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ɸʥʦʪʘʮʽʷ 

ʐʠʣʦ ʆ.ʄ. ʄʦʜʝʣʶʚʘʥʥʷ ʪʘ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʧʣʘʥʝʪʘʨʥʠʭ 

ʛʝʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. ï ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʬʽʣʦʩʦʬʽʾ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 103 çʅʘʫʢʠ ʧʨʦ ɿʝʤʣʶè. ï ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ 

ʧʦʣʽʪʝʭʥʽʢʘè, ʃʴʚʽʚ, 2025. 

ɼʠʩʝʨʪʘʮʽʡʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠʩʚʷʯʝʥʦ ʨʦʟʚʠʪʢʫ ʤʝʪʦʜʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ 

ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʛʝʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʜʠʥʘʤʽʢʫ ʡ ʝʚʦʣʶʮʽʶ 

ʧʣʘʥʝʪʘʨʥʦʾ ʬʦʨʤʠ ɿʝʤʣʽ. ʋ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʩʢʣʘʜʥʽ ʤʝʭʘʥʽʟʤʠ ʚʟʘʻʤʦʜʽʾ 

ʪʝʢʪʦʥʽʯʥʠʭ ʨʫʭʽʚ, ʨʦʪʘʮʽʡʥʠʭ ʝʬʝʢʪʽʚ ʪʘ ʛʨʘʚʽʪʘʮʽʡʥʠʭ ʘʥʦʤʘʣʽʡ, ʷʢʽ 

ʦʙʫʤʦʚʣʶʶʪʴ ʜʝʬʦʨʤʘʮʽʾ ʣʽʪʦʩʬʝʨʠ, ʬʦʨʤʫʶʪʴ ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ ʟʝʤʥʦʾ ʢʦʨʠ 

ʪʘ ʩʪʚʦʨʶʶʪʴ ʧʝʨʝʜʫʤʦʚʠ ʜʣʷ ʧʦʣʷʨʥʦʛʦ ʙʣʫʢʘʥʥʷ ʧʦʣʶʩʫ (ñTrue Polar 

Wanderò (TPW) ʚ ʤʘʩʰʪʘʙʽ ʛʝʦʣʦʛʽʯʥʦʛʦ ʯʘʩʫ. ʇʦʪʨʝʙʘ ʫ ʮʴʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ 

ʟʫʤʦʚʣʝʥʘ ʚʘʞʣʠʚʽʩʪʶ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʣʘʥʝʪʘʨʥʠʭ ʽ ʨʝʛʽʦʥʘʣʴʥʠʭ 

ʛʝʦʜʠʥʘʤʽʯʥʠʭ ʟʤʽʥ, ʷʢʽ ʤʦʞʫʪʴ ʟʥʘʯʥʦ ʚʧʣʠʚʘʪʠ ʥʘ ʩʝʡʩʤʽʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʪʘ 

ʛʝʦʣʦʛʽʯʥʫ ʩʪʘʙʽʣʴʥʽʩʪʴ ʨʝʛʽʦʥʽʚ. ʊʘʢʦʞ ʚʽʜʟʥʘʯʠʤʦ, ʱʦ ʧʨʽʦʨʠʪʝʪʥʠʤʠ 

ʟʘʚʜʘʥʥʷʤʠ ʄʽʞʥʘʨʦʜʥʦʾ ʘʩʦʮʽʘʮʽʾ ʛʝʦʜʝʟʽʾ IAG ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʜʝʬʦʨʤʘʮʽʡ 

ʟʝʤʥʦʾ ʢʦʨʠ ʫʩʽʭ ʤʘʩʰʪʘʙʽʚ ʚʽʜ ʛʣʦʙʘʣʴʥʦʾ ʪʝʢʪʦʥʽʢʠ ʧʣʠʪ ʜʦ ʣʦʢʘʣʴʥʠʭ 

ʜʝʬʦʨʤʘʮʽʡ, ʘ ʪʘʢʦʞ ʨʦʟʚʠʪʦʢ ʽ ʢʦʦʨʜʠʥʘʮʽʷ ʤʽʞʥʘʨʦʜʥʠʭ ʧʨʦʛʨʘʤ ʟʽ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʘʥʘʣʽʟʫ ʪʘ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʜʘʥʠʭ ʜʝʬʦʨʤʘʮʽʡʥʠʭ ʧʦʣʽʚ 

ʛʝʦʜʠʥʘʤʽʯʥʠʤʠ ʤʝʪʦʜʘʤʠ ʫ ʨʘʤʢʘʭ ʜʽʷʣʴʥʦʩʪʽ ʧʽʜʢʦʤʽʩʽʾ 3.2 çɼʝʬʦʨʤʘʮʽʾ 

ʟʝʤʥʦʾ ʢʦʨʠè ʢʦʤʽʩʽʾ 3 çʆʙʝʨʪʘʥʥʷ ɿʝʤʣʽ ʪʘ ʛʝʦʜʠʥʘʤʽʢʘè. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʢʦʤʧʣʝʢʩʥʦʾ ʤʝʪʦʜʦʣʦʛʽʾ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ 

ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʧʣʘʥʝʪʘʨʥʠʭ ʟʤʽʥ ʬʽʛʫʨʠ ɿʝʤʣʽ, ʦʮʽʥʢʠ ʧʦʣʽʚ ʛʣʦʙʘʣʴʥʦʛʦ 

ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʣʽʪʦʩʬʝʨʠ ʪʘ ʧʝʨʝʤʽʱʝʥʥʷ ʧʦʣʶʩʫ ɿʝʤʣʽ, ʱʦ 

ʜʦʟʚʦʣʠʪʴ ʥʘʜʘʪʠ ʙʽʣʴʰ ʽʥʬʦʨʤʘʪʠʚʥʽ ʫʷʚʣʝʥʥʷ ʱʦʜʦ ʧʨʦʪʽʢʘʥʥʷ 

ʛʝʦʪʝʢʪʦʥʽʯʥʠʭ ʽ ʛʝʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʭ ʤʘʩʰʪʘʙʘʭ. 
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ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ ʨʦʟʨʦʙʮʽ ʥʦʚʠʭ ʤʦʜʝʣʝʡ, ʷʢʽ 

ʚʨʘʭʦʚʫʶʪʴ ʙʘʛʘʪʦʬʘʢʪʦʨʥʠʡ ʚʧʣʠʚ ʨʦʪʘʮʽʡʥʠʭ ʟʤʽʥ, ʜʠʥʘʤʽʢʫ ʧʝʨʝʤʽʱʝʥʥʷ 

ʣʽʪʦʩʬʝʨʥʠʭ ʧʣʠʪ ʽ ʪʦʧʦʛʨʘʬʽʯʥʽ ʟʤʽʥʠ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʤʦʜʝʣʶʚʘʪʠ ʪʘ ʢʘʨʪʦʛʨʘʬʫʚʘʪʠ ʩʢʣʘʜʥʽ ʛʝʦʜʠʥʘʤʽʯʥʽ ʧʨʦʮʝʩʠ, ʟʦʢʨʝʤʘ ʟʤʽʥʠ 

ʬʽʛʫʨʠ ɿʝʤʣʽ ʚ ʛʝʦʣʦʛʽʯʥʦʤʫ ʯʘʩʽ. ʆʟʥʘʯʝʥʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʧʨʦʛʥʦʟʫʚʘʪʠ 

ʟʤʽʥʠ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʣʽʪʦʩʬʝʨʠ ʫ ʟʚôʷʟʢʫ ʟ ʾʾ ʨʦʪʘʮʽʡʥʦʶ ʜʠʥʘʤʽʢʦʶ ʪʘ 

ʧʝʨʝʦʨʽʻʥʪʘʮʽʻʶ ʬʽʛʫʨʠ ʧʣʘʥʝʪʠ. ɺʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʥʦʚʠʟʥʠ ʻ ʪʘʢʦʞ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʠʬʨʦʚʦʾ ʤʦʜʝʣʽ ʨʝʣʴʻʬʫ (PaleoDEM) ʜʣʷ ʘʥʘʣʽʟʫ ʪʨʘʥʩʬʦʨʤʘʮʽʾ 

ʬʽʛʫʨʠ ɿʝʤʣʽ ʚ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʤʫ ʢʦʥʪʝʢʩʪʽ ʪʘ ʚʽʜʦʙʨʘʞʝʥʥʷ ʾʭ ʥʘ ʢʘʨʪʘʭ. 

ɿʥʘʯʠʤʠʤ ʝʣʝʤʝʥʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʠʭ ʧʘʣʝʦʨʝʢʦʥʩʪʨʫʢʮʽʡ 

ʜʣʷ ʚʽʜʩʪʝʞʝʥʥʷ ʤʠʥʫʣʠʭ ʟʤʽʥ ʬʽʛʫʨʠ ɿʝʤʣʽ ʽ ʚʠʟʥʘʯʝʥʥʷ ʾʭ ʚʧʣʠʚʫ ʥʘ ʩʫʯʘʩʥʽ 

ʛʝʦʜʠʥʘʤʽʯʥʽ ʧʨʦʮʝʩʠ. ʅʘʫʢʦʚʘ ʟʥʘʯʠʤʽʩʪʴ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʣʷʛʘʻ 

ʪʘʢʦʞ ʫ ʩʪʚʦʨʝʥʥ ̔ʤʦʜʝʣʝʡ ʝʚʦʣʶʮʽʡʥʠʭ ʟʤʽʥ ʬʽʛʫʨʠ ɿʝʤʣʽ, ʱʦ ʩʧʨʠʷʻ ʢʨʘʱʦʤʫ 

ʨʦʟʫʤʽʥʥʶ ʛʝʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʽ ʤʦʞʝ ʩʣʫʛʫʚʘʪʠ ʦʩʥʦʚʦʶ ʜʣʷ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʤʦʞʣʠʚʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʪʨʘʥʩʬʦʨʤʘʮʽʡ ʣʽʪʦʩʬʝʨʠ ʚ 

ʤʘʡʙʫʪʥʴʦʤʫ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ 

ʣʽʪʦʩʬʝʨʠ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʪʝʥʮʽʡʥʦ ʥʝʙʝʟʧʝʯʥʠʭ ʟʦʥ ʟ ʧʽʜʚʠʱʝʥʦʶ 

ʪʝʢʪʦʥʽʯʥʦʶ ʘʢʪʠʚʥʽʩʪʶ ʚ ʧʣʘʥʝʪʘʨʥʦʤʫ ʪʘ ʨʝʛʽʦʥʘʣʴʥʠʭ ʤʘʩʰʪʘʙʘʭ, 

ʦʮʽʥʶʚʘʥʥʷ ʨʠʟʠʢʽʚ ʚ ʩʝʥʩʽ ʙʝʟʧʝʢʠ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʪʘ ʡʤʦʚʽʨʥʠʭ 

ʢʘʪʘʩʪʨʦʬʽʯʥʠʭ ʥʘʩʣʽʜʢʽʚ. ɿ ʪʦʯʢʠ ʟʦʨʫ ʧʨʘʢʪʠʯʥʦʾ ʟʥʘʯʠʤʦʩʪʽ ʨʦʟʨʦʙʣʝʥʽ 

ʘʣʛʦʨʠʪʤʠ, ʤʝʪʦʜʠ ʪʘ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʤʘʶʪʴ ʧʨʷʤʝ 

ʧʨʠʟʥʘʯʝʥʥʷ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ ʛʝʦʜʠʥʘʤʽʢʠ ʫ ʟʚôʷʟʢʫ ʟ ʦʧʠʩʫʚʘʥʥʷʤ 

ʧʝʨʝʙʽʛʫ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷʤ ʥʠʟʢʠ ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ 

ʝʚʦʣʶʮʽʾ ɿʝʤʣʽ. ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʨʽʰʝʥʥʷ ʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ 

ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʤʽʥʽʤʽʟʘʮʽʾ ʥʝʙʝʟʧʝʯʥʠʭ ʧʨʠʨʦʜʥʠʭ ʢʘʪʘʩʪʨʦʬ ʫ ʨʝʛʽʦʥʘʭ ʟ 

ʚʠʩʦʢʠʤ ʪʝʢʪʦʥʽʯʥʠʤ ʨʠʟʠʢʦʤ, ʘ ʪʘʢʦʞ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʟʤʽʱʝʥʴ ʪʘ 



 

 

4 

ʪʨʘʥʩʬʦʨʤʘʮʽʡ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ ʚ ʫʤʦʚʘʭ ʛʣʦʙʘʣʴʥʠʭ ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ, 

ʢʦʣʠʚʘʥʥʷ ʨʽʚʥʷ ʉʚʽʪʦʚʦʛʦ ʦʢʝʘʥʫ ʪʘ ʽʥʰʠʭ ʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ.  

ʋ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʜʦʩʣʽʜʞʝʥʴ ʧʣʘʥʝʪʘʨʥʠʭ 

ʛʝʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʧʨʦʙʣʝʤ ʾʭ ʤʦʜʝʣʶʚʘʥʥʷ ʽ ʚʽʜʟʥʘʯʝʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʽʥʪʝʛʨʘʮʽʾ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʤʝʪʦʜʽʚ ʜʣʷ ʛʣʠʙʰʦʛʦ ʨʦʟʫʤʽʥʥʷ ʟʤʽʥ ʬʽʛʫʨʠ 

ʧʣʘʥʝʪʠ, ʾʾ ʛʝʦʜʠʥʘʤʽʢʠ ʪʘ ʜʝʬʦʨʤʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʜʣʷ ʧʦʙʫʜʦʚʠ ʜʠʥʘʤʽʯʥʦʾ 

ʪʝʦʨʽʾ ʝʚʦʣʶʮʽʾ ɿʝʤʣʽ.  

ʈʦʟʨʦʙʣʝʥʘ ʤʦʜʝʣʴ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʫʟʘʛʘʣʴʥʝʥʦʾ ʬʽʛʫʨʠ ɿʝʤʣʽ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʣʦʙʘʣʴʥʦʾ ʮʠʬʨʦʚʦʾ ʤʦʜʝʣʽ ʪʦʧʦʛʨʘʬʽʾ (PaleoDEM), ʷʢʘ 

ʚʽʜʦʙʨʘʞʘʻ ʛʝʦʣʦʛʽʯʥʽ ʟʤʽʥʠ ʧʦʚʝʨʭʥʽ ʣʽʪʦʩʬʝʨʠ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʜʘʥʠʭ 

ʧʘʣʝʦʨʝʢʦʥʩʪʨʫʢʮʽʡ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʠʷʚʣʝʥʽ ʪʨʝʥʜʦʚʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʟʤʽʥʠ 

ʧʘʨʘʤʝʪʨʽʚ ʽ ʦʨʽʻʥʪʘʮʽʾ ʝʣʽʧʩʦʾʜʽʚ, ʱʦ ʦʧʠʩʫʶʪʴ ʧʦʚʝʨʭʥʶ ʣʽʪʦʩʬʝʨʠ ʚ ʤʘʩʰʪʘʙʽ 

ʛʝʦʣʦʛʽʯʥʦʛʦ ʯʘʩʫ. ʊʘʢ, ʤʘʢʩʠʤʘʣʴʥʝ ʚʽʜʭʠʣʝʥʥʷ ʧʦʣʶʩʘ ʤʘʣʦʾ ʧʽʚʚʽʩʽ ʚʽʜ 

ʧʽʚʥʽʯʥʦʛʦ ʧʦʣʶʩʘ ɿʝʤʣʽ ʩʪʘʥʦʚʠʪʴ ~ 3Á ʜʣʷ 108 ʦʪʨʠʤʘʥʠʭ ʝʣʽʧʩʦʾʜʽʚ ʟʘ ʜʘʥʠʤʠ 

PaleoDEM, ʷʢʽ ʘʧʨʦʢʩʠʤʫʶʪʴ ʧʦʚʝʨʭʥʶ ʣʽʪʦʩʬʝʨʠ ʜʣʷ ʨʽʟʥʠʭ ʛʝʦʣʦʛʽʯʥʠʭ ʝʧʦʭ, 

ʱʦ ʤʦʞʝ ʚʢʘʟʫʚʘʪʠ ʥʘ ʢʨʠʪʠʯʥʫ ʚʝʣʠʯʠʥʫ ʚʽʜʭʠʣʝʥʥʷ ʛʝʦʛʨʘʬʽʯʥʦʛʦ ʧʦʣʶʩʘ ʚʽʜ 

ʚʽʩʽ ʦʙʝʨʪʘʥʥʷ ɿʝʤʣʽ ʜʣʷ ʙʫʜʴ-ʷʢʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ʨʦʟʤʽʱʝʥʥʷ ʤʘʪʝʨʠʢʽʚ ʽ ʚʦʜʥʦʾ 

ʧʦʚʝʨʭʥʽ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʜʝʬʦʨʤʘʮʽʡ ʣʽʪʦʩʬʝʨʠ ʪʘ 

ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʾʭ ʟʤʽʥ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʨʦʪʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʽ 

ʧʝʨʝʦʨʽʻʥʪʘʮʽʾ ʧʣʘʥʝʪʠ. ɿʘʟʥʘʯʝʥʽ ʤʦʜʝʣʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʽʩʥʫʶʯʠʭ ʪʠʤ, ʱʦ 

ʚʨʘʭʦʚʫʶʪʴ ʥʝ ʪʽʣʴʢʠ ʧʦʪʦʯʥʠʡ ʩʪʘʥ ʣʽʪʦʩʬʝʨʠ, ʘʣʝ ʡ ʡʦʛʦ ʝʚʦʣʶʮʽʶ ʫ ʟʚôʷʟʢʫ ʟ 

ʤʠʥʫʣʠʤʠ ʧʨʦʮʝʩʘʤʠ ʚ ʤʘʥʪʽʾ ʪʘ ʟʤʽʥʦʶ ʨʦʪʘʮʽʡʥʦʛʦ ʨʝʞʠʤʫ ʧʣʘʥʝʪʠ. 

 ʆʪʨʠʤʘʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʧʨʫʞʝʥʥʦ-ʜʝʬʦʨʤʘʮʽʡʥʦʛʦ ʩʪʘʥʫ ʣʽʪʦʩʬʝʨʠ 

ɿʝʤʣʽ ʟʘ ʜʘʥʠʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʛʝʦʧʘʣʝʦʨʝʢʦʥʩʪʨʫʢʮʽʡ ʚ ʛʝʦʣʦʛʽʯʥʦʤʫ ʯʘʩʽ ʯʝʨʝʟ 

ʧʦʩʪʘʥʦʚʢʫ ʽ ʨʦʟʚôʷʟʦʢ ʟʘʜʘʯʽ ʟʥʘʭʦʜʞʝʥʥʷ ʚʝʢʪʦʨʽʚ ʧʝʨʝʤʽʱʝʥʥʷ ʪʦʯʦʢ ʥʘ ʾʾ 

ʧʦʚʝʨʭʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʦʜʥʽʻʾ ʬʽʛʫʨʠ ʚ ʽʥʰʫ ʚʥʘʩʣʽʜʦʢ ʚʠʥʠʢʥʝʥʥʷ 

ʪʘʥʛʝʥʮʽʘʣʴʥʠʭ ʤʘʩʦʚʠʭ ʩʠʣ (ʊʄʉ). ʆʪʨʠʤʘʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ 

(ʧʨʠ ʚôʷʟʢʦʩʪʽ 10
19 
ʇʘĀʩ, ʽ ʪʦʚʱʽ ʘʩʪʝʥʦʩʬʝʨʥʦʛʦ ʰʘʨʫ 200 ʢʤ) ʧʝʨʝʦʙʯʠʩʣʠʪʠ 

ʦʪʨʠʤʘʥʽ ʊʄʉ ʫ ʰʚʠʜʢʦʩʪʽ ʜʝʬʦʨʤʘʮʽʾ (1 ʤɻʘʣ ʚʽʜʧʦʚʽʜʘʻ 0,16 ʤʤ/ʨʽʢ) ʽ 
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ʥʦʨʤʘʣʴʥʝ ʥʘʧʨʫʞʝʥʥʷ (1 ʤɻʘʣ ʚʽʜʧʦʚʽʜʘʻ 2,5
.
10

5 
ʇʘ). ɺʨʘʭʦʚʫʶʯʠ 

ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʊʄʉ, ʷʢʝ ʩʪʘʥʦʚʠʪʴ 210 ʤɻʘʣ ʚʽʜʧʦʚʽʜʥʦ ʦʪʨʠʤʘʥʽ 

ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʤʽʱʝʥʥʷ ʢʦʥʪʠʥʝʥʪʽʚ ~ 40 ʤʤ/ʨʽʢ ʽ ʥʘʧʨʫʞʝʥʥʷ ~ 5
.
10

7
 ʇʘ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʡʤʦʚʽʨʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʨʦʣʽ ʛʨʘʚʽʪʘʮʽʡʥʦ-ʨʦʪʘʮʽʡʥʠʭ ʩʠʣ ʫ 

ʬʦʨʤʫʚʘʥʥʽ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʣʷ ʥʘʧʨʫʞʝʥʴ ʪʘ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʬʽʛʫʨʠ ʧʦʚʝʨʭʥʽ 

ʣʽʪʦʩʬʝʨʠ ɿʝʤʣʽ. ʏʝʨʝʟ ʚʽʜʭʠʣʝʥʥ ̫ ʜʚʦʭ ʦʩʥʦʚʥʠʭ ʬʽʛʫʨ ɿʝʤʣʽ, ʱʦ 

ʘʧʨʦʢʩʠʤʫʶʪʴ ʪʦʧʦʛʨʘʬʽʶ ʧʦʚʝʨʭʥʽ ʣʽʪʦʩʬʝʨʠ ʽ ʛʝʦʾʜ, ʦʢʨʝʤʽ ʙʣʦʢʠ ʟʝʤʥʦʾ ʢʦʨʠ 

ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʧʝʨʤʘʥʝʥʪʥʦʤʫ ʩʪʘʥʽ ʨʫʭʫ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʜʝʬʦʨʤʘʮʽʶ ʪʦʧʦʣʦʛʽʾ 

ʬʽʛʫʨʠ, ʷʢʘ ʟ ʯʘʩʦʤ ʟʤʽʥʶʻ ʩʚʦʾ ʧʘʨʘʤʝʪʨʠ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʢʫʪʘ ʧʦʚʦʨʦʪʫ 

ʥʘʚʢʦʣʦ ʚʩ̔ʽ ʦʙʝʨʪʘʥʥʷ. ʅʘ ʥʘʰʫ ʜʫʤʢʫ, ʮʝ ʦʜʠʥ ʟ ʚʽʨʦʛʽʜʥʠʭ ʯʠʥʥʠʢʽʚ ʧʨʦʮʝʩʫ, 

ʱʦ ʟʘʧʫʩʢʘʻ ʛʣʦʙʘʣʴʥʽ ʨʫʭʠ ʣʽʪʦʩʬʝʨʥʠʭ ʙʣʦʢʽʚ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʪʨʘʥʩʬʦʨʤʘʮʽʷ ʬʽʛʫʨʠ ʣʽʪʦʩʬʝʨʠ, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʤʽʥʦʶ ʨʦʟʤʽʨʽʚ ʚʩ̔ʝʡ 

ʝʣʽʧʩʦʾʜʽʚ, ʱʦ ʦʧʠʩʫʻ ʧʦʚʝʨʭʥʶ ʣʽʪʦʩʬʝʨʠ ʪʘʢ ʽ ʾʭ ʦʨʽʻʥʪʘʮʽʻʶ. 

ɺʠʢʦʥʘʥʦ ʢʣʘʩʪʝʨʥʠʡ ʪʘ ʢʦʨʝʣʷʮʽʡʥʠʡ ʘʥʘʣʽʟ ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʚʝʢʪʦʨʥʦʛʦ 

ʧʦʣʷ ʊʄʉ ʟ ʧʦʣʝʤ ʧʝʨʝʤʽʱʝʥʴ ʪʝʢʪʦʥʽʯʥʠʭ ʧʣʠʪ ʟʘ ʜʘʥʠʤʠ ʥʘʧʨʷʤʢʽʚ ʨʫʭʫ 

ɻʅʉʉ ʩʪʘʥʮʽʡ ʪʘ ʨʫʭʫ ʤʘʪʝʨʠʢʽʚ ʟʘ ʤʦʜʝʣʣʶ Global Strain Rate Map Project 

(GSRM), ʱʦ ʥʘʜʘʣʦ ʢʽʣʴʢʽʩʥʝ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʧʨʠʧʫʱʝʥʴ ʱʦʜʦ ʤʦʞʣʠʚʦʛʦ 

ʚʧʣʠʚʫ ʮʠʭ ʩʠʣ ʥʘ ʤʝʭʘʥʽʟʤ ʨʫʭʫ ʪʝʢʪʦʥʽʯʥʠʭ ʧʣʠʪ. ʇʣʘʥʝʪʘʨʥʘ ʢʘʨʪʠʥʘ 

ʨʦʟʧʦʜʽʣʫ ʚʝʢʪʦʨʽʚ ʊʄʉ ʧʝʨʝʚʘʞʥʦ ʜʦʙʨʝ ʢʦʨʝʣʶʻ ʟ ʥʘʧʨʷʤʢʦʤ ʚʝʢʪʦʨʽʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʟʤʽʱʝʥʴ ʧʝʨʤʘʥʝʥʪʥʠʭ ʩʪʘʥʮʽʡ ʟʘ ɻʅʉʉ-ʚʠʤʽʨʘʤʠ. 

ɺʧʝʨʰʝ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʟ ʜʦʩʣʽʜʞʝʥʥʷ ʙʣʫʢʘʥʥʷ ʧʦʣʶʩʫ (TPW) ʟʘ 

ʤʦʜʝʣʷʤʠ ʧʘʣʝʦʛʝʦʾʜʽʚ, ʟ ʷʢʠʤʠ ʧʦʚôʷʟʘʥʽ ʧʝʨʝʤʽʱʝʥʥʷ ʣʽʪʦʩʬʝʨʥʠʭ ʧʣʠʪ, ʱʦ 

ʧʦʛʣʠʙʣʶ ̒ʨʦʟʫʤʽʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʛʝʦʣʦʛʽʯʥʦʤʫ 

ʤʘʩʰʪʘʙʽ ʯʘʩʫ. ɸʤʧʣʽʪʫʜʠ ʪʘʢʠʭ ʟʤʽʱʝʥʴ ʤʦʞʫʪʴ ʜʦʩʷʛʘʪʠ ʜʦ 30 ʤ ʚʟʜʦʚʞ 

ʤʝʨʠʜʽʘʥʫ. ɿʤʽʥʠ ʘʤʧʣʽʪʫʜ ʨʫʭʫ ʧʦʣʶʩʘ ʻ ʥʝʨʽʚʥʦʤʽʨʥʠʤʠ ʪʘ ʧʝʨʽʦʜʠʯʥʠʤʠ ʪʘ 

ʦʙʫʤʦʚʣʝʥʽ ʮʠʢʣʽʯʥʦʶ ʛʝʦʜʠʥʘʤʽʯʥʦʶ ʥʝʩʪʘʙʽʣʴʥʽʩʪʶ. ʎʝ ʧʨʦʷʚʣʷʻʪʴʩʷ ʷʢ 

ʩʝʢʫʣʷʨʥʽ ʚʘʨʽʘʮʽʾ ʬʦʨʤʠ ʧʣʘʥʝʪʠ ʪʘ ʛʨʘʚʽʪʘʮʽʡʥʦʛʦ ʧʦʣʷ ʯʝʨʝʟ ʚʧʣʠʚ 

ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʤʘʩ ʚʽʜ ʣʽʪʦʩʬʝʨʠ ʜʦ ʚʥʫʪʨʽʰʥʴʦʛʦ ʷʜʨʘ ʚ ʧʨʦʮʝʩʽ ʝʚʦʣʶʮʽʾ 

ɿʝʤʣʽ. 



 

 

6 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʷʢ ʦʩʥʦʚʘ ʜʣʷ 

ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʤʦʜʝʣʝʡ ʛʝʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ 

ʚʟʘʻʤʦʜʽʶ ʷʜʨʘ ʽ ʤʘʥʪʽʾ ɿʝʤʣʽ ʪʘ ʾʭ ʚʧʣʠʚ ʥʘ ʨʫʭ ʧʦʣʶʩʫ ʽ ʧʣʘʥʝʪʘʨʥʫ ʨʦʪʘʮʽʶ. 

ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ ʤʦʞʫʪʴ ʨʦʟʢʨʠʪʠ ʱʝ ʙʽʣʴʰʝ ʜʝʪʘʣʝʡ 

ʧʨʦ ʮʠʢʣʽʯʥʽʩʪʴ ʪʝʢʪʦʥʽʯʥʠʭ ʪʘ ʛʨʘʚʽʪʘʮʽʡʥʦ-ʨʦʪʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʝʚʦʣʶʮʽʡʥʠʡ ʨʦʟʚʠʪʦʢ ʬʽʛʫʨʠ ɿʝʤʣʽ ʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʾʾ 

ʛʝʦʜʠʥʘʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ʂʨʽʤ ʪʦʛʦ, ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ, 

ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʘʜʘʧʪʘʮʽʶ ʤʦʜʝʣʽ ʜʣʷ ʽʥʰʠʭ ʧʣʘʥʝʪ ʉʦʥʷʯʥʦʾ ʩʠʩʪʝʤʠ, ʱʦ 

ʜʦʟʚʦʣʠʪʴ ʚʠʚʯʘʪʠ ʘʥʘʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʥʘ ʧʣʘʥʝʪʘʭ ʟ ʨʽʟʥʠʤʠ ʛʝʦʣʦʛʽʯʥʠʤʠ 

ʫʤʦʚʘʤʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʛʝʦʜʠʥʘʤʽʯʥʽ ʧʨʦʮʝʩʠ, ʤʦʜʝʣʶʚʘʥʥʷ, ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ, 

ʪʝʢʪʦʥʽʯʥʘ ʘʢʪʠʚʥʽʩʪʴ, ʬʽʛʫʨʘ ɿʝʤʣʽ, ʣʽʪʦʩʬʝʨʘ, ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ, 

ʮʠʬʨʦʚʘ ʤʦʜʝʣʴ ʨʝʣʴʻʬʫ, ʧʘʣʝʦʛʝʦʛʨʘʬʽʯʥʽ ʨʝʢʦʥʩʪʨʫʢʮʽʾ. 

ʉʧʠʩʦʢ ʧʫʙʣʽʢʘʮʽʡ 

ʉʪʘʪʪʽ ʫ ʥʘʫʢʦʚʠʭ ʧʝʨʽʦʜʠʯʥʠʭ ʚʠʜʘʥʥʷʭ ʋʢʨʘʾʥʠ, ʷʢʽ ʚʢʣʶʯʝʥʦ ʜʦ 

ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟ: 

1. Tserklevych, A., Shylo, Y., & Shylo, O. (2017). Shape of the Earth and 

geodynamics. Geodynamics, 2(23), 141-163.https://doi.org/10.23939/jgd2017.02.141 

2. Tserklevych, A. L., Zayats, O. S., Shylo, Y. O., & Shylo, O. M. (2018). 

Generation of the stressed state of the lithosphere of the Earth and Mars caused by the 

reorientation of their figures. Kinematics and Physics of Celestial Bodies, 34, No.1, 

19-36. https://doi.org/10.3103/s0884591318010051 

3. Tserklevych, A. L., Shylo, Y. O., & Shylo, O. M. (2019). Earthôs figure 

changesïgeodynamic factor of stressed-deformed litosphere state. Geodynamics, (1 

(26)), 28-42. https://doi.org/10.23939/jgd2019.01.028 

4. Tserklevych, A., Shylo, Y., & Shylo, O. (2023). On the distribution of 

tangential mass forces in the Earth's lithosphere. Geodynamics, 2(35), 80ï88. 

https://doi.org/10.23939/jgd2023.02.080  

https://doi.org/10.23939/jgd2017.02.141
https://doi.org/10.23939/jgd2019.01.028
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ʉʪʘʪʪ̫ ʫ ʬʘʭʦʚʦʤʫ ʚʠʜʘʥʥ ̔ʋʢʨʘʾʥʠ: 

5. Tserklevych, A., Badlo T., Zayats O., Shylo, Ye., & Shylo, O. (2024). 

Modeling the geoid and polar motion in geological time. Geodynamics, 2(37), 45-55. 

https://doi.org/10.23939/jgd2024.02.045 

ʇʫʙʣʽʢʘʮʽʾ, ʷʢʽ ʟʘʩʚʽʜʯʫʶʪʴ ʘʧʨʦʙʘʮʽʶ ʤʘʪʝʨʽʘʣʽʚ ʜʠʩʝʨʪʘʮʽʾ, ʘ ʩʘʤʝ 

ʤʘʪʝʨʽʘʣʠ ʪʘ ʪʝʟʠ ʤʽʞʥʘʨʦʜʥʠʭ ʽ ʚʽʪʯʠʟʥʷʥʠʭ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʪʘ ʥʘʫʢʦʚʠʭ 

ʢʦʥʬʝʨʝʥʮʽʡ: 

6. Shylo, O., & Shylo, Y. (2017, December). The definition of deviation of 

çGeoevolutionaryè plumb line based on data from the transformation of the Earth. In 

Litteris et Artibus (pp. 202-205). 

7. ʐʠʣʦ ɭ., ʐʠʣʦ ʆ. (2017). ɺʠʟʥʘʯʝʥʥʷ ʪʘʥʛʝʥʮʽʘʣʴʥʠʭ ʩʠʣ ʟʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʬʽʛʫʨʠ ɿʝʤʣʽ. ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ 

ʢʦʥʬʝʨʝʥʮʽʷ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ çGeoterrace-2017è (ʩ.68-70). 

8. ʎʝʨʢʣʝʚʠʯ ɸ., ʐʠʣʦ ɭ., ʐʠʣʦ ʆ. (2018). ɺʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʜʝʬʦʨʤʘʮʽʾ ʧʦʚʝʨʭʥʽ ʣʽʪʦʩʬʝʨʠ ɿʝʤʣʽ. ɯʍ ʤʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ 

ʢʦʥʬʝʨʝʥʮʽʷ çʅʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʚ ʛʝʦʜʝʟʽʾ, ʟʝʤʣʝʚʧʦʨʷʜʢʫʚʘʥʥʽ, 

ʣʽʩʦʚʧʦʨʷʜʢʫʚʘʥʥʽ ʪʘ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʽè, ʋʞʛʦʨʦʜ (c.18-21). 

9. ʎʝʨʢʣʝʚʠʯ ɸ., ʐʠʣʦ ɭ., ʐʠʣʦ ʆ. (2018). ʊʨʘʥʩʬʦʨʤʘʮʽʷ ʬʽʛʫʨʠ 

ʣʽʪʦʩʬʝʨʠ ʚʠʢʣʠʢʘʥʘ ʝʚʦʣʶʮʽʡʥʠʤ ʨʦʟʚʠʪʢʦʤ ɿʝʤʣʽ. IV ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʘ 

ʢʦʥʬʝʨʝʥʮʽʷ çɻʝʦʬʽʟʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ ʬʽʟʠʯʥʠʭ ʧʦʣʽʚ ɿʝʤʣʽè, 

ʩ.ɺʝʨʭʥʻ ʉʠʥʴʦʚʠʜʥʝ, ʉʢʦʣʽʚʩʴʢʠʡ ʨ-ʥ, ʃʴʚʽʚʩʴʢʘ ʦʙʣ., ʋʢʨʘʾʥʘ (ʩ.3-10). 

10. Shylo, O., Shylo, Y., Tserklevych, A., & Bubniak, I. M. (2019, May). 

Geometric deformation of the Earth's lithosphere figure and its dynamic 

interpretation. In 18th International Conference on Geoinformatics-Theoretical and 

Applied Aspects, Vol. 2019, No. 1 (pp. 1-5). European Association of Geoscientists 

& Engineers. DOI: 10.3997/2214-4609.201902059 

11. ʎʝʨʢʣʝʚʠʯ ɸ., ʐʠʣʦ ɭ., ʐʠʣʦ ʆ. (2019). ɼʝʬʦʨʤʘʮʽʾ ʣʽʪʦʩʬʝʨʠ 

ɿʝʤʣʽ. 24-ʪʘ ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çɻʝʦʬʦʨʫʤ-2019è. 

ʃɹ ʚʽʚïɹʨʶʭʦʚʠʯʽïʗʚʦʨʽʚ (ʩ.21-22). 
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12. ʎʝʨʢʣʝʚʠʯ ɸ., ʐʠʣʦ ʆ., ʐʠʣʦ ɭ. (2019, ʚʝʨʝʩʝʥʴ). ʄʝʪʦʜ 

ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʣʽʪʦʩʬʝʨʠ. VII ʄʽʞʥʘʨʦʜʥʘ 

ʥʘʫʢʦʚʘ ʢʦʥʬʝʨʝʥʮʽʷ çɻʝʦʬʽʟʠʢʘ ʽ ʛʝʦʜʠʥʘʤʽʢʘ: ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʤʦʥʽʪʦʨʠʥʛ 

ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘè. ʃʴʚʽʚ (ʩ.196-198). 

13. Shylo, O., & Shylo, Y. (2019). Modeling figure and orientation of the 

Earth's lithosphere based on paleoDEM. In Litteris et Artibus (pp. 37-41). 

14. Tserklevych, A., Shylo, Y., Shylo, O. (2020, December) The 

transformation of the lithospheric figure caused by the evolutionary development of 

the Earth. In International conference of young professionals çGeoTerrace-2020è. 

DOI: 10.3997/2214-4609.20205719  

15. Tserklevych, A., Shylo, Y., Shylo, O., & Zayats O. (2022, October). 

Horizontal Deformations and the Stressed State of the Earth Surface Caused by 

Reorientation of the Shape of the Lithosphere. In International conference of young 

professionals çGeoTerrace-2022è (pp.1-5). DOI: 10.3997/2214-4609.2022590042  

16. ʎʝʨʢʣʝʚʠʯ ɸ., ʐʠʣʦ ɭ., ʐʠʣʦ ʆ. (2023, ʢʚʽʪʝʥʴ). ʈʦʣʴ 

ʪʘʥʛʝʥʮʽʘʣʴʥʠʭ ʤʘʩʦʚʠʭ ʩʠʣ ʚ ʛʝʦʜʠʥʘʤʽʮʽ. ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ 

ʢʦʥʬʝʨʝʥʮʽʷ çɻʝʦʬʦʨʫʤ-2023è (ʩ.102-105). 

17. Tserklevych, A., Shylo, Y., & Shylo, O. (2023, October). Genesis of 

Tangential Mass Forces Caused by Reorientation of the Generalized Figure of the 

Lithosphere. In International conference of young professionals çGeoTerrace-2023è 

(pp.1-5). doi.org/10.3997/2214-4609.2023510049  

18. ʎʝʨʢʣʝʚʠʯ ɸ., ɹʘʜʣʦ ʊ., ɿʘʷʮʴ ʆ., ʐʠʣʦ ʆ., ʐʠʣʦ ɭ. (2024, 

ʢʚʽʪʝʥʴ). ʄʦʜʝʣʶʚʘʥʥʷ ʛʝʦʾʜʘ ʚ ʛʝʦʣʦʛʽʯʥʦʤʫ ʯʘʩʽ. ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-

ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çɻʝʦʬʦʨʫʤ-2024è (ʩ.91-93). 

19. Tserklevych, A., Zayats O., Shylo, Y., Shylo, O., & Badlo T. (2024, 

October). Modeling of true polar wander (TPW) during 540 Ma. In International 

conference of young professionals çGeoTerrace-2024è. 
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Anotation 

Shylo O.M. Modeling and mapping of planetary geodynamic processes. 

Dissertation for the degree of Doctor of Philosophy (PhD) on specialty 103 ï 

Earth Sciences (10 çNatural Sciencesè). ï Lviv Polytechnic National University, 

Lviv, 2025. 

The dissertation research is devoted to the development of methods for 

modeling and mapping geodynamic processes that determine the dynamics and 

evolution of the Earth's planetary shape. The work considers the complex 

mechanisms of interaction between tectonic movements, rotational effects, and 

gravitational anomalies that cause lithospheric deformations, form the stress state of 

the Earth's crust, and create the preconditions for True Polar Wander (TPW) on the 

scale of geologic time. The need for this study is due to the importance of predicting 

planetary and regional geodynamic changes that can significantly affect seismic 

activity and geological stability of regions. It should also be noted that the priority 

tasks of the International Association of Geodesy IAG are research of deformations 

of the Earth's crust at all scales from global plate tectonics to local deformations, as 

well as the development and coordination of international programs for observation, 

analysis and interpretation of data of deformation fields by geodynamic methods 

within the framework of Subcommission 3.2 çDeformation of the Earth's crustè of 

Commission 3 çEarth Rotation and Geodynamicsè. 

The aim of the work is to develop a comprehensive methodology for modeling 

and mapping planetary changes in the Earth's shape, assessing the global stress-strain 

fields of the lithosphere and the Earth's pole displacement, which will provide more 

informative insights into the course of geotectonic and geodynamic processes on 

spatial and temporal scales. 

The scientific novelty of the work lies in the development of new models that 

take into account the multifactorial influence of rotational changes, the dynamics of 

lithospheric plate movement and topographic changes of the Earth's surface, which 

allows modeling and mapping complex geodynamic processes, in particular changes 
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in the Earth's shape in geological time. This approach makes it possible to predict 

changes in the stress state of the lithosphere due to its rotational dynamics and 

reorientation of the planet's shape. An important aspect of the novelty is also the use 

of a digital elevation model (PaleoDEM) to analyze the transformation of the Earth's 

shape in a spatial and temporal context and to display them on maps. An important 

element of the study is the use of paleoreconstruction data to track past changes in the 

Earth's shape and determine their impact on modern geodynamic processes. The 

scientific significance of the research also lies in the ability to create models of 

evolutionary changes in the Earth's shape, which contributes to a better understanding 

of geodynamic processes and can serve as a basis for predicting possible structural 

transformations of the lithosphere in the future. 

The practical significance of the results is confirmed by the use of the 

developed methodology for determining the stress-strain state of the lithosphere to 

predict potentially dangerous zones with increased tectonic activity on a planetary 

and regional scale, to assess risks in terms of life safety and possible catastrophic 

consequences. From the point of view of practical significance, the developed 

algorithms, methods and research results are directly applicable to solving 

geodynamic problems in connection with the description of the course and prediction 

of a number of physical processes at the present stage of Earth's evolution. The 

proposed solutions can be used to prepare recommendations for minimizing 

dangerous natural disasters in regions with high tectonic risk, as well as to monitor 

displacements and transformations of the Earth's surface in the context of global 

climate change, sea level fluctuations, and other dynamic processes.  

The dissertation analyzes the studies of planetary geodynamic processes and 

the problems of their modeling and notes the need to integrate interdisciplinary 

methods for a deeper understanding of changes in the shape of the planet, its 

geodynamics and deformation processes to build a dynamic theory of Earth 

evolution.  
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A model of changes in the parameters of the generalized shape of the Earth 

was developed using a global digital topography model (PaleoDEM), which reflects 

geological changes in the lithospheric surface, taking into account 

paleoreconstructions. As a result, trend patterns of changes in the parameters and 

orientation of ellipsoids describing the lithospheric surface on a geologic time scale 

were revealed. Thus, the maximum deviation of the pole of the minor semi-axis from 

the north pole of the Earth is ~ 3Á for 108 obtained ellipsoids based on PaleoDEM 

data, which approximate the surface of the lithosphere for different geological 

epochs, which may indicate a critical value of the deviation of the geographic pole 

from the axis of rotation of the Earth for any configuration of the location of 

continents and water surface. We propose an interpretation of lithospheric 

deformations and mapping of their changes occurring as a result of rotational 

processes and reorientation of the planet. These models differ from the existing ones 

in that they take into account not only the current state of the lithosphere, but also its 

evolution due to past processes in the mantle and changes in the planet's rotational 

regime. 

The characteristics of the stress-strain state of the Earth's lithosphere based on 

the data of modeling geopaleoreconstructions in geological time are obtained by 

formulating and solving the problem of finding the vectors of displacement of points 

on its surface as a result of the transformation of one shape into another due to the 

occurrence of tangential mass forces (TMF). The relations are obtained that allow (at 

a viscosity of 10
19
PaĀs and a thickness of the asthenospheric layer of 200 km) to 

recalculate the obtained TMF in terms of strain rate (1 mGal corresponds to 0.16 

mm/year) and normal stress (1 mGal corresponds to 2,5
.
10

5 
Pa). Taking into account 

the maximum value of the TMF, which is 210 mGal, we obtained the continental 

displacement rate of ~ 40 mm/year and the stress of ~ 5.10
7
 Pa. A probable 

interpretation of the role of gravitational and rotational forces in the formation of the 

global stress field and the transformation of the Earth's lithospheric surface shape is 

proposed. Due to the deviation of the two main figures of the Earth, which 
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approximate the topography of the lithosphere surface and the geoid, individual 

blocks of the Earth's crust are in a permanent state of motion, which adequately 

affects the deformation of the topology of the figure, which changes its parameters 

over time in accordance with the angle of rotation around the axis of rotation. In our 

opinion, this is one of the likely factors of the process that triggers global movements 

of lithospheric blocks. As a result, the lithosphere shape is transformed, which is 

characterized by a change in the size of the axes of the ellipsoids describing the 

lithosphere surface and their orientation. 

The cluster and correlation analysis of the TMF vector field with the field of 

tectonic plate displacements based on the directions of GNSS stations and continental 

movement according to the Global Strain Rate Map Project (GSRM) model was 

performed, which provided quantitative confirmation of the assumptions about the 

possible influence of these forces on the mechanism of tectonic plate movement. The 

planetary pattern of TMF vectors distribution mostly correlates well with the 

direction of horizontal displacements vectors of permanent stations based on GNSS-

measurements. 

For the first time, the results of determining the pole wander (TPW) from 

paleogeoid models associated with lithospheric plate movements were obtained, 

which deepens the understanding of dynamic processes occurring on a geologic time 

scale. The main factor is that the amplitudes of such displacements can reach up to 30 

m along the meridian. Changes in the amplitudes of pole motion are uneven and 

periodic, which are caused by cyclic geodynamic instability, manifested as secular 

variations in the shape of the planet and gravitational field due to the influence of 

mass redistribution from the lithosphere to the inner core during the Earth's evolution. 

The results obtained can also be used as a basis for further development of 

models of geodynamic processes that take into account the interaction of the Earth's 

core and mantle and their impact on pole motion and planetary rotation. Further 

research in this area can reveal even more details about the cyclicity of tectonic and 

gravitational-rotational processes that ensure the evolutionary development of the 
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Earth's shape and affect its geodynamic properties. In addition, studies aimed at 

adapting the model for other planets of the Solar System are promising, which will 

allow studying similar processes on planets with different geological conditions. 

Key words: geodynamic processes, modeling, mapping, tectonic activity, Earth 

shape, lithosphere, stress-strain state, digital elevation model, paleogeographic 

reconstructions. 
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ʇʝʨʝʣʽʢ ʫʤʦʚʥʠʭ ʩʢʦʨʦʯʝʥʴ 

ʉʢʦʨʦʯʝʥʥʷ, ʪʝʨʤʽʥ, 

ʧʦʟʥʘʯʝʥʥʷ 
ʇʦʷʩʥʝʥʥʷ 

GSRM 
Global Strain Rate Map Project 

ɻʣʦʙʘʣʴʥʘ ʢʘʨʪʘ ʰʚʠʜʢʦʩʪʽ ʜʝʬʦʨʤʘʮʽʾ 

IAG 
International Association of Geodesy 

ʄʽʞʥʘʨʦʜʥʘ ʘʩʦʮʽʘʮʽʷ ʛʝʦʜʝʟʽʾ  

Ma, ʤʣʥ ʨʦʢʽʚ ʄʽʣʴʡʦʥʠ ʨʦʢʽʚ ʪʦʤʫ 

PaleoDEM ʅʘʙʦʨʠ ʜʘʥʠʭ ʧʘʣʝʦʨʝʢʦʥʩʪʨʫʢʮʽʡ 

PREM 
Preliminary reference Earth model 

ʇʦʧʝʨʝʜʥʷ ʝʪʘʣʦʥʥʘ ʨʝʬʝʨʝʥʮʥʘ ʤʦʜʝʣʴ ɿʝʤʣʽ  

TPW 
True Polar Wander 

ɹʣʫʢʘʶʯʠʡ ʨʫʭ ʧʦʣʶʩʘ 

ɻʅʉʉ ɻʣʦʙʘʣʴʥʘ ʥʘʚʽʛʘʮʽʡʥʘ ʩʫʧʫʪʥʠʢʦʚʘ ʩʠʩʪʝʤʘ 

ʂʂʂ ʂʦʝʬʽʮʽʻʥʪʽʚ ʢʦʚʟʥʦʾ ʢʦʨʝʣʷʮʽʾ 

ʊʄʉ ʊʘʥʛʝʥʮʽʘʣʴʥʽ ʤʘʩʦʚʽ ʩʠʣʠ 

ʎʄʈʇ ʎʠʬʨʦʚʘ ʤʦʜʝʣʴ ʨʝʣʴʻʬʫ ʧʦʚʝʨʭʥʽ 
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ɺʩʪʫʧ 

ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʪʝʤʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʊʝʤʘ ʜʠʩʝʨʪʘʮʽʾ ʻ 

ʘʢʪʫʘʣʴʥʦʶ, ʦʩʢʽʣʴʢʠ ʟʘʧʣʘʥʦʚʘʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʪʠʯʥʽ ʜʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ 

ʥʘʫʢ ʧʨʦ ɿʝʤʣʶ, ʜʝ ʢʣʶʯʦʚʠʤʠ ʧʠʪʘʥʥʷʤʠ ʻ: ʩʪʚʦʨʝʥʥʷ ʛʝʦʜʠʥʘʤʽʯʥʦʾ ʤʦʜʝʣʽ 

ɿʝʤʣʽ, ʷʢʘ ʦʭʦʧʣʶʻ ʦʩʥʦʚʥʽ ʩʪʘʜʽʾ ʾʾ ʝʚʦʣʶʮʽʾ ʚ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʤʫ ʤʘʩʰʪʘʙʽ 

ʪʘ ʘʜʝʢʚʘʪʥʠʭ ʨʝʘʣʴʥʦʩʪʽ ʪʝʦʨʽʡ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʛʝʦʜʘʥʠʭ. ʎʠʢʣʽʯʥʽʩʪʴ 

ʛʣʦʙʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʚʽʜʙʫʚʘʣʠʩʴ ʥʘ ɿʝʤʣʽ, ʻ ʧʨʦʷʚʦʤ ʨʦʪʘʮʽʡʥʠʭ ʨʫʭʽʚ 

ɿʝʤʣʽ ʷʢ ʧʣʘʥʝʪʥʦʛʦ ʪʽʣʘ, ʘ ʚʦʥʠ ʚ ʩʚʦʶ ʯʝʨʛʫ ʚʧʣʠʚʘʶʪʴ ʥʘ ʜʠʥʘʤʽʢʫ ʟʝʤʥʦʾ 

ʢʦʨʠ, ʣʽʪʦʩʬʝʨʫ, ʪʝʢʪʦʥʦʩʬʝʨʫ ʽ, ʤʦʞʣʠʚʦ, ʥʘ ʧʝʨʝʤʽʱʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʷʜʨʘ. 

ʋ ʧʣʘʥʝʪʘʨʥʽʡ ʛʝʦʜʝʟʽʾ ʪʘ ʛʝʦʬʽʟʠʮʽ ʟʥʘʯʥʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʨʦʟʫʤʽʥʥʶ 

ʧʨʠʨʦʜʠ ʧʝʨʝʤʽʱʝʥʥʷ ʣʽʪʦʩʬʝʨʥʠʭ ʧʣʠʪ, ʟʤʽʥʽ ʬʦʨʤʠ ɿʝʤʣʽ ʪʘ ʛʨʘʚʽʪʘʮʽʡʥʦʛʦ 

ʧʦʣʷ, ʜʠʥʘʤʽʮʽ ʦʙʝʨʪʦʚʦʛʦ ʨʫʭʫ. ʊʝʢʪʦʥʽʯʥʘ ʝʚʦʣʶʮʽʷ ɿʝʤʣʽ ʻ ʧʨʝʜʤʝʪʦʤ 

ʜʦʩʣʽʜʞʝʥʴ ʽ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʜʠʩʢʫʩʽʡ ʬʘʭʽʚʮʽʚ ʚ ʛʘʣʫʟʽ ʥʘʫʢ ʧʨʦ ɿʝʤʣʶ ʤʘʡʞʝ 

ʽʟ ʧʦʯʘʪʢʫ ʨʦʟʚʠʪʢʫ ʛʝʦʣʦʛʽʾ ʽ ʛʝʦʪʝʢʪʦʥʽʢʠ. ɰʾ ʩʫʯʘʩʥʘ ʧʘʨʘʜʠʛʤʘ ï ʪʝʢʪʦʥʽʢʘ 

ʣʽʪʦʩʬʝʨʥʠʭ ʧʣʠʪ, ʤʽʩʪʠʪʴ ʱʝ ʥʝ ʟʦʚʩʽʤ ʦʙʛʨʫʥʪʦʚʘʥʽ ʧʦʣʦʞʝʥʥʷ, ʽ ʩʝʨʝʜ ʥʠʭ ï 

ʤʝʭʘʥʽʟʤʠ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʽ ʚʝʨʪʠʢʘʣʴʥʠʭ ʧʝʨʝʤʽʱʝʥʴ ʢʦʥʪʠʥʝʥʪʘʣʴʥʠʭ ʧʣʠʪ. 

ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʜʦʩʣʽʜʞʝʥʥʷ ʝʚʦʣʶʮʽʾ ʬʽʛʫʨʠ ɿʝʤʣʽ ʫ ʛʝʦʣʦʛʽʯʥʦʤʫ ʯʘʩʽ ʪʘ ʥʘ 

ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʽʚ ʛʝʦʜʝʟʽʾ, ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʪʘ ɻɯʉ-ʪʝʭʥʦʣʦʛʽʡ, ʚʠʚʯʝʥʥʷ ʨʦʣʽ ʨʦʪʘʮʽʡʥʠʭ ʬʘʢʪʦʨʽʚ ʪʘ ʾʭ ʚʧʣʠʚʫ ʥʘ 

ʧʨʦʪʽʢʘʥʥʷ ʨʽʟʥʦʤʘʩʰʪʘʙʥʠʭ ʛʝʦʪʝʢʪʦʥʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʻ ʘʢʪʫʘʣʴʥʠʤʠ ʽ 

ʧʨʝʜʩʪʘʚʣʷʻ ʟʥʘʯʥʠʡ ʽʥʪʝʨʝʩ ʜʣʷ ʧʣʘʥʝʪʘʨʥʦʾ ʛʝʦʜʝʟʽʾ, ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʾ 

ʛʝʦʣʦʛʽʾ, ʛʝʦʬʽʟʠʢʠ ʪʘ ʽʥʰʠʭ ʥʘʫʢ ʧʨʦ ɿʝʤʣʶ. ɸʢʪʫʘʣʴʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʪʘʢʦʞ ʧʦʪʨʝʙʦʶ ʩʫʯʘʩʥʠʭ ʥʘʫʢʦʚʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʣʘʥʝʪʘʨʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʥʘ ʧʝʨʝʤʽʱʝʥʥʷ ʣʽʪʦʩʬʝʨʥʠʭ ʧʣʠʪ, 

ʟʤʽʥʫ ʜʠʥʘʤʽʯʥʦʛʦ ʨʝʣʴʻʬʫ ʪʘ ʙʣʫʢʘʶʯʠʡ ʨʫʭ ʧʦʣʶʩʘ ñTrue Polar Wanderò 

(TPW). ʇʦʚʽʣʴʥʠʡ ʧʦʚʟʫʯʠʡ ʨʫʭ ʤʘʥʪʽʾ ɿʝʤʣʽ ʩʧʨʠʯʠʥʷʻ ʪʠʤʯʘʩʦʚʽ ʟʤʽʥʠ 

ʨʝʣʴʻʬʫ ʧʦʚʝʨʭʥʽ ʚ ʨʽʟʥʠʭ ʧʨʦʩʪʦʨʦʚʠʭ ʽ ʯʘʩʦʚʠʭ ʤʘʩʰʪʘʙʘʭ. ɿʘ ʦʩʪʘʥʥʽ 

ʜʝʩʷʪʠʣʽʪʪʷ ʤʠ ʩʧʦʩʪʝʨʽʛʘʻʤʦ ʟʥʘʯʥʠʡ ʧʨʦʛʨʝʩ ʫ ʨʦʟʫʤʽʥʥʽ ʮʽʻʾ ʪʘʢ ʟʚʘʥʦʾ 
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çʜʠʥʘʤʽʯʥʦʾ ʪʦʧʦʛʨʘʬʽʾè, ʜʝ ʟʨʦʩʪʘʻ ʢʽʣʴʢʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ, ʷʢʽ ʧʽʜʢʨʝʩʣʶʶʪʴ ʾʾ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʫ ʨʦʣʴ ʫ ʬʦʨʤʫʚʘʥʥʽ ʧʦʚʝʨʭʥʽ ʥʘʰʦʾ ʧʣʘʥʝʪʠ. ʆʢʨʽʤ ʪʦʛʦ, 

ʜʦʩʣʽʜʞʝʥʥʷ ʩʧʨʷʤʦʚʘʥʝ ʥʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʦʜʝʣʶʚʘʥʥʷ ʜʝʬʦʨʤʘʮʽʡ ʪʘ 

ʥʘʧʨʫʞʝʥʥʦʛʦ ʩʪʘʥʫ ʣʽʪʦʩʬʝʨʠ ʯʝʨʝʟ ʪʨʘʥʩʬʦʨʤʘʮʽʶ ʬʽʛʫʨʠ ɿʝʤʣʽ ʻ ʚʘʞʣʠʚʠʤ 

ʜʣʷ ʨʦʟʫʤʽʥʥʷ ʪʝʢʪʦʥʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. ɿʘʟʥʘʯʠʤʦ ʪʘʢʦʞ, ʱʦ ʚʠʙʽʨ ʪʝʤʠ ʙʘʟʫʻʪʴʩʷ 

ʥʘ ʘʥʘʣʽʟʽ ʩʫʯʘʩʥʠʭ ʥʘʫʢʦʚʠʭ ʨʦʙʽʪ ʫ ʩʬʝʨʽ ʢʦʩʤʽʯʥʦʾ ʛʝʦʜʝʟʽʾ, ʧʣʘʥʝʪʘʨʥʦʾ 

ʛʝʦʬʽʟʠʢʠ ʪʘ ʛʣʦʙʘʣʴʥʦʾ ʪʝʢʪʦʥʽʢʠ, ʷʢʘ ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ ʧʝʨʩʧʝʢʪʠʚʠ ʜʣʷ 

ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʟʤʽʥ ʬʽʛʫʨʠ ʪʘ ʨʦʪʘʮʽʡʥʦʛʦ ʨʝʞʠʤʫ ɿʝʤʣʽ ʚ ʧʨʦʩʪʦʨʦʚʦ-

ʯʘʩʦʚʠʭ ʤʘʩʰʪʘʙʘʭ, ʱʦ, ʙʝʟ ʩʫʤʥʽʚʫ, ʧʦʛʣʠʙʣʶʻ ʨʦʟʫʤʽʥʥʷ ʜʠʥʘʤʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʧʣʘʥʝʪʠ ʽ ʬʦʨʤʫʚʘʥʥʷ ʪʝʦʨʽʾ ʧʦʙʫʜʦʚʠ ʛʣʦʙʘʣʴʥʦʾ ʤʦʜʝʣʽ ʜʠʥʘʤʽʢʠ 

ɿʝʤʣʽ. 

ɺʽʜʟʥʘʯʠʤʦ ʪʘʢʦʞ, ʱʦ ʜʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʻ ʧʦʜʘʣʴʰʠʤ ʨʦʟʚʠʪʢʦʤ 

ʥʘʫʢʦʚʠʭ ʫʷʚʣʝʥʴ, ʷʢʽ ʨʦʟʚʠʚʘʣʠʩʷ ʥʘ ʧʦʩʪʨʘʜʷʥʩʴʢʦʤʫ ʧʨʦʩʪʦʨʽ ɹ.ʇ. ʃʽʯʢʦʚʠʤ, 

ʄ.ɺ. ʉʪʦʚʘʩʦʤ, ɺ.ʆ. ʎʘʨʝʛʨʘʜʩʴʢʠʤ, ʇ. ʅ ʂʨʦʧʦʪʢʽʥʦʤ, ʇ.ʉ. ɺʦʨʦʥʦʚʠʤ, ʄ.ʉ. 

ʄʦʣʦʜʝʥʩʴʢʠʤ, ɺ. ɭ.ʍʘʾʥʠʤ, ɾ.ʉ. ɭʨʞʘʥʦʚʠʤ, ʚ ʋʢʨʘʾʥʽ ʂ.ʌ. ʊʷʧʢʽʥʠʤ, ʄ. ʄ. 

ɼʦʚʙʥʽʯʝʤ, ɸ.ʃ. ʎʝʨʢʣʝʚʠʯʝʤ, ɯ.ɺ. ʂʘʨʧʝʥʢʦʤ, ʆ.ɹ. ɻʽʥʪʦʚʠʤ, ʆ.ʉ. ɿʘʡʮʝʤ, ʟʘ 

ʢʦʨʜʦʥʦʤ: ʖ.ɺ. ɹʘʨʢʽʥʠʤ, ʆ.ɺ. ɼʦʣʽʮʢʠʤ, ʖ.ʄ. ɸʚʩʶʢʦʤ, ʖ.ʃ. ʈʝʙʝʮʴʢʠʤ, 

ʃ.ʄ. ʈʘʩʮʚʝʪʘʻʚʠʤ, ɸ.ɺ. ɺʽʢʫʣʽʥʠʤ, ʅ.ʉ. ʉʽʜʦʨʝʥʢʦʚʠʤ, T.Gold, W. Mank, G. 

MacDonald, C.R.Scotes, N .Wright, C. Wang, D. A. Evans ʪʘ ʽʥ. ʽ ʻ ʥʘʩʪʫʧʥʠʤ 

ʢʨʦʢʦʤ ʫ ʚʠʚʯʝʥʥʽ ʨʦʣʽ ʨʦʪʘʮʽʡʥʦʾ ʜʠʥʘʤʽʢʠ ʪʘ ʧʝʨʝʦʨʽʻʥʪʘʮʽʾ ʬʽʛʫʨʠ ʧʣʘʥʝʪʠ ʚ 

ʤʘʩʰʪʘʙʘʭ ʛʝʦʣʦʛʽʯʥʦʛʦ ʯʘʩʫ ʫ ʧʨʦʪʽʢʘʥʥʽ ʨʽʟʥʦʤʘʩʰʪʘʙʥʠʭ ʛʝʦʪʝʢʪʦʥʽʯʥʠʭ ʽ 

ʛʝʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʨʘʭʦʚʫʻ ʩʫʯʘʩʥʽ ʜʦʩʷʛʥʝʥʥʷ ʚ ʥʘʫʢʘʭ ʧʨʦ ɿʝʤʣʶ. 

ɿʚ'ʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ ʽ ʪʝʤʘʤʠ. 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʚʠʢʦʥʘʥʘ ʥʘ ʢʘʬʝʜʨʽ ʽʥʞʝʥʝʨʥʦʾ ʛʝʦʜʝʟʽʾ ɯʥʩʪʠʪʫʪʫ ʛʝʦʜʝʟʽʾ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ñʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘò ʽ ʚʽʜʧʦʚʽʜʘʻ ʪʝʤʘʪʠʮʽ 

ʢʘʬʝʜʨʠ çʄʦʜʝʨʥʽʟʘʮʽʷ ʪʝʭʥʦʣʦʛʽʡ ʽʥʞʝʥʝʨʥʦ-ʛʝʦʜʝʟʠʯʥʠʭ ʨʦʙʽʪ ʪʘ 

ʛʝʦʜʝʟʠʯʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʽʥʞʝʥʝʨʥʠʭ ʩʧʦʨʫʜ ʽ ʛʝʦʜʠʥʘʤʽʯʥʠʭ ʷʚʠʱè ʪʘ ʦʜʥʦʤʫ ʟ 

ʥʘʫʢʦʚʠʭ ʥʘʧʨʷʤʽʚ ɯʥʩʪʠʪʫʪʫ ʛʝʦʜʝʟʽʾ çɼʦʩʣʽʜʞʝʥʥʷ ʬʽʛʫʨʠ ʪʘ ʟʦʚʥʽʰʥʴʦʛʦ 

ʛʨʘʚʽʪʘʮʽʡʥʦʛʦ ʧʦʣʷ ɿʝʤʣʽ ʽ ʧʣʘʥʝʪ, ʩʪʚʦʨʝʥʥʷ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ, 
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ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ ʽ ʙʘʟ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭè. ɺʠʢʦʥʘʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʧʨʽʦʨʠʪʝʪʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʜʝʬʦʨʤʘʮʽʡ ʟʝʤʥʦʾ ʢʦʨʠ ʫʩʽʭ 

ʤʘʩʰʪʘʙʽʚ ʚʽʜ ʛʣʦʙʘʣʴʥʦʾ ʪʝʢʪʦʥʽʢʠ ʧʣʠʪ ʜʦ ʣʦʢʘʣʴʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʫ ʨʘʤʢʘʭ 

ʨʦʟʚʠʪʢʫ ʽ ʢʦʦʨʜʠʥʘʮʽʾ ʤʽʞʥʘʨʦʜʥʠʭ ʧʨʦʛʨʘʤ ʟʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʘʥʘʣʽʟʫ ʪʘ 

ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʜʘʥʠʭ ʜʝʬʦʨʤʘʮʽʡʥʠʭ ʧʦʣʽʚ ʛʝʦʜʠʥʘʤʽʯʥʠʤʠ ʤʝʪʦʜʘʤʠ ʫ 

ʜʽʷʣʴʥʦʩʪʽ ʧʽʜʢʦʤʽʩʽʾ 3.2 ñɼʝʬʦʨʤʘʮʽʾ ʟʝʤʥʦʾ ʢʦʨʠò ʢʦʤʽʩʽʾ 3 ñʆʙʝʨʪʘʥʥʷ ɿʝʤʣʽ 

ʪʘ ʛʝʦʜʠʥʘʤʽʢʘò ʄʽʞʥʘʨʦʜʥʦʾ ʘʩʦʮʽʘʮʽʾ ʛʝʦʜʝʟʽʾ IAG. 

ʄʝʪʘ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʨʦʟʨʦʙʢʘ 

ʢʦʤʧʣʝʢʩʥʦʾ ʤʝʪʦʜʦʣʦʛʽʾ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʧʣʘʥʝʪʘʨʥʠʭ 

ʟʤʽʥ ʬʽʛʫʨʠ ɿʝʤʣʽ, ʦʮʽʥʢʠ ʧʦʣʽʚ ʛʣʦʙʘʣʴʥʦʛʦ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ 

ʣʽʪʦʩʬʝʨʠ ʪʘ ʧʝʨʝʤʽʱʝʥʥʷ ʧʦʣʶʩʫ ɿʝʤʣʽ (ñTrue Polar Wanderò (TPW) ʚ 

ʤʘʩʰʪʘʙʘʭ ʛʝʦʣʦʛʽʯʥʦʛʦ ʯʘʩʫ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʥʘʜʘʪʠ ʙʽʣʴʰ ʽʥʬʦʨʤʘʪʠʚʥʽ 

ʫʷʚʣʝʥʥʷ ʱʦʜʦ ʧʨʦʪʽʢʘʥʥʷ ʛʝʦʪʝʢʪʦʥʽʯʥʠʭ ʽ ʛʝʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ.  

ʆʙ'ʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥ ̫  ̒ʧʣʘʥʝʪʘʨʥʘ ʬʽʛʫʨʘ ɿʝʤʣʽ ʽ ʾʾ ʨʦʪʘʮʽʡʥʠʡ ʨʝʞʠʤ ʚ 

ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʤʫ ʤʘʩʰʪʘʙʽ. 

ʉʫʙ'ʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ  ̒ʚʘʨʽʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʫʟʘʛʘʣʴʥʝʥʦʾ ʬʽʛʫʨʠ ɿʝʤʣʽ ʽ 

ʨʦʪʘʮʽʡʥʽ ʧʦʣʷ ʥʘʧʨʫʞʝʥʴ, ʦʙʫʤʦʚʣʝʥʽ ʤʽʛʨʘʮʽʻʶ ʧʦʣʶʩʘ, ʪʘ ʾʭ ʨʦʣʴ ʫ 

ʧʨʦʪʽʢʘʥʥʽ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʛʝʦʧʨʦʮʝʩʽʚ ʚ ʤʘʩʰʪʘʙʽ ʛʝʦʣʦʛʽʯʥʦʛʦ ʯʘʩʫ. 

ʆʩʥʦʚʥʽ ʟʘʚʜʘʥʥʷ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʽʻʾ ʤʝʪʠ: 

ï ʧʨʦʚʝʩʪʠ ʢʦʤʧʣʝʢʩʥʠʡ ʘʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʟ ʪʝʢʪʦʥʽʯʥʦʾ 

ʜʠʥʘʤʽʢʠ ɿʝʤʣʽ ʪʘ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʚʠʚʯʝʥʥʷ ʛʝʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ; 

ï ʨʦʟʨʦʙʠʪʠ ʤʦʜʝʣʴ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʫʟʘʛʘʣʴʥʝʥʦʾ ʬʽʛʫʨʠ ɿʝʤʣʽ 

ʩʧʨʠʯʠʥʝʥʠʭ ʾʾ ʛʝʦʣʦʛʽʯʥʦʶ ʝʚʦʣʶʮʽʻʶ ʪʘ ʪʝʢʪʦʥʽʯʥʦʶ ʘʢʪʠʚʽʟʘʮʽʻʶ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʣʦʙʘʣʴʥʦʾ ʮʠʬʨʦʚʦʾ ʤʦʜʝʣʽ ʪʦʧʦʛʨʘʬʽʾ (PaleoDEM), ʷʢʘ 

ʚʽʜʦʙʨʘʞʘʻ ʽʩʪʦʨʠʯʥʽ ʟʤʽʥʠ ʧʦʚʝʨʭʥʽ ʣʽʪʦʩʬʝʨʠ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʜʘʥʠʭ 

ʧʘʣʝʦʨʝʢʦʥʩʪʨʫʢʮʽʡ; 

ï ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠʢʫ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʧʨʫʞʝʥʦ-

ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʣʽʪʦʩʬʝʨʠ ʪʘ ʟʤʽʥʠ ʚʠʩʦʪ ʛʝʦʾʜʘ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʣʘʥʝʪʘʨʥʠʭ 

ʧʨʦʮʝʩʽʚ, ʦʙʫʤʦʚʣʝʥʠʭ ʧʝʨʝʤʽʱʝʥʥʷʤ ʤʘʪʝʨʠʢʽʚ ʟʘ ʜʘʥʠʤʠ ʧʘʣʝʦʨʝʢʦʥʩʪʨʫʢʮʽʡ. 
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ï ʚʠʢʦʥʘʪʠ ʢʣʘʩʪʝʨʥʠʡ ʪʘ ʢʦʨʝʣʷʮʽʡʥʠʡ ʘʥʘʣʽʟ ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʚʝʢʪʦʨʥʦʛʦ 

ʧʦʣʷ ʊʄʉ ʟ ʧʦʣʝʤ ʧʝʨʝʤʽʱʝʥʴ ʪʝʢʪʦʥʽʯʥʠʭ ʧʣʠʪ ʟʘ ʜʘʥʠʤʠ ʥʘʧʨʷʤʢʽʚ ʨʫʭʫ 

ɻʅʉʉ-ʩʪʘʥʮʽʡ ʪʘ ʨʫʭʫ ʤʘʪʝʨʠʢʽʚ ʟʘ ʤʦʜʝʣʣʶ Global Strain Rate Map Project 

(GSRM); 

 ï ʚʠʢʦʥʘʪʠ ʢʦʨʝʣʷʮʽʡʥʠʡ ʘʥʘʣʽʟ ʚʠʩʦʪ ʛʝʦʾʜʘ ʽ ʪʦʧʦʛʨʘʬʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʢʦʚʟʥʦʾ ʢʦʨʝʣʷʮʽʾ (ʂʂʂ); 

ï ʦʮʽʥʠʪʠ ʚʠʩʦʪʠ ʧʘʣʝʦʛʝʦʾʜʽʚ ʽ ʟʤʽʥʠ ʨʫʭʫ ʧʦʣʶʩʘ ñTrue Polar Wanderò 

(TPW) ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘʙʦʨʽʚ ʜʘʥʠʭ ʚʠʩʦʪ ʪʦʧʦʛʨʘʬʽʾ (PaleoDEM) ʟʘ 

ʤʦʜʝʣʷʤʠ ʧʘʣʝʦʨʝʢʦʥʩʪʨʫʮʽʡ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʋ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʘʥʦ ʪʘʢʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ:  

ï ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ: ʟʘʩʪʦʩʦʚʫʚʘʣʦʩʷ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ 

ʜʝʬʦʨʤʘʮʽʡʥʠʭ ʽ ʨʦʪʘʮʽʡʥʠʭ ʟʤʽʥ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʬʽʛʫʨʫ ɿʝʤʣʽ. ʎʝʡ ʤʝʪʦʜ 

ʟʘʙʝʟʧʝʯʠʚ ʜʝʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʬʦʨʤʠ ɿʝʤʣʽ ʚ 

ʛʝʦʣʦʛʽʯʥʦʤʫ ʯʘʩʽ; 

ï ʮʠʬʨʦʚʝ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ: ʜʦʟʚʦʣʠʣʦ ʩʪʚʦʨʠʪʠ ʢʘʨʪʠ ʟʤʽʥ ʬʽʛʫʨʠ 

ʣʽʪʦʩʬʝʨʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʝʬʦʨʤʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ, ʚʠʢʣʠʢʘʥʠʭ ʨʫʭʦʤ 

ʣʽʪʦʩʬʝʨʥʠʭ ʧʣʠʪ ʽ ʪʘʥʛʝʥʮʽʘʣʴʥʠʤʠ ʩʠʣʘʤʠ. ʎʝʡ ʤʝʪʦʜ ʜʦʧʦʤʽʛ ʫ ʚʽʟʫʘʣʽʟʘʮʽʾ 

ʜʠʥʘʤʽʢʠ ʛʝʦʜʠʥʘʤʽʯʥʠʭ ʟʤʽʥ; 

ï ʛʝʦʬʽʟʠʯʥʠʡ ʘʥʘʣʽʟ: ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʥʘʧʨʫʞʝʥʦʛʦ 

ʩʪʘʥʫ ʣʽʪʦʩʬʝʨʠ, ʦʙʫʤʦʚʣʝʥʦʛʦ ʨʦʪʘʮʽʻʶ ɿʝʤʣʽ ʽ ʟʤʽʥʘʤʠ ʚ ʾʾ ʛʨʘʚʽʪʘʮʽʡʥʦʤʫ 

ʧʦʣʽ; 

ï ʢʦʨʝʣʷʮʽʡʥʠʡ ʘʥʘʣʽʟ: ʜʣʷ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʟʚ'ʷʟʢʫ ʚʠʩʦʪ ʪʦʧʦʛʨʘʬʽʾ ʽ ʛʝʦʾʜʘ; 

ï ʢʦʤʧ'ʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ: ʜʦʟʚʦʣʠʣʦ ʧʦʙʫʜʫʚʘʪʠ ʮʠʬʨʦʚʽ ʤʦʜʝʣʽ ʜʣʷ 

ʚʽʜʩʪʝʞʝʥʥʷ ʟʤʽʱʝʥʥʷ ʧʽʚʥʽʯʥʦʛʦ ʧʦʣʶʩʘ ʪʘ ʦʮʽʥʢʠ ʛʝʦʾʜʘ ʥʘ ʨʽʟʥʠʭ ʩʪʘʜʽʷʭ 

ʛʝʦʣʦʛʽʯʥʦʛʦ ʯʘʩʫ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʈʝʟʫʣʴʪʘʪʠ ʚʠʢʦʥʘʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ, ʢʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʛʝʦʧʘʣʝʦʨʝʢʦʥʩʪʨʫʢʮʽʡ ʧʣʘʥʝʪʘʨʥʦʛʦ 

ʧʝʨʝʤʽʱʝʥʥʷ ʤʘʩ ʪʘ ʦʮʽʥʢʘ ʾʭ ʚʧʣʠʚʫ ʥʘ ʨʦʪʘʮʽʡʥʽ ʧʘʨʘʤʝʪʨʠ ʽ ʬʽʛʫʨʫ ʣʽʪʦʩʬʝʨʠ 

ɿʝʤʣʽ ʥʘʜʘʣʠ ʡʤʦʚʽʨʥʫ ʽʥʬʦʨʤʘʮʽʶ ʜʣʷ ʥʦʚʦʛʦ ʩʧʨʠʡʥʷʪʪʷ ʛʝʦʜʠʥʘʤʽʯʥʠʭ 
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ʧʨʦʮʝʩʽʚ ʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ, ʱʦ ʤʘʻ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ 

ʛʝʦʜʠʥʘʤʽʢʠ ʪʘ ʛʝʦʪʝʢʪʦʥʽʢʠ.  

ɺ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ: 

1. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʽ ʤʦʜʝʣʽ ʪʘ ʧʽʜʭʦʜʠ ʜʦ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʜʝʬʦʨʤʘʮʽʡ 

ʣʽʪʦʩʬʝʨʠ ʪʘ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʾʭ ʟʤʽʥ, ʩʧʨʠʯʠʥʝʥʠʭ ʨʦʪʘʮʽʡʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʽ 

ʧʝʨʝʦʨʽʻʥʪʘʮʽʻ ʁʧʣʘʥʝʪʠ. ɿʘʟʥʘʯʝʥʽ ʤʦʜʝʣʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʽʩʥʫʶʯʠʭ ʪʠʤ, ʱʦ 

ʚʨʘʭʦʚʫʶʪʴ ʥʝ ʪʽʣʴʢʠ ʧʦʪʦʯʥʠʡ ʩʪʘʥ ʣʽʪʦʩʬʝʨʠ, ʘʣʝ ʾʾ ʝʚʦʣʶʮʽʶ ʫ ʟʚôʷʟʢʫ ʟ 

ʤʠʥʫʣʠʤʠ ʧʨʦʮʝʩʘʤʠ ʚ ʤʘʥʪʽʾ ʪʘ ʟʤʽʥʦʶ ʨʦʪʘʮʽʡʥʦʛʦ ʨʝʞʠʤʫ ʧʣʘʥʝʪʠ. 

2. ʋʪʦʯʥʝʥʦ ʨʝʟʫʣʴʪʘʪʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʪʨʝʥʜʦʚʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʟʤʽʥʠ 

ʧʘʨʘʤʝʪʨʽʚ ʽ ʦʨʽʻʥʪʘʮʽ ʁ ʝʣʽʧʩʦʾʜʽʚ, ʱʦ ʦʧʠʩʫʶʪʴ ʧʦʚʝʨʭʥʶ ʣʽʪʦʩʬʝʨʠ ʚ 

ʤʘʩʰʪʘʙʽ ʛʝʦʣʦʛʽʯʥʦʛʦ ʯʘʩʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʝʣʽ ʪʦʧʦʛʨʘʬʽʾ (PaleoDEM). 

3.  ʆʪʨʠʤʘʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʘʮʽʡʥʦʛʦ ʩʪʘʥʫ ʣʽʪʦʩʬʝʨʠ 

ɿʝʤʣʽ ʟʘ ʜʘʥʠʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʛʝʦʧʘʣʝʦʨʝʢʦʥʩʪʨʫʢʮʽʡ ʚ ʛʝʦʣʦʛʽʯʥʦʤʫ ʯʘʩʽ ʯʝʨʝʟ 

ʧʦʩʪʘʥʦʚʢʫ ʪʘ ʨʦʟʚôʷʟʦʢ ʟʘʜʘʯʽ ʟʥʘʭʦʜʞʝʥʥʷ ʚʝʢʪʦʨʽʚ ʧʝʨʝʤʽʱʝʥʥʷ ʪʦʯʦʢ ʥʘ ʾʾ 

ʧʦʚʝʨʭʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʦʜʥʽʻʾ ʬʽʛʫʨʠ ʚ ʽʥʰʫ ʚʥʘʩʣʽʜʦʢ ʟʤʽʱʝʥʥʷ 

ʧʦʣʶʩʘ ʤʘʣʦʾ ʚʽʩʽ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʡʤʦʚʽʨʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʨʦʣʽ ʛʨʘʚʽʪʘʮʽʡʥʦ-

ʨʦʪʘʮʽʡʥʠʭ ʩʠʣ ʫ ʬʦʨʤʫʚʘʥʥʽ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʣʷ ʥʘʧʨʫʞʝʥʴ ʪʘ ʪʨʘʥʩʬʦʨʤʘʮʽʾ 

ʬʽʛʫʨʠ ʧʦʚʝʨʭʥʽ ʣʽʪʦʩʬʝʨʠ ɿʝʤʣʽ. 

4. ɼʝʪʘʣʽʟʦʚʘʥʦ ʦʩʦʙʣʠʚʦʩʪʽ ʟʚôʷʟʢʫ ʥʘʧʨʷʤʢʽʚ ʚʝʢʪʦʨʥʦʛʦ ʧʦʣʷ ʊʄʉ ʟ 

ʥʘʧʨʷʤʢʘʤʠ ʧʝʨʝʤʽʱʝʥʥʷ ʧʝʨʤʘʥʝʥʪʥʠʭ ɻʅʉʉ-ʩʪʘʥʮʽʡ ʽ ʥʘʧʨʷʤʢʘʤʠ 

ʧʝʨʝʤʽʱʝʥʥʷ ʤʦʜʝʣʴʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʤʘʪʝʨʠʢʽʚ GSRM.  

5. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʪʘ ʦʙˇʨʫʥʪʦʚʘʥʦ ʛʽʧʦʪʝʟʫ ʱʦʜʦ ʜʽʾ ʜʠʥʘʤʽʯʥʠʭ ʩʠʣ, ʷʢʽ 

ʩʧʦʥʫʢʘʶʪʴ ʜʦ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʬʽʛʫʨʠ ʣʽʪʦʩʬʝʨʠ ʚ ʧʨʦʮʝʩʽ ʝʚʦʣʶʮʽʡʥʦʛʦ 

ʨʦʟʚʠʪʢʫ ɿʝʤʣʽ: ʚʝʨʪʠʢʘʣʴʥʽ (ʨʘʜʽʘʣʴʥʽ) ʩʠʣʠ ʧʦʨʫʰʫʶʪʴ ʦʩʴʦʚʫ ʩʠʤʝʪʨʽʶ, ʘ 

ʛʦʨʠʟʦʥʪʘʣʴʥʽ ʩʠʣʠ (ʟʘ ʨʘʭʫʥʦʢ ʝʥʝʨʛʽʾ ʦʙʝʨʪʘʥʥʷ), ʚʽʜʥʦʚʣʶʶʪʴ ʮʶ ʩʠʤʝʪʨʽʶ 

ʰʣʷʭʦʤ ʧʝʨʝʤʽʱʝʥʥʷ ʦʢʨʝʤʠʭ ʧʣʠʪ ʽ ʙʣʦʢʽʚ, ʘ ʪʘʢʦʞ ñʢʚʘʟʽʨʽʜʢʠʭ ʤʘʩò ʚ 

ʥʘʧʨʷʤʢʫ ʜʽʾ ʊʄʉ. 

6. ɺʧʝʨʰʝ ʧʦʙʫʜʦʚʘʥʦ ʤʦʜʝʣʽ ʧʘʣʝʦʛʝʦʾʜʽʚ ʜʣʷ ʤʠʥʫʣʠʭ ʛʝʦʣʦʛʽʯʥʠʭ ʝʧʦʭ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʠʩʦʪ ʪʦʧʦʛʨʘʬʽʾ ʧʦʚʝʨʭʥʽ ʣʽʪʦʩʬʝʨʠ ʟʘ ʥʘʙʦʨʘʤʠ ʜʘʥʠʭ 
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ʧʘʣʝʦʨʝʢʦʥʩʪʨʫʢʮʽʡ (PaleoDEM), ʱʦ ʥʘʜʘʣʦ ʤʦʞʣʠʚʽʩʪʴ ʦʮʽʥʠʪʠ ʙʣʫʢʘʥʥʷ 

ʧʦʣʶʩʫ (TPW). 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʨʦʙʦʪʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʦʟʨʦʙʢʦʶ ʪʝʦʨʝʪʠʯʥʠʭ 

ʧʽʜʭʦʜʽʚ ʽ ʧʦʙʫʜʦʚʘʥʠʭ ʥʘ ʾʭ ʦʩʥʦʚʽ ʤʦʜʝʣʝʡ, ʘʣʛʦʨʠʪʤʽʚ ʪʘ ʧʨʦʛʨʘʤ, ʱʦ 

ʦʧʠʩʫʶʪʴ ʜʠʥʘʤʽʢʫ ʟʤʽʥʠ ʬʽʛʫʨʠ ʣʽʪʦʩʬʝʨʠ ʚ ʤʘʩʰʪʘʙʽ ʛʝʦʣʦʛʽʯʥʦʛʦ ʯʘʩʫ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʪʝʦʨʝʪʠʯʥʠʭ ʽ ʧʨʘʢʪʠʯʥʠʭ 

ʨʦʙʦʪʘʭ ʚ ʛʘʣʫʟʽ ʘʩʪʨʦʥʦʤʽʾ, ʛʝʦʜʝʟʽʾ ʪʘ ʛʝʦʬʽʟʠʢʠ ʜʣʷ ʚʠʚʯʝʥʥʷ ʧʣʘʥʝʪʘʨʥʠʭ 

ʛʝʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ. ɺʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʧʨʦʚʘʜʞʝʥʽ 

ʚ ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʮʝʩ ʫ ʣʝʢʮʽʡʥʽ ʽ ʣʘʙʦʨʘʪʦʨʥʽ ʢʫʨʩʠ ʬʘʭʦʚʠʭ ʜʠʩʮʠʧʣʽʥ 

ñʇʣʘʥʝʪʘʨʥʘ ʪʘ ʽʥʞʝʥʝʨʥʘ ʛʝʦʜʠʥʘʤʽʢʘò, ñɼʠʥʘʤʽʯʥʘ ʛʝʦʜʝʟʽʷò ʪʘ ñʄʦʥʽʪʦʨʠʥʛ ʽ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʪʝʨʠʪʦʨʽʡ, ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ ò 

ʫ ʅʘʮʽʦʥʘʣʴʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ ñʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘò. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʻ ʨʝʟʫʣʴʪʘʪʦʤ 

ʜʦʩʣʽʜʥʠʮʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ʘʚʪʦʨʢʠ, ʟʘʩʥʦʚʘʥʦʾ ʥʘ ʩʠʩʪʝʤʘʪʠʯʥʦʤʫ ʘʥʘʣʽʟʽ, 

ʤʦʜʝʣʶʚʘʥʥʽ ʪʘ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʟʤʽʥ ʬʽʛʫʨʠ ɿʝʤʣʽ ʪʘ ʛʝʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ ʧʦʣʷʛʘʻ ʫ ʥʘʩʪʫʧʥʦʤʫ: 

ɸʚʪʦʨʢʦʶ ʦʙˇʨʫʥʪʦʚʘʥʦ ʚʧʣʠʚ ʪʨʘʥʩʬʦʨʤʘʮʽʡ ʬʽʛʫʨʠ ɿʝʤʣʽ ʥʘ 

ʬʦʨʤʫʚʘʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʣʽʪʦʩʬʝʨʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʽ 

ʤʝʪʦʜʠ ʜʦ ʤʦʜʝʣʶʚʘʥʥʷ ʬʽʛʫʨʠ ɿʝʤʣʽ ʪʘ ʛʝʦʾʜʘ ʫ ʛʝʦʣʦʛʽʯʥʦʤʫ ʯʘʩʽ, ʚʢʣʶʯʘʶʯʠ 

ʚʧʣʠʚ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʪʘ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʤʘʩʦʚʠʭ ʩʠʣ ʫ ʣʽʪʦʩʬʝʨʽ. 

ʇʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʛʝʥʝʟʠʩʫ ʪʘʥʛʝʥʮʽʘʣʴʥʠʭ ʤʘʩʦʚʠʭ ʩʠʣ, ʚʠʢʣʠʢʘʥʠʭ 

ʧʝʨʝʦʨʽʻʥʪʘʮʽʻʶ ʬʽʛʫʨʠ ʣʽʪʦʩʬʝʨʠ. ɺʠʟʥʘʯʝʥʦ ʾʭʥʽʡ ʚʧʣʠʚ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʽ 

ʜʝʬʦʨʤʘʮʽʾ ʪʘ ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ [206, 207, 208, 210]. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʜʝʬʦʨʤʘʮʽʡ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ 

ʬʽʛʫʨʠ ɿʝʤʣʽ [60, 61, 64]. ɸʚʪʦʨʢʦʶ ʨʦʟʨʦʙʣʝʥʦ ʤʦʜʝʣʴ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʬʽʛʫʨʠ 

ʣʽʪʦʩʬʝʨʠ ʫ ʢʦʥʪʝʢʩʪʽ ʧʘʣʝʦʛʝʦʜʠʥʘʤʽʢʠ, ʚʢʣʶʯʘʶʯʠ ʚʨʘʭʫʚʘʥʥʷ 

ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʧʝʨʝʤʽʱʝʥʴ, ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʤʘʩ ʪʘ ʧʝʨʝʦʨʽʻʥʪʘʮʽʾ ʬʽʛʫʨʠ ɿʝʤʣʽ 

[192, 204, 205, 209, 211]. ɺʠʢʦʥʘʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʛʝʦʾʜʘ ʪʘ ʡʦʛʦ ʟʚ'ʷʟʢʫ ʟ ʷʚʠʱʝʤ 

ʜʽʡʩʥʦʛʦ ʧʦʣʷʨʥʦʛʦ ʜʨʝʡʬʫ (True Polar Wander, TPW) ʫ ʛʝʦʣʦʛʽʯʥʦʤʫ ʤʘʩʰʪʘʙʽ 
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ʯʘʩʫ [59, 206, 211]. ʇʨʦʚʝʜʝʥʦ ʯʠʩʣʦʚʝ ʤʦʜʝʣʶʚʘʥʥʷ ʽ ʜʠʥʘʤʽʯʥʫ ʽʥʪʝʨʧʨʝʪʘʮʽʶ 

ʜʝʬʦʨʤʘʮʽʡ ʣʽʪʦʩʬʝʨʠ ʪʘ ʧʦʚ'ʷʟʘʥʠʭ ʟ ʥʠʤʠ ʛʝʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ [62, 63, 

191]. ɺʠʟʥʘʯʝʥʦ ʪʘ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʨʦʟʧʦʜʽʣ ʪʘʥʛʝʥʮʽʘʣʴʥʠʭ ʤʘʩʦʚʠʭ ʩʠʣ ʫ 

ʣʽʪʦʩʬʝʨʽ ʪʘ ʾʭʥʶ ʨʦʣʴ ʫ ʛʣʦʙʘʣʴʥʽʡ ʛʝʦʜʠʥʘʤʽʮʽ [63, 207, 208]. 

ɸʧʨʦʙʘʮʽʷ ʤʘʪʝʨʽʘʣʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʠ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ ʪʘ ʦʪʨʠʤʘʣʠ 

ʧʦʟʠʪʠʚʥʫ ʦʮʽʥʢʫ ʥʘʫʢʦʚʦʾ ʩʧʽʣʴʥʦʪʠ [59, 60, 61, 62, 63, 64, 67, 190, 191, 192, 

208, 209, 210, 211]. ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ ʫ ʩʧʽʣʴʥʦ ʧʽʜʛʦʪʦʚʣʝʥʠʭ 

ʧʨʘʮʷʭ ʧʦʣʷʛʘʻ ʫ ʦʙˇʨʫʥʪʫʚʘʥʥʽ ʤʝʪʦʜʦʣʦʛʽʾ ʜʦʩʣʽʜʞʝʥʥʷ, ʚʠʢʦʥʘʥʥʽ 

ʘʥʘʣʽʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ, ʯʠʩʣʦʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʦʪʨʠʤʘʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ, ʧʽʜʛʦʪʦʚʮʽ ʪʝʢʩʪʽʚ ʩʪʘʪʝʡ ʽ ʜʦʧʦʚʽʜʝʡ, ʘ ʪʘʢʦʞ ʬʦʨʤʫʣʶʚʘʥʥʽ 

ʚʠʩʥʦʚʢʽʚ ʜʦʩʣʽʜʞʝʥʥʷ. 

ɿʜʦʙʫʚʘʢʦʶ ʩʘʤʦʩʪʽʡʥʦ ʚʠʢʦʥʘʥʦ ʟʥʘʯʥʫ ʯʘʩʪʠʥʫ ʜʦʩʣʽʜʞʝʥʴ, ʱʦ 

ʩʪʦʩʫʶʪʴʩʷ ʛʝʦʜʠʥʘʤʽʯʥʦʾ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʧʨʦʮʝʩʽʚ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʤʘʩʦʚʠʭ ʩʠʣ, 

ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʬʽʛʫʨʠ ɿʝʤʣʽ ʪʘ ʾʭʥʴʦʛʦ ʚʧʣʠʚʫ ʥʘ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ 

ʩʪʘʥ ʣʽʪʦʩʬʝʨʠ. 

ʇʫʙʣʽʢʘʮʽʾ. ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʜʠʩʝʨʪʘʮʽʾ ʚʠʩʚʽʪʣʝʥʦ ʚ 19 ʥʘʫʢʦʚʠʭ 

ʧʨʘʮʷʭ, ʩʝʨʝʜ ʷʢʠʭ 5 ʩʪʘʪʪʝʡ ʫ ʥʘʫʢʦʚʠʭ ʧʝʨʽʦʜʠʯʥʠʭ ʚʠʜʘʥʥʷʭ, ʷʢ̔ ʚʥʝʩʝʥ ̔ʜʦ 

ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟ ʜʘʥʠʭ Scopus ʪʘ Web of Science ʪʘ 14-ʪʠ 

ʧʫʙʣʽʢʘʮʽʷʭ, ʷʢʽ ʟʘʩʚʽʜʯʫʶʪʴ ʘʧʨʦʙʘʮʽʶ ʤʘʪʝʨʽʘʣʽʚ ʜʠʩʝʨʪʘʮʽʾ ʪʘ ʜʦʜʘʪʢʦʚʦ 

ʚʽʜʦʙʨʘʞʘʶʪʴ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʾ, ʩʝʨʝʜ ʷʢʠʭ 5 ʚ ʤʘʪʝʨʽʘʣʘʭ 

ʢʦʥʬʝʨʝʥʮʽʡ, ʱʦ ʽʥʜʝʢʩʫʶʪʴʩʷ ʚ Scopus. 

ʉʪʨʫʢʪʫʨʘ ʪʘ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ 

ʦʩʥʦʚʥʠʭ ʨʦʟʜʽʣʽʚ: ʚʩʪʫʧʫ, ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʪʘ ʜʦʜʘʪʢʽʚ. 

ɿʘʛʘʣʴʥʠʡ ʦʙʩʷʛ ʨʦʙʦʪʠ ï 216 ʩʪʦʨʽʥʦʢ, ʟ ʷʢʠʭ ʦʩʥʦʚʥʠʡ ʟʤʽʩʪ ʟʘʡʤʘʻ 158 

ʩʪʦʨʽʥʦʢ, ʚʢʣʶʯʘʶʯʠ 59 ʨʠʩʫʥʢʽʚ, 14 ʪʘʙʣʠʮʴ, 224 ʧʦʟʠʮʽ ʾʩʧʠʩʢʫ ʣʽʪʝʨʘʪʫʨʠ ʪʘ 

2 ʜʦʜʘʪʢʠ. 
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ʈʦʟʜʽʣ 1. ʆʛʣʷʜ ʧʣʘʥʝʪʘʨʥʠʭ ʛʝʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʧʨʦʙʣʝʤʠ ʾʭ 

ʤʦʜʝʣʶʚʘʥʥʷ  

ɻʝʦʜʠʥʘʤʽʯʥʽ ʧʨʦʮʝʩʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʩʪʨʫʢʪʫʨʫ ʪʘ ʧʦʚʝʜʽʥʢʫ ɿʝʤʣʽ, 

ʤʘʶʪʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʨʦʟʫʤʽʥʥʷ ʥʘʰʦʾ ʧʣʘʥʝʪʠ ʪʘ ʾʾ ʝʚʦʣʶʮʽʾ. 

ʇʨʦʪʷʛʦʤ ʙʘʛʘʪʴʦʭ ʩʪʦʣʽʪʴ ʥʘʫʢʦʚʮʽ ʧʨʘʛʥʫʣʠ ʧʦʷʩʥʠʪʠ ʧʨʠʨʦʜʫ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʷʚʠʱ, ʪʘʢʠʭ ʷʢ ʨʫʭʠ ʣʽʪʦʩʬʝʨʥʠʭ ʧʣʠʪ, ʦʙʝʨʪʘʥʥʷ ɿʝʤʣʽ, ʛʨʘʚʽʪʘʮʽʡʥʽ ʧʦʣʷ ʪʘ 

ʩʝʡʩʤʽʯʥʽ ʧʨʦʮʝʩʠ. ɿʘʚʜʷʢʠ ʜʦʩʷʛʥʝʥʥʷʤ ʫ ʩʬʝʨʽ ʢʦʩʤʽʯʥʦʾ ʛʝʦʜʝʟʽʾ, ʪʝʦʨʝʪʠʯʥʦʾ 

ʛʝʦʬʽʟʠʢʠ, ʪʝʢʪʦʥʽʢʠ ʪʘ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʤʠ ʩʴʦʛʦʜʥʽ ʚʦʣʦʜʽʻʤʦ 

ʧʦʪʫʞʥʠʤʠ ʽʥʩʪʨʫʤʝʥʪʘʤʠ ʜʣʷ ʘʥʘʣʽʟʫ ʪʘ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʩʢʣʘʜʥʠʭ ʧʣʘʥʝʪʘʨʥʠʭ 

ʧʨʦʮʝʩʽʚ. 

ʎʝʡ ʨʦʟʜʽʣ ʧʨʠʩʚʷʯʝʥʠʡ ʦʛʣʷʜʫ ʩʫʯʘʩʥʠʭ ʫʷʚʣʝʥʴ ʧʨʦ ʙʫʜʦʚʫ ʪʘ ʜʠʥʘʤʽʢʫ 

ɿʝʤʣʽ, ʧʦʯʠʥʘʶʯʠ ʟ ʙʘʟʦʚʠʭ ʧʦʥʷʪʴ ʧʨʦ ʾʾ ʩʪʨʫʢʪʫʨʫ ʽ ʪʝʢʪʦʥʽʢʫ ʧʣʠʪ, ʜʦ 

ʩʢʣʘʜʥʠʭ ʤʦʜʝʣʝʡ ʛʨʘʚʽʪʘʮʽʡʥʦʛʦ ʧʦʣʷ ʪʘ ʩʝʡʩʤʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ. ɿʦʢʨʝʤʘ, 

ʧʨʠʜʽʣʝʥʘ ʫʚʘʛʘ ʨʦʪʘʮʽʡʥʠʤ ʝʬʝʢʪʘʤ, ʛʨʘʚʽʪʘʮʽʡʥʽʡ ʝʥʝʨʛʽʾ, ʽʟʦʩʪʘʟʽʾ ʪʘ 

ʧʨʠʥʮʠʧʘʤ ʛʝʦʜʠʥʘʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʥʘ ʦʩʥʦʚʽ ʥʦʚʽʪʥʽʭ ʢʦʩʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ʊʘʢʦʞ ʨʦʟʛʣʷʥʫʪʦ ʷʢ ʽʩʪʦʨʠʯʥʽ ʧʝʨʝʜʫʤʦʚʠ ʬʦʨʤʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʥʘʫʢʦʚʠʭ 

ʢʦʥʮʝʧʮʽʡ, ʪʘʢ ʽ ʥʦʚʽʪʥʽ ʜʦʩʷʛʥʝʥʥʷ ʚ ʛʘʣʫʟʽ ʤʦʜʝʣʶʚʘʥʥʷ ʜʝʬʦʨʤʘʮʽʡ ʟʝʤʥʦʾ 

ʢʦʨʠ ʪʘ ʾʭ ʟʚ'ʷʟʢʫ ʟ ʪʝʢʪʦʥʽʯʥʠʤʠ ʥʘʧʨʫʞʝʥʥʷʤʠ ʧʣʘʥʝʪʘʨʥʠʭ ʛʝʦʜʠʥʘʤʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ. 

ɻʦʣʦʚʥʽ ʜʞʝʨʝʣʘ ʪʝʢʪʦʥʽʯʥʠʭ ʨʫʭʽʚ ʽ ʜʝʬʦʨʤʘʮʽʡ ʣʝʞʘʪʴ ʥʝ ʚ ʩʘʤʽʡ 

ʣʽʪʦʩʬʝʨʽ, ʘ ʚ ʙʽʣʴʰ ʛʣʠʙʦʢʠʭ ʥʘʜʨʘʭ ɿʝʤʣʽ ʽ ʧʝʨʰ ʟʘ ʚʩʝ ʚ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʧʽʜʩʪʠʣʘʶʯʦʤʫ ʣʽʪʦʩʬʝʨʫ ʙʽʣʴʰ ʧʣʘʩʪʠʯʥʦʤʫ ʽ ʨʫʭʦʤʦʤʫ ʰʘʨʽ ʚʝʨʭʥʴʦʾ ʤʘʥʪʽʾ 

ï ʘʩʪʝʥʦʩʬʝʨʽ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʣʽʪʦʩʬʝʨʫ ʽ ʘʩʪʝʥʦʩʬʝʨʫ ʥʝʨʽʜʢʦ ʦʙ'ʻʜʥʫʶʪʴ ʚ 

ʦʜʥʝ ʧʦʥʷʪʪʷ ʪʝʢʪʦʥʦʩʬʝʨʠ (ʘʙʦ ʪʝʢʪʦʩʬʝʨʠ) ʷʢ ʛʦʣʦʚʥʦʾ ʦʙʣʘʩʪʽ ʧʨʦʷʚʫ 

ʪʝʢʪʦʥʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. ʆʜʥʘʢ ʩʫʯʘʩʥʽ ʜʘʥʽ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʦʩʥʦʚʥʽ ʜʞʝʨʝʣʘ 

ʪʝʢʪʦʥʽʯʥʠʭ ʨʫʭʽʚ ʽ ʜʝʬʦʨʤʘʮʽʡ ʣʝʞʘʪʴ ʱʝ ʛʣʠʙʰʝ, ʱʦ ʚ ʥʠʭ ʟʘʣʫʯʝʥʘ ʚʩʷ 

ʤʘʥʪʽʷ ʘʞ ʜʦ ʧʨʠʢʦʨʜʦʥʥʦʛʦ ʰʘʨʫ ʟ ʨʽʜʢʠʤ ʷʜʨʦʤ ɿʝʤʣʽ. ʆʩʴ ʯʦʤʫ ʚ ʜʘʥʠʡ ʯʘʩ 
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ʦʙʣʘʩʪʴ ʽʥʪʝʨʝʩʽʚ ʛʝʦʪʝʢʪʦʥʽʢʠ ʥʝ ʤʦʞʝ ʦʙʤʝʞʫʚʘʪʠʩʷ ʣʽʪʦʩʬʝʨʦʶ ʽ ʪʠʤ ʙʽʣʴʰʝ 

ʪʽʣʴʢʠ ʟʝʤʥʦʶ ʢʦʨʦʶ ʽ ʧʦʰʠʨʶʻʪʴʩʷ ʥʘ ɿʝʤʣʶ ʚ ʮʽʣʦʤʫ [52]. 

1.1. ɿʘʛʘʣʴʥʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʙʫʜʦʚʫ ɿʝʤʣʽ ʪʘ ʢʦʥʮʝʧʮʽʶ ʪʝʢʪʦʥʽʢʠ ʧʣʠʪ  

ɹʫʜʦʚʘ ɿʝʤʣʽ ʪʘ ʪʝʢʪʦʥʽʢʘ ʧʣʠʪ ʻ ʙʘʟʦʚʦʶ ʢʦʥʮʝʧʮʽʻʶ ʩʫʯʘʩʥʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʥʘʫʢ ʧʨʦ ɿʝʤʣʶ, ʷʢʽ ʧʦʷʩʥʶʶʪʴ ʷʢ ʚʥʫʪʨʽʰʥʶ ʩʪʨʫʢʪʫʨʫ ʥʘʰʦʾ 

ʧʣʘʥʝʪʠ, ʪʘʢ ʽ ʜʠʥʘʤʽʯʥʽ ʧʨʦʮʝʩʠ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʥʘ ʾʾ ʧʦʚʝʨʭʥʽ. ɿʝʤʣʷ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʽʣʴʢʦʭ ʦʩʥʦʚʥʠʭ ʦʙʦʣʦʥʦʢ, ʢʦʞʥʘ ʟ ʷʢʠʭ ʤʘʻ ʚʣʘʩʥʽ ʬʽʟʠʯʥʽ ʪʘ 

ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ɺʽʜ ʟʦʚʥʽʰʥʴʦʾ ʟʝʤʥʦʾ ʢʦʨʠ ʜʦ ʛʣʠʙʦʢʦʛʦ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʷʜʨʘ ʮʽ ʦʙʦʣʦʥʢʠ ʚʽʜʽʛʨʘʶʪʴ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʬʦʨʤʫʚʘʥʥʽ ʛʝʦʣʦʛʽʯʥʠʭ ʩʪʨʫʢʪʫʨ ʽ 

ʛʝʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. 

1.1.1. ɺʥʫʪʨʽʰʥʷ ʙʫʜʦʚʘ ɿʝʤʣʽ 

ʉʪʨʫʢʪʫʨʫ ɿʝʤʣʽ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʜʚʦʤʘ ʩʧʦʩʦʙʘʤʠ: ʯʝʨʝʟ ʤʝʭʘʥʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ (ʪʘʢʽ ʷʢ ʨʝʦʣʦʛʽʷ) ʘʙʦ ʟʘ ʛʝʦʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ. ʄʝʭʘʥʽʯʥʦ ʾʾ ʤʦʞʥʘ 

ʨʦʟʜʽʣʠʪʠ ʥʘ ʣʽʪʦʩʬʝʨʫ, ʘʩʪʝʥʦʩʬʝʨʫ, ʤʝʟʦʩʬʝʨʥʫ ʤʘʥʪʽʶ, ʟʦʚʥʽʰʥʻ ʷʜʨʦ ʪʘ 

ʚʥʫʪʨʽʰʥʻ ʷʜʨʦ. ɿʘ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ ɿʝʤʣʶ ʧʦʜʽʣʷʶʪʴ ʥʘ ʢʦʨʫ, ʚʝʨʭʥʶ 

ʤʘʥʪʽʶ, ʥʠʞʥʶ ʤʘʥʪʽʶ, ʟʦʚʥʽʰʥʻ ʷʜʨʦ ʪʘ ʚʥʫʪʨʽʰʥʻ ʷʜʨʦ. ʉʪʨʫʢʪʫʨʥʽ ʰʘʨʠ 

ɿʝʤʣʽ ʟʥʘʭʦʜʷʪʴʩʷ ʧʽʜ ʧʦʚʝʨʭʥʝʶ ʥʘ ʥʘʩʪʫʧʥʠʭ ʛʣʠʙʠʥʘʭ [142] (ʪʘʙʣ. 1.1). 

  ʊʘʙʣʠʮʷ 1.1. 

 ʉʪʨʫʢʪʫʨʘ ɿʝʤʣʽ [142] 

ɻʣʠʙʠʥʘ (ʢʤ) ʐʘʨ 

1 2 

0ï80 
 ʊʦʚʱʘ ʣʽʪʦʩʬʝʨʠ (ʣʦʢʘʣʴʥʦ 

ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 5 ʜʦ 200 ʢʤ) 

0ï35 
ʊʦʚʱʘ ʟʝʤʥʦ ʾʢʦʨʠ (ʣʦʢʘʣʴʥʦ 

ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 5 ʜʦ 70 ʢʤ) 

35ï2890 ʄʘʥʪʽʷ 

80ï220 ɸʩʪʝʥʦʩʬʝʨʘ 

410ï660 ʇʝʨʝʭʽʜʥʘ ʟʦʥʘ 

35ï660 ɺʝʨʭʥʷ ʤʘʥʪʽʷ 
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ʧʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣ. 1.1 

1 2 

660ï2890 ʅʠʞʥʷ ʤʘʥʪʽʷ 

2740ï2890 ʐʘʨ Dǌ 

2890ï5150 ɿʦʚʥʽʰʥʻ ʷʜʨʦ 

5,150ï6,360 ɺʥʫʪʨʽʰʥʻ ʷʜʨʦ 

 

ʋ ʪʘʙʣ. 1.2 ʥʘʚʝʜʝʥʦ ʜʝʪʘʣʴʥ ̔ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ʧʨʠʢʣʘʜʠ ʚʥʫʪʨʽʰʥʽʭ ʪʘ 

ʟʦʚʥʽʰʥʽʭ ʰʘʨʽʚ ɿʝʤʣʽ. 

ʊʘʙʣʠʮʷ 1.2. 

ʐʘʨʠ ɿʝʤʣʽ [141] 

 
ʊʠʧ ʰʘʨʫ ʉʢʣʘʜ 

ɻʣʠʙʠʥʘ 

ʧʨʦʩʪʷʛʘʥʥʷ 
ɺʣʘʩʪʠʚʦʩʪʽ 

1 2 3 4 5 

ʂʦʨʘ 

ʆʢʝʘʥʽʯʥʘ ʢʦʨʘ ɹʘʟʘʣʴʪ 5ï10 ʢʤ 
ʍʦʣʦʜʥʘ, ʊʚʝʨʜʘ ʪʘ 

ʤʽʮʥʘ 

ʂʦʥʪʠʥʝʥʪʘʣʴʥʘ 

ʢʦʨʘ 
ɻʨʘʥʽʪʠ 20ï70 ʢʤ 

ʍʦʣʦʜʥʘ, ʊʚʝʨʜʘ ʪʘ 

ʤʽʮʥʘ 

ʃʽʪʦ-

ʩʬʝʨʘ 

ʃʽʪʦʩʬʝʨʘ 

ʚʢʣʶʯʘʻ ʟʝʤʥʫ 

ʢʦʨʫ ʪʘ ʚʝʨʭʥʶ 

ʯʘʩʪʠʥʫ ʤʘʥʪʽʾ 

ɿʤʽʥʶʻʪʴʩʷ; 

ʢʦʨʘ ʽ ʤʘʥʪʽʷ 

ʤʘʶʪʴ ʨʽʟʥʠʡ 

ʩʢʣʘʜ 

75ï125 ʢʤ 
ʍʦʣʦʜʥʘ, ʊʚʝʨʜʘ ʪʘ 

ʤʽʮʥʘ 

ʄʘʥʪʽʷ 

ɺʝʨʭʥʷ ʯʘʩʪʠʥʘ 

ʤʘʥʪʽʾ, ʱʦ 

ʚʭʦʜʠʪʴ ʜʦ 

ʩʢʣʘʜʫ 

ʣʽʪʦʩʬʝʨʠ 

ɸʩʪʝʥʦʩʬʝʨʘ 

ɺʩʷ ʤʘʥʪʽʷ - ʮʝ 

ʫʣʴʪʨʘʤʘʬʦʾʜʥʘ 

ʧʦʨʦʜʘ. ɰʾ 

ʤʽʥʝʨʘʣʦʛʽʷ 

ʟʤʽʥʶʻʪʴʩʷ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʛʣʠʙʠʥʠ 

ʇʦʰʠʨʶʻʪʴʩʷ 

ʥʘ 350 ʢʤ 

ɻʘʨʷʯʠʡ, ʩʣʘʙʢʠʡ ʽ 

ʧʣʘʩʪʠʯʥʠʡ, 1% ʘʙʦ 2% 

ʨʦʟʧʣʘʚʣʝʥʠʡ 

ɿʘʣʠʰʦʢ 

ʚʝʨʭʥʴʦʾ ʤʘʥʪʽʾ 

ʇʦʰʠʨʶʻʪʴʩʷ ʟ 

350 ʜʦ 660 ʢʤ 

ʈʦʟʧʝʯʝʥʘ, ʧʽʜ 

ʚʝʣʠʯʝʟʥʠʤ ʪʠʩʢʦʤ, ʽ 

ʤʝʭʘʥʽʯʥʦ ʤʽʮʥʠʡ 

ʅʠʞʥʷ ʤʘʥʪʽʷ 
ʇʦʰʠʨʶʻʪʴʩʷ ʟ 

660 ʜʦ 2900 ʢʤ 

ɺʠʩʦʢʠʡ ʪʠʩʢ ʬʦʨʤʫʻ 

ʤʽʥʝʨʘʣʠ, ʚʽʜʤʽʥʥʽ ʚʽʜ 

ʤʽʥʝʨʘʣʽʚ ʚʝʨʭʥʴʦʾ ʤʘʥʪʽʾ 

ʗʜʨʦ 

ɿʦʚʥʽʰʥʻ ʷʜʨʦ ɿʘʣʽʟʦ ʪʘ ʥʽʢʝʣʴ 

ʇʨʦʩʪʷʛʘʻʪʴʩʷ 

ʚʽʜ 2900 ʢʤ ʜʦ 

5150 ʢʤ 

ʈʽʜʢʝ 

ɺʥʫʪʨʽʰʥʻ ʷʜʨʦ ɿʘʣʽʟʦ ʪʘ ʥʽʢʝʣʴ 

ʇʨʦʩʪʷʛʘʻʪʴʩʷ 

ʚʽʜ 5150 ʢʤ ʜʦ 

ʮʝʥʪʨʫ ɿʝʤʣʽ 

ʊʚʝʨʜʝ 
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ʈʦʟʤʝʞʫʚʘʥʥʷ ʰʘʨʽʚ ɿʝʤʣʽ ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ ʦʧʦʩʝʨʝʜʢʦʚʘʥʦ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʯʘʩ ʧʨʦʭʦʜʞʝʥʥʷ ʟʘʣʦʤʣʝʥʠʭ ʽ ʚʽʜʙʠʪʠʭ ʩʝʡʩʤʽʯʥʠʭ ʭʚʠʣʴ, ʚʽʜ 

ʟʝʤʣʝʪʨʫʩʽʚ. ʗʜʨʦ ʥʝ ʧʨʦʧʫʩʢʘʻ ʯʝʨʝʟ ʩʝʙʝ ʧʦʧʝʨʝʯʥʽ ʭʚʠʣʽ ʟʩʫʚʫ, ʘ ʚ ʽʥʰʠʭ 

ʰʘʨʘʭ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ (ʩʝʡʩʤʽʯʥʘ ʰʚʠʜʢʽʩʪʴ) ʨʽʟʥʘ. ɿʤʽʥʠ ʩʝʡʩʤʽʯʥʦʾ ʰʚʠʜʢʦʩʪʽ 

ʤʽʞ ʨʽʟʥʠʤʠ ʰʘʨʘʤʠ ʚʠʢʣʠʢʘʶʪʴ ʟʘʣʦʤʣʝʥʥʷ ʟʘʚʜʷʢʠ ʟʘʢʦʥʫ ʉʥʝʣʣʘ, ʧʦʜʽʙʥʦ 

ʜʦ ʚʠʢʨʠʚʣʝʥʥʷ ʩʚʽʪʣʘ, ʢʦʣʠ ʚʦʥʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʧʨʠʟʤʫ.  

ʋ 1981 ʨʦʮʽ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʧʦʧʝʨʝʜʥʷ ʝʪʘʣʦʥʥʘ ʨʝʬʝʨʝʥʮʥʘ ʤʦʜʝʣʴ 

ɿʝʤʣʽ (PREM) (ʨʠʩ. 1.1) ɸʜʘʤʦʤ ʄ. ɼʟʝʚʦʥʩʴʢʠʤ ʪʘ ɼʦʥʦʤ ʃ. ɸʥʜʝʨʩʦʥʦʤ ʫ 

ʚʽʜʧʦʚʽʜʴ ʥʘ ʨʝʢʦʤʝʥʜʘʮʽʾ çʂʦʤʽʪʝʪʫ ʟʽ ʩʪʘʥʜʘʨʪʥʦʾ ʤʦʜʝʣʽ ɿʝʤʣʽè ʄʽʞʥʘʨʦʜʥʦʾ 

ʘʩʦʮʽʘʮʽʾ ʛʝʦʜʝʟʽʾ (IAG) ʪʘ ʄʽʞʥʘʨʦʜʥʦʾ ʘʩʦʮʽʘʮʽʾ ʩʝʡʩʤʦʣʦʛʽʾ ʪʘ ʬʽʟʠʢʠ ʥʘʜʨ 

ɿʝʤʣʽ (IASPEI) [98]. 

 

ʈʠʩ. 1.1. ʈʘʜʽʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ ʛʫʩʪʠʥʠ ɿʝʤʣʽ ʟʛʽʜʥʦ ʟ ʧʦʧʝʨʝʜʥʴʦʶ ʝʪʘʣʦʥʥʦʶ 

ʤʦʜʝʣʣʶ ɿʝʤʣʽ (PREM [98]) 

ɿʝʤʥʘ ʢʦʨʘ ʧʨʦʩʪʷʛʘʻʪʴʩʷ ʥʘ ʛʣʠʙʠʥʫ ʚʽʜ 5 ʜʦ 70 ʢʽʣʦʤʝʪʨʽʚ ʽ ʻ ʟʦʚʥʽʰʥʽʤ 

ʰʘʨʦʤ [71, 15]. ɰɰ ʥʘʡʪʦʥʰʘ ʯʘʩʪʠʥʘ ï ʮʝ ʦʢʝʘʥʽʯʥʘ ʢʦʨʘ, ʷʢʘ ʣʝʞʠʪʴ ʚ ʦʩʥʦʚʽ 

ʦʢʝʘʥʽʯʥʠʭ ʙʘʩʝʡʥʽʚ (5ï10 ʢʤ) ʽ ʩʢʣʘʜʘʻʪʴʩʷ ʟ̔ ʱʽʣʴʥʠʭ ʟʘʣʽʟʦ-ʤʘʛʥʽʻʚʦ-

ʩʠʣʽʢʘʪʥʠʭ ʤʘʛʤʘʪʠʯʥʠʭ ʧʦʨʽʜ, ʪʘʢʠʭ ʷʢ ʙʘʟʘʣʴʪ. ɹʽʣʴʰ ʪʦʚʩʪʘ ʟʝʤʥʘ ʢʦʨʘ ï 
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ʢʦʥʪʠʥʝʥʪʘʣʴʥʘ, ʤʝʥʰ ʱʽʣʴʥʘ ʽ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʪʨʽʻʚʦ-ʢʘʣʽʻʚʦ-ʘʣʶʤʽʥʽʻʚʠʭ 

ʩʠʣʽʢʘʪʥʠʭ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ, ʪʘʢʠʭ ʷʢ ʛʨʘʥʽʪ. ɻʽʨʩʴʢʽ ʧʦʨʦʜʠ ʢʦʨʠ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ 

ʜʚʽ ʦʩʥʦʚʥʽ ʢʘʪʝʛʦʨʽʾ ï ʩʽʘʣ ʽ ʩʽʤʘ (ɿʶʩʩ, 1831-1914). ɿʘ ʦʮʽʥʢʘʤʠ, ʩʽʤʘ 

ʧʦʯʠʥʘʻʪʴʩʷ ʧʨʠʙʣʠʟʥʦ ʥʘ 11 ʢʤ ʥʠʞʯʝ ʨʦʟʨʠʚʫ ʂʦʥʨʘʜʘ (ʨʦʟʨʠʚ ʜʨʫʛʦʛʦ ʨʦʜʫ). 

ɺʝʨʭʥʷ ʯʘʩʪʠʥʘ ʤʘʥʪʽʾ ʨʘʟʦʤ ʟ ʢʦʨʦʶ ʫʪʚʦʨʶʻ ʣʽʪʦʩʬʝʨʫ. ʄʝʞʘ ʤʽʞ ʢʦʨʦʶ ʽ 

ʤʘʥʪʽʻʶ ʽʜʝʥʪʠʬʽʢʫʻʪʴʩʷ ʷʢ ʜʚʽ ʬʽʟʠʯʥʦ ʨʽʟʥʽ ʩʪʨʫʢʪʫʨʠ. ʇʦ-ʧʝʨʰʝ, 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʦʟʨʠʚ ʩʝʡʩʤʽʯʥʦʾ ʰʚʠʜʢʦʩʪʽ, ʷʢʠʡ ʥʘʡʙʽʣʴʰ ʚʽʜʦʤʠʡ ʷʢ ʨʦʟʨʠʚ 

ʄʦʭʦʨʦʚʠʯʠʯʘ, ʘʙʦ ʄʦʭʦ. ɺʚʘʞʘʻʪʴʩʷ, ʱʦ ʧʨʠʯʠʥʦʶ ʄʦʭʦ ʻ ʟʤʽʥʘ ʩʢʣʘʜʫ 

ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ, ʱʦ ʤʽʩʪʷʪʴ ʧʦʣʴʦʚʠʡ ʰʧʘʪ ʧʣʘʛʽʦʢʣʘʟ (ʚʛʦʨʽ), ʜʦ ʧʦʨʽʜ, ʷʢʽ ʥʝ 

ʤʽʩʪʷʪʴ ʧʦʣʴʦʚʠʭ ʰʧʘʪʽʚ (ʚʥʠʟʫ). ʇʦ-ʜʨʫʛʝ, ʚ ʦʢʝʘʥʽʯʥʽʡ ʢʦʨʽ ʽʩʥʫʻ ʭʽʤʽʯʥʠʡ 

ʨʦʟʨʠʚ ʤʽʞ ʫʣʴʪʨʘʦʩʥʦʚʥʠʤʠ ʢʫʤʫʣʷʪʘʤʠ ʽ ʪʝʢʪʦʥʽʟʦʚʘʥʠʤʠ ʛʘʨʮʙʫʨʛʽʪʘʤʠ, 

ʷʢʠʡ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʛʣʠʙʦʢʠʭ ʯʘʩʪʠʥʘʭ ʦʢʝʘʥʽʯʥʦʾ ʢʦʨʠ, ʱʦ ʙʫʣʠ ʥʘʩʫʥʫʪʽ ʥʘ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʫ ʢʦʨʫ ʽ ʟʙʝʨʝʛʣʠʩʷ ʫ ʚʠʛʣʷʜʽ ʦʬʽʦʣʽʪʦʚʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ. ɹʘʛʘʪʦ 

ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ, ʷʢʽ ʟʘʨʘʟ ʩʢʣʘʜʘʶʪʴ ʟʝʤʥʫ ʢʦʨʫ, ʫʪʚʦʨʠʣʠʩʷ ʤʝʥʰʝ 100 

ʤʽʣʴʡʦʥʽʚ ʨʦʢʽʚ ʪʦʤʫ; ʦʜʥʘʢ ʥʘʡʜʘʚʥʽʰʽ ʚʽʜʦʤʽ ʤʽʥʝʨʘʣʴʥʽ ʧʦʨʦʜʠ ʤʘʶʪʴ ʚʽʢ 

ʙʣʠʟʴʢʦ 4,4 ʤʣʨʜ ʨʦʢʽʚ, ʱʦ ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ɿʝʤʣʷ ʤʘʻ ʪʚʝʨʜʫ ʢʦʨʫ ʱʦʥʘʡʤʝʥʰʝ 

4,4 ʤʣʨʜ ʨʦʢʽʚ [144]. 

ʄʘʥʪʽʷ ɿʝʤʣʽ ʧʨʦʩʪʷʛʘʻʪʴʩʷ ʜʦ ʛʣʠʙʠʥʠ 2890 ʢʤ, ʱʦ ʨʦʙʠʪʴ ʾʾ 

ʥʘʡʪʦʚʩʪʽʰʠʤ ʰʘʨʦʤ ɿʝʤʣʽ. ʄʘʥʪʽʷ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʚʝʨʭʥʶ ʽ ʥʠʞʥʶ ʤʘʥʪʽʶ, ʷʢʽ 

ʨʦʟʜʽʣʝʥʽ ʧʝʨʝʭʽʜʥʦʶ ʟʦʥʦʶ. ʅʘʡʥʠʞʯʘ ʯʘʩʪʠʥʘ ʤʘʥʪʽʾ ʧʦʨʫʯ ʟ ʤʝʞʝʶ ʷʜʨʘ ʽ 

ʤʘʥʪʽʾ ʚʽʜʦʤʘ ʷʢ ʰʘʨ D". ʊʠʩʢ ʚ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʤʘʥʪʽʾ ʩʪʘʥʦʚʠʪʴ å140 
. 
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 ʇʘ . 

ʄʘʥʪʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʩʠʣʽʢʘʪʥʠʭ ʧʦʨʽʜ, ʷʢʽ ʙʘʛʘʪʽ ʥʘ ʟʘʣʽʟʦ ʽ ʤʘʛʥʽʡ ʧʦʨʽʚʥʷʥʦ ʟ 

ʥʘʜʟʝʤʥʦʶ ʢʦʨʦʶ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʩʚʦʶ ʪʚʝʨʜʽʩʪʴ, ʚʠʩʦʢʽ ʪʝʤʧʝʨʘʪʫʨʠ 

ʚʩʝʨʝʜʠʥʽ ʤʘʥʪʽʾ ʨʦʙʣʷʪʴ ʩʠʣʽʢʘʪʥʠʡ ʤʘʪʝʨʽʘʣ ʜʦʩʪʘʪʥʴʦ ʧʣʘʩʪʠʯʥʠʤ, ʱʦʙ ʚʽʥ 

ʤʽʛ ʪʝʢʪʠ ʚ ʜʫʞʝ ʪʨʠʚʘʣʠʭ ʯʘʩʦʚʠʭ ʤʘʩʰʪʘʙʘʭ. ʂʦʥʚʝʢʮʽʷ ʤʘʥʪʽʾ ʛʽʧʦʪʝʪʠʯʥʦ 

ʧʨʦʷʚʣʷʻʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ ʯʝʨʝʟ ʨʫʭʠ ʪʝʢʪʦʥʽʯʥʠʭ ʧʣʠʪ. ʆʩʢʽʣʴʢʠ ʚ ʤʽʨʫ 

ʟʘʛʣʠʙʣʝʥʥʷ ʚ ʤʘʥʪʽʶ ʪʠʩʢ ʟʨʦʩʪʘʻ, ʥʠʞʥʷ ʯʘʩʪʠʥʘ ʤʘʥʪʽʾ ʪʝʯʝ ʧʦʚʽʣʴʥʽʰʝ, ʥʽʞ 

ʚʝʨʭʥʷ (ʭʽʤʽʯʥʽ ʟʤʽʥʠ ʚ ʤʘʥʪʽʾ ʪʘʢʦʞ ʤʦʞʫʪʴ ʙʫʪʠ ʚʘʞʣʠʚʠʤʠ). ɺ'ʷʟʢʽʩʪʴ ʤʘʥʪʽʾ 

ʢʦʣʠʚʘʻʪʴʩʷ ʤʽʞ 10
21

 ʽ 10
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 ʇʘĿʩ, ʟʘʣʝʞʥʦ ʚʽʜ ʛʣʠʙʠʥʠ. ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ, ʚ'ʷʟʢʽʩʪʴ 
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ʚʦʜʠ ʩʪʘʥʦʚʠʪʴ ʧʨʠʙʣʠʟʥʦ 10
3
 ʇʘĿʩ. ɼʞʝʨʝʣʦʤ ʪʝʧʣʘ, ʷʢʝ ʨʫʭʘʻ ʪʝʢʪʦʥʽʢʫ ʧʣʠʪ, 

ʻ ʧʝʨʚʽʩʥʝ ʪʝʧʣʦ, ʱʦ ʟʘʣʠʰʠʣʦʩʷ ʚʽʜ ʬʦʨʤʫʚʘʥʥʷ ʧʣʘʥʝʪʠ, ʘ ʪʘʢʦʞ 

ʨʘʜʽʦʘʢʪʠʚʥʠʡ ʨʦʟʧʘʜ ʫʨʘʥʫ, ʪʦʨʽʶ ʪʘ ʢʘʣʽʶ ʚ ʟʝʤʥʽʡ ʢʦʨʽ ʪʘ ʤʘʥʪʽʾ [141]. 

1.1.2. ʉʫʯʘʩʥʘ ʢʦʥʮʝʧʮʽʷ ʪʝʢʪʦʥʽʢʠ ʧʣʠʪ 

ɼʦʩʣʽʜʥʠʢʘʤʠ ʥʘʫʢ ʧʨʦ ɿʝʤʣʶ ʨʦʟʨʦʙʣʝʥʦ ʙʘʛʘʪʦ ʛʽʧʦʪʝʟ ʱʦʜʦ 

ʪʝʢʪʦʥʽʯʥʦʾ ʝʚʦʣʶʮʽʾ ɿʝʤʣʽ. ʆʜʥʽʻʶ ʟ ʛʽʧʦʪʝʟ ʙʫʚ ʜʨʝʡʬ ʢʦʥʪʠʥʝʥʪʽʚ, ʷʢʫ 

ʟʘʧʨʦʧʦʥʫʚʘʚ ɸʣʴʬʨʝʜ ɺʝʛʝʥʝʨ ʫ ʩʝʨʽʾ ʩʪʘʪʝʡ ʟ 1910 ʧʦ 1928 ʨʨ. ɺʽʥ ʙʫʚ ʦʜʥʠʤ 

ʟ ʧʝʨʰʠʭ, ʭʪʦ ʟʨʦʟʫʤʽʚ, ʱʦ ʧʦʚʝʨʭʥʷ ɿʝʤʣʽ ʟʤʽʥʠʣʘʩʷ ʟ ʧʣʠʥʦʤ ʯʘʩʫ, ʽ ʱʦ 

ʢʦʥʪʠʥʝʥʪʠ, ʷʢʽ ʟʘʨʘʟ ʨʦʟ'ʻʜʥʘʥʽ, ʤʦʞʣʠʚʦ, ʙʫʣʠ ʟ'ʻʜʥʘʥʽ ʨʘʟʦʤ ʚ ʷʢʠʡʩʴ ʤʦʤʝʥʪ 

ʫ ʤʠʥʫʣʦʤʫ. ʆʩʥʦʚʥʘ ʽʜʝʷ ʪʝʦʨʽʾ ʜʨʝʡʬʫ ʢʦʥʪʠʥʝʥʪʽʚ ʧʦʣʷʛʘʣʘ ʚ ʪʦʤʫ, ʱʦ 

ʢʦʥʪʠʥʝʥʪʠ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʧʣʠʪʘʭ ʽ ʚʦʥʠ ʜʨʝʡʬʫʶʪʴ ʧʦ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ. ɺʩʽ 

ʚʦʥʠ ʢʦʣʠʩʴ ʙʫʣʠ ʟ'ʻʜʥʘʥʽ ʨʘʟʦʤ ʷʢ ʚʝʣʠʯʝʟʥʠʡ ʩʫʧʝʨʢʦʥʪʠʥʝʥʪ. ʄʦʙʽʣʽʩʪʩʴʢʘ 

ʽʜʝʷ ɺʝʛʝʥʝʨʘ ʙʫʣʘ ʚʠʢʣʠʢʘʥʘ ʡʦʛʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷʤ ʟʘ ʤʘʡʞʝ ʽʜʝʘʣʴʥʦʶ 

ʩʧʽʚʧʘʜʽʥʥʷʤ ʙʝʨʝʛʦʚʠʭ ʣʽʥʽʡ ʧʽʚʜʝʥʥʦʘʤʝʨʠʢʘʥʩʴʢʦʛʦ ʪʘ ʘʬʨʠʢʘʥʩʴʢʦʛʦ 

ʢʦʥʪʠʥʝʥʪʽʚ. ɼʦʜʘʪʢʦʚʽ ʜʦʢʘʟʠ ʥʘ ʢʦʨʠʩʪʴ ʪʝʦʨʽʾ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʜʨʝʡʬʫ ʪʘʢʽ:  

1. ʉʢʘʤ'ʷʥʽʣʦʩʪʽ ʦʜʥʽʻʾ ʽ ʪʽʻʾ ʞ ʨʦʩʣʠʥʠ (Glossopteris) ʟʥʘʡʜʝʥʽ ʚ ɸʚʩʪʨʘʣʽʾ, 

ɯʥʜʽʾ, ɸʥʪʘʨʢʪʠʜʽ ʪʘ ʇʽʚʜʝʥʥʽʡ ɸʤʝʨʠʮʽ.  

2. ʉʢʘʤ'ʷʥʽʣʦʩʪʽ ʦʜʥʽʻʾ ʽ ʪʽʻʾ ʞ ʨʝʧʪʠʣʽʾ (Mesosaurus) ʟʥʘʡʜʝʥʽ ʚ ɸʬʨʠʮʽ ʪʘ 

ʇʽʚʜʝʥʥʽʡ ɸʤʝʨʠʮʽ. ʎʷ ʪʚʘʨʠʥʘ ʥʝ ʤʦʛʣʘ ʧʝʨʝʧʣʠʩʪʠ ʩʫʯʘʩʥʠʡ ɸʪʣʘʥʪʠʯʥʠʡ 

ʦʢʝʘʥ. 

3. ʃʴʦʜʦʚʠʢʦʚʽ ʚʽʜʢʣʘʜʝʥʥʷ, ʟʥʘʡʜʝʥʽ ʚ ʪʝʧʝʨʽʰʥʴʦʤʫ ʪʝʧʣʦʤʫ ʢʣʽʤʘʪʽ, ʽ 

ʩʢʘʤ'ʷʥʽʣʦʩʪʽ ʨʦʩʣʠʥ ʪʝʧʣʦʛʦ ʢʣʽʤʘʪʫ, ʟʥʘʡʜʝʥʽ ʥʘ ʧʨʦʩʪʦʨʘʭ ɸʨʢʪʠʢʠ. 

4. ʄʘʡʞʝ ʽʜʝʥʪʠʯʥʽ ʛʽʨʩʴʢʽ ʧʦʨʦʜʠ, ʟʥʘʡʜʝʥʽ ʥʘ ʩʭʽʜʥʦʤʫ ʫʟʙʝʨʝʞʞʽ ʉʐɸ 

ʽ ʟʘʭʽʜʥʦʤʫ ʫʟʙʝʨʝʞʞʽ ɭʚʨʦʧʠ ʘ ʪʘʢʦʞ ʥʘ ʩʭʦʜʽ ʇʽʚʜʝʥʥʦʾ ɸʤʝʨʠʢʠ ʪʘ ʟʘʭʦʜʽ 

ɸʬʨʠʢʠ. [141] 

ʇʘʣʝʦʥʪʦʣʦʛʠ ʪʘʢʦʞ ʚʠʷʚʠʣʠ ʟʥʘʡʜʝʥʽ ʩʢʘʤ'ʷʥʽʣʦʩʪʽ ʩʭʦʞʠʭ ʚʠʜʽʚ ʥʘ 

ʢʦʥʪʠʥʝʥʪʘʭ, ʷʢʽ ʟʘʨʘʟ ʨʦʟʜʽʣʝʥʽ ʚʝʣʠʢʦʶ ʛʝʦʛʨʘʬʽʯʥʦʶ ʚʽʜʩʪʘʥʥʶ. 

ʇʘʣʝʦʢʣʽʤʘʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʚʠʚʯʝʥʥʷ ʢʣʽʤʘʪʫ ʚ ʤʠʥʫʣʽ 



 

 

32 

ʧʝʨʽʦʜʠ ʛʝʦʣʦʛʽʯʥʦʾ ʽʩʪʦʨʽʾ ɿʝʤʣʽ, ʧʦʢʘʟʘʣʠ, ʱʦ ʣʴʦʜʦʚʠʢʠ ʧʦʢʨʠʚʘʣʠ ʚʝʣʠʢʽ 

ʪʝʨʠʪʦʨʽʾ ʩʚʽʪʫ, ʷʢʽ ʟʘʨʘʟ ʪʘʢʦʞ ʨʦʟʜʽʣʝʥʽ ʚʝʣʠʢʠʤʠ ʛʝʦʛʨʘʬʽʯʥʠʤʠ ʚʽʜʩʪʘʥʷʤʠ. 

ʎʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʚʢʘʟʫʚʘʣʠ ʥʘ ʪʝ, ʱʦ ʣʽʪʦʩʬʝʨʘ ɿʝʤʣʽ ʨʫʭʘʣʘʩʷ ʧʨʦʪʷʛʦʤ 

ʛʝʦʣʦʛʽʯʥʦʛʦ ʯʘʩʫ. 

ɯʜʝʾ ɺʝʛʝʥʝʨʘ ʙʫʣʠ ʜʫʞʝ ʩʫʧʝʨʝʯʣʠʚʠʤʠ, ʦʩʢʽʣʴʢʠ ʚʽʥ ʥʝ ʤʘʚ ʧʦʷʩʥʝʥʥʷ, 

ʯʦʤʫ ʢʦʥʪʠʥʝʥʪʠ ʨʫʭʘʣʠʩʷ, ʘ ʣʠʰʝ ʢʦʥʩʪʘʪʫʚʘʚ, ʱʦ ʮʝ ʚʽʜʙʫʚʘʣʦʩʷ ʟʘ ʜʘʥʠʤʠ 

ʩʧʦʩʪʝʨʝʞʝʥʴ. ʋ ʪʦʡ ʯʘʩ ʙʘʛʘʪʦ ʛʝʦʣʦʛʽʚ ʚʚʘʞʘʣʠ, ʱʦ ʦʩʦʙʣʠʚʦʩʪʽ ɿʝʤʣʽ ʻ 

ʨʝʟʫʣʴʪʘʪʦʤ ʪʦʛʦ, ʱʦ ʚʦʥʘ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʮʠʢʣʠ ʥʘʛʨʽʚʘʥʥʷ ʽ ʦʭʦʣʦʜʞʝʥʥʷ, 

ʷʢʽ ʩʧʨʠʯʠʥʷʶʪʴ ʨʦʟʰʠʨʝʥʥʷ ʽ ʩʪʠʩʥʝʥʥʷ ʩʫʭʦʜʦʣʫ. ʃʶʜʝʡ, ʷʢʽ ʚʽʨʠʣʠ ʚ ʮʝ, 

ʥʘʟʠʚʘʣʠ ʘʥʪʠʤʦʙʽʣʽʩʪʘʤʠ. ʄʦʙʽʣʽʩʪʠ ʙʫʣʠ ʚ ʧʨʦʪʠʣʝʞʥʦʤʫ ʪʘʙʦʨʽ ʽ 

ʧʽʜʪʨʠʤʫʚʘʣʠ ʽʜʝʾ ɺʝʛʝʥʝʨʘ, ʦʩʢʽʣʴʢʠ ʙʘʛʘʪʦ ʭʪʦ ʟ ʥʠʭ ʙʘʯʠʚ ʜʦʢʘʟʠ ʨʫʭʫ 

ʢʦʥʪʠʥʝʥʪʽʚ, ʦʩʦʙʣʠʚʦ ʚ ɸʣʴʧʘʭ. 

ʍʦʯʘ ʪʝʦʨʽʷ çʜʨʝʡʬʫ ʢʦʥʪʠʥʝʥʪʽʚè ɺʝʛʝʥʝʨʘ ʟʛʦʜʦʤ ʙʫʣʘ ʩʧʨʦʩʪʦʚʘʥʘ, ʮʝ 

ʙʫʚ ʦʜʠʥ ʟ ʧʝʨʰʠʭ ʚʠʧʘʜʢʽʚ, ʢʦʣʠ ʽʜʝʷ ʨʫʭʫ ʟʝʤʥʦʾ ʢʦʨʠ ʙʫʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʥʘʫʢʦʚʦʤʫ ʩʧʽʚʪʦʚʘʨʠʩʪʚʫ; ʽ ʚʦʥʘ ʟʘʢʣʘʣʘ ʦʩʥʦʚʫ ʜʣʷ ʨʦʟʚʠʪʢʫ ʩʫʯʘʩʥʦʾ 

ʪʝʢʪʦʥʽʢʠ ʧʣʠʪ. ʄʠʥʘʣʠ ʨʦʢʠ, ʽ ʟ'ʷʚʣʷʣʦʩʷ ʚʩʝ ʙʽʣʴʰʝ ʜʦʢʘʟʽʚ ʥʘ ʢʦʨʠʩʪʴ ʪʦʛʦ, 

ʱʦ ʧʣʠʪʠ ʧʦʩʪʽʡʥʦ ʨʫʭʘʶʪʴʩʷ ʧʨʦʪʷʛʦʤ ʛʝʦʣʦʛʽʯʥʦʛʦ ʯʘʩʫ. 

ʇʘʣʝʦʤʘʛʥʽʪʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢʽ ʚʠʚʯʘʶʪʴ ʤʠʥʫʣʽ ʟʤʽʥʠ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ 

ɿʝʤʣʽ, ʧʦʢʘʟʘʣʠ, ʱʦ ʧʽʚʥʽʯʥʠʡ ʤʘʛʥʽʪʥʠʡ ʧʦʣʶʩ ʷʢ ʙʠ ʙʣʫʢʘʚ ʧʦ ʚʩʽʡ ʟʝʤʥʽʡ 

ʢʫʣʽ. ʎʝ ʦʟʥʘʯʘʣʦ, ʱʦ ʘʙʦ ʧʣʠʪʠ ʨʫʭʘʣʠʩʷ, ʘʙʦ ʧʽʚʥʽʯʥʠʡ ʧʦʣʶʩ ʨʫʭʘʚʩʷ. 

ʆʩʢʽʣʴʢʠ ʧʽʚʥʽʯʥʠʡ ʧʦʣʶʩ ʧʦ ʩʫʪʽ ʬʽʢʩʦʚʘʥʠʡ, ʟʘ ʚʠʥʷʪʢʦʤ ʧʝʨʽʦʜʽʚ ʨʦʟʚʦʨʦʪʫ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʮʝʡ ʜʦʢʘʟ ʨʽʰʫʯʝ ʧʽʜʪʨʠʤʫʻ ʽʜʝʶ ʪʝʢʪʦʥʽʢʠ ʧʣʠʪ. 

ɿ ʧʣʠʥʦʤ ʯʘʩʫ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʱʝ ʙʽʣʴʰʝ ʜʦʢʘʟʽʚ, ʷʢʽ ʧʽʜʪʨʠʤʫʶʪʴ ʪʝʦʨʽʶ 

ʪʝʢʪʦʥʽʢʠ ʧʣʠʪ. ʋ 1960-ʭ ʨʦʢʘʭ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʷʜʝʨʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʙʫʣʦ 

ʚʩʪʘʥʦʚʣʝʥʦ ʩʚʽʪʦʚʫ ʤʝʨʝʞʫ ʩʝʡʩʤʦʤʝʪʨʽʚ, ʽ ʮʽ ʧʨʠʣʘʜʠ ʚʠʷʚʠʣʠ ʚʨʘʞʘʶʯʝ 

ʛʝʦʣʦʛʽʯʥʝ ʷʚʠʱʝ. ɺʽʥ ʧʦʢʘʟʘʚ, ʱʦ ʟʝʤʣʝʪʨʫʩʠ, ʚʫʣʢʘʥʠ ʪʘ ʽʥʰʽ ʘʢʪʠʚʥʽ 

ʛʝʦʣʦʛʽʯʥʽ ʦʙ'ʻʢʪʠ ʟʜʝʙʽʣʴʰʦʛʦ ʚʠʨʽʚʥʶʶʪʴʩʷ ʚʟʜʦʚʞ ʯʽʪʢʠʭ ʧʦʷʩʽʚ ʧʦ ʚʩʴʦʤʫ 

ʩʚʽʪʫ, ʽ ʮʽ ʧʦʷʩʠ ʚʠʟʥʘʯʘʶʪʴ ʢʨʘʾ ʪʝʢʪʦʥʽʯʥʠʭ ʧʣʠʪ. 
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ʂʨʽʤ ʪʦʛʦ, ʧʦʜʘʣʴʰʽ ʧʘʣʝʦʤʘʛʥʽʪʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʷʚʠʣʠ ʩʤʫʛʘʩʪʫ 

ʢʘʨʪʠʥʫ ʤʘʛʥʽʪʥʠʭ ʽʥʚʝʨʩʽʡ ʚ ʟʝʤʥʽʡ ʢʦʨʽ ʦʢʝʘʥʽʯʥʠʭ ʙʘʩʝʡʥʽʚ. ɹʘʟʘʣʴʪ ʤʽʩʪʠʪʴ 

ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʤʘʛʥʽʪʥʠʭ ʤʽʥʝʨʘʣʽʚ, ʷʢʽ ʥʘʟʠʚʘʶʪʴʩʷ ʤʘʛʥʝʪʠʪʘʤʠ. ʂʦʣʠ ʣʘʚʘ ʟ 

ʦʩʝʨʝʜʢʽʚ ʚʠʚʝʨʞʝʥʥʷ ʚ ʦʢʝʘʥʘʭ ʬʦʨʤʫʻʪʴʩʷ ʽ ʦʭʦʣʦʜʞʫʻʪʴʩʷ, ʮʽ ʤʽʥʝʨʘʣʠ 

ʚʠʨʽʚʥʶʶʪʴʩʷ ʜʦ ʧʽʚʥʽʯʥʦʛʦ ʧʦʣʶʩʘ. ʋ ʤʠʥʫʣʦʤʫ ɿʝʤʣʷ ʧʝʨʝʞʠʣʘ ʢʽʣʴʢʘ 

ʤʘʛʥʽʪʥʠʭ ʽʥʚʝʨʩʽʡ, ʧʽʜ ʯʘʩ ʷʢʠʭ ʧʽʚʥʽʯʥʠʡ ʽ ʧʽʚʜʝʥʥʠʡ ʧʦʣʶʩʠ ʥʘ ʧʝʚʥʠʡ ʯʘʩ 

ʤʽʥʷʣʠʩʷ ʤʽʩʮʷʤʠ. ʂʦʣʠ ʛʝʦʣʦʛʠ ʽ ʛʝʦʬʽʟʠʢʠ ʚʠʷʚʠʣʠ, ʱʦ ʢʦʨʘ ʚ ʦʢʝʘʥʽ 

ʟʘʬʽʢʩʫʚʘʣʘ ʮʽ ʟʤʽʥʠ, ʮʝ ʩʪʘʣʦ ʱʝ ʙʽʣʴʰ ʧʝʨʝʢʦʥʣʠʚʠʤ ʜʦʢʘʟʦʤ ʪʦʛʦ, ʱʦ 

ʣʽʪʦʩʬʝʨʘ ʧʦʚʠʥʥʘ ʙʫʣʘ ʧʝʨʝʙʫʚʘʪʠ ʚ ʨʫʩʽ, ʽʥʘʢʰʝ ʥʝ ʙʫʣʦ ʙ ʥʽʷʢʠʭ çʩʤʫʛè ʢʦʨʠ 

ʥʦʨʤʘʣʴʥʦʾ ʽ ʟʚʦʨʦʪʥʦʾ ʧʦʣʷʨʥʦʩʪʽ. 

ʎʝ ʙʫʣʠ ʦʩʪʘʥʥʽ ʰʤʘʪʦʯʢʠ ʧʘʟʣʫ, ʷʢʽ ʧʨʠʟʚʝʣʠ ʜʦ ʨʦʟʚʠʪʢʫ ʩʫʯʘʩʥʦʾ 

ʪʝʦʨʽʾ ʪʝʢʪʦʥʽʢʠ ʧʣʠʪ. ɿ ʤʦʤʝʥʪʫ ʩʚʦʻʾ ʧʦʷʚʠ ʚ 1960-ʭ ʨʦʢʘʭ ʪʝʦʨʽʷ ʪʝʢʪʦʥʽʢʠ 

ʧʣʠʪ ʦʪʨʠʤʘʣʘ ʰʠʨʦʢʝ ʚʠʟʥʘʥʥʷ ʚ ʷʢʦʩʪʽ ʤʦʜʝʣʽ ʟʝʤʥʠʭ ʪʝʢʪʦʥʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. 

ʋ 1965 ʨʦʮʽ ʢʘʥʘʜʩʴʢʠʡ ʛʝʦʬʽʟʠʢ ɼʞʝʡ ʊʫʟʦ ɺʽʣʩʦʥ ʧʦʻʜʥʘʚ ʛʽʧʦʪʝʟʠ ʜʨʝʡʬʫ 

ʢʦʥʪʠʥʝʥʪʽʚ ʽ ʩʧʨʝʜʠʥʛʫ ʤʦʨʩʴʢʦʛʦ ʜʥʘ, ʱʦʙ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʪʝʦʨʽʶ ʪʝʢʪʦʥʽʢʠ 

ʧʣʠʪ [141]. ʊʫʟʦ ɺʽʣʩʦʥ ʩʪʚʝʨʜʞʫʚʘʚ, ʱʦ ʟʝʤʥʘ ʢʦʨʘ ʘʙʦ ʣʽʪʦʩʬʝʨʘ, ʨʦʟʜʽʣʝʥʘ ʥʘ 

ʚʝʣʠʢʽ, ʞʦʨʩʪʢʽ ʙʣʦʢʠ, ʷʢʽ ʥʘʟʠʚʘʶʪʴʩʷ ʧʣʠʪʘʤʠ. 

ʑʦʨʽʯʥʦ ʥʘ ɿʝʤʣʽ ʚʽʜʙʫʚʘʻʪʴʩʷ 1 ʤʽʣʴʡʦʥ ʟʝʤʣʝʪʨʫʩʽʚ [141], ʙʽʣʴʰʽʩʪʴ ʟ 

ʥʠʭ ʥʘʩʪʽʣʴʢʠ ʩʣʘʙʢʽ, ʱʦ ʤʠ ʾʭ ʥʝ ʚʽʜʯʫʚʘʻʤʦ, ʘʣʝ ʥʘʡʩʠʣʴʥʽʰʽ ʨʫʡʥʫʶʪʴ ʤʽʩʪʘ ʽ 

ʚʙʠʚʘʶʪʴ ʪʠʩʷʯʽ ʣʶʜʝʡ. ʇʨʦʪʷʛʦʤ ʛʝʦʣʦʛʽʯʥʦʛʦ ʯʘʩʫ ʛʽʨʩʴʢʽ ʭʨʝʙʪʠ 

ʧʽʜʥʽʤʘʶʪʴʩʷ, ʘ ʧʦʪʽʤ ʟʥʠʢʘʶʪʴ, ʢʦʥʪʠʥʝʥʪʠ ʤʽʛʨʫʶʪʴ ʧʦ ʚʩʽʡ ʟʝʤʥʽʡ ʢʫʣʽ, ʘ 

ʦʢʝʘʥʩʴʢʽ ʙʘʩʝʡʥʠ ʚʽʜʢʨʠʚʘʶʪʴʩʷ ʽ ʟʘʢʨʠʚʘʶʪʴʩʷ. ɼʦ 1960 ʨʦʢʫ ʞʦʜʥʘ ʪʝʦʨʽʷ ʥʝ 

ʧʦʷʩʥʶʚʘʣʘ ʚʩʽ ʮʽ ʧʨʦʷʚʠ ʪʝʢʪʦʥʽʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ɿʝʤʣʽ. ʊʝʢʪʦʥʽʢʘ ʧʣʠʪ 

ʟʘʙʝʟʧʝʯʫʻ ʻʜʠʥʫ, ʦʙ'ʻʜʥʫʶʯʫ ʦʩʥʦʚʫ, ʱʦ ʧʦʷʩʥʶʻ ʟʝʤʣʝʪʨʫʩʠ, ʚʠʚʝʨʞʝʥʥʷ 

ʚʫʣʢʘʥʽʚ, ʬʦʨʤʫʚʘʥʥʷ ʛʽʨ, ʨʫʭ ʢʦʥʪʠʥʝʥʪʽʚ ʪʘ ʙʘʛʘʪʦ ʽʥʰʠʭ ʛʝʦʣʦʛʽʯʥʠʭ ʧʦʜʽʡ. 

ɺʦʥʘ ʪʘʢʦʞ ʜʦʟʚʦʣʷʻ ʛʝʦʣʦʛʘʤ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʙʘʛʘʪʦ ʛʝʦʣʦʛʽʯʥʠʭ ʥʝʙʝʟʧʝʢ ʜʦ 

ʪʦʛʦ, ʷʢ ʚʦʥʠ ʚʧʣʠʥʫʪʴ ʥʘ ʣʶʜʝʡ. ʆʩʢʽʣʴʢʠ ʪʝʦʨʽʷ ʪʝʢʪʦʥʽʢʠ ʧʣʠʪ ʜʫʞʝ ʚʘʞʣʠʚʘ 

ʜʣʷ ʩʫʯʘʩʥʦʾ ʥʘʫʢʠ, ʚʦʥʘ ʻ ʦʩʥʦʚʦʶ ʜʣʷ ʙʘʛʘʪʴʦʭ ʧʨʠʨʦʜʥʠʯʠʭ ʥʘʫʢ.  
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ʗʢ ʽ ʙʽʣʴʰʽʩʪʴ ʚʝʣʠʢʠʭ, ʦʙ'ʻʜʥʫʶʯʠʭ ʥʘʫʢʦʚʠʭ ʽʜʝʡ, ʪʝʦʨʽʷ ʪʝʢʪʦʥʽʢʠ ʧʣʠʪ 

ʢʦʥʮʝʧʪʫʘʣʴʥʦ ʧʨʦʩʪʘ [141]. ɺʦʥʘ ʦʧʠʩʫʻ ʟʦʚʥʽʰʥʽʡ ʰʘʨ ɿʝʤʣʽ, ʷʢʠʡ 

ʥʘʟʠʚʘʻʪʴʩʷ ʣʽʪʦʩʬʝʨʦʶ, ʷʢ ʦʙʦʣʦʥʢʫ ʟ ʪʚʝʨʜʦʾ ʪʘ ʤʽʮʥʦʾ ʛʽʨʩʴʢʦʾ ʧʦʨʦʜʠ. ʎʷ 

ʦʙʦʣʦʥʢʘ ʨʦʟʙʠʪʘ ʥʘ ʚʝʣʠʢʽ, ʩʝʨʝʜʥʽ ʽ ʜʨʽʙʥʽ ʩʝʛʤʝʥʪʠ, ʷʢʽ ʥʘʟʠʚʘʶʪʴʩʷ 

ʪʝʢʪʦʥʽʯʥʠʤʠ ʧʣʠʪʘʤʠ. ɰʭ ʪʘʢʦʞ ʥʘʟʠʚʘʶʪʴ ʣʽʪʦʩʬʝʨʥʠʤʠ ʧʣʠʪʘʤʠ, ʽ ʮʽ ʜʚʘ 

ʪʝʨʤʽʥʠ ʚʟʘʻʤʦʟʘʤʽʥʥʽ (ʨʠʩ. 1.2). [147] 

 

ʈʠʩ. 1.2. ʈʦʟʤʽʱʝʥʥʷ ʛʦʣʦʚʥʠʭ ʪʝʢʪʦʥʽʯʥʠʭ ʧʣʠʪ [141] 

ʊʝʢʪʦʥʽʯʥʽ ʧʣʠʪʠ ʧʣʘʚʘʶʪʴ ʥʘ ʥʠʞʥʴʦʤʫ ʰʘʨʽ, ʷʢʠʡ ʥʘʟʠʚʘʻʪʴʩʷ 

ʘʩʪʝʥʦʩʬʝʨʦʶ. ɸʩʪʝʥʦʩʬʝʨʘ, ʷʢ ʽ ʣʽʪʦʩʬʝʨʘ, ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ. ɸʣʝ 

ʘʩʪʝʥʦʩʬʝʨʘ ʥʘʩʪʽʣʴʢʠ ʛʘʨʷʯʘ, ʱʦ ʷʢʘʩʴ ʾʾ ʯʘʩʪʠʥʘ ʨʦʟʧʣʘʚʣʝʥʘ. ʗʢ ʥʘʩʣʽʜʦʢ, 

ʜʣʷ ʥʝʾ ʚʣʘʩʪʠʚʘ ʧʣʘʩʪʠʯʥʘ ʧʦʚʟʫʯʽʩʪʴ. ʃʽʪʦʩʬʝʨʥʽ ʧʣʠʪʠ ʧʦʚʽʣʴʥʦ ʢʦʚʟʘʶʪʴ ʧʦ 

ʘʩʪʝʥʦʩʬʝʨʽ, ʷʢ ʰʤʘʪʢʠ ʣʴʦʜʫ, ʱʦ ʜʨʝʡʬʫʶʪʴ ʧʦ ʚʦʜʦʡʤʽ (ʨʠʩ. 1.3). ʂʦʥʪʠʥʝʥʪʠ 

ʪʘ ʦʢʝʘʥʽʯʥʽ ʙʘʩʝʡʥʠ ʩʢʣʘʜʘʶʪʴ ʚʝʨʭʥʽ ʯʘʩʪʠʥʠ ʧʣʠʪ.  
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ʈʠʩ. 1.3. ʉʭʝʤʘ ʢʦʚʟʘʥʥʷ ʣʽʪʦʩʬʝʨʥʠʭ ʧʣʠʪ [141].  

ʂʦʣʠ ʪʝʢʪʦʥʽʯʥʘ ʧʣʠʪʘ ʢʦʚʟʘʻ ʧʦ ʘʩʪʝʥʦʩʬʝʨʽ, ʢʦʥʪʠʥʝʥʪʠ ʡ ʦʢʝʘʥʠ 

ʨʫʭʘʶʪʴʩʷ ʨʘʟʦʤ ʟ ʥʝʶ. ʂʦʣʠ ʧʣʠʪʘ ʨʫʭʘʻʪʴʩʷ, ʩʪʘʨʘ ʣʽʪʦʩʬʝʨʘ ʟʘʥʫʨʶʻʪʴʩʷ ʚ 

ʥʘʜʨʘ ɿʝʤʣʽ ʥʘ ʾʾ ʧʝʨʝʜʥʴʦʤʫ ʢʨʘʾ, ʘ ʥʦʚʘ ʣʽʪʦʩʬʝʨʘ ʬʦʨʤʫʻʪʴʩʷ ʥʘ ʟʘʜʥʴʦʤʫ 

ʢʨʘʾ. ʆʩʥʦʚʥʘ ʛʝʦʣʦʛʽʯʥʘ ʘʢʪʠʚʥʽʩʪʴ ɿʝʤʣʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ ʛʨʘʥʠʮʷʭ ʧʣʠʪ, ʫ 

ʟʦʥʘʭ, ʜʝ ʪʝʢʪʦʥʽʯʥʽ ʧʣʠʪʠ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʽ ʚʟʘʻʤʦʜʽʶʪʴ. ʉʫʩʽʜʥʽ ʧʣʠʪʠ ʤʦʞʫʪʴ 

ʨʫʭʘʪʠʩʷ ʦʜʥʘ ʚʽʜʥʦʩʥʦ ʦʜʥʦʾ ʪʨʴʦʤʘ ʨʽʟʥʠʤʠ ʩʧʦʩʦʙʘʤʠ (ʨʠʩ. 1.4).  
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ʈʠʩ. 1.4. ʊʠʧʠ ʚʟʘʻʤʦʜʽʾ ʛʨʘʥʠʮʴ ʪʝʢʪʦʥʽʯʥʠʭ ʧʣʠʪ ɿʝʤʣʽ [141]. 

(ʘ) ï ɼʚʽ ʧʣʠʪʠ ʨʦʟʭʦʜʷʪʴʩʷ. ʅʦʚʘ ʣʽʪʦʩʬʝʨʘ ʫʪʚʦʨʶʻʪʴʩʷ, ʢʦʣʠ ʛʘʨʷʯʘ 

ʘʩʪʝʥʦʩʬʝʨʘ ʧʽʜʥʽʤʘʻʪʴʩʷ, ʱʦʙ ʟʘʧʦʚʥʠʪʠ ʧʨʦʤʽʞʦʢ, ʜʝ ʜʚʽ ʧʣʠʪʠ ʨʦʟʽʡʰʣʠʩʷ. ɺ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʣʽʪʦʩʬʝʨʘ ʚʽʜʥʦʩʥʦ ʪʦʥʢʘ. ʙ) ï ɼʚʽ ʧʣʠʪʠ ʟʽʰʪʦʚʭʫʶʪʴʩʷ ʥʘ 

ʢʦʥʚʝʨʛʝʥʪʥʽʡ ʤʝʞʽ. ʗʢʱʦ ʦʜʥʘ ʟ ʧʣʠʪ ʥʝʩʝ ʦʢʝʘʥʽʯʥʫ ʢʦʨʫ, ʪʦ ʙʽʣʴʰ ʱʽʣʴʥʘ 

ʦʢʝʘʥʽʯʥʘ ʧʣʠʪʘ ʟʘʥʫʨʶʻʪʴʩʷ ʚ ʤʘʥʪʽʶ ʚ ʟʦʥʽ ʩʫʙʜʫʢʮʽʾ. ʊʫʪ ʦʢʝʘʥʽʯʥʘ ʧʣʠʪʘ 

ʟʘʥʫʨʶʻʪʴʩʷ ʧʽʜ ʤʝʥʰ ʱʽʣʴʥʫ ʢʦʥʪʠʥʝʥʪʘʣʴʥʫ ʧʣʠʪʫ. ʄʘʛʤʘ ʧʽʜʥʽʤʘʻʪʴʩʷ ʽʟ 

ʟʦʥʠ ʩʫʙʜʫʢʮʽʾ, ʽ ʚ ʤʽʩʮʽ ʟʘʥʫʨʝʥʥʷ ʩʫʙʜʫʢʫʶʯʦʾ ʧʣʠʪʠ ʫʪʚʦʨʶʻʪʴʩʷ ʞʦʣʦʙ. 

ɿʽʨʢʘʤʠ ʧʦʟʥʘʯʝʥʦ ʟʝʤʣʝʪʨʫʩʠ ʟʦʥʠ ɹʝʥʽʦʬʬʘ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ, ʢʦʣʠ ʧʣʠʪʘ, ʱʦ 

ʟʘʥʫʨʶʻʪʴʩʷ, ʧʨʦʩʣʠʟʘʻ ʧʦʚʟ ʧʨʦʪʠʣʝʞʥʫ ʧʣʠʪʫ. ʚ) ï ʅʘ ʤʝʞʽ ʪʨʘʥʩʬʦʨʤʥʠʭ 

ʧʣʠʪ ʛʽʨʩʴʢʽ ʧʦʨʦʜʠ ʥʘ ʧʨʦʪʠʣʝʞʥʠʭ ʩʪʦʨʦʥʘʭ ʨʦʟʣʦʤʫ ʢʦʚʟʘʶʪʴ ʛʦʨʠʟʦʥʪʘʣʴʥʦ 

ʧʦʚʟ ʦʜʠʥ ʦʜʥʦʛʦ). 

ʅʘ ʛʨʘʥʠʮʽ, ʱʦ ʨʦʟʭʦʜʠʪʴʩʷ, ʜʚʽ ʧʣʠʪʠ ʨʦʟʩʫʚʘʶʪʴʩʷ ʘʙʦ ʨʦʟ'ʻʜʥʫʶʪʴʩʷ. 

ʅʘ ʟʙʽʞʥʽʡ ʤʝʞʽ ʜʚʽ ʧʣʘʩʪʠʥʠ ʨʫʭʘʶʪʴʩʷ ʥʘʟʫʩʪʨʽʯ ʦʜʥʘ ʦʜʥʽʡ, ʘ ʥʘ ʤʝʞʽ 

ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʚʦʥʠ ʢʦʚʟʘʶʪʴ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʧʦʚʟ ʦʜʥʘ ʦʜʥʫ. ɺʟʘʻʤʦʜʽʷ ʧʣʠʪ ʥʘ 

ʘ) ʙ) 

ʚ) 
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ʮʠʭ ʛʨʘʥʠʮʷʭ ʬʦʨʤʫʻ ʛʽʨʩʴʢʽ ʭʨʝʙʪʠ, ʩʧʨʠʯʠʥʷʻ ʟʝʤʣʝʪʨʫʩʠ ʽ ʚʠʚʝʨʞʝʥʥʷ 

ʚʫʣʢʘʥʽʚ. 

ʆʪʞʝ, ʤʦʞʝʤʦ ʧʽʜʩʫʤʫʚʘʪʠ, ʱʦ ʫ ʙʽʣʴʰʦʩʪʽ ʤʽʩʮʴ ʣʽʪʦʩʬʝʨʘ ʣʝʛʰʘ ʽ ʤʝʥʰ 

ʱʽʣʴʥʘ, ʥʽʞ ʘʩʪʝʥʦʩʬʝʨʘ. ʆʪʞʝ, ʚʦʥʘ ʧʣʘʚʘʻ ʥʘ ʘʩʪʝʥʦʩʬʝʨʽ ʪʘʢ ʩʘʤʦ, ʷʢ ʣʽʜ 

ʧʣʘʚʘʻ ʥʘ ʚʦʜʽ. ʂʨʠʞʠʥʠ ʜʨʝʡʬʫʶʪʴ ʥʘʜ ʧʦʚʝʨʭʥʝʶ ʤʦʨʷ, ʽ ʪʘʢ ʩʘʤʦ ʪʝʢʪʦʥʽʯʥʽ 

ʧʣʠʪʠ ʜʨʝʡʬʫʶʪʴ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʥʘʜ ʘʩʪʝʥʦʩʬʝʨʦʶ. ʇʣʠʪʠ ʨʫʭʘʶʪʴʩʷ ʧʦʚʽʣʴʥʦ, 

ʟʽ ʰʚʠʜʢʽʩʪʶ ʚʽʜ ʤʝʥʰ ʥʽʞ 10 ʤʤ ʜʦ ʧʨʠʙʣʠʟʥʦ 160 ʤʤ ʥʘ ʨʽʢ. ʆʩʢʽʣʴʢʠ ʧʣʠʪʠ 

ʨʫʭʘʶʪʴʩʷ ʚ ʨʽʟʥʠʭ ʥʘʧʨʷʤʢʘʭ, ʚʦʥʠ ʟʽʰʪʦʚʭʫʶʪʴʩʷ ʽ ʩʪʠʢʘʶʪʴʩʷ ʽʟ ʩʫʩʽʜʥʽʤʠ ʥʘ 

ʛʨʘʥʠʮʷʭ ʧʣʠʪ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʛʨʘʥʠʮʴ ʧʣʠʪ, ʚʥʫʪʨʽʰʥʷ ʯʘʩʪʠʥʘ ʧʣʠʪʠ ʟʘʟʚʠʯʘʡ 

ʪʝʢʪʦʥʽʯʥʦ ʩʧʦʢʽʡʥʘ, ʦʩʢʽʣʴʢʠ ʟʥʘʭʦʜʠʪʴʩʷ ʜʘʣʝʢʦ ʚʽʜ ʟʦʥ ʚʟʘʻʤʦʜʽʾ ʜʚʦʭ ʧʣʠʪ. 

1.2. ʆʩʥʦʚʥʽ ʧʦʥʷʪʪʷ ʪʘ ʽʩʪʦʨʠʯʥʽ ʝʪʘʧʠ ʜʦʩʣʽʜʞʝʥʥʷ ʬʽʛʫʨʠ ɿʝʤʣʽ  

ɺʠʚʯʝʥʥʷ ʬʽʛʫʨʠ ɿʝʤʣʽ ʪʘ ʛʨʘʚʽʪʘʮʽʾ ʩʷʛʘʻ ʢʦʨʽʥʥʷʤ ʜʦ ʩʘʤʠʭ ʚʠʪʦʢʽʚ 

ʬʽʟʠʯʥʠʭ ʥʘʫʢ. 

ʍʦʯʘ ʜʘʚʥʴʦʛʨʝʮʴʢʽ ʪʘ ʻʛʠʧʝʪʩʴʢʽ ʬʽʣʦʩʦʬʠ ʡ ʘʩʪʨʦʥʦʤʠ ʚʚʘʞʘʣʠ ɿʝʤʣʶ 

ʢʫʣʷʩʪʦʶ ʽ ʨʦʙʠʣʠ ʧʨʠʙʣʠʟʥʽ ʚʠʤʽʨʠ ʾʾ ʨʦʟʤʽʨʽʚ, ʩʫʯʘʩʥʘ ʪʝʦʨʽʷ ʬʽʛʫʨʠ ɿʝʤʣʽ 

ʙʝʨʝ ʩʚʽʡ ʧʦʯʘʪʦʢ ʟ ʨʦʙʽʪ ʅʴʶʪʦʥʘ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʦʟʨʦʙʣʝʥʽ ʥʠʤ ʟʘʢʦʥʠ 

ʜʠʥʘʤʽʢʠ ʽ ʛʨʘʚʽʪʘʮʽʾ ʪʘ ʨʦʙʣʷʯʠ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʬʽʛʫʨʘ ɿʝʤʣʽ ʻ ʩʬʝʨʦʾʜʦʤ ʽ ʱʦ 

ʧʣʘʥʝʪʫ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʚ ʨʽʜʢʦʤʫ ʛʽʜʨʦʩʪʘʪʠʯʥʦʤʫ ʩʪʘʥʽ, ʪʦʜʽ ʚʽʥ ʟʤʽʛ 

ʧʦʢʘʟʘʪʠ, ʱʦ ʝʣʽʧʪʠʯʥʽʩʪʴ ʬʽʛʫʨʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘʜʘʻʪʴʩʷ ʚʽʜʥʦʰʝʥʥʷʤ 

ʚʽʜʮʝʥʪʨʦʚʦʾ ʩʠʣʠ ʜʦ ʩʠʣʠ ʪʷʞʽʥʥʷ ʥʘ ʝʢʚʘʪʦʨʽ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʥʝʭʪʫʚʘʥʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʤʘʩʠ ʚ ʥʘʧʨʷʤʢʫ ʜʦ ʮʝʥʪʨʫ ɿʝʤʣʽ, ʦʮʽʥʢʘ ʝʣʽʧʪʠʯʥʦʩʪʽ ʬʽʛʫʨʠ, 

ʟʨʦʙʣʝʥʘ ʅʴʶʪʦʥʦʤ, ʙʫʣʘ ʙʽʣʴʰ ʥʽʞ ʥʘ 30% ʟʘʚʠʱʝʥʘ. ʇʨʦʪʝ, ʩʪʠʩʥʝʥʠʡ 

ʩʬʝʨʦʾʜ ʧʨʦʜʦʚʞʫʻ ʟʘʣʠʰʘʪʠʩʷ ʝʪʘʣʦʥʦʤ ʜʣʷ ʛʝʦʜʝʟʽʾ, ʘ ʧʨʠʧʫʱʝʥʥʷ ʧʨʦ 

ʛʽʜʨʦʩʪʘʪʠʯʥʫ ʨʽʚʥʦʚʘʛʫ ï ʦʩʥʦʚʦʶ ʩʫʯʘʩʥʦʾ ʪʝʦʨʽʾ ʬʽʛʫʨʠ ɿʝʤʣʽ. ʇʨʦʪʝ, ʤʘʙʫʪʴ, 

ʥʘʡʚʘʞʣʠʚʽʰʠʤ ʚʥʝʩʢʦʤ ʅʴʶʪʦʥʘ ʙʫʣʘ ʡʦʛʦ ʥʝʜʚʦʟʥʘʯʥʘ ʜʝʤʦʥʩʪʨʘʮʽʷ ʪʦʛʦ, 

ʱʦ ʙʫʜʴ-ʷʢʘ ʪʝʦʨʽʷ ʬʽʛʫʨʠ ɿʝʤʣʽ ʧʦʚʠʥʥʘ ʚʨʘʭʦʚʫʚʘʪʠ ʷʢ ʾʾ ʛʨʘʚʽʪʘʮʽʶ, ʪʘʢ ʽ ʾʾ 

ʦʙʝʨʪʘʥʥʷ. ʅʴʶʪʦʥ ʦʧʫʙʣʽʢʫʚʘʚ ʩʚʦʾ ʨʦʟʨʘʭʫʥʢʠ ʚ ʧʝʨʰʦʤʫ ʚʠʜʘʥʥʽ çPrincipiaè 

ʫ 1687 ʨʦʮʽ, ʘʣʝ ʜʦʚʞʠʥʘ ʜʫʛʠ ʤʝʨʠʜʽʘʥʘ ʥʘ ʢʫʪʦʚʫ ʦʜʠʥʠʮʶ ʛʝʦʛʨʘʬʽʯʥʦʾ 
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ʰʠʨʦʪʠ, ʚʠʤʽʨʷʥʘ ʥʘ ʻʚʨʦʧʝʡʩʴʢʠʭ ʙʘʟʘʭ, ʟʨʦʩʪʘʣʘ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʰʠʨʦʪʠ, ʘ ʮʝ 

ʦʟʥʘʯʘʣʦ, ʱʦ ɿʝʤʣʷ ʙʫʣʘ ʚʠʪʷʛʥʫʪʦʶ, ʘ ʥʝ ʩʪʠʩʥʝʥʦʶ. ʃʠʰʝ ʧʽʩʣʷ ʪʦʛʦ, ʷʢ ʫ 

1740-ʭ ʨʦʢʘʭ ʌʨʘʥʮʫʟʴʢʘ ʘʢʘʜʝʤʽʷ ʚʽʜʧʨʘʚʠʣʘ ʝʢʩʧʝʜʠʮʽʾ ʜʦ ʇʝʨʫ ʪʘ ʃʘʧʣʘʥʜʽʾ, 

ʮʝ ʧʠʪʘʥʥʷ ʙʫʣʦ ʚʠʨʽʰʝʥʝ ʥʘ ʢʦʨʠʩʪʴ ʅʴʶʪʦʥʘ. ʋ 1743 ʨʦʮʽ, ʯʝʨʝʟ ʢʽʣʴʢʘ ʨʦʢʽʚ 

ʧʽʩʣʷ ʧʦʚʝʨʥʝʥʥʷ ʚ ʩʢʣʘʜʽ ʣʘʧʣʘʥʜʩʴʢʦʾ ʝʢʩʧʝʜʠʮʽʾ, ʂʣʝʨʦ ʦʧʫʙʣʽʢʫʚʘʚ ʪʝʦʨʽʶ, 

ʷʢʘ ʧʦʚ'ʷʟʫʚʘʣʘ ʰʠʨʦʪʥʝ ʟʙʽʣʴʰʝʥʥʷ ʩʠʣʠ ʪʷʞʽʥʥʷ (ʛʨʘʚʽʪʘʮʽʡʥʘ ʩʠʣʘ ʧʣʶʩ 

ʚʽʜʮʝʥʪʨʦʚʘ) ʟ ʝʣʽʧʪʠʯʥʽʩʪʶ ʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʚʽʜʮʝʥʪʨʦʚʦʾ ʽ ʛʨʘʚʽʪʘʮʽʡʥʦʾ 

ʩʠʣʠ ʥʘ ʝʢʚʘʪʦʨʽ. ɺʽʥ ʪʘʢʦʞ ʜʘʚ ʫ ʚʠʛʣʷʜʽ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʟʘʢʦʥ 

ʟʤʽʥʠ ʝʣʽʧʪʠʯʥʦʩʪʽ ʨʽʚʥʠʥʥʠʭ ʧʦʚʝʨʭʦʥʴ ʫ ʥʘʜʨʘʭ ɿʝʤʣʽ ʟʘ ʫʤʦʚʠ, ʱʦ ʟʘʢʦʥ 

ʟʤʽʥʠ ʛʫʩʪʠʥʠ ʟ ʛʣʠʙʠʥʦʶ ʻ ʚʽʜʦʤʠʤ. ʁʦʛʦ ʪʝʦʨʽʷ ʟʘʣʠʰʘʻʪʴʩʷ ʧʨʘʢʪʠʯʥʦ 

ʥʝʟʤʽʥʥʦʶ ʜʦʥʠʥʽ, ʷʢ ʪʝʦʨʽʷ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʬʽʛʫʨʠ ɿʝʤʣʽ. ʅʝʟʘʙʘʨʦʤ ʟ 

ʘʩʪʨʦʥʦʤʽʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʩʪʘʣʦ ʦʯʝʚʠʜʥʠʤ, ʱʦ ʨʝʘʣʴʥʽ ʨʽʚʥʝʚʽ ʧʦʚʝʨʭʥʽ 

ʜʘʣʝʢʽ ʚʽʜ ʨʝʛʫʣʷʨʥʠʭ ʽ ʧʦʤʽʪʥʦ ʚʽʜʭʠʣʷʶʪʴʩʷ ʧʦ ʢʨʠʚʠʟʥʽ ʚʽʜ ʝʣʽʧʩʦʾʜʘ, ʷʢʠʡ 

ʦʧʠʩʫʻ ʬʽʛʫʨʫ ʚ ʮʽʣʦʤʫ. ʋ 1828 ʨʦʮʽ ɻʘʫʩʩ ʚʠʩʣʦʚʠʚ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʚ 

ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʩʝʥʩʽ ʧʦʚʝʨʭʥʷ ɿʝʤʣʽ ʻ ʥʽʯʠʤ ʽʥʰʠʤ, ʷʢ ʧʦʚʝʨʭʥʝʶ, çʷʢʘ ʩʢʨʽʟʴ 

ʧʝʨʝʪʠʥʘʻ ʥʘʧʨʷʤʦʢ ʩʠʣʠ ʪʷʞʽʥʥʷ ʧʽʜ ʧʨʷʤʠʤ ʢʫʪʦʤ, ʽ ʯʘʩʪʠʥʦʶ ʷʢʦʾ ʻ 

ʧʦʚʝʨʭʥʷ ʦʢʝʘʥʽʚè. ʎʝ ʙʫʣʦ ʧʝʨʰʦʯʝʨʛʦʚʝ ʚʠʟʥʘʯʝʥʥʷ ʛʝʦʾʜʘ, ʷʢʝ ʚ ʩʫʯʘʩʥʽʡ 

ʬʽʟʠʯʥʽʡ ʛʝʦʜʝʟʽʾ ʪʨʘʢʪʫʻʪʴʩʷ ʷʢ çʝʢʚʽʧʦʪʝʥʮʽʘʣʴʥʘ ʧʦʚʝʨʭʥʷ ʛʨʘʚʽʪʘʮʽʡʥʦʛʦ 

ʧʦʣʷè, ʱʦ ʚ ʩʝʨʝʜʥʴʦʤʫ ʟʙʽʛʘʻʪʴʩʷ ʽʟ ʩʝʨʝʜʥʽʤ ʨʽʚʥʝʤ ʤʦʨʷ ʫ ʚʽʜʢʨʠʪʦʤʫ 

ʩʧʦʢʽʡʥʦʤʫ ʦʢʝʘʥʽ [102]. ʍʦʯʘ ʥʘʟʚʘ ʛʝʦʾʜ ʙʫʣʘ ʟʘʩʪʦʩʦʚʘʥʘ ʜʦ ʮʽʻʾ ʧʦʚʝʨʭʥʽ 

ʣʠʰʝ ʚ 1872 ʨʦʮʽ ʃʽʩʪʽʥʛʦʤ. ʂʦʨʠʩʥʽʩʪʴ ʫʚʝʜʝʥʥʷ ʛʝʦʾʜʘ ʷʢ ʨʝʬʝʨʝʥʮʦʾ ʧʦʚʝʨʭʥʽ 

ʙʫʣʘ ʧʦʩʠʣʝʥʘ ʪʝʦʨʝʤʦʶ ʉʪʦʢʩʘ ʚ 1849 ʨʦʮʽ , ʷʢʘ ʜʘʣʘ ʤʽʩʮʝʚʫ ʚʠʩʦʪʫ ʛʝʦʾʜʘ ʥʘʜ 

ʨʝʬʝʨʝʥʮʥʠʤ ʝʣʽʧʩʦʾʜʦʤ ʚʠʢʣʶʯʥʦ ʟ ʪʦʯʢʠ ʟʦʨʫ ʚʝʣʠʯʠʥʠ ʘʥʦʤʘʣʴʥʦʾ ʩʠʣʠ 

ʪʷʞʽʥʥʷ, ʚʠʤʽʨʷʥʦʾ ʥʘ ʛʝʦʾʜʽ, ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʦʯʽʢʫʚʘʥʦʶ ʥʘ ʝʣʽʧʩʦʾʜʽ. ʍʦʯʘ ʧʨʠ 

ʟʘʩʪʦʩʫʚʘʥʥʽ ʪʝʦʨʝʤʠ ʚʠʥʠʢʘʶʪʴ ʧʨʘʢʪʠʯʥʽ ʪʨʫʜʥʦʱʽ, ʚʦʥʘ ʧʦʢʘʟʘʣʘ, ʱʦ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʛʝʦʾʜʘ, ʚ ʧʨʠʥʮʠʧʽ, ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʣʠʰʝ ʚʠʤʽʨʶʚʘʥʥʷ ʩʠʣʠ 

ʪʷʞʽʥʥʷ. ʋ ʪʦʡ ʯʘʩ ʷʢ ʛʝʦʜʝʟʽʷ ʨʦʟʚʠʚʘʣʘʩʷ, ʧʨʦʙʣʝʤʘ ʬʽʛʫʨʠ ʨʽʚʥʦʚʘʛʠ 

ʦʙʝʨʪʦʚʠʭ ʨʽʜʢʠʭ ʪʽʣ, ʱʦ ʛʨʘʚʽʪʘʮʽʡʥʦ ʧʨʠʪʷʛʫʶʪʴʩʷ, ʧʨʠʚʝʨʪʘʣʘ ʫʚʘʛʫ ʥʠʟʢʠ 

ʚʠʜʘʪʥʠʭ ʤʘʪʝʤʘʪʠʢʽʚ. ʇʦ-ʧʝʨʰʝ, ʚ 1742 ʨʦʮʽ ʄʘʢʣʦʨʝʥ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʚ, ʱʦ 
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ʝʣʽʧʩʦʾʜ ʦʙʝʨʪʘʥʥʷ ʻ ʩʘʤʝ ʪʽʻʶ ʬʽʛʫʨʦʶ ʨʽʚʥʦʚʘʛʠ ʦʜʥʦʨʽʜʥʦʾ ʨʽʜʢʦʾ ʤʘʩʠ, ʷʢʘ 

ʦʙʝʨʪʘʻʪʴʩʷ ʷʢ ʪʚʝʨʜʝ ʪʽʣʦ, ʽ ʱʦ ʚʦʥʘ ʟʘʣʠʰʘʻʪʴʩʷ ʤʦʞʣʠʚʦʶ ʬʽʛʫʨʦʶ ʨʽʚʥʦʚʘʛʠ 

ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʪʦʛʦ, ʥʘʩʢʽʣʴʢʠ ʚʝʣʠʢʦʶ ʻ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ. ʎʽʢʘʚʦʶ 

ʦʩʦʙʣʠʚʽʩʪʶ ʨʦʟʚ'ʷʟʢʫ ʄʘʢʣʦʨʝʥʘ, ʷʢʫ ʟʛʦʜʦʤ ʧʦʤʽʪʠʣʠ ʉʽʤʧʩʦʥ ʽ ʜ'ɸʣʘʤʙʝʨ, ʻ 

ʪʝ, ʱʦ ʜʣʷ ʤʘʣʠʭ ʰʚʠʜʢʦʩʪʝʡ ʦʙʝʨʪʘʥʥʷ ʤʦʞʣʠʚʽ ʜʚʘ ʨʝʟʫʣʴʪʘʪʠ: ʦʜʥʘ ʟ ʤʘʣʦʶ 

ʝʣʽʧʪʠʯʥʽʩʪʶ, ʷʢʫ ʤʦʞʥʘ ʙʫʣʦ ʙ ʦʯʽʢʫʚʘʪʠ; ʘʣʝ, ʥʘ ʜʠʚʦ, ʽʥʰʘ ʟ ʚʝʣʠʢʦʶ 

ʝʣʽʧʪʠʯʥʽʩʪʶ, ʷʢʘ ʧʨʘʛʥʝ ʜʦ ʬʦʨʤʠ ʜʠʩʢʘ, ʢʦʣʠ ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʧʨʷʤʫʻ ʜʦ 

ʥʫʣʷ. ʑʝ ʦʜʠʥ ʨʝʟʫʣʴʪʘʪ ʙʫʚ ʦʪʨʠʤʘʥʠʡ ʫ 1834 ʨʦʮʽ ʗʢʦʙʽ, ʷʢʠʡ ʧʦʢʘʟʘʚ, ʱʦ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʩʬʝʨʦʾʜʠ ʄʘʢʣʦʨʝʥʘ ʥʝ ʻ ʻʜʠʥʠʤʠ 

ʤʦʞʣʠʚʠʤʠ ʬʽʛʫʨʘʤʠ ʨʽʚʥʦʚʘʛʠ ʽ ʱʦ ʪʨʠʚʽʩʥʽ ʝʣʽʧʩʦʾʜʠ ʪʘʢʦʞ ʻ ʜʦʧʫʩʪʠʤʠʤʠ. 

ɼʽʡʩʥʦ, ʟʘ ʥʘʷʚʥʦʩʪʽ ʜʠʩʠʧʘʮʽʾ, ʚʠʱʝ ʢʨʠʪʠʯʥʦʾ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ, ʩʬʝʨʦʾʜʠ 

ʄʘʢʣʦʨʝʥʘ ʨʦʟʛʘʣʫʞʫʶʪʴʩʷ ʥʘ ʝʣʽʧʩʦʾʜʠ ʗʢʦʙʽ. ʋ 1885 ʨʦʮʽ ʇʫʘʥʢʘʨʝ 

ʜʝʤʦʥʩʪʨʫʚʘʚ, ʱʦ ʧʨʠ ʱʝ ʙʽʣʴʰʽʡ ʢʫʪʦʚʽʡ ʰʚʠʜʢʦʩʪʽ ʚʠʥʠʢʘʶʪʴ ʛʨʫʰʦʧʦʜʽʙʥʽ 

ʬʽʛʫʨʠ, ʘʣʝ ʚ 1916 ʨʦʮʽ ɼʞʠʥʩ ʧʦʢʘʟʘʚ, ʱʦ ʚʦʥʠ ʥʝʩʪʘʙʽʣʴʥʽ. ʎʷ ʪʝʤʘ ʦʪʨʠʤʘʣʘ 

ʩʫʯʘʩʥʝ ʚʽʜʨʦʜʞʝʥʥʷ [88], ʘʣʝ ʙʽʣʴʰʽʩʪʴ ʾʾ ʨʝʟʫʣʴʪʘʪʽʚ ʩʪʦʩʫʶʪʴʩʷ ʪʽʣ ʟ 

ʧʦʚʝʨʭʥʷʤʠ ʨʽʚʥʦʾ ʛʫʩʪʠʥʠ ʽʜʝʘʣʴʥʦ ʝʣʽʧʩʦʾʜʥʦʾ ʬʦʨʤʠ, ʟ ʚʽʜʥʦʩʥʠʤʠ 

ʰʚʠʜʢʦʩʪʷʤʠ ʦʙʝʨʪʘʥʥʷ, ʱʦ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʶʪʴ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ɿʝʤʣʽ ʽ, 

ʦʪʞʝ, ʥʝ ʤʘʶʪʴ ʚʝʣʠʢʦʛʦ ʛʝʦʬʽʟʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ. [79] 

ʇʦʥʘʜ ʩʪʦʣʽʪʪʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ʂʣʝʨʦ, ʱʦ ʦʧʠʩʫʻ ʟʤʽʥʫ 

ʝʣʽʧʪʠʯʥʦʩʪʽ ʨʽʚʥʝʚʦʾ ʧʦʚʝʨʭʥʽ ʚ ɿʝʤʣʽ, ʟʘʣʠʰʘʣʦʩʷ ʥʝʚʠʢʦʨʠʩʪʘʥʠʤ ʯʝʨʝʟ 

ʦʯʝʚʠʜʥʫ ʥʝʦʙʭʽʜʥʽʩʪʴ ʩʧʦʯʘʪʢʫ ʚʢʘʟʘʪʠ ʟʤʽʥʫ ʛʫʩʪʠʥʠ ʟ ʛʣʠʙʠʥʦʶ. ʋ 1885 ʨʦʮʽ 

ʈʘʜʦ ʟʥʘʡʰʦʚ ʧʝʨʝʪʚʦʨʝʥʥʷ ʨʽʚʥʷʥʥʷ ʂʣʝʨʦ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ, ʷʢʝ ʟʚʦʜʠʣʦ ʡʦʛʦ 

ʜʦ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ. ɻ.ɼʘʨʚʽʥ [95], ʧʦʰʠʨʶʶʯʠ ʪʝʦʨʽʶ ʬʽʛʫʨʠ ɿʝʤʣʽ ʥʘ ʯʣʝʥʠ 

ʜʨʫʛʦʛʦ ʩʪʫʧʝʥʷ ʚ ʤʘʣʠʭ ʚʝʣʠʯʠʥʘʭ, ʚʠʢʦʨʠʩʪʘʚ ʧʝʨʝʪʚʦʨʝʥʥʷ ʈʘʜʦ, ʱʦʙ 

ʧʦʢʘʟʘʪʠ, ʱʦ ʚ ʭʦʨʦʰʦʤʫ ʥʘʙʣʠʞʝʥʥʽ ʚʥʫʪʨʽʰʥʽʡ ʨʦʟʧʦʜʽʣ ʛʫʩʪʠʥʠ ʚʭʦʜʠʪʴ ʚ 

ʪʝʦʨʽʶ ʪʽʣʴʢʠ ʯʝʨʝʟ ʚʽʜʥʦʰʝʥʥʷ ʨʘʜʽʫʩʘ ɿʝʤʣʽ ʜʦ ʝʢʚʘʪʦʨʽʘʣʴʥʦʛʦ ʨʘʜʽʫʩʫ. ʊʦʤʫ 

ʟ ʛʝʦʜʝʟʠʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʤʘʣʦ ʱʦ ʤʦʞʥʘ ʙʫʣʦ ʜʽʟʥʘʪʠʩʷ ʧʨʦ ʨʦʟʧʦʜʽʣ ʛʫʩʪʠʥʠ, 

ʘʣʝ ʮʝ ʥʘʙʣʠʞʝʥʥʷ ʜʦʟʚʦʣʷʣʦ ʚʠʟʥʘʯʠʪʠ ʝʣʽʧʪʠʯʥʽʩʪʴ ʬʽʛʫʨʠ ʟʘ ʧʦʩʪʽʡʥʦʶ 

ʧʨʝʮʝʩʽʻʶ.[79] 
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ʉʪʘʥʦʤ ʥʘ ʢʽʥʝʮʴ ʧʝʨʰʦʾ ʧʦʣʦʚʠʥʠ ʍʍ ʩʪʦʣʽʪʪʷ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʧʦʥʘʜ 

ʜʚʘʜʮʷʪʴ ʚʝʣʠʢʠʭ ʛʨʘʜʫʩʥʠʭ ʚʠʤʽʨʶʚʘʥʴ, ʟ ʷʢʠʭ ʙʫʣʠ ʟʥʘʡʜʝʥʽ ʟʥʘʯʝʥʥʷ 

ʰʠʨʦʪʥʦʛʦ ʟʤʽʱʝʥʥʷ ʽ ʨʦʟʤʽʨ ʚʝʣʠʢʦʾ ʧʽʚʦʩʽ. ɼʘʥʽ ʚʠʤʽʨʶʚʘʥʴ [10] ʥʘʚʝʜʝʥʦ ʚ 

ʪʘʙʣ. 1.3 (ʘ ï ʚʝʣʠʢʘ ʧʽʚʚʽʩʴ, ‌ ï ʩʪʠʩʥʝʥʥʷ), ʘ ʚ ʪʘʙʣ. 1.4 (ʪʫʪ ʘ1 ʽ ʘ2 ï ʚʝʣʠʢʘ ʽ 

ʤʘʣʘ ʝʢʚʘʪʦʨʽʘʣʴʥʽ ʦʩʽ ʝʣʽʧʩʦʾʜʘ, ɚ ï ʜʦʚʛʦʪʘ ʚʽʩʽ ʘ1) ʧʦʢʘʟʘʥʦ ʧʘʨʘʤʝʪʨʠ 

ʚʠʟʥʘʯʝʥʥʷ ʪʨʠʚʽʩʥʦʛʦ ʝʣʽʧʩʦʾʜʘ [10].  

ʊʘʙʣʠʮʷ 1.3. 

ʇʘʨʘʤʝʪʨʠ ɿʝʤʣʽ ʟʘ ʜʘʥʠʤʠ ʛʨʘʜʫʩʥʠʭ ʚʠʤʽʨʶʚʘʥʴ (ʜʚʦʚʽʩʥʠʡ ʝʣʽʧʩʦʾʜ)[101] 

ɸʚʪʦʨ ʈʽʢ ʘ, ʤ ‌ 

ɼ'ɸʣʘʤʙʝʨ 1800 6 375 553 1/334.00 

ɺʘʣʴʙʝ 1819 6 376 895 1/302.78 

ɽʚʝʨʝʩʪ 1830 6 377 276 1/300.81 

ɽʨʽ 1830  6 376 542 1/299.33 

ɹʝʩʩʝʣʴ 1841 6 377 397 1/299.15 

ʊʝʥʥʝʨ 1844 6 377 960 1/302.5 

ʐʫʙʝʨʪ 1861 6 378 547 1/283.0 

ʂʣʘʨʢ 1866 6 378 206 1/294.98 

ʂʣʘʨʢ 1880 6 378 249 1/293.47 

ɾʜʘʥʦʚ 1893 6 377 717 1/299.7 

ɻʝʣʴʤʝʨʪ 1906 6 378 200 1/298.3 

ʍʝʡʬʦʨʜ 1909 6 378 388 1/297.0 

ʍʝʡʬʦʨʜ 1909 6 378 246 1/298.8 

ʂʨʘʩʦʚʩʴʢʠʡ 1936 6 378 210 1/298.6 

ʂʨʘʩʦʚʩʴʢʠʡ 1940 6 378 245 1/298.3 

ʄʽʞʥʘʨʦʜʥʠʡ 1967 6 378 160 1/298.247 

 

ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚ ʛʝʦʜʝʟʽʾ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʨʠʚʽʩʥʠʡ 

ʝʣʽʧʩʦʾʜ ʥʝ ʟʥʘʡʰʦʚ, ʦʩʢʽʣʴʢʠ ʧʦʪʨʝʙʫʻ ʩʢʣʘʜʥʽʰʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʽ 

ʙʽʣʴʰ ʥʘʜʽʡʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ. ɺ ʪʝʦʨʽʾ ʮʝʡ ʚʘʞʣʠʚʠʡ ʬʘʢʪ 

ʽʛʥʦʨʫʻʪʴʩʷ, ʦʩʢʽʣʴʢʠ ʚʽʥ ʥʝ ʚʧʠʩʫʻʪʴʩʷ ʚ ʛʽʜʨʦʩʪʘʪʠʯʥʫ ʪʝʦʨʽʶ ʪʽʣʘ. 
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ʊʘʙʣʠʮʷ 1.4. 

ʇʘʨʘʤʝʪʨʠ ɿʝʤʣʽ ʟʘ ʜʘʥʠʤʠ ʛʨʘʜʫʩʥʠʭ ʚʠʤʽʨʶʚʘʥʴ (ʪʨʠʚʽʩʥʠʡ ʝʣʽʧʩʦʾʜ) [90] 

ɸʚʪʦʨ ʈʽʢ ʘ1-a2, ʤ ɚ 

ɻʝʣʴʤʝʨʪ 1915 230 Ñ51 17ÁW 

ɹʝʨʨʦʪ 1916 150 Ñ58 10ÁW 

ʍʝʡʩʢʘʥʝʥ 1924 345 Ñ38 18Áɽ 

ʍʝʡʩʢʘʥʝʥ 1929 165 Ñ57 38Áɽ 

ʍʽʨʚʦʥʝʥ 1933 139 Ñ16 19ÁW 

ʂʨʘʩʦʚʩʴʢʠʡ 1936 213 
 

10Áɽ 

ɯʟʦʪʦʚ 1948 213 
 

15Áɽ 

 

ɼʦʧʦʚʥʝʥʥʷʤ ʜʦ ʣʦʢʘʣʴʥʠʭ ʛʨʘʜʫʩʥʠʭ ʚʠʤʽʨʶʚʘʥʴ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ 

ʚʠʟʥʘʯʠʪʠ ʢʨʠʚʠʥʫ ʬʽʛʫʨʠ ɿʝʤʣʽ, ʤʦʞʫʪʴ ʙʫʪʠ ʙʽʣʴʰ ʪʦʯʥʽ ʽʥʪʝʛʨʘʣʴʥʽ ʜʘʥʽ 

ʦʪʨʠʤʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘ ʧʨʝʮʝʩʽʻʶ ʽ ʥʫʪʘʮʽʻʶ ʦʩʽ ʦʙʝʨʪʘʥʥʷ 

ʧʣʘʥʝʪʠ. ɺʚʘʞʘʻʪʴʩʷ, ʱʦ ʟʤʽʱʝʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʽʜʭʠʣʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʛʫʩʪʠʥʠ 

ʤʘʩʠ ʪʽʣʘ ʚʽʜ ʩʬʝʨʠʯʥʦʾ ʩʠʤʝʪʨʽʾ ʪʘ ʽʥʽʮʽʶʻʪʴʩʷ ʩʠʣʦʚʦʶ ʧʘʨʦʶ, ʷʢʘ ʻ 

ʨʝʟʫʣʴʪʘʪʦʤ ʚʟʘʻʤʦʜʽʾ ɿʝʤʣʽ ʟ ʄʽʩʷʮʝʤ ʽ ʉʦʥʮʝʤ. ʇʨʝʮʝʩʽʷ ʟʝʤʥʦʾ ʦʩʽ 

ʧʨʦʧʦʨʮʽʡʥʘ ʚʽʜʥʦʰʝʥʥʶ ʨʽʟʥʠʮʽ ʤʦʤʝʥʪʽʚ ʽʥʝʨʮʽʾ ʩʬʝʨʦʾʜʘ ʚʽʜʥʦʩʥʦ ʦʩʽ 

ʥʘʡʙʽʣʴʰʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʫ ʚʠʛʣʷʜʽ ʜʠʥʘʤʽʯʥʦʛʦ ʩʪʠʩʥʝʥʥʷ Ů: 

 ‐ , (1.1) 

ʜʝ C ï ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ɿʝʤʣʽ ʚʽʜʥʦʩʥʦ ʾʾ ʦʩʽ ʦʙʝʨʪʘʥʥʷ (ʧʦʣʷʨʥʘ ʚʽʩʴ), A ï 

ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ɿʝʤʣʽ ʚʽʜʥʦʩʥʦ ʝʢʚʘʪʦʨʽʘʣʴʥʦʾ ʦʩʽ.  

ʇʨʠ ʮʴʦʤʫ ʨʝʪʨʦʛʨʘʜʥʠʡ ʨʫʭ ʚʫʟʣʽʚ ʄʽʩʷʮʷ (ʪʦʯʦʢ ʧʝʨʝʪʠʥʫ ʝʢʣʽʧʪʠʢʠ 

ʦʨʙʽʪʦʶ ʄʽʩʷʮʷ) ʧʨʦʧʦʨʮʽʡʥʠʡ ʢʦʝʬʽʮʽʻʥʪʫ ʜʨʫʛʦʾ ʩʬʝʨʠʯʥʦʾ ʛʘʨʤʦʥʽʢʠ J2 

ʟʦʚʥʽʰʥʴʦʛʦ ʛʨʘʚʽʪʘʮʽʡʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ɿʝʤʣʽ ʫ ʚʠʛʣʷʜʽ: 

 ὐ , (1.2) 

ʜʝ M ï ʟʘʛʘʣʴʥʘ ʤʘʩʘ ɿʝʤʣʽ. a ï ʝʢʚʘʪʦʨʽʘʣʴʥʠʡ ʨʘʜʽʫʩ ɿʝʤʣʽ.  

ɺʘʞʢʦ ʦʪʨʠʤʘʪʠ ʪʦʯʥʝ ʟʥʘʯʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʦʾ ʧʦʭʠʙʢʠ ʟ ʾʾ ʜʠʥʘʤʽʯʥʦʛʦ 

ʚʠʨʘʟʫ, ʦʩʢʽʣʴʢʠ ʤʠ ʥʝ ʟʥʘʻʤʦ ʨʦʟʧʦʜʽʣʫ ʨʘʜʽʘʣʴʥʦʾ ʛʫʩʪʠʥʠ. ʂʨʽʤ ʪʦʛʦ, ʤʘʩʘ 
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ʄʽʩʷʮʷ ʚʽʜʦʤʘ ʟ ʪʦʯʥʽʩʪʶ ʜʦ ʯʘʩʪʦʢ ʚʽʜʩʦʪʢʘ, ʘʣʝ ʘʥʘʣʽʪʠʯʥʦ ʦʙʯʠʩʣʶʚʘʪʠ 

ʩʧʽʣʴʥʫ ʜʽʶ ʄʽʩʷʮʷ ʽ ʉʦʥʮʷ ʥʘ ʧʨʝʮʝʩʽʶ ʩʢʣʘʜʥʦ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʮʝ, ʜʝʷʢʠʤ 

ʜʦʩʣʽʜʥʠʢʘʤ ʚʜʘʣʦʩʷ ʟʨʦʙʠʪʠ ʪʘʢʽ ʨʦʟʨʘʭʫʥʢʠ, ʧʨʠʧʫʩʢʘʶʯʠ, ʱʦ ʛʫʩʪʠʥʘ ɿʝʤʣʽ 

ʟʨʦʩʪʘʻ ʧʨʦʧʦʨʮʽʡʥʦ ʛʣʠʙʠʥʽ. ɰʭʥʽ ʜʘʥʽ ʪʘʢʽ [101]: 

ʟʘ ʅʴʶʢʦʤʙʦʤ Ů = 1/305.32 = 0.0032753; e = 1/297.6; 

ʟʘ ʜʝ ʉʽʪʪʝʨʦʤ Ů = 1/304.94 = 0.0032794; e = 1/297.6; 

ʟʘ ɹʫʣʣʘʨʜʦʤ Ů = 1/305.59 = 0.00327236; e = 1/297.34; 

ʟʘ ɼʞʝʬʬʨʽʩʦʤ Ů = 1/305.54 = 0.00327293; e = 1/297.3. 

ʇʦʷʚʘ ʰʪʫʯʥʦʛʦ ʩʫʧʫʪʥʠʢʘ ɿʝʤʣʽ ʚʠʚʝʣʘ ʚʠʚʯʝʥʥʷ ʬʽʛʫʨʠ ʽ ʛʨʘʚʽʪʘʮʽʡʥʦʛʦ 

ʧʦʣʷ ʥʘ ʥʦʚʠʡ ʧʝʨʩʧʝʢʪʠʚʥʠʡ ʨʽʚʝʥʴ. ʆʩʢʽʣʴʢʠ ʦʨʙʽʪʘ ʩʫʧʫʪʥʠʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʛʨʘʚʽʪʘʮʽʡʥʠʤ ʧʦʣʝʤ ɿʝʤʣʽ, ʦʢʨʽʤ ʟʙʫʨʶʶʯʠʭ ʝʬʝʢʪʽʚ, ʪʘʢʠʭ ʷʢ ʘʪʤʦʩʬʝʨʥʠʡ 

ʦʧʽʨ ʽ ʨʘʜʽʘʮʽʡʥʠʡ ʪʠʩʢ, ʤʦʞʥʘ ʚʠʢʦʥʘʪʠ ʽʥʚʝʨʩʽʶ ʜʘʥʠʭ ʩʪʝʞʝʥʥʷ, ʱʦʙ 

ʦʪʨʠʤʘʪʠ ʜʫʞʝ ʜʝʪʘʣʴʥʠʡ ʦʧʠʩ ʛʨʘʚʽʪʘʮʽʡʥʦʛʦ ʧʦʣʷ. ʅʝʚʜʦʚʟʽ ʧʽʩʣʷ ʟʘʧʫʩʢʫ 

ʧʝʨʰʠʭ ʩʫʧʫʪʥʠʢʽʚ ʩʪʘʣʦ ʜʦʩʪʫʧʥʠʤ ʥʘʙʘʛʘʪʦ ʪʦʯʥʽʰʝ ʧʨʷʤʝ ʚʠʤʽʨʶʚʘʥʥʷ 

ʜʠʥʘʤʽʯʥʦʾ ʝʣʽʧʪʠʯʥʦʩʪʽ [149]. ʎʝ ʜʦʟʚʦʣʠʣʦ ʦʪʨʠʤʘʪʠ ʟʥʘʯʝʥʥʷ ʝʣʽʧʪʠʯʥʦʩʪʽ 

ʬʽʛʫʨʠ, ʥʝʟʘʣʝʞʥʝ ʚʽʜ ʛʽʜʨʦʩʪʘʪʠʯʥʦʛʦ ʧʨʠʧʫʱʝʥʥʷ, ʟ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʦʶ 

ʪʦʯʥʽʩʪʶ, ʥʽʞ ʮʝ ʙʫʣʦ ʜʦʩʪʫʧʥʦ ʚ ʪʨʘʜʠʮʽʡʥʽʡ ʛʝʦʜʝʟʽʾ. ʎʝ ʪʘʢʦʞ ʟʤʽʥʠʣʦ 

ʦʙʤʝʞʫʚʘʣʴʥʠʡ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʥʘ ʤʦʜʝʣʷʭ ɿʝʤʣʽ, ʦʙʯʠʩʣʝʥʠʭ ʥʘ ʦʩʥʦʚʽ 

ʩʝʡʩʤʦʣʦʛʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʚʠʤʘʛʘʣʦ ʧʦʜʘʣʴʰʦʛʦ ʧʝʨʝʛʣʷʜʫ ʧʨʦʬʽʣʶ 

ʛʫʩʪʠʥʠ [83]. ʂʨʽʤ ʪʦʛʦ, ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʝʣʽʧʪʠʯʥʽʩʪʴ ʬʽʛʫʨʠ, ʚʠʟʥʘʯʝʥʘ 

ʰʣʷʭʦʤ ʨʦʟʚ'ʷʟʘʥʥʷ ʨʽʚʥʷʥʥʷ ʂʣʝʨʦ ʫ ʛʽʜʨʦʩʪʘʪʠʯʥʦʤʫ ʧʨʠʧʫʱʝʥʥʽ, ʟʥʘʯʥʦ 

ʤʝʥʰʘ, ʥʽʞ ʪʘ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʩʧʦʩʪʝʨʝʞʫʚʘʥʽʡ ʜʠʥʘʤʽʯʥʽʡ 

ʝʣʽʧʪʠʯʥʦʩʪʽ. ʂʨʽʤ ʪʦʛʦ, ʩʫʧʫʪʥʠʢʠ ʜʦʟʚʦʣʠʣʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʪʦʜʠ ʛʝʦʜʝʟʽʾ 

ʥʘ ʚʝʣʠʢʠʭ ʚʽʜʩʪʘʥʷʭ, ʧʦʚ'ʷʟʫʶʯʠ ʨʘʟʦʤ ʩʠʩʪʝʤʠ ʚʽʜʣʽʢʫ ʤʽʞ ʢʦʥʪʠʥʝʥʪʘʤʠ, 

ʦʩʢʽʣʴʢʠ ʾʭʥʽ ʦʨʙʽʪʠ ʧʨʦʭʦʜʷʪʴ ʤʘʡʞʝ ʥʘʚʢʦʣʦ ʛʝʦʮʝʥʪʨʫ, ʪʦ ʚʦʥʠ ʜʘʶʪʴ 

ʧʨʷʤʠʡ ʜʦʩʪʫʧ ʜʦ ʩʧʨʘʚʞʥʽʭ ʛʝʦʮʝʥʪʨʠʯʥʠʭ ʢʦʦʨʜʠʥʘʪ. 

ʉʫʧʫʪʥʠʢʠ ʜʦʟʚʦʣʠʣʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ, ʰʣʷʭʦʤ ʚʠʤʽʨʶʚʘʥʥʷ ʧʘʨʥʠʭ 

ʟʦʥʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ, ʚʠʟʥʘʯʠʪʠ ʢʦʝʬʽʮʽʻʥʪ Jn ʫ ʨʦʟʢʣʘʜʽ ʛʨʘʚʽʪʘʮʽʡʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ ɿʝʤʣʽ ʟʘ ʩʬʝʨʠʯʥʠʤʠ ʬʫʥʢʮʽʷʤʠ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʨʠ 
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ʛʽʜʨʦʩʪʘʪʠʯʥʽʡ ʨʽʚʥʦʚʘʟʽ ʥʝʧʘʨʥʽ ʽ ʚʩʽ ʪʝʩʝʨʘʣʴʥʽ ʤʦʤʝʥʪʠ ʧʦʚʠʥʥʽ ʜʦʨʽʚʥʶʚʘʪʠ 

ʥʫʣʶ. ɼʦ ʩʫʧʫʪʥʠʢʦʚʦʾ ʝʨʠ ʧʝʨʝʜʙʘʯʘʣʦʩʷ, ʱʦ ʧʦʧʨʘʚʢʠ ʜʦ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʚʠʱʦʛʦ ʩʪʝʧʝʥʷ J2 ʙʫʜʫʪʴ ʟʤʝʥʰʫʚʘʪʠʩʷ ʽ ʦʩʥʦʚʥʽ ʩʧʦʜʽʚʘʥʥʷ ʥʘ ʧʦʢʨʘʱʝʥʥʷ 

ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ ʙʫʣʠ ʟʦʩʝʨʝʜʞʝʥʽ ʥʘ ʢʦʝʬʽʮʽʻʥʪʽ J4. ɸʣʝ ʚʠʷʚʠʣʦʩʷ, ʱʦ 

ʚʩʽ ʛʨʘʚʽʪʘʮʽʡʥʽ ʤʦʤʝʥʪʠ ʚʠʱʠʭ ʩʪʝʧʝʥʽʚ ʻ ʚʝʣʠʯʠʥʘʤʠ, ʧʨʦʧʦʨʮʽʡʥʠʤʠ 

ʢʚʘʜʨʘʪʫ ʩʪʠʩʥʝʥʥʷ, ʪʦʙʪʦ ~(1/300)
2
 [15]. 

ʇʽʩʣʷ ʨʦʙʽʪ ʂʣʝʨʦ, ʉʪʦʢʩʘ ʽ ʄʦʣʦʜʝʥʩʴʢʦʛʦ [38], ʥʘ ʦʩʥʦʚʽ ʷʢʠʭ ʙʫʣʦ 

ʚʩʪʘʥʦʚʣʝʥʦ ʟʚ'ʷʟʦʢ ʤʽʞ ʟʤʽʥʦʶ ʩʠʣʠ ʪʷʞʽʥʥʷ ʥʘ ʨʽʚʥʽ ʤʦʨʷ ʽ ʥʘ ʨʝʘʣʴʥʽʡ 

ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ ʟ ʢʫʪʦʚʦʶ ʰʚʠʜʢʽʩʪʶ ʦʙʝʨʪʘʥʥʷ, ʚʠʥʠʢʣʘ ʱʝ ʦʜʥʘ ʧʨʦʙʣʝʤʘ. 

ʇʽʜ ʯʘʩ ʚʠʤʽʨʶʚʘʥʥʷ ʩʠʣʠ ʪʷʞʽʥʥʷ ʚ ʙʫʜʴ-ʷʢʽʡ ʪʦʯʮʽ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ 

ʚʠʷʚʣʷʶʪʴʩʷ ʜʚʘ ʝʬʝʢʪʠ. ʇʝʨʰʠʡ ï ʮʝ ʘʥʦʤʘʣʽʷ ʩʠʣʠ ʪʷʞʽʥʥʷ, ʘ ʜʨʫʛʠʡ ï 

ʚʽʜʭʠʣʝʥʥʷ ʣʽʥʽʾ ʚʠʩʢʘ ʚʽʜ ʥʦʨʤʘʣʽ ʚ ʜʘʥʽʡ ʪʦʯʮʽ. ɸʥʘʣʽʟ ʘʥʦʤʘʣʽʡ ʩʠʣʠ ʪʷʞʽʥʥʷ ʽ 

ʚʠʩʦʪ ʛʝʦʾʜʘ ʥʘ ʦʩʥʦʚʽ ʽʩʥʫʶʯʠʭ ʩʭʝʤʘʪʠʯʥʠʭ ʢʘʨʪ, ʩʢʣʘʜʝʥʠʭ ʟʘ ʨʦʟʨʘʭʦʚʘʥʠʤʠ 

ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʨʦʟʢʣʘʜʫ ʛʨʘʚʽʪʘʮʽʡʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ɿʝʤʣʽ ʽ ʛʨʘʚʽʤʝʪʨʠʯʥʠʤʠ 

ʚʠʤʽʨʘʤʠ ʥʘ ʨʽʚʥʽ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ, ʜʦʟʚʦʣʷʻ ʚʠʚʝʩʪʠ ʜʝʷʢʽ ʦʩʦʙʣʠʚʦʩʪʽ, ʧʦʚ'ʷʟʘʥʽ 

ʟ ʧʘʨʘʤʝʪʨʦʤ, ʱʦ ʬʦʨʤʫʻ ʧʣʘʥʝʪʫ. ʗʢ ʟʘʟʥʘʯʘʚ ɻʨʫʰʠʥʩʴʢʠʡ [10], ʧʽʜʥʝʩʝʥʥʷ 

ʛʝʦʾʜʘ ʥʘʜ ʝʣʽʧʩʦʾʜʦʤ ʦʙʝʨʪʘʥʥʷ ʧʨʠ ʩʧʦʩʪʝʨʝʞʫʚʘʥʽʡ ʩʧʣʶʩʥʦʪʦʩʪʽ ʝʣʽʧʩʦʾʜʘ 

ʦʙʝʨʪʘʥʥʷ ʜʦʩʷʛʘʻ 50ï70 ʤ ʣʠʰʝ ʚ ʦʢʨʝʤʠʭ ʪʦʯʢʘʭ ʧʣʘʥʝʪʠ, ʘ ʩʘʤʝ, ʚ 

ɹʽʩʢʘʡʩʴʢʽʡ ʟʘʪʦʮʽ, ʇʽʚʥʽʯʥʽʡ ɸʪʣʘʥʪʠʮʽ, ʧʦʙʣʠʟʫ ɯʥʜʦʥʝʟʽʡʩʴʢʦʛʦ ʘʨʭʽʧʝʣʘʛʫ. ʋ 

ʚʠʧʘʜʢʫ ʪʨʠʚʽʩʥʦʛʦ ʝʣʽʧʩʦʾʜʘ ʝʢʚʘʪʦʨʽʘʣʴʥʘ ʚʽʩʴ ʧʨʦʭʦʜʠʪʴ ʧʦʙʣʠʟʫ ʪʠʭ 

ʨʝʛʽʦʥʽʚ, ʜʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʝʚʥʘ ʘʩʠʤʝʪʨʽʷ. ʄʘʢʩʠʤʫʤ ʚʠʩʦʪ ʛʝʦʾʜʘ ʚ ʟʘʭʽʜʥʽʡ 

ʯʘʩʪʠʥʽ ʟʤʽʱʫʻʪʴʩʷ ʜʦ ʧʽʚʥʽʯʥʠʭ ʰʠʨʦʪ, ʘ ʤʘʢʩʠʤʫʤ ʫ ʩʭʽʜʥʽʡ ʯʘʩʪʠʥʽ 

ʟʘʣʠʰʘʻʪʴʩʷ ʚ ʝʢʚʘʪʦʨʽʘʣʴʥʽʡ ʟʦʥʽ. ɿʘʭʽʜʥʠʡ ʢʽʥʝʮʴ ʚʝʣʠʢʦʛʦ ʨʘʜʽʫʩʘ ʜʦʩʷʛʘʻ 

ʰʠʨʦʪ 0Áï10Á ʥʘ ʟʘʭʽʜ ʚʽʜ ɻʨʽʥʚʽʯʘ, ʘ ʩʭʽʜʥʠʡ ʢʽʥʝʮʴ ʧʨʠʧʘʜʘʻ ʥʘ ʰʠʨʦʪʠ 

ʙʣʠʟʴʢʦ 30Áï40Á ʥʘ ʟʘʭʽʜ ʚʽʜ ʤʝʨʠʜʽʘʥʘ 180Á. ʎʝ ʪʘʢʦʞ ʚʢʘʟʫʻ ʥʘ ʘʩʠʤʝʪʨʽʶ ʚ 

ʨʦʟʧʦʜʽʣʽ 'ʩʠʣ ʪʷʞʽʥʥʷ ʽ ʬʦʨʤʫʶʯʠʭ ʤʘʩ. ɯ ʛʦʣʦʚʥʘ ʦʩʦʙʣʠʚʽʩʪʴ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, 

ʱʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʪʝʥʜʝʥʮʽʷ ʜʦ ʘʩʠʤʝʪʨʽʾ ʧʽʚʥʽʯʥʦʾ ʽ ʧʽʚʜʝʥʥʦʾ ʧʽʚʢʫʣʴ ʚ 

ʮʽʣʦʤʫ. ʆʙʣʘʩʪʴ ʧʽʚʥʽʯʥʦʛʦ ʧʦʣʶʩʘ ʛʝʦʾʜʘ ʧʽʜʥʽʤʘʻʪʴʩʷ ʥʘʜ ʝʣʽʧʩʦʾʜʦʤ ʜʦ 20 ʤ, 

ʘ ʦʙʣʘʩʪʴ ɸʥʪʘʨʢʪʠʜʠ ʨʦʟʪʘʰʦʚʘʥʘ ʥʠʞʯʝ ʥʘ ʪʘʢʫ ʞ ʚʝʣʠʯʠʥʫ. ɸʩʠʤʝʪʨʽʷ ʚ 
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ʧʣʘʥʝʪʘʨʥʦʤʫ ʤʘʩʰʪʘʙʽ ʧʨʦʩʪʝʞʫʻʪʴʩʷ ʟ ʧʽʚʥʽʯʥʦʛʦ ʟʘʭʦʜʫ ɻʨʝʥʣʘʥʜʽʾ ʥʘ 

ʧʽʚʜʝʥʥʠʡ ʩʭʽʜ ʯʝʨʝʟ ɸʬʨʠʢʫ ʜʦ ɸʥʪʘʨʢʪʠʜʠ ʟ ʜʦʜʘʪʥʠʤʠ ʘʥʦʤʘʣʽʷʤʠ, ʽ ʚʽʜ 

ʉʢʘʥʜʠʥʘʚʽʾ ʜʦ ɸʚʩʪʨʘʣʽʾ ʯʝʨʝʟ ɯʥʜʽʡʩʴʢʠʡ ʦʢʝʘʥ ʟ ʚʽʜ'ʻʤʥʠʤʠ ʘʥʦʤʘʣʽʷʤʠ ʜʦ 50 

ʤɻʘʣ. ʇʦʟʠʪʠʚʥʽ ʘʥʦʤʘʣʽʾ ʜʦ 30 ʤɻʘʣ ʬʽʢʩʫʶʪʴʩʷ ʚ ʤʝʞʘʭ ʧʦʷʩʫ ʚʽʜ ʇʘʥʘʤʠ ʜʦ 

ɺʦʛʥʷʥʦʾ ɿʝʤʣʽ ʽ ʜʦ ʧʽʚʦʩʪʨʦʚʘ ˆʨʝʷʤʘ ʚ ɸʥʪʘʨʢʪʠʜʽ. ʅʝʛʘʪʠʚʥʽ ʘʥʦʤʘʣʽʾ 

ʨʦʟʪʘʰʦʚʘʥʽ ʧʦ ʦʙʠʜʚʘ ʙʦʢʠ ʽ ʧʨʦʩʪʷʛʘʶʪʴʩʷ ʚʽʜ ɸʣʝʫʪʩʴʢʦʛʦ ʧʽʜʚʦʜʥʦʛʦ 

ʧʽʜʚʠʱʝʥʥʷ ʥʘ ʧʽʚʜʝʥʥʠʡ ʩʭʽʜ ʊʠʭʦʛʦ ʦʢʝʘʥʫ ʽ ʚʽʜ ʃʘʙʨʘʜʦʨʫ ʥʘ ʧʽʚʜʝʥʴ 

ɸʪʣʘʥʪʠʢʠ. ʉʪʨʫʢʪʫʨʘ ʧʦʟʠʪʠʚʥʠʭ ʽ ʥʝʛʘʪʠʚʥʠʭ ʘʥʦʤʘʣʽʡ ʪʘʢʘ, ʱʦ ʾʭ ʧʨʠʨʦʜʫ 

ʤʦʞʥʘ ʽʥʪʝʨʧʨʝʪʫʚʘʪʠ ʷʢ ʝʬʝʢʪ ʩʧʽʨʘʣʴʥʦʛʦ ʟʘʢʨʫʯʫʚʘʥʥʷ ʧʽʚʥʽʯʥʦʾ ʧʽʚʢʫʣʽ 

ʚʽʜʥʦʩʥʦ ʧʽʚʜʝʥʥʦʾ. 

ʋ ʨʝʛʽʦʥʘʭ, ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ ʧʦʙʣʠʟʫ ʋʢʨʘʾʥʠ ʪʘ ʥʘ ʾʾ ʪʝʨʠʪʦʨʽʾ ʧʨʦʙʣʝʤʫ 

ʩʪʠʩʥʝʥʥʷ ɿʝʤʣʽ ʚʠʚʯʘʣʠ ʽ ʧʨʦʚʦʜʠʣʠ ʚʽʜʧʦʚʽʜʥʽ ʚʠʤʽʨʶʚʘʥʥʷ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚ, 

ʌ.ʇ. ʃʽʪʢʝ (1826ï1829, ʝ = 1/288), ɯ.ʌ. ʇʘʧʫʛʘ ʽ ɺ.ʗ. ʉʪʨʫʚʝ (1829, ʝ = 1/289,3 ʽ 

ʝ = 1/289,3), ɯ.ʌ. ʇʘʧʫʛʘ ʽ ɺ.ʗ. ʉʪʨʫʚʝ (1829, ʝ = 1/289,3 ʽ ʝ = 1/289,3). ʉʪʨʫʚʝ 

(1829, ʝ = 1/279.3 ʽ ʝ = 1/279.3), ɸ.ʅ. ʉʘʚʠʯ (1865ï1868, ʝ = 1/296), ʌ.ɸ. 

ʉʣʫʜʩʴʢʠʡ (1862ï1863, ʝ = 1/292.7 ʽ ʜʣʷ ʪʨʠʚʽʩʥʦʛʦ ʝʣʽʧʩʦʾʜʘ ʝ = 1/297.1), ɸ.ɸ. 

ɯʚʘʥʦʚ (1898ï1903, ʝ = 1/297,2). ɺʠʤʽʨʶʚʘʥʥʷ ʩʠʣʠ ʪʷʞʽʥʥʷ ʽ ʚʽʜʭʠʣʝʥʥʷ ʚʠʩʢʘ 

ʜʦʩʣʽʜʞʫʚʘʣʠ ɹ.ʗ. ʐʚʘʡʮʝʨ (1853ï1861,1876), ʆ.ɺ. ʉʪʨʫʚʝ, ɯ.ɯ. ʉʪʝʙʣʠʮʴʢʠʡ ʽ 

ʇ.ʇ. ʂʫʣʴʙʝʨʛ (1876), ɸ.ɸ. ɯʚʘʥʦʚ (1876), ʇ.ʂ. ʐʪʝʨʥʙʝʨʛ ʽ ʌ.ɸ. ɹʨʝʜʠʯʠʥ 

(1831ï1904, 1916ï1917), ɸ.ɸ. ʄʠʭʘʡʣʦʚ, ɸ.ɯ. ʂʘʟʘʥʩʴʢʠʡ, ʌ.ʅ. ʂʨʘʩʦʚʩʴʢʠʡ 

(1930ï1936), ʄ.ʉ. ʄʦʣʦʜʝʥʴʢʠʡ, ɺ.ʌ. ɭʨʝʤʻʻʚ, ʄ.ɯ. ʖʨʢʽʥʘ (1953ï1960).  

ʇʨʦʙʣʝʤʘ ʦʙʝʨʪʘʥʥʷ ɿʝʤʣʽ ʦʙʛʦʚʦʨʶʚʘʣʘʩʷ ʥʘ ʩʝʤʽʥʘʨʽ ʅɸʊʆ ʫ 1986 [86]. 

ɹʫʣʦ ʢʦʥʩʪʘʪʦʚʘʥʦ, ʱʦ ʦʙʠʜʚʘ ʘʩʧʝʢʪʠ ʧʨʦʙʣʝʤʠ ʚʩʝ ʱʝ ʟʘʣʠʰʘʶʪʴʩʷ 

ʥʝʚʠʨʽʰʝʥʠʤʠ. ʁʜʝʪʴʩʷ ʧʨʦ ʚʘʨʽʘʮʽʾ ʪʨʠʚʘʣʦʩʪʽ ʜʦʙʠ ʽ ʩʧʦʩʪʝʨʝʞʫʚʘʥʝ 

ʏʘʥʜʣʝʨʦʤ ʢʦʣʠʚʘʥʥʷ ʧʦʣʶʩʘ ʟ ʧʝʨʽʦʜʦʤ 14 ʤʽʩʷʮʽʚ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 10 ʤʽʩʷʮʷʤʠ, 

ʷʢʽ ʜʘʻ ʤʦʜʝʣʴ ʞʦʨʩʪʢʦʛʦ ʪʽʣʘ ɽʡʣʝʨʘ. ʈʝʟʫʣʴʪʘʪʠ ʏʘʥʜʣʝʨʘ ʙʘʟʫʶʪʴʩʷ ʥʘ 

ʘʥʘʣʽʟʽ 200-ʨʽʯʥʠʭ ʜʘʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘ ʨʫʭʦʤ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ɿʝʤʣʽ, ʟʨʦʙʣʝʥʠʭ 

ʫ ʉʐɸ ʚ 1930-ʭ ʨʦʢʘʭ. ɺʽʥ ʚʠʷʚʠʚ, ʱʦ ʽʩʥʫʻ ʝʬʝʢʪ ʚʽʣʴʥʦʛʦ ʢʦʣʠʚʘʥʥʷ ʦʩʽ 

ʧʣʘʥʝʪʠ ʟ ʧʝʨʽʦʜʦʤ ʙʣʠʟʴʢʦ 420 ʜʥʽʚ. ɿ ʪʦʛʦ ʯʘʩʫ ʚʠʷʚʣʝʥʠʡ ʝʬʝʢʪ ʟʘʣʠʰʘʻʪʴʩʷ 
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ʛʦʣʦʚʥʦʶ ʧʝʨʝʰʢʦʜʦʶ ʚ ʧʦʷʩʥʝʥʥʽ ʧʨʠʨʦʜʠ ʽ ʪʝʦʨʝʪʠʯʥʦʤʫ ʦʙˇʨʫʥʪʫʚʘʥʥʽ ʨʫʭʫ 

ʧʦʣʶʩʘ.  

ʇʽʜʩʫʤʦʚʫʶʯʠ [90] ʥʘʚʝʜʝʥʠʡ ʚʠʱʝ ʢʦʨʦʪʢʠʡ ʝʢʩʢʫʨʩ ʚ ʽʩʪʦʨʽʶ 

ʧʨʦʙʣʝʤʠ, ʤʦʞʥʘ ʩʢʘʟʘʪʠ, ʱʦ ʩʠʪʫʘʮʽʷ ʚʠʛʣʷʜʘʻ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: ʙʽʣʴʰʽʩʪʴ 

ʜʦʩʣʽʜʥʠʢʽʚ, ʷʢʽ ʟʘʡʤʘʣʠʩʷ ʜʠʥʘʤʽʢʦʶ ɿʝʤʣʽ ʪʘ ʾʾ ʬʦʨʤʦʶ, ʧʨʠʡʰʣʠ ʜʦ 

ʦʜʥʦʩʪʘʡʥʦʛʦ ʚʠʩʥʦʚʢʫ, ʱʦ ʪʝʦʨʽʾ, ʷʢʽ ʙʘʟʫʶʪʴʩʷ ʥʘ ʛʽʜʨʦʩʪʘʪʠʮʽ, ʥʝ ʜʘʶʪʴ 

ʟʘʜʦʚʽʣʴʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷʤʠ. ʅʘʧʨʠʢʣʘʜ, 

ɼʞʝʬʬʨʽʩ ʧʨʷʤʦ ʛʦʚʦʨʠʪʴ, ʱʦ ʮʽ ʪʝʦʨʽʾ ʥʝʚʽʨʥʽ. ʄʫʥʢ ʽ ʄʘʢʜʦʥʘʣʴʜ ʟʘʟʥʘʯʘʶʪʴ, 

ʱʦ ʤʦʞʥʘ ʥʘʚʝʩʪʠ ʟ ʜʝʩʷʪʦʢ ʩʧʦʩʪʝʨʝʞʫʚʘʥʠʭ ʝʬʝʢʪʽʚ, ʷʢʽ ʥʝ ʟʘʜʦʚʦʣʴʥʷʶʪʴ 

ʛʽʜʨʦʩʪʘʪʠʯʥʫ ʤʦʜʝʣʴ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʜʠʥʘʤʽʢʘ ɿʝʤʣʽ ʷʢ ʪʝʦʨʽʷ ʚʽʜʩʫʪʥʷ. 

ʅʘʚʝʜʝʥʠʡ ʚʠʱʝ ʩʪʘʥ ʨʝʯʝʡ ʽ ʚʠʩʥʦʚʦʢ ʩʧʦʥʫʢʘʶʪʴ ʥʘʫʢʦʚʮʽʚ ʜʦ ʧʦʰʫʢʫ ʥʦʚʦʾ 

ʬʽʟʠʯʥʦʾ ʦʩʥʦʚʠ ʜʣʷ ʜʠʥʘʤʽʢʠ ɿʝʤʣʽ. 

1.3. ʈʦʪʘʮʽʡʥʠʡ ʨʝʞʠʤ ʪʘ ʛʝʦʜʠʥʘʤʽʯʥʽ ʝʬʝʢʪʠ ʦʙʝʨʪʘʥʥʷ ɿʝʤʣʽ 

ʆʙʝʨʪʘʥʥʷ ɿʝʤʣʽ ï ʥʘʡʚʘʞʣʠʚʽʰʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʱʦ ʚʠʟʥʘʯʘʻ ʧʘʨʘʤʝʪʨʠ 

ʬʽʛʫʨʠ ʨʽʚʥʦʚʘʛʠ ʧʣʘʥʝʪʠ ʽ ʻ ʨʝʘʣʴʥʠʤ ʜʞʝʨʝʣʦʤ ʝʥʝʨʛʽʾ ʪʝʢʪʦʛʝʥʝʟʫ; ʧʨʠ ʮʴʦʤʫ 

ʚʠʪʨʘʪʠ ʮʽʻʾ ʝʥʝʨʛʽʾ ʥʘ ʪʝʢʪʦʥʽʯʥʽ ʧʝʨʝʙʫʜʦʚʠ ʨʝʛʫʣʶʶʪʴʩʷ ʟʘʢʦʥʘʤʠ ʚʟʘʻʤʦʜʽʾ 

ʥʘʰʦʾ ʧʣʘʥʝʪʠ ʟ ʬʽʟʠʯʥʠʤʠ ʧʦʣʷʤʠ ʂʦʩʤʦʩʫ, ʱʦ ʾʾ ʦʪʦʯʫʶʪʴ ʽ ʱʦ ʧʨʠʚʦʜʷʪʴ ʜʦ 

ʚʘʨʽʘʮʽʡ ʾʾ ʨʦʪʘʮʽʡʥʦʛʦ ʨʝʞʠʤʫ. ɺʧʨʦʜʦʚʞ ʚʩʽʻʾ ʽʩʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʴ ʚ ʥʘʫʢʘʭ ʧʨʦ 

ɿʝʤʣʶ ʙʘʛʘʪʦ ʚʯʝʥʠʭ (ɼʞ. ɼʘʨʚʽʥ, ɭ.ɺ. ɹʠʭʘʥʦʚ, ɹ.ʇ. ʃʠʯʢʦʚ, ʄ.ɺ. ʉʪʦʚʘʩ, 

ɺ.ʆ. ʎʘʨʝʛʨʘʜʩʴʢʠʡ, ɻ.ʅ. ʂʘʪʪʝʨʬʝʣʴʜ, ʇ.ʉ. ɺʦʨʦʥʦʚ ʪʘ ʽʥ.) ʥʘʜʘʚʘʣʠ ʚʝʣʠʢʝ 

ʟʥʘʯʝʥʥʷ, ʘ ʯʘʩʪʦ ʨʦʟʛʣʷʜʘʣʠ ʚʧʣʠʚ ʢʦʩʤʦʛʦʥʽʯʥʠʭ ʬʘʢʪʦʨʽʚ ʷʢ ʦʩʥʦʚʥʫ 

ʧʨʠʯʠʥʫ ʪʝʢʪʦʛʝʥʝʟʫ ɿʝʤʣʽ. ʄʘʪʝʤʘʪʠʯʥʝ ʦʙˇʨʫʥʪʦʚʫʚʘʥʥʷ ʨʦʣʽ ʜʘʥʠʭ ʬʘʢʪʦʨʽʚ 

ʫ ʪʝʢʪʦʛʝʥʝʟʽ ʚʠʢʦʥʫʚʘʣʦʩʷ ʤʘʪʝʤʘʪʠʢʘʤʠ ɸ. ɺʝʨʦʥʝ, ʇ. ɸʧʧʝʣʝʤ, ʃ.ʉ. 

ʃʝʡʙʝʥʟʦʥʦʤ ʪʘ ʽʥ. ɯʥʪʝʨʝʩ ʜʦ ʢʦʩʤʦʛʦʥʽʯʥʠʭ ʬʘʢʪʦʨʽʚ ʷʢ ʧʨʠʯʠʥʠ ʪʝʢʪʦʥʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʪʦ ʟʨʦʩʪʘʚ, ʪʦ ʟʤʝʥʰʫʚʘʚʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʧʘʥʫʶʯʦʛʦ ʛʝʦʣʦʛʽʯʥʦʛʦ 

ʩʚʽʪʦʛʣʷʜʫ. ʅʠʥʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʷʚʥʝ ʚʽʜʨʦʜʞʝʥʥʷ ʽ ʨʦʟʰʠʨʝʥʥʷ ʫʷʚʣʝʥʴ ʧʨʦ 

ʚʧʣʠʚ ʢʦʩʤʦʛʦʥʽʯʥʠʭ ʬʘʢʪʦʨʽʚ ʜʣʷ ʧʦʙʫʜʦʚʠ ʥʦʚʦʾ ʪʝʦʨʽʾ ɿʝʤʣʽ. ʅʘ ʬʦʥʽ ʚʞʝ 

ʽʩʥʫʶʯʠʭ ʫʷʚʣʝʥʴ ʧʨʦ ʤʝʭʘʥʽʟʤʠ ʚʧʣʠʚʫ ʢʦʩʤʦʛʦʥʽʯʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʪʝʢʪʦʛʝʥʝʟ 
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ɿʝʤʣʽ, ʟ'ʷʚʣʷʶʪʴʩʷ ʨʦʙʦʪʠ, ʚʠʢʦʥʘʥʽ ʷʢ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʘʩʦʙʽʚ ʩʫʯʘʩʥʦʾ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ, ʪʘʢ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʥʦʚʠʭ ʬʘʢʪʠʯʥʠʭ ʜʘʥʠʭ (ʖ.ɺ. 

ɹʘʨʢʽʥ, ɯ.ʆ. ɻʘʨʘʛʘʰ, ʃ.ʆ. ʄʘʩʣʦʚ, O.ʆ. ʄʝʣʴʥʠʢʦʚ, ʄ.ʄ.ɼʦʚʙʥʠʯ ʪʘ ʽʥ.)[12, 

28, 31]. 

ɿʤʽʱʝʥʥʷ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ʚʽʜʥʦʩʥʦ ʬʽʢʩʦʚʘʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ 

ɿʝʤʣʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʯʝʨʝʟ ʧʝʨʝʤʽʱʝʥʥʷ ʤʘʩ ʫ ʥʘʜʨʘʭ ɿʝʤʣʽ, ʘ ʪʘʢʦʞ ʫ 

ʛʽʜʨʦʩʬʝʨʽ ʪʘ ʘʪʤʦʩʬʝʨʽ. ʎʽ ʧʝʨʝʤʽʱʝʥʥʷ ʤʘʩ, ʷʢ ʧʨʘʚʠʣʦ, ʩʧʨʠʯʠʥʷʶʪʴ ʟʤʽʥʠ 

ʤʦʤʝʥʪʽʚ ʽ ʜʦʙʫʪʢʽʚ ʽʥʝʨʮʽʾ. ʆʩʢʽʣʴʢʠ ɿʝʤʣʷ ʻ ʪʽʣʦʤ ʷʢʝ ʜʝʬʦʨʤʫʻʪʴʩʷ, ʚʽʩʴ 

ʦʙʝʨʪʘʥʥʷ ʧʨʠʩʪʦʩʦʚʫʻʪʴʩʷ ʜʦ ʥʦʚʦʾ ʩʠʪʫʘʮʽʾ, ʟʤʽʩʪʠʚʰʠʩʴ ʥʘ ʧʦʚʝʨʭʥʽ. ɺʽʩʴ 

ʦʙʝʨʪʘʥʥʷ ʥʝ ʟʤʽʥʶʻ ʩʚʦʛʦ ʧʦʣʦʞʝʥʥʷ ʚʽʜʥʦʩʥʦ ʟʽʨʦʢ, ʦʩʢʽʣʴʢʠ ʧʽʜ ʯʘʩ ʮʠʭ 

ʧʝʨʝʤʽʱʝʥʴ ʤʘʩ ʢʫʪʦʚʠʡ ʤʦʤʝʥʪ ɿʝʤʣʽ ʟʙʝʨʽʛʘʻʪʴʩʷ. ʆʢʨʽʤ ʧʨʠʧʣʠʚʥʠʭ 

ʚʟʘʻʤʦʜʽʡ, ʽʩʥʫʻ ʨʷʜ ʤʦʞʣʠʚʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʟʘ ʩʧʦʩʪʝʨʝʞʫʚʘʥʽ 

ʚʘʨʽʘʮʽʾ ʦʙʝʨʪʘʥʥʷ, ʪʘʢʽ ʷʢ ʨʽʩʪ ʽ ʨʫʡʥʫʚʘʥʥʷ ʢʨʠʞʘʥʠʭ ʧʦʢʨʠʚʽʚ, ʟʤʽʥʠ ʨʽʚʥʷ 

ʤʦʨʷ, ʦʢʝʘʥʽʯʥʽ ʪʝʯʽʾ, ʚʽʪʨʠ ʽ ʟʤʽʥʠ ʚ ʨʦʟʧʦʜʽʣʽ ʪʠʩʢʫ ʚ ʘʪʤʦʩʬʝʨʽ, ʩʝʟʦʥʥʽ ʟʤʽʥʠ, 

ʟʝʤʣʝʪʨʫʩʠ, ʨʫʭʠ ʪʝʢʪʦʥʽʯʥʠʭ ʧʣʠʪ, ʟʤʽʥʠ ʧʦʪʦʢʫ ʚ ʢʦʥʚʝʢʮʽʾ ʤʘʥʪʽʾ ʽ ʷʜʨʘ, ʘ 

ʪʘʢʦʞ ʚʟʘʻʤʦʜʽʷ ʤʽʞ ʷʜʨʦʤ ʽ ʤʘʥʪʽʻʶ. ʂʦʞʝʥ ʟ ʮʠʭ ʤʝʭʘʥʽʟʤʽʚ ʧʨʘʮʶʻ ʚ ʧʝʚʥʠʭ 

ʯʘʩʦʚʠʭ ʤʘʩʰʪʘʙʘʭ, ʽ ʮʝ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʚ ʯʘʩʦʚʠʭ ʤʘʩʰʪʘʙʘʭ ʟʤʽʥʠ ʦʙʝʨʪʘʥʥʷ 

ɿʝʤʣʽ. 

ɼʘʥʽ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 1.5 ʥʘʜʘʁʪʴ ʧʨʠʙʣʠʟʥʝ ʫʷʚʣʝʥʥʷ ʧʨʦ ʩʧʦʩʪʝʨʝʞʫʚʘʥʽ 

ʩʫʯʘʩʥʽ ʟʤʽʥʠ ʧʦʣʦʞʝʥʥʷ ʧʦʣʷʨʥʦʾ ʦʩʽ. ʉʧʦʩʪʝʨʝʞʫʚʘʥʽ ʟʤʽʥʠ ʧʦʣʦʞʝʥʥʷ ʦʩʽ 

ʦʙʝʨʪʘʥʥʷ ʚʽʜʥʦʩʥʦ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʜʚʦʭ ʪʠʧʽʚ ʨʫʭʽʚ: 

ʧʝʨʽʦʜʠʯʥʠʭ ʽ ʣʽʥʽʡʥʠʭ. ʇʝʨʽʦʜʠʯʥʽ ʨʫʭʠ ʩʢʣʘʜʘʶʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʟ ʜʚʦʭ 

ʧʝʨʽʦʜʽʚ. ʈʽʯʥʝ ʢʦʣʠʚʘʥʥʷ ʟʫʤʦʚʣʝʥʝ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ, ʩʝʟʦʥʥʦʶ ʟʤʽʥʦʶ 

ʟʦʥʘʣʴʥʠʭ ʚʽʪʨʽʚ. ʇʨʠʯʠʥʦʶ ʢʦʣʠʚʘʥʴ ʏʘʥʜʣʝʨʘ ʻ ʧʦʻʜʥʘʥʥʷ ʧʨʦʮʝʩʽʚ ʚ ʦʢʝʘʥʘʭ 

ʽ ʘʪʤʦʩʬʝʨʽ. ʎʝʡ ʧʝʨʽʦʜʠʯʥʠʡ ʨʫʭ, ʷʢʠʡ ʧʦ ʩʫʪʽ ʻ ʚʽʣʴʥʦʶ ʧʨʝʮʝʩʽʻʶ ɿʝʤʣʽ, ʙʫʚ 

ʪʝʦʨʝʪʠʯʥʦ ʧʝʨʝʜʙʘʯʝʥʠʡ ʫ 18 ʩʪʦʣʽʪʪʽ ɽʡʣʝʨʦʤ (ʪʦʤʫ ʡʦʛʦ ʪʘʢʦʞ ʥʘʟʠʚʘʶʪʴ 

ʝʡʣʝʨʽʚʩʴʢʦʶ ʚʽʣʴʥʦʶ ʧʨʝʮʝʩʽʻʶ), ʘʣʝ ʥʝ ʩʧʦʩʪʝʨʽʛʘʚʩʷ ʜʦ ʢʽʥʮʷ IX ʩʪʦʣʽʪʪʷ.  
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  ʊʘʙʣʠʮʷ 1.5. 

 ɿʤʽʥʠ ʧʦʣʦʞʝʥʥʷ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ʚʽʜʥʦʩʥʦ ʟʝʤʥʦʾ ʢʦʨʠ [169] 

ʊʠʧ ɺʝʣʠʯʠʥʘ ʇʨʠʯʠʥʘ 

ʈʽʯʥʽ ʢʦʣʠʚʘʥʥʷ 5 ʤʝʪʨʽʚ ʥʘ ʨʽʢ ɸʪʤʦʩʬʝʨʥʠʡ ʪʠʩʢ 

ʂʦʣʠʚʘʥʥʷ ʏʘʥʜʣʝʨʘ 10 ʤʝʪʨʽʚ ʟʘ 14 ʤʽʩʷʮʽʚ ʄʘʣʦ ʚʽʜʦʤʦ 

ɺʽʢʦʚʠʡ ʜʨʝʡʬ 1 ʤʝʪʨ ʟʘ 10 ʨʦʢʽʚ 
ɺʽʜʩʪʫʧ ʣʴʦʜʦʚʠʢʽʚ, ʤʘʥʪʽʡʥʘ 

ʢʦʥʚʝʢʮʽʷ, ʚʝʣʠʢʽ ʟʝʤʣʝʪʨʫʩʠ 

 

ʅʘ ʨʠʩʫʥʢʘʭ ʨʠʩ. 1.5 ʽ 1.6 ʧʦʢʘʟʘʥʦ ʨʫʭ ʧʦʣʶʩʘ ʽ ʟʤʽʥʠ ʜʦʚʞʠʥʠ ʜʥʷ 

(LOD). ʏʘʩʦʚʽ ʨʷʜʠ ʦʪʨʠʤʘʥʽ ʚ ʎʝʥʪʨʽ ʢʦʩʤʽʯʥʦʾ ʛʝʦʜʝʟʽʾ (CGS)/ɯʪʘʣʽʡʩʴʢʦʾ 

ʢʦʩʤʽʯʥʦʾ ʘʛʝʥʮʽʾ (ASI) ʟʽ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʣʘʟʝʨʥʦʛʦ 

ʜʘʣʴʥʦʤʽʨʘ (SLR) ʥʘ ʩʫʧʫʪʥʠʢʘʭ LAGEOS 1, LAGEOS 2, ʘ ʟ ʩʝʨʝʜʠʥʠ 2002 ʨʦʢʫ 

ʥʘ ʩʫʧʫʪʥʠʢʘʭ Etalon 1 ʽ Etalon 2, ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʥʘʡʩʫʯʘʩʥʽʰʠʭ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʤʦʜʝʣʝʡ. [169] 

 

ʈʠʩ. 1.5. ʇʦʣʷʨʥʠʡ ʨʫʭ, ʟ 1975 ʧʦ 2025 ʨʽʢ, ʟʘ ʜʘʥʠʤʠ IERS [169] 
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ʈʠʩ. 1.6. ɿʤʽʥʠ ʪʨʠʚʘʣʦʩʪʽ ʜʥʷ, ʟ 1984 ʧʦ 2024 ʨʽʢ, ʟʘ ʜʘʥʠʤʠ IERS [169] 

ʉʧʦʩʪʝʨʝʞʝʥʥʷ ʦʙʨʦʙʣʷʶʪʴʩʷ ʟ ʽʥʪʝʨʚʘʣʦʤ ʫ 7 ʜʽʙ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʩʣʘʙʢʦ 

ʦʙʤʝʞʝʥʦʛʦ ʨʦʟʚ'ʷʟʢʫ ʜʣʷ ʢʦʦʨʜʠʥʘʪ ʩʪʘʥʮʽʾ ʽ ʧʘʨʘʤʝʪʨʽʚ ʦʨʽʻʥʪʘʮʽʾ ɿʝʤʣʽ (EOP) 

(Xp, Yp ʽ LOD), ʷʢʠʡ ʻ ʩʪʘʥʜʘʨʪʥʠʤ ʨʦʟʚ'ʷʟʢʦʤ, ʱʦ ʥʘʜʘʻʪʴʩʷ ASI/CGS ʷʢ 

ʦʬʽʮʽʡʥʠʤ ʘʥʘʣʽʪʠʯʥʠʤ ʮʝʥʪʨʦʤ ʄʽʞʥʘʨʦʜʥʦʾ ʩʣʫʞʙʠ ʦʙʝʨʪʘʥʥʷ ɿʝʤʣʽ ʪʘ 

ʩʠʩʪʝʤʠ ʚʽʜʣʽʢʫ (IERS). ʇʘʨʘʤʝʪʨʠ ʦʨʽʻʥʪʘʮʽʾ ɿʝʤʣʽ, ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 1.5, ʙʫʣʠ 

ʧʝʨʝʚʝʜʝʥʽ ʚ ʩʠʩʪʝʤʫ ʚʽʜʣʽʢʫ ITRF2008 ʜʣʷ ʪʦʛʦ, ʱʦʙ ʚʽʜʦʙʨʘʟʠʪʠ ʨʫʭ ʦʩʽ 

ʦʙʝʨʪʘʥʥʷ ɿʝʤʣʽ ʚʽʜʥʦʩʥʦ ʟʝʤʥʦʾ ʢʦʨʠ. ʏʘʥʜʣʝʨʽʚʩʴʢʽ ʪʘ ʨʽʯʥʽ ʟʤʽʥʠ ʻ 

ʦʩʥʦʚʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʨʫʭʫ ʽ ʧʦʢʘʟʫʶʪʴ ʜʦʙʨʝ ʚʽʜʦʤʫ ʧʫʣʴʩʫʶʯʫ ʬʦʨʤʫ. 

ɺʚʘʞʘʻʪʴʩʷ, ʱʦ ʧʽʩʣʷʣʴʦʜʦʚʠʢʦʚʝ ʧʽʜʥʷʪʪʷ, ʚʥʘʩʣʽʜʦʢ ʨʦʟʧʘʜʫ ʚʝʣʠʯʝʟʥʠʭ 

ʣʴʦʜʦʚʠʢʦʚʠʭ ʱʠʪʽʚ, ʻ ʦʩʥʦʚʥʦʶ ʧʨʠʯʠʥʦʶ ʮʴʦʛʦ ʚʽʢʦʚʦʛʦ ʜʨʝʡʬʫ, ʭʦʯʘ 

ʢʦʥʚʝʢʮʽʷ ʤʘʥʪʽʾ ʽ ʟʝʤʣʝʪʨʫʩʠ ʪʘʢʦʞ ʤʦʞʫʪʴ ʨʦʙʠʪʠ ʩʚʽʡ ʚʥʝʩʦʢ ʫ ʥʴʦʛʦ [84]. 

ɺʩʽ ʚʠʱʝʧʝʨʝʨʘʭʦʚʘʥʽ ʟʤʽʥʠ ʨʦʪʘʮʽʡʥʦʛʦ ʨʝʞʠʤʫ ɿʝʤʣʽ ʪʘ ʧʝʨʝʤʽʱʝʥʥʷ 

ʦʩʽ ʦʙʝʨʪʘʥʥʷ ʚʠʢʣʠʢʘʶʪʴ ʛʝʦʜʠʥʘʤʽʯʥʽ ʝʬʝʢʪʠ, ʟʦʢʨʝʤʘ ʧʨʠʚʦʜʷʪʴ ʜʦ 

ʤʝʭʘʥʽʯʥʦʾ ʥʘʧʨʫʛʠ ʚ ʪʝʢʪʦʥʦʩʬʝʨʽ ʧʣʘʥʝʪʠ. ʗʢʙʠ ʨʦʪʘʮʽʡʥʠʡ ʨʝʞʠʤ ɿʝʤʣʽ ʙʫʚ 
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ʥʝʟʤʽʥʥʠʤ, ʪʦ ʢʦʞʥʘ ʪʦʯʢʘ ʪʝʢʪʦʥʦʩʬʝʨʠ ʧʝʨʝʙʫʚʘʣʘ ʙ ʧʽʜ ʜʽʻʶ ʧʦʣʷ 

ʣʽʪʦʩʪʘʪʠʯʥʠʭ ʩʠʣ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʘʛʦʶ ʚʠʱʝʨʦʟʤʽʱʝʥʠʭ ʧʦʨʽʜ. 

ɺʠʥʠʢʥʝʥʥʷ ʽ ʥʘʢʦʧʠʯʝʥʥʷ ʪʝʢʪʦʥʽʯʥʠʭ ʥʘʧʨʫʞʝʥʴ ʚ ʪʝʢʪʦʥʦʩʬʝʨʽ ɿʝʤʣʽ 

ʧʦʚ'ʷʟʘʥʦ ʟʽ ʟʤʽʥʘʤʠ ʾʾ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʽ ʧʦʣʦʞʝʥʥʷ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ʧʦ 

ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʛʝʦʾʜʘ. ʈʦʟʨʷʜʢʘ ʮʠʭ ʥʘʧʨʫʛ, ʷʢʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ 

ʥʠʤʠ ʢʨʠʪʠʯʥʠʭ ʟʥʘʯʝʥʴ, ʨʽʚʥʠʭ ʤʝʞʽ ʤʽʮʥʦʩʪʽ ʧʦʨʽʜ ʪʝʢʪʦʥʦʩʬʝʨʠ, ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʪʝʢʪʦʥʽʯʥʠʭ ʘʢʪʠʚʽʟʘʮʽʡ ɿʝʤʣʽ.  

ɼʣʷ ʢʽʣʴʢʽʩʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʧʦʣʷ ʧʣʘʥʝʪʘʨʥʠʭ ʥʘʧʨʫʛ ʨʦʪʘʮʽʡʥʦʾ ʧʨʠʨʦʜʠ, 

ʦʮʽʥʢʠ ʨʦʣʽ ʮʠʭ ʥʘʧʨʫʛ ʚ ʪʝʢʪʦʛʝʥʝʟʽ ɿʝʤʣʽ ʽ ʛʝʦʜʠʥʘʤʽʯʥʠʭ ʷʚʠʱ, ʨʦʟʛʣʷʥʝʤʦ 

ʯʦʪʠʨʠ ʬʘʢʪʦʨʠ, ʷʢʽ ʻ ʜʞʝʨʝʣʦʤ ʧʦʣʽʚ ʥʘʧʨʫʞʝʥʴ ʚ ʪʝʢʪʦʥʦʩʬʝʨʽ ɿʝʤʣʽ. 

ʉʭʝʤʘʪʠʯʥʦ ʚʧʣʠʚ ʮʠʭ ʬʘʢʪʦʨʽʚ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.7. 

 

ʈʠʩ. 1.7. ʉʭʝʤʠ ʜʝʬʦʨʤʘʮʽʾ ɿʝʤʣʽ ʧʽʜ ʜʽʻʶ ʨʽʟʥʠʭ ʬʘʢʪʦʨʽʚ: ʘ - ʟʤʽʥʠ ʢʫʪʦʚʦʾ 

ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ɿʝʤʣʽ; ʙ - ʟʤʽʥʠ ʧʦʣʦʞʝʥʥʷ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ɿʝʤʣʽ ʧʦ 

ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʛʝʦʾʜʘ; ʚ ï ʧʝʨʝʤʽʱʝʥʥʷ ʥʝʦʜʥʦʨʽʜʥʠʭ ʤʘʩ ʚ ʪʝʢʪʦʥʦʩʬʝʨʽ; ʛ - 

ʤʽʩʷʯʥʦ-ʩʦʥʷʯʥʽ ʧʨʠʧʣʠʚʠ. 1 - ʧʦʯʘʪʢʦʚʠʡ ʢʦʥʪʫʨ ɿʝʤʣʽ; 2 - ʜʝʬʦʨʤʦʚʘʥʠʡ 

ʢʦʥʪʫʨ ɿʝʤʣʽ [50]. 

‌ 
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ɺʠʚʯʘʶʯʠ ʛʝʦʣʦʛʽʶ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʨʘʡʦʥʫ, ʤʠ ʟʘʚʞʜʠ ʚʠʷʚʣʷʻʤʦ ʚʝʣʠʢʫ 

ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʨʽʟʥʠʭ ʪʝʢʪʦʥʽʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʽ ʚʝʣʠʢʠʭ ʨʦʟʨʠʚʽʚ, 

ʷʢʘ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʾʭ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ, ʦʨʽʻʥʪʦʚʘʥʦʩʪʽ ʚ ʧʨʦʩʪʦʨʽ ʽ ʯʘʩʽ 

ʚʠʥʠʢʥʝʥʥʷ. ʊʘʢʘ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʨʦʟʨʠʚʽʚ ʯʘʩʪʢʦʚʦ ʧʦʚ'ʷʟʘʥʘ 

ʟʽ ʟʤʽʥʘʤʠ ʣʽʪʦʣʦʛʽʯʥʦʛʦ ʩʢʣʘʜʫ ʚʽʜʢʣʘʜʝʥʴ. 

ɸʥʘʣʽʟ ʩʪʨʫʢʪʫʨʥʦʾ ʦʙʩʪʘʥʦʚʢʠ ʚ ʜʽʣʷʥʢʘʭ ʨʦʟʚʠʪʢʫ ʨʦʟʨʠʚʽʚ ʜʦʟʚʦʣʷʻ 

ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʟʚ'ʷʟʦʢ ʤʽʞ ʨʦʟʨʠʚʘʤʠ ʽ ʽʥʰʠʤʠ ʩʪʨʫʢʪʫʨʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ 

ʟʝʤʥʦʾ ʢʦʨʠ (ʩʢʣʘʜʢʘʤʠ, ʘʥʪʠʢʣʽʥʦʨʽʷʤʠ, ʘʥʪʝʢʣʽʟʘʤʠ ʪʘ ʽʥ.). ʆʜʥʘʢ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʟʚ'ʷʟʢʫ ʨʦʟʨʠʚʽʚ ʟʽ ʩʢʣʘʜʢʘʤʠ ʨʦʟʢʨʠʚʘʶʪʴʩʷ ʥʝʜʦʩʪʘʪʥʴʦ 

ʦʙʛʨʫʥʪʦʚʘʥʦ. ʌʦʨʤʘʣʴʥʝ ʟʽʩʪʘʚʣʝʥʥʷ ʜʦʟʚʦʣʷʻ ʚʩʪʘʥʦʚʠʪʠ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ 

ʚʘʨʽʘʥʪʽʚ ʫʩʢʣʘʜʥʝʥʥʷ ʘʥʪʠʢʣʽʥʘʣʝʡ ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ʨʦʟʨʠʚʘʤʠ: ʥʘʩʫʚʘʤʠ, 

ʚʠʩʫʚʘʤʠ, ʩʢʠʜʘʤʠ, ʟʨʫʰʝʥʥʷʤʠ, ʷʢʽ ʚʠʪʷʛʫʶʪʴʩʷ ʘʙʦ ʫʟʜʦʚʞ, ʘʙʦ ʧʦʧʝʨʝʢ, ʘʙʦ 

ʥʘʚʩʢʽʩ ʜʦ ʦʩʽ ʩʢʣʘʜʢʠ [24]. ʆʩʢʽʣʴʢʠ ʧʨʠʯʠʥʦʶ ʚʠʥʠʢʥʝʥʥʷ ʨʦʟʨʠʚʽʚ ʩʣʽʜ 

ʚʚʘʞʘʪʠ ʜʽʶ ʥʘʧʨʫʛ, ʥʝ ʤʦʞʥʘ ʥʝ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʢʫ ʧʨʦ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ 

ʨʦʟʧʦʜʽʣʫ ʥʘʧʨʫʞʝʥʴ ʚ ʟʝʤʥʽʡ ʢʦʨʽ.  

ʉʫʢʫʧʥʽʩʪʴ ʥʘʧʨʫʞʝʥʴ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʽ ʜʽʶʪʴ ʚ ʟʝʤʥʽʡ ʢʦʨʽ ʚ ʟʚ'ʷʟʢʫ ʟ 

ʨʦʟʚʠʪʢʦʤ ʧʝʚʥʦʛʦ ʝʣʝʤʝʥʪʘ ʾʾ ʩʪʨʫʢʪʫʨʠ, ʤʦʞʝ ʙʫʪʠ ʥʘʟʚʘʥʘ ʪʝʢʪʦʥʽʯʥʠʤ 

ʧʦʣʝʤ ʥʘʧʨʫʞʝʥʴ. ʏʝʨʝʟ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʬʘʢʪʽʚ ʻ ʦʯʝʚʠʜʥʠʤ 

ʽʩʥʫʚʘʥʥʷ ʪʝʢʪʦʥʽʯʥʠʭ ʧʦʣʽʚ ʥʘʧʨʫʛ. ʉʧʽʨʥʠʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʣʠʰʝ ʤʝʪʦʜʠ ʾʭ 

ʚʠʚʯʝʥʥʷ, ʩʧʦʩʦʙʠ ʦʧʠʩʫ, ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ [7]. 

ɼʝʬʦʨʤʘʮʽʾ ʚ ʧʨʠʨʦʜʥʠʭ ʫʤʦʚʘʭ ʟʜʽʡʩʥʶʶʪʴʩʷ ʚ ʩʠʣʦʚʠʭ ʧʦʣʷʭ, ʱʦ 

ʧʦʨʦʜʞʫʶʪʴʩʷ: 1) ʪʝʢʪʦʥʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ, 2) ʧʨʠʨʦʜʥʦʶ ʛʨʘʚʽʪʘʮʽʻʶ, 3) 

ʫʜʘʨʥʠʤʠ ʪʘ ʚʠʙʫʭʦʚʠʤʠ ʷʚʠʱʘʤʠ, 4) ʟʤʽʥʦʶ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʟʝʤʥʦʾ 

ʢʦʨʠ ʪʘ ʧʦʚ'ʷʟʘʥʠʤ ʟ ʥʝʶ ʨʦʟʽʛʨʽʚʦʤ, ʘʙʦ ʦʩʪʠʛʘʥʥʷʤ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ, 5) 

ʬʘʟʦʚʠʤʠ ʧʝʨʝʭʦʜʘʤʠ ʨʝʯʦʚʠʥʠ, 6) ʜʽʘʛʝʥʝʟʦʤ ʦʩʘʜʦʚʠʭ ʧʦʨʽʜ, 7) ʛʽʜʨʘʪʘʮʽʻʶ ʪʘ 

ʜʝʛʽʜʨʘʪʘʮʽʻʶ ʧʦʨʽʜ ʽ ʤʽʥʝʨʘʣʽʚ, ʘ ʪʘʢʦʞ ʙʘʛʘʪʴʤʘ ʽʥʰʠʤʠ, ʤʝʥʰ ʚʧʣʠʚʦʚʠʤʠ 

ʬʘʢʪʦʨʘʤʠ. ʋ ʯʠʩʣʽ ʪʝʢʪʦʥʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʩʧʨʠʯʠʥʷʶʪʴ ʜʝʬʦʨʤʘʮʽʶ, ʤʦʞʥʘ 

ʚʽʜʟʥʘʯʠʪʠ: 1) ʩʪʠʩʥʝʥʥʷ ʪʘ ʨʦʟʪʷʛʘʥʥʷ ʟʝʤʥʦʾ ʢʦʨʠ ʪʘ ʦʢʨʝʤʠʭ ʾʾ ʜʽʣʷʥʦʢ, ʷʢʽ 

ʚʠʢʣʠʢʘʶʪʴʩʷ ʟʤʽʥʦʶ ʨʦʪʘʮʽʡʥʦʛʦ ʨʝʞʠʤʫ ʪʘ ʧʨʠʧʣʠʚʥʦ-ʚʽʜʧʣʠʚʥʠʤʠ 
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ʷʚʠʱʘʤʠ; 2) ʛʣʠʙʠʥʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʫ ʥʘʜʨʘʭ ɿʝʤʣʽ (ʜʠʬʝʨʝʥʮʽʘʮʽʻʶ ʤʘʩ ʪʘ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʶ ʡ ʚʝʨʪʠʢʘʣʴʥʦʶ ʢʦʥʚʝʢʮʽʻʶ ʤʘʥʪʽʡʥʦʾ ʨʝʯʦʚʠʥʠ ʡ ʧʦʚ'ʷʟʘʥʠʤʠ 

ʟ ʮʠʤʠ ʷʚʠʱʘʤʠ ʜʨʝʡʬʦʤ ʣʽʪʦʩʬʝʨʥʠʭ ʧʣʠʪ ʽ ʟʤʽʱʝʥʥʷʤ ʚʝʣʠʢʠʭ ʙʣʦʢʽʚ ʟʝʤʥʦʾ 

ʢʦʨʠ; ʩʫʙʜʫʢʮʽʻʶ (ʟʘʥʫʨʝʥʥʷʤ), ʘʙʜʫʢʮʽʻʶ (ʥʘʩʫʚʘʥʥʷʤ) ʪʘ ʢʦʣʽʟʽʻʶ 

(ʟʽʪʢʥʝʥʥʷʤ) ʣʽʪʦʩʬʝʨʥʠʭ ʧʣʠʪ; 3) ʣʦʢʘʣʴʥʠʤ ʩʪʠʩʥʝʥʥʷʤ ʪʘ ʨʦʟʪʷʛʘʥʥʷʤ 

ʦʢʨʝʤʠʭ ʜʽʣʷʥʦʢ ʟʝʤʥʦʾ ʢʦʨʠ, ʷʢʽ ʚʠʢʣʠʢʘʶʪʴʩʷ ʟʘʚʦʡʦʚʫʚʘʥʥʷʤ ʤʘʛʤʦʶ 

ʛʝʦʣʦʛʽʯʥʦʛʦ ʧʨʦʩʪʦʨʫ ʪʘ ʜʽʘʧʽʨʠʟʤʦʤ ʨʽʟʥʠʭ ʪʠʧʽʚ, 4) ʟʤʽʥʦʶ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ 

ʟʝʤʥʫ ʢʦʨʫ ʫ ʟʚ'ʷʟʢʫ ʟ ʥʘʢʦʧʠʯʝʥʥʷʤ ʘʙʦ ʜʝʥʫʜʘʮʽʻʶ ʦʩʘʜʦʚʠʭ ʪʘ ʤʘʛʤʘʪʠʯʥʠʭ 

ʪʦʚʱ ʪʘ ʟʫʤʦʚʣʝʥʦʶ ʪʘʢʦʶ ʟʤʽʥʦʶ ʽʟʦʩʪʘʟʽʻʶ [25]. 

ɼʝʬʦʨʤʘʮʽʾ, ʚʠʢʣʠʢʘʥʽ ʛʨʘʚʽʪʘʮʽʻʶ, ʤʘʶʪʴ ʚʟʘʛʘʣʽ ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ 

ʜʣʷ ʟʝʤʥʦʾ ʢʦʨʠ, ʙʦ ʛʽʨʩʴʢʽ ʧʦʨʦʜʠ ʚ ʙʫʜʴ-ʷʢʽʡ ʾʾ ʯʘʩʪʠʥʽ ʟʘʟʥʘʶʪʴ ʩʠʣʫ ʪʷʞʽʥʥʷ. 

ʂʨʽʤ ʪʦʛʦ, ʮʝʡ ʬʘʢʪʦʨ ʧʦʨʦʜʞʫʻ ʜʝʬʦʨʤʘʮʽʾ ʚʥʘʩʣʽʜʦʢ ʛʨʘʚʽʪʘʮʽʡʥʦʾ ʥʝʩʪʽʡʢʦʩʪʽ 

ʧʦʨʽʜ ʥʘ ʩʭʠʣʘʭ ʪʘ ʜʽʾ ʛʫʩʪʠʥʥʦʾ ʽʥʚʝʨʩʽʾ (ʩʧʣʠʚʘʥʥʷ ʚʽʜʥʦʩʥʦ ʣʝʛʢʠʭ 

ʧʣʘʩʪʠʯʥʠʭ ʤʘʩ) ʫ ʥʘʜʨʘʭ. 

ɿʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʟʝʤʥʦʾ ʢʦʨʠ ʚ ʧʨʠʨʦʜʥʠʭ ʫʤʦʚʘʭ 

ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʘʙʦ ʟʤʝʥʰʝʥʥʷ ʦʙ'ʻʤʫ ʛʝʦʣʦʛʽʯʥʠʭ ʪʽʣ. ɼʽʷ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʬʘʢʪʦʨʘ ʧʝʨʰ ʟʘ ʚʩʝ ʟʫʤʦʚʣʶʻʪʴʩʷ ʟʚʽʣʴʥʝʥʥʷʤ ʪʝʧʣʦʚʦʾ 

ʝʥʝʨʛʽʾ ʧʨʠ ʨʦʟʧʘʜʽ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʘ ʪʘʢʦʞ ʛʨʘʚʽʪʘʮʽʡʥʦ-ʭʽʤʽʯʥʦʶ 

ʜʠʬʝʨʝʥʮʽʘʮʽʻʶ ɿʝʤʣʽ, ʬʣʶʾʜʥʦ-ʪʝʧʣʦʚʠʤʠ ʧʦʪʦʢʘʤʠ ʚ ʣʽʪʦʩʬʝʨʽ, ʣʦʢʘʣʴʥʠʤ 

ʨʦʟʽʛʨʽʚʦʤ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʧʨʠ ʜʽʾ ʥʘ ʥʠʭ ʤʘʛʤʘʪʠʯʥʠʭ ʨʦʟʧʣʘʚʽʚ ʪʘ 

ʛʽʜʨʦʪʝʨʤʘʣʴʥʠʭ ʨʦʟʯʠʥʽʚ. ʂʨʽʤ ʪʦʛʦ, ʥʘʛʨʽʚʘʥʥʷ ʯʠ ʦʭʦʣʦʜʞʝʥʥʷ ʧʦʨʽʜ 

ʚʠʢʣʠʢʘʻʪʴʩʷ ʟʘʥʫʨʝʥʥʷʤ ʦʩʘʜʦʚʠʭ ʪʘ ʚʫʣʢʘʥʦʛʝʥʥʠʭ ʪʦʚʱ ʚ ʦʙʣʘʩʪʴ ʚʠʩʦʢʠʭ 

ʽʟʦʪʝʨʤ, ʯʠ ʥʘʚʧʘʢʠ, ʧʽʜʥʷʪʪʷʤ ʮʠʭ ʪʦʚʱ ʚ ʦʙʣʘʩʪʴ ʥʠʟʴʢʠʭ ʽʟʦʪʝʨʤ. ʂʨʽʤ 

ʟʘʟʥʘʯʝʥʦʛʦ, ʜʝʬʦʨʤʘʮʽʾ ʫ ʟʚ'ʷʟʢʫ ʟ ʪʝʤʧʝʨʘʪʫʨʥʠʤ ʬʘʢʪʦʨʦʤ ʽʥʽʮʽʶʶʪʴʩʷ 

ʦʩʪʠʛʘʥʥʷʤ ʤʘʛʤʘʪʠʯʥʠʭ ʪʽʣ [24].  

ʌʘʟʦʚʽ ʧʝʨʝʭʦʜʠ ʟʫʤʦʚʣʶʶʪʴ ʜʝʬʦʨʤʘʮʽʾ ʰʣʷʭʦʤ ʟʤʽʥʠ ʦʙ'ʻʤʫ ʧʨʠ 

ʧʣʘʚʣʝʥʥʽ ʧʦʨʽʜ ʪʘ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʨʦʟʧʣʘʚʽʚ, ʘ ʪʘʢʦʞ ʧʨʠ ʤʽʥʝʨʘʣʴʥʠʭ 

ʧʝʨʝʪʚʦʨʝʥʥʷʭ (ʬʘʟʦʚʠʭ ʧʝʨʝʭʦʜʘʭ) ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʧʨʠ ʤʝʪʘʤʦʨʬʽʟʤʽ.  
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ɻ̔ ʜʨʘʪʘʮʽʷ ʪʘ ʜʝʛʽʜʨʘʪʘʮʽʷ ʪʘʢʦʞ ʧʨʠʚʦʜʷʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʘʙʦ ʟʤʝʥʰʝʥʥʷ 

ʦʙ'ʻʤʫ ʧʦʨʽʜ. ʇʦʜʽʙʥʽ ʟʤʽʥʠ, ʥʘʧʨʠʢʣʘʜ, ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʧʝʨʝʭʦʜʽ ʘʥʛʽʜʨʠʪʫ ʚ 

ʛʽʧʩ ʯʠ ʥʘʚʧʘʢʠ, ʘ ʪʘʢʦʞ ʧʨʠ ʚʦʜʦʥʘʩʠʯʝʥʥʽ ʯʠ ʟʙʝʟʚʦʜʥʝʥʥʽ ʛʣʠʥʠʩʪʠʭ 

ʤʽʥʝʨʘʣʽʚ ʪʘ ʩʢʣʘʜʝʥʠʭ ʮʠʤʠ ʤʽʥʝʨʘʣʘʤʠ ʧʦʨʽʜ [24]. 

ɹʝʟʧʦʩʝʨʝʜʥʴʦʶ ʧʨʠʯʠʥʦʶ ʫʪʚʦʨʝʥʴ ʪʝʢʪʦʥʽʯʥʠʭ ʨʦʟʨʠʚʽʚ ʩʣʽʜ ʚʚʘʞʘʪʠ 

ʜʦʩʠʪʴ ʪʨʠʚʘʣʫ ʜʽʶ ʥʘʧʨʫʛ ʧʝʚʥʦʾ ʚʝʣʠʯʠʥʠ. ʈʦʟʧʦʜʽʣ ʥʘʧʨʫʞʝʥʴ, ʧʦʚ'ʷʟʘʥʠʭ ʟ 

ʨʦʟʚʠʪʢʦʤ ʧʝʚʥʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟʝʤʥʦʾ ʢʦʨʠ, ʭʘʨʘʢʪʝʨʠʟʫʻ ʧʦʣʝ 

ʪʝʢʪʦʥʽʯʥʠʭ ʥʘʧʨʫʞʝʥʴ, ʪʦʙʪʦ ʩʫʢʫʧʥʽʩʪʴ ʥʘʧʨʫʞʝʥʴ, ʱʦ ʜʽʶʪʴ ʚʩʝʨʝʜʠʥʽ 

ʧʝʚʥʦʾ ʦʙʣʘʩʪʽ ʟʝʤʥʦʾ ʢʦʨʠ ʽ ʱʦ ʟ'ʷʚʠʣʠʩʷ ʚ ʟʚ'ʷʟʢʫ ʟ ʨʦʟʚʠʪʢʦʤ ʾʾ ʧʝʚʥʦʛʦ 

ʜʝʬʦʨʤʘʮʽʡʥʦʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʝʣʝʤʝʥʪʫ. ɺʽʜʥʦʚʣʝʥʥʷ ʧʦʣʷ ʪʝʢʪʦʥʽʯʥʠʭ ʥʘʧʨʫʛ 

ʫʤʦʞʣʠʚʣʶʻ ʧʝʨʝʜʙʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʫ ʦʨʽʻʥʪʫʚʘʥʥʷ ʨʦʟʨʠʚʽʚ ʽ ʧʝʨʝʤʽʱʝʥʴ ʧʦ 

ʥʠʤ ʚ ʙʫʜʴ-ʷʢʽʡ ʪʦʯʮʽ ʚʽʜʦʤʦʛʦ ʧʦʣʷ. 

ɺʠʚʯʝʥʥʷ ʪʝʢʪʦʥʽʯʥʠʭ ʧʦʣʽʚ ʥʘʧʨʫʛ ʧʨʦʚʦʜʠʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ. ʇʨʦʚʽʜʥʝ ʟʥʘʯʝʥʥʷ ʥʘʣʝʞʠʪʴ ʛʝʦʣʦʛʽʯʥʠʤ 

ʤʝʪʦʜʘʤ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʧʦʣʽʚ ʥʘʧʨʫʞʝʥʴ, ʱʦ ʤʘʣʠ ʤʽʩʮʝ ʚ ʤʠʥʫʣʦʤʫ ʧʨʠ 

ʨʦʟʚʠʪʢʫ ʪʠʧʦʚʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟʝʤʥʦʾ ʢʦʨʠ.  

ʆʩʢʽʣʴʢʠ ʦʜʥʠʭ ʛʝʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʝʜʦʩʪʘʪʥʴʦ ʜʣʷ ʟ'ʷʩʫʚʘʥʥʷ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʨʦʟʧʦʜʽʣʫ ʥʘʧʨʫʞʝʥʴ ʚ ʟʝʤʥʽʡ ʢʦʨʽ, ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʤʘʶʪʴ 

ʪʝʦʨʝʪʠʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʽ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʣʽʚ ʥʘʧʨʫʞʝʥʴ ʽ ʪʝʢʪʦʥʽʯʥʠʭ ʨʦʟʨʠʚʽʚ 

[7]. 

ʈʦʟʚʠʪʦʢ ʪʝʭʥʽʢʠ ʽ ʤʝʪʦʜʽʚ ʩʝʡʩʤʦʪʦʤʦʛʨʘʬʽʾ, ʘʝʨʦʢʦʩʤʽʯʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ, 

ɻʅʉʉ-ʪʝʭʥʦʣʦʛʽʾ, ʘ ʪʘʢʦʞ ʧʨʦʛʨʝʩ ʫ ʚʠʚʯʝʥʥʽ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʤʽʥʝʨʘʣʽʚ ʽ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʚ ʫʤʦʚʘʭ ʚʠʩʦʢʠʭ ʪʝʨʤʦʙʘʨʠʯʥʠʭ ʫʤʦʚʘʭ ʜʘʚ ʩʠʣʴʥʠʡ 

ʽʤʧʫʣʴʩ ʜʦ ʾʭ ʧʦʜʘʣʴʰʦʛʦ ʚʠʨʽʰʝʥʥʷ. ɹʘʛʘʪʦ ʥʘʫʢʦʚʠʭ ʫʷʚʣʝʥʴ ʙʫʣʠ ʟʥʘʯʥʦ 

ʫʪʦʯʥʝʥʽ, ʟʤʽʥʝʥʽ, ʜʦʧʦʚʥʝʥʽ ʪʘ ʧʝʨʝʛʣʷʥʫʪʽ. ʇʨʦʙʣʝʤʘ ʚʥʫʪʨʽʰʥʴʦʾ ʩʪʨʫʢʪʫʨʠ 

ɿʝʤʣʽ ʻ ʢʦʤʧʣʝʢʩʥʦʶ ʪʘ ʚʩʝʦʩʷʞʥʦʶ, ʮʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʦʨʽʻʥʪʦʚʥʠʭ ʨʽʰʝʥʴ ʟ 

ʨʽʟʥʠʭ ʪʦʯʦʢ ʟʦʨʫ. 

ʊʦʤʦʛʨʘʬʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ [96, 98, 99, 119, 126, 161, 203] ʜʝʤʦʥʩʪʨʫʶʪʴ, 

ʱʦ ʚ ʩʝʨʝʜʠʥʽ ʽ ʫ ʚʝʨʭʥʽʡ ʤʘʥʪʽʾ ʥʝ ʽʩʥʫʻ ʥʽ ʨʽʚʥʦʤʽʨʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʤʘʩ, ʥʽ ʤʝʞ 
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ʧʦʜʽʣʫ ʛʝʦʩʬʝʨ. ʊʘʢʽ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ, ʱʦ ʟʘʡʤʘʶʪʴ ʚʝʣʠʢʽ ʪʝʨʠʪʦʨʽʾ ʽ ʤʘʶʪʴ 

ʪʦʚʱʠʥʫ ʚ ʜʝʩʷʪʢʠ ʢʽʣʦʤʝʪʨʽʚ, ʽʩʥʫʶʪʴ ʥʘ ʨʽʟʥʠʭ ʛʣʠʙʠʥʘʭ ʟʝʤʥʦʾ ʢʦʨʠ ʽ ʤʘʥʪʽʾ 

ɿʝʤʣʽ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʠʞʯʝ ʧʝʚʥʦʾ ʛʣʠʙʠʥʠ ʛʫʩʪʠʥʘ ʨʝʯʦʚʠʥʠ ʥʝ 

ʟʙʽʣʴʰʫʻʪʴʩʷ, ʘ ʥʘʚʧʘʢʠ: ʨʝʯʦʚʠʥʘ ʽʩʥʫʻ ʚ ʨʦʟʱʝʧʣʝʥʦʤʫ ʩʪʘʥʽ. ʐʚʠʜʢʽʩʪʴ 

ʩʝʡʩʤʽʯʥʠʭ ʭʚʠʣʴ ʚ ʤʝʞʘʭ ʮʠʭ ʥʝʦʜʥʦʨʽʜʥʦʩʪʝʡ ʟʤʽʥʶʻʪʴʩʷ ʩʪʨʠʙʢʦʧʦʜʽʙʥʦ. 

ʐʚʠʜʢʦʩʪʽ ʩʝʡʩʤʽʯʥʠʭ ʭʚʠʣʴ ʽʥʦʜʽ ʚ ʜʝʢʽʣʴʢʘ ʨʘʟʽʚ ʥʠʞʯʝ ʚ ʮʠʭ 

ʥʝʦʜʥʦʨʽʜʥʦʩʪʷʭ, ʥʽʞ ʫ ʚʝʨʭʥʽʡ ʽ ʥʠʞʥʽʡ ʟʦʥʘʭ. ɿ ʮʽʻʾ ʧʨʠʯʠʥʠ ʮʽ 

ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʯʘʩʪʦ ʥʘʟʠʚʘʶʪʴ ʚ ʥʘʫʢʦʚʽʡ ʣʽʪʝʨʘʪʫʨʽ ʭʚʠʣʝʚʦʜʥʠʤʠ. 

ʈʦʟʨʦʙʣʝʥʦ ʨʽʟʥʽ ʧʽʜʭʦʜʠ ʜʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠʯʠʥ ʽ ʤʝʭʘʥʽʟʤʽʚ ʾʭ ʬʦʨʤʫʚʘʥʥʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʘʥʘʣʽʟ ʬʽʟʠʯʥʦʾ ʩʫʪʥʦʩʪʽ ʮʠʭ ʥʝʦʜʥʦʨʽʜʥʦʩʪʝʡ ʚ ʤʘʥʪʽʾ [143] 

ʧʦʢʘʟʘʚ, ʱʦ ʟʦʥʠ ʩʫʙʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʪʝʢʪʦʥʽʯʥʠʭ ʨʦʟʣʦʤʽʚ ʻ ʜʞʝʨʝʣʘʤʠ 

ʚʪʦʨʠʥʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʣʶʤʽʚ ʽ ʢʦʥʚʝʢʪʠʚʥʠʭ ʦʩʝʨʝʜʢʽʚ [112]. 

ɹʫʜʴ-ʷʢʘ ʤʦʜʝʣʴ ʙʫʜʦʚʠ ɿʝʤʣʽ ʧʦʚʠʥʥʘ ʟʘʜʦʚʦʣʴʥʷʪʠ ʚʽʜʦʤʠʤ ʽ 

ʥʝʦʜʥʦʨʘʟʦʚʦ ʧʝʨʝʚʽʨʝʥʠʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ ʽ ʾʾ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. ʊʘʢʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɿʝʤʣʽ, ʷʢ ʚʝʣʠʯʠʥʘ ʾʾ ʨʘʜʽʫʩʫ ʽ ʰʚʠʜʢʽʩʪʴ 

ʡʦʛʦ ʟʤʽʥʠ; ʚʝʣʠʯʠʥʘ ʩʪʠʩʥʝʥʥʷ ʽ ʟʤʽʥʘ ʡʦʛʦ ʟ ʧʣʠʥʦʤ ʯʘʩʫ; ʩʠʣʘ ʪʷʞʽʥʥʷ ʽ ʾʾ 

ʟʤʽʥʘ, ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ, ʚʠʩʦʪʘ ʛʝʦʾʜʘ, ʛʦʣʦʚʥʽ ʮʝʥʪʨʘʣʴʥʽ ʤʦʤʝʥʪʠ ʽʥʝʨʮʽʾ ʽ 

ʪ.ʧ., ʜʘʣʝʢʦ ʥʝ ʧʦʚʥʠʡ ʧʝʨʝʣʽʢ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɿʝʤʣʽ. ʎʽ 

ʧʘʨʘʤʝʪʨʠ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʛʝʦʜʝʟʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ ʽ ʩʢʣʘʜʘʶʪʴ 

ʦʩʥʦʚʫ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʾ ʛʝʦʜʝʟʽʾ ʷʢ ʥʘʫʢʠ. ʗʢʱʦ ʤʦʜʝʣʴ ʚʥʫʪʨʽʰʥʴʦʾ ʙʫʜʦʚʠ 

ɿʝʤʣʽ ʩʫʧʝʨʝʯʠʪʴ ʾʾ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ, ʥʘʡʽʤʦʚʽʨʥʽʰʝ, ʱʦ ʮʷ 

ʤʦʜʝʣʴ ʥʝʚʽʨʥʘ. 

1.4. ʇʨʠʥʮʠʧ ʤʽʥʽʤʽʟʘʮʽʾ ʛʨʘʚʽʪʘʮʽʡʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʛʽʜʨʦʩʪʘʪʠʯʥʠʡ ʩʪʘʥ 

ʧʣʘʥʝʪʠ  

ɺʽʜʦʤʦ, ʱʦ ɿʝʤʣʷ, ʚʩʽ ʽʥʰʽ ʧʣʘʥʝʪʠ ʉʦʥʷʯʥʦʾ ʩʠʩʪʝʤʠ ʽ ʩʽʤ ʚʝʣʠʢʠʭ 

ʩʫʧʫʪʥʠʢʽʚ ʤʘʶʪʴ ʬʦʨʤʫ ʢʫʣʽ. ʆʜʥʘʢ ʤʘʣʦ ʭʪʦ ʟʚʝʨʪʘʻ ʫʚʘʛʫ ʥʘ ʮʝʡ 

ʟʘʛʘʣʴʥʦʚʽʜʦʤʠʡ ʬʘʢʪ, ʷʢʠʡ, ʪʠʤ ʥʝ ʤʝʥʰ, ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʽ ɿʝʤʣʷ, ʽ ʽʥʰʽ 
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ʧʣʘʥʝʪʠ ʩʭʠʣʴʥʽ ʜʦ ʜʽʾ ʷʢʦʛʦʩʴ ʤʝʭʘʥʽʟʤʫ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʧʣʘʥʝʪʠ 

ʧʨʠʡʤʘʶʪʴ ʩʘʤʝ ʪʘʢʫ ʬʦʨʤʫ.  

ɺʧʝʨʰʝ ʢʦʥʮʝʧʮʽʶ ʤʽʥʽʤʽʟʘʮʽʾ ʛʨʘʚʽʪʘʮʽʡʥʦʾ ʝʥʝʨʛʽʾ (ʯʘʩʪʠʥʠ 

ʧʦʪʝʥʮʽʘʣʴʥʦʾ) ʨʦʟʛʣʷʥʫʚ ɻʘʫʩʩ ʫ 1867 ʨʦʮʽ [108], ʧʨʝʜʩʪʘʚʠʚʰʠ ʩʚʦʶ 

ʽʥʪʝʨʧʨʝʪʘʮʽʶ ʚʠʚʦʜʫ ʬʦʨʤʫʣʠ ɻʨʽʥʘ, ʥʘ ʱʦ ʟʚʝʨʪʘʣʠ ʫʚʘʛʫ ʊʦʤʩʦʥ ʽ ʊʘʡʪʩ ʫ 

1883 ʨʦʮʽ [202]. ʎʝʡ ʧʨʠʥʮʠʧ ʪʘʢʦʞ ʚʠʩʚʽʪʣʶʚʘʚʩʷ ʫ ʧʨʘʮʷʭ ʄʘʢʩʚʝʣʣʘ 

(1981)[137], ʏʘʥʜʨʘʢʝʩʢʘʨʘ (1969) [88], ʈʫʙʽʥʢʝʤʘ (1979) [167] ʪʘ ʄʦʨʽʪʮʘ 

(1990) [146]. ʆʨʠʛʽʥʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʦʪʨʠʤʘʥʦ ʚ ʨʦʙʦʪʘʭ ʄʝʱʝʨʷʢʦʚʘ (1977) 

[33], ʄʘʨʯʝʥʢʘ (2009) [133] ʪʘ ʄʘʨʯʝʥʢʘ ʽ ɿʘʷʮ ̫(2011) [135]. ʈʝʘʣʽʟʘʮʽʷ ʮʴʦʛʦ 

ʧʨʠʥʮʠʧʫ ʧʝʨʝʜʙʘʯʘʻ, ʱʦ ʥʘ ʧʦʯʘʪʢʦʚʽʡ ʩʪʘʜʽʾ ʝʚʦʣʶʮʽʾ ʧʣʘʥʝʪʠ ʾʾ ʤʘʪʝʨʽʘʣʴʥʽ 

ʩʢʣʘʜʦʚʽ ʧʝʨʝʚʘʞʥʦ ʧʝʨʝʙʫʚʘʣʠ ʫ ʨʦʟʧʣʘʚʣʝʥʦʤʫ ʽ ʯʘʩʪʢʦʚʦ ʫ ʛʘʟʦʧʦʜʽʙʥʦʤʫ 

ʩʪʘʥʽ.  

ʋ ʩʪʘʪʪʽ [21] ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʧʨʠʥʮʠʧ ʤʽʥʽʤʽʟʘʮʽʾ ʛʨʘʚʽʪʘʮʽʡʥʦʾ ʝʥʝʨʛʽʾ, 

ʚʠʢʦʥʘʥʥʷ ʷʢʦʛʦ ʚʠʨʘʞʘʻʪʴʩʷ ʷʢ ʚʠʤʦʛʘ ʤʽʥʽʤʫʤʫ ʬʫʥʢʮʽʦʥʘʣʫ, ʱʦ ʚʠʟʥʘʯʘʻ 

ʛʨʘʚʽʪʘʮʽʡʥʫ ʝʥʝʨʛʽʶ ʢʫʣʽ. ɺʠʢʦʥʘʥʥʷ ʮʴʦʛʦ ʧʨʠʥʮʠʧʫ ʧʝʨʝʜʙʘʯʘʻ, ʱʦ ʨʝʯʦʚʠʥʘ 

ʧʣʘʥʝʪʠ ʧʽʩʣʷ ʾʾ ʫʪʚʦʨʝʥʥʷ ʩʧʦʯʘʪʢʫ ʙʫʣʘ ʜʫʞʝ ʛʘʨʷʯʦʶ: ʯʘʩʪʢʦʚʦ 

ʨʦʟʧʣʘʚʣʝʥʦʶ ʽ ʯʘʩʪʢʦʚʦ ʚ ʛʘʟʦʧʦʜʽʙʥʦʤʫ (ʤʝʪʘʩʪʘʙʽʣʴʥʦʤʫ, ʧʣʘʟʤʦʚʦʤʫ) ʩʪʘʥʽ. 

ɺ ʧʨʦʮʝʩʽ ʝʚʦʣʶʮʽʾ ʧʣʘʥʝʪʠ ʾʾ ʨʝʯʦʚʠʥʘ ʦʩʪʠʛʘʣʘ, ʢʦʥʜʝʥʩʫʶʯʠʩʴ ʽ 

ʢʨʠʩʪʘʣʽʟʫʶʯʠʩʴ. ʇʨʠ ʮʴʦʤʫ ʧʦʚʠʥʝʥ ʟʤʽʥʶʚʘʪʠʩʷ ʽ ʦʙʩʷʛ ʧʣʘʥʝʪʠ, ʪʦʙʪʦ 

ʧʣʘʥʝʪʘ ʧʨʦʪʷʛʦʤ ʝʚʦʣʶʮʽʾ ʧʦʚʦʜʠʪʴʩʷ ʷʢ ʜʠʥʘʤʽʯʥʘ ʩʠʩʪʝʤʘ. ʋ ʮʝʥʪʨʽ ʜʝʷʢʠʭ 

ʧʣʘʥʝʪ (ʥʘʧʨʠʢʣʘʜ, ɿʝʤʣʽ) ʜʦʩʽ ʟʙʝʨʝʛʣʘʩʷ ʨʝʯʦʚʠʥʘ ʚ ʛʘʟʦʧʦʜʽʙʥʦʤʫ, 

ʤʝʪʘʩʪʘʙʽʣʴʥʦʤʫ ʩʪʘʥʽ. ʈʝʯʦʚʠʥʘ ʟ ʤʝʪʘʩʪʘʙʽʣʴʥʦʛʦ ʩʪʘʥʫ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ 

ʟʚʠʯʘʡʥʠʡ ʩʪʘʥ, ʟʘʟʥʘʶʯʠ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʧʝʨʰʦʛʦ ʨʦʜʫ: ʢʦʥʜʝʥʩʘʮʽʷ-

ʚʠʧʘʨʦʚʫʚʘʥʥʷ. ʈʝʯʦʚʠʥʘ ʧʨʠ ʮʴʦʤʫ ʧʝʨʝʭʦʜʠʪʴ ʚ ʤʝʥʰ ʱʽʣʴʥʫ, ʥʽʞ ʚ ʤʦʤʝʥʪ 

ʫʪʚʦʨʝʥʥʷ, ʬʘʟʫ, ʘ ʩʘʤʘ ʧʣʘʥʝʪʘ ʨʦʟʰʠʨʶʻʪʴʩʷ. ʇʨʦʮʝʩ ʝʚʦʣʶʮʽʾ ʧʣʘʥʝʪʠ 

ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʥʠʟʢʫ ʮʠʢʣʽʚ ʨʦʟʰʠʨʝʥʥʷ ʽ ʩʪʠʩʥʝʥʥʷ, ʱʦ ʟʤʽʥʶʶʪʴ ʦʜʠʥ 

ʦʜʥʦʛʦ. ʇʨʠʥʮʠʧ ʤʽʥʽʤʽʟʘʮʽʾ ʜʽʻ ʪʽʣʴʢʠ ʧʽʜ ʯʘʩ ʝʚʦʣʶʮʽʾ ʧʣʘʥʝʪʠ, ʧʦ ʟʘʢʽʥʯʝʥʥʶ 

ʝʪʘʧʫ ʝʚʦʣʶʮʽʾ, ï ʜʽʷ ʧʨʠʥʮʠʧʫ ʧʨʠʧʠʥʷʻʪʴʩʷ. 
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ɿʚʝʨʥʝʤʦ ʫʚʘʛʫ ʥʘ ʨʷʜ ʤʦʤʝʥʪʽʚ, ʚ ʪʽʡ ʯʠ ʽʥʰʽʡ ʤʽʨʽ ʧʦʚ'ʷʟʘʥʠʭ ʟ 

ʛʨʘʚʽʪʘʮʽʡʥʦʶ ʝʥʝʨʛʽʻʶ ʽ ʧʨʠʥʮʠʧʦʤ ʾʾ ʤʽʥʽʤʽʟʘʮʽʾ ʫ ɿʝʤʣʽ ʽ ʧʣʘʥʝʪ. ʇʨʠʥʮʠʧ 

ʤʽʥʽʤʽʟʘʮʽʾ çʟʤʫʰʫʻè ʧʣʘʥʝʪʠ (ʚ ʥʘʜʨʘʭ ʷʢʠʭ ʱʝ ʤʦʞʫʪʴ ʚʽʜʙʫʚʘʪʠʩʷ ʬʘʟʦʚʽ 

ʧʝʨʝʭʦʜʠ) ʧʨʘʛʥʫʪʠ ʜʦ ʛʽʜʨʦʩʪʘʪʠʯʥʦʾ ʨʽʚʥʦʚʘʛʠ [56]. ʐʣʷʭʠ ʜʦʩʷʛʥʝʥʥʷ ʮʽʻʾ 

ʤʝʪʠ ʚʽʜʦʤʽ, ʮʝ ʜʨʝʡʬ ʤʘʪʝʨʠʢʽʚ, ʫʪʚʦʨʝʥʥʷ ʛʽʨ, ʩʝʡʩʤʽʯʥʽʩʪʴ ʽ ʚʫʣʢʘʥʽʟʤ. ɼʽʷ 

ʧʨʠʥʮʠʧʫ ʤʽʥʽʤʽʟʘʮʽʾ ʘʚʪʦʤʘʪʠʯʥʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʛʨʘʚʽʪʘʮʽʡʥʦʾ ʜʠʬʝʨʝʥʮʽʘʮʽʾ 

ʨʝʯʦʚʠʥʠ ʧʣʘʥʝʪʠ ʪʦʱʦ.  

ʈʫʭ ʤʘʪʝʨʠʢʽʚ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʚʩʪʘʥʦʚʣʝʥʠʤ ʬʘʢʪʦʤ, ʦʜʥʘʢ, ʥʘʷʚʥʽʩʪʴ 

ʢʦʨʝʥʽʚ ʤʘʪʝʨʠʢʽʚ ʽ ʛʽʨ, ʷʢʽ ʤʘʣʠ ʙ çʯʽʧʣʷʪʠʩʷè ʟʘ çʜʥʦè ʽ ʥʝ ʜʘʚʘʪʠ ʢʦʚʟʘʪʠ ʾʤ 

ʧʦ ʘʩʪʝʥʦʩʬʝʨʽ, ʚʠʢʣʠʢʘʶʪʴ ʩʫʤʥʽʚ ʫ ʙʘʛʘʪʴʦʭ ʛʝʦʣʦʛʽʚ. ʄʦʞʥʘ ʜʦʜʘʪʠ ʩʶʜʠ 

ʪʦʡ ʬʘʢʪ, ʱʦ ʘʩʪʝʥʦʩʬʝʨʘ ʷʚʣʷʻ ʩʦʙʦʶ ʟʦʚʩʽʤ ʛʽʧʦʪʝʪʠʯʥʠʡ ʩʫʮʽʣʴʥʠʡ ʰʘʨ 

ʤʘʣʦʾ ʚ'ʷʟʢʦʩʪʽ, ʷʢ ʮʝ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʚ ʪʝʢʪʦʥʽʮʽ ʧʣʠʪ. ɸʩʪʝʥʦʩʬʝʨʘ ʧʨʠʩʫʪʥʷ 

ʪʽʣʴʢʠ ʚ ʜʝʷʢʠʭ ʨʝʛʽʦʥʘʭ, ʫ ʚʠʛʣʷʜʽ ʦʢʨʝʤʠʭ çʧʣʷʤè ʥʝ ʧʦʚ'ʷʟʘʥʠʭ ʦʜʠʥ ʟ ʦʜʥʠʤ. 

ɹʽʣʴʰ ʪʦʛʦ, ʤʘʣʫ ʚʝʣʠʯʠʥʫ ʰʚʠʜʢʦʩʪʝʡ ʩʝʡʩʤʽʯʥʠʭ ʭʚʠʣʴ ʽ ʧʽʜʚʠʱʝʥʫ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʘʩʪʝʥʦʩʬʝʨʠ ʤʦʞʥʘ, ʥʘʧʨʠʢʣʘʜ, ʧʦʷʩʥʠʪʠ ʟʦʚʩʽʤ ʥʝ 

ʨʦʟʧʣʘʚʣʝʥʠʤ ʾʾ ʩʪʘʥʦʤ, ʘ ʣʠʰʝ ʧʽʜʚʠʱʝʥʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʚʦʜʥʶ [21]. 

ʑʦʜʦ ʛʽʜʨʦʩʪʘʪʠʯʥʦʛʦ ʩʪʘʥʫ ʧʣʘʥʝʪʠ, ʪʦ ʽʩʥʫʻ ʟʘʛʘʣʴʥʦ ʧʨʠʡʥʷʪʠʡ 

ʧʨʠʥʮʠʧ, ʘʙʦ ʟʘʛʘʣʴʥʠʡ ʟʘʢʦʥ [118]. ɺʚʘʞʘʻʪʴʩʷ, ʱʦ ʚ ʤʝʞʘʭ ɿʝʤʣʽ ʽʩʥʫʻ ʧʝʚʥʘ 

ʧʦʚʝʨʭʥʷ, ʥʘ ʷʢʽʡ ʚʝʨʪʠʢʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ, ʟʫʤʦʚʣʝʥʽ ʚʠʱʝʨʦʟʤʽʱʝʥʦʶ ʪʦʚʱʝʶ 

ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ, ʻ ʨʽʚʥʠʤʠ ï ʽʟʦʩʪʘʪʠʯʥʘ ʧʦʚʝʨʭʥʷ [118].  

1.5. ɻʨʘʚʽʪʘʮʽʡʥʝ ʧʦʣʝ ʪʘ ʪʦʧʦʛʨʘʬʽ ̫ɿʝʤʣʽ 

ɻʝʦʜʝʟʽʷ ï ʥʘʫʢʘ, ʦʩʥʦʚʥʦʶ ʤʝʪʦʶ ʷʢʦʾ ʻ ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʚʠʚʯʝʥʥʷ ʬʦʨʤʠ 

ɿʝʤʣʽ, ʾʾ ʜʝʬʦʨʤʘʮʽʡ ʪʘ ʛʨʘʚʽʪʘʮʽʡʥʦʛʦ ʧʦʣʷ (ʘʙʦ ʧʦʣʷ ʪʷʞʽʥʥʷ, ʷʢʱʦ 

ʚʨʘʭʦʚʫʚʘʪʠ ʝʬʝʢʪʠ ʦʙʝʨʪʘʥʥʷ) ʽ ʾʭ ʟʤʽʥ ʫ ʯʘʩʽ [73]. ʎʝ ʜʠʩʮʠʧʣʽʥʘ, ʷʢʘ ʟʜʦʙʫʣʘ 

ʩʚʦʶ ʧʦʧʫʣʷʨʥʽʩʪʴ ʫ ʚʽʩʽʤʥʘʜʮʷʪʦʤʫ ʩʪʦʣʽʪʪʽ, ʢʦʣʠ ʬʨʘʥʮʫʟʴʢʽ ʚʯʝʥʽ ʧʦʯʘʣʠ 

ʚʠʤʽʨʶʚʘʪʠ ʜʫʛʠ ʤʝʨʠʜʽʘʥʽʚ ï ʫ ʃʘʧʣʘʥʜʽʾ ʪʘ ʇʝʨʫ, ʱʦʙ ʚʠʟʥʘʯʠʪʠ, ʜʝ ʩʘʤʝ 

ɿʝʤʣʷ ʩʧʣʶʩʥʫʪʘ ï ʥʘ ʧʦʣʶʩʘʭ ʯʠ ʥʘ ʝʢʚʘʪʦʨʽ. ʐʽʩʪʜʝʩʷʪ ʨʦʢʽʚ ʧʦʪʦʤʫ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʪʫʯʥʠʭ ʩʫʧʫʪʥʠʢʽʚ ʜʘʣʦ ʟʤʦʛʫ ʦʪʨʠʤʘʪʠ ʛʣʦʙʘʣʴʥʝ ʽ 
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ʙʝʟʧʝʨʝʨʚʥʝ ʫʷʚʣʝʥʥʷ ʧʨʦ ʥʘʰʫ ʧʣʘʥʝʪʫ, ʽ ʛʝʦʜʝʟʽʷ ʪʝʞ ʚʠʛʨʘʣʘ ʚʽʜ ʮʴʦʛʦ 

ʨʝʚʦʣʶʮʽʡʥʦʛʦ ʧʨʦʛʨʝʩʫ. ɺʦʥʘ ʩʪʘʣʘ ʥʘʫʢʦʶ ʥʘ ʧʝʨʝʭʨʝʩʪʽ ʽʥʰʠʭ, ʥʘʧʨʠʢʣʘʜ, ʾʾ 

ʱʦʜʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʥʘʚʽʛʘʮʽʾ ʩʫʧʫʪʥʠʢʽʚ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʜʣʷ 

ʦʢʝʘʥʦʛʨʘʬʽʾ, ʛʝʦʬʽʟʠʢʠ ʪʘ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʩʫʩʧʽʣʴʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ.  

ʋ ʩʝʨʝʜʠʥʽ 1960-ʭ ʨʦʢʽʚ ʧʝʨʰʽ ʛʣʦʙʘʣʴʥʽ ʤʦʜʝʣʽ ʛʨʘʚʽʪʘʮʽʡʥʦʛʦ ʧʦʣʷ 

ɿʝʤʣʽ, ʦʪʨʠʤʘʥʽ ʟʽ ʩʫʧʫʪʥʠʢʽʚ, ʟʘʧʦʯʘʪʢʫʚʘʣʠ ʨʝʚʦʣʶʮʽʶ ʚ ʛʝʦʬʽʟʠʮʽ ʟ ʢʦʩʤʦʩʫ. 

ɹʣʠʟʴʢʦ 40 ʨʦʢʽʚ ʪʦʤʫ ʤʠ ʻ ʩʚʽʜʢʘʤʠ ʥʦʚʦʾ ʝʨʠ, ʢʦʣʠ ʛʨʘʚʽʪʘʮʽʷ ʥʘʰʦʾ ʧʣʘʥʝʪʠ 

ʨʦʟʰʠʬʨʦʚʫʻʪʴʩʷ ʟ ʙʝʟʧʨʝʮʝʜʝʥʪʥʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʽ ʪʦʯʥʽʩʪʶ. ɼʣʷ 

ʢʨʘʱʦʛʦ ʨʦʟʫʤʽʥʥʷ ʷʢ ʧʦʚʝʨʭʥʝʚʠʭ, ʪʘʢ ʽ ʛʣʠʙʠʥʥʠʭ ʷʚʠʱ, ʧʦʚ'ʷʟʘʥʠʭ ʟ 

ʚʥʫʪʨʽʰʥʴʦʶ ʙʫʜʦʚʦʶ ɿʝʤʣʽ ʪʘ ʾʾ ʝʚʦʣʶʮʽʻʶ, ʜʣʷ ʚʠʚʯʝʥʥʷ ʜʠʥʘʤʽʢʠ ʦʢʝʘʥʽʚ ʪʘ 

ʾʭ ʚʟʘʻʤʦʜʽʾ ʟ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʤʠ ʽ ʢʣʽʤʘʪʠʯʥʠʤʠ ʟʤʽʥʘʤʠ, ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ 

ʚʟʘʻʤʦʟʚ'ʷʟʢʽʚ ʤʽʞ ʣʴʦʜʦʚʠʢʘʤʠ, ʦʢʝʘʥʘʤʠ ʽ ʢʦʥʪʠʥʝʥʪʘʤʠ, ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʜʦʚʛʦʩʪʨʦʢʦʚʦʾ ʟʤʽʥʠ ʩʝʨʝʜʥʴʦʛʦ ʨʽʚʥʷ ʤʦʨʷ, ʘ ʪʘʢʦʞ ʜʣʷ ʫʥʽʬʽʢʘʮʽʾ 

ʚʝʨʪʠʢʘʣʴʥʠʭ ʩʠʩʪʝʤ ʚʽʜʣʽʢʫ ʽ ʪʦʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʦʨʙʽʪ ʩʫʧʫʪʥʠʢʽʚ ʫ ʢʦʩʤʦʩʽ. 

ʆʙʦʚ'ʷʟʢʦʚʠʤ ʻ ʟʥʘʥʥʷ ʛʨʘʚʽʪʘʮʽʡʥʦʛʦ ʧʦʣʷ ʥʘʰʦʾ ʧʣʘʥʝʪʠ ʟ ʙʽʣʴʰʦʶ 

ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʪʘ ʚʠʱʦʶ ʪʦʯʥʽʩʪʶ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʡʦʛʦ 

ʯʘʩʦʚʠʭ ʚʘʨʽʘʮʽʡ, ʟʫʤʦʚʣʝʥʠʭ ʚʠʱʝʟʛʘʜʘʥʠʤʠ ʷʚʠʱʘʤʠ.  

ɿ ʦʜʥʦʛʦ ʙʦʢʫ, ʧʦʨʽʚʥʶʶʯʠ ʨʝʘʣʴʥʝ ʧʦʣʝ ʟ ʧʦʣʝʤ ʽʜʝʘʣʥɹʦʛʦ ʪʽʣʘ 

(ʥʘʧʨʠʢʣʘʜ, ʝʣʽʧʩʦʾʜʘ ʚ ʛʽʜʨʦʩʪʘʪʠʯʥʽʡ ʨʽʚʥʦʚʘʟʽ), ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʛʨʘʚʽʪʘʮʽʡʥʽ 

ʘʥʦʤʘʣʽʾ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʩʪʘʥʫ ʚʥʫʪʨʽʰʥʴʦʾ ʨʽʚʥʦʚʘʛʠ (ʪʦʙʪʦ 

ʥʝʨʘʜʽʘʣʴʥʽ ʚʘʨʽʘʮʽʾ ʛʫʩʪʠʥʠ), ʱʦ ʻ ʦʜʥʠʤ ʟ ʤʝʪʦʜʽʚ ʟʦʥʜʫʚʘʥʥʷ ʥʘʜʨ ʥʘʰʦʾ 

ʧʣʘʥʝʪʠ. ɺʝʣʠʯʠʥʘ ʛʨʘʚʽʪʘʮʽʡʥʠʭ ʘʥʦʤʘʣʽʡ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ Ñ1000 ʤɻʘʣ 

(1 ʤɻʘʣ = 10
-5
 ʤʩ

-2
 ). ʅʘʩʧʨʘʚʜʽ ʮʝ ʦʜʠʥ ʟ ʯʦʪʠʨʴʦʭ ʩʧʦʩʦʙʽʚ çʟʘʟʠʨʥʫʪʠè 

ʚʩʝʨʝʜʠʥʫ, ʽʥʰʠʤʠ ʪʨʴʦʤʘ ʻ ʩʝʡʩʤʦʣʦʛʽʷ, ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʪʘ 

ʘʥʘʣʽʟ ʦʙʝʨʪʘʥʥʷ ɿʝʤʣʽ. ʆʜʥʘʢ ʛʨʘʚʽʪʘʮʽʡʥʠʡ ʧʽʜʭʽʜ ʫʥʽʢʘʣʴʥʠʡ ʪʠʤ, ʱʦ ʥʘʜʘʻ 

ʧʨʷʤʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʧʦʣʝ ʛʫʩʪʠʥʠ. ʂʦʣʠ ʤʠ ʧʦʟʙʘʚʣʷʻʤʦ ɿʝʤʣʶ ʾʾ 

ʪʦʧʦʛʨʘʬʽʯʥʠʭ ʙʣʦʢʽʚ (ʟ ʧʝʨʝʜʙʘʯʫʚʘʥʦʶ ʘʙʦ ʚʽʜʦʤʦʶ ʛʫʩʪʠʥʦʶ), ʪʦ 

ʟʘʣʠʰʘʶʪʴʩʷ ʟʘʣʠʰʢʦʚʽ ʛʨʘʚʽʪʘʮʽʡʥʽ ʘʥʦʤʘʣʽʾ, ʚʝʣʠʯʠʥʘ ʷʢʠʭ ʥʝ ʥʘʙʘʛʘʪʦ 

ʚʜ̔ʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʚʝʣʠʯʠʥʠ ʧʦʯʘʪʢʦʚʠʭ. ʎʝ ʽʣʶʩʪʨʫʻ ʷʚʠʱʝ ʽʟʦʩʪʘʟʽʾ, ʷʢʝ ʻ 



 

 

57 

ʢʦʥʮʝʧʮʽʻʶ ʤʝʭʘʥʽʟʤʽʚ ʧʽʜʪʨʠʤʢʠ ʪʦʧʦʛʨʘʬʽʯʥʠʭ ʤʘʩ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʣʠʰʢʦʚʝ 

ʧʦʣʝ ʚʽʜʦʙʨʘʞʘʻ ʥʘʜʣʠʰʢʠ ʘʙʦ ʜʝʬʽʮʠʪʠ ʤʘʩʠ ʥʘ ʛʣʠʙʠʥʽ, ʷʢʽ ʽʥʬʦʨʤʫʶʪʴ ʥʘʩ 

ʧʨʦ ʣʘʪʝʨʘʣʴʥʫ ʙʫʜʦʚʫ ʣʽʪʦʩʬʝʨʠ ʪʘ ʚʝʨʭʥʴʦʾ ʤʘʥʪʽʾ. ɿʥʘʯʥʘ ʯʘʩʪʠʥʘ ʮʽʻʾ 

ʽʥʬʦʨʤʘʮʽʾ ʩʴʦʛʦʜʥʽ ʥʘʜʘʻʪʴʩʷ ʩʝʡʩʤʦʣʦʛʽʻʶ, ʪʦʤʦʛʨʘʬʽʯʥʠʤ ʘʥʘʣʽʟʦʤ, ʘʣʝ ʚʩʝ 

ʱʝ ʩʪʨʘʞʜʘʻ ʚʽʜ ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ ʯʝʨʝʟ ʛʽʧʦʪʝʟʠ, ʥʘ ʷʢʠʭ ʙʘʟʫʶʪʴʩʷ ʪʘʢʽ 

ʽʥʚʝʨʩʽʾ. ʇʦʻʜʥʘʥʥʷ ʦʙʦʭ ʪʠʧʽʚ ʜʘʥʠʭ (ʩʝʡʩʤʽʯʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʽ ʛʨʘʚʽʪʘʮʽʡʥʠʭ 

ʘʥʦʤʘʣʽʡ) ʻ ʧʦʪʫʞʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʢʨʘʱʦʾ ʢʘʨʪʠʥʠ ʥʘʜʨ ʽ 

ʧʨʦʛʨʝʩʫ ʚ ʨʦʟʫʤʽʥʥʽ ʜʝʷʢʠʭ ʷʚʠʱ, ʥʘʧʨʠʢʣʘʜ, ʥʘʢʦʧʠʯʝʥʥʷ ʥʘʧʨʫʞʝʥʴ ʽ 

ʚʠʥʠʢʥʝʥʥʷ ʟʝʤʣʝʪʨʫʩʽʚ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʧʦʚʝʨʭʥʷ, ʷʢʘ ʪʽʩʥʦ ʧʦʚ'ʷʟʘʥʘ ʟ 

ʛʨʘʚʽʪʘʮʽʻʶ ï ʛʝʦʾʜ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʝʪʘʣʦʥ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʚʠʤʽʨʶʚʘʥʥʷ 

ʚʠʩʦʪ ʥʘ ʢʦʥʪʠʥʝʥʪʘʭ, ʘ ʪʘʢʦʞ ʧʽʜ ʦʢʝʘʥʘʤʠ ʯʠ ʥʘʜ ʣʴʦʜʦʚʠʢʦʚʠʤʠ ʰʘʧʢʘʤʠ. 

ɻʝʦʾʜ ï ʮʝ ʫʥʽʢʘʣʴʥʘ ʝʢʚʽʧʦʪʝʥʮʽʘʣʴʥʘ ʧʦʚʝʨʭʥʷ ʛʨʘʚʽʪʘʮʽʡʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ 

(ʩʫʤʘ ʛʨʘʚʽʪʘʮʽʡʥʦʛʦ ʪʘ ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʧʦʪʝʥʮʽʘʣʽʚ), ʷʢʘ ʚ ʦʢʝʘʥʽʯʥʠʭ ʨʘʡʦʥʘʭ 

ʚʽʜʧʦʚʽʜʘʻ ʩʝʨʝʜʥʴʦʤʫ ʨʽʚʥʶ ʤʦʨʷ, ʪʦʙʪʦ ʧʦʚʝʨʭʥʽ ʦʢʝʘʥʫ ʫ ʩʪʘʥʽ 

ʛʽʜʨʦʩʪʘʪʠʯʥʦʾ ʨʽʚʥʦʚʘʛʠ, ʙʝʟ ʚʧʣʠʚʫ ʪʝʯʽʡ, ʧʨʠʧʣʠʚʽʚ ʽ ʘʪʤʦʩʬʝʨʥʦʛʦ ʪʠʩʢʫ. 

ʆʩʢʽʣʴʢʠ ʦʙʝʨʪʘʥʥʷ ɿʝʤʣʽ ʜʦʩʠʪʴ ʜʦʙʨʝ ʚʽʜʦʤʝ, ʘ ʡʦʛʦ ʝʬʝʢʪʠ ʥʘ ʧʦʚʝʨʭʥʽ 

ʟʛʣʘʜʞʝʥʽ (ʚʦʥʠ ʩʫʪʪʻʚʦ ʟʤʝʥʰʫʶʪʴʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʰʠʨʦʪʠ), ʥʝʨʽʚʥʦʩʪʽ 

ʛʝʦʾʜʘ (ʚ ʜʽʘʧʘʟʦʥʽ 100 ʤ, ʚʠʤʽʨʷʥʽ ʚʽʜʥʦʩʥʦ ʝʣʽʧʩʦʾʜʘ ʦʙʝʨʪʘʥʥʷ, ʷʢʠʡ 

ʘʧʨʦʢʩʠʤʫʻ ʬʦʨʤʫ ɿʝʤʣʽ) ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʚʘʨʽʘʮʽʾ ʧʦʣʷ ʛʫʩʪʠʥʠ ʪʘʢ ʩʘʤʦ, ʷʢ ʽ 

ʛʨʘʚʽʪʘʮʽʡʥʽ ʘʥʦʤʘʣʽʾ. ʂʨʽʤ ʪʦʛʦ, ʥʘ ʪʦʧʦʛʨʘʬʽʯʥʽʡ ʧʦʚʝʨʭʥʽ ʚʦʜʘ ʧʨʠʨʦʜʥʦ ʪʝʯʝ 

ʚʟʜʦʚʞ ʩʭʠʣʫ ʛʝʦʾʜʘ (ʘʙʦ ʽʥʰʦʛʦ ʝʢʚʽʧʦʪʝʥʮʽʘʣʴʥʦʛʦ ʩʭʠʣʫ); ʥʘʜ ʦʢʝʘʥʘʤʠ 

ʤʦʨʩʴʢʘ ʚʦʜʘ ʮʠʨʢʫʣʶʻ (ʧʽʜ ʜʽʻʶ ʚʽʪʨʽʚ ʽ ʢʦʣʠʚʘʥʴ ʛʫʩʪʠʥʠ ʯʝʨʝʟ ʚʘʨʽʘʮʽʾ 

ʩʦʣʦʥʦʩʪʽ). ʎ̔  ʨʫʭʠ (ʚʽʜʤʽʥʥʽ ʚʽʜ ʚʝʨʪʠʢʘʣʴʥʠʭ ʧʝʨʝʤʽʱʝʥʴ ʚʦʜʠ ʚʥʘʩʣʽʜʦʢ 

ʧʨʠʧʣʠʚʽʚ ʽ ʚʽʜʧʣʠʚʽʚ) ʽ ʧʦʚ'ʷʟʘʥʽ ʟ ʥʠʤʠ ʦʙʩʷʛʠ ʧʝʨʝʥʝʩʝʥʦʾ ʚʦʜʠ (ʘ ʪʘʢʦʞ 

ʪʝʧʣʘ, ʭʽʤʽʯʥʠʭ ʨʝʯʦʚʠʥ, ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ ʽ ʪ.ʜ.) ʤʦʞʫʪʴ ʙʫʪʠ ʢʽʣʴʢʽʩʥʦ 

ʚʠʤʽʨʷʥʽ ʚʽʜʥʦʩʥʦ ʛʝʦʾʜʘ: ʮʝ ʽ ʻ ʦʢʝʘʥʽʯʥʽ ʪʝʯʽʾ. ʈʦʟʨʽʟʥʷʶʪʴ ʩʝʨʝʜʥʶ ʽ ʟʤʽʥʥʫ 

ʯʘʩʪʠʥʠ ʮʠʨʢʫʣʷʮʽʾ. ɿʤʽʥʥʫ ʯʘʩʪʠʥʫ ʤʦʞʥʘ ʚʽʜʩʪʝʞʫʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʫʧʫʪʥʠʢʦʚʦʾ ʘʣʴʪʠʤʝʪʨʽʾ. ʉʝʨʝʜʥʷ (ʷʢʘ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʢʣʽʤʘʪʫ 

ʰʣʷʭʦʤ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʜʦʚʛʦʩʪʨʦʢʦʚʦʛʦ ʘʙʩʦʣʶʪʥʦʛʦ ʧʝʨʝʥʝʩʝʥʥʷ ʪʝʧʣʘ ï 
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ʦʩʦʙʣʠʚʦ ʚ ʤʽʣʢʦʚʦʜʥʠʭ ʯʘʩʪʠʥʘʭ ʦʢʝʘʥʽʚ) ʚʠʤʘʛʘʻ ʪʦʯʥʦʛʦ ʟʥʘʥʥʷ ʨʽʟʥʠʮʽ ʤʽʞ 

ʩʝʨʝʜʥʴʦʶ ʧʦʚʝʨʭʥʝʶ ʤʦʨʷ ʽ ʛʝʦʾʜʦʤ (ʪʘʢ ʟʚʘʥʦʶ ʪʦʧʦʛʨʘʬʽʻʶ ʤʦʨʩʴʢʦʾ 

ʧʦʚʝʨʭʥʽ). ʉʘʤʘ ʩʝʨʝʜʥʷ ʧʦʚʝʨʭʥʷ ʤʦʨʷ ʤʦʞʝ ʙʫʪʠ ʚʠʚʝʜʝʥʘ ʟ ʜʦʚʛʠʭ ʩʝʨʽʡ 

ʘʣʴʪʠʤʝʪʨʠʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ, ʘʣʝ ʧʦʪʨʽʙʥʦ, ʱʦʙ ʛʝʦʾʜ ʙʫʚ ʥʝʟʘʣʝʞʥʦ 

ʚʠʟʥʘʯʝʥʠʡ. ʗʢ ʜʣʷ ʬʽʟʠʢʠ ʪʚʝʨʜʦʾ ɿʝʤʣʽ, ʪʘʢ ʽ ʜʣʷ ʦʢʝʘʥʦʛʨʘʬʽʾ ʩʴʦʛʦʜʥʽ 

ʚʠʤʘʛʘʻʪʴʩʷ (ʧʨʠʥʘʡʤʥʽ) ʛʝʦʾʜ ʟ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ 100 ʢʤ ʟ ʢʫʤʫʣʷʪʠʚʥʦʶ 

ʧʦʭʠʙʢʦʶ ï ʪʦʙʪʦ, ʜʦ ʮʽʻʾ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ, 10 ʤʤ (ʪʘ 1 ʤɻʘʣ), ʘʙʦ ʢʨʘʱʝ. 

ʆʯʝʚʠʜʥʦ, ʱʦ ʢʣʘʩʠʯʥʽ ʛʘʣʫʟʽ ʛʝʦʜʝʟʽʾ (ʫʥʽʬʽʢʘʮʽʷ ʚʝʨʪʠʢʘʣʴʥʠʭ ʩʠʩʪʝʤ ʚʽʜʣʽʢʫ, 

ʽʥʝʨʮʽʘʣʴʥʘ ʥʘʚʽʛʘʮʽʷ, ʪʦʯʥʽ ʩʫʧʫʪʥʠʢʦʚʽ ʦʨʙʽʪʠ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʜʝʬʦʨʤʘʮʽʡ 

ɿʝʤʣʽ, ʤʦʨʩʴʢʦʾ ʧʦʚʝʨʭʥʽ, ʢʽʥʝʤʘʪʠʢʠ ɿʝʤʣʽ ʪʦʱʦ) ʟʥʘʯʥʦ ʚʠʛʨʘʶʪʴ ʚʽʜ ʪʘʢʠʭ 

ʟʥʘʥʴ. ʂʨʽʤ ʪʦʛʦ, ʟʨʦʩʪʘʻ ʽʥʪʝʨʝʩ, ʫ ʟʚ'ʷʟʢʫ ʟ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʽ ʤʦʞʣʠʚʦʩʪʷʤʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʜʦ ʚʠʤʽʨʶʚʘʥʥʷ ʯʘʩʦʚʠʭ ʚʘʨʽʘʮʽʡ 

ʛʨʘʚʽʪʘʮʽʡʥʦʛʦ ʧʦʣʷ. ɼʝʷʢʽ ʟ ʥʠʭ (ʥʘʧʨʠʢʣʘʜ, ʦʢʝʘʥʽʯʥʽ ʽ ʪʚʝʨʜʽ ʧʨʠʧʣʠʚʠ) 

ʚʠʚʦʜʷʪʴʩʷ ʟ ʚʠʤʽʨʶʚʘʥʴ ʘʙʦ ʤʦʜʝʣʶʚʘʥʥʷ ʷʚʠʱ, ʱʦ ʾʭ ʩʧʨʠʯʠʥʷʶʪʴ, ʽʟ 

ʟʘʜʦʚʽʣʴʥʦʶ ʪʦʯʥʽʩʪʶ ʽ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ï ʘʙʦ ʙʣʠʟʴʢʦʶ ʜʦ ʟʘʜʦʚʽʣʴʥʦʾ. 

ɯʥʰʽ, ʥʘʚʧʘʢʠ, ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʟʥʘʯʝʥʽ ʣʠʰʝ ʟ ʧʨʷʤʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ, ʥʘ ʦʩʥʦʚʽ 

ʷʢʠʭ ʧʦʪʽʤ ʤʦʜʝʣʶʶʪʴʩʷ ʷʚʠʱʘ, ʱʦ ʾʭ ʩʧʨʠʯʠʥʷʶʪʴ. ʎʝ ʧʽʩʣʷʣʴʦʜʦʚʠʢʦʚʠʡ 

çʚʽʜʩʢʦʢè ʧʦʚʝʨʭʥʽ ʣʽʪʦʩʬʝʨʠ (ʦʪʞʝ, ʧʦʚʝʨʭʥʽ ʧʣʘʥʝʪʠ); ʢʦʣʠʚʘʥʥʷ 

ʣʴʦʜʦʚʠʢʦʚʠʭ ʰʘʧʦʢ, ʨʽʚʥʷ ʤʦʨʷ, ʚʝʣʠʢʠʭ ʢʦʥʪʠʥʝʥʪʘʣʴʥʠʭ ʚʦʜʦʥʦʩʥʠʭ 

ʛʦʨʠʟʦʥʪʽʚ; ʨʦʟʧʦʜʽʣ ʦʧʘʜʽʚ (ʜʦʱ, ʩʥʽʛ), ʚʦʣʦʛʽʩʪʴ ˇʨʫʥʪʫ, ʚʠʧʘʨʦʚʫʚʘʥʥʷ, ʪʦʙʪʦ 

ʢʨʫʛʦʦʙʽʛ ʚʦʜʠ ʚ ʮʽʣʦʤʫ [73]. 

ɻʨʘʚʽʪʘʮʽʡʥʝ ʧʦʣʝ ɿʝʤʣʽ ʢʘʨʪʦʛʨʘʬʫʻʪʴʩʷ ʢʽʣʴʢʦʤʘ ʤʝʪʦʜʘʤʠ, ʚʢʣʶʯʘʶʯʠ 

ʘʥʘʣʽʟ ʜʘʥʠʭ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʨʘʜʽʦʚʠʤʽʨʶʚʘʥʥʷ, ʟʦʢʨʝʤʘ, ʤʽʞ ʦʨʙʽʪʘʣʴʥʠʤʠ 

ʢʦʩʤʽʯʥʠʤʠ ʘʧʘʨʘʪʘʤʠ, ʚʠʤʽʨʶʚʘʥʥʷ ʛʨʘʚʽʪʘʮʽʡʥʠʭ ʛʨʘʜʽʻʥʪʽʚ ʟ ʦʨʙʽʪʠ, ʘ ʪʘʢʦʞ 

ʥʘʟʝʤʥʽ ʚʠʤʽʨʶʚʘʣʴʥʽ ʢʘʤʧʘʥʽʾ. ʉʫʧʫʪʥʠʢʦʚʘ ʘʣʴʪʠʤʝʪʨʽʷ ʧʦʚʝʨʭʥʽ ʦʢʝʘʥʫ 

ʥʘʢʣʘʜʘʻ ʜʦʜʘʪʢʦʚʽ ʦʙʤʝʞʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʥʘʭʠʣʠ ʛʝʦʾʜʽʚ ʧʨʦʧʦʨʮʽʡʥʽ 

ʛʨʘʚʽʪʘʮʽʡʥʦʤʫ ʧʦʣʶ ʚ ʩʧʝʢʪʨʘʣʴʥʽʡ ʦʙʣʘʩʪʽ [122, 170]. ʇʦʙʫʜʦʚʘ ʛʣʦʙʘʣʴʥʠʭ 

ʤʦʜʝʣʝʡ ʟ ʚʠʩʦʢʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʧʦʣʷʛʘʻ ʚ ʦʙ'ʻʜʥʘʥʥʽ ʜʦʚʛʦʭʚʠʣʴʦʚʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʟ ʜʘʥʠʭ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʩʪʝʞʝʥʥʷ ʟ ʢʦʨʦʪʢʦʭʚʠʣʴʦʚʦʶ ʽʥʬʦʨʤʘʮʽʻʶ 
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ʥʘʟʝʤʥʠʭ ʽ ʦʢʝʘʥʽʯʥʠʭ ʚʠʩʦʪʦʤʽʨʽʚ. ʄʦʜʝʣʴ EGM96 [130] ʙʫʣʘ ʩʪʘʥʜʘʨʪʥʠʤ 

ʝʪʘʣʦʥʦʤ ʧʨʦʪʷʛʦʤ ʜʚʦʭʪʠʩʷʯʥʠʭ ʨʦʢʽʚ, ʘ ʥʝʱʦʜʘʚʥʦ ʾʾ ʟʘʤʽʥʠʣʘ ʤʦʜʝʣʴ 

EGM2008 [153]. EGM2008 ʻ ʧʦʚʥʦʶ ʜʦ 2160-ʛʦ ʩʪʫʧʝʥʷ ʪʘ ʧʦʨʷʜʢʫ ʽ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʛʣʦʙʘʣʴʥʝ ʨʽʰʝʥʥʷ ʥʘ ʦʩʥʦʚʽ GRACE (gravity recovery and climate 

experiment ï ʛʨʘʚʽʪʘʮʽʡʥʝ ʚʽʜʥʦʚʣʝʥʥʷ ʪʘ ʢʣʽʤʘʪʠʯʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ) [201] ʟ 

ʪʦʯʥʽʩʪʶ ʜʦ 180-ʛʦ ʩʪʫʧʝʥʷ ʽ ʧʦʨʷʜʢʫ, ʛʨʘʚʽʪʘʮʽʡʥʽ ʘʥʦʤʘʣʽʾ ʥʘʜ ʦʢʝʘʥʦʤ, 

ʦʪʨʠʤʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʫʧʫʪʥʠʢʦʚʦʾ ʘʣʴʪʠʤʝʪʨʽʾ, ʘ ʪʘʢʦʞ ʜʘʥʽ ʥʘʟʝʤʥʠʭ ʽ 

ʧʦʚʽʪʨʷʥʠʭ ʛʨʘʚʽʪʘʮʽʡʥʠʭ ʚʠʤʽʨʶʚʘʥʴ. ɻʨʘʚʽʪʘʮʽʡʥʘ ʤʦʜʝʣʴ EIGEN-6c2 [105], 

ʨʦʟʨʦʙʣʝʥʘ ʟ ʪʦʯʥʽʩʪʶ ʜʦ 1949-ʛʦ ʩʪʫʧʝʥʷ ʽ ʧʦʨʷʜʢʫ, ʟʥʘʯʥʦʶ ʤʽʨʦʶ 

ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ EGM2008 ʽ ʚʠʢʦʨʠʩʪʦʚʫʻ ʤʽʞʩʫʧʫʪʥʠʢʦʚʽ ʜʽʘʧʘʟʦʥʠ GRACE, 

ʛʨʘʜʽʻʥʪʠ ʩʠʣʠ ʪʷʞʽʥʥʷ GOCE (gravity field and steady-state ocean circulation 

explorer ï ʜʦʩʣʽʜʥʠʢ ʛʨʘʚʽʪʘʮʽʡʥʦʛʦ ʧʦʣʷ ʪʘ ʩʪʘʮʽʦʥʘʨʥʦʾ ʮʠʨʢʫʣʷʮʽʾ ʦʢʝʘʥʫ) 

[103], ʜʘʥʽ ʣʘʟʝʨʥʦʾ ʘʣʴʪʠʤʝʪʨʽʾ ʩʫʧʫʪʥʠʢʘ LAGEOS (laser geodynamics satellites 

ï ʣʘʟʝʨʥʽ ʩʫʧʫʪʥʠʢʠ ʛʝʦʜʠʥʘʤʽʢʠ) [134], ʦʢʝʘʥʽʯʥʽ ʛʝʦʾʜʠ ʽ ʥʘʟʝʤʥʽ ʜʘʥʽ. 

ɸʥʘʣʽʟ ʜʘʥʠʭ ʤʽʩʽʡ (challenging mini-satellite payload (CHAMP); 

ʟʘʧʫʱʝʥʠʡ ʫ 2000 ʨʦʮʽ; [159]), GRACE (ʟʘʧʫʱʝʥʠʡ ʫ 2002 ʨʦʮʽ; [201]) ʽ GOCE 

(ʟʘʧʫʱʝʥʠʡ ʫ 2009 ʨʦʮʽ; [103, 168]) ʥʘʜʘʶʪʴ ʚʠʩʦʢʦʪʦʯʥʽ ʦʮʽʥʢʠ 

ʜʦʚʛʦʭʚʠʣʴʦʚʦʛʦ ʛʨʘʚʽʪʘʮʽʡʥʦʛʦ ʧʦʣʷ ɿʝʤʣʽ (ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʩʬʝʨʠʯʥʠʤ 

ʛʘʨʤʦʥʽʢʘʤ ʟ 200-ʪʠʤ ʩʪʫʧʝʥʝʤ, [150]) ʪʘ ʯʘʩʦʚʠʭ ʚʘʨʽʘʮʽʡ ʛʨʘʚʽʪʘʮʽʾ, 

ʩʧʨʠʯʠʥʝʥʠʭ ʛʝʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ. ʋʩʽ ʮʽ ʩʫʧʫʪʥʠʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʦʨʙʽʪʠ ʜʘʥʽ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʚʽʜʩʪʝʞʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ɻʅʉʉ. 

CHAMP ʽ GOCE ï ʮʝ ʦʜʠʥʠʯʥ ̔ ʩʫʧʫʪʥʠʢʠ, ʫ ʷʢʠʭ ʦʩʥʦʚʥʠʤ ʢʦʨʠʩʥʠʤ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʻ ʪʨʴʦʭʦʩʴʦʚʠʡ ʛʨʘʚʽʤʝʪʨʠʯʥʠʡ ʛʨʘʜʽʻʥʪʦʤʝʪʨ. GRACE 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʩʫʧʫʪʥʠʢʽʚ ʥʘ ʽʜʝʥʪʠʯʥʠʭ ʦʨʙʽʪʘʭ, ʚʽʜʩʪʘʥʴ ʤʽʞ ʷʢʠʤʠ 

ʚʠʤʽʨʶʻʪʴʩʷ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʽʢʨʦʭʚʠʣʴʦʚʦʛʦ ʢʘʥʘʣʫ ʟʚ'ʷʟʢʫ. 

ɸʥʘʣʽʟ ʜʘʥʠʭ GRACE ʥʘʜʘʻ ʱʦʤʽʩʷʯʥʽ ʛʣʦʙʘʣʴʥʽ ʛʨʘʚʽʪʘʮʽʡʥʽ ʨʽʰʝʥʥʷ ʟ 2003 

ʨʦʢʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʚʯʘʪʠ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʽ, ʧʦʩʪʩʝʡʩʤʽʯʥʽ ʜʝʬʦʨʤʘʮʽʾ ʪʘ ʷʚʠʱʘ 

ʧʽʩʣʷʣʴʦʜʦʚʠʢʦʚʦʛʦ çʚʽʜʩʢʦʢʫè. ɿʦʙʨʘʞʝʥʥʷ ʧʦʚʥʦʾ ʛʨʘʚʽʪʘʮʽʡʥʦʾ ʪʘ ʛʝʦʾʜʥʦʾ 

ʘʥʦʤʘʣʽʡ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.8 ʜʣʷ ʤʦʜʝʣʽ EMG2008.  
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ʈʠʩ. 1.8. ɻʣʦʙʘʣʴʥʘ ʪʦʧʦʛʨʘʬʽʷ ʽ ʙʘʪʠʤʝʪʨʽʷ ɿʝʤʣʽ, ʧʣʘʥʝʪʘʨʥʽ ʛʨʘʚʽʪʘʮʽʡʥ ̔

ʘʥʦʤʘʣʽ ʾʪʘ ʚʠʩʦʪʠ ʛʝʦʾʜʘ ʟʘ ʤʦʜʝʣʣʶ EGM2008. ɺʩʽ ʟʦʙʨʘʞʝʥʥʷ ʚ ʧʨʦʝʢʮʽʾ 

ʄʦʣʴʚʝʡʜʝ, ʘ ʚʠʩʦʪʠ ʧʦʚʝʨʭʦʥʴ ʧʦʢʘʟʘʥʽ ʥʘʜ ʝʣʽʧʩʦʾʜʦʤ WGS84 [188]. 

 

 

 

ʊʦʧʦʛʨʘʬʽʷ, ʢʤ 

ʇʦʚʥʘ ʛʨʘʚʽʪʘʮʽʡʥʘ ʘʥʦʤʘʣʽʷʷ, ʤɻʘʣ 

ɻʝʦʾʜ, ʤ 
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ʇʦʚʥʫ ʛʨʘʚʽʪʘʮʽʡʥʫ ʘʥʦʤʘʣʽʶ ʪʫʪ ʚʠʟʥʘʯʝʥʦ ʷʢ ʧʦʚʥʝ ʛʨʘʚʽʪʘʮʽʡʥʝ 

ʧʨʠʩʢʦʨʝʥʥʷ ʥʘ ʦʙʝʨʪʦʚʦʤʫ ʝʣʽʧʩʦʾʜʽ WGS84 (ʝʣʽʧʩʦʾʜʘ ʧʽʩʣʷ ʚʠʣʫʯʝʥʥʷ 

ʧʝʨʝʜʙʘʯʝʥʦʾ çʥʦʨʤʘʣʴʥʦʾ ʛʨʘʚʽʪʘʮʽʾè ʦʜʥʦʨʽʜʥʦʛʦ ʝʣʽʧʩʦʾʜʘ). ʍʦʯʘ ʮʷ 

ʪʝʨʤʽʥʦʣʦʛʽʷ ʻ ʟʘʛʘʣʴʥʦʚʞʠʚʘʥʦʶ ʚ ʛʝʦʬʽʟʠʯʥʽʡ ʩʧʽʣʴʥʦʪʽ, ʛʝʦʜʝʟʠʩʪʠ ʥʘʟʚʘʣʠ ʙ 

ʮʝ ʟʘʛʘʣʴʥʠʤ ʟʙʫʨʝʥʥʷʤ ʩʠʣʠ ʪʷʞʽʥʥʷ (ʫ ʛʨʘʚʽʤʝʪʨʽʾ ʛʨʘʚʽʪʘʮʽʡʥʘ ʘʥʦʤʘʣʽʷ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʩʠʣʘ ʪʷʞʽʥʥʷ ʥʘ ʛʝʦʾʜʽ ʤʽʥʫʩ ʥʦʨʤʘʣʴʥʘ ʩʠʣʘ ʪʷʞʽʥʥʷ ʥʘ 

ʨʝʬʝʨʝʥʮ-ʝʣʽʧʩʦʾʜʽ, ʜʝ ʮʽ ʜʚʽ ʚʝʣʠʯʠʥʠ ʦʙʯʠʩʣʶʶʪʴʩʷ ʚ ʨʽʟʥʠʭ ʪʦʯʢʘʭ 

ʧʨʦʩʪʦʨʫ). ʅʘʡʙʽʣʴʰʽ ʛʨʘʚʽʪʘʮʽʡʥʽ ʘʥʦʤʘʣʽʾ ʢʦʨʝʣʶʶʪʴ ʟ ʨʝʣʴʻʬʦʤ (ʥʘʧʨʠʢʣʘʜ, 

ʞʦʣʦʙʘʤʠ ʽ ʧʽʜʚʦʜʥʠʤʠ ʛʦʨʘʤʠ), ʘ ʚʠʩʦʪʘ ʛʝʦʾʜʘ ʟʤʽʥʶʻʪʴʩʷ ʧʨʠʙʣʠʟʥʦ ʥʘ 200 

ʤ.  

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʚʠʤʽʨʶʚʘʥʥʷ ʨʝʣʴʻʬʫ ʪʘ ʙʘʪʠʤʝʪʨʽʾ ɿʝʤʣʽ ʙʫʣʠ 

ʧʨʝʜʤʝʪʦʤ ʯʠʩʣʝʥʥʠʭ ʢʘʤʧʘʥʽʡ, ʷʢʽ ʧʽʜʪʨʠʤʫʚʘʣʠʩʷ ʫʨʷʜʦʤ, ʚʝʣʠʢʽ ʯʘʩʪʠʥʠ 

ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʘ ʩʘʤʝ ʦʢʝʘʥʠ, ʟʘʣʠʰʘʶʪʴʩʷ ʧʦʛʘʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʠʤʠ. 

ɼʽʡʩʥʦ, ʟ ʛʣʦʙʘʣʴʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʤʦʞʥʘ ʩʢʘʟʘʪʠ, ʱʦ ʬʦʨʤʠ ʄʘʨʩʘ ʪʘ ʄʽʩʷʮʷ 

ʚʽʜʦʤʽ ʢʨʘʱʝ, ʥʽʞ ʬʦʨʤʠ ʥʘʰʦʾ ʧʣʘʥʝʪʠ. ɼʦ ʥʝʜʘʚʥʴʦʛʦ ʯʘʩʫ ʥʘʚʽʪʴ ʚʠʩʦʪʠ 

ʧʦʚʽʪʨʷʥʠʭ ʯʘʩʪʠʥ ʢʦʥʪʠʥʝʥʪʽʚ ʤʘʣʠ ʜʦʚʛʦʭʚʠʣʴʦʚʽ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ, ʱʦ ʻ 

ʨʝʟʫʣʴʪʘʪʦʤ ʤʦʟʘʾʢʠ ʯʠʩʣʝʥʥʠʭ ʤʦʜʝʣʝʡ ʚʠʩʦʪʠ, ʢʦʞʥʘ ʟ ʷʢʠʭ ʤʘʻ ʚʣʘʩʥʫ 

ʙʘʟʦʚʫ ʧʦʚʝʨʭʥʶ, ʫʟʜʦʚʞ ʰʪʫʯʥʠʭ ʧʦʣʽʪʠʯʥʠʭ ʢʦʨʜʦʥʽʚ. ʍʦʯʘ ʟʘ ʦʩʪʘʥʥʻ 

ʜʝʩʷʪʠʣʽʪʪʷ ʙʫʣʦ ʜʦʩʷʛʥʫʪʦ ʟʥʘʯʥʠʭ ʫʩʧʽʭʽʚ ʫ ʩʪʚʦʨʝʥʥʽ ʛʣʦʙʘʣʴʥʠʭ ʤʦʜʝʣʝʡ, 

ʦʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʚʩʝ ʱʝ ʻ ʥʝʜʦʩʪʘʪʥʴʦ ʜʝʪʘʣʴʥʘ ʙʘʪʠʤʝʪʨʽʷ ʦʢʝʘʥʽʚ [188]. 

ʏʠʩʣʝʥʥʽ ʪʦʧʦʛʨʘʬʽʯʥʽ ʤʦʜʝʣʽ ʩʫʰʽ ɿʝʤʣʽ ʙʫʣʠ ʟʽʙʨʘʥʽ ʟ ʨʽʟʥʠʭ ʜʞʝʨʝʣ 

ʧʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ ʢʽʣʴʢʦʭ ʜʝʩʷʪʠʣʽʪʴ, ʚʢʣʶʯʘʶʯʠ ETOPO1 (ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ 

1 ʢʫʪʦʚʘ ʭʚʠʣʠʥʘ [70]), GLOBE (ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ 30 ʢʫʪʦʚʠʭ ʩʝʢʫʥʜ [117]) ʽ 

GTOPO30 (ʜʦʢʣʘʜʥʫ ʜʦʢʫʤʝʥʪʘʮʽʶ ʜʣʷ ʮʠʭ ʽ ʚʩʽʭ ʥʘʩʪʫʧʥʠʭ ʤʦʜʝʣʝʡ 

ʪʦʧʦʛʨʘʬʽʾ ʤʦʞʥʘ ʟʥʘʡʪʠ ʟʘ ʚʽʜʧʦʚʽʜʥʠʤʠ ʚʝʙ-ʘʜʨʝʩʘʤʠ, ʧʝʨʝʣʽʯʝʥʠʤʠ ʚ ʪʘʙʣ. 

1.6). ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʥʘʡʪʦʯʥʽʰʘ ʤʦʜʝʣʴ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʦʪʨʠʤʘʥʘ ʥʘ ʦʩʥʦʚʽ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʽʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʠʭ ʜʘʥʠʭ, ʟʽʙʨʘʥʠʭ ʧʨʦʛʨʘʤʦʶ Shuttle Radar 

Topography Mission (SRTM). ʇʨʦʪʷʛʦʤ 10 ʜʥʽʚ ʨʦʙʦʪʠ ʥʘ ʙʦʨʪʫ ʘʤʝʨʠʢʘʥʩʴʢʦʛʦ 

ʢʦʩʤʽʯʥʦʛʦ ʰʘʪʣʘ ʚ 2000 ʨʦʮʽ ʮʷ ʤʽʩʽʷ ʚʠʤʽʨʷʣʘ ʤʘʡʞʝ 80% ʩʫʰʽ ʤʽʞ 60-ʦʶ 
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ʧʽʚʥʽʯʥʦʶ ʧʘʨʘʣʝʣʣʶ ʪʘ 54-ʦʶ ʧʽʚʜʝʥʥʦʶ ʧʘʨʘʣʝʣʣʶ ʟ ʛʦʨʠʟʦʥʪʘʣʴʥʦʶ 

ʜʠʩʢʨʝʪʠʟʘʮʽʻʶ ʚ 1 ʢʫʪʦʚʫ ʩʝʢʫʥʜʫ (30 ʤ) ʽ ʘʙʩʦʣʶʪʥʦʶ ʚʝʨʪʠʢʘʣʴʥʦʶ 

ʪʦʯʥʽʩʪʶ, ʢʨʘʱʦʶ ʥʽʞ ʧʨʠʙʣʠʟʥʦ 10 ʤ [156, 162]. ɼʦʚʞʠʥʘ ʭʚʠʣʽ ʨʘʜʘʨʘ 

ʩʪʘʥʦʚʠʪʴ 56 ʤʤ, ʪʦʤʫ ʚʠʩʦʪʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʨʦʩʣʠʥʥʦʛʦ 

ʧʦʢʨʦʚʫ. 

  ʊʘʙʣʠʮʷ 1.6. 

 ʄʦʜʝʣʽ ʪʦʧʦʛʨʘʬʽʾ ɿʝʤʣʽ 

ʅʘʟʚʘ ʤʦʜʝʣʽ 
ʈʦʟʜʽʣʴʥʘ 

ʟʜʘʪʥʽʩʪʴ 
ʆʩʥʦʚʥʝ ʧʨʠʟʥʘʯʝʥʥʷ 

1 2 3 

SHTOOLS: Fortran 95 

spherical harmonics 

software archive [219] 

 

ʈʽʟʥʘ, 

ʟʘʣʝʞʥʦ ʚʽʜ 

ʜʘʥʠʭ 

ɹʽʙʣʽʦʪʝʢʘ ʜʣʷ ʨʦʙʦʪʠ ʟ ʩʬʝʨʠʯʥʠʤʠ 

ʛʘʨʤʦʥʽʢʘʤʠ, ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʝʡ 

ʛʨʘʚʽʪʘʮʽʡʥʦʛʦ ʪʘ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʽʚ 

ɿʝʤʣʽ. 

ETOPO1: Earth 1 arc 

minute topography model 

[70] 

1 ʢʫʪʦʚʘ 

ʭʚʠʣʠʥʘ 

ɻʣʦʙʘʣʴʥʘ ʪʦʧʦʛʨʘʬʽʯʥʘ ʤʦʜʝʣʴ, ʷʢʘ 

ʚʢʣʶʯʘʻ ʷʢ ʨʝʣʴʻʬ ʩʫʭʦʜʦʣʫ, ʪʘʢ ʽ 

ʜʥʦ ʦʢʝʘʥʫ. 

GTOPO30: Earth 30 arc 

second topography model 

[87] 

30 ʢʫʪʦʚʠʭ 

ʩʝʢʫʥʜ 

ɻʣʦʙʘʣʴʥʘ ʤʦʜʝʣʴ ʪʦʧʦʛʨʘʬʽʾ, 

ʩʪʚʦʨʝʥʘ ʥʘ ʦʩʥʦʚʽ ʨʽʟʥʠʭ ʜʞʝʨʝʣ, 

ʚʢʣʶʯʘʶʯʠ ʩʫʧʫʪʥʠʢʦʚʽ ʜʘʥʽ. 

GLOBE: Earth 30 arc 

second global topography 

[117] 

30 ʢʫʪʦʚʠʭ 

ʩʝʢʫʥʜ 

ɺʢʣʶʯʘʻ ʜʘʥʽ ʨʝʣʴʻʬʫ ʜʣʷ ʚʩʴʦʛʦ 

ʩʚʽʪʫ, ʩʪʚʦʨʝʥʘ ʜʣʷ ʢʣʽʤʘʪʠʯʥʠʭ ʽ 

ʝʢʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

SRTM: Earth topography 

model [215] 

3 ʢʫʪʦʚʽ 

ʩʝʢʫʥʜʠ 

(ʟʘʣʝʞʥʦ 

ʚʽʜ ʨʝʛʽʦʥʫ) 

ʈʝʣʴʻʬʥʘ ʤʦʜʝʣʴ, ʟʘʩʥʦʚʘʥʘ ʥʘ ʜʘʥʠʭ 

ʨʘʜʘʨʥʦʾ ʟʡʦʤʢʠ ʤʽʩʽʾ Shuttle Radar 

Topography Mission. 

SRTM30_PLUS: Earth 30 

arc second topography and 

bathymetry model [171] 

30 ʢʫʪʦʚʠʭ 

ʩʝʢʫʥʜ 

ʆʙôʻʜʥʫʻ ʨʝʣʴʻʬ ʽ ʙʘʪʠʤʝʪʨʽʶ, 

ʚʢʣʶʯʘʻ ʜʘʥʽ ʦʢʝʘʥʽʚ. 

Earth2012: Spherical 

harmonic models [121] 

ɿʘʣʝʞʥʦ ʚʽʜ 

ʤʦʜʝʣʽ 

ʄʦʜʝʣʴ ʥʘ ʦʩʥʦʚʽ ʩʬʝʨʠʯʥʠʭ 

ʛʘʨʤʦʥʽʢ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʛʨʘʚʽʪʘʮʽʡʥʦʛʦ ʘʥʘʣʽʟʫ. 

WGS84 ellipsoid and 

WGS84 EGM96 geoid 

[153] 

ɻʣʦʙʘʣʴʥʘ 

ɻʣʦʙʘʣʴʥʠʡ ʝʣʽʧʩʦʾʜ ʽ ʛʝʦʾʜʥʘ 

ʤʦʜʝʣʴ, ʩʪʘʥʜʘʨʪ ʫ ʛʝʦʜʝʟʽʾ ʪʘ 

ʥʘʚʽʛʘʮʽʾ. 
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  ʧʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣ. 1.6 

1 2 3 

ICGEM: International 

Center for Global Earth 

Models [74] 

ʈʽʟʥʘ 

ʎʝʥʪʨʘʣʽʟʦʚʘʥʠʡ ʜʦʩʪʫʧ ʜʦ 

ʛʣʦʙʘʣʴʥʠʭ ʤʦʜʝʣʝʡ ʛʨʘʚʽʪʘʮʽʡʥʦʛʦ 

ʧʦʣʷ. 

Planetary Data System 

(PDS) Geosciences node 

[138] 

ʈʽʟʥʘ 
ɸʨʭʽʚ ʜʘʥʠʭ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʣʘʥʝʪ 

ʽ ʾʭʥʴʦʾ ʪʦʧʦʛʨʘʬʽʾ. 

Spherical harmonic models 

of planetary topography 

[160] 

ʈʽʟʥʘ 

ʉʬʝʨʠʯʥʽ ʛʘʨʤʦʥʽʢʠ ʜʣʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʦʧʦʛʨʘʬʽʾ ʧʣʘʥʝʪ, 

ʚʢʣʶʯʘʶʯʠ ɿʝʤʣʶ. 

GTDR3.2: Venusian 

topography [76] 
ʈʽʟʥʘ 

ʄʦʜʝʣʴ ʪʦʧʦʛʨʘʬʽʾ ɺʝʥʝʨʠ, ʩʪʚʦʨʝʥʘ 

ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʤʘʛʝʣʣʘʥʽʚʩʴʢʦʾ 

ʤʽʩʽʾ. 

 

ɹʘʪʠʤʝʪʨʽʶ ʦʢʝʘʥʽʚ ʚʠʤʽʨʶʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʭʦʣʦʪʽʚ ʧʨʦʪʷʛʦʤ ʧʦʥʘʜ 

ʧʽʚʩʪʦʣʽʪʪʷ. ʅʘ ʞʘʣʴ, ʩʣʽʜʠ ʩʫʜʝʥ ʽʥʦʜʽ ʤʽʩʪʷʪʴ ʚʝʣʠʢʽ ʥʘʚʽʛʘʮʽʡʥʽ ʧʦʭʠʙʢʠ, ʽ 

ʽʩʥʫʶʪʴ ʚʝʣʠʢʽ ʧʨʦʛʘʣʠʥʠ ʚ ʜʘʥʠʭ. ʗʢ ʚʠʷʚʠʣʠ ʄʘʨʢʩ ʽ ʉʤʽʪ [136], ʽʩʥʫʻ ʙʘʛʘʪʦ 

ʥʘʙʦʨʽʚ ʜʘʥʠʭ, ʷʢʽ ʙʘʟʫʶʪʴʩʷ ʥʘ ʮʠʭ ʚʠʤʽʨʶʚʘʥʥʷʭ, ʘʣʝ ʢʦʞʝʥ ʤʘʻ ʩʚʦʾ 

ʦʩʦʙʣʠʚʦʩʪʽ. ʋ ʨʘʟʽ ʥʝʩʪʘʯʽ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ ʩʫʜʥʦʚʠʭ 

ʦʙʩʪʝʞʝʥʴ, ʦʜʥʠʤ ʽʟ ʤʝʪʦʜʽʚ ʧʦʢʨʘʱʝʥʥʷ ʙʘʪʠʤʝʪʨʽʾ ʦʢʝʘʥʽʚ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʢʦʤʙʽʥʘʮʽʾ ʜʘʥʠʭ, ʟʽʙʨʘʥʠʭ ʧʽʜ ʯʘʩ ʩʫʜʥʦʚʠʭ ʚʠʤʽʨʶʚʘʥʴ, ʽʟ ʜʘʥʠʤʠ ʧʨʦ ʤʦʨʩʴʢʫ 

ʛʨʘʚʽʪʘʮʽʶ. ʋ ʨʦʙʦʪʘʭ [193, 194] ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʦ ʱʦ, ʤʦʨʩʴʢʽ ʛʨʘʚʽʪʘʮʽʡʥʽ 

ʘʥʦʤʘʣʽʾ (ʦʪʨʠʤʘʥʽ ʟʽ ʩʭʠʣʽʚ ʤʦʨʩʴʢʦʾ ʧʦʚʝʨʭʥʽ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʘʣʴʪʠʤʝʪʨʘ) ʩʠʣʴʥʦ ʢʦʨʝʣʶʶʪʴ ʽʟ ʨʝʣʴʻʬʦʤ ʤʦʨʩʴʢʦʛʦ ʜʥʘ ʚ ʦʙʤʝʞʝʥʦʤʫ 

ʜʽʘʧʘʟʦʥʽ ʜʦʚʞʠʥ ʭʚʠʣʴ. ʂʦʤʙʽʥʫʶʯʠ ʧʨʦʛʥʦʟʦʚʘʥʫ ʪʦʧʦʛʨʘʬʽʶ ʪʘ ʩʤʫʛʦʚʽ 

ʛʨʘʚʽʪʘʮʽʡʥʽ ʘʥʦʤʘʣʽʾ ʟ ʜʦʚʛʦʭʚʠʣʴʦʚʦʶ ʙʘʪʠʤʝʪʨʽʻʶ ʢʦʨʘʙʝʣʴʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ, 

ʩʪʘʣʦ ʤʦʞʣʠʚʠʤ ʦʪʨʠʤʘʪʠ ʤʘʡʞʝ ʛʣʦʙʘʣʴʥʽ ʦʮʽʥʢʠ ʨʝʣʴʻʬʫ ʤʦʨʩʴʢʦʛʦ ʜʥʘ ʟ 

ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ 2 ʢʫʪʦʚʽ ʩʝʢʫʥʜʠ. ʊʠʤ ʥʝ ʤʝʥʰ, ʩʣʽʜ ʧʽʜʢʨʝʩʣʠʪʠ, ʱʦ ʪʘʢʽ 

ʧʨʦʜʫʢʪʠ ʜʘʥʠʭ ʜʽʡʩʥʦ ʻ ʦʮʽʥʢʘʤʠ ʽ ʱʦ ʚʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʥʝʚʽʜʧʦʚʽʜʥʠʤʠ ʜʣʷ 

ʧʝʚʥʠʭ ʪʠʧʽʚ ʛʝʦʬʽʟʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. 

ɻʣʦʙʘʣʴʥʽ ʪʦʧʦʛʨʘʬʽʯʥʽ ʤʦʜʝʣʽ ɿʝʤʣʽ, ʷʢʽ ʧʦʻʜʥʫʶʪʴ ʦʢʝʘʥʽʯʥʫ 

ʙʘʪʠʤʝʪʨʽʶ ʪʘ ʪʦʧʦʛʨʘʬʽʶ ʩʫʰʽ, ʚʢʣʶʯʘʶʪʴ ETOPO1 ʽ SRTM30_PLUS. 
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ʆʩʪʘʥʥʽʡ ʟ ʥʠʭ ʷʚʣʷʻ ʩʦʙʦʶ ʢʦʤʙʽʥʘʮʽʶ ʜʘʥʠʭ ʢʫʪʦʚʦʾ ʩʝʢʫʥʜʠ SRTM 30 ʪʘ 

ʧʨʦʛʥʦʟʦʚʘʥʘ ʙʘʪʠʤʝʪʨʽʷ, ʟ ʧʨʦʧʫʩʢʘʤʠ, ʟʘʧʦʚʥʝʥʠʤʠ ʜʘʥʠʤʠ GTOPO30. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʥʘʙʦʨʠ ʜʘʥʠʭ SRTM, SRTM30_PLUS ʪʘ ETOPO1, ʙʫʚ 

ʧʦʙʫʜʦʚʘʥʠʡ [120] ʥʘʙʽʨ ʤʦʜʝʣʝʡ ʩʬʝʨʠʯʥʠʭ ʛʘʨʤʦʥʽʢ ʚʠʩʦʢʦʛʦ ʧʦʨʷʜʢʫ, ʷʢʽ 

ʚʢʣʶʯʘʶʪʴ ʤʦʜʝʣʽ ʧʣʘʥʝʪʘʨʥʦʾ ʬʦʨʤʠ, ʨʝʣʴʻʬʫ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʛʝʦʾʜʘ ʪʘ 

ʪʦʧʦʛʨʘʬʽʾ. ɿʦʙʨʘʞʝʥʥʷ ʮʽʻʾ ʛʣʦʙʘʣʴʥʦʾ ʪʦʧʦʛʨʘʬʽʯʥʦʾ ʤʦʜʝʣʽ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʥʘ 

ʨʠʩ. 1.8, ʜʝ ʚʠʩʦʪʠ ʥʘʥʝʩʝʥʦ ʚʽʜʥʦʩʥʦ ʛʝʦʾʜʘ EGM96 [130], ʱʦ ʻ ʭʦʨʦʰʠʤ 

ʥʘʙʣʠʞʝʥʥʷʤ ʩʝʨʝʜʥʴʦʛʦ ʨʽʚʥʷ ʤʦʨʷ.  

1.6. ɯʟʦʩʪʘʪʠʯʥʠʡ ʩʪʘʥ ʪʘ ʥʝʦʜʥʦʨʽʜʥʘ ʙʫʜʦʚʘ ʧʣʘʥʝʪʠ 

ɸʥʦʤʘʣʽʾ ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ, ʟʫʤʦʚʣʝʥʽ ʥʝʦʜʥʦʨʽʜʥʦʩʪʷʤʠ ʚ 

ɿʝʤʣʽ, ʷʢʽ ʫʩʢʣʘʜʥʶʶʪʴ ʧʦʚʝʨʭʥʶ ʟʝʤʥʦʛʦ ʝʣʽʧʩʦʾʜʘ, ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʚʽʜʭʠʣʝʥʥʷ 

ʚʝʨʪʠʢʘʣʝʡ ʚʽʜ ʾʭʥʴʦʛʦ ʥʦʨʤʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʥʷ (ʚʽʜʭʠʣʝʥʥʷ ʧʨʷʤʦʚʠʩʥʠʭ 

ʣʽʥʽʡ). ʇʨʷʤʦʚʠʩʥʽ ʣʽʥʽʾ ʤʘʶʪʴ ʽʩʪʦʪʥʝ ʟʥʘʯʝʥʥʷ ʚ ʛʝʦʜʝʟʽʾ ʪʘ ʘʩʪʨʦʥʦʤʽʾ, 

ʦʩʢʽʣʴʢʠ ʚʽʜ ʥʠʭ ʚʽʜʣʽʯʫʶʪʴ ʢʫʪʦʚʽ ʚʽʜʩʪʘʥʽ ʚ ʩʬʝʨʠʯʥʠʭ ʢʦʦʨʜʠʥʘʪʘʭ. 

ɺʽʜʭʠʣʝʥʥʷ ʣʽʥʽʡ ʤʦʞʥʘ ʦʙʯʠʩʣʶʚʘʪʠ ʟʘ ʨʦʟʧʦʜʽʣʦʤ ʘʥʦʤʘʣʽʡ ʥʘ ʧʦʚʝʨʭʥʽ 

ɿʝʤʣʽ, ʘʣʝ ʚ ʧʨʦʮʝʩʽ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʜʦʩʣʽʜʥʠʢʠ ʱʝ ʚ ʤʠʥʫʣʦʤʫ 

ʩʪʦʣʽʪʪʽ ʟʽʪʢʥʫʣʠʩʷ ʟ ʮʽʢʘʚʠʤ ʬʘʢʪʦʤ. ʆʙʯʠʩʣʝʥʽ ʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʥʘʜʣʠʰʢʦʚʠʭ 

ʤʘʩ ʩʫʩʽʜʥʽʭ ʛʽʨ ʽ ʜʝʬʝʢʪʫ ʤʘʩ ʚ ʦʢʝʘʥʽ ʚʠʷʚʠʣʠʩʴ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʠʤʠ ʥʽʞ 

ʩʧʦʩʪʝʨʝʞʫʚʘʥʽ. ɼʣʷ ʧʦʷʩʥʝʥʥʷ ʮʴʦʛʦ ʬʘʢʪʫ ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʛʽʧʦʪʝʟʫ, ʟʛʽʜʥʦ ʟ 

ʷʢʦʶ ʧʽʜ ʛʽʨʩʴʢʠʤʠ ʩʧʦʨʫʜʘʤʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʨʦʟʫʱʽʣʴʥʝʥʥʷ ʨʝʯʦʚʠʥʠ, ʷʢʝ 

ʢʦʤʧʝʥʩʫʻ ʚʧʣʠʚ ʤʘʩʠ ʛʦʨʠ, ʘ ʧʽʜ ʦʢʝʘʥʘʤʠ ï ʫʱʽʣʴʥʝʥʥʷ ʨʝʯʦʚʠʥ, ʱʦ 

ʢʦʤʧʝʥʩʫʻ ʜʝʬʝʢʪ ʤʘʩ ʚ ʦʢʝʘʥʽ (ʚʽʜʥʦʩʥʦ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ, ʰʦ ʡʦʛʦ ʦʪʦʯʫʶʪʴ). 

ʊʘʢ ʚʠʥʠʢʣʦ ʚʯʝʥʥʷ ʧʨʦ ʽʟʦʩʪʘʟʽʶ [51].  

ɯʟʦʩʪʘʟʽʷ ï ʮʝ ʚʘʞʣʠʚʘ ʛʝʦʪʝʢʪʦʥʽʯʥʘ ʢʦʥʮʝʧʮʽʷ ʷʢʘ ʜʦʧʦʤʘʛʘʻ ʟʨʦʟʫʤʽʪʠ 

ʝʚʦʣʶʮʽʶ ʦʩʥʦʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʨʝʣʴʻʬʫ ʧʦʚʝʨʭʥʽ ʧʣʘʥʝʪʠ. ʆʩʥʦʚʠ ʟʘʛʘʣʴʥʦʾ 

ʪʝʦʨʽʾ ʽʟʦʩʪʘʟʽʾ ʙʫʣʠ ʟʘʢʣʘʜʝʥʽ ʇʨʘʪʪʦʤ ʪʘ ɽʨʽ ʚ 1855ʨ. ɹʣʠʟʴʢʽʩʪʴ ʟʝʤʥʦʾ 

ʧʦʚʝʨʭʥʽ (ʷʢ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʾ, ʪʘʢ ʽ ʦʢʝʘʥʽʯʥʦʾ) ʜʦ ʽʟʦʩʪʘʪʠʯʥʦʾ ʨʽʚʥʦʚʘʛʠ 

ʚʧʣʠʚʘʻ ʟ ʚʽʜʦʤʦʛʦ ʬʘʢʪʫ ʙʣʠʟʴʢʦʩʪʽ ʾʾ ʬʦʨʤʠ ʜʦ ʛʽʜʨʦʩʪʘʪʠʯʥʦ ʨʽʚʥʦʚʘʞʥʦʛʦ 
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ʩʪʘʥʫ, ʪʦʙʪʦ ʜʦ ʪʘʢʦʾ, ʷʢʫ ʤʘʣʘ ʙʠ ʧʣʘʥʝʪʘ, ʧʝʨʝʙʫʚʘʶʯʠ ʚ ʨʽʜʢʦʤʫ ʩʪʘʥʽ. ʍʦʯʘ 

ɿʝʤʣʷ ʥʝ ʧʝʨʝʙʫʚʘʻ ʚ ʪʘʢʦʤʫ ʩʪʘʥʽ, ʘʣʝ ʽʟʦʩʪʘʪʠʯʥʽ ʩʠʣʠ ʪʘ ʽʟʦʩʪʘʪʠʯʥʘ 

ʨʽʚʥʦʚʘʛʘ ʮʽʣʢʦʤ ʨʝʘʣʴʥʽ [53]. 

ɯʟʦʩʪʘʪʠʯʥʘ ʨʽʚʥʦʚʘʛʘ. ɯʜʝʘʣʽʟʦʚʘʥʠʡ ʩʪʘʥ, ʜʦ ʷʢʦʛʦ ʧʨʘʛʥʫʪʴ ʟʦʚʥʽʰʥʽ 

ʰʘʨʠ ɿʝʤʣʽ ʧʽʩʣʷ ʪʦʛʦ, ʷʢ ʾʭ ʧʦʨʫʰʫʶʪʴ ʜʦʜʘʚʘʥʥʷʤ, ʘʙʦ ʟʥʷʪʪʷʤ ʥʘʚʘʥʪʘʞʝʥʴ, 

ʧʦʚ'ʷʟʘʥʠʭ, ʥʘʧʨʠʢʣʘʜ, ʟ ʥʘʛʨʦʤʘʜʞʝʥʥʷʤ ʽ ʟʤʝʥʰʝʥʥʷʤ ʣʴʦʜʦʚʠʢʦʚʦʛʦ 

ʧʦʢʨʠʚʫ, ʟʨʦʩʪʘʥʥʷʤ ʽ ʟʛʘʩʘʥʥʷʤ ʚʫʣʢʘʥʽʚ, ʘ ʪʘʢʦʞ ʚʽʜʢʣʘʜʝʥʥʷʤ, ʢʦʚʟʘʥʥʷʤ ʽ 

ʦʧʫʩʢʘʥʥʷʤ ʦʩʘʜʦʚʠʭ ʧʦʨʽʜ.  

ʃʦʢʘʣʴʥʘ ʽʟʦʩʪʘʟʽʷ. ɻʽʧʦʪʝʟʘ ʧʨʦ ʪʝ, ʱʦ ʟʦʚʥʽʰʥʽ ʰʘʨʠ ɿʝʤʣʽ ʻ ʩʣʘʙʢʠʤʠ, 

ʪʦʤʫ ʜʝʬʦʨʤʘʮʽʾ, ʩʧʨʠʯʠʥʝʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʽ ʨʦʟʚʘʥʪʘʞʝʥʥʷʤ, ʻ ʣʦʢʘʣʴʥʠʤʠ, 

ʽʥʪʝʥʩʠʚʥʠʤʠ ʽ ʤʦʞʫʪʴ ʚʢʣʶʯʘʪʠ ʨʦʟʣʦʤʠ.  

ʈʝʛʽʦʥʘʣʴʥʘ ʽʟʦʩʪʘʟʽʷ. ɻʽʧʦʪʝʟʘ ʧʨʦ ʪʝ, ʱʦ ʟʦʚʥʽʰʥʽ ʰʘʨʠ ɿʝʤʣʽ ʤʘʶʪʴ 

ʪʘʢʫ ʚʥʫʪʨʽʰʥʶ ʤʽʮʥʽʩʪʴ, ʱʦ ʚʦʥʠ ʯʠʥʷʪʴ ʦʧʽʨ ʜʝʬʦʨʤʘʮʽʾ, ʧʦʚ'ʷʟʘʥʽʡ ʟ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʽ ʨʦʟʚʘʥʪʘʞʝʥʥʷʤ, ʽ ʟʛʠʥʘʶʪʴʩʷ (ʘʙʦ ʚʠʛʠʥʘʶʪʴʩʷ) ʥʘ ʚʝʣʠʢʽʡ 

ʧʣʦʱʽ, ʘ ʥʝ ʨʦʟʨʠʚʘʶʪʴʩʷ.  

ʊʝʧʣʦʚʘ ʽʟʦʩʪʘʟʽʷ. ɻʽʧʦʪʝʟʘ ʧʨʦ ʪʝ, ʱʦ ʟʦʚʥʽʰʥʽ ʰʘʨʠ ɿʝʤʣʽ ʫʪʚʦʨʶʶʪʴ 

ʦʭʦʣʦʜʞʫʚʘʣʴʥʠʡ ʪʝʧʣʦʚʠʡ ʧʦʛʨʘʥʠʯʥʠʡ ʰʘʨ ʽ ʱʦ ʨʝʛʽʦʥʘʣʴʥʽ ʚʽʜʤʽʥʥʦʩʪʽ ʚ 

ʨʝʣʴʻʬʽ ʢʦʥʪʨʦʣʶʶʪʴʩʷ ʚʽʜʤʽʥʥʦʩʪʷʤʠ ʚ ʪʝʤʧʝʨʘʪʫʨʥʽʡ ʩʪʨʫʢʪʫʨʽ, ʪʘʢ ʱʦ 

ʛʘʨʷʯʽ ʨʝʛʽʦʥʠ ʤʘʶʪʴ ʙʽʣʴʰʫ ʚʠʩʦʪʫ ʥʘʜ ʨʽʚʥʝʤ ʤʦʨʷ, ʥʽʞ ʭʦʣʦʜʥʽ ʨʝʛʽʦʥʠ. 

ʇʽʜ ʯʘʩ ʚʠʥʠʢʥʝʥʥʷ ʢʦʥʮʝʧʮʽʾ ʽʟʦʩʪʘʟʽʾ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʘʥʽʚʥʠʭ ʪʦʜʽ 

ʫʷʚʣʝʥʴ ʧʨʦ çʧʣʘʚʘʥʥʷè ʟʝʤʥʦʾ ʢʦʨʠ ʥʘ ʤʘʛʤʽ, ʚʠʚʯʝʥʥʷ ʨʽʚʥʦʚʘʞʥʦʛʦ ʩʪʘʥʫ 

ɿʝʤʣʽ ʙʫʣʦ ʟʘʤʽʥʝʥʦ ʥʘ ʚʠʚʯʝʥʥʷ ʨʽʚʥʦʚʘʞʥʦʛʦ ʩʪʘʥʫ ʟʝʤʥʦʾ ʢʦʨʠ. ʊʘʢʠʡ ʧʽʜʭʽʜ, 

ʱʝ ʡ ʜʦʩʽ ʻ ʘʢʪʫʘʣʴʥʠʤ, ʪʽʣʴʢʠ ʦʮʽʥʶʶʪʴ ʨʽʚʥʦʚʘʞʥʠʡ ʩʪʘʥ ʥʝ ʟʝʤʥʦʾ ʢʦʨʠ, ʘ 

ʣʽʪʦʩʬʝʨʠ. ɺ ʦʩʪʘʥʥʴʦʤʫ ʚʠʧʘʜʢʫ ʨʦʣʴ ʤʘʛʤʠ, ʱʦ ʧʽʜʩʪʠʣʘʻ ʢʦʨʫ, ʚʽʜʽʛʨʘʻ 

ʛʽʧʦʪʝʪʠʯʥʘ ʘʩʪʝʥʦʩʬʝʨʘ. ʇʽʜ ʽʟʦʩʪʘʪʠʯʥʠʤ ʩʪʘʥʦʤ ʟʝʤʥʦʾ ʢʦʨʠ (ʣʽʪʦʩʬʝʨʠ) 

ʨʦʟʫʤʽʶʪʴ ʪʘʢʠʡ ʾʾ ʩʪʘʥ, ʟʘ ʷʢʦʛʦ ʚʦʥʘ ʨʦʟʤʽʱʫʻʪʴʩʷ ʥʘ ʩʫʙʩʪʨʘʪʽ ʪʘʢ, ʥʽʙʠ 

ʧʣʘʚʘʻ ʥʘ ʥʴʦʤʫ ʟʘ ʟʘʢʦʥʦʤ ɸʨʭʽʤʝʜʘ [26]. ʇʨʠʨʦʜʥʠʤ ʥʘʩʣʽʜʢʦʤ ʪʘʢʦʛʦ 

ʧʨʠʧʫʱʝʥʥʷ ʻ ʟʨʽʚʥʦʚʘʞʝʥʽʩʪʴ ʪʠʩʢʽʚ ʥʘ ʜʝʷʢʽʡ ʧʦʚʝʨʭʥʽ ʫ ʩʫʙʩʪʨʘʪʽ (ʟʘʢʦʥ 

ʇʘʩʢʘʣʷ), ʱʦ ʥʘʟʠʚʘʻʪʴʩʷ ʧʦʚʝʨʭʥʝʶ ʢʦʤʧʝʥʩʘʮʽʾ. 
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ɼʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʚʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ ʤʘʩ, ʨʦʟʧʦʜʽʣʝʥʠʭ ʫ ʟʝʤʥʽʡ ʢʦʨʽ 

ʟʛʽʜʥʦ ʟ ʛʽʧʦʪʝʟʦʶ ʽʟʦʩʪʘʟʽʾ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʽ ʬʽʟʠʢʦʛʝʦʣʦʛʽʯʥʽ ʤʦʜʝʣʽ 

[218], ʟʤʽʩʪ ʷʢʠʭ ʚʠʜʥʦ ʟ ʨʠʩ. 1.9 ʘ, ʙ. ʇʽʜʢʨʝʩʣʠʤʦ, ʱʦ ʢʦʞʝʥ ʬʨʘʛʤʝʥʪ ʤʦʜʝʣʽ 

ʚʚʘʞʘʶʪʴ ʟʨʽʚʥʦʚʘʞʝʥʠʤ ʩʘʤʦʩʪʽʡʥʦ (ʣʦʢʘʣʴʥʘ ʢʦʤʧʝʥʩʘʮʽʷ). ʌ.ɸ. ɺʝʥʽʥʛ-

ʄʝʡʥʝʮ ʟʘʧʨʦʧʦʥʫʚʘʚ ʛʽʧʦʪʝʟʫ ʨʝʛʽʦʥʘʣʴʥʦʾ ʢʦʤʧʝʥʩʘʮʽʾ, ʱʦ ʚʨʘʭʦʚʫʻ ʚʟʘʻʤʥʝ 

ʟʯʝʧʣʝʥʥʷ ʙʣʦʢʽʚ ʟʝʤʥʦʾ ʢʦʨʠ. ʆʜʥʘʢ ʩʧʦʩʽʙ ʨʦʟʨʘʭʫʥʢʫ ʽʟʦʩʪʘʪʠʯʥʦʛʦ ʚʧʣʠʚʫ 

ʽʩʪʦʪʥʦ ʥʝ ʟʤʽʥʠʚʩʷ. ʆʙʯʠʩʣʝʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʟʚʘʥʠʭ ʚʠʱʝ ʤʦʜʝʣʝʡ 

ʛʨʘʚʽʪʘʮʽʡʥʠʡ ʚʧʣʠʚ ʽʟʦʩʪʘʪʠʯʥʦ ʨʦʟʧʦʜʽʣʝʥʠʭ ʤʘʩ ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʟʝʤʥʦʾ 

ʢʦʨʠ ʚʚʦʜʠʚʩʷ ʷʢ ʧʦʧʨʘʚʢʘ (ʨʝʜʫʢʮʽʷ) ʚ ʘʥʦʤʘʣʽʾ. ʆʪʨʠʤʘʥʽ ʪʘʢ ʘʥʦʤʘʣʽʾ ʜʽʩʪʘʣʠ 

ʥʘʟʚʫ ʽʟʦʩʪʘʪʠʯʥʠʭ. 

ɻ.ʗ. ɻʦʣʽʟʜʨʘ [8] ʨʦʟʚʠʥʫʚ ʢʦʥʮʝʧʮʽʶ ʽʟʦʩʪʘʟʽʾ ʨʽʚʥʠʥʥʠʭ ʜʽʣʷʥʦʢ, ʚ ʷʢʽʡ 

ʟʘ ʦʩʥʦʚʫ ʧʨʠʡʥʷʪʦ ʪʘʢʦʞ ʨʽʚʥʦʚʘʞʥʠʡ ʩʪʘʥ ʟʝʤʥʦʾ ʢʦʨʠ, ʘʣʝ ʷʢ 

ʟʨʽʚʥʦʚʘʞʫʚʘʣʴʥʽ ʬʘʢʪʦʨʠ ʧʦʨʷʜ ʟ ʪʦʧʦʛʨʘʬʽʯʥʠʤʠ ʤʘʩʘʤʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʟʝʤʥʦʾ ʢʦʨʠ, ʚʩʪʘʥʦʚʣʝʥʽ ʩʝʡʩʤʽʯʥʠʤʠ 

ʤʝʪʦʜʘʤʠ. ʆʜʥʘ ʟ ʤʦʜʝʣʝʡ, ʷʢʫ ʚʽʥ ʚʠʢʦʨʠʩʪʦʚʫʻ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʽʟʦʩʪʘʪʠʯʥʦʛʦ 

ʩʪʘʥʫ ʟʝʤʥʦʾ ʢʦʨʠ, ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1.9, ʚ. ɿʦʢʨʝʤʘ, ʚʽʥ ʜʦʚʽʚ, ʱʦ ʟʘ ʫʤʦʚ 

ʨʽʚʥʠʥʥʦʛʦ ʨʝʣʴʻʬʫ ʋʢʨʘʾʥʩʴʢʦʛʦ ʱʠʪʘ ʟʘ ʥʘʷʚʥʦʩʪʽ ʧʦʚʝʨʭʥʝʚʠʭ 

ʥʝʦʜʥʦʨʽʜʥʦʩʪʝʡ ʫ ʚʝʨʭʥʽʭ ʯʘʩʪʠʥʘʭ ʟʝʤʥʦʾ ʢʦʨʠ, ʱʦ ʩʪʚʦʨʶʶʪʴ ʘʥʦʤʘʣʽʾ 

ʛʨʘʚʽʪʘʮʽʡʥʦʛʦ ʧʦʣʷ ʚ ʜʝʢʽʣʴʢʘ ʜʝʩʷʪʢʽʚ ʤʽʣʽʛʘʣ, ʩʪʘʥ ʟʝʤʥʦʾ ʢʦʨʠ ʟʘʛʘʣʦʤ 

ʙʣʠʟʴʢʠʡ ʜʦ ʽʟʦʩʪʘʪʠʯʥʦʛʦ. 

ɯʟʦʩʪʘʪʠʯʥʽ ʘʥʦʤʘʣʽʾ ʚ ʢʣʘʩʠʯʥʦʤʫ ʚʘʨʽʘʥʪʽ ʚʠʷʚʠʣʠʩʴ ʜʦʩʠʪʴ ʢʦʨʠʩʥʠʤʠ 

ʜʣʷ ʨʦʟʚ'ʷʟʫʚʘʥʥʷ ʘʩʪʨʦʥʦʤʦ-ʛʝʦʜʝʟʠʯʥʠʭ ʟʘʚʜʘʥʴ, ʟʦʢʨʝʤʘ ʚ ʨʘʟʽ ʚʠʟʥʘʯʝʥʥʷ 

ʚʽʜʭʠʣʝʥʥʷ ʚʠʩʢʘ. ʅʝʦʜʥʦʨʘʟʦʚʦ ʨʦʙʠʣʠʩʷ ʩʧʨʦʙʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʥʮʝʧʮʽʾ 

ʽʟʦʩʪʘʟʽʾ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʛʝʦʪʝʢʪʦʥʽʯʥʠʭ ʛʽʧʦʪʝʟ ʨʦʟʚʠʪʢʫ ɿʝʤʣʽ.  

ʅʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʟʜʘʚʘʣʦʩʷ ʙ ʧʨʠʨʦʜʥʠʡ ʚʟʘʻʤʦʟʚ'ʷʟʦʢ ʤʽʞ 

ʧʝʨʝʨʦʟʧʦʜʽʣʦʤ ʤʘʩ ʫ ʣʽʪʦʩʬʝʨʽ ʽ ʪʝʢʪʦʥʽʢʦʶ, ʚʩʪʘʥʦʚʠʪʠ ʢʦʥʢʨʝʪʥʫ ʨʦʣʴ 

ʽʟʦʩʪʘʪʠʯʥʠʭ ʩʠʣ ʫ ʬʦʨʤʫʚʘʥʥʽ ʪʝʢʪʦʥʽʯʥʠʭ ʩʪʨʫʢʪʫʨ ʜʦʩʽ ʱʝ ʥʝ ʚʜʘʣʦʩʷ. 

ʉʧʦʩʪʝʨʝʞʫʚʘʥʽ ʚ ʨʽʟʥʠʭ ʛʝʦʣʦʛʽʯʥʠʭ ʨʝʛʽʦʥʘʭ ʩʫʯʘʩʥʽ ʨʫʭʠ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʷʢ ʫ ʥʘʧʨʷʤʢʫ ʚʠʨʽʚʥʶʚʘʥʥʷ ʨʽʚʥʦʚʘʞʥʦʛʦ ʩʪʘʥʫ ʟʝʤʥʦʾ ʢʦʨʠ, ʪʘʢ 
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ʽ ʥʘʚʧʘʢʠ. ɭʜʠʥʦʶ ʩʪʽʡʢʦʶ ʟʘʢʦʥʦʤʽʨʥʽʩʪʶ ʚʚʘʞʘʶʪʴ ʧʨʷʤʠʡ ʚʟʘʻʤʦʟʚ'ʷʟʦʢ ʤʽʞ 

ʧʦʨʫʰʝʥʥʷʤʠ ʽʟʦʩʪʘʟʽʾ ʟʝʤʥʦʾ ʢʦʨʠ ʽ ʩʫʯʘʩʥʦʶ ʪʝʢʪʦʥʽʯʥʦʶ ʘʢʪʠʚʥʽʩʪʶ ʦʢʨʝʤʠʭ 

ʨʝʛʽʦʥʽʚ. 

 

 

0̀ ï ʛʫʩʪʠʥʘ ʩʫʙʩʪʨʘʪʫ;  

 ̀ ï ʛʫʩʪʠʥʘ ʟʨʽʚʥʦʚʘʞʝʥʠʭ 

ʙʣʦʢʽʚ ʨʽʟʥʦʾ ʚʠʩʦʪʠ ʟʘ ɻ. ɽʨʽ;  

1̀, 2̀, é, 7̀ ï ʛʫʩʪʠʥʘ 

ʟʨʽʚʥʦʚʘʞʝʥʠʭ ʙʣʦʢʽʚ ʨʽʟʥʦʾ 

ʚʠʩʦʪʠ ʟʘ ʌ.ʇʨʘʪʪʦʤ;  

1̀Ω, 1̀ΩΩ ï ʛʫʩʪʠʥʘ ʙʣʦʢʽʚ 

ʛʨʘʥʽʪʥʦʛʦ ʰʘʨʫ ʟʝʤʥʦʾ ʢʦʨʠ;  

2̀Ω, 2̀ΩΩ ï ʛʫʩʪʠʥʘ ʙʣʦʢʽʚ 

ʙʘʟʘʣʴʪʦʚʦʛʦ ʰʘʨʫ ʟʝʤʥʦʾ 

ʢʦʨʠ ʟʘ ɻ.ʗ. ɻʦʣʽʟʜʨʦʶ. 

ʈʠʩ. 1.9. ʌʽʟʠʢʦ-ʛʝʦʣʦʛʽʯʥʽ ʤʦʜʝʣʽ ʽʟʦʩʪʘʟʽʾ ʟʝʤʥʦʾ ʢʦʨʠ: ʘ ï ɻ. ɽʨʽ; ʙ ï ʌ. 

ʇʨʘʪʪʘ; ʚ ï ɻ.ʗ. ɻʦʣʽʟʜʨʠ [8].  

ɼʣʷ ɿʝʤʣʽ ʽʟʦʩʪʘʪʠʯʥʘ ʨʽʚʥʦʚʘʛʘ ʜʦʙʨʝ ʟʜʽʡʩʥʶʻʪʴʩʷ ʣʠʰʝ ʚ 

ʨʝʛʽʦʥʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʽ. ʃʦʢʘʣʴʥʽ ʥʝʨʽʚʥʦʩʪʽ ʪʦʧʦʛʨʘʬʽʯʥʦʾ ʧʦʚʝʨʭʥʽ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʨʦʟʤʽʨʫ 10
2
 ʢʤ ʟʘʟʚʠʯʘʡ ʽʟʦʩʪʘʪʠʯʥʦ ʥʝ ʢʦʤʧʝʥʩʫʶʪʴʩʷ. ʋʤʦʚʘ 

ʚʠʢʦʥʘʥʥʷ ʽʟʦʩʪʘʪʠʯʥʦʾ ʨʽʚʥʦʚʘʛʠ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʚʠʤʘʛʘʻ ʨʽʚʥʦʩʪʽ ʥʫʣʶ 

ʟʥʘʯʝʥʴ ʽʟʦʩʪʘʪʠʯʥʠʭ ʘʥʦʤʘʣʽʡ. ʍʦʯʘ ʜʣʷ ɿʝʤʣʽ ʽʟʦʩʪʘʪʠʯʥʽ ʘʥʦʤʘʣʽʾ ʩʠʣʠ ʚʘʛʠ 

ʥʘ ʢʦʥʪʠʥʝʥʪʘʣʴʥʠʭ ʧʣʘʪʬʦʨʤʘʭ ʽ ʥʘ ʙʽʣʴʰʠʭ ʯʘʩʪʠʥʘʭ ʧʣʦʱʽ ʦʢʝʘʥʽʚ ʥʝʚʝʣʠʢʽ 

(10ï-20 ʤɻʘʣ), ʚʽʜʤʽʥʥʽʩʪʴ ʾʭ ʚʽʜ ʥʫʣʷ ʩʪʘʚʠʪʴ ʧʠʪʘʥʥʷ ʧʨʦ ʧʨʠʨʦʜʫ ʽʩʥʫʚʘʥʥʷ 

ʪʘʢʠʭ ʘʥʦʤʘʣʽʡ. ɺʨʘʭʦʚʫʶʯʠ ʾʭ ʧʣʘʥʝʪʘʨʥʠʡ ʭʘʨʘʢʪʝʨ, ʤʦʞʥʘ ʜʦʧʫʩʪʠʪʠ, ʱʦ 

ʚʦʥʠ ʧʦʚôʷʟʘʥʽ ʘʙʦ ʟ ʘʥʦʤʘʣʴʥʠʤʠ ʤʘʩʘʤʠ, ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʜʦʩʪʘʪʥʴʦ ʛʣʠʙʦʢʦ ʚ 

ʤʘʥʪʽʾ ʧʣʘʥʝʪʠ, ʘʙʦ ʟ ʽʥʪʝʛʨʘʣʴʥʠʤ ʝʬʝʢʪʦʤ ʘʥʦʤʘʣʴʥʠʭ ʥʝʦʜʥʦʨʽʜʥʦʩʪʝʡ ʚ ʢʦʨʽ 

ʽ ʚʝʨʭʥʽʡ ʤʘʥʪʽʾ. ʅʘ ʜʘʥʠʡ ʯʘʩ ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʥʝʛʽʜʨʦʩʪʘʪʠʯʥʽ ʥʠʟʴʢʦʯʘʩʪʦʪʥʽ 
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ʛʘʨʤʦʥʽʢʠ ʛʨʘʚʽʪʘʮʽʡʥʦʛʦ ʧʦʣʷ ɿʝʤʣʽ ʥʝ ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʩʧʽʣʴʥʦʛʦ ʝʬʝʢʪʫ 

ʪʦʧʦʛʨʘʬʽʾ ʪʘ ʾʾ ʽʟʦʩʪʘʪʠʯʥʦʾ ʢʦʤʧʝʥʩʘʮʽʾ ʽ ʦʪʞʝ, ʚʦʥʠ ʧʦʚôʷʟʘʥʽ ʟ 

ʥʝʦʜʥʦʨʽʜʥʦʩʪʷʤʠ ʤʘʩ ʤʘʥʪʽʡʥʠʭ ʛʦʨʠʟʦʥʪʽʚ ʧʣʘʥʝʪʠ. 

ʅʘ ʨʠʩ. 1.10 ʧʦʢʘʟʘʥʘ ʧʣʘʥʝʪʘʨʥʘ ʢʘʨʪʘ ʪʦʚʱʠʥʠ ʢʦʨʠ ɿʝʤʣʽ, ʷʢʘ 

ʧʦʙʫʜʦʚʘʥʘ ʟʘ ʤʦʜʝʣʣʶ ɽʨʽ [218]. ɺʦʥʘ ʥʘʜʘʻ ʽʥʬʦʨʤʘʮʽʶ, ʟ ʷʢʦʾ ʤʦʞʥʘ, 

ʥʘʧʨʠʢʣʘʜ, ʦʮʽʥʠʪʠ ʛʨʘʚʽʪʘʮʽʡʥʠʡ ʝʬʝʢʪ ʚʽʜ ʟʛʠʥʫ ʣʽʪʦʩʬʝʨʥʦʾ ʧʣʠʪʠ ʥʘ 

ʛʨʘʚʽʪʘʮʽʡʥʝ ʧʦʣʝ. ʆʜʥʘʢ, ʣʠʰʝ ʥʝʚʝʣʠʢʘ ʯʘʩʪʠʥʘ ʘʥʦʤʘʣʽʡ ʛʨʘʚʽʪʘʮʽʡʥʦʛʦ ʧʦʣʷ 

ʥʘ ʦʢʨʘʾʥʘʭ ʪʝʢʪʦʥʽʯʥʠʭ ʧʣʠʪ ʤʦʞʝ ʙʫʪʠ ʧʦʷʩʥʝʥʘ ʚʧʣʠʚʦʤ ʟʛʠʥʫ ʧʣʠʪʠ. ɹʽʣʴʰʘ 

ʯʘʩʪʠʥʘ ʘʥʦʤʘʣʽʡ ʩʠʣʠ ʚʘʛʠ ʚʠʤʘʛʘʻ ʽʥʰʦʛʦ ʧʦʷʩʥʝʥʥʷ. ɿʦʢʨʝʤʘ, ʡʤʦʚʽʨʥʦʶ 

ʧʨʠʯʠʥʦʶ ʘʥʦʤʘʣʽʡ ʩʠʣʠ ʚʘʛʠ ʤʦʞʫʪʴ ʙʫʪʠ ʘʥʦʤʘʣʴʥʽ ʤʘʩʠ, ʱʦ ʘʩʦʮʽʶʶʪʴʩʷ ʟ 

ʢʦʥʚʝʢʮʽʻʶ ʚ ʤʘʥʪʽʾ.  

 

ʈʠʩ. 1.10. ʊʦʚʱʠʥʘ ʢʦʨʠ ɿʝʤʣʽ [114] 

ɺʥʘʩʣʽʜʦʢ ʢʦʥʚʝʢʪʠʚʥʦʾ ʮʠʨʢʫʣʷʮʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʭʦʣʦʜʞʝʥʥʷ ʽ 

ʥʘʨʦʩʪʘʥʥʷ ʦʢʝʘʥʽʯʥʦʾ ʣʽʪʦʩʬʝʨʠ ʥʘ ʩʝʨʝʜʠʥʥʦ-ʦʢʝʘʥʽʯʥʦʤʫ ʭʨʝʙʪʽ ʪʘ ʾʾ 

ʧʽʜʩʫʚʘʥʥʷ (ʩʫʙʜʫʢʮʽʷ) ʧʽʜ ʛʣʠʙʦʢʦʚʦʜʥʽ ʞʦʣʦʙʠ ʦʩʪʨʽʚʥʠʭ ʜʫʛ. ʊʦʤʫ ʚʘʞʣʠʚʠʤ 

ʟʘʚʜʘʥʥʷʤ ʥʘ ʤʘʡʙʫʪʥʻ ʻ ʙʽʣʴʰ ʪʦʯʥʝ ʚʠʟʥʘʯʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʪʘ ʪʦʚʱʠʥʠ ʢʦʨʠ ʥʘ 

ʢʦʥʪʠʥʝʥʪʘʭ. ɺ ʮʴʦʤʫ ʥʘʧʨʷʤʽ ʚʞʝ ʟʜʽʡʩʥʝʥʽ ʯʠʩʣʝʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ. ɿʦʢʨʝʤʘ, 

ʜʣʷ ʙʘʛʘʪʴʦʭ ʨʘʡʦʥʽʚ ʟʘʨʘʟ ʻ ʜʦʩʪʘʪʥʴʦ ʜʝʪʘʣʴʥʽ ʜʘʥʽ ʧʨʦ ʙʫʜʦʚʫ ʦʩʘʜʦʚʦʛʦ 

ʯʦʭʣʘ ʽ ʡʦʛʦ ʬʽʟʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ [2, 14, 40], ʱʦ ʜʦʟʚʦʣʷʻ ʚʚʝʩʪʠ ʚ ʤʦʜʝʣʴ 

ʽʩʪʦʪʥʽ ʧʦʧʨʘʚʢʠ ʱʦʜʦ ʛʫʩʪʠʥʥʠʭ ʥʝʦʜʥʦʨʽʜʥʦʩʪʝʡ ʚʝʨʭʥʴʦʾ ʯʘʩʪʠʥʠ 

͟  ͣ
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ʛʝʦʣʦʛʽʯʥʦʛʦ ʨʦʟʨʽʟʫ. ɼʣʷ ʙʘʛʘʪʴʦʭ ʪʝʨʠʪʦʨʽʡ ʦʪʨʠʤʘʥʘ ʽʥʬʦʨʤʘʮʽʷ, ʷʢʘ 

ʜʦʟʚʦʣʷʻ ʧʝʨʝʛʣʷʥʫʪʠ ʫʷʚʣʝʥʥʷ ʧʨʦ ʛʣʠʙʠʥʠ ʜʦ ʛʨʘʥʠʮʽ ʄʦʭʦʨʦʚʠʯʠʯʘ [4], ʱʦ 

ʪʘʢʦʞ ʽʩʪʦʪʥʦ ʫʪʦʯʥʶʻ ʤʦʜʝʣʽ ʽʟʦʩʪʘʪʠʯʥʦʾ ʢʦʤʧʝʥʩʘʮʽʾ. 

1.7. ɿʘʛʘʣʴʥʽ ʧʦʣʦʞʝʥʥʷ ʛʣʦʙʘʣʴʥʦʛʦ ʛʝʦʜʠʥʘʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʟʘ ʜʘʥʠʤʠ 

ʢʦʩʤʽʯʥʦʾ ʛʝʦʜʝʟʽʾ 

ɺʠʭʽʜʥʦʶ ʦʙʣʘʩʪʶ ʟʘʩʪʦʩʫʚʘʥʥʷ ɻʅʉʉ ʚ ʛʝʦʬʽʟʠʯʥʠʭ ʽ ʛʝʦʜʠʥʘʤʽʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʥʷʭ ʩʪʘʣʦ ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʫʯʘʩʥʠʭ ʨʫʭʽʚ 

ʟʝʤʥʦʾ ʢʦʨʠ. ʇʦʚʪʦʨʥʽ, ʙʘʛʘʪʦʢʨʘʪʥʽ ʪʘ ʙʝʟʧʝʨʝʨʠʚʥʽ ʛʝʦʜʝʟʠʯʥʽ ʚʠʤʽʨʶʚʘʥʥʷ 

ʪʨʠʚʘʣʠʡ ʯʘʩ ʥʘʜʘʶʪʴ ʚʘʞʣʠʚʽ ʚʠʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʪʘʢʠʭ ʛʝʦʬʽʟʠʯʥʠʭ ʽ 

ʛʝʦʜʠʥʘʤʽʯʥʠʭ ʥʘʫʢʦʚʠʭ ʜʠʩʮʠʧʣʽʥ, ʷʢ ʩʝʡʩʤʦʣʦʛʽʷ, ʚʫʣʢʘʥʦʣʦʛʽʷ, ʦʢʝʘʥʦʣʦʛʽʷ, 

ʛʝʦʪʝʢʪʦʥʽʢʘ. ɻʅʉʉ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʨʘʜʠʮʽʡʥʠʭ ʛʝʦʜʝʟʠʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ, 

ʜʦʟʚʦʣʷʪʴ ʦʪʨʠʤʘʪʠ ʦʮʽʥʢʠ ʟʤʽʥʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ʪʦʯʦʢ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʟ 

ʤʽʣʽʤʝʪʨʦʚʦʶ ʪʦʯʥʽʩʪʶ. 

ɿʘʚʜʷʢʠ ʩʧʽʣʴʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʶ ʩʠʩʪʝʤ ɻʃʆʅɸʉʉ ʽ GPS ʦʪʨʠʤʘʥʥʷ 

ʦʮʽʥʦʢ ʟʤʽʱʝʥʴ ʧʫʥʢʪʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʚ ʤʝʨʝʞʘʭ ʣʦʢʘʣʴʥʦʛʦ ʛʝʦʜʠʥʘʤʽʯʥʦʛʦ 

ʤʦʥʽʪʦʨʠʥʛʫ ʩʴʦʛʦʜʥʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟ ʪʦʯʥʽʩʪʶ ʜʦ ʤʽʣʽʤʝʪʨʽʚ. ʋ ʩʧʦʩʪʝʨʝʞʥʠʭ 

ʤʝʨʝʞʘʭ ʩʧʽʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʘʛʘʪʦʩʠʩʪʝʤʥʠʭ ɻʅʉʉ (GPS, ɻʃʆʅɸʉʉ, 

GALILEO, Beidou) ʟʘ ʚʟʘʻʤʥʦʾ ʚʽʜʜʘʣʝʥʦʩʪʽ ʩʧʦʩʪʝʨʝʞʥʠʭ ʩʪʘʥʮʽʡ ʥʘ ʩʦʪʥʽ ʡ 

ʪʠʩʷʯʽ ʢʽʣʦʤʝʪʨʽʚ ʦʜʥʘ ʚʽʜ ʦʜʥʦʾ ʟʘʙʝʟʧʝʯʫʻ ʪʦʯʥʽʩʪʴ ʫ ʤʝʞʘʭ 

ʩʫʙʩʘʥʪʠʤʝʪʨʦʚʦʛʦ ʨʽʚʥʷ, ʥʘʙʣʠʞʘʶʯʠʩʴ ʜʦ ʤʽʣʽʤʝʪʨʦʚʦʾ. 

ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʦʙ'ʻʢʪʠʚʥʽʩʪʴ ʪʘ ʥʘʜʽʡʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʩʫʯʘʩʥʠʭ 

ʨʫʭʽʚ ʟʝʤʥʦʾ ʢʦʨʠ. ɺʽʜʧʦʚʽʜʥʝ ʚʠʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʜʝʬʦʨʤʘʮʽʡ ʩʝʨʝʜʦʚʠʱʘ ʚ 

ʨʘʡʦʥʘʭ ʨʦʟʪʘʰʫʚʘʥʥʷ ʦʩʦʙʣʠʚʦ ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʪʝʭʥʦʛʝʥʥʠʭ ʦʙ'ʻʢʪʽʚ (ʘʪʦʤʥʽ 

ʩʪʘʥʮʽʾ, ʛʽʜʨʦʩʪʘʥʮʽʾ, ʧʫʥʢʪʠ ʟʙʝʨʽʛʘʥʥʷ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʚʽʜʭʦʜʽʚ ʪʘ ʽʥ.) ʜʦʟʚʦʣʷʻ 

ʨʦʟʨʦʙʣʷʪʠ ʪʝʦʨʝʪʠʯʥʽ ʪʘ ʧʨʠʢʣʘʜʥʽ ʤʦʜʝʣʽ ʪʘʢʠʭ ʧʨʦʮʝʩʽʚ, ʷʢ ʧʽʜʛʦʪʦʚʢʘ, 

ʨʦʟʨʷʜʢʘ ʪʘ ʨʝʣʘʢʩʘʮʽʷ ʥʘʧʨʫʛ ʥʘ ʪʝʨʠʪʦʨʽʷʭ ʚʠʥʠʢʥʝʥʥʷ ʟʝʤʣʝʪʨʫʩʽʚ; ʽʥʬʣʷʮʽʷ 

ʪʘ ʜʝʬʣʷʮʽʷ ʤʘʛʤʘʪʠʯʥʠʭ ʚʦʛʥʠʱ ʫ ʚʫʣʢʘʥʽʯʥʠʭ ʨʘʡʦʥʘʭ; ʨʦʟʚʠʪʦʢ ʨʫʡʥʫʚʘʥʥʷ 

ʧʦʨʽʜ ʫ ʜʠʥʘʤʽʯʥʽʡ ʬʦʨʤʽ ʪʘ ʦʙʚʘʣʽʚ ʧʨʠ ʚʠʜʦʙʫʪʢʫ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ ʪʘ ʽʥ. 
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ʆʩʪʘʥʥʻ ʨʦʙʠʪʴ ʙʘʛʘʪʦʩʠʩʪʝʤʥʽ ɻʅʉʉ ʥʘʡʚʘʞʣʠʚʽʰʠʤ ʩʫʯʘʩʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ 

ʛʝʦʬʽʟʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ʉʫʯʘʩʥʝ ʦʭʦʧʣʝʥʥʷ ʟʝʤʥʦʾ ʩʫʰʽ ʙʝʟʧʝʨʝʨʚʥʠʤʠ ɻʅʉʉ-ʩʧʦʩʪʝʨʝʞʝʥʥʷʤʠ 

ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 23 ʪʠʩ. ʧʫʥʢʪʽʚ. ʊʠʤʯʘʩʦʚʘ ʜʠʩʢʨʝʪʥʽʩʪʴ ʨʝʻʩʪʨʘʮʽʾ ʾʭ 

ʧʨʦʩʪʦʨʦʚʠʭ ʧʦʣʦʞʝʥʴ ʚʘʨʽʶʻ ʚʽʜ ʦʜʥʦʛʦ ʨʘʟʫ ʥʘ ʜʦʙʫ, ʧʨʠ ʨʝʻʩʪʨʘʮʽʾ ʱʦʜʦ 

ʧʦʚʽʣʴʥʠʭ ʢʦʨʦʚʠʭ ʨʫʭʽʚ, ʜʦ 100 ɻʮ, ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʟʘʚʜʘʥʴ ʩʝʡʩʤʦʣʦʛʽʾ, 

ʚʠʟʥʘʯʝʥʥʷ ʰʚʠʜʢʠʭ ʨʫʭʽʚ ʫ ʚʦʛʥʠʱʘʭ ʟʝʤʣʝʪʨʫʩʽʚ ʪʘ ʪʝʢʪʦʥʽʯʥʦʛʦ ʪʨʝʤʦʨʫ. 

ɹʘʛʘʪʦ ʩʪʘʥʮʽʡ ʬʫʥʢʮʽʦʥʫʶʪʴ ʙʝʟʧʝʨʝʨʚʥʦ ʚʞʝ ʧʦʥʘʜ 20 ʨʦʢʽʚ, ʟʘʙʝʟʧʝʯʫʶʯʠ 

ʚʘʞʣʠʚʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʛʝʦʬʽʟʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ.[80] 

ɿʘʚʜʷʢʠ ʚʠʭʽʜʥʠʤ ɻʅʉʉ-ʜʘʥʠʤ ʫ ʜʘʥʠʡ ʯʘʩ ʦʪʨʠʤʘʥʽ ʦʙ'ʻʢʪʠʚʥʽ ʪʘ 

ʜʦʩʪʦʚʽʨʥʽ ʦʮʽʥʢʠ ʰʚʠʜʢʦʩʪʝʡ ʪʘ ʥʝʣʽʥʽʡʥʠʭ ʚʘʨʽʘʮʽʡ ʨʫʭʽʚ ʪʝʢʪʦʥʽʯʥʠʭ ʧʣʠʪ ʫ 

ʛʣʦʙʘʣʴʥʽʡ ʢʦʦʨʜʠʥʘʪʥʽʡ ʩʠʩʪʝʤʽ ʚʽʜʣʽʢʫ [68]. ʅʧʨʠʢʣʘʜ, ʚʦʩʴʤʠʨʽʯʥʽ ɻʅʉʉ-

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟ ʜʦʙʦʚʠʤ ʯʘʩʦʚʠʤ ʽʥʪʝʨʚʘʣʦʤ ʫ ʨʘʡʦʥʽ ʟʘʣʠʚʫ ʉʘʥ-ʌʨʘʥʮʠʩʢʦ 

(ʉʐɸ) ʜʦʟʚʦʣʠʣʠ ʚʽʜʩʣʽʜʢʫʚʘʪʠ ʨʦʟʚʠʪʦʢ ʽʥʪʝʥʩʠʚʥʠʭ ʟʩʫʚʥʠʭ ʜʝʬʦʨʤʘʮʽʡ 

ʟʘʜʦʚʛʦ ʜʦ ʚʝʣʠʢʦʛʦ ʟʝʤʣʝʪʨʫʩʫ ʅʘʧʘ (2014 ʨ., ʄ = 6.1 [155]). ʎʝ ʩʚʽʜʯʠʪʴ ʥʘ 

ʢʦʨʠʩʪʴ ʨʝʘʣʴʥʦʩʪʽ ʚʠʥʠʢʥʝʥʥʷ ʜʝʬʦʨʤʘʮʽʡʥʠʭ ʧʨʦʚʽʩʥʠʢʽʚ ʧʝʨʝʜ ʚʝʣʠʢʠʤʠ 

ʟʝʤʣʝʪʨʫʩʘʤʠ (ʨʠʩ. 1.11). 

ɻʦʨʠʟʦʥʪʘʣʴʥʽ ʜʝʬʦʨʤʘʮʽʾ ʦʙʯʠʩʣʶʶʪʴʩʷ ʜʣʷ ʪʨʠʢʫʪʥʠʢʽʚ ʪʨʽʘʥʛʫʣʷʮʽʾ 

ɼʝʣʦʥʝ. ɼʣʷ ʦʙʯʠʩʣʝʥʥʷ ʜʝʬʦʨʤʘʮʽʡ ʢʽʥʮʝʚʦʛʦ ʝʣʝʤʝʥʪʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ 

ʪʝʥʟʦʨ ʜʝʬʦʨʤʘʮʽʾ [196]: 

 Ὕ
‐ ‐
‐ ‐  (1.3) 

ʝʣʝʤʝʥʪʘʤʠ ʢʦʪʨʦʛʦ ʻ ‐
 
, ‐

 
 ʪʘ ‐ ‐

  
, ʚʽʜʧʦʚʽʜʥʦ 

ʜʝ 
  

‎ ‎  ï ʜʝʬʦʨʤʘʮʽʷ ʟʩʫʚʫ; ό ̓  ́ό ï ʟʩʫʚ ʚʽʜʧʦʚʽʜʥʠʭ 

ʥʘʧʨʷʤʢʘʭ. 
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ʈʠʩ. 1.11. ʇʨʦʩʪʦʨʦʚʠʡ ʨʦʟʧʦʜʽʣ ʜʝʬʦʨʤʘʮʽʾ ʧʦʚʥʦʛʦ ʟʩʫʚʫ ʧʝʨʝʜ ʟʝʤʣʝʪʨʫʩʦʤ 

ʅʘʧʘ, ʉʐɸ (2014, ʄ = 6.1). ɯʟʦʣʽʥʽʾ ʧʨʦʚʝʜʝʥʦ ʟ ʽʥʪʝʨʚʘʣʦʤ 10
-6
. ɿʽʨʦʯʢʘ 

ʦʟʥʘʯʘʻ ʝʧʽʮʝʥʪʨ ʛʦʣʦʚʥʦʛʦ ʧʦʰʪʦʚʭʫ. ʏʦʨʥʽ ʢʦʣʘ ï ʝʧʽʮʝʥʪʨʠ ʬʦʨʰʦʢʽʚ ʪʘ 

ʘʬʪʝʨʰʦʢʽʚ ʟ M>5. ʏʦʨʥʽ ʪʦʯʢʠ ï ʝʧʽʮʝʥʪʨʠ ʩʣʘʙʢʠʭ ʧʦʰʪʦʚʭʽʚ 3<M<5. 

ʉʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʘ ʧʦʭʠʙʢʘ RMS ʚʠʟʥʘʯʝʥʥʷ ʜʝʬʦʨʤʘʮʽʡ ʤʝʥʰʝ 10
ï7

 [111]  
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ɿ ʤʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ 

ʜʝʬʦʨʤʘʮʽʡ ʚʠʢʦʨʠʩʪʘʥʦ ʪʘʢʽ ʽʥʚʘʨʽʘʥʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ [80]:  

- ʛʦʣʦʚʥʽ ʜʝʬʦʨʤʘʮʽʾ ‐ ʽ ‐: 

 ‐ȟ ‐ ‐ ‐ ‐ ‎  (1.4) 

- ʜʝʬʦʨʤʘʮʽʷ ʧʦʚʥʦʛʦ ʟʩʫʚʫ: 

 ‎ ‐ ‐ ‎ Ⱦ  (1.5) 

ɽʚʦʣʶʮʽʷ ʜʝʬʦʨʤʘʮʽʾ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʩʫʚʫ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʧʦʧʝʨʝʜʥʴʦʤʫ ʨʠʩʫʥʢʫ, ʧʝʨʝʢʦʥʣʠʚʦ ʜʝʤʦʥʩʪʨʫʻ ʙʝʟʧʝʨʝʨʚʥʠʡ ʽ ʧʦʩʣʽʜʦʚʥʠʡ 

ʨʦʟʚʠʪʦʢ ʚʦʛʥʠʱ ʜʝʬʦʨʤʘʮʽʡʥʠʭ ʘʥʦʤʘʣʽʡ ʚ ʦʢʦʣʠʮʽ ʤʘʡʙʫʪʥʴʦʛʦ ʚʝʣʠʢʦʛʦ 

ʟʝʤʣʝʪʨʫʩʫ. 

ʄʝʪʦʜ ɻʅʉʉ-ʩʝʡʩʤʦʣʦʛʽʾ ʤʘʻ ʣʠʰʝ ʜʚʘʜʮʷʪʠʣʽʪʥʶ ʽʩʪʦʨʽʶ. ʇʨʦʪʝ ʟ ʡʦʛʦ 

ʜʦʧʦʤʦʛʦʶ ʚʠʟʥʘʯʝʥʦ ʰʚʠʜʢʽ ʢʦʣʠʚʘʣʴʥʽ ʨʫʭʠ ʧʽʜ ʯʘʩ ʟʝʤʣʝʪʨʫʩʽʚ ɼʝʥʘʣʽ 

(2002), ʉʘʥ ʉʽʤʝʦʥ (2003), ʊʦʢʘʯʽ-ʆʢʽ (2003), ʝʢʩʧʣʦʟʠʚʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʚʫʣʢʘʥʘ 

ʉʪʨʦʤʙʦʣʽ (2004) ʪʘ ʽʥʰʠʭ ʚʘʞʣʠʚʠʭ ʛʝʦʜʠʥʘʤʽʯʥʠʭ ʧʦʜʽʡ [80]. 

ʃʦʢʘʣʴʥʽ ʥʘʛʣʷʜʦʚʽ ɻʅʉʉ-ʤʝʨʝʞʽ ʚ ʨʘʡʦʥʘʭ ʪʝʭʥʦʛʝʥʥʦʾ ʥʝʙʝʟʧʝʢʠ 

ʩʧʨʠʷʶʪʴ ʟʘʙʝʟʧʝʯʝʥʥʶ ʙʝʟʧʝʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʽʥʞʝʥʝʨʥʠʭ 

ʦʙ'ʻʢʪʽʚ, ʥʘʧʨʠʢʣʘʜ, ʪʘʢʠʭ ʷʢ ʛʽʜʨʦʪʝʭʥʽʯʥʽ ʩʧʦʨʫʜʠ. ʉʧʝʮʽʘʣʴʥʽ ʛʝʦʜʠʥʘʤʽʯʥʽ 

ʧʦʣʽʛʦʥʠ ʜʣʷ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘ ʩʫʯʘʩʥʠʤʠ ʨʫʭʘʤʠ ʟʝʤʥʦʾ ʢʦʨʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ɻʅʉʉ-ʪʝʭʥʦʣʦʛʽʾ ʩʪʚʦʨʶʶʪʴʩʷ ʚ ʨʘʡʦʥʘʭ ʧʦʪʝʥʮʽʡʥʠʭ ʪʝʭʥʦʛʝʥʥʠʭ ʟʘʛʨʦʟ, 

ʥʘʧʨʠʢʣʘʜ ɼʥʽʩʪʨʦʚʩʴʢʘ ɻɸɽʉ. 

ʄʽʞʥʘʨʦʜʥʘ ʩʣʫʞʙʘ ɻʅʉʉ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʠʤʽʨʶʚʘʣʴʥʫ ʽʥʬʦʨʤʘʮʽʶ ʟ 

ʩʫʧʫʪʥʠʢʽʚ ɻʃʆʅɸʉʉ ʽ GPS, ʚʠʨʦʙʣʷʻ ʪʘ ʧʨʝʜʩʪʘʚʣʷʻ ʩʚʽʪʦʚʽʡ ʩʧʽʣʴʥʦʪʽ ʪʘʢʽ 

ʥʘʫʢʦʚʽ ʪʘ ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʜʫʢʪʠ ʷʢ ʪʦʯʥʽ ʪʘ ʦʧʝʨʘʪʠʚʥʽ ʝʬʝʤʝʨʠʜʠ 

ʩʫʧʫʪʥʠʢʽʚ ɻʅʉʉ, ʛʝʦʮʝʥʪʨʠʯʥʽ ʢʦʦʨʜʠʥʘʪʠ ʪʘ ʰʚʠʜʢʦʩʪʽ ʾʭ ʟʤʽʥ, ʧʘʨʘʤʝʪʨʠ 

ʦʙʝʨʪʘʥʥʷ ɿʝʤʣʽ (ʨʫʭ ʧʦʣʶʩʘ ʪʘ ʪʨʠʚʘʣʽʩʪʴ ʜʦʙʠ), ʧʘʨʘʤʝʪʨʠ ʪʨʦʧʦʩʬʝʨʠ 

(ʪʨʦʧʦʩʬʝʨʥʘ ʟʘʪʨʠʤʢʘ ʪʘ ʾʾ ʛʦʨʠʟʦʥʪʘʣʴʥʽ ʛʨʘʜʽʻʥʪʠ) ʪʘ ʽʦʥʦʩʬʝʨʠ ʪʦʱʦ. ʎʽ 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʽʚʥʷ ʾʭ ʪʦʯʥʦʩʪʽ ʪʨʘʥʩʣʶʶʪʴʩʷ ʚ ʨʝʘʣʴʥʦʤʫ 

ʯʘʩʽ, ʘʙʦ ʽʟ ʟʘʪʨʠʤʢʘʤʠ ʚʽʜ ʢʽʣʴʢʦʭ ʛʦʜʠʥ ʜʦ ʪʠʞʥʽʚ.  

ʎʽʣʘ ʥʠʟʢʘ ʽʥʪʝʨʥʝʪ-ʘʨʭʽʚʽʚ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ ʩʴʦʛʦʜʥʽ ʥʘʜʘʻ 

ʰʠʨʦʢʦʤʫ ʢʦʨʠʩʪʦʚʘʯʝʚʽ ʛʝʦʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ɿʝʤʣʶ. ʅʘʡʙʽʣʴʰ ʧʦʧʫʣʷʨʥʠʤʠ ʽ 

ʚʝʣʠʢʠʤʠ ʻ ʽʥʪʝʨʥʝʪ-ʧʦʨʪʘʣʠ SOPAC (Scripps Orbit and Permanent Array Center) 

[189] ʽ UNAVCO (University NAVSTAR Consortium) [217]. ʆʩʥʦʚʥʠʤ ʾʭ ʟʤʽʩʪʦʤ 

ʻ ʚʠʤʽʨʶʚʘʣʴʥʽ ʜʘʥʽ ɻʅʉʉ, ʢʦʦʨʜʠʥʘʪʠ ʩʫʧʫʪʥʠʢʽʚ ʽ ʥʘʟʝʤʥʠʭ ʩʪʘʥʮʽʡ, ʘ ʪʘʢʦʞ 

ʰʚʠʜʢʦʩʪʽ ʾʭ ʨʫʭʫ. ʆʩʦʙʣʠʚʝ ʤʽʩʮʝ ʧʨʠ ʮʴʦʤʫ ʟʘʡʤʘʶʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʫʭʽʚ 

ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʚ ʨʘʡʦʥʘʭ ʟʝʤʣʝʪʨʫʩʽʚ, ʘʣʝ ʪʘʢʦʞ ʜʘʥʽ ʧʨʦ ʩʪʘʥ ʪʨʦʧʦʩʬʝʨʠ ʪʘ 

ʽʦʥʦʩʬʝʨʠ, ʩʝʡʩʤʽʯʥʽ ʜʘʥʽ ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ. ʅʘʡʙʽʣʴʰ 

ʚʝʣʠʢʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʨʫʭʠ ʧʫʥʢʪʽʚ ɻʅʉʉ ʥʘʜʘʻ ɻʝʦʜʝʟʠʯʥʘ ʣʘʙʦʨʘʪʦʨʽʷ 

ʅʝʚʘʜʠ (Nevada Geodetic Laboratory) [97]. ɻʝʦʧʦʨʪʘʣ ʣʘʙʦʨʘʪʦʨʽʾ ʤʽʩʪʠʪʴ 

ʪʠʤʯʘʩʦʚʽ ʨʷʜʠ ʢʦʦʨʜʠʥʘʪ ʩʪʘʮʽʦʥʘʨʥʠʭ ɻʅʉʉ-ʧʫʥʢʪʽʚ. ɺʽʥ ʚʢʣʶʯʘʻ ʙʣʠʟʴʢʦ 23 

000 ʧʫʥʢʪʽʚ. ɼʘʥʽ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʢʦʦʨʜʠʥʘʪʥʽ ʪʦʯʥʽ ʨʽʰʝʥʥʷ ʟ ʜʦʙʦʚʠʤ 

ʪʠʤʯʘʩʦʚʠʤ ʨʦʟʚôʷʟʢʦʤ (ʤʽʣʽʤʝʪʨʦʚʽ ʪʦʯʥʦʩʪʽ), ʘ ʪʘʢʦʞ ʦʧʝʨʘʪʠʚʥʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʽʰʝʥʥʷ ʟ ʧ'ʷʪʠʭʚʠʣʠʥʥʠʤ ʯʘʩʦʚʠʤ ʽʥʪʝʨʚʘʣʦʤ (ʙʣʠʟʴʢʦ 

ʜʝʮʠʤʝʪʨʦʚʽ ʪʦʯʥʦʩʪʽ). 

ʆʩʥʦʚʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ɻʅʉʉ ʫ ʥʘʫʢʘʭ ʧʨʦ ɿʝʤʣʶ ʻ ɻʣʦʙʘʣʴʥʘ ʩʠʩʪʝʤʘ 

ʛʝʦʜʝʟʠʯʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ (Global Geodetic Observing System), ̫ ʢʘ ʩʪʚʦʨʝʥʘ ʽ 

ʨʦʟʚʠʚʘʻʪʴʩʷ ʄʽʞʥʘʨʦʜʥʦʶ ʘʩʦʮʽʘʮʽʻʶ ʛʝʦʜʝʟʽʾ (IAG). ɰʾ ʥʘʫʢʦʚʦʶ ʤʝʪʦʶ ʻ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʟʥʘʥʴ ʧʨʦ ʜʠʥʘʤʽʢʫ ɿʝʤʣʽ ʰʣʷʭʦʤ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʟʤʽʥ 

ʧʣʘʥʝʪʠ ʫ ʧʨʦʩʪʦʨʽ ʪʘ ʯʘʩʽ. ʗʜʨʦʤ ʩʧʦʩʪʝʨʝʞʥʦʾ ʩʠʩʪʝʤʠ ʻ ʪʘʢ ʟʚʘʥʽ ʢʦʨʦʚʽ (core 

sites) ʽ ʢʦʣʦʢʘʮʽʡʥʽ (collocation sites) ʧʫʥʢʪʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʫ 

ʩʪʘʙʽʣʴʥʽʩʪʴ ʟʝʤʥʦʾ ʢʦʦʨʜʠʥʘʪʥʦʾ ʦʧʦʨʠ ʜʣʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʛʝʦʜʝʟʠʯʥʠʭ ʽ 

ʛʝʦʬʽʟʠʯʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ. ʉʫʯʘʩʥʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʨʦʟʚʠʪʢʫ ɻʅʉʉ-ʪʝʭʥʦʣʦʛʽʡ 

ʜʣʷ ʛʝʦʬʽʟʠʢʠ ʪʘ ʛʝʦʜʠʥʘʤʽʢʠ ʻ ʨʦʟʰʠʨʝʥʥʷ ʩʬʝʨʠ ʾʭ ʜʽʷʣʴʥʦʩʪʽ ʪʘ ʾʭ 

ʜʠʬʝʨʝʥʮʽʘʮʽʷ ʥʘ ʢʽʣʴʢʘ ʥʝʟʘʣʝʞʥʠʭ ʥʘʧʨʷʤʢʽʚ. ɿ ʤʦʥʦʜʠʩʮʠʧʣʽʥʠ, ʩʧʨʷʤʦʚʘʥʦʾ 

ʥʘ ʚʠʟʥʘʯʝʥʥʷ ʤʽʩʮʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʘ ʧʝʨʝʜʘʯʽ ʯʘʩʫ, ʚʦʥʘ ʧʝʨʝʪʚʦʨʠʣʘʩʷ ʥʘ 
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ʩʫʢʫʧʥʽʩʪʴ ʥʘʫʢʦʚʠʭ ʥʘʧʨʷʤʽʚ, ʩʝʨʝʜ ʷʢʠʭ ʥʘʡʙʽʣʴʰ ʩʫʯʘʩʥʠʤʠ ʻ ɻʅʉʉ-

ʩʝʡʩʤʦʣʦʛʽʷ, ɻʅʉʉ-ʤʝʪʝʦʨʦʣʦʛʽʷ ʪʘ ɻʅʉʉ-ʨʝʬʣʝʢʪʦʤʝʪʨʽʷ. [172] 

ɼʘʥʽ ʢʦʩʤʽʯʥʦʾ ʛʝʦʜʝʟʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʪʦʛʦ, ʯʠ ʧʣʠʪʠ 

ʨʫʭʘʶʪʴʩʷ ʭʘʦʪʠʯʥʦ ʯʠ ʩʢʦʨʽʰʝ ʩʣʽʜʫʶʪʴ ʧʝʚʥʦʤʫ ʪʝʢʪʦʥʽʯʥʦʤʫ ʨʫʩʣʫ. ʍʦʯʘ 

ʥʝʟʘʣʝʞʥʽ ʣʽʥʽʾ ʛʝʦʣʦʛʽʯʥʠʭ ʜʦʢʘʟʽʚ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʽʩʥʫʚʘʥʥʷ ʛʣʦʙʘʣʴʥʦʛʦ 

ʚʧʦʨʷʜʢʦʚʘʥʦʛʦ ʧʦʪʦʢʫ ʨʫʭʽʚ ʧʣʠʪ ʽʟ ʟʘʭʽʜʥʦʶ ʧʦʣʷʨʠʟʘʮʽʻʶ, ɿʝʤʥʘ ʩʠʩʪʝʤʘ 

ʚʽʜʣʽʢʫ (ITRF) ʧʨʝʜʩʪʘʚʣʷʻ ʦʙʤʝʞʝʥʥʷ ʚ ʦʧʠʩʽ ʘʙʩʦʣʶʪʥʠʭ ʨʫʭʽʚ ʧʣʠʪ ʚʽʜʥʦʩʥʦ 

ʤʘʥʪʽʾ. ʋ ʨʦʙʦʪʽ [94] ʦʮʽʥʠʣʠ ʥʦʚʫ ʤʦʜʝʣʴ ʨʫʭʫ ʧʣʠʪʠ ʪʘ ʪʨʠ ʨʽʟʥʽ ʨʽʰʝʥʥʷ 

ʯʠʩʪʦʛʦ ʦʙʝʨʪʘʥʥʷ ʣʽʪʦʩʬʝʨʠ (ʨʠʩ. 1.12). ɺʨʘʭʦʚʫʶʯʠ ʰʽʩʪʴ ʦʩʥʦʚʥʠʭ ʤʝʞ ʧʣʠʪ 

ʽ ʟʤʽʥʥʫ ʛʣʠʙʠʥʫ ʜʞʝʨʝʣʘ ʦʩʥʦʚʥʠʭ ʛʘʨʷʯʠʭ ʪʦʯʦʢ ʊʠʭʦʛʦ ʦʢʝʘʥʫ, ʘʚʪʦʨʠ 

ʘʜʘʧʪʫʚʘʣʠ ʢʽʥʝʤʘʪʠʢʫ ʧʣʠʪʠ TRF ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʣʦʙʘʣʴʥʦʾ ʢʦʩʤʽʯʥʦʾ ʛʝʦʜʝʟʽʾ 

ʜʦ ʤʦʜʝʣʝʡ ʘʙʩʦʣʶʪʥʦʛʦ ʨʫʭʫ ʧʣʠʪ ʱʦʜʦ ʤʘʥʪʽʾ. ʋʩʽ ʪʨʠ ʨʝʢʦʥʩʪʨʫʢʮʽʾ 

ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʪʝʢʪʦʥʽʯʥʫ ʜʦʤʽʥʫʶʯʫ ʪʝʥʜʝʥʮʽʶ ʪʘ ʯʠʩʪʝ ʦʙʝʨʪʘʥʥʷ ʣʽʪʦʩʬʝʨʠ. 

ɼʦʩʽ ʥʝ ʚʽʜʦʤʦ ʪʦʯʥʦʾ ʪʝʥʜʝʥʮʽʾ ʮʴʦʛʦ ʪʝʢʪʦʥʽʯʥʦʛʦ ʧʦʪʦʢʫ ʪʘ ʰʚʠʜʢʦʩʪʽ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʦʙʝʨʪʘʥʥʷ. ʇʨʦʪʝ ʨʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ, ʧʨʠʧʫʩʢʘʶʯʠ 

ʙʽʣʴʰ ʰʚʠʜʢʽ ʨʫʭʠ ʊʠʭʦʛʦ ʦʢʝʘʥʫ, ʷʢ ʮʝ ʜʦʧʫʩʢʘʻ ʘʩʪʝʥʦʩʬʝʨʥʝ ʜʞʝʨʝʣʦ 

ʛʘʨʷʯʠʭ ʪʦʯʦʢ, ʥʘʡʢʨʘʱʘ ʦʮʽʥʢʘ ʯʠʩʪʦʛʦ ʦʙʝʨʪʘʥʥʷ ʣʽʪʦʩʬʝʨʠ ʩʪʘʥʦʚʠʪʴ 13,4 Ñ 

7 ʤʤ ʥʘ ʨʽʢ
ī1
. ʎʝ ʥʘʜʰʚʠʜʢʝ ʨʽʰʝʥʥʷ, ʟʜʘʻʪʴʩʷ, ʩʫʧʝʨʝʯʠʪʴ ʩʫʯʘʩʥʠʤ ʟʥʘʥʥʷʤ 

ʧʨʦ ʣʽʪʦʩʬʝʨʥʽ ʨʫʭʠ, ʘʣʝ ʚʦʥʦ ʟʥʘʯʥʦ ʢʨʘʱʝ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʛʝʦʣʦʛʽʯʥʠʤʠ 

ʦʙʤʝʞʝʥʥʷʤʠ, ʥʽʞ ʪʽ, ʱʦ ʦʪʨʠʤʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʚʽʣʴʥʽʰʠʭ ʦʮʽʥʦʢ ʨʫʭʫ 

ʊʠʭʦʛʦ ʦʢʝʘʥʫ ʪʘ ʯʠʩʪʦʛʦ ʦʙʝʨʪʘʥʥʷ. ʇʨʠʧʫʩʢʘʶʯʠ ʰʚʠʜʰʠʡ ʨʫʭ ʊʠʭʦʛʦ 

ʦʢʝʘʥʫ, ʧʦʢʘʟʘʥʦ, ʱʦ ʚʩʽ ʧʣʠʪʠ ʚʧʦʨʷʜʢʦʚʘʥʦ ʨʫʭʘʶʪʴʩʷ çʥʘ ʟʘʭʽʜè ʚʟʜʦʚʞ 

ʪʝʢʪʦʥʽʯʥʦʛʦ ʦʩʥʦʚʥʦʛʦ ʧʦʪʦʢʫ ʟ ʨʽʟʥʠʤʠ ʰʚʠʜʢʦʩʪʷʤʠ, ʘ ʝʢʚʘʪʦʨ ʯʠʩʪʦʛʦ 

ʦʙʝʨʪʘʥʥʷ ʣʽʪʦʩʬʝʨʠ ʣʝʞʠʪʴ ʚʩʝʨʝʜʠʥʽ ʚʽʜʧʦʚʽʜʥʦʾ ʩʤʫʛʠ ʰʠʨʦʪ ʪʝʢʪʦʥʽʯʥʦʛʦ 

ʦʩʥʦʚʥʦʛʦ ʧʦʪʦʢʫ. [94] 
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ʘ) 

 

ʘ ï ʨʽʰʝʥʥʷ ʫ ʩʪʠʣʽ ɻʨʽʧʧʘ ʽ 

ɻʦʨʜʦʥʘ (GGS ï Gripp and 

Gordon óstyleô solution) [110], 

ʤʘʢʩʠʤʘʣʴʥʘ ʪʘʥʛʝʥʮʽʘʣʴʥʘ 

ʰʚʠʜʢʽʩʪʴ 41 ʤʤ ʥʘ ʨʽʢ
ī1

; 

 

ʙ) 

 

 

ʙ ï S15, ʤʘʢʩʠʤʘʣʴʥʘ 

ʪʘʥʛʝʥʮʽʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ 8,0 

ʩʤ ʥʘ ʨʽʢ
ī1

; 

 

 

ʚ) 

 

ʚ ï S20, ʤʘʢʩʠʤʘʣʴʥʘ 

ʪʘʥʛʝʥʮʽʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ 134. 

ʈʠʩ. 1.12. ɻʣʦʙʘʣʴʥʝ ʯʠʩʪʝ ʦʙʝʨʪʘʥʥʷ ʣʽʪʦʩʬʝʨʠ, ʪʘʥʛʝʥʮʽʘʣʴʥʽ ʰʚʠʜʢʦʩʪʽ ʪʘ 

ʝʢʚʘʪʦʨʠ [94]. 
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ʅʘʡʚʘʞʣʠʚʽʰʦʶ ʷʢʽʩʪʶ ɻʅʉʉ ʻ ʾʭʥʷ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ, ʷʢʘ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʫ ʻʜʠʥʦʤʫ ʨʽʰʝʥʥʽ ʚʩʽʻʾ ʩʫʢʫʧʥʦʩʪʽ 

ʩʧʦʩʪʝʨʝʞʥʠʭ ʛʝʦʜʝʟʠʯʥʠʭ ʩʠʩʪʝʤ. ʇʨʠʢʣʘʜʦʤ ʮʴʦʛʦ ʻ ʢʦʣʦʢʘʮʽʡʥʽ ʪʘ ʦʩʥʦʚʥʽ 

ʩʪʘʥʮʽʾ ɻʣʦʙʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʛʝʦʜʝʟʠʯʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʫ 

ʪʘʢʦʤʫ ʧʦʻʜʥʘʥʥʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʙʘʛʘʪʦ ʩʫʯʘʩʥʠʭ ʩʧʦʩʪʝʨʝʞʥʠʭ ʟʘʩʦʙʽʚ 

ʘʩʪʨʦʥʦʤʽʾ, ʛʝʦʜʝʟʽʾ ʪʘ ʛʝʦʬʽʟʠʢʠ, ʥʦʚʠʡ ʷʢʽʩʥʠʡ ʥʘʫʢʦʚʠʡ ʧʨʦʨʠʚ ʤʦʞʝ 

ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʜʘʣʴʰʝ ʨʦʟʰʠʨʝʥʥʷ ʻʜʠʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʩʧʦʩʪʝʨʝʞʥʠʭ ʟʘʩʦʙʽʚ ʽ 

ʦʙ'ʻʜʥʘʥʥʷ ʨʽʟʥʦʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʩʧʦʩʪʝʨʝʞʥʠʭ ʤʝʨʝʞ. ʎʴʦʤʫ ʤʘʻ ʩʧʨʠʷʪʠ, 

ʥʘʧʨʠʢʣʘʜ, ʧʦʻʜʥʘʥʥʷ ʤʘʛʥʽʪʥʠʭ ʩʪʘʥʮʽʡ ʽ ɻʅʉʉ-ʧʫʥʢʪʽʚ, ʱʦ ʜʘʩʪʴ ʟʤʦʛʫ ʙʽʣʴʰ 

ʛʣʠʙʦʢʦ ʚʠʚʯʘʪʠ ʥʝ ʪʽʣʴʢʠ ʩʪʘʥ ʘʪʤʦʩʬʝʨʠ, ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʽ ʪʘ 

ʤʘʛʥʽʪʦʩʬʝʨʠ, ʘ ʡ ʽ ʚʜʦʩʢʦʥʘʣʶʚʘʪʠ ʟʥʘʥʥʷ ʧʨʦ ʛʝʦʜʠʥʘʤʽʯʥʽ ʤʝʭʘʥʽʟʤʠ 

ʧʨʦʮʝʩʽʚ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʣʽʪʦʩʬʝʨʽ. 

1.8. ʂʦʤʧʣʝʢʩʥʠʡ ʧʨʦʮʝʩ ʤʦʜʝʣʶʚʘʥʥʷ ʧʣʘʥʝʪʘʨʥʠʭ ʛʝʦʜʠʥʘʤʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ 

ɹʣʦʢ-ʩʭʝʤʘ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1.13, ʚʽʜʦʙʨʘʞʘʻ ʢʦʤʧʣʝʢʩʥʠʡ ʧʨʦʮʝʩ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʣʘʥʝʪʘʨʥʠʭ ʛʝʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʧʦʻʜʥʫʻ ʨʽʟʥʽ ʜʞʝʨʝʣʘ 

ʜʘʥʠʭ, ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ ʽ ʤʦʜʝʣʶʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʽʥʩʪʨʫʤʝʥʪʠ ʽʥʪʝʨʧʨʝʪʘʮʽʾ 

ʨʝʟʫʣʴʪʘʪʽʚ ʜʣʷ ʨʦʟʫʤʽʥʥʷ ʟʤʽʥ ʬʦʨʤʠ ɿʝʤʣʽ ʪʘ ʾʾ ʛʝʦʜʠʥʘʤʽʢʠ ʚ ʛʝʦʣʦʛʽʯʥʦʤʫ 

ʤʘʩʰʪʘʙʽ ʯʘʩʫ. ɺ ʦʩʥʦʚʽ ʧʽʜʭʦʜʫ ʣʝʞʠʪʴ ʽʥʪʝʛʨʘʮʽʷ ʮʠʬʨʦʚʠʭ ʤʦʜʝʣʝʡ ʨʝʣʴʻʬʫ, 

ʜʘʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʚʠʤʽʨʶʚʘʥʴ ʪʘ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʤʦʜʝʣʽ ɿʝʤʣʽ, ʷʢʘ ʚʨʘʭʦʚʫʻ ʩʢʣʘʜʥʽ ʚʟʘʻʤʦʟʚôʷʟʢʠ ʤʽʞ ʨʦʪʘʮʽʡʥʠʤʠ, 

ʛʨʘʚʽʪʘʮʽʡʥʠʤʠ ʽ ʪʝʢʪʦʥʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ.  

ʇʝʨʰʠʡ ʝʪʘʧ ʧʨʦʮʝʩʫ ʟʦʩʝʨʝʜʞʝʥʠʡ ʥʘ ʟʙʦʨʽ ʽ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚʭʽʜʥʠʭ 

ʜʘʥʠʭ ʽʟ ʪʨʴʦʭ ʦʩʥʦʚʥʠʭ ʜʞʝʨʝʣ: ʮʠʬʨʦʚʦʾ ʤʦʜʝʣʽ ʨʝʣʴʻʬʫ PaleoDEM, ʤʦʜʝʣʽ 

ʛʝʦʾʜʘ EGM2008 ʪʘ ʤʦʜʝʣʽ ʪʦʧʦʛʨʘʬʽʾ ETOPO1. PaleoDEM ʟʘʙʝʟʧʝʯʫʻ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʨʝʢʦʥʩʪʨʫʡʦʚʘʥʠʡ ʧʘʣʝʦʨʝʣʴʻʬ ɿʝʤʣʽ, ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʛʝʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʤʠʥʫʣʠʭ ʝʧʦʭ. ʄʦʜʝʣʴ EGM2008 ʩʣʫʛʫʻ 

ʦʩʥʦʚʦʶ ʜʣʷ ʘʥʘʣʽʟʫ ʛʨʘʚʽʪʘʮʽʡʥʦʛʦ ʧʦʣʷ, ʪʦʜʽ ʷʢ ETOPO1 ʥʘʜʘʻ ʩʫʯʘʩʥʠʡ ʦʧʠʩ 
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ʪʦʧʦʛʨʘʬʽʾ ɿʝʤʣʽ. ʎʽ ʜʘʥʽ ʬʦʨʤʫʶʪʴ ʙʘʟʫ ʜʣʷ ʧʦʜʘʣʴʰʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʦʙʯʠʩʣʝʥʴ ʽ ʤʦʜʝʣʶʚʘʥʥʷ. 

 

ʈʠʩ. 1.13. ɿʘʛʘʣʴʥʘ ʩʭʝʤʘ ʜʦʩʣʽʜʞʝʥʴ 

ʅʘ ʥʘʩʪʫʧʥʦʤʫ ʝʪʘʧʽ ʚʠʢʦʥʫʻʪʴʩʷ ʘʧʨʦʢʩʠʤʘʮʽʷ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʜʚʦʚʽʩʥʠʭ ʽ ʪʨʠʚʽʩʥʠʭ ʝʣʽʧʩʦʾʜʽʚ. ʎʷ ʘʧʨʦʢʩʠʤʘʮʽʷ ʜʦʟʚʦʣʷʻ ʦʧʠʩʘʪʠ 

ʬʦʨʤʫ ɿʝʤʣʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʾʾ ʜʝʬʦʨʤʘʮʽʡ ʪʘ ʚʘʨʽʘʮʽʡ ʫ ʨʽʟʥʽ ʛʝʦʣʦʛʽʯʥʽ ʝʧʦʭʠ. 

ɸʧʨʦʢʩʠʤʦʚʘʥʽ ʤʦʜʝʣʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʦʮʽʥʢʠ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʝʣʽʧʩʦʾʜʠ, ʘ ʪʘʢʦʞ ʜʣʷ ʘʥʘʣʽʟʫ ʽʩʪʠʥʥʦʛʦ ʙʣʫʢʘʥʥʷ ʧʦʣʶʩʘ, ʷʢʝ 

ʚʠʥʠʢʘʻ ʚʥʘʩʣʽʜʦʢ ʧʝʨʝʦʨʽʻʥʪʘʮʽʾ ʬʽʛʫʨʠ ʣʽʪʦʩʬʝʨʠ. 

ʇʨʦʮʝʩ ʤʦʜʝʣʶʚʘʥʥʷ ʚʢʣʶʯʘʻ ʚʠʟʥʘʯʝʥʥʷ ʜʝʬʦʨʤʘʮʽʡ ʽ ʥʘʧʨʫʞʝʥʴ, ʷʢʽ 

ʚʠʥʠʢʘʶʪʴ ʯʝʨʝʟ ʟʤʽʥʫ ʦʙʝʨʪʦʚʦʛʦ ʨʫʭʫ ɿʝʤʣʽ ʥʘʚʢʦʣʦ ʦʩʽ. ʆʢʨʽʤ ʮʴʦʛʦ, 

ʘʥʘʣʽʟʫʻʪʴʩʷ ʚʧʣʠʚ ʧʝʨʝʦʨʽʻʥʪʘʮʽʾ ʬʦʨʤʠ ʣʽʪʦʩʬʝʨʠ ʥʘ ʮʽ ʧʨʦʮʝʩʠ. ɼʣʷ ʮʴʦʛʦ 

ʚʨʘʭʦʚʫʶʪʴʩʷ ʪʘʥʛʝʥʮʽʘʣʴʥʽ ʤʘʩʦʚʽ ʩʠʣʠ, ʷʢʽ ʻ ʢʣʶʯʦʚʠʤʠ ʜʣʷ ʨʦʟʫʤʽʥʥʷ 
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ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʣʷ ʥʘʧʨʫʞʝʥʴ ʽ ʤʝʭʘʥʽʟʤʽʚ ʨʫʭʫ ʪʝʢʪʦʥʽʯʥʠʭ ʧʣʠʪ. ʎʽ ʩʠʣʠ 

ʟʽʩʪʘʚʣʷʶʪʴʩʷ ʟ ʜʘʥʠʤʠ ʛʣʦʙʘʣʴʥʦʾ ʢʘʨʪʠ ʰʚʠʜʢʦʩʪʽ ʜʝʬʦʨʤʘʮʽʡ (Global Strain 

Rate Map Project V.1) ʽ ʚʝʢʪʦʨʘʤʠ ʧʝʨʝʤʽʱʝʥʥʷ, ʦʪʨʠʤʘʥʠʤʠ ʟ ɻʅʉʉ-ʩʪʘʥʮʽʡ. 

ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʢʽʣʴʢʽʩʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʤʽʞ ʧʘʨʘʤʝʪʨʘʤʠ ʤʦʜʝʣʽ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʣʘʩʪʝʨʥʠʡ ʽ ʢʦʨʝʣʷʮʽʡʥʠʡ ʘʥʘʣʽʟ. ʎʽ ʤʝʪʦʜʠ ʜʦʟʚʦʣʷʶʪʴ 

ʚʠʷʚʠʪʠ ʟʚôʷʟʢʠ ʤʽʞ ʪʘʥʛʝʥʮʽʘʣʴʥʠʤʠ ʤʘʩʦʚʠʤʠ ʩʠʣʘʤʠ, ʥʘʧʨʷʤʢʘʤʠ ʨʫʭʫ 

ʪʝʢʪʦʥʽʯʥʠʭ ʧʣʠʪ, ʚʠʩʦʪʘʤʠ ʛʝʦʾʜʘ ʪʘ ʽʥʰʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʂʨʽʤ ʪʦʛʦ, 

ʘʥʘʣʽʟʫʶʪʴʩʷ ʤʝʨʠʜʽʦʥʘʣʴʥʽ ʪʘ ʨʘʜʽʘʣʴʥʽ ʩʠʣʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʜʠʥʘʤʽʢʫ 

ʣʽʪʦʩʬʝʨʠ ʽ ʧʝʨʝʦʨʽʻʥʪʘʮʽʶ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ʧʣʘʥʝʪʠ. 

ʅʘ ʟʘʚʝʨʰʘʣʴʥʦʤʫ ʝʪʘʧʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʘʣʝʦʛʝʦʾʜʘ ʪʘ ʨʫʭʫ 

ʧʦʣʶʩʘ ʫ ʛʝʦʣʦʛʽʯʥʦʤʫ ʤʘʩʰʪʘʙʽ ʯʘʩʫ. ʎʝʡ ʧʨʦʮʝʩ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʠʪʠ ʢʘʨʪʠ 

ʛʣʦʙʘʣʴʥʠʭ ʟʤʽʥ ʬʦʨʤʠ ʣʽʪʦʩʬʝʨʠ, ʚʠʟʥʘʯʠʪʠ ʧʘʨʘʤʝʪʨʠ ʧʘʣʝʦʛʝʦʾʜʽʚ ʽ ʦʮʽʥʠʪʠ 

ʾʭʥʽʡ ʚʧʣʠʚ ʥʘ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʣʽʪʦʩʬʝʨʠ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʜʘʶʪʴ ʟʤʦʛʫ ʟʨʦʟʫʤʽʪʠ ʤʝʭʘʥʽʟʤʠ ʝʚʦʣʶʮʽʾ ʧʣʘʥʝʪʘʨʥʦʾ ʬʦʨʤʠ ɿʝʤʣʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʙʣʦʢ-ʩʭʝʤʘ ʜʝʤʦʥʩʪʨʫʻ ʽʥʪʝʛʨʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʦ ʚʠʚʯʝʥʥʷ 

ʧʣʘʥʝʪʘʨʥʠʭ ʛʝʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʢʣʶʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʠʭ ʟ ʨʽʟʥʠʭ 

ʜʞʝʨʝʣ, ʩʫʯʘʩʥʽ ʤʝʪʦʜʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʘʥʘʣʽʟʫ, ʘ ʪʘʢʦʞ 

ʚʽʟʫʘʣʽʟʘʮʽʶ ʨʝʟʫʣʴʪʘʪʽʚ ʫ ʬʦʨʤʽ ʢʘʨʪ ʽ ʤʦʜʝʣʝʡ. ʎʝ ʜʦʟʚʦʣʷʻ ʥʝ ʣʠʰʝ 

ʧʦʛʣʠʙʠʪʠ ʨʦʟʫʤʽʥʥʷ ʛʝʦʜʠʥʘʤʽʢʠ ɿʝʤʣʽ, ʘʣʝ ʡ ʩʧʨʠʷʪʠ ʨʦʟʨʦʙʮʽ ʧʨʘʢʪʠʯʥʠʭ 

ʨʝʢʦʤʝʥʜʘʮʽʡ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʤʽʥ, ʧʦʚôʷʟʘʥʠʭ ʽʟ 

ʛʣʦʙʘʣʴʥʠʤʠ ʽ ʨʝʛʽʦʥʘʣʴʥʠʤʠ ʛʝʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ. 

ɺʠʩʥʦʚʢʠ ʜʦ ʧʝʨʰʦʛʦ ʨʦʟʜʽʣʫ 

ʇʝʨʰʠʡ ʨʦʟʜʽʣ ʧʨʠʩʚʷʯʝʥʠʡ ʦʛʣʷʜʫ ʩʫʯʘʩʥʠʭ ʧʽʜʭʦʜʽʚ ʽ ʫʷʚʣʝʥʴ ʧʨʦ 

ʙʫʜʦʚʫ ʪʘ ʜʠʥʘʤʽʯʥʽ ʧʨʦʮʝʩʠ ʚ ʥʘʜʨʘʭ ɿʝʤʣʽ, ʱʦ ʤʘʶʪʴ ʚʠʟʥʘʯʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 

ʜʣʷ ʨʦʟʫʤʽʥʥʷ ʧʣʘʥʝʪʘʨʥʦʾ ʛʝʦʜʠʥʘʤʽʢʠ.  

1. ʈʦʟʛʣʷʥʫʪʦ ʦʩʥʦʚʥʽ ʪʝʦʨʽʾ ʪʘ ʤʦʜʝʣʽ, ʷʢʽ ʧʦʷʩʥʶʶʪʴ ʨʫʭʠ ʣʽʪʦʩʬʝʨʥʠʭ 

ʧʣʠʪ ʪʘ ʤʘʥʪʽʡʥʠʭ ʧʦʪʦʢʽʚ, ʛʨʘʚʽʪʘʮʽʡʥʽ ʪʘ ʨʦʪʘʮʽʡʥʽ ʝʬʝʢʪʠ, ʘ ʪʘʢʦʞ ʾʭʥʽʡ 

ʚʧʣʠʚ ʥʘ ʛʣʦʙʘʣʴʥʽ ʛʝʦʬʽʟʠʯʥʽ ʧʨʦʮʝʩʠ, ʟʦʢʨʝʤʘ ʥʘ ʩʝʡʩʤʽʯʥʫ ʘʢʪʠʚʥʽʩʪʴ. 



 

 

79 

ʆʢʨʝʤʫ ʫʚʘʛʫ ʧʨʠʜʽʣʝʥʦ ʢʦʥʮʝʧʮʽʾ ʪʝʢʪʦʥʽʢʠ ʧʣʠʪ, ʱʦ ʨʦʟʛʣʷʜʘʻ ʣʽʪʦʩʬʝʨʫ ʷʢ 

ʩʫʢʫʧʥʽʩʪʴ ʦʢʨʝʤʠʭ ʞʦʨʩʪʢʠʭ ʙʣʦʢʽʚ, ʱʦ ʧʣʘʚʘʶʪʴ ʥʘ ʧʣʘʩʪʠʯʥʦʤʫ ʰʘʨʽ 

ʘʩʪʝʥʦʩʬʝʨʠ. ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʧʦʩʪʽʡʥʽ ʜʝʬʦʨʤʘʮʽʾ ʢʦʨʠ ɿʝʤʣʽ, ʱʦ ʚʠʢʣʠʢʘʶʪʴ 

ʟʝʤʣʝʪʨʫʩʠ, ʚʫʣʢʘʥʽʟʤ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʛʽʨʩʴʢʠʭ ʭʨʝʙʪʽʚ. 

2. ʈʦʟʛʣʷʥʫʪʦ ʙʫʜʦʚʫ ɿʝʤʣʽ ʥʘ ʦʩʥʦʚʽ ʩʝʡʩʤʽʯʥʠʭ ʽ ʛʝʦʬʽʟʠʯʥʠʭ ʜʘʥʠʭ, ʱʦ 

ʜʘʣʦ ʟʤʦʛʫ ʚʠʜʽʣʠʪʠ ʪʘʢʽ ʦʩʥʦʚʥʽ ʩʪʨʫʢʪʫʨʥʽ ʨʽʚʥʽ, ʷʢ ʣʽʪʦʩʬʝʨʘ, ʘʩʪʝʥʦʩʬʝʨʘ, 

ʪʝʢʪʦʥʦʩʬʝʨʘ ʪʘ ʷʜʨʦ. ʇʦʛʣʠʙʣʝʥʠʡ ʘʥʘʣʽʟ ʜʠʥʘʤʽʢʠ ʤʘʥʪʽʾ ʪʘ ʷʜʨʘ, ʚʢʣʶʯʘʶʯʠ 

ʨʘʜʽʘʣʴʥʠʡ ʽ ʛʦʨʠʟʦʥʪʘʣʴʥʠʡ ʨʫʭ ʤʘʩ, ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʜʞʝʨʝʣʘ ʽ ʤʝʭʘʥʽʟʤʠ 

ʪʝʧʣʦʧʝʨʝʜʘʯʽ, ʱʦ ʻ ʨʫʰʽʡʥʦʶ ʩʠʣʦʶ ʪʝʢʪʦʥʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. 

3. ɺʠʟʥʘʯʝʥʦ ʚʘʞʣʠʚʽʩʪʴ ʨʦʪʘʮʽʡʥʦʛʦ ʨʝʞʠʤʫ ɿʝʤʣʽ, ʱʦ ʩʧʨʠʯʠʥʷʻ 

ʜʦʜʘʪʢʦʚʽ ʥʘʧʨʫʞʝʥʥʷ ʪʘ ʜʝʬʦʨʤʘʮʽʾ ʫ ʟʝʤʥʽʡ ʢʦʨʽ, ʷʢʽ ʟ ʯʘʩʦʤ ʥʘʢʦʧʠʯʫʶʪʴʩʷ ʽ 

ʤʦʞʫʪʴ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʟʥʘʯʥʠʭ ʪʝʢʪʦʥʽʯʥʠʭ ʟʤʽʥ. ʆʙʝʨʪʦʚʽ ʝʬʝʢʪʠ, ʟʦʢʨʝʤʘ 

ʧʨʝʮʝʩʽʷ, ʥʫʪʘʮʽʷ ʽ ʜʨʝʡʬ ʧʦʣʷʨʥʦʾ ʚʩ̔ʽ, ʪʘʢʦʞ ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʦʟʧʦʜʽʣ ʤʘʩʠ ʚ 

ʥʘʜʨʘʭ ʧʣʘʥʝʪʠ, ʱʦ ʻ ʚʠʟʥʘʯʘʣʴʥʠʤ ʬʘʢʪʦʨʦʤ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʟʝʤʥʦʾ ʬʽʛʫʨʠ. 

ʂʨʽʤ ʪʦʛʦ, ʨʦʪʘʮʽʡʥʽ ʧʨʦʮʝʩʠ ʚʽʜʽʛʨʘʶʪʴ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʬʦʨʤʫʚʘʥʥʽ ʬʽʛʫʨʠ 

ʨʽʚʥʦʚʘʛʠ ɿʝʤʣʽ ʪʘ ʚʠʟʥʘʯʝʥʥʽ ʧʘʨʘʤʝʪʨʽʚ ʾʾ ʛʨʘʚʽʪʘʮʽʡʥʦʛʦ ʧʦʣʷ, ʱʦ ʩʪʘʣʦ 

ʤʦʞʣʠʚʠʤ ʟʘʚʜʷʢʠ ʩʫʯʘʩʥʠʤ ʜʦʩʷʛʥʝʥʥʷʤ ʢʦʩʤʽʯʥʦʾ ʛʝʦʜʝʟʽʾ. 

4. ɸʢʮʝʥʪʦʚʘʥʘ ʫʚʘʛʘ ʥʘ ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ ʛʝʦʜʠʥʘʤʽʯʥʠʭ ʷʚʠʱ ʥʘ ʦʩʥʦʚʽ 

ʥʦʚʽʪʥʽʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʙʽʣʴʰ ʪʦʯʥʦ ʦʮʽʥʠʪʠ ʧʨʦʮʝʩʠ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ ʨʽʟʥʠʭ ʦʙʦʣʦʥʢʘʭ ɿʝʤʣʽ, ʪʘ 

ʾʭʥʽʡ ʚʧʣʠʚ ʥʘ ʛʣʦʙʘʣʴʥʫ ʪʝʢʪʦʥʽʢʫ. ʎʝ ʪʘʢʦʞ ʩʧʨʠʷʻ ʢʨʘʱʦʤʫ ʨʦʟʫʤʽʥʥʶ 

ʩʢʣʘʜʥʠʭ ʟʚôʷʟʢʽʚ ʤʽʞ ʟʤʽʥʘʤʠ ʦʙʝʨʪʦʚʦʛʦ ʨʝʞʠʤʫ, ʚʥʫʪʨʽʰʥʽʤʠ ʥʘʧʨʫʞʝʥʥʷʤʠ 

ʽ ʟʦʚʥʽʰʥʽʤʠ ʛʝʦʬʽʟʠʯʥʠʤʠ ʷʚʠʱʘʤʠ.  
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ʈʦʟʜʽʣ 2. ʄʦʜʝʣʶʚʘʥʥʷ ʪʘ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʧʣʘʥʝʪʘʨʥʠʭ ʟʤʽʥ ʬʽʛʫʨʠ 

ɿʝʤʣʽ ʚ ʛʝʦʣʦʛʽʯʥʦʤʫ ʯʘʩʽ 

ʄʦʜʝʣʶʚʘʥʥʷ ʪʘ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʟʤʽʥ ʬʽʛʫʨʠ ɿʝʤʣʽ ʚ ʛʝʦʣʦʛʽʯʥʦʤʫ ʯʘʩʽ ʻ 

ʦʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ ʘʩʧʝʢʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʛʝʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʚʦʣʶʮʽʶ ʧʣʘʥʝʪʠ. ʌʦʨʤʘ ɿʝʤʣʽ ʥʝ ʻ ʩʪʘʣʦʶ ï ʚʦʥʘ ʟʤʽʥʶʻʪʴʩʷ 

ʧʽʜ ʚʧʣʠʚʦʤ ʛʨʘʚʽʪʘʮʽʡʥʠʭ, ʨʦʪʘʮʽʡʥʠʭ, ʪʝʢʪʦʥʽʯʥʠʭ ʪʘ ʽʥʰʠʭ ʛʝʦʜʠʥʘʤʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ. ʈʦʟʫʤʽʥʥʷ ʮʠʭ ʟʤʽʥ ʜʦʟʚʦʣʷʻ ʥʘʫʢʦʚʮʷʤ ʢʨʘʱʝ ʚʠʚʯʠʪʠ ʽʩʪʦʨʽʶ 

ʨʦʟʚʠʪʢʫ ʧʣʘʥʝʪʠ, ʘ ʪʘʢʦʞ ʧʨʦʛʥʦʟʫʚʘʪʠ ʤʦʞʣʠʚʽ ʟʤʽʥʠ ʚ ʤʘʡʙʫʪʥʴʦʤʫ. ʋ 

ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʙʫʜʝ ʨʦʟʛʣʷʥʫʪʦ ʦʩʥʦʚʥʽ ʘʩʧʝʢʪʠ ʟʚ'ʷʟʢʫ ʤʽʞ ʬʽʛʫʨʦʶ ɿʝʤʣʽ ʪʘ 

ʛʝʦʜʠʥʘʤʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ, ʟʦʢʨʝʤʘ ʯʝʨʝʟ ʤʦʜʝʣʶʚʘʥʥʷ ʪʨʘʥʩʬʦʨʤʘʮʽʡ ʾʾ 

ʬʽʛʫʨʠ ʚ ʨʽʟʥʽ ʛʝʦʣʦʛʽʯʥʽ ʝʧʦʭʠ. ʊʘʢʦʞ ʙʫʜʝ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʨʦʣʴ ʮʠʬʨʦʚʠʭ 

ʤʦʜʝʣʝʡ ʨʝʣʴʻʬʫ ʪʘ ʾʭ ʟʥʘʯʝʥʥʷ ʫ ʚʽʜʪʚʦʨʝʥʥʽ ʟʤʽʥ ʣʽʪʦʩʬʝʨʠ. 

2.1. ɿʚôʷʟʦʢ ʬʽʛʫʨʠ ɿʝʤʣʽ ʟ ʛʝʦʜʠʥʘʤʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ  

ɺʠʚʯʝʥʥʷ ʬʽʛʫʨʠ, ʚʥʫʪʨʽʰʥʴʦʾ ʙʫʜʦʚʠ ʽ ʜʠʥʘʤʽʢʠ ɿʝʤʣʽ ʚʠʢʣʠʢʘʣʦ 

ʟʥʘʯʥʠʡ ʽʥʪʝʨʝʩ ʽ ʙʫʣʦ ʦʜʥʠʤ ʽʟ ʦʩʥʦʚʥʠʭ ʟʘʚʜʘʥʴ ʫ ʥʘʫʢʦʚʮʽʚ, ʧʦʯʠʥʘʶʯʠ ʟ 

ʝʧʦʭʠ ɺʽʜʨʦʜʞʝʥʥʷ. 

ʗʢʱʦ ʨʦʟʛʣʷʜʘʪʠ ɿʝʤʣʶ ʟ ʧʦʟʠʮʽʡ ʾʾ ʩʪʨʫʢʪʫʨʥʦʾ ʙʫʜʦʚʠ, ʪʦ ʤʦʞʥʘ 

ʜʦʧʫʩʪʠʪʠ, ʱʦ ʧʽʜ ʜʽʻʶ ʛʨʘʚʽʪʘʮʽʡʥʠʭ ʽ ʨʦʪʘʮʽʡʥʠʭ ʩʠʣ ʥʘ ʚʥʫʪʨʽʰʥʽ ʦʙʦʣʦʥʢʠ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʨʽʟʥʠʡ ʚʧʣʠʚ. ɺʥʘʩʣʽʜʦʢ ʪʘʢʦʛʦ ʚʧʣʠʚʫ ʤʦʞʝ ʚʠʥʠʢʘʪʠ ʮʠʢʣʽʯʥʘ 

ʛʝʦʜʠʥʘʤʽʯʥʘ ʥʝʩʪʽʡʢʽʩʪʴ ʬʽʛʫʨʠ ɿʝʤʣʽ, ʷʢʘ ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ ʚʽʢʦʚʠʭ ʚʘʨʽʘʮʽʷʭ 

ʩʠʣʠ ʪʷʞʽʥʥʷ, ʟʤʽʱʝʥʥʷʭ ʧʦʣʶʩʽʚ ʽ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ, ʟʤʽʥʽ ʨʽʚʥʷ ʩʚʽʪʦʚʦʛʦ 

ʦʢʝʘʥʫ, ʪʨʘʥʩʛʨʝʩʽʾ ʽ ʨʝʛʨʝʩʽʾ ʤʦʨʽʚ. ʆʪʦʞ ʛʝʦʜʠʥʘʤʽʯʥʫ ʝʚʦʣʶʮʽʶ ɿʝʤʣʽ ʤʦʞʥʘ 

ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʨʝʟʫʣʴʪʘʪ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʾʾ ʤʘʩʠ ʚ ʩʠʣʦʚʦʤʫ ʧʦʣʽ, ʱʦ ʜʠʥʘʤʽʯʥʦ 

ʟʤʽʥʶʻʪʴʩʷ, ʘ ʟʦʚʥʽʰʥʽʤ ʧʨʦʷʚʦʤ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʻ ʬʽʛʫʨʘ ʧʦʚʝʨʭʥʽ ʣʽʪʦʩʬʝʨʠ, 

ʷʢʘ ʧʦʚʠʥʥʘ ʥʘʙʫʚʘʪʠ ʬʦʨʤʫ ʟ ʤʽʥʽʤʘʣʴʥʦʶ ʧʦʪʝʥʮʽʡʥʦʶ ʝʥʝʨʛʽʻʶ [66, 21]. 

ɺʦʜʥʦʯʘʩ, ʥʝ ʤʦʞʥʘ ʥʝ ʚʨʘʭʦʚʫʚʘʪʠ ʜʽʶ ʽʥʰʠʭ ʩʠʣ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʧʝʨʝʙʽʛ 

ʚʥʫʪʨʽʰʥʴʦʟʝʤʥʠʭ ʧʨʦʮʝʩʽʚ, ʽ ʩʧʨʷʤʦʚʘʥʽ ʧʨʦʪʠ ʜʽʾ ʛʨʘʚʽʪʘʮʽʡʥʠʭ ʩʠʣ. ʆʪʞʝ, ʜʽʷ 
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ʮʠʭ ʧʨʦʪʠʣʝʞʥʠʭ ʩʠʣ ʬʦʨʤʫʻ ʟʘʛʘʣʴʥʝ ʛʝʦʜʝʬʦʨʤʘʮʽʡʥʝ ʧʦʣʝ ʯʝʨʝʟ 

ʜʝʬʦʨʤʘʮʽʶ ʪʦʧʦʣʦʛʽʾ ʧʦʚʝʨʭʥʽ ʧʣʘʥʝʪʠ ʽ ʚʽʜʧʦʚʽʜʥʦʾ ʜʠʥʘʤʽʯʥʦʾ ʨʝʘʢʮʽʾ, ʷʢʘ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʝʨʝʨʦʟʧʦʜʽʣʦʤ ʤʘʩ. ʎʽʣʢʦʤ ʧʨʠʨʦʜʥʦ, ʱʦ ʧʣʘʥʝʪʘ ʧʨʦʪʷʛʦʤ 

ʝʚʦʣʶʮʽʾ ʧʝʨʝʙʫʚʘʻ ʚ ʩʪʘʥʽ ʜʠʥʘʤʽʯʥʦ-ʝʥʝʨʛʝʪʠʯʥʠʭ ʟʤʽʥ. ɺʥʘʩʣʽʜʦʢ ʜʽʾ 

ʛʨʘʚʽʪʘʮʽʡʥʦ-ʨʦʪʘʮʽʡʥʦʾ ʽ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ, ʧʨʦʷʚʠ ʮʴʦʛʦ ʩʪʘʥʫ ʚʽʜʦʤʽ ï ʮʝ ʜʨʝʡʬ 

ʤʘʪʝʨʠʢʽʚ, ʩʝʡʩʤʽʯʥʽʩʪʴ ʽ ʚʫʣʢʘʥʽʟʤ, ʫʪʚʦʨʝʥʥʷ ʛʽʨʩʴʢʠʭ ʤʘʩʠʚʽʚ ʽ ʧʣʘʥʝʪʘʨʥʦʾ 

ʪʨʽʱʠʥʫʚʘʪʦʩʪʽ ʪʘ ʨʦʟʣʦʤʥʠʭ ʩʪʨʫʢʪʫʨ. 

ɹʽʣʴʰʽʩʪʴ ʛʽʧʦʪʝʟ ʝʚʦʣʶʮʽʾ ʧʣʘʥʝʪ ʚʢʘʟʫʚʘʣʘ ʥʘ ʪʝ, ʱʦ ʚ ʤʠʥʫʣʦʤʫ ɿʝʤʣʷ 

ʙʫʣʘ ʙʣʠʞʯʝ ʜʦ ʛʽʜʨʦʩʪʘʪʠʯʥʦʛʦ ʩʪʘʥʫ, ʥʽʞ ʟʘʨʘʟ. ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʟʦʚʥʽʰʥʷ 

ʧʦʚʝʨʭʥʷ ʣʽʪʦʩʬʝʨʠ ʚ ʤʠʥʫʣʦʤʫ ʟʙʽʛʘʣʘʩʷ ʟ ʨʽʚʥʝʚʦʶ ʧʦʚʝʨʭʥʝʶ. ɺʨʘʭʦʚʫʶʯʠ 

ʦʙʝʨʪʘʥʥʷ ɿʝʤʣʽ ʥʘʚʢʦʣʦ ʩʚʦʻʾ ʦʩʽ, ɯ. ʅʴʶʪʦʥ ʪʝʦʨʝʪʠʯʥʦ ʜʦʚʽʚ, ʱʦ ɿʝʤʣʷ 

ʧʦʚʠʥʥʘ ʤʘʪʠ ʬʦʨʤʫ ʝʣʽʧʩʦʾʜʘ ʦʙʝʨʪʘʥʥʷ, ʩʪʠʩʥʝʥʦʛʦ ʚʽʜ ʧʦʣʶʩʽʚ ʜʦ ʝʢʚʘʪʦʨʘ. 

ɸ. ʂʣʝʨʦ, ʧʨʦʜʦʚʞʫʶʯʠ ʽʜʝʡʥʫ ʩʧʘʜʱʠʥʫ ɯ. ʅʴʶʪʦʥʘ, ʚʩʪʘʥʦʚʠʚ ʟʘʣʝʞʥʽʩʪʴ ʜʣʷ 

ʩʪʠʩʥʝʥʥʷ ʨʽʚʥʦʚʘʞʥʦʾ ʬʽʛʫʨʠ ʫ ʚʠʛʣʷʜʽ ʝʣʽʧʩʦʾʜʘ ʦʙʝʨʪʘʥʥʷ, ʷʢʠʡ 

ʫʟʘʛʘʣʴʥʶʚʘʚ ɿʝʤʣʶ ʚ ʛʽʜʨʦʩʪʘʪʠʯʥʦʤʫ ʩʪʘʥʽ.  

ʅʘʩʪʫʧʥʠʡ ʩʫʪʪʻʚʠʡ ʢʨʦʢ ʫ ʜʦʩʣʽʜʞʝʥʥʽ ʬʽʛʫʨʠ ɿʝʤʣʽ ʟʜʽʡʩʥʠʚ ɼ. ʉʪʦʢʩ, 

ʷʢʠʡ ʜʦʚʽʚ, ʱʦ ʟʤʽʥʫ ʩʠʣʠ ʪʷʞʽʥʥʷ ʥʘ ʟʝʤʥʽʡ ʧʦʚʝʨʭʥʽ ʽ ʟʘʣʝʞʥʽʩʪʴ ʾʾ ʚʽʜ 

ʩʪʠʩʥʝʥʥʷ ʝʣʽʧʩʦʾʜʘ ʥʝ ʦʙʦʚôʷʟʢʦʚʦ ʧʦʚôʷʟʫʚʘʪʠ ʟ ʛʽʜʨʦʩʪʘʪʠʯʥʠʤ ʩʪʘʥʦʤ 

ʧʣʘʥʝʪʠ. ʎʝ ʪʚʝʨʜʞʝʥʥʷ ʦʙˇʨʫʥʪʦʚʫʻʪʴʩʷ ʚʽʜʦʤʦʶ ʪʝʦʨʝʤʦʶ ʉʪʦʢʩʘ. ɼʦʨʝʯʥʦ 

ʟʘʟʥʘʯʠʪʠ, ʱʦ ʪʝʦʨʝʤʘ ʉʪʦʢʩʘ ʤʘʻ ʨʦʟʚôʷʟʦʢ ʣʠʰʝ ʜʣʷ ʧʨʦʩʪʠʭ ʬʽʛʫʨ, ʩʝʨʝʜ 

ʷʢʠʭ ʜʚʦʚʽʩʥʠʡ ʪʘ ʪʨʠʚʽʩʥʠʡ ʝʣʽʧʩʦʾʜʠ. 

ɼʝʱʦ ʧʽʟʥʽʰʝ ʌ. ɸ. ʉʣʫʜʩʴʢʠʡ ʦʧʫʙʣʽʢʫʚʘʚ ʨʦʙʦʪʫ çɿʘʛʘʣʴʥʘ ʪʝʦʨʽʷ 

ʬʽʛʫʨʠ ɿʝʤʣʽè [45]. ɿʘ ʬʽʛʫʨʫ ɿʝʤʣʽ ʚʽʥ ʧʨʠʡʤʘʚ ʨʽʚʥʝʚʫ ʧʦʚʝʨʭʥʶ, ʷʢʘ 

ʟʙʽʛʘʻʪʴʩʷ ʟ ʧʦʚʝʨʭʥʝʶ ʦʢʝʘʥʽʚ ʽ ʫʷʚʥʦ ʧʨʦʜʦʚʞʝʥʘ ʧʽʜ ʢʦʥʪʠʥʝʥʪʠ. 

ɸʧʨʦʢʩʠʤʫʶʯʠ ʮʶ ʧʦʚʝʨʭʥʶ ʜʚʦʚʽʩʥʠʤ ʝʣʽʧʩʦʾʜʦʤ ʚʽʥ ʦʪʨʠʤʘʚ ʩʪʠʩʥʝʥʥʷ Ů = 

1/292,7, ʘ ʜʣʷ ʪʨʠʚʽʩʥʦʛʦ ʝʣʽʧʩʦʾʜʘ Ů = 1/297,1. 

ɺʠʟʥʘʯʘʣʴʥʠʡ ʚʥʝʩʦʢ ʫ ʜʦʩʣʽʜʞʝʥʥʷ ʬʽʛʫʨʠ ɿʝʤʣʽ ʟʨʦʙʠʚ ʌ. ɻʝʣʴʤʝʨʪ ʫ 

1900ï1906 ʨʨ. [146]. ɺʠʚʝʜʝʥʝ ɻʝʣʴʤʝʨʪʦʤ ʩʪʠʩʥʝʥʥʷ Ů = 1/298,3, ʷʢʝ ʙʫʣʦ 

ʧʨʠʡʥʷʪʝ ʧʽʟʥʽʰʝ ʜʣʷ ʝʣʽʧʩʦʾʜʘ ʂʨʘʩʦʚʩʴʢʦʛʦ. ʂʨʽʤ ʪʦʛʦ, ʚʝʣʠʢʘ ʧʽʚʚʽʩʴ 
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ʝʣʽʧʩʦʾʜʘ ɻʝʣʴʤʝʨʪʘ 1906 ʨ. ʘ = 6378200 ʤ ʤʘʻ ʙʣʠʟʴʢʝ ʟʥʘʯʝʥʥʷ ʜʦ ʧʽʚʚʽʩʩʽ (ʘ = 

6378245 ʤ) ʝʣʽʧʩʦʾʜʘ ʂʨʘʩʦʚʩʴʢʦʛʦ. 

ʆʜʥʘʢ, ʽʩʪʦʨʽʷ ʬʽʟʠʢʦ-ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʥʘʧʨʷʤʢʫ ʜʦʩʣʽʜʞʝʥʥʷ ʬʽʛʫʨʠ ɿʝʤʣʽ, 

ʤʘʙʫʪʴ, ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʚʠʭʦʜʫ ʚ ʩʚʽʪ ʧʨʦʛʨʘʤʥʠʭ ʨʦʙʽʪ ʌ. ʅ. ʂʨʘʩʦʚʩʴʢʦʛʦ ʚ 

1941ï1947 ʨʨ. [18, 19, 30], ʚ ʷʢʠʭ ʮʷ ʧʨʝʜʤʝʪʥʘ ʛʘʣʫʟʴ ʛʝʦʜʝʟʽʾ ʚʠʟʥʘʯʝʥʘ ʷʢ 

ʧʨʦʙʣʝʤʘ ʚʠʚʯʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʾ ʙʫʜʦʚʠ ʟʝʤʥʦʾ ʢʫʣʽ, ʪʚʝʨʜʦʾ ʦʙʦʣʦʥʢʠ ɿʝʤʣʽ, 

ʧʦʨʫʰʝʥʴ ʨʽʚʥʦʚʘʛʠ ʚ ʥʽʡ, ʜʝʬʦʨʤʘʮʽʡ ʪʘ ʧʝʨʝʤʽʱʝʥʴ ʨʽʟʥʠʭ ʯʘʩʪʠʥ ʣʽʪʦʩʬʝʨʠ. 

ɿʘʟʥʘʯʘʶʯʠ ʚʘʞʣʠʚʽʩʪʴ ʚʠʚʯʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʾ ʙʫʜʦʚʠ ʚʝʨʭʥʽʭ ʰʘʨʽʚ ʣʽʪʦʩʬʝʨʠ, 

ʟʝʤʥʦʾ ʢʦʨʠ, ʫʩʽʤʘ ʜʦʩʪʫʧʥʠʤʠ ʤʝʪʦʜʘʤʠ, ʌ. ʅ. ʂʨʘʩʦʚʩʴʢʠʡ ʚʢʘʟʘʚ ʥʘ ʰʣʷʭʠ 

ʪʘ ʤʝʪʦʜʠ ʩʧʽʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʠʭ ʘʩʪʨʦʥʦʤʦ-ʛʝʦʜʝʟʽʾ, ʛʨʘʚʽʤʝʪʨʽʾ, 

ʛʝʦʣʦʛʽʾ ʪʘ ʛʝʦʬʽʟʠʢʠ ʜʣʷ ʚʠʚʯʝʥʥʷ ʬʽʛʫʨʠ, ʚʥʫʪʨʽʰʥʴʦʾ ʙʫʜʦʚʠ ʽ ʜʠʥʘʤʽʢʠ 

ɿʝʤʣʽ. ʅʘ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʮʠʭ ʪʚʝʨʜʞʝʥʴ ʫ 1941 ʨ. ʌ. ʅ. ʂʨʘʩʦʚʩʴʢʠʡ ʫ ʩʪʘʪʪʽ 

çʉʫʯʘʩʥʽ ʟʘʚʜʘʥʥʷ ʽ ʨʦʟʚʠʪʦʢ ʛʨʘʜʫʩʥʠʭ ʚʠʤʽʨʶʚʘʥʴè [19], ʧʦʩʠʣʘʶʯʠʩʴ ʥʘ 

ʥʝʦʧʫʙʣʽʢʦʚʘʥʫ ʜʠʧʣʦʤʥʫ ʨʦʙʦʪʫ ʩʪʫʜʝʥʪʘ ɺ. ɸ. ʄʘʛʥʽʮʢʦʛʦ ï ʤʘʡʙʫʪʥʴʦʛʦ 

ʘʢʘʜʝʤʽʢʘ ʚ ʛʘʣʫʟʽ ʥʘʫʢ ʧʨʦ ɿʝʤʣʶ, ʧʠʩʘʚ, çʱʦ ʥʘʡʙʽʣʴʰʽ ʟʤʽʥʠ ʥʘʧʨʷʤʢʫ 

ʥʦʨʤʘʣʽ, ʚ ʧʨʦʮʝʩʽ ʟʤʽʥʠ ʬʦʨʤʠ ʝʣʽʧʩʦʾʜʘ (ʽ ʚ ʨʘʟʽ ʟʙʝʨʝʞʝʥʥʷ ʡʦʛʦ ʦʙôʻʤʫ), 

ʧʨʠʧʘʜʘʶʪʴ ʥʘ ʧʘʨʘʣʝʣʽ 35,5Ü (ʧʽʚʥʽʯʥʦʾ ʽ ʧʽʚʜʝʥʥʦʾ ʰʠʨʦʪʠ). ʗʢʨʘʟ ʤʽʞ 

ʧʘʨʘʣʝʣʷʤʠ 20ï50Ü ʥʘ ʟʝʤʥʽʡ ʧʦʚʝʨʭʥʽ ʧʨʦʷʚʣʷʶʪʴʩʷ ʟʥʘʯʥʽ ʪʝʢʪʦʥʽʯʥʽ 

ʜʝʬʦʨʤʘʮʽʾè. 

ʊʫʪ ʜʦʨʝʯʥʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʱʝ ʚ 1889 ʨ. ɸ. ɸ. ʊʽʣʣʦ ʚ ʩʪʘʪʪʽ çʉʝʨʝʜʥʷ 

ʚʠʩʦʪʘ ʩʫʰʽ ʽ ʩʝʨʝʜʥʷ ʛʣʠʙʠʥʘ ʤʦʨʷ ʚ ʧʽʚʥʽʯʥʽʡ ʽ ʧʽʚʜʝʥʥʽʡ ʧʽʚʢʫʣʽ ʽ ʟʘʣʝʞʥʽʩʪʴ 

ʩʝʨʝʜʥʴʦʾ ʚʠʩʦʪʠ ʤʘʪʝʨʠʢʽʚ ʽ ʩʝʨʝʜʥʴʦʾ ʛʣʠʙʠʥʠ ʤʦʨʽʚ ʚʽʜ ʛʝʦʛʨʘʬʽʯʥʦʾ 

ʰʠʨʦʪʠè, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʪʘʪʠʩʪʠʯʥʠʡ ʘʥʘʣʽʟ ʚʠʩʦʪ ʨʝʣʴʻʬʫ ɿʝʤʣʽ, ʚʧʝʨʰʝ 

ʧʦʢʘʟʘʚ, ʱʦ ʥʘʡʚʠʱʽ ʛʽʨʩʴʢʽ ʫʪʚʦʨʝʥʥʷ ʚ ʧʽʚʥʽʯʥʽʡ ʧʽʚʢʫʣʽ ʨʦʟʤʽʱʝʥʽ ʤʽʞ 30ï40Ü 

[47]. 

ʅʘ ʧʨʦʪʠʚʘʛʫ ʘʨʛʫʤʝʥʪʦʚʘʥʠʤ ʽʜʝʷʤ ʜʦʩʣʽʜʞʝʥʥʷ ʬʽʛʫʨʠ ɿʝʤʣʽ, ʷʢʽ 

ʚʠʩʣʦʚʠʣʠ ʌ. ʅ. ʂʨʘʩʦʚʩʴʢʠʡ, ʄ. ʉ. ʄʦʣʦʜʝʥʩʴʢʠʡ [37] ʟʘʧʨʦʧʦʥʫʚʘʚ ʥʝ 

ʧʦʚôʷʟʫʚʘʪʠ ʟʘʚʜʘʥʥʷ ʛʝʦʜʝʟʽʾ ʽ ʪʝʦʨʽʾ ʬʽʛʫʨʠ ɿʝʤʣʽ ʟ ʧʨʦʙʣʝʤʦʶ ʚʠʟʥʘʯʝʥʥʷ 

ʬʽʛʫʨʠ ʛʝʦʾʜʘ. ʆʩʥʦʚʥʝ ʟʘʚʜʘʥʥʷ ʛʝʦʜʝʟʽʾ, ʥʘ ʡʦʛʦ ʜʫʤʢʫ, ʧʦʚʠʥʥʦ ʧʦʣʷʛʘʪʠ ʫ 
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ʚʠʟʥʘʯʝʥʥʽ ʬʽʟʠʯʥʦʾ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ ʽ ʟʦʚʥʽʰʥʴʦʛʦ ʛʨʘʚʽʪʘʮʽʡʥʦʛʦ ʧʦʣʷ ʽ ʮʝ 

ʟʘʚʜʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʫʚʘʪʠ ʥʘ ʧʽʜʩʪʘʚʽ ʣʠʰʝ ʚʠʤʽʨʶʚʘʥʴ ʙʝʟ ʟʘʣʫʯʝʥʥʷ 

ʙʫʜʴ-ʷʢʠʭ ʛʽʧʦʪʝʟ ʧʨʦ ʚʥʫʪʨʽʰʥʶ ʙʫʜʦʚʫ ɿʝʤʣʽ. ʋ ʜʠʩʢʫʩʽʾ, ʷʢʘ ʨʦʟʧʦʯʘʣʘʩʴ 

ʪʦʜʽ ʩʝʨʝʜ ʥʘʫʢʦʚʮʽʚ ʛʝʦʜʝʟʠʩʪʽʚ ʧʨʦ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʬʽʛʫʨʠ ɿʝʤʣʽ, 

ʛʝʦʤʝʪʨʠʯʥʠʡ ʤʝʪʦʜ ʄ. ʉ. ʄʦʣʦʜʝʥʩʴʢʦʛʦ ʥʘʙʫʚ ʙʽʣʴʰʦʛʦ ʧʨʽʦʨʠʪʝʪʫ ʽ ʪʦʤʫ 

ʽʥʪʝʨʝʩ ʜʦ ʚʠʚʯʝʥʥʷ ʛʝʦʜʝʟʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ ʣʽʪʦʩʬʝʨʥʦʾ ʦʙʦʣʦʥʢʠ ʪʘ ʧʦʨʫʰʝʥʴ 

ʾʾ ʨʽʚʥʦʚʘʞʥʦʛʦ ʩʪʘʥʫ ʧʦʩʪʫʧʦʚʦ ʧʦʯʘʚ ʟʥʠʢʘʪʠ. ʃʠʰʝ ʥʘ ʧʦʯʘʪʢʫ 60-ʭ ʨʦʢʽʚ ʫ 

ʟʚôʷʟʢʫ ʟ ʧʦʷʚʦʶ ʽʥʪʝʨʝʩʫ ʜʦ ʘʢʪʫʘʣʴʥʠʭ ʧʨʦʙʣʝʤ ʥʘʫʢ ʧʨʦ ɿʝʤʣʶ: çʉʫʯʘʩʥʽ 

ʨʫʭʠ ʟʝʤʥʦʾ ʢʦʨʠè ʪʘ çɻʝʦʜʠʥʘʤʽʢʘè ʄ. ʉ. ʄʦʣʦʜʝʥʩʴʢʠʡ [36] ʚʚʦʜʠʪʴ ʧʦʥʷʪʪʷ 

ʩʪʘʪʠʯʥʦʾ, ʢʽʥʝʤʘʪʠʯʥʦʾ ʪʘ ʜʠʥʘʤʽʯʥʦʾ ʛʝʦʜʝʟʽʾ, ʪʠʤ ʩʘʤʠʤ ʨʦʟʜʽʣʠʚʰʠ ʮʽʣʴʦʚʫ 

ʩʧʨʷʤʦʚʘʥʽʩʪʴ ʪʝʦʨʝʪʠʯʥʠʭ ʽ ʧʨʘʢʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫ ʛʝʦʜʝʟʽʾ. 

ʆʙʝʨʪʘʥʥʷ ɿʝʤʣʽ ï ʥʘʡʚʘʞʣʠʚʽʰʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʱʦ ʚʠʟʥʘʯʘʻ ʧʘʨʘʤʝʪʨʠ 

ʬʽʛʫʨʠ ʨʽʚʥʦʚʘʛʠ ʧʣʘʥʝʪʠ. ɺʠʚʯʝʥʥʷ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ɿʝʤʣʽ ʜʫʞʝ 

ʚʘʞʣʠʚʘ ʜʣʷ ʧʨʘʢʪʠʢʠ ʽ ʮʽʢʘʚʘ ʟ ʥʘʫʢʦʚʦʛʦ ʧʦʛʣʷʜʫ. ʅʘʧʨʠʢʣʘʜ, ʩʫʧʫʪʥʠʢʦʚʘ 

ʥʘʚʽʛʘʮʽʷ ʥʝʤʦʞʣʠʚʘ ʙʝʟ ʟʥʘʥʥʷ ʦʙʝʨʪʘʥʥʷ ɿʝʤʣʽ. ʆʩʦʙʣʠʚʦʩʪʽ ʦʙʝʨʪʦʚʦʛʦ ʨʫʭʫ 

ʥʘʜʘʶʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʚʥʫʪʨʽʰʥʶ ʙʫʜʦʚʫ ɿʝʤʣʽ, ʘ ʚʘʨʽʘʮʽʾ ʨʦʪʘʮʽʡʥʦʛʦ 

ʨʝʞʠʤʫ ʻ ʨʝʘʣʴʥʠʤ ʜʞʝʨʝʣʦʤ ʝʥʝʨʛʽʾ ʪʝʢʪʦʛʝʥʝʟʫ. ʊʘʢ, ʥʘʧʨʠʢʽʥʮʽ XIX ʽ ʥʘ 

ʧʦʯʘʪʢʫ XX ʩʪʦʣʽʪʪʷ ʚ ʥʘʫʢʘʭ ʧʨʦ ɿʝʤʣʶ ʙʘʛʘʪʦ ʚʯʝʥʠʭ (ɼʞ. ɼʘʨʚʽʥ, ɹ. 

ɹʝʤʝʨʩʛʝʡʤ, ɺ. ʇʦʢʝʣʴʩ, ɭ. ɺ. ɹʠʭʘʥʦʚ, ɹ. ʇ. ʃʽʯʢʦʚ, ʄ. ɺ. ʎʘʨʝʛʨʘʜʩʴʢʠʡ, ɻ. ʅ. 

ʂʘʪʪʝʨʬʝʣʴʜ, ɼ. ɯ. ʄʫʰʢʝʪʦʚ, ʇ. ʉ. ɺʦʨʦʥʦʚ) ʨʦʙʠʣʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʟʤʽʥʘ 

ʦʙʝʨʪʘʥʥʷ ɿʝʤʣʽ ʚʧʨʦʜʦʚʞ ʛʝʦʣʦʛʽʯʥʦʾ ʽʩʪʦʨʽʾ ʻ ʩʫʪʪʻʚʠʤ ʯʠʥʥʠʢʦʤ, ʷʢʠʡ 

ʚʧʣʠʚʘʻ ʥʘ ʪʝʢʪʦʥʽʯʥʽ ʧʨʦʮʝʩʠ. ʄʘʪʝʤʘʪʠʯʥʝ ʦʙˇʨʫʥʪʦʚʫʚʘʥʥʷ ʨʦʣʽ ʮʴʦʛʦ 

ʯʠʥʥʠʢʫ ʫ ʪʝʢʪʦʛʝʥʝʟʽ ʨʝʘʣʽʟʫʚʘʣʠ ʚ ʯʠʩʣʝʥʥʠʭ ʨʦʙʦʪʘʭ ʤʘʪʝʤʘʪʠʢʠ ɸ. ɺʝʨʦʥʝ, 

ʇ. ɸʧʧʝʣʴ, ʃ. ʉ. ʃʝʡʙʝʥʟʦʥ, ʛʝʦʜʝʟʠʩʪ ʄ. ɺ. ʉʪʦʚʘʩ [47]. 

ɿʦʢʨʝʤʘ, ɹ. ʃ. ʃʽʯʢʦʚ ʟ ʢʽʥʮʷ 20-ʭ ʨʦʢʽʚ ʍʍ ʩʪʦʣʽʪʪʷ ʧʦʯʘʚ ʨʦʟʛʣʷʜʘʪʠ 

ʬʘʢʪʦʨ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ɿʝʤʣʽ ʷʢ ʦʩʥʦʚʥʠʡ ʫ ʪʝʢʪʦʛʝʥʝʟʽ, ʚʚʘʞʘʶʯʠ, 

ʱʦ çʛʦʣʦʚʥʘ ʝʥʝʨʛʽʷ ɿʝʤʣʽ ï ʮʝ ʝʥʝʨʛʽʷ ʩʠʣ ʦʙʝʨʪʘʥʥʷ ɿʝʤʣʽ ʽ ʩʘʤʝ ʥʘ ʥʽʡ ʪʨʝʙʘ 

ʙʫʜʫʚʘʪʠ ʦʩʥʦʚʥʽ ʫʷʚʣʝʥʥʷ ʛʝʦʣʦʛʽʾ, ʱʦ ʧʦʷʩʥʶʶʪʴ ʛʝʥʝʟʠʩ ʟʝʤʥʠʭ ʩʪʨʫʢʪʫʨè 

[23]. ɿʛʦʜʦʤ ʥʘʡʧʦʚʥʽʰʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʨʦʪʘʮʽʡʥʘ ʛʽʧʦʪʝʟʘ ʦʪʨʠʤʘʣʘ ʚ ʨʦʙʦʪʘʭ 
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ʄ. ɺ. ʉʪʦʚʘʩʘ, ʷʢʠʡ ʟʘʭʠʩʪʠʚ ʫ 1951 ʨʦʮʽ ʢʘʥʜʠʜʘʪʩʴʢʫ ʜʠʩʝʨʪʘʮʽʶ çɼʦ ʧʠʪʘʥʥʷ 

ʧʨʦ ʢʨʠʪʠʯʥʽ ʧʘʨʘʣʝʣʽ ʟʝʤʥʦʛʦ ʝʣʽʧʩʦʾʜʘè, ʘ ʚ 1961 ï ʜʦʢʪʦʨʩʴʢʫ ʜʠʩʝʨʪʘʮʽʶ 

çɼʦʩʚʽʜ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʪʝʢʪʦʥʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʠʢʣʠʢʘʶʪʴʩʷ 

ʟʤʽʥʘʤʠ ʬʽʛʫʨʠ ɿʝʤʣʽè [47]. ɺ ʥʘʩʪʫʧʥʦʤʫ, 1963 ʨʦʮʽ, ʟôʷʚʠʣʘʩʷ ʩʪʘʪʪʷ ʇ. ʅ. 

ʂʨʦʧʦʪʢʽʥʘ ʽ ʖ. ɸ. ʊʨʘʧʝʟʥʽʢʦʚʘ çɺʘʨʽʘʮʽʾ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ɿʝʤʣʽ, 

ʢʦʣʠʚʘʥʴ ʧʦʣʶʩʽʚ ʽ ʰʚʠʜʢʦʩʪʽ ʜʨʝʡʬʫ ʛʝʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʪʘ ʾʭ ʤʦʞʣʠʚʠʡ 

ʟʚôʷʟʦʢ ʟ ʛʝʦʪʝʢʪʦʥʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠè [20]. 

ʇʝʨʽʦʜʠʯʥʘ ʟʤʽʥʘ ʰʚʠʜʢʦʩʪʽ ʧʨʠʟʚʦʜʠʪʴ, ʟʦʢʨʝʤʘ, ʜʦ ʟʤʽʥʠ ʩʘʤʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʦʙʝʨʪʘʥʥʷ ʧʣʘʥʝʪʠ. ʅʘʡʙʽʣʴʰ ʢʦʨʦʪʢʦʧʝʨʽʦʜʥʽ ʟ ʥʠʭ ʪʨʠʚʘʣʽʩʪʶ ʚ 

21, 40, 100, 400 ʪʠʩ. ʽ 1,2 ʤʣʥ ʨʦʢʽʚ ʚʽʜʦʙʨʘʞʝʥʦ ʫ ʟʤʽʥʘʭ ʥʘʭʠʣʫ ʦʩʽ ʦʙʝʨʪʘʥʥʷ 

ɿʝʤʣʽ, ʾʾ ʧʨʝʮʝʩʽʾ ʽ ʦʨʙʽʪʠ [113]. ɺʦʥʠ ʦʪʨʠʤʘʣʠ ʥʘʟʚʫ ʮʠʢʣʽʚ ʄʽʣʘʥʢʦʚʠʯʘ ʽ ʾʭ 

ʚʠʢʦʨʠʩʪʘʚ ʮʝʡ ʘʚʪʦʨ ʜʣʷ ʧʦʷʩʥʝʥʥʷ ʯʝʨʛʫʚʘʥʥʷ ʣʴʦʜʦʚʠʢʦʚʠʭ ʽ 

ʤʽʞʣʴʦʜʦʚʠʢʦʚʠʭ ʝʧʦʭ ʧʽʜ ʯʘʩ ʦʩʪʘʥʥʴʦʛʦ ʣʴʦʜʦʚʠʢʦʚʦʛʦ ʧʝʨʽʦʜʫ ʚ ʽʩʪʦʨʽʾ ɿʝʤʣʽ 

[27]. 

ʋ ʢʽʥʮʽ 80-ʭ ʨʦʢʽʚ ɸ. ʐʝʡʜʝʛʛʝʨ [65] ʚ ʨʦʟʜʽʣʽ çʆʙʝʨʪʘʥʥʷ ɿʝʤʣʽè 

ʤʦʥʦʛʨʘʬʽʾ çʆʩʥʦʚʠ ʛʝʦʜʠʥʘʤʽʢʠè ʥʘʜʘʚ ʫʟʘʛʘʣʴʥʶʚʘʣʴʥʽ ʚʠʩʥʦʚʢʠ ʱʦʜʦ 

ʤʦʞʣʠʚʦʩʪʽ ʜʝʬʦʨʤʘʮʽʾ ʣʽʪʦʩʬʝʨʠ ʧʽʜ ʚʧʣʠʚʦʤ ʚʽʢʦʚʦʛʦ ʫʧʦʚʽʣʴʥʝʥʥʷ 

ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʥʘʰʦʾ ʧʣʘʥʝʪʠ ʫ ʟʚôʷʟʢʫ ʟ ʧʨʠʧʣʠʚʥʠʤ ʪʝʨʪʷʤ ʚʽʜ ʄʽʩʷʮʷ 

(ʥʘʧʨʠʢʣʘʜ, ʥʘ ʧʦʯʘʪʢʫ ʬʘʥʝʨʦʟʦʶ ʪʨʠʚʘʣʽʩʪʴ ʜʦʙʠ ʜʦʨʽʚʥʶʚʘʣʘ ʣʠʰʝ 20,5 ʛʦʜ, 

ʘ ʧʦʪʽʤ ʧʦʩʪʽʡʥʦ ʩʧʦʚʽʣʴʥʶʚʘʣʘʩʷ ʥʘ 2 ʤʩ ʟʘ 100 ʨʦʢʽʚ ʽ ʜʽʡʰʣʘ ʜʦ ʩʫʯʘʩʥʠʭ 24 

ʛʦʜ). ʈʦʟʨʷʜʢʘ ʥʘʧʨʫʛʠ, ʷʢʘ ʥʘʛʨʦʤʘʜʞʫʻʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʜʦʩʷʛʥʝʥʥʷ ʥʠʤʠ 

ʢʨʠʪʠʯʥʠʭ ʟʥʘʯʝʥʴ, ʨʽʚʥʠʭ ʤʝʞʽ ʤʽʮʥʦʩʪʽ ʧʦʨʽʜ ʪʝʢʪʦʥʦʩʬʝʨʠ, ʧʨʠʟʚʦʜʠʪʴ, ʥʘ 

ʡʦʛʦ ʜʫʤʢʫ, ʜʦ ʪʝʢʪʦʥʽʯʥʠʭ ʘʢʪʠʚʽʟʘʮʽʡ ɿʝʤʣʽ. 

ɼ. ɸ. ʄʫʰʢʝʪʦʚ [39] ʪʘʢʦʞ ʟʚʝʨʪʘʚ ʚʝʣʠʢʫ ʫʚʘʛʫ ʥʘ ʟʤʽʥʠ ʬʦʨʤʠ ɿʝʤʣʽ ʽ 

ʧʦʚôʷʟʫʚʘʚ ʧʨʠʯʠʥʠ ʜʝʷʢʠʭ ʛʝʦʣʦʛʽʯʥʠʭ ʷʚʠʱ ʟ ʧʨʦʮʝʩʦʤ ʧʨʠʩʪʦʩʫʚʘʥʥʷ ʛʝʦʾʜʘ 

ʜʦ ʬʦʨʤʠ ʩʬʝʨʦʾʜʘ. ɺʽʥ ʚʚʘʞʘʚ, ʱʦ ʤʘʣʽ, ʘʣʝ ʪʨʠʚʘʣʽ ʥʘʧʨʫʛʠ, ʱʦ ʚʠʢʣʠʢʘʶʪʴʩʷ 

ʨʦʪʘʮʽʡʥʠʤʠ ʩʠʣʘʤʠ, ʟʜʘʪʥʽ ʧʦʨʦʜʠʪʠ ʪʘʢ ʟʚʘʥʫ çʚʪʦʤʫè ʢʣʘʜʦʚʠʭ ʤʽʥʝʨʘʣʽʚ, 

ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʥʝʟʚʦʨʦʪʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʫ ʣʽʪʦʩʬʝʨʽ. 
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ʆʪʦʞ ʽʥʪʝʨʝʩ ʜʦ ʨʦʪʘʮʽʡʥʦʛʦ ʨʝʞʠʤʫ ɿʝʤʣʽ ʷʢ ʢʣʶʯʦʚʦʛʦ ʬʘʢʪʦʨʫ 

ʧʣʘʥʝʪʘʨʥʦʾ ʛʝʦʜʠʥʘʤʽʢʠ ʪʦ ʟʨʦʩʪʘʚ, ʪʦ ʟʤʝʥʰʫʚʘʚʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʛʝʦʣʦʛʽʯʥʦʛʦ 

ʩʚʽʪʦʛʣʷʜʫ, ʷʢʠʡ ʧʘʥʫʚʘʚ ʫ ʪʦʡ ʯʘʩ. ʅʠʥʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʨʦʟʰʠʨʝʥʥʷ ʽʥʪʝʨʝʩʫ 

ʜʦ ʦʩʤʠʩʣʝʥʥʷ ʨʦʣʽ ʽ ʟʥʘʯʝʥʥʷ ʨʦʪʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ, ʦʩʢʽʣʴʢʠ ʨʦʪʘʮʽʡʥʽ ʩʠʣʠ 

ʚʭʦʜʷʪʴ ʧʨʘʢʪʠʯʥʦ ʦʩʥʦʚʥʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʜʦ ʙʽʣʴʰʦʩʪʽ ʛʝʦʜʠʥʘʤʽʯʥʠʭ 

ʢʦʥʮʝʧʮʽʡ. ɺ ʦʩʪʘʥʥʽ ʜʝʩʷʪʠʣʽʪʪʷ ʚʧʣʠʚ ʨʦʪʘʮʽʡʥʠʭ ʩʠʣ ʨʦʟʛʣʷʥʫʪʦ ʽ ʚ ʤʝʞʘʭ 

ʫʷʚʣʝʥʥʷ ʧʨʦ ʦʙʦʣʦʥʢʦʚʫ ʙʫʜʦʚʫ ɿʝʤʣʽ, ʱʦ ʚʥʦʩʠʪʴ ʩʚʦʶ ʩʧʝʮʠʬʽʢʫ ʚ 

ʨʦʟʛʣʷʥʫʪʫ ʧʨʦʙʣʝʤʫ. 

ʋ ʧʨʘʮʽ [1] ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʟʤʽʥʘ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʽ ʧʝʨʝʤʽʱʝʥʥʷ ʦʩʽ ʚ 

ʪʽʣʽ ɿʝʤʣʽ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʮʠʢʣʽʯʥʦ, ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʜʣʷ ʧʦʷʩʥʝʥʥʷ 

ʛʣʦʙʘʣʴʥʠʭ ʧʝʨʝʤʽʱʝʥʴ ʦʢʝʘʥʽʯʥʠʭ ʤʘʩ ʚʦʜʠ, ʧʝʨʝʙʫʜʦʚ ʫ ʢʦʨʽ ʽ ʤʘʥʪʽʾ, ʱʦ 

ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ çʪʨʽʱʠʥʫʚʘʪʽʩʪʶè ʽ çʫʪʚʦʨʝʥʥʷʤ ʛʽʨʩʴʢʠʭ ʤʘʩʠʚʽʚè. ɺʦʥʠ 

ʪʘʢʦʞ ʟʘʟʥʘʯʘʶʪʴ, ʱʦ ʚʠʜʽʣʝʥʽ ʚ ʛʝʦʣʦʛʽʾ ʮʠʢʣʠ ʽ ʾʭ ʟʚôʷʟʦʢ ʟ ʭʘʨʘʢʪʝʨʥʠʤʠ 

ʧʝʨʽʦʜʘʤʠ ʝʚʦʣʶʮʽʾ ɿʝʤʣʽ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʧʘʜʢʦʚʠʤ. 

ɿ ʚʩ̔ʴʦʚʠʤ ʦʙʝʨʪʘʥʥʷʤ ɿʝʤʣʽ ʧʦʚôʷʟʘʥʘ ʪʘʢʦʞ ʜʠʬʝʨʝʥʮʽʘʣʴʥʘ 

ʨʦʟʤʝʞʦʚʘʥʽʩʪʴ ʥʘ ʧʦʣʷʨʥʫ ʽ ʝʢʚʘʪʦʨʽʘʣʴʥʫ ʦʙʣʘʩʪʽ, ʷʢʘ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ 40Ü 

ʧʘʨʘʣʝʣʴ. ʅʘʩʣʽʜʢʦʤ ʪʘʢʦʛʦ ʨʦʟʜʽʣʝʥʥʷ ʻ ʧʨʦʪʠʣʝʞʥʘ ʩʧʨʷʤʦʚʘʥʽʩʪʴ ʪʨʘʥʩʛʨʝʩʽʾ 

ʪʘ ʨʝʛʨʝʩʽʾ ʦʢʝʘʥʫ ʚ ʮʠʭ ʦʙʣʘʩʪʷʭ, ʧʽʜʚʠʱʝʥʘ ʩʝʡʩʤʽʯʥʽʩʪʴ ʮʽʻʾ ʟʦʥʠ, ʷʢʘ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʡʙʽʣʴʰ ʨʦʟʯʣʝʥʦʚʘʥʠʤʠ ʜʽʣʷʥʢʘʤʠ ʨʝʣʴʻʬʫ ʥʘʰʦʾ ʧʣʘʥʝʪʠ 

[41]. ʎʽʣʢʦʤ ʧʨʠʨʦʜʥʦ ʧʦʚôʷʟʫʚʘʪʠ ʪʘʢʦʞ ʟ ʦʙʝʨʪʘʥʥʷʤ ɿʝʤʣʽ ʫʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤ 

ʰʠʨʦʪʥʠʭ ʪʨʘʥʩʬʦʨʤʥʠʭ ʨʦʟʣʦʤʽʚ, ʱʦ ʧʝʨʝʪʠʥʘʶʪʴ ʩʧʨʝʜʽʥʛʦʚʽ ʩʝʨʝʜʠʥʥʦ-

ʦʢʝʘʥʩʴʢʽ ʭʨʝʙʪʠ ʚ ʤʝʨʠʜʽʦʥʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ. ʄʝʨʠʜʽʦʥʘʣʴʥʽ ʽ ʢʦʩʽ 

ʪʨʘʥʩʬʦʨʤʥʽ ʨʦʟʣʦʤʠ ʚ ɯʥʜʽʡʩʴʢʦʤʫ ʽ ɯʥʜʦ-ɸʨʢʪʠʯʥʦʤʫ ʦʢʝʘʥʘʭ ʤʦʞʫʪʴ ʙʫʪʠ 

ʧʦʚôʷʟʘʥʽ ʟ ʧʽʚʥʽʯʥʠʤ ʜʨʝʡʬʦʤ ʢʦʥʪʠʥʝʥʪʽʚ [22, 113]. 

ʅʝʨʽʚʥʦʤʽʨʥʝ ʦʙʝʨʪʘʥʥʷ ɿʝʤʣʽ, ʾʾ ʧʝʨʽʦʜʠʯʥʝ ʧʨʠʩʢʦʨʝʥʥʷ ʪʘ 

ʫʧʦʚʽʣʴʥʝʥʥʷ ʤʘʶʪʴ ʱʝ ʦʜʠʥ ʜʫʞʝ ʚʘʞʣʠʚʠʡ ʥʘʩʣʽʜʦʢ. ɺʦʥʠ ʚʠʢʣʠʢʘʶʪʴ ʟʤʽʥʫ 

ʬʽʛʫʨʠ ɿʝʤʣʽ, ʾʾ ʧʦʣʷʨʥʫ ʩʧʣʶʱʝʥʽʩʪʴ ʽ, ʛʦʣʦʚʥʝ, ʚʠʢʣʠʢʘʶʪʴ ʥʘʧʨʫʛʫ ʚ 

ʣʽʪʦʩʬʝʨʽ, ʷʢʘ, ʥʘ ʜʫʤʢʫ ʙʽʣʴʰʦʩʪʽ ʜʦʩʣʽʜʥʠʢʽʚ, ʻ ʻʜʠʥʦʶ ʧʨʠʯʠʥʦʶ ʫʪʚʦʨʝʥʥʷ 

ʪʘʢ ʟʚʘʥʦʾ ʨʝʛʤʘʪʠʯʥʦʾ ʩʽʪʢʠ ʨʦʟʣʦʤʽʚ, ʪʨʽʱʠʥ ʽ ʣʽʥʝʘʤʝʥʪʽʚ, ʟʘʢʦʥʦʤʽʨʥʦ 
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ʦʨʽʻʥʪʦʚʘʥʠʭ ʱʦʜʦ ʬʽʛʫʨʠ ɿʝʤʣʽ, ʫʪʚʦʨʶʶʯʠ ʦʨʪʦʛʦʥʘʣʴʥʫ ʽ ʜʽʘʛʦʥʘʣʴʥʫ ʩʽʪʢʠ 

ʥʘ ʾʾ ʧʦʚʝʨʭʥʽ [113]. ʊʘʢʦʞ ʚʘʞʣʠʚʦ ʜʦʜʘʪʠ, ʱʦ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʚʩʪʘʥʦʚʣʝʥʦ 

ʟʚôʷʟʦʢ ʤʽʞ ʜʠʥʘʤʽʢʦʶ ʷʜʨʘ ɿʝʤʣʽ ʽ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʾʾ ʦʩʴʦʚʦʛʦ ʦʙʝʨʪʘʥʥʷ [163]. 

ɯʥʰʠʤ ʚʽʜʦʤʠʤ ʥʘʩʣʽʜʢʦʤ ʦʩʴʦʚʦʛʦ ʦʙʝʨʪʘʥʥʷ ɿʝʤʣʽ ʻ ʧʨʦʷʚ ʪʘʢ ʟʚʘʥʦʾ 

ʩʠʣʠ ʂʦʨʽʦʣʽʩʘ, ʱʦ ʚʠʢʣʠʢʘʻ ʚʽʜʩʪʘʚʘʥʥʷ ʢʦʥʪʠʥʝʥʪʘʣʴʥʠʭ ʣʽʪʦʩʬʝʨʥʠʭ ʧʣʠʪ 

ʚʽʜ ʩʧʨʷʤʦʚʘʥʦʛʦ ʽʟ ʟʘʭʦʜʫ ʥʘ ʩʭʽʜ ʦʙʝʨʪʘʥʥʷ ʙʽʣʴʰ ʚʥʫʪʨʽʰʥʽʭ ʯʘʩʪʠʥ ʧʣʘʥʝʪʠ 

ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʾʭʥʻ ʚʽʜʥʦʩʥʝ ʧʝʨʝʤʽʱʝʥʥʷ ʥʘ ʟʘʭʽʜ. ʎʷ ʞ ʩʠʣʘ ʂʦʨʽʦʣʽʩʘ 

ʚʽʜʧʦʚʽʜʘʣʴʥʘ ʟʘ ʘʩʠʤʝʪʨʽʶ ʚʠʜʦʚʞʝʥʠʭ ʫ ʤʝʨʠʜʽʦʥʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ 

ʩʝʨʝʜʠʥʥʦʦʢʝʘʥʩʴʢʠʭ ʭʨʝʙʪʽʚ [173]. 

ʗʢ ʧʦʢʘʟʘʚ ʄ. ɸ. ɻʦʥʯʘʨʦʚ [9], ʧʦʻʜʥʘʥʥʷ ʜʽʾ ʩʠʣʠ ʂʦʨʽʦʣʽʩʘ ʽ ʤʘʥʪʽʡʥʦʾ 

ʢʦʥʚʝʢʮʽʾ ʟʫʤʦʚʣʶʻ ʥʝ ʪʽʣʴʢʠ ʟʘʭʽʜʥʠʡ, ʘʣʝ ʽ ʟʤʽʥʥʠʡ ʫ ʤʝʨʠʜʽʦʥʘʣʴʥʦʤʫ 

ʥʘʧʨʷʤʢʫ ʧʽʚʥʽʯʥʠʡ ʽ ʧʽʚʜʝʥʥʠʡ ʜʨʝʡʬ ʢʦʥʪʠʥʝʥʪʽʚ ʽ ʧʨʦʪʠʣʝʞʥʠʭ ʧʨʦʮʝʩʽʚ, ʷʢʽ 

ʧʘʥʫʶʪʴ ʫ ʧʦʣʷʨʥʠʭ ʦʙʣʘʩʪʷʭ ɿʝʤʣʽ, ʟʦʢʨʝʤʘ, ʧʝʨʝʚʘʞʘʥʥʷ ʚ ʩʫʯʘʩʥʫ ʝʧʦʭʫ 

ʩʪʠʩʥʝʥʥʷ ʽ ʟʘʥʫʨʝʥʥʷ ʚ ɸʨʢʪʠʮʽ ʽ ʧʽʜʥʷʪʪʷ ʪʘ ʨʦʟʪʷʛʫʚʘʥʥʷ ʚ ɸʥʪʘʨʢʪʠʜʽ. ɿ ʮʠʤ 

ʞʝ ʧʨʦʮʝʩʦʤ ʩʣʽʜ ʧʦʚôʷʟʫʚʘʪʠ ʪʫ ʦʙʩʪʘʚʠʥʫ, ʱʦ ʩʫʧʝʨʢʦʥʪʠʥʝʥʪʠ ʧʦʧʝʨʝʤʽʥʥʦ 

ʫʪʚʦʨʶʚʘʣʠʩʷ ʪʦ ʚ ʇʽʚʥʽʯʥʽʡ, ʪʦ ʚ ʇʽʚʜʝʥʥʽʡ ʧʽʚʢʫʣʷʭ, ʥʘ ʱʦ ʟʚʝʨʥʫʣʠ ʫʚʘʛʫ ʚ 

ʩʚʦʾʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʅ. ɸ. ɹʦʞʢʦ ʽ ʖ. ɺ. ɹʘʨʢʽʥ [6]. 

ɭ. ɻ. ʄʽʨʣʽʥ ʚʢʘʟʘʚ, ʱʦ ʥʘʩʪʘʚ ʯʘʩ ʧʝʨʝʦʮʽʥʠʪʠ ʨʦʣʴ çʣʽʪʦʩʬʝʨʠ ʷʢ 

ʪʚʝʨʜʦʾ ʽ ʢʨʠʭʢʦʾ ʦʙʦʣʦʥʢʠ, ʦʩʢʽʣʴʢʠ ʮʝ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʫʷʚʣʝʥʥʷʤ ʧʨʦ ʧʣʠʥʥʽʩʪʴ 

ʩʝʨʝʜʦʚʠʱʘ ʽ ʧʨʦ ʨʽʟʥʦʨʘʥʛʦʚʽ ʚʠʭʨʦʚʽ ʨʫʭʠ ʚ çʪʚʝʨʜʠʭè ʦʙʦʣʦʥʢʘʭè [34], ʽ 

ʧʨʠʧʫʩʪʠʚ, ʱʦ ʧʦʜʘʣʴʰʝ ʚʠʚʯʝʥʥʷ ʧʨʠʨʦʜʠ ʚʠʭʨʦʚʠʭ ʨʫʭʽʚ ʧʨʠʚʝʜʝ ʜʦ ʧʦʷʚʠ 

çʤʘʡʙʫʪʥʴʦʾ ʢʦʥʮʝʧʮʽʾ, ʷʢʘ ʚ ʜʘʥʠʡ ʯʘʩ ʡʜʝ ʥʘ ʟʤʽʥʫ ʪʝʢʪʦʥʽʢʠ ʧʣʠʪè. 

ʊʦʤʫ, ʡʤʦʚʽʨʥʦ, ʚʘʨʪʦ ʧʨʠʩʣʫʭʘʪʠʩʷ ʜʦ ʜʫʤʢʠ ʚʯʝʥʦʛʦ ʆ. ɸ. ʄʝʣʴʥʽʢʦʚʘ, 

ʷʢʠʡ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ ʧʦʩʣʽʜʦʚʥʦ ʽ ʟ ʧʦʭʚʘʣʴʥʦʶ ʥʘʧʦʣʝʛʣʠʚʽʩʪʶ ʧʨʦʚʦʜʠʪʴ çʚ 

ʞʠʪʪʷè ʜʫʤʢʫ ʧʨʦ ʪʝ, ʱʦ: ç...ʇʝʨʰ ʥʽʞ ʚʠʰʫʢʫʚʘʪʠ ʷʢʽʩʴ ʽʥʰʽ ʧʨʠʯʠʥʠ ʚ 

ʧʦʷʩʥʝʥʥʽ ʛʝʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʥʘ ɿʝʤʣʽ ʽ ʚʩʝʨʝʜʠʥʽ ʥʝʾ, 

ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʫʚʘʪʠ (ʘ ʥʝ ʥʝʭʪʫʚʘʪʠ) ʚʧʣʠʚ ʥʘ ʥʠʭ ʽʟ ʟʘʨʦʜʞʝʥʥʷ ɿʝʤʣʽ ʷʢ 

ʧʣʘʥʝʪʠ ʾʾ ʨʦʪʘʮʽʡʥʦʛʦ ʨʝʞʠʤʫ, ʪʦʙʪʦ ʮʝʡ ʨʝʞʠʤ ʧʦʚʠʥʝʥ ʩʣʫʞʠʪʠ ʚʽʜʧʨʘʚʥʠʤ 
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ʤʦʤʝʥʪʦʤ ʽ ʦʩʥʦʚʦʶ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʪʘ ʬʽʟʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʜʴ-ʷʢʠʭ 

ʛʝʦʣʦʛʽʯʥʠʭ (ʷʢ ʽ ʚʩʽʭ ʽʥʰʠʭ) ʧʨʦʮʝʩʽʚè [31]. 

ʊʘʢʦʾ ʞ ʜʫʤʢʠ ʧʨʠʪʨʠʤʘʶʪʴʩʷ ʂ. ʌ. ʊʷʧʢʽʥ ʽ ʄ. ʄ. ɼʦʚʙʥʠʯ, ʷʢʽ ʚ 

ʤʦʥʦʛʨʘʬʽʾ çʅʦʚʘʷ ʨʦʪʘʮʠʦʥʥʘʷ ʛʠʧʦʪʝʟʘ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʝʝ ʛʝʦʣʦʛʦ-

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝè [50] ʧʦʢʘʟʘʣʠ ʪʘ ʢʽʣʴʢʽʩʥʦ ʦʙˇʨʫʥʪʫʚʘʣʠ, ʱʦ 

ʜʞʝʨʝʣʦʤ ʩʠʣ ʪʘ ʝʥʝʨʛʽʾ, ʥʝʦʙʭʽʜʥʦʾ ʜʣʷ ʫʪʚʦʨʝʥʥʷ ʪʘʢʠʭ ʷʚʠʱ, ʷʢ ʪʝʢʪʦʥʽʯʥʽ 

ʘʢʪʠʚʽʟʘʮʽʾ ɿʝʤʣʽ, ʩʚʽʪʦʚʽ ʪʨʘʥʩʛʨʝʩʽʾ ʪʘ ʨʝʛʨʝʩʽʾ ʪʘ ʥʘʚʽʪʴ ʛʝʥʝʨʘʮʽʷ ʤʘʛʥʽʪʥʦʛʦ 

ʧʦʣʷ ʻ ʦʙʝʨʪʘʥʥʷ ɿʝʤʣʽ, ʘ ʩʘʤʝ ï ʚʘʨʽʘʮʽʾ ʾʾ ʨʦʪʘʮʽʡʥʦʛʦ ʨʝʞʠʤʫ, ʷʢʽ ʻ 

ʨʝʟʫʣʴʪʘʪʦʤ ʚʟʘʻʤʦʜʽʾ ʥʘʰʦʾ ʧʣʘʥʝʪʠ ʟ ʥʘʚʢʦʣʠʰʥʽʤ ʾʾ ʢʦʩʤʽʯʥʠʤʠ ʧʦʣʷʤʠ. 

ʆʩʢʽʣʴʢʠ ʧʝʨʝʣʽʯʝʥʽ ʚʠʱʝ ʣʽʪʝʨʘʪʫʨʥʽ ʜʞʝʨʝʣʘ ʽ ʦʧʠʩʘʥʽ ʚ ʥʠʭ ʤʝʪʦʜʠ ʪʘ 

ʨʝʟʫʣʴʪʘʪʠ ʻ ʥʝʟʘʣʝʞʥʠʤʠ, ʟʘʩʪʦʩʦʚʘʥʠʤʠ ʨʽʟʥʠʤʠ ʜʦʩʣʽʜʥʠʢʘʤʠ ʽ ʚ ʨʽʟʥʠʡ ʯʘʩ, 

ʪʦ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʟʘ ʾʭ ʜʦʧʦʤʦʛʦʶ ʚʽʜʦʤʦʩʪʝʡ ʟʥʘʯʥʦ ʟʨʦʩʪʘʻ ʽ ʚʩʝʣʷʻ 

ʦʧʪʠʤʽʩʪʠʯʥʫ ʥʘʜʽʶ ʥʘ ʨʦʟʨʦʙʣʝʥʥʷ ʪʝʦʨʽʾ ʝʚʦʣʶʮʽʾ ɿʝʤʣʽ, ʚ ʷʢʽʡ ʟʥʘʯʥʝ ʤʽʩʮʝ 

ʙʫʜʝ ʚʽʜʚʝʜʝʥʦ ʨʦʣʽ ʛʨʘʚʽʪʘʮʽʡʥʦ-ʨʦʪʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʪʝʢʪʦʛʝʥʝʟʽ ʽ 

ʬʦʨʤʫʚʘʥʥʽ ʬʽʛʫʨʠ ɿʝʤʣʽ.  

2.2. ʄʦʜʝʣʶʚʘʥʥʷ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʬʽʛʫʨʠ ʚ ʤʠʥʫʣʽ ʛʝʦʣʦʛʽʯʥ ̔ʝʧʦʭʠ  

2.2.1. ʎʠʬʨʦʚʘ ʤʦʜʝʣʴ ʨʝʣʴʻʬʫ (PaleoDEM) ʧʦʚʝʨʭʥʽ ʣʽʪʦʩʬʝʨʠ ʥʘ 

ʦʩʥʦʚʽ ʢʘʨʪ ʛʝʦʧʘʣʝʦʨʝʢʦʥʩʪʨʫʢʮʽʡ 

ɼʣʷ ʥʘʩʪʫʧʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʬʽʛʫʨʠ ɿʝʤʣʽ ʚ ʛʝʦʣʦʛʽʯʥʦʤʫ ʯʘʩʽ ʥʘʤʠ ʙʫʣʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʥʘʙʦʨʠ ʛʦʪʦʚʠʭ ʮʠʬʨʦʚʠʭ ʜʘʥʠʭ, ʪʦʙʪʦ ʩʽʪʢʠ ʟ ʚʠʩʦʪʘʤʠ ʨʝʣʴʻʬʫ, 

ʢʦʪʨʽ ʙʫʣʠ ʩʪʚʦʨʝʥʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ Scotese C. (ʫ ʧʝʨʽʦʜ ʟ 2003 ʧʦ 2013 ʨʦʢʠ) ʪʘ 

ʧʝʨʝʥʝʩʝʥʽ ʫ *.netcdf (Network Common Data Form) ʬʦʨʤʘʪ Wright N. ʫ 2017 

ʨʦʮʽ [186]. ʌʦʨʤʘʪ *.netcdf ï ʮʝ ʚʽʜʢʨʠʪʠʡ ʩʪʘʥʜʘʨʪ ʜʣʷ ʨʦʙʦʪʠ ʟ 

ʙʘʛʘʪʦʚʠʤʽʨʥʠʤʠ ʤʘʩʠʚʘʤʠ ʜʘʥʠʭ, ʷʢʽ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʥʘʫʢʦʚʠʭ 

ʜʦʩʣʽʜʞʝʥʥʷʭ. ʎʝʡ ʬʦʨʤʘʪ ʨʦʟʨʦʙʣʝʥʠʡ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ, ʷʢʽ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʦʜʥʽʻʾ ʯʠ ʢʽʣʴʢʦʭ ʟʤʽʥʥʠʭ, ʪʘʢʠʭ ʷʢ ʯʘʩ, ʜʦʚʛʦʪʘ, ʰʠʨʦʪʘ, ʚʠʩʦʪʘ ʪʦʱʦ. 
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ʂʦʨʦʪʢʦ ʨʦʟʛʣʷʥʝʤʦ ʛʝʦʣʦʛʽʯʥʽ ʪʘ ʛʝʦʬʽʟʠʯʥʽ ʜʘʥʽ, ʷʢʽ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ 

ʜʣʷ ʩʪʚʦʨʝʥʥʷ PaleoDEM, ʘ ʪʘʢʦʞ ʤʝʪʦʜʦʣʦʛʽʶ ʾʭ ʩʪʚʦʨʝʥʥʷ. 

ʇʘʣʝʦʛʝʦʛʨʘʬʽʯʥʽ ʢʘʨʪʠ PaleoDEM ʙʫʣʠ ʩʧʦʯʘʪʢʫ ʦʧʫʙʣʽʢʦʚʘʥʽ ʥʘ 

ʩʪʦʨʽʥʮʽ [181] ʜʣʷ ArcGIS. ʎʝʡ ʮʠʬʨʦʚʠʡ ʘʪʣʘʩ, ʨʦʟʨʦʙʣʝʥʠʡ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʟ ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ɻɯʉ (ʥʘʧʨʠʢʣʘʜ, ESRI ArcMap), ʩʢʣʘʜʘʻʪʴʩʷ ʟ 120 

ʧʘʣʝʦʛʝʦʛʨʘʬʽʯʥʠʭ ʢʘʨʪ ʨʘʟʦʤ ʽʟ ʪʝʢʪʦʥʽʯʥʠʤʠ [176], ʧʘʣʝʦʣʽʪʦʣʦʛʽʯʥʠʤʠ [82], 

ʧʘʣʝʦʦʢʝʘʥʦʛʨʘʬʽʯʥʠʤʠ, ʘ ʪʘʢʦʞ ʧʘʣʝʦʢʣʽʤʘʪʠʯʥʽ ʨʝʢʦʥʩʪʨʫʢʮʽʾ [140].  

ʇʽʩʣʷ ʪʦʛʦ, ʷʢ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʛʣʦʙʘʣʴʥʫ ʩʪʨʫʢʪʫʨʫ ʪʝʢʪʦʥʽʯʥʠʭ ʧʣʠʪ 

[174, 175, 177, 178, 179, 180, 182, 183, 184, 185], ʧʘʣʝʦʛʝʦʛʨʘʬʽʯʥʽ ʢʘʨʪʠ, ʷʢʽ 

ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʜʘʚʥʻ ʧʦʰʠʨʝʥʥʷ ʥʘʛʽʨôʷ, ʥʠʟʦʚʠʥʠ, ʤʽʣʢʦʚʦʜʥʠʭ ʤʦʨʽʚ ʽ 

ʛʣʠʙʦʢʠʭ ʦʢʝʘʥʩʴʢʠʭ ʙʘʩʝʡʥʽʚ, ʙʫʣʠ ʧʦʙʫʜʦʚʘʥʽ ʚ ʮʠʬʨʦʚʦʤʫ ʚʠʛʣʷʜʽ. ʎʝ ʙʫʣʦ 

ʟʨʦʙʣʝʥʦ ʚ ʢʽʣʴʢʘ ʢʨʦʢʽʚ. ʇʝʨʰʠʤ ʢʨʦʢʦʤ ʙʫʣʦ ʩʢʣʘʩʪʠ ʢʘʨʪʫ ʛʝʦʣʦʛʽʯʥʠʭ 

ʣʽʪʦʬʘʮʽʡ, ʷʢʽ ʚʠʟʥʘʯʘʣʠ ʜʘʚʥʽ ʩʝʨʝʜʦʚʠʱʘ ʚʽʜʢʣʘʜʝʥʴ (ʨʠʩ. 2.1). ʃʽʪʦʬʘʮʽʾ ð ʮʝ 

ʨʽʟʥʦʚʠʜʠ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ, ʷʢʽ ʩʬʦʨʤʫʚʘʣʠʩʷ ʚ ʧʝʚʥʠʭ ʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚʘʭ ʪʘ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʝʚʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʪʘʢʠʤʠ ʷʢ ʩʢʣʘʜ, ʩʪʨʫʢʪʫʨʘ, 

ʪʝʢʩʪʫʨʘ, ʽ ʩʪʨʘʪʠʛʨʘʬʽʯʥʘ ʧʨʠʥʘʣʝʞʥʽʩʪʴ. ʃʽʪʦʬʘʮʽʾ ʻ ʚʘʞʣʠʚʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ 

ʫ ʚʠʚʯʝʥʥʽ ʽʩʪʦʨʽʾ ɿʝʤʣʽ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʜʘʶʪʴ ʟʤʦʛʫ ʨʝʢʦʥʩʪʨʫʶʚʘʪʠ 

ʩʝʨʝʜʦʚʠʱʝ ʦʩʘʜʦʥʘʢʦʧʠʯʝʥʥʷ (ʥʘʧʨʠʢʣʘʜ, ʤʦʨʩʴʢʝ, ʨʽʯʢʦʚʝ, ʧʫʩʪʝʣʴʥʝ) ʽ 

ʧʨʦʮʝʩʠ, ʱʦ ʚʧʣʠʚʘʣʠ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʦʩʘʜʦʚʠʭ ʧʦʨʽʜ. 

 

ʈʠʩ. 2.1. ʂʘʨʪʘ ʛʝʦʣʦʛʽʯʥʠʭ ʣʽʪʦʬʘʮʽʡ [186] 
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ʅʘʧʨʠʢʣʘʜ, ʪʦʚʩʪʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʯʠʩʪʠʭ ʚʘʧʥʷʢʽʚ ʤʦʞʝ ʧʨʝʜʩʪʘʚʣʷʪʠ 

ʪʝʧʣʽ ʤʽʣʢʦʚʦʜʥʽ ʩʝʨʝʜʦʚʠʱʘ, ʪʘʢʽ ʷʢ ɹʘʛʘʤʩʴʢʘ ʧʣʘʪʬʦʨʤʘ ʘʙʦ ʚʝʣʠʯʝʟʥʝ 

ʝʧʽʢʦʥʪʠʥʝʥʪʘʣʴʥʝ ʤʦʨʝ. ɺʝʣʠʢʽ ʥʘʙʦʨʠ ʤʘʩʠʚʥʠʭ ʧʽʩʢʦʚʠʢʽʚ, ʱʦ 

ʧʝʨʝʪʠʥʘʶʪʴʩʷ, ʢʦʣʠʩʴ, ʤʦʞʣʠʚʦ, ʙʫʣʠ ʨʦʟʜʫʚʘʥʠʤʠ ʚʽʪʨʦʤ ʧʫʩʪʝʣʴʥʠʤʠ 

ʜʶʥʘʤʠ. ʊʝʨʨʝʡʥ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʘʥʜʝʟʠʪʫ ʪʘ ʛʨʘʥʦʜʽʦʨʠʪʫ, ʤʽʛ ʙʫʪʠ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʶ ʜʫʛʦʶ ʘʙʦ ʛʽʨʩʴʢʠʤ ʤʘʩʠʚʦʤ ɸʥʜ. ʊʘʙʣʠʮʷ 2.1 ʧʽʜʩʫʤʦʚʫʻ 

ʣʽʪʦʬʘʮʽʾ ʪʘ ʪʠʧʠ ʧʦʨʽʜ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʝʨʝʜʦʚʠʱʘʤ ʚʽʜʢʣʘʜʝʥʴ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʜʣʷ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʩʪʘʨʦʜʘʚʥʴʦʾ ʪʦʧʦʛʨʘʬʽʾ ʪʘ ʙʘʪʠʤʝʪʨʽʾ.  

ɻʝʦʣʦʛʠ ʟʙʠʨʘʣʠ ʣʽʪʦʣʦʛʽʯʥʫ ʽʥʬʦʨʤʘʮʽʶ ʪʘ ʩʪʚʦʨʶʚʘʣʠ ʣʽʪʦʬʘʮʽʾ ʪʘ 

ʧʘʣʝʦʢʘʨʪʠ ʙʽʣʴʰʝ 20 ʨʦʢʽʚ [195]. ʅʘʧʨʠʢʽʥʮʽ 1970-ʭ ʽ ʥʘ ʧʦʯʘʪʢʫ 1980-ʭ ʨʦʢʽʚ 

ʧʨʦʝʢʪ çʇʘʣʝʦʛʝʦʛʨʘʬʽʯʥʠʡ ʘʪʣʘʩè ʧʽʜ ʢʝʨʽʚʥʠʮʪʚʦʤ ʧʨʦʬʝʩʦʨʘ ɸ. ʄ. ɿʽʛʣʝʨʘ 

ʥʘ ʢʘʬʝʜʨʽ ʛʝʦʬʽʟʠʯʥʠʭ ʥʘʫʢ ʏʠʢʘʟʴʢʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʩʢʣʘʚ ʙʘʟʫ ʜʘʥʠʭ ʽʟ ʧʦʥʘʜ 

125 000 ʣʽʪʦʣʦʛʽʯʥʠʭ ʽ ʧʘʣʝʦʝʢʦʣʦʛʽʯʥʠʭ ʟʘʧʠʩʽʚ ʜʣʷ ʤʝʟʦʟʦʶ ʪʘ ʢʘʡʥʦʟʦʶ [222, 

223, 224]. ʎʷ ʙʘʟʘ ʜʘʥʠʭ ʙʫʣʘ ʜʦʧʦʚʥʝʥʘ ʜʦʜʘʪʢʦʚʠʤʠ ʣʽʪʦʣʦʛʽʯʥʠʤʠ ʪʘ 

ʧʘʣʝʦʝʢʦʣʦʛʽʯʥʠʤʠ ʟʘʧʠʩʘʤʠ ʜʣʷ ʧʝʨʤʩʴʢʦʛʦ ʪʘ ʶʨʩʴʢʦʛʦ ʧʝʨʽʦʜʽʚ [157, 158]. 

ʎʽ ʜʚʘ ʥʘʙʦʨʠ ʜʘʥʠʭ ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʯʠʩʣʝʥʥʠʤʠ ʨʝʛʽʦʥʘʣʴʥʠʤʠ ʪʘ ʛʣʦʙʘʣʴʥʠʤʠ 

ʧʘʣʝʦʛʝʦʛʨʘʬʽʯʥʠʤʠ ʘʪʣʘʩʘʤʠ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʦʙʫʜʦʚʠ 

ʧʘʣʝʦʛʝʦʛʨʘʬʽʯʥʠʭ ʢʘʨʪ, ʷʢʽ ʟôʷʚʣʷʶʪʴʩʷ ʚ [181]. 

ʃʽʪʦʬʘʮʽʾ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ 

ʧʘʣʝʦʛʝʦʛʨʘʬʽʯʥʠʭ ʩʝʨʝʜʦʚʠʱ, ʣʠʰʝ ʜʝ ʟʙʝʨʝʞʝʥʥʷ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ. ʆʜʥʘʢ ʻ 

ʙʘʛʘʪʦ ʚʠʧʘʜʢʽʚ, ʢʦʣʠ ʛʽʨʩʴʢʽ ʧʦʨʦʜʠ ʙʫʣʠ ʨʦʟʤʠʪʽ, ʟʨʫʡʥʦʚʘʥʽ ʪʝʢʪʦʥʽʯʥʠʤʠ 

ʧʨʦʮʝʩʘʤʠ, ʘʙʦ ʚʢʨʠʪʽ ʙʽʣʴʰ ʤʦʣʦʜʠʤʠ ʰʘʨʘʤʠ. ɼʣʷ ʮʠʭ ʦʙʣʘʩʪʝʡ ʥʝʦʙʭʽʜʥʦ 

ʟʘʩʪʦʩʫʚʘʪʠ ʜʨʫʛʠʡ, ʙʽʣʴʰ ʽʥʪʝʨʧʨʝʪʘʮʽʡʥʠʡ ʧʽʜʭʽʜ, ʱʦʙ ʚʽʜʥʦʚʠʪʠ 

ʧʘʣʝʦʛʝʦʛʨʘʬʽʶ. ʋ ʮʠʭ ʚʠʧʘʜʢʘʭ ʧʘʣʝʦʩʝʨʝʜʦʚʠʱʝ ʪʘ ʧʘʣʝʦʛʝʦʛʨʘʬʽʷ ʧʦʚʠʥʥʽ 

ʙʫʪʠ ʚʠʚʝʜʝʥʽ ʟ ʪʝʢʪʦʥʽʯʥʦʾ ʽʩʪʦʨʽʾ ʨʝʛʽʦʥʫ. 
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  ʊʘʙʣʠʮʷ 2.1. 

 ɼʽʘʧʘʟʦʥʠ ʚʠʩʦʪ ʣʘʥʜʰʘʬʪʽʚ, ʧʦʢʘʟʘʥʠʭ ʥʘ ʧʘʣʝʦʛʝʦʛʨʘʬʽʯʥʠʭ ʢʘʨʪʘʭ [186] 

ʂʦʜ 
ɺʠʩʦʪʘ ʥʘʜ 

ʨʽʚʥʝʤ ʤʦʨʷ 
ʌʦʨʤʠ ʨʝʣʴʻʬʫ ɻʝʦʣʦʛʽʯʥʽ ʜʘʥʽ 

9 10000 ʜʦ 4000 ʤ ʂʦʣʽʟʽʡʥʽ ʛʦʨʠ ɺʠʩʦʢʦ-T, ʚʠʩʦʢʦ-P ʤʝʪʘʤʦʨʬʽʟʤ 

8 4000-2000 ʤ ɻʦʨʠ ɸʥʜʩʴʢʦʛʦ ʪʠʧʫ 
ɸʥʜʝʟʠʪʠ/ʛʨʘʥʦʜʽʦʨʠʪʠ ʚ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 

7 2000 ʜʦ 1000 ʤ 

1. ʆʩʪʨʽʚʥʽ ʜʫʛʦʚʽ 

ʚʫʣʢʘʥʠ 

ɸʥʜʝʟʠʪʠ/ʛʨʘʥʦʜʽʦʨʠʪʠ ʚ 

ʤʦʨʩʴʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 

2. ʇʣʝʯʽ 

ʚʥʫʪʨʽʰʥʴʦʢʦʥʪʠʥʝ-

ʥʪʘʣʴʥʠʭ ʨʦʟʣʦʤʽʚ 

ʉʫʤʽʞʥʽ ʬʘʥʛʣʦʤʝʨʘʪʠ 

6 1000 ʜʦ 200 ʤ 

1. ʈʠʬʪʦʚʘ ʜʦʣʠʥʘ 
ɹʘʟʘʣʴʪʠ, ʦʟʝʨʥʽ ʚʽʜʢʣʘʜʠ ʚ 

ʛʨʘʙʝʥʘʭ 

2. ɼʝʷʢʽ ʭʨʝʙʪʠ 

ʧʝʨʝʜʜʫʛʠ 
ʊʝʢʪʦʥʽʯʥʽ ʤʝʣʘʥʞʽ 

5 
200 ʤ ʜʦ ʨʽʚʥʷ 

ʤʦʨʷ 

1. ʇʨʠʙʝʨʝʞʥʽ ʨʽʚʥʠʥʠ ɸʣʶʚʽʘʣʴʥʽ ʢʦʤʧʣʝʢʩʠ 

2. ʅʠʞʥʽ ʨʽʯʢʦʚʽ 

ʩʠʩʪʝʤʠ 
ʆʩʥʦʚʥʽ ʟʘʧʣʘʚʥʽ ʢʦʤʧʣʝʢʩʠ 

3. ʄʘʢʩʠʤʫʤ ʜʝʣʴʪʘ-

ʚʝʨʰʠʥʠ 
ɹʦʣʦʪʘ ʽ ʨʫʩʣʦʚʽ ʧʽʩʢʠ 

4 
ʈʽʚʝʥʴ ʤʦʨʷ ʜʦ -

50 ʤ 

1. ɺʥʫʪʨʽʰʥʽ ʰʝʣʴʬ ʅʝʦʜʥʦʨʽʜʥʽ ʤʦʨʩʴʢʽ ʚʽʜʢʣʘʜʝʥʥʷ 

2. ʈʠʬʦʚʽ ʰʝʣʴʬʠ ʂʘʨʙʦʥʘʪʠ ʙʘʛʘʤʩʴʢʦʛʦ ʪʠʧʫ 

3. ɼʝʣʴʪʘ ʬʨʦʥʪʽʚ ɺʝʨʭʥʽ ʤʫʣʠ ʪʘ ʧʽʩʢʠ 

3 -50 ʜʦ -200 ʤ 

1. ɿʦʚʥʽʰʥʽʡ ʰʝʣʴʬ 
ɼʨʽʙʥʽ ʚʽʜʢʣʘʜʝʥʥʷ, ʙʽʣʴʰʽʩʪʴ 

ʙʽʦʧʨʦʜʫʢʪʽʚ 

2. ɼʝʷʢʽ ʝʧʝʡʨʠʯʥʽ 

ʙʘʩʝʡʥʠ 

ʊʦʥʢʦʜʠʩʧʝʨʩʥʽ ʫʣʘʤʢʦʚʽ ʧʦʨʦʜʠ 

ʘʙʦ ʢʘʨʙʦʥʘʪʠ 

3. ʇʨʦ-ʜʝʣʴʪʠ 
ʌʦʨʝʩʝʪʥʽ ʤʫʣʠ ʪʘ ʧʨʦʢʩʠʤʘʣʴʥʽ 

ʪʫʨʙʽʜʽʪʠ 

2 -200 ʜʦ -4000 ʤ 

1. ʄʘʪʝʨʠʢʦʚʠʡ 

ʩʭʠʣ/ʧʽʜʡʦʤ 
ʇʦʩʘʜʦʯʥʽ/ʢʦʥʪʫʨʥʽ ʬʨʘʮʽʾ 

2. ʉʝʨʝʜʠʥʥʦ-ʦʢʝʘʥʽʯʥʽ 

ʭʨʝʙʪʠ 

ɺʽʢ ʦʢʝʘʥʽʯʥʦʾ ʢʦʨʠ ʤʝʥʰʝ 60 ʤʣʥ 

ʨʦʢʽʚ 

3. ʇʨʦ-ʜʝʣʴʪʠ (ʚʽʷʣʘ) 
ʅʠʞʥʽ ʛʣʠʥʠ ʪʘ ʜʠʩʪʘʣʴʥʽ 

ʪʫʨʙʽʜʠʪʠ 

1 -4000 ʜʦ -6000 ʤ ɼʥʦ ʦʢʝʘʥʫ ʇʝʣʘʛʽʯʥʽ ʪʦʚʱʽ ʥʘ ʦʢʝʘʥʽʯʥʽʡ ʢʦʨʽ 

0 -6000 ʜʦ -12000 ʤ ʆʢʝʘʥʩʴʢʽ ʞʦʣʦʙʠ ʊʫʨʙʽʜʽʪʠ ʥʘ ʧʝʣʘʛʽʯʥʠʭ ʪʦʚʱʘʭ 
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ʊʝʢʪʦʥʽʯʥʘ ʤʦʜʝʣʴ ʛʣʦʙʘʣʴʥʠʭ ʧʣʠʪ PaleoDEM ʟʘʙʝʟʧʝʯʠʣʘ ʪʝʢʪʦʥʽʯʥʫ 

ʦʩʥʦʚʫ, ʥʝʦʙʭʽʜʥʫ ʜʣʷ ʮʠʭ ʚʠʩʥʦʚʢʽʚ ʪʘ ʽʥʪʝʨʧʨʝʪʘʮʽʡ. ʊʝʢʪʦʥʽʯʥʽ ʨʝʢʦʥʩʪʨʫʢʮʽʾ 

ʧʣʠʪ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʦʯʽʢʫʚʘʥʠʭ ʟʤʽʥ ʫ ʪʦʧʦʛʨʘʬʽʾ ʪʘ 

ʙʘʪʠʤʝʪʨʽʾ, ʚʠʢʣʠʢʘʥʠʭ ʪʝʢʪʦʥʽʯʥʠʤʠ ʨʫʭʘʤʠ ʧʣʠʪ, ʪʘʢʠʤʠ ʷʢ: ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ 

ʤʦʨʩʴʢʦʛʦ ʜʥʘ, ʢʦʥʪʠʥʝʥʪʘʣʴʥʠʡ ʨʠʬʪʠʥʛ, ʩʫʙʜʫʢʮʽʷ ʚʟʜʦʚʞ ʦʢʦʣʠʮʽ ɸʥʜ ʽ 

ʟʽʪʢʥʝʥʥʷ ʢʦʥʪʠʥʝʥʪʽʚ, ʘ ʪʘʢʦʞ ʽʥʰʽ ʽʟʦʩʪʘʪʠʯʥʽ ʧʦʜʽʾ, ʪʘʢʽ ʷʢ ʛʣʷʮʽʦʽʟʦʩʪʘʟʽʷ 

[154]. ʅʘʧʨʠʢʣʘʜ, ʱʦʙ ʩʪʚʦʨʠʪʠ ʧʘʣʝʦʛʝʦʛʨʘʬʽʯʥʫ ʢʘʨʪʫ ʜʣʷ ʨʘʥʥʴʦʾ ʢʨʝʡʜʠ, 

ʤʦʣʦʜʽ ʪʝʢʪʦʥʽʯʥʽ ʝʣʝʤʝʥʪʠ, ʪʘʢʽ ʷʢ ʥʝʱʦʜʘʚʥʽ ʧʽʜʥʷʪʪʷ, ʘʙʦ ʚʠʚʝʨʞʝʥʥʷ 

ʚʫʣʢʘʥʽʚ (ʥʘʧʨʠʢʣʘʜ, ʉʝʨʝʜʥʴʦʘʬʨʠʢʘʥʩʴʢʠʡ ʨʠʬʪ), ʧʦʚʠʥʥʽ ʙʫʪʠ ʚʠʜʘʣʝʥʽ, ʘʙʦ 

ʟʤʝʥʰʝʥʽ ʚ ʨʦʟʤʽʨʽ, ʪʦʜʽ ʷʢ ʙʽʣʴʰ ʩʪʘʨʽ ʪʝʢʪʦʥʽʯʥʽ ʝʣʝʤʝʥʪʠ, ʪʘʢʽ ʷʢ ʩʪʘʨʦʜʘʚʥʽ 

ʛʽʨʩʴʢʽ ʭʨʝʙʪʠ (ʥʘʧʨʠʢʣʘʜ, ɸʧʧʘʣʘʯʽ) ʧʦʚʠʥʥʽ ʙʫʪʠ ʚʽʜʥʦʚʣʝʥʽ ʜʦ ʢʦʣʠʰʥʴʦʛʦ 

ʨʽʚʥʷ. ʎʝʡ ʧʽʜʭʽʜ ʧʦʜʽʙʥʠʡ ʜʦ ʪʝʭʥʽʢ, ʦʧʠʩʘʥʠʭ [72, 216]. 

ʊʘʢʠʤ ʞʝ ʯʠʥʦʤ ʧʘʣʝʦʙʘʪʠʤʝʪʨʽʷ ʜʥʘ ʦʢʝʘʥʫ ʧʦʚʠʥʥʘ ʙʫʪʠ ʚʽʜʥʦʚʣʝʥʘ ʚ 

ʯʘʩʽ. ʆʢʝʘʥʽʯʥʘ ʣʽʪʦʩʬʝʨʘ ʫʪʚʦʨʶʻʪʴʩʷ ʥʘ ʩʝʨʝʜʠʥʥʦ-ʦʢʝʘʥʽʯʥʠʭ ʭʨʝʙʪʘʭ, ʽ ʢʦʣʠ 

ʦʢʝʘʥʩʴʢʝ ʜʥʦ ʚʽʜʜʘʣʷʻʪʴʩʷ ʚʽʜ ʩʝʨʝʜʥʴʦʦʢʝʘʥʩʴʢʦʛʦ ʭʨʝʙʪʘ, ʚʦʥʦ 

ʦʭʦʣʦʜʞʫʻʪʴʩʷ ʡ ʦʧʫʩʢʘʻʪʴʩʷ. ɹʘʛʘʪʦ ʚ ʯʦʤʫ ʚʽʜʥʦʚʠʪʠ ʤʠʥʫʣʫ ʙʘʪʠʤʝʪʨʽʶ ʜʥʘ 

ʦʢʝʘʥʫ ʥʘʙʘʛʘʪʦ ʣʝʛʰʝ, ʥʽʞ ʦʮʽʥʠʪʠ ʚʠʩʦʪʫ ʩʪʘʨʦʜʘʚʥʽʭ ʛʽʨʩʴʢʠʭ ʭʨʝʙʪʽʚ [164, 

165, 166]. ʎʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʪʦʤʫ, ʱʦ ʜʥʦ ʦʢʝʘʥʫ ʩʪʘʨʽʻ, ʚʦʥʦ ʦʭʦʣʦʜʞʫʻʪʴʩʷ, ʘ 

ʢʦʣʠ ʦʭʦʣʦʜʞʫʻʪʴʩʷ, ʪʦʥʝ. ɺʝʣʠʯʠʥʘ, ʥʘ ʷʢʫ ʚʦʥʘ ʟʘʥʫʨʶʻʪʴʩʷ ʟ ʯʘʩʦʤ, 

ʚʽʜʧʦʚʽʜʘʻ ʟʚʠʯʘʡʥʦʤʫ ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʧʨʘʚʠʣʫ, ʷʢʝ ʩʪʚʝʨʜʞʫʻ, ʱʦ ʚʝʣʠʯʠʥʘ 

ʪʝʧʣʦʚʦʛʦ ʧʨʦʩʽʜʘʥʥʷ ʦʙʝʨʥʝʥʦ ʧʨʦʧʦʨʮʽʡʥʘ ʢʚʘʜʨʘʪʥʦʤʫ ʢʦʨʝʥʶ ʟ ʚʽʢʫ 

ʦʢʝʘʥʽʯʥʦʾ ʢʦʨʠ [151]. ʑʦʙ ʚʽʜʥʦʚʠʪʠ ʩʪʘʨʦʜʘʚʥʻ ʦʢʝʘʥʩʴʢʝ ʜʥʦ ʜʦ ʡʦʛʦ 

ʢʦʣʠʰʥʽʭ ʛʣʠʙʠʥ, ʙʘʪʠʤʝʪʨʽʶ ʦʢʝʘʥʩʴʢʦʛʦ ʜʥʘ ʙʫʣʦ çʚʽʜʥʦʚʣʝʥʦè ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʛʣʠʙʠʥʘ/ʚʽʢ, ʦʧʫʙʣʽʢʦʚʘʥʦʛʦ [197]. 

ʇʽʩʣʷ ʪʦʛʦ, ʷʢ ʧʘʣʝʦʛʝʦʛʨʘʬʽʷ ʜʣʷ ʢʦʞʥʦʛʦ ʯʘʩʦʚʦʛʦ ʽʥʪʝʨʚʘʣʫ ʙʫʣʘ 

ʥʘʥʝʩʝʥʘ ʥʘ ʢʘʨʪʫ, ʘ ʧʦʧʨʘʚʢʠ ʜʦ ʪʦʧʦʛʨʘʬʽʾ ʪʘ ʙʘʪʠʤʝʪʨʽʾ ʙʫʣʠ ʥʘʣʝʞʥʠʤ 

ʯʠʥʦʤ ʚʽʜʟʥʘʯʝʥʽ, ʮʷ ʽʥʬʦʨʤʘʮʽʷ ʙʫʣʘ ʧʝʨʝʪʚʦʨʝʥʘ ʚ ʮʠʬʨʦʚʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ 

ʧʘʣʝʦʪʦʧʦʛʨʘʬʽʾ ʪʘ ʧʘʣʝʦʙʘʪʠʤʝʪʨʽʾ (ʪʦʙʪʦ PaleoDEM). ʂʦʞʥʘ PaleoDEM 

ʚʠʩʦʢʦʾ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʦʥʘʜ 6 ʤʽʣʴʡʦʥʽʚ ʢʣʽʪʠʥʦʢ ʩʽʪʢʠ, ʷʢʽ 
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ʬʽʢʩʫʶʪʴ ʮʠʬʨʦʚʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʚʠʩʦʪʫ ʟ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ 10 ʢʤ ʥʘ 10 

ʢʤ ʚ ʧʣʦʱʠʥʽ ʪʘ 40 ʤ ʧʦ ʚʝʨʪʠʢʘʣʽ. ʎʷ ʢʽʣʴʢʽʩʥʘ ʧʘʣʝʦʮʠʬʨʦʚʘ ʤʦʜʝʣʴ ʨʝʣʴʻʬʫ 

ʜʦʟʚʦʣʷʻ ʥʘʤ ʚʽʟʫʘʣʽʟʫʚʘʪʠ ʡ ʘʥʘʣʽʟʫʚʘʪʠ ʟʤʽʥʫ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ ʟ ʯʘʩʦʤ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ɻɯʉ ʪʘ ʽʥʰʠʭ ʤʝʪʦʜʽʚ ʢʦʤʧôʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ. 

ʇʨʦʮʝʩ ʧʦʙʫʜʦʚʠ PaleoDEM ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʥʘʙʦʨʽʚ ʮʠʬʨʦʚʠʭ 

ʪʦʧʦʛʨʘʬʽʯʥʠʭ ʽ ʙʘʪʠʤʝʪʨʠʯʥʠʭ ʜʘʥʠʭ ʩʫʯʘʩʥʦʛʦ ʩʚʽʪʫ [194], ɸʥʪʘʨʢʪʠʜʠ [131] ʽ 

ɸʨʢʪʠʢʠ [124]. ʎʽ ʥʘʙʦʨʠ ʪʦʧʦʛʨʘʬʽʯʥʠʭ ʽ ʙʘʪʠʤʝʪʨʠʯʥʠʭ ʜʘʥʠʭ ʦʙôʻʜʥʫʶʪʴʩʷ ʚ 

ʛʣʦʙʘʣʴʥʠʡ ʥʘʙʽʨ ʜʘʥʠʭ ʽʟ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ 6. ʅʘ ʥʘʩʪʫʧʥʦʤʫ ʢʨʦʮʽ 

ʦʢʨʝʤʽ ʢʦʤʽʨʢʠ ʩʽʪʢʠ (ʰʠʨʦʪʘ, ʜʦʚʛʦʪʘ) ʧʦʚʝʨʪʘʶʪʴʩʷ ʥʘʟʘʜ ʜʦ ʾʭʥʴʦʛʦ 

ʧʘʣʝʦʧʦʣʦʞʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʣʦʙʘʣʴʥʦʾ ʪʝʢʪʦʥʽʯʥʦʾ ʤʦʜʝʣʽ ʧʣʠʪ ʧʨʦʝʢʪʫ 

[181]. ʆʪʨʠʤʘʥʘ ʢʘʨʪʘ ʻ ʨʝʢʦʥʩʪʨʫʢʮʽʻʶ ʩʫʯʘʩʥʦʾ ʙʘʪʠʤʝʪʨʽʾ ʪʘ ʪʦʧʦʛʨʘʬʽʾ. 

ʅʘ ʥʘʩʪʫʧʥʠʭ ʝʪʘʧʘʭ ʦʙʨʦʙʢʠ ʩʫʯʘʩʥʽ ʮʠʬʨʦʚʽ ʪʦʧʦʛʨʘʬʽʯʥʽ ʪʘ 

ʙʘʪʠʤʝʪʨʠʯʥʽ ʟʥʘʯʝʥʥʷ ʚʠʧʨʘʚʣʷʶʪʴʩʷ ʪʘ ʤʦʜʠʬʽʢʫʶʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʣʽʪʦʬʘʮʽʡʥʦʾ ʪʘ ʧʘʣʝʦʝʢʦʣʦʛʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʦʧʠʩʘʥʦʾ ʥʘ ʧʦʯʘʪʢʫ ʨʦʟʜʽʣʫ. ɼʣʷ 

ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʫʯʘʩʥʽ ʘʥʘʣʦʛʠ ʩʪʘʨʦʜʘʚʥʽʭ ʛʝʦʛʨʘʬʽʡ ʽ ʧʨʦʩʪʽ ʪʝʭʥʽʢʠ 

ʢʦʤʧôʶʪʝʨʥʦʾ ʛʨʘʬʽʢʠ. ʅʘ ʮʴʦʤʫ ʢʨʦʮʽ ʮʠʬʨʦʚʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʚʠʩʦʪʫ 

ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʟʥʘʯʝʥʥʷ çʚʽʜʪʽʥʢʘ ʩʽʨʦʛʦè, ʜʝ ʙʽʣʠʡ ʢʦʣʽʨ (ʚʽʜʪʽʥʢʠ ʩʽʨʦʛʦ = 

255) ʧʦʟʥʘʯʘʻ ʥʘʡʚʠʱʽ ʚʠʩʦʪʠ (+10 000 ʤ), ʘ ʯʦʨʥʠʡ (ʚʽʜʪʽʥʢʠ ʩʽʨʦʛʦ = 0) 

ʧʦʟʥʘʯʘʻ ʥʘʡʛʣʠʙʰʽ ʦʢʝʘʥʩʴʢʽ ʞʦʣʦʙʠ (-10 000 ʤ). ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ 256 ʟʥʘʯʝʥʴ 

ʛʨʘʜʘʮʽʡ ʩʽʨʦʛʦ, ʤʦʞʥʘ ʥʘʥʝʩʪʠ ʥʘ ʢʘʨʪʫ ʪʦʧʦʛʨʘʬʽʶ ʪʘ ʙʘʪʠʤʝʪʨʽʶ ʟ 

ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ 40 ʤ ʧʦ ʚʝʨʪʠʢʘʣʽ.  

ʑʦʙ ʮʠʬʨʦʚʘ ʤʦʜʝʣʴ ʟʙʽʛʘʣʘʩʷ ʟ ʧʘʣʝʦʩʝʨʝʜʦʚʠʱʝʤ, ʘʙʦ ʩʫʯʘʩʥʠʤ 

ʘʥʘʣʦʛʦʤ ʧʦʪʨʽʙʥʦ ʟʙʽʣʴʰʠʪʠ ʘʙʦ ʟʤʝʥʰʠʪʠ ʚʠʩʦʪʫ ʧʽʢʩʝʣʷ, ʟʤʽʥʠʚ ʠh ʟʥʘʯʝʥʥʷ 

ʛʨʘʜʘʮʽʡ ʩʽʨʦʛʦ. ʅʘʧʨʠʢʣʘʜ, ʩʫʯʘʩʥʘ ʪʦʧʦʛʨʘʬʽʷ ʉʭʽʜʥʦ-ɸʬʨʠʢʘʥʩʴʢʦʛʦ ʨʠʬʪʫ 

ʙʫʣʘ ʩʪʚʦʨʝʥʘ ʧʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ 30 ʤʣʥ ʨʦʢʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ 

ʧʘʣʝʦʛʝʦʛʨʘʬʽʯʥʽʡ ʢʘʨʪʽ ʉʭʽʜʥʦʾ ɸʬʨʠʢʠ ʧʽʟʥʴʦʛʦ ʝʦʮʝʥʫ (35 ʤʣʥ ʨʦʢʽʚ) 

ʩʫʯʘʩʥʠʡ ʨʝʣʴʻʬ ʉʭʽʜʥʦ-ɸʬʨʠʢʘʥʩʴʢʦʛʦ ʨʠʬʪʫ ʧʦʚʠʥʝʥ ʙʫʪʠ çʩʪʝʨʪʠʡè. ʎʝ 

ʙʫʣʦ ʜʦʩʷʛʥʫʪʦ ʰʣʷʭʦʤ ʮʠʬʨʦʚʦʛʦ ʨʝʜʘʛʫʚʘʥʥʷ ʟʥʘʯʝʥʴ ʚʽʜʪʽʥʢʽʚ ʩʽʨʦʛʦ ʚ ʛʦʨʘʭ 
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ʽ ʟʘʤʽʥʠ ʾʭ ʟʥʘʯʝʥʥʷʤʠ ʚʽʜʪʽʥʢʽʚ ʩʽʨʦʛʦ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʥʠʟʦʚʠʥʠ ʪʘ ʨʽʚʥʠʥʠ. 

ʅʘʚʧʘʢʠ, ʪʝʨʠʪʦʨʽʷ, ʷʢʘ ʢʦʣʠʩʴ ʙʫʣʘ ʩʪʘʨʦʜʘʚʥʴʦʶ ʨʠʬʪʦʚʦʶ ʜʦʣʠʥʦʶ, ʘʣʝ 

ʙʫʣʘ ʝʨʦʟʽʡʥʦʶ ʧʣʦʩʢʦʶ, ʙʫʣʘ ʚʽʜʥʦʚʣʝʥʘ, ʟʘʤʽʥʠʚʰʠ ʾʭ ʟʥʘʯʝʥʥʷʤʠ ʚʽʜʪʽʥʢʽʚ 

ʩʽʨʦʛʦ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʚʠʩʦʢʦʛʽʨôʷ. ʅʘʡʢʨʘʱʠʤ ʩʧʦʩʦʙʦʤ ʟʜʽʡʩʥʠʪʠ ʮʽ ʟʤʽʥʠ 

ʤʦʞʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʦʾ ʪʦʧʦʛʨʘʬʽʾ ʷʢ ʘʥʘʣʦʛʘ. ʅʘʧʨʠʢʣʘʜ, 

ʜʝʪʘʣʴʥʠʡ ʨʝʣʴʻʬ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʨʠʬʪʫ ʚ ʧʨʦʪʦ-ʇʽʚʜʝʥʥʦʘʪʣʘʥʪʠʯʥʦʤʫ 

ʨʝʛʽʦʥʽ, ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ. 2.2, ʙʫʚ ʬʘʢʪʠʯʥʦ ʚʽʜʪʚʦʨʝʥʠʡ ʟ ʯʘʩʪʠʥ ʉʭʽʜʥʦ-

ɸʬʨʠʢʘʥʩʴʢʦʛʦ ʨʠʬʪʫ. 

 

ʈʠʩ. 2.2. ʇʘʣʝʦʛʝʦʛʨʘʬʽʯʥʘ ʢʘʨʪʘ ʨʘʥʥʴʦʾ ʂʨʝʡʜʠ (121,8 ʤʣʥ ʨʦʢʽʚ) [186] 

ʋ ʙʫʜʴ-ʷʢʦʤʫ ʚʠʧʘʜʢʫ ʚʽʜʪʚʦʨʝʥʥʷ ʩʪʘʨʦʜʘʚʥʽʭ ʪʦʧʦʛʨʘʬʽʯʥʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʠʤʘʛʘʻ ʛʣʠʙʦʢʦʛʦ ʨʦʟʫʤʽʥʥʷ ʟʘʛʘʣʴʥʦʾ ʪʝʢʪʦʥʽʯʥʦʾ ʝʚʦʣʶʮʽʾ 

ʨʝʛʽʦʥʫ, ʘ ʪʘʢʦʞ ʪʦʯʥʦʛʦ ʟʥʘʥʥʷ ʪʝʢʪʦʥʽʯʥʦʾ ʽʩʪʦʨʽʾ ʢʦʞʥʦʛʦ ʚʘʞʣʠʚʦʛʦ 

ʛʝʦʛʨʘʬʽʯʥʦʛʦ ʦʙôʻʢʪʘ. ʊʨʝʙʘ ʚʤʽʪʠ ʚʽʜʧʦʚʽʩʪʠ ʥʘ ʪʘʢʽ ʟʘʧʠʪʘʥʥʷ: çʂʦʣʠ ʚʧʝʨʰʝ 

ʟôʷʚʠʚʩʷ ʮʝʡ ʛʝʦʛʨʘʬʽʯʥʠʡ ʦʙôʻʢʪ?è, çʗʢ ʜʦʚʛʦ ʚʽʥ ʟʘʣʠʰʘʚʩʷ ʚʘʞʣʠʚʠʤ 

ʛʝʦʛʨʘʬʽʯʥʠʤ ʦʙôʻʢʪʦʤ?è, çʂʦʣʠ ʚʽʥ ʙʫʚ ʟʨʫʡʥʦʚʘʥʠʡ?è. ɺʘʞʣʠʚʦ ʪʘʢʦʞ 

ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʙʫʜʴ-ʷʢʽ ʟʤʽʥʠ, ʟʨʦʙʣʝʥʽ ʥʘ ʦʜʥʽʡ ʢʘʨʪʽ, ʧʦʚʠʥʥʽ ʫʟʛʦʜʞʫʚʘʪʠʩʷ ʟ 

ʧʦʧʝʨʝʜʥʴʦʶ ʢʘʨʪʦʶ, ʘ ʪʘʢʦʞ ʟ ʥʘʩʪʫʧʥʠʤʠ. ʊʦʙʪʦ ʪʝʢʪʦʥʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʥʝ 

ʚʠʥʠʢʘʶʪʴ ʽ ʥʝ ʟʥʠʢʘʶʪʴ ʨʘʧʪʦʚʦ. ʅʘʩʧʨʘʚʜʽ ʥʘʡʢʨʘʱʘ ʟʘʛʘʣʴʥʘ ʩʪʨʘʪʝʛʽʷ ʧʽʜ 
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ʯʘʩ ʧʦʙʫʜʦʚʠ ʧʘʣʝʦʪʦʧʦʛʨʘʬʽʯʥʠʭ ʤʦʜʝʣʝʡ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʧʦʯʘʪʠ ʟ 

ʩʫʯʘʩʥʦʾ ʛʝʦʛʨʘʬʽʾ ʪʘ ʩʠʩʪʝʤʘʪʠʯʥʦ ʧʨʘʮʶʚʘʪʠ ʥʘʟʘʜ ʫ ʯʘʩʽ, ʩʪʚʦʨʶʶʯʠ ʢʘʨʪʫ ʟʘ 

ʢʘʨʪʦʶ, ʩʢʘʩʦʚʫʶʯʠ ʦʩʪʘʥʥʽ ʪʝʢʪʦʥʽʯʥʽ ʧʦʜʽʾ ʪʘ ʧʦʩʪʫʧʦʚʦ ʚʽʜʪʚʦʨʶʶʯʠ 

ʩʪʘʨʦʜʘʚʥʽ ʪʝʢʪʦʥʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ. 

ʇʨʦʜʦʚʞʫʶʯʠ ʥʘʰʝ ʦʙʛʦʚʦʨʝʥʥʷ ʤʝʪʦʜʦʣʦʛʽʾ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ PaleoDEM, ʢʦʣʠ ʚʝʨʩʽʷ ʧʘʣʝʦʚʠʩʦʢʠʭ ʚʽʜʪʽʥʢʽʚ ʫ ʛʨʘʜʘʮʽʷʭ ʩʽʨʦʛʦ 

ʙʫʜʝ ʟʘʚʝʨʰʝʥʘ, ʟʥʘʯʝʥʥʷ ʚʽʜʪʽʥʢʽʚ ʩʽʨʦʛʦ ʤʦʞʥʘ ʙʫʜʝ ʧʝʨʝʪʚʦʨʠʪʠ ʥʘʟʘʜ ʫ 

ʮʠʬʨʦʚʽ ʟʥʘʯʝʥʥʷ ʚʠʩʦʪ. ʆʪʨʠʤʘʥʠʡ ʮʠʬʨʦʚʠʡ ʬʘʡʣ ʨʝʣʴʻʬʫ ʻ çʧʝʨʝʛʣʷʥʫʪʦʶè 

ʛʣʦʙʘʣʴʥʦʶ ʧʘʣʝʦʪʦʧʦʛʨʘʬʽʯʥʦʶ ʪʘ ʧʘʣʝʦʙʘʪʠʤʝʪʨʠʯʥʦʶ ʧʦʚʝʨʭʥʝʶ, ʘʙʦ 

PaleoDEM, ʷʢʘ ʧʨʝʜʩʪʘʚʣʷʻ ʚʠʩʦʪʫ ʧʦʚʝʨʭʥʽ ʩʫʰʽ ʪʘ ʛʣʠʙʠʥʫ ʦʢʝʘʥʩʴʢʠʭ 

ʙʘʩʝʡʥʽʚ ʜʣʷ ʧʝʚʥʦʛʦ ʛʝʦʣʦʛʽʯʥʦʛʦ ʽʥʪʝʨʚʘʣʫ ʯʘʩʫ. 

ʆʩʪʘʥʥʽʡ ʢʨʦʢ ʧʨʦʮʝʩʫ ʻ ʥʘʡʧʨʦʩʪʽʰʠʤ. ʇʘʣʝʦʛʝʦʛʨʘʬʽʯʥʫ ʢʘʨʪʫ ʪʝʧʝʨ 

ʤʦʞʥʘ ʩʪʚʦʨʠʪʠ, ʥʘʜʘʚʰʠ ʢʦʞʥʽʡ ʢʣʽʪʠʥʮʽ ʩʽʪʢʠ ʚ ʧʘʣʝʦʮʠʬʨʦʚʽʡ ʤʦʜʝʣʽ ʚʠʩʦʪʠ 

(PaleoDEM) ʫʥʽʢʘʣʴʥʠʡ ʢʦʣʽʨ ʥʘ ʦʩʥʦʚʽ ʾʾ ʛʣʠʙʠʥʠ ʘʙʦ ʚʠʩʦʪʠ (ʨʠʩ. 2.2). 

ɻʣʠʙʠʥʠ ʦʢʝʘʥʽʚ (ʦʢʝʘʥʽʯʥʘ ʢʦʨʘ) ï ʪʝʤʥʦ-ʩʠʥʽ. ʉʝʨʝʜʠʥʥʦ-ʦʢʝʘʥʽʯʥʽ ʭʨʝʙʪʠ ï 

ʙʣʘʢʠʪʥʠʡ. ʄʽʣʢʦʚʦʜʥʽ ʰʝʣʴʬʠ ʽ ʟʘʪʦʧʣʝʥʽ ʯʘʩʪʠʥʠ ʤʘʪʝʨʠʢʽʚ (ʝʧʝʡʨʥʽ ʤʦʨʷ) ï 

ʚʽʜʪʽʥʢʠ ʩʚʽʪʣʦ-ʙʣʘʢʠʪʥʦʛʦ. ʇʨʠʙʝʨʝʞʥʽ ʨʝʛʽʦʥʠ ʪʘ ʢʦʥʪʠʥʝʥʪʘʣʴʥʽ ʨʘʡʦʥʠ 

ʧʦʙʣʠʟʫ ʨʽʚʥʷ ʤʦʨʷ ï ʪʝʤʥʦ-ʟʝʣʝʥʠʡ; ʥʠʟʠʥʥʽ ʚʥʫʪʨʽʰʥʴʦʤʘʪʝʨʠʢʦʚʽ ʜʽʣʷʥʢʠ ï 

ʟʝʣʝʥʽ. ʇʣʦʩʢʦʛʽʨ'ʷ ʽ ʧʝʨʝʜʛʽʨ'ʷ ï ʩʚʽʪʣʦ-ʢʦʨʠʯʥʝʚʽ, ʘ ʛʽʨʩʴʢʽ ʨʘʡʦʥʠ ï ʢʦʨʠʯʥʝʚʽ. 

ʅʘʡʚʠʱʽ ʚʝʨʰʠʥʠ ʚ ʛʦʨʘʭ ï ʟʘʰʪʨʠʭʦʚʘʥʽ ʙʽʣʠʤ (ʨʠʩ. 2.3). ʆʪʨʠʤʘʥʘ 

ʧʘʣʝʦʛʝʦʛʨʘʬʽʯʥʘ ʢʘʨʪʘ ʻ çʥʘʡʢʨʘʱʠʤ ʧʨʠʧʫʱʝʥʥʷʤè ʘʙʦ ʩʝʨʝʜʥʴʦʶ 

ʧʘʣʝʦʛʝʦʛʨʘʬʽʻʶ ʜʣʷ ʽʥʪʝʨʚʘʣʫ ʯʘʩʫ.  

ɿ ʦʜʥʽʻʾ PaleoDEM ʤʦʞʥʘ ʩʪʚʦʨʠʪʠ ʢʽʣʴʢʘ ʧʘʣʝʦʛʝʦʛʨʘʬʽʯʥʠʭ ʢʘʨʪ. 

ʅʘʧʨʠʢʣʘʜ, ʪʨʘʥʩʛʨʝʩʠʚʥʫ ʘʙʦ çʚʠʩʦʪʥʫè ʧʘʣʝʦʛʝʦʛʨʘʬʽʶ ʤʦʞʥʘ ʚʽʟʫʘʣʽʟʫʚʘʪʠ 

ʰʣʷʭʦʤ ʮʠʬʨʦʚʦʛʦ çʟʘʪʦʧʣʝʥʥʷè ʨʝʣʴʻʬʫ ʨʠʩ. 2.4. ɯ ʥʘʚʧʘʢʠ, ʨʝʛʨʝʩʠʚʥʫ ʘʙʦ 

çʥʠʟʴʢʫè ʧʘʣʝʦʛʝʦʛʨʘʬʽʶ ʤʦʞʥʘ ʚʽʟʫʘʣʽʟʫʚʘʪʠ ʮʠʬʨʦʚʠʤ ʟʥʠʞʝʥʥʷʤ ʨʽʚʥʷ ʤʦʨʷ 

ʨʠʩ. 2.4. 
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ʈʠʩ. 2.3. ʂʦʣʴʦʨʦʚʽ ʽʥʜʝʢʩʠ ʜʣʷ ʧʘʣʝʦʪʦʧʦʛʨʘʬʽʾ ʪʘ ʧʘʣʝʦʙʘʪʠʤʝʪʨʽʾ [186]. 

 

ʈʠʩ. 2.4. ʈʽʟʥʽ ʨʽʚʥʽ ʟʘʪʦʧʣʝʥʥʷ ʣʘʥʜʰʘʬʪʫ ʩʫʯʘʩʥʦʾ ʝʧʦʭʠ. A ï ʉʫʯʘʩʥʘ 

ʝʧʦʭʘ ʟ ʧʽʜʥʷʪʪʷʤ ʨʽʚʥʷ ʤʦʨʷ +200 ʤ, B ï ʉʫʯʘʩʥʘ ʝʧʦʭʘ ʟ ʨʽʚʥʝʤ ʤʦʨʷ = 0 ʤ,  

ʉ ï ʩʫʯʘʩʥʘ ʝʧʦʭʘ ʟ ʧʦʥʠʞʝʥʥʷʤ ʨʽʚʥʷ ʤʦʨʷ -200 ʤ [186]. 
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ʇʦʚʥʠʡ ʥʘʙʽʨ ʧʘʣʝʦʛʝʦʛʨʘʬʽʡ ʚʠʩʦʢʦʛʦ/ʥʠʞʥʴʦʛʦ ʨʽʚʥʷ ʤʦʨʷ ʤʦʞʥʘ 

ʧʝʨʝʛʣʷʥʫʪʠ ʚ ʩʫʧʨʦʚʽʜʥʠʭ ʧʘʣʝʦʛʝʦʛʨʘʬʽʯʥʠʭ ʘʪʣʘʩʘʭ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʮʴʦʛʦ 

ʘʥʘʣʽʟʫ ʙʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʥʘʡʙʽʣʴʰ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʽ ʦʮʽʥʢʠ ʨʽʚʥʷ ʤʦʨʷ 

ʻ ʘʙʦ ʟʘʥʘʜʪʦ ʚʠʩʦʢʠʤʠ [115, 116], ʘʙʦ ʟʘʥʘʜʪʦ ʥʠʟʴʢʠʤʠ [139]. ʗʢʱʦ ʦʮʽʥʢʠ 

[116] ʨʽʚʥʷ ʤʦʨʷ ʟʤʝʥʰʫʶʪʴʩʷ ʥʘ 30ï40%, ʽʩʥʫʻ ʢʨʘʱʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʤʽʞ 

ʧʨʦʛʥʦʟʦʚʘʥʦʶ ʧʣʦʱʝʶ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʟʘʪʦʧʣʝʥʥʷ ʪʘ ʛʝʦʣʦʛʽʯʥʠʤʠ ʜʘʥʠʤʠ 

ʱʦʜʦ ʤʘʩʰʪʘʙʫ ʩʪʘʨʦʜʘʚʥʽʭ ʤʽʣʢʦʚʦʜʥʠʭ ʤʦʨʽʚ. 

2.2.2. ɸʧʨʦʢʩʠʤʘʮʽʷ ʮʠʬʨʦʚʦʾ ʤʦʜʝʣʽ ʨʝʣʴʻʬʫ ʧʦʚʝʨʭʥʽ ʣʽʪʦʩʬʝʨʠ 

ʧʘʨʘʤʝʪʨʠʟʦʚʘʥʠʤʠ ʝʣʽʧʩʦʾʜʘʤʠ 

ʑʦʙ ʘʜʝʢʚʘʪʥʦ ʨʦʟʫʤʽʪʠ ʷʢ ʚʽʜʙʫʚʘʶʪʴʩʷ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʶʚʘʣʴʥʽ 

ʪʝʢʪʦʥʽʯʥʽ ʧʨʦʮʝʩʠ ʥʘ ɿʝʤʣʽ, ʚʠʟʥʘʯʘʪʠ ʛʨʘʚʽʪʘʮʽʡʥʝ ʧʦʣʝ ʽ ʦʙʯʠʩʣʶʚʘʪʠ 

ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʦʢ ʥʘ ʟʝʤʥʽʡ ʧʦʚʝʨʭʥʽ, ʥʝʦʙʭʽʜʥʦ ʪʦʯʥʦ ʟʥʘʪʠ, ʷʢ ʟʤʽʥʶʻʪʴʩʷ 

ʬʦʨʤʘ ʥʘʰʦʾ ʧʣʘʥʝʪʠ ʽ ʯʠ ʟʤʽʥʶʻʪʴʩʷ ʚʦʥʘ ʚʟʘʛʘʣʽ. ʅʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʨʦʟʚʠʪʢʫ 

ʥʘʫʢʠ ʪʘ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʦʮʽʥʢʠ ʟʤʽʥʠ ʬʽʛʫʨʠ ʚ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʭ ʢʦʦʨʜʠʥʘʪʘʭ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʘʢʽ ʟʘʩʦʙʠ, ʷʢ ʩʫʧʫʪʥʠʢʦʚʽ ʣʘʟʝʨʥʽ ʚʠʤʽʨʶʚʘʥʥʷ, 

ʨʘʜʽʦʽʥʪʝʨʬʝʨʦʤʝʪʨʽʷ ʟ ʥʘʜʜʦʚʛʦʶ ʙʘʟʦʶ, ʜʘʥʽ ɻʅʉʉ ʽ ʥʠʟʢʘ ʽʥʰʠʭ ʤʝʪʦʜʽʚ. 

ʆʜʥʘʢ ʛʝʦʜʠʥʘʤʽʯʥʘ ʽ ʪʝʢʪʦʥʽʯʥʘ ʘʢʪʠʚʥʽʩʪʴ ɿʝʤʣʽ ʥʝʨʽʚʥʦʤʽʨʥʘ ʚ ʧʨʦʩʪʦʨʽ ʽ 

ʯʘʩʽ. ʁʤʦʚʽʨʥʘ ʧʝʨʽʦʜʠʯʥʽʩʪʴ ʛʝʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʝʚʦʣʶʮʽʾ ʥʘʰʦʾ 

ʧʣʘʥʝʪʠ. ʏʘʩʦʚʠʡ ʤʘʩʰʪʘʙ ʛʝʦʜʠʥʘʤʽʯʥʠʭ ʷʚʠʱ (ʤʽʣʴʡʦʥʠ ʽ ʤʽʣʴʷʨʜʠ ʨʦʢʽʚ) 

ʤʽʩʪʠʪʴʩʷ ʜʘʣʝʢʦ ʟʘ ʤʝʞʘʤʠ ʨʝʘʣʽʟʦʚʘʥʠʭ ʛʝʦʜʝʟʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ ʪʨʠʚʘʣʦʩʪʽ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ. ʄʠ ʙʘʯʠʤʦ ʣʠʰʝ ʪʝ, ʱʦ ɿʝʤʣʷ ʥʘʤ ʧʦʢʘʟʫʻ ʥʘ ʥʝʩʢʽʥʯʝʥʥʦ 

ʤʘʣʦʤʫ ʧʨʦʤʽʞʢʫ ʩʚʦʻʾ ʛʝʦʣʦʛʽʯʥʦʾ ʝʚʦʣʶʮʽʾ, ʽ ʧʨʘʢʪʠʯʥʦ ʧʦʟʙʘʚʣʝʥʽ 

ʤʦʞʣʠʚʦʩʪʽ ʚʽʜʪʚʦʨʠʪʠ ʪʽ ʧʨʦʮʝʩʠ, ʷʢʽ ʭʦʯʝʤʦ ʚʠʚʯʠʪʠ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʬʘʢʪʠ 

ʧʨʦ ʚʥʫʪʨʽʰʥʶ ʙʫʜʦʚʫ ʽ ʝʚʦʣʶʮʽʶ ɿʝʤʣʽ, ʦʪʨʠʤʘʥʽ ʨʽʟʥʠʤʠ ʤʝʪʦʜʘʤʠ ʛʝʦʣʦʛʽʾ 

ʪʘ ʛʝʦʬʽʟʠʢʠ, ʫʢʣʘʜʘʶʪʴʩʷ ʫ ʚʠʢʣʶʯʥʦ ʩʢʣʘʜʥʫ ʢʘʨʪʠʥʫ ʜʠʥʘʤʽʯʥʠʭ ʷʚʠʱ ʽ 

ʪʦʤʫ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʪʨʠʚʘʣʝ ʚʠʚʯʝʥʥʷ ʛʝʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʚʝʨʭʥʽʭ 

ʦʙʦʣʦʥʢʘʭ ɿʝʤʣʽ, ʧʨʠʨʦʜʘ ʛʝʦʜʠʥʘʤʽʯʥʠʭ ʩʠʣ ʜʦʪʝʧʝʨ ʟʘʣʠʰʘʻʪʴʩʷ 

ʛʽʧʦʪʝʪʠʯʥʦʶ. ʇʨʦʪʝ ʮʽ ʬʘʢʪʠ ʤʦʞʥʘ ʩʧʨʦʙʫʚʘʪʠ ʧʦʷʩʥʠʪʠ ʥʘ ʦʩʥʦʚʽ ʧʝʚʥʠʭ, 



 

 

97 

ʧʝʨʝʚʘʞʥʦ ʛʽʧʦʪʝʪʠʯʥʠʭ, ʧʨʠʧʫʱʝʥʴ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʟʘʢʦʥʽʚ 

ʬʽʟʠʢʠ ʽ ʤʝʭʘʥʽʢʠ ʪʘ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʥʘʤʽʢʠ ʟʤʽʥʠ ʬʽʛʫʨʠ ʣʽʪʦʩʬʝʨʠ ɿʝʤʣʽ ʚʠʢʦʨʠʩʪʘʥʘ 

ʽʜʝʷ ʘʧʨʦʢʩʠʤʘʮʽʾ ʾʾ ʧʦʚʝʨʭʥʽ ʜʚʦʚʽʩʥʠʤ ʽ ʪʨʠʚʽʩʥʠʤ ʝʣʽʧʩʦʾʜʘʤʠ ʟ ʚʠʟʥʘʯʝʥʥʷʤ 

ʾʭ ʧʘʨʘʤʝʪʨʽʚ, ʘ ʟʘ ʜʘʥʠʤʠ ʧʘʣʝʦʨʝʢʦʥʩʪʨʫʢʮʽʡ ʤʘʪʝʨʠʢʽʚ ʽ ʚʦʜʥʦʾ ʧʦʚʝʨʭʥʽ 

ʧʦʷʚʣʷʻʪʴʩʷ ʪʘʢʦʞ ʤʦʞʣʠʚʽʩʪʴ ʚʽʜʩʪʝʞʝʥʥʷ ʚʽʢʦʚʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ 

ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʬʽʛʫʨʠ ɿʝʤʣʽ. ʎʝ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʽʥʪʝʨʧʨʝʪʫʚʘʪʠ ʜʠʥʘʤʽʢʫ 

ʟʤʽʥʠ ʬʽʛʫʨʠ ʧʦʚʝʨʭʥʽ ʣʽʪʦʩʬʝʨʠ ʟ ʧʦʟʠʮʽʡ ʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ 

ʥʘ ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ ʣʽʪʦʩʬʝʨʠ ɿʝʤʣʽ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʽ ʥʘʩʘʤʧʝʨʝʜ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ 

ʨʦʟʤʽʨʠ ʽ ʦʨʽʻʥʪʫʚʘʥʥʷ ʪʘʢʦʛʦ ʝʣʽʧʩʦʾʜʘ, ʷʢʠʡ ʥʘʡʙʽʣʴʰ ʙʣʠʟʴʢʦ ʧʽʜʭʦʜʠʚ ʙʠ ʜʦ 

ʬʽʟʠʯʥʦʾ ʧʦʚʝʨʭʥʽ ʧʣʘʥʝʪʠ ʚ ʩʫʯʘʩʥʫ ʝʧʦʭʫ. ɺʠʨʽʰʝʥʥʷ ʮʽʻʾ ʟʘʜʘʯʽ ʨʦʟʛʣʷʥʫʪʦ 

ʥʘ ʧʨʠʢʣʘʜʽ ʘʧʨʦʢʩʠʤʘʮʽʾ ʚʠʩʦʪ ʧʦʚʝʨʭʥʽ ʣʽʪʦʩʬʝʨʠ ɿʝʤʣʽ ʜʚʦʚʽʩʥʠʤ ʽ 

ʪʨʠʚʽʩʥʠʤ ʝʣʽʧʩʦʾʜʘʤʠ ʚ ʩʪʘʪʪʽ [54]. ʆʩʢʽʣʴʢʠ ʚ ʧʦʜʘʣʴʰʦʤʫ ʥʘʤ ʙʫʜʫʪʴ 

ʥʝʦʙʭʽʜʥʽ ʜʝʷʢʽ ʩʤʠʩʣʦʚʽ ʧʦʟʥʘʯʢʠ, ʷʢʽ ʽʣʶʩʪʨʫʶʪʴ ʘʧʨʦʢʩʠʤʘʮʽʶ ʧʦʚʝʨʭʥʽ 

ʣʽʪʦʩʬʝʨʠ ʜʚʦʚʽʩʥʠʤ ʽ ʪʨʠʚʽʩʥʠʤ ʝʣʽʧʩʦʾʜʘʤʠ, ʪʦ ʥʘ ʨʠʩ. 2.5 ʧʦʢʘʞʝʤʦ ʮʽ 

ʧʦʟʥʘʯʝʥʥʷ.  

ʆʪʦʞ, ʨʦʟʛʣʷʥʝʤʦ ʨʠʩ. 2.5, ʜʝ ʟʦʙʨʘʞʝʥʽ: PL¡ ï ʬʽʟʠʯʥʘ ʧʦʚʝʨʭʥʷ ɿʝʤʣʽ; G 

ï ʛʝʦʾʜ; EL ï ʝʣʽʧʩʦʾʜ, ʧʘʨʘʤʝʪʨʠ ʷʢʦʛʦ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ; o ï ʮʝʥʪʨ ʤʘʩ 

ɿʝʤʣʽ; o¡ ï ʮʝʥʪʨ ʰʫʢʘʥʦʛʦ ʝʣʽʧʩʦʾʜʘ; oZ ï ʥʘʧʨʷʤ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ɿʝʤʣʽ; o¡Z¡ ï 

ʣʽʥʽʷ ʧʘʨʘʣʝʣʴʥʘ ʦʩʽ oZ ; o¡Z¡¡ ï ʥʘʧʨʷʤʦʢ ʤʘʣʦʾ ʦʩʽ ʝʣʽʧʩʦʾʜʘ EL ; k, Vï ʜʚʘ ʟ 

ʪʨʴʦʭ ʢʫʪʽʚ ɽʡʣʝʨʘ; N ï ʥʘʧʨʷʤ ʣʽʥʽʾ ʚʫʟʣʽʚ; q0,l0,r0 ï ʢʫʪʠ ʪʘ ʚʽʜʩʪʘʥʴ, ʱʦ 

ʚʠʟʥʘʯʘʶʪʴ ʟʤʽʱʝʥʥʷ ʮʝʥʪʨʫ ʰʫʢʘʥʦʛʦ ʝʣʽʧʩʦʾʜʘ ʚʽʜ ʮʝʥʪʨʫ ʤʘʩ; x0, y0, z0 ï 

ʣʽʥʽʡʥʽ ʚʝʣʠʯʠʥʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʟʤʽʱʝʥʥʷ ʰʫʢʘʥʦʛʦ ʝʣʽʧʩʦʾʜʘ; ʊ ï ʪʦʯʢʘ ʥʘ 

ʬʽʟʠʯʥʽʡ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ; ʦʊ¡ = r¡ ; o¡o = r0 ; oT = r; TT¡¡ = h ; o¡T¡¡ = r ; H ï ʚʠʩʦʪʘ 

ʪʦʯʢʠ T ʥʘʜ ʨʽʚʥʝʤ ʤʦʨʷ. 
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ʈʠʩ. 2.5. ɯʣʶʩʪʨʘʮʽʷ ʪʘ ʘʣʛʦʨʠʪʤ ʜʦ ʘʧʨʦʢʩʠʤʘʮʽʾ ʧʦʚʝʨʭʥʽ ʣʽʪʦʩʬʝʨʠ ʜʚʦʚʽʩʥʠʤ 

ʝʣʽʧʩʦʾʜʦʤ [54]. 

ʑʦ ʞ ʜʦ ʘʧʨʦʢʩʠʤʘʮʽʾ ʪʨʠʚʽʩʥʠʤ ʝʣʽʧʩʦʾʜʦʤ, ʪʦ ʧʝʨʝʡʜʝʤʦ ʜʦ ʨʠʩ. 2.6, 

ʷʢʠʡ ʽʣʶʩʪʨʫʻ ʨʦʟʚôʷʟʦʢ ʮʽʻʾ ʟʘʜʘʯʽ. TL ï ʪʦʯʢʘ ʥʘ ʬʽʟʠʯʥʽʡ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ; ʊï 

ʪʦʯʢʘ ʥʘ ʧʦʚʝʨʭʥʽ ʝʣʽʧʩʦʾʜʘ, ʧʘʨʘʤʝʪʨʠ ʷʢʦʛʦ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ; XT, YT, ZT ï 

ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʢʠ T ʫ ʚʠʭʽʜʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ; X¡T, Y¡T, Z¡T ï ʢʦʦʨʜʠʥʘʪʠ ʚ 

ʩʠʩʪʝʤʽ ʚʽʜʣʽʢʫ ʰʫʢʘʥʦʛʦ ʝʣʽʧʩʦʾʜʘ; x0, y0, z0 ï ʢʦʦʨʜʠʥʘʪʠ ʮʝʥʪʨʫ ʰʫʢʘʥʦʛʦ 

ʝʣʽʧʩʦʾʜʘ ʚʽʜʥʦʩʥʦ ʚʠʭʽʜʥʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ; ax, ay, az ï ʧʽʚʦʩʽ; Ů, ɣ, ɤ ï ʪʨʠ 

ʢʫʪʠ ʧʦʚʦʨʦʪʫ. 

ʈʦʟʤʽʨ ʽ ʦʨʽʻʥʪʫʚʘʥʥʷ ʜʚʦʚʽʩʥʦʛʦ ʽ ʪʨʠʚʽʩʥʦʛʦ ʝʣʽʧʩʦʾʜʽʚ ʙʫʜʝʤʦ 

ʚʠʟʥʘʯʘʪʠ ʟʘ ʫʤʦʚʦʶ äh
2

 ­ min . ʎʷ ʫʤʦʚʘ ʧʝʨʝʜʙʘʯʘʻ, ʱʦ ʩʫʤʘ ʢʚʘʜʨʘʪʽʚ 

ʚʽʜʜʘʣʝʡ ʤʽʞ ʚʠʟʥʘʯʫʚʘʥʠʤʠ ʝʣʽʧʩʦʾʜʘʤʠ ʽ ʧʦʚʝʨʭʥʝʶ ʣʽʪʦʩʬʝʨʠ ʻ ʤʽʥʽʤʘʣʴʥʦʶ. 

ʋ ʪʘʙʣ. 2.2 ʥʘʚʝʜʝʥʦ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʜʚʦʚʽʩʥʦʛʦ ʝʣʽʧʩʦʾʜʘ. 

ʆʙʯʠʩʣʝʥʥʷ ʩʝʤʠ ʧʘʨʘʤʝʪʨʽʚ ʜʚʦʚʽʩʥʦʛʦ ʝʣʽʧʩʦʾʜʘ ʚʠʢʦʥʫʚʘʣʦʩʴ ʥʘ ʦʩʥʦʚʽ 

ʜʘʥʠʭ ʮʠʬʨʦʚʦʾ ʤʦʜʝʣʽ ʨʝʣʴʻʬʫ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ ETOPO1 [148]. ɺʠʢʦʨʠʩʪʘʥʘ 

ʮʠʬʨʦʚʘ ʤʦʜʝʣʴ ʨʝʣʴʻʬʫ ʧʦʢʨʠʚʘʻ ʚʩʶ ʧʦʚʝʨʭʥʶ ʧʣʘʥʝʪʠ ʟ ʨʦʟʨʽʟʥʶʚʘʣʴʥʦʶ 
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ʟʜʘʪʥʽʩʪʶ 1. ɼʣʷ ʚʢʘʟʘʥʦʾ ʤʦʜʝʣʽ ʚʠʩʦʪʠ ʙʫʣʠ ʦʩʝʨʝʜʥʝʥʽ ʚ ʤʝʞʘʭ ʪʨʘʧʝʮʽʡ 

5ÜĬ5Ü. ʋ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʦʪʨʠʤʘʥʦ 2592 ʟʥʘʯʝʥʴ ʚʠʩʦʪ ʧʦʚʝʨʭʥʽ ʣʽʪʦʩʬʝʨʠ h, ʷʢʽ 

ʩʣʫʛʫʚʘʣʠ ʚʭʽʜʥʠʤʠ ʜʘʥʠʤʠ. ʎʶ ʤʦʜʝʣʴ ʧʦʙʫʜʦʚʘʥʦ ʚ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ WGS 

84. 

 

 

 

 

ʈʠʩ. 2.6. ɯʣʶʩʪʨʘʮʽʷ ʪʘ ʘʣʛʦʨʠʪʤ ʜʦ ʘʧʨʦʢʩʠʤʘʮʽʾ ʧʦʚʝʨʭʥʽ ʣʽʪʦʩʬʝʨʠ ʪʨʠʚʽʩʥʠʤ 

ʝʣʽʧʩʦʾʜʦʤ [54]. 

ɿʚʝʨʥʝʤʦ ʫʚʘʛʫ ʥʘ ʪʝ, ʱʦ ʧʦʣʶʩʠ ʥʘʡʤʝʥʰʠʭ ʚʽʩʝʡ ʦʪʨʠʤʘʥʠʭ ʝʣʽʧʩʦʾʜʽʚ 

ʥʝ ʟʙʽʛʘʶʪʴʩʷ ʟ ʧʦʣʶʩʦʤ ɿʝʤʣʽ, ʪʦʙʪʦ ʝʢʚʘʪʦʨʽʘʣʴʥʘ ʧʣʦʱʠʥʘ ʬʽʛʫʨʠ ʬʽʟʠʯʥʦʾ 

ʧʦʚʝʨʭʥʽ ʥʘʭʠʣʝʥʘ ʜʦ ʝʢʚʘʪʦʨʽʘʣʴʥʦʾ ʧʣʦʱʠʥʠ ʛʝʦʾʜʘ ʽ ʚʽʜʧʦʚʽʜʥʠʡ ʢʫʪ ʥʘʭʠʣʫ 

ʥʝ ʧʝʨʝʚʠʱʫʻ ~3Ü ʘʙʦ ~300 ʢʤ ʚʟʜʦʚʞ ʜʫʛʠ ʤʝʨʠʜʽʘʥʘ. 

ʊʘʙʣʠʮʷ 2.2. 

ʇʘʨʘʤʝʪʨʠ ʜʚʦʚʽʩʥʦʛʦ ʝʣʽʧʩʦʾʜʘ [54] 

ʎʄʈ 

ETOPO1 
ɺʩʷ ʩʬʝʨʘ ʇʽʚʥʽʯʥʘ ʧʽʚʢʫʣʷ ʇʽʚʜʝʥʥʘ ʧʽʚʢʫʣʷ 

1 2 3 4 5 6 7 

x0, ʤ -741,88 Ñ86,04 -1170,64 Ñ1056,31 -38,99 Ñ13,19 

y0, ʤ -491,57 Ñ57,01 -388,46 Ñ350,52 1,70 Ñ0,57 

z0, ʤ 1421,79 Ñ164,89 1868,02 Ñ1685,58 7287,17 Ñ2462,39 
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ʧʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣ. 2.2 

1 2 3 4 5 6 7 

axy, ʤ 6375117,00 Ñ169,04 6375114,91 Ñ437,96 6376300,87 Ñ533,92 

az, ʤ 6355640,08 Ñ247,83 6355772,53 Ñ2294,90 6362552,67 Ñ2798,15 

1/Ŭ 327,31 Ñ6,32 329,59 Ñ33,20 463,79 Ñ80,16 

ə 133ę,77 Ñ0ę,02 159ę,30 Ñ0ę,01 110ę,03 Ñ0ę,01 

ɕ 2ę,61 Ñ0ę,03 2ę,61 Ñ0ę,01 2ę,78 Ñ0ę,01 

 

ɼʣʷ ʟʘʜʘʯʽ ʘʧʨʦʢʩʠʤʘʮʽʾ ʧʦʚʝʨʭʥʽ ʣʽʪʦʩʬʝʨʠ ʪʨʠʚʽʩʥʠʤ ʝʣʽʧʩʦʾʜʦʤ 

ʚʠʢʦʨʠʩʪʘʥʦ ʪʘʢʦʞ ʤʦʜʝʣʴ ʨʝʣʴʻʬʫ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ ETOPO1. ʋ ʪʘʙʣ. 2.3 

ʥʘʚʝʜʝʥʦ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʪʨʠʚʽʩʥʦʛʦ ʝʣʽʧʩʦʾʜʘ. 

  ʊʘʙʣʠʮʷ 2.3. 

 ʇʘʨʘʤʝʪʨʠ ʪʨʠʚʽʩʥʦʛʦ ʝʣʽʧʩʦʾʜʘ [54] 

ʎʄʈ 

ETOPO1 
ɺʩʷ ʩʬʝʨʘ ʇʽʚʥʽʯʥʘ ʧʽʚʢʫʣʷ ʇʽʚʜʝʥʥʘ ʧʽʚʢʫʣʷ 

1 2 3 4 5 6 7 

x0, ʤ 1048,11 Ñ68,12 1919,35 Ñ156,05 885,22 Ñ176,69 

y0, ʤ 695,10 Ñ68,14 640,98 Ñ156,17 -40,42 Ñ176,69 

z0, ʤ 1109,69 Ñ67,86 935,39 Ñ683,71 7333,25 Ñ774,86 

ax, ʤ 6374317,51 Ñ6,80 6373521,23 Ñ60,81 6375286,65 Ñ69,17 

ay, ʤ 6375959,84 Ñ6,82 6376764,42 Ñ61,10 6377391,17 Ñ69,45 

az, ʤ 6355605,19 Ñ6,52 6355769,28 Ñ58,38 6362642,66 Ñ67,27 

Ů 1ę,74 Ñ5ę,54 2ę,29 Ñ12ę,70 -0ę,76 Ñ14ę,38 

ɣ -1ę,97 Ñ4ę,94 1ę,09 Ñ11ę,33 -2ę,59 Ñ12ę,79 

ɤ -84ę,83 Ñ5ę,53 -77ę,50 Ñ6ę,88 49ę,09 Ñ7ę,79 

Ba, Á -1,989 1,106 -2,611 

La, Á 84,835 77,500 130,901 

Bc, Á 87,384 87,478 87,318 

Lc, Á 126,296 -38,102 147,260 

 

ʉʪʨʫʢʪʫʨʥʘ ʘʩʠʤʝʪʨʽʷ ʧʽʚʥʽʯʥʦʾ ʽ ʧʽʚʜʝʥʥʦʾ ʧʽʚʢʫʣʴ ʪʘʢʦʞ ʷʚʥʦ 

ʚʽʜʩʪʝʞʫʻʪʴʩʷ (ʢʦʣʦʥʢʠ 3 ʽ 4 ʪʘʙʣ. 2.2, 2.3), ʘ ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʽʩʥʫʻ ʚʠʜʦʚʞʝʥʥʷ 

ʰʠʨʦʪʥʠʭ ʢʽʣ ʧʽʚʜʝʥʥʦʾ ʧʽʚʢʫʣʽ ʽ ʫʢʦʨʦʯʝʥʥʷ ʜʦʚʞʠʥ ʰʠʨʦʪʥʠʭ ʢʽʣ ʧʽʚʥʽʯʥʦʾ 

ʧʽʚʢʫʣʽ, ʪʦʙʪʦ ʥʘʷʚʥʽʩʪʴ ʨʦʟʰʠʨʝʥʥʷ ʧʽʚʜʝʥʥʦʾ ʧʽʚʢʫʣʽ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʩʪʠʩʥʝʥʥʷ 
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ʧʽʚʥʽʯʥʦʾ ʧʽʚʢʫʣʽ ʚʽʜʥʦʩʥʦ ʮʝʥʪʨʫ ʬʽʛʫʨʠ ɿʝʤʣʽ. ɿʤʽʱʝʥʥʷ ʮʝʥʪʨʫ ʤʘʩ ʚʽʜʥʦʩʥʦ 

ʮʝʥʪʨʫ ʬʽʛʫʨʠ ʪʘʢʦʞ ʭʘʨʘʢʪʝʨʥʝ ʜʣʷ ɿʝʤʣʽ. ʋʩʝ ʮʝ ʚʢʘʟʫʻ ʥʘ ʛʨʫʰʦʧʦʜʽʙʥʫ 

ʬʽʛʫʨʫ ʧʣʘʥʝʪʠ, ʷʢʘ ʧʽʜ ʚʧʣʠʚʦʤ ʧʦʚʽʣʴʥʠʭ ʚʠʤʫʰʝʥʠʭ ʚʽʜʥʦʩʥʠʭ ʟʤʽʱʝʥʴ ʷʜʨʘ 

ʽ ʤʘʥʪʽʾ ʤʦʞʝ ʧʝʨʝʙʫʚʘʪʠ ʚ ʜʠʥʘʤʽʯʥʦ ʟʤʽʥʥʦʤʫ ʩʪʘʥʽ.[54] 

ʗʢʱʦ ʟʽʩʪʘʚʠʪʠ ʪʘʢʽ ʧʦʣʦʞʝʥʥʷ ʟʦʚʥʽʰʥʽʭ ʦʙʦʣʦʥʦʢ ɿʝʤʣʽ ʪʦ ʤʦʞʥʘ 

ʜʦʧʫʩʪʠʪʠ ʚʠʥʠʢʥʝʥʥʷ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʯʝʨʝʟ ʟʤʽʥʫ ʧʦʣʦʞʝʥʥʷ ʚʽʩʽ ʬʽʛʫʨʠ 

ʣʽʪʦʩʬʝʨʠ ʚʽʜʥʦʩʥʦ ʚʽʩʽ ʦʙʝʨʪʘʥʥʷ ʪʘ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ.  

2.2.3. ʂʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʬʽʛʫʨʠ ɿʝʤʣʽ ʪʘ 

ʨʦʟʤʽʱʝʥʥʷ ʧʽʚʥʽʯʥʦʛʦ ʧʦʣʶʩʘ ʟʘ ʜʘʥʠʤʠ ʧʘʣʝʦʨʝʢʦʥʩʪʨʫʢʮʽʡ 

ʤʘʪʝʨʠʢʦʚʦʾ ʽ ʦʢʝʘʥʽʯʥʦʾ ʧʦʚʝʨʭʥʽ 

ʋ ʩʪʘʪʪʽ [56] ʚʠʢʦʥʘʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʛʝʦʝʚʦʣʶʮʽʡʥʠʭ ʟʤʽʥ ʬʽʛʫʨʠ ɿʝʤʣʽ ʥʘ 

ʦʩʥʦʚʽ ʜʚʦʭ ʚʘʨʽʘʥʪʽʚ ʨʘʩʪʨʦʚʠʭ ʢʘʨʪ ʧʘʣʝʦʨʝʢʦʥʩʪʨʫʢʮʽʾ ʢʦʥʪʠʥʝʥʪʽʚ ʪʘ ʚʦʜʥʦʾ 

ʧʦʚʝʨʭʥʽ, ʷʢʽ ʙʫʣʠ ʩʪʚʦʨʝʥʽ Blakey R. [78] ʪʘ Scotese C. [180]. ɺʩʽ ʨʘʩʪʨʦʚʽ 

ʟʦʙʨʘʞʝʥʥʷ ʩʪʚʦʨʶʚʘʣʠʩʷ ʧʦʩʣʽʜʦʚʥʦ ʚ ʧʝʚʥʠʭ ʢʦʣʴʦʨʘʭ, ʰʣʷʭʦʤ ʟʥʘʭʦʜʞʝʥʥʷ 

ʟʚ'ʷʟʢʫ ʤʽʞ ʟʦʙʨʘʞʝʥʥʷʤ ʚʠʩʦʪ ʤʦʜʝʣʽ ETOPO1 ʪʘ ʨʘʩʪʨʦʚʠʤʠ ʢʘʨʪʘʤʠ 

ʧʘʣʝʦʨʝʢʦʥʩʪʨʫʢʮʽʡ. ɺʩʽ ʨʘʩʪʨʦʚʽ ʟʦʙʨʘʞʝʥʥʷ ʩʪʚʦʨʶʚʘʣʠʩʷ ʧʦʩʣʽʜʦʚʥʦ ʚ 

ʧʝʚʥʠʭ ʢʦʣʴʦʨʘʭ, ʰʣʷʭʦʤ ʟʥʘʭʦʜʞʝʥʥʷ ʟʚ'ʷʟʢʫ ʤʽʞ ʟʦʙʨʘʞʝʥʥʷʤ ʚʠʩʦʪ ʤʦʜʝʣʽ 

ETOPO1 ʪʘ ʨʘʩʪʨʦʚʠʤʠ ʢʘʨʪʘʤʠ ʧʘʣʝʦʨʝʢʦʥʩʪʨʫʢʮʽʡ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʘʣʛʦʨʠʪʤ ʧʦʣʽʥʦʤʽʘʣʴʥʦʾ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ ʜʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʮʠʬʨʦʚʦʾ ʤʦʜʝʣʽ 

ʨʝʣʴʻʬʫ ʧʦʚʝʨʭʥʽ (ʎʄʈʇ) ʣʽʪʦʩʬʝʨʠ ɿʝʤʣʽ ʜʣʷ ʛʝʦʣʦʛʽʯʥʠʭ ʝʧʦʭ ʥʘ ʦʩʥʦʚʽ 

ʧʨʠʚ'ʷʟʢʠ ʩʫʯʘʩʥʦʾ ʪʦʧʦʛʨʘʬʽʾ ʜʦ ʚʽʜʧʦʚʽʜʥʠʭ ʢʘʨʪ ʽʟ ʟʦʙʨʘʞʝʥʥʷʤ ʢʦʥʪʠʥʝʥʪʽʚ 

ʪʘ ʚʦʜʥʦʾ ʧʦʚʝʨʭʥʽ, ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʮʠʬʨʦʚʽ ʥʘʙʦʨʠ ʜʘʥʠʭ ʛʣʦʙʘʣʴʥʦʾ ʪʦʧʦʛʨʘʬʽʾ 

ʥʘ ʤʠʥʫʣʽ ʛʝʦʣʦʛʽʯʥʽ ʝʧʦʭʠ [56]. ɺ ʧʦʜʘʣʴʰʦʤʫ ʮʽ ʥʘʙʦʨʠ ʚʠʩʦʪ ʪʦʧʦʛʨʘʬʽʾ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʜʣʷ ʘʧʨʦʢʩʠʤʘʮʽʾ ʜʚʦʚʽʩʥʠʤ ʽ ʪʨʠʚʽʩʥʠʤ ʝʣʽʧʩʦʾʜʘʤʠ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʮʠʭ ʜʦʩʣʽʜʞʝʥʴ ʻ ʚʘʞʣʠʚʠʤʠ ʚ ʩʝʥʩʽ ʧʦʨʽʚʥʷʥʥʷ ʟ 

ʧʘʨʘʤʝʪʨʘʤʠ ʜʚʦʚʽʩʥʠʭ ʪʘ ʪʨʠʚʽʩʥʠʭ ʝʣʽʧʩʦʾʜʽʚ ʚʠʟʥʘʯʝʥʠʭ ʟ ʘʧʨʦʢʩʠʤʘʮʽʾ 

ʚʠʩʦʪ ʧʘʣʝʦʮʠʬʨʦʚʦʾ ʤʦʜʝʣʽ ʨʝʣʴʻʬʫ ʜʣʷ ʨʽʟʥʠʭ ʤʠʥʫʣʠʭ ʛʝʦʣʦʛʽʯʥʠʭ ʝʧʦʭ ʟʘ 

ʥʘʙʦʨʘʤʠ ʜʘʥʠʭ Scotese C. ʽ Wright N. (PaleoDEM) [186]. 
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ʅʘ ʨʠʩ. 2.8 ʘ, ʙ, ʥʘʚʝʜʝʥʦ ʛʨʘʬʽʢʠ ʟʤʽʥʠ ʤʘʣʦʾ ʪʘ ʚʝʣʠʢʦʾ ʧʽʚʚʽʩʝʡ 

ʜʚʦʚʽʩʥʦʛʦ ʝʣʽʧʩʦʾʜʘ. ʉʠʥʽʤ ʢʦʣʴʦʨʦʤ ʧʦʢʘʟʘʥʦ ʢʨʠʚʫ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ 

ʘʧʨʦʢʩʠʤʘʮʽʾ ʟʤʦʜʝʣʴʦʚʘʥʠʭ ʟʥʘʯʝʥʴ ʜʣʷ ʨʘʩʪʨʦʚʦʾ ʧʘʣʝʦʨʝʢʦʥʩʪʨʫʢʮʽʾ Blakey 

R. [78]. ʏʝʨʚʦʥʠʤ ʢʦʣʴʦʨʦʤ ʧʦʢʘʟʘʥʘ ʢʨʠʚʘ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʟʤʦʜʝʣʴʦʚʘʥʠʤ 

ʟʥʘʯʝʥʥʷʤ Scotese C. [180]. ɿʝʣʝʥʘ ï ʨʝʟʫʣʴʪʘʪʠ, ʦʪʨʠʤʘʥʽ ʟʘ ʚʭʽʜʥʠʤʠ ʜʘʥʠʤʠ 

(PaleoDEM) Scotese C. ʽ Wright N. [186].  

 

ʈʠʩ. 2.7. ɿʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʜʚʦʚʽʩʥʦʛʦ ʝʣʽʧʩʦʾʜʘ 

ʅʘ ʨʠʩ. 2.8 ʥʘʚʝʜʝʥʦ ʛʨʘʬʽʢʠ ʟʤʽʥʠ ʩʪʠʩʥʝʥʥʷ ʜʚʦʚʽʩʥʦʛʦ ʪʘ ʪʨʠʚʽʩʥʦʛʦ 

ʝʣʽʧʩʦʾʜʽʚ ʚ ʛʝʦʣʦʛʽʯʥʦʤʫ ʯʘʩʽ.  

 

ʏʝʨʚʦʥʠʤ ʢʦʣʴʦʨʦʤ ʚʽʜʦʙʨʘʞʝʥʦ 

ʩʪʠʩʥʝʥʥʷ ʬʽʛʫʨʠ ʜʚʦʚʽʩʥʦʛʦ ʝʣʽʧʩʦʾʜʘ, 

ʯʦʨʥʠʤ ï ʩʪʠʩʥʝʥʥʷ ʪʨʠʚʽʩʥʦʛʦ 

ʝʣʽʧʩʦʾʜʘ ʚ ʧʣʦʱʠʥʽ ʧʽʚʚʽʩʝʡ ὥ  ʽ ὥ: 

‌ ὥ ὥ ὥϳ , ʩʠʥʽʤ ʚ ʧʣʦʱʠʥʽ 

ʧʽʚʚʽʩʝʡ ὥ ʽ ὥ: ‌ ὥ ὥ ὥϳ , 

ʞʦʚʪʠʤ ï ʧʦʣʷʨʥʝ ʩʪʠʩʥʝʥʥʷ ‌

Ѝὥὥ ὥ Ѝὥὥϳ .). 

ʈʠʩ. 2.8. ɿʤʽʥʠ ʩʪʠʩʥʝʥʥʷ ʚʧʨʦʜʦʚʞ ʛʝʦʣʦʛʽʯʥʦʛʦ ʯʘʩʫ  

ʘ) ʙ) 

ʘ, ʢʤ b, ʢʤ 

ʤʣʥ ʨʦʢʽʚ ʤʣʥ ʨʦʢʽʚ 

ʤʣʥ ʨʦʢʽʚ 
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ʎʽʢʘʚʠʤ ʜʣʷ ʦʩʤʠʩʣʝʥʥʷ ʛʝʦʣʦʛʽʯʥʠʭ ʧʦʜʽʡ  ̒ʨʠʩ. 2.9, ʥʘ ʷʢʦʤʫ ʧʦʢʘʟʘʥʽ 

ʨʦʟʤʽʱʝʥʥʷ ʧʦʣʶʩʫ ʥʘʡʤʝʥʰʦʾ ʚʽʩʽ ʬʽʛʫʨʠ ʜʚʦʚʽʩʥʦʛʦ ʝʣʽʧʩʦʾʜʘ ʟʘʣʝʞʥʦ ʚʽʜ 

ʰʠʨʦʪʠ. ʗʢ ʙʘʯʠʤʦ, ʪʫʪ ʥʝʤʘʻ ʚʽʜʥʦʩʥʦʛʦ ʟʤʽʱʝʥʥʷ, ʦʯʝʚʠʜʥʦ ʪʦʤʫ ʱʦ, ʢʫʪʦʚʽ 

ʚʝʣʠʯʠʥʠ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʨʦʟʤʽʨʽʚ ʚʽʩʝʡ ʽ ʩʪʠʩʥʝʥʥʷ ʻ ʥʝʟʘʣʝʞʥʠʤʠ ʚʽʜ ʤʘʩʰʪʘʙʫ 

ʤʦʜʝʣʝʡ ʝʣʽʧʩʦʾʜʘ. ɺʽʜʟʥʘʯʠʤʦ ʪʘʢʦʞ ʪʝ, ʱʦ ʚ ʧʦʣʦʞʝʥʽ ʧʦʣʶʩʫ ʯʽʪʢʦ 

ʧʨʦʩʪʝʞʫʶʪʴʩʷ ʜʚʘ ʥʘʡʙʽʣʴʰʽ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʚʽʩʽ ʦʙʝʨʪʘʥʥʷ, ʮʝ ʚ ʩʫʯʘʩʥʠʡ 

ʧʝʨʽʦʜ ʽ ʧʨʠʙʣʠʟʥʦ ʯʝʨʝʟ 400 ʤʣʥ ʨʦʢʽʚ ʪʦʤʫ, ʘ ʚ ʯʘʩʦʚʦʤʫ ʽʥʪʝʨʚʘʣʽ 100ï300 

ʤʣʥ ʨʦʢʽʚ ʚʽʜʭʠʣʝʥʥʷ ʧʦʣʶʩʘ ʬʽʛʫʨʠ ʣʽʪʦʩʬʝʨʠ ʟʥʘʭʦʜʠʣʦʩʴ ʚ ʤʝʞʘʭ 1Ü ʚʽʜ ʚʽʩʽ 

ʦʙʝʨʪʘʥʥʷ. ʅʘ ʤʽʩʮʝ ʟʥʘʭʦʜʞʝʥʥʷ ʧʦʣʶʩʘ ʤʘʣʦʾ ʚʩ̔ʽ ʬʽʛʫʨʠ ʚʧʣʠʚʘʻ ʨʦʟʤʽʱʝʥʥʷ 

ʤʘʪʝʨʠʢʽʚ ʽ ʦʢʝʘʥʽʚ ʟʘ ʜʘʥʠʤʠ ʧʘʣʝʦʨʝʢʦʥʩʪʨʫʢʮʽʡ Scotese C. [180], Blakey R. 

[78] ʪʘ Scotese C.ʽ Wright N. [186], ʷʢʽ ʜʦʙʨʝ ʢʦʨʝʣʶʶʪʴ ʤʽʞ ʩʦʙʦʶ, ʧʦʢʘʟʫʶʯʠ 

ʪʨʝʥʜʦʚʫ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ. ʆʪʞʝ, ʟʥʘʯʥʝ ʧʝʨʝʤʽʱʝʥʥʷ ʧʦʣʶʩʘ ʬʽʛʫʨʠ ʣʽʪʦʩʬʝʨʠ, 

ʷʢʱʦ ʧʨʠʜʘʪʠ ʡʦʤʫ ʩʤʠʩʣʦʚʝ ʛʝʦʣʦʛʽʯʥʝ ʟʥʘʯʝʥʥʷ, ʤʦʞʝ ʚʢʘʟʫʚʘʪʠ ʥʘ 

ʘʢʪʠʚʽʟʘʮʽʶ ʪʝʢʪʦʥʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʮʽ ʧʝʨʽʦʜʠ ʛʝʦʣʦʛʽʯʥʦʛʦ ʯʘʩʫ. 

 

ʏʝʨʚʦʥʠʡ ʢʦʣʽʨ ï ʟʘ 

ʜʘʥʠʤʠ Scotese C. [180],  

ʩʠʥʽʡ ʢʦʣʽʨ ï ʟʘ ʜʘʥʠʤʠ 

Blakey R. [78], 

ʟʝʣʝʥʠʡ ï Scotese C. ʽ 

Wright N. [186] 

ʈʠʩ. 2.9. ɻʨʘʬʽʢʠ ʟʤʽʥʠ ʰʠʨʦʪʠ ʧʽʚʥʽʯʥʦʛʦ ʧʦʣʶʩʫ ʤʘʣʦʾ ʦʩʽ ʜʚʦʚʽʩʥʦʛʦ 

ʝʣʽʧʩʦʾʜʘ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ  

ɿʚʝʨʥʝʤʦ ʪʘʢʦʞ ʫʚʘʛʫ ʥʘ ʟʤʽʥʫ ʪʨʘʻʢʪʦʨʽ ʾʤʽʩʮʴ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʽʚʥʽʯʥʦʛʦ 

ʧʦʣʶʩʘ ʬʽʛʫʨʠ ʜʚʦʚʽʩʥʦʛʦ ʝʣʽʧʩʦʾʜʘ, ʱʦ ʘʧʨʦʢʩʠʤʫʻ ʧʦʚʝʨʭʥʶ ʣʽʪʦʩʬʝʨʠ ɿʝʤʣʽ 

ʤʣʥ ʨʦʢʽʚ 
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ʚ ʨʽʟʥʽ ʧʝʨʽʦʜʠ ʛʝʦʣʦʛʽʯʥʦʾ ʽʩʪʦʨʽʾ, ʷʢʘ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 2.10. ʄʘʢʩʠʤʘʣʴʥʝ 

ʚʽʜʭʠʣʝʥʥʷ ʧʦʣʶʩʘ ʤʘʣʦʾ ʧʽʚʚʽʩʽ ʩʝʨʝʜ ʦʪʨʠʤʘʥʠʭ ʝʣʽʧʩʦʾʜʽʚ ʚʽʜ ʧʽʚʥʽʯʥʦʛʦ 

ʧʦʣʶʩʘ ɿʝʤʣʽ ʥʝ ʧʝʨʝʚʠʱʫʻ ~3Á (ʮʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʝ ʟʘ ʜʘʥʠʤʠ ʤʦʜʝʣʶʚʘʥʥʷ 

ʟʘ ʧʘʣʝʦʨʝʢʦʥʩʪʨʫʢʮʽʷʤʠ Scotese C. [180] ʽ ʚʦʥʦ ʙʣʠʟʴʢʝ ʜʦ ʢʨʠʪʠʯʥʦʛʦ), ʱʦ 

ʧʽʜʪʚʝʨʜʞʫʻ ʚʠʩʣʦʚʣʝʥʝ ʨʘʥʽʰʝ ʧʨʠʧʫʱʝʥʥʷ ʧʨʦ ʧʝʨʝʤʽʱʝʥʥʷ ʣʽʪʦʩʬʝʨʥʠʭ 

ʧʣʠʪ, ʷʢʝ ʧʽʜʧʦʨʷʜʢʦʚʫʻʪʴʩʷ ʛʝʦʜʠʥʘʤʽʯʥʦʤʫ ʧʨʦʮʝʩʫ ʥʘʧʨʘʚʣʝʥʦʤʫ ʥʘ 

ʚʽʜʥʦʚʣʝʥʥʷ ʩʠʤʝʪʨʠʯʥʦʛʦ ʾʭ ʨʦʟʤʽʱʝʥʥʷ ʪʘ ʟʙʝʨʝʞʝʥʥʶ ʤʦʤʝʥʪʫ ʽʤʧʫʣʴʩʫ. ɺ 

ʪʦʡ ʞʝ ʯʘʩ, ʚʽʜʟʥʘʯʠʤʦ, ʱʦ ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʧʦʣʶʩʫ ʤʘʣʦʾ ʧʽʚʚʽʩʽ ʝʣʽʧʩʦʾʜʽʚ, 

ʚʠʟʥʘʯʝʥʠʭ ʟʘ ʨʽʟʥʠʤʠ ʥʘʙʦʨʘʤʠ ʜʘʥʠʭ, ʻ ʥʝʧʦʜʽʙʥʠʤʠ. ʇʦʷʩʥʠʪʠ ʪʘʢʫ 

ʨʦʟʙʽʞʥʽʩʪʴ ʜʦʚʦʣʽ ʩʢʣʘʜʥʦ, ʤʦʞʥʘ ʚʠʩʣʦʚʠʪʠ ʪʽʣʴʢʠ ʧʨʠʧʫʱʝʥʥʷ ʱʦʜʦ 

ʯʫʪʣʠʚʦʩʪʽ ʜʦʚʛʦʪʥʦʾ ʩʢʣʘʜʦʚʦʾ ʫ ʧʘʨʘʤʝʪʨʠʯʥʠʭ ʨʽʚʥʷʥʥʷʭ ʜʦ, ʤʦʞʣʠʚʦʾ, 

ʥʝʩʪʽʡʢʦʩʪʽ ʨʦʟʚôʷʟʢʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʽʟʥʠʭ ʥʘʙʦʨʽʚ ʜʘʥʠʭ.  

 

ʏʝʨʚʦʥʠʡ ʢʦʣʽʨ ï ʟʘ 

ʥʘʙʦʨʦʤ ʜʘʥʠʭ Scotese C. 

[180],  

ʩʠʥʽʡï ʟʘ ʥʘʙʦʨʦʤ ʜʘʥʠʭ 

Blakey R. [78],  

ʟʝʣʝʥʠʡ ï ʟʘ ʥʘʙʦʨʦʤ ʜʘʥʠʭ 

Scotese C. ʽ Wright N. [186] 

ʈʠʩ. 2.10. ʊʨʘʻʢʪʦʨʽʷ ʤʽʩʮʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʽʚʥʽʯʥʦʛʦ ʧʦʣʶʩʘ ʤʘʣʦʾ ʚʽʩʽ 

ʜʚʦʚʽʩʥʦʛʦ ʝʣʽʧʩʦʾʜʘ, ʘʧʨʦʢʩʠʤʫʶʯʦʛʦ ʧʦʚʝʨʭʥʶ ʣʽʪʦʩʬʝʨʠ ɿʝʤʣʽ ʚ ʨʽʟʥʽ 

ʧʝʨʽʦʜʠ ʧʨʦʪʷʛʦʤ 600 ʤʣʥ ʨʦʢʽʚ. 

ʎʽʢʘʚʠʤʠ ʚʠʷʚʠʣʠʩʷ ʪʘʢʦʞ ʛʨʘʬʽʢʠ ʟʤʽʥʠ ʨʽʟʥʠʮʽ ʚʝʣʠʢʦʾ ʽ ʤʘʣʦʾ ʚʽʩʝʡ 

ʪʨʠʚʽʩʥʦʛʦ ʝʣʽʧʩʦʾʜʘ ʚ ʧʣʦʱʠʥʽ ʝʢʚʘʪʦʨʘ, ʷʢʽ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 2.11. ɺʦʥʠ 
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ʧʦʢʘʟʫʶʪʴ ʯʽʪʢʫ ʪʨʘʥʩʬʦʨʤʘʮʽʶ ʜʚʦʚʽʩʥʦʛʦ ʝʣʽʧʩʦʾʜʘ ʚ ʪʨʠʚʽʩʥʠʡ, ʱʦ 

ʚʽʜʙʫʚʘʣʘʩʴ ʧʨʠʙʣʠʟʥʦ 400 ʤʣʥ ʨʦʢʽʚ ʪʦʤʫ. ɺ ʪʦʡ ʧʝʨʽʦʜ ʛʝʦʣʦʛʽʯʥʦʛʦ ʯʘʩʫ 

ʤʘʪʝʨʠʢʦʚʘ ʽ ʦʢʝʘʥʽʯʥʘ ʧʦʚʝʨʭʥʷ ʣʽʪʦʩʬʝʨʠ ʥʘʡʢʨʘʱʝ ʦʧʠʩʫʚʘʣʘʩʴ ʪʨʠʚʽʩʥʠʤ 

ʝʣʽʧʩʦʾʜʦʤ ʟ ʨʽʟʥʠʮʝʶ ʚʽʩʝʡ ʚ ʝʢʚʘʪʦʨʽʘʣʴʥʽʡ ʧʣʦʱʠʥʽ ~ 3200 ʤ, ʘ 50 ʤʣʥ ʨʦʢʽʚ 

ʪʦʤʫ ʘʥʘʣʦʛʽʯʥʠʡ ʧʦʢʘʟʥʠʢ ʩʷʛʘʚ ʣʠʰʝ 500 ʤ. ɺ ʩʫʯʘʩʥʠʡ ʧʝʨʽʦʜ ʮʝʡ ʧʦʢʘʟʥʠʢ 

ʩʪʘʥʦʚʠʪʴ 1500 ʤ. 

 

ʏʝʨʚʦʥʠʡ ʢʦʣʽʨ ï ʟʘ 

ʥʘʙʦʨʦʤ ʜʘʥʠʭ Scotese C. 

[180], 

ʩʠʥʽʡï ʟʘ ʥʘʙʦʨʦʤ ʜʘʥʠʭ 

Blakey R. [78], 

ʟʝʣʝʥʠʡ ï ʟʘ ʥʘʙʦʨʦʤ 

ʜʘʥʠʭ Scotese C. ʽ Wright 

N. [186] 

ʈʠʩ. 2.11. ɻʨʘʬʽʢʠ ʨʽʟʥʠʮʽ ʚʝʣʠʢʦʾ ʽ ʤʘʣʦʾ ʦʩʝʡ ʪʨʠʚʽʩʥʦʛʦ ʝʣʽʧʩʦʾʜʘ ʚ ʧʣʦʱʠʥʽ 

ʝʢʚʘʪʦʨʘ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ [191]. 

ʆʪʞʝ, ʟʦʙʨʘʞʝʥʥʷ ʛʨʘʬʽʢʽʚ ʥʘ ʨʠʩ. 2.7, 2.9, 2.10, 2.11 ʜʝʤʦʥʩʪʨʫʶʪʴ 

ʨʝʟʫʣʴʪʘʪʠ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʬʽʛʫʨʠ ʣʽʪʦʩʬʝʨʠ ɿʝʤʣʽ. 

ʎʽ ʨʠʩʫʥʢʠ ʤʘʶʪʴ ʦʜʥʘʢʦʚʫ ʩʪʨʫʢʪʫʨʫ ʧʦʙʫʜʦʚʠ, ʪʦʙʪʦ ʥʘ ʢʦʞʥʦʤʫ ʟ ʥʠʭ 

ʧʦʢʘʟʘʥʽ ʪʨʠ ʢʨʠʚʽ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʬʽʛʫʨʠ, ʢʦʞʥʘ ʟ ʷʢʠʭ ʚʽʜʧʦʚʽʜʘʻ 

ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘ ʛʝʦʧʘʣʝʦʨʝʢʦʥʩʪʨʫʢʮʽʷʤʠ ʥʘ ʦʩʥʦʚʽ ʨʽʟʥʠʭ ʥʘʙʦʨʽʚ 

ʜʘʥʠʭ. ʗʢ ʙʘʯʠʤʦ, ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʝʣʽʧʩʦʾʜʽʚ ʚʽʜʦʙʨʘʞʘʶʪʴ ʧʦʜʽʙʥʽ ʪʝʥʜʝʥʮʽʾ 

ʚ ʛʝʦʣʦʛʽʯʥʦʤʫ ʯʘʩʽ, ʭʦʯʘ ʻ ʽ ʜʝʷʢʽ ʚʽʜʤʽʥʥʦʩʪʽ. ʊʘʢʠʡ ʨʦʟʧʦʜʽʣ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʦʩʢʽʣʴʢʠ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʣʠ 

ʟʘʩʪʦʩʦʚʘʥʽ ʨʽʟʥʽ ʚʭʽʜʥʽ ʜʘʥʽ. 

ʤʣʥ ʨʦʢʽʚ 
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ʈʦʟʙʽʞʥʦʩʪʽ ʚ ʯʠʩʣʦʚʠʭ ʚʝʣʠʯʠʥʘʭ, ʡʤʦʚʽʨʥʦ, ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ 

ʩʠʩʪʝʤʘʪʠʯʥʦʶ ʨʽʟʥʠʮʝʶ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʢʦʣʴʦʨʽʚ ʧʽʢʩʝʣʴʥʠʭ ʟʦʙʨʘʞʝʥʴ, ʷʢʽ 

ʦʜʥʘʢʦʚʦ ʽʜʝʥʪʠʬʽʢʫʶʪʴʩʷ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʪʘʢʠʡ ʜʽʘʧʘʟʦʥ ʚ ʨʽʟʥʠʮʽ ʯʠʩʣʦʚʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘ ʪʨʴʦʤʘ ʛʨʘʬʽʢʘʤʠ ʥʘʥʝʩʝʥʠʤʠ ʥʘ ʢʦʞʥʦʤʫ ʨʠʩʫʥʢʫ ʤʦʞʝ 

ʚʧʣʠʚʘʪʠ ʚ ʧʝʚʥʽʡ ʤʽʨʽ ʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʶ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʭʦʯʘ 

ʥʘʡʚʘʞʣʠʚʽʰʠʤ ʬʘʢʪʦʨʦʤ ʻ ʩʠʩʪʝʤʥʘ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ ʫ ʾʭ ʟʦʙʨʘʞʝʥʥʷʭ. ʊʦʤʫ 

ʜʣʷ ʥʘʩ ʚʘʞʣʠʚʦ ʙʫʣʦ ʚʽʜʩʪʝʞʠʪʠ ʮʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ, ʷʢʽ ʚʢʘʟʫʶʪʴ ʥʘ ʪʝʥʜʝʥʮʽʾ 

ʟʤʽʥʠ ʬʽʛʫʨʠ ʣʽʪʦʩʬʝʨʠ ʚ ʛʝʦʣʦʛʽʯʥʦʤʫ ʯʘʩʽ. ʆʪʦʞ ʨʦʟʛʣʷʥʝʤʦ ʜʝʪʘʣʴʥʽʰʝ 

ʢʦʞʝʥ ʟ ʧʦʜʘʥʠʭ ʛʨʘʬʽʢʽʚ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʨʝʥʜʦʚʠʭ ʟʤʽʥ ʢʨʠʚʠʭ ʥʘ ʨʠʩ. 2.9, ʜʝ ʚʽʜʩʪʝʞʫʻʪʴʩʷ ʜʚʘ 

ʤʽʥʽʤʘʣʴʥʠʭ ʚʽʜʭʠʣʝʥʥʷ ʧʦʣʶʩʘ ʚʽʩʽ ʝʣʽʧʩʦʾʜʘ ʚʽʜ ʚʽʩʽ ʦʙʝʨʪʘʥʥʷ ʟ ʽʥʪʝʨʚʘʣʦʤ ʚ 

ʯʘʩʽ ʧʨʠʙʣʠʟʥʦ ʚ 400 ʤʣʥ ʨʦʢʽʚ, ʥʘ ʨʠʩ. 2.7, ʜʝ ʧʦʢʘʟʘʥʽ ʛʨʘʬʽʢʠ ʟʤʽʥʠ ʚʝʣʠʢʦʾ 

ʚʽʩʽ (ʘ), ʤʘʣʦʾ ʚʽʩʽ (ʙ) ʪʘ ʨʠʩ. 2.8 (ʩʪʠʩʥʝʥʥʷ) ʧʨʦʪʷʛʦʤ 600 ʤʣʥ ʨʦʢʽʚ, ʪʘʢʽ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʥʝ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ. ʂʦʥʬʽʛʫʨʘʮʽʷ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʚ ʦʙʦʭ 

ʚʠʧʘʜʢʘʭ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʝʧʦʭ ʻ ʧʦʜʽʙʥʦʶ ʽ ʥʘ ʮʠʭ ʨʠʩʫʥʢʘʭ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ 

ʩʪʨʽʤʢʽ ʟʤʽʥʠ ʚʽʜʧʦʚʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚ ʧʝʨʽʦʜ ʯʘʩʫ ʚʽʜ 600 ʤʣʥ ʨʦʢʽʚ ʜʦ 500 

ʤʣʥ ʨʦʢʽʚ. ɼʣʷ ʟʤʽʥʠ ʚʽʩʝʡ ʪʘ ʩʪʠʩʥʝʥʥʷ ʚ ʧʝʨʽʦʜ ʚʽʜ 500 ʤʣʥ ʨʦʢʽʚ ʜʦ 

ʩʴʦʛʦʜʝʥʥʷ ʭʘʨʘʢʪʝʨʥʘ ʪʨʝʥʜʦʚʘ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ ʟ ʚʽʜʭʠʣʝʥʥʷʤʠ, ʘ ʩʘʤʝ 

ʧʦʩʪʫʧʦʚʝ ʟʙʽʣʴʰʝʥʥʷ ʤʘʣʦʾ ʽ ʚʝʣʠʢʦʾ ʚʽʩʝʡ ʫ ʜʽʘʧʘʟʦʥʽ ʧʨʠʙʣʠʟʥʦ 2700 ʤ ʪʘ 

ʩʪʠʩʥʝʥʥʷ ʜʚʦʚʽʩʥʦʛʦ ʝʣʽʧʩʦʾʜʘ ʚʽʜ 1/335 ʜʦ 1/290. ʅʘ ʨʠʩ. 2.11 ʧʦʢʘʟʘʥʽ ʛʨʘʬʽʢʠ 

ʟʤʽʥʠ ʚʽʩʝʡ ʪʨʠʚʽʩʥʦʛʦ ʝʣʽʧʩʦʾʜʘ ʫ ʧʣʦʱʠʥʽ ʝʢʚʘʪʦʨʘ. ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʥʘ ʮʠʭ 

ʛʨʘʬʽʢʘʭ ʯʽʪʢʦ ʚʽʜʩʪʝʞʫʻʪʴʩʷ ʪʝʥʜʝʥʮʽʷ ʥʘ ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʫ ʚʽʩʝʡ ʚ ʧʨʦʮʝʩʽ 

ʛʝʦʣʦʛʽʯʥʦʾ ʝʚʦʣʶʮʽʾ ɿʝʤʣʽ ʚʽʜ 500 ʤʣʥ ʨʦʢʽʚ ʪʦʤʫ ʜʦ ʥʠʥʽʰʥʴʦʛʦ ʯʘʩʫ. 

ʇʨʦʤʽʞʦʢ ʯʘʩʫ ʚʽʜ 600 ʤʣʥ ʨʦʢʽʚ ʜʦ 500 ʤʣʥ ʨʦʢʽʚ, ʘʥʘʣʦʛʽʯʥʦ ʷʢ ʽ ʜʣʷ 

ʧʘʨʘʤʝʪʨʽʚ ʜʚʦʚʽʩʥʦʛʦ ʝʣʽʧʩʦʾʜʘ, ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʥʘʯʥʠʤʠ ʟʤʽʥʘʤʠ 

ʚʽʜʧʦʚʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʆʪʞʝ, ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʬʽʛʫʨʠ ɿʝʤʣʽ 

ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʚ ʧʝʨʽʦʜ 430ï450 ʤʣʥ ʨʦʢʽʚ ʪʦʤʫ ʧʦʚʝʨʭʥʶ 

ʣʽʪʦʩʬʝʨʠ ʥʘʡʢʨʘʱʝ ʘʧʨʦʢʩʠʤʫʚʘʣʘ ʬʽʛʫʨʘ ʪʨʠʚʽʩʥʦʛʦ ʝʣʽʧʩʦʾʜʘ, ʘ ʚ ʧʝʨʽʦʜ 50 

ʤʣʥ ʨʦʢʽʚ ʪʦʤʫ ɿʝʤʣʷ ʙʫʣʘ ʙʣʠʟʴʢʘ ʜʦ ʬʦʨʤʠ ʩʬʝʨʦʾʜʘ, ʦʩʢʽʣʴʢʠ ʨʽʟʥʠʮʷ 
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ʝʢʚʘʪʦʨʽʘʣʴʥʠʭ ʧʽʚʚʽʩʝʡ ʙʫʣʘ ʤʽʥʽʤʘʣʴʥʦʶ (~500 ʤ). ʇʝʨʝʙʫʜʦʚʘ ʪʦʧʦʣʦʛʽʾ 

ʝʣʽʧʩʦʾʜʽʚ ʙʝʟʫʤʦʚʥʦ ʧʦʚôʷʟʘʥʘ ʟ ʽʥʪʝʥʩʠʚʥʠʤʠ ʪʝʢʪʦʥʽʯʥʠʤʠ ʧʨʦʷʚʘʤʠ ʚ 

ʝʚʦʣʶʮʽʾ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ ʚ ʪʽ ʛʝʦʣʦʛʽʯʥʽ ʝʧʦʭʠ. 

2.3. ɻʝʦʜʠʥʘʤʽʯʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʧʨʦʮʝʩʫ ʝʚʦʣʶʮʽʡʥʦʛʦ ʨʦʟʚʠʪʢʫ 

ʬʽʛʫʨʠ ʣʽʪʦʩʬʝʨʠ ɿʝʤʣʽ 

ʅʘ ʩʴʦʛʦʜʥʽ ʥʘʡʙʽʣʴʰʫ ʧʝʨʝʚʘʛʫ ʩʝʨʝʜ ʪʝʢʪʦʥʽʯʥʠʭ ʛʽʧʦʪʝʟ ʚʽʜʜʘʶʪʴ 

ʪʝʦʨʽʾ ʪʝʢʪʦʥʽʢʠ ʧʣʠʪ. ʋ ʨʘʤʢʘʭ ʪʝʢʪʦʥʽʢʠ ʧʣʠʪ ʧʦʚʝʨʭʥʷ ɿʝʤʣʽ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʞʦʨʩʪʢʠʤʠ ʧʣʠʪʘʤʠ, ʷʢʽ ʨʦʟʜʽʣʝʥʽ ʚʟʜʦʚʞ ʜʠʩʢʨʝʪʥʠʭ ʛʨʘʥʠʯʥʠʭ ʨʦʟʣʦʤʽʚ [145, 

187].  

ʂʦʥʮʝʧʪʫʘʣʴʥʦ ʥʘʡʙʽʣʴʰʝ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʟʤʽʥʠ ʬʦʨʤ ʨʝʣʴʻʬʫ ɿʝʤʣʽ ï 

ʪʝʢʪʦʥʽʢʘ ʧʣʠʪ. ɿʘ ʦʩʪʘʥʥʽ 50 ʨʦʢʽʚ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʙʝʟʣʽʯ ʜʠʥʘʤʽʯʥʠʭ ʤʦʜʝʣʝʡ 

ʜʣʷ ʦʮʽʥʢʠ ʩʠʣ, ʱʦ ʜʽʶʪʴ ʥʘ ʪʝʢʪʦʥʽʯʥʽ ʧʣʠʪʠ. ɸʣʝ ʥʝ ʟʚʘʞʘʶʯʠ ʥʘ ʰʠʨʦʢʝ 

ʧʦʰʠʨʝʥʥʷ ʪʝʦʨʽʾ ʪʝʢʪʦʥʽʢʠ ʧʣʠʪ, ʜʦʪʝʧʝʨ ʥʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʨʠʡʥʷʪʥʦʛʦ 

ʦʜʥʦʟʥʘʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʦʛʦ ʤʝʭʘʥʽʟʤʫ, ʱʦ ʚʠʢʣʠʢʘʻ ʾʭ ʧʝʨʝʤʽʱʝʥʥʷ [207].  

ɺ ʩʪʘʪʪʽ [91] ʘʚʪʦʨʠ ʩʪʘʚʣʷʪʴ ʧʨʠʥʮʠʧʦʚʝ ʧʠʪʘʥʥʷ: ʱʦ ʢʝʨʫʻ 

ʧʝʨʝʤʽʱʝʥʥʷʤ ʧʣʠʪ ï ʤʘʥʪʽʷ ɿʝʤʣʽ, ʯʠ ʧʣʠʪʠ ʢʝʨʫʶʪʴ ʤʘʥʪʽʡʥʠʤ ʧʦʪʦʢʦʤ? ɸ 

ʚʽʜʪʘʢ ʯʠ ʟʤʽʥʶʻʪʴʩʷ ʜʠʥʘʤʽʯʥʠʡ ʙʘʣʘʥʩ ʤʽʞ ʧʣʠʪʘʤʠ ʪʘ ʤʘʥʪʽʻʶ ʧʽʜ ʯʘʩ 

ʜʦʚʛʦʪʨʠʚʘʣʠʭ ʪʝʢʪʦʥʽʯʥʠʭ ʨʝʦʨʛʘʥʽʟʘʮʽʡ ʽ ʥʘ ʷʢʠʭ ʧʨʦʩʪʦʨʦʚʠʭ ʜʦʚʞʠʥʘʭ 

ʭʚʠʣʴ ʚʽʜʙʫʚʘʶʪʴʩʷ ʮʽ ʧʨʦʮʝʩʠ? ʄʦʜʝʣʽ ʛʣʦʙʘʣʴʥʦʾ ʤʘʥʪʽʡʥʦʾ ʢʦʥʚʝʢʮʽʾ ʟ 

ʧʣʠʪʦʧʦʜʽʙʥʦʶ ʧʦʚʝʜʽʥʢʦʶ ʜʦʟʚʦʣʠʣʠ ʘʚʪʦʨʘʤ ʜʦʩʣʽʜʠʪʠ ʜʞʝʨʝʣʘ ʣʘʪʝʨʘʣʴʥʠʭ 

ʨʫʭʽʚ ʥʘ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ ʚ ʨʘʤʢʘʭ ʢʦʥʮʝʧʮʽʾ, ʚ ʷʢʽʡ ʤʘʥʪʽʷ ʽ ʣʽʪʦʩʬʝʨʘ ʩʪʘʥʦʚʣʷʪʴ 

ʻʜʠʥʫ ʩʘʤʦʦʨʛʘʥʽʟʦʚʘʥʫ ʩʠʩʪʝʤʫ. 

ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ, ʯʠ ʥʝ ʚʧʝʨʰʝ, ʚʠʢʦʥʘʥʽ ʚ ʨʦʙʦʪʽ [104] ʚʢʘʟʫʶʪʴ 

ʥʘ ʧʝʨʝʚʘʞʘʥʥʷ ʩʠʣʠ ʪʷʛʠ ʧʣʠʪʠ ʥʘʜ ʦʧʦʨʦʤ ʤʘʥʪʽʾ ʚ ʦʩʥʦʚʽ ʧʣʠʪ. ɺʠʭʦʜʷʯʠ ʟ 

ʮʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʚʦʥʠ ʚʠʩʣʦʚʠʣʠ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʪʝʢʪʦʥʽʯʥʽ ʧʣʠʪʠ ʢʝʨʫʶʪʴ 

ʧʦʪʦʢʦʤ ʤʘʥʪʽʾ. ʇʦʨʦʜʠ ʤʘʥʪʽʾ ʨʘʟʦʤ ʟ ʦʢʝʘʥʽʯʥʦʶ ʽ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʶ ʢʦʨʦʶ 

ʥʘʣʝʞʘʪʴ ʜʦ ʻʜʠʥʦʾ ʢʦʥʚʝʢʪʠʚʥʦʾ ʩʠʩʪʝʤʠ, ʚ ʷʢʽʡ ʣʽʪʦʩʬʝʨʘ ʻ ʪʝʧʣʦʚʠʤ 

ʧʨʠʢʦʨʜʦʥʥʠʤ ʰʘʨʦʤ. ʆʩʢʽʣʴʢʠ ʚʚʘʞʘʻʪʴʩʷ [17], ʱʦ ʜʞʝʨʝʣʦ ʨʫʭʫ ʧʣʠʪ ʤʦʞʝ 
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ʟʥʘʭʦʜʠʪʠʩʴ ʚ ʥʠʭ ʩʘʤʠʭ, ʪʦ ʚʘʨʽʘʮʽʾ ʪʦʚʱʠʥʠ ʢʦʨʦʚʦʛʦ ʰʘʨʫ ʫ ʩʫʢʫʧʥʦʩʪʽ ʽʟ 

ʛʫʩʪʠʥʥʠʤʠ ʥʝʦʜʥʦʨʽʜʥʦʩʪʷʤʠ ʟʫʤʦʚʣʶʶʪʴ ʚʠʥʠʢʥʝʥʥʷ ʩʠʣ, ʱʦ ʧʨʘʛʥʫʪʴ 

ʟʛʣʘʜʞʫʚʘʪʠ ʮʽ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʪʘ ʜʠʥʘʤʽʯʥʦ ʧʨʠʚʦʜʷʪʴ ʣʽʪʦʩʬʝʨʫ ʚ ʙʽʣʴʰ 

ʦʜʥʦʨʽʜʥʠʡ ʩʪʘʥ ʟ ʤʝʥʰʠʤ ʟʥʘʯʝʥʥʷʤ ʧʦʪʝʥʮʽʡʥʦʾ ʝʥʝʨʛʽʾ. ɼʦ ʮʠʭ ʩʠʣ ʥʘʣʝʞʘʪʴ 

ʪʘʢ ʟʚʘʥʥʽ ʩʠʣʠ ʩʧʦʚʟʘʥʥʷ ʟ ʭʨʝʙʪʘ, ʱʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʪʝʨʤʘʣʴʥʦʶ 

ʥʝʦʜʥʦʨʽʜʥʽʩʪʶ ʧʽʜ ʩʝʨʝʜʠʥʥʠʤʠ ʭʨʝʙʪʘʤʠ, ʩʠʣʠ ʛʨʘʚʽʪʘʮʽʡʥʦʛʦ ʨʦʟʪʽʢʘʥʥʷ 

ʧʦʪʦʚʱʝʥʦʾ ʢʦʨʠ ʛʽʨʩʴʢʠʭ ʧʦʷʩʽʚ, ʩʠʣʠ ʨʦʟʪʽʢʘʥʥʷ, ʱʦ ʜʽʶʪʴ ʥʘ ʤʘʩʠ ʚ ʦʙʣʘʩʪʷʭ 

ʪʝʨʤʘʣʴʥʠʭ ʘʥʦʤʘʣʽʡ, ʟʘʪʷʛʫʚʘʥʥʷ ʧʣʠʪʠ ʚ ʞʦʣʦʙ ʪʘ ʽʥ. ɼʝʷʢʽ ʤʝʪʦʜʠʢʠ 

ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʚʝʣʠʯʠʥʠ ʪʘʢʦʛʦ ʨʦʜʫ ʩʠʣ ʙʫʣʠ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʚ ʨʦʙʦʪʘʭ [3, 

104, 106]. ʆʜʥʘʢ, ʘʚʪʦʨʠ ʚʢʘʟʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʚʝʨʪʘʣʠ ʫʚʘʛʫ ʥʘ ʥʠʟʢʫ 

ʪʨʫʜʥʦʱʽʚ ʥʘ ʰʣʷʭʫ ʜʦ ʤʦʜʝʣʶʚʘʥʥʷ ʮʠʭ ʧʨʦʮʝʩʽʚ, ʪʦʤʫ ʫʟʘʛʘʣʴʥʝʥʦ ʦʪʨʠʤʘʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʨʦʟʛʣʷʜʘʪʠʩʴ ʷʢ ʦʮʽʥʦʯʥʽ. 

ɸʣʴʪʝʨʥʘʪʠʚʥʠʤ ʚʘʨʽʘʥʪʦʤ ʤʝʭʘʥʽʟʤʫ ʨʫʭʽʚ ʣʽʪʦʩʬʝʨʥʠʭ ʧʣʠʪ ʻ ʥʘʷʚʥʽʩʪʴ 

ʢʦʥʚʝʢʪʠʚʥʠʭ ʪʝʯʽʡ [49, 75, 187, 199, 200], ʷʢʽ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʯʝʨʝʟ 

ʪʝʨʤʘʣʴʥʫ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ, ʘʣʝ ʤʝʭʘʥʽʯʥʘ ʡʤʦʚʽʨʥʽʩʪʴ ʽʩʥʫʚʘʥʥʷ ʪʘʢʠʭ ʧʦʪʦʢʽʚ 

ʟʘʣʠʰʘʻʪʴʩʷ ʥʝ ʛʘʨʘʥʪʦʚʘʥʦʶ. ʅʘʧʨʠʢʣʘʜ, ʟʘ ʜʘʥʠʤʠ ʩʝʡʩʤʽʯʥʦʾ ʪʦʤʦʛʨʘʬʽʾ ʜʣʷ 

ʩʪʘʙʽʣʴʥʦ ʽʩʥʫʶʯʠʭ ʽʟʦʤʝʪʨʠʯʥʠʭ ʩʫʧʝʨʧʣʶʤʽʚ, ʭʘʨʘʢʪʝʨʥʘ ʚʽʜʩʫʪʥʽʩʪʴ 

ʚʠʩʭʽʜʥʦʛʦ ʧʦʪʦʢʫ ʢʦʥʚʝʢʮʽʾ ʚ ʟʦʥʘʭ ʩʧʨʝʜʽʥʛʫ ʽ ʪʘʢʝ ʷʚʠʱʝ ʥʝ ʟʥʘʭʦʜʠʪʴ ʩʚʦʛʦ 

ʧʦʷʩʥʝʥʥʷ ʚ ʨʘʤʢʘʭ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʤʦʜʝʣʝʡ ʪʝʧʣʦʚʦʾ ʢʦʥʚʝʢʮʽʾ. ʈʫʭʠ ʧʣʠʪ 

ʤʦʞʫʪʴ ʙʫʪʠ ʥʝʚʠʷʚʣʝʥʠʤʠ ʘʙʦ ʤʦʞʫʪʴ ʚʠʢʣʠʢʘʪʠ ʨʫʡʥʽʚʥʽ ʧʦʜʽʾ, ʪʘʢʽ ʷʢ 

ʟʝʤʣʝʪʨʫʩʠ ʯʠ ʚʫʣʢʘʥʠ. ɿ ʯʘʩʦʤ ʧʦʻʜʥʘʥʥʷ ʮʠʭ ʟʩʫʚʽʚ ʟʤʽʥʶʻ ʬʦʨʤʫ ʧʦʚʝʨʭʥʽ 

ɿʝʤʣʽ, ʟʤʽʥʶʶʯʠ ʽʩʥʫʶʯʽ ʬʦʨʤʠ ʨʝʣʴʻʬʫ ʪʘ ʩʪʚʦʨʶʶʯʠ ʘʙʩʦʣʶʪʥʦ ʥʦʚʽ. ɿ 

ʫʩʴʦʛʦ ʩʢʘʟʘʥʦʛʦ ʟʨʦʟʫʤʽʣʦ, ʱʦ ʥʘ ʜʘʥʠʡ ʯʘʩ ʤʠ ʥʝ ʤʦʞʝʤʦ ʧʦʚʥʦʮʽʥʥʦ 

ʚʽʜʢʠʜʘʪʠ ʩʧʨʘʚʝʜʣʠʚʽʩʪʴ ʽʥʰʠʭ ʪʝʦʨʽʡ ʪʝʢʪʦʥʦʛʝʥʝʟʫ. ɸʣʝ ʮʝ ʩʪʘʥʝʪʴʩʷ ʣʠʰʝ 

ʪʦʜʽ, ʢʦʣʠ ʙʫʜʝ ʥʘʢʦʧʠʯʝʥʦ ʙʽʣʴʰʝ ʬʘʢʪʠʯʥʠʭ ʜʘʥʠʭ ʧʨʦ ʥʘʰʫ ʧʣʘʥʝʪʫ. 

ɺ ʥʘʫʢʘʭ ʧʨʦ ɿʝʤʣʶ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʦʶ ʚʚʘʞʘʻʪʴʩʷ ʜʫʤʢʘ, ʱʦ ʜʞʝʨʝʣʦʤ 

ʩʠʣ ʪʘ ʝʥʝʨʛʽʾ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʫʪʚʦʨʝʥʥʷ ʪʘʢʠʭ ʷʚʠʱ, ʷʢ ʪʝʢʪʦʥʽʯʥʽ ʘʢʪʠʚʽʟʘʮʽʾ 

ɿʝʤʣʽ, ʩʚʽʪʦʚʽ ʪʨʘʥʩʛʨʝʩʽʾ ʪʘ ʨʝʛʨʝʩʽʾ ʪʘ ʥʘʚʽʪʴ ʛʝʥʝʨʘʮʽʷ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʤʦʞʝ 

ʚʠʩʪʫʧʘʪʠ ʦʙʝʨʪʘʥʥʷ ɿʝʤʣʽ, ʘ ʩʘʤʝ ï ʚʘʨʽʘʮʽʾ ʾʾ ʨʦʪʘʮʽʡʥʦʛʦ ʨʝʞʠʤʫ (ʟʤʽʥʠ 
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ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʽ ʧʝʨʝʤʽʱʝʥʥʷ ʚʽʩʽ ʦʙʝʨʪʘʥʥʷ), ʷʢʽ ʻ ʨʝʟʫʣʴʪʘʪʦʤ 

ʛʝʦʝʚʦʣʶʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ. ʊʘʢ, ɼʦʚʙʥʽʯ ʚ [11] ʧʨʠʡʰʦʚ ʜʦ ʚʠʩʥʦʚʢʫ, ʱʦ 

ʦʩʥʦʚʥʠʡ ʚʥʝʩʦʢ ʚ ʧʦʣʝ ʨʦʪʘʮʽʡʥʠʭ ʥʘʧʨʫʞʝʥʴ ʥʘʜʘʶʪʴ ʥʝ ʚʘʨʽʘʮʽʾ ʰʚʠʜʢʦʩʪʽ 

ʦʙʝʨʪʘʥʥʷ, ʘ ʟʤʽʥʠ ʧʦʣʦʞʝʥʥʷ ʚʽʩʽ ʦʙʝʨʪʘʥʥʷ ʚ ʪʽʣʽ ɿʝʤʣʽ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ɿʝʤʣʽ, ʚʥʘʩʣʽʜʦʢ 

ʦʙʝʨʪʘʥʥʷ ʧʣʘʥʝʪʠ, ʚʽʥ ʦʮʽʥʠʚ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ ʚ ʪʝʢʪʦʥʦʩʬʝʨʽ, 

ʦʙʫʤʦʚʣʝʥʽ ʟʤʽʥʦʶ ʧʦʣʦʞʝʥʥʷ ʚʽʩʽ ʦʙʝʨʪʘʥʥʷ, ʜʦʩʷʛʘʶʪʴ ʟʥʘʯʝʥʴ ʧʦʨʷʜʢʫ 10
7
 

ʇʘ, ʘ ʥʘʧʨʫʞʝʥʥʷ, ʦʙʫʤʦʚʣʝʥʽ ʚʘʨʽʘʮʽʷʤʠ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʟʥʘʯʝʥʥʷʤʠ ʧʦʨʷʜʢʫ 10
5
 ʇʘ, ʪʦʙʪʦ ʥʘ ʜʚʘ ʧʦʨʷʜʢʠ ʤʝʥʰʽ. ʆʪʞʝ ʚʠʢʦʥʘʥʽ 

ʨʦʟʨʘʭʫʥʢʠ ʜʘʶʪʴ ʟʤʦʛʫ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʨʦʪʘʮʽʡʥʠʡ ʨʝʞʠʤ ɿʝʤʣʽ ʚʥʦʩʠʪʴ 

ʧʦʤʽʪʥʠʡ ʚʥʝʩʦʢ ʫ ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ. ɿʤʽʥʘ ʧʦʣʦʞʝʥʥʷ ʚʽʩʽ ʦʙʝʨʪʘʥʥʷ ʤʘʻ 

ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʩʫʪʪʻʚʦʾ ʧʝʨʝʙʫʜʦʚʠ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ɿʝʤʣʽ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, 

ʥʘʢʣʘʜʘʪʠ ʚʽʜʙʠʪʦʢ ʥʘ ʪʝʢʪʦʥʽʯʥʽ ʧʨʦʮʝʩʠ. 

ɺ ʩʪʘʪʪʷʭ [43, 44, 56, 57, 204] ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʨʦʣʴ ʪʘʥʛʝʥʮʽʘʣʴʥʠʭ ʤʘʩʦʚʠʭ 

ʩʠʣ (ʊʄʉ) ʫ ʚʠʥʠʢʥʝʥʥʽ ʣʘʪʝʨʘʣʴʥʠʭ ʨʫʭʽʚ ʣʽʪʦʩʬʝʨʥʠʭ ʧʣʠʪ. ɿʥʘʯʝʥʥʷ ʊʄʉ 

ʨʦʟʨʘʭʦʚʫʚʘʣʠʩʴ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʧʨʦ ʨʽʟʥʠʮʽ ʧʘʨʘʤʝʪʨʽʚ ʜʚʦʭ ʛʣʦʙʘʣʴʥʠʭ 

ʝʣʽʧʩʦʾʜʽʚ ʦʙʝʨʪʘʥʥʷ. ɿʦʢʨʝʤʘ, ʚ ʩʪʘʪʪʽ ʈʝʙʝʮʴʢʦʛʦ [43] ʧʦʢʘʟʘʥʦ, ʱʦ ʢʦʝʬʽʮʽʻʥʪ 

ʜʠʥʘʤʽʯʥʦʛʦ ʩʪʠʩʥʝʥʥʷ ɿʝʤʣʽ, ʷʢʠʡ ʩʪʘʥʦʚʠʪʴ 1/305,5, ʜʦʙʨʝ ʚʽʜʧʦʚʽʜʘʻ 

ʩʝʨʝʜʥʴʦʤʫ ʧʦʣʷʨʥʦʤʫ ʩʪʠʩʥʝʥʥʶ ʜʚʦʭ ʝʣʽʧʩʦʾʜʽʚ ʦʙʝʨʪʘʥʥʷ, ʱʦ ʥʘʙʣʠʞʝʥʦ 

ʦʧʠʩʫʶʪʴ ʬʦʨʤʫ ʬʽʟʠʯʥʦʾ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ ʦʢʨʝʤʦ ʜʣʷ ʾʾ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʾ ʪʘ 

ʦʢʝʘʥʽʯʥʦʾ ʯʘʩʪʠʥʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʬʽʟʠʯʥʫ ʧʦʚʝʨʭʥʶ ɿʝʤʣʽ ʥʘʡʢʨʘʱʝ ʦʧʠʩʫʻ 

ʝʣʽʧʩʦʾʜ, ʱʦ ʤʘʻ ʤʝʥʰʝ ʧʦʣʷʨʥʝ ʩʪʠʩʥʝʥʥʷ, ʥʽʞ ʨʝʬʝʨʝʥʮ-ʝʣʽʧʩʦʾʜ (1/298,25), 

ʷʢʠʡ ʥʘʙʣʠʞʝʥʦ ʟʘʜʘʻ ʬʦʨʤʫ ʛʝʦʾʜʘ. ʂʫʪʠ ʚʽʜʭʠʣʝʥʥʷ ʚʝʢʪʦʨʘ ʩʠʣʠ ʪʷʞʽʥʥʷ ʚʽʜ 

ʥʦʨʤʘʣʽ ʜʦ ʬʽʟʠʯʥʦʾ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ, ʨʦʟʨʘʭʦʚʘʥʽ ʟʘ ʜʘʥʠʤʠ ʮʠʭ ʝʣʽʧʩʦʾʜʽʚ, ʤʘʣʠ 

ʜʦʩʠʪʴ ʤʘʣʽ ʟʥʘʯʝʥʥʷ (ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 16,4" ʥʘ ʰʠʨʦʪʽ 45Á), ʱʦ ʚʠʟʥʘʯʘʻ 

ʤʽʥʽʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʊʄʉ (2,15ẗ10
-4
 ʛ/ʩʤ

3
 ʥʘ ʰʠʨʦʪʽ 45Á). ʎʽ ʤʘʣʽ ʪʘʥʛʝʥʮʽʘʣʴʥʽ 

ʩʠʣʠ ʟʜʘʪʥʽ ʟʛʝʥʝʨʫʚʘʪʠ ʫ ʧʽʜʦʰʚʽ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʾ ʣʽʪʦʩʬʝʨʠ (ʛʣʠʙʠʥʠ 120ï150 

ʢʤ) ʪʘʥʛʝʥʮʽʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ ʚʝʣʠʯʠʥʦʶ ʚ 3 Ā 10
5 
ʇʘ. ʊʘʢʽ ʥʘʧʨʫʞʝʥʥʷ, 

ʤʦʞʫʪʴ, ʧʨʦʜʫʢʫʚʘʪʠ ʚ ʘʩʪʝʥʦʩʬʝʨʽ ʛʦʨʠʟʦʥʪʘʣʴʥʫ ʪʝʢʫʯʽʩʪʴ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 
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ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʣʽʪʦʩʬʝʨʥʠʭ ʧʣʠʪ ʜʦ 100 ʤʤ ʚ ʨʽʢ. ɺʠʢʦʥʘʥʽ ʦʮʽʥʢʠ ʜʦʟʚʦʣʷʶʪʴ 

ʨʦʟʛʣʷʜʘʪʠ ʊʄʉ ʷʢ ʤʦʞʣʠʚʝ ʜʞʝʨʝʣʦ ʨʫʭʫ ʣʽʪʦʩʬʝʨʥʠʭ ʧʣʠʪ. 

ʊʄʉ ʛʝʥʝʨʫʶʪʴʩʷ ʪʘʢʦʞ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʽʜʭʠʣʝʥʥʷ ʤʘʣʦʾ ʚʽʩʽ ʝʣʽʧʩʦʾʜʘ 

(ʧʨʠʙʣʠʟʥʦ ʥʘ 3Á), ʱʦ ʦʧʠʩʫʻ ʧʦʚʝʨʭʥʶ ʣʽʪʦʩʬʝʨʠ, ʚʽʜ ʚʽʩʽ ʦʙʝʨʪʘʥʥʷ ɿʝʤʣʽ ʽ 

ʚʦʥʠ ʫ 2ï3 ʨʘʟʠ ʙʽʣʴʰʽ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʠʱʝ ʥʘʚʝʜʝʥʠʤʠ ʩʠʣʘʤʠ [54, 56, 57]. 

ʊʦʧʦʣʦʛʽʯʥʘ ʥʝʛʦʤʦʪʝʪʠʯʥʽʩʪʴ ʨʦʟʤʽʱʝʥʥʷ ʬʽʛʫʨʠ ʣʽʪʦʩʬʝʨʠ ʽ ʬʽʛʫʨʠ ʛʝʦʾʜʘ 

ʤʦʞʝ ʩʪʚʦʨʶʚʘʪʠ ʪʝʢʪʦʥʽʯʥʽ ʥʘʧʨʫʞʝʥʥʷ, ʷʢʽ ʥʘʧʨʘʚʣʝʥʽ ʥʘ ʧʨʠʚʝʜʝʥʥʷ 

ʨʦʟʧʦʜʽʣʫ ʤʘʩ ʣʽʪʦʩʬʝʨʠ ʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʟ ʬʽʛʫʨʦʶ ʛʝʦʾʜʘ (ʟʘ ʤʝʭʘʥʽʟʤʦʤ ʜʽʾ 

ʛʨʘʚʽʪʘʮʽʡʥʠʭ ʩʠʣ ʽ ʧʨʠʥʮʠʧʫ ʤʽʥʽʤʫʤʫ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʝʥʝʨʛʽʾ), ʘ ʯʝʨʝʟ ʨʦʟʨʷʜʢʫ 

ʥʘʧʨʫʞʝʥʴ ʚʠʥʠʢʘʻ ʤʝʭʘʥʽʟʤ ʥʘʙʣʠʞʝʥʥʷ ʧʦʣʷʨʥʦʾ ʚʽʩʽ ʫʟʘʛʘʣʴʥʶʶʯʦʾ ʬʽʛʫʨʠ 

ʣʽʪʦʩʬʝʨʠ ʜʦ ʚʽʩʽ ʦʙʝʨʪʘʥʥʷ (ʧʦʣʷʨʥʦʾ ʚʽʩʽ ʽʥʝʨʮʽʾ) [204].  

ʇʨʦʘʥʘʣʽʟʫʻʤʦ ʪʝʧʝʨ, ʷʢʠʤ ʯʠʥʦʤ ʚʽʜʭʠʣʝʥʥʷ ʤʘʣʦʾ ʧʽʚʚʽʩʽ ʬʽʛʫʨʠ 

ʬʽʟʠʯʥʦʾ ʧʦʚʝʨʭʥʽ ʧʣʘʥʝʪʠ ʚʽʜ ʚʽʩʽ ʦʙʝʨʪʘʥʥʷ ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʥʘ ʥʘʧʨʫʞʝʥʦ-

ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʣʽʪʦʩʬʝʨʠ ʽ ʚʽʜʧʦʚʽʜʥʦ ʘʢʪʠʚʽʟʫʚʘʪʠ ʪʝʢʪʦʥʽʯʥʽ ʧʨʦʮʝʩʠ ʥʘ 

ɿʝʤʣʽ.  

ʅʘ ʨʠʩ. 2.12 ʧʦʢʘʟʘʥʦ ʢʘʨʪʫ ʟ ʥʘʥʝʩʝʥʠʤʠ ʽʟʦʣʽʥʽʷʤʠ ʚʠʩʦʪ, ʷʢʽ 

ʚʠʟʥʘʯʘʶʪʴ ʚʽʜʩʪʘʥʽ ʤʽʞ ʧʦʚʝʨʭʥʷʤʠ ʝʣʽʧʩʦʾʜʽʚ, ʱʦ ʫʟʘʛʘʣʴʥʝʥʦ ʧʨʝʜʩʪʘʚʣʷʶʪʴ 

ʧʦʚʝʨʭʥʶ ʣʽʪʦʩʬʝʨʠ ɿʝʤʣʽ ʽ ʛʝʦʾʜ. ʅʘ ʮʽʡ ʢʘʨʪʽ ʫ ʚʠʛʣʷʜʽ ʰʠʨʦʢʠʭ ʜʫʛʦʧʦʜʽʙʥʠʭ 

ʩʤʫʛ ʚʽʜʦʙʨʘʞʝʥʽ ʥʘʟʚʘʥʽ ʥʘʤʠ ʫʤʦʚʥʦ çʪʝʢʪʦʥʽʯʥʠʡ ʚʦʜʦʜʽʣè ʽ çʪʝʢʪʦʥʽʯʥʠʡ 

ʪʘʣʴʚʝʛè, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʚʽʜʧʦʚʽʜʥʦ ʥʘʡʙʽʣʴʰʽ ʧʽʜʥʷʪʪʷ ʽ ʦʧʫʩʢʘʥʥʷ 

ʝʣʽʧʩʦʾʜʘ, ʱʦ ʘʧʨʦʢʩʠʤʫʻ ʧʦʚʝʨʭʥʶ ʣʽʪʦʩʬʝʨʠ ʚʽʜʥʦʩʥʦ ʧʦʚʝʨʭʥʽ 

ʟʘʛʘʣʴʥʦʟʝʤʥʦʛʦ ʝʣʽʧʩʦʾʜʘ, ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʛʝʦʾʜ. ʅʘ ʮʴʦʤʫ ʨʠʩʫʥʢʫ ʤʦʞʥʘ 

ʪʘʢʦʞ ʚʠʷʚʠʪʠ ʯʽʪʢʫ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ ʫ ʨʦʟʤʽʱʝʥʥʽ ʜʚʦʭ ʧʽʜʚʠʱʝʥʴ ʽ ʧʦʥʠʞʝʥʴ 

ʦʜʥʦʛʦ ʝʣʽʧʩʦʾʜʘ ʥʘʜ ʽʥʰʠʤ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʪʘʢʦʛʦ ʨʦʟʤʽʱʝʥʥʷ ʝʣʽʧʩʦʾʜʽʚ, 

ʬʦʨʤʫʻʪʴʩʷ ʨʦʟʧʦʜʽʣ ʥʘʧʨʷʤʢʽʚ ʚʝʢʪʦʨʽʚ ʪʘʥʛʝʥʮʽʘʣʴʥʠʭ ʩʠʣ, ʧʽʜ ʜʽʻʶ ʷʢʠʭ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʪʽʢʘʥʥʷ ʣʽʪʦʩʬʝʨʥʠʭ ʤʘʩ ʟ ʧʽʜʥʷʪʪʷ ʫ ʥʘʧʨʷʤʢʫ ʧʦʥʠʞʝʥʥʷ 

[209]. 

ɿʘʫʚʘʞʠʤʦ, ʱʦ ʩʤʫʛʠ çʪʝʢʪʦʥʽʯʥʦʛʦ ʚʦʜʦʜʽʣʫè ʽ çʪʝʢʪʦʥʽʯʥʦʛʦ ʪʘʣʴʚʝʛʫè 

ʤʘʡʞʝ ʛʝʦʛʨʘʬʽʯʥʦ ʪʦʯʥʦ ʦʭʦʧʣʶʶʪʴ ʛʨʘʥʠʮʽ ʪʝʢʪʦʥʽʯʥʠʭ ʧʣʠʪ (ʟʘ ʚʠʥʷʪʢʦʤ 



 

 

111 

ʇʽʚʜʝʥʥʦ-ɸʤʝʨʠʢʘʥʩʴʢʦʾ ʽ ʊʠʭʦʦʢʝʘʥʩʴʢʦʾ ʧʣʠʪʠ). ʊʘʢʠʤ ʯʠʥʦʤ, ʮʽ ʜʚʽ ʩʤʫʛʠ, 

ʷʢʽ ʚʠʜʽʣʷʶʪʴ ʩʚʦʻʨʽʜʥʠʡ ʩʪʨʫʢʪʫʨʥʠʡ ʧʣʘʥʝʪʘʨʥʠʡ çʚʦʜʦʜʽʣè ʽ çʪʘʣʴʚʝʛè ʥʘ 

ʟʝʤʥʽʡ ʢʫʣʽ, ʦʭʦʧʣʶʶʪʴ ʧʨʘʢʪʠʯʥʦ ʚʩʽ ʛʨʘʥʠʮʽ ʦʩʥʦʚʥʠʭ ʣʽʪʦʩʬʝʨʥʠʭ ʧʣʠʪ. 

ʊʦʤʫ ʧʦʚʝʨʭʥʶ ʣʽʪʦʩʬʝʨʠ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʜʝʬʦʨʤʘʮʽʡʥʠʡ ʝʣʽʧʩʦʾʜ, ʥʘ 

ʷʢʦʤʫ ʯʽʪʢʦ ʚʽʜʩʪʝʞʫʶʪʴʩʷ ʛʣʦʙʘʣʴʥʽ ʟʦʥʠ ʚʽʜʢʦʣʶʚʘʥʥʷ, ʱʦ ʟʙʽʛʘʶʪʴʩʷ ʟ 

ʜʽʘʛʦʥʘʣʴʥʦ ʨʦʟʤʽʱʝʥʠʤʠ ʧʦʣʦʩʘʤʠ ʧʣʘʥʝʪʘʨʥʦʛʦ çʚʦʜʦʜʽʣʫè ʽ çʪʘʣʴʚʝʛʫè. 

 

ʈʠʩ. 2.12. ʂʘʨʪʘ ʚʽʜʩʪʘʥʝʡ ʤʽʞ ʝʣʽʧʩʦʾʜʘʤʠ. ɺʠʩʦʪʠ ʧʦʜʘʥʦ ʚ ʤʝʪʨʘʭ. ʂʨʠʚʘ 

ʩʤʫʛʘ ʥʘ ʨʠʩʫʥʢʫ ʚʽʜʧʦʚʽʜʘʻ çʪʝʢʪʦʥʽʯʥʦʤʫ ʚʦʜʦʜʣ̔ʫè[192]. ʂʘʨʪʫ ʩʢʣʘʜʝʥʦ ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʞ ʪʝʢʪʦʥʽʯʥʠʭ ʧʣʠʪ ʥʘʚʝʜʝʥʠʭ ʫ [77]. 

ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʱʝ ʨʘʥʽʰʝ ʃ. ʄ. ʈʘʩʮʚʝʪʘʻʚ [42] ʚʠʦʢʨʝʤʠʚ ʜʚʽ ʚʝʣʠʢʽ 

ʜʠʟôʶʥʢʪʠʚʥʽ ʩʠʩʪʝʤʠ ʧʣʘʥʝʪʘʨʥʦʛʦ ʨʘʥʛʫ ï ʛʣʦʙʘʣʴʥʽ ʟʦʥʠ ʚʽʜʢʦʣʽʚ (çʂʨʠʪʠʯʥʽ 

ʜʽʘʛʦʥʘʣʽè), ʱʦ, ʥʘ ʡʦʛʦ ʜʫʤʢʫ, ʚʠʢʦʥʫʶʪʴ ʚʘʞʣʠʚʫ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʶʶʯʫ 

ʬʫʥʢʮʽʶ ʚ ʙʫʜʦʚʽ ʟʝʤʥʦʾ ʣʽʪʦʩʬʝʨʠ (ʜʠʚ. ʨʠʩ. 2.13). ʎʽ ʜʚʘ ʧʣʘʥʝʪʘʨʥʽ ʧʦʷʩʠ 

ʜʠʟôʶʥʢʪʠʚʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʟʝʤʥʦʾ ʢʦʨʠ, ʦʨʽʻʥʪʦʚʘʥʽ ʜʽʘʛʦʥʘʣʴʥʦ ʜʦ ʰʠʨʦʪʥʦ-

ʤʝʨʠʜʽʦʥʘʣʴʥʦʾ ʤʝʨʝʞʽ ʩʢʣʘʜʯʘʩʪʠʭ ʽ ʨʠʬʦʚʠʭ ʧʦʷʩʽʚ ʥʠʞʥʽʭ ʪʘ ʩʝʨʝʜʥʽʭ ʰʠʨʦʪ. 

ɺʦʥʠ ʧʝʨʝʪʠʥʘʶʪʴʩʷ ʥʘ ʝʢʚʘʪʦʨʽ ʚ ʨʘʡʦʥʽ ɯʥʜʦʥʝʟʽʡʩʴʢʦʛʦ ʽ ʇʽʚʜʝʥʥʦ-

ɸʤʝʨʠʢʘʥʩʴʢʦʛʦ ʛʨʘʚʽʪʘʮʽʡʥʠʭ ʤʽʥʽʤʫʤʽʚ (ʫ ʪʦʯʢʘʭ ʚʠʭʦʜʫ ʥʘ ʧʦʚʝʨʭʥʶ ʤʘʣʦʾ 
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ʝʢʚʘʪʦʨʽʘʣʴʥʦʾ ʚʽʩʽ ʪʨʠʚʽʩʥʦʛʦ ʝʣʽʧʩʦʾʜʘ) ʽ ʪʨʘʢʪʫʶʪʴʩʷ ʷʢ ʧʨʦʷʚ ʫ ʩʪʨʫʢʪʫʨʽ 

ʟʝʤʥʦʾ ʢʦʨʠ ʜʚʦʭ ʧʦʚôʷʟʘʥʠʭ ʟʦʥ ʛʣʦʙʘʣʴʥʠʭ ʚʽʜʢʦʣʽʚ, ʱʦ ʩʬʦʨʤʫʚʘʣʠʩʴ ʧʽʜ 

ʚʧʣʠʚʦʤ ʤʘʢʩʠʤʘʣʴʥʠʭ ʪʘʥʛʝʥʮʽʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ ʫʟʜʦʚʞ çʢʨʫʛʦʚʠʭ 

ʧʝʨʝʪʠʥʽʚè ʪʨʠʚʽʩʥʠʤ ʝʣʽʧʩʦʾʜʦʤ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ. 

 

ʈʠʩ. 2.13. ɿʦʥʠ ʛʣʦʙʘʣʴʥʠʭ ʚʽʜʢʦʣʽʚ ʥʘ ʧʦʚʝʨʭʥʽ ʛʝʦʾʜʘ (ʧʦʢʘʟʘʥʽ ʢʨʘʧʦʤ) 

ʟʽʩʪʘʚʣʝʥʥʽ ʟ ʧʽʟʥʴʦʘʣʴʧʽʡʩʴʢʠʤʠ ʛʣʦʙʘʣʴʥʠʤʠ ʜʠʟôʶʥʢʪʠʚʥʠʤʠ ʩʠʩʪʝʤʘʤʠ 

[42].  

ʎʷ ʚʠʷʚʣʝʥʘ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ ʥʘʚʦʜʠʪʴ ʥʘ ʜʫʤʢʫ ʧʨʦ ʚʠʟʥʘʯʘʣʴʥʫ ʨʦʣʴ 

ʚʟʘʻʤʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʜʚʦʭ ʝʣʽʧʩʦʾʜʽʚ, ʱʦ ʘʧʨʦʢʩʠʤʫʶʪʴ ʣʽʪʦʩʬʝʨʫ ɿʝʤʣʽ ʽ 

ʛʝʦʾʜ, ʪʘ ʨʦʪʘʮʽʡʥʦ-ʛʨʘʚʽʪʘʮʽʡʥʠʭ ʩʠʣ ʚ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʶʯʠʭ ʧʨʦʮʝʩʘʭ 

ʬʦʨʤʫʚʘʥʥʷ ʛʨʘʥʠʮʴ ʣʽʪʦʩʬʝʨʥʠʭ ʧʣʠʪ. 

ʊʝʧʝʨ ʨʦʟʛʣʷʥʝʤʦ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ ʊʄʉ, ʱʦ ʛʝʥʝʨʫʶʪʴʩʷ ʚ ʣʽʪʦʩʬʝʨʽ 

ʚʥʘʩʣʽʜʦʢ ʧʝʨʝʦʨʽʻʥʪʘʮʽʾ ʧʦʣʶʩʘ ʬʽʛʫʨʠ ɿʝʤʣʽ. ɼʣʷ ʦʧʠʩʫ ʮʠʭ ʩʠʣ ʚʠʢʦʨʠʩʪʘʻʤʦ 

ʧʽʜʭʽʜ ʥʘʚʝʜʝʥʠʡ ʚ ʨʦʙʦʪʽ [57]. ʅʘʷʚʥʽʩʪʴ ʚʽʜʭʠʣʝʥʥʷ ʧʨʷʤʦʚʠʩʥʦʾ ʣʽʥʽʾ ʚʽʜ 

ʥʦʨʤʘʣʽ ʜʦ ʧʦʚʝʨʭʥʽ ʪʚʝʨʜʦʾ ɿʝʤʣʽ ʚʠʟʥʘʯʘʻ ʧʦʷʚʫ ʊʄʉ, ʱʦ ʜʽʶʪʴ ʫ ʚʝʨʭʥʽʡ 

ʦʙʦʣʦʥʮʽ ɿʝʤʣʽ: 

Ὂ ÓÉÎς• ÓÉÎς•ÓÉÎ‗ ÃÏÓς•ÓÉÎ‗, (2.1) 
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Ὂ ÃÏÓ•ÓÉÎς‗ ÓÉÎς•ÃÏÓ‗, (2.2) 

ʜʝ •  ï ʰʠʨʦʪʘ, ‗ ï ʜʦʚʛʦʪʘ, Ὑ ï ʩʝʨʝʜʥʡ̔ ʨʘʜʫ̔ʩ ʧʣʘʥʝʪʠ, Ὣ ï ʧʨʠʩʢʦʨʝʥʥʷ 

ʩʠʣʠ ʪʷʞʽʥʥʷ ὃȟὄȟὅȟὈ ï ʢʦʝʬʽʮʽʻʥʪʠ [57]. 

ʅʘ ʨʠʩ. 2.14 ʧʦʜʘʥʦ ʢʘʨʪʦʩʭʝʤʫ ʪʘʥʛʝʥʮʽʘʣʴʥʠʭ ʤʘʩʦʚʠʭ ʩʠʣ. 

 

ʈʠʩ. 2.14. ʂʘʨʪʦʩʭʝʤʘ ʊʄʉ. ʏʝʨʚʦʥʠʤ ʢʦʣʴʦʨʦʤ ʟʦʙʨʘʞʝʥʦ ʩʫʯʘʩʥʝ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʤʘʪʝʨʠʢʽʚ, ʯʦʨʥʠʤ ï ʤʝʞʽ ʪʝʢʪʦʥʽʯʥʠʭ ʧʣʠʪ [77]. 

ʗʢʱʦ ʩʢʣʘʩʪʠ ʪʘʥʛʝʥʮʽʘʣʴʥʽ ʤʘʩʦʚʽ ʩʠʣʠ Ὂ ʪʘ Ὂ, ʪʦ ʦʪʨʠʤʘʻʤʦ 

ʟʘʛʘʣʴʥʦʜʽʶʯʫ ʩʠʣʫ Ὂ: 

Ὂ Ὂ Ὂ  (2.3) 

ɿ ʨʠʩʫʥʢʫ ʚʠʜʥʦ, ʱʦ ʨʦʟʧʦʜʽʣ ʧʦʣʷ ʚʝʢʪʦʨʽʚ ʊʄʉ, ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ 

ʢʦʥʪʫʨʘʤʠ ʤʘʪʝʨʠʢʽʚ, ʪʦʙʪʦ ʩʪʨʽʣʢʠ ʚʝʢʪʦʨʽʚ ʯʽʪʢʦ ʚʢʘʟʫʶʪʴ ʥʘ ʥʘʧʨʷʤʢʠ ʨʫʭʫ 

ʪʝʢʪʦʥʽʯʥʠʭ ʧʣʠʪ ʽ ʧʝʨʝʤʽʱʝʥʥʷ ʤʘʪʝʨʠʢʽʚ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʦʢʝʘʥʽʯʥʦʾ ʧʦʚʝʨʭʥʽ ʚ 

ʧʨʦʮʝʩʽ ʝʚʦʣʶʮʽʾ ɿʝʤʣʽ. ɽʧʽʮʝʥʪʨ ʚʠʭʨʦʚʦʛʦ ʟʘʢʨʫʯʫʚʘʥʥʷ ʊʄʉ ʟʙʽʛʘʻʪʴʩʷ ʟ 

ʪʦʯʢʦʶ ʥʘ ʝʢʚʘʪʦʨʽ, ʜʝ ʧʨʘʢʪʠʯʥʦ ʩʪʠʢʘʶʪʴʩʷ ʥʫʣʴʦʚʽ ʽʟʦʣʽʥʽʾ, ʱʦ 
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ʨʦʟʤʝʞʦʚʫʶʪʴ ʧʽʜʥʷʪʪʷ ʽ ʧʦʥʠʞʝʥʥʷ ʚ ʨʦʟʧʦʜʽʣʽ ʚʠʩʦʪ (ʚʽʜʩʪʘʥʝʡ) ʤʽʞ 

ʧʦʚʝʨʭʥʷʤʠ ʜʚʦʭ ʝʣʽʧʩʦʾʜʽʚ. ʆʪʞʝ, ʚʥʘʩʣʽʜʦʢ ʟʤʽʥʠ ʦʨʽʻʥʪʘʮʽʾ ʝʣʽʧʩʦʾʜʘ, ʱʦ 

ʦʧʠʩʫʻ ʣʽʪʦʩʬʝʨʫ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʬʦʨʤʫʚʘʥʥʷ ʦʥʦʚʣʝʥʦʛʦ ʧʦʣʷ ʧʦʪʝʥʮʽʡʥʠʭ 

ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʩʠʣ, ʷʢʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʙʝʨʝʞʝʥʥʷ ʤʦʤʝʥʪʫ ʽʤʧʫʣʴʩʫ 

ʧʝʨʝʤʽʱʫʶʪʴ ʣʽʪʦʩʬʝʨʥʽ ʤʘʩʠ ʽ ʛʝʥʝʨʫʶʪʴ ʥʘʧʨʫʞʝʥʥʷ ʪʘ ʜʝʬʦʨʤʘʮʽʾ ʚ 

ʣʽʪʦʩʬʝʨʥʽʡ ʦʙʦʣʦʥʮʽ. ʋ ʤʽʨʫ ʧʽʜʥʷʪʪʷ ʜʝʷʢʦʛʦ ʦʙôʻʤʫ ʨʝʯʦʚʠʥʠ (ʥʘʧʨʠʢʣʘʜ, 

ʧʽʜʥʷʪʪʷ ʧʣʶʤʫ) ʚʧʨʦʜʦʚʞ ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʟʥʘʯʥʦʾ ʪʝʨʠʪʦʨʽʾ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʥʘ ʦʨʽʻʥʪʘʮʽʾ ʬʽʛʫʨʠ ʣʽʪʦʩʬʝʨʠ ɿʝʤʣʽ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʛʝʥʝʨʘʮʽʾ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʩʠʣ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʚʠʨʽʚʥʶʚʘʥʥʷ ʩʠʤʝʪʨʽʾ ʱʦʜʦ ʚʽʩʽ 

ʦʙʝʨʪʘʥʥʷ. ʊʦʤʫ, ʟ ʦʙʝʨʪʘʥʥʷʤ ɿʝʤʣʽ ʪʘ ʜʠʥʘʤʽʢʦʶ ʧʝʨʝʦʨʽʻʥʪʘʮʽʾ ʟʦʚʥʽʰʥʴʦʾ 

ʧʦʚʝʨʭʥʽ ʣʽʪʦʩʬʝʨʠ, ʦʯʝʚʠʜʥʦ, ʧʦʚôʷʟʘʥʽ ʭʘʨʘʢʪʝʨʥʽ ʪʝʢʪʦʥʽʯʥʽ ʩʪʨʫʢʪʫʨʠ 

ʧʣʘʥʝʪʘʨʥʦʛʦ ʤʘʩʰʪʘʙʫ. ʗʢʱʦ ʞ ʧʦʜʠʚʠʪʠʩʷ ʟ ʽʥʰʦʾ ʪʦʯʢʠ ʟʦʨʫ ʥʘ ʟʥʘʯʫʱʽʩʪʴ 

ʮʠʭ ʩʠʣ, ʪʦ ʤʦʞʥʘ ʧʨʠʡʪʠ ʜʦ ʚʠʩʥʦʚʢʫ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʽ ʚʠʭʨʦʚʽ ʪʘʥʛʝʥʮʽʘʣʴʥʽ 

ʩʠʣʠ ʩʧʽʚʧʘʜʘʶʪʴ ʟ ʟʦʥʘʤʠ ʧʣʘʥʝʪʠ, ʜʝ ʚʽʜʙʫʚʘʶʪʴʩʷ ʛʣʠʙʦʢʦʬʦʢʫʩʥʽ ʧʦʪʫʞʥʽ 

ʟʝʤʣʝʪʨʫʩʠ, ʽ ʟʘʛʘʣʦʤ ʪʝʢʪʦʥʽʯʥʘ ʘʢʪʠʚʥʽʩʪʴ ʻ ʥʘʡʚʠʱʦʶ. 

ʅʘʙʣʠʞʝʥʫ ʦʮʽʥʢʫ ʥʘʧʨʫʞʝʥʴ ʽ ʰʚʠʜʢʦʩʪʝʡ ʜʝʬʦʨʤʘʮʽʡ, ʜʦ ʷʢʠʭ 

ʧʨʠʚʦʜʷʪʴ ʦʪʨʠʤʘʥʽ ʊʄʉ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʽʟ ʨʦʟʚôʷʟʢʫ ʨʽʚʥʷʥʥʷ ʤʝʭʘʥʽʯʥʦʾ 

ʨʽʚʥʦʚʘʛʠ ʟ ʦʙ'ʻʤʥʠʤʠ ʩʠʣʘʤʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʠʣʽ ʚʘʛʠ. ʈʦʟʛʣʷʥʝʤʦ ʟʛʽʜʥʦ ʟ 

[3, 28] ʤʘʪʝʤʘʪʠʯʥʝ ʬʦʨʤʫʣʶʚʘʥʥʷ ʟʘʜʘʯʽ. ʗʢʱʦ ʟʘʜʘʥʘ ʘʥʦʤʘʣʴʥʘ ʛʫʩʪʠʥʘ ʷʢ 

ʬʫʥʢʮʽʷ ʪʦʯʦʢ ʦʙôʻʤʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʪʦ ʜʝʬʦʨʤʘʮʽʾ ʽ ʥʘʧʨʫʞʝʥʥʷ ʤʦʞʥʘ 

ʚʠʟʥʘʯʠʪʠ ʽʟ ʨʽʚʥʷʥʥʷ: 

ῳὴ ‘ῳὺ‏Ὣ π, (2.4) 

ʜʝ ὴ ï ʪʠʩʢ, ‘ ï ʢʦʝʬʽʮʽʻʥʪ ʚ'ʷʟʢʦʩʪʽ, ῳὺ ï ʚʝʢʪʦʨ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʤʽʱʝʥʥʷ, Ὣ ï 

ʩʝʨʝʜʥʻ ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ. 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ (2.4) ʤʘʻ ʥʘʟʚʫ ʨʽʚʥʷʥʥʷ ʅʘʚôʻ-ʉʪʦʢʩʘ ʽ ʫ ʨʘʟʽ ʥʝʭʪʫʚʘʥʥʷ 

ʽʥʝʨʮʽʘʣʴʥʠʤʠ ʩʠʣʘʤʠ ʦʧʠʩʫʻ ʧʦʚʽʣʴʥʠʡ ʩʪʘʣʠʡ ʨʫʭ ʚôʷʟʢʦʾ ʥʝʩʪʠʩʢʫʚʘʥʦʾ 

ʨʽʜʠʥʠ. 
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ʈʦʟʨʘʭʫʥʦʢ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʚ ʩʘʤʽʡ ʣʽʪʦʩʬʝʨʽ ʚʠʤʘʛʘʻ 

ʨʦʟʚôʷʟʢʫ ʨʽʚʥʷʥʥʷ ʅʘʚôʻ-ʉʪʦʢʩʘ ʜʣʷ ʩʬʝʨʠʯʥʦʾ ʦʙʦʣʦʥʢʠ. ʇʨʦʪʝ, ʦʩʢʽʣʴʢʠ 

ʨʝʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʥʫʪʨʽʰʥʴʦʾ ʙʫʜʦʚʠ ʣʽʪʦʩʬʝʨʠ ʥʝ ʜʦʩʪʘʪʥʴʦ ʜʦʙʨʝ 

ʚʠʚʯʝʥʽ ʽ ʨʦʟʚôʷʟʦʢ ʟʘʟʥʘʯʝʥʦʾ ʟʘʜʘʯʽ ʚ ʩʪʨʦʛʽʡ ʧʦʩʪʘʥʦʚʮʽ ʻ ʜʦʚʦʣʽ ʩʢʣʘʜʥʠʤ, ʪʦ 

ʜʦʮʽʣʴʥʦ ʦʙʤʝʞʠʪʠʩʷ ʚʠʟʥʘʯʝʥʥʷʤ ʥʘʙʣʠʞʝʥʦʾ ʦʮʽʥʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ. ʇʦʚʥʠʡ ʨʦʟʚôʷʟʦʢ ʟʘʜʘʯʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʽʻʶ 

ʚʥʫʪʨʽʰʥʽʭ ʩʠʣ, ʧʦʚôʷʟʘʥʠʭ ʟ ʥʝʦʜʥʦʨʽʜʥʦʩʪʷʤʠ ʛʫʩʪʠʥʠ ʚ ʣʽʪʦʩʬʝʨʽ. ɹʫʜʝʤʦ 

ʚʚʘʞʘʪʠ, ʱʦ ʩʬʝʨʠʯʥʽʩʪʶ ɿʝʤʣʽ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ ʽ ʨʦʟʚôʷʟʫʚʘʪʠ ʟʘʜʘʯʫ ʧʨʦ 

ʜʝʬʦʨʤʘʮʽʶ ʥʘʧʽʚʧʨʦʩʪʦʨʫ, ʦʙʤʝʞʝʥʦʛʦ ʧʣʦʱʠʥʦʶ S (ʚʽʩʴ z ʥʘʧʨʘʚʣʝʥʘ 

ʚʩʝʨʝʜʠʥʫ), ʥʘ ʧʦʚʝʨʭʥʽ ʷʢʦʾ ʚʽʜʦʤʽ ʟʥʘʯʝʥʥʷ FS. ʋ ʪʘʢʽʡ ʧʦʩʪʘʥʦʚʮʽ ʟʘʜʘʯʽ 

ʰʚʠʜʢʦʩʪʽ ʜʝʬʦʨʤʘʮʽʾ ‐   ʪʘ ʥʦʨʤʘʣʴʥʝ ʥʘʧʨʫʞʝʥʥʷ „  ʤʦʞʥʘ ʥʘʙʣʠʞʝʥʦ 

ʦʙʯʠʩʣʠʪʠ ʟʘ ʬʦʨʤʫʣʘʤʠ ʟ ʪʦʯʥʽʩʪʶ ʜʦ ʧʦʨʷʜʢʫ ʚʝʣʠʯʠʥ: 

‐ ḙ ẗὊ,  (2.5) 

„ḙ ẗὊ ,  (2.6) 

ʜʝ Ὢï ʛʨʘʚʽʪʘʮʽʡʥʘ ʩʪʘʣʘ, Ὂ ï ʪʘʥʛʝʥʮʽʘʣʴʥʘ ʤʘʩʦʚʘ ʩʠʣʘ. 

ʅʘʚʝʜʝʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʦʟʚʦʣʷʶʪʴ (ʧʨʠ ʚôʷʟʢʦʩʪʽ 10
19 
ʇʘĀʩ, ʽ ʪʦʚʱʽ 

ʘʩʪʝʥʦʩʬʝʨʥʦʛʦ ʰʘʨʫ 200 ʢʤ) ʧʝʨʝʦʙʯʠʩʣʠʪʠ ʦʪʨʠʤʘʥʽ ʊʄʉ ʫ ʰʚʠʜʢʦʩʪʽ 

ʜʝʬʦʨʤʘʮʽʾ (1 ʤɻʘʣ ʚʽʜʧʦʚʽʜʘʻ 0,16 ʤʤ/ʨʽʢ) ʽ ʥʦʨʤʘʣʴʥʝ ʥʘʧʨʫʞʝʥʥʷ (1 ʤɻʘʣ 

ʚʽʜʧʦʚʽʜʘʻ 2,5Ŀ10
5 
ʇʘ). ɺʨʘʭʦʚʫʶʯʠ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʊʄʉ, ʷʢʝ ʟʛʽʜʥʦ ʨʠʩ. 

2.13 ʩʪʘʥʦʚʠʪʴ 210 ʤɻʘʣ ʚʽʜʧʦʚʽʜʥʦ ʦʪʨʠʤʘʻʤʦ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʤʽʱʝʥʥʷ 

ʢʦʥʪʠʥʝʥʪʽʚ ~ 40 ʤʤ/ʨʽʢ ʽ ʥʘʧʨʫʞʝʥʥʷ ~ 5Ŀ10
7 
ʇʘ. ʆʪʞʝ, ʩʧʨʦʱʝʥʘ ʧʦʩʪʘʥʦʚʢʘ 

ʟʘʜʘʯʽ ʚʠʟʥʘʯʝʥʥʷ ʟ ʪʦʯʥʽʩʪʶ ʜʦ ʧʦʨʷʜʢʫ ʚʝʣʠʯʠʥ ʢʽʣʴʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʦʣʷ ʜʝʬʦʨʤʘʮʽʡ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʧʽʜʚʝʨʝʜʞʫʻ ʧʦʤʽʪʥʠʡ ʚʧʣʠʚ ʊʄʉ ʥʘ 

ʪʝʢʪʦʥʽʯʥʽ ʧʨʦʮʝʩʠ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʫʜʦʩʢʦʥʘʣʠʪʠ ʩʫʯʘʩʥʽ ʫʷʚʣʝʥʥʷ ʧʨʦ 

ʤʝʭʘʥʽʟʤʠ ʧʝʨʝʤʽʱʝʥʥʷ ʣʽʪʦʩʬʝʨʥʠʭ ʧʣʠʪ. 

ʊʄʉ ʤʘʶʪʴ ʨʽʟʥʫ ʩʧʨʷʤʦʚʘʥʽʩʪʴ ʪʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ. ʊʦʤʫ ʜʦʮʽʣʴʥʦ 

ʧʨʦʚʝʩʪʠ ʪʘʢʦʞ ʢʣʘʩʪʝʨʥʠʡ ʘʥʘʣʽʟ ʽ ʚʠʷʚʠʪʠ ʧʝʚʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʮʠʭ 
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ʧʘʨʘʤʝʪʨʽʚ. ʅʘ ʨʠʩ. 2.15 ʽ ʨʠʩ. 2.16 ʧʦʢʘʟʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʢʣʘʩʪʝʨʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ. ʂʦʣʴʦʨʦʚʽ ʢʦʣʘ ʧʦʢʘʟʫʶʪʴ, ʜʦ ʷʢʦʛʦ ʟ ʢʣʘʩʪʝʨʽʚ ʚʽʜʥʦʩʷʪʴʩʷ ʊʄʉ 

ʚʽʜʧʦʚʽʜʥʦ ʟʘ ʘʟʠʤʫʪʘʣʴʥʠʤ ʥʘʧʨʷʤʢʦʤ ʪʘ ʟʘ ʽʥʪʝʥʩʠʚʥʽʩʪʶ. 

 

ʈʠʩ. 2.15. ʂʘʨʪʦʩʭʝʤʘ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʽʟʫ ʊʄʉ ʟʘ ʘʟʠʤʫʪʘʣʴʥʠʤ ʥʘʧʨʷʤʢʦʤ. 

ʂʘʨʪʫ ʩʢʣʘʜʝʥʦ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʞ ʪʝʢʪʦʥʽʯʥʠʭ ʧʣʠʪ ʥʘʚʝʜʝʥʠʭ ʫ [77]. 

ʅʘ ʨʠʩ. 2.16 ʟʦʙʨʘʞʝʥʠʡ ʨʦʟʧʦʜʽʣ ʟʘ ʧôʷʪʴʤʘ ʢʣʘʩʪʝʨʘʤʠ, ʷʢʽ ʧʨʦʛʨʘʤʘ 

ʬʦʨʤʫʻ ʜʦʚʽʣʴʥʦ. ɰʭʥʽ ʛʨʘʥʠʮʽ ʤʦʞʥʘ ʧʝʨʝʛʣʷʥʫʪʠ ʪʘʢʦʞ ʚ ʪʘʙʣ. 2.4. ʅʘ ʮʴʦʤʫ 

ʨʠʩʫʥʢʫ ʤʦʞʥʘ ʧʦʤʽʪʠʪʠ, ʱʦ ʻ ʯʦʪʠʨʠ ʤʽʥʽʤʫʤʠ ʽ ʯʦʪʠʨʠ ʤʘʢʩʠʤʫʤʠ. ʇʦ ʜʚʘ ʚ 

ʨʘʡʦʥʘʭ ʧʦʣʶʩʽʚ ʪʘ ʧʦ ʜʚʘ ʧʨʠʙʣʠʟʥʦ ʥʘ ʝʢʚʘʪʦʨʽ. ʇʨʠ ʪʘʢʦʤʫ ʧʦʜʽʣʽ ʥʘ 

ʢʣʘʩʪʝʨʠ, ʫ ʧʣʦʱʠʥʥʦʤʫ ʚʽʜʥʦʰʝʥʥʽ, ʚʽʟʫʘʣʴʥʦ ʤʘʢʩʠʤʫʤʠ ʧʝʨʝʚʠʱʫʶʪʴ 

ʤʥ̔ʽʤʫʤʠ ʧʨʠʥʘʡʤʥʽ ʚʜʚʽʯʽ. 
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ʈʠʩ. 2.16. ʂʘʨʪʦʩʭʝʤʘ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʽʟʫ ʊʄʉ ʟʘ ʽʥʪʝʥʩʠʚʥʽʩʪʶ.  

  ʊʘʙʣʠʮʷ 2.4. 

 ʉʪʘʪʠʩʪʠʢʘ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʽʟʫ ʟʘ ʘʟʠʤʫʪʘʣʴʥʠʤ ʥʘʧʨʷʤʢʦʤ ʊʄʉ 

ʂʣʘʩʪʝʨ 
% 

ʂʽʣʴʢʽʩʪʴ 

ʚʫʟʣʽʚ min, Á max, Á 

0 45 13.3 86 

45 90 15.4 100 

90 135 8.2 53 

135 180 13.1 85 

180 225 13.3 86 

225 270 15.4 100 

270 315 8.2 53 

315 360 13.1 85 

 

ʅʘʩʪʫʧʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʟʽʩʪʘʚʣʝʥʥʷ ʥʘʧʨʷʤʢʽʚ ʚʝʢʪʦʨʥʦʛʦ 

ʧʦʣʷ ʊʄʉ ʟ ʥʘʧʨʷʤʢʘʤʠ ʧʝʨʝʤʽʱʝʥʥʷ ʧʝʨʤʘʥʝʥʪʥʠʭ ɻʅʉʉ ʩʪʘʥʮʽʡ ʽ 

ʥʘʧʨʷʤʢʘʤʠ ʧʝʨʝʤʽʱʝʥʥʷ ʤʦʜʝʣʴʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʤʘʪʝʨʠʢʽʚ ʟ ɻʣʦʙʘʣʴʥʦ ʾʢʘʨʪʠ 

ʰʚʠʜʢʦʩʪ ̔ʜʝʬʦʨʤʘʮʽʡ (GSRM ï Global Strain Rate Map Project) [127]. GSRM ï 
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ʮʝ ʮʠʬʨʦʚʘ ʤʦʜʝʣʴ ʪʝʥʟʦʨʥʦʛʦ ʧʦʣʷ ʛʣʦʙʘʣʴʥʦʛʦ ʛʨʘʜʽʻʥʪʘ ʰʚʠʜʢʦʩʪʽ, 

ʧʦʚôʷʟʘʥʦʛʦ ʟ ʧʨʝʜʩʪʘʚʣʝʥʥʷʤ ʩʫʯʘʩʥʠʭ ʨʫʭʽʚ ʟʝʤʥʦʾ ʢʦʨʠ. ɺʦʥʘ ʨʦʟʨʦʙʣʝʥʘ ʥʘ 

ʦʩʥʦʚʽ ʛʝʦʜʝʟʠʯʥʠʭ, ʩʝʡʩʤʽʯʥʠʭ ʪʘ ʛʝʦʣʦʛʽʯʥʠʭ ʜʘʥʠʭ. ɿʘʛʘʣʦʤ ʚʠʢʦʨʠʩʪʘʥʦ 

5170 ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʰʚʠʜʢʦʩʪʝʡ. ɺʝʢʪʦʨʠ ʮʠʭ ʰʚʠʜʢʦʩʪʝʡ ʦʪʨʠʤʘʥʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ɻʅʉʉ ʩʧʦʩʪʝʨʝʞʝʥʴ (ʧʨʠ ʮʴʦʤʫ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ 86 ʦʧʫʙʣʽʢʦʚʘʥʠʭ 

ʜʞʝʨʝʣ). ʊʘʢʦʞ ʜʣʷ ʧʦʙʫʜʦʚʠ GSRM ʤʦʜʝʣʽ ʙʫʣʠ ʟʘʣʫʯʝʥʽ ʩʝʡʩʤʽʯʥʽ ʜʘʥʽ ï ʮʝ 

ʥʝʛʣʠʙʦʢʽ ʟʝʤʣʝʪʨʫʩʠ (ʜʦ 40 ʢʤ), ʷʢʽ ʚʽʜʙʫʣʠʩʴ ʤʽʞ 1 ʩʽʯʥʷ 1976 ʨʦʢʫ ʪʘ 31 

ʛʨʫʜʥʷ 2003 ʨʦʢʫ (ʚʢʣʶʯʥʦ). ɺʽʜʧʦʚʽʜʥʘ ʽʥʬʦʨʤʘʮʽʷ ʙʫʣʘ ʚʟʷʪʘ ʟ ɻʘʨʚʘʨʜʩʴʢʦʛʦ 

ʢʘʪʘʣʦʛʫ ʪʝʥʟʦʨʽʚ ʮʝʥʪʨʦʾʜʥʠʭ ʤʦʤʝʥʪʽʚ. ɻʝʦʣʦʛʽʯʥʠʤʠ ʜʘʥʠʤʠ ʩʣʫʞʠʣʠ 

ʰʚʠʜʢʦʩʪʽ ʢʦʚʟʘʥʥʷ ʯʝʪʚʝʨʪʠʥʥʠʭ ʨʦʟʣʦʤʽʚ ʜʣʷ ʎʝʥʪʨʘʣʴʥʦʾ ɸʟʽʾ, ʷʢʽ 

ʢʦʥʚʝʨʪʫʚʘʣʠʩʴ ʫ ʰʚʠʜʢʦʩʪʽ ʜʝʬʦʨʤʘʮʽʾ. ɺʩʽ ʧʦʩʠʣʘʥʥʷ ʥʘ ʚʭʽʜʥʽ ʜʘʥʽ ʤʦʞʥʘ 

ʟʥʘʡʪʠ ʥʘ ʦʬʽʮʽʡʥʦʤʫ ʩʘʡʪʽ ʧʨʦʝʢʪʫ [127, 128]. ɿʘʛʘʣʦʤ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ 3024 

ɻʅʉʉ-ʩʪʘʥʮʽʾ ʟ ʙʘʟʠ ʜʘʥʠʭ [189]. ʐʚʠʜʢʦʩʪʽ ʧʝʨʝʤʽʱʝʥʥʷ ʚʠʟʥʘʯʘʣʠʩʴ ʟʘ 

ʤʝʪʦʜʠʢʦʶ, ʧʨʝʜʩʪʘʚʣʝʥʦʶ ʫ ʨʦʙʦʪʽ [81]. ɼʣʷ ʮʴʦʛʦ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʦʙʦʚʽ 

ʨʦʟʚôʷʟʢʠ ʟʘ ʧʝʨʽʦʜ ʱʦʥʘʡʤʝʥʰʝ ʫ 2,5 ʨʦʢʠ. ʐʚʠʜʢʦʩʪʽ ʧʝʨʝʤʽʱʝʥʥʷ ʩʪʘʥʮʽʾ 

ʚʢʣʶʯʘʣʠ ʘʤʧʣʽʪʫʜʥʽ ʪʘ ʚʝʢʪʦʨʥʽ ʜʘʥʽ ʪʘ ʾʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ (ʫ ʤʤ/ʨʽʢ). ʆʩʢʽʣʴʢʠ 

ʘʥʘʣʽʟ ʯʘʩʦʚʠʭ ʨʷʜʽʚ ʚʠʢʦʥʫʚʘʚʩʷ ʦʢʨʝʤʦ ʜʣʷ ʢʦʞʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ (N,E,U), ʪʦ 

ʧʝʨʝʜʙʘʯʘʣʦʩʴ, ʱʦ ʰʚʠʜʢʦʩʪʽ ʻ ʥʝʢʦʨʝʣʴʦʚʘʥʠʤʠ. ʅʝʚʠʟʥʘʯʝʥʦʩʪʽ ʰʚʠʜʢʦʩʪʽ 

ʦʙʯʠʩʣʶʚʘʣʠʩʴ ʚʽʜʧʦʚʽʜʥʦ ʽʟ ʘʣʛʦʨʠʪʤʦʤ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʤ [220] ʜʣʷ 

ʚʨʘʭʫʚʘʥʥʷ ʰʫʤʫ ɻʅʉʉ-ʚʠʤʽʨʽʚ. ʑʦʪʠʞʥʷ ʩʪʚʦʨʶʚʘʣʠʩʴ ʥʦʚʽ ʰʚʠʜʢʦʩʪʽ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʦʛʦ ʯʘʩʦʚʦʛʦ ʨʷʜʫ. ʇʦʩʠʣʘʥʥʷ ʥʘ 

ʚʭʽʜʥʽ ʜʘʥʽ ʤʦʞʥʘ ʟʥʘʡʪʠ ʥʘ ʦʬʽʮʽʡʥʦʤʫ ʩʘʡʪʽ ʧʨʦʝʢʪʫ [189]. 

ɼʣʷ ʥʘʛʣʷʜʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʨʽʚʥʷʥʥʷ ʨʽʟʥʠʭ ʚʝʢʪʦʨʥʠʭ 

ʧʦʣʽʚ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʘʨʛʫʤʝʥʪʠ ʬʫʥʢʮʽʾ ʢʦʩʠʥʫʩʽʚ ʜʣʷ ʚʽʜʧʦʚʽʜʥʠʭ ʪʦʯʦʢ ʽʟ 

ʨʽʟʥʠʮʴ ʘʟʠʤʫʪʘʣʴʥʠʭ ʥʘʧʨʷʤʢʽʚ ʚʝʢʪʦʨʽʚ ʧʝʨʝʤʽʱʝʥʥʷ (AGNSS)) , (AGSRM) ʪʘ 

ʟʤʦʜʝʣʴʦʚʘʥʠʭ ʊʄʉ (ATMF) , ʪʦʙʪʦ 

ὶ ȟ ÃÏÓὃ ὃ ȟ (2.7) 
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 ὶ ȟ ÃÏÓὃ ὃ ȟ (2.8) 

ʜʝ ὃ  ȟὃ ȟὃ  ï ʘʟʠʤʫʪʠ ʚʝʢʪʦʨʽʚ ʧʝʨʝʤʽʱʝʥʥʷ ɻʅʉʉ ʩʪʘʥʮʽʡ, ʚʝʢʪʦʨʽʚ 

ʧʝʨʝʤʽʱʝʥʥʷ GSRM ʪʘ ʊʄʉ ʚʽʜʧʦʚʽʜʥʦ. ὶ ï ʧʦʨʽʚʥʷʣʴʥʠʡ ʧʦʢʘʟʥʠʢ ʫ ʚʽʜʩʦʪʢʘʭ. 

ʇʦʜʘʶʯʠ ʤʦʞʣʠʚʽ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ (ʚʽʜ ï1 ʜʦ +1) ʫ ʚʽʜʩʦʪʢʘʭ, ʤʠ 

ʧʦʙʫʜʫʚʘʣʠ ʜʽʘʛʨʘʤʫ ʟʦʙʨʘʞʝʥʫ ʥʘ ʨʠʩ. 2.17.  

ɼʚʦʤʘ ʩʪʨʽʣʢʘʤʠ ʫʤʦʚʥʦ ʧʦʢʘʟʘʥʽ ʚʝʢʪʦʨʠ ʧʝʨʝʤʽʱʝʥʥʷ ï ʩʠʥʴʦʶ ɻʅʉʉ 

ʘʙʦ GSRM, ʘ ʯʝʨʚʦʥʦʶ ʚʝʢʪʦʨ ʊʄʉ. ɿʘ ʤʝʞʽ ʜʽʘʛʨʘʤʠ ʚʠʥʝʩʝʥʽ ʟʥʘʯʝʥʥʷ 

ʩʧʽʚʧʘʜʽʥʥʷ ʫ ʚʽʜʩʦʪʢʘʭ. ʋ ʨʘʜʽʘʣʴʥʠʭ ʥʘʧʨʷʤʢʘʭ ʚʠʧʠʩʘʥʽ ʚʽʜʧʦʚʽʜʥʽ ʟʥʘʯʝʥʥʷ 

ʬʫʥʢʮʽʾ ʢʦʩʠʥʫʩʽʚ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʩʧʽʚʧʘʜʽʥʥʷ ʜʫʞʝ ʥʠʟʴʢʝ ʽ ʟʥʘʭʦʜʠʪʴʩʷ ʚ 

ʢʣʘʩʪʝʨʽ 0ï25%. ʉʘʤʝ ʮʝʡ ʢʣʘʩʪʝʨ ʚʽʜʦʢʨʝʤʣʝʥʠʡ ʥʘ ʨʠʩʫʥʢʫ. ʊʘʢʦʞ ʟʘʟʥʘʯʠʤʦ, 

ʱʦ ʜʠʩʢʨʝʪʥʽ ʜʘʥʽ ʜʣʷ ɻʅʉʉ-ʩʪʘʥʮʽʡ ʙʫʣʠ ʚʠʙʨʘʥʽ ʥʘ ʥʝʨʝʛʫʣʷʨʥʽʡ ʩʽʪʮʽ, ʘ ʜʣʷ 

GSRM ï ʥʘ ʨʝʛʫʣʷʨʥʽʡ ʩʽʪʮʽ ʟ ʢʨʦʢʦʤ 1ÜĬ1Ü [208]. 

 

 

ʈʠʩ. 2.17. ʉʭʝʤʘ ʢʣʘʩʪʝʨʽʚ ʜʣʷ ʘʥʘʣʽʟʫ ʥʘʧʨʷʤʢʽʚ ʨʫʭʫ ʪʝʢʪʦʥʽʯʥʠʭ ʧʣʠʪ 

ɼʣʷ ʘʟʠʤʫʪʘʣʴʥʦʛʦ ʧʦʜʽʣʫ ʙʫʣʦ ʩʪʚʦʨʝʥʦ 8 ʢʣʘʩʪʝʨʽʚ ʟ ʢʫʪʦʚʠʤ 

ʜʽʘʧʘʟʦʥʦʤ ʚ 45Ј. ʆʯʝʚʠʜʥʦ, ʱʦ ʪʘʢʠʡ ʢʣʘʩʪʝʨʥʠʡ ʧʦʜʽʣ ʥʘ ʨʠʩ. 2.15 ʤʘʡʞʝ 

ʨʽʚʥʦʤʽʨʥʦ ʧʦʢʨʠʚʘʻ ʚʩʶ ʧʦʚʝʨʭʥʶ. ɺʽʟʫʘʣʴʥʦ ʚʽʜʩʪʝʞʫʻʪʴʩʷ ʧʨʠʙʣʠʟʥʦ 

ʦʜʥʘʢʦʚʝ ʟʘ ʧʣʦʱʝʶ ʟʘʧʦʚʥʝʥʥʷ ʧʦʚʝʨʭʥʽ ʧʣʘʥʝʪʠ. ʃʦʛʽʯʥʠʤ ʻ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ 

ʫ ʨʽʚʥʦʚʝʣʠʢʽʡ ʧʨʦʝʢʮʽʾ ʮʽ ʢʣʘʩʪʝʨʠ ʥʝ ʤʦʞʫʪʴ ʤʘʪʠ ʦʜʥʘʢʦʚʫ ʧʣʦʱʫ, ʘʜʞʝ 
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ʪʘʥʛʝʥʮʽʘʣʴʥʽ ʩʠʣʠ ʨʽʟʥʽ ʟʘ ʽʥʪʝʥʩʠʚʥʽʩʪʶ. ɺʽʜʧʦʚʽʜʥʘ ʩʪʘʪʠʩʪʠʢʘ ʱʦʜʦ 

ʢʽʣʴʢʦʩʪʽ ʚʫʟʣʽʚ ʟʘ ʘʟʠʤʫʪʘʣʴʥʠʤ ʥʘʧʨʷʤʢʦʤ ʊʄʉ, ʷʢʽ ʧʦʧʘʜʘʶʪʴ ʚ ʢʣʘʩʪʝʨ, 

ʥʘʚʝʜʝʥʘ ʫ ʪʘʙʣ. 2.4. ʋ ʚʽʜʩʦʪʢʦʚʦʤʫ ʚʽʜʥʦʰʝʥʥʽ ʢʽʣʴʢʽʩʪʴ ʚʫʟʣʽʚ ʢʦʣʠʚʘʻʪʴʩʷ 

ʚʽʜ 8,2% ʜʦ 15,4%. ɿ ʨʠʩ. 2.15 ʪʘʢʦʞ ʤʦʞʥʘ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʤʝʞʽ ʢʣʘʩʪʝʨʥʠʭ ʟʦʥ 

ʧʦʪʨʘʧʣʷʶʪʴ ʥʘ ʩʤʫʛʠ çʚʦʜʦʜʽʣʫ ʽ ʪʘʣʴʚʝʛʫè, ʱʦ ʤʦʞʝ ʙʫʪʠ ʦʜʥʠʤ ʽʟ ʬʘʢʪʦʨʽʚ 

ʧʦʷʚʠ ʛʣʦʙʘʣʴʥʠʭ ʨʦʟʣʦʤʥʠʭ ʩʪʨʫʢʪʫʨ ʧʣʠʪʦʚʦʾ ʪʝʢʪʦʥʽʢʠ. 

  ʊʘʙʣʠʮʷ 2.5. 

 ʉʪʘʪʠʩʪʠʢʘ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʽʟʫ ʟʘ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʪʘʥʛʝʥʮʽʘʣʴʥʠʭ ʤʘʩʦʚʠʭ ʩʠʣ 

ʂʣʘʩʪʝʨ 
% 

ʂʽʣʴʢʽʩʪʴ 

ʚʫʟʣʽʚ min, ʤɻʘʣ max, ʤɻʘʣ 

0 57.6 4.9 32 

57.6 96.2 13.6 88 

96.2 134.8 47.8 310 

134.8 173.4 18.8 122 

173.4 212.1 14.8 96 

ɿ ʪʦʯʢʠ ʟʦʨʫ ʢʽʣʴʢʦʩʪʽ ʚʫʟʣʽʚ ʮʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʢʣʘʜʘʻ ʚʽʜ 4,9% ʜʦ 

14,8% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ. ʅʘʡʙʽʣʴʰʝ ʚʫʟʣʽʚ ʟʘ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʟʥʘʭʦʜʷʪʴʩʷ ʫ 

çʩʝʨʝʜʥʴʦʤʫè ʢʣʘʩʪʝʨʽ ï 47,8%. ʉʘʤʝ ʮʝʡ ʢʣʘʩʪʝʨ ʧʦʪʨʘʧʣʷʻ ʥʘ çʪʝʢʪʦʥʽʯʥʠʡ 

ʚʦʜʦʜʽʣ ʽ ʪʘʣʴʚʝʛè, ʱʦ ʽʣʶʩʪʨʫʻ ʩʪʘʣʝ ʥʘʧʨʫʞʝʥʥʷ ʚ ʮʠʭ ʦʙʣʘʩʪʷʭ ʯʝʨʝʟ 

ʧʝʨʝʦʨʽʻʥʪʘʮʽʶ ʬʽʛʫʨʠ [63]. 

ʗʢ ʙʘʯʠʤʦ ʟ ʨʠʩ. 2.18, ʥʘʡʙʽʣʴʰ ʧʦʜʽʙʥʽ ʚʝʢʪʦʨʠ ɻʅʉʉ ʪʘ ʊʄʉ 

ʚʽʜʩʪʝʞʫʶʪʴʩʷ ʥʘ ʪʝʨʠʪʦʨʽʾ ɭʚʨʘʟʽʾ, ʇʽʚʜʝʥʥʦʾ ɸʤʝʨʠʢʠ ʪʘ ɸʬʨʠʢʠ. ɿ ʪʦʯʢʠ 

ʟʦʨʫ ʛʣʦʙʘʣʴʥʦʾ ʪʝʢʪʦʥʽʢʠ ʤʦʞʥʘ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʥʘʧʨʷʤʢʠ ʚʝʢʪʦʨʽʚ ɻʅʉʉ ʪʘ 

ʊʄʉ ʮʽʣʢʦʤ ʩʧʽʚʧʘʜʘʶʪʴ ʥʘ ʂʘʨʠʙʩʴʢʽʡ ʪʘ ɸʨʘʚʽʡʩʴʢʽʡ ʧʣʠʪʘʭ. ʊʘʢʦʞ ʧʨʠʩʫʪʥʽ 

ʣʦʢʘʣʴʥʽ ʘʥʦʤʘʣʽʾ ʯʝʨʝʟ ʥʘʷʚʥʽʩʪʴ ʜʝʷʢʠʭ ɻʅʉʉ-ʩʪʘʥʮʽʾ ʚ ʄʘʣʽʡ ɸʟʽʾ ʪʘ ʥʘ 

ʪʝʨʠʪʦʨʽʾ ɻʚʽʘʥʩʴʢʦʛʦ ʱʠʪʘ ʇʽʚʜʝʥʥʦʾ ɸʤʝʨʠʢʠ. 
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ʈʠʩ. 2.18. ʂʘʨʪʦʩʭʝʤʘ ʧʦʨʽʚʥʷʥʥʷ ʥʘʧʨʷʤʢʽʚ ʨʫʭʫ ɻʅʉʉ ʩʪʘʥʮʽʡ ʪʘ ʊʄʉ. ʂʘʨʪʫ 

ʩʢʣʘʜʝʥʦ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʞ ʪʝʢʪʦʥʽʯʥʠʭ ʧʣʠʪ ʥʘʚʝʜʝʥʠʭ ʫ [77]. 

ʉʧʽʚʩʪʘʚʣʝʥʥʷ ʥʘʧʨʷʤʢʽʚ ʨʫʭʫ ʤʘʪʝʨʠʢʽʚ ʟʘ ʤʦʜʝʣʣʶ GSRM ʽ ʊʄʉ 

ʧʦʜʘʥʦ ʥʘ ʨʠʩ. 2.19. ɿʘ ʤʦʜʝʣʴʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʚʝʢʪʦʨʽʚ GSRM ʚʽʜʩʪʝʞʫʻʪʴʩʷ 

ʤʘʢʩʠʤʘʣʴʥʝ ʩʧʽʚʧʘʜʽʥʥʷ ʟ ʚʝʢʪʦʨʘʤʠ ʊʄʉ ʥʘ ɸʨʘʚʽʡʩʴʢʽʡ, ʂʘʨʠʙʩʴʢʽʡ ʧʣʠʪʘʭ 

ʪʘ ʧʣʠʪʽ ʂʦʢʦʩ. ɿʘʛʘʣʦʤ, ʪʫʪ ʧʨʦʩʪʝʞʫʻʪʴʩʷ ʙʽʣʴʰʘ ʢʦʨʝʣʷʮʽʷ ʤʽʞ ʚʝʢʪʦʨʘʤʠ ʙʝʟ 

ʥʘʷʚʥʦʩʪʽ ʘʥʦʤʘʣʴʥʠʭ ʟʦʥ. ʊʘʢʦʞ ʯʽʪʢʦ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʢʦʨʝʣʷʮʽʷ ʤʽʞ 

ʚʝʢʪʦʨʘʤʠ GSRM ʪʘ ʊʄʉ ʜʣʷ ʧʽʚʜʝʥʥʦʾ ʯʘʩʪʠʥʠ ʊʠʭʦʦʢʝʘʥʩʴʢʦʾ ʧʣʠʪʠ. ʇʨʦʪʝ 

ʚʦʥʘ ʦʙʤʝʞʫʻʪʴʩʷ ʧʦ ʾʾ ʛʨʘʥʠʮʽ, ʘʥʘʣʦʛʽʯʥʘ ʢʦʨʝʣʷʮʽʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʘ 

ʛʨʘʥʠʮʷʭ ʉʫʥʜʩʴʢʦʾ ʧʣʠʪʠ. ɿʘʛʘʣʦʤ ʥʘʷʚʥʘ ʢʦʨʝʣʷʮʽʷ ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʧʨʠʙʣʠʟʥʦ 

ʥʘ ʪʨʝʪʠʥʽ ʧʦʚʝʨʭʥʽ ʧʣʘʥʝʪʠ. 
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ʈʠʩ. 2.19. ʂʘʨʪʦʩʭʝʤʘ ʧʦʨʽʚʥʷʥʥʷ ʥʘʧʨʷʤʢʽʚ ʨʫʭʫ ʤʘʪʝʨʠʢʽʚ ʟʘ ʤʦʜʝʣʣʶ GSRM 

ʽ ʊʄʉ. ʂʘʨʪʫ ʩʢʣʘʜʝʥʦ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʞ ʪʝʢʪʦʥʽʯʥʠʭ ʧʣʠʪ ʥʘʚʝʜʝʥʠʭ ʫ 

[77]. 

ʇʽʜʩʫʤʦʚʫʶʯʠ ʚʠʢʣʘʜʝʥʝ, ʤʦʞʥʘ ʢʦʥʩʪʘʪʫʚʘʪʠ, ʱʦ ʩʴʦʛʦʜʥʽ ʽʩʥʫʶʪʴ 

ʜʦʩʠʪʴ ʪʦʯʥʽ ʜʘʥʽ ʱʦʜʦ ʪʦʧʦʛʨʘʬʽʾ ɿʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʷʢ ʥʘ ʢʦʥʪʠʥʝʥʪʘʭ, ʪʘʢ ʽ ʜʣʷ 

ʦʢʝʘʥʽʯʥʦʛʦ ʪʘ ʤʦʨʩʴʢʦʛʦ ʜʥʘ. ʊʦʤʫ ʟô̫ʚʠʣʘʩʴ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʨʘʭʫʚʘʪʠ 

ʫʟʘʛʘʣʴʥʝʥʫ ʬʽʛʫʨʫ ʬʽʟʠʯʥʦʾ ʧʦʚʝʨʭʥʽ ʫ ʚʠʛʣʷʜʽ ʜʚʦʚʽʩʥʦʛʦ ʝʣʽʧʩʦʾʜʘ ʽʟ ʩʚʦʾʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʦʨʽʻʥʪʘʮʽʾ ʚʽʩʝʡ. ʇʨʦʪʝ ʥʝ ʽʩʥʫʻ ʧʝʨʝʢʦʥʣʠʚʠʭ ʜʘʥʠʭ, ʷʢʽ ʙ ʜʘʣʠ 

ʟʤʦʛʫ ʦʜʥʦʟʥʘʯʥʦ ʚʩʪʘʥʦʚʠʪʠ ʧʨʠʯʠʥʫ ʨʫʭʫ ʣʽʪʦʩʬʝʨʥʠʭ ʧʣʠʪ. ʋ ʛʝʦʜʠʥʘʤʽʮʽ 

ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʪʨʠ ʦʩʥʦʚʥʽ ʝʥʝʨʛʝʪʠʯʥʽ ʜʞʝʨʝʣʘ ʥʘʧʨʫʞʝʥʴ ʫ ʣʽʪʦʩʬʝʨʽ [212]. 

ʎʝ ʝʥʝʨʛʽʷ ʧʨʫʞʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʚʽʜ ʤʘʩʦʚʠʭ ʩʠʣ ʛʨʘʚʽʪʘʮʽʾ, ʪʝʧʣʦʚʘ ʝʥʝʨʛʽʷ, ʱʦ 

ʚʠʜʽʣʷʻʪʴʩʷ ʟ ʤʘʥʪʽʾ, ʽ ʢʽʥʝʪʠʯʥʘ ʝʥʝʨʛʽʷ ʧʣʘʥʝʪʠ, ʱʦ ʦʙʝʨʪʘʻʪʴʩʷ. ɼʦʩʣʽʜʞʝʥʥʷ 

ʊʄʉ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʚʥʘʩʣʽʜʦʢ ʟʤʽʥʠ ʧʝʨʝʦʨʽʻʥʪʘʮʽʾ ʣʽʪʦʩʬʝʨʥʦʾ ʦʙʦʣʦʥʢʠ 

ʥʘʰʦʾ ʧʣʘʥʝʪʠ ʯʝʨʝʟ ʜʽʶ ʛʨʘʚʽʪʘʮʽʡʥʦ-ʨʦʪʘʮʽʡʥʠʭ ʩʠʣ ʧʦʢʘʟʘʣʠ, ʱʦ ʥʘ ʾʾ 

ʧʦʚʝʨʭʥʽ ʫʪʚʦʨʶʻʪʴʩʷ ʜʝʬʦʨʤʘʮʽʡʥʝ ʧʦʣʝ ʣʘʪʝʨʘʣʴʥʠʭ ʟʤʽʱʝʥʴ. ʁʦʛʦ ʚʝʢʪʦʨʠ 
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ʨʦʟʤʽʱʝʥʽ ʫ ʚʠʛʣʷʜʽ ʜʚʦʭ ʚʠʭʨʽʚ, ʘ ʾʭ ʜʚʘ ʬʦʢʫʩʠ ʟʥʘʭʦʜʷʪʴʩʷ ʧʦʙʣʠʟʫ ʝʢʚʘʪʦʨʘ. 

ʎʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʽʣʶʩʪʨʫʶʪʴ ʽʤʦʚʽʨʥʝ ʛʝʦʤʝʪʨʠʯʥʝ ʧʦʷʩʥʝʥʥʷ 

ʧʝʨʝʤʽʱʝʥʴ ʪʝʢʪʦʥʽʯʥʠʭ ʧʣʠʪ, ʘ ʪʘʢʦʞ ʬʽʟʠʯʥʝ ʧʦʣʝ ʪʘʥʛʝʥʮʽʘʣʴʥʠʭ ʜʝʬʦʨʤʘʮʽʡ 

ʣʽʪʦʩʬʝʨʠ. ʎʝʡ ʨʽʚʝʥʴ ʜʦʪʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ ʩʪʘʥʦʚʠʪʴ ~ 5Ā10
7
 ʇʘ ʽ ʚʽʜʧʦʚʽʜʘʻ 

ʰʚʠʜʢʦʩʪʷʤ ʪʝʯʽʾ ʚ ʘʩʪʝʥʦʩʬʝʨʽ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʦʪʨʠʤʘʪʠ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ 

ʣʽʪʦʩʬʝʨʥʠʭ ʧʣʠʪ ʜʦ 100 ʤʤ ʥʘ ʨʽʢ. ɺʥʘʩʣʽʜʦʢ ʚʽʜʭʠʣʝʥʴ ʜʚʦʭ ʦʩʥʦʚʥʠʭ ʬʽʛʫʨ 

ɿʝʤʣʽ, ʱʦ ʘʧʨʦʢʩʠʤʫʶʪʴ ʬʽʟʠʯʥʫ ʧʦʚʝʨʭʥʶ ʪʘ ʛʝʦʾʜ, ʦʢʨʝʤʽ ʙʣʦʢʠ ʟʝʤʥʦʾ ʢʦʨʠ 

ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʧʝʨʤʘʥʝʥʪʥʦʤʫ ʩʪʘʥʽ ʨʫʭʫ. ʊʘʢʠʡ ʩʪʘʥ, ʙʝʟʫʤʦʚʥʦ, ʚʧʣʠʚʘʻ ʥʘ 

ʜʝʬʦʨʤʘʮʽʶ ʪʦʧʦʣʦʛʽʾ ʬʽʛʫʨʠ, ʷʢʘ ʟ ʛʝʦʣʦʛʽʯʥʠʤ ʯʘʩʦʤ ʟʤʽʥʶʻʪʴʩʷ ʫ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʟʤʽʥʠ ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʥʘʚʢʦʣʦ ʦʩʽ ʦʙʝʨʪʘʥʥʷ.  

ʅʘ ʥʘʰʫ ʜʫʤʢʫ, ʮʝ ʦʜʠʥ ʟ ʚʽʨʦʛʽʜʥʠʭ ʯʠʥʥʠʢʽʚ ʧʨʦʮʝʩʫ, ʱʦ ʟʘʧʫʩʢʘʻ 

ʛʣʦʙʘʣʴʥʽ ʨʫʭʠ ʣʽʪʦʩʬʝʨʥʠʭ ʙʣʦʢʽʚ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʪʨʘʥʩʬʦʨʤʘʮʽʷ 

ʬʽʛʫʨʠ ʣʽʪʦʩʬʝʨʠ, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʤʽʥʦʶ ʨʦʟʤʽʨʽʚ ʦʩʝʡ ʝʣʽʧʩʦʾʜʽʚ, ʱʦ 

ʦʧʠʩʫʻ ʧʦʚʝʨʭʥʶ ʣʽʪʦʩʬʝʨʠ, ʪʘʢ ʽ ʾʭ ʦʨʽʻʥʪʘʮʽʶ. ʇʽʜʪʚʝʨʜʞʝʥʥʷʤ ʮʠʭ 

ʧʨʠʧʫʱʝʥʴ ʤʦʞʝ ʨʦʟʛʣʷʜʘʪʠʩʴ ʘʥʘʣʽʟ ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʚʝʢʪʦʨʥʦʛʦ ʧʦʣʷ ʊʄʉ ʟ 

ʧʦʣʝʤ ʧʝʨʝʤʽʱʝʥʴ ʪʝʢʪʦʥʽʯʥʠʭ ʧʣʠʪ ʟʘ ʜʘʥʠʤʠ ʥʘʧʨʷʤʢʽʚ ʨʫʭʫ ɻʅʉʉ-ʩʪʘʥʮʽʡ 

ʪʘ ʨʫʭʫ ʤʘʪʝʨʠʢʽʚ ʟʘ ʤʦʜʝʣʣʶ GSRM. 

ɺʠʩʥʦʚʢʠ ʜʦ ʜʨʫʛʦʛʦ ʨʦʟʜʽʣʫ 

ɼʨʫʛʠʡ ʨʦʟʜʽʣ ʚʠʩʚʽʪʣʶʻ ʚʘʞʣʠʚʽ ʘʩʧʝʢʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ 

ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʟʤʽʥ ʬʽʛʫʨʠ ɿʝʤʣʽ ʚ ʛʝʦʣʦʛʽʯʥʦʤʫ ʯʘʩʽ, ʷʢʽ ʤʘʶʪʴ ʢʣʶʯʦʚʝ 

ʟʥʘʯʝʥʥʷ ʜʣʷ ʨʦʟʫʤʽʥʥʷ ʛʝʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʚʦʣʶʮʽʶ 

ʧʣʘʥʝʪʠ. ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʮʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʩʫʤʦʚʫʶʪʴ ʥʘʩʪʫʧʥʽ 

ʚʠʩʥʦʚʢʠ:  

1. ʂʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʧʘʣʝʦʨʝʢʦʥʩʪʨʫʢʮʽʡ ʤʘʪʝʨʠʢʽʚ ʧʦʢʘʟʘʣʦ ʩʫʪʪʻʚʽ ʟʤʽʥʠ 

ʫ ʾʭʥʴʦʤʫ ʧʦʣʦʞʝʥʥʽ ʪʘ ʬʦʨʤʽ ʧʨʦʪʷʛʦʤ ʤʽʣʴʡʦʥʽʚ ʨʦʢʽʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʠʭ 

ʧʘʣʝʦʤʘʛʥʝʪʠʟʤʫ, ʤʘʛʥʽʪʥʠʭ ʘʥʦʤʘʣʽʡ ʪʘ ʽʥʰʠʭ ʛʝʦʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ ʜʦʟʚʦʣʠʣʦ 

ʪʦʯʥʽʰʝ ʚʠʟʥʘʯʠʪʠ ʤʠʥʫʣʽ ʧʦʟʠʮʽʾ ʢʦʥʪʠʥʝʥʪʽʚ ʽ ʚʽʜʥʦʚʠʪʠ ʾʭʥʽ ʨʫʭʠ ʚʧʨʦʜʦʚʞ 

ʛʝʦʣʦʛʽʯʥʦʛʦ ʯʘʩʫ ʝʚʦʣʶʮʽʾ ɿʝʤʣʽ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʮʠʬʨʦʚʠʭ ʤʦʜʝʣʝʡ ʨʝʣʴʻʬʫ 
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(PaleoDEM) ʪʘ ʽʩʪʦʨʠʯʥʠʭ ʢʘʨʪ ʧʘʣʝʦʨʝʢʦʥʩʪʨʫʢʮʽʡ ʜʦʟʚʦʣʠʣʦ ʤʦʜʝʣʶʚʘʪʠ 

ʧʣʘʥʝʪʘʨʥʽ ʟʤʽʥʠ ʨʝʣʴʻʬʫ ʪʘ ʬʦʨʤʠ ɿʝʤʣʽ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʜʘʥʠʭ ʧʨʦ ʨʦʟʧʦʜʽʣ 

ʢʦʥʪʠʥʝʥʪʽʚ ʽ ʦʢʝʘʥʽʚ. 

2. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʥʘʙʦʨʘʤʠ ʜʘʥʠʭ ʚʠʩʦʪ ʪʦʧʦʛʨʘʬʽʾ ʜʣʷ 

ʩʫʯʘʩʥʠʭ ʤʦʜʝʣʝʡ ʽ ʤʦʜʝʣʝʡ ʧʘʣʝʦʨʝʢʦʥʩʪʨʫʢʮʽʡ ʤʘʪʝʨʠʢʽʚ ʽ ʦʢʝʘʥʽʯʥʦʛʦ ʜʥʘ 

(PaleoDEM), ɿʝʤʣʷ ʥʘʙʫʚʘʣʘ ʬʦʨʤʠ, ʷʢʘ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʝʣʽʧʩʦʾʜʘ ʦʙʝʨʪʘʥʥʷ. 

ʆʜʥʘʢ, ʟʘ ʨʽʟʥʽ ʛʝʦʣʦʛʽʯʥʽ ʧʝʨʽʦʜʠ ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʚʽʜʭʠʣʝʥʥʷ ʬʽʛʫʨʠ ʚʽʜ ʮʽʻʾ 

ʽʜʝʘʣʴʥʦʾ ʬʦʨʤʠ ʯʝʨʝʟ ʥʝʨʽʚʥʦʤʽʨʥʠʡ ʧʝʨʝʨʦʟʧʦʜʽʣ ʤʘʪʝʨʠʢʽʚ ʪʘ ʦʢʝʘʥʽʚ ʚ 

ʛʝʦʣʦʛʽʯʥʦʤʫ ʯʘʩʽ. ɼʝʪʘʣʴʥʦ ʦʧʠʩʘʥʽ ʩʫʧʨʦʚʽʜʥʽ ʧʨʦʮʝʩʠ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʬʽʛʫʨʠ 

ʧʣʘʥʝʪʠ ʚʽʜ ʛʝʦʩʬʝʨʠ ʜʦ ʜʚʦʚʽʩʥʦʛʦ ʝʣʽʧʩʦʾʜʘ, ʪʨʠʚʽʩʥʦʛʦ ʪʘ ʥʘʚʧʘʢʠ. 

ɺʠʩʚʽʪʣʝʥʘ ʤʝʪʦʜʠʢʘ ʦʙʯʠʩʣʝʥʥʷ ʮʠʭ ʟʤʽʥ. ɼʘʥʘ ʢʽʣʴʢʽʩʥʘ ʪʘ ʷʢʽʩʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʮʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʫ ʚʠʛʣʷʜʽ ʛʨʘʬʽʢʽʚ ʜʠʥʘʤʽʢʠ ʧʘʨʘʤʝʪʨʽʚ ʬʽʛʫʨ, 

ʱʦ ʘʧʨʦʢʩʠʤʫʶʪʴ ʣʽʪʦʩʬʝʨʫ ʪʘ ʧʝʨʝʦʨʽʻʥʪʘʮʽʶ ʮʠʭ ʬʽʛʫʨ. ʎʽʢʘʚʠʤʠ ʚʠʷʚʠʣʠʩʷ 

ʧʨʦʝʢʮʽʾ ʤʘʣʦʾ ʚʽʩʽ ʜʚʦʚʽʩʥʦʛʦ ʝʣʽʧʩʦʾʜʘ ʥʘ ʧʦʚʝʨʭʥʶ ʣʽʪʦʩʬʝʨʠ ʚ ʨʽʟʥʽ 

ʛʝʦʣʦʛʽʯʥʽ ʝʧʦʭʠ. ʊʘʢ, ʤʘʢʩʠʤʘʣʴʥʝ ʚʽʜʭʠʣʝʥʥʷ ʧʦʣʶʩʘ ʤʘʣʦʾ ʧʽʚʚʽʩʽ ʚʽʜ 

ʧʽʚʥʽʯʥʦʛʦ ʧʦʣʶʩʘ ɿʝʤʣʽ ʩʪʘʥʦʚʠʪʴ ~ 3 Á ʜʣʷ 108 ʦʪʨʠʤʘʥʠʭ ʝʣʽʧʩʦʾʜʽʚ ʟʘ 

ʜʘʥʠʤʠ PaleoDEM, ʷʢʽ ʘʧʨʦʢʩʠʤʫʶʪʴ ʧʦʚʝʨʭʥʶ ʣʽʪʦʩʬʝʨʠ ʜʣʷ ʨʽʟʥʠʭ 

ʛʝʦʣʦʛʽʯʥʠʭ ʝʧʦʭ, ʱʦ ʤʦʞʝ ʚʢʘʟʫʚʘʪʠ ʥʘ ʢʨʠʪʠʯʥʫ ʚʝʣʠʯʠʥʫ ʚʽʜʭʠʣʝʥʥʷ 

ʛʝʦʛʨʘʬʽʯʥʦʛʦ ʧʦʣʶʩʘ ʚʽʜ ʚʽʩʽ ʦʙʝʨʪʘʥʥʷ ɿʝʤʣʽ ʜʣʷ ʙʫʜʴ-ʷʢʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ 

ʨʦʟʤʽʱʝʥʥʷ ʤʘʪʝʨʠʢʽʚ ʽ ʚʦʜʥʦʾ ʧʦʚʝʨʭʥʽ. ʆʜʝʨʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʽʜʢʨʝʩʣʶʶʪʴ 

ʚʘʞʣʠʚʽʩʪʴ ʪʨʠʚʘʣʠʭ ʛʝʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʪʝʥʜʝʥʮʽʾ ʟʤʽʥ 

ʬʽʛʫʨʠ ʧʣʘʥʝʪʠ, ʟʦʢʨʝʤʘ ʚ ʘʩʧʝʢʪʽ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʜʚʦʚʽʩʥʦʛʦ ʝʣʽʧʩʦʾʜʘ ʚ 

ʪʨʠʚʽʩʥʠʡ ʧʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ 540 ʤʣʥ ʨʦʢʽʚ. ʇʦʢʘʟʘʥʦ, ʱʦ ʪʘʢʽ ʟʤʽʥʠ ʻ 

ʥʘʩʣʽʜʢʦʤ ʩʢʣʘʜʥʠʭ ʚʟʘʻʤʦʜʽʡ ʚʥʫʪʨʽʰʥʽʭ ʩʠʣ ʧʣʘʥʝʪʠ ʪʘ ʟʦʚʥʽʰʥʽʭ ʚʧʣʠʚʽʚ, ʱʦ 

ʧʦʩʪʫʧʦʚʦ ʧʝʨʝʬʦʨʤʦʚʫʶʪʴ ʬʽʛʫʨʫ ɿʝʤʣʽ. 

3. ɸʥʘʣʽʟ ʧʘʣʝʦʨʝʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʤʦʜʝʣʝʡ ʬʽʛʫʨʠ ɿʝʤʣʽ ʚʢʘʟʘʚ ʥʘ ʪʝ, ʱʦ 

ʣʽʪʦʩʬʝʨʘ ʟʘʟʥʘʣʘ ʟʥʘʯʥʠʭ ʟʤʽʥ ʧʨʦʪʷʛʦʤ ʛʝʦʣʦʛʽʯʥʦʾ ʝʚʦʣʶʮʽʾ. ɺʥʘʩʣʽʜʦʢ ʟʤʽʥʠ 

ʦʨʽʻʥʪʘʮʽʾ ʝʣʽʧʩʦʾʜʘ, ʱʦ ʦʧʠʩʫʻ ʣʽʪʦʩʬʝʨʫ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʬʦʨʤʫʚʘʥʥʷ ʦʥʦʚʣʝʥʦʛʦ 

ʧʦʣʷ ʧʦʪʝʥʮʽʡʥʠʭ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʩʠʣ, ʷʢʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʙʝʨʝʞʝʥʥʷ ʤʦʤʝʥʪʫ 
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ʽʤʧʫʣʴʩʫ ʧʝʨʝʤʽʱʫʶʪʴ ʣʽʪʦʩʬʝʨʥʽ ʤʘʩʠ ʽ ʛʝʥʝʨʫʶʪʴ ʥʘʧʨʫʞʝʥʥʷ ʪʘ ʜʝʬʦʨʤʘʮʽʾ 

ʚ ʣʽʪʦʩʬʝʨʥʽʡ ʦʙʦʣʦʥʮʽ. ʅʘʡʙʽʣʴʰʽ ʧʽʜʥʷʪʪʷ ʽ ʦʧʫʩʢʘʥʥʷ ʦʜʥʦʛʦ ʝʣʽʧʩʦʾʜʘ ʥʘʜ 

ʜʨʫʛʠʤ, ʱʦ ʫʟʘʛʘʣʴʥʝʥʦ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʣʽʪʦʩʬʝʨʫ ɿʝʤʣʽ ʽ ʛʝʦʾʜ, ʩʪʘʥʦʚʣʷʪʴ 950 

ʤ ʽ ʮʝ ʧʽʜʥʷʪʪʷ ʧʨʠʚʦʜʠʪʴ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʊʄʉ. ʇʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ ʣʽʪʦʩʬʝʨʠ 

ʚʥʘʩʣʽʜʦʢ ʜʽʾ ʊʄʉ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʜʨʝʡʬʫ ʤʘʪʝʨʠʢʽʚ (ʪʝʢʫʯʦʤʫ ʧʝʨʝʤʽʱʝʥʥʶ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʣʽʪʦʩʬʝʨʠ). ʄʘʢʩʠʤʘʣʴʥʽ ʚʠʭʨʦʚʽ ʪʘʥʛʝʥʮʽʘʣʴʥʽ ʩʠʣʠ 

ʩʧʽʚʧʘʜʘʶʪʴ ʟ ʟʦʥʘʤʠ ʧʣʘʥʝʪʠ, ʜʝ ʚʽʜʙʫʚʘʶʪʴʩʷ ʛʣʠʙʦʢʦʬʦʢʫʩʥʽ ʧʦʪʫʞʥʽ 

ʟʝʤʣʝʪʨʫʩʠ, ʽ ʟʘʛʘʣʦʤ ʪʝʢʪʦʥʽʯʥʘ ʘʢʪʠʚʥʽʩʪʴ ʻ ʥʘʡʚʠʱʦʶ. 

4. ʂʣʘʩʪʝʨʥʠʡ ʪʘ ʢʦʨʝʣʷʮʽʡʥʠʡ ʘʥʘʣʽʟ ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʚʝʢʪʦʨʥʦʛʦ ʧʦʣʷ ʊʄʉ 

ʟ ʧʦʣʝʤ ʧʝʨʝʤʽʱʝʥʴ ʪʝʢʪʦʥʽʯʥʠʭ ʧʣʠʪ ʟʘ ʜʘʥʠʤʠ ʥʘʧʨʷʤʢʽʚ ʨʫʭʫ ɻʅʉʉ ʩʪʘʥʮʽʡ 

ʪʘ ʨʫʭʫ ʤʘʪʝʨʠʢʽʚ ʟʘ ʤʦʜʝʣʣʶ GSRM ʥʘʜʘʣʦ ʢʽʣʴʢʽʩʥʝ ʧʽʜʪʚʝʨʜʞʝʥʥʷ 

ʧʨʠʧʫʱʝʥʴ ʱʦʜʦ ʤʦʞʣʠʚʦʛʦ ʚʧʣʠʚʫ ʮʠʭ ʩʠʣ ʥʘ ʤʝʭʘʥʽʟʤ ʨʫʭʫ ʪʝʢʪʦʥʽʯʥʠʭ 

ʧʣʠʪ. ɿʤʽʱʝʥʥʷ ʧʦʣʶʩʽʚ ʝʣʽʧʩʦʾʜʘʣʴʥʦʾ ʬʽʛʫʨʠ ʣʽʪʦʩʬʝʨʠ ʩʚʽʜʯʠʪʴ ʧʨʦ ʘʢʪʠʚʥʽ 

ʪʝʢʪʦʥʽʯʥʽ ʧʨʦʮʝʩʠ, ʷʢʽ ʟʫʤʦʚʣʶʶʪʴ ʜʨʝʡʬ ʢʦʥʪʠʥʝʥʪʽʚ ʪʘ ʪʨʘʥʩʬʦʨʤʘʮʽʶ 

ʦʢʝʘʥʽʯʥʠʭ ʙʘʩʝʡʥʽʚ. ʇʣʘʥʝʪʘʨʥʘ ʢʘʨʪʠʥʘ ʨʦʟʧʦʜʽʣʫ ʚʝʢʪʦʨʽʚ ʊʄʉ ʧʝʨʝʚʘʞʥʦ 

ʜʦʙʨʝ ʢʦʨʝʣʶʻ ʟ ʥʘʧʨʷʤʢʦʤ ʚʝʢʪʦʨʽʚ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʟʤʽʱʝʥʴ ʧʝʨʤʘʥʝʥʪʥʠʭ 

ʩʪʘʥʮʽʡ ʟʘ ɻʅʉʉ-ʚʠʤʽʨʘʤʠ. 

5. ɺʠʢʦʥʘʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʽʜʪʚʝʨʜʠʣʦ, ʱʦ ʨʦʪʘʮʽʡʥʽ ʩʠʣʠ, ʛʨʘʚʽʪʘʮʽʷ ʽ 

ʧʝʨʝʤʽʱʝʥʥʷ ʤʘʩ ʚʽʜʽʛʨʘʶʪʴ ʚʠʨʽʰʘʣʴʥʫ ʨʦʣʴ ʫ ʬʦʨʤʫʚʘʥʥʽ ʬʽʛʫʨʠ ɿʝʤʣʽ, 

ʧʨʠʟʚʦʜʷʯʠ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʥʝʩʪʽʡʢʦʩʪʝʡ ʪʘ ʟʤʽʥ ʫ ʩʪʨʫʢʪʫʨʽ ʣʽʪʦʩʬʝʨʠ. ʎʝ 

ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʚʘʨʽʘʮʽʡ ʧʦʣʷʨʥʦʾ ʩʧʣʶʱʝʥʦʩʪʽ, ʟʤʽʱʝʥʥʷ ʧʦʣʶʩʽʚ, ʘ 

ʪʘʢʦʞ ʫ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʚʠʩʦʪ ʨʝʣʴʻʬʫ ʧʣʘʥʝʪʠ ʚ ʛʝʦʣʦʛʽʯʥʦʤʫ ʯʘʩʽ. 
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ʈʦʟʜʽʣ 3. ɼʦʩʣʽʜʞʝʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʣʽʪʦʩʬʝʨʥʦʾ 

ʦʙʦʣʦʥʢʠ ʪʘ ʨʫʭʫ ʧʦʣʶʩʘ ʚ ʛʝʦʣʦʛʽʯʥʦʤʫ ʯʘʩʽ 

3.1. ɿʘʛʘʣʴʥʽ ʟʘʫʚʘʞʝʥʥʷ ʱʦʜʦ ʧʨʦʙʣʝʤʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ɿʝʤʣʷ ʤʘʻ ʚʽʜʥʦʩʥʦ ʰʚʠʜʢʠʡ ʦʙʝʨʪʘʣʴʥʠʡ ʨʫʭ ʽ, ʽʤʦʚʽʨʥʦ, ʚ ʧʨʦʮʝʩʽ 

ʝʚʦʣʶʮʽʾ ʧʣʘʥʝʪʠ ʟʤʽʥʶʚʘʣʘʩʴ ʦʨʽʻʥʪʘʮʽʷ ʚʽʩʽ ʦʙʝʨʪʘʥʥʷ ʽ ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ. 

ɺʘʨʽʘʮʽʾ ʦʙʝʨʪʘʣʴʥʦʛʦ ʨʫʭʫ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʪʦʧʦʣʦʛʽʾ ʧʦʚʝʨʭʥʽ 

ʣʽʪʦʩʬʝʨʠ ʧʨʦʪʷʛʦʤ ʛʝʦʣʦʛʽʯʥʦʾ ʽʩʪʦʨʽʾ [205]. ʗʢ ʥʘʩʣʽʜʦʢ, ʮʝʡ ʧʨʦʮʝʩ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʫʨʝʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʣʽʪʦʩʬʝʨʠ. 

ʅʘʡʽʤʦʚʽʨʥʽʰʝ ʤʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʜʦʤʽʥʫʶʯʠʤ ʜʞʝʨʝʣʦʤ ʩʠʣ, ʷʢʽ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʽʚʥʦʚʘʞʥʠʡ ʩʪʘʥ ʧʣʘʥʝʪʠ (ʩʪʘʥ ʛʝʦʽʟʦʩʪʘʟʽʾ [50]), ʻ ʟʤʽʥʠ ʢʫʪʦʚʦʾ 

ʰʚʠʜʢʦʩʪʽ ʪʘ ʧʝʨʝʦʨʽʻʥʪʘʮʽʷ ʧʦʚʝʨʭʥʽ ʣʽʪʦʩʬʝʨʠ ʚʽʜʥʦʩʥʦ ʛʝʦʾʜʘ.  

ɿʛʣʘʜʞʝʥʘ ʧʦʚʝʨʭʥʷ ʛʝʦʾʜʘ, ʧʦʨʽʚʥʷʥʦ ʟ ʬʽʟʠʯʥʦʶ ʧʦʚʝʨʭʥʝʶ, 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʙʽʣʴʰ ʩʪʘʙʽʣʴʥʠʤ ʩʪʘʥʦʤ, ʦʩʢʽʣʴʢʠ ʨʦʟʧʦʜʽʣ ʥʝʦʜʥʦʨʽʜʥʠʭ 

ʤʘʥʪʽʡʥʠʭ ʤʘʩ ʤʘʻ ʥʘʡʙʽʣʴʰʠʡ ʚʧʣʠʚ ʥʘ ʾʾ ʬʦʨʤʫʚʘʥʥʷ. ɿʘ ʪʘʢʦʛʦ ʧʨʠʧʫʱʝʥʥʷ 

ʜʠʥʘʤʽʯʥʫ ʝʚʦʣʶʮʽʶ ʬʦʨʤʠ ɿʝʤʣʽ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʥʘʩʣʽʜʦʢ ʧʨʦʮʝʩʽʚ 

ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʤʘʩ ʫ ʩʠʣʦʚʦʤʫ ʧʦʣʽ. ɿʦʚʥʽʰʥʽʤ ʧʨʦʷʚʦʤ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʻ ʬʦʨʤʘ 

ʧʣʘʥʝʪʠ, ʷʢʘ ʧʨʠʡʤʘʻ ʬʦʨʤʫ ʟ ʤʽʥʽʤʘʣʴʥʦʶ ʧʦʪʝʥʮʽʡʥʦʶ ʝʥʝʨʛʽʻʶ ʧʽʜ ʜʽʻʶ 

ʦʙʝʨʪʘʣʴʥʠʭ ʽ ʛʨʘʚʽʪʘʮʽʡʥʠʭ ʩʠʣ. ɺʦʜʥʦʯʘʩ, ʦʯʝʚʠʜʥʦ, ʤʘʶʪʴ ʤʽʩʮʝ ʡ ʽʥʰʽ ʩʠʣʠ, 

ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʥʫʪʨʽʰʥʽ ʧʨʦʮʝʩʠ ʽ ʩʧʨʷʤʦʚʘʥʽ ʧʨʦʪʠ ʩʠʣ ʛʨʘʚʽʪʘʮʽʾ.  

ʆʪʞʝ, ʜʽʷ ʮʠʭ ʧʨʦʪʠʣʝʞʥʠʭ ʩʠʣ ʬʦʨʤʫʻ ʢʦʤʙʽʥʦʚʘʥʝ ʥʘʧʨʫʞʝʥʦ-

ʜʝʬʦʨʤʦʚʘʥʝ ʧʦʣʝ, ʟʫʤʦʚʣʝʥʝ ʜʝʬʦʨʤʘʮʽʻʶ ʪʦʧʦʣʦʛʽʾ ʧʦʚʝʨʭʥʽ ʧʣʘʥʝʪʠ ʽ 

ʚʽʜʧʦʚʽʜʥʦʶ ʜʠʥʘʤʽʯʥʦʶ ʨʝʘʢʮʽʻʶ, ʱʦ ʚʠʥʠʢʘʻ ʚʥʘʩʣʽʜʦʢ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʤʘʩ. 

ʅʘ ʮʽ ʤʘʩʠ ʚʧʣʠʚʘʶʪʴ ʩʠʣʠ, ʜʽʷ ʷʢʠʭ ʟʘʧʫʩʢʘʻ ʧʨʦʮʝʩʠ ʧʝʨʝʭʦʜʫ ʚʽʜ ʦʜʥʦʛʦ 

ʩʪʘʥʫ ʪʠʤʯʘʩʦʚʦʾ ʨʽʚʥʦʚʘʛʠ ʜʦ ʽʥʰʦʛʦ ʚ ʨʽʟʥʠʭ ʯʘʩʦʚʠʭ ʽ ʧʨʦʩʪʦʨʦʚʠʭ 

ʤʘʩʰʪʘʙʘʭ ʚ ʧʣʘʥʝʪʘʨʥʦʤʫ ʧʦʣʽ ʥʘʧʨʫʞʝʥʴ ʽ ʜʝʬʦʨʤʘʮʽʡ. ʎʝʡ ʙʝʟʧʝʨʝʨʚʥʠʡ 

ʧʨʦʮʝʩ ʨʝʘʢʮʽʾ ʤʘʻ ʩʚʦʶ ʢʨʠʪʠʯʥʫ ʤʝʞʫ ʥʘʧʨʫʞʝʥʴ, ʷʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʬʽʟʠʢʦ-

ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʚʝʣʠʯʠʥ ʽ ʤʘʩʰʪʘʙʽʚ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʝʢʪʦʥʽʯʥʠʭ ʬʦʨʤ ʽ ʪʨʠʚʘʣʦʩʪʽ ʜʽʾ ʩʠʣ. ʇʽʩʣʷ 
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ʜʦʩʷʛʥʝʥʥʷ ʢʨʠʪʠʯʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ʧʦʚʝʨʭʥʷ ʧʣʘʥʝʪʠ ʪʨʘʥʩʬʦʨʤʫʻ ʩʚʦʶ 

ʬʦʨʤʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʽʟʥʦʦʨʽʻʥʪʦʚʘʥʠʭ ʨʦʟʣʦʤʽʚ ʫ ʚʠʛʣʷʜʽ ʪʨʽʱʠʥ 

ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʤʘʩʰʪʘʙʫ, ʫʪʚʦʨʝʥʥʷ ʣʽʥʝʘʤʝʥʪʥʠʭ ʩʪʨʫʢʪʫʨ ʽ ʛʽʛʘʥʪʩʴʢʠʭ 

ʛʝʦʣʦʛʽʯʥʠʭ ʨʦʟʣʦʤʽʚ.  

ʂʨʽʤ ʪʦʛʦ, ʤʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʢʨʽʤ ʛʨʘʚʽʪʘʮʽʡʥʦ-ʦʙʝʨʪʦʚʠʭ ʩʠʣ, 

ʧʦʚ'ʷʟʘʥʠʭ ʟ ʧʝʨʝʨʦʟʧʦʜʽʣʦʤ ʧʣʘʥʝʪʘʨʥʠʭ ʤʘʩ, ʥʘ ʽʥʪʝʛʨʘʣʴʥʝ ʧʦʣʝ ʥʘʧʨʫʞʝʥʴ ʚ 

ʝʣʽʧʩʦʾʜʥʠʭ ʦʙʦʣʦʥʢʘʭ ʧʣʘʥʝʪʠ ʚʧʣʠʚʘʶʪʴ ʡ ʽʥʰʽ ʬʘʢʪʦʨʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ 

ʚʟʘʻʤʦʜʽʾ ʤʘʩ ʚ ʪʽʣʽ ʧʣʘʥʝʪʠ ʚ ʨʝʛʽʦʥʘʣʴʥʦʤʫ ʘʙʦ ʣʦʢʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʽ 

ʧʨʦʪʷʛʦʤ ʛʝʦʣʦʛʽʯʥʦʛʦ ʯʘʩʫ. ʊʦʤʫ ʚʨʘʭʫʚʘʥʥʷ ʚʩʽʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ ʚ ʦʙʦʣʦʥʢʘʭ ʧʣʘʥʝʪʠ, ʚʠʜʘʻʪʴʩʷ ʜʦʩʠʪʴ ʩʢʣʘʜʥʠʤ ʟʘʚʜʘʥʥʷʤ. 

ʄʦʞʥʘ ʣʠʰʝ ʚʠʩʣʦʚʠʪʠ ʨʷʜ ʧʨʠʧʫʱʝʥʴ ʱʦʜʦ ʤʦʞʣʠʚʠʭ ʧʨʠʯʠʥ ʚʠʥʠʢʥʝʥʥʷ 

ʧʣʘʥʝʪʘʨʥʠʭ ʥʘʧʨʫʞʝʥʴ. ʅʘʩʘʤʧʝʨʝʜ ʚʠʜʽʣʠʤʦ ʛʨʘʚʽʪʘʮʽʡʥʫ ʚʟʘʻʤʦʜʽʶ 

ʦʙʦʣʦʥʦʢ ʧʣʘʥʝʪ. ɯʥʰʠʤʠ ʤʦʞʣʠʚʠʤʠ ʧʨʠʯʠʥʘʤʠ ʻ ʜʽʷ ʚʽʜʮʝʥʪʨʦʚʠʭ ʪʘ 

ʽʥʝʨʮʽʡʥʠʭ ʩʠʣ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʦʙʝʨʪʘʥʥʷʤ ʽ ʨʫʭʦʤ ʧʦʣʶʩʽʚ ʧʣʘʥʝʪ, ʧʝʨʝʨʦʟʧʦʜʽʣ 

ʤʘʩʠ, ʩʧʨʠʯʠʥʝʥʠʡ ʭʽʤʽʯʥʦ-ʛʫʩʪʠʥʥʦʶ ʜʠʬʝʨʝʥʮʽʘʮʽʻʶ ʨʝʯʦʚʠʥʠ, ʬʘʟʦʚʠʤʠ 

ʧʝʨʝʭʦʜʘʤʠ ʪʘ ʢʦʥʚʝʢʮʽʡʥʠʤʠ ʧʨʦʮʝʩʘʤʠ, ʨʫʭʦʤ ʷʜʨʘ, ʜʝʛʘʟʘʮʽʻʶ ɿʝʤʣʽ ʪʦʱʦ 

[3, 15, 17, 46, 49, 65, 75, 205, 212].  

ʆʪʞʝ, ʜʽʷ ʦʙʝʨʪʘʣʴʥʦ-ʛʨʘʚʽʪʘʮʽʡʥʠʭ ʩʠʣ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʝʨʝʨʦʟʧʦʜʽʣʫ 

ʤʘʩ, ʱʦ ʟʫʤʦʚʣʶʻ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʣʽʪʦʩʬʝʨʠ ʽ ʧʦʜʘʣʴʰʫ 

ʪʨʘʥʩʬʦʨʤʘʮʽʶ ʬʦʨʤʠ ɿʝʤʣʽ ʚ ʧʨʦʮʝʩʽ ʧʣʘʥʝʪʘʨʥʦʾ ʝʚʦʣʶʮʽʾ. ɿ ʥʘʰʦʾ ʪʦʯʢʠ 

ʟʦʨʫ, ʮʽ ʩʠʣʠ ʻ ʥʘʡʙʽʣʴʰ ʨʝʘʣʽʩʪʠʯʥʠʤʠ, ʘ ʥʝ ʛʽʧʦʪʝʪʠʯʥʠʤʠ, ʽ ʧʦʙʫʜʦʚʘ 

ʤʝʭʘʥʽʢʦ-ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʟ ʪʘʢʠʤʠ ʩʠʣʘʤʠ ʤʦʞʝ ʨʦʟʢʨʠʪʠ ʥʦʚʽ 

ʤʦʞʣʠʚʦʩʪʽ ʚ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʪʝʢʪʦʥʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. 

ʈʫʭ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʶʩʘ ʚʽʜʦʤʠʡ ʜʘʚʥʦ, ʧʨʦʪʝ ʛʝʦʛʨʘʬʽʯʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʧʦʣʶʩʘ ʦʙʝʨʪʘʥʥʷ ʧʣʘʥʝʪʠ ʪʘʢʦʞ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ. ʇʝʨʝʜʫʤʦʚʦʶ ʜʣʷ ʪʘʢʦʛʦ 

ʚʠʩʥʦʚʢʫ ʻ ʪʝ, ʱʦ ʚʽʩʴ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʧʣʘʥʝʪʠ, ʱʦ ʦʙʝʨʪʘʻʪʴʩʷ, 

ʤʘʻ ʪʝʥʜʝʥʮʽʶ ʟʙʽʛʘʪʠʩʷ ʟ ʚʽʩʩʶ ʦʙʝʨʪʘʥʥʷ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʚʽʩʴ 

ʦʙʝʨʪʘʥʥʷ ʻ ʥʝʨʫʭʦʤʦʶ ʚ ʧʨʦʩʪʦʨʽ ʟʘ ʟʘʢʦʥʦʤ ʟʙʝʨʝʞʝʥʥʷ ʢʫʪʦʚʦʛʦ ʤʦʤʝʥʪʫ, 

ʧʨʦʮʝʩʠ ʚʩʝʨʝʜʠʥʽ ʧʣʘʥʝʪʠ ʤʦʞʫʪʴ ʟʤʽʥʶʚʘʪʠ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʽ 
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ʧʝʨʝʦʨʽʻʥʪʦʚʫʚʘʪʠ ʧʦʚʝʨʭʥʶ ʣʽʪʦʩʬʝʨʠ ʚʽʜʥʦʩʥʦ ʧʦʣʶʩʘ ʚʽʩʽ ʦʙʝʨʪʘʥʥʷ. 

ʅʝʙʝʩʥʽ ʟʙʫʨʝʥʥʷ ʦʨʙʽʪʠ ʧʣʘʥʝʪʠ ʪʘʢʦʞ ʤʦʞʫʪʴ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʧʦʚʽʣʴʥʠʭ ʟʤʽʥ 

ʥʘʧʨʷʤʢʫ ʚʽʩʽ ʦʙʝʨʪʘʥʥʷ, ʘʣʝ ʮʽ ʟʤʽʥʠ ʥʝ ʤʘʶʪʴ ʧʨʷʤʠʭ ʜʦʢʘʟʽʚ ʪʝʢʪʦʥʽʯʥʠʭ 

ʥʘʩʣʽʜʢʽʚ. ʆʜʥʘʢ ʚʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʚ'ʷʟʘʥʽ ʟ ʪʝʢʪʦʥʽʯʥʠʤʠ ʮʠʢʣʘʤʠ, ʷʢʽ 

ʚʠʚʯʘʶʪʴʩʷ ʛʝʦʣʦʛʘʤʠ ʚ ʨʘʤʢʘʭ ʛʝʦʣʦʛʽʯʥʠʭ ʛʽʧʦʪʝʟ[125, 113]. 

ʅʘʡʰʠʨʰʝ ʧʨʦʙʣʝʤʫ ʧʝʨʝʤʽʱʝʥʥʷ ʧʦʣʶʩʘ ʦʙʝʨʪʘʥʥʷ ɿʝʤʣʽ ʦʧʠʩʘʚ ʂʝʨʽ ʫ 

ʩʚʦʾʡ ʨʦʙʦʪʽ [85]. ɺʽʥ ʥʘʚʦʜʠʪʴ ʦʮʽʥʢʠ ʟʤʽʱʝʥʥʷ ʚʽʩʽ ʦʙʝʨʪʘʥʥʷ ʧʣʘʥʝʪʠ ʟʘ 

ʪʨʠʚʘʣʠʡ ʧʝʨʽʦʜ ʾʾ ʽʩʪʦʨʽʾ, ʷʢʽ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʥʘ ʦʩʥʦʚʽ ʙʘʛʘʪʦʨʽʯʥʠʭ ʧʨʷʤʠʭ 

ʨʝʢʦʥʩʪʨʫʢʮʽʡ ʨʽʯʥʠʭ ʢʨʫʛʦʚʠʭ ʟʤʽʱʝʥʴ ʧʦʣʶʩʽʚ ʦʙʝʨʪʘʥʥʷ ɿʝʤʣʽ ʟʘ 

ʧʘʣʝʦʤʘʛʥʽʪʥʠʤʠ ʪʘ ʧʘʣʝʦʢʣʽʤʘʪʠʯʥʠʤʠ ʜʘʥʠʤʠ. 

ʇʦʜʽʙʥʽ ʨʦʙʦʪʠ ʙʫʣʠ ʚʠʢʦʥʘʥʽ ɼʦʣ̔ʮʴʢʠʤ [13]. ʅʝʱʦʜʘʚʥʦ ʛʝʦʣʦʛʠ ʄʘʣʫʬ 

ʽ ʍʘʣʚʝʨʩʦʥ [132] ʧʨʠʧʫʩʪʠʣʠ, ʱʦ 800 ʤʣʥ ʨʦʢʽʚ ʪʦʤʫ ʛʝʦʛʨʘʬʽʯʥʽ ʧʦʣʶʩʠ ɿʝʤʣʽ 

ʟʤʽʩʪʠʣʠʩʷ. ɺʠʚʯʘʶʯʠ ʤʘʛʥʽʪʥʽ ʤʽʥʝʨʘʣʠ ʚ ʜʨʝʚʥʽʭ ʦʩʘʜʦʚʠʭ ʧʦʨʦʜʘʭ 

ʅʦʨʚʝʟʴʢʦʛʦ ʘʨʭʽʧʝʣʘʛʫ, ʚʦʥʠ ʚʠʷʚʠʣʠ, ʱʦ ʧʽʚʥʽʯʥʠʡ ʤʘʛʥʽʪʥʠʡ ʧʦʣʶʩ 

çʤʠʪʪʻʚʦè ʟʤʽʩʪʠʚʩʷ ʥʘ 50 ʛʨʘʜʫʩʽʚ ʧʨʦʪʷʛʦʤ 20 ʤʣʥ ʨʦʢʽʚ. ʆʩʢʽʣʴʢʠ ʪʝʢʪʦʥʽʯʥʽ 

ʧʣʠʪʠ ʨʫʭʘʶʪʴʩʷ ʥʘʙʘʛʘʪʦ ʧʦʚʽʣʴʥʽʰʝ, ʪʘʢʝ ʟʤʽʱʝʥʥʷ ʧʦʚʝʨʭʥʽ ʚʽʜʥʦʩʥʦ ʷʜʨʘ 

ɿʝʤʣʽ, ʜʝ ʛʝʥʝʨʫʻʪʴʩʷ ʤʘʛʥʽʪʥʝ ʧʦʣʝ, ʘʚʪʦʨʠ ʧʦʷʩʥʠʣʠ ʧʝʨʝʦʨʽʻʥʪʘʮʽʻʶ ɿʝʤʣʽ, 

ʪʦʙʪʦ ʚʽʜʥʦʩʥʦ ʰʚʠʜʢʦʶ ʟʤʽʥʦʶ ʧʦʣʦʞʝʥʥʷ ʚʽʩʽ ʦʙʝʨʪʘʥʥʷ. ʊʘʢʠʡ ʧʨʦʮʝʩ ʤʦʞʝ 

ʧʦʯʘʪʠʩʷ ʧʽʩʣʷ ʷʢʦʛʦʩʴ ʧʦʤʽʪʥʦʛʦ ʜʠʩʙʘʣʘʥʩʫ ʤʘʩ ʚ ʤʘʥʪʽʾ, ʥʘʧʨʠʢʣʘʜ, ʯʝʨʝʟ 

ʟʨʦʩʪʘʥʥʷ ʩʫʧʝʨʚʫʣʢʘʥʘ ʧʦʙʣʠʟʫ ʝʢʚʘʪʦʨʘ. ʇʦʜʽʙʥʘ ʧʦʜʽʷ ʤʦʛʣʘ ʚʽʜʙʫʪʠʩʷ ʥʘ 

ʄʘʨʩʽ ʚ ʧʨʦʮʝʩʽ ʥʘʨʦʜʞʝʥʥʷ ʛʽʛʘʥʪʩʴʢʦʛʦ ʚʫʣʢʘʥʘ Olympus Mons ʪʘ ʽʥʰʠʭ 

ʛʽʛʘʥʪʩʴʢʠʭ ʚʫʣʢʘʥʽʚ ʥʘʛʽʨ'ʷ Tharsis. 

ɼʦʩʣʽʜʞʝʥʥʷ ʎʝʨʢʣʝʚʠʯʘ ʪʘ ɿʘʷʮʷ [55] ʜʘʶʪʴ ʧʽʜʩʪʘʚʠ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ 

ʚ ʧʨʦʮʝʩʽ ʛʝʦʣʦʛʽʯʥʦʾ ʝʚʦʣʶʮʽʾ ɿʝʤʣʽ ʪʘ ʄʘʨʩʘ ʚʠʥʠʢʘʣʠ ʪʝʢʪʦʥʽʯʥʽ ʩʪʨʫʢʪʫʨʠ 

ʧʣʘʥʝʪʘʨʥʦʛʦ ʤʘʩʰʪʘʙʫ, ʷʢʽ ʤʦʛʣʠ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʪʠ ʥʘ ʧʘʨʘʤʝʪʨʠ ʦʙʝʨʪʘʥʥʷ 

ʮʠʭ ʧʣʘʥʝʪ. ɺ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʦ ʦʮʽʥʢʫ ʚʧʣʠʚʫ ʟʨʦʩʪʘʥʥʷ ʽ ʨʫʡʥʫʚʘʥʥʷ 

ʛʽʧʦʪʝʪʠʯʥʦʛʦ ʨʝʣʽʢʪʦʚʦʛʦ ʧʽʜʥʷʪʪ ̫ɼʘʨʚʽʥʘ [28] ʥʘ ʢʫʪʦʚʫ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ 

ʽ ʟʤʽʥʫ ʧʦʣʦʞʝʥʥʷ ʚʩ̔ʽ ʦʙʝʨʪʘʥʥʷ ɿʝʤʣʽ. ɸʥʘʣʦʛʽʯʥʽ ʦʮʽʥʢʠ ʙʫʣʠ ʟʨʦʙʣʝʥʽ ʜʣʷ 
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ʟʤʽʥ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʽ ʧʦʣʦʞʝʥʥʷ ʚʩ̔ʽ ʦʙʝʨʪʘʥʥʷ ʄʘʨʩʘ, ʷʢʽ ʤʦʛʣʠ 

ʩʪʘʪʠʩʷ ʯʝʨʝʟ ʚʫʣʢʘʥʽʯʥʝ ʫʪʚʦʨʝʥʥʷ Tharsis [32].  

ʊʘʢ, ʜʣʷ ɿʝʤʣʽ ʧʽʜʥʷʪʪʷ ɼʘʨʚʽʥʘ ʤʦʛʣʦ ʟʤʽʩʪʠʪʠ ʧʦʣʶʩ ʥʘ 15 ʢʤ ʽ 

ʩʧʦʚʽʣʴʥʠʪʠ ʢʫʪʦʚʫ ʰʚʠʜʢʽʩʪʴ ʥʘ 0,09 ʩ. ɺʫʣʢʘʥʽʯʥʝ ʧʽʜʥʷʪʪʷ Tharsis ʥʘ ʄʘʨʩʽ 

ʪʘʢʦʞ ʤʦʛʣʦ ʩʧʨʠʯʠʥʠʪʠ ʟʤʽʱʝʥʥʷ ʧʦʣʶʩʘ ʥʘ 6 ʢʤ ʽ ʩʧʦʚʽʣʴʥʠʪʠ ʰʚʠʜʢʽʩʪʴ 

ʦʙʝʨʪʘʥʥʷ ʥʘ 0,06 ʩ [58]. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʻ , ʙʝʟʫʤʦʚʥʦ, ʦʮʽʥʦʯʥʠʤʠ ʽ 

ʤʦʞʫʪʴ ʙʫʪʠ ʽʥʪʝʨʧʨʝʪʦʚʘʥʽ ʷʢ ʤʦʞʣʠʚʠʡ ʩʮʝʥʘʨʽʡ ʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʤʽʛ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʤʽʥʠ ʧʦʣʦʞʝʥʥʷ ʚʽʩʽ ʦʙʝʨʪʘʥʥʷ, ʩʧʣʶʱʝʥʥʷ ʧʣʘʥʝʪ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, 

ʚʠʢʣʠʢʘʪʠ ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ ʽ ʧʦʷʚʫ ʨʦʟʣʦʤʥʠʭ ʩʪʨʫʢʪʫʨ ʫ ʣʽʪʦʩʬʝʨʽ ʧʣʘʥʝʪ. 

ʊʘʙʣʠʮʷ 3.1. 

ɺʭʽʜʥʽ ʜʘʥʽ ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʦʪʨʠʤʘʥʽ ʜʣʷ ɿʝʤʣʽ ʪʘ ʄʘʨʩʘ (ʚʽʜʧʦʚʽʜʥʦ ʚʨʘʭʦʚʫʚʩʷ 

ʚʧʣʠʚ ʩʪʨʫʢʪʫʨʠ ɼʘʨʚʽʥʘ [13]) ʪʘ Tharsis [15] ʥʘ ʧʘʨʘʤʝʪʨʠ ʦʙʝʨʪʦʚʦʛʦ ʨʫʭʫ) 

ʇʣʘʥʝʪʘ R, ʢʤ H,ʢʤ h, Ů ű1 ű2 ɚ1 ɚ2 dᶬ/ᶬ, 10
ï6

 ɕ 

ɿʝʤʣʷ 6371 1000 2 1/300 20ÁN 35ÁN 155ÁW 195ÁW 1.11560 475ǌ 

ʄʘʨʩ 3390 1000 15 1/200 12ÁN 106ÁS 101ÁW 125ÁW 0.65734 262ǌ 

 

ʅʘʫʢʦʚʽ ʢʦʥʮʝʧʮʽʾ ʝʚʦʣʶʮʽʾ ʟʝʤʥʠʭ ʧʣʘʥʝʪ ʚʢʘʟʫʶʪʴ ʥʘ ʪʝ, ʱʦ ʚ ʤʠʥʫʣʦʤʫ 

ʚʦʥʠ ʙʫʣʠ ʙʣʠʞʯʝ ʜʦ ʛʽʜʨʦʩʪʘʪʠʯʥʦʛʦ ʩʪʘʥʫ, ʥʽʞ ʟʘʨʘʟ [15]. ʗʢ ʥʘʩʣʽʜʦʢ, 

ʧʦʚʝʨʭʥʷ ʣʽʪʦʩʬʝʨʠ ʟʙʽʛʘʣʘʩʷ ʟ ʬʦʨʤʦʶ ʝʣʽʧʩʦʾʜʘ, ʷʢʠʡ ʥʘʡʢʨʘʱʝ ʚʽʜʧʦʚʽʜʘʚ 

ʝʢʚʽʧʦʪʝʥʮʽʘʣʴʥʽʡ ʧʦʚʝʨʭʥʽ. ɺʽʜʧʦʚʽʜʥʦ, ʚ ʪʦʡ ʜʘʚʥʽʡ ʯʘʩ ʥʘʧʨʷʤʦʢ ʩʭʠʣʽʚ 

ʟʙʽʛʘʚʩʷ ʟ ʥʦʨʤʘʣʣʶ ʜʦ ʝʣʽʧʩʦʾʜʘ, ʱʦ ʘʧʨʦʢʩʠʤʫʚʘʚ ʧʦʚʝʨʭʥʶ ʣʽʪʦʩʬʝʨʠ. 

3.1. ɿʤʽʥʠ ʬʽʛʫʨʠ ɿʝʤʣʽ ï ʛʝʦʜʠʥʘʤʽʯʥʠʡ ʬʘʢʪʦʨ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ 

ʩʪʘʥʫ ʣʽʪʦʩʬʝʨʠ  

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʧʨʦʢʩʠʤʘʮʽʾ ʧʦʚʝʨʭʥʽ ʣʽʪʦʩʬʝʨʠ ʚʠʷʚʠʣʦʩʴ ʱʦ ʾʾ ʬʽʛʫʨʘ 

ʥʝʛʦʤʦʪʝʪʠʯʥʦ ʨʦʟʤʽʱʝʥʘ ʚʽʜʥʦʩʥʦ ʬʽʛʫʨʠ ʛʝʦʾʜʘ. ʊʘʢʝ ʨʦʟʤʽʱʝʥʥʷ ʮʠʭ ʬʽʛʫʨ 

ʩʪʚʦʨʶʻ ʪʝʢʪʦʥʽʯʥʫ ʥʘʧʨʫʛʫ ʚ ʣʽʪʦʩʬʝʨʽ ɿʝʤʣʽ, ʷʢʘ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʧʨʠʚʝʜʝʥʥʷ 

ʨʦʟʧʦʜʽʣʫ ʤʘʩ ʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʜʦ ʬʽʛʫʨʠ ʛʝʦʾʜʘ. 
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ʗʢʱʦ ʧʨʝʜʩʪʘʚʠʪʠ ʟʝʤʥʫ ʢʫʣʶ ʙʝʟ ʚʦʜʠ, ʪʦ ʚʠʷʚʠʤʦ, ʱʦ ʨʝʣʴʻʬ ʟʝʤʥʦʾ 

ʧʦʚʝʨʭʥʽ ʽʩʪʦʪʥʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʛʝʦʾʜʘ. ʇʦʨʽʚʥʶʶʯʠ ʢʘʨʪʫ ʛʝʦʾʜʘ ʟ 

ʪʝʢʪʦʥʽʯʥʠʤʠ ʢʘʨʪʘʤʠ ʧʨʠʭʦʜʠʤʦ ʜʦ ʚʽʜʦʤʦʛʦ ʚʠʩʥʦʚʢʫ ʧʨʦ ʚʽʜʩʫʪʥʽʩʪʴ ʟʚôʷʟʢʫ 

ʚʠʩʦʪ ʛʝʦʾʜʘ ʟ ʪʝʢʪʦʥʽʯʥʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ. ʇʣʘʥʝʪʘʨʥʽ ʭʚʠʣʽ ʚʠʩʦʪ ʛʝʦʾʜʘ 

ʚʠʷʚʣʷʶʪʴ ʘʙʩʦʣʶʪʥʦ ʥʝʟʘʣʝʞʥʠʡ ʨʦʟʧʦʜʽʣ ʥʘʚʽʪʴ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ 

ʥʘʡʢʨʫʧʥʽʰʠʭ ʪʝʢʪʦʥʽʯʥʠʭ ʩʪʨʫʢʪʫʨ ʣʽʪʦʩʬʝʨʠ: ʢʦʥʪʠʥʝʥʪʘʣʴʥʠʭ ʚʠʩʪʫʧʽʚ ʽ 

ʦʢʝʘʥʽʯʥʠʭ ʟʘʧʘʜʠʥ. ʎʝ ʚʠʜʠʤʘ ʚʽʜʩʫʪʥʽʩʪʴ ʚʟʘʻʤʦʟʚ'ʷʟʢʫ ʚʠʩʦʪ ʛʝʦʾʜʘ ʟ 

ʙʫʜʦʚʦʶ ʣʽʪʦʩʬʝʨʠ, ʚʦʯʝʚʠʜʴ, ʦʙʫʤʦʚʣʝʥʘ ʥʝʛʦʤʦʪʝʪʠʯʥʠʤ ʨʦʟʤʽʱʝʥʥʷʤ 

ʧʣʘʥʝʪʘʨʥʠʭ ʩʪʨʫʢʪʫʨ ʬʽʟʠʯʥʦʾ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʬʽʛʫʨʠ ʛʝʦʾʜʘ, 

ʱʦ ʤʦʞʝ ʙʫʪʠ ʚʠʢʣʠʢʘʥʝ ʧʝʨʝʤʽʱʝʥʥʷʤ ʣʽʪʦʩʬʝʨʥʠʭ ʧʣʠʪ. ʆʩʪʘʥʥʻ ʤʦʞʝ 

ʧʨʠʚʦʜʠʪʠ ʜʦ ʦʙʝʨʪʘʥʥʷ ʚʩʽʻʾ ʣʽʪʦʩʬʝʨʠ ɿʝʤʣʽ ʚʽʜʥʦʩʥʦ ʩʪʽʡʢʽʰʦʾ ʬʽʛʫʨʠ ʛʝʦʾʜʘ, 

ʱʦ ʤʦʞʣʠʚʦ ʚʽʜʦʙʨʘʟʠʣʦʩʷ ʥʘ ʚʽʜʤʽʥʥʦʩʪʽ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ ʽ ʥʘ ʦʨʽʻʥʪʫʚʘʥʥʽ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʬʽʛʫʨ, ʱʦ ʘʧʨʦʢʩʠʤʫʶʪʴ ʬʽʟʠʯʥʫ ʧʦʚʝʨʭʥʶ ʽ ʛʝʦʾʜ. ɿʘʫʚʘʞʠʤʦ, 

ʱʦ ʜʣʷ ʄʘʨʩʘ ʥʝ ʭʘʨʘʢʪʝʨʥʘ ʪʝʢʪʦʥʽʢʘ ʧʣʠʪ, ʦʜʥʘʢ ʥʘ ʧʦʚʝʭʥʽ ʧʣʘʥʝʪʠ ʯʽʪʢʦ 

ʚʽʜʩʪʝʞʫʶʪʴʩʷ ʚʫʣʢʘʥʽʯʥʽ ʫʪʚʦʨʝʥʥʷ (ʪʨʠ ʚʫʣʢʘʥʠ), ʷʢʽ ʨʦʟʤʽʱʝʥʽ ʚ ʦʜʠʥ ʨʷʜ ʚ 

ʩʪʨʫʢʪʫʨʽ Tharsis, ɦ ʦ ʤʦʞʝ ʽʥʪʝʨʧʝʪʫʚʘʪʠʩʴ ʷʢ ʧʨʦʷʚ ʟʤʽʱʝʥʥʷ ʣʽʪʦʩʬʝʨʠ ʧʦ 

ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʥʠʞʯʠʭ ʰʘʨʽʚ ʤʘʥʪʽʾ ʚ ʨʘʥʥʽʡ ʛʝʦʣʦʛʽʯʥʽʡ ʽʩʪʦʨʽʾ. 

ʉʭʝʤʘʪʠʯʥʘ ʽʣʶʩʪʨʘʮʽʷ ʝʚʦʣʶʮʽʡʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʬʽʛʫʨʠ ɿʝʤʣʽ ʧʦʢʘʟʘʥʘ 

ʥʘ ʨʠʩ. 3.1, ʜʝ ʚʚʝʜʝʥʽ ʪʘʢʽ ʧʦʟʥʘʯʝʥʥʷ: PP ï ʚʽʩʴ ʦʙʝʨʪʘʥʥʷ, PL ï ʧʦʚʝʨʭʥʷ 

ʣʽʪʦʩʬʝʨʠ, EL ï ʝʣʽʧʩʦʾʜ, ʷʢʠʡ ʥʘʡʢʨʘʱʝ ʧʽʜʭʦʜʠʪʴ ʜʦ ʧʦʚʝʨʭʥʽ ʣʽʪʦʩʬʝʨʠ, EG ï 

ʝʣʽʧʩʦʾʜ, ʷʢʠʡ ʟʦʙʨʘʞʘʻ ʬʽʛʫʨʫ ɿʝʤʣʽ ʚ ʜʘʣʝʢʫ ʛʝʦʣʦʛʽʯʥʫ ʝʧʦʭʫ; ʚʩʽ ʧʦʧʝʨʝʜʥʽ 

ʧʦʟʥʘʯʝʥʥʷ ʥʘ ʨʠʩ. 3.1, ʘ ʧʽʜʧʠʩʘʥʽ ʟʽ ʰʪʨʠʭʦʤ ʥʘ ʨʠʩ. 3.1, ʙ ʜʣʷ ʬʽʛʫʨʠ ʽ 

ʧʦʚʝʨʭʥʽ ʣʽʪʦʩʬʝʨʠ ɿʝʤʣʽ ʚ ʩʫʯʘʩʥʫ ʝʧʦʭʫ. ʗʢʱʦ ʟʽʩʪʘʚʠʪʠ ʜʚʘ ʧʦʣʦʞʝʥʥʷ 

ʟʦʚʥʽʰʥʽʭ ʦʙʦʣʦʥʦʢ ɿʝʤʣʽ ʥʘ ʨʠʩ. 3.1, ʘ ʽ 3.1, ʙ, ʪʦ ʤʦʞʥʘ ʜʦʧʫʩʪʠʪʠ ʚʠʥʠʢʥʝʥʥʷ 

ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʯʝʨʝʟ ʟʤʽʥʫ ʧʦʣʦʞʝʥʥʷ ʦʩʽ ʬʽʛʫʨʠ ʣʽʪʦʩʬʝʨʠ ʚʽʜʥʦʩʥʦ ʦʩʽ 

ʦʙʝʨʪʘʥʥʷ ʪʘ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ. ʊʫʪ ʜʦʨʝʯʥʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʚ 

ʧʣʘʥʝʪʘʨʥʽʡ ʛʝʦʜʠʥʘʤʽʮʽ ʨʦʟʛʣʷʜʘʶʪʴ ʪʨʠ ʦʩʥʦʚʥʽ ʝʥʝʨʛʝʪʠʯʥʽ ʜʞʝʨʝʣʘ, ʱʦ 

ʚʠʢʣʠʢʘʶʪʴ ʥʘʧʨʫʛʫ ʚ ʦʙʦʣʦʥʢʘʭ ɿʝʤʣʽ. ɼʦ ʥʠʭ ʥʘʣʝʞʘʪʴ ʛʨʘʚʽʪʘʮʽʡʥʘ, 

ʨʦʪʘʮʽʡʥʘ ʽ ʪʝʧʣʦʚʘ ʝʥʝʨʛʽʷ. 
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ʈʠʩ. 3.1. ʉʭʝʤʘʪʠʯʥʘ ʽʣʶʩʪʨʘʮʽʷ ʬʦʨʤʫʚʘʥʥʷ ʬʽʛʫʨʠ ɿʝʤʣʽ [204]: ʘ) ï ʚ 

ʧʦʯʘʪʢʦʚʠʡ ʧʝʨʽʦʜ, ʢʦʣʠ ɿʝʤʣʷ ʙʫʣʘ ʙʣʠʞʯʝ ʜʦ ʛʽʜʨʦʩʪʘʪʠʯʥʦʛʦ ʩʪʘʥʫ; ʙ) ï 

ʩʫʯʘʩʥʠʡ ʩʪʘʥ ʬʽʛʫʨʠ ʽ ʧʦʚʝʨʭʥʽ ʣʽʪʦʩʬʝʨʠ ɿʝʤʣʽ 

ʋ ʩʚʦʾʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʟʫʧʠʥʠʤʦʩʴ ʣʠʰʝ ʥʘ ʨʦʪʘʮʽʡʥʠʭ ʩʠʣʘʭ, ʱʦ 

ʩʧʦʥʫʢʘʶʪʴ ʥʘʧʨʫʛʫ ʚ ʣʽʪʦʩʬʝʨʽ ɿʝʤʣʽ. ɼʣʷ ʨʦʟʛʣʷʜʫ ʮʴʦʛʦ ʧʠʪʘʥʥʷ ʨʦʟʜʽʣʠʤʦ 

ʡʦʛʦ ʥʘ ʜʚʽ ʯʘʩʪʠʥʠ, ʘ ʩʘʤʝ: ʥʘʧʨʫʞʝʥʥʷ ʣʽʪʦʩʬʝʨʥʦʾ ʦʙʦʣʦʥʢʠ ʯʝʨʝʟ ʟʤʽʥʫ 

ʨʦʪʘʮʽʡʥʦʛʦ ʨʝʞʠʤʫ ʧʣʘʥʝʪʠ ʪʘ ʥʘʧʨʫʞʝʥʴ ʚʠʢʣʠʢʘʥʠʭ ʧʝʨʝʦʨʽʻʥʪʘʮʽʻʶ ʬʽʛʫʨʠ 

ʣʽʪʦʩʬʝʨʥʦʾ ʦʙʦʣʦʥʢʠ. 

3.1.1. ɼʝʬʦʨʤʘʮʽʾ ʪʘ ʥʘʧʨʫʞʝʥʥʷ ʣʽʪʦʩʬʝʨʥʦʾ ʦʙʦʣʦʥʢʠ ʚʥʘʩʣʽʜʦʢ 

ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ɿʝʤʣʽ 

ʈʦʟʛʣʷʥʝʤʦ ʩʠʣʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʣʽʪʦʩʬʝʨʫ ɿʝʤʣʽ ʯʝʨʝʟ ʟʤʽʥʠ ʾʾ 

ʩʪʠʩʥʝʥʥʷ, ʱʦ ʚʠʢʣʠʢʘʥʦ ʩʧʦʚʽʣʴʥʝʥʥʷʤ ʰʚʠʜʢʦʩʪʽ ʾʾ ʦʙʝʨʪʘʥʥʷ. ɺʚʘʞʘʻʪʴʩʷ, 

ʱʦ ʬʦʨʤʘ ɿʝʤʣʽ ʙʣʠʟʴʢʘ ʜʦ ʨʽʚʥʝʚʦʾ ʧʦʚʝʨʭʥʽ ʧʦʪʝʥʮʽʘʣʫ ʩʠʣʠ ʪʷʞʽʥʥʷ (ʝʣʽʧʩʦʾʜ 

ʦʙʝʨʪʘʥʥʷ), ʱʦ ʩʪʘʥʦʚʠʪʴ ʩʫʤʫ ʛʨʘʚʽʪʘʮʽʡʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʽ ʧʦʪʝʥʮʽʘʣʫ 

ʮʝʥʪʨʦʙʽʞʥʠʭ ʩʠʣ. ʅʝʦʙʭʽʜʥʽʩʪʴ ʫʨʘʭʫʚʘʥʥʷ ʮʠʭ ʩʠʣ ʧʦʚôʷʟʫʶʪʴ ʟ 

ʧʨʠʩʢʦʨʝʥʥʷʤ, ʘʙʦ ʫʧʦʚʽʣʴʥʝʥʥʷʤ ʦʙʝʨʪʘʥʥʷ ʧʣʘʥʝʪʠ. ʏʝʨʝʟ ʮʝ ʬʦʨʤʘ ɿʝʤʣʽ ʥʝ 

ʚʽʜʧʦʚʽʜʘʻ ʟʤʽʥʝʥʽʡ ʬʦʨʤʽ ʨʽʚʥʝʚʦʾ ʧʦʚʝʨʭʥʽ ʧʦʪʝʥʮʽʘʣʫ ʩʠʣʠ ʪʷʞʽʥʥʷ, ʽ ʪʦʤʫ ʚ 

ʣʽʪʦʩʬʝʨʽ ʤʦʞʫʪʴ ʟôʷʚʣʷʪʠʩʷ ʜʦʜʘʪʢʦʚʽ ʤʘʩʦʚʽ ʩʠʣʠ. ʈʦʟʛʣʷʥʝʤʦ ʚʠʟʥʘʯʝʥʥʷ ʮʠʭ 
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ʩʠʣ ʟʛʽʜʥʦ ʽʟ ʪʝʦʨʝʪʠʯʥʠʤʠ ʥʘʧʨʘʮʶʚʘʥʥʷʤʠ ʉʪʦʚʘʩʘ [47]. ʅʘ ʨʠʩ. 3.2 

ʩʭʝʤʘʪʠʯʥʦ ʧʦʢʘʟʘʥʦ ʚʠʥʠʢʥʝʥʥʷ ʥʘʧʨʫʞʝʥʴ ʚʥʘʩʣʽʜʦʢ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ 

ʦʙʝʨʪʘʥʥʷ. 

 

ʈʠʩ. 3.2. ʉʭʝʤʘʪʠʯʥʠʡ ʨʦʟʧʦʜʽʣ ʥʘʧʨʫʞʝʥʴ ʫ ʣʽʪʦʩʬʝʨʽ ɿʝʤʣʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʟʤʽʥʠ 

ʦʙʝʨʪʦʚʦʛʦ ʨʫʭʫ ʥʘʚʢʦʣʦ ʚʽʩʽ 

ʇʦʪʝʥʮʽʘʣ ʩʠʣ, ʷʢʠʡ ʚʠʥʠʢʘʻ ʯʝʨʝʟ ʩʪʠʩʥʝʥʥʷ ʝʣʽʧʩʦʾʜʘ ʦʙʝʨʪʘʥʥʷ 

ʟʘʧʠʩʫʻʪʴʩʷ, ʷʢ: 

 Ὗ ȟ (3.1) 

ʜʝ ï ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ, ‌ ï ʩʪʠʩʥʝʥʥʷ, ὥ ï ʚʝʣʠʢʘ ʧʽʚʚʽʩʴ, ‰ ï ‫ 

ʛʝʦʮʝʥʪʨʠʯʥʘ ʰʠʨʦʪʘ. 

ɼʣʷ ʢʦʥʢʨʝʪʥʦʾ ʪʦʯʢʠ ʥʘ ʧʦʚʝʨʭʥʽ ʝʣʽʧʩʦʾʜʘ ʦʙʝʨʪʘʥʥʷ ʧʦʪʝʥʮʽʘʣ Ὗ 

ʟʘʧʠʰʠʪʴʩʷ, ʷʢ 

 Ὗ ‫ὶρ σίὭὲ‰ȟ  (3.2) 

ʜʝ ὶ ï ʨʘʜʽʫʩ ʚʝʢʪʦʨ ʚʽʜʧʦʚʽʜʥʦʾ ʪʦʯʢʠ. 

ʗʢʱʦ ʧʝʨʝʡʪʠ ʚʽʜ ʧʦʪʝʥʮʽʘʣʫ ʜʦ ʜʽʶʯʠʭ ʩʠʣ, ʪʦ ʦʪʨʠʤʘʻʤʦ: 

 Ὂ ‫ὶρ σίὭὲ‰ Ȣ (3.3) 
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ʌʦʨʤʫʣʘ (3.3) ʚʠʟʥʘʯʘʻ ʟʘʛʘʣʴʥʫ ʜʽʶʯʫ ʩʠʣʫ, ʱʦ ʚʠʥʠʢʘʻ ʧʨʠ ʟʤʽʥʽ 

ʩʪʠʩʥʝʥʥʷ ʝʣʽʧʩʦʾʜʘ ʦʙʝʨʪʘʥʥʷ. ɺ ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯʽ, ʧʦʚôʷʟʘʥʦʾ ʟ ʧʝʨʝʦʨʽʻʥʪʘʮʽʻʶ 

ʬʽʟʠʯʥʦʾ ʧʦʚʝʨʭʥʽ, ʩʢʣʘʜʦʚʠʤʠ ʟʘʛʘʣʴʥʦʾ ʩʠʣʠ ʻ ʩʠʣʠ ʚ ʧʣʦʱʠʥʽ ʤʝʨʠʜʽʘʥʫ ʽ 

ʧʝʨʰʦʛʦ ʚʝʨʪʠʢʘʣʫ. ʆʯʝʚʠʜʥʦ, ʱʦ ʚ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʜʦʮʽʣʴʥʦ ʨʦʟʛʣʷʜʘʪʠ ʦʜʥʫ 

ʛʦʨʠʟʦʥʪʘʣʴʥʫ (ʚ ʧʣʦʱʠʥʽ ʤʝʨʠʜʽʘʥʫ) ʪʘ ʚʝʨʪʠʢʘʣʴʥʫ ʩʢʣʘʜʦʚʫ, ʷʢʘ ʩʧʨʷʤʦʚʘʥʘ 

ʚʟʜʦʚʞ ʥʦʨʤʘʣʽ ʜʦ ʝʣʽʧʩʦʾʜʘ (ʨʠʩ. 3.3). ʊʘʢ ʷʢ ʩʢʣʘʜʦʚʘ ʟʘʛʘʣʴʥʦʾ ʩʠʣʠ, ʱʦ 

ʧʨʦʭʦʜʠʪʴ ʜʦʪʠʯʥʦ ʜʦ ʧʝʨʰʦʛʦ ʚʝʨʪʠʢʘʣʫ ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ ʥʫʣʶ [61]. 

 

ʈʠʩ. 3.3. ɯʣʶʩʪʨʘʮʽʷ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʩʠʣ Fr ʽ Ὂ  

ʆʪʞʝ, ʤʝʨʠʜʽʘʣʴʥʘ ʩʢʣʘʜʦʚʘ ʟʘʧʠʰʝʪʴʩʷ, ʷʢ 

 Ὂ‰
‫ςὶρ ςρ ‌

ς
ίὭὲ‰ὧέί‰

σ ρ ‌
τ
ὧέίς‰ ίὭὲς‰

ρ
ς
ȟ (3.4) 

ʘ ʚʝʨʪʠʢʘʣʴʥʘ 

 Ὂὔ
‫ςὶρ ‌ςÃÏÓς‰ ςÓÉÎς‰

σ ρ ‌
τ
ÃÏÓς ‰ ÓÉÎς‰

ρ
ς
Ȣ (3.5) 

ʗʢʱʦ ʪʨʘʥʩʬʦʨʤʫʚʘʪʠ ʚʝʨʪʠʢʘʣʴʥʫ ʩʢʣʘʜʦʚʫ ʟ ʜʦʪʠʯʥʦʾ ʥʦʨʤʘʣʽ ʜʦ 

ʥʘʧʨʷʤʢʫ ʨʘʜʽʫʩ-ʚʝʢʪʦʨʘ, ʪʦ ʦʪʨʠʤʘʻʤʦ 

 Ὂὶ
‫ςὶρ ‌ςÃÏÓς‰ ςÓÉÎς‰ ρ ‌ςÃÏÓς‰ ÓÉÎς‰

σ ρ ‌
τ
ÃÏÓς ‰ ςÓÉÎς‰

ρ
ς

Ȣ (3.6) 

 
Ὂ‰ 
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ʑʦʙ ʨʦʟʨʘʭʫʚʘʪʠ ʜʘʥʽ ʩʠʣʠ ʥʘ ʝʢʩʪʨʝʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʩʪʠʩʥʝʥʥʷ 

ʟʚʝʨʥʝʤʦʩʷ ʜʦ ʨʠʩ. 3.4. ɿʛʽʜʥʦ ʟ ʜʘʥʠʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʡʝʢʩʪʨʝʤʘʣʴʥʽʰʽ 

ʟʥʘʯʝʥʥʷ ʩʪʠʩʥʝʥʥʷ ʜʣʷ ɿʝʤʣʽ ʙʫʣʠ ʫ ʧʝʨʽʦʜ 5 ʤʣʥ ʨʦʢʽʚ ʪʦʤʫ ʪʘ 540 ʤʣʥ ʨʦʢʽʚ 

ʪʦʤʫ. 

 

ʈʠʩ. 3.4. ɿʤʽʥʘ ʩʪʠʩʥʝʥʥʷ ʜʚʦʚʽʩʥʦʛʦ ʝʣʽʧʩʦʾʜʘ ʟ ʜʘʥʠʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʟʛʽʜʥʦ 

ʜʘʥʠʭ Scotese C. ʽ Wright N. [186] 

ʋ ʧʝʨʽʦʜ 5 ʤʣʥ ʨʦʢʽʚ ʪʦʤʫ ʩʪʠʩʥʝʥʥʷ ʧʣʘʥʝʪʠ ʙʫʣʦ ʤʽʥʽʤʘʣʴʥʝ ï , ʘ ʚ 

ʧʝʨʽʦʜ 540 ʤʣʥ ʨʦʢʽʚ ʪʦʤʫ ʤʘʢʩʠʤʘʣʴʥʝ ï . 

ʌʦʨʤʫʣʘ, ʷʢʘ ʟʚôʷʟʫʻ ʢʫʪʦʚʫ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʧʣʘʥʝʪʠ ʟ ʾʾ 

ʩʪʠʩʥʝʥʥʷʤ, ʚʨʘʭʦʚʫʻ, ʱʦ ʩʪʠʩʥʝʥʥʷ ʧʣʘʥʝʪʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ 

ʽʜʝʘʣʴʥʦʾ ʩʬʝʨʠʯʥʦʾ ʬʦʨʤʠ ʯʝʨʝʟ ʚʽʜʮʝʥʪʨʦʚʽ ʩʠʣʠ. ɼʣʷ ʮʴʦʛʦ ʟʘʟʚʠʯʘʡ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʨʽʚʥʦʚʘʞʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʣʷ ʦʙʝʨʪʘʣʴʥʠʭ ʪʽʣ. 

ʌʦʨʤʫʣʘ ʚʠʟʥʘʯʝʥʥʷ ʩʪʠʩʥʝʥʥʷ ʚʠʛʣʷʜʘʻ ʪʘʢ: 



 

 

135 

 ‌  (3.7) 

ʜʝ ὥï ʝʢʚʘʪʦʨʽʘʣʴʥʠʡ ʨʘʜʽʫʩ, ὦ ï ʧʦʣʷʨʥʠʡ ʨʘʜʽʫʩ. 

ɼʣʷ ʟʚôʷʟʢʫ ʩʪʠʩʥʝʥʥʷ ʟʽ ʰʚʠʜʢʽʩʪʶ ʦʙʝʨʪʘʥʥʷ ʤʦʞʥʘ ʩʢʦʨʠʩʪʘʪʠʩʷ 

ʥʘʙʣʠʞʝʥʦʶ ʬʦʨʤʫʣʦʶ, ʷʢʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʨʠʧʫʱʝʥʥʽ, ʱʦ ʧʣʘʥʝʪʘ ʤʘʻ 

ʦʜʥʦʨʽʜʥʫ ʛʫʩʪʠʥʫ ʽ ʥʘʙʣʠʞʝʥʦ ʩʬʝʨʦʾʜʘʣʴʥʫ ʬʦʨʤʫ. ɺʦʥʘ ʥʘʜʘʻ ʷʢʽʩʥʝ 

ʫʷʚʣʝʥʥʷ ʧʨʦ ʟʚôʷʟʦʢ ʤʽʞ ʧʘʨʘʤʝʪʨʘʤʠ ʦʙʝʨʪʘʥʥʷ ʪʘ ʩʪʠʩʥʝʥʥʷ. 

 ‌  
 

 (3.8) 

ʜʝ ï ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʧʣʘʥʝʪʠ, Ὑ ï ʩʝʨʝʜʥʽʡ ʨʘʜʽʫʩ ʧʣʘʥʝʪʠ, Ὃ ï ‫ 

ʛʨʘʚʽʪʘʮʽʡʥʘ ʩʪʘʣʘ, ὓ ï ʤʘʩʘ ʧʣʘʥʝʪʠ. 

ʎʷ ʬʦʨʤʫʣʘ ʚʠʧʣʠʚʘʻ ʽʟ ʚʨʘʭʫʚʘʥʥʷ ʨʽʚʥʦʚʘʛʠ ʤʽʞ ʚʽʜʮʝʥʪʨʦʚʦʶ ʩʠʣʦʶ 

ʪʘ ʛʨʘʚʽʪʘʮʽʻʶ ʫ ʚʠʧʘʜʢʫ ʩʬʝʨʦʾʜʘʣʴʥʦʛʦ ʪʽʣʘ. ɺʦʥʘ ʻ ʥʘʙʣʠʞʝʥʦʶ, ʦʩʢʽʣʴʢʠ 

ʽʛʥʦʨʫʻ ʩʢʣʘʜʥʽʰʽ ʚʥʫʪʨʽʰʥʽ ʨʦʟʧʦʜʽʣʠ ʤʘʩʠ ʪʘ ʽʥʰʽ ʚʧʣʠʚʠ, ʪʘʢʽ ʷʢ ʧʨʠʧʣʠʚʠ. 

ɻʨʘʚʽʪʘʮʽʡʥʘ ʩʪʘʣʘ Ὃ ï ʮʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʘ ʬʽʟʠʯʥʘ ʢʦʥʩʪʘʥʪʘ, ʷʢʘ 

ʚʠʟʥʘʯʘʻ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʛʨʘʚʽʪʘʮʽʡʥʦʾ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʤʘʩʘʤʠ. ʏʠ ʤʦʛʣʘ 

ʛʨʘʚʽʪʘʮʽʡʥʘ ʩʪʘʣʘ ʯʠ ʤʘʩʘ ʟʤʽʥʶʚʘʪʠʩʷ ʚ ʤʠʥʫʣʦʤʫ? ʅʘʫʢʦʚʘ ʛʽʧʦʪʝʟʘ ʧʨʦ 

ʤʦʞʣʠʚʽ ʟʤʽʥʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʢʦʥʩʪʘʥʪ, ʚʢʣʶʯʥʦ ʟ Ὃ, ʟ'ʷʚʠʣʘʩʷ ʫ ʟʚ'ʷʟʢʫ ʟ 

ʪʝʦʨʽʷʤʠ, ʷʢʽ ʨʦʟʛʣʷʜʘʶʪʴ ʚʧʣʠʚ ʢʦʩʤʦʣʦʛʽʯʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ɺʩʝʩʚʽʪʫ. ʆʜʥʘʢ 

ʝʤʧʽʨʠʯʥʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʛʝʦʬʽʟʠʯʥʽ ʜʘʥʽ ʡ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʦʮʽʥʢʠ 

ʧʦʢʘʟʫʶʪʴ, ʱʦ ʙʫʜʴ-ʷʢʽ ʤʦʞʣʠʚʽ ʟʤʽʥʠ Ὃ ʧʨʦʪʷʛʦʤ ʛʝʦʣʦʛʽʯʥʦʛʦ ʯʘʩʫ, ʷʢʱʦ ʡ 

ʽʩʥʫʶʪʴ, ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʤʘʣʠʤʠ. 

ɺʠʚʯʝʥʥʷ ʽʟʦʪʦʧʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʫ ʧʨʠʨʦʜʥʦʤʫ ʷʜʝʨʥʦʤʫ ʨʝʘʢʪʦʨʽ 

[107] ʧʦʢʘʟʫʻ, ʱʦ ʷʜʝʨʥʽ ʩʠʣʠ (ʟʦʢʨʝʤʘ ʩʠʣʴʥʘ ʚʟʘʻʤʦʜʽʷ, ʷʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ Ὃ) 

ʟʘʣʠʰʘʣʠʩʷ ʥʝʟʤʽʥʥʠʤʠ ʧʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ 2 ʤʽʣʴʷʨʜʽʚ ʨʦʢʽʚ. 

ʉʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʜʠʥʘʤʽʢʦʶ ʉʦʥʷʯʥʦʾ ʩʠʩʪʝʤʠ, ʚʢʣʶʯʥʦ ʟ ʨʫʭʦʤ ʄʽʩʷʮʷ 

ʡ ʧʣʘʥʝʪ, ʪʘʢʦʞ ʥʝ ʚʢʘʟʫʶʪʴ ʥʘ ʟʥʘʯʥʽ ʟʤʽʥʠ Ὃ [221]. 
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ɹʘʛʘʪʦ ʤʦʜʝʣʝʡ ʧʝʨʝʜʙʘʯʘʶʪʴ, ʱʦ ʤʦʞʣʠʚʽ ʟʤʽʥʠ Ὃ ʙʫʣʠ ʙ ʥʘʜʟʚʠʯʘʡʥʦ 

ʧʦʚʽʣʴʥʠʤʠ, ʟʽ ʰʚʠʜʢʽʩʪʶ ρͯπ ρπ ̨̑ ,̋ ʱʦ ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʧʣʠʚʘʻ ʥʘ 

ʛʝʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ [214]. 

ʆʪʞʝ ʩʫʯʘʩʥʽ ʥʘʫʢʦʚʽ ʜʘʥʽ ʥʝ ʚʢʘʟʫʶʪʴ ʥʘ ʪʝ, ʱʦ ʛʨʘʚʽʪʘʮʽʡʥʘ ʩʪʘʣʘ ʪʘ 

ʤʘʩʘ ʟʤʽʥʶʚʘʣʠʩʷ ʧʨʦʪʷʛʦʤ ʛʝʦʣʦʛʽʯʥʦʛʦ ʤʘʩʰʪʘʙʫ ʯʘʩʫ. ʗʢʱʦ ʪʘʢʘ ʟʤʽʥʘ ʡ 

ʽʩʥʫʻ, ʚʦʥʘ ʥʘʩʪʽʣʴʢʠ ʤʘʣʘ, ʱʦ ʥʝ ʤʘʻ ʟʥʘʯʫʱʦʛʦ ʚʧʣʠʚʫ ʥʘ ʬʽʟʠʯʥʽ ʧʨʦʮʝʩʠ ʫ 

ʤʘʩʰʪʘʙʘʭ ɿʝʤʣʽ ʯʠ ʽʥʰʠʭ ʧʣʘʥʝʪ. ʆʪʞʝ ʾʭʥʻ ʟʥʘʯʝʥʥʷ ʧʨʠʡʥʷʪʦ ʚʚʘʞʘʪʠ 

ʧʦʩʪʽʡʥʠʤ ʫ ʯʘʩʽ ʡ ʧʨʦʩʪʦʨʽ Ὃ φȢφχτσπρπ ̍̋̄̒  ʪʘʢ ʩʘʤʦ ʷʢ ʽ ʤʘʩʫ 

ὓ υȢωχςρπ̋.̄ 

ʗʢʱʦ ʚʠʨʘʟʠʪʠ ʢʫʪʦʚʫ ʰʚʠʜʢʽʩʪʴ ʟ ʬʦʨʤʫʣʠ (3.8), ʪʦ ʦʪʨʠʤʘʻʤʦ:  

‫  (3.9) 

ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʨʦʟʨʘʭʫʥʢʦʚʽ ʟʥʘʯʝʥʥʷ (ʪʘʙʣ. 3.2) ʜʣʷ ʨʘʜʽʘʣʴʥʦʾ ʪʘ 

ʤʝʨʠʜʽʦʥʘʣʴʥʦʾ ʩʠʣʠ ʥʘ ʨʽʟʥʠʭ ʰʠʨʦʪʘʭ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʪʘʢʽ ʚʠʩʥʦʚʢʠ: ʥʘ 

ʝʢʚʘʪʦʨʽ ʨʘʜʽʘʣʴʥʘ ʩʢʣʘʜʦʚʘ ʻ ʤʘʢʩʠʤʘʣʴʥʦʶ ʽ ʜʦʨʽʚʥʶʻ ʧʨʠʙʣʠʟʥʦ 678,9 ʤɻʘʣ 

ʜʣʷ 540 ʤʣʥ ʨʦʢʽʚ ʪʘ 679,4  ʤɻʘʣ ʜʣʷ 5 ʤʣʥ ʨʦʢʽʚ. ʎʝ ʚʽʜʦʙʨʘʞʘʻ ʤʘʢʩʠʤʘʣʴʥʠʡ 

ʚʧʣʠʚ ʚʽʜʮʝʥʪʨʦʚʦʾ ʩʠʣʠ ʯʝʨʝʟ ʙʽʣʴʰʠʡ ʝʢʚʘʪʦʨʽʘʣʴʥʠʡ ʨʘʜʽʫʩ. ɯʟ ʟʙʽʣʴʰʝʥʥʷʤ 

ʰʠʨʦʪʠ ʨʘʜʽʘʣʴʥʘ ʩʢʣʘʜʦʚʘ ʧʦʩʪʫʧʦʚʦ ʟʤʝʥʰʫʻʪʴʩʷ, ʜʦʩʷʛʘʶʯʠ ʤʽʥʽʤʫʤʫ ʥʘ 

ʧʦʣʶʩʘʭ, ʜʝ ʚʦʥʘ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʥʫʣʷ (ʨʠʩ. 3.5). 

  ʊʘʙʣʠʮʷ 3.2. 

 ʈʘʜʽʘʣʴʥʽ ʪʘ ʤʝʨʠʜʽʦʥʘʣʴʥʽ ʩʠʣʠ ʥʘ ʧʝʨʽʦʜ 540 ʪʘ 5 ʤʽʣʴʡʦʽʚ ʨʦʢʽʚ ʪʦʤʫ 

ʐʠʨʦʪʘ, Á 
Ὂȟ̍ ː́̌ Ὂȟ̍ ː́̌ 

540 ʤʣʥʨʦʢʽʚ 5 ʤʣʥ ʨʦʢʽʚ 540 ʤʣʥ ʨʦʢʽʚ 5 ʤʣʥ ʨʦʢʽʚ 

0 679 679 0 0 

5 663 664 60 60 

10 618 618 124 124 

15 543 543 194 194 

20 441 441 271 271 

25 315 316 355 355 
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ʧʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣ. 3.2 

30 170 170 444 443 

35 9 9 532 532 

40 -163 -163 614 614 

45 -340 -340 683 683 

50 -517 -518 731 731 

55 -689 -690 751 751 

60 -851 -851 739 739 

65 -997 -997 691 691 

70 -1123 -1123 607 607 

75 -1226 -1226 489 489 

80 -1301 -1301 343 343 

85 -1347 -1347 177 177 

90 -1363 -1363 0 0 

 

 

ʈʠʩ. 3.5. ɯʣʶʩʪʨʘʮʽʷ ʨʘʜʽʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ ʪʘ ʾʾ ʨʽʟʥʠʮʷ ʥʘ ʧʝʨʽʦʜʠ 5 ʪʘ 540 ʤʣʥ 

ʨʦʢʽʚ 

ʅʘ ʝʢʚʘʪʦʨʽ ʤʝʨʠʜʽʦʥʘʣʴʥʘ ʩʢʣʘʜʦʚʘ ʜʦʨʽʚʥʶʻ ʥʫʣʶ, ʦʩʢʽʣʴʢʠ ʩʠʥʫʩ 

ʰʠʨʦʪʠ ʨʽʚʥʠʡ ʥʫʣʶ, ʽ ʩʠʣʘ ʥʝ ʤʘʻ ʪʘʥʛʝʥʮʽʘʣʴʥʦʾ ʢʦʤʧʦʥʝʥʪʠ. ʅʘ ʰʠʨʦʪʘʭ 

ʙʣʠʟʴʢʦ ʜʦ 45Á ʤʝʨʠʜʽʦʥʘʣʴʥʘ ʩʢʣʘʜʦʚʘ ʜʦʩʷʛʘʻ ʤʘʢʩʠʤʫʤʫ. ɼʣʷ 540 ʤʣʥ ʨʦʢʽʚ 
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ʚʦʥʘ ʩʪʘʥʦʚʠʪʴ ʧʨʠʙʣʠʟʥʦ 193,7  ʤɻʘʣ, ʘ ʜʣʷ 5 ʤʣʥ ʨʦʢʽʚ ï 193,7  ʤɻʘʣ (ʨʠʩ. 3.8). 

ʅʘ ʧʦʣʶʩʘʭ ʤʝʨʠʜʽʦʥʘʣʴʥʘ ʩʢʣʘʜʦʚʘ ʟʥʦʚʫ ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ ʥʫʣʷ, ʦʩʢʽʣʴʢʠ ʥʘ 

ʧʦʣʶʩʘʭ ʚʽʜʩʫʪʥʽʡ ʥʘʭʠʣ ʢʦʤʧʦʥʝʥʪ ʜʦ ʤʝʨʠʜʽʘʥʘ. 

 

ʈʠʩ. 3.6. ɯʣʶʩʪʨʘʮʽʷ ʤʝʨʠʜʽʦʥʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ ʪʘ ʾʾ ʨʽʟʥʠʮʷ ʥʘ ʧʝʨʽʦʜʠ 5 ʪʘ 540 

ʤʣʥ ʨʦʢʽʚ 

ʗʢʱʦ ʦʮʽʥʶʚʘʪʠ ʩʠʣʠ ʫ ʽʜʝʥʪʠʯʥʠʭ ʣʦʢʘʮʽʷʭ, ʘʣʝ ʫ ʨʽʟʥʽ ʧʝʨʽʦʜʠ 540 ʤʣʥ 

ʨʦʢʽʚ ʪʘ 5 ʤʣʥ ʨʦʢʽʚ: ʜʣʷ ʨʘʜʽʘʣʴʥʦ ʾʩʢʣʘʜʦʚʦ ʾʨʽʟʥʠʮʷ ʤʽʞ 540 ʤʣʥ ʨʦʢʽʚ ʽ 5 ʤʣʥ 

ʨʦʢʽʚ ʻ ʜʫʞʝ ʤʘʣʦʶ ï ʙʣʠʟʴʢʦ 0.5  ʤɻʘʣ, ʱʦ ʚʢʘʟʫʻ ʥʘ ʥʝʟʥʘʯʥʫ ʟʤʽʥʫ 

ʚʽʜʮʝʥʪʨʦʚʠʭ ʩʠʣ ʯʝʨʝʟ ʟʤʽʥʫ ʩʪʠʩʥʝʥʥʷ ʧʣʘʥʝʪʠ; ʜʣʷ ʤʝʨʠʜʽʦʥʘʣʴʥʦʾ 540 ʤʣʥ 

ʨʦʢʽʚ ʽ 5 ʤʣʥ ʨʦʢʽʚ ʚʽʜʤʽʥʥʦʩʪʽ ʪʘʢʦʞ ʤʽʥʽʤʘʣʴʥʽ. ʅʘʧʨʠʢʣʘʜ, ʥʘ ʰʠʨʦʪʘʭ 45Á 

ʚʦʥʘ ʟʘʣʠʰʘʻʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʽʜʝʥʪʠʯʥʦʶ. 

ɿ ʪʦʯʢʠ ʟʦʨʫ ʛʝʦʤʝʪʨʽʾ, ʦʯʝʚʠʜʥʠʤ ʻ ʪʝ, ʱʦ ʧʽʜ ʯʘʩ ʝʚʦʣʶʮʽʾ ʬʽʛʫʨʠ ɿʝʤʣʽ 

ʥʝʦʜʤʽʥʥʦ ʪʨʘʥʩʬʦʨʤʫʻʪʴʩʷ ʩʪʠʩʥʝʥʥʷ ʝʣʽʧʩʦʾʜʘ, ʘ ʚʽʜʪʘʢ ʨʘʟʶʯʠʭ ʟʤʽʥ ʟʘʟʥʘʻ 

ʡʦʛʦ ʧʣʦʱʘ ʧʦʚʝʨʭʥʽ. ʉʧʨʦʙʫʻʤʦ ʮʝ ʦʮʽʥʠʪʠ ʚʠʟʥʘʯʠʚʰʠ ʟʤʽʥʫ ʧʣʦʱ ʰʠʨʦʪʥʠʭ 

ʩʤʫʛ ʝʣʽʧʩʦʾʜʘ. 
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ʇʦʚʝʨʭʥʷ ʝʣʽʧʩʦʾʜʘ ʦʙʝʨʪʘʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʽʥʪʝʛʨʘʣʦʤ: 

 Ὓ ς“ὥ᷿ ὦ ὥ ὦ ÓÉÎ• 
 
ὥÓÉÎ• ÃÏÓ• Ὠ• (3.10) 

ʆʜʥʘʢ, ʜʣʷ ʧʣʦʱʽ ʦʢʨʝʤʦʾ ʰʠʨʦʪʥʦʾ ʩʤʫʛʠ ʤʽʞ ʧʘʨʘʣʝʣʷʤʠ, 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʾʾ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʡ ʚʠʛʣʷʜ: 

 ῳὛ ς“ὥ᷿ ὔ•ὦÃÏÓ•Ὠ• (3.11) 

ʜʝ a ï ʝʢʚʘʪʦʨʽʘʣʴʥʠʡ ʨʘʜʽʫʩ ʝʣʽʧʩʦʾʜʘ; b ï ʧʦʣʷʨʥʠʡ ʨʘʜʽʫʩ ʝʣʽʧʩʦʾʜʘ; ű1 ʪʘ ű2 ï 

ʰʠʨʦʪʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʤʝʞʽ ʩʤʫʛʠ; N(ű) ï ʨʘʜʽʫʩ ʢʨʠʚʠʟʥʠ ʚ ʧʝʨʰʦʤʫ 

ʚʝʨʪʠʢʘʣʽ. 

ʋ ʪʘʙʣ. 3.3 ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʝʥʴ. 

  ʊʘʙʣʠʮʷ 3.3. 

 ɿʤʽʥʠ ʧʣʦʱʽ 

ɻʨʘʥʠʮʽ ʰʠʨʦʪʥʠʭ 

ʩʤʫʛ, Á 
ʇʣʦʱʘ, ʢʤ

2 
ʈʽʟʥʠʮʷ 

ʧʣʦʱ, ʢʤ
2 

ʇʦʯʘʪʦʢ ʂʽʥʝʮʴ 540 ʤʣʥ ʨʦʢʽʚ 5 ʤʣʥ ʨʦʢʽʚ 

0 5 1.41Ĭ10
14

 1.41Ĭ10
14

 4.14Ĭ10
10

 

5 10 1.40Ĭ10
14

 1.40Ĭ10
14

 4.21Ĭ10
10

 

10 15 1.38Ĭ10
14

 1.38Ĭ10
14

 4.33Ĭ10
10

 

15 20 1.35Ĭ10
14

 1.35Ĭ10
14

 4.50Ĭ10
10

 

20 25 1.31Ĭ10
14

 1.31Ĭ10
14

 4.69Ĭ10
10

 

25 30 1.26Ĭ10
14

 1.26Ĭ10
14

 4.89Ĭ10
10

 

30 35 1.20Ĭ10
14

 1.20Ĭ10
14

 5.06Ĭ10
10

 

35 40 1.12Ĭ10
14

 1.12Ĭ10
14

 5.18Ĭ10
10

 

40 45 1.05Ĭ10
14

 1.05Ĭ10
14

 5.23Ĭ10
10

 

45 50 9.59Ĭ10
13

 9.58Ĭ10
13

 5.17Ĭ10
10

 

50 55 8.64Ĭ10
13

 8.64Ĭ10
13

 5.00Ĭ10
10

 

55 60 7.63Ĭ10
13

 7.62Ĭ10
13

 4.70Ĭ10
10

 

60 65 6.56Ĭ10
13

 6.55Ĭ10
13

 4.27Ĭ10
10

 

65 70 5.44Ĭ10
13

 5.43Ĭ10
13

 3.70Ĭ10
10

 

70 75 4.27Ĭ10
13

 4.27Ĭ10
13

 3.02Ĭ10
10

 

75 80 3.08Ĭ10
13

 3.07Ĭ10
13

 2.24Ĭ10
10

 

80 85 1.85Ĭ10
13

 1.85Ĭ10
13

 1.37Ĭ10
10

 

85 90 6.20Ĭ10
12

 6.19Ĭ10
12

 4.64Ĭ10
09
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ɸʥʘʣʽʟʫʶʯʠ ʛʨʘʬʽʢ (ʨʠʩ. 3.7) ʟʤʽʥ ʧʣʦʱ ʰʠʨʦʪʥʠʭ ʩʤʫʛ ʜʣʷ ʝʣʽʧʩʦʾʜʽʚ 

ʜʚʦʭ ʝʧʦʭ (540 ʤʣʥ ʨʦʢʽʚ ʪʘ 5 ʤʣʥ ʨʦʢʽʚ), ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ, ʱʦ ʥʘ ʝʢʚʘʪʦʨʽ 

ʧʣʦʱʽ ʰʠʨʦʪʥʠʭ ʩʤʫʛ ʤʘʢʩʠʤʘʣʴʥʽ, ʦʩʢʽʣʴʢʠ ʪʫʪ ʜʽʻ ʥʘʡʙʽʣʴʰʘ ʚʽʜʮʝʥʪʨʦʚʘ 

ʩʠʣʘ ʯʝʨʝʟ ʤʘʢʩʠʤʘʣʴʥʠʡ ʨʘʜʽʫʩ ʝʣʽʧʩʦʾʜʘ. ɼʣʷ ʦʙʦʭ ʝʧʦʭ (540 ʤʣʥ ʨʦʢʽʚ ʪʘ 5 

ʤʣʥ ʨʦʢʽʚ) ʧʣʦʱʽ ʜʫʞʝ ʩʭʦʞʽ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʝʟʥʘʯʥʽ ʟʤʽʥʠ ʩʪʠʩʥʝʥʥʷ ʤʽʞ 

ʮʠʤʠ ʧʝʨʽʦʜʘʤʠ. ʅʘ ʩʝʨʝʜʥʽʭ ʰʠʨʦʪʘʭ (25ЈɀτυЈ) ʧʣʦʱʽ ʟʤʝʥʰʫʶʪʴʩʷ, ʘʣʝ 

ʥʝʣʽʥʽʡʥʦ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʦʩʪʫʧʦʚʦʤʫ ʟʤʝʥʰʝʥʥʶ ʨʘʜʽʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ ʩʠʣ ʪʘ 

ʨʘʜʽʫʩʫ ʝʣʽʧʩʦʾʜʘ. ʎʷ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʚʽʜʦʙʨʘʞʘʻ ʟʤʽʥʠ ʬʦʨʤʠ ʝʣʽʧʩʦʾʜʘ, ʢʦʣʠ 

ʚʧʣʠʚ ʚʽʜʮʝʥʪʨʦʚʠʭ ʩʠʣ ʽ ʛʨʘʚʽʪʘʮʽʾ ʧʦʯʠʥʘʻ ʚʟʘʻʤʦʜʽʷʪʠ ʩʢʣʘʜʥʽʰʝ. ɿʤʝʥʰʝʥʥʷ 

ʧʣʦʱ ʥʘ ʮʠʭ ʰʠʨʦʪʘʭ ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʨʘʜʽʘʣʴʥʽ ʩʠʣʠ ʪʫʪ ʧʦʩʪʫʧʦʚʦ ʚʪʨʘʯʘʶʪʴ 

ʜʦʤʽʥʫʚʘʥʥʷ, ʧʦʩʪʫʧʘʶʯʠʩʴ ʚʧʣʠʚʫ ʪʘʥʛʝʥʮʽʘʣʴʥʠʭ ʢʦʤʧʦʥʝʥʪ. ʅʘ ʧʦʣʶʩʘʭ 

ʧʣʦʱʽ ʰʠʨʦʪʥʠʭ ʩʤʫʛ ʤʽʥʽʤʘʣʴʥʽ ʜʣʷ ʦʙʦʭ ʝʧʦʭ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʜʦʤʽʥʫʚʘʥʥʶ 

ʚʝʨʪʠʢʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ ʩʠʣ (ʛʨʘʚʽʪʘʮʽʷ), ʘ ʨʘʜʽʘʣʴʥʘ ʩʠʣʘ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʥʫʣʷ 

ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʚʧʣʠʚʫ.  

 

ʈʠʩ. 3.7. ʇʣʦʱʽ ʰʠʨʦʪʥʠʭ ʩʤʫʛ ʪʘ ʾʭ ʟʤʽʥʠ ʫ ʢʤ
2
 (540 ʤʣʥ ʨʦʢʽʚ ʪʘ 5 ʤʣʥ ʨʦʢʽʚ) 
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ʅʘ ʧʦʣʶʩʘʭ ʨʽʟʥʠʮʷ ʧʣʦʱ ʤʽʥʽʤʘʣʴʥʘ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʚʽʜʩʫʪʥʽʩʪʶ 

ʚʧʣʠʚʫ ʚʽʜʮʝʥʪʨʦʚʠʭ ʩʠʣ. ʅʘ ʩʝʨʝʜʥʽʭ ʰʠʨʦʪʘʭ ʨʽʟʥʠʮʷ ʧʣʦʱ ʤʘʢʩʠʤʘʣʴʥʦ 

ʚʠʨʘʞʝʥʘ. ʎʝ ʚʢʘʟʫʻ ʥʘ ʥʘʡʙʽʣʴʰʽ ʟʤʽʥʠ ʬʦʨʤʠ ʝʣʽʧʩʦʾʜʘ ʯʝʨʝʟ ʧʝʨʝʭʽʜ ʚʽʜ 

ʜʘʚʥʽʰʦʛʦ ʜʦ ʩʫʯʘʩʥʽʰʦʛʦ ʩʪʠʩʥʝʥʥʷ. ʋ ʮʴʦʤʫ ʜʽʘʧʘʟʦʥʽ ʪʘʥʛʝʥʮʽʘʣʴʥʽ ʩʠʣʠ 

ʥʘʡʙʽʣʴʰ ʧʦʤʽʪʥʦ ʟʤʽʥʶʶʪʴʩʷ. 

ʇʣʦʱʽ ʰʠʨʦʪʥʠʭ ʩʤʫʛ ʪʘ ʾʭ ʟʤʽʥʠ ʚʢʘʟʫʶʪʴ ʥʘ ʧʦʩʪʫʧʦʚʝ ʟʤʝʥʰʝʥʥʷ 

ʩʪʠʩʥʝʥʥʷ ʧʣʘʥʝʪʠ ʟ ʯʘʩʦʤ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʥʝʚʝʣʠʢʦʶ ʨʽʟʥʠʮʝʶ ʧʣʦʱ ʫ 

ʩʫʯʘʩʥʠʡ ʧʝʨʽʦʜ (5 ʤʣʥ ʨʦʢʽʚ) ʧʦʨʽʚʥʷʥʦ ʟ ʤʠʥʫʣʠʤ (540 ʤʣʥ ʨʦʢʽʚ). ʊʘʢʠʤ 

ʯʠʥʦʤ, ʧʣʦʱʽ ʰʠʨʦʪʥʠʭ ʩʤʫʛ ʪʘ ʾʭ ʜʠʥʘʤʽʢʘ ʧʨʷʤʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʤʽʥʘʤ 

ʨʘʜʽʘʣʴʥʠʭ ʽ ʪʘʥʛʝʥʮʽʘʣʴʥʠʭ ʩʠʣ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʯʝʨʝʟ ʚʘʨʽʘʮʽʾ ʬʦʨʤʠ ʪʘ 

ʩʪʠʩʥʝʥʥʷ ʧʣʘʥʝʪʠ ʧʨʦʪʷʛʦʤ ʛʝʦʣʦʛʽʯʥʦʛʦ ʯʘʩʫ. 

3.1.2. ɼʝʬʦʨʤʘʮʽʾ ʪʘ ʥʘʧʨʫʞʝʥʥʷ ʣʽʪʦʩʬʝʨʥʦʾ ʦʙʦʣʦʥʢʠ ʦʙʫʤʦʚʣʝʥʠʭ 

ʧʝʨʝʦʨʽʻʥʪʘʮʽʻʶ ʬʽʛʫʨʠ ʣʽʪʦʩʬʝʨʠ 

ʋ ʨʘʟʽ ʦʜʥʦʯʘʩʥʦʾ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʨʦʪʘʮʽʡʥʦʛʦ ʨʝʞʠʤʫ ɿʝʤʣʽ (ʢʫʪʦʚʦʾ 

ʰʚʠʜʢʦʩʪʽ ʽ ʧʦʣʦʞʝʥʥʷ ʚʩ̔ʽ ʦʙʝʨʪʘʥʥʷ) ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʩʧʦʚʽʣʴʥʝʥʥʷ 

ʦʙʝʨʪʘʥʥʷ ɿʝʤʣʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʥʘʧʨʫʞʝʥʴ ʫ ʪʝʢʪʦʥʦʩʬʝʨʽ, 

ʨʦʟʧʦʜʽʣ ʷʢʠʭ ʩʭʝʤʘʪʠʯʥʦ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 3.2, ʘ ʟʤʽʥʘ ʧʦʣʦʞʝʥʥʷ ʚʩ̔ʽ 

ʦʙʝʨʪʘʥʥʷ (ʨʠʩ. 3.8) ï ʣʠʰʝ ʜʦ ʾʭ ʧʝʨʝʦʨʽʻʥʪʫʚʘʥʥʷ. ʌʘʢʪʠʯʥʽ ʛʝʦʣʦʛʽʯʥʽ ʜʘʥʽ 

ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʟʥʘʯʥʫ ʨʦʣʴ ʫ ʮʴʦʤʫ ʚʽʜʽʛʨʘʻ ʪʝʢʪʦʥʽʯʥʠʡ ʬʘʢʪʦʨ, 

ʟʫʤʦʚʣʝʥʠʡ ʧʝʨʝʤʽʱʝʥʥʷʤ ʧʦʣʶʩʽʚ ɿʝʤʣʽ. ʊʘʢʠʡ ʧʨʦʮʝʩ ʤʦʞʝ ʧʦʯʘʪʠʩʷ ʧʽʩʣʷ 

ʚʠʥʠʢʥʝʥʥʷ ʜʝʷʢʦʛʦ ʧʦʤʽʪʥʦʛʦ ʜʠʩʙʘʣʘʥʩʫ ʤʘʩ ʚ ʤʘʥʪʽʾ. ʅʘʧʨʠʢʣʘʜ, ʯʝʨʝʟ 

ʟʨʦʩʪʘʥʥʷ ʩʫʧʝʨʚʫʣʢʘʥʫ ʜʘʣʝʢʦ ʚʽʜ ʝʢʚʘʪʦʨʘ. ʆʪʞʝ, ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ 

ʚʝʨʪʠʢʘʣʴʥʽ (ʨʘʜʽʘʣʴʥʽ) ʩʠʣʠ ʧʦʨʫʰʫʶʪʴ ʦʙʝʨʪʦʚʫ ʩʠʤʝʪʨʽʶ ɿʝʤʣʽ, ʘ 

ʛʦʨʠʟʦʥʪʘʣʴʥʽ ʩʠʣʠ (ʟʘ ʨʘʭʫʥʦʢ ʝʥʝʨʛʽʾ ʦʙʝʨʪʘʥʥʷ), ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʮʴʦʤʫ, 

ʚʽʜʥʦʚʣʶʶʪʴ ʮʶ ʩʠʤʝʪʨʽʶ ʰʣʷʭʦʤ ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʦʢʨʝʤʠʭ ʧʣʠʪ ʽ 

ʙʣʦʢʽʚ, ʘ ʪʘʢʦʞ çʢʚʘʟʽʨʽʜʢʦʛʦè ʚʥʫʪʨʽʰʥʴʦʛʦ ʩʫʙʩʪʨʘʢʪʫ. ʎʽʣʢʦʤ ʤʦʞʣʠʚʦ, ʱʦ ʚ 

ʮʠʭ ʞʝ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʨʫʭʘʭ ʤʦʛʣʠ ʙʨʘʪʠ ʫʯʘʩʪʴ ʽ ʮʽʣʽ ʣʽʪʦʩʬʝʨʥʽ ʧʣʠʪʠ. ʊʘʢʽ 

ʪʝʢʪʦʥʽʯʥʽ ʧʨʦʮʝʩʠ ʜʦʧʫʩʢʘʻ ʛʽʧʦʪʝʟʘ ʪʝʢʪʦʥʽʢʠ ʧʣʠʪ, ʘʣʝ ʽ ʾʭ ʧʝʨʝʤʽʱʝʥʥʷ 
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ʧʦʚʠʥʥʝ ʧʽʜʢʦʨʷʪʠʩʷ ʟʘʛʘʣʴʥʦʤʫ ʧʨʠʟʥʘʯʝʥʥʶ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʧʝʨʝʤʽʱʝʥʴ ï 

ʚʽʜʥʦʚʣʝʥʥʶ ʩʠʤʝʪʨʽʾ ʚʽʜʥʦʩʥʦ ʚʩ̔ʽ ʦʙʝʨʪʘʥʥʷ ʽ ʟʙʝʨʝʞʝʥʥʶ ʤʦʤʝʥʪʫ ʽʤʧʫʣʴʩʫ. 

ɸʥʘʣʦʛʽʯʥʘ ʧʦʜʽʷ, ʚʦʯʝʚʠʜʴ, ʩʪʘʣʘʩʷ ʢʦʣʠʩʴ ʥʘ ʄʘʨʩʽ ʯʝʨʝʟ ʚʝʣʝʪʝʥʩʴʢʠʡ ʚʫʣʢʘʥ 

Olympus Mons ʪʘ ʽʥʰʠʭ ʚʝʣʠʢʠʭ ʚʫʣʢʘʥʽʚ ʥʘʛʽʨ'ʷ Tharsis. 

 ʆʪʞʝ, ʚʠʥʠʢʘʻ ʽʥʪʝʨʝʩ ʜʦ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʪʝʢʪʦʥʽʯʥʠʭ ʩʪʨʫʢʪʫʨ 

ʧʣʘʥʝʪʘʨʥʦʛʦ ʤʘʩʰʪʘʙʫ, ʟʘʨʦʜʞʝʥʥʷ ʷʢʠʭ ʚʽʜʙʫʚʘʣʦʩʴ ʚ ʧʨʦʮʝʩʽ ʛʝʦʣʦʛʽʯʥʦʾ 

ʝʚʦʣʶʮʽʾ, ʥʘ ʟʤʽʥʫ ʨʦʪʘʮʽʡʥʦʛʦ ʨʝʞʠʤʫ ʧʣʘʥʝʪʠ [204]. 

 

ʈʠʩ. 3.8. ʉʭʝʤʘʪʠʯʥʠʡ ʨʦʟʧʦʜʽʣ ʥʘʧʨʫʞʝʥʴ ʫ ʣʽʪʦʩʬʝʨʽ ɿʝʤʣʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʟʤʽʥʠ 

ʧʦʣʦʞʝʥʥʷ ʚʽʩʽ ʬʽʛʫʨʠ ʚʽʜʥʦʩʥʦ ʚʽʩʽ ʦʙʝʨʪʘʥʥʷ ʧʣʘʥʝʪʠ 

ʈʦʟʛʣʷʥʝʤʦ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ ʷʢ ʤʦʞʥʘ ʤʘʪʝʤʘʪʠʯʥʦ ʨʝʘʣʽʟʫʚʘʪʠ 

ʢʽʥʝʤʘʪʠʯʥʽ ʫʤʦʚʠ, ʱʦ ʧʦʚôʷʟʘʥʽ ʟ ʜʝʬʦʨʤʘʮʽʻʶ ʣʽʪʦʩʬʝʨʠ ʚʥʘʩʣʽʜʦʢ 

ʧʝʨʝʦʨʽʻʥʪʘʮʽʾ ʧʦʣʶʩʘ ʬʽʛʫʨʠ ɿʝʤʣʽ [204]. ɼʦʙʨʝ ʚʽʜʦʤʦ, ʱʦ ʚʽʜʤʽʥʥʽʩʪʴ 

ʝʣʝʤʝʥʪʽʚ ʜʦʚʞʠʥʠ ʜʫʛʠ ʜʦ ʽ ʧʽʩʣʷ ʜʝʬʦʨʤʘʮʽʾ ʪʽʩʥʦ ʧʦʚôʷʟʘʥʝ ʟ ʪʝʥʟʦʨʦʤ 

ʜʝʬʦʨʤʘʮʽʾ [48]. ʗʢʱʦ ʧʦʟʥʘʯʠʪʠ ʯʝʨʝʟ Ὠί ï ʤʝʪʨʠʢʫ ʧʦʚʝʨʭʥʽ ʜʦ ʜʝʬʦʨʤʘʮʽʾ, ʽ 

ʚʽʜʧʦʚʽʜʥʦ ʯʝʨʝʟ ὨὛ ï ʤʝʪʨʠʢʫ ʧʦʚʝʨʭʥʽ ʧʽʩʣʷ ʜʝʬʦʨʤʘʮʽʾ, ʪʦ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ: 

 Ὠί ὫὨὼὨὼ (3.12) 

 ὨὛ ὋὨὼὨὼ (3.13) 

 
ὨὛ Ὠί Ὃ Ὣ ὨὼὨὼ

ὨὛ Ὠί ς‐ὨὼὨὼ
 (3.14) 
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ʜʝ ‐ὭὮï ʪʝʥʟʦʨ ʜʝʬʦʨʤʘʮʽʾ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʤʦ ʟʘ ʬʦʨʤʫʣʦʶ: 

 ‐ὭὮ
ρ
ς
ὨὛς Ὠίς  (3.15) 

ʆʟʥʘʯʝʥʽ ʤʝʪʨʠʢʠ ʚʽʜʥʝʩʝʥʽ ʜʦ ʦʜʥʠʭ ʡ ʪʠʭ ʞʝ ʟʤʽʥʥʠʭ ὼὭ, ʘʣʝ ʟ ʨʽʟʥʠʤʠ 

ʤʝʪʨʠʯʥʠʤʠ ʪʝʥʟʦʨʘʤʠ ὫὭὮ ʽ ὋὭὮȢ 

ʆʪʞʝ, ʣʽʥʽʡʥʠʡ ʝʣʝʤʝʥʪ Ὠί ʽʜʝʥʪʠʬʽʢʫʻ ʤʝʪʨʠʯʥʫ ʬʦʨʤʫ ʥʝʜʝʬʦʨʤʦʚʘʥʦʾ 

ʦʙʣʘʩʪʽ ῳ ʫ ʧʦʯʘʪʢʦʚʦʤʫ ʩʪʘʥʽ, ʘ ὨὛ ʚʽʜʦʙʨʘʞʝʥʥʷ ʣʽʥʽʡʥʦʛʦ ʝʣʝʤʝʥʪʘ Ὠί, ʷʢʝ 

ʚʽʜʧʦʚʽʜʘʻ ʧʝʨʝʪʚʦʨʝʥʽʡ ʦʙʣʘʩʪʽ D¡ (ʢʽʥʮʝʚʠʡ ʩʪʘʥ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʪʨʘʥʩʬʦʨʤʦʚʘʥʽʡ ʬʽʛʫʨʽ ï ʜʚʦʚʽʩʥʦʤʫ ʯʠ ʪʨʠʚʽʩʥʦʤʫ ʝʣʽʧʩʦʾʜʫ).  

ɺʚʝʜʝʤʦ ʢʦʤʧʦʥʝʥʪʠ ix  ʪʦʯʢʠ ʊ ʧʦʚʝʨʭʥʽ ʯʝʨʝʟ ʩʬʝʨʠʯʥʽ ʢʦʦʨʜʠʥʘʪʠ:  

ὼρ ὶίὭὲ—ὧέί‗ȟὼς ὶίὭὲ—ίὭὲ‗ȟ ὼσ ὶὧέί—ȟ 

ʜʝ r ï ʨʘʜʽʫʩ-ʚʝʢʪʦʨ ʚʽʜ ʮʝʥʪʨʫ ʢʦʦʨʜʠʥʘʪʥʦʾ ʩʠʩʪʝʤʠ ʜʦ ʧʦʚʝʨʭʥʽ, — , ‗ ï 

ʚʽʜʧʦʚʽʜʥʦ ʧʦʣʷʨʥʘ ʚʽʜʜʘʣʴ ʽ ʜʦʚʛʦʪʘ. 

 ɼʣʷ ʜʚʦʚʽʩʥʦʛʦ ʽ ʪʨʠʚʽʩʥʦʛʦ ʝʣʽʧʩʦʾʜʽʚ ʾʭ ʨʘʜʽʫʩ-ʚʝʢʪʦʨʠ r ʚʽʜʧʦʚʽʜʥʦ 

ʤʦʞʥʘ ʚʠʨʘʟʠʪʠ ʥʘʩʪʫʧʥʠʤʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ [35]: 

ὶ Ὑρ ‌ρȾσ ὧέί— ȟ 

 ὶ Ὑ ρ ‌ρȾσ ὧέί— πȟυ‌ǋίὭὲ—ὧέίς‗ ‗ ȟ  (3.16) 

‌ ʽ ‌ǋ ï ʧʦʣʷʨʥʽ ʽ ʝʢʚʘʪʦʨʽʘʣʴʥʽ ʩʪʠʩʥʝʥʥʷ, Ὑï ʨʘʜʽʫʩ ʩʬʝʨʠ ʨʽʚʥʦʛʦ ʦʙ'ʻʤʫ, ‗π ï 

ʛʝʦʛʨʘʬʽʯʥʘ ʜʦʚʛʦʪʘ ʚʝʣʠʢʦʾ ʦʩʽ, — ï ʧʦʣʷʨʥʘ ʚʽʜʩʪʘʥʴ. 

ɽʣʝʤʝʥʪ ʜʦʚʞʠʥʠ ʜʫʛʠ ʜʣʷ ʧʦʚʝʨʭʥʽ ʝʣʽʧʩʦʾʜʘ ʟʥʘʭʦʜʠʪʴʩʷ ʷʢ: 

ὨὛ Ὠὼ Ὠὼ Ὠὼ ὨὓẗὨὓȠ 

ὨὛ
‬ὓ

‬—
Ὠ—

‬ὓ

‬‗
Ὠ‗ẗ

‬ὓ

‬—
Ὠ—

‬ὓ

‬‗
Ὠ‗Ƞ 

ὨὛ
‬ὓ

‬—
ẗ
‬ὓ

‬—
Ὠ— ς

‬ὓ

‬—
ẗ
‬ὓ

‬‗
Ὠ—Ὠ‗

‬ὓ

‬‗
ẗ
‬ὓ

‬‗
Ὠ‗Ȣ 

(3.17) 

ɼʣʷ ʜʚʦʚʽʩʥʦʛʦ ʽ ʪʨʠʚʽʩʥʦʛʦ ʝʣʽʧʩʦʾʜʽʚ ʧʽʩʣʷ ʧʨʦʩʪʠʭ ʧʝʨʝʪʚʦʨʝʥʴ 

ʚʽʜʧʦʚʽʜʥʦ ʦʪʨʠʤʘʻʤʦ: 
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ὨὛ Ὑ ρ ς‌ ὧέί— Ὠ— ὙίὭὲ—ρ ς‌ ὧέί— Ὠ‗ȟ (3.18) 

ὨὛ Ὑ
ρ ς‌

ρ

σ
ὧέί—

‌ίὭὲ—ὧέίς‗ ‗
Ὠ—  

ὙίὭὲ—
ρ ς‌ ὧέί—

‌ίὭὲ—ὧέίς‗ ‗
Ὠ‗. (3.19) 

ɼʣʷ ʩʬʝʨʠʯʥʦʾ ʧʦʚʝʨʭʥʽ ʝʣʝʤʝʥʪ ʜʫʛʠ ʚʠʨʘʞʘʻʪʴʩʷ ʯʝʨʝʟ ʢʣʘʩʠʯʥʝ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 

 Ὠί
ς
ὙςὨ—

ς
ὙςίὭὲς—Ὠ‗

ς
Ȣ (3.20) 

ɺʚʽʚʰʠ (3.18) ʽ (3.19) ʚ (3.20), ʦʪʨʠʤʘʻʤʦ ʜʝʬʦʨʤʘʮʽʾ ʯʝʨʝʟ ʟʤʽʥʠ ʬʦʨʤʠ ʽ 

ʧʦʚʝʨʭʥʽ ʚʽʜʧʦʚʽʜʥʦ: 

ï ʪʨʠʚʽʩʥʦʛʦ ʝʣʽʧʩʦʾʜʘ ʚʽʜʥʦʩʥʦ ʩʬʝʨʠ 

 ‐—— ‐‗‗ ‌
ρ
σ
ὧέίς— ρ

ς
‌ᴂίὭὲς—ὧέίς‗ ‗πȠ (3.21) 

ï ʜʚʦʚʽʩʥʦʛʦ ʝʣʽʧʩʦʾʜʘ ʚʽʜʥʦʩʥʦ ʩʬʝʨʠ 

 ‐—— ‐‗‗ ‌
ρ
σ
ὧέίς—Ƞ (3.22) 

ï ʪʨʠʚʽʩʥʦʛʦ ʝʣʽʧʩʦʾʜʘ ʚʽʜʥʦʩʥʦ ʜʚʦʚʽʩʥʦʛʦ 

 ‐—— ‐‗‗
ρ
ς
‌ǋίὭὲς—ὧέίς‗ ‗πȢ  (3.23) 

ʂʣʘʩʠʯʥʠʡ ʟʚôʷʟʦʢ ʤʽʞ ʪʝʥʟʦʨʘʤʠ ʥʘʧʨʫʞʝʥʴ ʽ ʜʝʬʦʨʤʘʮʽʡ ʚ ʧʨʫʞʥʦʤʫ, 

ʦʜʥʦʨʽʜʥʦʤʫ ʪʘ ʽʟʦʪʨʦʧʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘʢʦʥʦʤ ɻʫʢʘ: 

 „ὭὮ‗‏ὭὮ‐ρρ ς‘‐ὭὮȟ (3.24)
 

‗ȟ‘ ï ʢʦʝʬʽʮʽʻʥʪʠ ʃʷʤʝ, ʷʢʽ ʧʦʚôʷʟʘʥʽ ʟ ʤʦʜʫʣʝʤ ʖʥʛʘ ʽ ʢʦʝʬʽʮʽʻʥʪʦʤ ʇʫʘʩʩʦʥʘ.  

ɼʣʷ ʜʚʦʤʽʨʥʦʛʦ ʧʨʦʩʪʦʨʫ ʟʘ ʘʥʘʣʦʛʽʻʶ ʦʪʨʠʤʫʻʤʦ:  

 „ὭὮ ς‘‐ὭὮȢ (3.25) 
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ʈʽʚʥʷʥʥʷ (3.25) ʜʦʟʚʦʣʷʻ ʟʚôʷʟʘʪʠ ʢʦʤʧʦʥʝʥʪʠ ʥʘʧʨʫʞʝʥʴ ʟ ʜʝʬʦʨʤʘʮʽʷʤʠ, 

ʨʦʟʨʘʭʦʚʘʥʠʤʠ ʚ (3.21), (3.22) ʽ (3.23): 

 „—— „‗‗ ς‘‌
ρ
σ
ὧέίς— ‘‌ᴂίὭὲς—ὧέίς‗ ‗πȠ (3.26) 

 „—— „‗‗ ς‘‌
ρ
σ
ὧέίς—Ƞ (3.27) 

 „ „ ‘‌ǋίὭὲ—ὧέίς‗ ‗  (3.28) 

ɺʘʞʣʠʚʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʜʣʷ ʟʘʛʘʣʴʥʦʾ ʦʮʽʥʢʠ ʩʪʠʩʥʝʥʥʷ ʽ ʨʦʟʪʷʛʫ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʬʽʛʫʨʠ ʻ ʜʠʣʘʪʘʮʽʷ. ɼʠʣʘʪʘʮʽʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʩʣʽʜ 

ʪʝʥʟʦʨʘ ʜʝʬʦʨʤʘʮʽʾ ʽ ʚʽʜʧʦʚʽʜʥʦ ʜʣʷ ʨʽʟʥʠʭ ʪʨʘʥʩʬʦʨʤʘʮʽʡ ʬʽʛʫʨʠ ʧʦʚʝʨʭʥʽ 

ʣʽʪʦʩʬʝʨʠ ɿʝʤʣʽ [205] ʦʪʨʠʤʘʻʤʦ: 

 ῳ ‐ ‐ ;  (3.29) 

ɺʽʜʧʦʚʽʜʥʦ ʜʣʷ ʪʨʠʚʽʩʥʦʛʦ ʝʣʽʧʩʦʾʜʘ ʚʽʜʥʦʩʥʦ ʩʬʝʨʠ [205]: 

 ῳ ς‌ ὧέί— ‌ǋίὭὲ—ὧέίς‗ ‗ Ƞ (3.30) 

ï ʜʚʦʚʽʩʥʦʛʦ ʝʣʽʧʩʦʾʜʘ ʚʽʜʥʦʩʥʦ ʩʬʝʨʠ: 

 ῳ ς‌ ὧέί— ; (3.31) 

ï ʪʨʠʚʽʩʥʦʛʦ ʝʣʽʧʩʦʾʜʘ ʚʽʜʥʦʩʥʦ ʜʚʦʚʽʩʥʦʛʦ: 

 ῳ ς‌ǋίὭὲ—ὧέίς‗ ‗ Ȣ (3.32) 

ʈʦʟʛʣʷʥʝʤʦ ʪʝʧʝʨ, ʷʢ ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʜʝʬʦʨʤʘʮʽʾ ʽ ʥʘʧʨʫʞʝʥʥʷ, ʜʦ ʷʢʠʭ 

ʧʨʠʚʦʜʠʪʴ ʧʝʨʝʦʨʽʻʥʪʘʮʽʷ ʬʽʛʫʨʠ ʣʽʪʦʩʬʝʨʠ ʚʥʘʩʣʽʜʦʢ ʜʨʝʡʬʫ ʣʽʪʦʩʬʝʨʥʠʭ 

ʧʣʠʪ. ʎʽ ʜʝʬʦʨʤʘʮʽʾ ʽ ʥʘʧʨʫʞʝʥʥʷ ʚ ʜʝʷʢʽʡ ʤʽʨʽ ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʟʤʽʥʠ ʢʨʠʚʠʟʥʠ 

ʧʦʚʝʨʭʥʽ. ʏʘʩ, ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʧʝʨʝʤʽʱʝʥʥʷ ʣʽʪʦʩʬʝʨʥʠʭ ʧʣʠʪ, ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ. 

ʌʽʢʩʫʻʪʴʩʷ ʣʠʰʝ ʟʘʛʘʣʴʥʘ ʟʤʽʥʘ, ʚʠʢʣʠʢʘʥʘ ʪʨʘʥʩʬʦʨʤʘʮʽʻʶ ʝʣʽʧʩʦʾʜʘ, ʪʦʙʪʦ 

ʤʽʞ ʡʦʛʦ ʧʦʯʘʪʢʦʚʦʶ ʽ ʢʽʥʮʝʚʦʶ ʧʦʟʠʮʽʷʤʠ. ʈʽʟʥʠʮʶ ʤʽʞ ʦʟʥʘʯʝʥʠʤ ʫʤʦʚʥʦ 

çʪʦʧʦʣʦʛʽʯʥʠʤ ʩʪʘʥʦʤ 2è ʽ ç ʪʦʧʦʣʦʛʽʯʥʠʤ ʩʪʘʥʦʤ 1è ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʧʦʣʝ 
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ʜʝʬʦʨʤʘʮʽʡ ʽ ʥʘʧʨʫʞʝʥʴ, ʱʦ ʚʠʥʠʢʘʻ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟ ʧʝʨʰʦʛʦ 

ʝʣʽʧʩʦʾʜʘ ʚ ʜʨʫʛʽʡ, ʘʙʦ ʪʘʢʦʞ ʷʢ ʧʦʣʝ ʜʝʬʦʨʤʘʮʽʡ ʽ ʥʘʧʨʫʞʝʥʴ ʯʝʨʝʟ ʟʤʽʥʠ 

ʝʣʽʧʩʦʾʜʘʣʴʥʦʾ ʬʦʨʤʠ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʬʦʨʤʫʣ ʩʢʦʨʠʩʪʘʻʤʦʩʴ 

ʧʦʟʥʘʯʝʥʥʷʤʠ ʥʘʚʝʜʝʥʠʤʠ ʥʘ ʨʠʩ. 3.9.  

 

ʈʠʩ. 3.9. ʉʭʝʤʘʪʠʯʥʘ ʽʣʶʩʪʨʘʮʽʷ ʚʽʜʭʠʣʝʥʥʷ ʧʦʣʶʩʘ ʬʽʛʫʨʠ. P ï ʧʦʣʦʞʝʥʥʷ 

ʧʦʣʶʩʘ ʚ ʧʦʯʘʪʢʦʚʦʤʫ ʩʪʘʥʽ (1) ʬʽʛʫʨʠ ʜʚʦʚʽʩʥʦʛʦ ʝʣʽʧʩʦʾʜʘ; P0 ï ʧʦʣʦʞʝʥʥʷ 

ʧʦʣʶʩʘ ʚ ʢʽʥʮʝʚʦʤʫ ʩʪʘʥʽ (2) ʧʽʩʣʷ ʧʝʨʝʤʽʱʝʥʥʷ ʬʽʛʫʨʠ ʜʚʦʚʽʩʥʦʛʦ ʝʣʽʧʩʦʾʜʘ 

ɯʟ ʩʬʝʨʠʯʥʦʛʦ ʪʨʠʢʫʪʥʠʢʘ (ʨʠʩ. 3.9) ʤʘʻʤʦ: 

 ὧέί‎ ὧέί—ὧέί—π ίὭὲ—ίὭὲ—πὧέί‗ ‗πȢ (3.33) 

ɺʨʘʭʦʚʫʶʯʠ ʚʽʜʧʦʚʽʜʥʦ ʬʦʨʤʫʣʠ (3.22) ʽ (3.27), ʘ ʪʘʢʦʞ ʚʠʨʘʟ ʜʣʷ 

ʧʦʣʽʥʦʤʘ ʃʝʞʘʥʜʨʘ 2-ʛʦ ʧʦʨʷʜʢʫ ὖςὧέί— πȟυσὧέίς— ρ, ʦʪʨʠʤʘʻʤʦ 

ʟʘʛʘʣʴʥʽ ʬʦʨʤʫʣʠ ʜʣʷ ʜʝʬʦʨʤʘʮʽʡ ʽ ʥʘʧʨʫʞʝʥʴ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʦʜʥʦʛʦ ʝʣʽʧʩʦʾʜʘ ʚ ʽʥʰʠʡ ʫ ʚʠʭʽʜʥʽʡ ʩʠʩʪʝʤʽ ʚʽʜʣʽʢʫ 

 ‐—— ‐‗‗ ςὥρὖςὧέί‎ ὥςὖςὧέί— ȟ (3.34) 

 „—— „‗‗ ς‘ὥρὖςὧέί‎ ὥςὖςὧέί— Ȣ (3.35) 

ʗʢʱʦ ʧʨʠʡʥʷʪʠ, ʱʦ ʩʪʠʩʥʝʥʥʷ ʝʣʽʧʩʦʾʜʽʚ ʟʘʣʠʰʘʣʦʩʴ ʥʝʟʤʽʥʥʠʤ, ʪʦ 

ʚʽʜʧʦʚʽʜʥʦ ὥρ ὥς ʽ ʦʪʨʠʤʘʻʤʦ: 

P 

М М0 

P0 ɔ 
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 ‐ ‐ σ‌ ίὭὲ—ὧέίς‗, (3.36) 

 „ „ σ‘‌ ίὭὲ—ὧέίς‗Ȣ (3.37) 

ʆʪʞʝ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʝʨʝʦʨʽʻʥʪʘʮʽʾ ʬʽʛʫʨʠ ʥʘ ʤʘʣʫ ʚʝʣʠʯʠʥʫ (ʩʢʘʞʽʤʦ ʥʘ 

3 ʛʨʘʜʫʩʠ), ʚʨʘʭʦʚʫʶʯʠ (3.34) ʽ (3.35), ʦʪʨʠʤʘʻʤʦ: 

 ‐—— ‐‗‗ ς‌ρ

ở

ỞỞ
ờ

σ
ς
ÃÏÓς—π ρὖςÃÏÓ—

σÓÉÎ—ÃÏÓ—ÓÉÎ—
ÃÏÓ—πÃÏÓ‗ ‗π

σ
τ
ÓÉÎς—ÓÉÎς—πÃÏÓς‗ ‗πỢ

ỡỡ
Ỡ
ȟ (3.38) 

 „—— „‗‗ ς‘‌ρ

ở

ỞỞ
ờ

σ
ς
ÃÏÓς—π ρὖςÃÏÓ—

σÓÉÎ—ÃÏÓ—ÓÉÎ—
ÃÏÓ—πÃÏÓ‗ ‗π

σ
τ
ÓÉÎς—ÓÉÎς—πÃÏÓς‗ ‗πỢ

ỡỡ
Ỡ
Ȣ (3.39) 

ɼʣʷ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʟʘʜʘʯʽ ʟʥʘʭʦʜʞʝʥʥʷ ʚʝʢʪʦʨʽʚ ʧʝʨʝʤʽʱʝʥʥʷ ʪʦʯʦʢ ʥʘ 

ʧʦʚʝʨʭʥʽ ʬʽʛʫʨʠ, ʱʦ ʘʧʨʦʢʩʠʤʫʶʪʴ ʣʽʪʦʩʬʝʨʫ ɿʝʤʣʽ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʪʨʘʥʩʬʦʨʤʘʮʽʾ 

ʦʜʥʽʻʾ ʬʽʛʫʨʠ ʚ ʽʥʰʫ ʚʥʘʩʣʽʜʦʢ ʟʤʽʱʝʥʥʷ ʧʦʣʶʩʘ ʤʘʣʦʾ ʚʩ̔ʽ ʬʽʛʫʨʠ, ʥʝʦʙʭʽʜʥʦ 

ʟʥʘʡʪʠ ʚʝʣʠʯʠʥʠ ʟʤʽʱʝʥʥʷ ʪʦʯʦʢ ʚʟʜʦʚʞ ʤʝʨʠʜʽʘʥʫ ὨὄὭ ʽ ʧʘʨʘʣʝʣʽ ὨὒὭ. 

ʈʦʟʛʣʷʥʝʤʦ ʮʝ ʥʘ ʧʨʠʢʣʘʜʽ ʦʜʥʽʻʾ ʪʦʯʢʠ ὃ, ʨʠʩ. 3.10. ʅʘ ʨʠʩʫʥʢʫ ʚʽʜʦʙʨʘʞʝʥʦ 

ʧʦʣʦʞʝʥʥʷ ʜʚʦʭ ʪʦʯʦʢ ʥʘ ʧʦʚʝʨʭʥʽ ʚʠʭʽʜʥʦʛʦ ʝʣʽʧʩʦʾʜʘ: ʪʦʯʢʘ ὃ ʟ ʚʭʽʜʥʠʤʠ 

ʢʦʦʨʜʠʥʘʪʘʤʠ ὄ, ὒ ʪʘ ʪʦʯʢʘ ὃ, ʷʢʘ ʽʣʶʩʪʨʫʻ ʧʝʨʝʤʽʱʝʥʥʷ ʚʥʘʩʣʽʜʦʢ 

ʧʝʨʝʦʨʽʻʥʪʘʮʽʾ ʝʣʽʧʩʦʾʜʘ. ɿ ʨʠʩʫʥʢʫ ʟʨʦʟʫʤʽʣʦ, ʱʦ Ὠὄ ʽ Ὠὒ ʥʝʚʽʜʦʤʽ ʟʥʘʯʝʥʥʷ 

ʧʝʨʝʤʽʱʝʥʥʷ ʪʦʯʢʠ ʚʟʜʦʚʞ ʰʠʨʦʪʠ ʽ ʜʦʚʛʦʪʠ, ʪʦʙʪʦ ʮʝ ʧʨʦʝʢʮʽʾ ʚʽʜʨʽʟʢʘ ὃὃ ʥʘ 

ʤʝʨʠʜʽʘʥ ʽ ʧʘʨʘʣʝʣʴ. ɺʽʜʦʤʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʻ ʛʝʦʜʝʟʠʯʥʽ ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʢʠ ὃ ʫ 

ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ ʟʘʜʘʥʦʛʦ ʥʝʜʝʬʦʨʤʦʚʘʥʦʛʦ ʝʣʽʧʩʦʾʜʘ, ʘ ʪʘʢʦʞ ʧʘʨʘʤʝʪʨʠ 

ʧʝʨʝʦʨʽʻʥʪʘʮʽʾ (ʢʦʦʨʜʠʥʘʪʠ ʮʝʥʪʨʫ ʬʽʛʫʨʠ ʽ ʢʫʪʠ ʧʦʚʦʨʦʪʫ ʥʘʚʢʦʣʦ ʚʽʜʧʦʚʽʜʥʠʭ 

ʦʩʝʡ).  
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ʈʠʩ. 3.10. ɯʣʶʩʪʨʘʮʽʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ dB ʽ dL 

ʆʪʞʝ, ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʟʤʽʥʠ ʛʝʦʜʝʟʠʯʥʠʭ ʢʦʦʨʜʠʥʘʪ ʚʥʘʩʣʽʜʦʢ 

ʧʝʨʝʦʨʽʻʥʪʘʮʽʾ ʬʽʛʫʨʠ. ɿʘʛʘʣʴʥʠʡ ʭʽʜ ʨʦʟʚôʷʟʢʫ ʽʣʶʩʪʨʫʻ ʚʠʨʘʟ [60]: 

 ὄ̱ȟὒ̱ȟὌ̱ ᴼὢ̱ȟὣ̱ȟὤ̱ ᴼὢᴂẖ̌ὣᴂẖ̌ὤᴂˍᴼὄ
ᴂẖ̌ὒᴂẖ̌ὌᴂȢ̱ (3.40) 

ʊʦʙʪʦ ʩʧʦʯʘʪʢʫ ʤʠ ʧʝʨʝʭʦʜʠʤʦ ʜʦ ʜʝʢʘʨʪʦʚʠʭ ʛʝʦʮʝʥʪʨʠʯʥʠʭ ʢʦʦʨʜʠʥʘʪ 

ʟʘ ʚʽʜʦʤʠʤʠ ʬʦʨʤʫʣʘʤʠ [29]:  

ὢɸ ὔ Ὄ ẗὧέίὄɸẗὧέίὒɸẗ, 

ὣɸ ὔ Ὄ ẗὧέίὄɸẗίὭὲὒɸ, 

ὤɸ ὔẗ
ὦ
ς

ὥς
ὌɸẗίὭὲὄɸȢ 

(3.41) 

ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʻ ʚʨʘʭʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʝʨʝʦʨʽʻʥʪʘʮʽʾ ʬʽʛʫʨʠ. ɿʘ 

ʚʽʜʦʤʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʝʨʝʭʦʜʫ ʤʽʞ ʜʚʦʤʘ ʧʨʷʤʦʢʫʪʥʠʤʠ ʛʝʦʮʝʥʪʨʠʯʥʠʤʠ 

ʩʠʩʪʝʤʘʤʠ ʢʦʦʨʜʠʥʘʪ ʚʠʢʦʥʫʻʤʦ ʧʝʨʝʭʽʜ ὢɸȟὣɸȟὤɸᴼὢ
ǋ
ɸȟὣ
ǋ
ɸȟὤ
ǋ
ɸ, ʘʙʦ ʚ 

ʤʘʪʨʠʯʥʽʡ ʬʦʨʤʽ: 

 

ὢ̱
ὣ̱
ὤ̱

ὢˍ
ὣˍ
ὤˍ

ẗὙ

ὼ
ώ
ᾀ

, (3.42) 

ʜʝ Ὑï ʤʘʪʨʠʮʷ ʧʦʚʦʨʦʪʫ, ὼπȟώπȟᾀπï ʢʦʦʨʜʠʥʘʪʠ ʮʝʥʪʨʫ ʬʽʛʫʨʠ. 

ɼʣʷ ʧʝʨʝʭʦʜʫ ʚʽʜ ʜʝʢʘʨʪʦʚʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʫ ʛʝʦʜʝʟʠʯʥʫ, 

ʩʢʦʨʠʩʪʘʻʤʦʩʴ ʚʽʜʦʤʠʤʠ ʬʦʨʤʫʣʘʤʠ [29]: 

ʄ
ʝ
ʨ
ʠ
ʜ

ʽ
ʘ
ʥ

 

ʇʘʨʘʣʝʣʴ 

dL 

dB 

A¡ (B¡, L¡) 

A (B, L) 
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ὄᴂˍ ὥὶὧὸὫ
ὤᴂˍ ὔẗὩςίὭὲὄᴂˍ

ὶᴂˍ
ȟ 

ὒᴂˍ ὥὶὧὸὫ
ὣᴂˍ

ὢᴂˍ
ȟ 

Ὄᴂˍ
ὶᴂˍ

ὧέίὄᴂˍ
ὔ

ὤᴂˍ

ίὭὲὄᴂˍ
ὔρ ὩςȢ 

(3.43) 

ʈʽʟʥʠʮʽ ʝʣʽʧʩʦʾʜʘʣʴʥʠʭ ʢʦʦʨʜʠʥʘʪ ʦʪʨʠʤʘʻʤʦ ʯʝʨʝʟ ʧʨʠʚʝʜʝʥʥʷ ʜʦ ʦʜʥʽʻʾ 

ʙʘʟʦʚʦʾ ʬʽʛʫʨʠ, ʚʽʜʥʦʩʥʦ ʷʢʦʾ ʚʠʢʦʥʫʻʤʦ ʨʦʟʨʘʭʫʥʢʠ ʟʘ ʬʦʨʤʫʣʘʤʠ: 

Ὠὄ ὄǋɸ ὄɸ; 

Ὠὒ ὒǋɸ ὒɸ;      (3.44) 

ὨὌ Ὄǋɸ ὌɸȢ 

ʇʨʦʝʢʮʽʾ Ὠὄ, Ὠὒ ʚʠʨʘʟʠʤʦ ʫ ʢʽʣʦʤʝʪʨʘʭ ʥʘ ʧʦʚʝʨʭʥʽ ʚʠʭʽʜʥʦʛʦ ʙʘʟʦʚʦʛʦ 

ʝʣʽʧʩʦʾʜʘ ʟʘ ʥʘʩʪʫʧʥʠʤʠ ʬʦʨʤʫʣʘʤʠ: 

Ὠὼ Ὠὄẗὓ; 

Ὠώ Ὠὒẗὔẗὧέίὒ;    (3.45) 

Ὠᾀ ὨὌȢ 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʙʫʣʦ ʟʘʜʘʥʦ ʩʽʪʢʫ ʤʝʨʠʜʽʘʥʽʚ ʽ ʧʘʨʘʣʝʣʝʡ ʟ ʢʨʦʢʦʤ 

10Á ʛʨʘʜʫʩʽʚ (ʚʽʜ ï80Á ʜʦ +80Á ʟʘ ʰʠʨʦʪʦʶ ʽ ʚʽʜ ï180Á ʜʦ +180Á ʟʘ ʜʦʚʛʦʪʦʶ)[62]. 

3.2. ɯʥʪʝʨʧʨʝʪʘʮʽʷ ʜʝʬʦʨʤʘʮʽʾ ʝʣʽʧʩʦʾʜʘ ʽ ʧʦʣʷ ʥʘʧʨʫʞʝʥʴ ʪʝʢʪʦʥʦʩʬʝʨʠ ʫ 

ʨʝʟʫʣʴʪʘʪʽ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ ʽ ʧʦʣʦʞʝʥʥʷ ʚʩ̔ʽ ʦʙʝʨʪʘʥʥʷ ɿʝʤʣʽ 

ʈʦʟʛʣʷʥʝʤʦ ʧʝʨʝʤʽʱʝʥʥʷ ʪʦʯʦʢ ʥʘ ʧʦʚʝʨʭʥʽ ʝʣʽʧʩʦʾʜʘ: ʚ ʩʫʯʘʩʥʫ ʝʧʦʭʫ, 65 

ʤʣʥ ʨʦʢʽʚ ʪʦʤʫ ʽ 470 ʤʣʥ ʨʦʢʽʚ ʪʦʤʫ (ʨʠʩ. 3.11) [210]. ɿʘʛʘʣʴʥʘ ʩʠʩʪʝʤʘ 

ʧʝʨʝʤʽʱʝʥʴ ʚʽʜʦʙʨʘʞʘʻ ʩʠʩʪʝʤʫ ʟ ʜʚʦʤʘ ʚʠʭʦʨʘʤʠ, ʬʦʢʫʩʠ ʷʢʠʭ ʨʦʟʤʽʱʝʥʽ ʚ 

ʨʘʡʦʥʽ ʝʢʚʘʪʦʨʘ, ʘ ʧʘʨʘʤʝʪʨʠ ʜʝʬʦʨʤʘʮʽʾ ʟʩʫʚʫ ʫ ʥʠʭ ʻ ʤʽʥʽʤʘʣʴʥʠʤʠ ï 

ʧʨʠʙʣʠʟʥʦ 20 ʢʤ. ʇʦ ʤʽʨʽ ʚʽʜʜʘʣʝʥʥʷ ʚʽʜ ʮʠʭ ʝʧʽʮʝʥʪʨʽʚ ʧʘʨʘʤʝʪʨʠ ʜʝʬʦʨʤʘʮʽʾ 

ʟʨʦʩʪʘʶʪʴ.  
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ʘ) 

 

ʙ) 

 

ʚ) 

 

ʈʠʩ. 3.11. ʇʝʨʝʤʽʱʝʥʥʷ ʪʦʯʦʢ ʥʘ ʧʦʚʝʨʭʥʽ ʝʣʽʧʩʦʾʜʘ (ʢʤ): ʘ) ï ʩʫʯʘʩʥʘ ʝʧʦʭʘ, ʙ) 

ï 65 ʤʣʥ ʨʦʢʽʚ ʪʦʤʫ, ʚ) ï 470 ʤʣʥ ʨʦʢʽʚ ʪʦʤʫ [190] 
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ɿ ʨʠʩʫʥʢʫ ʙʘʯʠʤʦ, ʱʦ ʛʦʣʦʚʥʽ ʣʽʥʽʾ ʜʝʬʦʨʤʘʮʽʾ ʨʦʟʪʘʰʦʚʘʥʽ ʚʟʜʦʚʞ 

ʤʝʨʠʜʽʘʥʽʚ, ʧʨʠʯʦʤʫ ʮʝ ʩʤʫʛʠ ʟʘʚʰʠʨʰʢʠ ʧʨʠʙʣʠʟʥʦ 50Á ʟʘ ʜʦʚʛʦʪʦʶ. ɰʭ 

ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʩʢʣʘʜʘʻ ʧʨʠʙʣʠʟʥʦ 320 ʢʤ ʫ ʧʝʨʽʦʜ 470 ʤʣʥ ʨʦʢʽʚ ʪʦʤʫ. 

ʊʘʢʦʞ ʤʘʢʩʠʤʘʣʴʥʽ ʧʝʨʝʤʽʱʝʥʥʷ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʫ ʧʦʣʷʨʥʠʭ ʦʙʣʘʩʪʷʭ. 

ʅʘʧʨʷʤʢʠ ʧʝʨʝʤʽʱʝʥʥʷ ʻ ʧʨʦʪʠʣʝʞʥʠʤʠ ʫ ʮʠʭ ʚʠʭʨʘʭ, ʽ ʻ ʘʙʩʦʣʶʪʥʦ 

ʩʠʤʝʪʨʠʯʥʠʤʠ. ɺ ʤʽʨʫ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʧʝʨʝʦʨʽʻʥʪʘʮʽʾ ʬʽʛʫʨ, ʦʟʥʘʯʝʥʽ 

ʝʧʽʮʝʥʪʨʠ ʜʝʱʦ ʧʝʨʝʤʽʱʫʶʪʴʩʷ. ʃʦʛʽʯʥʦʶ ʻ ʜʫʤʢʘ, ʱʦ ʮʝ ʤʘʻ ʚʠʢʣʠʢʘʪʠ 

ʧʦʩʪʽʡʥʫ ʟʤʽʥʫ ʥʘʧʨʫʞʝʥʴ ʫ ʢʦʨʽ, ʽ ʚʽʜʧʦʚʽʜʥʦ ʟʤʽʥʫ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ 

ʣʽʪʦʩʬʝʨʥʦʾ ʦʙʦʣʦʥʢʠ. ɺʽʜʪʘʢ ʧʦʚʠʥʝʥ ʥʘʩʪʘʪʠ ʤʦʤʝʥʪ ʢʨʠʪʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ, 

ʱʦ ʩʧʦʥʫʢʘʻ ʥʝʟʚʦʨʦʪʥʽ ʜʝʬʦʨʤʘʮʽʡʥʽ ʧʨʦʮʝʩʠ, ʱʦ ʧʦʨʦʜʞʫʶʪʴ ʣʽʥʽʘʤʝʥʪʥʽ 

ʩʪʨʫʢʪʫʨʠ ʪʘ ʨʦʟʣʦʤʠ [61, 67]. 

ʇʝʨʝʡʜʝʤʦ ʪʝʧʝʨ ʚʽʜ ʟʩʫʚʫ ʜʦ ʜʠʣʘʪʘʮʽʾ, ʷʢʘ ʚʠʥʠʢʘʻ ʚʥʘʩʣʽʜʦʢ ʟʤʽʥʠ 

ʬʽʛʫʨʠ. ʅʘʧʨʠʢʣʘʜ, ʚʽʜ ʩʬʝʨʠ ʜʦ ʜʚʦʚʽʩʥʦʛʦ ʝʣʽʧʩʦʾʜʘ (ʨʠʩ. 3.12, ʙ). ɿʥʘʯʝʥʥʷ, 

ʷʢʽ ʥʘ ʥʴʦʤʫ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʨʦʟʨʘʭʦʚʘʥʽ ʟʘ ʚʠʨʘʟʦʤ (3.31). ʗʢ ʚʽʜʦʤʦ, 

ʜʠʣʘʪʘʮʽʷ ï ʮʝ ʟʤʽʥʘ ʧʣʦʱʽ. ʆʪʞʝ, ʥʘ ʛʨʘʬʽʢʫ ʩʠʥʽʤ ʢʦʣʴʦʨʦʤ ʧʦʢʘʟʘʥʽ ʦʙʣʘʩʪʽ 

ʬʽʛʫʨʠ, ʜʝ ʧʣʦʱʘ ʟʤʝʥʰʫʻʪʴʩʷ, ʘ ʯʝʨʚʦʥʠʤ ï ʜʝ ʟʙʽʣʴʰʫʻʪʴʩʷ.  

ʗʢ ʙʘʯʠʤʦ ʥʘ ʨʠʩ. 3.12, ʟʦʥʘ ʥʫʣʴʦʚʠʭ ʜʝʬʦʨʤʘʮʽʡ ʧʨʦʭʦʜʠʪʴ ʚ ʨʘʡʦʥʽ 50 

ʧʘʨʘʣʝʣʽ ʚ ʧʽʚʥʽʯʥʽʡ ʽ ʧʽʚʜʝʥʥʽʡ ʧʽʚʢʫʣʷʭ. ɼʦʜʘʪʥʽ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ 

ʜʠʣʘʪʘʮʽʾ ʟʦʩʝʨʝʜʞʝʥʽ ʥʘʚʢʦʣʦ ʝʢʚʘʪʦʨʘ, ʘ ʚʽʜôʻʤʥʽ ʚ ʧʦʣʷʨʥʠʭ ʨʝʛʽʦʥʘʭ. 

ʄʘʢʩʠʤʫʤ ʽ ʤʽʥʽʤʫʤ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʝʢʚʘʪʦʨʽ ʽ ʧʦʣʶʩʘʭ ʚʽʜʧʦʚʽʜʥʦ. 

ʈʠʩ. 3.12, ʘ ʧʦʙʫʜʦʚʘʥʠʡ ʟʘ ʜʘʥʠʤʠ ʦʙʯʠʩʣʝʥʠʤʠ ʟʘ ʚʠʨʘʟʦʤ (3.30). 

ʂʘʨʪʠʥʘ ʜʝʱʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʨʠʩ. 3.12, ʙ. ʂʦʥʪʫʨ ʝʢʚʘʪʦʨʽʘʣʴʥʦʾ ʟʦʥʠ ʟ 

ʜʦʜʘʪʥʽʤ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʥʘʙʫʚ ʬʦʨʤʠ ʩʤʫʛʠ, ʷʢʘ ʪʦ ʟʚʫʞʫʻʪʴʩʷ, ʪʦ 

ʨʦʟʰʠʨʶʻʪʴʩʷ. ɺ ʤʽʩʮʷʭ ʨʦʟʰʠʨʝʥʥʷ ʨʦʟʪʘʰʦʚʘʥʽ 4 ʤʘʢʩʠʤʫʤʠ ʜʠʣʘʪʘʮʽʾ. 

ɺʽʜôʻʤʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʫʪʚʦʨʠʣʠ ʦʚʘʣʴʥʽ ʟʦʥʠ ʥʘ ʧʦʣʶʩʘʭ. 

ʈʠʩ. 3.12, ʚ ʽʣʶʩʪʨʫʻ ʪʨʘʥʩʬʦʨʤʘʮʽʶ ʪʨʠʚʽʩʥʦʛʦ ʝʣʽʧʩʦʾʜʘ ʚ ʜʚʦʚʽʩʥʠʡ. 

ʊʫʪ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʘʙʩʦʣʶʪʥʘ ʩʠʤʝʪʨʽʷ, ʯʝʨʝʟ 0 ʽ 180-ʡ ʤʝʨʠʜʽʘʥ ʧʨʦʭʦʜʷʪʴ 6 

ʦʚʘʣʴʥʠʭ ʟʦʥ ʟ ʤʘʢʩʠʤʫʤʘʤʠ, ʘ ʧʦ ʤʝʨʠʜʽʘʥʘʭ ï90Á ʽ +90Á ʩʠʤʝʪʨʠʯʥʽ ʦʚʘʣʠ ʟ 

ʤʽʥʽʤʫʤʘʤʠ. 
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ʘ) 

 

ʙ) 

 

ʚ) 

 

ʈʠʩ. 3.12. ɼʠʣʘʪʘʮʽʷ: ʘ) ï ʧʨʠ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʪʨʠʚʽʩʥʦʛʦ ʝʣʽʧʩʦʾʜʘ ʚ ʩʬʝʨʫ, ʙ) ï 

ʜʚʦʚʽʩʥʦʛʦ ʝʣʽʧʩʦʾʜʘ ʚ ʩʬʝʨʫ, ʚ) ï ʪʨʠʚʽʩʥʦʛʦ ʝʣʽʧʩʦʾʜʘ ʚ ʜʚʦʚʽʩʥʠʡ. 
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ʅʘ ʨʠʩ. 3.13 ʧʦʜʘʥʽ ʥʘʧʨʫʞʝʥʥʷ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʫ ʧʨʫʞʥʽʡ ʦʙʦʣʦʥʮʽ ï 

ʝʢʚʽʚʘʣʝʥʪʥʽʡ ʣʽʪʦʩʬʝʨʽ ʧʨʠ ʾʾ ʧʝʨʝʦʨʽʻʥʪʘʮʽʾ ʧʨʠʙʣʠʟʥʦ ʥʘ ʪʨʠ ʛʨʘʜʫʩʠ [213]. 

 

ʈʠʩ. 3.13. ʅʘʧʨʫʞʝʥʠʡ ʩʪʘʥ ʣʽʪʦʩʬʝʨʠ ʚʥʘʩʣʽʜʦʢ ʧʝʨʝʦʨʽʻʥʪʘʮʽʾ ʬʽʛʫʨʠ [64] 

ʗʢ ʙʘʯʠʤʦ ʟ ʨʠʩʫʥʢʫ, ʤʘʢʩʠʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ ʩʢʣʘʜʘʶʪʴ ςẗρπ ʇʘ. 

ʇʦʙʫʜʦʚʘʥʘ ʢʘʨʪʦʩʭʝʤʘ ʥʘ ʦʩʥʦʚʽ ʨʽʚʥʷʥʥʷ (3.39), ʥʘ ʜʦʜʘʪʦʢ ʜʦ ʚʠʟʥʘʯʝʥʠʭ 

ʤʘʢʩʠʤʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ, ʜʦʟʚʦʣʷʻ ʨʦʟʛʣʷʜʘʪʠ ʣʽʥʽʾ ʽʟʦʥʘʧʨʫʞʝʥʴ ʚ ʷʢʦʩʪʽ 

ʛʨʘʥʠʯʥʠʭ ʟʥʘʯʝʥʴ ʨʫʡʥʫʚʘʥʥʷ ʣʽʪʦʩʬʝʨʠ. ʆʜʥʘʢ ʤʠ ʧʦʚʠʥʥʽ ʚʟʷʪʠ ʜʦ ʫʚʘʛʠ ʪʦʡ 

ʬʘʢʪ, ʱʦ ʤʦʞʝ ʥʝ ʟʦʚʩʽʤ ʢʦʨʝʢʪʥʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʦʟʥʘʯʝʥʽ 

ʬʦʨʤʫʣʠ, ʷʢʽ ʦʪʨʠʤʘʥʽ ʜʣʷ ʘʙʩʦʣʶʪʥʦ ʧʨʫʞʥʦʛʦ ʩʪʘʥʫ, ʜʦ ʷʚʠʱ, ʱʦ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʨʦʪʷʛʦʤ ʛʝʦʣʦʛʽʯʥʠʭ ʤʘʩʰʪʘʙʽʚ ʯʘʩʫ. ɿʘʫʚʘʞʠʤʦ ʪʘʢʦʞ, ʱʦ 

ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʴ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʽʜʧʦʚʽʜʥʠʭ ʜʝʬʦʨʤʘʮʽʡ, ʽ ʨʠʩ. 3.13 ʙʫʜʝ 

ʧʦʜʽʙʥʠʤ, ʪʽʣʴʢʠ ʫ ʚʽʜʧʦʚʽʜʥʽʡ ʰʢʘʣʽ ʟʥʘʯʝʥʴ ʜʝʬʦʨʤʘʮʽʡ. 

ʆʪʞʝ, ʜʦʩʣʽʜʞʝʥʥʷ ʜʝʬʦʨʤʘʮʽʡ ʟʩʫʚʫ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʚʥʘʩʣʽʜʦʢ 

ʧʝʨʝʦʨʽʻʥʪʘʮʽʾ ʪʦʥʢʦʾ ʪʚʝʨʜʦʾ ʦʙʦʣʦʥʢʠ ʥʘʰʦʾ ʧʣʘʥʝʪʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʥʘ ʾʾ 

ʧʦʚʝʨʭʥʽ ʫʪʚʦʨʶʻʪʴʩʷ ʧʦʣʝ ʟʩʫʚʽʚ. ɺʝʢʪʦʨʠ ʮʴʦʛʦ ʧʦʣʷ ʜʝʬʦʨʤʘʮʽʡ ʨʦʟʤʽʱʝʥʽ ʫ 
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ʚʠʛʣʷʜʽ ʜʚʦʭ ʚʠʭʨʽʚ, ʘ ʾʭ ʜʚʘ ʬʦʢʫʩʠ ʨʦʟʤʽʱʝʥʽ ʧʦʙʣʠʟʫ ʝʢʚʘʪʦʨʘ. 

ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʾʭ, ʤʦʞʥʘ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʧʦʙʣʠʟʫ ʮʝʥʪʨʽʚ ʚʠʭʨʽʚ ʟʥʘʯʝʥʥʷ ʻ 

ʤʽʥʽʤʘʣʴʥʠʤʠ, ʘ ʥʘ ʢʨʘʷʭ ï ʤʘʢʩʠʤʘʣʴʥʠʤʠ. ɺʩ̔ʽ ʮʽʻʾ ʩʠʩʪʝʤʠ ʚʠʭʨʽʚ ʻ ʨʫʭʦʤʠʤʠ, 

ʱʦ ʽ ʧʨʦʽʣʶʩʪʨʫʚʘʣʦ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘ ʨʠʩ. 3.11.  

ɺ ʟʘʛʘʣʴʥʦʤʫ ʤʦʞʥʘ ʩʢʘʟʘʪʠ, ʱʦ ʧʦʜʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ 

ʽʣʶʩʪʨʫʶʪʴ ʛʝʦʤʝʪʨʠʯʥʝ ʧʦʷʩʥʝʥʥʷ ʩʫʯʘʩʥʦʾ ʪʝʦʨʽʾ ʪʝʢʪʦʥʽʢʠ ʧʣʠʪ, ʘ ʪʘʢʦʞ 

ʬʽʟʠʯʥʝ ʧʦʣʝ ʜʝʬʦʨʤʘʮʽʡ ʣʽʪʦʩʬʝʨʠ. ɺʥʘʩʣʽʜʦʢ ʚʽʜʭʠʣʝʥʴ ʜʚʦʭ ʦʩʥʦʚʥʠʭ ʬʽʛʫʨ 

ɿʝʤʣʽ, ʦʢʨʝʤʽ ʙʣʦʢʠ ʟʝʤʥʦʾ ʢʦʨʠ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʧʝʨʤʘʥʝʥʪʥʦʤʫ ʩʪʘʥʽ ʨʫʭʫ, ʱʦ 

ʘʜʝʢʚʘʪʥʦ ʚʧʣʠʚʘʻ ʥʘ ʜʝʬʦʨʤʘʮʽʶ ʪʦʧʦʣʦʛʽʾ ʬʽʛʫʨʠ, ʷʢʘ ʟ ʯʘʩʦʤ ʙʫʜʝ ʟʤʽʥʶʚʘʪʠ 

ʩʚʦʻ ʟʥʘʯʝʥʥʷ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʥʘʚʢʦʣʦ ʚʩ̔ʽ ʦʙʝʨʪʘʥʥʷ. ʅʘ 

ʥʘʰʫ ʜʫʤʢʫ, ʮʝ ʦʜʠʥ ʟ ʚʽʨʦʛʽʜʥʠʭ ʯʠʥʥʠʢʽʚ ʧʨʦʮʝʩʫ, ʱʦ ʟʘʧʫʩʢʘʻ ʛʣʦʙʘʣʴʥʽ 

ʨʫʭʠ ʣʽʪʦʩʬʝʨʥʠʭ ʙʣʦʢʽʚ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʪʨʘʥʩʬʦʨʤʘʮʽʷ ʬʽʛʫʨʠ 

ʣʽʪʦʩʬʝʨʠ, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʤʽʥʦʶ ʨʦʟʤʽʨʽʚ ʚʽʩʝʡ ʝʣʽʧʩʦʾʜʽʚ, ʱʦ ʦʧʠʩʫʻ 

ʧʦʚʝʨʭʥʶ ʣʽʪʦʩʬʝʨʠ, ʪʘʢ ʽ ʾʭ ʦʨʽʻʥʪʘʮʽʻʶ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ɿʝʤʣʶ ʤʦʞʥʘ 

ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʜʠʥʘʤʽʯʥʫ ʩʠʩʪʝʤʫ, ʚ ʷʢʽʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʝʛʫʣʷʨʥʘ ʟʤʽʥʘ ʦʙôʻʤʫ, 

ʧʨʠ ʟʘʛʘʣʴʥʽʡ ʪʝʥʜʝʥʮʽʾ ʜʦ ʡʦʛʦ ʟʙʽʣʴʰʝʥʥʷ. ʄʘʩʘ ɿʝʤʣʽ ʟʘʣʠʰʘʻʪʴʩʷ 

ʧʦʩʪʽʡʥʦʶ, ʘ ʩʘʤʘ ɿʝʤʣʷ ʧʨʠ ʮʴʦʤʫ ʮʠʢʣʽʯʥʦ ʨʦʟʰʠʨʶʻʪʴʩʷ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, 

ʨʝʘʣʽʟʘʮʽʷ ʧʨʠʥʮʠʧʫ ʤʽʥʽʤʽʟʘʮʽʾ ʛʨʘʚʽʪʘʮʽʡʥʦʾ ʝʥʝʨʛʽʾ, ʟʘ ʫʤʦʚʠ ʩʪʘʣʦʩʪʽ ʤʘʩʠ ʽ 

ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʧʣʘʥʝʪʠ, ʧʝʨʝʪʚʦʨʶʻ ʦʜʥʦʨʽʜʥʫ ɿʝʤʣʶ ʚ ʙʘʛʘʪʦʰʘʨʦʚʫ [21]. 

3.3. ʇʨʦ ʨʦʣʴ ʪʘʥʛʝʥʮʽʘʣʴʥʠʭ ʤʘʩʦʚʠʭ ʩʠʣ ʦʙʫʤʦʚʣʝʥʠʭ ʧʝʨʝʦʨʽʻʥʪʘʮʽʻʶ 

ʫʟʘʛʘʣʴʥʝʥʦʾ ʬʽʛʫʨʠ ʣʽʪʦʩʬʝʨʠ 

ʊʘʥʛʝʥʮʽʘʣʴʥʽ ʤʘʩʦʚʽ ʩʠʣʠ ʚʽʜʽʛʨʘʶʪʴ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʧʨʦʮʝʩʘʭ 

ʜʝʬʦʨʤʘʮʽʾ ʣʽʪʦʩʬʝʨʥʠʭ ʧʣʠʪ, ʟʫʤʦʚʣʝʥʠʭ ʧʝʨʝʦʨʽʻʥʪʘʮʽʻʶ ʬʽʛʫʨʠ ʧʣʘʥʝʪʠ, 

ʟʦʢʨʝʤʘ ʾʾ ʣʽʪʦʩʬʝʨʠ. ʎʽ ʩʠʣʠ ʚʠʥʠʢʘʶʪʴ ʚʥʘʩʣʽʜʦʢ ʟʤʽʥ ʫ ʬʽʛʫʨʽ ɿʝʤʣʽ ʘʙʦ 

ʽʥʰʦʾ ʧʣʘʥʝʪʠ ʟʝʤʥʦʾ ʛʨʫʧʠ, ʷʢʽ ʧʦʚôʷʟʘʥʽ ʟ ʧʨʦʮʝʩʘʤʠ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʤʘʩ 

ʚʩʝʨʝʜʠʥʽ ʧʣʘʥʝʪʠ, ʾʾ ʦʙʝʨʪʘʥʥʷʤ ʪʘ ʟʤʽʥʘʤʠ ʧʦʣʦʞʝʥʥʷ ʚʩ̔ʽ ʦʙʝʨʪʘʥʥʷ. 

ʊʘʥʛʝʥʮʽʘʣʴʥʽ ʤʘʩʦʚʽ ʩʠʣʠ ï ʮʝ ʩʠʣʠ, ʱʦ ʜʽʶʪʴ ʫ ʧʣʦʱʠʥʽ ʧʦʚʝʨʭʥʽ 

ʧʣʘʥʝʪʠ ʽ ʚʠʥʠʢʘʶʪʴ ʫ ʚʽʜʧʦʚʽʜʴ ʥʘ ʟʤʽʥʫ ʨʽʚʥʦʚʘʞʥʦʛʦ ʩʪʘʥʫ ʬʽʛʫʨʠ ɿʝʤʣʽ 
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ʚʥʘʩʣʽʜʦʢ ʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. ɺʦʥʠ ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʚʽʜʮʝʥʪʨʦʚʠʭ ʪʘ 

ʛʨʘʚʽʪʘʮʽʡʥʠʭ ʩʠʣ, ʷʢʽ ʧʝʨʝʨʦʟʧʦʜʽʣʷʶʪʴ ʤʘʩʠ ʚ ʤʘʥʪʽʾ ʪʘ ʣʽʪʦʩʬʝʨʽ ʯʝʨʝʟ ʟʤʽʥʫ 

ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ, ʜʝʬʦʨʤʘʮʽʶ ʬʽʛʫʨʠ, ʘʙʦ ʧʝʨʝʦʨʽʻʥʪʘʮʽʶ ʚʩ̔ʽ ʦʙʝʨʪʘʥʥʷ 

ʧʣʘʥʝʪʠ. ʆʩʥʦʚʥʦʶ ʧʨʠʯʠʥʦʶ ʚʠʥʠʢʥʝʥʥʷ ʪʘʢʠʭ ʩʠʣ ʻ ʟʤʽʥʠ ʦʙʝʨʪʘʣʴʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʧʣʘʥʝʪʠ, ʷʢʽ ʧʦʨʫʰʫʶʪʴ ʾʾ ʛʽʜʨʦʩʪʘʪʠʯʥʫ ʨʽʚʥʦʚʘʛʫ. 

ʂʦʣʠ ʟʤʽʥʶʻʪʴʩʷ ʬʦʨʤʘ ɿʝʤʣʽ ʚʽʜ ʜʚʦʚʽʩʥʦʛʦ ʜʦ ʪʨʠʚʽʩʥʦʛʦ ʝʣʽʧʩʦʾʜʘ ʘʙʦ 

ʚʽʜ ʩʬʝʨʠ ʜʦ ʝʣʽʧʩʦʾʜʘ ʦʙʝʨʪʘʥʥʷ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʨʦʟʧʦʜʽʣ ʤʘʩ ʫ ʚʝʨʭʥʽʭ 

ʰʘʨʘʭ ʤʘʥʪʽʾ ʪʘ ʣʽʪʦʩʬʝʨʽ, ʱʦ ʚʠʢʣʠʢʘʻ ʜʦʜʘʪʢʦʚʽ ʥʘʧʨʫʞʝʥʥʷ. ʆʩʢʽʣʴʢʠ 

ʣʽʪʦʩʬʝʨʘ ʥʝ ʻ ʦʜʥʦʨʽʜʥʦʶ ʦʙʦʣʦʥʢʦʶ, ʮʽ ʩʠʣʠ ʥʝʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʽ 

ʩʪʚʦʨʶʶʪʴ ʧʦʣʷ ʥʘʧʨʫʞʝʥʴ, ʷʢʽ ʤʦʞʫʪʴ ʽʥʽʮʽʶʚʘʪʠ ʷʢ ʨʝʛʽʦʥʘʣʴʥʽ, ʪʘʢ ʽ 

ʛʣʦʙʘʣʴʥʽ ʪʝʢʪʦʥʽʯʥʽ ʧʨʦʮʝʩʠ. 

ʊʘʥʛʝʥʮʽʘʣʴʥʽ ʩʠʣʠ ʩʧʨʠʷʶʪʴ ʫʪʚʦʨʝʥʥʶ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʫ 

ʣʽʪʦʩʬʝʨʽ. ɺʦʥʠ ʻ ʚʘʞʣʠʚʠʤ ʤʝʭʘʥʽʟʤʦʤ, ʯʝʨʝʟ ʷʢʠʡ ʚʽʜʙʫʚʘʶʪʴʩʷ ʜʝʬʦʨʤʘʮʽʾ, 

ʱʦ ʤʦʞʫʪʴ ʚʠʢʣʠʢʘʪʠ ʨʦʟʣʦʤʠ, ʣʽʥʝʘʤʝʥʪʥʽ ʩʪʨʫʢʪʫʨʠ ʪʘ ʽʥʰʽ ʬʦʨʤʠ 

ʜʝʬʦʨʤʘʮʽʡ ʥʘ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ. ʎʽ ʩʠʣʠ ʧʨʦʷʚʣʷʶʪʴʩʷ ʦʩʦʙʣʠʚʦ ʘʢʪʠʚʥʦ ʧʨʠ 

ʟʤʽʥʘʭ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ɿʝʤʣʽ ʘʙʦ ʧʨʠ ʧʝʨʝʦʨʽʻʥʪʘʮʽʾ ʚʩ̔ʽ ʾʾ ʦʙʝʨʪʘʥʥʷ. 

ʂʦʣʠ ʪʘʥʛʝʥʮʽʘʣʴʥʽ ʩʠʣʠ ʜʽʶʪʴ ʥʘ ʚʝʣʠʢʽ ʤʘʩʠ ʣʽʪʦʩʬʝʨʥʠʭ ʧʣʠʪ, 

ʚʠʥʠʢʘʶʪʴ ʟʩʫʚʠ ʽ ʛʦʨʠʟʦʥʪʘʣʴʥʽ ʨʫʭʠ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʧʝʨʝʨʦʟʧʦʜʽʣʫ 

ʥʘʧʨʫʞʝʥʴ ʫ ʚʝʨʭʥʽʭ ʰʘʨʘʭ ʣʽʪʦʩʬʝʨʠ. ʎʽ ʧʨʦʮʝʩʠ ʤʦʞʫʪʴ ʧʨʦʷʚʣʷʪʠʩʷ ʫ 

ʚʠʛʣʷʜʽ ʛʣʦʙʘʣʴʥʠʭ ʪʝʢʪʦʥʽʯʥʠʭ ʨʫʭʽʚ, ʫʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʨʦʟʣʦʤʽʚ ʘʙʦ 

ʘʢʪʠʚʽʟʘʮʽʾ ʽʩʥʫʶʯʠʭ ʛʝʦʣʦʛʽʯʥʠʭ ʩʪʨʫʢʪʫʨ. ʉʠʩʪʝʤʠ ʨʦʟʣʦʤʽʚ, ʫʪʚʦʨʝʥʽ 

ʪʘʥʛʝʥʮʽʘʣʴʥʠʤʠ ʩʠʣʘʤʠ, ʤʦʞʫʪʴ ʤʘʪʠ ʛʣʦʙʘʣʴʥʝ ʟʥʘʯʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʪʘʢʽ ʩʠʣʠ 

ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʥʘ ʨʦʟʧʦʜʽʣ ʢʦʥʪʠʥʝʥʪʘʣʴʥʠʭ ʧʣʠʪ ʪʘ ʟʤʽʥʫ ʨʝʣʴʻʬʫ ʧʦʚʝʨʭʥʽ. 

ʄʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ, ʱʦ ʦʧʠʩʫʶʪʴ ʚʧʣʠʚ ʪʘʥʛʝʥʮʽʘʣʴʥʠʭ ʩʠʣ, ʧʦʢʘʟʫʶʪʴ, 

ʱʦ ʟʥʘʯʥʽ ʟʤʽʥʠ ʦʙʝʨʪʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʣʘʥʝʪʠ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʩʫʪʪʻʚʠʭ 

ʟʩʫʚʽʚ ʫ ʩʠʩʪʝʤʘʭ ʧʣʠʪ. ʅʘʧʨʠʢʣʘʜ, ʧʨʠ ʧʝʨʝʦʨʽʻʥʪʘʮʽʾ ʚʩ̔ʽ ʦʙʝʨʪʘʥʥʷ ɿʝʤʣʽ ʘʙʦ 

ʄʘʨʩʘ, ʷʢ ʮʝ ʙʫʣʦ ʟ ʥʘʛʽʨ'ʷʤ Tharsis ʥʘ ʄʘʨʩʽ, ʧʝʨʝʨʦʟʧʦʜʽʣ ʤʘʩ ʫ ʤʘʥʪʽʾ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʛʣʦʙʘʣʴʥʠʭ ʪʝʢʪʦʥʽʯʥʠʭ ʟʤʽʥ. 
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ʆʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʻ ʪʝ, ʱʦ ʩʠʣʘ ʦʙʝʨʪʘʥʥʷ ʪʘ 

ʤʘʩʦʚʠʡ ʙʘʣʘʥʩ ʧʣʘʥʝʪʠ ʤʦʞʫʪʴ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʟʤʽʥʠ ʬʽʛʫʨʠ ʣʽʪʦʩʬʝʨʠ 

ʚʽʜʥʦʩʥʦ ʛʝʦʾʜʘ. ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʚʠʥʠʢʘʶʪʴ ʛʨʘʚʽʪʘʮʽʡʥʽ ʪʘ ʚʽʜʮʝʥʪʨʦʚʽ ʩʠʣʠ, 

ʷʢʽ ʩʧʨʠʯʠʥʷʶʪʴ ʜʦʜʘʪʢʦʚʽ ʜʝʬʦʨʤʘʮʽʾ, ʱʦ ʧʨʦʷʚʣʷʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʥʘʧʨʫʞʝʥʴ ʫ 

ʨʽʟʥʠʭ ʯʘʩʪʠʥʘʭ ʧʣʘʥʝʪʠ. ɯʥʪʝʥʩʠʚʥʽ ʥʘʧʨʫʞʝʥʥʷ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʚ ʦʙʣʘʩʪʷʭ, 

ʜʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘʡʙʽʣʴʰʠʡ ʧʝʨʝʨʦʟʧʦʜʽʣ ʤʘʩ, ʥʘʧʨʠʢʣʘʜ, ʥʘ ʛʨʘʥʠʮʷʭ 

ʣʽʪʦʩʬʝʨʥʠʭ ʧʣʠʪ ʘʙʦ ʚ ʨʘʡʦʥʘʭ ʟʥʘʯʥʠʭ ʚʫʣʢʘʥʽʯʥʠʭ ʧʽʜʥʷʪʪʽʚ. 

ɿʤʽʥʠ ʚ ʧʦʣʦʞʝʥʥʽ ʚʩ̔ʽ ʦʙʝʨʪʘʥʥʷ ʤʘʶʪʴ ʧʨʷʤʠʡ ʚʧʣʠʚ ʥʘ ʨʦʟʧʦʜʽʣ 

ʪʘʥʛʝʥʮʽʘʣʴʥʠʭ ʩʠʣ. ʇʝʨʝʦʨʽʻʥʪʘʮʽʷ ʚʩ̔ʽ ʦʙʝʨʪʘʥʥʷ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʤʽʱʝʥʥʷ 

ʪʘʥʛʝʥʮʽʘʣʴʥʠʭ ʧʦʣʽʚ ʥʘʧʨʫʞʝʥʴ, ʱʦ ʩʧʨʠʯʠʥʠʪʴ ʥʦʚʽ ʭʚʠʣʽ ʪʝʢʪʦʥʽʯʥʦʾ 

ʘʢʪʠʚʥʦʩʪʽ. ʎʝʡ ʧʨʦʮʝʩ ʤʦʞʝ ʙʫʪʠ ʜʦʚʦʣʽ ʪʨʠʚʘʣʠʤ, ʦʩʢʽʣʴʢʠ ʟʤʽʥʠ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʦʩʪʫʧʦʚʦ ʧʨʦʪʷʛʦʤ ʤʽʣʴʡʦʥʽʚ ʨʦʢʽʚ. 

ʋ ʚʠʧʘʜʢʘʭ ʟʥʘʯʥʠʭ ʛʝʦʣʦʛʽʯʥʠʭ ʧʦʜʽʡ, ʪʘʢʠʭ ʷʢ ʟʨʦʩʪʘʥʥʷ ʚʝʣʠʢʠʭ 

ʚʫʣʢʘʥʽʚ ʘʙʦ ʧʦʷʚʠ ʛʽʛʘʥʪʩʴʢʠʭ ʤʘʩʠʚʽʚ ʥʘ ʧʦʚʝʨʭʥʽ ʧʣʘʥʝʪʠ, ʪʘʥʛʝʥʮʽʘʣʴʥʽ ʩʠʣʠ 

ʤʦʞʫʪʴ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʧʦʤʽʪʥʠʭ ʟʤʽʥ ʫ ʨʝʣʴʻʬʽ ʧʣʘʥʝʪʠ ʪʘ ʩʧʨʠʷʪʠ ʨʫʭʘʤ 

ʣʽʪʦʩʬʝʨʥʠʭ ʧʣʠʪ. ʊʘʢʽ ʟʤʽʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʜʞʝʨʝʣʦʤ ʧʦʷʚʠ ʥʦʚʠʭ ʪʝʢʪʦʥʽʯʥʠʭ 

ʩʪʨʫʢʪʫʨ ʘʙʦ ʘʢʪʠʚʽʟʘʮʽʾ ʽʩʥʫʶʯʠʭ. 

ʇʽʜʩʫʤʦʚʫʶʯʠ ʤʦʞʝʤʦ ʩʢʘʟʘʪʠ, ʱʦ ʪʘʥʛʝʥʮʽʘʣʴʥʽ ʤʘʩʦʚʽ ʩʠʣʠ, 

ʦʙʫʤʦʚʣʝʥʽ ʧʝʨʝʦʨʽʻʥʪʘʮʽʻʶ ʬʽʛʫʨʠ ʣʽʪʦʩʬʝʨʠ, ʚʽʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ 

ʧʨʦʮʝʩʘʭ ʜʝʬʦʨʤʘʮʽʾ ʧʦʚʝʨʭʥʽ ʧʣʘʥʝʪ ʟʝʤʥʦʾ ʛʨʫʧʠ. ʎʽ ʩʠʣʠ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ 

ʚʥʘʩʣʽʜʦʢ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʤʘʩ ʧʨʠ ʟʤʽʥʽ ʦʙʝʨʪʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʣʘʥʝʪʠ, ʤʘʶʪʴ 

ʢʣʶʯʦʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʨʦʟʫʤʽʥʥʷ ʪʝʢʪʦʥʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʥʘ ɿʝʤʣʽ ʪʘ ʽʥʰʠʭ 

ʧʣʘʥʝʪʘʭ, ʪʘʢʠʭ ʷʢ ʄʘʨʩ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʚʧʣʠʚʫ ʪʘʥʛʝʥʮʽʘʣʴʥʠʭ ʩʠʣ ʥʘ ʣʽʪʦʩʬʝʨʫ ʜʦʟʚʦʣʷʻ ʢʨʘʱʝ 

ʟʨʦʟʫʤʽʪʠ ʤʝʭʘʥʽʟʤʠ ʚʠʥʠʢʥʝʥʥʷ ʚʝʣʠʢʠʭ ʪʝʢʪʦʥʽʯʥʠʭ ʩʪʨʫʢʪʫʨ, ʨʦʟʣʦʤʽʚ ʽ 

ʟʩʫʚʽʚ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʽʜ ʚʧʣʠʚʦʤ ʛʣʦʙʘʣʴʥʠʭ ʛʝʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. 
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3.4. ʄʦʜʝʣʶʚʘʥʥʷ ʛʝʦʾʜʘ ʽ ʨʫʭʫ ʧʦʣʶʩʘ ʚ ʛʝʦʣʦʛʽʯʥʦʤʫ ʯʘʩʽ 

ʆʜʥʘ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʧʨʦʙʣʝʤ ʛʝʦʜʠʥʘʤʽʢʠ ï ʚʠʚʯʝʥʥʷ ʧʝʨʝʤʽʱʝʥʥʷ 

ʣʽʪʦʩʬʝʨʥʠʭ ʧʣʠʪ. ɿʥʘʶʯʠ ʪʦʯʥʝ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʝʨʝʤʽʱʝʥʥʷ ʧʣʠʪ 

(ʢʦʦʨʜʠʥʘʪʠ ʧʦʣʶʩʘ ʦʙʝʨʪʘʥʥʷ ʽ ʢʫʪʦʚʫ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ), ʤʦʞʥʘ 

ʨʦʟʚ'ʷʟʫʚʘʪʠ ʥʘʡʚʘʞʣʠʚʽʰʽ ʛʝʦʜʠʥʘʤʽʯʥʽ ʪʘ ʛʝʦʜʝʟʠʯʥʽ ʟʘʜʘʯʽ: ʧʦʙʫʜʦʚʫ ʡ 

ʫʪʦʯʥʝʥʥʷ ʟʝʤʥʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ, ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠʧʣʠʚʥʦ-ʚʽʜʣʠʚʥʠʭ ʷʚʠʱ 

ʚ ʦʢʝʘʥʘʭ ʽ ʟʝʤʥʽʡ ʢʦʨʽ, ʚʠʚʯʝʥʥʷ ʛʨʘʚʽʪʘʮʽʡʥʦʛʦ ʧʦʣʷ ʡ ʨʦʪʘʮʽʡʥʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ (ʟʤʽʥʫ ʰʚʠʜʢʦʩʪʽ ʪʘ ʚʽʩʽ ʦʙʝʨʪʘʥʥʷ) ɿʝʤʣʽ. ɿʛʽʜʥʦ ʽʟ ʧʣʝʡʪ-

ʪʝʢʪʦʥʽʢʦʶ ʛʦʣʦʚʥʠʤ ʯʠʥʥʠʢʦʤ ʬʦʨʤʫʚʘʥʥʷ ʛʣʦʙʘʣʴʥʦʛʦ ʨʝʣʴʻʬʫ ʟʝʤʥʦʾ 

ʧʦʚʝʨʭʥʽ ʻ ʚʟʘʻʤʦʜʽʷ ʨʫʭʦʤʠʭ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ ʣʽʪʦʩʬʝʨʥʠʭ ʧʣʠʪ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʽʻʾ ʢʦʥʮʝʧʮʽʾ ʧʦʚʠʥʥʘ ʚʽʜʙʫʚʘʪʠʩʴ ʟʤʽʥʘ ʧʘʨʘʤʝʪʨʽʚ ʽ ʦʨʽʻʥʪʘʮʽʷ 

ʬʽʛʫʨʠ ʧʦʚʝʨʭʥʽ ʣʽʪʦʩʬʝʨʠ. ʆʢʨʽʤ ʪʦʛʦ, ʤʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʢʽʥʝʤʘʪʠʯʥʽ 

ʧʝʨʝʤʽʱʝʥʥʷ ʣʽʪʦʩʬʝʨʥʠʭ ʧʣʠʪ ʧʨʠʚʥʦʩʷʪʴ ʧʝʚʥʽ ʟʤʽʥʠ ʬʽʛʫʨʠ ʛʝʦʾʜʘ ʽ 

ʚʽʜʧʦʚʽʜʥʦ ʟʤʽʥʶʶʪʴ ʦʨʽʻʥʪʘʮʽʶ ʚʽʩʽ ʦʙʝʨʪʘʥʥʷ ɿʝʤʣʽ. ʆʙʝʨʪʘʥʥʷ ɿʝʤʣʽ ʻ 

ʥʘʡʚʘʞʣʠʚʽʰʠʤ ʯʠʥʥʠʢʦʤ, ʱʦ ʚʠʟʥʘʯʘʻ ʧʘʨʘʤʝʪʨʠ ʬʽʛʫʨʠ ʨʽʚʥʦʚʘʛʠ ʧʣʘʥʝʪʠ. 

ʆʩʦʙʣʠʚʦʩʪʽ ʦʙʝʨʪʦʚʦʛʦ ʨʫʭʫ ʥʘʜʘʶʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʚʥʫʪʨʽʰʥʶ ʙʫʜʦʚʫ 

ɿʝʤʣʽ, ʘ ʚʘʨʽʘʮʽʾ ʨʦʪʘʮʽʡʥʦʛʦ ʨʝʞʠʤʫ (ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʪʘ ʧʝʨʝʤʽʱʝʥʥʷ 

ʧʦʣʶʩʫ) ʻ ʨʝʘʣʴʥʠʤ ʜʞʝʨʝʣʦʤ ʝʥʝʨʛʽʾ ʪʝʢʪʦʛʝʥʝʟʫ. [50, 58] 

ɺʽʜʦʤʦ, ʱʦ ʫ ʯʘʩʦʚʠʭ ʤʘʩʰʪʘʙʘʭ ʧʦʥʘʜ 1000 ʨʦʢʽʚ ʙʽʣʴʰʘ ʯʘʩʪʠʥʘ ɿʝʤʣʽ 

ʨʝʘʛʫʻ ʷʢ ʚôʷʟʢʘ ʨʽʜʠʥʘ. ʗʢʱʦ ʤʠ ʚʽʜʩʪʝʞʠʤʦ ʛʝʦʛʨʘʬʽʯʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ 

(ʥʘʧʨʠʢʣʘʜ, ʛʝʦʛʨʘʬʽʯʥʫ ʰʠʨʦʪʫ) ʪʦʯʢʠ ʥʘ ʪʚʝʨʜʽʡ ʧʦʚʝʨʭʥʽ, ʪʦ ʥʘʩʪʫʧʥʽ ʜʚʘ 

ʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʠ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʚʝʣʠʢʠʭ ʚʽʜʭʠʣʝʥʴ ʮʽʻʾ ʪʦʯʢʠ 

ʚʽʜʥʦʩʥʦ ʚʝʢʪʦʨʘ ʩʝʨʝʜʥʴʦʛʦ ʢʫʪʦʚʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ɿʝʤʣʽ: ʪʝʢʪʦʥʽʢʘ ʧʣʠʪ 

(ʪʦʙʪʦ ʤʘʥʪʽʡʥʘ ʢʦʥʚʝʢʮʽʷ) ʽ ʩʧʨʘʚʞʥʻ ʧʦʣʷʨʥʝ ʙʣʫʢʘʥʥʷ (TPW). ɿʤʽʥʘ 

ʧʦʣʦʞʝʥʥʷ ʚʽʩʽ ʦʙʝʨʪʘʥʥʷ ʤʘʻ ʟʫʤʦʚʣʶʚʘʪʠ ʩʫʪʪʻʚʫ ʧʝʨʝʙʫʜʦʚʫ ʥʘʧʨʫʞʝʥʦʛʦ 

ʩʪʘʥʫ ɿʝʤʣʽ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʥʘʢʣʘʜʘʪʠ ʚʽʜʙʠʪʦʢ ʥʘ ʪʝʢʪʦʥʽʯʥʽ ʧʨʦʮʝʩʠ. 

ɿ ʤʝʪʦʶ ʧʦʛʣʠʙʣʝʥʦʛʦ ʧʽʟʥʘʥʥʷ ʤʝʭʘʥʽʟʤʫ ʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʚ ʷʢʠʭ 

ʛʨʘʚʽʪʘʮʽʷ ʚʽʜʽʛʨʘʻ ʢʣʶʯʦʚʫ ʨʦʣʴ, ʚʘʞʣʠʚʠʤ ʻ ʚʩʪʘʥʦʚʣʝʥʥʷ ʢʦʨʝʣʷʮʽʡʥʦʛʦ 
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ʟʚôʷʟʢʫ ʤʽʞ ʛʝʦʾʜʦʤ ʪʘ ʬʽʟʠʯʥʦʶ ʧʦʚʝʨʭʥʝʶ ʣʽʪʦʩʬʝʨʠ. ʇʦʨʽʚʥʶʶʯʠ ʩʫʯʘʩʥʫ 

ʢʘʨʪʫ ʛʝʦʾʜʘ ʟ ʪʦʧʦʛʨʘʬʽʯʥʦʶ ʧʦʚʝʨʭʥʝʶ, ʧʨʠʭʦʜʠʤʦ ʜʦ ʰʠʨʦʢʦ ʚʽʜʦʤʦʛʦ 

ʚʠʩʥʦʚʢʫ ʧʨʦ ʚʽʜʩʫʪʥʽʩʪʴ ʟʚ'ʷʟʢʫ ʚʠʩʦʪ ʛʝʦʾʜʘ ʟ ʪʝʢʪʦʥʽʯʥʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ [46]. 

ɼʦʚʛʦʭʚʠʣʴʦʚʽ ʚʠʩʦʪʠ ʛʝʦʾʜʘ ʚʠʷʚʣʷʶʪʴ ʘʙʩʦʣʶʪʥʦ ʥʝʟʘʣʝʞʥʠʡ ʨʦʟʧʦʜʽʣ ʧʦ 

ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʥʘʡʢʨʫʧʥʽʰʠʭ ʪʝʢʪʦʥʽʯʥʠʭ ʩʪʨʫʢʪʫʨ ʣʽʪʦʩʬʝʨʠ. ʊʦʤʫ, ʤʦʞʥʘ 

ʚʠʩʣʦʚʠʪʠ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʧʣʘʥʝʪʘʨʥʽ ʬʦʨʤʠ ʛʝʦʾʜʘ ʽʟʦʩʪʘʪʠʯʥʦ ʩʢʦʤʧʝʥʩʦʚʘʥʽ 

ʘʙʦ ʩʬʦʨʤʦʚʘʥʽ ʧʝʨʝʚʘʞʥʦ ʛʣʠʙʦʢʦ ʨʦʟʤʽʱʝʥʠʤʠ ʥʝʦʜʥʦʨʽʜʥʠʤʠ ʤʘʩʘʤʠ, ʘ 

ʚʽʜʪʘʢ ʧʝʨʝʤʽʱʝʥʥʷ ʣʽʪʦʩʬʝʨʥʠʭ ʧʣʠʪ, ʽʤʦʚʽʨʥʦ, ʥʝ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʚʠʩʦʪʠ 

ʛʝʦʾʜʘ ʚ ʧʣʘʥʝʪʘʨʥʦʤʫ ʤʘʩʰʪʘʙʽ. 

3.4.1. ɺʠʟʥʘʯʝʥʥʷ ʢʦʨʝʣʷʮʽʡʥʦʛʦ ʟʚôʷʟʢʫ ʤʽʞ ʚʠʩʦʪʘʤʠ ʛʝʦʾʜʘ ʽ 

ʬʽʟʠʯʥʦʶ ʧʦʚʝʨʭʥʝʶ ɿʝʤʣʽ 

ʑʦʙ ʧʝʨʝʢʦʥʘʪʠʩʴ, ʱʦ ʚʠʩʣʦʚʝʥʝ ʧʨʠʧʫʱʝʥʥʷ ʤʘʻ ʜʦʢʘʟʦʚʝ ʧʽʜˇʨʫʥʪʷ, 

ʙʫʣʦ ʚʠʨʽʰʝʥʦ ʚʠʢʦʥʘʪʠ ʦʙʯʠʩʣʝʥʥʷ ʢʦʚʟʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʢʦʨʝʣʷʮʽʾ (ʂʂʂ) ʤʽʞ 

ʚʠʩʦʪʘʤʠ ʛʝʦʾʜʘ ʽ ʧʦʚʝʨʭʥʝʶ ʣʽʪʦʩʬʝʨʠ ʜʣʷ ʩʫʯʘʩʥʦʾ ʝʧʦʭʠ. ʇʨʠʡʥʷʚʰʠ 

ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʩʪʘʪʠʩʪʠʯʥʘ ʤʦʜʝʣʴ ʢʦʨʝʣʷʮʽʡʥʦʛʦ ʟʚôʷʟʢʫ ʥʘ ʩʫʯʘʩʥʫ ʝʧʦʭʫ 

ʤʽʞ ʟʛʣʘʜʞʝʥʠʤʠ ʚʠʩʦʪʘʤʠ ʪʦʧʦʛʨʘʬʽʾ ʽ ʛʝʦʾʜʦʤ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʟʤʽʥʥʦʶ, ʤʦʞʥʘ 

ʧʦʙʫʜʫʚʘʪʠ ʛʝʦʾʜʠ ʜʣʷ ʜʝʪʝʨʤʽʥʦʚʘʥʠʭ ʤʠʥʫʣʠʭ ʛʝʦʣʦʛʽʯʥʠʭ ʝʧʦʭ.  

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʚʟʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʢʦʨʝʣʷʮʽʾ (ʂʂʂ) ʧʨʠʡʤʝʤʦ ʜʦ ʫʚʘʛʠ 

[54], ʱʦ ʨʘʜʽʫʩ ʟʦʥʠ ʢʦʚʟʘʥʥʷ ʧʦʚʠʥʝʥ ʙʫʪʠ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʠʤ, ʱʦʙ 

ʦʪʨʠʤʫʚʘʥʘ ʦʮʽʥʢʘ ʢʦʚʟʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʨʝʣʷʮʽʾ ʘʙʦ ʜʠʩʧʝʨʩʽʾ ʙʫʣʘ 

ʦʙˇʨʫʥʪʦʚʘʥʦʶ, ʽ ʦʜʥʦʯʘʩʥʦ ʜʦʩʪʘʪʥʴʦ ʤʘʣʦʁ, ʱʦʙ ʜʘʚʘʪʠ ʣʦʢʘʣʴʥʫ ʦʮʽʥʢʫ. 

ʎʝʡ ʨʘʜʽʫʩ ʢʦʚʟʘʥʥʷ ʧʽʜʙʠʨʘʻʪʴʩʷ ʝʤʧʽʨʠʯʥʠʤ ʰʣʷʭʦʤ ʟ ʤʦʜʝʣʶʚʘʥʥʷ ʨʽʟʥʠʭ 

ʚʘʨʽʘʥʪʽʚ ʽ ʧʨʠʡʤʘʻʪʴʩʷ ʪʘʢʠʤ, ʱʦ ʦʭʦʧʣʶʻ ʥʘ ʧʦʚʝʨʭʥʽ ʧʣʘʥʝʪʠ ʦʢʽʣ 

ʧʨʦʪʷʞʥʽʩʪʶ ï 3 ʘʙʦ 9 ʛʨʘʜʫʩʥʠʭ ʪʨʘʧʝʮʽʡ [206].  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʢʦʨʝʣʷʮʽʡʥʦʛʦ ʟʚôʷʟʢʫ ʤʽʞ ʜʚʦʤʘ ʥʘʙʦʨʘʤʠ ʜʘʥʠʭ ʻ 

ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ. ʗʢʱʦ ʚʠʩʦʪʠ ʨʝʣʴʻʬʫ ɿʝʤʣʽ ʧʦʟʥʘʯʠʪʠ ʯʝʨʝʟ H, ʘ ʚʠʩʦʪʠ 

ʛʝʦʾʜʘ ï h , ʪʦ ʦʪʨʠʤʘʻʤʦ ʪʘʢʠʡ ʚʠʨʘʟ ʜʣʷ ʢʦʚʟʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʨʝʣʷʮʽʾ (ʂʂʂ):  

                                            ὶ ,                                              (3.46) 
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ʜʝ  

                            ὑ В Ὤ Ὤ Ὄ Ὄ , (3.47) 

                 Ὓ В Ὤ Ὤ ȟὛ В Ὄ Ὄ , (3.48) 

ʜʝ Ὤ ï ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʚʠʩʦʪʠ ʛʝʦʾʜʘ ʫ ʚʽʜʧʦʚʽʜʥʦʤʫ ʦʢʦʣʽ, Ὄ ɀ ʩʝʨʝʜʥʻ 

ʟʥʘʯʝʥʥʷ ʚʠʩʦʪʠ ʪʦʧʦʛʨʘʬʽʾ ʫ ʚʽʜʧʦʚʽʜʥʦʤʫ ʦʢʦʣʽ. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʨʝʣʷʮʽʡʥʦʛʦ ʟʚôʷʟʢʫ ʤʽʞ ʚʠʩʦʪʘʤʠ ʛʝʦʾʜʘ ʽ ʚʠʩʦʪʘʤʠ 

ʧʦʚʝʨʭʥʽ ʣʽʪʦʩʬʝʨʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʜʘʥʽ ʜʣʷ ʪʨʘʧʝʮʽʡ ʨʦʟʤʽʨʦʤ 1Üʭ1Ü ʟʘ 

ʤʦʜʝʣʣʶ EGM2008 [152] ʪʘ ʪʦʧʦʛʨʘʬʽʯʥʽ ʚʠʩʦʪʠ ETOPO1 [100], ʘ ʪʘʢʦʞ ʤʦʜʝʣʽ 

ʧʘʣʝʦʨʝʢʦʥʩʪʨʫʢʮʽʡ PaleoDEM [186]. ʇʝʨʝʤʽʱʝʥʥʷ ʮʝʥʪʨʫ ʦʢʦʣʫ ʢʦʚʟʘʥʥʷ 

ʟʜʽʡʩʥʶʚʘʣʦʩʴ ʯʝʨʝʟ 1Ü ʧʦ ʰʠʨʦʪʽ ʽ ʜʦʚʛʦʪʽ ʚ 3-ʦʭ ʘʙʦ 9-ʪʠ ʛʨʘʜʫʩʥʦʤʫ ʦʢʦʣʽ 

ʢʦʚʟʘʥʥʷ, ʱʦ ʧʝʨʝʜʘʻ ʛʣʦʙʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ ʢʦʨʝʣʷʮʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʽ ʥʽʚʝʣʶʻ ʾʾ 

ʣʦʢʘʣʴʥʽ ʧʨʦʷʚʠ. 

 

ʈʠʩ. 3.14. ʂʂʂ ʤʽʞ ʚʠʩʦʪʘʤʠ ʪʦʧʦʛʨʘʬʽʾ ʽ ʛʝʦʾʜʦʤ ʜʣʷ ʩʫʯʘʩʥʦʾ ʝʧʦʭʠ ʟ 

ʦʢʽʣʦʤ 9Üʭ9Ü. ʂʘʨʪʫ ʩʢʣʘʜʝʥʦ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʞ ʪʝʢʪʦʥʽʯʥʠʭ ʧʣʠʪ 

ʥʘʚʝʜʝʥʠʭ ʫ [77]. 
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ʈʦʟʛʣʷʥʝʤʦ ʦʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ ʂʂʂ ʟ ʧʦʟʠʮʽʡ ʽʟʦʩʪʘʟʽʾ. ɸʥʘʣʽʟʫʶʯʠ ʨʠʩ. 

3.14 ʪʘ ʦʪʨʠʤʘʥʽ ʮʠʬʨʦʚʽ ʟʥʘʯʝʥʥʷ ʂʂʂ ʜʣʷ ʜʝʪʘʣʴʥʽʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʾʭ 

ʨʦʟʧʦʜʽʣʫ ʥʘ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ. ʄʠ ʚʠʷʚʠʣʠ ʟʥʘʯʥʫ ʘʩʠʤʝʪʨʽʶ ʚ ʽʟʦʩʪʘʪʠʯʥʽʡ 

ʢʦʤʧʝʥʩʘʮʽʾ ʧʽʚʜʝʥʥʦʾ ʽ ʧʽʚʥʽʯʥʦʾ ʧʽʚʢʫʣʽ. ʅʘ ʨʠʩ. 3.14 ʧʨʝʜʩʪʘʚʣʝʥʦ ʛʣʦʙʘʣʴʥʫ 

ʢʘʨʪʫ ʢʦʝʬʽʮʽʻʥʪʽʚ ʢʦʨʝʣʷʮʽʾ ʤʽʞ ʚʠʩʦʪʘʤʠ ʪʦʧʦʛʨʘʬʽʾ ʪʘ ʚʠʩʦʪʘʤʠ ʛʝʦʾʜʫ, ʱʦ 

ʚʽʜʦʙʨʘʞʘʻ ʧʨʦʩʪʦʨʦʚʫ ʟʤʽʥʥʽʩʪʴ ʢʦʨʝʣʷʮʽʾ ʚ ʨʽʟʥʠʭ ʨʝʛʽʦʥʘʭ ɿʝʤʣʽ. ʂʦʝʬʽʮʽʻʥʪʠ 

ʢʦʨʝʣʷʮʽʾ ʚʘʨʽʶʶʪʴʩʷ ʚʽʜ ï1.0 (ʩʠʥʽ ʦʙʣʘʩʪʽ) ʜʦ +1.0 (ʯʝʨʚʦʥʽ ʦʙʣʘʩʪʽ), ʱʦ 

ʧʦʢʘʟʘʥʦ ʚ ʰʢʘʣʽ ʧʨʘʚʦʨʫʯ. ʆʧʠʩ ʢʦʣʴʦʨʽʚ: 

Å ʯʝʨʚʦʥʽ ʟʦʥʠ (ʜʽʘʧʘʟʦʥ ʚʽʜ +0,5 ʜʦ +1,0) ʚʢʘʟʫʶʪʴ ʥʘ ʟʥʘʯʠʤʫ ʧʨʷʤʫ 

ʢʦʨʝʣʷʮʽʶ, ʪʦʙʪʦ ʚ ʮʠʭ ʨʝʛʽʦʥʘʭ ʚʠʩʦʪʠ ʪʦʧʦʛʨʘʬʽʾ ʪʘ ʛʝʦʾʜʫ ʟʤʽʥʶʶʪʴʩʷ 

ʫʟʛʦʜʞʝʥʦ; 

Å ʩʠʥʽ ʟʦʥʠ (ʜʽʘʧʘʟʦʥ ʚʽʜ ï0,5 ʜʦ ï1,0) ʧʦʢʘʟʫʶʪʴ ʟʥʘʯʠʤʫ ʦʙʝʨʥʝʥʫ 

ʢʦʨʝʣʷʮʽʶ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʨʦʪʠʣʝʞʥʽ ʟʤʽʥʠ ʚʠʩʦʪ ʪʦʧʦʛʨʘʬʽʾ ʪʘ ʛʝʦʾʜʫ; 

Å ʟʝʣʝʥʽ ʪʘ ʞʦʚʪʽ ʟʦʥʠ (ʜʽʘʧʘʟʦʥ ʚʽʜ ï0,5 ʜʦ +0,5) ʚʢʘʟʫʶʪʴ ʥʘ ʩʣʘʙʢʫ ʘʙʦ 

ʧʦʤʽʨʥʫ ʢʦʨʝʣʷʮʽʶ, ʜʝ ʫʟʛʦʜʞʝʥʽʩʪʴ ʤʽʞ ʚʠʩʦʪʘʤʠ ʪʦʧʦʛʨʘʬʽʾ ʪʘ ʛʝʦʾʜʫ ʤʝʥʰ 

ʚʠʨʘʞʝʥʘ. 

ʅʘ ʢʘʨʪʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʢʦʨʝʣʷʮʽʾ ʤʽʞ ʚʠʩʦʪʘʤʠ ʪʦʧʦʛʨʘʬʽʾ ʪʘ ʛʝʦʾʜʫ ʤʦʞʥʘ 

ʧʦʤʽʪʠʪʠ ʨʝʛʽʦʥʠ ʟ ʚʠʩʦʢʠʤʠ ʜʦʜʘʪʥʠʤʠ ʪʘ ʚʽʜ'ʻʤʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʢʦʨʝʣʷʮʽʾ, 

ʷʢʽ ʧʦʚôʷʟʘʥʽ ʟ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʪʝʢʪʦʥʽʢʠ ʪʘ ʩʪʨʫʢʪʫʨʦʶ ʣʽʪʦʩʬʝʨʠ.  

ʇʽʢʠ ʧʨʷʤʦʾ ʢʦʨʝʣʷʮʽʾ (ʯʝʨʚʦʥʽ ʟʦʥʠ): 

ï ɸʥʜʠ (ʇʽʚʜʝʥʥʘ ɸʤʝʨʠʢʘ) ï ʚ ʮʴʦʤʫ ʨʝʛʽʦʥʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʟʥʘʯʠʤʘ ʜʦʜʘʪʥʘ ʢʦʨʝʣʷʮʽʷ, ʱʦ ʚʢʘʟʫʻ ʥʘ ʫʟʛʦʜʞʝʥʽʩʪʴ ʤʽʞ ʚʠʩʦʪʘʤʠ ʪʦʧʦʛʨʘʬʽʾ 

ʪʘ ʛʝʦʾʜʫ. ʎʝ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʚʠʩʦʢʠʤʠ ʛʽʨʩʴʢʠʤʠ ʤʘʩʠʚʘʤʠ, ʷʢʽ ʤʘʶʪʴ 

ʚʽʜʧʦʚʽʜʥʫ ʛʨʘʚʽʪʘʮʽʡʥʫ ʘʥʦʤʘʣʽʶ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʬʦʨʤʫ ʛʝʦʾʜʫ. 

ï ɻʽʤʘʣʘʾ (ʇʽʚʜʝʥʥʘ ɸʟʽʷ) ï ʪʘʢʦʞ ʜʝʤʦʥʩʪʨʫʶʪʴ ʟʥʘʯʠʤʫ ʜʦʜʘʪʥʶ 

ʢʦʨʝʣʷʮʽʶ, ʜʝ ʚʝʣʠʢʘ ʚʠʩʦʪʘ ʛʽʨʩʴʢʠʭ ʚʝʨʰʠʥ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ 

ʟʤʽʥʘʤʠ ʫ ʚʠʩʦʪʘʭ ʛʝʦʾʜʫ. 
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ï ɽʬʽʦʧʩʴʢʝ ʥʘʛʽʨ'ʷ ʪʘ ʉʭʽʜʥʦʘʬʨʠʢʘʥʩʴʢʠʡ ʨʠʬʪ ï ʫ ʮʴʦʤʫ ʨʝʛʽʦʥʽ, ʜʝ 

ʘʢʪʠʚʥʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʨʠʬʪʦʛʝʥʝʟ ʽ ʚʫʣʢʘʥʽʯʥʽ ʧʨʦʮʝʩʠ, ʢʦʨʝʣʷʮʽʷ ʤʽʞ 

ʪʦʧʦʛʨʘʬʽʻʶ ʪʘ ʛʝʦʾʜʦʤ ʪʘʢʦʞ ʻ ʚʠʩʦʢʦʶ, ʱʦ ʚʢʘʟʫʻ ʥʘ ʾʭ ʚʟʘʻʤʦʟʚôʷʟʦʢ. 

ʇʽʢʠ ʥʝʛʘʪʠʚʥʦʾ ʢʦʨʝʣʷʮʽʾ (ʩʠʥʽ ʟʦʥʠ): 

ï ʊʠʭʦʦʢʝʘʥʩʴʢʽ ʟʘʧʘʜʠʥʠ ï ʨʝʛʽʦʥʠ, ʪʘʢʽ ʷʢ ʄʘʨʽʘʥʩʴʢʘ ʟʘʧʘʜʠʥʘ ʪʘ 

ʽʥʰʽ ʛʣʠʙʦʢʦʚʦʜʥʽ ʟʦʥʠ ʚ ʊʠʭʦʤʫ ʦʢʝʘʥʽ, ʜʝʤʦʥʩʪʨʫʶʪʴ ʩʠʣʴʥʫ ʚʽʜ'ʻʤʥʫ 

ʢʦʨʝʣʷʮʽʶ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʥʠʟʴʢʽ ʚʠʩʦʪʠ ʪʦʧʦʛʨʘʬʽʾ (ʛʣʠʙʦʢʽ ʟʘʧʘʜʠʥʠ) ʤʘʶʪʴ 

ʧʨʦʪʠʣʝʞʥʫ ʛʨʘʚʽʪʘʮʽʡʥʫ ʨʝʘʢʮʽʶ, ʚʽʜʦʙʨʘʞʝʥʫ ʚ ʛʝʦʾʜʽ. 

ï ʇʽʚʥʽʯʥʘ ɸʪʣʘʥʪʠʢʘ (ʨʝʛʽʦʥ ʙʽʣʷ ɯʩʣʘʥʜʽʾ) ï ʫ ʮʴʦʤʫ ʨʝʛʽʦʥʽ ʪʘʢʦʞ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚʽʜ'ʻʤʥʘ ʢʦʨʝʣʷʮʽʷ, ʤʦʞʣʠʚʦ, ʯʝʨʝʟ ʚʧʣʠʚ 

ʩʝʨʝʜʥʴʦʘʪʣʘʥʪʠʯʥʦʛʦ ʭʨʝʙʪʘ, ʜʝ ʘʢʪʠʚʥʽ ʪʝʢʪʦʥʽʯʥʽ ʧʨʦʮʝʩʠ ʩʪʚʦʨʶʶʪʴ 

ʦʩʦʙʣʠʚʦʩʪʽ ʨʝʣʴʻʬʫ, ʷʢʽ ʥʝ ʫʟʛʦʜʞʫʶʪʴʩʷ ʽʟ ʚʠʩʦʪʘʤʠ ʛʝʦʾʜʫ. 

ï ɯʥʜʽʡʩʴʢʠʡ ʦʢʝʘʥ (ʙʽʣʷ ʉʝʡʰʝʣʴʩʴʢʠʭ ʦʩʪʨʦʚʽʚ ʪʘ ʄʘʣʴʜʽʚ) ï ʫ 

ʜʝʷʢʠʭ ʯʘʩʪʠʥʘʭ ɯʥʜʽʡʩʴʢʦʛʦ ʦʢʝʘʥʫ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʟʦʥʠ ʚʽʜ'ʻʤʥʦʾ ʢʦʨʝʣʷʮʽʾ, 

ʱʦ ʤʦʞʝ ʙʫʪʠ ʧʦʚôʷʟʘʥʦ ʟ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʧʽʜʚʦʜʥʦʾ ʪʦʧʦʛʨʘʬʽʾ ʪʘ ʛʨʘʚʽʪʘʮʽʡʥʠʭ 

ʘʥʦʤʘʣʽʡ, ʧʦʚôʷʟʘʥʠʭ ʟ ʨʠʬʪʦʛʝʥʝʟʦʤ ʽ ʦʢʝʘʥʽʯʥʠʤʠ ʭʨʝʙʪʘʤʠ. 

ʅʘ ʢʘʨʪʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʢʦʨʝʣʷʮʽʾ ʤʽʞ ʚʠʩʦʪʘʤʠ ʪʦʧʦʛʨʘʬʽʾ ʪʘ ʛʝʦʾʜʫ ʜʣʷ 

ɸʥʪʘʨʢʪʠʜʠ ʚʠʜʥʦ ʩʧʝʮʠʬʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʢʦʨʝʣʷʮʽʡʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʱʦ 

ʧʦʷʩʥʶʻʪʴʩʷ ʫʥʽʢʘʣʴʥʠʤʠ ʛʝʦʬʽʟʠʯʥʠʤʠ ʫʤʦʚʘʤʠ ʮʴʦʛʦ ʢʦʥʪʠʥʝʥʪʫ. 

ɸʥʪʘʨʢʪʠʜʘ ʜʝʤʦʥʩʪʨʫʻ ʧʝʨʝʚʘʞʥʦ ʦʙʝʨʥʝʥʫ ʢʦʨʝʣʷʮʽʶ ʤʽʞ ʚʠʩʦʪʘʤʠ 

ʪʦʧʦʛʨʘʬʽʾ ʪʘ ʛʝʦʾʜʫ (ʩʠʥʽ ʪʘ ʟʝʣʝʥʽ ʟʦʥʠ), ʱʦ ʤʦʞʝ ʙʫʪʠ ʧʦʚôʷʟʘʥʦ ʟ ʥʘʷʚʥʽʩʪʶ 

ʪʦʚʩʪʦʛʦ ʣʴʦʜʦʚʦʛʦ ʱʠʪʘ, ʷʢʠʡ ʥʘʢʣʘʜʘʻʪʴʩʷ ʥʘ ʦʩʥʦʚʥʠʡ ʨʝʣʴʻʬ ʽ ʩʧʨʠʯʠʥʷʻ 

ʛʨʘʚʽʪʘʮʽʡʥʽ ʘʥʦʤʘʣʽʾ. ʃʴʦʜʦʚʠʢʦʚʠʡ ʧʦʢʨʠʚ, ʱʦ ʧʦʢʨʠʚʘʻ ʢʦʥʪʠʥʝʥʪ, ʚʧʣʠʚʘʻ 

ʥʘ ʨʦʟʧʦʜʽʣ ʤʘʩʠ, ʱʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʪʚʝʨʜʠʭ ʛʽʨʩʴʢʠʭ ʤʘʩʠʚʽʚ, ʷʢ ʫ ɻʽʤʘʣʘʷʭ 

ʯʠ ɸʥʜʘʭ. ʅʠʟʴʢʽ ʪʝʤʧʝʨʘʪʫʨʠ, ʚʝʣʠʢʘ ʪʦʚʱʠʥʘ ʣʴʦʜʫ ʽ ʦʩʦʙʣʠʚʦʩʪʽ 

ʧʽʜʣʴʦʜʦʚʠʢʦʚʦʛʦ ʨʝʣʴʻʬʫ ʩʧʨʠʯʠʥʷʶʪʴ ʛʨʘʚʽʪʘʮʽʡʥʽ ʟʤʽʥʠ, ʷʢʽ ʥʝ ʧʦʚʥʽʩʪʶ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʪʦʧʦʛʨʘʬʽʾ ʪʚʝʨʜʦʛʦ ˇʨʫʥʪʫ ʧʽʜ ʣʴʦʜʦʚʠʢʦʤ. 

ʂʨʽʤ ʪʦʛʦ, ʥʘ ʢʨʘʷʭ ɸʥʪʘʨʢʪʠʯʥʦʛʦ ʢʦʥʪʠʥʝʥʪʫ ʻ ʦʙʣʘʩʪʽ ʽʟ ʩʣʘʙʢʦʶ 

ʧʨʷʤʦʶ ʢʦʨʝʣʷʮʽʻʶ, ʷʢʽ ʟʘʟʚʠʯʘʡ ʨʦʟʪʘʰʦʚʘʥʽ ʙʣʠʞʯʝ ʜʦ ʦʢʝʘʥʫ, ʜʝ ʣʽʜ ʻ 
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ʪʦʥʰʠʤ ʘʙʦ ʚʟʘʛʘʣʽ ʚʽʜʩʫʪʥʽʡ. ʎʝ ʤʦʞʝ ʩʚʽʜʯʠʪʠ ʧʨʦ ʧʝʚʥʫ ʫʟʛʦʜʞʝʥʽʩʪʴ ʤʽʞ 

ʨʝʣʴʻʬʦʤ ʽ ʛʝʦʾʜʦʤ ʫ ʮʠʭ ʨʝʛʽʦʥʘʭ, ʤʦʞʣʠʚʦ, ʯʝʨʝʟ ʙʽʣʴʰ ʩʪʘʙʽʣʴʥʫ ʛʝʦʣʦʛʽʯʥʫ 

ʩʪʨʫʢʪʫʨʫ ʦʩʥʦʚʠ. 

ʆʪʞʝ, ʢʦʨʝʣʷʮʽʡʥʘ ʢʘʨʪʠʥʘ ʜʣʷ ɸʥʪʘʨʢʪʠʜʠ ʩʚʽʜʯʠʪʴ ʧʨʦ ʩʢʣʘʜʥʫ 

ʚʟʘʻʤʦʜʽʶ ʤʽʞ ʣʴʦʜʦʚʠʢʦʚʠʤ ʧʦʢʨʠʚʦʤ, ʧʽʜʣʴʦʜʦʚʠʢʦʚʠʤ ʨʝʣʴʻʬʦʤ ʽ 

ʛʝʦʜʠʥʘʤʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ, ʷʢʽ ʤʘʶʪʴ ʩʫʪʪʻʚʠʡ ʚʧʣʠʚ ʥʘ ʛʨʘʚʽʪʘʮʽʡʥʝ ʧʦʣʝ. 

ɸʥʪʘʨʢʪʠʜʘ ʻ ʦʩʦʙʣʠʚʠʤ ʚʠʧʘʜʢʦʤ ʫ ʛʣʦʙʘʣʴʥʽʡ ʢʘʨʪʠʥʽ ʢʦʨʝʣʷʮʽʾ, ʦʩʢʽʣʴʢʠ 

ʣɹ ʦʜʦʚʠʢʦʚʠʡ ʧʦʢʨʠʚ ʟʥʘʯʥʦ ʤʦʜʠʬʽʢʫʻ ʛʨʘʚʽʪʘʮʽʡʥʝ ʧʦʣʝ, ʩʪʚʦʨʶʶʯʠ 

ʛʨʘʚʽʪʘʮʽʡʥʽ ʘʥʦʤʘʣʽʾ, ʱʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʢʦʥʪʠʥʝʥʪʘʣʴʥʠʭ ʛʽʨʩʴʢʠʭ ʩʠʩʪʝʤ. 

ʎʝʡ ʨʦʟʧʦʜʽʣ ʧʨʷʤʦʾ ʪʘ ʦʙʝʨʥʝʥʦʾ ʢʦʨʝʣʷʮʽʾ ʚʢʘʟʫʻ ʥʘ ʩʢʣʘʜʥʫ ʚʟʘʻʤʦʜʽʶ 

ʤʽʞ ʪʝʢʪʦʥʽʯʥʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ, ʛʨʘʚʽʪʘʮʽʡʥʠʤʠ ʘʥʦʤʘʣʽʷʤʠ ʪʘ ʨʝʣʴʻʬʦʤ ɿʝʤʣʽ. 

ɺʠʩʦʢʽ ʜʦʜʘʪʥʽ ʢʦʨʝʣʷʮʽʾ ʟʘʟʚʠʯʘʡ ʧʦʚ'ʷʟʘʥʽ ʟ ʛʽʨʩʴʢʠʤʠ ʨʘʡʦʥʘʤʠ, ʪʦʜʽ ʷʢ 

ʚʝʣʠʢʽ ʟʥʘʯʝʥʥʷ ʚʽʜ'ʻʤʥʦʾ ʢʦʨʝʣʷʮʽʾ ʯʘʩʪʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʢʝʘʥʽʯʥʠʤ ʟʘʧʘʜʠʥʘʤ ʽ 

ʪʝʢʪʦʥʽʯʥʦ ʘʢʪʠʚʥʠʤ ʟʦʥʘʤ, ʜʝ ʚʠʩʦʪʠ ʛʝʦʾʜʫ ʽ ʨʝʣʴʻʬʫ ʥʝ ʻ ʫʟʛʦʜʞʝʥʠʤʠ. ʎʽ 

ʜʘʥʽ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʛʣʠʙʰʦʛʦ ʨʦʟʫʤʽʥʥʷ ʛʝʦʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ, 

ʱʦ ʬʦʨʤʫʶʪʴ ʧʦʚʝʨʭʥʶ ʪʘ ʛʨʘʚʽʪʘʮʽʡʥʝ ʧʦʣʝ ɿʝʤʣʽ. 

ʗʢʱʦ ʧʦʨʽʚʥʶʚʘʪʠ ʚʠʩʦʪʠ ʪʦʧʦʛʨʘʬʽʾ ʚ ʤʠʥʫʣʽ ʝʧʦʭʠ ʽ ʩʫʯʘʩʥʠʤ ʛʝʦʾʜʦʤ, 

ʪʦ ʦʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ ʂʂʂ ʩʫʪʪʻʚʦ ʟʤʽʥʶʚʘʣʠʩʴ. ɯʣʶʩʪʨʘʮʽʻʶ ʧʨʦʚʝʜʝʥʠʭ 

ʨʦʟʨʘʭʫʥʢʽʚ ʂʂʂ ʻ ʟʦʙʨʘʞʝʥʥʷ ʧʦʜʘʥʽ ʥʘ ʨʠʩ. 3.15. 

 

ʘ)      ʙ) 

ʈʠʩ. 3.15. ʂʂʂ ʤʽʞ ʚʠʩʦʪʘʤʠ ʪʦʧʦʛʨʘʬʽʾ ʽ ʩʫʯʘʩʥʠʤ ʛʝʦʾʜʦʤ ʜʣʷ ʘ) 200 ʤʣʥ ʨʦʢʽʚ 

ʪʦʤʫ, ʙ) 400 ʤʣʥ ʨʦʢʽʚ ʪʦʤʫ 












































































