣʝʥʠʡ 

ʩʦʩʪʘʚʘ ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʘʣʤʘʟʝ. ɺ ʨʘʙʦʪʝ ɸ.ɸ. ʊʦʤʠʣʝʥʢʦ ʩ ʩʦʘʚʪʦʨʘʤʠ (1997) 

ʩʦʦʙʱʘʝʪʩʷ ʦ ʥʘʭʦʜʢʝ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʘʣʤʘʟʘʭ ʨʘʟʤʝʨʦʤ ʦʪ 

ʥʝʩʢʦʣʴʢʠʭ ʜʦ 35 ɛm ʠʟ ʨʦʩʩʳʧʝʡ ʗʢʫʪʠʠ. ʆʥʠ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʚʥʫʪʨʠ ʢʨʠʩʪʘʣʣʘ ʘʣʤʘʟʘ ʚ 

ʟʘʣʝʯʝʥʥʳʭ ʪʨʝʱʠʥʘʭ, ʥʝ ʚʳʭʦʜʷʱʠʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʯʠʪʘʪʴ, ʯʪʦ ʧʨʠ 

ʢʦʥʩʝʨʚʘʮʠʠ ʚʢʣʶʯʝʥʠʡ ʧʨʦʮʝʩʩ ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʝʱʝ ʥʝ ʙʳʣ ʦʢʦʥʯʘʪʝʣʴʥʦ ʟʘʚʝʨʰʝʥ, ʪ.ʝ. 

ʩʦʩʪʘʚ ʚʢʣʶʯʝʥʠʡ ʦʪʨʘʞʘʝʪ ʩʦʩʪʘʚ ʩʨʝʜʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʘʣʤʘʟʘ. ɸʚʪʦʨʳ ʜʘʥʥʦʡ ʧʫʙʣʠʢʘʮʠʠ ʩ 

ʧʦʤʦʱʴʶ ʢʦʤʧʣʝʢʩʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʧʨʦʚʝʣʠ ʧʨʷʤʳʝ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʘʚʘ 

ʚʢʣʶʯʝʥʠʡ ʠ ʚʳʜʝʣʠʣʠ ʩʨʝʜʠ ʥʠʭ ʪʨʠ ʛʨʫʧʧʳ: ʫʛʣʝʢʠʩʣʦʪʥʦ-ʘʟʦʪʥʦ-ʫʛʣʝʚʦʜʦʨʦʜʥʳʝ, 

ʫʛʣʝʢʠʩʣʦʪʥʦ-ʘʟʦʪʥʳʝ ʠ ʫʛʣʝʚʦʜʦʨʦʜʥʳʝ. ʅʝ ʠʩʢʣʶʯʘʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝ ʚʦ ʚʢʣʶʯʝʥʠʷʭ 

ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʅ2ʆ. ʇʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, ʚʢʣʶʯʝʥʠʷ ʜʚʫʭ ʧʦʩʣʝʜʥʠʭ ʛʨʫʧʧ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʡ ʟʘʣʝʯʝʥʥʦʡ ʪʨʝʱʠʥʳ, ʦʙʨʘʟʦʚʘʣʠʩʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʩʢʨʳʪʠʷ 

ʚʢʣʶʯʝʥʠʡ ʧʝʨʚʦʡ ʛʨʫʧʧʳ. 
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ʀʪʘʢ, ʚʳʷʚʣʝʥʥʳʝ ɸ.ɸ. ʊʦʤʠʣʝʥʢʦ ʩ ʩʦʘʚʪʦʨʘʤʠ (1997) ʚʢʣʶʯʝʥʠʷ ʩʦʜʝʨʞʘʪ ʛʘʟʳ, 

ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʨʝʘʢʮʠʠ ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʧʦ ʪʠʧʫ: 

Cʅ4 + CO2ź 2ʉʘʣʤ + 2ʅ2ʆ    (9) 

ɺʢʣʯʁʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʜʚʫʦʢʠʩʴ ʫʛʣʝʨʦʜʘ ʠ ʤʦʣʝʢʫʣʷʨʥʳʡ ʘʟʦʪ (ʫʛʣʝʢʠʩʣʦʪʥʦ-ʘʟʦʪʥʳʝ) 

ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʚ ʘʣʤʘʟʘʭ ʩ ʧʦʩʣʦʡʥʳʤ ʦʢʪʘʵʜʨʠʯʝʩʢʠʤ ʚʥʫʪʨʝʥʥʠʤ ʩʪʨʦʝʥʠʝʤ [Smith, 

Kopylova, Frezzotti, Afanasiev, 2014]. 

ʍʠʤʠʯʝʩʢʠ ʠʥʝʨʪʥʳʡ ʘʟʦʪ ʣʠʙʦ ʷʚʣʷʝʪʩʷ ʩʦʧʫʪʩʪʚʫʶʱʠʤ ʢʦʤʧʦʥʝʥʪʦʤ 

ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʭ ʬʣʶʠʜʦʚ, ʣʠʙʦ ʧʨʠ ʠʟʙʳʪʢʝ ʫʛʣʝʚʦʜʦʨʦʜʦʚ (Cʅ4) ʚ ʩʨʝʜʝ ʚʩʪʫʧʘʝʪ ʚ 

ʨʝʘʢʮʠʶ ʩ ʤʝʪʘʥʦʤ, ʢʘʢ ʵʪʦ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ ʥʘʤʠ ʨʘʥʝʝ [ɹʣʠʥʦʚʘ, ʉʠʤʘʢʦʚ, ɻʫʨʢʠʥʘ, ʌʨʦʣʦʚʘ, 

1988]: 

3 Cʅ4 + 2 N2ź4 Nʅ3 + 3Cʘʣʤ   (10) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ: 

1. ɺ ʧʨʠʨʦʜʥʳʭ ʘʣʤʘʟʘʭ ʚ ʩʦʩʪʘʚʝ ʤʠʢʨʦʚʢʣʶʯʝʥʠʡ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʨʘʟʣʠʯʥʳʭ 

ʩʦʦʪʥʦʰʝʥʠʷʭ: ʜʠʦʢʩʠʜ ʠ ʦʢʩʠʜ ʫʛʣʝʨʦʜʘ, ʫʛʣʝʚʦʜʦʨʦʜʳ, ʘʟʦʪ, ʚʦʜʦʨʦʜ, ʅ2ʆ ʠ ʚ ʧʦʜʯʠʥʝʥʥʳʭ 

ʢʦʣʠʯʝʩʪʚʘʭ ʠʥʝʨʪʥʳʝ ʛʘʟʳ. 

2. ʉʦʩʪʘʚ ʛʘʟʦʚ, ʚʢʣʶʯʝʥʥʳʭ ʚ ʘʣʤʘʟ, ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʦʩʪʘʚ ʩʨʝʜʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʅʘ 

ʧʝʨʚʠʯʥʳʡ ʭʘʨʘʢʪʝʨ ʛʘʟʦʚʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʘʣʤʘʟʘʭ ʫʢʘʟʳʚʘʶʪ ʩʣʝʜʫʶʱʠʝ ʬʘʢʪʳ: 

- ʥʘʭʦʞʜʝʥʠʝ ʚʢʣʶʯʝʥʠʡ ʚʥʫʪʨʠ ʟʘʣʝʯʝʥʥʳʭ ʪʨʝʱʠʥ ʚ ʘʣʤʘʟʝ 

- ʧʨʷʤʘʷ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʩʦʜʝʨʞʘʥʠʝʤ ʛʘʟʦʚ ʚ ʢʨʠʩʪʘʣʣʝ ʠ ʥʘʣʠʯʠʝʤ ʚ ʥʝʤ ʧʨʦʪʦ- ʠ 

ʩʠʥʛʝʥʝʪʠʯʝʩʢʠʭ ʤʠʥʝʨʘʣʴʥʳʭ ʚʢʣʶʯʝʥʠʡ 

- ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʛʘʟʦʚ ʚ ʘʣʤʘʟʝ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʵʢʣʦʛʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʘʣʤʘʟʘʤʠ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ ʘʩʩʦʮʠʘʮʠʠ 

3. ʉʘʤʳʤʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʛʘʟʦʚʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʚʩʪʨʝʯʘʶʱʠʤʩʷ ʚʦ ʚʩʝʭ ʙʝʟ 

ʠʩʢʣʶʯʝʥʠʷ ʢʨʠʩʪʘʣʣʘʭ ʘʣʤʘʟʘ, ʷʚʣʷʶʪʩʷ ʅ2ʆ ʠ CO2. ʀʟʙʳʪʦʢ ʵʪʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʩʨʝʜʝ 

ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʦʙʲʷʩʥʷʝʪ ʧʨʝʦʙʣʘʜʘʥʠʝ ʚʦʜʳ ʠ ʢʘʨʙʦʥʘʪʦʚ ʚ ʩʦʩʪʘʚʝ 

ʫʣʴʪʨʘʤʠʢʨʦʚʢʣʶʯʝʥʠʡ ʚ ʘʣʤʘʟʘʭ ʩ ʚʦʣʦʢʥʠʩʪʳʤ ʚʥʫʪʨʝʥʥʠʤ ʩʪʨʦʝʥʠʝʤ  

4 ʅʘʣʠʯʠʝ ʚ ʩʦʩʪʘʚʝ ʛʘʟʦʚ ʦʢʠʩʣʝʥʥʦʡ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʬʦʨʤ ʫʛʣʝʨʦʜʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ 

ʦ ʚʝʨʦʷʪʥʦʤ ʫʯʘʩʪʠʠ ʵʪʠʭ ʛʘʟʦʚ ʚ ʧʨʦʮʝʩʩʝ ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʷ, ʧʦ ʨʝʘʢʮʠʠ ʪʠʧʘ: 

Cʅ4 + CO2ź 2ʉʘʣʤ + 2ʅ2ʆ (9). 

 

1.4. ʉʪʨʫʢʪʫʨʥʳʝ ʧʨʠʤʝʩʠ ʠ ʜʨʫʛʠʝ ʜʝʬʝʢʪʳ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ ʘʣʤʘʟʘ 

 

ʅʝʩʤʦʪʨʷ ʥʘ ʧʨʦʩʪʦʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʘʣʤʘʟʘ, ʝʛʦ ʨʝʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʩʦʜʝʨʞʠʪ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʜʝʬʝʢʪʳ, ʧʨʠʨʦʜʘ ʢʦʪʦʨʳʭ ʨʘʟʣʠʯʥʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʭ ʠʟʚʝʩʪʥʦ ʙʦʣʝʝ 

ʧʷʪʠʜʝʩʷʪʠ. 
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ɺʝʩʴʤʘ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʘʣʤʘʟʘ ʥʝʧʨʠʤʝʩʥʳʝ (ʩʦʙʩʪʚʝʥʥʳʝ) 

ʜʝʬʝʢʪʳ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʚʘʢʘʥʩʠʠ ʚ ʨʘʟʥʳʭ ʟʘʨʷʜʦʚʳʭ ʩʦʩʪʦʷʥʠʷʭ, ʩʢʦʧʣʝʥʠʷ ʚʘʢʘʥʩʠʡ, 

ʩʤʝʱʝʥʥʳʝ ʘʪʦʤʳ ʫʛʣʝʨʦʜʘ, ʪʦʯʝʯʥʳʝ ʠ ʧʨʦʪʷʞʝʥʥʳʝ ʜʠʩʣʦʢʘʮʠʠ. ɼʨʫʛʘʷ ʯʘʩʪʴ 

ʤʠʢʨʦʜʝʬʝʢʪʦʚ ʠʤʝʝʪ ʧʨʠʤʝʩʥʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʪʜʝʣʴʥʳʝ ʯʫʞʝʨʦʜʥʳʝ 

ʘʪʦʤʳ (ʥʝʡʪʨʘʣʴʥʳʝ ʠʣʠ ʟʘʨʷʞʝʥʥʳʝ), ʥʝʩʢʦʣʴʢʦ ʘʪʦʤʦʚ ʠ ʠʭ ʦʙʲʝʤʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʫʷ ʩ ʚʘʢʘʥʩʠʷʤʠ, ʩʪʨʫʢʪʫʨʥʳʝ ʧʨʠʤʝʩʠ ʬʦʨʤʠʨʫʶʪ ʥʦʚʳʝ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ 

ʮʝʥʪʨʳ.  

ʇʨʠʤʝʩʠ ʠ ʥʝʧʨʠʤʝʩʥʳʝ ʜʝʬʝʢʪʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʘʣʤʘʟʘ, ʩ ʥʘʰʝʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, 

ʥʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳ ʚ ʛʝʥʝʪʠʯʝʩʢʦʤ ʘʩʧʝʢʪʝ. ʄʥʦʛʠʝ ʠʟ ʥʠʭ ʦʙʨʘʟʫʶʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ 

ʧʨʦʮʝʩʩʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʘʣʤʘʟʘ. ʇʨʠ ʵʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʠʤʝʩʝʡ, ʩʦʛʣʘʩʥʦ 

ʪʝʦʨʠʠ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ [ʏʝʨʥʦʚ, ɻʠʚʘʨʛʠʟʦʚ, 1980], ʦʧʨʝʜʝʣʷʝʪʩʷ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʩʨʝʜʳ, 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʠ ʩʢʦʨʦʩʪʴʶ ʧʨʦʮʝʩʩʘ. ɺʩʝ ʵʪʦ ʩʣʫʞʠʪ ʧʨʝʜʧʦʩʳʣʢʦʡ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʨʠʤʝʩʝʡ ʠ ʜʝʬʝʢʪʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʘʣʤʘʟʘ ʚ ʢʘʯʝʩʪʚʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʠʥʜʠʢʘʪʦʨʦʚ 

ʫʩʣʦʚʠʡ ʧʨʠʨʦʜʥʦʛʦ ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʷ. 

 

1.4.1. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʜʝʬʝʢʪʦʚ ʠ ʤʝʪʦʜʳ ʠʭ ʠʟʫʯʝʥʠʷ 

 

ʂʨʘʪʢʦ ʦʭʘʨʘʢʪʝʨʠʟʫʝʤ ʜʝʬʝʢʪʳ ʥʝʧʨʠʤʝʩʥʦʡ ʧʨʠʨʦʜʳ. ʆʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʙʦʣʴʰʦʝ ʩʝʤʝʡʩʪʚʦ ʮʝʥʪʨʦʚ ʦʪ ʪʦʯʝʯʥʳʭ - ʚʘʢʘʥʩʠʡ ʠ ʤʝʞʜʦʫʟʝʣʴʥʳʭ ʘʪʦʤʦʚ ʜʦ ʜʠʩʣʦʢʘʮʠʡ 

ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʦʯʝʯʥʳʭ ʜʝʬʝʢʪʦʚ ʧʨʦʚʦʜʠʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʣʫʯʝʥʠʷ 

ʘʣʤʘʟʦʚ ʨʘʟʣʠʯʥʳʤʠ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʯʘʩʪʠʮʘʤʠ (ʵʣʝʢʪʨʦʥʘʤʠ, ʥʝʡʪʨʦʥʘʤʠ ʠ 

ʜʨʫʛʠʤʠ) ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʘʥʘʣʠʟʦʤ ʠʭ ʵʣʝʢʪʨʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʇʨʠʩʫʪʩʪʚʠʝ 

ʧʦʜʦʙʥʳʭ ʜʝʬʝʢʪʦʚ ʚ ʧʨʠʨʦʜʥʳʭ ʘʣʤʘʟʘʭ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʘʜʠʘʮʠʦʥʥʦʤ ʦʙʣʫʯʝʥʠʠ 

ʢʨʠʩʪʘʣʣʦʚ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʨʦʩʪʘ ʠʣʠ ʚ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʡ ʧʝʨʠʦʜ. ʆʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʭ 

ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʪʦʯʝʯʥʳʭ ʜʝʬʝʢʪʦʚ - ʥʝʡʪʨʘʣʴʥʘʷ ʚʘʢʘʥʩʠʷ, ʧʨʦʷʚʣʷʶʱʘʷʩʷ ʚ ʩʧʝʢʪʨʘʭ 

ʧʦʛʣʦʱʝʥʠʷ ʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ ʚʠʜʝ GR-ʩʠʩʪʝʤʳ ʣʠʥʠʡ [Clark, Mitchell, 1971; 

 Clark, Walker, 1972]. 

ɼʨʫʛʘʷ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʥʝʧʨʠʤʝʩʥʳʭ ʜʝʬʝʢʪʦʚ ï ʜʠʩʣʦʢʘʮʠʠ, ʠʣʠ ʦʜʥʦʤʝʨʥʳʝ 

ʥʘʨʫʰʝʥʠʷ ʩʪʨʫʢʪʫʨʳ. ɺ ʧʨʠʨʦʜʥʳʭ ʘʣʤʘʟʘʭ ʦʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʚʫʤʷ ʦʩʥʦʚʥʳʤʠ ʪʠʧʘʤʠ: 

ʨʦʩʪʦʚʳʤʠ ʠ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʤʠ. ʂ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʤ ʜʠʩʣʦʢʘʮʠʷʤ ʚ ʯʘʩʪʥʦʩʪʠ ʦʪʥʦʩʷʪʩʷ 

ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʧʣʘʩʪʠʯʝʩʢʠʝ ʜʝʬʦʨʤʘʮʠʠ, ʦʙʫʩʣʦʚʣʠʚʘʶʱʠʝ ʢʦʨʠʯʥʝʚʫʶ ʠ 

ʜʤrʯʘʪʫʶ ʦʢʨʘʩʢʫ ʢʨʠʩʪʘʣʣʦʚ. [ʉʦʙʦʣʝʚ, 1978]. ʈʦʩʪʦʚʳʝ ʜʠʩʣʦʢʘʮʠʠ ʠʤʝʶʪ ʭʘʨʘʢʪʝʨʥʫʶ 

ʬʦʨʤʫ ʧʫʯʢʦʚ, ʨʘʩʭʦʜʷʱʠʭʩʷ ʦʪ ʮʝʥʪʨʘ ʢ ʧʦʚʝʨʭʥʦʩʪʠ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʪʘʢʠʭ ʜʠʩʣʦʢʘʮʠʡ 

ʚʘʨʴʠʨʫʝʪ: ʦʪ ʝʜʠʥʠʯʥʳʭ ʚ ʢʨʠʩʪʘʣʣʘʭ ʩ ʩʦʚʝʨʰʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʜʦ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ, ʢʦʛʜʘ 

ʧʫʯʢʠ ʜʠʩʣʦʢʘʮʠʡ ʢʘʢ ʙʳ ʧʨʦʥʠʟʳʚʘʶʪ ʢʨʠʩʪʘʣʣ ʧʦ ʚʩʝʤʫ ʝʛʦ ʦʙʲʝʤʫ.  
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ɺ ʦʪʣʠʯʠʝ ʦʪ ʨʦʩʪʦʚʳʭ ʜʠʩʣʦʢʘʮʠʡ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʝ ʜʠʩʣʦʢʘʮʠʠ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʝʡ, ʣʦʢʘʣʠʟʦʚʘʥʳ ʚʜʦʣʴ ʧʣʦʩʢʦʩʪʝʡ ʩʢʦʣʴʞʝʥʠʷ, ʦʙʳʯʥʦ ʚʜʦʣʴ 

ʛʨʘʥʝʡ ʦʢʪʘʵʜʨʘ. ɺʟʘʠʤʥʦʝ ʧʝʨʝʩʝʯʝʥʠʝ ʜʚʫʭ ʩʠʩʪʝʤ ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʭʘʨʘʢʪʝʨʥʦʝ ʙʣʦʢʦʚʦʝ ʩʪʨʦʝʥʠʝ ʢʨʠʩʪʘʣʣʦʚ, ʨʘʩʩʤʦʪʨʝʥʥʦʝ ʥʠʞʝ ʚ ʛʣʘʚʝ 2. 

ʇʦʚʳʰʝʥʥʘʷ ʧʣʦʪʥʦʩʪʴ ʜʠʩʣʦʢʘʮʠʡ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʙʣʦʢʦʚʳʤ ʩʪʨʦʝʥʠʝʤ ʢʨʠʩʪʘʣʣʦʚ ʥʘʠʙʦʣʝʝ 

ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ çʙʝʟʘʟʦʪʥʳʭè ʠʥʜʠʚʠʜʦʚ ʘʣʤʘʟʘ. 

ɺ ʧʨʠʨʦʜʥʳʭ ʘʣʤʘʟʘʭ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʧʣʘʩʪʠʥʯʘʪʳʝ ʜʝʬʝʢʪʳ 

ʚ ʧʣʦʩʢʦʩʪʠ ʢʫʙʘ, ʧʦʣʫʯʠʚʰʠʝ ʥʘʟʚʘʥʠʝ çʧʣʝʡʪʣʝʪʩè (platelets), ʠʣʠ ɺ2 (ɺ) - ʮʝʥʪʨʳ. 

ʃʠʥʝʡʥʳʝ ʨʘʟʤʝʨʳ ʵʪʠʭ ʦʙʨʘʟʦʚʘʥʠʡ ʩʦʩʪʘʚʣʷʶʪ ʦʪ 5 ʜʦ 100 ʥʤ, ʙʦʣʝʝ ʨʝʜʢʠ çʛʠʛʘʥʪʩʢʠʝè 

ʧʣʘʩʪʠʥʢʠ ʜʦ 10 ʤʢʤ [Evans, Phaal, 1962; Hudson, Phakey, 1976]. ʇʣʝʡʪʣʝʪʩ ʭʘʨʘʢʪʝʨʥʳ ʣʠʰʴ 

ʜʣʷ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʘʣʤʘʟʦʚ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʥʘ ʦʧʪʠʯʝʩʢʠʝ ʠ ʜʨʫʛʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʘʣʤʘʟʘ. ʇʨʠ ʦʮʝʥʢʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʵʪʠʭ ʜʝʬʝʢʪʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʦʩʥʦʚʥʳʤ ʤʘʢʩʠʤʫʤʦʤ 

1358-1380 ʩʤ-1, ʘ ʪʘʢʞʝ 1430 ʠ 330 ʩʤ-1 ʧʝʨʚʦʩʪʝʧʝʥʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʤʝʪʦʜ ʀʂ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ɺʦʣʥʦʚʳʝ ʯʠʩʣʘ ʛʣʘʚʥʦʡ ʧʦʣʦʩʳ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʥʘʭʦʜʷʪʩʷ ʚ ʦʙʨʘʪʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʘ ʧʣʘʩʪʠʥʦʢ, ʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʤʘʢʩʠʤʫʤʘ 1358-1380 ʩʤ-1 

ʚʟʘʠʤʦʩʚʷʟʘʥʘ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʟʦʪʘ ʚ ʢʨʠʩʪʘʣʣʝ [Woods, 1986]. ʕʪʦ ʧʦʟʚʦʣʠʣʦ 

ɽ.ɺ. ʉʦʙʦʣʝʚʫ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʣʝʡʪʣʝʪʩ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʣʘʩʪʠʥʯʘʪʳʤʠ ʘʛʨʝʛʘʮʠʷʤʠ 

ʩʪʨʫʢʪʫʨʥʦ-ʩʚʷʟʘʥʥʦʛʦ ʘʟʦʪʘ ʚ ʧʣʦʩʢʦʩʪʠ ʢʫʙʘ. ɼʦʣʛʦʝ ʚʨʝʤʷ ʵʪʘ ʢʦʥʮʝʧʮʠʷ ʷʚʣʷʣʘʩʴ 

ʜʦʤʠʥʠʨʫʶʱʝʡ ʚ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʣʠʪʝʨʘʪʫʨʝ, ʦʜʥʘʢʦ ʚ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʦʥʘ ʙʳʣʘ 

ʧʝʨʝʦʩʤʳʩʣʝʥʘ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʠʦʥʥʦʤʫ ʣʝʛʠʨʦʚʘʥʠʶ ʘʣʤʘʟʘ ʩ ʟʘʤʝʥʦʡ 14N ʥʘ 15N ʥʝ 

ʧʨʠʚʝʣʠ ʢ ʢʘʢʦʤʫ-ʣʠʙʦ ʠʟʤʝʥʝʥʠʶ ʚ ʧʦʣʦʞʝʥʠʠ ʠ ʢʦʥʬʠʛʫʨʘʮʠʠ ʤʘʢʩʠʤʫʤʘ 1358-1380 ʩʤȤ1, 

ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʘʟʦʪ ʥʝ ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ñʩʪʨʦʠʪʝʣʴʥʳʤò ʵʣʝʤʝʥʪʦʤ, 

ʬʦʨʤʠʨʫʶʱʠʤ ʧʣʝʡʪʣʝʪʩ [Zaitsev, 2001]. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʪʨʘʥʩʤʠʩʩʠʦʥʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ, ʧʨʠʚʝʜʝʥʥʳʤ ʚ ʨʘʙʦʪʝ [Evans, Kiflawi , Luyten, van Tendeloo, 1995], ʧʣʝʡʪʣʝʪʩ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʫʛʣʝʨʦʜʥʳʤʠ ʘʪʦʤʘʤʠ, ʪʦʛʜʘ ʢʘʢ ʘʟʦʪ ʚʭʦʜʠʪ ʚ ʠʭ ʩʦʩʪʘʚ ʚ 

ʧʦʜʯʠʥʝʥʥʦʤ ʢʦʣʠʯʝʩʪʚʝ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʛʦ, ʙʳʣʦ ʚʳʩʢʘʟʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ 

ʧʣʝʡʪʣʝʪʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʣʘʩʪʠʥʯʘʪʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʠʥʪʝʨʩʪʠʮʠʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʘ 

(ʨʠʩʫʥʦʢ 1.2), ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʩʤʝʱʝʥʠʷʤʠ ʘʣʤʘʟʥʦʡ ʨʝʰʝʪʢʠ [Evans, Kiflawi , Luyten, 

van Tendeloo, 1995]. 
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ʈʠʩʫʥʦʢ 1.2. ʕʣʝʢʪʨʦʥʥʳʝ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʧʣʝʡʪʣʝʪʩ (ʘ), ʜʠʩʣʦʢʘʮʠʦʥʥʳʭ ʧʝʪʝʣʴ 

ʠ ʚʦʠʜʠʪʦʚ (ʙ) ʚ ʘʣʤʘʟʘʭ [Evans e.a., 1995] 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʘʣʤʘʟʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʩʪʨʫʢʪʫʨʥʫʶ ʧʨʠʤʝʩʴ ʘʟʦʪʘ, 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 2400-2700Üʉ ʠ ʜʘʚʣʝʥʠʠ ʧʦʨʷʜʢʘ 9 ɻʇʘ ʧʣʝʡʪʣʝʪʩ ʨʘʩʧʘʜʘʶʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʜʠʩʣʦʢʘʮʠʦʥʥʳʭ ʧʝʪʝʣʴ ʠ ʚʦʠʜʠʪʦʚ (ʨʠʩʫʥʦʢ 1.2) [Evans, Kiflawi , Luyten, van Tendeloo, 1995]. 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʧʣʝʡʪʣʝʪʩ ʚ ʧʨʠʨʦʜʥʳʭ ʘʣʤʘʟʘʭ ʦʙʥʘʨʫʞʠʚʘʝʪ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʢʦʨʨʝʣʷʮʠʶ ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ ʘʟʦʪʘ ɺ-ʬʦʨʤʝ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ [Dobrinez, Vins, Zaitsev, 2013], ʯʪʦ 

ʘʟʦʪʥʳʝ ɺ-ʮʝʥʪʨʳ ʚ ʘʣʤʘʟʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʢʦʥʜʝʥʩʘʮʠʠ ʤʝʞʜʦʫʟʝʣʴʥʳʭ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʧʣʝʡʪʣʝʪʩ (ʨʠʩʫʥʦʢ 1.3). 

 

ʉʠʥʠʡ ï ʘʪʦʤʳ ʫʛʣʝʨʦʜʘ, ʞʝʣʪʳʡ ï ʘʪʦʤʳ ʘʟʦʪʘ ʚ ʩʦʩʪʘʚʝ B-ʜʝʬʝʢʪʦʚ, 

V-ʮʝʥʪʨʘʣʴʥʘʷ ʚʘʢʘʥʩʠʷ ʚ B-ʜʝʬʝʢʪʘʭ; 

ʉʪʨʝʣʢʘʤʠ ʫʢʘʟʘʥʳ ʦʧʨʝʜʝʣʝʥʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ ʘʣʤʘʟʘ. 

 

ʈʠʩʫʥʦʢ 1.3. ʄʦʜʝʣʴ ʧʣʝʡʪʣʝʪʩ ʧʦ ʨʘʙʦʪʝ [Dobrinez, Vins, Zaitsev, 2013], ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʜʚʝ 

ʙʣʠʞʘʡʰʠʝ ʧʣʦʩʢʦʩʪʠ (100), ʦʙʨʘʟʦʚʘʥʥʳʝ ʤʝʞʜʦʫʟʝʣʴʥʳʤ ʫʛʣʝʨʦʜʦʤ, ʦʢʨʫʞʘʶʱʠʝ B-

ʜʝʬʝʢʪʳ. B-ʜʝʬʝʢʪʳ ʩʣʫʞʘʪ ʚʝʨʦʷʪʥʳʤʠ ʮʝʥʪʨʘʤʠ ʢʦʥʜʝʥʩʘʮʠʠ ʤʝʞʜʦʫʟʝʣʴʥʳʭ ʘʪʦʤʦʚ 

ʫʛʣʝʨʦʜʘ 
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ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʠʤʝʝʪʩʷ ʙʦʣʴʰʘʷ ʛʨʫʧʧʘ ʘʣʤʘʟʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʚʦʣʦʢʥʠʩʪʳʤ 

ʚʥʫʪʨʝʥʥʠʤ ʩʪʨʦʝʥʠʝʤ, ʢʦʪʦʨʳʝ ʚ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʩʦʜʝʨʞʘʪ ʘʟʦʪ ʚ ɺ-ʬʦʨʤʝ, ʥʦ ʥʝ 

ʠʤʝʶʪ ʧʣʝʡʪʣʝʪʩ [Kaminsky, Khachatryan, 2004]. ʕʪʠ ʢʨʠʩʪʘʣʣʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʦʣʦʢʥʠʩʪʳʤ 

ʚʥʫʪʨʝʥʥʠʤ ʩʪʨʦʝʥʠʝʤ ʠ ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʪʨʫʙʦʢ ɿʦʣʦʪʠʮʢʦʛʦ ʧʦʣʷ ɸʨʭʘʥʛʝʣʴʩʢʦʡ 

ʦʙʣʘʩʪʠ [ʍʘʯʘʪʨʷʥ ʠ ʜʨ., 2008]. ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʧʣʝʡʪʣʝʪʩ ʚʦʟʤʦʞʥʦ ʣʠʰʴ ʚ 

ʢʨʠʩʪʘʣʣʘʭ, ʠʤʝʶʱʠʭ ʧʦʩʣʦʡʥʦ-ʦʢʪʘʵʜʨʠʯʝʩʢʦʝ ʚʥʫʪʨʝʥʥʝʝ ʩʪʨʦʝʥʠʝ. 

ɺ ʣʦʥʩʜʝʡʣʠʪʩʦʜʝʨʞʘʱʠʭ ʘʣʤʘʟʘʭ ʠʟ ʤʝʪʝʦʨʠʪʦʚ ʠ ʠʤʧʘʢʪʠʪʦʚ [ɺʘʛʘʥʦʚ ʠ ʜʨ., 1985] 

ʬʦʨʤʠʨʫʶʪʩʷ ʜʝʬʝʢʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʜʠʩʣʦʢʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʥʘ ʛʨʘʥʠʮʝ ʢʫʙʠʯʝʩʢʦʡ ʠ 

ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʬʘʟ, ʢʦʪʦʨʳʝ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʀʂ-ʧʦʛʣʦʱʝʥʠʠ (ʤʘʢʩʠʤʫʤ ʦʢʦʣʦ 1219 ʩʤ-1) ʠ ʕʇʈ-

ʩʧʝʢʪʨʘʭ [ʂʣʶʝʚ ʠ ʜʨ., 1978; ɹʣʠʥʦʚʘ, ʌʨʦʣʦʚʘ, 1983; ʂʘʤʠʥʩʢʠʡ ʠ ʜʨ., 1985]. ʂʦʥʮʝʥʪʨʘʮʠʷ ʵʪʠʭ 

ʜʝʬʝʢʪʦʚ, ʧʦ ʜʘʥʥʳʤ ʕʇʈ, ʩʦʩʪʘʚʣʷʝʪ 1-60 at.ppm [ʂʨʘʡʥʶʢ, ɹʘʨʪʦʰʠʥʩʢʠʡ, 1971]. 

ɼʨʫʛʘʷ ʛʨʫʧʧʘ ʩʪʨʫʢʫʪʫʨʥʳʭ ʜʝʬʝʢʪʦʚ ʦʙʫʩʣʦʚʣʝʥʘ ʧʨʠʤʝʩʷʤʠ. ʉʨʝʜʠ ʩʪʨʫʢʪʫʨʥʳʭ 

ʧʨʠʤʝʩʝʡ ʛʣʘʚʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʘʟʦʪ, ʠʟʦʤʦʨʬʥʦ ʟʘʤʝʱʘʶʱʠʡ ʫʛʣʝʨʦʜʥʳʝ ʘʪʦʤʳ ʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ ʘʣʤʘʟʘ. ʆʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʩʪʨʫʢʪʫʨʥʦʡ ʧʨʠʤʝʩʠ ʘʟʦʪʘ ʚ ʧʨʠʨʦʜʥʳʭ 

ʘʣʤʘʟʘʭ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 5000 at.ppm [Scarratt, Fritsh, 1992]. ʅʝʩʤʦʪʨʷ ʥʘ ʤʥʦʛʦʦʙʨʘʟʠʝ ʘʟʦʪʥʳʭ 

ʮʝʥʪʨʦʚ ʚ ʘʣʤʘʟʘʭ, ʦʥʠ ʥʝ ʨʘʚʥʦʮʝʥʥʳ ʧʦ ʩʪʝʧʝʥʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʠ ʟʥʘʯʝʥʠʷʤ 

ʢʦʥʮʝʥʪʨʘʮʠʡ. ɸʟʦʪʥʳʝ ʜʝʬʝʢʪʳ ʚ ʧʨʠʨʦʜʥʳʭ ʠ ʩʠʥʪʝʪʠʝʩʢʠʭ ʘʣʤʘʟʘʭ ʦʙʳʯʥʦ ʧʦʜʨʘʟʜʝʣʷʶʪ ʥʘ 

ʦʩʥʦʚʥʳʝ ʠ ʧʨʦʠʟʚʦʜʥʳʝ. 

ʂ ʦʩʥʦʚʥʳʤ ʦʪʥʦʩʷʪʩʷ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʜʝʬʝʢʪʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ 

ʘʣʤʘʟʘ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʪʝʤ, ʯʪʦ ʤʦʛʫʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʚ ʢʨʠʩʪʘʣʣʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʙʝʟ 

ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʜʨʫʛʠʭ ʜʝʬʝʢʪʦʚ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ N-, ɸ-, ʠ ɺ-ʮʝʥʪʨʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ, 

ʘʪʦʤʳ ʘʟʦʪʘ, ʠʟʦʤʦʨʬʥʦ ʟʘʟʤʝʱʘʶʱʠʝ ʫʛʣʝʨʦʜ ʚ ʨʝʰʝʪʢʝ ʘʣʤʘʟʘ (ʨʠʩʫʥʦʢ 1.4). 

 

 

ʘ)      ʙ)      ʚ) 

ʈʠʩʫʥʦʢ 1.4. ɸʪʦʤʥʳʝ ʤʦʜʝʣʠ ʦʩʥʦʚʥʳʭ ʘʟʦʪʥʳʭ ʜʝʬʝʢʪʦʚ ʧʦ ʨʘʙʦʪʝ [Dobrinez, Vins, Zaitsev, 

2013]: ʘ) Nï ʦʜʠʥʦʯʥʳʡ ʟʘʤʝʱʘʶʱʠʡ ʫʛʣʝʨʦʜ (ʩʠʥʠʡ) ʘʪʦʤ ʘʟʦʪʘ (ʞʝʣʪʳʡ), ʙ) ɸï ʧʘʨʘ 

ʩʦʩʝʜʥʠʭ ʟʘʤʝʱʘʶʱʠʭ ʫʛʣʝʨʦʜ ʘʪʦʤʦʚ ʘʟʦʪʘ, ʚ) ʯʝʪʳʨʝ ʟʘʤʝʱʘʶʱʠʭ ʫʛʣʝʨʦʜ ʘʟʦʪʥʳʭ ʘʪʦʤʘ, 

ʩʛʨʫʧʧʠʨʦʚʘʥʥʳʝ ʚʦʢʨʫʛ ʚʘʢʘʥʩʠʠ (V) 
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ʇʦ ʦʩʥʦʚʥʳʤ ʘʟʦʪʥʳʤ ʮʝʥʪʨʘʤ ʘʣʤʘʟʳ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʩʧʝʢʪʨʘʣʴʥʳʝ ʪʠʧʳ. ɸʣʤʘʟʳ ʩ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʩʠʩʪʝʤʦʡ ʧʦʛʣʦʱʝʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ N-ʮʝʥʪʨʘʤʠ, ʦʪʥʦʩʷʪ ʢ ʩʧʝʢʪʨʘʣʴʥʦʤʫ 

ʪʠʧʫ Ib. ɽʩʣʠ ʚʝʩʴ ʩʪʨʫʢʪʫʨʥʳʡ ʘʟʦʪ ʚ ʢʨʠʩʪʘʣʣʝ ʧʨʝʜʩʪʘʚʣʝʥ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ɸ-ʮʝʥʪʨʘʤʠ, ʪʦ 

ʢʨʠʩʪʘʣʣʳ ʵʪʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʪʠʧʘ ʦʙʦʟʥʘʯʘʶʪʩʷ IaA. ʀ, ʥʘʢʦʥʝʮ, ʘʣʤʘʟʳ, ʩʦʜʝʨʞʘʱʠʝ ʪʦʣʴʢʦ 

ʘʟʦʪ ʚ ʬʦʨʤʝ ɺ, ʧʨʠʥʘʜʣʝʞʘʪ ʢ ʪʠʧʫ Iʘɺ. ɼʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʘʣʤʘʟʦʚ ʩʤʝʰʘʥʥʳʭ ʪʠʧʦʚ, ʢʦʪʦʨʳʝ 

ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʩʨʝʜʠ ʧʨʠʨʦʜʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʧʨʠʥʷʪʳ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ: 

IaAB (ʢʦʤʙʠʥʘʮʠʷ ɸ- ʠ ɺ-ʜʝʬʝʢʪʦʚ) ʠ Iʘb (ʢʦʤʙʠʥʘʮʠʷ N- ʠ ɸ-ʜʝʬʝʢʪʦʚ). çɹʝʟʘʟʦʪʥʳʝè ʘʣʤʘʟʳ, 

ʩ ʦʙʱʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʟʦʪʘ <40 at.ppm ʦʪʥʦʩʷʪ ʢ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʪʠʧʫ II. 

ʇʨʦʠʟʚʦʜʥʳʝ ʜʝʬʝʢʪʳ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʢʨʠʩʪʘʣʣʘʭ ʪʦʣʴʢʦ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʦʩʥʦʚʥʳʤʠ. 

ɿʥʘʯʠʪʝʣʴʥʘʷ ʠʭ ʯʘʩʪʴ ʦʙʨʘʟʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʠʤʝʩʥʳʭ ʠ ʩʦʙʩʪʚʝʥʥʳʭ 

ʜʝʬʝʢʪʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʘʣʤʘʟʘ. 

ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʦʩʥʦʚʥʳʝ ʠ ʧʨʦʠʟʚʦʜʥʳʝ ʘʟʦʪʥʳʝ ʮʝʥʪʨʳ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʥʠʞʝ (1.4.2). 

ʅʘʨʷʜʫ ʩ ʘʟʦʪʦʤ ʚ ʧʨʠʨʦʜʥʦʤ ʘʣʤʘʟʝ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʠ ʜʨʫʛʠʝ ʧʨʠʤʝʩʠ, ʦʜʥʘʢʦ ʣʠʰʴ ʥʝʢʦʪʦʨʳʝ 

ʠʟ ʥʠʭ ʩʦʜʝʨʞʘʪʩʷ ʚ ʢʨʠʩʪʘʣʣʘʭ ʚ ʬʦʨʤʝ ʩʪʨʫʢʪʫʨʥʦ ʩʚʷʟʘʥʥʳʭ ʘʪʦʤʦʚ (ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ 

ʮʝʥʪʨʦʚ). ʂ ʧʦʩʣʝʜʥʠʤ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʚʦʜʦʨʦʜ ʠ ʙʦʨ, ʚʭʦʞʜʝʥʠʝ ʢʦʪʦʨʳʭ ʚ 

ʩʪʨʫʢʪʫʨʫ ʘʣʤʘʟʘ ʜʦʩʪʦʚʝʨʥʦ ʫʩʪʘʥʦʚʣʝʥʦ. ɺ ʧʨʠʨʦʜʥʳʭ ʘʣʤʘʟʘʭ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʦʜʦʨʦʜʘ 

ʜʦʩʪʠʛʘʝʪ ~100 at.ppm, ʘ ʙʦʨʘ 2-3 at.ppm [Lightowlers, Collins, 1976].  

ʄʝʪʦʜʳ ʠʟʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʜʝʬʝʢʪʦʚ ʚ ʘʣʤʘʟʘʭ ʨʘʟʥʦʦʙʨʘʟʥʳ. ʆʙʦʙʱʝʥʠʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦ ʥʝʧʨʠʤʝʩʥʳʤ (ʩʦʙʩʪʚʝʥʥʳʤ) ʜʝʬʝʢʪʘʤ ʚ ʘʣʤʘʟʝ ʧʨʦʚʝʜʝʥʦ ʚ 

ʨʘʙʦʪʝ [ʉʦʙʦʣʝʚ, 1989]. 

ʊʦʯʝʯʥʳʝ ʩʦʙʩʪʚʝʥʥʳʝ ʜʝʬʝʢʪʳ ʨʝʰʝʪʢʠ ʘʣʤʘʟʘ ï ʚʘʢʘʥʩʠʠ, ʛʨʫʧʧʳ ʚʘʢʘʥʩʠʡ, 

ʤʝʞʜʦʫʟʝʣʴʥʳʝ ʘʪʦʤʳ ʠʥʜʫʮʠʨʫʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʦʙʣʫʯʝʥʠʷ çʙʝʟʘʟʦʪʥʳʭè 

ʢʨʠʩʪʘʣʣʦʚ ʪʠʧʘ II. ʇʦʩʣʝʜʫʶʱʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘʚʝʜʝʥʥʳʭ ʜʝʬʝʢʪʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʢʦʤʧʣʝʢʩʘ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ (ʕʇʈ) ʠ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʌʃ) ʧʦʟʚʦʣʷʝʪ ʨʘʩʰʠʬʨʦʚʘʪʴ ʤʦʜʝʣʠ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝʢʦʪʦʨʳʭ ʠʟ ʥʠʭ ʠ ʤʝʪʦʜʦʚ ʠʭ ʠʟʫʯʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.4. 

ʇʣʝʡʪʣʝʪʩ ʬʠʢʩʠʨʫʶʪʩʷ ʚ ʘʣʤʘʟʘʭ ʤʝʪʦʜʘʤʠ ʪʨʘʥʩʤʠʩʩʠʦʥʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 

(ʊʕʄ) ʚ ʬʦʨʤʝ ʧʣʘʩʪʠʥʦʢ, ʧʘʨʘʣʣʝʣʴʥʳʭ ʛʨʘʥʷʤ ʢʫʙʘ (ʨʠʩ.1.3), ʜʠʬʬʫʟʥʦʛʦ ʨʘʩʩʝʷʥʠʷ 

ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʫʯʝʡ ʚ ʚʠʜʝ ʩʚʦʝʦʙʨʘʟʥʳʭ ʰʠʧʦʚ ʚʜʦʣʴ [100], ʘ ʪʘʢʞʝ ʚ ʩʧʝʢʪʨʘʭ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʀʂ - ʠ ʋʌ-ʧʦʛʣʦʱʝʥʠʷ (ʪʘʙʣʠʮʘ 1.4) [Woods, 1986; ʉʦʙʦʣʝʚ, 1978]. 

ɼʝʬʝʢʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʠʩʫʪʩʪʚʠʝʤ ʣʦʥʩʜʝʡʣʠʪʘ ʚ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʘʣʤʘʟʘʭ, 

ʚʦʟʥʠʢʘʶʱʠʝ ʥʘ ʛʨʘʥʠʮʝ ʢʫʙʠʯʝʩʢʦʡ ʠ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʬʘʟ, ʧʨʦʷʚʣʷʶʪʩʷ ʥʘ ʨʝʥʪʛʝʥʦʛʨʘʤʤʘʭ 

ʥʝʧʦʜʚʠʞʥʳʭ ʦʙʨʘʟʮʦʚ (ʤʝʪʦʜ ʃʘʫʵ), ʚ ʩʧʝʢʪʨʘʭ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ - ʕʇʈ - ʠ ʀʂ-

ʧʦʛʣʦʱʝʥʠʷ [ʂʣʶʝʚ, ʅʝʧʰʘ, ɽʧʠʰʠʥʘ ʠ ʜʨ., 1978; ʂʘʤʠʥʩʢʠʡ ʠ ʜʨ., 1985; ɹʣʠʥʦʚʘ, ɻʫʨʢʠʥʘ, 

ʌʨʦʣʦʚʘ, 1985]. 
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ʈʦʩʪʦʚʳʝ ʠ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʝ ʜʠʩʣʦʢʘʮʠʠ ʚ ʢʨʠʩʪʘʣʣʝ ʘʣʤʘʟʘ ʥʘʙʣʶʜʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʧʨʷʤʳʭ ʤʝʪʦʜʦʚ - ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ ʨʝʥʪʛʝʥʦʪʦʧʦʛʨʘʬʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʧʝʮʠʘʣʴʥʦ 

ʚʳʨʝʟʘʥʥʳʭ ʘʣʤʘʟʥʳʭ ʧʣʘʩʪʠʥʘʭ ʜʠʩʣʦʢʘʮʠʠ ʤʦʛʫʪ ʙʳʪʴ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʦʣʷʨʠʟʘʮʠʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʠ ʠʟʙʠʨʘʪʝʣʴʥʦʛʦ ʪʨʘʚʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ [ɻʝʥʰʘʬʪ, 

ʗʢʫʙʦʚʘ, ɺʦʣʢʦʚʘ, 1977]. 

 

ʊʘʙʣʠʮʘ 1.4. ɼʝʬʝʢʪʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʘʣʤʘʟʘ ʠ ʤʝʪʦʜʳ ʠʭ ʨʝʛʠʩʪʨʘʮʠʠ ʧʦ ʜʘʥʥʳʤ 

ʨʘʙʦʪ [ʉʦʙʦʣʝʚ, 1989; ɹʦʢʠʡ ʠ ʜʨ.,1986; ɻʝʦʣʦʛʠʷ ʠ ʛʝʥʝʟʠʩé,1989; Bursil, Glaischer, 1985; 

Woods, 1986]. 

  

ɼʝʬʝʢʪʳ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ ʘʣʤʘʟʘ  

ʄʝʪʦʜʳ ʠʟʫʯʝʥʠʷ 
ʂʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʆʙʦʟʥʘʯʝʥʠʷ 

(ʤʦʜʝʣʴ, ʬʦʨʤʫʣʘ) 

ʅ
 
ʝ
 
ʧ
 
ʨ
 
ʠ
 
ʤ
 
ʝ
 
ʩ
 
ʥ
 
ʳ
 
ʝ

 ɺʘʢʘʥʩʠʷ V (Ǐ) ʈʘʜʠʘʮʠʦʥʥʦʝ ʦʙʣʫʯʝʥʠʝ 

+ʣʶʤʠʥʝʩʮʝʥʮʠʷ 

ʄʝʞʜʦʫʟʝʣʴʥʳʡ ʘʪʦʤ IC ʆʙʣʫʯʝʥʠʝ ʵʣʝʢʪʨʦʥʘʤʠ+ʕʇʈ 

ʇʣʝʡʪʣʝʪʩ ɺǋ, ɺ2, P ʀʂ-, ʋʌ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʌʃ, ɼʈ, 

ʊʕʄ 

ɼʠʩʣʦʢʘʮʠʷ D ʊʕʄ, ʨʝʥʪʛʝʥʦʪʦʧʦʛʨʘʬʠʷ, 

ʧʦʣʷʨʠʟʘʮʠʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʡ, ʕʇʈ 

ʇ
 
ʨ
 
ʠ
 
ʤ
 
ʝ
 
ʩ
 
ʥ
 
ʳ
 
ʝ

 

 

 

 

 

ɸʟʦʪ, ʠʟʦʤʦʨʬʥʦ 

ʟʘʤʝʱʘʶʱʠʡ ʫʛʣʝʨʦʜ 

 

A (N2) ʀʂ-, ʋʌ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

B, B1 (N4 +Ǐ) ʀʂ-, ʋʌ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʌʃ, ɼʈ, 

ʊʕʄ 

C, N (N) ʕʇʈ, ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

N3 (N3+Ǐ) ʌʃ, ʋʌ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʕʇʈ 

H4 (N4+ 2Ǐ) ʌʃ, ʕʇʈ 

S1 (N+Ǐ) ʌʃ, ʕʇʈ 

ɺʦʜʦʨʦʜ, ʭʠʤʠʯʝʩʢʠ 

ʩʚʷʟʘʥʥʳʡ ʩ ʫʛʣʝʨʦʜʦʤ  

H (C2H2) 

 

ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ɹʦʨ, ʠʟʦʤʦʨʬʥʦ 

ʟʘʤʝʱʘʶʱʠʡ ʫʛʣʝʨʦʜ  

(B) ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʕʇʈ 

 

ɻ.ɸ. ɻʫʨʢʠʥʦʡ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʯʘʩʪʴ ʢʨʠʩʪʘʣʣʦʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʡ ʠ ʦʢʨʫʛʣʦʡ ʬʦʨʤʳ 

ʩʦʜʝʨʞʠʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʦ ʜʠʩʣʦʢʘʮʠʡ [ʂʘʤʠʥʩʢʠʡ ʠ ʜʨ., 1988], ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʘʣʤʘʟʳ 

ʢʫʙʠʯʝʩʢʦʛʦ ʛʘʙʠʪʫʩʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʜʠʩʣʦʢʘʮʠʠ (> 10 5 ʩʤ-1). 

ʇʣʦʪʥʦʩʪʴ ʜʠʩʣʦʢʘʮʠʡ > 106 ʩʤ-1 ʦʪʤʝʯʘʝʪʩʷ ʪʘʢʞʝ ʚ ʢʨʠʩʪʘʣʣʘʭ ʨʘʟʣʠʯʥʦʛʦ ʛʘʙʠʪʫʩʘ, ʠʤʝʶʱʠʭ 

ʜʳʤʯʘʪʫʶ, ʢʦʨʠʯʥʝʚʫʶ ʠ ʨʦʟʦʚʦ-ʣʠʣʦʚʫʶ ʦʢʨʘʩʢʠ. ɹʳʣʦ ʪʘʢʞʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʜʥʦʪʠʧʥʳʝ ʧʦ 

ʬʦʨʤʝ ʢʨʠʩʪʘʣʣʳ ʠʟ ʪʨʫʙʦʢ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʘʣʤʘʟʦʥʦʩʥʦʛʦ ʨʘʡʦʥʘ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʩʪʝʧʝʥʠ 

ʜʝʬʝʢʪʥʦʩʪʠ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʤʝʪʦʜ ʨʝʥʪʛʝʥʦʪʦʧʦʛʨʘʬʠʠ ʪʨʫʜʦʝʤʦʢ, ʪʨʝʙʫʝʪ ʜʣʠʪʝʣʴʥʦʡ 
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ʵʢʩʧʦʟʠʮʠʠ (ʥʝʩʢʦʣʴʢʦ ʯʘʩʦʚ) ʠ ʪʱʘʪʝʣʴʥʦʛʦ ʩʦʙʣʶʜʝʥʠʷ ʛʝʦʤʝʪʨʠʠ ʩʲʝʤʢʠ, ʩʫʱʝʩʪʚʝʥʥʦ 

ʚʣʠʷʶʱʝʡ ʥʘ ʢʘʯʝʩʪʚʦ ʪʦʧʦʛʨʘʤʤ. ʇʦʵʪʦʤʫ ʦʥ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥ ʜʣʷ ʤʘʩʩʦʚʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʝʬʝʢʪʥʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ. ʉʢʘʟʘʥʥʦʝ ʦʪʥʦʩʠʪʩʷ ʠ ʢ ʤʝʪʦʜʫ ʵʣʝʢʪʨʦʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʜʠʩʣʦʢʘʮʠʡ ʚ ʘʣʤʘʟʝ ʩ ʧʦʤʦʱʴʶ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʠ 

ʠʟʙʠʨʘʪʝʣʴʥʦʛʦ ʪʨʘʚʣʝʥʠʷ ʦʩʣʦʞʥʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʳʭ 

ʧʣʘʩʪʠʥ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 1.4, ʠʟʫʯʝʥʠʝ ʧʨʠʤʝʩʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʜʝʬʝʢʪʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʩ ʧʦʤʦʱʴʶ ʨʷʜʘ ʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ.  

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʠʟ ʥʠʭ ʷʚʣʷʶʪʩʷ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʤʝʪʦʜʳ (ʧʨʝʞʜʝ ʚʩʝʛʦ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʡ), ʵʣʝʢʪʨʦʥʥʳʡ ʧʘʨʘʤʘʛʥʠʪʥʳʡ ʨʝʟʦʥʘʥʩ ʠ ʦʧʪʠʯʝʩʢʠʝ ʘʙʩʦʨʙʮʠʦʥʥʳʝ 

ʤʝʪʦʜʳ (ʩʧʝʢʪʨʳ ʀʂ- ʠ ʋʌ-ʧʦʛʣʦʱʝʥʠʷ). ɺ ʦʪʣʠʯʠʝ ʦʪ ʕʇʈ ʠ ʦʧʪʠʯʝʩʢʠʭ ʘʙʩʦʨʙʮʠʦʥʥʳʭ 

ʤʝʪʦʜʦʚ, ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʤʝʪʦʜʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʷʚʣʷʶʪʩʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤʠ ʠʟ-ʟʘ ʪʫʰʝʥʠʷ 

ʦʜʥʠʭ ʮʝʥʪʨʦʚ ʜʨʫʛʠʤʠ. ʅʘʧʨʠʤʝʨ, ʘʟʦʪʥʳʝ ɸ- ʮʝʥʪʨʳ çʛʘʩʷʪè ʛʦʣʫʙʫʶ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʶ 

(ʮʝʥʪʨ N3).  

ʄʝʪʦʜ ʕʇʈ ʩʯʠʪʘʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʜʣʷ ʠʟʫʯʝʥʠʷ ʜʝʬʝʢʪʦʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʘʣʤʘʟʘ. ɽʛʦ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠ 

ʙʦʣʴʰʘʷ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ, ʦʩʥʦʚʳʚʘʶʱʘʷʩʷ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʘʥʘʣʠʟʘ ʪʦʥʢʦʡ ʠ ʩʚʝʨʭʪʦʥʢʦʡ 

ʩʪʨʫʢʪʫʨʳ ʩʧʝʢʪʨʦʚ. ʅʝʜʦʩʪʘʪʦʢ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥ ʬʠʢʩʠʨʫʝʪ ʣʠʰʴ ʪʝ ʵʣʝʤʝʥʪʳ 

ʨʝʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʘʣʤʘʟʘ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʥʝ ʩʧʘʨʝʥʥʳʝ ʵʣʝʢʪʨʦʥʳ. ʊʘʢ, ʠʟ ʪʨʝʭ ʦʩʥʦʚʥʳʭ 

ʘʟʦʪʥʳʭ ʮʝʥʪʨʦʚ ʚ ʘʣʤʘʟʝ ʚ ʩʧʝʢʪʨʘʭ ʕʇʈ ʘʢʪʠʚʝʥ ʣʠʰʴ ʦʜʠʥ ï N (ʦʜʠʥʦʯʥʳʡ ʟʘʤʝʱʘʶʱʠʡ 

ʫʛʣʝʨʦʜ ʘʪʦʤ ʘʟʦʪʘ). 

ʄʝʪʦʜ ʕʇʈ ʧʦʟʚʦʣʷʝʪ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʚʘʪʴ ʢʦʥʮʝʥʪʨʘʮʠʠ N- ʮʝʥʪʨʦʚ, ʧʨʠʯʝʤ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘ 2-3 ʧʦʨʷʜʢʘ ʚʳʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʦʧʪʠʯʝʩʢʠʭ ʘʙʩʦʨʙʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʘʩʩʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʙʦʣʝʝ 3000 ʦʙʨʘʟʮʦʚ) ʩʧʝʢʪʨʦʚ ʕʇʈ ʢʨʠʩʪʘʣʣʦʚ 

ʘʣʤʘʟʘ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʪʠʧʘ ɽ.ɺ. ʉʦʙʦʣʝʚʳʤ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʙʝʩʮʚʝʪʥʳʭ ʠʥʜʠʚʠʜʘʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷ N-ʮʝʥʪʨʦʚ ʩʦʩʪʘʚʣʷʝʪ 0,01-0,6 at.ppm, ʪʦʛʜʘ ʢʘʢ ʚ ʞʝʣʪʦ ʦʢʨʘʰʝʥʥʳʭ ʨʘʟʥʦʩʪʷʭ 

ʦʥʘ ʥʘ ʜʚʘ- ʪʨʠ ʧʦʨʷʜʢʘ ʚʳʰʝ ʠ ʜʦʩʪʠʛʘʝʪ ʟʥʘʯʝʥʠʡ 600 at.ppm. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʦʪʤʝʪʠʤ, ʯʪʦ ʚ 

ʞʝʣʪʳʭ ʠ ʟʝʣʝʥʦʚʘʪʦ-ʞʝʣʪʳʭ ʘʣʤʘʟʘʭ ʠʟ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜ ʦʪʤʝʯʘʣʠʩʴ ʩʦʜʝʨʞʘʥʠʷ ʵʪʦʡ 

ʧʨʠʤʝʩʠ 3500 at.ppm [Cartigny, De Corte, Shatsky, 2001]. ɺ ʘʣʤʘʟʘʭ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʪʠʧʘ IIa 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʟʦʪʘ ʚ ʬʦʨʤʝ N-ʮʝʥʪʨʦʚ ʥʝ ʧʨʝʚʳʰʘʝʪ 0,01 at.ppm [ʂʘʤʠʥʩʢʠʡ ʠ ʜʨ., 1988]. 

ʇʦʤʠʤʦ ʦʜʠʥʦʯʥʦʛʦ ʟʘʤʝʱʘʶʱʝʛʦ ʘʟʦʪʘ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʕʇʈ ʤʦʞʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʨʷʜ 

ʧʨʦʠʟʚʦʜʥʳʭ ʘʟʦʪʥʳʭ ʮʝʥʪʨʦʚ N3, H3, S1 ʠ ʜʨʫʛʠʝ. 

ʅʘʨʷʜʫ ʩ ʧʨʠʤʝʩʥʳʤʠ ʘʟʦʪʥʳʤʠ ʮʝʥʪʨʘʤʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤʠʩʷ ʚ ʩʧʝʢʪʨʘʭ ʕʇʈ 

ʩʚʝʨʭʪʦʥʢʠʤ ʨʘʩʱʝʧʣʝʥʠʝʤ ʥʘ ʷʜʨʘʭ ʘʟʦʪʘ, ʤʝʪʦʜ ʕʇʈ ʬʠʢʩʠʨʫʝʪ ʪʘʢʞʝ ʦʙʦʨʚʘʥʥʳʝ ʩʚʷʟʠ ʥʘ 
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ʜʠʩʣʦʢʘʮʠʷʭ (ʢʨʠʩʪʘʣʣʳ ʩ ʢʦʨʠʯʥʝʚʦʡ ʦʢʨʘʩʢʦʡ), ʚʘʢʘʥʩʠʠ ʚ ʠʦʥʠʟʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ 

ʜʨʫʛʠʝ ʨʘʜʠʘʮʠʦʥʥʳʝ ʜʝʬʝʢʪʳ (ʘʣʤʘʟʳ ʩ ʧʷʪʥʘʤʠ ʧʠʛʤʝʥʪʘʮʠʠ), ʮʝʥʪʨʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʙʦʨʦʤ 

(ʘʣʤʘʟʳ ʩ ʛʦʣʫʙʦʡ ʦʢʨʘʩʢʦʡ). 

ʆʩʥʦʚʦʡ ʦʧʪʠʯʝʩʢʠʭ ʘʙʩʦʨʙʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ ʨʝʛʠʩʪʨʘʮʠʷ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ 

ʩʧʝʢʪʨʘʤʠ ʥʘʠʙʦʣʝʝ çʯʠʩʪʳʭè ʦʙʨʘʟʮʦʚ (ʩʧʝʢʪʨʘʣʴʥʳʡ ʪʠʧ IIa) ʠ ʩʧʝʢʪʨʘʤʠ ʨʝʘʣʴʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ.  

ɺ ʩʧʝʢʪʨʘʭ ʋʌ-ʧʦʛʣʦʱʝʥʠʷ çʙʝʟʘʟʦʪʥʳʝè ʢʨʠʩʪʘʣʣʳ ʧʨʦʟʨʘʯʥʳ ʚ ʚʧʣʦʪʴ ʜʦ 225 ʥʤ. ɸʟʦʪ 

ʚ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʘʭ ʚʥʦʩʠʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʧʦʛʣʦʱʝʥʠʝ ʚ ʦʙʣʘʩʪʠ ʥʠʞʝ 225 ʥʤ, ʧʨʠʯʝʤ 

ʢʘʞʜʘʷ ʠʟ ʬʦʨʤ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʚʦʠʤ ʩʦʙʩʪʚʝʥʥʳʤ ʧʦʛʣʦʱʝʥʠʝʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʪʴ ʢʘʞʜʳʡ ʠʟ ʘʟʦʪʥʳʭ ʮʝʥʪʨʦʚ ʚ ʦʪʜʝʣʴʥʦʩʪʠ. 

ʄʝʪʦʜ ʋʌ - ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʵʢʩʧʨʝʩʩʥʦʛʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ 

ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ɸ- ʮʝʥʪʨʦʚ ʚ ʘʣʤʘʟʝ. ʆʥ ʦʩʥʦʚʘʥ ʥʘ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʩʦʜʝʨʞʘʥʠʝʤ ʘʟʦʪʘ ʚ ɸ-ʬʦʨʤʝ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʦʛʣʦʱʝʥʠʷ ʧʦʣʦʩʳ 306,5 

ʥʤ: 

NA = K1*Ŭ306,5  (11) 

ɼʣʷ ʘʣʤʘʟʦʚ ʩ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʩʠʩʪʝʤʦʡ ɺ-ʮʝʥʪʨʦʚ ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʟʦʪʘ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ: 

Nɺ = K2*Ŭ236,5 (12) 

ɺ ʫʨʘʚʥʝʥʠʷʭ (1) ʠ (2) Ŭ306,5 ʠ Ŭ236,5 ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʛʣʦʱʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʤʘʢʩʠʤʫʤʦʚ, ʂ1 ʠ ʂ2- ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ. 

ʆʜʥʘʢʦ ʧʨʠ ʥʘʣʠʯʠʠ ʘʟʦʪʘ ʚ ɸ-ʬʦʨʤʝ (NA>60 at.ppm) ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ɺ-ʮʝʥʪʨʦʚ 

ʥʝʚʦʟʤʦʞʥʦ ʠʟ-ʟʘ ʚʟʘʠʤʥʦʛʦ ʥʘʣʦʞʝʥʠʷ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ɸ- ʠ ɺ-ʩʠʩʪʝʤ. ʊʘʢ ʢʘʢ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʧʨʠʨʦʜʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʟʦʪʘ ʚ ʬʦʨʤʝ ɸ 

ʚʝʩʴʤʘ ʟʥʘʯʠʪʝʣʴʥʘ, ʤʝʪʦʜ ʋʌ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥ ʜʣʷ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ɺ-ʜʝʬʝʢʪʦʚ ʚ ʥʠʭ [ʂʘʤʠʥʩʢʠʡ ʠ ʜʨ., 1988]. 

ʆʰʠʙʢʠ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ɸ-ʮʝʥʪʨʦʚ ʚ ʘʣʤʘʟʝ ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʥʝʪʦʯʥʳʤ 

ʠʟʤʝʨʝʥʠʝʤ ʪʦʣʱʠʥʳ ʦʙʨʘʟʮʘ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ ʠ ʩʦʩʪʘʚʣʷʶʪ ʦʪ 10 ʜʦ 30%. 

ʂʨʦʤʝ ʪʦʛʦ, ʚʦʟʤʦʞʥʳ ʧʦʛʨʝʰʥʦʩʪʠ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʛʣʦʱʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʤʘʢʩʠʤʫʤʦʚ, ʦʩʦʙʝʥʥʦ ʩʫʱʝʩʪʚʝʥʥʳʝ ʧʨʠ ʥʠʟʢʦʤ ʦʙʱʝʤ ʫʨʦʚʥʝ ʧʦʛʣʦʱʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʧʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʠʢʨʦʢʨʠʩʪʘʣʣʦʚ. 

ɺ ʩʨʘʚʥʝʥʠʠ ʩ ʨʘʩʩʤʦʪʨʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʪʨʫʢʪʫʨʥʳʭ ʜʝʬʝʢʪʦʚ ʚ 

ʘʣʤʘʟʘʭ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʦʙʣʘʜʘʝʪ ʤʝʪʦʜ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʆʥ ʷʚʠʣʩʷ ʙʘʟʦʚʳʤ ʧʨʠ 

ʧʦʣʫʯʝʥʠʠ ʜʘʥʥʳʭ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʚ ʜʠʩʩʝʨʪʘʮʠʠ. ʕʪʦʪ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ, 

ʫʥʠʚʝʨʩʘʣʴʥʳʤ (ʧʦʟʚʦʣʷʝʪ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ 7 ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ 

ʮʝʥʪʨʦʚ ʚ ʘʣʤʘʟʘʭ ʨʘʟʣʠʯʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʪʠʧʦʚ), ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʪʨʝʙʫʝʪ ʩʧʝʮʠʘʣʴʥʦʡ 
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ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ ʠ ʨʘʟʨʫʰʝʥʠʷ ʦʙʨʘʟʮʘ, ʦʪʣʠʯʘʝʪʩʷ ʵʢʩʧʨʝʩʩʥʦʩʪʴʶ ʠ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ.  

ʊʝʦʨʝʪʠʯʝʩʢʠ ʜʣʷ ʠʜʝʘʣʴʥʦʛʦ ʙʝʩʧʨʠʤʝʩʥʦʛʦ ʘʣʤʘʟʘ, ʧʦʛʣʦʱʝʥʠʝ ʚ ʀʂ-ʦʙʣʘʩʪʠ, 

ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʠʟʣʫʯʝʥʠʷ ʩ ʦʜʥʠʤ ʠʟ ʢʦʣʝʙʘʥʠʡ ʨʝʰʝʪʢʠ (ʬʦʥʦʥʦʤ), ʷʚʣʷʝʪʩʷ 

ʟʘʧʨʝʱʝʥʥʳʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʘʣʤʘʟ ʪʠʧʘ IIa (çʙʝʟʘʟʦʪʥʳʡè, ʥʝ ʩʦʜʝʨʞʘʱʠʡ ʙʦʨʘ) 

ʧʨʘʢʪʠʯʝʩʢʠ ʧʨʦʟʨʘʯʝʥ ʚ ʦʜʥʦʬʦʥʦʥʥʦʡ (ʚʦʣʥʦʚʳʝ ʯʠʩʣʘ < 1600 ʩʤ-1) ʦʙʣʘʩʪʠ ʀʂ-ʩʧʝʢʪʨʘ 

(ʨʠʩʫʥʦʢ 1.5, ʘ). ɺʤʝʩʪʝ ʩ ʪʝʤ ʜʣʷ ʚʩʝʭ ʘʣʤʘʟʦʚ ʵʪʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʪʠʧʘ ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʦʛʣʦʱʝʥʠʝ ʚ ʜʠʘʧʘʟʦʥʝ 1600-4000 ʩʤ-1, ʩʚʷʟʘʥʥʦʝ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʜʚʫʭ 

ʬʦʥʦʥʦʚ - ʧʨʦʜʦʣʴʥʳʭ ʠ ʧʦʧʝʨʝʯʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʠ ʘʢʫʩʪʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʚ ʨʘʟʥʳʭ ʩʦʯʝʪʘʥʠʷʭ 

[Hardy, Smith, 1961]. 

 

ʈʠʩʫʥʦʢ 1.5. ʀʂ-ʩʧʝʢʪʨʳ ʘʣʤʘʟʘ ʪʠʧʦʚ IIa (a), IIb (ʙ) ʠ ʘʣʤʘʟʘ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ (ʚ) 

 

çɹʝʟʘʟʦʪʥʳʝè ʘʣʤʘʟʳ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʪʠʧʘ IIb ʩʦʜʝʨʞʘʪ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ ʘʪʦʤʳ 

ʙʦʨʘ, ʠʟʦʤʦʨʬʥʦ ʟʘʤʝʱʘʶʱʠʝ ʫʛʣʝʨʦʜ. ʇʨʠʤʝʩʴ ʙʦʨʘ ʧʨʠʜʘʝʪ ʢʨʠʩʪʘʣʣʘʤ ʭʘʨʘʢʪʝʨʥʫʶ 

ʛʦʣʫʙʫʶ ʦʢʨʘʩʢʫ ʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʩʚʦʡʩʪʚʘ. ɺ ʜʚʫʭʬʦʥʦʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʀʂ-ʩʧʝʢʪʨʳ 
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ʪʘʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʦʙʥʘʨʫʞʠʚʘʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʣʠʥʠʠ 2460, 2810, 2936 ʩʤ-1, ʛʣʘʚʥʘʷ ʠʟ 

ʢʦʪʦʨʳʭ ʦʢʦʣʦ 2810 ʩʤ-1 (ʨʠʩʫʥʦʢ 1.5,ʙ). ɸʣʤʘʟʳ, ʩʦʜʝʨʞʘʱʠʝ ʙʦʨ, ʦʯʝʥʴ ʨʝʜʢʠ ʚ ʧʨʠʨʦʜʝ ʠ 

ʙʳʣʠ ʚʩʪʨʝʯʝʥʳ ʪʦʣʴʢʦ ʚ ʶʞʥʦʘʬʨʠʢʘʥʩʢʦʡ ʪʨʫʙʢʝ ʇʨʝʤʴʝʨ. 

ʀʟ ʜʨʫʛʠʭ ʜʝʬʝʢʪʦʚ, ʧʨʦʷʚʣʷʶʱʠʭʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʚ ʜʚʫʭʬʦʥʦʥʥʦʡ ʯʘʩʪʠ ʀʂ-ʩʧʝʢʪʨʘ, 

ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʚʦʜʦʨʦʜʥʳʝ ʮʝʥʪʨʳ. ɿʘʯʘʩʪʫʶ ʦʥʠ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʢʨʠʩʪʘʣʣʘʭ, ʩʦʜʝʨʞʘʱʠʭ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʟʦʪʘ, ʥʦ ʤʦʛʫʪ ʙʳʪʴ ʚʩʪʨʝʯʝʥʳ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʚ 

ʘʣʤʘʟʘʭ ʪʠʧʘ IIa. ʍʘʨʘʢʪʝʨʥʳʡ ʀʂ-ʩʧʝʢʪʨ ʢʨʠʩʪʘʣʣʘ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚʦʜʦʨʦʜʥʳʭ 

ʮʝʥʪʨʦʚ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 1.5,ʚ. ɻʣʘʚʥʳʡ ʤʘʢʩʠʤʫʤ ʩʠʩʪʝʤʳ çʚʦʜʦʨʦʜʥʳʭè ʣʠʥʠʡ 3107 ʩʤ-1, 

ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʮʝʥʢʠ ʩʦʜʝʨʞʘʥʠʷ ʜʘʥʥʦʡ ʧʨʠʤʝʩʠ, ʚʩʝʛʜʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʠʢʦʤ 

1405 ʩʤ-1 ʚ ʦʜʥʦʬʦʥʦʥʥʦʤ ʜʠʘʧʘʟʦʥʝ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʘʣʤʘʟʦʚ ʪʠʧʦʚ IIa ʠ IIb , ʢʨʠʩʪʘʣʣʳ, ʩʦʜʝʨʞʘʱʠʝ ʩʪʨʫʢʪʫʨʥʫʶ ʧʨʠʤʝʩʴ ʘʟʦʪʘ 

ʚ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʘʭ, ʦʙʥʘʨʫʞʠʚʘʶʪ ʧʦʛʣʦʱʝʥʠʝ ʚ ʦʜʥʦʬʦʥʦʥʥʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ, 

ʧʨʦʷʚʣʷʶʱʝʝʩʷ ʚ ʚʠʜʝ ʩʠʩʪʝʤ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʣʠʥʠʡ ʠ ʠʭ ʢʦʤʙʠʥʘʮʠʡ. ʅʘ ʨʠʩʫʥʢʘʭ 1.6 ʠ 

1.7 ʧʨʠʚʝʜʝʥʳ ʀʂ-ʩʧʝʢʪʨʳ ʘʣʤʘʟʦʚ çʯʠʩʪʳʭè ʪʠʧʦʚ Ib, IaA, IaB. 

 

ʈʠʩʫʥʦʢ 1.6. ʍʘʨʘʢʪʝʨʥʳʝ ʀʂ-ʩʧʝʢʪʨʳ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ ʪʠʧʦʚ 

IaA (ʧʫʥʢʪʠʨ) ʠ Ib (ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ) [ɹʦʢʠʡ ʠ ʜʨ., 1986] 

 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʧʨʠʨʦʜʥʳʭ ʘʣʤʘʟʘʭ ɺ-ʮʝʥʪʨʳ (ʣʠʥʠʠ 1010, 1100, 1175, 1332 ʩʤ-1) 

ʚʩʝʛʜʘ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ çʧʣʝʡʪʣʝʪʩè (ʣʠʥʠʠ 1365 ʩʤ-1 ʠ 1430 ʩʤ-1). ʆʜʥʘʢʦ ʧʦʩʣʝʜʥʠʝ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʝ ʜʝʬʝʢʪʳ, ʢʦʪʦʨʳʝ ʚ ʦʪʣʠʯʠʝ ʦʪ ɺ-ʮʝʥʪʨʦʚ ʨʘʟʨʫʰʘʶʪʩʷ 

ʧʨʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʨʘʙʦʪʢʝ ʢʨʠʩʪʘʣʣʦʚ (ʨʠʩʫʥʦʢ 1.7). 
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ʈʠʩʫʥʦʢ 1.7. ʍʘʨʘʢʪʝʨʥʳʝ ʀʂ-ʩʧʝʢʪʨʳ ʘʣʤʘʟʘ ʪʠʧʘ IaB, ʩʦʜʝʨʞʘʱʝʛʦ ʘʟʦʪʥʳʝ B-ʮʝʥʪʨʳ ʠ 

ʧʣʝʡʪʣʝʪʩ ʜʦ (1) ʠ ʧʦʩʣʝ (2) ʦʪʞʠʛʘ ʧʦ [Ewans e.a., 1995] 

 

ʉ ʫʯʝʪʦʤ ʀʂ-ʩʧʝʢʪʨʦʚ ʘʣʤʘʟʦʚ çʯʠʩʪʳʭè ʪʠʧʦʚ ʤʦʞʥʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʘʟʦʪʥʳʝ ʮʝʥʪʨʳ 

ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʘʭ, ʘ ʪʘʢʞʝ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ 

ʦʮʝʥʠʚʘʪʴ ʩʦʜʝʨʞʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʜʝʬʝʢʪʦʚ ʚ ʢʨʠʩʪʘʣʣʝ. ʈʝʘʣʴʥʳʝ ʢʨʠʩʪʘʣʣʳ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʣʫʯʘʝʚ ʩʦʜʝʨʞʘʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʝʩʢʦʣʴʢʦ ʩʪʨʫʢʪʫʨʥʳʭ ʜʝʬʝʢʪʦʚ, ʩʧʝʢʪʨʳ ʢʦʪʦʨʳʭ 

ʧʝʨʝʢʨʳʚʘʶʪʩʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʟʦʪʘ ʚ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʘʭ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʨʘʟʣʦʞʝʥʠʝ ʀʂ-ʩʧʝʢʪʨʦʚ ʘʣʤʘʟʘ. ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʤʝʪʦʜʠʢʘ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʀʂ-ʩʧʝʢʪʨʦʚ ʘʣʤʘʟʘ ʠʟʣʦʞʝʥʘ ʥʠʞʝ ʚ ʛʣʘʚʝ 2. 

 

1.4.2. ɸʟʦʪʥʳʝ ʮʝʥʪʨʳ ʠ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʘʣʤʘʟʦʚ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ, ʜʦʤʠʥʠʨʫʝʪ ʘʟʦʪ ʚ ɸ-ʬʦʨʤʝ. ʄʘʢʩʠʤʘʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʵʪʦʡ ʧʨʠʤʝʩʠ ʩʦʩʪʘʚʣʷʶʪ 3000 at.ppm. ɸ-ʮʝʥʪʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʧʘʨʫ ʩʤʝʞʥʳʭ, ʟʘʤʝʱʘʶʱʠʭ ʫʛʣʝʨʦʜ ʘʪʦʤʦʚ ʘʟʦʪʘ (ʨʠʩ. 1.4) [ʉʦʙʦʣʝʚ, ʃʠʩʦʡʚʘʥ, 1972; Davies, 

1976]. ʆʥʠ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʀʂ-ʩʧʝʢʪʨʘʭ ʘʣʤʘʟʦʚ ʚ ʚʠʜʝ ʩʠʩʪʝʤʳ ʣʠʥʠʡ 480, 1100, 1212 ʩʤ-1 ʠ 

1282 ʩʤ-1 (ʛʣʘʚʥʳʡ ʤʘʢʩʠʤʫʤ). ʂʨʦʤʝ ʪʦʛʦ, ʵʪʠ ʮʝʥʪʨʳ ʬʠʢʩʠʨʫʶʪʩʷ ʚ ʩʧʝʢʪʨʘʭ ʋʌ-

ʧʦʛʣʦʱʝʥʠʷ ʘʣʤʘʟʦʚ (ʣʠʥʠʠ 330,2 ʠ 315,6 ʥʤ), ʘ ʪʘʢʞʝ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ. 

ɽʩʣʠ ʚʝʩʴ ʩʪʨʫʢʪʫʨʥʳʡ ʘʟʦʪ ʚ ʢʨʠʩʪʘʣʣʝ ʧʨʝʜʩʪʘʚʣʝʥ ʣʠʰʴ ɸ-ʮʝʥʪʨʘʤʠ, ʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʘʟʦʪʘ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʢʦʵʬʬʠʮʠʝʥʪʫ ʧʦʛʣʦʱʝʥʠʷ ʤʘʢʩʠʤʫʤʘ 1282 ʩʤ-1 [Boyd, Kiflawi , 

Woods, 1994]. 
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ɸʟʦʪʥʳʝ ɺ- ʮʝʥʪʨʳ ʪʘʢʞʝ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʩʨʝʜʠ ʧʨʠʨʦʜʥʳʭ ʘʣʤʘʟʦʚ ʠʟ 

ʢʠʤʙʝʨʣʠʪʦʚ. ʆʜʥʘʢʦ ʦʥʠ ʥʝ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʘʣʤʘʟʦʚ ʠʟ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʠ ʠʤʧʘʢʪʥʳʭ ʧʦʨʦʜ. 

ɺ-ʮʝʥʪʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠ ʩʛʨʫʧʧʠʨʦʚʘʥʥʳʝ ʚʦʢʨʫʛ ʚʘʢʘʥʩʠʠ ʯʝʪʳʨʝ ʘʪʦʤʘ 

ʘʟʦʪʘ (ʨʠʩʫʥʦʢ 1.4). ʕʪʠ ʮʝʥʪʨʳ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʚ ʩʧʝʢʪʨʘʭ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʧʦʛʣʦʱʝʥʠʷ ʚ 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʡ, ʚʠʜʠʤʦʡ ʠ ʠʥʬʨʘʢʨʘʩʥʦʡ ʦʙʣʘʩʪʷʭ [Bursill, Glaisher, 1986]. ɺ ʀʂ-ʩʧʝʢʪʨʘʭ 

ʦʥʠ ʧʨʦʷʚʣʷʶʪʩʷ ʩʠʩʪʝʤʦʡ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʣʠʥʠʡ 1010, 1100, 1330 ʩʤ-1 ʠ ʛʣʘʚʥʳʤ 

ʤʘʢʩʠʤʫʤʦʤ 1175 ʩʤ-1 [ʉoʙʦʣeʚ, ʃʠʩʦʡʚʘʥ, 1972]. ʉʨʝʜʠ ʧʨʠʨʦʜʥʳʭ ʘʣʤʘʟʦʚ ʥʝʨʝʜʢʦ 

ʚʩʪʨʝʯʘʶʪʩʷ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ, ʚ ʢʦʪʦʨʳʭ ʚʝʩʴ ʩʪʨʫʢʪʫʨʥʳʡ ʘʟʦʪ ʧʨʝʜʩʪʘʚʣʝʥ ɺ-

ʮʝʥʪʨʘʤʠ. ɺ ʘʣʤʘʟʘʭ ʩ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʩʠʩʪʝʤʦʡ ʣʠʥʠʡ ɺ-ʮʝʥʪʨʦʚ ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʟʦʪʘ 

ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʤʝʪʦʜʠʢʝ, ʧʨʝʜʣʦʞʝʥʥʦʡ ʚ ʨʘʙʦʪʝ [Boyd, Kiflawi , Woods, 1995]. ʇʦ ʤʥʝʥʠʶ 

ʥʝʢʦʪʦʨʳʭ ʟʘʨʫʙʝʞʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʧʠʢ ʧʦʛʣʦʱʝʥʠʷ ʦʢʦʣʦ 1330 ʩʤ-1 (~1324 ʩʤ-1)  ʚ ʀʂ-

ʩʧʝʢʪʨʝ ʘʣʤʘʟʘ ʦʙʫʩʣʦʚʣʝʥ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʤ D-ʜʝʬʝʢʪʦʤ, ʧʨʠʨʦʜʘ ʢʦʪʦʨʦʛʦ ʥʝ ʚʳʷʩʥʝʥʘ 

[Clark, Davey, 1984; Woods, 1986]. D-ʜʝʬʝʢʪ ʧʨʦʷʚʣʷʝʪʩʷ ʚʩʝʛʦ ʦʜʥʦʡ ʣʠʥʠʝʡ ʤʘʣʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʚʩʪʨʝʯʘʝʪʩʷ ʣʠʰʴ ʚ ʘʣʤʘʟʘʭ ʩʦʜʝʨʞʘʱʠʭ ʟʥʘʯʠʤʳʝ ʢʦʣʠʯʝʩʪʚʘ ʘʟʦʪʘ ʚ ɺ-

ʬʦʨʤʝ. ʅʝ ʦʙʩʫʞʜʘʷ ʧʨʘʚʦʤʝʨʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ D-ʩʠʩʪʝʤʳ ʚ ʢʘʯʝʩʪʚʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ, 

ʦʪʤʝʪʠʤ, ʯʪʦ ʚʢʣʘʜ D-ʩʠʩʪʝʤʳ ʚ ʩʫʤʤʘʨʥʳʡ ʩʧʝʢʪʨ ʘʣʤʘʟʘ ʥʘʩʪʦʣʴʢʦ ʤʘʣ, ʯʪʦ ʠʤ ʤʦʞʥʦ 

ʧʨʝʥʝʙʨʝʯʴ ʧʨʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʀʂ-ʩʧʝʢʪʨʘ. 

N-ʮʝʥʪʨʳ - ʦʜʠʥʦʯʥʳʝ ʟʘʤʝʱʘʶʱʠʝ ʫʛʣʝʨʦʜ ʘʪʦʤʳ ʘʟʦʪʘ (ʨʠʩʫʥʦʢ 1.4), ʷʚʣʷʶʪʩʷ 

ʦʩʥʦʚʥʦʡ ʬʦʨʤʦʡ ʚʭʦʞʜʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʟʦʪʘ ʚ ʘʣʤʘʟʳ ʠʟ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜ [ɹʣʠʥʦʚʘ, 

1986, 1989; ʉʫʭʦʨʫʢʦʚʘ ʠ ʜʨ., 1986] ʠ ʚ ʘʣʤʘʟʳ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʠ ʩʪʘʪʠʯʝʩʢʠʭ ʜʘʚʣʝʥʠʡ [ɹʦʢʠʡ ʠ ʜʨ., 1986]. ɺ ʘʣʤʘʟʘʭ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ ʠʭ 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʙʳʯʥʦ ʥʘ 2-3 ʧʦʨʷʜʢʘ ʥʠʞʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʘʟʦʪʘ ʚ 

ɸ-ʬʦʨʤʝ. ʀʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷʶʪ ʘʣʤʘʟʳ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʠ ʣʘʤʧʨʦʠʪʦʚʳʭ ʪʝʣ, ʠʤʝʶʱʠʝ 

ʷʨʢʦ-ʞʝʣʪʫʶ ʠ ʟʝʣʝʥʦʚʘʪʦ-ʞʝʣʪʫʶ ʦʢʨʘʩʢʫ, ʚ ʢʦʪʦʨʳʭ N- ʠ ɸ- ʮʝʥʪʨʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʠʤʝʨʥʦ 

ʚ ʨʘʚʥʦʡ ʧʨʦʧʦʨʮʠʠ. 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʟʦʪʥʳʭ N-ʮʝʥʪʨʦʚ ʚ ʘʣʤʘʟʘʭ ʠʟ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜ 

ʜʦʩʪʠʛʘʝʪ 2850-3500 at.ppm [Cartigny, De Corte, Shatsky, 2001]. N-ʮʝʥʪʨʳ ʧʘʨʘʤʘʛʥʠʪʥʳ, 

ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʩʧʝʢʪʨʘʭ ʧʦʛʣʦʱʝʥʠʷ ʚ ʋʌ- ʠ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ, ʘ ʪʘʢʞʝ ʚ ʀʂ-ʩʧʝʢʪʨʘʭ ʚ ʚʠʜʝ 

ʩʠʩʪʝʤʳ ʣʠʥʠʡ 1345, 1290, 1130 (ʛʣʘʚʥʳʡ ʤʘʢʩʠʤʫʤ), 1100 ʩʤĖĭ [ʉʦʙʦʣʝʚ, 1978]. ʂʦʥʮʝʥʪʨʘʮʠʷ 

N-ʮʝʥʪʨʦʚ ʚ ʘʣʤʘʟʘʭ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʢʘʢ ʤʝʪʦʜʦʤ ʕʇʈ, ʪʘʢ ʠ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʧʦʛʣʦʱʝʥʠʷ ʤʘʢʩʠʤʫʤʘ 1130 ʩʤ-1 ʚ ʀʂ-ʩʧʝʢʪʨʝ. ʉʦʛʣʘʩʥʦ ʨʘʙʦʪʝ [Boyd, Kiflawi , Woods, 1994], 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʟʦʪʘ ʚ ʬʦʨʤʝ N ʧʨʷʤʦʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʢʦʵʬʬʠʮʠʝʥʪʫ ʧʦʛʣʦʱʝʥʠʷ ʤʘʢʩʠʤʫʤʘ 

1130 ʩʤ-1.  

ʉʨʝʜʠ ʧʨʦʠʟʚʦʜʥʳʭ ʘʟʦʪʥʳʭ ʮʝʥʪʨʦʚ ʚʝʩʴʤʘ ʭʘʨʘʢʪʝʨʥʳʤʠ ʜʣʷ ʧʨʠʨʦʜʥʳʭ ʢʨʠʩʪʘʣʣʦʚ 

ʘʣʤʘʟʘ ʷʚʣʷʶʪʩʷ ʪʘʢʞʝ ʘʟʦʪʩʦʜʝʨʞʘʱʠʝ ʜʝʬʝʢʪʳ N3, ʢʦʪʦʨʳʝ ʠʥʪʝʨʧʨʝʪʠʨʫʶʪ ʢʘʢ ʪʨʠ 
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ʟʘʤʝʱʘʶʱʠʭ ʫʛʣʝʨʦʜ ʘʪʦʤʘ ʘʟʦʪʘ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʚʘʢʘʥʩʠʝʡ. ʕʪʦʪ ʜʝʬʝʢʪ ʦʙʫʩʣʘʚʣʠʚʘʝʪ 

ʩʦʣʦʤʝʥʥʦ-ʞʝʣʪʫʶ ʦʢʨʘʩʢʫ ʢʨʠʩʪʘʣʣʘ ʠ ʛʦʣʫʙʦʝ ʩʚʝʯʝʥʠʝ ʚ ʋʌ-ʣʫʯʘʭ. N3-ʮʝʥʪʨʳ 

çʦʪʚʝʪʩʪʚʝʥʥʳè ʟʘ ʧʦʛʣʦʱʝʥʠʝ ʚ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʡ (415 ʥʤ), ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʷʭ ʩʧʝʢʪʨʘ, ʘ 

ʪʘʢʞʝ ʘʢʪʠʚʥʳ ʚ ʩʧʝʢʪʨʘʭ ʣʶʤʠʥʝʩʮʝʥʮʠʠ [ʉʦʙʦʣʝʚ, 1978]. ʀʭ ʧʨʝʜʝʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ 

ʢʨʠʩʪʘʣʣʘʭ ʥʘ 2-3 ʧʦʨʷʜʢʘ ʥʠʞʝ, ʯʝʤ ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʘʣʤʘʟʘʭ ʦʜʠʥʦʯʥʦʛʦ 

ʟʘʤʝʱʘʶʱʝʛʦ ʘʟʦʪʘ (N-ʮʝʥʪʨ), ʘ ʪʘʢʞʝ ʘʟʦʪʥʳʭ ʜʝʬʝʢʪʦʚ ʚ ʘʛʨʝʛʠʨʦʚʘʥʥʦʡ ʬʦʨʤʝ ɸ- ʠʣʠ ɺ-

ʮʝʥʪʨʦʚ.  

ʇʘʨʘʤʘʛʥʠʪʥʳʝ ʅ3-ʮʝʥʪʨʳ, ʩʬʦʨʤʠʨʦʚʘʥʳ ʜʚʫʤʷ ʘʪʦʤʘʤʠ ʘʟʦʪʘ ʠ ʚʘʢʘʥʩʠʝʡ [Davies, 

1976]. ʕʪʠ ʜʝʬʝʢʪʳ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʚ ʧʨʠʨʦʜʥʳʭ ʧʣʘʩʪʠʯʝʩʢʠ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ 

ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʢʨʠʩʪʘʣʣʘʭ ʘʣʤʘʟʘ ʠ ʷʚʣʷʶʪʩʷ, ʧʦ ʤʥʝʥʠʶ ɽ.ɺ. ʉʦʙʦʣʝʚʘ [ʉʦʙʦʣʝʚ, 1978], 

ʧʨʦʠʟʚʦʜʥʳʤʠ ɸ-ʜʝʬʝʢʪʦʚ. ʉ ʧʨʠʩʫʪʩʪʚʠʝʤ ʅ3-ʮʝʥʪʨʦʚ ʩʚʷʟʘʥʘ ʟʝʣʝʥʦʚʘʪʘʷ ʦʢʨʘʩʢʘ ʘʣʤʘʟʘ ʠ 

ʞʝʣʪʘʷ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʷ [ɹʦʢʠʡ ʠ ʜʨ., 1986]. ʀʟʚʝʩʪʥʳ ʪʘʢʞʝ ʜʝʬʝʢʪʳ ʅ4, ʚʢʣʶʯʘʶʱʠʝ 

ʯʝʪʳʨʝ ʠʟʦʤʦʨʬʥʦ ʟʘʤʝʱʘʶʱʠʝ ʫʛʣʝʨʦʜ ʘʪʦʤʘ ʘʟʦʪʘ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʜʚʫʤʷ ʚʘʢʘʥʩʠʷʤʠ, 

ʨʘʩʩʤʘʪʨʠʚʘʶʱʠʝʩʷ [ʉʦʙʦʣʝʚ, 1978; Mainwood, 1993], ʢʘʢ ʧʨʦʠʟʚʦʜʥʳʝ ʦʪ ɺ-ʮʝʥʪʨʦʚ.  

S1-ʮʝʥʪʨʳ ʷʚʣʷʶʪʩʷ ʧʨʦʠʟʚʦʜʥʳʤʠ N-ʮʝʥʪʨʦʚ ʠ ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʞʝʣʪʫʶ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʶ. ʇʨʠʨʦʜʘ ʵʪʦʛʦ ʜʝʬʝʢʪʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʦʙʦʡ ʢʦʤʙʠʥʘʮʠʶ 

ʦʜʠʥʦʯʥʦʛʦ ʘʟʦʪʘ ʩ ʚʘʢʘʥʩʠʝʡ ïNV, ʫʩʪʘʥʦʚʣʝʥʘ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʕʇʈ [ʉʦʙʦʣʝʚ, 1978].  

ʇʨʝʜʩʪʘʚʣʷʶʪ ʪʘʢʞʝ ʠʥʪʝʨʝʩ ʜʝʬʝʢʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʥʠʢʝʣʴ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʜʚʫʤʷ 

ʘʟʦʪʥʳʤʠ ʘʪʦʤʘʤʠ: 2N-Ni, ʷʚʣʷʶʱʠʝʩʷ ʧʨʦʠʟʚʦʜʥʳʤʠ ɸ-ʜʝʬʝʢʪʦʚ. ʕʪʠ ʮʝʥʪʨʳ ʙʳʣʠ ʚʳʷʚʣʝʥʳ 

ʚ ʩʝʨʦ-ʛʦʣʫʙʳʭ ʘʣʤʘʟʘʭ ʣʘʤʧʨʦʠʪʦʚʦʡ ʪʨʫʙʢʠ ɸʨʛʘʡʣ ʚ ɸʚʩʪʨʘʣʠʠ [Yakubovsky, Adriaenssens, 

2002].  

ʉʦʜʝʨʞʘʥʠʝ ʩʪʨʫʢʪʫʨʥʦʡ ʧʨʠʤʝʩʠ ʘʟʦʪʘ ʚ ʘʣʤʘʟʘʭ, ʬʠʢʩʠʨʫʝʤʦʝ ʵʣʝʢʪʨʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʤʠ 

ʤʝʪʦʜʘʤʠ, ʧʦʣʦʞʝʥʦ ʚ ʦʩʥʦʚʫ ʬʠʟʠʯʝʩʢʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʘʣʤʘʟʦʚ [Robertson, Fox, Martin, 

1934]. ʊʘʢ, ʢʨʠʩʪʘʣʣʳ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʵʪʦʡ ʧʨʠʤʝʩʠ Ò 20 at.ppm ʦʪʥʦʩʷʪʩʷ ʢ çʙʝʟʘʟʦʪʥʦʤʫè 

ʪʠʧʫ II ʘʣʤʘʟʘ, ʪʦʛʜʘ ʢʘʢ ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʢʨʠʩʪʘʣʣʳ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʢʘʢ ʘʣʤʘʟʳ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʪʠʧʘ I. ɺ ʜʘʣʴʥʝʡʰʝʤ ʬʠʟʠʯʝʩʢʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʘʣʤʘʟʘ ʙʳʣʘ ʜʝʪʘʣʠʟʠʨʦʚʘʥʘ. 

ɹʝʟʘʟʦʪʥʳʝ ʢʨʠʩʪʘʣʣʳ ʙʳʣʠ ʧʦʜʨʘʟʜʝʣʝʥʳ ʥʘ ʜʚʝ ʛʨʫʧʧʳ IIa ʠ IIb. ɺ ʢʨʠʩʪʘʣʣʘʭ ʧʦʩʣʝʜʥʝʡ 

ʛʨʫʧʧʳ ʧʨʠʩʫʪʩʪʚʫʝʪ ʩʪʨʫʢʪʫʨʥʘʷ ʧʨʠʤʝʩʴ ʙʦʨʘ. 

 

1.4.3. ɻʝʥʝʪʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʘʟʦʪʥʳʭ ʮʝʥʪʨʦʚ ʚ ʢʨʠʩʪʘʣʣʘʭ ʘʣʤʘʟʘ 

 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʧʨʠʨʦʜʥʳʭ ʘʣʤʘʟʦʚ ʚ ʦʙʣʘʩʪʠ ʠʭ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʚʳʰʝ 1600ʦʉ ʠ ʜʘʚʣʝʥʠʷʭ ʩʚʳʰʝ 5,5 ɻʇʘ 

ʧʦʟʚʦʣʠʣʠ ʚʳʷʚʠʪʴ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʘʟʦʪʥʳʭ ʮʝʥʪʨʦʚ NźA ʠ ɸźɺ. ɸ-ʮʝʥʪʨʳ ʧʦʣʫʯʝʥʳ ʠʟ N-

ʮʝʥʪʨʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʪʞʠʛʘ ~1600ʦC [Chrenko e.a., 1977]. ʆʙʨʘʪʥʳʡ ʧʝʨʝʭʦʜ ɸźN 
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ʧʨʦʠʩʭʦʜʠʣ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʩʚʳʰʝ 1960 ʦC. ʋʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʞʠʛʘ ʜʦ 2200 ʦC 

ʧʨʠʚʝʣʦ ʢ ʘʛʨʝʛʘʮʠʠ ɸ-ʮʝʥʪʨʦʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʮʝʥʪʨʦʚ ʅ4, ʧʨʦʠʟʚʦʜʥʳʭ ʦʪ ɺ-ʜʝʬʝʢʪʦʚ 

[Allen, Ewans, 1981]. ʕʪʠ ʜʘʥʥʳʝ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ 

ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʘʣʤʘʟʦʚ [ʂʣʶʝʚ ʠ ʜʨ., 1982], ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʳʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʪʞʠʛʘ ʤʝʥʝʝ 

1950ʦ C ʚ ʢʨʠʩʪʘʣʣʘʭ ʜʦʤʠʥʠʨʫʶʪ ʦʜʥʦ-ʪʨʝʭʘʪʦʤʥʳʝ ʘʟʦʪʥʳʝ ʮʝʥʪʨʳ, ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ï ʯʝʪʳʨʝʭʘʪʦʤʥʳʝ (ɺ, ʅ4). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ 

ʪʨʘʥʩʬʦʨʤʘʮʠʷʤ ʘʟʦʪʥʳʭ ʮʝʥʪʨʦʚ ʚ ʢʨʠʩʪʘʣʣʘʭ ʘʣʤʘʟʘ ʦʪʯʝʪʣʠʚʦ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʪʝʧʝʥʴ 

ʘʛʨʝʛʘʮʠʠ ʘʟʦʪʘ ʚ ʘʣʤʘʟʝ ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʞʠʛʘ. ʕʪʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ 

ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʘʙʣʶʜʝʥʠʷʤʠ ʧʨʠʨʦʜʥʳʭ ʘʣʤʘʟʦʚ ʠʟ ʨʘʟʣʠʯʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 

ʊʘʢ, ʩʦʛʣʘʩʥʦ ʩʫʱʝʩʪʚʫʶʱʠʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ, ʩʨʝʜʠ ʧʨʠʨʦʜʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ ʦʜʥʠʤʠ ʠʟ 

ʩʘʤʳʭ çʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭè ʷʚʣʷʶʪʩʷ ʤʠʢʨʦʢʨʠʩʪʘʣʣʳ ʠʟ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜ 

(ʥʘʧʨʠʤʝʨ, ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʂʫʤʜʳ-ʂʦʣʴ). ʀʤʝʥʥʦ ʦʥʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʘʣʤʘʟʦʚ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ ʠ 

ʣʘʤʧʨʦʠʪʦʚ, ʩʦʜʝʨʞʘʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʝʘʛʨʝʛʠʨʦʚʘʥʥʳʡ ʘʟʦʪ, ʠʣʠ N-ʮʝʥʪʨʳ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʠʟʫʯʝʥʳ ʤʠʥʝʨʘʣʴʥʳʝ ʚʢʣʶʯʝʥʠʷ ʚ ʘʣʤʘʟʘʭ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ ʠ 

ʣʘʤʧʨʦʠʪʦʚ ʙʦʣʴʰʠʥʩʪʚʘ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʤʠʨʘ ʠ ʦʮʝʥʝʥʳ ʪʝʤʧʝʨʘʪʫʨʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʵʪʠʭ 

ʚʢʣʶʯʝʥʠʡ, ʘ ʥʘ ʠʭ ʦʩʥʦʚʝ ʧʨʠʙʣʠʞʝʥʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʷ. ʂʘʢ ʠʟʚʝʩʪʥʦ, 

ʷʨʢʠʤʠ ʧʨʠʤʝʨʘʤʠ ʥʘʠʙʦʣʝʝ ʛʣʫʙʠʥʥʳʭ ʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʘʣʤʘʟʦʚ ʩʣʫʞʘʪ ʢʨʠʩʪʘʣʣʳ ʠʟ 

ʪʨʫʙʢʠ ɸʨʛʘʡʣ (ɸʚʩʪʨʘʣʠʷ) ʠ ʪʨʫʙʦʢ ʠ ʨʦʩʩʳʧʝʡ ʨʘʡʦʥʘ ɾʫʠʥʘ (ɹʨʘʟʠʣʠʷ). ʇʦʜʘʚʣʷʶʱʝʝ 

ʙʦʣʴʰʠʥʩʪʚʦ ʘʣʤʘʟʦʚ ʠʟ ʥʘʟʚʘʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩʦʜʝʨʞʘʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʘʛʨʝʛʠʨʦʚʘʥʥʳʡ 

ʘʟʦʪ ʚ ɺ-ʬʦʨʤʝ (NB >90%). ʆʪʤʝʪʠʤ, ʯʪʦ ʦʩʥʦʚʥʘʷ ʤʘʩʩʘ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ ʠ 

ʣʘʤʧʨʦʠʪʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʦʯʝʪʘʥʠʝʤ ɺ- ʠ ɸ-ʘʟʦʪʥʳʭ ʮʝʥʪʨʦʚ ʧʨʠ ʧʨʝʦʙʣʘʜʘʥʠʠ ʧʦʩʣʝʜʥʠʭ 

ʠ,ʦʜʥʦʚʨʝʤʝʥʥʦ, ʥʠʯʪʦʞʥʦʡ ʜʦʣʝʡ N-ʮʝʥʪʨʦʚ (<<1% ʦʪ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʘʟʦʪʘ). 

ʀʟʣʦʞʝʥʥʦʝ ʚʳʰʝ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʳʭ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ 

ʘʟʦʪʥʳʭ ʮʝʥʪʨʦʚ ʚ ʢʨʠʩʪʘʣʣʝ ʘʣʤʘʟʘ ʜʣʷ ʛʝʦʪʝʨʤʦʤʝʪʨʠʠ. ʇʦʧʳʪʢʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʦʙʱʝʤʫ ʩʦʜʝʨʞʘʥʠʶ ʘʟʦʪʘ ʠ ʩʪʝʧʝʥʠ ʝʛʦ ʘʛʨʝʛʘʮʠʠ ʧʨʠʚʝʜʝʥʳ ʚ ʨʘʙʦʪʘʭ 

[Ewans, Harris, 1986; Taylor e.a., 1990, 1996]. ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʝʡ ʪʨʘʥʩʬʦʨʤʘʮʠʡ ʘʟʦʪʥʳʭ 

ʮʝʥʪʨʦʚ ʙʳʣʠ ʚʟʷʪʳ ʨʝʘʢʮʠʠ ʧʦ ʩʭʝʤʝ: 

N+NŸA      (13) 

A+AŸB     (14) 

ʂʠʥʝʪʠʢʘ ʧʨʝʚʨʘʱʝʥʠʡ ʘʟʦʪʥʳʭ ʮʝʥʪʨʦʚ ʚ ʨʘʙʦʪʘʭ [Ewans, Harris, 1986; Taylor e.a., 1990; 

Taylor e.a., 1996] ʦʧʠʩʳʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʢʦʥʩʪʘʥʪʳ ʨʝʘʢʮʠʠ (K2) ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ. ʅʘʧʨʠʤʝʨ, 

ʜʣʷ ʧʨʝʚʨʘʱʝʥʠʡ N+Nź A ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ: 

ln(K2) = ln [(No/Nt ï1) / (No ï t)]  (15) 

ʛʜʝ No ʠ Nt ï ʠʩʭʦʜʥʘʷ ʠ ʢʦʥʝʯʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʟʦʪʘ ʚ N-ʬʦʨʤʝ, t- ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʦʪʞʠʛʘ ʚ ʩʝʢʫʥʜʘʭ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ No = Ntot, ʪ.ʢ. ʠʟʥʘʯʘʣʴʥʦ ʚʝʩʴ ʘʟʦʪ ʧʨʠʩʫʪʩʪʚʦʚʘʣ ʚ ʦʜʥʦʡ 
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ʬʦʨʤʝ ï N. ʘ Nt = N ï ʠʟʤʝʨʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʜʠʥʦʯʥʦʛʦ ʘʟʦʪʘ ʚ ʢʨʠʩʪʘʣʣʝ. ʇʦ ʫʨʘʚʥʝʥʠʶ 

ɸʨʨʝʥʠʫʩʘ ʧʦʩʣʝ ʣʦʛʘʨʠʬʤʠʨʦʚʘʥʠʷ:  

ln(K2) = lnA ï Ea / RT  (16) 

ʛʜʝ ʊ ï ʪʝʤʧʝʨʘʪʫʨʘ ʨʝʘʢʮʠʠ ʚ ʦʂ, R å8,31 ɼʞ/ʤʦʣʴ ï ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ, lnɸ ï 

ʧʦʩʪʦʷʥʥʘʷ ʨʝʘʢʮʠʠ ʠ Ea-ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʟ ʛʨʘʬʠʢʘ 

ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ln(K2) ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ (1/T).  

ɼʣʷ ʝʛʦ ʧʦʩʪʨʦʝʥʠʷ ʙʝʨʫʪʩʷ ʜʘʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʦʪʞʠʛʫ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʠ ʧʨʠʨʦʜʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ. ɿʥʘʷ ʧʦʩʪʦʷʥʥʫʶ lnɸ, ʘ ʪʘʢʞʝ ʵʥʝʨʛʠʶ ʘʢʪʠʚʘʮʠʠ, ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ 

ʢʦʥʩʪʘʥʪʫ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʧʨʠ ʣʶʙʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʈʘʩʯʝʪʳ ʢʠʥʝʪʠʢʠ ʪʨʘʥʩʬʦʨʤʘʮʠʡ NŸA 

ʧʨʦʚʝʜʝʥʳ ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʦʪʞʠʛʫ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ 

(ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʠʥʪʝʪʠʯʝʩʢʠʭ) [Taylor e.a., 1990; Taylor e.a., 1996]. ɺ ʨʘʙʦʪʝ [Taylor e.a., 

1996] ʧʨʝʜʣʦʞʝʥʳ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ %NA ʚ ʘʣʤʘʟʘʭ ʩʤʝʰʘʥʥʦʛʦ ʪʠʧʘ Ib-IaA ʦʪ ʚʨʝʤʝʥʠ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʜʝʨʞʘʥʠʷ 

ʩʪʨʫʢʪʨʫʥʦ ʩʚʷʟʘʥʥʦʛʦ ʘʟʦʪʘ (ʨʠʩʫʥʦʢ 1.8). ʀʟ ʛʨʘʬʠʢʘ ʨʠʩʫʥʢʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʚ ʢʨʠʩʪʘʣʣʝ, ʩ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʟʦʪʘ 1000 at.ppm ʠ, ʚ ʪʦʤ ʯʠʩʣʝ 80% ʚ ʬʦʨʤʝ NA, ʧʨʠ 950
ʦʉ 

ʧʨʝʚʨʘʱʝʥʠʝ NŸA ʧʨʦʠʩʭʦʜʠʪ ʟʘ 7Ŀ106 ʣʝʪ, ʧʨʠ 1150ʦʉ ʟʘ 2,1Ŀ103 ʣʝʪ, ʧʨʠ 1350ʦʉ ʟʘ 5 ʣʝʪ, ʧʨʠ 

1550ʦʉ ʟʘ 0,044 ʛʦʜʘ (ʧʦʣ-ʤʝʩʷʮʘ) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʣʘʚʥʳʤ ʬʘʢʪʦʨʦʤ, 

ʚʣʠʷʶʱʠʤ ʥʘ ʧʨʦʮʝʩʩ ʘʛʨʝʛʘʮʠʠ ʘʟʦʪʘ, ʷʚʣʷʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ. ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ 

600ʦʉ ʨʘʚʥʦʮʝʥʥʦ ʩʦʢʨʘʱʝʥʠʶ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʦʪʞʠʛʘ ʥʘ 8 ʧʦʨʷʜʢʦʚ. 

 

ʈʠʩʫʥʦʢ 1.8. ɿʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ %N(A) ʚ ʢʨʠʩʪʘʣʣʝ ʩ N tot 1000 at.ppm ʦʪ ʚʨʝʤʝʥʠ ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ [Taylor, Canil, Milledge, 1996] 
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ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʢʨʠʩʪʘʣʣʘʤ ʘʣʤʘʟʘ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ ʠ ʣʘʤʧʨʦʠʪʦʚ ʙʳʣʘ ʪʘʢʞʝ ʦʧʠʩʘʥʘ 

ʢʠʥʝʪʠʢʘ ʧʨʝʚʨʘʱʝʥʠʡ ɸźɺ [Ewans, Harris, 1986; Taylor e.a., 1990]. ʕʪʠ ʨʘʩʯʝʪʳ ʦʩʥʦʚʳʚʘʣʠʩʴ 

ʥʘ ʜʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʦʪʞʠʛʫ (ʊ>2200oC), ʚ ʭʦʜʝ ʢʦʪʦʨʳʭ ʚ ʢʨʠʩʪʘʣʣʘʭ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ 

ʧʨʝʚʨʘʱʝʥʠʝ ɸ-ʮʝʥʪʨʦʚ ʚ ɺ-ʮʝʥʪʨʳ. ɺ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ, ʩʫʜʷ ʧʦ ʩʦʩʪʘʚʘʤ ʤʠʥʝʨʘʣʴʥʳʭ 

ʚʢʣʶʯʝʥʠʡ ʚ ʘʣʤʘʟʘʭ, ʪʝʤʧʝʨʘʪʫʨʘ ʪʨʘʥʩʬʦʨʤʘʮʠʡ ɸźɺ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ, ʘ ʠʭ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʨʝʘʢʮʠʠ ʧʨʝʚʨʘʱʝʥʠʷ ɸ-ʮʝʥʪʨʦʚ ʚ ɺ-

ʮʝʥʪʨʳ ʚ ʘʣʤʘʟʘʭ ʠʟ ʪʨʫʙʦʢ ɸʨʛʘʡʣ ʠ ʌʠʥʰ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʚʨʝʤʷ ʦʧʨʝʜʝʣʷʣʠʩʴ ʧʦ ʤʠʥʝʨʘʣʘʤ-

ʫʟʥʠʢʘʤ ʠ ʩʦʩʪʘʚʠʣʠ 1000-1300ʦʉ ʠ 1-3 ʤʣʨʜ.ʣʝʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʕʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʵʪʦʡ 

ʨʝʘʢʮʠʠ ʙʳʣʘ ʦʮʝʥʝʥʘ ʚʝʣʠʯʠʥʘʤʠ 6,88 eV [Ewans, Harris, 1986] ʠ 7,03 eV [Taylor e.a., 1990]. 

ɺʳʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ɺ.ʈ.ʊʵʡʣʦʨʦʤ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʜʠʘʛʨʘʤʤʳ ʟʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʟʦʪʘ ʚ ʢʨʠʩʪʘʣʣʘʭ ʘʣʤʘʟʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʚʨʝʤʝʥʠ ʪʨʘʥʩʬʦʨʤʘʮʠʡ (ʨʠʩʫʥʦʢ 1.9) [Taylor e.a., 1990; Taylor, 

Milledge, 1995]. ʕʪʘ ʜʠʘʛʨʘʤʤʘ ʠʤʝʝʪ ʙʦʣʴʰʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʥʦʛʠʤʠ 

ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʘʟʦʪʘ ʚ ʢʨʠʩʪʘʣʣʘʭ ʘʣʤʘʟʘ 

ʨʘʟʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ɼʠʘʛʨʘʤʤʘ ʥʘ ʢʘʯʝʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ ʦʪʨʘʞʘʝʪ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʘʟʦʪʘ, ʪʝʤʧʝʨʘʪʫʨʦʡ ʠ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʧʨʦʮʝʩʩʘ. 

 

 

ʈʠʩʫʥʦʢ 1.9. ʉʦʦʪʥʦʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʩʪʨʫʢʪʫʨʥʦ ʩʚʷʟʘʥʥʦʛʦ ʘʟʦʪʘ ïNtot ʠ ʩʪʝʧʝʥʠ ʝʛʦ 

ʘʛʨʝʛʘʮʠʠ -%N(ʚ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ çʫʩʣʦʚʥʦʛʦ ʚʦʟʨʘʩʪʘè ʘʣʤʘʟʘ 1 ʠ 3 ʤʣʨʜ. ʣʝʪ 

ʧʦ ʨʘʙʦʪʝ [Taylor, Milledge, 1995] 
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ʆʩʦʙʦ ʩʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʜʠʘʛʨʘʤʤʳ (ʨʠʩʫʥʢʠ 1.8 ʠ 1.9), ʥʝʩʤʦʪʨʷ ʥʘ ʚʩʶ ʩʚʦʶ 

ʥʘʛʣʷʜʥʦʩʪʴ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʧʦʩʪʘʚʣʷʪʴ ʤʝʞʜʫ ʩʦʙʦʡ ʨʘʟʣʠʯʥʳʝ ʛʨʫʧʧʳ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ, ʥʝ 

ʧʦʟʚʦʣʷʶʪ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʠ ʚʨʝʤʷ (ʜʣʠʪʝʣʴʥʦʩʪʴ) ʧʨʦʮʝʩʩʘ 

ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʷ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʮʝʣʳʤ ʨʷʜʦʤ ʧʨʠʯʠʥ. 

ʇʨʝʞʜʝ ʚʩʝʛʦ, ʚ ʨʘʙʦʪʝ [Taylor e.a., 1996] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʘʭ ʚ 

ʧʠʨʘʤʠʜʘʭ ʨʦʩʪʘ ʦʢʪʘʵʜʨʘ ʘʛʨʝʛʘʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʳʩʪʨʝʝ, ʯʝʤ ʚ ʧʠʨʘʤʠʜʘʭ ʨʦʩʪʘ 

ʢʫʙʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʚʝʣʠʯʠʥʳ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ, ʚʳʯʠʩʣʝʥʥʳʝ ʜʣʷ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ 

ʢʨʠʩʪʘʣʣʘ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʩʝʢʪʦʨʘʭ ʨʦʩʪʘ <100> ʠ <111> ʩʫʱʝʩʪʚʝʥʥʦ 

ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʠ ʩʦʩʪʘʚʣʷʶʪ 6,0+0,2 eV ʠ 4,4+0,3 eV. ʊʘʢʦʝ ʦʪʣʠʯʠʝ ʧʨʠʚʦʜʠʪ ʢ 

ʙʦʣʴʰʠʤ ʧʦʛʨʝʰʥʦʩʪʷʤ ʧʨʠ ʦʮʝʥʢʝ ʪʝʤʧʝʨʘʪʫʨʳ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʘʟʦʪʥʳʭ ʮʝʥʪʨʦʚ. ʕʪʠ ʜʘʥʥʳʝ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʪʞʠʛʘ ï ʥʝ ʝʜʠʥʩʪʚʝʥʥʳʝ 

ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʘʟʦʪʘ ʚ ʢʨʠʩʪʘʣʣʘʭ ʘʣʤʘʟʘ. ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ 

[ʇʘʣʴʷʥʦʚ ʠ ʜʨ., 1997], ʜʦʣʷ ʘʛʨʝʛʠʨʦʚʘʥʥʦʛʦ ʘʟʦʪʘ ʚ ɸ-ʬʦʨʤʝ ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ 

ʢʨʠʩʪʘʣʣʘ. ʇʨʠ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʤʝʜʣʝʥʥʦ ʨʘʩʪʫʱʠʝ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʢʨʠʩʪʘʣʣʳ 

ʩʦʜʝʨʞʘʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʘʛʨʝʛʠʨʦʚʘʥʥʳʡ ʘʟʦʪ (ɸ-ʮʝʥʪʨʳ), ʘ ʙʳʩʪʨʦ ʨʘʩʪʫʱʠʝ- ʚ ʦʩʥʦʚʥʦʤ 

ʦʜʠʥʦʯʥʳʝ ʟʘʤʝʱʘʶʱʠʝ ʫʛʣʝʨʦʜ ʘʪʦʤ ʘʟʦʪʘ - N-ʮʝʥʪʨʳ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʩʪʝʧʝʥʴ ʘʛʨʝʛʘʮʠʠ 

ʘʟʦʪʘ ʚ ʘʣʤʘʟʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʠʥʝʪʠʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤ ï ʩʦʦʪʥʦʰʝʥʠʝʤ ʩʢʦʨʦʩʪʝʡ ʨʦʩʪʘ ʠ 

ʩʢʦʨʦʩʪʠ ʘʛʨʝʛʘʮʠʠ ʘʟʦʪʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʪʫʱʝʛʦ ʢʨʠʩʪʘʣʣʘ. ʉʭʦʜʥʳʡ ʢʠʥʝʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ 

ʚʳʷʚʣʝʥ ʥʘʤʠ ʚ ʧʨʠʨʦʜʥʳʭ ʘʣʤʘʟʘʭ ʩ ʚʦʣʦʢʥʠʩʪʳʤ ʩʪʨʦʝʥʠʝʤ [Kaminsky, Khachatryan, 2004].  

ɼʨʫʛʠʤ ʬʘʢʪʦʨʦʤ, ʚʣʠʷʶʱʠʤ ʥʘ ʩʢʦʨʦʩʪʴ ʧʨʝʚʨʘʱʝʥʠʡ ʘʟʦʪʥʳʭ ʮʝʥʪʨʦʚ ʚ ʘʣʤʘʟʝ, 

ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʚʘʢʘʥʩʠʡ ʚ ʝʛʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ. ʊʘʢ, ʧʨʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤ 

ʦʙʣʫʯʝʥʠʠ ʘʣʤʘʟʦʚ ʵʣʝʢʪʨʦʥʘʤʠ ʩʢʦʨʦʩʪʴ ʧʨʝʚʨʘʱʝʥʠʡ NźA ʚ ʢʨʠʩʪʘʣʣʘʭ ʟʥʘʯʠʪʝʣʴʥʦ 

ʚʦʟʨʘʩʪʘʝʪ [Coolins, 1978].  

ʇʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ ʨʘʙʦʪʳ [ɹʦʢʠʡ ʠ ʜʨ., 1986], ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤ ʪʨʘʥʩʬʦʨʤʘʮʠʷʤ ʘʟʦʪʥʳʭ ʮʝʥʪʨʦʚ ʚ ʘʣʤʘʟʘʭ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʚʪʦʨʦʤʫ 

ʧʦʨʷʜʢʫ ʨʝʘʢʮʠʠ, ʠ ʤʦʛʫʪ ʙʳʪʴ ʙʦʣʝʝ ʪʦʯʥʦ ʦʧʠʩʘʥʳ ʩ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʷ ʢʠʥʝʪʠʢʠ ʨʘʩʧʘʜʘ 

ʧʝʨʝʩʳʱʝʥʥʳʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ [ʌʠʩʪʫʣʴ, 1977]. 

ɺʩʝ ʦʪʤʝʯʝʥʥʦʝ ʚʳʰʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʠʩʘʥʠʷ ʢʠʥʝʪʠʢʠ ʧʨʝʚʨʘʱʝʥʠʡ 

NźA ʦʪʥʦʩʠʪʩʷ ʠ ʢ ʧʨʝʚʨʘʱʝʥʠʷʤ ɸźɺ. ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʩʠʪʫʘʮʠʷ ʝʱʝ ʙʦʣʝʝ ʩʣʦʞʥʘʷ. ɺʦ-

ʧʝʨʚʳʭ, ʦʧʨʝʜʝʣʝʥʠʝ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʠ ʧʦʩʪʨʦʝʥʠʝ ʜʠʘʛʨʘʤʤʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 

1.9, ʜʝʣʘʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʧʘʨʘʤʝʪʨʦʚ ʘʣʤʘʟʘ, ʚʳʯʠʩʣʝʥʥʳʭ ʧʦ ʝʛʦ ʤʠʥʝʨʘʣʘʤ-ʫʟʥʠʢʘʤ. ɽʩʣʠ ʵʪʠ 

ʚʢʣʶʯʝʥʠʷ ʧʨʦʪʦʛʝʥʝʪʠʯʝʩʢʠʝ, ʧʘʨʘʤʝʪʨʳ ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʠʥʳʤʠ. ɺʦ-ʚʪʦʨʳʭ, 

ʥʝ ʠʟʚʝʩʪʥʘ ʦʩʥʦʚʥʘʷ ʬʦʨʤʘ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʚʭʦʞʜʝʥʠʷ ʘʟʦʪʘ ʚ ʨʝʰʝʪʢʫ ʘʣʤʘʟʦʚ ʪʠʧʦʚ IaA-

IaB. ʅʝ ʷʩʥʘ ʩʦʙʩʪʚʝʥʥʦ ʠ ʤʦʜʝʣʴ ʧʨʝʚʨʘʱʝʥʠʡ: ʦʙʨʘʟʫʶʪʩʷ ʣʠ ɺ-ʮʝʥʪʨʳ ʠʟ ɸ-ʮʝʥʪʨʦʚ, ʣʠʙʦ ʠʟ 

N-ʮʝʥʪʨʦʚ, ʣʠʙʦ ʠʟ ʢʘʢʠʭ-ʪʦ ʜʨʫʛʠʭ ʘʟʦʪʥʳʭ ʮʝʥʪʨʦʚ ï ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ. 
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ʉʦʛʣʘʩʥʦ ʛʦʩʧʦʜʩʪʚʫʶʱʝʡ ʦʪʞʠʛʦʚʦʡ ʢʦʥʮʝʧʮʠʠ, ʚ ʢʨʠʩʪʘʣʣ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʚʩʪʨʘʠʚʘʶʪʩʷ 

ʦʜʠʥʦʯʥʳʝ ʘʟʦʪʥʳʝ ʘʪʦʤʳ (N-ʮʝʥʪʨʳ), ʧʨʝʚʨʘʱʘʶʱʠʝʩʷ ʚ ʜʘʣʴʥʝʡʰʝʤ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ ʚ ɸ-ʮʝʥʪʨʳ, ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʙʲʝʜʠʥʷʶʪʩʷ, ʦʙʨʘʟʫʷ ɺ-ʮʝʥʪʨʳ.  

ɸʣʴʪʝʨʥʘʪʠʚʥʫʶ ʪʦʯʢʫ ʟʨʝʥʠʷ ʚʳʩʢʘʟʳʚʣʠ ʨʦʩʩʠʡʩʢʠʝ ʫʯʝʥʳʝ ɽ.ɺ. ʉʦʙʦʣʝʚ, ɻ.ɹ. ɹʦʢʠʡ ʩ 

ʩʦʘʚʪʦʨʘʤʠ, ʖ.ʅ. ʇʘʣʴʷʥʦʚ ʩ ʩʦʘʚʪʦʨʘʤʠ.  

ɽ.ɺ. ʉʦʙʦʣʝʚ ʦʙʦʩʥʦʚʳʚʘʣ ʧʝʨʚʦʥʘʯʘʣʴʥʦʝ ʚʭʦʞʜʝʥʠʝ ʘʟʦʪʘ ʚ ʘʣʤʘʟ ʚ ʬʦʨʤʝ ʤʦʣʝʢʫʣʳ N2, 

c ʦʙʨʘʟʦʚʘʥʠʝʤ ɸ-ʮʝʥʪʨʦʚ [ʉʦʙʦʣʝʚ, 1978]. ʉʦʛʣʘʩʥʦ ʪʦʯʢʝ ʟʨʝʥʠʷ ɻ.ɹ. ɹʦʢʠʷ ʩ ʩʦʘʚʪʦʨʘʤʠ 

(1986), ʘ ʪʘʢʞʝ ʖ.ʅ.ʇʘʣʴʷʥʦʚʘ ʩ ʩʦʘʚʪʦʨʘʤʠ (1997), ʫʩʣʦʚʠʷ ʘʛʨʝʛʘʮʠʠ ʘʟʦʪʘ ʚ ʘʣʤʘʟʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʫʩʣʦʚʠʷʤ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʘ. ʀʥʘʯʝ ʛʦʚʦʨʷ, ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʘʪʦʤʳ ʘʟʦʪʘ 

ʚʩʪʨʘʠʚʘʶʪʩʷ ʚ ʫʟʣʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʥʘ ʨʘʩʪʫʱʝʡ ʛʨʘʥʠ ʘʣʤʘʟʘ ʚ ʪʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ 

(ʦʜʠʥʦʯʥʳʝ ʘʪʦʤʳ, ʧʘʨʳ, ʪʝʪʨʘʵʜʨʳ) ʠ ʚ ʪʦʡ ʧʨʦʧʦʨʮʠʠ ʨʘʟʣʠʯʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ, ʢʦʪʦʨʳʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʚʳʛʦʜʥʳ ʧʨʠ ʜʘʥʥʳʭ ʈ-ʊ ʫʩʣʦʚʠʷʭ ʠ ʩʦʜʝʨʞʘʥʠʠ ʘʟʦʪʘ ʚ ʩʨʝʜʝ. ʇʦʜʪʚʝʨʞʜʝʥʠʝʤ 

ʚʩʝʭ ʵʪʠʭ ʚʟʛʣʷʜʦʚ ʩʣʫʞʘʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ɸ.ɸ.ʐʠʨʷʝʚʘ ʩ ʩʦʘʚʪʦʨʘʤʠ (2005). ɺ 

ʘʣʤʘʟʘʭ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚ ʢʘʨʙʦʥʘʪʥʦʡ ʩʨʝʜʝ ʧʨʠ ʊ 1600oʉ ʠ ʜʘʚʣʝʥʠʠ 7 ɻʇʘ ʚ ʦʯʝʥʴ 

ʥʝʧʨʦʜʦʣʞʠʪʝʣʴʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ (2-3 ʤʠʥʫʪʳ) ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ N- ʠ ɸ-ʮʝʥʪʨʳ ʚ 

ʩʦʠʟʤʝʨʠʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ (~480 ʠ ~ 320 at. ppm ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʉʪʦʣʴ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʘʛʨʝʛʠʨʦʚʘʥʥʦʛʦ ʘʟʦʪʘ ʚ ɸ-ʬʦʨʤʝ ʥʝ ʤʦʛʣʦ ʦʙʨʘʟʦʚʘʪʴʩʷ ʧʨʘʢʪʠʯʝʩʢʠ çʤʛʥʦʚʝʥʥʦè 

ʟʘ ʩʯʝʪ ʜʠʬʬʫʟʠʠ ʦʜʠʥʦʯʥʳʭ ʘʪʦʤʦʚ ʘʟʦʪʘ ʚ ʪʚʝʨʜʦʤ ʢʨʠʩʪʘʣʣʝ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʘʚʪʦʨʳ ʨʘʙʦʪʳ 

[ʐʠʨʷʝʚ ʠ ʜʨ., 2005] ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʘʟʦʪ ʚʩʪʨʘʠʚʘʣʩʷ ʚ ʘʣʤʘʟ ʚ ʚʠʜʝ ʧʘʨʳ ʘʪʦʤʦʚ. ʇʨʠ ʵʪʦʤ 

ʥʝ ʩʣʝʜʫʝʪ ʟʘʙʳʚʘʪʴ, ʯʪʦ ʚ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʘʣʤʘʟʘ ʮʝʥʪʨʳ ɸ ʠ N ʩʦʩʫʱʝʩʪʚʫʶʪ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘʜʦ ʧʨʠʥʷʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʚʭʦʞʜʝʥʠʠ ʘʟʦʪʘ ʚ ʘʣʤʘʟ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʚ 

ʬʦʨʤʝ ɸ, ʠ ʚ ʬʦʨʤʝ N. 

ɺʦʧʨʦʩ ʦ ʤʝʭʘʥʠʟʤʝ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʘʟʦʪʥʳʭ ʮʝʥʪʨʦʚ ʚ 

ʘʣʤʘʟʝ ʧʦ ʩʫʱʝʩʪʚʫ ʩʚʦʜʠʪʩʷ ʢ ʚʦʧʨʦʩʫ, ʷʚʣʷʶʪʩʷ ʣʠ ʘʟʦʪʥʳʝ ʮʝʥʪʨʳ ʩʠʥʛʝʥʝʪʠʯʥʳʤʠ ʘʣʤʘʟʫ, 

ʣʠʙʦ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʫʩʣʦʚʠʷʤʠ ʧʦʩʪʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʛʦ ʦʪʞʠʛʘ. ʆʪ ʵʪʦʛʦ 

ʟʘʚʠʩʠʪ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʪʝʤʧʝʨʘʪʫʨ, ʦʮʝʥʝʥʥʳʭ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʘʟʦʪʘ ʚ ʢʨʠʩʪʘʣʣʘʭ, ʠʜʝʪ ʣʠ 

ʨʝʯʴ ʦ ʪʝʤʧʝʨʘʪʫʨʝ ʠʭ ʨʦʩʪʘ, ʠʣʠ ʦ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʩʪʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʛʦ ʦʪʞʠʛʘ.  

ɺʦʧʨʦʩ ʵʪʦʪ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʦʩʪʘʝʪʩʷ ʦʪʢʨʳʪʳʤ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʥʘʙʣʶʜʘʝʤʳʝ ʥʘʤʠ 

ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʟʦʪʘ ʚ ʦʙʲʝʤʝ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ ʩ ʨʘʟʣʠʯʥʳʤ ʪʠʧʦʤ ʚʥʫʪʨʝʥʥʝʛʦ 

ʩʪʨʦʝʥʠʷ [Kaminsky, Khachatryan, 2004] ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ ʦ ʨʦʩʪʦʚʦʡ ʧʨʠʨʦʜʝ 

ʘʟʦʪʥʳʭ ʮʝʥʪʨʦʚ ʠ ʥʝ ʦʙʲʷʩʥʠʤʳ ʩ ʧʦʟʠʮʠʡ ʦʪʞʠʛʦʚʦʡ ʢʦʥʮʝʧʮʠʠ. 

ʂʨʘʪʢʦ ʦʩʪʘʥʦʚʠʤʩʷ ʥʘ ʵʪʠʭ ʦʩʦʙʝʥʥʦʩʪʷʭ. 

1. ɼʣʠʪʝʣʴʥʳʡ ʧʦʩʪʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʡ ʦʪʞʠʛ ʜʦʣʞʝʥ ʙʳʣ ʙʳ ʧʨʠʚʝʩʪʠ ʢ ʜʠʬʬʫʟʠʠ 

ʘʟʦʪʘ ʠ ʝʛʦ ʦʜʥʦʨʦʜʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʚʥʫʪʨʠ ʢʨʠʩʪʘʣʣʘ ʘʣʤʘʟʘ. ʆʜʥʘʢʦ ʠʟ 50-ʪʠ ʢʨʠʩʪʘʣʣʦʚ 
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ʩ ʨʘʟʥʳʤ ʚʥʫʪʨʝʥʥʠʤ ʩʪʨʦʝʥʠʝʤ ʦʢʦʣʦ ʧʦʣʦʚʠʥʳ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʨʝʟʢʦ ʥʝʨʘʚʥʦʤʝʨʥʳʤ 

(ʢʦʥʪʨʘʩʪʥʦ ʟʦʥʘʣʴʥʳʤ) ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʩʪʨʫʢʪʫʨʥʦʡ ʧʨʠʤʝʩʠ ʘʟʦʪʘ (Ntot). 

2. ɼʘʞʝ ʝʩʣʠ ʜʠʬʬʫʟʠʷ ʘʟʦʪʘ ʚ ʢʨʠʩʪʘʣʣʝ ʙʳʣʘ ʦʛʨʘʥʠʯʝʥʘ ʦʪʜʝʣʴʥʳʤʠ ʟʦʥʘʤʠ ʝʛʦ ʨʦʩʪʘ, 

ʠʤʝʶʱʠʤʠ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ, ʪʝʤʧʝʨʘʪʫʨʳ, ʦʮʝʥʝʥʥʳʝ ʚ ʨʘʟʥʳʭ ʟʦʥʘʭ ʢʨʠʩʪʘʣʣʘ, ʜʦʣʞʥʳ 

ʙr ʪʴ ʦʜʠʥʘʢʦʚʳʤʠ ʠ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʩʪʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʛʦ ʦʪʞʠʛʘ. ɺ 

ʢʨʘʡʥʝʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʜʦʧʫʩʪʠʪʴ, ʯʪʦ ʷʜʨʦ ʢʨʠʩʪʘʣʣʘ çʜʨʝʚʥʝʝè ʦʙʦʣʦʯʢʠ ʥʘ 1-2 ʤʣʨʜ. ʣʝʪ, 

ʠʟʤʝʨʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ [Taylor e.a., 1995] ʚ ʷʜʨʝ ʜʦʣʞʥʳ ʙʳʪʴ ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ, ʯʝʤ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʦʙʦʣʦʯʢʝ. ʆʜʥʘʢʦ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ ʩ ʚʦʣʦʢʥʠʩʪʳʤ ʚʥʫʪʨʝʥʥʠʤ ʩʪʨʦʝʥʠʝʤ 

(ʢʫʙʳ, ʪʝʪʨʘʛʝʢʩʘʵʜʨʦʠʜʳ) ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʦʪʠʚʦʧʦʣʦʞʥʘʷ ʪʝʥʜʝʥʮʠʷ, ʢʦʛʜʘ ʠʟʤʝʨʝʥʥʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʜʣʷ ʚʥʝʰʥʝʡ ʟʦʥʳ ʥʘ 40-85 ʦʉ ʚʳʰʝ, ʯʝʤ ʚ ʷʜʨʝ [Kaminsky, Khachatryan, 2004]. ʕʪʦ 

ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦ ʩʚʷʟʘʥʦ ʩ ʢʠʥʝʪʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ [ʇʘʣʴʷʥʦʚ ʠ ʜʨ., 1997; Kaminsky, 

Khachatryan, 2004].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ,  

1. ʉʦʦʪʥʦʰʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʙʱʝʛʦ ʘʟʦʪʘ ʠ ʝʛʦ ʘʛʨʝʛʠʨʦʚʘʥʥʦʡ ʬʦʨʤʳ ʚ ʘʣʤʘʟʘʭ 

ʦʪʨʘʞʘʶʪ ʪʝʤʧʝʨʘʪʫʨʫ ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʝʝ ʧʦʣʫʢʦʣʠʯʝʩʪʚʝʥʥʦʡ 

ʦʮʝʥʢʠ ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʦʪʜʝʣʴʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʠ ʠʭ ʛʨʫʧʧ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʥʝʦʙʭʦʜʠʤʳ ʜʘʣʴʥʝʡʰʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʨʘʥʩʬʦʨʤʘʮʠʡ 

ʘʟʦʪʥʳʭ ʮʝʥʪʨʦʚ ʚ ʘʣʤʘʟʝ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʫʩʣʦʚʠʡ ʧʨʠʨʦʜʥʦʛʦ ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʚ 

ʛʣʫʙʠʥʘʭ ɿʝʤʣʠ. 

2. ʊʝʤʧʝʨʘʪʫʨʘ, ʦʮʝʥʝʥʥʘʷ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʘʟʦʪʥʳʭ ʮʝʥʪʨʦʚ ʚ ʢʨʠʩʪʘʣʣʝ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʣʫʯʘʝʚ ʦʪʨʘʞʘʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʝʛʦ ʨʦʩʪʘ. ʃʠʰʴ ʚ ʦʜʥʦʨʦʜʥʳʭ ʢʨʠʩʪʘʣʣʘʭ (ʦʜʠʥʘʢʦʚʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ Ntot ʠ ʟʥʘʯʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ), ʤʦʞʥʦ ʜʦʧʫʩʪʠʪʴ, ʯʪʦ ʠʟʤʝʨʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʩʪʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʛʦ ʦʪʞʠʛʘ.  

 

1.5. ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʫʛʣʝʨʦʜʘ ʠ ʠʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʘʣʤʘʟʝ 

 

ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʝʱʝʩʪʚʘ, 

ʪʨʘʜʠʮʠʦʥʥʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʚʳʷʩʥʝʥʠʷ ʝʛʦ ʛʝʥʝʟʠʩʘ ʠ ʧʝʨʚʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. ɼʣʷ ʘʣʤʘʟʘ 

ʥʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʤ ʚ ʵʪʦʤ ʧʣʘʥʝ ʷʚʣʷʝʪʩʷ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʫʛʣʝʨʦʜʘ. ɼʦʧʦʣʥʠʪʝʣʴʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʜʘʶʪ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʘʟʦʪʘ (ʛʣʘʚʥʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʧʨʠʤʝʩʴ ʚ ʘʣʤʘʟʝ), ʚʦʜʦʨʦʜʘ, 

ʙʣʘʛʦʨʦʜʥʳʭ ʛʘʟʦʚ, ʘ ʪʘʢʞʝ ʩʝʨʳ ʠ ʢʠʩʣʦʨʦʜʘ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʩʫʣʴʬʠʜʥʳʭ ʠ ʩʠʣʠʢʘʪʥʳʭ 

ʤʠʥʝʨʘʣʘʭ-ʫʟʥʠʢʘʭ ʘʣʤʘʟʘ.  

ʋʛʣʝʨʦʜ ɿʝʤʣʠ ʧʨʝʜʩʪʘʚʣʝʥ ʩʪʘʙʠʣʴʥʳʤʠ ʠʟʦʪʦʧʘʤʠ 12C ʠ 13C. ʉʦʦʪʥʦʰʝʥʠʝ ʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʚ ʧʨʠʨʦʜʥʦʤ ʚʝʱʝʩʪʚʝ ʤʦʞʝʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʠʩʪʦʯʥʠʢ ʫʛʣʝʨʦʜʘ. ɺ ʢʘʯʝʩʪʚʝ 

ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʩʪʘʥʜʘʨʪʘ ʧʨʠʥʷʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʠʟʦʪʦʧʦʚ ʫʛʣʝʨʦʜʘ ʚ ʢʘʣʴʮʠʪʝ ʨʘʢʦʚʠʥʳ 
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Belemnitella Americana. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʫʛʣʝʨʦʜʘ ʘʣʤʘʟʘ ʠʟʤʝʨʷʶʪ 

ʚʝʣʠʯʠʥʦʡ ŭ13C - ʦʪʥʦʰʝʥʠʝʤ 13C/12C, ʘ ʪʦʯʥʝʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʝʣʠʯʠʥʦʡ ʦʪʢʣʦʥʝʥʠʷ ʚ 

ʧʨʦʤʠʣʣʝ (ă) 13C/12C ʚ ʢʦʥʢʨʝʪʥʦʤ ʚʝʱʝʩʪʚʝ ʦʪ 13C/12C ʩʪʘʥʜʘʨʪʘ (0,0112372). ʆʪʨʠʮʘʪʝʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ ŭ13C ʫʢʘʟʳʚʘʶʪ ʥʘ ʦʙʦʛʘʱʝʥʥʦʩʪʴ ʚʝʱʝʩʪʚʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʪʘʥʜʘʨʪʫ ʣʝʛʢʠʤ 

ʠʟʦʪʦʧʦʤ ʫʛʣʝʨʦʜʘ, ʘ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʪʷʞʝʣʳʤ. 

ʀʟʦʪʦʧʠʷ ʫʛʣʝʨʦʜʘ ʨʘʩʩʤʦʪʨʝʥʘ ʚ ʤʦʥʦʛʨʘʬʠʠ ʕ.ʄ. ɻʘʣʠʤʦʚʘ (1968). ɺ ʥʝʡ ʦʙʦʙʱʝʥʳ 

ʦʧʨʝʜʝʣʝʥʠʷ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʫʛʣʝʨʦʜʘ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʨʦʙ ʘʪʤʦʩʬʝʨʳ, ʦʢʝʘʥʠʯʝʩʢʦʡ ʚʦʜʳ 

ʠ ʦʩʘʜʢʦʚ, ʘ ʪʘʢʞʝ ʦʩʘʜʦʯʥʳʭ ʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʟʝʤʥʦʡ ʢʦʨʳ ʠ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʛʘʟʦʚ. 

ʋʩʨʝʜʥʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʵʪʠʭ ʦʧʨʝʜʝʣʝʥʠʡ, ʜʦʧʦʣʥʝʥʥʳʝ ʜʘʥʥʳʤʠ ʨʘʙʦʪ [ʀʛʥʘʪʦʚ, ʀʣʴʠʥ, 

ʐʪʝʡʥ, 1998; ʃʝʠʥ, 2000], ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1.10.  

 

CAX ï ʩʨʝʜʠʥʥʦ ɸʪʣʘʥʪʠʯʝʩʢʠʝ ʭʨʝʙʪʳ 

 

ʈʠʩʫʥʦʢ 1.10. ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʫʛʣʝʨʦʜʘ CH4 ʠ CO2 ʨʘʟʣʠʯʥʦʛʦ ʛʝʥʝʟʠʩʘ ʧʦ ʜʘʥʥʳʤ ʨʘʙʦʪ 

[ɻʘʣʠʤʦʚ, 1968; ʀʛʥʘʪʦʚ ʠ ʜʨ., 1998; ʃʝʠʥ, 2000]  

 

ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʫʛʣʝʨʦʜ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʚʝʱʝʩʪʚ ʙʠʦʛʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʘ 

ʪʘʢʞʝ ʛʦʨʶʯʠʭ ʠʩʢʦʧʘʝʤʳʭ ʷʚʣʷʝʪʩʷ ʠʟʦʪʦʧʥʦ ʣʝʛʢʠʤʠ: ŭ13C ʦʪ -30 ʜʦ -14 ă. ɺʝʱʝʩʪʚʘ ʩ 

ʦʢʠʩʣʝʥʥʦʡ ʬʦʨʤʦʡ ʫʛʣʝʨʦʜʘ (ʉʆ, ʉʆ2, ʅʉʆ3
ï,ʉʆ3

2ï), ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʘʪʤʦʩʬʝʨʝ, ʤʠʨʦʚʦʤ 

ʦʢʝʘʥʝ ʠ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜʘʭ ʟʝʤʥʦʡ ʢʦʨʳ, ʥʘʧʨʦʪʠʚ, ʦʙʦʛʘʱʝʥʳ ʠʟʦʪʦʧʥʦ-ʪʷʞʝʣʳʤ ʫʛʣʝʨʦʜʦʤ 
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ʦʪ +1,5 ʜʦ -7ă. ʉʨʝʜʠ ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ ʜʘʥʥʳʭ ʦʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʶʪ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ 

ʫʛʣʝʨʦʜʘ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʛʘʟʦʚ (ʉʆ2 ʠ ʉʅ4), ʘ ʪʘʢʞʝ ʉʅ4, ʚʳʜʝʣʝʥʥʦʛʦ ʠʟ ʟʘʢʨʳʪʳʭ ʧʦʨ ʚ 

ʱʝʣʦʯʥʳʭ ʧʦʨʦʜʘʭ. ɺʩʝ ʵʪʠ ʚʝʱʝʩʪʚʘ ʠʤʝʶʪ çʫʪʷʞʝʣʝʥʥʳʡè ʩʦʩʪʘʚ ʫʛʣʝʨʦʜʘ ʩ ŭ13C ʦʪ ï 5,3 ʜʦ ï 

12,8ă. ʉʭʦʜʩʪʚʦ ʵʪʠʭ ʚʝʣʠʯʠʥ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʪʘʢʦʛʦ ʛʣʫʙʠʥʥʦʛʦ ʤʠʥʝʨʘʣʘ 

ʢʘʢ ʘʣʤʘʟ, ʧʦʩʣʫʞʠʣʦ ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʛʣʫʙʠʥʥʦʛʦ 

(ʤʘʥʪʠʡʥʦʛʦ) ʫʛʣʝʨʦʜʘ ɿʝʤʣʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʷʞʝʣʳʤ ʠʟʦʪʦʧʥʳʤ 

ʩʦʩʪʘʚʦʤ ʩʦ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ ŭ13C ~ -5,5ă. ʅʘ ʨʘʥʥʝʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʟʦʪʦʧʥʦʛʦ 

ʩʦʩʪʘʚʘ ʫʛʣʝʨʦʜʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʝʨʚʳʝ ʜʝʩʷʪʢʠ ʦʧʨʝʜʝʣʝʥʠʡ, ʥʝ ʠʤʝʶʱʠʝ ʙʦʣʴʰʠʭ 

ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʚʝʣʠʯʠʥʳ ʧʦʨʷʜʢʘ -5,5 ă [ɺʠʥʦʛʨʘʜʦʚ ʠ ʜʨ., 1965; ɻʘʣʠʤʦʚ, 1968]. ʕʪʦ ʟʥʘʯʝʥʠʝ 

ʙʳʣʦ ʧʨʠʥʷʪʦ ʢʘʢ ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʤʘʥʪʠʡʥʦʛʦ ʫʛʣʝʨʦʜʘ.  

ʉʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʠʟʦʪʦʧʠʠ ʫʛʣʝʨʦʜʘ ʘʣʤʘʟʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ 

(ʦʢʨʘʩʢʦʡ, ʬʦʨʤʦʡ ʢʨʠʩʪʘʣʣʦʚ, ʩʦʜʝʨʞʘʥʠʝʤ ʠʟʦʤʦʨʬʥʦʡ ʧʨʠʤʝʩʠ ʘʟʦʪʘ, ʩʦʩʪʘʚʦʤ ʤʠʥʝʨʘʣʦʚ-

ʫʟʥʠʢʦʚ) ʥʘʯʘʣʦʩʴ ʩ ʨʘʙʦʪ ʕ. ʄ.ɻʘʣʠʤʦʚʘ ʠ ʝʛʦ ʩʦʘʚʪʦʨʦʚ [ɻʘʣʠʤʦʚ ʠ ʜʨ., 1978; ɻʘʣʠʤʦʚ, 1984; 

ɻʝʦʣʦʛʠʷ ʠ ʛʝʥʝʟʠʩ ʘʣʤʘʟʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, 1989] ʚ 70-ʭ ʛʦʜʘʭ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ. ʅʘ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʤ ʤʘʪʝʨʠʘʣʝ (ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʧʦ ʘʣʤʘʟʘʤ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʗʢʫʪʠʠ ʠ ʋʨʘʣʘ) ʚʧʝʨʚʳʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʫʛʣʝʨʦʜʘ ʘʣʤʘʟʘ ʚʟʘʠʤʦʩʚʷʟʘʥ ʩ 

ʝʛʦ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠ, ʦʜʥʦʚʨʝʤʝʥʥʦ, ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʨʘʟʣʠʯʠʝ ʘʣʤʘʟʦʚ 

ʠʟ ʨʘʟʥʳʭ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʨʫʙʦʢ ʠ ʨʦʩʩʳʧʝʡ. ɺ ʨʘʙʦʪʝ [ɻʝʦʣʦʛʠʷ ʠ ʛʝʥʝʟʠʩ ʘʣʤʘʟʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ, 1989] ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʠʟʦʪʦʧʥʳʤ ʩʦʩʪʘʚʦʤ ʫʛʣʝʨʦʜʘ ʘʣʤʘʟʘ 

ʠ ʪʠʧʦʤ ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʥʝʤ ʤʠʥʝʨʘʣʴʥʳʭ ʚʢʣʶʯʝʥʠʡ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ ʠʣʠ 

ʵʢʣʦʛʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ. ʇʦ ʜʘʥʥʳʤ ʕ.ʄ.ɻʘʣʠʤʦʚʘ ʠ ʌ.ɺ.ʂʘʤʠʥʩʢʦʛʦ (1989), ʘʣʤʘʟʳ ʩ 

ʚʢʣʶʯʝʥʠʷʤʠ ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ ʘʩʩʦʮʠʘʮʠʠ ʠʟ ʨʘʟʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʤʠʨʘ ʭʘʨʘʢʪʨʠʟʫʶʪʩʷ ŭ13ʉ 

ʦʪ -1 ʜʦ -11ă, çʫʢʣʘʜʳʚʘʶʱʠʤʠʩʷè ʚ ʜʠʘʧʘʟʦʥ çʤʘʥʪʠʡʥʳʭè ʟʥʘʯʝʥʠʡ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʥʠʭ ʜʣʷ 

ʘʣʤʘʟʦʚ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʵʢʣʦʛʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ ʚʝʣʠʯʠʥʘ ŭ13ʉ ʚʘʨʴʠʨʫʝʪ ʦʪ +2 ʜʦ ï35ă. ʇʨʠ 

ʵʪʦʤ ʙʦʣʴʰʠʥʩʪʚʦ ʢʨʠʩʪʘʣʣʦʚ (~65% ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ) ʩʦʩʪʘʚʣʷʶʪ ʠʥʜʠʚʠʜʳ ʩ ŭ13ʉ ï6 + 2 

ă. ɸʣʤʘʟʳ ʩ ʘʥʦʤʘʣʴʥʦ ʠʟʦʪʦʧʥʦ-ʣʝʛʢʠʤ ʩʦʩʪʘʚʦʤ ʫʛʣʝʨʦʜʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ŭ13 ʉ ʦʪ -35 ʜʦ 

-11ă, ʦʪʥʦʩʷʱʠʝʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢ ʵʢʣʦʛʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ, ʥʝʨʝʜʢʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʢʫʙʠʯʝʩʢʦʡ ʠʣʠ ʦʢʨʫʛʣʦʡ ʬʦʨʤʦʡ, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝʤ ʞʝʣʪʦʡ ʠʣʠ ʩʝʨʦʡ ʦʢʨʘʩʢʠ.  

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʚʳʧʦʣʥʝʥʦ ʥʝʩʢʦʣʴʢʦ ʪʳʩʷʯ ʦʧʨʝʜʝʣʝʥʠʡ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ 

ʫʛʣʝʨʦʜʘ ʘʣʤʘʟʘ, ʧʨʠʯʝʤ ʤʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ: ʇ.ɼʠʥʩ (1984-1997), ʌ.ɺ.ʂʘʤʠʥʩʢʠʡ (1997-

2009), ʇ.ʂʘʨʪʠʥʠ (1998-2003), ʊ.ʐʪʘʭʝʣʴ (1997-2003) ʩ ʠʭ ʩʦʘʚʪʦʨʘʤʠ ʠ ʜʨʫʛʠʝ 

ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʠʟʫʯʠʣʠ ʫʛʣʝʨʦʜ ʘʣʤʘʟʦʚ ʩ ʤʠʥʝʨʘʣʘʤʠ-ʫʟʥʠʢʘʤʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʩʦʩʪʘʚʘ. ɺ 

ʵʪʠʭ ʨʘʙʦʪʘʭ ʙʳʣʠ ʦʩʥʦʚʥʦʤ ʧʦʜʪʚʝʨʞʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʕ.ʄ.ɻʘʣʠʤʦʚʘ ʠ 

ʌ.ɺ.ʂʘʤʠʥʩʢʦʛʦ (1989). ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʙʥʘʨʫʞʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʢʨʠʩʪʘʣʣʦʚ ʩ ʘʥʦʤʘʣʴʥʦ ʣʝʛʢʠʤ ʠʟʦʪʦʧʥʳʤ ʩʦʩʪʘʚʦʤ ʫʛʣʝʨʦʜʘ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʫʪʦʯʥʠʪʴ ʦʙʱʫʶ 
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ʢʘʨʪʠʥʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʣʤʘʟʦʚ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʚ ʥʠʭ ʠʟʦʪʦʧʦʚ ʫʛʣʝʨʦʜʘ. ɺ ʥʝʢʦʪʦʨʳʭ ʪʨʫʙʢʘʭ, 

ʥʘʧʨʠʤʝʨ, ʆʪʨʠʮʘʪʝʣʴʥʘʷ (ʗʢʫʪʠʷ), ʆʨʘʧʘ (ɹʦʪʩʚʘʥʘ), ʜʦʣʷ ʠʟʦʪʦʧʥʦ-ʣʝʛʢʠʭ ʢʨʠʩʪʘʣʣʦʚ 

ʟʥʘʯʠʪʝʣʴʥʘ ʠ ʧʨʝʚʳʰʘʝʪ 30%. ʇʦ ʥʘʰʠʤ ʜʘʥʥʳʤ, ʚ ʪʨʫʙʢʝ ʂʦʣʣʠʝʨ-4 ʨʘʡʦʥʘ ɾʫʠʥʘ 

(ɹʨʘʟʠʣʠʷ) ʘʣʤʘʟʳ ʩ ŭ13ʉ ʦʪ -27 ʜʦ -17%ʦ ʩʦʩʪʘʚʣʷʶʪ ʧʨʠʤʝʨʥʦ 35%, ʘ ʩʨʝʜʠ ʘʣʤʘʟʦʚ, 

ʠʟʚʣʝʯʝʥʥʳʭ ʠʟ ʧʣʘʩʪʦʚ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ ʚ ʨʘʡʦʥʝ ɻʫʘʥʠʘʤʦ (ɺʝʥʝʩʫʵʣʘ), ʜʦʣʷ 

ʠʟʦʪʦʧʠʯʝʩʢʠ ʣʝʛʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 90% [Kaminsky e.a., 2009; 

Kaminsky e.a., 2000]. ʉʨʝʜʠ ʤʠʥʝʨʘʣʦʚ-ʫʟʥʠʢʦʚ ʘʣʤʘʟʦʚ ʠʟ ʵʪʠʭ ʧʣʘʩʪʦʚ ʨʝʟʢʦ ʧʨʝʦʙʣʘʜʘʶʪ 

ʤʠʥʝʨʘʣʳ ʵʢʣʦʛʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ.  

ʇʦʜʦʙʥʘʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʠʟʦʪʦʧʥʦ-ʣʝʛʢʠʭ ʘʣʤʘʟʦʚ ʧʦʟʚʦʣʠʣʘ ʧʦ-ʥʦʚʦʤʫ ʚʟʛʣʷʥʫʪʴ 

ʥʘ ʧʨʦʙʣʝʤʫ ʠʩʪʦʯʥʠʢʘ ʫʛʣʝʨʦʜʘ ʘʣʤʘʟʘ. ʂʘʢ ʦʪʤʝʯʘʝʪ ʕ.ʄ.ɻʘʣʠʤʦʚ (1984), ʥʘʣʠʯʠʝ ʠʟʦʪʦʧʥʦ-

ʣʝʛʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʩ ŭ13C<ï10ă ʥʝ ʦʙʲʷʩʥʠʤʦ ʩ ʧʦʟʠʮʠʡ ʠʟʦʪʦʧʥʦʛʦ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʤʘʥʪʠʡʥʦʛʦ ʫʛʣʝʨʦʜʘ ʚ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʝ. ʇʦ ʦʮʝʥʢʘʤ ʕ.ʄ.ɻʘʣʠʤʦʚʘ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʨʘʩʯʝʪʥʘʷ 

ʚʝʣʠʯʠʥʘ ʠʟʦʪʦʧʥʦʛʦ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʫʛʣʝʨʦʜʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʰʝ 1000ʦʉ ʚ ʟʘʢʨʳʪʦʡ 

ʩʠʩʪʝʤʝ ʉʆ2 ï ʉʘʣʤʘʟ ï ʉʛʨʘʬʠʪ ï ʉʅ4 ʧʨʠ ʣʶʙʦʡ ʝʝ ʭʠʤʠʯʝʩʢʦʡ ʵʚʦʣʶʮʠʠ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 5 ʜʦ 6ă. 

ɺ ɻ ʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ ʩʠʥʪʝʟʫ ʘʣʤʘʟʘ (TÓ1400ʦʉ, ʈÓ5,5 ɻʇʘ) ʚʝʣʠʯʠʥʘ ʠʟʦʪʦʧʥʦʛʦ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʫʛʣʝʨʦʜʘ ʟʘʚʠʩʠʪ ʦʪ ʩʦʩʪʘʚʘ ʩʨʝʜʳ [ʈʝʫʪʩʢʠʡ ʠ ʜʨ., 2015]. ʇʨʠ ʵʪʦʤ ʚ 

ʩʠʩʪʝʤʝ ʤʝʪʘʣʣ-ʫʛʣʝʨʦʜ ʧʨʦʠʩʭʦʜʠʪ çʫʪʷʞʝʣʝʥʠʝè ʫʛʣʝʨʦʜʘ ʘʣʤʘʟʘ ʥʘ 4,5ă ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʨʘʩʪʚʦʨʦʤ ʫʛʣʝʨʦʜʘ ʚ ʨʘʩʧʣʘʚʝ ʤʝʪʘʣʣʦʚ, ʘ ʚ ʢʘʨʙʦʥʘʪʥʦʡ ʩʨʝʜʝ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, çʦʙʣʝʛʯʝʥʠʝè 

ʥʘ 2,6ă ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʫʛʣʝʨʦʜʦʤ ʢʘʨʙʦʥʘʪʥʦʛʦ ʬʣʶʠʜʘ.  

ɼʣʷ ʦʙʲʷʩʥʝʥʠʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʘʣʤʘʟʦʚ ʩ ʘʥʦʤʘʣʴʥʦ ʣʝʛʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʠʟʦʪʦʧʥʦʛʦ 

ʩʦʩʪʘʚʘ ʫʛʣʝʨʦʜʘ ʕ.ʄ. ɻʘʣʠʤʦʚ ʚʳʜʚʠʛʘʝʪ ʪʨʠ ʧʨʠʯʠʥʳ:  

1 - ʥʘʣʠʯʠʝ ʦʩʦʙʦʛʦ ʤʝʭʘʥʠʟʤʘ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʫʛʣʝʨʦʜʘ ʚ ʧʨʦʮʝʩʩʝ 

ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʷ;  

2 - ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʚ ʤʘʥʪʠʠ ʥʝ ʦʜʥʦʡ, ʘ ʜʚʫʭ (ʠʣʠ ʙʦʣʝʝ) ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʬʦʨʤ 

ʫʛʣʝʨʦʜʘ ï ʠʟʦʪʦʧʥʦ-ʣʝʛʢʦʡ ʠ ʠʟʦʪʦʧʥʦ-ʪʷʞʝʣʦʡ; 

3 - ʧʨʠʚʥʦʩ ʚ ʩʨʝʜʫ ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʫʙʜʫʢʮʠʠ ʠʟʦʪʦʧʥʦ-ʣʝʛʢʦʛʦ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ, ʩʦʜʝʨʞʘʱʝʛʦʩʷ ʚ ʟʝʤʥʦʡ ʢʦʨʝ. 

ʅʘ ʫʯʘʩʪʠʝ ʙʠʦʛʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʧʨʦʮʝʩʩʝ ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʫʢʘʟʳʚʘʣʠ ɺ.ɺ.ʂʦʚʘʣʴʩʢʠʡ 

ʩ ʩʦʘʚʪʦʨʘʤʠ (1972), ɺ.ʉ. ʠ ʅ.ɺ.ʉʦʙʦʣʝʚʳ (1980), ʌ.ɺ. ʂʘʤʠʥʩʢʠʡ ʠ ʅ.ɺ. ʉʦʙʦʣʝʚ (1985). 

ʅʘʠʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʵʪʦʡ ʢʦʥʮʝʧʮʠʠ ʨʘʟʨʘʙʦʪʘʥʳ 

ʆ.ɻ. ʉʦʨʦʭʪʠʥʳʤ ʩ ʩʦʘʚʪʦʨʘʤʠ (1981, 1987, 2004). ʆʥʘ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʪʦʤ, ʯʪʦ ʘʣʤʘʟ ʚ ʤʘʥʪʠʠ 

ɿʝʤʣʠ ʦʙʨʘʟʫʝʪʩʷ ʟʘ ʩʯʝʪ ʩʫʙʜʫʮʠʨʦʚʘʥʥʦʛʦ ʚʤʝʩʪʝ ʩ ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʦʡ ʵʢʟʦʛʝʥʥʦʛʦ ʫʛʣʝʨʦʜʘ 

ʧʨʠ ʨʝʘʢʮʠʠ ʦʢʩʠʜʘ ʠ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʩ ʫʛʣʝʚʦʜʦʨʦʜʘʤʠ. ʀʩʪʦʯʥʠʢʘʤʠ ʵʢʟʦʛʝʥʥʦʛʦ ʫʛʣʝʨʦʜʘ ʚ 

ʤʘʥʪʠʠ ʷʚʣʷʶʪʩʷ ʢʘʨʙʦʥʘʪʳ, ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ ʠ ʘʙʠʦʛʝʥʥʳʡ ʤʝʪʘʥ ʤʦʨʩʢʠʭ ʦʪʣʦʞʝʥʠʡ, 

ʟʘʪʷʥʫʪʳʝ ʥʘ ʙʦʣʴʰʠʝ ʛʣʫʙʠʥʳ ʩʦʚʤʝʩʪʥʦ ʩ ʫʣʴʪʨʘʦʩʥʦʚʥʳʤʠ ʠ ʦʩʥʦʚʥʳʤʠ ʧʦʨʦʜʘʤʠ 



 

 

52 

ʨʘʥʥʝʧʨʦʪʝʨʦʟʦʡʩʢʦʡ ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʳ. ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʤʘʥʪʠʡʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʜʘʚʣʝʥʠʡ 

ʢʘʨʙʦʥʘʪʳ ʨʘʟʣʘʛʘʶʪʩʷ ʩ ʚʳʜʝʣʝʥʠʝʤ ʠʟʦʪʦʧʥʦ-ʪʷʞʝʣʳʭ ʉʆ ʠ ʉʆ2 ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ŭ13ʉ, ʘ ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʠʟʦʪʦʧʥʦ-ʣʝʛʢʠʭ 

(ŭ13ʉ ʜʦ ï45 ă) ʧʨʝʜʝʣʴʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ - ʉʅ4 ʠ ʝʛʦ ʛʦʤʦʣʦʛʦʚ.  

ʆʙʨʘʟʦʚʘʥʠʷ ʘʣʤʘʟʘ ʚ ʤʘʥʪʠʠ ʩ ʫʯʘʩʪʠʝʤ ʙʠʦʛʝʥʥʦʛʦ ʠ ʘʙʠʦʛʝʥʥʦʛʦ ʤʝʪʘʥʘ, ʧʦ ʤʥʝʥʠʶ 

ʆ.ɻ. ʉʦʨʦʭʪʠʥʘ ʩ ʩʦʘʚʪʦʨʘʤʠ (2004), ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, 

ʦʩʥʦʚʥʳʤʠ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ: 

2ʉʆ+ ʉʅ4 ź 3ʉ+2ʅ2ʆ + 65,9 ʢʢʘʣ/ʤʦʣʴ  (17) 

ʉʆ2+ ʉʅ4ź 2ʉ+2ʅ2ʆ+ 24,6 ʢʢʘʣ/ʤʦʣʴ  (9) 

ʀʤʝʥʥʦ ʩʤʝʰʝʥʠʝʤ ʠʟʦʪʦʧʥʦ-ʪʷʞʝʣʳʭ ʠ ʠʟʦʪʦʧʥʦ-ʣʝʛʢʠʭ ʬʦʨʤ ʫʛʣʝʨʦʜʘ ʚ ʧʨʦʮʝʩʩʝ 

ʤʘʥʪʠʡʥʦʛʦ ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʦʙʲʷʩʥʷʝʪʩʷ ʚʩʝ ʤʥʦʛʦʦʦʙʨʘʟʠʝ ʚʘʨʠʘʮʠʡ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ 

ʫʛʣʝʨʦʜʘ ʘʣʤʘʟʘ.  

ʂʦʥʮʝʧʮʠʷ ʩʫʙʜʫʢʮʠʠ ʥʘ ʙʦʣʴʰʠʝ ʛʣʫʙʠʥʳ ʪʦʣʱ ʟʝʤʥʦʡ ʢʦʨʳ ʩ ʨʘʟʥʳʤʠ ʬʦʨʤʘʤʠ 

ʫʛʣʝʨʦʜʘ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʤʝʝʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʩʪʦʨʦʥʥʠʢʦʚ ʚ ʈʦʩʩʠʠ ʠ ʟʘ ʨʫʙʝʞʦʤ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ ʠʤʝʶʪʩʷ ʨʘʟʥʳʝ ʤʦʜʝʣʠ, ʨʘʟʚʠʚʘʶʱʠʝ ʵʪʫ ʢʦʥʮʝʧʮʠʶ. ʅʝ ʨʘʟʙʠʨʘʷ ʟʜʝʩʴ 

ʦʩʦʙʝʥʥʦʩʪʠ ʵʪʠʭ ʤʦʜʝʣʝʡ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʥʦʛʠʝ ʪʨʫʜʥʦ ʦʙʲʷʩʥʠʤʳʝ ʩʚʦʡʩʪʚʘ ʘʣʤʘʟʦʚ 

ʠ ʨʘʟʥʳʝ ʯʝʨʪʳ ʠʭ ʛʝʦʣʦʛʠʠ ʤʦʛʫʪ ʙʳʪʴ ʚʧʠʩʘʥʳ ʚ ʧʨʦʮʝʩʩʳ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʝ ʩʫʙʜʫʢʮʠʶ. 

ʅʘʧʨʠʤʝʨ, ʛʣʫʙʠʥʥʳʝ ʘʣʤʘʟʦʥʦʩʥʳʝ ʧʦʨʦʜʳ - ʵʢʣʦʛʠʪʳ ʠ ʧʝʨʠʜʦʪʠʪʳ, ʷʚʣʷʶʪʩʷ ʧʨʦʜʫʢʪʦʤ 

ʤʝʪʘʤʦʨʬʠʟʤʘ ʙʘʟʠʪʦʚ ʠ ʛʠʧʝʨʙʘʟʠʪʦʚ ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʳ. ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚʳʰʝ, ʩʨʝʜʠ 

ʘʣʤʘʟʦʚ ʵʢʣʦʛʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ, ʚ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʠʟʦʪʦʧʥʦ-ʣʝʛʢʠʝ 

ʠʥʜʠʚʠʜʳ, ʪʦʛʜʘ ʢʘʢ ʘʣʤʘʟʳ ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ ʘʩʩʦʮʠʘʮʠʠ ï ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟʦʪʦʧʥʦ-ʪʷʞʝʣʳʝ 

(ŭ13ʉ ʦʪ ï2 ʜʦ ï8 ă). ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʚ ʙʘʟʠʪʘʭ ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʳ, ʧʦʩʣʫʞʠʚʰʝʡ 

ʠʩʭʦʜʥʦʡ ʵʢʣʦʛʠʪʦʚʦʡ ʩʨʝʜʦʡ ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʷ, ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ ʦʩʘʜʢʠ, ʩʦʜʝʨʞʘʱʠʝ 

ʢʘʨʙʦʥʘʪʳ ʠ ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ. ʋʣʴʪʨʘʙʘʟʠʪʳ ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʳ ʩʦʜʝʨʞʘʣʠ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʭʝʤʦʛʝʥʥʳʝ ʢʘʨʙʦʥʘʪʳ ʠ ʤʝʪʘʥ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʙʦʣʝʝ ʫʟʢʠʤ ʜʠʘʧʘʟʦʥʦʤ 

ʚʘʨʠʘʮʠʡ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʷʞʝʣʳʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʨʛʘʥʠʢʦʡ ʠʟʦʪʦʧʥʳʤ ʩʦʩʪʘʚʦʤ ʫʛʣʝʨʦʜʘ.  

ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʘʥʦʤʘʣʴʥʦ ʠʟʦʪʦʧʥʦ-ʣʝʛʢʠʝ ʢʨʠʩʪʘʣʣʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʩʨʝʜʠ ʘʣʤʘʟʦʚ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʵʢʣʦʛʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ. ʇʨʠ ʵʪʦʤ ʧʦʩʣʝʜʥʠʝ 

ʜʝʣʷʪʩʷ ʥʘ ʜʚʝ ʛʨʫʧʧʳ: ʧʝʨʚʘʷ - ʩ ʦʙʳʯʥʳʤ çʤʘʥʪʠʡʥʳʤè ʩʦʩʪʘʚʦʤ ʫʛʣʝʨʦʜʘ, ʘ ʚʪʦʨʘʷ ʩ 

ʠʟʦʪʦʧʥʦ-ʣʝʛʢʠʤ ŭ13ʉ<-11ă. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʥʘʣʠʯʠʝ ʜʚʫʭ ʛʨʫʧʧ ʘʣʤʘʟʘ ʵʢʣʦʛʠʪʦʚʦʡ 

ʘʩʩʦʮʠʘʮʠʠ, ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʧʦ ʦʪʥʦʩʠʪʝʣʴʥʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʪʷʞʝʣʦʛʦ ʠʟʦʪʦʧʘ ʫʛʣʝʨʦʜʘ, 

ʥʝʨʝʜʢʦ ʦʪʤʝʯʘʝʪʩʷ ʜʘʞʝ ʚ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʪʨʫʙʢʝ. ʅʘʧʨʠʤʝʨ, ʧʦ ʜʘʥʥʳʤ ʨʘʙʦʪʳ [Harris, Spear, 

1986], ʚ ʪʨʫʙʢʝ ʈʦʙʝʨʪʩ ɺʠʢʪʦʨ ʦʙʥʘʨʫʞʝʥʳ ʜʚʝ ʧʦʧʫʣʷʮʠʠ ʘʣʤʘʟʘ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʵʢʣʦʛʠʪʦʚʦʡ 

ʘʩʩʦʮʠʘʮʠʠ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʧʦʧʫʣʷʮʠʷ ʩ çʤʘʥʪʠʡʥʳʤè ʠʟʦʪʦʧʥʳʤ ʩʦʩʪʘʚʦʤ 

ʫʛʣʝʨʦʜʘ. ʆʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʤʝʨʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʪʨʫʢʪʫʨʥʦʡ ʧʨʠʤʝʩʠ ʘʟʦʪʘ ʚ 
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ʢʨʠʩʪʘʣʣʘʭ 200-400 at.ppm. ʇʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʠʟʦʪʦʧʦʚ ʫʛʣʝʨʦʜʘ ʠ ʩʪʨʫʢʪʫʨʥʦʡ ʧʨʠʤʝʩʠ ʘʟʦʪʘ 

ʘʣʤʘʟʳ ʵʪʦʡ ʧʦʧʫʣʷʮʠʠ ʙʣʠʟʢʠ ʢ ʘʣʤʘʟʘʤ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ ʘʩʩʦʮʠʘʮʠʠ ʠʟ ʵʪʦʡ 

ʞʝ ʪʨʫʙʢʠ. ɼʨʫʛʘʷ ʧʦʧʫʣʷʮʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʟʦʪʦʧʥʦ - ʣʝʛʢʠʤʠ  ʠʥʜʠʚʠʜʘʤʠ ʩ ŭ13ʉ ʦʪ  ï20 ʜʦ   

ï30ă, ʢʦʪʦʨʳʝ ʦʪʥʦʩʷʪʩʷ ʢ çʙʝʟʘʟʦʪʥʦʤʫè ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʪʠʧʫ IIa. ʕʪʠ ʜʘʥʥʳʝ ʫʢʘʟʳʚʘʶʪ ʥʘ 

ʨʘʟʣʠʯʠʷ ʠʩʪʦʯʥʠʢʦʚ ʫʛʣʝʨʦʜʘ ʘʣʤʘʟʘ ʚ ʵʢʣʦʛʠʪʦʚʦʤ ʘʣʤʘʟʦʥʦʩʥʦʤ ʩʫʙʩʪʨʘʪʝ. ɺ ʦʜʥʦʤ ʠʟ ʥʠʭ, 

ʦʯʝʚʠʜʥʦ, ʚ ʠʟʙʳʪʢʝ ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ ʫʛʣʝʚʦʜʦʨʦʜʳ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ.  

Bʘʨʠʘʮʠʠ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʫʛʣʝʨʦʜʘ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʠʥʦʛʜʘ ʚʥʫʪʨʠ ʦʪʜʝʣʴʥʦ ʚʟʷʪʦʛʦ 

ʟʦʥʘʣʴʥʦʛʦ ʢʨʠʩʪʘʣʣʘ [ʉʢʫʟʦʚʘʪʦʚ ʠ ʜʨ., 2011, 2012], ʚ ʢʦʪʦʨʦʤ ʠʤʝʝʪʩʷ ʩʤʝʥʘ ʤʝʭʘʥʠʟʤʘ ʨʦʩʪʘ 

(ʢʫʙ-ʦʢʪʘʵʜʨ, ʢʫʙʦʦʢʪʘʵʜʨ-ʦʢʪʘʵʜʨ). ʇʨʠ ʵʪʦʤ ʮʝʥʪʨʘʣʴʥʳʝ ʯʘʩʪʠ ʢʨʠʩʪʘʣʣʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʦʙʦʛʘʱʝʥʳ ʣʝʛʢʠʤ ʠʟʦʪʦʧʦʤ ʫʛʣʝʨʦʜʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʠʬʝʨʠʯʝʩʢʠʤʠ ʟʦʥʘʤʠ. ɺ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʜʠʘʧʘʟʦʥ ʚʘʨʠʘʮʠʡ ŭ13ʉ ʥʝ ʧʨʝʚʳʰʘʝʪ 7ă. ɼʠʩʢʨʝʪʥʦʩʪʴ ʠʟʦʪʦʧʥʦʛʦ 

ʩʦʩʪʘʚʘ ʫʛʣʝʨʦʜʘ ʚ ʘʣʤʘʟʘʭ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʵʢʣʦʛʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ, ʘ ʪʘʢʞʝ ʚʥʫʪʨʠ ʦʪʜʝʣʴʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ ʆ.ɻ. ʉʦʨʦʭʪʠʥʳʤ ʠ ʝʛʦ ʩʦʘʚʪʦʨʘʤʠ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ (2004). ʆʜʥʘʢʦ ʦʥʘ 

ʪʘʢ ʞʝ ʣʝʛʢʦ ʦʙʲʷʩʥʠʤʘ ʥʘ ʦʩʥʦʚʝ ʢʦʥʮʝʧʮʠʠ ʩʤʝʰʝʥʠʷ ʧʨʠ ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʠ ʜʚʫʭ ʬʦʨʤ 

ʫʛʣʝʨʦʜʘ ʟʝʤʥʦʡ ʢʦʨʳ. ɻʝʥʝʪʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʵʪʦʡ ʠ ʜʨʫʛʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʠʟʦʪʦʧʦʚ ʫʛʣʝʨʦʜʘ ʚ ʘʣʤʘʟʘʭ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥʘ ʚ ʛʣʘʚʝ 3. ɺ ʦʙʲʝʤʝ ʦʜʥʦʛʦ ʢʨʠʩʪʘʣʣʘ 

ʚʩʪʨʝʯʘʶʪʩʷ ʠ ʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳʝ ʚʘʨʠʘʮʠʠ ʚʝʣʠʯʠʥʳ ŭ13ʉ ʤʝʞʜʫ ʮʝʥʪʨʘʣʴʥʦʡ ʠ 

ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʟʦʥʘʤʠ, ʩʦʩʪʘʚʣʷʶʱʠʝ ʧʦʨʷʜʢʘ 10ă [ɿʝʜʛʝʥʠʟʦʚ, 2011]. ʊʘʢʠʝ ʚʘʨʠʘʮʠʠ, ʧʦ 

ʤʥʝʥʠʶ ʨʷʜʘ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ [ʉʦʙʦʣʝʚ, ʉʦʙʦʣʝʚ, 1980; ʂʘʤʠʥʩʢʠʡ, ʅ.ʉʦʙʦʣʝʚ, 1985; 

Kirkley e.a., 1991; Schulze e.a., 2004], ʤʦʛʫʪ ʦʪʨʘʞʘʪʴ ʠʟʤʝʥʝʥʠʝ ʨʦʣʠ ʢʦʨʦʚʦʛʦ 

(ʩʫʙʜʫʮʠʨʦʚʘʥʥʦʛʦ) ʠʣʠ ʤʘʥʪʠʡʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʫʛʣʝʨʦʜʘ ʚ ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ ʘʣʤʘʟʘ. ʊʦ ʝʩʪʴ ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʢʦʥʮʝʧʮʠʠ ʆ.ɻ. ʉʦʨʦʭʪʠʥʘ ʩ ʩʦʘʚʪʦʨʘʤʠ (2004), ʠʟʤʝʥʝʥʠʝ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ 

ʘʣʤʘʟʘ ʪʨʘʢʪʫʝʪʩʷ ʥʝ ʢʘʢ ʩʤʝʰʝʥʠʝ ʜʚʫʭ ʨʘʟʥʳʭ ʢʦʨʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ (ʥʘʧʨʠʤʝʨ, ʢʘʨʙʦʥʘʪʦʚ ʠ 

ʙʠʦʤʘʩʩʳ), ʘ ʢʘʢ ʩʤʝʰʝʥʠʝ ʦʜʥʦʛʦ ʢʦʨʦʚʦʛʦ ʠ ʦʜʥʦʛʦ ʤʘʥʪʠʡʥʦʛʦ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʨʝʜʢʠʭ ʩʣʫʯʘʷʭ ʠʟʦʪʦʧʥʦ-ʣʝʛʢʠʝ ʘʣʤʘʟʳ ʚʩʪʨʝʯʘʶʪʩʷ ʠ ʩʨʝʜʠ 

ʠʥʜʠʚʠʜʦʚ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ ʘʩʩʦʮʠʘʮʠʠ [ʊʵʡʣʦʨ ʠ ʜʨ., 2005]. ʕʪʦ, ʧʦ ʤʥʝʥʠʶ 

ʃ.ɸ.ʊʝʡʣʦʨʘ ʩ ʩʦʘʚʪʦʨʘʤʠ (2005), ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʦʜʥʠʤ ʠʟ ʠʩʪʦʯʥʠʢʦʚ ʘʣʤʘʟʘ, ʢʦʪʦʨʳʡ 

ʪʨʘʜʠʮʠʦʥʥʦ ʩʯʠʪʘʶʪ ʤʘʥʪʠʡʥʳʤ ʤʠʥʝʨʘʣʦʤ, ʷʚʣʷʝʪʩʷ ʙʠʦʛʝʥʥʳʡ ʫʛʣʝʨʦʜ.  

ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʘʟʦʪʘ ʠ ʠʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʛʝʥʝʪʠʯʝʩʢʘʷ 

ʠʥʬʦʨʤʘʮʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʧʨʠ ʘʥʘʣʠʟʝ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʜʨʫʛʠʭ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʘʣʤʘʟʝ ʚ ʚʠʜʝ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʬʘʟʦʚʳʭ ʧʨʠʤʝʩʝʡ ï ʛʘʟʦʚʳʭ ʠ 

ʪʚʝʨʜʳʭ ʚʢʣʶʯʝʥʠʡ. ɹʦʣʴʰʠʥʩʪʚʦ ʵʪʠʭ ʧʨʠʤʝʩʝʡ ʦʪʥʦʩʷʪ ʢ ʩʠʥʛʝʥʝʪʠʯʝʩʢʠʤ ʠʣʠ 

ʧʨʦʪʦʛʝʥʝʪʠʯʝʩʢʠʤ.  

ʇʦʤʠʤʦ ʫʛʣʝʨʦʜʘ ʠʩʩʣʝʜʫʝʪʩʷ ʪʘʢʞʝ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʚʭʦʜʷʱʝʛʦ ʚ ʘʣʤʘʟ ʘʟʦʪʘ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʠʟʦʪʦʧʘʤʠ 14N ʠ 15N [Boyd, Mattey, Pillinger e.a. 1987; Boyd, Pillinger, 1994; 
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Cartigny, Harris, Javoy, 1998; ʃʘʚʨʦʚʘ ʠ ʜʨ.,1999; ɹʫʣʘʥʦʚʘ ʠ ʜʨ., 2004; Cartigny e.a., 2004]. 

ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʘʟʦʪʘ ʚ ʘʣʤʘʟʝ ʤʝʥʝʝ ʠʟʫʯʝʥ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʟʦʪʦʧʘʤʠ ʫʛʣʝʨʦʜʘ. ʇʦ ʜʘʥʥʳʤ 

ɼ.ʉ. ʐʝʣʢʦʚʘ [ɹʫʣʘʥʦʚʘ ʠ ʜʨ., 2004], ʚ ʘʣʤʘʟʘʭ ʠʟ ʪʨʫʙʦʢ ʗʢʫʪʠʠ ʩ ʚʢʣʶʯʝʥʠʷʤʠ 

ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ ʘʩʩʦʮʠʘʮʠʠ ŭ15N ʚʘʨʴʠʨʫʝʪ ʦʪ -34 ʜʦ +9,5 ă, ʘ ʚ ʘʣʤʘʟʘʭ ʩ ʚʢʣʶʯʝʥʠʷʤʠ 

ʵʢʣʦʛʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʪ -10,1 ʜʦ +23 ă. ʇʨʠ ʵʪʦʤ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʘʣʤʘʟʳ 

ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ ʘʩʩʦʮʠʘʮʠʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʟʥʘʯʝʥʠʷʤʠ ŭ13ʉ ʦʪ -7,7 ʜʦ -

3,6ă, ʦʙʣʘʜʘʶʱʠʝ ʠʟʦʪʦʧʥʳʤ ʩʦʩʪʘʚʦʤ ʘʟʦʪʘ ŭ15N ʦʪ -5,9 ʜʦ +9,5 ă, ʦʪʥʦʩʷʪʩʷ ʢ ʦʜʥʦʡ 

ʛʝʥʝʪʠʯʝʩʢʦʡ ʛʨʫʧʧʝ. ɸʣʤʘʟʳ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʵʢʣʦʛʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ ʦʙʨʘʟʫʶʪ ʜʚʝ ʛʨʫʧʧʳ. 

ʆʜʥʘ ʠʟ ʥʠʭ ʙʣʠʟʢʘ ʧʦ ʠʟʦʪʦʧʥʦʤʫ ʩʦʩʪʘʚʫ ʫʛʣʝʨʦʜʘ ʠ ʘʟʦʪʘ, ʢ ʘʣʤʘʟʘʤ ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ 

ʘʩʩʦʮʠʘʮʠʠ. ɺʪʦʨʘʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʣʝʛʢʠʤ ʠʟʦʪʦʧʥʳʤ ʩʦʩʪʘʚʦʤ ʫʛʣʝʨʦʜʘ ʠ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ŭ15N. ʇʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ ʨʘʙʦʪʳ [ɹʫʣʘʥʦʚʘ ʠ ʜʨ., 2004], ʵʪʘ ʛʨʫʧʧʘ ʘʣʤʘʟʦʚ 

ʦʙʨʘʟʦʚʘʣʘʩʴ ʟʘ ʩʯʝʪ ʫʛʣʝʨʦʜʘ ʧʦʨʦʜ ʟʝʤʥʦʡ ʢʦʨʳ, ʩʫʙʜʫʮʠʨʦʚʘʥʥʳʭ ʜʦ ʛʣʫʙʠʥ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʟʦʥʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʟʦʪʦʧʦʚ ʘʟʦʪʘ ʠ ʫʛʣʝʨʦʜʘ ʚʥʫʪʨʠ ʦʪʜʝʣʴʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ ʚ ʨʷʜʝ ʩʣʫʯʘʷʝʚ ʦʙʥʘʨʫʞʠʣʦ ʟʥʘʯʠʪʝʣʴʥʳʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ: ʦʪ 

ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ŭ15N ʚ ʮʝʥʪʨʝ ʜʦ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʥʘ ʧʝʨʠʬʝʨʠʠ. ɸʚʪʦʨʳ 

ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʥʘ ʩʪʘʜʠʠ ʟʘʨʦʞʜʝʥʠʷ ʘʣʤʘʟʦʚ ʚʝʨʦʷʪʥʦ ʫʯʘʩʪʠʝ ʢʦʨʦʚʦʛʦ ʘʟʦʪʘ. ɺ ʧʨʦʮʝʩʩʝ 

ʜʘʣʴʥʝʡʰʝʛʦ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʘ ʨʦʣʴ ʢʦʨʦʚʦʛʦ ʘʟʦʪʘ ʫʤʝʥʴʰʘʝʪʩʷ. ɸʥʘʣʦʛʠʯʥʦʝ ʟʘʢʣʶʯʝʥʠʝ ʦ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʩʤʝʥʝ ʨʦʣʠ ʢʦʨʦʚʦʛʦ ʠ ʤʘʥʪʠʡʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʜʝʣʘʝʪʩʷ ʧʦ ʚʘʨʠʘʮʠʷʤ 

ʠʟʦʪʦʧʦʚ ʫʛʣʝʨʦʜʘ ʚʥʫʪʨʠ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ ʚ ʨʘʙʦʪʘʭ [ʉʦʙʦʣʝʚ, ʉʦʙʦʣʝʚ, 1980; Kirkley e.a., 

1991; Schulze e.a., 2004]. ɺ ʘʣʤʘʟʘʭ ʠʟ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʂʫʤʜʳ-ʂʦʣʴ 

ŭ15N ʚʘʨʴʠʨʫʝʪ ʦʪ +8,9 ʜʦ +25 ă [ʃʘʚʨʦʚʘ ʠ ʜʨ., 1999]. ʕʪʦ ʩʙʣʠʞʘʝʪ ʢʫʤʜʳʢʦʣʴʩʢʠʝ ʘʣʤʘʟʳ ʩ 

ʘʣʤʘʟʘʤʠ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ, ʠʤʝʶʱʠʤʠ ʚʢʣʶʯʝʥʠʷ ʵʢʣʦʛʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ. ʇʨʠ ʵʪʦʤ ʩʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ ŭ15N ʜʣʷ ʢʫʤʜʳʢʦʣʴʩʢʠʭ ʘʣʤʘʟʦʚ ʩʦʩʪʘʚʣʷʝʪ +10,9 ă, ʪʦʛʜʘ ʢʘʢ ʜʣʷ ʘʣʤʘʟʦʚ ʠʟ 

ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʨʫʙʦʢ ʦʢʦʣʦ -2,1 ă. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʣʤʘʟʳ ʠʟ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜ ʚ 

ʮʝʣʦʤ ʩʫʱʝʩʪʚʝʥʥʦ ʦʙʦʛʘʱʝʥʳ ʪʷʞʝʣʳʤ ʠʟʦʪʦʧʦʤ ʘʟʦʪʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʣʤʘʟʘʤʠ 

ʢʠʤʙʝʨʣʠʪʦʚ. ʅʘ ʬʦʥʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʝʛʢʦʛʦ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʫʛʣʝʨʦʜʘ ʘʣʤʘʟʦʚ ʠʟ 

ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜ, ʩʦʩʪʘʚʣʷʶʱʝʛʦ ʚ ʩʨʝʜʥʝʤ -17,2 ă, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʦʜʥʠʤ ʠʟ 

ʦʩʥʦʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʫʛʣʝʨʦʜʘ ʢʫʤʜʳʢʦʣʴʩʢʠʭ ʘʣʤʘʟʦʚ ʙʳʣʠ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ 

ʟʝʤʥʦʡ ʢʦʨʳ. ʕʪʦʪ ʚʳʚʦʜ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ ʖ.ɸ.ʐʫʢʦʣʶʢʦʚʘ ʠ ɸ.ʄ.ʇʣʝʰʘʢʦʚʘ ʧʦ 

ʠʟʦʪʦʧʥʦʤʫ ʩʦʩʪʘʚʫ ʛʝʣʠʷ ʢʫʤʳʢʦʣʴʩʢʠʭ ʘʣʤʘʟʦʚ. ɻʝʣʠʡ, ʧʦʜʦʙʥʦ ʘʟʦʪʫ, ʦʙʥʘʨʫʞʠʚʘʝʪ 

ʫʪʷʞʝʣʝʥʠʝ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦ ʤʝʨʝ ʦʙʣʝʛʯʝʥʠʷ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʫʛʣʝʨʦʜʘ ʘʣʤʘʟʦʚ 

[ʃʘʚʨʦʚʘ ʠ ʜʨ., 1999].  

ʇʦʜʚʦʜʷ ʠʪʦʛ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʚ ʮʝʣʦʤ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʘʣʤʘʟʦʚ ʩʨʝʜʠ 

ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜ ʨʦʣʴ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʙʳʣʘ ʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʘ, ʯʝʤ ʚ 

ʦʙʨʘʟʦʚʘʥʠʠ ʘʣʤʘʟʦʚ ʢʠʤʙʝʨʣʠʪʦʚ ʠ ʣʘʤʧʨʦʠʪʦʚ. 
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ʇʦʤʠʤʦ ʠʟʫʯʝʥʠʷ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʫʛʣʝʨʦʜʘ, ʘʟʦʪʘ ʠ ʛʝʣʠʷ ʚ ʘʣʤʘʟʝ, ʨʷʜʦʤ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʘʥʘʣʠʟʠʨʦʚʘʣʩʷ ʪʘʢʞʝ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʢʠʩʣʦʨʦʜʘ ʠ ʩʝʨʳ ʚ ʤʠʥʝʨʘʣʘʭ-ʫʟʥʠʢʘʭ 

ʘʣʤʘʟʘ. ʕʪʠ ʜʘʥʥʳʝ ʪʘʢʞʝ ʠʥʬʦʨʤʘʪʠʚʥʳ ʚ ʛʝʥʝʪʠʯʝʩʢʦʤ ʧʣʘʥʝ, ʥʦ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ 

ʤʠʥʝʨʘʣʳ-ʫʟʥʠʢʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʦʪʦʛʝʥʝʪʠʯʝʩʢʠʤʠ ʠʣʠ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʤʠ. ɺ ʵʪʠʭ ʩʣʫʯʘʷʭ 

ʠʩʪʦʯʥʠʢʠ ʚʝʱʝʩʪʚʘ ʤʠʥʝʨʘʣʴʥʳʭ ʚʢʣʶʯʝʥʠʡ ʤʦʛʫʪ ʙʳʪʴ ʠʥʳʤʠ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʪʦʯʥʠʢʘʤʠ 

ʘʣʤʘʟʥʦʛʦ ʚʝʱʝʩʪʚʘ. 

ɺ ʨʷʜʝ ʪʨʫʙʦʢ ʢʠʤʙʝʨʣʠʪʦʚ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʢʠʩʣʦʨʦʜʘ ʚ ʤʠʥʝʨʘʣʘʭ ʵʢʣʦʛʠʪʦʚʦʡ 

ʘʩʩʦʮʠʘʮʠʠ, ʟʘʢʣʶʯʝʥʥʳʭ ʚ ʘʣʤʘʟʘʭ, ʘʥʘʣʦʛʠʯʝʥ ʩʦʩʪʘʚʫ ʢʠʩʣʦʨʦʜʘ ʚ ʦʢʝʘʥʠʯʝʩʢʠʭ ʙʘʟʘʣʴʪʘʭ 

[Schulze e.a., 2003]. ʃ.ɸ.ʊʝʡʣʦʨ ʩ ʩʦʘʚʪʦʨʘʤʠ (2005), ʠʩʩʣʝʜʫʷ ŭ18ʆ ʛʨʘʥʘʪʦʚ ʧʝʨʠʜʦʪʠʪʦʚʦʡ 

ʘʩʩʦʮʠʘʮʠʠ, ʚʢʣʶʯʝʥʥʳʭ ʚ ʘʣʤʘʟʳ, ʦʙʥʘʨʫʞʠʣ, ʯʪʦ ʚʘʨʠʘʮʠʠ ŭ18ʆ ʚ ʵʪʠʭ ʛʨʘʥʘʪʘʭ ʥʘʭʦʜʠʪʩʷ ʟʘ 

ʧʨʝʜʝʣʘʤʠ ʧʨʠʥʷʪʦʛʦ ñʤʘʥʪʠʡʥʦʛʦ ʜʠʘʧʘʟʦʥʘò. ʕʪʦ ʩʣʫʞʠʪ ʫʢʘʟʘʥʠʝʤ ʥʘ ʪʦ, ʯʪʦ ʫʧʦʤʷʥʫʪʳʝ 

ʵʢʣʦʛʠʪʳ ʠ ʧʝʨʠʜʦʪʠʪʳ ʦʪʥʦʩʠʣʠʩʴ ʢ ʧʦʨʦʜʘʤ ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʳ, ʩʫʙʜʫʮʠʨʦʚʘʥʥʦʡ ʚ ʤʘʥʪʠʶ.  

ɺ ʨʘʙʦʪʝ ʂ. ʕʣʜʨʠʜʞʘ ʩ ʩʦʘʚʪʦʨʘʤʠ (1991) ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʧʦ ʠʟʦʪʦʧʥʳʤ ʦʪʥʦʰʝʥʠʷʤ 

ʩʝʨʳ ʠ ʩʚʠʥʮʘ ʩʫʣʴʬʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʘʣʤʘʟʝ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʨʫʙʦʢ ɸʬʨʠʢʠ. ɼʘʥʥʳʝ ʧʦ 

ʠʟʦʪʦʧʠʠ ʩʚʠʥʮʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʧʨʠʚʥʦʩʝ ʚ ʛʣʫʙʠʥʥʳʝ ʦʙʣʘʩʪʠ ʤʘʥʪʠʠ ʢʦʨʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ, 

ʠʤʝʚʰʝʛʦ ʚʦʟʨʘʩʪ 1-2 ʤʣʨʜ. ʣʝʪ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ,  

1. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʘʩʩʦʚʦʛʦ ʠʟʫʯʝʥʠʷ ʠʟʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʫʛʣʝʨʦʜʘ ʘʣʤʘʟʦʚ, ʩʦʜʝʨʞʘʱʠʭ 

ʤʠʥʝʨʘʣʴʥʳʝ ʚʢʣʶʯʝʥʠʷ ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʙʦʣʴʰʘʷ ʛʨʫʧʧʘ ʘʥʦʤʘʣʴʥʦ ʠʟʦʪʦʧʥʦ-ʣʝʛʢʠʭ 

ʠʥʜʠʚʠʜʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʵʢʣʦʛʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ.  

2. ɼʘʥʥʳʝ ʠʟʦʪʦʧʠʠ ʫʛʣʝʨʦʜʘ, ʘʟʦʪʘ ʘʣʤʘʟʘ, ʘ ʪʘʢʞʝ ʢʠʩʣʦʨʦʜʘ ʚʢʣʶʯʝʥʥʳʭ ʚ ʘʣʤʘʟ 

ʤʠʥʝʨʘʣʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʘʣʠʯʠʠ ʚ ʩʨʝʜʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʘʣʤʘʟʘ ʢʦʨʦʚʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʝʛʦ 

ʫʯʘʩʪʠʠ ʚ ʧʨʦʮʝʩʩʝ ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʷ.  

3. ʇʦ ʤʥʝʥʠʶ ʙʦʣʴʰʠʥʩʪʚʘ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʢʦʨʦʚʳʡ ʫʛʣʝʨʦʜ ʫʯʘʩʪʚʫʝʪ ʚ ʧʨʦʮʝʩʩʝ 

ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʩʦʚʤʝʩʪʥʦ ʩ ʫʛʣʝʨʦʜʦʤ ʤʘʥʪʠʠ.  
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2. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʘʟʦʪʥʳʭ ʮʝʥʪʨʦʚ ʚ ʢʨʠʩʪʘʣʣʘʭ ʘʣʤʘʟʘ ʠʟ 

ʢʠʤʙʝʨʣʠʪʦʚ ʠ ʣʘʤʧʨʦʠʪʦʚ, ʪʠʧʳ ʘʣʤʘʟʥʳʭ ʧʦʧʫʣʷʮʠʡ 

 

ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ ʛʣʘʚʝ 1, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʘʟʦʪʥʳʭ ʮʝʥʪʨʦʚ ʚ ʘʣʤʘʟʝ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʚʘʞʥʝʡʰʠʭ ʠʥʜʠʢʘʪʦʨʦʚ ʝʛʦ ʛʝʥʝʟʠʩʘ. ʉʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʜʦʣʝʡ ʘʟʦʪʘ ʚ ɺ- ʠʣʠ ɸ-ʬʦʨʤʝ ʢ 

ʦʙʱʝʤʫ ʩʦʜʝʨʞʘʥʠʶ ʵʪʦʡ ʧʨʠʤʝʩʠ ʚ ʢʨʠʩʪʘʣʣʝ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʠ 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʛʨʫʧʧ ʘʣʤʘʟʦʚ ʠʟ ʨʘʟʣʠʯʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʆʙʦʙʱʝʥʠʝ ʠ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʘʟʦʪʘ ʚ ʘʣʤʘʟʘʭ ʠʟ ʨʘʟʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʟʝʤʥʦʛʦ ʰʘʨʘ ʜʘʝʪ ʤʘʪʝʨʠʘʣ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʦʙʱʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ 

ʧʨʠʨʦʜʥʦʛʦ ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʦʙʦʩʥʦʚʘʥʠʷ ʪʝʭ ʪʠʧʦʤʦʨʬʥʳʭ ʩʚʦʡʩʪʚ ʘʣʤʘʟʘ, 

ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʨʝʰʝʥʠʠ ʧʨʦʛʥʦʟʥʦ-ʧʦʠʩʢʦʚʳʭ ʟʘʜʘʯ. 

ʉʠʩʪʝʤʘʪʠʟʘʮʠʷ ʢʨʠʩʪʘʣʣʦʚ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʚ ʥʠʭ ʘʟʦʪʘ ʙʳʣʘ ʥʘʯʘʪʘ ʘʚʪʦʨʦʤ ʚ 2001 ʛ. 

ʥʘ ʦʩʥʦʚʝ ʩʦʙʩʪʚʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʦʣʣʝʢʮʠʡ ʘʣʤʘʟʘ ʠʟ 32-ʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʉʠʙʠʨʠ, 

ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ, ʂʘʥʘʜʳ ʠ ʖʞʥʦʡ ɸʤʝʨʠʢʠ. ʆʜʥʘʢʦ ʜʘʣʴʥʝʡʰʝʝ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʵʪʠʭ 

ʜʘʥʥʳʭ ʩ ʬʘʢʪʠʯʝʩʢʠʤ ʤʘʪʝʨʠʘʣʦʤ ʧʦ ʘʟʦʪʫ ʚ ʘʣʤʘʟʝ, ʠʤʝʶʱʠʤʩʷ ʚ ʟʘʨʫʙʝʞʥʦʡ ʣʠʪʝʨʘʪʫʨʝ, 

ʦʢʘʟʘʣʦʩʴ ʟʘʪʨʫʜʥʠʪʝʣʴʥʳʤ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʝʜʠʥʦʡ ʤʝʪʦʜʠʢʠ ʦʮʝʥʢʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʟʦʪʥʳʭ 

ʮʝʥʪʨʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʥʠʢʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʡ ʚʟʘʠʤʥʦ 

ʩʦʛʣʘʩʦʚʘʥʥʦʡ ʤʝʪʦʜʠʢʠ. 

 

2.1. ʋʥʠʬʠʮʠʨʦʚʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʟʦʪʥʳʭ ʮʝʥʪʨʦʚ ʚ ʘʣʤʘʟʝ 

 

ʂʘʢ ʦʪʤʝʯʝʥʦ ʚ ʧʨʝʜʳʜʫʱʝʡ ʛʣʘʚʝ, ʦʩʥʦʚʥʳʤ ʠ ʥʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʧʨʠ 

ʤʘʩʩʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʩʪʨʫʢʪʫʨʥʳʭ ʜʝʬʝʢʪʦʚ ʚ ʘʣʤʘʟʝ, ʧʨʘʢʪʠʯʝʩʢʠ çʚʳʪʝʩʥʠʚʰʠʤè ʜʨʫʛʠʝ 

ʵʣʝʢʪʨʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʷʚʣʷʝʪʩʷ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ. ʕʪʦʪ ʤʝʪʦʜ ʥʝ ʪʨʝʙʫʝʪ ʩʧʝʮʠʘʣʴʥʦʡ 

ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ ʠ ʧʦʟʚʦʣʷʝʪ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʚʘʪʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʟʦʪʥʳʭ ɸ-, ɺ-, N-ʮʝʥʪʨʦʚ, 

ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʠʤʝʩʝʡ ʚʦʜʦʨʦʜʘ-, ʙʦʨʘ ʠ ʧʣʝʡʪʝʣʝʪʩ. ɺʨʝʤʷ ʘʥʘʣʠʟʘ ʩ ʧʦʤʦʱʴʶ ʀʂ-ʌʫʨʴʝ 

ʩʧʝʢʪʨʦʤʝʪʨʘ, ʦʩʥʘʱʝʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʦʤ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʧʨʝʚʳʰʘʝʪ ʥʝʩʢʦʣʴʢʠʭ ʤʠʥʫʪ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʶ ʜʣʷ ʤʘʩʩʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʣʤʘʟʦʚ ʠ ʠʭ ʤʠʥʝʘʣʦʚ-

ʩʧʫʪʥʠʢʦʚ [Khachatryan, Kaminsky, Anashkina, 2012; ʍʘʯʘʪʨʷʥ, ʑʝʨʙʘʢʦʚʘ, ʂʦʣʝʩʥʠʢʦʚʘ, 2011]. ɺ 

ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ, ʙʣʘʛʦʜʘʨʷ ʧʦʷʚʣʝʥʠʶ ʀʂ-ʌʫʨʴʝ ʩʧʝʢʪʨʦʤʝʪʨʦʚ, ʩʦʚʤʝʩʪʠʤʳʭ ʩ ʢʦʤʧʴʶʪʝʨʦʤ, 

ʧʦʷʚʠʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʦʣʫʯʝʥʠʷ ʩʧʝʢʪʨʦʚ ʠ ʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʟʘʥʝʩʝʥʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʙʘʟʫ ʜʘʥʥʳʭ. 

ɺ ʢʦʥʮʝ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ ʥʘʤʝʪʠʣʩʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʨʦʛʨʝʩʩ ʚ ʠʟʫʯʝʥʠʠ ʦʧʪʠʯʝʩʢʠ 

ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʚ ʘʣʤʘʟʝ. ɺ ʨʘʙʦʪʘʭ [Boyd, Kiflawi , Woods, 1994, 1995] ʙʳʣʠ ʫʪʦʯʥʝʥʳ 

ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʟʦʪʘ ʚ ʘʣʤʘʟʘʭ çʯʠʩʪʳʭè 
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ʪʠʧʦʚ Ib, IaA ʠ IaB. ʋʪʚʝʨʜʠʣʠʩʴ ʥʦʚʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʧʨʠʨʦʜʝ ʠ ʩʪʨʦʝʥʠʠ ɺ-ʜʝʬʝʢʪʦʚ [Bursill, 

Glaisher, 1985] ʠ ʧʣʝʡʪʣʝʪʩ (ʮʝʥʪʨ ɺ2) [Woods, 1986; Evans, Kiflawi , Luyten, Van Tendeloo, 1995]. 

ʆʜʥʘʢʦ ʚʩʝ ʵʪʠ ʜʘʥʥʳʝ ʚ ʩʚʦʝ ʚʨʝʤʷ ʥʝ ʥʘʰʣʠ ʦʪʨʘʞʝʥʠʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʦʪʝʯʝʩʪʚʝʥʥʳʭ 

ʧʫʙʣʠʢʘʮʠʡ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʥʝʩʦʧʦʩʪʘʚʠʤʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʨʘʟʥʳʤʠ ʘʚʪʦʨʘʤʠ. ɺ ʩʚʷʟʠ 

ʩ ɻʪʠʤ ʚʦʟʥʠʢʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʛʣʘʩʦʚʘʥʠʷ ʨʘʟʥʳʭ ʤʝʪʦʜʠʢ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʟʦʪʘ ʚ 

ʘʣʤʘʟʝ ʠ ʚʳʙʦʨ ʝʜʠʥʦʛʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʧʦʩʦʙʘ ʨʘʩʯʝʪʘ ʩʦʜʝʨʞʘʥʠʷ ʘʟʦʪʥʳʭ ʮʝʥʪʨʦʚ.  

ɺ ʦʩʥʦʚʝ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʟʦʪʘ ʚ ʘʣʤʘʟʘʭ çʯʠʩʪʳʭè ʪʠʧʦʚ Ib, Iʘɸ ʠ Iʘɺ ʣʝʞʠʪ 

ʣʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʦʜʝʨʞʘʥʠʷ ʧʨʠʤʝʩʠ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʛʣʦʱʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʤʘʢʩʠʤʫʤʦʚ. 

ʉʦʛʣʘʩʥʦ ʫʪʦʯʥʝʥʥʳʤ ʜʘʥʥʳʤ [Boyd, Kiflawi , Woods, 1994, 1995], ʵʪʠ ʫʨʘʚʥʝʥʠʷ ʠʤʝʶʪ ʚʠʜ: 

NA=KAÖmɸ1282=[16.5°1at.ppm/ ʩʤ-1] Ömɸ1282   (18) 

NB=KBÖmɺ1282=[79.4Ñ8at.ppm/cʤ
-1] Ömɺ1282   (19) 

NN=KN ÖmN1132=[25°1 at.ppm/ ʩʤ-1] ÖmN1132   (20), 

ʛʜʝ NA, NB, NN ï ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʟʦʪʘ ʚ ʬʦʨʤʘʭ ɸ, ɺ, N ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ at. 

ppm, Ömɸ1282,Ömɺ1282 ʠÖmN1130  - ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʛʣʦʱʝʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ɸ, ɺ, N- ʩʠʩʪʝʤ ʚ 

ʤʘʢʩʠʤʫʤʘʭ 1282 ʠ 1132 ʩʤ-1 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʦʪʤʝʪʠʤ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ, ʧʨʝʜʣʦʞʝʥʥʳʝ 

ɽ.ɺ. ʉʦʙʦʣʝʚʳʤ, ʢʦʪʦʨʳʝ ʨʘʥʝʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʨʘʟʨʘʙʦʪʢʘʭ, ʟʘʤʝʪʥʦ 

ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʰʝ: KN=20 at.ppm/ʩʤ
-1, KA =33,1 at.ppm/ ʩʤ-1 [ʂʘʤʠʥʩʢʠʡ, 

ɹʘʨʪʦʰʠʥʩʢʠʡ, ɹʣʠʥʦʚʘ, ʠ ʜʨ.,1988; ʉʦʙʦʣʝʚ,1989].  

ʇʦ ʦʧʨʝʜʝʣʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ m ʨʘʚʝʥ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ D = ln(Io/I) 

ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʢ ʪʦʣʱʠʥʝ ʦʙʨʘʟʮʘ (d, ʩʤ), ʧʨʠʯʝʤ Io ʠ I ïʧʨʦʧʫʩʢʘʥʠʝ ʠʟʣʫʯʝʥʠʷ ʜʦ ʠ ʧʦʩʣʝ 

ʧʨʦʭʦʞʜʝʥʠʷ ʯʝʨʝʟ ʢʨʠʩʪʘʣʣ ʘʣʤʘʟʘ. ɿʥʘʯʝʥʠʷ D ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʧʨʝʜʝʣʷʶʪʩʷ ʀʂ-ʌʫʨʴʝ 

ʩʧʝʢʪʨʦʤʝʪʨʦʤ, ʘ ʪʦʣʱʠʥʫ ʢʨʠʩʪʘʣʣʘ ʥʝʦʙʭʦʜʠʤʦ ʠʟʤʝʨʷʪʴ ʚ ʢʘʞʜʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ. ʕʪʘ ʟʘʜʘʯʘ 

ʨʝʰʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʛʦ ʧʨʠʝʤʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʦʮʝʥʠʪʴ ʥʝʢʫʶ ʫʩʨʝʜʥʝʥʥʫʶ 

ʵʬʬʝʢʪʠʚʥʫʶ ʪʦʣʱʠʥʫ ʢʨʠʩʪʘʣʣʦʚ, ʪ.ʢ. ʤʥʦʛʠʝ ʠʟ ʥʠʭ ʠʤʝʶʪ ʥʝʧʨʘʚʠʣʴʥʫʶ ʬʦʨʤʫ. 

ʕʬʬʝʢʪʠʚʥʘʷ ʪʦʣʱʠʥʘ ʦʙʨʘʟʮʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʫʪʝʤ ʥʦʨʤʠʨʦʚʘʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʧʣʦʪʥʦʩʪʝʡ 

ʠʟʤʝʨʝʥʥʳʭ ʚ ʀʂ-ʩʧʝʢʪʨʝ ʧʦʣʦʩ ʘʣʤʘʟʥʦʡ ʨʝʰʝʪʢʠ ʦʢʦʣʦ 3580, 2560, 2560, 2430, 2170, 2030, 

1980 ʩʤ-1 ʢ ʚʝʣʠʯʠʥʘʤ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠʭ ʧʦʛʣʦʱʝʥʠʷ mʘʣʤ (ʩʤ
-1), ʠʤʝʶʱʠʤʩʷ ʚ ʣʠʪʝʨʘʪʫʨʝ 

(ʪʘʙʣʠʮʘ 2.1) [ɹʦʢʠʡ, ɹʝʟʨʫʢʦʚ, ʂʣʶʝʚ ʠ ʜʨ., 1986]. 

 

ʊʘʙʣʠʮʘ 2.1. ʀʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʣʦʩ ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʘʣʤʘʟʦʚ ʚ ʀʂ-ʦʙʣʘʩʪʠ 

ɺʦʣʥʦʚʳʝ ʯʠʩʣʘ, ʩʤ-1 3580 2560 2430 2170 2030 1980 

ʂʦʵʬʬʠʮʠʝʥʪʳ 

ʧʦʛʣʦʱʝʥʠʷ m ʘʣʤ, ʩʤ
-1 

1,7°0,3 4,6°0,3 4,6°0,3 12,8°0,3 12,8°0,3 12,8°0,3 
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2.1.1. ɸʟʦʪʥʳʝ ʮʝʥʪʨʳ ʚ ʘʣʤʘʟʘʭ ʩʤʝʰʘʥʥʦʛʦ ʪʠʧʘ IaAB 

 

ɹʦʣʴʰʠʥʩʪʚʦ ʘʣʤʘʟʦʚ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ ʠ ʣʘʤʧʨʦʠʪʦʚ, ʩʦʛʣʘʩʥʦ ʬʠʟʠʯʝʩʢʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʘʣʤʘʟʘ (ʧʘʨʘʛʨʘʬ 1.4.1), ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʝʧʨʝʨʳʚʥʳʡ ʨʷʜ ʦʪ ʪʠʧʘ IaA ʜʦ ʪʠʧʘ IaB, ʪ.ʝ. 

ʦʪʥʦʩʷʪʩʷ ʢ ʩʤʝʰʘʥʥʦʤʫ ʪʠʧʫ IaAB. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ, ʩʫʤʤʘʨʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʩʪʨʫʢʪʫʨʥʦʡ ʧʨʠʤʝʩʠ ʘʟʦʪʘ (Ntot) ʚ ʪʘʢʠʭ ʘʣʤʘʟʘʭ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ 100% ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʦʜʝʨʞʘʥʠʷʤʠ ʘʟʦʪʘ ʚ ʬʦʨʤʘʭ ɸ ʠ ɺ ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ NA Nɺ: 

Ntot=NA+Nɺ        (21) 

ʄʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʟʦʪʘ ʚ ʘʣʤʘʟʝ ʨʘʟʨʘʙʦʪʘʥʘ ʚ 70-ʭ ʛʦʜʘʭ ʧʨʦʰʣʦʛʦ 

ʩʪʦʣʝʪʠʷ ɽ.ɺ. ʉʦʙʦʣʝʚʳʤ ʠ ʖ.ɸ. ʂʣʶʝʚʳʤ ʩ ʩʦʘʚʪʦʨʘʤʠ. ɺ ʨʘʙʦʪʝ [ɹʦʢʠʡ, ɹʝʟʨʫʢʦʚ, 

ʂʣʶʝʚ ʠ ʜʨ., 1986] ʜʣʷ ʨʘʩʯʸʪʘ ʩʧʝʢʪʨʦʚ ʘʣʤʘʟʘ ʩʤʝʰʘʥʥʦʛʦ IaAB ʪʠʧʘ, ʧʨʠʤʝʥʷʝʪʩʷ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʨʘʟʣʦʞʝʥʠʝ ʩʫʤʤʘʨʥʦʛʦ ʀʂ-ʩʧʝʢʪʨʘ ʩ ʚʳʜʝʣʝʥʠʝʤ ʢʦʥʪʫʨʦʚ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ɸ- ʠ ɺ-ʩʠʩʪʝʤʘʤ ʧʦʣʦʩ. ʇʨʠ ʵʪʦʤ ʧʨʝʜʣʘʛʘʶʪʩʷ ʫʧʨʦʱʸʥʥʳʝ ʬʦʨʤʫʣʳ ʜʣʷ 

ʨʘʩʯʸʪʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʛʣʦʱʝʥʠʷ mɸ1282, ʦʪʚʝʯʘʶʱʝʛʦ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ɸ-ʩʠʩʪʝʤʝ, ʠ mB1175, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ɺ-ʩʠʩʪʝʤʝ: 

ʜʣʷ ɸ-ʩʠʩʪʝʤʳ:  

mɸ1282=1,2Öm1282-0,49Öm1175      (22) 

ʜʣʷ ɺ-ʩʠʩʪʝʤʳ:  

mB1175=1,2Öm1175-0,51Öm1282      (23), 

ʛʜʝ m1282 ʠ m1175 ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʛʣʦʱʝʥʠʷ ʧʦʣʦʩ 1282 ʠ 1175 ʩʤ
-1 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ɼʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʨʘʩʯʝʪʘ ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʟʦʪʘ ʚ ɸ- ʠ ɺ-ʬʦʨʤʘʭ ʚ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʨʘʙʦʪʘʭ 

ʚʩʣʝʜ ʟʘ ɽ.ɺ. ʉʦʙʦʣʝʚʳʤ (1978) ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʝʨʝʩʯʝʪʘ ʂɸ 

~33,1 at.ppm/ʩʤ-1 [Kaiser, Bond, 1959] ʠ ʂB~ 43,3 at.ppm/ʩʤ
-1. 

ɿʘʨʫʙʝʞʥʳʤʠ ʘʚʪʦʨʘʤʠ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʟʦʪʘ ʚ ʬʦʨʤʘʭ ɸ ʠ ɺ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʤʝʪʦʜʠʢʘ, ʧʦʜʨʦʙʥʦ ʠʟʣʦʞʝʥʥʘʷ ʚ ʨʘʙʦʪʝ [Mendelssohn, Milledge, 1995]. ʉʦʛʣʘʩʥʦ ʵʪʦʡ 

ʤʝʪʦʜʠʢʝ, ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ ʠʟʤʝʨʝʥʥʳʭ ʚ ʀʂ-ʩʧʝʢʪʨʝ ʦʧʪʠʯʝʩʢʠʭ ʧʣʦʪʥʦʩʪʝʡ (D ) ʚ 

ʤʘʢʩʠʤʫʤʘʭ 1282 ʩʤ-1, 1174 ʩʤ-1, 1100 ʩʤ-1 ʠ 1000 ʩʤ-1 (ʨʠʩʫʥʦʢ 2.1), ʦʮʝʥʠʚʘʝʪʩʷ ʧʨʦʮʝʥʪʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ɺ-ʘʛʨʝʛʘʮʠʡ (% ɺʠʟʤ.). ʅʘʨʷʜʫ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʦʛʣʦʱʝʥʠʷ m1282 (ʩʤ
-1), ʵʪʘ 

ʚʝʣʠʯʠʥʘ ʚ ʜʘʣʴʥʝʡʰʝʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʩʫʤʤʘʨʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʟʦʪʘ (Ntot, at. 

ppm) ʧʦ ʬʦʨʤʫʣʝ: 

Ntot = m1282³[ K¡A +( K¡A - K¡B)/100%³% Bʠʟʤ]  (24), 

ʛʜʝ K¡A =16 at.ppm/cm-1, ʘ K¡B =76 at.ppm/ʩʤ-1. 
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Kx/K1282 ï ʦʪʥʦʰʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʛʣʦʱʝʥʠʷ ʧʦʣʦʩ ʩʧʝʢʪʨʘ 1175, 1330, 1100 ʠ 1000 ʩʤ
-1, 

ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʢ 1282 ʩʤ-1 

 

ʈʠʩʫʥʦʢ 2.1. ʀʂ-ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʣʤʘʟʘ ʪʠʧʘ IaAB (ʨʷʜʘ Iaɸ-IʘB) 

ʧʦ ʜʘʥʥʳʤ [Mendelssohn, Milledge, 1995] 

 

ɼʘʣʝʝ ʩ ʧʦʤʦʱʴʶ ʛʨʘʬʠʢʘ (ʨʠʩʫʥʦʢ 2.2), ʧʨʠʚʝʜʸʥʥʦʛʦ ʚ ʨʘʙʦʪʝ [ʄʝʡʝʨ, ʄʠʣʣʝʜʞ, 

ʉʘʟʝʨʣʝʥʜ, ʂʝʥʚʝʣʣ, 1997], ʧʦ % ɺ-ʘʛʨʝʛʘʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʘʟʦʪʘ ʚ 

ʬʦʨʤʝ ɺ (%NB). ʉ ʫʯʸʪʦʤ ʩʫʤʤʘʨʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʘʟʦʪʘ Ntot (at.ppm) ʚ ʦʙʨʘʟʮʝ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʟʦʪʘ ʚ ʬʦʨʤʝ ɺ ï N¡B. ɼʘʣʝʝ ʠʟ ʫʨʘʚʥʝʥʠʷ (10) ʥʝʩʣʦʞʥʦ ʚʳʯʠʩʣʠʪʴ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʘʟʦʪʘ ʚ ʬʦʨʤʝ ɸ - N¡A. 

 

ʈʠʩʫʥʦʢ 2.2. ɿʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʘʟʦʪʘ ʚ B-ʬʦʨʤʝ -% Nʚ ʦʪ ʩʦʜʝʨʞʘʥʠʷ 

ʘʛʨʝʛʘʮʠʡ - % IʘB ʧʦ ʜʘʥʥʳʤ ʨʘʙʦʪʳ [ʄʝʡʝʨ ʠ ʜʨ., 1997] 

 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʰʝ ʧʦʩʪʨʦʝʥʠʡ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʟʦʪʘ ʚ 

ɸ-ʬʦʨʤʝ, ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʟʦʪʘ ʚ ɺ-ʬʦʨʤʝ ʦʮʝʥʠʚʘʶʪʩʷ ʧʦ ʢʦʵʬʬʠʮʠʝʥʪʫ ʧʦʛʣʦʱʝʥʠʷ ʧʦʣʦʩʳ 

1282 ʩʤ-1, ʷʚʣʷʶʱʝʡʩʷ ʛʣʘʚʥʦʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʣʠʥʠʝʡ ɸ-ʩʠʩʪʝʤʳ. ʕʪʦ ʦʪʣʠʯʘʝʪ ʨʘʩʩʤʦʪʨʝʥʥʫʶ 
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ʚʳʰʝ ʤʝʪʦʜʠʢʫ ʦʪ ʩʧʦʩʦʙʦʚ ʨʘʩʯʝʪʘ ʩʧʝʢʪʨʦʚ, ʧʨʝʜʣʦʞʝʥʥʳʭ ʨʘʥʝʝ ʖ.ɸ.ʂʣʶʝʚʳʤ ʩ 

ʩʦʘʚʪʦʨʘʤʠ (1986).  

ɼʣʷ ʧʨʦʚʝʨʢʠ ʩʦʦʪʚʝʪʩʪʚʠʷ ʜʘʥʥʳʭ, ʧʦʣʫʯʘʝʤʳʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʜʚʫʭ ʠʟʣʦʞʝʥʥʳʭ 

ʤʝʪʦʜʠʢ, ʥʘʤʠ ʥʘ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʤ ʤʘʪʝʨʠʘʣʝ (ʙʦʣʝʝ 500 ʢʨʠʩʪʘʣʣʦʚ ʠʟ ʨʘʟʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ) ʧʨʦʚʝʜʝʥʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʨʘʟʥʳʤʠ ʩʧʦʩʦʙʘʤʠ 

(ʨʠʩʫʥʦʢ 2.3).  

 

 

ʈʠʩʫʥʦʢ 2.3. ʂʦʨʨʝʣʷʮʠʷ ʩʦʜʝʨʞʘʥʠʡ ʘʟʦʪʘ ʚ ʘʣʤʘʟʝ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʨʘʟʥʳʭ ʤʝʪʦʜʠʢ: 

NA, Nɺ ï ʘʟʦʪ ʚ ɸ- ʠ B-ʬʦʨʤʘʭ ʧʦ ʨʘʙʦʪʝ [ɹʦʢʠʡ ʠ ʜʨ., 1986], N¡A, N¡B ï ʧʦ ʨʘʙʦʪʝ [Mendelssohn, 

Milledge, 1995] ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

 

ʅʘ ʨʠʩʫʥʢʝ 2.3 ʚʠʜʥʘ ʭʦʨʦʰʘʷ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʚʫʭ ʤʝʪʦʜʠʢ, ʢʦʪʦʨʘʷ 

ʚʳʨʘʞʘʝʪʩʷ ʣʠʥʝʡʥʳʤʠ ʟʘʚʠʩʠʤʦʩʪʷʤʠ: 

NA= 1.99N¡A +32.3 (R2=0.94)        (25) 

NB=1.84N¡B+9.5 (R2=0.87)         (26), 

ʛʜʝ N¡A ʠ N¡B - ʨʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʟʦʪʘ ʚ ɸ- ʠ ɺ-ʬʦʨʤʘʭ ʧʦ ʤʝʪʦʜʠʢʝ 

[Mendelssohn, Milledge, 1995], ʘ NA ʠ NB -ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʟʦʪʘ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ 

ʤʝʪʦʜʠʢʝ [ʉʦʙʦʣʝʚ, 1978; ɹʦʢʠʡ, ɹʝʟʨʫʢʦʚ, ʂʣʶʝʚ ʠ ʜʨ., 1986]. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʟʦʪʘ ʚ ɸ- ʠ ɺ- ʬʦʨʤʘʭ, ʦʮʝʥʝʥʥʳʝ ʩ 

ʧʦʤʦʱʴʶ ʩʦʧʦʩʪʘʚʣʷʝʤʳʭ ʤʝʪʦʜʠʢ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʧʨʠʤʝʨʥʦ ʚʜʚʦʝ. ʕʪʦ 

ʨʘʩʭʦʞʜʝʥʠʝ ʦʙʫʩʣʦʚʣʝʥʦ ʫʪʦʯʥʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʝʨʝʩʯʝʪʘ KA ʚ ʫʨʘʚʥʝʥʠʠ NA=KAÖm1282: 

~16,5 at.ppm/ʩʤ-1 [Boyd, Kiflawi , Woods, 1994] ʚʤʝʩʪʦ~33,1at.ppm/ʩʤ-1 [Kaiser, Bond, 1959]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʧʦʩʪʘʚʠʤʦʩʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʘʟʦʪʘ ʚ ʢʨʠʩʪʘʣʣʘʭ 

ʘʣʤʘʟʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʙʣʘʛʦʜʘʨʷ ʢʦʨʨʝʢʪʠʨʦʚʢʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ KA ʠ Kɺ, c ʩ ʫʯʝʪʦʤ ʢʦʪʦʨʦʡ 

ʦʥʠ ʧʨʠʥʠʤʘʶʪ ʟʥʘʯʝʥʠʷ 16,5 ʠ 21,6 at.ppm/ʩʤ-1 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [ʍʘʯʘʪʨʷʥ, 20031]. 
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2.1.2 ɸʟʦʪʥʳʝ ʮʝʥʪʨʳ ʚ ʘʣʤʘʟʘʭ ʪʠʧʘ Ib-IaA 

 

ɺ ʘʣʤʘʟʘʭ ʠʟ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜ, ʘ ʪʘʢʞʝ ʚ ʘʣʤʘʟʘʭ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚ ʫʩʣʦʚʠʷʭ 

ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʜʘʚʣʝʥʠʡ, ʩʪʨʫʢʪʫʨʥʳʡ ʘʟʦʪ ʧʨʝʜʩʪʘʚʣʝʥ N- ʠ ɸ-ʮʝʥʪʨʘʤʠ. ɸʟʦʪ ʚ 

ʘʛʨʝʛʠʨʦʚʘʥʥʦʡ ʬʦʨʤʝ (ɺ-ʮʝʥʪʨʳ) ʜʣʷ ʥʠʭ ʥʝ ʭʘʨʘʢʪʝʨʝʥ. ʂʘʢ ʧʨʘʚʠʣʦ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ 

ʢʨʠʩʪʘʣʣʳ ʧʨʠʥʘʜʣʝʞʘʪ ʢ ʩʤʝʰʘʥʥʦʤʫ Ib-IaA ʪʠʧʫ. ʄʝʪʦʜʠʢʘ ʦʮʝʥʢʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʟʦʪʘ ʚ 

ʪʘʢʠʭ ʘʣʤʘʟʘʭ ʠʟʣʦʞʝʥʘ ʚ ʨʘʙʦʪʝ [Taylor, Canil, Milledge, 1996]. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʘʟʦʪʘ (Ntot) ʚ ʘʣʤʘʟʘʭ ʩʤʝʰʘʥʥʦʛʦ Ib ï IaA ʪʠʧʘ ʚ 

ʨʘʙʦʪʝ [Taylor, Canil, Milledge, 1996] ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʣʝʜʫʶʱʝʝ ʫʨʘʚʥʝʥʠʝ: 

Ntot (at.ppm) = {25/[mĀʭ(C) + k]}Ām      (27), 

ʛʜʝ m- ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ ʣʶʙʦʛʦ ʠʟ ʤʘʢʩʠʤʫʤʦʚ 1132, 1282, 1343 ʠʣʠ 1234 ʩʤ-1, ʭ (ʉ)- 

ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʘʣʤʘʟʝ ʘʟʦʪʘ ʚ ʬʦʨʤʝ N-ʜʝʬʝʢʪʦʚ ʦʪ 0 ʜʦ 1 , m ʠ k ï ʧʘʨʘʤʝʪʨʳ 

ʀʂ-ʩʧʝʢʪʨʘ, ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ.2.2. 

 

ʊʘʙʣʠʮʘ 2.2 ɿʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ m ʠ k ʜʣʷ ʨʘʟʥʳʭ ʚʦʣʥʦʚʳʭ ʯʠʩʝʣ ʀʂ-ʩʧʝʢʪʨʘ ʘʣʤʘʟʘ ʪʠʧʘ Ib 

ï Iʘɸ 

 

ʇʘʨʘʤʝʪʨ ɺʦʣʥʦʚʳʝ ʯʠʩʣʘ, ʩʤ-1 

1132 1282 1343 1234 

m 0,660 -1,222 -0,466 -0,405 

k 0,340 1,560 0,770 0,751 

 

ɺʦʩʧʦʣʴʟʫʝʤʩʷ ʜʣʷ ʨʘʩʯʝʪʦʚ ʭ(ʉ) ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʧʦʛʣʦʱʝʥʠʷ ʛʣʘʚʥʳʭ ʣʠʥʠʡ N- ʠ A-

ʩʠʩʪʝʤ 1132 ʠ 1282 ʩʤ-1 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ (12), ʠʤʝʝʪʩʷ ʨʘʚʝʥʩʪʚʦ:  

m 1282/ m1132 =[1,56 -1,222 ʭ(C)]/ [0,34 +0,66 ʭ(C)]    (28), ʦʪʢʫʜʘ 

ʭ(C) = (1,56-0,34 m 1282/ m1132)/(1,222+0,66 m1282/ m 132)   (29) 

ʆʧʨʝʜʝʣʠʚ ʭ(ʉ) ʠ ʦʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʘʟʦʪʘ, ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ ʘʟʦʪʘ ʚ 

ʬʦʨʤʘʭ ɸ (N'A) ʠ N(N'N). 

ɼʣʷ ʚʟʘʠʤʥʦʛʦ ʩʨʘʚʥʝʥʠʷ ʜʘʥʥʳʭ, ʥʘʤʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʦʚʝʜʝʥ ʦʙʩʯʝʪ ʪʝʭ ʞʝ ʀʂ-

ʩʧʝʢʪʨʦʚ ʧʦ ʤʝʪʦʜʠʢʝ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʨʘʥʝʝ ʦʪʝʯʝʩʪʚʝʥʥʳʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ [ɹʦʢʠʡ, ɹʝʟʨʫʢʦʚ, 

ʂʣʶʝʚ ʠ ʜʨ., 1986], ʥʦ ʩ ʫʪʦʯʥʝʥʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ [Boyd e.a., 1995, 1994]: 

KA=16,5°1at.ppm/ ʩʤ-1 ʠ KN=25°1 at.ppm/ ʩʤ-1 ʉʦʛʣʘʩʥʦ ʤʝʪʦʜʠʢʝ ʖ.ɸ. ʂʣʶʝʚʘ ʩ ʩʦʘʚʪʦʨʘʤʠ 

(1986), ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʛʣʦʱʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ 

ɸ-(mɸ1282) ʠ N-(mN1132) ʩʠʩʪʝʤʘʤ, ʚʳʯʠʩʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ: 
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ʜʣʷ ɸ-ʩʠʩʪʝʤʳ: 

mɸ1282=1,1Öm1282-0,3Öm1132     (30), 

ʜʣʷ N-ʩʠʩʪʝʤʳ: 

mN1132=1,2Öm1132-0,2Öm1282      (31),  

ʛʜʝÖm1282 ʠÖm1132 ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʛʣʦʱʝʥʠʷ ʤʘʢʩʠʤʫʤʦʚ 1282 ʠ 1132 ʩʤ
-1 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʅʘ ʨʠʩʫʥʢʝ 2.4, ʚʠʜʥʘ ʚʳʩʦʢʘʷ ʩʭʦʜʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʠʢ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʣʶʙʫʶ ʠʟ ʥʠʭ. 

   

ʈʠʩʫʥʦʢ 2.4. ʂʦʨʨʝʣʷʮʠʷ ʩʦʜʝʨʞʘʥʠʡ ʘʟʦʪʘ ʚ ʘʣʤʘʟʝ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʨʘʟʥʳʭ ʤʝʪʦʜʠʢ: 

NA, NN ï ʘʟʦʪ ʚ ɸ- ʠ N-ʬʦʨʤʘʭ ʧʦ ʨʘʙʦʪʝ [ɹʦʢʠʡ ʠ ʜʨ., 1986], N'A, N'B ï ʧʦ ʨʘʙʦʪʝ [Taylor, Canil, 

Milledge, 1996] ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

 

2.1.3. ɼʨʫʛʠʝ ʩʪʨʫʢʪʫʨʥʳʝ ʜʝʬʝʢʪʳ 

 

ɺ ʩʚʷʟʠ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʤʝʪʦʜʠʯʝʩʢʠʭ ʨʘʟʨʘʙʦʪʦʢ ʧʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʝ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ ʠ ʧʣʝʡʪʣʝʪʩ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʧʨʝʜʝʣʷʪʴ ʪʦʣʴʢʦ ʠʭ 

ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʩʦʜʝʨʞʘʥʠʷ. ʕʪʠ ʚʝʣʠʯʠʥʳ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʠʥʬʦʨʤʘʪʠʚʥʳʤʠ ʯʠʩʣʦʚʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʧʦʟʚʦʣʷʶʱʠʤʠ ʩʨʘʚʥʠʚʘʪʴ ʘʣʤʘʟʳ ʤʝʞʜʫ ʩʦʙʦʡ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤ 

ʃʘʤʙʝʨʪʘ-ɹʫʛʝʨʘ [ʂʘʟʠʮʳʥʘ, ʂʫʧʣʝʪʩʢʘʷ, 1971], ʦʧʨʝʜʝʣʠʚ ʵʬʬʝʢʪʠʚʥʫʶ ʪʦʣʱʠʥʫ ʘʣʤʘʟʘ ʠ 

ʦʧʪʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ ʤʘʢʩʠʤʫʤʘ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʪʝʤ ʠʣʠ ʠʥʳʤ ʩʪʨʫʢʪʫʨʥʳʤ ʜʝʬʝʢʪʦʤ, ʤʦʞʥʦ 

ʦʮʝʥʠʪʴ ʝʛʦ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʚʳʨʘʞʘʪʴʩʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʧʦʛʣʦʱʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʣʠʥʠʠ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʛʦ ʢʦʥʮʝʥʪʨʘʮʠʶ 

ʧʣʝʡʪʝʣʝʪʩ ʠ ʚʦʜʦʨʦʜʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʮʝʥʠʚʘʪʴ ʧʦ ʢʦʵʬʬʠʮʠʝʥʪʘʤ ʧʦʛʣʦʱʝʥʠʷ (m) ʛʣʘʚʥʳʭ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ ʈ(B2)- ʠ H-ʩʠʩʪʝʤʳ ʦʢʦʣʦ 1365 ʩʤ-1ʠ  - 3107 ʩʤ-1ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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2.2. ɹʘʟʘ ʜʘʥʥʳʭ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʘʟʦʪʥʳʭ ʠ ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ ʚ ʢʨʠʩʪʘʣʣʘʭ 

ʘʣʤʘʟʘ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ ʠ ʣʘʤʧʨʦʠʪʦʚ 

 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʦʙʦʙʱʝʥʠʷ ʠ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʘʚʪʦʨʩʢʠʭ ʠ ʠʤʝʶʱʠʭʩʷ ʚ ʣʠʪʝʨʘʪʫʨʝ 

ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʟʦʪʘ ʚ ʧʨʠʨʦʜʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʘʣʤʘʟʘ ʙʳʣʘ ʩʦʟʜʘʥʘ ʙʘʟʘ ʜʘʥʥʳʭ. 

ɹʘʟʘ ʜʘʥʥʳʭ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʝʰʝʥʠʶ ʤʥʦʛʠʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ: ʚʳʷʚʣʝʥʠʶ ʛʨʫʧʧ ʢʨʠʩʪʘʣʣʦʚ, 

ʩʭʦʜʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʘʟʦʪʥʳʭ ʮʝʥʪʨʦʚ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʛʣʫʙʠʥʘʭ ɿʝʤʣʠ; ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤʫ 

ʨʘʟʤʝʱʝʥʠʶ ʘʣʤʘʟʦʚ ʵʪʠʭ ʛʨʫʧʧ; ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʪʠʧʦʤʦʨʬʥʳʭ ʩʚʦʡʩʪʚ ʘʣʤʘʟʦʚ ʠʟ ʨʘʟʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʧʦʣʝʡ, ʨʘʡʦʥʦʚ ʠ ʧʨʦʚʠʥʮʠʡ; ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʮʝʥʢʝ 

ʢʘʯʝʩʪʚʘ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ ʠʟ ʨʦʩʩʳʧʝʡ, ʢʦʨʝʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ʢʦʪʦʨʳʭ ʥʝ ʠʟʚʝʩʪʥʳ, ʘ ʪʘʢ ʞʝ ʧʦ 

ʜʨʫʛʠʤ ʘʩʧʝʢʪʘʤ. 

 

2.2.1. ʈʘʟʨʘʙʦʪʢʘ ʨʘʮʠʦʥʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʙʘʟʳ ʜʘʥʥʳʭ 

 

ɹʘʟʘ ʜʘʥʥʳʭ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʙʦʨʘ, ʭʨʘʥʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ, 

ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʨʝʰʝʥʠʷ ʛʝʦʣʦʛʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʠ ʧʨʦʛʥʦʟʥʦ-ʧʦʠʩʢʦʚʳʭ ʟʘʜʘʯ ʩ ʧʦʤʦʱʴʶ 

ʠʤʝʶʱʠʭʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. ɻʣʘʚʥʳʤ ʝʝ ʩʪʨʫʢʪʫʨʥʳʤ ʵʣʝʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʦʙʲʝʢʪ 

ʠʩʩʣʝʜʦʚʘʥʠʷ - ʢʨʠʩʪʘʣʣ ʘʣʤʘʟʘ. ʉʪʨʫʢʪʫʨʘ ʙʘʟʳ ʜʘʥʥʳʭ ʚʢʣʶʯʘʝʪ 13 ʧʦʣʝʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ 

ʩʚʦʡʩʪʚʘ ʘʣʤʘʟʘ ʠ ʦʙʲʝʜʠʥʷʶʱʠʭ ʪʨʠ ʛʨʫʧʧʳ ʧʨʠʟʥʘʢʦʚ: ʛʝʦʣʦʛʠʯʝʩʢʫʶ ʧʦʟʠʮʠʶ ʦʙʨʘʟʮʘ, ʝʛʦ 

ʚʥʝʰʥʠʝ ʣʝʛʢʦ ʜʠʘʛʥʦʩʪʠʨʫʝʤʳʝ ʧʨʠʟʥʘʢʠ (ʨʘʟʤʝʨ, ʦʢʨʘʩʢʘ, ʬʦʨʤʘ) ʠ ʜʘʥʥʳʝ ʧʦ ʩʦʜʝʨʞʘʥʠʶ 

ʩʪʨʫʢʪʫʨʥʳʭ ʜʝʬʝʢʪʦʚ ʚ ʘʣʤʘʟʝ. 

ʇʝʨʚʘʷ ʛʨʫʧʧʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʛʝʦʣʦʛʠʯʝʩʢʫʶ ʧʦʟʠʮʠʶ ʠʟʫʯʝʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʠ ʚʢʣʶʯʘʝʪ 5 

ʪʝʢʩʪʦʚʳʭ ʧʦʣʝʡ: 

1. ʘʣʤʘʟʦʥʦʩʥʘʷ ʧʨʦʚʠʥʮʠʷ (ʜʨʝʚʥʷʷ ʧʣʘʪʬʦʨʤʘ); 

2. ʘʣʤʘʟʦʥʦʩʥʳʡ ʨʘʡʦʥ;  

3. ʘʣʤʘʟʦʥʦʩʥʦʝ ʧʦʣʝ; 

4. ʥʘʟʚʘʥʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩ ʫʢʘʟʘʥʠʝʤ ʪʠʧʘ ʧʨʦʷʚʣʝʥʠʷ (ʢʦʨʝʥʥʦʝ ʠʣʠ ʨʦʩʩʳʧʥʦʝ) ;  

5. ʪʠʧ ʘʣʤʘʟʦʥʦʩʥʳʭ ʧʦʨʦʜ (ʢʠʤʙʝʨʣʠʪʳ, ʣʘʤʧʨʦʠʪʳ ʠ ʜʨʫʛʠʝ). 

ɽʩʪʝʩʪʚʝʥʥʳʝ ʛʨʫʧʧʠʨʦʚʢʠ ʘʣʤʘʟʦʥʦʩʥʳʭ ʧʦʨʦʜ ʦʙʨʘʟʫʶʪ ʨʘʟʣʠʯʥʳʝ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʠʝ 

ʪʘʢʩʦʥʳ, ʠʝʨʘʨʭʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʢʦʪʦʨʳʭ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʠʩʪʝʤʳ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʚ ʨʘʤʢʘʭ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʨʫʜʥʦʡ ʛʝʦʣʦʛʠʠ, ʦʪʨʘʞʘʷ ʩʧʝʮʠʬʠʢʫ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʣʤʘʟʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 

ʇʦ ʤʥʝʥʠʶ ɺ.ʀ. ɺʘʛʘʥʦʚʘ (2000), ʚʦʟʤʦʞʥʦ ʚʳʜʝʣʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʪʘʢʩʦʥʦʚ: ʘʣʤʘʟʦʥʦʩʥʘʷ 

ʧʨʦʚʠʥʮʠʷ ï ʩʫʙʧʨʦʚʠʥʮʠʷ - ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʘʷ ʘʣʤʘʟʦʥʦʩʥʘʷ ʟʦʥʘ ï ʘʣʤʘʟʦʥʦʩʥʳʡ ʨʘʡʦʥ ï 

ʘʣʤʘʟʦʥʦʩʥʦʝ ʧʦʣʝ - ʢʫʩʪ ʘʣʤʘʟʦʥʦʩʥʳʭ ʪʝʣ ï ʤʝʩʪʦʨʦʞʜʝʥʠʝ. ʆʜʥʘʢʦ ʵʪʘ ʩʭʝʤʘ ʥʝ ʷʚʣʷʝʪʩʷ ʚ 
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ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʙʱʝʧʨʠʥʷʪʦʡ ʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩʨʝʜʠ ʟʘʨʫʙʝʞʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. ɺ ʵʪʦʡ 

ʩʚʷʟʠ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʧʦʟʠʮʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʪʨʫʢʪʫʨʳ 

ʙʘʟʳ ʜʘʥʥʳʭ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝ ʚʩʝ ʠʟ ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʭ ʪʘʢʩʦʥʦʚ, ʘ ʣʠʰʴ 

ʦʙʱʝʧʨʠʥʷʪʳʝ, ʠʩʪʦʨʠʯʝʩʢʠ ʩʣʦʞʠʚʰʠʝʩʷ ʠʣʠ ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʘʣʤʘʟʘ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʪʠʧʘ ʧʨʠʫʨʦʯʝʥʳ ʢ ʪʝʨʨʠʪʦʨʠʷʤ 

ʜʨʝʚʥʠʭ ʧʣʘʪʬʦʨʤ. ɸʣʤʘʟʦʥʦʩʥʳʝ ʢʠʤʙʝʨʣʠʪʳ ʣʠʙʦ ʣʘʤʧʨʦʠʪʳ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʳʷʚʣʝʥʳ 

ʥʘ ʚʩʝʭ ʜʨʝʚʥʠʭ ʧʣʘʪʬʦʨʤʘʭ ʤʠʨʘ. ʇʦʥʷʪʠʶ çʜʨʝʚʥʷʷ ʧʣʘʪʬʦʨʤʘè, ʩʦʛʣʘʩʥʦ ʨʘʙʦʪʝ 

[ɺʘʛʘʥʦʚ, 2000] ʵʢʚʠʚʘʣʝʥʪʥʦ ʧʦʥʷʪʠʝ ʘʣʤʘʟʦʥʦʩʥʘʷ ʧʨʦʚʠʥʮʠʷ, ʢʦʪʦʨʦʝ ʥʝʦʙʭʦʜʠʤʦ ʚʢʣʶʯʠʪʴ 

ʚ ʩʪʨʫʢʪʫʨʫ ʩʦʟʜʘʚʘʝʤʦʡ ʙʘʟʳ ʜʘʥʥʳʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʚʦʩʝʤʴ ʘʣʤʘʟʦʥʦʩʥʳʭ 

ʧʨʦʚʠʥʮʠʡ: ʉʠʙʠʨʩʢʘʷ, ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʘʷ, ɸʬʨʠʢʘʥʩʢʘʷ, ʀʥʜʦʩʪʘʥʩʢʘʷ, ʍʠʥʦ-ʂʦʨʝʡʩʢʘʷ, 

ʉʝʚʝʨʦ-ɸʤʝʨʠʢʘʥʩʢʘʷ, ʖʞʥʦ-ɸʤʝʨʠʢʘʥʩʢʘʷ ʠ ɸʚʩʪʨʘʣʠʡʩʢʘʷ. ʉ ʵʪʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʯʘʩʪʦ 

ʫʧʦʪʨʝʙʣʷʝʤʳʡ ʪʝʨʤʠʥ çɸʨʭʘʥʛʝʣʴʩʢʘʷ ʘʣʤʘʟʦʥʦʩʥʘʷ ʧʨʦʚʠʥʮʠʷè ʷʚʣʷʝʪʩʷ ʥʝ ʚʧʦʣʥʝ 

ʢʦʨʨʝʢʪʥʳʤ, ʪʘʢ ʢʘʢ ʦʥ ʦʪʥʦʩʠʪʩʷ ʣʠʰʴ ʢ ʯʘʩʪʠ ʪʝʨʨʠʪʦʨʠʠ ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʦʡ ʧʣʘʪʬʦʨʤʳ.  

ɺ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ ʧʦʜ ʪʝʨʤʠʥʦʤ ʘʣʤʘʟʦʥʦʩʥʳʡ ʨʘʡʦʥ ʧʦʥʠʤʘʶʪ ʦʙʦʩʦʙʣʝʥʥʳʝ 

ʪʝʨʨʠʪʦʨʠʠ, ʚʢʣʶʯʘʶʱʠʝ ʢʦʨʝʥʥʳʝ, ʨʦʩʩʳʧʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʧʨʦʷʚʣʝʥʠʷ, ʝʜʠʥʠʯʥʳʝ 

ʥʘʭʦʜʢʠʠ ʘʣʤʘʟʦʚ ʠ ʤʠʥʝʨʘʣʦʚ-ʠʥʜʠʢʘʪʦʨʦʚ, ʩʬʦʨʤʠʨʦʚʘʚʰʠʝʩʷ ʚ ʙʣʠʟʢʠʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʦʙʩʪʘʥʦʚʢʘʭ ʠ ʦʙʣʘʜʘʶʱʠʝ ʦʙʱʥʦʩʪʴʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʠʤʙʝʨʣʠʪʦʚ ʧʦ ʚʦʟʨʘʩʪʥʳʤ, 

ʧʝʪʨʦʣʦʛʠʯʝʩʢʠʤ, ʘ ʪʘʢʞʝ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʠ ʧʨʠʟʥʘʢʘʤ [ɺʘʛʘʥʦʚ, 2000].  

ɸʣʤʘʟʦʥʦʩʥʦʝ ʧʦʣʝ - ʝʩʪʝʩʪʚʝʥʥʘʷ ʛʨʫʧʧʠʨʦʚʢʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʩʙʣʠʞʝʥʥʳʭ 

ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʝʣ, ʩʚʷʟʘʥʥʳʭ ʧʨʦʠʩʭʦʞʜʝʥʠʝʤ ʚ ʝʜʠʥʦʡ ʚʝʨʪʠʢʘʣʴʥʦʡ çʩʪʚʦʣʦʚʦʡè ʟʦʥʝ 

ʧʦʚʳʰʝʥʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ - ʬʣʶʠʜʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʢʦʣʦʥʥʝ [ɺʘʛʘʥʦʚ, 2000]. ʇʦ ʜʘʥʥʳʤ 

(ʎʳʛʘʥʦʚ ʠ ʜʨ., 1991), ʜʣʷ ʘʣʤʘʟʦʥʦʩʥʦʛʦ ʧʦʣʷ ʭʘʨʘʢʪʝʨʥʳ ʪʘʢʞʝ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʪʝʢʪʦʥʠʯʝʩʢʠʝ 

ʧʨʠʟʥʘʢʠ ʠ ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʘʥʦʤʘʣʠʠ.  

ʉʣʝʜʫʶʱʠʤ ʪʘʢʩʦʥʦʤ ʚ ʵʪʦʤ ʨʷʜʫ ʷʚʣʷʝʪʩʷ ʤʝʩʪʦʨʦʞʜʝʥʠʝ, ʢʦʪʦʨʦʝ ʩʦʧʦʩʪʘʚʣʷʝʪʩʷ ʩ 

ʧʨʦʤʳʰʣʝʥʥʦ ʟʥʘʯʠʤʳʤʠ ʦʪʜʝʣʴʥʦʡ ʠʣʠ ʛʨʫʧʧʦʡ ʩʙʣʠʞʝʥʥʳʭ ʪʨʫʙʦʢ, ʨʦʩʩʳʧʷʤʠ. ʂʘʢ 

ʧʦʢʘʟʘʥʦ ʥʘʤʠ ʨʘʥʝʝ [ʂʘʤʠʥʩʢʠʡ ʠ ʜʨ., 1988], ʘʣʤʘʟʳ ʢʘʞʜʦʛʦ ʠʟ ʢʦʨʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʦʙʣʘʜʘʶʪ ʭʘʨʘʢʪʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚ ʥʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʜʝʬʝʢʪʦʚ. ʕʪʠ ʩʚʦʡʩʪʚʘ ʘʣʤʘʟʦʚ 

ʤʦʛʫʪ ʠʛʨʘʪʴ ʚʘʞʥʫʶ ʨʦʣʴ ʧʨʠ ʧʨʦʛʥʦʟʝ ʘʣʤʘʟʦʥʦʩʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʠ ʧʦʠʩʢʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 

ʈʦʩʩʳʧʠ ʘʣʤʘʟʘ ʤʦʛʫʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʟʘ ʩʯʝʪ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʢʦʨʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. ɺ 

ʙʘʟʝ ʜʘʥʥʳʭ ʥʘʟʚʘʥʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʢʘʟʘʥʠʝʤ ʝʛʦ ʪʠʧʘ (ʢʦʨʝʥʥʦʝ ʠʣʠ 

ʨʦʩʩʳʧʥʦʝ). 

ʉʦʛʣʘʩʥʦ ʤʥʝʥʠʶ ʙʦʣʴʰʠʥʩʪʚʘ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʢʠʤʙʝʨʣʠʪʳ ʠ ʣʘʤʧʨʦʠʪʳ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ, ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʠʭ ʘʣʤʘʟʳ ʢ ʟʝʤʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʩʚʦʡʩʪʚʘ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ ʠ ʣʘʤʧʨʦʠʪʦʚ ʦʯʝʥʴ ʙʣʠʟʢʠ 

ʤʝʞʜʫ ʩʦʙʦʡ, ʦʪʣʠʯʘʷʩʴ ʣʠʰʴ ʚ ʥʝʙʦʣʴʰʠʭ ʜʝʪʘʣʷʭ [ʊʨʘʫʪʤʘʥ ʠ ʜʨ., 1997]. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚ 
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ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʙʱʝʧʨʠʥʷʪʦʡ ʛʝʦʣʦʛʦ-ʛʝʥʝʪʠʯʝʩʢʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ ʢʦʨʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

[ʍʘʨʴʢʠʚ ʠ ʜʨ., 1998], ʘʣʤʘʟʳ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʠ ʣʘʤʧʨʦʠʪʦʚʳʭ ʧʨʦʷʚʣʝʥʠʡ ʦʪʥʦʩʷʪ ʢ ʨʘʟʥʳʤ 

ʪʠʧʘʤ. 

ɺʪʦʨʘʷ ʛʨʫʧʧʘ ʪʝʢʩʪʦʚʳʭ ʧʦʣʝʡ ʚ ʙʘʟʝ ʜʘʥʥʳʭ ʚʢʣʶʯʘʝʪ ʦʧʠʩʘʥʠʝ ʚʥʝʰʥʠʭ, ʣʝʛʢʦ 

ʜʠʘʛʥʦʩʪʠʨʫʝʤʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʘʣʤʘʟʘ: 

1-ʨʘʟʤʝʨ ʠʣʠ ʢʣʘʩʩ ʢʨʫʧʥʦʩʪʠ; 

2- ʬʦʨʤʘ ʢʨʠʩʪʘʣʣʦʚ ʠ ʘʛʨʝʛʘʪʦʚ; 

3-ʦʢʨʘʩʢʘ. 

ʈʘʟʤʝʨ ʢʨʠʩʪʘʣʣʦʚ - ʦʜʥʘ ʠʟ ʚʘʞʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʣʤʘʟʦʚ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʠ 

ʣʘʤʧʨʦʠʪʦʚʦʛʦ ʪʠʧʦʚ. ɼʝʪʘʣʴʥʦʝ ʩʨʘʚʥʝʥʠʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʝʣʢʠʭ (< 1 ʤʤ) ʠ 

ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʚ ʧʨʝʜʝʣʘʭ ʦʪʜʝʣʴʥʦ ʚʟʷʪʦʡ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʠʣʠ ʣʘʤʧʨʦʠʪʦʚʦʡ 

ʪʨʫʙʢʠ ʉʠʙʠʨʠ, ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʠ ɸʚʩʪʨʘʣʠʠ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʩʦʧʦʩʪʘʚʣʷʝʤʳʝ ʛʨʫʧʧʳ ʢʨʠʩʪʘʣʣʦʚ 

ʦʙʳʯʥʦ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʧʦ ʛʘʙʠʪʫʩʫ ʠ ʨʷʜʫ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ [ʂʚʘʩʥʠʮʘ, 1985; 

ɿʘʭʘʨʯʝʥʢʦ ʠ ʜʨ. 1991; ʊʨʘʫʪʤʘʥ ʠ ʜʨ.1997].  

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʬʦʨʤʘ ʠʣʠ ʛʘʙʠʪʫʩ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ ʦʪʨʘʞʘʝʪ ʫʩʣʦʚʠʷ ʟʘʢʣʶʯʠʪʝʣʴʥʦʛʦ 

ʵʪʘʧʘ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ. ʆʢʪʘʵʜʨʠʯʝʩʢʘʷ ʬʦʨʤʘ, ʢʘʢ ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʤʝʜʣʝʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʘʣʤʘʟʘ ʚ ʦʙʣʘʩʪʠ ʝʛʦ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ, ʘ 

ʢʫʙʠʯʝʩʢʘʷ - ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦ ʙʳʩʪʨʦʤ ʨʦʩʪʝ ʚ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʫʩʣʦʚʠʷʭ [ʂʣʶʝʚ ʠ ʜʨ., 1973]. 

ʆʢʨʫʛʣʳʝ ʢʨʠʩʪʘʣʣʳ ʦʙʨʘʟʫʶʪʩʷ ʢʘʢ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʪʚʦʨʝʥʠʷ, ʪʘʢ ʠ ʧʨʠ ʨʦʩʪʝ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʫʩʣʦʚʠʷʭ [ɻʝʥʰʘʬʪ, ʗʢʫʙʦʚʘ, ɺʦʣʢʦʚʘ, 1977]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʘʙʣʶʜʘʝʪʩʷ 

ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʢʨʠʩʪʘʣʣʦʚ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚ ʥʠʭ 

ʩʪʨʫʢʪʫʨʥʳʭ ʜʝʬʝʢʪʦʚ [ɹʣʠʥʦʚʘ, ɻʫʨʢʠʥʘ, 1982; ɹʣʠʥʦʚʘ, 1985, 1987; Khachatryan, Kaminsky, 

2003]. ʅʘ ʦʩʥʦʚʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʨʠʩʪʘʣʣʦʚ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʥʝʩʢʦʣʴʢʦ 

ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʠʬʠʢʘʮʠʡ ʧʨʠʨʦʜʥʳʭ ʘʣʤʘʟʦʚ. ɺ ʥʘʰʠ ʜʥʠ ʩʨʝʜʠ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ 

ʧʨʝʜʧʦʯʪʝʥʠʝ ʦʪʜʘʝʪʩʷ  ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʖ.ʃ.ʆʨʣʦʚʘ (1984). ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʡ 

ʷʚʣʷʝʪʩʷ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ɿ.ɺ.ɹʘʨʪʦʰʠʥʩʢʦʛʦ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʚʥʝʰʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʢʨʠʩʪʘʣʣʦʚ ʠ ʥʝʢʦʪʦʨʳʭ ʠʭ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ (1983) ʆʧʠʨʘʷʩʴ ʥʘ ʵʪʫ 

ʢʣʘʩʩʠʬʠʢʘʮʠʶ, ʤʳ ʚʳʜʝʣʷʝʤ ʧʦ ʚʥʝʰʥʝʡ ʬʦʨʤʝ 11 ʛʨʫʧʧ ʘʣʤʘʟʦʚ, 7 ʠʟ ʢʦʪʦʨʳʭ ʦʪʥʦʩʷʪʩʷ ʢ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʠʥʜʠʚʠʜʘʤ, ʘ 4 - ʢ ʧʦʣʠʢʨʠʩʪʘʣʣʴʥʳʤ ʩʨʦʩʪʢʘʤ ʠ ʘʛʨʝʛʘʪʘʤ (ʨʠʩʫʥʦʢ 2.5). 
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ʈʠʩʫʥʦʢ 2.5. ʊʠʧʳ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ ʠ ʝʛʦ ʘʛʨʝʛʘʪʦʚ ʧʦ ɿ.ɺ. ɹʘʨʪʦʰʠʥʩʢʦʤʫ (1983), 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʳʝ ʚ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʙʘʟʝ ʜʘʥʥʳʭ 

 

ʅʠʞʝ ʧʨʠʚʦʜʠʪʩʷ ʢʨʘʪʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʵʪʠʭ ʛʨʫʧʧ. 

I - ʦʢʪʘʵʜʨʳ ʩ ʦʩʪʨʳʤʠ ʠ ʩʣʝʛʢʘ ʧʨʠʪʫʧʣʝʥʥʳʤʠ ʨʝʙʨʘʤʠ; 

II - ʢʦʤʙʠʥʘʮʠʦʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʨʷʜʘ ʦʢʪʘʵʜʨ-ʨʦʤʙʦʜʦʜʝʢʘʵʜʨ ʩ ʪʨʠʛʦʥʘʣʴʥʦʡ ʬʦʨʤʦʡ 

ʛʨʘʥʝʡ {111}; 

III - ʧʦʣʫʦʢʨʫʛʣʳʝ ʢʦʤʙʠʥʘʮʠʦʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʨʷʜʘ ʦʢʪʘʵʜʨ-ʨʦʤʙʦʜʦʜʝʢʘʵʜʨ ʩ 

ʜʠʪʨʠʛʦʥʘʣʴʥʦʡ ʬʦʨʤʦʡ ʛʨʘʥʝʡ {111}; 

IV - ʦʢʨʫʛʣʳʝ ʘʣʤʘʟʳ - ʜʦʜʝʢʘʵʜʨʦʠʜʳ; 

V - ʧʩʝʚʜʦʛʝʤʠʤʦʨʬʥʳʝ ʢʨʠʩʪʘʣʣʳ, ʦʜʥʘ ʧʦʣʦʚʠʥʘ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʦʢʨʫʛʣʫʶ ʬʦʨʤʫ, ʘ 

ʚʪʦʨʘʷ - ʦʢʪʘʵʜʨʠʯʝʩʢʫʶ; 

VI - ʢʨʠʩʪʘʣʣʳ ʢʫʙʠʯʝʩʢʦʛʦ ʛʘʙʠʪʫʩʘ ʠ ʪʝʪʨʘʛʝʢʩʘʵʜʨʦʠʜʳ; 

VII  - ʙʝʩʬʦʨʤʝʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʠ ʠʥʜʠʚʠʜʳ ʩ ʥʝʷʩʥʦʡ ʬʦʨʤʦʡ; 

VII I- ʧʦʣʠʢʨʠʩʪʘʣʣʴʥʳʝ ʩʨʦʩʪʢʠ ʠ ʘʛʨʝʛʘʪʳ ʠʟ ʭʦʨʦʰʦ ʨʘʟʣʠʯʠʤʳʭ ʠʥʜʠʚʠʜʦʚ; 

IX- ʰʘʨʦʚʠʜʥʳʝ ʘʛʨʝʛʘʪʳ ʩʦ ʩʣʘʙʦ ʚʳʨʘʞʝʥʥʦʡ ʨʘʜʠʘʣʴʥʦ-ʣʫʯʠʩʪʦʡ ʪʝʢʩʪʫʨʦʡ (ʙʘʣʣʘʩ); 

X - ʢʨʠʧʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʰʣʘʢʦʧʦʜʦʙʥʳʝ ʙʝʩʬʦʨʤʝʥʥʳʝ ʟʝʨʥʘ (ʢʘʨʙʦʥʘʜʦ); 

XI - ʢʨʠʧʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʫʧʣʦʱʝʥʥʳʝ ʠ ʪʘʙʣʠʪʯʘʪʳʝ ʟʝʨʥʘ (ʠʤʧʘʢʪʥʳʝ ʘʣʤʘʟʳ ʠʣʠ 

çʷʢʫʪʠʪè).  
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ɺʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʚʳʰʝ ʛʨʫʧʧʳ ʘʣʤʘʟʘ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʛʨʫʧʧʳ ʍI, ʪʠʧʠʯʥʳ ʜʣʷ 

ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʠ ʣʘʤʧʨʦʠʪʦʚʳʭ ʧʨʦʷʚʣʝʥʠʡ. 

ʆʢʨʘʩʢʘ ʘʣʤʘʟʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʚʷʟʘʥʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʜʝʬʝʢʪʘʤʠ ʩʪʨʫʢʪʫʨʳ ʢʨʠʩʪʘʣʣʘ. 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʷʨʢʦ-ʞʝʣʪʘʷ ʠ ʞʝʣʪʦ-ʟʝʣʝʥʘʷ ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʠʟʦʣʠʨʦʚʘʥʥʳʤʠ, ʟʘʤʝʱʘʶʱʠʤʠ 

ʫʛʣʝʨʦʜ ʘʪʦʤʘʤʠ ʘʟʦʪʘ, ʛʦʣʫʙʘʷ - ʩ ʠʟʦʤʦʨʬʥʦʡ ʧʨʠʤʝʩʴʶ ʙʦʨʘ, ʨʦʟʦʚʘʷ, ʜʳʤʯʘʪʦ-ʢʦʨʠʯʥʝʚʘʷ ʠ 

ʙʫʨʘʷ - ʩ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʝʡ [ʉʦʙʦʣʝʚ, 1989]. 

ʊʨʝʪʴʷ ʛʨʫʧʧʘ ʪʝʢʩʪʦʚʳʭ ʧʦʣʝʡ ʙʘʟʳ ʜʘʥʥʳʭ ʚʢʣʶʯʘʝʪ ʩʚʝʜʝʥʠʷ ʧʦ ʩʦʜʝʨʞʘʥʠʶ 

ʜʝʬʝʢʪʦʚ ʚ ʘʣʤʘʟʘʭ. ʊʠʧʳ ʜʝʬʝʢʪʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʳʝ ʚ ʙʘʟʝ ʜʘʥʥʳʭ, ʜʦʣʞʥʳ ʫʜʦʚʣʝʪʚʦʨʷʪʴ 

ʩʣʝʜʫʶʱʠʤ ʢʨʠʪʝʨʠʷʤ: ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ; ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʠʣʠ 

ʧʦʣʫʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʩʪʨʫʢʪʫʨʥʳʭ ʜʝʬʝʢʪʦʚ; ʟʥʘʯʠʤʳʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʝʬʝʢʪʥʳʭ ʮʝʥʪʨʦʚ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʧʨʝʜʝʣʘʭ ʩʧʝʢʪʨʘʣʴʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʧʨʠʤʝʥʷʝʤʦʛʦ ʤʝʪʦʜʘ; ʛʝʥʝʪʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ. ʂʘʢ ʧʦʢʘʟʘʥʦ ʚʳʰʝ ʚ ʧʘʨʘʛʨʘʬʘʭ 1.4 ʠ 

2.1, ʵʪʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʦʪʚʝʯʘʶʪ ʘʟʦʪ ʚ N-, A-, B-ʬʦʨʤʘʭ, ʘ ʪʘʢʞʝ ʧʣʝʡʪʣʝʪʩ ʠ ʚʦʜʦʨʦʜʥʳʝ 

ʮʝʥʪʨʳ. ɻʝʥʝʪʠʯʝʩʢʠ ʠʥʬʦʨʤʘʪʠʚʥʳʡ ʧʘʨʘʤʝʪʨ - ʦʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʩʪʨʫʢʪʫʨʥʦʡ ʧʨʠʤʝʩʠ ʘʟʦʪʘ 

ʚ ʢʨʠʩʪʘʣʣʝ Ntot ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥ ʧʫʪʝʤ ʩʫʤʤʠʨʦʚʘʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʟʦʪʘ (N+ A+ B), 

ʧʦʵʪʦʤʫ ʚʚʝʜʝʥʠʝ Ntot ʚ ʙʘʟʫ ʜʘʥʥʳʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʦʣʷ ʠʟʣʠʰʥʝ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʩʫʤʤʘʨʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʪʨʫʢʪʫʨʥʦʡ ʧʨʠʤʝʩʠ ʘʟʦʪʘ ʜʣʷ 

ʙʦʣʴʰʠʥʩʪʚʘ ʘʣʤʘʟʦʚ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ ʠ ʣʘʤʧʨʦʠʪʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʜʝʨʞʘʥʠʷʤʠ ʘʟʦʪʘ ʚ 

ʬʦʨʤʘʭ ɸ ʠ ɺ, ʚ ʪʨʫʙʢʘʭ ʠ ʨʦʩʩʳʧʷʭ ʚʩʪʨʝʯʘʶʪʩʷ ʢʨʠʩʪʘʣʣʳ ʩ ʷʨʢʦ-ʞʝʣʪʦʡ ʦʢʨʘʩʢʦʡ 

(ʨʘʟʥʦʚʠʜʥʦʩʪʴ II ʧʦ ʖ.ʃ.ʆʨʣʦʚʫ), ʩʦʜʝʨʞʘʱʠʝ ʚ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ çʦʜʠʥʦʯʥʳʡè ʘʟʦʪ 

(N-ʮʝʥʪʨʳ). ʂʨʠʩʪʘʣʣʳ II-ʦʡ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʩ ʦʜʠʥʦʯʥʳʤ ʘʟʦʪʦʤ ʚʝʩʴʤʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ, 

ʥʘʧʨʠʤʝʨ, ʚ ʪʨʫʙʢʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠʤ. ʃʦʤʦʥʦʩʦʚʘ ʚ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʦʜʠʥʦʯʥʳʡ ʘʟʦʪ ʚ N-ʬʦʨʤʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʚ ʩʪʨʫʢʪʫʨʝ ʙʘʟʳ ʜʘʥʥʳʭ. ʅʘʨʷʜʫ ʩ 

ʘʟʦʪʥʳʤʠ ʮʝʥʪʨʘʤʠ, ʚ ʘʣʤʘʟʘʭ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ ʠ ʣʘʤʧʨʦʠʪʦʚ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ 

ʧʣʝʡʪʝʣʝʪʩ ʠ ʚʦʜʦʨʦʜʥʳʝ ʮʝʥʪʨʳ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʠʥʜʠʢʘʪʦʨʘʤʠ ʤʝʭʘʥʠʟʤʘ, ʫʩʣʦʚʠʡ ʠ 

ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ. ɹʝʟ ʫʯʝʪʘ ʚʩʝʛʦ ʵʪʦʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʘʣʤʘʟʘ ʙʳʣʘ ʙʳ 

ʥʝʧʦʣʥʦʡ. 

 

2.2.2. ʆʙʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʙʘʟʳ ʜʘʥʥʳʭ 

 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ (ʨʠʩʫʥʦʢ 2.6) ʩʦʜʝʨʞʠʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ 5435 ʦʙʨʘʟʮʦʚ ʘʣʤʘʟʘ 

ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʠ ʣʘʤʧʨʦʠʪʦʚʦʛʦ ʪʠʧʦʚ ʠʟ 96 ʪʨʫʙʦʢ ʠ ʨʦʩʩʳʧʝʡ. ɹʘʟʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʘʣʤʘʟʳ 

ʉʠʙʠʨʩʢʦʡ, ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʦʡ, ʖʞʥʦ-ɸʤʝʨʠʢʘʥʩʢʦʡ, ʉʝʚʝʨʦ-ɸʤʝʨʠʢʘʥʩʢʦʡ, ɸʬʨʠʢʘʥʦ-

ɸʨʘʚʠʡʩʢʦʡ, ɸʚʩʪʨʘʣʠʡʩʢʦʡ, ʀʥʜʦʩʪʘʥʩʢʦʡ, ʠ ʍʠʥʦ-ʂʦʨʝʡʩʢʦʡ ʧʣʘʪʬʦʨʤ. ɺ ʙʘʟʝ ʜʘʥʥʳʭ 

ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʣʤʘʟʳ ʠʟ ʪʨʫʙʦʢ ʠ ʨʦʩʩʳʧʝʡ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ (1299 
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ʢʨʠʩʪʘʣʣ ʠʟ 34ïʭ ʦʙʲʝʢʪʦʚ), ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʦʡ ʧʣʘʪʬʦʨʤʳ (ʋʨʘʣ ʠ ɸʨʭʘʥʛʝʣʴʩʢʘʷ ʦʙʣʘʩʪʴ 

ï 838 ʢʨʠʩʪʘʣʣʦʚ ʠʟ 14-ʪʠ ʦʙʲʝʢʪʦʚ), ʖʞʥʦ-ɸʤʝʨʠʢʘʥʩʢʦʡ ʧʣʘʪʬʦʨʤʳ (1073 ʢʨʠʩʪʘʣʣʘ ʠʟ 23-ʭ 

ʦʙʲʝʢʪʦʚ).  

 

ʇʣʘʪʬʦʨʤʳ: 1 - ʉʠʙʠʨʩʢʘʷ, 2 - ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʘʷ, 3 - ʖʞʥʦʘʤʝʨʠʢʘʥʩʢʘʷ, 4 - ɸʬʨʠʢʘʥʩʢʘʷ, 

5 - ɸʚʩʪʨʘʣʠʡʩʢʘʷ, 6 - ʉʝʚʝʨʦʘʤʝʨʠʢʘʥʩʢʘʷ, 7 - ʍʠʥʦ-ʂʦʨʝʡʩʢʘʷ, 8 - ʀʥʜʦʩʪʘʥʩʢʘʷ  

 

ʈʠʩʫʥʦʢ 2.6. ʉʪʨʫʢʪʫʨʘ ʙʘʟʳ ʜʘʥʥʳʭ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʩʪʨʫʢʪʫʨʥʳʭ ʜʝʬʝʢʪʦʚ ʚ ʘʣʤʘʟʝ: 

ʘ) ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʦʙʲʝʢʪʦʚ ï ʪʨʫʙʦʢ ʠʣʠ ʨʦʩʩʳʧʝʡ (n), ʙ) ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ ʠ ʠʭ 

ʜʦʣʝ ʚ % ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ ʦʙʨʘʟʮʦʚ  

 

ɼʘʥʥʳʝ ʧʦ ʙʦʣʴʰʠʥʩʪʚʫ ʘʣʤʘʟʦʚ ʧʦʣʫʯʝʥʳ ʣʠʯʥʦ ʘʚʪʦʨʦʤ ʚ ʎʅʀɻʈʀ (ʪʘʙʣʠʮʘ 2.3). 

ʈʝʛʠʩʪʨʘʮʠʷ ʀʂ-ʩʧʝʢʪʨʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ Specord M-80 ʬʠʨʤʳ Carl Zeiss, 

Jena, ʘ ʩ 2006 ʛ. ʥʘ ʀʂ-ʌʫʨʴʝ ʩʧʝʢʪʨʦʤʝʪʨʝ Nicolet 380 ʩ ʤʠʢʨʦʩʢʦʧʦʤ Centaurus ʢʦʤʧʘʥʠʠ 

THERMO Scientific. ɺ ʀʂ-ʩʧʝʢʪʨʘʭ ʦʙʨʘʟʮʦʚ ʦʧʨʝʜʝʣʷʣʠʩʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʟʦʪʥʳʭ ʮʝʥʪʨʦʚ N-, 

ɸ-, ɺ-, ʚʦʜʦʨʦʜʘ, ʧʣʝʡʪʣʝʪʩ. ʂʦʥʮʝʥʪʨʘʮʠʠ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʠʤʝʩʝʡ ʠ ʜʝʬʝʢʪʦʚ ʦʮʝʥʠʚʘʣʠʩʴ ʩ 

ʠʩʧʦʣʟɹʦʚʘʥʠʝʤ ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʡ ʤʝʪʦʜʠʢʠ, ʠʟʣʦʞʝʥʥʦʡ ʚʳʰʝ (2.1). ʆʩʪʘʣʴʥʳʝ (ʦʢʦʣʦ 40% ʦʪ 

ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ) ʜʘʥʥʳʝ ʧʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤ ʉʝʚʝʨʦ-ɸʤʝʨʠʢʘʥʩʢʦʡ, ɸʬʨʠʢʘʥʦ-ɸʨʘʚʠʡʩʢʦʡ, 

ɸʚʩʪʨʘʣʠʡʩʢʦʡ, ʀʥʜʦʩʪʘʥʩʢʦʡ, ʍʠʥʦ-ʂʦʨʝʡʩʢʦʡ ʧʣʘʪʬʦʨʤ ʟʘʠʤʩʪʚʦʚʘʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟ 

ʣʠʪʝʨʘʪʫʨʳ, ʦʧʫʙʣʠʢʦʚʘʥʥʦʡ ʟʘ ʧʝʨʠʦʜ ʩ 1979 ʛ. ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʘʣʤʘʟʦʚ 

ʚʩʝʭ ʦʙʲʝʢʪʦʚ ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣʠʮʝ 2.3. 

 

 

 



 

 

69 

ʊʘʙʣʠʮʘ 2.3. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠ ʪʠʧ ʧʦʧʫʣʷʮʠʡ ʘʣʤʘʟʘ ʚ ʪʨʫʙʢʘʭ ʠ ʨʦʩʩʳʧʷʭ 

ʈʘʡʦʥ, ʧʦʣʝ ʆʙʲʝʢʪ 

(ʊ - ʪʨʫʙʢʘ, ʈ - ʨʦʩʩʳʧʴ) 

 

n 

 

N tot, ppm 

 

% NB 

 

ɸʩʩʦʮʠʘ-

ʮʠʷ 

ʊʠʧ 

 

 

1 2 3 4 5 6 7 

ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʘʷ ʧʣʘʪʬʦʨʤʘ 

ʉʨʝʜʥʠʡ ʋʨʘʣ 1. ʈ. ʂʦʡʚʦ-ɺʠʞʘʡʩʢʦʛʦ 

ʨʘʡʦʥʘ 

44 958+99 26+10  IV 

474+61 52+18  VI  

ʉʝʚʝʨʥʳʡ ʋʨʘʣ 2. ʈ. ɺʠʰʝʨʩʢʦʛʦ ʨʘʡʦʥʘ 32 826+143 33+10 ʕ+ʋ (1) IV  

 

 

 

 

ɿʠʤʥʠʡ ɹʝʨʝʛ, 

ɿʦʣʦʪʠʮʢʦʝ ʧʦʣʝ 

 

3. ʊ. ʂʦʣʴʮʦʚʩʢʘʷ 42 561+125 49+7  VI  

4. ʊ. ʉʥʝʛʫʨʦʯʢʘ 36 547+123 50+8  VI  

5. ʊ. ʠʤ. ʃʦʤʦʥʦʩʦʚʘ  102 186+132 32+20 ʋ(2) III  

892+159 19+11 ʕ (IV) 

6. ʊ. ʠʤ. ʂʘʨʧʠʥʩʢʦʛʦ-1 

 

77 599+120 38+21 ʋ>ʕ(2) IV  

1365+145 23+8 (V) 

7. ʊ. ɸʨʭʘʥʛʝʣʴʩʢʘʷ 39 1402+162 22+12 ʕ(2) V 

8. ʊ. ʇʦʤʦʨʩʢʘʷ 159 1396+170 25+11 ʕ(2) V 

9. ʊ. ʇʝʨʚʦʤʘʡʩʢʘʷ 62 539+140 50+6  VI  

ɿʠʤʥʠʡ ɹʝʨʝʛ, 

ɺʝʨʭʦʪʠʥʩʢʦʝ 

ʧʦʣʝ 

10. ʊ. ɺʦʣʯʴʷ 57 859+168 26+19  IV  

70+47 43+31  (III ) 

11. ʊ. ʠʤ. ɻʨʠʙʘ 78 233+133 32+16 ʋ(3) III  

ɿʠʤʥʠʡ ɹʝʨʝʛ, 

ʂʝʧʠʥʩʢʦʝ ʧʦʣʝ 

 

12. ʊ. ʖʨʘʩʩʢʘʷ 30 857+142 30+12  IV  

33+8 78+37  (II ) 

13. ʊ. ʉʪʝʧʥʘʷ 49 112+89 70+32  II  

ʊʝʨʩʢʠʡ ɹʝʨʝʛ 14. ʊ. ɽʨʤʘʢʦʚʩʢʘʷ-7 31 907+281 30+18  IV  

ʉʠʙʠʨʩʢʘʷ ʧʣʘʪʬʦʨʤʘ 

ʅʠʞʥʝʣʝʥʩʢʠʡ 15. ʈ. ɹʫʣʢʫʨ 30 1472+91 29+6 ʕ(4) V 

543+183 50+9 (VI)  

16. ʈ. ʋʩʘʪ-ʍʘʷ 30 404+211 50+14 ʕ(4) VI  

1315+214 28+6 (V) 

17. ʈ. ʆʣʴʭʦʚʳʡ 33 462+163 48+13 ʕ
(4)

 VI  

 

ʇʨʠʣʝʥʩʢʠʡ 

 

18. ʈ. ʂʦʥʛʣʦʤʝʨʘʪʦʚʳʡ 32 254+141 23+11 ʋ(4) III  

19. ʈ. ɺʝʨʭ. ʄʦʣʦʜʦ 31 156+109 39+22 ʋ(4) III  

573+93 47+15 (VI) 

 

 

ɸʥʘʙʘʨʩʢʠʡ 

 

20. ʈ. ʍʦʣʦʤʦʣʦʦʭ 17 1600+164 25+4  V 

21. ʈ. ɺʝʨʭ.ɹʠʣʣʷʭ 19 503+101 48+12 ʋ(4) VI  

22. ʈ. ɺʝʨʭ. ʄʘʷʪ 57 959+139 27+4  IV  

23. ʈ.ʉʨʝʜʥ. ʄʘʷʪ 81 430+120 51+15  VI  

1446+278 30+11  (V) 

24. ʈ. ʍʘʩ-ʉʘʨʘʨʘ 32 456+157 33+14  IV  

1547+201 29+18  (V) 

25 ʈ. ʂʳʯʢʳʥ 36 417+199 37+20  IV  

1380+240 29+10  (V) 

26. ʊ. ʄʘʣʦʢʫʦʥʘʧʩʢʘʷ 60 732+111 19+15  IV  

ʄʘʣʦ-

ɹʦʪʫʦʙʠʥʩʢʠʡ 

 

27. ʊ. ʠʤ. XXIII  ʩʲʝʟʜʘ 

ʂʇʉʉ 

62 752+118 19+5 ʋ+ʕ(4,5) IV  

28. ʊ. ʉʧʫʪʥʠʢ 34 589+110 26+10 ʋ+ʕ(4) IV  
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ʄʘʣʦ-

ɹʦʪʫʦʙʠʥʩʢʠʡ 

 

29.ʊ. ʀʥʪʝʨʥʘʮʠʦʥʘʣʴʥʘʷ 57 743+114 24+4 ʋ(4) IV  

30. ʊ. ʄʠʨ 30 413+75 35+11 ʋ+ʕ(4,5) IV  

31. ʈ. ʉʦʣʫʨ 30 402+108 26+15  IV  

32. ʈ. ʀʨʝʣʷʭ 30 415+157 15+8  IV  

33. ʈ. ɻʦʨʥʳʡ 30 432+146 24+12  IV  

 

ɼʘʣʜʳʥʦ-

ɸʣʘʢʠʪʩʢʠʡ 

 

 

 

 

 

 

34. ʊ. ɿʘʨʥʠʮʘ 36 203+123 31+19 ʋ(4) III  

587+81 32+15 (IV) 

35. ʊ. ʋʜʘʯʥʘʷ 39 172+93 42+17 ʋ(4) III  

688+131 28+14 (IV) 

36. ʊ. ɸʡʭʘʣ 35 133+44 38+10 ʋ(4) III  

37. ʊ. ʄʦʣʦʜʦʩʪʴ-I 30 185+95 48+20 ʋ(4) III  

38. ʊ. ʉʳʪʳʢʘʥʩʢʘʷ 32 184+104 38+18 ʋ(4) III  

39. ʊ. ɼʘʣʴʥʷʷ 35 122+70 41+19  III  

40. ʊ. ʇʨʦʛʥʦʟʥʘʷ 40 223+80 50+21 ʋ(4) III  

41. ʊ. ʂʨʘʩʥʦʧʨʝʩʥʝʥʩʢʘʷ 43 259+147 41+13 ʋ>ʕ(4) III  

42. ʊ. ʂʦʤʩʦʤʦʣʴʩʢʘʷ 39 242+103 40+17 ʋ>>ʕ(4) III  

43. ʊ. ʖʙʠʣʝʡʥʘʷ 90 105+74 38+23 ʋ(4) III  

486+187 25+20 (IV) 

ʉʨʝʜʥʝʦʣʝʥʝʢʩʢʠʡ 44. ʊ. ʃʝʥʠʥʛʨʘʜ 28 280+150 27+18 ʋ(4) III  

 

 

ʄʫʥʦ-ʊʶʥʛʩʢʠʡ 

 

45. ʈ.ʉʨʝʜʥ. ʄʫʥʘ 30 221+96 41+34 ʋ(4) III  

46. ʈ. ʊʶʥʛ 30 114+76 33+14 ʋ(4)) III  

515+100 33+19 ʋ(4)) (IV) 

47. ʊ. ɿʘʧʦʣʷʨʥʘʷ 31 95+52 29+19 ʋ(4) III  

48. ʊ. ʇʦʠʩʢʦʚʘʷ 30 71+33 66+17 ʕ> ʋ(4) II  

ɸʬʨʠʢʘʥʩʢʘʷ ʧʣʘʪʬʦʨʤʘ 

 

ɹʦʪʩʚʘʥʘ 

49. ʊ. ʆʨʘʧʘ(6)  118 175+88 66+10 ʕ>> ʋ(6) II  

919+98 13+10 ʕ(6) (IV) 

50. ʊ. ɼʞʚʘʥʝʥʛ(7)  40 284+168 71+21 ʕ(7) II  

850+200 24+12 (IV) 

ʇʦʣʝ ɺʝʥʝʮʠʷ, 

ʖɸʈ  

51. ʊ. ɺʝʥʝʮʠʷ(8) 271 175+125 66+21 ʋ>>ʕ(8) II  

919+121 13+10 ʕ(8) (IV) 

ʇʦʣʝ ʇʨʝʪʦʨʠʷ, 

ʖɸʈ 

52. ʊ. ʇʨʝʤʴʝʨ(9,10) 131 105+101 47+22 ʕ.ʋ(9,10) III  

801+210 35+17 ʕ(9,10) (IV) 

ʇʦʣʝ 

ʇʦʩʪʤʘʩʙʫʨʛ, 

ʖɸʈ 

53. ʊ. ʌʠʥʰ(9,10) 89 59+27 34+12 ʋ>> 

ʕ(9,10) 

III  

 

ʇʦʣʝ 

ʗʛʝʨʩʬʦʥʪʝʡʥ, 

ʖɸʈ  

54. ʊ. ʈʦʙʝʨʪʩ ɺʠʢʪʦʨ(11) 99 66+36 36+13 ʋ>ʕ(11) III  

55. ʊ. ʗʛʝʨʩʬʦʥʪʝʡʥ(12) 65 123+107 68+24 ʕ>ʋ(12) II  

114+109 39+29 ʋ(12) (III ) 

56. ʊ. ʂʦʬʬʠʬʦʥʪʝʡʥ(12) 61 76+45 68+34 ʋ>ʕ(12) II  

ɻʘʥʘ  57. ʈ. ɹʠʨʨʠʤ(13) 99 102+33 36+15 ʋ(13) III  

ʅʘʤʠʙʠʷ  58. ʈ.ʅʘʤʠʙʠʠ (14) 56 865+173 23+10 ʕ>>ʋ(14) IV  

752+235 75+11 VI  

252+96 26+14 III  
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ɻʚʠʥʝʷ 59. ʈ.ʂʘʥʢʘʥ(15-17) 91 25+20 81+23 ʉɻʄ, ʕå 

ʋ(15-17) 

II  

ɸʚʩʪʨʘʣʠʡʩʢʘʷ ʧʣʘʪʬʦʨʤʘ 

ʉʝʚʝʨʥʳʝ 

ʊʝʨʨʠʪʦʨʠʠ 

60. ʊ. ʕʢʪʦʨ(32) 47 148+80 32+21  III  

 

ʅʦʚʳʡ ʖʞʥʳʡ 

ʋʵʣʴʩ 

 

61. ʈ. ɺʝʣʣʠʥʛʪʦʥ(18,19) 112 687+214 60+29 ʋ>ʕ(18,19) VI  

62. ʈ. ɹʠʥʛʘʨʘ(18,19) 75 399+242 60+34 ʕ>ʋ(18,19) VI  

63. ʈ. ʂʦʫʧʪʦʥ(18,19) 31 141+42 29+20 ʕ>ʋ(18,19) III  

ɿʘʧʘʜʥʘʷ 

ɸʚʩʪʨʘʣʠʷ  

64. ʊ. ɸʨʛʘʡʣ(20) 114 250+202 88+41 ʕ>>ʋ(20) I 

ʉʝʚʝʨʦ-ɸʤʝʨʠʢʘʥʩʢʘʷ ʧʣʘʪʬʦʨʤʘ 

 65. ʊ. ɼʆ-27 186 661+122 39+20 ʕ>ʋ (21) IV  

 

ʉʝʚʝʨʦ - ɿʘʧʘʜʥʳʝ 

ʊʝʨʨʠʪʦʨʨʠʠ 

 

280+153 51+14 (III ) 

66. ʊ. ʇʘʥʜʘ(22) 105 41+23 34+19 ʋ>>ʕ(22) III  

363+215 85+39  (II ) 

67. ʊ. ʇʦʡʥʪ ʃʝʡʢ(33) 68 194+109 61+29  II  

811+99 11+3  (IV) 

ʆʥʪʘʨʠʦ  68. ɺʫʣʢʘʥʠʪʳ ɺʘʚʘ(34) 37 102+30 51+40 ʕ>ʋ(34) III  

419+30 24+30  (IV) 

ɸʣʴʙʝʨʪʘ 69. ʊ. ʂ-252(23) 113 122+95 79+55 ʕ>>ʋ(23) II  

1504+236 29+13 (V) 

ʖʞʥʦ-ɸʤʝʨʠʢʘʥʩʢʘʷ ʧʣʘʪʬʦʨʤʘ 

 

ʂʦʨʦʤʘʥʜʝʣʴ, 

ɹʨʘʟʠʣʠʷ 

 

70. ʈ. ʂʨʠʤʠʥʦʟʘ 32 504+119 57+9 ʋ>>ʕ(24) VI  

71. ʈ.ʕʩʧʠʨʠʪʦ ʉʘʥʪʦ 32 535+89 51+12 ʋ>>ʕ(24) VI  

72. ʈ.ɻʨʦʪʘ ʜʦ ʇʠʤʧʠʤ 34 532+139 55+11 ʋ>>ʕ(24) VI  

73. ʈ. ʀʤʙʝ 32 504+131 63+11 ʋ>>ʕ(24) VI  

ʖʞ. ɼʠʘʤʘʥʪʠʥʘ, 

ɹʨʘʟʠʣʠʷ 

74 ʈ. ɾʝʢʠʪʠʪʦʥʴʷ ʩ 

ʧʨʠʪʦʢʘʤʠ, ɸʙʘʝʪʝ(35) 

65 436+149 24+14  IV  

72+36 35+19  (III ) 

ʉʝʚ. ɼʠʘʤʘʥʪʠʥʘ, 

ɹʨʘʟʠʣʠʷ 

75 ʈ. ʂʘʝʪʝ - ʄʠʨʠʤ(35) 12 521+189 19+8  IV  

ʃʦʩʢʦʢʠʪʦʩ, 

ɺʝʥʝʩʫʵʣʘ 

76. ʈ. ʃʦʩʢʦʢʠʪʦʩ 52 778+143 67+12 ʕ>>ʋ(25) VI  

 

 

ɻʫʘʥʠʘʤʦ, 

ɺʝʥʝʩʫʵʣʘ 

 

77. Cʠʣʣʳ ɻʫʘʥʠʘʤʦ 51 768+180 69+19 ʕ>>ʋ(26) VI  

78. ʈ. ʉʝʥʪʝʣʴʷ 40 601+172 73+8 ʕ>>ʋ(26) VI  

79. ʈ. ʏʠʫʘʫʘ 33 772+58 72+10 ʕ>>ʋ(26) VI  

80. ʈ. ʂʝʙʨʘʜʘ ɻʨʘʥʜʝ 40 802+70 70+8 ʕ>>ʋ(26) VI  

81. ʈ. ʈʠʥʭʠ-ʈʠʥʭʠ 33 692+67 63+3 ʕ>>ʋ(26) VI  

 

ɾʫʠʥʘ, ɹʨʘʟʠʣʠʷ 

 

82. ʈ. ʎʠʢʦʨʘ 34 51+25 92+19 ʉɻʄ(27) I 

83. ʈ. ʉʦʨʠʩʦ(28) 36 31+15 87+11 ʉɻʄ(28) I 

84. ʈ. ʉʘʥ ʃʫʠʩ 31 93+21 92+12 ʉɻʄ(27) I 

85. ʈ. ɺʝʨʤʝʣʴʦ 33 111+29 90+21 ʉɻʄ(27) I 

86. ʊ. ʇʘʥʜʨʵʘ-1 59 65+55 92+14 ʉɻʄ(29) I 

87. ʊ. ʇʘʥʜʨʵʘ-2 106 61+45 91+12 ʉɻʄ(29) I 
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ɾʫʠʥʘ, ɹʨʘʟʠʣʠʷ 

 

88. ʊ. ʇʘʥʜʨʵʘ-3 53 53+35 90+14 ʉɻʄ(29) I 

89. ʊ. ʇʘʥʜʨʵʘ-6 85 56+38 89+13 ʉɻʄ(29) I 

90. ʊ. ʇʘʥʜʨʵʘ-7 60 47+36 90+17 ʉɻʄ(29) I 

91. ʊ. ʂʦʣʣʴʝʨ-4 60 78+35 67+19 ʉɻʄ(29) II  

92. ʊ. ɸʨʠʧʫʘʥʘ-1 60 69+44 85+12 ʉɻʄ(29) I 

ʀʥʜʦʩʪʘʥʩʢʘʷ ʧʣʘʪʬʦʨʤʘ 

ʖʞʥʘʷ ʀʥʜʠʷ  93. ʊ.ʛʨʫʧʧʘ ɺʘʡʨʘʢʘʨʫʨ 26 439+82 30+11  IV  

108+60 47+15  (III ) 

ɺʦʩʪʦʯʥʘʷ ʀʥʜʠʷ 94. ʊ. ʛʨʫʧʧʘ ɹʝʭʝʨʜʠʭ 16 669+197 36+8  IV  

ʍʠʥʦ-ʂʦʨʝʡʩʢʘʷ ʧʣʘʪʬʦʨʤʘ 

ʄʴʷʥʤʘ 95.ʈ. ʄʦʤʝʡʢ ʠ ɿʝʡʥʜʦ(30) 114 736+136 32+19 ʋ>>ʕ(30) IV  

ʌʫʩʷʥʴ 96. ʊʨ.ˉ50(31) 61 383+129 70+14 ʋ (31) VI  

 

ʆʙʦʟʥʘʯʝʥʠʷ: n- ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʟʮʦʚ, Ntot - ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʘʟʦʪʘ ʠ ʝʛʦ 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ ʚ ʢʨʠʩʪʘʣʣʘʭ ʜʘʥʥʦʡ ʧʦʧʫʣʷʮʠʠ; % NB ï ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʘʟʦʪʘ ʚ ɺ-ʬʦʨʤʝ ʠ ʝʛʦ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ; ʚ ʛʨʘʬʝ çʪʠʧ 

ʧʦʧʫʣʷʮʠʠè ʫʢʘʟʘʥʳ ʦʩʥʦʚʥʳʝ ʠ ʚʪʦʨʦʩʪʝʧʝʥʥʳʝ (ʚ ʩʢʦʙʢʘʭ), ʉɻʄ-çʩʚʝʨʭʛʣʫʙʠʥʥʳʝ ʤʠʥʝʨʘʣʳè, ʕ-ʠ ʋ-

ʤʠʥʝʨʘʣʳ ʵʢʣʦʛʠʪʦʚʦʡ-ʠ ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ ʘʩʩʦʮʠʘʮʠʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʘʥʥʳʝ ʟʘʠʤʩʪʚʦʚʘʥʳ ʠʟ 

ʧʫʙʣʠʢʘʮʠʡ: (1)- [ɿʘʭʘʨʯʝʥʢʦ, ʍʘʯʘʪʨʷʥ, ɻʨʝʯʠʰʥʠʢʦʚ, 2006], (2) -[ɿʘʭʘʨʯʝʥʢʦ, ʄʘʭʠʥ, ʍʘʯʘʪʨʷʥ, 2002], (3) 

ï [ʇʘʣʘʞʯʝʥʢʦ, 2008], (4)  ï [ɿʠʥʯʫʢ, ʂʦʧʪʠʣʴ, 2003], (5) ï [ɻʘʨʘʥʠʥ, ʂʫʜʨʷʚʮʝʚʘ, 1990], (6) ï [Deines., Harris 

Gurney, 1993] , 1993]  (7) ï  [Cartigny, Harris, Javoy, 1998] (8) ï  [Viljoen, 2002], (9) ï  [Deines, Harris, Gurney, 

1984], (10) ï  [Deines e.a., 1989,]  (11) ï  [Deines, Harris, Gurney, 1987], (12) ï  [Deines, Harris, Gurney, 1991], (13) ï  

[Stachel, Harris, 1997], (14) ï[Cartigny e.a., 2003], (15,16) ï [Stachel e.a., 2000, 2002], (17) ï [Stachel Brey, Harris, 

2000], (18) ï [ Davies, 1998], (19) ï [Davies, O¡Reilly, Griffin  1999], (20) ï [Yakubovsky, Adriaenssens, 2002], (21) ï 

[Stachel e.a., 2003], (22) ï[Cartigny e.a., 2009], (23) ï[Banas e.a., 2005], (24) ï[Kaminsky, Zakharchenko, 

Khachatryan, Shiryaev, 2001], (25) ï[Kaminsky, Zakharchenko, Khachatryan, 2006], (26) ï[Kaminsky e.a., 2000] 

(27) ï [Kaminsky e.a., 2001] (28) ï [Hayman, Kopylova, Kaminsky, 2003], (29) ï [Kaminsky e.a., 2009]  (30) ï [Win 

e.a., 2001], (31) ï [Cartigny e.a., 1997], (32) ï [ʃʠ ʠ ʜʨ., 1997], (33) ï [Taylor, Gurney, Milledge, 1995], (34) ï [De 

Stefano, Lefebvre, Kopylova,2006], (35) ï [Chaves e.a., 2001]. 

 

ʇʨʠʨʦʜʥʳʡ ʘʣʤʘʟ - ʫʥʠʢʘʣʴʥʳʡ ʧʦ ʩʚʦʡʩʪʚʘʤ ʠ ʨʝʜʢʠʡ ʤʠʥʝʨʘʣ. ʊʘʢ, ʜʦʣʷ ʧʨʦʤʳʰʣʝʥʥʦ 

ʘʣʤʘʟʦʥʦʩʥʳʭ ʪʨʫʙʦʢ ʩʦʩʪʘʚʣʷʝʪ ʣʠʰʴ ʦʢʦʣʦ 2% ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʠ 

ʣʘʤʧʨʦʠʪʦʚʳʭ ʪʝʣ [ɻʘʨʘʥʠʥ, ʂʫʜʨʷʚʮʝʚʘ, 2006]. ɼʘʣʝʢʦ ʥʝ ʚʩʝʛʜʘ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʨʘʩʧʦʣʘʛʘʶʪ 

ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʤʠ ʚʳʙʦʨʢʘʤʠ, ʢʨʠʩʪʘʣʣʦʚ, ʚʩʝʩʪʦʨʦʥʥʝ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤʠ ʘʣʤʘʟʳ ʪʦʛʦ ʠʣʠ 

ʠʥʦʛʦ ʦʙʲʝʢʪʘ. ʕʪʦ ʥʘʰʣʦ ʦʪʨʘʞʝʥʠʝ ʠ ʚ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʙʘʟʝ ʜʘʥʥʳʭ, ʚ ʢʦʪʦʨʦʡ ʢʨʠʩʪʘʣʣʳ 

ʦʜʥʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʦʪʥʷʤʠ ʦʙʨʘʟʮʦʚ, ʘ ʜʨʫʛʠʭ ï ʣʠʰʴ ʧʝʨʚʳʤʠ ʜʝʩʷʪʢʘʤʠ. ʉ 

ʵʪʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʘʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʚʦʧʨʦʩ ʦ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʩʪʠ ʢʦʣʣʝʢʮʠʡ ʘʣʤʘʟʦʚ, 

ʚʢʣʶʯʝʥʥʳʭ ʥʘʤʠ ʚ ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʙʘʟʫ ʜʘʥʥʳʭ. ɹʝʟʫʩʣʦʚʥʦ, ʦʥʘ ʟʘʚʠʩʠʪ ʦʪ ʪʦʡ ʟʘʜʘʯʠ, 

ʢʦʪʦʨʫʶ ʤʳ ʭʦʪʠʤ ʨʝʰʠʪʴ ʥʘ ʦʩʥʦʚʝ ʙʘʟʳ ʜʘʥʥʳʭ. ʉʨʝʜʠ ʵʪʠʭ ʟʘʜʘʯ ʦʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʷʚʣʷʝʪʩʷ 

ʦʙʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʘʣʤʘʟʦʚ ʢʦʥʢʨʝʪʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʚ ʥʠʭ ʘʟʦʪʥʳʭ ʠ 

ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ. ʆʭʘʨʘʢʪʝʨʠʟʦʚʘʚ ʠ ʩʦʧʦʩʪʘʚʠʚ ʤʝʞʜʫ ʩʦʙʦʡ ʘʣʤʘʟʳ ʠʟ ʨʘʟʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʤʳ ʤʦʞʝʤ ʚʳʷʚʠʪʴ ʠʭ ʪʠʧʦʤʦʨʬʥʳʝ ʩʚʦʡʩʪʚʘ, ʥʝʦʙʭʦʜʠʤʳʝ ʧʨʠ ʨʝʰʝʥʠʠ 

ʧʨʦʛʥʦʟʥʦ-ʧʦʠʩʢʦʚʳʭ ʟʘʜʘʯ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʜʝʬʝʢʪʦʚ ʚ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʭ ʚʳʙʦʨʢʘʭ ʘʣʤʘʟʦʚ ʷʚʣʷʝʪʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ 
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ʢʘʞʜʦʛʦ ʠʟ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʘʣʤʘʟʳ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʨʫʙʦʢ ʠ 

ʨʦʩʩʳʧʝʡ [ʉʦʙʦʣʝʚ, ʃʝʥʩʢʘʷ, 1965; ɹʣʠʥʦʚʘ ʠ ʜʨ., 1991; ʍʘʯʘʪʨʷʥ, 2001, 20032, 2005; ʍʘʯʘʪʨʷʥ 

ʠ ʜʨ., 2004-2006, 2008, 2009]. ʈʘʥʝʝ ʖ.ɸ.ʂʣʶʝʚʳʤ ʩ ʩʦʘʚʪʦʨʘʤʠ [ɹʦʢʠʡ ʠ ʜʨ., 1986] ʙʳʣʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʩʣʫʯʘʡʥʘʷ ʚʳʙʦʨʢʘ ʠʟ 50-100 

ʢʨʠʩʪʘʣʣʦʚ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʦʙʨʘʟʮʦʚ 

ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʜʝʬʝʢʪʦʚ ʚ ʘʣʤʘʟʘʭ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʤʝʥʷʝʪʩʷ. ʅʘ 

ʧʨʘʢʪʠʢʝ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʥʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ, ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʥʝ ʚʩʝʛʜʘ 

ʨʘʩʧʦʣʘʛʘʶʪ ʪʘʢʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʢʨʠʩʪʘʣʣʦʚ. ʅʘʤʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ [ʂʘʤʠʥʩʢʠʡ ʠ ʜʨ., 1988], ʯʪʦ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʩʪʨʫʢʪʫʨʥʳʭ ʜʝʬʝʢʪʦʚ ʚ ʘʣʤʘʟʘʭ ʢʘʢʦʛʦ-ʣʠʙʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ 30-ʪʠ ʩʣʫʯʘʡʥʳʭ ʦʙʨʘʟʮʦʚ. 

ɺ ʨʷʜʝ ʧʫʙʣʠʢʘʮʠʡ, ʘʚʪʦʨʳ ʠʩʩʣʝʜʦʚʘʣʠ ʥʝ ʩʣʫʯʘʡʥʫʶ ʚʳʙʦʨʢʫ ʘʣʤʘʟʦʚ, ʘ ʧʦʜʙʠʨʘʣʠ 

ʦʙʨʘʟʮʳ ʧʦ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʧʨʠʥʮʠʧʫ: ʧʦ ʢʨʫʧʥʦʩʪʠ, ʦʢʨʘʩʢʝ, ʥʘʣʠʯʠʶ ʩʠʥʛʝʥʝʪʠʯʥʳʭ 

ʚʢʣʶʯʝʥʠʡ. ɺʳʙʨʘʥʥʳʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʦʙʨʘʟʮʳ ʥʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʦʙʲʝʢʪ ʚ ʮʝʣʦʤ, ʪ.ʝ. 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʜʝʬʝʢʪʦʚ ʚ ʪʘʢʦʡ ʚʳʙʦʨʢʝ ʥʝ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʪʠʧʦʤʦʨʬʥʦʛʦ ʧʨʠʟʥʘʢʘ ʘʣʤʘʟʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʢʨʫʧʥʦʩʪʴ, ʦʢʨʘʩʢʘ, 

ʧʨʦʟʨʘʯʥʦʩʪʴ, ʥʘʣʠʯʠʝ ʚʢʣʶʯʝʥʠʡ ʩʣʫʞʘʪ ʚʘʞʥʝʡʰʠʤʠ ʛʝʤʤʦʣʦʛʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʢʨʠʩʪʘʣʣʦʚ ʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʙʘʟʦʚʳʝ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʘʣʤʘʟʦʚ 

ʈʘʥʝʝ ʥʘ ʧʨʠʤʝʨʝ ʷʢʫʪʩʢʠʭ ʘʣʤʘʟʦʚ ʙʳʣʦ ʩʜʝʣʘʥʦ ʟʘʢʣʶʯʝʥʠʝ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʟʘʚʠʩʠʤʦʩʪʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʟʦʪʥʳʭ ʮʝʥʪʨʦʚ ʚ ʘʣʤʘʟʘʭ ʦʪ ʠʭ ʢʨʫʧʥʦʩʪʠ [ʉʦʙʦʣʝʚ, ʃʠʩʦʡʚʘʥ, 1978; ɹʦʢʠʡ ʠ 

ʜʨ., 1986]. ʆʜʥʘʢʦ ʧʦʟʜʥʝʝ ʥʘʰʠ ʠʩʩʣʝʜʦʚʘʥʠʷ [ɹʣʠʥʦʚʘ ʠ ʜʨ., 1989] ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʟʦʪʘ ʚ ʤʝʣʢʠʭ (-1+0,5 ʤʤ) ʘʣʤʘʟʘʭ ʠʟ ʪʨʫʙʦʢ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ ʚ ʩʨʝʜʥʝʤ ʚ 

2-3 ʨʘʟʘ ʥʠʞʝ, ʯʝʤ ʚ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʠʥʜʠʚʠʜʘʭ. ʉʭʦʜʥʘʷ ʪʝʥʜʝʥʮʠʷ ʫʚʝʣʠʯʝʥʠʷ ʩʦʜʝʨʞʧʥʠʷ 

ʘʟʦʪʘ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʟʤʝʨʥʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ ʦʪʤʝʯʘʝʪʩʷ ʠ ʜʣʷ ʘʣʤʘʟʦʚ ʢʣʘʩʩʦʚ ʢʨʫʧʥʦʩʪʠ ï2+1 

ʠ ï4+2 ʤʤ ʠʟ ʪʨʫʙʢʠ ʄʠʨ ʄʘʣʦ-ɹʦʪʫʦʙʠʥʩʢʦʛʦ ʨʘʡʦʥʘ ʗʢʫʪʠʠ [ʍʘʯʘʪʨʷʥ, 2003,ʙ]. ʉ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ, ʚ ʪʨʫʙʢʘʭ ʖʙʠʣʝʡʥʘʷ, ʂʦʤʩʦʤʦʣʴʩʢʘʷ, ɸʡʭʘʣ ɼʘʣʜʳʥʦ-ɸʣʘʢʠʪʩʢʦʛʦ ʨʘʡʦʥʘ ʗʢʫʪʠʠ 

ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʠʥʜʠʚʠʜʳ (-4+2 ʤʤ) ʦʙʝʜʥʝʥʳ ʘʟʦʪʦʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʣʤʘʟʘʤʠ ʢʣʘʩʩʘ 

ʢʨʫʧʥʦʩʪʠ ï2+1 ʤʤ [ɿʠʥʯʫʢ, ʂʦʧʪʠʣʴ, 2003]. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʘʣʤʘʟʦʚ ʠʟ 

ʨʘʟʣʠʯʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʩ ʫʯʝʪʦʤ ʠʭ ʢʨʫʧʥʦʩʪʠ.  

ɼʨʫʛʠʤ ʚʥʝʰʥʠʤ ʧʨʠʟʥʘʢʦʤ ʢʨʠʩʪʘʣʣʘ ʘʣʤʘʟʘ, ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʤ ʩ ʩʦʩʪʘʚʦʤ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʠʤʝʩʝʡ ʚ ʢʨʠʩʪʘʣʣʘʭ, ʷʚʣʷʝʪʩʷ ʠʭ ʦʢʨʘʩʢʘ. ʅʘʧʨʠʤʝʨ, ʚ ʩʝʨʦ-

ʛʦʣʫʙʳʭ ʢʨʠʩʪʘʣʣʘʭ ʘʣʤʘʟʘ ʠʟ ʪʨʫʙʢʠ ɸʨʛʘʡʣ (ɸʚʩʪʨʘʣʠʷ) ʥʘʙʣʶʜʘʶʪʩʷ ʵʢʩʪʨʝʤʘʣʴʥʦ ʚʳʩʦʢʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ [Yakubovsky, Adriaenssens, 2002], ʧʨʠʤʝʨʥʦ ʥʘ ʧʦʨʷʜʦʢ, 

ʧʨʝʚʳʰʘʶʱʠʝ ʩʨʝʜʥʶʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʚʦʜʦʨʦʜʘ ʚ ʢʦʨʠʯʥʝʚʳʭ ʘʣʤʘʟʘʭ, ʜʦʤʠʥʠʨʫʶʱʠʭ ʚ ʵʪʦʤ 

ʤʝʩʪʦʨʦʞʜʝʥʠʠ [ɼʞʝʡʢʩ, ʃʫʠʩ, ʉʤʠʪ, 1989].  
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ɺ ʨʷʜʝ ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʘʣʤʘʟʘʤ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɸʬʨʠʢʘʥʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʧʨʠʚʦʜʷʪʩʷ 

ʜʘʥʥʳʝ ʧʦ ʩʪʨʫʢʪʫʨʥʳʤ ʜʝʬʝʢʪʘʤ ʚ ʘʣʤʘʟʘʭ, ʩʦʜʝʨʞʘʱʠʭ ʤʠʥʝʨʘʣʴʥʳʝ ʚʢʣʶʯʝʥʠʷ 

ʵʢʣʦʛʠʪʦʚʦʛʦ ʠ ʧʝʨʠʜʦʪʠʪʦʚʦʛʦ ʧʘʨʘʛʝʥʝʟʠʩʦʚ (ʘʩʩʦʮʠʘʮʠʡ). ʈʘʥʝʝ ʖ.ʄ.ɹʠʣʝʥʢʦ ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʘʟʦʪʘ ʚ ɸ-ʬʦʨʤʝ ʚ ʧʦʜʦʙʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʥʝʩʢʦʣʴʢʦ ʦʪʣʠʯʘʝʪʩʷ 

ʦʪ ʪʘʢʦʚʦʛʦ ʚ ʘʣʤʘʟʘʭ, ʥʝ ʩʦʜʝʨʞʘʱʠʭ ʚʠʜʠʤʳʭ ʚʢʣʶʯʝʥʠʡ [ɹʠʣʝʥʢʦ, 1982]. ʕʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʨʠ ʘʥʘʣʠʟʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʣʤʘʟʦʚ ʶʞʥʦʘʬʨʠʢʘʥʩʢʦʡ ʪʨʫʙʢʠ 

ʇʨʝʤʴʝʨ (ʨʠʩʫʥʦʢ 2.7), ʦʙʦʙʱʝʥʥʳʭ ʥʘʤʠ ʚ ʙʘʟʝ ʜʘʥʥʳʭ. 

 

1 ï c ʚʢʣʶʯʝʥʠʷʤʠ ʵʢʣʦʛʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ; 

2 ï ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ ʘʩʩʦʮʠʘʮʠʠ; 

3 ï ʙʝʟ ʚʢʣʶʯʝʥʠʡ; 

4 ï ʦʙʣʘʩʪʴ ʘʣʤʘʟʦʚ ʵʢʣʦʛʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ. 

 

ʈʠʩʫʥʦʢ 2.7. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʘʟʦʪʥʳʭ ʮʝʥʪʨʦʚ ʚ ʢʨʠʩʪʘʣʣʘʭ ʘʣʤʘʟʘ ʠʟ ʪʨʫʙʢʠ ʇʨʝʤʴʝʨ 

[Deines e.a., 1984, 1989] 

 

ʊʘʢ, ʚ ʪʨʫʙʢʝ ʇʨʝʤʴʝʨ ʢʨʠʩʪʘʣʣʳ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʘʟʦʪʘ. ɸʣʤʘʟʳ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ (ʋ) ʘʩʩʦʮʠʘʮʠʠ ï 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʠʟʢʦʘʟʦʪʥʳʝ ʩ Ntot <200 at.ppm. ɸʣʤʘʟʳ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʵʢʣʦʛʠʪʦʚʦʡ (ʕ) 

ʘʩʩʦʮʠʘʮʠʠ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʘʟʦʪʘ ʨʘʩʧʘʜʘʶʪʩʷ ʥʘ ʜʚʝ ʛʨʫʧʧʳ. ʇʝʨʚʘʷ ʛʨʫʧʧʘ (ʕ1) ʥʠʟʢʦʘʟʦʪʥʳʭ 

ʠʥʜʠʚʠʜʦʚ ʧʦ ʦʙʱʝʤʫ ʩʦʜʝʨʞʘʥʠʶ ʧʨʠʤʝʩʠ ʩʭʦʜʥʘ ʩ ʘʣʤʘʟʘʤʠ ʋ-ʪʠʧʘ, ʘ ʚʪʦʨʘʷ (ʙʦʣʝʝ 

ʤʥʦʛʦʯʠʩʣʝʥʥʘʷ) ʦʙʲʝʜʠʥʷʝʪ ʚʳʩʦʢʦ - ʠ ʩʨʝʜʥʝʘʟʦʪʥʳʝ ʢʨʠʩʪʘʣʣʳ ʩ Ntot 400-1200 at.ppm. ʂʘʢ 

ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 2.7, ʘʣʤʘʟʳ, ʥʝ ʩʦʜʝʨʞʘʱʠʝ ʚʠʜʠʤʳʭ ʚʢʣʶʯʝʥʠʡ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʘʟʦʪʘ 



 

 

75 

ʩʭʦʜʥʳ ʩ ʧʨʝʦʙʣʘʜʘʶʱʠʤʠ ʚ ʪʨʫʙʢʝ ʇʨʝʤʴʝʨ ʢʨʠʩʪʘʣʣʘʤʠ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʵʢʣʦʛʠʪʦʚʦʡ 

ʘʩʩʦʮʠʘʮʠʠ (ʕ1+ʕ2). 

ʉʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʜʣʷ ʨʝʰʝʥʠʷ ʚʦʧʨʦʩʘ ʦ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʩʪʠ ʚʳʙʦʨʢʠ ʘʣʤʘʟʦʚ 

ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʠʭ ʢʨʠʩʪʘʣʣʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴʶ ʦʩʥʦʚʥʳʭ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʪʠʧʦʚ ʚ ʵʪʦʤ 

ʤʝʩʪʦʨʦʞʜʝʥʠʠ [ɹʘʨʪʦʰʠʥʩʢʠʡ, 1986; ʂʘʤʠʥʩʢʠʡ ʠ ʜʨ., 1988]. ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 2.4, 

ʢʨʠʩʪʘʣʣʳ ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ (ʦʢʪʘʵʜʨʳ ʩ ʪʨʠʛʦʥʘʣʴʥʦʡ ʬʦʨʤʦʡ ʛʨʘʥʝʡ, ʦʢʪʘʵʜʨʳ ʠ 

ʢʦʤʙʠʥʘʮʠʦʥʥʳʝ ʬʦʨʤʳ ʩ ʜʠʪʨʠʛʦʥʘʣʴʥʦʡ ʬʦʨʤʦʡ ʛʨʘʥʝʡ, ʢʫʙʳ ʠ ʪʝʪʨʘʛʝʢʩʘɻ ʜʨʦʠʜʳ ʠʟ 

ʪʨʫʙʢʠ ʠʤ. ʂʘʨʧʠʥʩʢʦʛʦ-1 (ɸʨʭʘʥʛʝʣʴʩʢʘʷ ʦʙʣʘʩʪʴ) ʨʘʟʣʠʯʘʶʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʩʪʨʫʢʪʫʨʥʳʭ 

ʜʝʬʝʢʪʦʚ. ʕʪʦ ʚ ʨʘʚʥʦʡ ʤʝʨʝ ʦʪʥʦʩʠʪʩʷ ʠ ʢ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤ ʨʘʟʥʦʚʠʜʥʦʩʪʷʤ ʢʨʠʩʪʘʣʣʦʚ ʠʟ 

ʪʨʫʙʢʠ ʠʤ. ɻʨʠʙʘ (ɸʨʭʘʥʛʝʣʴʩʢʘʷ ʦʙʣʘʩʪʴ) [ʍʘʯʘʪʨʷʥ, 2006]. ʍʘʨʘʢʪʝʨʥʦ, ʯʪʦ ʘʣʤʘʟʳ ʩʭʦʜʥʦʡ 

ʢʨʠʩʪʘʣʣʦʤʦʨʬʦʣʦʛʠʠ ʠʟ ʨʘʟʥʳʭ ʪʨʫʙʦʢ, ʪʘʢʞʝ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʚ ʥʠʭ ʘʟʦʪʥʳʭ 

ʮʝʥʪʨʦʚ ʠ ʚʦʜʦʨʦʜʘ (ʪʘʙʣʠʮʘ 2.4). 

 

ʊʘʙʣʠʮʘ 2.4 ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʘʟʦʪʥʳʭ ʠ ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ ʚ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʨʘʟʥʦʚʠʜʥʦʩʪʷʭ 

ʘʣʤʘʟʘ ʠʟ ʪʨʫʙʦʢ ʠʤ. ɺ. ɻʨʠʙʘ ʠ ɸ. ʂʘʨʧʠʥʩʢʦʛʦ-1 

 

ʌʦʨʤʘ ʢʨʠʩʪʘʣʣʦʚ  ʪʨʫʙʢʘ ʠʤ. ɺ. ɻʨʠʙʘ ʪʨʫʙʢʘ ʠʤ. ɸ.ʂʘʨʧʠʥʩʢʦʛʦ-1 

 ʠ ʠʭ ʛʨʘʥʝʡ n NA NB H n NA NB H 

ʦʢʪʘʵʜʨ                 

ʩ ʪʨʠʛʦʥʘʣʴʥʦʡ 13 200 133 0,3 12 329 103 1,2 

ʬʦʨʤʦʡ ʛʨʘʥʝʡ  0-463 0-402 0-1,5   8-786 0-209 0-3,6 

                 

ʢʨʠʩʪʘʣʣ ʨʷʜʘ                 

ʦʢʪʘʵʜʨ-

ʜʦʜʝʢʘʵʜʨʦʠʜ 26 491 396 1,0 19 768 317 2,2 

ʩ ʜʠʪʨʠʛʦʥʘʣʴʥʦʡ  35-1391 24-1417 0-4,4   326-1210 121-513 0,1-4,3 

ʬʦʨʤʦʡ ʛʨʘʥʝʡ                 

                 

ʢʫʙ, ʢʫʙʦʠʜ, 5 994 254 1,7 17 1346 242 5,3 

ʪʝʪʨʘʛʝʢʩʘʵʜʨʦʠʜ  687-1357 228-283 0,9-2,3   571-2121 122-362 2,1-8,5 

                  
 

ʆʙʦʟʥʘʯʝʥʠʷ. NA ʠ NB ï ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʟʦʪʘ ʚ ʬʦʨʤʘʭ ɸ-ʠ ɺ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ at.ppm;ʅ- 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʦʜʦʨʦʜʘ ʚ ʫʩʣʦʚʥʳʭ ʝʜʠʥʠʮʘʭ; n-ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʟʮʦʚ; ɺ ʯʠʩʣʠʪʝʣʝ ʜʨʦʙʠ-

ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ, ʚ ʟʥʘʤʝʥʘʪʝʣʝ-ʜʠʘʧʘʟʦʥ ʝʛʦ ʚʘʨʠʘʮʠʡ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʘʥʘʣʠʟʝ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʩʪʨʫʢʪʫʨʥʳʤ ʜʝʬʝʢʪʘʤ ʚ ʢʨʠʩʪʘʣʣʘʭ, 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʚʥʝʰʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʣʤʘʟʦʚ: ʢʨʫʧʥʦʩʪʴ, ʬʦʨʤʫ, ʦʢʨʘʩʢʫ, ʘ ʪʘʢʞʝ 

ʥʘʣʠʯʠʝ ʠ ʩʦʩʪʘʚ ʤʠʥʝʨʘʣʴʥʳʭ ʚʢʣʶʯʝʥʠʡ. 
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2.3. ʆʙʦʙʱʝʥʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʠʧʦʤʦʨʬʥʳʭ ʩʚʦʡʩʪʚ ʘʣʤʘʟʦʚ ʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ 

ʘʣʤʘʟʦʥʦʩʥʳʭ ʧʨʦʚʠʥʮʠʡ ʤʠʨʘ ʥʘ ʦʩʥʦʚʝ ʙʘʟʳ ʜʘʥʥʳʭ 

 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ ʠʟ ʦʪʜʝʣʴʥʳʭ ʢʦʨʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʨʦʩʩʳʧʝʡ ʚ 

ʘʣʤʘʟʦʥʦʩʥʳʭ ʧʦʣʷʭ, ʨʘʡʦʥʘʭ ʠ ʧʨʦʚʠʥʮʷʭ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ. 

ʀʟ ʙʘʟʳ ʜʘʥʥʳʭ ʩʣʝʜʫʝʪ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʟʦʪʘ ʚ ʢʨʠʩʪʘʣʣʘʭ ʘʣʤʘʟʘ ʚ ʦʜʥʦʡ ʪʨʫʙʢʝ ʠʣʠ 

ʨʦʩʩʳʧʠ ʩʫʱʝʩʪʚʝʥʥʦ (ʥʘ 1-2 ʧʦʨʷʜʢʘ) ʚʘʨʴʠʨʫʶʪ, ʥʦ ʧʨʝʦʙʣʘʜʘʶʪ ʦʙʳʯʥʦ ʠʥʜʠʚʠʜʳ ʩ 

ʩʦʜʝʨʞʘʥʠʷʤʠ ʘʟʦʪʘ, ʭʘʨʘʢʪʝʨʥʳʤʠ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʉʦʚʦʢʫʧʥʦʩʪʴ ʵʪʠʭ 

ʠʥʜʠʚʠʜʦʚ ʤʳ ʠʤʝʥʫʝʤ ʧʦʧʫʣʷʮʠʝʡ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʜʥʠʤ ʠʟ ʝʸ ʦʧʨʝʜʝʣʝʥʠʡ ʢʘʢ 

çéʩʦʚʦʢʫʧʥʦʩʪʠ ʧʨʝʜʤʝʪʦʚ, ʵʣʝʤʝʥʪʦʚ, ʠʥʜʠʚʠʜʦʚ, ʝʜʠʥʠʮ, ʥʘ ʢʦʪʦʨʳʭ ʩʪʨʦʷʪʩʷ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʚʳʚʦʜʳè [ʉʣʦʚʘʨʴ ʠʥʦʩʪʨʘʥʥʳʭ ʩʣʦʚ, 1989]. ɺ ʪʨʫʙʢʘʭ ʦʙʳʯʥʦ ʚʳʜʝʣʷʝʪʩʷ ʦʜʥʘ 

(ʛʣʘʚʥʘʷ), ʨʝʞʝ ʜʚʝ (ʛʣʘʚʥʘʷ ʠ ʚʪʦʨʦʩʪʝʧʝʥʥʘʷ) ʧʦʧʫʣʷʮʠʠ ʢʨʠʩʪʘʣʣʦʚ. ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʢʨʠʩʪʘʣʣʦʚ ʨʘʟʥʳʭ ʦʙʲʝʢʪʦʚ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʚ ʥʠʭ ʘʟʦʪʘ ʥʘʤʠ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʜʚʘ ʧʝʨʝʤʝʥʥʳʭ ʧʘʨʘʤʝʪʨʘ ʢʨʠʩʪʘʣʣʘ ʘʣʤʘʟʘ: ʦʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʧʨʠʤʝʩʠ- Ntot ʠ ʩʪʝʧʝʥʴ ʝʝ 

ʘʛʨʝʛʘʮʠʠ - %NB. ɼʦʣʷ ʢʨʠʩʪʘʣʣʦʚ ʦʩʥʦʚʥʳʭ ʧʦʧʫʣʷʮʠʡ ʚ ʪʨʫʙʢʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʩʪʘʚʣʷʝʪ 50-

75%, ʠʥʦʛʜʘ ʙʦʣʴʰʝ. ɺ ʨʦʩʩʳʧʷʭ ʥʘʣʠʯʠʝ ʙʦʣʝʝ ʜʚʫʭ ʧʦʧʫʣʷʮʠʡ ʢʨʠʩʪʘʣʣʦʚ ʤʦʞʝʪ ʙʳʪʴ 

ʦʙʫʩʣʦʚʣʝʥʦ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʴʶ ʠʭ ʢʦʨʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. 

ɺʳʜʝʣʝʥʠʝ ʧʦʧʫʣʷʮʠʡ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʧʦʩʪʨʦʝʥʠʷ ʢʨʠʚʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʘʣʤʘʟʦʚ ʦʜʥʦʡ ʚʳʙʦʨʢʠ ʧʦ ʦʙʱʝʤʫ ʩʦʜʝʨʞʘʥʠʶ ʘʟʦʪʘ (Ntot=NA+Nɺ) ʠ ʩʪʝʧʝʥʠ ʝʛʦ ʘʛʨʝʛʘʮʠʠ 

(%NB), ʘ ʪʘʢʞʝ ʜʠʘʛʨʘʤʤ ʚ ʢʦʦʨʜʠʥʘʪʘʭ Ntot - %NB. ɽʩʣʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʘʞʜʦʛʦ ʠʟ ʧʘʨʘʤʝʪʨʦʚ 

ʦʜʥʦʤʦʜʘʣʴʥʦʝ, ʪʦ ʢ ʦʜʥʦʡ ʧʦʧʫʣʷʮʠʠ ʦʪʥʦʩʠʣʘʩʴ ʩʦʚʦʢʫʧʥʦʩʪʴ ʢʨʠʩʪʘʣʣʦʚ, ʛʨʫʧʧʠʨʫʶʱʘʷʩʷ 

ʚʦʢʨʫʛ ʤʦʜʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ Ntot ʠ %Nɺ, ʩʦʩʪʘʚʣʷʶʱʘʷ ʥʝ ʤʝʥʝʝ ʧʦʣʦʚʠʥʳ ʦʪ ʚʩʝʡ ʚʳʙʦʨʢʠ. 

ʇʨʠ ʜʚʫʤʦʜʘʣʴʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʢʨʠʩʪʘʣʣʦʚ ʚʳʙʦʨʢʠ ʧʦ ʜʚʫʤ ʥʘʟʚʘʥʥʳʤ ʧʘʨʘʤʝʪʨʘʤ 

ʚʳʜʝʣʠʪʴ ʜʚʝ ʧʦʧʫʣʷʮʠʠ ʩ ʚʟʘʠʤʥʦ ʩʦʛʣʘʩʦʚʘʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʩʦʜʝʨʞʘʥʠʷ ʘʟʦʪʘ ʠ ʩʪʝʧʝʥʠ 

ʝʛʦ ʘʛʨʝʛʘʮʠʠ ʤʦʞʥʦ ʛʨʘʬʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ ʧʦ ʦʙʣʘʩʪʷʤ ʥʘʠʙʦʣʴʰʝʡ ʧʣʦʪʥʦʩʪʠ ʬʠʛʫʨʘʪʠʚʥʳʭ 

ʪʦʯʝʢ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ Ntot - %Nɺ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʜʝʣʷʣʠʩʴ ʛʣʘʚʥʘʷ ʠ ʚʪʦʨʦʩʪʝʧʝʥʥʘʷ 

ʧʦʧʫʣʷʮʠʷ, ʧʨʠʯʝʤ ʜʦʣʷ ʧʦʩʣʝʜʥʝʡ ʚ ʚʳʙʦʨʢʝ ʦʙʳʯʥʦ ʥʝ ʥʠʞʝ 25% ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʢʨʠʩʪʘʣʣʦʚ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʘʣʤʘʟʦʚ ʠʟ ʚʩʝʭ ʦʙʲʝʢʪʦʚ ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣʠʮʝ 2.3.  

ʇʨʠ ʦʙʱʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ ʠʟ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʨʘʟʥʳʭ ʧʣʘʪʬʦʨʤ ʤʠʨʘ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʥʳ ʘʚʪʦʨʩʢʠʝ ʠ ʣʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ ʧʦ ʠʟʦʪʦʧʥʦʤʫ ʩʦʩʪʘʚʫ 

ʫʛʣʝʨʦʜʘ, ʤʠʥʝʨʘʣʴʥʳʤ ʚʢʣʶʯʝʥʠʷʤ ʚ ʢʨʠʩʪʘʣʣʘʭ, ʘ ʪʘʢʞʝ ʧʦ ʠʭ ʚʥʫʪʨʝʥʥʝʤʫ ʩʪʨʦʝʥʠʶ. ʕʪʦ 

ʧʦʟʚʦʣʠʣʦ ʚʳʷʚʠʪʴ ʦʙʱʥʦʩʪʴ ʠ ʨʘʟʣʠʯʠʝ ʪʠʧʦʤʦʨʬʥʳʭ ʩʚʦʡʩʪʚ ʘʣʤʘʟʘ ʨʘʟʥʳʭ ʪʝʨʨʠʪʦʨʠʡ. 

ʂʘʢ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ ʥʠʞʝ, ʚ ʨʘʟʥʳʭ ʘʣʤʘʟʦʥʦʩʥʳʭ ʧʨʦʚʠʥʮʠʷʭ ʤʠʨʘ ʠʤʝʶʪʩʷ ʧʦʧʫʣʷʮʠʠ 

ʘʣʤʘʟʘ, ʩʭʦʜʥʳʝ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʘʟʦʪʥʳʭ ʮʝʥʪʨʦʚ, ʪʠʧʫ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʨʦʝʥʠʷ 



 

 

77 

ʢʨʠʩʪʘʣʣʦʚ ʠ ʩʦʩʪʘʚʫ ʤʠʥʝʨʘʣʴʥʳʭ ʚʢʣʶʯʝʥʠʡ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʭʦʜʥʳʝ ʦʙʩʪʘʥʦʚʢʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʛʨʫʧʧ ʢʨʠʩʪʘʣʣʦʚ ʚ ʛʣʫʙʠʥʘʭ ɿʝʤʣʠ. 

ɸʣʤʘʟʳ ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʦʡ ʧʣʘʪʬʦʨʤʳ 

ɸʚʪʦʨʦʤ ʠʟʫʯʝʥʳ ʢʨʠʩʪʘʣʣʳ ʘʣʤʘʟʘ ʠʟ ʦʩʥʦʚʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʦʡ 

ʧʣʘʪʬʦʨʤʳ: ʪʨʫʙʦʢ ɿʠʤʥʝʛʦ ɹʝʨʝʛʘ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ ʠ ʨʦʩʩʳʧʝʡ ʋʨʘʣʘ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ 

ʩʨʘʚʥʝʥʠʷ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʥʝʙʦʣʴʰʠʝ ʚʳʙʦʨʢʠ ʢʨʠʩʪʘʣʣʦʚ ʠʟ ʨʦʩʩʳʧʝʡ ʉʝʚʝʨʥʦʛʦ, ʉʨʝʜʥʝʛʦ 

ʊʠʤʘʥʘ, ʘ ʪʘʢʞʝ ʩʣʘʙʦʘʣʤʘʟʦʥʦʩʥʦʡ ʪʨʫʙʢʠ ʂʦʣʴʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ ɽʨʤʘʢʦʚʩʢʘʷ-7 (ʊʝʨʩʢʠʡ 

ɹʝʨʝʛ) [ɹʣʠʥʦʚʘ ʠ ʜʨ., 1989; ɿʘʭʘʨʯʝʥʦ ʠ ʜʨ., 1990; ɿʘʭʘʨʯʝʥʢʦ, ʄʘʭʠʥ, ʍʘʯʘʪʨʷʥ, 2002; ɺʝʨʠʯʝʚ 

ʠ ʜʨ., 2005; ɿʘʭʘʨʯʝʥʢʦ, ʍʘʯʘʪʨʷʥ, ɻʨʝʯʠʰʥʠʢʦʚ, 2006; Zakharcheko, Galimov, Khachatryan, 

1992; Zakharcheko, Botova, Khachatryan, 1995; Kaminsky, Khachatryan, 2001; Khachatryan, 

Kaminsky, 2004; ʍʘʯʘʪʨʷʥ ʠ ʜʨ., 2004, 2006, 2008, 2009; Palazhenko, Khachatryan, Garanin, 2008].  

ʇʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʘʟʦʪʥʳʭ ʮʝʥʪʨʦʚ (ʪʘʙʣʠʮʘ 2.3), ʘʣʤʘʟʳ ɿʠʤʥʝʛʦ ɹʝʨʝʛʘ ʦʯʝʥʴ 

ʨʘʟʥʦʦʙʨʘʟʥʳ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʷʪʴʶ ʦʩʥʦʚʥʳʤʠ ʨʘʟʥʦʚʠʜʥʦʩʪʷʤʠ ʧʦʧʫʣʷʮʠʡ:  

ʊʨʠ ʠʟ ʥʠʭ ʩ ʧʦʥʠʞʝʥʥʦʡ ʩʪʝʧʝʥʴʶ ʘʛʨʝʛʘʮʠʠ ʘʟʦʪʘ %NB<45ʦʙʣʘʜʘʶʪ ʨʘʟʣʠʯʥʳʤ 

ʩʫʤʤʘʨʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʘʟʦʪʘ Ntot: ʧʦʥʠʞʝʥʥʳʤ (< 250 ppm) ʩʨʝʜʥʠʤ (390-900 ppm) ʠ 

ʚʳʩʦʢʠʤ(>1300 ppm). ʏʝʪʚʝʨʪʘʷ ʧʦʧʫʣʷʮʠʷ ʠ ʧʷʪʘʷ ʧʦʧʫʣʷʮʠʠ - ʥʠʟʢʦ (Ntot < 250 ppm) ʠ - 

ʩʨʝʜʥʝʘʟʦʪʥʘʷ (Ntot 400-1000 ppm) ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʚʳʰʝʥʥʦʡ ʜʦʣʝʡ ɺ-ʜʝʬʝʢʪʦʚ %NBÓ49. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 2.3, ʘʣʤʘʟʳ ʥʠʟʢʦʘʟʦʪʥʳʭ ʧʦʧʫʣʷʮʠʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʪʨʫʙʢʘʭ 

ʚʩʝʭ ʘʣʤʘʟʦʥʦʩʥʳʭ ʧʦʣʝʡ ɿʠʤʥʝʙʝʨʝʞʥʦʛʦ ʨʘʡʦʥʘ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ. ʇʨʠ ʵʪʦʤ ʢʨʠʩʪʘʣʣʳ 

ʩ ʧʦʥʠʞʝʥʥʦʡ ʩʪʝʧʝʥʴʶ ʘʛʨʝʛʘʮʠʠ ʘʟʦʪʘ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʪʨʫʙʦʢ ɺʝʨʭʦʪʠʥʩʢʦʛʦ (ʠʤ. ɻʨʠʙʘ, 

ɺʦʣʯʴʷ) ʠ ɿʦʣʦʪʠʮʢʦʛʦ (ʠʤ. ʃʦʤʦʥʦʩʦʚʘ) ʧʦʣʝʡ, ʘ ʢʨʠʩʪʘʣʣʳ ʩ ʧʦʚʳʰʝʥʥʦʡ ʩʪʝʧʝʥʴʶ 

ʘʛʨʝʛʘʮʠʠ ʘʟʦʪʘ - ʜʣʷ ʪʨʫʙʦʢ ʂʝʧʠʥʩʢʦʛʦ ʧʦʣʷ (ʉʪʝʧʥʘʷ, ʖʨʘʩʩʢʘʷ). 

ɸʣʤʘʟʳ ʥʠʟʢʦʘʟʦʪʥʳʭ ʧʦʧʫʣʷʮʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʢʪʘʵʜʨʘʤʠ ʠʣʠ ʜʦʜʝʢʘʵʜʨʦʠʜʘʤʠ ʩ 

ʧʦʩʣʦʡʥʳʤ ʦʢʪʘʵʜʨʠʯʝʩʢʠʤ (ʠʥʦʛʜʘ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʥʦʨʦʜʥʳʤ) ʚʥʫʪʨʝʥʥʠʤ ʩʪʨʦʝʥʠʝʤ (ʨʠʩʫʥʦʢ 

2.8.1), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʠʭ ʤʝʜʣʝʥʥʳʡ ʨʦʩʪ ʚ ʫʩʣʦʚʠʷʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʘʣʤʘʟʘ [ɹʦʢʠʡ ʠ ʜʨ., 1986]. ʉʨʝʜʠ ʵʪʠʭ ʢʨʠʩʪʘʣʣʦʚ ʚʩʪʨʝʯʝʥʳ ʠʥʜʠʚʠʜʳ, ʩʦʜʝʨʞʘʱʠʝ 

ʤʠʥʝʨʘʣʴʥʳʝ ʚʢʣʶʯʝʥʠʷ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ ʘʩʩʦʮʠʘʮʠʠ. ʇʦʥʠʞʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʘʟʦʪʘ ʠ ʣʝʛʢʦʛʦ ʠʟʦʪʦʧʘ ʫʛʣʝʨʦʜʘ (ŭ13C~ -3,5ă) ʚ ʢʨʠʩʪʘʣʣʘʭ ʵʪʠʭ ʧʦʧʫʣʷʮʠʡ [ɿʘʭʘʨʯʝʥʢʦ, 

ʄʘʭʠʥ, ʍʘʯʘʪʨʷʥ, 2002] ʫʢʘʟʳʚʘʝʪ ʥʘ ʤʝʜʣʝʥʥʳʡ ʨʦʩʪ ʚ ʩʨʝʜʝ, ʦʙʝʜʥʝʥʥʦʡ ʙʠʦʛʝʥʥʦʡ 

ʦʨʛʘʥʠʢʦʡ ʠ ʘʟʦʪʦʤ. ɺʳʰʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʨʠʩʪʘʣʣʳ ʘʣʤʘʟʘ, ʩʦʜʝʨʞʘʱʠʝ ʦʜʠʥʘʢʦʚʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʩʪʨʫʢʪʫʨʥʦʡ ʧʨʠʤʝʩʠ ʘʟʦʪʘ, ʥʦ ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʧʦ ʩʪʝʧʝʥʠ ʝʛʦ ʘʛʨʝʛʘʮʠʠ 

ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʠʟ ʜʚʫʭ ʥʠʟʢʦʘʟʦʪʥʳʭ ʧʦʧʫʣʷʮʠʡ 

ʙʦʣʝʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʷʚʣʷʝʪʩʷ ʧʦʧʫʣʷʮʠʷ ʘʣʤʘʟʦʚ ʩ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʘʛʨʝʛʠʨʦʚʘʥʥʦʡ 

ʬʦʨʤʦʡ ʘʟʦʪʘ. 
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1 ï ʢʚʘʟʠʦʜʥʦʨʦʜʥʦʛʦ ʧʦʩʣʦʡʥʦ-ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ, ˉG1, ʪʨʫʙʢʘ ʠʤ. ɺ. ɻʨʠʙʘ, 2 ï ʧʦʩʣʦʡʥʦ-

ʟʘʤʢʥʫʪʦʛʦ ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ, ˉM1, ʪʨʫʙʢʘ ʄʠʨ, 3 ï ʩ ʮʝʥʪʨʘʣʴʥʦʡ ʢʫʙʦʠʜʥʦʡ ʦʙʣʘʩʪʴʶ, ˉM4, 

ʪʨʫʙʢʘ ʄʠʨ, 4 ʠ 5 ï ʩ ʮʝʥʪʨʘʣʴʥʦʡ ʩʝʢʪʦʨʠʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ˉU2 ʠ ˉU3 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʪʨʫʙʢʘ ʋʜʘʯʥʘʷ, 6 ï ʩ ʯʝʨʝʜʦʚʘʥʠʝʤ ʟʦʥ ʩ ʧʦʩʣʦʡʥʳʤ ʠ ʚʦʣʦʢʥʠʩʪʳʤ ʩʪʨʦʝʥʠʝʤ ʠ ʮʝʥʪʨʘʣʴʥʳʤ 

ʟʘʨʦʜʳʰʝʤ-ʦʙʣʦʤʢʦʤ ˉG2, ʪʨʫʙʢʘ ʠʤ. ɺ.ɻʨʠʙʘ; 

 

ʈʠʩʫʥʦʢ 2.8. ʍʘʨʘʢʪʝʨʥʳʝ ʢʘʨʪʠʥʳ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʨʦʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ 

(1-6), ʨʦʤʙʦʜʦʜʝʢʘʵʜʨʠʯʝʩʢʦʛʦ (7-12) ʠ ʢʫʙʠʯʝʩʢʦʛʦ (13-18) ʛʘʙʠʪʫʩʦʚ ʠʟ ʪʨʫʙʦʢ ʠ ʨʦʩʩʳʧʝʡ 

ʗʢʫʪʠʠ, ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ, ʋʨʘʣʘ 
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7 ï ʢʚʘʟʠʦʜʥʦʨʦʜʥʦʛʦ ʧʦʩʣʦʡʥʦ-ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ, ˉNU11, ʉ.ʋʨʘʣ, 8 ï ʚʦʣʦʢʥʠʩʪʦʛʦ ʩ 

ʚʦʣʥʠʩʪʦʡ ʛʨʘʥʠʮʝʡ ʬʨʦʥʪʘ ʨʦʩʪʘ ˉNU19, ʉ.ʋʨʘʣ, 9 ï ʩʝʢʪʦʨʘʣʴʥʦʛʦ, ˉNU15, ʉ.ʋʨʘʣ,  

10 ï ʙʣʦʢʦʚʦʛʦ, ˉʂ3, ʪʨʫʙʢʘ ʠʤ. ʂʘʨʧʠʥʩʢʦʛʦ-1, 11 ï ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦʩʣʦʡʥʦʛʦ 

ʧʦʣʠʮʝʥʪʨʠʯʝʩʢʦʛʦ, ˉʂ7, ʪʨʫʙʢʘ ʠʤ. ʂʘʨʧʠʥʩʢʦʛʦ-1, 12 ï ʩ ʯʝʨʝʜʦʚʘʥʠʝʤ ʟʦʥ ʧʦʩʣʦʡʥʳʤ ʠ 

ʚʦʣʦʢʥʠʩʪʳʤ ʩʪʨʦʝʥʠʝʤ ʠ ʮʝʥʪʨʘʣʴʥʳʤ ʚʢʣʶʯʝʥʠʝʤ ʦʙʣʦʤʢʘ ʘʣʤʘʟʘ, ˉʂ6, ʪʨʫʙʢʘ ʠʤ. 

ʂʘʨʧʠʥʩʢʦʛʦ-1 ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ; 

 

 

ʈʠʩʫʥʦʢ 2.8. (ʧʨʦʜʦʣʞʝʥʠʝ)  
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13 ï ʚʦʣʦʢʥʠʩʪʦʛʦ ʟʦʥʘʣʴʥʦʛʦ, ˉU6, ʪʨʫʙʢʘ ʋʜʘʯʥʘʷ, 14 ï ʚʦʣʦʢʥʠʩʪʦʛʦ ʩ ʮʝʥʪʨʘʣʴʥʦʡ 

ʧʦʩʣʦʡʥʦ-ʦʢʪʘʵʜʨʠʯʝʩʢʦʡ ʦʙʣʘʩʪʴʶ, ˉK4, ʪʨʫʙʢʘ ʠʤ. ʂʘʨʧʠʥʩʢʦʛʦ-1, 15 ï ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ï 

ʚʦʣʦʢʥʠʩʪʦʛʦ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʠ ʩʝʢʪʦʨʠʘʣʴʥʦʛʦ (ʚʦʣʦʢʥʠʩʪʦʝ + ʧʦʩʣʦʡʥʦ 

ʦʢʪʘʵʜʨʠʯʝʩʢʦʝ) ʥʘ ʧʝʨʠʬʝʨʠʠ, ˉU8, ʪʨʫʙʢʘ ʋʜʘʯʥʘʷ, 16 ï ʩʝʢʪʦʨʠʘʣʴʥʦʛʦ, ˉK5, ʪʨʫʙʢʘ ʠʤ. 

ʂʘʨʧʠʥʩʢʦʛʦ-1, 17 - ʩ ʥʝʦʜʥʦʢʨʘʪʥʳʤ ʯʝʨʝʜʦʚʘʥʠʝʤ ʟʦʥ ʩ ʧʦʩʣʦʡʥʳʤ ʠ ʚʦʣʦʢʥʠʩʪʳʤ 

ʩʪʨʦʝʥʠʝʤ, ˉK20 ʪʨʫʙʢʘ ʠʤ. ʂʘʨʧʠʥʩʢʦʛʦ-1, 18 ï ʚʦʣʦʢʥʠʩʪʦʛʦ ʧʦ ʧʝʨʠʬʝʨʠʠ ʠ ʩ 

ʮʝʥʪʨʘʣʴʥʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ çʘʣʤʘʟ ʚ ʘʣʤʘʟʝè, ˉK22, ʪʨʫʙʢʘ ʠʤ. ʂʘʨʧʠʥʩʢʦʛʦ-1. 

 

ʈʠʩʫʥʦʢ 2.8. (ʧʨʦʜʦʣʞʝʥʠʝ) 
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ʉʨʝʜʥʝ- ʠ ʚʳʩʦʢʦʘʟʦʪʥʳʝ ʢʨʠʩʪʘʣʣʳ ʘʣʤʘʟʘ ʚ ʦʩʥʦʚʥʦʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʪʨʫʙʢʘʭ 

ɿʦʣʦʪʠʮʢʦʛʦ ʧʦʣʷ. ʇʨʠ ʵʪʦʤ ʚʳʩʦʢʦʘʟʦʪʥʳʝ ʢʨʠʩʪʘʣʣʳ ʪʠʧʠʯʥʳ ʜʣʷ ʪʨʫʙʦʢ ʇʦʤʦʨʩʢʘʷ ʠ 

ɸʨʭʘʥʛʝʣʴʩʢʘʷ, ʘ ʩʨʝʜʥʝʘʟʦʪʥʳʝ ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʷ ʪʨʫʙʦʢ ʠʤ. ʃʦʤʦʥʦʩʦʚʘ, ʇʝʨʚʦʤʘʡʩʢʘʷ, 

ʂʦʣʴʮʦʚʩʢʘʷ, ʉʥʝʛʫʨʦʯʢʘ, ʠʤ. ʂʘʨʧʠʥʩʢʦʛʦ-1. ʍʘʨʘʢʪʝʨʥʦ, ʯʪʦ ʘʣʤʘʟʳ ʠʟ ʧʨʦʤʳʰʣʝʥʥʦ 

ʟʥʘʯʠʤʳʭ ʪʨʫʙʦʢ: ʠʤ. ʃʦʤʦʥʦʩʦʚʘ, ʠʤ. ʂʘʨʧʠʥʩʢʦʛʦ-1, ʇʦʤʦʨʩʢʘʷ ʠ ɸʨʭʘʥʛʝʣʴʩʢʘʷ ʦʙʣʘʜʘʶʪ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦʥʠʞʝʥʥʦʡ ʩʪʝʧʝʥʴʶ ʘʛʨʝʛʘʮʠʠ ʘʟʦʪʘ %NB<35, ʪʦʛʜʘ ʢʘʢ ʘʣʤʘʟʳ ʠʟ 

ʥʝʧʨʦʤʳʰʣʝʥʥʳʭ ʪʨʫʙʦʢ ɿʦʣʦʪʮʢʦʛʦ ʧʦʣʷ: ʇʝʨʚʦʤʘʡʩʢʘʷ, ʂʦʣʴʮʦʚʩʢʘʷ, ʉʥʝʛʫʨʦʯʢʘ ï 

ʧʦʚʳʰʝʥʥʦʡ (%NBÓ49). 

ʉʨʝʜʥʝʘʟʦʪʥʳʝ ʢʨʠʩʪʘʣʣʳ ʚ ʦʩʥʦʚʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʢʪʘʵʜʨʘʤʠ ʩ ʜʠʪʨʠʛʦʥʘʣʴʥʦʡ 

ʬʦʨʤʦʡ ʛʨʘʥʝʡ, ʜʦʜʝʢʘʵʜʨʦʠʜʘʤʠ ʠ ʧʝʨʝʭʦʜʥʳʤʠ ʤʝʞʜʫ ʦʢʪʘʵʜʨʦʤ ʠ ʜʦʜʝʢʘʵʜʨʦʠʜʦʤ 

ʬʦʨʤʘʤʠ, ʚʥʫʪʨʝʥʥʝʝ ʩʪʨʦʝʥʠʝ ʚʩʝʭ ʵʪʠʭ ʢʨʠʩʪʘʣʣʦʚ ï ʧʦʩʣʦʡʥʦ-ʦʢʪʘʵʜʨʠʯʝʩʢʦʝ [ʍʘʯʘʪʨʷʥ, 

ɺʝʨʠʯʝʚ ʠ ʜʨ., 2006; ʍʘʯʘʪʨʷʥ ʠ ʜʨ., 2008]. ɺ ʦʪʣʠʯʠʝ ʦʪ ʥʠʟʢʦʘʟʦʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, 

ʩʨʝʜʥʝʘʟʦʪʥʳʝ ʢʨʠʩʪʘʣʣʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʦʛʘʱʝʥʳ ʣʝʛʢʠʤ ʠʟʦʪʦʧʦʤ ʫʛʣʝʨʦʜʘ (ŭ13C ʦʪ ï4 ʜʦ -

10ă) ʧʨʠ ʵʪʦʤ ʠʥʦʛʜʘ ʦʥʠ ʩʦʜʝʨʞʘʪ ʤʠʥʝʨʘʣʴʥʳʝ ʚʢʣʶʯʝʥʠʷ ʵʢʣʦʛʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ 

[ɿʘʭʘʨʯʝʥʢʦ, ʄʘʭʠʥ, ʍʘʯʘʪʨʷʥ, 2002]. ɺʳʩʦʢʦʘʟʦʪʥʳʝ ʢʨʠʩʪʘʣʣʳ ï ʪʝʪʨʘʛʝʢʩʘʵʜʨʦʠʜʳ ʠ 

ʜʦʜʝʢʘʵʜʨʦʠʜʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʯʨʝʟʚʳʯʘʡʥʦ ʨʘʟʥʦʦʙʨʘʟʥʳʤ ʚʥʫʪʨʝʥʥʠʤ ʩʪʨʦʝʥʠʝʤ. ɼʣʷ ʥʠʭ 

ʪʠʧʠʯʥʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʦʣʦʢʥʠʩʪʦʝ ʚʥʫʪʨʝʥʥʝʝ ʩʪʨʦʝʥʠʝ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʥʦʨʤʘʣʴʥʳʤ 

ʤʝʭʘʥʠʟʤʦʤ ʨʦʩʪʘ. ɺʝʩʴʤʘ ʭʘʨʘʢʪʝʨʥʳ ʩʝʢʪʦʨʠʘʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ - ʨʝʟʫʣʴʪʘʪ ʩʤʝʰʘʥʥʦʛʦ 

ʤʝʭʘʥʠʟʤʘ ʨʦʩʪʘ (ʨʠʩʫʥʦʢ 2.8.16), ʣʠʙʦ ʩʧʝʮʠʬʠʯʝʩʢʦʝ ʟʦʥʘʣʴʥʦʝ ʩʪʨʦʝʥʠʝ, ʦʙʨʘʟʦʚʘʚʰʝʝʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʥʝʦʜʥʦʢʨʘʪʥʦʡ ʩʤʝʥʳ ʤʝʭʘʥʠʟʤʘ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʘ (ʨʠʩʫʥʦʢ 2.8.17). ʅʝʨʝʜʢʦ ʪʘʢʞʝ 

ʦʪʤʝʯʘʝʪʩʷ ʥʘʣʠʯʠʝ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʠʥʜʠʚʠʜʦʚ ʙʦʣʝʝ ʨʘʥʥʝʡ ʛʝʥʝʨʘʮʠʠ ʚʥʫʪʨʠ ʢʨʠʩʪʘʣʣʦʚ ʩ 

ʚʦʣʦʢʥʠʩʪʳʤ ʩʪʨʦʝʥʠʝʤ (ʨʠʩʫʥʦʢ. 2.8.18), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʜʚʫʭʵʪʘʧʥʳʡ ʨʦʩʪ ʵʪʠʭ ʢʨʠʩʪʘʣʣʦʚ. 

ʇʦ ʩʦʩʪʘʚʫ ʤʠʥʝʨʘʣʴʥʳʭ ʚʢʣʶʯʝʥʠʡ ʠ ʠʟʦʪʦʧʥʦʤʫ ʩʦʩʪʘʚʫ ʫʛʣʝʨʦʜʘ ʚʳʩʦʢʦʘʟʦʪʥʳʝ ʢʨʠʩʪʘʣʣʳ 

ʙʣʠʟʢʠ ʢ ʩʨʝʜʥʝʘʟʦʪʥʳʤ [ɿʘʭʘʨʯʝʥʢʦ, ʄʘʭʠʥ, ʍʘʯʘʪʨʷʥ, 2002]. ʄʦʞʥʦ ʧʨʝʜʧʦʧʣʦʞʠʪʴ, ʯʪʦ 

ʢʨʠʩʪʘʣʣʳ ʦʙʝʠʭ ʩʦʧʦʩʪʘʚʣʷʝʤʳʭ ʛʨʫʧʧ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʙʘʟʠʪʦʚʳʭ ʩʨʝʜʘʭ, ʥʦ ʧʨʠ ʨʘʟʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ. ʇʨʠ ʵʪʦʤ ʩʨʝʜʥʝʘʟʦʪʥʳʝ ʘʣʤʘʟʳ ʷʚʣʷʶʪʩʷ ʦʪʥʦʩʪʠʪʝʣʴʥʦ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʚʳʩʦʢʦʘʟʦʪʥʳʤʠ.  

ʂʨʠʩʪʘʣʣʳ ʘʣʤʘʟʘ ʠʟ ʨʦʩʩʳʧʝʡ ʉʝʚʝʨʥʦʛʦ ʋʨʘʣʘ, ʦʙʥʘʨʫʞʠʚʘʶʪ ʩʭʦʜʩʪʚʦ ʩʦ 

ʩʨʝʜʥʝʘʟʦʪʥʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ ʠʟ ʪʨʫʙʦʢ ɿʠʤʥʝʛʦ ɹʝʨʝʛʘ. ʕʪʦ ʩʭʦʜʩʪʚʦ ʧʨʦʷʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ 

ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʘʟʦʪʥʳʭ ʮʝʥʪʨʦʚ, ʥʦ ʠ ʚʦ ʚʥʝʰʥʝʡ ʬʦʨʤʝ (ʜʦʜʝʢʘʵʜʨʦʠʜʳ, ʨʝʞʝ 

ʢʦʤʙʠʥʘʮʠʦʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʨʷʜʘ ʦʢʪʘʵʜʨ-ʜʦʜʝʢʘʵʜʨʦʠʜ) ʠ ʚʥʫʪʨʝʥʥʝʤ ʩʪʨʦʝʥʠʠ ï 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦʩʣʦʡʥʦ ʦʢʪʘʵʜʨʠʯʝʩʢʦʤ (ʨʠʩʫʥʦʢ 2.8.7). ɼʣʷ ʯʘʩʪʠ ʦʢʨʫʛʣʳʭ ʘʣʤʘʟʦʚ 

ʉʝʚʝʨʥʦʛʦ ʋʨʘʣʘ ʪʘʢʞʝ ʢʘʢ ʠ ʘʣʤʘʟʦʚ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ ʭʘʨʘʢʪʝʨʥʦ ʩʦʯʝʪʘʥʠʝ ʟʦʥ ʩ 

ʧʨʷʤʦʣʠʥʝʡʥʳʤ ʠ ʚʦʣʥʠʩʪʳʤ ʬʨʦʥʪʦʤ ʨʦʩʪʘ (ʨʠʩʫʥʦʢ 2.8.8), ʘ ʪʘʢʞʝ ʩʝʢʪʦʨʠʘʣʴʥʦʝ ʩʪʨʦʝʥʠʝ 

(ʨʠʩʫʥʦʢ 2.8. 10), ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʩʤʝʰʘʥʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʨʦʩʪʘ. 
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ʉʦʛʣʘʩʥʦ ʥʘʰʠʤ ʜʘʥʥʳʤ [ɿʘʭʘʨʯʝʥʢʦ, ʍʘʯʘʪʨʷʥ, ɻʨʝʯʠʰʥʠʢʦʚ, 2006], ʩʨʝʜʠ ʘʣʤʘʟʦʚ ʠʟ 

ʫʨʘʣʴʩʢʠʭ ʨʦʩʩʳʧʝʡ ʧʨʝʦʙʣʘʜʘʶʪ (>92%) ʢʨʠʩʪʘʣʣʳ ʩ ʠʟʦʪʦʧʥʦ-ʪʷʞʝʣʳʤ ʩʦʩʪʘʚʦʤ ʫʛʣʝʨʦʜʘ 

(ŭ13ʉ ʦʪ -10 ʜʦ -4ă). ʉʦʩʪʘʚ ʤʠʥʝʨʘʣʴʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʘʣʤʘʟʘʭ ʋʨʘʣʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʵʢʣʦʛʠʪʦʚʦʡ (40% ʦʪ ʚʩʝʭ ʘʣʤʘʟʦʚ ʩ ʚʢʣʶʯʝʥʠʷʤʠ) ʠ ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ ʘʩʩʦʮʠʘʮʠʷʤ. ʅʘ 

ʦʩʥʦʚʘʥʠʠ ʚʩʝʛʦ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʦʩʥʦʚʥʘʷ ʧʦʧʫʣʷʮʠʷ ʘʣʤʘʟʦʚ 

ʉʝʚʝʨʥʦʛʦ ʋʨʘʣʘ ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʚ ʵʢʣʦʛʠʪʦʚʦʡ ʠ ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ ʩʨʝʜʘʭ, ʩʦʜʝʨʞʘʱʠʭ 

ʫʤʝʨʝʥʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʘʟʦʪʘ. ʈʦʩʪ ʢʨʠʩʪʘʣʣʦʚ ʧʨʦʠʩʭʦʜʠʣ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʝʜʣʝʥʥʦ ʧʦ ʪʘʥʛʝʥʮʠʘʣʴʥʦʤʫ ʤʝʭʘʥʠʟʤʫ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʬʦʨʤ.  

ɺ ʨʦʩʩʳʧʷʭ ʉʨʝʜʥʝʛʦ ʋʨʘʣʘ ʪʘʢʞʝ ʜʦʤʠʥʠʨʫʶʪ ʩʨʝʜʥʝʘʟʦʪʥʳʝ ʘʣʤʘʟʳ, ʥʦ ʦʥʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʚʫʤʷ ʧʦʧʫʣʷʮʠʷʤʠ: ʢʨʠʩʪʘʣʣʘʤʠ ʩ ʧʦʥʠʞʝʥʥʦʡ ʘʛʨʝʛʠʨʦʚʘʥʥʦʩʪʴʶ ʘʟʦʪʘ 

(ʘʥʘʣʦʛ ʛʣʘʚʥʦʡ ʧʦʧʫʣʷʮʠʠ ʘʣʤʘʟʦʚ ʉʝʚʝʨʥʦʛʦ ʋʨʘʣʘ) ʠ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʧʦʧʫʣʷʮʠʝʡ ʘʣʤʘʟʦʚ ʩ 

ʧʦʚʳʰʝʥʥʦʡ ʩʪʝʧʝʥʴʶ ʘʛʨʝʛʠʨʦʚʘʥʥʦʩʪʠ ʘʟʦʪʘ. ʇʦʩʣʝʜʥʷʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʥʘʯʝʥʠʷʤʠ Ntot 

410-540 at.ppm ʠ NB ʦʪ 50 ʜʦ 70%. ʇʦ ʭʘʨʘʢʪʝʨʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʟʦʪʘ ʘʣʤʘʟʳ ʵʪʦʡ ʧʦʧʫʣʷʮʠʠ 

ʩʭʦʜʥʳ ʩ ʛʣʘʚʥʦʡ ʧʦʧʫʣʷʮʠʝʡ ʘʣʤʘʟʘ ʠʟ ʪʨʫʙʦʢ ʇʝʨʚʦʤʘʡʩʢʘʷ, ʂʦʣʴʮʦʚʩʢʘʷ ʠ ʉʥʝʛʫʨʦʯʢʘ 

ɿʦʣʦʪʠʮʢʦʛʦ ʧʦʣʷ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ. ʂʘʢ ʧʦʢʘʟʘʥʦ ʥʘʤʠ ʚ ʨʘʙʦʪʝ [ʍʘʯʘʪʨʷʥ ʠ ʜʨ., 2004], 

ʧʦʜʦʙʥʳʝ ʘʣʤʘʟʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʨʦʩʩʳʧʷʭ ʨʘʡʦʥʘ ʂʦʨʦʤʘʥʜʝʣʴ (ɹʨʘʟʠʣʠʷ) ʠ ʨʘʡʦʥʘ 

ɻʫʘʥʠʘʤʦ (ɺʝʥʝʩʫʵʣʘ). ɼʘʥʥʘʷ ʧʦʧʫʣʷʮʠʷ ʘʣʤʘʟʦʚ ʉʨʝʜʥʝʛʦ ʋʨʘʣʘ ʙʦʣʝʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʣʤʘʟʘʤʠ ʦʩʥʦʚʥʦʡ ʧʦʧʫʣʷʮʠʠ ʉʝʚʝʨʥʦʛʦ ʋʨʘʣʘ. ʊʘʢ ʞʝ ʥʘʤʠ ʠʩʩʣʝʜʦʚʘʣʠʩʴ 

ʥʝʙʦʣʴʰʠʝ ʚʳʙʦʨʢʠ (ʤʝʥʝʝ 30-ʪʠ ʢʨʠʩʪʘʣʣʦʚ) ʠʟ ʨʦʩʩʳʧʝʡ ʉʝʚʝʨʥʦʛʦ ʠ ʉʨʝʜʥʝʛʦ ʊʠʤʘʥʘ 

[ɿʘʭʘʨʯʝʥʢʦ, ʍʘʯʘʪʨʷʥ, ɻʨʝʯʠʰʥʠʢʦʚ, 2006; ʍʘʯʘʪʨʷʥ ʠ ʜʨ., 2009] ʠ ʠʟ ʪʨʫʙʢʠ ɽʨʤʘʢʦʚʩʢʘʷ-7 

(ʊʝʨʩʢʠʡ ɹʝʨʝʛ), [Khachatryan, Kaminsky, 2004]. ʇʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʘʟʦʪʥʳʭ ʮʝʥʪʨʦʚ ʚ 

ʢʨʠʩʪʘʣʣʘʭ, ʘʣʤʘʟʳ ʉʝʚʝʨʥʦʛʦ ʊʠʤʘʥʘ ʩʭʦʜʥʳ ʩ ʘʣʤʘʟʘʤʠ ʠʟ ʪʨʫʙʦʢ ʠʤ. ʄ. ʃʦʤʦʥʦʩʦʚʘ ʠ ɺ. 

ɻʨʠʙʘ, ʘ ʘʣʤʘʟʳ ʉʨʝʜʥʝʛʦ ʊʠʤʘʥʘ ï ʩ ʘʣʤʘʟʘʤʠ ʠʟ ʥʝʧʨʦʤʳʰʣʝʥʥʳʭ ʪʨʫʙʦʢ ɿʦʣʦʪʠʮʢʦʛʦ ʧʦʣʷ 

(ʇʝʨʚʦʤʘʡʩʢʘʷ, ʂʦʣʴʮʦʚʩʢʘʷ, ʉʥʝʛʫʨʦʯʢʘ) [Khachatryan, Kaminsky, 2004]. ɸʣʤʘʟʳ ʠʟ ʪʨʫʙʢʠ 

ɽʨʤʘʢʦʚʩʢʘʷ-7 (ʊʝʨʩʢʠʡ ɹʝʨʝʛ), ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʘʟʦʪʘ ʙʣʠʟʢʠ ʢ ʚʳʩʦʢʦʘʟʦʪʥʳʤ ʘʣʤʘʟʘʤ ʠʟ 

ʪʨʫʙʦʢ ɿʦʣʦʪʠʮʢʦʛʦ ʧʦʣʷ ʇʦʤʦʨʩʢʘʷ ʠ ɸʨʭʘʥʛʝʣʴʩʢʘʷ [Khachatryan, Kaminsky, 2004].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʘʟʦʪʥʳʭ ʮʝʥʪʨʦʚ ʠ ʜʨʫʛʠʤ ʪʠʧʦʤʦʨʬʥʳʤ ʩʚʦʡʩʪʚʘʤ, 

ʩʨʝʜʠ ʘʣʤʘʟʦʚ ʠʟ ʪʨʫʙʦʢ ɿʠʤʥʝʛʦ ɹʝʨʝʛʘ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʧʷʪʴ ʧʦʧʫʣʷʮʠʡ ʢʨʠʩʪʘʣʣʦʚ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʚʳʩʦʢʦʘʟʦʪʥʦʡ ʧʦʧʫʣʷʮʠʠ) ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʨʦʩʩʳʧʷʭ 

ʉʝʚʝʨʥʦʛʦ ʠ ʉʨʝʜʥʝʛʦ ʊʠʤʘʥʘ, ʘ ʪʘʢʞʝ ʉʝʚʝʨʥʦʛʦ ʠ ʉʨʝʜʥʝʛʦ ʋʨʘʣʘ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʥʝʦʜʥʦʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ʦʙʨʘʟʦʚʘʥʠʷ ʘʣʤʘʟʘ ʚ ʛʫʙʠʥʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʧʦʜ ɺʦʩʪʦʯʥʦ-

ɽʚʨʦʧʝʡʩʢʦʡ ʧʣʘʪʬʦʨʤʦʡ. 
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ɸʣʤʘʟʳ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ 

ʅʘ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʝ ʠʟʫʯʝʥʳ ʘʣʤʘʟʳ ʠʟ ʪʨʫʙʦʢ ʠ ʨʦʩʩʳʧʝʡ ʎʝʥʪʨʘʣʴʥʦ-ʉʠʙʠʨʩʢʦʡ 

ʩʫʙʧʨʦʚʠʥʮʠʠ: ʄʘʣʦʙʦʪʫʦʙʠʥʩʢʦʛʦ, ɼʘʣʜʳʥʦ-ɸʣʘʢʠʪʩʢʦʛʦ, ʄʫʥʦ-ʊʶʥʛʩʢʦʛʦ ʨʘʡʦʥʦʚ, ʘ ʪʘʢʞʝ 

ʃʝʥʦ-ɸʥʘʙʘʨʩʢʦʡ ʩʫʙʧʨʦʚʠʥʮʠʠ: ɸʥʘʙʘʨʩʢʦʛʦ, ʇʨʠʣʝʥʩʢʦʛʦ, ʉʨʝʜʥʝʦʣʝʥʝʢʩʢʦʛʦ ʠ 

ʅʠʞʥʝʣʝʥʩʢʦʛʦ ʨʘʡʦʥʦʚ (ʪʘʙʣʠʮʘ 2.3). Aʣʤʘʟʳ ʨʘʟʥʳʭ ʨʘʡʦʥʦʚ ʚ ʧʨʝʜʝʣʘʭ ʎʝʥʪʨʘʣʴʥʦ-

ʉʠʙʠʨʩʢʦʡ ʩʫʙʧʨʦʚʠʥʮʠʠ ʯʝʪʢʦ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʢʦʤʧʣʝʢʩʫ ʪʠʧʦʤʦʨʬʥʳʭ ʧʨʠʟʥʘʢʦʚ. ɺ ʪʨʫʙʢʘʭ 

ʠ ʨʦʩʩʳʧʷʭ ʄʘʣʦ-ɹʦʪʫʦʙʠʥʩʢʦʛʦ ʨʘʡʦʥʘ ʧʨʝʦʙʣʘʜʘʶʪ ʢʨʠʩʪʘʣʣʳ ʩ ʫʤʝʨʝʥʥʳʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ 

ʘʟʦʪʘ (400-750 at.ppm) ʠ ʧʦʥʠʞʝʥʥʦʡ ʩʪʝʧʝʥʴʶ ʘʛʨʝʛʘʮʠʠ ʧʨʠʤʝʩʠ NB~25%. ʕʪʦ, ʛʣʘʚʥʳʤ 

ʦʙʨʘʟʦʤ, ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʠʥʜʠʚʠʜʳ ʩ ʨʠʪʤʠʯʥʳʤ ʧʦʩʣʦʡʥʳʤ ʦʢʪʘʵʜʨʠʯʝʩʢʠʤ (ʨʠʩʫʥʦʢ 2.8.2) ʠ 

ʟʦʥʘʣʴʥʦ-ʩʝʢʪʦʨʠʘʣʴʥʳʤ (ʨʠʩʫʥʦʢ 2.8.4-5) ʚʥʫʪʨʝʥʥʠʤ ʩʪʨʦʝʥʠʝʤ (ʪʘʙʣʠʮʘ 2.3). ʅʝʙʦʣʴʰʘʷ 

ʯʘʩʪʴ ʠʟ ʥʠʭ (<10%) ʩʦʜʝʨʞʠʪ ʤʠʥʝʨʘʣʴʥʳʝ ʚʢʣʶʯʝʥʠʷ ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ ʠ ʵʢʣʦʛʠʪʦʚʦʡ 

ʘʩʩʦʮʠʘʮʠʡ. ɺ ʪʨʫʙʢʘʭ ʜʨʫʛʦʛʦ, ɼʘʣʜʳʥʦ-ɸʣʘʢʠʪʩʢʦʛʦ ʨʘʡʦʥʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʥʠʟʢʦʘʟʦʪʥʳʝ (Ntot 170-300 at.ppm) ʢʨʠʩʪʘʣʣʳ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʳʰʝʥʥʦʡ 

ʩʪʝʧʝʥʴʶ ʘʛʨʝʛʘʮʠʠ ʧʨʠʤʝʩʠ (NB 30-50%) (ʪʘʙʣʠʮʘ 2.3). ʆʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦ ʙʦʣʴʰʝʡ ʯʘʩʪʠ 

ʩʣʦʠʩʪʳʤʠ ʨʦʤʙʦʜʦʜʝʢʘʵʜʨʘʤʠ ʩ ʧʦʩʣʦʡʥʦ-ʦʢʪʘʵʜʨʠʯʝʩʢʠʤ ʥʝʨʝʜʢʦ ʩʣʘʙʦʢʦʥʪʨʘʩʪʥʳʤ 

ʚʥʫʪʨʝʥʥʠʤ ʩʪʨʦʝʥʠʝʤ ɼʦʣʷ ʤʠʥʝʨʘʣʦʚ ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ ʘʩʩʦʮʠʘʮʠʠ ʚʦ ʚʢʣʶʯʝʥʠʷʭ 

ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʵʢʣʦʛʠʪʦʚʦʡ. ʍʦʪʷ ʚ ʮʝʣʦʤ ʘʣʤʘʟʳ ʜʚʫʭ ʩʘʤʳʭ ʢʨʫʧʥʳʭ 

ʧʨʦʤʳʰʣʝʥʥʦ ʘʣʤʘʟʦʥʦʩʥʳʭ ʨʘʡʦʥʦʚ ʗʢʫʪʠʠ ʄʘʣʦ-ɹʦʪʫʦʙʠʥʩʢʦʛʦ ʠ ɼʘʣʜʳʥʦ-ɸʣʘʢʠʪʩʢʦʛʦ 

ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʘʟʦʪʥʳʭ ʮʝʥʪʨʦʚ, ʤʝʞʜʫ ʧʦʧʫʣʷʮʠʷʤʠ ʢʨʠʩʪʘʣʣʦʚ ʠʟ 

ʩʦʧʦʩʪʘʚʣʷʝʤʳʭ ʨʘʡʦʥʦʚ ʠʤʝʝʪʩʷ ʩʭʦʜʩʪʚʦ. ʊʘʢ, ʚʪʦʨʦʩʪʝʧʝʥʥʘʷ ʧʦʧʫʣʷʮʠʷ ʘʣʤʘʟʦʚ ʠʟ ʪʨʫʙʦʢ 

ʄʘʣʦ - ɹʦʪʫʦʙʠʥʩʢʦʛʦ ʨʘʡʦʥʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʠʟʢʦʘʟʦʪʥʳʤʠ ʠʥʜʠʚʠʜʘʤʠ, ʩʭʦʜʥʘ ʩ ʛʣʘʚʥʦʡ 

ʧʦʧʫʣʷʮʠʝʡ ʘʣʤʘʟʦʚ ɼʘʣʜʳʥʦ-ɸʣʘʢʠʪʩʢʦʛʦ ʨʘʡʦʥʘ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚ ʪʨʫʙʢʘʭ ɼʘʣʜʳʥʦ-

ɸʣʘʢʠʪʩʢʦʛʦ ʨʘʡʦʥʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚʪʦʨʦʩʪʝʧʝʥʥʘʷ ʧʦʧʫʣʷʮʠʷ ʩʨʝʜʥʝʘʟʦʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, 

ʩʭʦʜʥʳʭ ʩ ʘʣʤʘʟʘʤʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʚ ʄʘʣʦ-ɹʦʪʫʦʙʠʥʩʢʦʤ ʨʘʡʦʥʝ. ʅʘʧʨʠʤʝʨ, ʩʨʝʜʠ 

ʘʣʤʘʟʦʚ ʠʟ ʯʝʪʳʨʝʭ ʵʢʣʦʛʠʪʦʚʳʭ ʢʩʝʥʦʣʠʪʦʚ ʪʨʫʙʢʠ ʋʜʘʯʥʘʷ (ʢʦʣʣʝʢʮʠʷ ɸ.ɺ. ʋʭʘʥʦʚʘ) ʘʚʪʦʨʦʤ 

ʦʙʥʘʨʫʞʝʥʳ ʦʙʝ ʚʳʰʝʫʧʦʤʷʥʫʪʳʝ ʧʦʧʫʣʷʮʠʠ ʢʨʠʩʪʘʣʣʦʚ (ʨʠʩʫʥʦʢ 2.9). ʊʘʢ, ʢʨʠʩʪʘʣʣʳ ʠʟ 

ʢʩʝʥʦʣʠʪʦʚ ˉˉ ˉ Ud 25, 28 ʠ 31 ʦʪʥʦʩʷʪʩʷ ʢ ʥʠʟʢʦʘʟʦʪʥʦʡ ʧʦʧʫʣʷʮʠʠ ʩ Ntot < 300 at.ppm, ʘ 

ʢʨʠʩʪʘʣʣʳ ʠʟ ʢʩʝʥʦʣʠʪʘ ˉ Ud67 ïʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢ ʩʨʝʜʥʝʘʟʦʪʥʦʡ ʩ Ntot 400-750 at.ppm. 

ɺʳʜʝʣʝʥʥʳʝ ʧʦʧʫʣʷʮʠʠ ʘʣʤʘʟʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʨʘʟʣʠʯʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 

ʘʟʦʪʘ ʚ ʢʨʠʩʪʘʣʣʘʭ, ʥʦ ʠ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʧʦ ʛʨʘʥʫʣʦʤʝʪʨʠʠ, ʤʦʨʬʦʣʦʛʠʠ, ʚʥʫʪʨʝʥʥʝʤʫ 

ʩʪʨʦʝʥʠʶ, ʩʦʩʪʘʚʫ ʤʠʥʝʨʘʣʴʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʢʨʠʩʪʘʣʣʘʭ. ʅʘʧʨʠʤʝʨ, ʚ ʪʨʫʙʢʝ ʄʠʨ ʩʨʝʜʠ 

ʢʨʠʩʪʘʣʣʦʚ ʨʘʟʤʝʨʦʤ ï2+1 ʤʤ ʜʦʣʷ ʘʣʤʘʟʦʚ ʥʠʟʢʦʘʟʦʪʥʦʡ ʧʦʧʫʣʷʮʠʠ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 50% ʧʨʠ 

ʢʨʘʡʥʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʠʭ ʢʦʣʠʯʝʩʪʚʝ ʩʨʝʜʠ ʢʨʠʩʪʘʣʣʦʚ ï4+2 ʤʤ ʪʦʡ ʞʝ ʪʨʫʙʢʠ. 
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1ï4 ð ˉˉ ʦʙʨʘʟʮʦʚ Ud 67-1, Ud 28-2, Ud 31-3, Ud 25-4. 

 

ʈʠʩʫʥʦʢ 2.9. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʘʟʦʪʥʳʭ ʮʝʥʪʨʦʚ ʚ ʢʨʠʩʪʘʣʣʘʭ ʘʣʤʘʟʘ ʠʟ ʵʢʣʦʛʠʪʦʚʳʭ ʢʩʝʥʦʣʠʪʦʚ 

ʪʨʫʙʢʠ ʋʜʘʯʥʘʷ 

 

ʉʨʝʜʠ ʘʣʤʘʟʦʚ ʠʟ ʪʨʫʙʢʠ ʋʜʘʯʥʘʷ ɼʘʣʜʳʥʦ-ɸʣʘʢʠʪʩʢʦʛʦ ʨʘʡʦʥʘ ʥʝʨʝʜʢʦ ʚʩʪʨʝʯʘʶʪʩʷ 

ʢʨʠʩʪʘʣʣʳ ʟʦʥʘʣʴʥʦ-ʩʝʢʪʦʨʠʘʣʴʥʳʤ ʚʥʫʪʨʝʥʥʠʤ ʩʪʨʦʝʥʠʝʤ, ʩʬʦʨʤʠʨʦʚʘʚʰʠʝʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʩʤʝʰʘʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʨʦʩʪʘ (ʨʠʩʫʥʦʢ 2.8.5). ʊʘʢʠʝ ʢʨʠʩʪʘʣʣʳ ʦʪʥʦʩʷʪʩʷ ʢ ʩʨʝʜʥʝʘʟʦʪʥʦʡ 

ʧʦʧʫʣʷʮʠʠ, ʰʠʨʦʢʦ ʧʨʦʷʚʣʝʥʥʦʡ ʩʨʝʜʠ ʘʣʤʘʟʦʚ ʠʟ ʪʨʫʙʦʢ ʄʘʣʦ-ɹʦʪʫʦʙʠʥʩʢʦʛʦ ʨʘʡʦʥʘ.  

ʆʩʥʦʚʥʳʝ ʧʦʧʫʣʷʮʠʠ ʘʣʤʘʟʦʚ ʠʟ ʪʨʫʙʦʢ ʄʘʣʦ-ɹʦʪʫʦʙʠʥʩʢʦʛʦ ʠ ɼʘʣʜʳʥʦ-ɸʣʘʢʠʪʩʢʦʛʦ 

ʨʘʡʦʥʦʚ ʗʢʫʪʠʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʦʙʨʘʟʦʚʘʥʠʷ: ʪʝʤʧʝʨʘʪʫʨʦʡ ʠ 

ʩʦʩʪʘʚʦʤ ʩʨʝʜʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ɽʩʣʠ ʧʨʠʥʷʪʴ ʫʩʣʦʚʥʳʡ ʚʦʟʨʘʩʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʣʤʘʟʦʚ 

ʩʦʧʦʩʪʘʚʣʷʝʤʳʭ ʧʦʧʫʣʷʮʠʡ ʨʘʚʥʳʤ 1 ʤʣʨʜ. ʣʝʪ (ʪʝʤʧʝʨʘʪʫʨʘ ʥʦʨʤʠʨʫʝʪʩʷ ʢ ʫʩʣʦʚʥʦʤʫ 

ʚʦʟʨʘʩʪʫ), ʪʦ ʢʨʠʩʪʘʣʣʳ ʛʣʘʚʥʦʡ ʧʦʧʫʣʷʮʠʠ ɼʘʣʜʳʥʦ-ɸʣʘʢʠʪʩʢʦʛʦ ʨʘʡʦʥʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ 1175-12250ʉ, ʘ ʛʣʘʚʥʦʡ ʧʦʧʫʣʷʮʠʠ ʄʘʣʦ-ɹʦʪʫʦʙʠʥʩʢʦʛʦ ʨʘʡʦʥʘ 

ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 11250ʉ.  

ʇʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʘʟʦʪʥʳʭ ʮʝʥʪʨʦʚ, ʚʥʫʪʨʝʥʥʝʤʫ ʩʪʨʦʝʥʠʶ ʠ ʫʣʴʪʨʘʦʩʥʦʚʥʦʤʫ ʩʦʩʪʘʚʫ 

ʤʠʥʝʨʘʣʴʥʳʭ ʚʢʣʶʯʝʥʠʡ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʨʦʤʙʦʜʦʜʝʢʘʵʜʨʠʯʝʩʢʠʝ ʢʨʠʩʪʘʣʣʳ ʠʟ ʪʨʫʙʢʠ 

ɿʘʧʦʣʷʨʥʘʷ ʠ ʨʦʩʩʳʧʝʡ ʄʫʥʦ-ʊʶʥʛʩʢʦʛʦ ʨʘʡʦʥʘ ʩʭʦʜʥʳ ʩ ʢʨʠʩʪʘʣʣʘʤʠ ʛʣʘʚʥʦʡ ʧʦʧʫʣʷʮʠʠ 

ʘʣʤʘʟʘ ʠʟ ʪʨʫʙʦʢ ɼʘʣʜʳʥʦ-ɸʣʘʢʠʪʩʢʦʛʦ ʨʘʡʦʥʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʢʨʠʩʪʘʣʣʳ ʪʨʫʙʢʠ ʇʦʠʩʢʦʚʘʷ 

ʦʙʣʘʜʘʶʪ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ï ʚʳʩʦʢʦʡ ʜʦʣʝʡ çʙʝʟʘʟʦʪʥʳʭè ʠʥʜʠʚʠʜʦʚ (NA, NB < 20 
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ppm), ʧʦʚʳʰʝʥʥʦʡ ʜʦʣʝʡ ɺ-ʜʝʬʝʢʪʦʚ ʠ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʤʠʥʝʨʘʣʴʥʳʭ ʚʢʣʶʯʝʥʠʡ ʵʢʣʦʛʠʪʦʚʦʡ 

ʘʩʩʦʮʠʘʮʠʠ (ʪʘʙʣʠʮʘ 2.3).  

ʅʘ ʉʝʚʝʨʦ-ɺʦʩʪʦʢʝ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʚ ʃʝʥʦ-ɸʥʘʙʘʨʩʢʦʤ ʤʝʞʜʫʨʝʯʴʝ ʨʘʩʧʦʣʘʛʘʝʪʩʷ 

ʩʘʤʳʡ ʢʨʫʧʥʳʡ ʚ ʈʦʩʩʠʠ ʨʝʛʠʦʥ ʨʦʩʩʳʧʥʦʡ ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ. ʇʦ ʨʘʟʥʦʦʙʨʘʟʠʶ ʘʟʦʪʥʳʭ 

ʧʦʧʫʣʷʮʠʡ ʨʦʩʩʳʧʠ ʉʝʚʝʨʦ-ɺʦʩʪʦʢʘ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʪʨʫʙʢʘʤʠ ɿʠʤʥʝʛʦ 

ɹʝʨʝʛʘ. ʊʘʢ, ʚ ʨʦʩʩʳʧʠ ʨ. ɺʝʨʭʥʝʝ ʄʦʣʦʜʦ ʇʨʠʣʝʥʩʢʦʛʦ ʨʘʡʦʥʘ ʧʨʝʦʙʣʘʜʘʶʪ ʥʠʟʢʦʘʟʦʪʥʳʝ 

ʘʣʤʘʟʳ ʨʦʤʙʦʜʦʜʝʢʘʵʜʨʠʯʝʩʢʦʛʦ ʛʘʙʠʪʫʩʘ ʩ ʧʦʥʠʞʝʥʥʦʡ ʩʪʝʧʝʥʴʶ ʘʛʨʝʛʘʮʠʠ ʘʟʦʪʘ (Ntot 50-320 

at.ppm, %NB 15-45). ɺ ɸʥʘʙʘʨʩʢʦʤ ʨʘʡʦʥʝ ʚ ʨʦʩʩʳʧʠ ʨ. ɺʝʨʭʥʠʡ ʄʘʷʪ, ʘ ʪʘʢʞʝ ʚ ʪʨʫʙʢʝ 

ʄʘʣʦʢʫʦʥʘʧʩʢʘʷ ʧʨʝʦʙʣʘʜʘʶʪ ʩʨʝʜʥʝʘʟʦʪʥʳʝ ʢʨʠʩʪʘʣʣʳ ʩ ʧʦʥʠʞʝʥʥʦʡ ʩʪʝʧʝʥʴʶ 

ʘʛʨʝʛʠʨʦʚʘʥʥʦʩʪʠ ʧʨʠʤʝʩʠ. ʀ ʪʝ, ʠ ʜʨʫʛʠʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʨʦʤʙʦʜʦʜʝʢʘʵʜʨʠʯʝʩʢʠʤ ʛʘʙʠʪʫʩʦʤ 

(ʨʦʤʙʦʜʦʜʝʢʘʵʜʨ, ʜʦʜʝʢʘʵʜʨʦʠʜ) ʠ ʤʠʥʝʨʘʣʴʥʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʵʢʣʦʛʠʪʦʚʦʡ 

ʘʩʩʦʮʠʘʮʠʠ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚ ʨʦʩʩʳʧʷʭ ʉʝʚʝʨʦ-ɺʦʩʪʦʢʘ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʚʳʜʝʣʷʶʪʩʷ ʝʱʝ 

ʜʚʝ ʧʦʧʫʣʷʮʠʠ ʢʨʠʩʪʘʣʣʦʚ, ʢʦʪʦʨʳʝ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʘʟʦʪʥʳʭ ʮʝʥʪʨʦʚ ʥʝ ʠʤʝʶʪ ʘʥʘʣʦʛʦʚ 

ʩʨʝʜʠ ʢʨʠʩʪʘʣʣʦʚ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚ ʠʟʚʝʩʪʥʳʭ ʪʨʫʙʢʘʭ ʗʢʫʪʠʠ. ʆʙʝ ʩʧʝʮʠʬʠʯʝʩʢʠʝ 

ʧʦʧʫʣʷʮʠʠ ʢʨʠʩʪʘʣʣʦʚ ʦʙʥʘʨʫʞʝʥʳ ʚ ʚʝʨʭʥʝʪʨʠʘʩʦʚʳʭ ʦʪʣʦʞʝʥʠʷʭ (ʚʪʦʨʠʯʥʳʡ ʢʦʣʣʝʢʪʦʨ) 

ʅʠʞʥʝʣʝʥʩʢʦʛʦ ʨʘʡʦʥʘ, ʘ ʪʘʢʞʝ ʚ ʨʦʩʩʳʧʷʭ ɸʥʘʙʘʨʩʢʦʛʦ ʨʘʡʦʥʘ. ʆʜʥʘ ʠʟ ʵʪʠʭ ʧʦʧʫʣʷʮʠʡ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʨʝʜʥʝʘʟʦʪʥʳʤʠ ʘʣʤʘʟʘʤʠ ʩ Ntot 390-580 at.ppm ʠ ʧʦʚʳʰʝʥʥʦʡ ʩʪʝʧʝʥʴʶ 

ʘʛʨʝʛʘʮʠʠ ʘʟʦʪʘ (NB~50%), ʜʨʫʛʘʷ - ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʳʩʦʢʦʘʟʦʪʥʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ Ntot >1100 

at.ppm ʩ ʧʦʥʠʞʝʥʥʦʡ ʩʪʝʧʝʥʴʶ ʘʛʨʝʛʘʮʠʠ ʧʨʠʤʝʩʠ (NBÒ35%). ʆʙʱʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʘʣʤʘʟʦʚ 

ʦʙʝʠʭ ʧʦʧʫʣʷʮʠʡ ʠ ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʚʳʩʦʢʦʘʟʦʪʥʦʡ ʷʚʣʷʝʪʩʷ ʠʟʦʪʦʧʥʦ-ʣʝʛʢʠʡ ʩʦʩʪʘʚ ʫʛʣʝʨʦʜʘ ʩ 

ŭ13ʉ ʦʪ -17,8 ʜʦ -25,0 ă [ʋʭʘʥʦʚ ʠ ʜʨ., 2005] ʠ ʜʦʤʠʥʠʨʦʚʘʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʚʢʣʶʯʝʥʠʡ 

ʵʢʣʦʛʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ [ɿʠʥʯʫʢ, ʂʦʧʪʠʣʴ, 2003]. ɺʩʝ ʵʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʘʣʤʘʟʦʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʦʧʫʣʷʮʠʡ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʙʘʟʠʪʦʚʦʤ ʩʫʙʩʪʨʘʪʝ, ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʦʙʦʛʘʱʝʥʥʦʤ ʙʠʦʛʝʥʥʦʡ ʦʨʛʘʥʠʢʦʡ ʠ ʘʟʦʪʦʤ. 

ɸʣʤʘʟʳ ɸʬʨʠʢʘʥʩʢʦʡ ʧʣʘʪʬʦʨʤʳ 

ɸʬʨʠʢʘʥʩʢʘʷ ʧʣʘʪʬʦʨʤʘ ï ʢʨʫʧʥʝʡʰʘʷ ʘʣʤʘʟʦʥʦʩʥʘʷ ʧʨʦʚʠʥʮʠʷ ʤʠʨʘ. ʂ ʯʠʩʣʫ ʥʘʠʙʦʣʝʝ 

ʠʟʚʝʩʪʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʨʠʥʘʜʣʝʞʘʪ ʪʨʫʙʢʠ ʖɸʈ, ɹʦʪʩʚʘʥʳ, ʃʝʩʦʪʦ, ɸʥʛʦʣʳ, ɿʠʤʙʘʙʚʝ, 

ʂʦʥʛʦ, ʘ ʪʘʢʞʝ ʨʦʩʩʳʧʠ ʅʘʤʠʙʠʠ, ɻʚʠʥʝʠ, ɻʘʥʳ ʠ ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ. ʉʘʤʳʤ ʘʣʤʘʟʦʥʦʩʥʳʤ ʠ 

ʧʨʦʤʳʰʣʝʥʥʦ ʟʥʘʯʠʤʳʤ ʨʝʛʠʦʥʦʤ ʷʚʣʷʝʪʩʷ ʶʞʥʘʷ ʯʘʩʪʴ ɸʬʨʠʢʠ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʘʟʦʪʘ ʚ 

ʘʣʤʘʟʘʭ ʵʪʦʡ ʪʝʨʨʠʪʦʨʠʠ ʭʦʨʦʰʦ ʠʟʫʯʝʥʦ ʠ ʜʝʪʘʣʴʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ ʚ ʨʘʙʦʪʘʭ [ʉʤʠʨʥʦʚ, 

ʂʣʶʝʚ, ʂʘʤʠʥʩʢʠʡ, 1986; Cartigny e.a, 2003, 1998; Chinn e.a., 2003; Deines e.a., 1984, 1987, 1989, 

1991, 1993; Stachel, Harris, 1997; Taylor, Milledge, 1995; Stachel e.a., 2002; Bulanova e.a., 2012]. ɺ 

ʜʠʩʩʝʨʪʘʮʠʠ ʥʘʤʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʣʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʘʟʦʪʥʳʭ ʮʝʥʪʨʦʚ, 

ʠʟʦʪʦʧʥʦʤʫ ʩʦʩʪʘʚʫ ʫʛʣʝʨʦʜʘ, ʚʥʫʪʨʝʥʥʝʤʫ ʩʪʨʦʝʥʠʶ ʠ ʩʦʩʪʘʚʫ ʤʠʥʝʨʘʣʴʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ 
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ʘʣʤʘʟʘʭ ʠʟ ʪʨʫʙʦʢ ʇʨʝʤʴʝʨ, ɺʝʥʝʮʠʷ, ʌʠʥʰ, ʗʛʝʨʩʬʦʥʪʝʡʥ, ʂʦʬʬʠʬʦʥʪʝʡʥ, ʈʦʙʝʨʪʩ ɺʠʢʪʦʨ 

(ʖɸʈ), ʆʨʘʧʘ, ɼʞʚʘʥʝʥʛ (ɹʦʪʩʚʘʥʘ), ʉʝʩʝ ʠ ʄʫʨʦʚʘ (ɿʘʤʙʠʷ), ʠ ʠʟ ʨʦʩʩʳʧʝʡ ʅʘʤʠʙʠʠ (ʖʞʥʘʷ 

ɸʬʨʠʢʘ), ɻʘʥʳ (ɿʘʧʘʜʥʘʷ ɸʬʨʠʢʘ), ɻʚʠʥʝʠ.  

ʇʦ ʪʠʧʦʤʦʨʬʥʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʢʨʠʩʪʘʣʣʦʚ ʠʟ ʢʦʨʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ: ʢʦʥʮʝʥʪʨʘʮʠʷʤ 

ʘʟʦʪʥʳʭ ʮʝʥʪʨʦʚ, ʚʥʝʰʥʝʡ ʬʦʨʤʝ ʠ ʩʦʩʪʘʚʫ ʤʠʥʝʨʘʣʴʥʳʭ ʚʢʣʶʯʝʥʠʡ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʯʝʪʳʨʝ 

ʦʩʥʦʚʥʳʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʧʦʧʫʣʷʮʠʡ ʘʣʤʘʟʘ (ʪʘʙʣʠʮʘ 2.3). 

ʂ ʧʝʨʚʦʡ ʠ ʩʘʤʦʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʠʟ ʥʠʭ ʦʪʥʦʩʷʪʩʷ ʢʨʠʩʪʘʣʣʳ ʩ ʧʦʥʠʞʝʥʥʳʤ ʩʨʝʜʥʠʤ 

ʟʥʘʯʝʥʠʝʤ ʦʙʱʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʟʦʪʘ (Ntot < 285 at.ppm) ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦʚʳʰʝʥʥʳʤ - 

ʩʪʝʧʝʥʠ ʘʛʨʝʛʘʮʠʠ ʘʟʦʪʘ %NB ~ 66-81. ɹʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʢʨʫʛʣʳʤʠ 

ʠʥʜʠʚʠʜʘʤʠ ʠʣʠ ʦʩʢʦʣʢʘʤʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʡ ʬʦʨʤʳ. ʉʨʝʜʠ ʚʢʣʶʯʝʥʠʡ ʚ ʘʣʤʘʟʝ ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʤʠʥʝʨʘʣʳ ʢʘʢ ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ, ʪʘʢ ʠ ʵʢʣʦʛʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʡ. ʇʦʜʦʙʥʳʝ ʘʣʤʘʟʳ ʧʨʝʦʙʣʘʜʘʶʪ ʚ 

ʪʨʫʙʢʘʭ ʗʛʝʨʩʬʦʥʪʝʡʥ, ʂʦʬʬʠʬʦʥʪʝʡʥ, ʇʨʝʤʴʝʨ, ɺʝʥʝʮʠʷ, ʆʨʘʧʘ ʠ ɼʞʚʘʥʝʥʛ. ʂ ʢʨʠʩʪʘʣʣʘʤ 

ʵʪʠʭ ʧʦʧʫʣʷʮʠʠ ʤʦʞʥʦ ʪʘʢʞʝ ʦʪʥʝʩʪʠ ʘʣʤʘʟʳ ʠʟ ʨʦʩʩʳʧʠ ʂʘʥʢʘʥ (ɻʚʠʥʝʷ, ʎʝʥʪʨʘʣʴʥʘʷ 

ɸʬʨʠʢʘ). ʇʦ ʜʘʥʥʳʤ ʨʘʙʦʪʳ [Stachel e.a., 2002], ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʚʦʝʤ ʦʢʨʫʛʣʳʝ ʢʨʠʩʪʘʣʣʳ 

ʘʣʤʘʟʘ ʠʟ ʨʦʩʩʳʧʠ ʂʘʥʢʘʥ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʠʟʦʪʦʧʥʦ-ʪʞ̫ʝʣʳʤ ʩʦʩʪʘʚʦʤ ʫʛʣʝʨʦʜʘ (ŭ13C ʦʪ 0 ʜʦ 

ï5 %ʦ) ʠ ʩʦʜʝʨʞʘʪ ʪʨʠ ʛʨʫʧʧʳ ʤʠʥʝʨʘʣʴʥʳʭ ʚʢʣʶʯʝʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʧʨʠʤʝʨʥʦ ʚ ʨʘʚʥʦʡ 

ʧʨʦʧʦʨʮʠʠ: çʩʚʝʨʭʛʣʫʙʠʥʥʳʝè ʤʠʥʝʨʘʣʳ (ʬʝʨʨʠʧʝʨʠʢʣʘʟ, ʤʝʡʞʦʨʠʪ ʠ ʜʨʫʛʠʝ), ʤʠʥʝʨʘʣʳ 

ʵʢʣʦʛʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ ʠ ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ ʘʩʩʦʮʠʘʮʠʠ). 

ɺʪʦʨʘʷ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʧʦʧʫʣʷʮʠʡ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʠʟʢʦʘʟʦʪʥʳʤʠ 

ʢʨʠʩʪʘʣʣʘʤʠ ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʛʘʙʠʪʫʩʘ. ʆʩʥʦʚʥʦʡ ʬʦʨʤʦʡ ʚʭʦʞʜʝʥʠʷ ʘʟʦʪʘ ʚ ʘʣʤʘʟ ʷʚʣʷʶʪʩʷ 

ɸ-ʮʝʥʪʨʳ (NA>NB). ɼʣʷ ʘʣʤʘʟʦʚ ʭʘʨʘʢʪʝʨʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ Ntot < 252 at.ppm ʠ %NB< 34. 

ʉʨʝʜʠ ʚʢʣʶʯʝʥʠʡ ʚ ʢʨʠʩʪʘʣʣʘʭ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʤʠʥʝʨʘʣʳ ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ 

ʘʩʩʦʮʠʘʮʠʠ. ʇʦʜʦʙʥʳʝ ʘʣʤʘʟʳ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʪʨʫʙʢʘʭ ʌʠʥʰ, ʈʦʙʝʨʪʩ ɺʠʢʪʦʨ, 

ʨʦʩʩʳʧʷʭ ʅʘʤʠʙʠʠ (ʦʜʥʘ ʠʟ ʪʨʝʭ ʧʦʧʫʣʷʮʠʡ) ʠ ʨʦʩʩʳʧʠ ɹʠʨʨʠʤ (ɻʘʥʘ, ɿʘʧʘʜʥʘʷ ɸʬʨʠʢʘ). ɺ 

ʨʦʩʩʳʧʠ ɹʠʨʨʠʤ ʧʨʠʩʫʪʩʪʚʫʶʪ çʙʝʟʘʟʦʪʥʳʝè (ʦʢʦʣʦ 40% ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ) ʠ 

ʥʠʟʢʦʘʟʦʪʥʳʝ ʢʨʠʩʪʘʣʣʳ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ ʘʩʩʦʮʠʘʮʠʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ 

ʠʟʦʪʦʧʥʦ-ʪʷʞʝʣʳʤ ʩʦʩʪʘʚʦʤ ʫʛʣʝʨʦʜʘ ʩ ŭ13C ʦʪ 0 ʜʦ ï5 %ʦ [Stachel e.a., 2002].  

ʂ ʧʦʧʫʣʷʮʷʤ ʪʨʝʪʴʝʡ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʦʪʥʦʩʷʪʩʷ ʩʨʝʜʥʝʘʟʦʪʥʳʝ ʢʨʠʩʪʘʣʣʳ ʩ ʧʦʥʠʞʝʥʥʦʡ 

ʩʪʝʧʝʥʴʶ ʘʛʨʝʛʘʮʠʠ ʧʨʠʤʝʩʠ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʤʠʥʝʨʘʣʴʥʳʝ ʚʢʣʶʯʝʥʠʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʵʢʣʦʛʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ. ʆʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʪʦʨʦʩʪʝʧʝʥʥʳʝ ʧʦʧʫʣʷʮʠʠ ʘʣʤʘʟʦʚ ʚ 

ʪʨʫʙʢʘʭ ʆʨʘʧʘ, ɼʞʚʘʥʝʥʛ, ʇʨʝʤʴʝʨ, ɺʝʥʝʮʠʷ, ʘ ʪʘʢʞʝ ʯʘʩʪʴ ʘʣʤʘʟʦʚ ʠʟ ʨʦʩʩʳʧʝʡ ʅʘʤʠʙʠʠ 

(ʪʘʙʣʠʮʘ 2.3). ʉʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ, [Bulanova e.a., 2012], ʢʨʠʩʪʘʣʣʳ ʵʪʠʭ 

ʧʦʧʫʣʷʮʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʦʢʪʘʵʜʨʘʤʠ ʠ ʨʦʤʙʦʜʦʜʝʢʘʵʜʨʘʤʠ ʠ ʧʝʨʝʭʦʜʥʳʤʠ ʬʦʨʤʘʤʠ, ʚ 

ʟʥʘʯʠʤʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʪʨʫʙʢʘʭ ɿʠʤʙʘʙʚʝ ʉʝʩʝ ʠ ʄʫʨʦʚʘ. ʇʨʠ ʵʪʦʤ ʧʦʩʣʝʜʥʠʝ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʣʦʞʥʳʤ ʚʥʫʪʨʝʥʥʠʤ ʩʪʨʦʝʥʠʝʤ, ʩʚʷʟʘʥʥʳʤ ʩ ʜʠʩʢʨʝʪʥʦʩʪʴʶ ʫʩʣʦʚʠʡ ʨʦʩʪʘ 
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ʘʣʤʘʟʘ. ʆʥʘ ʧʨʦʷʚʣʷʝʪʩʷ ʩʤʝʥʦʡ ʤʝʭʘʥʠʟʤʘ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʘ ʥʦʨʤʘʣʴʥʦʛʦ ʥʘ ʪʘʥʛʝʥʮʠʘʣʴʥʳʡ, 

ʣʠʙʦ ʩʤʝʰʘʥʥʦʛʦ ʥʘ ʪʘʥʛʝʥʮʠʘʣʴʥʳʡ [Bulanova e.a., 2012].  

ɸʣʤʘʟʳ ʯʝʪʚʝʨʪʦʡ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʧʦʧʫʣʷʮʠʡ ï ʩʨʝʜʥʝʘʟʦʪʥʳʝ ʢʨʠʩʪʘʣʣʳ ʩ Ntot 752+235 

at.ppm ʠ %NB75+11 (ʪʘʙʣʠʮʘ 2.3), ʩʦʜʝʨʞʘʱʠʝ ʚʢʣʶʯʝʥʠʷ ʵʢʣʦʛʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ ʚʩʪʨʝʯʝʥʳ 

ʪʦʣʴʢʦ ʩʨʝʜʠ ʘʣʤʘʟʦʚ ʠʟ ʨʦʩʩʳʧʝʡ ʅʘʤʠʙʠʠ, ʧʨʠ ʵʪʦʤ ʚ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʨʫʙʢʘʭ ɸʬʨʠʢʠ ʪʘʢʠʝ 

ʢʨʠʩʪʘʣʣʳ ʥʝ ʫʩʪʘʥʦʚʣʝʥʳ. ʇʦ ʢʦʤʧʣʝʢʩʫ ʩʚʦʡʩʪʚ ʦʥʠ ʙʣʠʟʢʠ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʦʧʫʣʷʮʠʠ 

ʢʨʠʩʪʘʣʣʦʚ, ʚʳʷʚʣʝʥʥʦʡ ʚ ʨʦʩʩʳʧʷʭ ʉʨʝʜʥʝʛʦ ʋʨʘʣʘ, ʅʠʞʥʝʣʝʥʩʢʦʛʦ ʨʘʡʦʥʘ ʗʢʫʪʠʠ, ʢʦʪʦʨʘʷ 

ʙʳʣʘ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʘ ʥʘʤʠ ʚʳʰʝ. 

ʉʘʤʳʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ɸʬʨʠʢʘʥʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʥʠʟʢʦʘʟʦʪʥʳʝ 

ʢʨʠʩʪʘʣʣʳ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʘʛʨʝʛʘʮʠʠ ʵʪʦʡ ʧʨʠʤʝʩʠ (NB> 50%) ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʵʢʣʦʛʠʪʦʚʦʡ ʦʙʝʜʥʝʥʥʦʡ ʘʟʦʪʦʤ ʩʨʝʜʝ, ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ (1100-12000ʉ, ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʥʘ ʫʩʣʦʚʥʳʡ ʚʦʟʨʘʩʪ ʢʨʠʩʪʘʣʣʦʚ 1 ʤʣʨʜ. ʣʝʪ) 

[Taylor, Milledge, 1995].  

ʅʠʟʢʦʘʟʦʪʥʳʝ ʢʨʠʩʪʘʣʣʳ ʩ ʧʦʥʠʞʝʥʥʦʡ ʩʪʝʧʝʥʴʶ ʘʛʨʝʛʘʮʠʠ ʘʟʦʪʘ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ ʦʙʝʜʥʝʥʦʡ ʘʟʦʪʦʤ ʩʨʝʜʝ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

1050-11000ʉ (ʧʨʠ ʪʦʤ ʞʝ ʫʩʣʦʚʥʦʤ ʚʦʟʨʘʩʪʝ)  

ʉʝʜʥʝʘʟʦʪʥʳʝ ʢʨʠʩʪʘʣʣʳ ʩ ʧʦʥʠʞʝʥʥʦʡ ʩʪʝʧʝʥʴʶ ʘʛʨʝʛʘʮʠʠ ʵʪʦʡ ʧʨʠʤʝʩʠ  ʦʙʨʘʟʦʚʘʣʠʩʴ ʚ 

ʘʟʦʪʩʦʜʝʨʞʘʱʝʡ ʵʢʣʦʛʠʪʦʚʦʡ, ʨʝʞʝ ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ ʩʨʝʜʝ ʧʨʠ ʝʱʝ ʙʦʣʝʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

(ʤʝʥʝʝ 10500ʉ/1ʤʣʨʜ. ʣʝʪ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʣʤʘʟʘʤʠ ʥʠʟʢʦʘʟʦʪʥʳʭ ʧʦʧʫʣʷʮʠʡ.  

ʇʨʠ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʧʦʧʫʣʷʮʠʡ ʘʣʤʘʟʘ ɸʬʨʠʢʘʥʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʩ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʳʤʠ 

ʚʳʰʝ ʧʦʧʫʣʷʮʠʷʤʠ ʘʣʤʘʟʘ ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʠ ʉʠʙʠʨʠ ʦʪʤʝʯʘʶʪʩʷ ʯʝʨʪʳ 

ʩʭʦʜʩʪʚʘ ʠ ʦʪʣʠʯʠʷ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʚ ʪʨʫʙʢʘʭ ʠ ʨʦʩʩʳʧʷʭ ɸʬʨʠʢʘʥʩʢʦʡ ʧʣʘʪʬʦʨʤʳ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʥʠʟʢʦʘʟʦʪʥʳʝ ʠ ʩʨʝʜʥʝʘʟʦʪʥʳʝ ʧʦʧʫʣʷʮʠʠ ʘʣʤʘʟʘ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʦʡ ʠ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʧʦʩʣʝʜʥʠʭ ʩʨʝʜʠ ʘʣʤʘʟʦʚ ɸʬʨʠʢʠ ʥʝ ʚʳʷʚʣʝʥʘ ʚʳʩʦʢʦʘʟʦʪʥʘʷ ʧʦʧʫʣʷʮʠʷ ʘʣʤʘʟʘ. ʂʨʦʤʝ ʪʦʛʦ, ʚ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ɸʬʨʠʢʘʥʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʥʠʟʢʦʘʟʦʪʥʳʝ ʘʣʤʘʟʳ ʚ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʘʛʨʝʛʘʮʠʠ 

ʘʟʦʪʘ ʨʘʩʧʨʦʩʪʨʦʥʝʥʳ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʦʡ ʠ 

ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤ. 

ɸʣʤʘʟʳ ɸʚʩʪʨʘʣʠʡʩʢʦʡ ʧʣʘʪʬʦʨʤʳ 

ʇʝʨʚʳʝ ʥʘʭʦʜʢʠ ʘʣʤʘʟʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɸʚʩʪʨʘʣʠʠ ʙʳʣʠ ʩʜʝʣʘʥʳ ʝʱʝ ʚ XIX  ʚʝʢʝ ʠ 

ʩʚʷʟʘʥʳ ʩ ʨʦʩʩʳʧʷʤʠ ʅʦʚʦʛʦ ʖʞʥʦʛʦ ʋʵʣʴʩʘ (ʖʛʦ-ɺʦʩʪʦʯʥʘʷ ɸʚʩʪʨʘʣʠʷ). ɺ ʵʪʦʤ ʨʘʡʦʥʝ 

ʘʣʤʘʟʳ ʜʦʙʳʚʘʶʪʩʷ ʚ ʥʝʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʚ ʨʦʩʩʳʧʷʭ ɹʠʥʛʘʨʘ, 

ʂʦʫʧʪʦʥ, ɺʝʣʠʥʛʪʦʥ ʠ ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ. ʂʨʠʩʪʘʣʣʳ ʘʣʤʘʟʘ ʠʟ ʵʪʠʭ ʨʦʩʩʳʧʝʡ ʜʝʪʘʣʴʥʦ 

ʠʟʫʯʝʥʳ ʚ ʨʘʙʦʪʘʭ ʈ.ɼʵʚʠʩ [Davies, 1998]. ɺ ʢʦʥʮʝ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ ʚ ɿʘʧʘʜʥʦʡ ɸʚʪʨʘʣʠʠ 

ʙʳʣʘ ʦʪʢʨʳʪʘ ʙʦʛʘʪʝʡʰʘʷ ʚ ʤʠʨʝ ʘʣʤʘʟʦʥʦʩʥʘʷ ʣʘʤʧʨʦʠʪʦʚʘʷ ʪʨʫʙʢʘ ɸʨʛʘʡʣ. ɺ ʥʘʩʪʦʷʱʝʝ 
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ʚʨʝʤʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʠʩʢʦʚʦ-ʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ, ʢʦʪʦʨʳʝ ʠʥʪʝʥʩʠʚʥʦ ʚʝʜʫʪʩʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʚʩʝʡ ɸʚʩʪʨʘʣʠʠ, ʦʪʢʨʳʪʳ ʜʝʩʷʪʢʠ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʠ ʣʘʤʧʨʦʠʪʚʳʭ ʪʨʫʙʦʢ ʚ ɿʘʧʘʜʥʦʡ 

ɸʚʩʪʨʘʣʠʠ, ʅʦʚʦʤ ʖʞʥʦʤ ʋʵʣʴʩʝ, ʉʝʚʝʨʥʦʡ ʠ ʖʞʥʦʡ ɸʚʩʪʨʘʣʠʠ. ɼʘʥʥʳʝ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ 

ʘʟʦʪʘ ʠ ʜʨʫʛʠʤ ʩʚʦʡʩʪʚʘʤ ʘʣʤʘʟʦʚ ʨʷʜʘ ʪʨʫʙʦʢ ʦʪʨʘʞʝʥʳ ʚ ʩʝʨʠʠ ʧʫʙʣʠʢʘʮʠʡ [ʃʠ ʠ ʜʨ., 1997; 

ʄʝʡʝʨ ʠ ʜʨ., 1997; Davies, 1998, 1999; Taylor e.a., 1990; Yakubovsky, Adriaenssens, 2002; 

Tappert e.a., 2009]. 

ɺ ʣʘʤʧʨʦʠʪʦʚʦʡ ʪʨʫʙʢʝ ɸʨʛʘʡʣ ʧʨʝʦʙʣʘʜʘʶʪ ʢʨʠʩʪʘʣʣʳ ʩ ʢʦʨʠʯʥʝʚʦʡ ʦʢʨʘʩʢʦʡ, ʥʝʨʝʜʢʦ 

ʩʦʜʝʨʞʘʱʠʝ ʚʢʣʶʯʝʥʠʷ ʵʢʣʦʛʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ. ʉʨʝʜʠ ʢʨʠʩʪʘʣʣʦʚ ʨʘʟʤʝʨʦʤ ʙʦʣʝʝ 0,8 ʤʤ, 

ʠʟʚʣʝʢʘʝʤʳʭ ʧʨʠ ʧʨʦʤʳʰʣʝʥʥʦʡ ʦʪʨʘʙʦʪʢʝ, ʧʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʜʦʜʝʢʘʵʜʨʦʠʜʘʤʠ [ʍʘʨʴʢʠʚ ʠ ʜʨ., 1998].  

ʉʦʜʝʨʞʘʥʠʝ ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʟʦʪʘ ʚ ʘʣʤʘʟʘʭ ʟʥʘʯʠʪʝʣʴʥʦ ʚʘʨʴʠʨʫʝʪ Ntot ʦʪ 0 ʜʦ 2000 at.ppm 

ʠ ʙʦʣʝʝ. ʆʜʥʘʢʦ ʚ ʮʝʣʦʤ, ʚ ʪʨʫʙʢʝ ʜʦʤʠʥʠʨʫʶʪ ʥʠʟʢʦʘʟʦʪʥʳʝ ʠʥʜʠʚʠʜʳ ʩ ʦʙʱʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʵʪʦʡ ʧʨʠʤʝʩʠ ʥʝ ʙʦʣʝʝ 260 ppm. ʇʨʠ ʵʪʦʤ ʜʦʣʷ ʢʨʠʩʪʘʣʣʦʚ ʪʠʧʘ IIa ʥʝ ʧʨʝʚʳʰʘʝʪ ʧʝʨʚʳʭ 

ʧʨʦʮʝʥʪʦʚ. ʉʧʝʮʠʬʠʢʦʡ ʘʣʤʘʟʦʚ ʪʨʫʙʢʠ ɸʨʛʘʡʣ ʷʚʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʨʝʦʙʣʘʜʘʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ɺ-ʮʝʥʪʨʦʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ɸ-ʜʝʬʝʢʪʘʤ (% NB ʚ ʩʨʝʜʥʝʤ å88). ɺ ʪʨʫʙʢʝ ɸʨʛʘʡʣ 

ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʘʟʦʪʘ ʚʳʜʝʣʷʝʪʩʷ ʦʜʥʘ ʛʣʘʚʥʘʷ ʧʦʧʫʣʷʮʠʷ ʢʨʠʩʪʘʣʣʦʚ (ʪʘʙʣʠʮʘ 2.3). 

ʉʨʝʜʠ ʘʣʤʘʟʦʚ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʝʣ K2, K3 ʠ ʂ7 ʚ ʖʞʥʦʡ ɸʩʪʨʘʣʠʠ (Eurelia) 

ʧʨʝʦʙʣʘʜʘʶʪ ʥʠʟʢʦʘʟʦʪʥʳʝ ʠ çʙʝʟʘʟʦʪʥʳʝè ʪʠʧʘ IIa ʠʥʜʠʚʠʜʳ ʩ Ntot <200 ppm 

[Tappert e.a., 2009], ʠʟ ʢʦʪʦʨʳʭ ʧʦʨʷʜʢʘ 50% ʙʣʠʟʢʠ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʘʟʦʪʘ ʢ ʘʣʤʘʟʘʤ ʪʨʫʙʢʠ 

ɸʨʛʘʡʣ. ʇʨʠ ʵʪʦʤ ʚ ʥʝʢʦʪʦʨʳʭ ʠʟ ʙʝʟʘʟʦʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʦʙʥʘʨʫʞʝʥʳ ʚʢʣʶʯʝʥʠʷ 

çʩʚʝʨʭʛʣʫʙʠʥʥʳʭè ʤʠʥʝʨʘʣʦʚ (ʬʝʨʨʠʧʝʨʠʢʣʘʟ + MgSi ʧʝʨʦʚʩʢʠʪ).  

ʂʠʤʙʝʨʣʠʪʦʚʘʷ ʪʨʫʙʢʘ ʕʢʪʦʨ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʉʝʚʝʨʦ-ɸʚʩʪʨʘʣʠʡʩʢʦʛʦ 

ʢʨʘʪʦʥʘ. ɺ ʪʨʫʙʢʝ ʚ ʦʩʥʦʚʥʦʤ ʦʙʥʘʨʫʞʝʥʳ ʤʝʣʢʠʝ ʢʨʠʩʪʘʣʣʳ ʘʣʤʘʟʘ ʨʘʟʤʝʨʦʤ ʤʝʥʝʝ 1 ʤʤ, 

ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʧʨʝʦʙʣʘʜʘʶʪ ʙʝʩʮʚʝʪʥʳʝ ʦʢʪʘʵʜʨʳ, ʪʦʛʜʘ ʢʘʢ ʚ ʙʦʣʝʝ ʢʨʫʧʥʦʤ ʢʣʘʩʩʝ ʚʦʜʨʘʩʪʘʝʪ 

ʜʦʣʷ ʜʦʜʝʢʘʵʜʨʦʠʜʦʚ. ɼʣʷ ʵʪʠʭ ʢʨʠʩʪʘʣʣʦʚ ʪʠʧʠʯʥʦ ʧʦʚʳʰʝʥʥʦʝ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

çʙʝʟʘʟʦʪʥʳʭè ʠʥʜʠʚʠʜʦʚ (9%). ʇʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʠʤʝʩʝʡ (ʪʘʙʣʠʮʘ 2.3) 

ʚʳʜʝʣʷʝʪʩʷ ʦʜʥʘ ʛʣʘʚʥʘʷ ʥʠʟʢʦʘʟʦʪʥʘʷ ʧʦʧʫʣʷʮʠʷ ʘʣʤʘʟʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷʩʷ ʧʦʥʠʞʝʥʥʦʡ 

ʜʦʣʝʡ ʘʟʦʪʘ ʚ ɺ-ʬʦʨʤʝ (32%). 

ɸʣʤʘʟʳ ʠʟ ʨʦʩʩʳʧʝʡ ʅʦʚʦʛʦ ʖʞʥʦʛʦ ʋʵʣʴʩʘ ʨʘʟʥʦʦʙʨʘʟʥʳ ʧʦ ʩʚʦʡʩʪʚʘʤ. ɺ ʨʦʩʩʳʧʷʭ 

ɹʠʥʛʘʨʘ ʠ ɺʝʣʣʠʥʛʪʦʥ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʩʨʝʜʥʝʘʟʦʪʥʳʝ ʘʣʤʘʟʳ ʩ Ntot 200-900 ppm ʠ 

ʧʦʚʳʰʝʥʥʦʡ ʩʪʝʧʝʥʴʶ ʘʛʨʝʛʘʮʠʠ ʧʨʠʤʝʩʠ %NB ~ 60, ʩʦʜʝʨʞʘʱʠʝ ʤʠʥʝʨʘʣʴʥʳʝ ʚʢʣʶʯʝʥʠʷ 

ʵʢʣʦʛʠʪʦʚʦʡ ʠ ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ ʘʩʩʦʮʠʘʮʠʡ. ɺ ʨʦʩʩʳʧʠ ʂʦʫʧʪʦʥ ʘʣʤʘʟʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʥʠʟʢʦʘʟʦʪʥʳʝ (Ntot 100-190 ppm) ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʥʠʞʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʘʟʦʪʘ ʚ 

ʘʛʨʝʛʠʨʦʚʘʥʥʦʡ ʬʦʨʤʝ %NB ~ 29%, ʘ ʪʘʢʞʝ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʤʠʥʝʨʘʣʴʥʳʭ ʚʢʣʶʯʝʥʠʡ 

ʵʢʣʦʛʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ. 
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ʀʪʘʢ, ʩʨʝʜʠ ʘʣʤʘʟʦʚ ʠʟ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɸʚʩʪʨʘʣʠʠ ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʩʦʩʪʘʚʣʷʶʪ 

ʢʨʠʩʪʘʣʣʳ ʩ ʧʦʚʳʰʝʥʥʦʡ ʩʪʝʧʝʥʴʶ ʘʛʨʝʛʘʮʠʠ ʘʟʦʪʘ. ɸʣʤʘʟʳ ʣʘʤʧʨʦʠʪʦʚʦʡ ʪʨʫʙʢʠ ɸʨʛʘʡʣ 

(ɿʘʧʘʜʥʘʷ ɸʚʩʪʨʘʣʠʷ) ʠ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʝʣ K2, K3 ʠ ʂ7 (ʖʞʥʘʷ ɸʚʩʪʨʘʣʠʷ) ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʥʠʟʢʦʘʟʦʪʥʳʝ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʘʤʳʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ (T>1225oC/1 ʤʣʨʜ. ʣʝʪ) ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʘʣʤʘʟʘʤʠ ʜʨʫʛʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʢʦʥʪʠʥʝʥʪʘ [Taylor, Milledge, 1995]. ʉʫʜʷ ʧʦ 

ʥʘʣʠʯʠʶ ʚʢʣʶʯʝʥʠʡ ʬʝʨʨʠʧʝʨʠʢʣʘʟʘ ʠ MgSi ʧʝʨʦʚʩʢʠʪʘ, ʯʘʩʪʴ ʠʭ ʵʪʠʭ ʘʣʤʘʟʦʚ 

ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʥʘ ʦʯʝʥʴ ʙʦʣʴʰʠʭ ʛʣʫʙʠʥʘʭ. ɺ ʜʨʫʛʠʭ ʨʘʡʦʥʘʭ ɸʚʪʨʘʣʠʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ 

ʩʨʝʜʥʝʘʟʦʪʥʳʝ ʠʥʜʠʚʠʜʳ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʳʰʝʥʥʦʡ (NB 40-80%) ʩʪʝʧʝʥʴʶ ʘʛʨʝʛʘʮʠʠ ʘʟʦʪʘ ʚ 

ʢʨʠʩʪʘʣʣʘʭ (ʨʦʩʩʳʧʠ ɺʝʣʣʠʥʛʪʦʥ ʠ ɹʠʥʛʘʨʘ, ʅʦʚʳʡ ʖʞʥʳʡ ʋʵʣʴʩ) ʠ ʥʠʟʢʦʘʟʦʪʥʳʝ ʢʨʠʩʪʘʣʣʳ 

ʩ ʧʦʥʠʞʝʥʥʦʡ ʩʪʝʧʝʥʴʶ ʘʛʨʝʛʘʮʠʠ ʧʨʠʤʝʩʠ ~10-50% (ʨʦʩʩʳʧʴ ʂʦʫʧʪʦʥ, ʅʦʚʳʡ ʖʞʥʳʡ ʋʵʣʴʩ, 

ʪʨʫʙʢʘ ʕʢʪʦʨ, ʉʝʚʝʨʥʘʷ ɸʚʩʪʨʘʣʠʷ). ʊʝʤʧʝʨʘʪʫʨʘ ʦʙʨʘʟʦʚʘʥʠʷ ʘʣʤʘʟʦʚ ʦʙʝʠʭ ʧʦʧʫʣʷʮʠʡ, 

ʥʦʨʤʠʨʦʚʘʥʥʘʷ ʢ 1 ʤʣʨʜ. ʣʝʪ, ʩʦʩʪʘʚʣʷʝʪ~1075oC [Taylor, Milledge, 1995]. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʘʣʤʘʟʦʚ ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʦʡ ʠ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤ ʥʘ ɸʚʩʪʨʘʣʠʡʩʢʦʡ 

ʧʣʘʪʬʦʨʤʝ ʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʘʣʤʘʟʳ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʘʛʨʝʛʘʮʠʠ ʘʟʦʪʘ (ʥʠʟʢʦʘʟʦʪʥʘʷ ʠ 

ʩʨʝʜʥʝʘʟʦʪʥʘʷ ʧʦʧʫʣʷʮʠʷ) ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʚʳʩʦʢʦʘʟʦʪʥʦʡ ʧʦʧʫʣʷʮʠʠ. ɺ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ 

ʧʦʧʫʣʷʮʠʠ ʘʣʤʘʟʘ ɸʚʩʪʨʘʣʠʡʩʢʦʡ ʠ ɸʬʨʠʢʘʥʩʢʦʡ ʧʣʘʪʬʦʨʤ ʦʙʥʘʨʫʞʠʚʘʶʪ ʦʧʨʝʜʝʣʝʥʥʦʝ 

ʩʭʦʜʩʪʚʦ. 

ɸʣʤʘʟʳ ʉʝʚʝʨʦ-ɸʤʝʨʠʢʘʥʩʢʦʡ ʧʣʘʪʬʦʨʤʳ 

ʆʩʥʦʚʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʘʣʤʘʟʘ ʉʝʚʝʨʥʦʡ ɸʤʝʨʠʢʠ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʂʘʥʘʜʳ. ʅʘʤʠ ʠʟʫʯʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʘʟʦʪʘ ʚ ʘʣʤʘʟʘʭ ʪʨʫʙʢʠ ɼʆ-27 ʧʨʦʚʠʥʮʠʠ ʉʣʝʡʚ. ɼʘʥʥʳʝ 

ʧʦ ʘʣʤʘʟʘʤ ʪʨʫʙʦʢ ʇʦʡʥʪ ʃʝʡʢ ʠ ʇʘʥʜʘ ʵʪʦʡ ʧʨʦʚʠʥʮʠʠ, ʘ ʪʘʢʞʝ ʧʦ ʘʣʤʘʟʘʤ ʠʟ ʨʘʩʧʦʣʦʞʝʥʥʳʭ 

ʚ ʶʞʥʦʡ ʯʘʩʪʠ ʂʘʥʘʜʳ ʪʨʫʙʢʠ ʂ-252 (ɸʣʴʙʝʨʪʘ) ʠ ʚʫʣʢʘʥʠʪʦʚ ɺʘʚʘ (ʆʥʪʘʨʠʦ), ʟʘʠʤʩʪʚʦʚʘʥʳ ʠʟ 

ʨʘʙʦʪ [Davies e.a., 2003; Stachel e.a., 2003; Tappert e.a., 2004; Taylor,Gurney, Milledge, 1995; 

Westerlund, Hauri, Gurney, 2003; Cartigny, e.a., 2009]. ʊʨʫʙʢʠ ʇʘʥʜʘ, ʇʦʡʥʪ ʃʝʡʢ ʠ ɼʆ-27 

ʥʘʭʦʜʷʪʩʷ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʧʨʦʚʠʥʮʠʠ, ʧʨʠʯʝʤ ʇʘʥʜʘ ï ʩʝʚʝʨʥʝʝ, ʘ ɼʆ-27 ï ʶʞʥʝʝ ʪʨʫʙʢʠ 

ʇʦʡʥʪ ʃʝʡʢ. ʉʨʝʜʠ ʢʨʠʩʪʘʣʣʦʚ ʢʘʞʜʦʡ ʠʟ ʵʪʠʭ ʪʨʫʙʦʢ ʧʨʝʦʙʣʘʜʘʶʪ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʠʥʜʠʚʠʜʳ, 

ʥʦ ʚ ʪʨʫʙʢʘʭ ʇʦʡʥʪ ʃʝʡʢ ʠ ɼʆ-27 ʜʦʚʦʣʴʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʜʦʜʝʢʘʵʜʨʦʠʜʳ. ɸʣʤʘʟʳ ʪʨʫʙʦʢ 

ʇʘʥʜʘ ʠ ɼʆ-27 ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʪʘʢʞʝ ʧʦ ʩʦʩʪʘʚʫ ʤʠʥʝʨʘʣʴʥʳʭ ʚʢʣʶʯʝʥʠʡ. ɺ ʪʨʫʙʢʝ 

ʇʘʥʜʘ ʧʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʚʢʣʶʯʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʠʥʝʨʘʣʘʤʠ ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ 

ʘʩʩʦʮʠʘʮʠʠ, ʘ ʚ ʪʨʫʙʢʝ ɼʆ-27 ʜʦʤʠʥʠʨʫʶʪ ʘʣʤʘʟʳ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʵʢʣʦʛʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ. ʇʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʘʟʦʪʥʳʭ ʮʝʥʪʨʦʚ ʘʣʤʘʟʳ ʚʩʝʭ ʪʨʝʭ ʪʨʫʙʦʢ ʦʪʣʠʯʘʶʪʩʷ. ɺ ʪʨʫʙʢʝ ʇʦʡʥʪ ʃʝʡʢ 

ʜʦʤʠʥʠʨʫʶʪ ʥʠʟʢʦʘʟʦʪʥʳʝ ʢʨʠʩʪʘʣʣʳ (Ntot 194+109 at.ppm) ʩ ʧʦʚʳʰʝʥʥʦʡ ʩʪʝʧʝʥʴʶ ʘʛʨʝʛʘʮʠʠ 

ʘʟʦʪʘ, ʘ ʚ ʧʦʜʯʠʥʝʥʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʦʪʤʝʯʘʶʪʩʷ ʩʨʝʜʥʝʘʟʦʪʥʳʝ ʢʨʠʩʪʘʣʣʳ (Ntot 811+99 at.ppm) ʩ 

ʧʦʥʠʞʝʥʥʦʡ ʩʪʝʧʝʥʴʶ ʘʛʨʝʛʘʮʠʠ ʘʟʦʪʘ (ʪʘʙʣ.2.3). ɺ ʪʨʫʙʢʝ ʇʘʥʜʘ ʛʣʘʚʥʘʷ ʧʦʧʫʣʷʮʠʷ 

ʢʨʠʩʪʘʣʣʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʠʟʢʦʘʟʦʪʥʳʤʠ ʠʥʜʠʚʠʜʘʤʠ (Ntot 20-65 at.ppm) ʩ ʧʦʥʠʞʝʥʥʦʡ 
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ʩʪʝʧʝʥʴʶ ʘʛʨʝʛʘʮʠʠ ʘʟʦʪʘ, ʘ ʚʪʦʨʦʩʪʝʧʝʥʥʘʷ ï ʥʠʟʢʦʘʟʦʪʥʳʤʠ (Ntot 363+215 at.ppm) ʘʣʤʘʟʘʤʠ ʩ 

ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʘʛʨʝʛʘʮʠʠ ʘʟʦʪʘ. ɺ ʪʨʫʙʢʝ ɼʆ-27 ʧʨʝʦʙʣʘʜʘʶʪ ʩʨʝʜʥʝʘʟʦʪʥʳʝ ʠʥʜʠʚʠʜʳ (Ntot 

661+122 at.ppm) ʩ ʧʦʥʠʞʝʥʥʦʡ ʩʪʝʧʝʥʴʶ ʘʛʨʝʛʘʮʠʠ ʘʟʦʪʘ, ʘ ʚʪʦʨʦʩʪʝʧʝʥʥʘʷ ʧʦʧʫʣʷʮʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʠʟʢʦʘʟʦʪʥʳʤʠ ʠʥʜʠʚʠʜʘʤʠ (Ntot 280+153 at.ppm) ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʨʝʜʳʜʫʱʝʡ ʩʪʝʧʝʥʴʶ ʘʛʨʝʛʘʮʠʠ ʘʟʦʪʘ (%NB 51+14). ʉʦʛʣʘʩʥʦ ʠʤʝʶʱʠʤʩʷ ʚ ʣʠʪʝʨʘʪʫʨʝ 

ʜʘʥʥʳʤ [Cartigny e.a., 2009] ʘʣʤʘʟʳ ʛʣʘʚʥʦʡ ʧʦʧʫʣʷʮʠʠ ʪʨʫʙʢʠ ʇʘʥʜʘ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʘʟʦʪʘ ʠ 

ʧʦ ʩʦʩʪʘʚʫ ʤʠʥʝʨʘʣʴʥʳʭ ʚʢʣʶʯʝʥʠʡ ʩʭʦʜʥʳ ʩ ʘʣʤʘʟʘʤʠ ʪʨʫʙʢʠ ɼʠʘʚʠʢ, ʪʘʢʞʝ ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʧʨʦʚʠʥʮʠʠ (ʤʝʞʜʫ ʇʦʡʥʪ ʃʝʡʢ ʠ ɼʆ-27). ʂʨʦʤʝ ʪʦʛʦ, ʧʦ 

ʢʨʠʩʪʘʣʣʦʤʦʨʬʦʣʦʛʠʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʘʟʦʪʘ ʘʣʤʘʟʳ ʛʣʘʚʥʦʡ ʧʦʧʫʣʷʮʠʠ ʪʨʫʙʢʠ ʇʘʥʜʘ 

ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʘʣʤʘʟʘʤʠ ʪʨʫʙʢʠ ɼʞʝʨʠʯʦ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʧʨʦʚʠʥʮʠʠ ʉʣʝʡʚ. 

ʅʘʨʷʜʫ ʩ ʵʪʠʤ ʘʣʤʘʟʳ ɼʞʝʨʠʯʦ ʦʙʣʘʜʘʶʪ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʪʠʧʦʤʦʨʬʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ: 

ʤʠʥʝʨʘʣʴʥʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʵʢʣʦʛʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ ʠ ʘʥʦʤʘʣʴʥʦ ʣʝʛʢʠʤ 

ʠʟʦʪʦʧʥʳʤ ʩʦʩʪʘʚʦʤ ʫʛʣʝʨʦʜʘ 13ŭC ʦʪï41 ă ʜʦ -23ă [De Stefano, 2009].  

ɸʣʤʘʟʳ ʠʟ ʚʫʣʢʘʥʠʪʦʚ ɺʘʚʘ ʥʘ ʶʛʝ ʂʘʥʘʜʳ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʘʟʦʪʘ ʚ ʮʝʣʦʤ ʩʭʦʜʥʳ ʩ 

ʘʣʤʘʟʘʤʠ ʪʨʫʙʦʢ ʇʘʥʜʘ (ʛʣʘʚʥʘʷ ʧʦʧʫʣʷʮʠʷ) (ʪʘʙʣʠʮʘ 2.3). 

ʅʘ ʶʛʝ ʂʘʥʘʜʳ (ɸʣʴʙʝʨʪʘ) ʪʘʢʞʝ ʨʘʩʧʦʣʦʞʝʥʘ ʪʨʫʙʢʘ ʂ-252, ʩʦʜʝʨʞʘʱʘʷ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʢʨʫʛʣʳʝ ʘʣʤʘʟʳ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʵʢʣʦʛʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ. ɺ ʪʨʫʙʢʝ 

ʜʦʤʠʥʠʨʫʶʪ ʥʠʟʢʦʘʟʦʪʥʳʝ ʢʨʠʩʪʘʣʣʳ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʘʛʨʝʛʘʮʠʠ ʘʟʦʪʘ (Ntot 30-220at.ppm, 

NB~79%). ʇʦʜʦʙʥʳʝ ʢʨʠʩʪʘʣʣʳ ʨʘʧʨʦʩʪʨʘʥʝʥʳ ʚ ʪʨʫʙʢʘʭ ʇʦʡʥʪ ʃʝʡʢ (ʛʣʘʚʥʘʷ ʧʦʧʫʣʷʮʠʷ) ʠ 

ʇʘʥʜʘ (ʚʪʦʨʦʩʪʝʧʝʥʥʘʷ ʧʦʧʫʣʷʮʠʷ). ɺʪʦʨʦʩʪʝʧʝʥʥʘʷ ʧʦʧʫʣʷʮʠʷ ʘʣʤʘʟʦʚ ʪʨʫʙʢʠ ʂ-252 ï 

ʚʳʩʦʢʦʘʟʦʪʥʘʷ (Ntot 1278-1740 at.ppm, NB 16-42%). ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʢʨʠʩʪʘʣʣʳ 

ʚʳʩʦʢʦʘʟʦʪʥʦʡ ʧʦʧʫʣʷʮʠʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʪʨʫʙʢʘʭ ɿʦʣʦʪʠʮʢʦʛʦ ʧʦʣʷ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ ʠ 

ʚ ʨʦʩʩʳʧʷʭ ʉʝʚʝʨʘ ʗʢʫʪʠʠ. 

ʀʪʘʢ, ʚ ʪʨʫʙʢʘʭ ʂʘʥʘʜʳ ʥʘʤʠ ʚʳʷʚʣʝʥʦ ʯʝʪʳʨʝ ʦʩʥʦʚʥʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʧʦʧʫʣʷʮʠʡ 

ʘʣʤʘʟʘ: 1) ʥʠʟʢʦʘʟʦʪʥʳʝ ʘʣʤʘʟʳ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʘʛʨʝʛʘʮʠʠ ʧʨʠʤʝʩʠ, 2) ʥʠʟʢʦʘʟʦʪʥʳʝ 

ʘʣʤʘʟʳ ʩ ʧʦʥʠʞʝʥʥʦʡ ʩʪʝʧʝʥʴʶ ʘʛʨʝʛʘʮʠʠ ʧʨʠʤʝʩʠ, 3) ʩʨʝʜʥʝʘʟʦʪʥʳʝ ʢʨʠʩʪʘʣʣʳ ʩ ʧʦʥʠʞʝʥʥʦʡ 

ʩʪʝʧʝʥʴʶ ʘʛʨʝʛʘʮʠʠ ʧʨʠʤʝʩʠ, 4) ʚʳʩʦʢʦʘʟʦʪʥʳʝ ʢʨʠʩʪʘʣʣʳ ʩ ʧʦʥʠʞʝʥʥʦʡ ʩʪʝʧʝʥʴʶ ʘʛʨʝʛʘʮʠʠ 

ʧʨʠʤʝʩʠ. 

ʇʝʨʚʘʷ ʠʟ ʥʠʭ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʨʝʜʠ ʘʣʤʘʟʦʚ ʠʟ ʪʨʫʙʦʢ ɸʬʨʠʢʘʥʩʢʦʡ 

ʧʣʘʪʬʦʨʤʳ, ʧʦʩʣʝʜʥʷʷ (ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʝʜʢʘʷ) ʚʩʪʨʝʯʝʥʘ ʚ ʪʨʫʙʢʘʭ ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʦʡ ʠ 

ʨʦʩʩʳʧʷʭ ʉʝʚʝʨʘ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤ. ʆʩʪʘʣʴʥʳʝ ʜʚʝ ʧʦʧʫʣʷʮʠʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʩʨʝʜʠ 

ʘʣʤʘʟʦʚ ʙʦʣʴʰʠʥʩʪʚʘ ʠʟʫʯʝʥʥʳʭ ʦʙʲʝʢʪʦʚ. 

ɸʣʤʘʟʳ ʖʞʥʦ-ɸʤʝʨʠʢʘʥʩʢʦʡ ʧʣʘʪʬʦʨʤʳ 

ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʤʥʦʛʠʭ ʜʝʩʷʪʠʣʝʪʠʡ ʚ ʖʞʥʦʡ ɸʤʝʨʠʢʝ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ 

ʨʦʩʩʳʧʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʘʣʤʘʟʦʚ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʠʭ ʯʘʩʪʴ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 
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ɹʨʘʟʠʣʠʠ ʠ ɺʝʥʝʩʫʵʣʳ. ɿʘ ʧʦʩʣʝʜʥʠʝ 20 ʣʝʪ ʚ ʨʷʜʝ ʨʘʡʦʥʦʚ ʨʦʩʩʳʧʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʙʳʣʠ 

ʦʪʢʨʳʪʳ ʘʣʤʘʟʦʥʦʩʥʳʝ ʢʠʤʙʝʨʣʠʪʦʚʳʝ ʠ ʣʘʤʧʨʦʠʪʦʚʳʝ ʪʨʫʙʢʠ ʠ ʩʠʣʣʳ. ʂ ʯʠʩʣʫ ʥʘʠʙʦʣʝʝ 

ʠʟʚʝʩʪʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɹʨʘʟʠʣʠʠ ʧʨʠʥʘʜʣʝʞʘʪ ʨʦʩʩʳʧʠ ʨʘʡʦʥʘ ʂʦʨʦʤʘʥʜʝʣʴ, ʨʦʩʩʳʧʠ ʠ 

ʢʠʤʙʝʨʣʠʪʦʚʳʝ ʪʨʫʙʢʠ ʨʘʡʦʥʦʚ ɾʫʠʥʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʥʷʭ ʢʠʣʦʤʝʪʨʦʚ ʢ 

ʩʝʚʝʨʦ-ʟʘʧʘʜʫ ʦʪ ʨʘʡʦʥʘ ʂʦʨʦʤʘʥʜʝʣʴ ʠ ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ. ʆʜʠʥ ʠʟ ʢʨʫʧʥʝʡʰʠʭ ʧʨʦʤʳʰʣʝʥʥʦ 

ʘʣʤʘʟʦʥʦʩʥʳʭ ʨʘʡʦʥʦʚ ʖʞʥʦʡ ɸʤʝʨʠʢʠ ɻʫʘʥʠʘʤʦ ʥʘʭʦʜʠʪʩʷ ʚ ɺʝʥʝʩʫʵʣʝ. 

ɸʚʪʦʨʦʤ ʣʠʯʥʦ ʠʟʫʯʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʠʤʝʩʝʡ ʚ ʘʣʤʘʟʘʭ (ʦʢʦʣʦ ʪʳʩʷʯʠ 

ʢʨʠʩʪʘʣʣʦʚ) ʤʥʦʛʠʭ ʠʟ ʵʪʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʯʪʦ ʥʘʰʣʦ ʦʪʨʘʞʝʥʠʝ ʚ ʩʝʨʠʠ ʧʫʙʣʠʢʘʮʠʡ 

[Kaminsky e.a., 1997, 1998, 2000, 20011, 20012, 2004, 2006, 2008, 2009].  

ɺ ʮʝʣʦʤ ʜʣʷ ʠʟʫʯʝʥʥʳʭ ʥʘʤʠ ʘʣʤʘʟʦʚ ʠʟ ʢʨʫʧʥʳʭ ʧʨʦʤʳʰʣʝʥʥʦ-ʘʣʤʘʟʦʥʦʩʥʳʭ ʨʘʡʦʥʦʚ 

ʖʞʥʦʡ ɸʤʝʨʠʢʠ ɻʫʘʥʠʘʤʦ, ʃʦʩ ʂʦʢʠʪʦʩ, ʂʦʨʦʤʘʥʜʝʣʴ ʠ ɾʫʠʥʘ ʭʘʨʘʢʪʝʨʥʘ ʧʦʚʳʰʝʥʥʘʷ 

ʩʪʝʧʝʥʴ ʘʛʨʝʛʘʮʠʠ ʘʟʦʪʘ ʚ ʢʨʠʩʪʘʣʣʘʭ (%NB> 50). ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʩʪʝʧʝʥʠ ʘʛʨʝʛʘʮʠʠ ʘʟʦʪʘ ʚ 

ʢʨʠʩʪʘʣʣʘʭ ʠʟ ʨʦʩʩʳʧʝʡ ʚʦʟʨʘʩʪʘʶʪ ʦʪ ʘʣʤʘʟʦʚ ʨʘʡʦʥʘ ʂʦʨʦʤʘʥʜʝʣʴ (%NB ʦʪ 51 ʜʦ 63) ʢ 

ʘʣʤʘʟʘʤ ʨʘʡʦʥʘ ɻʫʘʥʠʘʤʦ ʠ ʃʦʩ ʂʦʢʠʪʦʩ (%NB ʦʪ 63 ʜʦ 73) ʠ ʜʘʣʝʝ ʢ ʢʨʠʩʪʘʣʣʘʤ ʠʟ ʨʦʩʩʳʧʝʡ ʠ 

ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʨʫʙʦʢ ʨʘʡʦʥʘ ɾʫʠʥʘ (%NB ʦʪ 85 ʜʦ 92). ɹʦʣʴʰʠʥʩʪʚʦ ʘʣʤʘʟʦʚ ʨʘʡʦʥʦʚ 

ʂʦʨʦʤʘʥʜʝʣʴ ʠ ɻʫʘʥʠʘʤʦ ʩʨʝʜʥʝʘʟʦʪʥʳʝ ʩ ʦʙʱʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʵʪʦʡ ʧʨʠʤʝʩʠ 450-600 ʠ 600-800 

at. ppm ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɸʣʤʘʟʳ ʨʘʡʦʥʘ ɾʫʠʥʘ ʚʳʜʝʣʷʶʪʩʷ ʩʨʝʜʠ ʚʩʝʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʥʝ ʪʦʣʴʢʦ 

ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʘʛʨʝʛʠʪʨʦʚʘʥʥʦʩʪʠ ʘʟʦʪʘ ʚ ʢʨʠʩʪʘʣʣʘʭ, ʥʦ ʢʨʘʡʥʝ ʥʠʟʢʠʤ ʦʙʱʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʘʟʦʪʘ, ʥʝ ʧʨʝʚʳʰʘʶʱʠʤ 100 at. ppm. ʇʨʠ ʵʪʦʤ ʚʦ ʚʩʝʭ ʪʨʫʙʢʘʭ ʠ ʨʦʩʩʳʧʷʭ ʵʪʦʛʦ 

ʨʘʡʦʥʘ ʧʨʝʦʙʣʘʜʘʶʪ çʙʝʟʘʟʦʪʥʳʝè ʠʥʜʠʚʠʜʳ ʪʠʧʘ IIa. ɺʳʜʝʣʝʥʠʝ çʙʝʟʘʟʦʪʥʦʡè ʩʧʝʮʠʬʠʯʝʩʢʦʡ 

ʧʦʧʫʣʷʮʠʠ ʘʣʤʘʟʘ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʚʩʝʤ ʢʦʤʧʣʝʢʩʦʤ ʪʠʧʦʤʦʨʬʥʳʭ ʩʚʦʡʩʪʚ ʘʣʤʘʟʦʚ ʨʘʡʦʥʘ 

ɾʫʠʥʘ. ʂʨʠʩʪʘʣʣʳ ʘʣʤʘʟʘ ʵʪʦʡ ʧʦʧʫʣʷʮʠʠ ʠʟ ʪʨʫʙʦʢ ʠ ʨʦʩʩʳʧʝʡ ʨʘʡʦʥʘ ɾʫʠʥʘ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʠʟʦʪʦʧʥʦ-ʪʷʞʝʣʳʤ çʤʘʥʪʠʡʥʳʤè ʩʦʩʪʘʚʦʤ ʫʛʣʝʨʦʜʘ ŭ13ʉ ʦʪ -7 ʜʦ -2ă. ʀʭ 

ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʥʝʦʙʳʯʥʳʡ ʩʦʩʪʘʚ ʤʠʥʝʨʘʣʴʥʳʭ ʚʢʣʶʯʝʥʠʡ ʠ 

ʩʚʦʝʦʙʨʘʟʥʦʝ ʚʥʫʪʨʝʥʥʝʝ ʩʪʨʦʝʥʠʝ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʚʢʣʶʯʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʤʝʡʜʞʦʨʠʪʦʚʳʤ ʛʨʘʥʘʪʦʤ, ʬʝʨʨʠʧʝʨʠʢʣʘʟʦʤ, ʢʘʣʴʮʠʝʚʳʤ ʠ ʤʘʛʥʠʝʚʳʤ ʩʠʣʠʢʘʪʘʤʠ ʩʦ 

ʩʪʨʫʢʪʫʨʦʡ ʧʝʨʦʚʩʢʠʪʘ ʠ ʜʨʫʛʠʤʠ çʚʳʩʦʢʦʙʘʨʠʯʝʩʢʠʤʠè ʤʠʥʝʨʘʣʘʤʠ, ʢʦʪʦʨʳʝ, ʚʝʨʦʷʪʥʦ, 

ʦʙʨʘʟʦʚʘʣʠʩʴ ʥʘ ʦʯʝʥʴ ʙʦʣʴʰʠʭ ʛʣʫʙʠʥʘʭ. ɺʥʫʪʨʝʥʥʝʝ ʩʪʨʦʝʥʠʝ ʢʨʠʩʪʘʣʣʦʚ - ʧʦʩʣʦʡʥʦ-

ʦʢʪʘʵʜʨʠʯʝʩʢʦʝ ʠʣʠ ʚʦʣʦʢʥʠʩʪʦʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʣʦʢʦʚʳʤʠ, çʙʨʝʢʯʠʝʚʠʜʥʳʤʠè ʩʪʨʫʢʪʫʨʘʤʠ 

(ʪʝʢʩʪʫʨʘʤʠ) ʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʧʦʣʦʩʘʤʠ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ (ʨʠʩʫʥʦʢ 2.10). ɺʩʝ ʵʪʦ 

ʛʦʚʦʨʠʪ ʦ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʦʙʨʘʟʦʚʘʥʠʷ ʵʪʠʭ ʧʦʧʫʣʷʮʠʠ çʙʝʟʘʟʦʪʥʳʭè ʘʣʤʘʟʦʚ ʚ 

ʵʢʣʦʛʠʪʦʚʦʡ ʠ ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ ʩʨʝʜʝ, ʙʝʜʥʦʡ ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ.  
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ʈʠʩʫʥʦʢ 2.10. ɺʥʫʪʨʝʥʥʝʝ ʩʪʨʦʝʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ ʠʟ ʨʦʩʩʳʧʝʡ ʈʠʦ ʉʦʨʠʩʦ, ʨʘʡʦʥʘ ɾʫʠʥʘ, 

ɹʨʘʟʠʣʠʷ: ʘ) ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦʩʣʦʡʥʦʝ, ʙ) ʚʦʣʦʢʥʠʩʪʦʝ, ʙʣʦʢʦʚʦʝ ʧʦ ʜʘʥʥʳʤ ʨʘʙʦʪʳ 

[Hayman, Kopylova, Kaminsky, 2003] 

 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʘʟʦʪʘ ʘʣʤʘʟʳ ʂʦʨʦʤʘʥʜʝʣʴ ʠ ɻʫʘʥʠʘʤʦ ʦʪʥʝʩʝʥʳ 

ʥʘʤʠ ʢ ʦʜʥʦʤʫ ʪʠʧʫ, ʦʥʠ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʩʦʩʪʘʚʫ ʤʠʥʝʨʘʣʦʚ-ʫʟʥʠʢʦʚ ʠ ʠʟʦʪʦʧʥʦʤʫ ʩʦʩʪʘʚʫ 

ʫʛʣʝʨʦʜʘ. ʊʘʢ, ʤʠʥʝʨʘʣʴʥʳʝ ʚʢʣʶʯʝʥʠʷ ʚ ʢʨʠʩʪʘʣʣʘʭ ʠʟ ʨʦʩʩʳʧʝʡ ʨʘʡʦʥʘ ʂʦʨʦʤʘʥʜʝʣʴ ʚ 

ʦʩʥʦʚʥʦʤ ʦʪʥʦʩʷʪʩʷ ʢ ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ ʘʩʩʦʮʠʘʮʠʠ, ʘ ʘʣʤʘʟʘʭ ʠʟʦʩʩʳʧʝʡ ʨʘʡʦʥʘ ɻʫʘʥʠʘʤʦ ʠ ʃʦʩ 

ʂʦʢʠʪʦʩ ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢ ʵʢʣʦʛʠʪʦʚʦʡ. ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʫʛʣʝʨʦʜʘ ʘʣʤʘʟʦʚ ʨʘʡʦʥʘ 

ʂʦʨʦʤʘʥʜʝʣʴ ï çʥʦʨʤʘʣʴʥʳʡ ʤʘʥʪʠʡʥʳʡè, ʘ ʘʣʤʘʟʦʚ ʨʘʡʦʥʦʚ ɻʫʘʥʠʘʤʦ ʠ ʃʦʩ ʂʦʢʠʪʦʩ ï 

ʘʥʦʤʘʣʴʥʦ ʠʟʦʪʦʧʥʦ-ʣʝʛʢʠʡ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʩʦʧʦʩʪʘʚʣʷʝʳʝ ʘʣʤʘʟʳ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ 

ʩʭʦʜʥʳʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʠʭ ʫʩʣʦʚʠʷʭ, ʥʦ ʚ ʨʘʟʥʳʭ ʩʨʝʜʘʭ ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ ʩ 

ʫʤʝʨʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʙʠʦʛʝʥʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠ ʦʩʥʦʚʥʦʡ, ʦʙʦʛʘʱʝʥʥʦʡ ʙʠʦʛʝʥʥʳʤʠ 

ʫʛʣʝʚʦʜʦʨʦʜʘʤʠ. 

ʅʘ ʢʨʘʡʥʝʤ ʟʘʧʘʜʝ ɹʨʘʟʠʣʠʠʠ, ʚ ʰʪʘʪʝ ʈʦʥʜʦʥʠʘ ʠʟʚʝʩʪʥʳ ʨʦʩʩʳʧʠ ʄʘʯʘʜʦ ʈʠʚʝʨ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ 200 ʢʤ ʟʘʧʘʜʥʝʝ ʨʘʡʦʥʘ ɾʫʠʥʘ. ɺ ʵʪʠʭ ʨʦʩʩʳʧʷʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʦʢʨʫʛʣʳʝ 

ʘʣʤʘʟʳ, ʩʦʜʝʨʞʘʱʠʝ ʚʢʣʶʯʝʥʠʷ ʩʚʝʨʭʛʣʫʙʠʥʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʘ ʪʘʢʞʝ ʤʠʥʝʨʘʣʦʚ ʪʠʧʠʯʥʳʭ ʜʣʷ 

ʵʢʣʦʛʠʪʦʚʦʡ ʠ ʫʣʴʪʨʘʩʦʥʦʚʥʦʡ ʘʩʩʦʮʠʘʮʠʡ. ɺʩʝ ʪʨʠ ʛʨʫʧʧʳ ʚʢʣʶʯʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʠʤʝʨʥʦ 

ʚ ʨʘʚʥʦʡ ʧʨʦʧʦʨʮʠʠ [Bulanova e.a., 2008]. ʇʨʠ ʵʪʦʤ ʢʨʠʩʪʘʣʣʳ ʧʝʨʚʦʡ ʛʨʫʧʧʳ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʙʝʟʘʟʦʪʥʳʤʠ ʠʥʜʠʚʠʜʘʤʠ, ʘ ʚʪʦʨʦʡ ʠ ʪʨʝʪʴʝʡ ï ʩʨʝʜʥʝʘʟʦʪʥʳʤʠ. ʂʨʠʩʪʘʣʣʳ ʘʣʤʘʟʘ c 

ʚʢʣʶʯʝʥʠʷʤʠ ʩʚʝʨʭʛʣʫʙʠʥʥʳʭ ʤʠʥʝʨʘʣʦʚ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʚʥʫʪʨʝʥʥʠʤ 

ʩʪʨʦʝʥʠʝʤ ʠ ʦʙʦʛʘʱʝʥʥʦʩʪʴʶ ʪʷʞʝʣʳʤ ʠʟʦʪʦʧʦʤ ʫʛʣʝʨʦʜʘ ŭ13ʉ ʦʪ ï1,7 ʜʦ ï0,3ă. ʅʘʣʠʯʠʝ ʪʨʝʭ 

ʧʦʧʫʣʷʮʠʡ ʘʣʤʘʟʘ ʚ ʨʦʩʩʳʧʷʭ ʄʘʯʘʜʦ ʈʠʚʝʨ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʪʣʠʯʠʠ ʠʭ ʛʣʫʙʠʥʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ. ʆʜʠʥ ʠʟ ʵʪʠʭ ʠʩʪʦʯʥʠʢʦʚ ʧʦʜʦʙʝʥ ʠʩʪʦʯʥʠʢʫ ʘʣʤʘʟʦʚ ʨʘʡʦʥʘ ɾʫʠʥʘ. 
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ʇʦʤʠʤʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʳʭ ʧʦʧʫʣʷʮʠʡ ʘʣʤʘʟʘ, ʩʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ, 

[Hunt e.a., 2008] ʢ ʟʘʧʘʜʫ ʦʪ ʨʘʡʦʥʘ ɾʫʠʥʘ ʚ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʨʫʙʢʘʭ ʢʣʘʩʪʝʨʘ ʂʘʨʦʣʠʥʘ (ʰʪʘʪ 

ʈʦʥʜʦʥʠʘ) ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʘʣʤʘʟʳ ʩʨʝʜʥʝʘʟʦʪʥʦʡ ʧʦʧʫʣʷʮʠʠ ʩ Ntot 500-800 at.ppm ʠ ʘʛʨʝʛʘʮʠʝʡ 

ʘʟʦʪʘ ʚ ɺ-ʬʦʨʤʝ ʦʪ 20 ʜʦ 55%.ʉʨʝʜʠ ʥʠʭ ʧʨʝʦʙʣʘʜʘʶʪ ʦʢʨʫʛʣʳʝ ʢʨʠʩʪʘʣʣʳ ʘʣʤʘʟʘ, ʠʟ ʢʦʪʦʨʳʭ 

ʦʢʦʣʦ ʪʨʝʪʠ ʠʤʝʝʪ ʠʟʦʪʦʧʥʦ-ʣʝʛʢʠʡ ʩʦʩʪʘʚ ʫʛʣʝʨʦʜʘ (ŭ13ʉ ʜʦ -27ă). ʉʭʦʜʥʳʝ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ 

ʘʟʦʪʘ ʢʨʠʩʪʘʣʣʳ ʚʩʪʨʝʯʝʥʳ ʚ ʨʦʩʩʳʧʷʭ ʨʘʡʦʥʘ ɼʠʘʤʘʥʪʠʥʘ [Chaves, 2001], ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ 

ʚʦʩʪʦʯʥʝʝ ʨʘʡʦʥʘ ʂʦʨʦʤʘʥʜʝʣʴ.  

ʀʪʘʢ, ʚ ʨʦʩʩʳʧʷʭ ʠ ʪʨʫʙʢʘʭ ʖʞʥʦʘʤʝʨʠʢʘʥʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʚʳʷʚʣʝʥʦ ʪʨʠ ʦʩʥʦʚʥʳʭ 

ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʧʦʧʫʣʷʮʠʡ ʘʣʤʘʟʘ: 1) ʇʨʘʢʪʠʯʝʩʢʠ ʙʝʟʘʟʦʪʥʳʝ ʠ ʥʠʟʢʦʘʟʦʪʥʳʝ ʠʥʜʠʚʠʜʳ ʩ 

ʘʟʦʪʦʤ ʚ ʘʛʨʝʛʠʨʦʚʘʥʥʦʡ ʬʦʨʤʝ (NB~90%), 2) ʩʨʝʜʥʝʘʟʦʪʥʳʝ ʘʣʤʘʟʳ ʩ ʧʦʚʳʰʝʥʥʦʡ ʩʪʝʧʝʥʴʶ 

ʘʛʨʝʛʘʮʠʠ ʘʟʦʪʘ, 3) ʩʨʝʜʥʝʘʟʦʪʥʳʝ ʢʨʠʩʪʘʣʣʳ ʩ ʧʦʥʠʞʝʥʥʦʡ ʩʪʝʧʝʥʴʶ ʘʛʨʝʛʘʮʠʠ ʘʟʦʪʘ. 

ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʖʞʥʦ-ɸʤʝʨʠʢʘʥʩʢʦʡ ʧʣʘʪʬʦʨʤʳ 

ʘʥʦʤʘʣʴʥʦ ʠʟʦʪʦʧʥʦ-ʣʝʛʢʠʝ ʘʣʤʘʟʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ 

ʘʣʤʘʟʦʥʦʩʥʳʤʠ ʧʨʦʚʠʥʮʠʷʤʠ. ʊʘʢʠʝ ʢʨʠʩʪʘʣʣʳ ʦʙʳʯʥʦ ʩʦʜʝʨʞʘʪ ʤʠʥʝʨʘʣʴʥʳʝ ʚʢʣʶʯʝʥʠʷ 

ʵʢʣʦʛʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ ʠ ʦʩʦʙʝʥʥʦ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʩʨʝʜʥʝʘʟʦʪʥʳʭ ʧʦʧʫʣʷʮʠʡ ʘʣʤʘʟʘ ʨʘʡʦʥʦʚ 

ɻʫʘʥʠʘʤʦ ʠ ʃʦʩ ʂʦʢʠʪʦʩ (ɺʝʥʝʩʫʵʣʘ), ʘ ʪʘʢʞʝ ʢʣʘʩʪʝʨʘ ʂʘʨʦʣʠʥʘ (ɹʨʘʟʠʣʠʷ). ʕʪʠ ʜʘʥʥʳʝ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʟʥʘʯʠʤʘʷ ʯʘʩʪʴ ʘʣʤʘʟʦʚ ʖʞʥʦʘʤʝʨʠʢʘʥʩʢʦʡ ʧʣʘʪʬʦʨʤʳ 

ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʚ ʵʢʣʦʛʠʪʦʚʦʡ, ʦʙʦʛʘʱʝʥʥʦʡ ʘʟʦʪʦʤ ʠ ʙʠʦʛʝʥʥʳʤʠ ʫʛʣʝʚʦʜʦʨʦʜʘʤʠ ʩʨʝʜʝ.  

ɸʣʤʘʟʳ ʍʠʥʦ-ʂʦʨʝʡʩʢʦʡ (ʂʠʪʘʡʩʢʦ-ʂʦʨʝʡʩʢʦʡ) ʧʣʘʪʬʦʨʤʳ 

ʃʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ ʧʦ ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ ʠ ʩʚʦʡʩʪʚʘʤ ʘʣʤʘʟʦʚ ʠʟ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʂʠʪʘʷ 

ʥʝʤʥʦʛʦʯʠʩʣʝʥʥʳ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʘʣʤʘʟʦʥʦʩʥʳʭ ʢʠʤʙʝʨʣʠʪʦʚ (ʟʘʣʝʛʘʶʱʠʭ ʚ ʬʦʨʤʝ ʪʨʫʙʦʢ, 

ʜʘʝʢ, ʩʠʣʣʦʚ) ʠ ʣʘʤʧʨʦʠʪʦʚ ʧʨʠʫʨʦʯʝʥʘ ʢ ʝʛʦ ʩʝʚʝʨʥʳʤ ʦʙʣʘʩʪʷʤ (ʉʝʚʝʨʦ-ʂʠʪʘʡʩʢʘʷ 

ʧʣʘʪʬʦʨʤʘ). ɻʣʘʚʥʳʝ ʘʣʤʘʟʦʥʦʩʥʳʝ ʪʨʫʙʢʠ ʣʦʢʘʣʠʟʦʚʘʥʳ ʟʜʝʩʴ ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ 

ʧʨʦʚʠʥʮʠʠ ʃʘʦʥʠʥ (ʪʨʫʙʢʘ. ɹʠʥʭʘʡ) ʠ ʚ ʧʨʦʚʠʥʮʠʠ ʐʘʥʴʜʫʥ (ʪʨʫʙʢʘ ʐʝʥʛʣʠ). ʅʘ ʶʛʦ-ʚʦʩʪʦʢʝ 

ʂʠʪʘʷ, ʚ ʧʨʦʚʠʥʮʠʠ ʌʫʩʷʥʴ ʪʘʢ ʞʝ ʠʤʝʶʪʩʷ ʢʠʤʙʝʨʣʠʪʦʚʳʝ ʪʝʣʘ. ɼʘʥʥʳʝ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ 

ʘʟʦʪʘ ʠ ʥʝʢʦʪʦʨʳʤ ʩʚʦʡʩʪʚʘʤ ʘʣʤʘʟʦʚ ʦʜʥʦʡ ʠʟ ʪʨʫʙʦʢ ʵʪʦʡ ʧʨʦʚʠʥʮʠʠ, ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʳʝ 

ʥʘʤʠ ʚ ʙʘʟʝ ʜʘʥʥʳʭ, ʟʘʠʤʩʪʚʦʚʘʥʳ ʠʟ ʨʘʙʦʪʳ [Cartigny e.a., 1997].  

ʇʦ ʜʘʥʥʳʤ ʨʘʙʦʪʳ [ɻʘʦ ʉʷʦʠʥ, 2008], ʩʨʝʜʠ ʘʣʤʘʟʦʚ ʚʳʩʦʢʦʘʣʤʘʟʦʥʦʩʥʦʡ ʪʨʫʙʢʠ ʐʝʥʛʣʠ 

ʧʨʝʦʙʣʘʜʘʶʪ ʜʦʜʝʢʘʵʜʨʦʠʜʳ çʫʨʘʣʴʩʢʦʛʦè ʪʠʧʘ, ʩʦʩʪʘʚʣʷʶʱʠʝ ʦʢʦʣʦ 70% ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ 

ʢʨʠʩʪʘʣʣʦʚ. ɺ ʩʨʝʜʥʝʘʣʤʘʟʦʥʦʩʥʦʡ ʪʨʫʙʢʝ ɹʠʥʭʘʡ ʧʦʤʠʤʦ ʜʦʜʝʢʘʵʜʨʦʠʜʦʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ 

ʢʦʤʙʠʥʘʮʠʦʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʧʝʨʝʭʦʜʥʦʡ ʦʪ ʦʢʪʘʵʜʨʘ ʢ ʨʦʤʙʦʜʦʜʝʢʘʵʜʨʫ ʬʦʨʤʳ (ʦʢʦʣʦ 30% ʦʪ 

ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ) ʠ ʣʘʤʠʥʘʨʥʳʝ ʦʢʪʘʵʜʨʳ (ʦʢʦʣʦ 10% ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ). ɸʣʤʘʟʳ ɹʠʥʭʘʡ 

ʨʦʩʣʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦ ʪʘʥʛʝʥʮʠʘʣʴʥʦʤʫ ʤʝʭʘʥʠʟʤʫ, ʘ ʯʘʩʪʴ ʘʣʤʘʟʦʚ ʐʝʥʛʣʠ ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʤʝʥʳ (ʠʥʦʛʜʘ ʥʝʦʜʥʦʢʨʘʪʥʦʡ) ʪʘʥʛʝʥʮʠʘʣʴʥʦʛʦ ʠ ʥʦʨʤʘʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʦʚ ʨʦʩʪʘ 

[Lu e.a., 2012]. ʅʘ ʥʦʨʤʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ ʫʢʘʟʳʚʘʶʪ ʠʟʚʠʣʠʩʪʳʝ ʛʨʘʥʠʮʳ ʟʦʥ ʨʦʩʪʘ ʚʦ ʚʥʝʰʥʝʡ 
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ʦʙʣʘʩʪʠ ʢʨʠʩʪʘʣʣʘ (ʨʠʩʫʥʦʢ 2.11, ʘ). ɸʣʤʘʟʳ ʐʝʥʛʣʠ ʠ ɹʠʥʭʘʡ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ çʤʘʥʪʠʡʥʳʤè 

ʠʟʦʪʦʧʥʳʤ ʩʦʩʪʘʚʦʤ ʫʛʣʝʨʦʜʘ ŭ13ʉ ʦʪ ï5,8 ʜʦ ï2,4ă [Lu e.a., 2012]. ʉʨʝʜʠ ʚʢʣʶʯʝʥʠʡ ʚ ʘʣʤʘʟʘʭ 

ʧʨʝʦʙʣʘʜʘʶʪ ʤʠʥʝʨʘʣʳ ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ ʘʩʩʦʮʠʘʮʠʠ. 

 

 

ʈʠʩʫʥʦʢ 2.11. ɺʥʫʪʨʝʥʥʝʝ ʩʪʨʦʝʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ ʠʟ ʪʨʫʙʦʢ ʂʠʪʘʷ: ʘ) ʐʝʥʛʣʠ, ʧʨʦʚʠʥʮʠʷ 

ʐʘʥʴʜʫʥ, 2) ɹʠʥʭʘʡ, ʧʨʦʚʠʥʮʠʷ ʃʘʦʥʠʥ ʧʦ ʜʘʥʥʳʤ [Lu e.a., 2012] 

 

ʇʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʘʟʦʪʘ ʥʘʤʝʯʘʝʪʩʷ ʜʚʝ ʧʦʧʫʣʷʮʠʠ ʢʨʠʩʪʘʣʣʦʚ: ʚʳʩʦʢʦʘʟ ʪʥʘʷ(Ntot 1500-

2000 ppm) ʩ ʥʠʟʢʦʡ ʩʪʝʧʝʥʴʶ ʘʛʨʝʛʘʮʠʠ ʘʟʦʪʘ (NB 20-30%) ʠ ʩʨʝʜʥʝʘʟʦʪʥʘʷ (Ntot 700-900 ppm) ʩ 

NB 40-50%. ɺ ʮʝʣʦʤ ʧʦ ʢʦʤʧʣʝʢʩʫ ʩʚʦʡʩʪʚ ʘʣʤʘʟʳ ʪʨʫʙʦʢ ʐʝʥʛʣʠ ʠ ɹʠʥʭʘʡ ʙʣʠʟʢʠ ʢ ʘʣʤʘʟʘʤ 

ɿʦʣʦʪʠʮʢʦʛʦ ʧʦʣʷ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ [ɻʘʦ ʉʷʦʠʥ, 2008]. 

ʇʦ ʠʟʦʪʦʧʥʦʤʫ ʩʦʩʪʘʚʫ ʫʛʣʝʨʦʜʘ (ŭ13ʉ ʦʪ ï7 ʜʦ +1ă) ʠ ʧʦ ʪʠʧʫ ʤʠʥʝʨʘʣʴʥʳʭ ʚʢʣʶʯʝʥʠʡ 

(ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʫʣʴʪʨʘʦʩʥʦʚʥʘʷ ʘʩʩʦʮʠʘʮʠʷ) ʘʣʤʘʟʳ ʪʨʫʙʢʠ ˉ50 ʧʨʦʚʠʥʮʠʠ ʌʫʩʷʥʴ ʙʣʠʟʢʠ 

ʢ ʘʣʤʘʟʘʤ ʉʝʚʝʨʥʦʛʦ ʂʠʪʘʷ ʠʟ ʪʨʫʙʢʠ ɹʠʥʭʘʡ ʠ ʐʝʥʛʣʠ [Cartygni e.a., 1997]. ʆʜʥʘʢʦ ʧʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʘʟʦʪʘ ʩʦʧʦʩʪʘʚʣʷʝʤʳʝ ʢʨʠʩʪʘʣʣʳ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ɺ ʪʨʫʙʢʝ ˉ50 

ʧʨʝʦʙʣʘʜʘʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʘʟʦʪʥʳʝ ʠʥʜʠʚʠʜʳ ʩ Ntot 100-400 ppm ʠ ʧʦʚʳʰʝʥʥʦʡ ʜʦʣʝʡ 

ʢʨʠʩʪʘʣʣʦʚ ʪʠʧʘ IIa ~23%. ʉʪʝʧʝʥʴ ʘʛʨʝʛʘʮʠʠ ʘʟʦʪʘ ʚ ʘʣʤʘʟʘʭ ï ʚʳʩʦʢʘʷ NB ʦʪ 52 ʜʦ 82%. ʅʘ 

ʦʩʥʦʚʘʥʠʠ ʵʪʦʛʦ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʩʭʦʜʥʳʡ ʧʦ ʭʠʤʠʟʤʫ ʩʦʩʪʘʚ ʩʨʝʜʳ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʘʣʤʘʟʳ ʠʟ ʪʨʫʙʢʠ ˉ50 ʙʦʣʝʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ (1175-1225ʦʉ/1ʤʣʨʜ. ʣʝʪ), 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʣʤʘʟʘʤʠ ʪʨʫʙʦʡ ɹʠʥʭʘʡ ʠ ʐʝʥʛʣʠ (1075-1125 ʦʉ/1ʤʣʨʜ. ʣʝʪ). 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʄʴʷʥʤʳ (ɹʠʨʤʘ) ʘʣʤʘʟʳ ʙʳʣʠ ʥʘʡʜʝʥʳ ʚ 70-ʳʭ ʛʦʜʘʭ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ. 

ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʘʣʤʘʟʳ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʚ ʨʦʩʩʳʧʠ ʄʦʤʝʡʢ ʥʘ ʩʝʚʝʨʝ ʩʪʨʘʥʳ ï ʚ 200 ʢʤ ʢ 

ʩʝʚʝʨʦ-ʚʦʩʪʦʢʫ ʦʪ ʛʦʨʦʜʘ ʄʘʥʜʘʣʘʡ. ʇʦʟʞʝ ʙʳʣʠ ʦʪʢʨʳʪʳ ʨʦʩʩʳʧʠ ʊʦʥʢʦ (ʮʝʥʪʨʘʣʴʥʘʷ 

ʄʴʷʥʤʘ) ʠ ʨʦʩʩʳʧʠ ɿʝʡʥʜʦ ʥʘ ʶʛʝ ʄʴʷʥʤʳ. ʇʦ ʜʘʥʥʳʤ ʨʘʙʦʪʳ [Win e.a., 2001], ʚ ʨʦʩʩʳʧʷʭ 

ʄʦʤʝʡʢ ʠ ɿʝʡʥʜʦ ʧʨʝʦʙʣʘʜʘʶʪ ʩʨʝʜʥʝʘʟʦʪʥʳʝ ʢʨʠʩʪʘʣʣʳ (Ntot 400-800 ppm) c ʦʪʥʦʩʠʪʝʣʴʥʦ 
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ʧʦʥʠʞʝʥʥʦʡ ʜʦʣʝʡ ʘʟʦʪʘ ʚ ɺ-ʬʦʨʤʝ NB ʦʪ 13 ʜʦ 53%. ʆʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʦʢʨʫʛʣʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ ʨʦʤʙʦʜʦʜʝʢʘʵʜʨʠʯʝʩʢʦʛʦ ʛʘʙʠʪʫʩʘ. ʉʨʝʜʠ ʚʢʣʶʯʝʥʠʡ ʚ ʵʪʠʭ ʘʣʤʘʟʘʭ 

ʧʨʝʦʙʣʘʜʘʶʪ ʤʠʥʝʨʘʣʳ ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ ʘʩʩʦʮʠʘʮʠʠ. ʉʦʛʣʘʩʥʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʜʘʥʥʳʤ, ʧʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʘʟʦʪʘ, ʛʘʙʠʪʫʩʫ ʠ ʧʨʝʦʙʣʘʜʘʥʠʶ ʚʢʣʶʯʝʥʠʡ ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ ʘʩʩʦʮʠʘʮʠʠ ʵʪʠ 

ʢʨʠʩʪʘʣʣʳ ʙʣʠʟʢʠ ʢ ʘʣʤʘʟʘʤ ʩʨʝʜʥʝʘʟʦʪʥʦʡ ʧʦʧʫʣʷʮʠʠ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʨʫʙʦʢ ʐʝʥʛʣʠ ʠ 

ɹʠʥʭʘʡ ʉʝʚʝʨʥʦʛʦ ʂʠʪʘʷ.  

ʆʙʦʙʱʘʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦ ʘʣʤʘʟʘʤ ʍʠʥʦ-ʂʦʨʝʡʩʢʦʡ 

ʧʣʘʪʬʦʨʤʳ, ʩʨʝʜʠ ʥʠʭ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʪʨʠ ʦʩʥʦʚʥʳʝ ʧʦʧʫʣʷʮʠʠ: 1) 

ʥʠʟʢʦʘʟʦʪʥʳʝ ʘʣʤʘʟʳ ʩ ʧʦʚʳʰʝʥʥʦʡ ʩʪʝʧʝʥʴʶ ʘʛʨʝʛʘʮʠʠ ʘʟʦʪʘ, 2) ʩʨʝʜʥʝʘʟʦʪʥʳʝ ʘʣʤʘʟʳ ʩ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʥʠʞʝʥʥʦʡ ʩʪʝʧʝʥʴʶ ʘʛʨʝʛʘʮʠʠ ʘʟʦʪʘ, 3) ʚʳʩʦʢʦʘʟʦʪʥʳʝ ʘʣʤʘʟʳ ʩ ʥʠʟʢʦʡ 

ʩʪʝʧʝʥʴʶ ʘʛʨʝʛʘʮʠʠ ʘʟʦʪʘ. ʇʦʜʦʙʥʳʝ ʘʣʤʘʟʳ (ʪʘʙʣʠʮʘ 2.3) ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʪʨʫʙʢʘʭ ɿʠʤʥʝʛʦ 

ɹʝʨʝʛʘ (ɸʨʭʘʥʛʝʣʴʩʢʘʷ ʦʙʣʘʩʪʴ), ʯʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʩʭʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ʦʙʨʘʟʦʚʘʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʣʤʘʟʦʚ ʚ ʛʣʫʙʠʥʘʭ ʟʝʤʣʠ. 

ɸʣʤʘʟʳ ʀʥʜʦʩʪʘʥʩʢʦʡ ʧʣʘʪʬʦʨʤʳ 

ɸʣʤʘʟʦʥʦʩʥʳʝ ʨʦʩʩʳʧʠ ʚ ʀʥʜʠʠ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʩ ʜʦʠʩʪʦʨʠʯʝʩʢʠʭ ʚʨʝʤʝʥ, ʪʦʛʜʘ ʢʘʢ 

ʢʦʨʝʥʥʳʝ ʘʣʤʘʟʦʥʦʩʥʳʝ ʧʦʨʦʜʳ ʦʙʥʘʨʫʞʝʥʳ ʣʠʰʴ ʚ ʧʨʦʰʣʦʤ ʩʪʦʣʝʪʠʠ. ɸʣʤʘʟʦʥʦʩʥʳʝ 

ʢʠʤʙʝʨʣʠʪʳ ʠ ʣʘʤʧʨʦʠʪʳ ʥʘ ʀʥʜʦʩʪʘʥʩʢʦʡ ʧʣʘʪʬʦʨʤʝ ʣʦʢʘʣʠʟʦʚʘʥʳ ʚ ʪʨʝʭ ʧʨʦʚʠʥʮʠʷʭ 

ʎʝʥʪʨʘʣʴʥʦʡ (CIDP), ɺʦʩʪʦʯʥʦʡ (EIDP) ʠ ʖʞʥʦʡ (SIDP). ʀʟʚʝʩʪʥʳʤ ʤʝʩʪʦʨʦʞʜʝʥʠʝʤ ʘʣʤʘʟʘ ʚ 

CIDP ʷʚʣʷʝʪʩʷ ʣʘʤʧʨʦʠʦʚʘʷ ʪʨʫʙʢʘ ʄʘʜʞʛʘʚʘʥ. ʅʘʤʠ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʘʣʤʘʟʳ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ 

ʢʣʘʩʪʝʨʘ ɹʝʭʘʨʜʠʭ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʢʠʤʙʝʨʣʠʪʦʚʦʤ ʧʦʣʝ ʄʘʡʥʧʫʨ (EIDP), ʘ ʪʘʢʞʝ ʘʣʤʘʟʳ 

ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʧʦʣʷ ɺʘʡʨʘʢʘʨʫʨ (SIDP) ʥʘ ʦʩʥʦʚʝ ʢʦʣʣʝʢʮʠʡ, ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʭ ʠʥʜʠʡʩʢʠʤʠ 

ʛʝʦʣʦʛʘʤʠ [Mainkar e.a., 20121; Ravi e.a., 20122]. 

ʉʚʦʡʩʪʚʘ ʘʣʤʘʟʦʚ ʀʥʜʦʩʪʘʥʩʢʦʡ ʧʣʘʪʬʦʨʤʳ, ʩʫʜʷ ʧʦ ʤʘʣʦʤʫ ʯʠʩʣʫ ʧʫʙʣʠʢʘʮʠʡ ʥʘ ʵʪʫ ʪʝʤʫ, 

ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʤʘʣʦ ʠʟʫʯʝʥʳ. ʉʚʝʜʝʥʠʷ, ʢʘʩʘʶʱʠʝʩʷ ʨʘʩʧʨʝʜʣʝʥʠʷ ʘʟʦʪʥʳʭ ʮʝʥʪʨʦʚ ʚ ʘʣʤʘʟʘʭ ʠʟ 

ʪʨʫʙʦʢ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʣʝʡ ʄʘʡʥʧʫʨ ʠ ɺʘʡʨʘʢʘʨʫʨ ʨʘʥʝʝ ʦʛʨʘʥʠʯʠʚʘʣʠʩʴ ʜʘʥʥʳʤʠ ʧʦ 

ʝʜʠʥʠʯʥʳʤ ʢʨʠʩʪʘʣʣʘʤ. ʅʘʰʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʩʢʦʣʴʢʦ ʨʘʩʰʠʨʷʶʪ ʠʤʝʶʱʠʝʩʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠ 

ʧʦʟʚʦʣʷʶʪ ʩʨʘʚʥʠʪʴ ʘʣʤʘʟʳ ʠʟ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʀʥʜʠʠ ʩ ʘʣʤʘʟʘʤʠ ʠʟ ʜʨʫʛʠʭ ʨʝʛʠʦʥʦʚ. 

ʂʣʘʩʪʝʨ ɹʝʭʘʨʜʠʭ ʩʦʩʪʦʠʪ ʠʟ 6-ʪʠ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʝʣ, ʘʣʤʘʟʳ ʢʦʪʦʨʳʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʛʨʘʥʫʣʦʤʝʪʨʠʠ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʜʚʝ ʛʨʫʧʧʳ. ʂʨʠʩʪʘʣʣʳ ʨʘʟʤʝʨʦʤ ʙʦʣʝʝ 2 ʤʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʦʩʥʦʚʥʦʤ ʦʙʣʦʤʢʘʤʠ ʜʦʜʝʘʵʜʨʦʠʜʦʚ, ʰʧʠʥʝʣʝʚʳʭ ʜʚʦʡʥʠʢʦʚ ʦʢʪʘʵʜʨʦʚ, ʢʨʠʩʪʘʣʣʦʚ 

ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ ʠ ʦʩʢʦʣʢʘʤʠ. ʄʝʣʢʠʝ ʢʨʠʩʪʘʣʣʳ ʨʘʟʤʝʨʦʤ ʤʝʥʝʝ 1 ʤʤ ï ʚ ʦʩʥʦʚʥʦʤ 

ʦʢʪʘʵʜʨʳ. ʅʘʤʠ ʠʩʩʣʝʜʦʚʘʥʦ 16 ʤʘʢʨʦʢʨʠʩʪʘʣʣʦʚ ʠ ʠʭ ʦʙʣʦʤʢʦʚ. ʂʨʠʩʪʘʣʣʳ ʵʪʠ, ʛʣʘʚʥʳʤ 

ʦʙʨʘʟʦʤ, ʩʨʝʜʥʝʘʟʦʪʥʳʝ (Ntot 470-870 ppm) ʩ ʧʦʥʠʞʝʥʥʦʡ ʩʪʝʧʝʨʴʶ ʘʛʨʝʛʠʨʦʚʘʥʥʦʩʪʠ ʧʨʠʤʝʩʠ 

NB (28-44 %).  
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ʀʟʦʪʝʨʤʳ ʧʨʦʚʝʜʝʥʳ ʩ ʫʯʝʪʦʤ ʫʩʣʦʚʥʦʛʦ ʚʦʟʨʘʩʪʘ ʘʣʤʘʟʦʚ 1 ʤʣʨʜ. ʣʝʪ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ 

ʧʨʠʚʝʜʝʥʳ ʫʩʨʝʜʥʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʟʦʪʘ ʚ ʘʣʤʘʟʘʭ ʠʟ ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʦʚ ʤʠʨʘ 

 

ʈʠʩʫʥʦʢ 2.12. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʘʟʦʪʥʳʭ ʮʝʥʪʨʦʚ ʚ ʘʣʤʘʟʘʭ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ ɹʝʭʘʨʜʠʭ (ʘ) ʠ ʠʟ 

ʢʠʤʙʝʨʣʠʪʦʚ (1), ʢʦʥʛʣʦʤʝʨʘʪʦʚ (2) ʠ ʛʨʘʚʝʣʣʠʪʦʚ (3) ɺʘʡʨʘʢʘʨʫʨ (ʙ) 

 

ʇʦʣʝ ɺʘʡʨʘʢʘʨʫʨ ʚʢʣʶʯʘʝʪ 4 ʛʨʫʧʧʳ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʝʣ, ʠʟ ʢʦʪʦʨʳʭ ʙʳʣʠ ʦʪʦʙʨʘʥʳ 26 

ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ. ʉʨʝʜʠ ʥʠʭ ʜʦʜʝʢʘʵʜʨʦʠʜʳ ʠ ʦʢʪʘʵʜʨʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʠʤʝʨʥʦ ʚ ʨʘʚʥʦʡ 

ʧʨʦʧʦʨʮʠʠ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʩʦʜʝʨʞʘʥʠʠ (27%) ʠʥʜʠʚʠʜʦʚ ʥʝʧʨʘʚʠʣʴʥʦʡ 

ʬʦʨʤʳ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 2.12 ʠ ʪʘʙʣʠʮʳ 2.3 ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʘʟʦʪʘ ʩʨʝʜʠ ʘʣʤʘʟʦʚ ʧʦʣʷ 

ɺʘʡʨʘʢʘʨʫʨ ʧʨʝʦʙʣʘʜʘʶʪ ʩʨʝʜʥʝʘʟʦʪʥʳʝ ʢʨʠʩʪʘʣʣʳ ʩ ʧʦʥʠʞʝʥʥʦʡ ʩʪʝʧʝʥʴʶ ʘʛʨʝʛʘʮʠʠ 

ʧʨʠʤʝʩʠ, ʩʦʧʦʩʪʘʚʠʤʳʝ ʩ ʛʣʘʚʥʦʡ ʧʦʧʫʣʷʮʠʝʡ ʘʣʤʘʟʦʚ ɹʝʭʘʨʜʠʭ. ʊʘʢʠʝ ʞʝ ʩʨʝʜʥʝʘʟʦʪʥʳʝ 

ʧʦʧʫʣʷʮʠʠ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʥʠʞʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʘʟʦʪʘ ʚ ɺ-ʬʦʨʤʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʩʨʝʜʠ 

ʘʣʤʘʟʦʚ ʚ ʪʨʫʙʢʘʭ ʎʝʥʪʨʘʣʴʥʦʡ ʗʢʫʪʠʠ, ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ, ʂʘʥʘʜʳ (ʨʠʩʫʥʦʢ 2.12, 

ʪʘʙʣʠʮʘ 2.3). 

ʇʨʠʚʝʜʝʥʥʦʝ ʚʳʰʝ ʦʧʠʩʘʥʠʝ ʪʠʧʦʤʦʨʬʥʳʭ ʩʚʦʡʩʪʚ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʟʦʪʘ ʚ ʘʣʤʘʟʘʭ ʠʟ 

ʪʨʫʙʦʢ ʠ ʨʦʩʩʳʧʝʡ ʨʘʟʣʠʯʥʳʭ ʘʣʤʘʟʦʥʦʩʥʳʭ ʧʨʦʚʠʥʮʠʡ ʤʠʨʘ ʩʣʫʞʠʪ ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ 

ʦʙʦʩʥʦʚʘʥʥʦʡ ʪʠʧʠʟʘʮʠʠ ʘʣʤʘʟʦʚ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʚ ʥʠʭ ʘʟʦʪʥʳʭ ʮʝʥʪʨʦʚ. 

 

2.4. ʉʠʩʪʝʤʘʪʠʟʘʮʠʷ ʘʣʤʘʟʦʚ ʧʦ ʩʨʝʜʥʝʤʫ ʩʦʜʝʨʞʘʥʠʶ ʩʪʨʫʢʪʫʨʥʳʭ ʜʝʬʝʢʪʦʚ ʚ ʚʳʙʦʨʢʘʭ 

ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ ʠʟ ʨʘʟʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʤʠʨʘ 

 

ɺʧʝʨʚʳʝ ʦʙʦʙʱʝʥʠʝ ʜʘʥʥʳʭ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʘʟʦʪʥʳʭ, ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ ʠ ʧʣʝʡʪʝʣʝʪʩ 

ʧʨʦʚʝʜʝʥʦ ʥʘʤʠ ʥʘ ʦʩʥʦʚʝ ʩʦʙʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦ ʘʣʤʘʟʘʤ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʝʣ ʠ ʨʦʩʩʳʧʝʡ 
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ʗʢʫʪʠʠ, ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ, ɹʨʘʟʠʣʠʠ ʠ ɺʝʥʝʩʫʵʣʳ, ʖʞʥʦʡ ɸʬʨʠʢʠ ʠ ʂʘʥʘʜʳ. 

ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʙʳʣʦ ʠʟʫʯʝʥʦ 1624 ʢʨʠʩʪʘʣʣʘ ʘʣʤʘʟʘ ʠʟ 32 ʦʙʲʝʢʪʦʚ. ʇʨʠ ʵʪʦʤ ʩʣʫʯʘʡʥʘʷ 

ʚʳʙʦʨʢʘ ʘʣʤʘʟʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʢʘʞʜʳʡ ʠʟ ʦʙʲʝʢʪʦʚ, ʩʦʩʪʘʚʣʷʣʘ ʦʪ 30 ʜʦ 200 ʰʪʫʢ 

ʢʨʠʩʪʘʣʣʦʚ. ʇʝʨʚʠʯʥʘʷ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʧʦ ʢʘʞʜʦʤʫ ʠʟ ʦʙʲʝʢʪʦʚ ʟʘʢʣʶʯʘʣʘʩʴ 

ʚ ʠʟʫʯʝʥʠʠ ʭʘʨʘʢʪʝʨʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʚ ʥʠʭ ʩʪʨʫʢʪʫʨʥʦʡ ʧʨʠʤʝʩʠ 

ʘʟʦʪʘ. ʂʨʦʤʝ ʪʦʛʦ, ʦʧʨʝʜʝʣʷʣʠʩʴ ʤʦʜʘʣʴʥʳʝ ʠ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ 

ʜʝʬʝʢʪʦʚ ʚ ʘʣʤʘʟʘʭ ʠ ʠʭ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʠʝ ʦʪʢʣʦʥʝʥʠʷ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʚʳʙʦʨʦʢ ʘʣʤʘʟʘ ʠʟ 

ʪʨʫʙʦʢ ʄʘʣʦ-ɹʦʪʫʦʙʠʥʩʢʦʛʦ ʠ ɼʘʣʜʳʥʦ-ɸʣʘʢʠʪʩʢʦʛʦ ʨʘʡʦʥʦʚ ʗʢʫʪʠʠ, ʘ ʪʘʢʞʝ ʨʦʩʩʳʧʝʡ 

ʨʘʡʦʥʦʚ ʂʦʨʦʤʘʥʜʝʣʴ ʠ ɾʫʠʥʘ ʚ ɹʨʘʟʠʣʠʠ, ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʦʜʥʦʤʦʜʘʣʴʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 

ʢʨʠʩʪʘʣʣʦʚ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʘʟʦʪʘ, ʘ ʦʩʪʘʣʴʥʳʝ ï ʜʚʫʤʦʜʘʣʴʥʳʤ. ʅʘ ʨʠʩʫʥʢʝ 2.13 ʥʘʥʝʩʝʥʳ 

ʤʦʜʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ Ntot, ʘ ʪʘʢ ʞʝ ʠʥʪʝʨʚʘʣʳ ʝʛʦ ʚʘʨʠʘʮʠʡ ʜʣʷ 70% ʢʨʠʩʪʘʣʣʦʚ ʢʘʞʜʦʡ 

ʚʳʙʦʨʢʠ. ɾʠʨʥʦʡ ʣʠʥʠʝʡ ʦʙʦʟʥʘʯʝʥʘ ʛʣʘʚʥʘʷ ʤʦʜʘ, ʘ ʙʦʣʝʝ ʪʦʥʢʦʡ ʰʪʨʠʭʦʚʦʡ ï ʚʪʦʨʦʩʪʝʧʥʥʘʷ. 

ʈʠʩʫʥʦʢ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʛʨʫʧʧʠʨʦʚʘʥʠʝ ʤʦʜʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʩʦʜʝʨʞʘʥʠʷ ʘʟʦʪʘ ʚ ʢʨʠʩʪʘʣʣʘʭ ʠʟ 

ʨʘʟʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʇʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟʫʯʝʥʥʳʭ ʚʳʙʦʨʦʢ ʢʨʠʩʪʘʣʣʦʚ (>80%), 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʦʜʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ Ntot ʦʪ 50-1000 at.ppm, ʦʙʨʘʟʫʷ ʛʨʫʧʧʫ 2. ɻʨʫʧʧʘ 2 

ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʜʚʝ ʧʦʜʛʨʫʧʧʳ: 2a - çʥʠʟʢʦʘʟʦʪʥʫʶè c Ntot <400 at.ppm ʠ 2b - 

çʩʨʝʜʥʝʘʟʦʪʥʫʶè.  

ʉʦʛʣʘʩʥʦ ʠʤʝʶʱʠʤʩʷ ʚ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ, ʘʣʤʘʟʳ ʛʨʫʧʧʳ 2a ï ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʢʨʠʩʪʘʣʣʘʤ ʘʣʤʘʟʘ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ ʠʣʠ ʵʢʣʦʛʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʡ, ʘ ʛʨʫʧʧʳ 

2b - ʢʨʠʩʪʘʣʣʘʤ ʘʣʤʘʟʘ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʵʢʣʦʛʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ. ɺʳʙʦʨʢʠ ʘʣʤʘʟʘ ʠʟ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʨʘʡʦʥʘ ɾʫʠʥʘ, ɹʨʘʟʠʣʠʷ ï ʛʨʫʧʧʳ 1 ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʢʨʘʡʥʝ ʥʠʟʢʠʤʠ 

ʤʦʜʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʟʦʪʘ ʚ ʢʨʠʩʪʘʣʣʘʭ: Ntot <50 at.ppm. ɺʤʝʩʪʝ ʩ ʪʝʤ ʚ 

ʢʨʠʩʪʘʣʣʘʭ ʘʣʤʘʟʘ ʠʟ ʵʪʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʘʙʣʶʜʘʶʪʩʷ ʚʢʣʶʯʝʥʠʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ 

çʩʚʝʨʭʛʣʫʙʠʥʥʳʭè ʤʠʥʝʨʘʣʦʚ (ʛʣʘʚʘ 1). ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʩʜʝʣʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ 

ʘʣʤʘʟʳ ʛʨʫʧʧʳ 1 ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʙʦʣʝʝ ʛʣʫʙʠʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʣʤʘʟʘʤʠ 

ʛʨʫʧʳ 2. ɺʳʩʦʢʦʘʟʦʪʥʳʝ ʘʣʤʘʟʳ ʛʨʫʧʧʳ 3 ʩ Ntot >1000 at.ppm ʥʝʨʝʜʢʦ ʦʙʣʘʜʘʶʪ 

ʚʦʣʦʢʥʠʩʪʳʤ ʩʪʨʦʝʥʠʝʤ ʠ ʩʦʜʝʨʞʘʪ ʤʠʥʝʨʘʣʴʥʳʝ ʚʢʣʶʯʝʥʠʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʵʢʣʦʛʠʪʦʚʦʡ 

ʘʩʩʦʮʠʘʮʠʠ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʦʥʠ ʢʨʠʩʪʘʣʣʠʟʦʚʘʣʠʩʴ ʚ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ ʚ 

ʵʢʣʦʛʠʪʦʚʦʡ ʩʨʝʜʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʠʤʙʝʨʣʠʪʦʚ.  
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ɺʝʨʪʠʢʘʣʴʥʳʝ ʣʠʥʠʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʘʨʠʘʮʠʠ Ntot ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ (70%) ʢʨʠʩʪʘʣʣʦʚ ʛʣʘʚʥʦʡ 

(ʩʧʣʦʰʥʘʷ) ʠ ʚʪʦʨʦʩʪʝʧʝʥʥʦʡ (ʰʪʨʠʭʦʚʘʷ) ʧʦʧʫʣʷʮʠʡ ʘʣʤʘʟʘ ʢʘʞʜʦʡ ʚʳʙʦʨʢʠ. 

 

ʊʨʫʙʢʠ ʄʘʣʦ-ɹʦʪʫʦʙʠʥʩʢʦʛʦ ʨʘʡʦʥʘ: 1 ï ʀʥʪʝʨʥʘʮʠʦʥʘʣʴʥʘʷ (57), 2 ï ʉʧʫʪʥʠʢ (34), 3 ï ʠʤ. 23 

ʧʘʨʪʩʲʝʟʜʘ (62); ʊʨʫʙʢʠ ɼʘʣʜʳʥʦ-ɸʣʘʢʠʪʩʢʦʛʦ ʨʘʡʦʥʘ: 4 ï ɸʡʭʘʣ (35), 5 ï ɼʘʣʴʥʷʷ (35), 

6 ï ʂʦʤʩʦʤʦʣʴʩʢʘʷ (39), 7 ï ʂʨʘʩʥʦʧʨʝʩʥʝʥʩʢʘʷ (43), 8 ï ʇʨʦʛʥʦʟʥʘʷ (40), 9 ï ʉʳʪʳʢʘʥʩʢʘʷ (32), 

10 ï ʋʜʘʯʥʘʷ (38), 11 ï ɿʘʨʥʠʮʘ (36); ʈʦʩʩʳʧʠ ʉɺ ʗʢʫʪʠʠ: 12 ï ʊʘʩ-ɸʨʳ (43); ʊʨʫʙʢʠ 

ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ: 13 ï ɸʨʭʘʥʛʝʣʴʩʢʘʷ (39), 14 ï ʠʤ. ʂʘʨʧʠʥʩʢʦʛʦ-1 (77), 

15 ï ʠʤ.ʃʦʤʦʥʦʩʦʚʘ (102), 16 ï ʇʦʤʦʨʩʢʘʷ (159); ʈʦʩʩʳʧʠ ʋʨʘʣʘ: 17 ï ʂʦʡʚʦ-ɺʠʞʘʡʩʢʠʡ ʨʘʡʦʥ 

(55); 18 ï ʪʨʫʙʢʘ ʇʨʝʤʴʝʨ, ʖɸʈ (19); 19 ï ɼʆ-27, ʂʘʥʘʜʘ (201); ʈʦʩʩʳʧʠ ʨ-ʥʘ ʂʦʨʦʤʘʥʜʝʣʴ, 

ɹʨʘʟʠʣʠʷ: 20 ï ʛʨʦʪʘ ʜʦ ʇʠʤʧʠʤ (34), 21 ï ʕʩʧʠʨʠʪʦ ʉʘʥʪʦ (32), 22 ï ʀʤʙʝ (32), 23 ï ʂʨʠʤʠʥʦʟʘ 

(32); ʈʦʩʩʳʧʠ ʨʘʡʦʥʘ ɾʫʠʥʘ, ɹʨʘʟʠʣʠʷ: 24 ï ʉʘʥ ʃʫʠʩ (31), 25 ï ɺʝʨʤʝʣʴʦ (33), 26 ï ʎʠʢʦʨʘ 

(34); ʉʠʣʣʳ ʠ ʨʦʩʩʳʧʠ ɺʝʥʝʩʫʵʣʳ: 27 ï ʩʠʣʣʳ (51), 28 ï ʂʝʙʨʘʜʘ ɻʨʘʥʜʝ (40), 29 ï ɻʫʘʥʠʘʤʠʪʦ 

(52), 30 - ʏʠʫʘʫʘ (33), 31 ï ʈʠʥʛʠ-ʈʠʥʛʠ (33), 32 ï ʉʝʥʪʝʣʴʷ (40). ɺ ʩʢʦʙʢʘʭ ï ʢʦʣʠʯʝʩʪʚʦ 

ʢʨʠʩʪʘʣʣʦʚ ʚ ʢʘʞʜʦʡ ʚʳʙʦʨʢʝ. 
 

ʈʠʩʫʥʦʢ 2.13. ʄʦʜʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʘʟʦʪʘ (N tot, at.ppm) ʜʣʷ ʚʳʙʦʨʦʢ ʘʣʤʘʟʘ 

ʠʟ ʨʘʟʣʠʯʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

 

ɻʨʫʧʧʠʨʦʚʢʠ ʚʳʙʦʨʦʢ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ ʨʘʟʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʨʦʩʤʘʪʨʠʚʘʶʪʩʷ ʠ 

ʥʘ ʜʠʘʛʨʘʤʤʘʭ, ʧʦʩʪʨʦʝʥʥʳʭ ʧʦ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʷʤ ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʘʟʦʪʘ 

Ntot, ʧʣʝʡʪʣʝʪʩ (ʈ), ʚʦʜʦʨʦʜʘ (ʅ) ʠ ʩʪʝʧʝʥʠ ʘʛʨʝʛʘʮʠʠ ʘʟʦʪʘ ʚ ʢʨʠʩʪʘʣʣʘʭ (%ɺ) ʚ ʢʦʦʨʜʠʥʘʪʘʭ 

Ntot-%Nɺ, ʈ-% Nɺ ʠ ʅ-% Nɺ (ʨʠʩʫʥʢʠ 2.14-2.16).  
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ʀʟʦʪʝʨʤʳ ʧʨʦʚʝʜʝʥʳ ʜʣʷ çʚʦʟʨʘʩʪʘè ʘʣʤʘʟʦʚ 3 ʤʣʨʜ. ʣʝʪ ʧʦ ʨʘʙʦʪʝ [Taylor, Milledge, 1995]. 

ʅʘʟʚʘʥʠʝ ʨʘʡʦʥʘ çɾʫʠʥʘè ʵʢʚʠʚʘʣʝʥʪʥʦ çɼʞʫʠʥʘè. ʆʙʦʟʥʘʯʝʥʠʷ ʪʝ ʞʝ, ʯʪʦ ʠ ʥʘ ʨʠʩ. 2.13 

 

ʈʠʩʫʥʦʢ 2.14. ʋʩʨʝʜʥʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʘʟʦʪʘ (Ntot) ʠ ʩʪʝʧʝʥʠ ʝʛʦ 

ʘʛʨʝʛʠʨʦʚʘʥʥʦʩʪʠ (%Nʚ) ʚ ʘʣʤʘʟʘʭ ʠʟ ʪʨʫʙʦʢ ʠ 

ʨʦʩʩʳʧʝʡ  ʨʘʟʣʠʯʥʳʭ ʨʘʡʦʥʦʚ ʤʠʨʘ 

 

 

ʈʠʩʫʥʦʢ 2.15. ʋʩʨʝʜʥʝʥʥʳʝ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʧʣʝʡʪʣʝʪʩ (P) ʠ ʩʪʝʧʝʥʴ ʘʛʨʝʛʘʮʠʠ 

ʘʟʦʪʘ (%Nʚ) ʚ ʘʣʤʘʟʘʭ ʠʟ ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʦʚ. ʆʙʦʟʥʘʯʝʥʠʷ ʪʝ ʞʝ, ʯʪʦ ʠ ʥʘ ʨʠʩ. 2.13 
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ʈʠʩʫʥʦʢ 2.16. ʋʩʨʝʜʥʝʥʥʳʝ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʦʨʦʜʘ ʠ ʩʪʝʧʝʥʴ ʘʛʨʝʛʘʮʠʠ 

ʘʟʦʪʘ (%Nʚ) ʚ ʘʣʤʘʟʘʭ ʠʟ ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʦʚ. ʆʙʦʟʥʘʯʝʥʠʷ ʪʝ ʞʝ, ʯʪʦ ʠ ʥʘ ʨʠʩ. 2.13 

 

ʂʘʞʜʘʷ ʪʦʯʢʘ ʥʘ ʵʪʠʭ ʨʠʩʫʥʢʘʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʷʤ ʫʢʘʟʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʜʣʷ ʚʳʙʦʨʢʠ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ (30-200 ʰʪ.) ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʉʦʛʣʘʩʥʦ 

ʜʠʘʛʨʘʤʤʝ (ʨʠʩʫʥʦʢ 2.14), ʩʦʚʤʝʱʝʥʥʦʡ ʩ ʜʠʘʛʨʘʤʤʦʡ ʊʵʡʣʦʨʘ-ʄʠʣʣʝʜʞ (1995), ʘʣʤʘʟʳ 

ʛʨʫʧʧʳ 1, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʣʤʘʟʘʤʠ ʛʨʫʧʧʳ 2, ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ çʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤʠè, ʘ 

ʘʣʤʘʟʳ ʛʨʫʧʧʳ 3 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ çʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤʠè. 

ɼʠʘʛʨʘʤʤʳ, ʧʦʩʪʨʦʝʥʥʳʝ ʚ ʢʦʦʨʜʠʥʘʪʘʭ Ntot-%Nɺ, ʈ-% Nɺ ʠ ʅ-% Nɺ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʪʠʧʦʤʦʨʬʠʟʤ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʚ ʥʠʭ ʘʟʦʪʘ, ʚʦʜʦʨʦʜʘ ʠ ʧʣʝʡʪʣʝʪʩ. ɺʳʙʦʨʢʠ 

ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ ʢʘʞʜʦʛʦ ʠʟ 32-ʭ ʚʟʷʪʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘ ʜʠʘʛʨʘʤʤʘʭ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʬʠʛʫʨʘʪʠʚʥʦʡ ʪʦʯʢʦʡ, ʯʪʦ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʚʳʙʦʨʦʢ ʘʣʤʘʟʘ ʠʟ ʨʦʩʩʳʧʝʡ ʩ ʥʝʠʟʚʝʩʪʥʳʤʠ ʢʦʨʝʥʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ. ʂʨʦʤʝ ʪʦʛʦ, 

ʧʦʢʘʟʘʪʝʣʴʥʦ, ʯʪʦ ʘʣʤʘʟʳ ʠʟ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʨʘʡʦʥʘ ʦʙʨʘʟʫʶʪ ʥʘ ʜʠʘʛʨʘʤʤʘʭ 

ʥʝ ʧʝʨʝʢʨʳʚʘʶʱʠʝʩʷ ʧʦʣʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʩʪʨʫʢʪʫʨʥʳʭ ʜʝʬʝʢʪʦʚ ʚ ʘʣʤʘʟʝ 

ʚʳʷʚʣʷʝʪʩʷ ʪʠʧʦʤʦʨʬʠʟʤ ʘʣʤʘʟʘ ʜʚʫʭ ʫʨʦʚʥʝʡ: ʜʣʷ ʦʪʜʝʣʴʥʦ ʚʟʷʪʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʜʣʷ 

ʛʨʫʧʧ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʨʘʡʦʥʘ, ʯʪʦ ʚʘʞʥʦ ʧʨʠ ʨʝʰʝʥʠʠ ʧʨʦʛʥʦʟʥʦ-ʧʦʠʩʢʦʚʳʭ 

ʟʘʜʘʯ. ʀʟ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʨʠʩʫʥʢʦʚ 2.14-2.16 ʚʠʜʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʝ ʦʪʣʠʯʠʷ ʤʝʞʜʫ 

ʘʣʤʘʟʘʤʠ ʠʟ ʨʘʟʥʳʭ ʦʙʲʝʢʪʦʚ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʧʦ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʷʤ ʩʪʝʧʝʥʠ ʘʛʨʝʛʘʮʠʠ ʘʟʦʪʘ 

(% Nɺ ) ʠ ʩʦʜʝʨʞʘʥʠʶ ʚʦʜʦʨʦʜʘ (ʅ). 
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ɺʤʝʩʪʝ ʩ ʪʝʤ ʚ ʨʘʟʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʨʘʟʦʙʱʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʙʳʣʠ ʚʳʷʚʣʝʥʳ 

ʚʳʙʦʨʢʠ ʘʣʤʘʟʘ, ʩʭʦʜʥʳʝ ʤʝʞʜʫ ʩʦʙʦʡ. ʅʘʧʨʠʤʝʨ, ʠʟ ʨʠʩʫʥʢʘ 2.13 ʤʦʞʥʦ ʚʠʜʝʪʴ ʩʦʚʧʘʜʝʥʠʝ 

ʤʦʜʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ Ntot ʜʣʷ ʚʳʙʦʨʦʢ ʠʟ ʪʨʫʙʦʢ ʄʘʣʦ-ɹʦʪʫʦʙʠʥʩʢʦʛʦ ʨʘʡʦʥʘ ʗʢʫʪʠʠ ʠ 

ʥʝʢʦʪʦʨʳʭ ʪʨʫʙʦʢ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ. ʕʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʩʭʦʜʥʳʭ ʫʩʣʦʚʠʷʭ 

ʦʙʨʘʟʦʚʘʥʠʷ ʘʣʤʘʟʦʚ ʠʟ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʨʘʟʦʙʱʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 

 

2.5. ʊʠʧʠʟʘʮʠʷ ʧʦʧʫʣʷʮʠʡ ʘʣʤʘʟʘ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʘʟʦʪʥʳʭ ʮʝʥʪʨʦʚ ʚ ʢʨʠʩʪʘʣʣʘʭ ʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʧʦʧʫʣʷʮʠʡ ʨʘʟʥʦʛʦ ʪʠʧʘ ʚ ʘʣʤʘʟʦʥʦʩʥʳʭ ʧʨʦʚʠʥʮʠʷʭ ʤʠʨʘ 

 

ɼʘʥʥʳʝ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʘʟʦʪʥʳʭ ʮʝʥʪʨʦʚ ʚ ʦʩʥʦʚʥʳʭ ʧʦʧʫʣʷʮʠʷʭ ʘʣʤʘʟʘ ʠ ʨʷʜ ʜʨʫʛʠʭ 

ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʚ ʛʝʥʝʪʠʯʝʩʢʦʤ ʘʩʧʝʢʪʝ ʩʚʦʡʩʪʚ ʢʨʠʩʪʘʣʣʦʚ ʠʟ ʠʟʫʯʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʧʨʠʚʝʜʝʥʳ 

ʚ ʪʘʙʣʠʮʝ 2.3. ʇʨʠ ʦʧʠʩʘʥʠʠ ʢʨʠʩʪʘʣʣʳ ʪʨʫʙʦʢ ʠ ʨʦʩʩʳʧʝʡ ʨʘʟʜʝʣʝʥʳ ʧʦ ʧʣʘʪʬʦʨʤʘʤ ï 

ʘʣʤʘʟʦʥʦʩʥʳʤ ʧʨʦʚʠʥʮʠʷʤ ʠ ʨʘʡʦʥʘʤ ʠʣʠ ʧʦʣʷʤ. 

ɼʣʷ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʠʟ ʨʘʟʥʳʭ ʦʙʲʝʢʪʦʚ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʘʟʦʪʥʳʭ ʮʝʥʪʨʦʚ 

ʥʘʤʠ ʚʳʜʝʣʷʣʠʩʴ ʛʨʫʧʧʳ ʢʨʠʩʪʘʣʣʦʚ - ʧʦʧʫʣʷʮʠʠ, ʜʦʤʠʥʠʨʫʶʱʠʝ ʩʨʝʜʠ ʠʥʜʠʚʠʜʦʚ ʢʘʞʜʦʡ 

ʪʨʫʙʢʠ ʠʣʠ ʨʦʩʩʳʧʠ. ʆʜʥʦʤʦʜʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʘʟʦʪʘ Ntot ʠ 

%Nɺ-ʬʦʨʤʘʭ, ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ ʦʜʥʦʡ ʛʣʘʚʥʦʡ ʧʦʧʫʣʷʮʠʠ, ʘ ʜʚʫʤʦʜʘʣʴʥʦʝ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʜʚʫʤ ʧʦʧʫʣʷʮʠʷʤ. ʆʧʨʝʜʝʣʝʥʠʝ ʧʦʥʷʪʠʷ çʧʦʧʫʣʷʮʠʷè ʠ ʩʧʦʩʦʙ ʝʝ ʚʳʜʝʣʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚʳʰʝ 

(2.3).  

ɼʘʥʥʳʝ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʘʟʦʪʘ ʚ ʢʨʠʩʪʘʣʣʘʭ ʦʩʥʦʚʥʳʭ ʧʦʧʫʣʷʮʠʡ ʘʣʤʘʟʘ ʠʟ ʪʨʫʙʦʢ ʠ 

ʨʦʩʩʳʧʝʡ ʨʘʟʥʳʭ ʨʝʛʠʦʥʦʚ ʙʳʣʠ ʩʚʝʜʝʥʳ ʚʤʝʩʪʝ ʥʘ ʜʠʘʛʨʘʤʤʝ (ʨʠʩʫʥʦʢ 2.17). ʅʘ ʜʠʘʛʨʘʤʤʝ 

ʚʳʜʝʣʷʝʪʩʷ ʰʝʩʪʴ ʦʙʦʩʦʙʣʝʥʥʳʭ ʦʙʣʘʩʪʝʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʟʥʳʤ ʪʠʧʘʤ ʧʦʧʫʣʷʮʠʡ ʘʣʤʘʟʘ. 

ʇʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʘʟʦʪʘ ʠ ʜʨʫʛʠʤ ʪʠʧʦʤʦʨʬʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʘʣʤʘʟʳ ʪʠʧʦʚ I - VI  

ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦ ʜʨʫʛʘ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʘʟʣʠʯʠʠ ʠʭ ʛʝʥʝʟʠʩʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʙʦʣʴʰʠʥʩʪʚʦ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʨʠʜʝʨʞʠʚʘʝʪʩʷ ʢʦʥʮʝʧʮʠʠ çʢʩʝʥʦʛʝʥʥʦʡè ʧʨʠʨʦʜʳ ʘʣʤʘʟʘ, 

ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʘʣʤʘʟ ʦʙʨʘʟʫʝʪʩʷ ʚ ʛʣʫʙʠʥʥʳʭ ʟʦʥʘʭ ɿʝʤʣʠ ʠ ʚʳʥʦʩʠʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʚʤʝʩʪʝ ʩ ʢʠʤʙʝʨʣʠʪʘʤʠ ʠ ʣʘʤʧʨʦʠʪʘʤʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʩʣʝʜʫʝʪ ʦʞʠʜʘʪʴ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʘʟʦʪʘ ʚ ʨʘʟʥʳʭ ʪʠʧʘʭ ʧʦʧʫʣʷʮʠʡ ʘʣʤʘʟʘ ʚʦ ʤʥʦʛʦʤ ʜʦʣʞʥʦ ʦʧʨʝʜʝʣʷʪʴʩʷ ʫʩʣʦʚʠʷʤʠ ʝʛʦ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚ ʛʣʫʙʠʥʥʳʭ ʠʩʪʦʯʥʠʢʘʭ. 

ɽʩʣʠ ʦʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʩʪʨʫʢʪʫʨʥʦʡ ʧʨʠʤʝʩʠ ʘʟʦʪʘ (Ntot) ʠ ʩʦʩʪʘʚ ʤʠʥʝʨʘʣʴʥʳʭ 

ʚʢʣʶʯʝʥʠʡ ʚ ʘʣʤʘʟʘʭ ʦʪʨʘʞʘʶʪ ʩʚʦʡʩʪʚʘ ʩʨʝʜʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʪʦ ʤʦʞʥʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ 

ʘʣʤʘʟʳ ʧʝʨʚʳʭ ʧʷʪʠ ʪʠʧʦʚ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʨʘʟʣʠʯʥʳʭ ʛʣʫʙʠʥʥʳʭ ʠʩʪʦʯʥʠʢʘʭ. ʊʘʢ, 

ʘʣʤʘʟʳ ʪʠʧʘ I, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʚʢʣʶʯʝʥʠʷʤʠ çʩʚʝʨʭʛʣʫʙʠʥʥʳʭè ʤʠʥʝʨʘʣʦʚ, 

ʢʨʠʩʪʘʣʣʠʟʦʚʘʣʠʩʴ ʚ ʩʧʝʮʠʬʠʯʝʩʢʦʤ ʩʫʙʩʪʨʘʪʝ, ʦʙʝʜʥʝʥʥʦʤ ʘʟʦʪʦʤ (ʪʘʙʣʠʮʘ 2.3).  
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ɿʥʘʯʢʠ ʨʘʟʥʦʡ ʬʦʨʤʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʦʧʫʣʷʮʠʷʤ ʘʣʤʘʟʘ ʠʟ ʪʨʫʙʦʢ ʠ ʨʦʩʩʳʧʝʡ 

(ʩ ʢʨʝʩʪʠʢʦʤ) ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʦʡ (1), ʉʠʙʠʨʩʢʦʡ (2), ɸʬʨʠʢʘʥʩʢʦʡ (3), ɸʚʩʪʨʘʣʠʡʩʢʦʡ (4), 

ʉʝʚʝʨʦ-ɸʤʝʨʠʢʘʥʩʢʦʡ (5), ʖʞʥʦ-ɸʤʝʨʠʢʘʥʩʢʦʡ (6), ʀʥʜʦʩʪʘʥʩʢʦʡ (7), ʍʠʥʦ-ʢʦʨʝʡʩʢʦʡ (8) 

ʧʨʦʚʠʥʮʠʡ; ʥʫʤʝʨʘʮʠʷ ʛʣʘʚʥʳʭ ʠ ʚʪʦʨʦʩʪʝʧʝʥʥʳʭ (ʚ ʩʢʦʙʢʘʭ) ʧʦʧʫʣʷʮʠʡ ʪʘ ʞʝ, ʯʪʦ ʠ ʚ ʪʘʙʣʠʮʝ 

2.3. ʊʠʧʳ ʧʦʧʫʣʷʮʠʡ I-VI ʠ ʠʭ ʫʩʣʦʚʥʳʝ ʛʨʘʥʠʮʳ ʧʦʢʘʟʘʥʳ ʨʘʟʥʳʤ ʮʚʝʪʦʤ. 

 

ʈʠʩʫʥʦʢ 2.17. ʊʠʧʠʟʘʮʠʷ ʧʦʧʫʣʷʮʠʡ ʘʣʤʘʟʘ ʠʟ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʨʘʟʣʠʯʥʳʭ ʘʣʤʘʟʦʥʦʩʥʳʭ 

ʧʨʦʚʠʥʮʠʡ ʤʠʨʘ ʧʦ ʫʩʨʝʜʥʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʘʟʦʪʘ (Ntot, ppm) ʚ ʢʨʠʩʪʘʣʣʘʭ 

ʠ ʩʪʝʧʝʥʠ ʝʛʦ ʘʛʨʝʛʘʮʠʠ (%Nʚ) 

 

ɺ ʝʛʦ ʩʦʩʪʘʚʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʤʠʥʝʨʘʣʦʚ ʙʦʣʴʰʠʭ ʛʣʫʙʠʥ: ʤʝʡʜʞʦʨʠʪʦʚʳʡ 

ʛʨʘʥʘʪ, ʛʨʘʥʘʪ ʛʨʦʩʩʫʣʷʨ-ʧʠʨʦʧ-ʘʣʴʤʘʥʜʠʥʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʪʝʪʨʘʛʦʥʘʣʴʥʘʷ ʘʣʴʤʘʥʜʠʥ-ʧʠʨʦʧʦʚʘʷ 

ʬʘʟʘ, ʩʪʠʰʦʚʠʪ, ʤʘʛʥʝʟʠʘʣʴʥʳʡ ʠ ʢʘʣʴʮʠʝʚʳʡ ʩʠʣʠʢʘʪʳ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʧʝʨʦʚʩʢʠʪʘ, 

ʬʝʨʨʠʧʝʨʠʢʣʘʟ ʠ ʜʨʫʛʠʝ. 
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ɸʣʤʘʟʳ ʪʠʧʦʚ II ʠ III, ʧʦ-ʚʠʜʠʤʦʤʫ, ʦʙʨʘʟʦʚʘʣʠʩʴ ʚ ʦʙʝʜʥʝʥʥʦʡ ʘʟʦʪʦʤ ʩʨʝʜʝ, ʧʨʠʯʝʤ ʪʠʧ 

II - ʚ ʵʢʣʦʛʠʪʦʚʦʡ, ʘ ʪʠʧʘ III  - ʚ ʛʠʧʝʨʙʘʟʠʪʦʚʦʡ (ʪʘʙʣʠʮʘ 2.3). ʂʘʢ ʧʦʢʘʟʘʥʦ ʚʳʰʝ, ʚ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ, ʛʜʝ ʤʠʥʝʨʘʣʳ-ʫʟʥʠʢʠ ʚ ʘʣʤʘʟʝ ʦʪʥʦʩʷʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢ ʵʢʣʦʛʠʪʦʚʦʡ 

ʘʩʩʦʮʠʘʮʠʠ, ʜʦʤʠʥʠʨʫʶʪ ʢʨʠʩʪʘʣʣʳ ʪʠʧʘ II. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʝʦʙʣʘʜʘʥʠʝ ʚ ʩʦʩʪʘʚʝ ʚʢʣʶʯʝʥʠʡ 

ʚ ʘʣʤʘʟʘʭ ʤʠʥʝʨʘʣʦʚ ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ ʘʩʩʦʮʠʘʮʠʠ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʰʠʨʦʢʦʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴʶ 

ʚ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʢʨʠʩʪʘʣʣʦʚ ʪʠʧʘ III  (ʪʘʙʣʠʮʘ 2.3, ʨʠʩʫʥʦʢ 2.17). ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʘʟʦʪʥʳʭ 

ʮʝʥʪʨʦʚ ʚ ʚʳʙʦʨʢʘʭ ʘʣʤʘʟʘ ʩ ʨʘʟʣʠʯʥʳʤ ʪʠʧʦʤ ʚʢʣʶʯʝʥʠʡ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʨʝʜʧʦʣʦʞʝʥʠʝ 

ʦ ʨʘʟʥʦʤ ʩʦʩʪʘʚʝ ʩʨʝʜʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʘʣʤʘʟʦʚ ʪʠʧʦʚ II ʠ III  (ʨʠʩʫʥʦʢ 2.18). ʂʨʦʤʝ ʪʦʛʦ, 

ʢʨʠʩʪʘʣʣʳ ʪʠʧʘ IV ʩʦʧʦʩʪʘʚʠʤʳ ʩʦ ʩʨʝʜʥʝʘʟʦʪʥʦʡ ʧʦʧʫʣʷʮʠʝʡ ʘʣʤʘʟʘ ʵʢʣʦʛʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ 

(ʨʠʩʫʥʦʢ 2.18), ʠ, ʚʝʨʦʷʪʥʦ, ʦʙʨʘʟʦʚʘʣʠʩʴ ʚ ʦʙʦʛʘʱʝʥʥʦʤ ʘʟʦʪʦʤ ʵʢʣʦʛʠʪʦʚʦʤ ʩʫʙʩʪʨʘʪʝ. 

 

 
 

ʇʨʝʠʤʫʱʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʤʠʥʝʨʘʣʴʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʘʣʤʘʟʘʭ ʨʘʟʥʳʭ ʧʦʧʫʣʷʮʠʡ: 

1 ï ʵʢʣʦʛʠʪʦʚʳʡ, 2 ï ʫʣʴʪʨʘʙʘʟʠʪʦʚʳʡ, 3 ï çʩʚʝʨʭʛʣʫʙʠʥʥʳʝ ʤʠʥʝʨʘʣʳè, 4 ï ʥʝʪ ʜʘʥʥʳʭ, 

5 ʠ 6 ï ʠʟʦʪʝʨʤʳ ʜʣʷ ʫʩʣʦʚʥʦʛʦ ʚʦʟʨʘʩʪʘ ʘʣʤʘʟʘ 3 ʠ 1 ʤʣʨʜ. ʣʝʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ  

 

ʈʠʩʫʥʦʢ 2.18. ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʣʘʚʥʳʭ ʧʦʧʫʣʷʮʠʡ ʘʣʤʘʟʘ ʠʟ ʪʨʫʙʦʢ 

ʠ ʨʦʩʩʳʧʝʡ ʨʘʟʥʳʭ ʧʣʘʪʬʦʨʤ ʧʦ ʤʦʜʝʣʠ [Taylor, Milledge, 1995] 

 

ɸʣʤʘʟʳ ʧʦʧʫʣʷʮʠʡ ʪʠʧʘ V, ʪʘʢʞʝ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʵʢʣʦʛʠʪʦʚʦʤ ʩʫʙʩʪʨʘʪʝ, ʥʦ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʙʳʩʪʨʦʛʦ ʨʦʩʪʘ ʧʦ ʥʦʨʤʘʣʴʥʦʤʫ ʤʝʭʘʥʠʟʤʫ ʚ ʧʝʨʝʩʳʱʝʥʥʦʡ ʘʟʦʪʦʤ ʠ ʫʛʣʝʨʦʜʦʤ 

ʩʨʝʜʝ. ʈʘʟʣʠʯʥʦʝ ʩʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʘʟʦʪʘ ʚ ʢʨʠʩʪʘʣʣʘʭ ʪʠʧʦʚ IV ʠ V ʤʦʞʝʪ ʙʳʪʴ 
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ʦʙʫʩʣʦʚʣʝʥʦ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʜʚʫʤʷ ʬʘʢʪʦʨʘʤʠ: 1) ʵʢʣʦʛʠʪʦʚʳʡ ʩʫʙʩʪʨʘʪ ʢʨʠʩʪʘʣʣʦʚ ʪʠʧʘ V 

ʤʦʛ ʙʳʪʴ ʦʙʦʛʘʱʝʥ ʘʟʦʪʦʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʫʙʩʪʨʘʪʦʤ ʘʣʤʘʟʦʚ ʪʠʧʘ IV; 2) ʢʨʠʩʪʘʣʣʳ, ʨʘʩʪʫʱʠʝ 

ʧʦ ʨʘʟʥʳʤ ʤʝʭʘʥʠʟʤʘʤ ʠ ʩ ʨʘʟʥʦʡ ʩʢʦʨʦʩʪʴʶ, ʦʙʣʘʜʘʶʪ ʨʘʟʣʠʯʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʟʘʭʚʘʪʳʚʘʪʴ 

ʧʨʠʤʝʩʴ. 

ʄʝʥʝʝ ʷʩʝʥ ʚʦʧʨʦʩ ʦʙ ʫʩʣʦʚʠʷʭ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʘʣʤʘʟʦʚ ʧʦʧʫʣʷʮʠʡ ʪʠʧʘ VI. ɸʣʤʘʟʥʳʝ 

ʧʦʧʫʣʷʮʠʠ ʪʠʧʘ VI ï ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʘʣʤʘʟʦʚ ʠʟ ʪʨʫʙʦʢ ɿʦʣʦʪʠʮʢʦʛʦ ʧʦʣʷ ɸʨʭʘʥʛʝʣʴʩʢʦʡ 

ʦʙʣʘʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʨʠʩʪʘʣʣʘʤʠ ʠʟ ʨʦʩʩʳʧʝʡ.  

ʅʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʨʘʚʥʝʥʠʷ ɸʨʨʝʥʠʫʩʘ 

ʨʘʩʩʯʠʪʘʥʳ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʟʦʪʘ ʚ 

ʢʨʠʩʪʘʣʣʘʭ, ʪʝʤʧʝʨʘʪʫʨʦʡ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ [Taylor, Jaques, 

Ridd, 1990; Evans, 1992] (ʧʘʨʘʛʨʘʬ 1.4.3). ɺ ʨʘʙʦʪʝ [Taylor, Mill edge, 1995] ʧʨʝʜʣʦʞʝʥʘ 

ʜʠʘʛʨʘʤʤʘ ʜʣʷ ʦʮʝʥʢʠ ʪʝʤʧʝʨʘʪʫʨʳ ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʷʭ 

çʫʩʣʦʚʥʦʛʦ ʚʦʟʨʘʩʪʘè ʢʨʠʩʪʘʣʣʦʚ. ʇʨʠ ʵʪʦʤ ʚʨʝʤʝʥʥʦʡ ʬʘʢʪʦʨ ʦʢʘʟʳʚʘʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʦʝ 

ʚʣʠʷʥʠʝ: ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ 10-15 ʦʉ ʨʘʚʥʦʩʠʣʴʥʦ ʠʟʤʝʥʝʥʠʶ ʚʨʝʤʝʥʠ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 1 ʤʣʨʜ. ʣʝʪ [Taylor, Jaques, Ridd, 1990; Taylor, Milledge, 1995]. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, 

ʤʦʞʥʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʘʣʤʘʟʦʚ ʪʠʧʦʚ I-VI  ʚʘʨʴʠʨʫʶʪ ʚ ʠʥʪʝʨʚʘʣʝ ~ 

200 ʦʉ. ʊʝʤʧʝʨʘʪʫʨʘ ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʫʤʝʥʴʰʘʣʘʩʴ ʦʪ ʪʠʧʘ I ʢ ʪʠʧʫ V 

(ʨʠʩʫʥʦʢ 2.18). ʇʨʠ ʵʪʦʤ ʪʝʤʧʝʨʘʪʫʨʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʣʤʘʟʦʚ ʩʨʝʜʥʝʘʟʦʪʥʦʡ ʧʦʧʫʣʷʮʠʠ VI ʩ 

ʧʦʚʳʰʝʥʥʦʡ ʜʦʣʝʡ ʘʟʦʪʘ ʚ ɺ-ʬʦʨʤʝ ʩʦʧʦʩʪʘʚʠʤʘ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʣʤʘʟʦʚ 

ʥʠʟʢʦʘʟʦʪʥʦʡ ʧʦʧʫʣʷʮʠʠ III . 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 2.18, ʜʣʷ ʘʣʤʘʟʦʚ ʧʦʧʫʣʷʮʠʡ ʪʠʧʦʚ I ï V ʭʘʨʘʢʪʝʨʥʦ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʘʟʦʪʘ ʚ ʢʨʠʩʪʘʣʣʘʭ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʷ. ɼʘʥʥʘʷ ʪʝʥʜʝʥʮʠʷ ʥʝ ʚʳʪʝʢʘʝʪ ʠʟ ʫʨʘʚʥʝʥʠʷ ɸʨʨʝʥʠʫʩʘ, ʘ 

ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤʠ ʧʨʠʨʦʜʥʦʛʦ ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʷ, ʘ ʠʤʝʥʥʦ 

ʫʤʝʥʴʰʝʥʠʝʤ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʘʟʦʪʘ ʚ ʩʨʝʜʝ ʩ ʛʣʫʙʠʥʦʡ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʩʦʛʣʘʩʥʦ 

ʜʠʘʛʨʘʤʤʝ ɺ.ʈ. ʊʝʡʣʦʨʘ (ʨʠʩʫʥʦʢ 1.6), ʦʜʠʥʘʢʦʚʘʷ ʩʪʝʧʝʥʴ ʘʛʨʝʛʘʮʠʠ ʘʟʦʪʘ ʚ ʚʳʩʦʢʦʘʟʦʪʥʦʤ 

ʘʣʤʘʟʝ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʤʝʥʴʰʝʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʯʝʤ ʚ ʥʠʟʢʦʘʟʦʪʥʦʤ. ʅʘʧʨʠʤʝʨ, ʟʘ ʦʜʠʥ ʠ ʪʦʪ ʞʝ 

ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ 1 ʤʣʨʜ. ʣʝʪ 50% - ʥʘʷ ʘʛʨʝʛʘʮʠʷ ɸ-ʮʝʥʪʨʦʚ ʚ ɺ-ʮʝʥʪʨʳ ʚ ʚʳʩʦʢʦʘʟʦʪʥʦʤ ʘʣʤʘʟʝ 

ʩ Ntot ~ 2000 at.ppm ʧʨʦʠʟʦʡʜʝʪ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʯʝʤ ʚ ʥʠʟʢʦʘʟʦʪʥʦʤ ʢʨʠʩʪʘʣʣʝ ʩ 

Ntot ~100 at.ppm 1120 ʠ 1200 ʦʉ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʫʤʝʥʴʰʝʥʠʝ ʦʙʱʝʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʘʟʦʪʘ ʚ ʩʪʦʨʦʥʫ ʫʚʝʣʠʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʘʣʤʘʟʘ ʚʧʣʦʪʴ ʜʦ 

ʤʘʢʩʠʤʘʣʴʥʦ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʧʨʠ ʢʦʪʦʨʳʭ ʧʦʷʚʣʷʶʪʩʷ ʚʢʣʶʯʝʥʠʷ ʚʳʩʦʢʦʙʘʨʠʯʝʩʢʠʭ 

ʤʠʥʝʨʘʣʦʚ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʛʣʘʚʥʘʷ ʧʨʠʯʠʥʘ ʥʘʨʘʩʪʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʩʚʷʟʘʥʘ ʩ ʝʩʪʝʩʪʚʝʥʥʳʤ ʛʣʫʙʠʥʥʳʤ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʛʨʘʜʠʝʥʪʦʤ. ʊʦ ʝʩʪʴ ʠʟʤʝʥʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʢʦʩʚ ʝʥʥʳʤ ʦʙʨʘʟʦʤ ʫʢʘʟʳʚʘʝʪ ʥʘ ʠʟʤʝʥʝʥʠʝ ʣʠʪʦʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ. 



 

 

105 

ɺ ʢʘʯʝʩʪʚʝ ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʫʤʝʥʴʰʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʘʟʦʪʘ ʚ ʢʨʠʩʪʘʣʣʘʭ ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʫʤʝʥʴʰʝʥʠʝ ʠʟʦʤʦʨʬʥʦʡ ʩʤʝʩʠʤʦʩʪʠ ʘʟʦʪ-ʫʛʣʝʨʦʜ ʚ ʢʨʠʩʪʘʣʣʘʭ ʘʣʤʘʟʘ ʩ 

ʛʣʫʙʠʥʦʡ. ɽʩʣʠ ʜʦʧʫʩʪʠʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʘʣʤʘʟʘ ʩ ʫʯʘʩʪʠʝʤ ʙʠʦʛʝʥʥʦʡ ʦʨʛʘʥʠʢʠ, ʢʘʢ ʵʪʦ 

ʨʘʩʩʤʦʪʨʝʥʦ ʚ ʛʣʘʚʝ 1, ʝʝ ʧʦʛʨʫʞʝʥʠʝ ʥʘ ʙʦʣʴʰʠʝ ʛʣʫʙʠʥʳ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʜʝʩʪʨʫʢʮʠʝʡ ʩ 

ʦʪʱʝʧʣʝʥʠʝʤ ʘʟʦʪʘ, ʩʝʨʳ ʠ ʜʨʫʛʠʭ çʛʝʪʝʨʦʘʪʦʤʦʚè. ʀʥʘʯʝ ʛʦʚʦʨʷ, ʧʨʦʮʝʩʩ ʧʦʛʨʫʞʝʥʠʷ 

ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʭ ʪʦʣʱ ʚ ʙʦʣʝʝ ʥʘʛʨʝʪʳʝ ʥʝʜʨʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʜʠʥʘʤʦʪʝʨʤʘʣʴʥʳʤ 

ʤʝʪʘʤʦʨʬʠʟʤʦʤ, çʦʯʠʱʝʥʠʝʤè ʘʣʤʘʟʘ ʦʪ ʧʨʠʤʝʩʝʡ ʘʟʦʪʘ ʠ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ 

ʩʪʝʧʝʥʠ ʝʛʦ ʘʛʨʝʛʘʮʠʠ ʚ ʢʨʠʩʪʘʣʣʘʭ.  

ʊʠʧʳ ʧʦʧʫʣʷʮʠʡ I-VI ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʥʝ ʪʦʣʴʢʦ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʘʟʦʪʘ ʚ 

ʢʨʠʩʪʘʣʣʘʭ ʠ ʜʨʫʛʠʤ ʪʠʧʦʤʦʨʬʥʳʤ ʩʚʦʡʩʪʚʘʤ, ʥʦ ʠ ʧʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʚ ʨʘʟʥʳʭ 

ʘʣʤʘʟʦʥʦʩʥʳʭ ʧʨʦʚʠʥʮʠʷʭ ʤʠʨʘ. 

ʇʦ ʩʦʩʪʦʷʥʠʶ ʠʟʫʯʝʥʥʦʩʪʠ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʪʠʧʳ I ʠ V ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʨʝʜʢʠʤʠ, 

ʧʨʦʷʚʣʷʶʱʠʤʠʩʷ ʣʦʢʘʣʴʥʦ, ʣʠʙʦ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ. ʊʠʧʳ II- IV ʠ VI 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ ʨʘʟʥʳʭ ʧʣʘʪʬʦʨʤ. ʅʘ ɸʬʨʠʢʘʥʩʢʦʡ, ʉʝʚʝʨʦ-ɸʤʝʨʠʢʘʥʩʢʦʡ, 

ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʦʡ ʠ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʘʭ ʚʩʪʨʝʯʝʥʳ ʧʦʧʫʣʷʮʠʠ ʘʣʤʘʟʦʚ ʪʨʝʭ ʦʩʥʦʚʥʳʭ 

ʪʠʧʦʚ: II-IV. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʧʦʧʫʣʷʮʠʠ ʘʣʤʘʟʘ ʪʠʧʘ III  ʧʨʦʷʚʣʝʥʳ ʥʘ ɸʚʩʪʨʘʣʠʡʩʢʦʡ 

ʧʣʘʪʬʦʨʤʝ, ʘ ʪʠʧʘ IV ʥʘ ʍʠʥʦ-ʂʦʨʝʡʩʢʦʡ. ʇʦʧʫʣʷʮʠʠ ʘʣʤʘʟʘ ʪʠʧʘ VI ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʩʨʝʜʠ 

ʘʣʤʘʟʦʚ ʠʟ ʨʦʩʩʳʧʝʡ ʚʦ ʤʥʦʛʠʭ ʘʣʤʘʟʦʥʦʩʥʳʭ ʧʨʦʚʠʥʮʠʷʭ ʤʠʨʘ.  

ʇʦʜʚʦʜʷ ʠʪʦʛ ʠʟʣʦʞʝʥʥʦʤʫ ʚʳʰʝ, ʢʨʘʪʢʦ ʦʭʘʨʘʢʪʝʨʠʟʫʝʤ ʦʩʥʦʚʥʳʝ ʪʠʧʳ ʧʦʧʫʣʷʮʠʡ 

ʘʣʤʘʟʘ. 

ʊʠʧ I - ʩ Ntot 30-250 ppm ʠ NB 85-95 % ʚʢʣʶʯʘʝʪ ʛʣʘʚʥʳʝ ʧʦʧʫʣʷʮʠʠ ʘʣʤʘʟʘ ʠʟ ʪʨʫʙʢʠ ɸʨʛʘʡʣ 

(ɸʚʩʪʨʘʣʠʷ) ʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʨʘʡʦʥʘ ɾʫʠʥʘ ʚ ʖʞʥʦʡ ɸʤʝʨʠʢʝ. ɺ ʘʣʤʘʟʘʭ ʠʟ ʪʨʫʙʦʢ ʠ ʨʦʩʩʳʧʝʡ 

ʵʪʦʛʦ ʨʘʡʦʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚʢʣʶʯʝʥʠʷ çʩʚʝʨʭʛʣʫʙʠʥʥʳʭè ʤʠʥʝʨʘʣʦʚ: ʤʝʡʜʞʦʨʠʪʘ, 

ʬʝʨʨʠʧʝʨʠʢʣʘʟʘ ʠ ʜʨʫʛʠʭ. ʇʦ ʜʘʥʥʳʤ ʨʘʙʦʪʳ [Hayman, Kopylova, Kaminsky, 2003] ʢʨʠʩʪʘʣʣʳ ʪʠʧʘ 

I ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʧʦʩʣʦʡʥʦ-ʦʢʪʘʵʜʨʠʯʝʩʢʠʤ ʠ ʙʣʦʢʦʚʳʤ ʚʥʫʪʨʝʥʥʠʤ ʩʪʨʦʝʥʠʝʤ. 

ʊʠʧ II - ʩ Ntot 25-290 ppm ʠ NB 61-81 %. ʂʨʠʩʪʘʣʣʳ ʵʪʦʛʦ ʪʠʧʘ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ 

ʪʨʫʙʢʘʭ ʖʞʥʦʡ ɸʬʨʠʢʠ, ʧʨʠʯʝʤ ʚ ʪʝʭ ʠʟ ʥʠʭ, ʛʜʝ ʚʢʣʶʯʝʥʠʷ ʚ ʘʣʤʘʟʘʭ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʤʠʥʝʨʘʣʘʤʠ ʵʢʣʦʛʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ (ʪʨʫʙʢʠ ʆʨʘʧʘ, ɼʞʚʘʥʝʥʛ, ʇʨʝʤʴʝʨ, 

ʗʛʝʨʩʬʦʥʪʝʡʥ). ɹʦʣʴʰʠʥʩʪʚʦ ʘʣʤʘʟʦʚ ʪʠʧʘ II ʠʤʝʶʪ ʧʦʩʣʦʡʥʦ-ʦʢʪʘʵʜʨʠʯʝʩʢʦʝ ʚʥʫʪʨʝʥʥʝʝ 

ʩʪʨʦʝʥʠʝ. 

ʊʠʧ III  - ʩ Ntot 40-280 ppm ʠ NB 23-52 %. ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʪʨʫʙʦʢ ɼʘʣʜʳʥʦ-

ɸʣʘʢʠʪʩʢʦʛʦ ʨʘʡʦʥʘ ʗʢʫʪʠʠ. ɺ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ, ʛʜʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʢʨʠʩʪʘʣʣʳ ʵʪʦʛʦ ʪʠʧʘ, 

ʘʣʤʘʟ ʘʩʩʦʮʠʠʨʫʝʪ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʤʠʥʝʨʘʣʦʚ ʛʠʧʝʨʙʘʟʠʪʦʚ. ɼʣʷ ʢʨʠʩʪʘʣʣʦʚ 

ʘʣʤʘʟʘ ʪʠʧʘ III  ʩʚʦʡʩʪʚʝʥʥʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦʩʣʦʡʥʦïʦʢʪʘʵʜʨʠʯʝʩʢʦʝ ʢʚʘʟʠʦʜʥʦʨʦʜʥʦʝ ʠʣʠ 

ʟʦʥʘʣʴʥʦʝ ʚʥʫʪʨʝʥʥʝʝ ʩʪʨʦʝʥʠʝ. 
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ʊʠʧ IV - ʩ Ntot 400-960 ppm ʠ NB 10-40 % ʰʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʄʘʣʦ-

ɹʦʪʫʦʙʠʥʩʢʦʛʦ ʨʘʡʦʥʘ ʗʢʫʪʠʠ ʠ ʥʘʋʨʘʣʝ. ɸʣʤʘʟʳ ʠʟ ʵʪʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩʦʜʝʨʞʘʪ ʚʢʣʶʯʝʥʠʷ 

ʢʘʢ ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ, ʪʘʢ ʠ ʵʢʣʦʛʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʡ. ʇʨʠ ʵʪʦʤ ʥʝʨʝʜʢʦ ʚ ʘʣʤʘʟʘʭ ʦʜʥʦʡ ʪʨʫʙʢʠ 

ʠʣʠ ʨʦʩʩʳʧʠ ʚʢʣʶʯʝʥʠʷ ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ ʠ ʵʢʣʦʛʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʡ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ 

ʩʦʧʦʩʪʘʚʠʤʳʭ ʢʦʣʠʯʝʩʪʚʘʭ (ʪʘʙʣʠʮʘ 2.3). ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʢʨʠʩʪʘʣʣʳ ʪʠʧʘ IV ʠʤʝʶʪ ʧʦʩʣʦʡʥʦ-

ʦʢʪʘʵʜʨʠʯʝʩʢʦʝ ʠʣʠ ʩʝʢʪʦʨʠʘʣʴʥʦ-ʟʦʥʘʣʴʥʦʝ ʚʥʫʪʨʝʥʥʝʝ ʩʪʨʦʝʥʠʝ. 

ʊʠʧ V - ʩ Ntot 1390-1600 ppm ʠ NB 20-30%. ʀʟ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʢʦʨʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʢʨʠʩʪʘʣʣʳ ʘʣʤʘʟʘ ʵʪʦʛʦ ʪʠʧʘ ʜʦʤʠʥʠʨʫʶʪ ʪʦʣʴʢʦ ʚ ʥʝʩʢʦʣʴʢʠʭ ʪʨʫʙʢʘʭ ɿʦʣʦʪʠʮʢʦʛʦ ʧʦʣʷ 

ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ. ʄʠʥʝʨʘʣʴʥʳʝ ʚʢʣʶʯʝʥʠʷ ʚ ʚʳʩʦʢʦʘʟʦʪʥʳʭ ʘʣʤʘʟʘʭ ʪʠʧʘ V ʠʟ ʵʪʠʭ 

ʪʨʫʙʦʢ ʦʯʝʥʴ ʨʝʜʢʠ, ʥʦ ʚʩʝ ʦʥʠ ʧʦ ʜʘʥʥʳʤ [ɿʘʭʘʨʯʝʥʢʦ, ʄʘʭʠʥ, ʍʘʯʘʪʨʷʥ, 2002] ʦʪʥʦʩʷʪʩʷ ʢ 

ʵʢʣʦʛʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ. ɹʦʣʴʰʠʥʩʪʚʦ ʢʨʠʩʪʘʣʣʦʚ ʪʠʧʘ V ʠʤʝʝʪ ʚʦʣʦʢʥʠʩʪʦʝ ʚʥʫʪʨʝʥʥʝʝ 

ʩʪʨʦʝʥʠʝ. ɺ ʨʦʩʩʳʧʷʭ ʢʨʠʩʪʘʣʣʳ ʪʠʧʘ V ʚʩʪʨʝʯʝʥʳ ʥʘ ʉʝʚʝʨʝ ʗʢʫʪʠʠ, ʧʨʠ ʵʪʦʤ ʚʩʝ ʦʥʠ 

ʩʦʜʝʨʞʘʪ ʤʠʥʝʨʘʣʴʥʳʝ ʚʢʣʶʯʝʥʠʷ ʵʢʣʦʛʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ [ɿʠʥʯʫʢ, ʂʦʧʪʠʣʴ, 2003]. 

ʊʠʧ VI ï ʩ Ntot 380-810 ppm ʠ NB ~ 48-75% ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʨʦʩʩʳʧʷʭ ʖʞʥʦʡ ɸʤʝʨʠʢʠ. 

ʂʨʠʩʪʘʣʣʳ ʩ ʧʦʜʦʙʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʘʟʦʪʘ ʩʨʘʚʥʠʪʝʣʴʥʦ ʨʝʜʢʠ ʚ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʠ 

ʣʘʤʧʨʦʠʪʦʚʳʭ ʪʨʫʙʢʘʭ. ʆʩʥʦʚʥʳʝ ʧʦʧʫʣʷʮʠʠ ʘʣʤʘʟʘ ʪʠʧʘ VI ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʩʦʩʪʘʚʫ ʤʠʥʝʨʘʣʴʥʳʭ 

ʚʢʣʶʯʝʥʠʡ. ɺ ʨʦʩʩʳʧʷʭ ʨʘʡʦʥʘ ʂʦʨʦʤʘʥʜʝʣʴ (ɹʨʘʟʠʣʠʷ) ʘʣʤʘʟʳ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ 

ʘʩʩʦʮʠʘʮʠʠ ʧʨʝʦʙʣʘʜʘʶʪ ʥʘʜ ʘʣʤʘʟʘʤʠ ʵʢʣʦʛʠʪʦʚʦʡ, ʘ ʚ ʨʦʩʩʳʧʷʭ ʨʘʡʦʥʦʚ ɻʫʘʥʠʘʤʦ ʠ ʃʦʩ 

ʂʦʢʠʪʦʩ ʚ ɺʝʥʝʩʫʵʣʝ, ʥʘʧʨʦʪʠʚ, ʜʦʤʠʥʠʨʫʶʪ ʢʨʠʩʪʘʣʣʳ ʵʢʣʦʛʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ.  

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʘʣʤʘʟʥʳʭ ʧʦʧʫʣʷʮʠʡ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʥʝʨʘʚʥʦʤʝʨʥʦʝ. 

ɺʳʰʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʦʜʥʦʡ ʪʨʫʙʢʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʤʦʛʫʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʢʨʠʩʪʘʣʣʳ ʩʨʘʟʫ ʜʚʫʭ 

ʧʦʧʫʣʷʮʠʡ ï ʛʣʘʚʥʦʡ ʠ ʚʪʦʨʦʩʪʝʧʝʥʥʦʡ. ɺ ʪʨʫʙʢʘʭ ʦʜʥʦʛʦ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʧʦʣʷ ʚ ʦʜʥʠʭ 

ʩʣʫʯʘʷʭ ʜʦʤʠʥʠʨʫʶʪ ʧʦʧʫʣʷʮʠʠ ʦʜʥʦʛʦ ʪʠʧʘ, ʘ ʚ ʜʨʫʛʠʭ ï ʥʘʦʙʦʨʦʪ, ʥʘʙʣʶʜʘʝʪʩʷ ʢʦʥʪʨʘʩʪʥʘʷ 

ʩʤʝʥʘ ʧʦʧʫʣʷʮʠʡ ʨʘʟʥʳʭ ʪʠʧʦʚ. Hʘʧʨʠʤʝʨ, ʚ ʗʢʫʪʠʠ ʚ ʪʨʫʙʢʘʭ ʄʠʨʥʠʥʩʢʦʛʦ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ 

ʧʦʣʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʧʦʧʫʣʷʮʠʠ ʘʣʤʘʟʘ IV ʪʠʧʘ, ʘ ʚ ʪʨʫʙʢʘʭ ɼʘʣʜʳʥʩʢʦʛʦ ʠ 

ɸʣʘʢʠʪ-ʄʘʨʭʠʥʩʢʦʛʦ ʧʦʣʝʡ ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ III  ʪʠʧʘ (ʪʘʙʣʠʮʘ 2.3). ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚ 

ʪʨʫʙʢʘʭ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʣʝʡ ɿʠʤʥʝʙʝʨʝʞʥʦʛʦ ʨʘʡʦʥʘ ʦʪʤʝʯʘʝʪʩʷ ʢʦʥʪʨʘʩʪʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʧʫʣʷʮʠʡ. ʀʟ ʨʠʩʫʥʢʘ 2.19 ʠ ʪʘʙʣʠʮʳ 2.3 ʚʠʜʥʦ, ʯʪʦ ʚ ɿʦʣʦʪʠʮʢʦʤ ʧʦʣʝ ʘʣʤʘʟʳ 

ʠʟ ʪʨʫʙʦʢ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ (ʂʘʨʧʠʥʩʢʦʛʦ-1, ʇʦʤʦʨʩʢʘʷ ʠ ɸʨʭʘʥʛʝʣʴʩʢʘʷ, 

ʃʦʤʦʥʦʩʦʚʘ) ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʧʫʣʷʮʠʷʤʠ ʘʣʤʘʟʘ III -V ʪʠʧʦʚ, ʪʦʛʜʘ ʢʘʢ ʪʨʫʙʢʠ ʩ 

ʟʘʙʘʣʘʥʩʦʚʳʤʠ ʟʘʧʘʩʘʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʝʛʦ ʬʣʘʥʛʘʭ, - ʧʦʧʫʣʷʮʠʷʤʠ ʪʠʧʘ VI. 
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ʊʨʫʙʢʠ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʤʝʩʪʦʨʦʞʜʝʥʠʶ ʠʤ. ʃʦʤʦʥʦʩʦʚʘ ʧʦʢʘʟʘʥʳ ʨʦʟʦʚʳʤ ʮʚʝʪʦʤ, ʦʩʪʘʣʴʥʳʝ ï 

ʩʝʨʳʤ; 

III -VI ï ʪʠʧʳ ʛʣʘʚʥʳʭ ʠ ʚʪʦʨʦʩʪʝʧʝʥʥʳʭ (ʚ ʩʢʦʙʢʘʭ) ʧʦʧʫʣʷʮʠʡ. 

 

ʈʠʩʫʥʦʢ 2.19. ʅʝʦʜʥʦʨʦʜʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʘʣʤʘʟʥʳʭ ʧʦʧʫʣʷʮʠʡ ʨʘʟʥʳʭ ʪʠʧʦʚ ʚ ʪʨʫʙʢʘʭ 

ɿʦʣʦʪʠʮʢʦʛʦ ʧʦʣʷ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ 

 

ɺ ʤʘʩʰʪʘʙʘʭ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʧʨʦʚʠʥʮʠʠ ʧʦʧʫʣʷʮʠʠ ʪʘʢʞʝ ʨʘʩʧʨʝʜʝʣʝʥʳ ʥʝʦʜʥʦʨʦʜʥʦ. 

ʊʘʢ, ʥʘ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʝ ʚ ʄʫʥʦ-ʊʶʥʛʩʢʦʤ ʨʘʡʦʥʝ ʧʦʧʫʣʷʮʠʷ II ʪʠʧʘ ʜʦʤʠʥʠʨʫʝʪ ʚ ʪʨʫʙʢʝ 

ʇʦʠʩʢʦʚʘʷ, ʘ ʧʦʧʫʣʷʮʠʷ III  ʪʠʧʘ ʚ ʪʨʫʙʢʝ ɿʘʧʦʣʷʨʥʘʷ (ʨʠʩʫʥʦʢ 2.20). 

ʇʦʧʫʣʷʮʠʠ III  ʠ IV ʪʠʧʘ ʦʙʥʘʨʫʞʝʥʳ ʥʘʤʠ ʪʘʢʞʝ ʚ ʪʨʫʙʢʘʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʢ ʩʝʚʝʨʫ ʦʪ 

ʄʫʥʦ-ʊʶʥʛʩʢʦʛʦ ʨʘʡʦʥʘ. ɺ ʫʙʦʛʦʘʣʤʘʟʦʥʦʩʥʦʡ ʪʨʫʙʢʝ ʃʝʥʠʥʛʨʘʜ ʉʨʝʜʥʝʦʣʝʥʢʩʢʦʛʦ ʨʘʡʦʥʘ ï 

ʧʦʧʫʣʷʮʠʷ ʪʠʧʘ III  ʠ ʝʱʝ ʩʝʚʝʨʥʝʝ ʚ ʧʦʣʫʧʨʦʤʳʰʣʝʥʥʦʡ ʪʨʫʙʢʝ ʄʘʣʦʢʫʦʥʘʧʩʢʘʷ ɸʥʘʙʘʨʩʢʦʛʦ 

ʨʘʡʦʥʘ ï ʧʦʧʫʣʷʮʠʷ ʪʠʧʘ IV (ʨʠʩʫʥʦʢ 2.20). ʂ ʶʛʦ-ʚʦʩʪʦʢʫ ʠ ʢ ʶʛʫ ʦʪ ʪʨʫʙʦʢ ʇʦʠʩʢʦʚʘʷ ʠ 

ɿʘʧʦʣʷʨʥʘʷ ʚ ʪʨʫʙʢʘʭ ɼʘʣʜʳʥʦ - ɸʣʘʢʠʪʩʢʦʛʦ ʨʘʡʦʥʘ ʪʘʢʞʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʧʦʧʫʣʷʮʠʠ ʪʠʧʘ III  

ʠ ʜʘʣʝʝ ʚ ʪʨʫʙʢʘʭ ʄʘʣʦʙʦʪʫʦʙʠʥʩʢʦʛʦ ʨʘʡʦʥʘ - ʧʦʧʫʣʷʮʠʠ ʪʠʧʘ IV (ʨʠʩʫʥʦʢ 2.20). 
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1 ï ʢʦʥʪʫʨʳ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʣʝʡ ʧʦ ʜʘʥʥʳʤ [ɿʠʥʯʫʢ, ʂʦʧʪʠʣʴ, 2003]; 2-5 ï ʪʠʧʳ ʧʦʧʫʣʷʮʠʡ 

ʘʣʤʘʟʘ ʚ ʪʨʫʙʢʘʭ (ʪʨʝʫʛʦʣʴʥʠʢʠ) ʠ ʚ ʨʦʩʩʳʧʷʭ (ʢʨʫʞʢʠ): 2 ï II , 3 ï III , 4 ï IV, 5 ï V, 6 ï VI ʪʠʧʳ; 

7 ï ʫʩʣʦʚʥʳʝ ʛʨʘʥʠʮʳ ʟʦʥ ʩ ʨʘʟʥʳʤʠ ʪʠʧʘʤʠ ʧʦʧʫʣʷʮʠʡ ʘʣʤʘʟʘ; 8 ï ʠʟʦʧʘʭʠʪʳ ʟʝʤʥʦʡ ʢʦʨʳ ʧʦ 

ʨʘʙʦʪʝ [ʈʦʪʤʘʥ, ʄʘʥʘʢʦʚ, 2007]; 9 ï ʢʦʥʪʫʨ ɸʥʘʙʘʨʩʢʦʛʦ ʱʠʪʘ (ɸʑ). ʇ ï ʇʦʧʠʛʘʡʩʢʘʷ 

ʩʪʨʫʢʪʫʨʘ ʚʟʨʳʚʥʳʭ ʙʨʝʢʯʠʡ; 

ʂʠʤʙʝʨʣʠʪʦʚʳʝ ʧʦʣʷ: 1 ï ɸʣʘʢʠʪ-ʄʘʨʭʠʥʩʢʦʝ, 2 ï ɼʘʣʜʳʥʩʢʦʝ, 3 ï ʄʠʨʥʠʥʩʢʦʝ, 4 ï ʅʘʢʳʥʩʢʦʝ, 

5 ï ʄʫʥʩʢʦʝ, 6 ï ʋʢʫʢʠʪʩʢʦʝ (ɺʦʩʪʦʯʥʦ-ʋʢʫʢʠʪʩʢʦʝ), 7 ï ʂʫʨʘʥʘʭʩʢʦʝ; 

ʇʦʣʷ ʨʦʩʩʳʧʝʡ: 8 ï ʅʠʞʥʝʵʙʝʣʷʭʩʢʦʝ, 9 ï ɺʝʨʭʥʝʵʙʝʣʷʭʩʢʦʝ, 10 ï ʅʠʞʥʝʣʝʥʩʢʦʝ, 

11 ï ʂʶʪʶʥʛʠʥʩʢʦʝ, 12 ï ʄʦʣʦʜʦ-ɼʘʣʜʳʥʩʢʦʝ, 13 ï ʉʨʝʜʥʝʤʫʥʩʢʦʝ, 14 ï ɺʝʨʭʥʝʪʶʥʛʩʢʦʝ, 

15 ï ɹʦʪʫʦʙʠʥʩʢʦ-ɺʠʣʶʡʩʢʦʝ; 

ʆʪʪʝʥʢʘʤʠ ʩʝʨʦʛʦ ʮʚʝʪʘ ʚʳʜʝʣʝʥʳ ʦʙʣʘʩʪʠ ʩ ʧʦʚʳʰʝʥʥʦʡ ʤʦʱʥʦʩʪʴʶ ʟʝʤʥʦʡ ʢʦʨʳ. 

 

ʈʠʩʫʥʦʢ 2.20. ɿʦʥʘʣʴʥʦʝ ʨʘʟʤʝʱʝʥʠʝ ʛʣʘʚʥʳʭ ʧʦʧʫʣʷʮʠʡ ʘʣʤʘʟʘ ʠ ʤʦʱʥʦʩʪʴ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʟʝʤʥʦʡ ʢʦʨʳ ʗʢʫʪʠʠ 
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ɸʣʤʘʟʥʳʝ ʧʦʧʫʣʷʮʠʠ ʨʘʟʥʳʭ ʪʠʧʦʚ ʘʣʤʘʟʘ ʧʦ-ʨʘʟʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʳ ʚ ʨʘʟʥʳʭ 

ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʨʦʚʠʥʮʠʷʭ ʄʠʨʘ. ʉʘʤʳʝ çʚʳʩʦʢʦʙʘʨʠʯʝʩʢʠʝè ʠ çʚʳʩʦʢʦʪʝʤʧʝʨʪʫʨʥʳʝè 

ʢʨʠʩʪʘʣʣʳ ʪʠʧʘ I ʜʦʤʠʥʠʨʫʶʪ ʣʠʰʴ ʚ ʥʝʢʦʪʦʨʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʖʞʥʦ-Aʤʝʨʠʢʘʥʩʢʦʡ ʠ 

ɸʚʩʪʨʘʣʠʡʩʢʦʡ ʧʣʘʪʬʦʨʤ. ʂʨʠʩʪʘʣʣʳ ʪʠʧʘ II  ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʥʘ ɸʬʨʠʢʘʥʩʢʦʡ 

ʧʣʘʪʬʦʨʤʝ. ɺ ʗʢʫʪʠʠ, ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ ʠ ʂʘʥʘʜʝ ʙʦʣʝʝ ʦʙʳʯʥʳ ʢʨʠʩʪʘʣʣʳ III  ʠ IV ʪʠʧʦʚ. 

ɸʣʤʘʟʳ ʧʦʧʫʣʷʮʠʡ V ʠ VI ʚ ʢʦʨʝʥʥʦʤ ʟʘʣʝʛʘʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʚ ʪʨʫʙʢʘʭ 

ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ.  

ʆʙʦʙʱʘʷ ʚʩʝ ʧʨʠʚʝʜʝʥʥʳʝ ʚʳʰʝ ʜʘʥʥʳʝ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʧʫʣʷʮʠʠ I, II , VI, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʘʛʨʝʛʘʮʠʠ ʘʟʦʪʘ NB>50%, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʪʨʫʙʢʘʭ ʠ ʨʦʩʩʳʧʷʭ ɸʬʨʠʢʘʥʩʢʦʡ, ʖʞʥʦʘʤʝʨʠʢʘʥʩʢʦʡ ʠ ɸʚʩʪʨʘʣʠʡʩʢʦʡ 

ʧʣʘʪʬʦʨʤ, ʢʦʪʦʨʳʝ ʦʪʥʦʩʷʪ ʢ ʤʘʪʝʨʠʢʦʚʦʡ ʣʠʪʦʩʬʝʨʝ ɻʦʥʜʚʘʥʳ. ʇʦʧʫʣʷʮʠʠ ʘʣʤʘʟʘ ʩ 

ʧʦʥʠʞʝʥʥʦʡ ʩʪʝʧʝʥʴʶ ʘʛʨʝʛʘʮʠʠ ʘʟʦʪʘ, ʙʦʣʝʝ ʪʠʧʠʯʥʳ ʜʣʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʉʠʙʠʨʩʢʦʡ, 

ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʦʡ ʠ ʉʝʚʝʨʦʘʤʝʨʠʢʘʥʩʢʦʡ ʧʣʘʪʬʦʨʤ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʃʘʚʨʘʟʠʠ. 
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3. ɺʦʜʦʨʦʜʥʳʝ ʮʝʥʪʨʳ ʚ ʢʨʠʩʪʘʣʣʘʭ ʘʣʤʘʟʘ ʠ ʠʭ ʛʝʥʝʪʠʯʝʩʢʘʷ 

ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ 

 

ɺʦʜʦʨʦʜʥʳʝ ʮʝʥʪʨʳ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʀʂ-ʩʧʝʢʪʨʘʭ ʧʨʠʨʦʜʥʳʭ ʘʣʤʘʟʦʚ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʚ 

ʚʠʜʝ ʫʟʢʠʭ ʣʠʥʠʡ 3107 ʩʤ-1 ʠ 1405 ʩʤ-1, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʢʦʣʝʙʘʥʠʷʤʠ ʉʅ-ʩʚʷʟʝʡ. ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʘʟʦʪʥʳʭ ʮʝʥʪʨʦʚ, ʚ ʢʦʪʦʨʳʭ ʘʟʦʪ ʠʟʦʤʦʨʬʥʦ ʟʘʤʝʱʘʝʪ ʫʛʣʝʨʦʜʥʳʝ ʘʪʦʤʳ, ʚʦʜʦʨʦʜ ʭʠʤʠʯʝʩʢʠ 

ʩʚʷʟʘʥ ʩ ʫʛʣʝʨʦʜʦʤ ʘʣʤʘʟʥʦʡ ʨʝʰʝʪʢʠ. ʇʨʝʜʧʦʣʘʛʘʝʤʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʤʦʜʝʣʠ ʚʦʜʦʨʦʜʥʳʭ 

ʮʝʥʪʨʦʚ ʩʣʝʜʫʶʱʠʝ: 
H

>C=C<
H [ʉʦʙʦʣʝʚ, ʃʠʩʦʡʚʘʥ, 1971] ʠʣʠ  [Woods, Collins, 

1983]. ʇʦ ʦʮʝʥʢʘʤ ɽ.ɺ. ʉʦʙʦʣʝʚʘ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ ʜʦʩʪʠʛʘʝʪ ʟʥʘʯʝʥʠʡ 100 

at.ppm [ʉʦʙʦʣʝʚ, 1978]. ɺʦʜʦʨʦʜʥʳʝ ʮʝʥʪʨʳ ʬʠʢʩʠʨʫʶʪʩʷ ʢʘʢ ʚ ʢʨʠʩʪʘʣʣʘʭ ʘʣʤʘʟʘ ʠʟ 

ʢʠʤʙʝʨʣʠʪʦʚ, ʪʘʢ ʠ ʠʟ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜ [ɹʣʠʥʦʚʘ, 1987]. ɺ ʮʝʣʦʤ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʘʣʤʘʟʦʚ 

ʠʟ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʦʪʤʝʯʘʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʩʪʨʫʢʪʫʨʥʦʡ ʧʨʠʤʝʩʠ ʚʦʜʦʨʦʜʘ. ʀʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷʶʪ ʢʨʠʩʪʘʣʣʳ ʠʟ ʪʨʫʙʦʢ ɿʦʣʦʪʠʮʢʦʛʦ 

ʧʦʣʷ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ [Kaminsky, Khachatryan, 2001], ʘ ʪʘʢʞʝ ʣʘʤʧʨʦʠʪʦʚʦʡ ʪʨʫʙʢʠ 

ɸʨʛʘʡʣ (ɸʚʩʪʨʘʣʠʷ) [Scarrat, Frich, 1992; Yakubovskii, Adriaenssens, 2002].  

 

3.1. ɺʦʜʦʨʦʜʥʳʝ ʮʝʥʪʨʳ ï ʠʥʜʠʢʘʪʦʨʳ ʤʝʭʘʥʠʟʤʘ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ ʠ ʵʚʦʣʶʮʠʠ 

ʩʨʝʜʳ ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʷ 

 

3.1.1. ɺʘʨʠʘʮʠʠ ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ ʚ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʨʘʟʥʦʚʠʜʥʦʩʪʷʭ 

ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ 

 

ʉʪʨʫʢʪʫʨʥʘʷ ʧʦʟʠʮʠʷ ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ ʠ ʢʦʨʨʝʣʷʮʠʷ ʠʭ ʩʦʜʝʨʞʘʥʠʷ ʩ ʬʦʨʤʘʤʠ ʨʦʩʪʘ 

ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ ʧʨʦʠʩʭʦʜʠʣʦ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʘ. ʇʨʠ ʵʪʦʤ ʠ ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ ʚ 

ʢʨʠʩʪʘʣʣʘʭ, ʠ ʤʝʭʘʥʠʟʤ ʠʭ ʨʦʩʪʘ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʨʝʜʳ 

ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʷ. ʇʦʜʪʚʝʨʞʜʝʥʠʝʤ ʵʪʦʤʫ ʩʣʫʞʠʪ ʟʘʢʦʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʦʜʦʨʦʜʘ ʚ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʨʘʟʥʦʚʠʜʥʦʩʪʷʭ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ, ʩʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ ʟʘ ʩʯʝʪ 

ʪʘʥʛʝʥʮʠʘʣʴʥʦʛʦ (ʧʦʩʣʦʡʥʦʛʦ), ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʩʪʘ ʠ ʠʭ ʢʦʤʙʠʥʘʮʠʡ [ɹʣʠʥʦʚʘ, 1987].  

ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ [ɹʦʢʠʡ ʠ ʜʨ., 1986], ʥʘʠʙʦʣʝʝ ʪʠʧʠʯʥʳʤʠ ʬʦʨʤʘʤʠ ʨʦʩʪʘ 

ʢʨʠʩʪʘʣʣʦʚ ʧʨʠʨʦʜʥʦʛʦ ʘʣʤʘʟʘ ʷʚʣʷʶʪʩʷ ʛʨʘʥʠ ʦʢʪʘʵʜʨʘ. ʕʪʦ ʩʣʝʜʫʝʪ ʠʟ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ 

ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ ʦʢʪʘʵʨʠʯʝʩʢʦʛʦ ʛʘʙʠʪʫʩʘ ʚ ʪʨʫʙʢʘʭ ʢʠʤʙʝʨʣʠʪʦʚ ʠ ʣʘʤʧʨʦʠʪʦʚ ʨʘʟʥʳʭ 

ʘʣʤʘʟʦʥʦʩʥʳʭ ʧʨʦʚʠʥʮʠʡ ʤʠʨʘ. ʆʢʪʘʵʜʨʠʯʝʩʢʠʝ ʛʨʘʥʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʪʘʥʛʝʥʮʠʘʣʴʥʦʛʦ ʧʦʩʣʦʡʥʦʛʦ ʨʦʩʪʘ. ʊʘʥʛʝʥʮʠʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ ʨʦʩʪʘ ʨʝʘʣʠʟʫʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ 
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ʜʚʫʤʝʨʥʦʛʦ ʟʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʷ ʠʣʠ ʩ ʧʦʤʦʱʴʶ ʚʠʥʪʦʚʳʭ ʜʠʩʣʦʢʘʮʠʡ [ʉʦʚʨʝʤʝʥʥʘʷ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʷ, 1980].  

ɹʦʣʝʝ ʨʝʜʢʠʝ ʚ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʠ ʣʘʤʧʨʦʠʪʦʚʳʭ ʪʨʫʙʢʘʭ ʘʣʤʘʟʳ ʢʫʙʠʯʝʩʢʦʛʦ ʛʘʙʠʪʫʩʘ 

ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʟʘ ʩʯʝʪ ʥʦʨʤʘʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʨʦʩʪʘ. ʕʪʠ ʢʨʠʩʪʘʣʣʳ 

ʠʤʝʶʪ ʚʦʣʦʢʥʠʩʪʦʝ ʩʪʨʦʝʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʥʘʧʨʘʚʣʝʥʠʝ ʨʦʩʪʘ ʠ ʦʩʠ ʚʦʣʦʢʦʥ ʩʦʚʧʘʜʘʶʪ (Moore 

& Lang, 1972). ʇʨʠ ʵʪʦʤ ʢʦʥʮʝʥʪʨʠʯʝʩʢʘʷ ʟʦʥʘʣʴʥʦʩʪʴ, ʧʘʨʘʣʣʝʣʴʥʘʷ ʩʪʦʨʦʥʘʤ ʢʫʙʘ, 

ʦʙʲʷʩʥʷʝʪʩʷ ʥʝ ʧʦʩʣʦʡʥʳʤ ʨʦʩʪʦʤ ʚ ʥʘʧʨʘʚʣʝʥʠʠ <100>, a ʬʨʦʥʪʦʤ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʪʦʣʙʯʘʪʦʡ 

ʩʪʨʫʢʪʫʨʳ, ʠʥʦʛʜʘ ʠʤʝʶʱʠʤ ʚʦʣʥʠʩʪʫʶ ʠʟʚʠʣʠʩʪʫʶ ʬʦʨʤʫ. ʇʨʠ ʥʦʨʤʘʣʴʥʦʤ (ʥʝʧʨʝʨʳʚʥʦʤ) 

ʨʦʩʪʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʯʘʩʪʠʮ ʘʣʤʘʟʥʦʛʦ ʚʝʱʝʩʪʚʘ ʢ ʛʨʘʥʠ ʧʨʦʠʩʭʦʜʠʪ ʨʘʚʥʦʚʝʨʦʷʪʥʦ ʚ ʣʶʙʦʡ ʝʝ 

ʪʦʯʢʝ [ʉʦʚʨʝʤʝʥʥʘʷ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʷ, 1980].  

ɺʥʝʰʥʷʷ ʬʦʨʤʘ ʢʨʠʩʪʘʣʣʦʚ, ʪʘʢʞʝ ʢʘʢ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ, ʦʪʨʘʞʘʶʪ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʩʨʝʜʳ ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʥʘʣʠʯʠʷ 

ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʢʨʠʩʪʘʣʣʘ ʠ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʥʝʤ 

ʩʪʨʫʢʪʫʨʥʦʡ ʧʨʠʤʝʩʠ ʚʦʜʦʨʦʜʘ.  

ʇʨʦʚʝʜʝʥʥʳʝ ʥʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʢʦʣʦ ʜʚʫʭ ʪʳʩʷʯ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ ʠʟ ʨʘʟʥʳʭ 

ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʨʫʙʦʢ ʠ ʨʦʩʩʳʧʝʡ ʉʠʙʠʨʩʢʦʡ ʠ ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʦʡ ʧʣʘʪʬʦʨʤ ʧʦʟʚʦʣʠʣʠ 

ʚʳʷʚʠʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ ʚ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ 

ʨʘʟʥʦʚʠʜʥʦʩʪʷʭ ʢʨʠʩʪʘʣʣʦʚ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʤʠʥʠʤʘʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʜʦʨʦʜʘ (ʦʙʳʯʥʦ ʥʝ 

ʙʦʣʝʝ 2 ʫʩʣ. ʝʜ.) ʪʠʧʠʯʥʳ ʜʣʷ ʦʢʪʘʵʜʨʦʚ ʩ ʪʨʠʛʦʥʘʣʴʥʦʡ ʬʦʨʤʦʡ ʛʨʘʥʝʡ, ʘ ʤʘʢʩʠʤʘʣʴʥʳʝ (6-8 

ʫʩʣ. ʝʜ. ʠ ʙʦʣʝʝ) ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʢʫʙʦʚ, ʢʫʙʦʠʜʦʚ ʠ ʪʝʪʨʘʛʝʢʩʘʵʜʨʦʠʜʦʚ. ʇʨʠ ʵʪʦʤ ʜʣʷ 

ʢʨʠʩʪʘʣʣʦʚ ʢʫʙʠʯʝʩʢʦʛʦ ʛʘʙʠʪʫʩʘ ʭʘʨʘʢʪʝʨʝʥ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʠʡ ʨʘʟʙʨʦʩ ʩʦʜʝʨʞʘʥʠʡ 

ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʢʪʘʵʨʠʯʝʩʢʠʤʠ ʠʥʜʠʚʠʜʘʤʠ. ɺ ʦʢʪʘʵʜʨʘʭ ʩ 

ʜʠʪʨʠʛʦʥʘʣʴʥʦʡ ʬʦʨʤʦʡ ʛʨʘʥʝʡ, ʜʦʜʝʢʘʵʜʨʦʠʜʘʭ, ʢʦʤʙʠʥʘʮʠʦʥʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʨʷʜʘ ʦʢʪʘʵʜʨï

ʜʦʜʝʢʘʵʜʨʦʠʜ ʧʨʝʜʝʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʦʜʦʨʦʜʘ ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ, ʯʝʤ ʚ ʦʢʪʘʵʜʨʘʭ ʩ 

ʪʨʠʛʦʥʘʣʴʥʦʡ ʬʦʨʤʦʡ ʛʨʘʥʝʡ, ʥʦ ʥʠʞʝ, ʯʝʤ ʚ ʢʨʠʩʪʘʣʣʘʭ ʢʫʙʠʯʝʩʢʦʛʦ ʛʘʙʠʪʫʩʘ (ʨʠʩʫʥʦʢ 3.1). 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʜʠʥʘʢʦʚʳʝ ʧʦ ʬʦʨʤʝ ʢʨʠʩʪʘʣʣʳ ʘʣʤʘʟʘ ʠʟ ʨʘʟʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʤʦʛʫʪ 

ʦʪʣʠʯʘʪʴʩʷ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ. ʅʘʧʨʠʤʝʨ, ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ ʚ ʪʨʫʙʢʝ 

ʠʤ. ʂʘʨʧʠʥʩʢʦʛʦ ï1 ʦʥʠ ʩʦʜʝʨʞʘʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ, ʯʝʤ ʘʥʘʣʦʛʠʯʥʳʝ 

ʧʦ ʬʦʨʤʝ ʢʨʠʩʪʘʣʣʳ ʠʟ ʪʨʫʙʢʠ ʠʤ. ɻʨʠʙʘ (ʪʘʙʣʠʮʘ 2.4). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʤʦʨʬʦʣʦʛʠʝʡ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ ʠ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʥʠʭ 

ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ ʩʫʱʝʩʪʚʫʝʪ, ʥʦ ʦʥʘ ʥʝ ʧʨʷʤʘʷ, ʪʘʢ ʢʘʢ ʦʧʨʝʜʝʣʷʝʪʩʷ ʮʝʣʳʤ ʨʷʜʦʤ 

ʬʘʢʪʦʨʦʚ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʨʘʟʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʦʜʦʨʦʜʘ ʚ ʦʜʠʥʘʢʦʚʳʭ ʧʦ ʬʦʨʤʝ ʢʨʠʩʪʘʣʣʘʭ 

ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʨʘʟʥʦʦʙʨʘʟʥʦʡ ʠʩʪʦʨʠʝʡ ʠʭ ʨʦʩʪʘ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʧʝʮʠʬʠʯʝʩʢʠʤ 

ʚʥʫʪʨʝʥʥʠʤ ʩʪʨʦʝʥʠʝʤ ʢʘʞʜʦʛʦ ʠʟ ʵʪʠʭ ʢʨʠʩʪʘʣʣʦʚ. 
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1 ï ʦʢʪʘʵʜʨʳ ʩ ʪʨʠʛʦʥʘʣʴʥʦʡ ʬʦʨʤʦʡ ʛʨʘʥʝʡ; 

2 ï ʦʢʪʘʵʜʨʳ ʠ ʢʨʠʩʪʘʣʣʳ ʨʷʜʘ ʦʢʪʘʵʜʨ - ʜʦʜʝʢʘʵʜʨʦʠʜ ʩ ʜʠʪʨʠʛʦʥʘʣʴʥʦʡ ʬʦʨʤʦʡ ʛʨʘʥʝʡ; 

3 ï ʢʫʙʳ, ʢʫʙʦʠʜʳ ʠ ʪʝʪʨʘʛʝʢʩʘʵʜʨʦʠʜʳ. 

ʅʘ ʦʩʠ ʦʨʜʠʥʘʪ ʫʢʘʟʘʥʘ ʜʦʣʷ ʢʘʞʜʦʡ ʠʟ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʛʨʫʧʧ ʚ ʚʳʙʦʨʢʝ. 

 

ʈʠʩʫʥʦʢ 3.1. ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʡ ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ ʠ ʠʭ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʠʝ 

ʦʪʢʣʦʥʝʥʠʷ ʚ ʢʨʠʩʪʘʣʣʘʭ ʘʣʤʘʟʘ (1680 ʰʪ.) ʨʘʟʣʠʯʥʦʛʦ ʛʘʙʠʪʫʩʘ ʠʟ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʉʠʙʠʨʠ ʠ 

ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ 

 

 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʝʩʪʝʩʪʚʝʥʥʦ ʦʞʠʜʘʪʴ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʦʨʦʜʘ ʚ ʩʨʝʜʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʘʣʤʘʟʦʚ ʨʘʟʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʙʳʣʦ ʨʘʟʣʠʯʥʳʤ, ʘ ʪʘʢʞʝ ʤʦʛʣʦ ʤʝʥʷʪʴʩʷ ʚ ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ 

ʘʣʤʘʟʘ. ʆʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʠʤʝʩʝʡ ʚʥʫʪʨʠ ʦʪʜʝʣʴʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ ʧʦ ʟʦʥʘʤ ʠʭ ʨʦʩʪʘ. 

 

3.1.2. ʅʝʦʜʥʦʨʦʜʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʪʨʫʢʪʫʨʥʦʛʦ ʚʦʜʦʨʦʜʘ ʚ ʦʙʲʝʤʝ ʧʨʠʨʦʜʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ  

 

ɺʧʝʨʚʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ ʚ ʦʙʲʝʤʝ ʢʨʠʩʪʘʣʣʘ ʨʘʩʩʤʦʪʨʝʥʦ ʥʘʤʠ ʥʘ 

ʧʨʠʤʝʨʝ ʧʷʪʠ ʘʣʤʘʟʥʳʭ ʧʣʘʩʪʠʥ ʚ ʨʘʙʦʪʝ [ɹʣʠʥʦʚʘ, 1987]. ʀʭ ʚʥʫʪʨʝʥʥʝʝ ʩʪʨʦʝʥʠʝ ʙʳʣʦ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʠʩʩʣʝʜʦʚʘʥʦ ɻ.ɸ.ɻʫʨʢʠʥʦʡ ʤʝʪʦʜʘʤʠ ʨʝʥʛʝʥʦʪʦʧʦʛʨʘʬʠʠ, ʧʦʣʷʨʠʟʘʮʠʦʥʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ ʠ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ. ʅʘʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʧʠʨʘʤʠʜʘʭ ʨʦʩʪʘ ʛʨʘʥʝʡ 

ʦʢʪʘʵʜʨʘ, ʠʤʝʶʱʠʭ ʧʦʩʣʦʡʥʦʝ ʩʪʨʦʝʥʠʝ, ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ, 

ʯʝʤ ʚ ʧʠʨʘʤʠʜʘʭ ʨʦʩʪʘ ʢʫʙʘ ʩ ʚʦʣʦʢʥʠʩʪʳʤ ʩʪʨʦʝʥʠʝʤ. ʂʨʦʤʝ ʪʦʛʦ, ʮʝʥʪʨʘʣʴʥʳʝ ʦʙʣʘʩʪʠ ʚʩʝʭ 
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ʠʟʫʯʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʦʙʦʛʘʱʝʥʳ ʚʦʜʦʨʦʜʦʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʠʬʝʨʠʯʝʩʢʠʤʠ. ʇʦʟʞʝ, 

ʜʘʥʥʳʝ ʦ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʟʦʪʘ ʠ ʚʦʜʦʨʦʜʘ ʚ ʘʣʤʘʟʝ ʙʳʣʠ ʜʦʧʦʣʥʝʥʳ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʠʟʫʯʝʥʠʷ ʙʦʣʝʝ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʭ ʢʦʣʣʝʢʮʠʡ ʩʧʝʮʠʘʣʴʥʦ ʧʦʜʦʙʨʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ 

ʠʟ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʨʘʟʥʳʭ ʨʝʛʠʦʥʦʚ ʤʠʨʘ [Khachatryan, Kaminsky, 2003; Kaminsky, Khachatryan, 

2004; ʍʘʯʘʪʨʷʥ ʠ ʜʨ., 2006, 2008].  

ɼʣʷ ʚʳʷʩʥʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ ʧʦ ʟʦʥʘʤ ʨʦʩʪʘ 

ʢʨʠʩʪʘʣʣʦʚ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʚʥʫʪʨʝʥʝʝ ʩʪʨʦʝʥʠʝ ʠ ʤʝʭʘʥʠʟʤ 

ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʨʦʝʥʠʷ ʧʨʦʚʦʜʷʪʩʷ ʥʘ ʧʣʦʩʢʦʩʢʦʧʘʨʘʣʣʝʣʴʥʳʭ 

ʧʣʘʩʪʠʥʘʭ, ʚʳʨʝʟʘʥʥʳʭ ʠʟ ʮʝʣʦʛʦ ʢʨʠʩʪʘʣʣʘ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ 

ʥʘʧʨʘʚʣʝʥʠʷʭ. ʊʘʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʤʝʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʪʘʢ ʢʘʢ ʧʨʝʜʧʦʣʘʛʘʶʪ 

ʨʘʟʨʫʰʝʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ ʠ ʩʣʦʞʥʫʶ ʧʦʜʛʦʪʦʚʢʫ ʦʙʨʘʟʮʦʚ.  

ɸʥʘʣʠʟʠʨʫʝʤʳʝ ʥʘʤʠ ʟʦʥʘʣʴʥʳʝ ʘʣʤʘʟʳ ʙʳʣʠ ʚʟʷʪʳ ʠʟ ʨʘʟʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʗʢʫʪʠʠ 

(ʪʨʫʙʢʠ ʄʠʨ, ʠʤ. XXIII  ʩʲʝʟʜʘ ʂʇʉʉ, ʖʙʠʣʝʡʥʘʷ, ʇʨʦʛʥʦʟʥʘʷ ʠ ʋʜʘʯʥʘʷ), ɸʨʭʘʥʛʝʣʴʩʢʦʡ 

ʦʙʣʘʩʪʠ (ʪʨʫʙʢʠ ʠʤ. ɺ. ɻʨʠʙʘ, ʃʦʤʦʥʦʩʦʚʘ, ʂʘʨʧʠʥʩʢʦʛʦ-1 ʠ ʇʦʤʦʨʩʢʘʷ), ʇʨʠʩʘʷʥʴʷ (ʨʦʩʩʳʧʠ 

ʋʜʠʥʩʢʦʛʦ ʠ ʊʫʤʘʥʰʝʪ-ɹʠʨʶʩʠʥʩʢʠʛʦ ʨʘʡʦʥʦʚ) ʠ ʉʝʚʝʨʥʦʛʦ ʋʨʘʣʘ (ʨʦʩʩʳʧʠ ɺʠʰʝʨʩʢʦʛʦ 

ʨʘʡʦʥʘ), ʂʦʥʛʦ (ʪʨʫʙʢʘ ʄbuyu Mayu). ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʦʙʨʘʟʮʦʚ (50 ʰʪ.) ʚʟʷʪʘ ʠʟ ʢʦʣʣʝʢʮʠʠ 

ʎʅʀɻʈʀ, ʦʩʪʘʣʴʥʳʝ - ʧʨʝʜʦʩʪʘʚʣʝʥʳ ɻ.ʇ. ʂʫʜʨʷʚʮʝʚʦʡ ʠ ɺ.ʂ. ɻʘʨʘʥʠʥʳʤ (ʄɻʋ) ʠ ʄ. 

ʂʦʧʳʣʦʚʦʡ (ʋʥʠʚʝʨʩʠʪʝʪ ɹʨʠʪʘʥʩʢʦʡ ʂʦʣʫʤʙʠʠ, ɺʘʥʢʫʚʝʨ). ʆʙʨʘʟʮʳ ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ 

ʧʣʘʩʪʠʥʳ, ʚʳʨʝʟʘʥʥʳʝ ʠʟ ʢʨʠʩʪʘʣʣʦʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ, ʦʢʨʫʛʣʦ-ʨʦʤʙʦʜʦʜʝʢʘʵʜʨʠʯʝʩʢʦʛʦ ʠ 

ʢʫʙʠʯʝʩʢʦʛʦ ʛʘʙʠʪʫʩʦʚ. ɺʩʝʛʦ ʙʳʣʦ ʠʟʫʯʝʥʦ 94 ʢʨʠʩʪʘʣʣʘ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ 25 ʦʢʪʘʵʜʨʦʚ, 48 

ʜʦʜʝʢʘʵʜʨʦʠʜʦʚ, 21 ʢʫʙ +ʪʝʪʨʘʛʝʢʩʘʵʜʨʦʠʜ. 

ɺʥʫʪʨʝʥʥʝʝ ʩʪʨʦʝʥʠʝ ʵʪʠʭ ʢʨʠʩʪʘʣʣʦʚ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʮʚʝʪʥʦʡ 

ʢʘʪʦʜʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ (ʥʝʙʦʣʴʰʘʷ ʯʘʩʪʴ ʢʨʠʩʪʘʣʣʦʚ). 

ɸʥʘʣʠʟ ʢʘʨʪʠʥ ʢʘʪʦʜʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʘʥʦʤʘʣʴʥʦʛʦ ʜʚʫʧʨʝʣʦʤʣʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ, 

ʥʘʠʙʦʣʝʝ ʪʠʧʠʯʥʳʝ ʠʟ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ (ʨʠʩʫʥʦʢ 2.8. 1-18), ʧʦʟʚʦʣʠʣ 

ʚʳʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ ʪʠʧʳ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʨʦʝʥʠʷ ʠʟʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ (ʨʠʩʫʥʦʢ 3.2). ʇʦʜʦʙʥʘʷ 

ʪʠʧʠʟʘʮʠʷ ʧʨʦʚʝʜʝʥʘ ʜʣʷ ʫʜʦʙʩʪʚʘ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʜʘʥʥʳʭ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ 

ʚʦʜʦʨʦʜʘ ʠ ʜʨʫʛʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʜʝʬʝʢʪʦʚ ʧʦ ʟʦʥʘʤ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ. ɺʳʜʝʣʝʥʥʳʝ 27 

ʪʠʧʦʚ ʥʝ ʦʭʚʘʪʳʚʘʶʪ ʚʩʝʛʦ ʤʥʦʛʦʦʙʨʘʟʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʨʦʝʥʠʷ ʧʨʠʨʦʜʥʳʭ ʘʣʤʘʟʦʚ, ʘ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʣʠʰʴ ʠʟʫʯʝʥʥʳʝ ʥʘʤʠ ʢʨʠʩʪʘʣʣʳ. ʇʨʠ ʵʪʦʤ ʤʥʦʛʠʝ ʠʟ ʪʠʧʦʚ (ʨʠʩʫʥʦʢ 3.2) 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʠʧʘʤ, ʚʳʜʝʣʝʥʥʳʤ ʨʘʥʝʝ ʚ ʨʘʙʦʪʘʭ [ɻʝʥʰʘʬʪ ʠ ʜʨ., 1977; ɿʝʟʠʥ ʠ ʜʨ., 2001]. 
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ʆʢʪʘʵʜʨʳ: O-0 ï ʢʚʘʟʠʦʜʥʦʨʦʜʥʳʡ (ʨʠʩ. 2.8-1), O-1 ï ʩ ʧʦʩʣʦʡʥʦ-ʟʘʤʢʥʫʪʦʡ ʟʦʥʘʣʴʥʦʩʪʴʶ 

(ʨʠʩ. 2.8-2), O-2 ï c ʧʦʩʣʦʡʥʦ-ʥʝʟʘʤʢʥʫʪʦʡ ʟʦʥʘʣʴʥʦʩʪʴʶ, O-3 ï ʩ ʮʝʥʪʨʘʣʴʥʦʡ ʢʫʙʦʠʜʥʦʡ 

ʦʙʣʘʩʪʴʶ (ʨʠʩ. 2.8-3), O-4,5 ï c ʮʝʥʪʨʘʣʴʥʦʡ ʩʝʢʪʦʨʠʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʦʡ (ʨʠʩ. 2.8-4,5), 

O-6 ï ʩ ʯʝʨʝʜʦʚʘʥʠʝʤ ʟʦʥ ʩ ʧʦʩʣʦʡʥʳʤ ʠ ʥʦʨʤʘʣʴʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʨʦʩʪʘ (ʨʠʩ. 2.8-6), 

O-7 ï ʩ ʦʙʦʣʦʯʢʦʡ ʚʦʣʦʢʥʠʩʪʦʛʦ ʩʪʨʦʝʥʠʷ; 

ɼʦʜʝʢʘʵʜʨʦʠʜʳ: ɼ-0 ï ʢʚʘʟʠʦʜʥʦʨʦʜʥʳʡ (ʨʠʩ. 2.8-7), ɼ-1 ï ʩ ʧʦʩʣʦʡʥʦ-ʟʘʤʢʥʫʪʦʡ 

ʦʢʪʘʵʜʨʠʯʝʩʢʦʡ ʟʦʥʘʣʴʥʦʩʪʴʶ, ɼ-2 ï ʩ ʧʦʩʣʦʡʥʦ-ʥʝʟʘʤʢʥʫʪʦʡ ʦʢʪʘʵʜʨʠʯʝʩʢʦʡ ʟʦʥʘʣʴʥʦʩʪʴʶ, 

ɼ-3 ï ʩ ʚʦʣʦʢʥʠʩʪʳʤ ʩʪʨʦʝʥʠʝʤ ʠ ʩ ʚʦʣʥʠʩʪʦʡ ʛʨʘʥʠʮʝʡ ʬʨʦʥʪʘ ʨʦʩʪʘ (ʨʠʩ. 2.8-8), ɼ-4,5 ï ʩ 

ʩʝʢʪʦʨʠʘʣʴʥʦ-ʟʦʥʘʣʴʥʳʤ ʠ ʩʝʢʪʦʨʠʘʣʴʥʳʤ (ʨʠʩ. 2.8-9) ʩʪʨʦʝʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ɼ-6 ï ʩ ʙʣʦʢʦʚʳʤ ʩʪʨʦʝʥʠʝʤ (ʨʠʩ. 2.8-10), ɼ-7 ï ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦʩʣʦʡʥʳʤ 

ʧʦʣʠʮʝʥʪʨʠʯʝʩʢʠʤ ʩʪʨʦʝʥʠʝʤ (ʨʠʩ. 2.8-11), ɼ-8 ï ʩ ʯʝʨʝʜʦʚʘʥʠʝʤ ʟʦʥ ʩ ʧʦʩʣʦʡʥʳʤ ʠ 

ʥʦʨʤʘʣʴʥʳʤ ʨʦʩʪʦʤ ʠ ʮʝʥʪʨʘʣʴʥʳʤ ʚʢʣʶʯʝʥʠʝʤ ʦʙʣʦʤʢʘ ʘʣʤʘʟʘ (ʨʠʩ. 2.8-12), 

ɼ-9 ï ʩ ʧʦʣʫʧʨʦʟʨʘʯʥʦʡ ʚʦʣʦʢʥʠʩʪʦʡ ʦʙʦʣʦʯʢʦʡ ʠ ʦʢʪʘʵʜʨʠʯʝʩʢʠʤ ʷʜʨʦʤ; 

ʂʫʙʳ, ʢʫʙʦʠʜʳ, ʪʝʪʨʘʛʝʢʩʘʵʜʨʦʠʜʳ: K-1,2 ï ʩ ʚʦʣʦʢʥʠʩʪʳʤ ʟʦʥʘʣʴʥʳʤ ʩʪʨʦʝʥʠʝʤ (ʨʠʩ. 2.8-13), 

ʂ-3 ï ʩʦ ʩʤʝʥʦʡ ʧʦʩʣʦʡʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʨʦʩʪʘ ʥʘ ʥʦʨʤʘʣʴʥʳʡ (ʨʠʩ. 2.8-14), K-4 ï ʩʦ ʩʤʝʥʦʡ 

ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʩʪʘ ʥʘ ʩʤʝʰʘʥʥʳʡ (ʨʠʩ. 2.8-15), ʂ-5 ï ʩ ʩʝʢʪʦʨʠʘʣʴʥʳʤ ʩʪʨʦʝʥʠʝʤ (ʨʠʩ.2.8-16), 

ʂ-6 ï ʩ ʥʝʦʜʥʦʢʨʘʪʥʳʤ ʯʝʨʝʜʦʚʘʥʠʝʤ ʧʦʩʣʦʡʥʦʛʦ ʠ ʥʦʨʤʘʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʦʚ ʨʦʩʪʘ 

(ʨʠʩ. 2.8-17), ʂ-7 ï ʩ ʚʢʣʶʯʝʥʠʷʤʠ çʘʣʤʘʟ ʚ ʘʣʤʘʟʝè (ʨʠʩ. 2.8-18), ʂ-8 ʠ 9 ï ʘʣʤʘʟʳ ʚ ʦʙʦʣʦʯʢʝ ʩ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢʫʙʠʯʝʩʢʠʤ ʠ ʦʢʪʘʵʜʨʠʯʝʩʢʠʤ ʷʜʨʦʤ. 

 

ʈʠʩʫʥʦʢ 3.2. ʆʩʥʦʚʥʳʝ ʪʠʧʳ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʨʦʝʥʠʷ ʠʟʫʯʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ 

 

 

ʀʟʫʯʝʥʥʳʝ ʢʨʠʩʪʘʣʣʳ (ʨʠʩʫʥʦʢ 3.2) ʦʙʣʘʜʘʶʪ ʨʘʟʥʳʤ ʚʥʫʪʨʝʥʥʠʤ ʩʪʨʦʝʥʠʝʤ: 

ʦʜʥʦʨʦʜʥʳʤ ʠʣʠ ʢʚʘʟʠʦʜʥʦʨʦʜʥʳʤ, ʢʦʥʮʝʥʪʨʠʯʝʩʢʠ-ʟʦʥʘʣʴʥʳʤ, ʩʝʢʪʦʨʠʘʣʴʥʳʤ ʠ ʟʦʥʘʣʴʥʦ-

ʩʝʢʪʦʨʠʘʣʴʥʳʤ. ɼʣʷ ʯʘʩʪʠ ʦʙʨʘʟʮʦʚ (ʢʚʘʟʠʦʜʥʦʨʦʜʥʳʭ, ʢʦʥʮʝʥʪʨʠʯʝʩʢʠ ʟʦʥʘʣʴʥʳʭ) ʦʪʤʝʯʘʝʪʩʷ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ ʚʥʝʰʥʝʡ ʬʦʨʤʦʡ ʠ ʠʭ ʚʥʫʪʨʝʥʥʠʤ ʩʪʨʦʝʥʠʝʤ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʳʜʝʣʝʥʥʳʭ 
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ʪʠʧʦʚ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʨʦʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʦʩʥʦʚʥʳʭ ʛʘʙʠʪʫʩʥʳʭ ʛʨʫʧʧ ï ʦʢʪʘʵʜʨʦʚ (ʆ-0 ï ʆ-7), 

ʨʦʤʙʦʜʦʜʝʢʘʵʜʨʦʚ (ɼ-0 ï ɼ-9) ʠ ʢʫʙʦʚ+ʪʝʪʨʘʛʝʢʩʘʵʜʨʦʠʜʦʚ (K-1 ï K-9) ʜʘʥʘ ʚ ʧʦʜʨʠʩʫʥʦʯʥʦʡ 

ʧʦʜʧʠʩʠ ʠ ʚ ʪʘʙʣʠʮʝ 3.2, ʘ ʜʝʪʘʣʴʥʦʝ ʦʧʠʩʘʥʠʝ ʙʦʣʴʰʠʥʩʪʚʘ ʠʟ ʵʪʠʭ ʪʠʧʦʚ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪʩʷ ʚ 

ʨʘʙʦʪʝ [Kaminsky, Khachatryan, 2004]. 

ʅʝʦʜʥʦʨʦʜʥʦʩʪʴ ʩʪʨʦʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ, ʦʪʨʘʞʘʶʱʘʷ ʠʟʤʝʥʝʥʠʷ ʫʩʣʦʚʠʡ ʠʭ ʨʦʩʪʘ, 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʷʤʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʤʝʩʥʳʭ ʘʟʦʪʥʳʭ ʠ ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ ʚ 

ʨʘʟʥʳʭ ʟʦʥʘʭ ʢʨʠʩʪʘʣʣʘ. ɿʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʟʦʪʥʳʭ ʠ ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ, ʘ ʪʘʢʞʝ 

ʧʣʝʡʪʣʝʪʩ ʚ ʦʙʲʝʤʝ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.1. ʂʘʢ ʚʠʜʥʦ ʠʟ ʵʪʦʡ ʪʘʙʣʠʮʳ, 

ʦʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʘʟʦʪʘ ʠ ʚʦʜʦʨʦʜʘ ʚ ʘʣʤʘʟʘʭ ʠʤʝʝʪ ʯʘʩʪʠʯʥʳʝ ʦʪʣʠʯʠʷ ʚ ʦʙʨʘʟʮʘʭ, 

ʦʜʠʥʘʢʦʚʦʛʦ ʛʘʙʠʪʫʩʘ, ʥʦ ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʢ ʪʦʤʫ ʠʣʠ ʠʥʦʤʫ ʤʝʩʪʦʨʦʞʜʝʥʠʶ. ʅʘʧʨʠʤʝʨ, 

ʦʢʪʘʵʜʨ ˉ ʂ1 ʪʠʧʘ ʆ-1 ʠʟ ʪʨʫʙʢʠ ʠʤ. ʂʘʨʧʠʥʩʢʦʛʦ-1 ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʧʦʥʠʞʝʥʥʦʡ ʚʝʣʠʯʠʥʦʡ Ntot ʠ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʚʦʜʦʨʦʜʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʦʢʪʘʵʜʨʘʤʠ ʪʦʛʦ ʞʝ ʪʠʧʘ ʠʟ ʪʨʫʙʢʠ ʄʠʨ (ˉˉ ʄ1 ʠ ʄ2). ɼʦʜʝʢʘʵʜʨʦʠʜʳ ˉˉ ʈ1 ʠ L1 (ʪʠʧʦʚ ɼ-

1 ʠ ɼ-2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʠʟ ʪʨʫʙʦʢ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ ʚ ʮʝʣʦʤ ʙʦʣʝʝ ʦʙʦʛʘʱʝʥʳ ʘʟʦʪʦʤ ʠ 

ʚʦʜʦʨʦʜʦʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʦʜʝʢʘʵʜʨʦʠʜʘʤʠ ʵʪʠʭ ʞʝ ʪʠʧʦʚ ˉˉ NU1-NU11 ʠʟ ʨʦʩʩʳʧʝʡ 

ʉʝʚʝʨʥʦʛʦ ʋʨʘʣʘ (ʪʘʙʣʠʮʘ 3.1). ʕʪʠ ʜʘʥʥʳʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʜʪʚʝʨʞʜʘʶʪ ʪʦʯʢʫ ʟʨʝʥʠʷ ʦ ʪʦʤ, 

ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʚ ʘʣʤʘʟʘʭ ʩʣʫʞʘʪ ʩʧʝʮʠʬʠʯʝʩʢʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ (çfingerprintingè) ʘʣʤʘʟʦʚ ʠʟ ʨʘʟʣʠʯʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ [Kaminsky, 

Khachatryan, 2001].  

ɺ ʠʟʫʯʝʥʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʛʘʙʠʪʫʩʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʦʜʦʨʦʜʘ ʤʝʥʷʝʪʩʷ 0 ʜʦ 

13,7 ʩʤ-1, ʧʨʠ ʵʪʦʤ ʚ ʟʦʥʘʣʴʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʦʥʘ ʥʠʞʝ, ʯʝʤ ʚ ʟʦʥʘʣʴʥʦ-ʩʝʢʪʦʨʠʘʣʴʥʳʭ (ʪʘʙʣʠʮʘ 

3.1). ɺ ʢʨʠʩʪʘʣʣʘʭ ʪʠʧʦʚ ʆ-0, ʆ-1, ʆ-2, ʩʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʟʘ ʩʯʝʪ 

ʪʘʥʛʝʥʮʠʘʣʴʥʦʛʦ ʨʦʩʪʘ, ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ ʚ <111>, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʠʟʢʦʝ ʠ ʥʝ 

ʧʨʝʚʳʰʘʝʪ 0,6 ʫʩʣ. ʝʜ. ʀʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ʣʠʰʴ ʦʜʠʥ ʦʢʪʘʵʜʨ ˉ ʂ1 ʠʟ ʪʨʫʙʢʠ ʠʤ. 

ʂʘʨʧʠʥʩʢʦʛʦ-1 (ʅ = 4,7 ʫʩʣ. ʝʜ.). Hʠʟʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ (<0,5 ʫʩʣ. ʝʜ.) 

ʧʨʠʩʫʱʠ ʪʘʢʞʝ ʚʥʝʰʥʠʤ ʦʢʪʘʵʜʨʠʯʝʩʢʠʤ ʟʦʥʘʤ ʢʨʠʩʪʘʣʣʦʚ ʜʨʫʛʠʭ ʪʠʧʦʚ ʆ-3 (ˉ ʄ-4,), ʆ-4 

(ˉˉ ʄ-5, U-2, G-10), ʆ-5 (ˉU-3), ʆ-6 (ˉG-7), ʮʝʥʪʨʘʣʴʥʳʝ ʟʦʥʳ ʢʦʪʦʨʳʭ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʟʘ 

ʩʯʝʪ ʥʦʨʤʘʣʴʥʦʛʦ ʠʣʠ ʩʤʝʰʘʥʥʦʛʦ ʤʝʭʘʥʠʟʤʦʚ ʨʦʩʪʘ. ʂʨʦʤʝ ʪʦʛʦ, ʮʝʥʪʨʘʣʴʥʳʝ ʟʦʥʳ 

ʢʨʠʩʪʘʣʣʦʚ ʜʘʥʥʳʭ ʪʠʧʦʚ ʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʧʠʨʘʤʠʜʳ ʨʦʩʪʘ <100>, ʠʤʝʶʱʠʝ ʚʦʣʦʢʥʠʩʪʦʝ 

ʩʪʨʦʝʥʠʝ, ʦʙʣʘʜʘʶʪ ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʩʪʨʫʢʪʫʨʥʦʡ ʧʨʠʤʝʩʠ ʚʦʜʦʨʦʜʘ (ʜʦ 

13,7 ʫʩʣ. ʝʜ.). ʅʘʧʨʠʤʝʨ, ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʢʨʠʩʪʘʣʣʘ ˉ U2 ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʦʜʦʨʦʜʘ ʚ <111> 

ʧʨʠʤʝʨʥʦ ʥʘ ʧʦʨʷʜʦʢ ʥʠʞʝ, ʯʝʤ ʚ <100> (ʪʘʙʣʠʮʳ 3.1). ɺʦ ʚʥʝʰʥʝʡ ʦʢʪʘʵʜʨʠʯʝʩʢʦʡ ʟʦʥʝ ʵʪʦʛʦ 

ʞʝ ʢʨʠʩʪʘʣʣʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʦʜʦʨʦʜʘ ʩʦʩʪʘʚʣʷʝʪ 0,3 ʫʩʣ. ʝʜ., ʪʦ ʝʩʪʴ ʥʠʞʝ, ʯʝʤ ʚ ʮʝʥʪʨʘʣʴʥʦʡ 

ʯʘʩʪʠ ʢʨʠʩʪʘʣʣʘ.  
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ʊʘʙʣʠʮʘ 3.1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʜʝʬʝʢʪʦʚ ʚ ʦʙʲʝʤʝ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ  

ʩ ʨʘʟʣʠʯʥʳʤ ʚʥʫʪʨʝʥʥʠʤ ʩʪʨʦʝʥʠʝʤ 

 

    ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʨʠʩʪʘʣʣʘ ʠ ʝʛʦ ʫʯʘʩʪʢʦʚ 

ˉ. ʊʨʫʙʢʘ, ʨʦʩʩʳʧʴ ɺʥʫʪʨʝʥʥʝʝ ʩʪʨʦʝʥʠʝ ʉʦʜʝʨʞʘʥʠʝ ʧʨʠʤʝʩʝʡ ʠ ʜʝʬʝʢʪʦʚ  

ʦʙʨ.   ʊʠʧ ɿʦʥʘ, ʧʠʨʘ- Ntot, %NB, ʧʣʝʡʪʣʝʪʩ, ʅ, 

      ʤʠʜʘ ʨʦʩʪʘ at.ppm at.ppm ʩʤ-1 ʩʤ-1 

1 2 3 4 5 6 7 8 

ʆʢʪʘʵʜʨʳ 

M1  ʊ. ʄʠʨ, ʗʢʫʪʠʷ O-1  ʮʝʥʪʨ< 111> 1008 39 15,8 0,6 

      ʢʨʘʡ< 111> 1018 24 3,3 0 

ʄ2 ʊ. ʄʠʨ, ʗʢʫʪʠʷ  O-1 ʮʝʥʪʨ< 111> 555 18 9,5 0,6 

      ʢʨʘʡ< 111> 528 20 8,4 0,2 

M3 ʊ. ʄʠʨ, ʗʢʫʪʠʷ O-2  ʮʝʥʪʨ< 111> 808 43 18,9  - 

      ʢʨʘʡ< 111> 390 32 2,8 - 

M4  ʊ. ʄʠʨ, ʗʢʫʪʠʷ   O-3  ʮʝʥʪʨ< 111> 491 31 6,6 1,7 

      ʢʨʘʡ< 111> 827 20 2,4 0,1 

M5  ʊ. ʄʠʨ, ʗʢʫʪʠʷ   O-4  ʮʝʥʪʨ< 111> -  -  -  - 

      ʮʝʥʪʨ< 100> 812 23 2,3 2 

      ʢʨʘʡ< 111> 696 23 5,1 0 

X1  ʊ.ʠʤ.XXIII  O-1  ʮʝʥʪʨ< 111> 51 50 0  0 

  ʧʘʨʪʩʲʝʟʜʘ   ʢʨʘʡ< 111> 448 5 1,5 0,2 

U1 ʊ.ʋʜʘʯʥʘʷ, ʗʢʫʪʠʷ O-1 ʮʝʥʪʨ< 111> 285 67 12,7 0,2 

      ʢʨʘʡ< 111> 64 33 1  0,3 

U2  ʊ.ʋʜʘʯʥʘʷ, ʗʢʫʪʠʷ O-4 ʮʝʥʪʨ< 111> -  - 6,6 1 

      ʮʝʥʪʨ< 100> 852 33 7,7 13,7 

      ʢʨʘʡ< 111> 845 30 2  0,3 

U3 ʊ.ʋʜʘʯʥʘʷ, ʗʢʫʪʠʷ  O-5 ʮʝʥʪʨ< 111> 1257 39 13,9 1,1 

      ʮʝʥʪʨ< 100> 29 7 5,9   

      ʢʨʘʡ< 111> 1141 24 9,5 0,3 

A1  ʊ.ɸʡʭʘʣ, ʗʢʫʪʠʷ O-1  ʮʝʥʪʨ< 111> 382 27 9,2 0,1 

      ʢʨʘʡ< 111> 345 25 3,3 0 

K1  ʊ.ʠʤ.ʂʘʨʧʠʥʩʢʦʛʦ-1, O-1  ʮʝʥʪʨ< 111> 499 96 16,6   

  ɸʨʭʘʥʛʝʣʴʩʢʘʷ ʦʙʣ.   ʢʨʘʡ< 111> 131 82 4  4,7 

ʂ2 ʊ.ʠʤ.ʂʘʨʧʠʥʩʢʦʛʦ-1, O-1  ʮʝʥʪʨ< 111> 1711 20 2,6 0,8 

  ɸʨʭʘʥʛʝʣʴʩʢʘʷ ʦʙʣ.   ʢʨʘʡ< 111> 1276 14 1,6 0,5 

ʄʄ1 Mbuyu Mayo, Kongo O-7 ʮʝʥʪʨ< 111> 444 18 4,4 0,2 

      ʢʨʘʡ< 100> 440 0 0 0,8 

ʂ3 ʊ.ʠʤ.ʂʘʨʧʠʥʩʢʦʛʦ-1, O-1  ʮʝʥʪʨ< 111> 137   1,9 0,2 

  ɸʨʭʘʥʛʝʣʴʩʢʘʷ ʦʙʣ.   ʢʨʘʡ< 111> 29   0 0,2 

G1 ʊ. ʠʤ. ɻʨʠʙʘ,  O-0  ʮʝʥʪʨ< 111> 413 34 6,8 0,6 

  ɸʨʭʘʥʛʝʣʴʩʢʘʷ ʦʙʣ.   ʢʨʘʡ< 111> 361 36 5,9 0,4 

G2 ʊ. ʠʤ. ɻʨʠʙʘ,  O-6 ʢʨʘʡ< 111> 1443 21 2,0 0,4 

G3 ʊ. ʠʤ. ɻʨʠʙʘ,  O-5 ʮʝʥʪʨ< 111> 325 34 8,6 0,0 

  ɸʨʭʘʥʛʝʣʴʩʢʘʷ ʦʙʣ.   ʮʝʥʪʨ< 100> 195 23 1,5 0,0 

G4 ʊ. ʠʤ. ɻʨʠʙʘ,  O-1  ʮʝʥʪʨ< 111> 254 39 8,6 0,1 

  ɸʨʭʘʥʛʝʣʴʩʢʘʷ ʦʙʣ.   ʢʨʘʡ< 111> 79 14 1,6 0,2 

G5 ʊ. ʠʤ. ɻʨʠʙʘ,  O-1  ʮʝʥʪʨ< 111> 347 35 8,4 0,3 

  ɸʨʭʘʥʛʝʣʴʩʢʘʷ ʦʙʣ.   ʢʨʘʡ< 111> 211 42 8,7 0,3 

G6 ʊ. ʠʤ. ɻʨʠʙʘ  O-1  ʢʨʘʡ< 111> 239 28 6,6 0,2 

G7 ʊ. ʠʤ. ɻʨʠʙʘ,  O-6 ʮʝʥʪʨ< 111> 799 57 20,3   

  ɸʨʭʘʥʛʝʣʴʩʢʘʷ ʦʙʣ.   ʧʨʦʤʝʞʫʪʦʯʥʘʷ 1387 52 13,0 5,5 

      < 100>+< 111>         

      ʢʨʘʡ< 111> 448 28 6,6 0,5 
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            ʧʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 3.1. 

1 2 3 4 5 6 7 8 

G8 ʊ. ʠʤ. ɻʨʠʙʘ  O-5 ʧʨʦʤʝʞʫʪʦʯʥʘʷ 1107 77 35,1 2,2 

      < 100>+< 111>         

G9 ʊ. ʠʤ. ɻʨʠʙʘ  O-1  ʮʝʥʪʨ< 111> 204 6 0,8 0,0 

G10 ʊ. ʠʤ. ɻʨʠʙʘ,  O-4 ʮʝʥʪʨ 606 34 10,9 1,2 

  ɸʨʭʘʥʛʝʣʴʩʢʘʷ ʦʙʣ.   < 100>+< 111>         

      ʧʨʦʤʝʞʫʪ< 111> 207 18 5,2 0,3 

      ʢʨʘʡ< 111> 147 10 0,8 0,3 

G11 ʊ. ʠʤ. ɻʨʠʙʘ  O-6 ʢʨʘʡ< 111> 235 14 1,9 0,4 

ɼʦʜʝʢʘʵʜʨʦʠʜʳ 

U4  ʊ.ʋʜʘʯʥʘʷ, ʗʢʫʪʠʷ   ɼ-1 ʮʝʥʪʨ< 111> 482 72 18,2 0,4 

      ʢʨʘʡ< 111> 238 67 9  1,5 

Yu1  

ʊ.ʖʙʠʣʝʡʥʘʷ, 

ʗʢʫʪʠʷ   ɼ-1 ʮʝʥʪʨ< 111> 710 13 0  0,2 

     ʢʨʘʡ< 111> 853 8 0  0,8 

Pr1 

ʊ. ʇʨʦʛʥʦʟʥʘʷ, 

ʗʢʫʪʠʷ D-2  ʮʝʥʪʨ< 111> 343 88 22,5 0,3 

      ʢʨʘʡ< 111> 57 61 0,9 0,4 

Pr2  

ʊ. ʇʨʦʛʥʦʟʥʘʷ, 

ʗʢʫʪʠʷ  ɼ-2  ʮʝʥʪʨ< 111> 576 77 24,1 0 

      ʢʨʘʡ< 111> 135 44 5,5 0,8 

NU1  ʈ. ʉʝʚʝʨʥʦʛʦ ʋʨʘʣʘ ɼ-1  ʮʝʥʪʨ< 111> 507 41 13,4 1,6 

      ʢʨʘʡ< 111> 549 42 14,6 1,3 

NU2 ʈ. ʉʝʚʝʨʥʦʛʦ ʋʨʘʣʘ ɼ-1 ʮʝʥʪʨ< 111> 903 16 11  0 

      ʢʨʘʡ< 111> 390 3 5,8 0 

NU3  ʈ. ʉʝʚʝʨʥʦʛʦ ʋʨʘʣʘ   ɼ-1 ʮʝʥʪʨ< 111> 213 17 2,8 0,2 

      ʢʨʘʡ< 111> 528 15 2,7 0 

NU4 ʈ. ʉʝʚʝʨʥʦʛʦ ʋʨʘʣʘ    ɼ-1 ʮʝʥʪʨ< 111> 396 27 7  0,7 

      ʢʨʘʡ< 111> 958 13 5,5 0 

NU5  ʈ. ʉʝʚʝʨʥʦʛʦ ʋʨʘʣʘ  ɼ-1  ʮʝʥʪʨ< 111> 500 65 15,6 1,3 

      ʢʨʘʡ< 111> 570 32 15,7 0,5 

NU6  ʈ. ʉʝʚʝʨʥʦʛʦ ʋʨʘʣʘ  ɼ-1  ʮʝʥʪʨ< 111> 421 18 3  0,5 

      ʢʨʘʡ< 111> 431 14 2,5 0,3 

NU7  ʈ. ʉʝʚʝʨʥʦʛʦ ʋʨʘʣʘ  ɼ-2 ʮʝʥʪʨ< 111> 368 38 11,7 0,6 

      ʢʨʘʡ< 111> 340 38 10,8 0,5 

NU8  ʈ. ʉʝʚʝʨʥʦʛʦ ʋʨʘʣʘ  ɼ-2 ʮʝʥʪʨ< 111> 37 6 4,1   

      ʢʨʘʡ < 111>  -  -  - 2,7 

NU9  ʈ. ʉʝʚʝʨʥʦʛʦ ʋʨʘʣʘ  ɼ-2  ʮʝʥʪʨ< 111> 332 49 9  0 

      ʢʨʘʡ< 111> 476 29 11  0 

NU10  ʈ. ʉʝʚʝʨʥʦʛʦ ʋʨʘʣʘ  ɼ-2  ʮʝʥʪʨ< 111> 531 17 7,1 0,5 

      ʢʨʘʡ< 111> 539 10 5,1 0 

NU11 ʈ. ʉʝʚʝʨʥʦʛʦ ʋʨʘʣʘ ɼ-0 ʮʝʥʪʨ< 111> 89 70 2,8 0 

      ʢʨʘʡ< 111> 46 54 1,8 0 

NU12 ʈ. ʉʝʚʝʨʥʦʛʦ ʋʨʘʣʘ  ɼ-4 ʮʝʥʪʨ< 111> 1069 30 13,4 3,6 

      ʮʝʥʪʨ< 100>  ʥ.ʦ. ʥ.ʦ. ʥ.ʦ. ʥ.ʦ. 

      ʢʨʘʡ< 111> 182 34 2,6 0,8 

NU13 ʈ. ʉʝʚʝʨʥʦʛʦ ʋʨʘʣʘ  ɼ-3 ʮʝʥʪʨ < hhl>?  509 28 7,5 1,5 

      ʢʨʘʡ < 100>< hhl>  633 30 7,4 1,6 

      < hhl>         

NU14 ʈ. ʉʝʚʝʨʥʦʛʦ ʋʨʘʣʘ  ɼ-5  ʮʝʥʪʨ< 111> 1040 18 11,7 4,7 

      ʮʝʥʪʨ< 100>  658 20 2,6 9,4 

      ʢʨʘʡ< 111> 260 25 2,3 0,9 

NU15 ʈ. ʉʝʚʝʨʥʦʛʦ ʋʨʘʣʘ ɼ-5 ʮʝʥʪʨ< 111> 1581 21 11,4 0,9 

      ʮʝʥʪʨ< 100>  ʥ.ʦ. ʥ.ʦ. ʥ.ʦ. ʥ.ʦ. 

      ʢʨʘʡ< 111> 886 42 4  0,2 
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NU16 ʈ. ʉʝʚʝʨʥʦʛʦ ʋʨʘʣʘ ɼ-6 ʮʝʥʪʨ ?  101 43 2,1 0 

      ʢʨʘʡ ?  82 40 1,9 0 

NU17 ʈ. ʉʝʚʝʨʥʦʛʦ ʋʨʘʣʘ ɼ-6 ʮʝʥʪʨ ?  44 75 0  0 

      ʢʨʘʡ ?  69 72  0 0,2 

NU18 ʈ. ʉʝʚʝʨʥʦʛʦ ʋʨʘʣʘ ɼ-6  ʮʝʥʪʨ ?  430 18 3,9 0 

      ʢʨʘʡ ?  437 14 2,4 0,3 

NU19 ʈ. ʉʝʚʝʨʥʦʛʦ ʋʨʘʣʘ ɼ-3 ʮʝʥʪʨ< 100> 160 44 0  0 

      ʢʨʘʡ< 100> 125 23 2,7 0 

L1 ʊ. ʠʤ.ʃʦʤʦʥʦʩʦʚʘ, ɼ-2 ʮʝʥʪʨ< 111> 878 22 2,2 7,6 

  ɸʨʭʘʥʛʝʣʴʩʢʘʷ ʦʙʣ.    ʢʨʘʡ< 111> 721 22 1,8 6,5 

L2 ʊ. ʠʤ. ʃʦʤʦʥʦʩʦʚʘ ɼ-5? ʮʝʥʪʨ 1373 24 15,4 15 

  ɸʨʭʘʥʛʝʣʴʩʢʘʷ ʦʙʣ.    < 111>+< 100>         

      ʢʨʘʡ< 111> 1222 23 12  10 

K4 ʊ. ʂʘʨʧʠʥʩʢʦʛʦ-1, ? ʮʝʥʪʨ ?  1151 20 10,9 4,9 

  ɸʨʭʘʥʛʝʣʴʩʢʘʷ ʦʙʣ.   ʢʨʘʡ ?  531 16 7,1 0 

K5 ʊ. ʂʘʨʧʠʥʩʢʦʛʦ-1, ɼ-6  ʮʝʥʪʨ ?  293 17 4,5 0  

  ɸʨʭʘʥʛʝʣʴʩʢʘʷ ʦʙʣ     ʢʨʘʡ ?  209 13 2,3 0 

K6 ʊ. ʂʘʨʧʠʥʩʢʦʛʦ-1, ɼ-8 ʮʝʥʪʨ< 111> 2217 24 6,4 1,3 

  ɸʨʭʘʥʛʝʣʴʩʢʘʷ ʦʙʣ.    ʢʨʘʡ> 2221 18 3,3 1 

      < 111>+< 100         

P1  ʊ.ʇʦʤʦʨʩʢʘʷ,  ɼ-1 ʮʝʥʪʨ< 111> 1491 46 19,5 1 

  ɸʨʭʘʥʛʝʣʴʩʢʘʷ ʦʙʣ.    ʢʨʘʡ< 111> 916 36 17,1 6,7 

S1 ʈ. ʇʨʠʩʘʷʥʴʝ D-6? ʮʝʥʪʨ ?  39 39 1,3 0,6 

      ʢʨʘʡ ?  70 39 0  0 

V3  ? ɼ-1  ʮʝʥʪʨ< 111> 743 39 20,9 0,5 

      ʢʨʘʡ< 111> 713 41 14,9 0,9 

V61  ? ɼ-2  ʮʝʥʪʨ< 111> 460 10 0,3 0 

      ʢʨʘʡ< 111> 556 13 0,4 0 

V68 ? ɼ-1  ʮʝʥʪʨ< 111> 804 31 11  0 

      ʢʨʘʡ< 111> 765 29 10,3 0 

ʄʄ2 Mbuyu Mayo, ʂʦʥʛʦ ɼ-9  ʮʝʥʪʨ< 111> 390 32 6,6 0,5 

      ʢʨʘʡ< 100> 861 11 Ò3,9 Ò0,5 

ʄʄ3 Mbuyu Mayo, ʂʦʥʛʦ ɼ-9  ʮʝʥʪʨ< 111> 2000 0 Ò4,3 1,2 

      ʢʨʘʡ< 100> 1200 0 0 0,7 

ʄʄ4 Mbuyu Mayo, ʂʦʥʛʦ ɼ-9  ʮʝʥʪʨ< 111> 2300 0 4 0,8 

      ʢʨʘʡ< 100> 728 2 0 0,6 

K7 ʊ. ʂʘʨʧʠʥʩʢʦʛʦ-1, ɼ-7  ʮʝʥʪʨ< 111> 1604 38 1 ʥ.ʦ. 

  ɸʨʭʘʥʛʝʣʴʩʢʘʷ ʦʙʣ.    ʢʨʘʡ< 100> 1253 0 0 0,7 

K8 ʊ. ʂʘʨʧʠʥʩʢʦʛʦ-1, ɼ-5  ʮʝʥʪʨ   1111 11 2,5 0 

  ɸʨʭʘʥʛʝʣʴʩʢʘʷ ʦʙʣ.   < hhl> < 111>?         

      ʢʨʘʡ  971 10 2 0,1 

      < hhl> < 111>?         

K9 ʊ. ʂʘʨʧʠʥʩʢʦʛʦ-1, ɼ-2 ʮʝʥʪʨ< 111> 1446 23 1,8 1,2 

  ɸʨʭʘʥʛʝʣʴʩʢʘʷ ʦʙʣ.    ʢʨʘʡ< 111> 675 0 2,5 0 

K10 ʊ. ʂʘʨʧʠʥʩʢʦʛʦ-1 ɼ-7  ʮʝʥʪʨ< 111> 1676 21 1,7 2,2 

K11 ʊ. ʂʘʨʧʠʥʩʢʦʛʦ-1, ɼ-0 ʮʝʥʪʨ< 111> 265 10 4,7 0,1 

  ɸʨʭʘʥʛʝʣʴʩʢʘʷ ʦʙʣ.   ʢʨʘʡ< 111> 251 12 4 0 

K12 ʊ. ʂʘʨʧʠʥʩʢʦʛʦ-1, ɼ-1  ʮʝʥʪʨ< 111> 1264 23 2,7 0,6 

  ɸʨʭʘʥʛʝʣʴʩʢʘʷ ʦʙʣ.   ʢʨʘʡ< 111> 1153 17 2,4 0,3 

K13 ʊ. ʂʘʨʧʠʥʩʢʦʛʦ-1, ɼ-0 ʮʝʥʪʨ< 111> 268 13 3,2 0 

  ɸʨʭʘʥʛʝʣʴʩʢʘʷ ʦʙʣ.    ʢʨʘʡ< 111> 234 13 3 0 
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K14 ʊ. ʂʘʨʧʠʥʩʢʦʛʦ-1 ɼ-7  ʮʝʥʪʨ< 111> 1692 20 3,3 ʥ.ʦ. 

K15 ʊ. ʂʘʨʧʠʥʩʢʦʛʦ-1, ɼ-3 ʮʝʥʪʨ< 100>  1137 0 0 0,5 

  ɸʨʭʘʥʛʝʣʴʩʢʘʷ ʦʙʣ.   ʢʨʘʡ< 100> 987 0 0 0,3 

K16 ʊ. ʂʘʨʧʠʥʩʢʦʛʦ-1, ɼ-3 ʮʝʥʪʨ< 100>  1411 0 0 5,4 

  ɸʨʭʘʥʛʝʣʴʩʢʘʷ ʦʙʣ.   ʢʨʘʡ< 100> 1599 20 0 4,4 

K17 ʊ. ʂʘʨʧʠʥʩʢʦʛʦ-1 ɼ-3 ʮʝʥʪʨ< 100>  1404 0 0,7 ʥ.ʦ. 

G12 ʊ. ʠʤ. ɻʨʠʙʘ ɼ-1 ʮʝʥʪʨ< 111> 458 47 11 0,1 

  ɸʨʭʘʥʛʝʣʴʩʢʘʷ ʦʙʣ.   ʢʨʘʡ< 111> 425 47 8,0 0,0 

ʂʫʙʳ, ʢʫʙʦʠʜʳ, ʪʝʪʨʘʛʝʢʩʘʵʜʨʦʠʜʳ 

U5 ʊ.ʋʜʘʯʥʘʷ, ʗʢʫʪʠʷ K-1  ʮʝʥʪʨ< 100>  439 5 0  2,3 

      ʢʨʘʡ< 100> 142 12  0 1   

U6 ʊ.ʋʜʘʯʥʘʷ, ʗʢʫʪʠʷ K-1  ʮʝʥʪʨ< 100>  1033 30 1,1 2,2 

      ʢʨʘʡ< 100> 692 27 2,9 4,6 

U7 ʊ.ʋʜʘʯʥʘʷ, ʗʢʫʪʠʷ ? ʮʝʥʪʨ< 100>  1102 0 1,5 3,2 

      ʢʨʘʡ< 100> 643 26 0  2,6 

U8 ʊ.ʋʜʘʯʥʘʷ, ʗʢʫʪʠʷ K-4 ʮʝʥʪʨ<hhl><111>? 566 0 2,2 2  

      ʢʨʘʡ< 100> 741 42 2,7 0 

L3 ʊ. ʠʤ.ʃʦʤʦʥʦʩʦʚʘ, K-2  ʮʝʥʪʨ< 100>  1090 9 1,4 5,6 

  ɸʨʭʘʥʛʝʣʴʩʢʘʷ ʦʙʣ.   ʢʨʘʡ< 100> 757 12 0  0 

K18 ʊ. ʂʘʨʧʠʥʩʢʦʛʦ-1 K-3  ʮʝʥʪʨ< 111> 1439 5 0  0 

  ɸʨʭʘʥʛʝʣʴʩʢʘʷ ʦʙʣ.   ʢʨʘʡ< 100> 540 6 0  0 

K19 ʊ. ʂʘʨʧʠʥʩʢʦʛʦ-1, K-5  ʮʝʥʪʨ < hhl>  1046 11 0  2,4 

  ɸʨʭʘʥʛʝʣʴʩʢʘʷ ʦʙʣ.   ʢʨʘʡ < hhl>  596 11 0  3 

ʄʄ5 

Mbuyu Mayo, ʂʦʥʛʦ 

ʂ-8 ʮʝʥʪʨ< 100>  563 6 

 

Ò2,4 

 

1,6 

      ʢʨʘʡ< 100> 474 18 Ò2,7 Ò0,5 

ʄʄ6 Mbuyu Mayo, ʂʦʥʛʦ ʂ-9 ʮʝʥʪʨ< 111> 449 55 6,9 1,3 

      ʢʨʘʡ< 100> 415 13 Ò2,5 0,5 

ʄʄ7 Mbuyu Mayo, ʂʦʥʛʦ ʂ-9 ʮʝʥʪʨ< 111> 969 23 Ò0,6 0,6 

      ʢʨʘʡ< 100> 374 14 Ò2,0 0 

ʄʄ8 Mbuyu Mayo, ʂʦʥʛʦ ʂ-8 ʢʨʘʡ< 100> 547 45 Ò4,4 Ò0,7 

ʄʄ9 Mbuyu Mayo, ʂʦʥʛʦ ʂ-9 ʮʝʥʪʨ< 111> 1647 30 Ò0,6 1,3 

      ʢʨʘʡ< 100> 2579 32 0 1,9 

ʄʄ10 Mbuyu Mayo, ʂʦʥʛʦ ʂ-8 ʮʝʥʪʨ< 100>  1069 0 0 0,9 

      ʢʨʘʡ< 100> 1009 0 0 0,5 

ʄʄ11 Mbuyu Mayo, ʂʦʥʛʦ ʂ-9 ʮʝʥʪʨ< 111> 635 22 2,3 0 

      ʢʨʘʡ< 100> 890 0 0 0,9 

ʄʄ12 Mbuyu Mayo, ʂʦʥʛʦ ʂ-8 ʮʝʥʪʨ< 100>  560 9 Ò2,4 0,7 

      ʢʨʘʡ< 100> 819 0 0 0 

ʄʄ13 Mbuyu Mayo, ʂʦʥʛʦ ʂ-9 ʮʝʥʪʨ< 111> 565 28 7,8 0,5 

      ʢʨʘʡ< 100> 768 3 0 0,5 

K20 ʊ. ʂʘʨʧʠʥʩʢʦʛʦ-1, K-6 ʮʝʥʪʨ< 111> 2605 20 1,7 2,1 

  ɸʨʭʘʥʛʝʣʴʩʢʘʷ ʦʙʣ.   ʢʨʘʡ< 100> 2193 18 0,3 1,3 

K21 ʊ. ʂʘʨʧʠʥʩʢʦʛʦ-1, ʂ-5 ʮʝʥʪʨ  1208 0 0 4 

  ɸʨʭʘʥʛʝʣʴʩʢʘʷ ʦʙʣ.   < hhl>ʠʣʠ <100>         

      ʮʝʥʪʨ< hhl>  1469 20 0 4,2 

      ʠʣʠ <100>         

K22 ʊ. ʂʘʨʧʠʥʩʢʦʛʦ-1, ʂ-7 ʮʝʥʪʨ1< 100>  1460 0 0 3,9 

  ɸʨʭʘʥʛʝʣʴʩʢʘʷ ʦʙʣ.   ʮʝʥʪʨ1< 111> 1122 20 4,8 2 

      ʮʝʥʪʨ2< 111> 1543 19 2,8 1,4 

      ʢʨʘʡ< 100> 1438 0 0 1,5 

K23 ʊ. ʂʘʨʧʠʥʩʢʦʛʦ-1 K-5  ʮʝʥʪʨ< 100>  1372 22 0 5,5 

G13 ʊ. ʠʤ. ɻʨʠʙʘ  ʂ-1 ʢʨʘʡ< 100> 540 0 0,7 0,0 
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ʉʦʜʝʨʞʘʥʠʝ ʚʦʜʦʨʦʜʘ ʚ ʜʦʜʝʢʘʵʜʨʦʠʜʘʭ ʤʝʥʷʝʪʩʷ ʦʪ 0 ʜʦ 15 ʩʤ-1, ʯʪʦ ʚ ʩʨʝʜʥʝʤ 

ʧʨʠʙʣʠʞʘʝʪʩʷ  ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʟʥʘʯʝʥʠʷʤ ʵʪʦʡ ʚʝʣʠʯʠʥʳ ʚ ʦʢʪʘʵʜʨʘʭ (ʪʘʙʣʠʮʘ 3.1). ʇʦ 

ʭʘʨʘʢʪʝʨʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʚ ʢʨʠʩʪʘʣʣʘʭ ʜʦʜʝʢʘʵʜʨʦʠʜʳ ʜʦʚʦʣʴʥʦ 

ʩʭʦʞʠ ʩ ʦʢʪʘʵʜʨʘʤʠ. ɼʦʜʝʢʘʘʵʜʨʦʠʜʳ ʩ ʟʦʥʘʣʴʥʳʤ ʚʥʫʪʨʝʥʥʠʤ ʩʪʨʦʝʥʠʝʤ (ʪʠʧʳ ɼ-0, ɼ-1, ɼ-2 

ɼ-6,), ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʜʝʨʞʘʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʝ ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ, 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʦʪʦʨʳʭ ʦʙʳʯʥʦ ʥʝ ʧʨʝʚʳʰʘʝʪ 1,5 ʫʩʣʦʚʥʳʭ ʝʜʠʥʠʮ. ʀʩʢʣʶʯʝʥʠʷʤʠ ʷʚʣʷʶʪʩʷ 

ʥʝʩʢʦʣʴʢʦ ʢʨʠʩʪʘʣʣʦʚ ʠʟ ʪʨʫʙʦʢ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ ʠ ʢʨʠʩʪʘʣʣ NU-8 ʠʟ ʨʦʩʩʳʧʝʡ 

ʉʝʚʝʨʥʦʛʦ ʋʨʘʣʘ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʚʦʜʦʨʦʜʘ ʚ ʥʠʭ ʚʘʨʴʠʨʫʝʪ ʦʪ 1 ʜʦ 7,6 ʫʩʣ. ʝʜ. (ʪʘʙʣʠʮʘ 3.1). ɺ 

ʮʝʣʦʤ ʚ ʜʦʜʝʢʘʵʜʨʦʠʜʘʭ ʩ ʮʝʥʪʨʘʣʴʥʦʡ ʢʫʙʦʠʜʥʦʡ (D-3) ʠ ʢʫʙʦʦʢʪʘʵʜʨʠʯʝʩʢʦʡ ʟʦʥʘʤʠ (ʪʠʧʳ ɼ-

4, ɼ-5) ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ ʚʳʰʝ, ʯʝʤ ʩ ʧʦʩʣʦʡʥʦ-ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʠʥʜʠʚʠʜʘʭ 

(ʪʠʧʳ ɼ-0, ɼ-1, ɼ-2). ʅʘʧʨʠʤʝʨ, ʚ ʢʨʠʩʪʘʣʣʝ NU-14 (ɼ-5) ʦʥʘ ʩʦʩʪʘʚʣʷʝʪ 9,4 ʫʩʣ. ʝʜ. (ʪʘʙʣʠʮʘ 

3.1). ɼʣʷ ʜʦʜʝʢʘʵʜʨʦʠʜʦʚ ʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʪʠʧʦʚ ɼ-4, ɼ-5, ʪʘʢ ʞʝ, ʢʘʢ ʠ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʦʢʪʘʵʜʨʦʚ (ʆ-4, ʆ-5), ʥʘʤʝʯʘʝʪʩʷ ʪʝʜʝʥʮʠʷ ʦʙʝʜʥʝʥʠʷ ʚʦʜʦʨʦʜʦʤ ʚʥʝʰʥʝʡ ʦʙʦʣʦʯʢʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʚʥʫʪʨʝʥʥʠʤʠ ʯʘʩʪʷʤʠ ʢʨʠʩʪʘʣʣʘ (ʪʘʙʣʠʮʘ 3.1).  

ʆʩʦʙʫʶ ʛʨʫʧʧʫ ʩʦʩʪʘʚʣʷʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʘʟʦʪʥʳʝ (Ntot 50-450 ppm) ʢʨʠʩʪʘʣʣʳ ʪʠʧʘ 

ɼ-6. ʀʤ ʩʚʦʡʩʪʚʝʥʥʳ ʢʨʘʡʥʝ ʥʠʟʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ, ʥʝ ʧʨʝʚʳʰʘʶʱʠʝ 0,3 

ʫʩʣ. ʝʜʠʥʠʮ. ʕʪʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʦʪʨʘʞʘʝʪ ʢʦʨʨʝʣʷʮʠʶ ʤʝʞʜʫ ʩʦʜʝʨʞʘʥʠʝʤ ʘʟʦʪʘ ʠ ʚʦʜʦʨʦʜʘ ʚ 

ʘʣʤʘʟʝ, ʦʙʥʘʨʫʞʝʥʥʫʶ ʥʘʤʠ ʨʘʥʝʝ [ɹʣʠʥʦʚʘ, ʉʠʤʘʢʦʚ, ɻʫʨʢʠʥʘ, 1988]. ɸʣʤʘʟʳ ʚ ʦʙʦʣʦʯʢʝ ʪʠʧʘ 

ɼ-9 ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʚʦʜʦʨʦʜʘ (ʥʝ ʙʦʣʝʝ 2 ʫʩʣ. ʝʜ.) 

ʢʘʢ ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʤ ʮʝʥʪʨʝ, ʪʘʢ ʠ ʚ ʚʦʣʦʢʥʠʩʪʦʡ ʦʙʦʣʦʯʢʝ (ʪʘʙʣʠʮʘ 3.1). ɺ ʮʝʣʦʤ ʜʣʷ 

ʜʦʜʝʢʘʵʜʨʦʠʜʦʚ, ʪʘʢʞʝ ʢʘʢ ʠ ʜʣʷ ʦʢʪʘʵʜʨʦʚ, ʪʠʧʠʯʥʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʝ ʚʭʦʞʜʝʥʠʝ ʚʦʜʦʨʦʜʘ ʚ 

ʧʠʨʘʤʠʜʳ ʨʦʩʪʘ ʢʫʙʘ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʩʝʢʪʦʨʠʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʝ ʢʨʠʩʪʘʣʣʘ (ʪʘʙʣʠʮʘ 3.1).  

ʇʦ ʩʦʜʝʨʞʘʥʠʶ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʠʟʫʯʝʥʥʳʝ ʢʫʙʳ ʠ ʪʝʪʨʘʛʝʢʩʘʵʜʨʦʠʜʳ 

ʟʘʤʝʪʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʦʢʪʘʵʜʨʦʚ ʠ ʟʦʥʘʣʴʥʳʭ ʜʦʜʝʢʘʵʜʨʦʠʜʦʚ. ʄʥʦʛʠʝ ʢʫʙʳ ʠ 

ʪʝʪʨʘʛʝʢʩʘʵʜʨʦʠʜʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʚʳʰʝʥʥʳʤ (Ó 2 ʫʩʣ. ʝʜ.) ʩʦʜʝʨʞʘʥʠʝʤ ʚʦʜʦʨʦʜʥʳʭ 

ʮʝʥʪʨʦʚ (ʪʘʙʣʠʮʘ 3.1). ʂʨʦʤʝ ʪʦʛʦ, ʚʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ ʢʫʙʠʯʝʩʢʦʛʦ 

ʛʘʙʠʪʫʩʘ, ʠʤʝʶʱʝʡ ʠʥʜʠʢʘʪʦʨʥʦʝ ʟʥʘʯʝʥʠʝ, ʷʚʣʷʝʪʩʷ ʨʝʟʢʦ ʧʦʥʠʞʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʥʠʭ 

ʧʣʝʡʪʣʝʪʩ: ʚʦ ʤʥʦʛʠʭ ʠʟ ʵʪʠʭ ʦʙʨʘʟʮʦʚ (ˉˉ K18, ʂ19 K21 ʠ ʄʄ10) ʵʪʦʪ ʩʪʨʫʢʪʫʨʥʳʡ ʜʝʬʝʢʪ 

ʚʦʦʙʱʝ ʥʝ ʟʘʬʠʢʩʠʨʦʚʘʥ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʧʣʝʡʪʣʝʪʩ (2,7 cm-1) 

ʩʨʝʜʠ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʥʘʤʠ ʢʨʠʩʪʘʣʣʦʚ ʢʫʙʠʯʝʩʢʦʛʦ ʛʘʙʠʪʫʩʘ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʚ ʦʙʨʘʟʮʝ ˉU8, 

ʩʬʦʨʤʠʨʦʚʘʚʰʝʤʩʷ, ʢʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚʳʰʝ, ʟʘ ʩʯʝʪ ʩʤʝʰʘʥʥʦʛʦ (ʥʦʨʤʘʣʴʥʦʛʦ + 

ʪʘʥʛʝʥʮʠʘʣʴʥʦʛʦ) ʤʝʭʘʥʠʟʤʦʚ ʨʦʩʪʘ (ʪʘʙʣʠʮʘ 3.1, ʨʠʩʫʥʦʢ 2.8-14). ʀʥʘʯʝ ʛʦʚʦʨʷ, ʧʣʝʡʪʣʝʪʩ 

ʩʦʧʨʦʚʦʞʜʘʶʪ ʪʘʥʛʝʥʮʠʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʘ. 
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ʂʨʠʩʪʘʣʣʳ ʢʫʙʠʯʝʩʢʦʛʦ ʛʘʙʠʪʫʩʘ, ʧʦʜʦʙʥʦ ʦʢʪʘʵʜʨʘʤ ʠ ʜʦʜʝʢʘʵʜʨʦʠʜʘʤ ʦʙʥʘʨʫʞʠʚʘʶʪ 

ʪʝʥʜʝʥʮʠʶ ʦʙʝʜʥʝʥʠʷ ʚʥʝʰʥʝʡ ʟʦʥʳ ʢʨʠʩʪʘʣʣʦʚ ʚʦʜʦʨʦʜʦʤ. ɿʥʘʯʠʤʳʝ ʚʘʨʠʘʮʠʠ ʩʦʜʝʨʞʘʥʠʷ 

ʚʦʜʦʨʦʜʘ ʚʳʷʚʣʝʥʳ ʚ ʦʙʨʘʟʮʘʭ ˉˉU8, L3 ʠ K22. 

ʂʘʢ ʧʦʢʘʟʘʣʦ ʦʙʦʙʱʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ (ʪʘʙʣʠʮʘ 3.1), ʦʥʠ ʩʦʛʣʘʩʫʶʪʩʷ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʙʦʣʝʝ ʨʘʥʥʠʭ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [ɹʣʠʥʦʚʘ, 1987]. ʅʝʩʤʦʪʨʷ ʥʘ ʤʥʦʛʦʦʙʨʘʟʠʝ 

ʪʠʧʦʚ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʨʦʝʥʠʷ ʧʨʠʨʦʜʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚ ʥʠʭ ʚʦʜʦʨʦʜʥʳʭ 

ʮʝʥʪʨʦʚ ʥʦʩʠʪ ʟʘʢʦʥʦʤʝʨʥʳʡ ʭʘʨʘʢʪʝʨ, ʧʨʦʷʚʣʷʶʱʠʡʩʷ ʜʚʫʤʷ ʚʘʞʥʳʠʤ ʪʝʥʜʝʥʮʠʷʤʠ: 

1) ʚ ʢʨʠʩʪʘʣʣʘʭ ʘʣʤʘʟʘ ʩʪʨʫʢʪʫʨʥʘʷ ʧʨʠʤʝʩʴ ʚʦʜʦʨʦʜʘ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʚʭʦʜʠʪ ʚ 

ʧʠʨʘʤʠʜʳ ʨʦʩʪʘ, ʩʬʦʨʤʠʨʦʚʘʚʰʠʝʩʷ ʧʦ ʥʦʨʤʘʣʴʥʦʤʫ ʤʝʭʘʥʠʟʤʫ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʠʨʘʤʠʜʘʤʠ 

ʨʦʩʪʘ, ʩʬʦʨʤʠʨʦʚʘʚʰʠʤʠʩʷ ʧʦ ʪʘʥʛʝʥʮʠʘʣʴʥʦʤʫ (ʧʦʩʣʦʡʥʦʤʫ) ʤʝʭʘʥʠʟʤʫ. 

2)  ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʤʝʭʘʥʠʟʤʘ ʨʦʩʪʘ ʚ ʦʙʲʝʤʝ ʦʪʜʝʣʴʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʠʤʝʝʪʩʷ ʪʝʥʜʝʥʮʠʷ 

ʫʤʝʥʴʰʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʩʪʨʫʢʪʫʨʥʦʡ ʧʨʠʤʝʩʠ ʚʦʜʦʨʦʜʘ ʦʪ ʮʝʥʪʨʘ ʢ ʧʝʨʠʬʝʨʠʠ 

ʇʝʨʚʦʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʚ ʦʪʜʝʣʴʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʧʨʠ ʩʤʝʰʘʥʥʦʤ ʤʝʭʘʥʠʟʤʝ ʨʦʩʪʘ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʪʨʫʢʪʫʨʥʦʛʦ ʚʦʜʦʨʦʜʘ ʚ <100>, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ, ʯʝʤ ʚ <111>. 

ʂʨʦʤʝ ʠʦʛʦ, ʩʘʤʳʝ ʥʠʟʢʠʝ ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ (ʦʙʳʯʥʦ ʥʝ ʙʦʣʝʝ 2 ʫʩʣ. ʝʜ.) 

ʦʪʤʝʯʘʶʪʩʷ ʚ ʧʦʩʣʦʡʥʦ-ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʟʦʥʘʭ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʠ ʨʦʤʙʦʜʦʜʝʢʘʵʜʨʠʯʝʩʢʠʭ 

ʢʨʠʩʪʘʣʣʦʚ. ʉʭʦʜʥʳʤʠ, ʥʦ ʥʝʩʢʦʣʴʢʦ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʚʦʜʦʨʦʜʘ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʠʨʘʤʠʜʳ ʨʦʩʪʘ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʛʨʘʥʝʡ ʚ ʢʨʠʩʪʘʣʣʘʭ ʩ ʮʝʥʪʨʘʣʴʥʦʡ 

ʩʝʢʪʦʨʠʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʦʡ (ʆ-4, ʆ-5 ʠ ɼ-4). ɿʦʥʳ ʩ ʚʦʣʦʢʥʠʩʪʳʤ ʚʥʫʪʨʝʥʥʠʤ ʩʪʨʦʝʥʠʝʤ ʚ 

ʦʢʪʘʵʜʨʘʭ (ʆ-7, ʆ-8, ʜʦʜʝʢʘʵʜʨʦʠʜʘʭ (ɼ-3, ɼ-7,8,9), ʪʝʪʨʘʛʝʢʩʘʵʜʨʦʠʜʘʭ (K-5, K-7) ʠ ʢʫʙʘʭ (K-1-

ʂ-4, K-6, K-8, K-9) ʦʙʣʘʜʘʶʪ ʧʦʚʳʰʝʥʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʚʦʜʦʨʦʜʘ (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 1,8-

5,8 ʫʩʣ. ʝʜ.) ʄʘʢʩʠʤʘʣʴʥʦ ʚʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ, ʜʦʩʪʠʛʘʶʱʘʷ 9-16 ʫʩʣ. 

ʝʜ., ʪʠʧʠʯʥʘ ʜʣʷ ʧʠʨʘʤʠʜ ʨʦʩʪʘ ʢʫʙʘ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʩʝʢʪʦʨʠʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʝ. 

ɺʪʦʨʦʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚʦʜʦʨʦʜʘ ʦʪ ʮʝʥʪʨʘ ʢ ʧʝʨʠʬʝʨʠʠ 

ʢʨʠʩʪʘʣʣʦʚ ʨʘʟʥʦʛʦ ʛʘʙʠʪʫʩʘ ʠ ʪʠʧʘ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʨʦʝʥʠʷ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʤʝʭʘʥʠʟʤʘ ʨʦʩʪʘ 

ʢʨʠʩʪʘʣʣʘ. ʆʩʦʙʝʥʥʦ ʦʪʯʝʪʣʠʚʦ ʜʘʥʥʘʷ ʪʝʥʜʝʥʮʠʷ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ ʩʦ ʩʤʝʥʦʡ 

ʤʝʭʘʥʠʟʤʘ ʨʦʩʪʘ. ʆʢʦʣʦ 90% ʪʘʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʦʙʥʘʨʫʞʠʚʘʶʪ ʫʤʝʥʴʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ ʦʪ ʮʝʥʪʨʘ ʢ ʧʝʨʠʬʝʨʠʠ (ʪʘʙʣʠʮʘ 3.1). ɺ ʢʨʠʩʪʘʣʣʘʭ ʙʝʟ ʧʨʠʟʥʘʢʦʚ ʩʤʝʥʳ 

ʤʝʭʘʥʠʟʤʘ ʨʦʩʪʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʜʦʨʦʜʘ ʥʘʙʣʶʜʘʝʪʩʷ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ (>70% ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ). ɺʳʷʚʣʝʥʥʫʶ ʪʝʥʜʝʥʮʠʶ ʩʥʠʞʝʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʪʨʫʢʪʫʨʦʡ ʧʨʠʤʝʩʠ ʚʦʜʦʨʦʜʘ ʦʪ ʮʝʥʪʨʘ ʢʨʠʩʪʘʣʣʘ (ʅʦ) ʝʛʦ ʧʝʨʠʬʝʨʠʠ (Ht) 

ʥʘʛʣʷʜʥʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʨʠʩʫʥʦʢ 3.3.  
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Ho ʠ Ht ï ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʪʨʫʢʪʫʨʥʦʡ ʧʨʠʤʝʩʠ ʚʦʜʦʨʦʜʘ ʚ ʫʩʣʦʚʥʳʭ ʝʜʠʥʠʮʘʭ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʠ 

ʚʥʝʰʥʠʭ ʟʦʥʘʭ ʢʨʠʩʪʘʣʣʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

ʈʠʩʫʥʦʢ 3.3. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ ʚ ʦʙʲʝʤʝ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ 

(1), ʨʦʤʙʦʜʦʜʝʢʘʵʜʨʠʯʝʩʢʦʛʦ (2) ʠ ʢʫʙʠʯʝʩʢʦʛʦ (3) ʛʘʙʠʪʫʩʘ ʩʦ ʩʤʝʥʦʡ 

ʤʝʭʘʥʠʟʤʘ ʨʦʩʪʘ (ʘ) ʠ ʙʝʟ (ʙ)  

 

ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʢʦʥʪʨʘʩʪʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚʦʜʦʨʦʜʘ (ʅʦ- Ht) 

ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʚ ʢʨʠʩʪʘʣʣʘʭ ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʠ ʨʦʤʙʦʜʦʜʝʢʘʵʜʨʠʯʝʩʢʦʛʦ ʛʘʙʠʪʫʩʦʚ ʩʦ ʩʤʝʥʦʡ 

ʤʝʭʘʥʠʟʤʘ ʨʦʩʪʘ ʥʦʨʤʘʣʴʥʦʛʦ ʥʘ ʪʘʥʛʝʥʮʠʘʣʴʥʳʡ ʠ ʩʤʝʰʘʥʥʦʛʦ ʥʘ ʪʘʥʛʝʥʮʠʘʣʴʥʳʡ (ʨʠʩʫʥʦʢ 

3.3, ʘ). ʊʨʝʥʜ ʫʤʝʥʴʰʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʩʪʨʫʢʪʫʨʥʦʡ ʧʨʠʤʝʩʠ ʚʦʜʦʨʦʜʘ ʅʦ>Ht ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ 

ʜʘʞʝ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ ʩʦ ʩʤʝʥʦʡ ʪʘʥʛʝʥʮʠʘʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʨʦʩʪʘ ʥʘ ʥʦʨʤʘʣʴʥʳʡ ʕʪʠ ʜʘʥʥʳʝ 

ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ ʜʝʪʘʣʴʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʉ.ʖ.ʉʢʫʟʦʚʘʪʦʚʘ (2012) ʠ ɼ.ɸ. ɿʝʜʛʝʥʠʟʦʚʘ 

(2013). ʊʘʢ, ʚ ʢʨʠʩʪʘʣʣʘʭ, ʩʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʤʝʥʳ ʤʝʭʘʥʠʟʤʘ ʨʦʩʪʘ ʦʢʪʘʵʜʨ - 

ʢʫʙ ʠ ʢʫʙʦʠʜïʦʢʪʘʵʜʨ, ʮʝʥʪʨʘʣʴʥʘʷ ʦʙʣʘʩʪʴ (ʦʢʪʘʵʜʨʠʯʝʩʢʘʷ ʠʣʠ ʢʫʙʦʠʜʥʘʷ) ʚʩʝʛʜʘ ʦʙʦʛʘʱʝʥʘ 

ʩʪʨʫʢʪʫʨʥʳʤ ʚʦʜʦʨʦʜʦʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʥʝʰʥʝʡ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʩʦʜʝʨʞʘʥʠʷ ʵʪʦʡ ʧʨʠʤʝʩʠ ʚ 

ʢʫʙʦʠʜʥʦʡ ʮʝʥʪʨʘʣʴʥʦʡ ʟʦʥʝ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʚʳʰʝ, ʯʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʦʢʪʘʵʜʨʠʯʝʩʢʦʡ.  

ɺ ʢʨʠʩʪʘʣʣʘʭ ʩ ʦʜʥʦʨʦʜʥʳʤ ʠʣʠ ʟʦʥʘʣʴʥʳʤ ʧʦʩʣʦʡʥʦ-ʦʢʪʘʵʜʨʠʯʝʩʢʠʤ ʠʣʠ ʚʦʣʦʢʥʠʩʪʳʤ 

ʚʥʫʪʨʝʥʥʠʤ ʩʪʨʦʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʝ ʩʪʨʫʢʪʫʨʥʦʡ ʧʨʠʤʝʩʠ ʚʦʜʦʨʦʜʘ ʪʘʢʞʝ ʫʤʝʥʴʰʘʝʪʩʷ ʦʪ 

ʮʝʥʪʨʘ ʢ ʧʝʨʠʬʝʨʠʠ (ʨʠʩʫʥʦʢ 3.3, ʙ). ʆʜʥʘʢʦ, ʨʘʟʙʨʦʩ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚʦʜʦʨʦʜʘ ʅʦ-Ht ʚ ʪʘʢʠʭ 

ʢʨʠʩʪʘʣʣʘʭ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʢʨʠʩʪʘʣʣʘʭ ʩʦ ʩʤʝʥʦʡ ʤʝʭʘʥʠʟʤʘ ʨʦʩʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʚʭʦʞʜʝʥʠʝ ʚʦʜʦʨʦʜʘ ʚ ʩʪʨʫʢʪʫʨʫ ʘʣʤʘʟʘ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʘ, 
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ʚʝʨʦʷʪʥʦ, ʦʪʨʘʞʘʝʪ ʵʚʦʣʶʮʠʶ ʩʦʩʪʘʚʘ ʩʨʝʜʳ ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʷ: ʧʦʩʪʝʧʝʥʥʦʛʦ ʦʙʝʜʥʝʥʠʷ ʝʝ 

ʚʦʜʦʨʦʜʦʤ ʦʪ ʤʦʤʝʥʪʘ ʟʘʨʦʞʜʝʥʠʷ ʢʨʠʩʪʘʣʣʘ ʜʦ ʟʘʚʝʨʰʘʶʱʝʛʦ ʵʪʘʧʘ ʨʦʩʪʘ. 

ʇʨʠʥʠʤʘʷ ʟʘ ʦʩʥʦʚʫ ʨʝʘʢʮʠʶ (9), ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚʦʜʦʨʦʜʥʳʝ ʮʝʥʪʨʳ 

ʬʦʨʤʠʨʫʶʪʩʷ ʟʘ ʩʯʝʪ ʘʣʤʘʟʦʦʙʨʘʟʫʶʱʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʦʪʦʨʳʭ ʚ ʩʨʝʜʝ ʥʘ 

ʵʪʘʧʝ ʟʘʨʦʞʜʝʥʠʷ ʢʨʠʩʪʘʣʣʘ ʘʣʤʘʟʘ ʤʘʢʩʠʤʘʣʴʥʘ ʠ ʫʤʝʥʴʰʘʝʪʩʷ ʩʦ ʚʨʝʤʝʥʝʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʨʝʘʢʮʠʷ ʟʘʪʫʭʘʝʪ. 

ʇʦʤʠʤʦ ʦʙʱʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ ʚ ʢʨʠʩʪʘʣʣʘʭ 

ʘʣʤʘʟʘ, ʤʝʞʜʫ ʢʨʠʩʪʘʣʣʘʤʠ ʠʟ ʨʘʟʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʦʪʣʠʯʠʷ, ʯʪʦ ʫʢʘʟʳʚʘʶʪ 

ʥʘ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʴ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ ʚ ʘʣʤʘʟʝ. ʕʪʠ 

ʦʪʣʠʯʠʷ ʷʚʣʷʶʪʩʷ ʧʨʦʷʚʣʝʥʠʝʤ ʪʠʧʦʤʦʨʬʠʟʤʘ ʘʣʤʘʟʘ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ ʚ 

ʢʨʠʩʪʘʣʣʘʭ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʧʨʠ ʧʨʦʛʥʦʟʠʨʦʚʥʠʠ ʢʦʨʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʘʣʤʘʟʘ. 

 

3.2. ʌʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ ʚ ʘʣʤʘʟʝ 

 

ɺ ʛʝʥʝʪʠʯʝʩʢʦʤ ʘʩʧʝʢʪʝ ʚʦʜʦʨʦʜʥʳʝ ʮʝʥʪʨʳ ʚ ʘʣʤʘʟʝ ʤʘʣʦ ʠʟʫʯʝʥʳ. ɺʧʝʨʚʳʝ ʚʦʧʨʦʩ ʦ 

ʛʝʥʝʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ ʥʘʤʠ ʨʘʥʝʝ ʚ ʨʘʙʦʪʘʭ 

[ɹʣʠʥʦʚʘ, 1987, 1989].  

ʄʝʭʘʥʠʟʤ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʘ ʘʣʤʘʟʘ 

ʂʘʢ ʧʦʢʘʟʘʥʦ ʚʳʰʝ, ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʬʦʨʤʦʡ ʠ 

ʤʝʭʘʥʠʟʤʦʤ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ. ʇʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ ʤʠʥʠʤʘʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʧʠʨʘʤʠʜʘʭ ʨʦʩʪʘ ʦʢʪʘʵʜʨʘ, ʩʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʪʘʥʛʝʥʮʠʘʣʴʥʦʛʦ ʨʦʩʪʘ, ʘ ʤʘʢʩʠʤʘʣʴʥʳʝ ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʧʠʨʘʤʠʜʘʭ ʛʨʘʥʝʡ ʢʫʙʘ, 

ʩʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ ʧʦ ʥʦʨʤʘʣʴʥʦʤʫ ʤʝʭʘʥʠʟʤʫ ʨʦʩʪʘ. ʇʦʜʦʙʥʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʦʙʲʷʩʥʠʤʘ ʩ 

ʧʦʟʠʮʠʡ ʪʝʦʨʠʠ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ [ʉʦʚʨʝʤʝʥʥʘʷ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʷ, 1980]. ɺ ʧʨʦʮʝʩʩʝ 

ʧʦʩʣʦʡʥʦʛʦ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʘ ʧʨʠʤʝʩʴ ʚʦʜʦʨʦʜʘ, ʭʠʤʠʯʝʩʢʠ ʘʜʩʦʨʙʠʨʦʚʘʥʥʘʷ ʛʨʘʥʴʶ ʦʢʪʘʵʜʨʘ, 

ʤʦʞʝʪ ʙʣʦʢʠʨʦʚʘʪʴ ʝʝ ʧʦʩʣʦʡʥʦʝ ʨʘʟʨʘʩʪʘʥʠʝ ʚʧʣʦʪʴ ʜʦ ʧʦʣʥʦʛʦ ʧʨʝʢʨʘʱʝʥʠʷ [ɹʣʠʥʦʚʘ, 1987]. 

ʂʨʦʤʝ ʪʦʛʦ, ʛʨʘʥʠ ʘʣʤʘʟʘ <100>, ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʦʨʤʘʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʨʦʩʪʘ, ʚ 

ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʩʧʦʩʦʙʥʳ ʟʘʭʚʘʪʳʚʘʪʴ ʩʪʨʫʢʪʫʨʥʳʡ ʚʦʜʦʨʦʜ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʠʭ 

ʥʘʨʘʱʠʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʠʥʳʤ ʩʧʦʩʦʙʦʤ, ʯʝʤ ʚ ʧʦʩʣʦʡʥʦ-ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʠʥʜʠʚʠʜʘʭ. ʇʨʠ 

ʥʦʨʤʘʣʴʥʦʤ ʨʦʩʪʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʯʘʩʪʠʮ ʘʣʤʘʟʥʦʛʦ ʚʝʱʝʩʪʚʘ ʧʨʦʠʩʭʦʜʠʪ ʨʘʚʥʦʚʝʨʦʷʪʥʦ ʚ 

ʣʶʙʦʡ ʪʦʯʢʝ ʛʨʘʥʠ, ʧʨʠʯʝʤ ʚʦʣʦʢʥʘ ʩʧʦʩʦʙʥʳ ʢʘʢ ʙʳ ʦʛʠʙʘʪʴ ʠʥʦʨʦʜʥʳʝ ʧʨʠʤʝʩʠ. ʀʥʘʯʝ 

ʛʦʚʦʨʷ, ʚʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʦʜʦʨʦʜʘ ʚ ʩʨʝʜʝ ʤʦʞʝʪ ʧʦʚʣʠʷʪʴ ʥʘ ʤʝʭʘʥʠʟʤ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʘ, ʘ 

ʤʝʭʘʥʠʟʤ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʘ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ çʣʠʤʠʪʠʨʝʪè ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʦʨʦʜʥʳʭ ʘʪʦʤʦʚ, 

ʚʭʦʜʷʱʠʭ ʚ ʩʪʨʫʢʪʫʨʫ ʘʣʤʘʟʘ. ʇʨʠ ʵʪʦʤ ʩʫʱʝʩʪʚʫʝʪ ʥʝʢʦʪʦʨʘʷ ʧʨʝʜʝʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 
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ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ, ʭʘʨʘʢʪʝʨʥʘʷ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ ʩ ʧʦʩʣʦʡʥʦ-ʦʢʪʘʵʜʨʠʯʝʩʢʠʤ ʩʪʨʦʝʥʠʝʤ (ʉT) ʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ ʩ ʚʦʣʦʢʥʠʩʪʳʤ ʩʪʨʦʝʥʠʝʤ (CN ), ʧʨʠʯʝʤ ʉT Ò CN. 

ʉʦʜʝʨʞʘʥʠʝ ʚʦʜʦʨʦʜʘ ʚ ʩʨʝʜʝ 

ɺʳʷʚʣʝʥʥʘʷ ʪʝʥʜʝʥʮʠʷ ʫʤʝʥʴʰʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʦʨʦʜʘ ʚ ʢʨʠʩʪʘʣʣʝ ʦʪ ʝʛʦ ʮʝʥʪʨʘ ʢ 

ʧʝʨʠʬʝʨʠʠ, ʩ ʥʘʰʝʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʦʪʨʘʞʘʝʪ ʫʤʝʥʴʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ (ʭʠʤʠʯʝʩʢʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ) ʚʦʜʦʨʦʜʘ ʦʪ ʤʦʤʝʥʪʘ ʟʘʨʦʞʜʝʥʠʷ ʢʨʠʩʪʘʣʣʘ ʜʦ ʟʘʚʝʨʰʝʥʠʷ ʝʛʦ ʨʦʩʪʘ. ɺ ʩʚʷʟʠ ʩ 

ʪʝʤ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʩʪʨʫʢʪʫʨʥʦʡ ʧʨʠʤʝʩʠ ʚʦʜʦʨʦʜʘ ʚ ʘʣʤʘʟʝ (ʩʤ. ʜʘʣʝʝ), 

ʷʚʣʷʶʪʩʷ ʘʣʤʘʟʦʦʙʨʘʟʫʶʱʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ, ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦʙ ʠʭ ʠʩʯʝʨʧʘʥʠʠ ʚ ʩʨʝʜʝ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʥʘ ʟʘʚʝʨʰʘʶʱʝʤ ʵʪʘʧʝ ʨʦʩʪʘ ʘʣʤʘʟʘ. ʀʤʝʥʥʦ ʵʪʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʠ ʷʚʣʷʝʪʩʷ 

ʧʨʠʯʠʥʦʡ ʟʘʪʫʭʘʥʠʷ ʨʝʘʢʮʠʠ ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʷ.  

ʂʘʢ ʧʦʢʘʟʘʥʦ ʚʳʰʝ, ʩʭʦʜʥʳʝ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦ ʬʦʨʤʝ ʠ ʚʥʫʪʨʝʥʥʝʤʫ ʩʪʨʦʝʥʠʶ ʢʨʠʩʪʘʣʣʳ 

ʠʟ ʨʘʟʥʳʭ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʨʘʟʦʙʱʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʤʦʛʫʪ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ 

ʩʦʜʝʨʞʘʥʠʶ ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ. ʅʘʧʨʠʤʝʨ, ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʘʣʤʘʟʘ ʠʟ 

ʪʨʫʙʢʠ ʠʤ. ʂʘʨʧʠʥʩʢʦʛʦ-1 ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ ʩʫʱʝʩʪʚʝʥʥʦ ʦʙʦʛʘʱʝʥʳ ʚʦʜʦʨʦʜʥʳʤʠ 

ʮʝʥʪʨʘʤʠ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʨʘʟʥʦʚʠʜʥʦʩʪʷʤʠ ʢʨʠʩʪʘʣʣʦʚ ʠʟ ʪʨʫʙʢʠ ʠʤ. 

ɻʨʠʙʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ ɺʝʨʭʦʪʠʥʩʢʦʤ ʧʦʣʝ ʚ 25-ʪʠ ʢʤ ʦʪ ɿʦʣʦʪʠʮʢʦʛʦ ʧʦʣʷ (ʪʘʙʣʠʮʳ 2.4 ʠ 

3.1). ʀʟ ʪʘʙʣʠʮʳ 2.4 ʚʠʜʥʦ, ʯʪʦ ʚ ʨʷʜʫ ʦʢʪʘʵʜʨ ʩ ʪʨʠʛʦʥʘʣʴʥʦʡ ʬʦʨʤʦʡ ʛʨʘʥʝʡ ï ʦʢʪʘʵʜʨ ʩ 

ʜʠʪʨʠʛʦʥʘʣʴʥʦʡ ʬʦʨʤʦʡ ʛʨʘʥʝʡ ï ʢʫʙ-ʪʝʪʨʘʛʝʢʩʘʵʜʨʦʠʜ ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʚʦʜʦʨʦʜʘ ʚ ʘʣʤʘʟʘʭ ʠʟ ʩʦʧʦʩʪʘʚʣʷʝʤʳʭ ʪʨʫʙʦʢ. ʇʨʠ ʵʪʦʤ ʘʣʤʘʟʳ ʚʩʝʭ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʛʨʫʧʧʧ 

ʪʨʫʙʢʠ ʠʤ. ʂʘʨʧʠʥʩʢʦʛʦ-1 ʦʙʦʛʘʱʝʥʳ ʚʦʜʦʨʦʜʥʳʤʠ ʮʝʥʪʨʘʤʠ (ʧʨʠʤʝʨʥʦ ʚ 2,5-3 ʨʘʟʘ) ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʘʣʤʘʟʘʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʛʨʫʧʧ ʠʟ ʪʨʫʙʢʠ ʠʤ. ɺ. ɻʨʠʙʘ. ɹʦʣʝʝ ʜʝʪʘʣʴʥʦ 

ʩʨʘʚʥʝʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʠʟ ʜʚʫʭ ʥʘʟʚʘʥʥʳʭ ʪʨʫʙʦʢ ʧʨʦʚʝʜʝʥʦ ʩ ʫʯʝʪʦʤ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʨʦʝʥʠʷ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʘʣʤʘʟʘ. ɼʣʷ ʵʪʦʛʦ ʧʦʜʙʠʨʘʣʠʩʴ ʢʨʠʩʪʘʣʣʳ ʩ ʦʜʠʥʘʢʦʚʳʤ 

ʪʠʧʦʤ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʨʦʝʥʠʷ ʠ ʩʭʦʜʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʘʟʦʪʥʳʭ ʮʝʥʪʨʦʚ, ʥʦ ʨʘʟʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ. ɼʣʷ ʧʨʠʤʝʨʘ ʚʟʷʪʳ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʨʠʩʪʘʣʣʳ ʩ ʧʦʩʣʦʡʥʳʤ 

ʚʥʫʪʨʝʥʥʠʤ ʩʪʨʦʝʥʠʝʤ (ʪʠʧ ʆ-1) ʠʟ ʪʨʫʙʦʢ ʠʤ. ʂʘʨʧʠʥʩʢʦʛʦ-1 (ˉ K1) ʠ ʠʤ. ɻʨʠʙʘ (ˉ G5) 

(ʪʘʙʣʠʮʘ 3.1). ɼʘʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʩʭʦʜʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʘʟʦʪʥʳʭ ʮʝʥʪʨʦʚ. ʇʨʠ 

ʵʪʦʤ ʢʨʠʩʪʘʣʣ ˉ K1 ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʦʙʦʛʘʱʝʥ ʚʦʜʦʨʦʜʥʳʤʠ ʮʝʥʪʨʘʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʨʠʩʪʘʣʣʦʤ ˉ G5.  

ʇʦʜʦʙʥʳʝ ʦʪʣʠʯʠʷ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ ʠʟ ʪʨʫʙʦʢ ʨʘʟʥʳʭ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʣʝʡ, ʠʤʝʶʱʠʭ 

ʦʜʠʥʘʢʦʚʳʡ ʤʝʭʘʥʠʟʤ ʠ ʠʩʪʦʨʠʶ ʨʦʩʪʘ, ʘ ʪʘʢʞʝ ʩʭʦʜʥʳʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʩ ʙʦʣʴʰʦʡ ʜʦʣʝʡ ʚʝʨʦʷʪʥʦʩʪʠ ʦʙʫʩʣʦʚʣʝʥʳ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʭʠʤʠʟʤʘ ʩʨʝʜʳ ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʷ. 

ʇʨʠ ʵʪʦʤ ʩʨʝʜʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʘʣʤʘʟʦʚ ʠʟ ʪʨʫʙʢʠ ʠʤ. ʂʘʨʧʠʥʩʢʦʛʦ-1 ʙʳʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʦʙʦʛʘʱʝʥʘ ʚʦʜʦʨʦʜʦʤ (ʫʛʣʝʚʦʜʦʨʦʜʘʤʠ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʣʤʘʟʘʤʠ ʠʟ ʪʨʫʙʢʠ ʠʤ. ɻʨʠʙʘ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ʊʝʤʧʝʨʘʪʫʨʘ 

ʊʝʤʧʝʨʘʪʫʨʘ ʩʨʝʜʳ ʪʘʢʞʝ ʠʛʨʘʝʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʨʦʣʴ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʠ ʨʘʟʨʫʰʝʥʠʠ 

ʧʨʠʤʝʩʥʳʭ ʜʝʬʝʢʪʦʚ ʚ ʩʪʨʫʢʪʫʨʝ ʘʣʤʘʟʘ. ʀʩʭʦʜʷ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ [ʂʫʧʨʠʷʥʦʚ ʠ 

ʜʨ., 2006], ʦʪʞʠʛ ʚ ʪʝʯʝʥʠʝ 2-ʭ ʯʘʩʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʪ 1800 ʜʦ 2000oʉ ʧʨʠ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʤ 

ʜʘʚʣʝʥʠʠ 7 ɻʇʘ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʨʫʰʝʥʠʶ ʠʣʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ ʚ ʢʦʨʠʯʥʝʚʳʭ 

ʢʨʠʩʪʘʣʣʘʭ ʘʣʤʘʟʘ ʩ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʝʡ. ʇʨʠ ʵʪʦʤ ʚʦʜʦʨʦʜʥʳʝ ʮʝʥʪʨʳ ʚ ʙʝʩʮʚʝʪʥʳʭ ʥʝ 

ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʚ ʪʝʭ ʞʝ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʦʩʪʘʶʪʩʷ ʥʝʠʟʤʝʥʥʳʤʠ. ɺ ʧʨʠʨʦʜʥʳʭ 

ʫʩʣʦʚʠʷʭ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʫʩʣʦʚʠʷ ʨʘʟʨʫʰʝʥʠʷ ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ ʤʦʛʫʪ ʙʳʪʴ ʠʥʳʤʠ, ʪ.ʢ. ʚʨʝʤʷ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʢʨʠʩʪʘʣʣ ʤʦʞʝʪ ʙʳʪʴ ʦʯʝʥʴ ʟʥʘʯʠʪʝʣʴʥʳʤ. ɿʘ ʩʯʝʪ ʜʣʠʪʝʣʴʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʟʨʫʰʝʥʠʷ ʮʝʥʪʨʦʚ ʤʦʞʝʪ ʙʳʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ, ʯʝʤ 1800ʦ ʉ. ʉ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʦ ʜʘʥʥʳʤ ʨʘʙʦʪʳ [ɹʦʢʠʡ ʠ ʜʨ., 1986] ʩʪʘʙʠʣʠʟʠʨʫʝʪ 

ʦʢʪʘʵʜʨʠʯʝʩʢʫʶ ʬʦʨʤʫ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʘ ʘʣʤʘʟʘ, ʪ.ʝ. ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ 

ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʜʦʣʷ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʫʙʠʯʝʩʢʠʤ ʚʦʟʨʘʩʪʘʝʪ. ɺ 

ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʨʠʩʪʘʣʣʘ, ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʟʘ ʩʯʝʪ ʧʦʩʣʦʡʥʦʛʦ 

(ʪʘʥʛʝʥʮʠʘʣʴʥʦʛʦ) ʤʝʭʘʥʠʟʤʘ ʨʦʩʪʘ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʩʧʦʩʦʙʥʳ ʟʘʭʚʘʪʳʚʘʪʴ ʧʨʠʤʝʩʴ 

ʚʦʜʦʨʦʜʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʫʙʠʯʝʩʢʠʤʠ ʢʨʠʩʪʘʣʣʘʤʠ, ʩʬʦʨʤʠʨʦʚʘʚʰʠʤʠʩʷ ʟʘ ʩʯʝʪ ʥʦʨʤʘʣʴʥʦʛʦ 

ʤʝʭʘʥʠʟʤʘ ʨʦʩʪʘ. ʕʪʦ ʥʘʛʣʷʜʥʦ ʠʣʣʶʩʪʨʠʨʫʝʪ ʜʠʘʛʨʘʤʤʘ, ʦʪʨʘʞʘʶʱʘʷ ʢʦʨʨʝʣʷʮʠʶ ʩʦʜʝʨʞʘʥʠʷ 

ʚʦʜʦʨʦʜʘ (lnH) ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʷ, ʦʮʝʥʝʥʥʦʡ ʩʦʛʣʘʩʥʦ ʤʦʜʝʣʠ [Taylor, 

Milledge, 1995], ʚ ʢʨʠʩʪʘʣʣʘʭ ʘʣʤʘʟʘ ʩ ʨʘʟʣʠʯʥʳʤ ʪʠʧʦʤ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʨʦʝʥʠʷ ʠ ʫʩʣʦʚʥʳʤ 

ʚʦʟʨʘʩʪʦʤ 1 ʤʣʨʜ. ʣʝʪ (ʨʠʩʫʥʦʢ 3.4). 

 

ʈʠʩʫʥʦʢ 3.4. ʉʦʦʪʥʦʰʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ (In H) ʚʦ 

ʚʥʫʪʨʝʥʥʠʭ ʟʦʥʘʭ ʢʨʠʩʪʘʣʣʦʚ ʩ ʚʦʣʦʢʥʠʩʪʳʤ (1), ʩʝʢʪʦʨʠʘʣʴʥʳʤ (2), ʧʦʩʣʦʡʥʳʤ (3) ʩʪʨʦʝʥʠʝʤ 

ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʧʦ ʤʦʜʝʣʠ [Taylor, Milledge, 1995] 

ʜʣʷ ʫʩʣʦʚʥʦʛʦ ʚʦʟʨʘʩʪʘ ʘʣʤʘʟʘ 1 ʤʣʨʜ. ʣʝʪ  
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ʅʘ ʜʠʘʛʨʘʤʤʝ ʢʘʞʜʘʷ ʪʦʯʢʘ ʦʪʚʝʯʘʝʪ ʣʦʢʘʣʴʥʳʤ ʠʟʤʝʨʝʥʠʷʤ ʩʦʜʝʨʞʘʥʠʡ ʚʦʜʦʨʦʜʘ ʠ ʘʟʦʪʘ 

ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʘʣʤʘʟʥʦʡ ʧʣʘʩʪʠʥʳ. ʎʝʥʪʨʘʣʴʥʳʝ ʦʙʣʘʩʪʠ ʢʨʠʩʪʘʣʣʦʚ ʚʟʷʪʳ ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʠʤʝʨʘ ʧʦʪʦʤʫ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʦʨʦʜʘ ʚ ʥʠʭ ʤʘʢʩʠʤʘʣʴʥʦ, ʘ ʝʛʦ ʚʘʨʠʘʮʠʠ ʥʘʠʙʦʣʝʝ 

ʟʥʘʯʠʤʳ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʵʪʦʛʦ, ʚʦ ʚʥʝʰʥʠʭ ʟʦʥʘʭ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʦʜʦʨʦʜʘ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʥʠʟʢʘʷ (ʙʣʠʟʢʘ ʢ ʧʦʨʦʛʦʚʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʤʝʪʦʜʘ).  

ɼʣʷ ʢʫʙʦʠʜʥʳʭ ʷʜʝʨ ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʘʭ ʩ ʫʯʝʪʦʤ ʜʘʥʥʳʭ [ʉʢʫʟʦʚʘʪʦʚ ʠ ʜʨ., 

2011] ʠ ʧʠʨʘʤʠʜ ʨʦʩʪʘ ʢʫʙʘ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʩʝʢʪʦʨʠʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʝ ʚʳʷʚʣʝʥʘ ʪʝʥʜʝʥʮʠʷ 

ʫʤʝʥʴʰʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ ʚ ʢʨʠʩʪʘʣʣʘʭ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 

(ʨʠʩʫʥʦʢ 3.4). ʅʘʙʣʶʜʘʝʤʘʷ ʪʝʥʜʝʥʮʠʷ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʧʦʩʪʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʤ 

ʪʝʨʤʠʯʝʩʢʠʤ ʨʘʟʨʫʰʝʥʠʝʤ ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ ʚ ʧʨʠʨʦʜʥʳʭ ʘʣʤʘʟʘʭ, ʧʦʜʦʙʥʳʤ ʪʦʤʫ, ʢʦʪʦʨʦʝ 

ʥʘʙʣʶʜʘʝʝʪʩʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ [ʂʫʧʨʠʷʥʦʚ ʠ ʜʨ., 2006]. ʅʘ ʦʩʥʦʚʝ ʨʠʩʫʥʢʘ 3.4 ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ʨʘʟʨʫʰʝʥʠʝ ʮʝʥʪʨʦʚ, ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ, ʯʝʤ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ (ʦʢʦʣʦ 1170ʦʉ ʧʨʠ ʫʩʣʦʚʥʦʤ ʚʦʟʨʘʩʪʝ ʢʨʠʩʪʘʣʣʦʚ 1 ʤʣʨʜ. 

ʣʝʪ). ɺʦ ʚʥʫʪʨʝʥʥʠʭ ʟʦʥʘʭ ʢʨʠʩʪʘʣʣʦʚ ʩ ʧʦʩʣʦʡʥʳʤ ʦʢʪʘʵʜʨʠʯʝʩʢʠʤ ʩʪʨʦʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʝ 

ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ ʥʝʚʝʣʠʢʦ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʘʥʛʝʥʮʠʘʣʴʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʨʦʩʪʘ 

ʢʨʠʩʪʘʣʣʦʚ. ʇʨʠ ʵʪʦʤ ʦʥʦ ʪʘʢʞʝ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ ʙʦʣʴʰʝʤ 

ʨʘʟʙʨʦʩʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ. 

 

3.3. ʉʦʦʪʥʦʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʠʤʝʩʝʡ ʚʦʜʦʨʦʜʘ ʠ ʘʟʦʪʘ ʚ ʘʣʤʘʟʝ  

 

ʅʝʩʤʦʪʨʷ ʥʘ ʨʘʟʥʫʶ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʫʶ ʩʫʱʥʦʩʪʴ ʧʨʠʤʝʩʝʡ ʚʦʜʦʨʦʜʘ ʠ ʘʟʦʪʘ, ʚ 

ʧʨʠʨʦʜʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʘʣʤʘʟʘ ʦʥʠ ʧʦʯʪʠ ʚʩʝʛʜʘ ʩʦʩʫʱʝʩʪʚʫʶʪ. çɹʝʟʘʟʦʪʥʳʝè ʘʣʤʘʟʳ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʪʠʧʘ IIa, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʤʝʶʪ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʜʦʨʦʜʥʳʭ 

ʮʝʥʪʨʦʚ, ʢʦʪʦʨʳʝ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʥʝ ʫʜʘʝʪʩʷ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʀʂ-

ʩʧʝʢʪʨʦʩʦʢʦʧʠʠ. ɺ ʚʳʩʦʢʦʘʟʦʪʥʳʭ ʘʣʤʘʟʘʭ, ʩ ʩʫʤʤʘʨʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʟʦʪʘ 

ʩʚʳʰʝ 1000 at.ppm, ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʦʨʦʜʘ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴ ʦʪ 0 ʜʦ 20 (ʠ ʙʦʣʝʝ) ʫʩʣʦʚʥʳʭ 

ʝʜʠʥʠʮ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʘʩʪʴ ʚʳʩʦʢʦʘʟʦʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʦʙʣʘʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʤʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʚʦʜʦʨʦʜʘ, ʪʦʛʜʘ ʢʘʢ ʜʣʷ çʙʝʟʘʟʦʪʥʳʭè ʠʥʜʠʚʠʜʦʚ ʵʪʦ ʥʝ ʭʘʨʘʢʪʝʨʥʦ. 

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʚʦʧʨʦʩʘ ʦʙ ʠʩʪʦʯʥʠʢʘʭ ʘʟʦʪʘ ʚ ʤʘʥʪʠʠ ɿʝʤʣʠ (ʦʙʣʘʩʪʠ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʘʣʤʘʟʘ) ʚʳʩʢʘʟʳʚʘʝʪʩʷ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʘʟʦʪ, ʪʘʢ ʞʝ, ʢʘʢ 

ʠ ʚʦʜʦʨʦʜ, ʥʘʭʦʜʠʣʩʷ ʚ ʜʨʝʚʥʠʝ ʵʧʦʭʠ ɿʝʤʣʠ ʚ ʩʦʩʪʘʚʝ ʶʚʝʥʠʣʴʥʳʭ ʬʣʶʠʜʦʚ. ʆʜʥʘʢʦ 

ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʘʟʦʪʘ ʚ ʦʙʦʣʦʯʢʘʭ ɿʝʤʣʠ, ʚ ʧʦʨʦʜʘʭ ʠ ʦʪʜʝʣʴʥʳʭ 

ʤʠʥʝʨʘʣʘʭ ʤʘʥʪʠʠ ʥʝ ʚʧʦʣʥʝ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʵʪʠʤ ʧʨʝʜʧʦʣʦʞʝʥʠʝʤ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʚ ʩʦʩʪʘʚʝ 

ʜʨʝʚʥʠʭ ʛʣʫʙʠʥʥʳʭ ʤʠʥʝʨʘʣʦʚ ʘʟʦʪ ʦʯʝʥʴ ʨʝʜʦʢ ʠʣʠ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʥʠʯʪʦʞʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ. ɺ 

ʧʝʨʠʜʦʪʠʪʦʚʳʭ ʢʩʝʥʦʣʠʪʘʭ, ʦʣʠʚʠʥʝ, ʢʣʠʥʦʧʠʨʦʢʩʝʥʝ ʠʟ ʵʪʠʭ ʢʩʝʥʦʣʠʪʦʚ ʨʘʟʥʳʭ ʨʝʛʠʦʥʦʚ 
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ʤʠʨʘ ʩʦʜʝʨʞʘʥʠʝ ʘʟʦʪʘ ʥʝ ʧʨʝʚʳʰʘʝʪ 0,1-0,8 ppm [Yokochi e.a., 2009]. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʘʟʦʪ - 

ʪʠʧʠʯʥʳʡ ʵʣʝʤʝʥʪ ʘʪʤʦʩʬʝʨʳ, ʛʠʜʨʦʩʬʝʨʳ ʠ ʙʠʦʩʬʝʨʳ [ʀʚʘʥʦʚ, 1994], ʘ ʚ ʢʨʠʩʪʘʣʣʘʭ ʘʣʤʘʟʘ 

ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ ʠ ʣʘʤʧʨʦʠʪʦʚ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʪʨʫʢʪʫʨʥʦʡ ʧʨʠʤʝʩʠ ʘʟʦʪʘ ʜʦʩʪʠʛʘʝʪ 3000-5000 

ppm. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʜʦʧʫʩʢʘʪʴ ʧʨʠʩʫʪʩʪʚʠʝ ʵʢʟʦʛʝʥʥʦʛʦ ʘʟʦʪʘ ʚ ʩʨʝʜʝ ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʷ. 

ʆʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʟʦʪʘ (Ntot) ʠ ʚʦʜʦʨʦʜʘ (LnH) ʚ ʦʪʜʝʣʴʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʠʟ 

ʪʨʫʙʦʢ ʖʙʠʣʝʡʥʘʷ ʠ ʠʤ. ʂʘʨʧʠʥʩʢʦʛʦ-1 (ʨʠʩʫʥʦʢ 3.5) ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʦʣʦʞʠʪʝʣʴʥʘʷ 

ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʘʟʦʪʦʤ ʠ ʚʦʜʦʨʦʜʦʤ ʚ ʧʨʠʨʦʜʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʘʣʤʘʟʘ ʥʦʩʠʪ ʜʦʚʦʣʴʥʦ 

ʩʣʦʞʥʳʡ ʥʝʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ [ʍʘʯʘʪʨʷʥ, 2009]. ɽʩʣʠ ʞʝ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʘʟʦʪʘ ʠ ʚʦʜʦʨʦʜʘ ʚ ʚʳʙʦʨʢʘʭ (>30 ʰʪ.) ʘʣʤʘʟʦʚ ʠʟ ʨʘʟʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʪʦ 

ʤʝʞʜʫ ʥʠʤʠ ʥʘʙʣʶʜʘʝʪʩʷ ʚʧʦʣʥʝ ʦʪʯʝʪʣʠʚʘʷ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʷ. ʆʥʘ ʚʧʝʨʚʳʝ 

ʦʙʥʘʨʫʞʝʥʘ ʘʚʪʦʨʦʤ ʥʘ ʧʨʠʤʝʨʝ ʘʣʤʘʟʦʚ ʠʟ 13 ʪʨʫʙʦʢ ʗʢʫʪʠʠ ʠ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ 

[ɹʣʠʥʦʚʘ, ʉʠʤʘʢʦʚ, ɻʫʨʢʠʥʘ, ʌʨʦʣʦʚʘ, 1988].  

 

ʈʠʩʫʥʦʢ 3.5. ʉʦʦʪʥʦʰʝʥʠʷ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʘʟʦʪʘ (In N) ʠ ʚʦʜʦʨʦʜʘ (H, ʫʩʣ. ʝʜʠʥ.) ʚ 

ʢʨʠʩʪʘʣʣʘʭ ʘʣʤʘʟʘ ʠʟ ʪʨʫʙʢʠ ʠʤ.ʂʘʨʧʠʥʩʢʦʛʦ-1 ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ (1), 

ʖʙʠʣʝʡʥʘʷ ʗʢʫʪʠʠ (2) ʠ ʠʟ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜ ʂʫʤʜʳ-ʂʦʣʷ (3) 

 

ʅʦʚʳʝ ʬʘʢʪʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʧʦʟʚʦʣʠʣʠ ʧʦʜʪʚʝʨʜʠʪʴ ʠ ʜʝʪʘʣʠʟʠʨʦʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ 

ʨʘʥʝʝ ʨʝʟʫʣʴʪʘʪʳ (ʨʠʩʫʥʦʢ 3.6). ʊʘʢ, ʘʣʤʘʟʳ ʠʟ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʛʜʝ ʧʨʝʦʙʣʘʜʘʶʪ ʦʢʨʫʛʣʳʝ 

ʢʨʠʩʪʘʣʣʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʩʨʝʜʥʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚʦʜʦʨʦʜʘ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʘʣʤʘʟʘʤʠ ʠʟ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʛʜʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ 

ʢʨʠʩʪʘʣʣʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʫʩʨʝʜʥʝʥʥʳʤʠ 



 

 

128 

ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʘʟʦʪʘ ʠ ʚʦʜʦʨʦʜʘ ʚ ʢʨʠʩʪʘʣʣʘʭ ʘʣʤʘʟʘ ʠʟ ʨʘʟʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʢʘʢ ʙʳ 

ʨʘʩʧʘʜʘʝʪʩʷ ʥʘ ʜʚʝ ʚʝʪʚʠ. ʕʪʠ ʨʘʟʣʠʯʠʷ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʘʟʦʪʘ ʠ ʚʦʜʦʨʦʜʘ ʚ ʢʨʠʩʪʘʣʣʘʭ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʬʦʨʤʳ ʫʢʘʟʳʚʘʶʪ, ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ, ʥʘ ʨʘʟʥʳʝ ʫʩʣʦʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ 

ʦʢʨʫʛʣʳʭ ʠ ʧʣʦʩʢʦʛʨʘʥʥʳʭ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʦʢʨʫʛʣʳʭ ʘʣʤʘʟʦʚ ʥʝ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʧʨʦʩʪʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʧʣʦʩʢʦʛʨʘʥʥʳʭ ʦʢʪʘʵʜʨʦʚ, ʘ 

ʟʘʚʠʩʠʪ ʠ ʦʪ ʠʩʪʦʨʠʠ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʘ. ʂ ʘʥʘʣʦʛʠʯʥʦʤʫ ʟʘʢʣʶʯʝʥʠʶ ʨʘʥʝʝ ʧʨʠʰʝʣ 

ɺ.ɺ.ɹʝʩʢʨʦʚʘʥʦʚ (1992). 

 

 

ɸʨʭʘʥʛʝʣʴʩʢʘʷ ʦʙʣʘʩʪʴ: ʇʦʤʦʨʩʢʘʷ (1), ʠʤ. ʂʘʨʧʠʥʩʢʦʛʦ-1 (2), ɸʨʭʘʥʛʝʣʴʩʢʘʷ (3), 

ʉʥʝʛʫʨʦʯʢʘ (4), ʇʝʨʚʦʤʘʡʩʢʘʷ (5), ʂʦʣʴʮʦʚʩʢʘʷ (6), ʠʤ. ʃʦʤʦʥʦʩʦʚʘ (7), ʠʤ. ɻʨʠʙʘ (8); 

ʗʢʫʪʠʷ: ɿʘʧʦʣʷʨʥʘʷ (9), ʇʦʠʩʢʦʚʘʷ (10), ɼʘʣʴʥʷʷ (11), ɸʡʭʘʣ (12), ʉʳʪʳʢʘʥʩʢʘʷ (13), 

ʋʜʘʯʥʘʷ (14), ʖʙʠʣʝʡʥʘʷ (15), ʄʦʣʦʜʦʩʪʴ-1 (16), ʂʦʤʩʦʤʦʣʴʩʢʘʷ (17), ʇʨʦʛʥʦʟʥʘʷ (18), 

ɿʘʨʥʠʮʘ (19), ʂʨʘʩʥʦʧʨʝʩʥʝʥʩʢʘʷ (20), ʃʝʥʠʥʛʨʘʜ (21), ʄʠʨ (22), ʉʧʫʪʥʠʢ (23), ʠʤ. XXIII  ʩʲʝʟʜʘ 

ʂʇʉʉ (24), ʀʥʪʝʨʥʘʮʠʦʥʘʣʴʥʘʷ (25), ʄʘʣʦʢʫʦʥʘʧʩʢʘʷ (26); 

ʂʘʥʘʜʘ: ɼʆ-27 (27); 

ɹʨʘʟʠʣʠʷ: ʇʘʥʜʨʝʘ-1,2,3,6,7 (28-32 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ɸʨʠʧʫʘʥʘ (33), ʂʦʣʣʠʝʨ (34). 

 

1,2,3 ï ʜʦʤʠʥʘʥʪʥʘʷ ʬʦʨʤʘ ʢʨʠʩʪʘʣʣʦʚ ʚ ʪʨʫʙʢʘʭ: ʦʢʨʫʛʣʳʝ ʜʦʜʝʢʘʵʜʨʦʠʜʳ, ʩʣʦʠʩʪʳʝ 

ʨʦʤʙʦʜʦʜʝʢʘʵʜʨʳ, ʦʢʪʘʵʜʨʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 

4 ï ʣʠʥʠʠ ʪʨʝʥʜʦʚ A ʠ ɺ  

 

ʈʠʩʫʥʦʢ 3.6. ʋʩʨʝʜʥʝʥʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʘʟʦʪʘ (Ntot, at.ppm) ʠ ʚʦʜʦʨʦʜʘ (H, ʫʩʣʦʚʥ. ʝʜ.) ʚ 

ʚʳʙʦʨʢʘʭ ʘʣʤʘʟʘ (30-100 ʰʪʫʢ) ʠʟ ʪʨʫʙʦʢ ʨʘʟʥʳʭ ʨʝʛʠʦʥʦʚ [ʍʘʯʘʪʨʷʥ, ɿʠʥʯʫʢ, ʂʦʧʪʠʣʴ, 2006], 

(ɸʥʘʰʢʠʥʘ, ʍʘʯʘʪʨʷʥ, 2015) 
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ʃʠʥʝʡʥʘʷ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʟʦʪʥʳʭ ʠ ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ ʚ 

ʢʨʠʩʪʘʣʣʘʭ ʦʪʤʝʯʘʝʪʩʷ ʣʠʰʴ ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ. ʇʨʠʤʝʨʦʤ ʩʣʫʞʘʪ ʜʘʥʥʳʝ ʧʦ ʘʣʤʘʟʘʤ ʠʟ 

ʪʨʫʙʦʢ ʨʘʡʦʥʘ ɾʫʠʥʘ ʚ ɹʨʘʟʠʣʠʠ, ʘ ʪʘʢʞʝ ʠʟ ʘʚʩʪʨʘʣʠʡʩʢʦʡ ʪʨʫʙʢʠ ɸʨʛʘʡʣ 

[Kaminsky e.a., 2009; Yakubovsky, Adriaenssens, 2002]. ʇʨʷʤʘʷ ʣʠʥʝʡʥʘʷ ʢʦʨʨʝʣʷʮʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʟʦʪʘ ʠ ʚʦʜʦʨʦʜʘ ʦʙʥʘʨʫʞʝʥʘ ʥʘʤʠ ʚ ʘʣʤʘʟʘʭ ʠʟ ʥʝʢʦʪʦʨʳʭ ʪʨʫʙʦʢ ʢʣʘʩʪʝʨʘ 

ʇʘʥʜʨʵʘ ʨʘʡʦʥʘ ɾʫʠʥʘ (ʨʠʩʫʥʦʢ 3.7). ʇʦʜʦʙʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʘʟʦʪ ʠ 

ʚʦʜʦʨʦʜ ï ʩʦʧʫʪʩʪʚʫʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ ʚ ʩʨʝʜʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʘʣʤʘʟʘ, ʣʠʙʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʨʝʘʢʮʠʠ ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʷ (10), ʣʠʙʦ ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʩʦʩʪʘʚʝ ʦʜʥʦʛʦ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ʉ ʫʯʝʪʦʤ ʙʠʦʛʝʥʥʦʡ ʧʨʠʨʦʜʳ ʠʩʪʦʯʥʠʢʘ ʯʘʩʪʠ ʧʨʠʨʦʜʥʳʭ ʘʣʤʘʟʦʚ ʠ 

ʩʣʦʞʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʟʦʪʘ ʠ ʚʦʜʦʨʦʜʘ ʚ ʢʨʠʩʪʘʣʣʘʭ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʘʟʦʪ ʠ ʚʦʜʦʨʦʜ ʤʦʛʣʠ ʚʭʦʜʠʪʴ ʢʘʢ ʚ ʩʦʩʪʘʚ ʘʟʦʪʩʦʜʝʨʞʘʱʝʡ ʦʨʛʘʥʠʢʠ, ʪʘʢ ʠ ʘʩʩʦʮʠʠʨʫʱʠʭ ʩ ʥʝʡ 

ʩʦʣʝʡ ʘʤʤʦʥʠʷ. ʈʝʜʢʦʩʪʴ ʣʠʥʝʡʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʘʟʦʪʘ ʠ ʚʦʜʦʨʦʜʘ ʚ 

ʢʨʠʩʪʘʣʣʘʭ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʝʤ, ʯʪʦ ʥʝ ʚʩʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ ʚ ʩʨʝʜʝ ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʷ 

ʩʦʜʝʨʞʘʣʠ ʘʟʦʪ. 

 

ʈʠʩʫʥʦʢ 3.7. ʃʠʥʝʡʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʘʟʦʪʘ (Ntot) ʠ ʚʦʜʦʨʦʜʘ (H) ʚ ʢʨʠʩʪʘʣʣʘʭ 

ʘʣʤʘʟʘ ʠʟ ʪʨʫʙʦʢ ʇʘʥʜʨʝʘ-2 (1) ʠ ʇʘʥʜʨʝʘ-6 ʨʘʡʦʥʘ ɾʫʠʥʘ, ɹʨʘʟʠʣʠʷ 

 

3.4. ʇʨʠʤʝʩʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʧʨʠʨʦʜʥʳʭ ʘʣʤʘʟʘʭ ʠ ʝʛʦ ʨʦʣʴ 

ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ 

 

ʂʘʢ ʦʪʤʝʯʝʥʦ ʚ ʛʣʘʚʝ 1, ʧʨʝʜʝʣʴʥʳʝ ʫʛʣʝʚʦʜʦʨʦʜʳ (ʤʝʪʘʥ, ʨʝʞʝ ʝʛʦ ʛʦʤʦʣʦʛʠ) ʠ 

ʥʝʧʨʝʜʝʣʴʥʳʝ ʫʛʣʝʚʦʜʦʨʦʜʳ (ʵʪʠʣʝʥ ʠ ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ) ʦʙʥʘʨʫʞʝʥʳ ʚ ʩʦʩʪʘʚʝ ʬʣʶʠʜʥʳʭ 

ʚʢʣʶʯʝʥʠʡ ʚ ʘʣʤʘʟʝ. ɹʦʣʝʝ ʩʣʦʞʥʳʝ ʧʦʣʠʘʨʦʤʘʪʠʯʝʩʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ ʚʦ ʚʢʣʶʯʝʥʠʷʭ ʚ 

ʤʠʥʝʨʘʣʘʭ-ʩʧʫʪʥʠʢʘʭ ʘʣʤʘʟʘ ï ʦʣʠʚʠʥʝ, ʛʨʘʥʘʪʝ ʠ ʮʠʨʢʦʥʝ ʦʧʠʩʘʥʳ ɺ.ʂ. ʠ ʂ.ɺ. ɻʘʨʘʥʠʥʳʤʠ 

(2008). ʅʘʣʠʯʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʢʘʨʙʦʥʘʜʦ ʠ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ ʘʣʤʘʟʘ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ 
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ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʚ ʨʘʙʦʪʘʭ ʌ.ɺ. ʂʘʤʠʥʩʢʦʛʦ ʩ ʩʦʘʚʪʦʨʘʤʠ (1985). ʉʦʛʣʘʩʥʦ ʠʭ ʜʘʥʥʳʤ, 

ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ ʚ ʘʣʤʘʟʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʠʥʝʛʝʥʝʪʠʯʥʳʤʠ ʘʣʤʘʟʫ ʧʦʣʠʘʨʦʤʘʪʠʯʝʩʢʠʤʠ 

ʫʛʣʝʚʦʜʦʨʦʜʘʤʠ ʇɸʋ, ʷʚʣʷʶʱʠʤʠʩʷ ʧʨʦʜʫʢʪʘʤʠ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʠ ʧʨʦʩʪʝʡʰʠʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʪʠʧʘ ʙʝʥʟʦʣʘ. ʇʨʠ ʵʪʦʤ ʜʣʷ ʦʙʨʘʟʮʦʚ ʢʘʨʙʦʥʘʜʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠ ʘʣʤʘʟʥʦʝ 

ʚʝʱʝʩʪʚʦ, ʠ ʘʩʩʦʮʠʠʨʫʶʱʘʷ ʩ ʥʠʤ ʦʨʛʘʥʠʢʘ ʠʤʝʶʪ ʠʟʦʪʦʧʥʦ-ʣʝʛʢʠʡ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʳʡ 

ʩʦʩʪʘʚ ʫʛʣʝʨʦʜʘ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʝʜʠʥʳʝ ʠʩʪʦʯʥʠʢʠ [ʂʘʤʠʥʩʢʠʡ ʠ ʜʨ. 1985]. ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʠʟʫʯʝʥʠʶ ʧʨʠʤʝʩʝʡ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʘʣʤʘʟʝ ʢʨʘʡʥʝ 

ʤʘʣʦ. ɼʘʥʥʳʝ ʧʦ ʧʨʠʩʫʪʩʪʚʠʶ ʚ ʘʣʤʘʟʝ ʇɸʋ ʥʝ ʥʘʰʣʠ ʜʘʣʴʥʝʡʰʝʛʦ ʧʦʜʪʚʝʨʞʜʝʥʠʷ. ʊʝʤ ʥʝ 

ʤʝʥʝʝ, ʧʨʠʤʝʩʠ ʆɺ ʚ ʘʣʤʘʟʝ ʩ ʥʘʰʝʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʨʝʰʝʥʠʠ ʧʨʦʙʣʝʤʳ 

ʛʝʥʝʟʠʩʘ ʘʣʤʘʟʘ ʠ ʚʭʦʜʷʱʠʭ ʚ ʝʛʦ ʩʪʨʫʢʪʫʨʫ ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ. ʋʞʝ ʩʘʤ ʬʘʢʪ ʧʨʠʩʫʪʩʪʚʠʷ 

ʆɺ ʚ ʘʣʤʘʟʝ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʠʟʦʪʦʧʥʦ-ʣʝʛʢʠʤ ʠʟʦʪʦʧʥʳʤ ʩʦʩʪʘʚʦʤ ʫʛʣʝʨʦʜʘ ʘʣʤʘʟʘ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʫʯʘʩʪʠʠ ʙʠʦʛʝʥʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʠ ʧʦ ʨʝʘʢʮʠʠ ʪʠʧʘ 

(9). ʇʨʠ ʵʪʦʤ ʦʙʨʘʪʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʩʦʜʝʨʞʘʥʠʷʤʠ ʆɺ ʠ ʩʪʨʫʢʪʫʨʥʦʡ ʧʨʠʤʝʩʠ ʚʦʜʦʨʦʜʘ ʚ 

ʢʨʠʩʪʘʣʣʘʭ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʘʣʤʘʟʦʦʙʨʘʟʫʶʱʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʣʫʞʘʪ 

ʠʩʪʦʯʥʠʢʦʤ ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ ʚ ʘʣʤʘʟʝ.  

ʌʘʢʪʦʨʘʤʠ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʤʠ ʟʘʭʚʘʪʫ ʨʘʩʪʫʱʠʤ ʢʨʠʩʪʘʣʣʦʤ ʆɺ, ʷʚʣʷʶʪʩʷ: ʝʛʦ ʠʟʙʳʪʦʢ ʚ 

ʩʨʝʜʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʘ ʪʘʢʞʝ ʙʳʩʪʨʳʡ ʨʦʩʪ ʢʨʠʩʪʘʣʣʘ ʠ ʝʛʦ ʩʪʨʫʢʪʫʨʥʦʝ ʥʝʩʦʚʝʨʰʝʥʩʪʚʦ. ʅʘ 

ʠʟʙʳʪʦʢ ʙʠʦʛʝʥʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʩʨʝʜʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʫʢʘʟʳʚʘʝʪ ʠʟʦʪʦʧʥʦ-ʣʝʛʢʠʡ ʩʦʩʪʘʚ 

ʫʛʣʝʨʦʜʘ ʘʣʤʘʟʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʆɺ (ʛʣʘʚʘ 1).  

ʏʫʚʩʪʚʠʪʝʣʴʥʳʤ ʤʝʪʦʜʦʤ, ʧʦʟʚʦʣʷʶʱʠʤ ʬʠʢʩʠʨʦʚʘʪʴ ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ ʚ ʘʣʤʘʟʝ, 

ʷʚʣʷʝʪʩʷ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ. ɺ ʀʂ-ʩʧʝʢʪʨʘʭ ʧʨʠʨʦʜʥʳʭ ʘʣʤʘʟʦʚ ʥʝʨʝʜʢʦ ʧʨʦʷʚʣʷʝʪʩʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʦʢʦʣʦ 2860, 2930 ʠ 2960 ʩʤ-1, ʢʦʪʦʨʘʷ ʩʦʛʣʘʩʥʦ 

ʨʘʙʦʪʝ [ʂʘʟʠʮʳʥʘ, ʂʫʧʣʝʪʩʢʘʷ, 1971] ʩʚʷʟʘʥʘ ʩ ʢʦʣʝʙʘʥʠʷʤʠ ʉʅ3- ʠ CH2 ïʛʨʫʧʧ ʘʣʠʬʘʪʠʯʝʩʢʠʭ 

ʩʪʨʫʢʫʪʨ (ʧʨʝʜʝʣʴʥʳʝ ʫʛʣʝʚʦʜʦʨʦʜʳ ʠʣʠ ʠʭ ʬʨʘʛʤʝʥʪʳ). ʆʜʥʘʢʦ ʦʙʥʘʨʫʞʠʪʴ ʧʨʠʤʝʩʠ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʮʝʣʦʤ ʢʨʠʩʪʘʣʣʝ ʙʝʟ ʝʛʦ ʨʘʟʨʫʰʝʥʠʷ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʦ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ 

ʪʝʤ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ ʦʙʳʯʥʦ ʥʠʞʝ ʧʦʨʦʛʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʤʝʪʦʜʘ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚ ʘʣʤʘʟʘʭ ʩ ʪʝʤʥʦʡ ʦʢʨʘʩʢʦʡ ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ ʤʦʛʫʪ ʙʳʪʴ ʦʙʥʘʨʫʞʝʥʳ ʧʨʠ 

ʣʦʢʘʣʴʥʦʤ ʀʂ-ʟʦʥʜʠʨʦʚʘʥʠʠ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʳʭ ʧʣʘʩʪʠʥ, ʚʳʨʝʟʘʥʥʳʭ ʠʟ ʮʝʣʦʛʦ ʢʨʠʩʪʘʣʣʘ, 

ʣʠʙʦ ʚ ʝʛʦ ʤʝʣʢʠʭ ʦʩʢʦʣʢʘʭ. 

 

3.4.1. ɸʣʤʘʟ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ 

 

ʅʘʰʠ ʤʥʦʛʦʣʝʪʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʘʣʤʘʟʘ ʠʟ 

ʨʘʟʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʤʠʨʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʫʢʘʟʘʥʥʳʝ ʫʛʣʝʚʦʜʦʨʦʜʥʳʝ ʛʨʫʧʧʳ ʦʩʦʙʝʥʥʦ 

ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʘʣʤʘʟʦʚ ʩ ʩʝʨʦʡ, ʯʝʨʥʦʡ, ʙʫʨʦʡ ʦʢʨʘʩʢʦʡ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ V ʠ VII  
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ʨʘʟʥʦʚʠʜʥʦʩʪʷʤ ʧʦ ʖ.ʃ. ʆʨʣʦʚʫ (1983). ʊʝʤʥʘʷ ʦʢʨʘʩʢʘ ʵʪʠʭ ʘʣʤʘʟʦʚ ʦʙʫʩʣʦʚʣʝʥʘ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ ʛʨʘʬʠʪʘ ʠ ʫʛʣʝʨʦʜʠʩʪʦʛʦ ʚʝʱʝʩʪʚʘ [ɿʠʥʯʫʢ, ʂʦʧʪʠʣʴ, 2003]. 

ʉʧʝʮʠʬʠʢʦʡ ʙʦʣʴʰʠʥʩʪʚʘ ʠʟ ʵʪʠʭ ʘʣʤʘʟʦʚ ʷʚʣʷʝʪʩʷ ʘʥʦʤʘʣʴʥʦ ʠʟʦʪʦʧʥʦ-ʣʝʛʢʠʡ ʩʦʩʪʘʚ 

ʫʛʣʝʨʦʜʘ ŭ13ʉ ʤʝʥʝʝ ï20ă, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʠʭ ʢʨʠʩʪʘʣʣʠʟʘʮʠʶ ʩ ʫʯʘʩʪʠʝʤ ʫʛʣʝʚʦʜʦʨʦʜʦʚ 

ʙʠʦʛʝʥʥʦʡ ʧʨʠʨʦʜʳ. ʕʪʠ ʫʛʣʝʚʦʜʦʨʦʜʳ, ʥʘʭʦʜʠʚʰʠʝʩʷ ʚ ʠʟʙʳʪʢʝ ʚ ʩʨʝʜʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, 

ʚʝʨʦʷʪʥʦ, ʟʘʭʚʘʪʳʚʘʣʠʩʴ ʘʣʤʘʟʦʤ V ʠ VII  ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʨʦʩʪʘ. ʇʦʤʠʤʦ 

ʢʨʠʩʪʘʣʣʦʚ ʵʪʠʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ, ʣʠʥʠʠ ʧʦʛʣʦʱʝʥʠʷ ʉʅ3- ʠ CH2- ʛʨʫʧʧ ʦʙʥʘʨʫʞʝʥʳ ʥʘʤʠ ʚ 

çʘʣʤʘʟʘʭ ʚ ʦʙʦʣʦʯʢʝè, ʠʟ ʪʨʫʙʦʢ ʂʦʥʛʦ, ʧʨʠ ʵʪʦʤ ʥʝ ʠʩʢʣʶʯʝʥʦ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʫʛʣʝʚʦʜʦʨʦʜʳ ʠʤʝʶʪ ʚʪʦʨʠʯʥʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ [Kopylova, Navon, Dubrovinsky, Khachatryan, 

2010].  

ɼʣʷ ʚʳʷʩʥʝʥʠʷ ʨʦʣʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ (ʆɺ) ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʘʣʤʘʟʘ ʠ ʩʦʜʝʨʞʘʱʠʭʩʷ 

ʚ ʥʝʤ ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ ʩ ʧʦʤʦʱʴʶ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʙʳʣʠ ʠʟʫʯʝʥʳ ʩʦʩʪʘʚʳ ʆɺ ʠ 

ʩʦʩʫʱʝʩʪʚʫʶʱʠʭ ʩ ʥʠʤ ʧʨʠʤʝʩʥʳʭ ʬʘʟ, ʝʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚ ʦʙʲʝʤʝ ʢʨʠʩʪʘʣʣʘ, ʘ ʪʘʢʞʝ 

ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʆɺ ʠ ʚʦʜʦʨʦʜʥʳʤʠ ʮʝʥʪʨʘʤʠ.  

ʆʜʠʥ ʠʟ ʢʨʠʩʪʘʣʣʦʚ, ʚ ʢʦʪʦʨʦʤ ʦʙʥʘʨʫʞʝʥʦ ʆɺ ï ʠʟ ʪʨʫʙʢʠ ʖʙʠʣʝʡʥʘʷ, ʗʢʫʪʠʷ 

(ʢʦʣʣʝʢʮʠʷ ɺ.ʂ. ɻʘʨʘʥʠʥʘ). ʕʪʦ ʢʨʠʩʪʘʣʣ ʩ ʥʝʩʢʦʣʴʢʦ çʦʙʣʝʛʯʝʥʥʳʤè ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ 

ʩʨʝʜʥʠʤʠ ʤʘʥʪʠʡʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʠʟʦʪʦʧʥʳʤ ʩʦʩʪʘʚʦʤ ʫʛʣʝʨʦʜʘ (ʪʘʙʣ. 3.2)., 

ʨʦʤʙʦʜʦʜʝʢʘʵʜʨʠʯʝʩʢʦʛʦ ʛʘʙʠʪʫʩʘ ʩ ʧʨʦʟʨʘʯʥʳʤ ʷʜʨʦʤ ʠ ʧʦʣʫʧʨʦʟʨʘʯʥʦʡ ʦʙʦʣʦʯʢʦʡ ʪʝʤʥʦ-

ʩʝʨʦʛʦ ʮʚʝʪʘ, ʧʝʨʝʧʦʣʥʝʥʥʦʡ ʚʢʣʶʯʝʥʠʷʤʠ ʛʨʘʬʠʪʘ. ɺ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʦʡ ʧʣʘʩʪʠʥʝ, 

ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʠʟ ʵʪʦʛʦ ʢʨʠʩʪʘʣʣʘ, ʧʦ ʜʘʥʥʳʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʆɺ ʩʦʜʝʨʞʠʪʩʷ ʪʦʣʴʢʦ ʚ 

ʦʙʦʣʦʯʢʝ (ʪʘʙʣʠʮʘ 3.2, ʨʠʩʫʥʦʢ 3.8, ʘ).  

 

ʊʘʙʣʠʮʘ 3.2. ɺʘʨʠʘʮʠʠ ʩʦʩʪʘʚʘ ʧʨʠʤʝʩʝʡ ʠ ʠʟʦʪʦʧʦʚ ʫʛʣʝʨʦʜʘ ʚ ʦʙʲʝʤʝ ʢʨʠʩʪʘʣʣʘ ʘʣʤʘʟʘ ʠʟ 

ʪʨʫʙʢʠ ʖʙʠʣʝʡʥʘʷ (1) ʠ ʠʟ ʨʦʩʩʳʧʠ ʨʘʡʦʥʘ ɾʫʠʥʘ (2) 

 

 

ʉʚʦʡʩʪʚʦ 

1 2 

ʆʙʣʘʩʪʠ ʢʨʠʩʪʘʣʣʘ ʆʙʣʘʩʪʠ ʢʨʠʩʪʘʣʣʘ 

ʮʝʥʪʨ ʢʨʘʡ ʮʝʥʪʨ ʢʨʘʡ 

N tot, ppm 700-900 ~700 ~1000 <20 

ʅ, ʫʩʣ. ʝʜ. 9-16 2-12 10-20 1-3,5 

ʆɺ, ʢʘʨʙʦʥʘʪ ʅʝ ʦʙʥʘʨʫʞʝʥʦ ʆɺ+ʢʘʨʙʦʥʘʪ ʉʣʝʜʳ ʆɺ ʆɺ 

ŭ13C ,ă -9,6 -8,3 -22,0 -18,5 

 

ʗʜʨʦ ʢʨʠʩʪʘʣʣʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʦʯʪʠ ʯʠʩʪʳʤ ʘʣʤʘʟʦʤ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʪʠʧʘ IaAB, 

ʩʦʜʝʨʞʘʱʝʛʦ ʩʪʨʫʢʪʫʨʥʳʝ ʧʨʠʤʝʩʠ ʘʟʦʪʘ ʚ ɸ-ʬʦʨʤʝ (ʛʣʘʚʥʘʷ ʣʠʥʠʷ ~1280 ʩʤ-1), ɺ-ʬʦʨʤʝ 

(ʛʣʘʚʥʘʷ ʣʠʥʠʷ ~1175 ʩʤ-1), ʧʣʝʡʪʣʝʪʩ (ʛʣʘʚʥʘʷ ʣʠʥʠʷ ~1365 ʩʤ-1) ʠ ʚʦʜʦʨʦʜʥʳʝ ʮʝʥʪʨʳ (ʛʣʘʚʥʘʷ 

ʣʠʥʠʷ ~3107 ʩʤ-1). ʇʨʠ ʵʪʦʤ ʦʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʘʟʦʪʘ Ntot ʩʦʩʪʘʚʣʷʝʪ 700-900 at.ppm, ʜʦʣʷ ʘʟʦʪʘ 

ʚ ʘʛʨʝʛʠʨʦʚʘʥʥʦʡ ʬʦʨʤʝ %NB~65, ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʧʣʝʡʪʝʣʝʪʩ 30-40 ʫʩʣ. ʝʜ., 
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ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ 9-16 ʫʩʣ. ʝʜ. ɺʦ ʚʥʝʰʥʝʡ ʟʦʥʝ, ʦʙʣʘʜʘʶʱʝʡ ʪʝʤʥʦʡ ʦʢʨʘʩʢʦʡ, 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʠʤʝʩʝʡ ʠʥʦʝ. ʇʨʠ ʩʭʦʜʥʦʤ ʦʙʱʝʤ ʩʦʜʝʨʞʘʥʠʠ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʘʟʦʪʘ ʚ ʟʦʥʘʭ ʢʨʠʩʪʘʣʣʘ, ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦʣʷ ʝʛʦ ʘʛʨʝʛʠʨʦʚʘʥʥʦʡ ʬʦʨʤʳ (%NB~45) ʠ 

ʧʣʝʡʪʝʣʝʪʩ - ʤʝʥʝʝ 25 ʫʩʣ ʝʜ. ʆʙʥʘʨʫʞʠʚʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʫʤʝʥʴʰʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʦʨʦʜʥʳʭ 

ʮʝʥʪʨʦʚ (2-12 ʫʩʣʦʚʥʳʭ ʝʜʠʥʠʮ). ʀʟʤʝʥʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʟʦʪʥʳʭ ʮʝʥʪʨʦʚ ʚ ʢʨʠʩʪʘʣʣʝ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʛʨʘʬʠʪʠʟʠʨʦʚʘʥʥʘʷ ʦʙʦʣʦʯʢʘ ʢʨʠʩʪʘʣʣʠʟʦʚʘʣʘʩʴ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ (ʛʣʘʚʘ 1), ʯʝʤ ʧʨʦʟʨʘʯʥʦʝ ʷʜʨʦ. 

 

ʈʠʩʫʥʦʢ 3.8. ʀʂ-ʩʧʝʢʪʨʳ ʘʣʤʘʟʘ ʠʟ ʪʨʫʙʢʠ ʖʙʠʣʝʡʥʘʷ: ʘ) ï ʧʨʦʟʨʘʯʥʦʝ ʷʜʨʦ, 

ʙ) ï ʯʝʨʥʘʷ ʦʙʦʣʦʯʢʘ 

 

ʅʘʣʠʯʠʝ ʆɺ ʚʦ ʚʥʝʰʥʝʡ ʯʘʩʪʠ (ʨʠʩʫʥʦʢ 3.8, ʙ) ʠʟʫʯʝʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʦʜʥʦʟʥʘʯʥʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝʤ ʠʥʪʝʥʩʠʚʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʩ ʤʘʢʩʠʤʫʤʘʤʠ ~2920 +2850 ʩʤ-1 ʠ 

ʙʦʣʝʝ ʩʣʘʙʳʭ ʣʠʥʠʡ, ~2960 +2870 ʩʤ-1 , ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʢʦʣʝʙʘʥʠʷʤʠ ʤʝʪʠʣʝʥʦʚʳʭ (ʉʅ2) ʠ 

ʤʝʪʠʣʴʥʳʭ (ʉʅ3) ʛʨʫʧʧ ʚ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʘʭ (ʧʨʝʜʝʣʴʥʳʝ ʫʛʣʝʚʦʜʦʨʦʜʳ). ʕʪʠ 

ʩʧʝʢʪʨʘʣʴʥʳʝ ʣʠʥʠʠ ʠʤʝʶʪ ʭʘʨʘʢʪʝʨʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʚʝʨʝʥʥʦ ʩʫʜʠʪʴ ʦ 

ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʠ ʩʪʨʦʝʥʠʠʠ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʛʨʫʧʧʠʨʦʚʦʢ. ɺ ʦʙʣʘʩʪʠ 1460-1350 ʩʤ-1 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʣʠʥʠʠ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʤʝʪʠʣʝʥʦʚʳʭ ʠ ʤʝʪʠʣʴʥʳʭ ʛʨʫʧʧ, ʥʦ ʦʥʠ 

ʯʘʩʪʠʯʥʦ ʧʝʨʝʢʨʳʚʘʶʪʩʷ ʣʠʥʠʷʤʠ ʧʣʝʡʪʣʝʪʩ (1380-1350 ʩʤ-1) ʠ ʣʠʥʠʷʤʠ ʧʨʠʤʝʩʥʳʭ ʢʘʨʙʦʥʘʪʦʚ 

(1460-1420 ʩʤ-1).  
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ɺ ʜʘʣʴʥʝʡʰʝʤ ʢʨʠʩʪʘʣʣ ʙʳʣ ʨʘʟʜʨʦʙʣʝʥ, ʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʦʪʜʝʣʴʥʳʝ ʙʝʩʮʚʝʪʥʳʝ ʠ 

ʦʢʨʘʰʝʥʥʳʝ ʦʩʢʦʣʢʠ, ʩʦʜʝʨʞʘʱʠʝ ʚ ʀʂ ʩʧʝʢʪʨʘʭ ʣʠʥʠʠ~2920 +2850 ʩʤ-1 ʠ ~2960 +2870 ʩʤ-1. 

ʆʧʪʠʯʝʩʢʠʝ ʧʣʦʪʥʦʩʪʠ ʣʠʥʠʡ ʦʢʦʣʦ 2920 ʠ 2850, ʘ ʪʘʢʞʝ 2960 + 2850-2870 ʩʤ-1, ʟʥʘʯʠʤʦ 

ʢʦʨʨʝʣʠʨʫʶʪ ʤʝʞʜʫ ʩʦʙʦʡ (ʨʠʩʫʥʦʢ 3.9 ʘ, ʙ). ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ 

  

 

ʈʠʩʫʥʦʢ 3.9. ʂʦʨʨʝʣʷʮʠʷ ʦʧʪʠʯʝʩʢʠʭ ʧʣʦʪʥʦʩʪʝʡ ʣʠʥʠʡ 951, 1560, 2850, 2920, 2960 ʠ 3680 ʩʤ-1 

ʚ ʀʂ-ʩʧʝʢʪʨʝ ʘʣʤʘʟʘ ʠʟ ʪʨʫʙʢʠ ʖʙʠʣʝʡʥʘʷ. ʇʦʷʩʥʝʥʠʷ ʚ ʪʝʢʩʪʝ 
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ʢʦʨʨʝʣʷʮʠʠ ʩʦʩʪʘʚʣʷʶʪ 0,99 ʠ 0,88. ʂʨʦʤʝ ʪʦʛʦ, ʠʤʝʝʪʩʷ ʣʠʥʝʡʥʘʷ ʢʦʨʨʝʣʷʮʠʷ (R2 =0,73) ʤʝʞʜʫ 

ʦʧʪʠʯʝʩʢʠʤʠ ʧʣʦʪʥʦʩʪʷʤʠ ʣʠʥʠʡ 2850 ʠ ʦʢʦʣʦ 1560-1590 ʩʤ-1 (ʨʠʩʫʥʦʢ 3.9, ʚ). ʕʪʦ ʧʦʟʚʣʷʝʪ 

ʦʪʥʝʩʪʠ ʧʦʩʣʝʜʥʶʶ ʣʠʥʠʶ ʢ ʢʦʣʝʙʘʥʠʷʤ ʩʪʨʫʢʪʫʨʥʳʭ ʛʨʫʧʧ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʆɺ. ɺʠʟʫʘʣʴʥʦ 

ʧʨʠʤʝʩʴ ʆɺ ʚ ʦʩʢʦʣʢʘʭ ʘʣʤʘʟʘ ʬʠʢʩʠʨʫʝʪʩʷ ʚ ʚʠʜʝ ʪʦʥʢʠʭ ʙʫʨʦʚʘʪʳʭ ʠʣʠ ʢʦʨʠʯʥʝʚʳʭ ʧʣʝʥʦʢ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʩʢʦʣʢʦʚ. ʇʦʤʠʤʦ ʣʠʥʠʡ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʧʨʠʤʝʩʴʶ ʆɺ, ʚ ʀʂ-ʩʧʝʢʪʨʘʭ ʯʝʨʥʦʡ 

ʦʙʦʣʦʯʢʠ ʢʨʠʩʪʘʣʣʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʦʣʦʩʳ 3680-3600, ʘ ʪʘʢʞʝ ʧʦʣʦʩʘ ~3300-3200 ʩʤ-1, 

ʩʦʧʨʷʞʝʥʥʘʷ ʩ ʣʠʥʠʝʡ ʦʢʦʣʦ 1640-1610 ʩʤ-1. ɺʩʝ ʦʥʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʢʦʣʝʙʘʥʠʷʤʠ ʆʅ-ʛʨʫʧʧ, 

ʚʭʦʜʷʱʠʭ ʚ ʩʪʨʫʢʪʫʨʫ ʤʠʥʝʨʘʣʦʚ ʠʣʠ ʚ ʩʦʩʪʘʚʝ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʡ ʅ2ʆ. ʂʨʦʤʝ ʫʧʦʤʷʥʫʪʦʛʦ, ʚ 

ʩʧʝʢʪʨʘʭ ʦʩʢʦʣʢʦʚ ʘʣʤʘʟʘ ʯʘʩʪʦ ʧʨʠʩʫʪʩʪʚʫʶʪ ʣʠʥʠʠ 970-950, 890-850 ʠ 770-740 ʩʤ-1.  

ʈʘʩʰʠʬʨʦʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ ʩʧʝʢʪʨʳ ʫʜʘʣʦʩʴ, ʙʣʘʛʦʜʘʨʷ ʥʘʭʦʜʢʝ ʪʦʥʯʘʡʰʠʭ ʯʘʩʪʠʮ ʠ 

ʧʣʝʥʦʢ ʙʫʨʦʛʦ ʮʚʝʪʘ, ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʢʨʘʡʥʝ ʥʝʨʘʚʥʦʤʝʨʥʦ, ʠ ʩʦʜʝʨʞʘʱʠʭ ʆɺ (ʨʠʩʫʥʦʢ 3.10). 

ɺ ʩʧʝʢʪʨʘʭ ʵʪʠʭ ʧʣʝʥʦʢ ʧʦʣʦʩʳ, ʩʚʟʘʥʥʳʝ ʩ ʘʣʤʘʟʦʤ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʨʦʷʚʣʝʥʳ. 

 

 

ʈʠʩʫʥʦʢ 3.10. ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʀʂ-ʩʧʝʢʪʦʨʦʚ ʬʨʘʛʤʝʥʪʘ ʘʣʤʘʟʘ ʠʟ ʪʨʫʙʢʠ ʖʙʠʣʝʡʥʘʷ (ʘ) ʠ ʩʦʣʠ 

ʧʨʦʧʠʦʥʦʚʦʡ ʢʠʩʣʦʪʳ (ʙ) 

 

ʊʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʦʩʪʘʚ ʆɺ ʪʦʣʴʢʦ ʧʦ ʜʘʥʥʳʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʥʝʚʦʟʤʦʞʥʦ, ʦʜʥʘʢʦ ʧʦ 

ʥʘʙʦʨʫ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʠʥʠʡ ʩʧʝʢʪʨʳ ʆɺ, ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʠ ʢ ʩʧʝʢʪʨʘʤ ʩʦʣʝʡ 

ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ (ʧʨʦʧʠʦʥʦʚʦʡ, ʤʘʩʣʷʥʦʡ) (ʨʠʩʫʥʦʢ 3.10). ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 3.9 ʆɺ ʯʘʩʪʦ 

ʘʩʩʦʮʠʠʨʫʝʪ ʩ ʚʦʜʥʳʤ ʢʘʨʙʦʥʘʪʦʤ ï ʙʨʫʥʴʷʪʝʣʣʠʪʦʤ ʩ ʬʦʨʤʫʣʦʡ Fe,MgCO3(OH)14Ŀʅ2ʆ. ʕʪʦʪ 

ʢʘʨʙʦʥʘʪ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʥʥʦʡ ʙʠʙʣʠʦʪʝʢʠ ʩʧʝʢʪʨʦʚ HR-Minerals, 
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ʧʨʠʣʘʛʘʶʱʝʡʩʷ ʢ ʧʨʦʛʨʘʤʤʝ OMNIC. ʇʨʘʚʠʣʴʥʦʩʪʴ ʪʘʢʦʡ ʠʥʪʝʨʧʝʨʝʪʘʮʠʠ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʣʠʥʝʡʥʦʡ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʢʦʨʨʝʣʷʮʠʝʡ (R2 = 0,68) ʦʧʪʠʯʝʩʢʠʭ ʧʣʦʪʥʦʩʪʝʡ ʣʠʥʠʡ ʦʢʦʣʦ 3690-

3680 ʩʤ-1 ʠ ʦʢʦʣʦ 950 ʩʤ-1 (ʨʠʩʫʥʦʢ 3.9,ʛ). ʆʙʝ ʵʪʠ ʣʠʥʠʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʳ ʜʣʷ ʙʨʫʥʴʷʪʝʣʣʠʪʘ 

(ʨʠʩʫʥʦʢ 3.11). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʙʨʫʥʴʷʪʝʣʣʠʪ ʚʩʝʛʜʘ ʘʩʦʮʠʠʨʫʝʪ ʩ ʆɺ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 

3.9, ʜ, ʤʝʞʜʫ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʵʪʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʫʱʝʩʪʚʫʝʪ ʧʨʷʤʘʷ ʣʠʥʝʡʥʘʷ ʧʦʣʦʞʠʪʝʣʴʥʘʷ 

ʢʦʨʨʝʣʷʮʠʷ (R2 = 0,53). ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʆɺ ʠ ʢʘʨʙʦʥʘʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʤʦʛʣʠ 

ʥʘʭʦʜʠʪʴʩʷ ʚ ʩʦʩʪʘʚʝ ʦʜʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʣʠʙʦ ʙʳʪʴ ʢʦʤʧʦʥʝʥʪʘʤʠ ʨʝʘʢʮʠʠ 

ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʧʦ ʪʠʧʫ:  

ʉʅ4 (ʚ ʩʦʩʪʘʚʝ ʆɺ) +ʉʆ2 (ʚ ʩʦʩʪʘʚʝ ʢʘʨʙʦʥʘʪʦʚ)ź2ʉʘʣʤ + 2ʅ2ʆ  (33) 

 

 

ʈʠʩʫʥʦʢ 3.11. ʈʘʩʰʠʬʨʦʚʢʘ ʩʦʩʪʘʚʘ ʧʨʠʤʝʩʥʳʭ ʬʘʟ ʚ ʘʣʤʘʟʝ ʠʟ ʪʨʫʙʢʠ ʖʙʠʣʝʡʥʘʷ ʧʦ ʀʂ-

ʩʧʝʢʪʨʘʤ: (ʘ) ï ʩʫʤʤʘʨʥʦʤʫ, ʙ) ï ʠ ʩʦʣʠ ʧʨʦʧʠʦʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʚ) ï ʙʨʫʥʷʪʝʣʣʠʪʘ 

 

ɽʩʣʠ ʙʨʫʥʴʷʪʝʣʣʠʪ ʚʩʝʛʜʘ ʘʩʩʦʮʠʠʨʫʝʪ ʩ ʢʘʨʙʦʥʘʪʦʤ, ʪʦ ʆɺ ʠʥʦʛʜʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʢʘʢ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʘʷ ʬʘʟʦʚʘʷ ʧʨʠʤʝʩʴ ʚ ʘʣʤʘʟʝ.  

ʂʦʥʮʝʥʪʨʘʮʠʷ ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ ʚ ʘʣʤʘʟʝ ʥʘʭʦʜʠʪʩʷ ʚ ʦʙʨʘʪʥʦʡ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

(R2 = 0,56) ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʬʘʟʦʚʳʭ ʧʨʠʤʝʩʝʡ ʆɺ (ʨʠʩʫʥʦʢ 3.9, ʝ). ʕʪʦ ʤʦʞʝʪ 

ʙʳʪʴ ʨʝʟʫʣʴʪʘʪʦʤ ʪʦʛʦ, ʯʪʦ ʚʦʜʦʨʦʜʥʳʝ ʮʝʥʪʨʳ ʚʤʝʩʪʝ ʩ ʘʣʤʘʟʦʤ ʦʙʨʘʟʦʚʘʣʠʩʴ ʟʘ ʩʯʝʪ ʆɺ ʠ 

ʚʦʜʥʦʛʦ ʢʘʨʙʦʥʘʪʘ ʧʨʠ ʠʭ ʨʝʘʢʮʠʠ (33).  
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ʆʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʥʘʤʠ ʪʘʢʞʝ ʚ ʪʝʤʥʦʦʢʨʘʰʝʥʥʦʤ ʢʨʠʩʪʘʣʣʝ 

ʘʣʤʘʟʘ ʠʟ ʨʦʩʩʳʧʝʡ ʨʘʡʦʥʘ ɾʫʠʥʘ ʚ ɹʨʘʟʠʣʠʠ (ʢʦʣʣʝʢʮʠʷ ɺ.ʇ. ɸʬʘʥʘʩʴʝʚʘ). ʇʦ ʜʘʥʥʳʤ 

ʤʘʩʩʧʝʢʪʨʦʤʝʪʨʠʠ ʫʛʣʝʨʦʜ ʵʪʦʛʦ ʘʣʤʘʟʘ ʠʟʦʪʦʧʥʦ-ʣʝʛʢʠʡ: ŭ13C ʦʪï22,0 ă ʜʦ ï18,5ă, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʦʜʥʠʤ ʠʟ ʠʩʪʦʯʥʠʢʦʚ ʚʝʱʝʩʪʚʘ ʜʘʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʙʳʣʠ ʙʠʦʛʝʥʥʳʝ 

ʆɺ. ʇʨʠ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʝ ʦʙʨʘʟʮʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʝʣʢʠʝ ʦʩʢʦʣʢʠ, ʥʝʦʜʥʦʨʦʜʥʳʝ ʧʦ ʮʚʝʪʫ, 

ʧʨʦʟʨʘʯʥʦʩʪʠ ʠ ʩʦʜʝʨʞʘʥʠʶ ʆɺ. ɺ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʢʨʠʩʪʘʣʣʝ ʚʩʪʨʝʯʘʶʪʩʷ ʠ ʩʦʚʝʨʰʝʥʥʦ 

ʧʨʦʟʨʘʯʥʳʝ, ʙʝʩʮʚʝʪʥʳʝ, ʠ ʩʦʜʝʨʞʘʱʠʝ ʆɺ ʪʝʤʥʦʦʢʨʘʰʝʥʥʳʝ, ʧʦʯʪʠ ʯʝʨʥʳʝ ʬʨʘʛʤʝʥʪʳ 

(ʨʠʩʫʥʦʢ 3. 12). 

 

ʈʠʩʫʥʦʢ 3.12. ʀʂ ʩʧʝʢʪʨʳ ʬʨʘʛʤʝʥʪʦʚ ʢʨʠʩʪʘʣʣʘ ʘʣʤʘʟʘ ʠʟ ʨʘʡʦʥʘ ɾʫʠʥʘ: ʘ) ʩʝʨʳʡ ʦʩʢʦʣʦʢ ʠʟ 

ʚʥʝʰʥʝʡ ʟʦʥʳ ʩ ʧʨʠʤʝʩʴʶ ʆɺ, ʙ) ʙʝʩʮʚʝʪʥʳʡ ʦʩʢʦʣʦʢ ʠʟ ʚʥʝʰʥʝʡ ʟʦʥʳ, ʚ) ʙʝʩʮʚʝʪʥʳʡ ʦʩʢʦʣʦʢ 

ʠʟ ʮʝʥʪʨʘʣʴʥʦʡ ʟʦʥʳ 

 

ʊʘʢ ʞʝ, ʢʘʢ ʠ ʚ ʦʧʠʩʘʥʥʦʤ ʚʳʰʝ ʢʨʠʩʪʘʣʣʝ ʠʟ ʪʨʫʙʢʠ ʖʙʠʣʝʡʥʘʷ, ʥʘʣʠʯʠʝ ʆɺ ʚ ʘʣʤʘʟʝ 

ʨʘʡʦʥʘ ɾʫʠʥʘ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʥʘʣʠʯʠʝʤ ʠʥʪʝʥʩʠʚʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʩ ʤʘʢʩʠʤʫʤʘʤʠ ~2920 

+2850 ʩʤ-1 ʠ ʭʘʨʘʢʪʝʨʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʧʦʣʦʩ ʚ ʀʂ-ʩʧʝʢʪʨʝ. ʕʪʠ ʧʦʣʦʩʳ ʦʙʫʩʣʦʚʣʝʥʳ 

ʢʦʣʝʙʘʥʠʷʤʠ ʛʨʫʧʧ (ïʉʅ2ï) ʚ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʘʭ. ʂʨʦʤʝ ʵʪʦʛʦ, ʠʤʝʝʪʩʷ ʩʣʘʙʘʷ ʣʠʥʠʷ 

ʦʢʦʣʦ 2960 ʩʤ-1 , ʢʦʪʦʨʘʷ ʩʚʷʟʘʥʘ ʩ ʛʨʫʧʧʘʤʠ (ʉʅ3ï) ʚ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʘʭ. ʇʨʠ ʵʪʦʤ 

ʧʦʤʠʤʦ ʬʘʟʦʚʦʡ ʧʨʠʤʝʩʠ ʆɺ ʠʤʝʝʪʩʷ ʬʘʟʦʚʘʷ ʧʨʠʤʝʩʴ ʅ2ʆ (ʧʦʣʦʩʳ 3284 ʠ 1648 ʩʤ
-1). ɺ ʮʝʣʦʤ 

ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ ʠʟʫʯʝʥʥʦʛʦ ʘʣʤʘʟʘ ʨʘʡʦʥʘ ɾʫʠʥʘ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʭʦʜʥʳ ʩ ʆɺ ʘʣʤʘʟʘ 
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ʪʨʫʙʢʠ ʖʙʠʣʝʡʥʘʷ (ʧʠʢʠ ʦʢʦʣʦ 2960, 2920, 2850 ʠ 1550 ʩʤ-1). ʆʜʥʘʢʦ ʆɺ ʘʣʤʘʟʘ ɾʫʠʥʘ, ʩʫʜʷ 

ʧʦ ʀʂ-ʩʧʝʢʪʨʘʤ, ʥʝʩʢʦʣʴʢʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʆɺ ʘʣʤʘʟʘ ʪʨʫʙʢʠ ʖʙʠʣʝʡʥʘʷ. ʇʨʠ ʩʦʧʦʩʪʘʚʣʝʥʠʠ 

ʩʧʝʢʪʨʦʚ ʘʣʤʘʟʦʚ ʠʟ ʪʨʫʙʢʠ ʖʙʠʣʝʡʥʘʷ ʠ ʠʟ ʨʦʩʩʳʧʠ ʨʘʡʦʥʘ ɾʫʠʥʘ ʚʠʜʥʦ, ʯʪʦ ʚ ʧʦʩʣʝʜʥʠʭ 

ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ ʚʦʜʥʳʝ ʢʘʨʙʦʥʘʪʳ (ʣʠʥʠʠ 3690-3680 ʠ ~  961 ʩʤ-1). ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʆɺ 

ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʠʤʝʩʝʡ ʘʟʦʪʘ ʠ ʚʦʜʦʨʦʜʘ ʚʥʫʪʨʠ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʢʨʠʩʪʘʣʣʘ ʥʝʦʜʥʦʨʦʜʥʦ. 

ʉʨʝʜʠ ʦʩʢʦʣʢʦʚ ʢʨʠʩʪʘʣʣʘ ʦʙʥʘʨʫʞʝʥʳ ʬʨʘʛʤʝʥʪʳ çʙʝʟʘʟʦʪʥʦʛʦè ʘʣʤʘʟʘ (ʪʠʧ IIa), ʢʘʢ 

ʩʦʜʝʨʞʘʱʠʝ ʆɺ, ʪʘʢ ʠ ʙʝʟ ʥʝʛʦ (ʨʠʩʫʥʦʢ 3.12 ʘ,ʙ). ʂʨʦʤʝ ʪʦʛʦ, ʩʨʝʜʠ ʬʨʘʛʤʝʥʪʦʚ ʮʝʥʪʨʘʣʴʥʦʡ 

ʯʘʩʪʠ ʢʨʠʩʪʘʣʣʘ ʦʙʥʘʨʫʞʝʥʳ ʦʩʢʦʣʢʠ ʙʝʟ ʆɺ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʠʤʝʩʝʡ 

ʘʟʦʪʘ (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ɺ-ʬʦʨʤʝ) ʠ ʚʦʜʦʨʦʜʘ (ʨʠʩʫʥʦʢ 3.12 ʘ, ʙ). ʊʘʢʘʷ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ 

ʦʜʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʩʫʱʝʩʪʚʝʥʥʦʡ ʛʝʪʝʨʦʛʝʥʥʦʩʪʠ ʦʯʝʥʴ ʤʘʣʦʛʦ 

ʦʙʲʝʤʘ ʘʣʤʘʟʦʦʙʨʘʟʫʶʱʝʡ ʩʨʝʜʳ, ʯʪʦ ʥʝ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʬʣʶʠʜʦʚ ʠ ʨʘʩʧʣʘʚʦʚ, ʥʦ ʦʙʳʯʥʦ ʜʣʷ 

ʩʨʝʜʳ ʪʚʝʨʜʦʬʘʟʥʦʡ. ɺ ʢʨʠʩʪʘʣʣʝ ʨʘʡʦʥʘ ɾʫʠʥʘ, ʪʘʢ ʞʝ, ʢʘʢ ʠ ʚ ʘʣʤʘʟʝ ʠʟ ʪʨʫʙʢʠ ʖʙʠʣʝʡʥʘʷ 

ʗʢʫʪʠʠ, ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʚʟʘʠʤʦʩʚʷʟʘʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʆɺ ʠ ʚʦʜʦʨʦʜʥʳʭ 

ʮʝʥʪʨʦʚ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ (ʅ~10-20 ʫʩʣ. ʝʜ.) ʦʪʤʝʯʘʝʪʩʷ ʚ 

ʮʝʥʪʨʘʣʴʥʦʡ ʧʨʦʟʨʘʯʥʦʡ ʦʙʣʘʩʪʠ ʢʨʠʩʪʘʣʣʘ, ʠʤʝʶʱʝʛʦ ʪʘʢʞʝ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʟʦʪʘ (Ntot ~1000 at.ppm). ɺ çʙʝʟʘʟʦʪʥʦʤè ʬʨʘʛʤʝʥʪʝ ʢʨʠʩʪʘʣʣʘ, ʥʝ ʩʦʜʝʨʞʘʱʠʤ 

ʆɺ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ - ~3,5 ʫʩʣ. ʝʜ., ʘ ʚʦ ʬʨʘʛʤʝʥʪʝ ʩ 

ʦʨʛʘʥʠʢʦʡ ï ʝʱʝ ʥʠʞʝ - ~1,2 ʫʩʣ. ʝʜ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʘ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʢʨʠʩʪʘʣʣʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʠʥʜʠʚʠʜʳ ʩ 

ʧʨʦʟʨʘʯʥʳʤ ʙʝʩʮʚʝʪʥʳʤ ʷʜʨʦʤ ʠ ʛʨʘʬʠʪʠʟʠʨʦʚʘʥʥʦʡ ʦʙʦʣʦʯʢʦʡ, ʦʙʦʛʘʱʝʥʥʦʡ ʧʨʠʤʝʩʷʤʠ ʆɺ. 

ʉʫʜʷ ʧʦ ʠʟʦʪʦʧʥʦʤʫ ʩʦʩʪʘʚʫ ʫʛʣʝʨʦʜʘ ʘʣʤʘʟʘ, ʢʨʠʩʪʘʣʣ ʠʟ ʪʨʫʙʢʠ ʖʙʠʣʝʡʥʘʷ (ŭ13C= -9,6ă,) 

ʩʬʦʨʤʠʨʦʚʘʣʩʷ ʧʨʠ ʧʨʝʦʙʣʘʜʘʥʠʠ ʢʘʨʙʦʥʘʪʘ ʚ ʩʨʝʜʝ, ʘ ʘʣʤʘʟ ʨʘʡʦʥʘ ɾʫʠʥʘ (ŭ13C= -22,0ă,) ï 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠ ʠʟʙʳʪʢʝ ʙʠʦʛʝʥʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. 

ʆʙʱʝʡ ʯʝʨʪʦʡ ʛʝʥʝʟʠʩʘ ʠʟʫʯʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʷʚʣʷʝʪʩʷ ʩʤʝʥʘ ʈ-ʊ ʧʘʨʘʤʝʪʨʦʚ ʚ ʧʨʦʮʝʩʩʝ 

ʨʦʩʪʘ: ʥʘ ʨʘʥʥʝʤ ʵʪʘʧʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʧʨʦʭʦʜʠʣʘ ʚ ʦʙʣʘʩʪʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʘʣʤʘʟʘ, ʘ ʥʘ ʟʘʚʝʨʰʘʶʱʝʤ - ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʚʥʦʚʝʩʠʷ ʛʨʘʬʠʪ ï ʘʣʤʘʟ. ʅʘ ʨʘʥʥʝʤ ʵʪʘʧʝ 

ʫʛʣʝʚʦʜʦʨʦʜʥʳʡ ʢʦʤʧʦʥʝʥʪ ʨʝʘʢʮʠʠ (9) ʧʦʣʥʦʩʪʴʶ ʨʘʩʭʦʜʦʚʘʣʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʣʤʘʟʘ ʠ 

ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ. ʅʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ ʵʪʘʧʝ ʨʦʩʪʘ ʧʨʦʠʩʭʦʜʠʪ ʩʦʚʤʝʩʪʥʘʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ 

ʘʣʤʘʟʘ ʠ ʛʨʘʬʠʪʘ. ʇʨʠ ʵʪʦʤ ʥʝʦʜʥʦʨʦʜʥʦʝ ʚʥʫʪʨʝʥʥʝʝ ʩʪʨʦʝʥʠʝ ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʛʨʘʬʠʪ-

ʘʣʤʘʟʥʦʛʦ ʘʛʨʝʛʘʪʘ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʙʣʘʛʦʧʨʠʷʪʩʪʚʫʝʪ ʟʘʭʚʘʪʫ ʚʝʱʝʩʪʚʘ ʩʨʝʜʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

(ʆɺ, ʢʘʨʙʦʥʘʪʘ, ʅ2ʆ).  

ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠ ʦʙʨʘʟʦʚʘʥʠʷ ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ ʚ ʘʣʤʘʟʝ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʧʨʦʮʝʩʩ ʅʈʊïʦʙʣʘʛʦʨʘʞʠʚʘʥʠʷ (ʚʳʩʦʢʠʝ ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ) ʪʝʤʥʦʦʢʨʘʰʝʥʥʳʭ ʘʣʤʘʟʦʚ 

(Kononov, Vins, 2003). ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʦʠʩʭʦʜʠʪ ʦʙʝʩʮʚʝʯʠʚʘʥʠʝ ï 

ʧʨʝʚʨʘʱʝʥʠʝ ʛʨʘʬʠʪʘ ʚ ʘʣʤʘʟ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ. ʕʪʠ 
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ʮʝʥʪʨʳ ʦʙʨʘʟʫʶʪʩʷ ʟʘ ʩʯʝʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʛʨʫʧʧ, ʯʘʩʪʠʯʥʦ ʚʭʦʜʠʚʰʠʭ ʚ 

ʩʪʨʫʢʪʫʨʫ ʛʨʘʬʠʪʘ.  

3.4.2. ɸʣʤʘʟ ʠʟ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜ 

 

ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʬʘʟʦʚʳʭ ʧʨʠʤʝʩʝʡ ʚ 

ʤʠʢʨʦʘʣʤʘʟʘʭ ʠʟ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʪʦʣʱ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʂʫʤʜʳ-ʂʦʣʴ (ʂʘʟʘʭʩʪʘʥ) ʧʦʟʚʦʣʷʝʪ 

ʧʦʥʷʪʴ ʤʝʭʘʥʠʟʤ ʠ ʦʮʝʥʠʪʴ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ ʚ ʵʪʠʭ 

ʢʨʠʩʪʘʣʣʘʭ. ɹʳʣʦ ʠʟʫʯʝʥʦ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʤʠʢʨʦʢʨʠʩʪʘʣʣʦʚ ʨʘʟʤʝʨʦʤ ʦʪ 50 ʜʦ 100 ʤʢʤ, 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʦ ʬʦʨʤʝ: ʦʪ ʦʢʪʘʵʜʨʦʚ ʠ ʢʫʙʦʦʢʪʘʵʜʨʦʚ ʢ ʢʫʙʘʤ ʠ ʩʢʝʣʝʪʥʳʤ ʢʨʠʩʪʘʣʣʘʤ, ʧʦ 

ʦʢʨʘʩʢʝ (ʞʝʣʪʘʷ, ʟʝʣʝʥʦʚʘʪʦ-ʞʝʣʪʘʷ, ʩʝʨʦʚʘʪʦ-ʟʝʣʝʥʘʷ) ʠ ʧʦ ʩʪʝʧʝʥʠ ʧʨʦʟʨʘʯʥʦʩʪʠ (ʧʨʦʟʨʘʯʥʳʝ 

ʠ ʧʦʣʫʧʨʦʟʨʘʯʥʳʝ) (ʨʠʩʫʥʦʢ 3.13, I-III ).  

 

ʈʠʩʫʥʦʢ 3.13. ɺʥʝʰʥʠʡ ʚʠʜ ʤʠʢʨʦʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ (ʛʨʫʧʧʳ I-III) ʠʟ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜ 

ʂʫʤʜʳ-ʂʦʣʷ. ʌʦʪʦ ʧʦʜ ʀʂ-ʤʠʢʨʦʩʢʦʧʦʤ 

 

ʇʨʦʚʝʜʝʥʥʳʝ ʥʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʠʢʨʦʘʣʤʘʟʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʂʫʤʜʳ-ʂʦʣʴ ʧʦʟʚʦʣʠʣʠ 

ʦʙʥʘʨʫʞʠʪʴ ʬʘʟʦʚʳʝ ʧʨʠʤʝʩʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ (ʨʠʩʫʥʦʢ 3.14). ɺ ʀʂ-ʩʧʝʢʪʨʘʭ ʯʘʩʪʠ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʧʦʤʠʤʦ ʣʠʥʠʡ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʧʨʠʩʫʪʩʪʚʠʝʤ 

ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʠʤʝʩʝʡ ʘʟʦʪʘ ʠ ʚʦʜʦʨʦʜʘ, ʚʳʷʚʣʝʥ ʨʷʜ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʦʢʦʣʦ 3380, 3270, 2965, 2920, 2850ï2840, 1430, 1360, 1320 

ʩʤ-1. ʂʦʤʙʠʥʘʮʠʠ ʵʪʠʭ ʧʠʢʦʚ ʚ ʩʧʝʢʪʨʘʭ ʢʫʤʜʳʢʦʣʴʩʢʠʭ ʘʣʤʘʟʦʚ, ʩʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ 

ʜʘʥʥʳʤ [ʂʘʟʠʮʳʥʘ, ʂʫʧʣʝʪʩʢʘʷ, 1971], ʦʙʫʩʣʦʚʣʝʥʳ ʬʘʟʦʚʳʤʠ ʧʨʠʤʝʩʷʤʠ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʚʝʱʝʩʪʚ (ʆɺ). ʆʜʥʘ ʛʨʫʧʧʘ ʣʠʥʠʡ: ~2965, ~2920, 2850ï2840, 1430, 1360 ʩʤ-1 ʩʚʷʟʘʥʘ ʩ 

ʢʦʣʝʙʘʥʠʷʤʠ ʤʝʪʠʣʴʥʦʡ ʉʅ3- ʠ ʤʝʪʠʣʝʥʦʚʦʡ ʉʅ2< ʛʨʫʧʧ ʚ ʧʨʝʜʝʣʴʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʘʭ. 
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ʇʦʜʦʙʥʳʝ ʧʦʣʦʩʳ ʥʝʨʝʜʢʦ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʘʣʤʘʟʘʭ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʪʠʧʘ, ʦʙʣʘʜʘʶʱʠʭ 

ʚʦʣʦʢʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ (II-IV ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʧʦ ʖ.ʃ.ʆʨʣʦʚʫ). ɺʪʦʨʘʷ ʛʨʫʧʧʘ ʣʠʥʠʡ ~3380, 

~3280, ~1320 ʩʤ-1 ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʢʘʢ ʩ ʚʘʣʝʥʪʥʳʤʠ (ɜ) ʠ ʜʝʬʦʨʤʘʮʠʦʥʥʳʤʠ (ŭ) ʢʦʣʝʙʘʥʠʷʤ 

ʆʅ-ʛʨʫʧʧ, ʪʘʢ ʠ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʢʦʣʝʙʘʥʠʷʤʠ N-H -ʛʨʫʧʧ (ʥʘʧʨʠʤʝʨ, ʚ ʧʨʦʠʟʚʦʜʥʳʭ 

ʘʤʤʠʘʢʘ - ʨʘʩʪʚʦʨʘʭ ʩʦʣʝʡ ʘʤʠʥʦʚ). ɹʣʠʟʢʠʤ ʘʥʘʣʦʛʦʤ ʢʫʤʜʳʢʦʣʴʩʢʠʤ ʢʨʠʩʪʘʣʣʘʤ, ʩʦʛʣʘʩʥʦ 

ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ [Cartigny e.a., 2004], ʷʚʣʷʶʪʩʷ ʤʝʪʘʤʦʨʬʦʛʝʥʥʳʝ ʘʣʤʘʟʳ ʜʘʡʢʠ ɸʢʣʫʠʣʘʢ 

ʚ ʂʘʥʘʜʝ.  

 

 

ʈʠʩʫʥʦʢ 3.14. ʀʂ-ʩʧʝʢʪʨʳ ʤʠʢʨʦʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ ʛʨʫʧʧ I-III  ʠʟ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜ 

ʂʫʤʜʳ-ʂʦʣʷ 

 

ʇʦ ʭʘʨʘʢʪʝʨʫ ʀʂ-ʩʧʝʢʪʨʦʚ ʩʨʝʜʠ ʠʟʫʯʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʨʘʟʤʝʨʦʤ 0,05 ï 0,1 ʤʤ 

ʚʳʜʝʣʷʝʪʩʷ ʪʨʠ ʛʨʫʧʧʳ (ʨʠʩʫʥʦʢ 3.14). ʇʝʨʚʘʷ ʛʨʫʧʧʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʝʨʦ-ʟʝʣʝʥʳʤʠ ʠ ʩʝʨʦʚʘʪʦï

ʞʝʣʪʳʤʠ ʧʦʣʫʧʨʦʟʨʘʯʥʳʤʠ ʠʥʜʠʚʠʜʘʤʠ ʢʫʙʠʯʝʩʢʦʛʦ ʛʘʙʠʪʫʩʘ ʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʡ ʬʦʨʤʳ. 

ɻʨʫʧʧʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝʤ ʚ ʢʨʠʩʪʘʣʣʘʭ ʟʥʘʯʠʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʬʘʟʦʚʳʭ ʧʨʠʤʝʩʝʡ 

ʚʦʜʳ, ʆɺ ʠ ʧʦʥʠʞʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʟʦʪʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʬʦʨʤʝ N-

ʮʝʥʪʨʦʚ (ʩʧʝʢʪʨʘʣʴʥʳʡ ʪʠʧ Ib). ʉʪʨʫʢʪʫʨʥʳʡ ʚʦʜʦʨʦʜ ʚ ʘʣʤʘʟʘʭ ʜʘʥʥʦʡ ʛʨʫʧʧʳ ʥʝ 

ʟʘʬʠʢʩʠʨʦʚʘʥ (ʨʠʩʫʥʦʢ 3.14). 

ɺʪʦʨʘʷ ʛʨʫʧʧʘ ʧʨʝʜʩʪʘʚʣʝʥʘ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʧʨʦʟʨʘʯʥʳʤʠ ʩʢʝʣʝʪʥʳʤʠ 

ʢʨʠʩʪʘʣʣʘʤʠ ʞʝʣʪʦʛʦ ʮʚʝʪʘ. ʕʪʘ ʛʨʫʧʧʘ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʝʨʚʦʡ ʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʦʡ  



 

 

140 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʘʟʦʪʥʳʭ ʮʝʥʪʨʦʚ ʚ ʘʣʤʘʟʝ ʠ, ʦʜʥʦʚʨʝʤʝʥʥʦ, ʙʦʣʝʝ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʬʘʟʦʚʳʭ 

ʧʨʠʤʝʩʝʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʦʩʥʦʚʥʦʤ ʧʨʝʜʝʣʴʥʳʤʠ ʫʛʣʝʚʦʜʦʨʦʜʘʤʠ (ʨʠʩʫʥʦʢ 3.14). 

ɺʦʜʦʨʦʜʥʳʝ ʮʝʥʪʨʳ ʚ ʢʨʠʩʪʘʣʣʘʭ ʥʝ ʟʘʬʠʢʩʠʨʦʚʘʥʳ.  

ʊʨʝʪʴʷ ʛʨʫʧʧʘ ʩʦʩʪʦʠʪ ʠʟ ʧʨʦʟʨʘʯʥʳʭ ʞʝʣʪʳʭ ʢʫʙʠʯʝʩʢʠʭ, ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʠ 

ʢʦʤʙʠʥʘʮʠʦʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. ɸʣʤʘʟʳ ʧʨʠʥʘʜʣʝʞʠʪ ʢ cʤʝʰʘʥʥʦʤʫ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʪʠʧʫ Iab ʠ 

ʩʦʜʝʨʞʠʪ ʩʪʨʫʢʪʫʨʥʳʝ ʧʨʠʤʝʩʠ ʘʟʦʪʘ ʚ ɸ- ʠ N- ʬʦʨʤʘʭ (NA>N) ʠ ʚʦʜʦʨʦʜʘ (ʉ2ʅ2) ʧʨʠ 

ʦʪʩʫʪʩʪʚʠʠ ʟʥʘʯʠʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʬʘʟʦʚʳʭ ʧʨʠʤʝʩʝʡ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ (ʨʠʩʫʥʦʢ 3.14). 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʨʘʙʦʪʳ [Taylor, Canil, Milledge, 1996], ʪʝʤʧʝʨʘʪʫʨʘ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʢʨʠʩʪʘʣʣʦʚ ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ ʛʨʫʧʧ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪ ʧʝʨʚʦʡ ʢ ʪʨʝʪʴʝʡ. ʇʨʠ 

ʤʠʥʠʤʘʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʥʝ ʜʦʩʪʘʪʦʯʥʳʭ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʚʦʜʦʨʦʜʥʳʭ 

ʮʝʥʪʨʦʚ, ʆɺ ʟʘʭʚʘʪʳʚʘʝʪʩʷ ʢʨʠʩʪʘʣʣʘʤʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʬʦʨʤʝ ʬʘʟʦʚʳʭ ʧʨʠʤʝʩʝʡ. ʇʦ ʤʝʨʝ 

ʫʚʝʣʠʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʆɺ ʧʦʣʥʦʩʪʴʶ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʘʣʤʘʟ ʠ ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʥʝʤ 

ʩʪʨʫʢʪʫʨʥʳʝ ʧʨʠʤʝʩʠ ʚʦʜʦʨʦʜʘ ʠ ʘʟʦʪʘ. ʇʨʠ ʵʪʦʤ ʚʦʜʦʨʦʜ ʚʭʦʜʠʪ ʚ ʩʪʨʫʢʪʫʨʫ ʢʨʠʩʪʘʣʣʦʚ ʧʨʠ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʤʘʩʩʦʚʦʤʫ ʦʙʨʘʟʦʚʘʥʠʶ ʘʟʦʪʥʳʭ ʧʘʨ - ɸ-ʮʝʥʪʨʦʚ 

[ʍʘʯʘʪʨʷʥ, 2013]. ʉʦʚʤʝʩʪʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʚʦʜʦʨʦʜʥʳʭ ʠ ʘʟʦʪʥʳʭ ɸ-ʮʝʥʪʨʦʚ ʚ ʤʠʢʨʦʘʣʤʘʟʘʭ 

ʂʫʤʜʳ-ʂʦʣʷ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʨʷʤʦʡ ʣʠʥʝʡʥʦʡ ʢʦʨʨʝʣʷʮʠʝʡ (R2 = 0,73) ʤʝʞʜʫ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ 

ʵʪʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʠʤʝʩʝʡ ʚ ʢʨʠʩʪʘʣʣʘʭ (ʨʠʩʫʥʦʢ 3.15). 

 

 

ʈʠʩʫʥʦʢ 3.15. ʂʦʨʨʝʣʷʮʠʷ ʩʦʜʝʨʞʘʥʠʡ ʘʟʦʪʘ ʚ A-ʬʦʨʤʝ (NA) ʠ ʚʦʜʦʨʦʜʘ (H) ʚ ʘʣʤʘʟʘʭ 

ʛʨʫʧʧ I-III  ʠʟ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜ ʂʫʤʜʳ-ʂʦʣʷ. ʇʦʷʩʥʝʥʠʷ ʚ ʪʝʢʩʪʝ 
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ʇʨʠʚʝʜʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʧʨʠʩʫʪʩʪʚʠʠ ʆɺ ʚ ʩʨʝʜʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʘʣʤʘʟʘ 

ʠʟ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜ, ʝʛʦ ʫʯʘʩʪʠʠ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʘʣʤʘʟʘ ʠ ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʥʝʤ ʘʟʦʪʥʳʭ 

ʠ ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ. ʕʪʠ ʦʩʦʙʝʥʥʦʩʪʠ ʘʣʤʘʟʦʛʝʥʝʟʘ ʩʙʣʠʞʘʶʪ ʘʣʤʘʟʳ ʠʟ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ 

ʧʦʨʦʜ ʩ ʘʣʤʘʟʘʤʠ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ. ʇʨʠ ʵʪʦʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʣʤʘʟʘʤʠ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ, ʘʣʤʘʟʳ 

ʠʟ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʝʝ ʥʠʟʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʦʙʨʘʟʦʚʘʥʠʷ, 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʵʢʣʦʛʠʪʦʚʳʤ ʩʦʩʪʘʚ ʩʨʝʜʳ, ʦʙʦʛʘʱʝʥʥʦʡ ʆɺ, ʯʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʠʟʦʪʦʧʥʦ-

ʣʝʛʢʦʤ ʩʦʩʪʘʚʝ ʫʛʣʝʨʦʜʘ ʘʣʤʘʟʘ (ŭʉ13 =ʦʪ ī12 ʜʦ ī20ă).  

ʋʯʠʪʳʚʘʷ ʚʩʝ ʚʳʰʝʠʟʣʦʞʝʥʥʦʝ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʤʝʭʘʥʠʟʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʛʨʫʧʧʠʨʦʚʢʘʤʠ 
H

>C=C<
H ʠ , ʚ ʘʣʤʘʟʘʭ ʠʟ 

ʢʠʤʙʝʨʣʠʪʦʚ ʠ ʠʟ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜ ʤʦʞʝʪ ʙʳʪʴ ʩʭʦʜʥʳʤ ʠ ʦʙʫʩʣʦʚʣʝʥ ʦʢʠʩʣʝʥʠʝʤ CH4 

ʠ ʝʛʦ ʛʦʤʦʣʦʛʦʚ, ʘ ʪʘʢʞʝ ʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ ïʉʅ2 ʩ ʫʛʣʝʨʦʜʦʤ ʘʣʤʘʟʘ. 

 

3.5. ɺʟʘʠʤʦʩʚʷʟʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ ʠ ʠʟʦʪʦʧʦʚ ʫʛʣʝʨʦʜʘ ʚ ʦʙʲʝʤʝ 

ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ ï ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʫʯʘʩʪʠʷ ʙʠʦʛʝʥʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʨʝʘʢʮʠʠ 

ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʷ  

 

ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʫʛʣʝʨʦʜʘ ʘʣʤʘʟʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʢʨʠʪʝʨʠʝʚ, ʧʦʟʚʦʣʷʶʱʠʭ 

ʩʫʜʠʪʴ ʦ ʧʨʠʨʦʜʝ ʠʩʪʦʯʥʠʢʦʚ ʚʝʱʝʩʪʚʘ ʵʪʦʛʦ ʤʠʥʝʨʘʣʘ. ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʛʣʘʚʝ 1, ʩʨʝʜʠ 

ʧʨʠʨʦʜʥʳʭ ʘʣʤʘʟʦʚ ʥʝʨʝʜʢʦ ʚʩʪʨʝʯʘʶʪʩʷ ʠʥʜʠʚʠʜʳ ʩ ʘʥʦʤʘʣʴʥʦ ʥʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ŭ13ʉ 

(ʤʝʥʝʝ ï15ï20ă), ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʠʟʦʪʦʧʥʦ-ʣʝʛʢʠʤ ʫʛʣʝʨʦʜʦʤ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʦʩʘʜʢʦʚ, ʧʦʛʨʫʞʝʥʥʳʭ ʩʦʚʤʝʩʪʥʦ ʩ ʪʦʣʱʘʤʠ ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʳ ʥʘ 

ʙʦʣʴʰʠʝ ʛʣʫʙʠʥʳ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʣʦ ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʝ [ʉʦʙʦʣʝʚ, ʉʦʙʦʣʝʚ, 1980]. 

ʇʨʠ ʨʝʰʝʥʠʠ ʚʦʧʨʦʩʘ ʦʙ ʠʩʪʦʯʥʠʢʘʭ ʫʛʣʝʨʦʜʘ ʘʣʤʘʟʘ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʪʦʥʢʠʝ ʠʩʣʝʜʦʚʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʟʦʪʦʧʦʚ ʫʛʣʝʨʦʜʘ ʚ ʦʙʲʝʤʝ ʦʪʜʝʣʴʥʦ ʚʟʷʪʦʛʦ ʢʨʠʩʪʘʣʣʘ. 

ʆʙʳʯʥʦ ʢʨʠʩʪʘʣʣʳ ʧʨʠʨʦʜʥʳʭ ʘʣʤʘʟʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʜʥʦʨʦʜʥʳ ʧʦ ʠʟʦʪʦʧʥʦʤʫ ʩʦʩʪʘʚʫ 

ʫʛʣʝʨʦʜʘ, ʦʜʥʘʢʦ ʠʤʝʶʪʩʷ ʠʩʢʣʶʯʝʥʠʷ ʠʟ ʵʪʦʛʦ ʧʨʘʚʠʣʘ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʦʪʤʝʯʘʝʪʩʷ ʫ ʢʨʠʩʪʘʣʣʦʚ ʩ ʢʦʥʪʨʘʩʪʥʦʡ ʟʦʥʘʣʴʥʦʩʪʴʶ, 

ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʥʘʣʠʯʠʝʤ ʚ ʦʜʥʦʤ ʢʨʠʩʪʘʣʣʝ ʜʚʫʭ ʠ ʙʦʣʝʝ ʛʝʥʝʨʘʮʠʡ ʘʣʤʘʟʘ. ʂʘʢ ʧʦʢʘʟʘʣʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ [Shulze e.a., 2004; ʉʢʫʟʦʚʘʪʦʚ ʠ ʜʨ., 2011, 2012], ʚʥʫʪʨʠ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ 

ʢʨʠʩʪʘʣʣʘ ʘʣʤʘʟ ʨʘʥʥʝʡ ʛʝʥʝʨʘʮʠʠ ʯʘʩʪʦ ʦʙʦʛʘʱʝʥ ʣʝʛʢʠʤ ʠʟʦʪʦʧʦʤ ʫʛʣʝʨʦʜʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʘʣʤʘʟʦʤ ʧʦʟʜʥʝʡ ʛʝʥʝʨʘʮʠʠ. ʀʥʘʯʝ ʛʦʚʦʨʷ, ʥʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʩʦʜʝʨʞʘʥʠʝ 

ʙʠʦʛʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʩʨʝʜʝ ʙʳʣʦ ʙʦʣʴʰʝ, ʯʝʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘ 

ʟʘʢʣʶʯʠʪʝʣʴʥʳʭ. ɺʳʰʝ (3.1.2) ʙʳʣʦ ʧʦʢʘʟʥʦ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ ʚ 

ʢʨʠʩʪʘʣʣʘʭ ʘʣʤʘʟʘ ʩ ʢʦʥʪʨʘʩʪʥʳʤ ʚʥʫʪʨʝʥʥʠʤ ʩʪʨʦʝʥʠʝʤ ʪʘʢʞʝ ʥʝʦʜʥʦʨʦʜʥʦ. ʎʝʥʪʨʘʣʴʥʳʝ 
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ʦʙʣʘʩʪʠ ʢʨʠʩʪʘʣʣʦʚ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʙʦʣʝʝ ʨʘʥʥʝʡ ʛʝʥʝʨʘʮʠʠ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʤʝʭʘʥʠʟʤʘ ʨʦʩʪʘ 

ʦʙʦʛʘʱʝʥʳ ʩʪʨʫʢʪʫʨʥʦʡ ʧʨʠʤʝʩʴʶ ʚʦʜʦʨʦʜʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʠʬʝʨʠʯʝʩʢʠʤʠ (ʪʘʙʣʠʮʘ 3.1). 

ʇʨʠʯʠʥʦʡ ʵʪʦʤʫ, ʩʦʛʣʘʩʥʦ 3.2, ʷʚʣʷʝʪʩʷ ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʩʨʝʜʝ ʥʘ 

ʟʘʢʣʶʯʠʪʝʣʴʥʦʡ ʩʪʘʜʠʠ ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʷ. ɺʘʞʥʦ, ʯʪʦ ʵʪʦʪ ʵʬʬʝʢʪ ʟʘʬʠʢʩʠʨʦʚʘʥ ʜʚʫʤʷ 

ʥʝʟʘʚʠʩʠʤʳʤʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʤʝʪʦʜʘʤʠ. ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʵʪʦʤʫ ʠʟʦʪʦʧʠʷ ʫʛʣʝʨʦʜʘ ʘʣʤʘʟʘ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʙʠʦʛʝʥʥʫʶ ʧʨʠʨʦʜʫ ʘʣʤʘʟʦʦʙʨʘʟʫʶʱʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ.  

ʅʘ ʦʩʥʦʚʝ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ [ʉʢʫʟʦʚʘʪʦʚ ʠ ʜʨ., 2011, 2012] ʨʘʩʩʤʦʪʨʠʤ ʚʘʨʠʘʮʠʠ 

ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʫʛʣʝʨʦʜʘ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ ʧʦ ʟʦʥʘʤ ʨʦʩʪʘ ʦʪʜʝʣʴʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ. 

ʉʦʛʣʘʩʥʦ ʨʘʙʦʪʝ ʉ.ʖ.ʉʢʫʟʦʚʘʪʦʚʘ ʩ ʩʦʘʚʪʦʨʘʤʠ (2012), ʠʟ 9 ʘʣʤʘʟʦʚ ʚ ʦʙʦʣʦʯʢʝ (IV 

ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʧʦ ʖ.ʃ.ʆʨʣʦʚʫ), ʦʪʦʙʨʘʥʥʳʭ ʠʟ ʪʨʫʙʢʠ ʉʳʪʳʢʘʥʩʢʘʷ, 6 ʠʤʝʶʪ ʣʝʛʢʠʡ 

ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʫʛʣʝʨʦʜʘ (ŭ13ʉ ʜʦ -19,7ă). ɺ ʥʠʭ ʣʝʛʢʠʤ ʠʟʦʪʦʧʦʤ ʙʦʛʘʪʳ ʣʠʰʴ 

ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʷʜʨʘ, ʘ ʚʦʣʦʢʥʠʩʪʳʝ ʦʙʦʣʦʯʢʠ ʠʤʝʶʪ ŭ13ʉ ʦʪ -5,9ă  ʜʦ -7,2ă. . ʇʨʠ ʵʪʦʤ 

ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʷʜʨʘ ʢʨʠʩʪʘʣʣʦʚ ʩʦʜʝʨʞʘʪ ʧʨʠʤʝʨʥʦ ʥʘ ʧʦʨʷʜʦʢ ʙʦʣʴʰʝ ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʦʣʦʯʢʘʤʠ. ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʦʨʦʜʘ ʚ ʷʜʨʘʭ ʩʦʩʪʘʚʣʷʝʪ 2,7-18,5, ʘ 

ʚ ʦʙʦʣʦʯʢʘʭ - ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 0,4-1,6 ʫʩʣ.ʝʜ. ʇʨʠ ʵʪʦʤ ʤʝʞʜʫ ʩʦʜʝʨʞʘʥʠʝʤ ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ 

ʠ ʠʟʦʪʦʧʥʳʤ ʩʦʩʪʘʚʦʤ ʫʛʣʝʨʦʜʘ ʚ ʷʜʨʘʭ ʢʨʠʩʪʘʣʣʦʚ ʥʘʤʝʯʘʝʪʩʷ ʢʦʨʨʝʣʷʮʠʷ (ʨʠʩʫʥʦʢ 3.16). 

 

 

1ð6 ï ʥʦʤʝʨʘ ʢʨʠʩʪʘʣʣʦʚ. 

ʈʠʩʫʥʦʢ 3.16. ʉʦʦʪʥʦʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ ʠ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʫʛʣʝʨʦʜʘ ʚ 

ʦʙʲʝʤʝ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ ʠʟ ʪʨʫʙʢʠ ʉʳʪʳʢʘʥʩʢʘʷ. ɼʘʥʥʳʝ ʟʘʠʤʩʪʚʦʚʘʥʳ ʠʟ ʨʘʙʦʪʳ ʉ.ʖ. 

ʉʢʫʟʦʚʘʪʦʚʘ ʩ ʩʦʘʚʪʦʨʘʤʠ (2012) 
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ʉʪʦʣʴ ʨʝʟʢʠʝ ʠʟʤʝʥʝʥʠʷ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʫʛʣʝʨʦʜʘ ʚ ʦʙʲʝʤʝ ʦʜʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʧʨʠʚʦʜʷʪ ʢ 

ʧʨʝʜʧʦʣʦʞʝʥʠʶ ʦ ʪʦʤ, ʯʪʦ ʦʩʥʦʚʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʷʜʨʘ ʙʳʣ ʤʝʣʴʯʘʡʰʠʡ ʦʙʲʝʤ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʙʠʦʤʘʩʩʳ. ʆʢʨʫʞʘʶʱʘʷ ʝʛʦ ʩʨʝʜʘ ʤʦʛʣʘ ʩʦʩʪʦʷʪʴ ʠʟ ʩʤʝʩʠ ʢʘʨʙʦʥʘʪʥʦʛʦ ʠ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚ. ʀʥʘʯʝ ʛʦʚʦʨʷ, ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʘʣʤʘʟʘ ʥʘʯʠʥʘʝʪʩʷ ʩ ʫʯʘʩʪʢʘ ʙʠʦʤʘʩʩʳ, 

ʙʦʛʘʪʦʡ ʠʟʦʪʦʧʥʦ-ʣʝʛʢʠʤʠ ʫʛʣʝʚʦʜʦʨʦʜʘʤʠ, ʩ ʚʭʦʞʜʝʥʠʝʤ ʠʭ ʚʦʜʦʨʦʜʘ ʚ ʢʘʯʝʩʪʚʝ ʩʪʨʫʢʪʫʨʥʦʡ 

ʧʨʠʤʝʩʠ ʚ ʘʣʤʘʟ. ʇʦʩʣʝ ʦʙʨʘʟʦʚʘʥʠʷ ʷʜʨʘ ʨʦʩʪ ʢʨʠʩʪʘʣʣʘ ʘʣʤʘʟʘ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʢʘʨʙʦʥʘʪʥʦ-

ʫʛʣʝʚʦʜʦʨʦʜʥʦʡ ʩʤʝʩʠ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʝʜʥʝʥʥʦʡ ʣʝʛʢʠʤ ʠʟʦʪʦʧʦʤ ʫʛʣʝʨʦʜʘ ʠ ʚʦʜʦʨʦʜʦʤ. ʆʯʝʥʴ 

ʚʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ ʚ ʷʜʨʘʭ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ, ʥʝʩʤʦʪʨʷ ʥʘ ʠʭ ʧʦʩʣʦʡʥʳʡ 

ʤʝʭʘʥʠʟʤ ʨʦʩʪʘ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʡ ʚʭʦʞʜʝʥʠʶ ʚʦʜʦʨʦʜʘ ʚ ʩʪʨʫʢʪʫʨʫ ʘʣʤʘʟʘ, ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʵʢʩʪʨʝʤʘʣʴʥʦ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʦʨʦʜʘ (ʙʠʦʛʝʥʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ) ʥʘ 

ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʘ. ɺʪʦʨʘʷ ʛʝʥʝʨʘʮʠʷ ʘʣʤʘʟʘ ʦʙʣʘʜʘʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʥʠʟʢʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ, ʥʝʩʤʦʪʨʷ ʥʘ ʥʦʨʤʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ ʨʦʩʪʘ. 

ʂʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʩʦʜʝʨʞʘʥʠʝʤ ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ ʠ ʠʟʦʪʦʧʥʳʤ ʩʦʩʪʘʚʦʤ ʫʛʣʝʨʦʜʘ ʚ 

ʘʣʤʘʟʝ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʠ ʚ ʧʦʩʣʦʡʥʦ-ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʘʭ ʘʣʤʘʟʘ ʩ ʮʝʥʪʨʘʣʴʥʦʡ ʢʫʙʦʠʜʥʦʡ 

ʟʦʥʦʡ, ʦʪʦʙʨʘʥʥʳʭ ʠʟ ʪʨʫʙʢʠ ʀʥʪʝʨʥʘʮʠʦʥʘʣʴʥʘʷ [ʉʢʫʟʦʚʘʪʦʚ ʠ ʜʨ., 2011]. ʂʫʙʦʠʜʥʳʝ ʷʜʨʘ 

ʢʨʠʩʪʘʣʣʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʦʙʦʛʘʱʝʥʳ ʚʦʜʦʨʦʜʥʳʤʠ ʮʝʥʪʨʘʤʠ (4,6 - 48,6 ʫʩʣ. ʝʜ.), ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʝʨʠʬʝʨʠʯʝʩʢʠʤʠ ʯʘʩʪʷʤʠ (0-2,3 ʫʩʣ. ʝʜ.). ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʫʛʣʝʨʦʜʘ ʪʘʢ ʞʝ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ 

ʪʷʞʝʣʳʤ ʦʪ ʮʝʥʪʨʘ ʢ ʧʝʨʠʬʝʨʠʠ. ʆʜʥʘʢʦ, ʨʘʟʥʠʮʘ ʩʦʜʝʨʞʘʥʠʡ ŭ13ʉ ʚ ʷʜʨʝ ʠ ʦʙʦʣʦʯʢʝ ʥʝ ʪʘʢ 

ʚʝʣʠʢʘ, ʢʘʢ ʚ ʘʣʤʘʟʘʭ ʪʨʫʙʢʠ ʉʳʪʳʢʘʥʩʢʘʷ, ʩʦʩʪʘʚʣʷʷ ʣʠʰʴ 2-3ă.  ʇʨʠ ʵʪʦʤ ʚʩʝ ʟʥʘʯʝʥʠʷ ŭ13ʉ, 

ʠʟʤʝʨʝʥʥʳʝ ʚʥʫʪʨʠ ʢʨʠʩʪʘʣʣʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʪ çʥʦʨʤʘʣʴʥʳʤ ʤʘʥʪʠʡʥʳʤè. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʢʫʙʦʠʜʥʦʛʦ ʷʜʨʘ ʠ ʦʢʪʘʵʜʨʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʠ ʧʨʦʠʩʭʦʜʠʣʘ ʚ ʩʫʱʝʩʪʚʝʥʥʦ 

ʢʘʨʙʦʥʘʪʥʦʡ ʩʨʝʜʝ, ʥʝʩʢʦʣʴʢʦ ʦʙʦʛʘʱʝʥʥʦʡ ʆɺ ʚ ʥʘʯʘʣʴʥʳʡ ʧʝʨʠʦʜ ʨʦʩʪʘ. ɺʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʢʫʙʦʠʜʥʦʡ ʟʦʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʦʨʤʘʣʴʥʦʤʫ ʤʝʭʘʥʠʟʤʫ ʝʝ 

ʨʦʩʪʘ, ʢʦʪʦʨʳʡ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʪʨʫʢʪʫʨʥʦʡ ʧʨʠʤʝʩʠ ʚʦʜʦʨʦʜʘ, 

ʯʝʤ ʧʨʠ ʧʦʩʣʦʡʥʦ-ʦʢʪʘʵʜʨʠʯʝʩʢʦʤ ʨʦʩʪʝ, çʣʠʤʠʪʠʨʫʶʱʝʤè ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ ʚ 

ʘʣʤʘʟʝ. 

 

3.6. ʆʩʥʦʚʥʳʝ ʠʩʪʦʯʥʠʢʠ ʚʝʱʝʩʪʚʘ ʧʨʠʨʦʜʥʦʛʦ ʘʣʤʘʟʘ, ʠʭ ʦʧʪʠʤʘʣʴʥʳʝ ʧʨʦʧʦʨʮʠʠ ʠ 

ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʫʛʣʝʨʦʜʘ ʘʣʤʘʟʘ  

 

ʆʪʥʦʩʠʪʝʣʴʥʦ ʠʩʪʦʯʥʠʢʘ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʢʨʠʩʪʘʣʣʳ ʘʣʤʘʟʘ, ʥʝʪ 

ʝʜʠʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ. ɹʦʣʴʰʠʥʩʪʚʦ ʛʠʧʦʪʝʟ ʦʧʠʨʘʝʪʩʷ ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʤʘʥʪʠʡʥʳʭ ʬʣʶʠʜʘʭ, 

ʤʠʛʨʠʨʫʶʱʠʭ ʚ ʤʘʥʪʠʠ ʩ ʦʯʝʥʴ ʙʦʣʴʰʠʭ ʛʣʫʙʠʥ, ʢʘʢ ʛʣʘʚʥʦʤ ʠʩʪʦʯʥʠʢʝ ʫʛʣʝʨʦʜʘ ʠ 

ʟʘʢʣʶʯʝʥʥʳʭ ʚ ʘʣʤʘʟʝ ʚʦʜʦʨʦʜʘ, ʘʟʦʪʘ, ʩʫʣʴʬʠʜʦʚ [Haggerty, 1986]. ʆʩʥʦʚʥʳʤ ʜʦʚʦʜʦʤ ʜʣʷ 

ʪʘʢʠʭ ʫʪʚʝʨʞʜʝʥʠʡ ʩʣʫʞʘʪ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʚʝʩʴʤʘ ʙʦʣʴʰʠʭ ʜʘʚʣʝʥʠʷʭ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ 
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ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʘʣʤʘʟʘ, ʠ ʜʦʩʪʘʪʦʯʥʦ ʫʟʢʠʡ ʠʥʪʝʨʚʘʣ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʫʛʣʝʨʦʜʘ 

ʧʦʜʘʚʣʷʶʱʝʡ ʤʘʩʩʳ ʘʣʤʘʟʦʚ, ʥʝ ʩʚʦʡʩʪʚʝʥʥʳʡ ʥʠ ʢʘʨʙʦʥʘʪʫ, ʥʠ ʦʨʛʘʥʠʢʝ. ʊʘʢʦʡ ʫʛʣʝʨʦʜ 

ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ çʤʘʥʪʠʡʥʳʡè. ʇʨʠ ʥʘʣʠʯʠʠ ʚʘʨʠʘʮʠʡ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʦʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʨʝʟʢʠʤ ʧʠʢʦʤ (ʤʦʜʦʡ) ʚ ʦʙʣʘʩʪʠ ŭʉ13 ʦʪ -4 ʜʦ -6 ă [ɻʝʦʣʦʛʠʷ ʠ ʛʝʥʝʟʠʩ..., 1989]. ʇʨʠ 

ʨʘʩʩʤʦʪʨʝʥʠʠ ʢʦʥʮʝʧʮʠʠ ʧʨʠʨʦʜʳ ʫʛʣʝʨʦʜʘ ʢʘʢ ʨʝʟʫʣʴʪʘʪʘ ʤʘʥʪʠʡʥʦʡ ʜʝʛʘʟʘʮʠʠ ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʚʥʠʤʘʥʠʷ ʫʜʝʣʷʣʦʩʴ ʧʨʠʩʫʪʩʪʚʠʶ ʘʟʦʪʘ ʠ ʚʦʜʦʨʦʜʘ ʚ ʢʨʠʩʪʘʣʣʘʭ ʘʣʤʘʟʘ.  

ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʚʩʝ ʙʦʣʴʰʝʝ ʯʠʩʣʦ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʦʙʦʩʥʦʚʳʚʘʝʪ ʠʥʫʶ 

ʢʦʥʮʝʧʮʠʶ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʘʣʤʘʟʘ ʷʚʣʷʶʪʩʷ ʫʛʣʝʚʦʜʦʨʦʜʳ ʠ 

ʤʠʥʝʨʘʣʳ ʛʨʫʧʧʳ ʢʘʨʙʦʥʘʪʦʚ, ʧʨʠʩʫʪʩʪʚʦʚʘʚʰʠʝ ʚ ʪʦʣʱʘʭ ʟʝʤʥʦʡ ʢʦʨʳ, ʩʫʙʜʫʮʠʨʦʚʘʥʥʳʭ ʚ 

ʘʨʭʝʝ ʠ ʨʘʥʥʝʤ ʧʨʦʪʝʨʦʟʦʝ ʥʘ ʫʨʦʚʝʥʴ ʩʦʚʨʝʤʝʥʥʦʛʦ ʬʫʥʜʘʤʝʥʪʘ ʧʣʘʪʬʦʨʤ [Sharp,1974; 

ʉʦʨʦʭʪʠʥ ʠ ʜʨ., 2004]. ʇʦʜʜʝʨʞʠʚʘʷ ʵʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ, ʩʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʧʦʩʪʦʷʥʥʦʝ 

ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʘʣʤʘʟʝ ʘʩʩʦʮʠʘʮʠʠ ʫʛʣʝʨʦʜʘ, ʘʟʦʪʘ ʠ ʚʦʜʦʨʦʜʘ, ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʙʠʦʤʘʩʩʳ, ʘ 

ʪʘʢʞʝ ʩʫʱʝʩʪʚʝʥʥʘʷ ʜʦʣʷ ʣʝʛʢʠʭ ʠʟʦʪʦʧʦʚ ʫʛʣʝʨʦʜʘ, ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʟʘʢʣʶʯʝʥʠʷ 

ʦ ʩʦʯʝʪʘʥʠʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠ ʠʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʙʠʦʛʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʩ ʢʘʨʙʦʥʘʪʥʦʡ 

ʩʨʝʜʦʡ ʚ ʢʘʯʝʩʪʚʝ ʛʣʘʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʘʣʤʘʟʘ. ʂʘʢ ʦʪʤʝʯʝʥʦ ʚ ʧʨʝʜʳʜʫʱʠʭ ʨʘʟʜʝʣʘʭ 

ʜʠʩʩʝʨʪʘʮʠʠ, ʦʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʟʦʪʘ ʚ ʘʣʤʘʟʝ ʢʠʤʙʝʨʣʠʪʦʚ ʠ ʣʘʤʧʨʦʠʪʦʚ ʤʦʞʝʪ 

ʜʦʩʪʠʛʘʪʴ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʳʭ ʜʦʣʝʡ (0,1-0,3) ʧʨʦʮʝʥʪʘ, ʘ ʚ ʘʣʤʘʟʘʭ ʠʟ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜ 

ï 0,5 %. ʊʘʢʠʝ ʙʦʣʴʰʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʟʦʪʘ ʚ ʛʣʫʙʠʥʘʭ ɿʝʤʣʠ ʪʨʫʜʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʙʝʟ ʫʯʘʩʪʠʷ 

ʙʠʦʛʝʥʥʦʡ ʤʘʩʩʳ. ʅʝ ʧʨʦʪʠʚʦʨʝʯʠʪ ʵʪʦʤʫ ʠ ʚʝʩʴʤʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʝ ʧʨʠʩʫʪʩʪʚʠʝ ʩʫʣʴʬʠʜʦʚ ʚ 

ʢʨʠʩʪʘʣʣʘʭ ʘʣʤʘʟʘ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʩʦʚʨʝʤʝʥʥʦʤʫ ʥʘʢʦʧʣʝʥʠʶ ʩʫʣʴʬʠʜʦʚ ʥʘ ʛʣʫʙʦʢʦʤ ʜʥʝ 

ʦʢʝʘʥʦʚ ʩʦʧʫʪʩʪʚʫʝʪ ʨʘʟʚʠʪʠʝ ʢʦʣʦʥʠʡ ʞʠʚʦʪʥʳʭ.  

ʂʦʩʚʝʥʥʳʤ ʩʚʠʜʝʪʝʣʴʩʪʚʦʤ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʠʩʪʦʯʥʠʢʘ ʚʝʱʝʩʪʚʘ ʘʣʤʘʟʦʚ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ ʠ 

ʣʘʤʧʨʦʠʪʦʚ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʣʠ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʝ ʦʪʩʫʪʩʪʚʠʝ 

ʘʣʤʘʟʦʚ ʚ ʪʨʫʙʢʘʭ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʪʨʫʙʢʠ ʩ ʧʨʦʤʳʰʣʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʘʣʤʘʟʦʚ ʩʦʩʪʘʚʣʷʶʪ ʣʠʰʴ 

ʦʢʦʣʦ 2 %. ɼʘʞʝ ʨʷʜʦʤ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʪʨʫʙʢʠ ʚ ʩʦʩʝʜʥʠʭ ʢʫʩʪʘʭ, ʩʣʦʞʝʥʥʳʝ ʧʝʪʨʦʭʠʤʠʯʝʩʢʠ 

ʩʭʦʜʥʳʤʠ ʢʠʤʙʝʨʣʠʪʘʤʠ, ʨʝʟʢʦ ʨʘʟʣʠʯʘʶʪʩʷ ʘʣʤʘʟʦʥʦʩʥʦʩʪʴʶ: ʥʘʧʨʠʤʝʨ, ɸʡʭʘʣ ï ʢʨʫʧʥʦʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʝ, ʘ ʩʦʩʝʜʥʠʝ ʪʨʫʙʢʠ (ɿʘʨʷ, ʇʦʜʪʨʘʧʧʦʚʘʷ) ʧʨʘʢʪʠʯʝʩʢʠ ʧʫʩʪʳʝ [ɺʘʛʘʥʦʚ, 2005]. 

ʊʘʢʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʢʦʣʦʥʠʘʣʴʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʙʠʦʤʘʩʩʳ ʚ 

ʘʣʤʘʟʦʥʦʩʥʦʤ ʧʨʦʪʦʣʠʪʝ. ɹʦʣʝʝ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʘʟʦʪʘ ʠ ʚʦʜʦʨʦʜʘ ʚ ʘʣʤʘʟʘʭ, ʩʚʷʟʘʥʥʳʭ 

ʩ ʦʙʦʛʘʱʝʥʥʳʤʠ ʦʨʛʘʥʠʢʦʡ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʤʠ ʦʩʘʜʦʯʥʳʤʠ ʪʦʣʱʘʤʠ (ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʂʫʤʜʳ-

ʂʦʣʴ), ʩʣʫʞʠʪ ʝʱʝ ʦʜʥʠʤ ʦʙʦʩʥʦʚʘʥʠʝʤ ʟʘʠʤʩʪʚʦʚʘʥʠʷ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʠʟ ʙʠʦʛʝʥʥʦʡ ʤʘʩʩʳ.  

ʐʠʨʦʢʦʝ ʧʨʠʩʫʪʩʪʚʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜʘʭ ʜʦʢʝʤʙʨʠʷ ʦʙʦʩʥʦʚʘʥʦ 

ʚ ʪʨʫʜʘʭ ʉ.ɸ. ʠ ɸ.ɺ.ʉʠʜʦʨʝʥʢʦ (1975). ʈʦʣʴ ʙʠʦʤʘʩʩʳ ʚ ʜʨʝʚʥʝʡʰʠʭ ʧʦʨʦʜʘʭ ʦʩʦʙʦ ʘʢʮʝʥʪʠʨʦʚʘʥʘ 

ɸ.ʕ.ʂʦʥʪʦʨʦʚʠʯʝʤ ʚ ʩʚʷʟʠ ʩ ʵʚʦʣʶʮʠʝʡ ʥʘʬʪʠʜʦʛʝʥʝʟʘ [ʂʦʥʪʦʨʦʚʠʯ, 2004]. ʆʧʠʨʘʷʩʴ ʥʘ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʨʘʙʦʪʳ ʧʦ ʙʠʦʭʠʤʠʠ, ɸ.ʕ.ʂʦʥʪʦʨʦʚʠʯ ʫʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʝʩʴʤʘ ʣʝʛʢʠʡ ʠʟʦʪʦʧʥʳʡ 
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ʩʦʩʪʘʚ ʫʛʣʝʨʦʜʘ ʚ ʜʦʢʝʤʙʨʠʡʩʢʠʭ ʪʦʣʱʘʭ ʦʙʫʩʣʦʚʣʝʥ ʪʝʤ, ʯʪʦ ʞʠʚʦʝ ʚʝʱʝʩʪʚʦ ʧʨʠ ʩʚʦʝʤ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʬʦʪʦʩʠʥʪʝʟʝ ʠʟʙʠʨʘʪʝʣʴʥʦ ʢʦʥʮʝʥʪʨʠʨʫʝʪ 12ʉ ʠ ʧʦʪʦʤʫ ʦʙʦʛʘʱʝʥʦ ʠʤ.  

ɺʝʩʴʤʘ ʚʘʞʥʦ, ʯʪʦ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʢ ʗʢʫʪʩʢʦʡ ʘʣʤʘʟʦʥʦʩʥʦʡ ʧʨʦʚʠʥʮʠʠ, ʘ 

ʠʤʝʥʥʦ ʥʘ ɸʣʜʘʥʩʢʦʤ ʱʠʪʝ, ʚ ʠʝʥʛʨʩʢʦʡ ʛʨʘʬʠʪʦʥʦʩʥʦʡ ʩʝʨʠʠ ʚʳʷʚʣʝʥʦ ʦʢʦʣʦ 2000 ʨʘʩʪʠʪʝʣʴʥʳʭ 

ʠ ʞʠʚʦʪʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʥʝ ʠʤʝʶʱʠʭ ʘʥʘʣʦʛʦʚ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʢʨʦʤʠʨʝ (ʩʠʥʝʟʝʣʝʥʳʝ 

ʚʦʜʦʨʦʩʣʠ, ʧʝʨʠʜʠʥʝʠ, ʞʛʫʪʠʢʦʥʦʩʮʳ, ʪʠʥʪʠʥʦʠʜʝʠ ʠ. ʜʨ.) [ʂʦʰʝʚʦʡ, ʈʦʡʟʝʥʤʘʥ, 1989]. ʅʝʨʝʜʢʦ ʚ 

ʧʦʨʦʜʘʭ ʚʩʪʨʝʯʘʶʪʩʷ ʤʥʦʛʦʢʣʝʪʦʯʥʳʝ ʦʨʛʘʥʠʟʤʳ ʨʘʟʤʝʨʦʤ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʤʠʢʨʦʥ. ʆʜʥʘ ʠʭ 

ʯʘʩʪʴ ʤʫʤʠʬʠʮʠʨʦʚʘʥʘ ʧʨʠ ʦʯʝʥʴ ʤʝʜʣʝʥʥʦʤ ʦʙʝʟʚʦʞʠʚʘʥʠʠ, ʜʨʫʛʘʷ ï ʩʫʣʴʬʠʜʠʟʠʨʦʚʘʥʘ ʣʠʙʦ 

ʛʨʘʬʠʪʠʟʠʨʦʚʘʥʘ. ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʛʨʘʬʠʪʦʚ ŭʉ13 =  -25-26 ă ʤʦʞʝʪ 

ʫʢʘʟʳʚʘʪʴ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʠʭ ʟʘ ʩʯʝʪ ʙʠʦʛʝʥʥʦʡ ʦʨʛʘʥʠʢʠ. ʀʟʦʪʦʧʥʳʡ ʚʦʟʨʘʩʪ ʩʝʨʠʠ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʧʦʨʦʜʘʤʠ ʛʨʘʥʫʣʠʪʦʚʦʡ ʬʘʮʠʠ, ʧʦ ʜʘʥʥʳʤ Pb-Sr ʠ Th-Pb ʤʝʪʦʜʦʚ ʩʦʩʪʘʚʣʷʝʪ 

ʧʦʨʷʜʢʘ 4 ʤʣʨʜ. ʣʝʪ.  

ʅʘʣʠʯʠʝ ʚ ʪʦʣʱʘʭ ʘʨʭʝʷ ʠ ʨʘʥʥʝʛʦ ʧʨʦʪʝʨʦʟʦʷ ʘʟʦʪʩʦʜʝʨʞʘʱʝʡ ʦʨʛʘʥʠʢʠ (ʥʠʪʝʚʳʭ 

ʮʠʘʥʦʙʘʢʪʝʨʠʡ, ʠʣʠ ʩʠʥʝʟʝʣʝʥʳʭ ʚʦʜʦʨʦʩʣʝʡ) ʦʪʤʝʯʘʝʪʩʷ ʥʘ ʧʨʠʤʝʨʝ ʟʘʤʝʱʝʥʠʷ ʠʭ ʞʝʣʝʟʥʳʤʠ 

ʨʫʜʘʤʠ ʂʫʨʩʢʦʡ ʤʘʛʥʠʪʥʦʡ ʘʥʦʤʘʣʠʠ ʠ ʂʦʣʴʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ, ʘ ʪʘʢʞʝ ʚ ʧʦʨʦʜʘʭ ʢʦʤʧʣʝʢʩʘ 

ʀʩʫʘ ʩ ʚʦʟʨʘʩʪʦʤ 3,8 ʤʣʨʜ ʣʝʪ [ʉʠʨʦʪʠʥ, ɾʘʙʠʥ, 2008].  

ʇʨʦʙʣʝʤʘ ʩʦʩʪʘʚʘ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʤʘʥʪʠʠ ʨʘʥʝʝ ʦʙʩʫʞʜʘʣʘʩʴ ʥʘ ʦʩʥʦʚʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ 

ʘʥʘʣʠʟʘ ʠʭ ʚʢʣʶʯʝʥʠʡ ʚ ʘʣʤʘʟʘʭ ʠ ʤʠʥʝʨʘʣʘʭ-ʩʧʫʪʥʠʢʘʭ, ʘ ʪʘʢʞʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ʅʘʧʨʠʤʝʨ, ʀ.ʀ.ʂʫʣʘʢʦʚʘ ʩ ʩʦʘʚʪʦʨʘʤʠ (1982), ʨʘʩʩʤʘʪʨʠʚʘʣʠ 

ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ ʚ ʤʠʥʝʨʘʣʘʭ-ʩʧʫʪʥʠʢʘʭ ʘʣʤʘʟʘ ʠ ʚʦʟʤʦʞʥʳʡ 

ʤʝʭʘʥʠʟʤ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ. ʌ.ɺ.ʂʘʤʠʥʩʢʠʡ ʩ ʩʦʘʚʪʦʨʘʤʠ (1985) ʫʩʪʘʥʦʚʠʣʠ ʧʨʠʩʫʪʩʪʚʠʝ 

ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʢʘʨʙʦʥʘʜʦ ʠ ʘʣʤʘʟʝ. ɺ.ʉ.ɿʫʙʢʦʚ (2010) ʦʪʤʝʯʘʣ 

ʧʨʠʩʫʪʩʪʚʠʝ ʙʠʪʫʤʦʚ (ʦʪ ʘʩʬʘʣʴʪʠʪʦʚ ʜʦ ʤʘʣʴʪʳ) ʚ ʢʠʤʙʝʨʣʠʪʘʭ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ (ʪʨʫʙʢʠ 

ʋʜʘʯʥʘʷ, ʄʠʨ ʠ ʜʨ.). ʂʨʦʤʝ ʪʦʛʦ, ɺ.ʉ.ɿʫʙʢʦʚ, ʩʦ ʩʩʳʣʢʦʡ ʥʘ ʄ.ɺ.ʐʝʩʪʦʧʘʣʦʚʘ (1938), ʧʨʠʚʦʜʠʣ 

ʧʨʠʤʝʨ ʥʝʦʧʨʦʪʝʨʦʟʦʡʩʢʠʭ ʦʬʠʦʣʠʪʦʚ ʆʩʧʠʥʩʢʦ-ʂʠʪʦʡʩʢʦʛʦ ʨʘʡʦʥʘ (ɺʦʩʪʦʯʥʳʡ ʉʘʷʥ), ʩʨʝʜʠ 

ʢʦʪʦʨʳʭ ʚ ʫʛʣʝʨʦʜʠʟʠʨʦʚʘʥʥʳʭ ʟʦʥʘʭ (ʤʦʱʥʦʩʪʴʶ ʜʦ 15 ʤ, ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʜʦ ʩʦʪʥʠ ʤʝʪʨʦʚ) 

ʦʙʥʘʨʫʞʝʥʳ ʘʣʤʘʟʳ. ʊʘʤ ʞʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʤʘʛʥʝʪʠʪ, ʭʨʦʤʰʧʠʥʝʣʠʜʳ, ʠʣʴʤʝʥʠʪ, ʨʫʪʠʣ, ʮʠʨʢʦʥ, 

ʘʧʘʪʠʪ, ʧʠʨʠʪ, ʨʷʜ ʩʘʤʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ (Fe, Zn, Cu, Ag, Pb), ʪʦ ʝʩʪʴ ʪʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ 

ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʨʘʟʥʳʭ ʦʙʩʪʘʥʦʚʢʘʭ ʚ ʢʨʠʩʪʘʣʣʘʭ ʘʣʤʘʟʘ.  

ɺ.ʉ.ɿʫʙʢʦʚ, ʀ.ʂ.ʂʘʨʧʦʚ ʠ ʠʭ ʩʦʘʚʪʦʨʳ [ɿʫʙʢʦʚ, 2010; ʂʘʨʧʦʚ, ɿʫʙʢʦʚ, ʉʪʝʧʘʥʦʚ, 

ɹʳʯʠʥʩʢʠʡ, 1998] ʥʘ ʦʩʥʦʚʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʩʠʩʪʝʤʳ ʉ-ʅ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʈ-ʊ ʫʩʣʦʚʠʷʭ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ ʫʩʪʦʡʯʠʚʳ ʚ ʦʩʥʦʚʥʦʤ ʪʷʞʝʣʳʝ ʘʣʢʘʥʳ 

(ʘʮʠʢʣʠʯʝʩʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ CnH2n+2). ɺ ʟʦʥʝ ʧʝʨʝʭʦʜʘ ʢ ʥʠʞʥʝʡ ʤʘʥʪʠʠ ʦʥʠ ʩʤʝʥʷʶʪʩʷ 

ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʤʠ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʫʛʣʝʚʦʜʦʨʦʜʘʤʠ.  
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ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦʡ ʧʨʠʤʝʩʠ ʚʦʜʦʨʦʜʘ ʚ ʧʨʠʨʦʜʥʳʭ 

ʘʣʤʘʟʘʭ (3.2ï3.5) ʧʦʟʚʦʣʷʶʪ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʯʘʩʪʴ ʠʟ ʥʠʭ ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʩ ʫʯʘʩʪʠʝʤ ʵʢʟʦʛʝʥʥʦʛʦ 

ʫʛʣʝʨʦʜʘ, ʦʜʥʠʤ ʠʟ ʠʩʪʦʯʥʠʢʦʚ ʢʦʪʦʨʦʛʦ ʧʦʩʣʫʞʠʣʠ ʙʠʦʛʝʥʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ. ʕʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʳʚʦʜʳ, ʩʜʝʣʘʥʥʳʝ ʨʘʥʝʝ ɺ.ɺ.ʂʦʚʘʣʴʩʢʠʤ ʩ ʩʦʘʚʪʦʨʘʤʠ (1972), ɺ.ʉ. ʠ 

ʅ.ɺ. ʉʦʙʦʣʝʚʳʤʠ (1980), ʌ.ɺ.ʂʘʤʠʥʩʢʠʤ ʠ ʅ.ɺ.ʉʦʙʦʣʝʚʳʤ (1985), ʃ.ɸ.ʊʵʡʣʦʨʦʤ ʩ ʩʦʘʚʪʦʨʘʤʠ 

(2005) ʠ ʜʨʫʛʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ.  

ʅʘʰʠ ʜʘʥʥʳʝ (ʧʘʨʘʛʨʘʬʳ 3.3ð3.5) ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠʨʦʜʥʳʝ ʘʣʤʘʟʳ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ, 

ʣʘʤʧʨʦʠʪʦʚ ʠ ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤʠ ʨʦʩʩʳʧʝʡ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʩ ʫʯʘʩʪʠʝʤ ʵʢʟʦʛʝʥʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʚʝʱʝʩʪʚ. ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʘʤ ʧʦ ʩʝʙʝ ʠʟʦʪʦʧʥʦ-ʪʷʞʝʣʳʡ çʤʘʥʪʠʡʥʳʡè ʩʦʩʪʘʚ 

ʫʛʣʝʨʦʜʘ ʘʣʤʘʟʘ ʥʝ ʠʩʢʣʶʯʘʝʪ ʝʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʟʘ ʩʯʝʪ ʫʛʣʝʨʦʜʘ ʵʢʟʦʛʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʫʛʣʝʨʦʜ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʬʦʨʤʘʭ ʫʛʣʝʚʦʜʦʨʦʜʥʦʡ 

(ʠʟʦʪʦʧʥʦ-ʣʝʛʢʦʡ) ʠ ʢʘʨʙʦʥʘʪʥʦʡ (ʠʟʦʪʦʧʥʦ-ʪʷʞʝʣʦʡ). ɺ ʠʪʦʛʝ ʩʦʩʪʘʚ ʘʣʤʘʟʘ, ʦʙʨʘʟʦʚʘʚʰʝʛʦ ʠʟ 

ʩʤʝʩʠ ʢʘʨʙʦʥʘʪʘ ʠ ʫʛʣʝʚʦʜʦʨʦʜʘ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʧʨʦʧʦʨʮʠʡ ʩʤʝʰʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ. 

ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʫʛʣʝʨʦʜʘ ʘʣʤʘʟʘ, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʧʦ ʨʝʘʢʮʠʠ (9), ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʠʟʦʪʦʧʥʳʤ ʩʦʩʪʘʚʦʤ ʢʦʤʧʦʥʝʥʪʦʚ ʨʝʘʢʮʠʠ: 

ŭʉ13 
ʘʣʤ = 0,5 ŭʉ

13
ʤʝʪʘʥ + 0,5 ŭʉ13

ʢʘʨʙʦʥʘʪ    (34) 

ɽʩʣʠ ʧʨʠʥʷʪʴ ŭʉ13 ʜʣʷ ʉʅ4 ʨʘʚʥʳʤ -25 ă, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʟʦʪʦʧʥʦʤʫ ʩʦʩʪʘʚʫ 

ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʛʨʘʬʠʪʦʚ, ʨʘʟʚʠʪʳʭ ʧʦ ʜʨʝʚʥʝʡ ʙʠʦʤʘʩʩʝ ʥʘ ɸʣʜʘʥʩʢʦʤ ʱʠʪʝ [ʂʦʰʝʚʦʡ, 

ʈʦʡʟʝʥʤʘʥ, 1989], ʘ ʜʣʷ CO2 ʟʘ 0ă -ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʵʢʟʦʛʝʥʥʳʭ ʢʘʨʙʦʥʘʪʦʚ [Schidlowski e.a., 

1975], ʪʦ ʧʨʠ ʫʢʘʟʘʥʥʳʭ ʧʨʦʮʝʥʪʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ ʚ ʩʤʝʩʠ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʭ ʛʘʟʦʚ ʟʥʘʯʝʥʠʝ 

ŭʉ13 ʘʣʤʘʟʘ ʩʦʩʪʘʚʠʪ ʦʢʦʣʦ -12,5ă. ʆʜʥʘʢʦ ʚ ʨʝʘʣʴʥʦʩʪʠ ʚ ʩʚʷʟʠ ʩ ʢʦʣʦʥʠʘʣʴʥʳʤ ʨʘʟʤʝʱʝʥʠʝʤ 

ʙʠʦʛʝʥʥʳʭ ʆɺ- ʦʩʥʦʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʤʝʪʘʥʘ, ʨʝʘʢʮʠʷ (9), ʧʦ-ʚʠʜʠʤʦʤʫ, ʧʨʦʪʝʢʘʝʪ ʧʨʠ ʝʛʦ 

ʥʝʜʦʩʪʘʪʢʝ ʠ ʚ ʠʟʙʳʪʢʝ ʜʚʫʦʢʠʩʠ ʫʛʣʝʨʦʜʘ. ʅʝ ʠʩʢʣʶʯʝʥʦ, ʯʪʦ ʧʨʦʧʦʨʮʠʠ ʩʤʝʰʝʥʠʷ CO2 ʠ ʉʅ4 ʚ 

ʧʨʠʨʦʜʥʦʤ ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʠ ʙʳʣʠ ʙʣʠʟʢʠ ʢ ʩʦʦʪʥʦʰʝʥʠʶ ʦʙʲʝʤʦʚ ʤʝʪʘʥʘ ʠ ʜʚʫʦʢʠʩʠ ʫʛʣʝʨʦʜʘ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 30% ʠ 70%, ʧʨʠ ʢʦʪʦʨʳʭ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ɸ.ʇ.ʈʫʜʝʥʢʦ ʠ ʀ.ʀ.ʂʫʣʘʢʦʚʦʡ ʩʢʦʨʦʩʪʴ 

ʥʘʨʘʱʠʚʘʥʠʷ ʘʣʤʘʟʘ ʧʦ ʨʝʘʢʮʠʠ (9) ʙʳʣʘ ʤʘʢʩʠʤʘʣʴʥʦʡ [ʂʫʣʘʢʦʚʘ, 2006]. ʇʦʜʦʙʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ 

ʤʝʪʘʥʘ ʠ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʘʣʤʘʟʦʚ ʩ ŭʉ13 ʧʦʨʷʜʢʘ -7,5ă. ʕʪʦ ʟʥʘʯʝʥʠʝ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʥʪʝʨʚʘʣʫ ʟʥʘʯʝʥʠʡ ŭʉ13 ʦʪ 0 ʜʦ -10ă, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʤʫ ʧʦʜʘʚʣʷʶʱʝʝ 

ʙʦʣʴʰʠʥʩʪʚʦ ʘʣʤʘʟʦʚ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ [ɻʘʣʠʤʦʚ, ʂʘʤʠʥʩʢʠʡ, ʀʚʘʥʦʚʩʢʘʷ, 1978]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʨʦʜʥʳʝ ʘʣʤʘʟʳ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ, ʣʘʤʧʨʦʠʪʦʚ, ʠ ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤʠ 

ʨʦʩʩʳʧʝʡ, ʘ ʪʘʢʞʝ ʠʟ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜ ʦʙʨʘʟʦʚʘʣʠʩʴ ʩ ʫʯʘʩʪʠʝʤ ʢʦʨʦʚʳʭ ʢʘʨʙʦʥʘʪʦʚ ʠ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʢʦʪʦʨʦʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʣʫʞʠʪ ʠʩʪʦʯʥʠʢʦʤ ʘʟʦʪʥʳʭ ʠ ʚʦʜʦʨʦʜʥʳʭ 

ʮʝʥʪʨʦʚ ʚ ʢʨʠʩʪʘʣʣʘʭ ʘʣʤʘʟʘ. 
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4. ɿʦʥʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʠʧʦʚ ʧʦʧʫʣʷʮʠʡ ʘʣʤʘʟʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ 

ʬʘʢʪʦʨʳ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʡ ʤʦʜʝʣʠ ʛʝʦʜʠʥʘʤʠʢʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʘʣʤʘʟʦʥʦʩʥʳʭ ʩʪʨʫʢʪʫʨ 

 

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʚʳʰʝ ʧʨʠʤʝʩʥʳʝ ʮʝʥʪʨʳ ʚ ʘʣʤʘʟʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ 

ʥʘ ʤʠʥʝʨʘʣʴʥʦʤ ʫʨʦʚʥʝ. ʆʜʥʘʢʦ ʦʙʱʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʧʦʧʫʣʷʮʠʡ 

ʘʣʤʘʟʘ ʩ ʨʘʟʥʳʤ ʦʙʱʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʠ ʩʪʝʧʝʥʴʶ ʘʛʨʝʛʘʮʠʠ ʘʟʦʪʘ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʨʷʜʦʤ 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʚ ʤʦʛʫʪ ʜʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʛʣʫʙʠʥʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʘʣʤʘʟʦʥʦʩʥʦʡ ʧʨʦʚʠʥʮʠʠ ʠ ʩʣʫʞʠʪʴ ʦʜʥʠʤ ʠʟ ʜʦʚʦʜʦʚ ʧʨʠ ʚʳʙʦʨʝ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʨʝʛʠʦʥʘʣʴʥʦʡ ʘʣʤʘʟʦʥʦʩʥʦʡ ʩʠʩʪʝʤʳ. ʂ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʜʦʚʦʜʫ ʤʦʛʫʪ ʙʳʪʴ ʦʪʥʝʩʝʥʳ 

ʦʩʦʙʝʥʥʦʩʪʠ ʤʦʨʬʦʣʦʛʠʠ ʠ ʩʪʨʫʢʪʫʨʳ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ ʚ ʩʚʝʪʝ ʚʣʠʷʥʠʷ ʥʘ ʥʠʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ 

ʧʦʣʝʡ ʥʘʧʨʷʞʝʥʠʡ.  

ʌʘʢʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʦ ʤʠʥʝʨʘʣʦʛʠʠ ʠ ʨʘʟʤʝʱʝʥʠʶ ʧʦʧʫʣʷʮʠʡ, ʧʦʣʦʞʝʥʥʳʝ ʚ ʦʩʥʦʚʫ 

ʛʣʘʚʳ 4, ʧʨʠʥʘʜʣʝʞʘʪ ʘʚʪʦʨʫ ʜʠʩʩʝʨʪʘʮʠʠ. ɺʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʡ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʥʘ 

ʙʘʟʝ ʵʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʦʚʝʜʝʥ ʩʦʚʤʝʩʪʥʦ ʩ ɸ.ʅ.ɹʘʨʳʰʝʚʳʤ - ʩʦʘʚʪʦʨʦʤ ʩʪʘʪʴʠ [ɹʘʨʳʰʝʚ, 

ʍʘʯʘʪʨʷʥ, 2015].  

 

4.1. ʃʘʪʝʨʘʣʴʥʘʷ ʟʦʥʘʣʴʥʦʩʪʴ ʨʘʟʤʝʱʝʥʠʷ ʘʣʤʘʟʥʳʭ ʧʦʧʫʣʷʮʠʡ ʚ ʧʨʦʚʠʥʮʠʠ 

 

ɺʦʧʨʦʩʳ ʨʘʟʤʝʱʝʥʠʷ ʘʣʤʘʟʦʚ ʠ ʢʠʤʙʝʨʣʠʪʦʚ ʥʘ ʧʣʘʪʬʦʨʤʘʭ ʨʘʥʝʝ ʙʳʣʠ ʟʘʪʨʦʥʫʪʳ ʚ 

ʨʘʟʥʳʭ ʘʩʧʝʢʪʘʭ. ɼʣʷ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʧʨʦʚʦʜʠʣʦʩʴ ʨʘʡʦʥʠʨʦʚʘʥʠʝ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ 

ʢʦʤʧʣʝʢʩʥʦʤ ʤʘʩʩʦʚʦʤ ʠʟʫʯʝʥʠʠ ʤʠʥʝʨʘʣʦʛʠʠ ʠ ʪʠʧʦʤʦʨʬʥʳʭ ʩʚʦʡʩʪʚ ʘʣʤʘʟʘ (ɿʠʥʯʫʢ, 

ʂʦʧʪʠʣʴ, 2003, 2015), ʘ ʪʘʢʞʝ ʘʥʘʣʠʟ ʨʘʟʤʝʱʝʥʠʷ ʥʘ ʝʝ ʪʝʨʨʠʪʦʨʠʠ ʤʦʨʬʦʛʝʥʝʪʠʯʝʩʢʠʭ ʪʠʧʦʚ 

ʘʣʤʘʟʘ [ɸʬʘʥʘʩʴʝʚ, ʃʦʙʘʥʦʚ, ʇʦʭʠʣʝʥʢʦ ʠ ʜʨ., 2011]. ʌ.ɺ. ʂʘʤʠʥʩʢʠʡ (1972) ʥʘʤʝʪʠʣ 

ʟʦʥʘʣʴʥʦʩʪʴ ʚ ʨʘʟʤʝʱʝʥʠʠ ʘʣʤʘʟʦʚ ʨʘʟʥʦʛʦ ʛʘʙʠʪʫʩʘ, ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʥʳʭ ʧʦ ʩʦʩʪʘʚʫ 

ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʠ ʨʦʜʩʪʚʝʥʥʳʭ ʢʠʤʙʝʨʣʠʪʘʤ ʧʦʨʦʜ. ʇʦʟʜʥʝʝ ʟʦʥʘʣʴʥʦʩʪʴ ʨʘʟʤʝʱʝʥʠʷ 

ʢʠʤʙʝʨʣʠʪʦʚ ʨʘʟʥʦʛʦ ʚʦʟʨʘʩʪʘ ʠ ʩʦʦʪʥʦʰʝʥʠʝ ʠʭ ʧʦʟʠʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʝʣ ʱʝʣʦʯʥʳʭ ʧʦʨʦʜ 

ʨʘʩʩʤʦʪʨʝʥʳ ʈ.ʄʠʪʯʝʣʣʦʤ (1986). 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʣʘʪʝʨʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʪʨʦʝʥʠʷ ʘʣʤʘʟʦʥʦʩʥʦʡ ʧʨʦʚʠʥʮʠʠ ʚ ʦʙʱʝʡ ʝʝ 

ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʟʦʥʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʠʧʦʚ ʧʦʧʫʣʷʮʠʡ ʘʣʤʘʟʘ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʠʧʦʚ ʧʦʧʫʣʷʮʠʡ ʚ ʧʣʘʥʝ ʘʣʤʘʟʦʥʦʩʥʦʡ ʧʨʦʚʠʥʮʠʠ ʗʢʫʪʠʠ ʨʘʩʩʤʦʪʨʝʥʦ ʥʘʤʠ ʚ 

ʨʘʙʦʪʝ [ʍʘʯʘʪʨʷʥ, 2010] ʠ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 2.20. ɺ ʦʩʥʦʚʫ ʧʦʩʪʨʦʝʥʠʷ ʩʭʝʤʳ ʟʦʥʘʣʴʥʦʩʪʠ 

ʧʦʣʦʞʝʥʦ ʨʘʟʤʝʱʝʥʠʝ ʛʣʘʚʥʳʭ ʧʦʧʫʣʷʮʠʡ ʘʣʤʘʟʘ ʚ ʪʨʫʙʢʘʭ ʠ ʨʦʩʩʳʧʷʭ ʨʘʟʣʠʯʥʳʭ ʧʦʣʝʡ ʠ 

ʨʘʡʦʥʦʚ ʗʢʫʪʠʠ (ʩʤ. ʪʘʙʣʠʮʫ 2.3). ɻʨʘʥʠʮʳ ʟʦʥ ʧʦʧʫʣʷʮʠʡ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʙʦʪʦʡ [ʍʘʯʘʪʨʷʥ, 

2010], ʫʪʦʯʥʝʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʨʘʙʦʪʦʡ [ɹʘʨʳʰʝʚ, ʍʘʯʘʪʨʷʥ, 2015]. ʅʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ ʠ ʶʛʦ-
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ʟʘʧʘʜʝ ʧʨʦʚʠʥʮʠʠ ʛʨʘʥʠʮʳ ʟʦʥ ʥʝ ʟʘʤʢʥʫʪʳ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦ 

ʧʦʧʫʣʷʮʠʷʤ.  

ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʜʣʷ ʉʠʙʠʨʠ ʧʦʧʫʣʷʮʠʷ II ʪʠʧʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʣʠʰʴ ʚ 

ʪʨʫʙʢʝ ʧʘʣʝʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ ʇʦʠʩʢʦʚʘʷ ʄʫʥʦ-ʊʶʥʛʩʢʦʛʦ ʨʘʡʦʥʘ. ʕʪʘ ʪʝʨʨʠʪʦʨʠʷ ʩʦʚʧʘʜʘʝʪ ʩ 

ʨʝʟʢʠʤ ʚʦʟʨʘʩʪʘʥʠʝʤ (ʜʦ 57 ʢʤ) ʚʝʨʪʠʢʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʟʝʤʥʦʡ ʢʦʨʳ (ʜʘʥʥʳʝ 

ɸ.ɺ.ʄʘʥʘʢʦʚʘ, 2007). ɺ ʧʦʣʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʧʫʣʷʮʠʡ III ʪʠʧʘ, ʦʢʨʫʞʘʶʱʝʤ ʧʦʧʫʣʷʮʠʠ II 

ʪʠʧʘ, ʢʠʤʙʝʨʣʠʪʳ ʠʤʝʶʪ ʨʘʟʥʳʡ ʚʦʟʨʘʩʪ: ʙʦʣʴʰʠʥʩʪʚʦ ʧʘʣʝʦʟʦʡʩʢʠʡ, ʤʝʥʴʰʘʷ ʯʘʩʪʴ 

ʤʝʟʦʟʦʡʩʢʠʡ. ʇʦʧʫʣʷʮʠʠ ʪʠʧʘ IV ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʜʚʫʭ ʟʦʥʘʭ: ʢ ʩʝʚʝʨʦ-ʟʘʧʘʜʫ ʠ ʢ ʶʛʦ-ʚʦʩʪʦʢʫ ʦʪ 

ʧʦʣʷ ʧʦʧʫʣʷʮʠʠ III. ɺ ʩʝʚʝʨʥʦʡ ʟʦʥʝ ʧʨʝʦʙʣʘʜʘʶʪ ʢʠʤʙʝʨʣʠʪʳ ʤʝʟʦʟʦʡʩʢʦʛʦ, ʘ ʚ ʶʞʥʦʡ 

ʧʘʣʝʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʦʚ. ʇʦʧʫʣʷʮʠʠ V ʠ VI ʪʠʧʦʚ ʫʩʪʘʥʦʚʣʝʥʳ ʪʦʣʴʢʦ ʚ ʤʝʟʦʟʦʡʩʢʠʭ ʚ 

ʨʦʩʩʳʧʷʭ ʉʝʚʝʨʘ ʗʢʫʪʠʠ. ɻʝʥʝʟʠʩ ʘʣʤʘʟʘ ʠʟ ʵʪʠʭ ʨʦʩʩʳʧʝʡ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʦʩʪʘʝʪʩʷ 

ʜʠʩʢʫʩʩʠʦʥʥʳʤ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʛʨʘʥʠʮʘ ʤʝʞʜʫ ʧʦʧʫʣʷʮʠʷʤʠ IV ʠ V (VI) ʥʘʤʝʯʝʥʘ ʫʩʣʦʚʥʦ.  

ʅʘʣʠʯʠʝ ʚ ʝʜʠʥʳʭ ʟʦʥʘʭ ʧʦʧʫʣʷʮʠʡ ʘʣʤʘʟʘ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʢʠʤʙʝʨʣʠʪʘʤ ʩ ʨʘʟʥʳʤ 

ʚʦʟʨʘʩʪʦʤ ʠʟʚʝʨʞʝʥʠʡ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʪʠʧ ʘʣʤʘʟʘ ʥʝ ʩʚʷʟʘʥ ʥʘʧʨʷʤʫʶ ʩ ʚʦʟʨʘʩʪʦʤ 

ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʚʫʣʢʘʥʠʟʤʘ, ʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʩʨʝʜʳ, ʚ ʢʦʪʦʨʦʡ 

ʜʦ ʵʪʦʛʦ ʨʦʩ ʘʣʤʘʟ.  

ʆʩʦʙʦ ʩʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʜʚʫʩʪʦʨʦʥʥʶʶ ʩ ʵʣʝʤʝʥʪʘʤʠ ʢʦʥʮʝʥʪʨʠʯʥʦʩʪʠ, ʘ ʥʝ 

ʦʜʥʦʩʪʦʨʦʥʥʶʶ ʣʘʪʝʨʘʣʴʥʫʶ ʟʦʥʘʣʴʥʦʩʪʴ ʧʦʧʫʣʷʮʠʡ ʘʣʤʘʟʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʮʝʥʪʨʫ 

ʧʣʘʪʬʦʨʤʳ. ʋʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨ ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʩ ʩʝʚʝʨʘ ʠ ʩ ʶʛʘ ʢ ʮʝʥʪʨʫ ʧʣʘʪʬʦʨʤʳ 

ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʦ ʟʘʨʦʞʜʝʥʠʠ ʢʠʤʙʝʨʣʠʪʦʚ ʚ ʩʚʷʟʠ ʩ ʩʫʙʜʫʢʮʠʝʡ ʝʜʠʥʦʡ 

ʧʣʠʪʳ ʠʣʠ ʩʝʨʠʠ ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʭ ʧʣʠʪ, ʧʦʛʨʫʞʘʚʰʠʭʩʷ ʧʦʜ ʬʫʥʜʘʤʝʥʪ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ 

ʪʦʣʴʢʦ ʩ ʦʜʥʦʡ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʩʪʦʨʦʥʳ, ʢʘʢ ʩʯʠʪʘʝʪ ʆ.ʄ.ʈʦʟʝʥ ʩ ʩʦʘʚʪʦʨʘʤʠ (2010). ʕʪʦʪ ʬʘʢʪ 

ʙʫʜʝʪ ʦʙʩʫʞʜʝʥ ʚ ʨʘʟʜʝʣʝ 4.3.  

ɸʣʤʘʟʳ ʦʜʥʦʡ ʪʨʫʙʢʠ ʤʦʛʫʪ ʙʳʪʴ ʦʙʨʘʟʦʚʘʥʥʳʤʠ ʚ ʨʘʟʥʳʭ ʩʣʦʷʭ ʤʘʥʪʠʠ, ʜʘʣʝʝ ʩʦʚʤʝʩʪʥʦ 

ʧʦʩʪʫʧʘʷ ʚ ʢʠʤʙʝʨʣʠʪʳ ʧʨʠ ʜʦʩʪʘʚʢʝ ʠʭ ʢ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʆʮʝʥʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ 

(ʛʣʫʙʠʥʥʦʩʪʴ) ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʟʘʣʝʛʘʥʠʷ ʘʣʤʘʟʦʥʦʩʥʳʭ ʵʢʣʦʛʠʪʠʟʠʨʦʚʘʥʥʳʭ ʙʘʟʠʪʦʚ ʠ 

ʫʣʴʪʨʘʙʘʟʠʪʦʚ ʚ ʤʘʥʪʠʠ ʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ ʚʳʜʝʣʝʥʠʷ ʧʦʧʫʣʷʮʠʡ ʘʣʤʘʟʘ ʩʨʝʜʠ ʛʨʫʧʧ 

ʢʨʠʩʪʘʣʣʦʚ ʦʜʥʦʡ ʪʨʫʙʢʠ, ʩʦʜʝʨʞʘʱʠʭ ʤʠʥʝʨʘʣʴʥʳʝ ʚʢʣʶʯʝʥʠʷ ʵʢʣʦʛʠʪʦʚʦʡ ʠʣʠ 

ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ ʘʩʩʦʮʠʘʮʠʡ. ɺ ʵʪʦʤ ʘʩʧʝʢʪʝ ʙʦʣʴʰʦʡ ʬʘʢʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʥʘʢʦʧʣʝʥ ʧʦ 

ʘʣʤʘʟʘʤ ʘʬʨʠʢʘʥʩʢʠʭ ʪʨʫʙʦʢ ʇʨʝʤʴʝʨ, ʆʨʘʧʘ, ʌʠʥʰ, ɺʝʥʝʮʠʷ, ʗʛʝʨʩʬʦʥʪʝʡʥ ʠ ʂʦʬʬʠʬʦʥʪʝʡʥ 

[Deines, Harris, Gurney, 1984, 1991, 1993; Deines, Harris, Spear, Gurney, 1989; Viljoen, 2002]. 

ʉʦʛʣʘʩʥʦ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʤʦʜʝʣʠ ʩʫʙʜʫʢʮʠʠ ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʳ ʝʝ 

ʧʦʛʨʫʞʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʚʠʜʝ ʨʦʚʥʦʡ ʧʣʠʪʳ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʧʘʜʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʘʣʤʘʟʘ ʠ ʫʚʝʣʠʯʝʥʠʝ ʚ ʥʝʤ ʩʦʜʝʨʞʘʥʠʷ ʘʟʦʪʘ ʜʦʣʞʥʦ ʧʨʦʠʩʭʦʜʠʪʴ ʦʪ 

ʫʣʴʪʨʘʙʘʟʠʪʦʚʦʡ ʩʨʝʜʳ (ʥʘʧʨʠʤʝʨ, ʦʩʥʦʚʘʥʠʷ ʦʬʠʦʣʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ ʠʣʠ ʠʥʦʛʦ ʨʘʩʩʣʦʝʥʥʦʛʦ 
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ʫʣʴʪʨʘʙʘʟʠʪ-ʙʘʟʠʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ) ʢ ʵʢʣʦʛʠʪʦʚʦʡ ʩʨʝʜʝ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʧʨʦʜʫʢʪ 

ʤʝʪʘʤʦʨʬʠʟʤʘ ʛʘʙʙʨʦʠʜʦʚ ʠ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʳʰʝ ʙʘʟʘʣʴʪʦʠʜʦʚ.  

ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʛʣʘʚʝ 2, ʚ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʪʨʫʙʢʝ, ʥʘʧʨʠʤʝʨ, ʚ ʘʬʨʠʢʘʥʩʢʦʡ ʪʨʫʙʢʝ 

ʇʨʝʤʴʝʨ ʤʦʛʫʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʜʚʝ ʧʦʧʫʣʷʮʠʠ ʘʣʤʘʟʦʚ ʵʢʣʦʛʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ, 

ʦʪʥʦʩʷʱʠʝʩʷ ʢ IV ʠ III  ʪʠʧʘʤ ï ʕ2 ʠ ʕ-1 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩʫʥʦʢ 2.7). ʆʙʦʛʘʱʝʥʥʳʝ ʘʟʦʪʦʤ ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ (ʤʝʥʝʝ ʛʣʫʙʠʥʥʳʝ) ʘʣʤʘʟʳ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʪʠʧʘ ʕ2, ʧʦ-

ʚʠʜʠʤʦʤʫ, ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʪʦʣʱʝ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʭ ʙʘʟʘʣʴʪʦʠʜʦʚ ʟʝʤʥʦʡ ʢʦʨʳ, 

ʦʙʦʛʘʱʝʥʥʳʭ ʵʢʟʦʛʝʥʥʳʤʠ ʘʟʦʪʩʦʜʝʨʞʘʱʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʠ, ʚ ʪʦʤ ʯʠʩʣʝ, ʦʨʛʘʥʠʢʦʡ, ʘ 

ʦʙʝʜʥʝʥʥʳʝ ʘʟʦʪʦʤ ʘʣʤʘʟʳ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʪʠʧʘ ʕ1, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʨʝʜʠ ʛʘʙʙʨʦʠʜʦʚ, 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʝʜʥʳʭ ʘʟʦʪʦʤ ʠ ʦʨʛʘʥʠʢʦʡ. ɺ ʛʨʫʧʧʝ ʪʨʫʙʦʢ ɺʝʥʝʮʠʷ ʧʦ ʜʘʥʥʳʤ ʨʘʙʦʪʳ [Viljoen, 

2002], ʘʣʤʘʟʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʦʜʝʨʞʘʪ ʤʠʥʝʨʘʣʴʥʳʝ ʚʢʣʶʯʝʥʠʷ ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ ʘʩʩʦʮʠʘʮʠʠ 

ʠ ʦʪʥʦʩʷʪʩʷ ʢ ʧʦʧʫʣʷʮʠʷʤ ʪʠʧʘ II (ʪʘʙʣʠʮʘ 4.1). 

 

ʊʘʙʣʠʮʘ 4.1. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʳʙʦʨʦʢ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʠʟ ʪʨʫʙʦʢ ʖʞʥʦʡ 

ɸʬʨʠʢʠ ʧʦ ʜʘʥʥʳʤ ʨʘʙʦʪ [Deines e.a., 1989; Deines, Harris, Gurney, 1984, 1991; Vil joen, 2002]  

 

ʉʚʦʡʩʪʚʘ 

ʚʳʙʦʨʦʢ 

ʘʣʤʘʟʘ 

ʊʨʫʙʢʠ 

ʇʨʝʤʴʝʨ (n=90) ɺʝʥʝʮʠʷ (n=263) 
ʗʛʝʨʩʬʦʥʪʝʡʥ 

(n=28) 

ʕ-2 ʕ-1 ʋ ʕ-2 ʕ-1 ʋ ʕ-1 ʋ 

ʨʘʩʧʨʦʩʪʨʘ- 39 39 22 4 7 88 53 47 

ʥʝʥʥʦʩʪʴ,%                 

Ntot, ppm 832+189 102+45 51+50 724+149 290+145 250+161 123+107 114+109 

                  

%NB 39+24 47+19 42+24 28+21 66+31 68+19 68+24 39+29 

                  

ʪʠʧ IV  III  III  IV  II  II  II  III  

ʧʦʧʫʣʷʮʠʠ                 

ɿʥʘʯʝʥʠʷ Ntot ʠ %NB ï ʩʨʝʜʥʠʝ ʧʦ ʢʘʞʜʦʡ ʚʳʙʦʨʢʝ ʩ ʫʯʝʪʦʤ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ; n-ʯʠʩʣʦ 

ʢʨʠʩʪʘʣʣʦʚ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʚ ʢʘʞʜʦʡ ʪʨʫʙʢʝ 

 

ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʠʤʠ ʘʣʤʘʟʳ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʵʢʣʦʛʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ ʕ2 ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʠ ʧʨʠʥʘʜʣʝʞʘʪ ʢ ʧʦʧʫʣʷʮʠʷʤ ʪʠʧʘ IV. ʈʘʟʤʝʱʝʥʠʝ ʘʣʤʘʟʥʳʭ ʧʦʧʫʣʷʮʠʡ, 

ʩʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ ʚ ʘʧʦʙʘʟʘʣʴʪʦʚʳʭ ʩʣʦʷʭ ʚʳʰʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʦʧʫʣʷʮʠʷʤ, 

ʩʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ ʩʨʝʜʠ ʘʧʦʛʘʙʙʨʦʠʜʦʚ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʥʦʨʤʘʣʴʥʦʝ ʟʘʣʝʛʘʥʠʝ ʪʦʣʱ 

ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʳ ʚ ʟʦʥʝ ʩʫʙʜʫʢʮʠʠ. ʀʥʘʷ ʢʘʨʪʠʥʘ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʘʣʤʘʟʦʚ ʠʟ ʪʨʫʙʢʠ 

ʗʛʝʨʩʬʦʥʪʝʡʥ (ʪʘʙʣʠʮʘ 4.1), ʚ ʢʦʪʦʨʦʡ ʘʣʤʘʟʳ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʵʢʣʦʛʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ ʕ1, 

ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʧʦʧʫʣʷʮʠʷʤ ʪʠʧʘ II, ʙʦʣʝʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ, ʯʝʤ ʢʨʠʩʪʘʣʣʳ ʩ ʚʢʣʶʯʝʥʠʷʤʠ 

ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ ʘʩʩʦʮʠʘʮʠʠ (III  ʪʠʧ ʧʦʧʫʣʷʮʠʡ). ʀʥʘʯʝ ʛʦʚʦʨʷ, ʘʣʤʘʟʳ ʠʟ ʪʨʫʙʢʠ 

ʗʛʝʨʩʬʦʥʪʝʡʥ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʟʘʨʦʞʜʘʣʠʩʴ ʚ ʩʫʙʜʫʮʠʨʦʚʘʥʥʳʭ ʪʦʣʱʘʭ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʠʣʠʩʴ ʚ 
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ʧʝʨʝʚʝʨʥʫʪʦʤ ʟʘʣʝʛʘʥʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʦʨʤʘʣʴʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʟʘʣʝʛʘʥʠʷ ʧʦʨʦʜ 

ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʳ: ʧʦʜ ʫʣʴʪʨʘʙʘʟʠʪʘʤʠ ʙʳʣʠ ʨʘʩʧʦʣʦʞʝʥʳ ʵʢʣʦʛʠʪʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʥʘʨʫʰʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʟʘʣʝʛʘʥʠʷ ʪʦʣʱ ʨʘʩʩʣʦʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʙʘʟʠʪʦʚ 

ʠ ʫʣʴʪʨʘʙʘʟʠʪʦʚ (ʥʠʟ ʢʦʨʳ ï ʤʘʥʪʠʷ) ʦʪʨʘʞʘʝʪ ʚʦʟʤʦʞʥʳʝ ʦʩʣʦʞʥʝʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ ʪʦʣʱ ʚ ʛʣʫʙʠʥʥʦʡ ʟʦʥʝ.  

ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʠʟʣʦʞʝʥʥʦʤʫ ʚʳʰʝ, ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʘʣʤʘʟʦʚ ʚ ʧʨʦʮʝʩʩʝ ʨʝʛʠʦʥʘʣʴʥʦʛʦ 

ʤʝʪʘʤʦʨʬʠʟʤʘ ʚ ʜʨʝʚʥʠʭ ʪʝʢʪʦʥʠʯʝʩʢʠ-ʘʢʪʠʚʥʳʭ ʛʣʫʙʠʥʥʳʭ ʟʦʥʘʭ ʦʪʨʘʞʘʝʪʩʷ ʚ ʦʩʦʙʝʥʥʦʩʪʷʭ 

ʤʦʨʬʦʣʦʛʠʠ, ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʨʦʝʥʠʷ ʠ ʤʝʭʘʥʠʟʤʘ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ. ʅʝ ʧʨʝʪʝʥʜʫʷ ʥʘ 

ʦʩʥʦʚʘʪʝʣʴʥʫʶ ʨʘʟʨʘʙʦʪʢʫ ʟʘʪʨʦʥʫʪʦʡ ʧʨʦʙʣʝʤʳ, ʦʩʪʘʥʦʚʠʤʩʷ ʥʘ ʵʪʠʭ ʦʩʦʙʝʥʥʦʩʪʷʭ ʙʦʣʝʝ 

ʧʦʜʨʦʙʥʦ. 

 

4.2. ʉʣʝʜʳ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ, ʦʪʨʘʞʝʥʥʳʝ ʚ ʤʦʨʬʦʣʦʛʠʠ ʠ 

ʤʝʭʘʥʠʟʤʝ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ  

 

ʄʦʜʝʣʠ ʛʣʫʙʠʥʥʦʡ ʘʣʤʘʟʦʥʦʩʥʦʡ ʩʨʝʜʳ, ʝʝ ʬʘʟʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʛʝʦʣʦʛʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ, ʧʨʝʜʣʦʞʝʥʥʳʝ ʨʘʟʥʳʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ, ʦʧʠʨʘʶʪʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʥʘ 

ʧʝʪʨʦʣʦʛʠʯʝʩʢʫʶ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʧʦʨʦʜ, ʚ ʢʦʪʦʨʳʭ ʚʩʪʨʝʯʝʥʳ ʘʣʤʘʟʳ ʠ ʠʭ ʤʠʥʝʨʘʣʳ-ʩʧʫʪʥʠʢʠ, 

ʘ ʪʘʢʞʝ ʥʘ ʦʙʱʠʝ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ. ʋʩʣʦʚʠʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʘʣʤʘʟʘ 

ʨʝʩʪʘʚʨʠʨʫʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʦ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʜʘʚʣʝʥʠʠ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʘʣʤʘʟʘ ʠ ʠʟʦʤʦʨʬʠʟʤʘ ʤʠʥʝʨʘʣʦʚ-ʩʧʫʪʥʠʢʦʚ, ʠʟʦʪʦʧʥʦʡ ʛʝʦʭʠʤʠʠ ʫʛʣʝʨʦʜʘ ʠ ʧʨʠʤʝʩʝʡ, ʘ 

ʪʘʢʞʝ ʠʩʪʦʨʠʠ ʨʦʩʪʘ (ʦʥʪʦʛʝʥʠʠ) ʢʨʠʩʪʘʣʣʦʚ. ʆʩʦʙʝʥʥʦʩʪʠ ʤʦʨʬʦʣʦʛʠʠ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ, 

ʤʝʭʘʥʠʟʤʘ ʠʭ ʨʦʩʪʘ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʦʜʦʨʦʜʘ ʚ ʟʦʥʘʭ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʘ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʫʱʝʩʪʚʦʚʘʚʰʠʭ ʣʦʢʘʣʴʥʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʷʭ ʚ 

ʩʫʙʜʫʮʠʨʦʚʘʥʥʳʭ ʥʘ ʙʦʣʴʰʠʝ ʛʣʫʙʠʥʳ ʪʦʣʱʘʭ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʣʦ ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʝ. ʆʙʨʘʪʠʪʴ 

ʚʥʠʤʘʥʠʝ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʚʣʠʷʥʠʷ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʧʦʣʝʡ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʫʩʣʦʚʠʷ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʘʣʤʘʟʘ ʧʦʙʫʞʜʘʝʪ, ʢʨʦʤʝ ʚʩʝʛʦ ʧʨʦʯʝʛʦ, ʪʦ, ʯʪʦ ʟʦʥʳ ʩʫʙʜʫʢʮʠʠ ʷʚʣʷʶʪʩʷ 

ʪʝʢʪʦʥʠʯʝʩʢʠ-ʘʢʪʠʚʥʳʤʠ. ɺ ʥʠʭ ʥʝʦʜʥʦʢʨʘʪʥʦ ʧʨʦʠʩʭʦʜʷʪ ʜʚʠʞʝʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʤʘʩʩ ʚ 

ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʋʧʫʩʢʘʪʴ ʠʟ ʚʥʠʤʘʥʠʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʣʠʷʥʠʷ ʛʝʦʜʠʥʘʤʠʢʠ 

ʘʣʤʘʟʦʥʦʩʥʦʡ ʩʨʝʜʳ ʥʘ ʤʦʨʬʦʣʦʛʠʶ ʠ ʩʪʨʫʢʪʫʨʫ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ ʚʨʷʜ ʣʠ ʧʨʘʚʦʤʝʨʥʦ. 

ʉʫʱʝʩʪʚʝʥʥʫʶ ʧʦʤʦʱʴ ʚ ʧʦʥʠʤʘʥʠʠ ʩʠʥʨʦʩʪʦʚʳʭ ʣʦʢʘʣʴʥʳʭ ʧʦʣʝʡ ʥʘʧʨʷʞʝʥʠʡ ʤʦʞʝʪ 

ʦʢʘʟʘʪʴ ʠʟʫʯʝʥʠʝ ʦʥʪʦʛʝʥʠʠ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʤʥʦʛʠʝ ʦʥʪʦʛʝʥʝʪʠʯʝʩʢʠʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʘʣʤʘʟʘ ʫʢʘʟʳʚʘʶʪ ʥʘ ʝʛʦ ʢʨʠʩʪʘʣʣʠʟʘʮʠʶ ʚ ʪʚʝʨʜʦʡ ʩʨʝʜʝ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʪʦʤ, ʯʪʦ ʘʣʤʘʟ ʷʚʣʷʝʪʩʷ ʧʨʦʜʫʢʪʦʤ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʘʛʤ, (ʥʝ ʪʦʣʴʢʦ 

ʢʠʤʙʝʨʣʠʪʦʚʳʭ, ʥʦ ʠ ʙʘʟʠʪʦʚʳʭ ʠ ʫʣʴʪʨʘʙʘʟʠʪʦʚʳʭ), ʷʚʣʷʶʪʩʷ ʜʠʩʢʫʩʩʠʦʥʥʳʤʠ. ʉʥʘʯʘʣʘ 
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ʨʘʩʩʤʦʪʨʠʤ ʠʩʪʦʨʠʶ ʠʟʫʯʝʥʥʦʩʪʠ ʚʦʧʨʦʩʦʚ, ʪʘʢ ʠʣʠ ʠʥʘʯʝ ʢʘʩʘʶʱʠʭʩʷ ʩʚʷʟʠ ʪʠʧʦʤʦʨʬʥʳʭ 

ʩʚʦʡʩʪʚ ʘʣʤʘʟʘ ʩ ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʧʦʣʷʤʠ ʥʘʧʨʷʞʝʥʠʡ, ʯʪʦ ʥʝ ʚʦʰʣʦ ʚ ʛʣʘʚʫ 1 ʜʠʩʩʝʨʪʘʮʠʠ. 

ʇʨʦʙʣʝʤʘ ʩʦʦʪʥʦʰʝʥʠʷ ʫʩʣʦʚʠʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʘʣʤʘʟʦʚ ʠ ʠʭ ʪʠʧʦʤʦʨʬʥʳʭ ʩʚʦʡʩʪʚ ʩ 

ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʧʦʣʷʤʠ ʥʘʧʨʷʞʝʥʠʡ ʠʤʝʝʪ ʜʘʚʥʶʶ ʠʩʪʦʨʠʶ, ʥʦ ʧʨʠ ʵʪʦʤ ʩʣʘʙʦ ʦʩʚʝʱʝʥʘ ʚ 

ʣʠʪʝʨʘʪʫʨʝ.  

ɺ ʧʝʪʨʦʛʨʘʬʠʠ ʠʟʚʝʩʪʝʥ ʧʨʠʥʮʠʧ ʈʠʢʢʝ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʧʦʚʝʨʭʥʦʩʪʴ ʢʨʠʩʪʘʣʣʘ, 

ʧʦʜʚʝʨʛʘʶʱʘʷʩʷ ʥʦʨʤʘʣʴʥʦʤʫ ʩʞʘʪʠʶ, ʩʪʨʝʤʠʪʩʷ ʢ ʨʘʩʪʚʦʨʝʥʠʶ ʠʣʠ ʟʘʤʝʜʣʝʥʠʶ ʨʦʩʪʘ, ʘ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘʷ ʢ ʥʝʡ ʛʨʘʥʴ ʙʳʩʪʨʝʝ ʥʘʨʘʩʪʘʝʪ. ʕʪʦ ʷʚʣʝʥʠʝ ʦʙʲʷʩʥʷʣʦʩʴ ʅ.ɸ.ɽʣʠʩʝʝʚʳʤ 

[ɽʣʠʩʝʝʚ, 1963], ʍ.ʈʘʤʙʝʨʛʦʤ [ʈʘʤʙʝʨʛ, 1970] ʙʦʣʴʰʝʡ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʝʡ ʘʪʦʤʦʚ ʠ ʤʦʣʝʢʫʣ 

ʥʘ ʩʞʠʤʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʦʡ ʞʝ ʵʥʝʨʛʠʝʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʢ ʧʝʨʚʦʡ. ɼʘʥʥʳʡ ʬʘʢʪʦʨ ʚʳʟʳʚʘʝʪ ʘʥʠʟʦʪʨʦʧʠʶ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʘ ʚ 

ʨʘʟʣʠʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʯʪʦ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʝʛʦ ʛʘʙʠʪʫʩʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʫʥʠʚʝʨʩʘʣʴʥʳʤ 

ʟʘʢʦʥʦʤ ï ʧʨʠʥʮʠʧʦʤ ʜʠʩʩʠʤʤʝʪʨʠʠ ʂʶʨʠ. ʉʦʛʣʘʩʥʦ ʵʪʦʤʫ ʧʨʠʥʮʠʧʫ, ʣʶʙʦʡ ʨʘʟʚʠʚʘʶʱʠʡʩʷ 

ʦʙʲʝʢʪ (ʚ ʯʘʩʪʥʦʩʪʠ ʨʘʩʪʫʱʠʡ ʢʨʠʩʪʘʣʣ) ʩʦʭʨʘʥʷʝʪ ʣʠʰʴ ʪʝ ʩʚʦʠ ʩʚʦʡʩʪʚʘ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʩʠʤʤʝʪʨʠʠ, ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʶʪʩʷ ʦʙʱʠʤʠ ʢʘʢ ʜʣʷ ʥʝʛʦ, ʪʘʢ ʠ ʜʣʷ ʩʨʝʜʳ, ʚ ʢʦʪʦʨʦʡ ʦʥ 

ʨʘʟʚʠʚʘʝʪʩʷ.  

ʉʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʝʱʝ ʥʘ ʦʜʥʫ ʦʩʦʙʝʥʥʦʩʪʴ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

ʍ.ʈʘʤʙʝʨʛʦʤ ʚʚʝʜʝʥʦ ʧʦʥʷʪʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʬʦʨʤʳ ʪʝʣʘ ʚ ʛʨʘʜʠʝʥʪʥʦʤ ʧʦʣʝ 

ʥʘʧʨʷʞʝʥʠʡ. ɽʩʣʠ ʥʝʠʟʦʤʝʪʨʠʯʥʦʝ ʪʝʣʦ ʥʘʭʦʜʠʪʩʷ ʚ ʛʨʘʜʠʝʥʪʥʦʤ ʧʦʣʝ ʥʘʧʨʷʞʝʥʠʡ, ʪʦ ʦʥʦ 

ʩʪʨʝʤʠʪʩʷ ʫʤʝʥʴʰʠʪʴ ʩʚʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ, ʣʠʙʦ ʧʫʪʝʤ ʧʦʚʦʨʦʪʘ ʪʘʢ, ʯʪʦ ʝʛʦ 

ʥʘʠʙʦʣʝʝ ʜʣʠʥʥʘʷ ʦʩʴ ʟʘʡʤʝʪ ʧʦʣʦʞʝʥʠʝ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʥʘʠʙʦʣʴʰʝʤʫ ʛʨʘʜʠʝʥʪʫ, ʣʠʙʦ ʪʝʣʦ 

ʠʟʤʝʥʠʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʚʦʶ ʬʦʨʤʫ. ʇʦʪʝʥʮʠʘʣ ʬʦʨʤʳ ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʬʘʢʪʦʨʦʤ, 

ʦʙʫʩʣʦʚʣʠʚʘʶʱʠʤ ʦʨʠʝʥʪʘʮʠʶ ʤʠʥʝʨʘʣʴʥʳʭ ʟʝʨʝʥ ʚ ʪʝʢʪʦʥʠʪʘʭ [ʈʘʤʙʝʨʛ, 1970]. ʊʦ ʞʝ 

ʷʚʣʝʥʠʝ ʦʪʤʝʯʘʝʪʩʷ ʧʨʠ ʤʝʪʘʤʦʨʬʠʟʤʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʞʘʪʠʷ.  

ʆʜʥʦʡ ʠʟ ʧʨʠʯʠʥ, ʧʦ ʢʦʪʦʨʳʤ ʥʝ ʩʪʘʚʠʣʩʷ ʚʦʧʨʦʩ ʦ ʨʦʣʠ ʩʪʨʝʩʩʘ ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʘʣʤʘʟʘ, ʷʚʣʷʝʪʩʷ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʪʦ, ʯʪʦ ʜʦʣʛʦʝ ʚʨʝʤʷ ʛʦʩʧʦʜʩʪʚʦʚʘʣʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʘʣʤʘʟʘ ʠʟ ʨʘʩʧʣʘʚʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʦ ʛʝʦʣʦʛʠʠ ʠ ʤʠʥʝʨʘʣʦʛʠʠ 

ʘʣʤʘʟʦʚ ʠ ʠʭ ʩʧʫʪʥʠʢʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʚʥʠʤʘʥʠʝ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʥʘ ʚʩʝʩʪʦʨʦʥʥʝʤ ʜʘʚʣʝʥʠʠ, 

ʢʦʪʦʨʦʝ ʩʦʧʦʩʪʘʚʣʷʝʪʩʷ ʩ ʣʠʪʦʩʪʘʪʠʯʝʩʢʠʤ ʜʘʚʣʝʥʠʝʤ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʛʣʫʙʠʥʦʡ 

ʦʙʨʘʟʦʚʘʥʠʷ ʤʠʥʝʨʘʣʦʚ.  

ɺʳʚʦʜ ʦ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʘʣʤʘʟʘ ʚ ʪʚʝʨʜʦʡ ʩʨʝʜʝ ʧʨʠ ʤʝʪʘʤʦʨʬʠʟʤʝ ʚʧʝʨʚʳʝ ʙʳʣ ʩʜʝʣʘʥ 

ɻ.ʄʝʡʝʨʦʤ ʠ ʌ.ɹʦʡʜʦʤ [Meyer, Boyd, 1969]. ɺʤʝʩʪʝ ʩ ʪʝʤ ʄʝʡʝʨ ʜʦʧʫʩʢʘʣ ʩʚʷʟʴ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʘʣʤʘʟʘ ʩ ʩʦʙʳʪʠʷʤʠ ʨʘʩʧʣʘʚʣʝʥʠʷ ʠ ʤʝʪʘʩʦʤʘʪʦʟʘ, ʚ ʢʦʪʦʨʳʭ ʫʯʘʩʪʚʦʚʘʣʠ 

ʨʘʩʪʚʦʨʝʥʥʳʝ ʉʅ4 ʠ ʉʆ2 [Meyer, 1985]. ʂ ʚʳʚʦʜʫ ʦ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʘʣʤʘʟʘ ʚ ʪʚʝʨʜʦʤ ʩʫʙʩʪʨʘʪʝ 

ʧʨʠʰʝʣ ɹ.ɸ.ʄʘʣʴʢʦʚ, ʩʯʠʪʘʷ, ʯʪʦ ʢʨʠʩʪʘʣʣʳ ʘʣʤʘʟʘ ʚ ʣʠʪʦʩʬʝʨʥʦʡ ʤʘʥʪʠʠ ʨʘʩʪʫʪ ʧʦʜʦʙʥʦ 



 

 

152 

ʠʜʠʦʙʣʘʩʪʘʤ ʜʨʫʛʠʭ ʤʠʥʝʨʘʣʦʚ ʚ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜʘʭ. ɹʦʣʝʝ ʪʦʛʦ, ʪʘʢ ʢʘʢ ʘʣʤʘʟʳ ʨʘʩʪʫʪ 

ʚ ʪʚʝʨʜʦʡ ʘʥʠʟʦʪʨʦʧʥʦʡ ʩʨʝʜʝ, ʪʦ ʚʥʝʰʥʷʷ ʩʠʤʤʝʪʨʠʷ ʢʨʠʩʪʘʣʣʦʚ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʥʠʞʝ 

ʠʩʪʠʥʥʦʡ ʢʫʙʠʯʝʩʢʦʡ [ʄʘʣʴʢʦʚ, 1997]. 

ʄʘʪʝʨʠʘʣʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ ʧʦʜʪʚʝʨʞʜʘʶʪ ʢʦʥʮʝʧʮʠʶ ʧʨʠʫʨʦʯʝʥʥʦʩʪʠ 

ʘʣʤʘʟʦʚ ʢ ʜʠʥʘʤʦʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʤ ʧʦʨʦʜʘʤ ʤʘʥʪʠʠ. ʊʘʢ, ʚ ʩʪʘʪʴʝ [ʇʦʭʠʣʝʥʢʦ ʠ ʜʨ., 1982] 

ʦʧʠʩʳʚʘʝʪʩʷ ʢʘʪʘʢʣʘʟʠʨʦʚʘʥʥʳʡ ʜʠʩʪʝʥʦʚʳʡ ʵʢʣʦʛʠʪ ʠʟ ʪʨʫʙʢʠ çʋʜʘʯʥʘʷè. ʕʢʣʦʛʠʪ, ʠʤʝʶʱʠʡ 

ʩʦʩʪʘʚ 70% ʛʨʘʥʘʪ, 25% ʢʣʠʥʦʧʠʨʦʢʩʝʥ, 5% ʜʠʩʪʝʥ, ʨʘʩʩʣʘʥʮʦʚʘʥ. ɺ ʦʙʨʘʟʮʝ ʦʙʥʘʨʫʞʝʥʳ ʜʚʘ 

ʢʨʠʩʪʘʣʣʘ ʘʣʤʘʟʘ: ʦʢʪʘʵʜʨʠʯʝʩʢʠʡ (3,5Ĭ3,5 ʤʤ) ʠ ʢʫʙʠʯʝʩʢʠʡ (0,35Ĭ0,40 ʤʤ), ʘ ʪʘʢʞʝ ʛʨʘʬʠʪ ʙʝʟ 

ʧʨʠʟʥʘʢʦʚ ʝʛʦ ʚʪʦʨʠʯʥʦʩʪʠ. ʈʘʩʩʣʘʥʮʦʚʘʥʥʳʝ ʟʝʨʥʘ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ ʧʦʜʚʝʨʛʣʠʩʴ 

ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʨʫʧʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ, ʩʦʭʨʘʥʠʚʰʠʭ ʬʦʨʤʫ 

ʨʘʟʜʘʚʣʝʥʥʳʭ ʠ ʚʳʪʷʥʫʪʳʭ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʟʝʨʝʥ. ʇʨʠʚʦʜʷʪʩʷ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʝ 

ʫʩʣʦʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʜʘʥʥʦʡ ʧʦʨʦʜʳ ʩ ʩʦʩʫʱʝʩʪʚʫʶʱʠʤʠ ʘʣʤʘʟʦʤ ʠ ʛʨʘʬʠʪʦʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

1010ʦʉ ʠ ʜʘʚʣʝʥʠʠ 45 ʢʙʘʨ. ɸʚʪʦʨʳ ʩʪʘʪʴʠ ʫʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʤʘʥʪʠʠ, ʚ ʣʦʢʘʣʴʥʳʭ ʥʘʠʙʦʣʝʝ 

ʭʦʣʦʜʥʳʭ ʦʙʣʘʩʪʷʭ, ʩʪʨʝʩʩʦʚʳʝ ʜʘʚʣʝʥʠʷ ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ ʩʫʱʝʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʚ ʦʙʣʘʩʪʠ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʘʣʤʘʟʘ. ʄʠʥʝʨʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʵʢʣʦʛʠʪʘ, ʘ ʠʤʝʥʥʦ ʥʘʣʠʯʠʝ ʜʠʩʪʝʥʘ ʠ 

ʥʘʪʨʠʡʩʦʜʝʨʞʘʱʝʛʦ ʛʨʘʥʘʪʘ, ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʤʝʪʘʤʦʨʬʠʟʤʫ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʚʳʩʦʢʠʭ 

ʜʘʚʣʝʥʠʡ ʧʦ ɸ.ʄʠʷʩʠʨʦ (1974). 

ʅʘ ʨʝʛʠʦʥʘʣʴʥʳʡ ʤʝʪʘʤʦʨʬʠʟʤ ʛʣʫʙʠʥʥʳʭ ʧʦʨʦʜ ʜʦ ʧʦʧʘʜʘʥʠʷ ʠʭ ʚ ʢʠʤʙʝʨʣʠʪʳ 

ʫʢʘʟʳʚʘʶʪ ʜʘʥʥʳʝ ɹ.ʍʘʨʪʘ ʦ ʪʦʤ, ʯʪʦ ʤʥʦʛʠʝ ʢʩʝʥʦʣʠʪʳ ʵʢʣʦʛʠʪʦʚ, ʛʨʘʥʘʪʦʚʳʭ ʧʝʨʠʜʦʪʠʪʦʚ, 

ʦʣʠʚʠʥʩʦʜʝʨʞʘʱʠʭ ʧʦʨʦʜ ʩʦ ʩʪʨʫʢʪʫʨʘʤʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʤʝʶʪ ʬʣʶʠʜʘʣʴʥʳʝ ʠ 

ʣʘʤʠʥʘʨʥʳʝ ʩʪʨʫʢʪʫʨʳ ʪʝʯʝʥʠʷ [Harte, 1977]. ʕʪʠ ʞʝ ʩʪʨʫʢʪʫʨʳ ʠ ʪʝʢʩʪʫʨʳ ʚ ʢʠʤʙʝʨʣʠʪʘʭ 

ʆ.ɻ.ʉʦʨʦʭʪʠʥ ʩ ʩʦʘʚʪʦʨʘʤʠ ʪʨʘʢʪʫʶʪ ʢʘʢ ʩʣʝʜʳ ʜʝʬʦʨʤʘʮʠʡ, ʚʦʟʥʠʢʰʠʭ ʙʣʘʛʦʜʘʨʷ ʪʨʝʥʠʶ 

ʧʦʜʦʜʚʠʛʘʝʤʳʭ ʧʣʠʪ ʚ ʟʦʥʘʭ ʩʫʙʜʫʢʮʠʠ [ʉʦʨʦʭʪʠʥ ʠ ʜʨ., 2004]. 

ʅʘʢʦʧʣʝʥʥʳʝ ʟʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʤʥʦʛʠʝ ʬʘʢʪʳ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ ʦ ʩʚʷʟʠ 

ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʩ ʩʫʙʜʫʢʮʠʝʡ ʪʦʣʱ ʟʝʤʥʦʡ ʢʦʨʳ, ʪʨʝʙʫʶʪ ʘʥʘʣʠʟʘ ʠʭ ʥʝ ʪʦʣʴʢʦ ʩ ʧʦʟʠʮʠʡ 

ʣʠʪʦʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʛʣʫʙʠʥʝ, ʥʦ ʠ ʩ ʧʦʟʠʮʠʡ ʛʝʦʜʠʥʘʤʠʢʠ, ʪʘʢ ʢʘʢ ʟʦʥʳ ʩʫʙʜʫʢʮʠʠ 

ʷʚʣʷʶʪʩʷ ʪʝʢʪʦʥʠʯʝʩʢʠ-ʩʝʡʩʤʦʘʢʪʠʚʥʳʤʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʂʘʢ ʧʦʢʘʟʘʥʦ 

ɸ.ʅ.ɹʘʨʳʰʝʚʳʤ [ɹʘʨʳʰʝʚ, 2004], ʠʤʝʥʥʦ ʩʫʙʜʫʢʮʠʷ ʢʨʫʧʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʤʘʩʩ ʚʳʟʳʚʘʝʪ 

ʩʪʨʝʩʩ ʩ ʨʘʟʚʠʪʠʝʤ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʩʣʘʥʮʝʚʘʪʦʩʪʠ ï ʛʣʘʚʥʦʛʦ ʩʚʠʜʝʪʝʣʷ ʨʝʛʠʦʥʘʣʴʥʦʛʦ 

ʜʠʥʘʤʦʪʝʨʤʘʣʴʥʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ.  

ʂʨʠʩʪʘʣʣʳ ʘʣʤʘʟʘ ʟʘʥʠʤʘʶʪ ʦʩʦʙʫʶ ʧʦʟʠʮʠʶ ʩʨʝʜʠ ʤʝʪʘʤʦʨʬʦʛʝʥʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʩʪʨʫʢʪʫʨ, ʦʧʨʝʜʝʣʷʝʤʳʭ ʚʩʝʩʪʦʨʦʥʥʠʤ ʜʘʚʣʝʥʠʝʤ ʠ ʜʠʥʘʤʦʪʝʨʤʘʣʴʥʳʤ ʤʝʪʘʤʦʨʬʠʟʤʦʤ. ʇʨʠ 

ʵʪʦʤ ʚʩʝʩʪʦʨʦʥʥʝʝ ʜʘʚʣʝʥʠʝ, ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʛʣʫʙʠʥʝ ʧʦʛʨʫʞʝʥʠʷ ʧʦʨʦʜ, 

ʦʪʨʘʞʘʝʪʩʷ ʤʠʥʝʨʘʣʴʥʳʤʠ ʬʘʮʠʷʤʠ. ɻʣʘʚʥʳʤ ʪʝʢʪʦʥʠʯʝʩʢʠʤ ʚʳʨʘʞʝʥʠʝʤ ʨʝʛʠʦʥʘʣʴʥʦʛʦ 

ʜʠʥʘʤʦʪʝʨʤʘʣʴʥʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ ʷʚʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʩʣʘʥʮʝʚʘʪʦʩʪʠ. 
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ʊʦʥʢʠʝ ʩʣʘʥʮʝʚʘʪʳʝ ʧʣʘʩʪʠʥʢʠ (çʤʠʢʨʦʣʠʪʦʥʳè - ʪʝʨʤʠʥ ɽ.ʀ.ʇʘʪʘʣʘʭʠ) ʥʘʯʠʥʘʶʪ ʨʘʟʚʠʚʘʪʴʩʷ 

ʧʘʨʘʣʣʝʣʴʥʦ ʜʚʫʤ ʤʘʢʩʠʤʘʣʴʥʳʤ ʢʘʩʘʪʝʣʴʥʳʤ ʥʘʧʨʷʞʝʥʠʷʤ. ɼʚʠʞʝʥʠʷ ʤʠʢʨʦʣʠʪʦʥʦʚ ʜʨʫʛ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ ʦʪʨʘʞʘʶʪ ʧʣʘʩʪʠʯʝʩʢʫʶ ʜʝʬʦʨʤʘʮʠʶ. ɺ ʧʨʦʮʝʩʩʝ ʝʝ ʨʘʟʚʠʪʠʷ 

ʧʝʨʚʦʥʘʯʘʣʴʥʳʡ ʫʛʦʣ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʩʦʩʪʘʚʣʷʶʱʠʡ ʦʢʦʣʦ 

90ʦ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʧʦʢʘ ʤʠʢʨʦʣʠʪʦʥʳ ʥʝ ʟʘʡʤʫʪ ʧʦʟʠʮʠʶ ʧʦʯʪʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʫʶ ʢ ʦʩʠ 

ʥʘʠʙʦʣʴʰʝʛʦ ʩʞʠʤʘʶʱʝʛʦ ʛʣʘʚʥʦʛʦ ʥʦʨʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ů3. ɼʘʣʝʝ ʧʨʦʠʩʭʦʜʠʪ 

ʨʘʩʧʣʶʱʠʚʘʥʠʝ ʤʠʢʨʦʣʠʪʦʥʦʚ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʠʭ ʤʦʱʥʦʩʪʠ, ʩʦʟʜʘʶʱʝʝ ʦʙʣʘʩʪʠ ʚʳʞʠʤʘʥʠʷ 

ʪʘʤ, ʛʜʝ ʥʘʠʙʦʣʝʝ ʚʝʣʠʢʘ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʤʘʢʩʠʤʘʣʴʥʳʤʠ ů3 ʠ ʤʠʥʠʤʘʣʴʥʳʤʠ ů1 ʩʞʠʤʘʶʱʠʤʠ 

ʥʘʧʨʷʞʝʥʠʷʤʠ. ʋʜʣʠʥʝʥʠʝ ʤʠʢʨʦʣʠʪʦʥʦʚ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʚ ʦʙʣʘʩʪʷʭ ʥʘʛʥʝʪʘʥʠʷ ʟʘ ʩʯʝʪ 

ʤʠʢʨʦʩʢʣʘʜʯʘʪʦʩʪʠ ʠ ʫʚʝʣʠʯʝʥʠʷ ʤʦʱʥʦʩʪʠ ʤʠʢʨʦʣʠʪʦʥʦʚ. ɺ ʦʙʣʘʩʪʷʭ ʥʘʛʥʝʪʘʥʠʷ ʨʘʟʥʦʩʪʴ 

ʤʝʞʜʫ ů3  ʠ  ů1 ʤʠʥʠʤʘʣʴʥʘ, ʚʧʣʦʪʴ ʜʦ ʝʝ ʦʪʩʫʪʩʪʚʠʷ. ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʚ ʦʙʣʘʩʪʴ ʥʘʛʥʝʪʘʥʠʷ 

ʫʩʪʨʝʤʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʦʜʚʠʞʥʦʝ ʚʝʱʝʩʪʚʦ ʥʘʠʤʝʥʴʰʝʡ ʚʷʟʢʦʩʪʠ. ʕʪʦ ʦʜʥʘ ʠʟ ʭʘʨʘʢʪʝʨʥʳʭ 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ (ʨʠʩʫʥʦʢ 4.1). ʇʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ 

ʯʝʨʝʜʦʚʘʥʠʝ ʦʙʣʘʩʪʝʡ ʚʳʞʠʤʘʥʠʷ ʠ ʥʘʛʥʝʪʘʥʠʷ ʚ ʨʘʟʥʳʭ ʤʘʩʰʪʘʙʘʭ ʠʭ ʧʨʦʷʚʣʝʥʠʷ. 

ʅʝʦʜʥʦʨʦʜʥʦʩʪʠ ʧʦʣʷ ʥʘʧʨʷʞʝʥʠʡ ʤʦʛʫʪ ʧʨʦʷʚʣʷʪʴʩʷ ʚ ʦʯʝʥʴ ʤʘʣʳʭ ʦʙʲʝʤʘʭ, ʩʦʧʦʩʪʘʚʠʤʳʭ ʩ 

ʨʘʟʤʝʨʘʤʠ ʨʘʩʪʫʱʠʭ ʤʠʥʝʨʘʣʴʥʳʭ ʟʝʨʝʥ.  

 

 

ʉʚʝʪʣʦʝ ï ʢʚʘʨʮ-ʩʝʨʠʮʠʪʦʚʳʝ ʩʣʘʥʮʳ, 

ʏʝʨʥʦʝ ï ʤʝʪʘʤʦʨʬʦʛʝʥʥʳʡ ʢʚʘʨʮ ʚ ʦʙʣʘʩʪʷʭ ʥʘʛʥʝʪʘʥʠʷ (ʣʝʚʳʡ ʙʦʨʪ ʨ. ʂʫʙʘʥʴ, ʉʝʚ. ʂʘʚʢʘʟ). 

 

ʈʠʩʫʥʦʢ 4.1. ʏʝʨʝʜʦʚʘʥʠʝ ʤʝʪʘʤʦʨʬʦʛʝʥʥʳʭ ʦʙʣʘʩʪʝʡ ʚʳʞʠʤʘʥʠʷ ʠ ʥʘʛʥʝʪʘʥʠʷ ʚ 

ʩʫʙʜʫʮʠʨʦʚʘʥʥʳʭ ʪʦʣʱʘʭ ʧʦ ɸ.ʅ. ɹʘʨʳʰʝʚʫ (2004)  
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ʈʦʣʴ ʤʝʪʘʤʦʨʬʦʛʝʥʥʳʭ ʷʚʣʝʥʠʡ ʚʳʞʠʤʘʥʠʷ-ʥʘʛʥʝʪʘʥʠʷ ʚ ʣʦʢʘʣʠʟʘʮʠʠ ʘʣʤʘʟʦʚ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʦʩʦʙʝʥʥʦʩʪʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʂʫʤʜʳ-ʂʦʣʴ (ʂʘʟʘʭʩʪʘʥ). ɼʣʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʦʪʤʝʯʘʝʪʩʷ ʢʘʢ ʭʘʨʘʢʪʝʨʥʘʷ ʯʝʨʪʘ - ʧʨʠʫʨʦʯʝʥʥʦʩʪʴ ʦʩʥʦʚʥʦʡ ʯʘʩʪʠ ʘʣʤʘʟʦʚ ʢ ʛʨʘʥʘʪʘʤ 

[ɺʦʨʦʙʴʝʚ, 2001]. ɺ.ɸ.ʇʝʯʥʠʢʦʚ, ʩʯʠʪʘʷ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʘʣʤʘʟʦʚ ʵʪʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʤ [ʇʝʯʥʠʢʦʚ, 1991], ʧʨʠʚʦʜʠʪ ʚʤʝʩʪʝ ʩ ʪʝʤ ʬʘʢʪʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʫʢʘʟʳʚʘʪʴ ʥʘ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʶ ʘʣʤʘʟʘ ʚ ʫʩʣʦʚʠʷʭ ʤʝʪʘʤʦʨʬʠʟʤʘ: ʘʣʤʘʟʳ ʪʷʛʦʪʝʶʪ ʢ ʫʯʘʩʪʢʘʤ, ʛʜʝ 

ʛʥʝʡʩʦʚʠʜʥʦʩʪʴ ʧʦʨʦʜ ʧʨʦʷʚʣʝʥʘ ʤʝʥʴʰʝ ʚʩʝʛʦ. ɿʜʝʩʴ ʧʨʦʠʩʭʦʜʠʪ ʫʢʨʫʧʥʝʥʠʝ ʤʠʥʝʨʘʣʦʚ 

ʧʦʨʦʜ, ʦʙʦʛʘʱʝʥʥʳʭ ʛʨʘʬʠʪʦʤ, ʧʠʨʠʪʦʤ. ɸʣʤʘʟʳ ʯʘʩʪʦ ʟʘʢʣʶʯʝʥʳ ʚ ʛʨʘʥʘʪʳ. ɺʩʝ ʵʪʦ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʦʙʣʘʩʪʠ ʤʝʪʘʤʦʨʬʦʛʝʥʥʦʛʦ ʥʘʛʥʝʪʘʥʠʷ, ʟʜʝʩʴ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʩʧʦʣʘʛʘʶʪʩʷ 

ʠʟʦʪʨʦʧʥʳʝ ʤʠʥʝʨʘʣʳ ʢʫʙʠʯʝʩʢʦʡ ʩʠʥʛʦʥʠʠ (ʘʣʤʘʟ, ʛʨʘʥʘʪ, ʧʠʨʠʪ), ʩʶʜʘ ʞʝ ʫʩʪʨʝʤʣʷʶʪʩʷ 

ʤʘʣʦʚʷʟʢʠʝ ʣʝʛʢʦʧʦʜʚʠʞʥʳʝ ʢʦʤʧʦʥʝʥʪʳ (ʫʛʣʝʨʦʜʠʩʪʦʝ ʚʝʱʝʩʪʚʦ). ɺ ʦʪʣʠʯʠʝ ʦʪ ʵʪʦʛʦ, ʯʝʪʢʦ 

ʚʳʨʘʞʝʥʥʘʷ ʛʥʝʡʩʦʚʠʜʥʦʩʪʴ ʦʪʨʘʞʘʝʪ ʦʙʣʘʩʪʠ ʚʳʞʠʤʘʥʠʷ. ɿʘʨʦʜʳʰ ʘʣʤʘʟʘ ʬʦʨʤʠʨʫʝʪʩʷ, 

ʧʨʝʞʜʝ ʚʩʝʛʦ, ʚ ʩʢʘʣʷʨʥʦʡ ʦʙʣʘʩʪʠ, ʛʜʝ ʦʪʩʫʪʩʪʚʫʶʪ ʠʣʠ ʚʝʩʴʤʘ ʤʘʣʳ ʪʘʥʛʝʥʮʠʘʣʴʥʳʝ 

ʥʘʧʨʷʞʝʥʠʷ. ʊʘʤ ʠ ʦʙʨʘʟʫʝʪʩʷ ʠʜʝʘʣʴʥʘʷ ʬʦʨʤʘ ʢʫʙʠʯʝʩʢʦʡ ʩʠʥʛʦʥʠʠ ï ʛʝʢʩʘʵʜʨ. ʈʦʩʪ ʨʘʟʤʝʨʘ 

ʢʨʠʩʪʘʣʣʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʪʦʤʫ, ʯʪʦ ʦʥ ʚʳʡʜʝʪ ʟʘ ʨʘʤʢʠ ʩʢʘʣʷʨʥʦʡ ʦʙʣʘʩʪʠ ʠ ʥʘ ʥʝʛʦ ʥʘʯʥʫʪ 

ʚʣʠʷʪʴ ʪʘʥʛʝʥʮʠʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʤʝʥʷʷ ʤʝʭʘʥʠʟʤ ʨʦʩʪʘ. 

ʉʫʱʝʩʪʚʫʶʱʝʤʫ ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʦʪʜʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʦ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʘʣʤʘʟʘ ʠʟ 

ʨʘʩʧʣʘʚʘ ʧʨʠ ʩʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʪʠʚʦʨʝʯʠʪ ʪʦ, ʯʪʦ ʥʝ ʚʩʝ ʧʨʠʨʦʜʥʳʝ ʢʨʠʩʪʘʣʣʳ ʘʣʤʘʟʘ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʦʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʦʪ ʮʝʥʪʨʘ ʢ ʧʝʨʠʬʝʨʠʠ. ʂʘʢ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ ʥʘʤʠ ʨʘʥʝʝ [Kaminsky, Khachatryan, 2004], ʚ ʢʨʠʩʪʘʣʣʘʭ ʩ ʧʦʩʣʦʡʥʦʡ ʦʢʪʘʵʜʨʠʯʝʩʢʦʡ 

ʟʦʥʘʣʴʥʦʩʪʴʶ ʥʘ ʚʩʝʤ ʧʨʦʪʷʞʝʥʠʠ ʨʦʩʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʤʝʥʷʝʪʩʷ. ɹʦʣʝʝ ʪʦʛʦ, ʚ 

ʢʨʠʩʪʘʣʣʘʭ ʢʫʙʠʯʝʩʢʦʛʦ ʛʘʙʠʪʫʩʘ ʩ ʚʦʣʦʢʥʠʩʪʳʤ ʚʥʫʪʨʝʥʥʠʤ ʩʪʨʦʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʘ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʥʝʰʥʝʡ ʟʦʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʮʝʥʪʨʘʣʴʥʦʡ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ. ʉʫʜʷ ʧʦ ʩʪʝʧʝʥʠ 

ʘʛʨʝʛʘʮʠʠ ʧʨʠʤʝʩʝʡ ʘʟʦʪʘ, ʪʝʥʜʝʥʮʠʷ ʥʘʨʘʩʪʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ ʨʦʩʪʝ ʢʫʙʠʯʝʩʢʠʭ 

ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʦʚ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʪʨʫʙʢʘʭ ʋʜʘʯʥʘʷ (ʗʢʫʪʠʷ), ʂʘʨʧʠʥʩʢʦʛʦ, ʠʤ. ʃʦʤʦʥʦʩʦʚʘ 

(ɿʠʤʥʠʡ ɹʝʨʝʛ). ʈʘʥʝʝ ʤʳ ʦʙʲʷʩʥʷʣʠ ʵʪʦʪ ʵʬʬʝʢʪ ʢʠʥʝʪʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ [Kaminsky, 

Khachatryan, 2004], ʥʦ ʤʦʞʥʦ ʜʦʧʫʩʪʠʪʴ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʥʝʰʥʠʭ ʦʙʣʘʩʪʝʡ ʢʨʠʩʪʘʣʣʘ 

ʧʨʦʠʩʭʦʜʠʣʦ ʥʘ ʩʪʘʜʠʠ ʧʨʦʛʨʝʩʩʠʚʥʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ.  

ʆʪʥʦʩʠʪʝʣʴʥʦ ʧʨʠʯʠʥ ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʥʝʜʨʘʭ ʚʦ ʚʨʝʤʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʘʣʤʘʟʘ 

ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʥʳʝ ʪʦʯʢʠ ʟʨʝʥʠʷ. ɺ.ʉ.ʊʠʪʢʦʚ ʥʘʛʨʝʚ ʩʚʷʟʳʚʘʝʪ ʩ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʤ ʦʢʠʩʣʝʥʠʝʤ 

ʛʣʫʙʠʥʥʳʭ ʬʣʶʠʜʦʚ ʧʨʠ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʧʦʨʦʜʘʤʠ ʣʠʪʦʩʬʝʨʳ [ʊʠʪʢʦʚ, 2004]. ʊʘʢʦʡ 

ʪʨʘʢʪʦʚʢʝ ʧʨʠʨʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʦʪʠʚʦʨʝʯʠʪ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ, ʘ ʥʝ ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʨʝʞʠʤ 

ʦʙʨʘʟʦʚʘʥʠʷ ʘʣʤʘʟʦʚ [ʈʷʙʯʠʢʦʚ, 1986]. ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʤ, ʯʪʦ ʧʨʠʯʠʥʦʡ 

ʥʘʨʘʩʪʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ ʘʣʤʘʟʘ ʤʦʞʝʪ ʙʳʪʴ ʧʦʛʨʫʞʝʥʠʝ ʘʣʤʘʟʦʥʦʩʥʳʭ ʪʦʣʱ ʧʨʠ 

ʩʫʙʜʫʢʮʠʠ ʚ ʙʦʣʝʝ ʥʘʛʨʝʪʳʝ ʯʘʩʪʠ ʤʘʥʪʠʠ, ʪ.ʝ. ʧʨʠ ʧʨʦʛʨʝʩʩʠʚʥʦʤ ʤʝʪʘʤʦʨʬʠʟʤʝ [ɹʘʨʳʰʝʚ, 2006].  
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ʂʨʠʩʪʘʣʣʳ ʘʣʤʘʟʘ ʦʯʝʥʴ ʯʫʪʢʦ ʨʝʘʛʠʨʫʶʪ ʥʘ ʨʘʟʥʳʝ ʚʥʝʰʥʠʝ ʬʘʢʪʦʨʳ, ʥʝ ʪʦʣʴʢʦ 

ʠʟʤʝʥʝʥʠʝʤ ʛʘʙʠʪʫʩʘ, ʥʦ ʠ ʧʦʷʚʣʝʥʠʝʤ ʨʷʜʘ ʜʨʫʛʠʭ ʧʨʠʟʥʘʢʦʚ, ʘʥʘʣʠʟ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʜʘʪʴ 

ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʠʩʪʦʨʠʠ ʠʭ ʨʘʟʚʠʪʠʷ. ʕʪʠ ʧʨʠʟʥʘʢʠ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʪʠʧʦʤʦʨʬʥʳʤʠ. 

ʆʩʦʩʙʝʥʥʦʩʪʠ ʤʦʨʬʦʣʦʛʠʠ ʠ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʨʦʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʳ. 

ɼʦʩʪʘʪʦʯʥʦ ʧʦʣʥʦ ʦʥʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪʩʷ ʚ ʘʪʣʘʩʘʭ [ɿʘʭʘʨʯʝʥʢʦ ʠ ʜʨ., 2002, 2006]. ʅʘʠʙʦʣʝʝ 

ʦʙʝɦʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʪʘʥʛʝʥʮʠʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ ʨʦʩʪʘ ʩ 

ʟʦʥʘʣʴʥʳʤ ʧʦʩʣʦʡʥʳʤ ʥʘʨʘʩʪʘʥʠʝʤ ʛʨʘʥʝʡ ʫ ʦʢʪʘʵʜʨʦʚ ʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʦʨʤʘʣʴʥʳʡ 

ʤʝʭʘʥʠʟʤ ʨʦʩʪʘ ʩ ʚʦʣʦʢʥʠʩʪʳʤ ʩʪʨʦʝʥʠʝʤ ʛʨʘʥʝʡ ʛʝʢʩʘʵʜʨʦʚ (ʢʫʙʦʚ). ɺʤʝʩʪʝ ʩ ʪʝʤ ʚ ʦʜʥʦʤ ʠ 

ʪʦʤ ʞʝ ʢʨʠʩʪʘʣʣʝ ʘʣʤʘʟʘ ʚʩʪʨʝʯʘʶʪʩʷ ʩʣʫʯʘʠ ʩʦʯʝʪʘʥʠʷ ʨʘʟʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʨʦʩʪʘ. ʕʪʠ 

ʩʦʯʝʪʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʫʩʣʦʚʠʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʢʘʢ 

ʜʠʩʢʨʝʪʥʦʩʪʴ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʚʦ ʚʨʝʤʝʥʠ [ɻʘʨʘʥʠʥ, ʂʫʜʨʷʚʮʝʚʘ, 2006]. ʉʨʝʜʠ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚ ʣʠʪʝʨʘʪʫʨʝ ʨʘʟʥʳʭ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʤʝʭʘʥʠʟʤ ʨʦʩʪʘ ʘʣʤʘʟʘ, 

ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʘʷ ʨʦʣʴ ʦʪʚʦʜʠʪʩʷ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʧʝʨʝʩʳʱʝʥʠʶ ʩʨʝʜʳ ʫʛʣʝʨʦʜʦʤ [ɹʦʢʠʡ ʠ 

ʜʨ., 1986; Shirey et al., 2013]. ʈʷʜ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʭ ʬʘʢʪʦʚ ʧʦʟʚʦʣʷʶʪ 

ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʥʘʨʷʜʫ ʩ ʦʪʤʝʯʝʥʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʚʣʠʷʶʱʠʤʠ ʥʘ ʤʝʭʘʥʠʟʤ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ 

ʘʣʤʘʟʘ, ʚʝʩʴʤʘ ʚʘʞʥʫʶ, ʝʩʣʠ ʥʝ ʛʣʘʚʥʫʶ, ʨʦʣʴ ʠʛʨʘʶʪ ʦʩʦʙʝʥʥʦʩʪʠ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʧʦʣʷ 

ʥʘʧʨʷʞʝʥʠʡ ʚ ʩʨʝʜʝ, ʦʢʨʫʞʘʶʱʝʡ ʢʨʠʩʪʘʣʣ.  

ʈʘʩʩʤʦʪʨʠʤ ʪʝ ʩʚʦʡʩʪʚʘ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ, ʢʦʪʦʨʳʝ ʦʪʨʘʞʘʶʪ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚ 

ʪʚʝʨʜʦʡ ʩʨʝʜʝ ʧʨʠ ʨʝʛʠʦʥʘʣʴʥʦʤ ʤʝʪʘʤʦʨʬʠʟʤʝ ʧʦʨʦʜ ʚ ʧʨʦʮʝʩʩʝ ʩʫʙʜʫʢʮʠʠ ʪʦʣʱ ʟʝʤʥʦʡ 

ʢʦʨʳ. 

1. ɼʠʩʩʠʤʤʝʪʨʠʟʘʮʠʷ ʢʨʠʩʪʘʣʣʦʚ (ʫʜʣʠʥʝʥʠʝ, ʠʩʢʘʞʝʥʠʝ) ʢʦʩʚʝʥʥʳʤ ʦʙʨʘʟʦʤ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʧʨʦʠʩʭʦʜʠʣʘ ʥʝ ʚ ʠʟʦʪʨʦʧʥʦʡ ʩʨʝʜʝ, ʪʦ ʝʩʪʴ ʥʝ ʚ 

ʞʠʜʢʦʡ (ʨʘʩʧʣʘʚ) ʠʣʠ ʛʘʟʦʦʙʨʘʟʥʦʡ. ɼʠʩʩʠʤʤʝʪʨʠʟʘʮʠʷ ʢʨʠʩʪʘʣʣʦʚ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ 

ʚʦ ʚʥʝʰʥʝʡ ʬʦʨʤʝ, ʥʦ ʠ ʚʥʫʪʨʝʥʥʝʤ ʩʪʨʦʝʥʠʠ ʢʨʠʩʪʘʣʣʦʚ, ʢʦʪʦʨʦʝ ʚʳʷʚʣʷʝʪʩʷ ʚ ʘʣʤʘʟʥʳʭ 

ʧʣʘʩʪʠʥʘʭ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʢʘʪʦʜʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʛʣʘʚʘ3).  

2. ʅʘʣʠʯʠʝ ʚ ʢʨʠʩʪʘʣʣʘʭ ʮʝʥʪʨʘʣʴʥʳʭ ʟʘʨʦʜʳʰʝʡ - ʦʙʣʦʤʢʦʚ ʘʣʤʘʟʘ ʨʘʥʥʝʡ ʛʝʥʝʨʘʮʠʠ.  

3. ɼʝʬʦʨʤʘʮʠʠ ʚʦ ʚʨʝʤʷ ʨʦʩʪʘ ʘʣʤʘʟʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʨʝʱʠʥ ʩʢʘʣʳʚʘʥʠʷ ʠ ʦʪʨʳʚʘ.  

ʆʩʪʘʥʦʚʠʤʩʷ ʥʘ ʵʪʠʭ ʦʩʦʙʝʥʥʦʩʪʷʭ ʩʪʨʦʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ ʧʦʜʨʦʙʥʝʝ. 

1. ɼʣʷ ʦʙʩʫʞʜʝʥʠʷ ʥʘʧʦʤʥʠʤ, ʯʪʦ ʚ ʥʝʧʦʜʚʠʞʥʳʭ ʨʘʩʪʚʦʨʝ ʠʣʠ ʨʘʩʧʣʘʚʝ ʧʦʣʝ ʥʘʧʨʷʞʝʥʠʡ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʰʘʨʦʚʳʤ ʪʝʥʟʦʨʦʤ, ʠʥʘʯʝ ʪʝʥʟʦʨʦʤ ʥʫʣʝʚʦʛʦ ʨʘʥʛʘ (ʩʢʘʣʷʨʘ), ʚ ʢʦʪʦʨʦʤ 

ʥʦʨʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʦʜʠʥʘʢʦʚʳ ʚʦ ʚʩʝʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʘ ʢʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ 

ʦʪʩʫʪʩʪʚʫʶʪ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʵʪʦʛʦ ʚ ʪʚʝʨʜʦʡ ʩʨʝʜʝ ʧʨʠ ʥʘʣʠʯʠʠ ʩʪʨʝʩʩʘ ʧʦʣʝ ʥʘʧʨʷʞʝʥʠʡ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʵʣʣʠʧʩʦʠʜʦʤ (ʪʝʥʟʦʨʦʤ ʧʝʨʚʦʛʦ ʨʘʥʛʘ). ʕʪʦ ʧʦʣʝ ʤʦʞʝʪ ʩʦʟʜʘʚʘʪʴ ʚ ʢʨʠʩʪʘʣʣʘʭ 

ʜʠʩʩʠʤʤʝʪʨʠʶ, ʢʦʪʦʨʘʷ ʚʳʨʘʞʘʝʪʩʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʤʠ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʚ ʨʘʟʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʬʦʨʤʳ ʠ ʦʨʠʝʥʪʠʨʦʚʢʠ ʢʨʠʩʪʘʣʣʦʚ [ɽʛʦʨʦʚ-ʊʠʩʤʝʥʢʦ, 2005; ʈʘʤʙʝʨʛ, 1970].  
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ɼʠʩʩʠʤʤʝʪʨʠʟʘʮʠʷ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ ʧʨʦʷʚʣʷʝʪʩʷ, ʥʘʧʨʠʤʝʨ, ʚ ʠʭ ʫʧʣʦʱʝʥʥʦʩʪʠ 

(ʥʘʠʙʦʣʝʝ ʪʠʧʠʯʥʦ ʫʧʣʦʱʝʥʠʝ ʧʦ ʦʩʠ L3), ʣʠʰʘʶʱʝʡ ʝʛʦ ʜʚʫʭ ʦʩʝʡ ʩʠʤʤʝʪʨʠʠ ʯʝʪʚʝʨʪʦʛʦ 

ʧʦʨʷʜʢʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʠʤʤʝʪʨʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʢʫʙʠʯʝʩʢʦʡ ʩʠʥʛʦʥʠʠ. ʊʦʪ 

ʬʘʢʪ, ʯʪʦ ʦʢʪʘʵʜʨʳ ʘʣʤʘʟʘ ʯʘʩʪʦ ʠʤʝʶʪ ʫʧʣʦʱʝʥʥʫʶ ʠ ʩʣʦʞʥʦʠʩʢʘʞʝʥʥʫʶ ʬʦʨʤʫ (ʨʠʩʫʥʦʢ 4.2 

ʘ-ʚ.), ʢʦʩʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʧʨʦʠʩʭʦʜʠʣʘ ʥʝ ʚ 

ʠʟʦʪʨʦʧʥʦʡ ʩʨʝʜʝ, ʪʦ ʝʩʪʴ ʥʝ ʚ ʛʘʟʦʚʦʡ, ʥʝ ʚ ʨʘʩʪʚʦʨʝ ʠʣʠ ʨʘʩʧʣʘʚʝ. 

 

 

 

ʘ ï ʫʜʣʠʥʝʥʠʝ ʦʢʪʘʵʜʨʘ (7,5ʭ4ʤʤ) ʧʦ ʦʩʠ [110], ʥʘ ʤʝʩʪʝ ʚʝʨʰʠʥ ʨʝʙʨʘ, ʧʘʨʘʣʣʝʣʴʥʳʝ 

ʫʜʣʠʥʝʥʠʶ, 

ʙ ï ʩʣʦʞʥʦʝ ʠʩʢʘʞʝʥʠʝ ʦʢʪʘʵʜʨʘ (5ʭ3,5 ʤʤ) ʩ ʥʝʨʘʚʥʦʤʝʨʥʳʤ ʨʘʟʚʠʪʠʝʤ ʛʨʘʥʝʡ, 

ʚ ï ʩʣʦʞʥʦʝ ʠʩʢʘʞʝʥʠʝ ʜʦʜʝʢʘʵʜʨʦʠʜʘ (13ʭ5 ʤʤ), 

ʛ ï ʢʘʨʪʠʥʘ ʢʘʪʦʜʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʘʣʤʘʟʥʦʡ ʧʣʘʩʪʠʥʳ, ʧʘʨʘʣʣʝʣʴʥʦʡ (110) ʠ ʝʝ ʬʨʘʛʤʝʥʪ, 

ʜ, ʝ ï ʩʤʝʱʝʥʠʝ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʩʣʦʝʚ ʢʨʠʩʪʘʣʣʘ (2,5ʭ2 ʤʤ) ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ ʚ ʧʨʦʮʝʩʩʝ 

ʝʛʦ ʨʦʩʪʘ 

 

ʈʠʩʫʥʦʢ 4.2. ʈʘʟʣʠʯʥʳʝ ʠʩʢʘʞʝʥʠʷ ʬʦʨʤʳ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ ʧʦ [ɿʘʭʘʨʯʝʥʢʦ ʠ ʜʨ., 2002, 2006] 

 

 

ʗʚʣʝʥʠʝ ʜʠʩʩʠʤʝʪʨʠʟʘʮʠʠ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʩ ʧʦʟʠʮʠʡ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ʥʘ 

ʨʘʟʥʳʭ ʛʨʘʥʷʭ ʚ ʛʨʘʜʠʝʥʪʥʦʤ ʧʦʣʝ ʥʘʧʨʷʞʝʥʠʡ, ʪʘʢ ʠ ʧʦʪʝʥʮʠʘʣʘ ʬʦʨʤʳ (ʧʦ ʍ.ʈʘʤʙʝʨʛʫ). ʅʘ 

ʩʠʤʤʝʪʨʠʶ ʢʨʠʩʪʘʣʣʦʚ ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʥʝ ʪʦʣʴʢʦ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʘʣʛʝʙʨʘʠʯʝʩʢʠ 

ʥʘʠʙʦʣʴʰʠʤ ʠ ʥʘʠʤʝʥʴʰʠʤ, ʥʦ ʠ ʤʝʞʜʫ ʥʘʠʙʦʣʴʰʠʤ ʠ ʩʨʝʜʥʠʤ ʛʣʘʚʥʳʤʠ ʥʦʨʤʘʣʴʥʳʤʠ 

ʥʘʧʨʷʞʝʥʠʷʤʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʙʫʜʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʢʘʢ ʜʠʩʩʠʤʤʝʪʨʠʟʘʮʠʷ ʬʦʨʤʳ, ʪʘʢ ʠ ʨʘʟʥʘʷ 
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ʩʢʦʨʦʩʪʴ ʚʦʣʦʢʥʠʩʪʦʛʦ ʥʘʨʘʩʪʘʥʠʷ ʛʨʘʥʝʡ ʚʜʦʣʴ ʦʩʝʡ ʘʣʛʝʙʨʘʠʯʝʩʢʠ ʥʘʠʙʦʣʴʰʝʛʦ ů1 ʠ ʩʨʝʜʥʝʛʦ 

ů2 ʛʣʘʚʥʳʭ ʥʦʨʤʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ. ʊʘʢʦʛʦ ʨʦʜʘ ʷʚʣʝʥʠʝ ʦʪʯʝʪʣʠʚʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪʩʷ 

ʢʘʨʪʠʥʦʡ ʢʘʪʦʜʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʣʘʩʪʠʥʳ ʘʣʤʘʟʘ, ʚʳʨʝʟʘʥʥʦʡ ʧʘʨʘʣʣʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ (110), 

ʯʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʘʭ 4.2 ʛ, ʜ. ɸʣʤʘʟ ʥʘ ʢʘʨʪʠʥʝ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʟʦʥ. ɺʥʫʪʨʝʥʥʷʷ ʟʦʥʘ ʠʤʝʝʪ 

ʫʜʣʠʥʝʥʥʫʶ ʬʦʨʤʫ, ʤʦʟʘʠʯʥʦ-ʙʣʦʢʦʚʫʶ ʩʪʨʫʢʪʫʨʫ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʧʦʣʦʩʯʘʪʦʩʪʴʶ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʧʦ ʫʜʣʠʥʝʥʠʶ. ʉʪʨʫʢʪʫʨʘ ʚʥʝʰʥʝʡ ʟʦʥʳ ʚʜʦʣʴ ʫʜʣʠʥʝʥʥʳʭ ʩʪʦʨʦʥ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ çʘʥʪʠʩʢʝʣʝʪʥʦʤ ʨʦʩʪʝè ʩ ʨʘʟʥʦʡ ʩʢʦʨʦʩʪʴʶ ʨʦʩʪʘ ʚ ʨʘʟʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. 

ɺʤʝʩʪʝ ʩ ʵʪʠʤ ʧʨʦʠʩʭʦʜʠʪ ʚʦʣʦʢʥʠʩʪʳʡ (ʥʦʨʤʘʣʴʥʳʡ) ʨʦʩʪ ʢʨʠʩʪʘʣʣʘ ʚ ʜʚʫʭ ʚʟʘʠʤʥʦ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ.  

ɼʠʩʩʠʤʤʝʪʨʠʟʘʮʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʨʦʝʥʠʷ ʘʣʤʘʟʘ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʜʚʝ ʧʘʨʳ ʛʨʘʥʝʡ 

ʨʘʩʪʫʪ ʧʦ ʪʘʥʛʝʥʮʠʘʣʴʥʦʤʫ ʤʝʭʘʥʠʟʤʫ, ʘ ʜʚʝ ʧʦ ʥʦʨʤʘʣʴʥʦʤʫ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ 

ʥʘʧʨʷʞʝʥʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʩʨʝʜʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ɺ ʮʝʣʦʤ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʪʦʤ, ʯʪʦ ʤʝʭʘʥʠʟʤ 

ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʘ ʘʣʤʘʟʘ ʟʘʚʠʩʠʪ ʦʪ ʦʨʠʝʥʪʘʮʠʠ ʢʨʠʩʪʘʣʣʘ ʚ ʪʝʢʪʦʥʠʯʝʩʢʦʤ ʧʦʣʝ ʥʘʧʨʷʞʝʥʠʡ, ʘ ʥʝ 

ʪʦʣʴʢʦ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʝʨʝʩʳʱʝʥʥʦʩʪʠ ʩʨʝʜʳ ʫʛʣʝʨʦʜʦʤ, ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʠʥʳʭ ʧʨʠʤʝʩʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʩʨʝʜʝ ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʷ. ʀʥʘʯʝ ʛʦʚʦʨʷ, ʦʜʥʠʤ ʠʟ ʬʘʢʪʦʨʦʚ, 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʤʝʭʘʥʠʟʤ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʘ, ʩʣʫʞʘʪ ʥʦʨʤʘʣʴʥʳʝ ʠ ʢʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ. 

ʅʝ ʫʜʠʚʠʪʝʣʴʥʦ, ʯʪʦ ʢ ʤʝʭʘʥʠʟʤʘʤ ʨʦʩʪʘ ʚ ʤʠʥʝʨʘʣʦʛʠʠ ʘʣʤʘʟʘ ʧʨʠʤʝʥʷʶʪ ʪʝ ʞʝ 

ʪʝʨʤʠʥʳ, ʢʦʪʦʨʳʤʠ ʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʧʨʷʞʝʥʠʡ. ɼʣʷ ʦʢʪʘʵʜʨʦʚ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʪʘʥʛʝʥʮʠʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ ʨʦʩʪʘ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʦʙʫʩʣʦʚʣʝʥ ʪʝʤ, ʯʪʦ 

ʦʨʠʝʥʪʠʨʦʚʢʘ ʢʨʠʩʪʘʣʣʘ ʫʜʦʚʣʝʪʚʦʨʷʣʘ ʧʨʠʥʮʠʧʫ ʤʠʥʠʤʘʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʬʦʨʤʳ ʚ 

ʛʨʘʜʠʝʥʪʥʦʤ ʧʦʣʝ ʥʘʧʨʷʞʝʥʠʡ. ʇʨʠ ʵʪʦʤ ʫʜʣʠʥʝʥʥʳʡ ʨʘʟʤʝʨ ʟʝʨʥʘ ʦʨʠʝʥʪʠʨʦʚʘʥ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʦʩʠ ʘʣʛʝʙʨʘʠʯʝʩʢʠ ʥʘʠʤʝʥʴʰʝʛʦ (ʪ.ʝ. ʥʘʠʙʦʣʴʰʝʛʦ ʩʞʠʤʘʶʱʝʛʦ) ʛʣʘʚʥʦʛʦ 

ʥʦʨʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ů3, ʘ ʛʨʘʥʠ (111) ʝʩʪʝʩʪʚʝʥʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʙʣʠʟʢʦ ʢ ʪʨʘʝʢʪʦʨʠʷʤ 

ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ Ű. ʂʘʞʜʳʡ ʩʣʦʡ ʚ ʥʘʨʘʩʪʘʶʱʠʭ ʛʨʘʥʷʭ ʢʘʢ ʙʳ ʩʜʚʠʛʘʝʪʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʝʝ ʨʘʥʥʝʛʦ ʩʣʦʷ, ʭʘʨʘʢʪʝʨʠʟʫʷ ʧʣʘʩʪʠʯʝʩʢʫʶ ʜʝʬʦʨʤʘʮʠʶ ʚʦ ʚʨʝʤʷ ʨʦʩʪʘ  

ʢʨʠʩʪʘʣʣʘ (ʨʠʩʫʥʦʢ 4.2 ʝ). 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʵʪʦʛʦ, ʢʫʙʠʯʝʩʢʠʝ ʢʨʠʩʪʘʣʣʳ ʯʘʩʪʦ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʪʘʢ, ʯʪʦ ʦʜʥʘ ʠʟ ʛʨʘʥʝʡ, 

ʥʘʧʨʠʤʝʨ (001), ʨʘʩʧʦʣʦʞʝʥʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʦʩʠ ů3. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʨʫʛʠʝ ʛʨʘʥʠ (100) ʠ 

ʚʦʟʤʦʞʥʦ (010) ʥʘʭʦʜʷʪʩʷ ʚ ʧʦʣʦʞʝʥʠʠ, ʢʦʪʦʨʦʝ ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʦ ʤʝʪʘʤʦʨʬʠʟʤʫ ʠʤʝʥʫʝʪʩʷ 

çʪʝʥʷʤʠ ʜʘʚʣʝʥʠʷè. ʕʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʦʨʤʘʣʴʥʦʤʫ ʤʝʭʘʥʠʟʤʫ ʠ ʙʦʣʴʰʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʩʢʦʨʦʩʪʠ ʠʭ ʨʦʩʪʘ. ʆʯʝʚʠʜʥʦ, ʥʝ ʩʣʫʯʘʡʥʦ ʚ ʧʨʠʨʦʜʝ ʠʤʝʝʪ ʤʝʩʪʦ ʷʚʣʝʥʠʝ ʩʤʝʰʘʥʥʦʛʦ 

ʤʝʭʘʥʠʟʤʘ ʨʦʩʪʘ (ʩʤ. ʨʠʩʫʥʦʢ 2.8-4, 5, 9), ʢʦʛʜʘ ʛʨʘʥʴ ʦʢʪʘʵʜʨʘ ʘʣʤʘʟʘ ʨʘʩʪʝʪ ʧʦ 

ʪʘʥʛʝʥʮʠʘʣʴʥʦʤʫ ʤʝʭʘʥʠʟʤʫ, ʘ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʥʝʡ ʚʦʟʥʠʢʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʛʨʘʥʴ ʢʫʙʘ ʩ 

ʥʦʨʤʘʣʴʥʳʤ ʨʦʩʪʦʤ, ʩ ʙʦʣʴʰʝʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʧʨʠʤʝʩʝʡ. ʀʥʘʯʝ ʛʦʚʦʨʷ, ʚʝʱʝʩʪʚʦ ʘʣʤʘʟʘ 



 

 

158 

çʩʜʚʠʥʫʪʦʝè ʧʦ ʛʨʘʥʠ ʦʢʪʘʵʜʨʘ ʢ ʝʝ ʧʝʨʠʬʝʨʠʠ ʧʦʧʘʜʘʝʪ ʚ ʦʙʣʘʩʪʴ ʥʘʛʥʝʪʘʥʠʷ, ʯʪʦ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʝʛʦ ʚʦʣʦʢʥʠʩʪʳʤ (ʥʦʨʤʘʣʴʥʳʤ) ʨʦʩʪʦʤ. 

ʇʦʜʦʙʥʦ ʪʦʤʫ, ʢʘʢ ʚ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜʘʭ ʚʦʢʨʫʛ ʢʨʠʩʪʘʣʣʘ ʚ ʪʝʥʷʭ ʜʘʚʣʝʥʠʷ ʥʘʨʘʩʪʘʶʪ 

ʤʠʥʝʨʘʣʳ ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʦʜʚʠʞʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ (ʥʘʧʨʠʤʝʨ, ʢʦʥʩʪʠʪʫʮʠʦʥʥʦʡ 

ʚʦʜʳ), ʚ ʥʦʨʤʘʣʴʥʦ ʨʘʩʪʫʱʠʭ ʛʨʘʥʷʭ ʘʣʤʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʨʘʥʷʤʠ ʪʘʥʛʝʥʮʠʘʣʴʥʦʛʦ ʨʦʩʪʘ 

ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ ʙʦʣʴʰʝ ʬʘʟʦʚʳʭ ʧʨʠʤʝʩʝʡ ʠ ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ. ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʨʠʤʝʨʳ 

ʵʪʦʛʦ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʛʣʘʚʝ 3 ʜʠʩʩʝʨʪʘʮʠʠ. ɺʢʣʶʯʝʥʠʷ ʚʝʱʝʩʪʚ ʩ ʨʘʟʥʦʡ ʚʷʟʢʦʩʪʴʶ ʚ ʢʨʠʩʪʘʣʣʘʭ 

ʘʣʤʘʟʘ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʧʦ-ʨʘʟʥʦʤʫ: ʛʘʟʦʚʳʝ ʫʩʪʨʝʤʣʷʶʪʩʷ ʚ ʦʙʣʘʩʪʴ ʩ ʧʦʥʠʞʝʥʥʳʤ ʩʪʨʝʩʩʦʤ, 

ʭʘʨʘʢʪʝʨʠʟʫʝʤʫʶ ʥʦʨʤʘʣʴʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʨʦʩʪʘ ʘʣʤʘʟʘ, ʘ ʪʚʝʨʜʳʝ ʤʦʛʫʪ ʦʩʪʘʚʘʪʴʩʷ ʚ ʩʪʨʝʩʩʦʚʦʡ 

ʩʠʪʫʘʮʠʠ ʠ ʨʘʟʤʝʱʘʪʴʩʷ ʚ ʟʦʥʘʭ ʪʘʥʛʝʥʮʠʘʣʴʥʦʛʦ ʧʦʩʣʦʡʥʦʛʦ ʨʦʩʪʘ.  

ʆʜʥʘʢʦ ʤʦʛʫʪ ʙʳʪʴ ʠ ʠʥʳʝ ʩʣʫʯʘʠ. ʅʘʧʨʠʤʝʨ, ʢʦʛʜʘ ʘʣʤʘʟ ʚʤʝʩʪʝ ʩ ʚʤʝʱʘʶʱʠʤʠ 

ʧʦʨʦʜʘʤʠ ʧʦʚʝʨʥʝʪʩʷ ʚ ʪʝʢʪʦʥʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʦʙʩʪʘʥʦʚʢʝ ʪʘʢ, ʯʪʦ ʜʚʝ ʧʘʨʳ ʛʨʘʥʝʡ ʢʫʙʘ 

ʦʢʘʞʫʪʩʷ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ ʧʘʨʘʣʣʝʣʴʥʦ ʢʘʩʘʪʝʣʴʥʳʤ ʥʘʧʨʷʞʝʥʠʷʤ, ʨʦʩʪ ʠʭ ʩʪʘʥʝʪ 

ʪʘʥʛʝʥʮʠʘʣʴʥʳʤ. ɺ ʜʨʫʛʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʢʨʠʩʪʘʣʣ ʥʘʭʦʜʠʪʩʷ ʚ ʦʙʣʘʩʪʠ ʥʘʛʥʝʪʘʥʠʷ, ʚ 

ʠʟʦʪʨʦʧʥʦʤ ʧʦʣʝ ʥʘʧʨʷʞʝʥʠʡ, ʚʩʝ ʛʨʘʥʠ ʢʫʙʘ ʤʦʛʫʪ ʠʤʝʪʴ ʥʦʨʤʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ ʨʦʩʪʘ ʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʦʣʦʢʥʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ ʩʣʦʝʚ.  

ɺ ʙʦʣʝʝ ʨʝʜʢʠʭ ʩʣʫʯʘʷʭ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʨʠʩʪʘʣʣʳ ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʚ ʪʘʢʦʡ ʧʦʟʠʮʠʠ, ʢʦʛʜʘ 

ʦʜʥʠ ʠʭ ʛʨʘʥʠ ʙʫʜʫʪ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʢ ʦʩʠ ʥʘʠʤʝʥʴʰʠʭ ʩʞʠʤʘʶʱʠʭ 

ʥʘʧʨʷʞʝʥʠʡ ů1, ʘ ʜʨʫʛʠʝ ʧʘʨʘʣʣʝʣʴʥʦ ʢʘʩʘʪʝʣʴʥʳʤ ʥʘʧʨʷʞʝʥʠʷʤ Ű. ʊʘʢʦʡ ʧʦʟʠʮʠʠ ʛʨʘʥʝʡ 

ʙʫʜʫʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʨʘʟʥʳʝ ʤʝʭʘʥʠʟʤʳ ʨʦʩʪʘ. ɹʦʣʝʝ ʪʦʛʦ, ʚ ʨʘʟʥʳʝ ʧʝʨʠʦʜʳ ʚʨʝʤʝʥʠ ʨʦʩʪʘ 

ʢʨʠʩʪʘʣʣʘ ʧʦʣʝ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠ ʪʝʢʪʦʥʠʯʝʩʢʦʤ ʧʣʘʩʪʠʯʝʩʢʦʤ ʪʝʯʝʥʠʠ ʝʛʦ ʦʢʨʫʞʝʥʠʷ ʤʦʞʝʪ 

ʤʝʥʷʪʴʩʷ, ʩʧʦʩʦʙʩʪʚʫʷ ʩʤʝʥʝ ʤʝʭʘʥʠʟʤʦʚ ʨʦʩʪʘ (ʨʠʩʫʥʦʢ 4.3).  

 

 

ʈʠʩʫʥʦʢ 4.3. ɼʠʩʩʠʤʝʪʨʠʟʘʮʠʷ ʢʨʠʩʪʘʣʣʘ ʥʘ ʦʜʥʦʤ ʠʟ ʵʪʘʧʦʚ ʝʛʦ ʨʦʩʪʘ. ʂʘʨʪʠʥʘ ʢʘʪʦʜʥʦʡ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʣʘʩʪʠʥʳ (6ʭ6 ʤʤ), ʚʳʨʝʟʘʥʥʦʡ ʠʟ ʘʣʤʘʟʘ ʧʘʨʘʣʣʝʣʴʥʦ (100): ʘ ï ʦʙʱʠʡ ʚʠʜ, 

ʙ, ʚ ï ʫʚʝʣʠʯʝʥʥʳʝ ʬʨʘʛʤʝʥʪʳ ʧʦ ʨʘʙʦʪʝ [ɿʘʭʘʨʯʝʥʢʦ, ʍʘʯʘʪʨʷʥ, ɻʨʝʯʠʰʥʠʢʦʚ, 2006] 
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ʂʘʨʪʠʥʳ ʢʘʪʦʜʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʥʘ ʨʠʩʫʥʢʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʮʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ ʢʨʠʩʪʘʣʣʘ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʣʠʮʝʥʪʨʠʯʝʩʢʠʤ ʨʦʩʪʦʤ ʦʢʪʘʵʜʨʘ, ʥʝ ʥʘʨʫʰʘʚʰʠʤ ʦʙʱʝʡ ʩʠʤʤʝʪʨʠʠ. ɺ 

ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʦʙʣʘʩʪʠ ʚʦʟʥʠʢʣʘ ʜʠʩʩʠʤʤʝʪʨʠʟʘʮʠʷ: ʯʘʩʪʴ ʛʨʘʥʝʡ ʧʨʦʜʦʣʞʠʣʘ ʧʦʩʣʦʡʥʳʡ 

ʨʦʩʪ, ʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʝ ʢ ʥʠʤ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʛʨʘʥʠ ʩʪʘʣʠ ʨʘʩʪʠ ʧʦ ʥʦʨʤʘʣʴʥʦʤʫ 

ʤʝʭʘʥʠʟʤʫ. ɺʥʝʰʥʶʶ ʦʙʣʘʩʪʴ ʦʢʪʘʵʜʨʘ ʚʥʦʚʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʠʤʤʝʪʨʠʯʥʳʡ ʨʦʩʪ, ʢʦʪʦʨʳʡ 

ʩʬʦʨʤʠʨʦʚʘʣ ʛʘʙʠʪʫʩ ʦʩʪʨʦʨʝʙʝʨʥʦʛʦ ʦʢʪʘʵʜʨʘ. ɼʠʩʩʠʤʤʝʪʨʠʟʘʮʠʷ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʟʦʥʳ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʨʝʤʝʥʥʦʤ ʣʦʢʘʣʴʥʦʤ ʠʟʤʝʥʝʥʠʠ ʧʦʣʷ ʥʘʧʨʷʞʝʥʠʡ. 

ʀʟʫʯʝʥʠʝ ʜʝʪʘʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʨʦʝʥʠʷ ʘʣʤʘʟʘ ʜʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʫʶ ʦ ʝʛʦ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚ ʪʚʝʨʜʦʡ ʩʨʝʜʝ. 

ʅʝʨʝʜʢʦ ʚ ʢʨʠʩʪʘʣʣʘʭ ʧʨʠʨʦʜʥʦʛʦ ʘʣʤʘʟʘ ʠʤʝʝʪʩʷ ʮʝʥʪʨʘʣʴʥʦʝ ʚʢʣʶʯʝʥʠʝ, ʢʦʪʦʨʦʝ ʠʛʨʘʝʪ 

ʨʦʣʴ ʟʘʪʨʘʚʢʠ ʜʣʷ ʝʛʦ ʜʘʣʴʥʝʡʰʝʛʦ ʨʦʩʪʘ. ʆʜʠʥ ʠʟ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚʠʜʦʚ ʟʘʪʨʘʚʢʠ ï 

ʢʨʠʩʪʘʣʣ ʠʣʠ ʦʙʣʦʤʦʢ ʘʣʤʘʟʘ ʙʦʣʝʝ ʨʘʥʥʝʡ ʛʝʥʝʨʘʮʠʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʘʣʤʘʟʫ-ʭʦʟʷʠʥʫ. ʕʪʦ 

ʜʝʪʘʣʴʥʦ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʦ ʚ ʨʘʙʦʪʝ ɺ.ʂ. ɻʘʨʘʥʠʥʘ ʠ ɻ.ʇ. ʂʫʜʨʷʚʮʝʚʦʡ (2006). ʀʟ 3000 

ʘʣʤʘʟʥʳʭ ʧʣʘʩʪʠʥ, ʧʨʦʩʤʦʪʨʝʥʥʳʭ ʵʪʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʂʃ, ʚ ʰʝʩʪʠʩʪʘʭ 

ʙʳʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚʢʣʶʯʝʥʠʷ çʘʣʤʘʟ ʚ ʘʣʤʘʟʝè ʉʨʝʜʠ ʵʪʠʭ ʚʢʣʶʯʝʥʠʡ ʚʳʷʚʣʝʥʳ ʠʥʜʠʚʠʜʳ 

ʩʦ ʩʢʦʣʦʚʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʠ ʩ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʦʨʠʝʥʪʘʮʠʝʡ, ʦʪʣʠʯʥʦʡ ʦʪ ʘʣʤʘʟʘ-

ʭʦʟʷʠʥʘ. ʅʘʰʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʧʨʠʚʝʜʝʥʥʳʤʠ ʚʳʰʝ ʜʘʥʥʳʤʠ. ʂʘʢ ʧʨʘʚʠʣʦ, ʘʣʤʘʟ-

ʚʢʣʶʯʝʥʠʝ ʨʘʥʥʝʡ ʛʝʥʝʨʘʮʠʠ ʦʪʣʠʯʘʝʪʩʷ ʧʦ ʪʠʧʫ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʨʦʝʥʠʷ ʠ ʦʨʠʝʥʪʠʨʦʚʢʠ 

(ʨʠʩʫʥʦʢ 4.4 ʘ, ʙ) ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʪ ʘʣʤʘʟʘ-ʭʦʟʷʠʥʘ. 

 

 

ʘ ï ʦʙʣʦʤʦʢ ʩ ʧʦʩʣʦʡʥʦ ʦʢʪʘʵʜʨʠʯʝʩʢʠʤ ʚʥʫʪʨʝʥʥʠʤ ʩʪʨʦʝʥʠʝʤ, ʨʘʟʚʝʨʥʫʪʳʡ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʢʨʠʩʪʘʣʣʘ-ʭʦʟʷʠʥʘ, ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʡ ʚʥʫʪʨʝʥʥʝʡ ʟʦʥʝ ʢʨʠʩʪʘʣʣʘ ʨʦʤʙʦʜʦʜʝʢʘʵʜʨʠʯʝʩʢʦʛʦ 

ʛʘʙʠʪʫʩʘ (ˉ504) ʠʟ ʪʨʫʙʢʠ ʠʤ. ʂʘʨʧʠʥʩʢʦʛʦ-1, 

ʙ ï ʦʙʣʦʤʦʢ ʢʨʠʩʪʘʣʣʘ ʘʣʤʘʟʘ ʩ ʧʦʣʠʮʝʥʪʨʠʯʝʩʢʠʤ ʚʥʫʪʨʝʥʥʠʤ ʩʪʨʦʝʥʠʝʤ ʚʥʫʪʨʠ 

ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʢʨʠʩʪʘʣʣʘ (ˉ7) ʠʟ ʪʨʫʙʢʠ ʠʤ. ɺ. ɻʨʠʙʘ 

  

ʈʠʩʫʥʦʢ 4.4. ʎʝʥʪʨʘʣʴʥʦʝ ʚʢʣʶʯʝʥʠʝ ʚ ʘʣʤʘʟʝ ï ʦʙʣʦʤʦʢ ʢʨʠʩʪʘʣʣʘ ʘʣʤʘʟʘ 
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ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʬʦʨʤʘ ʮʝʥʪʨʘʣʴʥʦʛʦ ʟʘʨʦʜʳʰʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʝʛʦ ʦʙʣʦʤʦʯʥʦʡ ʧʨʠʨʦʜʝ, ʘ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʙʨʘʟʦʚʘʥʠʠ ʚ ʪʚʝʨʜʦʡ ʩʨʝʜʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ. ʕʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ ɺ.ɺ.ɹʝʩʢʨʦʚʥʦʚʘ, ʢʦʪʦʨʳʡ ʦʪʤʝʯʘʣ, ʯʪʦ ʩʣʝʜʳ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʢʦʣʦʚ ʮʝʥʪʨʘʣʴʥʳʭ 

ʦʙʣʘʩʪʝʡ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ ʫʢʘʟʳʚʘʶʪ ʥʘ ʚʳʩʦʢʫʶ ʚʷʟʢʦʩʪʴ ʬʘʟʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʨʝʜʳ ʚ ʛʣʘʚʥʳʝ 

ʵʪʘʧʳ ʦʥʪʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʮʠʢʣʘ ʘʣʤʘʟʘ [ɹʝʩʢʨʦʚʘʥʦʚ, 1992]. ʂ ʩʭʦʜʥʦʤʫ ʚʳʚʦʜʫ ʦ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʘʣʤʘʟʘ ʚ ʪʚʝʨʜʦʡ ʩʨʝʜʝ ʧʨʠʰʣʠ ʀ.ʀ.ʂʫʣʘʢʦʚʘ ʠ ɸ.ʇ.ʈʫʜʝʥʢʦ ʥʘ ʦʩʥʦʚʘʥʠʠ ʦʪʧʝʯʘʪʢʦʚ ʘʣʤʘʟʘ ʚ 

ʢʠʤʙʝʨʣʠʪʘʭ, ʫʢʘʟʳʚʘʶʱʠʭ ʥʘ ʩʢʦʣʳ ʢʨʠʩʪʘʣʣʦʚ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʨʦʩʪʘ [ʂʫʣʘʢʦʚʘ, ʈʫʜʝʥʢʦ, 2004]. 

3. ʈʦʩʪʦʚʳʝ ʜʝʬʦʨʤʘʮʠʠ ʚ ʘʣʤʘʟʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʨʝʱʠʥ ʩʢʘʣʳʚʘʥʠʷ ʠ ʦʪʨʳʚʘ ʚ ʢʨʠʩʪʘʣʣʝ, 

ʬʠʢʩʠʨʫʶʪʩʷ ʢʘʢ ʧʝʨʝʨʳʚ ʦʜʥʦʨʦʜʥʦʛʦ ʨʦʩʪʘ. ʄʠʢʨʦʩʜʚʠʛʦʚʳʝ ʜʝʬʦʨʤʘʮʠʠ, ʥʝ ʚʳʭʦʜʷʱʠʝ ʚʦ 

ʚʥʝʰʥʶʶ ʟʦʥʫ ʨʘʩʪʫʱʝʛʦ ʢʨʠʩʪʘʣʣʘ, ʦʪʤʝʯʘʣʠʩʴ ʨʘʥʝʝ ɸ.ɺ.ɺʘʨʰʘʚʩʢʠʤ (1968), 

ɺ.ɺ.ɹʝʩʢʨʦʚʘʥʦʚʳʤ (1992), ʀ.ʀ.ʂʫʣʘʢʦʚʦʡ ʠ ɸ.ʇ.ʈʫʜʝʥʢʦ (2004) ʜʣʷ ʘʣʤʘʟʦʚ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ. ʅʝ 

ʤʝʥʝʝ ʥʘʛʣʷʜʥʘʷ ʢʘʨʪʠʥʘ ʧʨʦʷʚʣʝʥʠʷ ʧʦʜʦʙʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʚʩʪʨʝʯʝʥʘ ʚ ʘʣʤʘʟʘʭ ʠʟ ʨʦʩʩʳʧʝʡ 

ʋʨʘʣʘ (ʨʠʩʫʥʦʢ 4.5). 

 

 

ʘ ï ʦʙʱʠʡ ʚʠʜ, 

ʙ ï ʫʚʝʣʠʯʝʥʥʳʡ ʬʨʘʛʤʝʥʪ; 

ʉʪʨʝʣʢʦʡ ʧʦʢʘʟʘʥʘ ʪʨʝʱʠʥʘ ʩʢʘʣʳʚʘʥʠʷ. 

 

ʈʠʩʫʥʦʢ 4.5. ʂʘʨʪʠʥʘ ʢʘʪʦʜʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʣʘʩʪʠʥʳ (5ʭ5 ʤʤ), ʚʳʨʝʟʘʥʥʦʡ ʠʟ ʢʨʠʩʪʘʣʣʘ 

ʘʣʤʘʟʘ ʧʘʨʘʣʣʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ (110) ʧʦ ʨʘʙʦʪʝ [ɿʘʭʘʨʯʝʥʢʦ, ʍʘʯʘʪʨʷʥ, ɻʨʝʯʠʰʥʠʢʦʚ, 2006] 

 

ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʢʨʠʩʪʘʣʣ ʨʦʩ ʢʘʢ ʦʢʪʘʵʜʨ ʩ ʧʦʩʣʦʡʥʦʡ ʟʦʥʘʣʴʥʦʩʪʴʶ, ʥʦ ʙʳʣ ʥʘʨʫʰʝʥ 

ʪʨʝʱʠʥʦʡ ʩʢʘʣʳʚʘʥʠʷ, ʧʝʨʝʩʝʢʘʶʱʝʡ ʟʦʥʳ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ. ʊʨʝʱʠʥʘ ʥʝ ʧʘʨʘʣʣʝʣʴʥʘ ʥʠ 

ʦʜʥʦʡ ʠʟ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʛʨʘʥʝʡ ʠʟ ʯʝʛʦ, ʚ ʩʚʝʪʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʭʘʥʠʟʤʘ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʦʪ 

ʥʦʨʤʘʣʴʥʳʭ ʠ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʧʝʨʝʜ ʝʝ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʧʨʦʠʟʦʰʣʦ ʠʟʤʝʥʝʥʠʝ ʦʨʠʝʥʪʠʨʦʚʢʠ ʦʩʝʡ ʥʘʧʨʷʞʝʥʠʡ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 
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ʦʪʢʦʣʦʚʰʝʡʩʷ ʯʘʩʪʠ ʘʣʤʘʟ ʥʘʨʘʩʪʘʣ ʧʫʪʝʤ ʪʘʥʛʝʥʮʠʘʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʩ ʟʦʥʘʣʴʥʦʩʪʴʶ, 

ʧʘʨʘʣʣʝʣʴʥʦʡ ʙʳʣʦʡ ʪʨʝʱʠʥʝ ʩʢʘʣʳʚʘʥʠʷ. ʅʘ ʟʘʚʝʨʰʘʶʱʝʤ ʵʪʘʧʝ ʧʨʦʠʟʦʰʣʦ ʦʢʠʩʣʠʪʝʣʴʥʦʝ 

ʨʘʩʪʚʦʨʝʥʠʝ ʚʥʝʰʥʝʡ ʟʦʥʳ ʘʣʤʘʟʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʬʦʨʤʘ ʢʨʠʩʪʘʣʣʘ ʩʪʘʣʘ ʦʢʨʫʛʣʦʡ 

[ɿʘʭʘʨʯʝʥʢʦ, ʍʘʯʘʪʨʷʥ, ɻʨʝʯʠʰʥʠʢʦʚ, 2006]. 

ɹʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʪʨʝʱʠʥ 

ʦʪʨʳʚʘ, ʚʩʪʨʝʯʘʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʝʜʢʦ. ʅʘ ʨʠʩʫʥʢʝ 4.6 ʧʦʜʦʙʥʘʷ ʪʨʝʱʠʥʘ ʬʠʢʩʠʨʫʝʪʩʷ ʧʦ 

ʟʘʣʠʚʘʤ ʘʣʤʘʟʘ ʙʦʣʝʝ ʧʦʟʜʥʝʡ ʛʝʥʝʨʘʮʠʠ ʚ ʨʘʟʦʨʚʘʥʥʫʶ ʚʥʫʪʨʝʥʥʶʶ ʯʘʩʪʴ ʢʨʠʩʪʘʣʣʘ ʨʘʥʥʝʡ 

ʛʝʥʝʨʘʮʠʠ, ʠʤʝʶʱʝʛʦ ʧʦʩʣʦʡʥʦ-ʟʦʥʘʣʴʥʦʝ ʩʪʨʦʝʥʠʝ.  

 

 

ʈʠʩʫʥʦʢ 4.6. ʂʘʨʪʠʥʘ ʢʘʪʦʜʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʣʘʩʪʠʥʳ (ʘ), ʚʳʨʝʟʘʥʥʦʡ ʠʟ ʢʨʠʩʪʘʣʣʘ ʘʣʤʘʟʘ 

ʨʘʡʦʥʘ ɻʫʘʥʠʘʤʦ (ɺʝʥʝʩʫʵʣʘ), ʧʦ ʨʘʙʦʪʝ [Schulze e.a., 2003], ʜʝʤʦʥʩʪʨʠʨʫʶʱʘʷ ʪʨʝʱʠʥʫ 

ʦʪʨʳʚʘ, çʟʘʣʝʯʝʥʥʫʶè ʘʣʤʘʟʦʤ ʙʦʣʝʝ ʧʦʟʜʥʝʡ ʛʝʥʝʨʘʮʠʠ (ʙʝʣʦʝ). ʉʝʨʦʝ ï ʘʣʤʘʟ ʨʘʥʥʝʡ 

ʛʝʥʝʨʘʮʠʠ, ʯʝʨʥʳʝ ʚʢʣʶʯʝʥʠʷ ï ʛʨʘʥʘʪ. ʅʘ ʫʚʝʣʠʯʝʥʥʦʤ ʧʨʷʤʦʫʛʦʣʴʥʦʤ ʬʨʘʛʤʝʥʪʝ (ʙ) 

ʧʣʘʩʪʠʥʳ ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʣʦʢʘʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʫʛʣʝʨʦʜʘ ʘʣʤʘʟʘ 

ʜʚʫʭ ʛʝʥʝʨʘʮʠʡ (ŭ13C) 

 

ʉʫʜʷ ʧʦ ʨʘʟʣʠʯʠʶ ŭ13C ʚ ʘʣʤʘʟʘʭ ʜʚʫʭ ʛʝʥʝʨʘʮʠʡ, ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʨʘʥʥʝʡ ʛʝʥʝʨʘʮʠʠ 

ʘʣʤʘʟʘ ʧʨʦʠʩʭʦʜʠʣʘ ʚ ʠʟʙʳʪʢʝ ʙʠʦʛʝʥʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʦʙʦʛʘʱʝʥʥʳʭ ʣʝʛʢʠʤ ʠʟʦʪʦʧʦʤ 

ʫʛʣʝʨʦʜʘ ʠ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʚ ʦʛʨʘʥʠʯʝʥʥʦʤ ʦʙʲʝʤʝ. ɼʘʣʝʝ ʚ ʦʙʨʘʟʦʚʘʚʰʫʶʩʷ ʤʝʪʘʤʦʨʬʦʛʝʥʥʫʶ 

ʪʨʝʱʠʥʫ ʦʪʨʳʚʘ ʚ ʢʨʠʩʪʘʣʣʝ ʧʨʦʠʟʦʰʣʦ ʥʘʛʥʝʪʘʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʦʙʦʛʘʱʝʥʥʦʡ 

ʠʟʦʪʦʧʥʦ-ʪʷʞʝʣʳʤ ʢʘʨʙʦʥʘʪʥʳʤ ʫʛʣʝʨʦʜʦʤ. 

ɺ ʨʘʤʢʘʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʪʚʝʨʜʦʡ ʩʨʝʜʝ ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʘʣʤʘʟʘ ʚ 

ʫʩʣʦʚʠʷʭ ʩʪʨʝʩʩʘ ʤʦʞʥʦ ʜʘʪʴ ʦʙʲʷʩʥʝʥʠʝ ʤʥʦʛʠʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʩʪʨʫʢʪʫʨʳ ʠ ʪʝʢʩʪʫʨʳ 

ʤʠʥʝʨʘʣʘ, ʪʘʢʠʤ ʢʘʢ ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʘʷ ʦʨʠʝʥʪʘʮʠʷ ʧʣʝʡʪʣʝʪʩ, ʘ ʪʘʢʞʝ 
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ʨʝʟʢʘʷ, ʠʥʦʛʜʘ ʥʝʦʜʥʦʢʨʘʪʥʘʷ ʩʤʝʥʘ ʤʝʭʘʥʠʟʤʘ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʘ. ʆʙʝ ʵʪʠ ʦʩʦʙʝʥʥʦʩʪʠ 

ʪʨʫʜʥʦʦʙʲʷʩʥʠʤʳ ʩ ʧʦʟʠʮʠʡ ʨʘʩʧʣʘʚʥʦʡ ʩʨʝʜʳ ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʷ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʣʝʡʪʣʝʪʩ ʜʘʥʘ ʥʘʤʠ ʚ ʛʣʘʚʝ 2. ʇʣʝʡʪʣʝʪʩ (ʘʥʛʣ. platelets ï ʤʘʣʝʥʴʢʠʝ 

ʧʣʘʩʪʠʥʦʯʢʠ) ʬʠʢʩʠʨʫʶʪʩʷ ʤʝʪʦʜʘʤʠ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ [Evans et al, 1995] ʠ ʀʂ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʚ ʜʠʘʧʘʟʦʥʝ ʚʦʣʥʦʚʳʭ ʯʠʩʝʣ ʤʝʞʜʫ 1358 ʠ 1374 ʩʤ-1. ʇʨʠ ʚʦʟʨʘʩʪʘʥʠʠ ʨʘʟʤʝʨʘ 

ʧʣʝʡʪʣʝʪʩ ʠʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʝʥʴʰʠʝ ʚʦʣʥʦʚʳʝ ʯʠʩʣʘ (ʙʦʣʴʰʘʷ ʜʣʠʥʘ ʚʦʣʥʳ). ʇʣʝʡʪʣʝʪʩ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʣʘʥʘʨʥʳʝ ʜʝʬʝʢʪʳ (ʨʠʩʫʥʦʢ 1.2), ʩʦʩʪʦʷʱʠʝ ʠʟ ʤʝʞʫʟʝʣʴʥʳʭ ʘʪʦʤʦʚ 

ʫʛʣʝʨʦʜʘ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʤʠʢʨʦʩʜʚʠʛʠ ʚ ʧʣʦʩʢʦʩʪʠ ʢʫʙʘ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʨʝʰʝʪʢʝ ʘʣʤʘʟʘ. ʇʨʠ ʦʪʞʠʛʝ (ʊ~ 2400ʦ, 2600-2700ʦ ʉ ʠ ʈ~ 8,5-9 ɻʇʘ) ʘʣʤʘʟʘ ʪʠʧʘ IaB 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʝʚʨʘʱʝʥʠʝ ʧʣʝʡʪʣʝʪʩ ʚ ʜʠʩʣʦʢʘʮʠʦʥʥʳʝ ʧʝʪʣʠ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʥʘ ʠʭ ʤʝʩʪʝ 

ʚʦʠʜʠʪʦʚ (ʧʫʩʪʦʪ) (ʨʠʩʫʥʦʢ 1.2). 

ɻʝʥʝʟʠʩ ʵʪʠʭ ʜʝʬʝʢʪʦʚ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʦʩʪʘʝʪʩʷ ʜʠʩʢʫʩʩʠʦʥʥʳʤ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʣʝʡʪʣʝʪʩ ʯʘʩʪʦ ʚʟʘʠʤʦʩʚʷʟʘʥʘ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʘʟʦʪʘ ʚ ɺ-ʬʦʨʤʝ ʚ ʢʨʠʩʪʘʣʣʘʭ, ʩ 

ʜʨʫʛʦʡ- ʩ ʤʝʭʘʥʠʟʤʦʤ ʠʭ ʨʦʩʪʘ. ʇʣʝʡʪʣʝʪʩ ʧʨʠʫʨʦʯʝʥʳ ʢ ʧʠʨʘʤʠʜʘʤ ʨʦʩʪʘ ʦʢʪʘʵʜʨʘ ʩ 

ʧʦʩʣʦʡʥʳʤ ʩʪʨʦʝʥʠʝʤ (ʪʘʥʛʝʥʮʠʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ ʨʦʩʪʘ) ʠ ʦʪʩʫʪʩʪʚʫʶʪ ʚ ʧʠʨʘʤʠʜʘʭ ʨʦʩʪʘ ʢʫʙʘ 

ʩ ʚʦʣʦʢʥʠʩʪʳʤ ʩʪʨʦʝʥʠʝʤ (ʥʦʨʤʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ ʨʦʩʪʘ).  

ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʚ ʢʘʨʪʠʥʘʭ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʬʦʨʤʘ ʠ ʦʨʠʝʥʪʠʨʦʚʢʘ 

ʧʣʝʡʪʣʝʪʩ (ʨʠʩʫʥʦʢ 1.2) ʥʘʧʦʤʠʥʘʶʪ ʭʘʨʘʢʪʝʨ ʪʨʝʱʠʥ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʩʪʨʝʩʩʝ.  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʚʳʰʝʠʟʣʦʞʝʥʥʳʤ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʜʝʬʝʢʪʳ 

ʭʘʨʘʢʪʝʨʥʳ ʣʠʰʴ ʜʣʷ ʘʣʤʘʟʦʚ, ʩʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ ʚ ʫʩʣʦʚʠʷʭ ʩʪʨʝʩʩʘ, ʥʦ ʥʝ ʪʠʧʠʯʥʳ ʜʣʷ 

ʢʨʠʩʪʘʣʣʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʩʢʘʣʷʨʥʦʤ ʧʦʣʝ ʥʘʧʨʷʞʝʥʠʡ (ʰʘʨʦʚʦʡ ʪʝʥʟʦʨ), ʠʥʘʯʝ ʛʦʚʦʨʷ, 

ʧʣʝʡʪʣʝʪʩ ʩʚʷʟʘʥʳ ʩ ʠʭ ʜʝʬʦʨʤʘʮʠʝʡ. 

ʂ ʩʭʦʜʥʦʤʫ ʟʘʢʣʶʯʝʥʠʶ ʧʨʠʭʦʜʷʪ ʠ ʜʨʫʛʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ, ʥʦ ʦʪʥʦʩʷʪ ʧʣʝʡʪʣʝʪʩ ʢ 

ʦʙʨʘʟʦʚʘʥʠʷʤ ʧʦʩʪʨʦʩʪʦʚʦʡ ʩʪʘʜʠʠ [ʄʘʣʴʢʦʚ, ɸʩʭʘʙʦʚ, 1979; ʈʳʣʦʚ ʠ ʜʨ., 2006]. ʇʦʜʦʙʥʳʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʪʯʘʩʪʠ ʦʙʫʩʣʦʚʣʝʥʳ ʜʘʥʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʦʪʞʠʛʫ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʠ 

ʧʨʠʨʦʜʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ, ʧʨʠʚʦʜʷʱʠʤʠ ʢ ʪʨʘʥʩʬʦʨʤʘʮʠʷʤ ʘʟʦʪʥʳʭ ʮʝʥʪʨʦʚ ʠ ʧʣʝʡʪʣʝʪʩ. 

ʊʘʢ, ʚ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʘʣʤʘʟʘʭ, ʩʦʜʝʨʞʘʱʠʭ ʦʜʠʥʦʯʥʳʡ ʩʪʨʫʢʪʫʨʥʦ ʩʚʷʟʘʥʥʳʡ ʘʟʦʪ, ʧʣʝʡʪʣʝʪʩ 

ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʚʤʝʩʪʝ ʩ ɺ-ʮʝʥʪʨʘʤʠ ʧʨʠ ʦʪʞʠʛʝ ʢʨʠʩʪʘʣʣʦʚ (ʊ~2500ʦʉ, ʈ~9-10 ɻʇʘ). 

ʉʣʝʜʫʝʪ ʧʨʠ ʵʪʦʤ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʣʝʡʪʣʝʪʩ, ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʚ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʘʭ ʥʝ 

ʘʥʘʣʦʛʠʯʥʳ ʧʦ ʩʚʦʠʤ ʩʚʦʡʩʪʚʘʤ ʧʣʝʡʪʣʝʪʩ ʧʨʠʨʦʜʥʳʭ ʢʨʠʩʪʘʣʣʦʚ [Kiflawi  e.a., 1998]. 

ʉ ʥʘʰʝʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʧʨʠʨʦʜʥʳʭ ʘʣʤʘʟʦʚ ʧʣʝʡʪʣʝʪʩ ʦʙʨʘʟʫʝʪʩʷ ʚ 

ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʟʘʢʦʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʵʪʠʭ ʜʝʬʝʢʪʦʚ 

ʚ ʦʙʲʝʤʝ ʢʨʠʩʪʘʣʣʘ, ʠʭ ʧʨʠʫʨʦʯʝʥʥʦʩʪʴʶ ʢ ʧʠʨʘʤʠʜʘʤ ʨʦʩʪʘ ʦʢʪʘʵʜʨʘ ʩ ʧʦʩʣʦʡʥʳʤ ʚʥʫʪʨʝʥʥʠʤ 

ʩʪʨʦʝʥʠʝʤ ʠ ʚʟʘʠʤʦʩʚʷʟʴʶ ʤʝʞʜʫ ʩʦʜʝʨʞʘʥʠʷʤʠ ʧʣʝʡʪʣʝʪʩ ʠ ʘʟʦʪʥʳʭ ʮʝʥʪʨʦʚ.  
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ɼʨʫʛʦʝ ʩʣʦʞʥʦ ʦʙʲʷʩʥʠʤʦʝ ʷʚʣʝʥʠʝ - ʨʝʟʢʘʷ ʥʝʦʜʥʦʢʨʘʪʥʘʷ ʩʤʝʥʘ ʤʝʭʘʥʠʟʤʘ ʨʦʩʪʘ 

ʢʨʠʩʪʘʣʣʘ. ɽʩʣʠ ʢʨʠʩʪʘʣʣ ʦʙʨʘʟʫʝʪʩʷ ʚ ʤʘʥʪʠʡʥʦʤ ʨʘʩʧʣʘʚʝ, (ʪ.ʝ. ʧʦ ʩʫʱʝʩʪʚʫ ʚ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʝ), 

ʪʨʫʜʥʦ ʦʞʠʜʘʪʴ, ʯʪʦ ʚ ʧʦʜʦʙʥʦʡ ʩʨʝʜʝ ʚʦʟʤʦʞʥʳ ʨʝʟʢʠʝ ʠʟʤʝʥʝʥʠʷ ʝʝ ʭʠʤʠʟʤʘ, ʪʝʤʧʝʨʘʪʫʨʳ ʠʣʠ 

ʣʠʪʦʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʘ ʪʝʤ ʙʦʣʝʝ, ʥʝʦʜʥʦʢʨʘʪʥʳʝ. ʇʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʘʣʤʘʟʘ ʚ 

ʪʚʝʨʜʦʡ ʩʨʝʜʝ ʜʘʶʪ ʧʨʦʩʪʦʝ ʦʙʲʷʩʥʝʥʠʝ ʵʪʦʤʫ ʚʝʩʴʤʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʤʫ ʷʚʣʝʥʠʶ. ɽʛʦ ʧʨʠʯʠʥʦʡ 

ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʧʦʚʦʨʦʪ ʨʘʩʪʫʱʝʛʦ ʢʨʠʩʪʘʣʣʘ ʚʤʝʩʪʝ ʩ ʝʛʦ ʧʣʘʩʪʠʯʝʩʢʠ ʜʝʬʦʨʤʠʨʫʝʤʦʡ 

ʚʤʝʱʘʶʱʝʡ ʩʨʝʜʦʡ. ʇʨʠ ʵʪʦʤ ʠʟʤʝʥʝʥʠʝ ʦʨʠʝʥʪʠʨʦʚʢʠ ʦʩʝʡ ʛʣʘʚʥʳʭ ʥʦʨʤʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʮʠʧʦʤ ʂʶʨʠ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʬʦʨʤʳ ʢʨʠʩʪʘʣʣʘ ʠ ʤʝʭʘʥʠʟʤʘ ʨʦʩʪʘ ʝʛʦ 

ʛʨʘʥʝʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʩʣʫʯʘʠ ʧʦʟʚʦʣʷʶʪ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʥʘ ʢʠʥʝʪʠʢʫ ʨʦʩʪʘ ʘʣʤʘʟʘ 

ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚ ʥʝʤ ʩʪʨʫʢʪʫʨʥʳʭ ʜʝʬʝʢʪʦʚ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʤʦʞʝʪ 

ʦʢʘʟʳʚʘʪʴ ʧʦʣʝ ʥʘʧʨʷʞʝʥʠʡ ʚ ʩʨʝʜʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. 

ʀʪʘʢ, ʨʘʩʩʤʦʪʨʝʥʠʝ ʚʣʠʷʥʠʷ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʩʪʨʫʢʪʫʨʫ, ʤʝʭʘʥʠʟʤ ʨʦʩʪʘ 

ʠ ʜʝʬʝʢʪʥʦ-ʧʨʠʤʝʩʥʳʡ ʩʦʩʪʘʚ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʨʷʜ ʚʳʚʦʜʦʚ, ʢʘʩʘʶʱʠʭʩʷ 

ʦʙʱʠʭ ʧʨʦʙʣʝʤ ʛʝʦʣʦʛʠʠ ʘʣʤʘʟʦʚ ʠ ʚʳʙʨʘʪʴ ʥʘ ʦʩʥʦʚʝ ʵʪʠʭ ʠ ʠʥʳʭ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʢʨʠʪʝʨʠʝʚ, 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʳʭ ʚ ʧʨʝʜʳʜʫʱʠʭ ʛʣʘʚʘʭ ʜʠʩʩʝʨʪʘʮʠʠ, ʦʧʪʠʤʘʣʴʥʫʶ ʛʝʦʜʠʥʘʤʠʯʝʩʢʫʶ ʤʦʜʝʣʴ 

ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʩʨʝʜʠ ʤʥʦʞʝʩʪʚʘ ʦʧʠʩʘʥʥʳʭ ʚ ʣʠʪʝʨʘʪʫʨʝ.  

 

4.3. ʌʘʢʪʦʨʳ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʡ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʷ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʥʳʝ ʤʦʜʝʣʠ ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʷ, ʦʧʠʨʘʶʱʠʝʩʷ, 

ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʥʘ ʪʫ ʠʣʠ ʠʥʫʶ ʛʝʦʜʠʥʘʤʠʯʝʩʢʫʶ ʢʦʥʮʝʧʮʠʶ. ʅʝ ʩʪʘʚʷ ʧʝʨʝʜ ʩʦʙʦʡ ʟʘʜʘʯʝʡ 

ʨʘʩʩʤʦʪʨʝʪʴ ʚʩʝ ʤʦʜʝʣʠ, ʦʭʘʨʘʢʪʝʨʠʟʫʝʤ ʪʝ ʠʟ ʥʠʭ, ʚ ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʚʧʠʩʘʥʳ ʥʘʰʠ 

ʨʘʟʨʘʙʦʪʢʠ ʧʦ ʦʩʦʙʝʥʥʦʩʪʷʤ ʤʠʥʝʨʘʣʦʛʠʠ ʘʣʤʘʟʦʚ ʠ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʧʦʟʠʮʠʠ ʧʦʧʫʣʷʮʠʡ. 

ʊʘʢʠʝ ʤʦʜʝʣʠ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʣʠʪʝʨʘʪʫʨʝ ʠ 

ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʚ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʦʤ ʘʩʧʝʢʪʝ [ʉʪʘʨʦʩʪʠʥ, 2012]. 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʤʘʪʝʨʠʘʣʘ, ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʚʳʰʝ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩʣʝʜʫʝʪ ʦʩʪʘʥʦʚʠʪʴʩʷ 

ʥʘ ʩʫʙʜʫʢʮʠʦʥʥʳʭ ʤʦʜʝʣʷʭ ʩ ʵʢʟʦʛʝʥʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʫʛʣʝʨʦʜʘ.  

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʚ ʧʨʝʜʳʜʫʱʠʭ ʨʘʟʜʝʣʘʭ ʜʠʩʩʝʨʪʘʮʠʠ ʦʩʦʙʝʥʥʦʩʪʠ ʘʣʤʘʟʦʚ, ʠʭ ʘʩʩʦʮʠʘʮʠʠ 

ʠ ʩʦʦʪʥʦʰʝʥʠʷ ʩʦ ʩʨʝʜʦʡ, ʚ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʣʘ ʠʭ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ, ʜʦʣʞʥʳ ʥʘʭʦʜʠʪʴ ʤʝʩʪʦ ʚ 

ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ ʠ ʩʣʫʞʠʪʴ ʬʘʢʪʦʨʘʤʠ ʚʳʙʦʨʘ ʥʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤʦʡ ʠʟ ʥʠʭ. ʕʪʠ 

ʦʩʦʙʝʥʥʦʩʪʠ ʩʣʝʜʫʶʱʠʝ: 

- ʋʛʣʝʨʦʜ ʚ ʘʣʤʘʟʘʭ ʷʚʣʷʝʪʩʷ ʧʨʦʜʫʢʪʦʤ ʨʝʘʢʮʠʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠ ʦʢʠʩʣʝʥʥʳʭ ʝʛʦ ʬʦʨʤ, 

ʥʘʭʦʜʠʚʰʠʭʩʷ ʚ ʜʨʝʚʥʠʭ ʪʦʣʱʘʭ ʟʝʤʥʦʡ ʢʦʨʳ, ʧʦʜʚʝʨʛʰʠʭʩʷ ʩʫʙʜʫʢʮʠʠ ʥʘ ʤʘʥʪʠʥʳʝ ʛʣʫʙʠʥʳ. 

ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʙʦʣʴʰʘʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʨʝʙʳʚʘʥʠʷ ʥʘ 

ʙʦʣʴʰʠʭ ʛʣʫʙʠʥʘʭ ʩʫʙʜʫʮʠʨʦʚʘʥʥʳʭ ʪʦʣʱ ʟʝʤʥʦʡ ʢʦʨʳ.  
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- ɺ ʦʜʥʠʭ ʪʨʫʙʢʘʭ ʘʣʤʘʟʳ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ ʘʩʩʦʮʠʘʮʠʠ ʤʦʛʫʪ ʢʘʢ ʙʦʣʝʝ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʣʤʘʟʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʚʢʣʶʯʝʥʠʷ ʤʠʥʝʨʘʣʦʚ 

ʵʢʣʦʛʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ, ʚ ʜʨʫʛʠʭ ʪʨʫʙʢʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʪʥʘʷ ʪʝʥʜʝʥʮʠʷ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʚʦʟʤʦʞʥʳʝ ʥʘʨʫʰʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʟʘʣʝʛʘʥʠʷ ʪʦʣʱ ʘʣʤʘʟʦʥʦʩʥʦʛʦ ʩʫʙʩʪʨʘʪʘ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʦʙʦʡ ʨʘʩʩʣʦʝʥʥʳʡ ʢʦʤʧʣʝʢʩ ʙʘʟʠʪʦʚ ʠ ʫʣʴʪʨʘʙʘʟʠʪʦʚ. ʉʨʝʜʠ ʢʨʠʩʪʘʣʣʦʚ ʩ 

ʚʢʣʶʯʝʥʠʷʤʠ ʵʢʣʦʛʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ ʚʳʜʝʣʷʝʪʩʷ ʜʚʝ ʛʨʫʧʧʳ ʩ ʨʘʟʥʳʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ 

ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʘʣʤʘʟʳ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ ʘʩʩʦʮʠʘʮʠʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʜʥʦʨʦʜʥʳ ʚ ʵʪʦʤ ʧʣʘʥʝ. ʊʘʢʦʝ ʨʘʟʜʝʣʝʥʠʝ ʘʣʤʘʟʦʚ ʵʢʣʦʛʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ ʤʦʞʝʪ 

ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʨʘʟʥʳʤ ʪʠʧʦʤ ʠʩʭʦʜʥʳʭ ʧʦʨʦʜ ʘʣʤʘʟʦʥʦʩʥʦʛʦ ʩʫʙʩʪʨʘʪʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʛʘʙʙʨʦʠʜʘʤ (ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʘʟʦʪʥʳʤ) ʠ ʙʘʟʘʣʴʪʦʠʜʘʤ (ʙʦʣʝʝ ʚʳʩʦʢʦʘʟʦʪʥʳʤ). 

- ɺ ʘʣʤʘʟʦʥʦʩʥʦʡ ʧʨʦʚʠʥʮʠʠ (ʥʘʧʨʠʤʝʨ, ʧʨʦʚʠʥʮʠʷ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ) ʧʨʦʷʚʣʷʝʪʩʷ 

ʜʚʫʩʪʦʨʦʥʥʷʷ ʩ ʵʣʝʤʝʥʪʘʤʠ ʢʦʥʮʝʥʪʨʠʯʥʦʩʪʠ (ʵʣʣʠʧʩʦʚʠʜʥʘʷ) ʣʘʪʝʨʘʣʴʥʘʷ ʟʦʥʘʣʴʥʦʩʪʴ ʚ 

ʨʘʟʤʝʱʝʥʠʠ ʧʦʧʫʣʷʮʠʡ ʘʣʤʘʟʦʚ. ʇʨʠ ʵʪʦʤ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʧʦʧʫʣʷʮʠʠ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʮʝʥʪʨʝ, ʘ ʥʘʠʤʝʥʝʝ ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦ ʧʝʨʠʬʝʨʠʠ. 

- ɼʠʩʩʠʤʤʝʪʨʠʟʘʮʠʷ ʢʨʠʩʪʘʣʣʦʚ, ʥʝʦʜʥʦʢʨʘʪʥʦʝ ʯʝʨʝʜʦʚʘʥʠʝ ʚ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʢʨʠʩʪʘʣʣʝ 

ʟʦʥ ʩ ʧʦʩʣʦʡʥʳʤ ʠ ʚʦʣʦʢʥʠʩʪʳʤ ʩʪʨʦʝʥʠʝʤ ʷʚʣʷʶʪʩʷ ʧʨʠʟʥʘʢʘʤʠ ʨʦʩʪʘ ʘʣʤʘʟʘ ʚ ʫʩʣʦʚʠʷʭ ʚ 

ʩʨʝʜʝ ʙʦʣʴʰʦʡ ʚʷʟʢʦʩʪʠ (ʧʨʘʢʪʠʯʝʩʢʠ ʪʚʝʨʜʦʡ). 

- ʉʫʜʷ ʧʦ ʨʘʟʥʳʤ ʪʝʥʜʝʥʮʠʷʤ ʥʘʨʘʩʪʘʥʠʷ ʟʦʥ ʚ ʢʨʠʩʪʘʣʣʘʭ ʘʣʤʘʟʘ (ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʢ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤ ʠ ʥʘʦʙʦʨʦʪ) ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʘʣʤʘʟʦʚ 

ʧʨʦʠʩʭʦʜʠʣʘ ʢʘʢ ʥʘ ʧʨʦʛʨʝʩʩʠʚʥʦʡ, ʪʘʢ ʠ ʥʘ ʨʝʛʨʝʩʩʠʚʥʦʡ ʩʪʘʜʠʷʭ ʤʝʪʘʤʦʨʬʠʟʤʘ.  

ʀʟʫʯʘʝʤʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ ʠ ʝʛʦ ʩʧʫʪʥʠʢʦʚ ʦʪʨʘʞʘʶʪ ʣʠʰʴ 

ʫʩʣʦʚʠʷ ʠʭ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʚ ʯʘʩʪʥʳʭ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ. ʄʦʜʝʣʴ ʦʙʱʠʭ 

ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʪʨʝʙʫʝʪ ʫʯʝʪʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʯʠʩʣʘ ʬʘʢʪʦʨʦʚ: 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ, ʧʝʪʨʦʣʦʛʠʯʝʩʢʠʭ, ʦʙʱʝʛʝʦʣʦʛʠʯʝʩʢʠʭ, ʪʝʢʪʦʥʠʯʝʩʢʠʭ, ʪʝʢʪʦʥʦʬʠʟʠʯʝʩʢʠʭ. 

ɹʝʟ ʫʯʝʪʘ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʚʳʙʦʨ ʤʦʜʝʣʠ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʢʦʨʨʝʢʪʥʳʤ. ʇʦʵʪʦʤʫ 

ʧʨʠ ʚʳʙʦʨʝ ʦʧʪʠʤʘʣʴʥʦʡ ʤʦʜʝʣʠ ʤʳ ʢʦʩʥʝʤʩʷ ʫʧʦʤʷʥʫʪʳʭ ʚʦʧʨʦʩʦʚ, ʥʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʦʙʨʘʪʠʤ ʚʥʠʤʘʥʠʝ ʥʘ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ, ʢʦʪʦʨʳʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʜʠʩʩʝʨʪʘʮʠʠ. 

 

4.3.1. ʆʙʟʦʨ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ (ʠʩʪʦʨʠʷ ʚʦʧʨʦʩʘ) 

 

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʛʦʜ ʦʪ ʛʦʜʘ ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʦʷʚʣʷʶʪʩʷ ʚʩʝ ʥʦʚʳʝ ʬʘʢʪʳ, 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʘʣʤʘʟʦʥʦʩʥʦʡ ʩʨʝʜʳ ʚ ʩʚʷʟʠ ʩ ʩʫʙʜʫʢʮʠʝʡ ʪʦʣʱ ʟʝʤʥʦʡ 

ʢʦʨʳ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʝ ʛʣʫʙʠʥʳ, (ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʰʠʤ ʚʳʚʦʜʘʤ), ʦʙʩʫʜʠʤ ʜʦʚʦʜʳ ʚ ʧʦʣʴʟʫ, 

ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʫʙʜʫʢʮʠʦʥʥʦʡ ʤʦʜʝʣʠ. ʆʙʟʦʨ ʦʧʠʨʘʝʪʩʷ ʥʘ ʩʦʚʤʝʩʪʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʵʪʦʡ ʪʝʤʝ ʩ ɸ.ʅ.ɹʘʨʳʰʝʚʳʤ ʠ ʩʪʘʪʴʶ [ɹʘʨʳʰʝʚ, ʍʘʯʘʪʨʷʥ, 2015]. 
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ɺ ʣʠʪʝʨʘʪʫʨʝ ʧʨʠʚʝʜʝʥʳ ʨʘʟʥʳʝ ʩʫʙʜʫʢʮʠʦʥʥʳʝ ʤʦʜʝʣʠ, ʩ ʢʦʪʦʨʳʤʠ ʩʚʷʟʳʚʘʝʪʩʷ 

ʦʙʨʘʟʦʚʘʥʠʝ ʘʣʤʘʟʦʚ. ʂ ʚʘʞʥʳʤ ʯʝʨʪʘʤ ʠʭ ʨʘʟʣʠʯʠʷ ʦʪʥʦʩʷʪʩʷ: 

1) ʤʦʨʬʦʣʦʛʠʷ ʟʦʥʳ ʩʫʙʜʫʢʮʠʠ: ʘ - ʚ ʚʠʜʝ ʧʣʦʩʢʦʡ ʧʣʠʪʳ, ʙ - ʠʟʦʛʥʫʪʦʡ ʧʣʠʪʳ ʩ ʙʦʣʝʝ 

ʧʦʣʦʛʠʤ ʟʘʣʝʛʘʥʠʝʤ ʥʘ ʛʣʫʙʠʥʝ, ʚ ï ʚ ʚʠʜʝ ʠʥʪʝʥʩʠʚʥʦ ʩʞʘʪʦʡ ʦʧʨʦʢʠʥʫʪʦʡ ʩʠʥʢʣʠʥʘʣʠ ʩ 

ʩʠʥʬʦʨʤʥʳʤ ʦʩʣʦʞʥʝʥʠʝʤ ʝʝ ʦʩʝʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ;  

2) ʛʣʫʙʠʥʘ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚ ʤʘʥʪʠʶ; 

3) ʩʚʷʟʴ ʩ ʪʝʢʪʦʥʠʢʦʡ ʧʣʠʪ ʣʠʙʦ ʩ ʢʨʘʝʚʳʤ ʵʬʬʝʢʪʦʤ ʤʘʥʪʠʡʥʦʡ ʢʦʥʚʝʢʮʠʠ (ʘʜʚʝʢʮʠʠ, 

ʜʠʘʧʠʨʠʟʤʘ). 

ʕʪʠ ʤʦʜʝʣʠ ʨʘʟʣʠʯʘʶʪʩʷ ʪʘʢ ʞʝ ʧʦ ʫʩʣʦʚʠʷʤ ʠ ʤʝʭʘʥʠʟʤʘʤ ʠʟʚʣʝʯʝʥʠʷ ʘʣʤʘʟʦʥʦʩʥʦʡ 

ʩʨʝʜʳ ʠʟ ʛʣʫʙʠʥ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʜʦʩʪʘʚʢʦʡ ʘʣʤʘʟʦʚ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ.  

ʇʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʤʦʜʝʣʝʡ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʟʦʥʫ ʩʫʙʜʫʢʮʠʠ ʚ ʩʚʷʟʠ ʩ ʪʝʢʪʦʥʠʢʦʡ 

ʧʣʠʪ, ʪʦ ʝʩʪʴ ʘʥʘʣʦʛʠʯʥʦ ʪʦʤʫ, ʢʘʢ ʵʪʦ ʚʧʝʨʚʳʝ ʜʣʷ ʘʣʤʘʟʦʚ ʧʨʝʜʣʦʞʠʣ ɺ.ʐʘʨʧ. ʇʣʦʩʢʘʷ ʧʣʠʪʘ 

(ʩʣʵʙ) ʧʨʠ ʵʪʦʤ ʚ ʨʘʟʥʳʭ ʤʦʜʝʣʷʭ ʧʦʛʨʫʞʘʝʪʩʷ ʥʘ ʨʘʟʥʳʝ ʛʣʫʙʠʥʳ. ʅʘʠʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʩ 

ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʘʨʛʫʤʝʥʪʦʚ ʧʦʜʦʙʥʘʷ ʤʦʜʝʣʴ ʦʧʠʩʘʥʘ ʚ ʤʦʥʦʛʨʘʬʠʷʭ ʆ.ɻ.ʉʦʨʦʭʪʠʥʘ ʩ 

ʩʦʘʚʪʦʨʘʤʠ (1996, 2004) (ʨʠʩʫʥʢʠ 4.7-4.9). 

 

A ï ʩʠʪʫʘʮʠʷ ʚ ʢʦʥʮʝ ʨʘʥʥʝʛʦ ʧʨʦʪʝʨʦʟʦʷ; 

ɹ ï ʥʘ ʨʫʙʝʞʝ ʨʘʥʥʝʛʦ ʠ ʩʨʝʜʥʝʛʦ ʧʨʦʪʝʨʦʟʦʷ; 

ɺ ï ʚ ʨʠʬʝʝ ʠ ʬʘʥʝʨʦʟʦʝ (ʦʙʨʘʟʦʚʘʥʠʷ ʱʝʣʦʯʥʦ-ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʠʥʪʨʫʟʠʡ (ʘ); ʤʝʣʠʣʠʪʦʚʳʭ ʠ 

ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʠʥʪʨʫʟʠʡ (ʙ), ʘʣʤʘʟʦʥʦʩʥʳʭ ʣʘʤʧʨʦʠʪʦʚʳʭ ʠ ʢʠʤʙʝʨʣʠʪʦʚʳʭ 

ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ (ʚ). 
 

1 ï ʣʠʪʦʩʬʝʨʘ; 2 ï ʘʩʪʝʥʦʩʬʝʨʘ; 3- ʨʘʥʥʝʧʨʦʪʝʨʦʟʦʡʩʢʘʷ ʦʢʝʘʥʠʯʝʩʢʘʷ ʢʦʨʘ ʩ ʧʝʨʝʢʨʳʚʘʶʱʠʤʠ 

ʝʝ ʞʝʣʝʟʠʩʪʳʤʠ ʦʩʘʜʢʘʤʠ; 4 ï ʢʦʥʪʠʥʝʥʪʘʣʴʥʘʷ ʢʦʨʘ (AR PR1); 5 ï ʛʣʫʙʠʥʥʳʝ ʨʘʩʧʣʘʚʳ.  

 

 

ʈʠʩʫʥʦʢ 4.7. ʇʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʣʫʙʠʥʥʳʭ ʨʘʩʧʣʘʚʦʚ ʱʝʣʦʯʥʦ-ʫʣʴʪʨʘʦʩʥʦʚʥʦʛʦ, 

ʣʘʤʧʨʦʠʪʦʚʦʛʦ ʠ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʩʦʩʪʘʚʦʚ [ʉʦʨʦʭʪʠʥ, ʄʠʪʨʦʬʘʥʦʚ, ʉʦʨʦʭʪʠʥ, 1996]  


