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ʛʘʣʫʟʽ ʛʦʩʧʦʜʘʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ. 

ɻʦʣʦʚʥʫ ʫʚʘʛʫ ʧʨʠʜʽʣʝʥʦ ʨʘʥʞʫʚʘʥʥʶ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʩʠʩʪʝʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʨʠʪʝʨʽʾʚ, 

ʧʦʢʘʟʥʠʢʽʚ ʦʮʽʥʢʠ ʪʘ ʢʦʝʬʽʮʽʻʥʪʽʚ ʟʥʘʯʫʱʦʩʪʽ. ʈʘʥʞʫʚʘʥʥʷ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʦʧʘʨʥʦʤʫ 

ʧʦʨʽʚʥʷʥʥʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʽ ʤʘʪʨʠʯʥʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʥʽ ʨʝʟʫʣʴʪʘʪʽʚ. ɼʝʪʘʣʴʥʦ 

ʦʧʠʩʘʥʦ ʧʨʦʮʝʩ ʩʢʣʘʜʘʥʥʷ ʤʘʪʨʠʮʴ ʘʩʦʮʽʘʮʽʾ, ʟʚ'ʷʟʥʦʩʪʽ ʪʘ ʜʦʤʽʥʫʚʘʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʢʨʠʪʝʨʽʾʚ ʦʮʽʥʢʠ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʚʧʣʠʚ ʢʦʝʬʽʮʽʻʥʪʘ ʟʥʘʯʫʱʦʩʪʽ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʥʘ ʨʘʥʛ ʜʘʥʦʾ ʩʠʩʪʝʤʠ. 

ʇʦʢʘʟʘʥʦ ʧʨʘʢʪʠʯʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʢʨʠʪʝʨʽʾʚ ʦʮʽʥʢʠ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʥʘ 

ʧʨʠʢʣʘʜʽ ʜʠʥʘʤʽʯʥʦʾ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ɿʦʥʽʥʛ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʽʥʬʦʨʤʘʮʽʡʥʘ ʩʠʩʪʝʤʘ, ʨʘʥʞʫʚʘʥʥʷ, ʢʦʝʬʽʮʽʻʥʪ ʟʥʘʯʫʱʦʩʪʽ, ʤʘʪʨʠʮʷ 

ʘʩʦʮʽʘʮʽʾ, ʤʘʪʨʠʮʷ ʟʚ'ʷʟʥʦʩʪʽ, ʤʘʪʨʠʮʷ ʜʦʤʽʥʫʚʘʥʥʷ, ɿʦʥʽʥʛ. 

 

ɺʩʪʫʧ. ɺ ʜʦʩʣʽʜʞʝʥʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ (ɯʉ) ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʽʩʥʫʶʯʽ ʢʘʜʘʩʪʨʠ, 

ʩʪʘʪʠʩʪʠʯʥʽ ʟʚʽʪʥʦʩʪʽ, ʢʦʤʧʣʝʢʩʥʽ ʚʠʜʠ ʜʦʢʫʤʝʥʪʘʮʽʾ, ʘʨʭʽʚʠ ʽʥʬʦʨʤʘʮʽʾ. ʊʘʢʦʞ ʜʝʷʢʽ ɯʉ 

ʤʦʞʫʪʴ ʬʦʨʤʫʚʘʪʠʩʷ ʷʢ ʘʛʨʝʛʘʪʠ ʜʘʥʠʭ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʜʦʩʪʘʪʥʴʦ ʩʠʣʴʥʫ ʨʦʟʛʘʣʫʞʝʥʽʩʪʴ 

ʥʘ ʧʨʦʩʪʽʰʽ ʚʽʜʦʤʦʩʪʽ. ʊʘʢʽ ɯʉ ʤʘʶʪʴ ʭʘʨʘʢʪʝʨʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʪʘ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʟʚʝʨʥʝʥʴ ʜʦ 

ʥʠʭ ʚʽʜ ʽʥʰʠʭ ɯʉ. 

ʇʽʜ ʯʘʩ ʚʠʷʚʣʝʥʥʷ ʝʣʝʤʝʥʪʽʚ (ʦʜʠʥʠʮʴ) ʛʘʣʫʟʽ ʛʦʩʧʦʜʘʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʷʢ ʮʝ, ʥʘʧʨʠʢʣʘʜ, 

ʟʘʟʥʘʯʝʥʦ ʚ ʜʦʩʣʽʜʞʝʥʥʽ ʛʘʣʫʟʽ ʛʦʩʧʦʜʘʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ʜʠʥʘʤʽʯʥʦʾ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ 

(ɼɻɯʉ) ɿʦʥʽʥʛ [1], ʚ ʟʘʢʦʥʦʜʘʚʩʪʚʽ, ʟʦʢʨʝʤʘ ʋʢʨʘʾʥʠ, ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʦ ʨʷʜ ʥʝʛʘʪʠʚʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʘ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ɯʉ: 

¶ ʜʫʙʣʶʚʘʥʥʷ ʜʘʥʠʭ; 

¶ ʨʝʚʝʨʩʠʚʥʽʩʪʴ ʧʦʪʦʢʫ ʜʘʥʠʭ; 

¶ ʥʘʜʤʽʨʥʫ ʟʚôʷʟʥʽʩʪʴ; 

¶ ʟʘʧʣʫʪʘʥʽʩʪʴ ʟʚôʷʟʢʽʚ ʤʽʞ ɯʉ. 

ʗʢʱʦ ʧʨʦʚʝʩʪʠ ʨʘʥʞʫʚʘʥʥʷ ʥʘʷʚʥʠʭ ɯʉ, ʪʦ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ, ʚ ʷʢʽʡ ɯʉ ʪʽ ʯʠ ʽʥʰʽ 

ʚʽʜʦʤʦʩʪʽ ʬʦʨʤʫʶʪʴʩʷ ʚʧʝʨʰʝ. ɿʘʚʜʷʢʠ ʦʧʪʠʤʽʟʘʮʽʾ ʟʚôʷʟʢʽʚ ʟ ɯʉ ʚʠʱʦʛʦ ʨʘʥʛʫ, ʫʥʠʢʘʶʯʠ 

ʜʫʙʣʶʚʘʥʥʷ ʜʘʥʠʭ, "ʧʝʨʰʦ-ʚʽʜʦʤʦʩʪʽ" ʙʫʜʫʪʴ ʯʝʨʝʟ ʢʣʶʯʽ ʧʦʩʠʣʘʪʠʩʷ ʜʦ ʽʥʰʠʭ ɯʉ.  

ʄʝʪʦʶ ʩʪʘʪʪʽ ʻ ʚʠʟʥʘʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʧʨʦʚʝʩʪʠ ʙʽʣʴʰ ʢʚʘʣʽʬʽʢʦʚʘʥʫ ʪʘ ʞʦʨʩʪʢʽʰʫ 

ʜʝʢʦʤʧʦʟʠʮʽʶ ʛʘʣʫʟʽ ʛʦʩʧʦʜʘʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʥʘʧʨʠʢʣʘʜ ʜʣʷ ʟʘʚʜʘʥʴ ʤʦʥʽʪʦʨʠʥʛʫ 

ʨʝʛʽʦʥʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ. 

ʊʝʦʨʝʪʠʯʥʽ ʟʘʩʘʜʠ. ʅʘ ʧʨʘʢʪʠʮʽ ʜʣʷ ʨʘʥʞʫʚʘʥʥʷ ʯʘʩʪʽʰʝ ʚʩʴʦʛʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʯʠʩʣʦʚʝ 

ʧʦʜʘʥʥʷ ʫʧʦʨʷʜʢʦʚʘʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʩʪʨʦʛʦʛʦ ʧʦʨʷʜʢʫ ʫ ʚʠʛʣʷʜʽ ʥʘʪʫʨʘʣʴʥʠʭ ʯʠʩʝʣ. ɼʣʷ 

ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʯʠʩʣʦʚʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ, ʢʦʣʠ ʥʘʡʙʽʣʴʰ ʧʝʨʝʚʘʞʥʽʡ ɯʉ ʧʨʠʧʠʩʫʻʪʴʩʷ 

ʥʘʡʤʝʥʰʝ ʯʠʩʣʦ ʽ ʧʦ ʟʤʝʥʰʝʥʥʽ ʧʝʨʝʚʘʛ ʜʦ ʽʥʰʠʭ ɯʉ ʧʨʠʧʠʩʫʶʪʴʩʷ ʧʦʩʣʽʜʦʚʥʦ ʟʨʦʩʪʘʶʯʽ 

ʯʠʩʣʘ. ʏʠʩʣʘ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʥʘʟʠʚʘʶʪʴʩʷ ʨʘʥʛʘʤʠ [2]. 
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ʂʨʽʤ ʚʽʜʥʦʩʠʥ ʩʪʨʦʛʦʛʦ ʧʦʨʷʜʢʫ ʤʽʞ ɯʉ, ʽʩʥʫʻ ʚʽʜʥʦʰʝʥʥʷ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ. ɺ ʨʝʟʫʣʴʪʘʪʽ 

ʫʧʦʨʷʜʢʫʚʘʥʥʷ ʤʦʞʝ ʫʪʚʦʨʠʪʠʩʷ ʥʝʩʪʨʦʛʠʡ ʧʦʨʷʜʦʢ. ɼʣʷ ʚʽʜʥʦʩʠʥ ʥʝʩʪʨʦʛʦʛʦ ʧʦʨʷʜʢʫ 

ʜʦʚʝʜʝʥʦ ʽʩʥʫʚʘʥʥʷ ʯʠʩʣʦʚʦʾ ʩʠʩʪʝʤʠ ʟ ʚʽʜʥʦʩʠʥʘʤʠ ʥʝʨʽʚʥʦʩʪʽ ʪʘ ʨʽʚʥʦʩʪʽ ʤʽʞ ʯʠʩʣʘʤʠ, ʱʦ 

ʦʧʠʩʫʶʪʴ ʚʣʘʩʪʠʚʦʩʪʽ ɯʉ. ɹʽʜʴ-ʷʢʽ ʜʚʽ ʮʠʬʨʦʚʽ ʩʠʩʪʝʤʠ ʜʣʷ ʥʝʩʪʨʦʛʦʛʦ ʧʦʨʷʜʢʫ ʧʦʚ'ʷʟʘʥʽ ʤʽʞ 

ʩʦʙʦʶ ʤʦʥʦʪʦʥʥʠʤ ʧʝʨʝʪʚʦʨʝʥʥʷʤ. ʆʪʞʝ, ʨʘʥʞʫʚʘʥʥʷ ʟʘ ʫʤʦʚʠ ʝʢʚʽʚʘʣʝʥʪʥʠʭ ɯʉ ʧʨʝʜʩʪʘʚʣʷʻ 

ʩʦʙʦʶ ʚʠʤʽʨʶʚʘʥʥʷ ʥʘ ʧʦʨʷʜʢʦʚʽʡ ʰʢʘʣʽ. 

ʇʨʠ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʽʡ ʦʮʽʥʮʽ ʪʘ ʨʘʥʞʫʚʘʥʥʽ ʬʦʨʤʫʶʪʴʩʷ ʢʨʠʪʝʨʽʾ, ʧʦʢʘʟʥʠʢʠ ʦʮʽʥʢʠ, 

ʢʦʝʬʽʮʽʻʥʪʠ ʟʥʘʯʫʱʦʩʪʽ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ɯʉ [3]. 

ʈʘʥʞʫʚʘʥʥʷ ɯʉ ʚ ʛʘʣʫʟʽ ʛʦʩʧʦʜʘʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ʤʘʻ ʚʢʣʶʯʘʪʠ ʪʘʢʽ ʝʪʘʧʠ: 

¶ ʚʠʟʥʘʯʝʥʥʷ ʤʥʦʞʠʥʠ ʥʦʨʤʘʪʠʚʥʦ ʧʨʘʚʦʚʠʭ-ʘʢʪʽʚ (Z); 

¶ ʚʠʟʥʘʯʝʥʥʷ ʤʥʦʞʠʥʠ ɯʉ (IS); 

¶ ʚʠʟʥʘʯʝʥʥʷ ʤʥʦʞʠʥʠ ʢʨʠʪʝʨʽʾʚ (Cr), ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʢʦʞʥʫ ɯʉ; 

¶ ʚʠʷʚʣʝʥʥʷ ʚʽʜʥʦʩʥʦʾ ʚʘʞʣʠʚʦʩʪʽ ʢʨʠʪʝʨʽʾʚ ʝʢʩʧʝʨʪʦʤ ʘʙʦ ʛʨʫʧʦʶ ʝʢʩʧʝʨʪʽʚ ʛʘʣʫʟʽ 

ʛʦʩʧʦʜʘʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ; 

¶ ʦʮʽʥʶʚʘʥʥʷ ʧʨʠʚʘʪʥʠʭ ʢʨʠʪʝʨʽʾʚ; 

¶ ʟʘʩʪʦʩʫʚʘʥʥʷ ʻʜʠʥʦʛʦ ʧʨʘʚʠʣʘ ʜʣʷ ʦʜʥʦ- ʘʙʦ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʾ ʦʮʽʥʢʠ ʪʘ 

ʨʘʥʞʫʚʘʥʥʷ ɯʉ. 

ɯʉ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʢʽʣʴʢʽʩʪʶ ʟʚôʟʢʽʚ (J) ʟ ʽʥʰʠʤʠ ɯʉ, ʤʥʦʞʠʥʦʶ ʚʽʜʦʤʦʩʪʝʡ (I), 

ʤʥʦʞʠʥʦʶ ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ (Cl). 

ɺ ʦʩʥʦʚʽ ʨʘʥʞʫʚʘʥʥʷ ʣʝʞʠʪʴ ʧʦʧʘʨʥʝ ʧʦʨʽʚʥʷʥʥʽ ʚʩʽʭ ɯʉ. ʇʘʨʥʝ ʧʦʨʽʚʥʷʥʥʷ ʧʨʝʜʩʪʘʚʣʷʻ 

ʩʦʙʦʶ ʧʨʦʮʝʜʫʨʫ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʝʨʝʚʘʛ ɯʉ ʧʨʠ ʧʦʨʽʚʥʷʥʥʽ ʚʩʽʭ ʤʦʞʣʠʚʠʭ ʧʘʨ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʨʘʥʞʫʚʘʥʥʷ, ʚ ʷʢʦʤʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʫʧʦʨʷʜʢʫʚʘʥʥʷ ʚʩʽʭ ɯʉ, ʧʘʨʥʝ 

ʧʦʨʽʚʥʷʥʥʷ ɯʉ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʙʽʣʴʰ ʧʨʦʩʪʫ ʟʘʜʘʯʫ. ʇʨʠ ʧʦʨʽʚʥʷʥʥʽ ʧʘʨ ɯʉ ʤʦʞʣʠʚʦ ʘʙʦ 

ʚʽʜʥʦʰʝʥʥʷ ʩʪʨʦʛʦʛʦ ʧʦʨʷʜʢʫ, ʘʙʦ ʚʽʜʥʦʰʝʥʥʷ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ. ɿʚʽʜʩʠ ʚʠʧʣʠʚʘʻ, ʱʦ ʧʘʨʥʝ 

ʧʦʨʽʚʥʷʥʥʷ, ʪʘʢ ʩʘʤʦ ʷʢ ʽ ʨʘʥʞʫʚʘʥʥʷ, ʻ ʝʣʝʤʝʥʪʦʤ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʫ ʧʦʨʷʜʢʦʚʽʡ ʰʢʘʣʽ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʦʨʽʚʥʷʥʥʷ ʧʘʨ ɯʉ ʝʢʩʧʝʨʪ ʟʘʷʚʣʷʻ, ʱʦ ʧʝʨʰʘ ɯʉ ʚʠʱʘ ʟʘ ʜʨʫʛʫ, ʘʙʦ ʥʘʚʧʘʢʠ, 

ʘʙʦ ʚʦʥʠ ʻ ʝʢʚʽʚʘʣʝʥʪʥʠʤʠ. 

ʗʢʱʦ ʧʦʨʽʚʥʷʥʥʷ ʧʘʨ ɯʉ ʧʨʦʚʦʜʠʪʴʩʷ ʦʢʨʝʤʦ ʟʘ ʨʽʟʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʘʙʦ ʧʦʨʽʚʥʷʥʥʷ 

ʟʜʽʡʩʥʶʻ ʛʨʫʧʘ ʝʢʩʧʝʨʪʽʚ, ʪʦ ʟʘ ʢʦʞʥʠʤ ʧʦʢʘʟʥʠʢʦʤ ʘʙʦ ʝʢʩʧʝʨʪʦʤ ʩʢʣʘʜʘʻʪʴʩʷ ʩʚʦʷ ʪʘʙʣʠʮʷ 

ʨʝʟʫʣʴʪʘʪʽʚ ʧʘʨʥʠʭ ʧʦʨʽʚʥʷʥʴ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʫʪʚʦʨʶʻʪʴʩʷ ʧʘʢʝʪ ʪʘʙʣʠʮʴ. ʇʦʨʽʚʥʷʥʥʷ ʚʩʽʭ ʤʦʞʣʠʚʠʭ ʧʘʨ ʥʝ ʜʘʻ ʧʦʚʥʦʛʦ 

ʫʧʦʨʷʜʢʫʚʘʥʥʷ ɯʉ. ʊʦʤʫ ʚʠʥʠʢʘʻ ʟʘʜʘʯʘ ʨʘʥʞʫʚʘʥʥʷ ɯʉ ʟʘ ʨʝʟʫʣʴʪʘʪʦʤ ʾʭ ʧʘʨʥʦʛʦ ʧʦʨʽʚʥʷʥʥʷ. 

ʈʽʰʝʥʥʷ ʮʽʻʾ ʟʘʜʘʯʽ ʤʦʞʣʠʚʝ ʟʘ ʧʝʚʥʠʭ ʫʤʦʚ. 

ʈʝʟʫʣʴʪʘʪʠ ʨʘʥʞʫʚʘʥʥʷ ʟʘʚʞʜʠ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ ʤʘʪʨʠʮʴ ʧʘʨʥʠʭ ʧʦʨʽʚʥʷʥʴ. 

ʊʘʢʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʻ ʟʨʫʯʥʠʤ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʦʙʨʦʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʛʨʫʧʦʚʦʛʦ ʨʘʥʞʫʚʘʥʥʷ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʦʩʣʽʜʞʝʥʥʷ. ʆʩʢʽʣʴʢʠ ʚʽʜʙʽʨ ɯʉ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʜʝʢʦʤʧʦʟʠʮʽʾ ʦʧʝʨʘʮʽʡʥʠʭ ʜʘʥʠʭ ʚ ʯʘʩʪʠʥʽ ʟʘʢʦʥʦʜʘʚʯʦʾ ʦʙˇʨʫʥʪʦʚʘʥʦʩʪʽ 

ʚʽʜʦʤʦʩʪʝʡ ʮʠʭ ɯʉ-ʤ [4], ʪʦ ʽ ʢʨʠʪʝʨʽʾ ɯʉ ʤʘʶʪʴ ʬʦʨʤʫʚʘʪʠʩʷ ʟʛʽʜʥʦ ʧʦʣʦʞʝʥʴ ʥʦʨʤʘʪʠʚʥʦ-

ʧʨʘʚʦʚʠʭ ʘʢʪʽʚ. 

ʄʥʦʞʠʥʘ ʢʨʠʪʝʨʽʾʚ Cr ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʪʨʠʮʽ ʘʩʦʮʽʘʮʽʾ, ʤʘʪʨʠʮʽ ʟʚ'ʷʟʢʫ, 

ʤʘʪʨʠʮʽ ʜʦʤʽʥʫʚʘʥʥʷ. 

ʄʘʪʨʠʮʷ ʘʩʦʮʽʘʮʽʾ ( )
nmlk

A aM
³

= , , ʜʝ: 

m ï ʢʽʣʴʢʽʩʪʴ ʧʨʦʘʥʘʣʽʟʦʚʘʥʠʭ ʟʘʢʦʥʽʚ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʚʽʜʦʤʦʩʪʽ ɯʉ; 

n ï ʢʽʣʴʢʽʩʪʴ ɯʉ ʚ ʛʘʣʫʟʽ ʛʦʩʧʦʜʘʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ; 

lka ,  ï  ʝʣʝʤʝʥʪ ʤʘʪʨʠʮʽ, ʚ ʷʢʦʤʫ ʝʢʩʧʝʨʪ ʚʢʘʟʫʻ ʟʥʘʯʝʥʥʷ "1", ʷʢʱʦ ʚ ʟʘʢʦʥʽ ʻ ʭʦʯʘ ʙ ʦʜʥʘ ʟʛʘʜʢʘ 

ʧʨʦ ɯʉ ʘʙʦ ʾʾ ʚʽʜʦʤʦʩʪʽ, ʟʥʘʯʝʥʥʷ "0" ï ʟʘʢʦʥ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʝ ʩʪʦʩʫʻʪʴʩʷ ʜʘʥʦʾ ɯʉ; 

k = 1, 2, é, m; 

l = 1, 2, é, n. 

ʂʦʞʝʥ l-ʨʷʜʦʢ ʚʽʜʧʦʚʽʜʘʻ ʦʢʨʝʤʽʡ ɯʉ. ɿʥʘʯʝʥʥʷ ʝʣʝʤʝʥʪʽʚ l-ʨʷʜʢʘ ʧʽʜʩʫʤʦʚʫʶʪʴʩʷ 

lmll

m

k lk aaaa ,,2,11 , ...+++=ä=
. ʏʠʤ ʙʽʣʴʰʦʶ ʢʽʣʴʢʽʩʪʶ ʟʘʢʦʥʽʚ ʦʙʩʣʫʛʦʚʫʻʪʴʩʷ l-ʽʥʬʦʨʤʘʮʽʡʥʘ 
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ʩʠʩʪʝʤʘ, ʪʠʤ ʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʘʩʦʮʽʘʮʽʾ. ʂʨʠʪʝʨʽʻʤ ʘʩʦʮʽʘʮʽʾ ʜʣʷ ʢʦʞʥʦʾ ɯʉ ʻ 

ʚʽʜʥʦʰʝʥʥʷ ʩʫʤʠ ʦʙʩʣʫʛʦʚʫʶʯʠʭ ʟʘʢʦʥʽʚ ʢʦʥʢʨʝʪʥʦʾ ɯʉ (ä=

m

k lka
1 , ) ʜʦ ʩʫʤʠ ʚʩʽʭ ʟʘʢʦʥʽʚ ʛʘʣʫʟʽ 

ʛʦʩʧʦʜʘʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ (ä=

m

k kZ
1
). ʂʦʝʬʽʮʽʻʥʪ A

lK  (1) ʻ ʤʘʪʝʤʘʪʠʯʥʠʤ ʧʨʝʜʩʪʘʚʣʝʥʥʷʤ 

ʢʨʠʪʝʨʽʶ ʘʩʦʮʽʘʮʽʾ 

 

ä

ä

=

==
m

k k

m

k lkA

l

Z

a
K

1

1 ,
, (1) 

 

ʂʨʠʪʝʨʽʾ ʦʮʽʥʢʠ ɯʉ ʩʣʫʛʫʶʪʴ ʧʦʨʽʚʥʷʥʥʷʤ, ʷʢʝ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʯʝʨʝʟ ʩʫʤʫ ʙʘʣʽʚ 

(ʝʣʝʤʝʥʪʽʚ l-ʨʷʜʢʘ ʤʘʪʨʠʮʽ) ʘʙʦ ʯʝʨʝʟ ʚʽʜʥʦʰʝʥʥʷ ʩʫʤʠ ʝʣʝʤʝʥʪʽʚ l-ʨʷʜʢʘ ʟ ʧʦʢʘʟʥʠʢʦʤ "1" ʜʦ 

ʩʫʤʠ ʚʩʽʭ ʝʣʝʤʝʥʪʽʚ l-ʨʷʜʢʘ ʤʘʪʨʠʮʽ (ʫ ʢʽʣʴʢʽʩʪʽ m). 

ɺʽʜʥʦʰʝʥʥʷ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʩʠʩʪʝʤʠ ʙʘʣʽʚ, ʻ ʤʝʥʰ ʟʘʣʝʞʥʠʤ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʧʨʠʡʥʷʪʠʭ 

ʟʘʢʦʥʽʚ ʘʙʦ ʟʘʢʦʥʽʚ, ʱʦ ʚʪʨʘʪʠʣʠ ʯʠʥʥʽʩʪʴ. 

ʄʘʪʨʠʮʷ ʟʚ'ʷʟʢʫ ( )
nnlk

J jM
³

= , , ʜʝ: 

n ï ʢʽʣʴʢʽʩʪʴ ɯʉ ʚ ʛʘʣʫʟʽ ʛʦʩʧʦʜʘʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ; 

lkj ,  ï ʝʣʝʤʝʥʪ ʤʘʪʨʠʮʽ, ʚ ʷʢʦʤʫ ʝʢʩʧʝʨʪ ʚʢʘʟʫʻ ʟʥʘʯʝʥʥʷ "1", ʷʢʱʦ ʚ ʟʘʢʦʥʦʜʘʚʩʪʚʽ (ä=

m

k kZ
1

) 

ʟʘʟʥʘʯʝʥʦ ʟʚ'ʷʟʦʢ ʤʽʞ ɯʉ ʘʙʦ ʾʭ ʚʽʜʦʤʦʩʪʷʤʠ, ʟʥʘʯʝʥʥʷ "0" ï ʟʚ'ʷʟʦʢ ʥʝ ʚʠʟʥʘʯʝʥʦ; 

k = l = 1, 2, é, n. 

ʂʦʞʝʥ k-ʨʷʜʦʢ ʚʽʜʧʦʚʽʜʘʻ ʦʢʨʝʤʽʡ ɯʉ. ɿʥʘʯʝʥʥʷ ʝʣʝʤʝʥʪʽʚ k-ʨʷʜʢʘ ʧʽʜʩʫʤʦʚʫʶʪʴʩʷ 

lnll

n

k lk jjjj ,,2,11 , ...+++=ä=
. ʏʠʤ ʙʽʣʴʰʝ ʟʚ'ʷʟʢʽʚ ʫ ʦʢʨʝʤʦʾ ɯʉ, ʪʠʤ ʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ 

ʟʚ'ʷʟʥʦʩʪʽ. ʂʨʠʪʝʨʽʻʤ ʟʚ'ʷʟʥʦʩʪʽ ʜʣʷ ʢʦʞʥʦʾ ɯʉ ʻ ʚʽʜʥʦʰʝʥʥʷ ʩʫʤʠ ʚʩʪʘʥʦʚʣʝʥʠʭ ʟʚ'ʷʟʢʽʚ 

ʢʦʥʢʨʝʪʥʦʾ ɯʉ ʟ ʽʥʰʠʤʠ (ä=

n

k lkj1 , ) ʜʦ ʩʫʤʠ ʚʩʽʭ ɯʉ ʛʘʣʫʟʽ ʛʦʩʧʦʜʘʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ (ä=

n

k kIS
1

). 

ʂʦʝʬʽʮʽʻʥʪ J

kK  (2) ʻ ʤʘʪʝʤʘʪʠʯʥʠʤ ʧʨʝʜʩʪʘʚʣʝʥʥʷʤ ʢʨʠʪʝʨʽʶ ʟʚ'ʷʟʥʦʩʪʽ 

 

ä

ä

=

==
n

k k

n

k lkJ

k

IS

j
K

1

1 ,
, (2) 

 

ʄʘʪʨʠʮʷ ʜʦʤʽʥʫʚʘʥʥʷ ( )
nnlk

D dM
³

= , , ʜʝ: 

n ï ʢʽʣʴʢʽʩʪʴ ɯʉ ʚ ʛʘʣʫʟʽ ʛʦʩʧʦʜʘʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ; 

lkd ,  ï ʝʣʝʤʝʥʪ ʤʘʪʨʠʮʽ, ʚ ʷʢʦʤʫ ʝʢʩʧʝʨʪ, ʚʠʟʥʘʯʠʚʰʠ, ʭʦʯʘ ʙ ʦʜʥʫ ʟʛʘʜʢʫ ʫ ʟʘʢʦʥʦʜʘʚʩʪʚʽ (

ä=

m

k kZ
1

) ʩʪʦʩʦʚʥʦ ʚʟʘʻʤʦʜʽʾ ʚʽʜʦʤʦʩʪʝʡ ʤʽʞ ɯʉɸ ʪʘ ɯʉɺ ʤʘʻ ʧʨʝʜʩʪʘʚʠʪʠ ʷʢ "1" ʥʘ ʢʦʨʠʩʪʴ 

ʜʦʤʽʥʫʶʯʦʾ ʦʜʥʦʾ ɯʉ ʪʘ ʷʢ "0" ʧʨʦʪʠ ʽʥʰʦʾ; 

k = l = 1, 2, é, n. 

ʆʧʝʨʘʮʽʷ ʜʦʤʽʥʫʚʘʥʥʷ: ʷʢʱʦ ɯʉɸ ʜʦʤʽʥʫʻ ʥʘʜ ɯʉɺ, ʪʦʜʽ 1=Ã BA ²Ñ²Ñ , ʘ 0=Ã AB ²Ñ²Ñ . 

ʗʢʱʦ ʬʘʢʪ ʜʦʤʽʥʫʚʘʥʥʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʝ ʚʩʪʘʥʦʚʣʝʥʦ ʝʢʩʧʝʨʪʦʤ (ʧʨʷʤʦ ʧʦʚ'ʷʟʘʥʝ ʟ 

ʢʨʠʪʝʨʽʻʤ ʟʚ'ʷʟʥʦʩʪʽ), ʪʦ ʧʦʟʥʘʯʢʘ "0" ʩʪʘʚʠʪʴʩʷ ʜʣʷ ʜʚʦʭ ɯʉ. 

ʂʦʞʝʥ k-ʨʷʜʦʢ ʚʽʜʧʦʚʽʜʘʻ ʦʢʨʝʤʽʡ ɯʉ. ɿʥʘʯʝʥʥʷ ʝʣʝʤʝʥʪʽʚ k-ʨʷʜʢʘ ʧʽʜʩʫʤʦʚʫʶʪʴʩʷ 

nkkk

n

l lk dddd ,2,1,1 , ...+++=ä=
. ʏʠʤ ʙʽʣʴʰʝ ʥʝʥʫʣʴʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʥʘʚʝʜʝʥʦʾ ʩʫʤʠ, ʪʠʤ ʙʽʣʴʰʝ 

ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʜʦʤʽʥʫʚʘʥʥʷ. ʂʨʠʪʝʨʽʻʤ ʜʦʤʽʥʫʚʘʥʥʷ ʜʣʷ ʢʦʞʥʦʾ ɯʉ ʻ ʚʽʜʥʦʰʝʥʥʷ ʩʫʤʠ 

ʚʩʪʘʥʦʚʣʝʥʠʭ ʧʦʧʘʨʥʠʭ ʜʦʤʽʥʫʚʘʥʴ ʢʦʥʢʨʝʪʥʦʾ ɯʉ ʥʘʜ ʽʥʰʠʤʠ (ä=

n

l lkd
1 , ) ʜʦ ʩʫʤʠ ʚʩʽʭ ɯʉ ʛʘʣʫʟʽ 

ʛʦʩʧʦʜʘʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ (ä=

n

k kIS
1

). ʂʦʝʬʽʮʽʻʥʪ 
D

kK  (ʬʦʨʤʫʣʘ 3) ʻ ʤʘʪʝʤʘʪʠʯʥʠʤ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷʤ ʢʨʠʪʝʨʽʶ ʜʦʤʽʥʫʚʘʥʥʷ 
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ä

ä

=

==
n

k k

n

l lkD

k

IS

d
K

1

1 ,
, (3) 

ʇʽʜ ʜʦʤʽʥʫʚʘʥʥʷʤ ɯʉɸ ʩʣʽʜ ʨʦʟʫʤʽʪʠ, ʱʦ ɯʉɸ ʚʠʢʦʨʠʩʪʦʚʫʻ ʚʽʜʦʤʦʩʪʽ, ʷʢʽ ʚʞʝ 

ʟʙʝʨʽʛʘʶʪʴʩʷ ʚ ɯʉɺ. ɽʢʩʧʝʨʪ ʢʨʘʱʝ ʚʠʟʥʘʯʠʪʴ ʢʨʠʪʝʨʽʡ ʜʦʤʽʥʫʚʘʥʥʷ, ʷʢʱʦ ɯʉɸ ʪʘ ɯʉB 

ʟʛʘʜʫʶʪʴʩʷ ʚ ʦʜʥʦʤʫ ʽ ʪʦʤʫ ʞ ʟʘʢʦʥʽ kZ . 

ʂʽʣʴʢʽʩʪʴ ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ ɯʉ ʪʘ ʢʽʣʴʢʽʩʪʴ ʚʽʜʦʤʦʩʪʝʡ, ʷʢʠʤʠ ʦʧʝʨʫʻ ɯʉ ʥʝ ʬʦʨʤʫʶʪʴ 

ʤʥʦʞʠʥʫ ʢʨʠʪʝʨʽʾʚ ʜʣʷ ʨʘʥʞʫʚʘʥʥʷ. ɺʦʥʠ ʥʝ ʙʫʜʫʪʴ ʚʧʣʠʚʘʪʠ ʥʘ ʨʘʥʛ ɯʉ, ʪʘʢ ʷʢ ʾʭ ʢʽʣʴʢʽʩʥʽ 

ʧʦʢʘʟʥʠʢʠ ʧʨʷʤʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʧʦʟʠʮʽʾ ɯʉ ʚ ʧʨʦʮʝʩʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʛʘʣʫʟʽ ʛʦʩʧʦʜʘʨʩʴʢʦʾ 

ʜʽʷʣʴʥʦʩʪʽ, ʯʝʨʝʟ ʱʦ ʚʦʥʠ ʻ ʜʨʫʛʦʨʷʜʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ. 

ʊʝʧʝʨ, ʧʨʦʚʽʚʰʠ ʦʮʽʥʢʫ ʢʨʠʪʝʨʽʾʚ ɯʉ, ʚʠʟʥʘʯʠʤʦ ʧʨʘʚʠʣʦ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʾ ʦʮʽʥʢʠ ʪʘ 

ʨʘʥʞʫʚʘʥʥʷ ɯʉ ʷʢ ʜʦʙʫʪʦʢ ʢʦʝʬʽʮʽʻʥʪʽʚ ʘʩʦʮʽʘʮʽʾ (A

lK ), ʟʚ'ʷʟʥʦʩʪʽ (J

kK ) ʪʘ ʜʦʤʽʥʫʚʘʥʥʷ (D

kK ). 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʦʙʫʪʢʫ ʮʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʟʥʘʡʜʝʤʦ ʢʦʝʬʽʮʽʻʥʪ ʟʥʘʯʫʱʦʩʪʽ ɯʉ (R

kK ) 

 
D

k

J

k

A

l

R

k KKKK ÖÖ= , (4) 

 

ʅʘʡʙʽʣʴʰʠʡ ʢʦʝʬʽʮʽʻʥʪ ʟʥʘʯʫʱʦʩʪʽ ʚʽʜʧʦʚʽʜʘʻ ʧʝʨʰʦʤʫ ʨʘʥʛʫ, ʘ ʥʘʡʥʠʞʯʠʡ ʢʦʝʬʽʮʽʻʥʪ ï 

ʦʩʪʘʥʥʴʦʤʫ ʨʘʥʛʫ ʟʘ ʰʢʘʣʦʶ ʨʘʥʞʫʚʘʥʥʷ ɯʉ. 

ɯʉ ʟ ʥʘʡʥʠʞʯʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʚʘʞʣʠʚʦʩʪʽ ʩʣʫʛʫʶʪʴ ʧʽʜˇʨʫʥʪʷʤ ʜʣʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʚʠʱʠʭ ɯʉ. 

ɺʘʞʣʠʚʦ ʧʘʤ'ʷʪʘʪʠ, ʱʦ ʨʘʥʛʠ ɯʉ ʚʠʟʥʘʯʘʶʪʴ ʪʽʣʴʢʠ ʧʦʨʷʜʦʢ ʨʦʟʪʘʰʫʚʘʥʥʷ ɯʉ ʟʘ 

ʧʦʢʘʟʥʠʢʘʤʠ ʧʦʨʽʚʥʷʥʥʷ. ʈʘʥʛʠ ʷʢ ʯʠʩʣʘ ʥʝ ʜʘʶʪʴ ʤʦʞʣʠʚʦʩʪʽ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʥʘ ʩʢʽʣʴʢʠ 

ʘʙʦ ʚ ʩʢʽʣʴʢʠ ʨʘʟʽʚ ʧʝʨʝʚʘʞʘʻ ʦʜʠʥ ʦʙ'ʻʢʪ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤ. ʗʢʱʦ, ʥʘʧʨʠʢʣʘʜ, ʨʘʥʛ ɯʉ 

ʜʦʨʽʚʥʶʻ ʪʨʠ, ʪʦ ʟʚʽʜʩʠ ʥʝ ʩʣʽʜ ʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ɯʉ, ʱʦ ʤʘʻ ʨʘʥʛ, ʨʽʚʥʠʡ ʦʜʠʥʠʮʽ, ʚ ʪʨʠ 

ʨʘʟʠ ʢʨʘʱʝ, ʥʽʞ ɯʉ, ʱʦ ʤʘʻ ʨʘʥʛ, ʨʽʚʥʠʡ ʪʨʠ. 

ɸʥʘʣʽʟ (ʘʧʨʦʙʘʮʽʷ) ʪʝʦʨʝʪʠʯʥʦʛʦ ʙʣʦʢʫ. ʅʘ ʧʨʠʢʣʘʜʽ ɼɻɯʉ ɿʦʥʽʥʛ[5] ʧʨʦʨʘʥʞʫʻʤʦ ɯʉ, 

ʷʢʽ ʩʪʦʩʫʶʪʴʩʷ ʟʝʤʝʣʴʥʦ-ʢʘʜʘʩʪʨʦʚʦʾ ʪʘ ʤʽʩʪʦʙʫʜʽʚʥʦʾ ʜʽʷʣʴʥʦʩʪʽ. 

ʄʥʦʞʠʥʘ ʟʘʢʦʥʽʚ Z (ʚ ʩʪʘʪʪʽ ʩʫʢʫʧʥʽʩʪʴ ʟʘʢʦʥʽʚ ʥʝ ʻ ʧʦʚʥʦʶ) ʬʦʨʤʫʻʪʴʩʷ ʟ ʨʷʜʫ ʪʘʢʠʭ 

ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʠʭ ʘʢʪʽʚ: 

1Z  ï ʇʦʨʷʜʦʢ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʢʘʜʘʩʪʨʘʤʠ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʩʠʩʪʝʤʘʤʠ; 

2Z  ï ʇʨʦ ʦʭʦʨʦʥʫ ʢʫʣʴʪʫʨʥʦʾ ʩʧʘʜʱʠʥʠ; 

3Z  ï ʇʨʦ ʟʘʪʚʝʨʜʞʝʥʥʷ ʇʦʨʷʜʢʫ ʦʙʣʽʢʫ ʦʙ'ʻʢʪʽʚ ʢʫʣʴʪʫʨʥʦʾ ʩʧʘʜʱʠʥʠ; 

4Z  ï ʇʨʦ ʟʘʪʚʝʨʜʞʝʥʥʷ ʬʦʨʤ ʦʙʣʽʢʦʚʦʾ ʢʘʨʪʢʠ ʪʘ ʧʘʩʧʦʨʪʘ ʦʙ'ʻʢʪʘ ʢʫʣʴʪʫʨʥʦʾ ʩʧʘʜʱʠʥʠ; 

5Z  ï ʇʨʦ ʟʘʥʝʩʝʥʥʷ ʦʙ'ʻʢʪʽʚ ʢʫʣʴʪʫʨʥʦʾ ʩʧʘʜʱʠʥʠ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʜʦ ɼʝʨʞʘʚʥʦʛʦ 

ʨʝʻʩʪʨʫ ʥʝʨʫʭʦʤʠʭ ʧʘʤ'ʷʪʦʢ ʋʢʨʘʾʥʠ; 

6Z  ï ʇʨʦ ʦʭʦʨʦʥʫ ʘʨʭʝʦʣʦʛʽʯʥʦʾ ʩʧʘʜʱʠʥʠ; 

7Z  ï ʇʨʦ ʦʭʦʨʦʥʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ; 

8Z  ï ʇʨʦ ʟʦʥʫ ʥʘʜʟʚʠʯʘʡʥʦʾ ʝʢʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾ; 

9Z  ï ʇʨʦ ʦʭʦʨʦʥʫ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ; 

10Z  ï ʇʨʦ ʧʨʘʚʦʚʠʡ ʨʝʞʠʤ ʪʝʨʠʪʦʨʽʾ, ʱʦ ʟʘʟʥʘʣʘ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʚʥʘʩʣʽʜʦʢ 

ʏʦʨʥʦʙʠʣʴʩʴʢʦʾ ʢʘʪʘʩʪʨʦʬʠ; 

11Z  ï ʥʘʮʽʦʥʘʣʴʥʠʡ ʢʣʘʩʠʬʽʢʘʪʦʨ ʋʢʨʘʾʥʠ ɼʂ 009:2010 "ʂʣʘʩʠʬʽʢʘʮʽʷ ʚʠʜʽʚ ʝʢʦʥʦʤʽʯʥʦʾ 

ʜʽʷʣʴʥʦʩʪʽ"; 

12Z  ï ʇʨʦ ʨʠʙʥʝ ʛʦʩʧʦʜʘʨʩʪʚʦ, ʧʨʦʤʠʩʣʦʚʝ ʨʠʙʘʣʴʩʪʚʦ ʪʘ ʦʭʦʨʦʥʫ ʚʦʜʥʠʭ ʙʽʦʨʝʩʫʨʩʽʚ; 

13Z  ï ʇʦʣʦʞʝʥʥʷ ʧʨʦ ɼʝʨʞʘʚʥʫ ʝʢʦʣʦʛʦ-ʛʝʦʣʦʛʽʯʥʫ ʢʘʨʪʫ ʋʢʨʘʾʥʠ ʤʘʩʰʪʘʙʫ 1:200000; 



 

 
  

 

9 

14Z  ï ʇʦʨʷʜʦʢ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʥʘʮʽʦʥʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʦʮʽʥʢʠ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʚʠʢʠʜʽʚ ʪʘ 

ʘʙʩʦʨʙʮʽʾ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ, ʷʢʽ ʥʝ ʨʝʛʫʣʶʶʪʴʩʷ ʄʦʥʨʝʘʣʴʩʴʢʠʤ ʧʨʦʪʦʢʦʣʦʤ ʧʨʦ ʨʝʯʦʚʠʥʠ, ʱʦ 

ʨʫʡʥʫʶʪʴ ʦʟʦʥʦʚʠʡ ʰʘʨ; 

15Z  ï ɿʝʤʝʣʴʥʠʡ ʢʦʜʝʢʩ ʋʢʨʘʾʥʠ; 

16Z  ï ʇʨʦ ʟʝʤʣʝʫʩʪʨʽʡ; 

17Z  ï ʇʨʦ ɼʝʨʞʘʚʥʠʡ ʟʝʤʝʣʴʥʠʡ ʢʘʜʘʩʪʨ; 

18Z  ï ʇʦʨʷʜʦʢ ʚʝʜʝʥʥʷ ɼʝʨʞʘʚʥʦʛʦ ʟʝʤʝʣʴʥʦʛʦ ʢʘʜʘʩʪʨʫ; 

19Z  ï ʂʣʘʩʠʬʽʢʘʮʽʷ ʚʠʜʽʚ ʮʽʣʴʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʟʝʤʝʣʴ; 

20Z  ï ʇʨʦ ʦʨʝʥʜʫ ʟʝʤʣʽ; 

21Z  ï ʇʨʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʝʤʝʣʴ ʦʙʦʨʦʥʠ; 

22Z  ï ʇʨʦ ʦʮʽʥʢʫ ʟʝʤʝʣʴ; 

23Z  ï ʇʦʨʷʜʢʫ ʥʦʨʤʘʪʠʚʥʦʾ ʛʨʦʰʦʚʦʾ ʦʮʽʥʢʠ ʟʝʤʝʣʴ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ; 

24Z  ï ʇʦʨʷʜʦʢ ʥʦʨʤʘʪʠʚʥʦʾ ʛʨʦʰʦʚʦʾ ʦʮʽʥʢʠ ʟʝʤʝʣʴ ʥʝʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ 

(ʢʨʽʤ ʟʝʤʝʣʴ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ); 

25Z  ï ʄʝʪʦʜʠʢʘ ʥʦʨʤʘʪʠʚʥʦʾ ʛʨʦʰʦʚʦʾ ʦʮʽʥʢʠ ʟʝʤʝʣʴ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ; 

26Z  ï ʇʨʦ ʪʦʧʦʛʨʘʬʦ-ʛʝʦʜʝʟʠʯʥʫ ʽ ʢʘʨʪʦʛʨʘʬʽʯʥʫ ʜʽʷʣʴʥʽʩʪʴ; 

27Z  ï ʂʣʘʩʠʬʽʢʘʪʦʨ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʘ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʥʘ ʪʦʧʦʛʨʘʬʽʯʥʠʭ ʧʣʘʥʘʭ ʤʘʩʰʪʘʙʽʚ 

1:5000, 1:2000, 1:1000, 1:500; 

28Z  ï ʂʣʘʩʠʬʽʢʘʪʦʨ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʘ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʥʘ ʪʦʧʦʛʨʘʬʽʯʥʠʭ ʢʘʨʪʘʭ ʤʘʩʰʪʘʙʽʚ 

1:10000, 1:25000, 1:50000, 1:100000, 1:200000, 1:50000, 1:1000000; 

29Z  ï ʇʨʦ ʨʝʛʫʣʶʚʘʥʥʷ ʤʽʩʪʦʙʫʜʽʚʥʦʾ ʜʽʷʣʴʥʦʩʪʽ; 

30Z  ï ʇʨʦ ɻʝʥʝʨʘʣʴʥʫ ʩʭʝʤʫ ʧʣʘʥʫʚʘʥʥʷ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ; 

31Z  ï ʇʨʦ ʦʩʥʦʚʠ ʤʽʩʪʦʙʫʜʫʚʘʥʥʷ; 

32Z  ï ʇʨʦ ʘʨʭʽʪʝʢʪʫʨʥʫ ʜʽʷʣʴʥʽʩʪʴ; 

33Z  ï ʇʨʦ ʢʦʤʧʣʝʢʩʥʫ ʨʝʢʦʥʩʪʨʫʢʮʽʶ ʢʚʘʨʪʘʣʽʚ (ʤʽʢʨʦʨʘʡʦʥʽʚ) ʟʘʩʪʘʨʽʣʦʛʦ ʞʠʪʣʦʚʦʛʦ ʬʦʥʜʫ; 

34Z  ï ʇʦʨʷʜʦʢ ʨʦʟʨʦʙʣʝʥʥʷ ʽʩʪʦʨʠʢʦ-ʘʨʭʽʪʝʢʪʫʨʥʦʛʦ ʦʧʦʨʥʦʛʦ ʧʣʘʥʫ ʥʘʩʝʣʝʥʦʛʦ ʧʫʥʢʪʫ; 

35Z  ï ʇʦʨʷʜʦʢ ʚʝʜʝʥʥʷ ʨʝʻʩʪʨʫ ʤʽʩʪʦʙʫʜʽʚʥʠʭ ʫʤʦʚ ʪʘ ʦʙʤʝʞʝʥʴ; 

36Z  ï ʇʨʦ ʦʙ'ʻʢʪʠ ʧʽʜʚʠʱʝʥʦʾ ʥʝʙʝʟʧʝʢʠ; 

37Z  ï ʇʨʦ ʙʣʘʛʦʫʩʪʨʽʡ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ; 

38Z  ï ɼɹʅ 360-92** ʄʽʩʪʦʙʫʜʫʚʘʥʥʷ. ʇʣʘʥʫʚʘʥʥʷ ʽ ʟʘʙʫʜʦʚʘ ʤʽʩʴʢʠʭ ʽ ʩʽʣʴʩʴʢʠʭ ʧʦʩʝʣʝʥʴ. 

ʄʥʦʞʠʥʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ IS ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʘʢʠʤʠ ɯʉ (ʚ ʩʪʘʪʪʽ ʧʨʝʜʩʪʘʚʣʝʥʠʡ 

ʩʢʦʨʦʯʝʥʠʡ ʩʢʣʘʜ ɯʉ): 

1IS  ï ɸʜʤʽʥʽʩʪʨʘʪʠʚʥʦ-ʪʝʨʠʪʦʨʽʘʣʴʥʠʡ ʫʩʪʨʽʡ ʋʢʨʘʾʥʠ (ɯʉ ɸʊʋʋ); 2IS  ï ɻʝʥʝʨʘʣʴʥʽ ʧʣʘʥʠ ʪʘ 

ʩʭʝʤʠ ʧʣʘʥʫʚʘʥʥʷ ʪʝʨʠʪʦʨʽʡ ʨʘʡʦʥʽʚ (ɯʉ ɻʇʉʇ); 3IS  ï ɼʝʨʞʘʚʥʝ ʝʢʦʣʦʛʦ-ʛʝʦʣʦʛʽʯʥʝ 

ʢʘʨʪʫʚʘʥʥʷ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ (ɯʉ ɼɽɻʂʋ); 4IS  ï ɼʝʨʞʘʚʥʠʡ ʟʝʤʝʣʴʥʠʡ ʢʘʜʘʩʪʨ (ɯʉ ɼɿʂ); 5IS  

ï ɼʝʨʞʘʚʥʠʡ ʢʘʜʘʩʪʨ ʚʦʜʥʠʭ ʙʽʦʨʝʩʫʨʩʽʚ (ɯʉ ɼʂɺɹ); 6IS  ï ɼʝʨʞʘʚʥʠʡ ʢʘʜʘʩʪʨ ʨʦʜʦʚʠʱ ʽ 

ʧʨʦʷʚʽʚ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ (ɯʉ ɼʂʈʂʂ); 7IS  ï ɼʝʨʞʘʚʥʠʡ ʨʝʻʩʪʨ ʥʝʨʫʭʦʤʠʭ ʧʘʤôʷʪʦʢ ʋʢʨʘʾʥʠ 

(ɯʉ ɼʈʇʋ); 8IS  ï ɿʝʤʝʣʴʥʦ-ʢʘʜʘʩʪʨʦʚʘ ʽʥʚʝʥʪʘʨʠʟʘʮʽʷ (ɯʉ ɿʂɯ); 9IS  ï ʄʽʩʪʦʙʫʜʽʚʥʠʡ ʢʘʜʘʩʪʨ 

(ɯʉ ʄʂ); 10IS  ï ʅʘʮʽʦʥʘʣʴʥʠʡ ʢʘʜʘʩʪʨ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʚʠʢʠʜʽʚ ʪʘ ʘʙʩʦʨʙʮʽʾ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ 

(ɯʉ ʅʂɸɺʇɻ); 11IS  ï ʆʮʽʥʢʘ ʟʝʤʝʣʴ (ɯʉ ʆɿ); 12IS  ï ʊʦʧʦʛʨʘʬʦ-ʛʝʦʜʝʟʠʯʥʽ ʽ ʢʘʨʪʦʛʨʘʬʽʯʥʽ 

ʤʘʪʝʨʽʘʣʠ (ɯʉ ʊɻʂʄ). 
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ʅʘʩʪʫʧʥʠʤ ʝʪʘʧʦʤ ʩʢʣʘʜʝʤʦ ʤʘʪʨʠʮʶ ʘʩʦʮʽʘʮʽʾ (ʨʠʩ. 1), ʤʘʪʨʠʮʶ ʟʚ'ʷʟʢʫ (ʨʠʩ. 2), 

ʤʘʪʨʠʮʶ ʜʦʤʽʥʫʚʘʥʥʷ (ʨʠʩ. 3). 
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ʈʠʩ. 1. ʈʝʟʫʣʴʪʘʪ ʟʘʷʚʣʝʥʦʾ ʝʢʩʧʝʨʪʦʤ ʤʘʪʨʠʮʽ ʘʩʦʮʽʘʮʽʾ ɯʉ ʟ ʟʘʢʦʥʦʜʘʚʯʦʶ ʙʘʟʦʶ ɼɻɯʉ 

ɿʦʥʽʥʛ: ʜʣʷ ʟʨʫʯʥʦʩʪʽ ʚʽʜʦʙʨʘʞʝʥʥʷ ʟʘʬʘʨʙʦʚʘʥʽʡ ʯʘʨʫʥʮʽ ʚʽʜʧʦʚʽʜʘʻ ʟʥʘʯʝʥʥʷ "1", ʧʫʩʪʘ 

ʯʘʨʫʥʢʘ ï "0". 
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 IS1 IS2 IS3 IS4 IS5 IS6 IS7 IS8 IS9 IS10 IS11 IS12 

IS1 0 1 1 1 1 1 1 1 1 1 1 1 

IS2 1 0 1 1 1 1 1 1 1 1 1 1 

IS3 1 1 0 1 0 1 0 1 1 1 1 1 

IS4 1 1 1 0 1 1 1 1 1 1 1 1 

IS5 1 1 0 1 0 0 0 1 1 0 1 1 

IS6 1 1 1 1 0 0 1 1 1 1 0 1 

IS7 1 1 0 1 0 1 0 1 1 1 1 1 

IS8 1 1 1 1 1 1 1 0 1 1 1 1 

IS9 1 1 1 1 1 1 1 1 0 1 1 1 

IS10 1 1 1 1 0 1 1 1 1 0 1 1 

IS11 1 1 1 1 1 0 1 1 1 1 0 1 

IS12 1 1 1 1 1 1 1 1 1 1 1 0 

 

 

ʈʠʩ. 2. ʈʝʟʫʣʴʪʘʪ ʟʘʷʚʣʝʥʦʾ ʝʢʩʧʝʨʪʦʤ ʤʘʪʨʠʮʽ ʟʚ'ʷʟʥʦʩʪʽ ɯʉ ʤʽʞ ʩʦʙʦʶ ʚ ɼɻɯʉ ɿʦʥʽʥʛ 

 

 

 IS1 IS2 IS3 IS4 IS5 IS6 IS7 IS8 IS9 IS10 IS11 IS12 

IS1 0 0 0 0 0 0 0 0 0 0 0 1 

IS2 1 0 1 0 1 1 1 1 0 1 0 1 

IS3 1 0 0 0 0 1 0 1 0 0 0 1 

IS4 1 1 1 0 1 1 1 1 0 1 1 1 

IS5 1 0 1 0 0 0 0 1 0 0 0 1 

IS6 1 0 0 0 0 0 0 1 0 0 0 1 

IS7 1 0 1 0 0 1 0 1 0 0 0 1 

IS8 1 0 0 0 0 0 0 0 0 0 0 1 

IS9 1 1 1 1 1 1 1 1 0 1 1 1 

IS10 1 0 1 0 0 1 1 1 0 0 0 1 

IS11 1 1 1 0 0 0 1 1 0 1 0 1 

IS12 0 0 0 0 0 0 0 0 0 0 0 0 

 

 

ʈʠʩ. 3. ʈʝʟʫʣʴʪʘʪ ʟʘʷʚʣʝʥʦʾ ʝʢʩʧʝʨʪʦʤ ʤʘʪʨʠʮʽ ʜʦʤʽʥʫʚʘʥʥʷ ʦʜʥʽʻʾ ɯʉ ʥʘʜ ʽʥʰʦʶ ʚ ɼɻɯʉ 

ɿʦʥʽʥʛ 
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ɿʛʽʜʥʦ ʩʢʣʘʜʝʥʠʭ ʤʘʪʨʠʮʴ (ʨʠʩ. 1ï3) ʚʠʟʥʘʯʘʻʤʦ ʢʨʠʪʝʨʽʾ ʦʮʽʥʢʠ ɯʉ. ʈʝʟʫʣʴʪʘʪʠ 

ʦʙʯʠʩʣʝʥʥʷ ʮʠʭ ʢʨʠʪʝʨʽʾʚ (1)ï(3), ʚʽʜʦʙʨʘʞʝʥʽ ʚ ʪʘʙʣʠʮʽ 1. 

ʊʘʙʣʠʮʷ 1  

ʈʝʟʫʣʴʪʫʶʯʘ ʪʘʙʣʠʮʷ ʢʨʠʪʝʨʽʾʚ ʦʮʽʥʢʠ ɯʉ ʜʣʷ ɼɻɯʉ ɿʦʥʽʥʛ 

 

ʂʦʜ ɯʉ ä=

m

k lka
1 ,  

A

lK  ä=

n

k lkj1 ,  
J

kK  ä=

n

l lkd
1 ,  

D

kK  

IS1 23 0,6053 11 0,9167 1 0,0833 

IS2 30 0,7895 11 0,9167 8 0,6667 

IS3 22 0,5789 9 0,7500 4 0,3333 

IS4 38 1,0000 11 0,9167 10 0,8333 

IS5 17 0,4474 7 0,5833 4 0,3333 

IS6 18 0,4737 9 0,7500 3 0,2500 

IS7 24 0,6316 9 0,7500 5 0,4167 

IS8 27 0,7105 11 0,9167 2 0,1667 

IS9 37 0,9737 11 0,9167 11 1,0000 

IS10 18 0,4737 10 0,8333 6 0,5000 

IS11 20 0,5263 10 0,8333 7 0,5833 

IS12 25 0,6579 11 0,9167 0 0,0000 

 

ɿʘ ʬʦʨʤʫʣʦʶ 4 ʚʠʟʥʘʯʘʻʤʦ ʢʦʝʬʽʮʽʻʥʪ ʟʥʘʯʫʱʦʩʪʽ ʜʣʷ ʢʦʞʥʦʾ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ɯʉ (ʪʘʙʣ. 2). 

ɼʘʣʽ ʧʨʠʚʣʘʩʥʶʻʤʦ ʧʦʩʣʽʜʦʚʥʦ ʟʨʦʩʪʘʶʯʽ ʨʘʥʛʠ ʜʣʷ ɯʉ, ʧʦʯʠʥʘʶʯʠ ʟ ʥʘʡʙʽʣʴʰʦʛʦ ʽ 

ʟʘʢʽʥʯʫʶʯʠ ʥʘʡʤʝʥʰʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʟʥʘʯʫʱʦʩʪʽ (ʪʘʙʣ. 3). 

 

ʊʘʙʣʠʮʷ 2  

ʂʦʝʬʽʮʽʻʥʪʠ ʟʥʘʯʫʱʦʩʪʽ ɯʉ ʜʣʷ ɼɻɯʉ ɿʦʥʽʥʛ 

 

ʂʦʜ 

ɯʉ 
ʅʘʟʚʘ ɯʉ 

ʂʦʝʬʽʮʽʻʥʪ 

ʟʥʘʯʫʱʦʩʪʽ 

IS9 ɯʉ ʄʂ 0,8925 

IS4 ɯʉ ɼɿʂ 0,7639 

IS2 ɯʉ ɻʇʉʇ 0,4825 

IS11 ɯʉ ʆɿ 0,2558 

IS7 ɯʉ ɼʈʇʋ 0,1974 

IS10 
ɯʉ 

ʅʂɸɺʇɻ 
0,1974 

IS3 
ɯʉ 

ɼɽɻʂʋ 
0,1447 

IS8 ɯʉ ɿʂɯ 0,1086 

IS6 
ɯʉ 

ɼʂʈʂʂ 
0,0888 

IS5 ɯʉ ɼʂɺɹ 0,0870 

IS1 ɯʉ ɸʊʋʋ 0,0462 

IS12 ɯʉ ʊɻʂʄ 0,0000 
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ʊʘʙʣʠʮʷ 3  

ʈʝʟʫʣʴʪʘʪ ʨʘʥʞʫʚʘʥʥʷ ɯʉ ʜʣʷ ɼɻɯʉ ɿʦʥʽʥʛ 

 

ʈʘʥʛʠ ɯʉ ʚ 

ɼɻɯʉ 

ɿʦʥʽʥʛ 

ʂʦʜ ɯʉ 
ʅʘʟʚʘ ɯʉ 

(ʘʙʨʝʚʽʘʪʫʨʘ) 

ʈʘʥʛ 1 IS9 ɯʉ ʄʂ 

ʈʘʥʛ 2 IS4 ɯʉ ɼɿʂ 

ʈʘʥʛ 3 IS2 ɯʉ ɻʇʉʇ 

ʈʘʥʛ 4 IS11 ɯʉ ʆɿ 

ʈʘʥʛ 5 
IS7, 

IS10 

ɯʉ ɼʈʇʋ, ɯʉ 

ʅʂɸɺʇɻ 

ʈʘʥʛ 6 IS3 ɯʉ ɼɽɻʂʋ 

ʈʘʥʛ 7 IS8 ɯʉ ɿʂɯ 

ʈʘʥʛ 8 IS6 ɯʉ ɼʂʈʂʂ 

ʈʘʥʛ 9 IS5 ɯʉ ɼʂɺɹ 

ʈʘʥʛ 10 IS1 ɯʉ ɸʊʋʋ 

ʈʘʥʛ 11 IS12 ɯʉ ʊɻʂʄ 

 

ɿ ʧʨʘʢʪʠʢʠ ʜʘʥʦʾ ʟʝʤʝʣʴʥʦ-ʢʘʜʘʩʪʨʦʚʦʾ ʪʘ ʤʽʩʪʦʙʫʜʽʚʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʪʘʢʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ 

ʨʘʥʛʽʚ ɯʉ ʻ ʣʦʛʽʯʥʦʶ. ʇʽʜ ʯʘʩ ʝʢʩʧʝʨʪʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʤʽʞ 7IS  ʪʘ 10IS  ʥʝ ʙʫʣʦ ʚʠʷʚʣʝʥʦ 

ʦʯʝʚʠʜʥʠʭ ʟʚôʷʟʢʽʚ, ʟʦʢʨʝʤʘ ʩʝʨʝʜ ʚʽʜʦʤʦʩʪʝʡ. ʎʽʢʘʚʠʤ ʻ ʪʦʡ ʬʘʢʪ, ʱʦ ʩʘʤʝ 7IS  ʪʘ 10IS  ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʨʘʥʞʫʚʘʥʥʷ ʚʠʷʚʠʣʠʩʷ ʝʢʚʽʚʘʣʝʥʪʥʠʤʠ ɯʉ. 

ɺʠʩʥʦʚʢʠ: ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʠʩʪʝʤʫ ʨʘʥʞʫʚʘʥʥʷ ɯʉ ʥʘ 

ʧʽʜʤʥʦʞʠʥʽ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʠʭ ʘʢʪʽʚ ʪʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʪʘʢʽ ʢʨʠʪʝʨʽʾ ʦʮʽʥʢʠ ɯʉ: ʢʨʠʪʝʨʽʡ 

ʘʩʦʮʽʘʮʽʾ, ʢʨʠʪʝʨʽʡ ʟʚ'ʷʟʢʫ, ʢʨʠʪʝʨʽʡ ʜʦʤʽʥʫʚʘʥʥʷ. 

ʇʨʘʢʪʠʯʥʽʩʪʴ ʢʨʠʪʝʨʽʾʚ ʜʦʚʝʜʝʥʘ ʧʨʠʢʣʘʜʦʤ ʨʘʥʞʫʚʘʥʥʷ ʩʢʣʘʜʦʚʠʭ ʪʘʢʦʾ ʛʘʣʫʟʽ 

ʛʦʩʧʦʜʘʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʷʢ ɼɻɯʉ ɿʦʥʽʥʛ, ʷʢʘ ʦʧʠʩʘʥʘ 38 ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʠʤʠ ʘʢʪʘʤʠ ʪʘ 12 

ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʩʠʩʪʝʤʠ, ʱʦ ʘʥʘʣʽʟʫʚʘʣʠʩʴ. 
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ʈɸʅɾʀʈʆɺɸʅʀɽ ʀʅʌʆʈʄɸʎʀʆʅʅʓʍ ʉʀʉʊɽʄ ʆʊʈɸʉʃɽʁ 

ʍʆɿʗʁʉʊɺɽʅʅʆʁ ɼɽʗʊɽʃʔʅʆʉʊʀ 

ɺ ʩʪʘʪʴʝ ʧʦʜʘʶʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʥʞʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ 

ʥʘ ʧʦʜʤʥʦʞʝʩʪʚʘʭ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʳʭ ʘʢʪʦʚ. 

ʆʩʚʝʱʝʥʘ ʧʨʦʙʣʝʤʘ ʜʫʙʣʠʨʦʚʘʥʠʷ ʩʚʝʜʝʥʠʡ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʩʚʷʟʝʡ ʤʝʞʜʫ ʩʝʛʤʝʥʪʘʤʠ 

ʦʪʨʘʩʣʠ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ɻʣʘʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʨʘʥʞʠʨʦʚʘʥʠʶ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʩ ʧʦʤʦʱʴʶ 

ʢʨʠʪʝʨʠʝʚ, ʧʦʢʘʟʘʪʝʣʝʡ ʦʮʝʥʢʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʟʥʘʯʠʤʦʩʪʠ. ʈʘʥʞʠʨʦʚʘʥʠʝ ʙʘʟʠʨʫʝʪʩʷ ʥʘ 

ʧʦʧʘʨʥʦʤ ʩʨʘʚʥʝʥʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʠ ʤʘʪʨʠʯʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʇʦʜʨʦʙʥʦ ʦʧʠʩʘʥ ʧʨʦʮʝʩʩ ʩʦʩʪʘʚʣʝʥʠʷ ʤʘʪʨʠʮ ʘʩʩʦʮʠʘʮʠʠ, ʩʚʷʟʥʦʩʪʠ ʠ ʜʦʤʠʥʠʨʦʚʘʥʠʝ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʢʨʠʪʝʨʠʝʚ ʦʮʝʥʢʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʚʣʠʷʥʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʥʘʯʠʤʦʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʥʘ ʨʘʥʛ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ. 

ʇʦʢʘʟʘʥʦ ʧʨʘʢʪʠʯʝʩʢʫʶ ʩʫʪʴ ʧʨʝʜʣʦʞʝʥʥʳʭ ʢʨʠʪʝʨʠʝʚ ʦʮʝʥʢʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ 

ʥʘ ʧʨʠʤʝʨʝ ʜʠʥʘʤʠʯʝʩʢʦʡ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ɿʦʥʠʥʛʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ, ʨʘʥʞʠʨʦʚʘʥʠʝ, ʢʦʵʬʬʠʮʠʝʥʪ ʟʥʘʯʠʤʦʩʪʠ, 

ʤʘʪʨʠʮʘ ʘʩʩʦʮʠʘʮʠʠ, ʤʘʪʨʠʮʘ ʩʚʷʟʥʦʩʪʠ, ʤʘʪʨʠʮʘ ʜʦʤʠʥʠʨʦʚʘʥʠʷ, ɿʦʥʠʥʛ. 

 

Borovyi V.O., Kostenko O.B., Zarytskyi O.V. 

RANGING OF INFORMATION SYSTEMS OF ECONOMIC ACTIVITY SECTORS  

Theoretical studies of the ranking of information systems on subsets of normative legal acts are 

submitted. 

The issue concerning information duplication and optimizing connections between segments of 

economic activity sectors is highlighted. 

Much attention is given to ranking of information systems by criteria, indicators of evaluation and 

significance coefficients. The ranking is based on a pairwise comparison of information systems and 

a matrix representation of results. The process of association, junction and domination matrix 

compiling for determining the information system criteria of evaluation is described in detail in this 

article. The influence of significance coefficient of the information system on the rank of this system 

is analyzed. 

The practical essence of the proposed criteria for evaluating the information system is shown on 

the example of the dynamic geoinformation system of Zoning. 

Keywords: information system, ranking, significance coefficient, association matrix, junction 

matrix, domination matrix, Zoning. 
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ɹʦʨʦʚʠʡ ɺ.ʆ., ɿʘʨʠʮʴʢʠʡ ʆ.ɺ., ʂʽʥʴ ɼ.ʆ. 

 

ʊɽʍʅʆʃʆɻɯʗ ʂʆʆʈɼʀʅɸʊʅʆɻʆ ʇɽʈɽʊɺʆʈɽʅʅʗ ʊɸ ʊʈɸʅʉʌʆʈʄʋɺɸʅʅʗ 

ʇʈʀ ɻɽʆɼɽɿʀʏʅʀʍ ʊɸ ɿɽʄʃɽɺʇʆʈʗɼʅʀʍ ʈʆɹʆʊɸʍ 

 

 

ʋ ʩʪʘʪʪʽ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʧʨʦʙʣʝʤʘ ʪʦʯʥʦʩʪʽ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʢʦʦʨʜʠʥʘʪ ʧʨʠ ʧʝʨʝʭʦʜʽ 

ʚʽʜ ʩʠʩʪʝʤ ʉʂ-42 ʪʘ ʉʂ-63 ʫ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ WGS-84 ʪʘ ʥʘʚʧʘʢʠ. ʈʦʟʛʣʷʜʘʻʪʴʩʷ 

ʧʨʦʙʣʝʤʘ ʚʽʜʤʽʥʥʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ ɻʝʣʴʤʝʨʪʘ ʫ ʨʽʟʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʘʭ, ʘ ʪʘʢʦʞ 

ʥʘʚʦʜʷʪʴʩʷ ʨʝʟʫʣʴʪʘʪʠ ʧʝʨʝʪʚʦʨʝʥʴ ʢʦʦʨʜʠʥʘʪ, ʟʘʩʪʦʩʦʚʫʶʯʠ ʜʘʥʽ ʧʘʨʘʤʝʪʨʠ. 

ɸʥʘʣʽʟʫʻʪʴʩʷ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʪʝʭʥʦʣʦʛʽʷ ʢʦʦʨʜʠʥʘʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʘ ʪʨʘʥʩʬʦʨʤʫʚʘʥʥʷ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʽʚ ʚʨʘʭʦʚʫʚʘʪʠʤʫʪʴʩʷ, ʨʦʟʛʣʷʜʘʶʯʠ ʧʠʪʘʥʥʷ ʧʝʨʝʭʦʜʫ ʤʽʞ ʋʉʂ-2000 ʪʘ 

ʉʂ-42, ʉʂ-63. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ, ʪʦʯʥʽʩʪʴ, ʪʨʘʥʩʬʦʨʤʫʚʘʥʥʷ, ʧʘʨʘʤʝʪʨʠ 

ɻʝʣʴʤʝʨʪʘ, ʜʘʪʫʤʠ, ʧʨʦʝʢʮʽʷ ɻʘʫʩʩʘ-ʂʨʶʛʝʨʘ. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ɿ ʨʘʜʷʥʩʴʢʠʭ ʯʘʩʽʚ ʚ ʋʢʨʘʾʥʽ ʟʘʣʠʰʠʣʘʩʷ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ 

ʘʨʭʽʚʥʠʭ ʢʘʨʪʦʛʨʘʬʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʪʝʨʠʪʦʨʽʶ ʥʘʰʦʾ ʢʨʘʾʥʠ. ʋ ʜʝʨʞʘʚʥʠʭ ʫʩʪʘʥʦʚʘʭ ʮʽ 

ʢʘʨʪʤʘʪʝʨʽʘʣʠ ʟʙʝʨʽʛʘʶʪʴʩʷ ʪʘ ʧʦʰʠʨʝʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʩʬʝʨʽ ʟʝʤʝʣʴʥʠʭ ʚʽʜʥʦʩʠʥ, ʱʦ 

ʧʦʷʩʥʶʻ ʟʥʘʯʥʠʡ ʦʙʩʷʛ ʟʝʤʣʝʚʧʦʨʷʜʥʠʭ ʜʘʥʠʭ ʫ ʩʠʩʪʝʤʘʭ ʢʦʦʨʜʠʥʘʪ 1942 (ʉʂ-42) ʪʘ 1963 

ʨʦʢʘʭ (ʉʂ-63). ʉʘʤʝ ʮʽ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ, ʉʂ-42 ʪʘ ʧʦʭʽʜʥʘ ʚʽʜ ʥʝʾ ʉʂ-63, ʙʫʣʠ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʤʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʤʽʩʮʝʚʠʭ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ ʥʘ ʪʝʨʠʪʦʨʽʾ ʪʦʜʽʰʥʴʦʾ ʋʈʉʈ. 

ʅʘʧʨʠʢʣʘʜ, ʱʝ ʜʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʋʉʂ-2000, ʨʦʟʛʨʘʬʣʝʥʥʷ ʪʘ ʥʦʤʝʥʢʣʘʪʫʨʘ 

ʪʦʧʦʛʨʘʬʽʯʥʠʭ ʽ ʢʘʜʘʩʪʨʦʚʠʭ ʧʣʘʥʽʚ ʙʫʣʘ ʦʨʽʻʥʪʦʚʘʥʘ ʥʘ ʤʽʩʮʝʚʽ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ (ʤʽʩʮʝʚʘ 

I, ʤʽʩʮʝʚʘ II, ʧʦʭʽʜʥʽ ʚʽʜ ʉʂ-42). ɺ ʤʽʩʪʽ ʍʘʨʢʦʚʽ ʽ ʜʦʩʽ ʜʽʻ ʤʽʩʮʝʚʘ I, ʧʦʭʽʜʥʘ ʚʽʜ ʉʂ-42. 

ɿ ʧʦʯʘʪʢʦʤ ʚʚʝʜʝʥʥʷ ɼʝʨʞʘʚʥʦʾ ʛʝʦʜʝʟʠʯʥʦʾ ʨʝʬʝʨʝʥʮʥʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʋʉʂ-2000, 

ʟʝʤʣʝʚʧʦʨʷʜʥʽ ʨʦʙʦʪʠ ʧʨʦʜʦʚʞʫʶʪʴ ʚʠʢʦʥʫʚʘʪʠʩʴ ʚ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ ʉʂ-63 [1], ʧʦʨʫʰʫʶʯʠ 

ʧʨʠʥʮʠʧʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʋʉʂ-2000, ʟʘʪʚʝʨʜʞʝʥʥʽ ʇʦʩʪʘʥʦʚʘʤʠ ʂʘʙʽʥʝʪʫ 

ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ [4, 5], ʪʘ ʧʦʨʫʰʫʶʯʠ ʇʦʨʷʜʦʢ [3], ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʤʝʭʘʥʽʟʤ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʋʉʂ-2000 ʧʨʠ ʟʜʽʡʩʥʝʥʥʽ ʨʦʙʽʪ ʽʟ ʟʝʤʣʝʫʩʪʨʦʶ. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʫʥʝʤʦʞʣʠʚʣʝʥʥʷʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʨʦʛʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʽʞ ʨʘʜʷʥʩʴʢʠʤʠ ʥʠʟʴʢʦʪʦʯʥʠʤʠ ʪʘ 

ʪʝʧʝʨʽʰʥʽʤʠ ʚʠʩʦʢʦʪʦʯʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʢʦʦʨʜʠʥʘʪ. 

ʄʽʞ ʩʠʩʪʝʤʘʤʠ ʢʦʦʨʜʠʥʘʪ ʜʣʷ ʟʨʫʯʥʦʛʦ ʪʘ ʧʨʘʚʠʣʴʥʦʛʦ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠ 

ʟʝʤʣʝʚʧʦʨʷʜʥʠʭ, ʛʝʦʜʝʟʠʯʥʠʭ ʪʘ ʽʥʰʠʭ ʨʦʙʽʪ ʫ ʩʬʝʨʽ ʟʝʤʝʣʴʥʠʭ ʚʽʜʥʦʩʠʥ ʧʦʚʠʥʥʘ ʙʫʪʠ 

ʽʥʪʝʛʨʘʮʽʷ, ʷʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʘʪʝʤʘʪʠʯʥʠʤ ʢʣʶʯʝʤ ʧʝʨʝʭʦʜʫ ʟ ʦʜʥʽʻʾ ʚ ʽʥʰʫ ʩʠʩʪʝʤʫ. ʗʢʱʦ 

ʪʘʢʘ ʫʤʦʚʘ ʚʠʢʦʥʫʻʪʴʩʷ, ʪʦ ʮʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ʤʦʞʥʘ ʥʘʟʚʘʪʠ ʧʦʚʥʦʮʽʥʥʦʶ ʪʘ 

ʽʥʪʝʛʨʦʚʘʥʦʶ, ʱʦ ʜʦʟʚʦʣʷʻ ʥʝ ʟʘʤʠʩʣʶʚʘʪʠʩʴ ʥʘʜ ʧʨʦʮʝʩʦʤ ʧʝʨʝʪʚʦʨʝʥʴ ʪʘ ʪʨʘʥʩʬʦʨʤʘʮʽʡ 

ʢʦʦʨʜʠʥʘʪ. ɸ ʥʘʡʛʦʣʦʚʥʽʰʝ ï ʜʦʩʷʛʪʠ ʚʠʩʦʢʦʾ ʪʦʯʥʦʩʪʽ ʧʣʦʱʽ, ʧʝʨʠʤʝʪʨʫ ʪʘ ʽʥʰʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʛʝʦʤʝʪʨʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟʝʤʝʣʴʥʠʭ ʜʽʣʷʥʦʢ. 

ɸʥʘʣʽʟ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ɺʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʋʉʂ-2000 ʟ ʽʥʰʠʤʠ 

ʩʠʩʪʝʤʘʤʠ ʻ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʙʘʛʘʪʴʦʭ ʚʽʪʯʠʟʥʷʥʠʭ ʘʚʪʦʨʽʚ: ʖ. ʆ. ʂʘʨʧʽʥʩʴʢʦʛʦ,  ʆ. 

ɺ. ʂʫʯʝʨʘ, ɯ. ʉ. ʂʫʨʠʣʷʢʘ, ʄ. ʄ. ʊʘʨʘʧʘʪʦʚʘ, ɻ. ʇ. ɻʝʨʘʩʠʤʦʚʘ, ɸ. ɺ. ɿʘʜʝʤʣʝʥʶʢʘ, ʆ. ʌ. 

ɼʷʯʝʥʢʦ, ʉ. ɯ. ʌʝʜʦʨʶʢ, ʗ. ʆ. ʂʦʩʠʮʽ, ʗ. ʄ. ʂʦʩʪʝʮʴʢʦʾ, ʄ. ʉ. ɿʚʷʛʽʥʦʾ, ɼ. ʄ. ʄʝʣʴʥʠʢʘ, ɺ. ʈ. 

ʏʝʨʣʽʥʢʠ, ʉ. ɻ.  ʉʘʚʯʫʢ ʽ ʪ. ʜ. 

ʋ ʨʦʙʦʪʘʭ ʄ. ʄ. ʊʘʨʘʧʘʪʦʚʘ ʪʘ ɻ. ʇ. ɻʝʨʘʩʠʤʦʚʘ ʥʘʟʚʘʥʘ ʚʘʞʣʠʚʘ ʧʨʠʯʠʥʘ ʚʠʥʠʢʥʝʥʥʷ 

ʪʨʫʜʥʦʱʽʚ ʽʟ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʪʘ ʪʨʘʥʩʬʦʨʤʫʚʘʥʥʷʤ ʢʦʦʨʜʠʥʘʪ ʟ ʥʠʟʴʢʦʪʦʯʥʠʭ ʫ ʚʠʩʦʢʦʪʦʯʥʽ 

ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ: ʟʘʩʝʢʨʝʯʝʥʽʩʪʴ ʢʣʶʯʽʚ ʪʘ ʧʘʨʘʤʝʪʨʽʚ ʧʝʨʝʭʦʜʫ ʤʽʞ ʥʠʤʠ [2, 7]. 
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ʋ ʨʦʙʦʪʘʭ ɺ. ʈ. ʏʝʨʣʽʥʢʠ, ʉ. ɻ. ʉʘʚʯʫʢʘ ʡʜʝʪʴʩʷ ʧʨʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʨʦʙʠʪʠ 

ʪʨʘʥʩʬʦʨʤʘʮʽʡʥʝ ʧʦʣʝ ʟʘʛʘʣʴʥʦʚʽʜʦʤʠʤ ʜʣʷ ʪʦʯʥʦʾ ʧʨʠʚôʷʟʢʠ ʪʦʧʦʛʨʘʬʽʯʥʦʾ ʦʩʥʦʚʠ ʯʝʨʝʟ ʪʝ, 

ʱʦ ʧʽʜʽʙʨʘʪʠ ʜʦʩʣʽʜʥʠʤ ʰʣʷʭʦʤ ʧʘʨʘʤʝʪʨʠ ʧʝʨʝʭʦʜʫ ʤʽʞ ʉʂ-42, ʉʂ-63, ʄʉʂ-ʍ (ʜʝ ʍ ð 

ʥʦʤʝʨ ʨʝʛʽʦʥʫ) ʜʦ ʋʉʂ-2000 ʥʝʤʦʞʣʠʚʦ. ʇʦʷʩʥʶʻʪʴʩʷ ʪʘʢʝ ʨʽʰʝʥʥʷ, ʥʘʧʨʠʢʣʘʜ, ʤʘʩʰʪʘʙʥʦʶ 

ʪʨʘʥʩʬʦʨʤʘʮʽʻʶ ʢʦʦʨʜʠʥʘʪ, ʷʢʘ ʚʠʥʠʢʘʻ ʧʨʠ ʧʝʨʝʭʦʜʽ ʥʘ ʥʝʥʫʣʴʦʚʫ ʚʠʩʦʪʫ ʧʦʚʝʨʭʥʽ ʚʽʜʥʦʩʥʦ 

ʤʽʩʮʝʚʠʭ ʉʂ ʽ ʥʘ ʧʣʦʱʠʥʫ ʧʨʦʝʢʮʽʾ ɻʘʫʩʩʘ-ʂʨʶʛʝʨʘ ʪʦʱʦ [8, 6]. 

ɸʢʪʫʘʣʴʥʽʩʪʴ. ʅʝʩʚʽʜʦʤʝ ʚʽʜʥʦʰʝʥʥʷ ʜʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʪʘ 

ʤʘʣʦʝʬʝʢʪʠʚʥʠʡ ʘʙʦ ʚʽʜʩʫʪʥʽʡ ʢʦʥʪʨʦʣʴ ʚʠʢʦʥʘʚʯʠʭ ʦʨʛʘʥʽʚ ʚʣʘʜʠ ʧʦʷʩʥʶʻ ʘʢʪʫʘʣʴʥʽʩʪʴ 

ʚʠʥʠʢʣʦʾ ʧʨʦʙʣʝʤʠ ʱʦʜʦ ʻʜʥʦʩʪʽ ʪʘ ʮʽʣʽʩʥʦʩʪʽ ʜʘʥʠʭ ʚ ʩʬʝʨʽ ʟʝʤʝʣʴʥʠʭ ʚʽʜʥʦʩʠʥ. 

ʄʝʪʘ ʩʪʘʪʪʽ: ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʤʦʞʣʠʚʦʩʪʽ ʽʥʪʝʛʨʘʮʽʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʋʉʂ-2000 ʟ 

ʽʩʥʫʶʯʠʤʠ ʩʠʩʪʝʤʘʤʠ ʢʦʦʨʜʠʥʘʪ ʧʨʠ ʟʜʽʡʩʥʝʥʥʽ ʛʝʦʜʝʟʠʯʥʠʭ ʨʦʙʽʪ ʽʟ ʟʝʤʣʝʫʩʪʨʦʶ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ; ʟôʷʩʫʚʘʪʠ, ʥʘʷʚʥʽʩʪʴ ʩʪʨʦʛʠʭ ʟʘʚôʷʟʢʽʚ ʤʽʞ 

ʩʠʩʪʝʤʘʤʠ ʢʦʦʨʜʠʥʘʪ ʨʽʟʥʠʭ ʝʣʽʧʩʦʾʜʽʚ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʦʩʣʽʜʞʝʥʥʷ. ʋ ʟʝʤʣʝʚʧʦʨʷʜʥʽʡ ʧʨʘʢʪʠʮʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 2 ʰʣʷʭʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʢʦʦʨʜʠʥʘʪ ʚ ʋʉʂ-2000: 

-  ɯ ʩʧʦʩʽʙ ï ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʘʥʠʭ ʟ ʘʨʭʽʚʥʠʭ, ʱʦ ʟʙʝʨʽʛʘʶʪʴʩʷ ʫ ʩʠʩʪʝʤʘʭ ʉʂ-42 ʪʘ ʉʂ-63; 

-  ɯɯ ʩʧʦʩʽʙ ï ʦʪʨʠʤʘʥʥʷ ʢʦʦʨʜʠʥʘʪ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʘʥʠʭ ʛʣʦʙʘʣʴʥʠʭ ʥʘʚʽʛʘʮʽʡʥʠʭ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʠʩʪʝʤ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʫ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ WGS-84.  

ʈʘʥʽʰʝ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ[1], ʱʦ ʢʣʶʯʽ ʧʝʨʝʭʦʜʫ ʘʙʦ ʤʘʶʪʴ ʝʤʧʽʨʠʯʥʦ ʩʪʨʦʛʠʡ ʟʚ'ʷʟʦʢ, ʘʙʦ 

ʦʪʨʠʤʘʥʽ ʚʥʘʩʣʽʜʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ  ʪʨʘʥʩʬʦʨʤʘʮʽʡʥʦʛʦ ʧʦʣʷ, ʱʦ ʧʦʷʩʥʶʻ, ʨʽʟʥʠʮʶ ʤʽʞ 

ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʪʘ ʪʨʘʥʩʬʦʨʤʫʚʘʥʥʷʤ ʤʽʞ ʩʠʩʪʝʤʘʤʠ ʢʦʦʨʜʠʥʘʪ (ʨʠʩ. 1). ɼʣʷ ʜʦʩʣʽʜʞʝʥʴ 

ʮʽʢʘʚʠʤ ʙʫʜʝ ʨʦʟʛʣʷʜ ʩʘʤʝ ʪʨʘʥʩʬʦʨʤʫʚʘʥʥʷ ʢʦʦʨʜʠʥʘʪ: ʘʥʘʣʽʟ ʧʝʚʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʝʪʦʜʽʚ, 

ʘʥʘʣʽʟ ʨʽʚʥʦʤʽʨʥʦʩʪʽ ʪʘ ʢʦʥʬʽʛʫʨʘʮʽʾ ʦʧʦʨʥʠʭ ʪʦʯʦʢ ʪʘ ʽʥ. 

 

 

ʈʠʩ.1.  ʊʝʭʥʦʣʦʛʽʷ ʢʦʦʨʜʠʥʘʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʘ ʪʨʘʥʩʬʦʨʤʫʚʘʥʥʷ ʤʽʞ ʦʩʥʦʚʥʠʤʠ 

ʩʠʩʪʝʤʘʤʠ ʢʦʦʨʜʠʥʘʪ ʪʘ ʾʭ ʧʦʭʽʜʥʠʤʠ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʋʢʨʘʾʥʽ 
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ʋ ɯ ʩʧʦʩʦʙʽ ʥʝ ʽʩʥʫʻ ʩʪʨʦʛʠʭ ʢʣʶʯʽʚ ʧʝʨʝʭʦʜʫ ʚʽʜ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ ʉʂ-42 ʪʘ ʉʂ-63 ʫ 

ʩʠʩʪʝʤʫ ʋʉʂ 2000 ʪʘ ʥʘʚʧʘʢʠ. ʊʨʘʥʩʬʦʨʤʫʚʘʥʥʷ ʢʦʦʨʜʠʥʘʪ ʚʠʢʦʥʫʻʪʴʩʷ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʣʦʢʘʣʴʥʠʭ ʢʣʶʯʽʚ, ʦʪʨʠʤʘʥʠʭ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʨʘʥʩʬʦʨʤʘʮʽʡʥʦʛʦ ʧʦʣʷ ʟ ʦʧʦʨʥʠʤʠ ʪʦʯʢʘʤʠ, 

ʱʦ ʤʘʶʪʴ ʚʽʜʦʤʽ ʢʦʦʨʜʠʥʘʪʘʤʠ ʫ ʦʙʦʭ ʢʦʦʨʜʠʥʘʪʥʠʭ ʩʠʩʪʝʤʘʭ. ʅʘʡʯʘʩʪʽʰʝ ʧʨʠ ʮʴʦʤʫ 

ʙʫʜʫʶʪʴ ʤʝʨʝʞʫ ʟʘ ʨʽʚʥʷʥʥʷʤ ɼʝʣʦʥʝ. ʊʦʯʥʽʩʪʴ ʧʝʨʝʪʚʦʨʝʥʥʷ ʢʦʦʨʜʠʥʘʪ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ 

ʣʦʢʘʣʴʥʠʭ ʢʣʶʯʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʪʨʘʥʩʬʦʨʤʫʚʘʥʥʷ, ʪʘʢʠʭ ʷʢ: ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ, 

ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʪʘ ʢʦʥʬʽʛʫʨʘʮʽʷ ʦʧʦʨʥʠʭ ʪʦʯʦʢ, ʪʦʯʥʽʩʪʴ ʚʠʭʽʜʥʠʭ ʢʦʦʨʜʠʥʘʪ. 

ʋ ɯɯ ʩʧʦʩʦʙʽ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʧʘʨʘʤʝʪʨʽʚ ɻʝʣʴʤʝʨʪʘ ʽʩʥʫʻ ʩʪʨʦʛʠʡ ʟʚôʷʟʦʢ ʽʟ ʩʠʩʪʝʤʘʤʠ 

ITRS/ITRF2000 ʪʘ WGS-84. ʇʘʨʘʤʝʪʨʠ ɻʝʣʴʤʝʨʪʘ ʘʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʩʚʽʪʦʚʽʡ 

ʧʨʘʢʪʠʮʽ [9, 10]. ʅʘ ʞʘʣʴ, ʜʦʩʣʽʜʞʫʶʯʠ ʧʠʪʘʥʥʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʘ ʪʨʘʥʩʬʦʨʤʫʚʘʥʥʷ ʢʦʦʨʜʠʥʘʪ 

ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʯʽʪʢʦʛʦ ʟʚôʷʟʢʫ ʤʽʞ ʩʠʩʪʝʤʘʤʠ ʢʦʦʨʜʠʥʘʪ, ʚʠʥʠʢʘʶʪʴ ʨʦʟʙʽʞʥʦʩʪʽ, 

ʟʘʩʪʦʩʦʚʫʶʯʠ ʨʽʟʥʽ ʜʞʝʨʝʣʘ ʽʥʬʦʨʤʘʮʽʾ ʟ ʚʢʘʟʘʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ɻʝʣʴʤʝʨʪʘ [11], ʷʢʽ ʥʘʚʝʜʝʥʽ 

ʫ ʪʘʙʣʠʮʽ 1. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʠʩ. 1 ʘʚʪʦʨʘʤʠ ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʜʚʘ ʰʣʷʭʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʨʦʩʪʦʨʦʚʠʭ 

ʛʝʦʜʝʟʠʯʥʠʭ ʪʘ ʧʨʷʤʦʢʫʪʥʠʭ ʢʦʦʨʜʠʥʘʪ: ʩʢʣʘʜʥʠʡ ʪʘ ʧʨʦʩʪʠʡ (ʨʠʩ. 2 ʘ, ʙ). ʇʨʦʩʪʠʡ ʚʘʨʽʘʥʪ 

ʦʟʥʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʚʽʜʧʦʚʽʜʥʠʭ ʝʣʽʧʩʦʾʜʽʚ, ʘ ʩʢʣʘʜʥʠʡ, ʦʢʨʽʤ ʮʴʦʛʦ, ʱʝ ʩʽʤ 

ʧʘʨʘʤʝʪʨʽʚ ɻʝʣʴʤʝʨʪʘ. ʇʝʨʝʪʚʦʨʝʥʥʷ ʢʦʦʨʜʠʥʘʪ ʢʦʥʪʨʦʣʶʚʘʣʦʩʴ ʷʢ  ʫ ʩʝʨʝʜʠʥʽ ʢʦʞʥʦʛʦ ʟ 

ʚʘʨʽʘʥʪʽʚ, ʪʘʢ ʽ ʤʽʞ ʩʦʙʦʶ.  

ʘ)  

 
 

ʙ) 

 
 

ʈʠʩ. 2. ʐʣʷʭʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʢʦʦʨʜʠʥʘʪ ʫ ʩʠʩʪʝʤʘʭ WGS-84 ʪʘ ʉʂ-42: ʘ) ï ʩʢʣʘʜʥʠʡ; 

ʙ) ï ʧʨʦʩʪʠʡ 

ɺʠʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʙʫʣʠ ʢʦʦʨʜʠʥʘʪʠ ʙʘʟʦʚʦʾ ʩʪʘʥʮʽʾ 

ʤʝʨʝʞʽ çNGC-NETè ʚ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ ʉʂ-42 ʪʘ WGS-84, ʷʢʽ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣʠʮʽ 2. ʊʘʢ ʷʢ ʚ 
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ʜʦʩʣʽʜʞʝʥʥʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʦʩʪʦʨʦʚʽ ʧʨʷʤʦʢʫʪʥʽ ʢʦʦʨʜʠʥʘʪʠ, ʪʦ ʫ ʪʘʙʣʠʮʽ 3 ʟʥʘʯʝʥʥʷ 

ʨʽʟʥʠʮʴ ʚʟʷʪʽ ʜʦ 8-ʦʛʦ ʟʥʘʢʫ ʟ ʤʝʪʦʶ ʟʙʝʨʝʞʝʥʥʷ ʪʦʯʥʦʩʪʽ ʚʠʭʽʜʥʠʭ ʢʦʦʨʜʠʥʘʪ. ʋ ʮʽʡ ʪʘʙʣʠʮʽ 

ʟʦʙʨʘʞʝʥʦ ʨʽʟʥʠʮʽ ʢʦʦʨʜʠʥʘʪ ʦʪʨʠʤʘʥʠʭ ʜʚʦʤʘ ʰʣʷʭʘʤʠ, ʱʦ ʜʝʤʦʥʩʪʨʫʻ ʜʦʩʠʪʴ ʚʝʣʠʢʫ 

ʚʽʜʤʽʥʥʽʩʪʴ ʫ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ ʉʂ-42 ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ WGS-84. ʅʘʧʨʠʢʣʘʜ, ʟʘ ʜʘʥʠʤʠ Mapinfo 

1001 ʚʠʥʠʢʘʶʪʴ ʟʥʘʯʥʽ ʚʽʜʭʠʣʝʥʥʷ. ʈʽʟʥʠʮʽ ʢʦʦʨʜʠʥʘʪ ʫ WGS-84 ʤʘʡʞʝ ʦʜʥʘʢʦʚʽ. ɹʽʣʴʰ 

ʦʧʪʠʤʘʣʴʥʽ Delta Digital 5.0 ʪʘ ERDAS IMAGINE.  

ʊʘʙʣʠʮʷ 1 

ɺʠʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʝʢʩʧʝʨʠʤʝʥʪʫ 

ʇʨʦʩʪʦʨʦʚʽ ʛʝʦʜʝʟʠʯʥʽ 

 B L H 

ʉʂ42 50 02`11,86452" N 36 14`43,71188" E 204,914 

WGS84 50 02`11,59100" N 36 14`37,96630" E 218,505 

ʇʨʦʩʪʦʨʦʚʽ ʧʨʷʤʦʢʫʪʥʽ 

 X Y Z 

ʉʂ42 ****600,135 ****030,494 ****649,664 

WGS84 ****624,883 ****906,859 ****568,948 

 

ʊʘʙʣʠʮʷ 2  

ʇʘʨʘʤʝʪʨʠ ɻʝʣʴʤʝʨʪʘ ʜʣʷ ʧʝʨʝʭʦʜʫ ʚʽʜ ʉʂ-42 ʚ WGS-84 

 ̄
ʇʘʨʘʤʝʪʨʠ ɻʝʣʴʤʝʨʪʘ 

ɼʞʝʨʝʣʦ 

ʜʘʥʠʭ ȹX ȹY ȹZ ɤx ɤy ɤz m 

1 23,92 -141,27 -80,90 0 0,35 0,82 -0,00000012 
ɻʆʉʊ 51794-

2001 

2 23,92 -141,27 -80,90 0 -0,35 -0,82 -0,00000012 Mapinfo 1013 

3 27,00 -135,00 -84,50 0 0 -0,0000026 0,0000002263 
ERDAS 

IMAGINE 

4 24,00 -123,00 -94,00 -0,00000096 0,000001212 0,00000063 0,0000011 
ERDAS 

IMAGINE 

5 25,00 -141,00 -78,50 0 -0,35 -0,736 0 Trible NL 2.90 

6 24,00 -123,00 -94,00 -0,02 0,25 0,13 0,0000011 Mapinfo 1001 

7 25,00 -141,00 -78,50 0 0 0 0 Delta Digital 5.0 

 

ʊʘʙʣʠʮʷ 3  

ʈʽʟʥʠʮʷ ʤʽʞ ʧʨʦʩʪʠʤ ʪʘ ʩʢʣʘʜʥʠʤ ʧʝʨʝʭʦʜʦʤ  

ʧʨʦʩʪʦʨʦʚʠʭ ʛʝʦʜʝʟʠʯʥʠʭ ʢʦʦʨʜʠʥʘʪ ʚʽʜ ʉʂ-42 ʚ WGS-84 

 ̄
WGS-84 ʉʂ-42 ɼʞʝʨʝʣʦ 

ʜʘʥʠʭ B, ʩ L, ʩ H, ʤ B, ʩ L, ʩ H, ʤ 

1 0,000059640 0,000352330 -0,005 -3,69086127 0,54503985 0,501 
ɻʆʉʊ 51794-

2001 

2 0,000052680 0,000308750 -0,004 -3,07125635 -0,52167844 -0,884 Mapinfo 1013 

3 0,000058110 0,000306200 -0,004 -3,53077312 0,0113744 -0,195 
ERDAS 

IMAGINE 

4 0,000045570 0,000273170 -0,004 -3,92737166 0,01032745 -0,205 
ERDAS 

IMAGINE 

5 0,000056880 0,000303110 -0,004 -2,99100452 -0,46700587 -0,373 Trible NL 2.90 

6 -0,023578050 0,000281290 -0,004 -4,05319485 0,11400843 -2,489 Mapinfo 1001 

7 0,000059500 0,000323600 -0,004 -3,28103385 0,01171747 -0,193 
Delta Digital 

2017 
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ɺʠʩʥʦʚʦʢ. ɼʠʬʝʨʝʥʮʽʘʮʽʷ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ ɻʝʣʴʤʝʨʪʘ ʚ ʨʽʟʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʘʭ 

ʫʩʢʣʘʜʥʶʻ ʘʚʪʦʤʘʪʠʟʘʮʽʶ ʦʙʨʦʙʢʠ ʪʘ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʜʣʷ ʪʨʘʥʩʬʦʨʤʘʮʽʡʥʦʛʦ ʧʦʣʷ. 

ʇʦʪʨʝʙʫʻ ʫʚʘʛʠ ʚʽʜʩʫʪʥʽʩʪʴ ʤʝʪʦʜʠʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʱʦʜʦ ʢʨʠʪʝʨʽʾʚ ʚʽʜʙʦʨʫ ʦʧʦʨʥʠʭ 

ʪʦʯʦʢ ʜʣʷ ʧʦʙʫʜʦʚʠ ʜʘʥʦʛʦ ʧʦʣʷ, ʥʘʧʨʠʢʣʘʜ, ʚʠʙʽʨ ʦʧʪʠʤʘʣʴʥʦʾ ʨʽʚʥʦʤʽʨʥʦʩʪʽ ʪʦʯʦʢ ʥʘ ʟʘʜʘʥʽʡ 

ʜʽʣʷʥʮʽ ʪʘ ʾʭ ʢʦʥʬʽʛʫʨʘʮʽʾ, ʱʦ ʧʽʜʚʠʱʠʪʴ ʪʦʯʥʽʩʪʴ ʚʠʢʦʥʘʥʠʭ ʛʝʦʜʝʟʠʯʥʠʭ ʪʘ ʟʝʤʣʝʚʧʦʨʷʜʥʠʭ 

ʨʦʙʽʪ. 
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ʦʪʣʠʯʠʷ ʧʘʨʘʤʝʪʨʦʚ ɻʝʣʴʤʝʨʪʘ ʚ ʨʘʟʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʘʭ, ʘ ʪʘʢʞʝ ʧʨʠʚʝʜʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʦʦʨʜʠʥʘʪ, ʧʨʠʤʝʥʠʚ ʜʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ. ɸʥʘʣʠʟʠʨʫʝʪʩʷ 

ʧʨʝʜʣʦʞʝʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʢʦʦʨʜʠʥʘʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʠʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʫʜʫʪ ʫʯʠʪʳʚʘʪʴʩʷ, ʨʘʩʩʤʘʪʨʠʚʘʷ ʚʦʧʨʦʩ ʧʝʨʝʭʦʜʘ ʤʝʞʜʫ ʋʉʂ-

2000 ʠ ʉʂ-42, ʉʂ-63. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ, ʪʦʯʥʦʩʪʴ, ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʠʝ, ʧʘʨʘʤʝʪʨʳ 

ɻʝʣʴʤʝʨʪʘ, ʜʘʪʫʤʳ, ʧʨʦʝʢʮʠʷ ɻʘʫʩʩʘ-ʂʨʶʛʝʨʘ. 

 

Borovyi V.O., Zarytskyi O.V., Kin D.O . 

TECHNOLOGY OF COORDINATE TRANSFORMATION AND TRANSFORMATION IN 

GEODESIC AND LAND -BUILDING WORKS  

In this article, the accuracy problem for obtaining coordinates is investigated in the 

transformation from the systems CS-42 and CS-63 to the coordinate system    WGS-84 and vice versa. 

The proposed technology of coordinate transformation is analyzed. The problem of the differences 

Helmert parameters into different software products is considered, and also the results of coordinate 

transformation are presented, using these parameters. The results of investigations will be taken into 

account when considering the problem of coordinate transformation        UCS-2000 and CS-42, CS-

63. 

Key words: coordinate system, accuracy, transformation, Helmert parameters, datums, Gauss-

Kruger projection. 
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ʇʈʆʇʆɿʀʎɯɰ ʑʆɼʆ ʋɼʆʉʂʆʅɸʃɽʅʅʗ ʄɽʊʆɼɯɺ ʆʎɯʅʂʀ ɽʌɽʂʊʀɺʅʆʉʊɯ 

ʉʀʉʊɽʄʀ ʂʆʅʊʈʆʃʖ ʊɽʍʅɯʏʅʆɻʆ ʉʊɸʅʋ ʈɸɼɯʆʊɽʍʅɯʏʅʀʍ ɿɸʉʆɹɯɺ 

ʄʆʈʉʔʂʆɻʆ ʊʈɸʅʉʇʆʈʊʋ 

 

ʋ ʩʪʘʪʪʽ ʥʘʚʝʜʝʥʦ ʘʥʘʣʽʟ ʤʝʪʦʜʽʚ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʦʥʪʨʦʣʶ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ 

ʨʘʜʽʦʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ, ʚʠʟʥʘʯʝʥʽ ʾʭ ʥʝʜʦʣʽʢʠ ʪʘ ʧʝʨʝʚʘʛʠ. 

ʆʙˇʨʫʥʪʦʚʘʥʦ, ʱʦ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʻ ʢʦʤʙʽʥʦʚʘʥʠʡ ʤʝʪʦʜ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ. 

ɺʠʟʥʘʯʝʥʦ ʤʽʩʮʝ ʢʦʥʪʨʦʣʶ ʨʘʜʽʦʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ ʫ ʩʠʩʪʝʤʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʪʨʽʙʥʦʛʦ 

ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ. ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʦʩʥʦʚʥʽ ʚʠʤʦʛʠ ʜʦ ʤʝʪʦʜʽʚ 

ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʦʥʪʨʦʣʶ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʨʘʜʽʦʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ ʤʦʨʩʴʢʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫ. ʈʦʟʨʦʙʣʝʥʘ ʟʘʜʘʯʘ ʦʮʽʥʢʠ ʧʦʪʝʥʮʽʡʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʠʩʪʝʤʠ 

ʢʦʥʪʨʦʣʶ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʨʘʜʽʦʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ, ʷʢʘ ʜʦʟʚʦʣʷʻ 

ʦʪʨʠʤʘʪʠ ʢʽʣʴʢʽʩʥʽ ʦʮʽʥʢʠ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʦʥʪʨʦʣʶ. 

ʆʙˇʨʫʥʪʦʚʘʥʦ ʚʚʝʜʝʥʥʷ ʦʙʤʝʞʝʥʴ ʽ ʜʦʧʫʱʝʥʴ ʜʣʷ ʩʧʨʦʱʝʥʥʷ ʨʦʟʚôʷʟʘʥʥʷ ʮʽʻʾ ʟʘʜʘʯʽ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʝʬʝʢʪʠʚʥʽʩʪʴ, ʢʦʥʪʨʦʣʴ, ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ, ʨʘʜʽʦʪʝʭʥʽʯʥʽ ʩʠʩʪʝʤʠ, 

ʤʦʨʩʴʢʠʡ ʪʨʘʥʩʧʦʨʪ.  

 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʧʨʦʙʣʝʤʠ. ɼʦ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʚʽʜʥʦʩʠʪʴʩʷ ʙʫʜʴ-ʷʢʝ ʩʫʜʥʦ, ʟʜʘʪʥʝ 

ʧʝʨʝʩʫʚʘʪʠʩʷ ʚʦʜʥʦʶ ʧʦʚʝʨʭʥʝʶ (ʤʦʨʽʚ, ʦʢʝʘʥʽʚ ʽ ʧʨʠʣʝʛʣʠʭ ʘʢʚʘʪʦʨʽʡ), ʘ ʪʘʢʦʞ ʧʨʦʩʪʦ 

ʧʝʨʝʙʫʚʘʪʠ ʥʘ ʧʣʘʚʫ ʪʘ ʚʠʢʦʥʫʚʘʪʠ ʧʨʠ ʮʴʦʤʫ ʧʝʚʥʽ ʬʫʥʢʮʽʾ, ʧʦʚ'ʷʟʘʥʽ ʟ ʧʝʨʝʚʝʟʝʥʥʷʤ, 

ʟʙʝʨʽʛʘʥʥʷʤ, ʦʙʨʦʙʢʦʶ ʨʽʟʥʠʭ ʚʘʥʪʘʞʽʚ; ʧʝʨʝʚʝʟʝʥʥʷʤ ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷʤ ʧʘʩʘʞʠʨʽʚ [1, 2]. 

ʄʦʨʩʴʢʠʤ ʪʨʘʥʩʧʦʨʪʦʤ ʧʝʨʝʚʦʟʠʪʴʩʷ ʙʽʣʴʰʘ ʯʘʩʪʠʥʘ ʚʘʥʪʘʞʽʚ ʫ ʚʩʴʦʤʫ ʩʚʽʪʽ. ʎʝ 

ʦʙʫʤʦʚʣʝʥʦ ʧʝʨʝʚʘʛʘʤʠ ʪʘʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ: ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʘ ʩʦʙʽʚʘʨʪʽʩʪʴ ʧʝʨʝʚʝʟʝʥʴ; ʚʝʣʠʢʘ 

ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʽʩʪʴ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʝʨʝʚʦʟʠʪʠ ʟʥʘʯʥʽ ʧʘʨʪʽʾ ʚʘʥʪʘʞʫ; ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʽ 

ʦʙʤʝʞʝʥʥʷ ʥʘ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ.  

ɼʦʩʪʘʚʢʘ ʚʘʥʪʘʞʽʚ ʤʦʨʩʴʢʠʤ ʪʨʘʥʩʧʦʨʪʦʤ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʚʦʻʶ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʶ, 

ʥʘʜʽʡʥʽʩʪʶ ʪʘ ʥʝʚʠʩʦʢʦʶ ʮʽʥʦʶ. ʊʘʢʠʡ ʩʧʦʩʽʙ ʧʝʨʝʚʝʟʝʥʥʷ ʚʠʙʠʨʘʻʪʴʩʷ ʜʣʷ ʟʥʠʞʝʥʥʷ 

ʩʦʙʽʚʘʨʪʦʩʪʽ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʚʘʥʪʘʞʫ, ʦʩʦʙʣʠʚʦ ʝʬʝʢʪʠʚʥʠʡ ʧʨʠ ʧʝʨʝʚʝʟʝʥʥʽ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ 

[3]. 

ʆʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʻ ʧʦʪʨʽʙʥʽʩʪʴ ʫ ʥʘʷʚʥʦʩʪʽ ʦʙʣʘʜʥʘʥʠʭ ʧʦʨʪʽʚ. 

ʆʩʥʦʚʥʦʶ ʧʨʦʙʣʝʤʦʶ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʋʢʨʘʾʥʠ ʻ ʟʥʘʯʥʠʡ ʤʦʨʘʣʴʥʠʡ ʽ ʬʽʟʠʯʥʠʡ 

ʟʥʦʩ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʽ ʧʦʨʪʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʉʝʨʝʜʥʽʡ ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʫʜʝʥ 

ʋʢʨʘʾʥʠ ʧʝʨʝʚʠʱʫʻ 15 ʨʦʢʽʚ, ʽ ʟ ʦʛʣʷʜʫ ʥʘ ʾʭʥʽʡ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʧʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ ʟʘʭʽʜʥʠʭ 

ʧʦʨʪʽʚ ʟʘʙʦʨʦʥʷʻ ʪʘʢʠʤ ʩʫʜʥʘʤ ʚʭʽʜ ʥʘ ʚʥʫʪʨʽʰʥʽʡ ʨʝʡʜ.  

ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʟʘʢʦʥʦʜʘʚʩʪʚʘ ʋʢʨʘʾʥʠ ʧʦʪʨʽʙʥʦ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʪʝʭʥʽʯʥʠʡ ʥʘʛʣʷʜ ʪʘ 

ʩʫʜʥʦʧʣʘʚʥʠʡ ʥʘʛʣʷʜ ʟʘ ʤʦʨʩʴʢʠʤʠ ʩʫʜʥʘʤʠ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʬʦʨʤ ʚʣʘʩʥʦʩʪʽ ʩʫʜʥʘ ʽ ʡʦʛʦ 

ʚʣʘʩʥʠʢʘ [2].  

ʆʩʥʦʚʥʠʤ ʝʣʝʤʝʥʪʦʤ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʙʝʟʧʝʢʫ ʤʦʨʝʧʣʘʚʩʪʚʘ, 

ʦʭʦʨʦʥʫ ʣʶʜʩʴʢʦʛʦ ʞʠʪʪʷ ʪʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʻ ʨʘʜʽʦʪʝʭʥʽʯʥʽ ʟʘʩʦʙʠ 

(ʈʊɿ), ʜʦ ʷʢʠʭ ʚʽʜʥʦʩʷʪʴ: ʩʫʜʥʦʚʽ ʟʘʩʦʙʠ ʟʚ'ʷʟʢʫ, ʝʣʝʢʪʨʦ-ʨʘʜʽʦʥʘʚʽʛʘʮʽʡʥʽ ʧʨʠʣʘʜʠ, 

ʨʘʜʽʦʪʝʭʥʽʯʥʽ ʧʨʠʙʦʨʠ ʧʦʰʫʢʦʚʦʾ ʪʝʭʥʽʢʠ ʪʘ ʤʦʨʝʧʣʘʚʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ [4].  

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʘʚʘʨʽʡʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʈʊɿ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ 

ʥʝʦʙʭʽʜʥʘ ʚʽʜʧʦʚʽʜʥʘ ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʶ ʾʭ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ, ʷʢʘ ʟʘʜʦʚʦʣʴʥʷʻ ʚʠʟʥʘʯʝʥʠʤ 
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ʧʦʢʘʟʥʠʢʘʤ ʝʬʝʢʪʠʚʥʦʩʪʽ. ʆʪʞʝ, ʨʦʟʨʦʙʢʘ ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʢʦʥʪʨʦʣʶ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʈʊɿ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʻ ʘʢʪʫʘʣʴʥʦʶ ʥʘʫʢʦʚʦʶ ʟʘʜʘʯʝʶ.  

ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʠ. ʄʝʪʦʜʠ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʴ-ʷʢʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ 

ʟʘʚʞʜʠ ʢʦʥʢʨʝʪʥʽ, ʪʘʢ ʷʢ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʽʣʴʢʽʩʥʠʭ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʴ ʟʘʚʞʜʠ ʥʝʦʙʭʽʜʥʠʡ 

ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ. ɿʘʛʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʝʡ, ʘ, ʦʪʞʝ, ʽ ʤʝʪʦʜʽʚ ʦʮʽʥʢʠ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʥʝ ʽʩʥʫʻ ʪʘ ʚ ʢʦʞʥʦʤʫ ʢʦʥʢʨʝʪʥʦʤʫ ʚʠʧʘʜʢʫ ʤʦʜʝʣʴ ʩʪʚʦʨʶʻʪʴʩʷ ʚʠʭʦʜʷʯʠ ʟ 

ʮʽʣʴʦʚʦʾ ʩʧʨʷʤʦʚʘʥʦʩʪʽ ʟʘʚʜʘʥʴ ʜʦʩʣʽʜʞʝʥʥʷ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʝʦʙʭʽʜʥʦʾ ʪʦʯʥʦʩʪʽ ʨʽʰʝʥʴ 

(ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ) ʪʘ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʠʭ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ [5 ï 8]. ʅʘ ʦʩʥʦʚʽ 

ʦʧʠʩʫ ʤʝʪʦʜʦʣʦʛʽʾ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʝʪʘʧʽʚ ʧʨʦʮʝʩʫ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʢʣʘʩʠʬʽʢʘʮʽʷ ʤʝʪʦʜʽʚ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘ ʪʘʢʠʤʠ ʢʣʘʩʠʬʽʢʘʮʽʡʥʠʤʠ ʦʟʥʘʢʘʤʠ: ʧʦ ʩʧʦʩʦʙʫ 

ʧʦʩʪʘʥʦʚʢʠ ʟʘʚʜʘʥʥʷ [5]; ʟʘ ʬʦʨʤʦʶ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ [7]; ʟʘ ʤʝʪʦʜʦʤ ʦʮʽʥʶʚʘʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ (ʤʝʪʦʜʦʤ ʦʙʯʠʩʣʝʥʥʷ ʟʥʘʯʝʥʴ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ) [8].  

ɿʘ ʤʝʪʦʜʦʤ ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʪʦʙʪʦ ʦʙʯʠʩʣʝʥʥʷ ʟʥʘʯʝʥʴ ʧʦʢʘʟʥʠʢʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ, ʤʝʪʦʜʠ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ: ʪʝʦʨʝʪʠʯʥʽ; ʜʦʩʣʽʜʥʽ; ʦʙ'ʻʜʥʘʥʽ. 

ʊʝʦʨʝʪʠʯʥʽ ʤʝʪʦʜʠ ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʝʨʝʜʙʘʯʘʶʪʴ ʩʪʚʦʨʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʧʠʩʫ 

ʩʠʩʪʝʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʧʨʦʮʝʩʫ ʾʾ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. ʅʘ ʦʩʥʦʚʽ ʮʴʦʛʦ ʦʧʠʩʫ ʦʮʽʥʶʚʘʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʦʞʝ ʙʫʪʠ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʪʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ ʘʙʦ ʤʝʪʦʜʦʤ ʩʪʘʪʠʩʪʠʯʥʠʭ 

ʚʠʧʨʦʙʫʚʘʥʴ. ʂʦʥʢʨʝʪʥʘ ʨʝʘʣʽʟʘʮʽʷ ʘʥʘʣʽʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʽʩʪʦʪʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʦʙʨʘʥʦʾ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʦʧʝʨʘʮʽʾ. ʇʦʜʘʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʧʦʢʘʟʥʠʢʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʽʜ 

ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʚ ʘʥʘʣʽʪʠʯʥʦʤʫ ʚʠʛʣʷʜʽ ʜʣʷ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ, ʧʦʚ'ʷʟʘʥʝ ʟ ʩʫʪʪʻʚʠʤʠ 

ʪʨʫʜʥʦʱʘʤʠ. ʊʦʤʫ ʜʣʷ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʽʣʴʢʠ ʘʥʘʣʽʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʧʨʠ 

ʦʮʽʥʶʚʘʥʥʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʾʭ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚʠʷʚʣʷʻʪʴʩʷ ʤʦʞʣʠʚʠʤ ʣʠʰʝ ʧʨʠ ʽʩʪʦʪʥʠʭ 

ʧʨʠʧʫʱʝʥʥʷʭ ʤʦʜʝʣʽ.  

ʄʝʪʦʜ ʩʪʘʪʠʩʪʠʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʧʦʣʷʛʘʻ ʫ ʙʝʟʧʦʩʝʨʝʜʥʴʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʪʝʭʥʽʯʥʠʭ 

ʩʠʩʪʝʤ ʧʨʠ ʜʽʾ ʥʘ ʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʟʙʫʨʶʶʯʠʭ ʬʘʢʪʦʨʽʚ ʪʘ ʦʙʨʦʙʮʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʤʝʪʦʜʘʤʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ. ʎʝʡ ʤʝʪʦʜ ʻ ʩʧʽʣʴʥʠʤ ʙʝʟ ʙʫʜʴ-ʷʢʠʭ ʩʝʨʡʦʟʥʠʭ ʦʙʤʝʞʝʥʴ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʤʝʪʦʜʫ ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʝʪʘʧʽʚ ʧʨʦʚʝʜʝʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ (ʝʪʘʧʽʚ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ: ʨʦʟʨʦʙʢʘ, ʚʠʨʦʙʥʠʮʪʚʦ, ʚʠʧʨʦʙʫʚʘʥʥʷ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʷ) ʽ 

ʪʽʻʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʪʝʭʥʽʯʥʫ ʩʠʩʪʝʤʫ ʷʢʦʶ ʚʦʣʦʜʽʻ ʜʦʩʣʽʜʥʠʢ. ʗʢ ʧʨʘʚʠʣʦ, ʥʽ ʪʝʦʨʝʪʠʯʥʽ, ʥʽ 

ʜʦʩʣʽʜʥʽ ʤʝʪʦʜʠ ʥʝ ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʚʝʩʪʠ ʚʩʝʙʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ. ʊʦʤʫ, ʫ ʜʘʥʠʡ ʯʘʩ ʚʩʝ ʙʽʣʴʰʦʶ ʤʽʨʦʶ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʢʦʤʙʽʥʦʚʘʥʽ ʤʝʪʦʜʠ 

ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʩʧʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʘʥʘʣʽʪʠʯʥʽ ʤʝʪʦʜʠ, ʤʝʪʦʜ ʩʪʘʪʠʩʪʠʯʥʠʭ 

ʚʠʧʨʦʙʫʚʘʥʴ ʤʦʜʝʣʝʡ ʽ ʥʘʪʫʨʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʨʝʘʣʴʥʠʭ ʩʠʩʪʝʤ. ɻʦʣʦʚʥʘ ʤʝʪʘ, ʷʢʘ ʜʦʩʷʛʘʻʪʴʩʷ 

ʟ ʜʦʧʦʤʦʛʦʶ ʢʦʤʙʽʥʦʚʘʥʠʭ ʤʝʪʦʜʽʚ, ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚʩʽʻʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʽʤʦʚʽʨʥʽʩʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤʠ, ʜʣʷ ʙʽʣʴʰ ʪʦʯʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʦʪʨʠʤʘʥʥʷ ʦʮʽʥʦʢ 

ʟʥʘʯʝʥʴ ʧʦʢʘʟʥʠʢʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟ ʥʝʦʙʭʽʜʥʦʶ ʪʦʯʥʽʩʪʶ, ʘʣʝ ʧʨʠ ʤʦʞʣʠʚʦ ʤʝʥʰʦʤʫ ʯʠʩʣʽ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʟ ʩʠʩʪʝʤʦʶ ʪʘ ʾʾ ʤʦʜʝʣʣʶ. 

ʄʝʪʦʶ ʩʪʘʪʪʽ ʻ ʨʦʟʨʦʙʢʘ ʧʨʦʧʦʟʠʮʽʡ ʱʦʜʦ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʨʘʜʽʦʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ 

ɿ ʪʦʯʢʠ ʟʦʨʫ ʪʝʦʨʽʾ ʦʧʝʨʘʮʽʡ ʢʦʥʪʨʦʣʴ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʈʊɿ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʤʦʞʥʘ 

ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʦʧʝʨʘʮʽʶ, ʷʢʘ ʧʨʦʚʦʜʠʪʴʩʷ ʫ ʨʘʤʢʘʭ ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭ ʧʦʪʨʽʙʥʦʛʦ 

ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ (ʨʠʩ. 1) ʟ ʤʝʪʦʶ ʧʽʜʪʨʠʤʘʥʥʷ ʧʦʩʪʽʡʥʦʾ ʛʦʪʦʚʥʦʩʪʽ ʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ (ʧʨʠ 

ʮʴʦʤʫ ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʨʘʚʥʠʭ ʟʘʩʦʙʽʚ ʧʦʚʠʥʥʘ ʙʫʪʠ ʤʘʢʩʠʤʘʣʴʥʦʶ ʯʠ ʥʝ ʤʝʥʰʝ 

ʟʘʜʘʥʦʛʦ ʨʽʚʥʷ).  

ʄʝʪʦʶ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʪʨʽʙʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʈʊɿ 

ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʧʦʣʷʛʘʻ ʫ ʧʽʜʪʨʠʤʘʥʥʽ ʫ ʛʦʪʦʚʥʦʩʪʽ (ʩʧʨʘʚʥʦʩʪʽ) ʩʢʣʘʜʦʚʠʭ ʙʣʦʢʽʚ ʽ 

ʝʣʝʤʝʥʪʽʚ ʈʊɿ ʜʣʷ ʙʝʟʘʚʘʨʽʡʥʦʾ ʪʘ ʙʝʟʚʽʜʤʦʚʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ.  
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ʉʠʩʪʝʤʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ 

ʈʊɿ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ 

ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ 

ʪʝʭʥʽʯʥʠʤ ʩʪʘʥʦʤ ʈʊɿ 

ʉʠʩʪʝʤʘ  
ʢʦʥʪʨʦʣʶ ʈʊɿ 

ʆʙôʻʢʪ  

ʢʦʥʪʨʦʣʶ  

 

 

ʇʘʨʢ ʟʘʩʦʙʽʚ 

ʢʦʥʪʨʦʣʶ 

ɸʧʘʨʘʪʫʨʘ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ  

ʟʘʩʦʙʽʚ ʢʦʥʪʨʦʣʶ 

ʉʠʣʠ ʪʘ ʘʧʘʨʘʪʫʨʘ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ  

ʟʘʩʦʙʽʚ ʢʦʥʪʨʦʣʶ 

ʇʝʨʝʩʫʚʥʽ ʪʘ 

ʩʪʘʮʽʦʥʘʨʥʽ 

ʧʽʜʨʦʟʜʽʣʠ ʢʦʥʪʨʦʣʶ  

ʇʝʨʩʦʥʘʣ 

ʧʽʜʨʦʟʜʽʣʽʚ 

ʢʦʥʪʨʦʣʶ  

ʉʠʩʪʝʤʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʟʘʩʦʙʽʚ ʢʦʥʪʨʦʣʶ  ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷʤ 

ʟʘʩʦʙʽʚ ʢʦʥʪʨʦʣʶ  

ɿʦʚʥʽʰʥʽ (ʧʨʠʨʦʜʦ-ʢʣ̔ʤʘʪʠʯʥʽ) 

ʚʧʣʠʚʠ 

 
ʈʠʩ. 1. ʉʠʩʪʝʤʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʪʨʽʙʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʈʊɿ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ 

 

 

ʈʦʟʨʦʙʠʪʠ ʩʠʩʪʝʤʫ ʢʦʥʪʨʦʣʶ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʈʊɿ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ï ʟʥʘʯʠʪʴ 

ʟʘʜʘʪʠ ʤʥʦʞʠʥʫ ʚʭʽʜʥʠʭ ʜʦ ʥʝʾ ʦʙ'ʻʢʪʽʚ, ʚʠʜʽʣʠʪʠ ʨʦʟʛʣʷʥʫʪʝ ʢʦʣʦ ʚʣʘʩʪʠʚʦʩʪʝʡ ʮʠʭ ʦʙ'ʻʢʪʽʚ ʽ 

ʚʩʪʘʥʦʚʠʪʠ ʭʘʨʘʢʪʝʨ ʚʽʜʥʦʩʠʥ ʤʽʞ ʥʠʤʠ.  

ʇʨʠ ʮʴʦʤʫ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʤʦʨʩʴʢʠʡ ʪʨʘʥʩʧʦʨʪ ʝʢʩʧʣʫʘʪʫʻʪʴʩʷ ʫ ʜʦʩʠʪʴ ʘʛʨʝʩʠʚʥʽʡ 

ʩʝʨʝʜʽ ʜʣʷ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ï ʩʢʣʘʜʦʚʠʭ ʈʊʉ (ʚʦʜʘ + ʩʽʣʴ + ʧʦʩʪʽʡʥʠʡ ʧʽʜʚʠʱʝʥʠʡ 

ʨʽʚʝʥʴ ʚʦʣʦʛʦʩʪʽ). 

ʆʩʥʦʚʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʈʊɿ ʤʦʨʩʴʢʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫ ʻ:  

ï ʦʙ'ʻʢʪ ʢʦʥʪʨʦʣʶ;  

ï ʟʘʩʦʙʠ ʢʦʥʪʨʦʣʶ;  

ï ʩʠʣʠ ʪʘ ʘʧʘʨʘʪʫʨʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟʘʩʦʙʽʚ ʢʦʥʪʨʦʣʶ.  

ʆʙ'ʻʢʪʦʤ ʢʦʥʪʨʦʣʶ ʻ ʈʊɿ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ.  

ɼʦ ʟʘʩʦʙʽʚ ʢʦʥʪʨʦʣʶ ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʚʠʤʽʨʶʚʘʣʴʥʫ ʪʘ ʢʦʥʪʨʦʣʴʥʦ-ʜʽʘʛʥʦʩʪʠʯʥʫ ʘʧʘʨʘʪʫʨʫ, 

ʷʢʘ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ (ʧʣʘʥʫʻʪʴʩʷ ʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ) ʧʨʠ ʢʦʥʪʨʦʣʽ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʈʊɿ ʤʦʨʩʴʢʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫ.  

ɼʦ ʩʠʣ ʽ ʘʧʘʨʘʪʫʨʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟʘʩʦʙʽʚ ʢʦʥʪʨʦʣʶ ʚʽʜʥʦʩʷʪʴ ʪʝʭʥʽʯʥʽ ʟʘʩʦʙʠ 

(ʨʝʩʫʨʩʠ), ʷʢʽ ʚʠʜʽʣʷʶʪʴʩʷ ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʪʝʭʥʽʯʥʠʤ 

ʩʪʘʥʦʤ ʈʊɿ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ. ɼʦ ʥʠʭ ʚʽʜʥʦʩʷʪʴ ʧʝʨʩʦʥʘʣ ʷʢ ʧʝʨʝʩʫʚʥʠʭ, ʪʘʢ ʽ 

ʩʪʘʮʽʦʥʘʨʥʠʭ ʣʘʙʦʨʘʪʦʨʽʡ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ [8].  

ʋʧʨʘʚʣʽʥʥʷ ʪʝʭʥʽʯʥʠʤ ʩʪʘʥʦʤ ʈʊɿ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʠʤ 

ʦʨʛʘʥʦʤ (ʚʽʜ ʢʝʨʽʚʥʠʮʪʚʘ ʩʫʜʥʘ ʜʦ ʄʽʥʽʩʪʝʨʩʪʚʘ ʪʨʘʥʩʧʦʨʪʫ) ʥʘ ʧʽʜʩʪʘʚʽ ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ 

ʚʢʘʟʽʚʦʢ ʚʠʱʠʭ ʣʘʥʦʢ ʫʧʨʘʚʣʽʥʥʷ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʦʨʤʘʪʠʚʥʠʭ ʽ ʢʝʨʽʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ [1, 2]. 
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ɼʦ ʤʝʪʦʜʽʚ ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʦʥʪʨʦʣʶ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʈʊʉ ʤʦʨʩʴʢʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʽʜʥʝʩʪʠ ʥʘʩʪʫʧʥʽ ʚʠʤʦʛʠ:  

ï ʤʝʪʦʜ ʧʦʚʠʥʝʥ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʦʪʨʠʤʘʥʥʷ ʦʮʽʥʦʢ ʟʥʘʯʝʥʴ ʧʦʢʘʟʥʠʢʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʠ 

ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʦʤʫ ʩʢʦʨʦʯʝʥʥʽ ʦʙʩʷʛʫ, ʪʨʠʚʘʣʦʩʪʽ ʪʘ ʚʘʨʪʦʩʪʽ ʚʠʧʨʦʙʫʚʘʥʴ ʩʠʩʪʝʤʠ;  

ï ʤʝʪʦʜ ʧʦʚʠʥʝʥ ʜʦʟʚʦʣʷʪʠ ʦʪʨʠʤʫʚʘʪʠ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʫ ʚʩʴʦʤʫ ʟʘʜʘʥʦʤʫ 

ʜʽʘʧʘʟʦʥʽ ʫʤʦʚ ʽ ʩʧʦʩʦʙʽʚ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʠʩʪʝʤʠ, ʫʪʦʤʫ ʯʠʩʣʽ ʡ ʧʨʠ ʪʘʢʠʭ ʫʤʦʚʘʭ ʽ ʩʧʦʩʦʙʘʭ, 

ʢ̫ʽ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʽ ʧʨʠ ʥʘʪʫʨʥʠʭ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʽʟ-ʟʘ ʽʩʪʦʪʥʠʭ ʦʙʤʝʞʝʥʴ;  

ï ʦʮʽʥʢʠ ʟʥʘʯʝʥʴ ʧʦʢʘʟʥʠʢʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʦʚʠʥʥʽ ʙʫʪʠ ʦʪʨʠʤʘʥʽ ʟ ʪʦʯʥʽʩʪʶ ʪʘ ʜʦʩʪʦʚʽʨʥʽʩʪʶ 

ʥʝ ʛʽʨʰʝ ʟʘʜʘʥʠʭ (ʧʦʪʨʽʙʥʠʭ).  

ʆʪʞʝ, ʜʣʷ ʟʘʜʘʯʽ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʽʻʾ ʯʠ ʽʥʰʦʾ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ 

ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʈʊɿ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʤʝʪʦʜ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʧʦʚʠʥʝʥ ʙʫʪʠ ʬʦʨʤʘʣʽʟʦʚʘʥʠʤ, ʦʩʢʽʣʴʢʠ ʨʝʟʫʣʴʪʘʪʦʤ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʩʪʫʧʘʻ ʯʠʩʣʦʚʝ 

ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ. ɼʣʷ ʢʦʥʢʨʝʪʠʟʘʮʽʾ ʤʝʪʦʜʫ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘ ʬʦʨʤʦʶ 

ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʷʢʠʡ ʨʦʟʨʦʙʣʷʻʪʴʩʷ ʥʘ ʦʩʪʘʪʦʯʥʦʤʫ ʝʪʘʧʽ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʽ ʪʘ 

ʧʝʨʝʜʫʻ ʤʦʜʝʣʶʚʘʥʥʷ, ʥʝʦʙʭʽʜʥʦ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʧʦʢʘʟʥʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʚʠʷʚʠʪʠ ʧʝʨʝʚʘʛʠ 

ʽ ʥʝʜʦʣʽʢʠ ʨʽʟʥʠʭ ʬʦʨʤ. ʇʝʨʝʚʘʛʠ ʢʦʤʙʽʥʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʚʞʝ ʨʦʟʛʣʷʥʫʪʦ ʚʠʱʝ, ʘ ʜʣʷ ʟʘʜʘʯʽ 

ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʈʊɿ 

ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʧʨʦʧʦʥʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʡ ʨʦʟʧʦʜʽʣ ʟʘʚʜʘʥʴ ʤʽʞ ʩʢʣʘʜʦʚʠʤʠ ʯʘʩʪʠʥʘʤʠ 

ʤʝʪʦʜʫ: 

ï ʜʦʩʣʽʜʥʘ (ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ) ʯʘʩʪʠʥʘ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʫ ʟʙʦʨʽ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʰʣʷʭʦʤ 

ʩʧʦʩʪʝʨʝʞʝʥʴ;  

ï ʧʦʜʘʣʴʰʘ ʦʙʨʦʙʢʘ ʜʘʥʠʭ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʤʝʪʦʜʦʤ ʩʪʘʪʠʩʪʠʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ, ʱʦ 

ʜʦʟʚʦʣʠʪʴ ʩʫʪʪʻʚʦ ʟʤʝʥʰʠʪʠ ʦʙʩʷʛ ʩʧʦʩʪʝʨʝʞʝʥʴ, ʪʘʢ ʽ ʚʠʪʨʘʪʠ ʨʝʩʫʨʩʽʚ ʽ ʯʘʩʫ;  

ï ʧʨʠ ʚʚʝʜʝʥʥʽ ʧʦʪʨʽʙʥʠʭ ʽ ʜʦʩʪʘʪʥʴʦ ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʦʙʤʝʞʝʥʴ ʽ ʧʨʠʧʫʱʝʥʴ ʧʨʠ ʨʦʟʨʦʙʮʽ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ, ʘ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʦʪʨʠʤʘʥʠʭ ʜʦʩʣʽʜʥʠʤʠ ʤʝʪʦʜʘʤʠ, 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʧʝʨʘʮʽʾ ʤʦʞʝ ʙʫʪʠ ʦʮʽʥʝʥʘ ʘʥʘʣʽʪʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ, ʷʢʽ ʜʘʶʪʴ ʙʽʣʴʰʫ ʥʘʦʯʥʽʩʪʴ, 

ʽ ʤʘʶʪʴ ʷʩʥʠʡ ʬʽʟʠʯʥʠʡ ʟʤʽʩʪ. 

ʊʘʢ ʷʢ ʫʧʨʘʚʣʽʥʩʴʢʘ ʜʽʷʣʴʥʽʩʪʴ ʢʦʥʪʨʦʣʝʤ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʈʊɿ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ 

ʪʘ ʫʤʦʚʠ ʧʨʦʚʝʜʝʥʥʷ ʩʪʨʦʛʦ ʨʝʛʣʘʤʝʥʪʦʚʘʥʽ ʥʦʨʤʘʪʠʚʥʦʶ ʜʦʢʫʤʝʥʪʘʮʽʻʶ ʪʘ ʢʝʨʽʚʥʠʤʠ 

ʜʦʢʫʤʝʥʪʘʤʠ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʧʝʨʘʮʽʾ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʝʬʝʢʪʠʚʥʽʩʪʶ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʢʪʠʚʥʠʭ 

ʟʘʩʦʙʽʚ. ɻʦʚʦʨʷʯʠ ʧʨʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʝʭʥʽʯʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʘʢʪʠʚʥʠʡ ʟʘʩʽʙ 

ʦʧʝʨʘʮʽʾ, ʤʘʶʪʴ ʥʘ ʫʚʘʟʽ ʧʦʪʝʥʮʽʡʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ. ʇʦʪʝʥʮʽʡʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʧʝʨʘʮʽʾ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʢʦʨʠʩʥʠʤ ʦʙʤʽʥʦʤ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʠ ʽʜʝʘʣʴʥʦʤʫ ʩʧʦʩʦʙʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʢʪʠʚʥʠʭ ʟʘʩʦʙʽʚ, ʪʦʙʪʦ ʚʠʙʦʨʫ ʥʘʡʢʨʘʱʦʾ ʩʪʨʘʪʝʛʽʾ [7] ʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʷʢʦʩʪʽ 

ʘʢʪʠʚʥʠʭ ʟʘʩʦʙʽʚ.  

ʇʨʦʮʝʩ ʜʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʧʨʠ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʈʊɿ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʧʨʦʧʦʥʫʻʪʴʩʷ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ ʪʨʴʦʭ ʝʪʘʧʽʚ:  

ï ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ;  

ï ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʰʣʷʭʦʤ ʤʦʜʝʣʶʚʘʥʥʷ ʘʙʦ (ʯʠ) ʥʘʪʫʨʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ;  

ï ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʽ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʩʥʦʚʢʫ. 

ʇʝʨʰʽ ʜʚʘ ʝʪʘʧʠ, ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʪʘ ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ, ʻ ʦʮʽʥʢʦʶ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʦʧʝʨʘʮʽʾ. ɼʨʫʛʠʡ ʝʪʘʧ, ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ, ʧʨʠʡʥʷʪʦ ʥʘʟʠʚʘʪʠ ʟʘʚʜʘʥʥʷʤ ʦʮʽʥʶʚʘʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ, ʷʢʘ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʥʘʩʪʫʧʥʽ ʦʩʥʦʚʥʽ ʧʨʦʮʝʜʫʨʠ:  

ï ʧʦʙʫʜʦʚʘ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʦʧʝʨʘʮʽʾ ʪʘ ʾʾ ʤʘʰʠʥʥʘ ʨʝʘʣʽʟʘʮʽʷ;  

ï ʦʮʽʥʢʘ ʷʢʦʩʪʽ ʤʦʜʝʣʽ ʪʘ ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʥʘ ʥʽʡ;  

ï ʦʙʯʠʩʣʝʥʥʷ ʟʥʘʯʝʥʴ ʧʦʢʘʟʥʠʢʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʣʷ ʚʩʽʭ ʩʪʨʘʪʝʛʽʡ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʝʣʽ.  

ʅʘ ʪʨʝʪʴʦʤʫ, ʟʘʚʝʨʰʘʣʴʥʦʤʫ, ʝʪʘʧʽ ʧʨʦʮʝʩʫ ʜʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʧʝʨʘʮʽʾ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ, ʦʪʨʠʤʘʥʠʭ ʫ ʧʨʦʮʝʩʽ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʧʝʨʘʮʽʾ, ʪʦʙʪʦ 

ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʚʠʙʦʨʫ ʩʪʨʘʪʝʛʽʡ ʟ ʤʥʦʞʠʥʠ ʜʦʧʫʩʪʠʤʠʭ. ɿʘʚʜʘʥʥʷ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʦʞʥʘ 

ʪʨʘʢʪʫʚʘʪʠ ʷʢ ʦʢʨʝʤʠʡ ʚʠʧʘʜʦʢ ʟʘʜʘʯʽ ʚʠʙʦʨʫ ʢʦʣʠ ʙʝʟʣʽʯ ʩʪʨʘʪʝʛʽʡ ʤʽʩʪʠʪʴ ʦʜʠʥ ʝʣʝʤʝʥʪ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʮʽʥʶʚʘʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʧʝʨʘʮʽʾ ʥʝʦʙʭʽʜʥʦ ʜʣʷ ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʚʠʙʦʨʫ, ʪʘʢ ʷʢ 

ʪʽʣʴʢʠ ʥʘ ʦʩʥʦʚʽ ʮʽʣʢʦʤ ʧʝʚʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʮʝʡ ʚʠʙʽʨ ʟʜʽʡʩʥʠʤʦ. ʇʨʦʪʝ ʟʘʚʜʘʥʥʷ ʦʮʽʥʢʠ 
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ʝʬʝʢʪʠʚʥʦʩʪʽ ʽʩʥʫʻ ʡ ʤʘʻ ʧʨʘʢʪʠʯʥʠʡ ʟʤʽʩʪ, ʘ ʷʢʱʦ ʤʦʚʘ ʧʨʦ ʦʮʽʥʢʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʘʢʪʠʚʥʠʭ ʟʘʩʦʙʽʚ ʦʧʝʨʘʮʽʾ ʧʨʠ ʛʨʘʥʠʯʥʦ-ʚʠʛʽʜʥʦʤʫ ʦʙʤʽʥʽ, ʪʦʙʪʦ ʥʘʡʢʨʘʱʦʾ ʩʪʨʘʪʝʛʽʾ ʾʭ 

ʟʘʩʪʦʩʫʚʘʥʥʷ, ʟʘʚʜʘʥʥʷ ʟʚʦʜʠʪʴʩʷ ʜʦ ʦʮʽʥʢʠ ʧʦʪʝʥʮʽʡʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʘʢʪʠʚʥʠʭ ʟʘʩʦʙʽʚ 

ʦʧʝʨʘʮʽʾ.  

ʆʮʽʥʢʘ ʧʦʪʝʥʮʽʡʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʧʨʠ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʈʊɿ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʜʘʻ ʨʝʟʫʣʴʪʘʪʠ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʧʦʨʽʚʥʶʚʘʪʠ ʨʽʟʥʽ ʪʠʧʠ 

ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʧʨʠ ʫʤʦʚʽ ʥʘʡʢʨʘʱʠʭ ʩʪʨʘʪʝʛʽʡ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʢʦʞʥʦʛʦ ʪʠʧʫ.  

ʅʘʫʢʦʚʠʤ ʘʧʘʨʘʪʦʤ ʜʦʩʣʽʜʞʝʥʴ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʧʝʨʘʮʽʡ ʻ ʤʝʪʦʜʦʣʦʛʽʷ ʪʝʦʨʽʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ. ʇʽʜ ʤʝʪʦʜʦʣʦʛʽʻʶ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʟʫʤʽʶʪʴ ʾʾ ʥʘʫʢʦʚʫ ʩʫʪʥʽʩʪʴ, 

ʩʫʢʫʧʥʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʤʝʪʦʜʽʚ, ʟʘʛʘʣʴʥʫ ʤʝʪʦʜʠʢʫ ʡ ʩʭʝʤʫ ʜʦʩʣʽʜʞʝʥʴ, ʧʨʠʥʮʠʧʠ, 

ʷʢʠʤʠ ʢʝʨʫʶʪʴʩʷ ʫ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʞʝʥʴ ʧʨʠ ʧʨʠʡʥʷʪʪʽ ʪʘ ʨʝʘʣʽʟʘʮʽʾ ʨʽʰʝʥʴ [7]. ʄʝʪʦʜʠʢʘ ʪʘ 

ʟʘʛʘʣʴʥʘ ʩʭʝʤʘ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʧʝʨʘʮʽʾ ʦʧʠʩʫʶʪʴ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʜʽʡ ʧʨʠ ʦʮʽʥʮʽ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʜʝʪʘʣʽʟʫʶʪʴ ʫʢʨʫʧʥʝʥʽ ʝʪʘʧʠ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʽ ʪʘ ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ 

(ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ). ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʻ ʚʠʭʽʜʥʠʤ ʝʪʘʧʦʤ ʜʦʩʣʽʜʞʝʥʴ, ʫ ʨʝʟʫʣʴʪʘʪʽ 

ʷʢʦʛʦ ʦʧʠʩʫʶʪʴʩʷ ʤʝʪʘ, ʩʪʨʘʪʝʛʽʾ ʪʘ ʫʤʦʚʠ ʟʘʚʜʘʥʥʷ. ʄʝʪʘ ʦʧʝʨʘʮʽʾ ʻ ʽʜʝʘʣʴʥʝ ʫʷʚʣʝʥʥʷ 

ʙʘʞʘʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʦʧʝʨʘʮʽʾ. ɺʦʥʘ ʚʠʟʥʘʯʘʻ ʩʧʦʩʦʙʠ ʽ ʬʦʨʤʠ ʜʽʡ, ʾʭ ʭʘʨʘʢʪʝʨ, ʩʠʩʪʝʤʥʫ 

ʫʧʦʨʷʜʢʦʚʘʥʽʩʪʴ, ʘ ʪʘʢʦʞ ʟʘʩʦʙʠ ʜʦʩʷʛʥʝʥʥʷ ʪʘ ʽʥʪʝʛʨʫʻ ʜʽʾ ʚ ʩʠʩʪʝʤʫ "ʤʝʪʘ ï ʟʘʩʽʙ ï 

ʨʝʟʫʣʴʪʘʪ". ʅʘʡʢʨʘʱʦʶ ʩʪʨʘʪʝʛʽʻʶ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʧʨʠ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʈʊɿ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʙʫʜʝ ʩʪʨʘʪʝʛʽʷ, ʷʢʘ, ʟ ʥʘʡʤʝʥʰʠʤ ʟʙʠʪʢʦʤ ʜʣʷ 

ʛʦʪʦʚʥʦʩʪʽ ʪʨʘʥʩʧʦʨʪʫ ʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʩʚʦʻʯʘʩʥʦ ʪʘ ʷʢʽʩʥʦ ʟʜʽʡʩʥʠʪʠ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

ʋʤʦʚʘʤʠ ʟʘʜʘʯʽ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʈʊɿ ʻ 

ʥʝʢʝʨʦʚʘʥʽ ʬʘʢʪʦʨʠ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʢʦʤʧʦʥʝʥʪʠ ʦʧʝʨʘʮʽʾ ʡ ʦʙʫʤʦʚʣʝʥʽ ʚʧʣʠʚʦʤ ʟʦʚʥʽʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ï ʤʦʨʩʴʢʦʾ ʩʪʠʭʽʾ. ʎʽ ʬʘʢʪʦʨʠ, ʟʚʠʯʘʡʥʦ ʻ ʦʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʜʞʝʨʝʣ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ, ʘʣʝ ʧʨʠ ʦʮʽʥʮʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʈʊɿ 

ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʮʽ ʬʘʢʪʦʨʠ ʤʘʶʪʴ ʜʝʪʝʨʤʽʥʦʚʘʥʠʡ ʭʘʨʘʢʪʝʨ, ʪʘʢ ʷʢ ʧʝʨʝʣʽʢ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʪʘ ʤʝʞʽ ʦʙʣʘʩʪʽ ʾʭ ʟʤʽʥʠ ʩʪʨʦʛʦ ʨʝʛʣʘʤʝʥʪʦʚʘʥʽ 

ʚʠʤʦʛʘʤʠ ʥʦʨʤʘʪʠʚʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ [2].  

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʥʘ ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ ʚʝʨʙʘʣʴʥʦʤʫ ʨʽʚʥʽ ï ʝʢʩʧʣʽʢʘʮʽʷ 

ʧʦʥʷʪʴ, ʘ ʦʩʪʘʪʦʯʥʦ ʢʦʥʢʨʝʪʠʟʫʻʪʴʩʷ ï ʦʧʠʩʫʻʪʴʩʷ ʬʦʨʤʘʣʽʟʦʚʘʥʦ ʧʨʠ ʚʠʙʦʨʽ ʧʦʢʘʟʥʠʢʽʚ 

ʝʬʝʢʪʠʚʥʦʩʪʽ, ʚʠʙʦʨʽ ʥʘʡʢʨʘʱʦʾ ʩʪʨʘʪʝʛʽʾ (ʧʨʠ ʦʮʽʥʮʽ ʧʦʪʝʥʮʽʡʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ 

ʢʦʥʪʨʦʣʶ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ) ʽ ʦʙˇʨʫʥʪʫʚʘʥʥʽ ʦʙʤʝʞʝʥʴ ʥʘ ʫʤʦʚʠ.  

ɿʘʩʪʦʩʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʈʊɿ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʻ ʩʢʣʘʜʥʠʤ 

ʧʨʦʮʝʩʦʤ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʙʝʟʣʽʯʯʶ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʘʩʦʙʽʚ ʢʦʥʪʨʦʣʶ (ʦʙʩʣʫʛʦʚʫʶʯʦʾ 

ʩʠʩʪʝʤʠ) ʽ ʧʘʨʢʫ ʈʊɿ (ʦʙ'ʻʢʪʘ ʢʦʥʪʨʦʣʶ), ʘ ʪʘʢʦʞ ʩʪʨʘʪʝʛʽʷʤʠ ʢʦʥʪʨʦʣʶ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʊʦʤʫ ʟʘʜʘʯʘ ʦʮʽʥʢʠ ʧʦʪʝʥʮʽʡʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʪʝʭʥʽʯʥʦʛʦ 

ʩʪʘʥʫ ʈʊɿ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʚ ʦʜʝʨʞʘʥʥʽ ʢʽʣʴʢʽʩʥʠʭ ʦʮʽʥʦʢ ʫʟʘʛʘʣʴʥʝʥʦʛʦ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ W  ʟʘʧʠʰʝʤʦ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

 

ʧʨʠ ( ) ( );KKigg:v,u,T,ʉ,gW
ʪʨ
ʛiʛi

ʪʨ0
ʦʙʦʙ ²"²  

;TT;vv ʜ
ʦʙʦʙ

ʜ ÍÍ  

ʦʙʉ:ʟʥʘʡʪʠ, 

ʜʝ gʽ ʪʨg ï ʨʝʘʣʴʥʠʡ ʽ ʥʝʦʙʭʽʜʥʠʡ ʮʽʣʴʦʚʽ ʝʬʝʢʪʠ ʢʦʥʪʨʦʣʶ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʈʊɿ ʚʽʜʧʦʚʽʜʥʦ; 

v  ʽ ʜv  ï ʨʝʘʣʴʥʘ ʪʘ ʜʦʧʫʩʪʠʤʘ ʦʙʣʘʩʪʴ ʟʥʘʯʝʥʴ ʟʦʚʥʽʰʥʽʭ ʚʧʣʠʚʦʚʠʭ ʬʘʢʪʦʨʽʚ (ʫʤʦʚ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʟʘʩʦʙʽʚ ʢʦʥʪʨʦʣʶ) ʚʽʜʧʦʚʽʜʥʦ; 

ʦʙT  ʽ ʜʦʙT  ï ʨʝʘʣʴʥʠʡ ʽ ʜʦʧʫʩʪʠʤʠʡ ʯʘʩ ʢʦʥʪʨʦʣʶ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʈʊɿ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʟʘʩʦʙʽʚ ʢʦʥʪʨʦʣʶ ʚʽʜʧʦʚʽʜʥʦ; 

ʦʙʉ  ï ʚʘʨʪʽʩʪʴ ʚʠʪʨʘʪ ʥʘ ʢʦʥʪʨʦʣʶ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʈʊɿ (ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ) ʤʦʨʩʴʢʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫ ʚʠʟʥʘʯʝʥʦʛʦ ʧʦʨʪʫ (ʨʝʛʽʦʥʫ); 
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0u ï ʦʧʪʠʤʘʣʴʥʘ ʩʪʨʘʪʝʛʽʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʩʦʙʽʚ ʢʦʥʪʨʦʣʶ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʈʊɿ 

ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʚʠʟʥʘʯʝʥʦʛʦ ʧʦʨʪʫ (ʨʝʛʽʦʥʫ); 

 i ï ʢʽʣʴʢʽʩʪʴ ʪʠʧʽʚ ʈʊɿ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʚʠʟʥʘʯʝʥʦʛʦ ʧʦʨʪʫ (ʨʝʛʽʦʥʫ); 

ʛi
K  ʽ ʪʨ

ʛi
K  ï ʨʝʘʣʴʥʠʡ ʽ ʥʝʦʙʭʽʜʥʠʡ ʢʦʝʬʽʮʽʻʥʪʠ ʛʦʪʦʚʥʦʩʪʽ i-ʛʦ ʪʠʧʫ ʈʊɿ ʤʦʨʩʴʢʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʢʦʥʪʨʦʣʶ ʾʭ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ. 

ʋ ʪʘʢʽʡ ʧʦʩʪʘʥʦʚʮʽ ʚʠʨʽʰʠʪʠ ʧʦʩʪʘʚʣʝʥʫ ʟʘʜʘʯʫ ʩʢʣʘʜʥʦ ʽʟ-ʟʘ ʚʝʣʠʢʦʾ ʨʦʟʤʽʨʥʦʩʪʽ.  

ʊʘʢ, ʫ ʜʘʥʠʡ ʯʘʩ ʚ ʋʢʨʘʾʥʽ ʝʢʩʧʣʫʘʪʫʻʪʴʩʷ ʙʣʠʟʴʢʦ 610  ʨʽʟʥʠʭ ʟʘʩʦʙʽʚ ʈʊɿ, ʷʢʽ ʧʽʜʣʷʛʘʶʪʴ 

ʢʦʥʪʨʦʣʶ. ʇʨʠ ʮʴʦʤʫ ʯʠʩʣʦ ʤʦʞʣʠʚʠʭ ʩʪʘʥʽʚ ʈʊɿ ʙʽʣʴʰʝ 20, ʤʦʞʣʠʚʝ ʯʠʩʣʦ ʚʘʨʽʘʥʪʽʚ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʩʦʙʽʚ ʢʦʥʪʨʦʣʶ ʪʘ ʤʝʪʦʜʽʚ ʢʦʥʪʨʦʣʶ ʈʊɿ ʩʪʘʥʦʚʠʪʴ ʧʦʥʘʜ 10. ʊʦʙʪʦ ʟʘʜʘʯʘ 

ʙʫʜʝ ʤʘʪʠ ʨʦʟʤʽʨʥʽʩʪʴ 98 1010 - , ʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʦʛʨʘʤʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʤʦʜʝʣʽ ʦʧʝʨʘʮʽʾ ï 
1513 1010 -  ʤʘʰʠʥʥʠʭ ʦʧʝʨʘʮʽʡ.  

ʊʦʤʫ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʚʝʩʪʠ ʥʘʩʪʫʧʥʽ ʦʙʤʝʞʝʥʥʷ ʪʘ ʜʦʧʫʱʝʥʥʷ. 

1. ɿʘ ʦʙ'ʻʢʪ ʢʦʥʪʨʦʣʶ ʧʨʠʡʤʝʤʦ ʧʘʨʢ ʈʊɿ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʚʠʟʥʘʯʝʥʦʛʦ ʧʦʨʪʫ 

ʧʨʠʚôʷʟʢʠ (ʨʝʛʽʦʥʫ ʨʦʟʪʘʰʫʚʘʥʥʷ), ʷʢʠʡ ʧʦʪʨʽʙʥʦ ʢʦʥʪʨʦʣʶʚʘʪʠ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʘʚʘʨʽʡʥʦʾ ʪʘ ʙʝʟʚʽʜʤʦʚʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʨʘʥʩʧʦʨʪʫ. ʅʦʤʝʥʢʣʘʪʫʨʘ ʪʘ ʢʽʣʴʢʽʩʪʴ 

ʈʊɿ ʨʝʛʽʦʥʫ ʧʨʠʡʥʷʪʽ ʥʝʟʤʽʥʥʠʤʠ. ɼʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʢʦʩʪʽ ʢʦʥʪʨʦʣʶ ʈʊɿ ʟʘʜʘʥʽ ʚʠʤʦʛʠ:  

ï ʜʦ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʢʦʥʪʨʦʣʶ (ʡʤʦʚʽʨʥʽʩʪʴ ʧʨʠʡʥʷʪʪʷ ʚʽʨʥʦʛʦ ʯʠ ʥʝʚʽʨʥʦʛʦ ʨʽʰʝʥʥʷ; ʧʦʤʠʣʢʠ 

ʢʦʥʪʨʦʣʶ 1-ʛʦ ʪʘ 2-ʛʦ ʨʦʜʫ ʪʦʱʦ);  

ï ʜʦ ʦʧʝʨʘʪʠʚʥʦʩʪʽ ʢʦʥʪʨʦʣʶ (ʧʝʨʽʦʜʠʯʥʽʩʪʴ ʢʦʥʪʨʦʣʶ ʈʊɿ, ʪʨʠʚʘʣʽʩʪʴ ʢʦʥʪʨʦʣʶ ʘʙʦ 

ʚʽʜʥʦʚʣʝʥʥʷ);  

ï ʜʦ ʢʦʝʬʽʮʽʻʥʪʫ ʛʦʪʦʚʥʦʩʪʽ ʈʊɿ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʢʦʥʪʨʦʣʶ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ. 

2. ɿʘʩʦʙʠ ʢʦʥʪʨʦʣʶ ʫ ʩʫʢʫʧʥʦʩʪʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʻʜʠʥʠʡ ʘʢʪʠʚʥʠʡ ʟʘʩʽʙ ʚ ʦʧʝʨʘʮʽʷʭ ʟ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʘʨʢʫ ʈʊɿ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ʩʢʣʘʜ ʟʘʩʦʙʽʚ ʢʦʥʪʨʦʣʶ ʧʨʠʡʥʷʪʽ ʥʝʟʤʽʥʥʠʤʠ, 

ʫ ʭʦʜʽ ʦʧʝʨʘʮʽʡ ʟ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʥʝ ʤʦʜʝʨʥʽʟʫʶʪʴʩʷ, ʘ ʪʽʣʴʢʠ ʚʽʜʥʦʚʣʶʶʪʴʩʷ. ʄʘʻʪʴʩʷ ʥʘ 

ʫʚʘʟʽ, ʱʦ ʤʦʞʣʠʚʦʩʪʽ ʨʽʟʥʠʭ ʚʘʨʽʘʥʪʽʚ ʟʘʩʦʙʽʚ ʢʦʥʪʨʦʣʶ ʦʜʥʘʢʦʚʽ ʟʘ ʦʭʦʧʣʝʥʥʷʤ ʥʦʤʝʥʢʣʘʪʫʨʠ 

ʈʊɿ.  

3. ʆʙʣʽʢ ʚʧʣʠʚʫ ʷʢʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ 

ʈʊɿ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʙʨʘʥʦʾ ʩʪʨʘʪʝʛʽʾ, ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʫ 

ʧʦʚʝʜʽʥʮʽ ʦʨʛʘʥʽʚ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʩʫʪʥʷ.  

4. ɺʧʣʠʚ ʟʙʫʨʶʶʯʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʢʦʥʪʨʦʣʴ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʈʊɿ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ 

ʚʨʘʭʦʚʫʻʪʴʩʷ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʨʷʜʢʦʚʠʭ ʰʢʘʣ ʽ ʢʨʠʪʝʨʽʶ ʧʨʠʜʘʪʥʦʩʪʽ ʨʦʟʛʣʷʥʫʪʠʭ ʟʘʩʦʙʽʚ 

ʜʣʷ ʨʦʙʦʪʠ ʚ ʟʘʜʘʥʽ ʫʤʦʚʘʭ.  

ʅʘʩʪʫʧʥʠʤ ʽ ʦʩʪʘʪʦʯʥʠʤ ʝʪʘʧʦʤ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʪʝʭʥʽʯʥʦʛʦ 

ʩʪʘʥʫ ʈʊɿ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʻ ʤʦʜʝʣʶʚʘʥʥʷ ʦʧʝʨʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʦʙʨʘʥʦʛʦ ʧʦʢʘʟʥʠʢʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʠʡʥʷʪʠʭ ʦʙʤʝʞʝʥʴ ʽ ʜʦʧʫʱʝʥʴ ʥʘ ʩʪʨʘʪʝʛʽʾ ʪʘ ʫʤʦʚʠ ʟʘʜʘʯʽ. ʋ ʨʝʟʫʣʴʪʘʪʽ 

ʤʦʜʝʣʶʚʘʥʥʷ ʘʜʝʢʚʘʪʥʦ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʽʩʪʦʪʥʽ ʜʣʷ ʮʽʣʝʡ ʜʦʩʣʽʜʞʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʽ ʨʝʘʣʴʥʦʛʦ 

ʦʙ'ʻʢʪʘ. ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʤʦʜʝʣʽ ʦʪʨʠʤʫʶʪʴ ʨʝʟʫʣʴʪʘʪ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʪʦʯʥʽʩʪʶ 

ʥʝʦʙʭʽʜʥʦʾ ʜʣʷ ʮʽʣʝʡ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʠʡʥʷʪʠʭ ʦʙʤʝʞʝʥʴ ʽ ʜʦʧʫʱʝʥʴ ʧʨʠ 

ʤʦʜʝʣʶʚʘʥʥʽ.  

ɿʘʛʘʣʴʥʘ ʩʭʝʤʘ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʤʝʪʦʜʠʢʠ ʜʦʩʣʽʜʞʝʥʴ ʦʧʝʨʘʮʽʡ 

ʦʧʠʩʫʻ, ʢʨʽʤ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʜʽʡ ʧʨʠ ʦʮʽʥʮʽ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʮʠʢʣʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɿʘʛʘʣʴʥʘ ʩʭʝʤʘ 

ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʦʚʥʽʩʪʶ ʟʙʽʛʘʻʪʴʩʷ ʽʟ ʟʘʛʘʣʴʥʦʶ ʩʭʝʤʦʶ ʜʦʩʣʽʜʞʝʥʴ ʝʬʝʢʪʠʚʥʦʩʪʽ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ, ʱʦ ʚʢʣʶʯʘʻ ʝʪʘʧʠ ʦʧʠʩʫ ʤʝʪʠ, ʩʪʨʘʪʝʛʽʡ ʽ ʫʤʦʚ ʧʝʨʝʜʫʻ ʝʪʘʧ ʤʦʜʝʣʶʚʘʥʥʷ 

ʦʧʝʨʘʮʽʾ. ʗʢʱʦ ʞ ʤʦʜʝʣʶʚʘʥʥʷ ʥʝ ʜʘʻ ʥʝʦʙʭʽʜʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ (ʥʝʦʙʭʽʜʥʦʾ ʜʣʷ ʮʽʣʝʡ 

ʜʦʩʣʽʜʞʝʥʴ ʪʦʯʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʫ), ʪʦ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʝʨʝʭʽʜ ʜʦ ʝʪʘʧʫ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʽ ʯʝʨʝʟ 

ʧʨʦʮʝʜʫʨʫ ʾʾ ʫʪʦʯʥʝʥʥʷ. ʎʝ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʨʦʮʝʜʫʨ ʢʦʨʠʛʫʚʘʥʥʷ ʤʝʪʠ, ʧʦʢʨʘʱʝʥʥʷ ʩʪʨʘʪʝʛʽʡ 

ʪʘ ʫʪʦʯʥʝʥʥʷ ʫʤʦʚ, ʧʽʩʣʷ ʯʦʛʦ ʟʥʦʚʫ ʤʦʞʝ ʙʫʪʠ ʨʦʟʧʦʯʘʪʦ ʤʦʜʝʣʶʚʘʥʥʷ.  

ʑʝ ʦʜʥʽʻʶ ʩʢʣʘʜʦʚʦʶ ʤʝʪʦʜʦʣʦʛʽʾ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʻ ʟʘʛʘʣʴʥʽ ʧʨʠʥʮʠʧʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʚ ʫʤʦʚʘʭ ʜʽʾ ʥʝʚʠʟʥʘʯʝʥʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ, ʟʘʙʝʟʧʝʯʠʪʴ 

ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯʽ, ʤʦʜʝʣʶʚʘʥʥʷ ʦʧʝʨʘʮʽʾ ʪʘ ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʟ ʪʦʯʥʽʩʪʶ, ʱʦ ʟʘʜʦʚʦʣʴʥʷʻ 

ʮʽʣʽ ʜʦʩʣʽʜʞʝʥʴ. ʊʘʢʠʭ ʧʨʠʥʮʠʧʽʚ ʪʨʠ:  
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ï ʛʘʨʘʥʪʦʚʘʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ;  

ï ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʜʝʪʝʨʤʽʥʽʟʤʫ;  

ï ʧʦʩʣʽʜʦʚʥʦʛʦ ʟʥʷʪʪʷ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ.  

ʇʨʠʥʮʠʧ ʛʘʨʘʥʪʦʚʘʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʪʦʤʫ, ʱʦ ʧʦʨʽʚʥʷʥʥʷ ʪʘ ʚʠʙʽʨ 

ʧʦʪʨʽʙʥʠʭ ʨʽʰʝʥʴ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʪʽʣʴʢʠ ʥʘ ʦʩʥʦʚʽ ʛʘʨʘʥʪʦʚʘʥʠʭ ʟʥʘʯʝʥʴ ʧʦʢʘʟʥʠʢʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʩʽʻʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ, ʧʨʠ ʷʢʽʡ ʧʨʠʡʤʘʻʪʴʩʷ ʨʽʰʝʥʥʷ. ɯʥʦʜʽ 

ʧʨʠʥʮʠʧ ʛʘʨʘʥʪʦʚʘʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʥʘʟʠʚʘʶʪʴ "ʧʦʟʠʮʽʻʶ ʢʨʘʡʥʴʦʛʦ ʧʝʩʠʤʽʟʤʫ" ʽ ʟʘʩʪʦʩʦʚʫʶʪʴ 

ʧʝʨʝʚʘʞʥʦ ʫ ʪʘʢ ʟʚʘʥʠʭ ʢʦʥʬʣʽʢʪʥʠʭ ʩʠʪʫʘʮʽʷʭ, ʪʦʙʪʦ ʚ ʫʤʦʚʘʭ ʧʦʚʝʜʽʥʢʦʚʦʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ. 

ʇʦʥʷʪʪʷ ʛʘʨʘʥʪʦʚʘʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʟʘʣʝʞʠʪʴ ʥʘʩʘʤʧʝʨʝʜ ʚʽʜ ʧʨʠʡʥʷʪʦʛʦ ʧʦʢʘʟʥʠʢʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʧʝʨʝʜʙʘʯʘʻ, ʱʦ ʘʙʩʦʣʶʪʥʘ ʛʘʨʘʥʪʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʜʘʻ ʦʮʽʥʢʫ 

ʧʦʢʘʟʥʠʢʘ, ʥʠʞʯʝ ʟʘ ʷʢʫ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʥʽ ʚ ʦʜʥʽʡ ʟ ʤʦʞʣʠʚʠʭ ʨʝʘʣʽʟʘʮʽʡ ʙʫʪʠ ʥʝ ʤʦʞʝ. 

ʆʪʞʝ, ʪʘʢʘ ʛʘʨʘʥʪʽʷ ʧʦʰʠʨʶʻʪʴʩʷ ʡ ʥʘ ʢʦʞʥʫ ʨʝʘʣʽʟʘʮʽʶ ʦʢʨʝʤʦ.  

ʇʨʠʥʮʠʧ ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʜʝʪʝʨʤʽʥʽʟʤʫ ʧʦʣʷʛʘʻ ʚ ʘʢʪʠʚʥʦʤʫ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʤʫ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʷʚʠʱʘ ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʜʝʪʝʨʤʽʥʽʟʤʫ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʪʽʡʢʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ 

ʤʘʩʦʚʠʭ ʚʠʧʘʜʢʦʚʠʭ ʷʚʠʱ. ɿʘʛʘʣʴʥʽ ʬʦʨʤʠ ʪʘʢʦʾ ʩʪʽʡʢʦʩʪʽ ʟʥʘʡʰʣʠ ʩʚʦʻ ʚʠʨʘʞʝʥʥʷ ʚ ʟʘʢʦʥʽ 

ʚʝʣʠʢʠʭ ʯʠʩʝʣ ʽ ʛʨʘʥʠʯʥʠʭ ʪʝʦʨʝʤʘʭ ʪʝʦʨʽʾ ʡʤʦʚʽʨʥʦʩʪʽ.  

ʊʨʝʪʽʡ ʧʨʠʥʮʠʧ ʧʦʩʣʽʜʦʚʥʦʛʦ ʟʥʷʪʪʷ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʫʤʦʚʘʭ, ʢʦʣʠ ʥʝʤʘʻ 

ʧʦʚʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʚʠʧʘʜʢʦʚʽ ʪʘ ʜʝʪʝʨʤʽʥʦʚʘʥʽ ʤʝʭʘʥʽʟʤʠ, ʱʦ ʣʝʞʘʪʴ ʚ ʦʩʥʦʚʽ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʷʚʠʱ, ʢʦʣʠ ʨʷʜ ʷʚʠʱ ʥʝ ʚʦʣʦʜʽʻ ʚʣʘʩʪʠʚʽʩʪʶ ʩʪʘʪʠʩʪʠʯʥʦʾ ʩʪʽʡʢʦʩʪʽ. ʎʝʡ 

ʧʨʠʥʮʠʧ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʦʜʽ, ʢʦʣʠ ʥʝʤʦʞʣʠʚʦ ʟʘʙʝʟʧʝʯʠʪʠ ʛʘʨʘʥʪʽʾ (ʟʥʷʪʠ ʚʩʶ 

ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ) ʥʘ ʦʩʥʦʚʽ ʪʽʣʴʢʠ ʧʝʨʰʠʭ ʜʚʦʭ ʧʨʠʥʮʠʧʽʚ. ʇʨʠ ʦʮʽʥʮʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ 

ʢʦʥʪʨʦʣʶ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʈʊɿ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʨʝʪʴʦʛʦ ʧʨʠʥʮʠʧʫ ʥʝ 

ʜʦʮʽʣʴʥʝ, ʪʘʢ ʷʢ ʟʥʷʪʪʷ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧʝʨʰʠʭ ʜʚʦʭ. 

ɺʠʩʥʦʚʢʠ 

ʇʽʜʚʠʱʝʥʥʷ ʦʮʽʥʦʢ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʦʥʪʨʦʣʶ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʈʊɿ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ, 

ʽ ʷʢ ʥʘʩʣʽʜʦʢ, ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʫʜʝʥ ʤʦʞʣʠʚʦ ʰʣʷʭʦʤ ʫʜʦʩʢʦʥʘʣʝʥʥʷ, 

ʤʦʜʝʨʥʽʟʘʮʽʾ ʪʘ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʧʦʢʘʟʥʠʢʽʚ (ʦʮʽʥʦʢ), ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʪʝʨʤʽʥ ʧʝʨʝʙʫʚʘʥʥʷ ʚ 

ʝʢʩʧʣʫʘʪʘʮʽʾ (ʧʦʪʦʯʥʠʡ ʩʪʘʥ) ʽ ʦʩʦʙʣʠʚʦʩʪʽ ʢʦʥʪʨʦʣʶ, ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʘʩʦʙʽʚ ʢʦʥʪʨʦʣʶ. 

ʅʘʩʪʫʧʥʽ ʧʫʙʣʽʢʘʮʽʾ ʙʫʜʫʪʴ ʥʘʧʨʘʚʣʝʥʽ ʥʘ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤʠ ʧʦʢʘʟʥʠʢʽʚ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʦʥʪʨʦʣʶ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʈʊɿ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ. 

 

ʃɯʊɽʈɸʊʋʈɸ 
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ʇʈɽɼʃʆɾɽʅʀʗ ʇʆ ʉʆɺɽʈʐɽʅʉʊɺʆɺɸʅʀʖ ʄɽʊʆɼʆɺ ʆʎɽʅʂʀ 

ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʉʀʉʊɽʄʓ ʂʆʅʊʈʆʃʗ ʊɽʍʅʀʏɽʉʂʆɻʆ ʉʆʉʊʆʗʅʀʗ 

ʈɸɼʀʆʊɽʍʅʀʏɽʉʂʀʍ ʉʈɽɼʉʊɺ ʄʆʈʉʂʆɻʆ ʊʈɸʅʉʇʆʈʊɸ 

ɺ ʩʪʘʪʴʝ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʦʥʪʨʦʣʷ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʤʦʨʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʦʧʨʝʜʝʣʝʥʳ ʠʭ ʥʝʜʦʩʪʘʪʢʠ ʠ 

ʜʦʩʪʦʠʥʩʪʚʘ. ʆʙʦʩʥʦʚʘʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʤʝʪʦʜ 

ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʆʧʨʝʜʝʣʝʥʦ ʤʝʩʪʦ ʢʦʥʪʨʦʣʷ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʚ ʩʠʩʪʝʤʝ 

ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʦʨʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. ʇʨʝʜʣʦʞʝʥʳ 

ʦʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʤʝʪʦʜʘʤ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʦʥʪʨʦʣʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʤʦʨʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. ʈʘʟʨʘʙʦʪʘʥʘ ʟʘʜʘʯʘ ʦʮʝʥʢʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ ʤʦʨʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʦʮʝʥʢʠ 

ʦʙʦʙʱʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʦʥʪʨʦʣʷ. ʆʙʦʩʥʦʚʘʥʥʦ ʚʚʝʜʝʥʠʝ 

ʦʛʨʘʥʠʯʝʥʠʡ ʠ ʜʦʧʫʱʝʥʠʡ ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʢʦʥʪʨʦʣʴ, ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ, ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʝ 

ʩʠʩʪʝʤʳ, ʤʦʨʩʢʦʡ ʪʨʘʥʩʧʦʨʪ 

 

Y. Shapran  

PROPOSALS ON IMPROVING METHODS FOR ESTIMATION OF EFFICIENCY OF 

THE SYSTEM OF CONTROL OF THE TECHNICAL STATE OF RADIO ENGINEERING 

MEANS TRANSPORT SEA 

The article analyzes methods for assessing the effectiveness of monitoring the technical state of 

radio engineering systems of transport sea, identifies their shortcomings and advantages. It is 

substantiated that the most promising is the combined method of effectiveness evaluation. The place 

of control of radio engineering systems in the system of providing the required technical condition of 

transport sea is determined. The main requirements to methods for assessing the effectiveness of 

monitoring the technical state of radio engineering systems of transport sea are proposed. The task 

of an estimation of potential efficiency of application of the control system of a technical condition of 

radio engineering systems of transport sea which allows to receive quantitative estimations of the 

generalized complex indicator of efficiency of the control is developed. It is justified to introduce 

restrictions and assumptions to simplify the solution of this problem. 

Key words: efficiency, control, technical condition, radio engineering systems, transport sea 
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ɺʀɿʅɸʏɽʅʅʗ ʇɽʈʉʇɽʂʊʀɺʅʀʍ ʅɸʇʈʗʄʂɯɺ ʈʆɿɺʀʊʂʋ ʅɸɺɯɻɸʎɯʁʅʆɻʆ 

ɿɸɹɽɿʇɽʏɽʅʅʗ ʉʋɼʅʆɺʆɼɯʅʅʗ ɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ ʈɸɼɯʆʃʆʂɸʎɯʁʅʀʍ 

ʉʀʉʊɽʄ 

 

 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ ʩʫʜʥʦʚʦʜʽʥʥʷ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʩʫʜʥʦʚʽ ʩʠʩʪʝʤʠ. ɺʽʜʧʦʚʽʜʥʦ 

ʚʠʤʦʛ ʄʽʞʥʘʨʦʜʥʦʾ ʤʦʨʩʴʢʦʾ ʦʨʛʘʥʽʟʘʮʽʾ (IMO) ʨʽʟʥʦʤʘʥʽʪʥʽ ʩʫʜʥʘ ʧʦʚʠʥʥʽ ʙʫʪʠ ʦʙʣʘʜʥʘʥʽ 

ʥʘʚʽʛʘʮʽʡʥʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʘʚʪʦʤʘʪʠʯʥʫ ʧʨʦʢʣʘʜʢʫ ʤʘʨʰʨʫʪʫ ʨʫʭʫ ʩʫʜʥʘ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʟʘʩʦʙʽʚ. ʊʦʤʫ ʚʘʞʣʠʚʝ ʤʽʩʮʝ ʩʝʨʝʜ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ 

ʥʘʚʽʛʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʜʥʘ ʟʘʡʤʘʶʪʴ ʨʘʜʽʦʣʦʢʘʮʽʡʥʽ ʩʠʩʪʝʤʠ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ 

ʧʦʧʝʨʝʜʞʝʥʥʷ ʟʽʪʢʥʝʥʴ ʩʫʜʽʚ, ʥʘʚʽʛʘʮʽʡʥʫ ʙʝʟʧʝʢʫ ʩʫʜʥʦʚʦʜʽʥʥʷ, ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʝʥʥʷ 

ʛʝʦʛʨʘʬʽʯʥʠʭ ʢʦʦʨʜʠʥʘʪ ʤʽʩʮʝʧʦʣʦʞʝʥʥʷ ʩʫʜʥʘ. ʐʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʜʥʦʚʠʭ ʈʃʉ 

ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʠʪʠ ʙʝʟʧʝʢʫ ʧʣʘʚʘʥʥʷ ʩʫʜʥʘ ʟʘ ʨʘʭʫʥʦʢ ʚʠʷʚʣʝʥʥʷ ʨʽʟʥʠʭ ʦʙ'ʻʢʪʽʚ ʟʘ ʢʫʨʩʦʤ ʚ 

ʫʤʦʚʘʭ ʦʙʤʝʞʝʥʦʾ ʚʠʜʠʤʦʩʪʽ, ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʫʨʩʫ ʚ ʨʘʡʦʥʘʭ 

ʽʥʪʝʥʩʠʚʥʦʛʦ ʩʫʜʥʦʧʣʘʚʩʪʚʘ. 

ʊʦʤʫ ʚ ʩʪʘʪʪʽ ʨʦʟʛʣʷʥʫʪʽ ʦʩʦʙʣʠʚʦʩʪʽ ʥʘʚʽʛʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʜʝʥ ʚ ʩʫʯʘʩʥʠʭ 

ʫʤʦʚʘʭ, ʘ ʪʘʢʦʞ ʥʘʚʝʜʝʥʦ ʥʘʧʨʷʤʢʠ ʨʦʟʚʠʪʢʫ ʚ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ. ʂʨʽʤ ʮʴʦʛʦ, ʥʘʚʝʜʝʥʦ ʘʥʘʣʽʟ 

ʽʩʥʫʶʯʠʭ ʩʫʜʥʦʚʠʭ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʽ ʾʭ ʨʦʣʴ ʚ ʥʘʚʽʛʘʮʽʡʥʦʤʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ ʩʫʜʥʘ. 

ɺʠʟʥʘʯʝʥʦ ʧʨʦʮʝʩʠ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʷʢʽʩʪʴ ʧʨʠʡʦʤʫ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ʚ ʨʘʜʽʦʪʨʘʢʪʽ. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʷʚʣʝʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʪʘ ʥʝʜʦʣʽʢʽʚ ʥʘʚʽʛʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʟʥʘʯʝʥʦ 

ʥʘʫʢʦʚʝ ʟʘʚʜʘʥʥʷ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʚʠʟʥʘʯʝʥʽ ʰʣʷʭʠ ʾʾ ʚʠʨʽʰʝʥʥʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʥʘʚʽʛʘʮʽʡʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʩʫʜʥʦʚʦʜʽʥʥʷ, ʨʘʜʽʦʣʦʢʘʮʽʡʥʽ ʩʠʩʪʝʤʠ, 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʡ ʩʠʛʥʘʣ, ʥʘʚʽʛʘʮʽʡʥʘ ʙʝʟʧʝʢʘ. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʪʘ ʾʾ ʟʚôʷʟʦʢ ʟ ʚʘʞʣʠʚʽʰʠʤʠ 

ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ. ʉʝʨʝʜ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʥʘʚʽʛʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʜʥʘ 

ʦʩʦʙʣʠʚʝ ʤʽʩʮʝ ʟʘʡʤʘʶʪʴ ʩʠʩʪʝʤʠ ʧʨʦʢʣʘʜʘʥʥʷ ʙʝʟʧʝʯʥʦʛʦ ʢʫʨʩʫ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʚʽʜʩʪʘʥʴ ʤʽʞ 

ʩʫʜʘʤʠ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ, ʘ ʪʘʢʦʞ ʱʦʜʦ ʽʥʰʠʭ ʤʦʨʩʴʢʠʭ ʦʙ'ʻʢʪʽʚ ʥʘ ʦʩʥʦʚʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʫʜʥʦʚʠʭ ʈʃʉ. ɼʘʥʽ ʩʫʜʥʦʚʠʭ ʈʃʉ ʟʘʚʯʘʩʥʦ ʟʜʽʡʩʥʶʶʪʴ ʚʠʷʚʣʝʥʥʷ ʨʽʟʥʠʭ ʤʦʨʩʴʢʠʭ ʦʙ'ʻʢʪʽʚ ʽ 

ʚʠʟʥʘʯʘʶʪʴ ʚʽʜʩʪʘʥʴ ʜʦ ʩʫʜʥʘ ʚ ʫʤʦʚʘʭ ʦʙʤʝʞʝʥʦʾ ʚʠʜʠʤʦʩʪʽ [1ï3].  

ʂʨʽʤ ʮʴʦʛʦ, ʩʫʜʥʦʚʽ ʨʘʜʽʦʣʦʢʘʮʽʡʥʽ ʟʘʩʦʙʠ ʫ ʚʽʜʢʨʠʪʦʤʫ ʤʦʨʽ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʠʪʠ 

ʥʘʚʽʛʘʮʽʡʥʝ ʧʦʣʦʞʝʥʥʷ ʩʫʜʥʘ, ʙʝʨʝʛʦʚʫ ʣʽʥʽʶ ʚ ʧʨʠʙʝʨʝʞʥʠʭ ʚʦʜʘʭ, ʜʝ ʤʦʞʥʘ ʟʫʩʪʨʽʪʠ ʤʘʣʽ 

ʩʫʜʥʘ, ʷʭʪʠ ʪʘ ʽʥʰʽ ʤʦʨʩʴʢʽ ʦʙ'ʻʢʪʠ. ʆʨʛʘʥʽʟʘʮʽʷ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʚ ʪʦʤʫ ʯʠʩʣʽ 

ʚ ʫʤʦʚʘʭ ʭʦʨʦʰʦʾ ʚʠʜʠʤʦʩʪʽ, ʧʦʚʠʥʥʘ ʚʽʜʧʦʚʽʜʘʪʠ ʚʩʪʘʥʦʚʣʝʥʠʤ ʚʠʤʦʛʘʤ [4ï7], ʟ ʪʠʤ ʱʦʙ 

ʧʦʚʥʽʩʪʶ ʦʮʽʥʠʪʠ ʩʠʪʫʘʮʽʶ ʽ ʟʘʙʝʟʧʝʯʠʪʠ ʙʝʟʧʝʢʫ ʩʫʜʥʦʚʦʜʽʥʥʷ. ʇʨʠ ʮʴʦʤʫ, ʥʝʦʙʭʽʜʥʦ 

ʚʨʘʭʫʚʘʪʠ ʚʩʽ ʫʤʦʚʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʜʽʡʩʥʶʚʘʥʦʛʦ ʾʤ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʜʣʷ 

ʛʨʘʬʽʯʥʦʛʦ ʧʨʦʢʣʘʜʘʥʥʷ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʽ ʦʙʨʦʙʢʠ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʾ ʽʥʬʦʨʤʘʮʽʾ 

[3ï8]. 

ʆʩʦʙʣʠʚʽʩʪʶ ʩʫʜʥʦʚʠʭ ʈʃʉ, ʻ ʚʽʜʦʙʨʘʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜ ʩʠʩʪʝʤ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ 

ʧʨʦʢʣʘʜʘʥʥʷ ʘʙʦ ʟʘʩʦʙʽʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʧʨʦʢʣʘʜʘʥʥʷ (ɿɸʈʇ), ʷʢʽ 

ʟʜʽʡʩʥʶʶʪʴ ʚʠʚʝʜʝʥʥʷ ʥʘ ʽʥʜʠʢʘʪʦʨʽ ʘʙʦ ʤʘʥʝʚʨʝʥʦʤʫ ʧʣʘʥʰʝʪʽ ʥʘʚʽʛʘʮʽʡʥʠʭ ʜʘʥʠʭ ʽ 

ʥʘʚʽʛʘʮʽʡʥʦʾ ʦʙʩʪʘʥʦʚʢʠ, ʱʦ ʜʦʟʚʦʣʷʻ [7ï9]: 

- ʟʘʚʯʘʩʥʦ ʚʠʷʚʣʷʪʠ ʨʽʟʥʽ ʩʫʜʥʘ (ʤʦʨʩʴʢʽ ʦʙ'ʻʢʪʠ) ʽ ʚʠʟʥʘʯʠʪʠ ʾʭ ʢʦʦʨʜʠʥʘʪʠ; 

- ʚʠʟʥʘʯʠʪʠ ʨʽʚʝʥʴ ʥʝʙʝʟʧʝʢʠ ʟʽʪʢʥʝʥʥʷ ʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʫʭʫ ʱʦʜʦ ʢʫʨʩʫ ʩʫʜʥʘ; 

- ʩʚʦʻʯʘʩʥʘ ʦʮʽʥʢʘ ʩʠʪʫʘʮʽʾ ʽ ʚʠʨʦʙʣʝʥʥʷ ʨʽʰʝʥʥʷ ʜʣʷ ʤʘʥʝʚʨʫ ʨʦʟʭʦʜʞʝʥʥʷ ʩʫʜʝʥ, ʢʦʥʪʨʦʣʴ 
ʚʠʢʦʥʘʥʥʷ ʤʘʥʝʚʨʫ ʩʫʜʥʦʤ; 
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- ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʚʽʛʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʧʣʘʚʘʥʥʷ ʩʫʜʥʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʘʮʽʦʥʘʣʴʥʠʭ ʽ 

ʤʽʞʥʘʨʦʜʥʠʭ ʚʠʤʦʛ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ. ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʠ [1ï11] ʧʦʢʘʟʘʚ, ʱʦ ʧʦʨʷʜ ʟ 

ʧʦʟʠʪʠʚʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʩʫʜʥʦʚʽ ʈʃʉ ʤʘʶʪʴ ʨʷʜ ʥʝʜʦʣʽʢʽʚ ʧʦʚ'ʷʟʘʥʠʭ ʟ ʪʦʯʥʽʩʪʶ 

ʚʠʟʥʘʯʝʥʥʷ ʢʦʦʨʜʠʥʘʪ ʤʦʨʩʴʢʠʭ ʦʙ'ʻʢʪʽʚ, ʘ ʪʘʢʦʞ ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʥʴ ʧʦʪʦʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

ɺʩʽ ʮʽ ʥʝʜʦʣʽʢʠ ʧʦʚ'ʷʟʘʥʽ ʟ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ ʽ ʟʦʢʨʝʤʘ ʟ ʫʤʦʚʘʤʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʨʘʜʽʦʩʠʩʪʝʤʠ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝʨʝʜ ʷʢʠʭ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʦʩʥʦʚʥʽ, ʪʘʢʽ ʷʢ 

[10, 12]: ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʽ ʧʝʨʝʰʢʦʜʠ; ʭʚʠʣʶʚʘʥʥʷ ʤʦʨʷ; ʤʝʪʝʦʨʦʣʦʛʽʯʥʽ ʘʥʦʤʘʣʽʾ; ʤʘʣʘ 

ʟʦʙʨʘʞʫʚʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʜʝʷʢʠʭ ʩʫʜʝʥ (ʤʦʨʩʴʢʠʭ ʦʙ'ʻʢʪʽʚ); ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʡ ʧʝʣʝʥʛ ʪʦʯʥʦʛʦ 

ʤʽʩʮʝʧʦʣʦʞʝʥʥʷ ʩʫʜʥʘ; ʩʚʦʻʯʘʩʥʘ ʦʮʽʥʢʘ ʟʤʽʥʠ ʢʫʨʩʫ ʩʫʜʥʘ ʥʘ ʙʣʠʟʴʢʽʡ ʚʽʜʩʪʘʥʽ; ʪʽʥʴʦʚʽ ʟʦʥʠ 

ʈʃʉ. 

ɼʣʷ ʷʢʽʩʥʦʛʦ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʥʝʦʙʭʽʜʥʦ ʧʦʩʪʽʡʥʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʈʃʉ, 

ʷʢʘ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʤʦʨʩʴʢʠʡ ʦʙ'ʻʢʪ ʚʽʜʨʘʟʫ ʞ ʧʽʩʣʷ ʡʦʛʦ ʧʦʷʚʠ ʥʘ ʝʢʨʘʥʽ ʨʘʜʽʦʣʦʢʘʪʦʨʘ. 

ʊʦʤʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʜʥʦʚʠʭ ʈʃʉ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʘʡʦʥʫ ʧʣʘʚʘʥʥʷ, ʷʢʦʩʪʽ 

ʚʠʷʚʣʝʥʥʷ ʽ ʦʙʨʦʙʢʠ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ, ʜʘʣʴʥʦʩʪʽ ʚʠʷʚʣʝʥʥʷ ʤʦʨʩʴʢʠʭ ʦʙ'ʻʢʪʽʚ, 

ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʫʤʦʚ, ʧʦʰʠʨʝʥʥʷ ʨʘʜʽʦʭʚʠʣʽ ʥʘ ʪʨʦʧʦʩʬʝʨʥʽʡ ʜʽʣʷʥʮʽ, ʚʟʘʻʤʥʦʛʦ ʧʦʣʦʞʝʥʥʷ 

ʽ ʚʽʜʥʦʩʥʦʾ ʰʚʠʜʢʦʩʪʽ ʟʙʣʠʞʝʥʥʷ [11, 13, 14]. 

ʈʘʜʽʦʣʦʢʘʮʽʡʥʝ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʫ ʚʽʜʢʨʠʪʦʤʫ ʤʦʨʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʩʘʥʪʠʤʝʪʨʦʚʦʤʫ 

ʜʽʘʧʘʟʦʥʽ ʭʚʠʣʴ (ɚ = 3 ʩʤ, ɚ = 10 ʩʤ), ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ ʜʘʣʴʥʽʩʪʴ ʥʘ ʚʽʜʩʪʘʥʽ 1, 2, 4, 6, 8, 

12, 24, 32, 64 ʤʠʣʴ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʦʙʨʘʥʠʭ ʚʝʣʠʢʠʭ ʽ ʜʨʽʙʥʠʭ ʰʢʘʣ [14ï16]. ʇʨʠ ʮʴʦʤʫ 

ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʦʜʠʥ ʽ ʪʦʡ ʞʝ ʣʫʥʘ-ʩʠʛʥʘʣ ʢʨʘʱʝ ʚʠʷʚʣʷʻʪʴʩʷ ʥʘ ʰʢʘʣʘʭ ʜʨʽʙʥʦʛʦ 

ʤʘʩʰʪʘʙʫ (ʚʝʣʠʢʦʾ ʜʘʣʴʥʦʩʪʽ), ʥʽʞ ʥʘ ʰʢʘʣʘʭ ʚʝʣʠʢʦʛʦ ʤʘʩʰʪʘʙʫ (ʤʘʣʦʾ ʜʘʣʴʥʦʩʪʽ), ʙʦ ʚ 

ʜʨʽʙʥʦʤʫ ʤʘʩʰʪʘʙʽ ʣʫʥʘ-ʩʠʛʥʘʣ ʟʘʡʤʘʻ ʥʘ ʝʢʨʘʥʽ ʨʘʜʽʦʣʦʢʘʪʦʨʘ ʧʣʦʱʫ ʤʝʥʰʫ, ʘ ʷʩʢʨʘʚʽʩʪʴ 

ʡʦʛʦ ʙʽʣʴʰʝ [15ï18]. ʈʽʰʝʥʥʷ ʧʨʦ ʚʠʙʽʨ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʰʢʘʣ ʧʨʠʡʤʘʻʪʴʩʷ 

ʚʠʭʦʜʷʯʠ ʟ ʢʦʥʢʨʝʪʥʠʭ ʫʤʦʚ ʥʘʚʽʛʘʮʽʡʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʩʫʜʥʘ. ɺʠʤʦʛʠ ɯʄʆ ʱʦʜʦ 

ʚʠʟʥʘʯʝʥʥʷ ʤʦʨʩʴʢʠʭ ʦʙôʻʢʪʽʚ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣ. 1 [19, 20]. 

 

ʊʘʙʣʠʮʷ 1. 

ɺʠʤʦʛʠ ʀʄʆ ʱʦʜʦ ʚʠʟʥʘʯʝʥʥʷ ʤʦʨʩɹʢʠʭ ʦʙôʻʢʪʽʚ ʩʫʜʦʚʠʤʠ ʈʃʉ 

ʄʦʨʩʢɹʦʾ ʦʙôʻʢʪ ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʤʦʨʩʴʢʦʛʦ ʦʙôʻʢʪʫ ʥʘʜ 

ʨʽʚʥʝʤ ʤʦʨʷ 

ɼʘʣʴʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ 

(ʤʦʨʩʴʢʽ ʤʽʣʽ) 

ɚ = 10 ʩʤ ɚ = 3 ʩʤ 

ɹʝʨʝʛʦʚʘ ʣʽʥʽʷ ɺʠʩʦʪʘ ʜʦ 60 20 20 

ɹʝʨʝʛʦʚʘ ʣʽʥʽʷ ɺʠʩʦʪʘ ʜʦ 6 8 8 

ɹʝʨʝʛʦʚʘ ʣʽʥʽʷ ɺʠʩʦʪʘ ʜʦ 3 6 6 

ʉʫʜʥʦ ʚʘʣʦʚʦʾ 

ʚʤʝʩʪʽʤʦʩʪʶ >5000 

10 11 11 

ʉʫʜʥʦ ʚʘʣʦʚʦʾ 

ʚʤʝʩʪʽʤʦʩʪʶ >500 

5 8 8 

ʅʝʚʝʣʠʢʽ ʩʫʜʥʘ ʟ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʤ 

ʚʽʜʙʠʚʘʯʝʤ 

4 5 3,7 

ʅʘʚʽʛʘʮʽʡʥʠʡ ʙʫʡ ʟ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʤ 

ʚʽʜʙʠʚʘʯʝʤ 

3,5 4,9 3,6 

ʅʘʚʽʛʘʮʽʡʥʠʡ ʙʫʡ 3,5 4,6 3,0 

ʅʝʚʝʣʠʢʝ ʩʫʜʥʦ ʜʦ  

10 ʤ ʙʝʟ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ 

ʚʽʜʙʠʚʘʯʝʤ 

2 3,4 3,0 
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ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ ʩʪʘʪʪʽ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʤ 

ʚʠʟʥʘʯʝʥʥʷʤ ʩʫʜʥʘ (ʤʦʨʩʴʢʠʭ ʦʙ'ʻʢʪʽʚ), ʥʝʦʙʭʽʜʥʦ ʦʮʽʥʠʪʠ ʥʘʷʚʥʽʩʪʴ ʥʝʙʝʟʧʝʢʠ ʩʫʜʥʦʚʦʜʽʥʥʷ 

ʧʨʠ ʧʨʦʭʦʜʞʝʥʥʽ. ʇʨʠ ʮʴʦʤʫ, ʩʫʜʥʦʚʠʡ ʨʘʜʽʦʣʦʢʘʪʦʨ ʤʘʻ ʨʷʜ ʦʙʤʝʞʝʥʴ [21], ʷʢʽ ʧʦʚ'ʷʟʘʥʽ ʟ 

ʤʦʞʣʠʚʽʩʪʶ ʦʮʽʥʢʠ ʩʠʪʫʘʮʽʾ ʽ ʟ ʨʝʘʣʽʟʘʮʽʻʶ ʘʥʘʣʽʟʫ ʧʝʨʚʠʥʥʦʾ (ʥʝʦʙʨʦʙʣʝʥʦʾ) ʽ ʚʪʦʨʠʥʥʦʾ 

(ʦʙʨʦʙʣʝʥʦʾ) ʽʥʬʦʨʤʘʮʽʾ [19ï22]. 

ʊʦʤʫ ʦʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʨʦʮʝʩ ʚʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ ʪʨʦʧʦʩʬʝʨʥʦʛʦ ʰʘʨʫ ʥʘ 

ʧʨʠʡʤʘʥʥʷ ʨʘʜʽʦʩʠʛʥʘʣʫ ʚ ʩʫʜʦʚʠʭ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ, ʘ ʧʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʜʝ 

ʩʫʜʥʦʚʽ ʨʘʜʽʦʣʦʢʘʮʽʡʥʽ ʩʠʩʪʝʤʠ. 

 

ɺʠʢʣʘʜ ʤʘʪʝʨʽʘʣʽʚ ʜʦʩʣʽʜʞʝʥʥʷ.  
1. ʋʧʨʘʚʣʽʥʥʷ ʨʫʭʦʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʟʘʩʦʙʽʚ ʪʘ ʦʩʦʙʣʠʚʦʩʪʽ 

ʨʝʘʣʽʟʘʮʽʷ ʢʦʥʮʝʧʪʫ ʩʠʩʪʝʤʠ ʝ-ʅʘʚʽʛʘʮʽʷ. 

ʇʝʨʚʠʥʥʘ ʨʘʜʽʦʣʦʢʘʮʽʡʥʘ ʽʥʬʦʨʤʘʮʽʷ ʜʦʟʚʦʣʷʻ ʟʘʚʯʘʩʥʦ, ʯʘʩʪʦ ʟʥʘʯʥʦ ʨʘʥʽʰʝ ʟʦʨʦʚʦʛʦ ʽ 

ʩʣʫʭʦʚʦʛʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʥʝ ʪʽʣʴʢʠ ʚʠʷʚʠʪʠ ʽʥʰʽ ʩʫʜʥʘ (ʤʦʨʩʴʢʽ ʦʙ'ʻʢʪʠ), ʘ ʡ ʧʦʧʝʨʝʜʥʴʦ ʟ 

ʜʦʩʪʘʪʥʴʦʶ ʜʣʷ ʧʦʯʘʪʢʦʚʦʾ ʩʪʘʜʽʾ ʪʦʯʥʽʩʪʶ ʚʠʷʚʠʪʠ ʥʘʷʚʥʽʩʪʴ ʥʝʙʝʟʧʝʢʠ ʟʽʪʢʥʝʥʥʷ [20, 21]. 

ʆʪʨʠʤʘʥʘ ʚ ʨʝʟʫʣʴʪʘʪʽ ʦʙʨʦʙʢʠ ʢʽʣʴʢʽʩʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʥʘʧʨʷʤʢʠ ʣʽʥʽʡ ʚʽʜʥʦʩʥʦʛʦ ʨʫʭʫ 

(ʚʪʦʨʠʥʥʘ ʨʘʜʽʦʣʦʢʘʮʽʡʥʘ ʽʥʬʦʨʤʘʮʽʷ), ʚʠʟʥʘʯʘʻʪʴʩʷ ʱʦʜʦ ʰʚʠʜʢʦʩʪʽ, ʜʠʩʪʘʥʮʽʾ ʥʘʡʢʦʨʦʪʰʦʛʦ 

ʟʙʣʠʞʝʥʥʷ, ʯʘʩʫ ʜʦ ʤʦʤʝʥʪʫ ʥʘʡʢʦʨʦʪʰʦʛʦ ʟʙʣʠʞʝʥʥʷ, ʢʫʨʩʫ ʽ ʰʚʠʜʢʦʩʪʽ ʽʥʰʠʭ ʩʫʜʝʥ 

(ʤʦʨʩʴʢʠʭ ʦʙ'ʻʢʪʽʚ), ʜʦʟʚʦʣʷʻ ʧʦʚʥʽʩʪʶ ʦʮʽʥʠʪʠ ʩʪʫʧʽʥʴ ʥʝʙʝʟʧʝʢʠ ʩʫʜʥʦʚʦʜʽʥʥʷ [22]. ʇʨʠ 

ʮʴʦʤʫ, ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʟʽʙʨʘʥʘ ʽ ʦʙʨʦʙʣʝʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʧʘʨʘʤʝʪʨʠ ʨʫʭʫ 

ʩʧʦʩʪʝʨʝʞʫʚʘʥʠʭ ʤʦʨʩʴʢʠʭ ʦʙ'ʻʢʪʽʚ, ʚʠʷʚʣʷʻʪʴʩʷ ʜʝʱʦ ʟʘʩʪʘʨʽʣʦʶ (ʽʥʬʦʨʤʘʮʽʷ ʟʡʦʤʢʠ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʽʟ ʟʘʧʽʟʥʝʥʥʷʤ ʙʣʠʟʴʢʦ 1 ʭʚʠʣʠʥʠ) [15, 18, 20ï22]. ʂʨʽʤ ʮʴʦʛʦ, ʩʫʜʥʦʚʽ ʈʃʉ 

ʧʨʠʟʥʘʯʝʥʽ ʥʝ ʪʽʣʴʢʠ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʩʚʦʻʯʘʩʥʝ ʚʠʷʚʣʝʥʥʷ ʩʫʜʝʥ, ʘʣʝ ʽ ʚʠʟʥʘʯʘʪʠ ʭʘʨʘʢʪʝʨ ʾʭ ʜʽʡ, 

ʘ ʮʝ ʜʦʩʷʛʘʻʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʭ ʤʦʜʝʣʝʡ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʫʭʫ ʩʫʜʝʥ. 

ʅʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʩʠʩʪʝʤʠ ʩʫʜʥʦʚʦʜʽʥʥʷ ʘʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʽ 

ʪʝʭʥʦʣʦʛʽʾ, ʱʦ ʜʦʟʚʦʣʷʻ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʫʧʨʘʚʣʽʥʥʷ ʩʫʜʝʥ [8ï11]. ʇʨʠ ʮʴʦʤʫ, ʘʨʭʽʪʝʢʪʫʨʘ 

ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʝʨʫʶʯʦʾ ʩʠʩʪʝʤʠ ʩʫʜʥʘ ʻ ʩʪʨʫʢʪʫʨʦʶ ʚʟʘʻʤʦʧʦʚ'ʷʟʘʥʠʭ ʨʽʟʥʠʭ ʪʝʭʥʽʯʥʠʭ 

ʟʘʩʦʙʽʚ (ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʨʘʜʽʦʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ), ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʽ ʟʘʛʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ, ʟ'ʻʜʥʘʥʠʭ ʤʽʞ ʩʦʙʦʶ ʩʧʝʮʽʘʣʴʥʦʛʦ ʦʙʯʠʩʣʶʚʘʯʘ ʟ ʤʦʞʣʠʚʽʩʪʶ ʚʽʟʫʘʣʽʟʘʮʽʾ ʜʘʥʠʭ 

ʽ ʚʠʚʝʜʝʥʥʷʤ ʨʽʟʥʠʭ ʜʘʥʠʭ ʥʘ ʽʥʬʦʨʤʘʮʽʡʥʝ ʪʘʙʣʦ (ʜʠʩʧʣʝʡ) [12]. ɺʧʨʦʚʘʜʞʝʥʥʷ ʪʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʦʟʚʦʣʠʣʠ ʨʝʘʣʽʟʫʚʘʪʠ ʢʦʥʮʝʧʪ, ʷʢʠʡ ʦʪʨʠʤʘʚ ʥʘʟʚʫ 

ʝ-ʅʘʚʽʛʘʮʽʷ (e-Navigation - ʝʣʝʢʪʨʦʥʥʘ ʥʘʚʽʛʘʮʽʷ) [13]. ɼʘʥʠʡ ʢʦʥʮʝʧʪ ʧʝʨʝʜʙʘʯʘʻ ʰʠʨʦʢʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʜʣʷ ʦʙʤʽʥʫ ʽʥʬʦʨʤʘʮʽʻʶ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʟ 

ʙʦʨʪʽʚ ʩʫʜʝʥ ʽ ʙʝʨʝʛʦʚʠʤʠ ʩʣʫʞʙʘʤʠ, ʟʘʚʜʷʢʠ ʯʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʢʦʦʨʜʠʥʘʮʽʷ ʫʧʨʘʚʣʽʥʥʷ 

ʩʫʜʘʤʠ ʚ ʘʢʚʘʪʦʨʽʷʭ ʤʦʨʩʴʢʠʭ ʧʦʨʪʽʚ ʽ ʨʦʟʧʦʜʽʣ ʨʫʭʫ ʧʦ ʟʘʜʘʥʠʭ ʤʘʨʰʨʫʪʘʭ ʚ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʤʫ ʨʝʞʠʤʽ (ʨʠʩ.1) [14]. 

ʂʨʽʤ ʮʴʦʛʦ, ʟ ʤʦʤʝʥʪʫ ʨʝʘʣʽʟʘʮʽʾ ʽʥʪʝʛʨʦʚʘʥʠʭ ʥʘʚʽʛʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʜʦʟʚʦʣʠʣʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʘʥʽ ʟ ʨʽʟʥʠʭ ʥʘʚʽʛʘʮʽʡʥʠʭ ʧʨʠʩʪʨʦʾʚ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʝʣʝʢʪʨʦʥʥʦʾ ʥʘʚʽʛʘʮʽʾ. 

ʎʝ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʚʠʱʝʥʥʷ ʥʘʚʽʛʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʤʦʨʝʧʣʘʚʘʥʥʷ ʽ ʧʽʜʚʠʱʠʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʦʨʩʴʢʦʛʦ ʨʫʭʫ ʟʘ ʦʙʨʘʥʠʤʠ ʤʘʨʰʨʫʪʘʤʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʢʦʥʩʪʘʪʫʚʘʪʠ ʬʘʢʪ ʪʦʛʦ, ʱʦ ʽʥʪʝʛʨʦʚʘʥʽ ʥʘʚʽʛʘʮʽʡʥʽ ʩʠʩʪʝʤʠ 

ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʻʜʠʥʠʡ ʢʦʤʧʣʝʢʩ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʩʽʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʤʦʞʣʠʚʦʩʪʝʡ ʢʦʦʨʜʠʥʘʪʥʦ-ʪʠʤʯʘʩʦʚʠʭ ʩʠʩʪʝʤ. ʇʨʠ ʮʴʦʤʫ ʧʝʨʝʚʘʞʥʦ ʟʙʽʣʴʰʫʶʪʴʩʷ 

ʤʦʞʣʠʚʦʩʪʽ ʚʠʨʽʰʝʥʥʷ ʥʘʚʽʛʘʮʽʡʥʠʭ ʟʘʚʜʘʥʴ ʩʫʜʥʘ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʦʢʨʝʤʠʤʠ ʥʘʚʽʛʘʮʽʡʥʠʤʠ 

ʩʠʩʪʝʤʘʤʠ ʩʫʜʥʘ, ʷʢʽ ʧʦʣʷʛʘʶʪʴ ʚ ʪʘʢʦʤʫ [15]: 

- ʧʽʜʚʠʱʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʽʥʪʝʛʨʘʮʽʾ ʨʘʜʽʦʥʘʚʽʛʘʮʽʡʥʦʾ ʽ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʾ ʽʥʬʦʨʤʘʮʽʾ; 

- ʤʦʞʣʠʚʽʩʪʴ ʧʦʚʪʦʨʥʦʛʦ ʦʛʣʷʜʫ ʦʪʨʠʤʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟ ʨʽʟʥʠʭ ʩʫʜʥʦʚʠʭ ʨʘʜʽʦʪʝʭʥʽʯʥʠʭ 

ʩʠʩʪʝʤ ʚ ʨʘʟʽ ʚʠʭʦʜʫ ʟ ʣʘʜʫ ʦʜʥʦʛʦ ʟ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ; 

- ʚʠʢʦʥʘʥʥʷ ʚʠʤʦʛ ʟ ʫʧʨʘʚʣʽʥʥʷ ʩʫʜʥʦʤ ʧʨʠ ʤʽʥʽʤʘʣʴʥʽʡ ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ ʟ ʚʠʩʦʢʦʶ 
ʡʤʦʚʽʨʥʽʩʪʶ ʚʠʢʦʥʘʥʥʷ ʧʦʩʪʘʚʣʝʥʦʛʦ ʥʘʚʽʛʘʮʽʡʥʦʛʦ ʟʘʚʜʘʥʥʷ; 

- ʟʜʽʡʩʥʝʥʥʷ ʫʧʨʘʚʣʽʥʥʷ ʩʫʜʥʦʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʈʃʉ ʨʽʟʥʠʭ ʜʽʘʧʘʟʦʥʽʚ; 
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- ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʡ ʥʘʜʽʡʥʦʩʪʽ ʜʘʥʠʭ ʟʘ ʨʘʭʫʥʦʢ ʥʘʜʣʠʰʢʦʚʦʛʦ ʧʽʜʢʣʶʯʝʥʥʷ ʨʽʟʥʠʭ 
ʥʘʚʽʛʘʮʽʡʥʠʭ ʜʘʪʯʠʢʽʚ ʽ ʜʫʙʣʶʚʘʥʥʷ ʤʝʨʝʞʝʚʦʛʦ ʟ'ʻʜʥʘʥʥʷ; 

- ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʦʧʝʨʘʪʠʚʥʦʛʦ ʟʘʤʽʱʝʥʥʷ ʩʫʜʥʦʚʦʾ ʥʘʚʽʛʘʮʽʡʥʦʾ ʩʪʘʥʮʽʾ ʧʨʠ 
ʚʠʥʠʢʥʝʥʥʽ ʚʽʜʤʦʚʠ ʨʦʙʦʯʦʾ ʩʪʘʥʮʽʾ; 

- ʤʦʞʣʠʚʽʩʪʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʥʽʪʦʨʠʥʛʫ ʘʢʚʘʪʦʨʽʡ ʟ ʧʽʜʚʠʱʝʥʦʶ ʚʽʨʦʛʽʜʥʽʩʪʶ ʥʘʚʽʛʘʮʽʡʥʠʭ 
ʧʝʨʝʧʦʥ; 

- ʨʝʘʣʽʟʘʮʽʷ ʥʘʩʪʨʦʡʢʠ ʥʘʚʽʛʘʮʽʡʥʠʭ ʟʘʚʜʘʥʴ ʧʽʜ ʧʝʚʥʽ ʫʤʦʚʠ (ʚʽʜʢʨʠʪʝ ʤʦʨʝ, ʤʘʥʝʚʨʫʚʘʥʥʷ 
ʚ ʫʤʦʚʘʭ ʦʙʤʝʞʝʥʴ, ʧʨʦʭʦʜʞʝʥʥʷ ʚʫʟʴʢʦʩʪʽ); 

- ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ ʢʘʨʪ, ʚʽʜʦʙʨʘʞʝʥʥʷ ʥʘ ʥʠʭ ʥʝʦʙʭʽʜʥʠʭ 

ʥʘʚʽʛʘʮʽʡʥʠʭ ʜʘʥʠʭ ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʧʨʦʛʥʦʟʫ ʧʦʛʦʜʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʦʜʘʪʢʦʚʠʭ ʩʫʜʥʦʚʠʭ 

ʩʪʘʥʮʽʡ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʢʦʥʮʝʧʪ ʝ-ʅʘʚʽʛʘʮʽʷ ʜʦʟʚʦʣʠʪʴ ʟʜʽʡʩʥʠʪʠ ʢʦʤʧʣʝʢʩʥʝ 

ʫʧʨʘʚʣʽʥʥʷ ʪʝʭʥʽʯʥʠʤʠ ʟʘʩʦʙʘʤʠ ʩʫʜʥʦʚʦʜʽʥʥʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʩʫʜʥʦʚʦʜʽʥʥʷ ʚ 

ʩʢʣʘʜʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. ʆʜʥʘʢ, ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʫʚʘʪʠ ʨʦʟʛʣʷʥʫʪʽ ʚʠʱʝ 

ʥʝʜʦʣʽʢʠ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʚ ʩʫʜʥʦʚʠʭ ʈʃʉ ʽ ʚʠʟʥʘʯʠʪʠ ʰʣʷʭʠ ʾʭ ʫʩʫʥʝʥʥʷ. 

 

2. ʆʩʦʙʣʠʚʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʥʘʚʽʛʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʩʫʜʥʦʚʦʜʽʥʥʷ ʩʫʜʝʥ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ. ɽʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʜʥʦʚʠʭ ʈʃʉ ʜʣʷ ʙʝʟʧʝʢʠ ʩʫʜʥʦʚʦʜʽʥʥʷ 

ʧʽʜʜʘʻʪʴʩʷ ʨʝʘʣʽʟʘʮʽʾ ʪʽʣʴʢʠ ʧʨʠ ʚʨʘʭʫʚʘʥʥʽ ʚʩʽʭ ʤʦʞʣʠʚʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʽ ʪʝʭʥʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʾ ʘʧʘʨʘʪʫʨʠ, ʘ ʪʘʢʦʞ ʟʤʝʥʰʝʥʥʷ (ʘʙʦ ʦʙʣʽʢ) ʟʦʚʥʽʰʥʽʭ ʚʧʣʠʚʽʚ 

ʧʨʠ ʾʭ ʨʝʘʣʽʟʘʮʽʾ ʚ ʨʽʟʥʠʭ ʤʝʪʝʦʫʤʦʚʘʭ [16]. ʇʨʠ ʮʴʦʤʫ, ʚʠʷʚʣʝʥʥʷ ʣʫʥʘ-ʩʠʛʥʘʣʫ ʤʦʨʩʴʢʦʛʦ 

ʦʙ'ʻʢʪʘ ʚ ʨʽʟʥʠʭ ʦʙʩʪʘʚʠʥʘʭ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʩʪʨʦʡʢʠ ʩʫʜʥʦʚʠʭ ʈʃʉ ʽ, ʟʦʢʨʝʤʘ, 

ʚʽʜ ʷʢʽʩʥʦʛʦ ʧʨʠʡʦʤʫ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ [17]. ʎʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʨʝʘʣʽʟʫʚʘʪʠ 

ʤʘʢʩʠʤʘʣʴʥʫ ʯʫʪʣʠʚʽʩʪʴ ʧʨʠʡʤʘʯʘ ʽ ʜʦʟʚʦʣʷʻ ʚʠʷʚʣʷʪʠ ʤʦʨʩʴʢʽ ʦʙ'ʻʢʪʠ ʥʘ ʤʘʢʩʠʤʘʣʴʥʽʡ 

ʜʘʣʴʥʦʩʪʽ [18]. ʉʣʽʜ ʪʘʢʦʞ ʧʘʤ'ʷʪʘʪʠ, ʱʦ ʥʝʜʦʩʪʘʪʥʻ ʧʦʩʠʣʝʥʥʷ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ 

ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ ʚʪʨʘʪʠ ʚʠʷʚʣʝʥʥʷ ʥʝʚʝʣʠʢʠʭ ʤʦʨʩʴʢʠʭ ʦʙ'ʻʢʪʽʚ, ʱʦ ʜʘʶʪʴ ʩʣʘʙʢʽ ʚʽʜʣʫʥʥʷ-

ʩʠʛʥʘʣʠ, ʘ ʥʘʜʤʽʨʥʝ ʧʦʩʠʣʝʥʥʷ ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ ʚʪʨʘʪʠ ʢʦʥʪʨʘʩʪʫ ʟʦʙʨʘʞʝʥʥʷ ʽ ʫʪʨʫʜʥʠʪʴ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ [19]. ʇʨʠ ʮʴʦʤʫ, ʩʣʘʙʢʘ ʷʩʢʨʘʚʽʩʪʴ ʫʩʢʣʘʜʥʶʻ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʘ ʥʘʜʤʽʨʥʘ ï  

ʚʠʢʣʠʢʘʻ ʨʘʩʬʦʢʫʩʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʝʢʨʘʥʽ. ʂʨʽʤ ʮʴʦʛʦ, ʚ ʽʥʪʝʛʨʦʚʘʥʠʭ ʩʠʩʪʝʤʘʭ 

ʥʝʦʙʭʽʜʥʦ ʪʘʢʦʞ ʚʨʘʭʦʚʫʚʘʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʟʥʝʩʝʥʥʷ ʩʫʜʥʘ ʯʝʨʝʟ ʪʝʯʽʶ ʽ ʜʨʝʡʬʫ ʩʧʨʘʚʞʥʴʦʛʦ 

ʩʪʘʥʫ, ʷʢʘ ʥʝ ʚʽʜʪʚʦʨʶʻʪʴʩʷ ʥʘ ʝʢʨʘʥʽ ʽʥʜʠʢʘʪʦʨʘ ʟ ʧʝʚʥʠʤʠ ʟʤʽʥʘʤʠ ʽ ʧʦʭʠʙʢʘʤʠ ʣʘʛʫ [20]. 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʚʠʩʦʢʦʾ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʧʦ ʜʘʣʴʥʦʩʪʽ Dmin ʈʃʉ ʚʠʢʦʨʠʩʪʦʚʫʻ ʨʝʞʠʤʠ 

ʨʦʙʦʪʠ ʩʪʘʥʮʽʾ ʟ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʤʘʣʦʾ ʪʨʠʚʘʣʦʩʪʽ ʟʦʥʜʫʚʘʣʴʥʠʭ ʽʤʧʫʣʴʩʽʚ [21]. ʎʝ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʚʽʜʦʙʨʘʟʠʪʠ ʥʘ ʝʢʨʘʥʽ ʪʘʢʫ ʷʩʢʨʘʚʽʩʪʴ, ʱʦ ʚʩʪʘʥʦʚʣʶʻ ʣʽʥʽʾ, ʷʢʽ ʤʘʶʪʴ ʟʣʝʛʢʘ 

ʧʦʤʽʪʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ. ʇʽʩʣʷ ʮʴʦʛʦ ʤʦʞʥʘ çʧʨʘʮʶʚʘʪʠè ʽʟ ʟʦʙʨʘʞʝʥʥʷʤ ʱʦʜʦ ʜʘʣʴʥʦʩʪʽ 

ʤʦʨʩʴʢʠʭ ʦʙ'ʻʢʪʽʚ, ʘ ʪʘʢʦʞ ʾʭ ʬʦʢʫʩʫʚʘʥʥʷ [22]. ʆʜʥʘʢ ʥʘʚʽʪʴ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʥʘʜʢʦʨʦʪʢʠʭ 

ʟʦʥʜʫʶʯʠʭ ʽʤʧʫʣʴʩʽʚ, ʮʝ ʥʝ ʚʠʨʽʰʫʻ ʤʦʞʣʠʚʦʩʪʽ ʟʚʝʜʝʥʥʷ ʜʦ ʥʫʣʷ ʤʽʥʽʤʘʣʴʥʦʾ ʜʘʣʴʥʦʩʪʽ 

ʚʠʷʚʣʝʥʥʷ ʯʝʨʝʟ ʥʘʷʚʥʽʩʪʴ çʤʝʨʪʚʦʾ ʟʦʥʠè, ʷʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʩʦʪʠ ʚʩʪʘʥʦʚʣʝʥʥʷ ʘʥʪʝʥʠ ʽ 

ʜʦʚʞʠʥʠ ʚʦʣʥʦʚʦʜʥʦʛʦ ʪʨʘʢʪʫ [22, 23]. 

ʆʩʦʙʣʠʚʽʩʪʶ ʩʫʜʥʦʚʠʭ ʈʃʉ, ʻ ʪʝ, ʱʦ ʨʘʜʽʦʩʠʩʪʝʤʘ ʧʨʘʮʶʻ ʚ ʦʙʤʝʞʝʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʭʚʠʣʴ 

ʽ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʪʠʤ, ʱʦ ʚ ʧʨʠʡʥʷʪʦʤʫ ʩʠʛʥʘʣʽ, ʱʦ ʥʝʩʝ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʧʦʩʪʝʨʝʞʫʚʘʥʠʡ 

ʦʙ'ʻʢʪ, ʦʩʪʘʥʥʽʡ ʚʽʜʙʠʚʘʻʪʴʩʷ ʥʝ ʧʦʚʥʽʩʪʶ. ʊʦʤʫ ʟʘʩʪʦʩʦʚʫʶʪʴ ʪʨʠ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʽ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʽ ʤʦʜʝʣʽ (ʈʃʄ), ʱʦ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʧʦʩʪʝʨʝʞʫʚʘʥʠʡ ʤʦʨʩʴʢʠʡ ʦʙ'ʻʢʪ [5, 20, 21]. 

ɸʥʘʣʽʟ ʨʦʙʽʪ [1ï10, 16ï19] ʧʦʢʘʟʘʚ, ʱʦ ʥʘʡʙʽʣʴʰ ʧʨʦʩʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʙ'ʻʢʪʫ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʡʦʛʦ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʨʩʴʢʽ ʦʙ'ʻʢʪʠ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʧʨʦʪʷʞʥʽ, 

ʪʦʯʢʦʚʽ ʽ ʟʦʩʝʨʝʜʞʝʥʽ. ʈʦʟʛʣʷʥʝʤʦ ʾʭ ʧʨʠʥʮʠʧʠ ʚʠʟʥʘʯʝʥʥʷ ʙʽʣʴʰ ʢʦʥʢʨʝʪʥʦ. 

ʊʘʢ ʷʢ ʟʘʚʜʘʥʥʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʤʦʨʩʴʢʠʭ ʦʙ'ʻʢʪʽʚ ʟʚʦʜʠʪʴʩʷ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʢʽʥʮʝʚʦʾ 

ʩʫʢʫʧʥʦʩʪʽ ʪʦʯʦʢ, ʪʦ ʥʝʦʙʭʽʜʥʦ ʨʦʟʛʣʷʥʫʪʠ ʥʘ ʩʢʽʣʴʢʠ ʢʦʞʥʘ ʟ ʪʦʯʦʢ ʦʙ'ʻʜʥʫʻʪʴʩʷ ʚ ʦʙ'ʻʢʪʠ, 

ʙʣʠʟʴʢʽ ʧʦ ʧʝʨʝʜʙʘʯʫʚʘʥʠʭ ʾʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. ʇʨʠ ʚʠʨʽʰʝʥʥʽ ʪʘʢʦʛʦ ʟʘʚʜʘʥʥʷ, ʧʝʨʰ ʟʘ ʚʩʝ, 

ʥʝʦʙʭʽʜʥʦ ʚʩʪʘʥʦʚʠʪʠ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙ'ʻʢʪʽʚ ʚ ʩʪʚʦʨʶʚʘʥʽʡ ʢʣʘʩʠʬʽʢʘʮʽʾ ʚʚʘʞʘʶʪʴʩʷ 

ʥʘʡʚʘʞʣʠʚʽʰʠʤʠ, ʘ ʪʘʢʦʞ ʩʬʦʨʤʫʣʶʚʘʪʠ ʢʨʠʪʝʨʽʾ ʟʘ ʷʢʠʤ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʦʙ'ʻʢʪ [21ï23]. 



 

 
  

 

33 

ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʨʦʙʦʪʘʭ [3ï8, 10ï17], ʧʦʢʘʟʘʣʠ, ʱʦ ʤʦʨʩʴʢʽ ʦʙ'ʻʢʪʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʘʨʘʤʝʪʨʦʤ ʚʽʜʙʠʪʠʭ ʚʽʜ ʥʠʭ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʤ ʩʠʛʥʘʣʦʤ ʝʬʝʢʪʠʚʥʦʾ ʧʣʦʱʽ 

ʨʦʟʩʽʶʚʘʥʥʷ (ɽʇʈ). ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ɽʇʈ ʚʠʟʥʘʯʘʻ ʨʷʜ ʛʝʦʤʝʪʨʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʷʢʽ 

ʦʧʠʩʫʶʪʴ ʨʦʟʤʽʨʠ ʽ ʢʦʥʬʽʛʫʨʘʮʽʶ ʮʠʭ ʦʙ'ʻʢʪʽʚ. ʊʦʙʪʦ ɽʇʈ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʦʧʠʩʫ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʤʦʜʝʣʝʡ ʤʦʨʩʴʢʠʭ ʦʙ'ʻʢʪʽʚ. ʊʦʤʫ ɽʇʈ ʻ ʧʦʭʽʜʥʦʶ ʚʽʜ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ɺʽʜʧʦʚʽʜʥʫ ʢʣʘʩʠʬʽʢʘʮʽʶ ʈʃʄ ʜʦʮʽʣʴʥʦ ʧʨʦʚʦʜʠʪʠ ʥʘ ʙʘʟʽ 

ʧʦʩʣʽʜʦʚʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʨʠʪʝʨʽʾʚ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʧʝʚʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʾʭ ʨʦʟʤʽʨʘʤʠ, 

ʧʘʨʘʤʝʪʨʘʤʠ ʢʦʥʬʽʛʫʨʘʮʽʾ, ʘ ʪʘʢʦʞ ʤʽʞ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ɽʇʈ [18]. 

ʅʝʟʘʣʝʞʥʦ ʚʽʜ ʢʣʘʩʠʬʽʢʘʮʽʾ ʈʃʄ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʨʠʥʮʠʧ ʦʙʨʦʙʣʶʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʣʫʥʘ-ʩʠʛʥʘʣʽʚ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʷʢ ʦʧʠʩʘʥʽ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʈʃʄ, 

ʘʣʝ ʽ ʪʝʭʥʽʯʥʠʤʠ ʜʘʥʠʤʠ ʩʘʤʦʾ ʈʃʉ, ʱʦ ʨʝʛʣʘʤʝʥʪʫʶʪʴ ʾʾ ʤʦʞʣʠʚʦʩʪʽ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ [19]. ʅʘ ʧʨʘʢʪʠʮʽ ʢʣʘʩʠʬʽʢʘʮʽʷ ʈʃʄ ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ɽʇʈ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʦʙʨʘʥʦʛʦ ʢʨʠʪʝʨʽʶ ʦʮʽʥʶʚʘʥʥʷ [20], ʷʢʠʤʠ ʤʦʞʫʪʴ 

ʙʫʪʠ: 

- ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ɽʇʈ ʪʦʯʢʦʚʠʭ ʝʣʝʤʝʥʪʽʚ; 

- ʚʟʘʻʤʦʟʚ'ʷʟʦʢ ɽʇʈ ʩʫʩʽʜʥʽʭ ʪʦʯʢʦʚʠʭ ʝʣʝʤʝʥʪʽʚ (ʧʨʦʩʪʦʨʦʚʘ ʢʦʨʝʣʷʮʽʷ); 

- ʦʩʦʙʣʠʚʦʩʪʽ ʟʤʽʥʠ ɽʇʈ ʪʦʯʢʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʚ ʯʘʩʽ (ʪʠʤʯʘʩʦʚʘ ʢʦʨʝʣʷʮʽʷ). 

ʈʦʟʛʣʷʥʝʤʦ ʙʽʣʴʰ ʜʦʢʣʘʜʥʦ ʢʨʠʪʝʨʽʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʈʃʄ ʟʘ ʾʭ ʨʦʟʤʽʨʘʤʠ ʫ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʩʫʜʥʦʚʠʭ ʥʘʚʽʛʘʮʽʡʥʠʭ ʈʃʉ ʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʷʢʦʩʪʽ ʜʘʪʯʠʢʽʚ 

ʽʥʬʦʨʤʘʮʽʾ ʚ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦ-ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ ʧʦʧʝʨʝʜʞʝʥʥʷ ʟʽʪʢʥʝʥʴ. ʊʘʢʽ ʈʃʉ 

ʻ ʽʤʧʫʣʴʩʥʠʤʠ ʥʝʢʦʛʝʨʝʥʪʥʠʤʠ ʩʪʘʥʮʽʷʤʠ, ʱʦ ʚʠʨʦʙʣʷʶʪʴ ʧʦʩʣʽʜʦʚʥʠʡ ʢʨʫʛʦʚʠʡ ʦʛʣʷʜ 

ʧʨʦʩʪʦʨʫ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ ʩʫʤʽʱʝʥʦʾ ʟ ʚʫʟʴʢʦʥʘʧʨʘʚʣʝʥʦʶ ʧʨʠʡʤʘʣʴʥʦ-

ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʘʥʪʝʥʦʶ, ʷʢʘ ʦʙʝʨʪʘʻʪʴʩʷ [21]. ʋ ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ ʜʽʘʛʨʘʤʘ 

ʩʧʨʷʤʦʚʘʥʦʩʪʽ ʘʥʪʝʥʠ (ɼʉɸ) ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʽʷʣʦʧʦʜʽʙʥʦʶ ʬʦʨʤʦʶ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʚʧʣʠʚʦʤ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʟʦʥʜʫʶʯʦʛʦ ʽ ʚʽʜʙʠʪʦʛʦ ʧʦʣʽʚ ʧʽʜʩʪʠʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʤʦʨʷ. ʇʨʠ 

ʮʴʦʤʫ, ʜʽʘʛʨʘʤʘ ʚʠʜʠʤʦʩʪʽ ʩʫʜʥʦʚʠʭ ʈʃʉ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʟʘʛʘʩʘʥʥʷ ʝʥʝʨʛʽʾ ʟʦʥʜʫʶʯʦʛʦ ʽ 

ʚʽʜʙʠʪʦʛʦ ʧʦʣʽʚ ʚ ʪʨʦʧʦʩʬʝʨʽ, ʘ ʪʘʢʦʞ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ ʧʽʜʩʪʠʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʤʦʨʷ 

ʦʧʠʩʫʻʪʴʩʷ ʚʠʨʘʟʦʤ [17, 22] 
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ʜʝ ʧʝʨP  ï ʽʤʧʫʣʴʩʥʘ ʧʦʪʫʞʥʽʩʪʴ ʈʃʉ;  

       0s  ï ɽʇʈ ʤʦʨʩʴʢʦʛʦ ʦʙôʻʢʪʫ ʩʧʦʩʪʝʨʝʞʝʥʥʷ; 

       ɸh  ï ʂʇɼ ʘʥʪʝʥʥʦ-ʭʚʠʣʴʦʚʦʛʦ ʪʨʘʢʪʫ;  

       0A h,h  ï ʚʽʜʧʦʚʽʜʥʦ ʚʠʩʦʪʘ ʘʥʪʝʥʠ ʪʘ ʦʙ'ʻʢʪʫ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʥʘʜ ʧʦʚʝʨʭʥʝʶ ʤʦʨʷ; 

         ʧʨʈ  ï ʧʦʨʦʛʦʚʝ ʟʥʘʯʝʥʥʷ ʚʠʷʚʣʝʥʥʷ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ʥʘ ʚʭʦʜʽ ʧʨʠʡʤʘʯʘ ʈʃʉ; 

        l ï ʨʦʙʦʯʘ ʜʦʚʞʠʥʘ ʭʚʠʣʽ ʈʃʉ; 

( )00
4

1
,G yj  ï ʢʦʝʬʽʮʽʻʥʪ ʧʦʩʠʣʝʥʥʷ ʘʥʪʝʥʠ (ʧʦʪʫʞʥʦʩʪʽ) ʟʘ ʥʘʧʨʷʤʢʦʤ; 

     00,yj  ï ʘʟʠʤʫʪ ʽ ʢʫʪ ʤʽʩʮʷ ʦʙ'ʻʢʪʫ ʚ ʧʦʣʷʨʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ, ʧʦʚ'ʷʟʘʥʦʾ ʟ ʪʦʯʢʦʶ 

ʧʦʣʦʞʝʥʥʷ ʘʥʪʝʥʠ ʈʃʉ. 

 

ɼʘʣʽ ʨʦʟʛʣʷʥʝʤʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʦʥʠ ʚʠʜʠʤʦʩʪʽ ʈʃʉ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʾʾ ʧʦʪʝʥʮʽʡʥʫ 

ʨʦʟʜʽʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʟʘ ʢʦʦʨʜʠʥʘʪʘʤʠ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʪʽʣʴʢʠ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʟʦʥʜʫʶʯʦʛʦ ʧʦʣʷ, 

ʬʦʨʤʦʚʘʥʦʛʦ ʧʝʨʝʜʘʚʘʣʴʥʠʤ ʧʨʠʩʪʨʦʻʤ ʽ ʘʥʪʝʥʦʶ ʩʠʩʪʝʤʦʶ ʈʃʉ. ɺʧʣʠʚ ʧʨʠʩʪʨʦʾʚ ʦʙʨʦʙʢʠ ʽ 

ʚʽʜʦʙʨʘʞʝʥʥʷ ʣʫʥʘ-ʩʠʛʥʘʣʽʚ ʚ ʈʃʉ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʾʾ ʟʦʥʠ ʨʦʟʜʽʣʴʥʦʩʪʽ ʟʨʫʯʥʦ ʨʦʟʛʣʷʜʘʪʠ 

ʦʢʨʝʤʦ. ɺʠʤʽʨʶʚʘʥʥʷ ʢʦʦʨʜʠʥʘʪ ʩʧʦʩʪʝʨʝʞʫʚʘʥʦʛʦ ʦʙ'ʻʢʪʫ (ʚʽʜʩʪʘʥʽ D0 ʽ ʘʟʠʤʫʪʫ ű0) ʚ 

ʩʫʜʥʦʚʠʭ ʥʘʚʽʛʘʮʽʡʥʠʭ ʈʃʉ ʧʨʦʚʦʜʠʪʴʩʷ ʟʘ ʚʝʣʠʯʠʥʦʶ ʪʠʤʯʘʩʦʚʦʾ ʟʘʪʨʠʤʢʠ ʧʨʠʡʥʷʪʦʛʦ ʣʫʥʘ-
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ʩʠʛʥʘʣʫ ʱʦʜʦ ʤʦʤʝʥʪʽʚ ʧʦʯʘʪʢʫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʦʥʜʫʶʯʦʛʦ ʽʤʧʫʣʴʩʫ ʽ ʧʨʦʭʦʜʞʝʥʥʷ ʘʥʪʝʥ 

ʥʫʣʴʦʚʦʛʦ ʚʽʜʣʽʢʫ ʥʘʧʨʷʤʢʽʚ. ʊʦʤʫ ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʟʦʥʘ ʨʦʟʜʽʣʴʥʦʩʪʽ ʈʃʉ, ʷʢʫ ʤʦʞʥʘ 

ʪʨʘʢʪʫʚʘʪʠ ʷʢ ʜʝʷʢʫ ʦʙʣʘʩʪʴ ʥʘʚʢʦʣʦ ʾʾ ʘʥʪʝʥʠ-ʧʨʦʩʪʦʨʫ, ʧʨʠ ʨʦʟʪʘʰʫʚʘʥʥʽ ʚ ʤʝʞʘʭ ʷʢʦʾ 

ʪʦʯʢʦʚʠʡ ʦʙ'ʻʢʪ ʪʘ ʟʥʘʯʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʚʽʜʙʠʪʦʛʦ ʚʽʜ ʥʴʦʛʦ ʩʠʛʥʘʣʫ ʥʘ ʚʭʦʜʽ ʧʨʠʡʤʘʯʘ ʈʃʉ, 

ʱʦ ʚʽʜʨʘʭʦʚʫʻʪʴʩʷ ʚ ʟʘʜʘʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ, ʙʫʜʝ ʥʝ ʥʠʞʯʝ ʪʝʭʥʽʯʥʦ ʟʘʷʚʣʝʥʠʤ ʧʦʢʘʟʥʠʢʘʤ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʮʽʻʾ ʦʙʣʘʩʪʽ ʧʨʦʩʪʦʨʫ ʚʚʝʜʝʤʦ ʧʦʥʷʪʪʷ ʟʦʥʠ ʚʠʜʠʤʦʩʪʽ 

ʘʥʪʝʥʠ ʈʃʉ, ʧʽʜ ʷʢʦʶ ʙʫʜʝʤʦ ʨʦʟʫʤʽʪʠ ʟʦʥʫ ʚʠʜʠʤʦʩʪʽ ʈʃʉ ʧʨʠ ʦʜʥʦʨʘʟʦʚʦʤʫ ʟʦʥʜʫʚʘʥʥʽ 

ʧʨʦʩʪʦʨʫ. ʄʝʞʽ ʟʦʥʠ ʚʠʜʠʤʦʩʪʽ ʘʥʪʝʥʠ ʈʃʉ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʜʽʘʛʨʘʤʦʶ ʚʠʜʠʤʦʩʪʽ ʘʥʪʝʥʠ 

(ɼɺɸ), ʜʣʷ ʷʢʦʾ ʪʘʢʦʞ ʙʫʜʝ ʩʧʨʘʚʝʜʣʠʚʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (1.1), ʘʣʝ ʟʘʤʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ ű0 ʽ ɣ0 ʚ 

ʥʴʦʛʦ ʩʣʽʜ ʧʽʜʩʪʘʚʠʪʠ űD ̔  ɣD ï ʪʦʙʪʦ ʘʟʠʤʫʪ ʽ ʢʫʪ ʤʽʩʮʷ, ʚʽʜʣʽʯʫʚʘʥʽ ʚʽʜ ʮʝʥʪʨʘʣʴʥʦʾ ʣʽʥʽʾ ɼʅɸ 

ʚ ʧʦʣʷʨʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ. ʗʢʱʦ ʥʘʧʨʷʤʦʢ ʮʝʥʪʨʘʣʴʥʦʾ ʣʽʥʽʾ ɼʅɸ ʟʘʜʘʪʠ ʚʝʣʠʯʠʥʘʤʠ űʮ ʽ 

ɣʮ ʪʦ ʧʘʨʘʤʝʪʨʠ ű0, ɣ0 ʽ űD, ɣD ʤʦʞʥʘ ʧʦʚ'ʷʟʘʪʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ [17, 22] 

 

űD=  ű0ï űʮ;  ɣD=  ɣ0ï ɣʮ .                                                     (2) 

 

ɿʚʽʜʩʠ ʟʦʥʫ ʜʦʟʚʦʣʫ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʯʘʩʪʠʥʫ ʟʦʥʠ ʚʠʜʠʤʦʩʪʽ ʘʥʪʝʥʠ ʈʃʉ, ʚʠʟʥʘʯʝʥʫ 

ʤʽʞ ʜʚʦʤʘ ʚʽʜʧʦʚʽʜʥʠʤʠ ʦʜʥʦʯʘʩʥʦ ʧʦʣʦʞʝʥʥʶ ʚ ʧʨʦʩʪʦʨʽ ʧʝʨʝʜʥʴʦʛʦ ʽ ʟʘʜʥʴʦʛʦ ʬʨʦʥʪʽʚ, 

ʟʦʥʜʫʶʯʦʛʦ ʽʤʧʫʣʴʩʫ. ʋ ʧʝʚʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʢʦʞʥʘ ʟ ʮʠʭ ʧʦʚʝʨʭʦʥʴ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʪʦʯʢʠ 

ʧʨʦʩʪʦʨʫ, ʚ ʷʢʠʭ ʤʠʪʪʻʚʝ ʟʥʘʯʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʬʨʦʥʪʫ ʟʦʥʜʫʶʯʦʛʦ ʽʤʧʫʣʴʩʫ ʤʘʻ ʚʝʣʠʯʠʥʫ, 

ʜʦʩʪʘʪʥʶ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʚʽʜ ʟʘʜʘʥʦʛʦ ʪʦʯʢʦʚʦʛʦ ʦʙ'ʻʢʪʘ ʥʘ ʚʭʽʜ ʧʨʠʡʤʘʯʘ ʈʃʉ, ʚʠʡʰʦʚ ʣʫʥʘ-

ʩʠʛʥʘʣ, ʨʽʚʥʠʡ ʧʦʨʦʛʫ ʡʦʛʦ ʚʠʷʚʣʝʥʥʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʟʦʥʘ ʜʦʟʚʦʣʫ ʈʃʉ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʷ ʧʝʚʥʦʶ 

ʛʝʦʤʝʪʨʠʯʥʦʶ ʬʽʛʫʨʦʶ, ʷʢʘ ʥʘʟʠʚʘʻʪʴʩʷ ʦʙ'ʻʢʪʦʤ ʈʃʉ, ʨʦʟʤʽʨʠ ʷʢʦʛʦ ʚ ʦʙʨʘʥʽʡ ʩʠʩʪʝʤʽ 

ʢʦʦʨʜʠʥʘʪ, ʤʦʞʥʘ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʧʨʦʪʷʞʥʽʩʪʶ ʧʦ ʜʘʣʴʥʦʩʪʽ ȹDp ̔  ʢʫʪʦʚʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ȹűʨ 

ʽ ȹɣp ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʽ ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʘʭ. ʇʦʟʥʘʯʠʚʰʠ ʚʽʜʧʦʚʽʜʥʽ ʨʦʟʤʽʨʠ ʈʃʄ 

ʚʝʣʠʯʠʥʘʤʠ ȹD0, ȹű0 ʽ ȹɣ0 ʢʨʠʪʝʨʽʡ ʧʨʠʥʘʣʝʞʥʦʩʪʽ ʦʩʪʘʥʥʴʦʾ ʜʦ ʢʣʘʩʫ ʪʦʯʢʦʚʠʭ ʘʥʘʣʽʪʠʯʥʦ 

ʤʦʞʥʘ ʫʷʚʠʪʠ ʚʠʨʘʟʘʤʠ [20] 

 

ȹD0<<ȹDp;   ȹű0 << ȹűʨ ; ȹɣ0 << ȹɣp .                                     (3) 

 

ʗʢʱʦ ʜʣʷ ʜʘʥʦʾ ʈʃʄ ʭʦʯʘ ʙ ʦʜʥʘ ʟ ʫʤʦʚ (3) ʥʝ ʚʠʢʦʥʫʻʪʴʩʷ, ʪʦ ʾʾ ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʜʦ ʢʣʘʩʫ 

ʨʦʟʧʦʜʽʣʝʥʠʭ. ʗʢʱʦ ʭʦʯʘ ʙ ʚ ʦʜʥʦʤʫ ʟ ʫʤʦʚ (3) ʟʘʤʽʩʪʴ ʟʥʘʢʫ ç<<è ʩʪʦʾʪʴ ʟʥʘʢ çåè 

(ʧʦʨʽʚʥʷʥʥʦ), ʪʦ ʈʃʉ ʙʫʜʝ ʚʽʜʥʦʩʠʪʠʩʷ ʜʦ ʢʣʘʩʫ ʟʦʩʝʨʝʜʞʝʥʠʭ, ʘ ʧʨʠ ʟʥʘʢʫ ç>>è - ʜʦ ʢʣʘʩʫ 

ʧʨʦʪʷʞʥʠʭ. 

ʋ ʨʘʟʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʧʦʚʝʨʭʥʝʚʠʭ ʈʃʄ ʟʘ ʾʭ ʨʦʟʤʽʨʘʤʠ, ʚ ʷʢʦʩʪʽ ʟʦʥʠ ʜʦʟʚʦʣʫ ʤʦʞʥʘ 

ʨʦʟʛʣʷʜʘʪʠ ʧʣʦʱʫ, ʫʪʚʦʨʝʥʫ ʧʨʠ ʧʝʨʝʪʠʥʽ ʟʦʥʜʫʶʯʠʭ ʣʽʥʽʡ ʈʃʉ ʟ ʧʦʚʝʨʭʥʝʶ, ʚ ʷʢʽʡ ʣʝʞʘʪʴ 

ʪʦʯʢʦʚʽ ʝʣʝʤʝʥʪʠ ʜʘʥʦʾ ʈʃʄ. ɸʥʘʣʦʛʽʯʥʦ ʜʣʷ ʣʽʥʽʡʥʠʭ ʈʃʄ ʚ ʷʢʦʩʪʽ ʟʦʥʠ ʜʦʟʚʦʣʫ ʈʃʉ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʤʫʛʠ. 

 

3. ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʪʘ ʥʘʧʨʷʤʢʠ ʨʦʟʚʠʪʢʫ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʩʫʜʥʦʚʦʜʽʥʥʷ.  
ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʫʧʨʘʚʣʽʥʥʷ ʩʫʜʥʦʤ ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ 

ʙʝʟʧʝʨʝʨʚʥʫ ʽ ʜʦʩʪʦʚʽʨʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʤʦʨʩʴʢʽ ʦʙ'ʻʢʪʠ ʚ ʘʢʚʘʪʦʨʽʾ [17]. ɼʘʥʫ ʽʥʬʦʨʤʘʮʽʶ 

ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʘʩʦʙʽʚ, ʱʦ ʚʭʦʜʷʪʴ ʚ ʧʽʜʩʠʩʪʝʤʫ ʟʙʦʨʫ ʽ ʦʙʨʦʙʢʠ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʾ ʽʥʬʦʨʤʘʮʽʾ (ʈʃɯ). 

ʇʨʦʮʝʩ ʦʪʨʠʤʘʥʥʷ ʚʽʜʦʤʦʩʪʝʡ ʧʨʦ ʤʦʨʩʴʢʽ ʦʙ'ʻʢʪʠ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʟʦʥʽ ʚʠʜʠʤʦʩʪʽ ʈʃʉ, 

ʥʘʟʠʚʘʻʪʴʩʷ ʦʙʨʦʙʢʦʶ ʈʃɯ. ʊʘʢʘ ʦʙʨʦʙʢʘ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʜʘʥʽ ʧʨʦ ʢʦʦʨʜʠʥʘʪʠ ʮʽʣʽ, 

ʧʘʨʘʤʝʪʨʠ ʾʾ ʪʨʘʻʢʪʦʨʽʾ, ʯʘʩ ʣʦʢʘʮʽʾ ʪʦʱʦ. ɺ ʧʨʦʮʝʩʽ ʧʨʠʡʦʤʫ ʈʃʉ ʷʢ ʧʨʘʚʠʣʦ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʚʧʣʠʚ ʥʘ ʩʠʛʥʘʣ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʡʦʛʦ ʜʦ ʩʧʦʪʚʦʨʝʥʥʷ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʚ ʧʨʦʮʝʩʽ ʦʙʨʦʙʢʠ 

ʚʠʥʠʢʘʶʪʴ ʟʘʚʜʘʥʥʷ ʚʠʜʽʣʝʥʥʷ ʢʦʨʠʩʥʠʭ ʩʠʛʥʘʣʽʚ ʽ ʦʪʨʠʤʘʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʚʽʜʦʤʦʩʪʝʡ ʚ 

ʫʤʦʚʘʭ ʟʦʚʥʽʰʥʽʭ ʚʧʣʠʚʽʚ. 

ʅʘ ʝʪʘʧʽ ʧʝʨʚʠʥʥʦʾ ʦʙʨʦʙʢʠ ʈʃɯ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʷʚʣʝʥʥʷ ʢʦʨʠʩʥʦʛʦ ʩʠʛʥʘʣʫ ʚ ʰʫʤʘʭ. ʎʝʡ 

ʧʨʦʮʝʩ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʝʢʽʣʴʢʦʭ ʝʪʘʧʽʚ [18]: ʚʠʷʚʣʝʥʥʷ ʦʜʠʥʦʯʥʦʛʦ ʩʠʛʥʘʣʫ; ʚʠʷʚʣʝʥʥʷ ʧʘʢʝʪʘ 
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ʩʠʛʥʘʣʽʚ; ʬʦʨʤʫʚʘʥʥʷ ʧʦʚʥʦʛʦ ʧʘʢʝʪʫ ʩʠʛʥʘʣʽʚ; ʚʠʟʥʘʯʝʥʥʷ ʜʘʣʴʥʦʩʪʽ ʜʦ ʤʦʨʩʴʢʦʛʦ ʦʙ'ʻʢʪʫ ʪʘ 

ʡʦʛʦ ʘʟʠʤʫʪ. 

ɺʩʽ ʮʽ ʝʪʘʧʠ ʨʝʘʣʽʟʫʶʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʧʪʠʤʘʣʴʥʠʭ ʘʣʛʦʨʠʪʤʽʚ, ʟʘʩʥʦʚʘʥʠʭ ʥʘ 

ʢʨʠʪʝʨʽʷʭ ʤʽʥʽʤʫʤʫ ʧʦʤʠʣʦʢ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʽ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʦʧʝʨʘʮʽʾ, ʱʦ ʟʜʽʡʩʥʶʶʪʴʩʷ ʧʨʠ ʧʝʨʚʠʥʥʽʡ ʦʙʨʦʙʮʽ, ʤʦʞʝ ʚʠʨʦʙʣʷʪʠ ʈʃʉ ʩʘʤʦʩʪʽʡʥʦ. 

ʆʜʥʘʢ ʢʨʽʤ ʪʨʦʧʦʩʬʝʨʥʦʾ ʟʤʽʥʠ ʥʘ ʈʃʉ ʚʧʣʠʚʘʻ ʧʽʜʩʪʠʣʘʶʯʘ ʚʦʜʥʘ ʧʦʚʝʨʭʥʷ, ʷʢʘ ʽʩʪʦʪʥʦ 

ʟʤʽʥʶʻ ʝʥʝʨʛʝʪʠʢʫ ʨʘʜʽʦʣʦʢʘʮʽʾ: ʧʦ-ʧʝʨʰʝ, ʨʘʜʽʦʭʚʠʣʽ ʤʽʞ ʈʃʉ ʽ ʦʙ'ʻʢʪʦʤ ʤʦʞʫʪʴ 

ʧʦʰʠʨʶʚʘʪʠʩʷ ʷʢ ʧʨʷʤʦʣʽʥʽʡʥʦ, ʪʘʢ ʽ ʚʽʜʙʠʚʘʶʯʠʩʴ ʚʽʜ ʚʦʜʥʦʾ ʧʦʚʝʨʭʥʽ; ʧʦ-ʜʨʫʛʝ, ʩʭʚʠʣʴʦʚʘʥʘ 

ʧʦʚʝʨʭʥʷ ʤʦʞʝ ʝʢʨʘʥʫʚʘʪʠ ʦʙ'ʻʢʪ. 

ʈʦʟʛʣʷʥʝʤʦ ʦʩʦʙʣʠʚʦʩʪʽ ʧʦʰʠʨʝʥʥʷ ʨʘʜʽʦʭʚʠʣʴ. ʅʘʡʙʽʣʴʰ ʧʨʦʩʪʘ ʽ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʘʥʘ 

ʤʦʜʝʣʴ ʚʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ ʚʦʜʥʦʾ ʧʦʚʝʨʭʥʽ ʜʚʦʧʨʦʤʝʥʝʚʘ. ɺʚʘʞʘʻʪʴʩʷ, ʱʦ ʨʘʜʽʦʭʚʠʣʷ 

ʧʦʰʠʨʶʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʜʚʦʭ ʧʨʦʤʝʥʽʚ: ʈʃʉ - ʤʦʨʩʴʢʠʡ ʦʙ'ʻʢʪ (ʧʨʦʤʽʥʴ-1) ʽ çʈʃʉ - ʧʦʚʝʨʭʥʷ - 

ʤʦʨʩʴʢʠʡ ʦʙ'ʻʢʪè (ʧʨʦʤʽʥʴ-2) (ʨʠʩ.2). ʈʽʟʥʠʮʷ ʰʣʷʭʽʚ ʟʘ ʧʨʦʤʝʥʷʤʠ 1 ʽ 2, ʚʠʨʘʞʝʥʘ ʚ ʜʦʚʞʠʥʘʭ 

ʭʚʠʣʴ (ʬʘʟʦʚʦʛʦ ʟʩʫʚʫ) ʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʩʦʪʠ ʘʥʪʝʥʠ, ʚʠʩʦʪʠ ʦʙ'ʻʢʪʘ ʽ ʜʠʩʪʘʥʮʽʾ ʤʽʞ ʈʃʉ ʽ 

ʤʦʨʩʴʢʠʤ ʦʙ'ʻʢʪʦʤ. 

 

 
 

ʈʠʩ. 1. ɼʚʦʧʨʦʤʝʥʝʚʘ ʤʦʜʝʣʴ ʚʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ ʚʦʜʥʦʾ ʧʦʚʝʨʭʥʽ 

  

ʗʢ ʚʽʜʦʤʦ, ʬʘʟʘ ʜʟʝʨʢʘʣʴʥʦ ʚʽʜʙʠʪʦʾ ʭʚʠʣʽ ʟʘʚʞʜʠ ʟʤʽʥʶʻʪʴʩʷ ʥʘ 180Á, ʘ ʟʨʫʰʝʥʥʷ ʬʘʟ 

ʜʚʦʭ ʢʦʛʝʨʝʥʪʥʠʭ (ʞʦʨʩʪʢʦ ʧʦʚ'ʷʟʘʥʠʭ ʟ ʬʘʟʦʶ) ʢʦʣʠʚʘʥʴ, ʷʢʽ ʧʨʠʡʰʣʠ ʚ ʜʝʷʢʫ ʪʦʯʢʫ ʨʽʟʥʠʤʠ 

ʰʣʷʭʘʤʠ, ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʝ ʭʚʠʣʴʦʚʦʤʫ ʯʠʩʣʫ.
 

ʇʨʠʡʤʝʤʦ ʧʦʚʝʨʭʥʶ ʚʦʜʠ ʜʟʝʨʢʘʣʴʥʦʶ, ʘ ʢʦʝʬʽʮʽʻʥʪ ʚʽʜʙʠʪʪʷ ʨʘʜʽʦʭʚʠʣʴ ʚ 

ʩʘʥʪʠʤʝʪʨʦʚʦʤʫ ʜʽʘʧʘʟʦʥʽ ʨʽʚʥʠʤ ʦʜʠʥʠʮʽ. ʊʦʜʽ ʘʤʧʣʽʪʫʜʘ ʨʝʟʫʣʴʪʫʶʯʦʾ ʭʚʠʣʽ ʚ ʪʦʯʮʽ ʦʙ'ʻʢʪʫ 

ʙʫʜʝ ʚʠʨʘʞʘʪʠʩʷ ʬʦʨʤʫʣʦʶ
 

 

( )D/hh2sinɽ2ɽ 0Aʧʨʨ lp= .                                             (4) 

 

ʌʦʨʤʫʚʘʥʥʷ ʨʝʟʫʣʴʪʫʶʯʦʾ ʥʘʧʨʫʞʝʥʦʩʪʽ ɽʨ  ʜʦ ʥʘʧʨʫʞʝʥʦʩʪʽ ɽʧʨ ʧʦʣʷ ʧʨʷʤʦʾ ʭʚʠʣʽ
 

ʥʘʟʠʚʘʻʪʴʩʷ ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʠʤ ʤʥʦʞʥʠʢʦʤ 

 

( )D/hh2sin2ɽɽʌ 0Aʧʨʨ lp== .                                   (5) 

 

ʗʢ ʚʽʜʦʤʦ, ʧʦʪʫʞʥʽʩʪʴ ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʘ ʢʚʘʜʨʘʪʫ ʥʘʧʨʫʞʝʥʦʩʪʽ ʧʦʣʷ, ʪʦʤʫ ʩʫʤʘʨʥʘ 

ʧʦʪʫʞʥʽʩʪʴ ʧʘʜʘʶʯʦʾ ʭʚʠʣʽ ʫ ʦʙ'ʻʢʪʘ ʜʦʨʽʚʥʶʻ ʈʥʘʜ = ʈʥʘʜ ʌ2 .
 

ʋ ʩʚʦʶ ʯʝʨʛʫ ʧʨʠʡʤʘʻʪʴʩʷ, ʱʦ ʧʦʪʫʞʥʽʩʪʴ ʚ ʘʥʪʝʥʽ ʈʃʉ ʜʦʨʽʚʥʶʻ ʈʥʘʜʌ
4, ʪʘʢ ʷʢ 

ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʠʡ ʤʥʦʞʥʠʢ ʧʦʚʠʥʝʥ ʚʨʘʭʦʚʫʚʘʪʠʩʷ ʜʚʽʯʽ: ʚ ʪʦʯʢʘʭ ʦʧʨʦʤʽʥʝʥʥʷ ʦʙ'ʻʢʪʘ ʽ ʪʦʯʮʽ 

ʧʨʠʡʦʤʫ ʚʽʜʙʠʪʦʛʦ ʩʠʛʥʘʣʫ. ʆʪʞʝ, ʤʘʢʩʠʤʘʣʴʥʘ ʜʘʣʴʥʽʩʪʴ ʜʽʾ ʈʃʉ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ 

ʧʽʜʩʪʠʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʚʦʜʠ ʜʦʨʽʚʥʶʻ: 

 

ʌDD maxmax=¡¡  ,                                                  (6) 

 

ʜʝ maxD  ï ʦʧʠʩʫʻʪʴʩʷ ʚʠʨʘʟʦʤ (1) ʜʣʷ ʚʠʧʘʜʢʽʚ ʧʝʨʚʠʥʥʦʾ ʽ ʚʪʦʨʠʥʥʦʾ ʨʘʜʽʦʣʦʢʘʮʽʾ. 

ʆʪʞʝ, ʧʦʪʫʞʥʽʩʪʴ ʨʘʜʽʦʩʠʛʥʘʣʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʘʛʘʩʘʥʥʷ ʚ ʘʪʤʦʩʬʝʨʽ ʙʫʜʝ ʦʙʯʠʩʣʠʪʠ ʷʢ 
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( )D46,0expʈʈ ʧʨʧʨ a-=¡ .                                                    (7) 

 

ʊʦʜʽ ʤʘʢʩʠʤʘʣʴʥʘ ʜʘʣʴʥʽʩʪʴ ʜʽʾ ʈʃʉ (ʚ ʘʢʪʠʚʥʦʤʫ ʨʝʞʠʤʽ) ʙʫʜʝ ʦʙʯʠʩʣʶʚʘʪʠʩʷ: 

 

( )maxmaxmax D23,0expDD ¡a-=¡¡ .                                      (8) 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʽʜʩʪʠʣʘʶʯʘ ʚʦʜʥʘ ʧʦʚʝʨʭʥʷ ʚʠʢʣʠʢʘʻ ʟʤʽʥʠ ʫ ʧʦʣʽ ʦʧʨʦʤʽʥʝʥʥʷ ʫ 

ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ ʚ ʌ-ʨʘʟ, ʷʢʝ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʨʘʟʫ (5) ʥʘʙʫʚʘʻ ʧʝʣʶʩʪʢʦʚʠʡ ʭʘʨʘʢʪʝʨ. 

ʇʨʠ ʛʣʘʜʢʦʤʫ ʚʽʜʙʠʚʘʥʥʽ ʚʦʜʥʦʶ ʧʦʚʝʨʭʥʝʶ, ʥʝʨʽʚʥʦʩʪʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʥʘʩʪʫʧʥʽʡ ʫʤʦʚʽ: 

 

gl<D sin8h ,                                                                    (9) 

 

ʜʝ g - ʢʫʪ ʢʦʚʟʘʥʥʷ, ʜʝ ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʠʡ ʤʥʦʞʥʠʢ ʌ ʚ ʤʘʢʩʠʤʫʤʽ ʧʝʣʶʩʪʦʢ ʧʦʜʚʦʶʻʪʴʩʷ, ʘ ʚ 

ʤʽʥʽʤʫʤʽ ʜʦʭʦʜʠʪʴ ʜʦ ʥʫʣʷ. 

ʇʨʠ ʞʦʨʩʪʢʽʡ ʧʦʚʝʨʭʥʽ ʛʣʠʙʠʥʘ ʤʽʥʽʤʫʤʽʚ ʟʤʝʥʰʫʻʪʴʩʷ, ʘ ʤʘʢʩʠʤʫʤʠ ʟʛʣʘʜʞʫʶʪʴʩʷ, ʷʢ 

ʧʦʢʘʟʘʥʦ ʰʪʨʠʭʦʚʦʶ ʣʽʥʽʻʶ. 

ɿ ʦʛʣʷʜʫ ʥʘ ʟʥʘʯʝʥʥʷ ʩʠʥʫʩʘ ʚ ʚʠʨʘʞʝʥʥʽ (9) ʜʣʷ ʤʥʦʞʥʠʢʘ ʌ, ʦʩʦʙʣʠʚʦ ʜʣʷ ʚʠʧʘʜʢʫ 

ʥʠʟʴʢʦ ʨʦʟʪʘʰʦʚʘʥʠʭ ʦʙ'ʻʢʪʽʚ, ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ ʩʠʥʫʩʦʾʜʘʣʴʥʠʤ ʭʘʨʘʢʪʝʨʦʤ ʡʦʛʦ ʟʤʽʥʠ ʽ 

ʧʨʠʡʥʷʪʠ ʨʽʚʥʽʩʪʴ ʤʥʦʞʥʠʢʘ ʡʦʛʦ ʘʨʛʫʤʝʥʪʫ, ʪʦʙʪʦ  

 

D/hh4ʌ 0A lp= . 

 

ʊʦʜʽ ʨʽʚʥʷʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʜʘʣʴʥʦʩʪʽ ʜʽʾ ʈʃʉ ʜʣʷ ʥʠʟʴʢʦ ʨʦʟʪʘʰʦʚʘʥʠʭ ʦʙ'ʻʢʪʽʚ, 

ʥʘʧʨʠʢʣʘʜ ʟʥʘʢʽʚ ʥʘʚʽʛʘʮʽʡʥʦʛʦ ʦʛʦʨʦʜʞʝʥʥʷ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʘʛʘʩʘʥʥʷ ʚ ʘʪʤʦʩʬʝʨʽ 

ʧʨʠʡʤʘʪʠʤʝ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: 

 

( ) ( )max3
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4
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ʵʬmax Da115,0exp/hh4cSD ¡¡¡-lp=¡¡¡ .                 (10) 

 

ɼʨʫʛʠʡ ʬʘʢʪʦʨ - ʝʢʨʘʥʫʚʘʥʥʷ ʦʙ'ʻʢʪʫ ʛʨʝʙʥʷʤʠ ʭʚʠʣʴ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ɽʇʈ 

ʤʘʣʠʭ ʩʫʜʝʥ ʚ ʦʩʥʦʚʥʦʤʫ ʚʥʘʩʣʽʜʦʢ ʝʢʨʘʥʫʚʘʥʥʷ ʙʦʨʪʦʚʠʭ ʦʙʚʦʜʽʚ. ʑʝ ʙʽʣʴʰ ʚʧʣʠʚʘʻ ʝʬʝʢʪ 

ʝʢʨʘʥʫʚʘʥʥʷ ʧʨʠ ʨʘʜʽʦʣʦʢʘʮʽʾ ʟʥʘʢʽʚ ʥʘʚʽʛʘʮʽʡʥʦʛʦ ʦʛʦʨʦʜʞʝʥʥʷ, ʚʠʩʦʪʘ ʷʢʠʭ ʧʦʨʽʚʥʷʥʥʘ ʟ 

ʚʠʩʦʪʦʶ ʤʦʨʩʴʢʠʭ ʭʚʠʣʴ. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʚʽʭʠ ʚʠʩʦʪʦʶ 2,5 ʤ, ʨʦʟʪʘʰʦʚʘʥʦʾ ʟʘ ʛʨʝʙʥʝʤ ʭʚʠʣʽ 

ʚʠʩʦʪʦʶ 1,2 ʤ, ɽʇʈ ʟʤʝʥʰʫʻʪʴʩʷ ʧʨʠʙʣʠʟʥʦ ʚ 4 ʨʘʟʠ. 

 

4. ɸʥʘʣʽʪʠʯʥʠʡ ʦʛʣʷʜ ʚʧʣʠʚʫ ʤʦʨʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʘ ʧʨʠʡʤʘʥʥʷ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ ʩʫʜʥʦʤ. ʋ ʧʨʦʮʝʩʽ ʧʦʰʠʨʝʥʥʷ ʨʘʜʽʦʩʠʛʥʘʣʫ ʥʘʜ 

ʧʽʜʩʪʠʣʘʶʯʦʶ ʧʦʚʝʨʭʥʝʶ ʦʩʦʙʣʠʚʫ ʨʦʣʴ ʚʽʜʽʛʨʘʶʪʴ ʧʨʦʮʝʩʠ ʤʽʥʣʠʚʦʩʪʽ ʾʾ ʬʦʨʤʠ ʧʽʜ ʜʽʻʶ 

ʪʨʦʧʦʩʬʝʨʥʠʭ ʷʚʠʱ, ʪʘʢʠʭ ʷʢ ʚʽʪʝʨ, ʚʠʧʘʜʘʥʥʷ ʦʧʘʜʽʚ ʪʦʱʦ. ʇʦʚʝʨʭʥʽ, ʩʭʠʣʴʥʽ ʜʦ 

ʢʦʨʦʪʢʦʯʘʩʥʠʭ ʟʤʽʥ ʬʦʨʤʠ ʧʽʜ ʜʽʻʶ ʚʽʪʨʫ, ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʩʫʢʫʧʥʽʩʪʴ ʯʘʩʪʦʢ, ʱʦ 

ʧʝʨʝʤʽʱʘʶʪʴʩʷ ʧʽʜ ʚʧʣʠʚʦʤ ʧʦʣʷ ʰʚʠʜʢʦʩʪʝʡ ʽ ʪʠʩʢʫ ʚ ʪʫʨʙʫʣʝʥʪʥʦʾ ʘʪʤʦʩʬʝʨʽ [15]. 

ɺ ʦʩʥʦʚʫ ʬʦʨʤʫʚʘʥʥʷ ʤʝʭʘʥʽʟʤʽʚ ʭʚʠʣʝʫʪʚʦʨʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʷʭ ʨʽʜʠʥʠ ʻ 

ʜʨʽʙʥʦʤʘʩʰʪʘʙʥʽ ʬʣʫʢʪʫʘʮʽʾ ʪʠʩʢʫ ʧʦʚʽʪʨʷ ʚ ʪʫʨʙʫʣʝʥʪʥʦʤʫ ʧʨʠʤʝʞʦʚʦʤʫ ʰʘʨʽ, ʷʢʽ ʥʝ ʤʦʞʫʪʴ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʜʘʚʣʶʚʘʪʠ ʽ ʩʧʫʯʫʚʘʪʠ ʧʦʚʝʨʭʥʶ, ʪʘʢ ʷʢ ʩʠʣʠ ʟʯʝʧʣʝʥʥʷ ʤʽʞ ʥʠʤʠ ʚʝʣʠʢʽ [16]. 

ʇʨʠ ʮʴʦʤʫ, ʧʽʜ ʜʽʻʶ ʚʽʪʨʫ ʤʦʨʩʴʢʽ ʙʨʠʟʢʠ, ʚʽʜʨʠʚʘʶʪʴʩʷ ʚʽʜ ʧʦʚʝʨʭʥʽ, ʧʝʨʝʥʦʩʷʪʴʩʷ (ʫ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟʽ ʩʚʦʻʶ ʤʘʩʦʶ) ʥʘ ʙʽʣʴʰʽ ʯʠ ʤʝʥʰʽ ʚʽʜʩʪʘʥʽ. ʇʨʠ ʧʘʜʽʥʥʽ ʚʦʥʠ ʚʜʘʨʷʶʪʴ ʽ 

ʧʽʜʢʠʜʘʶʪʴ ʽʥʰʽ ʙʨʠʟʢʠ, ʷʢʽ ʪʘʢʦʞ ʧʝʨʝʣʽʪʘʶʪʴ. ʈʝʛʫʣʷʨʥʽ ʚʠʭʦʨʠ ʚ ʧʦʚʽʪʨʷʥʦʤʫ ʧʦʪʦʮʽ ʙʽʣʷ 

ʧʦʚʝʨʭʥʽ ʚʠʢʣʠʢʘʶʪʴ ʧʦʷʚʫ ʧʝʨʽʦʜʠʯʥʠʭ ʤʦʨʩʴʢʠʭ ʚʘʣʠʢʽʚ, ʷʢʽ ʧʦʯʠʥʘʶʪʴ ʨʦʩʪʠ ʧʦ ʚʠʩʦʪʽ ʽ 

ʚʥʦʩʷʪʴ ʪʫʨʙʫʣʝʥʪʥʽʩʪʴ ʚ ʧʦʪʽʢ ʧʦʚʽʪʨʷ, ʪʘʢ ʷʢ ʟ ʧʽʜʚʽʪʨʷʥʦʛʦ ʙʦʢʫ (ʚ ʟʦʥʽ ʪʽʥʽ) ʫʪʚʦʨʶʻʪʴʩʷ 

ʧʨʠʻʜʥʘʥʠʡ ʚʠʭʦʨ - ʢʨʫʛʦʚʠʡ ʨʫʭ ʧʦʚʽʪʨʷ, ʧʨʠʯʦʤʫ ʫ ʧʦʚʝʨʭʥʽ ʚʦʜʠ ʚ ʟʘʧʘʜʠʥʽ ʚʝʢʪʦʨ 

ʰʚʠʜʢʦʩʪʽ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʩʧʨʷʤʦʚʘʥʠʡ ʧʨʦʪʠ ʮʴʦʛʦ ʚʝʢʪʦʨʘ ʫ ʛʨʝʙʝʥʽ ʤʦʨʩʴʢʦʾ ʭʚʠʣʽ.  
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ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʽʾ ʚʽʪʨʫ ʚ ʫʣʦʛʦʚʠʥʽ ʭʚʠʣʽ, çʚʠʛʥʘʥʥʷè ʤʦʨʷ ʥʘ ʛʨʝʙʽʥʴ, ʚʠʥʠʢʘʻ 

ʥʝʩʠʤʝʪʨʠʯʥʠʡ ʧʨʦʬʽʣʴ ʤʦʨʩʴʢʦʾ ʭʚʠʣʽ. ʐʚʠʜʢʽʩʪʴ ʚʽʪʨʫ, ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʟʘʨʦʜʞʝʥʥʷ ʮʽʻʾ ʭʚʠʣʽ, 

ʩʪʘʥʦʚʠʪʴ (ʟʘ ʄ. ɸ. ɺʝʣʽʘʥʦʚʠʤ) 4õ5 ʤ/ʩ [17]. ɻʝʦʤʝʪʨʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘʢʠʭ ʭʚʠʣʴ ʨʽʟʥʽ 

ʜʣʷ ʨʽʟʥʠʭ ʫʤʦʚ ʤʦʨʩʴʢʦʾ ʚʦʜʠ. ʌʘʟʦʚʘ ʰʚʠʜʢʽʩʪʴ ʮʠʭ ʭʚʠʣʴ 20 ʩʤ/ʛʦʜ. ʧʨʠ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ 5 

ʤ/ʩ ʽ ʟʨʦʩʪʘʻ ʚʪʨʠʯʽ ʧʨʠ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ 12 ʤ/ʩ [18]. 

ʋ ʜʽʘʧʘʟʦʥʽ ʰʚʠʜʢʦʩʪʝʡ ʚʽʪʨʫ 13õ16 ʤ/ʩ (ʽʩʥʫʶʪʴ ʧʨʦʪʷʛʦʤ 1 % ʚʩʴʦʛʦ ʯʘʩʫ) ʥʘ ʧʦʚʝʨʭʥʽ 

ʚʦʜʠ ʫʪʚʦʨʶʶʪʴʩʷ ʙʽʣʴʰ ʚʝʣʠʢʦʤʘʩʰʪʘʙʥʽ ʭʚʠʣʽ. ʋ ʜʽʘʧʘʟʦʥʽ ʰʚʠʜʢʦʩʪʝʡ ʚʽʪʨʫ 8 õ 12 ʤ/ʩ 

(ʽʩʥʫʶʪʴ ʧʨʦʪʷʛʦʤ 10 õ 12 %, ʚʩʴʦʛʦ ʯʘʩʫ) ʚʠʩʦʪʘ ʭʚʠʣʴ ʜʦʩʷʛʘʻ 50 õ 75 ʩʤ [19]. ʅʘʜʘʣʽ, ʧʨʠ 

ʜʦʩʠʪʴ ʚʞʝ ʟʥʘʯʥʦ ʤʝʥʰʠʭ ʰʚʠʜʢʦʩʪʝʡ ʚʽʪʨʫ: 4 õ 8 ʤ/ʩ (ʽʩʥʫʶʪʴ ʧʨʦʪʷʛʦʤ 85 õ 90 % ʚʩʴʦʛʦ 

ʯʘʩʫ), ʚʠʩʦʪʘ ʧʽʱʘʥʠʭ ʭʚʠʣʴ ʟʨʦʩʪʘʻ ʚʥʘʩʣʽʜʦʢ ʚʧʣʠʚʫ ʧʨʠʻʜʥʘʥʦʛʦ ʚʠʭʦʨʫ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ 

ʧʨʠ ʢʫʪʽ ʫ ʚʝʨʰʠʥʠ ʥʝʩʠʤʝʪʨʠʯʥʦʾ ʭʚʠʣʽ, ʱʦ ʜʦʨʽʚʥʶʻ ʧʨʠʙʣʠʟʥʦ 6Á [20]. 

ʅʘʡʙʽʣʴʰʦʤʫ ʚʧʣʠʚʫ ʘʪʤʦʩʬʝʨʥʦʾ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ ʧʨʠʪʘʤʘʥʥʘ ʚʦʜʥʘ ʧʦʚʝʨʭʥʷ. ʄʦʨʩʴʢʘ 

ʧʦʚʝʨʭʥʷ ʷʚʣʷʻ ʩʦʙʦʶ ʧʦʚʝʨʭʥʶ, ʫʪʚʦʨʝʥʫ ʩʢʣʘʜʥʠʤʠ ʭʚʠʣʴʦʚʠʤʠ ʢʦʣʠʚʘʥʥʷʤʠ [21ï23]. 

ɼʦ ʪʝʧʝʨʽʰʥʴʦʛʦ ʯʘʩʫ ʩʢʣʘʣʦʩʷ ʯʦʪʠʨʠ ʩʧʦʩʦʙʠ ʾʾ ʦʧʠʩʫ [18ï22]: 

- ʟʘ ʰʢʘʣʦʶ ʚʽʟʫʘʣʴʥʦʾ ʦʮʽʥʢʠ ʚ ʧʨʘʢʪʠʮʽ ʢʦʨʘʙʣʝʚʦʜʽʥʥʷ (ʰʢʘʣʠ ɼʫʛʣʘʩʘ, ɹʦʬʦʨʪʘ ʽ ʽʥ. [2ï

12]); 

- ʟʘ ʰʢʘʣʦʶ (ʪʘʢʦʞ ʚ ʦʩʥʦʚʥʦʤʫ ʚʽʟʫʘʣʴʥʦʾ ʦʮʽʥʢʠ) ʙʘʣʴʥʦʩʪʽ ʭʚʠʣʶʚʘʥʥʷ; 

- ʜʝʪʝʨʤʽʥʦʚʘʥʠʡ ʦʧʠʩ ʚ ʨʘʤʢʘʭ ʪʝʦʨʽʾ ʪʨʦʭʦʾʜʘʣʴʥʠʭ ʭʚʠʣʴ; 

- ʩʪʘʪʠʩʪʠʯʥʠʡ ʦʧʠʩ ʧʦʚʝʨʭʥʽ ʤʦʨʷ ʷʢ ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ.  

ʅʘʚʝʜʝʤʦ ʜʝʷʢʽ ʜʘʥʽ, ʱʦ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʪʨʴʦʭ ʦʩʪʘʥʥʽʭ ʩʧʦʩʦʙʘʤ ʦʧʠʩʫ ʧʦʚʝʨʭʥʽ. 
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ʈʠʩ. 2. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʨʩʴʢʦʛʦ ʭʚʠʣʶʚʘʥʥʷ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʨʩʴʢʦʛʦ ʭʚʠʣʶʚʘʥʥʷ ʟʘ ʜʨʫʛʠʤ ʩʧʦʩʦʙʦʤ ʟʘʧʦʟʠʯʝʥʽ ʫ ʃ. ʌ. ʊʽʪʦʚʘ 

[5ï9]. ɿʘʣʝʞʥʽʩʪʴ I õ IV ʥʘ ʨʠʩ. 2. ʧʦʟʥʘʯʘʻ ʚʽʜʥʦʰʝʥʥʷ ʚʠʩʦʪʠ h ʭʚʠʣʽ ʜʦ ʾʾ ʜʦʚʞʠʥʽ ȿ ʽ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʽʚʥʽʚ 1/15; 1/20; 1,25 ʽ 1/30. ɸʨʘʙʩʴʢʽ ʮʠʬʨʠ 1 õ 8 ʧʦʢʘʟʫʶʪʴ ʙʘʣʴʥʦʩʪʴ ʚ 

ʦʢʨʝʩʣʝʥʠʭ ʦʙʣʘʩʪʷʭ h. 

ɻʽʜʨʦʜʠʥʘʤʽʯʥʘ ʪʝʦʨʽʷ ʪʨʦʭʦʾʜʘʣʴʥʠʭ ʭʚʠʣʴ (ʪʨʝʪʽʡ ʩʧʦʩʽʙ ʦʧʠʩʫ ʧʦʚʝʨʭʥʽ ʤʦʨʷ) 

ʜʦʟʚʦʣʷʻ ʚʩʪʘʥʦʚʠʪʠ ʟʚ'ʷʟʦʢ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʟ ʾʾ ʧʝʨʽʦʜʦʤ ʽ ʰʚʠʜʢʽʩʪʶ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʽʻʾ ʪʝʦʨʽʾ 

ʝʣʝʤʝʥʪʠ ʨʽʜʠʥʠ ʚ ʭʚʠʣʽ ʨʦʙʣʷʪʴ ʢʨʫʛʦʚʽ ʨʫʭʠ ʟ ʣʽʥʽʡʥʦʶ ʰʚʠʜʢʽʩʪʶ 

 

Lp= 2/ghV 0ʣ  ,                                                                (11) 

ʜʝ g  ï ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ;  

     0h  ʠ L ï ʚʽʜʧʦʚʽʜʥʦ ʚʠʩʦʪʘ (ʤʽʞ ʟʘʧʘʜʠʥʦʶ ʽ ʛʨʝʙʝʥʝʤ) ʪʘ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ. 

ɿʘʚʜʷʢʠ ʪʦʤʫ, ʱʦ ʬʘʟʘ ʚʝʢʪʦʨʫ ʣʽʥʽʡʥʦʾ ʰʚʠʜʢʦʩʪʽ ʯʘʩʪʠʥʦʢ ʨʽʜʠʥʠ ʥʘ ʧʦʚʝʨʭʥʽ 

ʟʤʽʥʶʻʪʴʩʷ ʥʘ 180Á ʚʽʜ ʛʨʝʙʝʥʷ ʜʦ ʧʽʜʦʰʚʠ ʭʚʠʣʽ, ʯʘʩʪʢʘ ʨʽʜʠʥʠ ʚ ʭʚʠʣʽ ʧʝʨʝʤʽʱʘʻʪʴʩʷ, ʧʦ 

ʟʘʤʢʥʫʪʽʡ ʪʨʘʻʢʪʦʨʽʾ, ʘ ʛʨʝʙʽʥʴ ʭʚʠʣʽ ʥʘʙʫʚʘʻ ʧʦʩʪʫʧʘʣʴʥʫ (ʬʘʟʦʚʫ) ʰʚʠʜʢʽʩʪʴ: 
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p= 2/gʊVʬ ,                                                               (12) 

ʜʝ ʊ ï ʧʝʨʽʦʜ ʭʚʠʣʽ. 

ʉʢʦʨʠʩʪʘʚʰʠʩʴ ʬʦʨʤʫʣʦʶ (12), ʤʦʞʥʘ ʚʩʪʘʥʦʚʠʪʠ ʟʚ'ʷʟʦʢ ʤʽʞ ʧʝʨʽʦʜʦʤ ʽ ʜʦʚʞʠʥʦʶ 

ʤʦʨʩʴʢʦʾ ʭʚʠʣʽ, ʘ ʪʘʢʦʞ ʤʽʞ ʾʾ ʬʘʟʦʚʦʾ ʰʚʠʜʢʽʩʪʶ ʽ ʜʦʚʞʠʥʦʶ: 

 

g/2ʊ Lp=  ,  pL= 2/gVʬ                                                (13) 

 

ɿʘ ʬʦʨʤʫʣʘʤʠ (11) ʽ (12) ʨʦʟʨʘʭʦʚʘʥʽ ʟʥʘʯʝʥʥʷ Vʬ ʽ ʊ (ʪʘʙʣ. 2). 

ɿ ʪʘʙʣʠʮʽ ʚʠʧʣʠʚʘʻ, ʱʦ ʟ ʨʦʩʪʦʤ ʜʦʚʞʠʥʠ ʤʦʨʩʴʢʦʾ ʭʚʠʣʽ L ʟʨʦʩʪʘʻ ʧʝʨʽʦʜ ʊ ʪʘ 

ʰʚʠʜʢʽʩʪʴ ʬV  ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʭʚʠʣʴ. 

ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʨʫʪʠʟʥʠ ʭʚʠʣʽ ʚʠʥʠʢʘʻ ʪʘʢʠʡ ʢʫʪ ʫ ʚʝʨʰʠʥʽ, ʧʨʠ ʷʢʦʤʫ ʛʨʝʙʽʥʴ ʭʚʠʣʽ 

ʩʪʘʻ ʥʝʩʪʽʡʢʠʤ ʽ ʦʙʨʫʰʫʻʪʴʩʷ, ʩʪʚʦʨʶʶʯʠ ʜʨʽʙʥʽ ʩʚʽʪʠ (ʢʨʘʧʣʽ, ʧʽʥʫ, ʙʨʠʟʢʠ) - ʥʘ ʧʦʚʝʨʭʥʽ 

ʤʦʨʷ. ʎʝʡ ʛʨʘʥʠʯʥʠʡ ʢʫʪ, ʦʙʯʠʩʣʝʥʠʡ ɻ. ʃʝʤʙʦʤ ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʟʘʜʘʯʽ ʧʨʦ ʩʪʽʡʢʽʩʪʴ ʭʚʠʣʽ, 

ʚʠʷʚʠʚʩʷ ʨʽʚʥʠʤ ʧʨʠʙʣʠʟʥʦ 120Á [12]. 

ʊʘʙʣʠʮʷ 2 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʰʚʠʜʢʽʩʪʶ, ʜʦʚʞʠʥʦʶ ʽ ʧʝʨʽʦʜʦʤ ʤʦʨʩʴʢʠʭ ʭʚʠʣʴ 

L, ʤ 1,6 6,2 14,1 25 39 58 77 100 126 156 189 225 306 396 

ʬV , ʤ/ʩ 1,6 3,1 4,7 6,2 7,8 9,4 10,9 12,5 14,1 15,6 17,2 18,7 21,9 25 

ʊ, ʩ 1 2 3 4 5 6 7 8 9 10 11 12 14 16 

 

ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʚʩʽ ʥʘʚʝʜʝʥʽ ʜʘʥʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʦʜʥʦʚʠʤʽʨʥʦʛʦ ʤʦʨʩʴʢʦʛʦ ʭʚʠʣʶʚʘʥʥʷ, 

ʢʦʣʠ ʚʠʢʨʠʚʣʝʥʥʷ ʧʦʚʝʨʭʥʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʦʜʥʦʤʫ ʥʘʧʨʷʤʢʫ. ʇʨʠ ʥʘʷʚʥʦʩʪʽ ʣʠʰʝ ʟʛʘʜʘʥʠʭ 

ʚʠʱʝ ʚʽʜʦʤʦʩʪʝʡ ʧʨʦ ʬʦʨʤʫ ʤʦʨʩʴʢʦʾ ʧʦʚʝʨʭʥʽ ʧʦʚʥʽʩʪʶ ʚʠʨʽʰʠʪʠ ʟʘʜʘʯʫ ʨʦʟʩʽʶʚʘʥʥʷ 

ʨʘʜʽʦʭʚʠʣʴ ʥʘ ʥʽʡ ʥʝ ʚʜʘʻʪʴʩʷ, ʪʦʤʫ ʱʦ ʚ ʜʽʡʩʥʦʩʪʽ ʤʦʨʩʴʢʘ ʧʦʚʝʨʭʥʷ ʤʘʻ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰ 

ʩʢʣʘʜʥʫ, ʧʨʠʯʦʤʫ ʥʝʜʝʪʝʨʤʽʥʦʚʘʥʫ ʬʦʨʤʫ. ʇʨʠ ʮʴʦʤʫ, ʯʝʪʚʝʨʪʠʡ ʩʧʦʩʽʙ ʦʧʠʩʫ ʤʦʨʩʴʢʦʾ 

ʧʦʚʝʨʭʥʽ ï ʩʪʘʪʠʩʪʠʯʥʠʡ, ʱʦ ʚʠʤʘʛʘʻ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʦʮʽʥʢʠ. 

 

5. ʇʦʩʪʘʥʦʚʢʘ ʥʘʫʢʦʚʦʛʦ ʟʘʚʜʘʥʥʷ ʪʘ ʰʣʷʭʠ ʡʦʛʦ ʚʠʨʽʰʝʥʥʷ. ʅʘ ʩʴʦʛʦʜʝʥʥʷ 

ʙʝʟʧʝʨʝʨʚʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʯʠʩʣʦ ʩʫʜʝʥ ʪʘ ʤʦʨʩʴʢʠʭ ʦʙôʻʢʪʽʚ, ʱʦ ʧʦʩʪʽʡʥʦ ʧʦʪʨʝʙʫʶʪʴ 

ʥʘʚʽʛʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʪʦʙ ʪʦ, ʪʦʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʾʭ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ, ʢʫʨʩʫ ʽ 

ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ [20]. ʉʫʯʘʩʥʠʡ ʨʽʚʝʥʴ ʽ ʦʩʦʙʣʠʚʦ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ʩʫʜʦʚʠʭ ʩʠʩʪʝʤ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʟʥʘʯʥʠʤ ʨʦʟʰʠʨʝʥʥʷʤ ʟʦʥ ʨʫʭʫ ʽ ʟʨʦʩʪʘʥʥʷʤ ʾʭ ʰʚʠʜʢʦʩʪʽ. ɯʟ ʟʨʦʩʪʘʥʥʷʤ 

ʦʙʩʷʛʫ, ʥʝʦʙʭʽʜʥʦʩʪʽ ʚ ʦʧʝʨʘʪʠʚʥʦʤʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ ʪʘ ʚʠʟʥʘʯʝʥʥʽ ʽ ʟʥʘʯʫʱʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʟʘʚʜʘʥʴ ʧʽʜʚʠʱʫʶʪʴʩʷ ʚʠʤʦʛʠ ʽ ʜʦ ʥʘʚʽʛʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ [21]. ʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʜʝʥ ʟʘ ʨʘʭʫʥʦʢ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʠʭ ʤʘʨʰʨʫʪʽʚ ʚʠʤʘʛʘʻ ʚʝʣʴʤʠ ʯʘʩʪʠʭ 

ʥʘʚʽʛʘʮʽʡʥʠʭ ʚʠʟʥʘʯʝʥʴ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʫ ʙʫʜʴ-ʷʢʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʥʝʟʘʣʝʞʥʦ ʚʽʜ 

ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʫʤʦʚ [22]. ʆʩʦʙʣʠʚʦʩʪʽ ʩʫʜʥʦʚʦʜʽʥʥʷ ʚʠʢʣʠʢʘʶʪʴ ʥʝʦʙʭʽʜʥʽʩʪʴ ʥʘʚʽʛʘʮʽʡʥʠʭ 

ʚʠʟʥʘʯʝʥʴ ʟʘ ʦʙʤʝʞʝʥʠʡ ʯʘʩ ʘʙʦ ʚ ʨʝʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʽ ʯʘʩʫ. ɿʙʽʣʴʰʝʥʽ ʚʠʤʦʛʠ ʜʦ ʷʢʦʩʪʽ 

ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʥʘʚʽʛʘʮʽʾ ʨʫʭʦʤʠʭ ʤʦʨʩʴʢʠʭ ʦʙôʻʢʪʽʚ, ʪʝʭʥʦʣʦʛʽʡ ʧʦʙʫʜʦʚʠ ʩʫʯʘʩʥʠʭ 

ʥʘʚʽʛʘʮʽʡʥʠʭ ʧʨʠʩʪʨʦʾʚ ʧʨʠʚʝʣʠ ʜʦ ʰʠʨʦʢʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʠʩʦʢʦʪʦʯʥʠʭ ʽ ʥʘʜʽʡʥʠʭ ʩʫʜʦʚʠʭ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʧʨʦʢʣʘʜʢʠ ʤʘʨʰʨʫʪʽʚ [23]. ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʣʠʰʝ ʪʽʣʴʢʠ ʩʫʜʦʚʽ ʈʃʉ 

ʪʘ ʉɸʇʈ ʤʘʶʪʴ ʪʘʢʠ ʚʣʘʩʪʠʚʦʩʪʽ, ʱʦ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʚʩʪʘʥʦʚʣʝʥʠʤ ʚʠʤʦʛʘʤ, ʷʢʽ ʚʠʩʫʚʘʶʪʴʩʷ 

ʄʽʞʥʘʨʦʜʥʠʤʠ ʪʘ ʥʘʮʽʦʥʘʣʴʥʠʤʠ ʤʦʨʩʴʢʠʤʠ ʦʨʛʘʥʽʟʘʮʽʷʤʠ [9ï12]. ɺ ʧʝʨʰʫ ʯʝʨʛʫ ʮʝ 

ʩʪʦʩʫʻʪʴʩʷ ʥʘʩʪʫʧʥʦʛʦ [13ï17]: 

ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʥʘʚʽʛʘʮʽʡʥʠʭ ʚʠʟʥʘʯʝʥʴ ʚ ʙʫʜʴ-ʷʢʦʤʫ ʤʽʩʮʽ ʪʘ ʫ ʙʫʜʴ-ʷʢʠʡ ʯʘʩ 

ʜʦʙʠ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʩʪʘʥʫ ʤʝʪʝʦʫʤʦʚ; 

ʰʚʠʜʢʦ ʚʠʷʚʣʷʪʠ, ʪʦʙʪʦ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʥʘʚʽʛʘʮʽʡʥʠʭ ʚʠʟʥʘʯʝʥʴ, ʱʦ 

ʦʙʯʠʩʣʶʻʪʴʩʷ ʚ ʦʙʤʝʞʝʥʠʡ ʧʝʨʽʦʜ ʯʘʩʫ;  

ʪʦʯʥʦʩʪʽ ʚʠʟʥʘʯʝʥʴ ʤʦʨʩʴʢʠʭ ʦʙôʻʢʪʽʚ ʜʣʷ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʠʭ, ʥʘʡʙʽʣʴʰ ʝʢʦʥʦʤʽʯʥʠʭ ʽ 

ʙʝʟʧʝʯʥʠʭ ʪʨʘʻʢʪʦʨʽʡ ʰʣʷʭʽʚ ʪʘ ʢʫʨʩʽʚ ʩʫʜʥʦʚʦʜʽʥʥʷ. 
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ʅʝʜʦʣʽʢʦʤ ʽʩʥʫʶʯʠʭ ʩʫʜʦʚʠʭ ʈʃʉ ʻ ʪʝ, ʱʦ ʨʘʜʽʦʣʦʢʘʮʽʡʥʘ ʘʧʘʨʘʪʫʨʘ ʩʫʜʥʘ ʥʝ ʜʘʻ 

ʜʦʩʪʘʪʥʴʦ ʷʢʽʩʥʫ ʨʘʜʽʦʣʦʢʘʮʽʡʥʫ ʽʥʬʦʨʤʘʮʽʶ ʚ ʫʤʦʚʘʭ ʚʧʣʠʚʫ ʤʦʨʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʱʦ 

ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʦʛʽʨʰʝʥʥʷ ʥʘʚʽʛʘʮʽʡʥʠʭ ʚʠʟʥʘʯʝʥʴ [23] ʪʘ ʟʨʦʩʪʘʥʥʷ ʧʦʭʠʙʦʢ 

ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʤʦʨʩʴʢʠʭ ʦʙôʻʢʪʽʚ.  

ʈʘʟʦʤ ʟ ʨʦʟʚʠʪʢʦʤ ʩʫʜʦʚʠʭ ʈʃʉ ʚʝʜʫʪʴʩʷ ʨʦʟʨʦʙʢʠ ʟʽ ʩʪʚʦʨʝʥʥʷ ʽʥʪʝʛʨʦʚʘʥʠʭ ʩʠʩʪʝʤ 

ʥʘʚʽʛʘʮʽʾ ʩʫʜʥʘ, ʷʢ ʩʫʯʘʩʥʦʾ ʩʠʩʪʝʤʠ ʥʘʚʽʛʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ [23]. ʇʨʠ ʮʴʦʤʫ ʜʘʥʽ ʩʠʩʪʝʤʠ 

ʦʨʝʥʜʫʶʪʴʩʷ ʥʘ ʽʥʪʝʛʨʫʚʘʥʥʽ ʩʫʧʫʪʥʠʢʦʚʠʭ ʥʘʚʽʛʘʮʽʡʥʠʭ ʩʠʩʪʝʤ, ʨʘʜʽʦʥʘʚʽʛʘʮʽʡʥʠʭ ʪʘ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʧʨʠʩʪʨʦʾʚ ʪʘ ʽʥʝʨʮʽʡʥʦʛʦ ʥʘʚʽʛʘʮʽʡʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʆʜʥʘʢ ʧʦʤʠʣʢʠ ʱʦ 

ʟʘʢʨʘʣʠʩʷ ʧʨʠ ʧʨʠʡʤʘʥʥʽ ʨʘʜʽʦʩʠʛʥʘʣʽʚ, ʷʢʽ ʧʦʚôʷʟʘʥʽ ʟ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ 

ʨʘʜʽʦʩʠʛʥʘʣʽʚ ʚ ʘʪʤʦʩʬʝʨʽ ɿʝʤʣʽ (ʽʦʥʦʩʬʝʨʥʽ ʪʘ ʪʨʦʧʦʩʬʝʨʥʽ ʬʣʫʢʪʫʘʮʽʾ) ʥʘʜ ʚʦʜʥʦʶ ʧʦʚʝʨʭʥʝʶ 

ʥʝ ʚʨʘʭʦʚʫʶʪʴʩʷ ʚ ʜʘʥʠʭ ʨʘʜʽʦʩʠʩʪʝʤʘʭ [12]. ʂʨʽʤ ʪʦʛʦ, ʩʫʜʥʦʚʽ ʽʥʝʨʮʽʡʥʽ ʥʘʚʽʛʘʮʽʡʥʽ ʩʠʩʪʝʤʠ 

ʜʘʶʪʴ ʪʘʢʦʞ ʥʠʟɹʢʽ ʜʘʥʥʽ ʱʦʜʦ ʚʠʟʥʘʯʝʥʥʷ ʥʘʚʽʛʘʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʫʜʥʘ.  

ʇʨʠ ʮʴʦʤʫ, ʦʜʥʦʯʘʩʥʦ ʟʨʦʩʪʘʶʪʴ ʚʠʤʦʛʠ ʱʦʜʦ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ, ʙʝʟʧʝʢʠ 

ʩʫʜʥʦʚʦʜʽʥʥʷ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʨʝʨʚʥʦʩʪʽ ʨʦʙʦʪʠ ʥʘʚʽʛʘʮʽʡʥʠʭ ʟʘʩʦʙʽʚ ʚ ʫʤʦʚʘʭ ʽʩʥʫʚʘʥʥʷ 

ʧʨʠʨʦʜʥʠʭ ʽ ʰʪʫʯʥʠʭ ʟʘʚʘʜ, ʤʘʥʝʚʨʫʚʘʥʥʷ ʩʫʜʽʚ, ʟʘʪʽʥʶʚʘʥʥʷ ʘʥʪʝʥ ʟʘʩʦʙʽʚ ʨʘʜʽʦʥʘʚʽʛʘʮʽʾ ʽ 

ʤʦʞʣʠʚʦʛʦ ʧʦʛʽʨʰʝʥʥʷ ʷʢʦʩʪʽ ʥʘʚʽʛʘʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ [13]. 

ʅʘʡʚʘʞʣʠʚʽʰʠʤ ʥʘʧʨʷʤʢʦʤ ʧʨʠ ʟʘʙʝʟʧʝʯʝʥʥʽ ʙʝʟʧʝʢʠ ʨʫʭʫ ʩʫʜʥʦʚʦʜʽʥʥʷ ʻ ʚʠʟʥʘʯʝʥʥʷ 

ʤʽʩʮʝʧʦʣʦʞʝʥʥʷ ʨʽʟʥʠʭ ʤʦʨʩʴʢʠʭ ʦʙôʻʢʪʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʫʜʦʚʠʭ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʪʘ 

ʟʜʽʡʩʥʝʥʥʷ ʩʧʽʣʴʥʦʾ ʦʙʨʦʙʢʠ ʨʘʜʽʦʩʠʛʥʘʣʽʚ ʟ ʽʥʰʠʤʠ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʠʤʠ ʟʘʩʦʙʘʤʠ ʩʠʩʪʝʤ 

ʥʘʚʽʛʘʮʽʾ ʩʫʜʥʘ [14]. ʇʨʠ ʮʴʦʤʫ, ʦʙôʻʜʥʘʥʥʷ (ʽʥʪʝʛʨʘʮʽʷ) ʫʩʪʘʪʢʫʚʘʥʥʷ ʚ ʻʜʠʥʠʡ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦ, ʩʪʨʫʢʪʫʨʥʦ ʽ ʢʦʥʩʪʨʫʢʪʠʚʥʘ ʚʟʘʻʤʦʟʚôʷʟʘʥʠʡ ʥʘʚʽʛʘʮʽʡʥʠʡ ʢʦʤʧʣʝʢʩ ʜʦʟʚʦʣʷʻ 

ʧʦʚʥʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘʜʤʽʨʥʽʩʪʴ ʥʘʚʽʛʘʮʽʡʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʻ ʥʘ ʩʫʜʥʽ, ʟʘʚʜʷʢʠ ʯʦʤʫ 

ʟôʷʚʣʷʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ, ʙʝʟʧʝʢʠ ʩʫʜʥʦʚʦʜʽʥʥʷ, ʙʝʟʧʝʨʝʨʚʥʦʩʪʽ ʽ 

ʥʘʜʽʡʥʦʩʪʽ ʥʘʚʽʛʘʮʽʡʥʠʭ ʚʠʟʥʘʯʝʥʴ, ʨʦʟʰʠʨʝʥʥʷ ʢʨʫʛʘ ʚʠʨʽʰʫʚʘʥʠʭ ʟʘʚʜʘʥʴ ʽ ʧʦʣʽʧʰʝʥʥʷ 

ʷʢʦʩʪʽ ʾʭ ʚʠʢʦʥʘʥʥʷ [15, 23]. ʎʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʚʠʱʠʪʠ ʥʘʚʽʛʘʮʽʡʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʩʫʜʥʦʚʦʜʽʥʥʷ ʪʘ ʨʝʘʣʽʟʫʚʘʪʠ ʢʦʥʮʝʧʪ ɽ-ʥʘʚʽʛʘʮʽʷ ʥʘ ʷʢʽʩʥʦ ʥʦʚʦʤʫ ʨʽʚʥʽ ʪʘ ʚʨʘʭʫʚʘʪʠ 

ʦʩʦʙʣʠʚʦʩʪʽ ʤʦʨʩʴʢʦʛʦ ʨʝʛʽʦʥʫ. 

ʅʘ ʧʽʜʩʪʘʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʚʠʥʠʢʘʶʪʴ ʜʝʷʢʽ ʧʠʪʘʥʥʷ ʱʦ ʧʦʚôʷʟʘʥʽ ʟ ʦʩʦʙʣʠʚʦʩʪʷʤʠ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʭʚʠʣʴ. ʎʝ ʥʝʦʙʭʽʜʥʦ ʟʨʦʙʠʪʠ ʜʣʷ ʫʩʫʥʝʥʥʷ ʧʨʦʪʠʨʽʯʯʷ ʤʽʞ 

ʚʠʤʦʛʘʤʠ ʱʦ ʚʠʩʦʚʫʶʪʴʩʷ ʜʦ ʙʝʟʧʝʯʥʦʛʦ ʩʫʜʥʦʚʦʜʽʥʥʷ ʪʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʥʘʚʽʛʘʮʽʡʥʦʾ 

ʘʧʘʨʘʪʫʨʠ ʩʫʜʥʘ ʚ ʫʤʦʚʘʭ ʚʧʣʠʚʫ ʥʘ ʧʨʠʡʤʘʥʥʷ ʨʘʜʽʦʩʠʛʥʘʣʽʚ ʈʃʉ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʾ 

ʷʢʦʩʪʽ ʥʘʚʽʛʘʮʽʾ ʜʣʷ ʨʫʭʦʤʠʭ ʤʦʨʩʴʢʠʭ ʦʙôʻʢʪʽʚ [16, 23]. 

ɺʢʘʟʘʥʝ ʧʨʦʪʠʨʽʯʯʷ ʣʝʞʠʪʴ ʚ ʦʩʥʦʚʽ ʘʢʪʫʘʣʴʥʦʛʦ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʦʛʦ ʟʘʚʜʘʥʥʷ ʱʦ 

ʧʦʣʷʛʘʻ ʷʢʽʩʥʦʤʫ ʧʨʦʚʝʜʝʥʥʽ ʥʘʚʽʛʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʜʥʦʚʦʜʽʥʥʷ ʥʘ ʦʩʥʦʚʽ ʧʽʜʚʠʱʝʥʥʷ 

ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʽʚ ʚ ʩʫʜʦʚʠʭ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʧʨʠʩʪʨʦʾʚ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʪʨʦʧʦʩʬʝʨʥʦʛʦ ʚʧʣʠʚʫ 

ʥʘ ʨʘʜʽʦʩʠʛʥʘʣ. ʊʦʤʫ ʤʝʪʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʥʘʫʢʦʚʦ-ʤʝʪʦʜʠʯʥʦʛʦ ʘʧʘʨʘʪʫ 

ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʽʚ ʚ ʩʫʜʦʚʠʭ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʧʨʠʩʪʨʦʾʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʽʩʥʦʾ 

ʙʝʟʧʝʢʠ ʩʫʜʥʦʚʦʜʽʥʥʷ. 

ʅʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʚôʷʟʘʥʥʷ ʧʦʩʪʘʚʣʝʥʦʛʦ ʟʘʚʜʘʥʥʷ ʪʘ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʨʦʙʦʪʠ ʥʝʦʙʭʽʜʥʦ 

ʚʠʢʦʥʘʪʠ ʜʝʷʢʫ ʩʪʨʫʢʪʫʨʥʦ-ʣʦʛʽʯʥʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʜʽʡ ʱʦʜʦ ʧʨʦʚʝʜʝʥʥʷ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ.  

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʛʦ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʦʛʦ ʟʘʚʜʘʥʥʷ ʧʦʪʨʽʙʥʦ ʚʠʨʽʰʝʥʥʷ 

ʥʘʩʪʫʧʥʦʾ ʩʫʢʫʧʥʦʩʪʽ ʟʘʚʜʘʥʴ: 

ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʨʦʟʚʠʪʢʫ ʩʫʜʦʚʠʭ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ 

ʥʘʚʽʛʘʮʽʾ; 

ʚʠʟʥʘʯʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʨʘʜʽʦʭʚʠʣʴ ʥʘʜ ʤʦʨʩʴʢʦʶ ʧʦʚʝʨʭʥʶ ʪʘ 

ʚʠʟʥʘʯʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚ ʪʨʦʧʦʩʬʝʨʥʦʤʫ ʰʘʨʽ ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʥʠʭ; 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʧʽʜʭʦʜʫ ʜʦ ʧʨʠʡʤʘʥʥʷ ʨʘʜʽʦʩʠʛʥʘʣʽʚ ʚ ʩʫʜʦʚʠʭ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ 

ʩʠʩʪʝʤʘʭ; 

ʨʦʟʨʦʙʠʪʠ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʠʡ ʧʽʜʭʽʜ ʜʦ ʚʨʘʭʫʚʘʥʥʷ ʪʨʦʧʦʩʬʝʨʥʦʛʦ ʚʧʣʠʚʫ ʥʘ 

ʧʨʠʡʤʘʥʥʷ ʨʘʜʽʦʩʠʛʥʘʣʫ ʚ ʩʫʜʦʚʠʭ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ; 

ʨʦʟʨʦʙʢʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʧʨʠʡʤʘʥʥʷ ʨʘʜʽʦʩʠʛʥʘʣʫ ʚ ʩʫʜʦʚʠʭ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ ʪʘ ʾʾ ʽʤʽʪʘʮʽʡʥʘ ʧʝʨʝʚʽʨʢʘ. 



 

 
  

 

40 

ɺʠʩʥʦʚʢʠ. 

 1. ɼʦʩʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʜʦʚʠʭ ʈʃʉ ʧʦʢʘʟʫʻ, ʱʦ ʚʠʩʦʢʦʪʦʯʥʝ ʢʦʦʨʜʠʥʘʪʥʦ-ʯʘʩʦʚʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʜʥʘ ʻ ʦʜʥʽʻʶ ʽʟ ʩʢʣʘʜʦʚʠʭ ʚ ʜʦʩʷʛʥʝʥʥʽ ʙʘʞʘʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ. ɺʩʝʙʽʯʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʜʦʚʠʭ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʚ ʥʘʚʽʛʘʮʽʡʥʦʤʫ ʢʦʤʧʣʝʢʩʽ ʚ ʩʫʢʫʧʥʦʩʪʽ ʟ 

ʽʥʰʠʤʠ ʩʠʩʪʝʤʘʤʠ ʥʘʚʽʛʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʜʥʘ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʥʦʚʠʡ 

ʷʢʽʩʥʠʡ ʨʽʚʝʥʴ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ ʱʦʜʦ ʚʠʟʥʘʯʝʥʥʷ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʨʽʟʥʠʭ ʤʦʨʩʴʢʠʭ 

ʦʙôʻʢʪʽʚ ʪʘ ʨʫʭʫ ʩʫʜʥʘ ʧʦ ʟʘʜʘʥʦʤʫ ʢʫʨʩʽ ʚ ʨʽʟʥʠʭ ʫʤʦʚʘʭ. 

2. ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʪʘ ʪʝʥʜʝʥʮʽʡ ʨʦʟʚʠʪʢʫ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʩʠʩʪʝʤ 

ʥʘʚʽʛʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʷʚʣʝʥʦ, ʱʦ ʥʘʡʙʽʣʴʰ ʜʦʮʽʣʴʥʠʤ ʻ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʽʟʥʠʭ 

ʤʦʨʩʴʢʠʭ ʦʙôʻʢʪʽʚ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʽʥʪʝʛʨʫʚʘʪʠ ʜʘʥʥʽ 

ʥʘʚʽʛʘʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ ʚ ʽʩʥʫʶʯʠʭ ʩʠʩʪʝʤʘʭ. ʇʨʠ ʮʴʦʤʫ ʚʽʜʥʦʩʥʦ ʤʦʜʝʨʥʽʟʘʮʽʾ ʮʠʭ ʩʠʩʪʝʤ 

ʥʘʧʨʘʚʣʝʥʽ ʥʘ ʧʦʣʽʧʰʝʥʥʷ ʷʢʦʩʪʽ ʧʨʠʡʤʘʥʥʷ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ ʪʘ ʾʭ ʪʘʢʪʠʢʦ-ʪʝʭʥʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ.  

3. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘ ʨʦʙʦʪʫ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʚʧʣʠʚʘʻ ʥʝ ʪʽʣʴʢʠ ʪʨʦʧʦʩʬʝʨʥʠʡ 

ʰʘʨ, ʘʣʝ ʡ ʤʦʨʩʴʢʘ ʧʦʚʝʨʭʥʷ, ʷʢʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʧʨʠʟʝʤʥʠʡ ʰʘʨ ʪʨʦʧʦʩʬʝʨʠ, 

ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ. ʊʦʤʫ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʥʘ ʙʦʨʪʫ ʩʫʜʥʘ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʫʚʘʪʠ ʚʧʣʠʚ ʥʘ ʩʪʘʥ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʨʘʜʽʦʭʚʠʣʴ ʜʦ ʤʦʨʩʴʢʦʛʦ ʦʙô̒ ʢʪʘ. 

4. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʥʘʚʽʛʘʮʽʡʥʠʭ ʟʘʚʜʘʥʴ ʽ ʟʘʜʦʚʦʣʝʥʥʷ ʩʫʯʘʩʥʠʭ ʚʠʤʦʛ IʄO ʚʠʥʠʢʘʻ 
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ʊʨʦʬʠʤʝʥʢʦ ʀ.ɺ. 

ʆʇʈɽɼɽʃɽʅʀɽ ʇɽʈʉʇɽʂʊʀɺʅʓʍ ʅɸʇʈɸɺʃɽʅʀʁ ʈɸɿɺʀʊʀʗ 

ʅɸɺʀɻɸʎʀʆʅʅʆɻʆ ʆɹɽʉʇɽʏɽʅʀʗ ʉʋɼʆɺʆɾɼɽʅʀɽ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ 

ʈɸɼʀʆʃʆʂɸʎʀʆʅʅʓʍ ʉʀʉʊɽʄ 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʫʜʦʚʦʞʜʝʥʠʷ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʩʫʜʦʚʳʝ ʩʠʩʪʝʤʳ. ɺ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʤʦʨʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʠ (IMO) ʨʠʟʥʦʤʠʥʠʪʥʠ 

ʩʫʜʘ ʜʦʣʞʥʳ ʙʳʪʴ ʦʙʦʨʫʜʦʚʘʥʳ ʥʘʚʠʛʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʢʦʪʦʨʳʝ ʦʪʚʝʯʘʶʪ ʟʘ 

ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ ʧʨʦʢʣʘʜʢʫ ʤʘʨʰʨʫʪʘ ʜʚʠʞʝʥʠʷ ʩʫʜʥʘ ʩ ʧʦʤʦʱʴʶ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ 
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ʩʨʝʜʩʪʚ. ʇʦʵʪʦʤʫ ʚʘʞʥʦʝ ʤʝʩʪʦ ʩʨʝʜʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʩʫʜʥʘ ʟʘʥʠʤʘʶʪ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʦʪʚʝʯʘʶʪ ʟʘ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ 

ʩʪʦʣʢʥʦʚʝʥʠʡ ʩʫʜʦʚ, ʥʘʚʠʛʘʮʠʦʥʥʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʫʜʦʚʦʞʜʝʥʠʷ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʷ 

ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ ʤʠʩʮʷʧʦʣʦʞʝʥʥʷ ʩʫʜʥʘ. ʐʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʩʫʜʦʚʳʭ ʈʃʉ 

ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʣʘʚʘʥʠʷ ʩʫʜʥʘ ʟʘ ʩʯʝʪ ʚʳʷʚʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʦʚ 

ʧʦ ʢʫʨʩʫ ʚ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʦʡ ʚʠʜʠʤʦʩʪʠ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʫʨʩʘ ʚ 

ʨʘʡʦʥʘʭ ʠʥʪʝʥʩʠʚʥʦʛʦ ʩʫʜʦʭʦʜʩʪʚʘ. 

ʇʦʵʪʦʤʫ ʚ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʩʫʜʦʚ ʚ 

ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʘ ʪʘʢʞʝ ʧʨʠʚʝʜʝʥʳ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʂʨʦʤʝ ʵʪʦʛʦ, ʧʨʠʚʝʜʝʥ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʫʜʦʚʳʭ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʠ ʠʭ ʨʦʣʴ ʚ 

ʥʘʚʠʛʘʮʠʦʥʥʦʤ ʦʙʩʣʫʞʠʚʘʥʠʠ ʩʫʜʥʘ. ʆʧʨʝʜʝʣʝʥʳ ʧʨʦʮʝʩʩʳ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ ʢʘʯʝʩʪʚʦ 

ʧʨʠʝʤʘ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ ʚ ʨʘʜʠʦʪʨʘʢʪʘ. ʉ ʫʯʝʪʦʤ ʚʳʷʚʣʝʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ 

ʥʝʜʦʩʪʘʪʢʦʚ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʦʧʨʝʜʝʣʝʥʳ ʥʘʫʯʥʘʷ ʟʘʜʘʯʘ ʜʘʣʴʥʝʡʰʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʦʧʨʝʜʝʣʝʥʳ ʧʫʪʠ ʝʝ ʨʝʰʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʘʚʠʛʘʮʠʦʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʩʫʜʦʚʦʞʜʝʥʠʷ, ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ, 

ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʡ ʩʠʛʥʘʣ, ʥʘʚʠʛʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ.  

 

Trofimenko I.V.  

DETERMINATION OF PERSPECTIVE DIRECTIONS OF NAVIGATION SUPPORT 

DEVELOPMENT SHIPPING WITH THE USE OF RADAR SYSTEMS  

Various ship systems are used to improve the safety of navigation. In accordance with the 

requirements of the International Maritime Organization (IMO), riznominate vessels should be 

equipped with navigation systems, which are responsible for automatic routing of the ship's route by 

radar. Therefore, an important place among the technical means of navigational support of a ship is 

occupied by radar systems, which are responsible for preventing collisions of ships, navigational 

safety of navigation, and determining the geographical coordinates of the ship's mission position. 

The wide use of ship radar allows for the safety of the vessel's navigation by identifying various 

objects at a course in conditions of reduced visibility, as well as determining the optimal course in 

areas of intensive navigation. 

Therefore, the article deals with the features of navigational support of ships in modern conditions, 

and also shows the directions of development in modern conditions. In addition, an analysis of 

existing shipborne radar systems and their role in navigational service of the vessel is given. The 

processes that influence the reception quality of the radar signal in the radio path are determined. 

Taking into account the revealed peculiarities and shortcomings of navigation support, the scientific 

task of further research is determined and ways of its solution are determined. 

Key words: navigation support, navigation, radar systems, radar signal, navigation safety. 
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ʆʉʆɹʃʀɺʆʉʊɯ ʊɸʈʀʌʆʋʊɺʆʈɽʅʅʗ ʅɸ ʇɽʈɽɺɽɿɽʅʅʗ  

ɺʅʋʊʈɯʐʅɯʄ ɺʆɼʅʀʄ ʊʈɸʅʉʇʆʈʊʆʄ  

 

 

ʋ ʩʪʘʪʪʽ ʨʦʟʛʣʷʥʫʪʦ ʧʽʜʭʦʜʠ ʽ ʩʧʝʮʠʬʽʢʘ ʪʘʨʠʬʦʫʪʚʦʨʝʥʥʷ ʥʘ ʧʝʨʝʚʝʟʝʥʥʷ ʚʘʥʪʘʞʽʚ 

ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ. ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʧʨʠʜʽʣʝʥʦ ʚʠʪʨʘʪʥʦʤʫ 

ʤʝʪʦʜʫ ʬʦʨʤʫʚʘʥʥʷ  ʪʘʨʠʬʽʚ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʝʬʝʢʪʠʚʥʫ ʧʦʣʽʪʠʢʫ ʮʽʥʦʫʪʚʦʨʝʥʥʷ. 

ʇʨʝʜʩʪʘʚʣʝʥʠʡ ʧʦʨʷʜʦʢ ʚʩʪʘʥʦʚʣʝʥʥʷ ʪʘʨʠʬʽʚ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʫʟʛʦʜʞʝʥʦʾ ʪʘ 

ʛʥʫʯʢʦʾ ʩʠʩʪʝʤʠ ʬʦʨʤʫʚʘʥʥʷ ʢʦʥʢʫʨʝʥʪʥʦʾ ʪʘʨʠʬʥʦ-ʮʽʥʦʚʦʾ ʧʦʣʽʪʠʢʠ ʧʝʨʝʚʽʟʥʠʢʽʚ, ʱʦ 

ʩʧʨʠʷʪʠʤʝ ʟʘʣʫʯʝʥʥʶ ʩʧʦʞʠʚʘʯʽʚ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʩʣʫʛ, ʟʜʝʰʝʚʣʝʥʥʶ ʮʽʥʠ ʧʝʨʝʚʝʟʝʥʥʷ ʪʘ 

ʧʦʢʨʘʱʝʥʥʶ ʬʽʥʘʥʩʦʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʽʷʣʴʥʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʝʨʝʚʝʟʝʥʥʷ ʚʥʫʪʨʽʰʥʽʤ ʚʦʜʥʠʤ ʪʨʘʥʩʧʦʨʪʦʤ, ʚʘʥʪʘʞʦʧʝʨʝʚʝʟʝʥʥʷ,  

ʪʘʨʠʬ, ʚʠʪʨʘʪʠ ʥʘ ʧʝʨʝʚʝʟʝʥʥʷ, ʪʘʨʠʬʥʘ ʧʦʣʽʪʠʢʘ. 

 

ɸʥʘʣʽʟ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʧʨʦʙʣʝʤʠ. ʈʦʣʴ ʪʘʨʠʬʥʦʾ ʧʦʣʽʪʠʢʠ ʥʘ ʪʨʘʥʩʧʦʨʪʽ ʟ ʧʝʨʝʭʦʜʦʤ ʥʘ 

ʨʠʥʢʦʚʽ ʚʽʜʥʦʩʠʥʠ ʨʽʟʢʦ ʧʽʜʚʠʱʠʣʘʩʷ. ʈʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʝʬʝʢʪʠʚʥʦʛʦ ʪʘʨʠʬʥʦʛʦ 

ʨʝʛʫʣʶʚʘʥʥʷ ʚʠʤʘʛʘʻ ʚ ʷʢʦʩʪʽ ʦʜʥʦʛʦ ʟ ʥʝʦʙʭʽʜʥʠʭ ʫʤʦʚ ʨʦʟʨʦʙʢʫ ʯʽʪʢʦʾ ʽ ʥʝʩʫʧʝʨʝʯʣʠʚʦʾ 

ʪʘʨʠʬʥʦʾ ʧʦʣʽʪʠʢʠ, ʷʢʘ ʚʠʟʥʘʯʘʻ ʥʘ ʜʦʩʠʪʴ ʪʨʠʚʘʣʠʡ ʧʝʨʽʦʜ ʧʨʽʦʨʠʪʝʪʠ ʪʠʭ ʯʠ ʽʥʰʠʭ ʩʬʝʨ 

ʧʝʨʝʚʽʟʥʦʾ ʜʽʷʣʴʥʦʩʪʽ. ʇʨʠ ʮʴʦʤʫ ʨʠʥʦʢ ʧʦʩʣʫʛ ʧʽʜʧʨʠʻʤʩʪʚ ʚʥʫʪʨʽʰʥʴʦʛʦ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ 

(ɺɺʊ) ʧʦʚʠʥʝʥ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʚʘʞʣʠʚʘ ʩʢʣʘʜʦʚʘ ʯʘʩʪʠʥʘ ʟʘʛʘʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʨʠʥʢʫ. 

ɯʥʰʦʶ ʥʝʦʜʤʽʥʥʦʶ ʫʤʦʚʦʶ ʻ ʬʦʨʤʫʚʘʥʥʷ ʜʦʩʪʘʪʥʴʦʾ ʥʦʨʤʘʪʠʚʥʦ-ʤʝʪʦʜʠʯʥʦʾ ʪʘ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʘʟʠ, ʱʦ ʚʠʟʥʘʯʘʻ ʫʤʦʚʠ ʪʘʨʠʬʽʢʘʮʽʾ, ʦʩʦʙʣʠʚʦ ʚ ʩʬʝʨʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʽʣʴʥʠʭ 

ʪʘʨʠʬʽʚ, ʽ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʩʫʢʫʧʥʽʩʪʴ: ʤʝʪʦʜʠʢ ʨʦʟʨʘʭʫʥʢʫ ʪʘʨʠʬʽʚ; ʩʠʩʪʝʤʠ ʦʙʣʽʢʫ, ʱʦ ʜʘʻ 

ʟʤʦʛʫ ʧʝʨʝʚʽʨʠʪʠ ʧʨʘʚʠʣʴʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʽʚ; ʬʦʨʤ ʛʘʣʫʟʝʚʦʾ ʬʽʥʘʥʩʦʚʦʾ ʟʚʽʪʥʦʩʪʽ; ʧʨʘʚʠʣ 

ʨʝʻʩʪʨʘʮʽʾ ʪʘʨʠʬʽʚ ʽ ʧʦʨʷʜʢʫ ʨʦʟʨʘʭʫʥʢʽʚ ʟʽ ʩʧʦʞʠʚʘʯʘʤʠ. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ɺ ʥʦʚʠʭ ʫʤʦʚʘʭ ʪʘʨʠʬʠ ʥʘ ʧʝʨʝʚʝʟʝʥʥʷ ʚʘʥʪʘʞʽʚ ɺɺʊ ʩʪʘʣʠ 

ʬʦʨʤʫʚʘʪʠʩʷ ʧʝʨʝʚʽʟʥʠʢʘʤʠ ʩʘʤʦʩʪʽʡʥʦ ʥʘ ʦʩʥʦʚʽ ʚʠʪʨʘʪ, ʧʦʧʠʪʫ ʽ ʧʨʦʧʦʟʠʮʽʾ. ʇʨʦʪʝ ʙʘʛʘʪʦ 

ʩʫʜʥʦʚʣʘʩʥʠʢʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʘʨʠʬʥʽ ʩʪʘʚʢʠ ʟʘʪʚʝʨʜʞʝʥʦʛʦ ʚ 1989 ʨʦʮʽ ʇʨʝʡʩʢʫʨʘʥʪʘ ˉ 

14-01 ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʦʟʨʘʭʦʚʘʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʦʤ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʦʜʦʨʦʞʯʘʥʥʷ. ʆʜʥʘʢ ʙʘʟʘ, ʥʘ 

ʷʢʽʡ ʟʘʩʥʦʚʘʥʠʡ ʇʨʝʡʩʢʫʨʘʥʪ, ʟʘʩʪʘʨʽʣʘ, ʥʝ ʚʽʜʦʙʨʘʞʘʻ ʨʝʘʣʴʥʽ ʚʠʪʨʘʪʠ ʧʝʨʝʚʽʟʥʠʢʽʚ ʽ ʥʝ 

ʚʨʘʭʦʚʫʻ ʩʫʯʘʩʥʫ ʩʠʪʫʘʮʽʶ ʥʘ ʨʠʥʢʫ ʧʦʩʣʫʛ ɺɺʊ. ʋ ʧʽʜʩʫʤʢʫ, ʚ ʛʘʣʫʟʽ ʽʩʥʫʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʨʦʟʨʦʙʢʠ ʥʦʚʦʾ ʩʠʩʪʝʤʠ ʪʘʨʠʬʦʫʪʚʦʨʝʥʥʷ, ʷʢʘ ʙʫʜʝ ʚʨʘʭʦʚʫʚʘʪʠ ʥʦʚʽ ʨʠʥʢʦʚʽ ʚʽʜʥʦʩʠʥʠ, ʟʤʽʥʫ 

ʩʪʨʫʢʪʫʨʠ ʚʠʨʦʙʥʠʮʪʚʘ ʪʦʚʘʨʥʦ-ʤʘʪʝʨʽʘʣʴʥʠʭ ʮʽʥʥʦʩʪʝʡ ʚ ʢʨʘʾʥʽ, ʢʦʥʢʫʨʝʥʮʽʶ ʤʽʞ 

ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ ʪʨʘʥʩʧʦʨʪʫ, ʚʟʘʻʤʦʟʚ'ʷʟʦʢ ʩʫʤʽʞʥʠʭ ʚʠʜʽʚ ʪʨʘʥʩʧʦʨʪʫ, ʫʜʦʩʢʦʥʘʣʠʪʴ ʽ 

ʚʧʦʨʷʜʢʫʻ ʧʨʦʮʝʩ ʚʩʪʘʥʦʚʣʝʥʥʷ ʪʘʨʠʬʽʚ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ. ɺʩʪʘʥʦʚʣʝʥʥʷ ʨʽʚʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʪʘʨʠʬʽʚ - 

ʘʢʪʫʘʣʴʥʘ ʝʢʦʥʦʤʽʯʥʘ ʧʨʦʙʣʝʤʘ, ʱʦ ʤʘʻ ʚ ʫʤʦʚʘʭ ʧʝʨʝʭʦʜʫ ʜʦ ʨʠʥʢʫ ʥʝ ʪʽʣʴʢʠ ʛʘʣʫʟʝʚʝ, ʘ ʡ 

ʜʝʨʞʘʚʥʝ ʟʥʘʯʝʥʥʷ. ɺʠʨʽʰʝʥʥʶ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʥʘ ʪʨʘʥʩʧʦʨʪʽ ʟʘʚʞʜʠ ʧʨʠʜʽʣʷʣʘʩʷ ʚʝʣʠʢʘ ʫʚʘʛʘ, 

ʧʨʦ ʱʦ ʩʚʽʜʯʘʪʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʯʠʩʣʝʥʥʽ ʧʨʘʮʽ ʚʯʝʥʠʭ-ʝʢʦʥʦʤʽʩʪʽʚ 

ʆ.ʇ.ʏʫʧʨʦʚʘ, ʉ.ɻ.ʉʪʨʫʤʠʣʠʥʘ, ʊ.ʉ.ʍʘʯʘʪʫʨʦʚʘ, ɸ.ʇ.ɸʙʨʘʤʦʚʘ, ɸ.ɺ.ʂʨʝʡʥʠʥʘ, 

ʄ.ʉ.ɺʫʣʴʬʩʦʥʘ, ʖ.ɹ.ʄʘʢʦʚʩʴʢʦʛʦ ʪʘ ʽʥ. ɺ ʧʨʘʮʷʭ ʟʘʨʫʙʽʞʥʠʭ ʬʘʭʽʚʮʽʚ ɼ.ɹʘʫʝʨʩʦʢʩʘ, 

ɼ.ɹʝʥʩʦʥʘ, ʈ.ɹʝʨʥʰʪʝʡʥʘ, ɼʞ.ɻʘʪʪʦʨʥʘ, ʄ. ʇʦʨʪʝʨʘ, ɼʞ.ʋʘʡʪʭʝʜʘ ʪʘ ʽʥ. ʥʘʡʙʽʣʴʰʠʡ ʽʥʪʝʨʝʩ 

ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʧʽʣʴʥʽ ʢʦʥʮʝʧʪʫʘʣʴʥʽ ʧʽʜʭʦʜʠ ʜʦ ʫʧʨʘʚʣʽʥʥʷ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʶ 

ʛʘʣʫʟʝʚʠʭ ʢʦʤʧʣʝʢʩʽʚ ʝʢʦʥʦʤʽʢʠ ʽ ʧʽʜʧʨʠʻʤʩʪʚ, ʣʦʛʽʩʪʠʯʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʾʭ ʨʦʙʦʪʠ ʚ ʣʘʥʮʶʛʘʭ 

ʧʦʩʪʘʯʘʥʴ  ʽ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ. ɿʘʚʜʷʢʠ ʨʦʙʦʪʘʤ ʮʠʭ ʚʯʝʥʠʭ ʽ ʧʨʘʢʪʠʢʽʚ ʟʘʢʣʘʜʝʥʠʡ ʬʫʥʜʘʤʝʥʪ 
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ʥʘʫʢʦʚʠʭ ʟʥʘʥʴ ʚ ʦʙʣʘʩʪʽ ʪʘʨʠʬʽʢʘʮʽʾ ʧʝʨʝʚʝʟʝʥʴ ʚʘʥʪʘʞʽʚ ʽ ʧʘʩʘʞʠʨʽʚ, ʱʦ ʚʨʘʭʦʚʫʻ ʥʝ ʪʽʣʴʢʠ 

ʜʽʶ ʨʠʥʢʦʚʠʭ ʨʝʛʫʣʷʪʦʨʽʚ (ʥʘʧʨʠʢʣʘʜ, ʯʝʨʝʟ ʧʨʦʷʚ ʟʘʢʦʥʫ ʚʘʨʪʦʩʪʽ), ʘ ʡ ʩʧʝʮʠʬʽʯʥʠʡ ʭʘʨʘʢʪʝʨ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚʠʜʽʚ ʪʨʘʥʩʧʦʨʪʫ, ʚʘʞʣʠʚʫ ʨʦʣʴ ʜʝʨʞʘʚʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʷʢ ʟʘʩʦʙʫ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʮʽʣʽʩʥʦʩʪʽ ʝʢʦʥʦʤʽʯʥʦʛʦ ʽ ʩʦʮʽʘʣʴʥʦʛʦ ʧʨʦʩʪʦʨʫ ʢʨʘʾʥʠ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ ʩʪʘʪʪʽ (ʧʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʥʷ). ɿ ʦʛʣʷʜʫ ʥʘ ʦʩʦʙʣʠʚʦʩʪʽ ʝʢʦʥʦʤʽʯʥʦʾ 

ʩʠʪʫʘʮʽʾ, ʧʨʘʛʥʝʥʥʷ ʨʝʛʽʦʥʽʚ ʜʦ ʘʚʪʦʥʦʤʽʟʘʮʽʾ, ʘ ʪʘʢʦʞ ʥʝʧʨʠʡʥʷʪʪʷ ʽ ʥʝʚʽʨʥʫ ʽʥʪʝʨʧʨʝʪʘʮʽʶ 

ʨʝʛʽʦʥʘʤʠ ʪʘ ʽʥʰʠʤʠ ʛʦʩʧʦʜʘʨʶʶʯʠʤʠ ʩʫʙ'ʻʢʪʘʤʠ ʜʝʨʞʘʚʥʦʾ ʪʘʨʠʬʥʦʾ ʧʦʣʽʪʠʢʠ, 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʨʽʚʥʷ ʪʘʨʠʬʽʚ ɺɺʊ ʟʘʣʠʰʘʻʪʴʩʷ ʚʘʞʣʠʚʦʶ ʥʘʫʢʦʚʦʶ ʽ ʧʨʘʢʪʠʯʥʦʶ ʟʘʜʘʯʝʶ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʈʦʣʴ ɺɺʊ ʚ ʟʘʛʘʣʴʥʽʡ ʪʨʘʥʩʧʦʨʪʥʽʡ ʩʠʩʪʝʤʽ ʋʢʨʘʾʥʠ ʚ 

ʧʝʨʩʧʝʢʪʠʚʽ ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʷ ʩʪʫʧʝʥʝʤ ʡʦʛʦ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ, 

ʧʦʚ'ʷʟʘʥʦʾ ʟ ʚʘʨʪʽʩʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʧʝʨʝʚʝʟʝʥʴ, ʟʦʢʨʝʤʘ, ʪʘʨʠʬʘʤʠ. ʈʠʥʢʦʚʘ ʦʨʽʻʥʪʘʮʽʷ 

ʝʢʦʥʦʤʽʢʠ ʚʧʣʠʥʫʣʘ ʥʝ ʪʽʣʴʢʠ ʥʘ ʨʽʚʝʥʴ ʚʘʥʪʘʞʥʠʭ ʪʘʨʠʬʽʚ, ʘʣʝ ʽ ʥʘ ʩʪʨʫʢʪʫʨʫ ʚʠʪʨʘʪ, ʱʦ 

ʚʢʣʶʯʘʶʪʴʩʷ ʚ ʪʘʨʠʬʥʽ ʩʪʘʚʢʠ. ʇʨʦʙʣʝʤʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʨʽʚʥʷ ʚʘʥʪʘʞʥʠʭ ʪʘʨʠʬʽʚ ʽ ʾʭ 

ʨʝʛʫʣʶʚʘʥʥʷ ʪʽʩʥʦ ɺɺʊ ʚ ʮʴʦʤʫ ʚʽʜʥʦʰʝʥʥʽ ʤʘʻ ʩʚʦʾ ʦʩʦʙʣʠʚʦʩʪʽ. ʄʝʪʦʜʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʧʦ 

ʢʦʥʪʨʦʣʶ ʽ ʨʝʛʫʣʶʚʘʥʥʶ ʪʘʨʠʬʥʦ-ʮʽʥʦʚʦʾ ʧʦʣʽʪʠʢʠ ʧʽʜʧʨʠʻʤʩʪʚ - ʧʨʠʨʦʜʥʠʭ ʤʦʥʦʧʦʣʽʩʪʽʚ ʽ 

ʧʽʜʧʨʠʻʤʩʪʚ, ʷʢʽ ʚʠʢʦʥʫʶʪʴ ʨʦʙʦʪʠ (ʧʦʩʣʫʛʠ), ʧʦʚ'ʷʟʘʥʽ ʟ ʧʝʨʝʚʝʟʝʥʥʷʤʠ ʚ ʮʽʣʷʭ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʜʦʭʦʜʽʚ ɺɺʊ ʤʽʞ ʫʯʘʩʥʠʢʘʤʠ ʧʝʨʝʚʽʟʥʦʛʦ ʧʨʦʮʝʩʫ, ʘ ʪʘʢʦʞ ʱʦʜʦ 

ʨʦʟʚʠʪʢʫ ʽ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʨʠʥʢʦʚʠʭ ʤʝʭʘʥʽʟʤʽʚ ʫ ʚʟʘʻʤʦʜʽʾ ʧʝʨʝʚʽʟʥʠʢʽʚ ʧʦ ʨʝʛʽʦʥʘʭ ʽ 

ʥʘʧʨʷʤʢʘʤʠ ʧʝʨʝʚʝʟʝʥʴ ʜʦʩʽ ʥʝ ʨʦʟʨʦʙʣʝʥʽ. 

ɹʝʟʫʤʦʚʥʦ, ʜʣʷ ʚʧʦʨʷʜʢʫʚʘʥʥʷ ʧʨʦʮʝʩʫ ʪʘʨʠʬʦʫʪʚʦʨʝʥʥʷ ʽ ʜʦʪʨʠʤʘʥʥʷ ʧʨʘʚʠʣ ʦʬʦʨʤʣʝʥʥʷ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʜʦʢʫʤʝʥʪʽʚ ʩʫʜʥʦʧʣʘʚʥʽ ʢʦʤʧʘʥʽʾ ʧʦʚʠʥʥʽ ʢʝʨʫʚʘʪʠʩʷ ʧʦʣʦʞʝʥʥʷʤʠ 

ʇʨʝʡʩʢʫʨʘʥʪʘ, ʷʢʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʥʘʟʚʠ ʚʘʥʪʘʞʫ, ʪʘʨʠʬʥʦʾ ʥʦʤʝʥʢʣʘʪʫʨʠ, ʪʘʨʠʬʥʠʤ 

ʚʽʜʩʪʘʥʷʤ, ʚʠʟʥʘʯʝʥʥʷ ʤʘʩʠ ʚʘʥʪʘʞʫ, ʢʨʽʤ ʧʨʘʚʠʣ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʢʦʥʢʨʝʪʥʠʡ ʩʧʦʩʽʙ 

ʨʦʟʨʘʭʫʥʢʫ ʽ ʚʝʣʠʯʠʥʫ ʧʨʦʚʽʟʥʠʭ ʧʣʘʪʝʞʽʚ. 

ʇʽʜʧʨʠʻʤʩʪʚʘ ɺɺʊ ʧʨʘʮʶʶʪʴ ʚ ʫʤʦʚʘʭ ʜʝʬʽʮʠʪʫ ʧʝʨʝʚʝʟʝʥʴ. ʇʨʠ ʥʘʷʚʥʦʩʪʽ ʚ ʛʘʣʫʟʽ 

ʥʘʜʤʽʨʥʦʾ ʢʽʣʴʢʦʩʪʽ ʛʦʩʧʦʜʘʨʶʶʯʠʭ ʩʫʙ'ʻʢʪʽʚ, ʟʘʡʥʷʪʠʭ ʧʝʨʝʚʽʟʥʦʾ ʜʽʷʣʴʥʽʩʪʶ, ʧʝʨʰʦʯʝʨʛʦʚʠʤ 

ʟʘʚʜʘʥʥʷʤ ʙʫʜʴ-ʷʢʦʾ ʪʨʘʥʩʧʦʨʪʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʩʪʘʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʚʦʻʾ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʟʘ ʨʘʭʫʥʦʢ ʚʧʨʦʚʘʜʞʝʥʥʷ ʛʥʫʯʢʦʾ ʪʘʨʠʬʥʦʾ ʧʦʣʽʪʠʢʠ ʽ ʧʽʜʚʠʱʝʥʥʷ 

ʷʢʦʩʪʽ ʧʝʨʝʚʝʟʝʥʴ. ʊʘʨʠʬʠ ʥʘ ʧʦʩʣʫʛʠ ɺɺʊ ʻ ʨʽʟʥʦʚʠʜʦʤ ʮʽʥ, ʽ ʧʨʘʢʪʠʢʘ ʾʭ ʬʦʨʤʫʚʘʥʥʷ ʪʘ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʽʜʧʦʨʷʜʢʦʚʫʻʪʴʩʷ ʟʘʛʘʣʴʥʠʤ ʟʘʢʦʥʦʤʽʨʥʦʩʪʷʤ ʮʽʥʦʫʪʚʦʨʝʥʥʷ ʚ ʫʤʦʚʘʭ ʨʠʥʢʫ. 

 ʈʘʟʦʤ ʟ ʪʠʤ, ʪʨʘʥʩʧʦʨʪʥʽ ʪʘʨʠʬʠ ʤʘʶʪʴ ʽ ʩʚʦʾ ʦʩʦʙʣʠʚʦʩʪʽ. ɺʩʶ ʙʝʟʣʽʯ ʩʧʦʩʦʙʽʚ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʮʽʥ (ʪʘʨʠʬʽʚ) ʤʦʞʥʘ ʟʚʝʩʪʠ ʜʦ ʪʨʴʦʭ ʚʟʘʻʤʦʟʘʣʝʞʥʠʭ ʤʝʪʦʜʽʚ, ʦʨʽʻʥʪʦʚʘʥʠʭ ʥʘ 

ʩʦʙʽʚʘʨʪʽʩʪʴ, ʧʦʧʠʪ ʘʙʦ ʢʦʥʢʫʨʝʥʪʽʚ. ɼʣʷ ʪʦʛʦ ʱʦʙ ʚʨʘʭʫʚʘʪʠ ʙʝʟʣʽʯ ʯʠʥʥʠʢʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ 

ʥʘ ʨʽʚʝʥʴ ʪʘʨʠʬʽʚ, ʦʩʥʦʚʥʽ ʤʝʪʦʜʠ ʬʦʨʤʫʚʘʥʥʷ ʪʘʨʠʬʽʚ ʧʦʚʠʥʥʽ ʙʫʪʠ ʦʙ'ʻʜʥʘʥʽ ʚ ʦʜʠʥ 

ʢʦʤʙʽʥʦʚʘʥʠʡ ʤʝʪʦʜ. ʉʧʦʯʘʪʢʫ ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʘʭʫʚʘʪʠ ʙʘʟʦʚʠʡ ʪʘʨʠʬ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ 

ʩʦʙʽʚʘʨʪʦʩʪʽ, ʧʦʪʽʤ ʧʦʨʽʚʥʷʪʠ ʡʦʛʦ ʟ ʦʯʽʢʫʚʘʥʥʷʤʠ ʩʧʦʞʠʚʘʯʽʚ ʽ ʪʘʨʠʬʘʤʠ ʧʽʜʧʨʠʻʤʩʪʚ 

ʢʦʥʢʫʨʝʥʪʽʚ [1]. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʧʦʤʦʞʝ ʫʥʠʢʥʫʪʠ ʢʦʥʬʣʽʢʪʫ ʤʽʞ ʬʽʥʘʥʩʠʩʪʘʤʠ ʽ 

ʤʘʨʢʝʪʦʣʦʛʘʤʠ, ʷʢʠʡ ʤʦʞʝ ʚʠʥʠʢʥʫʪʠ ʧʨʠ ʚʠʙʦʨʽ ʤʽʞ ʜʚʦʤʘ ʧʽʜʭʦʜʘʤʠ - ʚʠʪʨʘʪʥʠʤ ʽ 

ʚʘʨʪʽʩʥʠʤ. ɺʩʪʘʥʦʚʣʶʶʯʠ ʪʘʨʠʬ ʚʠʪʨʘʪʥʠʤ ʧʽʜʭʦʜʦʤ, ʧʽʜʧʨʠʻʤʩʪʚʦ ʪʨʘʥʩʧʦʨʪʫ ʦʧʝʨʫʻ 

ʨʽʚʥʝʤ ʨʝʥʪʘʙʝʣʴʥʦʩʪʽ ʽ ʤʦʞʣʠʚʽʩʪʶ ʟʥʠʞʝʥʥʷ ʩʦʙʽʚʘʨʪʦʩʪʽ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʪʘʨʠʬʽʚ, ʷʢʽ 

ʙʫʜʫʪʴ ʦʧʪʠʤʘʣʴʥʠʤʠ ʟ ʪʦʯʢʠ ʟʦʨʫ ʚʘʥʪʘʞʦʚʣʘʩʥʠʢʽʚ ʽ ʢʦʥʢʫʨʝʥʮʽʾ. ʊʘʨʠʬʠ ʩʣʽʜ 

ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʽ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʧʝʨʝʚʽʟʥʠʢʫ ʜʣʷ ʢʦʞʥʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʧʝʨʝʚʝʟʝʥʥʷ. ʇʦʨʷʜʦʢ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʪʘʨʠʬʽʚ ʥʘ ʧʝʨʝʚʝʟʝʥʥʷ ʚʘʥʪʘʞʽʚ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 1.[2] 

ɺ ʫʤʦʚʘʭ ʥʠʟʴʢʦʛʦ ʧʦʧʠʪʫ ʧʽʜʧʨʠʻʤʩʪʚʘ ɺɺʊ ʟʤʫʰʝʥʽ ʟʙʽʣʴʰʫʚʘʪʠ ʪʘʨʠʬʠ ʧʽʜ ʜʽʻʶ 

ʟʨʦʩʪʘʥʥʷ ʚʠʪʨʘʪ ʯʝʨʝʟ ʙʨʘʢ ʩʫʯʘʩʥʠʭ ʚʘʥʪʘʞʥʦ-ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʽ ʩʫʜʝʥ, 

ʧʦʛʽʨʰʝʥʥʷ ʫʤʦʚ ʩʫʜʥʦʧʣʘʚʩʪʚʘ, ʟʨʦʩʪʘʥʥʷ ʮʽʥ ʥʘ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʽ ʨʝʩʫʨʩʠ ʪʘ ʽʥ. ʇʨʠ 

ʥʠʟʴʢʽʡ  ʷʢʦʩʪʽ ʧʝʨʝʚʝʟʝʥʴ ʮʝ ʚʠʢʣʠʢʘʻ ʥʝʛʘʪʠʚʥʫ ʨʝʘʢʮʽʶ ʢʣʽʻʥʪʽʚ. ʆʩʢʽʣʴʢʠ ʨʽʚʥʦʚʘʞʥʘ ʮʽʥʘ, 

ʘ ʦʪʞʝ, ʽ ʧʦʧʠʪ ʥʘ ʧʦʩʣʫʛʠ ɺɺʊ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ ʚʠʪʨʘʪʘʤʠ ʥʘ ʜʦʩʪʘʚʢʫ ʚʘʥʪʘʞʽʚ, ʚ 

ʽʥʪʝʨʝʩʘʭ ʪʨʘʥʩʧʦʨʪʫ ʟʘʙʝʟʧʝʯʠʪʠ ʟʥʠʞʝʥʥʷ ʮʠʭ ʚʠʪʨʘʪ. ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʨʝʪʝʣʴʥʦ 

ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʽ ʚʠʚʯʠʪʠ ʩʢʣʘʜ ʚʠʪʨʘʪ ʦʩʥʦʚʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʧʝʨʝʚʽʟʥʠʢʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤʠ 

ʫʧʨʘʚʣʽʥʩʴʢʦʛʦ ʦʙʣʽʢʫ, ʱʦ ʚ ʜʘʥʠʡ ʯʘʩ ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ. 
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ʈʠʩ. 1. ʇʦʨʷʜʦʢ ʚʩʪʘʥʦʚʣʝʥʥʷ ʪʘʨʠʬʽʚ ʥʘ ʧʝʨʝʚʝʟʝʥʥʷ ʚʘʥʪʘʞʽʚ ɺɺʊ 

 

ɺ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʦʙʣʽʢ ʚʠʪʨʘʪ - ʥʘʡʚʘʞʣʠʚʽʰʠʡ ʽʥʩʪʨʫʤʝʥʪ ʫʧʨʘʚʣʽʥʥʷ ʧʽʜʧʨʠʻʤʩʪʚʦʤ. 

ʅʝʦʙʭʽʜʥʽʩʪʴ ʫʧʨʘʚʣʽʥʥʷ ʚʠʪʨʘʪʘʤʠ ʟʨʦʩʪʘʻ ʚ ʤʽʨʫ ʪʦʛʦ, ʷʢ ʫʩʢʣʘʜʥʷʶʪʴʩʷ ʫʤʦʚʠ 

ʛʦʩʧʦʜʘʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ʽ ʟʨʦʩʪʘʶʪʴ ʚʠʤʦʛʠ ʜʦ ʨʝʥʪʘʙʝʣʴʥʦʩʪʽ. ʇʽʜʧʨʠʻʤʩʪʚʘ ɺɺʊ ʧʦʚʠʥʥʽ 

ʤʘʪʠ ʯʽʪʢʝ ʫʷʚʣʝʥʥʷ ʥʝ ʪʽʣʴʢʠ ʧʨʦ ʨʝʥʪʘʙʝʣʴʥʽʩʪʴ ʨʽʟʥʠʭ ʚʠʜʽʚ ʧʝʨʝʚʝʟʝʥʴ, ʘʣʝ ʽ ʧʨʦ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʦʞʥʦʛʦ ʧʨʠʡʥʷʪʦʛʦ ʨʽʰʝʥʥʷ ʪʘ ʡʦʛʦ ʚʧʣʠʚ ʥʘ ʬʽʥʘʥʩʦʚʽ ʨʝʟʫʣʴʪʘʪʠ, ʘ ʪʘʢʦʞ ʥʘ 

ʚʝʣʠʯʠʥʫ ʚʠʪʨʘʪ. 

ʋ ʧʨʘʢʪʠʯʥʽʡ ʜʽʷʣʴʥʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʚʘ ʤʝʪʦʜʫ ʧʨʷʤʦʛʦ ʨʦʟʨʘʭʫʥʢʫ 

ʮʽʥ: ʥʘ ʦʩʥʦʚʽ ʩʝʨʝʜʥʽʭ ʚʠʪʨʘʪ, ʪʦʙʪʦ ʟʘ ʩʫʢʫʧʥʽʩʪʶ ʚʩʽʭ ʝʣʝʤʝʥʪʽʚ ʚʠʪʨʘʪ, ʽ ʥʘ ʦʩʥʦʚʽ 

ʤʘʨʞʠʥʘʣʴʥʠʭ ʚʠʪʨʘʪ, ʪʦʙʪʦ ʥʘ ʙʘʟʽ ʦʮʽʥʢʠ ʜʦʜʘʪʢʦʚʠʭ ʚʠʪʨʘʪ ʥʘ ʜʦʜʘʪʢʦʚʽ ʧʦʩʣʫʛʠ [3]. ʉʣʽʜ 

ʟʘʟʥʘʯʠʪʠ, ʱʦ ʪʦʯʥʝ ʚʠʟʥʘʯʝʥʥʷ ʩʦʙʽʚʘʨʪʦʩʪʽ ʟʘ ʦʢʨʝʤʠʤʠ ʚʠʜʘʤʠ ʧʝʨʝʚʝʟʝʥʴ ʥʘ ʦʩʥʦʚʽ ʚʠʙʦʨʫ 

ʧʨʘʚʠʣʴʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʨʦʟʧʦʜʽʣʫ ʥʝʧʨʷʤʠʭ ʚʠʪʨʘʪ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʜʦʩʪʦʚʽʨʥʫ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʪʝ, ʥʘʩʢʽʣʴʢʠ ʥʘʩʧʨʘʚʜʽ ʟʜʽʡʩʥʝʥʥʷ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʧʝʨʝʚʝʟʝʥʥʷ ʚʠʛʽʜʥʦ ʜʣʷ 

ʧʽʜʧʨʠʻʤʩʪʚʘ, ʷʢʘ ʡʦʛʦ ʨʝʥʪʘʙʝʣʴʥʽʩʪʴ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʷʢʠʡ ʨʽʚʝʥʴ ʪʘʨʠʬʫ ʻ ʥʘʡʙʽʣʴʰ 

ʚʠʧʨʘʚʜʘʥʠʤ. ʅʝʭʪʫʚʘʥʥʷ ʧʠʪʘʥʥʷʤʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʩʠʩʪʝʤ ʨʦʟʧʦʜʽʣʫ ʥʝʧʨʷʤʠʭ 

ʚʠʪʨʘʪ ʥʝʨʽʜʢʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʩʫʪʪʻʚʽ ʜʠʩʧʨʦʧʦʨʮʽʾ ʚ ʩʪʨʫʢʪʫʨʽ ʧʝʨʝʚʝʟʝʥʴ 

ʽ ʮʽʥʦʚʽʡ ʧʦʣʽʪʠʮʽ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʘ ʮʝ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʪʷʛʥʝ ʟʘ ʩʦʙʦʶ ʧʦʛʽʨʰʝʥʥʷ ʬʽʥʘʥʩʦʚʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʜʽʷʣʴʥʦʩʪʽ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʦʜʽʣ ʚʠʪʨʘʪ ʥʘ ʧʦʩʪʽʡʥʽ ʪʘ ʟʤʽʥʥʽ, ʤʦʞʥʘ ʚʠʚʯʠʪʠ ʚʟʘʻʤʦʟʚ'ʷʟʦʢ ʤʽʞ 

ʦʙ'ʻʤʦʤ ʧʝʨʝʚʝʟʝʥʴ, ʚʠʪʨʘʪʘʤʠ ʽ ʧʨʠʙʫʪʢʦʤ, ʦʪʨʠʤʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʧʨʠʙʫʪʢʦʚʽʩʪʴ ʘʙʦ 

ʟʙʠʪʢʦʚʽʩʪʴ ʧʝʨʝʚʝʟʝʥʴ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʾʭ ʦʙʩʷʛʫ, ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʢʨʠʪʠʯʥʫ ʪʦʯʢʫ ʦʙʩʷʛʫ 

ʧʝʨʝʚʝʟʝʥʴ, ʪʦʙʪʦ ʚʠʨʽʰʫʚʘʪʠ ʩʪʨʘʪʝʛʽʯʥʽ ʟʘʚʜʘʥʥʷ ʫʧʨʘʚʣʽʥʥʷ ʧʽʜʧʨʠʻʤʩʪʚʦʤ [4]: 

 

                                                              ɺ-)ɺ-ʊ(G=ʇ ʧʦʩʪ
ʧʠʪ
ʟʤ ,                                                    (1) 

ɸʥʘʣʽʟ ʚʥʫʪʨʽʰʥʴʦʛʦ ʽ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ 

ɺʠʟʥʘʯʝʥʥʷ ʧʣʘʥʦʚʦʛʦ ʦʙʩʷʛʫ ʧʝʨʝʚʝʟʝʥʴ ʥʘ ʦʩʥʦʚʽ ʟʘʤʦʚʣʝʥʴ ʢʣʽʻʥʪʽʚ 

ʈʦʟʨʘʭʫʥʦʢ ʙʘʟʦʚʠʭ ʪʘʨʠʬʽʚ ʥʘ ʦʩʥʦʚʽ ʩʦʙʽʚʘʨʪʦʩʪʽ ʧʝʨʝʚʝʟʝʥʴ 

ʂʦʨʝʛʫʚʘʥʥʷ ʪʘʨʠʬʽʚ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʢʦʥʢʫʨʝʥʮʽʾ ʪʘ ʽʥʪʝʨʝʩʽʚ ʩʧʦʞʠʚʘʯʽʚ  

ɿʥʠʞʝʥʥʷ ʪʘʨʠʬʽʚ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʢʦʥʢʫʨʝʥʪʦʟʜʘʪʥʦʩʪʽ 

ʇʽʜʚʠʱʝʥʥʷ ʪʘʨʠʬʽʚ ʧʨʠ ʥʘʷʚʥʦʩʪʽ 

ʢʦʥʢʫʨʝʥʪʥʠʭ ʧʝʨʝʚʘʛ 

ɺʩʪʘʥʦʚʣʝʥʥʷ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʠʭ 

ʪʘʨʠʬʽʚ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʚʽʜʤʽʥʥʦʩʪʝʡ ʚ 

ʫʤʦʚʘʭ ʧʝʨʝʚʝʟʝʥʥʷ ʽ ʢʦʥ'ʶʥʢʪʫʨʠ 

ʨʠʥʢʫ ʚ ʦʢʨʝʤʠʭ ʩʝʛʤʝʥʪʘʭ 

ɺʽʜʤʦʚʘ ʚʽʜ 

ʙʘʞʘʥʦʛʦ ʨʽʚʥʷ 

ʨʝʥʪʘʙʝʣʴʥʦʩʪʽ 

ʧʝʨʝʚʝʟʝʥʴ 

ʉʢʣʘʜʘʥʥʷ ʽ ʘʥʘʣʽʟ ʧʣʘʥʫ ʜʦʭʦʜʽʚ, 

ʚʠʪʨʘʪ ʽ ʧʨʠʙʫʪʢʫ ʧʨʠ ʧʣʘʥʦʚʦʤʫ 

ʦʙʩʷʛʫ ʧʝʨʝʚʝʟʝʥʴ ʇʦʰʫʢ ʨʝʟʝʨʚʽʚ ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ 

ʇʦʰʫʢ  

ʨʝʟʝʨʚʽʚ 

ʟʥʠʞʝʥʥʷ 
ʚʠʪʨʘʪ 

ʇʦʰʫʢ ʜʦʜʘʪʢʦʚʠʭ ʦʙʩʷʛʽʚ ʧʝʨʝʚʝʟʝʥʴ 
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ʜʝ ʇ ï ʧʣʘʥʦʚʠʡ ʧʨʠʙʫʪʦʢ, ʛʨʥ.; 

G ï ʧʣʘʥʦʚʠʡ ʦʙʩʷʛ ʧʝʨʝʚʝʟʝʥʴ, ʪ, 

ʊ ï ʧʣʘʥʦʚʠʡ ʪʘʨʠʬ, ʛʨʥ./ʪ, 
ʧʠʪ

ʟʤɺ ï ʧʠʪʦʤʽ ʟʤʽʥʥʽ ʚʠʪʨʘʪʠ, ʛʨʥ./ʪ; 

ɺʧʦʩʪ ï ʧʣʘʥʦʚʽ ʧʦʩʪʽʡʥʽ ʚʠʪʨʘʪʠ, ʛʨʥ. 

 

ʋ ʤʽʞʥʘʨʦʜʥʽʡ ʧʨʘʢʪʠʮʽ ʪʘʢʘ ʩʠʩʪʝʤʘ ʦʙʣʽʢʫ ʚʠʪʨʘʪ ʦʪʨʠʤʘʣʘ ʥʘʟʚʫ çʜʠʨʝʢʪ-ʢʦʩʪʠʥʛè [5]. 

ɺʦʥʘ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʝʬʝʢʪʠʚʥʫ ʧʦʣʽʪʠʢʫ ʮʽʥʦʫʪʚʦʨʝʥʥʷ. ʋ ʜʝʷʢʠʭ ʩʠʪʫʘʮʽʷʭ ʧʨʠ 

ʥʝʜʦʩʪʘʪʥʽʡ ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ ʧʦʪʫʞʥʦʩʪʝʡ ʟʘʣʫʯʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʟʘʤʦʚʣʝʥʴ ʤʦʞʝ ʙʫʪʠ 

ʚʠʧʨʘʚʜʘʥʦ ʥʘʚʽʪʴ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʧʣʘʪʘ ʟʘ ʥʠʭ ʥʝ ʧʦʢʨʠʚʘʻ ʟʘʛʘʣʴʥʠʭ ʚʠʪʨʘʪ ʧʦ ʾʭ 

ʚʠʢʦʥʘʥʥʶ. ɿʥʠʞʫʚʘʪʠ ʮʽʥʫ ʥʘ ʪʘʢʽ ʟʘʤʦʚʣʝʥʥʷ ʤʦʞʥʘ ʜʦ ʛʨʘʥʠʯʥʦʾ ʩʦʙʽʚʘʨʪʦʩʪʽ, ʨʦʟʨʘʭʫʚʘʪʠ 

ʟʥʘʯʝʥʥʷ ʷʢʦʾ ʜʦʟʚʦʣʷʻ ʩʠʩʪʝʤʘ çʜʠʨʝʢʪ-ʢʦʩʪʠʥʛè. ɺ ʨʝʟʫʣʴʪʘʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʦʾ ʩʠʩʪʝʤʠ 

ʦʙʣʽʢʫ ʚʠʪʨʘʪ, ʩʦʙʽʚʘʨʪʽʩʪʴ ʩʪʘʻ ʙʽʣʴʰ ʥʘʦʯʥʦʶ, ʘ ʩʪʘʪʪʽ ʚʠʪʨʘʪ - ʢʨʘʱʝ ʢʦʥʪʨʦʣʴʦʚʘʥʠʤʠ, 

ʨʦʟʰʠʨʶʶʪʴʩʷ ʘʥʘʣʽʪʠʯʥʽ ʤʦʞʣʠʚʦʩʪʽ ʦʙʣʽʢʫ, ʧʨʠʯʦʤʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʦʮʝʩ ʪʽʩʥʦʾ 

ʽʥʪʝʛʨʘʮʽʾ ʦʙʣʽʢʫ ʪʘ ʘʥʘʣʽʟʫ. ʅʘ ʮʽʡ ʦʩʥʦʚʽ ʙʫʜʫʻʪʴʩʷ ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʽʥʛʫ. ɸʥʘʣʽʟ çʧʦʚʝʜʽʥʢʠè 

ʟʤʽʥʥʠʭ ʽ ʧʦʩʪʽʡʥʠʭ ʚʠʪʨʘʪ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʤʽʥʠ ʦʙʩʷʛʽʚ ʧʝʨʝʚʝʟʝʥʴ  ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʝʢʦʥʦʤʽʯʥʦ ʛʨʘʤʦʪʥʦ ʦʧʝʨʘʪʠʚʥʦ ʧʨʠʡʤʘʪʠ ʨʽʰʝʥʥʷ ʟ ʫʧʨʘʚʣʽʥʥʷ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʪʘʚʢʠ 

ʤʘʨʞʠʥʘʣʴʥʦʛʦ ʜʦʭʦʜʫ, ʦʧʪʠʤʽʟʫʚʘʪʠ ʩʪʨʫʢʪʫʨʫ ʧʝʨʝʚʝʟʝʥʴ. 

ɼʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʧʦʪʦʯʥʦʛʦ ʢʦʥʪʨʦʣʶ, ʨʝʛʫʣʶʚʘʥʥʷ, ʧʨʠʡʥʷʪʪʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ, 

ʙʶʜʞʝʪʫʚʘʥʥʷ ʪʘ ʪʘʨʠʬʦʫʪʚʦʨʝʥʥʷ ʦʙʣʽʢ ʚʠʪʨʘʪ ʩʣʽʜ ʧʨʦʚʦʜʠʪʠ ʟ ʪʦʯʢʠ ʟʦʨʫ ʤʽʩʮʷ 

ʚʠʥʠʢʥʝʥʥʷ ʚʠʪʨʘʪ, ʷʢʠʤ ʤʘʻ ʚʚʘʞʘʪʠʩʷ ʢʦʞʥʝ ʩʫʜʥʦ. ʉʪʚʦʨʝʥʥʷ ʤʽʩʮʴ ʚʠʪʨʘʪ ʥʘ ʩʫʜʥʘʭ 

ʥʝʦʙʭʽʜʥʦ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʨʦʟʨʘʭʫʥʢʫ ʩʦʙʽʚʘʨʪʦʩʪʽ ʧʝʨʝʚʝʟʝʥʥʷ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ çʜʠʨʝʢʪ-ʢʦʩʪʠʥʛè ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʛʘʣʫʟʽ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚʢʨʘʡ 

ʨʽʜʢʦ, ʧʨʠ ʮʴʦʤʫ ʡʦʛʦ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʣʠʰʝ ʯʘʩʪʢʦʚʦ. ʆʩʥʦʚʥʠʤ ʥʘʧʨʷʤʢʦʤ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʟʘʩʪʦʩʦʚʫʚʘʥʦʛʦ ʚ ʜʝʷʢʠʭ ʦʨʛʘʥʽʟʘʮʽʷʭ çʜʠʨʝʢʪ-ʢʦʩʪʠʥʛè ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʨʦʟʚʠʥʝʥʦʛʦ çʜʠʨʝʢʪ-ʢʦʩʪʠʥʛè. ʈʽʟʥʠʮʷ ʧʦʣʷʛʘʻ ʚ ʧʦʜʽʣʽ ʧʦʩʪʽʡʥʠʭ ʚʠʪʨʘʪ ʥʘ ʧʨʷʤʽ ʽ ʥʝʧʨʷʤʽ. 

ɿ ʦʛʣʷʜʫ ʥʘ ʩʧʝʮʠʬʽʢʫ ʛʘʣʫʟʽ, ʜʦʮʽʣʴʥʦ ʚʠʜʽʣʠʪʠ ʧʦʩʪʽʡʥʽ ʚʠʪʨʘʪʠ: ʧʨʷʤʽ ʚʠʪʨʘʪʠ ʩʫʜʥʘ 

(ʘʤʦʨʪʠʟʘʮʽʷ, ʨʝʤʦʥʪ ʪʘ ʽʥʰʽ ʧʦʩʪʽʡʥʽ); ʥʝʧʨʷʤʽ ʚʠʪʨʘʪʠ ʧʦ ʫʪʨʠʤʘʥʥʶ ʜʦʧʦʤʽʞʥʦʛʦ ʬʣʦʪʫ; 

ʥʝʧʨʷʤʽ ʚʠʪʨʘʪʠ ʥʘ ʫʪʨʠʤʘʥʥʷ ʘʧʘʨʘʪʫ ʫʧʨʘʚʣʽʥʥʷ. 

ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʜʝʪʘʣʽʟʫʚʘʪʠ ʩʪʘʪʪʶ çɯʥʰʽ ʚʠʪʨʘʪʠ ʩʫʜʥʘè, ʨʦʟʜʽʣʷʶʯʠ ʾ ʭ ʥʘ ʟʤʽʥʥʽ, ʱʦ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʦʙʩʷʛʫ ʨʦʙʦʪʠ (ʩʫʜʥʦʚʠʡ ʟʚ'ʷʟʦʢ ʪʘ ʽʥ.), ʽ ʧʦʩʪʽʡʥʽ (ʩʪʨʘʭʫʚʘʥʥʷ, ʦʛʣʷʜ ʩʫʜʝʥ 

ʈʝʛʽʩʪʨʘʤʠ, ʜʝʟʽʥʬʝʢʮʽʷ, ʜʝʟʽʥʩʝʢʮʽʷ ʪʘ ʜʝʨʘʪʠʟʘʮʽʷ ʪʘ ʽʥ.). ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ ʨʦʟʚʠʥʝʥʦʛʦ 

çʜʠʨʝʢʪ-ʢʦʩʪʠʥʛè ʟʘ ʨʘʭʫʥʦʢ ʙʘʛʘʪʦʩʪʫʧʽʥʯʘʩʪʦʛʦ ʦʙʣʽʢʫ ʩʫʤ ʧʦʢʨʠʪʪʷ ʧʦʩʪʽʡʥʠʭ ʚʠʪʨʘʪ 

ʜʦʟʚʦʣʠʪʴ ʩʬʦʨʤʫʚʘʪʠ ʙʽʣʴʰ ʜʦʩʢʦʥʘʣʫ ʙʘʟʫ ʜʘʥʠʭ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʛʥʫʯʢʦʛʦ 

ʪʘʨʠʬʦʫʪʚʦʨʝʥʥʷ, ʘʥʘʣʽʟʫ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʽ ʚʠʪʨʘʪ ʧʽʜʧʨʠʻʤʩʪʚʘ. ɼʦʜʘʶʯʠ ʜʦ 

ʩʦʙʽʚʘʨʪʦʩʪʽ ʧʝʨʝʚʝʟʝʥʥʷ ʩʫʤʫ ʧʦʢʨʠʪʪʷ, ʪʨʘʥʩʧʦʨʪʥʝ ʧʽʜʧʨʠʻʤʩʪʚʦ ʤʦʞʝ ʚʩʪʘʥʦʚʠʪʠ ʙʘʟʦʚʠʡ 

ʪʘʨʠʬ: 

 

                                                              )k+1(Sʊ ʧʦʢʧʝʨʙ=  ,                                                        (2) 

 

ʜʝ ʊʙ ï ʙʘʟʦʚʠʡ ʪʘʨʠʬ, ʛʨʥ./ʪ; 

Sʧʝʨ ï ʩʦʙʽʚʘʨʪʽʩʪʴ ʧʝʨʝʚʝʟʝʥʴ, ʛʨʥ./ʪ, 

kʧʦʢ ï ʢʦʝʬʽʮʽʻʥʪ ʧʦʢʨʠʪʪʷ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʚʽʜʰʢʦʜʫʚʘʥʥʷ ʧʦʩʪʽʡʥʠʭ ʚʠʪʨʘʪ ʽ ʧʨʠʙʫʪʦʢ 

ʧʽʜʧʨʠʻʤʩʪʚʘ: 

 

                                                           ( )ʟʤʧʦʩʪʧʦʢ /ɺʇɺk +=   ,                                                   (3) 

 

ʜʝ ɺʟʤ ï ʟʤʽʥʥʽ ʚʠʪʨʘʪʠ ʧʝʨʝʚʽʟʥʠʢʘ, ʛʨʥ. 

ɼʣʷ ʪʦʛʦ ʱʦʙ ʧʦʨʽʚʥʷʪʠ ʙʘʟʦʚʠʡ ʪʘʨʠʬ ʟ ʪʘʨʠʬʘʤʠ ʢʦʥʢʫʨʝʥʪʽʚ, ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʫʚʘʪʠ 

ʚʠʪʨʘʪʠ ʩʧʦʞʠʚʘʯʽʚ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʩʣʫʛ ʽ ʧʦʨʽʚʥʶʚʘʪʠ ʟʘʛʘʣʴʥʫ ʩʫʤʫ ʚʠʪʨʘʪ 

ʚʘʥʪʘʞʦʚʣʘʩʥʠʢʽʚ ʥʘ ʜʦʩʪʘʚʢʫ ʚʘʥʪʘʞʫ ʜʘʥʠʤ ʧʽʜʧʨʠʻʤʩʪʚʦʤ, ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ-ʢʦʥʢʫʨʝʥʪʘʤʠ 
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ʘʙʦ ʩʫʤʽʞʥʠʤʠ ʚʠʜʘʤʠ ʪʨʘʥʩʧʦʨʪʫ. ɽʢʦʥʦʤʽʯʥʽ ʚʠʪʨʘʪʠ ʩʧʦʞʠʚʘʯʘ ʚʢʣʶʯʘʶʪʴ ʚʠʪʨʘʪʠ ʧʦ 

ʟʙʝʨʽʛʘʥʥʶ ʚʘʥʪʘʞʽʚ, ʟʘʤʦʨʦʞʫʚʘʥʥʷ ʦʙʦʨʦʪʥʠʭ ʢʦʰʪʽʚ ʟʘ ʯʘʩ ʜʦʩʪʘʚʢʠ ʽ ʟʙʝʨʽʛʘʥʥʷ ʫ ʚʠʛʣʷʜʽ 

ʦʧʣʘʪʠ ʟʘ ʢʦʨʠʩʪʫʚʘʥʥʷ ʢʨʝʜʠʪʦʤ ʥʘ ʮʽ ʮʽʣʽ, ʚʘʨʪʽʩʪʴ ʫʧʘʢʦʚʢʠ, ʦʮʽʥʢʫ ʚʪʨʘʪʠ ʚʘʥʪʘʞʫ ʧʨʠ 

ʜʦʩʪʘʚʮʽ ʽ ʟʙʝʨʽʛʘʥʥʽ. 

ʉʣʽʜ ʤʘʪʠ ʥʘ ʫʚʘʟʽ, ʱʦ ʧʨʠ ʚʠʩʦʢʠʭ ʩʪʘʚʢʘʭ ʙʘʥʢʽʚʩʴʢʦʛʦ ʚʽʜʩʦʪʢʘ ʜʣʷ ʚʘʨʪʽʩʥʠʭ ʚʘʥʪʘʞʽʚ, 

ʱʦ ʚʠʤʘʛʘʶʪʴ ʢʨʠʪʠʭ ʽ ʦʧʘʣʶʚʘʣʴʥʠʭ ʩʢʣʘʜʽʚ, ʩʝʟʦʥʥʽʩʪʴ ʽ ʢʦʨʦʪʢʠʡ ʧʝʨʽʦʜ ʨʦʙʦʪʠ ʦʙʫʤʦʚʣʶʻ 

ʚʝʣʠʢʽ ʜʦʜʘʪʢʦʚʽ ʚʠʪʨʘʪʠ ʚʘʥʪʘʞʦʚʣʘʩʥʠʢʘ, ʱʦ ʽʩʪʦʪʥʦ ʟʚʫʞʫʻ ʩʬʝʨʫ ʨʘʮʽʦʥʘʣʴʥʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ɺɺʊ, ʘ ʽʥʦʜʽ ʥʘʚʽʪʴ çʟ'ʾʜʘʻè ʝʢʦʥʦʤʽʶ ʢʣʽʻʥʪʘ ʥʘ ʪʘʨʠʬʽ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʪʨʘʥʩʧʦʨʪʦʤ ʮʽʣʦʨʽʯʥʦʾ ʜʽʾ. ɿʥʘʯʝʥʥʷ ʙʘʟʦʚʦʾ ʮʽʥʠ ʧʨʠ ʮʴʦʤʫ ʤʦʞʝ ʙʫʪʠ ʥʘʚʽʪʴ ʤʝʥʰʝ 

ʛʨʘʥʠʯʥʦʾ ʩʦʙʽʚʘʨʪʦʩʪʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʪʨʘʪ ʩʧʦʞʠʚʘʯʘ, ʪʦʙʪʦ ʪʘʢʝ ʧʝʨʝʚʝʟʝʥʥʷ ɺɺʊ  

ʥʝʜʦʮʽʣʴʥʝ. ʅʘʜʙʘʚʢʘ ʜʦ ʮʽʥʠ ʢʦʥʢʫʨʝʥʪʽʚ ʤʦʞʣʠʚʘ, ʢʦʣʠ ʢʣʽʻʥʪ ʝʢʦʥʦʤʠʪʴ ʩʚʦʾ ʪʨʘʥʩʧʦʨʪʥʽ 

ʚʠʪʨʘʪʠ ʘʙʦ ʧʽʜʧʨʠʻʤʩʪʚʦ-ʧʝʨʝʚʽʟʥʠʢ ʤʘʻ ʢʦʥʢʫʨʝʥʪʥʽ ʧʝʨʝʚʘʛʠ (ʤʝʥʰʠʡ ʪʝʨʤʽʥ ʜʦʩʪʘʚʢʠ, 

ʢʨʘʱʘ ʷʢʽʩʪʴ). ɹʽʣʴʰʽʩʪʴ ʧʦʪʝʥʮʽʡʥʠʭ ʢʣʽʻʥʪʽʚ ʟʘʮʽʢʘʚʣʝʥʝ ʣʠʰʝ ʚ ʥʘʡʤʝʥʰʽʡ ʚʘʨʪʦʩʪʽ 

ʧʦʩʣʫʛʠ. ʆʜʥʘʢ ʥʝʦʙʭʽʜʥʦ ʜʦʤʦʛʪʠʩʷ ʚʽʜ ʢʣʽʻʥʪʘ ʨʦʟʫʤʽʥʥʷ ʪʦʛʦ, ʱʦ ʥʘʩʧʨʘʚʜʽ ʥʝʦʙʭʽʜʥʦ ʥʝ 

ʧʨʦʩʪʦ ʩʢʦʨʦʯʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʚʠʪʨʘʪ ʘʙʦ ʪʨʠʚʘʣʦʩʪʽ  ʧʝʨʝʚʝʟʝʥʥʷ, ʘ ʛʘʨʘʥʪʽʾ ʩʚʦʻʯʘʩʥʦʾ 

ʜʦʩʪʘʚʢʠ ʚʘʥʪʘʞʫ ʚ ʧʦʪʨʽʙʥʝ ʤʽʩʮʝ ʧʨʠ ʚʠʩʦʢʽʡ ʷʢʦʩʪʽ ʧʝʨʝʚʝʟʝʥʥʷ ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ɯʥʰʠʤʠ 

ʩʣʦʚʘʤʠ, ʢʣʽʻʥʪʦʚʽ ʧʦʪʨʽʙʥʦ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʜʦʩʠʪʴ ʧʨʠʚʘʙʣʠʚʠʡ çʪʨʘʥʩʧʦʨʪʥʠʡ ʧʘʢʝʪè, 

ʧʨʠʯʦʤʫ ʚʽʥ ʧʦʚʠʥʝʥ ʙʫʪʠ ʙʽʣʴʰ ʧʨʠʚʘʙʣʠʚʠʤ, ʥʽʞ ʧʨʦʧʦʥʦʚʘʥʽ ʽʥʰʠʤʠ ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ-

ʧʝʨʝʚʽʟʥʠʢʘʤʠ. ʇʨʠ ʮʴʦʤʫ ʚʠʪʨʘʪʠ ʥʘ ʧʝʨʝʚʝʟʝʥʥʷ çʚʽʜ ʜʚʝʨʝʡ ʜʦ ʜʚʝʨʝʡè ʥʝ ʧʦʚʠʥʥʽ ʙʫʪʠ 

ʙʽʣʴʰʝ, ʥʽʞ ʧʨʠ ʜʦʩʪʘʚʮʽ ʩʫʤʽʞʥʠʤʠ ʚʠʜʘʤʠ ʪʨʘʥʩʧʦʨʪʫ ʘʙʦ ʢʦʥʢʫʨʝʥʪʘʤʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ 

ʧʝʨʝʚʽʟʥʠʢ ʧʦʚʠʥʝʥ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʘʙʦ ʢʨʘʱʽ ʫʤʦʚʠ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ, ʘʙʦ ʙʽʣʴʰ ʚʠʛʽʜʥʽ 

ʩʪʘʚʢʠ, ʱʦ ʟʨʦʙʠʪʴ ʧʝʨʝʚʝʟʝʥʥʷ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʠʤ: 
 

                                                       ʢ
ʜʦʜʢʦʥʜʦʜ ɺGʊÒɺGʊ +³+³ ,                                                   (4) 

 

ʜʝ ɺʜʦʜ ï ʜʦʜʘʪʢʦʚʽ ʚʠʪʨʘʪʠ ʚʘʥʪʘʞʦʚʣʘʩʥʠʢʘ ʧʨʠ ʜʦʩʪʘʚʮʽ ʜʦʩʣʽʜʞʫʚʘʥʠʤ ʧʽʜʧʨʠʻʤʩʪʚʦʤ ʽ 

ʢʦʥʢʫʨʝʥʪʘʤʠ, ʛʨʥ.; ʊʢʦʥ ï ʪʘʨʠʬ ʢʦʥʢʫʨʝʥʪʽʚ, ʛʨʥ./ʪ 

ɽʢʦʥʦʤʽʶ ʚʠʪʨʘʪ ʢʣʽʻʥʪʽʚ, ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʩʭʝʤʘʤʠ ʜʦʩʪʘʚʢʠ, ʚʠʟʥʘʯʠʪʠ ʜʦʩʠʪʴ 

ʚʘʞʢʦ, ʭʦʯʘ ʮʝ ʟʘʚʜʘʥʥʷ ʧʽʜʜʘʻʪʴʩʷ ʚʠʨʽʰʝʥʥʶ. ɺʦʥʦ ʟʥʘʭʦʜʠʪʴʩʷ ʘʙʦ ʰʣʷʭʦʤ ʤʘʨʢʝʪʠʥʛʦʚʠʭ 

ʜʦʩʣʽʜʞʝʥʴ, ʘʙʦ ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʟʤʽʥʠ ʨʽʚʥʷ ʪʘʨʠʬʫ. ʂʨʘʱʠʡ ʩʧʦʩʽʙ 

ʩʪʚʦʨʝʥʥʷ ʢʦʥʢʫʨʝʥʪʥʦʾ ʧʝʨʝʚʘʛʠ - ʟʦʩʝʨʝʜʞʝʥʥʷ ʥʘ ʥʘʡʢʨʘʱʦʤʫ ʟʘʜʦʚʦʣʝʥʥʽ ʟʘʧʠʪʽʚ ʢʣʽʻʥʪʽʚ. 

ʅʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʟʥʠʞʝʥʥʷ ʮʽʥ ʧʨʠ ʙʦʨʦʪʴʙʽ ʟ ʢʦʥʢʫʨʝʥʪʘʤʠ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ 

ʥʝʚʜʘʣʝ ʨʽʰʝʥʥʷ, ʱʦ ʥʝ ʦʨʽʻʥʪʦʚʘʥʝ ʥʘ ʜʦʚʛʦʩʪʨʦʢʦʚʠʡ ʨʦʟʚʠʪʦʢ ʧʽʜʧʨʠʻʤʩʪʚʘ. ʎʽʥʦʚʘ ʚʽʡʥʘ - 

ʮʝ ʛʨʘ ʟ ʚʽʜ'ʻʤʥʦʶ ʩʫʤʦʶ ʚʠʛʨʘʰʫ, ʷʢʘ ʟʥʠʞʫʻ ʧʨʠʙʫʪʢʦʚʽʩʪʴ ʚʩʽʭ ʾʾ ʫʯʘʩʥʠʢʽʚ. 

ʅʘʜʟʚʠʯʘʡʥʦ ʛʥʫʯʢʠʤ ʽ ʢʦʨʠʩʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʤʦʞʝ ʽ ʧʦʚʠʥʥʘ ʙʫʪʠ ʩʠʩʪʝʤʘ ʟʥʠʞʦʢ ʟ ʮʽʥ 

[6]. ɿʘʚʜʘʥʥʷ ʟʥʠʞʦʢ - ʩʪʚʦʨʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʩʪʠʤʫʣʽʚ ʜʣʷ ʩʧʦʞʠʚʘʯʘ ʪʨʘʥʩʧʦʨʪʥʦʾ ʧʨʦʜʫʢʮʽʾ 

ʟ ʤʝʪʦʶ ʫʢʣʘʜʝʥʥʷ ʜʦʛʦʚʦʨʫ ʧʝʨʝʚʝʟʝʥʥʷ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʟʥʠʞʦʢ ʚʝʜʝ ʜʦ ʟʥʠʞʝʥʥʷ ʮʽʥʠ 

ʧʨʠʜʙʘʥʥʷ ʪʘ, ʚʽʜʧʦʚʽʜʥʦ, ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʧʨʝʤʽʾ ʩʧʦʞʠʚʘʯʘ. ʎʷ ʧʨʝʤʽʷ ʻ ʨʽʟʥʠʮʝʶ ʤʽʞ 

ʝʢʦʥʦʤʽʯʥʦʶ ʮʽʥʥʽʩʪʶ ʧʦʩʣʫʛʠ ʜʣʷ ʩʧʦʞʠʚʘʯʘ ʽ ʮʽʥʦʶ, ʧʦ ʷʢʽʡ ʡʦʤʫ ʮʶ ʧʦʩʣʫʛʫ ʚʜʘʣʦʩʷ 

ʢʫʧʠʪʠ. ʈʦʟʤʽʨ ʥʘʜʘʥʦʾ ʟʥʠʞʢʠ ʥʝ ʧʦʚʠʥʝʥ ʧʝʨʝʚʠʱʫʚʘʪʠ ʦʪʨʠʤʘʥʠʡ ʚʽʜ ʥʝʾ ʝʢʦʥʦʤʽʯʥʠʡ 

ʝʬʝʢʪ, ʷʢʠʡ ʟʘʟʚʠʯʘʡ ʚʠʨʘʞʘʻʪʴʩʷ ʚ ʟʥʠʞʝʥʥʽ ʩʦʙʽʚʘʨʪʦʩʪʽ, ʟʙʽʣʴʰʝʥʥʽ ʜʦʭʦʜʽʚ ʽ ʧʨʠʙʫʪʢʫ. 

ʗʢʱʦ ʧʽʜʧʨʠʻʤʩʪʚʦ ʥʘʜʘʻ ʟʥʠʞʢʠ ʙʽʣʴʰʦʩʪʽ ʩʚʦʾʭ ʢʣʽʻʥʪʽʚ, ʩʣʽʜ ʨʦʟʛʣʷʥʫʪʠ ʧʠʪʘʥʥʷ ʧʨʦ 

ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʪʘʨʠʬʽʚ. ɯʥʘʢʰʝ ʫ ʚʘʥʪʘʞʦʚʣʘʩʥʠʢʽʚ ʩʢʣʘʜʝʪʴʩʷ ʚʨʘʞʝʥʥʷ, ʱʦ ʧʽʜʧʨʠʻʤʩʪʚʦ 

ʥʝ ʤʦʞʝ ʧʨʦʜʘʪʠ ʩʚʦʾ ʧʦʩʣʫʛʠ ʽ ʛʦʪʦʚʦ ʧʽʪʠ ʥʘ ʙʫʜʴ-ʷʢʽ ʧʦʩʪʫʧʢʠ, ʱʦʙ ʨʦʟʜʦʙʫʪʠ ʢʣʽʻʥʪʘ. 

ʅʘ ɺɺʊ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘʩʪʫʧʥʘ ʩʠʩʪʝʤʘ ʟʥʠʞʦʢ [7]: 

- ʧʨʠ ʫʢʣʘʜʝʥʥʽ ʜʦʛʦʚʦʨʫ ʥʘ ʟʥʘʯʥʠʡ ʦʙʩʷʛ ʧʝʨʝʚʝʟʝʥʴ; 

- ʧʨʠ ʨʽʚʥʦʤʽʨʥʦʤʫ ʧʨʦʪʷʛʦʤ ʥʘʚʽʛʘʮʽʾ ʧʨʝʜ'ʷʚʣʝʥʥʽ ʚʘʥʪʘʞʫ; 

- ʧʨʠ ʧʝʨʝʚʝʟʝʥʥʽ ʥʘ ʧʦʯʘʪʢʫ ʥʘʚʽʛʘʮʽʾ (ʢʚʽʪʝʥʴ, ʪʨʘʚʝʥʴ); 

- ʧʨʠ ʧʨʠʩʢʦʨʝʥʥʽ ʦʧʣʘʪʠ ʽ ʧʝʨʝʜʦʧʣʘʪʠ; 

- ʜʣʷ ʚʘʥʪʘʞʦʧʦʪʦʢʽʚ ʚ ʟʚʦʨʦʪʥʦʤʫ ʥʘʧʨʷʤʢʫ. 

ʗʢʱʦ ʧʝʨʝʚʝʟʝʥʥʷ ʚʘʥʪʘʞʫ ʚʠʤʘʛʘʻ ʜʦʜʘʪʢʦʚʠʭ ʚʠʪʨʘʪ ʘʙʦ ʦʩʦʙʣʠʚʠʭ ʫʤʦʚ (ʥʘʧʨʠʢʣʘʜ, 

ʥʝʩʪʘʥʜʘʨʪʥʽ, ʚʝʣʠʢʦʚʘʛʦʚʽ, ʥʝʙʝʟʧʝʯʥʽ ʚʘʥʪʘʞʽ), ʘʙʦ ʡʦʛʦ ʥʝʦʙʭʽʜʥʦ ʟʜʽʡʩʥʠʪʠ ʚ ʥʘʡʢʦʨʦʪʰʽ 
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ʪʝʨʤʽʥʠ, ʪʦ ʩʫʜʥʦʚʣʘʩʥʠʢ ʤʦʞʝ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʥʘʜʙʘʚʢʠ ʜʦ ʪʘʨʠʬʫ, ʷʢʽ ʧʦʚʠʥʥʽ ʧʦʢʨʠʚʘʪʠ 

ʜʦʜʘʪʢʦʚʽ ʚʠʪʨʘʪʠ. ɼʣʷ ʚʘʨʪʽʩʥʠʭ ʚʘʥʪʘʞʽʚ ʯʘʩʪʢʘ ʪʨʘʥʩʧʦʨʪʥʠʭ ʚʠʪʨʘʪ ʫ ʮʽʥʽ ʥʝʟʥʘʯʥʘ, ʽ 

ʟʨʦʩʪʘʥʥʷ ʮʽʥʠ ʧʝʨʝʚʝʟʝʥʥʷ ʥʝ ʟʨʦʙʠʪʴ ʽʩʪʦʪʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʮʽʥʫ ʪʦʚʘʨʫ ʥʘ ʨʠʥʢʫ. 

ʆʨʽʻʥʪʫʶʯʠʩʴ ʥʘ ʮʽʥʥʽʩʪʴ ʢʦʞʥʦʛʦ ʚʠʜʫ ʚʘʥʪʘʞʫ ʪʘ ʤʦʞʣʠʚʫ ʡʦʛʦ ʢʽʥʮʝʚʫ ʚʘʨʪʽʩʪʴ, 

ʧʝʨʝʚʽʟʥʠʢ ʤʦʞʝ ʟʙʽʣʴʰʫʚʘʪʠ ʽ ʟʤʝʥʰʫʚʘʪʠ ʪʘʨʠʬʠ ʟʘ ʡʦʛʦ ʧʝʨʝʚʝʟʝʥʥʷ. ʎʝ ʙʫʜʝ 

ʚʽʜʦʙʨʘʞʘʪʠʩʷ ʚ ʟʨʦʩʪʘʥʥʽ ʘʙʦ ʟʥʠʞʝʥʥʽ ʨʝʥʪʘʙʝʣʴʥʦʩʪʽ ʜʘʥʦʛʦ ʧʝʨʝʚʝʟʝʥʥʷ. ʊʘʢ ʧʨʦʷʚʣʷʻʪʴʩʷ 

ʮʽʥʦʚʘ ʜʠʬʝʨʝʥʮʽʘʮʽʷ ʧʨʠ ʧʝʨʝʚʝʟʝʥʥʽ ʚʘʥʪʘʞʽʚ ʨʽʟʥʦʾ ʮʽʥʥʦʩʪʽ. ʇʽʜʭʽʜ ʜʦ ʢʦʞʥʦʛʦ ʚʣʘʩʥʠʢʫ 

ʚʘʥʪʘʞʫ, ʜʦ ʢʦʞʥʦʛʦ ʥʘʚʽʪʴ ʥʝʟʥʘʯʥʦʛʦ ʽ ʦʜʥʦʨʘʟʦʚʦʛʦ ʚʘʥʪʘʞʦʧʦʪʦʢʫ, ʧʦʚʠʥʝʥ  ʙʫʪʠ 

ʽʥʜʠʚʽʜʫʘʣʴʥʠʤ, ʦʩʦʙʣʠʚʦ ʚ ʫʤʦʚʘʭ ʢʦʥʢʫʨʝʥʮʽʾ ʽ ʜʝʬʽʮʠʪʫ ʧʝʨʝʚʝʟʝʥʴ. ɻʥʫʯʢʘ ʪʘʨʠʬʥʘ 

ʧʦʣʽʪʠʢʘ - ʮʝ ʥʦʨʤʘʣʴʥʘ ʨʝʘʢʮʽʷ ʥʘ ʜʽʷʣʴʥʽʩʪʴ ʚ ʫʤʦʚʘʭ ʨʠʥʢʫ, ʘ ʯʘʩʪʦ ʽ ʧʨʦʩʪʦ ʩʫʪʪʻʚʠʡ 

ʝʣʝʤʝʥʪ ʚ ʙʦʨʦʪʴʙʽ ʟʘ ʚʠʞʠʚʘʥʥʷ [8]. 

ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʪʨʘʥʩʧʦʨʪʥʽ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʱʝ ʥʝ ʦʨʽʻʥʪʫʶʯʠʩʴ ʥʘ ʷʢʽʩʴ ʪʦʥʢʽ ʨʦʟʨʘʭʫʥʢʠ 

ʘʙʦ ʮʽʥʦʚʫ ʢʦʥʢʫʨʝʥʮʽʶ, ʟʤʫʰʝʥʽ ʜʦʩʠʪʴ ʯʘʩʪʦ ʧʽʜʚʠʱʫʚʘʪʠ ʮʽʥʠ, ʥʘʚʽʪʴ ʫʩʚʽʜʦʤʣʶʶʯʠ, ʱʦ ʾʭ 

ʟʨʦʩʪʘʥʥʷ ʚʠʢʣʠʯʝ ʥʝʚʜʦʚʦʣʝʥʥʷ ʫ ʟʘʤʦʚʥʠʢʽʚ ʽ ʢʦʛʦʩʴ ʟ ʥʠʭ ʤʦʞʝ ʚʽʜʣʷʢʘʪʠ. ʅʘʡʙʽʣʴʰ 

ʚʘʞʣʠʚʦʶ ʦʙʩʪʘʚʠʥʦʶ, ʱʦ ʚʠʢʣʠʢʘʻ ʧʽʜʚʠʱʝʥʥʷ ʪʘʨʠʬʽʚ, ʻ ʟʨʦʩʪʘʥʥʷ ʚʘʨʪʦʩʪʽ ʧʘʣʠʚʘ, ʷʢʠʡ 

ʚʝʜʝ ʜʦ ʩʪʨʽʤʢʦʛʦ ʟʨʦʩʪʘʥʥʷ ʚʠʪʨʘʪ ʧʽʜʧʨʠʻʤʩʪʚʘ ʽ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʨʝʥʪʘʙʝʣʴʥʦʩʪʽ. ɿ ʮʽʻʾ 

ʧʨʠʯʠʥʠ ʧʽʜʧʨʠʻʤʩʪʚʘ ʥʝ ʚʠʨʽʰʫʶʪʴʩʷ ʜʘʚʘʪʠ ʥʘʚʽʪʴ ʧʦʩʪʽʡʥʠʤ ʢʣʽʻʥʪʘʤ ʜʦʚʛʦʩʪʨʦʢʦʚʽ 

ʟʦʙʦʚ'ʷʟʘʥʥʷ ʱʦʜʦ ʩʪʘʙʽʣʴʥʦʩʪʽ ʪʘʨʠʬʽʚ. ʇʨʠ ʟʤʽʥʘʭ ʫ ʚʠʪʨʘʪʘʭ ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʨʠʥʢʦʚʽʡ 

ʢʦʥ'ʶʥʢʪʫʨʽ, ʱʦʙ ʤʘʪʠ ʧʨʘʚʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʧʽʜʚʠʱʝʥʥʷ ʪʘʨʠʬʽʚ, ʚ ʜʦʛʦʚʦʨʘʭ ʧʝʨʝʚʝʟʝʥʥʷ ʪʘ 

ʢʦʥʪʨʘʢʪʘʭ ʧʦʚʠʥʥʽ ʙʫʪʠ ʚʢʣʶʯʝʥʽ ʩʧʝʮʽʘʣʴʥʽ ʧʫʥʢʪʠ ʧʨʦ ʤʦʞʣʠʚʝ ʟʨʦʩʪʘʥʥʷ ʪʘʨʠʬʽʚ, 

ʥʘʧʨʠʢʣʘʜ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʧʦʜʦʨʦʞʯʘʥʥʷʤ ʧʘʣʠʚʘ ʽ ʧʘʣʠʚʥʦ-ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɿ ʦʛʣʷʜʫ ʥʘ 

ʪʝ, ʱʦ ʥʘ ʨʠʥʦʢ ʽ ʟʙʫʪ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʩʣʫʛ ʚʧʣʠʚʘʻ ʙʝʟʣʽʯ ʤʽʥʣʠʚʠʭ ʯʠʥʥʠʢʽʚ (ʧʦʣʽʪʠʯʥʘ, 

ʝʢʦʥʦʤʽʯʥʘ, ʢʦʥ'ʶʥʢʪʫʨʥʘ ʪʘ ʽʥʰʘ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ), ʧʝʨʝʜ ʧʽʜʧʨʠʻʤʩʪʚʦʤ-ʧʝʨʝʚʽʟʥʠʢʦʤ 

ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʩʪʽʡʥʦʾ ʨʦʙʦʪʠ ʟ ʪʘʨʠʬʘʤʠ ʽ ʫʧʨʘʚʣʽʥʥʷ ʥʠʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʨʝʛʫʣʷʨʥʦʛʦ ʚʨʘʭʫʚʘʥʥʷ ʤʽʥʣʠʚʦʾ ʦʙʩʪʘʥʦʚʢʠ ʪʘ ʚʥʝʩʝʥʥʷ ʟʤʽʥ ʜʦ ʜʽʶʯʠʭ ʪʘʨʠʬʽʚ. 

ɺʠʩʥʦʚʢʠ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ.  ʂʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ ʙʫʜʴ-ʷʢʦʛʦ 

ʚʠʜʫ ʪʨʘʥʩʧʦʨʪʫ ʧʨʠ ʽʥʰʠʭ ʨʽʚʥʠʭ ʫʤʦʚʘʭ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʝʤ ʮʽʥ, ʪʘʨʠʬʽʚ ʟʘ ʧʨʦʧʦʥʦʚʘʥʽ 

ʧʦʩʣʫʛʠ ʟ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʚʘʥʪʘʞʽʚ. ʇʨʠʥʮʠʧʠ ʪʘ ʤʝʪʦʜʠ ʪʘʨʠʬʦʫʪʚʦʨʝʥʥʷ ʥʘ ɺɺʊ ʥʝ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʠʥʢʦʚʠʤ ʚʽʜʥʦʩʠʥʘʤ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʪʘʨʠʬʠ ʥʝ ʚʽʜʰʢʦʜʦʚʫʶʪʴ ʚʠʪʨʘʪʠ ʚʦʜʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫ. ʇʨʦʙʣʝʤʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʨʽʚʥʷ ʪʘʨʠʬʽʚ ʥʘ ʚʘʥʪʘʞʥʽ ʧʝʨʝʚʝʟʝʥʥʷ ʽ ʮʽʥ ʥʘ 

ʪʨʘʥʩʧʦʨʪʥʽ ʧʦʩʣʫʛʠ, ʾʭ ʨʝʛʫʣʶʚʘʥʥʷ ʪʽʩʥʦ ʧʦʚ'ʷʟʘʥʝ ʟ ʬʦʨʤʫʚʘʥʥʷʤ ʚʽʜʧʦʚʽʜʥʦʾ ʥʦʨʤʘʪʠʚʥʦ-

ʤʝʪʦʜʠʯʥʦʾ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʘʟʠ, ʚʢʣʶʯʘʶʯʠ ʨʦʟʨʦʙʢʫ ʤʝʭʘʥʽʟʤʫ ʾʭ ʨʦʟʨʘʭʫʥʢʫ ʽ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʢʦʨʠʜʦʨʫ - ʤʽʥʽʤʘʣʴʥʠʭ ʽ ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʪʘʨʠʬʽʚ. ɺʠʨʽʰʝʥʥʷ ʮʽʻʾ 

ʧʨʦʙʣʝʤʠ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ ʚ ʫʤʦʚʘʭ ʦʨʛʘʥʽʟʘʮʽʾ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʽʞʥʘʨʦʜʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʢʦʨʠʜʦʨʽʚ. ʊʦʤʫ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʘʨʠʬʦʫʪʚʦʨʝʥʥʷ ʥʘ ɺɺʊ, ʨʦʟʨʦʙʢʘ ʥʦʚʠʭ ʥʘʫʢʦʚʦ-

ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʽ ʧʽʜʭʦʜʽʚ ʜʦ ʮʽʥʦʫʪʚʦʨʝʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʘʜʝʢʚʘʪʥʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ 

ʽʥʬʣʷʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʢʨʘʾʥʽ ʤʘʻ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʽ 

ʨʦʟʚʠʪʢʫ ʪʨʘʥʩʧʦʨʪʫ ʽ ʢʨʘʾʥʠ ʚ ʮʽʣʦʤʫ, ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ. 
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ɺʦʡʯʝʥʢʦ ʊ.ɸ. 

ʆʉʆɹɽʅʅʆʉʊʀ ʊɸʈʀʌʆʆɹʈɸɿʆɺɸʅʀʗ ʅɸ ʇɽʈɽɺʆɿʂʋ ɺʅʋʊʈɽʅʅʀʄ 

ɺʆɼʅʓʄ ʊʈɸʅʉʇʆʈʊʆʄ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʧʦʜʭʦʜʳ ʠ ʩʧʝʮʠʬʠʢʘ ʪʘʨʠʬʦʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʧʝʨʝʚʦʟʢʫ ʛʨʫʟʦʚ 

ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʚʥʫʪʨʝʥʥʝʛʦ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʟʘʪʨʘʪʥʦʤʫ 

ʤʝʪʦʜʫ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʘʨʠʬʦʚ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʵʬʬʝʢʪʠʚʥʫʶ ʧʦʣʠʪʠʢʫ 

ʮʝʥʦʦʙʨʘʟʦʚʘʥʠʷ. ʇʨʝʜʩʪʘʚʣʝʥ ʧʦʨʷʜʦʢ ʫʩʪʘʥʦʚʣʝʥʠʷ ʪʘʨʠʬʦʚ, ʧʨʝʜʣʦʞʝʥʦ ʚʥʝʜʨʝʥʠʝ 

ʩʦʛʣʘʩʦʚʘʥʥʦʡ ʠ ʛʠʙʢʦʡ ʩʠʩʪʝʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʥʢʫʨʝʥʪʥʦʡ ʪʘʨʠʬʥʦ-ʮʝʥʦʚʦʡ ʧʦʣʠʪʠʢʠ 

ʧʝʨʝʚʦʟʯʠʢʦʚ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʨʠʚʣʝʯʝʥʠʶ ʧʦʪʨʝʙʠʪʝʣʝʡ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʫʩʣʫʛ, ʩʥʠʞʝʥʠʶ ʮʝʥʳ ʧʝʨʝʚʦʟʢʠ ʠ ʫʣʫʯʰʝʥʠʶ ʬʠʥʘʥʩʦʚʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʝʨʝʚʦʟʢʠ ʚʥʫʪʨʝʥʥʠʤ ʚʦʜʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ, ʛʨʫʟʦʧʝʨʝʚʦʟʢʠ, ʪʘʨʠʬ, 

ʨʘʩʭʦʜʳ ʥʘ ʧʝʨʝʚʦʟʢʫ, ʪʘʨʠʬʥʘʷ ʧʦʣʠʪʠʢʘ. 

 

Voichenko ʊ. 

PECULIARITIES OF TARIFF FORMATION FOR CARRIAGE IN INLAND WATER 

TRANSPORT 

In the article approaches and specificity of tariff formation for cargo transportation by enterprises 

of inland water transport are considered. Particular attention is paid to the cost-effective method of 

tariff formation, which allows for an effective pricing policy. The procedure for setting tariffs is 

presented, the introduction of an agreed and flexible system for the formation of a competitive tariff 

and price policy for carriers is proposed, which will help attract transport service consumers, reduce 

the transportation price and improve the financial performance of transport enterprises. 

Keywords: transportation by inland waterway, freight, tariff, transportation costs, tariff policy. 
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ʌɸʂʊʆʈʀ ʈɽɸʃɯɿɸʎɯɰ ʉʊʈɸʊɽɻɯɰ ɿʈʆʉʊɸʅʅʗ ʊʈɸʅʉʇʆʈʊʅʀʍ 

ʇɯɼʇʈʀɭʄʉʊɺ 

 

 

ʉʪʘʪʪʷ ʧʨʠʩʚʷʯʝʥʘ ʢʣʘʩʠʬʽʢʘʮʽʾ ʬʘʢʪʦʨʽʚ ʨʝʘʣʽʟʘʮʽʾ ʩʪʨʘʪʝʛʽʾ ʟʨʦʩʪʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ, ʷʢʽ ʚʠʢʦʥʫʶʪʴ ʚʘʞʣʠʚʽ ʬʫʥʢʮʽʾ ʚ ʧʨʦʮʝʩʽ ʤʦʜʝʨʥʽʟʘʮʽʾ ʥʘʮʽʦʥʘʣʴʥʦʾ 

ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʩʪʝʤʠ, ʧʽʜʚʠʱʝʥʥʽ ʾʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʥʘ ʩʚʽʪʦʚʦʤʫ 

ʨʽʚʥʽ. ɺʠʜʽʣʝʥʦ ʦʩʦʙʣʠʚʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ ʨʝʘʣʽʟʘʮʽʻʶ ʩʪʨʘʪʝʛʽʾ ʟʨʦʩʪʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ, ʷʢʽ ʤʘʶʪʴ ʢʦʤʧʣʝʢʩʥʠʡ ʭʘʨʘʢʪʝʨ  ʽ ʥʘʧʨʘʚʣʝʥʽ ʥʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ ʽ 
ʤʝʭʘʥʽʟʤʽʚ ʫʧʨʘʚʣʽʥʥʷ ʝʣʝʤʝʥʪʘʤʠ ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʩʪʝʤʠ ʚ ʢʦʥʪʝʢʩʪʽ ʨʦʟʚʠʪʢʫ ʫʢʨʘʾʥʩʴʢʦʾ 

ʝʢʦʥʦʤʽʢʠ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʬʘʢʪʦʨʠ ʟʨʦʩʪʘʥʥʷ, ʪʨʘʥʩʧʦʨʪʥʽ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʩʪʨʘʪʝʛʽʷ ʟʨʦʩʪʘʥʥʷ, 

ʧʦʪʝʥʮʽʘʣ ʟʨʦʩʪʘʥʥʷ. 

 
ɸʥʘʣʽʟ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʧʨʦʙʣʝʤʠ. ɺʠʨʽʰʘʣʴʥʘ ʨʦʣʴ ʚ ʟʘʙʝʟʧʝʯʝʥʥʽ ʧʦʩʪʫʧʘʣʴʥʦʾ 

ʪʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ ʝʢʦʥʦʤʽʢʠ ʋʢʨʘʾʥʠ ʚʽʜʚʦʜʠʪʴʩʷ ʟʘʙʝʟʧʝʯʝʥʥʶ ʝʢʦʥʦʤʽʯʥʦʛʦ ʨʦʩʪʫ ʽ 

ʧʽʜʚʠʱʝʥʥʶ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʽʷʣʴʥʦʩʪʽ ʚ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʠʭ ʛʘʣʫʟʷʭ ʝʢʦʥʦʤʽʢʠ ʽ, ʧʝʨʰ ʟʘ ʚʩʝ, ʥʘ 

ʪʨʘʥʩʧʦʨʪʽ. ʎʝ ʻ ʦʜʥʠʤ ʟ ʛʦʣʦʚʥʠʭ ʧʨʽʦʨʠʪʝʪʽʚ ʩʫʯʘʩʥʦʾ ʩʪʨʫʢʪʫʨʥʦʾ ʧʦʣʽʪʠʢʠ ʜʝʨʞʘʚʠ, 

ʩʧʨʷʤʦʚʘʥʦʾ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʢʦʥʢʫʨʝʥʪʥʠʭ ʧʝʨʝʚʘʛ ʪʨʘʥʩʧʦʨʪʫ ʪʘ ʡʦʛʦ ʦʨʛʘʥʽʟʘʮʽʡ, ʷʢʽ 

ʬʦʨʤʫʶʪʴ ʝʢʦʥʦʤʽʯʥʠʡ ʧʨʦʩʪʽʨ ʽ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʚʠʟʥʘʯʘʶʪʴ ʝʢʦʥʦʤʽʯʥʝ ʟʨʦʩʪʘʥʥʷ ʢʨʘʾʥʠ ʚ 

ʮʽʣʦʤʫ. ʋ ʮʠʭ ʫʤʦʚʘʭ ʧʝʨʝʭʽʜ ʥʘʮʽʦʥʘʣʴʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʢʦʤʧʘʥʽʡ, ʱʦ ʟʜʽʡʩʥʶʶʪʴ ʚʥʫʪʨʽʰʥʽ 

ʽ ʤʽʞʥʘʨʦʜʥʽ ʧʝʨʝʚʝʟʝʥʥʷ ʚ ʬʘʟʫ ʽʥʚʝʩʪʠʮʽʡʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʪʘ ʝʢʦʥʦʤʽʯʥʦʛʦ ʟʨʦʩʪʘʥʥʷ, ʧʦʪʨʝʙʫʻ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʬʽʨʤʦʚʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ. 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʋ ʪʦʡ ʞʝ ʯʘʩ ʮʽʣʠʡ ʨʷʜ ʧʨʦʙʣʝʤ, ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʚ'ʷʟʘʥʠʭ ʟ 

ʷʢʽʩʥʦʶ ʽ ʢʽʣʴʢʽʩʥʦʶ ʦʮʽʥʢʦʶ ʝʢʦʥʦʤʽʯʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʚʠʟʥʘʯʝʥʥʷ 

ʤʝʞ ʩʪʽʡʢʦʛʦ ʽ ʟʙʘʣʘʥʩʦʚʘʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʧʨʠ ʨʽʟʥʠʭ ʩʮʝʥʘʨʽʷʭ ʨʦʟʚʠʪʢʫ, ʦʮʽʥʢʠ ʧʘʨʘʤʝʪʨʽʚ, 

ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʮʽ ʤʝʞʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʥʫʪʨʽʰʥʽʭ ʽ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ, ʥʝ ʟʥʘʡʰʣʠ 

ʩʠʩʪʝʤʥʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ ʚ ʩʫʯʘʩʥʽʡ ʝʢʦʥʦʤʽʯʥʽʡ ʣʽʪʝʨʘʪʫʨʽ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ. ʅʘʫʢʦʚʽ ʰʢʦʣʠ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 

ʨʦʟʚʠʪʢʦʤ ʦʨʛʘʥʽʟʘʮʽʾ ʚʽʜʦʙʨʘʞʝʥʽ ʚ ʨʦʙʦʪʘʭ ʙʘʛʘʪʴʦʭ ʥʘʫʢʦʚʮʽʚ, ʪʘʢʠʭ ʷʢ: ɸʣʴʙʝʨʪ ʄ., 

ɸʥʩʦʬʬ ɯ., ʄʝʩʢʦʥ ʄ., ʄʽʥʮʙʝʨʛ ɻ., ʄʝʡʩʦʥ ɽ., ʇʦʨʪʝʨ ʄ., ʍʝʜʦʫʨʽ ʌ., ɸʙʘʣʢʽʥ ʃ.ɯ., ɸʥʽʩʢʠʥ 

ʖ. ʇ., ɹʣʘʥʢ ɯ. ɸ., ɺʽʭʘʥʩʴʢʠʡ ʆ.ʉ., ɻʨʘʜʦʚ ɸ. ʇ., ɻʝʨʯʠʢʦʚʘ  ɯ. ʅ., ɻʨʫʟʠʥʦʚ ɺ.ʇ., ɭʬʨʝʤʦʚ 

ɺ.ʉ., ʂʦʚʘʣʴʦʚ ɺ.ɺ., ʂʨʘʩʥʦʢʫʪʩʴʢʘ ʅ.ʉ., ʃʷʧʫʥʦʚ ʉ.ɯ. ʪʘ ʽʥ. 

ʇʨʠ ʨʦʟʨʦʙʮʽ ʥʘʫʢʦʚʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʬʘʢʪʦʨʽʚ ʝʢʦʥʦʤʽʯʥʦʛʦ 

ʟʨʦʩʪʘʥʥʷ ʘʚʪʦʨ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘ ʧʨʘʮʽ ʚʯʝʥʠʭ ʚ ʦʙʣʘʩʪʽ ʝʢʦʥʦʤʽʢʠ ʽ ʫʧʨʘʚʣʽʥʥʷ ʥʘ ʪʨʘʥʩʧʦʨʪʽ: 

ɸ.ʉ. ɹʫʪʦʚʘ, ʃ.ʅ. ɹʫʷʥʦʚʦʾ, ɺ.ʄ. ɼʦʣʞʘʥʩʴʢʦʛʦ,  ɺ.ɯ. ʂʨʘʻʚʘ, ɻ.ʄ. ʂʫʨʦʰʝʚʦʾ, ɸ.ʅ. ʃʘʟʘʨʝʚʘ,  

ɺ.ɻ. ʅʠʢʠʬʦʨʦʚʘ, ʆ.ʉ. ʇʘʣʢʽʥʦʾ, ʄ.ʄ. ʉʝʣʝʟʥʴʦʚʦʾ ʪʘ ʽʥ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ ʩʪʘʪʪʽ (ʧʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʥʷ). ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʛʘʻ ʚ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʬʘʢʪʦʨʽʚ ʝʢʦʥʦʤʽʯʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʟʘ ʥʘʡʙʽʣʴʰ 

ʚʘʞʣʠʚʠʤʠ ʢʨʠʪʝʨʽʘʣʴʥʠʤʠ ʦʟʥʘʢʘʤʠ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʠʪʠ ʧʨʠʯʠʥʠ, ʷʢʽ ʩʪʨʠʤʫʶʪʴ 

ʟʨʽʩʪ, ʚʠʷʚʠʪʠ ʚʥʫʪʨʽʰʥʽ ʨʝʟʝʨʚʠ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʽʷʣʴʥʦʩʪʽ ʽ ʧʨʠʩʢʦʨʝʥʥʷ ʪʝʤʧʽʚ 
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ʝʢʦʥʦʤʽʯʥʦʛʦ ʟʨʦʩʪʘʥʥʷ, ʦʙˇʨʫʥʪʫʚʘʪʠ ʢʦʤʧʣʝʢʩ ʧʨʽʦʨʠʪʝʪʥʠʭ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ, 

ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʽ ʨʝʘʣʽʟʘʮʽʶ ʧʦʪʝʥʮʽʘʣʫ ʟʨʦʩʪʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɻʣʦʙʘʣʽʟʘʮʽʷ, ʪʨʘʥʩʬʦʨʤʘʮʽʷ ʥʘʮʽʦʥʘʣʴʥʠʭ ʢʦʤʧʘʥʽʡ ʚ 

ʪʨʘʥʩʥʘʮʽʦʥʘʣʴʥʽ ʢʦʨʧʦʨʘʮʽʾ, ʨʦʟʚʠʪʦʢ ʝʣʝʢʪʨʦʥʥʦʾ ʪʦʨʛʽʚʣʽ (ʦʥ-ʣʘʡʥ, ʯʝʨʝʟ ɯʥʪʝʨʥʝʪ) 

ʧʦʩʪʘʚʠʣʠ ʥʦʚʽ ʟʘʚʜʘʥʥʷ ʧʝʨʝʜ ʪʨʘʥʩʧʦʨʪʥʠʤ ʢʦʤʧʣʝʢʩʦʤ ʧʦ ʰʚʠʜʢʦʤʫ ʽ ʙʝʟʧʝʨʝʰʢʦʜʥʦʤʫ 

ʧʝʨʝʤʽʱʝʥʥʶ ʨʝʩʫʨʩʽʚ ʽ ʪʦʚʘʨʽʚ ʚ ʯʘʩʽ ʽ ʚ ʧʨʦʩʪʦʨʽ. ʅʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʋʢʨʘʾʥʘ ʜʦʩʠʪʴ ʛʣʠʙʦʢʦ 

ʽʥʪʝʛʨʦʚʘʥʘ ʚ ʩʚʽʪʦʚʫ ʪʨʘʥʩʧʦʨʪʥʫ ʤʝʨʝʞʫ. ʈʘʟʦʤ ʟ ʪʠʤ, ʟʘ ʦʮʽʥʢʘʤʠ ʙʘʛʘʪʴʦʭ ʚʽʪʯʠʟʥʷʥʠʭ 

ʝʢʩʧʝʨʪʽʚ, ʧʦʪʝʥʮʽʘʣ ʝʢʩʧʦʨʪʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʩʣʫʛ ʥʘʰʦʾ ʢʨʘʾʥʠ ʨʝʘʣʽʟʫʻʪʴʩʷ ʥʝ ʧʦʚʥʦʶ 

ʤʽʨʦʶ. 

ɿ ʦʛʣʷʜʫ ʥʘ ʪʝʥʜʝʥʮʽʾ ʧʦʙʫʜʦʚʠ ʩʚʽʪʦʚʦʾ ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʩʪʝʤʠ ʟ ʻʜʠʥʠʤ ʮʝʥʪʨʦʤ 

ʫʧʨʘʚʣʽʥʥʷ, ʩʪʚʦʨʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʽʩʪʠʯʥʠʭ ʮʝʥʪʨʽʚ ʚ ʢʣʶʯʦʚʠʭ ʚʫʟʣʘʭ ʣʘʥʮʶʞʢʘ 

ʧʦʩʪʘʯʘʥʴ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʛʣʠʥʘʥʥʷ ʥʘʮʽʦʥʘʣʴʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʢʦʤʧʘʥʽʡ 

ʪʨʘʥʩʥʘʮʽʦʥʘʣʴʥʠʤʠ ʧʝʨʝʚʽʟʥʠʤʠ ʢʦʤʧʘʥʽʷʤʠ, ʋʢʨʘʾʥʽ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ ʩʪʨʽʤʢʠʤʠ ʪʝʤʧʘʤʠ 

ʨʦʟʚʠʚʘʪʠ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪ: ʤʦʜʝʨʥʽʟʫʚʘʪʠ ʽ ʨʦʟʰʠʨʠʪʠ ʤʽʞʥʘʨʦʜʥʽ ʪʨʘʥʩʧʦʨʪʥʽ 

ʢʦʨʠʜʦʨʠ, ʦʥʦʚʠʪʠ ʨʫʭʦʤʠʡ ʩʢʣʘʜ ʽ ʦʙ'ʻʢʪʠ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʚʧʨʦʚʘʜʠʪʠ ʚ 

ʧʨʘʢʪʠʢʫ ʤʝʥʝʜʞʤʝʥʪʫ ʢʦʤʧʘʥʽʡ ʛʘʣʫʟʽ ʩʪʨʘʪʝʛʽʯʥʝ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʽʥʥʦʚʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ 

ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʽʩʪʠʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʧʽʜʚʠʱʠʪʠ ʥʘ ʮʽʡ ʦʩʥʦʚʽ ʰʚʠʜʢʽʩʪʴ ʥʘʜʘʥʥʷ, ʷʢʽʩʪʴ ʽ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʩʣʫʛ, ʱʦ ʻ ʥʝʦʙʭʽʜʥʠʤʠ ʫʤʦʚʘʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʢʨʘʾʥʠ. 

ʋ ʟʚ'ʷʟʢʫ ʽʟ ʟʘʛʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʚʠʚʝʜʝʥʥʷ ʫʢʨʘʾʥʩʴʢʦʾ ʝʢʦʥʦʤʽʢʠ ʥʘ ʪʨʘʻʢʪʦʨʽʶ 

ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʨʦʟʚʠʪʢʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʤʘʢʩʠʤʘʣʴʥʽ ʪʝʤʧʠ ʝʢʦʥʦʤʽʯʥʦʛʦ ʟʨʦʩʪʘʥʥʷ, 

ʊʨʘʥʩʧʦʨʪʥʦʶ ʩʪʨʘʪʝʛʽʻʶ ʜʦ 2020 ʨʦʢʫ ʧʝʨʝʜʙʘʯʝʥʦ ʬʦʨʩʦʚʘʥʠʡ ʨʦʟʚʠʪʦʢ ʪʨʘʥʩʧʦʨʪʥʦʾ 

ʩʠʩʪʝʤʠ ʢʨʘʾʥʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʛʘʣʫʟʷʤʠ, ʱʦ ʙʫʜʝ ʩʧʨʠʷʪʠ ʩʢʦʨʦʯʝʥʥʶ ʜʠʩʙʘʣʘʥʩʫ ʤʽʞ 

ʧʨʦʧʫʩʢʥʦʶ ʩʧʨʦʤʦʞʥʽʩʪʶ ʪʨʘʥʩʧʦʨʪʫ ʽ ʧʦʪʨʝʙʘʤʠ ʝʢʦʥʦʤʽʢʠ, ʩʪʚʦʨʝʥʥʶ ʥʦʚʠʭ ʽ 

ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʶ ʜʽʶʯʠʭ ʢʦʥʢʫʨʝʥʪʥʠʭ ʧʝʨʝʚʘʛ, ʨʦʟʚʠʪʢʫ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ, ʧʽʜʚʠʱʝʥʥʶ ʷʢʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʩʣʫʛ, ʟʘʙʝʟʧʝʯʝʥʥʶ ʚʠʩʦʢʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʨʽʚʥʷ 

ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʩʪʝʤʠ, ʟʙʽʣʴʰʝʥʥʶ ʰʚʠʜʢʦʩʪʽ ʚʘʥʪʘʞʥʦʛʦ ʩʧʦʣʫʯʝʥʥʷ ʚ ʩʝʨʝʜʥʴʦʤʫ ʥʘ 15-

20%, ʘ ʚ ʦʩʥʦʚʥʠʭ ʤʽʞʥʘʨʦʜʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʢʦʨʠʜʦʨʘʭ - ʥʘ 20-30%, ʟʥʠʞʝʥʥʶ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʚʠʪʨʘʪ ʚ ʝʢʦʥʦʤʽʮʽ, ʧʽʜʚʠʱʝʥʥʶ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ, ʙʝʟʧʝʢʠ ʽ ʩʪʘʙʽʣʴʥʦʩʪʽ 

ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʩʪʝʤʠ ʋʢʨʘʾʥʠ ʽ ʨʝʘʣʽʟʘʮʽʾ ʪʨʘʥʟʠʪʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʢʨʘʾʥʠ, ʨʦʟʚʠʪʢʫ ʨʠʥʢʦʚʠʭ 

ʚʽʜʥʦʩʠʥ ʚ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʢʦʤʧʣʝʢʩʽ ʪʘ ʧʽʜʚʠʱʝʥʥʶ ʽʥʚʝʩʪʠʮʽʡʥʦʾ ʧʨʠʚʘʙʣʠʚʦʩʪʽ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʢʦʤʧʘʥʽʡ, ʚʽʜʥʦʚʣʝʥʥʶ ̔  ʧʦʩʠʣʝʥʥʶ ʧʦʟʠʮʽʡ ʫʢʨʘʾʥʩʴʢʠʭ ʢʦʤʧʘʥʽʡ-ʧʝʨʝʚʽʟʥʠʢʽʚ 

ʥʘ ʤʽʞʥʘʨʦʜʥʦʤʫ ʨʠʥʢʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʩʣʫʛ [1, 2]. 

ʅʘ ʜʝʨʞʘʚʥʦʤʫ ʨʽʚʥʽ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʊʨʘʥʩʧʦʨʪʥʦʾ ʩʪʨʘʪʝʛʽʾ ʋʢʨʘʾʥʠ, ʧʦʚ'ʷʟʘʥʦʶ ʽʟ 

ʟʜʽʡʩʥʝʥʥʷʤ ʚʝʣʠʢʠʭ ʽʥʚʝʩʪʠʮʽʡʥʠʭ ʧʨʦʛʨʘʤ (ʚ ʪʦʤʫ ʯʠʩʣʽ ʫ ʬʦʨʤʽ ʜʝʨʞʘʚʥʦ-ʧʨʠʚʘʪʥʦʛʦ 

ʧʘʨʪʥʝʨʩʪʚʘ) ʟ ʙʫʜʽʚʥʠʮʪʚʘ ʦʙ'ʻʢʪʽʚ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ, ʱʦʨʽʯʥʦ 

ʚʠʜʽʣʷʶʪʴʩʷ ʟʥʘʯʥʽ ʙʶʜʞʝʪʥʽ ʢʦʰʪʠ, ʷʢʠʭ ʨʘʟʦʤ ʟ ʪʠʤ ʥʝʜʦʩʪʘʪʥʴʦ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʦʥʦʚʣʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʢʨʘʾʥʠ: ʩʝʨʝʜʥʴʦʛʘʣʫʟʝʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʟʥʦʩʫ ʦʩʥʦʚʥʠʭ 

ʚʠʨʦʙʥʠʯʠʭ ʟʘʩʦʙʽʚ ʧʨʦʜʦʚʞʫʻ ʟʙʽʣʴʰʫʚʘʪʠʩʷ,  ʷʢ ʽ ʨʘʥʽʰʝ ʩʫʯʘʩʥʠʡ ʩʪʘʥ ʪʨʘʥʩʧʦʨʪʥʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʽ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʻ ʛʦʣʦʚʥʠʤ ʩʪʨʠʤʫʶʯʠʤ ʬʘʢʪʦʨʦʤ ʟʨʦʩʪʘʥʥʷ 

ʚʘʥʪʘʞʦʧʝʨʝʚʝʟʝʥʴ. ɿ ʦʛʣʷʜʫ ʥʘ ʪʦʡ ʬʘʢʪ, ʱʦ ʤʦʞʣʠʚʦʩʪʽ ʜʝʨʞʘʚʥʦʛʦ ʙʶʜʞʝʪʫ ʦʙʤʝʞʝʥʽ, 

ʦʯʝʚʠʜʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʣʫʯʝʥʥʷ ʧʨʠʚʘʪʥʠʭ ʽʥʚʝʩʪʠʮʽʡ ʚ ʛʘʣʫʟʴ, ʷʢ ʚʽʪʯʠʟʥʷʥʠʭ, ʪʘʢ ʽ 

ʟʘʨʫʙʽʞʥʠʭ. ʆʪʞʝ, ʢʦʤʧʣʝʤʝʥʪʘʨʥʠʤ ʽʤʧʝʨʘʪʠʚʦʤ ʜʦʩʷʛʥʝʥʥʷ ʚʩʪʘʥʦʚʣʝʥʠʭ ʮʽʣʝʡ ʻ ʚʠʩʦʢʘ 

ʽʥʚʝʩʪʠʮʽʡʥʘ ʘʢʪʠʚʥʽʩʪʴ ʪʨʘʥʩʧʦʨʪʥʠʭ ʢʦʤʧʘʥʽʡ, ʱʦ ʧʦʚ'ʷʟʘʥʝ ʟ ʨʝʘʣʽʟʘʮʽʻʶ ʩʪʨʘʪʝʛʽʾ 

ʟʨʦʩʪʘʥʥʷ, ʘʜʝʢʚʘʪʥʦʾ ʚʝʢʪʦʨʫ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʛʘʣʫʟʝʚʦʛʦ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ. ɹʝʨʫʯʠ ʜʦ 

ʫʚʘʛʠ ʩʢʣʘʜʥʽ ʫʤʦʚʠ, ʚ ʷʢʠʭ ʬʫʥʢʮʽʦʥʫʶʪʴ ʚ ʜʘʥʠʡ ʯʘʩ ʚʽʪʯʠʟʥʷʥʽ ʪʨʘʥʩʧʦʨʪʥʽ ʢʦʤʧʘʥʽʾ, ʷʢ 

ʟʘʛʘʣʴʥʽ, ʭʘʨʘʢʪʝʨʥʽ ʚ ʮʽʣʦʤʫ ʜʣʷ ʥʘʮʽʦʥʘʣʴʥʦʾ ʽ ʩʚʽʪʦʚʦʾ ʝʢʦʥʦʤʽʢʠ (ʛʣʦʙʘʣʽʟʘʮʽʷ, ʟʨʦʩʪʘʥʥʷ 

ʜʠʥʘʤʽʟʤʫ ʜʽʣʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʽ ʪʝʤʧʽʚ ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʨʦʟʚʠʪʢʫ, ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʝʢʟʦʛʝʥʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʽ ʧʦʩʠʣʝʥʥʷ ʢʦʥʢʫʨʝʥʮʽʾ), ʪʘʢ ʽ ʩʧʝʮʠʬʽʯʥʽ, ʚʣʘʩʪʠʚʽ 

ʜʣʷ ʪʨʘʥʩʧʦʨʪʥʦʾ ʛʘʣʫʟʽ (ʚʠʩʦʢʘ ʢʘʧʽʪʘʣʦʤʽʩʪʢʽʩʪʴ, ʥʠʟʴʢʘ ʨʝʥʪʘʙʝʣʴʥʽʩʪʴ, ʪʨʠʚʘʣʽ ʪʝʨʤʽʥʠ 

ʦʢʫʧʥʦʩʪʽ ʽʥʚʝʩʪʠʮʽʡ, ʚʠʩʦʢʽ ʦʧʝʨʘʮʽʡʥʽ ʪʘ ʬʽʥʘʥʩʦʚʽ ʨʠʟʠʢʠ), ʱʦ ʚʠʤʘʛʘʻ ʧʨʠʡʥʷʪʪʷ 

ʽʥʚʝʩʪʠʮʽʡʥʠʭ ʨʽʰʝʥʴ ʥʝ ʚ ʧʦʪʦʯʥʦʤʫ ʨʝʞʠʤʽ ʫʧʨʘʚʣʽʥʥʷ, ʘ ʥʘ ʩʪʨʘʪʝʛʽʯʥʦʤʫ ʨʽʚʥʽ, ʟʥʘʯʝʥʥʷ 
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ʝʬʝʢʪʠʚʥʦʛʦ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ ʜʽʷʣʴʥʽʩʪʶ ʝʢʦʥʦʤʽʯʥʠʭ ʩʫʙ'ʻʢʪʽʚ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʩʝʢʪʦʨʘ ʫʢʨʘʾʥʩʴʢʦʾ ʝʢʦʥʦʤʽʢʠ ʽʩʪʦʪʥʦ ʟʨʦʩʪʘʻ, ʩʪʨʘʪʝʛʽʷ ʟʨʦʩʪʘʥʥʷ ʩʪʘʻ ʩʠʥʦʥʽʤʦʤ ʚʠʞʠʚʘʥʥʷ 

ʽ ʜʦʚʛʦʩʪʨʦʢʦʚʦʛʦ ʩʪʽʡʢʦʛʦ ʨʦʟʚʠʪʢʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡ [3]. 

ʉʧʝʮʠʬʽʢʘ ʜʽʷʣʴʥʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʩʪʘʥʦʚʠʪʴ ʰʠʨʦʢʫ ʙʘʟʫ ʜʣʷ ʩʠʩʪʝʤʥʦʛʦ 

ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʾʭ ʝʢʦʥʦʤʽʯʥʠʤ ʟʨʦʩʪʘʥʥʷʤ. ʋ ʪʝʦʨʝʪʠʯʥʽʡ ʦʩʥʦʚʽ ʢʣʘʩʠʬʽʢʘʮʽʾ 

ʬʘʢʪʦʨʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʝʢʦʥʦʤʽʯʥʝ ʟʨʦʩʪʘʥʥʷ ʧʽʜʧʨʠʻʤʩʪʚ ʪʨʘʥʩʧʦʨʪʫ, ʣʝʞʘʪʴ 

ʦʩʥʦʚʦʧʦʣʦʞʥʽ ʧʨʠʥʮʠʧʠ [4]: 

- ʢʦʤʧʣʝʢʩʥʦʩʪʽ - ʦʟʥʘʯʘʻ, ʱʦ ʙʫʜʴ-ʷʢʦʤʫ ʬʘʢʪʦʨʫ ʟʨʦʩʪʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ 

ʚʣʘʩʪʠʚʽ ʢʦʥʢʨʝʪʥʽ ʢʨʠʪʝʨʽʘʣʴʥʽ ʦʟʥʘʢʠ; 

- ʽʻʨʘʨʭʽʯʥʦʩʪʽ - ʤʘʻ ʥʘ ʫʚʘʟʽ ʚʠʜʽʣʝʥʥʷ ʧʨʽʦʨʠʪʝʪʥʠʭ ʢʣʘʩʠʬʽʢʘʮʽʡʥʠʭ ʢʨʠʪʝʨʽʾʚ, ʷʢʽ 

ʩʧʝʮʠʬʽʢʫʶʪʴ ʫʧʨʘʚʣʽʥʥʷ ʨʝʘʣʽʟʘʮʽʻʶ ʩʪʨʘʪʝʛʽʾ ʟʨʦʩʪʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʟ 

ʧʦʜʘʣʴʰʦʶ ʾʭ ʜʝʪʘʣʽʟʘʮʽʻʶ; 

- ʙʘʛʘʪʦʚʠʤʽʨʥʦʩʪʽ - ʧʨʠʧʫʩʢʘʻ ʥʘʷʚʥʽʩʪʴ ʜʝʢʽʣʴʢʦʭ ʨʽʚʥʦʟʥʘʯʥʠʭ ʢʨʠʪʝʨʽʾʚ ʥʘ ʧʝʚʥʦʤʫ 

ʨʽʚʥʽ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʦʜʥʦʯʘʩʥʦʾ ʜʽʾ ʧʦʟʥʘʯʝʥʠʭ ʥʠʤʠ ʛʨʫʧ ʯʠʥʥʠʢʽʚ; 

- ʫʥʽʢʘʣʴʥʦʩʪʽ ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ - ʚʠʤʘʛʘʻ ʦʜʥʦʟʥʘʯʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʚʠʜʫ 

ʯʠʥʥʠʢʽʚ ʟʨʦʩʪʘʥʥʷ ʧʦ ʢʦʥʢʨʝʪʥʦʤʫ ʢʨʠʪʝʨʽʶ ʢʣʘʩʠʬʽʢʘʮʽʾ; 

- ʤʥʦʞʠʥʥʦʩʪʽ - ʦʟʥʘʯʘʻ ʧʦʻʜʥʘʥʥʷ ʦʢʨʝʤʠʤʠ ʬʘʢʪʦʨʘʤʠ ʟʨʦʩʪʘʥʥʷ ʢʽʣʴʢʦʭ 

ʢʨʠʪʝʨʽʘʣʴʥʠʭ ʦʟʥʘʢ. 

ɼʘʥʠʡ ʤʝʪʦʜʦʣʦʛʽʯʥʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʫʩʫʥʫʪʠ ʦʜʥʦʤʽʨʥʽʩʪʴ, ʝʢʣʝʢʪʠʯʥʽʩʪʴ, ʜʫʙʣʶʚʘʥʥʷ ʚ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʬʘʢʪʦʨʽʚ ʟʨʦʩʪʫ, ʚʠʜʽʣʠʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ ʨʝʘʣʽʟʘʮʽʻʶ ʩʪʨʘʪʝʛʽʾ 

ʟʨʦʩʪʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ. 

ɿ ʮʠʭ ʧʦʟʠʮʽʡ ʦʩʦʙʣʠʚʦʾ ʚʘʞʣʠʚʦʩʪʽ ʥʘʙʫʚʘʻ ʚʠʜʽʣʝʥʥʷ ʽ ʩʪʨʫʢʪʫʨʫʚʘʥʥʷ ʢʣʶʯʦʚʠʭ 

ʯʠʥʥʠʢʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʨʽʚʝʥʴ ʽ ʜʠʥʘʤʽʢʫ ʟʨʦʩʪʫ ʧʽʜʧʨʠʻʤʩʪʚ ʪʨʘʥʩʧʦʨʪʥʦʾ ʛʘʣʫʟʽ [5]: 

ü  ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʬʝʨʠ ʚʠʥʠʢʥʝʥʥʷ: 

- ʝʥʜʦʛʝʥʥʽ (ʚʠʟʥʘʯʘʶʪʴʩʷ ʫʤʦʚʘʤʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʪʦʙʪʦ 

ʩʘʤʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʠʩʦʢʠʤ ʩʪʫʧʝʥʝʤ ʢʝʨʦʚʘʥʦʩʪʽ ʟ ʙʦʢʫ 

ʤʝʥʝʜʞʤʝʥʪʫ ʢʦʤʧʘʥʽʾ); 

- ʝʢʟʦʛʝʥʥʽ (ʦʙʫʤʦʚʣʝʥʽ ʚʧʣʠʚʦʤ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʽ ʪʦʤʫ ʚ ʤʝʥʰʽʡ ʤʽʨʽ ʧʽʜʜʘʶʪʴʩʷ 

ʫʧʨʘʚʣʽʥʥʶ); 

ü  ʟʘ ʨʽʚʥʷʤʠ ʦʨʛʘʥʽʟʘʮʽʾ: 

- ʤʘʢʨʦʝʢʦʥʦʤʽʯʥʽ (ʚʠʟʥʘʯʘʶʪʴ ʝʢʦʥʦʤʽʯʥʝ ʟʨʦʩʪʘʥʥʷ ʢʨʘʾʥʠ ʚ ʮʽʣʦʤʫ); 

- ʛʘʣʫʟʝʚʽ (ʚʨʘʭʦʚʫʶʪʴ ʦʩʦʙʣʠʚʦʩʪʽ ʛʘʣʫʟʽ, ʚ ʷʢʽʡ ʧʨʘʮʶʻ ʧʽʜʧʨʠʻʤʩʪʚʦ); 

- ʨʝʛʽʦʥʘʣʴʥʽ (ʚʠʟʥʘʯʘʶʪʴ ʝʢʦʥʦʤʽʯʥʝ ʟʨʦʩʪʘʥʥʷ ʨʝʛʽʦʥʫ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʽ ʩʧʝʮʠʬʽʢʠ ʨʝʛʽʦʥʘʣʴʥʦʾ ʧʦʣʽʪʠʢʠ); 

- ʨʠʥʢʦʚʽ (ʚʠʟʥʘʯʘʶʪʴ ʤʝʞʽ ʨʝʘʣʽʟʘʮʽʾ ʩʪʨʘʪʝʛʽʾ ʟʨʦʩʪʘʥʥʷ ʧʦʪʝʥʮʽʘʣʦʤ ʨʠʥʢʫ); 

- ʚʥʫʪʨʽʬʽʨʤʦʚʽ (ʚʠʟʥʘʯʘʶʪʴ ʚʥʫʪʨʽʰʥʽ ʤʦʞʣʠʚʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʱʦʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʝʢʦʥʦʤʽʯʥʦʛʦ ʟʨʦʩʪʘʥʥʷ); 

ü ʟʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦʶ ʩʪʨʫʢʪʫʨʦʶ (ʦʙʫʤʦʚʣʶʶʪʴ ʚʽʜʤʽʥʥʽʩʪʴ ʚ ʧʽʜʭʦʜʘʭ ʜʦ ʫʧʨʘʚʣʽʥʥʷ 

ʟʨʦʩʪʘʥʥʷʤ ʚ ʨʽʟʥʠʭ ʩʬʝʨʘʭ ʜʽʷʣʴʥʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚʘ): ʝʢʦʥʦʤʽʯʥʽ; ʦʨʛʘʥʽʟʘʮʽʡʥʽ; ʧʨʘʚʦʚʽ; 

ʽʥʩʪʠʪʫʮʽʡʥʽ; ʩʦʮʽʘʣʴʥʽ; 

ü ʟʘ ʛʨʫʧʘʤʠ ʚʧʣʠʚʫ (ʜʦʟʚʦʣʷʻ ʚʧʣʠʚʘʪʠ ʥʘ ʦʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʜʦʛʦʚʦʨʽʚ, ʫʛʦʜ, ʫʧʨʘʚʣʷʪʠ 

ʦʯʽʢʫʚʘʥʥʷʤʠ ʩʪʝʡʢʭʦʣʜʝʨʽʚ): ʜʝʨʞʘʚʘ; ʘʢʮʽʦʥʝʨʠ; ʢʨʝʜʠʪʦʨʠ/ʧʦʟʠʯʘʣʴʥʠʢʠ; ʧʦʢʫʧʮʽ; 

ʧʦʩʪʘʯʘʣʴʥʠʢʠ; ʩʧʽʚʨʦʙʽʪʥʠʢʠ; ʩʫʩʧʽʣʴʩʪʚʦ; 

ü ʟʘ ʩʪʫʧʝʥʝʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ (ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʜʣʷ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʤʦʜʝʣʽ ʝʢʦʥʦʤʽʯʥʦʛʦ ʟʨʦʩʪʘʥʥʷ): ʽʥʪʝʨʥʘʣʴʥʦʛʦ; ʽʥʚʘʨʽʘʥʪʥʦʛʦ; 

ʜʦʩʷʞʥʦʛʦ; 

ü  ʟʘ ʛʦʨʠʟʦʥʪʦʤ ʚʧʣʠʚʫ (ʚʠʟʥʘʯʘʶʪʴ ʧʣʘʥʫʚʘʥʥʷ ʚ ʯʘʩʽ ʢʦʤʧʣʝʢʩʫ ʥʝʦʙʭʽʜʥʠʭ ʟʘʭʦʜʽʚ): 

ʧʦʪʦʯʥʽ; ʧʝʨʩʧʝʢʪʠʚʥʽ; 

ü ʟʘ ʩʪʫʧʝʥʝʤ ʚʧʣʠʚʫ (ʚʽʜʦʙʨʘʞʘʶʪʴ ʭʘʨʘʢʪʝʨ ʾʭ ʚʧʣʠʚʫ ʥʘ ʝʢʦʥʦʤʽʯʥʝ ʟʨʦʩʪʘʥʥʷ 

ʧʽʜʧʨʠʻʤʩʪʚʘ): ʨʝʘʢʪʠʚʥʽ; ʧʨʦʘʢʪʠʚʥʽ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʜʝʪʝʨʤʽʥʘʥʪ ʝʢʦʥʦʤʽʯʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʟʘ 

ʦʩʥʦʚʥʠʤʠ ʢʣʘʩʠʬʽʢʘʮʽʡʥʠʤʠ ʦʟʥʘʢʘʤʠ ʫʟʘʛʘʣʴʥʝʥʽ ʚ ʪʘʙʣ.1. 
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ʊʘʙʣʠʮʷ  1  

ʌʘʢʪʦʨʠ ʨʝʘʣʽʟʘʮʽʾ ʩʪʨʘʪʝʛʽʾ ʟʨʦʩʪʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʟʘ ʦʩʥʦʚʥʠʤʠ 

ʢʣʘʩʠʬʽʢʘʮʽʡʥʠʤʠ ʦʟʥʘʢʘʤʠ 
ʌʘʢʪʦʨʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʩʪʫʧʽʥʴ ʨʝʘʣʽʟʘʮʽʾ ʩʪʨʘʪʝʛʽʾ ʟʨʦʩʪʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ 

ɽʂɿʆɻɽʅʅɯ ɽʅɼʆɻɽʅʅɯ 

ɽʢʦʥʦʤʽʯʥʽ: 

- ʩʪʨʘʪʝʛʽʷ ʜʝʨʞʘʚʠ ʱʦʜʦ ʨʦʟʚʠʪʢʫ ʛʘʣʫʟʽ 

ʪʨʘʥʩʧʦʨʪʫ; 

- ʪʨʘʥʩʧʦʨʪʥʘ ʧʦʣʽʪʠʢʘ ʜʝʨʞʘʚʠ; 

- ʧʨʦʤʠʩʣʦʚʘ ʧʦʣʽʪʠʢʘ ʜʝʨʞʘʚʠ; 

- ʤʠʪʥʘ ʧʦʣʽʪʠʢʘ ʜʝʨʞʘʚʠ; 

- ̔ ʥʚʝʩʪʠʮʽʡʥʘ ʧʦʣʽʪʠʢʘ ʜʝʨʞʘʚʠ; 

- ʘʤʦʨʪʠʟʘʮʽʡʥʘ ʧʦʣʽʪʠʢʘ ʢʨʘʾʥʠ; 

- ʛʨʦʰʦʚʦ-ʢʨʝʜʠʪʥʘ ʧʦʣʽʪʠʢʘ ʢʨʘʾʥʠ; 

- ʨʽʚʝʥʴ ʝʢʦʥʦʤʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʢʨʘʾʥʠ; 

- ʩʪʫʧʽʥʴ ʽʥʪʝʛʨʦʚʘʥʦʩʪʽ ʋʢʨʘʾʥʠ ʫ ʩʚʽʪʦʚʫ 

ʝʢʦʥʦʤʽʯʥʫ ʩʠʩʪʝʤʫ; 

- ʧʦʜʘʪʢʦʚʘ ʩʠʩʪʝʤʘ; 

- ʙʶʜʞʝʪʥʽ ʚʠʪʨʘʪʠ ʥʘ ʪʨʘʥʩʧʦʨʪ; 

- ̔ ʥʚʝʩʪʠʮʽʡʥʠʡ ʢʣʽʤʘʪ; 

- ʢʦʥʢʫʨʝʥʮʽʷ; 

- ʚʠʤʦʛʠ ʚʣʘʩʥʠʢʽʚ ʢʘʧʽʪʘʣʫ ʜʦ ʧʨʠʙʫʪʢʦʚʦʩʪʽ; 

- ʬʽʥʘʥʩʦʚʦ-ʝʢʦʥʦʤʽʯʥʠʡ ʩʪʘʥ ʦʩʥʦʚʥʠʭ ʩʧʦʞʠʚʘʯʽʚ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʩʣʫʛ; 

- ʨʠʟʠʢʠ ʢʨʘʾʥʠ, ʛʘʣʫʟʽ ʪʘ ʨʝʛʽʦʥʽʚ. 

ʇʨʘʚʦʚʽ: 

- ʜʽʻʚʽʩʪʴ, ʩʪʘʙʽʣʴʥʽʩʪʴ ʽ ʨʽʚʝʥʴ ʨʦʟʚʠʪʢʫ 

ʟʘʢʦʥʦʜʘʚʯʦʾ ʙʘʟʠ; 

- ʥʝʟʘʣʝʞʥʽʩʪʴ ʩʫʜʦʚʦʾ ʩʠʩʪʝʤʠ ʚʽʜ ʜʝʨʞʘʚʠ ʽ 

ʧʨʠʚʘʪʥʠʭ ʦʩʽʙ. 

ɯʥʩʪʠʪʫʮʽʦʥʘʣʴʥʽ: 

- ʩʪʫʧʽʥʴ ʨʦʟʚʠʥʝʥʦʩʪʽ ʨʠʥʢʦʚʠʭ ʽʥʩʪʠʪʫʪʽʚ ʚ ʢʨʘʾʥʽ. 

ʉʦʮʽʘʣʴʥʽ: 

- ʟʜʘʪʥʽʩʪʴ ʢʦʤʧʘʥʽʾ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʦʚʥʽʰʥʽ 

ʟʚ'ʷʟʢʠ ʩʪʝʡʢʭʦʣʜʝʨʽʚ; 

- ʩʧʽʚʧʨʘʮʷ ʟʽ ʩʪʝʡʢʭʦʣʜʝʨʘʤʠ; 

- ʬʦʨʤʫʚʘʥʥʷ ʧʦʟʠʪʠʚʥʦʾ ʜʽʣʦʚʦʾ ʨʝʧʫʪʘʮʽʾ ʚ 

ʩʫʩʧʽʣʴʩʪʚʽ; 

- ʙʣʘʛʦʜʽʡʥʽʩʪʴ;  

-  ʩʦʮʽʘʣʴʥʘ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʙʽʟʥʝʩʫ. 

- ʢʦʤʫʥʽʢʘʪʠʚʥʽ: 

- ̫ ʢʽʩʪʴ ʚʟʘʻʤʦʚʽʜʥʦʩʠʥ ʟʽ ʩʪʝʡʢʭʦʣʜʝʨʘʤʠ; 

- ʩʪʫʧʽʥʴ ʚʟʘʻʤʥʦʾ ʜʦʚʽʨʠ ʟ ʢʦʥʪʨʘʛʝʥʪʘʤʠ. 

ʂʦʤʫʥʽʢʘʪʠʚʥʽ: 

- ̫ ʢʽʩʪʴ ʚʟʘʻʤʦʚʽʜʥʦʩʠʥ ʟʽ ʩʪʝʡʢʭʦʣʜʝʨʘʤʠ;  

-  ʩʪʫʧʽʥʴ ʚʟʘʻʤʥʦʾ ʜʦʚʽʨʠ ʟ ʢʦʥʪʨʘʛʝʥʪʘʤʠ. 

ɯʥʪʝʣʝʢʪʫʘʣʴʥʽ: 

- ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʪʝʡʢʭʦʣʜʝʨʽʚ ʷʢ ʥʦʩʽʾʚ ʟʥʘʥʴ. 

ɽʢʦʥʦʤʽʯʥʽ: 

- ʩʪʨʘʪʝʛʽʷ ʨʦʟʚʠʪʢʫ ʢʦʤʧʘʥʽʾ; 

- ʚʟʘʻʤʠʥʠ ʟ ʦʨʛʘʥʘʤʠ ʜʝʨʞʘʚʠ; 

- ̔ ʥʚʝʩʪʠʮʽʡʥʘ ʧʦʣʽʪʠʢʘ; 

- ʬʽʥʘʥʩʦʚʘ ʧʦʣʽʪʠʢʘ; 

- ʧʦʣʽʪʠʢʘ ʫʧʨʘʚʣʽʥʥʷ ʚʠʪʨʘʪʘʤʠ; 

- ʘʤʦʨʪʠʟʘʮʽʡʥʘ ʧʦʣʽʪʠʢʘ; 

- ʜʠʚʽʜʝʥʜʥʘ ʧʦʣʽʪʠʢʘ; 

- ʢʘʜʨʦʚʘ ʧʦʣʽʪʠʢʘ; 

- ʩʪʘʜʽʷ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʢʦʤʧʘʥʽʾ; 

- ʧʦʪʦʯʥʠʡ ʬʽʥʘʥʩʦʚʠʡ ʩʪʘʥ; 

- ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ; 

- ʢʨʝʜʠʪʥʠʡ ʨʝʡʪʠʥʛ; 

- ʚʥʫʪʨʽʰʥʽ ʨʠʟʠʢʠ ʢʦʤʧʘʥʽʾ. 

- ʩʪʨʘʪʝʛʽʷ ʨʦʟʚʠʪʢʫ ʢʦʤʧʘʥʽʾ; 

ʆʨʛʘʥʽʟʘʮʽʡʥʽ: 

- ̔ ʥʬʦʨʤʘʮʽʡʥʘ ʧʨʦʟʦʨʽʩʪʴ; 

- ʦʨʛʘʥʽʟʘʮʽʡʥʘ ʩʪʨʫʢʪʫʨʘ; 

- ʧʨʦʮʝʩʥʠʡ ʧʽʜʭʽʜ ʜʦ ʫʧʨʘʚʣʽʥʥʷ; 

- ʨʽʚʝʥʴ ʢʦʨʧʦʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ. 

ʇʨʘʚʦʚʽ: 

- ʧʨʘʚʦʚʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʽʷʣʴʥʦʩʪʽ. 

ɯʥʩʪʠʪʫʮʽʦʥʘʣʴʥʽ: 

- ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʧʨʘʚʦʚʘ ʬʦʨʤʘ ʢʦʤʧʘʥʽʾ; 

- ʢʦʦʧʝʨʘʮʽʷ (ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʦ) ʟ ʽʥʰʠʤʠ 
ʢʦʤʧʘʥʽʷʤʠ  

ʉʦʮʽʘʣʴʥʽ: 

- ̔ ʥʽʮʽʘʪʠʚʠ ʯʣʝʥʽʚ ʢʦʣʝʢʪʠʚʫ; 

- ʢʣʽʤʘʪ ʚ ʢʦʣʝʢʪʠʚʽ; 

- ʩʦʮʽʘʣʴʥʠʡ ʧʘʢʝʪ; 

- ̫ ʢʽʩʪʴ ʪʨʫʜʦʚʠʭ ʨʝʩʫʨʩʽʚ. 

ʂʦʤʫʥʽʢʘʪʠʚʥʽ: 

- ̫ ʢʽʩʪʴ ʚʥʫʪʨʽʰʥʴʦʬʽʨʤʦʚʠʭ ʚʟʘʻʤʠʥ;  

- ʩʪʫʧʽʥʴ ʚʟʘʻʤʥʦʾ ʜʦʚʽʨʠ ʚ ʢʦʣʝʢʪʠʚʽ. 

ɯʥʪʝʣʝʢʪʫʘʣʴʥʽ: 

- ʥʘʷʚʥʽʩʪʴ çʙʘʟʠ ʟʥʘʥʴè ʚ ʢʦʤʧʘʥʽʾ; 

- ʟʜʘʪʥʽʩʪʴ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʥʘʢʦʧʠʯʝʥʠʭ 

ʟʥʘʥʴ ʚ ʥʦʚʽ ʟʥʘʥʥʷ. 

 

ɼʞʝʨʝʣʦ: ʨʦʟʨʦʙʣʝʥʦ [5]. 

ʇʨʦʚʝʜʝʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʟʚʦʣʠʣʦ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʜʦ ʢʣʶʯʦʚʠʭ ʬʘʢʪʦʨʽʚ ʟʨʦʩʪʘʥʥʷ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʱʦ ʚʠʷʚʣʷʻʪʴʩʷ ʫ ʩʪʚʦʨʝʥʥʽ ʜʦʚʛʦʩʪʨʦʢʦʚʠʭ ʢʦʥʢʫʨʝʥʪʥʠʭ 

ʧʝʨʝʚʘʛ, ʩʣʽʜ ʚʽʜʥʝʩʪʠ: ʦʨʛʘʥʽʟʘʮʽʡʥʫ ʩʪʨʫʢʪʫʨʫ ʢʦʤʧʘʥʽʾ, ʩʠʩʪʝʤʫ ʪʨʘʥʩʣʷʮʽʾ ʮʽʣʴʦʚʠʭ ʟʥʘʯʝʥʴ 

ʩʪʨʘʪʝʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʥʘ ʦʧʝʨʘʪʠʚʥʠʡ ʨʽʚʝʥʴ ʫʧʨʘʚʣʽʥʥʷ, ʟʙʘʣʘʥʩʦʚʘʥʽʩʪʴ ʮʽʣʝʡ ʽ ʨʝʩʫʨʩʽʚ, 
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ʩʪʘʥ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʽʚ ʚ ʢʦʤʧʘʥʽʾ, ʧʦʣʽʪʠʢʫ ʮʽʥʦʫʪʚʦʨʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʩʣʫʛ (ʷʢ ʧʦʢʘʟʫʶʪʴ 

ʯʠʩʣʝʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʦʟʨʘʭʫʥʢʠ ʚʘʨʪʽʩʪʴ ʢʦʤʧʘʥʽʾ ʥʘʡʙʽʣʴʰ ʯʫʪʣʠʚʘ ʜʦ ʢʦʣʠʚʘʥʴ 

ʨʠʥʢʦʚʦʾ ʢʦʥ'ʶʥʢʪʫʨʠ), ʽʥʬʦʨʤʘʮʽʡʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʠʡʥʷʪʪʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ, 

ʤʦʪʠʚʘʮʽʶ ʽ ʥʘʚʯʘʥʥʷ ʧʝʨʩʦʥʘʣʫ [6]. 

ɻʦʣʦʚʥʘ ʛʘʣʫʟʝʚʘ ʦʩʦʙʣʠʚʽʩʪʴ, ʟ ʪʦʯʢʠ ʟʦʨʫ ʚʧʣʠʚʫ ʥʘ ʜʽʷʣʴʥʽʩʪʴ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, 

ʧʦʣʷʛʘʻ ʫ ʚʠʩʦʢʽʡ ʢʘʧʽʪʘʣʦʤʽʩʪʢʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ (ʩʝʨʝʜʥʽʡ ʨʽʚʝʥʴ ʢʘʧʽʪʘʣʦʤʽʩʪʢʦʩʪʽ 

ʧʝʨʝʚʝʟʝʥʴ ʙʽʣʴʰ ʥʽʞ ʚ 2 ʨʘʟʠ ʧʝʨʝʚʠʱʫʻ ʘʥʘʣʦʛʽʯʥʠʡ ʧʦʢʘʟʥʠʢ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ). ɺʽʜʧʦʚʽʜʥʦ 

ʦʩʦʙʣʠʚʫ ʫʚʘʛʫ ʥʝʦʙʭʽʜʥʦ ʧʨʠʜʽʣʷʪʠ ʽʥʚʝʩʪʠʮʽʷʤ ʚ ʦʩʥʦʚʥʠʡ ʢʘʧʽʪʘʣ ʪʘ ʽʥʚʝʩʪʠʮʽʡʥʦʤʫ 

ʤʝʥʝʜʞʤʝʥʪʫ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʨʝʥʪʘʙʝʣʴʥʦʩʪʽ ʽʥʚʝʩʪʦʚʘʥʦʛʦ ʢʘʧʽʪʘʣʫ. 

ɯʥʰʘ ʦʩʦʙʣʠʚʽʩʪʴ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʪʨʘʥʩʧʦʨʪʥʽ ʧʦʩʣʫʛʠ ʥʝ ʽʩʥʫʶʪʴ ʚ ʬʦʨʤʽ ʩʘʤʦʩʪʽʡʥʦʛʦ 

ʨʝʯʦʚʦʛʦ ʧʨʦʜʫʢʪʫ, ʘ ʻ ʧʨʦʜʦʚʞʝʥʥʷʤ ʚʽʜʪʚʦʨʶʚʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʽʥʰʠʭ ʛʘʣʫʟʝʡ ʝʢʦʥʦʤʽʢʠ, 

ʝʣʝʤʝʥʪʦʤ ʣʘʥʮʶʞʢʘ ʩʪʚʦʨʝʥʥʷ ʜʦʜʘʥʦʾ ʚʘʨʪʦʩʪʽ ʪʦʚʘʨʥʦʾ ʧʨʦʜʫʢʮʽʾ. ʊʦʤʫ ʚʘʞʣʠʚʽ ʯʘʩʦʚʠʡ 

ʧʝʨʽʦʜ, ʷʢʽʩʪʴ ʽ ʮʽʥʘ ʜʦʩʪʘʚʢʠ ʪʨʘʥʩʧʦʨʪʦʤ. ɺʽʜʧʦʚʽʜʥʦ ʥʘʡʢʨʘʱʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʦʮʝʩʥʠʡ 

ʧʽʜʭʽʜ ʜʦ ʫʧʨʘʚʣʽʥʥʷ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʢʦʥʪʨʦʣʴ ʷʢʦʩʪʽ ʽ ʦʮʽʥʢʫ ʝʢʦʥʦʤʽʯʥʦʾ ʜʦʜʘʥʦʾ ʚʘʨʪʦʩʪʽ 

ʢʦʞʥʦʾ ʦʧʝʨʘʮʽʾ. ʇʨʦʮʝʩʥʠʡ ʧʽʜʭʽʜ ʪʘʢʦʞ ʜʦʟʚʦʣʠʪʴ ʧʨʠʩʢʦʨʠʪʠ ʦʙʦʨʦʪʥʽʩʪʴ ʽʥʚʝʩʪʦʚʘʥʦʛʦ 

ʢʘʧʽʪʘʣʫ, ʘ ʦʪʞʝ, ʧʽʜʚʠʱʠʪʠ ʡʦʛʦ ʨʝʥʪʘʙʝʣʴʥʽʩʪʴ ʽ ʟʘʙʝʟʧʝʯʠʪʠ ʟʙʽʣʴʰʝʥʥʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʾ 

ʚʘʨʪʦʩʪʽ ʢʦʤʧʘʥʽʾ [7]. 

ʋ ʪʦʡ ʞʝ ʯʘʩ ʚʽʜʪʚʦʨʶʚʘʣʴʥʠʡ ʧʨʦʮʝʩ ʥʘ ʪʨʘʥʩʧʦʨʪʽ ʤʘʻ ʤʦʜʠʬʽʢʦʚʘʥʫ ʩʪʨʫʢʪʫʨʫ, ʚʽʜʤʽʥʥʫ 

ʚʽʜ ʽʥʰʠʭ ʛʘʣʫʟʝʡ ʝʢʦʥʦʤʽʢʠ, ʘ ʩʘʤʝ: ʩʧʦʞʠʚʘʥʥʷ ʽ ʨʝʘʣʽʟʘʮʽʷ ʩʧʝʮʠʬʽʯʥʦʾ ʪʨʘʥʩʧʦʨʪʥʦʾ ʨʦʙʦʪʠ 

ʦʙ'ʻʜʥʘʥʽ ʟ ʧʨʦʮʝʩʦʤ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. ɺʽʜʩʫʪʥʽʩʪʴ ʟʘʧʘʩʽʚ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʽ 

ʚʠʩʦʢʘ ʢʘʧʽʪʘʣʦʤʽʩʪʢʽʩʪʴ ʧʝʨʝʚʝʟʝʥʴ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʩʫʪʪʻʚʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʚ ʩʪʨʫʢʪʫʨʽ ʚʠʪʨʘʪ 

ʪʨʘʥʩʧʦʨʪʫ, ʜʝ ʢʨʽʤ ʘʤʦʨʪʠʟʘʮʽʾ ʜʦʩʠʪʴ ʚʠʩʦʢʘ ʯʘʩʪʢʘ ʧʘʣʠʚʥʠʭ ʚʠʪʨʘʪ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ, ʫʚʘʛʫ 

ʤʝʥʝʜʞʤʝʥʪʫ ʪʘʢʦʞ ʤʘʻ ʙʫʪʠ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ. 

ʊʨʘʥʩʧʦʨʪ ʤʘʻ ʚʝʣʠʢʠʡ ʚʧʣʠʚ ʥʘ ʝʢʦʣʦʛʽʶ. ʊʦʤʫ, ʚʘʞʣʠʚʦ ʦʮʽʥʶʚʘʪʠ ʝʢʦʣʦʛʽʯʥʽʩʪʴ 

ʪʨʘʥʩʧʦʨʪʫ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʩʪʨʘʪʝʛʽʾ ʟʨʦʩʪʘʥʥʷ. 

ɿʥʘʯʥʠʡ ʨʽʚʝʥʴ ʦʧʝʨʘʮʽʡʥʦʛʦ ʨʠʟʠʢʫ, ʱʦ ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʥʘ ʪʨʘʥʩʧʦʨʪʽ, ʚʠʤʘʛʘʻ ʨʦʟʨʦʙʢʠ 

ʥʦʚʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʮʽʥʦʫʪʚʦʨʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦ-ʝʢʩʧʝʜʠʮʽʡʥʠʭ ʧʦʩʣʫʛ. ʄʘʩʰʪʘʙʥʽ ʽʥʚʝʩʪʠʮʽʾ ʥʘ 

ʪʣʽ ʚʽʜʥʦʩʥʦ ʥʝʚʠʩʦʢʦʾ ʨʝʥʪʘʙʝʣʴʥʦʩʪʽ ʦʧʝʨʘʮʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʚʠʟʥʘʯʘʶʪʴ ʪʨʠʚʘʣʽ ʪʝʨʤʽʥʠ 

ʦʢʫʧʥʦʩʪʽ ʽʥʚʝʩʪʠʮʽʡ. ʎʝ ʦʙʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʣʫʯʝʥʥʷ ʚ ʪʨʘʥʩʧʦʨʪʥʫ ʛʘʣʫʟʴ 

ʩʪʨʘʪʝʛʽʯʥʠʭ ʽʥʚʝʩʪʦʨʽʚ, ʟʘʮʽʢʘʚʣʝʥʠʭ ʚ ʾʾ ʜʦʚʛʦʩʪʨʦʢʦʚʦʤʫ ʨʦʟʚʠʪʢʫ ʽ ʛʦʪʦʚʠʭ ʜʦ ʧʦʤʽʨʥʠʭ 

ʨʠʟʠʢʽʚ ʽ ʩʝʨʝʜʥʴʦʛʦ ʨʽʚʥʷ ʧʨʠʙʫʪʢʦʚʦʩʪʽ ʢʘʧʽʪʘʣʴʥʠʭ ʚʢʣʘʜʝʥʴ. ʅʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʛʨʦʰʦʚʦʛʦ 

ʧʦʪʦʢʫ ʧʨʦʪʷʛʦʤ ʨʦʢʫ ʚ ʟʚ'ʷʟʢʫ ʟ ʜʽʻʶ ʚ ʋʢʨʘʾʥʽ ʬʘʢʪʦʨʘ ʩʝʟʦʥʥʦʩʪʽ ʧʝʨʝʚʝʟʝʥʴ ʦʙʫʤʦʚʣʶʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʩʢʦʨʦʯʝʥʥʷ ʦʧʝʨʘʮʽʡʥʦʛʦ ʽ ʬʽʥʘʥʩʦʚʦʛʦ ʮʠʢʣʽʚ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʧʨʦʚʝʜʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʾ ʢʨʝʜʠʪʥʦʾ ʧʦʣʽʪʠʢʠ. 

ɺʠʩʥʦʚʢʠ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ.  ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʦʣʷʛʘʻ ʫ ʪʽʤ, ʱʦ ʥʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʽʟʫ ʤʦʞʣʠʚʦʩʪʝʡ ʨʦʟʚʠʪʢʫ ʧʽʜʧʨʠʻʤʩʪʚ 

ʪʨʘʥʩʧʦʨʪʫ  ʚʠʟʥʘʯʝʥʽ ʧʝʨʝʜʫʤʦʚʠ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʦʜʥʦʟʥʘʯʥʦ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʥʘʧʨʘʚʣʝʥʽʩʪʴ 

ʚʝʢʪʦʨʫ ʨʦʟʚʠʪʢʫ ʥʘʮʽʦʥʘʣʴʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʢʦʤʧʘʥʽʡ ʥʘ ʨʝʘʣʽʟʘʮʽʶ ʩʪʨʘʪʝʛʽʾ ʟʨʦʩʪʘʥʥʷ, 

ʚʠʜʽʣʠʪʠ ʽ ʩʪʨʫʢʪʫʨʫʚʘʪʠ ʢʣʶʯʦʚʽ ʬʘʢʪʦʨʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʨʽʚʝʥʴ ʽ ʜʠʥʘʤʽʢʫ ʟʨʦʩʪʘʥʥʷ 

ʧʽʜʧʨʠʻʤʩʪʚ ʪʨʘʥʩʧʦʨʪʥʦʾ ʛʘʣʫʟʽ. ʆʜʥʘʢ ʧʨʠ ʨʦʟʨʦʙʮʽ ʩʪʨʘʪʝʛʽʾ ʟʨʦʩʪʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʧʽʜʧʨʠʻʤʩʪʚʘ, ʷʢ ʽ ʙʫʜʴ ʷʢʦʛʦ ʽʥʰʦʛʦ,  ʪʨʝʙʘ ʧʘʤ'ʷʪʘʪʠ, ʱʦ ʩʪʨʘʪʝʛʽʷ ʟʨʦʩʪʘʥʥʷ ʧʦʚʠʥʥʘ 

ʧʨʝʜʩʪʘʚʣʷʪʠ ʩʦʙʦʶ ʩʫʢʫʧʥʽʩʪʴ ʜʝʢʽʣʴʢʦʭ ʩʪʨʘʪʝʛʽʡ ʨʦʟʚʠʪʢʫ. ɺʦʥʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʫʟʛʦʜʞʝʥʽ ʪʘ 

ʚʟʘʻʤʦʜʦʧʦʚʥʶʶʯʽ ʦʜʥʘ ʟ ʦʜʥʫ. ʊʽʣʴʢʠ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʪʨʘʥʩʧʦʨʪʥʝ ʧʽʜʧʨʠʻʤʩʪʚʦ ʜʦʩʷʛʥʝ 

ʫʩʧʽʭʫ ʽ ʟʤʦʞʝ ʢʦʥʢʫʨʫʚʘʪʠ ʥʘ ʨʠʥʢʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʩʣʫʛ. ɯ ʧʨʦʙʣʝʤʘ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʘʪʝʛʽʡ 

ʟʨʦʩʪʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʻ ʘʢʪʫʘʣʴʥʦʶ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʾʾ ʜʦʩʣʽʜʞʝʥʥʷ. 
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ʌɸʂʊʆʈʓ ʈɽɸʃʀɿɸʎʀʀ ʉʊʈɸʊɽɻʀʀ ʈʆʉʊɸ ʊʈɸʅʉʇʆʈʊʅʓʍ ʇʈɽɼʇʈʀʗʊʀʁ 

ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʬʘʢʪʦʨʦʚ ʨʝʘʣʠʟʘʮʠʠ ʩʪʨʘʪʝʛʠʠ ʨʦʩʪʘ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ, ʚʳʧʦʣʥʷʶʱʠʭ ʚʘʞʥʳʝ ʬʫʥʢʮʠʠ ʚ ʧʨʦʮʝʩʩʝ ʤʦʜʝʨʥʠʟʘʮʠʠ ʥʘʮʠʦʥʘʣʴʥʦʡ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ, ʧʦʚʳʰʝʥʠʠ ʝʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʥʘ 

ʤʠʨʦʚʦʤ ʫʨʦʚʥʝ. ɺʳʜʝʣʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʨʝʘʣʠʟʘʮʠʝʡ ʩʪʨʘʪʝʛʠʠ ʨʦʩʪʘ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʠʤʝʶʱʠʭ ʢʦʤʧʣʝʢʩʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʠ ʤʝʭʘʥʠʟʤʦʚ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʤʝʥʪʘʤʠ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ ʚ 

ʢʦʥʪʝʢʩʪʝ ʨʘʟʚʠʪʠʷ ʫʢʨʘʠʥʩʢʦʡ ʵʢʦʥʦʤʠʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʘʢʪʦʨʳ ʨʦʩʪʘ, ʪʨʘʥʩʧʦʨʪʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ, ʩʪʨʘʪʝʛʠʷ ʨʦʩʪʘ, 

ʧʦʪʝʥʮʠʘʣ ʨʦʩʪʘ. 

 

Voichenko ʊ. 

FACTORS GROWTH STRATEGY TRANSPORT COMPANIES  

The article is devoted classification factors implementing growth strategies for transport 

companies that perform important functions in the process of modernization of the national transport 

system, improving its efficiency and competitiveness at global level. Peculiarities growth strategy 

implementation management of transport companies that are complex and aimed at improving 

methods and mechanisms of control elements of the transport system in the context of the Ukrainian 

economy. 

Keywords: growth factors, transport companies, growth strategy, growth potential. 
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ʉʸʤʠʥ ɸ.ɸ., ʊʠʤʦʱʫʢ ɽ.ʅ. 
 

 

ʕʂʉʇʈɽʉʉ-ʆʎɽʅʂɸ ʈʓʅʆʏʅʆʁ ʉʊʆʀʄʆʉʊʀ  

ʀ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʉʆɼɽʈɾɸʅʀʗ ʇɸʉʉɸɾʀʈʉʂʀʍ ʉʋɼʆɺ ɺʅʋʊʈɽʅʅɽɻʆ 

ʀ ʉʄɽʐɸʅʅʆɻʆ ʇʃɸɺɸʅʀʗ 

 

 

ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʵʢʩʧʨʝʩʩ-ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʨʳʥʦʯʥʦʡ ʩʪʦʠʤʦʩʪʠ ʩʫʜʥʘ, ʘ ʪʘʢʞʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʩʦʜʝʨʞʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʧʦ ʢʨʠʪʝʨʠʷʤ ʫʩʣʦʚʥʦʛʦ ʩʫʪʦʯʥʦʛʦ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʠ ʨʘʩʭʦʜʦʚ ʥʘ ʦʜʥʦʛʦ ʧʘʩʩʘʞʠʨʘ ʚ ʩʫʪʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʘʩʩʘʞʠʨʩʢʦʝ ʩʫʜʥʦ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʨʳʥʦʯʥʘʷ ʩʪʦʠʤʦʩʪʴ, 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʦʜʝʨʞʘʥʠʷ. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʳ. ʅʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʦʚʦʣʴʥʦ 

ʩʣʦʞʥʦ ʧʨʦʚʝʩʪʠ ʨʘʩʯʝʪ ʨʳʥʦʯʥʦʡ ʩʪʦʠʤʦʩʪʠ ʩʫʜʥʘ ʚ ʩʚʷʟʠ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʜʦʩʪʘʪʦʯʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʜʘʥʥʳʭ ʦ ʥʦʤʝʥʢʣʘʪʫʨʝ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʦʩʪʘʚʱʠʢʘʭ ʠ ʩʫʜʦʩʪʨʦʠʪʝʣʴʥʦʤ 

ʧʨʝʜʧʨʠʷʪʠʠ.  ʇʨʠ ʵʪʦʤ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ï ʨʳʥʦʯʥʘʷ ʩʪʦʠʤʦʩʪʴ ʩʫʜʥʘ ʷʚʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ 

ʥʝʫʩʪʦʡʯʠʚʦʡ ʠ ʧʦʜʚʝʨʞʝʥʥʦʡ ʢʦʣʝʙʘʥʠʷʤ ʢʦʥʲʶʥʢʪʫʨʳ ʨʳʥʢʘ ʢʘʢ ʩʘʤʠʭ ʥʦʚʦʩʪʨʦʝʚ, ʪʘʢ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ï ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʧʨʦʠʟʚʦʜʠʤʦʡ ʧʨʦʜʫʢʮʠʠ 

ʦʯʝʥʴ ʩʠʣʴʥʦ ʧʦʜʚʝʨʞʝʥʘ ʢʦʣʝʙʘʥʠʷʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʠ ʤʦʱʥʦʩʪʠ ʩʫʜʦʩʪʨʦʠʪʝʣʴʥʦʛʦ 

ʧʨʝʜʧʨʠʷʪʠʷ. ʆʜʥʘʢʦ, ʢʘʢ ʟʘʢʘʟʯʠʢʫ, ʪʘʢ ʠ ʧʨʦʝʢʪʘʥʪʫ ʫʞʝ ʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʩʪʘʜʠʷʭ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʧʦʣʘʛʘʪʴ ʚʝʣʠʯʠʥʘʤʠ ʨʳʥʦʯʥʦʡ ʩʪʦʠʤʦʩʪʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʦʙʲʝʤʘ ʠʥʚʝʩʪʠʮʠʡ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ ï ʜʣʷ ʦʮʝʥʢʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʦʜʝʨʞʘʥʠʷ ʩʫʜʥʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʦʠʟʚʝʩʪʠ 

ʢʦʤʧʣʝʢʩ ʵʢʩʧʨʝʩʩ-ʦʮʝʥʦʢ ʨʳʥʦʯʥʦʡ ʩʪʦʠʤʦʩʪʠ ʧʦ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ, ʦʪʨʘʞʘʶʱʠʤ 

ʫʨʦʚʝʥʴ ʮʝʥ ʜʘʥʥʦʛʦ ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ, ʠʩʧʦʣʴʟʫʷ ʙʣʠʟʢʠʝ ʩʫʜʘ-ʧʨʦʪʦʪʠʧʳ, ʘ ʜʣʷ ʦʮʝʥʢʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ ï ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʩʩʯʠʪʘʥʥʳʝ ʪʝʭʥʠʢʦ-ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʜʘʥʥʳʝ 

ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʩʫʜʥʘ. 

ʎʝʣʴ ʨʘʙʦʪʳ. ʈʘʟʨʘʙʦʪʘʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʵʢʩʧʨʝʩʩ-ʦʮʝʥʦʢ ʨʳʥʦʯʥʦʡ 

ʩʪʦʠʤʦʩʪʠ ʧʘʩʩʘʞʠʨʩʢʠʭ ʩʫʜʦʚ ʚʥʫʪʨʝʥʥʝʛʦ ʠ ʩʤʝʰʘʥʥʦʛʦ ʧʣʘʚʘʥʠʷ (ʇʉɺʉʇ) ʠ ʩʪʦʠʤʦʩʪʠ ʠʭ 

ʩʦʜʝʨʞʘʥʠʷ; ʚʳʚʝʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ, ʦʪʦʙʨʘʞʘʶʱʠʡ ʫʨʦʚʝʥʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʩʫʜʥʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʀʟʣʦʞʝʥʠʝ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ.  
1. ʕʢʩʧʨʝʩʩ-ʦʮʝʥʢʘ ʨʳʥʦʯʥʦʡ ʩʪʦʠʤʦʩʪʠ. ʉʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ 

ʘʚʪʦʨʦʤ, ʙʳʣʦ ʚʳʷʩʥʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʜʦʩʪʦʚʝʨʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʇʉɺʉʇ, ʚʤʝʩʪʠʤʦʩʪʴʶ 

ʦʪ 150 ʜʦ 250 ʧʘʩʩʘʞʠʨʦʚ, ʜʘʝʪ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʩʪʦʠʤʦʩʪʠ ʉô, ʦʪʥʝʩʝʥʥʳʡ ʢ ʤʝʪʨʫ 

ʢʫʙʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ ʩʫʜʥʘ: 

                                                                                                                (1) 

 

 

ʛʜʝ ʉʨ ï ʨʳʥʦʯʥʘʷ ʩʪʦʠʤʦʩʪʴ ʩʫʜʥʘ; 

Dôï ʚʳʩʦʪʘ ʩʫʜʥʘ (ʦʪ ʦʩʥʦʚʥʦʡ ʣʠʥʠʠ ʜʦ ʚʝʨʭʥʝʡ ʢʨʦʤʢʠ ʩʘʤʦʛʦ ʚʝʨʭʥʝʛʦ ʷʨʫʩʘ 

ʥʘʜʩʪʨʦʡʢʠ), ʤ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʬʦʨʤʫʣʘ ʦʧʨʝʜʝʣʝʥʠʷ 

ʉô ʦʪ LBDô: 

                                                                                                              (2) 
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ʇʫʪʝʤ ʩʦʚʤʝʩʪʥʦʛʦ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ (1) ʠ (2) ʦʪʥʦʩʠʪʝʣʴʥʦ ʉʨ ʧʦʣʫʯʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ 

ʜʣʷ ʦʮʝʥʢʠ ʨʳʥʦʯʥʦʡ ʩʪʦʠʤʦʩʪʠ ʇʉɺʉʇ ʜʣʷ ʫʨʦʚʥʷ ʮʝʥ ʧʝʨʠʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʡ (2003-2013 

ʛʛ.): 

                                               , ʘʤ. ʜʦʣʣ                            (3) 

 

ʇʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʨʳʥʦʯʥʦʡ ʩʪʦʠʤʦʩʪʠ ʦʢʨʫʛʣʷʝʪʩʷ ʜʦ ʤʠʣʣʠʦʥʘ [4]. 

ɸʥʘʣʠʟʠʨʫʷ ʫʨʦʚʝʥʴ ʮʝʥ ʥʘ ʧʘʩʩʘʞʠʨʩʢʠʝ ʩʫʜʘ ʚʥʫʪʨʝʥʥʝʛʦ ʧʣʘʚʘʥʠʷ, ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ 

ʝʚʨʦʧʝʡʩʢʠʭ ʚʝʨʬʷʭ ʥʘʯʠʥʘʷ ʩ 1998 ʛ. ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʝʞʝʛʦʜʥʳʡ ʨʦʩʪ ʠʭ ʨʳʥʦʯʥʦʡ 

ʩʪʦʠʤʦʩʪʠ ʥʘ 2-4% ʝʞʝʛʦʜʥʦ. ʂʘʢ ʧʨʘʚʠʣʦ, ʩʨʦʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʇʉɺʉʇ 

ʟʘʥʠʤʘʝʪ ʦʪ ʜʚʫʭ ʜʦ ʯʝʪʳʨʝʭ ʣʝʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʩʪʦʠʤʦʩʪʠ ʩʫʜʥʘ ʢ ʤʦʤʝʥʪʫ ʝʛʦ ʧʦʩʪʨʦʡʢʠ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ ʯʠʩʣʦ ʧʨʦʛʥʦʟʠʨʫʝʤʳʭ ʣʝʪ nʣ ʠ 

ʧʨʦʮʝʥʪ ʧʦʜʦʨʦʞʘʥʠʷ ʟʘ ʢʘʞʜʳʡ ʛʦʜ.  

ɼʘʥʥʘʷ ʵʢʩʧʨʝʩʩ-ʦʮʝʥʢʘ ʥʝ ʫʯʠʪʳʚʘʝʪ ʢʨʝʜʠʪʦʚʘʥʠʝ ʣʠʙʦ ʠʥʳʝ ʠʥʚʝʩʪʠʮʠʦʥʥʳʝ ʩʧʦʩʦʙʳ 

ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ.  

2. ʆʙʦʙʱʝʥʥʘʷ ʦʮʝʥʢʘ ʩʪʦʠʤʦʩʪʠ ʩʦʜʝʨʞʘʥʠʷ. ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʬʘʢʪʦʨʦʚ 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʦ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʣʠʙʦ ʧʨʠʦʙʨʝʪʝʥʠʠ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʩʫʜʥʘ ʷʚʣʷʝʪʩʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʟʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ. ʇʨʠ ʦʮʝʥʢʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʩʦʜʝʨʞʘʥʠʷ ʩʫʜʥʘ, ʥʘʟʥʘʯʝʥʠʷ ʫʨʦʚʥʷ ʬʨʘʭʪʦʚʦʡ ʩʪʘʚʢʠ ʣʠʙʦ ʩʪʦʠʤʦʩʪʠ ʧʨʦʝʟʜʘ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʚʳʧʦʣʥʷʶʪ ʢʦʤʧʣʝʢʩʥʳʡ ʨʘʩʯʝʪ ʨʘʩʭʦʜʦʚ, ʦʪʥʝʩʝʥʥʳʡ ʢ ʦʜʥʦʤʫ ʜʥʶ ʢʨʫʠʟʘ ʣʠʙʦ ʥʘʚʠʛʘʮʠʠ. 

ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʧʦʣʘʛʘʪʴ ʪʦʯʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʩʪʨʫʢʪʫʨʝ ʠ ʫʨʦʚʥʝ ʨʘʩʭʦʜʦʚ ʩʫʜʥʘ 

ʠ ʢʦʤʧʘʥʠʠ ï ʚʣʘʜʝʣʴʮʘ ʣʠʙʦ ʬʨʘʭʪʦʚʘʪʝʣʷ. ʇʨʠ ʵʪʦʤ, ʜʣʷ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʩʫʜʥʘ, 

ʨʘʙʦʪʘʶʱʝʛʦ ʚ ʨʘʟʥʳʭ ʢʦʤʧʘʥʠʷʭ ʠ ʜʣʷ ʨʘʟʥʳʭ ʬʨʘʭʪʦʚʘʪʝʣʝʡ, ʩʪʨʫʢʪʫʨʘ ʠ ʩʦʦʪʥʦʰʝʥʠʝ 

ʜʦʭʦʜʦʚ ʠ ʨʘʩʭʦʜʦʚ ʪʘʢʞʝ ʙʫʜʝʪ ʨʘʟʣʠʯʥʳʤ ʠ ʧʦʜʚʝʨʞʝʥʳ ʟʥʘʯʠʪʝʣʴʥʳʤ ʢʦʣʝʙʘʥʠʷʤ [4]. 

ʉʨʝʜʠ ʚʩʝʡ ʩʪʨʫʢʪʫʨʳ ʨʘʩʭʦʜʦʚ, ʧʨʠ ʣʶʙʳʭ ʩʭʝʤʘʭ ʦʧʝʨʠʨʦʚʘʥʠʷ ʩʫʜʥʦʤ, ʥʝʠʟʤʝʥʥʳʤ 

ʦʩʪʘʸʪʩʷ ʫʨʦʚʝʥʴ ʨʘʩʭʦʜʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʟʘʪʨʘʪʘʤʠ ʪʦʧʣʠʚʘ, ʧʦʪʨʝʙʣʷʝʤʦʛʦ ʛʣʘʚʥʦʡ ʠ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʫʩʪʘʥʦʚʢʘʤʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʫʨʦʚʝʥʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʩʫʜʥʘ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʧʦ ʧʦʢʘʟʘʪʝʣʶ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʫʩʣʦʚʥʦʛʦ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʚ ʩʫʪʢʠ: 

 

 

                                                            , ʫʩʣĿʣĿʩʫʪ/ʧʘʩʩ                                    (4) 

 

 

ʛʜʝ Rɻɼ ï ʩʫʤʤʘʨʥʳʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʛʣʘʚʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ, ʣĿʩʫʪ; Rɼɻ ï 

ʩʫʤʤʘʨʥʳʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ, ʣĿʩʫʪ. 

ʉʫʤʤʘʨʥʳʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 

                                                                   , ʣĿʩʫʪ                                      (5) 

 

ʛʜʝ r i ï ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ, ʛ/ʢɺʪĿʯ. 

ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʜʣʷ ʥʦʚʦʩʪʨʦʝʚ ʚ ʢʘʯʝʩʪʚʝ ʛʣʘʚʥʳʭ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʜʚʠʛʘʪʝʣʝʡ 

ʠʩʧʦʣʴʟʫʶʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʨʝʜʥʝʦʙʦʨʦʪʥʳʝ ɼɺʉ ʩ ʫʜʝʣʴʥʳʤ ʨʘʩʭʦʜʦʤ ʪʦʧʣʠʚʘ 200 ï 185 

ʛ/ʢɺʪĿʯ ʜʣʷ ɼɺʉ ʤʦʱʥʦʩʪʴʶ 700 ï 1500 ʢɺʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ 220 ï 200 ʛ/ʢɺʪĿʯ ʜʣʷ ɼɺʉ 

ʤʦʱʥʦʩʪʴʶ 100 ï 700 ʢɺʪ. 

ʇʨʠʥʠʤʘʷ ʩʨʝʜʥʠʡ ʫʨʦʚʝʥʴ ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʜʣʷ ʛʣʘʚʥʦʡ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʡ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ r i = 200 ʛ/ʢɺʪĿʯ, ʧʦ ʬʦʨʤʫʣʘʤ (5), (6) ʙʳʣ ʦʧʨʝʜʝʣʝʥ Rʪʦʧʣ ʜʣʷ 

ʠʩʩʣʝʜʫʝʤʳʭ ʩʫʜʦʚ (ʩʤ. ʪʘʙʣʠʮʫ 1). 
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ʊʘʙʣʠʮʘ 1 

ʋʩʣʦʚʥʳʡ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ 

ʅʘʟʚʘʥʠʝ 

cʫʜʥʘ 

Rʪʦʧʣ , 

ʫʩʣ. ʣ 

ʩʫʪ/ʧʘʩʩ 

ʂʢ ʈʘʡʦʥ ʧʣʘʚʘʥʠʷ 

ʋʩʨʝʜʥʝʥʥʘʷ 

ʦʮʝʥʢʘ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ 3 

Mozart 73 4,87 1.3 1 ɼʫʥʘʡ-ʤʘʢʩ 2 0 

Bolero 69 4,68 1.3 ɼʫʥʘʡ-ʤʘʢʩ + 

ʂʘʟʘʥʴ  142 4,68 2.2 é - 

Primadonna 69 4,58 1.3 ɼʫʥʘʡ-ʤʘʢʩ + 

a'Rosa Donna 54 4,54 1.3 ɼʫʥʘʡ-ʤʘʢʩ + 

ʂʠʝʚ 81 4,39 2.1 é - 

Donauprinzessin 56 4,27 1.3 ɼʫʥʘʡ-ʤʘʢʩ + 

Viking Rhone 65 4,05 1.2 ɼʫʥʘʡ-ʤʘʢʩ + 

ʊ.ɻ.ʐʝʚʯʝʥʢʦ 77 3,97 2.1 ɺʦʣʛʦ-ɼʦʥ-ʤʘʢʩ - 

ʄʘʢʩʠʤ ɻʦʨʴʢʠʡ 49 3,93 2.1 ɺʦʣʛʦ-ɼʦʥ-ʤʘʢʩ 0 

ʋʢʨʘʠʥʘ 59 3,86 1.3 ɼʫʥʘʡ-ʤʘʢʩ 0 

Princesse de Provence 52 3,77 1.2 ɼʫʥʘʡ-ʤʘʢʩ 0 

ɸʥʪʦʥ ʏʝʭʦʚ 65 3,73 2.1 ɺʦʣʛʦ-ɼʦʥ-ʤʘʢʩ - 

ɺʦʣʛʘ 52 3,5 1.3 ɼʫʥʘʡ-ʤʘʢʩ 0 

ɺʘʣʝʨʠʘʥ ʂʫʡʙʳʰʝʚ 44 3,39 2.1 ɺʦʣʛʦ-ɼʦʥ-ʤʘʢʩ + 

ʉʝʨʛʝʡ ɽʩʝʥʠʥ 53 3,37 2.1 ɺʦʣʛʦ-ɼʦʥ-ʤʘʢʩ - 

ɺʣʘʜʠʤʠʨ ʀʣʴʠʯ  68 3,26 2.1 ɺʦʣʛʦ-ɼʦʥ-ʤʘʢʩ - 

ʂʘʧʠʪʘʥ ʇʫʰʢʘʨʝʚ 29 3,08 2.1 ɺʦʣʛʦ-ɼʦʥ-ʤʘʢʩ 0 

ɼʫʥʘʡ 51 2,79 1.3 ɼʫʥʘʡ-ʤʘʢʩ - 

 

ʇʨʠʤʝʯʘʥʠʷ: 
1 ï ʩʦʛʣʘʩʥʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʘʚʪʦʨʘ [4]; 
2 ï ʩʦʛʣʘʩʥʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʄʦʨʩʢʦʛʦ ʀʥʞʝʥʝʨʥʦʛʦ ɹʶʨʦ [2]; 
3 ï ʩʦʛʣʘʩʥʦ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʩʪʫʧʠʚʰʝʡ ʦʪ ʚʣʘʜʝʣʴʮʝʚ. 

 

ʇʦʣʫʯʝʥʥʦʝ ʧʦ ʬʦʨʤʫʣʝ (4) ʟʥʘʯʝʥʠʝ Rʪʦʧʣ ʥʝʦʙʭʦʜʠʤʦ ʩʨʘʚʥʠʪʴ ʩ ʧʨʦʪʦʪʠʧʘʤʠ, ʣʠʙʦ 

ʟʥʘʯʝʥʠʷʤʠ ʚ ʪʘʙʣʠʮʝ 2.  

ʊʘʙʣʠʮʘ 2 

ɼʠʘʧʘʟʦʥʳ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʣʷ ʇʉɺʉʇ ʨʘʟʣʠʯʥʳʭ ʢʘʪʝʛʦʨʠʡ 

ʋʨʦʚʝʥʴ ʢʦʤʬʦʨʪʘʙʝʣʴʥʦʩʪʠ,  

ʟʚʝʟʜ 

Rʪʦʧʣ,  

ʫʩʣ.ʣ./ʧʘʩʩ ʩʫʪ 

***  30-50 

****  50-70 

 

ʋʯʠʪʳʚʘʷ ʮʝʥʳ ʥʘ ʪʦʧʣʠʚʦ ʧʝʨʠʦʜʘ 2012-2015 ʛʛ. ʠ ʠʩʭʦʜʷ ʠʟ ʘʥʘʣʠʟʘ ʢʦʤʤʝʨʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʘʶʱʠʭ ʩʫʜʦʚ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʜʣʷ ʇʉɺʉʇ ʫ ʢʦʪʦʨʳʭ 

Rʪʦʧʣ ʚʳʰʝ ʚʝʨʭʥʠʭ ʛʨʘʥʠʮ ʜʠʘʧʘʟʦʥʦʚ, ʫʢʘʟʘʥʥʳʭ ʚ ʪʘʙʣ. 2  ʢʦʤʤʝʨʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʜʦʩʪʠʛʘʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʟʘ ʩʯʝʪ ʟʘʚʳʰʝʥʥʳʭ ʮʝʥ ʥʘ ʧʫʪʝʚʢʠ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʮʝʥʘ 

ʧʫʪʝʚʢʠ ʤʦʞʝʪ ʧʨʝʚʳʩʠʪʴ ʦʞʠʜʘʥʠʷ ʪʫʨʠʩʪʦʚ ʦʪ ʢʦʤʬʦʨʪʥʦʛʦ ʦʪʜʳʭʘ ʠ ʩʫʜʥʦ ʙʫʜʝʪ 

ʠʩʧʳʪʳʚʘʪʴ ʧʨʦʙʣʝʤʳ ʩ ʟʘʛʨʫʟʢʦʡ ʧʘʩʩʘʞʠʨʘʤʠ. ʋʢʘʟʘʥʥʳʝ ʩʫʜʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʩʧʦʩʦʙʥʳ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʢʦʤʤʝʨʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʦ ʨʘʙʦʪʘʪʴ ʚ ʫʩʣʦʚʠʷʭ çʥʠʟʢʦʛʦè ʠ ʠʥʦʛʜʘ ʜʘʞʝ 

çʩʨʝʜʥʝʛʦè ʨʳʥʢʘ, ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴʩʷ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ ʩʦʚʤʝʩʪʥʦʡ 

ʢʦʤʤʝʨʯʝʩʢʦʡ ʨʘʙʦʪʳ ʩ ʜʨʫʛʠʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚʣʘʜʝʣʴʮʘ. ɼʣʷ ʧʨʠʚʝʜʝʥʠʷ 

ʩʫʜʥʘ ʚ ʫʢʘʟʘʥʥʳʝ ʚ ʪʘʙʣ 2 ʜʠʘʧʘʟʦʥʳ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʥʝʦʙʭʦʜʠʤʦ ʫʤʝʥʴʰʠʪʴ ʤʘʩʩʦ-

ʛʘʙʘʨʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʫʜʥʘ ʠ ʟʘʥʦʚʦ ʧʨʦʠʟʚʝʩʪʠ ʨʘʩʯʝʪ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ 



 

 
  

 

59 

ʩʫʜʥʘ ʣʠʙʦ ʫʚʝʣʠʯʠʪʴ ʧʘʩʩʘʞʠʨʦʚʤʝʩʪʠʤʦʩʪʴ ʩʫʜʥʘ ʚ ʪʝʭ ʞʝ ʛʘʙʘʨʠʪʘʭ ʠ ʧʨʠ ʪʦʤ ʞʝ ʫʨʦʚʥʝ 

ʢʦʤʬʦʨʪʘʙʝʣʴʥʦʩʪʠ. ɼʣʷ ʇʉɺʉʇ ʫ ʢʦʪʦʨʳʭ Rʪʦʧʣ ʥʠʞʝ ʥʠʞʥʠʭ ʛʨʘʥʠʮ ʜʠʘʧʘʟʦʥʦʚ, ʫʢʘʟʘʥʥʳʭ 

ʚ ʪʘʙʣ. 2, ʙʫʜʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʥʝʜʦʩʪʘʪʦʢ ʬʘʢʪʦʨʦʚ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʢʦʤʬʦʨʪʘʙʝʣʴʥʦʩʪʠ 

(ʪʝʩʥʦʪʘ, ʦʪʩʫʪʩʪʚʠʝ ʙʳʪʦʚʳʭ ʫʜʦʙʩʪʚ ʠ ʪ.ʜ.), ʯʪʦ ʪʘʢʞʝ ʙʫʜʝʪ ʩʣʫʞʠʪʴ ʦʪʧʫʛʠʚʘʶʱʠʤ 

ʬʘʢʪʦʨʦʤ ʜʣʷ ʧʘʩʩʘʞʠʨʦʚ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʫʚʝʣʠʯʠʪʴ ʩʫʤʤʘʨʥʫʶ ʧʣʦʱʘʜʴ ʙʣʦʢʘ 

ʧʦʤʝʱʝʥʠʡ ʜʣʷ ʧʘʩʩʘʞʠʨʦʚ ʟʘ ʩʯʝʪ ʧʦʤʝʱʝʥʠʡ ʜʨʫʛʠʭ ʥʘʟʥʘʯʝʥʠʡ (ʦʪʢʨʳʪʳʭ ʧʘʣʫʙ) ʣʠʙʦ 

ʫʤʝʥʴʰʠʪʴ ʧʘʩʩʘʞʠʨʦʚʤʝʩʪʠʤʦʩʪʴ.   

ʊʘʢʦʡ ʬʘʢʪʦʨ ʦʧʪʠʤʠʟʘʮʠʠ ʵʢʦʥʦʤʠʢʠ ʩʫʜʥʘ ʢʘʢ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪ.ʥ. çʪʷʞʝʣʳʭè ʠʣʠ 

çʤʦʪʦʨʥʳʭè ʩʦʨʪʦʚ ʪʦʧʣʠʚʘ ʤʘʨʦʢ IFO, HFO ʠ ʪ.ʧ.  ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ ʇʉɺʉʇ ʢʘʢ ʧʨʘʚʠʣʦ ʥʝ 

ʧʨʠʤʝʥʷʝʪʩʷ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʧʨʠʯʠʥʘʤ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ: ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʪʦʧʣʠʚʦʧʦʜʛʦʪʦʚʢʠ,  ʧʣʦʱʘʜʠ ʠ ʵʥʝʨʛʠʠ ʜʣʷ ʥʝʛʦ; ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʫʚʝʣʠʯʝʥʠʷ ʤʘʰʠʥʥʦʛʦ ʧʝʨʩʦʥʘʣʘ ʩʫʜʥʘ; ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʙʦʣʝʝ ʯʘʩʪʦʛʦ 

ʪʝʭʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʦʚ; ʛʨʷʟʥʳʡ ʚʳʭʣʦʧ. ʇʦʵʪʦʤʫ ʚ ʕʋ ʇʉɺʉʇ ʢʘʢ ʧʨʘʚʠʣʦ 

ʧʨʠʤʝʥʷʝʪʩʷ ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ ʤʘʨʦʢ MDO ʥʝ ʪʨʝʙʫʶʱʝʝ ʥʠʢʘʢʠʭ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ 

ʜʝʡʩʪʚʠʡ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ.  

ʅʘ ʇʉɺʉʇ ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʧʦʩʪʨʦʡʢʠ ʚ ʩʦʩʪʘʚ ʩʫʜʦʚʦʡ ʕʋ ʘʢʪʠʚʥʦ ʚʚʦʜʷʪʩʷ ʩʦʣʥʝʯʥʳʝ 

ʙʘʪʘʨʝʠ ʩʦʚʤʝʩʪʥʦ ʩ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʧʦ ʚʩʝʤʫ ʩʫʜʥʫ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʪʦʧʣʠʚʥʳʝ ʟʘʪʨʘʪʳ ʩʫʜʦʚʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ, ʧʦʵʪʦʤʫ ʤʦʞʥʦ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ, ʯʪʦ ʜʠʘʧʘʟʦʥʳ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʫʢʘʟʘʥʥʳʝ ʚ ʪʘʙʣ. 2 ʩʦ ʚʨʝʤʝʥʝʤ ʙʫʜʫʪ 

ʩʤʝʱʘʪʴʩʷ ʚ ʩʪʦʨʦʥʫ ʫʤʝʥʴʰʝʥʠʷ. 

ʇʨʦʚʝʜʝʥʥʳʡ ʚʳʰʝ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʚʝʣʠʯʠʥʳ Rʪʦʧʣ ʩ ʬʠʥʘʥʩʦʚʳʤ ʨʝʟʫʣʴʪʘʪʦʤ 

ʇʉɺʉʇ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʧʦʟʚʦʣʷʝʪ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʚʝʣʠʯʠʥʘ Rʪʦʧʣ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʜʦʩʪʦʚʝʨʥʳʤ ʵʢʩʧʨʝʩʩ-ʠʥʜʠʢʘʪʦʨʦʤ ʫʨʦʚʥʷ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʫʩʧʝʭʘ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʩʫʜʥʘ, ʪ.ʝ. 

ʯʝʤ ʥʠʞʝ ʚʝʣʠʯʠʥʘ Rʪʦʧʣ, ʚ ʫʩʪʘʥʦʚʣʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ, ʪʝʤ ʚʳʰʝ ʵʢʦʥʦʤʠʯʝʩʢʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʫʜʥʘ. ʇʨʠ ʵʪʦʤ, ʨʘʡʦʥ ʧʣʘʚʘʥʠʷ ʩʫʜʥʘ ʥʝ ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʦʧʨʝʜʝʣʷʶʱʠʤ 

ʬʘʢʪʦʨʦʤ. ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʨʘʡʦʥʘ ʧʣʘʚʘʥʠʷ, ʚʝʣʠʯʠʥʘ Rʪʦʧʣ ʜʦʣʞʥʘ ʫʢʣʘʜʳʚʘʪʴʩʷ ʚ ʫʢʘʟʘʥʥʳʡ 

ʚ ʪʘʙʣ 2 ʜʠʘʧʘʟʦʥ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ ʩʦʙʣʶʜʝʥʠʷ ʙʘʣʘʥʩʘ ʚʤʝʩʪʠʤʦʩʪʠ, 

ʢʦʤʬʦʨʪʘʙʝʣʴʥʦʩʪʠ, ʤʘʩʩʦ-ʛʘʙʘʨʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʤʦʱʥʦʩʪʠ ʕʋ, ʩʚʷʟʘʥʥʦʡ ʩ ʨʘʡʦʥʦʤ 

ʧʣʘʚʘʥʠʷ. 

ʂʨʦʤʝ ʬʘʢʪʦʨʦʚ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ʚʳʰʝ, ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʵʢʦʥʦʤʠʢʫ ʫʞʝ 

ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʩʫʜʥʘ ʠ ʥʝʩʢʦʣʴʢʦ ʩʥʠʟʠʪʴ ʚʣʠʷʥʠʝ ʚʳʩʦʢʦʛʦ Rʪʦʧʣ, ʤʦʞʥʦ ʧʫʪʝʤ ʧʦʜʙʦʨʘ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʠ ʜʦʣʠ ʯʠʩʪʦʛʦ ʭʦʜʦʚʦʛʦ ʚʨʝʤʝʥʠ ʚ 

ʥʘʚʠʛʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ. ɺʘʨʴʠʨʦʚʘʥʠʝ ʵʪʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʧʦʟʚʦʣʷʝʪ ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʠ 

ʫʩʪʘʥʦʚʠʪʴ ʦʧʪʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʟʘʪʨʘʪ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʩʭʦʜʦʤ ʪʦʧʣʠʚʘ: 

 

                                                                              , ʫʩʣĿʣĿʥʘʚ/ʧʘʩʩ                       (6) 

 

ʛʜʝ   ʅʧ ï ʥʘʚʠʛʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ, ʩʫʪ; 

tʭʦʜ ï ʜʦʣʷ ʯʠʩʪʦʛʦ ʭʦʜʦʚʦʛʦ ʚʨʝʤʝʥʠ ʚ ʥʘʚʠʛʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ; 

tʟʘʛʨ ï ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʛʨʫʟʢʠ ʩʫʜʦʚʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ, ʧʨʠʥʠʤʘʝʪʩʷ ʫʩʨʝʜʥʝʥʥʦʝ 

ʟʥʘʯʝʥʠʝ, ʨʘʚʥʦʝ 0,5; 

kʟ ï ʢʦʵʬʬʠʮʠʝʥʪ ʩʨʝʜʥʝʡ ʟʘʛʨʫʟʢʠ ʩʫʜʥʘ ʧʘʩʩʘʞʠʨʘʤʠ (0,6-0,8); 

nʢʨ ï ʧʨʝʜʧʦʣʘʛʘʝʤʦʝ ʯʠʩʣʦ ʢʨʫʠʟʦʚ ʟʘ ʥʘʚʠʛʘʮʠʶ. 

 

ɸʥʘʣʠʟ ʨʘʩʧʠʩʘʥʠʡ ʩʫʱʝʩʪʚʫʶʱʠʭ ʇʉɺʉʇ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʘʚʠʛʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ ʅʧ ʜʣʷ ʇʉɺʉʇ ʨʘʙʦʪʘʶʱʠʭ ʚ ʙʘʩʩʝʡʥʘʭ ʨʝʢ ɼʫʥʘʡ 

ʠ ʈʝʡʥ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 240 ï 250 ʩʫʪʦʢ, ʜʣʷ  ʩʫʜʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʙʘʩʩʝʡʥʘʭ ɼʥʝʧʨʘ ʠ 

ɺʦʣʛʠ ï 100 ï 150 ʩʫʪʦʢ. ʏʠʩʪʦʝ ʭʦʜʦʚʦʝ ʚʨʝʤʷ tʭʦʜ ʚ ʥʘʚʠʛʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ ʥʘʭʦʜʠʪʩʷ ʚ 

ʜʠʘʧʘʟʦʥʝ 25 ï 60%  (0,25-0,6) ʦʪ ʦʙʱʝʛʦ ʚʨʝʤʝʥʠ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ï ʜʣʷ ʩʫʜʦʚ 

ʝʚʨʦʧʝʡʩʢʠʭ ʨʝʢ ʠ ʚ ʜʠʘʧʘʟʦʥʝ 65 ï 90% (0,65-0,9) ï ʜʣʷ ʩʫʜʦʚ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʨʝʢ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ, ʤʦʞʥʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ ʧʘʩʩʘʞʠʨʩʢʠʝ ʩʫʜʘ ʨʘʙʦʪʘʶʱʠʝ ʥʘ ɺɺʇ ʋʢʨʘʠʥʳ ʠ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʥʘʭʦʜʷʪʩʷ ʚ ʙʦʣʝʝ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʫʩʣʦʚʠʭ ʧʦ 
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ʩʨʘʚʥʝʥʠʶ ʩ ʩʫʜʘʤʠ ʨʘʙʦʪʘʶʱʠʤʠ ʥʘ ɺɺʇ ɿʘʧʘʜʥʦʡ ʠ ɺʦʩʪʦʯʥʦʡ ɽʚʨʦʧʳ. ɻʣʘʚʥʳʝ ʧʨʠʯʠʥʳ 

ʧʦʜʦʙʥʳʭ ʨʘʟʣʠʯʠʡ ʚ ʅʧ ʠ tʭʦʜ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʥʘ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ɺɺʇ ʙʦʣʝʝ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʡ ʢʣʠʤʘʪ, ʢʦʪʦʨʳʡ ʩʠʣʴʥʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʩʝʟʦʥʥʳʡ ʩʧʨʦʩ, ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʧʫʥʢʪʘʤʠ ʟʘʭʦʜʘ ʠ ʥʝ ʩʣʠʰʢʦʤ ʜʦʩʪʫʧʥʘʷ 

ʦʪʝʯʝʩʪʚʝʥʥʳʤ ʪʫʨʠʩʪʘʤ ʩʪʦʠʤʦʩʪʴ ʢʨʫʠʟʦʚ, ʯʪʦ ʨʝʟʢʦ ʩʥʠʞʘʝʪ ʟʘʛʨʫʟʢʫ ʩʫʜʦʚ ʚ ʚʝʩʝʥʥʠʡ ʠ 

ʦʩʝʥʥʠʡ ʧʝʨʠʦʜʳ ʥʘʚʠʛʘʮʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʤʝʥʴʰʝʥʠʝ ʜʦʣʠ ʭʦʜʦʚʦʛʦ ʚʨʝʤʝʥʠ ʚ ʨʘʤʢʘʭ 

ʢʨʫʠʟʘ (ʛʜʝ ʵʪʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠ ʚʦʟʤʦʞʥʦ), ʷʚʣʷʝʪʩʷ ʨʝʘʣʴʥʳʤ ʨʝʟʝʨʚʦʤ ʩʥʠʞʝʥʠʷ ʨʘʩʭʦʜʦʚ 

ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʵʢʦʥʦʤʠʢʠ ʩʫʜʥʘ. 

3. ʇʝʨʩʦʥʠʬʠʮʠʨʦʚʘʥʥʘʷ ʵʢʩʧʨʝʩʩ-ʦʮʝʥʢʘ ʩʪʦʠʤʦʩʪʠ ʩʦʜʝʨʞʘʥʠʷ. 

 ɼʘʥʥʘʷ ʵʢʩʧʨʝʩʩ-ʦʮʝʥʢʘ ʤʦʞʝʪ ʧʨʦʚʦʜʠʪʴʩʷ ʣʠʙʦ ʢʘʢ ʜʘʣʴʥʝʡʰʝʝ ʧʨʦʜʦʣʞʝʥʠʝ 

ʦʙʦʙʱʝʥʥʦʡ ʵʢʩʧʨʝʩʩ-ʦʮʝʥʢʠ, ʝʩʣʠ ʨʘʩʯʝʪ ʧʦʢʘʟʘʣ ʚʝʣʠʯʠʥʫ Rʪʦʧʣ ʚ ʙʣʘʛʦʧʨʠʷʪʥʦʤ ʜʠʘʧʘʟʦʥʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʣʠʙʦ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, ʧʨʠ ʥʘʣʠʯʠʠ ʥʝʦʙʭʦʜʠʤʳʭ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ. 

ɸʥʘʣʠʟʠʨʫʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ ʇʉɺʉʇ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʨʠ ʠʭ ʛʣʘʚʥʳʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ (ʚ ʧʦʨʷʜʢʝ ʫʙʳʚʘʥʠʷ): ʧʠʪʘʥʠʝ ʧʘʩʩʘʞʠʨʦʚ; ʪʦʧʣʠʚʦ; ʟʘʨʧʣʘʪʘ ʵʢʠʧʘʞʘ. ʕʪʠ 

ʪʨʠ ʛʨʫʧʧʳ ʨʘʩʭʦʜʦʚ ʚ ʩʫʤʤʝ ʩʦʩʪʘʚʣʷʶʪ ʦʢ 65-70% ʚʩʝʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʘʩʭʦʜʦʚ ʧʦ 

ʩʫʜʥʫ (ʙʝʟ ʫʯʝʪʘ ʨʝʤʦʥʪʦʚ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʝʣʠʯʠʥʫ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʫʜʥʘ, 

ʦʪʥʝʩʝʥʥʫʶ ʢ ʦʜʥʦʤʫ ʧʘʩʩʘʞʠʨʫ ʚ ʩʫʪʢʠ R, ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʟʘʚʠʩʠʤʦʩʪʠ: 

 

                      Ὑ Ὁ Ὂ ὛϽὯ,  ʜʦʣʣ/ʧʘʩʩ ʩʫʪ                                     (7) 

 

ʛʜʝ E ï ʩʪʦʠʤʦʩʪʴ ʧʠʪʘʥʠʷ ʦʜʥʦʛʦ ʧʘʩʩʘʞʠʨʘ ʚ ʩʫʪʢʠ (ʜʣʷ ʧʝʨʠʦʜʘ 2014 ʛ ï 15-17 ʜʦʣʣ/ʧʘʩʩ 

ʩʫʪ); 

Ὂ ”Ὑ̓ ̏̐Ὓ̌Ὧ̈ ï ʩʪʦʠʤʦʩʪʴ ʬʘʢʪʠʯʝʩʢʠ ʧʦʪʨʝʙʣʝʥʥʦʛʦ ʪʦʧʣʠʚʘ, ʜʦʣʣ/ʧʘʩʩ ʩʫʪ; 

Ὓ ὛȾὔ ï ʬʦʥʜ ʟʘʨʘʙʦʪʥʦʡ ʧʣʘʪʳ ʵʢʠʧʘʞʘ, ʜʦʣʣ/ʧʘʩʩ ʩʫʪ; 

ɟ ï ʧʣʦʪʥʦʩʪʴ ʪʦʧʣʠʚʘ, ʪ/ʤ3; 

Sf ï ʩʪʦʠʤʦʩʪʴ ʪʦʧʣʠʚʘ, ʜʦʣʣ/ʪ; 

kɿ = 0,45é0,7 ï ʢʦʵʬʬʠʮʠʝʥʪ ʬʘʢʪʠʯʝʩʢʦʡ ʟʘʛʨʫʟʢʠ ʉʕʋ; 

Sʉ ï ʟʘʨʘʙʦʪʥʘʷ ʧʣʘʪʘ ʵʢʠʧʘʞʘ, ʜʦʣʣ/ ʩʫʪ; 

N ï ʧʘʩʩʘʞʠʨʦʚʤʝʩʪʠʤʦʩʪʴ, ʯʝʣ.; 

kr = 1,3é1,35 ï ʩʫʤʤʘʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʯʠʭ ʨʘʩʭʦʜʦʚ. 

ɺ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʩʪʦʠʤʦʩʪʴ ʨʝʤʦʥʪʦʚ ʠ ʧʨʦʯʠʭ ʵʧʠʟʦʜʠʯʝʩʢʠʭ ʧʨʦʛʥʦʟʠʨʫʝʤʳʭ 

ʨʘʩʭʦʜʦʚ, ʘ ʪʘʢʞʝ ʩʪʦʠʤʦʩʪʴ ʩʦʜʝʨʞʘʥʠʷ ʢʦʤʧʘʥʠʠ, ʢʨʝʜʠʪʦʚʘʥʠʝ, ʠʥʚʝʩʪʠʨʦʚʘʥʠʝ, ʫʨʦʚʝʥʴ 

ʧʨʠʙʳʣʠ ʠ ʪ.ʜ. ʫʯʠʪʳʚʘʶʪʩʷ ʚ ʚʠʜʝ ʥʘʜʙʘʚʦʢ ʢ ʚʝʣʠʯʠʥʝ R ʠʩʭʦʜʷ ʠʟ ʜʘʥʥʳʭ ʟʘʢʘʟʯʠʢʘ. 

ɺʳʚʦʜʳ. 

1. ʈʘʟʨʘʙʦʪʘʥʳ ʵʢʩʧʨʝʩʩ-ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʩʪʦʠʤʦʩʪʠ ʧʨʦʝʢʪʠʨʫʝʤʳʭ ʇʉɺʉʇ, ʘ ʪʘʢʞʝ 

ʩʫʪʦʯʥʦʡ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

2. ʅʘʠʙʦʣʝʝ ʜʦʩʪʦʚʝʨʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʇʉɺʉʇ, ʚʤʝʩʪʠʤʦʩʪʴʶ ʦʪ 150 ʜʦ 250 

ʧʘʩʩʘʞʠʨʦʚ, ʜʘʝʪ ʧʦʢʘʟʘʪʝʣʴ ʩʪʦʠʤʦʩʪʠ, ʦʪʥʝʩʝʥʥʳʡ ʢ ʤʝʪʨʫ ʢʫʙʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ ʩʫʜʥʘ. ʉ 

ʫʯʝʪʦʤ ʜʘʥʥʦʛʦ ʫʩʣʦʚʠʷ, ʨʘʟʨʘʙʦʪʘʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʳʥʦʯʥʦʡ 

ʩʪʦʠʤʦʩʪʠ ʇʉɺʉʇ ʩ ʫʯʝʪʦʤ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʛʥʦʟʠʨʫʝʤʳʭ ʣʝʪ.  

3. ʀʩʩʣʝʜʦʚʘʥ ʧʦʢʘʟʘʪʝʣʴ ʫʨʦʚʥʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʇʉɺʉʇ ʚ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʜʣʦʞʝʥʘ ʚʝʣʠʯʠʥʘ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʛʦ ʨʘʩʭʦʜʘ 

ʪʦʧʣʠʚʘ ʚʩʝʤʠ ʤʝʭʘʥʠʟʤʘʤʠ ʩʫʜʥʘ ʚ ʩʫʪʢʠ, ʦʪʥʝʩʝʥʥʘʷ ʢ ʦʜʥʦʤʫ ʧʘʩʩʘʞʠʨʫ - Rʪʦʧʣ. ɺʝʣʠʯʠʥʘ 

Rʪʦʧʣ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʜʦʩʪʦʚʝʨʥʳʤ ʠʥʜʠʢʘʪʦʨʦʤ ʫʨʦʚʥʷ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʫʩʧʝʭʘ 

ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʩʫʜʥʘ, ʪ.ʝ. ʥʠʞʝ Rʪʦʧʣ, ʪʝʤ ʚʳʰʝ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʫʜʥʘ. 

ʇʨʝʜʣʦʞʝʥʳ ʜʠʘʧʘʟʦʥʳ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʣʷ ʇʉɺʉʇ ʨʘʟʣʠʯʥʳʭ ʢʘʪʝʛʦʨʠʡ ʧʦ ʬʘʢʪʦʨʫ Rʪʦʧʣ . 

4. ʈʘʟʨʘʙʦʪʘʥʘ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʵʢʩʧʨʝʩʩ-ʦʮʝʥʢʠ ʩʪʦʠʤʦʩʪʠ ʩʦʜʝʨʞʘʥʠʷ 

ʇʉɺʉʇ ʥʘ ʦʜʥʦʛʦ ʧʘʩʩʘʞʠʨʘ ʚ ʩʫʪʢʠ ʚ ʘʙʩʦʣʶʪʥʦʡ ʜʝʥʝʞʥʦʡ ʚʝʣʠʯʠʥʝ. 
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ɽʂʉʇʈɽʉ-ʆʎɯʅʂɸ ʈʀʅʂʆɺʆɰ ɺɸʈʊʆʉʊɯ ɯ ɽʌɽʂʊʀɺʅʆʉʊɯ ʋʊʈʀʄɸʅʅʗ 

ʇɸʉɸɾʀʈʉʔʂʀʍ ʉʋɼɽʅ ɺʅʋʊʈɯʐʅʔʆɻʆ ɯ ɿʄɯʐɸʅʆɻʆ ʇʃɸɺɸʅʅʗ 

ɺ ʩʪʘʪʪʽ ʥʘʚʝʜʝʥʦ ʝʢʩʧʨʝʩ-ʤʝʪʦʜʠ ʱʦʜʦ ʦʮʽʥʶʚʘʥʥʷ ʨʠʥʢʦʚʦʾ ʚʘʨʪʦʩʪʽ ʩʫʜʥʘ, ʘ ʪʘʢʦʞ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʡʦʛʦ ʫʪʨʠʤʘʥʥʷ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʫʚʘʥʥʷ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʫʪʨʠʤʘʥʥʷ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʛʽʜʥʦ ʢʨʠʪʝʨʽʾʚ ʫʤʦʚʥʦʾ ʜʦʙʦʚʦʾ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʪʘ ʚʠʪʨʘʪ ʥʘ ʦʜʥʦʛʦ 

ʧʘʩʘʞʠʨʘ ʟʘ ʜʦʙʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʘʩʘʞʠʨʩʴʢʝ ʩʫʜʥʦ, ʧʨʦʝʢʪʫʚʘʥʥʷ, ʨʠʥʢʦʚʘ ʚʘʨʪʽʩʪʴ, ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʫʪʨʠʤʘʥʥʷ. 

 

Semin O.O., Timoshchuk O.M. 

EXPRESS-ASSESSMENT OF MARKET VALUE AND EFFICIENCY OF MAINTENANCE 

OF PASSENGER VESSELS OF INTERNAL AND MIXED FLOATING  

The article presents the express-methods for the assessment of the market value of the vessel, as 

well as the effectiveness of its content in the operation. The effectiveness of the content is determined 

by the criteria of the conditional daily fuel consumption and costs per passenger per day. 

Key words: the passenger ship, design, market value, the effectiveness of the content. 
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ɺ. ʉʫʭʝʥʢʦ, ʄ. ʄʫʰʪʨʫʢ  

 

 

ʄʆɼɽʃʖɺɸʅʅʗ ʉʇʈɸʎʖɺɸʅʅʗ ʆɹʃɸɼʅɸʅʅʗ ʈʀɹʆʇɽʈɽʈʆɹʅʀʍ 

ʇɯɼʇʈʀɭʄʉʊɺ 

 

 

ʇʦʙʫʜʦʚʘʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ ʢʦʨʦʟʽʡʥʦ-ʤʝʭʘʥʽʯʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ ʜʝʪʘʣʝʡ 

ʦʙʣʘʜʥʘʥʥʷ ʚ ʘʛʨʝʩʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʨʠʙʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ɼʦʚʝʜʝʥʘ ʾʾ 

ʘʜʝʢʚʘʪʥʽʩʪʴ ʪʘ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʩʧʦʩʽʙ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʦʮʽʥʢʠ ʜʦʚʛʦʚʽʯʥʦʩʪʽ 

ʜʝʪʘʣʝʡ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʢʦʨʦʟʽʷ, ʟʥʦʩ, ʤʝʭʘʥʽʯʥʽ ʬʘʢʪʦʨʠ, ʢʘʪʘʣʽʟʘʪʦʨ, ʚʪʦʤʘ, ʜʦʚʛʦʚʽʯʥʽʩʪʴ, 

ʝʣʝʢʪʨʦʭʽʤʽʷ, ʧʦʪʝʥʮʽʘʣ, ʦʙʣʘʜʥʘʥʥʷ, ʨʠʙʥʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ. 

 

ʉʫʪʥʽʩʪʴ ʧʨʦʙʣʝʤʠ. ɸʥʘʣʽʟ ʤʘʪʝʨʽʘʣʴʥʠʭ ʟʘʪʨʘʪ ʥʘ ʨʝʤʦʥʪ ʦʙʣʘʜʥʘʥʥʷ ʫ ʭʘʨʯʦʚʽʡ ʽ 

ʧʝʨʝʨʦʙʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ɸʇʂ ʧʦʢʘʟʫʻ, ʱʦ ʥʘ ʣʽʢʚʽʜʘʮʽʶ ʥʘʩʣʽʜʢʽʚ ʡʦʛʦ ʢʦʨʦʟʽʡʥʦ-

ʤʝʭʘʥʽʯʥʦʛʦ ʩʧʨʘʮʶʚʘʥʥʷ ʚʠʪʨʘʯʘʻʪʴʩʷ ʙʣʠʟʴʢʦ 80% ʫʩʽʭ ʢʦʰʪʽʚ, ʘ ʧʠʪʦʤʘ ʚʘʛʘ ʨʽʯʥʠʭ ʚʠʪʨʘʪ 

ʧʝʨʝʚʠʱʫʻ 2% ʚʘʨʪʦʩʪʽ ʦʩʥʦʚʥʠʭ ʬʦʥʜʽʚ [1]. ʉʧʨʘʮʶʚʘʥʥʷ ʜʝʪʘʣʝʡ ʦʙʣʘʜʥʘʥʥʷ ʨʠʙʥʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʻ ʤʘʣʦʚʠʚʯʝʥʦʶ ʩʧʝʮʠʬʽʯʥʦʶ ʧʨʦʙʣʝʤʦʶ. ɼʣʷ ʾʾ ʚʠʨʽʰʝʥʥʷ ʥʝʦʙʭʽʜʥʦ 

ʟʘʣʫʯʠʪʠ ʩʫʯʘʩʥʽ ʤʝʪʦʜʠ ʽ ʟʘʩʦʙʠ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʦʾ ʤʝʭʘʥʽʢʠ ʤʘʪʝʨʽʘʣʽʚ, ʪʨʠʙʦʪʝʭʥʽʢʠ, 

ʝʣʝʢʪʨʦʭʽʤʽʾ ʽ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ. 

ʈʦʙʦʯʽ ʚʫʟʣʠ ʤʘʰʠʥ ʽ ʘʧʘʨʘʪʽʚ ʨʠʙʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʧʝʨʝʨʦʙʣʶʚʘʣʴʥʽ ʨʝʯʦʚʠʥʠ ʡ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʨʽʜʠʥʠ ʫʪʚʦʨʶʶʪʴ ʩʢʣʘʜʥʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʽ ʜʠʥʘʤʽʯʥʽ ʩʠʩʪʝʤʠ, ʚ ʷʢʠʭ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʪʝʨʪʷ, ʢʦʨʦʟʽʾ ʪʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʧʨʘʮʶʚʘʥʥʷ ʟʘʣʝʞʘʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʯʠʥʥʠʢʽʚ: 

ʫʤʦʚ ʧʝʨʝʨʦʙʢʠ ʩʠʨʦʚʠʥʠ, ʭʽʤʽʯʥʠʭ ʽ ʨʝʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʦʙʦʯʠʭ ʩʝʨʝʜʦʚʠʱ, 

ʟʘʩʪʦʩʦʚʘʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʟʘʭʠʩʥʠʭ ʧʦʢʨʠʪʪʽʚ, ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʪʦʱʦ. ʆʩʢʽʣʴʢʠ ʙʽʣʴʰʽʩʪʴ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʨʠʙʦʧʝʨʝʨʦʙʥʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʨʽʜʠʥʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ, ʙʘʛʘʪʦ ʟ ʷʢʠʭ ʻ ʢʦʨʦʟʽʡʥʦ- ʪʘ 

ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʤʠ, ʟʥʘʯʥʘ ʯʘʩʪʠʥʘ ʜʝʪʘʣʝʡ ʦʙʣʘʜʥʘʥʥʷ ʟʘʟʥʘʻ ʜʽʾ ʰʚʠʜʢʦʧʣʠʥʥʠʭ ʧʦʪʦʢʽʚ 

ʨʽʜʠʥʠ, ʱʦ ʩʧʨʠʯʠʥʷʻ ʾʭ ʽʥʪʝʥʩʠʚʥʝ ʢʦʨʦʟʽʡʥʦ-ʤʝʭʘʥʽʯʥʝ ʩʧʨʘʮʶʚʘʥʥʷ. ʅʝ ʚʠʢʣʠʢʘʻ ʩʫʤʥʽʚʫ, 

ʱʦ ʨʦʙʦʯʽ ʦʨʛʘʥʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʨʠʙʦʧʝʨʝʨʦʙʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʧʦʚʠʥʥʽ ʤʘʪʠ 

ʦʩʦʙʣʠʚʦ ʚʠʩʦʢʫ ʢʦʨʦʟʽʻ- ʪʘ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ, ʪʦʤʫ ʱʦ ʧʨʦʜʫʢʪʠ ʾʭ ʩʧʨʘʮʶʚʘʥʥʷ ʤʦʞʫʪʴ 

ʧʦʪʨʘʧʠʪʠ ʫ ʭʘʨʯʦʚʽ ʧʨʦʜʫʢʪʠ ʽ ʟʨʦʙʠʪʠ ʾʭ ʥʝʧʨʠʜʘʪʥʠʤʠ ʜʣʷ ʭʘʨʯʦʚʠʭ ʽ ʢʦʨʤʦʚʠʭ ʧʦʪʨʝʙ. 

ʋʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʦʙʣʘʜʥʘʥʥʷ. ʊʝʭʥʦʣʦʛʽʯʥʝ ʦʙʣʘʜʥʘʥʥʷ ʨʠʙʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ 

ʥʘʡʯʘʩʪʽʰʝ ʧʝʨʝʙʫʚʘʻ ʚ ʙʝʟʧʦʩʝʨʝʜʥʴʦʤʫ ʢʦʥʪʘʢʪʽ ʟ ʦʩʥʦʚʥʠʤʠ ʽ ʜʦʧʦʤʽʞʥʠʤʠ ʪʝʭʥʦʣʦʛʽ-

ʯʥʠʤʠ ʩʝʨʝʜʦʚʠʱʘʤʠ. ʆʩʦʙʣʠʚʦ ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʘʧʘʨʘʪʽʚ ʽ ʤʽʩʪʢʦʩʪʝʡ. 

ʉʢʣʘʜ ʩʝʨʝʜʦʚʠʱ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʨʠʙʦʧʝʨʝʨʦʙʥʠʭ ʚʠʨʦʙʥʠʮʪʚʘʭ, ʜʦʩʠʪʴ 

ʨʽʟʥʦʤʘʥʽʪʥʠʡ. ʋʤʦʚʥʦ ʾʭ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ ʤʽʥʝʨʘʣʴʥʽ ʪʘ ʦʨʛʘʥʽʯʥʽ ʨʝʯʦʚʠʥʠ. ʊʘʢ, ʚ 

ʨʠʙʦʧʝʨʝʨʦʙʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʟʘʩʪʦʩʦʚʫʶʪʴ ʨʽʟʥʦʤʘʥʽʪʥʽ ʧʨʽʩʥʽ ʚʦʜʠ (ʘʨʪʝʟʽʘʥʩʴʢʫ, ʧʠʪʥʫ ʟ 

ʚʦʜʦʧʨʦʚʦʜʫ, ʜʠʩʪʠʣʴʦʚʘʥʫ) ʟ ʨʅ 6,5 - 7,0, ʘ ʪʘʢʦʞ ʤʦʨʩʴʢʽ ʚʦʜʠ ʧʽʜ ʯʘʩ ʧʝʨʝʨʦʙʢʠ ʨʠʙʠ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʫʤʦʚʘʭ ʉʚʽʪʦʚʦʛʦ ʦʢʝʘʥʫ (35 ʛ Naʉɯ ʥʘ 1 ʣʽʪʨ ʚʦʜʠ), ʏʦʨʥʦʛʦ ʤʦʨʷ (18 ʛ Nʘʉ1 

ʥʘ 1 ʣʽʪʨ ʚʦʜʠ), ɸʟʦʚʩʴʢʦʛʦ ʤʦʨʷ (13 ʛ Nʘʉɯ ʥʘ 1 ʣʽʪʨ ʚʦʜʠ). ɺʦʜʥʝʚʽ ʧʦʢʘʟʥʠʢʠ ʤʦʨʩʴʢʦʾ ʚʦʜʠ 

ʟʤʽʥʶʶʪʴʩʷ ʚ ʤʝʞʘʭ ʨʅ 7,5õ8,4. 

ɼʣʷ ʦʙʞʘʨʶʚʘʥʥʷ ʨʠʙʠ ʚ ʧʝʯʘʭ ʽ ʟʘʣʠʚʘʥʥʷ ʚ ʢʦʥʩʝʨʚʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʦʩʣʠʥʥʽ ʦʣʽʾ, ʷʢʽ 

ʟʘ ʩʚʦʻʶ ʭʽʤʽʯʥʦʶ ʙʫʜʦʚʦʶ ʻ ʧʦʻʜʥʘʥʥʷʤ ʛʣʽʮʝʨʠʜʽʚ, ʪʨʠʘʪʦʤʥʠʭ ʩʧʠʨʪʽʚ ʽ 

ʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʠʭ ʞʠʨʥʠʭ ʢʠʩʣʦʪ. ɿʘʛʘʣʦʤ ʚ ʦʣʽʷʭ ʥʘʨʘʭʦʚʫʶʪʴ ʙʣʠʟʴʢʦ 40 ʚʠʜʽʚ ʞʠʨʥʠʭ 

ʢʠʩʣʦʪ. ʅʘʧʨʠʢʣʘʜ, ʾʭ ʚʤʽʩʪ ʫ ʩʦʥʷʰʥʠʢʦʚʽʡ ʦʣʽʾ ʜʦʩʷʛʘʻ, % ʜʦ ʟʘʛʘʣʴʥʦʛʦ ʚʤʽʩʪʫ: ʣʽʥʦʣʝʚʦʾ- 
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62, ʦʣʝʾʥʦʚʦʾ - 40, ʧʘʣʴʤʽʪʠʥʦʚʦʾ - 6,4, ʩʪʝʘʨʠʥʦʚʦʾ - 4,6. ʂʽʣʴʢʽʩʪʴ ʚʽʣʴʥʠʭ ʞʠʨʥʠʭ ʢʠʩʣʦʪ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʨʠʚʘʣʦʩʪʽ ʪʘ ʫʤʦʚ ʟʙʝʨʽʛʘʥʥʷ ʦʣʽʾ ʘʙʦ ʥʘʩʽʥʥʷ, ʩʪʫʧʝʥʷ ʡʦʛʦ ʜʦʟʨʽʣʦʩʪʽ ʡ 

ʩʚʽʞʦʩʪʽ [2]. 

ʆʯʝʚʠʜʥʦ, ʱʦ ʜʦ ʩʢʣʘʜʫ ʦʣʽʾ ʚʭʦʜʷʪʴ ʪʘʢʽ ʝʬʝʢʪʠʚʥʽ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʽ ʨʝʯʦʚʠʥʠ (ʇɸʈ), 

ʷʢ ʩʪʝʘʨʠʥʦʚʘ ʪʘ ʦʣʝʾʥʦʚʘ ʢʠʩʣʦʪʠ, ʱʦ ʟʫʤʦʚʣʶʶʪʴ ʘʜʩʦʨʙʫʚʘʣʴʥʠʡ ʚʧʣʠʚ ʽ ʙʝʨʫʪʴ 

ʙʝʟʧʦʩʝʨʝʜʥʶ ʫʯʘʩʪʴ ʫ ʢʦʨʦʟʽʡʥʦ-ʤʝʭʘʥʽʯʥʦʤʫ ʩʧʨʘʮʶʚʘʥʥʽ ʦʙʣʘʜʥʘʥʥʷ. 

ɼʦ ʩʢʣʘʜʫ ʨʠʙʥʦʛʦ ʞʠʨʫ ʟ ʨʅ 2õ3 ʪʘʢʦʞ ʚʭʦʜʠʪʴ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʞʠʨʥʠʭ, ʫ ʪʦʤʫ ʯʠʩʣʽ 

ʽ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʭ, ʢʠʩʣʦʪ, % ʜʦ ʟʘʛʘʣʴʥʦʛʦ ʚʤʽʩʪʫ: ʦʣʝʾʥʦʚʦʾ - ʙʽʣʴʰʝ 70, ʧʘʣʴʤʽʪʠʥʦʚʦʾ - 

ʙʣʠʟʴʢʦ 25, ʣʽʥʦʣʝʚʦʾ - ʙʣʠʟʴʢʦ 2, ʘʨʘʭʽʜʦʥʦʚʦʾ - 2õ3; ʝʡʢʦʟʘʧʝʥʪʦʝʥʦʚʦʾ - 6õ10, ʜʦʢʦʟʘʝʥʩʦʝʥʦ- 

ʚʦʾ-10õ15 [2]. 

ʂʨʽʤ ʪʦʛʦ, ʜʣʷ ʟʘʣʠʚʘʥʥʷ ʨʠʙʥʠʭ ʢʦʥʩʝʨʚʽʚ ʟʘʩʪʦʩʦʚʫʶʪʴ ʩʦʫʩʠ ʟ ʨʅ 2õ4, ʷʢʽ ʫ ʩʚʦʻʤʫ 

ʩʢʣʘʜʽ ʤʘʶʪʴ ʪʦʤʘʪʥʫ ʧʘʩʪʫ, ʮʫʢʦʨ, ʨʦʩʣʠʥʥʽ ʦʣʽʾ, ʩʽʣʴ, ʦʮʪʦʚʫ ʢʠʩʣʦʪʫ, ʮʠʙʫʣʶ, ʩʧʝʮʽʾ ʽ 

ʩʧʨʠʯʠʥʷʶʪʴ ʰʚʠʜʢʝ ʢʦʨʦʟʽʡʥʦ-ʤʝʭʘʥʽʯʥʝ ʩʧʨʘʮʶʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ [3]. 

ʉʘʥʽʪʘʨʥʘ ʦʙʨʦʙʢʘ ʦʙʣʘʜʥʘʥʥʷ ʧʨʦʚʦʜʠʪʴʩʷ ʥʝʦʨʛʘʥʽʯʥʠʤʠ ʽ ʦʨʛʘʥʽʯʥʠʤʠ ʤʠʡʥʠʤʠ ʪʘ 

ʦʯʠɦʫʚʘʣʴʥʠʤʠ ʟʘʩʦʙʘʤʠ. ɼʦ ʥʝʦʨʛʘʥʽʯʥʠʭ ʤʠʡʥʠʭ ʟʘʩʦʙʽʚ ʚʽʜʥʦʩʷʪʴʩʷ ʾʜʢʽ ʣʫʛʠ, 

ʢʘʣʴʮʠʥʦʚʘʥʘ ʩʦʜʘ, ʬʦʩʬʘʪʠ, ʩʠʣʽʢʘʪʠ, ʘ ʜʦ ʦʯʠʱʫʚʘʣʴʥʠʭ - ʥʝʦʨʛʘʥʽʯʥʽ ʢʠʩʣʦʪʠ (ʘʟʦʪʥʘ, 

ʩʽʨʯʘʥʘ, ʩʦʣʷʥʘ, ʬʦʩʬʦʨʥʘ ʪʘ ʽʥ.) [4]. ɺʩʽ ʚʦʥʠ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʶʪʴ ʥʝ ʣʠʰʝ ʥʘ ʢʦʨʦʟʽʡʥʫ-

ʤʝʭʘʥʽʯʥʫ ʩʪʽʡʢʽʩʪʴ ʜʝʪʘʣʝʡ ʟ ʚʫʛʣʝʮʝʚʠʭ ʩʪʘʣʝʡ, ʘʣʝ ʤʦʞʫʪʴ ʪʘʢʦʞ ʚʠʢʣʠʢʘʪʠ ʤʽʞʢʨʠʩʪʘʣʽʯʥʫ 

ʢʦʨʦʟʽʶ ʚʠʩʦʢʦʣʝʛʦʚʘʥʠʭ ʽʨʞʦʩʪʽʡʢʠʭ ʩʧʣʘʚʽʚ ʽ ʟʨʫʡʥʫʚʘʪʠ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʽ ʟʘʭʠʩʥʽ ʧʦʢʨʠʪʪʷ. 

ʄʝʪʘ ʽ ʟʘʚʜʘʥʥʷ ʨʦʙʦʪʠ.  ʅʘ ʧʽʜˇʨʫʥʪʽ ʘʥʘʣʽʟʫ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ ʧʨʦʮʝʩʫ 

ʢʦʨʦʟʽʡʥʦ-ʤʝʭʘʥʽʯʥʦʛʦ ʩʧʨʘʮʶʚʘʥʥʷ ʜʝʪʘʣʝʡ ʚ ʘʛʨʝʩʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʨʠʙʥʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʨʝʙʘ ʤʘʪʝʤʘʪʠʯʥʦ ʦʧʠʩʘʪʠ ʤʝʭʘʥʽʟʤ ʟʥʦʰʫʚʘʥʥʷ, ʦʮʽʥʠʪʠ ʘʜʝʢʚʘʪʥʽʩʪʴ ʽ 

ʧʝʨʩʧʝʢʪʠʚʠ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ. 

ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʪʠʯʥʠʭ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ʄʝʭʘʥʽʟʤ ʢʦʨʦʟʽʡʥʦ-

ʤʝʭʘʥʽʯʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʚ ʘʛʨʝʩʠʚʥʠʭ ʭʘʨʯʦʚʠʭ ʩʝʨʝʜʦʚʠʱʘʭ - ʝʣʝʢʪʨʦʣʽʪʘʭ ʨʠʙʥʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʠʡ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʘ ʟʚôʷʟʫʻ 

ʤʘʢʨʦʩʢʦʧʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʪʨʠʙʦʣʦʛʽʯʥʠʭ ʦʙôʻʢʪʽʚ ʟ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʚʟʘʻʤʦʜʽʾ ʽ ʨʫʡʥʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚ ʢʦʥʢʨʝʪʥʦʤʫ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

ʇʨʠ ʨʦʟʛʣʷʜʘʥʥʽ ʩʪʘʣʦʛʦ ʧʨʦʮʝʩʫ ʢʦʨʦʟʽʡʥʦ-ʤʝʭʘʥʽʯʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ ʤʝʪʘʣʽʚ ʽ ʩʧʣʘʚʽʚ ʚ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʨʠʙʦʧʝʨʝʨʦʙʥʠʭ ʚʠʨʦʙʥʠʮʪʚ ʪʨʠʙʦʣʦʛʽʯʥʫ ʪʝʨʤʦʜʠʥʘʤʽʯʥʫ 

ʩʠʩʪʝʤʫ ʤʦʞʥʘ ʦʢʨʝʩʣʠʪʠ ʩʫʢʫʧʥʽʩʪʶ ʜʝʬʦʨʤʦʚʘʥʠʭ ʦʙôʻʤʽʚ ʤʝʪʘʣʫ ʽ ʧʨʦʜʫʢʪʽʚ ʟʥʦʩʫ, ʷʢʽ 

ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʢʦʥʪʘʢʪʽ ʟ ʘʛʨʝʩʠʚʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ. ʎʷ ʩʠʩʪʝʤʘ ʤʦʞʝ ʙʫʪʠ ʧʦʜʽʣʝʥʘ ʥʘ ʜʚʽ 

ʯʘʩʪʠʥʠ: ʚ ʧʝʨʰʽʡ ʧʨʦʪʽʢʘʶʪʴ ʣʠʰʝ ʜʝʬʦʨʤʘʮʽʡʥʽ ʧʨʦʮʝʩʠ, ʘ ʜʨʫʛʘ, ʢʨʽʤ ʮʴʦʛʦ, ʟʚôʷʟʘʥʘ ʟ 

ʭʽʤʽʯʥʠʤʠ ʨʝʘʢʮʽʷʤʠ ʽ ʟʤʽʥʦʶ ʧʣʦʱʽ ʚʽʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ ʚʥʘʩʣʽʜʦʢ ʨʫʡʥʫʚʘʥʥʷ. 

ʇʨʠ ʢʦʨʦʟʽʡʥʦ-ʤʝʭʘʥʽʯʥʦʤʫ ʟʥʦʰʫʚʘʥʥʽ ʚʝʣʠʯʠʥʘ ʨʦʟʩʽʷʥʦʾ ʝʥʝʨʛʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʝ 

ʣʠʰʝ ʧʣʘʩʪʠʯʥʦʶ ʜʝʬʦʨʤʘʮʽʻʶ, ʘʣʝ ʡ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʚʝʣʠʯʠʥʦʶ 

ʟʤʽʥʠ ʧʣʦʱʽ ʚʽʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ. ʉʫʤʽʩʥʠʡ ʢʽʣʴʢʽʩʥʠʡ ʘʥʘʣʽʟ ʨʽʟʥʦʨʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʤʦʞʣʠʚʠʡ 

ʧʨʠ ʚʚʝʜʝʥʥʽ ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʢʨʠʪʝʨʽʾʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʽʚ ʪʝʨʤʦʜʠʥʘʤʽʢʠ 

ʥʝʦʙʦʨʦʪʥʠʭ ʧʨʦʮʝʩʽʚ. ʊʘʢʽ ʧʨʦʮʝʩʠ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʠʩʠʧʘʪʠʚʥʦʾ ʬʫʥʢʮʽʾ [7]: 

 

cc

i
ʜʠʩ

AI
dt

Wd

dt

diS
ä +=T=y , (1) 

 

ʜʝ KSy=y  ï ʜʠʩʠʧʘʪʠʚʥʘ ʬʫʥʢʮʽʷ (ʰʚʠʜʢʽʩʪʴ ʨʦʟʩʽʶʚʘʥʥʷ ʝʥʝʨʛʽʾ ʚ ʩʠʩʪʝʤʽ) ʚʽʜʥʝʩʝʥʘ ʜʦ 

ʦʜʠʥʠʮʽ ʧʦʚʝʨʭʥʽ ʢʦʥʪʘʢʪʫ KS ; 

T ï ʪʝʤʧʝʨʘʪʫʨʘ ʩʠʩʪʝʤʠ; 

dtSSiddtSid K=  ï ʟʤʽʥʠ ʝʥʪʨʦʧʽʾ ʩʠʩʪʝʤʠ; 

dtWd ʽ
ʜʠʩ ï ʰʚʠʜʢʽʩʪʴ ʨʦʟʩʽʶʚʘʥʥʷ ʝʥʝʨʛʽʾ ʜʣʷ ʽ - ʧʨʦʮʝʩʫ, ʷʢʠʡ ʨʝʘʣʽʟʫʻʪʴʩʷ ʚ ʩʠʩʪʝʤʽ; 

C
K

C
CC A

S

I
AI =

 ï ʧʦʪʫʞʥʽʩʪʴ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ; 
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 CI ï ʰʚʠʜʢʽʩʪʴ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ; 

CA  ï ʭʽʤʽʯʥʘ ʩʧʦʨʽʜʥʝʥʽʩʪʴ ʨʝʘʢʮʽʾ. 

ʐʚʠʜʢʽʩʪʴ ʨʦʟʩʽʶʚʘʥʥʷ ʝʥʝʨʛʽʾ, ʧʦʚôʷʟʘʥʘ ʟ ʧʣʘʩʪʠʯʥʠʤ ʜʝʬʦʨʤʫʚʘʥʥʷʤ ʽ ʫʪʚʦʨʝʥʥʷʤ 

ʥʦʚʠʭ ʧʦʚʝʨʭʦʥʴ, ʩʢʣʘʜʘʻ: 

 

ää +=
j

j
sʧʣ

i dt

Wd

dt

Wd

dt

dW
. (2) 

 

ɼʠʩʠʧʘʪʠʚʥʘ ʬʫʥʢʮʽʷ ʧʨʦʮʝʩʫ ʧʣʘʩʪʠʬʽʢʘʮʽʾ ʤʘʻ ʚʠʛʣʷʜ [6]: 

 

aʧʣ dAI
dt

dW
==y  (3) 

 

ʜʝ: Kaa SII =  - ʛʫʩʪʠʥʘ ʧʦʪʦʢʫ ʜʠʩʣʦʢʘʮʽʡ; 
atD=aA  - ʭʽʤʽʯʥʘ ʩʧʦʨʽʜʥʝʥʽʩʪʴ ʧʨʦʮʝʩʫ ʫʪʚʦʨʝʥʥʷ ʽ ʧʝʨʝʤʽʱʝʥʥʷ ʜʠʩʣʦʢʘʮʽʡ; 

tD  - ʟʥʝʤʽʮʥʝʥʥʷ ʤʘʪʝʨʽʘʣʫ;  

Ŭ - ʢʽʣʴʢʽʩʪʴ ʜʠʩʣʦʢʘʮʽʡ ʚ ʦʜʠʥʠʮʽ ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

 

ʋʷʚʣʷʶʯʠ ʧʨʦʮʝʩ ʟʥʦʰʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʷʢ ʚʽʜʢʦʣʶʚʘʥʥʷ ʯʘʩʪʠʥʦʢ ʤʘʪʝʨʽʘʣʫ ʧʦ ʜʠʩʣʦʢʘ-

ʮʽʡʥʠʭ ʤʝʞʘʭ, ʜʠʩʠʧʘʪʠʚʥʫ ʧʦʪʫʞʥʽʩʪʴ ʧʨʦʮʝʩʫ ʤʦʞʥʘ ʚʠʨʘʟʠʪʠ ʪʘʢʠʤ ʯʠʥʦʤ: 

 

msm0so
j

j
s II

dt

Wd
sD+sD=ä , (4) 

 

ʜʝ: dtS/dSI k0SO Ö=  i dtS/dI ksmsm Ö=  - ʰʚʠʜʢʦʩʪʽ ʟʤʽʥʠ ʧʣʦʱʽ ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʦʢʩʠʜʽʚ ʽ 

ʥʝʦʢʠʩʣʝʥʦʛʦ ʤʘʪʝʨʽʘʣʫ; 

m0 i sDsD - ʚʽʜʧʦʚʽʜʥʦ, ʨʦʙʦʪʘ ʫʪʚʦʨʝʥʥʷ ʦʜʠʥʠʮʽ ʥʦʚʦʾ ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʦʢʩʠʜʽʚ ʽ 

ʚʠʭʽʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʨʘʟʽʚ (2 - 4), ʚʠʨʘʟ (1) ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ: 

 

ccsm00sa AImIII +D+sD+
a

tD
=y
G

. (5) 

 

ʅʘ ʦʩʥʦʚʽ ʣʽʥʽʡʥʦʛʦ ʟʘʢʦʥʫ ʽ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʚʟʘʻʤʥʦʩʪʽ ʆʥʟʘʛʝʨʘ [7] ʟ ʨʽʚʥʷʥʥʷ (5) 

ʦʪʨʠʤʫʻʤʦ ʩʠʩʪʝʤʫ ʣʽʥʽʡʥʠʭ ʬʝʥʦʤʝʥʦʣʦʛʽʯʥʠʭ ʨʽʚʥʷʥʴ: 

 

m403c21a CCACCI sD+sD++
a

tD
= ; (6) 

m706c52c CCACC sD+D++
a

tD
=I ; (7) 

m908c63so CCCCI sD+sD+A+
a

tD
= ; (8) 

m1009c74sm CCACC sD+sD++
a

tD
=I , (9) 

ʜʝ 101 CC 2  - ʬʝʥʦʤʝʥʦʣʦʛʽʯʥʽ ʢʦʝʬʽʮʽʻʥʪʠ. 

ʇʨʠʚʝʜʝʥʘ ʰʚʠʜʢʽʩʪʴ ʟʥʦʰʫʚʘʥʥʷ I  ʧʦʚʠʥʥʘ ʚʠʟʥʘʯʠʪʠʩʷ ʩʫʤʦʶ ʛʫʩʪʠʥʠ ʧʦʪʦʢʽʚ ʤʘʩʠ 

ʦʢʠʩʣʝʥʠʭ 0I  ʪʘ ʥʝʦʢʠʩʣʝʥʠʭ mI  ʧʨʦʜʫʢʪʽʚ ʟʥʦʩʫ: 
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m0 III += . (10) 

 

ʇʦʪʦʢʠ 0I
 ʪʘ m

I
 ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ, ʚʠʭʦʜʷʯʠ ʟ ʨʽʚʥʷʥʴ (5 ï 9). ɺʨʘʭʦʚʫʶʯʠ, ʱʦ 0nÖ= cII , 

ʟ ʨʽʚʥʷʥʥʷ (7) ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʚʝʣʠʯʠʥʫ ʧʦʪʦʢʫ ʦʢʠʩʣʝʥʦʛʦ ʤʝʪʘʣʫ: 

 

)CCACAC(II m70655200c0 sD+sD++an=n= , (11) 

 

ʜʝ ʉ  - ʩʪʝʭʽʦʤʝʪʨʠʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʦʢʠʩʣʫ ʚ ʨʽʚʥʷʥʥʽ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ. 

 

ʇʽʜʩʪʘʚʣʷʶʯʠ ʨʽʚʥʷʥʥʷ (6) ʽ (7) ʫ (5) ʽ ʚʨʘʭʦʚʫʶʯʠ, ʱʦ 11smm C/II =  (ʜʝ 11C  - ʢʦʝʬʽʮʽʻʥʪ, 

ʷʢʠʡ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʥʦʰʫʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ) [6], ʦʪʨʠʤʘʻʤʦ: 

 

).CACAC2CAC(

)CAC2C2(C
C

1

m09cm7c06
2
08c5

m4c203

2

1
m11

m

sDsD+sD+sD+sD+-

-
a

tD
sD++sD-

ù
ù

ú

ø

é
é

ê

è
ö
÷

õ
æ
ç

å

a

tD
-y

sD
=I

 

 
(12) 

 

ɺʩʷ ʟʦʚʥʽʰʥʷ ʨʦʙʦʪʘ, ʚʠʢʦʥʘʥʘ ʥʘʜ ʩʠʩʪʝʤʦʶ ʪʝʨʪʷ, ʜʦʨʽʚʥʶʻ: 

 

LfW mpÖÖR= , 

 

(13) 

ʜʝ:  P - ʧʠʪʦʤʝ ʥʘʚʘʥʪʘʞʝʥʥʷ; fʪʨ- ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ ʢʦʚʟʘʥʥʷ; L - ʰʣʷʭ ʪʝʨʪʷ. 

 

ʊʦʜʽ ʨʦʟʩʽʷʥʘ ʝʥʝʨʛʽʷ (ʜʠʩʠʧʘʪʠʚʥʘ ʬʫʥʢʮʽʷ) ʚʠʟʥʘʯʠʪʴʩʷ ʪʘʢ: 

 
.VfK mpÖÖRÖ=y  (14) 

  

ʜʝ: ʂ ï ʧʦʩʪʽʡʥʘ, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻ ʜʦʣʶ ʨʦʟʩʽʷʥʦʾ ʝʥʝʨʛʽʾ ʧʨʠ ʟʥʦʰʫʚʘʥʥʽ; V ï ʰʚʠʜʢʽʩʪʴ  

ʚʽʜʥʦʩʥʦʛʦ ʢʦʚʟʘʥʥʷ ʯʘʩʪʠʥʦʢ ʟʥʦʰʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʦ ʧʦʚʝʨʭʥʽ ʪʝʨʪʷ. 

 

ɿ ʚʠʨʘʟʽʚ (11), (12) ʽ (14) ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʰʚʠʜʢʽʩʪʴ ʟʥʦʰʫʚʘʥʥʷ, ʧʨʠʚʝʜʝʥʫ ʜʦ ʦʜʠʥʠʮʽ 

ʧʦʚʝʨʭʥʽ: 

 
2

321m0 )(KKVPKIII tD-+tD+ÖÖ=+= , (15) 

 

ʜʝ K1, K2, K3 -  ʧʦʩʪʽʡʥʽ, ʷʢʽ ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ ʚʝʣʠʯʠʥʠ iC , fʪʨ, 0n , 0sD , msD , a. 

 

ɿ ʨʽʚʥʷʥʥʷ (15) ʚʠʜʥʦ, ʱʦ ʰʚʠʜʢʽʩʪʴ ʢʦʨʦʟʽʡʥʦ-ʤʝʭʘʥʽʯʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ ʣʽʥʽʡʥʦ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʰʚʠʜʢʦʩʪʽ ʢʦʚʟʘʥʥʷ ʽ ʧʘʨʘʙʦʣʽʯʥʦ ʚʽʜ ʟʥʝʤʽʮʥʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʢʦʨʦʟʽʡʥʦ-

ʘʢʪʠʚʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ. 

ɿ ʝʣʝʢʪʨʦʭʽʤʽʾ ʚʽʜʦʤʦ [8], ʱʦ: 

m

0

V

FnÖÖjD
=tD , (16) 

ʜʝ: 0jD  - ʟʤʽʥʘ ʨʽʚʥʦʚʘʞʥʦʛʦ ʝʣʝʢʪʨʦʜʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʧʨʠ ʟʥʦʰʫʚʘʥʥʽ; Î - ʚʘʣʝʥʪʥʽʩʪʴ 

ʤʝʪʘʣʫ; F - ʧʦʩʪʽʡʥʘ ʌʘʨʘʜʝʷ; Vm - ʤʦʣʴʥʠʡ ʦʙôʻʤ ʨʝʯʦʚʠʥʠ. 

 

ʇʽʜʩʪʘʚʣʷʶʯʠ ʚʠʨʘʟ (16) ʚ (15), ʦʪʨʠʤʘʻʤʦ:  
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2

m
3

m

0
21

V

Fn
K

V

Fn
KVPKI ö

ö

÷

õ

æ
æ

ç

å ÖÖjD
+

ÖÖjD
-ÖÖ= . (17) 

 

ʋ ʬʦʨʤʫʣʽ (17) ʚʝʣʠʯʠʥʠ ʈ  ̔ V ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʟʦʚʥʽʰʥʶ ʜʽʶ ʥʘ ʧʦʚʝʨʭʥʶ, ʱʦ 

ʟʥʦʰʫʻʪʴʩʷ, ʘ ʟʤʽʥʘ ʧʦʪʝʥʮʽʘʣʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ ʧʘʨʠ ʪʝʨʪʷ ʪʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʨʦʟʽʡʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʗʢʱʦ ʧʘʨʘ ʪʝʨʪʷ ʙʫʜʝ ʩʢʣʘʜʘʪʠʩʷ ʟ ʨʽʟʥʦʨʽʜʥʠʭ 

ʤʝʪʘʣʽʚ ʘʙʦ ʧʦʢʨʠʪʪʽʚ, ʪʦ ʢʦʞʝʥ ʟ ʥʠʭ ʤʘʻ ʩʚʽʡ ʝʣʝʢʪʨʦʜʥʠʡ ʧʦʪʝʥʮʽʘʣ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʘʨʘ 

ʙʫʜʝ ʤʘʪʠ ʩʫʤʘʨʥʠʡ ʟʤʽʰʘʥʠʡ ʝʣʝʢʪʨʦʜʥʠʡ ʧʦʪʝʥʮʽʘʣ [9,10]. 

ɿʤʽʱʫʶʯʠ ʧʦʪʝʥʮʽʘʣ ʪʝʨʪʷ ʧʘʨʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʦʚʥʽʰʥʴʦʛʦ ʜʞʝʨʝʣʘ ʩʪʨʫʤʫ ʚ ʢʘʪʦʜʥʫ 

ʘʙʦ ʘʥʦʜʥʫ ʦʙʣʘʩʪʴ, ʤʦʞʥʘ ʫʧʨʘʚʣʷʪʠ ʧʨʦʮʝʩʦʤ ʢʦʨʦʟʽʡʥʦ-ʤʝʭʘʥʽʯʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ ʚ ʜʝʷʢʠʭ 

ʤʝʞʘʭ, ʥʝ ʟʤʽʥʶʶʯʠ ʧʨʠ ʮʴʦʤʫ ʫʤʦʚ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʫʟʣʘ ʪʝʨʪʷ. ʎʝ ʟʤʽʱʝʥʥʷ ʪʘʢʦʞ ʤʦʞʥʘ 

ʟʜʽʡʩʥʠʪʠ ʟʤʽʥʦʶ ʩʢʣʘʜʫ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʪʨʫʪʴʩʷ, ʰʣʷʭʦʤ ʥʘʥʝʩʝʥʥʷ ʟʘʭʠʩʥʠʭ ʧʦʢʨʠʪʪʽʚ, 

ʟʤʽʥʦʶ ʨʝʞʠʤʽʚ ʪʝʨʪʷ ʪʘ ʽʥʛʽʙʫʚʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʱʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʙʘʛʘʪʴʤʘ 

ʜʦʩʣʽʜʞʝʥʥʷʤʠ [1, 9,10]. 

ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʧʨʘʚʠʣʴʥʦʩʪʽ ʚʠʙʦʨʫ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʤʦʜʝʣʽ ʢʦʨʦʟʽʡʥʦ-ʤʝʭʘʥʽʯʥʦʛʦ 

ʟʥʦʰʫʚʘʥʥʷ ʧʨʦʚʝʣʠ ʨʦʟʨʘʭʫʥʦʢ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚ ʬʦʨʤʫʣʽ (17) ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ 

ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ. ʇʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʙʫʣʠ ʚʠʙʨʘʥʽ ʜʦʚʽʨʯʽ ʽʥʪʝʨʚʘʣʠ . ʜʣʷ ʨʽʚʥʷ ʽʤʦʚʽʨʥʦʩʪʽ 

0,95. ʇʘʨʘʣʝʣʴʥʦ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʟʥʦʰʫʚʘʥʥʷ ʙʨʦʥʟʦʚʠʭ ʟʨʘʟʢʽʚ (ɹʨʆʎʉ 5-

5-5) ʧʦ ʩʭʝʤʽ çʚʪʫʣʢʘ-ʚʪʫʣʢʘè ʥʘ ʫʩʪʘʥʦʚʮʽ ʪʦʨʮʝʚʦʛʦ ʪʝʨʪʷ ʟ ʚʠʤʽʨʶʚʘʥʥʷʤ ʧʦʪʝʥʮʽʘʣʽʚ 

ʧʦʚʝʨʭʥʽ ʪʝʨʪʷ ʧʨʠ ʟʘʥʫʨʶʚʘʥʥʽ ʫ ʩʝʨʝʜʦʚʠʱʝ ʪʘ ʚ ʧʨʦʮʝʩʽ ʪʝʨʪʷ [ 1,10] ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʦʪʝʥʮʽʦʩʪʘʪʘ ʇ-5827. ɼʦʩʣʽʜʠ ʧʨʦʚʦʜʠʣʠ ʚ ʩʝʨʝʜʦʚʠʱʘʭ ʨʠʙʦʧʝʨʝʨʦʙʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ 

(ʪʘʙʣʠʮʷ). ʐʚʠʜʢʽʩʪʴ ʢʦʚʟʘʥʥʷ ʩʢʣʘʜʘʣʘ 0,2 ʤ/ʩ, ʧʠʪʦʤʝ ʥʘʚʘʥʪʘʞʝʥʥʷ 0,92 ʄʇʘ. ʐʚʠʜʢʽʩʪʴ 

ʨʦʟʛʦʨʪʫʚʘʥʥʷ ʧʦʪʝʥʮʽʘʣʫ ʧʨʠ ʟʥʽʤʘʥʥʽ ʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʢʨʠʚʠʭ ʜʦʨʽʚʥʶʚʘʣʘ 2 ʤɺ/ʩ. 

ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʘʜʝʢʚʘʪʥʦʩʪʽ ʤʦʜʝʣʽ (17) ʜʣʷ ʤʦʨʩʴʢʦʾ ʚʦʜʠ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ 3 ʜʦʩʣʽʜʠ 

(ʪʘʙʣʠʮʷ). ʆʮʽʥʢʘ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʾ ʧʦʭʠʙʢʠ ʙʫʜʝ ʪʘʢʦʶ 
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ɺʦʜʘ 

ʏʦʨʥʦʛʦ ʤʦʨʷ 
135 

11,20 10,7 10,95 

10,95 11,80 11,22 10,72 10,97 

11,18 10,68 10,93 

ʈʘʬʽʥʦʚʘʥʠʡ 

ʨʠʙʥʠʡ ʞʠʨ 
25,0 

0,33 0,29 0,31 

0,30 0,24 0,32 0,27 0,29 

0,32 0,28 0,30 

 

ɺʨʘʭʦʚʫʶʯʠ ʤʘʣʫ ʚʝʣʠʯʠʥʫ ʚʠʙʦʨʢʠ, ʧʦʤʥʦʞʠʤʦ S ʥʘ ʢʦʝʬʽʮʽʻʥʪ ʉʪ'ʶʜʝʥʪʘ ɯ. ɼʣʷ ʘ = 

0,05 ʽ f ï 2 ʡʦʛʦ ʪʘʙʣʠʯʥʝ ʟʥʘʯʝʥʥʷ ʜʦʨʽʚʥʶʻ 4,3. ʊʦʜʽ ʚʽʜʢʦʨʝʛʦʚʘʥʘ S ʙʫʜʝ: S = 0,25 Ͻ 4,3 = 

1,08. ʊʦʙʪʦ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʤʽʨʶʚʘʥʴ   S = 10,95 Ñ 1,08. ɺʝʨʭʥʷ ʤʝʞʘ ʟʥʦʩʫ ʜʦʨʽʚʥʶʻ 

12,03 ʤʛ. ʊʘʢʠʤ ʯʠʥʦʤ, ʪʝʦʨʝʪʠʯʥʦ ʚʠʟʥʘʯʝʥʠʡ ʨʝʟʫʣʴʪʘʪ ʟʥʦʩʫ 11,80 ʤʛ ʧʦʧʘʜʘʻ ʚ ʜʦʚʽʨʯʠʡ 
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ʽʥʪʝʨʚʘʣ ʟ ʽʤʦʚʽʨʥʽʩʪʶ 0,95. ɸʥʘʣʦʛʽʯʥʠʡ ʭʽʜ ʧʝʨʝʚʽʨʢʠ ʘʜʝʢʚʘʪʥʦʩʪʽ ʤʦʜʝʣʽ ʜʣʷ ʟʥʦʰʫʚʘʥʥʷ ʚ 

ʨʠʙʥʦʤʫ ʞʠʨʽ: S =  0,2, ʘ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʢʨʠʪʝʨʽʶ ʉʪ'ʶʜʝʥʪʘ S = 0,02- 4,3 = 0,086 è 0,09. ʆʪʞʝ, 

ʟ ʽʤʦʚʽʨʥʽʩʪʶ 0,95 ʪʝʦʨʝʪʠʯʥʠʡ ʨʝʟʫʣʴʪʘʪ ʨʦʟʨʘʭʫʥʢʫ ʟʥʦʩʫ ʫ 0,24 ʤʛ ʧʦʧʘʜʘʻ ʚ ʜʦʚʽʨʯʠʡ 

ʽʥʪʝʨʚʘʣ, ʪʦʤʫ ʱʦ ʡʦʛʦ ʥʠʞʥʷ ʤʝʞʘ ʜʦʨʽʚʥʶʻ 0,21 ʤʛ. 

ɺʠʩʥʦʚʢʠ. ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʪʠʯʥʠʭ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʽʜʪʚʝʨʜʞʫʶʪʴ 

ʘʜʝʢʚʘʪʥʽʩʪʴ ʦʪʨʠʤʘʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ. ɺʦʥʠ ʪʘʢʦʞ ʩʚʽʜʯʘʪʴ, ʱʦ ʪʝʭʥʦʣʦʛʽʯʥʝ 

ʩʝʨʝʜʦʚʠʱʝ ʤʦʞʝ ʚ ʜʝʩʷʪʢʠ ʨʘʟʽʚ ʟʤʽʥʶʚʘʪʠ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʥʦʰʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ. ʂʦʨʦʟʽʡʥʦ-

ʤʝʭʘʥʽʯʥʝ ʟʥʦʰʫʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ ʚ ʘʛʨʝʩʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʨʠʙʦʦʙʨʦʙʥʠʭ 

ʚʠʨʦʙʥʠʮʪʚ ʥʝ ʤʦʞʝ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʧʨʦʩʪʝ ʩʫʤʫʚʘʥʥʷ ʤʝʭʘʥʽʯʥʦʛʦ ʽ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ 

ʬʘʢʪʦʨʽʚ. ʎʝ ʙʽʣʴʰ ʩʢʣʘʜʥʠʡ ʧʨʦʮʝʩ, ʚ ʷʢʦʤʫ ʝʣʝʢʪʨʦʭʽʤʽʯʥʝ ʨʦʟʯʠʥʝʥʥʷ ʩʣʫʞʠʪʴ ʢʘʪʘʣʽʟʘʪʦ-

ʨʦʤ ʚʪʦʤʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ. ʊʝʨʪʷ ʞ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʩʧʨʠʷʻ ʨʦʟʚʠʪʢʫ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʢʦʨʦʟʽʾ. ʋ 

ʚʩʽʭ ʮʠʭ ʧʨʦʮʝʩʘʭ ʩʫʪʪʻʚʫ ʨʦʣʴ ʚʽʜʽʛʨʘʻ ʧʦʪʝʥʮʽʘʣ ʩʠʩʪʝʤʠ [9] ʪʘ ʡʦʛʦ ʟʤʽʱʝʥʥʷ ʧʽʜ ʚʧʣʠʚʦʤ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ ʪʨʠʙʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤʘʭ [9,10]. 
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ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʘʛʨʝʩʩʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜʘʭ ʨʳʙʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɼʦʢʘʟʘʥʘ ʝʝ 

ʘʜʝʢʚʘʪʥʦʩʪʴ ʠ ʧʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʦʮʝʥʢʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ 

ʜʝʪʘʣʝʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʨʨʦʟʠʷ, ʠʟʥʦʩ, ʤʝʭʘʥʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ, ʢʘʪʘʣʠʟʘʪʦʨ, ʫʩʪʘʣʦʩʪʴ, 

ʜʦʣʛʦʚʝʯʥʦʩʪʴ, ʵʣʝʢʪʨʦʭʠʤʠʷ, ʧʦʪʝʥʮʠʘʣ, ʦʙʦʨʫʜʦʚʘʥʠʝ, ʨʳʙʘ. 
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MODELING TEAR OF EQU IPMENT FISH PROCESSING ENTERPRISES  
A mathematical model of corrosion-mechanical wear of equipment parts in corrosive 

environments technological fishing industry. We prove its adequacy and practical application of the 

proposed method to assess durability of parts. 

Key words: corrosion, wear, mechanical factors, catalyst, fatigue, durability, electrochemistry, 

potential, equipment, fishing industry. 
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ɿɸʑʀʊɸ  ʆʊ ʀɿʅʆʉɸ ʀ ʂʆʈʆɿʀʀ ʆɹʆʈʋɼʆɺɸʅʀʗ  ʉɺɽʂʃʆʉɸʍɸʈʅʓʍ 

ɿɸɺʆɼʆɺ 

 

 

ʀʩʩʣʝʜʦʚʘʣʘʩʴ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʠ ʢʦʨʨʦʟʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ ʧʣʘʟʤʝʥʥʳʭ ʧʦʢʨʳʪʠʡ ʚ 

ʞʝʩʪʢʦʡ ʚʦʜʝ, ʤʦʜʝʣʠʨʫʶʱʠʡ ʪʨʘʥʩʧʦʨʪʝʨʥʦ-ʤʦʝʯʥʫʶ ʚʦʜʫ ʩʘʭʘʨʥʳʭ ʟʘʚʦʜʦʚ. ʇʦʢʘʟʘʥʘ 

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʦʧʣʘʚʣʝʥʠʷ ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʠʭ ʠ ʠʟʥʦʩʦʩʪʦʡʢʠʭ 

ʩʘʤʦʬʣʶʩʫʶʱʠʝʩʷ ʧʣʘʟʤʝʥʥʳʭ ʧʦʢʨʳʪʠʡ ʚ ʫʟʣʘʭ ʪʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʩʘʭʘʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ, ʢʦʨʨʦʟʠʷ, ʟʘʚʦʜ, ʪʨʝʥʠʷ, ʦʙʦʨʫʜʦʚʘʥʠʷ. 

 

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦʚʳʰʝʥʠʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʠ ʢʦʨʨʦʟʠʦʥʥʦʡ 

ʩʪʦʡʢʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʚʝʢʣʦʩʘʭʘʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʷʚʣʷʝʪʩʷ 

ʧʨʠʤʝʥʝʥʠʝ ʧʣʘʟʤʝʥʥʳʭ ʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ ʥʘ ʜʝʪʘʣʷʭ ʦʙʦʨʫʜʦʚʘʥʠʷ.  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʦʧʣʘʚʣʝʥʥʳʝ ʩʘʤʦʬʣʶʩʫʶʱʠʝʩʷ ʧʦʢʨʳʪʠʷ 

ʇɻ19ʅ01 ʠ ʥʝʦʧʣʘʚʣʝʥʥʳʝ ʧʦʢʨʳʪʠʷ ʇʊʖʅʍ16ʉʈ3 ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʨʦʧʠʪʢʘʤʠ ʠ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʨʘʟʤʝʨʦʤ 40-100 ʤʢʤ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʚ 

ʞʝʩʪʢʦʡ ʚʦʜʝ (6 ʤʛ-ʵʢʚ/ʣ), ʤʦʜʝʣʠʨʫʶʱʝʡ ʪʘʥʩʧʦʨʝʨʥʦ-ʤʦʝʯʥʫʶ ʚʦʜʫ ʩʘʭʘʨʥʳʭ ʟʘʚʦʜʦʚ, ʚ 

ʜʚʘ ʵʪʘʧʘ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʦʮʝʥʠʚʘʣʘʩʴ ʢʦʨʨʦʟʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ ʦʙʨʘʟʮʦʚ ʩ ʧʦʢʨʳʪʠʷʤʠ ʧʨʠ 

ʦʪʩʫʪʩʪʚʠʠ ʬʨʠʢʮʠʦʥʥʦʛʦ ʢʦʥʪʘʢʪʘ. ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʦʧʨʝʜʝʣʷʣʘʩʴ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ 

ʧʦʢʨʳʪʠʡ ʧʨʠ ʘʙʨʘʟʠʚʥʦʤ ʠʟʥʘʰʠʚʘʥʠʠ ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʩʨʝʜʝ. ʊʨʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʨʠ 

ʥʘʛʨʫʟʢʝ 0,3-3 ʄʇʘ ʠ ʩʢʦʨʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ 0,8 ʤ/ʩ ʦ ʞʝʩʪʢʦ ʟʘʢʨʝʧʣʝʥʥʳʝ ʯʘʩʪʠʮʳ ʘʙʨʘʟʠʚʘ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʦʜʚʦʜʘ ʢʠʩʣʦʨʦʜʘ ʢ ʧʦʚʝʨʭʥʦʩʪʠ [2] ʵʣʝʢʪʨʦʣʠʪ ʥʝʧʨʝʨʳʚʥʦ 

ʧʝʨʝʤʝʰʠʚʘʣʩʷ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʦʡ. 

ʂʦʨʨʦʟʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʢʨʳʪʠʡ ʦʮʝʥʠʚʘʣʘʩʴ ʧʦ ʧʣʦʪʥʦʩʪʠ 

ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʪʦʢʘ. ʇʨʠ ʵʪʦʤ ʜʝʣʘʣʦʩʴ ʜʦʧʫʱʝʥʠʝ, ʯʪʦ ʚ ʨʘʩʪʚʦʨ ʧʝʨʝʭʦʜʷʪ ʪʦʣʴʢʦ 

ʜʚʫʭʚʘʣʝʥʪʥʳʝ ʠʦʥʳ ʞʝʣʝʟʘ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʣʠʩʴ ʧʨʠ ʧʦʤʦʱʠ ʞʝʣʝʟʦʩʠʥʝʨʦʜʠʩʪʦʛʦ ʢʘʣʠʷ. 
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ʈʠʩ. 1. ɻʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʵʣʝʢʪʨʦʜʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ű ʚʦ ʚʨʝʤʝʥʠ Ű ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʧʣʘʟʤʝʥʥʳ ʧʦʢʨʳʪʠʡ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʚʳʙʨʘʥʥʳʝ ʧʦʢʨʳʪʠʷ ʦʙʣʘʜʘʶʪ ʚ ʞʝʩʪʢʦʡ ʚʦʜʝ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʡ ʢʦʨʨʦʟʠʦʥʥʦʡ 

ʩʪʦʡʢʦʩʪʴʶ. ɿʥʘʯʝʥʠʷ ʵʣʝʢʪʨʦʜʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ű ʩʪʘʙʠʣʠʟʠʨʫʶʪʩʷ ʯʝʨʝʟ 90-240 ʤʠʥ ʧʦʩʣʝ 

ʧʦʛʨʫʞʝʥʠʷ ʧʦʢʨʳʪʠʷ ʚ ʵʣʝʢʪʨʦʣʠʪ (ʩʤ. ʨʠʩʫʥʦʢ). ʈʝʟʢʠʡ ʩʜʚʠʛ ʧʦʪʝʥʮʠʘʣʘ ʚ ʦʙʣʘʩʪʴ 

ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʚ ʧʝʨʚʳʝ 1-5 ʤʠʥ ʧʦʩʣʝ ʧʦʛʫʞʝʥʠʷ ʜʣʷ ʧʦʢʨʳʪʠʡ ʇʊʖʅʍ16ʉʈ3, 

ʧʨʦʧʠʪʘʥʥʦʛʦ ʤʘʩʣʦʤ (1) ʠ ʛʝʨʤʝʪʠʢʦʤ (2), ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʘʩʪʚʦʨʝʥʠʠ ʦʢʩʠʜʥʳʭ ʧʣʝʥʦʢ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʥʝʢʦʪʦʦʝ ʦʙʣʘʛʦʨʦʞʠʚʘʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʧʦʢʨʳʪʠʷ 

ʇʊʖʅʍ16ʉʈ3 (ʢʨʠʚʘʷ 3) ʫʢʘʟʳʚʘʝʪ ʥʘ ʵʢʨʘʥʠʨʫʶʱʠʝ ʩʚʦʡʪʚʘ ʧʨʦʜʫʢʪʦʚ ʢʦʨʨʦʟʠʠ, 

ʣʦʢʘʣʠʟʠʨʫʶʱʠʭʩʷ ʚ ʝʛʦ ʧʦʨʘʭ. ʅʘʠʙʦʣʝʝ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʵʣʝʢʪʨʦʜʥʳʡ ʧʦʪʝʥʮʠʘʣ, 

ʭʘʨʘʢʪʝʨʠʟʠʨʫʶʱʠʭʩʷ ʥʘʠʤʝʥʴʰʠʤ ʟʥʘʯʝʥʠʝʤ ʧʣʦʪʥʦʩʪʠ  ̔ʪʦʢʘ ʢʦʨʨʦʟʠʠ (ʪʘʙʣ. 1) ʚʙʣʠʟʠ 

ʦʙʣʘʩʪʠ ʤʘʣʳʭ ʧʝʨʝʥʘʧʨʷʞʝʥʠʡ ʥʘʙʣʶʜʘʣʩʷ ʜʣʷ ʧʦʢʨʳʪʠʷ ʇɻ10ʅ01, ʦʧʣʘʚʣʝʥʥʦʛʦ ʊɺʏ 

(ʢʨʠʚʘʷ 4). 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʦʧʠʪʢʘ ʧʦʨʳʪʠʷ ʇʊʖʅʍ16ʉʈ3 ʛʝʨʤʝʪʠʢʦʤ 

ʠ ʤʘʩʣʦʤ ʩʥʠʞʘʝʪ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʢʦʨʨʦʟʠʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ 1,8 ʠ 1,2 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʝʛʦ 

ʟʥʘʯʝʥʠʷʤʠ ʜʣʷ ʪʦʛʦ ʞʝ ʧʦʢʨʳʪʠʷ ʙʝʟ ʧʨʦʧʠʪʢʠ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʤʝʭʘʥʠʯʝʩʢʠʤ 

ʠʟʦʣʠʨʦʚʘʥʠʝʤ ʧʦʨ, ʧʨʠʚʦʜʷʱʠʤ ʢ ʪʦʨʤʦʞʝʥʠʶ ʢʦʨʨʦʟʠʦʥʥʳʭ ʧʨʦʮʝʩʦʚ. 

ʊʘʙʣʠʮʘ 1 

ʉʚʦʡʩʪʚʘ ʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ 

 

 ʇʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʧʠʪʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʣʠʤʝʨʦʚ (ʥʘʧʨʠʤʝʨ, ʬʪʦʨʦʧʣʘʩʪʘ) 

ʩʧʦʩʦʙʥʦ, ʚʝʨʦʷʪʥʦ, ʝʱʝ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʫʚʝʣʠʯʠʪʴ ʵʪʠ ʨʘʟʣʠʯʠʷ, ʧʨʠʙʣʠʞʘʷ 
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ʇʊʖʅʍ16ʉʈ3    ɹʝʟ ʧʨʦʧʠʪʢʠ 520 330 1,92 

ʧʨʦʧʠʪʘʥʥʦʝ 

ʤʘʩʣʦʤ 
580 210 2,29 

ʇɻ10ʅ01 

ʧʦʩʣʝ 

ʦʧʣʘʚʣʝʥʠʷ 

   

ʧʨʦʧʠʪʘʥʥʦʝ 

ʛʝʨʤʝʪʠʢʦʤ 
570 180 1,89 ʊɺʏ 490 230 0,92 

    ʚ ʧʝʯʠ 440 87 0,35 
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ʢʦʨʨʦʟʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ ʥʝʦʧʣʘʚʣʝʥʥʳʭ ʧʦʢʨʳʪʠʡ ʇʊʖʅʍ16ʉʈ3 ʢ ʩʪʦʡʢʦʩʪʠ ʦʧʣʘʚʣʝʥʥʦʛʦ 

ʚ ʧʝʯʠ ʧʦʢʨʳʪʠʷ ʇɻ10ʅ01. ʀʟʥʦʩʦʩʪʦʡʢʦʩʪʴ I ʧʦʢʨʳʪʠʡ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʥʘ ʫʩʪʘʥʦʚʢʝ ʜʣʷ 

ʪʦʨʮʦʚʦʛʦ ʪʨʝʥʠʷ ʧʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ ʨʘʙʦʪʝ [1].  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʧʳʪʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʡ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴʶ ʚ ʧʨʠʥʷʪʳʭ 

ʫʩʣʦʚʠʷʭ ʦʙʣʘʜʘʝʪ ʧʦʢʨʳʪʠʝ ʇɻ10ʅ01, ʦʧʣʘʚʣʝʥʥʦʝ ʚ ʧʝʯʠ (ʩʤ. ʪʘʙʣʠʮʫ). ʇʨʠ ʵʪʦʤ ʝʛʦ ʠʟʥʦʩ 

ʚ 0,35 ʨʘʟʘ ʥʠʞʝ ʠʟʥʦʩʘ ʟʘʢʘʣʝʥʥʦʡ ʩʪʘʣʠ ʋ8 (ʪʚʝʨʜʦʩʪʴ 58HRCʕ). ʀʟʥʦʩ ʧʦʢʨʳʪʠʷ ʇɻ10ʅ01, 

ʦʧʣʘʚʣʝʥʥʦʛʦ ʊɺʏ, ʩʦʠʟʤʝʨʠʤ ʩ ʠʟʥʦʩʦʤ ʵʪʦʡ ʩʪʘʣʠ, ʘ ʠʟʥʦʩ ʧʦʢʨʳʪʠʡ ʇʊʖʅʍ16ʉʈ3 ʙʝʟ 

ʧʨʦʧʠʪʢʠ ʠ ʧʨʦʧʠʪʘʥʥʳʤ ʤʘʩʣʦʤ ʠ ʛʝʨʤʝʪʠʢʦʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ 1,92; 2,29 ʠ 1,89 ʨʘʟʘ ʚʳʰʝ 

ʠʟʥʦʩʘ ʟʘʢʘʣʝʥʥʦʡ ʩʪʘʣʠ ʋ8. ʈʘʟʣʠʯʠʷ ʚ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʢʨʳʪʠʡ ʦʙʴʷʩʥʷʶʪʩʷ 

ʥʘʣʠʯʠʝʤ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʦʨ ʚ ʧʦʢʨʳʪʠʷʭ ʇʊʖʅʍ16ʉʈ3, ʘ ʪʘʢʞʝ ʠʭ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʝʥʴʰʝʡ, ʯʝʤ ʫ ʧʦʢʨʳʪʠʷ ʇɻ10ʅ01, ʪʚʝʨʜʦʩʪʴʶ. 

ɺʳʚʦʜ 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʟʘʱʠʪʥʳʭ 

ʧʣʘʟʤʝʥʥʳʭ ʧʦʢʨʳʪʠʡ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʠ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ ʜʝʪʘʣʝʡ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʘʭʘʨʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 
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ʖ. ʉʫʭʝʥʢʦ, ʄ. ʄʫʰʪʨʫʢ 

ɿɸʍʀʉʊ ɺɯɼ ɿʅʆʉʋ ɯ ʂʆʈʆɿɯɰ ʆɹʃɸɼʅɸʅʅʗ ʎʋʂʈʆɹʋʈʗʂʆɺʆɻʆ ɿɸɺʆɼɯɺ 

 ɼʦʩʣʽʜʞʫʚʘʣʘʩʷ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʽ ʢʦʨʦʟʽʡʥʘ ʩʪʽʡʢʽʩʪʴ ʧʣʘʟʤʦʚʠʭ ʧʦʢʨʠʪʪʽʚ ʚ ʞʦʨʩʪʢʽʡ 

ʚʦʜʽ, ʱʦ ʤʦʜʝʣʶʻ ʪʨʘʥʩʧʦʨʪʝʨʥʦ-ʤʠʡʥʫ ʚʦʜʫ ʮʫʢʨʦʚʠʭ ʟʘʚʦʜʽʚ. ʇʦʢʘʟʘʥʘ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʧʣʘʚʣʝʥʥʷ ʢʦʨʦʟʽʡʥʦʩʪʽʡʢʠʭ ʽ ʟʥʦʩʦʩʪʽʡʢʠʭ ʩʘʤʦʬʣʶʩʫʶʯʽ ʧʣʘʟʤʦʚʠʭ 

ʧʦʢʨʠʪʪʽʚ ʚ ʚʫʟʣʘʭ ʪʝʨʪʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʮʫʢʨʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ, ʢʦʨʦʟʽʷ, ʟʘʚʦʜ, ʪʝʨʪʷ, ʦʙʣʘʜʥʘʥʥʷ. 

 

M. Mushtruk, Y. Sukhenko 

PROTECTION AGAINST WEAR AND COR ROSION EQUIPMENT 

SVEKLOSAHARNOM PLANT S 

We investigated the wear resistance and corrosion resistance of plasma coatings in hard water 

modeling Transporter washing water sugar mills. The prospects of applying melting corrosion and 

wear-resistant coatings in plasma samoflyusuyuchi friction process equipment for sugar production. 

Key words: wear resistance, corrosion, plant, friction, equipment. 
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ʖ. ʉʫʭʝʥʢʦ, ʄ. ʄʫʰʪʨʫʢ  

 

 

ɺʓʇɽʂɸʅʀɽ ʍʃɽɹɸ ʕʃɽʂʊʈʆʂʆʅʊɸʂʊʅʓʄ ʉʇʆʉʆɹʆʄ 

 

 

ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʩʧʦʩʦʙʦʚ ʚʳʧʝʯʢʠ ʭʣʝʙʘ. ʇʨʝʜʣʦʞʝʥʘ ʵʣʝʢʪʨʦʢʦʥʪʘʢʪʥʘʷ 

ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʘʷ ʧʝʯʴ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʭʦʨʦʰʝʝ ʢʘʯʝʩʪʚʦ ʚʳʧʝʯʢʠ ʧʨʠ ʩʦʢʨʘʱʝʥʠʠ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʩʫʰʢʠ ʧʠʱʝʚʦʛʦ 

ʩʳʨʴʷ ʠ ʠʟʜʝʣʠʡ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʳʧʝʯʢʘ, ʩʫʰʢʘ, ʵʥʝʨʛʦʟʘʪʨʘʪʳ, ʢʦʥʚʝʢʪʠʚʥʳʡ, ʵʣʝʢʪʨʦʢʦʥʪʘʢʪʥʳʡ 

ʧʨʦʮʝʩʩ, ʭʣʝʙʦʧʝʢʘʨʥʳʝ ʧʝʯʠ. 

 

ʇʨʦʮʝʩʩʳ ʚʳʧʝʯʢʠ ʠ ʩʫʰʢʠ ʠʛʨʘʶʪ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʚ ʭʣʝʙʦʧʝʢʘʨʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ. 

ɸʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʧʦʣʥʦʮʝʥʥʳʭ ʧʝʯʝʡ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʶʪ ʵʢʦʥʦʤʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʦʧʣʠʚʦ ʠ ʩʳʨʴʝ, ʘ ʪʘʢʞʝ 

ʧʦʚʳʰʘʶʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ [1-4] ʩʦʩʪʘʚʣʝʥʘ 

ʪʘʙʣ. 1, ʚ ʢʦʪʦʨʦʡ ʧʨʠʚʝʜʝʥʳ ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʵʥʝʨʛʠʠ ʧʨʠ ʚʳʧʝʯʢʝ ʭʣʝʙʦʙʫʣʦʯʥʳʭ ʠʟʜʝʣʠʡ 

ʤʘʩʩʦʡ ʦʢʦʣʦ ʢʠʣʦʛʨʘʤʤʘ, ʚʨʝʤʷ ʚʳʧʝʯʢʠ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ. 

ʇʦʣʫʯʠʚʰʠʝ ʤʘʩʩʦʚʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʝʯʠ ʢʦʥʚʝʢʪʠʚʥʦʡ ʚʳʧʝʯʢʠ, ʜʘʶʪ ʧʨʦʜʫʢʮʠʶ 

ʭʦʨʦʰʝʛʦ ʢʘʯʝʩʪʚʘ, ʥʦ ʠʤʝʶʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ: ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʘʩʭʦʜ ʵʥʝʨʛʠʠ, 

ʙʦʣʴʰʠʝ ʛʘʙʘʨʠʪʳ ʠ ʤʘʪʝʨʠʘʣʦʝʤʢʦʩʪʴ[3, 4]. ʂʦʵʬʬʠʮʠʝʥʪ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪ ʧʝʯʠ 

çʆʨʣʘʥʜʠè ʩʦʩʪʘʚʣʷʝʪ 0,292 ʢɺĿʯ/ʢʛ ʚʳʧʝʯʝʥʥʳʭ ʠʟʜʝʣʠʡ; ʧʝʯʝʡ ɹʀ ï 0,365 ʢɺʪĿʯ/ʢʛ, ʧʝʯʝʡ 

ʇʍʉ ï 0,446 ʢɺʪĿʯ/ʢʛ, ʧʝʯʝʡ ʅʀʀʍʇ-0,309 ʢɺʪĿʯ/ʢʛ ʠʟʜʝʣʠʡ ʚ ʫʢʘʟʘʥʥʳʭ ʧʝʯʘʭ ʜʣʠʪʝʣʴʥʦʝ, 

ʯʝʤ ʠ ʦʙʲʷʩʥʷʶʪʩʷ ʠʭ ʙʦʣʴʰʠʝ ʛʘʙʘʨʠʪʳ. ʋʩʣʦʚʠʷ ʨʘʙʦʪʳ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ 

ʪʷʞʝʣʳʝ ʠʟ-ʟʘ ʙʦʣʴʰʠʭ ʪʝʧʣʦʚʳʭ ʧʦʪʝʨʴ ʠ ʥʝʢʦʪʦʨʦʡ ʟʘʛʘʟʦʚʘʥʥʦʩʪʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ɺʳʧʝʯʝʥʥʳʡ ʭʣʝʙ ʙʳʩʪʨʦ ʯʝʨʩʪʚʝʝʪ ʥʘ ʦʪʢʨʳʪʦʤ ʚʦʟʜʫʭʝ. ʇʨʠ ʫʧʘʢʦʚʢʝ ʭʣʝʙʘ ʚ ʧʣʝʥʢʫ, 

ʥʘʨʝʟʘʥʥʦʛʦ ʣʦʤʪʠʢʘʤʠ, ʦʪʧʘʜʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʢʦʨʢʝ, ʪʦ ʝʩʪʴ ʜʣʷ ʚʳʧʝʯʢʠ ʪʘʢʠʭ  ʠʟʜʝʣʠʡ 

ʧʦʣʥʦʩʪʴʶ ʧʦʜʦʡʜʝʪ ʭʣʝʙ, ʚʳʧʝʯʝʥʥʳʡ ʩʧʦʩʦʙʘʤʠ, ʢʦʪʦʨʳʝ ʥʝ ʩʦʟʜʘʶʪ ʢʦʨʢʠ [1]. 

ʇʦʵʪʦʤʫ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʷʪʴ ʪʝ ʧʝʯʠ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʜʘʚʘʪʴ ʭʦʨʦʰʝʝ ʢʘʯʝʩʪʚʦ 

ʤʷʢʠʰʘ ʠʟʜʝʣʠʡ ʧʨʠ ʤʝʥʴʰʝʤ ʚʨʝʤʝʥʠ ʚʳʧʝʯʢʠ, ʟʘʪʨʘʪ ʵʥʝʨʛʠʠ, ʤʘʪʝʨʠʘʣʦʤ ʠ ʚʳʩʦʢʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. ʊʘʢʠʤ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʤ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʚʳʧʝʯʢʠ 

ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʢʦʥʪʘʢʪʥʳʡ. ʂʘʯʝʩʪʚʦ ʠʟʜʝʣʠʡ, ʚʳʧʝʯʝʥʥʳʭ ʧʨʠ ʵʜʝʢʪʨʦʢʦʥʪʘʢʪʥʦʤ ʩʧʦʩʦʙʝ 

ʚʳʧʝʯʢʠ, ʭʦʨʦʰʝʝ, ʧʦʨʠʩʪʦʩʪʴ ʨʘʟʚʠʪʘʷ ʠ ʨʘʚʥʦʤʝʨʥʘʷ. ʆʙʲʝʤ ʙʦʣʴʰʝ ʥʘ 5-7%, ʯʝʤ ʧʨʠ 

ʢʦʥʚʝʢʪʠʚʥʦʡ ʚʳʧʝʯʢʝ. ɺʢʫʩ ʧʨʠʷʪʥʳʡ, ʢʦʨʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʷʢʠʰʘ ʥʝʪ. ʅʝʦʙʭʦʜʠʤʦ 

ʦʪʤʝʪʠʪʴ ʪʘʢʞʝ ʭʦʨʦʰʝʝ ʢʘʯʝʩʪʚʦ ʚʳʧʝʢʘʝʤʦʡ ʚ ʪʘʢʠʭ ʧʝʯʘʭ ʙʠʩʢʚʠʪʥʦʡ ʦʩʥʦʚʳ. 

ʇʨʠ ʵʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʤ ʩʧʦʩʦʙʝ ʚʳʧʝʯʢʠ ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʵʥʝʨʛʠʠ ʚ 2-5 ʨʘʟ ʤʝʥʴʰʝ, ʯʝʤ 

ʧʨʠ ʢʦʥʚʝʢʪʠʚʥʦʤ, ʪʘʢ ʢʘʢ ʧʦʯʪʠ ʚʩʷ ʵʥʝʨʛʠʷ ʠʜʝʪ ʥʘ ʥʘʛʨʝʚ ʤʘʩʩʳ ʚʳʧʝʢʘʝʤʦʛʦ ʪʝʩʪʘ, 

ʧʦʤʝʱʝʥʥʦʛʦ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ, ʧʦ ʢʦʪʦʨʳʤ ʧʨʦʧʫʩʢʘʶʪ ʪʦʢ ʩ ʯʘʩʪʦʪʦʡ 50 ʩ-1. ɺʨʝʤʷ 

ʚʳʧʝʯʢʠ ʧʨʠ ʜʘʥʥʦʤ ʩʧʦʩʦʙʝ ʚ 4-10 ʨʘʟ ʤʝʥʴʰʝ, ʯʝʤ ʧʨʠ ʢʦʥʚʝʢʪʠʚʥʦʤ. ʋʤʝʥʴʰʝʥʠʝ ʚʨʝʤʝʥʠ 

ʚʳʧʝʯʢʠ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʧʝʯʝʡ ʥʝʙʦʣʴʰʠʭ ʛʘʙʘʨʠʪʦʚ, ʙʦʣʴʰʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʩ ʙʦʣʝʝ ʧʨʦʩʪʳʤ ʦʙʩʣʫʞʠʚʘʥʠʝʤ [2, 3]. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʵʣʝʢʪʨʦʢʦʥʪʘʢʪʥʳʡ ʩʧʦʩʦʙ ʚʳʧʝʯʢʠ, ʥʝʩʤʦʪʨʷ ʥʘ ʤʥʦʞʝʩʪʚʦ ʧʨʦʚʝʜʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʫʢʘʟʘʥʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ, ʥʝ ʧʦʣʫʯʠʣ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ 

ʫʜʘʯʥʳʭ, ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠ ʧʨʦʩʪʳʭ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʦʥʩʪʨʫʢʮʠʡ ʧʝʯʝʡ. ʅʘʤʠ ʧʨʝʜʣʦʞʝʥʳ 

ʥʝʢʦʪʦʨʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʧʝʯʝʡ ʩ ʵʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʡ ʚʳʧʝʯʢʦʡ ʭʣʝʙʦʙʫʣʦʯʥʳʭ ʠʟʜʝʣʠʡ. ʈʘʙʦʪʘ 

ʵʪʠʭ ʧʝʯʝʡ ʦʩʥʦʚʘʥʘ ʥʘ ʥʘʛʨʝʚʝ ʪʝʩʪʘ, ʧʨʦʭʦʜʷʱʠʤʠ ʧʦ ʢʦʪʦʨʳʤ ʧʨʦʧʫʩʢʘʶʪ ʵʣʝʢʪʨʠʯʝʩʢʠʡ 

ʪʦʢ ʩ ʯʘʩʪʦʪʦʡ 50 ʩ-ĭ. ʈʝʞʠʤ ʚʳʧʝʯʢʠ ʨʝʛʫʣʠʨʫʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʚʝʣʠʯʠʥʳ ʧʦʜʘʚʘʝʤʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ, ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʙʝʩʢʦʥʝʯʥʳʤʠ ʣʝʥʪʘʤʠ ʠ ʩʢʦʨʦʩʪʴʶ ʠʭ ʜʚʠʞʝʥʠʷ. ɺ ʵʪʠʭ 
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ʧʝʯʘʭ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʜʝʣʠʡ ʠʥʬʨʘʢʨʘʩʥʳʤʠ ʣʫʯʘʤʠ. ɺ ʥʠʭ ʫʜʦʙʥʦ ʢʨʦʤʝ 

ʭʣʝʙʘ ʚʳʧʝʢʘʪʴ ʨʷʜ ʢʦʥʜʠʪʝʨʩʢʠʭ ʠʟʜʝʣʠʡ, ʥʘʧʨʠʤʝʨ, ʙʠʩʢʚʠʪʥʫʶ ʦʩʥʦʚʫ. ʂʘʯʝʩʪʚʦ ʙʠʩʢʚʠʪʘ 

ʧʦʣʫʯʘʝʪʩʷ ʭʦʨʦʰʠʤ, ʘ ʚʨʝʤʷ ʚʳʧʝʯʢʠ ʩʦʢʨʘʱʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʚ ʜʝʩʷʪʴ ʨʘʟ. 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʥʘʤʠ ʧʝʯʴ (ʨʠʩ. 1) ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʊʝʩʪʦ ʧʦʩʣʝ ʙʨʦʞʝʥʠʷ 

ʥʝʧʨʝʨʳʚʥʳʤ ʧʦʪʦʢʦʤ ʧʦʩʪʫʧʘʝʪ ʚ ʧʨʠʝʤʥʳʡ ʙʫʥʢʝʨ 1 ʟʘʛʨʫʟʦʯʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. ʐʥʝʢʦʚʳʤ 

ʥʘʛʥʝʪʘʪʝʣʝʤ 18 ʯʝʨʝʟ ʢʦʥʠʯʝʩʢʠʡ ʥʘʢʦʥʝʯʥʠʢ 17 ʪʝʩʪʦ ʥʘʛʥʝʪʘʝʪʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ 

ʜʚʠʞʫʱʠʤʠʩʷ ʣʝʥʪʘʤʠ 4, 14 ʠ ʥʘʧʨʘʚʣʷʶʱʠʤʠ 16.  

\ 

ʈʠʩ. 1. ʕʣʝʢʪʨʦʢʦʥʪʘʢʪʥʘʷ ʧʝʯʴ 

 

ʇʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʤʝʞʜʫ ʣʝʥʪʘʤʠ 4, 6, 7, 11, 14 ʪʝʩʪʦ ʥʘʛʨʝʚʘʝʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʧʦʜʚʦʜʠʤʦʛʦ ʯʝʨʝʟ ʵʣʝʢʪʨʦʢʦʥʪʘʢʪʳ 12, ʠ 15 ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ. ɼʣʠʥʘ ʣʝʥʪ ʚʳʙʠʨʘʝʪʩʷ ʠʟ 

ʨʘʩʯʝʪʘ, ʯʪʦʙʳ ʪʝʩʪʦ, ʧʝʨʝʤʝʱʘʪʴ ʢ ʚʳʭʦʜʫ ʧʝʢʘʨʥʦʡ ʢʘʤʝʨʳ, ʙʳʣʦ ʧʦʣʥʦʩʪʴʶ ʚʳʧʝʯʝʥʦ. 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʪʝʩʪʦ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʥʘʯʠʥʘʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʚ ʦʙʲʝʤʝ, ʣʝʥʪʳ ʚ ʩʨʝʜʥʝʡ ʯʘʩʪʠ 

ʧʝʢʘʨʥʦʡ ʢʘʤʝʨʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʧʦʜ ʥʝʢʦʪʦʨʳʤ ʫʛʣʦʤ ʢ ʛʦʨʠʟʦʥʪʫ(ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ 

ʦʙʲʝʤʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ), ʘ ʧʨʠ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʣʝʥʪ ʤʦʞʥʦ ʫʚʝʣʠʯʠʪʴ ʠʭ ʩʢʦʨʦʩʪʴ. 

ʈʝʛʫʣʠʨʦʚʢʫ ʪʦʣʱʠʥʳ ʠʟʜʝʣʠʷ ʦʩʫʱʝʩʪʚʣʷʶʪ ʨʫʢʦʷʪʢʘʤʠ 2 ʯʝʨʝʟ ʙʘʨʘʙʘʥ 5. 

ʆʯʠʩʪʢʫ ʣʝʥʪ ʦʪ ʪʝʩʪʘ ʧʨʦʠʟʚʦʜʷʪ ʧʨʠʞʠʤʘʝʤʳʝ ʢ ʥʠʤ ʥʦʞʠ 8, 9, 13. ʅʦʞ 9 ʩʣʫʞʠʪ ʪʘʢʞʝ 

ʚʳʭʦʜʥʳʤ ʣʦʪʢʦʤ ʜʣʷ ʚʳʧʝʯʝʥʥʦʛʦ ʠʟʜʝʣʠʷ. ʂʦʣʠʯʝʩʪʚʦ ʥʘʛʥʝʪʘʝʤʦʛʦ ʪʝʩʪʘ ʚ ʧʝʢʘʨʥʫʶ 

ʢʘʤʝʨʫ ʨʝʛʫʣʠʨʫʶʪ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ 19 ʠ ʚʘʨʠʘʪʦʨʦʤ-ʨʝʜʫʢʪʦʨʦʤ 20, ʠʟʤʝʥʷʷ ʩʢʦʨʦʩʪʴ 

ʚʨʘʱʝʥʠʷ ʝʛʦ ʚʳʭʦʜʥʦʛʦ ʚʘʣʘ. ʈʝʞʠʤ ʚʳʧʝʯʢʠ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʝʯʠ ʨʝʛʫʣʠʨʫʶʪ, 

ʠʟʤʝʥʷʷ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʰʥʝʢʘ ʠ ʜʚʠʞʝʥʠʷ ʣʝʥʪ, ʚʝʣʠʯʠʥʫ ʧʦʜʚʦʜʠʤʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ 

ʟʘʟʦʨ ʤʝʞʜʫ  ʣʝʥʪʘʤʠ ʥʘ ʢʘʞʜʦʤ ʫʯʘʩʪʢʝ. ɿʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʰʠʨʠʥʳ ʠʟʜʝʣʠʷ ʤʦʞʥʦ 

ʫʚʝʣʠʯʠʚʘʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʝʯʠ. ʊʘʢʠ ʦʙʨʘʟʦʤ, ʚʦʟʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʛʠʙʢʦʝ 

ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʨʝʞʠʤʘ ʚʳʧʝʯʢʠ. 

ʋʯʠʪʳʚʘʷ ʩʦʚʨʝʤʝʥʥʳʡ ʜʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʚʥʝʜʨʝʥʠʷ ʘʛʨʝʛʘʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʠʥʪʝʥʩʠʚʥʫʶ ʤʝʭʘʥʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʪʝʩʪʘ, ʧʨʠʤʝʥʷʷ ʫʣʫʯʰʠʪʝʣʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʜʝʡʩʪʚʠʷ, ʥʦʚʳʝ ʤʝʪʦʜʳ ʬʠʟʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ 

ʭʠʤʠʯʝʩʢʠʝ ʨʘʟʨʳʭʣʠʪʝʣʠ, ʩʧʝʮʠʘʣʴʥʳʝ ʘʨʦʤʘʪʠʟʘʪʦʨʳ ʠʣʠ ʘʨʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʜʦʙʘʚʢʠ, ʚ 

ʧʝʯʘʭ ʵʣʝʢʪʦʨʢʦʥʪʘʢʪʥʦʡ ʚʳʧʝʯʢʠ ʤʦʞʥʦ ʜʦʚʝʩʪʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʩʝʛʦ ʧʨʦʮʝʩʩʘ 

ʧʦʣʫʯʝʥʠʷ ʭʣʝʙʘ ʜʦ 30-60 ʤʠʥ. ʧʨʠ ʭʦʨʦʰʝʤ ʝʛʦ ʢʘʯʝʩʪʚʝ ʠ ʧʦʣʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ. 

ʕʣʝʢʪʨʦʢʦʥʪʘʢʥʳʡ ʩʧʦʩʦʙ ʥʘʛʨʝʚʘʥʠʷ ʤʦʞʥʦ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘ ʵʪʘʧʝ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʩʫʰʢʠ ʩʳʨʴʷ, ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ ʠ ʧʨʦʜʫʢʪʦʚ, ʢʦʛʜʘ ʠʭ ʚʣʘʞʥʦʩʪʴ ʚʳʩʦʢʘ ʠ 

ʠʤʝʝʪ ʤʝʩʪʦ ʤʘʣʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʦʭʦʞʜʝʥʠʶ ʪʦʢʘ. ɺ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ 

ʵʪʦʛʦ ʩʧʦʩʦʙʘ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʷʝʪʩʷ ʧʨʦʮʝʩʩ ʩʫʰʢʠ ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʭ, ʧʦʨʠʩʪʳʭ ʠ 

ʚʦʣʦʢʥʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʘʢʫʩʪʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʛʝʥʝʨʠʨʦʚʘʪʴʩʷ ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʩʠʨʝʥʘʤʠ, ʛʨʦʤʢʦʛʦʚʦʨʠʪʝʣʷʤʠ, ʵʣʝʢʪʨʦʨʘʟʨʷʜʥʳʤʠ 

ʘʧʧʘʨʘʪʘʤʠ.  
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ʊʘʙʣʠʮʘ 1  

ʋʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʵʥʝʨʛʠʠ ʠ ʚʨʝʤʷ ʚʳʧʝʯʢʠ ʭʣʝʙʘ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ 

ʉʧʦʩʦʙ ʚʳʧʝʯʢʠ ʋʜʝʣʴʥʳʡ ʨʘʩʭʦʜ 

ʵʥʝʨʛʠʠ, ʢɺʪĿʯ/ʢʛ 

ɺʨʝʤʷ ʚʳʧʝʯʢʠ, 

ʤʠʥ. 

ʂʘʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ ʠ 

ʦʩʦʙʝʥʥʦʩʪʠ ʚʳʧʝʯʢʠ 

ʕʣʝʢʪʨʦ- 

ʢʦʥʪʘʥʢʪʥʳʡ 
0,077 5-18 

ʍʦʨʦʰʝʝ. ʂʦʨʢʠ ʥʝʪ. 

ʆʙʲʝʤ ʠ ʧʦʨʠʩʪʦʩʪʴ ʥʘ 5-

7% ʙʦʣʴʰʝ, ʯʝʤ ʧʨʠ 

ʢʦʥʚʝʢʪʠʚʥʦʡ ʚʳʧʝʯʢʝ. 

ʇʦʨʠʩʪʦʩʪʴ ʙʦʣʝʝ ʨʘʟʚʠʪʘʷ 

ʠ ʨʘʚʥʦʤʝʨʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ.ʤʷʢʠʰ 

ʦʯʝʥʴ ʵʣʘʩʪʠʯʥʳʡ ʠ 

ʩʚʝʪʣʳʡ. ɺʢʫʩ 

ʥʦʨʤʘʣʴʥʳʡ 

ɺ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʤ 

ʧʦʣʝ 

ʩʚʝʨʭʚʳʩʦʢʦʡ 

ʯʘʩʪʦʪʳ 

0,18-0,52 1,5-7 

ʅʦʨʤʘʣʴʥʦʝ. ʂʦʨʢʠ ʥʝʪ. 

ʇʨʠ ʥʘʛʨʝʚʝ ʦʙʫʛʣʠʚʘʝʪʩʷ. 

ʆʙʲʝʤ ʙʦʣʴʰʝ ʥʘ 13-15%, 

ʯʝʤ ʧʨʠ ʢʦʥʚʝʢʪʠʚʥʦʡ. 

ʇʦʨʠʩʪʦʩʪʴ ʭʦʨʦʰʘʷ 

ɺ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʤ 

ʧʦʣʝ ʚʳʩʦʢʦʡ 

ʯʘʩʪʦʪʳ 

0,25-0,34 15-22 

ʅʦʨʤʘʣʴʥʦʝ. ʂʦʨʢʠ ʥʝʪ. 

ʆʙʲʝʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 

10-15%. ʄʷʢʠʰ ʠʤʝʝʪ 

ʧʦʥʠʞʝʥʥʳʝ ʩʪʨʫʢʪʫʨʥʦ- 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 

ʆʙʦʨʫʜʦʚʘʥʠʝ ʜʦʨʦʛʦʝ, 

ʩʣʦʞʥʦʝ 

ɺ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʤ 

ʧʦʣʝ 

ʧʨʦʤʳʰʣʝʥʥʦʡ 

ʯʘʩʪʦʪ r

0,2-0,4 26-35 

ʍʦʨʦʰʝʝ. ʆʙʲʝʤ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 10-15%. 

ʄʷʢʠʰ ʩʚʝʪʣʳʡ ʠ 

ʵʣʘʩʪʠʯʥʳʡ. ʇʦʨʠʩʪʦʩʪʴ 

ʧʦʚʳʰʘʝʪʩʷ ʥʘ 4-5% 

ʉ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤ 

ʦʙʦʛʨʝʚʦʤ 

0,45 30 

ʅʦʨʤʘʣʴʥʦʝ. ɹʦʣʴʰʦʡ 

ʫʧʝʢ. ʈʘʙʦʪʘ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʦʪʣʠʯʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʰʫʤʦʤ. 

ʉ ʦʙʦʛʨʝʚʦʤ 

ʠʥʬʨʘʢʨʘʩʥʳʤʠ 

ʣʫʯʘʤʠ 

0,3-0,6 15-30 

ʍʦʨʦʰʝʝ . ʈʘʚʥʦʤʝʨʥʘʷ 

ʧʦʨʠʩʪʦʩʪʴ. ʕʣʘʩʪʠʯʥʳʡ 

ʤʷʢʠʰ. ʅʝʦʙʭʦʜʠʤʦ ʤʥʦʛʦ 

ʠʟʣʫʯʘʪʝʣʝʡ. ʉʪʦʠʤʦʩʪʴ ʠʭ 

ʚʳʩʦʢʘʷ, ʩʨʦʢ ʩʣʫʞʙʳ 

ʥʝʙʦʣʴʰʦʡ 

 

ɺʳʚʦʜ. ʕʣʝʢʪʨʦʢʦʥʪʘʢʪʥʳʡ ʩʧʦʩʦʙ ʚʳʧʝʯʢʠ ʭʣʝʙʦʙʫʣʦʯʥʳʭ ʠ ʢʦʥʜʠʪʝʨʩʢʠʭ ʠʟʜʝʣʠʡ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʭʦʨʦʰʝʝ ʢʘʯʝʩʪʚʦ ʚʳʧʝʯʢʠ, ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘ ʚ 

ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʚʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ, ʛʘʨʘʥʪʠʨʫʝʪ ʵʢʦʥʦʤʠʶ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʠ ʷʚʣʷʝʪʩʷ 6 ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ ʚʥʝʜʨʝʥʠʷ ʥʘ ʭʣʝʙʦʧʝʢʘʨʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʷʭ ʨʘʟʣʠʯʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 
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ʖ.ʉʫʭʝʥʢʦ, ʄ. ʄʘʰʪʘʢ 

ɺʀʇɯʂɸʅʅʗ ʍʃɯɹɸ ɽʃɽʂʊʈʆʂʆʅʊɸʂʊʅʀʄ ʉʇʆʉʆɹʆʄ 

ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʩʧʦʩʦʙʽʚ ʚʠʧʽʯʢʠ ʭʣʽʙʘ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʘ 

ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʘ ʧʽʯ, ʟʘʙʝʟʧʝʯʫʻ ʭʦʨʦʰʫ ʷʢʽʩʪʴ ʚʠʧʽʯʢʠ ʧʨʠ ʩʢʦʨʦʯʝʥʥʽ ʪʨʠʚʘʣʦʩʪʽ ʧʨʦʮʝʩʫ, 

ʷʢʘ ʤʦʞʝ ʙʫʪʠ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʩʫʰʽʥʥʷ ʭʘʨʯʦʚʦʾ ʩʠʨʦʚʠʥʠ ʽ ʚʠʨʦʙʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʚʠʧʽʯʢʘ, ʩʫʰʢʘ, ʝʥʝʨʛʦʚʠʪʨʘʪʠ, ʢʦʥʚʝʢʪʠʚʥʠʡ, ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʽ ʧʨʦʮʝʩ, 

ʭʣʽʙʦʧʝʢʘʨʩʴʢʽ ʧʝʯʽ. 

 

Y. Sukhenko, M. Mushtruk  

BAKING BREAD ELECTRO CONTACT WAY  

The analysis of methods of baking of bread is conducted. Offered electro-pin energy saving 

stove, providing the good value of baking at reduction of duration of process, which can be also used 

for drying of food raw material and wares.  

Key words: baking, drying, energy expenses, convection, electro-contact process, bakery stoves. 
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SIGNATURE CHECKING OF ROM MODULES  

 

 

A method is proposed for ensuring the fault tolerance of read-only memory modules (ROMs) 

based on the principle of predicting a control signature in each access cycle to memory. The 

necessary conditions were found for solving the recovery problem for lost data during the scan of the 

read operation. 

The importance of any built-in verification method increases, if along with the solution of the 

verification problem the method has some additional capabilities. The article shows that the proposed 

signature method for checking the status of the programmed ROM allows, in principle, to solve the 

problem of regeneration (recovery) for lost data at the time of checking the read operation. 

The solution to this problem is based on the aforementioned principle of signature prediction, 

expressed in the form of a signature verification rule. 

Key words: memory modules, signature, work check, forecasting, digital control systems. 

 

The need in fault-tolerant digital control systems (DCS) of different purpose calls for searching 

new approaches to solving the problem of checkability of DCS functional units and, in particular, 

memory modules. 

Depending on the type of access operations the DCS memory units are classified as random-

access memory (RAM) modules and read-only memory (ROM) modules. For RAMs there exists an 

efficient hardware-microprogram method for checking the state during the operation pauses whose 

essence reduces to preliminary reading and storing of a cellôs contents with its subsequent inversion 

and with repetition of the write-read cycle to compare the results [1]. This method is inapplicable for 

ROM because in this case the possibility of the write operation is excluded. 

From the standpoint of functional representation of models for checking objects, a DCS ROM 

is a state checking (diagnostics) object with transfer function Ɋ performing a mapping Ɋ: K(A) Ÿ 

K(B), where K(A) is a tuple of cell addresses and K(B) is a tuple of the cellsô contents. The mapping 

should be regarded here as being many-valued (surjective) because a DCS ROM may contain 

different cells with the same contents. Therefore the combination of the input sequence in the form 

K(A) and the output sequence in the form K(B) cannot be interpreted as ROM test in the general case. 

The set A of the ROM addresses is always finite, and under sampling it can be represented by 

N!  (N is the number of memory cells) tuples of the same power, which are ordered. Therefore the 

unitariness (determinism) principle for checking will hold if, in accordance with the well-known 

concept in [2], the test is formed as a pair of tuples { K(A), K(A#B)} , where # is a superposition 

(composition) operation for the sets of addresses A and contents B such that the mapping 

 

Ɋ#:K(A) ŸK(A#B) = K (A)#K(B).                                         (1) 

 

Problem statement. In view of condition (1), the problem of synthesizing a test for checking 

the states of a programmed ROM module can be stated in the following way: given the contents B of 

the ROM cells, it is required to synthesize an input test action ὑᶻὃ using the given set A of ROM 

addresses such that the function Ɋ# for the established (chosen) operation # is algorithmically 

computable (a computing algorithm for the function Ɋ# must necessarily exist [3]). 
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It should be noted that in the context of the general problem of checking the states of the ROM 

during the pauses in its operation the requirement of algorithmical computability of the function Ɋ# 

must be regarded as being only a necessary but not sufficient condition for test synthesis because the 

mapping (1) preassigns no principle for forming the template. Therefore, proceeding from the 

requirement that the unitariness principle should hold for the functional checking, we state a sufficient 

condition for synthesizing the ROM test in the following way: if, in accordance with (1), the function 

Ɋ# is algorithmically computable, then checking the ROM state can be reduced to checking a 

characteristic feature of the current (i+l)-th n-digit binary vector (A # B)i+1 of the tuple K(A # B) by 

using the characteristic features of the directly preceding i-th vector (A # B)i (i = 1, 2, .., are the 

memory access cycles) if the functional relationship 

 

(A#B)i+l =  Ɋ#(A#B)i.                                                 (2) 

 

corresponds to the function computing algorithm. 

We will prove that, in principle, for any contents of ROM cells the condition (2) is satisfied 

guaranteeing the test checkability of the ROM according to the principle of prediction of checked 

binary vectors. To this end we use the fact that the number of memory cells in the existing and newly 

elaborated ROMs is a multiple of a power of two. Moreover, based on the notion of "algorithmic 

solvability" [3] known from the algorithm theory we introduce the following definition. 

Definition 1. An ROM test {ὑᶻὃ; ὑᶻὃΠὄ}  is said to be (algorithmically) solvable if for 

its tuple ὑᶻὃΠὄ  there exists a formation algorithm coinciding with the computing algorithm for the 

function (2). In this case the tuple ὑᶻὃ is called a solvable test action. 

Theorem 1. An ROM test is algorithmically solvable if the number of test words in the tuple 

K(A) is equal to | K(A) |  = 2nï1, where n = log2N and N is the number of memory cells. 

Proof. First, it is necessary to prove that in the context of condition (2) there always exists a 

composition operation # such that the mapping (1) is one-to-one. Indeed, since the tuple K(A) is 

strictly ordered, the tuple K(A # B) = K(A) # K(B) is also strictly ordered for any cell contents, if # 

is the logical operation on binary numbers (the concatenation operation )ɳ. For example, if Ai = 

0110111 and Bi = 10101, then Ai # Bi = Ai  ɳBi = 011011110101. The requirement that the mapping 

(l) be injective implies that |K(A)| = |K(A) # K(B)| = 2n. Therefore, according to Definition 1, the 

tuple K(A) is a solvable test action if for the tuple K(A) # K(B) there is an algorithm that gives the 

answer to the question whether Aj belongs to the tuple K(A) or not for any of the numbers Aj  ɴK(A). 

As is known from coding theory, such an algorithm exists for a sequence of numbers formed with the 

help of a shifting register with feedback (in the form of polynomial number generators) [4]. In this 

case the maximum number of different n-digit numbers is generated when the feedback is described 

by an irreducible primitive polynomial G(x) =  gnx
n+gn-1x

nï1+é+ g1x+1 of degree n, i.e., 

|K(A)| =2nï1 (a zero number in the tuple K(A # B) is excluded). 

Based on Theorem 1, we can conclude that the method for solving the problem of checking the 

state of a programmed ROM must involve the following two consecutive synthesis stages: when data 

are written in the ROM, the relation (1) is fulfilled with condition Bj # Aj = 00...0 ɵ  K(A # B) being 

satisfied; and, with account of the selected polynomial G(x) for generating a test of degree n = log2N, 

the set A # B is ordered so that the tuple K(A # B) is predictably checkable when checking the state 

of the programmed ROM, i.e., the algorithmic computability of the function (2) is ensured. In this 

case the resulting tuple K(A) is the tuple ὑᶻὃ . When these synthesis stages are realized, the 

programmed ROM is regarded as being predictably checkable. 

The proof of Theorem 1 implies that since the algorithmically solvable function for generating 

the test with |K(A)| = 2nï1 is a known function generating binary numbers with the aid of a shift 

register toward higher digits with modulo-two adder feedback described by an irreducible primitive 

polynomial G(x) [4], the general relationship (2) for an n-digit binary notation satisfies the recurrence 

relation 

 

(A#B)i+1 =2(A#B)i ṥ r [n] В Ὣ ὥ Π ὦ ,                                       (3) 
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where (i + 1) and i  are, respectively, the subsequent and preceding shift cycles, r [n] is an n-digit 

constant with unity only in the least significant digit, gŬ are the coefficients in nonzero terms of the 

polynomial G(x) for generating binary numbers, and (aŬ # bŬ)i  is the value of the a-th digit of the 

number (A # B)i. 

In view of the fact that the Boolean equivalent of the arithmetic function for adding two 

identical numbers R has the form 2R = RἅRἅH(R+R) = H (R+R) [5] and H(R+R) is the Boolean 

operation (function) producing numbers whose code characterizes the positions of carry unities in the 

addition of identical numbers, we finally obtain the following expression for (3) 

 

(A#B)i+1 = Ὄ[(A#B)i+ (A#B)i] ἅ r [n] В Ὣ ὥ Π ὦ ,                   (4) 

 

where Ὄ[(A#B)i+ (A#B)i]  is obtained by truncating the code of the number H[(A#B)i+ (A#B)i]  on 

the left (discarding the highest-order digit). 

Therefore under the transition from the numbers in (4) to their signatures sg the signature 

checking rule for the state of a predictably checkable ROM is written as 

 

sg(A#B)i+1 =sgὌ[(A#B)i+ (A#B)i] ἅ r [n] В Ὣ ὥ Π ὦ .                   (5) 

 

An example demonstrating the essence of the stages in the suggested technique for synthesizing 

an algorithmically solvable test (see Definition 1) for checking the states of a programmed ROM with 

organization 32 X 4 is presented in Tables 1 and 2. It is assumed that the tuple elements in Table 2 

follow from top to bottom. The role of the operation # is played by the modulo two addition of two 

digits with the same polynomial weight. 

Table 1 

Bj  Aj Bj # Aj Bj  Aj Bj # Aj 
0000 00001 00001 0111 11111 11000 

0001 00010 00011 1000 00111 01111 

0001 00011 00010 1000 10011 11011 

0001 00100 00101 1000 10100 11100 

0001 01101 01100 1001 10110 11111 

0010 00110 00100 1010 11001 10011 

0010 01111 01101 1010 11110 10100 

0010 10000 10010 1011 01100 00111 

0011 01010 01001 1100 10001 11101 

0011 01001 01010 1100 11011 10111 

0100 10010 10110 1101 11101 10000 

0100 10101 10001 1101 10111 11010 

0101 01011 01110 1110 00101 01011 

0101 11100 11001 1110 01000 00110 

0110 01110 01000 1111 11010 10101 

0110 11000 11110    

 

A fundamental property of an algorithmically solvable test {ὑᶻὃ; ὑᶻὃΠ ὄ}  is that it can 

cycle an unbounded number of times and that the tuple ὑᶻὃ must not necessarily return to the initial 

address after an interruption of the diagnosing process (owing to the end of a pause in the ROM 

operation). 

Definition 2. A test of a predictably checkable ROM is said to be enumerable if  

 

|K(A)| = 2nï1. 

 

The notion of an enumerable test (enumerable set [3]) relates to a typical situation when the 

amount and the values of the numbers meant for storage make it possible to synthesize the test without 
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cycling. Such a test does not permit the diagnosis of the first cell addressed by the tuple K(A). We 

will illustrate this situation for the example of Table 2. Let the tuple K(B) of the ROM contents be 

confined to the first twelve elements in the test synthesis. The cell with address 00001 is 

undiagnosable. In this case the cycling becomes possible if in the realization of condition (2) provision 

is made for a checkable transition from the address 01101 to 00001. Table 2 shows directly that such 

a transition exists if, with account for the checking rule (5) for predicting signatures, and depending 

on the selected polynomial P(x) for generating signatures, the test tuples K(A) and K(B) are 

supplemented with subsequent three (boldfaced) elements (P(x) = x4+x3+1), or with four (marked 

by asterisks) elements (P(x) = x3+x+ 1). As a result, the set becomes cyclically enumerable. 

Moreover, as is seen from Table 2, there can be several cyclically enumerable tests and they are 

characterized by different lengths (redundancy). The question of redundancy is decided at the stage 

when the operation # and the polynomials G(x) and P(x) are chosen. Neither is it excluded that the 

generation polynomial G(x) can be irreducible. 

Table 1 

K(B) 

b4b3b2b1 

K(A) 

a5a4a3a2a1 

K(B)#K(A) 

G(x) = x5+x2+1 

K(sg(B#A)) 

P(x) = x4+x3+1 

K(sg(B#A)) 

P(x) = x3+x+ 1 

0000 00001 00001 0001 001 

0001 00011 00010 0010 011 

0001 00100 00101 0101 110 

0011 01001 01010 1011 101 

1111 11010 10101 0110 011 

1110 00101 01011 1010 100 

1100 11011 10111 0100 000 

0101 01011 01110 1111 010 

1100 10001 11101 1111 101 

1000 10011 11011 1001 001 

0100 10010 10110 0101 001 

0001 01101 01100 1101 001 

0111 11111* 11000 1010 Oil 

0100 10101* 10001 0010 100 

0001 00010* 00011 0011 010 

1011 01100 00111 0111 101 

1000 00111 01111 1110 011 

1001 10110 11111 1101 110 

0110 11000 11110 1100 111 

1000 10100 111000 1110 100 

0101 11100 11001 1011 010 

1010 11001 10011 0000 111 

1110 01000 00110 0110 100 

0010 01111 01101 1100 000 

1101 10111 11010 1000 000 

1010 11110 10100 0111 010 

0011 01010 01001 1000 111 

0010 10000 10010 0001 110 

0010 00110 00100 0100 111 

0110 01110 01000 1001 110 

1101 11101* 10000 0011 101 

 

The importance of any built-in checking method increases if, along with the solution of the 

checking problem, the method possesses some additional potentialities. In particular, we will show 

that the suggested signature method for checking the state of a programmed ROM makes it possible, 
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in principle, to solve the regeneration (recovery) problem for lost data at the time when the read 

operation is checked. The solution of this problem is based on the above-mentioned signature 

prediction principle expressed in the form of the signature checking rule (5) and the proof of the 

following assertions. 

Theorem 2. If the numbers Ai, and their signatures sgAi are elements of the field GF(2m), then 

the result of the summation Ai ἅ sgsgAi, is the zero element of this field in the case when the 

generating polynomial for signatures has the form P(x) = xm+ xmï1+1. 

Proof. Because, [6] 

 

sgAi (x) =  M ï1[Ai (x)modP(x)], 

 

where M ï1 is the inversion of the matrix M of nonzero coefficients of the irreducible primitive 

polynomial for generating signatures, we have 

 

sgsgAi (x) = M ï1 { M ï1[Ai (x)modP(x)]} modP(x)= M ï1M ï1[Ai (x)modP(x)]. 

 

Therefore the relation 

 

M ï1M ï1[Ai (x)modP(x)] = Ai (x). 

 

can hold if for degP(x) > deg Ai (x) the product M ï1M ï1 is a unit matrix. The condition that the 

numbers and their signatures belong to the field GF(2m) implies that the order of this matrix is equal 

to mï1. 

Theorem 3. An algorithmically solvable (cyclically solvable) test for an ROM with 

organization N  m is recovering if the operation # is the modulo two addition and the polynomial 

for generating signatures has the form P(x) = xm+ xmï1+1. 

Proof. Based on the rule (5) for ROMs, Definition 1 implies that in each i-th access cycle the 

standard signature sg(Ai+1 # Bi+1) is predicted, and in the (i+l)-th cycle the current value of the 

signature sg(At
i+1 # Bi+1) is determined from the test address At

i+1  ɴK(A). Therefore, as is known, the 

superposition 

 

sg(Ai+1 # Bi+1)s = sgAs
i+1 +1 # sgBs

i+1 

 

is possible if the operation is the modulo two addition [3]. Hence, we have 

 

sg(Ai+1 ἅ Bi+1)s ἅ sgAt
i+1= sgBs

i+1 ,                                                             (6) 

 

and, in view of the assertion of Theorem 2, the code of the number Bs
i+1  can be recovered (sgsgBs

i+1 

= Bs
i+1) only in the case when degP(x) > degBs

i+1 and P(x) = xm+xmï1+ l. 

Recovery. The proof of Theorem 3 implies that at the time of the checking (comparison) we 

have sg(Ai+1 ἅ Bi+1)s = 0100 for the standard signature, i.e., it is the value of the right-hand side of 

the inequality. Because the value of the current chosen address At
i+1= 11011 is known, the signature 

sg At
i+1= sg(1101) = 1001 is also known. Therefore, based on relation (6), we have sgBs

i+1 = 0100 ἅ 

1001 = 1101, and Theorem 2 implies sgsgBs
i+1 = sg[sg(l 101)] = 1100. i.e., the true contents of the 

cell with address Ai+1 = 11011 is recovered. 

Let us estimate hardware expenditures required to perform the recovery of the contents of ROM 

cell as compared to the implementation of the checking alone (realization of the rule (5)) and let us 

find out, for instance, how these expenditures relate for the above- mentioned ROM with organization 

32  4 in the case when Hammingôs code (information redundancy for recovery) is used. 

According to the assertion of Theorem 3, the checking rule (5) must have the form  
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sg(At
i+1 ἅ Bi+1) 

ȟ

 sgὌ[(AἅB)i+ (AἅB)i] ἅ r [m] В Ὣ ὥ ἅ ὦ ,          (7) 

 

where ‐ πȟρ is the checking result: 1 ï error is not detected; and 0 ï error is detected; n is the 

number of digits in the representation of the number A ἅ B. 

Since the right-hand side of (7) is the standard signature for the access cycle i + l predicted in 

the i-th access cycle: 

 

sg(Ai+1 ἅ Bi+1)s= sgAi+1 ἅ sgBs
i+1)s, 

 

it follows from (6) and (7) that 

 

sgBs
i+1 =sg(Ai+1ἅBi+1)sἅsgAt

i+1= 

 

=sgὌ[(AἅB)i+ (AἅB)i]ἅr [m] В Ὣ ὥ ἅ ὦ ἅ sgAt
i+1,            (8) 

 

Formula (7) implies that for the zero contents Bi+1 we have 

 

sgAt
i+1=sgὌ(Ai+A i)ἅr [m] В Ὣὥ Ȣ               (9) 

 
Therefore, based on the assertion of Theorem 2, for ‐  0 the substitution of (9) into (8) results 

in 

Bs
i+1= sg{sgὌ[(AἅB)i+ (AἅB)i] ἅ 

 

ἅr [m] В Ὣ ὥἅὦ ἅÓÇὌὃ ὃ ἅr [m] В Ὣὥ  

 

ÓÇÓÇAi+1 ἅ ὄi+1 sἅÓÇὌ ὃἅ‐ὄi ὃἅ‐ὄἅὶ В Ὣ ὥἅ‐ὦ .                 (10) 

 

 

The comparison of (7) and (10) shows that to recover the information distorted in the cell with 

address Ai+1 the checking module synthesized in accordance with (7) must be supplemented with 

two-input logic elements AND whose number is determined by the word length m of the memory 

cell. Besides, according to (10), to the output of the comparison unit for the standard (predicted) and 

current signatures an additional combination unit (a signature operator sg before the curly bracket) 

for producing signatures with the same number m of inputs and outputs must be attached. As is known 

[5], for the polynomial P(x) = x4+ x3+1 and m=4 this unit must implement the system of Boolean 

functions Y = y4 y3 y2 y1 where y4=  s4 = b4; y3= s3= b3; y2 =s2=b2; y1 = s4ἅ s1= b1; S = s4s3s2s1 

is the code of the result of the modulo two addition (the  operation in curly brackets in (10)); and bj  

are the digits of the recovered number Bs
i+1. The weights of digits in the code of the number S increase 

from right to left. 

Thus, the unit for producing sgsgBs
i+1 contains three one-digit communication lines and one 

two-input modulo two adder. 

For the above case of four-digit ROM with organization 324 there exists a Hamming (8, 4) 

code [4] capable of correcting all single errors and detecting all double errors (the minimum code 

distance is equal to 4). In this case the four data digits are supplemented with the same number of 

checking digits. Consequently, when data redundancy is introduced for checking and recovering only 

single errors based on Hammingôs (8, 4) code, it is required to pass from 324 to 32 8 ROM, i.e., a 

100% additional ROM capacity is needed to store the Hamming-coded data. 

Thus, in contrast to the well-known signature checking methods for ROM devices (e.g., see [7], 

[8]), the signature checking of ROM based on the predictability principle for the checking signature 

in the (i+ l)-th read cycle with account of the value of the cell address determined by the signature of 

the result read in the foregoing i-th cycle requires no additional memory for storing the standard 
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signatures. In this case the originally stored data can be recovered without using the information 

redundancy. 

 
REFERENCES 

 

1. B. M. Kagan, Elektronnye vychislitelnye mashiny i sistemy (Electronic computers and 

computing systems).ï Moscow: Energiya, 1979. 

2. GOST 20911-89. Tekhnicheskaya diagnostika. Terminy i opredeleniya (Standards 20911-89. 

Technical diagnostics. Terminology and definitions).ïMoscow: Izd-vo standartov, 1989. 

3. O. P. Kuznetsov and G. M. Adelson-Velskiy, Diskretnaya matematika dlya inzhenerov 

(Discrete mathematics for engineers).ïMoscow: Energiya, 1980. 

4. P. Blayhoot, Teoriya i praktika kodov konrtoliruyushchikh oshibki (Theory and application of 

error-controlling codes).ï Moscow: Mir, 1986. 

5. V. N. Tupkalo, Avtomatika i Telemekhanika.ï No. 1: 167-172.ï1993. 

6. V. N. Tupkalo, Electronic Modeling 10, No. l .ï1992. 

7. I. V. Ognev and K. F. Sarychev, Nfidezhnost zaporninayushchikh ustroistv (Reliability of 

storage devices).ïMoscow: Radio i Svyaz, 1988. 
 

ɺ. ʅ. ʊʫʧʢʘʣʦ 

ʇʈʆɺɽʈʂɸ ʇʆɼʇʀʉʀ ʇɿʋ ʄʆɼʋʃɽʁ 

ʇʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʦʙʝʩʧʝʯʝʥʠʷ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʠ ʤʦʜʫʣʝʡ ʧʘʤʷʪʠ ʪʦʣʴʢʦ ʜʣʷ ʯʪʝʥʠʷ 

(ʇɿʋ) ʥʘ ʦʩʥʦʚʝ ʧʨʠʥʮʠʧʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʢʦʥʪʨʦʣʴʥʦʡ ʩʠʛʥʘʪʫʨʳ ʚ ʢʘʞʜʦʤ ʮʠʢʣʝ ʜʦʩʪʫʧʘ 

ʢ ʧʘʤʷʪʠ. ʅʘʡʜʝʥʳ ʥʝʦʙʭʦʜʠʤʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʣʷ 

ʧʦʪʝʨʷʥʥʳʭ ʜʘʥʥʳʭ ʚʦ ʚʨʝʤʷ ʧʨʦʚʝʨʢʠ ʦʧʝʨʘʮʠʠ ʯʪʝʥʠʷ. 

ɺʘʞʥʦʩʪʴ ʣʶʙʦʛʦ ʚʩʪʨʦʝʥʥʦʛʦ ʤʝʪʦʜʘ ʧʨʦʚʝʨʢʠ ʚʦʟʨʘʩʪʘʝʪ, ʝʩʣʠ ʥʘʨʷʜʫ ʩ ʨʝʰʝʥʠʝʤ 

ʧʨʦʙʣʝʤʳ ʧʨʦʚʝʨʢʠ ʤʝʪʦʜ ʦʙʣʘʜʘʝʪ ʥʝʢʦʪʦʨʳʤʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ. ɺ 

ʩʪʘʪʴʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʝʜʣʘʛʘʝʤʳʡ ʤʝʪʦʜ ʧʦʜʧʠʩʠ ʜʣʷ ʧʨʦʚʝʨʢʠ ʩʦʩʪʦʷʥʠʷ 

ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʥʦʛʦ ʇɿʋ ʧʦʟʚʦʣʷʝʪ, ʚ ʧʨʠʥʮʠʧʝ, ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʨʝʛʝʥʝʨʘʮʠʠ 

(ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ) ʜʣʷ ʧʦʪʝʨʷʥʥʳʭ ʜʘʥʥʳʭ ʚ ʤʦʤʝʥʪ ʧʨʦʚʝʨʢʠ ʦʧʝʨʘʮʠʠ ʯʪʝʥʠʷ.  

ʈʝʰʝʥʠʝ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʦʩʥʦʚʘʥʦ ʥʘ ʚʳʰʝʫʧʦʤʷʥʫʪʦʤ ʧʨʠʥʮʠʧʝ ʧʨʝʜʩʢʘʟʘʥʠʷ ʧʦʜʧʠʩʝʡ, 

ʚʳʨʘʞʝʥʥʦʤ ʚ ʬʦʨʤʝ ʧʨʘʚʠʣʘ ʧʨʦʚʝʨʢʠ ʧʦʜʧʠʩʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʜʫʣʠ ʧʘʤʷʪʠ, ʧʦʜʧʠʩʴ, ʧʨʦʚʝʨʢʘ ʨʘʙʦʪʳ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ, ʩʠʩʪʝʤʳ 

ʮʠʬʨʦʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. 

 

ɺ. ʄ. ʊʫʧʢʘʣʦ 

ʇɽʈɽɺɯʈʂɸ ʇɯɼʇʀʉʀ ʇɿʋ ʄʆɼʋʃɯɺ 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʩʧʦʩʽʙ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜʤʦʚʦʩʪʽʡʢʦʩʪʽ ʤʦʜʫʣʽʚ ʧʘʤ'ʷʪʽ ʪʽʣʴʢʠ ʜʣʷ ʯʠʪʘʥʥʷ 

(ʇɿʋ) ʥʘ ʦʩʥʦʚʽ ʧʨʠʥʮʠʧʫ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʢʦʥʪʨʦʣʴʥʦʾ ʩʠʛʥʘʪʫʨʠ ʚ ʢʦʞʥʦʤʫ ʮʠʢʣʽ ʜʦʩʪʫʧʫ ʜʦ 

ʧʘʤ'ʷʪʽ. ɿʥʘʡʜʝʥʦ ʥʝʦʙʭʽʜʥʽ ʫʤʦʚʠ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʚʽʜʥʦʚʣʝʥʥʷ ʜʣʷ ʚʪʨʘʯʝʥʠʭ ʜʘʥʠʭ 

ʧʽʜ ʯʘʩ ʧʝʨʝʚʽʨʢʠ ʦʧʝʨʘʮʽʾ ʯʠʪʘʥʥʷ. 

ɺʘʞʣʠʚʽʩʪʴ ʙʫʜʴ-ʷʢʦʛʦ ʚʙʫʜʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʧʝʨʝʚʽʨʢʠ ʟʨʦʩʪʘʻ, ʷʢʱʦ ʧʦʨʷʜ ʟ ʚʠʨʽʰʝʥʥʷʤ 

ʧʨʦʙʣʝʤʠ ʧʝʨʝʚʽʨʢʠ ʤʝʪʦʜ ʚʦʣʦʜʽʻ ʜʝʷʢʠʤʠ ʜʦʜʘʪʢʦʚʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ. ʋ ʩʪʘʪʪʽ ʧʦʢʘʟʘʥʦ, 

ʱʦ ʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʧʽʜʧʠʩʠ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʩʪʘʥʫ ʟʘʧʨʦʛʨʘʤʦʚʘʥʦʛʦ ʇɿʋ ʜʦʟʚʦʣʷʻ, ʚ 

ʧʨʠʥʮʠʧʽ, ʚʠʨʽʰʠʪʠ ʧʨʦʙʣʝʤʫ ʨʝʛʝʥʝʨʘʮʽʾ (ʚʽʜʥʦʚʣʝʥʥʷ) ʜʣʷ ʚʪʨʘʯʝʥʠʭ ʜʘʥʠʭ ʚ ʤʦʤʝʥʪ 

ʧʝʨʝʚʽʨʢʠ ʦʧʝʨʘʮʽʾ ʯʠʪʘʥʥʷ. 

ɺʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʛʨʫʥʪʫʻʪʴʩʷ ʥʘ ʚʠʱʝʟʛʘʜʘʥʦʤʫ ʧʨʠʥʮʠʧʽ ʧʝʨʝʜʙʘʯʝʥʥʷ ʧʽʜʧʠʩʽʚ, 

ʚʠʨʘʞʝʥʠʤ ʫ ʬʦʨʤʽ ʧʨʘʚʠʣʘ ʧʝʨʝʚʽʨʢʠ ʧʽʜʧʠʩʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʦʜʫʣʽ ʧʘʤ'ʷʪʽ, ʧʽʜʧʠʩ, ʧʝʨʝʚʽʨʢʘ ʨʦʙʦʪʠ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʩʠʩʪʝʤʠ 

ʮʠʬʨʦʚʦʛʦ ʫʧʨʘʚʣʽʥʥʷ. 

ʈʝʮʝʥʟʝʥʪ: ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ ɸʟʘʨʩʢʦʚ ɺ.ʄ., ʅɸʋ 
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THE FEATURES OF SELECTION OF APPLICANTS FOR THE " HUMAN -MACHINE" 

SYSTEM BASED ON METHODS OF ESTIMATION OF PSYCHOLOGICAL 

PROPERTIES 

 

 

Based on the analytical review of the properties of human-machine interaction in a single 

system "Human-Machine" the article suggests methods for selecting employees for various tasks. 

This will improve the quality of the work done at the enterprises by highly qualified specialists 

considering their individual properties. 

Keywords: ñhuman-machineò system, applicants, evaluation methods, candidate selection, 

criteria selection. 

 

Theme actuality. In the modern world different approaches are used to increase labor 

productivity in production, including the selection of highly skilled personnel who have not only 

accumulated knowledge but also acquired skills [1]. To resolve this issue, a selection of candidates 

(selection of applicants) having certain properties related to the decision of tasks of the technological 

process of the enterprise is carried out. One of the many tests available is the use of a wide range of 

tests and interviews with applicants [2]. In addition, you can also use different methods and specific 

techniques, created on the basis of engineering psychology, and borrowed from other sciences [2, 3]. 

Therefore, the management of an enterprise hires a specialist that has engineering and technical 

knowledge and solving complex tasks, having skills, in front of him. At the same time there is a 

serious question for employers: how to select among the many candidates of the right person who has 

qualitative characteristics and can cope with the tasks. 

Analysis of the subject area. The analysis of literature [1, 2] showed that, regardless of the 

technological process of the enterprise (see Fig. 1), isolated stages of the technological chain of this 

process can be distinguished. In this case, each stage can be characterized by certain properties 

(parameters), depending on the functioning of the industrial object. It allows to allocate several groups 

of specialist engineers (technologists) having certain characteristics. 

In connection with the fact that the engineering staff solves a set of serious problems such as: 

logistics, the use of resources and their distribution, production of new products, as well as the 

distribution of new products to suppliers. In this case, there are problematic issues: which way to 

increase production capacity. The solution to this problem lies in different planes. First of all this is 

due to the change in the technological chain (process) on the basis of changes in the improvement of 

technical devices and systems. Another way is to select candidates who will carry out more productive 

tasks. Therefore the actual scientific task is connected with the development of mechanisms for the 

selection of applicants for the accomplishment of tasks in the system "man-machine" at the enterprise. 

The purpose of the article. In this regard, the purpose of the article is to develop a mechanism 

for evaluating and selecting candidates for work in the enterprise in accordance with the technological 

structure among the engineering staff. 

Presentation of the main material 

Analysis of Figure 1 showed that in accordance with the technological chain in the performance 

of a production process it is possible to identify several groups that have their own "unique" 

properties. This is primarily due to physical (physiological) loads, as well as mental loading, as well 

as automated or automatic work. It puts forward its requirements, the operating conditions of the 

characteristics. 
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Fig.1. A typical structural scheme of production 

 

 

In work [5], author N. Chulkov noted that the work can be divided into three types: mental 

labor, physical labor and mixed labor. This builds on the understanding of which selection criteria 

should be applied to certain types of work. In the production process you can also use this 

classification. In the future this will allow applicants to be evaluated and trained (if necessary) in 

accordance with their "own" "unique" properties. 

As noted in his work [1] Denisov VG, human activity can be estimated in accordance with 

various methods that determine the properties of the applicant. Conditionally it is possible to divide 

these methods into psychological, physical, mathematical, informational. It is supposed that at the 

initial stage it is necessary to use psychological methods to identify the most suitable candidate for a 

given place of work in the enterprise, since it is psychological methods that are more effective to 

obtain the desired result [1]. 

Depending on the kind of activity and conditions certain requirements are put forward for the 

candidate for a certain position. In addition, it should be noted that the applicant is influenced by the 

requirements and characteristics, as well as the ability to work in certain conditions. Taking into 

account the previous abilities and characteristics of the applicant, the selection group (Human 

Resource or HR-group) makes a decision on the assessment in accordance with its psychological 

properties 

The mathematical and informational method is more intelligent and used for the scientific team 

and therefore in this article are not considered as they are more intelligent methods. 

Sources of literature [3, 4] showed that psychological methods are divided into types: 

observation (observation, self-observation, psychological portrait), and survey methods 

(conversation, surveys, questionnaires), psychodiagnostics, and many others. In this case, at the initial 

stage, the employer or recruitment manager (selection group) must use the observation method. This 

gives the initial testing stage to reveal certain qualities in the observed. This can be done with the help 
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of both technical means of surveillance, as well as during an interview or conversation. The purpose 

in the first case, is the definition of features when observing a person. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.2. Types of human activity 

 

These features include [3, 4, 5]: 

- pantomime (peculiarities of walking, posture, gesticulation, stiffness); 

-  linguistic behavior (silence or talkativeness, verbal or laconicism, stylistic peculiarities, 

meaningfulness, speech culture, tempo of speech, pauses in speech); 

-  behavior in relation to other people; 

-  presence of contradictions in behavior; 

-  behavioral manifestation of the attitude towards himself (appearance, his own things, his 

disadvantage, as well as his abilities) and others. 

In this case, in some cases examples of individual verbal stamps characterize interests, personal 

experience and outlook. 

The next stage after psychological methods based on the study of the applicant must use survey 

methods [2]. Such methods are used in cases where factors that are poorly sold to external control 

must be taken into account. To find some factors, you need to use information obtained during 

professional selection. In order to use the poll method it is necessary to betray the correct formulation 

of questions. In this case, certain requirements are put forward for questions such as [2, 4]: 

- the issue should be logical, concise and completed;ʤʘʣʦʧʦʰʠʨʝʥʠʭ ʩʣʽʚ; 

- to avoid too long questions; 

- all issues should be specified (without double significance); 

- the possible answers should be indicated (do not give any answer); 

- it is necessary to offer the applicant suitable responses; 

- should not include negative words; 

- avoid the questioning words that have; 

- do not use the words in the questions to answer. 
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At the same time it is necessary to consider that the questions must correspond to a particular 

profession and cannot be used for another specialty. Depending on the tasks set for the applicant, it 

should be noted that for some of his work it is also necessary to conduct psychological tests or so-

called tests of the person [2, 4]. In addition to general and special polls, the applicant must assess the 

level of intelligence and personal characteristics. 

Intelligence tests (from lat. intellectus - understanding, cognition) are intended for measurement 

of general abilities [3]. Under intelligence as an object of measurement, we mean not all 

manifestations of individuality, but above all those relating to cognitive properties and peculiarities 

of work [3]. In accordance with this, the tests of intelligence are directed primarily to a general 

assessment of cognitive abilities of a person. These tests, on the one hand, should be distinguished 

from tests that measure non-intellectual qualities of people (muscular strength, acuity, vision, reaction 

time, etc.), and from individual tests. 

Facial tests are a group of techniques aimed at measuring non-intellectual manifestations of a 

person, determined by emotional, motivational and interpersonal properties of a person [3]. 

For some jobs, you need employees who have not only a high level of intellectual abilities, but 

also high physiological parameters. Thus, in some cases, the main parameters for study are the 

physiological properties such as [2]: 

ï body temperature; 

ï pulse rate; 

ï frequency of breathing; 

ï blood pressure; 

ï and others (depending on the planned performance of works). 

For further assessment of abilities and determination of how many applicants can perform the 

tasks at some enterprises use the trial period [1, 4]. This allows it to be approved at the selection of a 

candidate who has the opportunity to perform his duties better than others. 

Final decision making on materials preparation is carried out in HR-group. In some cases, the 

required dialogue is made up of standard questions, which can show some qualities of an employee. 

After that the HR-manager makes a definite opinion and can ask for an interview or refuse him in the 

proposed vacancy. The final level of verification is a direct meeting with the director of the company. 

In the case of a successful interview, the employer will invite a person to the place of the employee 

at the company. 

Taking into account all of the foregoing, one can imagine in the form of a structural scheme of 

recruitment (see Fig. 3).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig .3. Structural scheme of personnel selection 
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At the same time, at each stage of selection for detailed (boundary) study of the applicant, it is 

possible to complicate the research methods. In case of non-execution (not passing) of different stage 

of testing the applicant does not pass further. 

Conclusions 

Thus, the article on the basis of literature analysis shows which particular methods should be 

used to obtain the best result for selection at the enterprise in accordance with its functional 

responsibilities. In addition, the article presents a generalized recruitment structure in which the main 

role is played by psychological and survey methods that best reflect the qualities of the applicant. 
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ɼ.ɼ. ʉʪʨʶʢʦʚʘ 

ʆʉʆɹʃʀɺʆʉʊɯ ɺɯɼɹʆʈʋ ʇʈɽʊɽʅɼɽʅʊɯɺ ɼʃʗ ʉʀʉʊɽʄʀ çʃʖɼʀʅɸ-ʄɸʐʀʅɸè 

ʅɸ ʆʉʅʆɺɯ ʄɽʊʆɼɯɺ ʆʎɯʅʂʀ ʇʉʀʍʆʃʆɻɯʏʅʀʍ ɺʃɸʉʊʀɺʆʉʊɽʁ 

ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʪʠʯʥʦʛʦ ʦʛʣʷʜʫ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʟʘʻʤʦʜʽʾ ʣʶʜʠʥʠ ʽ ʤʘʰʠʥʠ ʚ ʻʜʠʥʽʡ 

ʩʠʩʪʝʤʽ çʃʶʜʠʥʘ-ʤʘʰʠʥʘè ʚ ʩʪʘʪʪʽ ʧʨʦʧʦʥʫʶʪʴʩʷ ʤʝʪʦʜʠ ʜʣʷ ʚʽʜʙʦʨʫ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ʜʣʷ 

ʚʠʢʦʥʘʥʥʷ ʨʽʟʥʠʭ ʟʘʚʜʘʥʴ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ ʷʢʦʩʪʽ ʚʠʢʦʥʫʚʘʥʠʭ ʨʦʙʽʪ ʥʘ 

ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʚʠʩʦʢʦʢʚʘʣʽʬʽʢʦʚʘʥʠʤʠ ʬʘʭʽʚʮʷʤʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʾʭ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʠʩʪʝʤʘ çʣʶʜʠʥʘ-ʤʘʰʠʥʘè, ʧʨʝʪʝʥʜʝʥʪʠ, ʤʝʪʦʜʠ ʦʮʽʥʢʠ, ʧʽʜʙʽʨ 

ʢʘʥʜʠʜʘʪʘ, ʚʠʙʽʨ ʢʨʠʪʝʨʽʾʚ. 

 

ɼ.ɼ. ʉʪʨʶʢʦʚʘ 

ʆʉʆɹɽʅʅʆʉʊʀ ɺʓɹʆʈɸ ʇʈɽʊɽʅɼɽʅʊʆɺ ɼʃʗ ʉʀʉʊɽʄʓ çʏɽʃʆɺɽʂ-

ʄɸʐʀʅɸè ʅɸ ʆʉʅʆɺɽ ʄɽʊʆɼʆɺ ʆʎɽʅʂʀ ʇʉʀʍʆʃʆɻʀʏɽʉʂʆɻʆ ʉɺʆʁʉʊɺɸ 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʦʙʟʦʨʘ ʩʚʦʡʩʪʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʝʣʦʚʝʢʘ ʠ ʤʘʰʠʥʳ ʚ ʝʜʠʥʦʡ 

ʩʠʩʪʝʤʝ çʏʝʣʦʚʝʢ-ʤʘʰʠʥʘè ʚ ʩʪʘʪʴʝ ʧʨʝʜʣʘʛʘʶʪʩʷ ʤʝʪʦʜʳ ʜʣʷ ʦʪʙʦʨʘ ʩʦʪʨʫʜʥʠʢʦʚ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʘ ʚʳʧʦʣʥʷʝʤʳʭ ʨʘʙʦʪ ʥʘ 

ʧʨʝʜʧʨʠʷʪʠʷʭ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʩ ʫʯʝʪʦʤ ʠʭ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 

ʩʚʦʡʩʪʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʩʪʝʤʘ çʯʝʣʦʚʝʢ-ʤʘʰʠʥʘè, ʧʨʝʪʝʥʜʝʥʪʳ, ʤʝʪʦʜʳ ʦʮʝʥʢʠ, ʧʦʜʙʦʨ 

ʢʘʥʜʠʜʘʪʘ, ʚʳʙʦʨ ʢʨʠʪʝʨʠʝʚ. 
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ʇʈʀʂʃɸɼʅɯ ɸʉʇɽʂʊʀ ɿɸʉʊʆʉʋɺɸʅʅʗ ʇɸʉʀɺʅʀʍ ʈɸɼɯʆʊɽʍʅɯʏʅʀʍ 

ʂʆʄʇʃɽʂʉɯɺ ɼʃʗ ɺʀʈɯʐɽʅʅʗ ɿɸɼɸʏ ʂʆʅʊʈʆʃʖ ɺʆɼʅʀʍ ɸʂɺɸʊʆʈɯʁ 

 

 

ʅʘʚʦʜʷʪʴʩʷ ʧʨʠʢʣʘʜʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ʪʝʦʨʽʾ ʧʘʩʠʚʥʠʭ ʨʘʜʽʦʪʝʭʥʽʯʥʠʭ 

ʢʦʤʧʣʝʢʩʽʚ (ʇʈʊʂ) ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʘʢʪʠʯʥʠʭ ʟʘʜʘʯ ʚʠʷʚʣʝʥʥʷ ʦʙôʻʢʪʽʚ ʫ ʟʦʥʘʭ ʚʦʜʥʠʭ 

ʘʢʚʘʪʦʨʽʡ ʤʦʨʩʴʢʦʾ ʧʦʚʝʨʭʥʽ, ʨʽʯʦʢ, ʚʝʣʠʢʠʭ ʦʟʝʨ ʪʘ ʚʦʜʦʩʭʦʚʠʱ. ʎʝʡ ʢʣʘʩ ʟʘʜʘʯ ʻ ʚʝʣʴʤʠ 

ʘʢʪʫʘʣʴʥʠʡ ʥʘ ʩʴʦʛʦʜʥʽ ʜʣʷ ʋʢʨʘʾʥʠ ʷʢ ʤʦʨʩʴʢʦʾ ʜʝʨʞʘʚʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʘʩʠʚʥʽ ʨʘʜʽʦʪʝʭʥʽʯʥʽ ʢʦʤʧʣʝʢʩʠ, ʢʦʥʪʨʦʣʴ ʚʦʜʥʠʭ ʘʢʚʘʪʦʨʽʡ, 

ʚʠʷʚʣʝʥʥʷ, ʦʮʽʥʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʨʫʭʫ 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ. ɿʚʘʞʘʶʯʠ ʥʘ ʧʦʩʪʽʡʥʦ ʟʨʦʩʪʘʶʯʠʡ ʨʽʚʝʥʴ ʪʝʨʦʨʠʩʪʠʯʥʠʭ ʘʪʘʢ ʚʘʨʪʦ 

ʚʨʘʭʫʚʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ ʇʈʊʂ, ʷʢʽ ʙ ʟʘʙʝʟʧʝʯʠʣʠ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ ʚʦʜʥʠʭ 

ʩʫʜʝʥ ʫ ʧʨʠʙʝʨʝʞʥʠʭ ʟʦʥʘʭ ʚʦʜʥʠʭ ʘʢʚʘʪʦʨʽʡ.  

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ: ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʇʈʊʂ ʚʠʷʚʣʝʥʥʷ ʪʘ ʦʮʽʥʶʚʘʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʨʫʭʫ ʥʘʜʚʦʜʥʠʭ ʦʙôʻʢʪʽʚ ʫ ʚʠʟʥʘʯʝʥʽʡ ʦʙʣʘʩʪʽ ʘʢʚʘʪʦʨʽʡ. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʛʦ ʟʘʚʜʘʥʥʷ, ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʪʘʢʽ ʟʘʚʜʘʥʥʷ: 

ï ʚʠʷʚʣʝʥʥʷ ʪʘ ʦʙʯʠʩʣʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʥʘʜʚʦʜʥʠʭ ʦʙôʻʢʪʽʚ ʥʘ ʧʦʚʝʨʭʥʽ ʚʦʜʥʠʭ ʘʢʚʘʪʦʨʽʡ (ʥʘ 

ʧʨʠʢʣʘʜʽ ʤʦʨʷ); 

ï ʚʠʟʥʘʯʝʥʥʷ ʢʦʦʨʜʠʥʘʪ ʮʠʭ ʦʙôʻʢʪʽʚ ʚ ʟʘʜʘʥʦʤʫ ʩʝʢʪʦʨʽ ʩʢʘʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ.  

ɺʠʭʽʜʥʽ ʜʘʥʽ: ʚ ʨʝʟʫʣʴʪʘʪʽ ʩʠʥʪʝʟʫ ʨʘʜʽʦʤʝʪʨʠʯʥʦʛʦ ʚʠʷʚʥʠʢʘ ʥʘʜʚʦʜʥʠʭ ʦʙôʻʢʪʽʚ ʧʦʚʠʥʥʽ 

ʙʫʪʠ ʜʦʩʷʛʥʫʪʽ ʥʘʩʪʫʧʥʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ: 

ï ʡʤʦʚʽʨʥʽʩʪʴ ʧʨʘʚʠʣʴʥʦʛʦ ʚʠʷʚʣʝʥʥʷ ʥʝ ʤʝʥʰʝ 0,99 ʧʨʠ ʡʤʦʚʽʨʥʦʩʪʽ ʭʠʙʥʦʾ ʪʨʠʚʦʛʠ 10-7; 

ï ʜʘʣʴʥʽʩʪʴ ʜʽʾ ʩʠʩʪʝʤʠ: ʚʽʜ 150 ʤ ʜʦ 10 ʢʤ; 

ï ʩʝʢʪʦʨ ʩʢʘʥʫʚʘʥʥʷ ʥʝ ʤʝʥʰʝ 60 ʛʨʘʜʫʩʽʚ. 

ɻʝʦʤʝʪʨʽʷ ʟʘʜʘʯʽ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ.1. ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʷ ʦʙʤʝʞʠʤʦʩʷ ʨʦʟʛʣʷʜʘʥʥʷʤ 

ʧʨʠʥʮʠʧʦʚʦʾ ʤʦʞʣʠʚʦʩʪʽ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʨʘʜʽʦʤʝʪʨʠʯʥʠʤ ʢʦʤʧʣʝʢʩʦʤ.  

 
ʈʠʩ.1. ɻʝʦʤʝʪʨʽʷ ʟʘʜʘʯʽ 
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ʄʦʜʝʣʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʦʜʥʦʾ ʧʦʚʝʨʭʥʽ 

ɺ ʷʢʦʩʪʽ ʤʦʜʝʣʽ ʤʦʨʷ ʙʫʜʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʦʜʝʣʴ ʧʣʦʩʢʦʾ ʧʦʚʝʨʭʥʽ 
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( )[1 | | ]s fɻ ɺT K T= - , (1) 

ʜʝ T¯ ï ʪʝʨʤʦʜʠʥʘʤʽʯʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʥʦʾ ʧʦʚʝʨʭʥʽ, 
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ὑː ï ʢʦʝʬʽʮʽʻʥʪʠ ʚʽʜʙʠʪʪʷ ʌʨʝʥʝʣʷ ʜʣʷ ʢʦʣʠʚʘʥʴ ʧʣʦʩʢʠʭ ʭʚʠʣʴ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʪʘ 

ʚʝʨʪʠʢʘʣʴʥʦʾ ʧʦʣʷʨʠʟʘʮʽʾ, 1e, 2e  ï ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ ʧʝʨʰʦʛʦ ʽ ʜʨʫʛʦʛʦ ʩʝʨʝʜʦʚʠʱ, 

iq ī ʢʫʪ ʩʧʦʩʪʝʨʝʞʝʥʥʷ. 

ʋ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʩʝʨʝʜʦʚʠʱʝ ʥʘʜ ʧʦʚʝʨʭʥʝʶ ʨʦʟʜʽʣʫ ī ʧʦʚʽʪʨʷ  

( 1 1e= , 2e e= ), ʢʦʝʬʽʮʽʻʥʪʠ ʚʽʜʙʠʪʪʷ (2) ʽ (3) ʧʨʠʡʤʘʶʪʴ ʚʠʛʣʷʜ 
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ɿ ʘʥʘʣʽʟʫ (4) ʽ (5) ʚʠʧʣʠʚʘʻ, ʱʦ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʢʦʝʬʽʮʽʻʥʪʽʚ ʌʨʝʥʝʣʷ ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ 

ʚʝʣʠʯʠʥʫ ʢʦʤʧʣʝʢʩʥʦʾ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ. ɼʣʷ ʧʨʽʩʥʦʾ ʚʦʜʠ ʮʶ ʚʝʣʠʯʠʥʫ ʤʦʞʥʘ 

ʚʠʟʥʘʯʠʪʠ ʟʛʽʜʥʦ ʟ ʬʦʨʤʫʣʦʶ ɼʝʙʘʷ  
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ʜʝ 0e ï ʦʧʪʠʯʥʘ ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ ʚʦʜʠ, se ï ʩʪʘʪʠʩʪʠʯʥʘ ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ 

ʚʦʜʠ, sl ï ʢʨʠʪʠʯʥʘ ʜʦʚʞʠʥʘ ʭʚʠʣʽ, ʧʦʚôʷʟʘʥʘ ʟ ʯʘʩʦʤ ʨʝʣʘʢʩʘʮʽʾ ʤʦʣʝʢʫʣ ʚʦʜʠ, ʘ 

/tgd e e¡¡ ¡=  ï ʪʘʥʛʝʥʩ ʢʫʪʘ ʚʪʨʘʪ.  

ʇʘʨʘʤʝʪʨʠ 0e, se ʽ sl ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʘʩʪʫʧʥʠʤʠ ʚʠʨʘʟʘʤʠ 

 

0

2

2

5,5,

88,2 0,40885 0,00081 ,
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ɼʣʷ ʤʦʨʩʴʢʠʭ ʚʦʜ, ʷʢ ʦʢʨʝʤʦʛʦ ʚʠʧʘʜʢʫ ʩʦʣʦʥʠʭ ʽ ʩʦʣʦʥʫʚʘʪʠʭ ʨʦʟʯʠʥʽʚ, ʢʨʽʤ 

ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʟʘʣʝʞʥʦʩʪʽ, ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʪʘʢʦʞ ʽ ʟʘʣʝʞʥʽʩʪʴ se ʽ sl ʚʽʜ ʟʥʘʯʝʥʥʷ 

ʩʦʣʦʥʦʩʪʽ ʨʦʟʯʠʥʫ wS  

 

 
( ) 17,2 / 60,

( ) 0,206 / 60.

s w s w

s w s w

S S

S S

e e

l l

= - Ö

= - Ö
 (8) 

 

ʇʨʦʘʥʘʣʽʟʫʻʤʦ ʨʦʟʤʽʱʝʥʥʷ ʜʚʦʘʥʪʝʥʥʦʾ ʨʘʜʽʦʤʝʪʨʠʯʥʦʾ ʩʠʩʪʝʤʘ ʥʘ ʨʽʟʥʠʭ ʚʠʩʦʪʘʭ 

( )2,5 5 10 15 20h=  ʤ ʚʽʜʥʦʩʥʦ ʨʽʚʥʷ ʤʦʨʷ. ʇʨʠ ʮʴʦʤʫ ʢʫʪʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʙʫʜʫʪʴ 

ʜʦʨʽʚʥʶʚʘʪʠ 

 

 
( )

( )
min min

max max

arctg( ) 89,045 88,091 86,186 84,289 82,405 ;

arctg( ) 89,986 89,971 89,943 89,914 89,885 ,

R h ʛʨʘʜ

R h ʛʨʘʜ

q

q

= º

= º
 (9) 

 

ʘ ʢʦʤʧʣʝʢʩʥʘ ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ ʚʦʜʠ 54,146 28,044je= - Ö . 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʙʝʨʝʤʦ ʨʦʙʦʯʫ ʩʤʫʛʫ ʯʘʩʪʦʪ 2 f 4D =  ɻɻʮ ʟ ʮʝʥʪʨʘʣʴʥʦʶ 

ʯʘʩʪʦʪʦʶ 0f 10=  ɻɻʮ. ʈʦʟʨʘʭʫʻʤʦ ʧʘʨʘʤʝʪʨʠ ʜʣʷ ʤʦʨʩʴʢʦʾ ʚʦʜʠ (o35%wS = ) ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ 200ʉ ʥʘ ʯʘʩʪʦʪʽ 10f ɻɻʮ=  (ʪʘʙʣ. 1).  

ʗʢ ʚʽʜʦʤʦ, ʤʝʪʘʣʝʚʽ ʦʙôʻʢʪʠ (ʥʘʜʚʦʜʥʽ ʢʦʨʘʙʣʽ, ʯʦʚʥʠ) ʧʦʚʥʽʩʪʶ ʚʽʜʦʙʨʘʞʘʶʪʴ 

ʪʝʤʧʝʨʘʪʫʨʫ ʥʝʙʘ, ʪʦʤʫ ʚ ʧʦʜʘʣʴʰʠʭ ʨʦʟʨʘʭʫʥʢʘʭ ʟʘʩʪʦʩʫʻʤʦ ʪʝʤʧʝʨʘʪʫʨʫ ʷʩʢʨʘʚʦʩʪʽ ʦʙôʻʢʪʫ, 

ʨʽʚʥʫ 70ʦʂ . ʊʦʜʽ ʟ ʘʥʘʣʽʟʫ ʪʘʙʣ. 1 ʚʠʧʣʠʚʘʻ, ʱʦ ʧʨʠʨʽʩʪ ʷʩʢʨʘʚʽʩʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʢʦʨʘʙʣʷ ʥʘ 

ʪʣʽ ʤʦʨʷ ʟʘʚʞʜʠ ʧʦʟʠʪʠʚʥʠʡ ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʦʣʷʨʠʟʘʮʽʾ ʽ ʤʦʞʝ ʙʫʪʠ ʧʦʟʠʪʠʚʥʠʤ ʽ 

ʥʝʛʘʪʠʚʥʠʤ ʧʦ ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʦʣʷʨʠʟʘʮʽʾ. ʊʦʤʫ ʜʣʷ ʩʧʨʦʱʝʥʥʷ ʧʨʦʮʝʩʫ ʨʦʟʨʦʙʢʠ ʩʠʩʪʝʤʠ 

ʙʫʜʝʤʦ ʦʙʨʦʙʣʶʚʘʪʠ ʩʠʛʥʘʣʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʧʦʣʷʨʠʟʘʮʽʾ. 

ʊʘʙʣʠʮʷ 1 

ʈʦʟʨʘʭʫʥʢʠ ʝʬʝʢʪʠʚʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʤʦʨʷ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʪʘ ʚʝʨʪʠʢʘʣʴʥʽʡ 

ʧʦʣʷʨʠʟʘʮʽʷʭ 

ɺʠʩʦʪʘ 

ʨʦʟʤʽʱʝʥʥʷ 

ʩʠʩʪʝʤʠ, ʤ 

ʂʫʪ ʩʧʦʩʪʝʨʝʞʝʥʥʷ 

 iq, ʛʨʘʜ. ,ʚʦʜʘ ɻT , K ,ʚʦʜʘ ɺT , K sɻTD , K sɺTD , K 

2,5 
min 89,045ʦq =  2,435 117,443 67,565 -47,443 

max 89,986ʦq =  0,037 2,233 69,963 67,767 

5 
min 88,091ʦq =  4,849 189,234 65,151 -119,234 

max 89,971ʦq =  0,073 4,449 69,927 65,551 

10 
min 86,186ʦq =  9,601 260,253 60,399 -190,253 

max 89,943ʦq =  0,147 8,83 69,853 61,17 

15 
min 84,289ʦq =  14,245 284,558 55,755 -214,558 

max 89,914ʦq =  0,22 13,145 69,78 56,855 

20 
min 82,405ʦq =  18,767 288,801 51,233 -218,801 

max 89,885ʦq =  0,293 17,394 69,707 52,606 

 



 

 
  

 

90 

ɺʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʘʥʪʝʥʥʦʾ ʩʠʩʪʝʤʠ 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʣʦʞʝʥʥʷ ʦʙôʻʢʪʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʚʦʘʥʪʝʥʥʦʾ ʧʘʩʠʚʥʦʾ ʨʘʜʽʦʪʝʭʥʽʯʥʦʾ 

ʩʠʩʪʝʤʠ, ʷʢ ʮʝ ʚʠʟʥʘʯʝʥʦ ʫ ʨʦʟʜʽʣʽ 5, ʥʝʦʙʭʽʜʥʦ, ʱʦʙ ʦʙôʻʢʪ ʟʥʘʭʦʜʠʪʩɹʷ ʚ ʙʣʠʞʥʽʡ ʟʦʥʽ ʱʦʜʦ 

ʩʠʩʪʝʤʠ. ʎʝ ʝʢʚʽʚʘʣʝʥʪʥʦ ʪʦʤʫ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʘ ʜʘʣʴʥʽʩʪʴ ʜʽʾ ʩʠʩʪʝʤʠ ʧʦʚʠʥʥʘ ʟʘʜʦʚʦʣʴʥʷʪʠ 

ʥʘʩʪʫʧʥʽʡ ʫʤʦʚʽ [9] 

 

3
2
max 0,38

d
R

l
¢ , (10) 

ʜʝ d  ï ʙʘʟʘ ʩʠʩʪʝʤʠ (ʚʽʜʩʪʘʥʴ ʤʽʞ ʘʥʪʝʥʘʤʠ), l ï ʜʦʚʞʠʥʘ ʭʚʠʣʽ. 

ɿ ʘʥʘʣʽʟʫ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʽ ʚʠʨʘʞʫ (10) ʩʣʽʜʫʻ, ʱʦ ʤʽʥʽʤʘʣʴʥʘ ʙʘʟʘ ʩʠʩʪʝʤʠ ʜʦʨʽʚʥʶʻ 

2
max max3

min 202,5
0,38

R
d ʤ

lÖ
= º .  

 

ɸʣʛʦʨʠʪʤʽʯʥʘ ʦʩʥʦʚʘ ʨʦʙʦʪʠ ʇʈʊʂ 

ɼʣʷ ʚʠʷʚʣʝʥʥʷ ʥʘʜʚʦʜʥʦʛʦ ʦʙôʻʢʪʫ (ʢʦʨʘʙʣʷ, ʯʦʚʥʘ) ʥʘ ʪʣʽ ʚʦʜʠ ʜʦʮʽʣʴʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ  ʥʘʩʪʫʧʥʠʡ ʚʠʨʘʟ 

 1 0 2 02 0
0

1
( ) ( )

T

B

Z u t u t dt Z
k K T f

t >= - <
D
ñ , (11) 

 

ʜʝ Bk  ï ʩʪʘʣʘ ɹʦʣʴʮʤʘʥʘ, 0K  ï ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʧʨʠʡʤʘʯʘ, T  ï ʯʘʩ ʽʥʪʝʛʨʫʚʘʥʥʷ, 2 fD  

ï ʩʤʫʛʘ ʧʨʦʧʫʩʢʘʥʥʷ ʚʭʽʜʥʦʛʦ ʪʨʘʢʪʫ ʧʨʠʡʤʘʯʘ, 0t  ï ʯʘʩ ʟʘʪʨʠʤʢʠ ʩʠʛʥʘʣʫ, ʧʨʠʡʥʷʪʦʛʦ 

ʧʝʨʰʦʶ ʘʥʪʝʥʦʶ, ʚʽʜʥʦʩʥʦ ʩʠʛʥʘʣʫ, ʧʨʠʡʥʷʪʦʛʦ ʜʨʫʛʦʶ ʘʥʪʝʥʦʶ, 0Z  ï ʟʥʘʯʝʥʥʷ ʧʦʨʦʛʫ. 

ʂʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʧʨʠʡʤʘʯʘ 0K  ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʦ ʧʦʯʘʪʢʫ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ (ʧʽʜ ʯʘʩ 

ʢʘʣʽʙʨʫʚʘʥʥʷ) 

 

 
2 2
0

0

2Ĕ ( ) ( ) ,
[ ]

T

B hot cold

K m t u t dt
k T f T T¯ ¯
=

D -
ñ  (12) 

 

ʜʝ ( )m t  ī ʤʝʘʥʜʨ, ʘʤʧʣʽʪʫʜʘ ʷʢʦʛʦ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ ī1 ʜʦ 1. 

ʁʤʦʚʽʨʥʦʩʪʽ ʭʠʙʥʦʾ ʪʨʠʚʦʛʠ ʽ ʧʨʘʚʠʣʴʥʦʛʦ ʚʠʷʚʣʝʥʥʷ ʟʥʘʡʜʝʤʦ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ 

 

 ( ) ( )0 0 ( |0)0,5 1 uL hh h sè ø= -F
ê ú

, (13) 

 

 ( ) ( )0 0 ( |1)0,5 1 u eD hh h s mè ø= -F -
ê ú

, (14) 

 

ʜʝ 

 ( )
0 2
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0

2
exp

22

x
x

x dx
p

å õ
F = -æ ö

æ ö
ç ÷

ñ  (15) 

 

ï ʽʥʪʝʛʨʘʣ ʃʘʧʣʘʩʘ,  

 



 

 
  

 

91 

 

0 0
(2 )( )
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s n

f

T T

T

T

T

T
m
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¯

¯ ¯

D

+ +

D
=  (16) 

 

ï ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ʰʫʤ. 

ʇʦʙʫʜʫʻʤʦ ʛʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʡʤʦʚʽʨʥʦʩʪʽ ʭʠʙʥʦʾ ʧʦʭʠʙʢʠ ʚʽʜ ʧʦʨʦʛʫ (ʨʠʩ. 2) ʜʣʷ 

ʥʘʩʪʫʧʥʠʭ ʟʥʘʯʝʥʴ: 20sT K¯= , 
0

70sT K¯= , 300nT K¯= , 
62 2 10rT fD = Ö. ʇʽʩʣʷ ʮʴʦʛʦ, 

ʚʠʟʥʘʯʠʤʦ ʚʝʣʠʯʠʥʫ ʧʦʨʦʛʘ ʧʦ ʟʘʜʘʥʦʤʫ ʟʥʘʯʝʥʥʶ ʡʤʦʚʽʨʥʦʩʪʽ ʭʠʙʥʦʾ ʪʨʠʚʦʛʠ 
710L -º . ɼʘʣʽ 

ʧʦʙʫʜʫʻʤʦ ʢʨʠʚʫ ʚʠʷʚʣʝʥʥʷ ʜʣʷ ʥʝʦʙʭʽʜʥʦʾ ʡʤʦʚʽʨʥʦʩʪʽ ʭʠʙʥʦʾ ʪʨʠʚʦʛʠ (ʨʠʩ. 3). ɿ ʘʥʘʣʽʟʫ 

ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʧʣʠʚʘʻ, ʱʦ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʥʘʜʚʦʜʥʦʛʦ ʦʙôʻʢʪʫ (ʢʦʨʘʙʣʷ) ʥʘ ʪʣʽ ʤʦʨʷ ʟ 

ʽʤʦʚʽʨʥʽʩʪʶ ʧʨʘʚʠʣʴʥʦʛʦ ʚʠʷʚʣʝʥʥʷ 0,998Dº  ʧʨʠ ʟʘʜʘʥʽʡ ʡʤʦʚʽʨʥʦʩʪʽ ʭʠʙʥʦʾ ʪʨʠʚʦʛʠ 

710L -º  ʥʝʦʙʭʽʜʥʝ ʟʥʘʯʝʥʥʷ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ʰʫʤ 8,11emº .  

 

 
ʈʠʩ.2. ɿʘʣʝʞʥʦʩʪʽ ʡʤʦʚʽʨʥʦʩʪʽ ʭʠʙʥʦʾ ʪʨʠʚʦʛʠ ʚʽʜ ʚʝʣʠʯʠʥʠ ʧʦʨʦʛʘ 

 

ɺʚʘʞʘʶʯʠ, ʱʦ ʯʘʩ ʽʥʪʝʛʨʫʚʘʥʥʷ 0,01T c= , ʟʥʘʡʜʝʤʦ ʤʽʥʽʤʘʣʴʥʦ ʥʝʦʙʭʽʜʥʫ ʩʤʫʛʫ 

ʧʨʦʧʫʩʢʘʥʥʷ ʚʭʽʜʥʦʛʦ ʪʨʘʢʪʫ ʧʨʠʡʤʘʯʘ, ʷʢʘ ʟʘʜʦʚʦʣʴʥʠʪʴ ʟʘʜʘʥʦʤʫ ʚʽʜʥʦʰʝʥʥʶ ʩʠʛʥʘʣ/ʰʫʤ 

 

 
( )( )

( )
0 0

2

1
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2e s n s
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f ɻ

T
ʄ ʮ

T T
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¯
º

D

+ +
D ² . (17) 

 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʦʧʝʨʝʜʥʴʦ ʦʙʨʘʥʘ ʰʠʨʠʥʘ ʩʤʫʛʠ 4 ɻɻʮ, ʧʦʚʥʽʩʪʶ ʟʘʜʦʚʦʣʴʥʷʻ 

ʚʠʨʘʟʫ (17). 
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ʈʠʩ. 3. ʂʨʠʚʘ ʚʠʷʚʣʝʥʥʷ ʜʣʷ ʡʤʦʚʽʨʥʦʩʪʽ ʭʠʙʥʦʾ ʪʨʠʚʦʛʠ 
710L -º  

 

 

ʈʦʟʨʦʙʢʘ ʩʪʨʫʢʪʫʨʥʦʾ ʩʭʝʤʠ ʇʈʊʂ 

ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʧʘʩʠʚʥʦʛʦ ʨʘʜʽʦʪʝʭʥʽʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 4. ʊʫʪ 1 2,A A

ï ʘʥʪʝʥʠ ʨʘʜʽʦʪʝʭʥʽʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ, G ï ʛʝʥʝʨʘʪʦʨ ʤʦʜʫʣʶʶʯʦʾ ʥʘʧʨʫʛʠ, CS ï ʢʝʨʦʚʘʥʠʡ 

ʧʝʨʝʤʠʢʘʯ (Control Switch), 
1Z-  ï ʣ̔ʥʽʷ ʟʘʪʨʠʤʢʠ, CL ï ʣ̔ʥʽʷ ʟʚôʷʟʢʫ (Communication Line), ³ 

ï ʧʦʤʥʦʞʫʚʘʯ, 
0

T
dtñ  ï ʽʥʪʝʛʨʘʪʦʨ, <

> ï ʧʦʨʦʛʦʚʠʡ ʧʨʠʩʪʨʽʡ, ʄ ï ʙʣʦʢ ʧʘʤôʷʪʽ (Memory). 

ʈʦʟʛʣʷʥʝʤʦ ʧʨʠʥʮʠʧ ʜʽʾ ʩʭʝʤʠ, ʥʘʚʝʜʝʥʦʾ ʥʘ ʨʠʩ. 4 ʫ ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ ʾʾ ʨʦʙʦʪʠ. 

ʈʝʞʠʤ çʂʘʣʽʙʨʫʚʘʥʥʷè ʧʝʨʝʜʙʘʯʘʻ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʧʽʜʩʠʣʝʥʥʷ ʟʛʽʜʥʦ (17). 

ʇʨʠ ʮʴʦʤʫ ʮʝʥʪʨ ʫʧʨʘʚʣʽʥʥʷ (Control Center) ʬʦʨʤʫʻ ʩʠʛʥʘʣ ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʰʠʤ ʢʝʨʦʚʘʥʠʤ 

ʧʝʨʝʤʠʢʘʯʝʤ (CS), ʷʢʠʡ ʚʽʜʢʣʶʯʘʻ ʚʽʜ ʚʭʦʜʫ ʧʨʠʡʤʘʯʘ ʘʥʪʝʥʠ. ʉʠʥʭʨʦʥʥʦ ʮʝʡ ʩʠʛʥʘʣ 

ʧʝʨʝʜʘʻʪʴʩʷ ʥʘ ʛʝʥʝʨʘʪʦʨ ʥʘʧʨʫʛʠ, ʱʦ ʤʦʜʫʣʶʻ (ʙʣʦʢ G) ʜʣʷ ʧʝʨʽʦʜʠʯʥʦ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʚʭʦʜʫ 

ʧʝʨʰʦʛʦ ʢʘʥʘʣʫ ʛʘʨʷʯʦʛʦ ʽ ʭʦʣʦʜʥʦʛʦ ʝʪʘʣʦʥʥʠʭ ʜʞʝʨʝʣ ʟ ʪʝʤʧʝʨʘʪʫʨʘʤʠ hotT , coldT , 

ʚʽʜʧʦʚʽʜʥʦ, ʽ ʥʘ ʜʨʫʛʠʡ ʧʝʨʝʤʠʢʘʯ ʜʣʷ ʧʦʜʘʯʽ ʩʠʛʥʘʣʫ ʧʽʩʣʷ ʣʽʥʽʡʥʦʾ ʯʘʩʪʠʥʠ ʧʨʠʡʤʘʯʘ (ʃʏʇ) 

ʥʘ ʢʚʘʜʨʘʪʠʯʥʠʡ ʜʝʪʝʢʪʦʨ. ʐʫʤʠ "ʛʘʨʷʯʦʛʦ" ʽ "ʭʦʣʦʜʥʦʛʦ" ʜʞʝʨʝʣʘ ʧʨʦʭʦʜʷʪʴ ʜʝʪʝʢʪʦʨʥʽ 

ʯʘʩʪʠʥʘ ʧʨʠʡʤʘʯʘ ʟ ʯʘʩʪʦʪʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ( 2 )K j fp , ʜʝ ʟʤʽʰʫʶʪʴʩʷ ʟ ʚʥʫʪʨʽʰʥʽʤʠ 

ʰʫʤʘʤʠ ( )n t  ʽ ʧʽʜʩʠʣʶʶʪʴʩʷ ʫ 0K  ʨʘʟʽʚ. ʇʽʩʣʷ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʜʝʪʝʢʪʦʨʘ, ʩʠʛʥʘʣʠ ʧʦʩʣʽʜʦʚʥʦ 

ʧʨʦʭʦʜʷʪʴ ʩʠʥʭʨʦʥʥʠʡ ʜʝʪʝʢʪʦʨ, ʽʥʪʝʛʨʘʪʦʨ ʽ ʧʽʜʩʠʣʶʶʪʴʩʷ ʫ 
12 [ ( )]B hot coldk T F T T¯ ¯ -D -  

ʨʘʟʽʚ. 
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ʈʠʩ. 4. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʚʠʷʚʣʶʚʘʯʘ 

 

ʈʝʞʠʤ çʚʠʷʚʣʝʥʥʷè ʽ çʦʮʽʥʶʚʘʥʥʷ ʢʦʦʨʜʠʥʘʪè ʩʣʽʜʫʻ ʟʘ ʨʝʞʠʤʦʤ ʢʘʣʽʙʨʫʚʘʥʥʷ ʽ ʻ 

ʦʩʥʦʚʥʠʤ ʨʝʞʠʤʦʤ ʨʦʙʦʪʠ ʨʘʜʽʦʪʝʭʥʽʯʥʦʾ ʩʠʩʪʝʤʠ. ʎʝʥʪʨ ʫʧʨʘʚʣʽʥʥʷ ʧʦʜʘʻ ʩʠʛʥʘʣʠ 

ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʰʠʤ ʽ ʜʨʫʛʠʤ ʧʝʨʝʤʠʢʘʯʘʤʠ ʜʣʷ ʧʽʜʢʣʶʯʝʥʥʷ ʘʥʪʝʥ ʜʦ ʚʭʦʜʫ ʧʨʠʡʤʘʯʘ ʽ 

ʬʦʨʤʫʻ ʩʠʛʥʘʣ ʢʝʨʫʚʘʥʥʷ ʥʘʧʨʷʤʢʦʤ ʧʝʨʰʦʾ ʘʥʪʝʥʠ 01J . ʉʠʛʥʘʣ ʧʽʩʣʷ ʃʏʇ ʧʨʦʭʦʜʠʪʴ ʣʽʥʽʶ 

ʟʘʪʨʠʤʢʠ (
1Z-) ʽ ʥʘʜʭʦʜʠʪʴ ʥʘ ʙʣʦʢ ʧʝʨʝʤʥʦʞʝʥʥʷ. ʃʽʥʽʷ ʟʘʪʨʠʤʢʠ ʥʘʣʘʰʪʦʚʫʻʪʴʩʷ ʩʠʛʥʘʣʦʤ, 

ʦʪʨʠʤʘʥʠʤ ʟ ʮʝʥʪʨʫ ʫʧʨʘʚʣʽʥʥʷ ʟʛʽʜʥʦ ʥʘʩʪʫʧʥʦʛʦ ʚʠʨʘʟʫ  

 

 ( ) 1
0 1 2O S O S ct -= - , (18) 

ʜʝ 
83 10 /ʩ ʤ ʩ= Ö  ï ʰʚʠʜʢʽʩʪʴ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʨʘʜʽʦʭʚʠʣʴ. 

ʎʝʥʪʨ ʫʧʨʘʚʣʽʥʥʷ ʬʦʨʤʫʻ ʽ ʩʠʛʥʘʣʠ ʫʧʨʘʚʣʽʥʥʷ ʥʘʧʨʷʤʢʦʤ ʘʥʪʝʥʠ 02J  ʟʛʽʜʥʦ ʬʦʨʤʫʣʠ  

 

 02 2 2O S O SJ = . (19) 

 

ɼʨʫʛʘ ʘʥʪʝʥʘ ʦʪʨʠʤʫʻ ʩʠʛʥʘʣ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜ ʮʝʥʪʨʫ ʫʧʨʘʚʣʽʥʥʷ ʯʝʨʝʟ ʣʽʥʽʶ ʟʚôʷʟʢʫ 

(Communication Line). ʉʠʛʥʘʣ ʥʘ ʚʠʭʦʜʽ ʃʏʇ ʜʨʫʛʦʛʦ ʢʘʥʘʣʫ ʧʝʨʝʜʘʻʪʴʩʷ ʯʝʨʝʟ ʣʽʥʽʶ ʟʚ'ʷʟʢʫ 

ʥʘ ʜʨʫʛʠʡ ʚʭʽʜ ʙʣʦʢʫ ʤʥʦʞʝʥʥʷ. ɼʘʣʽ ʩʠʛʥʘʣ ʧʨʦʭʦʜʠʪʴ ʽʥʪʝʛʨʘʪʦʨ, ʧʽʜʩʠʣʶʻʪʴʩʷ ʚ 1K  ʽ 

2 1
0( )BK k T f -D  ʨʘʟʽʚ ʽ ʥʘʜʭʦʜʠʪʴ ʜʦ ʧʦʨʦʛʦʚʦʛʦ ʧʨʠʩʪʨʦʶ. ɺ ʧʦʨʦʛʦʚʦʤʫ ʧʨʠʩʪʨʦʾ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦʨʽʚʥʷʥʥʷ ʚʝʣʠʯʠʥʠ Z  ʟ ʧʦʨʦʛʦʤ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʬʘʢʪʫ ʥʘʷʚʥʦʩʪʽ ʯʠ 

ʚʽʜʩʫʪʥʦʩʪʽ ʦʙôʻʢʪʘ ʥʘ ʜʽʣʷʥʮʽ, ʜʝ ʧʝʨʝʭʨʝʱʫʶʪʴʩʷ ʜʽʘʛʨʘʤʠ ʩʧʨʷʤʦʚʘʥʦʩʪʽ. ʈʝʟʫʣʴʪʘʪ 

ʚʠʷʚʣʝʥʥʷ ʙʫʜʝ ʟʙʝʨʽʛʘʪʠʩʷ ʚ ʙʣʦʮʽ ʧʘʤôʷʪʽ (Memory) ʨʘʟʦʤ ʟʽ ʟʥʘʯʝʥʥʷʤʠ ʥʘʧʨʷʤʢʽʚ ʘʥʪʝʥ ʽ 


