
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

ɸʅʆʊɸʎɯʗ 

 

 

ɻʨʠʙʢʦʚ ʉ. ɺ. ɯʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʥʘ ʦʩʥʦʚʽ 

ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʝʚʨʠʩʪʠʯʥʠʭ ʽ ʝʚʦʣʶʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʘʣʛʦʨʠʪʤʽʚ ʜʣʷ ʭʘʨʯʦʚʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ. ï ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 05.13.06 ï ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ. ï ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʄʆʅ ʋʢʨʘʾʥʠ. ï ɯʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʘʰʠʥ ʽ 

ʩʠʩʪʝʤ ʅɸʅ ʋʢʨʘʾʥʠ, ʂʠʾʚ, 2021. 

ɿʘʛʘʣʴʥʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʠʨʽʰʝʥʥʷ ʥʘʫʢʦʚʦ-

ʧʨʠʢʣʘʜʥʦʾ ʧʨʦʙʣʝʤʠ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʫʧʨʘʚʣʽʥʥʷ ʭʘʨʯʦʚʠʤ 

ʧʽʜʧʨʠʻʤʩʪʚʦʤ ʰʣʷʭʦʤ ʨʦʟʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʴ ʥʘ ʦʩʥʦʚʽ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʝʚʨʠʩʪʠʯʥʠʭ ʽ ʝʚʦʣʶʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʘʣʛʦʨʠʪʤʽʚ.  

ʋ ʨʦʙʦʪʽ ʨʦʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ 

ʟʘʤʦʚʣʝʥʴ, ʷʢʘ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʨʘʜʠʮʽʡʥʠʭ, ʱʦ ʧʝʨʝʜʙʘʯʘʶʪʴ ʨʦʟʙʠʪʪʷ ʟʘ ʨʽʚʥʷʤʠ 

ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʧʽʜʨʦʟʜʽʣʘʤʠ ʚʠʢʦʥʘʥʥʷ, ʟʘʙʝʟʧʝʯʫʻ ʦʮʽʥʢʫ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʩʬʦʨʤʦʚʘʥʦʛʦ ʚʘʨʽʘʥʪʘ ʧʣʘʥʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʦʚʥʽʰʥʽʭ ʪʘ ʚʥʫʪʨʽʰʥʽʭ ʚʧʣʠʚʽʚ ʥʘ 

ʦʩʥʦʚʽ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʯʘʩʪʢʦʚʠʭ ʢʨʠʪʝʨʽʾʚ ʪʘ ʟʘʟʥʘʯʝʥʠʭ ʦʙʤʝʞʝʥʴ. ʄʘʪʝʤʘʪʠʯʥʘ 

ʤʦʜʝʣʴ ʚʨʘʭʦʚʫʻ ʫʩʽ ʫʤʦʚʠ ʜʽʷʣʴʥʦʩʪʽ ʭʘʨʯʦʚʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʪʘ ʧʨʦʮʝʩʫ 

ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ: ʪʝʨʤʽʥʠ ʟʙʝʨʽʛʘʥʥʷ ʩʠʨʦʚʠʥʠ ʪʘ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ; 

ʤʦʞʣʠʚʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ ʪʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʝʨʝʨʦʙʢʠ ʥʝʢʦʥʜʠʮʽʡʥʦʾ ʧʨʦʜʫʢʮʽʾ; 

ʦʩʦʙʣʠʚʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʢʦʞʥʦʛʦ ʦʢʨʝʤʦʛʦ ʟʘʤʦʚʣʝʥʥʷ; ʦʩʦʙʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʦʱʦ. ɼʣʷ ʬʦʨʤʫʚʘʥʥʷ ʫʟʘʛʘʣʴʥʝʥʦʾ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʘʜʠʪʠʚʥʘ ʟʛʦʨʪʢʘ ʢʨʠʪʝʨʽʾʚ. ʈʦʟʨʦʙʣʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ 

ʜʦʟʚʦʣʷʻ ʩʬʦʨʤʫʚʘʪʠ ʧʣʘʥ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʽʟ ʫʨʘʭʫʚʘʥʥʷʤ ʫʩʽʭ ʦʧʝʨʘʮʽʡ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʧʨʦʜʫʢʮʽʾ. ʉʪʚʦʨʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ 

ʜʦʟʚʦʣʷʻ ʢʦʨʠʛʫʚʘʪʠ ʪʘ ʦʮʽʥʶʚʘʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʫ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʦʙôʻʢʪʠʚʥʠʭ ʪʘ ʩʫʙôʻʢʪʠʚʥʠʭ ʧʝʨʝʚʘʛ, ʥʘʜʘʥʠʭ ʆʇʈ, ʘ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʫʻ ʷʢ



 

ʫʨʘʭʫʚʘʥʥʷ, ʪʘʢ ʽ ʚʠʢʣʶʯʝʥʥʷ ʧʝʚʥʠʭ ʯʘʩʪʢʦʚʠʭ ʢʨʠʪʝʨʽʾʚ ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʝʚʥʦʾ 

ʩʠʪʫʘʮʽʾ.  

ɺ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʦʜʠʬʽʢʘʮʽʾ ʘʣʛʦʨʠʪʤʽʚ çʤʫʨʘʰʠʥʦʾ ʢʦʣʦʥʽʾè ʪʘ çʟʛʨʘʾ 

ʚʦʚʢʽʚè, ʱʦ ʜʦʟʚʦʣʷʻ ʧʨʠ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʽ ʧʨʦʚʦʜʠʪʠ ʨʝʢʦʥʬʽʛʫʨʘʮʽʶ ʧʣʘʥʽʚ ʧʨʠ 

ʟʤʝʥʰʝʥʥʽ ʯʘʩʫ ʧʦʰʫʢʫ ʦʧʪʠʤʫʤʫ. ʄʦʜʠʬʽʢʘʮʽʷ ʘʣʛʦʨʠʪʤʫ çʤʫʨʘʰʠʥʦʾ ʢʦʣʦʥʽʾè 

ʜʦʟʚʦʣʷʻ ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʽʜʭʦʜʽʚ ʣʦʢʘʣʴʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ, ʘ 

ʤʦʜʠʬʽʢʘʮʽʷ ʘʣʛʦʨʠʪʤʫ çʟʛʨʘʾ ʚʦʚʢʽʚè ï ʟʘ ʨʘʭʫʥʦʢ ʚʠʜʽʣʝʥʥʷ ʰʘʙʣʦʥʽʚ ʟ̔ 

ʥʘʡʢʨʘʱʠʭ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʨʽʰʝʥʴ ʟʘʜʘʯʽ.  

ʇʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʘʣʛʦʨʠʪʤʽʚ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ 

ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ: ʘʣʛʦʨʠʪʤ çʙʜʞʦʣʠʥʦʾ ʢʦʣʦʥʽʾè, ʘʣʛʦʨʠʪʤ 

çʭʘʦʪʠʯʥʦʛʦ ʢʘʞʘʥʘè, ʘʣʛʦʨʠʪʤ çʢʘʞʘʥʘ ʥʘ ʦʩʥʦʚʽ ʩʪʨʘʪʝʛʽʾ ʧʦʰʫʢʫ ʧʦʣʴʦʪʫ ʃʝʚʽè, 

ʘʣʛʦʨʠʪʤ çʢʘʞʘʥʘ ʥʘ ʦʩʥʦʚʽ ʢʦʝʬʽʮʽʻʥʪʘ ʩʢʦʨʦʯʝʥʥʷè, çʛʝʥʝʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤè, 

ʘʣʛʦʨʠʪʤ çʢʦʩʷʢʫ ʨʠʙè, ʘʣʛʦʨʠʪʤ çʟʛʨʘʾ ʚʦʚʢʽʚè, ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ çʟʛʨʘʾ 

ʚʦʚʢʽʚè, ʘʣʛʦʨʠʪʤ çʤʫʨʘʰʠʥʦʾ ʢʦʣʦʥʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʣʽʪʥʠʭ ʤʫʨʘʭè, 

ʤʦʜʠʬʽʢʦʚʘʥʠʡ çʘʣʛʦʨʠʪʤ ʤʫʨʘʰʠʥʦʾ ʢʦʣʦʥʽʾè. ʇʨʠ ʢʽʣʴʢʦʩʪʽ ʟʘʤʦʚʣʝʥʴ ʤʝʥʰʝ 25 

ʫʩʽ ʘʣʛʦʨʠʪʤʠ ʟʥʘʭʦʜʷʪʴ ʦʜʥʘʢʦʚʽ ʟʥʘʯʝʥʥʷ, ʘʣʝ ʢʨʘʱʽ ʧʦʢʘʟʥʠʢʠ ʟʘ ʯʘʩʦʤ ʧʦʰʫʢʫ 

ʤʘʶʪʴ ʩʪʘʥʜʘʨʪʥʽ ʚʝʨʩʽʾ ʘʣʛʦʨʠʪʤʽʚ; ʧʨʠ ʢʽʣʴʢʦʩʪʽ ʟʘʤʦʚʣʝʥʴ 50 ʽ ʙʽʣʴʰʝ ʢʨʘʱʽ 

ʧʦʢʘʟʥʠʢʠ ʤʘʶʪʴ ʤʦʜʠʬʽʢʦʚʘʥʽ ʘʣʛʦʨʠʪʤʠ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʦʜʠʬʽʢʘʮʽʾ ʘʣʛʦʨʠʪʤʽʚ çʤʫʨʘʰʠʥʦʾ ʢʦʣʦʥʽʾè ʪʘ çʟʛʨʘʾ ʚʦʚʢʽʚè, ʷʢʽ 

ʜʦʟʚʦʣʷʶʪʴ ʧʨʠ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʽ ʧʨʦʚʦʜʠʪʠ ʨʝʢʦʥʬʽʛʫʨʘʮʽʶ ʧʣʘʥʽʚ ʧʨʠ ʟʤʝʥʰʝʥʥʽ 

ʯʘʩʫ ʧʦʰʫʢʫ ʦʧʪʠʤʫʤʫ ʤʘʡʞʝ ʥʘ 20% ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʚʝʨʩʽʷʤʠ ʘʣʛʦʨʠʪʤʽʚ.  

ʈʦʟʨʦʙʣʝʥʦ ʢʦʤʙʽʥʦʚʘʥʠʡ ʤʝʪʦʜ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʥʘ ʦʩʥʦʚʽ ʘʣʛʦʨʠʪʤʽʚ 

çʢʦʩʷʢʫ ʨʠʙè ʪʘ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ çʟʛʨʘʾ ʚʦʚʢʽʚè, ʷʢʠʡ ʩʪʘʙʽʣʴʥʦ ʧʨʘʮʶʻ ʥʘ 

ʟʘʜʘʯʘʭ ʤʘʣʦʾ ʪʘ ʩʝʨʝʜʥʴʦʾ ʨʦʟʤʽʨʥʦʩʪʽ ʡ ʜʘʻ ʟʤʝʥʰʝʥʥʷ ʯʘʩʫ ʧʦʰʫʢʫ ʜʦ 35% ʧʨʠ 

ʫʤʦʚʽ ʚʨʘʭʫʚʘʥʥʷ ʜʦ 5ï6 ʯʘʩʪʢʦʚʠʭ ʢʨʠʪʝʨʽʾʚ. ɿʘ ʨʘʭʫʥʦʢ ʪʦʛʦ, ʱʦ ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ 

ʽʪʝʨʘʮʽʡ ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʤʽʞ ʨʽʟʥʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʛʘʣʴʥʝ ʩʢʦʨʦʯʝʥʥʷ 

ʯʘʩʫ ʧʦʰʫʢʫ. ʊʦʙʪʦ, ʷʢʱʦ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʢʦʞʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʥʝʦʙʭʽʜʥʦ 100 

ʦʧʝʨʘʮʽʡ, ʪʦ ʜʣʷ ʫʩʽʭ ʥʝʦʙʭʽʜʥʦ 200 ʦʧʝʨʘʮʽʡ. ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ 

ʙʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʢʽʣʴʢʽʩʪʴ ʽʪʝʨʘʮʽʡ ʤʽʞ ʘʣʛʦʨʠʪʤʘʤʠ ʜʦʮʽʣʴʥʦ ʨʦʟʜʽʣʠʪʠ ʫ 

ʧʨʦʧʦʨʮʽʾ 30/70. ɼʣʷ ʘʣʛʦʨʠʪʤʫ çʢʦʩʷʢʫ ʨʠʙè ʚʠʜʽʣʷʻʪʴʩʷ 30 ʽʪʝʨʘʮʽʡ, ʘ ʜʣʷ



 

ʘʣʛʦʨʠʪʤʫ çʟʛʨʘʾ ʚʦʚʢʽʚè ï 70. ʊʘʢʝ ʨʦʟʧʦʜʽʣʝʥʥʷ ʧʽʜʽʙʨʘʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. ʋ 

ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʠʭ ʚʠʧʘʜʢʘʭ ʢʦʤʙʽʥʦʚʘʥʠʡ ʤʝʪʦʜ ʟʘʙʝʟʧʝʯʫʻ ʧʨʠʩʢʦʨʝʥʥʷ ʧʦʰʫʢʫ 

ʥʘ 33,9% ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʤʦʜʠʬʽʢʦʚʘʥʠʤ ʘʣʛʦʨʠʪʤʦʤ çʟʛʨʘʾ ʚʦʚʢʽʚè, ʥʘ 35,1% ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʘʣʛʦʨʠʪʤʦʤ çʤʫʨʘʰʠʥʦʾ ʢʦʣʦʥʽʾè, ʥʘ 33,8% ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʘʣʛʦʨʠʪʤʦʤ 

çʢʦʩʷʢʫ ʨʠʙè. ʊʦʤʫ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʢʦʤʙʽʥʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ 

ʜʣʷ ʧʽʜʧʨʠʻʤʩʪʚ ʽʟ ʥʝʚʝʣʠʢʠʤ ʘʩʦʨʪʠʤʝʥʪʦʤ ʪʘ ʟ ʤʽʥʽʤʘʣʴʥʠʤ ʧʘʨʢʦʤ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʘʜʞʝ ʚʽʥ ʤʘʻ ʙʽʣʴʰʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʠ ʧʦʰʫʢʫ 

ʦʙʤʝʞʝʥʦ ʢʨʠʪʝʨʽʘʣʴʥʠʭ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʦʧʪʠʤʘʣʴʥʠʭ ʧʣʘʥʽʚ (ʜʦ 5ï6 ʯʘʩʪʢʦʚʠʭ 

ʢʨʠʪʝʨʽʾʚ ʦʧʪʠʤʘʣʴʥʦʩʪʽ). ʊʦʙʪʦ, ʜʣʷ ʧʽʜʧʨʠʻʤʩʪʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʢʦʤʧʣʝʢʩʠ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʝʨʽʡʥʝ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʧʨʦʜʫʢʮʽʾ. 

ʈʦʟʨʦʙʣʝʥʦ ʢʦʤʙʽʥʦʚʘʥʠʡ ʤʝʪʦʜ ʥʘ ʦʩʥʦʚʽ ʘʣʛʦʨʠʪʤʽʚ çʤʫʨʘʰʠʥʦʾ ʢʦʣʦʥʽʾè, 

çʟʛʨʘʾ ʚʦʚʢʽʚè ʪʘ çʛʝʥʝʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫè, ʷʢʠʡ ʩʪʘʙʽʣʴʥʦ ʧʨʘʮʶʻ ʥʘ 

ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʠʭ ʟʘʜʘʯʘʭ ʨʽʟʥʦʾ ʨʦʟʤʽʨʥʦʩʪʽ ʡ ʤʘʻ ʰʚʠʜʢʽʩʪʴ ʧʦʰʫʢʫ ʥʘ 10ï45% 

ʙʽʣʴʰʫ, ʥʽʞ ʽʥʰʽ ʘʣʛʦʨʠʪʤʠ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʧʝʨʚʠʥʥʦʛʦ ʧʣʘʥʫ ʟʘʩʪʦʩʦʚʫʻʤʦ 

ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ çʤʫʨʘʰʠʥʦʾ ʢʦʣʦʥʽʾè. ɼʘʣʽ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ 

ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ çʟʛʨʘʾ ʚʦʚʢʽʚè, ʜʝ ʦʙʠʨʘʻʤʦ ʷʢ çʘʣʴʬʘè, çʙʝʪʘè ʪʘ çʜʝʣʴʪʘè 

ʚʦʚʢʽʚ ʥʘʡʢʨʘʱʽ ʚʘʨʽʘʥʪʠ, ʦʪʨʠʤʘʥʽ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʘʣʛʦʨʠʪʤʫ çʤʫʨʘʰʠʥʦʾ 

ʢʦʣʦʥʽʾè. ʗʢʱʦ ʟʘ ʟʘʜʘʥʫ ʢʽʣʴʢʽʩʪʴ ʽʪʝʨʘʮʽʡ ʚʘʨʽʘʥʪ ʧʣʘʥʫ ʥʝ ʧʦʢʨʘʱʫʻʪʴʩʷ, ʪʦʜʽ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ çʛʝʥʝʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤè. ʗʢʱʦ ʪʘʢʝ ʨʽʰʝʥʥʷ ʟʥʘʡʜʝʥʦ, ʚʦʥʦ ʩʪʘʻ 

ʧʦʪʦʯʥʠʤ, ʽ ʧʦʯʠʥʘʻʪʴʩʷ ʥʦʚʘ ʽʪʝʨʘʮʽʷ. ʅʘ ʢʦʞʥʽʡ ʽʪʝʨʘʮʽʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʧʝʨʘʮʽʡ 

ʤʫʪʘʮʽʾ, ʢʨʦʩʦʚʝʨʘ ʪʘ ʩʭʨʝʱʫʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʚʠʜʢʝ ʦʪʨʠʤʘʥʥʷ ʥʦʚʠʭ 

ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʚʘʨʽʘʥʪʽʚ ʧʣʘʥʽʚ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ. ʌʘʢʪʠʯʥʦ ʟʘʩʪʦʩʫʚʘʥʥʷ 

çʛʝʥʝʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫè ʟʘʙʝʟʧʝʯʫʻ ʬʦʨʤʫʚʘʥʥʷ ʥʦʚʠʭ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʧʣʘʥʽʚ ʥʘ 

ʦʩʥʦʚʽ ʪʨʴʦʭ ʥʘʡʢʨʘʱʠʭ. ʇʨʠ ʧʦʚʪʦʨʥʦʤʫ ʧʨʦʭʦʜʽ ʯʝʨʝʟ ʫʩʽ ʘʣʛʦʨʠʪʤʠ ʢʽʣʴʢʽʩʪʴ 

ʽʪʝʨʘʮʽʡ ʟʤʝʥʰʫʻʪʴʩʷ ʚʜʚʽʯʽ ʜʣʷ ʢʦʞʥʦʛʦ ʘʣʛʦʨʠʪʤʫ. ʎʝ ʧʨʦʜʦʚʞʫʻʪʴʩʷ ʜʦ ʪʠʭ ʧʽʨ, 

ʧʦʢʠ ʥʝ ʙʫʜʝ ʚʠʢʦʥʘʥʘ ʟʘʜʘʥʘ ʢʽʣʴʢʽʩʪʴ ʽʪʝʨʘʮʽʡ. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʠ ʦʪʨʠʤʫʻʤʦ ʥʦʚʽ 

ʚʘʨʽʘʥʪʠ, ʜʦ ʷʢʠʭ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʘʣʛʦʨʠʪʤ çʤʫʨʘʰʠʥʦʾ ʢʦʣʦʥʽʾè. ʇʦʻʜʥʘʥʥʷ ʪʨʴʦʭ 

ʘʣʛʦʨʠʪʤʽʚ ʫ ʦʜʠʥ ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʤʝʪʦʜ ʟʘʙʝʟʧʝʯʫʻ ʟʥʘʭʦʜʞʝʥʥʷ ʩʢʣʘʜʥʠʭ ʚʘʨʽʘʥʪʽʚ 

ʚʠʢʦʥʘʥʥʷ ʨʦʟʢʣʘʜʫ ʥʘ ʙʘʛʘʪʦʥʦʤʝʥʢʣʘʪʫʨʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʭʘʨʯʦʚʦʾ ʛʘʣʫʟʽ, ʱʦ



 

ʧʽʜʪʚʝʨʜʞʝʥʦ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʨʝʪʨʦʩʧʝʢʪʠʚʥʠʭ ʜʘʥʠʭ ʟʘ ʧʣʘʥʘʤʠ 

ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʟʘ ʨʽʟʥʽ ʧʦʧʝʨʝʜʥʽ ʧʝʨʽʦʜʠ ʜʽʷʣʴʥʦʩʪʽ ʭʘʨʯʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ. ɿʘ 

ʽʥʬʦʨʤʘʮʽʻʶ, ʦʪʨʠʤʘʥʦʶ ʧʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʻ ʧʽʜʩʪʘʚʠ ʩʪʚʝʨʜʞʫʚʘʪʠ, 

ʱʦ ʜʣʷ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʠʭ ʟʘʜʘʯ ʢʦʤʙʽʥʦʚʘʥʠʡ ʤʝʪʦʜ ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰ ʰʚʠʜʰʠʡ 

ʧʦʰʫʢ, ʥʽʞ ʫʩʽ ʽʥʰʽ ʘʣʛʦʨʠʪʤʠ. ʁʦʛʦ ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʣʷ ʧʽʜʧʨʠʻʤʩʪʚ, ʷʢʽ 

ʚʠʛʦʪʦʚʣʷʶʪʴ ʚʝʣʠʢʠʡ ʘʩʦʨʪʠʤʝʥʪ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʚʠʜʽʚ ʧʨʦʜʫʢʮʽʾ ʽ 

ʧʦʪʨʝʙʫʶʪʴ ʩʢʣʘʜʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ, ʨʦʟʨʽʟʥʝʥʠʭ ʥʘ ʧʝʚʥʽ ʜʽʣʷʥʢʠ 

ʚʠʨʦʙʥʠʮʪʚʘ. 

ʈʦʟʨʦʙʣʝʥʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʦʧʝʨʘʪʠʚʥʫ ʨʝʢʦʥʬʽʛʫʨʘʮʽʶ ʧʣʘʥʽʚ ʟʘ ʢʦʨʦʪʢʠʡ ʧʝʨʽʦʜ 

ʯʘʩʫ ʟʘ ʨʘʭʫʥʦʢ ʧʦʻʜʥʘʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʜʣʷ ʧʦʧʝʨʝʜʥʴʦʾ 

ʢʣʘʩʠʬʽʢʘʮʽʾ, ʘ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʪʘ ʤʝʪʦʜʽʚ, ʷʢʽ 

ʙʘʟʫʶʪʴʩʷ ʥʘ ʢʦʤʙʽʥʫʚʘʥʥʽ ʘʣʛʦʨʠʪʤʽʚ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʪʝʭʥʦʣʦʛʽʷ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʧʽʜʽʙʨʘʪʠ ʩʫʢʫʧʥʽʩʪʴ ʘʣʛʦʨʠʪʤʽʚ ʪʘ ʤʝʪʦʜʽʚ, ʘʜʝʢʚʘʪʥʫ ʜʣʷ ʧʝʚʥʦʾ ʧʨʝʜʤʝʪʥʦʾ 

ʦʙʣʘʩʪʽ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʟʘʙʝʟʧʝʯʫʻ ʟʙʽʣʴʰʝʥʥʷ 

ʰʚʠʜʢʦʩʪʽ ʟʥʘʭʦʜʞʝʥʥʷ ʨʽʰʝʥʴ ʟʘ ʨʘʭʫʥʦʢ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʟʘ ʧʦʧʝʨʝʜʥʽ ʧʝʨʽʦʜʠ, ʱʦ 

ʜʘʻ ʟʤʦʛʫ ʚʠʷʚʠʪʠ ʥʘʡʢʨʘʱʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʥʢʨʝʪʥʦʛʦ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ ʟʛʽʜʥʦ ʟ ʘʢʪʫʘʣʴʥʠʤʠ 

ʟʘʤʦʚʣʝʥʥʷʤʠ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʜʘʻ ʟʤʦʛʫ ʟʥʘʡʪʠ ʜʦʜʘʪʢʦʚʽ 

ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʦʧʪʠʤʘʣʴʥʽ ʧʣʘʥʠ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ, ʘ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ 

ʾʭ ʧʦʨʽʚʥʷʥʥʷ ʫ ʚʠʛʣʷʜʽ ʥʘʦʯʥʦʾ ʧʝʣʶʩʪʢʦʚʦʾ ʜʽʘʛʨʘʤʠ ʜʦʧʦʤʘʛʘʻ ʚʽʜʧʦʚʽʜʘʣʴʥʽʡ 

ʦʩʦʙʽ ʰʚʠʜʢʦ ʧʨʠʡʥʷʪʠ ʝʬʝʢʪʠʚʥʝ ʨʽʰʝʥʥʷ. 

ʈʦʟʨʦʙʣʝʥʦ ʘʨʭʽʪʝʢʪʫʨʫ ʛʽʙʨʠʜʥʦʾ web-ʦʨʽʻʥʪʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʷʢʘ ʨʝʘʣʽʟʫʻ ʟʘʧʨʦʧʦʥʦʚʘʥʫ ʽʥʬʦʨʤʘʮʽʡʥʫ ʪʝʭʥʦʣʦʛʽʶ ʽ ʙʘʟʫʻʪʴʩʷ 

ʥʘ ʛʥʫʯʢʽʡ ʽʥʪʝʛʨʘʮʽʾ ʚ çʦʟʝʨʽ ʜʘʥʠʭè ʽʥʬʦʨʤʘʮʽʾ ʽʟ ʩʪʘʪʠʩʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʪʥʠʭ 

ʜʞʝʨʝʣ. ɼʦ ʦʩʥʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʩʠʩʪʝʤʠ ʥʘʣʝʞʘʪʴ: çʦʟʝʨʦ ʜʘʥʠʭè, ʟʘʩʦʙʠ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʜʘʥʠʭ, ʩʭʦʚʠʱʝ ʜʘʥʠʭ, ʙʘʟʠ ʟʥʘʥʴ, ʩʝʨʚʝʨʥʘ ʯʘʩʪʠʥʘ, web-ʽʥʪʝʨʬʝʡʩ 

ʢʦʨʠʩʪʫʚʘʯʘ. ɺʘʞʣʠʚʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʽʥʪʝʨʬʝʡʩ ʢʦʨʠʩʪʫʚʘʯʘ ʚʠʢʦʥʘʥʦ ʫ ʚʠʛʣʷʜʽ 

web-ʩʪʦʨʽʥʦʢ ʜʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʫ ʙʨʘʫʟʝʨʽ ʢʦʨʠʩʪʫʚʘʯʘ. ɼʞʝʨʝʣʘʤʠ ʜʘʥʠʭ ʜʣʷ 

ʩʭʦʚʠʱʘ ʜʘʥʠʭ ʩʣʫʛʫʶʪʴ ʙʘʟʠ ʜʘʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʪʘ çʦʟʝʨʦ ʜʘʥʠʭè, ʱʦ



 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʘʜʝʢʚʘʪʥʽʩʪʴ ʽ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ 

ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ. ʅʘʢʦʧʠʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚ çʦʟʝʨʽ 

ʜʘʥʠʭè ʪʘ ʫ ʩʭʦʚʠʱʽ ʜʘʥʠʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ ʟʘ ʨʘʭʫʥʦʢ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʩʦʙʽʚ ʟʘʚʘʥʪʘʞʝʥʥʷ ʜʘʥʠʭ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʦʙʨʘʪʠ ʙʘʛʘʪʦʨʽʚʥʝʚʫ 

ʘʨʭʽʪʝʢʪʫʨʫ ʩʭʦʚʠʱʘ ʜʘʥʠʭ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʽʥʪʝʛʨʘʮʽʶ ʪʘ ʫʟʛʦʜʞʝʥʥʷ ʜʘʥʠʭ ʽʟ çʦʟʝʨʘ 

ʜʘʥʠʭè ʪʘ ʽʥʰʠʭ ʜʞʝʨʝʣ ʩʧʦʯʘʪʢʫ ʫ çʚʽʨʪʫʘʣʴʥʝ ʩʭʦʚʠʱʝ ʜʘʥʠʭè, ʘ ʚʞʝ ʟʚʽʜʪʠ ʙʫʜʝ 

ʟʘʚʘʥʪʘʞʫʚʘʪʠʩʷ ʫ çʚʽʪʨʠʥʠ ʜʘʥʠʭè. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʦʻʜʥʘʪʠ ʜʝʢʽʣʴʢʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ, ʘ ʩʘʤʝ: ʪʝʭʥʦʣʦʛʽʶ ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʩʪʚʦʨʝʥʥʷ ʪʘ ʢʦʨʠʛʫʚʘʥʥʷ ʦʧʝʨʘʪʠʚʥʦ-ʢʘʣʝʥʜʘʨʥʠʭ ʧʣʘʥʽʚ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʪʘ ʢʦʤʙʽʥʦʚʘʥʠʭ ʘʣʛʦʨʠʪʤʽʚ; ʧʽʜʭʦʜʠ ʝʢʩʧʝʨʪʥʦ-ʤʦʜʝʣʶʶʯʦʾ 

ʩʠʩʪʝʤʠ ʨʝʮʝʧʪʫʨ ʚʠʛʦʪʦʚʣʝʥʥʷ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʽʙʨʘʪʠ ʫ ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚʘʭ 

ʟʘʤʽʥʫ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʨʝʮʝʧʪʫʨʽ; ʪʝʭʥʦʣʦʛʽʶ ʜʣʷ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʮʝʩʫ ʘʥʘʣʽʟʫ ʪʘ 

ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʥʘ ʭʘʨʯʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ, ʷʢʘ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʚʽʜʦʤʠʭ, ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʚʠʟʥʘʯʝʥʥʽ ʘʩʦʨʪʠʤʝʥʪʫ ʪʘ ʢʦʨʠʛʫʚʘʥʥʽ ʨʝʮʝʧʪʫʨ ʜʣʷ 

ʟʤʝʥʰʝʥʥʷ ʩʦʙʽʚʘʨʪʦʩʪʽ ʪʘ ʰʚʠʜʢʦʛʦ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ.  

ʇʨʠ ʧʦʙʫʜʦʚʽ ʧʨʦʛʨʘʤʥʦʾ ʯʘʩʪʠʥʠ web-ʦʨʽʻʥʪʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʚʠʢʦʨʠʩʪʘʥʦ ʢʣʘʩʠʯʥʫ ʙʘʛʘʪʦʰʘʨʦʚʫ ʘʨʭʽʪʝʢʪʫʨʫ ʟ ʨʦʟʧʦʜʽʣʝʥʥʷʤ 

ʥʘ ʪʘʢʽ ʩʢʣʘʜʦʚʽ: ʰʘʨ ʢʦʥʪʨʦʣʝʨʽʚ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚʟʘʻʤʦʜʽʷ ʟ 

ʢʣʽʻʥʪʩʴʢʦʶ ʯʘʩʪʠʥʦʶ; ʘʜʘʧʪʝʨʠ, ʥʘ ʨʽʚʥʽ ʷʢʠʭ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʘʥʠʭ ʽʟ 

ʟʘʧʠʪʽʚ ʢʣʽʻʥʪʽʚ ʫ ʦʩʥʦʚʥʽ ʙʽʟʥʝʩ-ʦʙôʻʢʪʠ, ʥʘʜ ʷʢʠʤʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦʜʘʣʴʰʘ 

ʦʙʨʦʙʢʘ; ʢʣʘʩʠ, ʱʦ ʟʜʽʡʩʥʶʶʪʴ ʧʝʨʝʚʽʨʢʠ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʥʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ 

ʚʩʪʘʥʦʚʣʝʥʠʤ ʧʨʘʚʠʣʘʤ; ʙʽʟʥʝʩ-ʩʝʨʚʽʩʠ, ʷʢʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ 

ʚʠʢʦʥʘʥʥʷ ʙʽʟʥʝʩ-ʣʦʛʽʢʠ; ʜʦʧʦʤʽʞʥʽ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʽ ʢʣʘʩʠ, ʷʢʠʤ ʙʽʟʥʝʩ-ʩʝʨʚʽʩʠ 

ʜʝʣʝʛʫʶʪʴ ʚʠʢʦʥʘʥʥʷ ʦʢʨʝʤʠʭ ʦʧʝʨʘʮʽʡ; ʨʝʧʦʟʠʪʦʨʽʾ, ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦʾ 

ʨʦʙʦʪʠ ʟ ʩʭʦʚʠʱʝʤ ʜʘʥʠʭ. ʌʫʥʢʮʽʦʥʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ ʩʝʨʚʝʨʥʦʾ ʯʘʩʪʠʥʠ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʦʪʨʝʙʘʤ ʢʦʨʠʩʪʫʚʘʯʽʚ web-ʦʨʽʻʥʪʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʽ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʨʦʟʧʦʜʽʣʝʥʽ ʥʘ ʤʦʜʫʣʽ, ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ 

ʚʠʨʽʰʝʥʥʷ ʢʦʥʢʨʝʪʥʠʭ ʟʘʜʘʯ. ʂʦʞʥʠʡ ʤʦʜʫʣʴ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʦʙʨʦʙʢʠ ʜʝʷʢʦʛʦ ʟʘʧʠʪʫ 

ʟʚʝʨʪʘʻʪʴʩʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ ʜʦ ʩʭʦʚʠʱʘ ʜʘʥʠʭ ʘʙʦ ʙʘʟʠ ʟʥʘʥʴ. ʇʽʩʣʷ



 

ʧʨʦʚʝʜʝʥʥʷ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʪʘ ʥʝʦʙʭʽʜʥʠʭ ʧʽʜʨʘʭʫʥʢʽʚ ʨʝʟʫʣʴʪʘʪ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ 

ʢʣʽʻʥʪʩʴʢʦʶ ʯʘʩʪʠʥʦʶ ʫ ʟʘʜʘʥʦʤʫ ʚʠʛʣʷʜʽ. ʂʽʣʴʢʽʩʪʴ ʤʦʜʫʣʽʚ ʥʝ ʨʝʛʣʘʤʝʥʪʫʻʪʴʩʷ. ʎʝ 

ʟʘʙʝʟʧʝʯʫʻ, ʫ ʚʠʧʘʜʢʫ ʥʝʦʙʭʽʜʥʦʩʪʽ, ʤʦʜʝʨʥʽʟʘʮʽʶ ʽʩʥʫʶʯʠʭ ʪʘ ʚʢʣʶʯʝʥʥʷ ʥʦʚʠʭ 

ʤʦʜʫʣʽʚ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. ɼʦ ʦʩʥʦʚʥʠʭ ʤʦʜʫʣʽʚ ʩʠʩʪʝʤʠ 

ʥʘʣʝʞʘʪʴ: ʤʦʜʫʣʽ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʪʘ ʤʦʜʫʣʽ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ, ʤʦʜʫʣʽ ʧʽʜʪʨʠʤʢʠ ʬʫʥʢʮʽʡ 

ʫʧʨʘʚʣʽʥʥʷ, ʷʢʽ ʧʦʻʜʥʫʶʪʴ ʚʝʜʝʥʥʷ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʦʙʣʽʢʫ ʪʘ ʩʪʚʦʨʝʥʥʷ ʟʚʽʪʽʚ, ʤʦʜʫʣʽ 

ʝʢʩʧʝʨʪʥʦʾ ʩʠʩʪʝʤʠ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ web-ʦʨʽʻʥʪʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʱʦ 

ʙʫʜʝ ʚʢʣʶʯʘʪʠ ʟʘʧʨʦʧʦʥʦʚʘʥʫ ʽʥʬʦʨʤʘʮʽʡʥʫ ʪʝʭʥʦʣʦʛʽʶ, ʟʘʙʝʟʧʝʯʠʪʴ: ʦʧʝʨʘʪʠʚʥʝ 

ʬʦʨʤʫʚʘʥʥʷ ʧʣʘʥʽʚ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʽʟ ʤʽʥʽʤʽʟʘʮʽʻʶ ʚʠʪʨʘʪ ʪʘ ʥʘʧʨʘʚʣʝʥʠʭ ʥʘ 

ʤʘʢʩʠʤʽʟʘʮʽʶ ʧʨʠʙʫʪʢʫ; ʦʧʝʨʘʪʠʚʥʽ ʨʝʢʦʥʬʽʛʫʨʘʮʽʾ ʽʩʥʫʶʯʦʛʦ ʢʘʣʝʥʜʘʨʥʦʛʦ ʧʣʘʥʫ 

ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ, ʱʦ ʟʘʙʝʟʧʝʯʠʪʴ ʦʧʪʠʤʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʽ ʤʽʥʽʤʽʟʘʮʽʶ ʚʠʪʨʘʪ ʧʨʠ ʚʠʥʠʢʥʝʥʥʽ ʧʦʟʘʰʪʘʪʥʠʭ ʩʠʪʫʘʮʽʾ ʧʽʜ ʯʘʩ ʧʦʷʚʠ 

ʪʝʨʤʽʥʦʚʠʭ ʜʦ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʘʙʦ ʧʦʟʘʰʪʘʪʥʠʭ ʩʠʪʫʘʮʽʡ; ʤʽʥʽʤʽʟʘʮʽʶ ʚʠʪʨʘʪ 

ʥʘ ʟʙʝʨʽʛʘʥʥʷ ʩʠʨʦʚʠʥʠ ʪʘ ʤʘʪʝʨʽʘʣʽʚ; ʯʽʪʢʝ ʨʦʟʧʦʜʽʣʝʥʥʷ ʫʩʽʭ ʟʘʜʘʯ ʱʦʜʦ ʚʠʢʦʥʘʥʥʷ 

ʢʦʞʥʦʛʦ ʟʘʤʦʚʣʝʥʥʷ ʤʽʞ ʚʠʨʦʙʥʠʯʠʤʠ ʧʽʜʨʦʟʜʽʣʘʤʠ, ʮʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʫʨʘʭʫʚʘʪʠ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʪʘ ʥʝʦʙʭʽʜʥʽ ʨʝʩʫʨʩʠ ʟ ʧʨʠʚôʷʟʢʦʶ ʫ ʯʘʩʽ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

web-ʦʨʽʻʥʪʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʷʢʘ ʨʝʘʣʽʟʫʻ ʟʘʧʨʦʧʦʥʦʚʘʥʫ 

ʽʥʬʦʨʤʘʮʽʡʥʫ ʪʝʭʥʦʣʦʛʽʶ, ʟʘʙʝʟʧʝʯʠʪʴ ʧʽʜʚʠʱʝʥʥʷ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʧʽʜʧʨʠʻʤʩʪʚʘ. 

ʌʦʨʤʘʣʽʟʦʚʘʥʦ ʧʨʦʮʝʩ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʧʽʨʘʣʴʥʦʾ ʤʦʜʝʣʽ ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʚ ʷʢʽʡ, ʥʘ 

ʜʦʜʘʪʦʢ ʜʦ ʪʨʘʜʠʮʽʡʥʦʾ, ʯʽʪʢʦ ʚʠʟʥʘʯʝʥʦ ʤʽʩʮʝ ʧʨʦʚʝʜʝʥʥʷ ʨʝʬʘʢʪʦʨʠʥʛʫ, ʱʦ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʥʘ ʨʦʟʨʦʙʢʫ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʟʨʦʙʢʠ ʚ 

ʮʽʣʦʤʫ. ʆʙˇʨʫʥʪʦʚʘʥʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʘʪʝʛʦʨʽʾ çʨʝʬʘʢʪʦʨʠʥʛʫ ʜʦʩʪʫʧʫè, ʷʢʘ ʜʘʻ ʟʤʦʛʫ 

ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʟʤʽʥʠ, ʧʦʚôʷʟʘʥʽ ʟ ʜʦʩʪʫʧʦʤ ʜʦ ʜʘʥʠʭ, ʧʨʠ ʘʜʤʽʥʽʩʪʨʫʚʘʥʥʽ ʩʭʦʚʠʱʘ 

ʪʘ çʚʽʪʨʠʥ ʜʘʥʠʭè ʙʝʟ ʚʪʨʘʪʠ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʩʠʩʪʝʤʠ. ʋ ʧʨʦʮʝʩʽ ʧʨʦʻʢʪʫʚʘʥʥʷ ʙʘʟ 

ʟʥʘʥʴ, ʚʽʪʨʠʥ ʪʘ ʩʭʦʚʠʱ ʜʘʥʠʭ ʚʠʢʦʨʠʩʪʘʥʦ ʧʽʜʭʦʜʠ ʱʦʜʦ ʤʘʨʢʫʚʘʥʥʷ ʪʘ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʦʥʦʚʣʝʥʥʷ ʾʭ ʢʦʤʧʦʥʝʥʪʽʚ ʽ ʝʣʝʤʝʥʪʽʚ ʟʘ ʨʘʭʫʥʦʢ



 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʘʪʝʛʦʨʽʾ ʨʝʬʘʢʪʦʨʠʥʛʫ ʜʦʩʪʫʧʫ ʪʘ ʩʧʝʮʠʬʽʢʘʮʽʾ ʩʝʤʘʥʪʠʯʥʦʛʦ 

ʚʝʨʩʽʦʥʫʚʘʥʥʷ ʙʘʟ ʜʘʥʠʭ, ʱʦ ʟʘʙʝʟʧʝʯʠʣʦ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʪʘ ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ 

ʨʦʟʨʦʙʢʠ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʨʦʟʨʦʙʣʝʥʽ ʤʦʜʝʣʽ, ʤʝʪʦʜʠ, 

ʘʣʛʦʨʠʪʤʠ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ ʬʦʨʤʫʶʪʴ ʦʩʥʦʚʫ ʜʣʷ ʩʪʚʦʨʝʥʥʷ web-

ʦʨʽʻʥʪʦʚʘʥʠʭ ʩʠʩʪʝʤ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʝʬʝʢʪʠʚʥʠʭ ʨʽʰʝʥʴ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ 

ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ ʭʘʨʯʦʚʦʾ ʛʘʣʫʟʽ, ʷʢʽ ʜʘʜʫʪʴ ʟʤʦʛʫ ʚʠʚʝʩʪʠ ʚʝʩʴ ʧʨʦʮʝʩ ʫʧʨʘʚʣʽʥʥʷ ʥʘ 

ʷʢʽʩʥʦ ʥʦʚʠʡ ʨʽʚʝʥʴ.  

ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʡʰʣʠ ʘʧʨʦʙʘʮʽʶ ʪʘ ʧʝʨʝʜʘʥʽ ʥʘ 

ʊʆɺ çʉʣʦʙʦʞʘʥʩʴʢʠʡ ʙʝʢʦʥè, ʊʆɺ çʇʨʦʜʝʢʦè, ʊʆɺ çʂʦʟʷʪʠʥʩʴʢʠʡ 

ʤôʷʩʦʢʦʤʙʽʥʘʪè, ʊʆɺ çʃʘʡʤ ʉʠʩʪʝʤʩè, ʊʆɺ çʌʝʨʘʢʩè, ʇʨɸʊ çʆʙʦʣʦʥʴè ʜʣʷ 

ʨʦʟʚ'ʷʟʘʥʥʷ ʟʘʜʘʯʽ ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ, ʱʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʚʽʜʧʦʚʽʜʥʠʤʠ 

ʘʢʪʘʤʠ ʪʘ ʜʦʚʽʜʢʘʤʠ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʤʠʩʣʦʚʦʾ ʘʧʨʦʙʘʮʽʾ ʢʝʨʽʚʥʠʮʪʚʦ 

ʧʽʜʧʨʠʻʤʩʪʚ ʥʘʜʘʣʦ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʥʘ 

ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʭʘʨʯʦʚʦʾ ʛʘʣʫʟʽ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʨʦʚʘʜʞʝʥʦ ʫ ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʮʝʩ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʨʠ ʚʠʢʣʘʜʘʥʥʽ ʜʠʩʮʠʧʣʽʥʠ 

çʋʧʨʘʚʣʽʥʥʷ ɯʊ-ʧʨʦʻʢʪʘʤʠè ʜʣʷ ʟʜʦʙʫʚʘʯʽʚ ʦʩʚʽʪʠ ʩʪʫʧʝʥʷ ʙʘʢʘʣʘʚʨ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 122 ï ʢʦʤʧôʶʪʝʨʥʽ ʥʘʫʢʠ ʦʩʚʽʪʥʴʦ-ʧʨʦʬʝʩʽʡʥʦʾ ʧʨʦʛʨʘʤʠ 

çʂʦʤʧôʶʪʝʨʥʽ ʥʘʫʢʠè, ʜʠʩʮʠʧʣʽʥʠ çʂʣʽʻʥʪ-ʩʝʨʚʝʨʥʽ ʪʝʭʥʦʣʦʛʽʾè ʜʣʷ ʟʜʦʙʫʚʘʯʽʚ 

ʦʩʚʽʪʠ ʩʪʫʧʝʥʷ ʤʘʛʽʩʪʨ ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ 122 ï ʢʦʤʧôʶʪʝʨʥʽ ʥʘʫʢʠ ʦʩʚʽʪʥʴʦ-

ʧʨʦʬʝʩʽʡʥʠʭ ʧʨʦʛʨʘʤ çɯʥʬʦʨʤʘʮʽʡʥʽ ʫʧʨʘʚʣʷʶʯʽ ʩʠʩʪʝʤʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾè ʪʘ 

çʂʦʤʧôʶʪʝʨʥʠʡ ʝʢʦʣʦʛʦ-ʝʢʦʥʦʤʽʯʥʠʡ ʤʦʥʽʪʦʨʠʥʛè.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʫʧʨʘʚʣʽʥʥʷ ʭʘʨʯʦʚʠʤ ʧʽʜʧʨʠʻʤʩʪʚʦʤ, ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, 

ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ, 

ʢʦʤʙʽʥʦʚʘʥʽ ʘʣʛʦʨʠʪʤʠ, ʢʦʤʙʽʥʦʚʘʥʽ ʤʝʪʦʜʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʽʥʬʦʨʤʘʮʽʡʥʘ 

ʪʝʭʥʦʣʦʛʽʷ. 
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information technology. ï National University of Food Technology of the Ministry of 

Education and Science of Ukraine. ï The Institute of Mathematical Machines and Systems 

Problems of the National Academy of Sciences of Ukraine, Kyiv, 2021. 

The main result of the dissertation research is that there was found a solution to 

the scientific applied problem of increasing the efficiency of food company management 

processes through the development of an information technology to support decision 

making on the basis of modified heuristic and evolutionary methods and algorithms. 

The thesis develops a mathematical model of the order execution planning process, 

which, in contrast to the traditional models, provides a breakdown by management levels 

and departments, as well as an assessment of the plan effectiveness, taking into account 

external and internal influences based on the proposed partial criteria and general 

constraints. The mathematical model takes into account all the conditions of the food 

company and the order execution planning process. These conditions are the following 

ones: the shelf life of raw materials and finished products; the possibility of occurrence 

and the need to process substandard products; features of execution of each order; features 

of using technological equipment, etc. An additive convolution of criteria is used to form a 

generalized objective function. The developed mathematical model allows to form an 

order execution plan, taking into account all operations of the technological process of 

products manufacturing. The created mathematical model allows to adjust and evaluate the 

efficiency of order execution depending on objective and subjective advantages of a 

person who makes decisions, and also provides both consideration and exclusion of certain 

partial criteria depending on the situation. 



 

The paper proposes modifications of çant colonyè and çwolf packè algorithms, 

the application of which allows reconfiguration of the plans while reducing the time 

necessary to find the optimum. Modification of the çant colonyè algorithm reduces time 

by using local optimization approaches, modification of the çwolf packè algorithm ï by 

selecting templates from the best alternative solutions to the problem. 

A research of the application of the following algorithms aimed at solving 

the problem of order execution planning has been conducted: a çbee colonyè algorithm, 

a çchaotic batè algorithm, ça bat algorithm based on Levy flight search strategyè, ça bat 

algorithm based on reduction factorè, a çgenetic algorithmè, a çfish shoalè algorithm, 

a çwolf packè algorithm, a modified çwolf packè algorithm, çan ant colony algorithm 

using elite antsè, a modified çant colonyè algorithm. When there are less than 25 orders, 

all algorithms have the same values and the best indicators of search time have standard 

versions of algorithms; when there are >50 orders, the best indicators have modified 

algorithms. The obtained results of the research indicated the need to use modifications of 

çant colonyè and çwolf packè algorithms which allow to reconfigurate the plans when 

reducing the search time for the optimum by almost 20 % compared to other versions of 

the algorithms. 

A combined decision-making method based on the çfish shoalè and the modified 

çwolf packè algorithms has been developed. This method works stably for small and 

medium-sized problems and reduces the search time to 35 %, taking into account 5-6 

partial criteria. Due to the fact that the total number of iterations is distributed between 

different algorithms, there is a total reduction in the search time. That means that if each 

algorithm requires 100 operations, then all of them require 200 operations. As a result of 

the conducted experiments, it was found that the number of iterations between algorithms 

should be divided in the ratio 30:70. 30 iterations are allocated to the çfish shoalè 

algorithm, 70 ï to the çwolf packè algorithm. Such distribution was chosen 

experimentally. In multi-criteria cases, it provides search acceleration by 33,9 % compared 

to the modified çwolf packè algorithm, by 35,1 % compared to the çant colonyè 

algorithm, by 33,8 % compared to the çfish shoalè algorithm. Therefore, the proposed 

combined algorithm should be used for companies with a narrow range of products and



 

with a minimum amount of process equipment, because it is more effective in finding 

limited-criteria alternative optimal plans (up to 5ï6 partial optimality criteria). Such 

enterprises are the ones that use automated technological complexes that provide serial 

production. 

A combined method based on çant colonyè and çwolf packè algorithms, as well as 

on the çgenetic algorithmè has been developed. This method stably works on multi-

criteria problems of different size and has the search speed 10ï45 % higher than other 

algorithms. A modified çant colonyè algorithm had been used with the aim of obtaining a 

primary plan. After that there was utilized a modified çwolf packè algorithm where alpha, 

beta and delta wolves were used as the best options obtained in the result of the use of the 

çant colonyè algorithm. If the version of the plan does not improve for a given number of 

iterations, then the çgenetic algorithmè is used. If such solution is found, it becomes 

current, and a new iteration begins. At each iteration of the use of mutation, crossover and 

crossbreeding operations, new modified versions of order execution plans are quickly 

obtained. In fact, the application of the çgenetic algorithmè provides the formation of new 

alternative plans based on the best three ones. A repeated application of all the algorithms 

leads to halving the number of iterations for each algorithm. It continues until the specified 

number of iterations is performed. Thus appear new options, and the çant colonyè 

algorithm is applied to them. A combination of three algorithms in one modified method 

provides finding complex options for scheduling at multi-item food industry companies. It 

is confirmed by the results of tests conducted on retrospective data according to the order 

execution plans for different previous periods of food companies activity. According to the 

information obtained after conducting the experiments, there is a reason to believe that for 

multi-criteria problems the combined method provides a faster search than other 

algorithms. It is advisable to use for companies that manufacture a wide range of 

multicomponent products and require complex technological operations separated by 

certain areas of production. 

An information technology for order execution planning, which provides 

the formation and operational reconfiguration of plans in a short period of time through 

a combination of data mining for pre-classification, as well as the use of modified 



 

algorithms and methods based on a combination of algorithms, is developed in the thesis. 

The proposed technology makes it possible to select a set of algorithms and methods 

adequate for a particular subject area. The use of data mining provides an increase in 

the speed of finding solutions through data analysis for previous periods which allows to 

identify the best sequences of the use of specific technological equipment for 

the manufacture of products according to current orders. The application of this 

technology allows to find additional alternative optimal plans for the execution of orders, 

and the presentation of the results of their comparison in the form of a visual petal diagram 

helps the responsible person to make an effective decision quickly. 

An architecture of a hybrid web-based decision support system has been developed. 

It implements the proposed information technology and is based on flexible integration in 

the data lake of information from statistical and expert sources. Data lake, data download 

tools, data warehouse, knowledge base, server part, web-user interface are the main 

components of the system. It is important to note that the user interface is displayed in the 

user's browser in the form of web-pages. Databases of information systems and the data 

lake are the sources of data for the data warehouse which ensure the adequacy and 

reliability of information support to support management decisions. The accumulation of 

information in the data lake and in the data warehouse is automatic due to the use of data 

download tools. It is proposed to choose a multi-level data warehouse architecture which 

provides integration and harmonization of data from the data lake and other sources first 

into a virtual data warehouse and then into the data showcase.  

The proposed architecture makes it possible to combine the following information 

technologies: an order planning technology which provides the creation and adjustment of 

operational and calendar plans through the use of modified and combined algorithms; 

approaches of the expert-modeling system of manufacturing recipes that gives the chance 

to pick up in production conditions replacement of components in a compounding; 

a technology to improve the process of analysis and planning of orders at food companies 

which, in contrast to the known ones, is based on determining the range and adjusting 

recipes to reduce costs and provide faster execution of orders. 



 

When building the software part of the web-oriented decision support system, the 

classic multilayer architecture is used with the division into the following components: a 

layer of controllers which provides interaction with the client part; adapters, at the level of 

which the data from customer requests is converted into the main business objects that are 

further processed; classes that check compliance of the input data with the established 

rules; business services that are directly responsible for the implementation of business 

logic; auxiliary tool classes to which business services delegate the execution of individual 

operations; repositories which are designed to work directly with the data warehouse. The 

functionality of the server part meets the needs of users of the web-oriented decision 

support system and is generally divided into modules designed to solve specific tasks. 

During the request processing, each module requests data to the data warehouse or to the 

knowledge base. When data processing and necessary calculations are carried out, the 

client part displays the result in the specified form. The number of modules is not 

regulated, and, if necessary, it provides the modernization of existing and the inclusion of 

new modules in order to solve decision-making problems. The main modules of 

the system are the following: decision-making modules and decision-making modules that 

use data mining, management functions support modules that combine statistical 

accounting and reporting, expert system modules. 

The use of the web-oriented decision support system, which will include 

the proposed information technology, will provide the following issues: prompt formation 

of operational order execution plans aimed at cost minimization and profit maximization; 

prompt reconfiguration of the existing schedule of orders which will ensure optimal use of 

technological equipment and minimize costs in the event of emergency situations and 

subsequent urgent orders; minimization of costs for raw materials storage; a clear 

distribution of all tasks concerning the execution of each order between production units, 

which allows to take into account the sequence of execution and necessary resources with 

a timeline. The use of a web-based decision support system that implements the proposed 

information technology will improve the technical and economic performance of the 

enterprise. 



 

The process of the creation of a decision support system using a spiral model of 

software development has been formalized. In addition to the traditional one, the place of 

refactoring in such a system is clearly defined. It generally allows to reduce development 

time and increase development efficiency. The use of the access refactoring category, 

which allows to implement changes related to data access in the administration of 

the repository and data showcases without loss of system performance, is justified in 

the thesis. In the process of designing knowledge bases, showcases and data warehouses, 

approaches to labeling and automated implementation of updating their components and 

elements through the use of access refactoring and specification of semantic versioning of 

databases were used. It resulted in quality improvement and reduction of development 

time. 

The results of the dissertation research were tested and transferred to LLC 

çSlobozhansky Baconè, LLC çProdecoè, LLC çKozyatyn Meat Processing Plantè, LLC 

çLime Systemsè, LLC çFeraxè, PJSC çObolonè with the aim of solving the problem of 

order execution planning. These acts are confirmed by the relevant documents and 

certificates. The executives of the stated companies took into account the results of 

industrial testing and provided recommendations for the implementation of the described 

information technology in food industry companies. 

The results of the dissertation research are implemented into the educational process 

of the National University of Food Technologies in teaching the discipline çIT Project 

Managementè for the students of bachelor programs in specialty 122 ï computer science 

of the educational and professional program çComputer Scienceè, discipline çClient-

Server Technologiesè for the applicants for a master's degree in specialty 122 ï computer 

science of the educational and professional programs çInformation control systems and 

technologiesè and çComputer environmental and economic monitoringè. 

Keywords: food company management, decision making, decision support systems, 

order execution planning, combined algorithms, combined decision-making methods, 

information technology. 
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ɺʉʊʋʇ 

 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. ʍʘʨʯʦʚʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ ʻ ʦʜʥʽʻʶ ʽʟ ʩʪʨʘʪʝʛʽʯʥʠʭ ʛʘʣʫʟʝʡ 

ʫ ʙʫʜʴ-ʷʢʽʡ ʢʨʘʾʥʽ, ʘʜʞʝ ʚʦʥʘ ʟʘʙʝʟʧʝʯʫʻ ʾʾ ʧʨʦʜʦʚʦʣʴʯʫ ʥʝʟʘʣʝʞʥʽʩʪʴ. ʈʠʥʦʢ 

ʭʘʨʯʦʚʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʜʫʞʝ ʚʠʩʦʢʦʶ ʢʦʥʢʫʨʝʥʮʽʻʶ, ʟʦʢʨʝʤʘ, ʤʽʞ 

ʚʽʪʯʠʟʥʷʥʠʤʠ ʪʘ ʟʘʨʫʙʽʞʥʠʤʠ ʚʠʨʦʙʥʠʢʘʤʠ. ɺ ʫʤʦʚʘʭ ʞʦʨʩʪʢʦʾ ʢʦʥʢʫʨʝʥʮʽʾ ʧʝʨʝʜ 

ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ ʭʘʨʯʦʚʦʾ ʛʘʣʫʟʽ, ʷʢʽ ʥʘʤʘʛʘʶʪʴʩʷ ʧʨʘʮʶʚʘʪʠ ʟʘ ʜʦʚʛʦʩʪʨʦʢʦʚʠʤʠ 

ʜʦʛʦʚʦʨʘʤʠ, ʛʦʩʪʨʦ ʩʪʦʾʪʴ ʟʘʜʘʯʘ ʟʙʝʨʝʞʝʥʥʷ ʩʧʦʞʠʚʘʯʘ, ʱʦ ʤʦʞʣʠʚʦ ʪʽʣʴʢʠ ʟʘ 

ʨʘʭʫʥʦʢ ʚʠʛʦʪʦʚʣʝʥʥʷ ʷʢʽʩʥʦʾ ʧʨʦʜʫʢʮʽʾ ʟʘ ʧʨʠʡʥʷʪʥʦʶ ʮʽʥʦʶ ʪʘ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ ʟʘ 

ʢʦʨʦʪʢʠʡ ʪʝʨʤʽʥ. ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʟʘʢʫʧʢʫ ʪʘ ʟʙʝʨʽʛʘʥʥʷ ʩʠʨʦʚʠʥʠ, 

ʷʢʘ ʤʘʻ ʦʙʤʝʞʝʥʽ ʪʝʨʤʽʥʠ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʚʠʛʦʪʦʚʠʪʠ ʧʨʦʜʫʢʮʽʶ ʟ ʜʦʪʨʠʤʘʥʥʷʤ ʫʩʽʭ 

ʥʝʦʙʭʽʜʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʠʤʦʛ, ʟʘʙʝʟʧʝʯʠʪʠ ʟʙʝʨʽʛʘʥʥʷ ʚʠʛʦʪʦʚʣʝʥʦʾ ʧʨʦʜʫʢʮʽʾ. ɺ 

ʮʠʭ ʫʤʦʚʘʭ ʫʧʨʘʚʣʽʥʥʷ ʧʽʜʧʨʠʻʤʩʪʚʦʤ ʧʦʚʠʥʥʦ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʛʥʫʯʢʝ ʪʘ ʰʚʠʜʢʦ 

ʨʝʘʛʫʶʯʝ ʚʠʨʦʙʥʠʮʪʚʦ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤ ʫʨʘʭʫʚʘʥʥʷʤ ʟʦʚʥʽʰʥʽʭ ʪʘ ʚʥʫʪʨʽʰʥʽʭ 

ʬʘʢʪʦʨʽʚ ʽ ʦʙʤʝʞʝʥʴ ʧʨʠ ʧʣʘʥʫʚʘʥʥʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ ʽ ʧʨʠʡʥʷʪʪʽ 

ʦʧʝʨʘʪʠʚʥʠʭ ʨʽʰʝʥʴ. 

ɺʘʛʦʤʠʡ ʚʥʝʩʦʢ ʫ ʨʦʟʚʠʪʦʢ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʘʣʛʦʨʠʪʤʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʚʠʨʦʙʥʠʮʪʚʦʤ ʟʨʦʙʠʣʠ ʚʽʪʯʠʟʥʷʥʽ ʪʘ ʟʘʨʫʙʽʞʥʽ 

ʚʯʝʥʽ, ʟʦʢʨʝʤʘ: ʉʝʨʛʽʻʥʢʦ ɯ. ɺ., ʃʘʜʘʥʶʢ ɸ. ʇ., ʇʘʚʣʦʚ ʆ. ɸ., ɿʛʫʨʦʚʩʴʢʠʡ ʄ. ɿ., 

ɿʘʡʯʝʥʢʦ ʖ.ʇ., ʄʝʣʴʥʠʢʦʚ ʆ. ɺ., ʄʠʩʶʨʘ ɽ. ɹ., ʑʝʨʙʘʪʝʥʢʦ ʆ. ɺ., ʂʦʥʚʝʡ ʈ. ɺ., 

ʄʘʢʩʚʝʣʣ ɺ. ʃ., ʄʽʣʣʝʨ ʃ. ɺ., Domschke W., Sʩholl A., Vob S., Pinedo M. L ʪʘ ʙʘʛʘʪʦ 

ʽʥʰʠʭ.  

ɹʽʣʴʰʽʩʪʴ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʽ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ ʫ ʭʘʨʯʦʚʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ 

ʩʢʣʘʜʥʦ ʦʧʠʩʫʚʘʪʠ ʢʽʣʴʢʽʩʥʦ, ʱʦ ʫ ʩʫʢʫʧʥʦʩʪʽ ʟ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʽʩʪʶ ʟʘʜʘʯ 

ʧʣʘʥʫʚʘʥʥʷ ʽ ʫʧʨʘʚʣʽʥʥʷ ʫʩʢʣʘʜʥʶʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʨʘʜʠʮʽʡʥʠʭ ʜʝʪʝʨʤʽʥʦʚʘʥʠʭ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʚʽʜʧʦʚʽʜʥʠʭ ʨʽʰʝʥʴ. ʎʝ ʚʠʢʣʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʦʚʠʭ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʫʧʨʘʚʣʽʥʥʷ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʦʧʝʨʘʪʠʚʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜ ʬʘʭʽʚʮʽʚ-ʝʢʩʧʝʨʪʽʚ ʚʽʜʥʦʩʥʦ ʥʘʜʘʥʥʷ 

ʷʢʠʭʦʩʴ ʧʝʨʝʚʘʛ ʘʣʴʪʝʨʥʘʪʠʚʘʤ ʫ ʧʨʦʮʝʩʽ ʚʠʙʦʨʫ ʨʽʰʝʥʴ.  
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ɿʘʩʪʦʩʫʚʘʥʥʷʤ ʚʽʜʧʦʚʽʜʥʠʭ ʝʚʨʠʩʪʠʯʥʠʭ ʪʘ ʝʚʦʣʶʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʜʣʷ 

ʚʠʨʽʰʝʥʥʷ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʠʭ ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʟʘʜʘʯ ʟʘʡʤʘʣʠʩʷ Dorigo M., 

ʃʘʛʫʥʦʚʘ ɸ. ɼ., Mirjalili S., Lewis A., ʉʘʛʫʥ ɸ. ɺ., ʍʘʡʜʫʨʦʚ ɺ. ɺ., ʂʫʥʯʝʥʢʦ-

ʍʘʨʯʝʥʢʦ ɺ. ʀ., Stutzle Th., Hoos H. H., Khan L., Ullah I., Saeed T., Filho B., Neto L., 

Holland J. H., ʂʘʞʘʨʦʚ ɸ. ɸ., ʂʫʨʝʡʯʠʢ ɺ. ʄ., Karaboga D., Yang X. S., Wang G., 

Guo L., ʐʪʦʚʙʘ ʉ. ɼ., ʉʧʝʨʢʘʯ ʄ. ʆ., ɾʝʣʜʘʢ ʊ. ɸ. ʪʘ ʽʥ. ɹʽʣʴʰʽʩʪʴ ʘʚʪʦʨʽʚ ʫ ʩʚʦʾʭ 

ʨʦʙʦʪʘʭ ʟʘʟʥʘʯʘʻ ʧʝʨʝʚʘʛʠ ʽ ʧʦʨʽʚʥʷʣʴʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʝʚʨʠʩʪʠʯʥʠʭ ʽ 

ʝʚʦʣʶʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʠʭ ʟʘʜʘʯ. 

ʆʧʫʙʣʽʢʦʚʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚ ʮʽʡ ʩʬʝʨʽ ʥʦʩʷʪʴ ʙʽʣʴʰʦʶ ʯʘʩʪʠʥʦʶ ʟʘʛʘʣʴʥʠʡ 

ʭʘʨʘʢʪʝʨ ʽ ʥʝ ʧʨʠʚôʷʟʘʥʽ ʜʦ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʧʦʚôʷʟʘʥʠʭ ʟ 

ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʫʧʨʘʚʣʽʥʥʷ ʩʘʤʝ ʦʙôʻʢʪʘʤʠ ʭʘʨʯʦʚʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ.  

ɺʘʞʣʠʚʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʛʘʣʫʟʝʚʘ ʧʨʦʙʣʝʤʘ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʫʧʨʘʚʣʽʥʥʷ ʭʘʨʯʦʚʠʤʠ ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ ʚʠʤʘʛʘʻ ʢʦʤʧʣʝʢʩʥʦʛʦ ʨʽʰʝʥʥʷ, ʱʦ ʚ 

ʩʫʢʫʧʥʦʩʪʽ ʤʘʻ ʚʢʣʶʯʘʪʠ ʧʨʦʙʣʝʤʥʦ-ʦʨʽʻʥʪʦʚʘʥʽ ʤʦʜʝʣʽ, ʤʝʪʦʜʠ ʽ ʘʣʛʦʨʠʪʤʠ, 

ʫʧʨʘʚʣʽʥʩʴʢʽ ʪʝʭʥʦʣʦʛʽʾ ʽ ʚʽʜʧʦʚʽʜʥʝ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ. 

ʆʪʞʝ, ʘʢʪʫʘʣʴʥʦʶ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʦʶ ʧʨʦʙʣʝʤʦʶ ʻ ʨʦʟʨʦʙʢʘ ʽ ʨʝʘʣʽʟʘʮʽʷ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ ʭʘʨʯʦʚʠʤ 

ʧʽʜʧʨʠʻʤʩʪʚʦʤ ʥʘ ʦʩʥʦʚʽ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʝʚʨʠʩʪʠʯʥʠʭ ʽ ʝʚʦʣʶʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʪʘ 

ʘʣʛʦʨʠʪʤʽʚ ʽʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʥʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʟʤʝʥʰʝʥʥʷ 

ʚʧʣʠʚʫ ʣʶʜʩʴʢʦʛʦ ʬʘʢʪʦʨʘ ʪʘ ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ ʽ ʯʘʩʫ ʥʘ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʱʦʜʦ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ ʭʘʨʯʦʚʠʤ ʧʽʜʧʨʠʻʤʩʪʚʦʤ. 

ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. ʋ 

ʅʘʮʽʦʥʘʣʴʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʜʝʨʞʘʚʥʠʭ ʧʨʦʛʨʘʤ 

ʽ ʧʣʘʥʽʚ ʅɼʈ: ʅɼʈ çʅʘʫʢʦʚʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʪʘ ʨʦʟʨʦʙʣʝʥʥʷ ʘʢʪʠʚʥʠʭ ʧʘʢʫʚʘʣʴʥʠʭ 

ʩʠʩʪʝʤ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚè (ʇʨʦʙʣʝʤʥʘ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʘ ʣʘʙʦʨʘʪʦʨʽʷ ʅʋʍʊ, 

ˉ ɼʈ 0118U003558, 2019 ʨ.); ʅɼʈ çɼʦʩʣʽʜʞʝʥʥʷ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʫ ʛʘʣʫʟʷʭ ʭʘʨʯʦʚʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʦʩʚʽʪʽè (ʢʘʬʝʜʨʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʩʠʩʪʝʤ, ˉ ɼʈ 0117U003475, 2017ï2022 ʨʨ.); ʅɼʈ çʄʘʪʝʤʘʪʠʯʥʽ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ 

ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤè (ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, 

ʢʘʬʝʜʨʘ ʽʥʬʦʨʤʘʪʠʢʠ, ˉ ɼʈ 0117U003477, 2017ï2020 ʨʨ.); ʅɼʈ çɼʦʩʣʽʜʞʝʥʥʷ ʪʘ 
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ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʬʫʥʢʮʽʡ ʪʘ 

ʟʘʚʜʘʥʴ ʚʠʨʦʙʥʠʯʦʛʦ ʽ ʦʨʛʘʥʽʟʘʮʽʡʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʧʽʜʧʨʠʻʤʩʪʚ ʭʘʨʯʦʚʦʾ ʛʘʣʫʟʽè 

(ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʢʘʬʝʜʨʘ ʽʥʬʦʨʤʘʪʠʢʠ, ˉ ɼʈ 

0120U105386, 2020ï2025 ʨʨ.). ʈʦʙʦʪʘ ʚʠʢʦʥʫʚʘʣʘʩʴ ʟʛʽʜʥʦ ʽʟ ʧʣʘʥʦʤ ʥʘʫʢʦʚʦ-

ʜʦʩʣʽʜʥʠʭ ʨʦʙʽʪ ʢʘʬʝʜʨʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ çʈʦʟʨʦʙʣʝʥʥʷ ʥʦʚʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʴ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʪʘ ʦʩʚʽʪʥʽʡ ʜʽʷʣʴʥʦʩʪʽè 2011ï2015 ʨʨ.; çɯʥʬʦʨʤʘʮʽʡʥʽ 

ʪʝʭʥʦʣʦʛʽʾ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʛʦʜʠ ʜʣʷ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘè, 2017 ʨ.; 

çɼʦʩʣʽʜʞʝʥʥʷ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʛʘʣʫʟʷʭ ʭʘʨʯʦʚʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʦʩʚʽʪʽè ʧʨʦʪʷʛʦʤ 2015ï2020 ʨʨ.  

ʄʝʪʘ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʻ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʫʧʨʘʚʣʽʥʥʷ ʭʘʨʯʦʚʠʤ ʧʽʜʧʨʠʻʤʩʪʚʦʤ ʰʣʷʭʦʤ ʨʦʟʨʦʙʢʠ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʥʘ ʦʩʥʦʚʽ ʤʦʜʠʬʽʢʦʚʘʥʠʭ 

ʝʚʨʠʩʪʠʯʥʠʭ ʽ ʝʚʦʣʶʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʘʣʛʦʨʠʪʤʽʚ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʚʠʨʽʰʫʚʘʣʠʩʷ ʪʘʢʽ ʦʩʥʦʚʥʽ ʟʘʚʜʘʥʥʷ:  

ï ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʧʽʜʭʦʜʽʚ, ʤʝʪʦʜʽʚ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ 

ʫʧʨʘʚʣʽʥʥʷ ʭʘʨʯʦʚʠʤ ʧʽʜʧʨʠʻʤʩʪʚʦʤ;  

ï ʟʜʽʡʩʥʠʪʠ ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʜʘʯʽ ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ 

ʟʘʤʦʚʣʝʥʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʦʚʥʽʰʥʽʭ ʪʘ ʚʥʫʪʨʽʰʥʽʭ ʚʧʣʠʚʽʚ;  

ï ʨʦʟʨʦʙʠʪʠ ʤʦʜʠʬʽʢʦʚʘʥʽ ʤʝʪʦʜʠ ʪʘ ʘʣʛʦʨʠʪʤʠ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ 

ʫʧʨʘʚʣʽʥʥʷ ʭʘʨʯʦʚʠʤ ʧʽʜʧʨʠʻʤʩʪʚʦʤ; 

ï ʨʦʟʨʦʙʠʪʠ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʥʘ ʦʩʥʦʚʽ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʝʚʨʠʩʪʠʯʥʠʭ ʽ 

ʝʚʦʣʶʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʘʣʛʦʨʠʪʤʽʚ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʛʥʫʯʢʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʭʘʨʯʦʚʠʤ 

ʚʠʨʦʙʥʠʮʪʚʦʤ;  

ï ʨʦʟʨʦʙʠʪʠ ʘʨʭʽʪʝʢʪʫʨʫ ʛʽʙʨʠʜʥʦʾ web-ʦʨʽʻʥʪʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ 

ʧʨʠʡʥʷʪʪʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʥʘ ʦʩʥʦʚʽ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʝʚʨʠʩʪʠʯʥʠʭ ʽ 

ʝʚʦʣʶʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʘʣʛʦʨʠʪʤʽʚ; 

ï ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ web-

ʦʨʽʻʥʪʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ; 
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ï ʟʜʽʡʩʥʠʪʠ ʘʧʨʦʙʘʮʽʶ ʩʪʚʦʨʝʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʫ ʧʨʦʤʠʩʣʦʚʠʭ 

ʫʤʦʚʘʭ ʥʘ ʜʽʶʯʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ, ʦʙʨʘʥʠʭ ʷʢ ʙʘʟʦʚʽ. 

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʨʦʮʝʩʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ ʭʘʨʯʦʚʠʤ 

ʧʽʜʧʨʠʻʤʩʪʚʦʤ ʚ ʫʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʪʘ ʨʠʟʠʢʽʚ. 

ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʤʝʪʦʜʠ, ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʽ ʟʘʩʦʙʠ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʮʝʩʫ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ ʭʘʨʯʦʚʠʤ ʧʽʜʧʨʠʻʤʩʪʚʦʤ 

ʥʘ ʦʩʥʦʚʽ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʝʚʨʠʩʪʠʯʥʠʭ ʽ ʝʚʦʣʶʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʘʣʛʦʨʠʪʤʽʚ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʆʩʥʦʚʥʠʤʠ ʤʝʪʦʜʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʮʽʡ ʨʦʙʦʪʽ ʻ 

ʜʦʪʨʠʤʘʥʥʷ ʟʘʛʘʣʴʥʦʥʘʫʢʦʚʠʭ ʤʝʪʦʜʦʣʦʛʽʡ ʽ ʧʨʠʥʮʠʧʽʚ ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ. 

ɼʣʷ ʨʦʟʚ'ʷʟʘʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʜʘʯ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʪʘʢʽ ʤʝʪʦʜʠ: 

ï ʤʝʪʦʜʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ ʜʣʷ ʦʙʨʦʙʢʠ ʪʘ ʦʮʽʥʢʠ ʝʬʝʢʪʫ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʘʣʛʦʨʠʪʤʽʚ, ʤʝʪʦʜʽʚ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ; 

ï ʤʝʪʦʜʠ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʪʘ ʦʙ'ʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʘʥʘʣʽʟʫ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʨʝʜʤʝʪʥʠʭ ʦʙʣʘʩʪʝʡ; 

ï ʤʝʪʦʜʠ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʜʣʷ ʘʥʘʣʽʟʫ ʪʘ ʢʣʘʩʠʬʽʢʘʮʽʾ 

ʟʘʤʦʚʣʝʥʴ; 

ï ʤʝʪʦʜʠ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʧʨʦʻʢʪʫʚʘʥʥʷ, ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ; 

ï ʪʝʦʨʽʷ ʨʝʣʷʮʽʡʥʠʭ ʪʘ ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ ʤʦʜʝʣʝʡ ʜʘʥʠʭ ʧʨʠ ʧʨʦʻʢʪʫʚʘʥʥʽ ʙʘʟ 

ʟʥʘʥʴ, ʚʽʪʨʠʥ ʪʘ ʩʭʦʚʠʱʘ ʜʘʥʠʭ; 

ï ʤʝʪʦʜʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʤʝʪʦʜʠ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʝʚʦʣʶʮʽʡʥʽ ʤʝʪʦʜʠ ʽ ʝʚʨʠʩʪʠʯʥʽ ʘʣʛʦʨʠʪʤʠ ʜʣʷ ʨʦʟʨʦʙʣʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ; 

ï ʤʝʪʦʜʠ, ʟʘʩʦʙʠ ʽ ʪʝʭʥʦʣʦʛʽʾ ʩʫʯʘʩʥʦʛʦ ʧʨʠʢʣʘʜʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʜʣʷ 

ʧʦʙʫʜʦʚʠ ʧʨʘʢʪʠʯʥʠʭ ʨʝʘʣʽʟʘʮʽʡ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʧʨʠʧʫʩʢʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʪʝʦʨʝʪʠʯʥʦʛʦ, 

ʪʘʢ ʽ ʝʤʧʽʨʠʯʥʦʛʦ ʤʝʪʦʜʫ ʜʦʩʣʽʜʞʝʥʥʷ. ʊʝʦʨʝʪʠʯʥʦʶ ʦʩʥʦʚʦʶ ʨʦʙʦʪʠ ʻ ʥʘʫʢʦʚʽ 

ʨʦʙʦʪʠ ʧʨʦʚʽʜʥʠʭ ʚʽʪʯʠʟʥʷʥʠʭ ʽ ʟʘʨʫʙʽʞʥʠʭ ʫʯʝʥʠʭ ʚ ʦʙʣʘʩʪʽ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠ 

ʫʧʨʘʚʣʽʥʥʽ ʭʘʨʯʦʚʠʤʠ ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ, ʧʨʦʛʨʘʤʥʦʾ ʽʥʞʝʥʝʨʽʾ, ʽʤʽʪʘʮʽʡʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʧʨʦʻʢʪʫʚʘʥʥʷ ʩʠʩʪʝʤ. ɽʤʧʽʨʠʯʥʦʶ ʦʩʥʦʚʦʶ ʨʦʙʦʪʠ ʩʪʘʣʠ ʤʝʪʦʜʠ 
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ʧʦʨʽʚʥʷʥʥʷ, ʚʠʤʽʨʶʚʘʥʥʷ, ʩʧʦʩʪʝʨʽʛʘʥʥʷ, ʝʢʩʧʝʨʠʤʝʥʪʫ, ʘʥʘʣʽʟʫ, ʥʘʧʨʘʚʣʝʥʽ ʥʘ 

ʤʦʜʠʬʽʢʘʮʽʶ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʪʘ ʘʣʛʦʨʠʪʤʽʚ ʽ ʷʢʽ ʙʫʣʦ ʧʦʢʣʘʜʝʥʦ ʚ ʽʥʬʦʨʤʘʮʽʡʥʫ 

ʪʝʭʥʦʣʦʛʽʶ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ɺʠʥʝʩʝʥʽ ʥʘ ʟʘʭʠʩʪ ʥʘʫʢʦʚʽ 

ʨʝʟʫʣʴʪʘʪʠ ʻ ʪʝʦʨʝʪʠʯʥʦʶ ʦʩʥʦʚʦʶ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʚʘʞʣʠʚʦʾ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʦʾ 

ʧʨʦʙʣʝʤʠ ʨʦʟʨʦʙʣʝʥʥʷ ʪʘ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʽ ʤʦʜʝʣʝʡ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʴ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ ʭʘʨʯʦʚʠʤ ʚʠʨʦʙʥʠʮʪʚʦʤ ʚ ʫʤʦʚʘʭ ʟʤʽʥʠ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ, 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʨʦʚʠʥʠ ʪʘ ʬʫʥʢʮʽʡ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʝʨʩʦʥʘʣʫ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʨʝʛʣʘʤʝʥʪʦʚʘʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʜʫʢʪʽʚ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʙʘʛʘʪʦʘʩʦʨʪʠʤʝʥʪʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. ʅʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ 

ʪʝʦʨʝʪʠʯʥʦʤʫ ʦʙˇʨʫʥʪʫʚʘʥʥʽ, ʨʦʟʨʦʙʣʝʥʥʽ ʪʘ ʧʨʘʢʪʠʯʥʦʤʫ ʟʘʩʪʦʩʫʚʘʥʥʽ ʥʦʚʦʾ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʥʘ ʦʩʥʦʚʽ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʝʚʨʠʩʪʠʯʥʠʭ ʽ ʝʚʦʣʶʮʽʡʥʠʭ 

ʤʝʪʦʜʽʚ ʪʘ ʘʣʛʦʨʠʪʤʽʚ. 

ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʥʘʫʢʦʚʫ ʥʦʚʠʟʥʫ ʨʦʙʦʪʠ: 

ɺʧʝʨʰʝ:  

1) ʨʦʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ, 

ʷʢʘ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʨʘʜʠʮʽʡʥʠʭ, ʱʦ ʧʝʨʝʜʙʘʯʘʶʪʴ ʨʦʟʙʠʪʪʷ ʾʾ ʟʘ ʨʽʚʥʷʤʠ ʫʧʨʘʚʣʽʥʥʷ 

ʪʘ ʧʽʜʨʦʟʜʽʣʘʤʠ ʚʠʢʦʥʘʥʥʷ, ʟʘʙʝʟʧʝʯʫʻ ʢʦʤʧʣʝʢʩʥʫ ʦʮʽʥʢʫ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʩʬʦʨʤʦʚʘʥʦʛʦ ʚʘʨʽʘʥʪʘ ʧʣʘʥʫ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʦʚʥʽʰʥʽʭ ʪʘ 

ʚʥʫʪʨʽʰʥʽʭ ʚʧʣʠʚʽʚ ʥʘ ʦʩʥʦʚʽ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʯʘʩʪʢʦʚʠʭ ʢʨʠʪʝʨʽʾʚ ʪʘ ʟʘʟʥʘʯʝʥʠʭ 

ʦʙʤʝʞʝʥʴ; 

2) ʨʦʟʨʦʙʣʝʥʦ ʥʦʚʠʡ ʤʝʪʦʜ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ 

ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʥʘ ʦʩʥʦʚʽ ʢʦʤʙʽʥʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ çʢʦʩʷʢʫ ʨʠʙè 

ʪʘ çʟʛʨʘʾ ʚʦʚʢʽʚè, ʱʦ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʢʦʞʥʦʛʦ ʟ ʦʨʠʛʽʥʘʣʴʥʠʭ ʘʣʛʦʨʠʪʤʽʚ, ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʫʥʠʢʥʫʪʠ ʣʦʢʘʣʴʥʠʭ ʦʧʪʠʤʫʤʽʚ ʪʘ ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʧʦʰʫʢʫ ʦʙʤʝʞʝʥʦ 

ʢʨʠʪʝʨʽʘʣʴʥʠʭ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʦʧʪʠʤʘʣʴʥʠʭ ʧʣʘʥʽʚ (ʜʦ 5ï6 ʯʘʩʪʢʦʚʠʭ ʢʨʠʪʝʨʽʾʚ 

ʦʧʪʠʤʘʣʴʥʦʩʪʽ), ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʪʘ/ʘʙʦ ʚʠʪʨʘʪʠ ʥʘ ʚʠʢʦʥʘʥʥʷ; ʡʦʛʦ 

ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʣʷ ʧʽʜʧʨʠʻʤʩʪʚ ʟ ʥʝʚʝʣʠʢʠʤ ʘʩʦʨʪʠʤʝʥʪʦʤ ʧʨʦʜʫʢʮʽʾ, ʱʦ 

ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ ʥʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽʡ ʣʽʥʽʾ; 

3) ʨʦʟʨʦʙʣʝʥʦ ʥʦʚʠʡ ʤʝʪʦʜ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ 
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ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʥʘ ʦʩʥʦʚʽ ʢʦʤʙʽʥʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ çʤʫʨʘʰʠʥʦʾ 

ʢʦʣʦʥʽʾè, çʟʛʨʘʾ ʚʦʚʢʽʚè ʪʘ çʛʝʥʝʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫè, ʱʦ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʢʦʞʥʦʛʦ ʟ 

ʦʨʠʛʽʥʘʣʴʥʠʭ ʘʣʛʦʨʠʪʤʽʚ, ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʫʥʠʢʥʫʪʠ ʣʦʢʘʣʴʥʠʭ ʦʧʪʠʤʫʤʽʚ ʽ 

ʧʦʣʽʧʰʠʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʘʥʫʚʘʥʥʷ ʧʨʠ ʧʦʰʫʢʫ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʠʭ 

ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʦʧʪʠʤʘʣʴʥʠʭ ʧʣʘʥʽʚ; ʡʦʛʦ ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʣʷ ʧʽʜʧʨʠʻʤʩʪʚ, 

ʷʢʽ ʚʠʛʦʪʦʚʣʷʶʪʴ ʚʝʣʠʢʠʡ ʘʩʦʨʪʠʤʝʥʪ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʚʠʜʽʚ ʧʨʦʜʫʢʮʽʾ ʽ 

ʧʦʪʨʝʙʫʶʪʴ ʩʢʣʘʜʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ, ʨʦʟʨʽʟʥʝʥʠʭ ʟʘ ʧʝʚʥʠʤʠ ʜʽʣʷʥʢʘʤʠ 

ʚʠʨʦʙʥʠʮʪʚʘ; 

4) ʨʦʟʨʦʙʣʝʥʦ ʽʥʬʦʨʤʘʮʽʡʥʫ ʪʝʭʥʦʣʦʛʽʶ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʧʣʘʥʫʚʘʥʥʷ 

ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʟʘ ʟʘʜʘʥʦʶ ʩʫʢʫʧʥʽʩʪʶ ʢʨʠʪʝʨʽʾʚ ʦʧʪʠʤʘʣʴʥʦʩʪʽ, ʷʢʘ 

ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʢʦʤʙʽʥʦʚʘʥʠʭ ʤʝʪʦʜʘʭ ʽ ʬʦʨʤʫʚʘʥʥʽ ʧʦʯʘʪʢʦʚʠʭ 

ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʩʪʘʨʪʦʚʠʭ ʟʥʘʯʝʥʴ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʽʚ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ 

ʘʥʘʣʽʟʫ ʜʘʥʠʭ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʫʩʫʥʝʥʥʷ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʪʘ ʟʤʝʥʰʝʥʥʷ ʨʠʟʠʢʫ ʧʨʠ 

ʧʨʠʡʥʷʪʪʽ ʦʧʪʠʤʘʣʴʥʠʭ ʨʽʰʝʥʴ; 

5) ʨʦʟʨʦʙʣʝʥʦ ʘʨʭʽʪʝʢʪʫʨʫ ʛʽʙʨʠʜʥʦʾ web-ʦʨʽʻʥʪʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʷʢʘ ʨʝʘʣʽʟʫʻ ʟʘʧʨʦʧʦʥʦʚʘʥʫ ʽʥʬʦʨʤʘʮʽʡʥʫ ʪʝʭʥʦʣʦʛʽʶ ʽ ʙʘʟʫʻʪʴʩʷ 

ʥʘ ʛʥʫʯʢʽʡ ʽʥʪʝʛʨʘʮʽʾ ʚ çʦʟʝʨʽ ʜʘʥʠʭè ʽʥʬʦʨʤʘʮʽʾ ʽʟ ʩʪʘʪʠʩʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʪʥʠʭ 

ʜʞʝʨʝʣ. 

ɺʜʦʩʢʦʥʘʣʝʥʦ: 

6) ʘʣʛʦʨʠʪʤ çʤʫʨʘʰʠʥʦʾ ʢʦʣʦʥʽʾè, ʷʢʠʡ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʡʦʛʦ ʢʣʘʩʠʯʥʦʾ ʬʦʨʤʠ, 

ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʜʦʟʚʦʣʷʻ 

ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʽʜʭʦʜʽʚ ʜʦ ʣʦʢʘʣʴʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ; 

7) ʘʣʛʦʨʠʪʤ çʟʛʨʘʾ ʚʦʚʢʽʚè, ʷʢʠʡ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʡʦʛʦ ʢʣʘʩʠʯʥʦʾ ʬʦʨʤʠ, ʧʨʠ 

ʟʘʩʪʦʩʫʚʘʥʥʽ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʜʦʟʚʦʣʷʻ 

ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʜʽʣʝʥʥʷ ʰʘʙʣʦʥʽʚ ʽʟ ʥʘʡʢʨʘʱʠʭ 

ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʨʽʰʝʥʴ ʟʘʜʘʯʽ. 

ʆʪʨʠʤʘʣʦ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ: 

8) ʧʽʜʭʽʜ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʩʧʽʨʘʣʴʥʦʾ ʤʦʜʝʣʽ ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʚ ʷʢʽʡ, ʜʦʜʘʪʢʦʚʦ ʜʦ 

ʪʨʘʜʠʮʽʡʥʦʾ, ʯʽʪʢʦ ʚʠʟʥʘʯʝʥʦ ʤʽʩʮʝ ʧʨʦʚʝʜʝʥʥʷ ʨʝʬʘʢʪʦʨʠʥʛʫ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 
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ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʥʘ ʨʦʟʨʦʙʢʫ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʨʦʟʨʦʙʣʝʥʽ 

ʤʝʪʦʜʠ, ʘʣʛʦʨʠʪʤʠ ʪʘ ʤʦʜʝʣʽ ʻ ʦʩʥʦʚʦʶ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʛʽʙʨʠʜʥʠʭ web-ʦʨʽʻʥʪʦʚʘʥʠʭ 

ʩʠʩʪʝʤ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʫʧʨʘʚʣʽʥʥʷ ʭʘʨʯʦʚʠʤʠ 

ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʚʠʚʝʩʪʠ ʚʝʩʴ ʧʨʦʮʝʩ ʫʧʨʘʚʣʽʥʥʷ ʥʘ ʷʢʽʩʥʦ ʥʦʚʠʡ 

ʨʽʚʝʥʴ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ ʟʘʙʝʟʧʝʯʫʻ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʽʟ 

ʪʘʢʠʤʠ ʧʝʨʝʚʘʛʘʤʠ: ʦʧʝʨʘʪʠʚʥʦ ʬʦʨʤʫʻ ʦʧʝʨʘʪʠʚʥʦ-ʢʘʣʝʥʜʘʨʥʠʡ ʧʣʘʥ ʚʠʢʦʥʘʥʥʷ 

ʟʘʤʦʚʣʝʥʴ ʽʟ ʤʽʥʽʤʽʟʘʮʽʻʶ ʚʠʪʨʘʪ, ʱʦ ʥʘʧʨʘʚʣʝʥʠʡ ʥʘ ʤʘʢʩʠʤʽʟʘʮʽʶ ʧʨʠʙʫʪʢʫ; 

ʜʦʟʚʦʣʷʻ ʦʧʝʨʘʪʠʚʥʦ ʢʦʨʠʛʫʚʘʪʠ ʽʩʥʫʶʯʠʡ ʢʘʣʝʥʜʘʨʥʠʡ ʧʣʘʥ ʟʘʤʦʚʣʝʥʴ, ʱʦ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʨʝʘʛʫʚʘʪʠ ʥʘ ʟʘʤʦʚʣʝʥʥʷ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʪʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʦʧʪʠʤʘʣʴʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ; ʟʥʘʯʥʦ ʟʙʽʣʴʰʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʨʦʚʠʥʠ ʪʘ ʤʘʪʝʨʽʘʣʽʚ, ʘ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʫʻ ʤʽʥʽʤʽʟʘʮʽʶ ʚʠʪʨʘʪ ʥʘ ʾʭ 

ʟʙʝʨʽʛʘʥʥʷ; ʟʘʙʝʟʧʝʯʫʻ ʰʚʠʜʢʝ ʨʝʘʛʫʚʘʥʥʷ ʧʨʠ ʚʠʥʠʢʥʝʥʥʽ ʥʝʛʘʪʠʚʥʠʭ ʪʘ 

ʧʦʟʘʰʪʘʪʥʠʭ ʩʠʪʫʘʮʽʡ ʰʣʷʭʦʤ ʚʥʝʩʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʟʤʽʥ ʜʦ ʧʦʪʦʯʥʦʛʦ ʧʣʘʥʫ 

ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ; ʯʽʪʢʦ ʨʦʟʧʦʜʽʣʷʻ ʫʩʽ ʟʘʜʘʯʽ ʱʦʜʦ ʚʠʢʦʥʘʥʥʷ ʢʦʞʥʦʛʦ 

ʟʘʤʦʚʣʝʥʥʷ ʤʽʞ ʚʠʨʦʙʥʠʯʠʤʠ ʧʽʜʨʦʟʜʽʣʘʤʠ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʨʘʭʫʚʘʪʠ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʪʘ ʥʝʦʙʭʽʜʥʽ ʨʝʩʫʨʩʠ ʽʟ ʧʨʠʚôʷʟʢʦʶ ʚ ʯʘʩʽ; ʜʦʟʚʦʣʷʻ 

ʦʧʪʠʤʽʟʫʚʘʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʨʦʙʥʠʯʠʭ ʧʦʪʫʞʥʦʩʪʝʡ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʨʦʚʘʜʞʝʥʦ: 

ï ʫ ʊʆɺ çʉʣʦʙʦʞʘʥʩʴʢʠʡ ʙʝʢʦʥè ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʬʦʨʤʫʚʘʥʥʷ ʢʘʣʝʥʜʘʨʥʦ-

ʦʧʝʨʘʪʠʚʥʠʭ ʧʣʘʥʽʚ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ (ʘʢʪ ʚʧʨʦʚʘʜʞʝʥʥʷ 16.12.2019); 

ï ʫ ʊʆɺ çʇʨʦʜʝʢʦè ʜʣʷ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ ʫʧʨʘʚʣʽʥʥʷ ʚ ʫʤʦʚʘʭ ʨʠʟʠʢʫ ʪʘ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ (ʘʢʪ ʚʧʨʦʚʘʜʞʝʥʥʷ 10.12.2019); 

ï ʫ ʊʆɺ çʂʦʟʷʪʠʥʩʴʢʠʡ ʤôʷʩʦʢʦʤʙʽʥʘʪè ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠ ʨʦʟʚôʷʟʘʥʥʽ 

ʟʘʜʘʯʽ ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ (ʘʢʪ ʘʧʨʦʙʘʮʽʾ 20.10.2020); 

ï ʫ ʊʆɺ çʃʘʡʤ ʉʠʩʪʝʤʩè ʜʣʷ ʨʦʟʚ'ʷʟʘʥʥʷ ʟʘʜʘʯʽ ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ 

ʟʘʤʦʚʣʝʥʴ (ʘʢʪ ʘʧʨʦʙʘʮʽʾ 18.01.2021); 

ï ʫ ʊʆɺ çʌʝʨʘʢʩè ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʥʘ ʦʩʥʦʚʽ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʪʘ 

ʘʣʛʦʨʠʪʤʽʚ ʧʨʠ ʨʦʟʚ'ʷʟʘʥʥʽ ʟʘʜʘʯʽ ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ (ʘʢʪ ʘʧʨʦʙʘʮʽʾ 

27.01.2021); 
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ï ʫ ʇʨɸʊ çʆʙʦʣʦʥʴè ʜʣʷ ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʪʘ ʧʨʠ ʚʠʨʽʰʝʥʥʽ 

ʟʘʜʘʯ ʫʧʨʘʚʣʽʥʥʷ ʧʽʜʧʨʠʻʤʩʪʚʦʤ (ʘʢʪ ʚʧʨʦʚʘʜʞʝʥʥʷ 18.02.2021); 

ï ʫ ʅʘʮʽʦʥʘʣʴʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʅɼʈ 

çʅʘʫʢʦʚʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʪʘ ʨʦʟʨʦʙʣʝʥʥʷ ʘʢʪʠʚʥʠʭ ʧʘʢʫʚʘʣʴʥʠʭ ʩʠʩʪʝʤ ʭʘʨʯʦʚʠʭ 

ʧʨʦʜʫʢʪʽʚè (ˉ ɼʈ 0118U003558, 2019 ʨ.) ʧʨʦʙʣʝʤʥʦʶ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʶ 

ʣʘʙʦʨʘʪʦʨʽʻʶ ʅʋʍʊ, ʫ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ʧʨʠ ʧʽʜʛʦʪʦʚʮʽ ʤʘʛʽʩʪʨʽʚ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 122 ï ʢʦʤʧôʶʪʝʨʥʽ ʥʘʫʢʠ (ʘʢʪ ʚʧʨʦʚʘʜʞʝʥʥʷ 30.06.2019); 

ï ʫ ʅʘʮʽʦʥʘʣʴʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʅɼʈ 

çɼʦʩʣʽʜʞʝʥʥʷ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʛʘʣʫʟʷʭ ʭʘʨʯʦʚʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʦʩʚʽʪʽè (ˉ ɼʈ 0117U003475, 2017ï2021 ʨʨ.) ʢʘʬʝʜʨʦʶ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ, ʫ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ʧʨʠ ʧʽʜʛʦʪʦʚʮʽ ʙʘʢʘʣʘʚʨʽʚ ʪʘ 

ʤʘʛʽʩʪʨʽʚ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 122 ï ʢʦʤʧôʶʪʝʨʥʽ ʥʘʫʢʠ (ʘʢʪ ʚʧʨʦʚʘʜʞʝʥʥʷ 29.12.2020). 

ɯʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʪʘ ʚʽʜʧʦʚʽʜʥʠʡ ʧʨʦʛʨʘʤʥʠʡ 

ʧʨʦʜʫʢʪ ʧʝʨʝʜʘʥʽ ʫ ʂʠʾʚʩʴʢʠʡ ʤʽʩʴʢʠʡ ʈʘʜʽʦʢʣʫʙ ʃʽʛʠ ʈʘʜʽʦʘʤʘʪʦʨʽʚ ʋʢʨʘʾʥʠ ʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʟʘʜʘʯ ʧʨʠ ʧʽʜʛʦʪʦʚʮʽ 

ʪʘ ʧʨʦʚʝʜʝʥʥʽ ʟʤʘʛʘʥʴ (ʜʦʚʽʜʢʘ 26.09.2020). 

ɸʢʪʠ ʪʘ ʜʦʚʽʜʢʠ ʧʨʦ ʘʧʨʦʙʘʮʽʶ ʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʜʦʜʘʪʢʫ ʜʦ 

ʜʠʩʝʨʪʘʮʽʾ.  

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ɼʦ ʜʠʩʝʨʪʘʮʽʾ ʫʚʽʡʰʣʠ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ, 

ʦʪʨʠʤʘʥʽ ʟʜʦʙʫʚʘʯʝʤ ʦʩʦʙʠʩʪʦ. ɿ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ, ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ, ʚ 

ʜʠʩʝʨʪʘʮʽʾ ʚʠʢʦʨʠʩʪʘʥʦ ʣʠʰʝ ʪʽ ʽʜʝʾ ʪʘ ʧʦʣʦʞʝʥʥʷ, ʷʢʽ ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʦʩʦʙʠʩʪʦʾ 

ʨʦʙʦʪʠ ʟʜʦʙʫʚʘʯʘ. 

ʋ ʩʧʽʣʴʥʠʭ ʧʫʙʣʽʢʘʮʽʷʭ ʘʚʪʦʨʫ ʥʘʣʝʞʘʪʴ ʪʘʢʽ ʨʝʟʫʣʴʪʘʪʠ:  

[1] ʘʥʘʣʽʟ ʦʩʦʙʣʠʚʦʩʪʝʡ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ ʫ ʢʦʨʧʦʨʘʪʠʚʥʠʭ 

ʤʝʨʝʞʘʭ ʪʘ ʩʠʩʪʝʤʘʭ, ʘ ʪʘʢʦʞ ʦʧʠʩʘʥʠʡ ʧʽʜʭʽʜ ʱʦʜʦ ʾʭ ʦʮʽʥʢʠ;  

[2] ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʰʚʠʜʢʦʾ ʨʦʟʨʦʙʢʠ ʤʦʜʝʣʽ ʢʦʨʧʦʨʘʪʠʚʥʦʛʦ ʩʭʦʚʠʱʘ 

ʜʘʥʠʭ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ Cɸ Erwin Model Manager;  

[3] ʜʦʩʣʽʜʞʝʥʘ ʪʘ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ ʧʘʢʝʪʘ ʧʨʦʛʨʘʤʥʦʛʦ ʤʦʜʫʣʷ ʜʣʷ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʜʠʥʘʤʽʯʥʠʭ ʦʙôʻʢʪʽʚ, ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʝʥʦ ʡʦʛʦ ʤʽʩʮʝ ʧʨʠ ʧʝʨʝʚʽʨʮʽ ʥʘ 

ʩʪʘʮʽʦʥʘʨʥʽʩʪʴ ʜʠʥʘʤʽʯʥʦʛʦ ʦʙôʻʢʪʘ ʽʜʝʥʪʠʬʽʢʘʮʽʾ;  
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[4, 18, 48] ʨʦʟʨʦʙʣʝʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʫʧʨʘʚʣʽʥʥʷ;  

[5, 26, 35, 36, 39, 40, 43, 47, 49, 51] ʩʧʨʦʻʢʪʦʚʘʥʽ ʡ ʨʦʟʨʦʙʣʝʥʽ ʩʪʨʫʢʪʫʨʘ, 

ʧʨʦʛʨʘʤʥʽ ʝʣʝʤʝʥʪʠ ʽ ʤʦʜʫʣʽ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʪʘ ʧʨʦʚʝʜʝʥʦ ʾʭ 

ʘʧʨʦʙʘʮʽʶ;  

[6] ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʪʘʥʫ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

ʭʘʨʯʦʚʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʫ ʩʠʥʛʫʣʷʨʥʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ;  

[7] ʨʦʟʨʦʙʢʘ ʪʘ ʘʥʘʣʽʟ ʦʢʨʝʤʠʭ ʜʽʘʛʨʘʤ ʤʦʜʝʣʽ ʧʨʦʮʝʩʫ ʤʦʥʽʪʦʨʠʥʛʫ ʽ 

ʧʣʘʥʫʚʘʥʥʷ ʩʦʙʽʚʘʨʪʦʩʪʽ ʧʨʦʜʫʢʮʽʾ ʙʘʛʘʪʦʥʦʤʝʥʢʣʘʪʫʨʥʦʛʦ ʭʘʨʯʦʚʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ;  

[8] ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʟʘʢʫʧʦʢ;  

[9] ʨʦʟʨʦʙʣʝʥʥʷ ʦʩʥʦʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧʦʩʪʘʯʘʥʥʷ 

ʩʠʨʦʚʠʥʠ ʥʘ ʮʫʢʨʦʚʠʡ ʟʘʚʦʜ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʛʝʥʝʪʠʢʦ-ʜʝʪʝʨʤʽʥʦʚʘʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʪʘ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʧʽʜʭʦʜʠ ʜʦ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʩʢʣʘʜʘʥʥʷ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʧʝʨʝʨʦʙʢʠ;  

[10] ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʦʩʥʦʚʥʠʭ ʧʨʦʙʣʝʤ ʟʘʭʠʩʪʫ web-ʦʨʽʻʥʪʦʚʘʥʦʾ 

ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʽʜ ʯʘʩ ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʜʦʛʦʚʦʨʽʚ ʜʣʷ 

ʧʽʜʧʨʠʻʤʩʪʚ, ʘ ʪʘʢʦʞ ʟʜʽʡʩʥʝʥʠʡ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʧʨʦʛʨʘʤʥʠʭ ʧʣʘʪʬʦʨʤ ʜʣʷ 

ʨʝʘʣʽʟʘʮʽʾ ʤʦʜʫʣʷ ʟʘʭʠʩʪʫ ʪʘʢʠʭ ʩʠʩʪʝʤ;  

[11] ʘʥʘʣʽʟ ʝʪʘʧʽʚ ʧʨʦʮʝʩʫ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤôʷʩʥʠʭ ʚʠʨʦʙʽʚ ʪʘ ʨʦʟʨʦʙʣʝʥʘ 

ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʜʘʥʦʛʦ ʧʨʦʮʝʩʫ;  

[12] ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʪʘ ʦʙʨʦʙʢʘ ʜʘʥʠʭ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ 

ACO ʘʣʛʦʨʠʪʤʫ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʧʦʙʫʜʦʚʠ ʢʘʣʝʥʜʘʨʥʦʛʦ ʧʣʘʥʫ ʚʠʢʦʥʘʥʥʷ 

ʜʦʛʦʚʦʨʽʚ ʜʣʷ ʧʽʜʧʨʠʻʤʩʪʚ, ʜʽʷʣʴʥʽʩʪʴ ʷʢʠʭ ʧʦʚôʷʟʘʥʘ ʟ ʥʘʜʘʥʥʷʤ ʧʦʩʣʫʛ;  

[13] ʧʨʦʚʝʜʝʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʧʦʩʪʘʯʘʥʥʷʤ 

ʩʠʨʦʚʠʥʠ ʥʘ ʮʫʢʨʦʚʦʤʫ ʟʘʚʦʜʽ ʪʘ ʚʠʜʽʣʝʥʦ ʢʣʶʯʦʚʫ ʟʘʜʘʯʫ ʫʧʨʘʚʣʽʥʥʷ ʬʦʨʤʫʚʘʥʥʷ 

ʨʦʟʢʣʘʜʫ ʧʦʩʪʘʯʘʥʥʷ ʩʠʨʦʚʠʥʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʧʨʠʡʦʤʫ, 

ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʧʝʨʝʨʦʙʢʠ ʩʠʨʦʚʠʥʠ;  

[14] ʜʦʩʣʽʜʞʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʤʝʭʘʥʽʟʤʽʚ ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʘʚʪʦʨʠʟʘʮʽʾ ʫ 

web-ʦʨʽʻʥʪʦʚʘʥʠʭ ʩʠʩʪʝʤʘʭ, ʘ ʪʘʢʦʞ ʘʥʘʣʽʟ ʦʩʦʙʣʠʚʦʩʪʝʡ ʪʘ ʧʝʨʝʚʘʛ ʚʠʢʦʨʠʩʪʘʥʥʷ 

JWT-ʤʘʨʢʝʨʽʚ;  
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[15] ʨʦʟʨʦʙʣʝʥʘ ʩʪʨʫʢʪʫʨʘ ʝʢʩʧʝʨʪʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʨʝʮʝʧʪʫʨ 

ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʾʾ ʧʨʠ ʧʣʘʥʫʚʘʥʥʽ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ;  

[16] ʘʥʘʣʽʟ ʪʘ ʘʧʨʦʙʘʮʽʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ, ʷʢʘ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ 

ʘʜʘʧʪʦʚʘʥʽ ʤʝʪʦʜʠ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʧʨʦʮʝʩʫ 

ʢʦʨʠʛʫʚʘʥʥʷ ʘʩʦʨʪʠʤʝʥʪʫ ʧʨʦʜʫʢʮʽʾ ʙʘʛʘʪʦʥʦʤʝʥʢʣʘʪʫʨʥʦʛʦ ʭʘʨʯʦʚʦʛʦ 

ʧʽʜʧʨʠʻʤʩʪʚʘ;  

[17] ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʘʥʘʣʽʟ ʤʝʪʦʜʽʚ ʽ ʧʽʜʭʦʜʽʚ ʱʦʜʦ ʧʨʦʚʝʜʝʥʥʷ 

ʨʝʬʘʢʪʦʨʠʥʛʫ;  

[18, 23, 52, 53] ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʩʫʢʫʧʥʽʩʪʴ ʧʨʦʛʨʘʤʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ, 

ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʩʪʨʫʢʪʫʨʠ web-ʦʨʽʻʥʪʦʚʘʥʦʾ ʉʇʇʈ;  

[19] ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʪʘ ʘʧʨʦʙʘʮʽʶ ʨʦʟʨʦʙʣʝʥʠʭ ʥʝʯʽʪʢʠʭ ʩʠʪʫʘʮʽʡʥʠʭ ʤʝʨʝʞ 

ʜʣʷ ʩʠʩʪʝʤ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ;  

[20] ʘʥʘʣʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʝʬʘʢʪʦʨʠʥʛʫ ʚ ʧʦʧʫʣʷʨʥʠʭ ʤʦʜʝʣʷʭ ʞʠʪʪʻʚʦʛʦ 

ʮʠʢʣʫ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ;  

[21] ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʘ ʧʦʰʫʢʫ 

ʦʧʪʠʤʘʣʴʥʦʾ ʨʝʮʝʧʪʫʨʠ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʭʘʨʯʦʚʠʭ ʚʠʨʦʙʽʚ ʽʟ ʟʙʝʨʝʞʝʥʥʷʤ ʾʭ 

ʭʘʨʯʦʚʦʾ ʮʽʥʥʦʩʪʽ ʪʘ ʤʦʞʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʾʭ ʫ ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚʘʭ;  

[22] ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ, ʷʢʘ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʢʦʤʙʽʥʫʚʘʥʥʽ 

ʘʣʛʦʨʠʪʤʽʚ çʤʫʨʘʰʠʥʦʾ ʢʦʣʦʥʽʾè, çʩʽʨʠʭ ʚʦʚʢʽʚè ʪʘ çʛʝʥʝʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫè ʜʣʷ 

ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʱʦʜʦ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ 

ʥʘ ʭʘʨʯʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʚ ʫʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʪʘ ʨʠʟʠʢʫ; ʨʦʟʨʦʙʣʝʥʘ 

ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʜʣʷ ʭʘʨʯʦʚʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ;  

[24] ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʘʪʝʛʦʨʽʾ ʨʝʬʘʢʪʦʨʠʥʛʫ ʙʘʟ ʜʘʥʠʭ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ;  

[25] ʘʥʘʣʽʟ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʮʠʬʽʢʘʮʽʾ ʩʝʤʘʥʪʠʯʥʦʛʦ 

ʚʝʨʩʽʦʥʫʚʘʥʥʷ ʙʘʟ ʜʘʥʠʭ, ʧʨʦʚʝʜʝʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʙʘʟ ʜʘʥʠʭ ʟʘ ʩʧʦʩʦʙʦʤ ʜʦʩʪʫʧʫ ʜʦ 

ʜʘʥʠʭ;  

[27] ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʽʟʥʠʭ ʤʦʜʠʬʽʢʘʮʽʡ ʘʣʛʦʨʠʪʤʫ ʢʘʞʘʥʽʚ 

ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʫʧʨʘʚʣʽʥʥʷ ʥʘ ʭʘʨʯʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ;  



15 

[28, 37, 45, 50] ʨʦʟʨʦʙʣʝʥʽ ʛʽʙʨʠʜʥʽ ʪʘ ʤʦʜʠʬʽʢʦʚʘʥʽ ʘʣʛʦʨʠʪʤʠ ʜʣʷ ʚʠʨʽʰʝʥʥʷ 

ʟʘʜʘʯ ʫʧʨʘʚʣʽʥʥʷ;  

[29] ʬʦʨʤʘʣʽʟʘʮʽʷ ʧʨʦʮʝʩʫ ʩʪʚʦʨʝʥʥʷ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ, ʘ ʪʘʢʦʞ 

ʨʝʬʘʢʪʦʨʠʥʛʫ;  

[30] ʧʨʦʚʝʜʝʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʱʦʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʠʬʽʢʘʮʽʡ ʘʣʛʦʨʠʪʤʫ 

çʢʘʞʘʥʽʚè ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʫʧʨʘʚʣʽʥʥʷ ʭʘʨʯʦʚʠʤ ʧʽʜʧʨʠʻʤʩʪʚʦʤ, ʧʨʦʚʝʜʝʥʠʡ 

ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ;  

[31] ʧʨʦʚʝʜʝʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʘʣʛʦʨʠʪʤʽʚ çʢʘʞʘʥʽʚè ʪʘ ʾʭ ʤʦʜʠʬʽʢʘʮʽʡ ʟ 

ʘʜʘʧʪʘʮʽʻʶ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʾ ʟʘʜʘʯʽ ʬʦʨʤʫʚʘʥʥʷ ʚʠʨʦʙʥʠʯʠʭ 

ʟʘʚʜʘʥʴ ʪʘ ʦʧʝʨʘʪʠʚʥʦ-ʢʘʣʝʥʜʘʨʥʠʭ ʧʣʘʥʽʚ ʥʘ ʭʘʨʯʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ, 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʦʙʨʘʥʥʷ ʘʣʛʦʨʠʪʤʫ çʢʘʞʘʥʽʚè ʥʘ ʦʩʥʦʚʽ ʩʪʨʘʪʝʛʽʾ ʧʦʰʫʢʫ ʧʦʣʴʦʪʽʚ 

Levy;  

[32] ʨʦʟʨʦʙʣʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʾ ʟʘʜʘʯʽ ʬʦʨʤʫʚʘʥʥʷ 

ʚʠʨʦʙʥʠʯʠʭ ʟʘʚʜʘʥʴ ʪʘ ʦʧʝʨʘʪʠʚʥʦ-ʢʘʣʝʥʜʘʨʥʠʭ ʧʣʘʥʽʚ ʽʟ ʚʠʨʦʙʥʠʮʪʚʘ ʢʦʚʙʘʩʥʠʭ ʽ 

ʤôʷʩʥʠʭ ʚʠʨʦʙʽʚ, ʘ ʪʘʢʦʞ ʫʜʦʩʢʦʥʘʣʝʥʽ ʽʪʝʨʘʮʽʡʥʽ ʘʣʛʦʨʠʪʤʠ ʥʘ ʦʩʥʦʚʽ ʘʣʛʦʨʠʪʤʫ 

çʩʽʨʠʭ ʚʦʚʢʽʚè ʪʘ ʘʣʛʦʨʠʪʤʫ çʤʫʨʘʰʠʥʦʾ ʢʦʣʦʥʽʾè ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ 

ʬʦʨʤʫʚʘʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʚʘʨʽʘʥʪʽʚ ʨʦʟʢʣʘʜʫ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ;  

[33] ʨʦʟʨʦʙʣʝʥʽ ʘʣʛʦʨʠʪʤʠ ʪʘ ʤʝʪʦʜʠ ʟʘʚʘʥʪʘʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʜʦ ʩʭʦʚʠʱʘ 

ʜʘʥʠʭ ʽʟ ʨʽʟʥʦʨʽʜʥʠʭ ʜʞʝʨʝʣ;  

[34] ʨʦʟʨʦʙʣʝʥʠʡ ʧʽʜʭʽʜ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʢʣʘʜʫ ʚʠʢʦʥʘʥʥʷ 

ʟʘʤʦʚʣʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ çʙʜʞʦʣʠʥʦʛʦ ʨʦʶè;  

[38] ʨʦʟʨʦʙʣʝʥʽ ʤʦʜʫʣʽ ʘʥʘʣʽʟʫ ʪʘ ʚʠʷʚʣʝʥʥʷ ʧʨʠʯʠʥ ʚʠʥʠʢʥʝʥʥʷ 

ʥʝʢʦʥʜʠʮʽʡʥʦʾ ʧʨʦʜʫʢʮʽʾ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʤʘʢʘʨʦʥʥʠʭ ʚʠʨʦʙʽʚ;  

[41] ʘʥʘʣʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʚʦʣʶʮʽʡʥʦʛʦ ʧʽʜʭʦʜʫ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʙʘʟ ʜʘʥʠʭ;  

[42] ʜʦʩʣʽʜʞʝʥʥʷ ʽʩʥʫʶʯʠʭ ʦʧʝʨʘʮʽʡ ʨʝʬʘʢʪʦʨʠʥʛʫ ʙʘʟ ʜʘʥʠʭ;  

[44] ʨʦʟʨʦʙʣʝʥʦ ʩʭʦʚʠʱʝ ʜʘʥʠʭ ʽ ʧʘʢʝʪʠ Data Mining ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʘʩʦʨʪʠʤʝʥʪʫ ʪʘ ʧʣʘʥʫʚʘʥʥʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʦʙʩʷʛʽʚ ʤ'ʷʩʥʦʾ ʧʨʦʜʫʢʮʽʾ;  

[46] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʠʢʠ BSP (Business Systems Planning ï 

ʩʠʩʪʝʤʠ ʦʨʛʘʥʽʟʘʮʽʡʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ) ʪʘ ʚʠʢʦʥʘʥʥʷ ʾʾ ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʚ 
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ʽʥʬʦʨʤʘʮʽʡʥʽʡ ʩʠʩʪʝʤʽ ʧʽʜʪʨʠʤʢʠ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ 

ʤʘʢʘʨʦʥʥʠʭ ʚʠʨʦʙʽʚ. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʨʦʟʨʦʙʦʢ, 

ʚʠʢʣʘʜʝʥʠʭ ʫ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ, ʜʦʧʦʚʽʜʘʣʠʩʷ ʪʘ ʦʙʛʦʚʦʨʶʚʘʣʠʩʷ ʥʘ ʥʘʫʢʦʚʠʭ 

ʢʦʥʬʝʨʝʥʮʽʷʭ ʽ ʩʝʤʽʥʘʨʘʭ:  

ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʅʦʚʽ ʽʜʝʾ ʚ ʭʘʨʯʦʚʽʡ ʥʘʫʮʽ ï ʥʦʚʽ 

ʧʨʦʜʫʢʪʠ ʭʘʨʯʦʚʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽè (ʤ. ʂʠʾʚ, 2014 ʨ.);  

Å 81-ʽʡ ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ, ʘʩʧʽʨʘʥʪʽʚ ʽ 

ʩʪʫʜʝʥʪʽʚ çʅʘʫʢʦʚʽ ʟʜʦʙʫʪʢʠ ʤʦʣʦʜʽ ï ʚʠʨʽʰʝʥʥʶ ʧʨʦʙʣʝʤ ʭʘʨʯʫʚʘʥʥʷ ʣʶʜʩʪʚʘ ʫ 

ʍʍɯ ʩʪʦʣʽʪʪʽè (ʤ. ʂʠʾʚ, 2015 ʨ.);  

Å ɯɯ-ʽʡ ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʉʫʯʘʩʥʽ ʤʝʪʦʜʠ, 

ʽʥʬʦʨʤʘʮʽʡʥʝ, ʧʨʦʛʨʘʤʥʝ ʪʘ ʪʝʭʥʽʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ 

ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʪʝʭʥʽʯʥʠʤʠ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠè (ʤ. ʂʠʾʚ, 2015 ʨ.);  

Å ɯɯɯ-ʽʡ ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʉʫʯʘʩʥʽ ʤʝʪʦʜʠ, 

ʽʥʬʦʨʤʘʮʽʡʥʝ, ʧʨʦʛʨʘʤʥʝ ʪʘ ʪʝʭʥʽʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ 

ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʪʝʭʥʽʯʥʠʤʠ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠè (ʤ. ʂʠʾʚ, 2016 ʨ.);   

Å 8th Central European Congress on Food 2016 ï Food Science for Well-being 

(CEFood, 2016) (ʤ. ʂʠʾʚ, 2016 ʨ.);  

Å 83-ʽʡ ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ, ʘʩʧʽʨʘʥʪʽʚ ʽ 

ʩʪʫʜʝʥʪʽʚ çʅʘʫʢʦʚʽ ʟʜʦʙʫʪʢʠ ʤʦʣʦʜʽ ï ʚʠʨʽʰʝʥʥʶ ʧʨʦʙʣʝʤ ʭʘʨʯʫʚʘʥʥʷ ʣʶʜʩʪʚʘ ʫ 

XXI ʩʪʦʣʽʪʪʽè (ʤ. ʂʠʾʚ, 2017 ʨ.);  

Å IV-ʽʡ ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʆʙʯʠʩʣʶʚʘʣʴʥʠʡ 

ʽʥʪʝʣʝʢʪ (ʨʝʟʫʣʴʪʘʪʠ, ʧʨʦʙʣʝʤʠ, ʧʝʨʩʧʝʢʪʠʚʠ)è (ʤ. ʂʠʾʚ, 2017 ʨ.);  

Å Vɯ-ʽʡ ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çɿʘʭʠʩʪ ʽʥʬʦʨʤʘʮʽʾ ʡ 

ʙʝʟʧʝʢʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤè (ʤ. ʃʴʚʽʚ, 2017 ʨ.);  

Å XXIV -ʽʡ ʤʽʞʥʘʨʦʜʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʟ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ çɸʚʪʦʤʘʪʠʢʘ 

ï 2017è (ʤ. ʂʠʾʚ, 2017 ʨ.);  

Å ɺʦʩʴʤʽʡ ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʇʨʦʙʣʝʤʠ 

ʽʥʬʦʨʤʘʪʠʟʘʮʽʾè (ʤ. ʂʠʾʚ, 2017 ʨ.);  
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Å ɯV-ʽʡ ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ Internet-ʢʦʥʬʝʨʝʥʮʽʾ çʉʫʯʘʩʥʽ ʤʝʪʦʜʠ, 

ʽʥʬʦʨʤʘʮʽʡʥʝ, ʧʨʦʛʨʘʤʥʝ ʪʘ ʪʝʭʥʽʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʦʨʛʘʥʽʟʘʮʽʡʥʦ-

ʪʝʭʥʽʯʥʠʤʠ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠè (ʤ. ʂʠʾʚ, 2017 ʨ.);  

Å ʄʽʞʥʘʨʦʜʥʦʤʫ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʤʫ ʩʝʤʽʥʘʨʽ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ ʪʘ ʩʪʫʜʝʥʪʽʚ 

çʇʨʦʛʨʘʤʦʚʘʥʽ ʣʦʛʽʯʥʽ ʽʥʪʝʛʨʘʣʴʥʽ ʩʭʝʤʠ ʪʘ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʘ ʪʝʭʥʽʢʘ ʚ ʦʩʚʽʪʽ ʽ 

ʚʠʨʦʙʥʠʮʪʚʽè (ʤ. ʃʫʮʴʢ, 2018 ʨ.);  

Å 84-ʽʡ ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ, ʘʩʧʽʨʘʥʪʽʚ ʽ 

ʩʪʫʜʝʥʪʽʚ çʅʘʫʢʦʚʽ ʟʜʦʙʫʪʢʠ ʤʦʣʦʜʽ ï ʚʠʨʽʰʝʥʥʶ ʧʨʦʙʣʝʤ ʭʘʨʯʫʚʘʥʥʷ ʣʶʜʩʪʚʘ ʫ 

ʍʍɯ ʩʪʦʣʽʪʪʽè (ʤ. ʂʠʾʚ, 2018 ʨ.);  

Å ʍɯɯ-ʽʡ ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʇʨʦʙʣʝʤʠ 

ʽʥʬʦʨʤʘʪʠʟʘʮʽʾè (ʤ. ʂʠʾʚ, ʇʦʣʪʘʚʘ, ʂʘʪʦʚʠʮʝ, ʇʘʨʠʞ, ɺʽʣʴʥʶʩ, ʍʘʨʢʽʚ, 2018 ʨ.);  

Å ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʉʫʯʘʩʥʽ ʪʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʽ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡè (ʤ. ʂʨʘʢʽʚ, ʇʦʣʴʱʘ, 2019 

ʨ.);  

Å ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ, ʘʩʧʽʨʘʥʪʽʚ ʽ ʩʪʫʜʝʥʪʽʚ 

çʅʘʫʢʦʚʽ ʟʜʦʙʫʪʢʠ ʤʦʣʦʜʽ ï ʚʠʨʽʰʝʥʥʶ ʧʨʦʙʣʝʤ ʭʘʨʯʫʚʘʥʥʷ ʣʶʜʩʪʚʘ ʫ XXI 

ʩʪʦʣʽʪʪʽè (ʤ. ʂʠʾʚ, 2019 ʨ.);  

Å LXXV -ʽʡ ʥʘʫʢʦʚʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʧʨʦʬʝʩʦʨʩʴʢʦ-ʚʠʢʣʘʜʘʮʴʢʦʛʦ ʩʢʣʘʜʫ, 

ʘʩʧʽʨʘʥʪʽʚ, ʩʪʫʜʝʥʪʽʚ ʪʘ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ʚʽʜʦʢʨʝʤʣʝʥʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʧʽʜʨʦʟʜʽʣʽʚ 

ʫʥʽʚʝʨʩʠʪʝʪʫ (ʤ. ʂʠʾʚ, 2019 ʨ.);  

Å Vɯ-ʽʡ ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ Internet-ʢʦʥʬʝʨʝʥʮʽʾ çʉʫʯʘʩʥʽ ʤʝʪʦʜʠ, 

ʽʥʬʦʨʤʘʮʽʡʥʝ, ʧʨʦʛʨʘʤʥʝ ʪʘ ʪʝʭʥʽʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʦʨʛʘʥʽʟʘʮʽʡʥʦ-

ʪʝʭʥʽʯʥʠʤʠ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠè (ʤ. ʂʠʾʚ, 2019 ʨ.);  

Å ɼʨʫʛʽʡ ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʉʫʯʘʩʥʽ ʪʝʥʜʝʥʮʽʾ 

ʨʦʟʚʠʪʢʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʽ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡè (ʤ. ʂʠʾʚ, 2019 ʨ.);  

Å 86-ʽʡ ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ, ʘʩʧʽʨʘʥʪʽʚ ʽ 

ʩʪʫʜʝʥʪʽʚ çʅʘʫʢʦʚʽ ʟʜʦʙʫʪʢʠ ʤʦʣʦʜʽ ï ʚʠʨʽʰʝʥʥʶ ʧʨʦʙʣʝʤ ʭʘʨʯʫʚʘʥʥʷ ʣʶʜʩʪʚʘ ʫ 

ʍʍɯ ʩʪʦʣʽʪʪʽè (ʤ. ʂʠʾʚ, 2020 ʨ.);  

Å ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʎʠʬʨʦʚʘ ʝʢʦʥʦʤʽʢʘ ʪʘ 

ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾè (ʤ. ʂʠʾʚ, 2020 ʨ.);  
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Å XV-ʽʡ ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʄʘʪʝʤʘʪʠʯʥʝ ʪʘ 

ʽʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʩʠʩʪʝʤè (ʤ. ʏʝʨʥʽʛʽʚ, 2020 ʨ.);  

Å Global science and education in the modern realities, Conference proceedings 

çSworld-Us conference proceedingsè, çISE&Eè & SWorld in conjunction with KindleDP 

(Seattle, Washington, USA, 2020). 

ʇʫʙʣʽʢʘʮʽʾ. ʆʩʥʦʚʥʽ ʪʝʦʨʝʪʠʯʥʽ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʥʘʫʢʦʚʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʚʠʩʚʽʪʣʝʥʦ ʫ 53 ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ, ʽʟ ʥʠʭ: 32 ʩʪʘʪʪʽ ʫ ʥʘʫʢʦʚʠʭ ʽʥʦʟʝʤʥʠʭ 

ʚʠʜʘʥʥʷʭ ʪʘ ʫ ʚʠʜʘʥʥʷʭ ʋʢʨʘʾʥʠ, ʷʢʽ ʚʢʣʶʯʝʥʽ ʜʦ ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟ 

[1ï32] (ʟ ʷʢʠʭ 4 ʽʥʜʝʢʩʦʚʘʥʽ ʫ ʥʘʫʢʦʤʝʪʨʠʯʥʽʡ ʙʘʟʽ Scopus [16, 18, 21, 22], 1 ï Web of 

Science [21], 7 ʩʪʘʪʝʡ ʫ ʟʘʨʫʙʽʞʥʠʭ ʧʝʨʽʦʜʠʯʥʠʭ ʚʠʜʘʥʥʷʭ [8, 26ï31], 25 ʩʪʘʪʝʡ ʫ 

ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ ʋʢʨʘʾʥʠ [1ï7, 9ï25, 32]); 21 ʧʫʙʣʽʢʘʮʽʷ ʫ ʟʙʽʨʥʠʢʘʭ 

ʧʨʘʮʴ ʢʦʥʬʝʨʝʥʮʽʡ [33ï53]. 

ʉʪʨʫʢʪʫʨʘ ʪʘ ʦʙʩʷʛ ʨʦʙʦʪʠ. ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʚʩʪʫʧʫ, ʧôʷʪʠ 

ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʟ̔ 361 ʥʘʡʤʝʥʫʚʘʥʴ ʪʘ 7 ʜʦʜʘʪʢʽʚ. 

ɿʘʛʘʣʴʥʠʡ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ 395 ʩʪʦʨʽʥʦʢ, ʫ ʪʦʤʫ ʯʠʩʣʽ 267 ʩʪʦʨʽʥʦʢ ʦʩʥʦʚʥʦʛʦ 

ʪʝʢʩʪʫ. ɼʠʩʝʨʪʘʮʽʷ ʤʽʩʪʠʪʴ 38 ʨʠʩʫʥʢʽʚ ʪʘ 11 ʪʘʙʣʠʮʴ.  
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ʈʆɿɼɯʃ 1 

ɸʅɸʃɯɿ ʉɺɯʊʆɺʆɻʆ ɼʆʉɺɯɼʋ ʉʊʆʉʆɺʅʆ ʋɼʆʉʂʆʅɸʃɽʅʅʗ 

ʇɯɼʍʆɼɯɺ ʊɸ ʄɽʊʆɼɯɺ ʋʇʈɸɺʃɯʅʅʗ ʍɸʈʏʆɺʀʄ ʇɯɼʇʈʀɭʄʉʊɺʆʄ 

1.1 ɼʦʩʣʽʜʞʝʥʥʷ ʩʫʯʘʩʥʠʭ ʧʽʜʭʦʜʽʚ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʫʧʨʘʚʣʽʥʥʷ ʭʘʨʯʦʚʠʤ 

ʧʽʜʧʨʠʻʤʩʪʚʦʤ 

 

 

ʉʫʯʘʩʥʠʡ ʚʠʨʦʙʥʠʢ ʧʦʚʠʥʝʥ ʧʦʩʪʽʡʥʦ ʫʜʦʩʢʦʥʘʣʶʚʘʪʠ ʩʚʦʾ ʤʝʪʦʜʠ 

ʫʧʨʘʚʣʽʥʥʷ, ʘʜʞʝ ʚʪʨʘʪʘ ʩʚʦʛʦ ʩʧʦʞʠʚʘʯʘ ʥʘ ʨʠʥʢʫ ʟʙʫʪʫ ʨʽʚʥʦʩʠʣʴʥʘ ʙʘʥʢʨʫʪʩʪʚʫ 

ʧʽʜʧʨʠʻʤʩʪʚʘ. ʉʧʦʞʠʚʘʯ ʧʦʩʪʽʡʥʦ ʟʤʽʥʶʻ ʩʚʦʾ ʧʦʪʨʝʙʠ ʧʽʜ ʚʧʣʠʚʦʤ ʝʢʦʥʦʤʽʯʥʠʭ, 

ʩʦʮʽʘʣʴʥʠʭ ʪʘ ʧʦʣʽʪʠʯʥʠʭ ʦʙʩʪʘʚʠʥ. ɺʠʨʦʙʥʠʢ ʥʝ ʪʽʣʴʢʠ ʧʦʚʠʥʝʥ ʟʘʙʝʟʧʝʯʠʪʠ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʷʢʽʩʥʦʾ ʧʨʦʜʫʢʮʽʾ, ʘ ʪʘʢʦʞ ʟʘʜʦʚʦʣʴʥʠʪʠ ʚʠʤʦʛʠ ʩʧʦʞʠʚʘʯʘ ʱʦʜʦ 

ʧʨʦʜʫʢʮʽʾ, ʧʨʠ ʮʴʦʤʫ ʟʘʙʝʟʧʝʯʠʚʰʠ ʤʽʥʽʤʘʣʴʥʦ ʤʦʞʣʠʚʫ ʩʦʙʽʚʘʨʪʽʩʪʴ ʧʨʦʜʫʢʮʽʾ. 

ʆʪʞʝ ʩʫʯʘʩʥʽ ʚʠʨʦʙʥʠʢʠ ʧʦʩʪʽʡʥʦ ʧʨʘʮʶʶʪʴ ʚ ʫʤʦʚʘʭ ʨʠʟʠʢʫ ʪʘ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ. 

ʉʴʦʛʦʜʥʽ ʥʘ ʨʠʥʢʫ ʟʘʣʠʰʘʶʪʴʩʷ ʪʽʣʴʢʠ ʪʽ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʷʢʽ ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ 

ʷʢʽʩʥʫ ʨʦʙʦʪʫ ʚ ʫʤʦʚʘʭ ʧʦʩʪʽʡʥʦʾ ʢʦʥʢʫʨʝʥʮʽʾ ʪʘ ʥʝʩʪʘʙʽʣʴʥʦʾ ʝʢʦʥʦʤʽʯʥʦʾ ʩʠʪʫʘʮʽʾ. 

ʊʘʢʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʧʦʚʠʥʥʽ ʰʚʠʜʢʦ ʨʝʘʛʫʚʘʪʠ ʥʘ ʟʘʧʠʪʠ ʨʠʥʢʫ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʟʘ 

ʨʘʭʫʥʦʢ ʝʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʥʘʣʘʛʦʜʞʝʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʧʨʦʻʢʪʫʚʘʥʥʷ, 

ʚʠʨʦʙʥʠʮʪʚʘ, ʧʦʩʪʘʯʘʥʥʷ ʪʘ ʧʽʜʪʨʠʤʢʠ ʩʚʦʛʦ ʧʨʦʜʫʢʪʫ ʥʘ ʨʠʥʢʫ. ʎʝ ʜʦʩʷʛʘʻʪʴʩʷ 

ʛʨʘʤʦʪʥʠʤ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʨʽʟʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʩʫʯʘʩʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ ʪʘ ʩʫʯʘʩʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʫʧʨʘʚʣʽʥʥʷ ʧʦʣʷʛʘʻ ʫ ʧʨʠʡʥʷʪʪʽ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʜʣʷ 

ʧʦʜʘʣʴʰʦʾ ʨʝʘʣʽʟʘʮʽʾ ʧʝʨʝʜʙʘʯʝʥʠʭ ʮʠʤʠ ʨʽʰʝʥʥʷʤʠ ʢʝʨʫʶʯʠʭ ʚʧʣʠʚʽʚ ʥʘ ʧʝʚʥʠʡ 

ʦʙôʻʢʪ ʫʧʨʘʚʣʽʥʥʷ [54ï55]. 

ɼʦ ʦʩʥʦʚʥʠʭ ʟʘʚʜʘʥʴ ʚʽʜʥʦʩʷʪʴʩ:̫ ʝʬʝʢʪʠʚʥʘ ʦʨʛʘʥʽʟʘʮʽ ̫ʫʧʨʘʚʣʽʥʥʷ, ʙʽʣʴʰ 

ʧʦʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʩʽʭ ʚʠʜʽʚ ʨʝʩʫʨʩʽʚ, ʟʘʜʽʷʥʥʷ ʤʝʪʦʜʽʚ ʩʪʠʤʫʣʶʚʘʥʥʷ ʧʨʘʮʽ. 

ɺʠʨʽʰʝʥʥʶ ʮʠʭ ʟʘʚʜʘʥʴ ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ ʜʦʩʚʽʜ ʦʩʚʦʻʥʥʷ ʧʝʨʝʜʦʚʠʭ ʤʝʪʦʜʽʚ 

ʫʧʨʘʚʣʽʥʥʷ ʚʠʨʦʙʥʠʮʪʚʦʤ ʨʦʟʚʠʥʝʥʠʭ ʧʨʦʤʠʩʣʦʚʠʭ ʢʨʘʾʥ. 

ɹʝʨʝʞʣʠʚʝ ʚʠʨʦʙʥʠʮʪʚʦ ï ʥʘʧʨʷʤ ʤʝʥʝʜʞʤʝʥʪʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ ʧʽʜʧʨʠʻʤʩʪʚʘ ʟʘ ʨʘʭʫʥʦʢ ʚʠʧʫʩʢʫ ʧʨʦʜʫʢʮʽʾ (ʥʘʜʘʥʥʷ 
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ʧʦʩʣʫʛ) ʚ ʢʽʣʴʢʦʩʪʽ, ʥʝʦʙʭʽʜʥʽʡ ʟʘʤʦʚʥʠʢʫ, ʟ ʚʠʩʦʢʦʶ ʷʢʽʩʪʶ, ʤʽʥʽʤʘʣʴʥʠʤʠ 

ʚʠʪʨʘʪʘʤʠ ʨʝʩʫʨʩʽʚ ʽ ʥʠʟʴʢʦʶ ʩʦʙʽʚʘʨʪʽʩʪʶ [56, 57].  

ʂʦʥʮʝʧʮʽʷ ʙʝʨʝʞʣʠʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʯʘʣʘ ʬʦʨʤʫʚʘʪʠʩʷ ʚ ʗʧʦʥʽʾ. 

ɿʘʩʥʦʚʥʠʢʦʤ ʢʦʥʮʝʧʮʽʾ ʚʚʘʞʘʻʪʴʩʷ ʊʘʾʪʽ ɺʦʥʦ, ʷʢʠʡ ʧʦʯʘʚ ʨʦʙʦʪʫ ʚ ʢʦʤʧʘʥʽʾ Toyota 

Motor Corporatʽon ʫ 1943 ʨ. ʆʧʘʥʫʚʘʚʰʠ ʜʦʩʚʽʜ ʧʝʨʝʜʦʚʠʭ ʩʚʽʪʦʚʠʭ ʧʨʦʤʠʩʣʦʚʠʭ 

ʢʨʘʾʥ, ʚʽʥ ʫ ʩʝʨʝʜʠʥʽ 1950-ʭ ʨʨ. ʧʦʯʘʚ ʚʠʙʫʜʦʚʫʚʘʪʠ ʩʠʩʪʝʤʫ ʦʨʛʘʥʽʟʘʮʽʾ 

ʚʠʨʦʙʥʠʮʪʚʘ, ʱʦ ʦʪʨʠʤʘʣʘ ʥʘʟʚʫ çɺʠʨʦʙʥʠʯʘ ʩʠʩʪʝʤʘ Toyotaè (TPS ï Toyota 

Productʽon System). ʋ ʟʘʭʽʜʥʠʭ ʢʨʘʾʥʘʭ ʢʦʥʮʝʧʮʽʷ TPS ʦʪʨʠʤʘʣʘ ʥʘʟʚʫ Lean 

ʈroductʽon. ʊʝʨʤʽʥ Lean ʈroductʽon ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ɼʞʦʥʦʤ ʂʨʘʬʯʠʢʦʤ, ʷʢʠʡ ʙʫʚ 

ʥʘʫʢʦʚʠʤ ʩʧʽʚʨʦʙʽʪʥʠʢʦʤ ʄʘʩʩʘʯʫʩʝʪʩʴʢʦʛʦ ʽʥʩʪʠʪʫʪʫ. ʌʘʭʽʚʮʷʤʠ ʚ ʦʙʣʘʩʪʽ 

ʦʨʛʘʥʽʟʘʮʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʝʨʤʽʥʠ ʃʽʥ-ʪʝʭʥʦʣʦʛʽʾ (Lean-ʪʝʭʥʦʣʦʛʽʾ), 

ʝʢʦʥʦʤʥʝ ʚʠʨʦʙʥʠʮʪʚʦ ʪʘ ʽʥ. ʅʘ ʜʘʥʠʡ ʯʘʩ ʚʩʝ ʙʽʣʴʰʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʥʘʭʦʜʠʪʴ 

ʪʝʨʤʽʥ çʆʱʘʜʣʠʚʝ ʚʠʨʦʙʥʠʮʪʚʦè [56ï62].  

ɺʧʨʦʚʘʜʞʝʥʥʷ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʥʮʝʧʮʽʾ çʦʱʘʜʣʠʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘè ʜʦʟʚʦʣʷʻ 

[57]: 

Å ʟʥʠʟʠʪʠ ʚʘʨʪʽʩʪʴ ʧʨʦʜʫʢʮʽʾ ʥʘ 50%; 

Å ʩʢʦʨʦʪʠʪʠ ʪʨʠʚʘʣʽʩʪʴ ʚʠʨʦʙʥʠʯʦʛʦ ʮʠʢʣʫ ʥʘ 50%; 

Å ʩʢʦʨʦʪʠʪʠ ʪʨʫʜʦʚʠʪʨʘʪʠ ʥʘ 50% ʧʨʠ ʦʜʥʦʯʘʩʥʦʤʫ ʟʙʝʨʝʞʝʥʥʽ ʘʙʦ ʧʽʜʚʠʱʝʥʥʽ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ; 

Å ʟʙʽʣʴʰʠʪʠ ʚʠʨʦʙʥʠʯʽ ʧʦʪʫʞʥʦʩʪʽ ʥʘ 50% ʥʘ ʪʠʭ ʞʝ ʧʣʦʱʘʭ; 

Å ʩʢʦʨʦʪʠʪʠ ʩʢʣʘʜʩʴʢʽ ʟʘʧʘʩʠ ʥʘ 80%; 

Å ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ ʧʨʦʜʫʢʮʽʾ; 

Å ʟʙʽʣʴʰʠʪʠ ʧʨʠʙʫʪʦʢ; 

Å ʩʪʚʦʨʠʪʠ ʛʥʫʯʢʫ ʚʠʨʦʙʥʠʯʫ ʩʠʩʪʝʤʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʰʚʠʜʢʦ ʨʝʘʛʫʚʘʪʠ ʥʘ ʟʤʽʥʫ 

ʟʘʧʠʪʽʚ ʩʧʦʞʠʚʘʯʽʚ. 

ʎʽʣʽ çʦʱʘʜʣʠʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘè ʜʦʩʷʛʘʶʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʟʥʠʞʝʥʥʷ ʘʙʦ 

ʫʩʫʥʝʥʥʷ ʚʪʨʘʪ ʫ ʧʨʦʮʝʩʽ ʚʠʨʦʙʥʠʮʪʚʘ ʪʦʚʘʨʽʚ.  

ɺʪʨʘʪʘʤʠ ʚʚʘʞʘʶʪʴʩʷ ʚʩʽ ʜʽʾ, ʷʢʽ ʥʝ ʩʪʚʦʨʶʶʪʴ ʮʽʥʥʦʩʪʽ ʜʣʷ ʩʧʦʞʠʚʘʯʘ. ʇʨʠ 

ʚʠʛʦʪʦʚʣʝʥʥʽ ʧʨʦʜʫʢʮʽʾ ʮʽʥʥʽʩʪʴ ʜʣʷ ʩʧʦʞʠʚʘʯʘ ʩʪʚʦʨʶʻʪʴʩʷ ʪʽʣʴʢʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 
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ʧʨʠ ʦʧʨʘʮʶʚʘʥʥʽ ʪʘ ʩʢʣʘʜʘʥʥʽ ʚʠʨʦʙʽʚ, ʚʩʽ ʽʥʰʽ ʜʽʾ, ʥʘʧʨʠʢʣʘʜ, ʟʙʝʨʽʛʘʥʥʷ, 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʪʘ ʽʥʰʽ, ʟʥʠʞʫʶʪʴ ʮʽʥʥʽʩʪʴ [59].  

ʅʘ ʷʧʦʥʩʴʢʽʡ ʤʦʚʽ ʚʪʨʘʪʠ ʥʘʟʠʚʘʶʪʴʩʷ ʩʣʦʚʦʤ çʤʫʜʘè (muda). ʊʘʾʪʽ ʆʥʦ 

(Taiichi Ohno) ʚʠʜʽʣʠʚ ʩʽʤ ʚʠʜʽʚ ʚʪʨʘʪ ʤʫʜʘ [63, 64]:  

1. ɺʪʨʘʪʠ ʯʝʨʝʟ ʧʝʨʝʚʠʨʦʙʥʠʮʪʚʦ ï ʚʠʨʦʙʥʠʮʪʚʦ ʪʦʚʘʨʽʚ, ʷʢʽ ʥʝ ʢʦʨʠʩʪʫʶʪʴʩʷ 

ʧʦʧʠʪʦʤ; ʚʠʨʦʙʥʠʮʪʚʦ ʧʨʦʜʫʢʮʽʾ ʚ ʙʽʣʴʰʦʤʫ ʦʙʩʷʟʽ ʨʘʥʽʰʝ ʘʙʦ ʰʚʠʜʰʝ, ʥʽʞ ʮʝ 

ʧʦʪʨʽʙʥʦ ʥʘ ʥʘʩʪʫʧʥʦʤʫ ʝʪʘʧʽ ʧʨʦʮʝʩʫ.  

2. ɺʪʨʘʪʠ ʯʘʩʫ ʯʝʨʝʟ ʦʯʽʢʫʚʘʥʥʷ ï ʧʝʨʝʨʚʠ ʚ ʨʦʙʦʪʽ, ʧʦʚ'ʷʟʘʥʽ ʟ ʦʯʽʢʫʚʘʥʥʷʤ 

ʣʶʜʝʡ, ʤʘʪʝʨʽʘʣʽʚ, ʫʩʪʘʪʢʫʚʘʥʥʷ ʘʙʦ ʽʥʬʦʨʤʘʮʽʾ. 

3. ɺʪʨʘʪʠ ʯʝʨʝʟ ʟʘʡʚ ̔ʦʙʨʦʙʢʠ ï ʜʦʜʘʪʢʦʚʘ ʦʙʨʦʙʢʘ ʚʠʨʦʙʫ ʯʝʨʝʟ ʥʠʟʴʢʫ ʷʢʽʩʪʴ 

ʽʥʩʪʨʫʤʝʥʪʫ, ʧʦʤʠʣʢʠ ʧʨʦʻʢʪʫʚʘʥʥʷ ʪʘ ʽʥ. 

4. ɺʪʨʘʪʠ ʯʝʨʝʟ ʟʘʡʚ ̔ʨʫʭʠ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʦʧʝʨʘʮʽʡ ï ʧʝʨʝʤʽʱʝʥʥʷ ʣʶʜʝʡ, 

ʽʥʩʪʨʫʤʝʥʪʫ ʘʙʦ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʥʝ ʜʦʜʘʻ ʮʽʥʥʦʩʪ̔ ʢʽʥʮʝʚʦʤʫ ʧʨʦʜʫʢʪʫ. 

5. ɺʪʨʘʪʠ ʯʝʨʝʟ ʟʘʡʚʽ ʟʘʧʘʩʠ ï ʥʘʜʤʽʨʥʝ ʥʘʜʭʦʜʞʝʥʥʷ ʧʨʦʜʫʢʮʽʾ ʚ ʚʠʨʦʙʥʠʯʠʡ 

ʧʨʦʮʝʩ, ʯʠ ʪʦ ʩʠʨʦʚʠʥʘ, ʥʘʧʽʚʬʘʙʨʠʢʘʪ ʘʙʦ ʛʦʪʦʚʠʡ ʧʨʦʜʫʢʪ. 

6. ɺʪʨʘʪʠ ʧʨʠ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʽ ï ʥʝʧʦʪʨʽʙʥʽ ʧʝʨʝʤʽʱʝʥʥʷ ʘʙʦ ʧʝʨʝʤʽʱʝʥʥʷ ʥʘ 

ʚʝʣʠʢʽ ʚʽʜʩʪʘʥʽ ʤʘʪʝʨʽʘʣʽʚ, ʜʝʪʘʣʝʡ, ʧʨʦʜʫʢʮʽʾ. 

7. ɺʪʨʘʪʠ ʯʝʨʝʟ ʚʠʧʫʩʢ ʜʝʬʝʢʪʥʦʾ ʧʨʦʜʫʢʮʽʾ - ʧʨʦʜʫʢʮʽʾ, ʱʦ ʚʠʤʘʛʘʻ ʧʝʨʝʚʽʨʢʠ, 

ʩʦʨʪʫʚʘʥʥʷ, ʫʪʠʣʽʟʘʮʽʾ, ʟʘʤʽʥʠ ʘʙʦ ʜʦʦʧʨʘʮʶʚʘʥʥʷ. 

ʋ ʜʘʥʠʡ ʯʘʩ ʜʦʜʘʶʪʴ ʱʝ ʦʜʠʥ ʚʠʜ ʚʪʨʘʪ: ʚʪʨʘʪʠ ʯʝʨʝʟ ʥʝʚʠʢʦʨʠʩʪʘʥʠʡ 

ʧʦʪʝʥʮʽʘʣ ʧʝʨʩʦʥʘʣʫ ï ʚʪʨʘʪʠ ʯʘʩʫ, ʽʜʝʡ, ʥʘʚʠʯʦʢ, ʤʦʞʣʠʚʦʩʪʝʡ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʽ 

ʥʘʙʫʪʪʷ ʜʦʩʚʽʜʫ ʩʧʽʚʨʦʙʽʪʥʠʢʘʤʠ.  

ʉʪʨʘʪʝʛʽʷ çʂʘʡʜʟʝʥè ʚʠʤʘʛʘʻ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʚʞʠʚʘʥʥʷ ʟʘʭʦʜʽʚ ʱʦʜʦ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʟʘ ʫʯʘʩʪʶ ʚʩʽʭ ʧʨʘʮʽʚʥʠʢʽʚ ʜʘʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ï ʚ ʨʽʚʥʽʡ ʤʽʨʽ ʽ 

ʤʝʥʝʜʞʝʨʽʚ, ʽ ʨʦʙʽʪʥʠʢʽʚ. ʇʦʥʷʪʪʷ çʢʘʡʜʟʝʥè ʟ'ʷʚʠʣʦʩʷ ʚ ʗʧʦʥʽʾ. ɺʦʥʦ ʫʪʚʦʨʝʥʦ 

ʜʚʦʤʘ ʩʣʦʚʘʤʠ: çʢʘʡè ï ʟʤʽʥʘ ʽ çʜʟʝʥè ï ʥʘ ʢʨʘʱʝ. ɹʝʟʧʝʨʝʨʚʥʘ ʟʤʽʥʘ ʤʘʣʠʤʠ 

ʢʨʦʢʘʤʠ, ʷʢʽ ʥʝ ʚʠʤʘʛʘʶʪʴ ʟʥʘʯʥʠʭ ʚʢʣʘʜʝʥʴ ï ʦʩʴ ʩʝʥʩ, ʷʢʠʡ ʤʽʩʪʠʪʴ ʫ ʩʦʙʽ ʧʦʥʷʪʪʷ 

çʢʘʡʜʟʝʥè. ʊʝʨʤʽʥ çʢʘʡʜʟʝʥè ʟʘʧʨʦʧʦʥʫʚʘʚ ʄʘʩʘʘʢʽ ɯʤʘʾ (Masaaki Imai) ï ʟʘʩʥʦʚʥʠʢ 

ʢʦʥʮʝʧʮʽʾ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ. ʈʽʟʥʽ ʘʚʪʦʨʠ ʚʠʜʽʣʷʶʪʴ ʨʽʟʥʫ ʢʽʣʴʢʽʩʪʴ 
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ʢʣʶʯʦʚʠʭ ʧʨʠʥʮʠʧʽʚ, ʥʘ ʷʢʠʭ ʛʨʫʥʪʫʻʪʴʩʷ çʢʘʡʜʟʝʥè. ʇʨʠ ʮʴʦʤʫ ʟʘʟʚʠʯʘʡ ʚ ʾʭ ʯʠʩʣʦ 

ʚʢʣʶʯʘʶʪʴ ʪʘʢʽ ʧʨʠʥʮʠʧʠ [65, 66]:  

Å ʬʦʢʫʩʫʚʘʥʥʷ ʥʘ ʢʣʽʻʥʪʘʭ ï ʜʣʷ ʢʦʤʧʘʥʽʾ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ çʢʘʡʜʟʝʥè, 

ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʦ, ʱʦʙ ʾʭ ʧʨʦʜʫʢʮʽʷ (ʧʦʩʣʫʛʠ) ʟʘʜʦʚʦʣʴʥʷʣʘ ʧʦʪʨʝʙʠ ʢʣʽʻʥʪʽʚ;  

Å ʙʝʟʧʝʨʝʨʚʥʽ ʟʤʽʥʠ ï ʧʨʠʥʮʠʧ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʩʘʤʫ ʩʫʪʴ çʢʘʡʜʟʝʥè, ʪʦʙʪʦ 

ʙʝʟʧʝʨʝʨʚʥʽ ʤʘʣʽ ʟʤʽʥʠ ʫ ʚʩʽʭ ʩʬʝʨʘʭ ʦʨʛʘʥʽʟʘʮʽʾ: ʧʦʩʪʘʯʘʥʥʽ, ʚʠʨʦʙʥʠʮʪʚʽ, ʟʙʫʪʽ, 

ʚʟʘʻʤʦʚʽʜʥʦʩʠʥʘʭ ʪʦʱʦ; 

Å ʚʽʜʢʨʠʪʝ ʚʠʟʥʘʥʥʷ ʧʨʦʙʣʝʤ ï ʚʩʽ ʧʨʦʙʣʝʤʠ ʚʽʜʢʨʠʪʦ ʚʠʥʦʩʷʪʴʩʷ ʥʘ 

ʦʙʛʦʚʦʨʝʥʥʷ; 

Å ʧʨʦʧʘʛʘʥʜʘ ʚʽʜʢʨʠʪʦʩʪʽ ï ʤʘʣʘ ʩʪʫʧʽʥʴ ʚʽʜʦʢʨʝʤʣʝʥʦʩʪʽ ʤʽʞ ʚʽʜʜʽʣʘʤʠ ʽ 

ʨʦʙʦʯʠʤʠ ʤʽʩʮʷʤʠ; 

Å ʫʪʚʦʨʝʥʥʷ ʢʦʤʘʥʜ ʨʦʙʦʯʠʭ ï ʫʩʽ ʧʨʘʮʽʚʥʠʢʠ ʩʪʘʶʪʴ ʯʣʝʥʘʤʠ ʢʦʥʢʨʝʪʥʦʾ 

ʨʦʙʦʯʦʾ ʢʦʤʘʥʜʠ ʪʘ ʚʽʜʧʦʚʽʜʥʦʛʦ ʛʫʨʪʢʘ ʷʢʦʩʪʽ; 

Å ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʻʢʪʘʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʽʞʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʢʦʤʘʥʜ ï ʞʦʜʥʘ 

ʢʦʤʘʥʜʘ ʥʝ ʙʫʜʝ ʧʨʘʮʶʚʘʪʠ ʝʬʝʢʪʠʚʥʦ, ʷʢʱʦ ʚʦʥʘ ʜʽʻ ʪʽʣʴʢʠ ʚ ʦʜʥʽʡ ʬʫʥʢʮʽʦʥʘʣʴʥʽʡ 

ʛʨʫʧʽ. ɿ ʮʠʤ ʧʨʠʥʮʠʧʦʤ ʪʽʩʥʦ ʧʦʚ'ʷʟʘʥʘ ʧʨʠʪʘʤʘʥʥʘ ʷʧʦʥʩʴʢʦʤʫ ʤʝʥʝʜʞʤʝʥʪʫ 

ʨʦʪʘʮʽʷ ʧʝʨʩʦʥʘʣʫ; 

Å ʬʦʨʤʫʚʘʥʥʷ çʧʽʜʪʨʠʤʢʠ ʚʟʘʻʤʦʚʽʜʥʦʩʠʥè ï ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʻ ʚʘʞʣʠʚʠʤʠ ʥʝ 

ʪʽʣʴʢʠ ʬʽʥʘʥʩʦʚʽ ʨʝʟʫʣʴʪʘʪʠ, ʘ ʡ ʟʘʣʫʯʝʥʽʩʪʴ ʧʨʘʮʽʚʥʠʢʽʚ ʜʦ ʾʾ ʜʽʷʣʴʥʦʩʪ̔ ʪʘ 

ʪʦʣʝʨʘʥʪʥʽ ʚʟʘʻʤʠʥʠ ʤʽʞ ʧʨʘʮʽʚʥʠʢʘʤʠ, ʦʩʢʽʣʴʢʠ ʮʝ ʟʘʚʞʜʠ (ʥʝʭʘʡ ʽ ʥʝ ʚ ʧʝʚʥʦʤʫ 

ʟʚʽʪʥʦʤʫ ʧʝʨʽʦʜʽ) ʧʨʠʚʝʜʝ ʦʨʛʘʥʽʟʘʮʽʶ ʜʦ ʚʠʩʦʢʠʭ ʨʝʟʫʣʴʪʘʪʽʚ; 

Å ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʩʘʤʦʜʠʩʮʠʧʣʽʥʠ ï ʫʤʽʥʥʷ ʧʦʚʘʞʘʪʠ ʪʘ ʢʦʥʪʨʦʣʶʚʘʪʠ ʷʢ ʩʝʙʝ, 

ʪʘʢ ʽ ʽʥʰʠʭ ʧʨʘʮʽʚʥʠʢʽʚ ʪʘ ʚʩʶ ʦʨʛʘʥʽʟʘʮʽʶ; 

Å ̔ʥʬʦʨʤʫʚʘʥʥʷ ʢʦʞʥʦʛʦ ʩʧʽʚʨʦʙʽʪʥʠʢʘ ï ʚʝʩʴ ʧʝʨʩʦʥʘʣ ʧʦʚʠʥʝʥ ʙʫʪʠ 

ʧʦʚʥʽʩʪʶ ʽʥʬʦʨʤʘʮʽʡʥʦ ʦʙʽʟʥʘʥʠʡ ʧʨʦ ʩʚʦʶ ʢʦʤʧʘʥʽʶ. 

ʆʩʦʙʣʠʚʽʩʪʴ ʩʪʨʘʪʝʛʽʾ çʂʘʡʜʟʝʥè ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʜʽʷʣʴʥʽʩʪʴ ʱʦʜʦ 

ʧʦʣʽʧʰʝʥʥʷ ʧʣʘʥʫʻʪʴʩʷ ʽ ʚʠʢʦʥʫʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʨʦʙʦʯʠʭ ʤʽʩʮʷʭ. ʋ ʟʚ'ʷʟʢʫ ʟ 

ʮʠʤ çʢʘʡʜʟʝʥè ʩʣʫʛʫʻ ʽʥʩʪʨʫʤʝʥʪʦʤ ʟʘʣʫʯʝʥʥʷ ʧʝʨʩʦʥʘʣʫ ʚ ʜʽʷʣʴʥʽʩʪʴ ʱʦʜʦ 

ʧʦʩʪʫʧʦʚʦʾ ʟʤʽʥʠ ʚʠʛʣʷʜʫ ʚʠʨʦʙʥʠʮʪʚʘ [66]. 
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ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʙʝʨʝʞʣʠʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʘʢʪʠʚʥʦʾ ʫʯʘʩʪʽ ʚʩʽʭ ʧʨʘʮʽʚʥʠʢʽʚ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʧʦʯʠʥʘʶʯʠ ʚʽʜ ʚʠʱʦʛʦ 

ʢʝʨʽʚʥʠʮʪʚʘ ʽ ʟʘʢʽʥʯʫʶʯʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʠʢʦʥʘʚʮʷʤʠ ʥʘ ʨʦʙʦʯʠʭ ʤʽʩʮʷʭ. 

ʉʠʩʪʝʤʘ ʰʚʠʜʢʦʛʦ ʧʝʨʝʥʘʣʘʛʦʜʞʝʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ï ʮʝ ʽʥʩʪʨʫʤʝʥʪ 

ʙʝʨʝʞʣʠʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʥʘʙʽʨ ʪʝʦʨʝʪʠʯʥʠʭ ʽ ʧʨʘʢʪʠʯʥʠʭ 

ʤʝʪʦʜʽʚ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʦʧʝʨʘʮʽʡ ʥʘʣʘʛʦʜʞʝʥʥʷ ʽ ʧʝʨʝʥʘʣʘʛʦʜʞʝʥʥʷ 

ʦʙʣʘʜʥʘʥʥʷ. ʉʣʽʜ ʧʽʜʢʨʝʩʣʠʪʠ, ʱʦ ʫ ʧʝʨʝʚʘʞʥʽʡ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʜʘʥʦʾ ʩʠʩʪʝʤʠ ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʧʝʨʝʥʘʣʘʛʦʜʞʝʥʥʷ, ʦʜʥʘʢ ʚʦʥʘ ʥʝ 

ʤʦʞʝ ʛʘʨʘʥʪʫʚʘʪʠ ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʚʩʽʭ ʧʨʦʮʝʩʽʚ ʥʘʣʘʛʦʜʞʝʥʥʷ ʜʦ ʜʝʩʷʪʠ ʭʚʠʣʠʥ ʽ 

ʤʝʥʰʝ. ʋ ʩʚʦʶ ʯʝʨʛʫ, ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʧʝʨʝʥʘʣʘʛʦʜʞʝʥʥʷ ʜʘʻ ʧʽʜʧʨʠʻʤʩʪʚʫ ʙʝʟʣʽʯ 

ʧʝʨʝʚʘʛ. ʐʚʠʜʢʝ ʧʝʨʝʥʘʣʘʛʦʜʞʝʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʚʽʜʧʦʚʽʜʘʻ ʪʝʨʤʽʥʫ SMED (Sʽngle 

Mʽnute Exchange of Dʽes ï ʰʚʠʜʢʘ ʟʘʤʽʥʘ ʰʪʘʤʧʽʚ). ʇʦʯʘʪʢʦʚʦ ʮʷ ʩʠʩʪʝʤʘ ʙʫʣʘ 

ʨʦʟʨʦʙʣʝʥʘ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʦʧʪʠʤʽʟʫʚʘʪʠ ʦʧʝʨʘʮʽʾ ʟʘʤʽʥʠ ʰʪʘʤʧʽʚ ʽ ʧʝʨʝʥʘʣʘʛʦʜʞʝʥʥʷ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʧʨʦʪʝ ʧʨʠʥʮʠʧʠ ʰʚʠʜʢʦʛʦ ʧʝʨʝʥʘʣʘʛʦʜʞʝʥʥʷ ʤʦʞʥʘ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʦ ʫʩʭ̔ ʪʠʧ̔ʚ ʧʨʦʮʝʩʽʚ [56ï58].  

ʐʚʠʜʢʝ ʧʝʨʝʥʘʣʘʛʦʜʞʝʥʥʷ ʜʝʤʦʥʩʪʨʫʻ ʜʽʡʩʥʦ ʥʦʚʠʡ ʧʦʛʣʷʜ ʥʘ ʧʨʦʮʝʩ 

ʧʝʨʝʥʘʣʘʛʦʜʞʝʥʥʷ. ʉʠʩʪʝʤʘ SMED ˇʨʫʥʪʫʻʪʴʩʷ ʷʢ ʥʘ ʪʝʦʨʽʾ, ʪʘʢ ʽ ʥʘ ʙʘʛʘʪʦʨʽʯʥʽʡ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽʡ ʧʨʘʢʪʠʮʽ. ɺʦʥʘ ʷʚʣʷʻ ʩʦʙʦʶ ʥʘʫʢʦʚʠʡ ʧʽʜʭʽʜ ʜʦ ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ 

ʧʝʨʝʥʘʣʘʛʦʜʞʝʥʥʷ, ʷʢʠʡ ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ ʥʘ ʙʫʜʴ-ʷʢʦʤʫ ʧʽʜʧʨʠʻʤʩʪʚʽ ʽ ʙʫʜʴ-

ʷʢʦʤʫ ʦʙʣʘʜʥʘʥʥʽ. ʇʝʨʝʥʘʣʘʛʦʜʞʝʥʥʷ ï ʧʨʦʮʝʩ ʧʽʜʛʦʪʦʚʢʠ ʦʙʣʘʜʥʘʥʥʷ ʜʦ ʧʝʨʝʭʦʜʫ 

ʚʽʜ ʚʠʨʦʙʥʠʮʪʚʘ ʦʜʥʦʛʦ ʚʠʜʫ ʧʨʦʜʫʢʮʽʾ ʜʦ ʽʥʰʦʛʦ (ʥʘʧʨʠʢʣʘʜ, ʰʪʘʤʧʫʚʘʣʴʥʦʛʦ 

ʧʨʝʩʘ, ʤʘʰʠʥʠ ʜʣʷ ʣʠʪʪʷ ʘʙʦ ʢʦʥʚʝʻʨʘ) ʰʣʷʭʦʤ ʟʘʤʽʥʠ ʜʝʪʘʣʝʡ, ʧʨʝʩ-ʬʦʨʤ, ʤʘʪʨʠʮʴ, 

ʟʘʪʠʩʢʥʠʭ ʧʨʠʩʪʦʩʫʚʘʥʴ ʪʦʱʦ. ʏʘʩ ʧʝʨʝʥʘʣʘʛʦʜʞʝʥʥʷ ï ʮʝ ʧʨʦʤʽʞʦʢ ʤʽʞ 

ʟʘʚʝʨʰʝʥʥʷʤ ʚʠʨʦʙʥʠʮʪʚʘ ʦʩʪʘʥʥʴʦʛʦ ʚʠʨʦʙʫ ʧʦʧʝʨʝʜʥʴʦʾ ʧʘʨʪʽʾ ʜʦ ʚʠʭʦʜʫ ʟ 

ʚʠʨʦʙʥʠʮʪʚʘ ʧʝʨʰʦʛʦ ʧʨʠʜʘʪʥʦʛʦ ʚʠʨʦʙʫ ʧʽʩʣʷ ʧʝʨʝʥʘʣʘʛʦʜʞʝʥʥʷ. ɯʩʥʫʶʪʴ ʜʚʘ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦ ʨʽʟʥʽ ʪʠʧʠ  ʦʧʝʨʘʮʽʡ ʧʝʨʝʥʘʣʘʛʦʜʞʝʥʥʷ: ʚʥʫʪʨʽʰʥʽ ʪʘ ʟʦʚʥʽʰʥʽ [56, 

61, 65, 66].  

ɺʥʫʪʨʽʰʥʽ ʦʧʝʨʘʮʽʾ ʧʦ ʧʝʨʝʥʘʣʘʛʦʜʞʝʥʥʶ ï ʮʝ ʦʧʝʨʘʮʽʾ, ʷʢʽ ʤʦʞʥʘ ʨʦʙʠʪʠ 

ʪʽʣʴʢʠ ʥʘ ʚʽʜʢʣʶʯʝʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ (ʫʩʪʘʥʦʚʢʘ ʽ ʟʥʷʪʪʷ ʰʪʘʤʧʽʚ). ɿʦʚʥʽʰʥʽ ʦʧʝʨʘʮʽʾ 
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ʧʦ ʧʝʨʝʥʘʣʘʛʦʜʞʝʥʥʶ ï ʮʝ ʜʽʾ, ʷʢʽ ʤʦʞʥʘ ʚʠʢʦʥʫʚʘʪʠ ʙʝʟ ʚʽʜʢʣʶʯʝʥʥʷ ʦʙʣʘʜʥʘʥʥʷ 

(ʜʦʩʪʘʚʢʘ ʥʦʚʠʭ ʰʪʘʤʧʽʚ ʜʦ ʧʨʝʩʫ, ʧʽʜʛʦʪʦʚʢʘ ʝʣʝʤʝʥʪʽʚ ʢʨʽʧʣʝʥʥʷ ʪʦʱʦ). 

ɼʣʷ ʫʩʧʽʰʥʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤʠ SMED ʥʝʦʙʭʽʜʥʦ ʥʘ ʧʦʧʝʨʝʜʥʴʦʤʫ 

ʝʪʘʧʽ ʩʪʚʦʨʠʪʠ ʨʦʙʦʯʫ ʛʨʫʧʫ ʟ̔ ʚʧʨʦʚʘʜʞʝʥʥʷ, ʫ ʷʢʫ ʧʦʚʠʥʥʽ ʚʭʦʜʠʪʠ ʧʨʝʜʩʪʘʚʥʠʢʠ 

ʚʩʽʭ ʟʘʮʽʢʘʚʣʝʥʠʭ ʩʣʫʞʙ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʘ ʥʘ ʟʘʚʝʨʰʘʣʴʥʦʤʫ ʝʪʘʧʽ ʥʝʦʙʭʽʜʥʦ 

ʧʨʦʚʝʩʪʠ ʩʪʘʥʜʘʨʪʠʟʘʮʽʶ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʨʦʟʨʦʙʠʪʠ ʩʪʘʥʜʘʨʪʥʽ ʦʧʝʨʘʮʽʡʥʽ 

ʧʨʦʮʝʜʫʨʠ ʜʣʷ ʧʦʚʩʶʜʥʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʜʘʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ. 

ʇʦʷʚʘ ʽ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʰʚʠʜʢʦʛʦ ʧʝʨʝʥʘʣʘʛʦʜʞʝʥʥʷ ʥʝʨʦʟʨʠʚʥʦ 

ʧʦʚ'ʷʟʘʥʘ ʟ ʨʦʟʚʠʪʢʦʤ ʢʦʥʮʝʧʮʽʾ çʙʝʨʝʞʣʠʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘè, ʘ ʪʦʯʥʽʰʝ ʚʠʨʦʙʥʠʯʦʾ 

ʩʠʩʪʝʤʠ ʢʦʤʧʘʥʽʾ Toyota. ʉʘʤʝ ʥʘ ʟʘʚʦʜʘʭ ʮʽʻʾ ʢʦʤʧʘʥʽʾ ʚ 1969 ʨ. ʙʫʣʠ ʟʨʦʙʣʝʥʽ 

ʧʝʨʰʽ ʨʘʜʠʢʘʣʴʥʽ ʢʨʦʢʠ ʱʦʜʦ ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʧʝʨʝʥʘʣʘʛʦʜʞʝʥʥʷ ʦʙʣʘʜʥʘʥʥʷ. ɼʣʷ 

ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʧʝʨʝʥʘʣʘʛʦʜʞʝʥʥʷ ʥʝʦʙʭʽʜʥʦ ʥʝ ʪʽʣʴʢʠ ʨʦʟʜʽʣʠʪʠ ʧʨʦʮʝʜʫʨʠ ʥʘ 

ʚʥʫʪʨʽʰʥʽ ʽ ʟʦʚʥʽʰʥʽ, ʘʣʝ ʡ ʩʧʨʦʙʫʚʘʪʠ ʧʝʨʝʪʚʦʨʠʪʠ ʷʢʦʤʦʛʘ ʙʽʣʴʰʝ ʨʦʙʽʪ ʧʦ 

ʚʥʫʪʨʽʰʥʽʡ ʧʝʨʝʥʘʣʘʜʮʽ ʚ ʟʦʚʥʽʰʥʶ. ʉʘʤʝ ʮʝ ʨʽʰʝʥʥʷ ʜʦʟʚʦʣʷʻ ʽʩʪʦʪʥʦ ʧʽʜʚʠʱʠʪʠ 

ʝʬʝʢʪʠʚʥʠʡ ʯʘʩ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʰʣʷʭʦʤ ʩʢʦʨʦʯʝʥʥʷ ʡʦʛʦ ʟʫʧʠʥʦʢ ʥʘ 

ʧʝʨʝʥʘʣʘʛʦʜʞʝʥʥʷ [63, 64]. 

ʉʫʪʥʽʩʪʴ ʪʝʭʥʦʣʦʛʽʾ ʰʚʠʜʢʦʛʦ ʧʝʨʝʥʘʣʘʛʦʜʞʝʥʥʷ ʥʘʙʘʛʘʪʦ ʛʣʠʙʰʝ, ʥʽʞ ʯʠʩʪʦ 

ʪʝʭʥʽʯʥʝ ʨʽʰʝʥʥʷ ʧʦ ʰʚʠʜʢʽʡ ʟʤʽʥʽ ʽʥʩʪʨʫʤʝʥʪʘ ʘʙʦ ʦʩʥʘʩʪʢʠ, ʪʘʢ ʷʢ ʩʘʤʝ ʚʦʥʘ 

ʣʝʞʠʪʴ ʚ ʦʩʥʦʚʽ ʚʠʩʦʢʦʾ ʛʥʫʯʢʦʩʪʽ ʽ ʢʣʽʻʥʪʩʴʢʦʾ ʦʨʽʻʥʪʦʚʘʥʦʩʪʽ ʦʨʛʘʥʽʟʘʮʽʾ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʧʨʠʥʮʠʧʘʤ çʙʝʨʝʞʣʠʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘè ʽ ʟʜʘʪʥʘ ʙʝʟ ʚʪʨʘʪ ʚʠʨʦʙʣʷʪʠ 

ʧʨʦʜʫʢʮʽʶ ʤʘʣʠʤʠ ʧʘʨʪʽʷʤʠ. ɿʽ ʟʤʝʥʰʝʥʥʷʤ ʧʠʪʦʤʠʭ ʚʠʪʨʘʪ ʥʘ ʧʝʨʝʥʘʣʘʛʦʜʞʝʥʥʷ 

ʟʥʠʞʫʶʪʴʩʷ ʚʠʪʨʘʪʠ, ʧʦʚôʷʟʘʥʽ ʽʟ ʟʙʝʨʽʛʘʥʥʷʤ ʟʘʧʘʩʽʚ, ʽ ʦʙʩʷʛ ʧʘʨʪʽʾ ʚʠʨʦʙʽʚ.  

ʆʩʚʦʻʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʰʚʠʜʢʦʛʦ ʧʝʨʝʥʘʣʘʛʦʜʞʝʥʥʷ ʤʘʻ ʪʘʢʽ ʧʝʨʝʚʘʛʠ [57, 62]: 

1. ɼʦʟʚʦʣʷʻ ʩʪʝʨʪʠ ʛʨʘʥʽ ʤʽʞ ʜʨʽʙʥʦʩʝʨʽʡʥʠʤ ʽ ʢʨʫʧʥʦʩʝʨʽʡʥʠʤ ʚʠʨʦʙʥʠʮʪʚʦʤ 

(ʟ ʪʦʯʢʠ ʟʦʨʫ ʚʠʪʨʘʪ ʯʘʩʫ ʥʘ ʧʝʨʝʥʘʣʘʛʦʜʞʝʥʥʷ ʚ ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʦʜʠʥ ʚʠʨʽʙ). 

2. ɿʘʙʝʟʧʝʯʫʻ ʛʥʫʯʢʽʩʪʴ ʽ ʦʨʽʻʥʪʦʚʘʥʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ ʥʘ ʟʘʤʦʚʣʝʥʥʷ ʢʣʽʻʥʪʘ. 

3. ʉʢʦʨʦʯʫʻ ʪʘʢʽ ʚʪʨʘʪʠ, ʷʢ ʧʝʨʝʚʠʨʦʙʥʠʮʪʚʦ (ʟʘʧʘʩʠ ʥʘʧʽʚʬʘʙʨʠʢʘʪʽʚ ʽ ʛʦʪʦʚʦʾ 

ʧʨʦʜʫʢʮʽʾ); ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʽ ʧʝʨʝʤʽʱʝʥʥʷ ʥʘʜʣʠʰʢʦʚʠʭ ʟʘʧʘʩʽʚ; ʦʯʽʢʫʚʘʥʥʷ 

(ʧʨʦʩʪʦʾ ʫʩʪʘʪʢʫʚʘʥʥʷ ʽ ʦʧʝʨʘʪʦʨʽʚ ʧʨʠ ʧʝʨʝʥʘʣʘʜʮʽ); ʚʠʧʫʩʢ ʙʨʘʢʫ (ʧʨʠ ʧʝʨʝʥʘʣʘʜʮʽ 

ʽ ʨʝʛʫʣʶʚʘʥʥʽ ʦʙʣʘʜʥʘʥʥʷ). 
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4. ɼʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ ʟʘ ʨʘʭʫʥʦʢ 

ʩʢʦʨʦʯʝʥʥʷ ʚʪʨʘʪ; ʚʠʧʫʩʢʫ ʧʨʦʜʫʢʮʽʾ ʜʨʽʙʥʠʤʠ ʧʘʨʪʽʷʤʠ, ʪʦʙʪʦ çʧʽʜ ʟʘʤʦʚʣʝʥʥʷè; 

ʩʢʦʨʦʯʝʥʥʷ ʧʦʪʨʝʙʠ ʚ ʚʠʩʦʢʦʢʚʘʣʽʬʽʢʦʚʘʥʠʭ ʧʨʘʮʽʚʥʠʢʘʭ. 

ʆʜʥʠʤ ʥʘʧʨʷʤʦʤ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʫʧʨʘʚʣʽʥʥʷ ʻ ʪʝʦʨʽʷ ʦʙʤʝʞʝʥʴ ʩʠʩʪʝʤʠ, ʷʢʠʡ 

ʚʢʣʶʯʘʻ ʧʽʜʭʽʜ ʜʦ ʘʥʘʣʽʟʫ ʚʠʪʨʘʪ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʦʙʣʽʢʫ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ 

ʩʠʩʪʝʤʠ, ʘ ʥʝ ʥʘ ʪʨʘʜʠʮʽʡʥʦʤʫ ʦʙʣʽʢʫ ʚʠʪʨʘʪ [67ï69]. ʇʨʘʢʪʠʯʥʽ ʘʩʧʝʢʪʠ 

ʧʝʨʝʪʚʦʨʝʥʴ ʥʘ ʙʫʜʴ-ʷʢʦʤʫ ʨʽʚʥʽ ʦʨʛʘʥʽʟʘʮʽʾ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʷʢ ʚʠʷʚʣʷʪʠ ʷʚʥʽ ʽ 

ʧʨʠʭʦʚʘʥʽ ʧʨʦʙʣʝʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʥʘʣʽʪʠʯʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʪʝʦʨʽʾ ʦʙʤʝʞʝʥʴ, ʪʘʢ 

ʽ ʫʩʫʚʘʪʠ ʮʽ ʧʨʦʙʣʝʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʨʠʚʥʠʭ ʨʽʰʝʥʴ, ʦʧʠʩʘʥʦ ʚ [69ï71]. 

ʆʩʥʦʚʥʠʤʠ ʧʝʨʝʚʘʛʘʤʠ ʪʝʦʨʽʾ ʦʙʤʝʞʝʥʴ  ̒[71]: 

Å hʚʠʜʢʠʡ ʝʬʝʢʪ;  

Å ʚʽʜʩʫʪʥʽʩʪʴ ʧʦʪʨʝʙʠ ʫ ʟʥʘʯʥʠʭ ʽʥʚʝʩʪʠʮʽʷʭ; 

Å ʟʥʠʞʝʥʥʷ ʦʙʩʷʛʫ ʟʘʧʘʩʽʚ ʽ ʢʦʰʪʽʚ, ʟʘʤʦʨʦʞʝʥʠʭ ʫ ʥʠʭ;  

Å ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʣʦʛʽʩʪʠʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ;  

Å ʧʽʜʚʠʱʝʥʥʷ ʛʥʫʯʢʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʪʘ ʡʦʛʦ ʝʣʘʩʪʠʯʥʦʩʪʽ;  

Å ʩʠʩʪʝʤʥʠʡ ʧʽʜʭʽʜ, ʱʦ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʘʪʠ ʧʦʟʠʪʠʚʥʠʭ ʝʬʝʢʪʽʚ ʦʜʥʦʯʘʩʥʦ ʚ 

ʜʝʢʽʣʴʢʦʭ ʩʬʝʨʘʭ;  

Å ʩʢʦʨʦʯʝʥʥʷ ʚʠʨʦʙʥʠʯʠʭ ʮʠʢʣʽʚ;  

Å ʧʦʢʨʘʱʝʥʥʷ ʬʽʥʘʥʩʦʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʽʜʧʨʠʻʤʩʪʚʘ;  

Å ʟʥʠʞʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʟʙʦʾʚ;  

Å ʟʜʦʙʫʪʪʷ ʪʨʠʚʘʣʠʭ ʢʦʥʢʫʨʝʥʪʥʠʭ ʧʝʨʝʚʘʛ;  

Å ʟʥʘʭʦʜʞʝʥʥʷ ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʠʭ ʰʣʷʭʽʚ ʨʦʟʚôʷʟʘʥʥʷ;  

Å ʫʧʨʘʚʣʽʥʥʷ ʣʦʛʽʩʪʠʯʥʠʤʠ ʨʠʟʠʢʘʤʠ, ʟʦʢʨʝʤʘ, ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʜʙʘʯʝʥʥʷ 

ʥʝʙʘʞʘʥʠʭ ʷʚʠʱ ʱʝ ʜʦ ʾʭ ʧʦʷʚʠ ʪʘ ʨʦʟʨʦʙʢʠ ʟʘʭʦʜʽʚ ʱʦʜʦ ʾʭ ʟʘʧʦʙʽʛʘʥʥʷ ʘʙʦ 

ʤʽʥʽʤʽʟʘʮʽʾ;  

Å ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ - ʫʥʽʢʘʣʴʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʠʭ ʨʽʰʝʥʴ ʪʘ ʾʭ ʘʜʘʧʪʘʮʽʷ ʧʽʜ 

ʢʦʥʢʨʝʪʥʽ ʫʤʦʚʠ ʪʦʱʦ. 

ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʜʦʩʷʛʥʝʥʥʷ ʪʘʢʠʭ ʟʥʘʯʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʪʝʦʨʽ ʾʦʙʤʝʞʝʥʴ ʩʠʩʪʝʤʠ ʻ ʤʦʞʣʠʚʠʤ ʟʘ ʨʘʭʫʥʦʢ [71] ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʫʩʠʣʴ ʥʘ ʪʠʭ 

ʩʬʝʨʘʭ, ʜʝ ʻ ʤʦʞʣʠʚʠʤ ʦʪʨʠʤʘʥʥʷ ʰʚʠʜʢʠʭ ʝʬʝʢʪʽʚ; ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ 
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ʪʝʭʥʽʢ, ʱʦ ʫʤʦʞʣʠʚʣʶʶʪʴ ʧʦʩʪʽʡʥʠʡ ʧʨʦʮʝʩ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤʠ. ɽʬʝʢʪʠʚʥʽʩʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʦʨʽʾ ʦʙʤʝʞʝʥʴ ʩʠʩʪʝʤ ʥʘ ʧʨʘʢʪʠʮʽ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʪʠʤ, ʱʦ 

ʙʽʣʴʰʽʩʪʴ ʚʝʣʠʢʠʭ ʢʦʤʧʘʥʽʡ ʫʞʝ ʧʨʦʪʷʛʦʤ ʙʘʛʘʪʴʦʭ ʨʦʢʽʚ ʟʘʩʪʦʩʦʚʫʶʪʴ ʧʽʜʭʦʜʠ 

ʱʦʜʦ ʪʝʦʨʽ ʾʦʙʤʝʞʝʥʴ ʩʠʩʪʝʤʠ ʫ ʩʚʦʾʡ ʜʽʷʣʴʥʦʩʪʽ. ɺʘʨʪʦ ʥʘʛʦʣʦʩʠʪʠ, ʱʦ ʪʝʦʨʽʷ 

ʦʙʤʝʞʝʥʴ ʩʠʩʪʝʤʠ ʻ ʜʞʝʨʝʣʦʤ ʟʜʦʙʫʪʪʷ ʧʽʜʧʨʠʻʤʩʪʚʦʤ ʜʦʚʛʦʪʝʨʤʽʥʦʚʠʭ 

ʢʦʥʢʫʨʝʥʪʥʠʭ ʧʝʨʝʚʘʛ, ʘ ʮʝ ʩʪʚʦʨʶʻ ʧʝʨʝʜʫʤʦʚʠ ʜʣʷ ʧʦʩʪʽʡʥʦʛʦ ʨʦʟʚʠʪʢʫ 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʚ ʤʘʡʙʫʪʥʴʦʤʫ [71]. 

ʍʘʨʯʦʚʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʋʢʨʘʾʥʠ ʪʽʣʴʢʠ ʯʘʩʪʢʦʚʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʚʽʪʦʚʠʡ 

ʜʦʩʚʽʜ ʟ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʫʧʨʘʚʣʽʥʥʷ. ʆʩʥʦʚʥʠʤʠ ʥʘʧʨʷʤʘʤʠ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʻ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʷʢʦʩʪʽ HACCP (Hazard Analysis and Critical Control Points). 

ɺʠʢʦʨʠʩʪʘʥʥʷ HACCP ʟʘʙʝʟʧʝʯʫʻ ʟʘʭʠʩʪ ʧʽʜʧʨʠʻʤʩʪʚʘ ʪʘ ʡʦʛʦ ʪʦʨʛʦʚʦʾ ʤʘʨʢʠ ʧʨʠ 

ʧʨʦʩʫʚʘʥʥʽ ʥʘ ʨʠʥʢʫ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ ʪʘ ʟʘʭʠʩʪ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ ʚʽʜ 

ʙʽʦʣʦʛʽʯʥʠʭ (ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʠʭ), ʭʽʤʽʯʥʠʭ, ʬʽʟʠʯʥʠʭ ʪʘ ʽʥʰʠʭ ʨʠʟʠʢʽʚ ʟʘʙʨʫʜʥʝʥʥʷ. 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤʠ HACCP ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘ ʜʝʨʞʘʚʥʦʤʫ ʨʽʚʥʽ ʡ ʚʠʤʘʛʘʻ 

ʜʦʪʨʠʤʘʥʥʷ ʫʩʽʭ ʚʠʤʦʛ ʷʢʦʩʪʽ ʜʦ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʫ, ʘ ʪʘʢʦʞ ʫʩʽʭ ʝʪʘʧʽʚ ʡʦʛʦ 

ʚʠʛʦʪʦʚʣʝʥʥʷ. ɺ ʋʢʨʘʾʥʽ ʚʠʤʦʛʠ ʱʦʜʦ ʨʦʟʨʦʙʢʠ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ 

ʙʝʟʧʝʯʥʽʩʪʶ ʭʘʨʯʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʟʘ ʧʨʠʥʮʠʧʘʤʠ ʅɸʉʉʈ ʟʘʜʝʢʣʘʨʦʚʘʥʽ ɼʉʊʋ 4161-

2003 çʉʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʙʝʟʧʝʯʥʽʩʪʶ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ. ɺʠʤʦʛʠè ʪʘ ɼʉʊʋ ISO 

22000:2007 çʉʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʙʝʟʧʝʯʥʽʩʪʶ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ. ɺʠʤʦʛʠ ʜʦ ʙʫʜʴ-

ʷʢʠʭ ʦʨʛʘʥʽʟʘʮʽʡ ʭʘʨʯʦʚʦʛʦ ʣʘʥʮʶʛʘè [72, 73]. 

ɼʽʷʣʴʥʽʩʪʴ ʙʫʜʴ-ʷʢʦʛʦ ʧʨʦʤʠʩʣʦʚʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʤʦʞʥʘ ʫʤʦʚʥʦ ʨʦʟʜʽʣʠʪʠ ʥʘ 

ʜʚʽ ʯʘʩʪʠʥʠ: ʧʝʨʰʘ ï ʮʝ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʠʨʦʙʥʠʯʠʡ ʧʨʦʮʝʩ, ʜʨʫʛʘ ï ʬʽʥʘʥʩʦʚʦ-

ʝʢʦʥʦʤʽʯʥʘ ʜʽʷʣʴʥʽʩʪʴ ʧʽʜʧʨʠʻʤʩʪʚʘ. ɺʠʤʦʛʠ ʜʦ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʟ̔ ʬʽʥʘʥʩʦʚʦ-

ʝʢʦʥʦʤʽʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʤʘʶʪʴ ʩʚʦʶ ʩʧʝʮʠʬʽʢʫ. ɺʠʨʦʙʥʠʯʘ ʜʽʷʣʴʥʽʩʪʴ ʚʝʣʠʢʦʛʦ 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʤʽʩʪʠʪʴ ʙʝʟʣʽʯ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʮʠʢʣʽʚ. ʇʨʠ ʮʴʦʤʫ ʩʧʦʞʠʚʘʶʪɹʩʷ ʨʽʟʥʽ 

ʚʠʜʠ ʩʠʨʦʚʠʥʠ (ʷʢ ʚʠʭʽʜʥʠʡ, ʪʘʢ ʽ ʧʨʦʤʽʞʥʠʡ), ʱʦ ʚʠʤʘʛʘʻ ʢʦʥʪʨʦʣʴ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʣʘʥʮʶʞʢʽʚ ʥʘ ʚʩʽʭ ʝʪʘʧʘʭ ʚʠʨʦʙʥʠʮʪʚʘ. ɺʠʥʠʢʥʝʥʥʷ ʟʙʦʶ ʚ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʮʠʢʣʽ 

ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʪʷʞʢʠʭ ʬʽʥʘʥʩʦʚʠʭ ʟʙʠʪʢʽʚ, ʘ ʪʘʢʦʞ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʚʠʭʦʜʫ ʟ ʣʘʜʫ 

ʦʙʣʘʜʥʘʥʥʷ. ɺʽʜʧʦʚʽʜʥʦ ʢʦʥʪʨʦʣʴ ʧʦʚʠʥʝʥ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʽ 

ʙʝʟʧʝʨʝʨʚʥʦ, ʱʦ ʚʠʩʫʚʘʻ ʚʠʤʦʛʠ ʜʦ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʦ-
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ʢʝʨʫʶʯʠʭ ʩʠʩʪʝʤ, ʛʘʨʘʥʪʽʾ ʷʢʦʩʪʽ ʧʦʩʣʫʛ ʽ ʾʭ ʥʘʜʽʡʥʦʩʪʽ. ɺʪʽʤ, ʥʘʜʽʡʥʽʩʪʴ ʽ 

ʟʘʭʠʱʝʥʽʩʪʴ ʩʠʩʪʝʤ ʥʝ ʚ ʤʝʥʰʽʡ ʤʽʨʽ ʧʦʪʨʽʙʥʽ ʽ ʜʣʷ ʬʽʥʘʥʩʦʚʦ-ʝʢʦʥʦʤʽʯʥʦʾ 

ʜʽʷʣʴʥʦʩʪʽ, ʪʘʢ ʷʢ ʦʙʩʷʛ ʚʭʽʜʥʠʭ ʽ ʚʠʭʽʜʥʠʭ ʬʽʥʘʥʩʦʚʠʭ ʧʦʪʦʢʽʚ, ʘ ʪʘʢʦʞ 

ʮʠʨʢʫʣʶʶʯʠʭ ʚ ʩʝʨʝʜʠʥʽ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʜʫʞʝ ʚʝʣʠʢʠʡ [74ï76]. 

ɯʻʨʘʨʭʽʷ ʩʢʣʘʜʥʦʾ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʥʝʦʙʭʽʜʥʽʩʪʶ ʩʪʨʫʢʪʫʨʫʚʘʥʥʷ ʫʧʨʘʚʣʽʥʥʷ ʫ ʩʢʣʘʜʥʽʡ ʩʠʩʪʝʤʽ ʟ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ 

ʦʙʤʝʞʝʥʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʨʽʰʝʥʥʷ ʟ ʨʷʜʫ ʤʦʞʣʠʚʠʭ ʨʽʰʝʥʴ, ʟ ʷʢʠʭ ʽ ʦʙʠʨʘʻʪʴʩʷ 

ʥʘʡʢʨʘʱʝ. ʉʘʤʝ ʮʝ ʨʽʰʝʥʥʷ ʧʦʪʽʤ ʨʝʘʣʽʟʫʻʪʴʩʷ ʚ ʩʠʩʪʝʤʽ ʫ ʚʠʛʣʷʜʽ 

ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ ʽ ʫʟʛʦʜʞʝʥʠʭ ʫʧʨʘʚʣʽʥʴ ʨʽʟʥʦʛʦ ʨʽʚʥʷ ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ. 

ʅʝʦʙʭʽʜʥʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʽʻʨʘʨʭʽʯʥʽʩʪʴ ʷʢ ʚʣʘʩʪʠʚʽʩʪʴ ʩʠʩʪʝʤʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʥʘʩʪʫʧʥʠʭ ʧʨʠʥʮʠʧʦʚʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʩʠʩʪʝʤʠ. ʇʦ-ʧʝʨʰʝ, ʩʠʩʪʝʤʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʩʫʢʫʧʥʦʩʪʽ ʩʫʙʧʽʜʨʷʜʥʠʭ ʧʽʜʩʠʩʪʝʤ ʨʽʟʥʠʭ ʨʽʚʥʽʚ ʽʻʨʘʨʭʽʾ. ʇʦ-ʜʨʫʛʝ, ʧʽʜʩʠʩʪʝʤʠ 

ʙʽʣʴʰ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʽʻʨʘʨʭʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʠ ʧʨʠʡʥʷʪʪʽ ʨʽʰʝʥʴ ʘʛʨʝʛʦʚʘʥʽ 

(ʫʟʘʛʘʣʴʥʝʥʽ) ʢʦʦʨʜʠʥʘʪʠ, ʷʢʽ ʻ ʬʫʥʢʮʽʷʤʠ ʚʠʭʽʜʥʠʭ ʢʦʦʨʜʠʥʘʪ ʧʽʜʩʠʩʪʝʤ ʥʠʞʯʦʛʦ 

ʨʽʚʥʷ ʽʻʨʘʨʭʽʾ ʽ ʬʦʨʤʫʶʪʴ ʜʠʨʝʢʪʠʚʥʽ ʫʧʨʘʚʣʽʥʥʷ ʜʣʷ ʮʠʭ ʧʽʜʩʠʩʪʝʤ. ʅʝʜʦʩʪʫʧʥʽʩʪʴ 

ʧʦʚʥʦʛʦ ʚʝʢʪʦʨʘ ʩʪʘʥʫ ʧʽʜʩʠʩʪʝʤ ʥʠʞʥʴʦʛʦ ʨʽʚʥʷ ʽʻʨʘʨʭʽʾ ʜʣʷ ʧʽʜʩʠʩʪʝʤʠ ʚʝʨʭʥʴʦʛʦ 

ʨʽʚʥʷ ʻ ʧʨʠʥʮʠʧʦʚʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʽʻʨʘʨʭʽʯʥʦʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ. ɺʘʞʣʠʚʠʤ ʪʫʪ ʻ 

ʪʝ, ʱʦ ʚʝʨʭʥʽʡ ʨʽʚʝʥʴ ʽʻʨʘʨʭʽʾ ʬʦʨʤʫʣʶʻ ʨʽʰʝʥʥʷ ʚ ʪʝʨʤʽʥʘʭ ʘʛʨʝʛʦʚʘʥʠʭ ʢʦʦʨʜʠʥʘʪ 

ʜʣʷ ʥʠʞʥʴʦʛʦ ʨʽʚʥʷ. ʈʽʰʝʥʥʷ ʟʘʚʜʘʥʥʷ ʥʘ ʚʝʨʭʥʴʦʤʫ ʨʽʚʥʽ ʥʝ ʧʦʚʥʽʩʪʶ ʚʠʟʥʘʯʘʻ ʩʪʘʥ 

ʩʠʩʪʝʤʠ, ʘʜʞʝ ʚʦʥʦ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʚ ʪʝʨʤʽʥʘʭ ʘʛʨʝʛʦʚʘʥʠʭ ʢʦʦʨʜʠʥʘʪ. 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʚʠʟʥʘʯʠʪʠ ʚʝʢʪʦʨ ʩʪʘʥʫ ʚʠʭʽʜʥʦʾ ʩʠʩʪʝʤʠ ʧʦʚʥʽʩʪʶ, 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʠʞʥʽʡ ʨʽʚʝʥʴ ʫʧʨʘʚʣʽʥʥʷ. ʄʝʪʘ ʫʧʨʘʚʣʽʥʥʷ ʥʘ ʥʠʞʥʴʦʤʫ ʨʽʚʥʽ 

ʬʦʨʤʫʻʪʴʩʷ ʚ ʪʝʨʤʽʥʘʭ ʚʠʭʽʜʥʠʭ ʟʤʽʥʥʠʭ, ʘʣʝ ʫʧʨʘʚʣʽʥʥʷ ʟʘʣʠʰʘʻʪʴʩʷ ʪʠʤ, ʱʦ 

ʚʠʟʥʘʯʝʥʦ ʥʘ ʚʝʨʭʥʴʦʤʫ ʨʽʚʥʽ ʚ ʪʝʨʤʽʥʘʭ ʫʟʘʛʘʣʴʥʝʥʠʭ ʢʦʦʨʜʠʥʘʪ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ 

ʨʽʰʝʥʥʷ ʧʽʜʩʠʩʪʝʤʠ ʚʝʨʭʥʴʦʛʦ ʨʽʚʥʷ ʦʙʦʚ'ʷʟʢʦʚʽ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʥʘ ʥʠʞʥʴʦʤʫ ʨʽʚʥʽ 

ʽʻʨʘʨʭʽʾ. ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ, ʽʻʨʘʨʭʽʯʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʟʘʚʞʜʠ ʟʚʫʞʫʻ 

ʢʣʘʩ ʜʦʧʫʩʪʠʤʠʭ ʫʧʨʘʚʣʽʥʴ ʷʢ ʟʘ ʨʘʭʫʥʦʢ ʨʦʙʦʪʠ ʟ ʘʛʨʝʛʦʚʘʥʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ, ʪʘʢ ʽ 

ʟʘ ʨʘʭʫʥʦʢ ʩʪʨʫʢʪʫʨʥʠʭ ʦʙʤʝʞʝʥʴ. ʗʢ ʚʠʥʷʪʦʢ ʯʘʩʪʠʥʘ ʜʦʧʫʩʪʠʤʠʭ ʫʧʨʘʚʣʽʥʴ ʻ 

ʧʨʠʥʮʠʧʦʚʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʽʻʨʘʨʭʽʯʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ [77ï80]. 
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ʈʦʟʧʦʜʽʣʝʥ̔ ʩʪʴ ʷʢ ʚʣʘʩʪʠʚʽʩʪʴ ʩʢʣʘʜʥʦʾ ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʫʻ ʥʘʡʢʨʘʱʝ 

ʫʟʛʦʜʞʝʥʥʷ ʪʦʧʦʣʦʛʽʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʟ̔ ʧʨʠʥʮʠʧʘʤʠ ʦʨʛʘʥʽʟʘʮʽʡʥʦ-

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʪʝʨʠʪʦʨʽʘʣʴʥʦ ʽ ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʨʦʟʧʦʜʽʣʝʥʠʭ ʦʙ'ʻʢʪʽʚ 

ʫʧʨʘʚʣʽʥʥʷ ʽ ʚʠʢʣʶʯʘʻ ʚ ʩʠʩʪʝʤʽ ʮʠʨʢʫʣʷʮʽʶ ʥʘʜʣʠʰʢʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʠ ʾʾ 

ʧʘʨʘʣʝʣʴʥʽʡ ʘʩʠʥʭʨʦʥʥʽʡ ʦʙʨʦʙʮʽ ʚ ʨʝʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʽ ʯʘʩʫ. ʇʨʠ ʮʴʦʤʫ ʥʘʡʙʽʣʴʰ 

ʨʘʮʽʦʥʘʣʴʥʦ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʜʦʩʪʫʧʥʽʩʪʴ ʜʣʷ ʢʦʞʥʦʛʦ ʩʧʦʞʠʚʘʯʘ ʧʦʧʝʨʝʜʥʴʦ 

ʧʽʜʛʦʪʦʚʣʝʥʦʾ ʽ ʚʽʜʬʦʨʤʘʪʦʚʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. 

ʈʦʟʧʦʜʽʣʝʥʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʻ ʝʨʛʘʪʠʯʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʟ ʨʽʟʥʠʤ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʤ ʧʨʠʟʥʘʯʝʥʥʷʤ. 

ʋʯʘʩʪʴ ʣʶʜʠʥʠ ʫ ʧʨʦʮʝʩʽ ʫʧʨʘʚʣʽʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʙʝʟʣʽʯ ̔ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʩʠʩʪʝʤʠ ʽ ʚʠʤʘʛʘʻ (ʥʘ ʩʪʘʜʽʾ ʧʨʦʻʢʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ) ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ ʪʝʭʥʽʯʥʦʾ 

ʝʨʛʦʥʦʤʽʢʠ ʟ ʤʝʪʦʶ ʩʪʚʦʨʝʥʥʷ ʥʘʡʙʽʣʴʰ ʢʦʤʬʦʨʪʥʠʭ ʫʤʦʚ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʣʶʜʠʥʦʶ 

ï ʦʧʝʨʘʪʦʨʦʤ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʟʘʚʜʘʥʴ ʚ ʫʤʦʚʘʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʽ ʧʩʠʭʦʬʽʟʽʦʣʦʛʽʯʥʠʭ 

ʧʝʨʝʚʘʥʪʘʞʝʥʴ ʧʨʠ ʜʝʬʽʮʠʪʽ ʯʘʩʫ ʥʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. ɺ ʫʤʦʚʘʭ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʝʨʛʘʪʠʯʥʘ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʧʦʚʠʥʥʘ ʧʦʩʪʽʡʥʦ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʬʽʟʽʦʣʦʛʽʯʥʠʡ ʩʪʘʥ 

ʣʶʜʠʥʠ-ʦʧʝʨʘʪʦʨʘ ʽ ʡʦʛʦ ʟʜʘʪʥʽʩʪʴ ʚʠʨʽʰʫʚʘʪʠ ʧʦʩʪʘʚʣʝʥʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʟʘʚʜʘʥʥʷ. 

ʇʨʠ ʪʠʤʯʘʩʦʚʦʤʫ ʧʝʨʝʚʘʥʪʘʞʝʥʥʽ ʣʶʜʠʥʠ-ʦʧʝʨʘʪʦʨʘ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʥʝʟʜʘʪʥʽʩʪ ʁ

ʣʶʜʠʥʦʶ ʚʠʢʦʥʫʚʘʪʠ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʟʘʚʜʘʥʥʷ ʚ ʧʦʚʥʦʤʫ ʦʙʩʷʟʽ ʝʨʛʘʪʠʯʥʘ ʩʠʩʪʝʤʘ 

ʧʦʚʠʥʥʘ ʧʝʨʝʜʘʚʘʪʠ ʯʘʩʪʠʥʫ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʟʘʚʜʘʥʴ ʥʘ ʨʽʰʝʥʥʷ ʟʘʩʦʙʘʤ 

ʘʚʪʦʤʘʪʠʢʠ ʟ ʤʝʪʦʶ ʫʟʛʦʜʞʝʥʥʷ ʧʦʚʝʜʽʥʢʦʚʠʭ, ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʽ ʦʨʛʘʥʽʟʘʮʽʡʥʦ-

ʝʢʦʥʦʤʽʯʥʠʭ ʘʩʧʝʢʪʽʚ ʫʧʨʘʚʣʽʥʥʷ. ʇʝʨʝʨʦʟʧʦʜʽʣ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʟʘʚʜʘʥʴ ʫ ʧʨʦʮʝʩʽ 

ʫʧʨʘʚʣʽʥʥʷ ʚʠʥʠʢʘʻ ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʙʝʨʝʞʝʥʥʷ ʢʝʨʦʚʘʥʦʩʪʽ ʩʠʩʪʝʤʠ ʧʽʜ ʯʘʩ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʽ ʧʩʠʭʦʬʽʟʽʦʣʦʛʽʯʥʠʭ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷʭ ʣʶʜʠʥʠ ʽ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ 

ʜʝʷʢʦʛʦ ʟʥʠʞʝʥʥʷ ʷʢʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ [81ï84]. 

ʋʯʘʩʪʴ ʣʶʜʠʥʠ ʫ ʧʨʦʮʝʩʽ ʫʧʨʘʚʣʽʥʥʷ ʚʠʤʘʛʘʻ ʥʝʦʙʭʽʜʥʦʾ ʢʚʘʣʽʬʽʢʘʮʽʾ ʽ 

ʥʘʚʠʯʦʢ ʫʧʨʘʚʣʽʥʥʷ ʦʙʩʣʫʛʦʚʫʶʯʦʛʦ ʧʝʨʩʦʥʘʣʫ. ɿʘʚʜʘʥʥʷ ʧʽʜʪʨʠʤʢʠ ʥʝʦʙʭʽʜʥʦʾ 

ʢʚʘʣʽʬʽʢʘʮʽʾ ʧʝʨʩʦʥʘʣʫ ʚʠʨʽʰʫʻʪʴʩʷ ʚ ʝʨʛʘʪʠʯʥʠʭ ʩʠʩʪʝʤʘʭ ʚʚʝʜʝʥʥʷʤ ʫ ʩʠʩʪʝʤʫ 

ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʬʝʩʽʡʥʠʭ ʪʝʩʪʽʚ ʽ ʢʦʥʪʨʦʣʴʥʠʭ ʟʘʚʜʘʥʴ, ʱʦ ʽʤʽʪʫʶʪʴ ʘʚʘʨʽʡʥʽ ʽ 

ʧʦʟʘʰʪʘʪʥʽ ʩʠʪʫʘʮʽʾ ʚ ʩʠʩʪʝʤʽ. ɸʥʘʣʽʟ ʧʨʦʬʝʩʽʡʥʠʭ ʜʽʡ ʣʶʜʠʥʠ ï ʦʧʝʨʘʪʦʨʘ, ʱʦ 

ʚʠʢʦʥʫʻ ʮʽ ʟʘʚʜʘʥʥʷ, ʟʜʽʡʩʥʶʻʪʴʩʷ ʩʠʩʪʝʤʦʶ ʫʧʨʘʚʣʽʥʥʷ ʽ ʜʦʢʫʤʝʥʪʫʻʪʴʩʷ. ʅʘ ʦʩʥʦʚʽ 
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ʮʴʦʛʦ ʘʥʘʣʽʟʫ ʜʣʷ ʢʦʞʥʦʛʦ ʫʯʘʩʥʠʢʘ ʫʧʨʘʚʣʽʥʥʷ ʬʦʨʤʫʶʪʴʩʷ ʥʦʚʽ ʪʝʩʪʠ ʽ ʢʦʥʪʨʦʣʴʥʽ 

ʟʘʚʜʘʥʥʷ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʧʦʤʠʣʢʠ, ʜʦʧʫʱʝʥʽ ʩʘʤʝ ʮʠʤ ʦʧʝʨʘʪʦʨʦʤ [81ï84]. 

ʈʦʟʛʣʷʥʫʪʠʡ ʢʣʘʩ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʬʫʥʢʮʽʦʥʫʻ, ʷʢ ʧʨʘʚʠʣʦ, ʚ 

ʫʤʦʚʘʭ ʥʝʧʦʚʥʦʪʠ ʽ ʥʝʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʢʦʦʨʜʠʥʘʪʠ ʽ ʧʘʨʘʤʝʪʨʠ 

ʩʠʩʪʝʤʠ, ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʜʝʷʢʠʭ ʦʮʽʥʦʢ ʽ ʧʦʢʘʟʥʠʢʽʚ. ʎʝ ʚʠʤʘʛʘʻ ʨʦʟʨʦʙʢʠ ʩʠʩʪʝʤʠ 

ʫʧʨʘʚʣʽʥʥʷ ʫ ʚʠʛʣʷʜʽ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʩʠʩʪʝʤʠ, ʚ ʷʢʽʡ ʧʦʻʜʥʫʶʪʴʩʷ ʽʥʪʝʣʝʢʪ 

ʧʨʦʬʝʩʽʦʥʘʣʘ-ʦʧʝʨʘʪʦʨʘ ʽ ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʝʢʩʧʝʨʪʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʘ ʻ ʯʘʩʪʠʥʦʶ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʩʠʩʪʝʤʠ. ʇʦʻʜʥʘʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚ ʦʜʥʽʡ ʩʠʩʪʝʤʽ 

ʧʨʠʚʦʜʠʪʴ ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ: ʢʦʤʫ ʫ ʚʽʜʧʦʚʽʜʥʽʡ ʩʠʪʫʘʮʽʾ, ʱʦ 

ʩʢʣʘʣʘʩʷ, ʩʣʽʜ ʚʽʜʜʘʪʠ ʧʝʨʝʚʘʛʫ ï ʝʢʩʧʝʨʪʥʽʡ ʩʠʩʪʝʤʽ ʘʙʦ ʦʧʝʨʘʪʦʨʫ [84, 85]. 

ɺʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʧʦʚ'ʷʟʘʥʦ ʟ ʦʮʽʥʢʦʶ ʢʚʘʣʽʬʽʢʘʮʽʾ ʦʧʝʨʘʪʦʨʘ, ʱʦ ʟʜʽʡʩʥʶʻ 

ʫʧʨʘʚʣʽʥʥʷ ʩʠʩʪʝʤʦ .ʁ ʗʢʱʦ ʢʚʘʣʽʬʽʢʘʮʽʷ ʚʠʢʦʥʘʚʮʷ ʚʠʩʦʢʘ, ʪʦ ʝʢʩʧʝʨʪʥʘ ʩʠʩʪʝʤʘ 

ʚʠʜʘʻ ʨʝʢʦʤʝʥʜʘʮʽʾ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴʩʷ ʦʧʝʨʘʪʦʨʦʤ ʧʨʠ ʫʭʚʘʣʝʥʥʽ ʨʽʰʝʥʥʷ ʱʦʜʦ 

ʫʧʨʘʚʣʽʥʥʷ ʩʠʩʪʝʤʦʶ. ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʚʠʩʪʫʧʘʻ ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʷʢ ʩʠʩʪʝʤʘ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʚ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʟʜʽʡʩʥʶʻ ʝʢʩʧʝʨʪʥʘ 

ʩʠʩʪʝʤʘ. ɿ ʦʛʣʷʜʫ ʥʘ ʪʝ, ʱʦ ʚ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʽʥʥʷ ʧʨʘʮʶʶʪʴ ʧʨʦʬʝʩʽʦʥʘʣʠ ʚʠʩʦʢʦʾ 

ʢʚʘʣʽʬʽʢʘʮʽʾ, ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʻʢʪʫʶʪʴʩʷ ʽ ʚʠʢʦʥʫʶʪʴʩʷ ʷʢ ʩʠʩʪʝʤʠ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʴ. 

ʈʦʟʛʣʷʥʫʪʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʙʝʟʧʝʨʝʨʚʥʦ-ʜʠʩʢʨʝʪʥʠʭ 

ʩʠʩʪʝʤ, ʚʝʢʪʦʨ ʩʪʘʥʫ ʷʢʠʭ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ çʩʪʨʠʙʢʦʤè ʫ ʜʠʩʢʨʝʪʥʽ ʤʦʤʝʥʪʠ ʯʘʩʫ. 

ʄʠʪʪʻʚʘ ʟʤʽʥʘ ʚʝʢʪʦʨʘ ʩʪʘʥʫ ʩʠʩʪʝʤʠ ʤʦʞʝ ʙʫʪʠ ʚʠʢʣʠʢʘʥʘ ʷʢ ʧʦʷʚʦʶ ʜʠʩʢʨʝʪʥʦʾ 

ʧʦʜʽʾ, ʪʘʢ ʽ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʧʝʚʥʠʭ ʫʤʦʚ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʙʝʟʧʝʨʝʨʚʥʠʭ ʢʦʦʨʜʠʥʘʪ. ɿʤʽʥʘ 

ʚʝʢʪʦʨʘ ʩʪʘʥʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʜʝʷʢʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʱʦ ʚʠʟʥʘʯʘʻ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʠʩʪʝʤʠ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʧʨʦʮʝʩ. ɼʣʷ ʨʦʟʛʣʷʥʫʪʦʛʦ ʢʣʘʩʫ ʩʠʩʪʝʤ (ʜʠʥʘʤʽʯʥʠʭ 

ʙʝʟʧʝʨʝʨʚʥʦ-ʜʠʩʢʨʝʪʥʠʭ ʩʠʩʪʝʤ) ʷʢ ʪʘʢʠʡ ʧʘʨʘʤʝʪʨ ʦʙʠʨʘʻʪʴʩʷ ʯʘʩ. ɿ ʦʛʣʷʜʫ ʥʘ ʮʝ 

ʟʘʫʚʘʞʝʥʥʷ, ʧʨʦʮʝʩ ʫʧʨʘʚʣʽʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʦʨʽʻʥʪʦʚʘʥʘ ʚ ʯʘʩʽ ʢʽʥʮʝʚʘ ʘʙʦ 

ʥʝʩʢʽʥʯʝʥʥʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʜʠʩʢʨʝʪʥʠʭ ʧʦʜʽʡ, ʨʦʟʜʽʣʝʥʘ ʥʘ ʥʝʧʝʨʝʨʚʥʽ ʧʨʦʤʽʞʢʠ 

ʯʘʩʫ. ʇʨʦʮʝʩ ʟʘʚʞʜʠ ʘʩʦʮʽʶʻʪʴʩʷ ʟ ʙʫʜʴ-ʷʢʠʤ ʦʙ'ʻʢʪʦʤ, ʱʦ ʚʭʦʜʠʪʴ ʫ ʩʠʩʪʝʤʫ, ʽ 

ʚʠʩʪʫʧʘʻ ʷʢ ʟʘʩʽʙ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʜʝʢʦʤʧʦʟʠʮʽʾ ʩʠʩʪʝʤʠ.  
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ɼʣʷ ʘʥʘʣʽʟʫ ʜʽʷʣʴʥʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʭʘʨʯʦʚʦʾ ʛʘʣʫʟʽ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʚʫʟʴʢʠʭ 

ʤʽʩʮʴ ʚʠʢʦʨʠʩʪʘʥʦ ʩʠʩʪʝʤʥʠʡ ʘʥʘʣʽʟ, ʷʢʠʡ ʻ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʤ ʧʨʠ ʚʠʚʯʝʥʥ̔  

ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ [86ï88]. 

ʇʨʠ ʧʨʠʡʥʷʪʪʽ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʽ ʧʨʦʛʥʦʟʫʚʘʥʥʽ ʤʦʞʣʠʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʦʩʦʙʘ, ʱʦ ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ, ʟʘʟʚʠʯʘʡ ʥʘʰʪʦʚʭʫʻʪʴʩʷ ʥʘ ʩʢʣʘʜʥʫ ʩʠʩʪʝʤʫ 

ʚʟʘʻʤʦʧʦʚôʷʟʘʥʠʭ ʢʦʤʧʦʥʝʥʪ (ʨʝʩʫʨʩʠ, ʙʘʞʘʥʽ ʥʘʩʣʽʜʢʠ ʘʙʦ ʮʽʣʽ), ʷʢʫ ʥʝʦʙʭʽʜʥʦ 

ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ. ɯ ʯʠʤ ʙʽʣʴʰʝ ʆʇʈ ʚʥʠʢʘʻ ʚ ʩʫʪʴ ʮʽʻʾ ʩʢʣʘʜʥʦʩʪʽ, ʪʠʤ ʢʨʘʱʝ ʙʫʜʫʪʴ 

ʧʨʦʛʥʦʟʠ ʯʠ ʧʨʠʡʥʷʪʝ ʨʽʰʝʥʥʷ. 

ʅʘ ʜʽʷʣʴʥʽʩʪʴ ʧʽʜʩʠʩʪʝʤ ʙʫʜʴ-ʷʢʦʛʦ ʨʽʚʥʷ ʚʧʣʠʚʘʶʪʴ ʧʽʜʩʠʩʪʝʤʠ ʚʠʱʠʭ ʨʽʚʥʽʚ, 

ʯʘʩʪʽʰʝ ʚʩʴʦʛʦ ʥʘʩʪʫʧʥʦʛʦ ʩʪʘʨʰʦʛʦ ʨʽʚʥʷ. ʋʟʛʦʜʞʝʥʥʷ ʫʩʽʭ ʨʽʚʥʽʚ ʫʧʨʘʚʣʽʥʥʷ ʻ 

ʟʘʧʦʨʫʢʦʶ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʚʩʴʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʘ ʪʘʢʦʞ ʤʘʻ ʧʨʷʤʠʡ 

ʚʧʣʠʚ ʥʘ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʚʩʴʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʷʢʽʩʪʴ ʪʘ 

ʢʦʥʢʫʨʝʥʪʦʟʜʘʪʥʽʩʪʴ ʧʨʦʜʫʢʮʽʾ ʪʘ ʾʾ ʩʦʙʽʚʘʨʪʽʩʪʴ [78, 88].  

ʅʝʦʙʭʽʜʥʦ ʚʽʜʤʽʪʠʪʠ ʨʦʙʦʪʠ [77, 89ï109], ʷʢʽ ʧʨʠʩʚʷʯʝʥʽ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʽʡ 

ʦʧʪʠʤʽʟʘʮʽʾ ʪʘ ʧʨʠʡʥʷʪʪ ʁʨʽʰʝʥʴ ʥʘ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤʘʭ.  

ɺʘʞʣʠʚʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚʠʥʠʢʥʝʥʥʷ ʤʦʞʣʠʚʠʭ ʚʽʜʭʠʣʝʥʴ ʪʘ ʥʝʜʦʣʽʢʽʚ, 

ʚʥʝʩʝʥʥʷ ʧʝʚʥʠʭ ʢʦʨʝʢʪʠʚʽʚ, ʚʠʥʠʢʥʝʥʥʷ ʧʨʦʧʦʟʠʮʽʡ ʥʘ ʢʦʞʥʦʤʫ ʟ ʝʪʘʧʽʚ, 

ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʥʘ ʩʭʝʤʽ, ʽʥʜʠʚʽʜʫʘʣʴʥʝ ʜʣʷ ʢʦʞʥʦʛʦ ʦʢʨʝʤʦʛʦ ʚʠʧʘʜʢʫ, ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʢʦʥʢʨʝʪʥʦʾ ʧʦʪʦʯʥʦʾ ʩʠʪʫʘʮʽʾ ʽ ʧʦʪʨʝʙʫʻ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ 

ʦʧʝʨʘʪʠʚʥʦʾ ʦʮʽʥʢʠ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ, ʘ ʪʘʢʦʞ ʧʨʦʬʝʩʽʡʥʦʩʪʽ ʪʘ ʜʦʩʚʽʜʫ 

ʦʩʦʙʠ, ʱʦ ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ [78].  

ʈʦʙʦʪʘ ʟ ʧʨʠʡʥʷʪʪʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʚʠʤʘʛʘʻ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ 

ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ, ʟʥʘʯʥʠʭ ʟʘʪʨʘʪ ʯʘʩʫ, ʝʥʝʨʛʽʾ, ʜʦʩʚʽʜʫ. ɺʦʥʘ ʧʝʨʝʜʙʘʯʘʻ ʽ ʚʠʩʦʢʠʡ 

ʨʽʚʝʥʴ ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ, ʦʩʢʽʣʴʢʠ ʜʣʷ ʚʪʽʣʝʥʥʷ ʧʨʠʡʥʷʪʠʭ ʨʽʰʝʥʴ ʫ ʞʠʪʪʷ ʥʝʦʙʭʽʜʥʦ 

ʟʘʙʝʟʧʝʯʠʪʠ ʝʬʝʢʪʠʚʥʫ ʪʘ ʟʣʘʛʦʜʞʝʥʫ ʨʦʙʦʪʫ ʚʩʴʦʛʦ ʦʨʛʘʥʽʟʘʮʽʡʥʦʛʦ ʤʝʭʘʥʽʟʤʫ. 

ʇʨʦʚʝʜʝʥʦ ʩʠʩʪʝʤʥʠʡ ʘʥʘʣʽʟ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʽʚ ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʨʦʟʧʦʜʽʣʝʥʥʷ 

ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʟ ʤʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʚʠʢʦʨʠʩʪʘʥʦ CASE-ʟʘʩʽʙ ERwin Process Modeler, ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ, ʚ ʦʩʥʦʚʽ ʷʢʦʛʦ ʧʦʢʣʘʜʝʥʦ ʤʝʪʦʜʦʣʦʛʽʶ SADT 

(structured analysis and design technique), ʱʦ ʜʘʻ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʩʪʨʫʢʪʫʨʥʦʛʦ 
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ʘʥʘʣʽʟʫ ʽ ʧʨʦʻʢʪʫʚʘʥʥʷ. ɿʘʩʽʙ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʽʥʪʝʛʨʦʚʘʥʝ ʩʝʨʝʜʦʚʠʱʝ ʜʣʷ 

ʟʨʫʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʬʫʥʢʮʽʡ, ʧʨʦʮʝʩʽʚ, ʚʽʜʦʙʨʘʞʝʥʥʷ ʜʽʷʣʴʥʦʩʪʽ ʪʘ ʾʭ ʚʟʘʻʤʦʜʽʾ, 

ʤʘʻ ʜʦʩʠʪʴ ʟʨʫʯʥʠʡ ʽʥʪʝʨʬʝʡʩ ʽ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʚʘʨʽʘʥʪʽʚ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʟʚʽʪʽʚ. 

ɺ ʦʩʥʦʚʽ ʜʘʥʦʛʦ CASE-ʟʘʩʦʙʫ ʧʦʢʣʘʜʝʥʘ ʤʝʪʦʜʦʣʦʛʽʷ ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ IDEF0 

(Integration Definition for Function Modeling) [110ï114]. 

ɹʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʬʫʥʢʮʽʦʥʘʣʴʥ ̔ʤʦʜʝʣ ̔ʟ ʥʝʦʙʭʽʜʥʠʤʠ ʩʪʫʧʝʥʷʤʠ ʜʝʪʘʣʽʟʘʮʽʾ, 

ʱʦ ʜʦʟʚʦʣʠʣʦ ʚʠʷʚʠʪʠ ʫʩʽ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʠ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʽ ʧʦʪʦʢʠ, ʷʢʽ ʾʭ 

ʟʘʙʝʟʧʝʯʫʶʪʴ, ʘ ʩʘʤʝ (ɼʦʜʘʪʦʢ ɺ): 

Å çʆʨʛʘʥʽʟʘʮʽʷ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʤʘʢʘʨʦʥʥʠʤ ʚʠʨʦʙʥʠʮʪʚʦʤ ʥʘ ɺɸʊ 

çʄʘʢʘʨʦʥʥʘ ʬʘʙʨʠʢʘè; 

Å çʆʨʛʘʥʽʟʘʮʽʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ ʨʦʟʧʦʜʽʣʝʥʥʷ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʥʘ 

ʤʦʣʦʢʦʧʝʨʝʨʦʙʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭè; 

Å çʆʨʛʘʥʽʟʘʮʽʷ ʪʘ ʢʦʥʪʨʦʣʴ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ ʥʘ ʊʆɺ çʇʨʦʜʝʢʦèè; 

Å çʆʨʛʘʥʽʟʘʮʽʷ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʥʘ ʊʆɺ çʉʣʦʙʦʞʘʥʩʴʢʠʡ ʙʝʢʦʥè. 

ʂʦʞʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʘ ʤʦʜʝʣʴ ʨʦʟʨʦʙʣʝʥʘ ʟ ʥʝʦʙʭʽʜʥʠʤ ʩʪʫʧʝʥʝʤ 

ʜʝʪʘʣʽʟʘʮʽʾ ʬʫʥʢʮʽʡ ʩʠʩʪʝʤʠ, ʷʚʣʷʻ ʩʦʙʦʶ ʽʻʨʘʨʭʽʶ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʠʭ ʜʽʘʛʨʘʤ, 

ʢʦʞʥʘ ʟ̔ ʷʢʠʭ ʧʨʝʜʩʪʘʚʣʷʻ ʧʽʜʩʠʩʪʝʤʫ ʘʙʦ ʾʾ ʦʢʨʝʤʫ ʢʦʤʧʦʥʝʥʪʫ. ɺʝʨʰʠʥʘ ʮʽʻʾ 

ʩʪʨʫʢʪʫʨʠ ʤʽʩʪʠʪʴ ʟʘʛʘʣʴʥʠʡ ʦʧʠʩ ʩʠʩʪʝʤʠ, ʷʢʠʡ ʜʝʪʘʣʽʟʫʻʪʴʩʷ ʥʘ ʥʘʩʪʫʧʥʠʭ 

ʨʽʚʥʷʭ ʜʝʢʦʤʧʦʟʠʮʽʾ. ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ 

ʛʨʘʬʽʯʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʦʧʠʩʫ ʩʠʩʪʝʤʠ, ʱʦ ʤʘʻ ʻʜʠʥʫ ʤʝʪʫ, ʦʜʥʫ ʪʦʯʢʫ ʟʦʨʫ ʪʘ 

ʦʙʣʘʩʪʴ ʚʠʟʥʘʯʝʥʥʷ (ʤʝʞʽ ʤʦʜʝʣʶʚʘʥʥʷ) [78, 110ï114]. ʇʦʙʫʜʦʚʘʥʘ ʤʦʜʝʣʴ 

ʤʽʩʪʠʪʴ ʽʻʨʘʨʭʽʯʥʦ ʦʨʛʘʥʽʟʦʚʘʥʠʡ ʢʦʤʧʣʝʢʪ ʜʽʘʛʨʘʤ, ʦʧʠʩ ʜʘʥʠʭ, ʩʣʦʚʥʠʢ ʪʘ 

ʨʽʟʥʦʨʽʜʥʽ ʟʚʽʪʠ. 

ɺ ʧʨʦʮʝʩʽ ʘʥʘʣʽʟʫ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʩʫʢʫʧʥʽʩʪʴ ʦʩʥʦʚʥʠʭ 

ʧʠʪʘʥʴ, ʷʢʽ ʩʧʨʷʤʫʚʘʣʠ ʧʨʦʮʝʩ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʜʘʣʠ ʟʤʦʛʫ ʦʪʨʠʤʘʪʠ ʚʽʜʧʦʚʽʜʽ 

ʥʘ ʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʙʫʜʦʚʘʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʜʝʣʝʡ [78, 110ï114]. 

ʆʩʥʦʚʥʠʤʠ ʧʠʪʘʥʥʷʤʠ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʙʫʣʠ:  

Å ʗʢʽ ʦʩʥʦʚʥʽ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʠ ʚʠʢʦʥʫʶʪʴʩʷ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ? 

Å ʍʪʦ ʻ ʚʠʢʦʥʘʚʮʝʤ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʽʚ? 

Å ʍʪʦ ʻ ʚʽʜʧʦʚʽʜʘʣʴʥʠʤ ʟʘ ʚʠʢʦʥʘʥʥʷ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʽʚ? 
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Å ʗʢ ʧʦʚôʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʠ? 

Å ʗʢʽ ʽʩʥʫʶʪʴ ʟʚôʷʟʢʠ ʤʽʞ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʘʤʠ? 

Å ʗʢʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʘ ʤʘʪʝʨʽʘʣʴʥʦ-ʪʝʭʥʽʯʥʽ ʧʦʪʦʢʠ ʥʝʦʙʭʽʜʥʽ ʜʣʷ 

ʚʠʢʦʥʘʥʥʷ ʢʦʞʥʦʛʦ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʫ? 

Å ʗʢʽ ʦʩʥʦʚʥʽ ʟʘʜʘʯʽ ʧʨʠʡʥʷʪʪʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʚʠʥʠʢʘʶʪʴ ʧʨʠ 

ʫʧʨʘʚʣʽʥʥʽ ʤʘʢʘʨʦʥʥʠʤ ʚʠʨʦʙʥʠʮʪʚʦʤ? 

ʇʨʠ ʧʦʙʫʜʦʚʽ ʤʦʜʝʣʽ ʦʙʨʘʥʘ ʪʦʯʢʘ ʟʦʨʫ (Viewpoint) ʜʠʨʝʢʪʦʨʘ 

ʧʽʜʧʨʠʻʤʩʪʚʘ, ʱʦ ʟʘʙʝʟʧʝʯʠʣʦ ʘʜʝʢʚʘʪʥʽʩʪʴ ʚʽʜʦʙʨʘʞʝʥʥʷ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ 

ʚʠʨʦʙʥʠʮʪʚʦʤ. ʅʝʦʙʭʽʜʥʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʥʘ ʨʽʟʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʟʘ ʦʨʛʘʥʽʟʘʮʽʶ 

ʽ ʢʦʥʪʨʦʣʴ ʜʦʪʨʠʤʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʜʦʛʦʚʦʨʽʚ, ʧʦʚôʷʟʘʥʠʭ ʟ̔ ʚʠʛʦʪʦʚʣʝʥʥʷʤ 

ʧʨʦʜʫʢʮʽʾ, ʟʜʽʡʩʥʶʶʪʴ ʧʨʘʮʽʚʥʠʢʠ ʨʽʟʥʠʭ ʧʦʩʘʜ. ʗʢ ʧʨʘʚʠʣʦ, ʪʘʢʫ ʬʫʥʢʮʽʶ 

ʚʠʢʦʥʫʻ ʢʦʤʝʨʮʽʡʥʠʡ ʜʠʨʝʢʪʦʨ.  

ʅʘ ʧʝʚʥʠʭ ʭʘʨʯʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʟʘ ʮʝ ʚʽʜʧʦʚʽʜʘʻ ʛʦʣʦʚʥʠʡ ʪʝʭʥʦʣʦʛ, 

ʘʜʞʝ ʚʽʥ ʻ ʦʩʦʙʦʶ, ʷʢʘ ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ ʱʦʜʦ ʬʦʨʤʫʚʘʥʥʷ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʛʨʘʤ 

ʱʦʜʦ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ ʟ ʜʦʪʨʠʤʘʥʥʷʤ ʫʩʽʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʠʤʦʛ. ʊʘʢʠʡ 

ʧʽʜʭʽʜ ʧʨʠʪʘʤʘʥʥʠʡ ʙʘʛʘʪʦʥʦʤʝʥʢʣʘʪʫʨʥʠʤ ʧʽʜʧʨʠʻʤʩʪʚʘʤ. ʅʘʧʨʠʢʣʘʜ, ʥʘ 

ʙʽʣʴʰʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚ ʤʘʢʘʨʦʥʥʦʾ ʛʘʣʫʟʽ ʚʽʜʧʦʚʽʜʘʣʴʥʠʤ ʟʘ ʚʠʢʦʥʘʥʥʷ 

ʟʘʤʦʚʣʝʥʴ ʻ ʥʘʯʘʣʴʥʠʢ ʚʠʨʦʙʥʠʮʪʚʘ. 

ɼʣʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʫʚʘʛʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʩʠʩʪʝʤʽ ʫʧʨʘʚʣʽʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦ 

ʦʙʤʝʞʝʥʥʷ ʥʘ ʦʙôʻʢʪ ʤʦʜʝʣʶʚʘʥʥʷ, ʱʦ ʜʘʣʦ ʟʤʦʛʫ ʚʠʢʣʶʯʠʪʠ ʟ ʨʦʟʛʣʷʜʫ 

ʩʪʦʨʦʥʥʽ ʦʙôʻʢʪʠ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʧʦʟʘ ʡʦʛʦ ʤʝʞʘʤʠ [78, 110ï114]. 

ɼʽʷʣʴʥʽʩʪʶ ʚʠʱʦʛʦ ʨʽʚʥʷ ʚ ʽʻʨʘʨʭʽʾ ʜʽʘʛʨʘʤ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʤʦʜʝʣʽ ʻ 

ʢʦʥʪʝʢʩʪʥʘ ʜʽʘʛʨʘʤʘ, ʱʦ ʤʽʩʪʠʪʴ ʦʜʠʥ ʙʣʦʢ ʜʽʷʣʴʥʦʩʪʽ ʡ ʧʦʚ'ʷʟʘʥʽ ʟ ʥʠʤ ʩʪʨʽʣʢʠ. 

ɿʚôʷʟʢʠ ʟ ʟʦʚʥʽʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ ʩʪʨʽʣʦʢ ʚʭʦʜʽʚ ʪʘ 

ʚʠʭʦʜʽʚ ʧʦ ʯʦʪʠʨʴʦʭ ʩʪʦʨʦʥʘʭ ʙʣʦʢʘ ʜʽʷʣʴʥʦʩʪʽ ʥʘ ʢʦʥʪʝʢʩʪʥʽʡ ʜʽʘʛʨʘʤʽ. ɺ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʘ ʥʘʧʨʷʤʢʫ ʩʪʨʽʣʦʢ ʚʠʟʥʘʯʘʻʪʴʩʷ ʾʭ ʧʨʠʟʥʘʯʝʥʥʷ 

[78, 110ï114]. 

ʉʪʨʽʣʢʠ ʟ ʣʽʚʦʾ ʩʪʦʨʦʥʠ ʻ ʚʭʦʜʘʤʠ ʩʠʩʪʝʤʠ (input), ʚʦʥʠ ʚʠʟʥʘʯʘʶʪʴ 

ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʘ ʤʘʪʝʨʽʘʣʴʥʽ ʨʝʩʫʨʩʠ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʫ ʩʠʩʪʝʤʫ ʽ ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ 

ʜʦ ʚʽʜʧʦʚʽʜʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ. ɺʝʨʭʥʽ ʩʪʨʽʣʢʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʭʦʜʘʤ ʧʦ ʢʝʨʫʚʘʥʥʶ 
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(control), ʪʦʙʪʦ ʨʽʟʥʠʤ ʢʝʨʫʶʯʠʤ ʜʽʷʤ, ʢʦʤʘʥʜʘʤ, ʩʪʨʘʪʝʛʽʷʤ ʧʦʚʝʜʽʥʢʠ, 

ʧʨʦʮʝʜʫʨʘʤ, ʜʦʢʫʤʝʥʪʘʤ, ʱʦ ʨʝʛʣʘʤʝʥʪʫʶʪʴ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ, ʪʦʱʦ. ɺʦʥʠ ʥʝ 

ʟʤʽʥʶʶʪʴʩʷ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʬʫʥʢʮʽʾ, ʘ ʩʣʫʛʫʶʪʴ ʣʠʰʝ ʜʣʷ ʢʝʨʫʚʘʥʥʷ. ʉʪʨʽʣʢʠ 

ʟ ʧʨʘʚʦʾ ʩʪʦʨʦʥʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʭʦʜʘʤ ʩʠʩʪʝʤʠ (output) ʽ ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʾʾ 

ʜʽʷʣʴʥʦʩʪʽ ʟʘ ʨʘʭʫʥʦʢ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʭʽʜʥʠʭ ʨʝʩʫʨʩʽʚ. ʉʪʨʽʣʢʠ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ 

ʙʣʦʢʘ ʜʽʷʣʴʥʦʩʪʽ ʟ ʥʠʞʥʴʦʾ ʩʪʦʨʦʥʠ, ʚʽʜʧʦʚʽʜʘʶʪʴ ʤʝʭʘʥʽʟʤʘʤ (mechanism), ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʚʠʢʦʥʫʶʪʴʩʷ ʚʢʘʟʘʥʽ ʫ ʙʣʦʮʽ ʜʽʷʣʴʥʦʩʪʽ ʬʫʥʢʮʽʾ. ʂʦʥʪʝʢʩʪʥʘ 

ʜʽʘʛʨʘʤʘ ʜʝʪʘʣʽʟʫʻʪʴʩʷ ʜʽʘʛʨʘʤʦʶ ʜʝʢʦʤʧʦʟʠʮʽʾ ʧʝʨʰʦʛʦ ʨʽʚʥʷ. ʅʫʤʝʨʘʮʽʷ 

ʜʽʘʛʨʘʤ ʫ ʤʦʜʝʣʽ ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʢʦʥʪʝʢʩʪʥʦʾ ʜʽʘʛʨʘʤʠ, ʱʦ ʤʘʻ ʥʦʤʝʨ ɸ-0, ʘ 

ʜʽʘʛʨʘʤʘ ʾʾ ʜʝʢʦʤʧʦʟʠʮʽʾ ï ɸ0. ʅʘ ʜʽʘʛʨʘʤʽ ʜʝʢʦʤʧʦʟʠʮʽʾ ʟʦʙʨʘʞʝʥʦ ʙʣʦʢʠ 

ʜʽʷʣʴʥʦʩʪʽ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʬʫʥʢʮʽʾ, ʷʢʽ ʻ ʩʢʣʘʜʦʚʠʤʠ ʙʘʪʴʢʽʚʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ 

ʫ ʧʨʦʮʝʩʽ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ [78, 110ï114]. 

ʇʝʨʰʠʡ ʨʽʚʝʥʴ ʜʝʢʦʤʧʦʟʠʮʽʾ ʧʨʝʜʩʪʘʚʣʷʻ ʫʢʨʫʧʥʝʥʦ ʦʢʨʝʤʽ ʬʫʥʢʮʽʾ 

ʩʠʩʪʝʤʠ. ʂʦʞʝʥ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʙʣʦʢ ʚʽʜʧʦʚʽʜʘʻ ʦʢʨʝʤʽʡ ʬʫʥʢʮʽʷ. ʂʦʞʝʥ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʙʣʦʢ, ʷʢʦʤʫ ʚʽʜʧʦʚʽʜʘʻ ʦʢʨʝʤʘ ʬʫʥʢʮʽʷ, ʟʦʙʨʘʞʫʻʪʴʩʷ 

ʧʨʷʤʦʢʫʪʥʠʢʦʤ. ʉʪʦʨʦʥʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʙʣʦʢʽʚ ʤʘʶʪʴ ʪʘʢʝ ʞ ʧʨʠʟʥʘʯʝʥʥʷ, ʱʦ 

ʡ ʨʦʟʛʣʷʥʫʪʽ ʚʠʱʝ ʩʪʦʨʦʥʠ ʢʦʥʪʝʢʩʪʥʦʾ ʜʽʘʛʨʘʤʠ. ʄʽʞ ʦʢʨʝʤʠʤʠ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʙʣʦʢʘʤʠ ʚʩʪʘʥʦʚʣʝʥʦ ʟʚôʷʟʢʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʣʦʛʽʮʽ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ. ʉʪʨʽʣʢʠ ʟʚôʷʟʢʽʚ ʚʽʜʦʙʨʘʞʫʶʪʴ ʧʝʨʝʜʘʯʫ ʚʽʜ ʙʣʦʢʘ ʜʦ 

ʙʣʦʢʘ ʷʢʦʛʦʩʴ ʧʝʚʥʦʛʦ ʦʙôʻʢʪʘ (ʧʨʝʜʤʝʪʘ, ʨʝʯʦʚʠʥʠ, ʜʦʢʫʤʝʥʪʘ), ʘ ʽʥʢʦʣʠ ʽ 

ʫʩʥʦʛʦ ʨʦʟʧʦʨʷʜʞʝʥʥʷ ʯʠ ʾʭ ʩʫʢʫʧʥʦʩʪʽ [78, 110ï114]. 

ʈʦʙʦʪʘ [8] ʧʨʠʩʚʷʯʝʥʘ ʘʥʘʣʽʟʫ ʧʨʦʮʝʩʫ ʧʣʘʥʫʚʘʥʥʷ ʟʘʢʫʧʽʚʣʽ ʩʠʨʦʚʠʥʠ ʜʣʷ 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʨʝʩʪʦʨʘʥʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ. ʈʦʙʦʪʘ [13] ʧʨʠʩʚʷʯʝʥʘ ʤʦʜʝʣʶʚʘʥʥʶ ʦʨʛʘʥʽʟʘʮʽʾ ʪʘ ʫʧʨʘʚʣʽʥʥʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʩʠʨʦʚʠʥʦʶ ʮʫʢʨʦʚʦʛʦ ʟʘʚʦʜʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʻ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʫʩʽ ʧʽʜʧʨʠʻʤʩʪʚʘ 

ʭʘʨʯʦʚʦʾ ʛʘʣʫʟʽ ʧʦʚʥʽʩʪʶ ʟʘʣʝʞʘʪʴ ʚʽʜ ʩʠʨʦʚʠʥʠ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ ʨʦʙʽʪ [115ï121] ʪʘ ʧʨʦʚʝʜʝʥʦʛʦ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ ʨʽʟʥʠʭ 

ʧʨʝʜʤʝʪʥʠʭ ʦʙʣʘʩʪʝʡ [7ï9, 13, 114] ʻ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʫʩʽ ʧʽʜʧʨʠʻʤʩʪʚʘ 

ʭʘʨʯʦʚʦʾ ʛʘʣʫʟʽ ʧʦʚʥʽʩʪʶ ʟʘʣʝʞʘʪʴ ʚʽʜ ʩʠʨʦʚʠʥʠ. 
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ɿʚôʷʟʢʠ ʟ ʟʦʚʥʽʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ ʩʪʨʽʣʦʢ ʚʭʦʜʽʚ ʪʘ 

ʚʠʭʦʜʽʚ ʧʦ ʯʦʪʠʨʴʦʭ ʩʪʦʨʦʥʘʭ ʙʣʦʢʘ ʜʽʷʣʴʥʦʩʪʽ ʥʘ ʢʦʥʪʝʢʩʪʥʽʡ ʜʽʘʛʨʘʤʽ. ɺ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʘ ʥʘʧʨʷʤʢʫ ʩʪʨʽʣʦʢ ʚʠʟʥʘʯʘʻʪʴʩʷ ʾʭ ʧʨʠʟʥʘʯʝʥʥʷ.  

ʋ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ 

ʻ ʢʣʶʯʦʚʦʶ ʬʫʥʢʮʽʻʶ ï ʛʦʣʦʚʥʦʶ ʪʘ ʚʘʞʣʠʚʦʶ ʥʘ ʫʩʽʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʭʘʨʯʦʚʦʾ 

ʛʘʣʫʟʽ. 

ʇʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʜʣʷ ʧʽʜʧʨʠʻʤʩʪʚ ʭʘʨʯʦʚʦʾ ʛʘʣʫʟʽ  

ʟʜʽʡʩʥʶʻʪʴʩʷ ʦʜʥʦʯʘʩʥʦ ʥʘ ʚʩʽʭ ʧʨʦʰʘʨʢʘʭ ʙʘʛʘʪʦʨʽʚʥʝʚʦʾ ʽʻʨʘʨʭʽʯʥʦʾ ʦʨʛʘʥʽʟʘʮʽʡʥʦʾ 

ʩʪʨʫʢʪʫʨʠ. ʇʨʠʯʠʥʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʞʦʜʥʝ ʧʣʘʥʦʚʝ ʨʽʰʝʥʥʷ ʥʝ ʻ ʥʝʟʘʣʝʞʥʠʤ ʚʽʜ 

ʽʥʰʠʭ ʽ ʧʦʪʨʝʙʫʻ ʧʦʚʥʦʛʦ ʨʦʟʫʤʽʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʜʘʯ ʫʩʽʤʘ ʧʦʚôʷʟʘʥʠʤʠ ʤʽʞ 

ʩʦʙʦʶ ʣʘʥʢʘʤʠ ʫʧʨʘʚʣʽʥʩʴʢʦʛʦ ʪʘ ʚʠʢʦʥʘʚʯʦʛʦ ʘʧʘʨʘʪʫ. ʇʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ 

ʟʘʤʦʚʣʝʥʴ ʧʦʻʜʥʫʻ ʮʽʣʽ ʷʢ ʧʽʜʧʨʠʻʤʩʪʚʘ ʟʘʛʘʣʦʤ, ʪʘʢ ʽ ʡʦʛʦ ʧʽʜʨʦʟʜʽʣʽʚ ʟʦʢʨʝʤʘ ʟ 

ʟʘʩʦʙʘʤʠ ʾʭ ʜʦʩʷʛʥʝʥʥʷ. ʂʨʽʤ ʮʴʦʛʦ, ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʚʦʜʥʦʯʘʩ ʻ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʢʦʥʪʨʦʣʶ, ʦʩʢʽʣʴʢʠ ʥʝ ʣʠʰʝ ʚʩʪʘʥʦʚʣʶʻ ʮʽʣʽ, ʥʦʨʤʘʪʠʚʠ ʪʘ ʝʪʘʣʦʥʠ 

ʜʽʷʣʴʥʦʩʪʽ, ʘ ʡ ʚʠʟʥʘʯʘʻ ʤʝʞʽ ʚʽʜʭʠʣʝʥʴ ʚʽʜ ʥʦʨʤ, ʧʦʨʫʰʝʥʥʷ ʷʢʠʭ ʦʙʫʤʦʚʣʶʻ 

ʧʨʠʡʥʷʪʪʷ ʜʦʜʘʪʢʦʚʠʭ ʢʦʦʨʜʠʥʫʶʯʠʭ ʨʽʰʝʥʴ [78]. 

ʈʝʟʫʣʴʪʘʪ ʧʨʦʮʝʩʫ ʧʣʘʥʫʚʘʥʥʷ ʧʦʚʠʥʝʥ ʤʘʪʠ ʪʘʢʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ [78]: 

Å ̒ʜʥʽʩʪʴ ï ʟʘʚʜʘʥʥʷ ʢʦʞʥʦʛʦ ʚʽʜʜʽʣʫ ʧʽʜʧʨʠʻʤʩʪʚʘ ʧʦʚʠʥʥʽ ʙʫʪʠ ʧʦʚôʷʟʘʥʽ 

ʦʜʥʝ ʟ ʦʜʥʠʤ ʽ ʥʝ ʙʫʪʠ ʩʫʧʝʨʝʯʣʠʚʠʤʠ; 

Å ʥʝʨʦʟʨʠʚʥʽʩʪʴ ï ʚʠʨʘʞʘʻʪʴʩʷ ʫ ʧʨʦʚʝʜʝʥʥʽ ʷʢ ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʦʛʦ, ʪʘʢ ʽ 

ʜʦʚʛʦʩʪʨʦʢʦʚʦʛʦ ʧʣʘʥʫʚʘʥʥʷ; 

Å ʛʥʫʯʢʽʩʪʴ ï ʘʜʘʧʪʘʮʽʷ ʧʣʘʥʫ ʜʦ ʟʤʽʥʠ ʦʙʩʪʘʚʠʥ; 

Å ʪʦʯʥʽʩʪʴ ï ʚʠʷʚʣʝʥʥʷ ʥʘʡʙʽʣʴʰ ʽʤʦʚʽʨʥʦʛʦ ʨʦʟʚʠʪʢʫ ʧʦʜʽʡ. 

ɺʨʘʭʦʚʫʶʯʠ ʦʩʥʦʚʥʽ ʥʘʧʨʷʤʠ ʜʽʷʣʴʥʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚ ʪʘ ʽʻʨʘʨʭʽʯʥʽʩʪʴ 

ʩʪʨʫʢʪʫʨʠ ʫʧʨʘʚʣʽʥʥʷ, ʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʜʽʣʠʪʠ ʪʘʢʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʮʽʣʝʡ ʚʽʜ ʟʘʛʘʣʴʥʦʾ 

ʜʦ ʢʦʥʢʨʝʪʥʦʾ ʚ ʽʻʨʘʨʭʽʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʚʠʨʦʙʥʠʮʪʚʦʤ: ʤʘʢʩʠʤʽʟʘʮʽʷ ʧʨʠʙʫʪʢʫ; 

ʤʘʢʩʠʤʽʟʘʮʽʷ ʟʘʜʦʚʦʣʝʥʥʷ ʧʦʪʨʝʙ ʟʘ ʤʽʥʽʤʘʣʴʥʽ ʧʨʦʤʽʞʢʠ ʯʘʩʫ; ʨʘʮʽʦʥʘʣʴʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʩʥʦʚʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ; ʤʽʥʽʤʽʟʘʮʽʷ ʚʠʪʨʘʪ ʥʘ 

ʚʠʨʦʙʥʠʮʪʚʦ, ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʚʽʜʚʘʥʪʘʞʝʥʥʷ ʚʠʨʦʙʽʚ. 
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1.2 ɼʦʩʣʽʜʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ ʫʧʨʘʚʣʽʥʥʽ ʭʘʨʯʦʚʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ 

 

 

ʋʧʨʘʚʣʽʥʥʷ ʧʽʜʧʨʠʻʤʩʪʚʦʤ ʤʘʻ ʽʻʨʘʨʭʽʯʥʫ ʩʪʨʫʢʪʫʨʫ. ʋ ʟʘʛʘʣʴʥʽʡ ʩʪʨʫʢʪʫʨʽ 

ʫʧʨʘʚʣʽʥʥʷ ʚʠʨʦʙʥʠʮʪʚʦʤ ʚʠʜʽʣʷʶʪʴ ʢʽʣʴʢʘ ʽʻʨʘʨʭʽʯʥʠʭ ʨʽʚʥʽʚ, ʷʢʽ ʚʽʜʦʙʨʘʞʝʥʽ ʫ 

ʚʠʛʣʷʜʽ ʧʽʨʘʤʽʜʠ ʥʘ ʨʠʩ. 1.1. ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʫʧʨʘʚʣʽʥʥʷ ʥʘ ʨʽʟʥʠʭ ʨʽʚʥʷʭ ʨʝʘʣʽʟʫʻʪʴʩʷ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ (ɸʉʋ) [122]. 

 

 

ʈʠʩʫʥʦʢ 1.1 ï ɿʘʛʘʣʴʥʘ ʩʪʨʫʢʪʫʨʘ ʫʧʨʘʚʣʽʥʥʷ ʚʠʨʦʙʥʠʮʪʚʦʤ 

 

ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʦʙôʻʢʪ 

 

Input/Output  

Level 

 

Input/Output 

ɺʚʝʜʝʥʥʷ-ʚʠʚʝʜʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ (ʜʘʪʯʠʢʠ, 

ʚʠʢʦʥʘʚʯʽ ʤʝʭʘʥʽʟʤʠ, 

ʨʝʛʫʣʶʶʯʽ ʦʨʛʘʥʠ) 

 

Control  

Level 

 

Control 

ɿʙʽʨ ʜʘʥʠʭ ʽ ʙʝʟʧʦʩʝʨʝʜʥʻ 

ʫʧʨʘʚʣʽʥʥʷ, ʟʘʩʥʦʚʘʥʽ ʥʘ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʘʪʯʠʢʽʚ, 

ʨʝʛʫʣʷʪʦʨʽʚ, ʚʠʢʦʥʘʚʯʠʭ 

ʤʝʭʘʥʽʟʤʽʚ  

 

 

 

Supervisory Control and Data 

Acquisition 

 

SCADA 

ɼʠʩʧʝʪʯʝʨʩʴʢʘ ʩʠʩʪʝʤʘ 

 ʢʝʨʫʚʘʥʥʷ ʪʘ ʫʧʨʘʚʣʽʥʥʷ 

(ʩʠʩʪʝʤʘ ʦʧʝʨʘʪʠʚʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤ 

ʦʙôʻʢʪʦʤ) 

Manufacturing Execution System 

 

 

 

MES 

Cʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʪʘ ʫʧʨʘʚʣʽʥʥʷ 

(ʩʠʩʪʝʤʘ ʦʧʝʨʘʪʠʚʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤ 

ʦʙôʻʢʪʦʤ) 

 

 

 

Manufacturing Resource Planning 
 

Enterprise Resource Planning 

 

 
 

MPR 

ERP 

 

 
 

ʇʣʘʥʫʚʘʥʥʷ ʨʝʩʫʨʩʽʚ ʧʽʜʧʨʠʻʤʩʪʚʘ 
 

ʋʧʨʘʚʣʽʥʥʷ ʨʝʩʫʨʩʘʤʠ ʧʽʜʧʨʠʻʤʩʪʚʘ 

ɸʉʋ ʊʇ 

ɸʉʋʇ 
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ɯʥʬʦʨʤʘʮʽʡʥʘ ʧʽʜʪʨʠʤʢʘ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʦʜʫʢʮʽʾ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʫʧʨʘʚʣʽʥʥʷ ʧʽʜʧʨʠʻʤʩʪʚʦʤ (ɸʉʋʇ) ʽ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʫʧʨʘʚʣʽʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ (ɸʉʋ ʊʇ). 

ɼʦ ɸʉʋʇ ʚʽʜʥʦʩʷʪʴʩʷ ʩʠʩʪʝʤʠ ʧʣʘʥʫʚʘʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʚʠʤʦʛ ʜʦ ʤʘʪʝʨʽʘʣʽʚ 

MRP (Manufacturing Requirement Planning) ʪʘ ʩʠʩʪʝʤʠ ʧʣʘʥʫʚʘʥʥʷ ʽ ʫʧʨʘʚʣʽʥʥʷ 

ʧʽʜʧʨʠʻʤʩʪʚʦʤ ERP (Enterprise Resource Planning). ʅʘʡʙʽʣʴʰ ʨʦʟʚʠʥʝʥʽ ʩʠʩʪʝʤʠ ERP 

ʚʠʢʦʥʫʶʪʴ ʨʽʟʥʽ ʙʽʟʥʝʩ-ʬʫʥʢʮʽʾ, ʧʦʚ'ʷʟʘʥʽ ʟ ʧʣʘʥʫʚʘʥʥʷʤ ʚʠʨʦʙʥʠʮʪʚʘ, ʟʘʢʫʧʢʘʤʠ 

ʩʠʨʦʚʠʥʠ ʪʘ ʤʘʪʝʨʽʘʣʽʚ, ʟʙʫʪʦʤ ʧʨʦʜʫʢʮʽʾ, ʘʥʘʣʽʟʦʤ ʧʝʨʩʧʝʢʪʠʚ ʤʘʨʢʝʪʠʥʛʫ, 

ʫʧʨʘʚʣʽʥʥʷʤ ʬʽʥʘʥʩʘʤʠ, ʧʝʨʩʦʥʘʣʦʤ, ʩʢʣʘʜʩʴʢʠʤ ʛʦʩʧʦʜʘʨʩʪʚʦʤ, ʫʨʘʭʫʚʘʥʥʷʤ 

ʦʩʥʦʚʥʠʭ ʬʦʥʜʽʚ ʪʘ ʽʥ. ʉʠʩʪʝʤʠ MRP ʦʨʽʻʥʪʦʚʘʥʽ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ, ʥʘ ʙʽʟʥʝʩ-

ʬʫʥʢʮʽʾ, ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʚ'ʷʟʘʥʽ ʟ ʚʠʨʦʙʥʠʮʪʚʦʤ [122ï124]. 

ɼʦ ɸʉʋʇ ʪʘʢʦʞ ʚʽʜʥʦʩʷʪʴ ʚʠʨʦʙʥʠʯʫ ʚʠʢʦʥʘʚʯʫ ʩʠʩʪʝʤʫ MES (Manufacturing 

Execution Systems), ʧʨʠʟʥʘʯʝʥʫ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʦʧʝʨʘʪʠʚʥʠʭ ʟʘʚʜʘʥʴ ʫʧʨʘʚʣʽʥʥʷ 

ʚʠʨʦʙʥʠʮʪʚʦʤ [125ï128]. 

ɼʦ ʩʢʣʘʜʫ ɸʉʋʊʇ ʚʭʦʜʠʪʴ ʩʠʩʪʝʤʘ SCADA (Supervisory Control and Data 

Acquisition), ʷʢʘ ʚʠʢʦʥʫʻ ʜʠʩʧʝʪʯʝʨʩʴʢʽ ʬʫʥʢʮʽʾ (ʟʙʽʨ ʽ ʦʙʨʦʙʢʘ ʜʘʥʠʭ ʧʨʦ ʩʪʘʥ 

ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ) ʽ ʜʦʧʦʤʘʛʘʻ ʨʦʟʨʦʙʣʷʪʠ ʇɿ ʜʣʷ ʚʙʫʜʦʚʘʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ. ɹʝʟʧʦʩʝʨʝʜʥʻ ʧʨʦʛʨʘʤʥʝ ʢʝʨʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʨʽʚʥʝʤ Control level ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤʠ CNC (Computer Numerical 

Control) ʥʘ ʙʘʟʽ ʢʦʥʪʨʦʣʝʨʽʚ (ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʢʦʤʧ'ʶʪʝʨʽʚ, ʷʢʽ ʥʘʟʠʚʘʶʪʴʩʷ 

ʧʨʦʤʠʩʣʦʚʠʤʠ), ʚʙʫʜʦʚʘʥʠʭ ʫ ʪʝʭʥʦʣʦʛʽʯʥʝ ʦʙʣʘʜʥʘʥʥʷ. ʉʠʩʪʝʤʠ CNC ʥʘʟʠʚʘʶʪʴ 

ʪʘʢʦʞ ʚʙʫʜʦʚʘʥʠʤʠ ʢʦʤʧ'ʶʪʝʨʥʠʤʠ ʩʠʩʪʝʤʘʤʠ. ʅʘʡʥʠʞʯʠʡ ʨʽʚʝʥʴ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ 

ʦʨʛʘʥʽʟʘʮʽʾ ʟʚ'ʷʟʢʫ ʤʽʞ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʦʙ'ʻʢʪʦʤ ʽ ʢʝʨʫʶʯʠʤʠ ʧʨʠʩʪʨʦʷʤʠ 

(ʢʦʤʧ'ʶʪʝʨʘʤʠ) [122, 128]. 

ʈʦʣʴ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʮʠʢʣʫ ʚ ʩʠʩʪʝʤʽ ʫʧʨʘʚʣʽʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1.2. 

ʇʦʜʽʷ ʛʝʥʝʨʫʻ ʽʥʬʦʨʤʘʮʽʶ, ʷʢʘ ʧʦʪʽʤ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟ̔ ʧʨʦʤʽʞʥʦʶ ʦʙʨʦʙʢʦʶ ʘʙʦ 

ʙʝʟ ʥʝʾ, ʱʦ ʚʠʢʣʠʢʘʻ ʢʝʨʫʶʯʠʡ ʚʧʣʠʚ. 

ɯʥʬʦʨʤʘʮʽʡʥʘ ʩʠʩʪʝʤʘ ʷʚʣʷʻ ʩʦʙʦʶ ʽʥʬʦʨʤʘʮʽʡʥʝ ʩʝʨʝʜʦʚʠʱʝ, ʷʢʝ ʜʦʟʚʦʣʷʻ 

ʚʠʟʥʘʯʠʪʠ, ʜʝ, ʢʦʣʠ, ʟʘ ʷʢʠʭ ʦʙʩʪʘʚʠʥ ʩʪʘʣʘʩʷ ʧʝʚʥʘ ʧʦʜʽʷ ʟ ʦʙôʻʢʪʦʤ ʫʧʨʘʚʣʽʥʥʷ; 
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ʷʢʠʤ ʯʠʥʦʤ ʾʾ ʩʧʨʠʡʤʘʪʠ; ʟʘʜʦʢʫʤʝʥʪʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʪʘʥ ʦʙôʻʢʪʘ ʫʧʨʘʚʣʽʥʥʷ, 

ʜʝ, ʢʦʣʠ ʽ ʷʢ ʩʣʽʜ ʟʘʩʪʦʩʫʚʘʪʠ ʢʝʨʫʶʯʽ ʚʧʣʠʚʠ ʥʘ ʥʴʦʛʦ.  

ɯʥʬʦʨʤʘʮʽʡʥʘ ʩʠʩʪʝʤʘ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʧʨʠʟʥʘʯʝʥʘ ʟʜʽʡʩʥʶʚʘʪʠ ʪʘʢʽ 

ʦʧʝʨʘʮʽʾ (ʨʠʩ. 1.2.):  

Å ʥʘʢʦʧʠʯʝʥʥʷ, ʧʝʨʚʠʥʥʘ ʦʙʨʦʙʢʘ ʪʘ ʦʮʽʥʢʘ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ; 

Å ʧʝʨʝʪʚʦʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʧʨʠʚʝʜʝʥʥʷ ʾʾ ʜʦ ʻʜʠʥʦʛʦ ʚʠʜʫ, ʷʢʱʦ ʾʾ ʬʦʨʤʘʪʠ 

ʯʠ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʧʦʪʨʽʙʥʦʾ; 

Å ʟʘʧʠʩ ʪʘ ʟʙʝʨʽʛʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ; 

Å ʬʦʨʤʫʚʘʥʥʷ ʟʚʽʪʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ; 

Å ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʢʦʥʘʥʥʷ ʟʘʧʠʪʽʚ ʥʘ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʘʤʠ; 

Å ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʧʽʜʪʨʠʤʢʠ ʬʫʥʢʮʽʡ ʫʧʨʘʚʣʽʥʥʷ ʰʣʷʭʦʤ ʦʙʨʦʙʣʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʧʨʦʚʝʜʝʥʥʷ ʧʝʚʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ; 

Å ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. 

 

 

ʈʠʩʫʥʦʢ 1.2 ï ʆʩʥʦʚʥʽ ʦʧʝʨʘʮʽʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ 
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ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ ʦʩʦʙʣʠʚʫ ʨʦʣʴ ʤʦʜʝʣʝʡ ʨʽʟʥʦʛʦ ʢʣʘʩʫ ʽ ʚʠʜʫ ʥʘ ʚʩʽʭ ʝʪʘʧʘʭ. 

ɼʦʩʚʽʜ ʧʦʢʘʟʫʻ, ʱʦ ʪʽʣʴʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʜʝʢʚʘʪʥʠʭ ʤʦʜʝʣʝʡ ʨʽʟʥʦʛʦ ʢʣʘʩʫ 

(ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʤʦʜʝʣʝʡ ʟʥʘʥʴ, ʤʦʜʝʣʝʡ ʜʘʥʠʭ 

ʪʦʱʦ) ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʫʩʧʽʰʥʽʩʪʴ ʽ ʝʬʝʢʪʠʚʥʽʩʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ. 

 

 

1.2.1 ʆʛʣʷʜ ʦʩʥʦʚʥʠʭ ʪʠʧʽʚ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʜʣʷ ʧʽʜʪʨʠʤʢʠ 

ʫʧʨʘʚʣʽʥʥʷ ʧʽʜʧʨʠʻʤʩʪʚʦʤ 

 

 

ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʚʠʨʦʙʥʠʯʠʤʠ ʧʨʦʮʝʩʘʤʠ MES (Manufacturing execution 

system) ï ʧʨʠʢʣʘʜʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʧʨʘʚʣʝʥʝ ʥʘ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ 

ʫʧʨʘʚʣʽʥʥʷ ʚʠʨʦʙʥʠʯʦʶ ʜʽʷʣʴʥʽʩʪʶ ʟ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ. MES-ʩʠʩʪʝʤʠ ʻ 

ʧʨʦʤʠʩʣʦʚʠʤʠ ʧʨʦʛʨʘʤʥʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ, ʥʘʧʨʘʚʣʝʥʠʤʠ ʥʘ ʦʧʪʠʤʽʟʘʮʽʶ ʩʢʣʘʜʥʠʭ 

ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ, ʧʦʚôʷʟʘʥʠʭ ʟ ʚʠʛʦʪʦʚʣʝʥʥʷʤ ʜʨʽʙʥʦʩʝʨʽʡʥʦʛʦ ʪʘ ʧʦʪʦʢʦʚʦʛʦ 

ʧʨʦʜʫʢʪʫ. ɺʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʨʽʟʥʠʭ ʛʘʣʫʟʝʡ, ʫ ʪʦʤʫ ʯʠʩʣʽ 

ʭʘʨʯʦʚʦʾ [125ï129]. 

MES ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʧʽʜʪʨʠʤʢʫ ʨʽʟʥʠʭ ʬʫʥʢʮʽʡ ʫʧʨʘʚʣʽʥʥʷ, ʘ ʩʘʤʝ: 

ʫʧʨʘʚʣʽʥʥʷ ʬʦʨʤʫʣʶʚʘʥʥʷʤ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʥʦʚʦʛʦ ʚʠʨʦʙʫ 

ʧʨʦʪʷʛʦʤ ʡʦʛʦ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ; ʧʣʘʥʫʚʘʥʥʷ ʨʝʩʫʨʩʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʫʩʴʦʛʦ 

ʚʠʨʦʙʥʠʯʦʛʦ ʮʠʢʣʫ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʥʘ ʥʠʭ; ʘʥʘʣʽʟ ʚʠʨʦʙʥʠʯʦʾ ʜʽʷʣʴʥʦʩʪʽ 

ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʩʪʦʷʤʠ ʚʠʨʦʙʥʠʮʪʚʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʛʘʣʴʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʙʣʘʜʥʘʥʥʷ; ʟʜʽʡʩʥʝʥʥʷ ʘʥʘʣʽʟʫ ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ; ʚʽʜʩʪʝʞʝʥʥʷ ʪʘ 

ʢʦʥʪʨʦʣʴ ʟʘ ʧʦʭʦʜʞʝʥʥʷʤ ʩʠʨʦʚʠʥʠ. ʉʠʩʪʝʤʘ MES ʟʘʙʝʟʧʝʯʫʻ ʥʘʢʦʧʠʯʝʥʥʷ 

ʜʝʪʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽ ʾ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʨʽʟʥʠʭ ʟʚʽʪʽʚ ʧʨʦ ʧʦʩʪʘʚʢʫ ʡ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʠʨʦʚʠʥʠ ʪʘ ʤʘʪʝʨʽʘʣʽʚ, ʧʨʦ ʧʨʦʮʝʩ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʧʦʢʘʟʥʠʢʠ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ. 

ʊʘʢʠʡ ʧʽʜʭʽʜ ʥʘʧʨʘʚʣʝʥʠʡ ʥʘ ʨʝʪʨʦʩʧʝʢʪʠʚʥʝ ʥʘʢʦʧʠʯʝʥʥʷ ʜʝʪʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ 

ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʜʦʪʨʠʤʘʥʥʷ ʫʩʽʭ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʠʭ ʚʠʤʦʛ ʜʦ 
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ʩʠʨʦʚʠʥʠ ʪʘ ʧʨʦʮʝʩʫ ʚʠʛʦʪʦʚʣʝʥʥʷ, ʱʦ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ ʫ ʭʘʨʯʦʚʽʡ ʪʘ 

ʬʘʨʤʘʮʝʚʪʠʯʥʽʡ ʛʘʣʫʟʷʭ [125ï127]. 

MES-ʩʠʩʪʝʤʠ ʜʦʟʚʦʣʷʶʪʴ ʦʧʪʠʤʽʟʫʚʘʪʠ ʚʠʨʦʙʥʠʮʪʚʦ ʪʘ ʟʨʦʙʠʪʠ ʡʦʛʦ ʙʽʣʴʰ 

ʨʝʥʪʘʙʝʣʴʥʠʤ ʟʘ ʨʘʭʫʥʦʢ ʰʚʠʜʢʦʾ ʨʝʘʢʮʽʾ ʥʘ ʧʦʟʘʰʪʘʪʥʽ ʩʠʪʫʘʮʽʾ ʟ ʤʝʪʦʶ 

ʢʦʤʧʝʥʩʘʮʽʾ ʚʽʜʭʠʣʝʥʴ ʚʽʜ ʧʣʘʥʦʚʠʭ ʟʘʚʜʘʥʴ. ɿʘ ʨʘʭʫʥʦʢ ʪʦʛʦ, ʱʦ MES-ʩʠʩʪʝʤʠ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʘʢʦʧʠʯʝʥʥʷ ʪʘ ʫʟʘʛʘʣʴʥʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʧʦʯʠʥʘʶʯʠ 

ʚʽʜ ʬʦʨʤʫʚʘʥʥʷ ʟʘʤʦʚʣʝʥʥʷ ʪʘ ʟʘʢʽʥʯʫʶʯʠ ʚʽʜʚʘʥʪʘʞʝʥʥʷʤ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ, 

ʚʽʜʙʫʚʘʪ̒ʴʩʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʫʩʽʭ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʽʚ ʪʘ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʫ ʮʽʣʦʤʫ [127ï129]. 

ʉʫʯʘʩʥʽ MES-ʩʠʩʪʝʤʠ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʚʜʚʽʯʽ ʧʨʠʰʚʠʜʰʠʪʠ ʦʙʨʦʙʢʫ 

ʟʘʤʦʚʣʝʥʴ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ. ɿʘʩʪʦʩʫʚʘʥʥʷ MES ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʩʚʦʻʯʘʩʥʦʛʦ 

ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʢʦʨʠʛʫʚʘʥʥʷ ʢʘʣʝʥʜʘʨʥʦ-ʦʧʝʨʘʪʠʚʥʠʭ ʚʠʨʦʙʥʠʯʠʭ ʨʦʟʢʣʘʜʽʚ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʬʘʢʪʠʯʥʦʾ ʩʦʙʽʚʘʨʪʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʷʢ ʥʘʧʽʚʬʘʙʨʠʢʘʪʽʚ, ʪʘʢ ʽ ʫʩʽʻʾ 

ʧʨʦʜʫʢʮʽʾ ʚ ʮʽʣʦʤʫ [125ï127]. 

ʋ ʥʘʰ ʯʘʩ ʩʠʩʪʝʤʠ MES ʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʷʢ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʽʥʥʷ 

ʮʝʭʘʤʠ ʪʘ ʚʠʨʦʙʥʠʯʠʤʠ ʧʽʜʨʦʟʜʽʣʘʤʠ, ʘʣʝ ʥʘ ʩʝʨʝʜʥʽʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʾʭ ʤʦʞʣʠʚʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʥʘ ʚʠʨʦʙʥʠʮʪʚʽ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

MES ̔ ʟ ʚʝʣʠʢʦʶ ʡʤʦʚʽʨʥʽʩʪʶ ʜʦʟʚʦʣʠʪʴ ʟʙʽʣʴʰʠʪʠ ʧʨʠʙʫʪʦʢ ʥʘʚʽʪʴ ʙʝʟ ʜʦʜʘʪʢʦʚʠʭ 

ʚʢʣʘʜʝʥʴ ʫ ʩʠʨʦʚʠʥʫ [126ï128]. 

ɺʧʨʦʚʘʜʞʝʥʥʷ MES-ʩʠʩʪʝʤʠ ʜʦʮʽʣʴʥʦ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ ʟʽ ʩʢʣʘʜʥʠʤ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʨʦʮʝʩʦʤ ʚʠʨʦʙʥʠʮʪʚʘ, ʘ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʢʦʨʠʩʥʦʩʪʽ 

ʥʝʦʙʭʽʜʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʽʥʪʝʛʨʘʮʽʶ ʟ ʽʩʥʫʶʯʠʤʠ ERP-ʩʠʩʪʝʤʘʤʠ ʮʴʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ 

[124, 128ï130]. 

MES-ʩʠʩʪʝʤʘ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʧʨʠʻʤʩʪʚʫ ʚʠʛʦʜʫ ʟʘ ʨʘʭʫʥʦʢ 

ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʚʠʨʦʙʥʠʮʪʚʘ, ʘ ʪʘʢʦʞ ʝʢʦʥʦʤʽʶ ʯʘʩʫ, ʤʘʪʝʨʽʘʣʫ ʽ ʟʘʩʦʙʽʚ.  

ʆʩʥʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ MES-ʩʠʩʪʝʤ ʻ ʩʢʦʨʦʯʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ 

ʚʠʨʦʙʥʠʯʦʛʦ ʮʠʢʣʫ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʥʷ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʟʙʽʣʴʰʝʥʥʷ ʧʨʠʙʫʪʢʫ ʽ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪ̔ ʧʽʜʧʨʠʻʤʩʪʚʘ ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪ ʧʽʜʧʨʠʻʤʩʪʚʘ; 

ʧʽʜʚʠʱʝʥʥʷ ʚʠʨʦʙʥʠʯʦʾ ʧʦʪʫʞʥʦʩʪʽ; ʟʙʽʣʴʰʝʥʥʷ ʦʙʦʨʦʪʫ ʧʽʜʧʨʠʻʤʩʪʚʘ [125ï128]. 

ʉʝʨʝʜ ʦʩʥʦʚʥʠʭ ʟʘʚʜʘʥʴ MES ʚʠʜʽʣʷʶʪʴ [127ï130]: 
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Å ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʨʦʙʥʠʯʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʥʘ ʦʩʥʦʚʽ ʜʝʪʘʣʴʥʦʛʦ ʦʧʝʨʘʮʽʡʥʦʛʦ 

ʧʣʘʥʫʚʘʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ; 

Å ʚ̔ ʜʩʪʝʞʝʥʥʷ ʚʠʨʦʙʥʠʯʠʭ ʧʦʪʫʞʥʦʩʪʝʡ; 

Å ʟʙʽʨ ʽʥʬʦʨʤʘʮʽʾ, ʧʦʚ'ʷʟʘʥʦʾ ʟ ʚʠʨʦʙʥʠʮʪʚʦʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʦʮʝʩʫ, ʜʘʪʯʠʢʽʚ (ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʶ) ʪʘ ʽʥʰʠʭ ɯʉ- 

ʧʽʜʧʨʠʻʤʩʪʚ; 

Å ʚ̔ ʜʩʪʝʞʝʥʥʷ ʽ ʢʦʥʪʨʦʣʴ ʧʘʨʘʤʝʪʨʽʚ ʷʢʦʩʪʽ; 

Å ̔ʥʬʦʨʤʫʚʘʥʥʷ ʧʝʨʩʦʥʘʣʫ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʦʙʣʘʜʥʘʥʥʷ ʥʘ 

ʧʦʯʘʪʦʢ ʧʨʦʮʝʩʫ ʚʠʨʦʙʥʠʮʪʚʘ; 

Å ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʚôʷʟʢʽʚ ʤʽʞ ʧʝʨʩʦʥʘʣʦʤ ʪʘ ʦʙʣʘʜʥʘʥʥʷʤ ʫ ʨʘʤʢʘʭ 

ʚʠʨʦʙʥʠʮʪʚʘ. 

Å ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʚôʷʟʢʽʚ ʟ ʫʩʽʤʘ ʧʽʜʨʦʟʜʽʣʘʤʠ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʘ ʪʘʢʦʞ ʟ 

ʧʘʨʪʥʝʨʘʤʠ, ʧʦʩʪʘʯʘʣʴʥʠʢʘʤʠ ʪʘ ʢʣʽʻʥʪʘʤʠ; 

Å ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʚʠʤʦʛʠ ʱʦʜʦ ʥʦʤʝʥʢʣʘʪʫʨʠ ʚʠʨʦʙʥʠʮʪʚʘ, ʟʤʽʥʠ ʢʦʤʧʦʥʝʥʪʽʚ, 

ʩʠʨʦʚʠʥʠ ʽ ʥʘʧʽʚʬʘʙʨʠʢʘʪʽʚ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ ʧʨʦʮʝʩʽ ʚʠʨʦʙʥʠʮʪʚʘ;  

Å ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʤʽʥʠ ʨʝʮʝʧʪʫʨʠ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ;  

Å ʛʘʨʘʥʪʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʠʤ ʜʦʢʫʤʝʥʪʘʤ ʪʘ ʩʪʘʥʜʘʨʪʘʤ 

ʧʨʦʮʝʩʫ ʚʠʛʦʪʦʚʣʝʥʥʷ ʡ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ; 

Å ʚ̔ ʜʧʦʚʽʜʥʽʩʪʴ ʽʥʜʫʩʪʨʽʘʣʴʥʠʤ ʩʪʘʥʜʘʨʪʘʤ. 

ɽʬʝʢʪʠʚʥʝ ʚʧʨʦʚʘʜʞʝʥʥʷ MES ʩʠʩʪʝʤʠ ʚʠʤʘʛʘʻ ʜʦʪʨʠʤʘʥʥʷ ʪʘʢʦʛʦ: 

Å ʛʨʘʤʦʪʥʦʛʦ ʘʥʘʣʽʟʫ ʙʽʟʥʝʩ-ʬʫʥʢʮʽʡ ʚʽʜ ʚʽʜʧʦʚʽʜʥʠʭ ʬʘʭʽʚʮʽʚ; 

Å ʧʨʠʜʙʘʥʥʷ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʚʥʽʩʪʶ ʫʥʽʬʽʢʦʚʘʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ; 

Å ʚʠʟʥʘʯʝʥʥʷ ʯʽʪʢʠʭ ʟʘʚʜʘʥʴ ʽ ʨʘʤʦʢ ʧʨʦʻʢʪʫ; 

Å ʚʧʨʦʚʘʜʞʫʚʘʣʴʥʘ ʩʠʩʪʝʤʘ ʧʦʚʠʥʥʘ ʧʦʚʥʽʩʪʶ ʽʥʪʝʛʨʫʚʘʪʠʩʷ ʟ ʽʩʥʫʶʯʠʤʠ ɯʉ-

ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ ʪʘ ʤʘʪʠ ʤʦʞʣʠʚʦʩʪʽ ʣʝʛʢʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ. 

ɼʦ ʦʩʥʦʚʥʠʭ ʥʝʜʦʣʽʢʽʚ ʚʧʨʦʚʘʜʞʝʥʥʷ MES-ʩʠʩʪʝʤ ʚʽʜʥʦʩʷʪʴ [126ï128]: 

Å ʥʘʜʟʚʠʯʘʡʥʫ ʟʘʪʨʘʪʥʽʩʪʴ, ʘʜʞʝ ʩʶʜʠ ʚʽʜʥʦʩʠʪʴʩʷ ʚʘʨʪʽʩʪʴ ʽʥʪʝʛʨʘʮʽʾ ʪʘ 

ʚʧʨʦʚʘʜʞʝʥʥʷ, ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʥʘʚʯʘʥʥʷ ʧʝʨʩʦʥʘʣʫ, ʪʝʭʥʽʯʥʝ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʧʽʜʪʨʠʤʢʘ; 
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Å ʚʽʜʩʫʪʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʥʘ ʚʽʜʧʦʚʽʜʥʦʤʫ 

ʨʽʚʥʽ, ʘ ʪʘʢʦʞ ʜʝʤʦʪʠʚʘʮʽʶ ʧʝʨʩʦʥʘʣʫ;  

Å ʚʠʩʦʢʫ ʩʢʣʘʜʥʽʩʪʴ ʽʥʪʝʛʨʘʮʽʾ ʪʘ ʚʘʨʪʽʩʪʴ (ʙʣʠʟʴʢʦ 35% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʚʘʨʪʦʩʪʽ 

ʧʨʠʜʙʘʥʥʷ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ) MES-ʩʠʩʪʝʤʠ. 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ MES-ʩʠʩʪʝʤʠ ʥʝʜʦʮʽʣʴʥʦ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʟ 

ʥʝʚʠʩʦʢʠʤʠ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ (ʥʝʚʝʣʠʢʽ ʪʘ ʤʘʣʽ ʧʽʜʧʨʠʻʤʩʪʚʘ), ʜʦ 

ʷʢʠʭ ʚʽʜʥʦʩʷʪʴ ʥʝʚʠʩʦʢʠʡ ʯʠʩʪʠʡ ʧʨʠʙʫʪʦʢ; ʥʝʚʝʣʠʢʠʡ ʦʙʩʷʛ ʚʠʨʦʙʥʠʮʪʚʘ; 

ʥʝʜʦʩʪʘʪʥʽʡ ʨʽʚʝʥʴ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. ʅʘ ʥʝʚʝʣʠʢʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʟ̔ ʤʝʥʰ ʩʢʣʘʜʥʠʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʨʦʮʝʩʦʤ, ʷʢ ʧʨʘʚʠʣʦ, ʜʦʩʪʘʪʥʴʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ERP-ʩʠʩʪʝʤʠ [124ï127]. 

ʉʠʩʪʝʤʠ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ APS (Advanced Planning & Scheduling ï 

ʚʜʦʩʢʦʥʘʣʝʥʝ ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʩʢʣʘʜʘʥʥʷ ʨʦʟʢʣʘʜʫ) ï ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ 

ʚʠʨʦʙʥʠʯʦʛʦ ʧʣʘʥʫʚʘʥʥʷ, ʛʦʣʦʚʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʷʢʦʛʦ ʻ ʤʦʞʣʠʚʽʩʪʴ ʧʦʙʫʜʦʚʠ 

ʨʦʟʢʣʘʜʫ ʨʦʙʦʪʠ ʦʙʣʘʜʥʘʥʥʷ ʚ ʨʘʤʢʘʭ ʫʩʴʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ. ʆʪʨʠʤʘʥʽ ʪʘʢʠʤ ʯʠʥʦʤ 

ʧʨʠʚʘʪʥʽ ʨʦʟʢʣʘʜʠ ʚʠʨʦʙʥʠʯʠʭ ʧʽʜʨʦʟʜʽʣʽʚ ʻ ʚʟʘʻʤʦʧʦʚ'ʷʟʘʥʠʤʠ ʟ ʪʦʯʢʠ ʟʦʨʫ ʚʠʨʦʙʫ 

ʽ ʡʦʛʦ ʦʧʝʨʘʮʽʡ. ɺʠʤʦʛʠ SCM (Supply Chain Management ï ʫʧʨʘʚʣʽʥʥʷ ʣʘʥʮʶʛʘʤʠ 

ʧʦʩʪʘʚʦʢ) ʫ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʫʪʴ ʜʦʪʨʠʤʫʚʘʪʠʩʷ ʷʢ ʫ ʤʝʞʘʭ ʧʽʜʧʨʠʻʤʩʪʚʘ 

(ʤʽʞʮʝʭʦʚʠʡ ʨʦʟʢʣʘʜ), ʪʘʢ ʽ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʟʦʚʥʽʰʥʽʭ ʧʦʩʪʘʚʦʢ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʦ 

[126ï130]. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʨʘʜʠʮʽʡʥʠʭ ʩʠʩʪʝʤ ʢʘʣʝʥʜʘʨʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʦʢʨʦʢʦʚʫ ʧʨʦʮʝʜʫʨʫ 

ʜʣʷ ʨʦʟʧʦʜʽʣʫ ʤʘʪʝʨʽʘʣʴʥʠʭ ʪʘ ʚʠʨʦʙʥʠʯʠʭ ʧʦʪʫʞʥʦʩʪʝʡ, APS ʧʣʘʥʫʻ ʽ ʬʦʨʤʫʻ 

ʨʦʟʢʣʘʜ ʚʠʨʦʙʥʠʮʪʚʘ ʥʘ ʦʩʥʦʚʽ ʥʘʷʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʨʦʙʦʯʦʾ ʩʠʣʠ ʪʘ ʧʦʪʫʞʥʦʩʪʝʡ 

ʟʘʚʦʜʫ [131ï137]. 

APS ʟʘʟʚʠʯʘʡ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ, ʢʦʣʠ ʻ ʦʜʥʘ ʘʙʦ ʙʽʣʴʰʝ ʟ ʪʘʢʠʭ ʫʤʦʚ: 

Å ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘ ʟʘʤʦʚʣʝʥʥʷ ʙʝʟ ʟʜʽʡʩʥʝʥʥʷ ʟʘʧʘʩʫ ʥʘ 

ʜʦʚʛʠʡ ʧʝʨʽʦʜ; 

Å ʢʘʧʽʪʘʣʦʤʽʩʪʢʽ ʚʠʨʦʙʥʠʯʽ ʧʨʦʮʝʩʠ ʟ ʦʙʤʝʞʝʥʦʶ ʚʠʨʦʙʥʠʯʦʶ ʧʦʪʫʞʥʽʩʪʶ; 
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Å ʙʘʛʘʪʦʥʦʤʝʥʢʣʘʪʫʨʥʝ ʚʠʨʦʙʥʠʮʪʚʦ, ʜʣʷ ʷʢʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʦʜʥʝ 

ʪʝʭʥʦʣʦʛʽʯʥʝ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʡʦʛʦ ʧʝʨʝʥʘʣʘʛʦʜʞʝʥʥʷ ʜʣʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʽʥʰʦʛʦ ʚʠʜʫ ʧʨʦʜʫʢʪʫ; 

Å ʫ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʨʦʮʝʩʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ ʟʘʜʽʷʥʘ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ 

ʦʧʝʨʘʮʽʡ ʘʙʦ ʢʦʤʧʦʥʝʥʪʽʚ/ʩʠʨʦʚʠʥʠ; 

Å ʚʠʨʦʙʥʠʮʪʚʦ ʧʦʪʨʝʙʫʻ ʯʘʩʪʠʭ ʟʤʽʥ ʨʦʟʢʣʘʜʫ, ʷʢʽ ʥʝʤʦʞʣʠʚʦ ʧʝʨʝʜʙʘʯʠʪʠ. 

APS ʟʜʽʡʩʥʶʶʪʴ ʩʠʥʭʨʦʥʥʝ ʧʣʘʥʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʜʦ ʟʘʢʫʧʽʚʣʽ ʽ 

ʚʠʨʦʙʥʠʮʪʚʘ ʚʠʨʦʙʽʚ, ʚʠʢʦʥʫʶʯʠ ʮʝ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʽʩʥʫʶʯʠʭ (ʦʙʤʝʞʝʥʠʭ) 

ʧʦʪʫʞʥʦʩʪʝʡ. ʄʦʜʝʣʴ ʜʘʥʠʭ APS-ʩʠʩʪʝʤʠ ʧʝʨʝʜʙʘʯʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʙʣʽʢʫ ʧʨʠ 

ʧʣʘʥʫʚʘʥʥʽ ʜʝʪʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʥʢʨʝʪʥʠʭ ʦʜʠʥʠʮʴ ʦʙʣʘʜʥʘʥʥʷ, ʰʪʘʪʫ, 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʘʨʰʨʫʪʽʚ ʪʦʱʦ [132ï137]. 

ɼʝʪʘʣʽʟʘʮʽʾ ʽ ʪʦʯʥʦʩʪʽ ʤʦʜʝʣʽ ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʣʘʥʮʶʞʢʽʚ ʧʦʩʪʘʚʦʢ ʟʥʘʭʦʜʷʪʴʩʷ 

ʥʘ ʚʠʩʦʢʦʤʫ ʨʽʚʥʽ. ʊʦʯʥʽʩʪʴ ʧʣʘʥʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʽʨʥʦ ʚʩʪʘʥʦʚʣʝʥʠʭ ʦʙʤʝʞʝʥʴ 

ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʣʘʥʮʶʞʢʽʚ ʧʦʩʪʘʚʦʢ.  

ʉʪʚʦʨʝʥʥʷ ʧʣʘʥʽʚ ʟ̔ ʚʠʢʦʨʠʩʪʘʥʥʷʤ APS-ʩʠʩʪʝʤʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʫʞʝ ʰʚʠʜʢʦ ʟʘ 

ʨʘʭʫʥʦʢ ʪʦʛʦ, ʱʦ ʚʩʷ ʤʦʜʝʣʴ ʜʘʥʠʭ ʟʙʝʨʽʛʘʻʪʴʩʷ ʚ ʦʧʝʨʘʪʠʚʥʽʡ ʧʘʤ'ʷʪʽ ʩʝʨʚʝʨʘ. ɺʩʝ 

ʮʝ ʩʧʨʠʷʻ ʰʚʠʜʢʦʤʫ ʨʝʘʛʫʚʘʥʥʶ ʥʘ ʨʽʟʥʽ ʟʤʽʥʠ ʚ ʣʘʥʮʶʟʽ ʧʦʩʪʘʯʘʥʴ. 

ʐʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʦʣʝʢʪʠʚʥʘ ʨʦʙʦʪʘ ʟʦʚʥʽʰʥʽʭ ʽ ʚʥʫʪʨʽʰʥʽʭ 

ʫʯʘʩʥʠʢʽʚ ʚ ʻʜʠʥʦʤʫ ʙʘʛʘʪʦʢʦʨʠʩʪʫʚʘʮʴʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ʆʩʢʽʣʴʢʠ APS-ʜʦʜʘʪʢʠ 

web-ʦʨʽʻʥʪʦʚʘʥʽ, ʪʦ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʩʧʽʚʧʨʘʮʽ ʢʦʨʠʩʪʫʚʘʯʽʚ ʩʠʩʪʝʤʠ ʽ 

ʫʟʛʦʜʞʝʥʥʷ ʧʣʘʥʽʚ ʤʽʞ ʨʽʟʥʠʤʠ ʧʽʜʨʦʟʜʽʣʘʤʠ ʚ ʩʝʨʝʜʠʥʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʽ ʟ ʽʥʰʠʤʠ 

ʫʯʘʩʥʠʢʘʤʠ ʧʨʦʮʝʩʫ ʟʘ ʡʦʛʦ ʤʝʞʘʤʠ [132, 137]. 

ʉʠʩʪʝʤʠ APS ʜʘʶʪʴ ʢʦʨʠʩʪʫʚʘʯʘʤ ʟʨʫʯʥʽ ʟʘʩʦʙʠ ʘʥʘʣʽʟʫ ʧʣʘʥʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ï 

ʨʽʟʥʽ ʛʨʘʬʽʢʠ, ʜʽʘʛʨʘʤʠ (ʥʘʧʨʠʢʣʘʜ, ʽʥʪʝʨʘʢʪʠʚʥʘ ʜʽʘʛʨʘʤʘ ɻʘʥʪʘ, ʛʨʘʬʽʢʠ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʤʘʰʠʥ ʽ ʨʝʩʫʨʩʽʚ, ʩʢʣʘʜʩʴʢʠʭ ʟʘʧʘʩʽʚ, ʦʙʩʷʛʫ ʥʝʟʘʚʝʨʰʝʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʪʦʱʦ), ʰʠʨʦʢʠʡ ʥʘʙʽʨ ʚʙʫʜʦʚʘʥʠʭ ʟʚʽʪʽʚ, ʘ ʪʘʢʦʞ ʤʦʞʣʠʚʽʩʪʴ 

ʩʪʚʦʨʶʚʘʪʠ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ ʟʚʽʪʠ.  

ʆʩʥʦʚʥʽ ʤʦʞʣʠʚʦʩʪʽ APS-ʩʠʩʪʝʤ [134, 137ï142]: 

Å ʧʣʘʥʫʚʘʥʥʷ ʟ ʪʦʯʥʽʩʪʶ ʜʦ ʩʝʢʫʥʜʠ; 
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Å ʧʨʷʤʝ (ʚʩʽ ʚʠʨʦʙʥʠʯʽ ʟʘʤʦʚʣʝʥʥʷ ʽ ʟʘʤʦʚʣʝʥʥʷ ʥʘ ʧʦʩʪʘʚʢʫ ʥʘʤʘʛʘʶʪʴʩʷ 

ʚʠʢʦʥʘʪʠʩʷ ʷʢʦʤʦʛʘ ʨʘʥʽʰʝ) ʽ ʟʚʦʨʦʪʥʝ ʧʣʘʥʫʚʘʥʥʷ (ʟʘʤʦʚʣʝʥʥʷ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ 

ʧʦʚʠʥʥʽ ʟʘʚʝʨʰʠʪʠʩʷ ʜʦ ʧʝʚʥʦʾ ʜʘʪʠ, ʟʘʤʦʚʣʝʥʥʷ ʥʘ ʟʘʢʫʧʽʚʣʶ ʧʦʚʠʥʥʽ ʚʠʢʦʥʘʪʠʩʷ 

ʜʦ ʪʦʛʦ ʤʦʤʝʥʪʫ, ʢʦʣʠ ʚʦʥʠ ʙʫʜʫʪʴ ʚʠʢʦʨʠʩʪʘʥʽ ʫ ʚʠʨʦʙʥʠʮʪʚʽ); 

Å ʙʘʛʘʪʦʨʽʚʥʝʚʘ ʘʛʨʝʛʘʮʽʷ/ʭʚʠʣʴʦʚ ̔ ʟʛʣʘʜʞʫʚʘʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫ ̒

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʚʝʨʭʫ-ʚʥʠʟ, ʟʥʠʟʫ-ʚʛʦʨʫ ʽ ʚʽʜ ʩʝʨʝʜʠʥʠ (ʚ ʦʙʠʜʚʽ ʩʪʦʨʦʥʠ); 

Å ʢʦʨʠʛʫʚʘʥʥʷ ʧʨʦʛʥʦʟʫ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʷʢ ʥʘ ʨʽʚʥʽ ʨʝʜʘʛʫʚʘʥʥʷ ʯʠʩʣʦʚʠʭ 

ʜʘʥʠʭ, ʪʘʢ ʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʠʰʽ ʫ ʛʨʘʬʽʯʥʦʤʫ ʧʦʜʘʥʥʽ; 

Å ʤʦʞʝ ʚʨʘʭʦʚʫʚʘʪʠ ʭʘʨʘʢʪʝʨ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʧʨʦʜʫʢʪʫ, ʧʨʠ ʮʴʦʤʫ ʙʝʨʫʪʴʩʷ 

ʜʦ ʫʚʘʛʠ ʧʝʨʽʦʜʠ ʦʩʚʦʻʥʥʷ ʥʦʚʠʭ ʧʨʦʜʫʢʪʽʚ ʽ ʟʥʷʪʪʷ ʟ ʚʠʨʦʙʥʠʮʪʚʘ ʩʪʘʨʠʭ; 

Å ʥʝʦʙʤʝʞʝʥʝ ʯʠʩʣʦ ʚʠʟʥʘʯʝʥʠʭ ʢʦʨʠʩʪʫʚʘʯʝʤ ʦʜʠʥʠʮʴ ʚʠʤʽʨʶʚʘʥʥʷ; 

Å ʙʝʟʣʽʯ ʘʣʛʦʨʠʪʤʽʚ ʽ ʧʘʨʘʤʝʪʨʽʚ ʨʦʟʨʘʭʫʥʢʫ ʧʦʧʦʚʥʝʥʥʷ ʟʘʧʘʩʽʚ; 

Å ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʽ ʚʽʜʩʪʝʞʝʥʥʷ ʤʘʪʝʨʽʘʣʴʥʦ-ʚʠʨʦʙʥʠʯʠʭ ʟʘʧʘʩʽʚ; 

Å ʢʦʥʪʨʦʣʴ ʥʘʜ ʚʠʢʦʥʘʥʥʷʤ ʽ ʟʜʽʡʩʥʝʥʥʷ ʧʦʚʽʜʦʤʣʝʥʥʷ ʫ ʛʨʘʬʽʯʥʦʤʫ ʬʦʨʤʘʪʽ, ʘ 

ʪʘʢʦʞ ʫ ʚʠʛʣʷʜʽ ʟʚʽʪʽʚ. 

ʅʘʡʙʽʣʴʰʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʽʜ ʚʧʨʦʚʘʜʞʝʥʥʷ APS-ʩʠʩʪʝʤʠ ʤʦʞʣʠʚʦ ʦʪʨʠʤʘʪʠ 

ʧʨʠ ʩʧʽʣʴʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʽʩʥʫʶʯʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʧʽʜʧʨʠʻʤʩʪʚʘ ʫ 

ʚʠʛʣʷʜʽ ERP-APS-MES, ʘʜʞʝ ʪʦʜʽ ʙʫʜʝ ʟʘʙʝʟʧʝʯʝʥʦ ʽʥʬʦʨʤʘʮʽʡʥʫ ʧʽʜʪʨʠʤʢʫ ʥʘ ʫʩʽʭ 

ʨʽʚʥʷʭ ʫʧʨʘʚʣʽʥʥʷ ʚʩʴʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ [136ï137]. 

ʇʨʠ ʮʴʦʤʫ APS ʚʠʢʦʨʠʩʪʦʚʫʻ ʽʥʬʦʨʤʘʮʽʶ, ʱʦ ʤʽʩʪʠʪʴʩʷ ʫ ʪʨʘʥʟʘʢʮʽʡʥʽʡ 

ʯʘʩʪʠʥʽ ERP (ʽʩʪʦʨʽʷ ʧʨʦʜʘʞʽʚ, ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʬʘʢʪʠʯʥʽ ʟʘʤʦʚʣʝʥʥʷ ʢʣʽʻʥʪʽʚ, 

ʟʘʣʠʰʢʠ ʪʦʚʘʨʽʚ ʥʘ ʩʢʣʘʜʘʭ ʪʦʱʦ). ɸʨʭʽʪʝʢʪʫʨʘ ʩʘʤʠʭ ERP-ʨʽʰʝʥʴ, ʦʨʽʻʥʪʦʚʘʥʘ ʥʘ 

ʪʨʘʥʟʘʢʮʽʡʥʫ ʨʦʙʦʪʫ ʟ ʉʋɹɼ, ʥʝ ʨʦʟʨʘʭʦʚʘʥʘ ʥʘ ʦʙʨʦʙʢʫ ʚʝʣʠʢʠʭ ʜʘʥʠʭ. ʗʢ ʜʞʝʨʝʣʦ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʩʪʘʥ ʚʠʨʦʙʥʠʯʠʭ ʟʘʤʦʚʣʝʥʴ, ʱʦ ʚʠʢʦʥʫʶʪʴʩʷ, ʤʦʞʫʪʴ ʚʠʩʪʫʧʘʪʠ 

MES-ʩʠʩʪʝʤʠ. ʇʦ ʟʘʚʝʨʰʝʥʥʽ ʧʨʦʮʝʩʫ ʧʣʘʥʫʚʘʥʥʷ APS-ʩʠʩʪʝʤʘ ʧʝʨʝʜʘʻ ʚʽʜʧʦʚʽʜʥʽ 

ʨʝʟʫʣʴʪʘʪʠ, ʪʘʢʽ, ʷʢ ʟʘʤʦʚʣʝʥʥʷ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ, ʟʘʢʫʧʽʚʣʶ ʽ ʧʝʨʝʤʽʱʝʥʥʷ, ʧʨʦʛʥʦʟʠ 

ʪʦʱʦ, ʚ ERP-ʩʠʩʪʝʤʫ [128ï131]. 

ʆʧʪʠʤʽʟʘʮʽʷ ʚ ʩʠʩʪʝʤʘʭ APS ʙʘʟʫʻʪʴʩʷ ʥʘ ʝʚʨʠʩʪʠʢʘʭ ʪʘ ʩʢʣʘʜʥʦʤʫ 

ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʘʧʘʨʘʪ,̔ ʱʦ ʩʪʚʦʨʶʶʪʴʩʷ ʜʣʷ ʢʦʥʢʨʝʪʥʦʾ ʛʘʣʫʟʽ ʪʘ ʧʽʜʧʨʠʻʤʩʪʚʘ 

(ʥʘʧʨʠʢʣʘʜ, ʤʝʪʘʣʫʨʛʽʷ, ʧʨʦʢʘʪ-ʦʧʪʠʤʽʟʘʮʽʷ ʟʤʽʥ ʨʦʟʤʽʨʫ ʣʠʩʪʽʚ). ʇʨʠ ʮʴʦʤʫ 
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ʥʘʣʘʰʪʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʩʘʤʠʤʠ 

ʢʦʨʠʩʪʫʚʘʯʘʤʠ [131ï133]. 

APS ʩʢʣʘʜʘʻʪʴʩʷ ʟ̔ ʪʨʴʦʭ ʦʩʥʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ: Sales and Demand Forecasting 

ï ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʙʫʪʫ ʽ ʧʦʧʠʪʫ; Master Production Scheduling & Rough-Cut Capacity 

Planning ï ʬʦʨʤʫʚʘʥʥʷ ʦʩʥʦʚʥʦʛʦ ʚʠʨʦʙʥʠʯʦʛʦ ʧʣʘʥʫ ʽ ʟʘʛʘʣʴʥʝ ʧʣʘʥʫʚʘʥʥʷ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʚʠʨʦʙʥʠʯʠʭ ʧʦʪʫʞʥʦʩʪʝʡ; Finite Capacity Scheduling ï ʜʝʪʘʣʴʥʝ 

ʧʣʘʥʫʚʘʥʥʷ ʟʘʚʘʥʪʘʞʝʥʥʷ ʚʠʨʦʙʥʠʯʠʭ ʧʦʪʫʞʥʦʩʪʝʡ [132ï134]. 

Sales and Demand Forecasting (SDF) ï ʤʦʜʫʣʴ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ 

ʫʧʨʘʚʣʽʥʥʷ ʟʘʧʘʩʘʤʠ, ʷʢʠʡ ʫʟʘʛʘʣʴʥʶʻ ʧʨʦʛʥʦʟʠ, ʟʛʝʥʝʨʦʚʘʥʽ ʥʘ ʦʩʥʦʚʽ çʽʩʪʦʨʽʾè 

ʧʦʧʠʪʫ ʩʪʘʪʠʩʪʠʯʥʦʾ ʩʠʩʪʝʤʠ, ʽ ʦʯʽʢʫʚʘʥʽ ʢʦʨʠʩʪʫʚʘʯʝʤ ʟʤʽʥʠ ʫʤʦʚ ʨʠʥʢʫ ʧʦ 

ʣʘʥʮʶʞʢʫ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʫʣʷ SDF ʤʝʥʝʜʞʝʨʠ ʤʦʞʫʪʴ 

ʚʽʜʩʪʝʞʫʚʘʪʠ ʩʪʘʥ ʟʘʧʘʩʽʚ ʪʦʚʘʨʥʦ-ʤʘʪʝʨʽʘʣʴʥʠʭ ʮʽʥʥʦʩʪʝʡ ʽ ʧʘʨʘʤʝʪʨʠ ʧʦʧʦʚʥʝʥʥʷ 

ʟʘʧʘʩʽʚ ʜʣʷ ʢʦʞʥʦʛʦ ʧʨʦʜʫʢʪʫ ʚ ʤʽʩʮʷʭ ʡʦʛʦ ʩʢʣʘʜʫʚʘʥʥʷ. ʇʣʘʥʫʚʘʥʥʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʩʠʨʦʚʠʥʦʶ ʪʘ ʤʘʪʝʨʽʘʣʘʤʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʦʜʥʦʯʘʩʥʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʦʞʣʠʚʦʩʪʝʡ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʩʥʦʚʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʽ ʧʘʨʘʤʝʪʨʽʚ ʩʢʣʘʜʩʴʢʠʭ 

ʧʨʠʤʽʱʝʥʴ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʩʠʨʦʚʠʥʠ ʪʘ ʤʘʪʝʨʽʘʣʽʚ. 

Master Production Scheduling ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʨʽʟʥʽ ʩʮʝʥʘʨʽʾ, 

ʱʦʙ ʨʦʟʨʦʙʠʪʠ ʚʠʨʦʙʥʠʯʠʡ ʧʣʘʥ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʧʦʪʨʝʙʘʤ ʷʢ ʽʩʥʫʶʯʦʛʦ ʧʦʨʪʬʝʣʷ 

ʟʘʤʦʚʣʝʥʴ, ʪʘʢ ʽ ʧʨʦʛʥʦʟʦʚʘʥʦʛʦ ʦʙʩʷʛʫ ʧʨʦʜʘʞʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʦʩʪʫʧʥʠʭ ʨʝʩʫʨʩʽʚ 

ʢʦʤʧʘʥʽʾ [131ï133]. 

Rough Cut Capacity Planning ï ʤʦʜʫʣʴ ʟʘʛʘʣʴʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʟʘʚʘʥʪʘʞʝʥʥʷ 

ʧʦʪʫʞʥʦʩʪʝʡ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʬʦʨʤʫʚʘʥʥʷ ʫʟʘʛʘʣʴʥʝʥʠʭ ʧʣʘʥʽʚ ʟʘʚʘʥʪʘʞʝʥʥʷ 

ʚʠʨʦʙʥʠʯʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʥʘ ʧʽʜʩʪʘʚʽ ʽʥʬʦʨʤʘʮʽʾ, ʦʪʨʠʤʘʥʦʾ ʚʽʜ ʢʦʤʧʦʥʝʥʪʘ Master 

Production Scheduling, ʘ ʪʘʢʦʞ ʧʝʨʝʛʣʷʜʘʪʠ ʟʘʧʣʘʥʦʚʘʥʽ ʧʦʪʨʝʙʠ ʚ ʨʝʩʫʨʩʘʭ ʽ 

ʧʦʨʽʚʥʶʚʘʪʠ ʾʭ ʟ ʽʩʥʫʶʯʠʤʠ ʦʙʤʝʞʝʥʥʷʤʠ. ʎʝ ʜʦʟʚʦʣʷʻ ʚʠʷʚʠʪʠ ʚʩʽ ʛʨʫʧʠ 

ʢʨʠʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ, ʚʢʣʶʯʘʶʯʠ ʨʦʙʦʯʫ ʩʠʣʫ, ʫʩʪʘʪʢʫʚʘʥʥʷ, ʝʥʝʨʛʦʨʝʩʫʨʩʠ, 

ʤʘʪʝʨʽʘʣʠ ʪʘ ʩʢʣʘʜʩʴʢʽ ʧʨʠʤʽʱʝʥʥʷ, ʽ ʧʦʨʽʚʥʷʪʠ ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʤʦʜʝʣʽ ʢʘʣʝʥʜʘʨʥʠʭ 

ʛʨʘʬʽʢʽʚ, ʱʦʙ ʜʦʩʷʛʪʠ ʥʝʦʙʭʽʜʥʦʛʦ ʨʽʚʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʨʠʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ʧʨʠ 

ʨʝʘʣʽʟʘʮʽʾ ʤʦʜʝʣʶʶʯʦʛʦ ʧʣʘʥʫ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ MRP II, APS-ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʫʶʪʴ 

ʨʦʟʧʦʜʽʣʝʥʝ ʧʣʘʥʫʚʘʥʥʷ, ʧʨʠ ʷʢʦʤʫ ʢʽʣʴʢʘ ʢʦʨʠʩʪʫʚʘʯʽʚ ʤʦʞʫʪʴ ʧʣʘʥʫʚʘʪʠ 
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ʦʜʥʦʯʘʩʥʦ, ʘʣʝ ʢʦʞʝʥ ʟ̔ ʥʠʭ ʥʝʩʝ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʟʘ ʧʝʚʥʫ ʚʠʨʦʙʥʠʯʫ ʜʽʣʷʥʢʫ [123ï

125]. 

Production Planning & Finite Capacity Scheduling ï ʤʦʜʫʣʴ ʧʣʘʥʫʚʘʥʥʷ 

ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʜʝʪʘʣʴʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʟʘʚʘʥʪʘʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

ʜʦʟʚʦʣʷʻ ʚʨʘʭʦʚʫʚʘʪʠ ʜʠʥʘʤʽʢʫ ʽ ʨʝʘʣʴʥʠʡ ʩʪʘʥ ʩʧʨʘʚ, ʱʦʙ ʬʦʨʤʫʚʘʪʠ ʢʘʣʝʥʜʘʨʥʽ 

ʛʨʘʬʽʢʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʘʥʫ ʦʙʣʘʜʥʘʥʥʷ, ʥʘʷʚʥʦʾ ʨʦʙʦʯʦʾ ʩʠʣʠ, ʩʭʦʚʠʱʘ, ʜʞʝʨʝʣ 

ʝʥʝʨʛʽʾ, ʦʩʥʦʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ [122]. 

ʅʝʦʙʭʽʜʥʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʥʝ ʚʩʽ ʩʠʩʪʝʤʠ APS ʧʽʜʪʨʠʤʫʶʪʴ ʬʫʥʢʮʽ ʾ

ʜʠʩʧʝʪʯʝʨʠʟʘʮʽʾ. ɺ APS ʧʝʨʝʜʙʘʯʝʥʦ ʧʝʨʝʧʣʘʥʫʚʘʥʥʷ ʪʽʣʴʢʠ ʧʨʠ ʧʦʷʚʽ ʥʦʚʠʭ 

ʟʘʤʦʚʣʝʥʴ (ʟʚʦʨʦʪʥʠʡ ʟʚ'ʷʟʦʢ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʜʣʷ APS ʚʚʘʞʘʻʪʴʩʷ 

ʥʘʜʣʠʰʢʦʚʠʤ), ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ MES, ʷʢʽ ʚʠʢʦʥʫʶʪʴ ʮʶ ʦʧʝʨʘʮʽʶ ʥʘʙʘʛʘʪʦ ʯʘʩʪʽʰʝ 

(ʜʣʷ ʟʘʚʜʘʥʥʷ ʟʥʘʯʥʦ ʤʝʥʰʦ ʾʨʦʟʤʽʨʥʦʩʪʽ, ʢʦʨʠʛʫʶʯʠ ʧʣʘʥʠ ʣʠʰʝ ʦʢʨʝʤʠʭ ʜʽʣʷʥʦʢ), 

ʦʩʢʽʣʴʢʠ ʨʝʘʛʫʶʪʴ ʥʘ ʙʫʜʴ-ʷʢʫ ʟʤʽʥʫ ʭʦʜʫ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. ʇʦʩʪʽʡʥʽ ʢʦʨʝʢʮʽʾ 

ʧʣʘʥʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ï ʮʝ ʪʠʧʦʚʝ ʷʚʠʱʝ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚ ʜʨʽʙʥʦʩʝʨʽʡʥʦʛʦ ʽ 

ʦʜʠʥʠʯʥʦʛʦ ʪʠʧʽʚ. ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʙʽʣʴʰ ʪʦʯʥʦʛʦ ʢʦʥʪʫʨʫ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ ʟ 

ʚʠʨʦʙʥʠʮʪʚʦʤ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʽʥʪʝʛʨʘʮʽʶ ʟ MES-ʩʠʩʪʝʤʘʤʠ [127ï131]. 

ʊʨʠʚʘʣʽʩʪʴ ʛʦʨʠʟʦʥʪʫ ʧʣʘʥʫʚʘʥʥʷ ʚ APS-ʩʠʩʪʝʤʘʭ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʨʽʟʥʠʮʷ ʚ 

ʯʘʩʽ ʤʽʞ ʤʦʤʝʥʪʘʤʠ ʚʠʜʘʯʽ ʥʘʡʙʽʣʴʰ ʜʘʣʝʢʠʭ ʟʘʤʦʚʣʝʥʴ ʟ ʫʩʴʦʛʦ ʧʦʨʪʬʝʣʷ 

ʟʘʤʦʚʣʝʥʴ ʧʽʜʧʨʠʻʤʩʪʚʘ ʽ ʧʦʪʦʯʥʦʶ ʜʘʪʦʶ, ʦʩʢʽʣʴʢʠ ʧʨʠ ʧʦʷʚʽ ʥʦʚʦʛʦ ʟʘʤʦʚʣʝʥʥʷ ʽ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʝʨʝʨʘʭʫʥʢʫ ʚʩʴʦʛʦ ʨʦʟʢʣʘʜʫ, ʪʨʝʙʘ ʚʠʟʥʘʯʠʪʠ ʥʝ ʪʽʣʴʢʠ ʪʝʨʤʽʥʠ ʡʦʛʦ 

ʚʠʛʦʪʦʚʣʝʥʥʷ, ʘ ʡ ʤʦʞʣʠʚʽʩʪʴ ʜʦʪʨʠʤʘʥʥʷ ʪʝʨʤʽʥʽʚ ʚʠʢʦʥʘʥʥʷ ʚʞʝ ʟʘʧʫʱʝʥʠʭ 

ʟʘʤʦʚʣʝʥʴ. 

APS-ʩʠʩʪʝʤʠ ʜʦʟʚʦʣʷʶʪʴ ʰʚʠʜʢʦ ʟʜʽʡʩʥʠʪʠ ʨʝʢʦʥʬʽʛʫʨʘʮʽʶ ʦʧʝʨʘʪʠʚʥʠʭ 

ʧʣʘʥʽʚ ʧʨʠ ʚʠʥʠʢʥʝʥʥʽ ʧʦʟʘʰʪʘʪʥʠʭ ʩʠʪʫʘʮʽʡ, ʷʢʽ ʤʦʞʫʪʴ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʥʫʪʠ ʥʘ 

ʚʠʢʦʥʘʥʥʷ ʧʦʪʦʯʥʦʛʦ ʧʣʘʥʫ, ʘ ʩʘʤʝ ʥʝʧʝʨʝʜʙʘʯʝʥʽ ʟʤʽʥʠ ʚ ʟʦʚʥʽʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 

(ʥʘʧʨʠʢʣʘʜ, ʩʢʘʩʫʚʘʥʥʷ ʟʘʤʦʚʣʝʥʴ); ʥʘ ʚʠʨʦʙʥʠʮʪʚʽ (ʚʽʜʤʦʚʘ ʦʙʣʘʜʥʘʥʥʷ) [132]. 

ʆʢʨʝʤʽ APS-ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʫʶʪʴ ʨʦʟʧʦʜʽʣʝʥʝ ʧʣʘʥʫʚʘʥʥʷ, ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʷʢʦʛʦ ʢʽʣʴʢʘ ʣʶʜʝʡ ʤʦʞʫʪʴ ʧʣʘʥʫʚʘʪʠ ʩʠʥʭʨʦʥʥʦ, ʘʣʝ ʢʦʞʝʥ ʟ̔ ʥʠʭ ʥʝʩʝ 

ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʟʘ ʧʝʚʥʫ ʚʠʨʦʙʥʠʯʫ ʜʽʣʷʥʢʫ. 
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1.2.2 ʉʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ 

 

 

ʅʘʡʙʽʣʴʰ ʧʨʠʜʘʪʥʠʤʠ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʙʘʛʘʪʴʦʭ ʟʘʜʘʯ ʫʧʨʘʚʣʽʥʥʷ ʻ ʉʇʇʈ. 

ʅʝʦʙʭʽʜʥʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʉʇʇʈ ʧʨʠʟʥʘʯʝʥ ̔ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʠʭ 

ʨʽʰʝʥʴ ʫ ʩʢʣʘʜʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʝʣʠʢʠʤʠ ʦʙʩʷʛʘʤʠ ʜʘʥʠʭ, ʘ 

ʦʙʨʦʙʢʘ ʷʢʠʭ ʥʝʤʦʞʣʠʚʘ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʦʾ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ [143].  

ʇʨʠ ʮʴʦʤʫ ʨʝʟʫʣʴʪʘʪ ʧʨʠʡʥʷʪʪ ̫ʨʽʰʝʥʴ ʦʮʽʥʶʶʪʴʩʷ ʟʘ ʩʫʢʫʧʥʽʩʪʶ ʙʘʛʘʪʴʦʭ 

ʢʨʠʪʝʨʽʾʚ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʨʦʟʛʣʷʜʘʪʠ ʦʜʥʦʯʘʩʥʦ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʦʜʠʥ ʽʟ ʥʘʩʪʫʧʥʠʭ 

ʧʽʜʭʦʜʽʚ: ʧʦʰʫʢ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʦʙʨʘʥʥʷ ʥʘʡʢʨʘʱʦʛʦ ʨʽʰʝʥʥʷ ʟ 

ʫʩʽʭ ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʽʚ; ʨʘʥʞʫʚʘʥʥʷ ʤʦʞʣʠʚʠʭ ʨʽʰʝʥʴ ʟʘ ʟʘʜʘʥʠʤʠ ʧʝʨʝʚʘʛʘʤʠ. 

ʉʫʯʘʩʥʽ ʉʇʇʈ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ [144ï147]: 

Å ʤʦʜʝʣʝ-ʦʨʽ̒ʥʪʦʚʘʥʽ, ʱʦ ʧʨʘʮʶʶʪʴ ʥʘ ʦʩʥʦʚʽ ʦʙʨʦʙʢʠ ʩʪʘʪʠʩʪʠʯʥʠʭ, 

ʬʽʥʘʥʩʦʚʠʭ ʘʙʦ ʽʥʰʠʭ ʤʦʜʝʣʝʡ; 

Å ʟʘʩʥʦʚʘʥʽ ʥʘ ʢʦʤʫʥʽʢʘʮʽʷʭ ʤʽʞ ʢʦʨʠʩʪʫʚʘʯʘʤʠ, ʱʦ ʟʘʡʤʘʶʪʴʩʷ ʩʧʽʣʴʥʦʶ 

ʩʧʨʘʚʦʶ; 

Å ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ ʦʙʨʦʙʢʫ ʚʥʫʪʨʽʰʥʽʭ ʪʘ ʟʦʚʥʽʰʥʽʭ ʜʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʯʘʩʦʚʠʭ 

ʨʷʜ̔ʚ; 

Å ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ ʤʘʥʽʧʫʣʷʮʽʾ ʟ ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ, ʧʨʝʜʩʪʘʚʣʝʥʦʶ 

ʫ ʨʽʟʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ; 

Å ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ ʦʙʨʦʙʢʫ ʟʥʘʥʴ ʽ ʥʘʜʘʶʪʴ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ, 

ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʬʘʢʪʘʭ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʟʘ ʦʩʪʘʥʥʽ ʜʝʩʷʪʠʨʽʯʯʷ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʙʘʛʘʪʦ ʉʇʇʈ, 

ʧʦʩʪʽʡʥʽ ʟʤʽʥʠ ʚ ʫʤʦʚʘʭ ʛʦʩʧʦʜʘʨʶʚʘʥʥʷ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʫʧʨʘʚʣʽʥʥʷ ʧʽʜʧʨʠʻʤʩʪʚ ʚʠʤʘʛʘʶʪʴ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʉʇʇʈ [5, 78, 146, 147]. 

ʉʫʯʘʩʥʽ ʉʇʇʈ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʨʝʟʫʣʴʪʘʪ ʙʘʛʘʪʴʦʭ ʜʦʩʣʽʜʞʝʥʴ ʫ ʩʬʝʨʽ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʘ ʢʦʥʢʨʝʪʥʽʰʝ: ʙʘʟ ʜʘʥʠʭ ʽ ʙʘʟ ʟʥʘʥʴ, ʰʪʫʯʥʦʛʦ 

ʽʥʪʝʣʝʢʪʫ, ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ, ʤʝʪʦʜʽʚ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ.  

ɼʣʷ ʉʇʇʈ ʭʘʨʘʢʪʝʨʥʠʤʠ ʻ ʪʘʢʽ ʦʩʦʙʣʠʚʦʩʪʽ: 
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Å ʥʘʜʘʥʥʷ ʜʦʧʦʤʦʛʠ ʢʝʨʽʚʥʠʢʫ ʫ ʧʨʦʮʝʩʽ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʽ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʧʽʜʪʨʠʤʢʠ ʜʣʷ ʚʩʴʦʛʦ ʜʽʘʧʘʟʦʥʫ ʨʦʟʚôʷʟʫʚʘʥʠʭ ʟʘʜʘʯ, ʧʨʠʯʦʤʫ ʜʫʤʢʘ ʣʶʜʠʥʠ ʱʦʜʦ 

ʜʘʥʦʾ ʟʘʜʘʯʽ ʪʘ ʽʥʬʦʨʤʘʮʽʷ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʦʤʧôʶʪʝʨʦʤ, ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʻʜʠʥʝ ʮʽʣʝ 

ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ; 

Å ʧʽʜʪʨʠʤʢʘ ʽ ʧʦʩʠʣʝʥʥʷ, ʘʣʝ ʥʝ ʟʤʽʥʘ, ʤʽʨʢʫʚʘʥʥʷ ʪʘ ʦʮʽʥʢʠ ʢʝʨʽʚʥʠʢʘ, 

ʦʩʢʽʣʴʢʠ ʩʠʪʫʘʮʽʷ ʢʦʥʪʨʦʣʶʻʪʴʩʷ ʣʶʜʠʥʦʶ, ʷʢʘ ʧʨʠʡʤʘʻ ʦʩʪʘʪʦʯʥʝ ʨʽʰʝʥʥʷ, ʘ 

ʩʠʩʪʝʤʘ ʾʡ ʣʠʰʝ ʚ ʮʴʦʤʫ ʜʦʧʦʤʘʛʘʻ; 

Å ʫ ʉʇʇʈ ʘʢʮʝʥʪ ʨʦʙʠʪʴʩʷ ʥʘ ʤʘʢʩʠʤʘʣʴʥʽʡ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʴ; 

Å ʚʠʢʦʥʘʥʥʷ ʽʥʪʝʛʨʘʮʽʾ ʤʘʪʝʤʘʪʠʯʥʠʭ, ʩʪʘʪʠʩʪʠʯʥʠʭ, ʽʤʽʪʘʮʽʡʥʠʭ ʪʘ ʽʥʰʠʭ 

ʤʦʜʝʣʝʡ ʽ ʘʥʘʣʽʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʟ̔ ʩʪʘʥʜʘʨʪʥʠʤ ʜʦʩʪʫʧʦʤ ʜʦ ʜʘʥʠʭ ʪʘ ʚʠʙʽʨʢʦʶ ʟ ʥʠʭ; 

Å ʉʇʇʈ ʻ ʜʨʫʞʥʽʤʠ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ʽ ʥʝ ʧʦʪʨʝʙʫʶʪʴ ʛʣʠʙʦʢʠʭ ʟʥʘʥʴ ʧʨʦ 

ʦʙʯʠʩʣʶʚʘʣʴʥʫ ʪʝʭʥʽʢʫ, ʚʦʥʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʨʦʙʦʪʫ ʚ ʜʽʘʣʦʛʦʚʦʤʫ ʨʝʞʠʤʽ, ʧʨʦʩʪʫ 

ʥʘʚʽʛʘʮʽʶ ʫ ʩʠʩʪʝʤʽ, ʘ ʪʘʢʦʞ ʥʘʷʚʥʽʩʪʴ ʨʷʜʫ ʢʦʥʪʝʢʩʪʥʠʭ ʧʽʜʢʘʟʦʢ ʜʣʷ ʫʩʽʭ 

ʝʣʝʤʝʥʪʽʚ.  

Å ʧʦʙʫʜʦʚʘ ʟʘ ʧʨʠʥʮʠʧʦʤ ʽʥʪʝʨʘʢʪʠʚʥʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ, ʢʦʣʠ ʢʦʨʠʩʪʫʚʘʯ 

ʤʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʪʨʠʤʫʚʘʪʠ ʘʢʪʠʚʥʠʡ ʜʽʘʣʦʛ ʽʟ ʉʇʇʈ, ʘ ʥʝ ʦʙʤʝʞʫʻʪʴʩʷ ʧʦʜʘʥʥʷʤ 

ʦʢʨʝʤʠʭ ʢʦʤʘʥʜ ʟ̔ ʧʦʜʘʣʴʰʠʤ ʦʯʽʢʫʚʘʥʥʷʤ ʨʝʟʫʣʴʪʘʪʫ ʢʦʞʥʦʾ ʟ ʥʠʭ; 

Å ʛʥʫʯʢʽʩʪʴ ʽ ʘʜʘʧʪʠʚʥʽʩʪʴ ʜʣʷ ʧʨʠʩʪʦʩʫʚʘʥʥʷ ʜʦ ʟʤʽʥ ʩʝʨʝʜʦʚʠʱʘ ʘʙʦ 

ʤʦʜʠʬʽʢʘʮʽʾ ʧʽʜʭʦʜʽʚ ʜʦ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ; 

Å ʉʇʇʈ ʥʝ ʥʘʚôʷʟʫʻ ʚʠʟʥʘʯʝʥʠʡ ʧʨʦʮʝʩ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʘ ʢʦʨʠʩʪʫʚʘʯ 

ʧʦʚʠʥʝʥ ʤʘʪʠ ʥʘʙʽʨ ʤʦʞʣʠʚʦʩʪʝʡ ʫ ʬʦʨʤʽ ʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʪʠʣʶ 

ʡʦʛʦ ʧʽʟʥʘʚʘʣʴʥʦʾ ʜʽʷʣʴʥʦʩʪʽ. 

ʉʇʇʈ ʨʦʟʰʠʨʶʶʪʴ ʤʦʞʣʠʚʦʩʪʽ ʣʶʜʠʥʠ ʚ ʤʘʥʽʧʫʣʶʚʘʥʥʽ ʜʘʥʠʤʠ ʧʽʜ ʯʘʩ 

ʧʦʰʫʢʫ ʝʬʝʢʪʠʚʥʠʭ ʚʘʨʽʘʥʪʽʚ ʨʽʰʝʥʴ, ʥʘʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʚʠʷʚʠʪʠ ʨʽʟʥʽ ʧʽʜʭʦʜʠ ʜʦ 

ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ, ʘ ʪʘʢʦʞ ʻ ʛʥʫʯʢʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʦʧʨʘʮʶʚʘʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚ. 

ɺʘʞʣʠʚʠʤ ʻ ʧʠʪʘʥʥʷ ʚʠʙʦʨʫ ʪʽʻʾ ʯʠ ʽʥʰʦʾ ʪʝʭʥʦʣʦʛʽʾ ʟ ʤʝʪʦʶ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʴ. ɺ ʦʩʥʦʚʽ ʢʦʞʥʦʾ ʟ ʉʇʇʈ ʣʝʞʠʪʴ ʪʦʡ ʯʠ ʽʥʰʠʡ ʤʘʪʝʤʘʪʠʯʥʠʡ ʤʝʪʦʜ 

ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʛʣʷʜ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʩʢʣʘʜʽ ʉʇʇʈ 

ʥʝʤʦʞʣʠʚʠʡ ʙʝʟ ʚʠʩʚʽʪʣʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʫ ʥʠʭ ʤʝʪʦʜʘʭ. ʋ ʉʇʇʈ ʯʘʩʪʽʰʝ 
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ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝʪʦʜʠ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʚʘʨʽʘʥʪʽʚ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʴ, ʘ ʩʘʤʝ: 

Å ʧʦʰʫʢ ʽʥʬʦʨʤʘʮʽʾ;  

Å ʧʦʰʫʢ ʟʥʘʥʴ ʫ ʙʘʟʘʭ ʜʘʥʠʭ;  

Å ̔ʥʪʝʣʝʢʪʫʘʣʴʥʠʡ ʘʥʘʣʽʟ ʜʘʥʠʭ;  

Å ̔ʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ;  

Å ʩʠʪʫʘʮʽʡʥʠʡ ʘʥʘʣʽʟ;  

Å ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ;  

Å ʝʚʦʣʶʮʽʡʥʽ ʦʙʯʠʩʣʝʥʥʷ ʪʘ ʛʝʥʝʪʠʯʥʽ ʘʣʛʦʨʠʪʤʠ. 

ʉʇʇʈ, ʷʢʽ ʙʘʟʫʶʪʴʩʷ ʥʘ ʤʝʪʦʜʘʭ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, ʥʘʟʠʚʘʶʪʴʩ ̫

ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʤʠ ʉʇʇʈ (ɯʉʇʇʈ). ʅʘʡʙʣʠʞʯʠʤʠ ʜʦ ʉʇʇʈ ʻ ʝʢʩʧʝʨʪʥʽ ʩʠʩʪʝʤʠ ʘʙʦ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ. 

ʋ ʨʦʙʦʪʘʭ [19, 80, 148, 149] ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʪʘ ʦʙˇʨʫʥʪʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ ʥʝʯʽʪʢʦʾ 

ʩʠʪʫʘʮʽʡʥʦʾ ʤʝʨʝʞʽ ʜʣʷ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʣʘʙʢʦ 

ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʘʙʦ ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʧʨʦʙʣʝʤ ʪʘ ʚʽʜʩʫʪʥʽʩʪʶ ʪʦʯʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ 

ʦʧʠʩʫ ʧʨʦʙʣʝʤʥʠʭ ʩʠʪʫʘʮʽʡ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʝʨʫʚʘʥʥʷ ʦʨʛʘʥʽʟʘʮʽʡʥʦ-

ʪʝʭʥʽʯʥʠʤʠ (ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ) ʩʠʩʪʝʤʘʤʠ ʥʘ ʧʨʠʢʣʘʜʽ ʮʫʢʨʦʚʦʛʦ ʟʘʚʦʜʫ, ʱʦ ʧʨʘʮʶʻ 

ʥʘ ʟʥʘʯʥʠʭ ʯʘʩʦʚʠʭ ʽʥʪʝʨʚʘʣʘʭ.  

ɹʽʣʴʰʩ̔ʪʴ ʩʠʩʪʝʤ ʉʇʇʈ ʤʘʶʪʴ ʬʫʥʢʮʽʦʥʘʣ, ʥʘʧʨʘʚʣʝʥʠʡ ʥʘ ʧʨʦʛʥʦʟʫʚʘʥʥ ̫

ʚʠʥʠʢʥʝʥʥʷ ʧʦʜʽʡ. ʗʢ ʧʨʘʚʠʣʦ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʟʜʽʡʩʥʠʪʠ ʩʢʣʘʜʥʝ 

ʜʦʩʣʽʜʞʝʥʥʷ ʦʙôʻʢʪʘ [3]. ɹʽʣʴʰʽʩʪʴ ʉʇʇʈ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʡ ʘʥʘʣʽʟ 

ʜʘʥʠʭ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʩʢʣʘʜʥʠʭ ʟʘʜʘʯ ʧʨʦʛʥʦʟʫʚʘʥʥʷ. ʋ ʨʦʙʦʪʘʭ [6, 7, 19, 35, 37, 38, 

78, 150-159] ʥʘʚʝʜʝʥʦ ʨʽʟʥʽ ʤʝʪʦʜʠ ʪʘ ʧʽʜʭʦʜʠ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʷʢʽʩʥʝ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ. 

ʉʇʇʈ ʟʘʙʝʟʧʝʯʫʻ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʚʠʙʽʨ ʦʧʪʠʤʘʣʴʥʠʭ ʚʘʨʽʘʥʪʽʚ ʨʽʰʝʥʴ, ʷʢ̔ 

ʧʦʚʠʥʥ ̔ ʚʠʢʦʥʫʚʘʪʠʩ ̫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘʙʫʪʦʛʦ ʜʦʩʚʽʜʫ ʡ ʘʜʘʧʪʘʮʽʾ ʽʩʥʫʶʯʠʭ 

ʘʣʛʦʨʠʪʤʽʚ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʧʦʧʝʨʝʜʥʽʭ ʩʠʪʫʘʮʽʡ. ʇʨʠ ʮʴʦʤʫ ʧʦʚʠʥʝʥ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠʩ ̫ʽʥʪʝʨʘʢʪʠʚʥʠʡ ʟʚ'ʷʟʦʢ ʟ̔ ʢʦʨʠʩʪʫʚʘʯʘʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʫʤʽʥʥʷ 

ʢʦʤʧ'ʶʪʝʨʦʤ ʧʨʠʨʦʜʥʦʾ ʤʦʚʠ, ʚʽʟʫʘʣʽʟʘʮʽʾ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʫ ʚʠʛʣʷʜʽ ʨʠʩʫʥʢʽʚ, 
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ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ ʛʨʘʬʽʢʽʚ, ʜʽʘʛʨʘʤ, ʛʨʘʬʽʚ, ʽʥʰʠʭ ʬʦʨʤʘʣʴʥʠʭ ʪʘ ʥʝʬʦʨʤʘʣʴʥʠʭ 

ʟʦʙʨʘʞʝʥʴ [78, 126ï147, 158ï162]. 

ʋ ʨʦʙʦʪʘʭ [49, 78, 163] ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ ʉʇʇʈ ʜʣʷ ʧʽʜʪʨʠʤʢʠ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʤʘʢʘʨʦʥʥʦʾ ʛʘʣʫʟʽ, ʷʢʘ ʥʘʚʝʜʝʥʘ ʫ ɼʦʜʘʪʢʫ ɼ. 

ʊʘʢʘ ʩʪʨʫʢʪʫʨʘ ʟʘʙʝʟʧʝʯʫʻ: ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʘʩʦʙʽʚ ʟʘʚʘʥʪʘʞʝʥʥʷ ʜʘʥʠʭ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘʢʦʧʠʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʫ ʩʭʦʚʠʱʽ ʜʘʥʠʭ ʟ̔ ʜʞʝʨʝʣ ʜʘʥʠʭ; OLAP-

ʩʝʨʚʝʨʠ ʬʦʨʤʫʶʪʴ ʪʝʤʘʪʠʯʥʽ ʧʽʜʤʥʦʞʠʥʠ ʜʘʥʠʭ ʪʘ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʢʦʥʘʥʥʷ OLAP-

ʦʧʝʨʘʮʽʡ ʥʘʜ ʥʠʤʠ; ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʢʦʨʠʩʪʫʚʘʯʘ ʟʘʙʝʟʧʝʯʫʻ ʜʽʘʣʦʛʦʚʠʡ ʨʝʞʠʤ 

ʨʦʙʦʪʠ ʪʘ ʚʠʢʦʥʘʥʥʷ ʧʦʢʣʘʜʝʥʠʭ ʥʘ ʥʴʦʛʦ ʟʘʜʘʯ ʽ ʬʫʥʢʮʽʡ [16, 33, 78, 163]. 

ʅʝʦʙʭʽʜʥʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʙʽʣʴʰʽʩʪʴ ʉʇʇʈ ʩʪʚʦʨʶʶʪʴʩʷ ʷʢ ʚʝʙ-ʦʨʽʻʥʪʦʚʘʥʽ, ʱʦ 

ʦʙʫʤʦʚʣʝʥʦ ʙʘʛʘʪʴʤʘ ʬʘʢʪʦʨʘʤʠ, ʘ ʩʘʤʝ: 

Å ʜʦʩʪʫʧʥʽʩʪʴ ʯʝʨʝʟ ʤʝʨʝʞʫ ɯʥʪʝʨʥʝʪ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ ʜʦʩʪʫʧʫ ʜʦ 

ʩʠʩʪʝʤʠ ʟ ʙʫʜʴ-ʷʢʦʾ ʪʦʯʢʠ ʩʚʽʪʫ ʯʝʨʝʟ ʙʨʘʫʟʝʨ; 

Å ʧʽʜʪʨʠʤʢʘ ʧʨʠʚʘʪʥʠʭ ʦʩʽʙ / ʢʣʽʻʥʪʽʚ / ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ / ʤʝʥʝʜʞʝʨʽʚ / ʛʨʫʧ ʫ 

ʧʨʦʮʝʩʽ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʾʭ ʬʽʟʠʯʥʦʛʦ ʤʽʩʮʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʘʙʦ ʯʘʩʫ; 

Å ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʠʭ, ʙʘʟ ʟʥʘʥʴ, ʜʦʢʫʤʝʥʪʽʚ ʽ ʤʦʜʝʣʝʡ, ʷʢʽ ʤʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ 

ʟʚʝʨʥʫʪʠʩʷ ʜʦ ʚʝʣʠʯʝʟʥʦʛʦ ʨʦʟʤʘʾʪʪʷ ʚʝʣʠʢʠʭ ʛʨʫʧ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʪʦʱʦ; 

Å ʤʽʥʽʤʽʟʘʮʽʶ ʚʠʪʨʘʪ ʥʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʩʠʩʪʝʤʠ. 

Web-ʦʨʽʻʥʪʦʚʘʥʽ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʘʮʶʶʪʴ ʯʝʨʝʟ 

ʤʝʨʝʞʫ ɯʥʪʝʨʥʝʪ, ʘ ʪʘʢʦʞ ʥʝ ʧʦʩʪʫʧʘʶʪʴʩʷ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʶ ʤʝʨʝʞʝʚʠʤ ʩʠʩʪʝʤʘʤ.  

ʇʝʨʝʚʘʛʠ ʚʠʢʦʨʠʩʪʘʥʥʷ web-ʦʨʽʻʥʪʦʚʘʥʠʭ ʉʇʇʈ ʤʘʶʪʴ ʚʘʛʦʤʽ ʧʨʠʯʠʥʠ, ʘ 

ʩʘʤʝ: 

Å web-ʜʦʩʪʫʧ ʜʦ ʉʇʇʈ ʝʢʦʥʦʤʠʪʴ ʚʠʪʨʘʪʠ ʥʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ, ʘʜʞʝ ʚʦʥʦ ʚʩʪʘʥʦʚʣʝʥʦ ʥʘ ʧʝʚʥʦʤʫ ʧʦʨʪʘʣʽ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦ, ʜʦʩʪʫʧ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟ ʜʝʢʽʣʴʢʦʭ ʤʽʩʮʴ, ʘ web-ʩʝʨʚʝʨʠ ʟʘʤʽʥʶʶʪʴ ʱʝ ʡ ʤʝʨʝʞʝʚʽ ʩʝʨʚʝʨʠ 

ʜʣʷ ʮʠʭ ʩʠʩʪʝʤ; 

Å web-ʜʦʩʪʫʧ ʟʥʠʞʫʻ ʚʠʪʨʘʪʠ ʥʘ ʪʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʩʠʩʪʝʤʠ, ʦʥʦʚʣʝʥʥʷ 

ʢʦʤʧʦʥʝʥʪʽʚ, ʩʪʨʫʢʪʫʨ, ʬʦʨʤʠ ʟʙʝʨʝʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʟʘʤʽʥʫ ʩʝʨʚʽʩʽʚ ʙʝʟ ʟʘʣʫʯʝʥʥʷ 

ʢʦʨʠʩʪʫʚʘʯʽʚ, ʘ, ʛʦʣʦʚʥʝ, ʙʝʟ ʚʪʨʘʪʠ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʪʘ ʮʽʣʽʩʥʦʩʪʽ ʜʘʥʠʭ, ʷʢʽ 

ʤʦʞʫʪʴ ʚʠʥʠʢʥʫʪʠ ʚ ʩʠʩʪʝʤʽ, ʱʦ ʨʦʟʚʠʚʘʻʪʴʩʷ ʟ ʯʘʩʦʤ; 
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Å ʦʩʦʙʠ, ʷʢʽ ʧʨʠʡʤʘʶʪʴ ʨʽʰʝʥʥʷ, ʽ ʩʧʦʞʠʚʘʯʽ ʤʘʶʪʴ ʙʽʣʴʰ ʰʠʨʦʢʠʡ ʜʦʩʪʫʧ ʜʦ 

ʩʠʩʪʝʤʠ, ʪʦʤʫ ʱʦ ʚʦʥʘ ʜʦʩʪʫʧʥʘ ʟ ʙʫʜʴ-ʷʢʦʛʦ ʢʦʤʧ'ʶʪʝʨʘ ʚ ʙʫʜʴ-ʷʢʠʡ ʯʘʩ. 

ʊʘʢʠʤ ʯʠʥʦʤ, web-ʜʦʩʪʫʧ ʟʜʘʪʥʠʡ ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʠ ʧʨʠ ʚʩʪʘʥʦʚʣʝʥʥʽ, 

ʝʢʩʧʣʫʘʪʘʮʽʾ, ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ ʪʘ ʦʥʦʚʣʝʥʥʽ ʩʠʩʪʝʤʠ. ʎʝ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʟʙʽʣʴʰʫʻ 

ʜʦʩʪʫʧ ʜʦ ʜʘʥʠʭ, ʘ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʫʻ ʩʧʽʣʴʥʝ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʚʜʘʥʴ. 

 

 

1.3 ʆʛʣʷʜ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʟʘʤʦʚʣʝʥʴ 

 

 

ɺʠʥʠʢʥʝʥʥʷ ʟʘʜʘʯ ʪʝʦʨʽʾ ʨʦʟʢʣʘʜʫ ʧʦʚôʷʟʘʥʝ ʟ ʥʝʦʙʭʽʜʥʽʩʪʶ ʚʠʙʦʨʫ ʜʝʷʢʦʾ 

ʚʠʟʥʘʯʝʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ ʟʘ ʚʩʪʘʥʦʚʣʝʥʠʡ ʧʝʨʽʦʜ ʯʘʩʫ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʝʚʥʠʭ ʨʝʩʫʨʩʽʚ. ɺʠʙʽʨ ʚʘʨʽʘʥʪʘ ʚʠʢʦʥʘʥʥʷ, ʘ ʩʘʤʝ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʫ 

ʪʘ ʧʦʨʷʜʢʫ ʚʠʢʦʥʘʥʥʷ ʢʦʞʥʦʾ ʨʦʙʦʪʠ, ʟʥʘʯʥʠʤ ʯʠʥʦʤ ʚʧʣʠʚʘʻ ʥʘ ʚʝʣʠʯʠʥʫ ʚʠʪʨʘʪ ʥʘ 

ʚʠʢʦʥʘʥʥʷ, ʘ ʪʘʢʦʞ ʥʘ ʟʘʛʘʣʴʥʠʡ ʯʘʩ, ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʟʘʚʝʨʰʝʥʥʷ ʚʩʽʭ ʨʦʙʽʪ 

ʧʣʘʥʦʚʦʛʦ ʧʝʨʽʦʜʫ. 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʟʘʜʘʯʘ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʢʣʘʜʫ ʚʠʢʦʥʘʥʥʷ ʤʦʞʝ ʙʫʪʠ 

ʩʬʦʨʤʫʣʴʦʚʘʥʘ ʪʘʢ: ʚʠʢʦʥʘʪʠ ʫ ʚʠʟʥʘʯʝʥʠʡ ʧʝʨʽʦʜ ʯʘʩʫ ʟʘʜʘʥʫ ʩʫʢʫʧʥʽʩʪʴ ʨʦʙʽʪ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʝʷʢʫ ʤʥʦʞʠʥʫ ʨʝʩʫʨʩʽʚ. ʇʨʠ ʮʴʦʤʫ ʟʘʜʘʯʘ ʜʦʜʘʪʢʦʚʦ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʩɹʷ ʦʙʤʝʞʝʥʥʷʤʠ ʥʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ, ʚʘʨʪʽʩʪʶ 

ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʽʟʥʠʭ ʨʝʩʫʨʩʽʚ, ʥʘʷʚʥʠʤʠ ʜʠʨʝʢʪʠʚʥʠʤʠ 

ʪʝʨʤʽʥʘʤʠ ʟʜʽʡʩʥʝʥʥʷ ʦʢʨʝʤʦʾ ʨʦʙʦʪʠ ʪʦʱʦ. 

ʂʦʣʦ ʚʠʨʽʰʫʚʘʥʠʭ ʫ ʨʘʤʢʘʭ ʪʝʦʨʽʾ ʨʦʟʢʣʘʜʽʚ ʟʘʜʘʯ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʪʘʢʽ 

ʛʨʫʧʠ [164ï171]: 

Å ʟʘʜʘʯʽ ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ, ʦʙʨʘʥʥʷ ʧʨʠʩʪʨʦʾʚ ʯʠ ʨʝʩʫʨʩʽʚ ʜʣʷ ʾʭ ʚʠʢʦʥʘʥʥʷ;  

Å ʟʘʜʘʯʽ ʫʧʦʨʷʜʢʫʚʘʥʥʷ ʥʘʙʦʨʫ ʟʘʚʜʘʥʴ ʥʘ ʢʦʥʢʨʝʪʥʦʤʫ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ 

ʦʙʣʘʜʥʘʥʥ̔;  

Å ʟʘʜʘʯʽ ʫʧʦʨʷʜʢʫʚʘʥʥ ̫ʥʘʙʦʨʫ ʟʘʚʜʘʥʴ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʟʘ ʚʠʟʥʘʯʝʥʠʤ ʯʘʩʦʤ;  

Å ʟʘʜʘʯʽ ʦʙʨʘʥʥʷ ʩʢʣʘʜʫ ʪʘ ʨʦʟʤʽʱʝʥʥʷ ʦʙʣʘʜʥʘʥʥʷ, ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ;  

Å ʧʦʙʫʜʦʚʘ ʤʘʨʰʨʫʪʫ ʨʫʭʫ ʜʣʷ ʪʨʘʥʩʧʦʨʪʫ ʥʘ ʚʠʨʦʙʥʠʮʪʚʽ;  
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Å ʧʦʙʫʜʦʚʘ ʨʦʟʢʣʘʜʽʚ ʧʨʦʚʝʜʝʥʥʷ ʥʘʚʯʘʣʴʥʠʭ ʟʘʥʷʪʴ ʘʙʦ ʨʫʭʫ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʟʘʩʦʙʽʚ. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʧʦʙʫʜʦʚʠ ʧʣʘʥʫ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʽʩʥʫʻ ʟʥʘʯʥʘ 

ʢʽʣʴʢʽʩʪʴ ʤʝʪʦʜʽʚ ʪʘ ʧʽʜʭʦʜʽʚ, ʷʢʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʨʽʟʥʠʭ ʢʘʪʝʛʦʨʽʡ, ʤʘʶʪʴ ʩʚʦʾ ʦʙʣʘʩʪʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʅʝʦʙʭʽʜʥʦ ʚʽʜʤʽʪʠʪʠ ʨʷʜ ʨʦʙʽʪ, ʥʘʧʨʘʚʣʝʥʠʭ ʥʘ ʨʦʟʚôʷʟʘʥʥʷ 

ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʠʭ ʟʘʜʘʯ ʫʧʨʘʚʣʽʥʥʷ [172ï177], ʧʨʠʩʚʷʯʝʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʤ 

ʤʦʜʝʣʝʡ ʽ ʤʝʪʦʜʽʚ ʤʘʪʝʤʘʪʠʯʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ, ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʦʙʨʦʙʢʠ ʽ 

ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ. 

ʋ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʨʦʙʥʠʮʪʚʘ ʤʦʞʫʪʴ ʚʠʩʫʚʘʪʠʩʷ ʨʽʟʥʽ ʢʨʠʪʝʨʽʾ ʦʧʪʠʤʘʣʴʥʦʩʪʽ 

ʨʦʟʢʣʘʜʫ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ [164ï171], ʘ ʩʘʤʝ: 

Å ʤʽʥʽʤʘʣʴʥʠʡ ʩʝʨʝʜʥʽʡ ʪʘ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʠʡ ʯʘʩ ʦʯʽʢʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʚʩʽʭ 

ʟʘʚʜʘʥʴ;  

Å ʤʽʥʽʤʘʣʴʥʠʡ ʩʝʨʝʜʥʽʡ ʪʘ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʠʡ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʚʩʽʭ ʟʘʚʜʘʥʴ;  

Å ʤʽʥʽʤʘʣʴʥʠʡ ʩʝʨʝʜʥʽʡ ʘʙʦ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʠʡ ʯʘʩ ʟʘʚʝʨʰʝʥʥʷ ʚʠʢʦʥʘʥʥʷ ʚʩʽʭ 

ʟʘʚʜʘʥʴ;  

Å ʤʽʥʽʤʘʣʴʥʠʡ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʨʦʟʢʣʘʜʫ;  

Å ʤʽʥʽʤʘʣʴʥʝ ʬʘʢʪʠʯʥʝ ʪʘ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʝ ʯʠʩʣʦ ʥʝʚʠʢʦʥʘʥʠʭ ʫ ʜʠʨʝʢʪʠʚʥʠʡ 

ʪʝʨʤʽʥ ʟʘʚʜʘʥʴ;  

Å ʤʽʥʽʤʘʣʴʥʠʡ ʯʘʩ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʜʠʨʝʢʪʠʚʥʦʛʦ ʪʝʨʤʽʥʫ ʟʘʚʝʨʰʝʥʥʷ ʚʠʢʦʥʘʥʥʷ 

ʩʝʨʝʜ ʫʩʽʻʾ ʤʥʦʞʠʥʠ ʟʘʚʜʘʥʴ; 

Å ʩʫʤʘʨʥʠʡ, ʩʝʨʝʜʥʽʡ ʪʘ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʠʡ ʯʘʩ ʦʯʽʢʫʚʘʥʥʷ ʧʨʠʩʪʨʦʷʤʠ ʧʦʯʘʪʢʫ 

ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʴ;  

Å ʩʫʤʘʨʥʠʡ, ʩʝʨʝʜʥʽʡ ʪʘ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʠʡ ʯʘʩ ʨʦʙʦʪʠ ʧʨʠʩʪʨʦʾʚ, ʥʝʦʙʭʽʜʥʠʡ 

ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʚʩʽʭ ʟʘʚʜʘʥʴ ʨʦʟʢʣʘʜʫ. 

ʊʝʦʨʽʷ ʨʦʟʢʣʘʜʽʚ ʻ ʦʜʥʠʤ ʽʟ ʨʦʟʜʽʣʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʝʨʘʮʽʡ ï ʥʘʧʨʷʤʫ, ʱʦ ʙʝʨʝ 

ʩʚʽʡ ʧʦʯʘʪʦʢ ʽʟ ʨʦʙʦʪʠ ɻ. ɻʘʥʪʘ [178], ʚ ʷʢʽʡ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʽʟʫʘʣʴʥʝ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʦʧʝʨʘʮʽʡ ʫ ʚʠʛʣʷʜʽ ʜʽʘʛʨʘʤ ɻʘʥʪʘ.  

ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʪʝʦʨʽʾ ʨʦʟʢʣʘʜʽʚ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʪʘʢʽ ʚʠʜʠ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʝʪʦʜʽʚ [164ï171]:  
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Å ʤʘʪʝʤʘʪʠʯʥʝ ʮʽʣʦʯʠʩʣʦʚʝ ʧʨʦʛʨʘʤʫʚʘʥʥʷ;  

Å ʧʦʙʫʜʦʚʘ ʜʦʧʫʩʪʠʤʠʭ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʰʣʷʭʽʚ ʥʘ ʛʨʘʬʽ. 

ʆʜʥʽʻʶ ʟ ʥʘʡʧʝʨʰʠʭ ʨʦʙʽʪ ʫ ʪʝʦʨʽʾ ʨʦʟʢʣʘʜʽʚ ʙʫʣʘ ʨʦʙʦʪʘ ʉ. ɼʞʦʥʩʦʥʘ [179], ʚ 

ʷʢʽʡ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʦʧʪʠʤʘʣʴʥʠʡ ʘʣʛʦʨʠʪʤ ʩʢʣʘʜʘʥʥʷ ʨʦʟʢʣʘʜʫ ʜʣʷ ʚʠʧʘʜʢʫ ʜʚʦʭ 

ʤʘʰʠʥ. ʊʘʢʦʞ ʙʫʣʠ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʽʥʰʽ ʝʬʝʢʪʠʚʥʽ ʧʦʣʽʥʦʤʽʘʣʴʥʽ ʤʝʪʦʜʠ ʜʣʷ ʟʘʜʘʯ 

ʨʦʟʤʽʨʥʦʩʪ ̔2Ĭm, nĬ2 (ʜʣʷ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʧʦʪʨʽʙʥʦ ʚʠʢʦʥʘʪʠ ʥʝ ʙʽʣʴʰʝ ʜʚʦʭ ʦʧʝʨʘʮʽʡ 

ʜʣʷ ʦʜʥʦʛʦ ʟʘʚʜʘʥʥʷ) ʽ nĬ2 (ʜʣʷ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʚʩʽ ʦʧʝʨʘʮʽʾ ʤʘʶʪʴ ʦʜʠʥʠʯʥʠʡ ʯʘʩ 

ʚʠʢʦʥʘʥʥʷ). 

ʊʝʨʤʽʥ çʪʝʦʨʽʷ ʨʦʟʢʣʘʜʽʚè ʙʫʚ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʈ. ɹʝʣʣʤʘʥʦʤ [180]. 

ɸʢʪʠʚʥʝ ʪʝʦʨʝʪʠʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʜʘʯ ʪʝʦʨʽʾ ʨʦʟʢʣʘʜʽʚ ʧʨʦʚʦʜʠʣʦʩʷ ʫ 

ʨʦʙʦʪʘʭ ɼʞ. ɼʞʝʢʩʦʥʘ [181], ɺ. ʉʤʽʪʘ [182], ʈ. ʂʦʥʚʝʷ [183] ɺ. ʊʘʥʘʻʚʘ [165]. 

ʆʜʥʽʻʶ ʟ ʛʦʣʦʚʥʠʭ ʧʨʦʙʣʝʤ, ʷʢʘ ʚʠʩʚʽʪʣʶʚʘʣʘʩʷ ʫ ʜʘʥʠʭ ʨʦʙʦʪʘʭ, ʙʫʣʘ ʢʣʘʩʠʬʽʢʘʮʽʷ 

ʟʘʜʘʯ ʩʢʣʘʜʘʥʥʷ ʨʦʟʢʣʘʜʽʚ ʪʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʾʭ ʩʢʣʘʜʥʦʩʪʽ. ʅʘʡʧʦʰʠʨʝʥʽʰʘ ʥʘ 

ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʢʣʘʩʠʬʽʢʘʮʽʷ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʈ. ɻʨʝʭʝʤʦʤ [164, 184]. 

ʋʤʦʚʥʦ ʤʘʪʝʤʘʪʠʯʥʽ ʤʝʪʦʜʠ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʧʣʘʥʫʚʘʥʥʷ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ 

ʜʚʽ ʚʝʣʠʢʽ ʛʨʫʧʠ: ʪʦʯʥʽ ʪʘ ʥʘʙʣʠʞʝʥʽ ʤʝʪʦʜʠ. 

ɼʦ ʪʦʯʥʠʭ ʤʝʪʦʜʽʚ ʥʘʣʝʞʘʪʴ ʤʝʪʦʜʠ ʮʽʣʦʯʠʩʣʦʚʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ; ʧʦʩʣʽʜʦʚʥʽ 

ʘʣʛʦʨʠʪʤʠ ʦʧʪʠʤʽʟʘʮʽʾ (ʤʝʪʦʜ ʛʽʣʦʢ ʪʘ ʤʝʞ, ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ ʽ ʚʽʜʩʽʚʫ ʚʘʨʽʘʥʪʽʚ, 

ʤʝʪʦʜʠ ʪʝʦʨʽʾ ʛʨʘʬʽʚ). 

ʅʘʙʣʠʞʝʥʽ ʘʣʛʦʨʠʪʤʠ ʚʢʣʶʯʘʶʪʴ ʛʝʥʝʪʠʯʥʽ ʘʣʛʦʨʠʪʤʠ ʪʘ ʝʚʦʣʶʮʽʡʥʽ 

ʩʪʨʘʪʝʛʽʾ; ʝʚʨʠʩʪʠʯʥʽ ʤʝʪʦʜʠ; ʤʝʪʘʝʚʨʠʩʪʠʯʥʽ ʤʝʪʦʜʠ; ʽʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ. 

ɺ ʦʩʥʦʚʽ ʙʽʣʴʰʦʩʪʽ ʪʦʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʣʝʞʠʪʴ ʤʝʪʦʜ ʛʽʣʦʢ ʽ ʤʝʞ [164, 185ï

188]. ʗʢ ʚʝʨʰʠʥʠ ʚ ʜʝʨʝʚʽ ʧʦʰʫʢʫ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʯʘʩʪʠʥʥʽ ʨʦʟʢʣʘʜʠ. ʇʨʦʮʝʩ 

ʨʦʟʛʘʣʫʞʝʥʥʷ, ʷʢ ʧʨʘʚʠʣʦ, ʧʦʣʷʛʘʻ ʚ ʧʦʙʫʜʦʚʽ ʯʘʩʪʠʥʥʦʛʦ ʨʦʟʢʣʘʜʫ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʨʽʟʥʠʭ ʩʪʨʘʪʝʛʽʡ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʧʨʠʡʦʤʽʚ, ʷʢ ʧʨʘʚʠʣʘ ʜʦʤʽʥʫʚʘʥʥʷ, ʥʠʞʥʽ 

ʦʮʽʥʢʠ, ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʚʽʜʙʽʨ ʜʦʟʚʦʣʷʻ ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʟʤʝʥʰʠʪʠ ʜʝʨʝʚʦ 

ʧʦʰʫʢʫ. ɿʘʣʝʞʥʦ ʚʽʜ ʢʦʥʢʨʝʪʥʦʛʦ ʤʝʪʦʜʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʩʭʝʤʠ 

ʨʦʟʛʘʣʫʞʝʥʥʷ ʽ ʩʧʦʩʦʙʠ ʚʽʜʩʽʢʘʥʥʷ.  ɼʣʷ ʩʢʦʨʦʯʝʥʥʷ ʧʝʨʝʙʦʨʫ ʦʙʯʠʩʣʶʶʪʴʩʷ ʥʠʞʥʽ 

ʦʮʽʥʢʠ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʢʦʤʙʽʥʘʪʦʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʟʘʜʘʯ. 
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ʇʫʙʣʽʢʘʮ̔ʷ [189] ʧʨʠʩʚʷʯʝʥʘ ʬʦʨʤʫʚʘʥʥʶ ʛʨʘʬʽʢʽʚ ʚʠʨʦʙʥʠʮʪʚʘ. 

ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʜʚʦʩʪʫʧʝʥʝʚʘ ʤʦʜʝʣʴ ʥʝʯʽʪʢʦʛʦ ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʟ 

ʥʝʯʽʪʢʠʤ ʧʝʨʽʦʜʦʤ ʦʙʨʦʙʢʠ, ʜʝ ʦʜʥʦʯʘʩʥʦ ʦʮʽʥʶʶʪʴʩʷ ʫʩʽ ʝʣʝʤʝʥʪʠ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ 

ʟʘʜʘʯʽ ʧʣʘʥʫʚʘʥʥʷ ʤʝʪʦʜʘʤʠ ʥʝʯʽʪʢʦʾ ʣʦʛʽʢʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʽʜʭʦʜʫ 

ʧʦʜʽʻʚʦ-ʢʝʨʦʚʘʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. ʅʘ ʦʩʥʦʚʽ ʘʣʛʦʨʠʪʤʫ ʛʽʣʦʢ ʪʘ ʤʝʞ ʨʦʟʨʦʙʣʝʥʦ 

ʘʣʛʦʨʠʪʤ ʟ ʝʬʝʢʪʠʚʥʦʶ ʥʠʞʥʴʦʶ ʤʝʞʝʶ. ɼʣʷ ʟʘʜʘʯ ʚʝʣʠʢʦʾ ʨʦʟʤʽʨʥʦʩʪʽ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʩʧʦʩʽʙ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʝʥʝʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʪʝʦʨʽʾ ʨʦʟʢʣʘʜʽʚ ʟʥʘʡʰʣʠ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʠ 

ʜʠʥʘʤʽʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ [187, 190ï193]. 

ʋ ʟʘʩʪʦʩʫʚʘʥʥʽ ʜʦ ʦʢʨʝʤʠʭ ʧʨʝʜʤʝʪʥʠʭ ʦʙʣʘʩʪʝʡ ʟʘʜʘʯʽ ʪʝʦʨʽʾ ʨʦʟʢʣʘʜʽʚ 

ʤʦʞʫʪʴ ʙʫʪʠ ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʷʢ ʟʘʜʘʯʽ ʮʽʣʦʯʠʩʣʦʚʦʛʦ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ [164, 

181ï184]. 

ɺʘʞʣʠʚʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʦʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʻ ʜʦʮʽʣʴʥʠʤ ʣʠʰʝ ʚ 

ʪʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʨʦʟʤʽʨʥʽʩʪʴ ʟʘʜʘʯʽ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʘ (ʜʦ 50 ʨʦʙʽʪ), ʦʩʢʽʣʴʢʠ 

ʟʘʥʘʜʪʦ ʚʠʩʦʢʽ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʚʠʤʦʛʠ ʥʝ ʜʦʟʚʦʣʷʶʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʾʭ ʜʦ ʟʘʜʘʯ 

ʙʽʣʴʰʦʾ ʨʦʟʤʽʨʥʦʩʪʽ. ʋ ʟʘʜʘʯʘʭ ʚʝʣʠʢʦʾ ʨʦʟʤʽʨʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʙʣʠʞʝʥʠʭ 

ʤʝʪʦʜʽʚ ʟʘʣʠʰʘʻʪʴʩʷ ʻʜʠʥʠʤ ʝʬʝʢʪʠʚʥʠʤ ʩʧʦʩʦʙʦʤ ʾʭ ʚʠʨʽʰʝʥʥʷ, ʭʦʯʘ ʚʦʥʠ ʽ ʥʝ 

ʛʘʨʘʥʪʫʶʪʴ ʦʜʥʦʟʥʘʯʥʦʛʦ ʟʥʘʭʦʜʞʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ [164, 194, 195]. 

ʉʝʨʝʜ ʥʘʙʣʠʞʝʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʜʦʮʽʣʴʥʦ ʚʠʜʽʣʠʪʠ ʘʣʛʦʨʠʪʤʠ, ʱʦ ʛʘʨʘʥʪʫʶʪʴ 

ʚʽʜʥʦʩʥʫ ʧʦʛʨʽʰʥʽʩʪʴ [164, 196, 197], ʽ ʘʣʛʦʨʠʪʤʠ, ʱʦ ʛʘʨʘʥʪʫʶʪʴ ʘʙʩʦʣʶʪʥʫ 

ʧʦʛʨʽʰʥʽʩʪʴ. 

ɼʝʢʦʜʫʶʯʽ ʧʨʦʮʝʜʫʨʠ ʻ ʦʩʥʦʚʦʶ ʙʽʣʴʰʦʩʪʽ ʝʚʨʠʩʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʜʣʷ 

ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʢʘʣʝʥʜʘʨʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʟ ʦʙʤʝʞʝʥʠʤʠ ʨʝʩʫʨʩʘʤʠ. ɺʦʥʠ ʷʚʣʷʶʪʴ 

ʩʦʙʦʶ ʧʨʦʮʝʩ ʧʦʢʨʦʢʦʚʦʾ ʧʦʙʫʜʦʚʠ ʨʦʟʢʣʘʜʫ. ɿʘʣʝʞʥʦ ʚʽʜ ʩʧʦʩʦʙʫ ʚʢʣʶʯʝʥʥʷ ʚ 

ʨʦʟʢʣʘʜ ʯʝʨʛʦʚʦʾ ʨʦʙʦʪʠ, ʨʦʟʨʽʟʥʷʶʪʴ ʧʦʩʣʽʜʦʚʥʫ, ʊ-ʧʽʟʥʶ ʽ ʧʘʨʘʣʝʣʴʥʫ ʜʝʢʦʜʫʶʯʫ 

ʧʨʦʮʝʜʫʨʫ. 

ʇʦʩʣʽʜʦʚʥʘ ʧʨʦʮʝʜʫʨʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ n+2 ʢʨʦʢʽʚ. ʅʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʤʥʦʞʠʥʘ ʨʦʙʽʪ, ʚʞʝ ʚʢʣʶʯʝʥʠʭ ʜʦ ʨʦʟʢʣʘʜʫ, ʽ ʟʘʣʠʰʢʦʚʠʡ ʦʙʩʷʛ 

ʥʘʷʚʥʠʭ ʨʝʩʫʨʩʽʚ ʫ ʢʦʞʝʥ ʤʦʤʝʥʪ ʯʘʩʫ. ʂʦʞʥʠʡ ʢʨʦʢ ʧʦʣʷʛʘʻ ʚ ʜʦʜʘʚʘʥʥʽ ʜʦ 
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ʨʦʟʢʣʘʜʫ ʯʝʨʛʦʚʦʾ ʨʦʙʦʪʠ ʟ ʟʘʛʘʣʴʥʦʾ ʤʥʦʞʠʥʠ. ʇʦʩʣʽʜʦʚʥʘ ɼʇ ʧʦ ʯʝʨʟʽ ʨʦʟʛʣʷʜʘʻ 

ʨʦʙʦʪʠ ʧʨʦʻʢʪʫ ʽ ʜʣʷ ʢʦʞʥʦʾ ʟ ʥʠʭ ʧʽʜʙʠʨʘʻ ʤʦʤʝʥʪ ʾʾ ʧʦʯʘʪʢʫ [164]. 

ʊ-ʧʽʟʥʷ ʧʨʦʮʝʜʫʨʘ ʻ ʘʥʘʣʦʛʦʤ ʧʦʩʣʽʜʦʚʥʦʾ ʽ ʙʫʜʫʻ ʨʦʟʢʣʘʜ ʫ ʟʚʦʨʦʪʥʽʡ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ. 

ʇʘʨʘʣʝʣʴʥʘ ʧʨʦʮʝʜʫʨʘ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʦʩʣʽʜʦʚʥʦʾ, ʥʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ 

ʨʦʟʛʣʷʜʘʻ ʤʦʤʝʥʪ ʯʘʩʫ ʽ ʧʦ ʥʴʦʤʫ ʙʫʜʫʻ ʤʥʦʞʠʥʫ ʨʦʙʽʪ, ʷʢʽ ʙʫʜʫʪʴ ʟ ʥʴʦʛʦ 

ʧʦʯʠʥʘʪʠʩʷ. 

ʇʽʜˇʨʫʥʪʷʤ ʤʝʪʦʜʽʚ ʧʨʽʦʨʠʪʝʪʥʠʭ ʧʨʘʚʠʣ, ʷʢ ʧʨʘʚʠʣʦ, ʻ ʦʜʥʘ ʟ ʚʠʱʝʦʧʠʩʘʥʠʭ 

ʜʝʢʦʜʫʶʯʠʭ ʧʨʦʮʝʜʫʨ. ʇʨʽʦʨʠʪʝʪʥʝ ʧʨʘʚʠʣʦ ʩʪʘʚʠʪʴ ʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʢʦʞʥʽʡ ʨʦʙʦʪʽ 

ʜʝʷʢʝ ʯʠʩʣʦ. ɺʠʙʽʨ ʯʝʨʛʦʚʦʾ ʨʦʙʦʪʠ ʜʣʷ ʚʢʣʶʯʝʥʥʷ ʚ ʨʦʟʢʣʘʜ ʟʜʽʡʩʥʶʻʪʴʩʷ, 

ʚʠʭʦʜʷʯʠ ʟ ʨʦʟʩʪʘʥʦʚʢʠ ʧʨʽʦʨʠʪʝʪʽʚ ʩʝʨʝʜ ʨʦʙʽʪ ʜʦʧʫʩʪʠʤʦʾ ʤʥʦʞʠʥʠ [164]. 

ɼʦ ʢʣʘʩʫ ʦʜʥʦʢʨʦʢʦʚʠʭ ʤʝʪʦʜʽʚ ʚʽʜʥʦʩʠʪʴʩʷ ʙʽʣʴʰʽʩʪʴ ʜʝʪʝʨʤʽʥʦʚʘʥʠʭ 

çʞʘʜʽʙʥʠʭè ʘʣʛʦʨʠʪʤʽʚ. ɰʭ ʦʩʥʦʚʥʘ ʽʜʝʷ ʧʦʣʷʛʘʻ ʚ ʧʦʙʫʜʦʚʽ ʦʜʥʦʛʦ ʨʦʟʢʣʘʜʫ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʦʩʣʽʜʦʚʥʫ ʘʙʦ ʧʘʨʘʣʝʣʴʥʫ ʜʝʢʦʜʫʶʯʫ ʧʨʦʮʝʜʫʨʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʟʘʟʜʘʣʝʛʽʜʴ ʦʙʨʘʥʦʛʦ ʧʝʚʥʦʛʦ ʧʨʘʚʠʣʘ ʧʨʽʦʨʠʪʝʪʫ. 

ʆʩʥʦʚʥʘ ʽʜʝʷ ʙʘʛʘʪʦʢʨʦʢʦʚʠʭ ʝʚʨʠʩʪʠʢ ʧʦʣʷʛʘʻ ʚ ʧʦʙʫʜʦʚʽ ʜʝʢʽʣʴʢʦʭ ʨʦʟʢʣʘʜʽʚ 

ʟ̔ ʥʘʩʪʫʧʥʠʤ ʚʠʙʦʨʦʤ ʥʘʡʢʨʘʱʦʛʦ ʟ ʥʠʭ. ʇʨʠ ʮʴʦʤʫ ʯʝʨʛʦʚʠʡ ʨʦʟʢʣʘʜ ʤʦʞʝ 

ʙʫʜʫʚʘʪʠʩʷ ʷʢ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʧʦʙʫʜʦʚʘʥʠʭ ʨʘʥʽʰʝ, ʪʘʢ ʽ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʾʭ. 

ʈʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʨʦʟʢʣʘʜʽʚ ʤʦʞʝ ʜʦʩʷʛʘʪʠʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʝʢʽʣʴʢʦʭ ʧʨʽʦʨʠʪʝʪʥʠʭ 

ʧʨʘʚʠʣ ʽ ʜʝʢʽʣʴʢʦʭ ʜʝʢʦʜʫʶʯʠʭ ʧʨʦʮʝʜʫʨ [164]. 

ʄʝʪʘʝʚʨʠʩʪʠʢʠ ʟʘ ʩʚʦʻʶ ʩʫʪʪʶ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʟʘʛʘʣʴʥʽ ʩʭʝʤʠ ʧʦʙʫʜʦʚʠ 

ʘʣʛʦʨʠʪʤʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʽ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʟʘʜʘʯ ʜʠʩʢʨʝʪʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ. 

ɺʩʽ ʤʝʪʘʝʚʨʠʩʪʠʢʠ ʻ ʽʪʝʨʘʮʽʡʥʠʤʠ ʧʨʦʮʝʜʫʨʘʤʠ, ʽ ʜʣʷ ʙʘʛʘʪʴʦʭ ʟ ʥʠʭ ʚʩʪʘʥʦʚʣʝʥʘ 

ʘʩʠʤʧʪʦʪʠʯʥʘ ʟʙʽʞʥʽʩʪʴ ʥʘʡʢʨʘʱʦʛʦ ʟʥʘʡʜʝʥʦʛʦ ʨʽʰʝʥʥʷ ʜʦ ʛʣʦʙʘʣʴʥʦʛʦ ʦʧʪʠʤʫʤʫ. 

ɼʦ ʮʴʦʛʦ ʢʣʘʩʫ ʚʽʜʥʦʩʷʪʴʩʷ ʘʣʛʦʨʠʪʤʠ ʽʤʽʪʘʮʽʾ ʚʽʜʧʘʣʫ, ʧʦʰʫʢ ʽʟ ʟʘʙʦʨʦʥʘʤʠ, 

ʛʝʥʝʪʠʯʥʽ ʘʣʛʦʨʠʪʤʠ, ʘʣʛʦʨʠʪʤʠ ʢʦʣʝʢʪʠʚʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʪʘ ʽʥ [164]. 

ɸʣʛʦʨʠʪʤ ʤʝʪʦʜʫ ʽʤʽʪʘʮʽʾ ʚʽʜʧʘʣʫ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʢʣʘʩʫ ʧʦʨʦʛʦʚʠʭ ʘʣʛʦʨʠʪʤʽʚ 

ʣʦʢʘʣʴʥʦʛʦ ʧʦʰʫʢʫ. ʅʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ ʮʴʦʛʦ ʘʣʛʦʨʠʪʤʫ ʚ ʦʢʦʣʽ ʧʦʪʦʯʥʦʛʦ ʨʽʰʝʥʥʷ 

ʦʙʠʨʘʻʪʴʩʷ ʜʝʷʢʝ ʥʦʚʝ ʨʽʰʝʥʥʷ, ʽ ʷʢʱʦ ʨʽʟʥʠʮʷ ʟʘ ʟʥʘʯʝʥʥʷʤ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʤʽʞ 
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ʥʦʚʠʤ ʽ ʧʦʪʦʯʥʠʤ ʨʽʰʝʥʥʷʤ ʥʝ ʧʝʨʝʚʝʨʰʫʻ ʟʘʜʘʥʦʛʦ ʧʦʨʦʛʫ, ʪʦ ʥʦʚʝ ʨʽʰʝʥʥʷ 

ʟʘʤʽʥʶʻ ʧʦʪʦʯʥʝ. ɺ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ ʚʠʙʠʨʘʻʪʴʩʷ ʥʦʚʝ ʩʫʩʽʜʥʻ ʨʽʰʝʥʥʷ [164]. 

ʇʨʦʙʣʝʤʘ ʧʣʘʥʫʚʘʥʥʷ ʜʣʷ ʧʘʨʘʣʝʣʴʥʠʭ ʥʝʧʦʚôʷʟʘʥʠʭ ʤʘʰʠʥ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʫ 

ʧʫʙʣʽʢʘʮʽʾ [198]. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʜʘʥʦʾ ʧʨʦʙʣʝʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʙʘʛʘʪʦʮʽʣʴʦʚʠʡ 

ʘʣʛʦʨʠʪʤ ʙʘʛʘʪʦʧʦʟʠʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚʽʜʧʘʣʫ ʟ ʤʽʥʽʤʽʟʘʮʽʻʶ ʟʘʛʘʣʴʥʦʛʦ ʯʘʩʫ 

ʨʦʙʦʪʠ. ʆʮʽʥʢʘ ʦʪʨʠʤʘʥʠʭ ʟ̔ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʨʝʟʫʣʴʪʘʪʽʚ 

ʧʨʦʚʦʜʠʣʘʩʷ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʯʦʪʠʨʴʦʭ ʧʦʢʘʟʥʠʢʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʙʫʣʦ 

ʚʠʢʦʥʘʥʝ ʾʭ ʧʦʨʽʚʥʷʥʥʷ ʟ ʜʝʢʽʣʴʢʦʤʘ ʝʪʘʣʦʥʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʚʠʢʦʥʘʥʠʭ ʦʙʯʠʩʣʝʥʴ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʝʚʨʠʩʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤ 

ʧʦʤʽʪʥʦ ʧʝʨʝʚʝʨʰʠʚ ʝʪʘʣʦʥʥʽ ʝʚʨʠʩʪʠʢʠ ʟʘ ʫʩʽʤʘ ʯʦʪʠʨʤʘ ʧʦʢʘʟʥʠʢʘʤʠ. 

ʋ ʨʦʙʦʪʽ [199] ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʧʨʦʙʣʝʤʘ ʧʣʘʥʫʚʘʥʥʷ ʜʣʷ ʧʘʨʘʣʝʣʴʥʠʭ ʤʘʰʠʥ ʟ̔ 

ʤʽʥʽʤʽʟʘʮʽʻʶ ʯʘʩʫ ʚʠʢʦʥʘʥʥʷ ʟʘ ʫʤʦʚʠ, ʢʦʣʠ ʟʤʝʥʰʫʚʘʣʴʥʠʡ ʝʬʝʢʪ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʪʘʢʦʾ ʧʨʦʙʣʝʤʠ ʘʚʪʦʨʘʤʠ ʙʫʚ 

ʨʦʟʨʦʙʣʝʥʠʡ ʘʣʛʦʨʠʪʤ ʧʦʙʫʜʦʚʠ ʧʣʘʥʫ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʫ ʽʤʽʪʘʮʽʾ 

ʚʽʜʧʘʣʫ. 

ʄʝʪʦʜ ʧʦʰʫʢʫ ʟ ʟʘʙʦʨʦʥʘʤʠ ʜʦʟʚʦʣʷʻ ʘʣʛʦʨʠʪʤʫ ʣʦʢʘʣʴʥʦʛʦ ʩʧʫʩʢʫ ʥʝ 

ʟʫʧʠʥʷʪʠʩʷ ʚ ʪʦʯʮʽ ʣʦʢʘʣʴʥʦʛʦ ʦʧʪʠʤʫʤʫ, ʘ ʧʝʨʝʭʦʜʠʪʠ ʚʽʜ ʦʜʥʦʛʦ ʣʦʢʘʣʴʥʦʛʦ 

ʦʧʪʠʤʫʤʫ ʜʦ ʽʥʰʦʛʦ ʟ ʤʝʪʦʶ ʟʥʘʭʦʜʞʝʥʥʷ ʩʝʨʝʜ ʥʠʭ ʛʣʦʙʘʣʴʥʦʛʦ ʦʧʪʠʤʫʤʫ. 

ʆʩʥʦʚʥʠʤ ʤʝʭʘʥʽʟʤʦʤ, ʱʦ ʜʦʟʚʦʣʷʻ ʘʣʛʦʨʠʪʤʫ ʦʤʠʥʘʪʠ ʣʦʢʘʣʴʥʠʡ ʦʧʪʠʤʫʤ, ʻ 

ʩʧʠʩʦʢ ʟʘʙʦʨʦʥ. ɺʽʥ ʙʫʜʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʧʦʧʝʨʝʜʥʴʦʾ ʽʩʪʦʨʽʾ ʧʦʰʫʢʫ, ʪʦʙʪʦ ʟʘ 

ʜʝʢʽʣʴʢʦʤʘ ʦʩʪʘʥʥʽʤʠ ʨʽʰʝʥʥʷʤʠ ʽ ʟʘʙʦʨʦʥʷʻ ʯʘʩʪʠʥʫ ʦʢʦʣʽʚ ʧʦʪʦʯʥʦʛʦ 

ʨ̔ ʰʝʥʥʷ [164]. 

çɻʝʥʝʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤè ʚʠʢʦʨʠʩʪʦʚʫʻ ʽʪʝʨʘʮʽʡʥʠʡ ʧʽʜʭʽʜ ʧʦʣʽʧʰʝʥʥʷ 

ʨʝʟʫʣʴʪʘʪʽʚ. ʊʦʙʪʦ ʥʘ ʢʦʞʥʽʡ ʽʪʝʨʘʮʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʰʫʢ ʥʘʡʢʨʘʱʦʛʦ ʨʽʰʝʥʥʷ ʚ 

ʦʢʦʣʽ ʜʘʥʦʛʦ. ʗʢʱʦ ʪʘʢʝ ʨʽʰʝʥʥʷ ʟʥʘʡʜʝʥʦ, ʪʦ ʚʦʥʦ ʩʪʘʻ ʧʦʪʦʯʥʠʤ, ʽ ʧʦʯʠʥʘʻʪʴʩʷ 

ʥʦʚʘ ʽʪʝʨʘʮʽʷ. ʎʝ ʧʨʦʜʦʚʞʫʻʪʴʩʷ ʜʦ ʪʠʭ ʧʽʨ, ʧʦʢʠ ʧʨʠʨʽʩʪ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʥʝ 

ʟʤʝʥʰʠʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʜʦ ʥʫʣʷ ʘʙʦ ʥʝ ʙʫʜʝ ʚʠʢʦʥʘʥʘ  ʟʘʜʘʥʘ ʢʽʣʴʢʽʩʪʴ ʽʪʝʨʘʮʽʡ. ɼʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʟʥʘʭʦʜʞʝʥʥʷ ʛʣʦʙʘʣʴʥʦʛʦ ʦʧʪʠʤʫʤʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʤʥʦʞʠʥʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ ʟ̔ ʨʽʟʥʠʤʠ ʧʦʯʘʪʢʦʚʠʤʠ ʪʦʯʢʘʤʠ, ʱʦ ʽʩʪʦʪʥʦ ʟʙʽʣʴʰʫʻ ʯʘʩ 

ʧʦʰʫʢʫ. 
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ʊʝʦʨʝʪʠʯʥʽ ʦʩʥʦʚʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʝʥʝʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʜʣʷ ʨʽʟʥʠʭ ʩʬʝʨ 

ʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʠ ʪʘ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤʘʭ ʨʦʟʛʣʷʥʫʪʦ ʫ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʽʡ ʨʦʙʦʪʽ [200]. ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʧʨʠʜʽʣʝʥʦ ʧʦʥʷʪʪʶ ʘʜʘʧʪʘʮʽʾ, ʷʢʘ ʫ 

ʩʚʦʾʡ ʥʘʡʚʽʜʦʤʽʰʽʡ ʬʦʨʤʽ ʻ ʙʽʦʣʦʛʽʯʥʠʤ ʧʨʦʮʝʩʦʤ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ ʦʨʛʘʥʽʟʤʠ 

ʨʦʟʚʠʚʘʶʪʴʩʷ ʰʣʷʭʦʤ ʧʝʨʝʛʨʫʧʫʚʘʥʥʷ ʛʝʥʝʪʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʣʷ ʚʠʞʠʚʘʥʥʷ ʚ 

ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ʋ ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ, ʷʢʘ ʦʧʠʩʫʻ 

ʥʝʣʽʥʽʡʥʽʩʪʴ ʪʘʢʠʭ ʩʢʣʘʜʥʠʭ ʚʟʘʻʤʦʜʽʡ, ʘ ʪʘʢʦʞ ʜʝʤʦʥʩʪʨʫʻʪʴʩʷ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ 

ʤʦʜʝʣʽ ʪʘ ʾʾ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʛʘʣʫʟʷʭ ʝʢʦʥʦʤʽʢʠ, ʧʩʠʭʦʣʦʛʽʾ, ʪʝʦʨʽʾ ʽʛʦʨ ʪʘ ʰʪʫʯʥʦʛʦ 

ʽʥʪʝʣʝʢʪʫ. ʂʨʽʤ ʮʴʦʛʦ, ʚʠʜʽʣʝʥʦ ʩʧʦʩʽʙ, ʫ ʷʢʦʤʫ ʨʦʟʛʣʷʥʫʪʠʡ ʧʽʜʭʽʜ ʟʤʽʥʶʻ 

ʪʨʘʜʠʮʽʡʥʽ ʧʦʛʣʷʜʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʛʝʥʝʪʠʢʠ [200]. 

ɸʚʪʦʨʘʤʠ [201, 202] ʧʨʝʜʩʪʘʚʣʝʥʦ ʪʝʦʨʝʪʠʯʥʝ ʧʽʜˇʨʫʥʪʷ ʪʘ ʜʝʪʘʣʴʥʦ 

ʨʦʟʛʣʷʥʫʪʽ ʦʩʦʙʣʠʚʦʩʪʽ ʛʝʥʝʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʟ ʜʝʤʦʥʩʪʨʘʮʽʻʶ ʫ ʚʠʛʣʷʜʽ ʟʥʘʯʥʦʛʦ 

ʯʠʩʣʘ ʧʨʘʢʪʠʯʥʠʭ ʧʨʠʢʣʘʜʽʚ. 

ʋ ʩʪʘʪʪʽ [203] ʘʚʪʦʨʘʤʠ ʙʫʣʦ ʧʨʦʚʝʜʝʥʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ 

ʨʦʙʦʪʠ ʛʝʥʝʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʪʘ ʚʠʢʦʥʘʥʝ ʦʮʽʥʶʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʟ̔ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʥʪʨʦʣʴʥʠʭ ʬʫʥʢʮʽʡ. 

ʋ ʨʦʙʦʪʽ [204] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʛʝʥʝʪʠʯʥʦʛʦ 

ʘʣʛʦʨʠʪʤʫ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʭʘʥʽʟʤʫ ʚʠʙʽʨʢʦʚʦʾ ʽʥʽʮʽʘʣʽʟʘʮʽʾ. ʈʦʟʛʣʷʥʫʪʦ 

ʧʨʦʙʣʝʤʫ ʟʘʣʝʞʥʦʩʪʽ ʰʚʠʜʢʦʩʪʽ ʟʥʘʭʦʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʫ ʪʘ ʡʦʛʦ ʙʣʠʟʴʢʦʩʪʽ ʜʦ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʽʜ ʚʠʙʦʨʫ ʧʝʨʚʠʥʥʦʾ ʧʦʧʫʣʷʮʽʾ ʘʣʛʦʨʠʪʤʫ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʠʡ 

ʧʽʜʭʽʜ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʛʝʥʝʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʝʣʝʢʪʠʚʥʦʾ ʽʥʽʮʽʘʣʽʟʘʮʽʾ, ʷʢʘ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʟʥʘʭʦʜʞʝʥʥʷ ʥʘʡʙʽʣʴʰ ʧʨʠʜʘʪʥʠʭ 

çʭʨʦʤʦʩʦʤè ʪʘ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʧʦʯʘʪʢʦʚʠʭ ʜʣʷ ʛʝʥʝʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ. 

ɸʚʪʦʨʘʤʠ ʧʨʘʮʽ [205] ʨʦʟʛʣʷʜʘʶʪʴʩ ̫ʤʦʞʣʠʚʦʩʪʽ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʛʝʥʝʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʦʧʪʠʤʽʟʘʮʽʾ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʧʣʘʥʫʚʘʥʥʷ 

ʧʨʦʤʠʩʣʦʚʠʭ ʧʨʦʮʝʩʽʚ, ʧʦʙʫʜʦʚʠ ʬʽʥʘʥʩʦʚʠʭ ʩʪʨʘʪʝʛʽʡ, ʧʣʘʥʫʚʘʥʥʷ, ʰʠʬʨʫʚʘʥʥʷ 

ʜʘʥʠʭ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʛʘʣʫʟʷʭ ʨʦʙʦʪʦʪʝʭʥʽʢʠ, ʤʝʜʠʮʠʥʠ, ʘʚʪʦʤʦʙʽʣʝʙʫʜʫʚʘʥʥʷ, 

ʨʦʟʨʦʙʢʠ ʢʦʤʧôʶʪʝʨʥʠʭ ʽʛʦʨ, ʧʦʙʫʜʦʚʠ ʬʽʥʘʥʩʦʚʠʭ ʩʪʨʘʪʝʛʽʡ. 

ʋ ʨʦʙʦʪʘʭ [78, 206ï212] ʧʨʝʜʩʪʘʚʣʝʥʽ ʽʩʥʫʶʯʽ ʧʽʜʭʦʜʠ ʽ ʤʝʪʦʜʠ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʛʝʥʝʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ. 
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ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʘʪʝʤʘʪʠʯʥ ̔ʤʦʜʝʣ ̔ʪʘ ʘʣʛʦʨʠʪʤʠ ʚʠʨʽʰʝʥʥʷ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʠʭ 

ʟʘʜʘʯ ʚʠʙʦʨʫ ʩʪʨʘʪʝʛʽʾ ʨʦʟʚʠʪʢʫ ʚʠʨʦʙʥʠʯʠʭ ʩʠʩʪʝʤ.  

ʈʦʙʦʪʠ [164, 213ï225] ʧʨʠʩʚʷʯʝʥʽ ʚʠʢʦʨʠʩʪʘʥʥʶ ʨʦʡʦʚʠʭ ʘʣʛʦʨʠʪʤʽʚ ʜʣʷ 

ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ. ʍʘʨʘʢʪʝʨʥʦʶ 

ʨʠʩʦʶ ʨʦʡʦʚʦʛʦ ʽʥʪʝʣʝʢʪʫ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʘʛʝʥʪʽʚ, ʟʜʘʪʥʠʭ 

ʚʟʘʻʤʦʜʽʷʪʠ ʤʽʞ ʩʦʙʦʶ ʽ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ ʣʦʢʘʣʴʥʦ.  

ɿʘʛʘʣʴʥʘ ʩʭʝʤʘ ʨʦʡʦʚʠʭ ʘʣʛʦʨʠʪʤʽʚ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʪʘʢʽ ʝʪʘʧʠ:  

1. çɯʥʽʮʽʘʣʽʟʘʮʽʷ ʧʦʧʫʣʷʮʽʾ ʘʛʝʥʪʽʚè ï ʩʪʚʦʨʶʻʤʦ ʧʝʚʥʫ ʢʽʣʴʢʽʩʪʴ ʧʦʯʘʪʢʦʚʠʭ 

ʥʘʙʣʠʞʝʥʴ ʜʦ ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʚ ʦʙʣʘʩʪʽ ʧʦʰʫʢʫ.  

2. çɿʜʽʡʩʥʶʻʤʦ ʧʝʨʝʩʫʚʘʥʥʷ ʘʛʝʥʪʽʚ ʧʦʧʫʣʷʮʽʾè ʚ ʦʙʣʘʩʪʽ ʧʦʰʫʢʫ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʝʚʥʦʾ ʥʠʟʢʠ ʧʨʘʚʠʣ, ʧʨʠʪʘʤʘʥʥʠʭ ʧʝʚʥʦʤʫ ʨʦʡʦʚʦʤʫ ʘʣʛʦʨʠʪʤʫ, 

ʜʣʷ ʥʘʙʣʠʞʝʥʥʷ ʜʦ ʰʫʢʘʥʦʛʦ ʝʢʩʪʨʝʤʫʤʫ ʬʫʥʢʮʽʾ, ʱʦ ʦʧʪʠʤʽʟʫʻʪʴʩʷ. 

3. çɿʘʚʝʨʰʝʥʥʷ ʧʦʰʫʢʫè ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʫʤʦʚʠ ʟʘʢʽʥʯʝʥʥʷ ʽʪʝʨʘʮʽʡ, ʘ ʷʢ 

ʨʦʟʚôʷʟʦʢ ʦʙʠʨʘʻʪʴʩʷ ʥʘʡʢʨʘʱʽʡ ʽʟ ʟʥʘʡʜʝʥʠʭ ʚʘʨʽʘʥʪʽʚ ʨʦʟʪʘʰʫʚʘʥʥʷ ʘʛʝʥʪʽʚ 

ʧʦʧʫʣʷʮʽʾ. ʗʢʱʦ ʟʘʟʥʘʯʝʥʽ ʫʤʦʚʠ ʥʝ ʚʠʢʦʥʘʥʦ, ʪʦ ʧʦʚʝʨʪʘʻʤʦʩʷ ʜʦ ʚʠʢʦʥʘʥʥʷ  

ʝʪʘʧʫ 2. 

ʅʘʡʚʘʞʣʠʚʽʰʠʤ ʧʦʥʷʪʪʷʤ ʨʦʡʦʚʠʭ ʘʣʛʦʨʠʪʤʽʚ ʻ ʧʦʥʷʪʪʷ ʬʽʪʥʝʩ-ʬʫʥʢʮʽʾ 

(fitness-function). ʏʘʩʪʦ ʮʶ ʬʫʥʢʮʽʶ ʥʘʟʠʚʘʶʪʴ ʬʫʥʢʮʽʻʶ ʧʨʠʜʘʪʥʦʩʪʽ, ʬʫʥʢʮʽʻʶ 

ʢʦʨʠʩʥʦʩʪʽ, ʬʫʥʢʮʽʻʶ ʧʨʠʩʪʦʩʦʚʘʥʦʩʪʽ ʪʦʱʦ. ɺʘʞʣʠʚʽʩʪʴ ʬʫʥʢʮʽʾ ʦʙʫʤʦʚʣʝʥʘ ʪʽʻʶ 

ʦʙʩʪʘʚʠʥʦʶ, ʱʦ ʟ ʾʾ ʜʦʧʦʤʦʛʦʶ ʦʮʽʥʶʶʪʴ ʷʢʽʩʪʴ ʘʛʝʥʪʽʚ ʧʦʧʫʣʷʮʽʾ. ʉʪʨʘʪʝʛʽʯʥʦ, ʫ 

ʧʨʦʮʝʩʽ ʤʽʛʨʘʮʽʾ ʘʛʝʥʪʠ ʨʫʭʘʶʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʥʘʙʣʠʟʠʪʠʩʷ ʜʦ ʛʣʦʙʘʣʴʥʦʛʦ 

ʝʢʩʪʨʝʤʫʤʫ ʬʽʪʥʝʩ-ʬʫʥʢʮʽʾ.  

ɸʣʛʦʨʠʪʤʠ ʨʦʡʦʚʦʛʦ ʽʥʪʝʣʝʢʪʫ ʤʦʞʫʪʴ ʙʫʪʠ ʘʜʘʧʪʦʚʘʥʽ ʜʦ ʚʠʨʽʰʝʥʥʷ 

ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʾ ʟʘʜʘʯʽ. ɸʣʝ ʟʘ ʩʚʦʻʶ ʧʨʠʨʦʜʦʶ ʥʘʡʙʽʣʴʰ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʪʘʢʠʭ 

ʟʘʚʜʘʥʴ ʘʣʛʦʨʠʪʤ çʨʦʶ ʩʚʽʪʣʷʯʢʽʚè, ʦʩʢʽʣʴʢʠ ʢʦʞʥʘ ʯʘʩʪʢʘ ʚʠʢʦʥʫʻ ʯʝʨʛʦʚʠʡ ʢʨʦʢ, 

ʦʨʽʻʥʪʫʶʯʠʩʴ ʥʘ ʚʩʽ ʯʘʩʪʠʥʢʠ, ʱʦ ʟʘʡʤʘʶʪʴ ʢʨʘʱʽ ʧʦʟʠʮʽʾ. ʎʝ ʜʦʟʚʦʣʷʻ ʘʣʛʦʨʠʪʤʫ 

ʢʨʘʱʝ ʜʦʩʣʽʜʠʪʠ ʚʘʨʽʘʥʪʠ ʚ ʦʙʣʘʩʪʽ ʧʨʦʩʪʦʨʫ ʧʦʰʫʢʫ ʨʽʰʝʥʴ ʫ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʠʭ 

ʟʘʜʘʯʘʭ. ɸʣʛʦʨʠʪʤ ʧʦʰʫʢʫ ʢʦʩʷʢʦʤ ʨʠʙ ʻ ʫʥʽʚʝʨʩʘʣʴʥʠʤ ʤʝʪʦʜʦʤ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ 

ʦʧʪʠʤʫʤʫ ʬʫʥʢʮʽʡ ʙʫʜʴ-ʷʢʦʾ ʩʢʣʘʜʥʦʩʪʽ.  
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ʋ ʨʦʙʦʪʽ [226] ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʘʣʛʦʨʠʪʤʫ çʟʛʨʘʾ ʚʦʚʢʽʚè ʥʘ ʧʨʠʢʣʘʜʽ 

ʦʧʪʠʤʽʟʘʮʽʡʥʦʾ ʟʘʜʘʯʽ. ɹʫʣʦ ʚʠʚʯʝʥʦ ʚʧʣʠʚ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʘʣʛʦʨʠʪʤʫ ʪʘʢʠʭ 

ʧʘʨʘʤʝʪʨʽʚ, ʷʢ ʨʦʟʤʽʨ ʧʦʧʫʣʷʮʽʾ, ʢʽʣʴʢʽʩʪʴ ʽʪʝʨʘʮʽʡ, ʚʝʣʠʯʠʥʘ ʢʦʝʬʽʮʽʻʥʪʽʚ ʘʪʘʢʠ ʽ 

ʚʠʩʪʝʞʫʚʘʥʥʷ. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʘʣʛʦʨʠʪʤʫ ʙʫʚ 

ʨʦʟʨʦʙʣʝʥʠʡ ʧʨʦʛʨʘʤʥʠʡ ʤʦʜʫʣʴ, ʚ ʷʢʦʤʫ ʪʘʢʦʞ ʨʝʘʣʽʟʦʚʘʥʽ ʪʘʢʽ ʤʝʪʦʜʠ, ʷʢ ʧʦʚʥʠʡ 

ʧʝʨʝʙʽʨ, ʤʝʪʦʜ ʩʽʪʦʢ, ʘ ʪʘʢʦʞ ʾʭ ʧʘʨʘʣʝʣʴʥʽ ʨʝʘʣʽʟʘʮʽʾ. 

ʋ ʨʦʙʦʪʽ [221] ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʢʣʘʩʠʯʥʘ ʟʘʜʘʯʘ ʢʦʤʽʚʦʷʞʝʨʘ. ʈʽʰʝʥʥʷ ʟʘʚʜʘʥʥʷ 

ʧʨʦʚʦʜʠʪʴʩʷ ʘʣʛʦʨʠʪʤʦʤ çʟʛʨʘʾ ʚʦʚʢʽʚè ʽ ʡʦʛʦ ʤʦʜʠʬʽʢʘʮʽʻʶ. ɿʨʦʙʣʝʥʦ 

ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʨʦʟʛʣʷʥʫʪʠʭ ʘʣʛʦʨʠʪʤʽʚ ʟ̔ ʨʽʟʥʠʤʠ ʝʬʝʢʪʠʚʥʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ 

ʚʠʨʽʰʝʥʥʷ ʜʘʥʦʛʦ ʪʠʧʫ ʟʘʚʜʘʥʴ. 

ʋ ʨʦʙʦʪʽ [219] ʨʦʟʛʣʷʥʫʪʦ ʟʘʜʘʯʫ ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ 

ʤʝʪʘʣʫʨʛʽʡʥʠʤʠ ʚʠʨʦʙʥʠʮʪʚʘʤʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʯʠʥʥʠʢʘ ʚʪʨʘʪʠ ʯʘʩʫ ʥʘ 

ʧʝʨʝʥʘʣʘʛʦʜʞʝʥʥʷ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʠʡ ʨʘʥʽʰʝ ʥʝ ʨʦʟʛʣʷʜʘʚʩʷ. ʆʪʨʠʤʘʥʦ ʟʚʝʜʝʥʠʡ 

ʢʨʠʪʝʨʽʡ ʦʧʪʠʤʽʟʘʮʽʾ ʪʘ ʮʽʣʴʦʚʫ ʬʫʥʢʮʽʶ ʤʽʥʽʤʽʟʘʮʽʾ ʚʪʨʘʪ ʚʽʜ ʧʦʩʣʽʜʦʚʥʦʛʦ 

ʚʠʢʦʥʘʥʥʷ ʢʦʤʧʣʝʢʩʫ ʟʘʚʜʘʥʴ. ɼʣʷ ʟʘʜʘʯʽ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ ʨʦʟʚô̫ ʟʘʥʥʷ ʚ 

ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʥʘ ʦʩʥʦʚʽ ʤʦʜʝʣʶʚʘʥʥʷ çʤʫʨʘʰʠʥʦʾ ʢʦʣʦʥʽʾè. 

ʋ ʨʦʙʦʪʽ [227] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʠʡ ʛʽʙʨʠʜʥʠʡ ʘʣʛʦʨʠʪʤ ʥʘ ʦʩʥʦʚʽ 

ʙʘʛʘʪʦʮʽʣʴʦʚʦʛʦ ʛʝʥʝʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʤʽʪʘʮʽʡʥʦʛʦ ʚʽʜʧʘʣʫ ʜʣʷ 

ʧʘʨʘʣʝʣʴʥʠʭ ʤʘʰʠʥ ʽʟ ʟʘʣʝʞʥʠʤʠ ʧʦʩʣʽʜʦʚʥʦʩʪʷʤʠ ʚʠʢʦʥʘʥʥʷ, ʨʽʟʥʠʤʠ ʪʝʨʤʽʥʘʤʠ 

ʚʠʢʦʥʘʥʥʷ ʪʘ ʚʩʪʘʥʦʚʣʝʥʠʤʠ ʧʨʽʦʨʠʪʝʪʘʤʠ. 

ɸʚʪʦʨʘʤʠ ʧʫʙʣʽʢʘʮʽʾ [228] ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʧʣʘʥʫʚʘʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʧʽʜʭʽʜ ʥʘ ʦʩʥʦʚʽ ʘʣʛʦʨʠʪʤʫ ʰʪʫʯʥʦʾ çʙʜʞʦʣʠʥʦʾ ʢʦʣʦʥʽʾè ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ 

ʣʦʢʘʣʴʥʦʛʦ ʧʦʰʫʢʫ ʜʣʷ ʧʦʩʠʣʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ ʙʘʟʦʚʦʛʦ 

ʘʣʛʦʨʠʪʤʫ, ʘ ʪʘʢʦʞ ʟ ʚʚʝʜʝʥʥʷʤ ʜʦʜʘʪʢʦʚʦʛʦ ʦʧʝʨʘʪʦʨʘ ʩʫʩʽʜʩʪʚʘ ʥʘ ʦʩʥʦʚʽ 

çʞʘʜʽʙʥʦʾè ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʜʝʩʪʨʫʢʪʠʚʥʦʾ ʧʨʦʮʝʜʫʨʠ. ʂʨʽʤ ʮʴʦʛʦ, ʧʨʦʚʝʜʝʥʦ 

ʧʦʨʽʚʥʷʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʟ ʪʘʢʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ, ʷʢ ʧʦʰʫʢ ʽʟ 

ʟʘʙʦʨʦʥʘʤʠ ʪʘ ʛʝʥʝʪʠʯʥʠʤ ʘʣʛʦʨʠʪʤʦʤ. 

ʋ ʨʦʙʦʪʽ [220] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʛʽʙʨʠʜʥʠʡ ʘʣʛʦʨʠʪʤ ʧʣʘʥʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ 

ʘʣʛʦʨʠʪʤʫ çʨʦʶ ʯʘʩʪʦʢè (Particle Swarm Optimization) ʪʘ ʘʣʛʦʨʠʪʤʫ çʤʫʨʘʰʠʥʦʾ 

ʢʦʣʦʥʽʾè (Ant Colony Optimization). ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ ʚʠʟʥʘʯʘʻ ʥʘʡʢʨʘʱʽ 
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ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʜʣʷ ʨʽʟʥʠʭ ʢʦʤʙʽʥʘʮʽʡ ʟʘʪʨʠʤʦʢ ʽ ʧʦʧʝʨʝʜʞʝʥʴ ʚʠʢʦʥʘʥʥʷ ʜʣʷ 

ʟʘʜʘʥʦʛʦ ʥʘʙʦʨʫ ʨʦʙʽʪ. ʇʽʩʣʷ ʮʴʦʛʦ, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʘʨʽʘʥʪʘ, ʷʢʠʡ 

ʙʽʣʴʰʦʶ ʤʽʨʦʶ ʟʘʜʦʚʦʣʴʥʷʻ ʟʘʜʘʥʫ ʮʽʣʴʦʚʫ ʬʫʥʢʮʽʶ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʝʯʽʪʢʘ 

ʣʦʛʽʢʘ. ʂʨʽʤ ʮʴʦʛʦ, ʫ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʝ ʧʦʨʽʚʥʷʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʟ 

ʨʽʟʥʠʤʠ ʤʦʜʠʬʽʢʘʮʽʷʤʠ ʛʝʥʝʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ, ʪʘʢʠʤʠ ʷʢ çʛʝʥʝʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤè ʟ̔ 

ʯʘʩʪʢʦʚʦ ʚʽʜʦʙʨʘʞʝʥʠʤ ʦʧʝʨʘʪʦʨʦʤ ʢʨʦʩʩʦʚʝʨʘ, çʛʝʥʝʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤè ʟ̔ 

ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʤ ʫʥʽʬʽʢʦʚʘʥʠʤ ʧʦʩʣʽʜʦʚʥʠʤ ʛʝʥʝʨʘʪʦʨʦʤ, ʥʝʯʽʪʢʠʤ ʛʝʥʝʪʠʯʥʠʤ 

ʘʣʛʦʨʠʪʤʦʤ ʪʦʱʦ. 

ʋ 1975 ʨʦʮʽ ʍʦʣʣʘʥʜ ʦʧʫʙʣʽʢʫʚʘʚ ʪʝʦʨʝʤʫ ʩʭʝʤ ʫ ʩʚʦʾʡ ʢʥʠʟʽ [229], ʷʢʘ ʻ 

ʘʥʘʣʽʪʠʯʥʠʤ ʦʙˇʨʫʥʪʫʚʘʥʥʷʤ ʟʙʽʞʥʦʩʪʽ ʛʝʥʝʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʟ̔ ʬʽʢʩʦʚʘʥʠʤ 

ʥʘʙʦʨʦʤ ʧʘʨʘʤʝʪʨʽʚ ʽ ʟʘʧʨʦʧʦʥʫʚʘʚ ʦʩʥʦʚʥʫ ʽʜʝʶ ʛʝʥʝʪʠʯʥʠʭ ʦʧʝʨʘʪʦʨʽʚ ʽ 

ʨʝʧʨʦʜʫʢʪʠʚʥʠʡ ʧʣʘʥ, ʘ ɼ. ɻʦʣʴʜʙʝʨʛ ʫ ʧʨʘʮʽ [230] ʚʧʝʨʰʝ ʚʠʢʦʨʠʩʪʘʚ ʪʝʨʤʽʥ 

çʛʝʥʝʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤè, ʚʠʢʣʘʚ ʪʝʦʨʽʶ ʽ ʤʦʞʣʠʚʽ ʩʬʝʨʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʝʥʝʪʠʯʥʠʭ 

ʘʣʛʦʨʠʪʤʽʚ, ʪʦʙʪʦ ʟʜʽʡʩʥʠʚ ʟʥʘʯʥʠʡ ʚʥʝʩʦʢ ʫ ʨʦʟʚʠʪʦʢ ʪʝʦʨʽʾ ɼʞʦʥʘ ʍʦʣʣʘʥʜʘ [164]. 

ʄʝʪʦʜ ʦʧʪʠʤʽʟʘʮʽʾ çʟʛʨʘʻèʁ ʘʙʦ çʨʦʻʤè ʯʘʩʪʠʥʦʢ ʫ 1995 ʨʦʮʽ ʙʫʚ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʚʯʝʥʠʤʠ ɼʞ. ʂʝʥʥʝʜʽ ʽ ɼ.ʂ. ɽʙʝʨʭʘʨʪ [231]. ɸʣʛʦʨʠʪʤ çʨʦʶ 

ʯʘʩʪʦʢè, ʷʢ ʽ çʛʝʥʝʪʠʯʥʠʡè ʘʣʛʦʨʠʪʤ, ʤʦʜʝʣʶʻ ʜʝʷʢʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ, ʱʦ ʽʩʥʫʶʪʴ ʫ 

ʧʨʠʨʦʜʽ, ʥʘʧʨʠʢʣʘʜ, ʧʦʚʝʜʽʥʢʘ ʛʨʫʧʠ ʧʪʘʭʽʚ ʘʙʦ ʨʠʙ ʫ ʧʦʰʫʢʘʭ ʢʦʨʤʫ. ɸʣʛʦʨʠʪʤ 

ʨʦʶ ʯʘʩʪʦʢ ʧʨʠʥʮʠʧʦʚʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʛʝʥʝʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʚʽʜʩʫʪʥʽʩʪʶ 

ʙʘʟʦʚʠʭ ʛʝʥʝʪʠʯʥʠʭ ʦʧʝʨʘʪʦʨʽʚ (ʩʝʣʝʢʮʽʷ, ʤʫʪʘʮʽʷ, ʩʭʨʝʱʫʚʘʥʥʷ). 

ɿ ʦʩʥʦʚʥʠʭ ʘʣʛʦʨʠʪʤʽʚ, ʷʢʽ ʽʤʽʪʫʶʪʴ ʧʦʚʝʜʽʥʢʫ ʞʠʚʠʭ ʙʽʦʣʦʛʽʯʥʠʭ ʽʩʪʦʪ, 

ʜʦʮʽʣʴʥʦ ʚʠʜʽʣʠʪʠ ʪʘʢʽ ʘʣʛʦʨʠʪʤʠ: ʘʣʛʦʨʠʪʤ çʟʛʨʘʾ ʚʦʚʢʽʚè (Grey Wolf Optimizer, 

GWO), ʱʦ ʽʤʽʪʫʻ ʾʭ ʧʦʣʶʚʘʥʥ ̫[221, 225]; ʘʣʛʦʨʠʪʤ çʩʚʽʪʣʷʯʢʽʚè (Firefly Algorithm, 

FFA), ʱʦ ʽʤʽʪʫʻ ʾʭ ʧʦʣʽʪ; ʘʣʛʦʨʠʪʤ çʧʦʰʫʢʫ ʟʦʟʫʣʽè (Cuckoo Search Algorithm, CSA), 

ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʨʦʮʝʩʽ ʚʽʜʢʣʘʜʘʥʥʷ ʷʻʮʴ; ʘʣʛʦʨʠʪʤ çʢʘʞʘʥʽʚè (Bat Algorithm, BA), 

ʱʦ ʽʤʽʪʫʻ ʾʭ ʧʦʣʶʚʘʥʥʷ [222, 223]; çʢʦʩʷʢ ʨʠʙè, ʱʦ ʽʤʽʪʫʻ ʾʭ ʧʦʰʫʢ ʪʘ ʜʽʾ ʧʨʠ 

ʛʦʜʫʚʘʥʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʽʚ ʟʯʠʪʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʙʦʢʦʚʦʶ ʣʽʥʽʻʶ [224, 232, 

233]; çʤʫʨʘʰʠʥʘ ʢʦʣʦʥʽʷè, ʽʤʽʪʫʻ ʾʭ ʧʦʚʝʜʽʥʢʫ ʟʙʦʨʫ ʾʞʽ ʪʘ ʾʭ ʟʜʘʪʥʽʩʪʴ ʬʦʨʤʫʚʘʪʠ 

ʦʧʪʠʤʘʣʴʥʽ ʰʣʷʭʠ [219, 220]; çʙʜʞʦʣʠʥʦʾ ʢʦʣʦʥʽʾè, ʽʤʽʪʫʻ ʾʭ ʧʦʚʝʜʽʥʢʫ ʧʦʰʫʢʫ ʪʘ 

ʟʙʦʨʫ ʾʞʽ [234ï236]. 
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ɸʚʪʦʨʘʤʠ [237] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʤʙʽʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʥʝʣʽʥʽʡʥʦʛʦ 

ʮʽʣʦʯʠʩʣʦʚʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʧʣʘʥʫʚʘʥʥʷ ʨʦʙʦʪʠ ʧʘʨʘʣʝʣʴʥʠʭ 

ʤʘʰʠʥ ʟ̔ ʧʦʧʝʨʝʜʞʝʥʥʷʤ ʪʘ ʟʘʪʨʠʤʢʦʶ, ʘ ʪʘʢʦʞ ʟ ʦʜʥʦʯʘʩʥʠʤ ʚʧʣʠʚʦʤ ʥʘʚʯʘʣʴʥʦʛʦ 

ʪʘ ʣʽʥʽʡʥʦʛʦ ʩʧʫʩʢʫ, ʷʢʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ ʪʘ ʟʘʛʘʣʴʥʦʛʦ 

ʪʝʨʤʽʥʫ ʨʦʙʦʪʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʧʽʜʭʽʜ, ʟʘ ʷʢʦʛʦ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ ʚʠʟʥʘʯʘʚʩʷ 

ʟʨʦʩʪʦʤ ʬʫʥʢʮʽʾ ʧʦʯʘʪʢʫ ʯʘʩʫ ʾʾ ʚʠʢʦʥʘʥʥʷ ʪʘ ʧʦʣʦʞʝʥʥʷʤ ʫ ʯʝʨʟʽ ʚʠʢʦʥʘʥʥʷ. 

ɿʦʢʨʝʤʘ, ʨʦʟʨʦʙʣʝʥʫ ʤʦʜʝʣʴ ʟʘʩʪʦʩʦʚʘʥʦ ʜʦ ʧʨʦʙʣʝʤʠ ʧʣʘʥʫʚʘʥʥʷ ʟ̔ ʜʚʦʤʘ 

ʤʘʰʠʥʘʤʠ ʪʘ ʦʜʠʥʘʜʮʷʪʴʤʘ ʨʦʙʦʪʘʤʠ. 

ʆʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʧʨʦʙʣʝʤ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʨʦʡʦʚʠʭ ʘʣʛʦʨʠʪʤʽʚ ʻ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʘʣʘʥʩʫ ʤʽʞ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʧʦʰʫʢʫ (ʰʚʠʜʢʽʩʪʶ ʟʙʽʞʥʦʩʪʽ ʘʣʛʦʨʠʪʤʫ) ʽ 

ʰʠʨʠʥʦʶ ʧʦʰʫʢʫ (ʜʠʚʝʨʩʠʬʽʢʘʮʽʻʶ ʧʦʰʫʢʫ) [164].  

ʆʩʥʦʚʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʡʦʚʠʭ ʘʣʛʦʨʠʪʤʽʚ ʻ ʥʘʜʽʡʥʽʩʪʴ 

ʘʣʛʦʨʠʪʤʫ ï ʦʮʽʥʢʘ ʡʤʦʚʽʨʥʦʩʪʽ ʣʦʢʘʣʽʟʘʮʽʾ ʛʣʦʙʘʣʴʥʦʛʦ ʝʢʩʪʨʝʤʫʤʫ, ʘ ʪʘʢʦʞ 

ʰʚʠʜʢʽʩʪʴ ʡʦʛʦ ʟʙʽʞʥʦʩʪʽ ï ʦʮʽʥʢʘ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʯʽʢʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʯʠʩʣʘ 

ʚʠʧʨʦʙʫʚʘʥʴ (ʦʙʯʠʩʣʝʥʴ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ, ʱʦ ʦʧʪʠʤʽʟʫʻʪʴʩʷ) [164]. 

ʆʩʦʙʣʠʚʦʩʪʷʤʠ ʟʘʜʘʯ ʛʣʦʙʘʣʴʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʫ ʜʘʥʠʡ ʯʘʩ ʫ 

ʙʘʛʘʪʴʦʭ ʜʦʜʘʪʢʘʭ, ʻ [164]:  

Å ʥʝʣʽʥʽʡʥʽʩʪʴ;  

Å ʥʝʜʠʬʝʨʝʥʮʽʡʦʚʘʥʽʩʪʴ;  

Å ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʽʩʪʴ;  

Å ʥʘʷʚʥʽʩʪʴ ʣʦʢʘʣʴʥʠʭ ʤʽʥʽʤʫʤʽʚ; 

Å ʚʽʜʩʫʪʥʽʩʪʴ ʘʥʘʣʽʪʠʯʥʦʛʦ ʚʠʨʘʟʫ (ʧʦʛʘʥʘ ʬʦʨʤʘʣʽʟʘʮʽ)̫ ʽ ʚʠʩʦʢʘ 

ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʩʢʣʘʜʥʽʩʪʴ ʬʫʥʢʮʽʡ ʦʧʪʠʤʘʣʴʥʦʩʪʽ;  

Å ʚʠʩʦʢʘ ʨʦʟʤʽʨʥʽʩʪʴ ʧʨʦʩʪʦʨʫ ʧʦʰʫʢʫ;  

Å ʩʢʣʘʜʥʘ ʪʦʧʦʣʦʛʽʷ ʦʙʣʘʩʪʽ ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ ʪʦʱʦ. 

ʈʦʟʨʽʟʥʷʶʪʴ ʪʨʘʻʢʪʦʨʥʽ ʽ ʧʦʧʫʣʷʮʽʡʥʽ ʘʣʛʦʨʠʪʤʠ ʧʦʰʫʢʦʚʦʾ ʛʣʦʙʘʣʴʥʦʾ 

ʦʧʪʠʤʽʟʘʮʽʾ. ʊʨʘʻʢʪʦʨʥʽ ʘʣʛʦʨʠʪʤʠ (single-state algorithms) ʧʨʠʧʫʩʢʘʶʪʴ ʦʥʦʚʣʝʥʥʷ 

ʥʘ ʢʦʞʥʽʡ ʽʪʝʨʘʮʽʾ ʧʦʣʦʞʝʥʥʷ ʣʠʰʝ ʦʜʥʦʛʦ ʢʘʥʜʠʜʘʪʘ ʫ ʚʠʨʽʰʝʥʥʽ ʟʘʚʜʘʥʥʷ. ʇʨʠ 

ʮʴʦʤʫ ʟʘʛʘʣʴʥʝ ʯʠʩʣʦ ʢʘʥʜʠʜʘʪʽʚ ʤʦʞʝ ʙʫʪʠ ʙʽʣʴʰʠʤ ʦʜʠʥʠʮʽ, ʽ ʥʘ ʨʽʟʥʠʭ ʽʪʝʨʘʮʽʷʭ 

ʤʦʞʫʪʴ ʧʝʨʝʤʽʱʘʪʠʩʷ ʨʽʟʥʽ ʢʘʥʜʠʜʘʪʠ.  
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1.4 ʇʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʴ ʜʦʩʣʽʜʞʝʥʴ ʽ ʨʦʟʨʦʙʦʢ 

 

 

ɺʘʞʣʠʚʽʩʪʴ ʟʘʜʘʯ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʪʘ ʾʭ ʩʢʣʘʜʥʽʩʪʴ ʥʘ ʨʽʟʥʠʭ ʨʽʚʥʷʭ 

ʫʧʨʘʚʣʽʥʥʷ ʦʙʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʴ ʥʘ ʦʩʥʦʚʽ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʝʚʨʠʩʪʠʯʥʠʭ ʽ ʝʚʦʣʶʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʘʣʛʦʨʠʪʤʽʚ. 

ʉʪʚʦʨʝʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ 

ʟʘʙʝʟʧʝʯʠʪʴ ʚʠʨʽʰʝʥʥʷ ʙʽʣʴʰʦʩʪʽ ʟʘʜʘʯ ʫʧʨʘʚʣʽʥʥʷ ʡ ʧʽʜʚʠʱʠʪʴ ʾʭ ʷʢʽʩʪʴ, ʱʦ 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʪʝʧʝʨʽʰʥʽʭ ʤʦʞʣʠʚʽʩʪʶ ʟʘʧʦʙʽʛʘʪʠ ʚʠʥʠʢʥʝʥʥʶ ʧʦʟʘʰʪʘʪʥʠʭ 

ʩʠʪʫʘʮʽʡ, ʟʤʝʥʰʠʪʠ ʥʝʝʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʚʠʪʨʘʪʠ 

ʦʩʥʦʚʥʠʭ ʨʝʩʫʨʩʽʚ, ʤʽʥʽʤʽʟʫʚʘʪʠ ʚʠʪʨʘʪʠ ʥʘ ʧʦʩʪʘʯʘʥʥʷ ʪʘ ʟʙʝʨʽʛʘʥʥʷ ʤʘʪʝʨʽʘʣʴʥʦ-

ʪʝʭʥʽʯʥʠʭ ʨʝʩʫʨʩʽʚ, ʪʘʢʦʞ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ, ʟʤʝʥʰʠʪʠ ʧʨʦʩʪʦ ʾ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ, ʧʽʜʪʨʠʤʫʚʘʪʠ ʝʬʝʢʪʠʚʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ ʪʘ ʟʤʝʥʰʠʪʠ ʡʤʦʚʽʨʥʽʩʪʴ 

ʚʠʥʠʢʥʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʩʠʪʫʘʮʽʡ.  

ʋʩʝ ʚʠʱʝʟʘʟʥʘʯʝʥʝ ʦʙʫʤʦʚʠʣʦ ʚʠʙʽʨ ʪʝʤʠ ʜʠʩʝʨʪʘʮʽʾ, ʚʩʪʘʥʦʚʣʝʥʥʷ ʾʾ ʤʝʪʠ ʪʘ 

ʟʘʚʜʘʥʴ. ʇʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʥʘ ʦʩʥʦʚʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʣʘʩʠʯʥʠʭ, 

ʝʚʨʠʩʪʠʯʥʠʭ ʪʘ ʝʚʦʣʶʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʨʦʟʛʣʷʜʘʣʦʩʷ ʨʽʟʥʠʤʠ ʥʘʫʢʦʚʮʷʤʠ, ʘʣʝ ʟʘʜʘʯʘ 

ʜʦʩʽ ʟʘʣʠʰʘʻʪʴʩʷ ʘʢʪʫʘʣʴʥʦʶ.  

ʋ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʞʦʨʩʪʢʦʛʦ ʨʠʥʢʫ ʥʝʦʙʭʽʜʥʦ ʫʪʨʠʤʘʪʠ ʩʧʦʞʠʚʘʯʘ, ʱʦ 

ʤʦʞʣʠʚʦ ʪʽʣʴʢʠ ʟʘ ʨʘʭʫʥʦʢ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʾ ʧʨʦʜʫʢʮʽʾ ʘʙʦ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛʠ 

ʟʘ ʤʽʥʽʤʘʣʴʥʠʡ ʯʘʩ, ʘ ʪʘʢʦʞ ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʤʽʥʽʤʽʟʘʮʽʻʶ ʚʠʪʨʘʪ ʥʘ ʮʝ. ʊʘʢʘ ʟʘʜʘʯʘ 

ʛʦʩʪʨʦ ʩʪʦʾʪʴ ʧʝʨʝʜ ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ ʭʘʨʯʦʚʦʾ ʛʘʣʫʟʽ, ʪʦʤʫ ʱʦ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʚʠʩʦʢʦʷʢʽʩʥʦʾ ʧʨʦʜʫʢʮʽʾ ʟ̔ ʚʯʘʩʥʠʤ ʚʠʢʦʥʘʥʥʷʤ ʟʘʤʦʚʣʝʥʥʷ ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ 

ʟʘʢʫʧʢʫ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢʽʩʥʦʾ ʩʠʨʦʚʠʥʠ; ʫ ʨʘʟʽ ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʘʙʝʟʧʝʯʠʪʠ ʷʢʽʩʥʝ 

ʟʙʝʨʽʛʘʥʥʷ ʩʠʨʦʚʠʥʠ, ʷʢʘ ʤʘʻ ʦʙʤʝʞʝʥʽ ʪʝʨʤʽʥʠ ʚʠʢʦʨʠʩʪʘʥʥʷ; ʚʠʛʦʪʦʚʠʪʠ ʚʯʘʩʥʦ 

ʷʢʽʩʥʫ ʧʨʦʜʫʢʮʽʶ ʟ ʜʦʪʨʠʤʘʥʥʷʤ ʫʩʽʭ ʥʝʦʙʭʽʜʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʠʤʦʛ; ʟʘʙʝʟʧʝʯʠʪʠ 

ʟʙʝʨʽʛʘʥʥʷ ʚʠʛʦʪʦʚʣʝʥʦʾ ʧʨʦʜʫʢʮʽʾ, ʘ ʪʘʢʦʞ ʷʢʽʩʥʝ ʧʦʩʪʘʯʘʥʥʷ. ʂʦʞʝʥ ʟ̔ ʥʘʚʝʜʝʥʠʭ 

ʝʪʘʧʽʚ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʯʘʩʫ ʥʘ ʡʦʛʦ ʚʠʢʦʥʘʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʚʠʪʨʘʪ, ʷʢʽ 
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ʤʦʞʫʪʴ ʤʠʪʪʻʚʦ ʟʤʽʥʶʚʘʪʠʩʴ ʚ ʫʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ, ʘʣʝ ʚʘʨʪʽʩʪʴ ʢʽʥʮʝʚʦʛʦ 

ʧʨʦʜʫʢʪʫ ʯʠ ʧʦʩʣʫʛʠ ʯʘʩʪʽʰʝ ʻ ʬʽʢʩʦʚʘʥʦʶ ʚʝʣʠʯʠʥʦʶ, ʱʦ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʤʦʞʝ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʙʘʥʢʨʫʪʩʪʚʘ. ɹʽʣʴʰʽʩʪʴ ʧʽʜʧʨʠʻʤʩʪʚ, ʱʦ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʤʘʣʠʭ ʯʠ 

ʩʝʨʝʜʥʽʭ, ʥʘʤʘʛʘʶʪʴʩʷ ʟʤʝʥʰʠʪʠ ʦʙʩʷʛʠ ʚʠʛʦʪʦʚʣʝʥʥʷ, ʟʤʽʥʠʪʠ ʪʝʨʤʽʥʠ ʚʠʢʦʥʘʥʥʷ, 

ʧʨʘʮʶʚʘʪʠ ʟʘ ʜʦʚʛʦʩʪʨʦʢʦʚʠʤʠ ʜʦʛʦʚʦʨʘʤʠ, ʘ ʪʘʢʦʞ ʥʘʤʘʛʘʶʪʴʩʷ ʧʨʘʮʶʚʘʪʠ ʚ 

ʨʝʞʠʤʽ ʧʦʯʘʪʢʦʚʦʛʦ ʦʪʨʠʤʘʥʥʷ ʧʝʚʥʦ ʾʢʽʣʴʢʦʩʪʽ ʟʘʤʦʚʣʝʥʴ, ʚʠʢʦʥʘʥʥʷ ʷʢʠʭ ʙʫʜʝ 

ʥʝʟʙʠʪʢʦʚʠʤ, ʘ ʧʦʪʽʤ ʾʭ ʚʠʢʦʥʫʚʘʪʠ. ɺʩʝ ʮʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʪʨʘʪʠ ʢʣʽʻʥʪʽʚ-

ʩʧʦʞʠʚʘʯʽʚ, ʷʢʽ ʟʥʘʭʦʜʷʪʴ ʘʣʴʪʝʨʥʘʪʠʚʫ ʧʨʦʜʫʢʮʽʾ ʯʠ ʧʦʩʣʫʟʽ, ʷʢʘ ʙʫʜʝ ʚʠʢʦʥʘʥʘ 

ʚʯʘʩʥʦ ʡ ʤʘ̒ ʚʽʜʧʦʚʽʜʥʫ ʷʢʽʩʪʴ.  

ɿʜʽʡʩʥʝʥʥʷ ʫʧʨʘʚʣʽʥʥʷ ʫʩʽʤʘ ʣʘʥʢʘʤʠ ʧʽʜʧʨʠʻʤʩʪʚʘ ʧʦʚʠʥʥʦ ʙʫʪʠ 

ʫʟʛʦʜʞʝʥʠʤ, ʱʦ ʥʝʤʦʞʣʠʚʦ ʜʦʩʷʛʪʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʪʘʥʜʘʨʪʥʽ ʤʝʪʦʜʠ 

ʫʧʨʘʚʣʽʥʥʷ. ɰʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʪʨʘʪ ʯʘʩʦʚʠʭ ʨʝʩʫʨʩʽʚ, ʱʦ ʥʝ ʚʽʜʧʦʚʽʜʘʻ 

ʧʦʪʨʝʙʽ ʫʧʨʘʚʣʽʥʥʷ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. ɺʩʝ ʮʝ ʦʙʫʤʦʚʣʶʻ ʨʦʟʨʦʙʢʫ ʪʘ ʩʪʚʦʨʝʥʥʷ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ web-ʦʨʽʻʥʪʦʚʘʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʝʚʨʠʩʪʠʯʥʽ, ʝʚʦʣʶʮʽʡʥʽ ʪʘ ʤʫʣʴʪʠʘʛʝʥʪʥʽ ʤʝʪʦʜʠ ʡ ʧʽʜʭʦʜʠ ʜʦ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ, ʚ ʦʩʥʦʚʽ ʷʢʠʭ ʣʝʞʠʪʴ ʤʦʜʝʣʶʚʘʥʥʷ ʢʦʣʝʢʪʠʚʥʦʛʦ 

ʽʥʪʝʣʝʢʪʫ ʩʫʩʧʽʣʴʥʠʭ ʪʚʘʨʠʥ, ʢʦʤʘʭ ʪʘ ʽʥʰʠʭ ʞʠʚʠʭ ʽʩʪʦʪ. ɿʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʫʯʘʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʪʘʢʽ ʤʝʪʦʜʠ ʜʘʶʪʴ ʰʚʠʜʢʽ ʨʝʟʫʣʴʪʘʪʠ ʫ ʨʦʟʚôʷʟʘʥʥʽ 

ʨʽʟʥʠʭ ʟʘʜʘʯ ʦʧʪʠʤʽʟʘʮʽʾ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʮʴʦʛʦ ʥʘʧʨʷʤʫ. ʆʩʦʙʣʠʚʦ 

ʚʘʞʣʠʚʠʤ ʻ ʥʘʧʨʷʤ ʨʦʟʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʥʘ ʦʩʥʦʚʽ ʤʦʜʠʬʽʢʦʚʘʥʠʭ 

ʘʣʛʦʨʠʪʤʽʚ ʪʘ ʤʝʪʦʜʽʚ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʥʝʦʙʭʽʜʥʦ ʜʦʮʽʣʴʥʦ 

ʟʜʽʡʩʥʶʚʘʪʠ ʫ ʜʚʦʭ ʥʘʧʨʷʤʘʭ:  

1) ʨʦʟʨʦʙʣʝʥʥʷ ʥʦʚʠʭ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʘʣʛʦʨʠʪʤʽʚ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʚʠʨʽʰʫʚʘʪʠ 

ʩʢʣʘʜʥʽ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʽ ʟʘʜʘʯʽ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ;  

2) ʨʦʟʨʦʙʣʝʥʥʷ ʥʦʚʠʭ ʧʽʜʭʦʜʽʚ ʪʘ ʤʝʪʦʜʦʣʦʛʽʡ ʱʦʜʦ ʩʪʚʦʨʝʥʥ ̫ ʛʽʙʨʠʜʥʠʭ 

ʩʠʩʪʝʤ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ.  

ʋ ʟʚôʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʨʝʘʣʽʟʘʮʽʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʥʝ ʤʦʞʝ ʙʫʪʠ 

ʚʽʜʦʢʨʝʤʣʝʥʦʶ ʙʝʟ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ, ʘ ʪʘʢʦʞ, ʚʨʘʭʦʚʫʶʯʠ ʧʦʩʪʘʚʣʝʥʫ ʟʘʜʘʯʫ, 
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ʥʝʦʙʭʽʜʥʦ ʾʾ ʨʝʘʣʽʟʫʚʘʪʠ ʯʝʨʝʟ ʧʦʙʫʜʦʚʫ web-ʦʨʽʻʥʪʦʚʘʥʦ ʾʉʇʇʈ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ 

ʭʘʨʯʦʚʠʤ ʚʠʨʦʙʥʠʮʪʚʦʤ ʽʟ ʪʘʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: 

Å ̔̒ ʨʘʨʭʽʯʥʽʩʪʴ ʧʣʘʥʫʚʘʥʥʷ ï ʩʠʩʪʝʤʘ ʧʦʚʠʥʥʘ ʚʠʨʽʰʫʚʘʪʠ ʟʘʜʘʯʫ ʧʣʘʥʫʚʘʥʥʷ ʚ 

ʢʦʤʧʣʝʢʩʽ, ʘ ʩʘʤʝ ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʧʦʧʝʨʝʜʥʴʦʛʦ (ʩʪʨʘʪʝʛʽʯʥʦʛʦ), 

ʫʟʛʦʜʞʝʥʦʛʦ (ʪʘʢʪʠʯʥʦʛʦ) ʪʘ ʪʦʯʥʦʛʦ (ʦʧʝʨʘʪʠʚʥʦʛʦ) ʧʣʘʥʫʚʘʥʥʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʻʜʥʦʩʪʽ ʧʨʠʡʥʷʪʠʭ ʥʘ ʨʽʟʥʠʭ ʨʽʚʥʷʭ ʫʧʨʘʚʣʽʥʥʷ ʨʽʰʝʥʴ; 

Å ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʽʩʪʴ ï ʥʘʷʚʥʽʩʪʴ ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʚʠʙʦʨʫ ʨʽʟʥʠʭ ʢʨʠʪʝʨʽʾʚ 

ʦʧʪʠʤʽʟʘʮʽʾ ʧʣʘʥʫ, ʪʘʢʠʭ ʷʢ ʤʘʢʩʠʤʽʟʘʮʽʷ ʧʨʠʙʫʪʢʫ, ʤʽʥʽʤʽʟʘʮʽʷ ʰʪʨʘʬʽʚ ʟʘ 

ʟʘʧʽʟʥʝʥʥʷ ʚʠʢʦʥʘʥʥʷ, ʤʽʥʽʤʽʟʘʮʽʷ ʟʘʛʘʣʴʥʦʛʦ ʯʘʩʫ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʫ ʤʝʞʘʭ 

ʜʠʨʝʢʪʠʚʥʠʭ ʪʝʨʤʽʥʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʦʩʪʫʧʥʦʩʪʽ ʨʝʩʫʨʩʽʚ; 

Å ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʩʪʦʛʦ ʪʘ ʜʦʩʪʫʧʥʦʛʦ ʧʝʨʝʭʦʜʫ ʚʽʜ ʦʜʥʦʛʦ ʢʨʠʪʝʨʽʶ ʜʦ ʽʥʰʦʛʦ, 

ʚʚʝʜʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʦʙʤʝʞʝʥʴ, ʘʜʘʧʪʘʮʽʷ ʜʦ ʨʽʟʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ. ɼʣʷ 

ʝʬʝʢʪʠʚʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʪʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ 

ʟʘʜʘʯ ʥʝʦʙʭʽʜʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧʣʝʢʩʫ ʘʣʛʦʨʠʪʤʽʚ ʥʘ ʦʩʥʦʚʽ ʻʜʠʥʦʾ ʣʦʛʽʢʠ 

ʚʠʨʽʰʝʥʥʷ ʟʘ ʨʽʟʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ ʦʧʪʠʤʘʣʴʥʦʩʪʽ; 

Å ʘʜʝʢʚʘʪʥʽʩʪʴ ʨʝʘʣʴʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʫ ï ʚʽʜʦʙʨʘʞʝʥʥʷ ʦʙʤʝʞʝʥʦʩʪʽ ʨʝʩʫʨʩʽʚ, 

ʬʘʢʪʠʯʥʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʚʠʨʦʙʥʠʯʠʭ ʧʽʜʨʦʟʜʽʣʽʚ, ʚʟʘʻʤʦʟʚôʷʟʢʫ ʤʽʞ ʚʠʢʦʥʘʥʥʷʤ 

ʨʽʟʥʠʭ ʝʪʘʧʽʚ ʨʦʙʽʪ, ʥʝʨʽʚʥʦʤʽʨʥʦʩʪ̔ ʟʘʤʦʚʣʝʥʴ ʫ ʧʣʘʥʦʚʠʭ ʧʝʨʽʦʜʘʭ ʪʘ 

ʥʝʦʜʥʦʯʘʩʥʦʩʪʽ ʥʘʜʭʦʜʞʝʥʥʷ ʟʘʤʦʚʣʝʥʴ. 

 

 

1.5 ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 1 

 

 

1. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʧʽʜʭʦʜʽʚ ʱʦʜʦ ʫʧʨʘʚʣʽʥʥʷ 

ʚʠʨʦʙʥʠʮʪʚʦʤ. ɼʝʪʘʣʴʥʦ ʨʦʟʛʣʷʥʫʪʽ ʤʝʪʦʜʠ ʪʘ ʧʽʜʭʦʜʠ ʱʦʜʦ ʫʧʨʘʚʣʽʥʥʷ 

ʚʠʨʦʙʥʠʮʪʚʦʤ: çʦʱʘʜʣʠʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘè; ʩʪʨʘʪʝʛʽʷ çʂʘʡʜʟʝʥè; ʨʦʟʨʦʙʢʘ ʧʦʪʦʢʫ 

ʩʪʚʦʨʝʥʥʷ ʮʽʥʥʦʩʪʽ; ʢʘʨʪʘ ʧʦʪʦʢʫ ʩʪʚʦʨʝʥʥʷ ʮʽʥʥʦʩʪʽ; ʩʠʩʪʝʤʘ ʰʚʠʜʢʦʛʦ 

ʧʝʨʝʥʘʣʘʛʦʜʞʝʥʥʷ; ʩʠʩʪʝʤʘ çʂʘʥʙʘʥè; ʩʠʩʪʝʤʘ ʙʝʟʜʝʬʝʢʪʥʦʛʦ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʦʚʘʨʽʚ. 
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ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʽʩʥʫʶʯʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʧʽʜʧʨʠʻʤʩʪʚʦʤ, ʘ 

ʩʘʤʝ ʨʦʟʛʣʷʥʫʪʘ ʨʦʣʴ ʩʠʩʪʝʤ SCADA, MES, APS, ʉʇʇʈ. 

2. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʠʩʪʝʤʥʠʡ ʘʥʘʣʽʟ ʪʘ ʤʝʪʦʜʦʣʦʛʽʾ ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ ʡ 

ʧʨʦʻʢʪʫʚʘʥʥʷ SADT, ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʫʩʽʭ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʽʚ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʧʦʪʦʢʽʚ, ʱʦ ʾʭ ʟʘʙʝʟʧʝʯʫʶʪʴ, ʘ ʩʘʤʝ ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʪʘʢʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʤʦʜʝʣʽ: 

çʆʨʛʘʥʽʟʘʮʽʷ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʤʘʢʘʨʦʥʥʠʤ ʚʠʨʦʙʥʠʮʪʚʦʤ ʜʣʷ ɺɸʊ çʄʘʢʘʨʦʥʥʘ 

ʬʘʙʨʠʢʘèè, çʆʨʛʘʥʽʟʘʮʽʷ ʨʦʙʦʪʠ ʚʽʜʜʽʣʫ ʧʣʘʥʫʚʘʥʥʷ ʢʦʤʧʘʥʽʾ çDanoneèè, 

çʆʨʛʘʥʽʟʘʮʽʷ ʪʘ ʢʦʥʪʨʦʣʴ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ ʥʘ ʊʆɺ çʇʨʦʜʝʢʦèè, çʆʨʛʘʥʽʟʘʮʽʷ 

ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʥʘ ʊʆɺ çʉʣʦʙʦʞʘʥʩʴʢʠʡ ʙʝʢʦʥèè. ʂʦʞʝʥ ʨʽʚʝʥʴ ʫʧʨʘʚʣʽʥʥʷ 

ʧʽʜʧʨʠʻʤʩʪʚʦʤ ʧʦʪʨʝʙʫʻ ʚʨʘʭʫʚʘʥʥʷ ʩʢʣʘʜʥʦʛʦ ʽʻʨʘʨʭʽʯʥʦʛʦ ʚʧʣʠʚʫ ʧʦ ʚʝʨʪʠʢʘʣʷʭ 

ʨʽʚʥʽʚ ʫʧʨʘʚʣʽʥʥʷ. ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʥʘʫʢʦʚʠʭ ʥʘʧʨʷʤʽʚ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ 

ʫʧʨʘʚʣʽʥʥʷ ʭʘʨʯʦʚʠʤ ʧʽʜʧʨʠʻʤʩʪʚʦʤ ʜʘʻ ʧʽʜʩʪʘʚʠ ʩʪʚʝʨʜʞʫʚʘʪʠ ʧʨʦ ʘʢʪʫʘʣʴʥʽʩʪʴ 

ʩʪʚʦʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʥʘ ʦʩʥʦʚʽ ʤʦʜʠʬʽʢʦʚʘʥʠʭ 

ʝʚʨʠʩʪʠʯʥʠʭ ʽ ʝʚʦʣʶʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʘʣʛʦʨʠʪʤʽʚ.  

3. ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʙʫʣʠ ʩʬʦʨʤʫʣʴʦʚʘʥʽ 

ʪʘʢ̔ ʚʠʩʥʦʚʢʠ. ɿʜʽʡʩʥʝʥʥʷ ʫʧʨʘʚʣʽʥʥʷ ʫʩʽʤʘ ʣʘʥʢʘʤʠ ʧʽʜʧʨʠʻʤʩʪʚʘ ʧʦʚʠʥʥʦ ʙʫʪʠ 

ʫʟʛʦʜʞʝʥʠʤ, ʱʦ ʥʝʤʦʞʣʠʚʦ ʜʦʩʷʛʪʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʪʘʥʜʘʨʪʥʽ ʤʝʪʦʜʠ 

ʫʧʨʘʚʣʽʥʥʷ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʪʘʥʜʘʨʪʥʠʭ ʤʝʪʦʜʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʪʨʘʪ ʯʘʩʦʚʠʭ 

ʨʝʩʫʨʩʽʚ, ʱʦ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʧʦʪʨʝʙʽ ʫʧʨʘʚʣʽʥʥʷ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. ɺʩʝ ʮʝ ʦʙʫʤʦʚʣʶʻ 

ʨʦʟʨʦʙʢʫ ʪʘ ʩʪʚʦʨʝʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ web-ʦʨʽʻʥʪʦʚʘʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ 

ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʝʚʨʠʩʪʠʯʥʽ, ʝʚʦʣʶʮʽʡʥʽ ʪʘ ʤʫʣʴʪʠʘʛʝʥʪʥʽ 

ʤʝʪʦʜʠ ʡ ʧʽʜʭʦʜʠ ʜʦ ̔ʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ, ʚ ʦʩʥʦʚʽ ʷʢʠʭ ʣʝʞʠʪʴ ʤʦʜʝʣʶʚʘʥʥʷ 

ʢʦʣʝʢʪʠʚʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʩʫʩʧʽʣʴʥʠʭ ʪʚʘʨʠʥ, ʢʦʤʘʭ ʪʘ ʽʥʰʠʭ ʞʠʚʠʭ ʽʩʪʦʪ. ɿʘ ʨʘʭʫʥʦʢ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʪʘʢʽ ʤʝʪʦʜʠ ʜʘʶʪʴ ʰʚʠʜʢʽ ʨʝʟʫʣʴʪʘʪʠ 

ʫ ʨʦʟʚôʷʟʘʥʥʽ ʨʽʟʥʠʭ ʟʘʜʘʯ ʦʧʪʠʤʽʟʘʮʽʾ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʮʴʦʛʦ 

ʥʘʧʨʷʤʫ. ʆʩʦʙʣʠʚʦ ʚʘʞʣʠʚʠʤ ʻ ʥʘʧʨʷʤ ʨʦʟʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʥʘ 

ʦʩʥʦʚʽ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʪʘ ʤʝʪʦʜʽʚ. 

4. ɺʠʟʥʘʯʝʥʘ ʪʘʢʘ ʘʢʪʫʘʣʴʥʘ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʘ ʧʨʦʙʣʝʤʘ: ʨʦʟʨʦʙʢʘ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ ʭʘʨʯʦʚʠʤ 

ʧʽʜʧʨʠʻʤʩʪʚʦʤ ʥʘ ʦʩʥʦʚʽ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʝʚʨʠʩʪʠʯʥʠʭ ʽ ʝʚʦʣʶʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʪʘ 
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ʘʣʛʦʨʠʪʤʽʚ ʟ̔ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʥʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʟʤʝʥʰʝʥʥʷ 

ʚʧʣʠʚʫ ʣʶʜʩʴʢʦʛʦ ʬʘʢʪʦʨʘ ʪʘ ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ ʪʘ ʯʘʩʫ ʥʘ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ 

ʱʦʜʦ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ ʭʘʨʯʦʚʠʤ ʧʽʜʧʨʠʻʤʩʪʚʦʤ.  

5. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʚʠʨʽʰʫʚʘʣʠʩʷ ʪʘʢʽ ʦʩʥʦʚʥʽ ʟʘʚʜʘʥʥʷ:  

Å ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʧʽʜʭʦʜʽʚ, ʤʝʪʦʜʽʚ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ 

ʫʧʨʘʚʣʽʥʥʷ ʭʘʨʯʦʚʠʤ ʧʽʜʧʨʠʻʤʩʪʚʦʤ;  

Å ʟʜʽʡʩʥʠʪʠ ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʚʠʨʦʙʥʠʮʪʚʦʤ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʟʦʚʥʽʰʥʽʭ ʪʘ ʚʥʫʪʨʽʰʥʽʭ ʚʧʣʠʚʽʚ, ʘ ʪʘʢʦʞ ʨʦʟʨʦʙʠʪʠ ʩʠʩʪʝʤʠ ʾʭ 

ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʩʬʦʨʤʫʚʘʪʠ ʧʨʘʚʠʣʘ ʘʜʘʧʪʠʚʥʦʛʦ ʢʝʨʫʚʘʥʥʷ;  

Å ʨʦʟʨʦʙʠʪʠ ʤʦʜʠʬʽʢʦʚʘʥʽ ʤʝʪʦʜʠ ʪʘ ʘʣʛʦʨʠʪʤʠ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ 

ʫʧʨʘʚʣʽʥʥʷ ʭʘʨʯʦʚʠʤ ʧʽʜʧʨʠʻʤʩʪʚʦʤ; 

Å ʨʦʟʨʦʙʠʪʠ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʥʘ ʦʩʥʦʚʽ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʝʚʨʠʩʪʠʯʥʠʭ ʽ 

ʝʚʦʣʶʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʘʣʛʦʨʠʪʤʽʚ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʛʥʫʯʢʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʭʘʨʯʦʚʠʤ 

ʚʠʨʦʙʥʠʮʪʚʦʤ;  

Å ʨʦʟʨʦʙʠʪʠ ʩʪʨʫʢʪʫʨʫ ʛʽʙʨʠʜʥʦʾ web-ʦʨʽʻʥʪʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ; 

Å ʨʦʟʨʦʙʠʪʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʩʪʚʦʨʝʥʥʷ web-ʦʨʽʻʥʪʦʚʘʥʦʾ ʩʠʩʪʝʤʠ 

ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʥʘ ʙʘʟʽ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʝʚʨʠʩʪʠʯʥʠʭ ʽ 

ʝʚʦʣʶʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʘʣʛʦʨʠʪʤʽʚ; 

Å ʚʠʟʥʘʯʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʪʚʦʨʝʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ 

ʰʣʷʭʦʤ ʾʾ ʘʧʨʦʙʘʮʽʾ ʥʘ ʜʽʶʯʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ.  

ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʜʽʣʫ ʦʧʫʙʣʽʢʦʚʘʥʽ ʘʚʪʦʨʦʤ ʫ ʧʨʘʮʷʭ [3, 6, 7, 8, 9, 13, 

19]. 
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ʈʆɿɼɯʃ 2 

ʌʆʈʄɸʃɯɿɸʎɯʗ ɿɸɼɸʏ ʋʇʈɸɺʃɯʅʅʗ 

2.1 ʉʪʚʦʨʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦ ʾʤʦʜʝʣ ̔ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ 

 

 

ʆʩʥʦʚʥʦʶ ʟʘʜʘʯʝʶ ʫʧʨʘʚʣʽʥʥʷ, ʱʦ ʧʦʪʨʝʙʫʻ ʚʨʘʭʫʚʘʥʥʷ ʟʘʚʜʘʥʥʷ ʪʘ ʦʙʤʝʞʝʥʴ 

ʫʩʽʭ ʨʽʚʥʽʚ, ʻ ʦʧʝʨʘʪʠʚʥʝ ʢʦʨʠʛʫʚʘʥʥʷ ʧʣʘʥʫ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ ʜʣʷ ʚʠʢʦʥʘʥʥʷ 

ʟʘʤʦʚʣʝʥʴ. ʗʢ ʧʨʘʚʠʣʦ, ʚʠʨʽʰʝʥʥʷ ʪʘʢʦʾ ʟʘʜʘʯʽ ʟʚʦʜʠʣʦʩʴ ʜʝʢʦʤʧʦʟʠʮʽʻʶ ʜʦ 

ʧʦʪʨʽʙʥʦʛʦ ʨʽʚʥʷ. ʇʨʠ ʮʴʦʤʫ ʚʨʘʭʦʚʫʚʘʣʠʩ ̫ʣʠʰʝ ʥʝʦʙʭʽʜʥʽ ʢʨʠʪʝʨʽʾ ʪʘ ʬʫʥʢʮʽʾ ʟ 

ʦʙʤʝʞʝʥʥʷʤʠ, ʘʣʝ ʚʪʨʘʯʘʚʩʷ ʟʚ'ʷʟʦʢ ʫʩʽʭ ʢʨʠʪʝʨʽʾʚ ʚʧʣʠʚʫ. 

ʇʣʘʥ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʦʜʫʢʮʽʾ ʻ ʦʧʪʠʤʘʣʴʥʠʤ, ʷʢʱʦ ʡʦʛʦ ʚʠʢʦʥʘʥʥʷ ʟʘʙʝʟʧʝʯʫʻ 

ʦʪʨʠʤʘʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʠʙʫʪʢʫ ʟʘ ʟʘʜʘʥʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ. ʆʧʪʠʤʘʣʴʥʠʡ ʧʣʘʥ 

ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʥʝ ʧʦʨʫʰʫʻ ʟʘʛʘʣʴʥʠʡ ʩʪʨʘʪʝʛʽʯʥʠʡ ʧʣʘʥ ʜʽʷʣʴʥʦʩʪʽ 

ʧʽʜʧʨʠʻʤʩʪʚʘ, ʤʽʥʽʤʽʟʫʻ ʟʤʽʥʥʽ ʚʠʪʨʘʪʠ, ʜʦʟʚʦʣʷʻ ʤʘʢʩʠʤʘʣʴʥʦ ʚʠʢʦʨʠʩʪʘʪʠ 

ʚʠʨʦʙʥʠʯʦ-ʪʝʭʥʦʣʦʛʽʯʥʝ ʦʙʣʘʜʥʘʥʥʷ. ʆʧʝʨʘʪʠʚʥʘ ʨʝʢʦʥʬʽʛʫʨʘʮʽʷ ʧʣʘʥʫ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ ʚʠʥʠʢʘʻ ʫ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ:  

Å ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʢʣʶʯʝʥʥʷ ʫ ʧʦʪʦʯʥʠʡ ʧʣʘʥ ʚʠʛʦʪʦʚʣʝʥʥʷ ʟʘʤʦʚʣʝʥʥʷ, ʷʢʝ 

ʪʽʣʴʢʠ ʥʘʜʽʡʰʣʦ ʽ ʤʘʻ ʚʠʩʦʢʠʡ ʧʨʽʦʨʠʪʝʪ ʚʠʢʦʥʘʥʥʷ; 

Å ʚʠʥʠʢʥʝʥʥʷ ʧʦʟʘʰʪʘʪʥʠʭ ʩʠʪʫʘʮʽʡ, ʧʦʚôʷʟʘʥʠʭ ʟ ʧʦʨʫʰʝʥʥʷʤ ʛʨʘʬʽʢʘ 

ʥʘʜʭʦʜʞʝʥʥʷ ʩʠʨʦʚʠʥʠ ʪʘ ʤʘʪʝʨʽʘʣʽʚ, ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʩʪʘʥʫ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ, ʟ ʧʦʨʫʰʝʥʥʷʤ ʫʤʦʚ ʜʦʛʦʚʦʨʽʚ ʧʦʩʪʘʯʘʣʴʥʠʢʘʤʠ; 

Å ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʽ ʧʦʪʨʝʙʠ, ʧʦʚôʷʟʘʥʽ ʟ ʩʝʟʦʥʥʠʤʠ ʪʘ ʧʦʣʽʪʠʯʥʠʤʠ 

ʚʧʦʜʦʙʘʥʥʷʤʠ ʩʧʦʞʠʚʘʯʽʚ; 

Å ʟʤʽʥʠ ʫ ʩʪʨʘʪʝʛʽʯʥʦʤʫ ʥʘʧʨʷʤʽ ʜʽʷʣʴʥʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚʘ. 

ɼʘʥʘ ʟʘʜʘʯʘ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʢʣʘʩʫ ʽʻʨʘʨʭʽʯʥʠʭ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʠʭ 

ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʟʘʜʘʯ, ʚʢʣʶʯʘʻ ʨʽʟʥʽ ʯʘʩʪʢʦʚʽ ʢʨʠʪʝʨʽʾ, ʷʢʽ ʚ ʩʫʢʫʧʥʦʩʪʽ ʚʧʣʠʚʘʶʪʴ 

ʥʘ ʚʠʙʽʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢʠʭ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʦʥʢʨʝʪʥʠʤʠ 

ʫʤʦʚʘʤʠ [4, 12, 18, 22, 48].  

ɼʣʷ ʧʽʜʧʨʠʻʤʩʪʚ ʭʘʨʯʦʚʦʾ ʛʘʣʫʟʽ ʚʠʜʽʣʷʶʪʴ ʪʘʢʽ ʯʘʩʪʢʦʚʽ ʢʨʠʪʝʨʽʾ: 

Å ʤʘʢʩʠʤʽʟʘʮʽʷ ʧʨʠʙʫʪʢʫ ʚʽʜ ʚʠʢʦʥʘʥʥʷ ʫʩʽʭ ʟʘʤʦʚʣʝʥʴ; 
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Å ʤʽʥʽʤʽʟʘʮʽʷ ʯʘʩʫ ʥʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ; 

Å ʤʘʢʩʠʤʽʟʘʮʽʷ ʟʘʧʘʩʫ ʯʘʩʫ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʟʘʤʦʚʣʝʥʴ; 

Å ʤʽʥʽʤʽʟʘʮʽʷ ʩʫʤʘʨʥʠʭ ʰʪʨʘʬʽʚ ʟʘ ʥʝʚʯʘʩʥʝ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʥʷ;  

Å ʤʽʥʽʤʽʟʘʮʽʷ ʩʫʤʘʨʥʦʛʦ ʯʘʩʫ ʧʨʦʩʪʦʶ ʫʩʽʭ ʦʜʠʥʠʮʴ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʚʽʜʜʽʣʽʚ; 

Å ʤʽʥʽʤʽʟʘʮʽʷ ʩʫʤʘʨʥʠʭ ʚʠʪʨʘʪ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ; 

Å ʤʽʥʽʤʽʟʘʮʽʷ ʩʫʤʘʨʥʠʭ ʚʠʪʨʘʪ ʚʽʜ ʧʨʦʩʪʦʾʚ ʧʨʠ ʥʝʚʠʢʦʨʠʩʪʘʥʥʽ ʦʙʣʘʜʥʘʥʥʷ, 

ʢʦʣʠ ʜʝʷʢʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʢʦʥʪʫʨʠ, ʥʝ ʟʚʘʞʘʶʯʠ ʥʘ ʥʝʚʠʢʦʨʠʩʪʘʥʥʷ, ʧʦʪʨʝʙʫʶʪʴ 

ʝʣʝʢʪʨʦ- ʪʘ ʪʝʧʣʦ-ʩʧʦʞʠʚʘʥʥʷ; 

Å ʤʽʥʽʤʽʟʘʮʽʷ ʩʫʤʘʨʥʠʭ ʚʠʪʨʘʪ ʥʘ ʧʝʨʝʨʦʙʢʫ ʪʘ ʫʪʠʣʽʟʘʮʽʶ ʦʪʨʠʤʘʥʦʾ 

ʥʝʢʦʥʜʠʮʽʡʥʦʾ ʧʨʦʜʫʢʮʽʾ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʫʩʽʭ ʟʘʤʦʚʣʝʥʴ; 

Å ʤʽʥʽʤʽʟʘʮʽʷ ʩʫʤʘʨʥʠʭ ʚʠʪʨʘʪ ʥʘ ʟʙʝʨʽʛʘʥʥʷ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ, ʘ ʽʥʦʜʽ ʽ ʥʘ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ; 

Å ʤʽʥʽʤʽʟʘʮʽʷ ʩʫʤʘʨʥʠʭ ʚʠʪʨʘʪ ʥʘ ʟʙʝʨʽʛʘʥʥʷ ʩʠʨʦʚʠʥʠ ʪʘ ʤʘʪʝʨʽʘʣʽʚ. 

ʋ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʦʮʽʘʣʴʥʦʾ ʪʘ ʝʢʦʥʦʤʽʯʥʦʾ ʩʠʪʫʘʮʽʾ, ʘ ʪʘʢʦʞ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʤʝʥʝʜʞʝʨʘ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʩʢʣʘʜʘʥʥʷ ʦʧʝʨʘʪʠʚʥʦ-ʢʘʣʝʥʜʘʨʥʦʛʦ ʧʣʘʥʫ ʚʠʢʦʥʘʥʥʷ 

ʟʘʤʦʚʣʝʥʥʷ, ʟʘʜʘʯʘ ʤʦʞʝ ʚʠʨʽʰʫʚʘʪʠʩʷ ʟʘ ʨʽʟʥʠʤʠ ʚʘʨʽʘʥʪʘʤʠ, ʘ ʩʘʤʝ [18, 22]: 

Å ʚ ʦʮʽʥʮʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʧʝʨʘʪʠʚʥʦ-ʢʘʣʝʥʜʘʨʥʦʛʦ ʧʣʘʥʫ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʥʷ 

ʚʨʘʭʦʚʫʶʪʴʩʷ ʫʩʽ ʢʨʠʪʝʨʽʾ, ʘ ʪʘʢʦʞ ʚʦʥʠ ʨʘʥʞʫʶʪʴʩʷ; 

Å ʟʘʜʘʯʘ ʩʧʨʦʱʫʻʪʴʩʷ ʜʦ ʚʠʙʦʨʫ ʧʝʚʥʠʭ ʯʘʩʪʢʦʚʠʭ ʢʨʠʪʝʨʽʾʚ. 

ɼʣʷ ʢʨʠʪʝʨʽʾʚ, ʷʢʽ ʦʮʽʥʶʶʪʴʩʷ ʫ ʛʨʦʰʦʚʠʭ ʦʜʠʥʠʮʷʭ, ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʘʜʠʪʠʚʥʘ 

ʟʛʦʨʪʢʘ ʟ̔ ʚʩʪʘʥʦʚʣʝʥʥʷʤ ʧʨʽʦʨʠʪʝʪʽʚ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʥʠʭ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟʘ 

ʢʦʥʢʨʝʪʥʠʤ ʚʠʧʘʜʢʦʤ [22, 30, 32]. 

ɿʘʛʘʣʴʥʘ ʦʮʽʥʦʯʥʘ ʬʫʥʢʮʽʷ ʙʫʜʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʘʜʠʪʠʚʥʦʶ ʟʛʦʨʪʢʦʶ ʫʩʽʭ 

ʢʨʠʪʝʨʽʾʚ (2.1): 

 

max
10

5

110 ­-=¡ ä
=g

ggll FFF ,                                         (2.1) 

 

ʜʝ gl ï ʢʦʝʬʽʮʽʻʥʪ ʚʘʞʣʠʚʦʩʪʽ ʢʨʠʪʝʨʽʶ (0,1)glÍ , 1=ä gl . 
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ʋ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʦʮʽʘʣʴʥʦʾ ʪʘ ʝʢʦʥʦʤʽʯʥʦʾ ʩʠʪʫʘʮʽʾ, ʘ ʪʘʢʦʞ ʜʦʩʚʽʜʫ 

ʤʝʥʝʜʞʝʨʘ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʩʢʣʘʜʘʥʥʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʣʘʥʫ ʚʠʢʦʥʘʥʥʷ 

ʟʘʤʦʚʣʝʥʥʷ, ʟʘʜʘʯʘ ʤʦʞʝ ʚʠʨʽʰʫʚʘʪʠʩʴ ʟʘ ʨʽʟʥʠʤʠ ʚʘʨʽʘʥʪʘʤʠ. 

ʆʪʨʠʤʘʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʠʙʫʪʢʫ ʚʽʜ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʥʘ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ ʟʘ ʟʘʜʘʥʠʡ ʯʘʩʦʚʠʡ ʧʨʦʤʽʞʦʢ ʻ ʧʝʨʰʠʤ ʯʘʩʪʢʦʚʠʤ 

ʢʨʠʪʝʨʽʻʤ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʘʨʽʘʥʪʘ ʧʣʘʥʫ (2.2) ʥʘ ʧʣʘʥʦʚʠʡ ʧʝʨʽʦʜ ( )tt D+ [22]. 

 

( ) ( ) ( ) ( )( )( ) ( )( ) max**
1

1 ­D+D++D+-D+=D+ ä
=

n

i

iiiii ttopttvzttvcttsdttF q ,    (2.2) 

 

ʜʝ ( )tt D+  ï ʧʣʘʥʦʚʠʡ ʧʝʨʽʦʜ, ʥʘ ʷʢʠʡ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʚʠʨʦʙʥʠʯʠʡ ʧʣʘʥ; 

     t ï ʯʘʩ ʧʦʯʘʪʢʫ ʚʠʢʦʥʘʥʥʷ ʧʣʘʥʫ, ʷʢʠʡ ʧʦʟʥʘʯʘʻʪʴʩʷ ʜʘʪʦʶ ʪʘ ʯʘʩʦʤ ʜʦ 

ʭʚʠʣʠʥʠ; 

    tD  ï ʯʘʩ, ʟʘ ʷʢʠʡ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʫʩʽ ʟʘʤʦʚʣʝʥʥʷ ʫ ʭʚʠʣʠʥʘʭ; 

     i  ï ʟʘʤʦʚʣʝʥʥʷ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʯʝʨʟʽ, ʨʝʛʣʘʤʝʥʪʫʻ ʦʜʠʥ ʚʠʜ ʧʨʦʜʫʢʮʽʾ, 

ʷʢʫ ʥʝʦʙʭʽʜʥʦ ʚʠʧʫʩʪʠʪʠ ʫ ʧʝʨʽʦʜ ( )tt D+ , ʘ ʪʘʢʦʞ ʨʝʛʣʘʤʝʥʪʫʻ ʚʠʜ ʫʧʘʢʦʚʢʠ ʪʘ 

ʬʘʩʫʚʘʥʥʷ; 

    n ï ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʟʘʤʦʚʣʝʥʴ, ʷʢʫ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʟʘ ʧʝʨʽʦʜ ( )t t+D;  

    ɗi ï ʧʘʨʘʤʝʪʨ, ʷʢʠʡ ʧʨʠʡʤʘʻ ʟʥʘʯʝʥʥʷ {0,1}  ( 1iq=, ʷʢʱʦ i -ʝ ʟʘʤʦʚʣʝʥʥʷ 

ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʧʝʨʽʦʜ ( )tt D+ ; 0iq=  ʚ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ);  

    ( )ttsdi D+  ï ʚʘʨʪʽʩʪʴ ʦʜʠʥʠʮʽ ʧʨʦʜʫʢʮʽʾ ʜʣʷ i -ʛʦ ʟʘʤʦʚʣʝʥʥʷ ʟʘ ʧʝʨʽʦʜ 

( )tt D+ ; 

     ( )ivc t t+D ï ʧʦʩʪʽʡʥʽ ʚʠʪʨʘʪʠ ʥʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʦʜʠʥʠʮʽ ʧʨʦʜʫʢʮʽʾ ʜʣʷ i -ʛʦ 

ʟʘʤʦʚʣʝʥʥʷ ʟʘ ʧʝʨʽʦʜ ( )tt D+ ; 

     ( )ttvzi D+  ï ʟʤʽʥʥʽ ʚʠʪʨʘʪʠ ʥʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʦʜʠʥʠʮʽ ʧʨʦʜʫʢʮʽʾ ʜʣʷ i -ʛʦ 

ʟʘʤʦʚʣʝʥʥʷ ʟʘ ʧʝʨʽʦʜ ( )tt D+ ; 
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     ( )ttopi D+  ï ʦʙʩʷʛ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ, ʷʢʫ ʥʝʦʙʭʽʜʥʦ ʚʠʛʦʪʦʚʠʪʠ ʟʘ i -ʤ 

ʟʘʤʦʚʣʝʥʥʷʤ ʫ ʧʝʨʽʦʜ ( )tt D+ .  

ʄʽʥʽʤʽʟʘʮʽʷ ʯʘʩʫ ʥʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ ʢʦʞʥʦʛʦ i -ʛʦ ï ʟʘʤʦʚʣʝʥʥʷ ʟʘ 

ʧʝʨʽʦʜ ( )tt D+  ʻ ʯʘʩʪʢʦʚʠʤ ʢʨʠʪʝʨʽʻʤ ʽ ʚʧʣʠʚʘʻ ʥʘ ʟʘʛʘʣʴʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʘʨʽʘʥʪʘ 

ʧʣʘʥʫ (2.3), ʘ ʦʙʤʝʞʝʥʥʷ (2.4) ʨʝʛʣʘʤʝʥʪʫʻ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ ʟʘ ʧʝʨʽʦʜ ( )tt D+ , 

ʦʙʤʝʞʝʥʥʷ (2.5) ʦʙʫʤʦʚʣʶʻ ʟʘʢʽʥʯʝʥʥʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ ʥʝ ʧʽʟʥʽʰʝ 

ʚʠʟʥʘʯʝʥʦʛʦ ʪʝʨʤʽʥʫ. 

 

( )( )2 1

1 1

( ) * min
i i

i ijl ijl ijl ijl ij

j l

F t t pt t t to
w s

o h -

= =

+D = + + + ­ää ,              (2.3) 

 

2 ( )i it t F t t t t¢ + +D ¢ +D,                                            (2.4) 

 

2 ( )i i it t F t t dt¢ + +D ¢,                                               (2.5) 

 

ʜʝ ( )tt D+  ï ʧʣʘʥʦʚʠʡ ʧʝʨʽʦʜ, ʥʘ ʷʢʠʡ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʚʠʨʦʙʥʠʯʠʡ ʧʣʘʥ; 

      t ï ʯʘʩ ʧʦʯʘʪʢʫ ʚʠʢʦʥʘʥʥʷ ʧʣʘʥʫ, ʷʢʠʡ ʧʦʟʥʘʯʘʻʪʴʩʷ ʜʘʪʦʶ ʪʘ ʯʘʩʦʤ ʜʦ 

ʭʚʠʣʠʥʠ; 

     tD  ï ʯʘʩ, ʟʘ ʷʢʠʡ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʫʩʽ ʟʘʤʦʚʣʝʥʥʷ ʫ ʭʚʠʣʠʥʘʭ; 

     i  ï ʟʘʤʦʚʣʝʥʥʷ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʯʝʨʟʽ ʚʠʢʦʥʘʥʥʷ, ʨʝʛʣʘʤʝʥʪʫʻ ʦʜʠʥ ʚʠʜ 

ʧʨʦʜʫʢʮʽʾ, ʷʢʫ ʥʝʦʙʭʽʜʥʦ ʚʠʧʫʩʪʠʪʠ ʟʘ ʧʝʨʽʦʜ ( )tt D+ ; 

     j ï ʥʦʤʝʨ ʝʪʘʧʫ ʟ̔ ʤʥʦʞʠʥʠ ʝʪʘʧʽʚ ( )ij wÍ  ʜʣʷ i -ʛʦ ʟʘʤʦʚʣʝʥʥʷ;  

    iw ï ʢʽʣʴʢʽʩʪʴ ʥʝʦʙʭʽʜʥʠʭ ʝʪʘʧʽʚ ʚʠʛʦʪʦʚʣʝʥʥʷ i -ʛʦ ʟʘʤʦʚʣʝʥʥʷ;  

    l ï ʥʦʤʝʨ ʦʙʣʘʜʥʘʥʥʷ ʟ̔ ʤʥʦʞʠʥʠ ʦʙʣʘʜʥʘʥʥʷ ( )il sÍ  ʜʣʷ i -ʛʦ ʟʘʤʦʚʣʝʥʥʷ; 

    is ï ʢʽʣʴʢʽʩʪʴ ʟʘʜʽʷʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʫʩʽʭ ʝʪʘʧʽʚ ʧʨʠ 

ʚʠʛʦʪʦʚʣʝʥʥʽ -̔ʛʦ ʟʘʤʦʚʣʝʥʥʷ; 

    ti ï ʯʘʩ ʧʦʯʘʪʢʫ ʚʠʢʦʥʘʥʥʷ ʧʨʦʜʫʢʮʽʾ ʟʘ i -ʤ ʟʘʤʦʚʣʝʥʥʷʤ; 

     dti ï ʯʘʩ, ʥʘ ʷʢʠʡ ʥʝʦʙʭʽʜʥʦ ʚʠʛʦʪʦʚʠʪʠ ʧʨʦʜʫʢʮʽʶ ʟʘ i -ʤ ʟʘʤʦʚʣʝʥʥʷʤ; 
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     ȹtijl  ï ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʟʜʽʡʩʥʝʥʥʷ j -ʛʦ ʝʪʘʧʫ ʥʘ l-ʤʫ ʦʙʣʘʜʥʘʥʥʽ ʜʣʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ ʟʘ i -ʤ ʟʘʤʦʚʣʝʥʥʷʤ; 

     
ijlpt  ï ʯʘʩ, ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ l-ʛʦ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ j -ʛʦ 

ʝʪʘʧʫ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʧʨʦʜʫʢʮʽʾ ʟʘ i -ʤ ʟʘʤʦʚʣʝʥʥʷʤ, ʤʦʞʝ ʧʨʠʡʤʘʪʠ ʥʫʣʴ, ʷʢʱʦ 

ʧʽʜʛʦʪʦʚʢʘ ʥʝ ʧʦʪʨʽʙʥʘ; 

     
1ijto -
 ï ʯʘʩ ʧʝʨʝʭʦʜʫ/ʦʯʽʢʫʚʘʥʥʷ ʤʽʞ ʚʠʢʦʥʘʥʥʷʤ j -ʛʦ ʝʪʘʧʫ ʜʦ ( )1j-  ʝʪʘʧʫ; 

     
ijlth  ï ʯʘʩ ʜʣʷ ʦʯʠʱʝʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʧʽʩʣʷ j -ʛʦ ʝʪʘʧʫ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʧʨʦʜʫʢʮʽʾ ʟʘ -̔ʤ ʟʘʤʦʚʣʝʥʥʷʤ ʥʘ l-ʤʫ ʦʙʣʘʜʥʘʥʥʽ; 

     
ijlo  ï ʧʘʨʘʤʝʪʨ, ʱʦ ʧʨʠʡʤʘʻ ʟʥʘʯʝʥʥʷ { }0,1  ( 1ijlo =, ʷʢʱʦ j -ʡ ʝʪʘʧ ʤʦʞʣʠʚʦ 

ʚʠʢʦʥʘʪʠ ʥʘ l-ʤʫ ʦʙʣʘʜʥʘʥʥʽ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ ʟʘ i -ʤ ʟʘʤʦʚʣʝʥʥʷʤ; 0ijlo =  

ï ʚ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ). 

ʄʘʢʩʠʤʽʟʘʮʽʷ ʟʘʧʘʩʫ ʯʘʩʫ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʢʦʞʥʦʛʦ i -ʛʦ ʟʘʤʦʚʣʝʥʥʷ ʟʘ ʧʝʨʽʦʜ 

( )tt D+  ʻ ʯʘʩʪʢʦʚʠʤ ʢʨʠʪʝʨʽʻʤ ʜʣʷ ʧʝʚʥʦʛʦ ʟʘʤʦʚʣʝʥʥʷ ʽ ʚʧʣʠʚʘʻ ʥʘ ʟʘʛʘʣʴʥʫ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʘʨʽʘʥʪʘ ʧʣʘʥʫ (2.6).  
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( ) max
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F t t

ʚʽʥʰʦʤʫʚʠʧʘʜʢʫ

- + +D + +D <ëî
+D = ­ì

îí
,    (2.6) 

 

ʜʝ ( )tt D+  ï ʧʣʘʥʦʚʠʡ ʧʝʨʽʦʜ, ʥʘ ʷʢʠʡ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʚʠʨʦʙʥʠʯʠʡ ʧʣʘʥ; 

      t ï ʯʘʩ ʧʦʯʘʪʢʫ ʚʠʢʦʥʘʥʥʷ ʧʣʘʥʫ, ʷʢʠʡ ʧʦʟʥʘʯʘʻʪʴʩʷ ʜʘʪʦʶ ʪʘ ʯʘʩʦʤ ʜʦ 

ʭʚʠʣʠʥʠ; 

    tD  ï ʯʘʩ, ʟʘ ʷʢʠʡ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʫʩʽ ʟʘʤʦʚʣʝʥʥʷ ʫ ʭʚʠʣʠʥʘʭ; 

     i  ï ʥʦʤʝʨ ʟʘʤʦʚʣʝʥʥʷ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʯʝʨʟʽ ʚʠʢʦʥʘʥʥʷ, ʨʝʛʣʘʤʝʥʪʫʻ 

ʦʜʠʥ ʚʠʜ ʧʨʦʜʫʢʮʽʾ, ʷʢʫ ʥʝʦʙʭʽʜʥʦ ʚʠʧʫʩʪʠʪʠ ʟʘ ʧʝʨʽʦʜ ( )t t+D; 

    j  ï ʥʦʤʝʨ ʝʪʘʧʫ ʟ ʤʥʦʞʠʥʠ ʝʪʘʧʽʚ ( )ij wÍ  ʜʣʷ i -ʛʦ ʟʘʤʦʚʣʝʥʥʷ; 

     iw ï ʢʽʣʴʢʽʩʪʴ ʥʝʦʙʭʽʜʥʠʭ ʝʪʘʧʽʚ ʚʠʛʦʪʦʚʣʝʥʥʷ i -ʛʦ ʟʘʤʦʚʣʝʥʥʷ;  

      ti ï ʯʘʩ ʧʦʯʘʪʢʫ ʚʠʢʦʥʘʥʥʷ ʧʨʦʜʫʢʮʽʾ ʟʘ i -ʤ ʟʘʤʦʚʣʝʥʥʷʤ; 

     dti ï ʯʘʩ, ʥʘ ʷʢʠʡ ʥʝʦʙʭʽʜʥʦ ʚʠʛʦʪʦʚʠʪʠ ʧʨʦʜʫʢʮʽʶ ʟʘ i -ʤ ʟʘʤʦʚʣʝʥʥʷʤ. 
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ʄʽʥʽʤʽʟʘʮʽʷ ʩʫʤʘʨʥʦʛʦ ʯʘʩʫ ʥʝʚʠʢʦʨʠʩʪʘʥʥʷ (ʧʨʦʩʪʦʶ) ʫʩʽʭ ʦʜʠʥʠʮʴ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʚʽʜʜʽʣʽʚ ʫ ʮʽʣʦʤʫ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 

(2.7) [4, 18, 22]: 

 

( )( ) min*)(
1 1 1

)1(4 ­-=D+ äää
= = =

-

n

i j l

lijljiijl

i i

ll
tpltzlttF

w s

o ,                         (2.7) 

 

ʜʝ ( )tt D+  ï ʧʣʘʥʦʚʠʡ ʧʝʨʽʦʜ, ʥʘ ʷʢʠʡ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʚʠʨʦʙʥʠʯʠʡ ʧʣʘʥ; 

      t ï ʯʘʩ ʧʦʯʘʪʢʫ ʚʠʢʦʥʘʥʥʷ ʧʣʘʥʫ, ʷʢʠʡ ʧʦʟʥʘʯʘʻʪʴʩʷ ʜʘʪʦʶ ʪʘ ʯʘʩʦʤ ʜʦ 

ʭʚʠʣʠʥʠ; 

     tD  ï ʯʘʩ, ʟʘ ʷʢʠʡ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʫʩʽ ʟʘʤʦʚʣʝʥʥʷ ʫ ʭʚʠʣʠʥʘʭ; 

     i  ï ʟʘʤʦʚʣʝʥʥʷ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʯʝʨʟʽ ʚʠʢʦʥʘʥʥʷ, ʨʝʛʣʘʤʝʥʪʫʻ ʦʜʠʥ ʚʠʜ 

ʧʨʦʜʫʢʮʽʾ, ʷʢʫ ʥʝʦʙʭʽʜʥʦ ʚʠʧʫʩʪʠʪʠ ʟʘ ʧʝʨʽʦʜ ( )tt D+ ; 

      j ï ʥʦʤʝʨ ʝʪʘʧʫ ʟ̔ ʤʥʦʞʠʥʠ ʝʪʘʧʽʚ ( )ij wÍ  ʜʣʷ i -ʛʦ ʟʘʤʦʚʣʝʥʥʷ; 

     iw ï ʢʽʣʴʢʽʩʪʴ ʥʝʦʙʭʽʜʥʠʭ ʝʪʘʧʽʚ ʚʠʛʦʪʦʚʣʝʥʥʷ i -ʛʦ ʟʘʤʦʚʣʝʥʥʷ;  

     l ï ʥʦʤʝʨ ʦʙʣʘʜʥʘʥʥʷ ʟ̔ ʤʥʦʞʠʥʠ ʦʙʣʘʜʥʘʥʥʷ ( )il sÍ  ʜʣʷ i-ʛʦ ʟʘʤʦʚʣʝʥʥʷ;  

     is ï ʢʽʣʴʢʽʩʪʴ ʟʘʜʽʷʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʫʩʽʭ ʝʪʘʧʽʚ ʧʨʠ 

ʚʠʛʦʪʦʚʣʝʥʥʽ -̔ʛʦ ʟʘʤʦʚʣʝʥʥʷ; 

     n ï ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʟʘʤʦʚʣʝʥʴ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʟʘ ʧʝʨʽʦʜ ( )t t+D;  

    ( )lji l
tzl 1-  ï ʯʘʩ ʟʘʚʝʨʰʝʥʥʷ ʚʠʢʦʥʘʥʥʷ ( )1

l
j- -ʛʦ ʝʪʘʧʫ ʥʘ l-ʤʫ ʦʙʣʘʜʥʘʥʥʽ ʧʨʠ 

ʚʠʛʦʪʦʚʣʝʥʥʽ ʧʨʦʜʫʢʮʽʾ ʟʘ i -ʤ ʟʘʤʦʚʣʝʥʥʷʤ; 

    ( )lji l
tpl 1-  ï ʯʘʩ ʧʦʯʘʪʢʫ ʚʠʢʦʥʘʥʥʷ j l-ʛʦ ʝʪʘʧʫ ʥʘ l-ʤʫ ʦʙʣʘʜʥʘʥʥʽ ʧʨʠ 

ʚʠʛʦʪʦʚʣʝʥʥʽ ʧʨʦʜʫʢʮʽʾ ʟʘ i -ʤ ʟʘʤʦʚʣʝʥʥʷʤ; 

     ijlo  ï ʧʘʨʘʤʝʪʨ, ʷʢʠʡ ʧʨʠʡʤʘʻ ʟʥʘʯʝʥʥʷ { }0,1  ( 1ijlo =, ʷʢʱʦ j -ʡ ʝʪʘʧ 

ʚʠʢʦʥʫʻʪʴʩʷ ʥʘ l-ʤʫ ʦʙʣʘʜʥʘʥʥʽ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʧʨʦʜʫʢʮʽʾ ʟʘ i -ʤ ʟʘʤʦʚʣʝʥʥʷʤ; 

0ijlo =  ʚ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ). 

ʉʫʤʘʨʥʠʡ ʨʦʟʤʽʨ ʰʪʨʘʬʽʚ ʟʘ ʥʝʚʯʘʩʥʝ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʥʷ ʫ ʧʣʘʥʦʚʦʤʫ 

ʧʝʨʽʦʜʽ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ (2.8): 
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( ) min**)(
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5 ­Y=D+ ä
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n

i

iii hkgttF ,                                   (2.8) 

 

ʜʝ ( )tt D+  ï ʧʣʘʥʦʚʠʡ ʧʝʨʽʦʜ ʥʘ ʷʢʠʡ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʚʠʨʦʙʥʠʯʠʡ ʧʣʘʥ; 

      t ï ʯʘʩ ʧʦʯʘʪʢʫ ʚʠʢʦʥʘʥʥʷ ʧʣʘʥʫ, ʷʢʠʡ ʧʦʟʥʘʯʘʻʪʴʩʷ ʜʘʪʦʶ ʪʘ ʯʘʩʦʤ ʜʦ 

ʭʚʠʣʠʥʠ; 

     tD  ï ʯʘʩ, ʟʘ ʷʢʠʡ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʫʩʽ ʟʘʤʦʚʣʝʥʥʷ ʫ ʭʚʠʣʠʥʘʭ; 

     i  ï ʟʘʤʦʚʣʝʥʥʷ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʯʝʨʟʽ ʚʠʢʦʥʘʥʥʷ, ʨʝʛʣʘʤʝʥʪʫʻ ʦʜʠʥ ʚʠʜ 

ʧʨʦʜʫʢʮʽʾ, ʷʢʫ ʥʝʦʙʭʽʜʥʦ ʚʠʧʫʩʪʠʪʠ ʟʘ ʧʝʨʽʦʜ ( )tt D+ ; 

     gi ï ʨʦʟʤʽʨ ʰʪʨʘʬʫ, ʧʨʦʧʠʩʘʥʠʡ ʫ ʜʦʛʦʚʦʨʽ, ʷʢʠʡ ʥʝʦʙʭʽʜʥʦ ʚʽʜʰʢʦʜʫʚʘʪʠ 

ʟʘʤʦʚʥʠʢʫ, ʷʢʱʦ ʙʫʜʝ ʧʦʨʫʰʝʥʦ dti - ʪʝʨʤʽʥ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʥʷ; 

    Ɋi ï ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ (2.9) ʡ ʚʠʟʥʘʯʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʚʽʜʰʢʦʜʫʚʘʥʥʷ ʟʘʤʦʚʥʠʢʫ, ʷʢʱʦ ʙʫʜʝ ʧʦʨʫʰʝʥʦ ʪʝʨʤʽʥ ʚʠʢʦʥʘʥʥʷ dti. 

 

 
( )21, ( ) ,

0, ,
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+ +D <ëî
Y =ì

îí
                                    (2.9) 

 

ʜʝ it  ï ʯʘʩ ʧʦʯʘʪʢʫ ʚʠʢʦʥʘʥʥʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ ʟʘ -̔ʤ ʟʘʤʦʚʣʝʥʥʷʤ; 

    ihk  ï ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʩʧʣʘʪʠ ʰʪʨʘʬʫ ʟʘ ʟʘʧʽʟʥʝʥʥʷ ʟʘ 

ʢʦʞʥʫ ʜʦʙʫ ʽ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ (9): 
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2 .  (2.10) 

 

ʐʦʩʪʠʤ ʢʨʠʪʝʨʽʻʤ ʻ ʟʥʘʯʝʥʥʷ ʩʫʤʘʨʥʠʭ ʚʠʪʨʘʪ, ʷʢʽ ʥʝʤʠʥʫʯʽ ʧʨʠ ʚʠʢʦʥʘʥʥʽ 

j -ʛʦ ʝʪʘʧʫ ʥʘ l-ʤʫ ʦʙʣʘʜʥʘʥʥʽ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʧʨʦʜʫʢʮʽʾ ʟʘ i -ʤ ʟʘʤʦʚʣʝʥʥʷʤ ʟʘ 

ʦʜʠʥʠʮʶ ʯʘʩʫ, ʘʜʞʝ ʷʢʱʦ ʪʝʭʥʦʣʦʛʽʯʥʘ ʜʽʣʷʥʢʘ ʚʠʩʪʫʧʘʻ ʷʢ ʦʢʨʝʤʠʡ ʮʝʭ, ʪʦʜʽ 
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ʚʨʘʭʦʚʫʻʪʴʩʷ ʫʚʝʩʴ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʱʦ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ (2.11) [22, 30, 

32]: 

 

                          ( )( ) min**)(
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ʜʝ ( )t t+D ï ʧʣʘʥʦʚʠʡ ʧʝʨʽʦʜ, ʥʘ ʷʢʠʡ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʚʠʨʦʙʥʠʯʠʡ ʧʣʘʥ; 

     t ï ʯʘʩ ʧʦʯʘʪʢʫ ʚʠʢʦʥʘʥʥʷ ʧʣʘʥʫ, ʷʢʠʡ ʧʦʟʥʘʯʘʻʪʴʩʷ ʜʘʪʦʶ ʪʘ ʯʘʩʦʤ ʜʦ 

ʭʚʠʣʠʥʠ; 

   tD  ï ʯʘʩ, ʟʘ ʷʢʠʡ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʫʩʽ ʟʘʤʦʚʣʝʥʥʷ ʫ ʭʚʠʣʠʥʘʭ; 

    i  ï ʥʦʤʝʨ ʟʘʤʦʚʣʝʥʥʷ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʯʝʨʟʽ ʚʠʢʦʥʘʥʥʷ, ʨʝʛʣʘʤʝʥʪʫʻ 

ʦʜʠʥ ʚʠʜ ʧʨʦʜʫʢʮʽʾ, ʷʢʫ ʥʝʦʙʭʽʜʥʦ ʚʠʧʫʩʪʠʪʠ ʟʘ ʧʝʨʽʦʜ ( )tt D+ ; 

     j ï ʥʦʤʝʨ ʝʪʘʧʫ ʟ̔ ʤʥʦʞʠʥʠ ʝʪʘʧʽʚ ( )ij wÍ  ʜʣʷ i -ʛʦ ʟʘʤʦʚʣʝʥʥʷ, 

     iw ï ʢʽʣʴʢʽʩʪʴ ʥʝʦʙʭʽʜʥʠʭ ʝʪʘʧʽʚ ʚʠʛʦʪʦʚʣʝʥʥʷ -̔ʛʦ ʟʘʤʦʚʣʝʥʥʷ; 

     l ï ʥʦʤʝʨ ʦʙʣʘʜʥʘʥʥʷ ʟ̔ ʤʥʦʞʠʥʠ ʦʙʣʘʜʥʘʥʥʷ ( )il sÍ  ʜʣʷ i -ʛʦ ʟʘʤʦʚʣʝʥʥʷ; 

     
is ï ʢʽʣʴʢʽʩʪʴ ʟʘʜʽʷʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʫʩʽʭ ʝʪʘʧʽʚ ʧʨʠ 

ʚʠʛʦʪʦʚʣʝʥʥʽ -̔ʛʦ ʟʘʤʦʚʣʝʥʥʷ; 

    ȹtijl  ï ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʟʜʽʡʩʥʝʥʥʷ j-ʛʦ ʝʪʘʧʫ ʥʘ l-ʤʫ ʦʙʣʘʜʥʘʥʥʽ ʜʣʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ ʟʘ i -ʤ ʟʘʤʦʚʣʝʥʥʷʤ; 

     ijlpt  ï ʯʘʩ, ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ l-ʛʦ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ j-ʛʦ 

ʝʪʘʧʫ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʧʨʦʜʫʢʮʽʾ ʟʘ -̔ʤ ʟʘʤʦʚʣʝʥʥʷʤ, ʤʦʞʝ ʧʨʠʡʤʘʪʠ ʥʫʣʴ, ʷʢʱʦ 

ʧʽʜʛʦʪʦʚʢʘ ʥʝ ʧʦʪʨʽʙʥʘ; 

    ijlc  ï ʚʠʪʨʘʪʠ ʟʘ ʦʜʥʫ ʛʦʜʠʥʫ ʧʨʠ ʟʜʽʡʩʥʝʥʥʽ j -ʛʦ ʝʪʘʧʫ ʥʘ l-ʤʫ ʦʙʣʘʜʥʘʥʥʽ 

ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ ʟʘ i -ʤ ʟʘʤʦʚʣʝʥʥʷʤ;  

    ijlth  ï ʯʘʩ ʜʣʷ ʦʯʠʱʝʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʧʽʩʣʷ j -ʛʦ ʝʪʘʧʫ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʧʨʦʜʫʢʮʽʾ ʟʘ i -ʤ ʟʘʤʦʚʣʝʥʥʷʤ ʥʘ l-ʤʫ ʦʙʣʘʜʥʘʥʥʽ, ʷʢʱʦ ʚʦʥʦ ʥʝ ʧʦʪʨʽʙʥʦ ʘʙʦ ʮʝ 

ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʜ ʧʨʦʚʝʜʝʥʥʷʤ ʨʝʤʦʥʪʥʦ-ʧʨʦʬʽʣʘʢʪʠʯʥʠʭ ʨʦʙʽʪ; 
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ijlo  ï ʧʘʨʘʤʝʪʨ, ʷʢʠʡ ʧʨʠʡʤʘʻ ʟʥʘʯʝʥʥʷ { }0,1  ( 1ijlo =, ʷʢʱʦ j -ʡ ʝʪʘʧ 

ʤʦʞʣʠʚʦ ʚʠʢʦʥʘʪʠ ʥʘ l-ʤʫ ʦʙʣʘʜʥʘʥʥʽ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ ʟʘ -̔ʤ 

ʟʘʤʦʚʣʝʥʥʷʤ; 0ijlo =  ʚ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ). 

ʉʴʦʤʠʤ ʢʨʠʪʝʨʽʻʤ ʻ ʤʽʥʽʤʽʟʘʮʽʷ ʚʠʪʨʘʪ ʥʘ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʝ ʧʨʦʩʪʦʶʻ, ʘʣʝ ʫ 

ʚʠʧʘʜʢʫ, ʢʦʣʠ ʚ ʦʙʣʘʜʥʘʥʥʽ ʻ ʢʦʥʪʫʨʠ, ʱʦ ʧʦʪʨʝʙʫʶʪʴ ʧʦʩʪʽʡʥʦʛʦ ʚʢʣʶʯʝʥʥʷ, ʚʽʥ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ (2.12) [22, 30, 32]: 
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ʜʝ ( )tt D+  ï ʧʣʘʥʦʚʠʡ ʧʝʨʽʦʜ, ʥʘ ʷʢʠʡ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʚʠʨʦʙʥʠʯʠʡ ʧʣʘʥ; 

     t ï ʯʘʩ ʧʦʯʘʪʢʫ ʚʠʢʦʥʘʥʥʷ ʧʣʘʥʫ, ʷʢʠʡ ʧʦʟʥʘʯʘʻʪʴʩʷ ʜʘʪʦʶ ʪʘ ʯʘʩʦʤ ʜʦ 

ʭʚʠʣʠʥʠ; 

    tD  ï ʯʘʩ, ʟʘ ʷʢʠʡ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʫʩʽ ʟʘʤʦʚʣʝʥʥʷ ʫ ʭʚʠʣʠʥʘʭ; 

    i  ï ʥʦʤʝʨ ʟʘʤʦʚʣʝʥʥʷ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʯʝʨʟʽ ʚʠʢʦʥʘʥʥʷ, ʨʝʛʣʘʤʝʥʪʫʻ 

ʦʜʠʥ ʚʠʜ ʧʨʦʜʫʢʮʽʾ, ʷʢʫ ʥʝʦʙʭʽʜʥʦ ʚʠʧʫʩʪʠʪʠ ʟʘ ʧʝʨʽʦʜ ( )tt D+ ; 

    j ï ʥʦʤʝʨ ʝʪʘʧʫ ʟ ʤʥʦʞʠʥʠ ʝʪʘʧʽʚ ( )ij wÍ  ʜʣʷ i-ʛʦ ʟʘʤʦʚʣʝʥʥʷ, iw ï ʢʽʣʴʢʽʩʪʴ 

ʥʝʦʙʭʽʜʥʠʭ ʝʪʘʧʽʚ ʚʠʛʦʪʦʚʣʝʥʥʷ i -ʛʦ ʟʘʤʦʚʣʝʥʥʷ;  

   l ï ʥʦʤʝʨ ʦʙʣʘʜʥʘʥʥʷ ʟ̔ ʤʥʦʞʠʥʠ ʦʙʣʘʜʥʘʥʥʷ ( )il sÍ  ʜʣʷ i -ʛʦ ʟʘʤʦʚʣʝʥʥʷ, 
is 

ï ʢʽʣʴʢʽʩʪʴ ʟʘʜʽʷʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʫʩʽʭ ʝʪʘʧʽʚ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ i -ʛʦ 

ʟʘʤʦʚʣʝʥʥʷ; 

    n ï ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʟʘʤʦʚʣʝʥʴ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʟʘ ʧʝʨʽʦʜ ( )t t+D;  

    ( )lji l
tzl 1-  ï ʯʘʩ ʟʘʚʝʨʰʝʥʥʷ ʚʠʢʦʥʘʥʥʷ (j-1)lïʛʦ ʝʪʘʧʫ ʥʘ l-ʫ ʦʙʣʘʜʥʘʥʥʽ ʧʨʠ 

ʚʠʛʦʪʦʚʣʝʥʥʽ ʧʨʦʜʫʢʮʽʾ ʟʘ i -ʤ ʟʘʤʦʚʣʝʥʥʷʤ; 

    ( )lji l
tpl 1-  ï ʯʘʩ ʧʦʯʘʪʢʫ ʚʠʢʦʥʘʥʥʷ j lïʛʦ ʝʪʘʧʫ ʥʘ l-ʫ ʦʙʣʘʜʥʘʥʥʽ ʧʨʠ 

ʚʠʛʦʪʦʚʣʝʥʥʽ ʧʨʦʜʫʢʮʽʾ ʟʘ i -ʤ ʟʘʤʦʚʣʝʥʥʷʤ; 

    lvk  ï ʧʘʨʘʤʝʪʨ, ʱʦ ʧʨʠʡʤʘʻ ʟʥʘʯʝʥʥʷ { }0,1  ( 1lvk =, ʷʢʱʦ l-ʝ ʦʙʣʘʜʥʘʥʥʷ ʧʨʠ 

ʧʨʦʩʪʦʾ ʤʘʻ ʧʦʩʪʽʡʥʦ ʚʢʣʶʯʝʥʽ ʝʣʝʤʝʥʪʠ; 0lvk =  ʚ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ). 
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    lcp  ï ʚʠʪʨʘʪʠ ʧʨʠ ʧʨʦʩʪʦʾ l-ʛʦ ʦʙʣʘʜʥʘʥʥʷ; 

     ijlo  ï ʧʘʨʘʤʝʪʨ, ʷʢʠʡ ʧʨʠʡʤʘʻ ʟʥʘʯʝʥʥʷ { }0,1  ( 1ijlo =, ʷʢʱʦ j -ʡ ʝʪʘʧ 

ʤʦʞʣʠʚʦ ʚʠʢʦʥʘʪʠ ʥʘ l-ʫ ʦʙʣʘʜʥʘʥʥʽ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ ʟʘ i -ʤ 

ʟʘʤʦʚʣʝʥʥʷʤ; 0ijlo =  ï ʚ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ). 

ɺʦʩʴʤʠʤ ʢʨʠʪʝʨʽʻʤ ʻ ʤʽʥʽʤʽʟʘʮʽʷ ʚʠʪʨʘʪ ʥʘ ʧʝʨʝʨʦʙʢʫ ʪʘ ʫʪʠʣʽʟʘʮʽʶ ʦʪʨʠʤʘʥʦʾ 

ʥʝʢʦʥʜʠʮʽʡʥʦʾ ʧʨʦʜʫʢʮʽʾ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʫʩʽʭ ʟʘʤʦʚʣʝʥʴ, ʚʽʥ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʦʶ (2.13): 

 

                         ( )( ) min***)(
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ʜʝ ( )t t+D ï ʧʣʘʥʦʚʠʡ ʧʝʨʽʦʜ, ʥʘ ʷʢʠʡ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʚʠʨʦʙʥʠʯʠʡ ʧʣʘʥ; 

    t ï ʯʘʩ ʧʦʯʘʪʢʫ ʚʠʢʦʥʘʥʥʷ ʧʣʘʥʫ, ʷʢʠʡ ʧʦʟʥʘʯʘʻʪʴʩʷ ʜʘʪʦʶ ʪʘ ʯʘʩʦʤ ʜʦ 

ʭʚʠʣʠʥʠ; 

    tD  ï ʯʘʩ, ʟʘ ʷʢʠʡ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʫʩʽ ʟʘʤʦʚʣʝʥʥʷ ʫ ʭʚʠʣʠʥʘʭ; 

    i  ï ʥʦʤʝʨ ʟʘʤʦʚʣʝʥʥʷ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʯʝʨʟʽ ʥʘ ʚʠʢʦʥʘʥʥʷ, ʨʝʛʣʘʤʝʥʪʫʻ 

ʦʜʠʥ ʚʠʜ ʧʨʦʜʫʢʮʽʾ, ʷʢʫ ʥʝʦʙʭʽʜʥʦ ʚʠʧʫʩʪʠʪʠ ʟʘ ʧʝʨʽʦʜ ( )tt D+ ; 

   j  ï ʥʦʤʝʨ ʝʪʘʧʫ ʟ̔ ʤʥʦʞʠʥʠ ʝʪʘʧʽʚ ( )ij wÍ  ʜʣʷ i -ʛʦ ʟʘʤʦʚʣʝʥʥʷ;  

  iw ï ʢʽʣʴʢʽʩʪʴ ʥʝʦʙʭʽʜʥʠʭ ʝʪʘʧʽʚ ʚʠʛʦʪʦʚʣʝʥʥʷ i -ʛʦ ʟʘʤʦʚʣʝʥʥʷ;  

    l ï ʥʦʤʝʨ ʦʙʣʘʜʥʘʥʥʷ ʟ̔ ʤʥʦʞʠʥʠ ʦʙʣʘʜʥʘʥʥʷ ( )ij sÍ  ʜʣʷ i -ʛʦ ʟʘʤʦʚʣʝʥʥʷ; 

    is ï ʢʽʣʴʢʽʩʪʴ ʟʘʜʽʷʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʫʩʽʭ ʝʪʘʧʽʚ ʧʨʠ 

ʚʠʛʦʪʦʚʣʝʥʥʽ i -ʛʦ ʟʘʤʦʚʣʝʥʥʷ; 

   n  ï ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʟʘʤʦʚʣʝʥʴ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʟʘ ʧʝʨʽʦʜ ( )tt D+ ;  

    ijlcn  ï ʚʘʨʪʽʩʪʴ ʧʝʨʝʨʦʙʣʝʥʥʷ ʯʠ ʫʪʠʣʽʟʘʮʽʾ ʦʜʠʥʠʮʽ ʦʪʨʠʤʘʥʦʾ ʥʝʢʦʥʜʠʮʽʡʥʦʾ 

ʧʨʦʜʫʢʮʽʾ ʧʨʠ ʚʠʢʦʥʘʥʥʽ i -ʛʦ ʟʘʤʦʚʣʝʥʥʷ ʥʘ l-ʤʫ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ; 

    ( )ttopi D+  ï ʦʙʩʷʛ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ, ʷʢʫ ʥʝʦʙʭʽʜʥʦ ʚʠʛʦʪʦʚʠʪʠ ʟʘ -̔ʤ 

ʟʘʤʦʚʣʝʥʥʷʤ ʫ ʧʝʨʽʦʜ ( )tt D+ ; 
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    ijlvnk  ï ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʥʝʢʦʥʜʠʮʽʡʥʦʾ ʧʨʦʜʫʢʮʽʾ, ʦʪʨʠʤʘʥʦʾ ʥʘ ʢʦʞʥʫ 

ʦʜʠʥʠʮʶ ʧʨʦʜʫʢʮʽʾ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ j -ʛʦ ʝʪʘʧʫ i -ʛʦ ʟʘʤʦʚʣʝʥʥʷ ʥʘ l-ʤʫ 

ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ; 

     ijlo  ï ʧʘʨʘʤʝʪʨ, ʷʢʠʡ ʧʨʠʡʤʘʻ ʟʥʘʯʝʥʥʷ { }0,1  ( 1ijlo =, ʷʢʱʦ j-ʡ ʝʪʘʧ ʤʦʞʣʠʚʦ 

ʚʠʢʦʥʘʪʠ ʥʘ l-ʤʫ ʦʙʣʘʜʥʘʥʥʽ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ ʟʘ i -ʤ ʟʘʤʦʚʣʝʥʥʷʤ; 0ijlo =  

ï ʚ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ). 

ɼʝʚôʷʪʠʤ ʢʨʠʪʝʨʽʻʤ ʻ ʤʽʥʽʤʽʟʘʮʽʷ ʚʠʪʨʘʪ ʥʘ ʟʙʝʨʽʛʘʥʥʷ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ, ʷʢʠʡ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ (2.14): 
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ʜʝ ( )tt D+  ï ʧʣʘʥʦʚʠʡ ʧʝʨʽʦʜ, ʥʘ ʷʢʠʡ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʚʠʨʦʙʥʠʯʠʡ ʧʣʘʥ; 

     t ï ʯʘʩ ʧʦʯʘʪʢʫ ʚʠʢʦʥʘʥʥʷ ʧʣʘʥʫ, ʷʢʠʡ ʧʦʟʥʘʯʘʻʪʴʩʷ ʜʘʪʦʶ ʪʘ ʯʘʩʦʤ ʜʦ 

ʭʚʠʣʠʥʠ; 

    tD  ï ʯʘʩ, ʟʘ ʷʢʠʡ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʫʩʽ ʟʘʤʦʚʣʝʥʥʷ ʫ ʭʚʠʣʠʥʘʭ; 

    i  ï ʥʦʤʝʨ ʟʘʤʦʚʣʝʥʥʷ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʯʝʨʟʽ ʚʠʢʦʥʘʥʥʷ, ʨʝʛʣʘʤʝʥʪʫʻ ʦʜʠʥ 

ʚʠʜ ʧʨʦʜʫʢʮʽʾ, ʷʢʫ ʥʝʦʙʭʽʜʥʦ ʚʠʧʫʩʪʠʪʠ ʟʘ ʧʝʨʽʦʜ ( )tt D+ ; 

    ( )ttopi D+  ï ʦʙʩʷʛ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ, ʷʢʫ ʥʝʦʙʭʽʜʥʦ ʚʠʛʦʪʦʚʠʪʠ ʟʘ -̔ʤ 

ʟʘʤʦʚʣʝʥʥʷʤ ʫ ʧʝʨʽʦʜ ( )tt D+ ; 

    vzi ï ʚʘʨʪʽʩʪʴ ʟʙʝʨʽʛʘʥʥʷ ʧʨʦʜʫʢʮʽʾ ʟʘ i -ʤ ʟʘʤʦʚʣʝʥʥʷʤ; 

     dti ï ʯʘʩ, ʥʘ ʷʢʠʡ ʥʝʦʙʭʽʜʥʦ ʚʠʛʦʪʦʚʠʪʠ ʧʨʦʜʫʢʮʽʶ ʟʘ i -ʤ ʟʘʤʦʚʣʝʥʥʷʤ. 

ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʧʽʜʧʨʠʻʤʩʪʚʦ ʟʜʽʡʩʥʶʻ ʧʦʩʪʘʯʘʥʥʷ ʜʦ ʟʘʤʦʚʥʠʢʽʚ ʩʘʤʦʩʪʽʡʥʦ 

ʘʙʦ ʟʜʽʡʩʥʶʻ ʟʙʝʨʽʛʘʥʥʷ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʥʘ ʧʨʦʤʽʞʥʠʭ-ʨʝʛʽʦʥʘʣʴʥʠʭ ʩʢʣʘʜʘʭ, 

ʢʨʠʪʝʨʽʡ 9 ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ (2.15), ʱʦ ʦʧʠʩʫʻ ʩʫʤʘʨʥʽ ʚʠʪʨʘʪʠ ʥʘ ʟʙʝʨʽʛʘʥʥʷ, 

ʧʝʨʝʚʝʟʝʥʥʷ ʧʨʦʜʫʢʮʽʾ ʚʽʜ ʟʘʚʦʜʫ ʜʦ ʨʝʛʽʦʥʘʣʴʥʠʭ ʩʢʣʘʜʽʚ, ʘ ʧʦʪʽʤ ʜʦ ʟʘʤʦʚʥʠʢʽʚ ʜʣʷ 

ʢʦʞʥʦʛʦ i -ʛʦ ʚʠʜʫ ʧʨʦʜʫʢʮʽʾ, ʘ ʟʘʛʘʣʴʥʽ ʩʫʤʘʨʥʽ ʚʠʪʨʘʪʠ ʟʘ ʧʝʨʽʦʜ ʙʫʜʫʪʴ ʤʘʪʠ 

ʚʠʛʣʷʜ (2.16) [22, 48]: 
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ʜʝ iz  ï ʟʘʚʦʜ, ʥʘ ʷʢʦʤʫ ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ i -ʡ ʚʠʜ ʧʨʦʜʫʢʮʽʾ; 

               iZ  ï ʢʽʣʴʢʽʩʪʴ ʟʘʚʦʜʽʚ, ʜʝ ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ i-ʡ ʚʠʜ ʧʨʦʜʫʢʮʽʾ; 

               r ï ʨʝʛʽʦʥʘʣʴʥʠʡ ʩʢʣʘʜ; 

               R ï ʢʽʣʴʢʽʩʪʴ ʨʝʛʽʦʥʘʣʴʥʠʭ ʩʢʣʘʜʽʚ; 

               bi ï ʟʘʤʦʚʥʠʢ, ʷʢʠʡ ʟʘʤʦʚʠʚ i -ʡ ʚʠʜ ʧʨʦʜʫʢʮʽʾ; 

               iB  ï ʢʽʣʴʢʽʩʪʴ ʟʘʤʦʚʥʠʢʽʚ, ʷʢʽ ʟʘʤʦʚʠʣʠ i -ʡ ʚʠʜ ʧʨʦʜʫʢʮʽʾ; 

              itzzgt  ï ʚʘʨʪʽʩʪʴ ʟʙʝʨʽʛʘʥʥʷ ʦʜʠʥʠʮʽ i -ʛʦ ʚʠʜʫ ʧʨʦʜʫʢʮʽʾ ʥʘ ʟʘʚʦʜʽ z  ʟʘ 

ʤʦʤʝʥʪ ʯʘʩʫ t; 

             itzvzgt  ï ʦʙʩʷʛ i -ʛʦ ʚʠʜʫ ʧʨʦʜʫʢʮʽʾ, ʱʦ ʟʙʝʨʽʛʘʻʪʴʩʷ ʥʘ ʟʘʚʦʜʽ z ʟʘ ʤʦʤʝʥʪ ʯʘʩʫ 

t; 

             itzrcgt  ï ʚʘʨʪʽʩʪʴ ʧʝʨʝʚʝʟʝʥʥʷ ʦʜʠʥʠʮʽ i -ʛʦ ʚʠʜʫ ʧʨʦʜʫʢʮʽʾ ʟ ʟʘʚʦʜʫ z  ʜʦ 

ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʩʢʣʘʜʫ r ʟʘ ʤʦʤʝʥʪ ʯʘʩʫ t; 

            itzrvcgt  ï ʦʙʩʷʛ i -ʛʦ ʚʠʜʫ ʧʨʦʜʫʢʮʽʾ, ʱʦ ʪʨʘʥʩʧʦʨʪʫʻʪʴʩʷ ʟ ʟʘʚʦʜʫ z  ʜʦ 

ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʩʢʣʘʜʫ r ʟʘ ʤʦʤʝʥʪ ʯʘʩʫ t; 

            itrzgt  ï ʚʘʨʪʽʩʪʴ ʟʙʝʨʽʛʘʥʥʷ ʦʜʠʥʠʮʽ i -ʛʦ ʚʠʜʫ ʧʨʦʜʫʢʮʽʾ ʥʘ ʨʝʛʽʦʥʘʣʴʥʦʤʫ 

ʩʢʣʘʜʽ r ʟʘ ʤʦʤʝʥʪ ʯʘʩʫ t; 

           itrvzgt  ï ʦʙʩʷʛ i -ʛʦ ʚʠʜʫ ʧʨʦʜʫʢʮʽʾ, ʱʦ ʟʙʝʨʽʛʘʻʪʴʩʷ ʥʘ ʨʝʛʽʦʥʘʣʴʥʦʤʫ ʩʢʣʘʜʽ r 

ʟʘ ʤʦʤʝʥʪ ʯʘʩʫ t; 

           itrbcgt  ï ʚʘʨʪʽʩʪʴ ʧʝʨʝʚʝʟʝʥʥʷ ʦʜʠʥʠʮʽ i -ʛʦ ʚʠʜʫ ʧʨʦʜʫʢʮʽʾ ʟ ʨʝʛʽʦʥʘʣʴʥʦʛʦ 

ʩʢʣʘʜʫ r ʜʦ ʟʘʤʦʚʥʠʢʘ b ʟʘ ʤʦʤʝʥʪ ʯʘʩʫ t; 

           itzbvcgt  ï ʦʙʩʷʛ i -ʛʦ ʚʠʜʫ ʧʨʦʜʫʢʮʽʾ, ʱʦ ʪʨʘʥʩʧʦʨʪʫʻʪʴʩʷ ʟ ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʩʢʣʘʜʫ 

r ʜʦ ʟʘʤʦʚʥʠʢʘ b ʟʘ ʤʦʤʝʥʪ ʯʘʩʫ t. 
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ʆʙʤʝʞʝʥʥʷ ʥʘ ʚʤʽʩʪ ʩʢʣʘʜʫ ʟʘʚʦʜʫ z ʜʣʷ i -ʛʦ ʚʠʜʫ ʧʨʦʜʫʢʮʽʾ ʥʘ ʤʦʤʝʥʪ ʯʘʩʫ t 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ (2.17): 

 

                                                            zi

I

i

itz Vvzgt ¢
=

×
1

,                                                    (2.17) 

 

ʜʝ i  ï ʥʦʤʝʨ ʟʘʤʦʚʣʝʥʥʷ, ʱʦ ʨʝʛʣʘʤʝʥʪʫʻ ʦʜʠʥ ʚʠʜ ʧʨʦʜʫʢʮʽʾ; 

         r ï ʨʝʛʽʦʥʘʣʴʥʠʡ ʩʢʣʘʜ; 

    itzvzgt ï ʦʙʩʷʛ i -ʛʦ ʚʠʜʫ ʧʨʦʜʫʢʮʽʾ, ʱʦ ʟʙʝʨʽʛʘʻʪʴʩʷ/ʥʘʜʭʦʜʠʪʴ ʫ ʤʦʤʝʥʪ ʯʘʩʫ 

t; 

     I ï ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʟʘʤʦʚʣʝʥʴ ʦʜʥʘʢʦʚʦʾ ʧʨʦʜʫʢʮʽʾ; 

     Vzi ï ʟʘʛʘʣʴʥʦ ʜʦʧʫʩʪʠʤʠʡ ʦʙʩʷʛ ʧʨʦʜʫʢʮʽʾ i -ʛʦ ʚʠʜʫ, ʱʦ ʤʦʞʝ ʟʙʝʨʽʛʘʪʠʩʷ 

ʥʘ ʩʢʣʘʜʽ ʟʘʚʦʜʫ z ʦʜʥʦʯʘʩʥʦ.  

ʆʙʤʝʞʝʥʥʷ ʥʘ ʚʤʽʩʪ ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʩʢʣʘʜʫ r ʥʘ ʤʦʤʝʥʪ ʯʘʩʫ t ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʦʶ (2.18): 

ri

I

i

itr Vvrgt ¢
=

×
1

,                                              (2.18) 

 

ʜʝ i -ʡ ʚʠʜ ʧʨʦʜʫʢʮʽʾ; 

    itzvrgt ï ʦʙʩʷʛ i -ʛʦ ʚʠʜʫ ʧʨʦʜʫʢʮʽʾ, ʱʦ ʟʙʝʨʽʛʘʻʪʴʩʷ/ʥʘʜʭʦʜʠʪʴ ʥʘ ʤʦʤʝʥʪ ʯʘʩʫ 

t; 

    I ï ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʟʘʤʦʚʣʝʥʴ ʦʜʥʘʢʦʚʦʾ ʧʨʦʜʫʢʮʽʾ; 

    Vri ï ʟʘʛʘʣʴʥʦ ʜʦʧʫʩʪʠʤʠʡ ʦʙʩʷʛ ʧʨʦʜʫʢʮʽʾ i -ʦʛʦ ʚʠʜʫ, ʱʦ ʤʦʞʝ ʟʙʝʨʽʛʘʪʠʩʷ 

ʥʘ ʨʝʛʽʦʥʘʣʴʥʦʤʫ ʩʢʣʘʜʽ r ʥʘ ʤʦʤʝʥʪ ʯʘʩʫ t.  

ɼʝʩʷʪʠʤ ʢʨʠʪʝʨʽʻʤ ʻ ʤʽʥʽʤʽʟʘʮʽʷ ʚʠʪʨʘʪ ʥʘ ʟʙʝʨʽʛʘʥʥʷ ʩʠʨʦʚʠʥʠ ʪʘ ʤʘʪʝʨʽʘʣʽʚ, 

ʱʦ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ (2.19) [22, 

48]: 
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( )( ) min,0max(***)(
1 1

10 ­-D+=D+ ää
= =

n

i

r

k

ikiiikik

i

rttttoprkvsrttF ,              (2.19) 

 

ʜʝ ( )tt D+  ï ʧʣʘʥʦʚʠʡ ʧʝʨʽʦʜ, ʥʘ ʷʢʠʡ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʚʠʨʦʙʥʠʯʠʡ ʧʣʘʥ; 

     t ï ʯʘʩ ʧʦʯʘʪʢʫ ʚʠʢʦʥʘʥʥʷ ʧʣʘʥʫ, ʷʢʠʡ ʧʦʟʥʘʯʘʻʪʴʩʷ ʜʘʪʦʶ ʪʘ ʯʘʩʦʤ ʜʦ 

ʭʚʠʣʠʥʠ; 

    tD  ï ʯʘʩ, ʟʘ ʷʢʠʡ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʫʩʽ ʟʘʤʦʚʣʝʥʥʷ ʫ ʭʚʠʣʠʥʘʭ; 

     i  ï ʟʘʤʦʚʣʝʥʥʷ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʯʝʨʟʽ ʚʠʢʦʥʘʥʥʷ, ʨʝʛʣʘʤʝʥʪʫʻ ʦʜʠʥ ʚʠʜ 

ʧʨʦʜʫʢʮʽʾ, ʷʢʫ ʥʝʦʙʭʽʜʥʦ ʚʠʧʫʩʪʠʪʠ ʟʘ ʧʝʨʽʦʜ ( )tt D+ ; 

     k ï ʚʠʜ ʨʝʩʫʨʩʫ, ʷʢʠʡ ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʚʠʢʦʥʘʥʥʷ i -ʛʦ ʟʘʤʦʚʣʝʥʥʷ; 

     r i ï ʧʝʨʝʣʽʢ ʥʝʦʙʭʽʜʥʠʭ ʨʝʩʫʨʩʽʚ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ ʟʘ i -ʤ 

ʟʘʤʦʚʣʝʥʥʷʤ; 

    vsrik ï ʚʘʨʪʽʩʪʴ ʟʙʝʨʽʛʘʥʥʷ k -ʛʦ ʢʦʤʧʦʥʝʥʪʘ ʜʣʷ ʚʠʢʦʥʘʥʥʷ i -ʛʦ ʟʘʤʦʚʣʝʥʥʷ; 

    rkik ï ʦʙʩʷʛ ʩʠʨʦʚʠʥʠ, ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʦʜʠʥʠʮʽ ʧʨʦʜʫʢʮʽʾ ʟʘ i -

ʤ ʟʘʤʦʚʣʝʥʥʷʤ; 

    ( )ttopi D+  ï ʦʙʩʷʛ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ, ʷʢʫ ʥʝʦʙʭʽʜʥʦ ʚʠʛʦʪʦʚʠʪʠ ʟʘ -̔ʤ 

ʟʘʤʦʚʣʝʥʥʷʤ ʫ ʧʝʨʽʦʜ ( )tt D+ ; 

     it  ï ʯʘʩ ʧʦʯʘʪʢʫ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ ʟʘ i -ʤ ʟʘʤʦʚʣʝʥʥʷʤ; 

     rt ik ï ʯʘʩ ʥʘʜʭʦʜʞʝʥʥʷ k-ʛʦ ʢʦʤʧʦʥʝʥʪʘ ʜʣʷ ʚʠʢʦʥʘʥʥʷ i -ʛʦ ʟʘʤʦʚʣʝʥʥʷ. 

ɼʣʷ ʧʨʝʜʩʪʘʚʣʝʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʚʠʩʫʚʘʶʪʴʩʷ ʜʦʜʘʪʢʦʚʽ ʫʤʦʚʠ ʪʘ 

ʦʙʤʝʞʝʥʥʷ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʫʩʽ ʦʩʦʙʣʠʚʦʩʪʽ ʟʘʜʘʯʽ: 

1. ʂʦʞʥʝ l-ʝ ʪʝʭʥʦʣʦʛʽʯʥʝ ʦʙʣʘʜʥʘʥʥʷ ʘʙʦ ʚʠʨʦʙʥʠʯʠʡ ʧʽʜʨʦʟʜʽʣ ʤʦʞʝ 

ʚʠʢʦʥʫʚʘʪʠ ʥʝ ʙʽʣʴʰʝ ʦʜʥʦʛʦ j -ʛʦ ʝʪʘʧʫ i -ʛʦ ʟʘʤʦʚʣʝʥʥʷ, ʱʦ ʦʧʠʩʫʻʪʴʩʷ ʫʤʦʚʦʶ ʚ 

ʬʦʨʤʫʣʽ (2.20): 
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2. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʦʪʨʠʤʘʪʠ ʛʦʪʦʚʫ ʧʨʦʜʫʢʮʽʶ ʚ ʧʦʚʥʦʤʫ ʦʙʩʷʟʽ ʪʘ ʘʩʦʨʪʠʤʝʥʪʽ 

ʟʛʽʜʥʦ ʟ ʧʣʘʥʦʚʠʤʠ ʟʘʤʦʚʣʝʥʥʷʤʠ, ʫʩʽ ʝʪʘʧʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʚʠʢʦʥʘʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʧʦʪʨʽʙʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʟʘ ʚʠʨʘʟʦʤ (2.21): 

 

i

J

j

L

l

ijl wo =ää
= =1 1

,                                               (2.21) 

 

ʜʝ l ï ʪʝʭʥʦʣʦʛʽʯʥʝ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʥʘʣʝʞʠʪʴ ʜʦ ʟʘʛʘʣʴʥʦʾ ʤʥʦʞʠʥʠ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ L ; 

    jï ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʝʪʘʧ, ʱʦ ʚʭʦʜʠʪʴ ʜʦ ʟʘʛʘʣʴʥʦʾ ʤʥʦʞʠʥʠ ʝʪʘʧʽʚ J . 

3. ɼʣʷ ʢʦʞʥʦʛʦ i -ʛʦ ʟʘʤʦʚʣʝʥʥʷ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʪʝ, ʱʦ ʢʦʞʝʥ ʝʪʘʧ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʤʦʞʝ ʨʦʟʧʦʯʘʪʠʩʷ ʣʠʰʝ ʧʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʫʩʽʭ ʧʦʧʝʨʝʜʥʽʭ 

ʝʪʘʧʽʚ. ʗʢʱʦ 1)1)(1( =-- ljio  ʪʘ 1=ijlo , ʪʦʜʽ ʯʘʩ ʧʦʯʘʪʢʫ ʚʠʢʦʥʘʥʥʷ l-ʛʦ ʝʪʘʧʫ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʦʤ (2.22): 

 

ijlljilji ttt ¢D+ ---- )1)(1()1)(1( ,                                          (2.22) 

 

ʜʝ )1)(1( -- ljit  ï ʯʘʩ ʧʦʯʘʪʢʫ ʚʠʢʦʥʘʥʥʷ ( )1j-  ʧʦʧʝʨʝʜʥʴʦʛʦ ʝʪʘʧʫ i -ʛʦ ʟʘʤʦʚʣʝʥʥʷ 

ʥʘ ( )1l-  ʧʦʧʝʨʝʜʥʴʦʤʫ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ; 

     )1)(1( --D ljit  ï ʩʫʤʘʨʥʠʡ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ( )1l-  ʧʦʧʝʨʝʜʥʴʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ( )1j-  ʧʦʧʝʨʝʜʥʴʦʛʦ ʝʪʘʧʫ i -ʛʦ ʟʘʤʦʚʣʝʥʥʷ; 

     ijlt  ï ʯʘʩ ʧʦʯʘʪʢʫ ʚʠʢʦʥʘʥʥʷ j -ʛʦ ʧʦʪʦʯʥʦʛʦ ʝʪʘʧʫ i -ʛʦ ʟʘʤʦʚʣʝʥʥʷ ʥʘ l-ʤʫ 

ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ. 

4. ʆʙʤʝʞʝʥʥʷ (2.4) ʨʝʛʣʘʤʝʥʪʫʻ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ ʟʘ ʧʝʨʽʦʜ ( )tt D+  ʽ ʥʝ 

ʤʦʞʝ ʚʠʭʦʜʠʪʠ ʟʘ ʮʽ ʤʝʞʽ. 

5. ʆʙʤʝʞʝʥʥʷ (2.5) ʦʙʫʤʦʚʣʶʻ ʟʘʢʽʥʯʝʥʥʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ ʥʝ ʧʽʟʥʽʰʝ 

ʚʠʟʥʘʯʝʥʦʛʦ ʪʝʨʤʽʥʫ ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʟʘʤʦʚʥʠʢʦʤ. 
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6. ʏʘʩ ʧʦʯʘʪʢʫ ʚʠʢʦʥʘʥʥʷ i -ʛʦ ʟʘʤʦʚʣʝʥʥʷ ʥʘ l-ʤʫ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ 

ʤʦʞʝ ʙʫʪʠ ʟʘʜʘʥʦ ʢʦʥʩʪʘʥʪʦʶ ʯʠ ʧʨʦʤʽʞʢʦʤ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦʢʘʟʥʠʢʘʤʠ ʨʦʙʦʪʠ 

ʢʦʥʢʨʝʪʥʦʾ ʙʨʠʛʘʜʠ ʧʨʠ ʬʘʩʫʚʘʥʥʽ/ʧʘʢʫʚʘʥʥʽ ʘʙʦ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥ ̔ʩʧʝʮʠʬʽʯʥʦʛʦ 

ʚʠʜʫ ʧʨʦʜʫʢʮʽʾ  ̔ʦʧʠʩʫʻʪʴʩʷ ʚʠʨʘʟʦʤ (2.23): 

 

constijl =o  ʘʙʦ constbabaijl -Í ,],,[o .                                (2.23) 

 

ʅʘʧʨʠʢʣʘʜ, ʚʠʛʦʪʦʚʣʝʥʥʷ -̔ʛʦ ʟʘʤʦʚʣʝʥʥʷ ʧʦʚʠʥʥʦ ʧʨʠʧʘʜʘʪʠ ʪʽʣʴʢʠ ʥʘ ʜʨʫʛʫ 

ʟʤʽʥʫ, ʪʦʙʪʦ : ]55:23..15:16[Íijlo . 

7. ʋ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʥʘ ʧʣʘʥʦʚʠʡ ʧʝʨʽʦʜ ( )t t+D ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʚʠʢʦʥʘʥʥʷ 

ʨʝʤʦʥʪʥʦ-ʧʨʦʬʽʣʘʢʪʠʯʥʠʭ ʨʦʙʽʪ ʥʘ ʧʝʚʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ, ʪʦʜʽ ʧʣʘʥʦʚʠʡ ʧʝʨʽʦʜ 

ʨʦʟʙʠʚʘʻʪʴʩʷ ʥʘ ʜʚʘ ʧʨʦʤʽʞʢʠ: ʜʦ ʪʘ ʧʽʩʣʷ ʚʠʢʦʥʘʥʥʷ ʪʘʢʠʭ ʨʦʙʽʪ. 

8. ʋʩʽ ʚʠʜʠ ʨʝʩʫʨʩʽʚ ʜʣʷ ʚʠʢʦʥʘʥʥʷ i -ʛʦ ʟʘʤʦʚʣʝʥʥʷ ʧʦʚʠʥʥʽ ʙʫʪʠ ʫ ʧʦʚʥʦʤʫ 

ʦʙʩʷʟʽ, ʘ ʾʭ ʥʘʜʭʦʜʞʝʥʥʷ ʧʦʚʠʥʥʦ ʙʫʪʠ ʥʝ ʧʽʟʥʽʰʝ ʧʦʯʘʪʢʫ ʝʪʘʧʫ ʜʣʷ ʚʠʢʦʥʘʥʥʷ i -ʛʦ 

ʟʘʤʦʚʣʝʥʥʷ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʦʤ (2.24): 

 

( ) k

r

k

iik rkzttoprk
i

²D+ä
=1

* ,                                       (2.24) 

 

ik ijltrp t¢ , 

 

ʜʝ ijlt  ï ʯʘʩ ʧʦʯʘʪʢʫ ʚʠʢʦʥʘʥʥʷ j -ʛʦ ʝʪʘʧʫ i -ʛʦ ʟʘʤʦʚʣʝʥʥʷ ʥʘ l-ʤʫ 

ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ; 

      k  ï ʚʠʜ ʨʝʩʫʨʩʫ ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʚʠʢʦʥʘʥʥʷ i -ʛʦ ʟʘʤʦʚʣʝʥʥʷ; 

      r i ï ʧʝʨʝʣʽʢ ʨʝʩʫʨʩʽʚ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ ʟʘ i -ʤ 

ʟʘʤʦʚʣʝʥʥʷʤ; 

     ( )ttopi D+  ï ʦʙʩʷʛ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ, ʷʢʫ ʥʝʦʙʭʽʜʥʦ ʚʠʛʦʪʦʚʠʪʠ ʟʘ i -ʤ 

ʟʘʤʦʚʣʝʥʥʷʤ ʫ ʧʝʨʽʦʜ ( )tt D+ .  
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     rkik ï ʦʙʩʷʛ ʩʠʨʦʚʠʥʠ, ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʦʜʠʥʠʮʽ ʧʨʦʜʫʢʮʽʾ ʟʘ i -

ʤ ʟʘʤʦʚʣʝʥʥʷʤ; 

     rkzk ï ʦʙʩʷʛ ʩʠʨʦʚʠʥʠ k -ʛʦ ʚʠʜʫ ʨʝʩʫʨʩʫ, ʱʦ ʥʘʜʽʡʰʦʚ ʫ ʤʦʤʝʥʪ ʯʘʩʫ iktrp ; 

     iktrp  ï ʯʘʩ ʥʘʜʭʦʜʞʝʥʥʷ k -ʛʦ ʚʠʜʫ ʨʝʩʫʨʩʫ ʜʦ ʧʦʯʘʪʢʫ ʚʠʢʦʥʘʥʥʷ j -ʛʦ 

ʧʦʪʦʯʥʦʛʦ ʝʪʘʧʫ i -ʛʦ ʟʘʤʦʚʣʝʥʥʷ ʥʘ l-ʤʫ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ. 

9. ɹʫʚʘʶʪʴ ʚʠʧʘʜʢʠ, ʢʦʣʠ ʥʝʦʙʭʽʜʥʦ ʟʙʝʨʝʛʪʠ ʧʦʚʥʫ ʘʙʦ ʯʘʩʪʢʦʚʫ 

ʧʨʽʦʨʠʪʝʪʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʥʷ, ʪʦʤʫ ʤʦʞʫʪʴ ʚʚʦʜʠʪʠʩʷ ʯʘʩʪʢʦʚʝ ʘʙʦ ʧʦʚʥʝ 

ʨʘʥʞʫʚʘʥʥʷ ʟʘʤʦʚʣʝʥʴ, ʘ ʪʘʢʦʞ ʯʽʪʢʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʫ ʚʠʛʣʷʜʽ ʥʝʨʽʚʥʦʩʪʽ, ʥʘʧʨʠʢʣʘʜ, 

pu< , ʜʝ u  ʪʘ p  ï ʥʦʤʝʨʠ ʟʘʤʦʚʣʝʥʴ.  

10. ʆʙʩʷʛ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ ʥʝ ʤʦʞʝ ʧʝʨʝʚʠʱʫʚʘʪʠ ʤʘʢʩʠʤʘʣʴʥʦ 

ʤʦʞʣʠʚʫ ʧʦʪʫʞʥʽʩʪʴ ʧʽʜʧʨʠʻʤʩʪʚʘ ʚ ʮʽʣʦʤʫ ʽ ʟʘʜʘʻʪʴʩʷ ʬʦʨʤʫʣʦʶ (2.25): 

 

( ) iii MaxOpttopMinOp ¢D+¢ ,                               (2.25) 

 

ʜʝ ( )tt D+  ï ʧʣʘʥʦʚʠʡ ʧʝʨʽʦʜ, ʥʘ ʷʢʠʡ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʚʠʨʦʙʥʠʯʠʡ ʧʣʘʥ; 

     ( )ttopi D+  ï ʦʙʩʷʛ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ, ʷʢʫ ʥʝʦʙʭʽʜʥʦ ʚʠʛʦʪʦʚʠʪʠ ʟʘ i -ʤ 

ʟʘʤʦʚʣʝʥʥʷʤ ʫ ʧʝʨʽʦʜ ( )tt D+ ; 

     iMinOp
 ï ʤʽʥʽʤʘʣʴʥʦ ʤʦʞʣʠʚʠʡ ʦʙʩʷʛ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ ʟʘ i -ʤ 

ʟʘʤʦʚʣʝʥʥʷʤ ʫ ʧʝʨʽʦʜ ( )tt D+ , ʷʢʠʡ ʙʫʜʝ ʨʝʥʪʘʙʝʣʴʥʠʤ; 

     iMaxOp  ï ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʠʡ ʦʙʩʷʛ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ ʟʘ i -ʤ 

ʟʘʤʦʚʣʝʥʥʷʤ ʫ ʧʝʨʽʦʜ ( )tt D+ . 

11. ʊʝʨʤʽʥ ʟʙʝʨʽʛʘʥʥʷ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʥʝ ʤʦʞʝ ʧʝʨʝʚʠʱʫʚʘʪʠ ʪʝʨʤʽʥ 

ʧʨʠʜʘʪʥʦʩʪʽ ʜʦ ʚʞʠʚʘʥʥʷ ʪʘ ʪʝʨʤʽʥ ʧʝʨʝʨʦʙʢʠ ʽ ʟʘʜʘʻʪʴʩʷ ʬʦʨʤʫʣʦʶ (2.26): 

 

( ) ( ) ( ) ( ) ( )

( ) ( )tttpridtttvug

tttvidgtttvugtttpertttvugtttvug

ii

iiiii

D++D+¢

¢D++D+¢D++D+¢D+
   (2.26) 

 

ʜʝ ( )t t+D ï ʧʣʘʥʦʚʠʡ ʧʝʨʽʦʜ, ʥʘ ʷʢʠʡ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʚʠʨʦʙʥʠʯʠʡ ʧʣʘʥ; 



83 

    ( )itvug t t+D ï ʯʘʩ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ, ʷʢʫ ʚʠʛʦʪʦʚʠʣʠ ʟʘ i -ʤ 

ʟʘʤʦʚʣʝʥʥʷʤ ʫ ʧʝʨʽʦʜ ( )tt D+ ; 

    ( )ttperi D+  ï ʯʘʩ, ʟʘ ʷʢʠʡ ʤʦʞʣʠʚʦ ʟʜʽʡʩʥʠʪʠ ʧʝʨʝʨʦʙʢʫ ʧʨʦʜʫʢʮʽʾ, ʷʢʫ 

ʚʠʛʦʪʦʚʠʣʠ ʟʘ i -ʤ ʟʘʤʦʚʣʝʥʥʷʤ ʫ ʧʝʨʽʦʜ ( )tt D+ ; 

    ( )tttvidgi D+  ï ʯʘʩ, ʯʝʨʝʟ ʷʢʠʡ ʤʦʞʣʠʚʦ ʟʜʽʡʩʥʠʪʠ ʚʽʜʚʘʥʪʘʞʝʥʥʷ ʛʦʪʦʚʦʾ 

ʧʨʦʜʫʢʮʽʾ, ʱʦ ʙʫʣʘ ʚʠʛʦʪʦʚʣʝʥʘ ʟʘ i -ʤ ʟʘʤʦʚʣʝʥʥʷʤ ʫ ʧʝʨʽʦʜ ( )tt D+ ; 

    ( )tttprid i D+  ï ʯʘʩ ʧʨʠʜʘʪʥʦʩʪʽ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ, ʷʢʫ ʚʠʛʦʪʦʚʠʣʠ ʟʘ i -ʤ 

ʟʘʤʦʚʣʝʥʥʷʤ ʫ ʧʝʨʽʦʜ ( )tt D+ . 

12. ʊʝʨʤʽʥ ʟʙʝʨʽʛʘʥʥʷ ʩʠʨʦʚʠʥʠ ʥʝ ʤʦʞʝ ʧʝʨʝʚʠʱʫʚʘʪʠ ʪʝʨʤʽʥ ʤʦʞʣʠʚʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʽ ʟʘʜʘʻʪʴʩʷ ʬʦʨʤʫʣʦʶ (2.27): 

 

                                                            k k ktr tr tvug¢ + ,                                                  (2.27) 

 

ʜʝ ktr  ï ʯʘʩ ʥʘʜʭʦʜʞʝʥʥʷ ʩʠʨʦʚʠʥʠ; 

    ktvug  ï ʯʘʩ, ʷʢʠʡ ʤʦʞʝ ʟʙʝʨʽʛʘʪʠʩʷ ʩʠʨʦʚʠʥʘ, ʷʢʘ ʥʘʜʽʡʰʣʘ ʫ ʯʘʩ ktr . 

13. ɿʙʝʨʽʛʘʥʥʷ ʚʠʛʦʪʦʚʣʝʥʦʾ ʧʨʦʜʫʢʮʽʾ ʦʙʤʝʞʝʥʦ ʤʦʞʣʠʚʠʤ ʦʙʩʷʛʦʤ 

ʟʙʝʨʽʛʘʥʥʷ (2.28): 

 

)()( tMaxpgtpg ii ¢ ,                                              (2.28) 

 

ʜʝ ()tpgi  ï ʦʙʩʷʛ i -ʛʦ ʚʠʜʫ ʧʨʦʜʫʢʮʽʾ, ʷʢʠʡ ʚʠʛʦʪʦʚʣʝʥʦ, ʘʣʝ ʥʝ ʚʽʜʚʘʥʪʘʞʝʥʦ 

ʥʘ ʤʦʤʝʥʪ ʯʘʩʫ t; 

     ()tMaxpgi  ï ʤʘʢʩʠʤʘʣʴʥʠʡ ʦʙʩʷʛ i -ʛʦ ʚʠʜʫ ʧʨʦʜʫʢʮʽʾ, ʷʢʠʡ ʤʦʞʝ 

ʟʙʝʨʽʛʘʪʠʩʷ ʚ ʤʦʤʝʥʪ ʯʘʩʫ t . 

14. ɿʙʝʨʽʛʘʥʥʷ ʩʠʨʦʚʠʥʠ ʦʙʤʝʞʝʥʦ ʤʦʞʣʠʚʠʤ ʦʙʩʷʛʦʤ ʟʙʝʨʽʛʘʥʥʷ (2.29): 

 

)()( tMaxrtpr kk ¢ ,                                               (2.29) 
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ʜʝ ()tprk  ï ʦʙʩʷʛ k -ʛʦ ʚʠʜʫ ʩʠʨʦʚʠʥʠ, ʷʢʠʡ ʧʨʠʩʫʪʥʽʡ ʥʘ ʤʦʤʝʥʪ ʯʘʩʫ t ; 

     ()tMaxrk  ï ʤʘʢʩʠʤʘʣʴʥʠʡ ʦʙʩʷʛ k -ʛʦ ʚʠʜʫ ʩʠʨʦʚʠʥʠ, ʷʢʠʡ ʤʦʞʝ ʟʙʝʨʽʛʘʪʠʩʷ 

ʚ ʤʦʤʝʥʪ ʯʘʩʫ t . 

ʈʦʟʨʦʙʣʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʜʘʻ ʟʤʦʛʫ ʦʮʽʥʠʪʠ ʪʘ ʧʦʙʫʜʫʚʘʪʠ ʦʧʝʨʘʪʠʚʥʦ-

ʢʘʣʝʥʜʘʨʥʠʡ ʧʣʘʥ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ, ʘ ʜʘʥʘ ʟʘʜʘʯʘ ʥʘʣʝʞʠʪʴ ʜʦ ʢʣʘʩʫ 

ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʠʭ NP-ʩʢʣʘʜʥʠʭ ʢʦʤʙʽʥʘʪʦʨʥʠʭ ʟʘʜʘʯ [4, 18, 22, 30, 32].  

ʉʢʣʘʜʥʽʩʪʴ ʨʦʟʚôʷʟʘʥʥʷ ʪʘʢʦʾ ʟʘʜʘʯʽ ʟʨʦʩʪʘʻ ʟ ʢʽʣʴʢʽʩʪʶ ʟʘʤʦʚʣʝʥʴ, ʘ ʪʘʢʦʞ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʝʪʘʧʽʚ ʨʽʟʥʠʭ ʚʘʨʽʘʥʪʽʚ ʚʠʢʦʥʘʥʥʷ ʥʘ ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʣʘʥʢʘʭ 

ʚʠʨʦʙʥʠʮʪʚʘ.  

ɿʘʜʘʯʘ ʤʦʞʝ ʙʫʪʠ ʩʧʨʦʱʝʥʘ ʪʽʣʴʢʠ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ, ʜʝ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ ʦʜʥʦʤʫ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʤʫ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ 

ʢʦʤʧʣʝʢʩʽ, ʱʦ ʤʘʻ ʢʦʥʚʝʻʨʥʠʡ ʙʝʟʧʝʨʝʨʚʥʠʡ ʮʠʢʣ ʚʠʨʦʙʥʠʮʪʚʘ. ʇʨʠʢʣʘʜʦʤ ʤʦʞʝ 

ʙʫʪʠ ʤʘʢʘʨʦʥʥʝ ʚʠʨʦʙʥʠʮʪʚʦ, ʜʝ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʝʚʥʦʛʦ ʚʠʜʫ ʧʨʦʜʫʢʮʽʾ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʥʘ ʦʜʥʽʡ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽʡ ʪʝʭʥʦʣʦʛʽʯʥʽʡ ʣʽʥʽʾ. 

ʅʝʦʙʭʽʜʥʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʯʘʩʪʠʥʘ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘ 

ʚʽʪʯʠʟʥʷʥʠʭ ʭʘʨʯʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ, ʧʦʪʨʝʙʫʻ ʜʦʜʘʪʢʦʚʠʭ ʟʫʩʠʣʴ ʥʘʣʘʰʪʫʚʘʥʥʷ 

ʧʨʠ ʚʧʨʦʚʘʜʞʝʥʥʽ ʥʦʚʠʭ ʚʠʜʽʚ ʧʨʦʜʫʢʮʽʾ. ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʜʦʜʘʶʪʴʩʷ ʚʠʪʨʘʪʠ ʥʘ 

ʥʘʣʘʰʪʫʚʘʥʥʷ ʪʘ ʨʝʛʫʣʶʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʢʦʞʥʠʤ 

ʧʨʦʮʝʩʦʤ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ. ʅʘʧʨʠʢʣʘʜ, ʧʨʦʮʝʩ ʧʨʠʛʦʪʫʚʘʥʥʷ ʚʘʨʝʥʠʭ 

ʢʦʚʙʘʩʥʠʭ ʚʠʨʦʙʽʚ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʽʜʩʫʰʫʚʘʥʥʷ, ʦʙʩʤʘʞʫʚʘʥʥʷ, ʚʘʨʽʥʥʷ. ʋʩʽ 

ʟʘʟʥʘʯʝʥʽ ʝʪʘʧʠ ʟʘʣʝʞʘʪʴ ʚʽʜ ʜʽʘʤʝʪʨʘ ʢʦʚʙʘʩʥʦʛʦ ʚʠʨʦʙʫ [11] ʡ ʚʠʢʦʥʫʶʪʴʩʷ ʥʘ 

ʦʜʥʦʤʫ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ.  

ɹʽʣʴʰ ʜʝʪʘʣʴʥʦ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʚʘʨʝʥʠʭ 

ʢʦʚʙʘʩʥʠʭ ʚʠʨʦʙʽʚ ʥʘʚʝʜʝʥʘ ʫ ɼʦʜʘʪʢʫ ɽ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʤʦʞʝ ʙʫʪʠ ʘʜʘʧʪʦʚʘʥʘ ʜʣʷ ʚʠʨʽʰʝʥʥʷ 

ʟʘʜʘʯ ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʥʝ ʪʽʣʴʢʠ ʜʣʷ ʭʘʨʯʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʘ ʪʘʢʦʞ 

ʜʣʷ ʧʽʜʧʨʠʻʤʩʪʚ, ʜʽʷʣʴʥʽʩʪʴ ʷʢʠʭ ʧʦʚôʷʟʘʥʘ ʟ ʥʘʜʘʥʥʷʤ ʧʦʩʣʫʛ ʯʠ ʚʠʛʦʪʦʚʣʝʥʥʷʤ 

ʧʨʦʤʠʩʣʦʚʠʭ ʪʦʚʘʨʽʚ. 
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2.2 ʉʪʚʦʨʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣ ̔ʧʣʘʥʫʚʘʥʥʷ ʧʦʩʪʘʯʘʥʥʷ ʩʠʨʦʚʠʥʠ ʥʘ 

ʧʨʠʢʣʘʜʽ ʮʫʢʨʦʚʦʛʦ ʟʘʚʦʜʫ  

 

 

ʏʘʩʪʠʥʘ ʧʽʜʧʨʠʻʤʩʪʚ ʧʝʨʝʨʦʙʥʦʾ ʪʘ ʭʘʨʯʦʚʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʧʨʠʚôʷʟʘʥʘ ʜʦ 

ʩʠʨʦʚʠʥʠ, ʷʢʘ ʤʘʻ ʩʚʦʾ ʚʣʘʩʪʠʚʦʩʪʽ ʟ ʦʙʤʝʞʝʥʥʷʤʠ ʥʘ ʪʝʨʤʽʥ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ʇʨʠʢʣʘʜʦʤ ʪʘʢʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʻ ʮʫʢʨʦʚʝ ʚʠʨʦʙʥʠʮʪʚʦ. ʆʩʦʙʣʠʚʽʩʪʶ ʮʫʢʨʦʚʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʻ ʟʘʣʝʞʥʽʩʪʴ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʨʦʙʦʪʠ ʚʽʜ ʷʢʦʩʪʽ 

ʩʠʨʦʚʠʥʠ. ʗʢ ʩʠʨʦʚʠʥʘ ʤʦʞʫʪʴ ʚʠʩʪʫʧʘʪʠ ʮʫʢʨʦʚʠʡ ʙʫʨʷʢ, ʢʘʚʫʥʠ ʪʘ ʮʫʢʨʦʚʘ 

ʪʨʦʩʪʠʥʘ. ʇʣʘʥʫʚʘʥʥʷ ʧʝʨʝʨʦʙʣʝʥʥʷ ʟʘʢʣʘʜʘʻʪʴʩʷ ʥʘ ʨʽʚʥʽ ʧʣʘʥʫʚʘʥʥʷ ʧʦʩʽʚʫ 

ʢʫʣʴʪʫʨ, ʘʜʞʝ ʚʠʟʨʽʚʘʥʥʷ ʩʠʨʦʚʠʥʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʝʨʽʚʥʦʤʽʨʥʦ ʡ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʩʠʨʦʚʠʥʥʦʾ ʟʦʥʠ, ʷʢʦʩʪʽ ʩʦʨʪʫ ʪʘ ʛʽʙʨʠʜʽʚ ʮʫʢʨʦʚʦʛʦ ʥʘʩʽʥʥʷ, ʪʝʨʤʽʥʽʚ ʧʦʩʽʚʫ, 

ʧʦʛʦʜʥʦ-ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʧʝʨʽʦʜʫ, ʟʙʠʨʘʥʥʷ, ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʪʘ 

ʟʙʝʨʽʛʘʥʥʷ. ʂʦʞʝʥ ʚʠʜ ʛʽʙʨʠʜʽʚ ʚʽʜʤʽʥʥʠʡ ʟʘ ʩʚʦʾʤʠ ʛʝʥʝʪʠʢʦ-ʜʝʪʝʨʤʽʥʦʚʘʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʪʝʨʤʽʥʘʤʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʜʦʟʨʽʚʘʥʥʷ, ʧʦʢʘʟʥʠʢʘʤʠ ʚʨʦʞʘʡʥʦʩʪʽ, 

ʮʫʢʨʠʩʪʦʩʪʽ ʪʘ ʣʝʞʢʦʩʪʽ. ɿʘ ʨʘʭʫʥʦʢ ʧʦʩʪʽʡʥʦʛʦ ʨʦʟʚʠʪʢʫ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ 

ʛʽʙʨʠʜʽʚ ʥʝʦʙʭʽʜʥʦ ʧʦʩʪʽʡʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʧʝʨʝʧʣʘʥʫʚʘʥʥʷ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʧʦʩʪʘʯʘʥʥʷ 

ʪʘ ʧʝʨʝʨʦʙʢʠ ʩʠʨʦʚʠʥʠ [9].  

ɸʚʪʦʨʠ ʨʦʙʦʪʠ [9] ʟʘʧʨʦʧʦʥʫʚʘʣʠ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʚʠʛʦʪʦʚʣʝʥʥʷ ʮʫʢʨʫ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʢʘʟʥʠʢʽʚ ʩʠʨʦʚʠʥʠ. 

ʆʩʥʦʚʥʫ ʤʝʪʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʦʮʝʩʫ ʮʫʢʨʦʚʦʛʦ ʟʘʚʦʜʫ 

ʜʦʮʽʣʴʥʦ ʚʠʟʥʘʯʠʪʠ ʮʽʣʴʦʚʦʶ ʬʫʥʢʮʽʻʶ (2.30): 
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ʊrʉxʩZxx=f ,                         (2.30) 

 

ʜʝ ijx  ï ʦʙʩʷʛ ʧʦʩʪʘʯʘʥʥʷ ʮʫʢʨʦʚʠʭ ʙʫʨʷʢʽʚ ʟ i -ʦʾ  ʩʠʨʦʚʠʥʥʦʾ ʟʦʥʠ (ki »Í1 ), 

ʟʘ ʢʦʞʥʠʡ j -ʡ ʜʝʥʴ ʥʘʜʭʦʜʞʝʥʥʷ ʟʘ ʚʝʩʴ ʧʝʨʽʦʜ ʨʦʙʦʪʠ ʮʫʢʨʦʚʦʛʦ ʟʘʚʦʜʫ ([ ]itj »Í1 , 

ʚʽʜ ʧʝʨʰʦʛʦ ʜʦ ʦʩʪʘʥʥʴʦʛʦ ()it  ʜʥʷ ʨʦʙʦʪʠ ʥʘʜʭʦʜʞʝʥʥʷ ʟ i -ʦʾ  ʩʠʨʦʚʠʥʥʦʾ ʟʦʥʠ); 
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     k ï ʢʽʣʴʢʽʩʪʴ ʩʠʨʦʚʠʥʥʠʭ ʟʦʥ, ʟ ʷʢʠʭ ʥʘʜʭʦʜʠʪʴ ʮʫʢʨʦʚʠʡ ʙʫʨʷʢ;  

     Zi ï ʢʦʝʬʽʮʽʻʥʪ ʟʘʙʨʫʜʥʝʥʦʩʪʽ ʢʦʨʝʥʝʧʣʦʜʽʚ ʮʫʢʨʦʚʠʭ ʙʫʨʷʢʽʚ ʟ i -ʦʾ  

ʩʠʨʦʚʠʥʥʦʾ ʟʦʥʠ;  

     cʽj ï ʚʤʽʩʪ ʮʫʢʨʫ ʚ ʢʦʨʝʥʝʧʣʦʜʘʭ ʮʫʢʨʦʚʦʛʦ ʙʫʨʷʢʫ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʟ i -ʦʾ  

ʩʠʨʦʚʠʥʥʦʾ ʟʦʥʠ, ʟʘ ʢʦʞʥʠʡ j -ʡ ʜʝʥʴ;  

    ix  ï ʚʪʨʘʪʠ ʤʘʩʠ ʮʫʢʨʦʚʠʭ ʙʫʨʷʢʽʚ ʟ i -ʦʾ  ʩʠʨʦʚʠʥʥʦʾ ʟʦʥʠ ʧʽʜ ʯʘʩ ʟʙʝʨʽʛʘʥʥʷ 

ʚ ʟʘʚʦʜʩʴʢʠʭ ʢʘʛʘʪʘʭ; 

     iʉ  ï ʚʪʨʘʪʘ ʮʫʢʨʫ ʚ ʢʦʨʝʥʝʧʣʦʜʘʭ ʟ i -ʦʾ  ʩʠʨʦʚʠʥʥʦʾ ʟʦʥʠ ʧʽʜ ʯʘʩ ʟʙʝʨʽʛʘʥʥʷ 

ʚ ʟʘʚʦʜʩʴʢʠʭ ʢʘʛʘʪʘʭ; 

     ʽ
ʊr ï ʚʠʪʨʘʪʠ ʥʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʮʫʢʨʦʚʠʭ ʙʫʨʷʢʽʚ ʟ i -ʦʾ  ʩʠʨʦʚʠʥʥʦʾ ʟʦʥʠ 

ʥʘ ʧʨʠʡʤʘʣʴʥʠʡ ʧʫʥʢʪ ʮʫʢʨʦʚʦʛʦ ʟʘʚʦʜʫ [9].  

ʎʽʣʴʦʚʘ ʬʫʥʢʮʽʷ (2.30) ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʠʭʦʜʫ 

ʮʫʢʨʫ ʟ ʩʠʨʦʚʠʥʠ, ʱʦ ʥʘʜʽʡʰʣʘ ʥʘ ʮʫʢʨʦʚʠʡ ʟʘʚʦʜ. ʆʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʯʘʩʪʢʦʚʠʭ 

ʢʨʠʪʝʨʽʾʚ ʦʧʪʠʤʽʟʘʮʽʾ ʻ ʤʘʢʩʠʤʽʟʘʮʽʷ ʚʠʣʫʯʝʥʥʷ ʮʫʢʨʦʟʠ ʟ ʮʫʢʨʦʚʦʛʦ ʙʫʨʷʢʘ, ʱʦ 

ʥʘʜʡ̔ʰʦʚ ʟ i -ʦʾ  ʩʠʨʦʚʠʥʥʦʾ ʟʦʥʠ (ki »Í1 ) ʟʘ ʢʦʞʥʠʡ j -ʡ ʜʝʥʴ ʥʘʜʭʦʜʞʝʥʥʷ ʟʘ ʚʝʩʴ 

ʧʝʨʽʦʜ ʨʦʙʦʪʠ ʮʫʢʨʦʚʦʛʦ ʟʘʚʦʜʫ ([ ]itj »Í1 , ʚʽʜ ʧʝʨʰʦʛʦ ʜʦ ʦʩʪʘʥʥʴʦʛʦ ()it  ʜʥʷ 

ʨʦʙʦʪʠ ʥʘʜʭʦʜʞʝʥʥʷ ʟ i -ʦʾ  ʩʠʨʦʚʠʥʥʦʾ ʟʦʥʠ) (2.31) [9]: 
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ʜʝ ijc  ï ʮʫʢʨʠʩʪʽʩʪʴ ʮʫʢʨʦʚʦʛʦ ʙʫʨʷʢʫ, ʱʦ ʥʘʜʽʡʰʦʚ ʟ i -ʦʾ  ʩʠʨʦʚʠʥʥʦʾ ʟʦʥʠ ʟʘ 

ʢʦʞʥʠʡ j -ʡ ʜʝʥʴ ʥʘʜʭʦʜʞʝʥʥʷ ʟʘ ʚʝʩʴ ʧʝʨʽʦʜ ʨʦʙʦʪʠ ʮʫʢʨʦʚʦʛʦ ʟʘʚʦʜʫ (ʚʽʜ ʧʝʨʰʦʛʦ 

ʜʦ ʦʩʪʘʥʥʴʦʛʦ ()it  ʜʥʷ ʨʦʙʦʪʠ ʥʘʜʭʦʜʞʝʥʥʷ ʟ i -ʦʾ  ʩʠʨʦʚʠʥʥʦʾ ʟʦʥʠ). 

ʇʨʦʛʥʦʟʦʚʘʥʠʡ ʚʠʨʦʙʽʪʦʢ ʮʫʢʨʦʟʠ ʟ 1 ʛʘ ʧʦʩʽʚʽʚ ʮʫʢʨʦʚʦʛʦ ʙʫʨʷʢʫ ʟʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʙʩʪʝʞʝʥʴ (2.32) [9]: 
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ʜʝ mP  ï ʧʨʦʛʥʦʟʦʚʘʥʽ ʚʥʫʪʨʽʰʥʴʦʟʘʚʦʜʩʴʢʽ ʚʪʨʘʪʠ ʤʘʩʠ ʮʫʢʨʦʚʠʭ ʙʫʨʷʢʽʚ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʛʽʙʨʠʜʘ ʧʨʠ ʟʙʝʨʽʛʘʥʥʽ ʪʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʽ, ʧʨʠʡʥʷʪʠʭ ʥʘ ʚʽʜ i -ʛʦ 

ʛʦʩʧʦʜʘʨʩʪʚʘ, ʫ ʚʽʜʩʦʪʢʘʭ ʜʦ ʤʘʩʠ ʧʨʠʡʥʷʪʠʭ ʙʫʨʷʢʽʚ; 

     CV  ï ʧʨʦʛʥʦʟʦʚʘʥʠʡ ʚʠʭʽʜ ʮʫʢʨʦʟʠ ʫ ʚʽʜʩʦʪʢʘʭ ʜʦ ʤʘʩʠ ʧʝʨʝʨʦʙʣʝʥʠʭ 

ʙʫʨʷʢʽʚ; 

     ʮʙS̔, ī ʧʣʦʱʘ ʩʠʨʦʚʠʥʥʦʾ ʟʦʥʠ ʧʦʩʽʚʽʚ ʚʽʜʧʦʚʽʜʥʦʛʦ ʛʽʙʨʠʜʘ ʮʫʢʨʦʚʦʛʦ 

ʙʫʨʷʢʘ, ʛʘ.  

ʇʨʦʛʥʦʟʦʚʘʥʠʡ ʚʠʭʽʜ ʮʫʢʨʫ ʫ ʚʽʜʩʦʪʢʘʭ ʜʦ ʤʘʩʠ ʧʨʠʡʥʷʪʠʭ ʢʦʨʝʥʝʧʣʦʜʽʚ 

ʚʠʟʥʘʯʘʻʤʦ ʟʘ ʬʦʨʤʫʣʦʶ (2.33). 

 

ʄʧʨC ʉSBC=V -- ,                                                  (2.33) 

 

ʜʝ ʧʨC  ï ʮʫʢʨʠʩʪʽʩʪʴ ʛʽʙʨʠʜʘ ʙʫʨʷʢʘ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʟʥʘʯʝʥʥʷ ʮʫʢʨʠʩʪʦʩʪʽ 

ʢʦʨʝʥʝʧʣʦʜʽʚ ʥʘ ʧʨʦʙʥʠʭ ʜʽʣʷʥʢʘʭ ʟʦʥʠ ʙʫʨʷʢʦʩʽʷʥʥʷ ʮʫʢʨʦʚʦʛʦ ʟʘʚʦʜʫ ʫ ʚʽʜʩʦʪʢʘʭ 

ʜʦ ʤʘʩʠ ʙʫʨʷʢʽʚ;  

     SB ï ʥʦʨʤʘʪʠʚʥʘ ʩʫʤʘ ʚʪʨʘʪ ʮʫʢʨʦʟʠ ʚʽʜ ʧʨʠʡʤʘʥʥʷ ʜʦ ʦʜʝʨʞʘʥʥʷ ʛʦʪʦʚʦʾ 

ʧʨʦʜʫʢʮʽʾ % ʜʦ ʤʘʩʠ ʟʘʛʦʪʦʚʣʝʥʠʭ (ʧʨʠʡʥʷʪʠʭ) ʙʫʨʷʢʽʚ;  

     ʄʉ  ï ʥʦʨʤʘʪʠʚʥʠʡ ʚʤʽʩʪ ʮʫʢʨʦʟʠ ʚ ʤʝʣʷʩʽ ʙʫʨʷʢʽʚ ʫ ʚʽʜʩʦʪʢʘʭ ʜʦ ʤʘʩʠ 

ʙʫʨʷʢʽʚ, ʫʩʽ ʧʦʢʘʟʥʠʢʠ ʚʨʘʭʦʚʫʶʪʴʩʷ ʜʣʷ -̔ʦʾ ʩʠʨʦʚʠʥʥʦʾ ʟʦʥʠ.  

ʋ ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚʘʭ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʦʜʥʘʢʦʚʠʭ ʦʙʩʷʛʘʭ ʧʘʨʪʽʡ ʦʜʥʦʛʦ 

ʚʠʜʫ ʮʫʢʨʦʚʦʛʦ ʙʫʨʷʢʫ ʪʘ ʟ ʦʜʥʘʢʦʚʦʶ ʮʫʢʨʠʩʪʽʩʪʶ ʢʦʨʝʥʝʧʣʦʜʽʚ ʦʙʩʷʛʠ 

ʚʠʛʦʪʦʚʣʝʥʦʾ ʧʨʦʜʫʢʮʽʾ ʥʝʦʜʥʘʢʦʚʽ. ɺ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʨʦʮʝʩʽ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʥʝʦʙʭʽʜʥʦ ʚʽʜʤʽʪʠʪʠ ʨʽʟʥʠʮʶ ʚʤʽʩʪʫ ʮʫʢʨʦʟʠ ʚ ʤʝʣʷʩʽ ʧʽʜ ʯʘʩ ʧʝʨʝʨʦʙʢʠ 

ʩʚʽʞʦʟʽʙʨʘʥʠʭ ʢʦʨʝʥʝʧʣʦʜʽʚ ʽ ʧʽʩʣʷ ʟʙʝʨʽʛʘʥʥʷ ʾʭ ʫ ʢʘʛʘʪʘʭ, ʱʦ ʪʘʢʦʞ ʚʧʣʠʚʘʻ ʥʘ 

ʦʙʩʷʛʠ ʢʽʥʮʝʚʦʛʦ ʧʨʦʜʫʢʪʫ [9]. 
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ɿ i -ʦʾ ʩʠʨʦʚʠʥʥʦʾ ʟʦʥʠ ʩʠʨʦʚʠʥʘ ʤʘʻ ʟʘʙʨʫʜʥʝʥʽʩʪʴ, ʘ ʢʦʝʬʽʮʽʻʥʪ 

ʟʘʙʨʫʜʥʝʥʦʩʪʽ ʜʣʷ ʩʠʨʦʚʠʥʠ ʟ ʪʘʢʦʾ ʟʦʥʠ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʷ ʟʘ ʬʦʨʤʫʣʦʶ (2.34): 

 

100
1

21 Ö
-

m

mm
=Z
ʽ

,                                              (2.34) 

 

ʜʝ 1m  ï ʚʘʛʘ ʩʠʨʦʚʠʥʠ ʟ ʟʘʙʨʫʜʥʝʥʥʷʤ, ʢʛ;  

     2m  ï ʚʘʛʘ ʩʠʨʦʚʠʥʠ ʙʝʟ ʜʦʤʽʰʦʢ, ʢʛ.  

ɼʣʷ ʢʦʞʥʦʾ ʩʠʨʦʚʠʥʥʦʾ ʟʦʥʠ ʥʝʦʙʭʽʜʥʦ ʦʧʪʠʤʽʟʫʚʘʪʠ ʪʨʘʥʩʧʦʨʪʥ ̔ʚʠʪʨʘʪʠ ʥʘ 

ʜʦʩʪʘʚʢʫ ʩʠʨʦʚʠʥʠ [10] ʟʘ ʬʦʨʤʫʣʦʶ (2.35): 

 

( )( ) min
1

­ÖÖ-ä
ʽt

j=

imii rvZx=Tr ,                                   (2.35) 

 

ʜʝ mZ  ï ʚʘʛʘ ʟʘʙʨʫʜʥʝʥʦʩʪʽ ʪʘ ʟʘʩʤʽʯʝʥʦʩʪʽ ʮʫʢʨʦʚʦʛʦ ʙʫʨʷʢʫ, ̫ ʢʘ ʚʠʟʥʘʯʝʥʘ ʥʘ 

ʥʴʦʤʫ ʫ ʧʨʠʡʤʘʣʴʥʠʭ ʧʫʥʢʪʘʭ; 

     iv  ï ʚʽʜʩʪʘʥʴ ʚʽʜ i -ʦʾ ʩʠʨʦʚʠʥʥʦʾ ʟʦʥʠ ʜʦ ʟʘʚʦʜʫ;  

     r  (ʮ/ʪ ʢʤ) ï ʥʦʨʤʘʪʠʚʥʠʡ ʪʘʨʠʬ ʥʘ ʘʚʪʦʧʝʨʝʚʝʟʝʥʥʷ, ʚʠʨʘʞʝʥʠʡ ʫ ʢʽʣʴʢʦʩʪʽ 

ʮʫʢʨʫ ʚ ʮʝʥʪʥʝʨʘʭ ʥʘ ʦʜʠʥ ʪʦʥʥʦ-ʢʽʣʦʤʝʪʨ [9]. 

ɼʣʷ ʤʘʢʩʠʤʘʣʴʥʦ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʨʦʚʠʥʠ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʮʫʢʨʫ 

ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʙʽʦʣʦʛʽʯʥʝ ʜʦʟʨʽʚʘʥʥʷ ʢʦʞʥʦʛʦ ʚʠʜʫ ʛʽʙʨʠʜʘ, ʱʦ ʜʘʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʨʘʭʦʚʫʚʘʪʠ ʪʝʨʤʽʥʠ ʟʘʚʝʟʝʥʥʷ ʩʠʨʦʚʠʥʠ ʥʘ ʮʫʢʨʦʚʠʡ ʟʘʚʦʜ 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʷʢ ʟʘʛʘʣʴʥʘ ʚʘʛʘ ʟʘʚʝʟʝʥʦʛʦ ʮʫʢʨʦʚʦʛʦ ʙʫʨʷʢʫ ʫʩʽʭ ʛʽʙʨʠʜʽʚ (2.36). 

 

max
321
­++ RRR ,                                                (2.36) 

 

ʜʝ ä=
9

1
1

=Ű
yy

XʉR  ï ʟʘʚʝʟʝʥʥʷ ʥʘ ʮʫʢʨʦʚʠʡ ʟʘʚʦʜ ʨʘʥʥʴʦʩʪʠʛʣʠʭ ʛʽʙʨʠʜʽʚ; 

     ä=
9

2
2

Ű=
yy

XʉR  ï ʟʘʚʝʟʝʥʥʷ ʥʘ ʮʫʢʨʦʚʠʡ ʟʘʚʦʜ ʩʝʨʝʜʥʴʦʩʪʠʛʣʠʭ ʛʽʙʨʠʜʽʚ; 
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    ä=
9

3
3

=Ű
yy

XʉR  ï ʟʘʚʝʟʝʥʥʷ ʥʘ ʮʫʢʨʦʚʠʡ ʟʘʚʦʜ ʛʽʙʨʠʜʽʚ ʥʦʨʤʘʣʴʥʦʛʦ ʪʠʧʫ; 

     ʉʫ ïʮʫʢʨʠʩʪʽʩʪʴ ʚʽʜʧʦʚʽʜʥʦʛʦ ʛʽʙʨʠʜʘ ʮʫʢʨʦʚʦʛʦ ʙʫʨʷʢʫ; 

     Rh ï ʦʙʩʷʛ ʮʫʢʨʦʚʠʭ ʙʫʨʷʢʽʚ ʜʘʥʦʛʦ ʪʠʧʫ ( )1,2,3h= ; 

     t ï ʜʝʢʘʜʠ ʜʦʟʨʽʚʘʥʥʷ ʛʽʙʨʠʜʽʚ ʮʫʢʨʦʚʦʛʦ ʙʫʨʷʢʫ (ʚ ʤʝʞʘʭ ʚʽʜ 1 ʜʝʢʘʜʠ 

ʚʝʨʝʩʥʷ ʜʦ 9 ï ʦʩʪʘʥʥʴʦʾ ʜʝʢʘʜʠ ʣʠʩʪʦʧʘʜʘ); 

     yX  ï ʩʫʤʘʨʥʠʡ ʦʙʩʷʛ ʧʦʩʪʘʯʘʥʥʷ ʙʫʨʷʢʫ ʚʽʜʧʦʚʽʜʥʦʛʦ ʛʽʙʨʠʜʘ;  

     y  ï ʚʽʜʧʦʚʽʜʘʻ ʚʠʜʫ ʛʽʙʨʠʜʘ ʮʫʢʨʦʚʦʛʦ ʙʫʨʷʢʫ ( )dy »Í1 ;  

      d ï ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʛʽʙʨʠʜʽʚ [9, 13]. 

ɺʠʨʦʙʥʠʯʠʡ ʩʝʟʦʥ T  ʫ ʮʫʢʨʦʚʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ (ʢʽʣʴʢʽʩʪʴ ʜʽʙ ʮʫʢʨʦʚʘʨʽʥʥʷ) 

ʦʜʠʥ ʽʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʪʘʢ ʷʢ ʚʽʥ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʢʽʥʮʝʚʠʡ ʨʝʟʫʣʴʪʘʪ 

ʚʠʨʦʙʥʠʯʦʾ ʜʽʷʣʴʥʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʝʣʠʯʠʥʠ ʜʦʙʦʚʦʾ ʧʦʪʫʞʥʦʩʪʽ 

ʮʫʢʨʦʚʦʛʦ ʟʘʚʦʜʫ (2.37). 

 

p

d

=y
ʫ

kP

ʍ

=T
Ö

ä
1 ,                                                    (2.37) 

 

ʜʝ 
ʫ
ʍ  ï ʩʫʤʘʨʥʠʡ ʦʙʩʷʛ ʧʦʩʪʘʯʘʥʥʷ ʮʫʢʨʦʚʦʛʦ ʙʫʨʷʢʫ ʚʽʜʧʦʚʽʜʥʦʛʦ ʛʽʙʨʠʜʫ;  

      pk  ï ʚʩʪʘʥʦʚʣʝʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ; 

      P  ï ʜʦʙʦʚʘ ʧʦʪʫʞʥʽʩʪʴ ʮʫʢʨʦʚʦʛʦ ʟʘʚʦʜʫ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʨʦʙʦʪʠ ʮʫʢʨʦʚʦʛʦ ʟʘʚʦʜʫ ʥʘ ʧʦʯʘʪʢʫ ʩʝʟʦʥʫ 

ʥʝʦʙʭʽʜʥʦ ʩʬʦʨʤʫʚʘʪʠ ʟʘʧʘʩ ʩʠʨʦʚʠʥʠ ʥʘ ʧʝʨʽʦʜ ʚʽʜ N ʜʦ M ʜʽʙ (2.38). 
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,                                    (2.38) 

 

ʜʝ N ï 9-ʜʝʥʥʠʡ ʟʘʧʘʩ; 

     M ï 15-ʜʝʥʥʠʡ ʟʘʧʘʩ ʮʫʢʨʦʚʦʛʦ ʙʫʨʷʢʫ;  
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     y  ïʚʠʜ ʛʽʙʨʠʜʘ ʮʫʢʨʦʚʦʛʦ ʙʫʨʷʢʫ ( )dy »Í1 ;  

     d ï ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʛʽʙʨʠʜʽʚ.  

ʋ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʚʦʜʫ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʝʨʽʦʜʫ ʟʘʧʘʩʽʚ 

ʮʫʢʨʦʚʦʛʦ ʙʫʨʷʢʫ ʤʦʞʝ ʙʫʪʠ ʟʤʽʥʝʥʦ. 

ʇʨʦʛʥʦʟʦʚʘʥʠʡ ʩʫʤʘʨʥʠʡ ʦʙʩʷʛ ʧʦʩʪʘʯʘʥʥʷ ʮʫʢʨʦʚʦʛʦ ʙʫʨʷʢʫ ʚʽʜʧʦʚʽʜʥʦʛʦ 

ʛʽʙʨʠʜʘ ʫ
ʍ  ʟʘ ʚʝʩʴ ʧʝʨʽʦʜ ʥʘ ʮʫʢʨʦʚʠʡ ʟʘʚʦʜ ʚʠʟʥʘʯʘʻʤʦ ʟʘ ʬʦʨʤʫʣʦʶ (2.39): 

 

1 1

t ki

y ijy

j= i=

X = xää ,                                                  (2.39) 

 

ʜʝ i  ï ʩʠʨʦʚʠʥʥʘ ʟʦʥʘ, 1i kÍ » , k ï ʢʽʣʴʢʽʩʪʴ ʩʠʨʦʚʠʥʥʠʭ ʟʦʥ, ʟ ʷʢʠʭ 

ʥʘʜʭʦʜʠʪʴ ʮʫʢʨʦʚʠʡ ʙʫʨʷʢ;  

    j  ï ʥʦʤʝʨ ʜʥʷ ʧʦʩʪʘʚʢʠ ʟʘ ʚʝʩʴ ʧʝʨʽʦʜ ʨʦʙʦʪʠ ʮʫʢʨʦʚʦʛʦ ʟʘʚʦʜʫ (it=j »1 , 

ʚʽʜ ʧʝʨʰʦʛʦ ʜʦ ʦʩʪʘʥʥʴʦʛʦ ()it  ʜʥʷ ʨʦʙʦʪʠ ʥʘʜʭʦʜʞʝʥʥʷ ʟ i -ʾ ʩʠʨʦʚʠʥʥʦʾ ʟʦʥʠ). 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʮʫʢʨʦʚʦʛʦ ʟʘʚʦʜʫ ʥʝʦʙʭʽʜʥʦ 

ʜʦʪʨʠʤʫʚʘʪʠʩʷ ʪ̔ ʻʾ ʫʤʦʚʠ, ʱʦ ʧʨʦʛʥʦʟʦʚʘʥʠʡ ʦʙʩʷʛ ʧʦʩʪʘʚʢʠ ʮʫʢʨʦʚʦʛʦ ʙʫʨʷʢʫ 

ʧʦʚʠʥʝʥ ʙʫʪʠ ʥʝ ʤʝʥʰʝ ʬʘʢʪʠʯʥʦʾ ʚʨʦʞʘʡʥʦʩʪʽ (2.40). 

 

ʫʽiʫ USX Ö¢ ,                                                      (2.40) 

 

ʜʝ ̔S ï ʧʣʦʱʘ i -ʾ ʩʠʨʦʚʠʥʥʦʾ ʟʦʥʠ, ʛʘ; 

     ʫU  ï ʫʨʦʞʘʡʥʽʩʪʴ ʢʦʨʝʥʝʧʣʦʜʽʚ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʟʥʘʯʝʥʥʷ ʛʫʩʪʦʪʠ 

ʥʘʩʘʜʞʝʥʴ ʪʘ ʤʘʩʠ ʢʦʨʝʥʝʧʣʦʜʽʚ ʥʘ ʧʨʦʙʥʠʭ ʜʽʣʷʥʢʘʭ i -ʦʾ  ʩʠʨʦʚʠʥʥʦʾ ʟʦʥʠ.  

ʅʘʚʝʜʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʙʫʣʘ ʜʝʪʘʣʴʥʽʰʝ ʦʧʠʩʘʥʘ ʫ ʨʦʙʦʪʽ [9] ʽ 

ʥʘʣʝʞʠʪʴ ʜʦ ʢʣʘʩʫ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʠʭ NP-ʩʢʣʘʜʥʠʭ ʢʦʤʙʽʥʘʪʦʨʥʠʭ ʟʘʜʘʯ. ɼʣʷ ʾʾ 

ʨʦʟʚôʷʟʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʦʤʙʽʥʘʪʦʨʥʽ ʤʝʪʦʜʠ. 
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2.3 ʉʪʚʦʨʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣ ̔ ʩʢʣʘʜʘʥʥʷ ʨʦʟʢʣʘʜʫ ʚʠʢʦʥʘʥʥʷ 

ʟʘʤʦʚʣʝʥʴ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʘʣʘʥʩʫ ʩʠʨʦʚʠʥʠ ʡ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʜʣʷ 

ʤʦʣʦʢʦʟʘʚʦʜʫ 

 

 

ɹʽʣʴʰʽʩʪʴ ʧʽʜʧʨʠʻʤʩʪʚ ʭʘʨʯʦʚʦʾ ʛʘʣʫʟʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʷʢʦʩʪʽ ʩʠʨʦʚʠʥʠ, ʷʢʫ 

ʥʝʦʙʭʽʜʥʦ ʚʯʘʩʥʦ ʧʦʩʪʘʚʠʪʠ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʦ ʜʣʷ ʧʦʯʘʪʢʫ ʚʠʛʦʪʦʚʣʝʥʥʷ ʫ ʧʝʚʥʦʤʫ 

ʦʙʩʷʟʽ. ʋʧʨʘʚʣʽʥʥʷʤ ʧʦʩʪʘʯʘʥʥʷ ʩʠʨʦʚʠʥʦʶ ʟʘʡʤʘʶʪʴʩʷ ʮʽʣʽ ʚʽʜʜʽʣʠ, ʷʢʽ ʟʜʽʡʩʥʶʶʪʴ 

ʧʦʩʪʽʡʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʧʦʩʪʘʯʘʥʥʷ ʩʠʨʦʚʠʥʠ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʪʨʝʙ ʟʘʤʦʚʥʠʢʽʚ 

ʙʽʣʴʰʽʩʪʴ ʚʠʨʦʙʥʠʢʽʚ ʟʘʢʣʘʜʘʶʪʴ ʜʦʜʘʪʢʦʚʽ ʚʠʪʨʘʪʠ ʥʘ ʚʯʘʩʥʝ ʧʦʩʪʘʯʘʥʥʷ ʩʠʨʦʚʠʥʠ 

ʫ ʚʘʨʪʽʩʪʴ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ. ɸʜʞʝ ʪʘʢʠʡ ʧʽʜʭʽʜ ʦʙʫʤʦʚʣʝʥʠʡ ʪʠʤ, ʱʦ ʫ ʚʠʧʘʜʢʫ 

ʥʝʤʦʞʣʠʚʦʩʪʽ ʧʦʩʪʘʯʘʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʚʠʜʫ ʩʠʨʦʚʠʥʠ ʚʽʜ ʧʝʚʥʦʛʦ ʧʦʩʪʘʯʘʣʴʥʠʢʘ  

ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦʩʪʘʯʘʥʥʷ ʙʽʣʴʰ ʜʦʨʦʛʦʾ ʩʠʨʦʚʠʥʠ ʟ ʚʽʜʜʘʣʝʥʠʭ ʨʘʡʦʥʽʚ, ʱʦ ʟʙʽʣʴʰʫʻ 

ʚʘʨʪʽʩʪʴ ʩʠʨʦʚʠʥʠ. ʊʦʙʪʦ, ʫ ʚʠʪʨʘʪʠ ʥʘ ʧʦʩʪʘʯʘʥʥʷ ʩʠʨʦʚʠʥʠ ʟʘʢʣʘʜʝʥʘ ʚʘʨʪʽʩʪʴ 

ʧʦʩʪʘʯʘʥʥʷ ʟ ʽʥʰʠʭ ʨʝʛʽʦʥʽʚ. ɺʩʝ ʮʝ ʚʧʣʠʚʘʻ ʥʘ ʚʘʨʪʽʩʪʴ ʢʽʥʮʝʚʦʛʦ ʧʨʦʜʫʢʪʫ [48]. 

ʋ ʩʠʪʫʘʮʽʷʭ, ʢʦʣʠ ʩʠʨʦʚʠʥʘ ʥʘʜʭʦʜʠʪʴ ʥʝʚʯʘʩʥʦ, ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʢʦʨʠʛʫʚʘʥʥʷ 

ʧʣʘʥʫ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ, ʱʦ ʚʧʣʠʚʘʻ ʚʞʝ ʥʘ ʚʽʜʥʦʩʠʥʠ ʤʽʞ ʟʘʤʦʚʥʠʢʘʤʠ. 

ʆʩʦʙʣʠʚʦ ʛʦʩʪʨʦ ʧʨʦʙʣʝʤʘ ʧʦʩʪʘʯʘʥʥʷ ʩʪʦʾʪʴ ʜʣʷ ʧʽʜʧʨʠʻʤʩʪʚ, ʜʽʷʣʴʥʽʩʪʴ ʷʢʠʭ 

ʧʦʚôʷʟʘʥʘ ʟ ʚʠʛʦʪʦʚʣʝʥʥʷʤ ʤʦʣʦʯʥʠʭ ʚʠʨʦʙʽʚ, ʪʦʤʫ ʱʦ ʤʦʣʦʢʦ, ʷʢʝ ʻ ʦʩʥʦʚʥʦʶ 

ʩʠʨʦʚʠʥʦʶ, ʤʦʞʝ ʚʪʨʘʪʠʪʠ ʩʚʦʾ ʷʢʦʩʪʽ ʟʘ ʛʦʜʠʥʠ. ʊʦʤʫ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ 

ʚʚʝʜʝʥʥʽ ʜʦʜʘʪʢʦʚʠʭ ʦʙʤʝʞʝʥʴ ʫ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ, ʷʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʨʦʟʜʽʣʽ 

2.1. 

ʅʘ ʤʦʤʝʥʪ ʯʘʩʫ t  ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʜʦʩʪʘʪʥʶ ʢʽʣʴʢʽʩʪʴ ʩʠʨʦʚʠʥʠ, 

ʥʝʦʙʭʽʜʥʦʾ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ itx  ʦʙʩʷʛʫ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ (2.41): 

 

jt

P

1p

jp Vvs Ó×
=

,                                                  (2.41) 

 

ʜʝ jpvs  ï ʦʙʩʷʛ j -ʛʦ ʚʠʜʫ ʩʠʨʦʚʠʥʠ ʪʘ ʤʘʪʝʨʽʘʣʽʚ ʚʽʜ p -ʛʦ ʧʦʩʪʘʯʘʣʴʥʠʢʘ;  
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jtV  ï ʤʽʥʽʤʘʣʴʥʠʡ ʦʙʩʷʛ j -ʛʦ ʚʠʜʫ ʩʠʨʦʚʠʥʠ, ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʫʩʽʻʾ ʧʨʦʜʫʢʮʽʾ ʥʘ ʤʦʤʝʥʪ ʯʘʩʫ t , ̫ ʢʠʡ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ (2.42): 

 

( )ä
=

=
J

j

ijitjt vsnxV
1

* ,                                               (2.42) 

 

ʜʝ ijvsn  ï ʥʝʦʙʭʽʜʥʠʡ ʦʙʩʷʛ j -ʛʦ ʚʠʜʫ ʩʠʨʦʚʠʥʠ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʦʜʠʥʠʮʽ i-ʛʦ 

ʚʠʜʫ ʧʨʦʜʫʢʮʽʾ; 

     itx  ï ʦʙʩʷʛ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ, ʷʢʫ ʥʝʦʙʭʽʜʥʦ ʚʠʛʦʪʦʚʠʪʠ ʥʘ ʤʦʤʝʥʪ ʯʘʩʫ t. 

ʅʝʦʙʭʽʜʥʦ ʚʨʘʭʫʚʘʪʠ, ʱʦ ʦʢʨʝʤʽ ʧʦʩʪʘʯʘʣʴʥʠʢʠ ʤʦʞʫʪʴ ʥʘ ʧʝʚʥʠʡ ʧʝʨʽʦʜ ʯʘʩʫ 

ʥʝ ʤʘʪʠ ʤʦʞʣʠʚʦʩʪʽ ʟʘʙʝʟʧʝʯʠʪʠ ʧʨʠʜʙʘʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʝʚʥʦʛʦ ʚʠʜʫ 

ʤʘʪʝʨʽʘʣʽʚ, ʪʦʜʽ ʜʦʚʝʜʝʪʴʩʷ ʜʦʢʫʧʦʚʫʚʘʪʠ ʮʝʡ ʚʠʜ ʨʝʩʫʨʩʫ ʫ ʽʥʰʦʛʦ ʧʦʩʪʘʯʘʣʴʥʠʢʘ ʟʘ 

ʡʦʛʦ ʮʽʥʘʤʠ. ʊʘʢʘ ʫʤʦʚʘ ʦʧʠʩʫʻʪʴʩʷ ʬʦʨʤʫʣʦʶ (2.43): 

 

jpt jptvs Vp¢ ,                                                     (2.43) 

 

ʜʝ jpvs  ï ʦʙʩʷʛ j -ʛʦ ʚʠʜʫ ʩʠʨʦʚʠʥʠ ʪʘ ʤʘʪʝʨʽʘʣʽʚ ʚʽʜ p -ʛʦ ʧʦʩʪʘʯʘʣʴʥʠʢʘ ʥʘ 

ʤʦʤʝʥʪ ʯʘʩʫ t ; 

     jpVp  ï ʤʘʢʩʠʤʘʣʴʥʠʡ ʜʦʩʪʫʧʥʠʡ ʦʙʩʷʛ j -ʛʦ ʚʠʜʫ ʩʠʨʦʚʠʥʠ ʪʘ ʤʘʪʝʨʽʘʣʽʚ ʫ 

p -ʛʦ ʧʦʩʪʘʯʘʣʴʥʠʢʘ ʥʘ ʤʦʤʝʥʪ ʯʘʩʫ t . 

ʆʙʦʚôʷʟʢʦʚʦ ʚʨʘʭʦʚʫʻʪʴʩʷ ʪʝʨʠʪʦʨʽʘʣʴʥʝ ʨʦʟʤʽʱʝʥʥʷ ʧʦʩʪʘʯʘʣʴʥʠʢʘ ʪʘ 

ʪʨʘʥʩʧʦʨʪʥʽ ʚʠʪʨʘʪʠ ʥʘ ʜʦʩʪʘʚʢʫ ʨʝʩʫʨʩʽʚ. ʗʢʱʦ ʪʘʢʽ ʚʠʪʨʘʪʠ ʧʝʨʝʚʠʱʫʶʪʴ ʧʝʚʥʫ 

ʚʠʟʥʘʯʝʥʫ ʚʝʣʠʯʠʥʫ, ʪʦ ʧʽʜʧʨʠʻʤʩʪʚʫ ʜʦʮʽʣʴʥʽʰʝ ʧʨʠʜʙʘʪʠ ʩʠʨʦʚʠʥʫ ʪʘ ʤʘʪʝʨʽʘʣʠ ʫ 

ʽʥʰʠʭ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ ʟʘ ʚʠʱʠʤʠ ʮʽʥʘʤʠ, ʘʣʝ ʟ ʤʝʥʰʠʤʠ ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʚʠʪʨʘʪʘʤʠ. 

ʊʘʢʘ ʫʤʦʚʘ ʦʧʠʩʫʻʪʴʩʷ ʦʙʤʝʞʝʥʥʷʤ (2.44) [48]: 

 

jt

J

1j

jptjpt CTvs*cts ¢
=

× ,                                              (2.44) 
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ʜʝ jptvs  ï ʦʙʩʷʛ j -ʛʦ ʚʠʜʫ ʩʠʨʦʚʠʥʠ ʪʘ ʤʘʪʝʨʽʘʣʽʚ ʚʽʜ p -ʛʦ ʧʦʩʪʘʯʘʣʴʥʠʢʘ ʥʘ 

ʤʦʤʝʥʪ ʯʘʩʫ t; 

     jptcts  ï ʚʘʨʪʽʩʪʴ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʦʜʠʥʠʮʽ j -ʛʦ ʚʠʜʫ ʩʠʨʦʚʠʥʠ ʪʘ ʤʘʪʝʨʽʘʣʽʚ 

ʚʽʜ  ʨ-ʛʦ ʧʦʩʪʘʯʘʣʴʥʠʢʘ ʥʘ ʤʦʤʝʥʪ ʯʘʩʫ t ; 

     jtʉʊ ï ʤʘʢʩʠʤʘʣʴʥʠʡ ʜʦʩʪʫʧʥʠʡ ʦʙʩʷʛ j -ʛʦ ʚʠʜʫ ʩʠʨʦʚʠʥʠ ʪʘ ʤʘʪʝʨʽʘʣʽʚ ʫ 

p -ʛʦ ʧʦʩʪʘʯʘʣʴʥʠʢʘ ʥʘ ʤʦʤʝʥʪ ʯʘʩʫ t . 

ʆʙʩʷʛʠ ʧʦʩʪʘʚʦʢ ʥʝ ʤʦʞʫʪʴ ʤʘʪʠ ʚʽʜôʻʤʥʽ ʟʥʘʯʝʥʥʷ ʪʘ ʤʘʶʪʴ ʪʘʢʝ ʦʙʤʝʞʝʥʥʷ 

(2.45): 

 

                                                        PpJjvsjpt ..1,..1,0 ==¢ .                                     (2.45) 

 

ʇʽʜʧʨʠʻʤʩʪʚʦ ʚʠʧʫʩʢʘʻ I ʚʠʜʽʚ ʧʨʦʜʫʢʮʽʾ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ J ʚʠʜʽʚ ʨʝʩʫʨʩʽʚ. 

ʇʨʠ ʮʴʦʤʫ ʚʽʜʦʤʽ ʟʘʧʘʩʠ ʢʦʞʥʦʛʦ j -ʛʦ ʚʠʜʫ ʨʝʩʫʨʩʫ ( )jB , ʚʠʪʨʘʪʠ ʢʦʞʥʦʛʦ ʚʠʜʫ 

ʨʝʩʫʨʩʫ ʥʘ ʚʠʧʫʩʢ ʦʜʠʥʠʮʽ ʢʦʞʥʦʛʦ i -ʛʦ ʚʠʜʫ ʧʨʦʜʫʢʮʽʾ ( )ijvsn . 

ʅʝ ʟʚʘʞʘʶʯʠ ʥʘ ʜʦʩʪʘʪʥʶ ʢʽʣʴʢʽʩʪʴ ʨʦʙʽʪ, ʧʨʠʩʚʷʯʝʥʠʭ ʫʧʨʘʚʣʽʥʥʶ ʟʘʧʘʩʽʚ, 

ʩʫʯʘʩʥʽ ʫʤʦʚʠ ʚʠʤʘʛʘʶʪʴ ʦʧʝʨʘʪʠʚʥʦʛʦ ʨʽʰʝʥʥʷ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ 

ʩʢʣʘʜʘʥʥʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʣʘʥʫ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ. 

 

 

2.4 ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 2 

 

 

ʈʦʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʟ̔ 

ʫʨʘʭʫʚʘʥʥʷʤ ʦʩʥʦʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʜʽʷʣʴʥʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚ ʭʘʨʯʦʚʦʾ ʛʘʣʫʟʽ. 

ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʚʨʘʭʦʚʫʻ ʫʩʽ ʫʤʦʚʠ ʜʽʷʣʴʥʦʩʪʽ ʭʘʨʯʦʚʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʪʘ 

ʧʨʦʮʝʩʫ ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ: ʪʝʨʤʽʥʠ ʟʙʝʨʽʛʘʥʥʷ ʩʠʨʦʚʠʥʠ ʪʘ ʛʦʪʦʚʦʾ 

ʧʨʦʜʫʢʮʽʾ; ʤʦʞʣʠʚʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ ʪʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʝʨʝʨʦʙʢʠ ʥʝʢʦʥʜʠʮʽʡʥʦʾ 
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ʧʨʦʜʫʢʮʽʾ; ʦʩʦʙʣʠʚʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʢʦʞʥʦʛʦ ʦʢʨʝʤʦʛʦ ʟʘʤʦʚʣʝʥʥʷ; ʦʩʦʙʣʠʚʦʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʦʱʦ. ɼʣʷ ʬʦʨʤʫʚʘʥʥʷ ʫʟʘʛʘʣʴʥʝʥʦʾ 

ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʘʜʠʪʠʚʥʘ ʟʛʦʨʪʢʘ ʢʨʠʪʝʨʽʾʚ. ʈʦʟʨʦʙʣʝʥʘ 

ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʜʦʟʚʦʣʷʻ ʩʬʦʨʤʫʚʘʪʠ ʧʣʘʥ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʽʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʫʩʽʭ ʦʧʝʨʘʮʽʡ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʧʨʦʜʫʢʮʽʾ. 

ʉʪʚʦʨʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʜʦʟʚʦʣʷʻ ʢʦʨʠʛʫʚʘʪʠ ʪʘ ʦʮʽʥʶʚʘʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʦʙôʻʢʪʠʚʥʠʭ ʪʘ ʩʫʙôʻʢʪʠʚʥʠʭ ʧʝʨʝʚʘʛ, ʥʘʜʘʥʠʭ 

ʆʇʈ, ʘ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʫʻ ʷʢ ʚʨʘʭʫʚʘʥʥʷ, ʪʘʢ  ̔ ʚʠʢʣʶʯʝʥʥʷ ʧʝʚʥʠʭ ʯʘʩʪʢʦʚʠʭ 

ʢʨʠʪʝʨʽʾʚ ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʝʚʥʦʾ ʩʠʪʫʘʮʽʾ. 

ʅʘ ʦʩʥʦʚʽ ʬʦʨʤʘʣʽʟʦʚʘʥʠʭ ʧʨʦʮʝʩʽʚ ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʜʣʷ 

ʨʽʟʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʭʘʨʯʦʚʦʾ ʛʘʣʫʟʽ ʥʝʦʙʭʽʜʥʦ ʚʠʜʽʣʠʪʠ ʦʩʥʦʚʥʽ ʦʟʥʘʢʠ ʜʘʥʦʛʦ 

ʧʨʦʮʝʩʫ: ʢʦʞʥʝ ʧʽʜʧʨʠʻʤʩʪʚʦ  ̒ʫʥʽʢʘʣʴʥʠʤ, ʘʜʞʝ ʜʣʷ ʢʦʞʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʙʫʜʫʪʴ 

ʦʙʠʨʘʪʠʩ ̫ ʩʚʦʾ ʯʘʩʪʢʦʚʽ ʢʨʠʪʝʨʽʾ ʟ ʦʙʤʝʞʝʥʥʷʤʠ. ʅʘʚʽʪʴ ʧʦʜʽʙʥʽ ʧʽʜʧʨʠʻʤʩʪʚʘ 

ʤʦʞʫʪʴ ʤʘʪʠ ʨʽʟʥʽ ʯʘʩʪʢʦʚʽ ʢʨʠʪʝʨʽʾ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʟʘʤʦʚʣʝʥʴ. ʅʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ 

ʢʝʨʽʚʥʠʢʽʚ ʚʧʣʠʚʘʻ: ʝʢʦʥʦʤʽʯʥʦ-ʩʦʮʽʘʣʴʥʠʡ ʩʪʘʥ ʫ ʢʨʘʾʥʽ; ʚ ʷʢʦʤʫ ʩʪʘʥʽ ʟʥʘʭʦʜʷʪʴʩʷ 

ʘʢʪʠʚʠ ʧʽʜʧʨʠʻʤʩʪʚʘ ʪʘ ʯʠ  ̒ʧʝʚʥʠʡ ʛʨʦʰʦʚʠʡ ʨʝʟʝʨʚ; ʚ ʷʢʦʤʫ ʩʪʘʥʽ ʪʝʭʥʦʣʦʛʽʯʥʝ 

ʦʙʣʘʜʥʘʥʥʷ, ʘ ʪʘʢʦʞ ʚʘʨʪʽʩʪʴ ʡʦʛʦ ʫʪʨʠʤʘʥʥʷ ʪʘ ʨʝʤʦʥʪʫ; ʷʢʘ ʩʠʪʫʘʮʽʷ ʥʘ ʨʠʥʢʘʭ 

ʩʠʨʦʚʠʥʠ ʪʘ ʟʙʫʪʫ; ʯʠ ʫʢʣʘʜʝʥʽ ʜʦʚʛʦʪʨʠʚʘʣʽ ʜʦʛʦʚʦʨʠ  ̔ʷʢʽ ʫʤʦʚʠ ʥʘ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʧʨʦʜʫʢʮʽʾ. ɸʣʝ ʛʦʣʦʚʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʭʘʨʯʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ  ̒ʜʠʥʘʤʽʢʘ ʨʽʟʥʦʚʠʜʫ 

ʩʠʨʦʚʠʥʠ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʧʠʪʫ ʪʘ ʦʙôʻʤʫ ʟʘʤʦʚʣʝʥʴ, 

ʱʦ ʩʧʦʥʫʢʘʻ ʚʝʩʴ ʯʘʩ ʢʦʨʠʛʫʚʘʪʠ ʚʠʨʦʙʥʠʯʽ ʧʣʘʥʠ, ʟʤʽʥʥʽ ʟʘʚʜʘʥʥʷ, ʨʝʮʝʧʪʫʨʫ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʙʝʟ ʧʦʨʫʰʝʥʴ ɼʉʊʋ, ʩʢʣʘʜʥʽʩʪʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʠʥʠʢʥʝʥʥʷ 

ʧʦʟʘʰʪʘʪʥʠʭ ʩʠʪʫʘʮʽʡ, ʚʠʟʥʘʯʝʥʥʷ ʢʦʨʝʢʪʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʧʨʦʜʫʢʮʽʾ ʪʘ ʧʦʩʪʽʡʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʤʦʥʽʪʦʨʠʥʛ ʧʨʦʮʝʩʫ ʚʠʨʦʙʥʠʮʪʚʘ ʟ ʤʝʪʦʶ 

ʟʥʠʞʝʥʥʷ ʥʝʢʦʥʜʠʮʽʡʥʦʾ ʧʨʦʜʫʢʮʽʾ.  

ʂʨʽʤ ʪʦʛʦ, ʙʽʣʴʰʽʩʪʴ ʧʽʜʧʨʠʻʤʩʪʚ ʭʘʨʯʦʚʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʤʘʶʪʴ ʫʥʽʢʘʣʴʥʽ 

ʪʝʭʥʦʣʦʛʽʾ ʱʦʜʦ ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʦʞʥʦʛʦ ʚʠʜʫ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ, ʱʦ ʥʘʢʣʘʜʘʻ ʚʠʤʦʛʠ 

ʜʦ ʜʦʪʨʠʤʘʥʥʷ ʫʩʽʭ ʥʦʨʤ ʷʢʦʩʪʽ, ʘʜʞʝ ʛʦʪʦʚʘ ʧʨʦʜʫʢʮʽʷ  ̒ʩʪʨʘʪʝʛʽʯʥʠʤ ʪʦʚʘʨʦʤ ʪʘ 

ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʩʧʦʞʠʚʘʯʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʘ ʟʦʚʥʽʰʥʴʦʛʦ ʨʠʥʢʽʚ ʟʙʫʪʫ.  
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ʈʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ̔ʧʣʘʥʫʚʘʥʥʷ ʚ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʛʦʩʧʦʜʘʨʶʚʘʥʥʷ ʧʦʪʨʝʙʫʻ 

ʚʽʜ ʢʝʨʽʚʥʠʢʽʚ ʰʚʠʜʢʦʛʦ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʩʠʪʫʘʮʽʶ ʥʘ ʨʠʥʢʘʭ ʟʙʫʪʫ ʪʘ ʩʠʨʦʚʠʥʠ. 

ʇʦʤʠʣʢʘ ʪʘ ʚʽʜʢʣʘʜʝʥʥʷ ʥʘʚʽʪʴ ʥʘ 15 ʭʚʠʣʠʥ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʦʪʨʠʤʘʥʥʷ 

ʥʝʢʦʥʜʠʮʽʡʥʦʛʦ ʧʨʦʜʫʢʪʫ, ʷʢʠʡ ʙʫʜʝ ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʨʦʙʣʶʚʘʪʠ ʘʙʦ ʫʪʠʣʽʟʫʚʘʪʠ. ʋ 

ʙʫʜʴ-ʷʢʦʤʫ ʚʠʧʘʜʢʫ ʮʝ ʚʩʝ ʜʦʜʘʪʢʦʚʽ ʚʠʪʨʘʪʠ.  

ɹʽʣʴʰʽʩʪʴ ʧʽʜʧʨʠʻʤʩʪʚ ʚʠʨʽʰʫʶʪʴ ʟʘʜʘʯʫ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ 

ʧʦʩʪʽʡʥʦʛʦ ʜʠʩʧʝʪʯʝʨʩʴʢʦʛʦ ʢʦʥʪʨʦʣʶ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʽʣʦʾ ʥʠʟʢʠ ʢʝʨʫʶʯʠʭ 

ʚʧʣʠʚʽʚ ʥʘ ʨʽʟʥʠʭ ʣʘʥʢʘʭ ʫʧʨʘʚʣʽʥʥʷ. ɺʩʝ ʮʝ ʟʙʽʣʴʰʫʻ ʣʶʜʩʴʢʠʭ ʬʘʢʪʦʨ ʧʨʠ 

ʧʨʠʡʥʷʪʪʽ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥ.ɹ  

ʏʠʤ ʙʽʣʴʰʝ ʣʶʜʝʡ ʟʘʜʽʷʥʦ ʫ ʧʨʦʮʝʩʽ, ʪʠʤ ʙʽʣʴʰʠʡ ʯʘʩ ʥʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ, ʘ 

ʽʥʦʜʽ ʚʪʨʘʯʝʥʠʡ ʯʘʩ ʤʦʞʝ ʧʝʨʝʚʠʱʫʚʘʪʠ ʨʠʟʠʢ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ, ʘʜʞʝ ʦʪʨʠʤʘʥʘ ʟʘ 

ʮʝʡ ʯʘʩ ʥʝʢʦʥʜʠʮʽʡʥʘ ʧʨʦʜʫʢʮʽʷ ʧʦʪʨʝʙʫʻ ʫʪʠʣʽʟʘʮʽʾ ʪʘ ʥʝ ʧʽʜʣʷʛʘʻ ʧʝʨʝʨʦʙʮʽ; ʚʪʨʘʪʘ 

ʯʘʩʪʢʦʚʦ ʘʙʦ ʧʦʚʥʽʩʪʶ ʧʘʨʪʽʾ ʟʘʤʦʚʣʝʥʥʷ; ʧʨʦʩʪʦʶʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʪʘʢ ʩʘʤʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʪʨʘʪ. 

ʆʪʞʝ, ʜʣʷ ʧʽʜʧʨʠʻʤʩʪʚ ʭʘʨʯʦʚʦʾ ʛʘʣʫʟʽ ʚʢʨʘʡ ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʤʝʪʦʜʠ ʪʘ 

ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ ʰʚʠʜʢʦʛʦ ʪʘ ʝʬʝʢʪʠʚʥʦʛʦ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʧʣʘʥʫ 

ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʥʷ, ʷʢʽ ʟʘʙʝʟʧʝʯʘʪʴ ʬʦʨʤʫʚʘʥʥʷ ʦʧʝʨʘʪʠʚʥʠʭ ʧʣʘʥʽʚ ʚʠʢʦʥʘʥʥʷ 

ʟʘʤʦʚʣʝʥʴ ʽʟ ʤʥ̔ʽʤʽʟʘʮʽʻʶ ʚʠʪʨʘʪ ʪʘ ʥʘʧʨʘʚʣʝʥʽ ʥʘ ʤʘʢʩʠʤʽʟʘʮʽʶ ʧʨʠʙʫʪʢʫ; 

ʦʧʝʨʘʪʠʚʥʫ ʨʝʢʦʥʬʽʛʫʨʘʮʽʶ ʽʩʥʫʶʯʠʭ ʢʘʣʝʥʜʘʨʥʠʭ ʧʣʘʥʽʚ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ, ʱʦ 

ʟʘʙʝʟʧʝʯʠʪʴ ʦʧʪʠʤʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʤʽʥʽʤʽʟʘʮʽʶ 

ʚʠʪʨʘʪ ʧʨʠ ʚʠʥʠʢʥʝʥʥʽ ʧʦʟʘʰʪʘʪʥʠʭ ʩʠʪʫʘʮʽʡ ʧʽʜ ʯʘʩ ʧʦʷʚʠ ʪʝʨʤʽʥʦʚʠʭ ʜʦ 

ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʘʙʦ ʧʦʟʘʰʪʘʪʥʠʭ ʩʠʪʫʘʮʽʡ; ʤʽʥʽʤʽʟʘʮʽʶ ʚʠʪʨʘʪ ʥʘ ʟʙʝʨʽʛʘʥʥʷ 

ʩʠʨʦʚʠʥʠ ʪʘ ʤʘʪʝʨʽʘʣʽʚ; ʯʽʪʢʝ ʨʦʟʧʦʜʽʣʝʥʥʷ ʫʩʽʭ ʟʘʜʘʯ ʱʦʜʦ ʚʠʢʦʥʘʥʥʷ ʢʦʞʥʦʛʦ 

ʟʘʤʦʚʣʝʥʥʷ ʤʽʞ ʚʠʨʦʙʥʠʯʠʤʠ ʧʽʜʨʦʟʜʽʣʘʤʠ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʨʘʭʫʚʘʪʠ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʪʘ ʥʝʦʙʭʽʜʥʽ ʨʝʩʫʨʩʠ ʟ ʧʨʠʚôʷʟʢʦʶ ʚ ʯʘʩʽ. 

ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʜʽʣʫ ʦʧʫʙʣʽʢʦʚʘʥʽ ʘʚʪʦʨʦʤ ʫ ʧʨʘʮʷʭ [4, 9, 11, 12, 18, 22, 

30, 32, 48]. 
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ʈʆɿɼɯʃ 3 

ɼʆʉʃɯɼɾɽʅʅʗ ʄɽʊɸɽɺʈʀʉʊʀʏʅʀʍ ɸʃɻʆʈʀʊʄɯɺ ʊɸ ʈʆɿʈʆɹʂɸ 

ʄʆɼʀʌɯʂʆɺɸʅʀʍ ɸʃɻʆʈʀʊʄɯɺ 

3.1 ɸʣʛʦʨʠʪʤ çʙʜʞʦʣʠʥʦʾ ʢʦʣʦʥʽʾè 

 

 

ʂʣʘʩʠʯʥʠʡ ʘʣʛʦʨʠʪʤ çʙʜʞʦʣʠʥʦʾ ʢʦʣʦʥʽʾè (Artificial  Bee Colony (ABC) 

Algorithm, Bees Algorithm (BA)) ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʘʣʛʦʨʠʪʤʽʚ ʨʦʡʦʚʦʛʦ ʽʥʪʝʣʝʢʪʫ. ɺʽʥ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʽʤʽʪʘʮʽʾ ʧʦʚʝʜʽʥʢʠ ʙʜʞʽʣ, ʘ ʩʘʤʝ ʥʘ ʧʦʚʝʜʽʥʮʽ ʚʟʘʻʤʦʜʽʾ ʢʦʤʘʭ ʫ ʨʦ ʾʪʘ ʥʘ 

ʟʜʘʪʥʦʩʪʽ ʚʠʢʦʥʫʚʘʪʠ ʨʽʟʥʽ ʜʦʙʨʝ ʦʨʛʘʥʽʟʦʚʘʥʽ ʩʢʣʘʜʥʽ ʜʽʾ ʦʢʨʝʤʦʶ ʙʜʞʦʣʦʶ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʜʞʦʣʠʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʧʦʢʘʟʘʥʦ ʚ ʨʦʙʦʪʘʭ [34, 213, 234-

236, 238-245]. 

ɼʣʷ ʟʙʦʨʫ ʥʝʢʪʘʨʫ ʫ çʙʜʞʦʣʠʥʽʡ ʢʦʣʦʥʽʾè ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʙʜʞʦʣʠ-ʨʦʟʚʽʜʫʚʘʯʽ 

ʽ ʙʜʞʦʣʠ-ʨʦʙʽʪʥʠʢʠ. ɹʜʞʦʣʠ-ʨʦʟʚʽʜʫʚʘʯʽ ʟʜʽʡʩʥʶʶʪʴ ʧʦʰʫʢ ʥʝʢʪʘʨʫ ʥʘ ʪʝʨʠʪʦʨʽʾ 

ʥʘʚʢʦʣʦ ʚʫʣʠʢʘ, ʘ ʧʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʨʦʙʦʪʠ ʧʝʨʝʜʘʶʪʴ ʽʥʰʠʤ ʙʜʞʦʣʘʤ ʽʥʬʦʨʤʘʮʽʶ 

ʧʨʦ ʢʽʣʴʢʽʩʪʴ ʥʝʢʪʘʨʫ, ʚʽʜʩʪʘʥʴ ʪʘ ʦʨʽʻʥʪʠʨʠ ʨʦʟʪʘʰʫʚʘʥʥʷ. ʇʽʩʣʷ ʦʪʨʠʤʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ ʨʦʙʦʯʽ ʙʜʞʦʣʠ ʚʠʣʽʪʘʶʪʴ ʫ ʤʽʩʮʷ, ʟʙʘʛʘʯʝʥʽ ʥʝʢʪʘʨʦʤ. ʏʠʤ ʢʨʘʱʝ ʤʽʩʮʝ, 

ʪʠʤ ʙʽʣʴʰʝ ʙʜʞʽʣ ʚʠʣʽʪʘʻ ʜʦ ʥʴʦʛʦ. ʇʨʦʮʝʩ ʟʙʦʨʫ ʥʝʢʪʘʨʫ ʤʘʻ ʽʥʬʦʨʤʘʪʠʚʥʫ 

ʩʢʣʘʜʦʚʫ ʧʨʦ ʢʽʣʴʢʽʩʪʴ ʟʘʣʠʰʢʫ ʥʝʢʪʘʨʫ ʚ ʧʝʚʥʦʤʫ ʤʽʩʮʽ ʥʘ ʤʦʤʝʥʪ ʡʦʛʦ 

ʚʽʜʚʽʜʫʚʘʥʥʷ [240, 242].  

ɹʜʞʦʣʠ-ʨʦʟʚʽʜʫʚʘʯʽ ʥʘ ʧʦʯʘʪʢʫ ʧʦʰʫʢʫ ʟʜʽʡʩʥʶʶʪʴ ʨʫʭ ʫ ʚʠʧʘʜʢʦʚʦ ʦʙʨʘʥʠʭ 

ʥʘʧʨʷʤʢʘʭ ʽ ʚ ʨʘʜʽʫʩʽ ʣʴʦʪʫ ʚʠʟʥʘʯʘʶʪʴ ʜʽʣʷʥʢʠ ʟ ʥʘʡʙʽʣʴʰʦʶ ʢʽʣʴʢʽʩʪʶ ʢʚʽʪʽʚ ʷʢ 

ʥʦʚʽ ʜʞʝʨʝʣʘ ʥʝʢʪʘʨʫ. ʋ ʧʨʠʨʦʜʽ ʽʥʬʦʨʤʘʮʽʶ ʙʜʞʦʣʘ ʧʝʨʝʜʘʻ ʧʽʜ ʯʘʩ çʙʜʞʦʣʠʥʦʛʦ 

ʪʘʥʮʶè ʧʨʠ ʧʦʚʝʨʥʝʥʥʽ ʜʦ ʚʫʣʠʢʘ. ʂʦʞʥʘ ʙʜʞʦʣʘ ʧʝʨʝʜ ʚʠʣʴʦʪʦʤ ʦʙʠʨʘʻ ʥʘʧʨʷʤʦʢ 

ʨʫʭʫ ʪʘ ʤʽʩʮʝ ʟʙʦʨʫ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʽʥʬʦʨʤʘʮʽʶ ʚʽʜ ʽʥʰʠʭ ʙʜʞʽʣ ʪʘ ʩʚʽʡ ʜʦʩʚʽʜ 

ʟʥʘʭʦʜʞʝʥʥʷ ʜʽʣʷʥʢʠ ʟ ʥʘʡʙʽʣʴʰʦʶ ʱʽʣʴʥʽʩʪʶ ʢʚʽʪʽʚ ʪʘ ʦʙʩʷʛʦʤ ʟʽʙʨʘʥʦʛʦ ʥʝʢʪʘʨʫ. 

ʆʩʪʘʪʦʯʥʠʡ ʚʠʙʽʨ ʙʜʞʦʣʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʦʛʦ, ʱʦ ʚ ʜʘʥʠʡ ʤʦʤʝʥʪ 

ʯʘʩʫ ʤʘʻ ʙʽʣʴʰʠʡ ʚʧʣʠʚ ʥʘ ʾʾ ʨʽʰʝʥʥʷ, ʘ ʩʘʤʝ ʧʝʨʩʦʥʘʣʴʥʠʡ ʩʧʦʛʘʜ ʘʙʦ ʩʦʮʽʘʣʴʥʠʡ 

ʨʝʬʣʝʢʩ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʥʘʥʥʷ ʦʧʠʩʘʥʠʭ ʜʽʡ ʨʦʙʦʯʽ ʙʜʞʦʣʠ ʨʦʶ ʢʦʥʮʝʥʪʨʫʶʪʴ 

ʩʚʦʶ ʨʦʙʦʪʫ ʥʘʚʢʦʣʦ ʤʽʩʮʷ ʟ ʥʘʡʙʽʣʴʰʠʤ ʦʙôʻʤʦʤ ʥʝʢʪʘʨʫ [238, 240]. 
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ɿʘʤʽʩʪʴ ʧʦʣʷ ʟ̔ ʢʚʽʪʘʤʠ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʦʙʣʘʩʪʴ ʨʽʰʝʥʴ. ɿʘʤʽʩʪʴ ʥʝʢʪʘʨʫ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʢʨʠʪʝʨʽʾ ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ ʪʘ ʮʽʣʴʦʚʘ ʬʫʥʢʮʽʷ. 

ʅʘ ʢʦʞʥʽʡ ʽʪʝʨʘʮʽʾ ʦʙʠʨʘʶʪʴʩʷ bn  ʦʙʣʘʩʪʽ ʟ̔ ʢʨʘʱʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʮʽʣʴʦʚʦʾ 

ʬʫʥʢʮʽʾ, ʷʢʽ ʥʘʟʠʚʘʶʪʴʩʷ ʢʨʘʱʠʤʠ, ʘ ʟ ʽʥʰʠʭ ʦʙʠʨʘʶʪʴ 
gn  ʢʨʘʱʠʭ, ʱʦ ʥʘʟʠʚʘʶʪʴʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ. ʄʦʞʥʘ ʟʘʜʘʪʠ ʧʝʚʥʫ ʤʽʥʽʤʘʣʴʥʫ ʚʽʜʩʪʘʥʴ ʤʽʞ ʜʚʦʤʘ ʩʫʩʽʜʥʽʤʠ 

ʜʽʣʷʥʢʘʤʠ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʨʠ ʚʠʥʠʢʥʝʥʥʽ ʩʫʤʽʱʝʥʥʷ ʜʽʣʷʥʢʘ ʟ ʛʽʨʰʠʤ ʟʥʘʯʝʥʥʷʤ 

ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʟʘʤʽʥʶʻʪʴʩʷ ʘʣʴʪʝʨʥʘʪʠʚʦʶ. ɼʘʥʽ ʜʽʣʷʥʢʠ ʟʘʧʘʤ'ʷʪʦʚʫʶʪʴʩʷ ʽ ʧʨʠ 

ʥʘʩʪʫʧʥʽʡ ʽʪʝʨʘʮʽʾ ʜʦ ʥʠʭ ʥʘʜʩʠʣʘʻʪʴʩʷ ʧʝʚʥʘ ʢʽʣʴʢʽʩʪʴ ʙʜʞʽʣ [240]. 

ʈʦʙʦʪʘ ʘʣʛʦʨʠʪʤʫ ʩʢʣʘʜʘʻʪʴʩʷ ʟ̔ ʜʚʦʭ ʝʪʘʧʽʚ: ʽʥʽʮʽʘʣʽʟʘʮʽʷ ʪʘ ʣʦʢʘʣʴʥʠʡ 

ʧʦʰʫʢ. 

ʇʨʠ ʽʥʽʮʽʘʣʽʟʘʮʽʾ ʜʣʷ n ʨʦʟʚʽʜʫʚʘʯʽʚ ʛʝʥʝʨʫʶʪʴʩʷ ʧʦʯʘʪʢʦʚʽ ʧʦʣʦʞʝʥʥʷ, ʫ 

ʥʘʡʧʨʦʩʪʽʰʦʤʫ ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʪʦʜ ʚʠʧʘʜʢʦʚʦʛʦ ʧʝʨʝʙʦʨʫ [238]. 

ʃʦʢʘʣʴʥʠʡ ʧʦʰʫʢ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʘʢʠʭ ʢʨʦʢʽʚ: 

Å ʧʽʩʣʷ ʬʦʨʤʫʚʘʥʥʷ ʩʧʠʩʢʽʚ ʢʨʘʱʠʭ ʽ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʦʙʣʘʩʪʝʡ ʫ ʮʽ ʤʽʩʮʷ 

ʚʽʜʧʨʘʚʣʷʻʪʴʩʷ ʧʝʚʥʘ ʢʽʣʴʢʽʩʪʴ ʨʦʙʦʯʠʭ ʙʜʞʽʣ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʷʢʦʩʪʽ ʦʙʣʘʩʪʽ, ʟ ʪʦʯʢʠ ʟʦʨʫ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʘʙʦ ʧʝʨʝʣʽʢʫ ʯʘʩʪʢʦʚʠʭ ʢʨʠʪʝʨʽʾʚ, ʘ 

ʢʦʦʨʜʠʥʘʪʘ ʚʽʜʧʨʘʚʣʝʥʥʷ ʪʘʢʠʭ ʙʜʞʽʣ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ (3.1): 

 

( ) 11
* , 1 , 1b

b b b

iji c kj
X N Rnd rad i n k c-- +

= + = = ,                        (3.1) 

 

ʜʝ i  ï ʥʦʤʝʨ ʦʙʣʘʩʪʽ; 

    k  ï ʥʦʤʝʨ ʨʦʙʦʯʦʾ ʙʜʞʦʣʠ; 

    bc  ï ʢʽʣʴʢʽʩʪʴ ʨʦʙʦʯʠʭ ʙʜʞʽʣ; 

    bn  ï ʢʽʣʴʢʽʩʪʴ ʦʙʣʘʩʪʝʡ ʽʟ ʢʨʘʱʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ; 

    
b

ijN 1-  ï ʮʝʥʪʨ ʢʦʦʨʜʠʥʘʪ ʦʙʣʘʩʪʽ, ʢʫʜʠ ʚʽʜʧʨʘʚʣʷʻʪʴʩʷ ʙʜʞʦʣʘ; 

    rand ï ʬʫʥʢʮʽʷ, ʱʦ ʛʝʥʝʨʫʻ ʚʠʧʘʜʢʦʚʫ ʚʝʣʠʯʠʥʫ ʟ [-1, 1]; 

    Rnd ï ʨʘʜʽʫʩ, ʚ ʷʢʠʡ ʤʦʞʝ ʧʦʪʨʘʧʠʪʠ ʙʜʞʦʣʘ. 

Å ʧʨʠ ʢʦʞʥʽʡ ʽʪʝʨʘʮʽʾ ʨʦʟʚʽʜʫʚʘʯʽ ʚʽʜʧʨʘʚʣʷʶʪʴʩʷ ʫ ʥʦʚʽ ʦʙʣʘʩʪʽ ʟʘ ʬʦʨʤʫʣʦʶ 

(3.2): 
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( ) 11
* , 1 , 1b b b

g g g

ijn c i c kj
X N Rnd rad i n k c-+ - +

= + = = ,                       (3.2) 

 

ʜʝ i  ï ʥʦʤʝʨ ʦʙʣʘʩʪʽ; 

    k  ï ʥʦʤʝʨ ʙʜʞʦʣʠ-ʨʦʟʚʽʜʥʠʢʘ; 

    gc  ï ʢʽʣʴʢʽʩʪʴ ʙʜʞʽʣ-ʨʦʟʚʽʜʥʠʢʽʚ; 

    bc  ï ʢʽʣʴʢʽʩʪʴ ʨʦʙʦʯʠʭ ʙʜʞʽʣ; 

    gn  ï ʢʽʣʴʢʽʩʪʴ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʦʙʣʘʩʪʝʡ; 

   bn  ï ʢʽʣʴʢʽʩʪʴ ʦʙʣʘʩʪʝʡ ʽʟ ʢʨʘʱʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ; 

   
g

ijN 1-  ï ʮʝʥʪʨ ʢʦʦʨʜʠʥʘʪ ʦʙʣʘʩʪʽ, ʢʫʜʠ ʚʽʜʧʨʘʚʣʷʻʪʴʩʷ ʙʜʞʦʣʘ; 

    rand ï ʬʫʥʢʮʽʷʭ, ʱʦ ʛʝʥʝʨʫʻ ʚʠʧʘʜʢʦʚʫ ʚʝʣʠʯʠʥʫ ʟ [-1, 1]; 

    Rnd ï ʨʘʜʽʫʩ, ʚ ʷʢʠʡ ʤʦʞʝ ʧʦʪʨʘʧʠʪʠ ʙʜʞʦʣʘ. 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʘʣʛʦʨʠʪʤʫ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʰʫʢʫ ʷʢʽʩʥʦʛʦ ʨʽʰʝʥʥʷ ʟʘ 

ʤʽʥʽʤʘʣʴʥʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ ʥʝʦʙʭʽʜʥʦ ʧʽʜʽʙʨʘʪʠ ʪʘʢʽ ʧʘʨʘʤʝʪʨʠ: ʢʽʣʴʢʽʩʪʴ ʙʜʞʽʣ-

ʨʦʟʚʽʜʫʚʘʯʽʚ; ʢʽʣʴʢʽʩʪʴ ʢʨʘʱʠʭ ʽ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʜʽʣʷʥʦʢ; ʨʘʜʽʫʩ ʣʦʢʘʣʴʥʦʾ ʨʦʟʚʽʜʢʠ; 

ʢʽʣʴʢʽʩʪʴ ʙʜʞʽʣ ʜʣʷ ʢʦʞʥʦʛʦ ʢʣʘʩʫ ʦʙʣʘʩʪʽ; ʤʽʥʽʤʘʣʴʥʦ ʤʦʞʣʠʚʘ ʚʽʜʩʪʘʥʴ ʤʽʞ 

ʩʫʩʽʜʥʽʤʠ ʦʙʣʘʩʪʷʤʠ.  

ʂʦʞʥʘ ʙʜʞʦʣʘ ʚ ʨʦʾ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʦʢʨʝʤʘ ʦʩʦʙʘ, ʷʢʘ ʜʽʻ ʽʥʜʠʚʽʜʫʘʣʴʥʦ, 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʢʝʨʫʶʯʦʛʦ ʧʨʠʥʮʠʧʫ: ʧʦʰʫʢ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʥʘʧʨʷʤʽ ʥʘʡʢʨʘʱʦʾ 

ʧʝʨʩʦʥʘʣʴʥʦʾ ʪʘ ʩʧʽʣʴʥʦʾ ʧʦʟʠʮʽʾ, ʧʦʩʪʽʡʥʦ ʧʝʨʝʚʽʨʷʶʯʠ ʟʥʘʯʝʥʥʷ ʧʦʪʦʯʥʦʾ ʧʦʟʠʮʽʾ 

[244, 245]. ʗʢʱʦ ʧʨʠʡʥʷʪʠ 
j

iw  ʷʢ ʦʮʽʥʢʫ ʪʘʥʮʶ ʙʜʞʦʣʠ ʽ ʥʘ ʢʨʦʮʽ ʯʘʩʫ jt= , ʪʦʜʽ 

ʡʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʙʜʞʦʣʘ-ʨʦʟʚʽʜʥʠʢ ʧʦʣʝʪʠʪʴ ʟʛʽʜʥʦ ʟ ʪʘʥʮʶʶʯʦʶ ʙʜʞʦʣʦ  ʁʥʘ 

ʢʦʨʤ, ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ ʟʘ ʬʦʨʤʫʣʦʶ (3.3) [242, 244, 245]: 

 

ä
=

=
fn

i

j

i

j

i
i

w

w

1

r ,                                                        (3.3) 

 

ʜʝ fn  ï ʢʽʣʴʢʽʩʪʴ ʙʜʞʽʣ ʟʘʜʽʷʥʠʭ ʚ ʘʣʛʦʨʠʪʤʽ; 

    t  ï ʧʩʝʚʜʦʯʘʩ ʘʙʦ ʯʘʩ ʥʘ ʧʦʰʫʢ ʾʞʽ. 
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ʂʽʣʴʢʽʩʪʴ ʙʜʞʽʣ-ʩʧʦʩʪʝʨʽʛʘʯʽʚ Nnf Í , ʜʝ N ï ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʙʜʞʽʣ. ʗʢ 

ʘʣʴʪʝʨʥʘʪʠʚʫ ʤʦʞʣʠʚʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʬʦʨʤʫʣʫ (3.4) [242, 244, 245]: 

 

2

2

21 srr
iw

ie e
-

=-= ,                                               (3.4) 

 

ʜʝ s ï ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʨʦʟʚʽʜʢʫ ʪʘ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʤʽʩʮʴ 

ʧʦʰʫʢʫ.  

ʗʢʱʦ ʤʽʩʮʷ ʟ ʾʞʝʶ ʥʝ ʟʥʘʡʜʝʥʦ, ʪʦʜʽ 0­iw , ʽ 1­er , ʪʦʜʽ ʫʩʽ ʙʜʞʦʣʠ 

ʦʙʠʨʘʶʪʴ ʰʣʷʭ ʚʠʧʘʜʢʦʚʦ. 

ɼʣʷ ʟʘʜʘʯʽ ʧʣʘʥʫʚʘʥʥʷ ʨʦʙʽʪ ʙʜʞʦʣʠ-ʨʦʙʽʪʥʠʢʠ ʚʠʢʦʥʫʶʪʴ ʧʝʨʝʜʘʯʫ 

ʽʥʬʦʨʤʘʮʽʾ ʪʨʠʚʘʣʽʩʪʶ rat f*= , ʜʝ rf  ï ʦʮʽʥʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʙʨʘʥʦʛʦ ʚʘʨʽʘʥʪʘ, ʘ 

a ï ʬʘʢʪʦʨ ʤʘʩʰʪʘʙʫʚʘʥʥʷ. ʆʮʽʥʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʦʚ'ʷʟʘʥʘ ʟ ʮʽʣʴʦʚʦʶ ʬʫʥʢʮʽʻʶ, 

ʢʨʽʤ ʪʦʛʦ, ʨʝʡʪʠʥʛ ʢʦʞʥʦʛʦ ʤʘʨʰʨʫʪʫ ʢʣʘʩʠʬʽʢʫʻʪʴʩʷ, ʽ ʰʣʷʭ ʟ̔ ʥʘʡʙʽʣʴʰʦʶ 

ʢʽʣʴʢʽʩʪʶ ʙʜʞʽʣ ʩʪʘʻ ʢʨʘʱʠʤ ʰʣʷʭʦʤ [238ï240]. 

ʁʤʦʚʽʨʥʽʩʪʴ ʚʠʙʦʨʫ ʤʘʨʰʨʫʪʫ ʤʽʞ ʙʫʜʴ-ʷʢʠʤʠ ʜʚʦʤʘ ʚʫʟʣʘʤʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʦʶ (3.5): 
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1 1

ba

ba

r .                                                  (3.5) 

 

ʄʦʜʠʬʽʢʘʮʽʾ ʜʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʧʦʣʷʛʘʶʪʴ ʫ ʧʽʜʙʦʨʽ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ ʪʘ 

ʟʤʝʥʰʝʥʥʽ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʥʠʤʠ, ʘ ʪʘʢʦʞ ʩʧʨʠʷʶʪʴ ʟʙʽʣʴʰʝʥʥʶ ʰʚʠʜʢʦʩʪʽ ʧʦʰʫʢʫ 

ʷʢʽʩʥʦʛʦ ʨʽʰʝʥʥʷ.  

ɼʣʷ ʧʦʷʩʥʝʥʥʷ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʘʢʽ ʚʠʟʥʘʯʝʥʥʷ ʧʦʟʠʮʽʾ ʪʘ 

ʧʨʠʜʘʪʥʦʩʪʽ. 

ʇʦʟʠʮʽʷ ï ʨʦʟʪʘʰʫʚʘʥʥʷ ʙʜʞʦʣʠ ʥʘ ʧʣʦʱʠʥʽ ʟ ʦʩʷʤʠ x-y ʘʙʦ ʫ N-ʤʽʨʥʦʤʫ 

ʧʨʦʩʪʦʨʽ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘʜʘʯʝʶ. N-ʤʽʨʥʠʡ ʧʨʦʩʪʽʨ ʻ ʦʙʣʘʩʪʶ ʨʽʰʝʥʴ ʜʣʷ 

ʦʧʪʠʤʽʟʦʚʘʥʦʛʦ ʟʘʚʜʘʥʥʷ, ʜʝ ʢʦʞʝʥ ʥʘʙʽʨ ʢʦʦʨʜʠʥʘʪ ʧʨʝʜʩʪʘʚʣʷʻ ʨʽʰʝʥʥʷ. 



100 

ʇʨʠʜʘʪʥʽʩʪʴ ï ʟʘ ʧʨʠʢʣʘʜʦʤ ʙʜʞʦʣʠʥʦʛʦ ʨʦʶ ʬʫʥʢʮʽʷ ʧʨʠʜʘʪʥʦʩʪʽ ʙʫʜʝ 

ʱʽʣʴʥʽʩʪʶ ʢʚʽʪʽʚ: ʯʠʤ ʙʽʣʴʰʝ ʱʽʣʴʥʽʩʪʴ, ʪʠʤ ʢʨʘʱʝ ʧʦʟʠʮʽʷ. ʌʫʥʢʮʽʷ ʧʨʠʜʘʪʥʦʩʪʽ 

ʩʣʫʛʫʻ ʟʘʩʦʙʦʤ ʟʚ'ʷʟʢʫ ʤʽʞ ʬʽʟʠʯʥʦʶ ʧʨʦʙʣʝʤʦʶ ʽ ʘʣʛʦʨʠʪʤʦʤ ʦʧʪʠʤʽʟʘʮʽʾ. 

ʇʝʨʩʦʥʘʣʴʥʘ ʥʘʡʢʨʘʱʘ ʧʦʟʠʮʽʷ (ʇʅʇ) ï ʢʦʞʥʘ ʙʜʞʦʣʘ ʧʘʤ'ʷʪʘʻ ʧʦʟʠʮʽʶ, ʜʝ 

ʚʦʥʘ ʩʘʤʘ ʚʠʷʚʠʣʘ ʥʘʡʙʽʣʴʰʫ ʢʽʣʴʢʽʩʪʴ ʢʚʽʪʽʚ. ʋ ʢʦʞʥʽʡ ʪʦʯʮʽ ʚʟʜʦʚʞ ʰʣʷʭʫ ʨʫʭʫ 

ʙʜʞʦʣʘ ʧʦʨʽʚʥʶʻ ʟʥʘʯʝʥʥʷ ʧʨʠʜʘʪʥʦʩʪʽ ʧʦʪʦʯʥʦʾ ʧʦʟʠʮʽʾ ʟʽ ʟʥʘʯʝʥʥʷʤ ʇʅʇ. ʗʢʱʦ 

ʧʦʪʦʯʥʘ ʧʦʟʠʮʽʷ ʤʘʻ ʟʥʘʯʝʥʥʷ ʧʨʠʜʘʪʥʦʩʪʽ ʚʠʱʝ, ʟʥʘʯʝʥʥʷ ʇʅʇ ʟʘʤʽʥʶʻʪʴʩʷ ʥʘ 

ʟʥʘʯʝʥʥʷ ʧʦʪʦʯʥʦʾ ʧʦʟʠʮʽʾ [242, 244, 245]. 

ɻʣʦʙʘʣʴʥʘ ʥʘʡʢʨʘʱʘ ʧʦʟʠʮʽʷ (ɻʅʇ) ï ʢʦʞʥʘ ʙʜʞʦʣʘ ʦʥʦʚʣʶʻ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ 

ʟʥʘʭʦʜʞʝʥʥʷ ʥʘʡʢʨʘʱʦʾ ʜʽʣʷʥʢʠ ʟ ʥʘʡʙʽʣʴʰʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʢʚʽʪʽʚ, ʷʢʘ ʚʠʟʥʘʯʝʥʘ 

ʚʩʽʤ ʨʦʻʤ ʽ ʻ ʛʣʦʙʘʣʴʥʦʶ ʥʘʡʢʨʘʱʦʶ ʧʦʟʠʮʽʻʶ. ɺ ʢʦʞʥʽʡ ʪʦʯʮʽ ʚʟʜʦʚʞ ʰʣʷʭʫ ʨʫʭʫ 

ʙʜʞʦʣʘ ʧʦʨʽʚʥʶʻ ʟʥʘʯʝʥʥʷ ʧʨʠʜʘʪʥʦʩʪʽ ʧʦʪʦʯʥʦʾ ʧʦʟʠʮʽʾ ʟʽ ʟʥʘʯʝʥʥʷʤ ɻʅʇ. ʗʢ 

ʪʽʣʴʢʠ ʙʜʞʦʣʘ ʚʠʷʚʠʪʴ ʧʦʟʠʮʽʶ ʟ ʙʽʣʴʰ ʚʠʩʦʢʦʶ ʧʨʠʜʘʪʥʽʩʪʶ, ʥʽʞ ɻʅʇ, ʚʽʜʙʫʜʝʪʴʩʷ 

ʟʘʤʽʥʘ ʡʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘ ʧʦʪʦʯʥʫ ʧʦʟʠʮʽʶ ʙʜʞʦʣʠ. ʄʝʪʦʜ ʨʦʶ ʙʜʞʽʣ ʜʦʮʽʣʴʥʦ 

ʨʦʟʧʦʜʽʣʠʪʠ ʥʘ ʜʝʢʽʣʴʢʘ ʧʘʨʘʣʝʣʴʥʠʭ ʧʨʦʮʝʩʽʚ, ʫ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʟʥʘʯʥʦ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʰʚʠʜʢʽʩʪʴ ʡʦʛʦ ʨʦʙʦʪʠ [242, 244, 245]. 

ɺʠʜʽʣʷʶʪʴ ʦʢʨʝʤʦ çʘʣʛʦʨʠʪʤ ʤʝʜʦʥʦʩʥʠʭ ʙʜʞʽʣè ʘʙʦ ʡʦʛʦ ʥʘʟʠʚʘʶʪʴ 

çʚʽʨʪʫʘʣʴʥʠʭ ʙʜʞʽʣè Virtual Bees Algorithm (VBA). ʁʦʛʦ ʨʦʙʦʪʘ ʧʦʯʠʥʘʻʪʴʩʷ ʟ 

ʬʦʨʤʫʚʘʥʥʷ çʟʛʨʘʾ ʚʽʨʪʫʘʣʴʥʠʭ ʙʜʞʽʣè, ʢʦʞʥʘ ʙʜʞʦʣʘ ʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ 

ʚʽʜʧʨʘʚʣʷʻʪʴʩʷ ʚ n-ʚʠʤʽʨʥʠʡ ʧʦʰʫʢʦʚʠʡ ʧʨʦʩʪʽʨ. ʆʩʥʦʚʥʽ ʢʨʦʢʠ ʘʣʛʦʨʠʪʤʫ 

çʚʽʨʪʫʘʣʴʥʠʭ ʙʜʞʽʣè ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʬʫʥʢʮʽʡ ʤʘʻ ʪʘʢʽ ʢʨʦʢʠ [216, 236, 238]: 

1) ʩʪʚʦʨʝʥʥʷ ʧʦʧʫʣʷʮʽʾ çʚʽʨʪʫʘʣʴʥʠʭ ʙʜʞʽʣè, ʢʦʞʥʘ ʟ ʷʢʠʭ ʧʦʚ'ʷʟʘʥʘ ʟ ʙʘʥʢʦʤ 

ʧʘʤ'ʷʪʽ; 

2) ʢʦʜʫʚʘʥʥʷ ʮʽʣʝʡ ʬʫʥʢʮʽʾ ʦʧʪʠʤʽʟʘʮʽʾ ʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʾʾ ʫ ʚʽʨʪʫʘʣʴʥʫ ʾʞʫ; 

3) ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʾʚ ʥʘʧʨʷʤʢʫ ʽ ʚʽʜʩʪʘʥʽ ʜʦ ʚʽʨʪʫʘʣʴʥʦʾ ʾʞʽ; 

4) ʧʝʨʝʭʽʜ ʪʘ ʦʥʦʚʣʝʥʥʷ ʧʦʧʫʣʷʮʽʾ ʥʘ ʥʦʚʽ ʧʦʟʠʮʽʾ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʽʨʪʫʘʣʴʥʦʾ ʾʞʽ 

ʪʘ ʧʦʰʠʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʾʾ ʨʦʟʪʘʰʫʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʨʪʫʘʣʴʥʦʛʦ ʪʘʥʮʶ; 

5) ʧʽʩʣʷ ʧʝʚʥʦʛʦ ʯʘʩʫ ʝʚʦʣʶʮʽʾ ʙʽʣʴʰʽʩʪʴ ʚʽʨʪʫʘʣʴʥʠʭ ʙʜʞʽʣ ʦʙʠʨʘʶʪʴ 

ʥʘʡʢʨʘʱʫ ʧʦʟʠʮʽʶ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʚʽʜʚʽʜʫʚʘʥʥʷ ʪʘʢʦʾ ʜʽʣʷʥʢʠ; 

6) ʜʝʢʦʜʫʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ.  
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ʄʦʜʠʬʽʢʦʚʘʥʘ ʧʦʟʠʮʽʷ ʢʦʞʥʦʾ ʙʜʞʦʣʠ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ (3.6ï3.7): 

 

( ) ()( )5.0**1*1 -++-=+ iRandxxx best

i

k

i

k abb ,                                 (3.6) 

 

( ) ()( )5.0**1*1 -++-=+ iRandyyy best

i

k

i

k abb ,                               (3.7) 

 

ʜʝ a, b ï ʜʚʽ ʜʦʜʘʪʥʽ ʢʦʥʩʪʘʥʪʠ, ʷʢʽ ʻ ʘʤʧʣʽʪʫʜʦʶ ʚʠʧʘʜʢʦʚʦʩʪʽ ʪʘ ʰʚʠʜʢʦʩʪʽ 

ʩʭʦʜʞʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ; 

              bestx , besty  ï ʥʘʡʢʨʘʱʽ ʧʘʨʘʤʝʪʨʠ i-ʦʾ ʽʪʝʨʘʮʽʾ; 

              Rand (i) ï ʚʠʧʘʜʢʦʚʝ ʯʠʩʣʦ ʚ ʤʝʞʘʭ [0, 1]. 

ʂʦʞʥʘ ʙʜʞʦʣʘ ʚ ʨʦʾ ʧʨʝʜʩʪʘʚʣʝʥʘ k-ʚʠʤʽʨʥʠʤ ʚʝʢʪʦʨʦʤ, ʜʝ ( )nk xxxx 211,=  ʪʘ 

( )nk yyyy 221,=  ï ʢʦʦʨʜʠʥʘʪʠ.  

ʇʦʪʦʯʥʘ ʧʦʟʠʮʽʷ (ʪʦʯʢʘ ʧʦʰʫʢʫ ʫ ʧʨʦʩʪʦʨʽ ʨʽʰʝʥʴ) ʦʙʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 

(3.8): 

 

randbest

i

k

i

k SSSS ++=+1 ,                                               (3.8) 

 

ʜʝ ( )111 , +++= i

k

i

k

i

k yxS  ï ʧʦʪʦʯʥʘ ʧʦʟʠʮʽʷ ʫ ʧʨʦʩʪʦʨʽ ʙʜʞʦʣʠ; 

              ( )iki

k

i

k yxS ,=  ï ʧʦʧʝʨʝʜʥʷ ʧʦʟʠʮʽʷ ʫ ʧʨʦʩʪʦʨʽ ʙʜʞʦʣʠ; 

              ( )bestbestbest yxS ,=  ï ʧʦʪʦʯʥʘ ʧʦʟʠʮʽʷ ʫ ʧʨʦʩʪʦʨʽ ʙʜʞʦʣʠ i -ʦʾ ʽʪʝʨʘʮʽʾ; 

              ( )randrandrand yxS ,=  ï ʚʠʧʘʜʢʦʚʘ ʧʦʟʠʮʽʷ ʫ ʧʨʦʩʪʦʨʽ ʙʜʞʦʣʠ i -ʦʾ ʽʪʝʨʘʮʽʾ. 

 

 

3.2 ɸʣʛʦʨʠʪʤ çʢʘʞʘʥʽʚè ʪʘ ʡʦʛʦ ʤʦʜʠʬʽʢʘʮʽʾ 

 

 

ɸʣʛʦʨʠʪʤ ʢʘʞʘʥʽʚ (bat algorithm(BA)) ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʦʚʝʜʽʥʮʽ ʢʘʞʘʥʽʚ ʧʽʜ ʯʘʩ 

ʧʦʣʶʚʘʥʥʷ. ʂʘʞʘʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʝʭʦʣʦʢʘʮʽʶ ʜʣʷ ʧʦʰʫʢʫ ʾʞʽ ʪʘ ʧʝʨʝʰʢʦʜ ʥʘ ʾʭ 
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ʰʣʷʭʫ ʨʫʭʫ [30, 31, 218, 222, 223, 246]. ɿʘʚʜʷʢʠ ʝʭʦʣʦʢʘʮʽʾ ʢʘʞʘʥ ʚʠʟʥʘʯʘʻ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʞʝʨʪʚʠ ʽ ʟʜʽʡʩʥʶʻ ʥʘʧʘʜ ʘʙʦ ʥʘʩʪʫʧʥʽ ʨʫʭʠ.  

ɸʣʛʦʨʠʪʤ çʢʘʞʘʥʽʚè ʜʦʪʨʠʤʫʻʪʴʩʷ ʪʘʢʠʭ ʧʨʘʚʠʣ: 

Å ʫʩʽ ʢʘʞʘʥʠ ʥʘ ʦʩʥʦʚʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʭʦʣʦʢʘʮʽ ʾ ʘʥʘʣʽʟʫʶʪʴ ʚʽʜʩʪʘʥʴ ʜʦ 

ʧʝʚʥʦʛʦ ʦʙôʻʢʪʘ, ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʘʶʪʴ, ʻ ʚʽʥ ʾʞʝʶ ʯʠ ʧʝʨʝʰʢʦʜʦ ;ʁ 

Å ʢʘʞʘʥʠ ʨʫʭʘʶʪʴʩʷ ʚʠʧʘʜʢʦʚʦ ʟʽ ʰʚʠʜʢʽʩʪʶ iv  ʫ ʧʦʟʠʮʽʾ ix  ʟ̔ ʬʽʢʩʦʚʘʥʦʶ 

ʯʘʩʪʦʪʦʶ minf , ʟʤʽʥʥʦʶ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ l ʽ ʛʫʯʥʽʩʪʶ 0A , ʱʦʙ ʟʥʘʡʪʠ ʟʜʦʙʠʯ; 

Å ʢʘʞʘʥʠ ʤʦʞʫʪʴ ʟʤʽʥʶʚʘʪʠ ʜʦʚʞʠʥʫ ʭʚʠʣʽ (ʘʙʦ ʯʘʩʪʦʪʫ, ʦʩʢʽʣʴʢʠ 

ʯʘʩʪʦʪʘ=1/ʜʦʚʞʠʥʘ ʭʚʠʣʽ), ʚʠʧʫʩʢʘʥʥʷ ʽʤʧʫʣʴʩʫ ʽ ʰʚʠʜʢʽʩʪʴ ʽʤʧʫʣʴʩʫ [ ]1,0Íir , ʱʦ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʚʽʜʩʪʘʥʽ ʜʦ ʧʝʚʥʦʛʦ ʦʙôʻʢʪʘ; 

Å ʧʦʢʘʟʥʠʢ ʛʫʯʥʦʩʪʽ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ ʙʽʣʴʰ ʧʦʟʠʪʠʚʥʦʛʦ ɸ0 ʜʦ ʤʝʥʰʦʛʦ 

ʧʦʩʪʽʡʥʦʛʦ ʟʥʘʯʝʥʥʷ minA . 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʰʚʠʜʢʽʩʪʴ ʟʚʫʢʫ ʚ ʧʦʚʽʪʨʽ ʧʨʠʙʣʠʟʥʦ ʜʦʨʽʚʥʶʻ 300 ʤ/ʩ, 

ʜʦʚʞʠʥʘ ʭʚʠʣʽ ʜʣʷ ʟʚʫʢʫ ʟ ʧʦʩʪʽʡʥʦʶ ʯʘʩʪʦʪʦʶ ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʦʨʤʫʣʦʶ (3.9): 

 

f

u
=l .                                                             (3.9) 

 

ʂʘʞʘʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʟʘʪʨʠʤʢʫ ʚʽʜ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʩʠʛʥʘʣʫ ʜʦ ʚʠʷʚʣʝʥʥʷ 

ʚʽʜʣʫʥʥʷ, ʨʽʟʥʠʮʶ ʚ ʯʘʩʽ ʚʠʷʚʣʝʥʥʷ ʚʽʜʣʫʥʥʷ ʫ ʜʚʦʭ ʚʫʭʘʭ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʧʦʙʫʜʫʚʘʪʠ 

ʪʨʠʚʠʤʽʨʥʫ ʤʦʜʝʣʴ ʦʪʦʯʫʶʯʦʛʦ ʧʨʦʩʪʦʨʫ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʦʙʫʜʦʚʘʥʫ ʤʦʜʝʣʴ, 

ʚʦʥʠ ʚʠʷʚʣʷʶʪʴ ʚʽʜʩʪʘʥʴ ʜʦ ʦʪʦʯʫʶʯʠʭ ʧʨʝʜʤʝʪʽʚ, ʚʽʜʩʪʘʥʴ ʜʦ ʮʽʣʽ, ʪʠʧ ʟʜʦʙʠʯʽ, 

ʰʚʠʜʢʽʩʪʴ ʾʾ ʨʫʭʫ. ʇʨʠ ʮʴʦʤʫ ʚʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʝʬʝʢʪ ɼʦʧʧʣʝʨʘ, ʷʢʠʡ ʧʦʣʷʛʘʻ ʫ 

ʟʤʽʥʽ ʯʘʩʪʦʪ ʽ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʚʠʧʨʦʤʽʥʝʥʥʷ ʯʝʨʝʟ ʨʫʭ ʜʞʝʨʝʣʘ ʚʠʧʨʦʤʽʥʝʥʥʷ ʭʚʠʣʽ. 

ʗʢʱʦ ʜʞʝʨʝʣʦ ʭʚʠʣʴ ʨʫʭʘʻʪʴʩʷ ʚ ʩʝʨʝʜʦʚʠʱʽ ʽ ʧʨʠ ʮʴʦʤʫ ʚʠʧʨʦʤʽʥʶʻ ʭʚʠʣʽ, ʪʦ 

ʚʽʜʩʪʘʥʴ ʤʽʞ ʭʚʠʣʷʤʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʪʘ ʥʘʧʨʷʤʢʫ ʨʫʭʫ ʜʞʝʨʝʣʘ ʽ ʧʨʠʡʤʘʯʘ. 

ʗʢʱʦ ʜʞʝʨʝʣʦ ʨʫʭʘʻʪʴʩʷ ʚ ʥʘʧʨʷʤʢʫ ʜʦ ʧʨʠʡʤʘʯʘ, ʪʦʙʪʦ ʥʘʟʜʦʛʘʥʷʻ ʭʚʠʣʽ, ʪʦ 

ʜʦʚʞʠʥʘ ʭʚʠʣʽ ʟʤʝʥʰʫʻʪʴʩʷ, ʽ ʥʘʚʧʘʢʠ, ʷʢʱʦ ʨʫʭʘʻʪʴʩʷ ʚ ʥʘʧʨʷʤʢʫ, ʧʨʦʪʠʣʝʞʥʦʤʫ 

ʜʞʝʨʝʣʫ, ʪʦ ʜʦʚʞʠʥʘ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ (3.10) [222, 223, 246]: 
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l ,                                                     (3.10) 

 

ʜʝ 0w  ï ʢʫʪʦʚʘ ʯʘʩʪʦʪʘ ʭʚʠʣʽ;  

     ʩ ï ʰʚʠʜʢʽʩʪʴ ʧʦʰʠʨʝʥʥʷ ʭʚʠʣʴ ʫ ʩʝʨʝʜʦʚʠʱʽ; 

     v ï ʰʚʠʜʢʽʩʪʴ ʜʞʝʨʝʣʘ ʟʚʫʢʫ ʚʽʜʥʦʩʥʦ ʩʝʨʝʜʦʚʠʱʘ (ʟʽ ʟʥʘʢʦʤ ç+è, ʷʢʱʦ 

ʜʞʝʨʝʣʦ ʥʘʙʣʠʞʫʻʪʴʩʷ ʜʦ ʧʨʠʡʤʘʯʘ, ʽ ʟʽ ʟʥʘʢʦʤ ç-è, ʷʢʱʦ ʚʽʜʜʘʣʷʻʪʴʩʷ). 

ɼʣʷ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʘʢʽ ʟʥʘʯʝʥʥʷ [30, 31, 222, 223, 246]:  

Å ʯʘʩʪʦʪʠ ʭʚʠʣʽ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʟʘʜʘʥʦʤʫ ʜʽʘʧʘʟʦʥʽ [ ]maxmin , ff ; 

Å ʚʽʜʧʦʚʽʜʘʶʪʴ ʜʽʘʧʘʟʦʥʫ ʜʦʚʞʠʥʠ ʭʚʠʣʴ [ ]maxmin ,ll . 

ʈʫʭ ʦʜʥʦʛʦ ʦʧʠʩʫʻʪʴʩʷ ʬʦʨʤʫʣʘʤʠ (3.11ï3.13): 

 

( )bminmaxmin ffff i -+= ,                                              (3.11) 
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ʜʝ [ ]1,0Íb  ï ʚʠʧʘʜʢʦʚʘ ʚʝʣʠʯʠʥʘ; 

     *x  ï ʥʘʡʢʨʘʱʠʡ ʧʦʪʦʯʥʠʡ ʨʦʟʚôʷʟʦʢ. 

ʅʘ ʢʦʞʥʽʡ ʽʪʝʨʘʮʽʾ ʘʣʛʦʨʠʪʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʥʦʚʣʝʥʥʷ ʘʤʧʣʽʪʫʜʠ ʽʤʧʫʣʴʩʫ ʽ 

ʡʦʛʦ ʝʤʽʩʽʷ. ʂʦʣʠ ʢʘʞʘʥ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʮʽʣʽ, ʛʫʯʥʽʩʪʴ ʡʦʛʦ ʽʤʧʫʣʴʩʽʚ ʟʤʝʥʰʫʻʪʴʩʷ 

(3.14), ʘ ʯʘʩʪʦʪʘ ʽʤʧʫʣʴʩʽʚ ʟʙʽʣʴʰʫʻʪʴʩʷ (3.15). 
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ʜʝ Ŭ ï ʢʦʥʩʪʘʥʪʘ, 0< Ŭ <1; 

     ɔ ï ʢʦʥʩʪʘʥʪʘ, ɔ>0. 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʧʩʝʚʜʦʢʦʜ ʘʣʛʦʨʠʪʤʫ ʢʘʞʘʥʘ ʤʦʞʣʠʚʦ ʧʨʝʜʩʪʘʚʠʪʠ ʪʘʢ 

[222, 223, 246]:  

1. ɺʠʟʥʘʯʘʻʤʦ ʮʽʣʴʦʚʫ ʬʫʥʢʮʽʶ )(xf . 

2. ɯʥʽʮʽʘʣʽʟʫʻʤʦ ʧʦʧʫʣʷʮʽʶ ʢʘʞʘʥʽʚ ( )nixi 21=  ʪʘ vi. 

3. ɺʠʟʥʘʯʘʻʤʦ ʯʘʩʪʦʪʫ ʧʫʣʴʩʫ fi ʜʣʷ xi. 

4. ɯʥʽʮʽʘʣʽʟʫʻʤʦ ʯʘʩʪʦʪʫ ʽʤʧʫʣʴʩʫ ri ʪʘ ʛʫʯʥʽʩʪʴ Ai. 

5. While (t < Max ʢʽʣʴʢʽʩʪʴ ʽʪʝʨʘʮʽʡ). 

5.1. ʉʪʚʦʨʶʻʤʦ ʥʦʚʽ "ʨʽʰʝʥʥʷ", ʨʝʛʫʣʶʶʯʠ ʯʘʩʪʦʪʫ. 

5.2. ʆʥʦʚʣʶʻʤʦ ʰʚʠʜʢʽʩʪʴ ʪʘ ʣʦʢʘʮʽʶ ʨʽʰʝʥʴ. 

5.3. If (rand > ri). 

5.3.1. ɺʠʙʽʨ ʨʽʰʝʥʥʷ ʩʝʨʝʜ ʥʘʡʢʨʘʱʠʭ ʨʽʰʝʥʴ. 

5.3.2. ʉʪʚʦʨʶʻʤʦ ʣʦʢʘʣʴʥʝ ʨʽʰʝʥʥʷ ʩʝʨʝʜ ʦʙʨʘʥʦʛʦ ʥʘʡʢʨʘʱʦʛʦ ʨʽʰʝʥʥʷ. 

5.4. ʂʽʥʝʮʴ If . 

5.5. If (rand < Ai && f(xi) < f(x*)). 

5.5.1. ʇʨʠʡʤʘʻʤʦ ʥʦʚʽ ʨʽʰʝʥʥʷ. 

5.5.2. ɿʙʽʣʴʰʫʻʤʦ ir  ʪʘ ʟʤʝʥʰʫʻʤʦ iA . 

5.6. ɿʘʢʽʥʯʝʥʥʷ If. 

5.7. ʈʘʥʞʫʚʘʥʥʷ ʢʘʞʘʥʽʚ ʪʘ ʟʥʘʭʦʜʞʝʥʥʷ ʥʘʡʢʨʘʱʦʛʦ x.  

6. ɿʘʢʽʥʯʝʥʥʷ while. 

7. ɺʠʚʝʜʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʥʝʦʙʭʽʜʥʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʡʦʛʦ ʩʢʣʘʜʥʽʩʪʴ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʦʟʤʽʨʥʦʩʪʽ ʟʘʜʘʯʽ; ʢʽʣʴʢʦʩʪʽ ʬʫʥʢʮʽʡ, ʱʦ ʻ ʮʽʣʴʦʚʠʤʠ; ʢʽʣʴʢʦʩʪʽ 

ʘʛʝʥʪʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʘʣʛʦʨʠʪʤʽ [222, 223, 246].  
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3.2.1 ɸʣʛʦʨʠʪʤ çʭʘʦʪʠʯʥʦʛʦ ʢʘʞʘʥʘè 

 

 

ɸʣʛʦʨʠʪʤ ʭʘʦʪʠʯʥʦʛʦ ʢʘʞʘʥʘ (chaotic bat algorithm CBA) ʚʠʢʦʨʠʩʪʦʚʫʻ ʫ ʩʚʦʾʡ 

ʦʩʥʦʚʽ ʪʝʦʨʽʶ ʭʘʦʩʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʯʘʩʪʢʦʚʦ ʭʘʦʪʠʯʥʠʭ ʢʘʨʪ [30, 31, 231, 250ï

252]. 

ʍʘʦʪʠʯʥʽ ʩʠʩʪʝʤʠ ʻ ʜʫʞʝ ʧʦʰʠʨʝʥʠʤʠ ʫ ʧʨʠʨʦʜʥʠʭ ʪʘ ʩʦʮʽʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ, 

ʷʢʽ ʤʘʶʪʴ ʩʢʣʘʜʥʫ, ʚʠʧʘʜʢʦʚʫ ʪʘ ʪʦʯʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ. 

ʍʘʦʪʠʯʥʠʡ ʨʫʭ ï ʮʝ ʜʫʞʝ ʥʝʩʪʘʙʽʣʴʥʠʡ ʨʫʭ ʫ ʜʝʪʝʨʤʽʥʦʚʘʥʽʡ ʩʠʩʪʝʤʽ, 

ʦʙʤʝʞʝʥʠʡ ʧʨʦʩʪʦʨʦʤ ʢʽʥʮʝʚʠʭ ʬʘʟ. ʍʘʦʩ ï ʮʝ ʬʦʨʤʘ ʘʧʝʨʽʦʜʠʯʥʦʛʦ ʨʫʭʫ, ʷʢʘ ʻ 

ʫʥʽʢʘʣʴʥʦʶ ʡ ʟʘʛʘʣʴʥʦʶ ʫ ʥʝʣʽʥʽʡʥʠʭ ʩʠʩʪʝʤʘʭ.  

ʍʘʦʪʠʯʥʠʡ ʨʫʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʽʚʥʷʥʥʷʤ (3.16). ɺʦʥʦ ʚʽʜʦʤʝ ʷʢ ʥʘʡʙʽʣʴʰ 

ʪʠʧʦʚʝ ʜʣʷ ʭʘʦʪʠʯʥʠʭ ʩʠʩʪʝʤ [352]. 

 

( )kkk SSS -= ++ 111 m ,                                               (3.16) 

 

ʜʝ m ï ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʭʦʜʫ, ʱʦ ʻ ʢʦʥʩʪʘʥʪʦʶ; 

     kS  ï ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʬʦʨʤʫʻʪʴʩʷ ʟʘ ʧʨʘʚʠʣʦʤ ʭʘʦʪʠʯʥʦʾ ʢʘʨʪʠ, 

( )1,0ÍS . ʇʦʩʣʽʜʦʚʥʽʩʪʴ nSSS 2,, 10  ʻ ʜʝʪʝʨʤʽʥʦʚʘʥʦʶ, ʷʢʘ ʩʬʦʨʤʦʚʘʥʘ ʟʘ ʧʝʚʥʠʤ 

ʧʨʘʚʠʣʦʤ ʭʘʦʪʠʯʥʦʾ ʢʘʨʪʠ.  

ɯʩʥʫʶʪʴ 10 ʪʠʧʦʚʠʭ ʚʠʜʽʚ ʭʘʦʪʠʯʥʦʾ ʢʘʨʪʦʛʨʘʬʽʾ. ʆʧʪʠʤʘʣʴʥʠʡ ʚʠʛʣʷʜ 

ʭʘʦʪʠʯʥʦʾ ʢʘʨʪʠ ʦʙʠʨʘʻʪʴʩʷ ʰʣʷʭʦʤ ʧʨʦʚʝʜʝʥʥʷ ʽʤʽʪʘʮʽʡʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʥʘ 

ʪʝʩʪʦʚʠʭ ʬʫʥʢʮʽʷʭ.  

ʋ ʨʦʙʦʪʽ [249] ʙʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʽʟʥʠʭ ʭʘʦʪʠʯʥʠʭ ʢʘʨʪ ʽ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʦʙʨʘʥʥʷ ʷʢ ʥʘʡʢʨʘʱʦʾ ʯʘʩʪʢʦʚʦ ʭʘʦʪʠʯʥʦʾ ʢʘʨʪʠ.  

ʇʨʠ ʮʴʦʤʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʦʯʘʪʢʦʚʝ ʟʥʘʯʝʥʥʷ 0,7, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʰʚʠʜʢʽʩʪʴ 

ʟʥʘʭʦʜʞʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ. 
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3.2.2 ɸʣʛʦʨʠʪʤ çʢʘʞʘʥʘ ʥʘ ʦʩʥʦʚʽ ʩʪʨʘʪʝʛʽʾ ʧʦʰʫʢʫ ʧʦʣʴʦʪʫ ʃʝʚʽè  

 

 

ɺ ʦʩʥʦʚʽ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʟʥʘʭʦʜʠʪʴʩʷ ʝʬʝʢʪ ʧʦʚʝʜʽʥʢʠ ʧʦʣʴʦʪʫ ʃʝʚʽ (Levy Flight 

Search Strategy Bat Algorithm (LBA)), ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ ʥʘ ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʞʠʚʠʭ ʽʩʪʦʪ 

ʧʽʜ ʯʘʩ ʧʦʰʫʢʫ ʾʞʽ ʫ ʥʝʚʠʟʥʘʯʝʥʦʤʫ ʪʘ ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ʇʦʣʴʦʪʠ 

ʃʝʚʽ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʢʦʨʦʪʢʠʭ ʰʚʠʜʢʠʭ ʨʫʭʽʚ ʪʘ ʧʝʨʽʦʜʠʯʥʠʭ ʜʦʚʛʠʭ ʧʦʚʽʣʴʥʠʭ 

ʧʝʨʝʩʫʚʘʥʴ.  

ʇʦʣʴʦʪʠ ʃʝʚʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʪʨʘʻʢʪʦʨʽʶ ʧʦʣʴʦʪʫ ʘʣʴʙʘʪʨʦʩʘ, ʙʜʞʽʣ ʪʘ 

ʬʨʫʢʪʦʚʠʭ ʜʨʦʟʦʬʽʣ. ʇʦʚʝʜʽʥʢʘ ʧʦʣʴʦʪʫ ʃʝʚʽ ʻ ʥʘʡʢʨʘʱʦʶ ʩʪʨʘʪʝʛʽʻʶ ʧʦʰʫʢʫ ʜʣʷ N 

ʥʝʟʘʣʝʞʥʠʭ ʜʦʩʣʽʜʥʠʢʽʚ, ʢʦʣʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʰʫʢ ʦʙôʻʢʪʘ, ʱʦ ʤʘʻ ʚʠʧʘʜʢʦʚʝ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʫ ʧʨʦʩʪʦʨʽ, ʘ ʪʘʢʦʞ ʥʝʤʦʞʣʠʚʦ ʤʘʪʝʤʘʪʠʯʥʦ ʟʤʦʜʝʣʶʚʘʪʠ ʧʨʦʩʪʽʨ [27, 

30, 31, 231, 249-251]. 

ʈʫʭ ʢʘʞʘʥʘ ʚ ʜʘʥʦʤʫ ʘʣʛʦʨʠʪʤʽ ʚʽʜʧʦʚʽʜʘʻ ʥʝʛʘʫʩʩʦʚʩʴʢʦʤʫ ʩʪʦʭʘʩʪʠʯʥʦʤʫ 

ʧʨʦʮʝʩʫ, ʟʜʽʡʩʥʶʻ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʩʪʨʠʙʢʽʚ ʫ ʧʨʦʩʪʦʨʽ ʽ ʙʘʛʘʪʦʨʘʟʦʚʦ ʟʤʽʥʶʻ 

ʥʘʧʨʷʤʦʢ, ʱʦ ʜʦʟʚʦʣʷʻ ʨʦʟʰʠʨʠʪʠ ʧʨʦʩʪʽʨ ʧʦʰʫʢʫ.  

ʋ ʧʦʻʜʥʘʥʥʽ ʟ ʬʫʥʢʮʽʻʶ ʝʭʦʣʦʢʘʮʽʾ ʢʘʞʘʥʘ ʮʝ ʜʦʧʦʤʘʛʘʻ ʟʥʘʯʥʦ ʪʘ 

ʝʬʝʢʪʠʚʥʽʰʝ ʧʦʢʨʘʱʠʪʠ ʨʦʙʦʪʫ çʘʣʛʦʨʠʪʤʫ ʢʘʞʘʥʘè [231, 249-251]. ʊʦʤʫ ʨʽʚʥʷʥʥʷ 

ʨʫʭʫ ʚʜʦʩʢʦʥʘʣʝʥʠʡ ʘʣʛʦʨʠʪʤ ʟʘʤʽʥʶʻ ʨʽʚʥʷʥʥʷ (3.13) ʨʽʚʥʷʥʥʷʤ (3.17): 
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ʇʦʣʽʪ ʃʝʚʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʦʢʨʝʤʠʤ ʢʘʞʘʥʦʤ ʧʨʠ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʣʦʢʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʟʙʽʣʴʰʝʥʥʷ ʽʪʝʨʘʮʽʡ ʧʝʨʝʚʽʨʦʢ ʪʘ ʦʧʪʠʤʽʟʘʮʽʶ 

ʫ ʛʣʦʙʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ʧʦʰʫʢʫ. ɺʩʝ ʮʝ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʫʥʠʢʥʝʥʥʷ ʧʦʪʨʘʧʣʷʥʥʷ ʚ 

ʣʦʢʘʣʴʥʠʡ ʦʧʪʠʤʫʤ ʪʘ ʧʨʠʩʢʦʨʝʥʥʷ ʟʥʘʭʦʜʞʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ. 
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3.2.3 ɸʣʛʦʨʠʪʤ çʢʘʞʘʥʘ ʥʘ ʦʩʥʦʚʽ ʢʦʝʬʽʮʽʻʥʪʘ ʩʢʦʨʦʯʝʥʥʷè 

 

 

ɸʣʛʦʨʠʪʤ çʢʘʞʘʥʘ ʥʘ ʦʩʥʦʚʽ ʢʦʝʬʽʮʽʻʥʪʘ ʩʢʦʨʦʯʝʥʥʷè (shrink factor bat 

algorithm (SBA)) ʻ ʤʦʜʠʬʽʢʘʮʽʻʶ ʢʣʘʩʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ. ɼʣʷ ʘʣʛʦʨʠʪʤʫ ʢʘʞʘʥʘ ʽʩʥʫʻ 

ʧʨʦʙʣʝʤʘ ʧʦʧʘʜʘʥʥʷ ʫ ʣʦʢʘʣʴʥʠʡ ʦʧʪʠʤʫʤ, ʱʦ ʤʦʞʝ ʟʘʧʦʙʽʛʘʪʠ ʟʥʘʭʦʜʞʝʥʥʶ 

ʛʣʦʙʘʣʴʥʦʛʦ ʦʧʪʠʤʫʤʫ. ɼʣʷ ʫʥʠʢʥʝʥʥʷ ʪʘʢʦʾ ʧʨʦʙʣʝʤʠ ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʦʝʬʽʮʽʻʥʪ ʩʢʦʨʦʯʝʥʥʷ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʠʪʴ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʧʦʧʫʣʷʮʽʾ 

ʪʘ ʧʽʜʚʠʱʠʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʦʰʫʢʫ ʦʧʪʠʤʫʤʫ. ɼʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ 

ʬʦʨʤʫʣʘ (3.12) ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʬʦʨʤʫʣʫ (3.18) [249ï251]:  
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ʜʝ d  ï ʢʦʥʩʪʘʥʪʘ, ʱʦ ʧʽʜʙʠʨʘʻʪʴʩʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦʨʽʚʥʷʥʥʷ ʨʦʟʛʣʷʥʫʪʠʭ ʘʣʛʦʨʠʪʤʽʚ ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʣʛʦʨʠʪʤʫ ʢʘʞʘʥʘ ʥʘ ʦʩʥʦʚʽ ʢʦʝʬʽʮʽʻʥʪʘ ʩʢʦʨʦʯʝʥʥʷ.  

ɸʣʛʦʨʠʪʤ çʢʘʞʘʥʘ ʥʘ ʦʩʥʦʚʽ ʢʦʝʬʽʮʽʻʥʪʘ ʩʢʦʨʦʯʝʥʥʷè ʧʽʜʪʚʝʨʜʞʫʻ ʩʚʦʶ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʷʢ ʤʝʪʦʜ ʚʠʧʘʜʢʦʚʦʛʦ ʧʦʰʫʢʫ ʜʣʷ ʟʘʜʘʯ ʟ ʤʽʥʽʤʘʣʴʥʠʤ ʥʘʙʦʨʦʤ 

ʜʦʜʘʪʢʦʚʠʭ ʯʘʩʪʢʦʚʠʭ ʢʨʠʪʝʨʽʾʚ.  

ɼʦ ʥʝʜʦʣʽʢʽʚ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʚʝʣʠʢʝ ʯʠʩʣʦ ʚʽʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʚʽʜ 

ʟʥʘʯʝʥʥʷ ʷʢʠʭ ʯʘʩʪʦ ʟʘʣʝʞʠʪʴ ʨʝʟʫʣʴʪʘʪ, ʟ ʽʥʰʦʛʦ ʙʦʢʫ, ʚʽʜʩʫʪʥʽ ʧʽʜʩʪʘʚʠ ʜʣʷ ʚʠʙʦʨʫ 

ʮʠʭ ʟʥʘʯʝʥʴ [31]. 

 

 

3.3 çɻʝʥʝʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤè 

 

 

ɿʘ ʩʚʦʻʶ ʧʨʠʨʦʜʦʶ çʛʝʥʝʪʠʯʥʽ ʘʣʛʦʨʠʪʤʠè ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʢʣʘʩʫ ʧʨʦʮʝʜʫʨ 

ʚʠʧʘʜʢʦʚʦʛʦ ʧʦʰʫʢʫ, ʷʢʠʡ ʥʝ ʟʚʦʜʠʪʴʩʷ ʜʦ ʙʝʟʣʘʜʥʦʛʦ ʙʣʫʢʘʥʥʷ ʚ ʧʦʰʫʢʦʚʦʤʫ 
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ʧʨʦʩʪʦʨʽ ʜʦʧʫʩʪʠʤʠʭ ʨʽʰʝʥʴ ʟʘʚʜʷʢʠ ʤʦʞʣʠʚʦʩʪʽ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʜʦʩʚʽʜʫ, ʥʘʙʫʪʦʛʦ ʢʦʞʥʦʶ ʧʦʧʫʣʷʮʽʻʶ ʚ ʚʠʟʥʘʯʝʥʥʽ ʥʦʚʦʾ ʦʙʣʘʩʪʽ ʧʦʰʫʢʫ ʨʽʰʝʥʴ, ʚ 

ʷʢʽʡ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʧʦʣʽʧʰʝʥʥʷ ʟʥʘʯʝʥʥʷ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ [78, 200, 205, 206, 208-

211, 253, 254].  

ʄʦʞʥʘ ʚʠʜʽʣʠʪʠ ʜʚʘ ʦʩʥʦʚʥʽ ʧʽʜʭʦʜʠ ʜʦ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʾ 

ʦʧʪʠʤʽʟʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʝʚʦʣʶʮʽʡʥʦ-ʛʝʥʝʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ [206, 208]. 

ʇʝʨʰʠʡ ʧʽʜʭʽʜ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʧʝʨʝʪʚʦʨʝʥʥʽ ʨʦʟʚ'ʷʟʫʚʘʥʦʾ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʾ 

ʟʘʜʘʯʽ ʚ ʟʘʜʘʯʫ ʩʢʘʣʷʨʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ. ʇʨʠ ʮʴʦʤʫ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʷʢ 

ʟʛʦʨʪʢʘ ʣʦʢʘʣʴʥʠʭ ʢʨʠʪʝʨʽʾʚ ʫ ʟʘʛʘʣʴʥʦʤʫ ʽʥʪʝʛʨʘʣʴʥʦʤʫ ʧʦʢʘʟʥʠʢʫ, ʪʘʢ ʽ ʟʚʝʜʝʥʥʷ 

ʨʦʟʚ'ʷʟʫʚʘʥʠʭ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʠʭ ʟʘʜʘʯ ʜʦ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʩʧʝʮʽʘʣʴʥʠʤ ʯʠʥʦʤ 

ʩʬʦʨʤʫʣʴʦʚʘʥʠʭ ʟʘʚʜʘʥʴ ʦʜʥʦʢʨʠʪʝʨʽʘʣʴʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ. ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ 

ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʠʭ ʟʘʜʘʯ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʢʣʘʩʠʯʥʽ ʥʝʝʚʦʣʶʮʽʡʥʽ ʧʨʦʮʝʜʫʨʠ. 

ɼʘʥʠʡ ʧʽʜʭʽʜ ʩʧʨʷʤʦʚʘʥʠʡ, ʷʢ ʧʨʘʚʠʣʦ, ʥʘ ʦʪʨʠʤʘʥʥʷ ʻʜʠʥʦʛʦ ʨʽʰʝʥʥʷ. ʆʜʥʘʢ ʫ 

ʙʘʛʘʪʴʦʭ ʧʨʘʢʪʠʯʥʠʭ ʟʘʚʜʘʥʥʷʭ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʙʽʣʴʰ ʢʨʘʱʠʤ ʻ 

ʦʪʨʠʤʘʥʥʷ ʥʘʙʦʨʫ ʨʽʰʝʥʴ [206]. 

ɼʨʫʛʠʡ ʧʽʜʭʽʜ ʜʦ ʘʣʛʦʨʠʪʤʽʟʘʮʽʾ ʟʘʜʘʯ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ 

ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʦʥʮʝʧʮʽʾ ʇʘʨʝʪʦ-ʜʦʤʽʥʫʚʘʥʥʷ [206]. ʇʨʠ ʮʴʦʤʫ 

ʚʠʟʥʘʯʘʪ̒ʴʩʷ ʥʝ ʦʜʠʥʠʯʥʝ ʨʽʰʝʥʥʷ, ʘ ʤʥʦʞʠʥʘ ʚʩʽʭ ʝʬʝʢʪʠʚʥʠʭ ʪʦʯʦʢ (ʤʥʦʞʠʥʘ 

ʇʘʨʝʪʦ) ʽ ʾʭ ʦʙʨʘʟ ʚ ʦʙʣʘʩʪʽ ʧʦʰʫʢʫ ï ʬʨʦʥʪ ʇʘʨʝʪʦ. ʆʪʨʠʤʘʥʘ ʤʥʦʞʠʥʘ ʥʘʜʘʣʽ 

ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʢʦʤʧʨʦʤʽʩʽʚ. ʄʥʦʞʠʥʘ ʨʽʰʝʥʴ ʇʘʨʝʪʦ ʤʦʞʝ ʙʫʪʠ 

ʨʽʟʥʠʭ ʨʦʟʤʽʨʽʚ, ʘʣʝ ʟʘʟʚʠʯʘʡ ʨʦʟʤʽʨ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʯʠʩʣʘ ʢʨʠʪʝʨʽʾʚ 

[206]. 

ʄʝʭʘʥʽʟʤ ʢʦʞʥʦʛʦ çʛʝʥʝʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫè ʟʘʚʞʜʠ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʪʨʴʦʭ 

ʦʩʥʦʚʥʠʭ ʦʧʝʨʘʪʦʨʽʚ [200, 206]: 

Å ʈʝʧʨʦʜʫʢʮʽʷ ï ʧʨʦʮʝʩ, ʚ ʷʢʦʤʫ ʭʨʦʤʦʩʦʤʠ ʦʙʠʨʘʶʪʴʩʷ ʽʟ ʢʨʘʱʠʤ ʟʥʘʯʝʥʥʷʤ 

ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ. ʆʧʝʨʘʪʦʨ ʨʝʧʨʦʜʫʢʮʽʾ ʻ ʰʪʫʯʥʦʶ ʚʝʨʩʽʻʶ ʥʘʪʫʨʘʣʴʥʦʾ ʩʝʣʝʢʮʽʾ, 

ʪʦʙʪʦ ʚʠʞʠʚʘʥʥʷʤ ʥʘʡʩʠʣʴʥʽʰʠʭ. 

Å ʂʨʦʩʩʦʚʝʨ ï ʩʭʨʝʱʫʚʘʥʥʷ ʙʘʪʴʢʽʚʩʴʢʠʭ ʧʘʨ, ʛʝʥʝʨʘʮʽʷ ʥʘʱʘʜʢʽʚ. 

Å ʄʫʪʘʮʽʷ ï ʜʽʷ ʚʠʧʘʜʢʦʚʠʭ ʯʠʥʥʠʢʽʚ. 
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ɿʘʛʘʣʴʥʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ çʛʝʥʝʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫè ʤʘʻ ʪʘʢʠʡ ʚʠʛʣʷʜ [200, 210, 

353]: 

1. ʆʙʨʘʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʢʽʣʴʢʦʩʪʽ ʦʩʦʙʠʥ ʫ ʧʦʧʫʣʷʮʽʾ (K). ɿʘʜʘʻʤʦ ʚʽʜʣʽʢ ʯʘʩʫ t 

= 0. 

2. ʌʦʨʤʫʚʘʥʥʷ ʧʦʯʘʪʢʦʚʦʾ ʧʦʧʫʣʷʮʽʾ P0, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ K ʦʩʦʙʠʥ 

ʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ. 

3. ɺʠʟʥʘʯʝʥʥʷ ʜʣʷ ʢʦʞʥʦʾ ʦʩʦʙʠʥʠ ʬʫʥʢʮʽʾ ʧʨʠʩʪʦʩʦʚʘʥʦʩʪʽ F(x)=fitness(x), 

i= 1...k ʽ ʧʦʧʫʣʷʮʽʾ ʚ ʮʽʣʦʤʫ Ft(x)=fitness(P0). 

4. ʇʝʨʝʚʽʨʢʘ ʫʤʦʚʠ ʧʨʠʧʠʥʝʥʥʷ ʨʦʙʦʪʠ, ʷʢʘ ʚʠʟʥʘʯʝʥʘ ʚʠʢʦʥʘʥʥʷʤ ʫʩʽʭ 

ʦʙʤʝʞʝʥʴ ʪʘ ʟʥʘʭʦʜʞʝʥʥʷʤ ʪʘʢʦʛʦ ʨʽʰʝʥʥʷ, ʱʦ ʧʦʚʪʦʨʶʻʪʴʩʷ ʟ ʧʦʧʫʣʷʮʽʾ ʚ 

ʧʦʧʫʣʷʮʽʶ, ʷʢʱʦ ʚʠʢʦʥʫʻʪʴʩʷ, ʪʦ ʂɯʅɽʎʔ. 

5. ʆʙʠʨʘʥʥʷ ʟ ʧʝʚʥʦʶ ʡʤʦʚʽʨʥʽʩʪʶ ʦʩʦʙʠʥ ʽʟ ʚʠʩʦʢʦʶ ʧʨʠʩʪʦʩʦʚʘʥʽʩʪʶ ʟ 

ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʦʢʦʣʽʥʥʷ ʜʣʷ ʩʭʨʝʱʫʚʘʥʥʷ. ɿʘʧʠʩ ʫ ʙʘʥʢ ʛʝʥʽʚ GP. 

6. ɺʠʧʘʜʢʦʚʘ ʩʝʣʝʢʮʽʷ ʧʦʣʦʚʠʥʠ ʙʘʪʴʢʽʚʩʴʢʠʭ ʧʘʨ ʪʠʧʫ ɸ ʽ ɺ ʽʟ ʙʘʥʢʫ ʛʝʥʽʚ GP 

ʪʘ ʟ ʧʝʚʥʦʶ ʡʤʦʚʽʨʥʽʩʪʶ xP, ʷʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ()f x  ʽ ʨʦʟʪʘʰʫʚʘʥʥʷ ʾʭ ʫ ʪʠʤʯʘʩʦʚʽʡ 

ʧʦʧʫʣʷʮʽʾ TP. 

7. ʉʭʨʝʱʝʥʥʷ ʦʙʨʘʥʠʭ ʙʘʪʴʢʽʚʩʴʢʠʭ ʧʘʨ ʪʠʧʫ ɸ ʪʘ ɺ ʽʟ ʙʘʥʢʫ ʛʝʥʽʚ GP ʟ 

ʽʤʦʚʽʨʥʽʩʪʶ ʩʭʨʝʱʫʚʘʥʥʷ cP  ʜʣʷ ʦʪʨʠʤʘʪʠ ʥʘʱʘʜʢʽʚ ʪʠʧʫ C ʽ D. 

8. ʈʦʟʤʽʱʝʥʥʷ ʧʦʣʦʚʠʥʠ ʥʘʱʘʜʢʽʚ ʪʠʧʫ C ʽ D ʫ ʪʠʤʯʘʩʦʚʫ ʧʦʧʫʣʷʮʽʶ TP. 

9. ɿ ʧʝʚʥʦʶ ʡʤʦʚʽʨʥʽʩʪʶ mP  ʚʠʢʦʥʘʪʠ ʤʫʪʘʮʽʶ ʦʩʦʙʠʥ ʽʟ ʪʠʤʯʘʩʦʚʦʾ ʧʦʧʫʣʷʮʽʾ 

TP, ʧʨʠ ʯʦʤʫ m cP P<< . 

10. ʈʦʟʤʽʱʝʥʥʷ ʦʪʨʠʤʘʥʦʾ ʭʨʦʤʦʩʦʤʠ ʚ ʥʦʚʽʡ ʧʦʧʫʣʷʮʽʾ P = TP. 

11. ɺʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʾ, ʧʦʯʠʥʘʶʯʠ ʟ ʧʫʥʢʪʫ 3, k ʨʘʟ. 

12. ɿʙʽʣʴʰʝʥʥʷ ʥʦʤʝʨʘ ʧʦʪʦʯʥʦʛʦ ʯʘʩʫ 1t t= +. 

13. ʗʢʱʦ ʚʠʢʦʥʘʣʘʩʴ ʫʤʦʚʘ ʟʫʧʠʥʢʠ, ʪʦ ʟʘʚʝʨʰʠʪʠ ʨʦʙʦʪʫ, ʘ ʽʥʘʢʰʝ ʟʜʽʡʩʥʠʪʠ 

ʧʝʨʝʭʽʜ ʥʘ ʢʨʦʢ 3. 

14. ʂɯʅɽʎʔ. 

ɹʣʦʢ-ʩʭʝʤʘ ʢʣʘʩʠʯʥʦʛʦ çʛʝʥʝʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫè ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 3.1. 
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ʈʠʩʫʥʦʢ 3.1 ï ɹʣʦʢ-ʩʭʝʤʘ ʢʣʘʩʠʯʥʦʛʦ çʛʝʥʝʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫè 

 

ɼʦ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʤʦʜʠʬʽʢʘʮʽʡ çʛʝʥʝʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚè, ʱʦ 

ʜʦʟʚʦʣʷʶʪʴ ʨʦʟʚôʷʟʫʚʘʪʠ ʟʘʜʘʯʽ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ, ʻ ʪʘʢʽ [206, 208]: 

 

 

 

 

 

 

ʅ ̔ ʊʘʢ 

 

 

 

 

ʂʽʥʝʮʴ 

 

ʇʨʦʚʝʩʪʠ 

ʤʫʪʘʮʽʶ ʟ 

ʽʤʦʚʽʨʥʽʩʪʶ Pm 

ɺʠʚʝʩʪʠ ʥʘʡʢʨʘʱʝ 

ʦʧʪʠʤʘʣʴʥʝ 

ʨʽʰʝʥʥʷ 

ɺʠʙʠʨʘʻʤʦ 

ʥʘʡʢʨʘʱʫ 

ʭʨʦʤʦʩʦʤʫ 

 

 

 

ʆʙʠʨʘʶʪʴʩʷ 

ʦʩʦʙʠʥʠ K ʽʟ 

ʥʘʡʢʨʘʱʦʶ 

ʧʨʠʩʪʦʩʦʚʘʥʽʩʪʶ 

ʇʨʦʚʝʩʪʠ 

ʩʝʣʝʢʮʽʶ K/2 ʟ 

ʽʤʦʚʽʨʥʽʩʪʶ Px 

ʇʨʦʚʝʩʪʠ 

ʩʭʨʝʱʫʚʘʥʥʷ ɸ ̔ 

ɺ ʟ ̔ʤʦʚʽʨʥʽʩʪʶ 

Pʩ 

ɺʠʢʦʥʫʶʪʴʩʷ  

ʚʩʽ ʦʙʤʝʞʝʥʥʷ? 

ʇʨʦʚʦʜʠʤʦ 

ʦʮʽʥʢʫ ʚʘʨʽʘʥʪʽʚ 

ʌʦʨʤʫʻʤʦ ʧʦʯʘʪʢʦʚʫ 

ʧʦʧʫʣʷʮʽʶ P0 

 

ʇʦʯʘʪʦʢ 

ɿʘʜʘʻʤʦ 

ʢʽʣʴʢʽʩʪʴ ʦʩʦʙʠʥ 

K ʫ ʧʦʧʫʣʷʮʽʾ 
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Å SPEA ï Strength Pareto Evolutionary Algorithm; 

Å VEGA ï Vector Evaluated Genetic Algorithm; 

Å FFGA ï Fonseca and Fleming's Multiobjective Genetic Algorithm; 

Å NPGA ï Niched Pareto Genetic Algorithm. 

ʋ ʤʝʪʦʜʽ SPEA ʩʪʚʦʨʶʻʪʴʩʷ ʟʦʚʥʽʰʥʷ ʤʥʦʞʠʥʘ (ʘʨʭʽʚ), ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ 

ʟʙʝʨʽʛʘʥʥʷ ʥʝʜʦʤʽʥʫʶʯʠʭ ʨʽʰʝʥʴ. 

ʂʽʣʴʢʽʩʪʴ ʽʥʜʠʚʽʜʽʚ, ʱʦ ʚʢʣʶʯʘʶʪʴʩʷ ʚ ʘʨʭʽʚ, ʨʝʛʫʣʶʻʪʴʩʷ ʧʨʦʮʝʜʫʨʦʶ 

ʢʣʘʩʪʝʨʠʟʘʮʽʾ. ɺʠʟʥʘʯʝʥʥʷ ʟʥʘʯʝʥʴ ʧʨʠʜʘʪʥʦʩʪʽ ʽʥʜʠʚʽʜʽʚ ʫ ʤʝʪʦʜʽ SPEA 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʪʽʣʴʢʠ ʱʦʜʦ ʽʥʜʠʚʽʜʽʚ ʟʦʚʥʽʰʥʴʦʾ ʤʥʦʞʠʥʠ, ʷʢʽ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ 

ʩʝʣʝʢʮʽʾ ʥʘ ʨʽʚʥʽ ʟ ʽʥʰʠʤʠ ʯʣʝʥʘʤʠ ʧʦʧʫʣʷʮʽʾ [208ï211]. 

ɿʘʛʘʣʴʥʫ ʨʦʙʦʪʫ ʤʝʪʦʜʫ SPEA ʜʦʮʽʣʴʥʦ ʧʨʝʜʩʪʘʚʠʪʠ ʪʘʢ:  

1. ʉʬʦʨʤʫʚʘʪʠ ʧʝʨʚʽʩʥʫ ʧʦʧʫʣʷʮʽʶ 0P  ʽ ʧʦʨʦʞʥʶ ʟʦʚʥʽʰʥʶ ʤʥʦʞʠʥʫ (ʘʨʭʽʚ) 

A=Ï, 0t= . 

2. ʄʦʜʝʨʥʽʟʫʚʘʪʠ ʟʦʚʥʽʰʥʶ ʤʥʦʞʠʥʫ. 

2.1. ɺʠʟʥʘʯʠʪʠ ʧʨʦʤʽʞʥʫ ʟʦʚʥʽʰʥʶ ʤʥʦʞʠʥʫ tA A¡= . 

2.2. ʉʢʦʧʽʶʚʘʪʠ ʨʽʰʝʥʥʷ, ʱʦ ʥʝ ʜʦʤʽʥʫʶʪʴ ʚʽʜʥʦʩʥʦ tA  ʫ ʤʥʦʞʠʥʽ A¡, ʽ 

ʚʠʨʘʭʦʚʫʶʪʴʩʷ ʪʘʢʠʤ ʚʠʨʘʟʦʤ: 

A' : A =A Ç {x | x Í At Æ x Í p(At)}. 

2.3. ɺʠʜʘʣʠʪʠ ʽʟ ʤʥʦʞʠʥʠ A' ʦʩʦʙʠ, ʷʢʽ ʩʣʘʙʦ ʜʦʤʽʥʫʶʪʴ ʚʽʜʥʦʩʥʦ A¡. ʇʨʠ 

ʮʴʦʤʫ, ʷʢʱʦ ʽʩʥʫʻ ʧʘʨʘ ʦʩʽʙ x , 
'y AÍ  ʽ }x y, ʪʦʜʽ {}A A y¡ ¡= - . 

2.4. ɿʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʮʝʜʫʨʠ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʦʩʽʙ, ʷʢʽ 

ʟʙʝʨʽʛʘʶʪʴʩʷ ʫ ʟʦʚʥʽʰʥʽʡ ʤʥʦʞʠʥʽ, ʽ ʧʦʤʽʩʪʠʪʠ ʨʝʟʫʣʴʪʘʪ ʟʤʝʥʰʝʥʦʾ ʤʥʦʞʠʥʠ ʚ 

1tP+ . 

3. ɺʠʨʘʭʫʚʘʪʠ ʟʥʘʯʝʥʥʷ ʧʨʠʜʘʪʥʦʩʪʽ ʽʥʜʠʚʽʜʽʚ tP  ʪʘ A¡. 

4. ʉʝʣʝʢʮʽʷ. ʇʦʢʣʘʩʪʠ A¡=Ï ʽ ʚʠʢʦʥʘʪʠ ʜʣʷ s=1, N ʪʘʢʽ ʜʽʾ. 

4.1. ɺʠʧʘʜʢʦʚʦ ʚʠʙʨʘʪʠ ʜʚʦʭ ʽʥʜʠʚʽʜʽʚ x , yÍA' Ç Pt. 

4.2. ʗʢʱʦ () ()F x F y<  ʧʨʠ ʨʽʰʝʥʥʽ ʟʘʜʘʯʽ ʤʽʥʽʤʘʣʽʟʤʫ, ʪʦ {}A A x¡ ¡= Ç , ʚ 

ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ {}A A y¡ ¡= Ç . 



112 

5. ʈʝʢʦʤʙʽʥʘʮʽʷ. 

6. ʄʫʪʘʮʽʷ. 

7. ɿʘʢʽʥʯʝʥʥʷ. ʈʝʟʫʣʴʪʘʪ 1tP A¡+ =  ʪʘ 1t t= +. 

ʗʢʱʦ t T² , ʜʝ T ï ʤʘʢʩʠʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʧʦʢʦʣʽʥʴ, ʪʦ ʟ ʦʩʪʘʥʥʽʭ ʧʦʧʫʣʷʮʽʡ 

ʚʽʜʙʠʨʘʶʪʴʩʷ ʥʝʜʦʤʽʥʘʥʪʥʽ ʦʩʦʙʠ. ʗʢʱʦ t T< , ʪʦʜʽ ʧʦʪʨʽʙʥʦ ʧʦʚʝʨʥʫʪʠʩʴ ʜʦ ʢʨʦʢʫ 

2. ɽʪʘʧʠ 5 ʽ 6 (ʨʝʢʦʤʙʽʥʘʮʽʷ ʽ ʤʫʪʘʮʽʷ) ʧʨʦʚʦʜʷʪʴʩʷ ʟʛʽʜʥʦ ʟ ʟʘʛʘʣʴʥʦʶ ʩʭʝʤʦʶ 

çʛʝʥʝʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫè [200, 205, 206]. ɽʪʘʧ ʧʨʠʟʥʘʯʝʥʥʷ ʧʨʠʜʘʪʥʦʩʪʽ 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʧʦʜʽʙʥʦʛʦ ʚ ʟʘʛʘʣʴʥʦʤʫ ʝʚʦʣʶʮʽʡʥʦʤʫ ʘʣʛʦʨʠʪʤʽ ʽ ʨʝʘʣʽʟʫʻʪʴʩʷ ʟʘ 

ʪʘʢʦʶ ʩʭʝʤʦʶ. 

1. ʂʦʞʥʦʤʫ ʽʥʜʠʚʽʜʫ tx AÍ  ʧʨʠʩʚʦʶʻʪʴʩʷ ʟʥʘʯʝʥʥʷ () [0,1]S xÍ , ʱʦ ʤʘʻ ʥʘʟʚʫ 

çʩʠʣʘè (ʘʙʦ ʚʘʛʘ) ʦʩʦʙʠʥʠ. ɿʥʘʯʝʥʥʷ çʩʠʣʠè ʧʨʦʧʦʨʮʽʡʥʦ ʢʽʣʴʢʦʩʪʽ ʯʣʝʥʽʚ ʧʦʧʫʣʷʮʽʾ 

ty PÍ , ʜʣʷ ʷʢʠʭ x y>  (3.19). 

 

()
{ }

1

:

+

>ÆÍ
=

N

yxPyy
xS t .                                          (3.19) 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠʜʘʪʥʽʩʪʴ ʦʩʦʙʠ ʭ, ʱʦ ʥʘʣʝʞʠʪʴ ʘʨʭʽʚʫ, ʜʦʨʽʚʥʶʻ ʾʾ ʩʠʣʽ: 

() ()F x S x= . 

2. ʇʨʠʜʘʪʥʽʩʪʴ ʦʩʦʙʠ ty PÍ  ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ (3.20): 

 

() ()ä
>¡Í

+=
yxAx

xSyF
,

1 .                                               (3.20) 

 

ʇʨʠ ʮʴʦʤʫ, ʯʠʤ ʤʝʥʰʘ ʧʨʠʩʪʦʩʦʚʘʥʽʩʪʴ, ʪʠʤ ʙʽʣʴʰʝ ʰʘʥʩʽʚ ʫ ʦʩʦʙʠ ʧʝʨʝʡʪʠ ʚ 

ʥʘʩʪʫʧʥʝ ʧʦʢʦʣʽʥʥʷ. 

ʋ ʛʝʥʝʪʠʯʥʦʤʫ ʘʣʛʦʨʠʪʤʽ VEGA ʩʪʚʦʨʶʶʪʴʩʷ ʯʘʩʪʢʦʚʽ ʧʦʧʫʣʷʮʽʾ ʟ ʦʜʥʘʢʦʚʦʶ 

ʯʠʩʝʣʴʥʽʩʪʶ ʦʩʦʙʠʥ. ʂʦʞʥʦʤʫ n-ʫ ʢʨʠʪʝʨʽʶ nF  ʚʽʜʧʦʚʽʜʘʻ ʧʽʜʤʥʦʞʠʥʘ ʯʘʩʪʢʦʚʦʾ 

ʧʦʧʫʣʷʮʽʾ ʭʨʦʤʦʩʦʤ nP  ʮʽʣʦʾ ʧʦʧʫʣʷʮʽʾ P.  
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ʋ ʢʦʞʥʽʡ ʯʘʩʪʢʦʚʽʡ ʧʦʧʫʣʷʮʽʾ nP  ʚʠʢʦʥʫʻʪʴʩʷ ʥʝʟʘʣʝʞʥʘ ʩʝʣʝʢʮʽʷ ʟʛʽʜʥʦ ʟ 

ʢʨʠʪʝʨʽʻʤ nF . ʆʜʥʘʢ ʘʩʦʮʽʘʮʽʷ ʽ ʩʭʨʝʱʫʚʘʥʥʷ ʦʩʦʙʠʥ ʚʠʢʦʥʫʶʪʴʩʷ ʜʣʷ ʚʩʽʻʾ 

ʧʦʧʫʣʷʮʽʾ [206, 208, 211]. 

ʋ ʮʴʦʤʫ ʘʣʛʦʨʠʪʤʽ ʩʝʣʝʢʮʽʷ ʚʠʢʦʥʫʻʪʴʩʷ ʪʫʨʥʽʨʥʠʤ ʤʝʪʦʜʦʤ. ʇʨʠʯʦʤʫ 

ʥʘʡʢʨʘʱʘ ʦʩʦʙʠʥʘ ʚ ʢʦʞʥʽʡ ʯʘʩʪʢʦʚʽʡ ʧʦʧʫʣʷʮʽʾ ʦʙʠʨʘʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʩʚʦʻʾ ʬʫʥʢʮʽʾ 

ʧʨʠʩʪʦʩʦʚʘʥʦʩʪʽ.  

ʅʘʡʢʨʘʱʘ ʦʩʦʙʠʥʘ ʟ ʢʦʞʥʦʾ ʧʽʜʧʦʧʫʣʷʮʽʾ ʟʤʽʰʫʻʪʴʩʷ ʟ ʽʥʰʠʤʠ ʦʩʦʙʠʥʘʤʠ, ʽ 

ʚʩʽ ʽʥʰʽ ʛʝʥʝʪʠʯʥʽ ʦʧʝʨʘʮʽʾ ʧʨʦʚʦʜʷʪʴʩʷ ʘʥʘʣʦʛʽʯʥʦ ʘʣʛʦʨʠʪʤʫ ʧʨʠ ʦʧʪʠʤʽʟʘʮʽʾ ʦʜʥʽʻʾ 

ʬʫʥʢʮʽʾ. ʅʝʜʦʣʽʢʦʤ ʤʝʪʦʜʫ VEGA ʻ ʪʝ, ʱʦ ʚ ʥʴʦʤʫ ʥʝ ʚʨʘʭʦʚʫʶʪʴʩʷ ʧʨʦʤʽʞʥʽ 

ʨʽʰʝʥʥʷ, ʦʧʪʠʤʘʣʴʥʽ ʚ ʩʝʥʩʽ ʇʘʨʝʪʦ, ʷʢʽ ʻ ʜʦʧʫʩʪʠʤʠʤʠ ʜʣʷ ʚʩʽʭ ʢʨʠʪʝʨʽʾʚ, ʘʣʝ ʥʝ 

ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʙʫʜʴ-ʷʢʦʛʦ ʽʟ ʩʢʘʣʷʨʥʠʭ ʢʨʠʪʝʨʽʾʚ [206]. 

FFGA ï ʮʝ ʤʝʪʦʜ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻ ʨʘʥʞʫʚʘʥʥʷ ʦʩʦʙʠʥ, ʟʘʩʥʦʚʘʥʝ ʥʘ 

ʇʘʨʝʪʦ-ʜʦʤʽʥʫʚʘʥʥʽ. ʈʘʥʛʦʤ ʫ ʜʘʥʦʤʫ ʤʝʪʦʜʽ ʥʘʟʠʚʘʻʪʴʩʷ ʯʠʩʣʦ ʦʩʦʙʠʥ, ʱʦ 

ʜʦʤʽʥʫʶʪʴ ʥʘʜ ʟʘʜʘʥʦʶ ʦʩʦʙʠʥʦʶ. ɺ ʤʝʪʦʜʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʦʮʝʜʫʨʘ 

ʧʨʠʜʘʪʥʦʩʪʽ, ʷʢʫ ʤʦʞʣʠʚʦ ʦʧʠʩʘʪʠ ʪʘʢʠʤ ʯʠʥʦʤ [206]. 

1. ɼʣʷ ʢʦʞʥʦʾ ʦʩʦʙʠʥʠ jS , j=1..N ʟ ʧʦʧʫʣʷʮʽʾ P0, ʜʝ N ï ʨʦʟʤʽʨ ʧʦʧʫʣʷʮʽʾ, 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʨʘʥʛ r j=1+i, i ʻ P0, i>j . 

2. ʇʦʧʫʣʷʮʽʷ ʩʦʨʪʫʻʪʴʩʷ ʟʘ ʟʥʘʯʝʥʥʷʤ ʨʘʥʛʫ r, ʧʦʪʽʤ ʢʦʞʥʽʡ ʦʩʦʙʠʥʽ jS , j=1..N 

ʧʨʠʟʥʘʯʘʻʪʴʩʷ ʪʘʢ ʟʚʘʥʘ ʥʝʧʦʚʥʘ ʧʨʠʜʘʪʥʽʩʪʴ Fj' ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʪʝʨʧʦʣʷʮʽʾ. ʇʨʠ 

ʮʴʦʤʫ ʦʧʦʨʥʠʤʠ ʪʦʯʢʘʤʠ ʜʣʷ ʽʥʪʝʨʧʦʣʷʮʽʾ ʦʙʠʨʘʶʪʴʩʷ ʪʦʯʢʠ ʛʽʨʰʦʾ Fj'=1 ʜʣʷ 

ʦʩʦʙʠʥʠ jS , ʨʘʥʛ ʷʢʦʾ ʤʘʢʩʠʤʘʣʴʥʠʡ, ʽ ʢʨʘʱʦʾ Fj'=N ʜʣʷ ʦʩʦʙʠʥʠ jS , ʨʘʥʛ ʷʢʦʾ 

ʤʽʥʽʤʘʣʴʥʠʡ. 

3. ʆʙʯʠʩʣʶʻʪʴʩʷ ʧʽʜʩʫʤʢʦʚʘ ʧʨʠʜʘʪʥʽʩʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʫʩʝʨʝʜʥʝʥʥʷ çʩʠʨʦʾè 

ʧʨʠʜʘʪʥʦʩʪʽ ʦʩʦʙʠʥ rS  ʟ ʦʜʥʘʢʦʚʠʤʠ ʨʘʥʛʘʤʠ (3.21). 
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,                                               (3.21) 

 

ʜʝ n  ï ʢʽʣʴʢʽʩʪʴ ʦʩʦʙʠʥ ʟ ʦʜʥʘʢʦʚʠʤ ʨʘʥʛʦʤ. 
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ʋ ʤʝʪʦʜʽ NPGA ʝʪʘʧ ʧʨʠʟʥʘʯʝʥʥʷ ʧʨʠʜʘʪʥʦʩʪʽ ʟʘʤʽʥʶʻʪʴʩʷ ʤʦʜʠʬʽʢʦʚʘʥʦʶ 

ʩʭʝʤʦʶ ʨʦʟʧʦʜʽʣʫ ʧʨʠʜʘʪʥʦʩʪʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʥʷʪʪʷ ʥʽʰʽ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʣʷ 

ʽʥʜʠʚʽʜʽʚ ʫ ʧʨʦʩʪʦʨʽ ʘʣʴʪʝʨʥʘʪʠʚ ʘʙʦ ʮʽʣʴʦʚʠʭ ʬʫʥʢʮʽʡ ʽ ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ 

ʧʽʜʪʨʠʤʢʠ ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ, ʜʦʟʚʦʣʷʶʯʠ ʦʪʨʠʤʘʪʠ ʧʨʝʜʩʪʘʚʥʠʮʴʢʫ ʤʥʦʞʠʥʫ ʇʘʨʝʪʦ 

[206, 211]. 

 

 

3.4 ɸʣʛʦʨʠʪʤ ʧʦʰʫʢʫ çʢʦʩʷʢʫ ʨʠʙè 

 

 

ɸʣʛʦʨʠʪʤ ʧʦʰʫʢʫ çʢʦʩʷʢʫ ʨʠʙè (Fish School Search ʘʙʦ Fish shoal) ʙʫʚ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʫ ʨʦʙʦʪʽ [224, 232, 233]. ɺʽʜʦʤʦ ʙʽʣʴʰʝ 25 000 ʚʠʜʽʚ ʨʠʙ, ʱʦ ʙʽʣʴʰʝ 

ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʚʩʽʭ ʚʠʜʽʚ ʭʨʝʙʝʪʥʠʭ, ʘ ʟ ʥʠʭ ʧʨʠʙʣʠʟʥʦ 50ï80% ʨʠʙ ʧʣʘʚʘʶʪʴ ʫ 

çʟʛʨʘʷʭè, ʷʢʽ ʥʘʟʠʚʘʶʪʴ ʢʦʩʷʢʘʤʠ. çʂʦʩʷʢʦʤ ʨʠʙè ʥʘʟʠʚʘʶʪʴ ʘʛʨʝʛʘʮʽʶ ʨʠʙ, ʷʢʽ 

ʧʣʘʚʘʶʪʴ ʧʨʠʙʣʠʟʥʦ ʟ ʦʜʥʘʢʦʚʦʶ ʰʚʠʜʢʽʩʪʶ ʪʘ ʫ ʥʘʧʨʷʤʢʫ, ʧʽʜʪʨʠʤʫʶʯʠ 

ʧʨʠʙʣʠʟʥʦ ʧʦʩʪʽʡʥʫ ʚʽʜʩʪʘʥʴ ʤʽʞ ʩʦʙʦʶ. ɿʘʟʚʠʯʘʡ ʢʦʩʷʢ ʤʽʩʪʠʪʴ ʨʠʙ, ʨʦʟʤʽʨʠ ʷʢʠʭ 

ʚʜ̔ʨʽʟʥʷʶʪʴʩʷ ʥʝ ʙʽʣʴʰʝ ʥʽʞ ʥʘ 30%. ɼʦʚʝʜʝʥʦ, ʱʦ ʙʫʜʴ-ʷʢʦʛʦ ʨʦʜʫ ʦʙ'ʻʜʥʘʥʥʷ ʨʠʙ 

ʚʽʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʧʽʜʚʠʱʝʥʥʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʦʰʫʢʫ ʥʠʤʠ ʾʞʽ, ʟʘʭʠʩʪʫ ʚʽʜ 

ʭʠʞʘʢʽʚ, ʘ ʪʘʢʦʞ ʫ ʟʤʝʥʰʝʥʥʽ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʠʪʨʘʪ ʫ ʧʨʦʮʝʩʽ ʧʣʘʚʘʥʥʷ [232, 233]. 

ɺ ʘʣʛʦʨʠʪʤʽ çʢʦʩʷʢʫ ʨʠʙè ʨʠʙʠ ʧʣʘʚʘʶʪʴ ʚ ʘʢʚʘʨʽʫʤʽ (ʦʙʣʘʩʪʴ ʧʦʰʫʢʫ) ʚ 

ʧʦʰʫʢʘʭ ʾʞʽ (ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ).  

ɺʘʛʘ ʢʦʞʥʦʾ ʨʠʙʠ ʬʦʨʤʘʣʽʟʫʻ ʾʾ ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ ʫʩʧʽʭ ʚ ʧʦʰʫʢʫ ʨʽʰʝʥʥʷ ʽ 

ʚʽʜʽʛʨʘʻ ʨʦʣʴ ʧʘʤ'ʷʪʽ ʨʠʙʠ.  

ʉʘʤʝ ʥʘʷʚʥʽʩʪʴ ʚʘʛʠ ʫ ʘʛʝʥʪʽʚ ʧʦʧʫʣʷʮʽʾ ʻ ʛʦʣʦʚʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʧʘʨʘʜʠʛʤʠ 

çʢʦʩʷʢʫ ʨʠʙè. ʎʷ ʦʩʦʙʣʠʚʽʩʪʴ ʘʣʛʦʨʠʪʤʫ çʢʦʩʷʢʫ ʨʠʙè ʜʦʟʚʦʣʷʻ ʚʽʜʤʦʚʠʪʠʩʷ ʚʽʜ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʽʜʰʫʢʫʚʘʪʠ ʽ ʬʽʢʩʫʚʘʪʠ ʛʣʦʙʘʣʴʥʦ ʢʨʘʱʽ ʨʽʰʝʥʥʷ, ʷʢ ʮʝ ʨʦʙʠʪʴʩʷ ʚ 

ʽʥʰʠʭ ʘʣʛʦʨʠʪʤʘʭ [224, 232, 233]. 

ɺʝʩʴ ʢʦʩʷʢ ʨʫʭʘʻʪʴʩʷ ʜʦ ʥʘʙʦʨʫ ʥʘʡʫʩʧʽʰʥʽʰʠʭ ʨʠʙ. ʂʦʣʝʢʪʠʚʥʦ-ʚʦʣʴʦʚʠʡ ʨʫʭ 

ʟʙʠʨʘʻ ʚʩʽʭ ʦʩʦʙʠʥ ʫ ʢʦʩʷʢ, ʱʦʙ ʨʫʭ ʦʩʥʦʚʥʠʭ ʨʠʙ ʢʦʩʷʢʫ ʙʫʚ ʝʬʝʢʪʠʚʥʠʤ. ɺ ʽʥʰʦʤʫ 

ʚʠʧʘʜʢʫ ʢʦʩʷʢ ʧʦʰʠʨʶʻʪʴʩʷ ʧʦ ʚʩʽʡ ʟʘʧʨʦʧʦʥʦʚʘʥʽʡ ʪʝʨʠʪʦʨʽʾ. ɺʘʛʘ ʧʦʢʘʟʫʻ, 
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ʥʘʩʢʽʣʴʢʠ ʝʬʝʢʪʠʚʥʠʡ ʢʦʩʷʢ ʨʠʙ: ʷʢʱʦ ʚʘʛʘ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʢʦʩʷʢ ʫʩʧʽʰʥʠʡ. ʗʢʱʦ 

ʚʘʛʘ ʟʤʝʥʰʫʻʪʴʩʷ, ʪʦ ʢʦʩʷʢ ʥʝ ʫʩʧʽʰʥʠʡ [224, 232, 233]. 

ʈʫʭ ʢʦʞʥʦʛʦ ʘʛʝʥʪʘ ʦʧʠʩʫʻʪʴʩʷ ʬʦʨʤʫʣʦʶ (3.22): 

 

( ) ind

iii vrandtxtx *1,1)()1( -+=+ ,                                   (3.22) 

 

ʜʝ i ï ʥʦʤʝʨ ʘʛʝʥʪʘ; 

     )1( +txi  ï ʥʦʚʘ ʧʦʟʠʮʽʷ ʥʘ ʤʦʤʝʥʪ ʯʘʩʫ )1( +t ; 

     )(txi  ï ʧʦʧʝʨʝʜʥʷ ʧʦʟʠʮʽʷ ʥʘ ʤʦʤʝʥʪ ʯʘʩʫ )(t ; 

     ( )1,1-rand  ï ʛʝʥʝʨʘʪʦʨ ʥʘʧʨʷʤʢʫ ʨʫʭʫ [ ]1,1- ; 

     
ind

i
v  ï ʨʦʟʤʽʨ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʢʨʦʢʫ. 

ɺʚʘʞʘʻʤʦ, ʱʦ ʚʠʨʽʰʫʻʪʴʩʷ ʟʘʚʜʘʥʥʷ ʛʣʦʙʘʣʴʥʦʾ ʫʤʦʚʥʦʾ ʤʘʢʩʠʤʽʟʘʮʽʾ ʚ 

ʦʙʣʘʩʪʽ D ʽ ʱʦ ʚʩʶʜʠ ʚ ʮʽʡ ʦʙʣʘʩʪʽ ʬʽʪʥʝʩ-ʬʫʥʢʮʽʷ ʧʨʠʡʤʘʻ ʥʝʚʽʜ'ʻʤʥʽ ʟʥʘʯʝʥʥʷ.  

ʆʧʝʨʘʪʦʨʠ ʘʣʛʦʨʠʪʤʫ çʢʦʩʷʢʫ ʨʠʙè ʦʙ'̒ʜʥʘʥʽ ʫ ʜʚʽ ʛʨʫʧʠ [224, 232, 233]:  

Å ʦʧʝʨʘʪʦʨ ʛʦʜʫʚʘʥʥʷ ʬʦʨʤʘʣʽʟʫʻ ʫʩʧʽʰʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʘʛʝʥʪʘʤʠ ʪʠʭ ʯʠ 

ʽʥʰʠʭ ʦʙʣʘʩʪʝʡ ʘʢʚʘʨʽʫʤʘ;  

Å ʦʧʝʨʘʪʦʨʠ ʧʣʘʚʘʥʥʷ ʨʝʘʣʽʟʫʶʪʴ ʘʣʛʦʨʠʪʤʠ ʤʽʛʨʘʮʽʾ ʘʛʝʥʪʽʚ ʢʦʩʷʢʫ ʨʠʙ.  

ʆʧʝʨʘʪʦʨ ʛʦʜʫʚʘʥʥʷ (feeding). ʇʦʟʥʘʯʠʤʦ iw  ï ʧʦʪʦʯʥʘ ʚʘʛʘ ʘʛʝʥʪʘ si. 

ɿʙʽʣʴʰʝʥʥʷ ʚʘʛʠ ʘʛʝʥʪʘ ʥʘ ʜʘʥʽʡ ʽʪʝʨʘʮʽʾ t  ʧʨʦʧʦʨʮʽʡʥʦ ʥʦʨʤʘʣʽʟʦʚʘʥʽʡ ʨʽʟʥʠʮʽ 

ʟʥʘʯʝʥʴ ʬʽʪʥʝʩ-ʬʫʥʢʮʽʾ ʥʘ ʽʪʝʨʘʮʽʷʭ t , ( )1t- , ʪʦʙʪʦ ʚʘʛʘ ʢʦʞʥʦʛʦ ʘʛʝʥʪʘ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʟʘ ʬʦʨʤʫʣʦʶ (3.23) [224, 232, 233]: 

 

( )
( )( )1,max

1

-

--
+=¡

t

t
ww

ii

ii
ii

jj

jj
.                                           (3.23) 

 

ɸʣʛʦʨʠʪʤ ʦʙʤʝʞʫʻ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʫ ʚʘʛʫ ʘʛʝʥʪʽʚ ʚʝʣʠʯʠʥʦʶ 0max >w , 

ʪʘʢ ʱʦ ʫ ʚʩʽʭ ʚʠʧʘʜʢʘʭ ʚʘʛʘ ʘʛʝʥʪʘ wi ʟʘʜʦʚʦʣʴʥʷʻ ʫʤʦʚ ̔ [ ]Siwi :1, Í , ʜʝ maxw  ï 
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ʚʽʣʴʥʠʡ ʧʘʨʘʤʝʪʨ ʘʣʛʦʨʠʪʤʫ. ʇʨʠ ʽʥʽʮʽʘʣʽʟʘʮʽʾ ʧʦʧʫʣʷʮʽʾ ʚʩʽʤ ʘʛʝʥʪʘʤ ʷʢ ʚʘʛʘ 

ʧʨʠʩʚʦʶʻʤʦ ʟʥʘʯʝʥʥʷ 2/maxw  [224, 232, 233].  

ʆʧʝʨʘʪʦʨ ʧʣʘʚʘʥʥʷ (swimming). ɺ ʘʣʛʦʨʠʪʤʽ FSS ʨʦʟʨʽʟʥʷʶʪʴ ʪʨʠ ʚʠʜʠ 

ʧʣʘʚʘʥʥʷ: ʽʥʜʠʚʽʜʫʘʣʴʥʝ, ʽʥʩʪʠʥʢʪʠʚʥʦ-ʢʦʣʝʢʪʠʚʥʝ ʽ ʢʦʣʝʢʪʠʚʥʦ-ʚʦʣʴʦʚʝ. ʎʽ ʚʠʜʠ 

ʧʣʘʚʘʥʴ ʚʠʢʦʥʫʶʪʴʩʷ ʥʘ ʽʥʪʝʨʚʘʣʘʭ ]t';(],;(],(t; qqtt  ʦʩʥʦʚʥʦʛʦ ʽʪʝʨʘʮʽʡʥʦʛʦ 

ʽʥʪʝʨʚʘʣʫ ]t'(t;  ʚʽʜʧʦʚʽʜʥʦ. ʊʫʪ t't <<< qt , 1+=¡ tt .  

ɯʥʜʠʚʽʜʫʘʣʴʥʝ (individual) ʧʣʘʚʘʥʥʷ. ʅʘʧʨʷʤʦʢ ʧʝʨʝʤʽʱʝʥʥʷ ʘʛʝʥʪʘ ʫ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʚʠʧʘʜʢʦʚʦ ʨʽʚʥʦʚʽʨʦʛʽʜʥʠʡ. ʗʢʱʦ ʧʝʨʝʤʽʱʝʥʥʷ ʘʛʝʥʪʘ ʚ ʦʙʨʘʥʦʤʫ ʥʘʧʨʷʤʢʫ 

ʚʠʚʦʜʠʪʴ ʘʛʝʥʪʘ ʟʘ ʤʝʞʽ ʦʙʣʘʩʪʽ ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ D, ʘ ʪʘʢʦʞ ʧʦʨʫʰʫʻ ʟʘʜʘʥʽ 

ʦʙʤʝʞʝʥʥʷ, ʪʦʜ ̔ʧʝʨʝʤʽʱʝʥʥʷ ʥʝ ʚʠʢʦʥʫʻʪʴʩʷ. ɸʥʘʣʦʛʽʯʥʦ, ʧʝʨʝʤʽʱʝʥʥʷ ʘʛʝʥʪʘ is  ʥʝ 

ʚʠʢʦʥʫʻʪʴʩʷ, ʷʢʱʦ ʤʘʻ ʤʽʩʮʝ ʥʝʨʽʚʥʽʩʪʴ 
t

ii jjt< , ʪʦʙʪʦ, ʷʢʱʦ ʚ ʥʦʚʽʡ ʪʦʯʮʽ 
t
ix  

ʟʥʘʯʝʥʥʷ ʬʽʪʥʝʩ-ʬʫʥʢʮʽʾ ʥʝ ʚʠʱʝ ʾʾ ʟʥʘʯʝʥʥʷ ʚ ʧʦʧʝʨʝʜʥʽʡ ʪʦʯʮʽ 
t

ix .  

ɺʝʣʠʯʠʥʫ ʢʨʦʢʫ ʧʝʨʝʤʽʱʝʥʥʷ 
ind

i
v  ʚʚʘʞʘʻʤʦ ʚʠʧʘʜʢʦʚʦʶ ʚʝʣʠʯʠʥʦʶ, 

ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʦ  ʁʚ ʽʥʪʝʨʚʘʣʽ [ ]indv
max

;0  (3.24).  

 

( )indind vUv
i max

1,01= .                                               (3.24) 

 

ɼʣʷ ʧʦʩʪʫʧʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʚʽʜ ʜʠʚʝʨʩʠʬʽʢʘʮʽʾ ʧʦʰʫʢʫ ʥʘ ʧʦʯʘʪʢʦʚʠʭ ʽʪʝʨʘʮʽʷʭ 

ʜʦ ʡʦʛʦ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʥʘ ʟʘʚʝʨʰʘʣʴʥʠʭ ʽʪʝʨʘʮʽʷʭ ʣʽʥʽʡʥʦ ʟʤʝʥʰʫʻʤʦ ʚʝʣʠʯʠʥʫ 
indv
max

 

(ʚʽʣʴʥʠʡ ʧʘʨʘʤʝʪʨ ʘʣʛʦʨʠʪʤʫ) ʟ ʨʦʩʪʦʤ ʯʠʩʣʘ ʽʪʝʨʘʮʽʡ [224, 232, 233]. 

ɯʥʜʠʚʽʜʫʘʣʴʥʝ ʧʣʘʚʘʥʥʷ ʘʛʝʥʪʘ ʤʦʞʝ ʚʢʣʶʯʘʪʠ ʚ ʩʝʙʝ ʥʝ ʦʜʥʫ ʽʪʝʨʘʮʽʶ, ʷʢ ʫ 

ʨʦʟʛʣʷʥʫʪʽʡ ʩʭʝʤʽ, ʘ ʾʭ ʜʝʷʢʝ ʬʽʢʩʦʚʘʥʝ ʯʠʩʣʦ. ʇʣʘʚʘʥʥʷ ʤʦʞʥʘ ʽʥʪʝʨʧʨʝʪʫʚʘʪʠ ʷʢ 

ʣʦʢʘʣʴʥʠʡ ʧʦʰʫʢ ʚ ʦʢʦʣʠʮʽ ʨʦʟʤʽʱʝʥʥʷ ʤʽʩʮʷ ʨʦʟʪʘʰʫʚʘʥʥʷ [224, 232, 233].  

ɯʥʩʪʠʥʢʪʠʚʥʦ-ʢʦʣʝʢʪʠʚʥʝ (collective-instinct) ʧʣʘʚʘʥʥʷ ʨʝʘʣʽʟʫʻʤʦ ʧʽʩʣʷ 

ʟʘʚʝʨʰʝʥʥʷ ʫʩʽʤʘ N ʘʛʝʥʪʘʤʠ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʧʣʘʚʘʥʴ ʟʘ ʬʦʨʤʫʣʦ  ʁ(3.25): 
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,                                        (3.25) 

 

ʜʝ () t

j

c

j

ind xxv -=t
max

 ï ʧʝʨʝʤʽʱʝʥʥʷ ʘʛʝʥʪʘ js  ʫ ʧʨʦʮʝʩʽ ʡʦʛʦ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ 

ʧʣʘʚʘʥʥʷ. ɿʘʛʘʣʴʥʠʡ ʜʣʷ ʚʩʽʭ ʘʛʝʥʪʽʚ ʢʨʦʢ ʤʽʛʨʘʮʽʾ, ʷʢʠʡ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʟʚʘʞʝʥʫ 

ʩʫʤʫ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʧʝʨʝʤʽʱʝʥʴ ʘʛʝʥʪʽʚ. ʋ ʧʨʦʮʝʩʽ ʽʥʩʪʠʥʢʪʠʚʥʦ-ʢʦʣʝʢʪʠʚʥʦʛʦ 

ʧʣʘʚʘʥʥʷ ʥʘ ʢʦʞʥʦʛʦ ʟ ʘʛʝʥʪʽʚ ʚʧʣʠʚʘʶʪʴ ʚʩʽ ʽʥʰʽ ʘʛʝʥʪʠ ʧʦʧʫʣʷʮʽʾ, ʽ ʮʝʡ ʚʧʣʠʚ 

ʧʨʦʧʦʨʮʽʡʥʠʡ ʽʥʜʠʚʽʜʫʘʣʴʥʠʤ ʫʩʧʽʭʘʤ ʘʛʝʥʪʽʚ [28, 224, 232, 233].  

ʂʦʣʝʢʪʠʚʥʦ-ʚʦʣʴʦʚʝ (collective volition) ʧʣʘʚʘʥʥʷ ʚʠʢʦʥʫʻʤʦ ʩʣʽʜʦʤ ʟʘ 

ʽʥʩʪʠʥʢʪʠʚʥʦ- ʢʦʣʝʢʪʠʚʥʠʤ ʧʣʘʚʘʥʥʷʤ. ɼʘʥʠʡ ʚʠʜ ʧʣʘʚʘʥʥʷ ʧʦʣʷʛʘʻ ʫ ʟʤʽʱʝʥʥʽ ʚʩʽʭ 

ʘʛʝʥʪʽʚ ʫ ʥʘʧʨʷʤʢʫ ʧʦʪʦʯʥʦʛʦ ʮʝʥʪʨʘ ʚʘʛʠ ʧʦʧʫʣʷʮʽʾ, ʷʢʱʦ ʩʫʤʘʨʥʘ ʚʘʛʘ ʢʦʩʷʢʘ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʽ ʽʥʩʪʠʥʢʪʠʚʥʦ-ʢʦʣʝʢʪʠʚʥʦʛʦ ʧʣʘʚʘʥʥʷ ʟʙʽʣʴʰʠʣʘʩ̫, ʽ ʚ 

ʧʨʦʪʠʣʝʞʥʦʤʫ ʥʘʧʨʷʤʢʫ, ʷʢʱʦ ʮ ̫ʚʘʛʘ ʟʤʝʥʰʠʣʘʩʷ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʚ ʨʘʟʽ ʫʩʧʽʭʫ 

ʟʘʟʥʘʯʝʥʠʭ ʧʣʘʚʘʥʴ ʧʦʧʫʣʷʮʽʷ ʩʪʷʛʫʻʪʴʩʷ ʜʦ ʩʚʦʛʦ ʮʝʥʪʨʘ ʪʷʞʽʥʥʷ, ʪʦʙʪʦ ʧʽʜʚʠʱʫʻ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʦʰʫʢʫ. ɺ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ ʧʦʧʫʣʷʮʽʷ ʨʦʟʰʠʨʶʻʪʴʩʷ ʚʽʜ ʪʦʛʦ ʞ 

ʮʝʥʪʨʘ, ʧʽʜʚʠʱʫʶʯʠ ʩʚʦʾ ʜʠʚʝʨʩʠʬʽʢʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ [28, 224, 232, 233].  

ʂʦʦʨʜʠʥʘʪʠ ʮʝʥʪʨʘ ʚʘʛʠ 
q
cx  ʢʦʩʷʢʘ ʧʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʫʩʽʤʘ ʡʦʛʦ ʘʛʝʥʪʘʤʠ 

ʽʥʩʪʠʥʢʪʠʚʥʦ-ʢʦʣʝʢʪʠʚʥʠʭ ʧʣʘʚʘʥʴ ʚʠʟʥʘʯʘʻʤʦ ʟʘ ʬʦʨʤʫʣʦʶ (3.26): 

 

q

qq

q

ä

=
ä
=

w

xw

x

N

i

ii

c
1

,                                                     (3.26) 

 

ʜʝ ä
=

=
ä

N

i

iww
1

qq  ï ʧʦʪʦʯʥʘ ʩʫʤʘʨʥʘ ʚʘʛʘ ʧʦʧʫʣʷʮʽʾ. 

ʂʦʣʝʢʪʠʚʥʦ-ʚʦʣʴʦʚʝ ʧʣʘʚʘʥʥʷ ʚʠʢʦʥʫʻʤʦ ʟʘ ʧʨʘʚʠʣʦʤ (3.27): 

 

( )qqq
ci

vol

ii xxvxx -°=¡ ,                                          (3.27) 
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ʜʝ ʟʥʘʢ ʧʣʶʩ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʚ ʨʘʟʽ 
1-

ä
>

ä
qq ww , ʘ ʟʥʘʢ ʤʽʥʫʩ ʫ ʧʨʦʪʠʣʝʞʥʦʤʫ 

ʚʠʧʘʜʢʫ. ʊʫʪ 
1-

ä
qw  ï ʩʫʤʘʨʥʘ ʚʘʛʘ ʧʦʧʫʣʷʮʽʾ ʧʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʾʾ ʘʛʝʥʪʘʤʠ 

ʽʥʩʪʠʥʢʪʠʚʥʦ-ʢʦʣʝʢʪʠʚʥʠʭ ʧʣʘʚʘʥʴ ʥʘ ʧʦʧʝʨʝʜʥʽʡ ʽʪʝʨʘʮʽʾ. ɿʤʽʥʥʘ volv  ʫ ʬʦʨʤʫʣʽ 

(3.27) ʚʠʟʥʘʯʘʻ ʨʦʟʤʽʨ ʢʨʦʢʫ ʧʝʨʝʤʽʱʝʥʴ ʘʛʝʥʪʽʚ ʽ ʻ ʚʠʧʘʜʢʦʚʦʶ ʚʝʣʠʯʠʥʦʶ (3.28): 

 

( )1;01maxUvv volvol= .                                                  (3.28) 

 

ʊʫʪ 0max>
volv  ï ʟʘʜʘʥʘ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘ ʜʦʚʞʠʥʘ ʢʨʦʢʫ (ʚʽʣʴʥʝ 

ʚʦʣʦʜʽʥʥʷ ʧʘʨʘʤʝʪʨʘʤʠ ʘʣʛʦʨʠʪʤʫ). ɸʚʪʦʨʠ ʘʣʛʦʨʠʪʤʫ ʨʝʢʦʤʝʥʜʫʶʪʴ ʣʽʥʽʡʥʝ 

ʟʤʝʥʰʝʥʥʷ ʚʝʣʠʯʠʥʠ 
volvmax  ʟ̔ ʟʙʽʣʴʰʝʥʥʷʤ ʯʠʩʣʘ ʽʪʝʨʘʮʽʡ.  

ɯʥʽʮʽʘʣʽʟʘʮʽʶ ʧʦʧʫʣʷʮʽʾ ʟʜʽʡʩʥʶʻʤʦ ʰʣʷʭʦʤ ʚʠʧʘʜʢʦʚʦʛʦ ʨʽʚʥʦʤʽʨʥʦʛʦ 

ʨʦʟʧʦʜʽʣʫ ʘʛʝʥʪʽʚ ʚ ʦʙʣʘʩʪʽ ʧʦʰʫʢʫ.  

ʗʢ ʫʤʦʚʘ ʟʘʚʝʨʰʝʥʥʷ ʽʪʝʨʘʮʽʡ ʢʘʥʦʥʽʯʥʠʡ ʘʣʛʦʨʠʪʤ çʢʦʩʷʢʫ ʨʠʙè 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʫʤʦʚʫ ʜʦʩʷʛʥʝʥʥʷ ʘʧʨʽʦʨʽ ʟʘʜʘʥʦʛʦ ʯʠʩʣʘ ʽʪʝʨʘʮʽʡ [28, 53, 224, 232, 

233].  

 

 

3.5 ɸʣʛʦʨʠʪʤ çʟʛʨʘʾ ʚʦʚʢʽʚè 

3.5.1 ʂʣʘʩʠʯʥʠʡ ʘʣʛʦʨʠʪʤ çʟʛʨʘʾ ʚʦʚʢʽʚè 

 

 

ɸʣʛʦʨʠʪʤ çʟʛʨʘʾ ʚʦʚʢʽʚè ʘʙʦ çʩʽʨʠʭ ʚʦʚʢʽʚè (Grey Wolf Optimizer Algorithm 

(GWO)) ï ʤʝʪʘʝʚʨʠʩʪʠʯʥʠʡ ʩʪʦʭʘʩʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤ ʨʦʡʦʚʦʛʦ ʽʥʪʝʣʝʢʪʫ, 

ʨʦʟʨʦʙʣʝʥʠʡ ʫ 2014 ʨʦʮʽ, ʽʜʝʷ ʷʢʦʛʦ ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʦʩʥʦʚʽ ʤʦʜʝʣʽ ʧʦʣʶʚʘʥʥʷ ʟʛʨʘʾ 

ʚʦʚʢʽʚ [225, 255]. ɺ ʘʥʛʣʦʤʦʚʥʽʡ ʣʽʪʝʨʘʪʫʨʽ ʚʽʥ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʧʽʜ ʥʘʟʚʦʶ çwolf packè.  

ɺʠʜʽʣʷʶʪʴ ʯʦʪʠʨʠ ʪʠʧʠ ʚʦʚʢʽʚ: çʘʣʴʬʘè, çʙʝʪʘè, çʜʝʣʴʪʘè ʽ çʦʤʝʛʘè. çɸʣʴʬʘè 

ʤʘʻ ʥʘʡʙʽʣʴʰʫ çʚʘʛʫè ʫ ʧʨʠʡʥʷʪʪʽ ʨʽʰʝʥʴ ʪʘ ʫʧʨʘʚʣʽʥʥʽ ʟʛʨʘʻʶ. ɼʘʣʽ ʡʜʫʪʴ çʙʝʪʘè ʽ 
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ʧʦʪʽʤ çʜʝʣʴʪʘè, ʷʢʽ ʧʽʜʢʦʨʷʶʪʴʩʷ çʘʣʴʬʘè ʽ ʤʘʶʪʴ ʚʣʘʜʫ ʥʘʜ ʽʥʰʠʤʠ ʚʦʚʢʘʤʠ. ɺʦʚʢ 

çʦʤʝʛʘè ʟʘʚʞʜʠ ʧʽʜʧʦʨʷʜʢʦʚʫʻʪʴʩʷ ʽʥʰʠʤ ʜʦʤʽʥʫʶʯʠʤ ʚʦʚʢʘʤ [221, 225, 226, 255]. 

ʋ ʤʘʪʝʤʘʪʠʯʥʽʡ ʤʦʜʝʣʽ ʽʻʨʘʨʭʽʾ ʚʦʚʢʽʚ çʘʣʴʬʘè ʚʚʘʞʘʻʪʴʩʷ ʥʘʡʙʽʣʴʰ 

ʩʧʨʠʷʪʣʠʚʠʤ ʨʽʰʝʥʥʷʤ. ɼʨʫʛʝ ʽ ʪʨʝʪʻ ʢʨʘʱʽ ʨʽʰʝʥʥʷ, ʚʽʜʧʦʚʽʜʥʦ ʮʝ çʙʝʪʘè ʽ 

çʜʝʣʴʪʘè. ʈʝʰʪʘ ʨʽʰʝʥʴ ʚʚʘʞʘʶʪʴʩʷ çʦʤʝʛʘè.  

ɺʚʘʞʘʶʪʴ, ʱʦ ʜʦ ʩʘʤʠʭ ʧʨʠʩʪʦʩʦʚʘʥʠʭ ʚʦʚʢʽʚ (çʘʣʴʬʘè, çʙʝʪʘè ʽ çʜʝʣʴʪʘè), 

ʪʦʙʪʦ, ʷʢʽ ʙʫʣʠ ʥʘʡʙʣʠʞʯʝ ʜʦ ʞʝʨʪʚʠ, ʙʫʜʫʪʴ ʥʘʙʣʠʞʘʪʠʩʷ ʽʥʰʽ ʚʦʚʢʠ. ʇʽʩʣʷ 

ʢʦʞʥʦʛʦ ʥʘʙʣʠʞʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ, ʭʪʦ ʥʘ ʜʘʥʦʤʫ ʝʪʘʧʽ çʘʣʴʬʘè, çʙʝʪʘè ʽ çʜʝʣʴʪʘè, ʘ 

ʧʦʪʽʤ ʚʦʚʢʠ ʟʥʦʚʫ ʧʝʨʝʙʫʜʦʚʫʶʪʴʩʷ.  

ʇʝʨʝʩʪʨʦʶʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʦ ʪʠʭ ʧʽʨ, ʧʦʢʠ ʚʦʚʢʠ ʥʝ ʟʙʝʨʫʪʴʩʷ ʫ ʟʛʨʘʶ, ʱʦ 

ʙʫʜʝ ʦʧʪʠʤʘʣʴʥʠʤ ʥʘʧʨʷʤʢʦʤ ʜʣʷ ʘʪʘʢʠ ʟ ʤʽʥʽʤʘʣʴʥʦʶ ʚʽʜʩʪʘʥʥʶ [225, 255]. 

ʋ ʭʦʜʽ ʘʣʛʦʨʠʪʤʫ ʚʠʢʦʥʫʶʪʴʩʷ ʪʨʠ ʦʩʥʦʚʥʽ ʝʪʘʧʠ, ʚ ʷʢʠʭ ʚʦʚʢʠ ʰʫʢʘʶʪʴ 

ʞʝʨʪʚʫ, ʦʪʦʯʫʶʪʴ ʽ ʘʪʘʢʫʶʪʴ ʾʾ.  

ʋ ʧʨʦʮʝʩʽ ʧʦʰʫʢʫ ʚʠʷʚʣʷʶʪʴʩʷ çʘʣʴʬʘè, çʙʝʪʘè ʽ çʜʝʣʴʪʘè ï ʚʦʚʢʠ, ʷʢʽ 

ʟʥʘʭʦʜʷʪʴʩʷ ʙʣʠʞʯʝ ʜʦ ʞʝʨʪʚʠ. ʈʝʰʪʘ ʚʦʚʢʽʚ, ʧʽʜʢʦʨʷʶʯʠʩʴ ʜʦʤʽʥʫʶʯʠʤ, ʤʦʞʫʪʴ 

ʧʦʯʘʪʠ ʦʪʦʯʫʚʘʪʠ ʞʝʨʪʚʫ ʘʙʦ ʧʨʦʜʦʚʞʠʪʠ ʜʦʚʽʣʴʥʝ ʧʝʨʝʤʽʱʝʥʥʷ ʚ ʧʦʰʫʢʘʭ ʢʨʘʱʦʛʦ 

ʚʘʨʽʘʥʪʘ [221, 225, 226, 255].  

ʄʦʜʝʣʴ ʦʪʦʯʝʥʥʷ ʚʦʚʢʘʤʠ ʞʝʨʪʚʠ ʦʧʠʩʫʻʪʴʩʷ ʪʘʢʠʤʠ ʬʦʨʤʫʣʘʤʠ (3.29ï3.32): 

 

() ()tXtXCD p -= * ,                                                (3.29) 

 

( ) () DAtXtX p *1 -=+ ,                                          (3.30) 

 

aa -= 1*2 rA ,                                                    (3.31) 

 

22rʉ= ,                                                         (3.32) 

 

ʜʝ t ʧʦʟʥʘʯʘʻ ʧʦʪʦʯʥʫ ʽʪʝʨʘʮʽʶ; 
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    A  ʪʘ ʉ ï ʚʝʢʪʦʨʠ-ʢʦʝʬʽʮʽʻʥʪʠ; 

    pX  ï ʚʝʢʪʦʨ ʧʦʣʦʞʝʥʥʷ ʞʝʨʪʚʠ;  

    X  ï ʚʝʢʪʦʨ ʧʦʣʦʞʝʥʥʷ ʚʦʚʢʘ;  

    D  ï ʚʝʢʪʦʨ ʥʘʧʨʷʤʢʫ (ʚʽʜ ʚʦʚʢʘ ʜʦ ʞʝʨʪʚʠ); 

    a ï ʧʘʨʘʤʝʪʨ ʣʽʥʽʡʥʦ ʟʤʝʥʰʫʻʪʴʩʷ ʚʽʜ 2 ʜʦ 0 ʚ ʢʦʞʥʽʡ ʽʪʝʨʘʮʽʾ; 

    1r  ʪʘ 2r  ï ʚʠʧʘʜʢʦʚʽ ʚʝʢʪʦʨʠ ʟ ʽʥʪʝʨʚʘʣʫ [0,1], ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʤʦʜʝʣʶʚʘʪʠ 

ʧʝʨʝʤʽʱʝʥʥʷ ʚʦʚʢʽʚ.  

ʇʨʦʩʪʽʨ ʧʦʰʫʢʫ ʤʦʞʝ ʙʫʪʠ N-ʚʠʤʽʨʥʠʤ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʚʦʚʢʠ ʙʫʜʫʪʴ 

ʧʝʨʝʤʽʱʫʚʘʪʠʩʷ ʥʘʚʢʦʣʦ ʞʝʨʪʚʠ ʚ ʛʽʧʝʨʧʘʨʘʣʝʣʝʧʽʧʝʜʽ [221, 225, 226, 255]. 

ʉʘʤʠʤ ʧʦʣʶʚʘʥʥʷʤ, ʷʢ ʧʨʘʚʠʣʦ, ʟʘʡʤʘʻʪʴʩʷ çʘʣʴʬʘè (ʽʥʦʜʽ ʟʘ ʫʯʘʩʪʶ çʙʝʪʠè ʽ 

çʜʝʣʴʪʠè). ʆʜʥʘʢ ʚ ʘʙʩʪʨʘʢʪʥʦʤʫ ʧʨʦʩʪʦʨʽ ʧʦʰʫʢʫ ʤʠ ʥʝ ʤʦʞʝʤʦ ʥʘʚʽʪʴ ʧʨʠʧʫʩʪʠʪʠ, 

ʜʝ ʟʥʘʭʦʜʠʪʴʩʷ çʦʧʪʠʤʫʤè (ʞʝʨʪʚʘ).  

ɼʣʷ ʧʦʙʫʜʦʚʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧʦʣʶʚʘʥʥʷ ʧʨʠʧʫʩʪʠʤʦ, ʱʦ çʘʣʴʬʘè, 

çʙʝʪʘè ʽ çʜʝʣʴʪʘè ʤʘʶʪʴ ʥʘʡʙʽʣʴʰ ʯʽʪʢʝ ʫʷʚʣʝʥʥʷ ʧʨʦ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʞʝʨʪʚʠ. 

ʆʪʞʝ, ʥʝʦʙʭʽʜʥʦ ʟʙʝʨʽʛʘʪʠ ʧʝʨʰʽ ʪʨʠ ʢʨʘʱʽ ʨʽʰʝʥʥʷ ʽ ʥʘʧʨʘʚʣʷʪʠ çʦʤʝʛʘè-ʚʦʚʢʽʚ 

ʙʣʠʞʯʝ ʜʦ ʮʠʭ ʨʽʰʝʥʴ. 

ɺʦʚʢʠ ʟʘʢʽʥʯʫʶʪʴ ʧʦʣʶʚʘʥʥʷ ʘʪʘʢʦʶ ʥʘ ʞʝʨʪʚʫ, ʢʦʣʠ ʞʝʨʪʚʘ ʧʝʨʝʩʪʘʻ ʪʽʢʘʪʠ. 

ʑʦʙ ʤʘʪʝʤʘʪʠʯʥʦ ʟʤʦʜʝʣʶʚʘʪʠ ʮʝ ʷʚʠʱʝ, ʥʝʦʙʭʽʜʥʦ ʟʤʝʥʰʫʚʘʪʠ ʟʥʘʯʝʥʥʷ a. 

ɼʽʘʧʘʟʦʥ ʢʦʣʠʚʘʥʴ ʢʦʝʬʽʮʽʻʥʪʘ ʘʪʘʢʠ A  ʪʘʢʦʞ ʟʥʠʟʠʪʴʩʷ ʥʘ a. ʊʦʙʪʦ, A  ï ʮʝ 

ʚʠʧʘʜʢʦʚʝ ʯʠʩʣʦ ʚ ʽʥʪʝʨʚʘʣʽ [-2a, 2ʘ], ʜʝ ʘ - ʯʠʩʣʦ, ʷʢʝ ʧʦʩʣʽʜʦʚʥʦ ʟʤʝʥʰʫʻʪʴʩʷ ʚʽʜ 2 

ʜʦ 0.  

ʗʢʱʦ A  ʟʥʘʭʦʜʠʪʴʩʷ ʚʽʜ -1 ʜʦ 1, ʪʦ ʥʘʩʪʫʧʥʘ ʧʦʟʠʮʽʷ ʜʘʥʦʛʦ ʚʦʚʢʘ ʙʫʜʝ 

ʟʥʘʭʦʜʠʪʠʩʷ ʜʝʩʴ ʤʽʞ ʧʦʪʦʯʥʦʶ ʧʦʟʠʮʽʻʶ ʽ ʧʦʪʝʥʮʽʡʥʠʤ ʧʦʣʦʞʝʥʥʷʤ ʞʝʨʪʚʠ [225, 

255]. 

ʇʦʚʝʨʪʘʶʯʠʩʴ ʜʦ ʧʨʦʮʝʩʫ ʧʦʰʫʢʫ ʞʝʨʪʚʠ, ʥʝʦʙʭʽʜʥʦ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ 

ʧʝʨʽʦʜʠʯʥʝ ʚʽʜʜʘʣʝʥʥʷ çʦʤʝʛè ʚʽʜ çʘʣʴʬʠè, çʙʝʪʠè ʽ çʜʝʣʴʪʠè ʟʘʨʘʜʠ ʧʦʰʫʢʫ ʙʽʣʴʰ 

ʩʧʨʠʷʪʣʠʚʦʛʦ ʨʽʰʝʥʥʷ. ʑʦʙ ʤʘʪʝʤʘʪʠʯʥʦ ʩʬʦʨʤʫʣʶʚʘʪʠ ʮʶ ʨʦʟʙʽʞʥʽʩʪʴ, ʤʦʞʥʘ 

ʟʤʽʥʠʪʠ ʽʥʪʝʨʚʘʣ ʜʣʷ ʚʝʢʪʦʨʘ A . 
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ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʟʥʘʯʝʥʥʷ ʙʽʣʴʰʝ 1 ʘʙʦ ʤʝʥʰʝ -1, ʤʠ ʧʨʠʤʫʰʫʻʤʦ çʦʤʝʛʫè 

ʚʽʜʜʘʣʷʪʠʩʷ ʚʽʜ ʧʦʪʝʥʮʽʡʥʦʾ ʟʜʦʙʠʯʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʘʣʛʦʨʠʪʤʫ ʧʨʦʚʦʜʠʪʠ ʧʦʰʫʢ 

ʦʧʪʠʤʫʤʫ ʥʘ ʙʽʣʴʰʽʡ ʪʝʨʠʪʦʨʽʾ. ɯʥʰʠʤ ʚʘʞʣʠʚʠʤ ʧʘʨʘʤʝʪʨʦʤ ʧʦʰʫʢʫ ʻ ʢʦʝʬʽʮʽʻʥʪ 

ʚʠʩʪʝʞʫʚʘʥʥʷ C, ʱʦ ʻ ʚʠʧʘʜʢʦʚʠʤ ʥʘ ʽʥʪʝʨʚʘʣʽ [0, 2]. ɼʘʥʠʡ ʧʘʨʘʤʝʪʨ ʟʘʙʝʟʧʝʯʫʻ 

ʚʠʧʘʜʢʦʚʽ ʚʘʛʠ ʜʣʷ ʟʜʦʙʠʯʽ, ʟʙʽʣʴʰʫʶʯʠ (ʉ>1) ʘʙʦ ʟʤʝʥʰʫʶʯʠ (ʉ<1) ʚʧʣʠʚ (ʟʘʧʘʭ) 

ʞʝʨʪʚʠ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʚʽʜʩʪʘʥʽ ʜʣʷ ʧʝʨʝʤʽʱʝʥʥʷ. ʎʝ ʜʦʟʚʦʣʷʻ ʘʣʛʦʨʠʪʤʫ çʟʛʨʘʾ 

ʚʦʚʢʽʚè ʜʝʤʦʥʩʪʨʫʚʘʪʠ ʙʽʣʴʰ ʚʠʧʘʜʢʦʚʫ ʧʦʚʝʜʽʥʢʫ ʫ ʧʨʦʮʝʩʽ ʦʧʪʠʤʽʟʘʮʽʾ, ʩʧʨʠʷʶʯʠ 

ʧʦʰʫʢʫ ʽ ʫʥʠʢʥʝʥʥʷ ʣʦʢʘʣʴʥʠʭ ʦʧʪʠʤʫʤʽʚ. ʇʘʨʘʤʝʪʨ C  ʥʝ ʟʤʝʥʰʫʻʪʴʩʷ ʧʦʩʣʽʜʦʚʥʦ 

ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʘʨʘʤʝʪʨʘ A. ʇʘʨʘʤʝʪʨ Cʟʘʚʞʜʠ ʻ ʚʠʧʘʜʢʦʚʠʤ ʷʢ ʥʘ ʧʦʯʘʪʢʦʚʠʭ 

ʽʪʝʨʘʮʽʷʭ, ʪʘʢ ʽ ʥʘ ʢʽʥʮʝʚʠʭ. ʎʷ ʚʣʘʩʪʠʚʽʩʪʴ ʜʫʞʝ ʢʦʨʠʩʥʘ ʚ ʨʘʟʽ ʧʦʧʘʜʘʥʥʷ ʫ 

ʣʦʢʘʣʴʥʠʡ ʦʧʪʠʤʫʤ, ʦʩʦʙʣʠʚʦ ʥʘ ʦʩʪʘʥʥʽʭ ʽʪʝʨʘʮʽʷʭ [225, 255]. 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʨʝʘʣʽʟʫʻʪʴʩʷ ʪʘʢʠʡ ʘʣʛʦʨʠʪʤ [335ï337]:  

1. ʋʩʪʘʥʦʚʢʘ ʨʦʟʤʽʨʫ ʧʦʧʫʣʷʮʽʾ n ʽ ʤʘʢʩʠʤʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʽʪʝʨʘʮʽʡ iter. 

2. ɯʥʽʮʽʘʣʽʟʫʚʘʪʠ ʧʦʟʠʮʽʾ çʟʛʨʘʾ ʚʦʚʢʽʚè ( )1..iX i n= . 

3. ɯʥʽʮʽʘʣʽʟʫʚʘʪʠ a, A  ʪʘ C . 

4. ʆʙʯʠʩʣʠʪʠ ʟʥʘʯʝʥʥʷ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʜʣʷ ʢʦʞʥʦʛʦ ʚʦʚʢʘ.  

5. ɺʠʟʥʘʯʠʪʠ Xa, Xb, Xd  ï çʘʣʴʬʫè, çʙʝʪʫè ʽ çʜʝʣʴʪʫè. 

6. ʇʦʢʠ t < iter:  

6.1. ʇʝʨʝʨʘʭʫʚʘʪʠ ʧʦʟʠʮʽʾ ʜʣʷ ʢʦʞʥʦʛʦ ʚʦʚʢʘ.  

6.2. ʆʥʦʚʠʪʠ a, A  ʪʘ C . 

6.3. ʆʙʯʠʩʣʠʪʠ ʟʥʘʯʝʥʥʷ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʜʣʷ ʢʦʞʥʦʛʦ ʚʦʚʢʘ. 

6.4. ʆʥʦʚʠʪʠ Xa, Xb, Xd.  

6.5. t = t +1 . 

6.6. ʇʝʨʝʚʽʨʠʪʠ ʫʤʦʚʫ, ʯʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʥʘʭʦʜʞʝʥʥʷ ʦʜʥʦʛʦ ʽ ʪʦʛʦ ʩʘʤʦʛʦ 

ʧʣʘʥʫ ʟʘ ʟʘʜʘʥʫ ʢʽʣʴʢʽʩʪʴ ʽʪʝʨʘʮʽʡ. ʌʘʢʪʠʯʥʦ ʦʧʪʠʤʘʣʴʥʠʡ ʧʣʘʥ ʥʝ ʟʤʽʥʶʻʪʴʩʷ 

ʧʨʦʪʷʛʦʤ ʟʘʜʘʥʦʾ ʢʽʣʴʢʦʩʪʽ ʽʪʝʨʘʮʽʡ. 

7. ɺʠʟʥʘʯʠʪʠ Xa. 

ɹʣʦʢ-ʩʭʝʤʘ ʢʣʘʩʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ çʟʛʨʘʾ ʚʦʚʢʽʚè ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 3.2. 
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ʈʠʩʫʥʦʢ 3.2 ï ɹʣʦʢ-ʩʭʝʤʘ ʢʣʘʩʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ çʟʛʨʘʾ ʚʦʚʢʽʚè 

 

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʤʽʩʮʝʚʽʩʪʴ, ʥʘ ʷʢʽʡ ʚʦʚʢʠ ʧʦʣʶʶʪʴ, ʮʝ ʦʙʣʘʩʪʴ ʧʦʰʫʢʫ ʚ ʩʝʥʩʽ 

ʦʧʪʠʤʽʟʘʮʽʾ, ʘ ʟʛʨʘʷ ï ʮʝ ʚʦʚʢʠ. ʅʝʭʘʡ ʩʧʦʯʘʪʢʫ ʟʛʝʥʝʨʦʚʘʥʦ N çʚʦʚʢʽʚè ʚ 

ʇʦʯʘʪʦʢ 

ɿʘʜʘʻʤʦ 

ʨʦʟʤʽʨ ʧʦʧ-ʮʽʾ 

n ʪʘ ʢ-ʩʪʴ 

ʽʪʝʨʘʮʽʡ iter 

ʌʦʨʤʫʻʤʦ ʧʦʟʠʮʽʾ 

ʚʦʚʢʽʚ Xi(i=1..n) 

ʈʦʟʨʘʭʦʚʫʻʤʦ  

a, A, C 

ʆʙʯʠʩʣʶʻʤʦ 

ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʾʚ 

ʘʙʦ ʮʽʣʴʦʚʦʾ ʬ-ʮʽʾ 

ʜʣʷ ʢʦʞʥʦʛʦ ʚʦʚʢʘ 

ɯʟ ʤʥʦʞʠʥʠ ʚʦʚʢʽʚ 

ʚʠʟʥʘʯʘʻʤʦ ʪʘ 

ʬʽʢʩʫʻʤʦ çʘʣʴʬʫè, 

çʙʝʪʫè ʪʘ çʜʝʣʴʪʫè 

t<iter; t=t+1 

ʌʦʨʤʫʻʤʦ ʥʦʚʽ 

ʧʦʧʫʣʷʮʽʾ ʥʘ ʦʩʥʦʚʽ 

çʘʣʴʬʘè, çʙʝʪʘè, 

çʜʝʣʴʪʘè ʪʘ çʦʤʝʛʘè 

 

ʆʥʦʚʣʶʻʤʦ 

a, A, C 

 

ʆʙʯʠʩʣʶʻʤʦ 

ʟʥʘʯʝʥʥʷ ʮʽʣʴʦʚʦʾ 

 ʬ-ʮʽʾ ʘʙʦ ʢʨʠʪʝʨʽʾʚ 

ʜʣʷ ʢʦʞʥʦʛʦ ʚʦʚʢʘ 

ɺʠʟʥʘʯʘʻʤʦ Xa, Xb, Xd 

6.6 
ʅ ̔ ʊʘʢ 

ʂʽʥʝʮʴ 

ɺʠʚʦʜʠʤʦ Xa 

ʪʘ 

ʘʣʴʪʝʨʥʘʪʠʚʥ

ʽ Xb, Xd 
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ʝʚʢʣʽʜʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʨʦʟʤʽʨʥʦʩʪʽ D, ʪʦʙʪʦ ʢʦʞʝʥ ʚʦʚʢ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʫ ʚʠʛʣʷʜʽ 

ʚʝʢʪʦʨʘ ( )1...,i i iDx x x= , ʱʦ ʚʠʟʥʘʯʘʻ ʡʦʛʦ ʢʦʦʨʜʠʥʘʪʠ ʫ ʧʨʦʩʪʦʨʽ [225].  

ʅʘ ʜʘʥʦʤʫ ʝʪʘʧʽ ʦʮʽʥʦʯʥʘ ʬʫʥʢʮʽʷ ʜʣʷ çʚʘʪʘʞʢʘè ʪʘ ʤʝʪʠ ʧʦʰʫʢʫ, çʞʝʨʪʚʠè 

ʧʦʚʠʥʥʘ ʤʘʪʠ ʥʘʡʤʝʥʰʫ ʨʽʟʥʠʮʶ. ʊʦʙʪʦ ʜʣʷ ʫʩʽʭ ʽʥʰʠʭ ʚʦʚʢʽʚ ʚʘʪʘʞʦʢ ʻ ʤʝʪʦʶ, ʜʦ 

ʷʢʦʾ ʚʦʥʠ ʨʫʭʘʶʪʴʩʷ. ʊʦʜʽ çʚʦʚʢʠè ʟʛʨʘʾ ʧʝʨʝʤʽʱʫʶʪʴʩʷ ʚ ʥʘʧʨʷʤʢʫ ʚʘʪʘʞʢʘ ʟ 

ʟʘʜʘʥʠʤ ʢʨʦʢʦʤ step, ʧʨʠʯʦʤʫ d-ʷ ʢʦʦʨʜʠʥʘʪʘ i-ʛʦ çʚʦʚʢʘè ʥʘ ( )1k+ -ʡ ʽʪʝʨʘʮʽʾ 

ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ (3.33): 
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.                                    (3.33) 

 

ɿʥʘʭʦʜʠʤʦ ʩʧʽʣʴʥʽ ʯʘʩʪʠʥʠ ʫ çʘʣʴʬʘè, çʙʝʪʘè ʪʘ çʜʝʣʴʪʘè.  

ɿ ʬʦʨʤʫʣʠ ʽ ʦʧʠʩʫ ʘʣʛʦʨʠʪʤʫ ʚʠʜʥʦ, ʱʦ ʚ ʤʝʪʦʜʽ ʧʦʰʫʢʫ çʟʛʨʘʻʶ ʚʦʚʢʽʚè 

ʦʥʦʚʣʶʶʪʴʩʷ ʪʽʣʴʢʠ ʢʦʦʨʜʠʥʘʪʠ çʚʦʚʢʽʚè ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʾʭ ʧʝʨʝʤʽʱʝʥʥʷ 

ʫ ʧʨʦʩʪʦʨʽ.  

ɼʣʷ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ çʟʛʨʘʾ ʚʦʚʢʽʚè ʜʦʩʠʪʴ ʧʽʜʽʙʨʘʪʠ ʜʚʘ ʧʘʨʘʤʝʪʨʠ: ʨʦʟʤʽʨ 

ʧʦʧʫʣʷʮʽʾ N ʪʘ ʢʨʦʢ step, ʟ ʷʢʠʤ ʧʝʨʝʤʽʱʫʶʪʴʩʷ çʚʦʚʢʠè ʟʘ ʥʘʧʨʷʤʢʦʤ ʜʦ ʚʘʪʘʞʢʘ ʽ 

ʞʝʨʪʚʠ [225, 255]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʘʣʛʦʨʠʪʤʽ çʟʛʨʘʷ ʚʦʚʢʽʚè ʻ ʙʝʟʣʽʯ ʧʦʪʝʥʮʽʡʥʠʭ ʨʽʰʝʥʴ, 

ʢʦʦʨʜʠʥʘʪʠ ʷʢʠʭ ʦʥʦʚʣʶʶʪʴʩʷ ʥʘ ʢʦʞʥʽʡ ʽʪʝʨʘʮʽʾ, ʧʦʢʠ ʥʝ ʙʫʜʝ ʟʥʘʡʜʝʥʦ 

ʦʧʪʠʤʘʣʴʥʝ ʨʽʰʝʥʥʷ, ʘʙʦ ʥʝ ʙʫʜʝ ʚʠʢʦʥʘʥʦ ʤʘʢʩʠʤʘʣʴʥʦ ʟʘʜʘʥʫ ʢʽʣʴʢʽʩʪʴ ʦʙʯʠʩʣʝʥʴ 

ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ. ʊʦʜʽ ʬʫʥʢʮʽʷ ()f x , ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ, ʥʘʩʢʽʣʴʢʠ ʩʠʣʴʥʦ 

ʚʽʜʯʫʚʘʻʪʴʩʷ ʟʘʧʘʭ ʞʝʨʪʚʠ ʚʦʚʢʘʤʠ, ʻ ʮʽʣʴʦʚʦʶ, ʘ ʢʦʦʨʜʠʥʘʪʠ ʩʘʤʦʾ ʞʝʨʪʚʠ ï 

ʦʧʪʠʤʘʣʴʥʦʶ ʪʦʯʢʦʶ [225].  

ɺʽʜʩʪʘʥʴ ʤʽʞ ʜʚʦʤʘ ʚʦʚʢʘʤʠ p ʽ q ʦʧʠʩʫʻʪʴʩʷ ʤʝʪʨʠʢʦʶ ʚʠʜʫ ( ),L p q . 

ɸʣʛʦʨʠʪʤʠ çʟʛʨʘʾ ʚʦʚʢʽʚè ʟʜʽʡʩʥʶʶʪʴ ʧʦʰʫʢ ʦʧʪʠʤʘʣʴʥʦʾ ʪʦʯʢʠ-ʞʝʨʪʚʠ. ɺʦʥʠ 

ʜʽʣʷʪʴʩʷ ʥʘ ʛʨʫʧʠ, ʷʢʽ ʧʝʨʝʤʽʱʘʶʪʴʩʷ ʚ ʨʽʟʥʠʭ ʥʘʧʨʷʤʢʘʭ ʽ ʦʙʤʽʥʶʶʪʴʩʷ 

ʽʥʬʦʨʤʘʮʽʻʶ ʤʽʞ ʩʦʙʦʶ.  
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ʉʘʤ ʘʣʛʦʨʠʪʤ ʧʦʰʫʢʫ (ʩʧʽʣʴʥʦʛʦ ʧʦʣʶʚʘʥʥʷ) ʤʦʞʥʘ ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʪʘʢʠʭ ʧʨʘʚʠʣ [28]: 

Å çʚʦʚʢè ʽʟ ʢʨʘʱʠʤ ʟʥʘʯʝʥʥʷʤ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʥʘ ʜʘʥʽʡ ʽʪʝʨʘʮʽʾ ʻ ʚʘʪʘʞʢʦʤ. 

ʗʢʱʦ ʥʘ ʥʘʩʪʫʧʥʽʡ ʽʪʝʨʘʮʽʾ ʟʥʘʡʜʝʪʴʩʷ ʽʥʰʘ çʦʩʦʙʠʥʘè ʽʟ ʢʨʘʱʠʤ ʟʥʘʯʝʥʥʷʤ 

ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ, ʥʽʞ ʫ ʚʘʪʘʞʢʘ, ʪʦ, ʚʽʜʧʦʚʽʜʥʦ, ʟʛʨʘʷ ʟʥʘʡʜʝ ʥʦʚʦʛʦ ʣʽʜʝʨʘ; 

Å ̔ʥʰʽ ʚʦʚʢʠ ʜʦʩʣʽʜʞʫʶʪʴ ʤʽʩʮʝʚʽʩʪʴ ʥʘ ʥʘʷʚʥʽʩʪʴ ʞʝʨʪʚʠ. ʇʨʠʯʦʤʫ  ʬʫʥʢʮʽʷ 

f(xi) ʭʘʨʘʢʪʝʨʠʟʫʻ, ʷʢ ʩʠʣʴʥʦ ʚʽʜʯʫʚʘʻʪʴʩʷ ʟʘʧʘʭ ʞʝʨʪʚʠ i-ʤ çʚʦʚʢʦʤè. ʊʦʜʽ ʚʝʣʠʯʠʥʘ 

GBest ʭʘʨʘʢʪʝʨʠʟʫʻ, ʷʢ ʩʠʣʴʥʦ ʚʽʜʯʫʚʘʻʪʴʩʷ ʟʘʧʘʭ ʞʝʨʪʚʠ ʚʘʪʘʞʢʦʤ ʟʛʨʘʾ; 

Å ̫ʢʱʦ ()i Bestf x G> t, ʪʦʜʽ i-ʡ çʚʦʚʢè ʟʥʘʭʦʜʠʪʴʩʷ ʙʣʠʞʯʝ ʜʦ ʞʝʨʪʚʠ, ʥʽʞ 

ʚʘʪʘʞʦʢ ʟʛʨʘʾ, ʦʪʞʝ, i-ʡ çʚʦʚʢè ʩʪʘʻ ʚʘʪʘʞʢʦʤ ʥʘ ʜʘʥʦʤʫ ʝʪʘʧʽ ()i Bestf x G= . ʗʢʱʦ ʞ 

f(xi) < GBest , ʪʦʜʽ çʚʦʚʢè ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʫ ʧʨʦʩʪʦʨʽ ʟ ʜʝʷʢʠʤ ʥʘʧʝʨʝʜ ʟʘʜʘʥʠʤ ʢʨʦʢʦʤ 

step; 

Å ʚʘʪʘʞʦʢ ʟʛʨʘʾ ʧʦʚʽʜʦʤʠʪʴ ʽʥʠhʤ çʚʦʚʢʘʤè ʚ ʟʛʨʘʾ ʧʨʦ ʩʚʦʻ 

ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ, ʷʢ ʧʨʦ ʥʘʡʙʣʠʞʯʝ ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʜʦ ʞʝʨʪʚʠ, ʜʣʷ ʪʦʛʦ, ʱʦʙ 

ʚʦʥʠ ʧʝʨʝʤʽʩʪʠʣʠʩʷ ʚ ʡʦʛʦ ʥʘʧʨʷʤʢʫ. 

ʇʽʩʣʷ ʚʠʢʦʥʘʥʥʷ ʘʣʛʦʨʠʪʤʫ ʦʪʨʠʤʫʻʤʦ ʪʨʠ ʚʘʨʽʘʥʪʠ ʦʧʪʠʤʘʣʴʥʠʭ ʨʽʰʝʥʴ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʶʪʴ çʘʣʴʬʘè, çʙʝʪʘè ʽ çʜʝʣʴʪʘè ʚʦʚʢʘʤ ʦʩʪʘʥʥʴʦʾ ʧʦʧʫʣʷʮʽʾ.  

 

 

3.5.2 ʄʦʜʠʬʽʢʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ çʟʛʨʘʾ ʚʦʚʢʽʚè 

 

 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʥʘʰʦʾ ʟʘʜʘʯʽ, ʟʛʨʘʷ ʧʦʣʶʻ ʟʘ ʞʝʨʪʚʦʶ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ 

ʦʧʪʠʤʘʣʴʥʦʤʫ ʦʧʝʨʘʪʠʚʥʦʤʫ ʧʣʘʥʫ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ.  

ʂʦʞʝʥ çʚʦʚʢ ʟʛʨʘʾè ʚʽʜʧʦʚʽʜʘʻ ʘʣʴʪʝʨʥʘʪʠʚʥʦʤʫ ʦʧʝʨʘʪʠʚʥʦʤʫ ʧʣʘʥʫ iiL , -̔ʤʫ 

ʟʘʤʦʚʣʝʥʥʶ ʥʘ ʽʪʝʨʘʮʽʾ i. 

ʈʦʙʦʪʫ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ çʟʛʨʘʾ ʚʦʚʢʽʚè ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 3.3. 
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NODE: TITLE: NUMBER:

ɺʘʨʽʘʥʪʠ

ʧʣʘʥʽʚ

"ʦʤʝʛʘ"

"ʘʣʴʬʘ",

"ʙʝʪʘ",

"ʜʝʣʴʪʘ"

ʐʘʙʣʦʥ

ʜʣʷ ʚʠʙʦʨʫ

2/3

"ʦʤʝʛʘ"

1/3

"ʦʤʝʛʘ"

ʅʦʚʘ

ʟʛʨʘʷ

ʊʨʠ

ʦʧʪʠʤʘʣʴʥʽ

ʚʘʨʽʘʥʪʠ

ɿʛʨʘʷ

ʆʥʦʚʣʝʥʘ

ʟʛʨʘʷ

1

ʌʦʨʤʫʚʘʥʥʷ

ʟʛʨʘʾ

2

ʆʙʨʘʥʥʷ 

"ʘʣʴʬʘ", "ʙʝʪʘ", 

"ʜʝʣʴʪʘ", "ʦʤʝʛʘ"

3

ʈʦʟʜʽʣʝʥʥʷ 

"ʦʤʝʛʘ" 

ʥʘ 1/3 ʪʘ 2/3 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʰʘʙʣʦʥʫ

4

ʉʪʚʦʨʝʥʥʷ 

ʰʘʙʣʦʥʫ

9

ʗʢʱʦ ʽʪʝʨʘʮʽʷ ʢʨʘʪʥʘ 3 ʯʠ 5,

ʬʦʨʤʫʻʤʦ ʜʝʢʽʣʴʢʘ ʥʦʚʠʭ

5

ʌʦʨʤʫʚʘʥʥʷ 

ʥʦʚʠʭ "ʦʤʝʛʘ" 

ʚʦʚʢʽʚ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ

ʚʠʧʘʜʢʦʚʠʭ ʯʠʩʝʣ

6

ʌʦʨʤʫʚʘʥʥʷ 

ʥʦʚʠʭ "ʦʤʝʛʘ" 

ʚʦʚʢʽʚ ʽʟ 

ʬʽʢʩʦʚʘʥʠʤʠ 

ʧʦʟʠʮʽʷʤʠ 

ʜʣʷ ʤʦʜʠʬʽʢʘʮʽʾ

ʟʘ ʰʘʙʣʦʥʦʤ

8

ʗʢʱʦ ʽʪʝʨʘʮʽʷ 

ʢʨʘʪʥʘ 5 ʯʠ 7,

ʟʥʠʱʫʻʤʦ 

ʥʘʡʛʽʨʰʠʭ 

7

ʇʝʨʝʚʽʨʢʘ, ʯʠ 

ʟʤʽʥʠʣʠʩʴ 

"ʦʤʝʛʘ", 

"ʙʝʪʘ",

"ʜʝʣʴʪʘ"

ʪʘ ʯʠ ʜʦʩʷʛʣʠ 

ʧʘʨʘʤʝʪʨʽʚ 

1
ʇʝʨʝʣʽʢ ʟʘʤʦʚʣʝʥʴ 

ʥʘ ʟʘʜʘʥʠʡ ʧʝʨʽʦʜ

1

ʇʘʨʘʤʝʪʨʠ 

ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ

2

ʆʧʪʠʤʘʣʴʥʽ

ʚʘʨʽʘʥʪʠ

ʧʣʘʥʽʚ

 

ʈʠʩʫʥʦʢ 3.3 ï ʈʦʙʦʪʘ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ çʟʛʨʘʾ ʚʦʚʢʽʚè 

 

ʅʘ ʧʝʨʰʽʡ ʽʪʝʨʘʮʽʾ ʢʦʞʥʦʤʫ ʚʦʚʢʫ ʧʦʧʫʣʷʮʽʾ ʧʨʠʩʚʦʶʻʪʴʩʷ ʦʜʥʝ ʟʘʤʦʚʣʝʥʥʷ, 

ʙʝʟ ʧʦʚʪʦʨʝʥʥʷ, ʘ ʧʦʪʽʤ ʜʣʷ ʢʦʞʥʦʛʦ ʚʦʚʢʘ ʬʦʨʤʫʻʪʴʩʷ ʩʚʦʷ ʧʦʧʫʣʷʮʽʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʝʥʝʨʘʪʦʨʘ ʚʠʧʘʜʢʦʚʠʭ ʯʠʩʝʣ, ʱʦ ʚʠʢʣʶʯʘʻ ʧʦʚʪʦʨʝʥʥʷ ʥʦʤʝʨʽʚ 

ʟʘʤʦʚʣʝʥʴ, ʷʢʱʦ ʪʘʢʽ ʙʫʣʦ ʚʞʝ ʟʛʝʥʝʨʦʚʘʥʽ ʜʣʷ ʮʴʦʛʦ ʘʛʝʥʪʘ.  

ɼʣʷ ʬʦʨʤʫʚʘʥʥʷ ʧʝʚʥʠʭ ʯʣʝʥʽʚ ʧʦʧʫʣʷʮʽʾ ʤʦʞʥʘ ʟʘʣʫʯʠʪʠ ʦʩʦʙʫ, ʷʢʘ ʧʨʠʡʤʘʻ 

ʨʽʰʝʥʥʷ ʽ ʩʬʦʨʤʫʻ, ʟʛʽʜʥʦ ʟʽ ʩʚʦʾʤʠ ʟʥʘʥʥʷʤʠ ʪʘ ʤʽʨʢʫʚʘʥʥʷʤʠ, ʥʘʙʣʠʞʝʥʽ ʚʘʨʽʘʥʪʠ 

ʨʽʰʝʥʥʷ.  

ɼʣʷ ʬʦʨʤʫʚʘʥʥʷ ʧʝʨʰʦʾ ʧʦʧʫʣʷʮʽʾ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʨʝʟʫʣʴʪʘʪʠ, ʦʪʨʠʤʘʥʽ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʰʠʭ ʘʣʛʦʨʠʪʤʽʚ ʯʠ ʤʝʪʦʜʽʚ. 

ʇʽʩʣʷ ʚʠʢʦʥʘʥʥʷ ʢʦʞʥʦʾ ʽʪʝʨʘʮʽʾ ʜʣʷ ʢʦʞʥʦʛʦ ʚʦʚʢʘ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʥʘʯʝʥʥʷ 

ʡʦʛʦ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʣʘʥʫ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʯʘʩʪʢʦʚʽ ʢʨʠʪʝʨʽʾ ʘʙʦ 

ʦʮʽʥʦʯʥʫ ʬʫʥʢʮʽʶ 0F¡. ɿʘ ʟʥʘʯʝʥʥʷʤ ʦʮʽʥʢʠ ʢʦʞʥʦʛʦ ʚʦʚʢʘ ʫ ʟʛʨʘʾ ʾʭ ʨʦʟʜʽʣʷʶʪʴ ʥʘ 

ʯʦʪʠʨʠ ʪʠʧʠ: çʘʣʴʬʘè ï ʚʦʚʢ ʚʘʪʘʞʦʢ, ʦʮʽʥʢʘ ʷʢʦʛʦ ʤʘʻ ʥʘʡʦʧʪʠʤʘʣʴʥʽʰʝ ʨʽʰʝʥʥʷ ʟʘ 
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ʯʘʩʪʢʦʚʠʤʠ ʢʨʠʪʝʨʽʷʤʠ ʘʙʦ ʦʮʽʥʦʯʥʦʶ ʬʫʥʢʮʽʻʶ 0F¡; çʙʝʪʘè ʪʘ çʜʝʣʴʪʘè ï ʮʝ ʚʦʚʢʠ, 

ʷʢʽ ʟʘʛʘʥʷʶʪʴ ʞʝʨʪʚʫ, ʦʮʽʥʢʘ ʷʢʠʭ ʟʘʡʤʘʻ ʜʨʫʛʝ ʪʘ ʪʨʝʪʻ ʤʽʩʮʝ ʩʝʨʝʜ ʥʘʡʢʨʘʱʠʭ; 

çʦʤʝʛʘè ï ʫʩʽ ʽʥʰʽ.  

ʇʝʨʰʽ ʪʨʠ ʪʠʧʠ ʚʦʚʢʽʚ ʬʽʢʩʫʶʪʴʩʷ ʥʘ ʽʪʝʨʘʮʽʷʭ ʜʦ ʪʠʭ ʧʽʨ, ʧʦʢʠ ʥʝ ʙʫʜʝ 

ʟʥʘʡʜʝʥʦ ʥʦʚʽ ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʚʘʨʽʘʥʪʠ ʨʽʰʝʥʥʷ, ʱʦ ʙʫʜʫʪʴ ʢʨʘʱʽ ʧʦʪʦʯʥʠʭ, ʘʙʦ ʙʫʜʝ 

ʚʠʯʝʨʧʘʥʦ ʟʘʜʘʥʫ ʢʽʣʴʢʽʩʪʴ ʽʪʝʨʘʮʽʡ. ɺʦʚʢʠ çʘʣʴʬʘè, çʙʝʪʘè, çʜʝʣʴʪʘè ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʬʦʨʤʫʚʘʥʥʷ çʦʤʝʛʘè ʚʦʚʢʽʚ. 

ɹʘʞʘʥʦ ʟʙʝʨʽʛʘʪʠ ʟʥʘʯʝʥʥʷ çʘʣʴʬʘè, çʙʝʪʘè, çʜʝʣʴʪʘè ʚʽʜ 3 ʜʦ 5 ʽʪʝʨʘʮʽʡ 

ʧʽʜʨʷʜ, ʱʦ ʜʘʚʘʪʠʤʝ ʤʦʞʣʠʚʽʩʪʴ ʟʥʘʭʦʜʞʝʥʥʷ ʛʣʦʙʘʣʴʥʦʛʦ ʦʧʪʠʤʫʤʫ.  

ʂʽʣʴʢʽʩʪʴ ʽʪʝʨʘʮʽʡ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʫʪʨʠʤʫʚʘʪʠ (ʟʥʘʯʝʥʥʷ çʘʣʴʬʘè, çʙʝʪʘè, 

çʜʝʣʴʪʘè ʚʦʚʢʽʚ), ʟʘʜʘʶʪʴʩʷ ʢʦʨʠʩʪʫʚʘʯʝʤ. ʂʽʣʴʢʽʩʪʴ ʚʧʣʠʚʘʻ ʥʘ ʰʚʠʜʢʽʩʪʴ ʧʦʰʫʢʫ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ.  

ʌʘʢʪʠʯʥʦ ʥʘ ʢʦʞʥʽʡ ʽʪʝʨʘʮʽʾ ʚʦʚʢʠ ʪʠʧʫ çʦʤʝʛʘè ʥʘʤʘʛʘʶʪʴʩʷ ʥʘʙʣʠʟʠʪʠʩʷ ʜʦ 

ʚʦʚʢʽʚ çʘʣʴʬʘè, çʙʝʪʘè, çʜʝʣʴʪʘè, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʦʪʦʯʝʥʥʶ ʪʘ ʟʘʭʚʘʪʫ ʞʝʨʪʚʠ 

ʚʦʚʢʘʤʠ ʟʛʨʘʾ.  

ʇʨʠʡʥʷʪʦ, ʱʦ ʫʩʽ ʚʦʚʢʠ ʟʜʽʡʩʥʶʶʪʴ ʧʝʨʝʤʽʱʝʥʥʷ ʟ ʦʜʥʘʢʦʚʦʶ ʰʚʠʜʢʽʩʪʶ, ʮʝ 

ʟʘʙʝʟʧʝʯʫʻ ʥʘ ʢʦʞʥʽʡ ʽʪʝʨʘʮʽʾ ʾʭ ʟʤʽʱʝʥʥʷ ʥʘ ʧʝʚʥʫ ʚʽʜʩʪʘʥʴ.  

ʅʘ ʢʽʥʮʽ ʢʦʞʥʦʾ ʽʪʝʨʘʮʽʾ i ʧʨʦʚʦʜʠʤʦ ʘʥʘʣʽʟ çʘʣʴʬʘè, çʙʝʪʘè, çʜʝʣʴʪʘè ʚʦʚʢʽʚ 

ʪʘ ʚʠʜʽʣʷʻʤʦ ʰʘʙʣʦʥ Ws, ʘ ʩʘʤʝ ʦʜʥʘʢʦʚʽ ʧʦʟʠʮʽʾ ʟ ʦʜʥʘʢʦʚʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʚ ʫʩʽʭ 

ʪʨʴʦʭ ʚʘʨʽʘʥʪʘʭ. Ws ʙʫʜʝ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ çʦʤʝʛʘ ʚʦʚʢʽʚè ʥʘ ʥʘʩʪʫʧʥʽʡ 

ʽʪʝʨʘʮʽʾ.  

ʋʩʽ ʽʥʰʽ ʧʦʪʨʘʧʣʷʶʪʴ ʫ ʰʘʙʣʦʥ Wz. ʐʘʙʣʦʥʠ Ws ʪʘ Wz ʧʨʝʜʩʪʘʚʣʷʶʪʴʩʷ ʷʢ 

ʦʜʥʦʚʠʤʽʨʥʽ ʚʝʢʪʦʨʠ, ʧʝʨʝʣʽʢ ʽʥʜʝʢʩʽʚ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʥʝ ʙʫʜʫʪʴ ʟʤʽʥʶʚʘʪʠʩʷ, 

ʧʦʟʥʘʯʘʻʤʦ 
sWJ , ʘ ʧʝʨʝʣʽʢ ʽʥʜʝʢʩʽʚ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʙʫʜʫʪʴ ʟʤʽʥʶʚʘʪʠʩʷ, ʧʦʟʥʘʯʘʻʤʦ 

zWJ . 

ʅʘ ʨʠʩ. 3.4 ʥʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜ ʨʽʰʝʥʴ ʜʣʷ çʘʣʴʬʘè, çʙʝʪʘè, çʜʝʣʴʪʘè ʚʦʚʢʽʚ ʽ 

ʚʠʜʽʣʝʥʠʡ ʰʘʙʣʦʥ, ʚ ʷʢʦʤʫ ʬʽʢʩʫʻʪʴʩʷ 2, 5 ʪʘ 6 ʝʣʝʤʝʥʪ ʟʽ ʟʥʘʯʝʥʥʷʤʠ 5, 7, 6 

ʚʽʜʧʦʚʽʜʥʦ. 
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 çʘʣʴʬʘè 9 5 4 1 7 6 2 3 8 

çʙʝʪʘè 1 5 2 9 7 6 3 4 8 

çʜʝʣʴʪʘè 2 5 8 3 7 6 9 1 4 

 

ʰʘʙʣʦʥ Ws  5   7 6    

ʰʘʙʣʦʥ Wz  *    *  *     

ʈʠʩʫʥʦʢ 3.4 ï ʇʨʠʢʣʘʜ ʚʠʜʽʣʝʥʥʷ ʰʘʙʣʦʥʫ 

 

ʋʩʽ ʧʦʟʠʮʽʾ, ʷʢʽ ʥʝ ʟʘʬʽʢʩʦʚʘʥʽ ʫ ʰʘʙʣʦʥ ̔Ws, ʙʫʜʫʪʴ ʟʤʽʥʶʚʘʪʠʩʷ, ʪʦʙʪʦ ʚʦʥʠ 

ʙʫʜʫʪʴ ʚʥʝʩʝʥʽ ʫ ʰʘʙʣʦʥ Wz, ʘ ʩʘʤʝ ʪʽ ʝʣʝʤʝʥʪʠ, ʱʦ ʤʘʶʪʴ ʽʥʜʝʢʩʠ 1, 3, 4, 7, 8, 9.  

ʅʝʦʙʭʽʜʥʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʟʤʽʥʠ çʦʤʝʛʘè ʚʦʚʢʽʚ ʚʽʜʙʫʚʘʶʪʴʩʷ ʟʘ ʧʨʘʚʠʣʦʤ: ʫʩʽ 

ʚʦʚʢʠ ʤʘʶʪʴ ʦʜʥʘʢʦʚʫ ʰʚʠʜʢʽʩʪʴ, ʱʦ ʜʦʟʚʦʣʷʻ ʥʘ ʢʦʞʥʽʡ ʽʪʝʨʘʮʽʾ ʧʦʤʽʥʷʪʠ ʤʽʩʮʷʤʠ 

ʪʽʣʴʢʠ ʜʚʘ ʟʘʤʦʚʣʝʥʥʷ ʫ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʟ ʰʘʙʣʦʥʦʤ Wz. 

ʋʩʽ çʦʤʝʛʘè ʚʦʚʢʠ ʨʦʟʜʽʣʷʶʪʴʩʷ ʥʘ 3 ʯʘʩʪʠʥʠ. ʋ 2/3 ʯʘʩʪʠʥʠ çʦʤʝʛʘè ʚʦʚʢʽʚ 

ʚʠʜʽʣʷʶʪʴ ʪʠʭ, ʭʪʦ ʧʦʚʥʽʩʪʶ ʘʙʦ ʯʘʩʪʢʦʚʦ ʩʧʽʚʧʘʜʘʻ ʟ ʰʘʙʣʦʥʦʤ Ws. ɺʦʚʢʠ, ʱʦ 

ʧʦʚʥʽʩʪʶ ʩʧʽʚʧʘʜʘʶʪʴ ʽʟ ʰʘʙʣʦʥʦʤ, ʤʦʜʠʬʽʢʫʶʪʴʩʷ ʟʘ ʪʘʢʠʤʠ ʧʨʘʚʠʣʘʤʠ (3.34ï

3.36). 

 

( )a*rjWv z += ,     (3.34) 

 

( ) ()jWrjW zz =+ a* ,    (3.35) 

 

( )a*rjWv z += ,     (3.36) 

 

ʜʝ j ï ʽʥʜʝʢʩ ʝʣʝʤʝʥʪʘ, ʟʥʘʯʝʥʥʷ ʷʢʦʛʦ ʙʫʜʝ ʟʘʤʽʥʝʥʦ ʥʘ ʟʥʘʯʝʥʥʷ ʝʣʝʤʝʥʪʘ ʟ 

ʽʥʜʝʢʩʦʤ a*rj+ , ʘ ʡʦʛʦ ʟʥʘʯʝʥʥʷ ʛʝʥʝʨʫʻʪʴʩʷ ʚʠʧʘʜʢʦʚʦ )(
zWJrndj =  ʟ ʝʣʝʤʝʥʪʽʚ 

ʤʥʦʞʠʥʠ 
zWJ  ( nrjnjJrjJj

zz WW ¢+<¢<Í+Í aa *0,0,*, , ʜʝ n ï ʢʽʣʴʢʽʩʪʴ 

ʟʘʤʦʚʣʝʥʴ); 
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     r ï ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʠʟʥʘʯʘʻ ʥʘʧʨʷʤʦʢ ʨʫʭʫ ʚʦʚʢʘ ʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʝʥʝʨʘʪʦʨʘ ʚʠʧʘʜʢʦʚʠʭ ʯʠʩʝʣ ( )1;1-=rndr ; 

    a ï ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʤʽʨʫ ʢʨʦʢʫ ʚʦʚʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʝʥʝʨʘʪʦʨʘ 

ʚʠʧʘʜʢʦʚʠʭ ʯʠʩʝʣ ( )2;1rnd=a , ʪʦʙʪʦ ʙʫʜʝ ʧʨʠʡʥʷʪʦ ʦʜʠʥ ʟ̔ ʚʘʨʽʘʥʪʽʚ: 1 ʯʠ 2. 

ɺʦʚʢʠ, ʱʦ ʪʽʣʴʢʠ ʯʘʩʪʢʦʚʦ ʩʧʽʚʧʘʜʘʶʪʴ ʽʟ ʰʘʙʣʦʥʦʤ, ʟʤʽʥʶʶʪʴʩʷ ʟʘ ʪʘʢʠʤ 

ʘʣʛʦʨʠʪʤʦʤ:  

Å ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʨʽʚʥʷʥʥʷ ʧʦʪʦʯʥʦʛʦ iW  ʟ ʰʘʙʣʦʥʦʤ sW   ̔ʚʽʜʰʫʢʫʻʪʴʩʷ aij  ï 

ʽʥʜʝʢʩ ʝʣʝʤʝʥʪʘ ʚ ʧʦʪʦʯʥʦʤʫ, ʷʢʠʡ ʥʝ ʩʧʽʚʧʘʜʘʻ ʟʘ ʟʥʘʯʝʥʥʷʤ ʟ ʝʣʝʤʝʥʪʦʤ ʫ hʘʙʣʦʥʽ 

( ) ( )aisaii jWjW ¸ ; 

Å ʟʥʘʭʦʜʠʤʦ bij  ï ʽʥʜʝʢʩ ʝʣʝʤʝʥʪʘ ʫ iW, ʱʦ ʜʦʨʽʚʥʶʻ ʟʥʘʯʝʥʥʶ ( )ais jW , ʪʦʙʪʦ 

( ) ( )aisbii jWjW ¸ , ʧʨʠ ʮʴʦʤʫ biai jj ¸ ; 

Å ʟʜʽʡʩʥʶʻʤʦ ʟʘʤʽʥʫ (3.37): 

 

( ) ( )

( ) ( )bisaii

aiibii

jWjW

jWjW

=

=
.                                                 (3.37) 

 

ʋ 1/3 ʯʘʩʪʠʥʽ çʦʤʝʛʘè ʚʦʚʢʽʚ ʚʠʜʽʣʷʶʪʴ ʫʩʽ ʪʽ, ʭʪʦ ʥʝ ʫʚʽʡʰʦʚ ʜʦ ʧʝʨʰʦʾ 2/3 

ʯʠʩʪʠʥʠ. ɺʦʚʢʠ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʫ 1/3 ʯʘʩʪʠʥʽ, ʟʤʽʥʶʶʪʴʩ̫ ʟʘ ʧʨʘʚʠʣʘʤʠ (3.34ï3.36), 

ʘʣʝ ʽʥʜʝʢʩ j ʛʝʥʝʨʫʻʪʴʩʷ ʚʠʧʘʜʢʦʚʦ ( )nrndj 21= . 

ʇʨʦʧʦʥʫʻʪʴʩʷ ʟʜʽʡʩʥʶʚʘʪʠ ʨʦʟʰʠʨʝʥʥʷ ʧʦʧʫʣʷʮʽʾ ʚʦʚʢʽʚ ʥʘ ʢʦʞʥʽʡ 3-ʽʡ ʪʘ 5-ʽʡ 

ʽʪʝʨʘʮʽʾ ʘʣʛʦʨʠʪʤʫ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʫʩʽʭ ʥʦʚʠʭ ʚʦʚʢʽʚ ʟʘ ʧʨʘʚʠʣʦʤ (3.34ï3.36), ʘʣʝ, 

ʩʪʚʦʨʶʶʯʠ ʜʚʦʭ ʥʦʚʠʭ, ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʜʣʷ ʦʜʥʦʛʦ 1-=r , ʜʣʷ ʽʥʰʦʛʦ 1=r . ʇʨʠ 

ʮʴʦʤʫ ʥʝʦʙʭʽʜʥʦ ʚʽʜʩʣʽʜʢʦʚʫʚʘʪʠ ʟʘʛʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʚʦʚʢʽʚ ʧʦʧʫʣʷʮʽʾ, ʷʢʘ ʥʝ 

ʧʦʚʠʥʥʘ ʧʝʨʝʚʠʱʫʚʘʪʠ n2 . ʊʘʢʦʞ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʮʴʦʛʦ ʧʽʜʭʦʜʫ ʥʘ 5-ʽʡ ʪʘ 7-ʽʡ 

ʽʪʝʨʘʮʽʾ ʟʜʽʡʩʥʶʚʘʪʠ ʟʥʠʱʝʥʥʷ ʘʛʝʥʪʽʚ, ʷʢʽ ʤʘʶʪʴ ʥʘʡʛʽʨʰʝ ʟʥʘʯʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʥʘʙʦʨʫ ʢʨʠʪʝʨʽʾʚ ʘʙʦ ʟʘʛʘʣʴʥʦʾ ʦʮʽʥʦʯʥʦʾ ʬʫʥʢʮʽʾ. ɼʣʷ ʙʫʜʴ-ʷʢʦʾ ʤʦʜʠʬʽʢʘʮʽʾ 

ʘʣʛʦʨʠʪʤʫ çʟʛʨʘʾ ʚʦʚʢʽʚè ʜʦʩʪʘʪʥʴʦ ʢʦʥʪʨʦʣʶʚʘʪʠ ʜʚʘ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʠ, ʘ ʩʘʤʝ 

ʨʦʟʤʽʨ ʧʦʧʫʣʷʮʽʾ ʽ ʢʨʦʢ, ʟ ʷʢʠʤ ʧʝʨʝʤʽʱʘʶʪʴʩʷ ʚʦʚʢʠ. 
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3.6 ɸʣʛʦʨʠʪʤ çʤʫʨʘʰʠʥʦʾ ʢʦʣʦʥʽʾè 

3.6.1 ɸʣʛʦʨʠʪʤ çʤʫʨʘʰʠʥʦʾ ʢʦʣʦʥʽʾè ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʣʽʪʥʠʭ ʤʫʨʘʭ 

 

 

ɺʨʘʭʦʚʫʶʯʠ ʩʢʣʘʜʥʽʩʪʴ ʟʘʜʘʯʽ ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʪʘ ʾʾ ʚʝʣʠʢʫ 

ʨʦʟʤʽʨʥʽʩʪʴ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʫ çʤʫʨʘʰʠʥʦʾ ʢʦʣʦʥʽʾè ʚ ʧʝʨʚʠʥʥʦʤʫ ʚʠʛʣʷʜʽ ʥʝ 

ʜʦʟʚʦʣʷʻ ʜʦʩʠʪʴ ʰʚʠʜʢʦ ʟʥʘʡʪʠ ʦʧʪʠʤʘʣʴʥʝ ʘʙʦ ʙʣʠʟʴʢʝ ʜʦ ʥʴʦʛʦ ʨʽʰʝʥʥʷ. ʆʪʞʝ, 

ʥʝʦʙʭʽʜʥʠʤ ʻ ʚʠʟʥʘʯʝʥʥʷ ʤʦʞʣʠʚʠʭ ʰʣʷʭʽʚ ʧʦʢʨʘʱʝʥʥʷ ʘʣʛʦʨʠʪʤʫ, ʦʨʽʻʥʪʫʶʯʠʩʴ ʥʘ 

ʜʦʩʣʽʜʞʫʚʘʥʫ ʧʨʝʜʤʝʪʥʫ ʦʙʣʘʩʪʴ.  

ʆʩʥʦʚʘ ʘʣʛʦʨʠʪʤʫ çʤʫʨʘʰʠʥʦʾ ʢʦʣʦʥʽʾè ʧʦʣʷʛʘʻ ʚ ʨʝʘʣʽʟʘʮʽʾ ʧʨʠʥʮʠʧʫ 

ʢʦʣʝʢʪʠʚʥʦʛʦ ʨʦʟʫʤʫ ʥʘ ʧʨʠʢʣʘʜʽ ʤʫʨʘʰʠʥʦʾ ʢʦʣʦʥʽʾ. ɼʣʷ ʧʦʰʫʢʫ ʝʢʩʪʨʝʤʘʣʴʥʠʭ 

ʟʥʘʯʝʥʴ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʥʘ ʢʦʞʥʽʡ ʽʪʝʨʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʠʟʥʘʯʝʥʘ ʢʽʣʴʢʽʩʪʴ 

ʘʛʝʥʪʽʚ (ʰʪʫʯʥʠʭ ʤʫʨʘʭ), ʷʢʽ ʙʫʜʫʶʪʴ ʪʘʢʫ ʞ ʢʽʣʴʢʽʩʪʴ ʜʦʧʫʩʪʠʤʠʭ ʨʽʰʝʥʴ ʟʘʜʘʯʽ. 

ʉʝʨʝʜ ʮʠʭ ʨʽʰʝʥʴ ʚʠʙʠʨʘʻʪʴʩʷ ʯʘʩʪʠʥʘ ʥʘʡʢʨʘʱʠʭ ʟʘ ʮʽʣʴʦʚʦʶ ʬʫʥʢʮʽʻʶ. ʆʪʨʠʤʘʥʘ 

ʽʥʬʦʨʤʘʮʽʷ ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʚ ʟʘʛʘʣʴʥʦʜʦʩʪʫʧʥʦʤʫ ʙʘʥʢʫ ʜʘʥʠʭ ʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʘʛʝʥʪʘʤʠ ʥʝʟʘʣʝʞʥʦ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ. ɼʣʷ ʥʘʩʪʫʧʥʠʭ ʽʪʝʨʘʮʽʡ ʜʘʥʽ ʢʦʤʧʦʥʝʥʪʠ 

ʙʫʜʫʪʴ ʤʘʪʠ ʙʽʣʴʰʫ ʡʤʦʚʽʨʥʽʩʪʴ ʫʚʽʡʪʠ ʜʦ ʦʩʪʘʪʦʯʥʦʛʦ ʨʽʰʝʥʥʷ, ʥʽʞ ʮʝ ʙʫʣʦ ʥʘ 

ʧʦʧʝʨʝʜʥʽʭ ʽʪʝʨʘʮʽʷʭ  ʂʦʞʝʥ ʘʛʝʥʪ ʜʽʻ ʟʘ ʧʨʘʚʠʣʘʤʠ ʡʤʦʚʽʨʥʽʩʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʪʘ ʧʨʠ 

ʚʠʙʦʨʽ ʥʘʧʨʷʤʢʫ ʦʨʽʻʥʪʫʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʥʘ ʧʨʠʨʦʱʝʥʥʷ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ, ʘ ʡ ʥʘ 

ʩʪʘʪʠʩʪʠʯʥʫ ʽʥʬʦʨʤʘʮʽʶ, ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʧʦʧʝʨʝʜʥʶ ʽʩʪʦʨʽʶ ʢʦʣʝʢʪʠʚʥʦʛʦ ʧʦʰʫʢʫ 

[4, 12, 18, 45, 219, 256ï275]. 

ʆʜʥʽʻʶ ʟ ʤʦʞʣʠʚʦʩʪʝʡ ʝʬʝʢʪʠʚʥʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʘʣʛʦʨʠʪʤʫ çʤʫʨʘʰʠʥʦʾ 

ʢʦʣʦʥʽʾè ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʧʣʘʥʫʚʘʥʥʷ ʻ ʡʦʛʦ ʧʦʻʜʥʘʥʥʷ ʟ ʛʝʥʝʪʠʯʥʠʤ 

ʘʣʛʦʨʠʪʤʦʤ, ʟʘʚʜʷʢʠ ʯʦʤʫ ʜʦʩʷʛʘʻʪʴʩʷ ʜʠʥʘʤʽʯʥʝ ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʽʜ ʨʽʟʥʽ 

ʚʘʨʽʘʥʪʠ ʚʭʽʜʥʠʭ ʜʘʥʠʭ. ʗʢ ʥʘʩʣʽʜʦʢ, ʟʤʝʥʰʫʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ 

ʟʥʘʭʦʜʞʝʥʥʷ ʨʦʟʚôʷʟʢʫ ʽʪʝʨʘʮʽʡ, ʘ ʟʘʛʘʣʴʥʠʡ ʯʘʩ ʨʦʙʦʪʠ ʟʤʝʥʰʫʻʪʴʩʷ. 

ɿʘ ʦʩʥʦʚʫ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʙʝʨʝʪʴʩʷ ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ 

çʤʫʨʘʰʠʥʦʾ ʢʦʣʦʥʽʾè, ʷʢʠʡ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʫ ʨʦʙʦʪʽ [12]. ʂʦʤʙʽʥʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ ʜʣʷ 

ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʤʘʻ ʪʘʢʠʡ ʚʠʛʣʷʜ [4, 12, 36, 

219]. 
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ʉʭʝʤʘʪʠʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʘʣʛʦʨʠʪʤʫ çʤʫʨʘʰʠʥʦʾ ʢʦʣʦʥʽʾè ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 

3.5. 

 

ʈʠʩʫʥʦʢ 3.5 ï ʋʟʘʛʘʣʴʥʝʥʘ ʙʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʫ çʤʫʨʘʰʠʥʦʾ ʢʦʣʦʥʽʾè 

 

ʅ ̔
 

ʅ ̔

ʇʝʨʝʨʘʭʦʚʫʻʤʦ 

a, p, A, Q 

ʆʥʦʚʣʶʻʤʦ  

ʨʽʚʝʥʴ ʚʽʜʤʽʪʦʢ 

()tkur,tD  

ɺʩʽ ʨʝʙʨʘ 

ʧʨʦʡʜʝʥʽ? 

 

ʇʦʪʦʯʥʝ ʨʝʙʨʦ 

ʧʨʦʡʜʝʥʝ? 

 

ʊʘʢ 
 

ʇʦʯʘʪʦʢ  

ʆʙʠʨʘʻʤʦ  

ʢʨʠʪʝʨʽʡ ʪʘ 

ʦʮʽʥʦʯʥʫ  

ʬʫʥʢʮʽʶ 

 

ʌʦʨʤʫʻʤʦ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ 

ʚʠʢʦʥʘʥʥʷ 

ʟʘʤʦʚʣʝʥʴ 

 

 

 ɿʘʜʘʻʤʦ ʩʪʘʪʠʯʥʽ 

ʰʘʙʣʦʥʠ 

ʚʠʢʦʥʘʥʥʷ 

ʟʘʤʦʚʣʝʥʴ 

 ʆʙʯʠʩʣʶʻʤʦ 

ʟʘʛʘʣʴʥʫ  

ʢʽʣʴʢʽʩʪʴ  

ʘʛʝʥʪʽʚ b 

 ɺʠʟʥʘʯʘʻʤʦ 

ʢʽʣʴʢʽʩʪʴ  

çʝʣʽʪʥʠʭè 

ʤʫʨʘʭ (ʘʛʝʥʪʽʚ) 

 
 ɺʠʟʥʘʯʘʻʤʦ  

a, p, A, Q 

 

 
 

ɺʠʢʦʨʠʩʪʦʚʫʻʤʦ  

çʝʣʽʪʥʠʭè  

ʤʫʨʘʭ? 

ʅ ̔
 

ɼʦʜʘʻʤʦ ʜʘʥʽ ʧʨʦ 

ʝʪʘʧ ʫ ʧʘʤ'ʷʪʴ 

ʚʫʟʣʘ, ʚʠʜʘʣʷʻʤʦ  

ʟ ʧʘʤôʷʪʽ ʘʛʝʥʪʘ 

 

ʄʦʞʣʠʚʦ  

ʚʠʢʦʥʘʪʠ  

ʥʘʩʪʫʧʥʠʡ ʝʪʘʧ? 

 

ʇʝʨʝʭʦʜʠʤʦ 

ʜʦʜʘʪʢʦʚʠʤ 

ʨʝʙʨʦʤ 

 

ɺ̔ ʜʟʥʘʯʘʻʤʦ 

ʧʨʦʡʜʝʥʠʭ ʰʣʷʭ, 

ʦʯʠʱʫʻʤʦ  

ʧʘʤôʷʪʴ ʚʫʟʣʽʚ 

 

ʊʘʢ 
 ɺʠʟʥʘʯʘʻʤʦ  

ʥʘʩʪʫʧʥʝ ʨʝʙʨʦ,  

ʟʘ ʚʽʜʧʦʚʽʜʥʠʤ 

ʧʨʘʚʠʣʦʤ 

 

ʊʘʢ 
 

 

ʊʘʢ 
 

ʇʦʩʠʣʶʻʤʦ 

ʥʘʡʢʨʘʱʽ  

ʟʥʘʡʜʝʥʽ ʨʽʰʝʥʥʷ 

()tkur,tD  

 

 

ɿʥʘʡʜʝʥʥʽ  

ʨʽʰʝʥʥʷ ʥʘʡʢʨʘʱʽ?  

ɺʩʽ ʘʛʝʥʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ? 

 

ʊʘʢ 
 

ʅ ̔
 

ɺʠʚʦʜʠʤʦ 

ʨʝʟʫʣʴʪʘʪ 

 

 

ʂʽʥʝʮʴ 
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ʂʦʤʙʽʥʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ 

ʟʘʤʦʚʣʝʥʴ ʤʘʻ ʥʘʩʪʫʧʥʽ ʢʨʦʢʠ. 

1. ʌʦʨʤʫʻʤʦ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʝʪʘʧʽʚ ʜʣʷ ʢʦʞʥʦʛʦ ʟʘʤʦʚʣʝʥʥʷ ʟʛʽʜʥʦ ʟ̔ 

ʚʩʪʘʥʦʚʣʝʥʠʤʠ ʽʥʜʠʚʽʜʫʘʣʴʥʠʤʠ ʚʠʤʦʛʘʤʠ ʜʦ ʾʭ ʟʜʽʡʩʥʝʥʥʷ, ʚʨʘʭʦʚʫʶʯʠ ʧʨʠ ʮʴʦʤʫ 

ʤʦʞʣʠʚʦʩʪʽ ʧʘʨʘʣʝʣʴʥʦʾ ʨʦʙʦʪʠ ʥʘʜ ʜʝʷʢʠʤʠ ʦʢʨʝʤʠʤʠ ʝʪʘʧʘʤʠ. 

2. ɿʘʜʘʻʤʦ ʩʪʘʪʠʯʥʽ ʰʘʙʣʦʥʠ ʚʠʢʦʥʘʥʥʷ ʜʣʷ ʟʘʤʦʚʣʝʥʴ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ 

ʚʠʢʦʥʫʚʘʪʠ ʨʘʟʦʤ ʘʙʦ ʫ ʧʝʚʥʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ, ʘʙʦ ʥʘ ʧʝʚʥʠʡ ʯʘʩ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʰʘʙʣʦʥ ʬʽʢʩʫʻ ʧʝʨʝʭʽʜ ʚʽʜ ʧʝʚʥʦʛʦ ʟʘʤʦʚʣʝʥʥʷ ʜʦ ʽʥʰʦʛʦ ʘʙʦ ʚʠʟʥʘʯʘʻ ʟʥʘʯʝʥʥʷ 

ʯʘʩʫ, ʢʦʣʠ ʩʘʤʝ ʥʝʦʙʭʽʜʥʦ ʧʦʯʘʪʠ/ʟʘʢʽʥʯʠʪʠ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ. 

3. ʆʙʯʠʩʣʶʻʤʦ ʟʘʛʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʘʛʝʥʪʽʚ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʫ 

çʤʫʨʘʰʠʥʦʾ ʢʦʣʦʥʽʾè ʟʘ ʬʦʨʤʫʣʦʶ (3.38): 

 

( ) ö
ö

÷

õ

æ
æ

ç

å
-= ää

= =

n

i

J

j

ijl
l

n

i

ygmb
1 1

max**1* w ,                                   (3.38) 

 

ʜʝ m ï ʢʽʣʴʢʽʩʪʴ ʚʠʢʦʥʘʚʮʽʚ, ʟʘʜʽʷʥʠʭ ʫ ʚʠʢʦʥʘʥʥʽ ʟʘʤʦʚʣʝʥʴ ʟʘ ʧʣʘʥʦʚʠʡ 

ʧʝʨʽʦʜ; 

    l ï ʥʦʤʝʨ ʚʠʢʦʥʘʚʮʷ, MlÍ , { }mM 22,1= ï ʤʥʦʞʠʥʘ ʚʠʢʦʥʘʚʮʽʚ;  

    g ï ʢʽʣʴʢʽʩʪʴ ʚʫʟʣʽʚ ʥʘ ʧʣʦʱʠʥʽ ʛʨʘʬʘ; 

    n ï ʢʽʣʴʢʽʩʪʴ ʟʘʤʦʚʣʝʥʴ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʟʘ ʧʣʘʥʦʚʠʡ ʧʝʨʽʦʜ; 

    ɤn ï ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʝʪʘʧʽʚ ʜʣʷ n ʟʘʤʦʚʣʝʥʴ; 

    i ï ʥʦʤʝʨ ʟʘʤʦʚʣʝʥʥʷ; 

    J  ̔ï ʤʥʦʞʠʥʘ ʝʪʘʧʽʚ iïʛʦ ʟʘʤʦʚʣʝʥʥʷ;  

    j ï ʥʦʤʝʨ ʝʪʘʧʫ ʟ̔ ʤʥʦʞʠʥʠ ʝʪʘʧʽʚ, iJjÍ ;  

   ijly ï ʧʘʨʘʤʝʪʨ, ʷʢʠʡ ʧʨʠʡʤʘʻ ʟʥʘʯʝʥʥʷ {0,1}: 1=ijly , ʷʢʱʦ j-ʠʡ ʝʪʘʧ i-ʛʦ 

ʟʘʤʦʚʣʝʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ lïʠʤ ʚʠʢʦʥʘʚʮʝʤ; 0=ijly  ʚ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ. 

4. ɺʠʟʥʘʯʘʻʤʦ ʢʽʣʴʢʽʩʪʴ çʝʣʽʪʥʠʭè ʘʛʝʥʪʽʚ, ʪʦʙʪʦ ʪʘʢʠʭ, ʷʢʽ ʨʫʭʘʶʪʴʩʷ ʪʽʣʴʢʠ 

ʥʘʡʢʨʘʱʠʤʠ ʟʥʘʡʜʝʥʠʤʠ ʥʘ ʧʦʧʝʨʝʜʥʽʭ ʽʪʝʨʘʮʽʷʭ ʤʘʨʰʨʫʪʘʤʠ (3.39).  
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e

b
bl

*2
= ,                                                      (3.39) 

 

ʜʝ 718.2ºe  [12, 339].  

ɺʠʢʦʨʠʩʪʘʥʥʷ çʝʣʽʪʥʠʭè ʘʛʝʥʪʽʚ ʟʘʙʝʟʧʝʯʫʻ ʰʚʠʜʢʽʩʪʴ ʟʥʘʭʦʜʞʝʥʥʷ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ, ʱʦ ʻ ʜʫʞʝ ʚʘʞʣʠʚʠʤ, ʦʩʢʽʣʴʢʠ ʚ ʨʝʘʣʴʥʠʭ ʩʠʪʫʘʮʽʷʭ 

ʥʝʦʙʭʽʜʥʦ ʧʽʜʪʨʠʤʫʚʘʪʠ ʙʘʣʘʥʩ ʤʽʞ ʷʢʽʩʪʶ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʨʽʰʝʥʴ ʪʘ ʯʘʩʦʤ ʨʦʙʦʪʠ 

ʘʣʛʦʨʠʪʤʫ. ɿʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʩʧʝʮʽʘʣʴʥʠʭ ʘʛʝʥʪʽʚ ʻ ʜʦʩʠʪʴ ʝʬʝʢʪʠʚʥʠʤ 

ʩʧʦʩʦʙʦʤ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʩʢʦʨʦʪʠʪʠ ʯʠʩʣʦ ʽʪʝʨʘʮʽʡ ʚʩʴʦʛʦ ʘʣʛʦʨʠʪʤʫ. ʇʨʦʪʝ 

ʟʘʥʘʜʪʦ ʚʝʣʠʢʘ ʾʭ ʢʽʣʴʢʽʩʪʴ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʫʧʠʥʢʠ ʘʣʛʦʨʠʪʤʫ ʥʘ ʥʝʦʧʪʠʤʘʣʴʥʦʤʫ 

ʨʽʰʝʥʥʽ [12, 18]. 

5. ɺʩʪʘʥʦʚʣʶʻʤʦ ʚʠʧʘʜʢʦʚʽ ʜʦʧʫʩʪʠʤʽ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʘʣʛʦʨʠʪʤʫ 

çʤʫʨʘʰʠʥʦʾ ʢʦʣʦʥʽʾè, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʡʦʛʦ ʨʦʙʦʪʠ, ʘ ʩʘʤʝ: 

Ŭ ï ʚʘʛʘ ʬʝʨʦʤʦʥʫ, 10 ¢¢a , ʷʢʘ ʚʠʟʥʘʯʘʻ ʚʽʜʥʦʩʥʫ ʟʥʘʯʠʤʽʩʪʴ ʚʧʣʠʚʫ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʽʜʤʽʪʦʢ ʥʘ ʚʠʙʽʨ ʰʣʷʭʫ, ʧʨʠ 0a=  ʙʫʜʝ ʦʙʨʘʥʦ ʥʘʡʢʦʨʦʪʰʝ ʨʝʙʨʦ ʜʣʷ 

ʧʝʨʝʭʦʜʫ, ʧʨʠ 1a=  ʙʫʜʝ ʚʠʙʨʘʥʝ ʨʝʙʨʦ, ʥʘ ʷʢʦʤʫ ʨʽʚʝʥʴ ʚʽʜʤʽʪʦʢ ʥʘʡʙʽʣʴʰʠʡ; 

p ï ʢʦʝʬʽʮʽʻʥʪ ʦʥʦʚʣʝʥʥʷ ʨʽʚʥʷ ʚʽʜʤʽʪʦʢ, 10 ¢¢p , ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʚʽʜʥʦʩʥʝ 

ʡʦʛʦ ʟʥʠʞʝʥʥʷ ʚ ʯʘʩʽ;  

Q ï ʧʘʨʘʤʝʪʨ, ʟʥʘʯʝʥʥʷ ʷʢʦʛʦ ʤʘʻ ʙʫʪʠ ʙʣʠʟʴʢʠʤ ʟ ʜʦʚʞʠʥʦʶ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʜʣʷ ʧʦʪʦʯʥʦʾ ʽʪʝʨʘʮʽʾ ʤʘʨʰʨʫʪʫ; 

ɸ ï ʢʦʝʬʽʮʽʻʥʪ ʚʘʞʣʠʚʦʩʪʽ ʩʧʝʮʽʘʣʴʥʠʭ ʘʛʝʥʪʽʚ, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʤʽʨʫ ʧʽʜʩʠʣʝʥʥʷ 

ʚʘʨʽʘʥʪʘ ʰʣʷʭʫ. 

6. ɺʠʟʥʘʯʘʻʤʦ ʽʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʟʚʠʯʘʡʥʠʭ ʪʘ ʩʧʝʮʽʘʣʴʥʠʭ ʘʛʝʥʪʽʚ 

ʜʦ ʥʦʤʝʨʘ ʧʦʪʦʯʥʦʾ ʽʪʝʨʘʮʽʾ ʷʢʦʛʦ ʘʛʝʥʪʘ ʚʠʢʦʨʠʩʪʘʪʠ. ʗʢʱʦ ʦʙʠʨʘʻʤʦ ʟʚʠʯʘʡʥʦʛʦ, 

ʧʝʨʝʭʦʜʠʤʦ ʜʦ ʢʨʦʢʫ 7, ʩʧʝʮʽʘʣʴʥʦʛʦ ï 13. 

7. ʇʝʨʝʚʽʨʷʻʤʦ, ʯʠ ʚʩʽ ʨʝʙʨʘ ʚʞʝ ʧʨʦʡʜʝʥʽ. ʗʢʱʦ ʪʘʢ, ʧʝʨʝʭʦʜʠʤʦ ʜʦ ʢʨʦʢʫ 11, 

ʷʢʱʦ ʥʽ ï ʜʦ ʢʨʦʢʫ 8. ʇʨʠʯʦʤʫ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʧʨʦʡʜʝʥʦʛʦ ʰʣʷʭʫ ʥʝ ʚʨʘʭʦʚʫʶʪʴʩʷ 

ʪʽ ʧʨʦʡʜʝʥʽ ʨʝʙʨʘ ʫ ʢʽʥʮʽ ʰʣʷʭʫ, ʜʣʷ ʷʢʠʭ ʥʘ ʧʝʚʥʠʭ ʯʘʩʦʚʠʭ ʧʨʦʤʽʞʢʘʭ ʚʩʽ ʝʪʘʧʠ 

ʜʣʷ ʜʘʥʦʛʦ ʚʠʢʦʥʘʚʮʷ ʚʞʝ ʚʠʢʦʥʘʥʽ. ɺʨʘʭʦʚʫʻʪʴʩʷ ʪʽʣʴʢʠ ʜʦʚʞʠʥʘ ʰʣʷʭʫ, ʨʝʙʨʘ ʫ 

ʷʢʦʤʫ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʢʦʥʘʥʥʶ ʨʦʙʽʪ ʪʘ ʟʘʪʨʠʤʮʽ ʤʽʞ ʥʠʤʠ. 
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8. ʇʝʨʝʚʽʨʷʻʤʦ, ʯʠ ʧʨʦʡʜʝʥʝ ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʧʦʪʦʯʥʝ ʨʝʙʨʦ (ʟʘʚʝʨʰʝʥʠʡ 

ʚʠʢʦʥʫʚʘʥʠʡ ʝʪʘʧ). ʗʢʱʦ ʪʘʢ, ʪʦ ʢʨʦʢ 9, ʽʥʘʢʰʝ ï ʢʨʦʢ 7. 

9. ɼʦʜʘʻʤʦ ʜʘʥʽ ʧʨʦ ʟʜʽʡʩʥʝʥʠʡ ʝʪʘʧ ʫ ʧʘʤôʷʪʴ ʚʫʟʣʘ ʡ ʚʠʜʘʣʷʻʤʦ ʟ ʧʘʤôʷʪʽ 

ʘʛʝʥʪʘ. 

10. ʇʝʨʝʚʽʨʷʻʤʦ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʥʘʩʪʫʧʥʦʛʦ ʝʪʘʧʫ, ʚʨʘʭʦʚʫʶʯʠ 

ʥʝʦʙʭʽʜʥʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʪʘ ʜʘʥʽ ʫ ʧʘʤôʷʪʽ ʚʫʟʣʘ. ʗʢʱʦ ʪʘʢʘ ʤʦʞʣʠʚʽʩʪʴ ʻ, 

ʚʠʟʥʘʯʘʻʤʦ ʟʘ ʤʦʜʠʬʽʢʦʚʘʥʠʤ ʽʤʦʚʽʨʥʽʩʥʦ-ʧʨʦʧʦʨʮʽʡʥʠʤ ʧʨʘʚʠʣʦʤ ʘʙʦ, 

ʜʦʪʨʠʤʫʶʯʠʩʴ ʥʘʷʚʥʠʭ ʰʘʙʣʦʥʽʚ, ʥʘʩʪʫʧʥʝ ʨʝʙʨʦ ʜʣʷ ʧʝʨʝʭʦʜʫ (ʝʪʘʧ ʜʣʷ 

ʚʠʢʦʥʘʥʥʷ). ʋ ʚʠʧʘʜʢʫ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʝʪʘʧʫ, ʱʦ ʤʘʻ ʧʘʨʫ ʫ ʰʘʙʣʦʥʽ, 

ʚʽʜʨʘʟʫ, ʙʝʟ ʨʦʟʨʘʭʫʥʢʫ, ʚʠʟʥʘʯʘʻʪʴʩʷ, ʷʢʝ ʨʝʙʨʦ ʙʫʜʝ ʥʘʩʪʫʧʥʠʤ. ʗʢʱʦ ʤʦʞʣʠʚʽʩʪʴ 

ʚʽʜʩʫʪʥʷ, ʧʝʨʝʭʦʜʠʤʦ ʜʦ ʜʦʜʘʪʢʦʚʦʛʦ ʨʝʙʨʘ.  

11. ɺʽʜʤʽʯʘʻʤʦ ʧʨʦʡʜʝʥʠʡ ʘʛʝʥʪʦʤ ʰʣʷʭ ʽ ʦʯʠʱʘʻʤʦ ʧʘʤôʷʪʴ ʚʫʟʣʽʚ, ʛʦʪʫʶʯʠ 

ʛʨʘʬ ʜʣʷ ʧʨʦʭʦʜʫ ʥʘʩʪʫʧʥʠʤ ʘʛʝʥʪʦʤ.  

12. ʆʥʦʚʣʶʻʤʦ ʨʽʚʝʥʴ ʚʽʜʤʽʪʦʢ ʥʘ ʚʩʽʭ ʨʝʙʨʘʭ, ʧʨʦʡʜʝʥʠʭ ʘʛʝʥʪʦʤ. ɼʣʷ ʮʴʦʛʦ 

ʨʦʟʨʘʭʦʚʫʻʤʦ ʟʥʘʯʝʥʥʷ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʢʨʠʪʝʨʽʶ 0F  ʜʣʷ ʧʦʪʦʯʥʦʛʦ ʚʘʨʽʘʥʪʘ ʨʽʰʝʥʥʷ, 

ʷʢʠʡ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʤʘʨʰʨʫʪ ()kT t , ʧʨʦʡʜʝʥʠʡ k-ʪʠʤ ʘʛʝʥʪʦʤ ʥʘ ʽʪʝʨʘʮʽʾ t. 

ʈʽʚʝʥʴ ʚʽʜʤʽʪʦʢ ʚʠʟʥʘʯʘʻʤʦ ʟʘ ʬʦʨʤʫʣʦʶ (3.40):  
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ʜʝ u  ʪʘ r  ï ʽʥʜʝʢʩʠ ʧʘʨʠ ʚʫʟʣʽʚ, ʱʦ ʧʦʻʜʥʫʶʪʴ ʨʝʙʨʦ, ʷʢʠʤ ʧʨʦʡʰʦʚ ʘʛʝʥʪ; 

    )(tLk  ï ʜʦʚʞʠʥʘ ʤʘʨʰʨʫʪʫ )(tTk . 

13. ʇʦʩʠʣʶʻʤʦ ʥʘʡʢʨʘʱʽ ʟʥʘʡʜʝʥʽ ʨʽʰʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʜʤʽʪʢʠ 

ʩʧʝʮʽʘʣʴʥʠʭ ʘʛʝʥʪʽʚ. ɿʥʘʯʝʥʥʷ ʚʽʜʤʽʪʦʢ ʥʘ ʢʦʞʥʦʤʫ ʨʝʙʨʽ, ʷʢʝ ʟʘʣʠʰʘʻʪʴʩʷ k-ʪʠʤ 

ʩʧʝʮʽʘʣʴʥʠʤ ʘʛʝʥʪʦʤ, ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʟʥʘʯʘʪʠ ʟʘ ʬʦʨʤʫʣʦʶ (3.41): 
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14. ʇʝʨʝʨʘʭʦʚʫʻʤʦ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ Ŭ, p, Q, A ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʛʝʥʝʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʟʘ ʪʘʢʦʶ ʩʭʝʤʦʶ: 

ï ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʥʘʷʚʥʽ ʾʭ ʟʥʘʯʝʥʥʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʧʦʯʘʪʢʦʚʦʛʦ ʥʘʙʦʨʫ 

ʭʨʦʤʦʩʦʤ. 

ï ʦʙʯʠʩʣʶʻʤʦ ʢʦʝʬʽʮʽʻʥʪ ʚʠʞʠʚʘʥʥʷ ï ʢʦʞʥʦʤʫ ʨʽʰʝʥʥʶ (ʭʨʦʤʦʩʦʤʽ) 

ʩʪʘʚʠʪʴʩʷ ʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʧʝʚʥʝ ʯʠʩʣʦʚʝ ʟʥʘʯʝʥʥʷ, ʟʘʣʝʞʥʝ ʚʽʜ ʙʣʠʟʴʢʦʩʪʽ ʮʴʦʛʦ 

ʨʽʰʝʥʥʷ ʜʦ ʢʨʘʱʦʛʦ ʦʪʨʠʤʘʥʦʛʦ ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʚʘʨʽʘʥʪʘ ʟʘ ʟʥʘʯʝʥʥʷʤ ʟʘʛʘʣʴʥʦʾ 

ʦʮʽʥʦʯʥʦʾ ʬʫʥʢʮʽʾ, ʧʦʩʠʣʝʥʦʛʦ çʩʧʝʮʽʘʣʴʥʠʤʠè ʘʛʝʥʪʘʤʠ;  

ï ʚʠʢʦʥʫʻʤʦ ʚʽʜʪʚʦʨʝʥʥʷ ï ʭʨʦʤʦʩʦʤʠ, ʱʦ ʤʘʶʪʴ ʚʝʣʠʢʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ʚʠʞʠʚʘʥʥʷ (ʙʽʣʴʰʝ ʯʠʩʣʦʚʝ ʟʥʘʯʝʥʥʷ), ʧʦʪʨʘʧʣʷʶʪʴ ʜʦ ʥʘʱʘʜʢʽʚ ʟ̔ ʙʽʣʴʰʦʶ 

ʡʤʦʚʽʨʥʽʩʪʶ, ʘ ʧʦʪʽʤ ʟʜʽʡʩʥʶʶʪʴʩʷ ʦʧʝʨʘʪʦʨʠ ʩʭʨʝʱʫʚʘʥʥʷ ʪʘ ʤʫʪʘʮʽʾ;  

ï ʬʦʨʤʫʻʤʦ ʧʦʢʦʣʽʥʥʷ, ʦʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʷʢʦʛʦ ʙʫʜʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘʩʪʫʧʥʠʡ ʥʘʙʽʨ ʘʛʝʥʪʽʚ ʧʨʠ ʟʥʘʭʦʜʞʝʥʥʽ ʰʣʷʭʫ.  

15. ʇʦʨʽʚʥʶʻʤʦ ʧʦʪʦʯʥʽ ʨʽʰʝʥʥʷ ʟ ʦʪʨʠʤʘʥʠʤʠ ʥʘ ʧʦʧʝʨʝʜʥʽʭ ʽʪʝʨʘʮʽʷʭ ʽ 

ʧʝʨʝʚʽʨʷʻʤʦ ʾʭ ʥʘ ʦʧʪʠʤʘʣʴʥʽʩʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʘʭʫʥʢʫ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʢʨʠʪʝʨʽʶ. 

ʗʢʱʦ ʟʥʘʡʜʝʥʽ ʨʽʰʝʥʥʷ ʥʘʡʢʨʘʱʽ ʘʙʦ ʚʞʝ ʚʠʢʦʨʠʩʪʘʥʽ ʫʩʽ ʟʚʠʯʘʡʥʽ ʪʘ ʩʧʝʮʽʘʣʴʥʽ 

ʘʛʝʥʪʠ, ʪʦʜʽ ʧʝʨʝʭʦʜʠʤʦ ʜʦ ʢʨʦʢʫ 16, ʽʥʘʢʰʝ ï ʢʨʦʢ 6.  

16. ɺʠʚʦʜʠʤʦ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʷʢʽ ʻ ʚʘʨʽʘʥʪʦʤ ʩʬʦʨʤʦʚʘʥʦʛʦ ʧʣʘʥʫ 

ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ. ʆʪʨʠʤʘʥʠʡ ʚʘʨʽʘʥʪ ʨʽʰʝʥʥʷ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʧʦʩʣʽʜʦʚʥʦʩʪʽ 

ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʧʣʘʥʦʚʦʛʦ ʧʝʨʽʦʜʫ, ʧʦʢʣʘʜʝʥʽ ʥʘ ʯʘʩʦʚʫ ʰʢʘʣʫ. 

 

 

3.6.2 ʄʦʜʠʬʽʢʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ çʤʫʨʘʰʠʥʦʾ ʢʦʣʦʥʽʾè 

 

 

ɺ ʦʩʥʦʚʽ ʘʣʛʦʨʠʪʤʫ çʤʫʨʘʰʠʥʦʾ ʢʦʣʦʥʽʾè ʧʦʢʣʘʜʝʥʦ ʧʨʠʥʮʠʧ ʢʦʣʝʢʪʠʚʥʦʛʦ 

ʨʦʟʫʤʫ ʥʘ ʧʨʠʢʣʘʜʽ ʾʭ ʧʦʚʝʜʽʥʢʠ ʧʨʠ ʟʥʘʭʦʜʞʝʥʥʽ ʦʧʪʠʤʘʣʴʥʠʭ ʤʘʨʰʨʫʪʽʚ ʜʣʷ 
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ʧʦʰʫʢʫ ʾʞʽ. ʋ ʟʘʜʘʯʽ ʩʢʣʘʜʘʥʥʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʣʘʥʫ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʾʞʝʶ 

ʚʠʩʪʫʧʘʻ ʥʘʡʢʨʘʱʽʡ ʧʣʘʥ, ʱʦ ʻ ʦʧʪʠʤʘʣʴʥʠʤ ʟʘ ʟʘʜʘʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ ʪʘ 

ʦʙʤʝʞʝʥʥʷʤʠ. ʂʦʞʝʥ ʚʘʨʽʘʥʪ ʨʦʟʢʣʘʜʫ ʚʽʜʧʦʚʽʜʘʻ ʦʜʥʽʡ ʤʫʨʘʩʽ, ʱʦ ʟʜʽʡʩʥʶʻ ʧʽʜ ʯʘʩ 

ʘʣʛʦʨʠʪʤʫ ʧʦʙʫʜʦʚʫ ʚʣʘʩʥʦʛʦ ʤʘʨʰʨʫʪʫ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚʠʢʦʥʘʥʥʷ 

ʟʘʤʦʚʣʝʥʴ. ʉʝʨʝʜ ʦʪʨʠʤʘʥʠʭ ʚʘʨʽʘʥʪʽʚ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʨʽʰʝʥʴ ʦʙʠʨʘʶʪʴʩʷ ʥʘʡʢʨʘʱʽ 

ʚʘʨʽʘʥʪʠ ʟʘ ʟʥʘʯʝʥʥʷʤ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʘʙʦ ʟʘʜʘʥʠʭ ʢʨʠʪʝʨʽʾʚ. ʆʪʨʠʤʘʥʘ ʽʥʬʦʨʤʘʮʽʷ 

ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʫʨʘʭʘʤʠ ʥʘ ʥʘʩʪʫʧʥʠʭ ʽʪʝʨʘʮʽʷʭ. ʂʦʞʥʘ ʤʫʨʘʭʘ 

ʟʜʽʡʩʥʶʻ ʩʚʦʾ ʜʽʾ ʟʘ ʧʨʘʚʠʣʘʤʠ ʡʤʦʚʽʨʥʽʩʥʦʛʦ ʘʣʛʦʨʠʪʤʫ, ʧʨʠ ʦʙʨʘʥʥʽ ʥʘʩʪʫʧʥʦʛʦ 

ʢʨʦʢʫ ʚʠʢʦʨʠʩʪʦʚʫʻ ʩʪʘʪʠʩʪʠʯʥʫ ʽʥʬʦʨʤʘʮʽʶ, ʷʢʘ ʚʽʜʦʙʨʘʞʘʻ ʧʦʧʝʨʝʜʥʶ ʽʩʪʦʨʽʶ 

ʢʦʣʝʢʪʠʚʥʦʛʦ ʧʦʰʫʢʫ, ʘ ʥʝ ʪʽʣʴʢʠ ʙʘʟʫʻʪʴʩʷ ʥʘ ʮʽʣʴʦʚʽʡ ʬʫʥʢʮʽʾ [12, 219]. 

ʉʧʦʯʘʪʢʫ ʚʩʽ ʟʘʤʦʚʣʝʥʥʷ ʨʦʟʙʠʚʘʶʪʴʩʷ ʟʘ ʤʦʞʣʠʚʽʩʪʶ ʾʭ ʚʠʢʦʥʘʥʥʷ ʥʘ 

ʧʝʚʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ, ʽ ʧʦʯʠʥʘʻʪʴʩʷ ʦʧʝʨʘʪʠʚʥʝ ʧʣʘʥʫʚʘʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʟʘʤʦʚʣʝʥʴ. ɿʘ ʦʩʥʦʚʫ ʙʝʨʝʪʴʩʷ ʙʘʛʘʪʦʰʘʨʦʚʠʡ ʛʨʘʬ, ʢʦʞʝʥ ʟ̔ ʰʘʨʽʚ 

ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʧʝʚʥʠʡ ʨʽʚʝʥʴ ʜʝʢʦʤʧʦʟʠʮʽʾ ʟʘʜʘʯʽ. 

ʇʝʨʰʠʡ ʨʽʚʝʥʴ ʤʘʻ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʨʽʚʥʷ ʟʘʤʦʚʣʝʥʴ, ʥʘ ʷʢʦʤʫ ʚʫʟʦʣ ʧʦʟʥʘʯʘʻ 

ʥʦʤʝʨ ʟʘʤʦʚʣʝʥʥʷ; ʨʝʙʨʘ ʤʘʶʪʴ ʥʘʧʨʘʚʣʝʥʥʷ, ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʧʦʩʣʽʜʦʚʥʽʩʪʴ 

ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ, ʘ ʩʘʤʝ, ʧʝʨʝʭʽʜ ʚʽʜ ʦʜʥʦʛʦ ʟʘʤʦʚʣʝʥʥʷ ʜʦ ʽʥʰʦʛʦ. ʏʘʩ ʧʦʯʘʪʢʫ 

ʚʠʢʦʥʘʥʥʷ ʥʘʩʪʫʧʥʦʛʦ ʟʘʤʦʚʣʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʢʦʥʘʥʥʷ ʧʝʨʰʦʛʦ 

ʝʪʘʧʫ ʧʦʪʦʯʥʦʛʦ ʟʘʤʦʚʣʝʥʥʷ ʟʛʽʜʥʦ ʟ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʰʣʷʭʦʤ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ 

[12, 219]. 

ʇʝʨʝʭʽʜ ʚʽʜ ʘ ʪʘ b ʚʝʨʰʠʥʘʤʠ ʛʨʘʬʘ ʚʠʟʥʘʯʘʻ ʯʘʩ, ʥʝʦʙʭʽʜʥʠʡ, ʱʦʙ  ʚʠʪʨʘʪʠʪʠ 

ʜʣʷ ʧʨʦʭʦʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ ʟʘ ʟʘʤʦʚʣʝʥʥʷʤ ʘ. 

ʇʨʠ ʮʴʦʤʫ, ʱʦʙ ʥʝ ʙʫʣʦ ʧʨʦʩʪʦʶ ʪʘ ʥʘʢʣʘʜʘʥʥʷ ʦʧʝʨʘʮʽʡ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʟʘʤʦʚʣʝʥʥʷ 

b [12, 18, 219]. 

ɼʨʫʛʠʡ ʨʽʚʝʥʴ ʤʘʻ ʜʝʪʘʣʽʟʘʮʽʶ, ʥʘ ʷʢʽʡ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʫʩʽ ʤʦʞʣʠʚʽ ʚʘʨʽʘʥʪʠ 

ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ, ʱʦ ʥʘʜʽʡʰʣʠ ʚʽʜ ʟʘʤʦʚʥʠʢʘ ʫ ʚʠʛʣʷʜʽ ʛʨʘʬʘ, ʚ ʷʢʦʤʫ 

ʧʦʟʥʘʯʘʻʤʦ ʨʝʙʨʦ ï ʚʽʜʜʽʣ ʘʙʦ ʪʝʭʥʦʣʦʛʽʯʥʫ ʣʽʥʽʶ l, ʥʘ ʷʢʽʡ ʤʦʞʝ ʚʠʢʦʥʫʚʘʪʠʩʴ 

ʧʝʚʥʘ ʪʝʭʥʦʣʦʛʽʯʥʘ ʦʧʝʨʘʮʽʷ j. ɺʫʟʣʦʤ ʛʨʘʬʘ ʻ ʧʨʦʤʽʞʥʠʡ ʩʪʘʥ, ʚ ʷʢʦʤʫ ʟʥʘʭʦʜʠʪʴʩʷ 

ʥʘʧʽʚʬʘʙʨʠʢʘʪ ʧʨʠ ʧʝʨʝʭʦʜʽ ʤʽʞ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʦʧʝʨʘʮʽʷʤʠ. ʇʝʨʝʭʽʜ ʤʽʞ 

ʚʝʨʰʠʥʘʤʠ ʛʨʘʬʘ ʚʠʟʥʘʯʘʻ ʯʘʩ ȹtijl, ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʧʨʦʭʦʜʞʝʥʥʷ ʫʩʽʻʾ ʧʘʨʪʽʾ 
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ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʾ -̔ʪʦʾ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʦʧʝʨʘʮʽʾ, j-ʛʦ ʝʪʘʧʫ, 

ʥʘ l-ʤʫ ʦʙʣʘʜʥʘʥʥʽ [12, 219]. 

ʊʨʝʪʽʡ ʨʽʚʝʥʴ ʜʝʢʦʤʧʦʟʠʮʽʾ ʚʽʜʦʙʨʘʞʘʻ ʛʨʘʬ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚʠʢʦʥʘʥʥʷ 

ʟʘʤʦʚʣʝʥʴ ʜʣʷ ʢʦʞʥʦʛʦ ʦʢʨʝʤʦʛʦ l-ʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ çʤʫʨʘʰʠʥʦʾ ʢʦʣʦʥʽèʾ ʧʝʨʝʜʙʘʯʘʻ, ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʫʤʦʚ, ʷʢʽ ʚʠʟʥʘʯʘʻ ʆʇʈ, ʟʜʽʡʩʥʝʥʥʷ ʧʦʰʫʢʫ ʥʘ ʨʽʟʥʠʭ 

ʨʽʚʥʷʭ. ʋ ʥʘʡʧʨʦʩʪʽʰʦʤʫ ʚʘʨʽʘʥʪʽ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʪʽʣʴʢʠ ʧʝʨʰʠʡ ʨʽʚʝʥʴ, ʱʦ 

ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʽʣʴʢʠ ʧʦʚʥʦʾ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʣʽʥʽʾ, ʷʢʘ ʚʠʢʦʥʫʻ ʫʩʽ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʧʝʨʘʮʽʾ ʱʦʜʦ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ [12, 219]. 

ɿʘ ʨʘʭʫʥʦʢ ʪʦʛʦ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʙʘʛʘʪʦʨʘʟʦʚʠʡ ʽʪʝʨʘʮʽʡʥʠʡ ʧʦʰʫʢ, ʥʘ ʢʦʞʥʽʡ 

ʽʪʝʨʘʮʽʾ ʦʙʠʨʘʻʪʴʩʷ ʥʘʡʢʨʘʱʠʡ ʚʘʨʽʘʥʪ ʩʝʨʝʜ ʧʦʪʦʯʥʠʭ ʪʘ ʧʦʨʽʚʥʶʻʪʴʩʷ ʟ 

ʛʣʦʙʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ. ʊʘʢʦʞ ʚʽʜʙʫʚʘʻʪʴʩʷ ʢʦʥʪʨʦʣʶʚʘʥʥʷ ʥʘʡʢʨʘʱʦʾ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʜʣʷ ʟʘʜʘʥʦ ʾʢʽʣʴʢʦʩʪʽ ʤʫʨʘʭ. ʇʨʠ ʮʴʦʤʫ ʢʦʞʥʘ 

ʤʫʨʘʭʘ ʚʽʜʧʦʚʽʜʘʻ ʦʜʥʦʤʫ ʟ ʚʘʨʽʘʥʪʽʚ ʨʦʟʢʣʘʜʫ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ, ʪʦʙʪʦ ʧʨʠ 

ʚʠʢʦʥʘʥʥʽ ʦʜʥʽʻʾ ʽʪʝʨʘʮʽʾ ʘʣʛʦʨʠʪʤʫ ʩʘʤʝ ʚʽʥ ʡʦʛʦ ʬʦʨʤʫʻ. ʇʦʟʠʪʠʚʥʠʡ ʟʚʦʨʦʪʥʠʡ 

ʟʚ'ʷʟʦʢ ʨʝʘʣʽʟʫʻʪʴʩʷ ʷʢ ʽʤʽʪʘʮʽʷ ʧʦʚʝʜʽʥʢʠ ʤʫʨʘʭ ʪʠʧʫ çʟʘʣʠʰʘʻʤʦ ʩʣʽʜʠ ï 

ʧʝʨʝʤʽʱʘʻʤʦʩʷ ʧʦ ʩʣʽʜʘʭè. ʏʠʤ ʙʽʣʴʰʝ ʩʣʽʜʽʚ ʟʘʣʠʰʝʥʦ ʥʘ ʩʪʝʞʮʽ ï ʨʝʙʨʘ ʛʨʘʬʘ, ʪʠʤ 

ʙʽʣʴʰʝ ʤʫʨʘʭ ʙʫʜʝ ʨʫʭʘʪʠʩʴ ʧʦ ʥʽʡ [12, 18, 219, 272]. 

ʇʨʠ ʮʴʦʤʫ ʥʘ ʩʪʝʞʮʽ (ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ) 

ʟ'ʷʚʣʷʶʪʴʩʷ ʥʦʚʽ ʩʣʽʜʠ, ʷʢʽ ʟʘʣʫʯʘʶʪʴ ʜʦʜʘʪʢʦʚʠʭ ʤʫʨʘʭ. ʇʦʟʠʪʠʚʥʠʡ ʟʚʦʨʦʪʥʠʡ 

ʟʚ'ʷʟʦʢ ʨʝʘʣʽʟʫʻʪʴʩʷ ʟʘ ʪʘʢʠʤ ʩʪʦʭʘʩʪʠʯʥʠʤ ʧʨʘʚʠʣʦʤ: ʽʤʦʚʽʨʥʽʩʪʴ ʚʢʣʶʯʝʥʥʷ ʨʝʙʨʘ 

ʛʨʘʬʘ ʫ ʤʘʨʰʨʫʪ ʤʫʨʘʭʠ ʧʨʦʧʦʨʮʽʡʥʘ ʢʽʣʴʢʦʩʪʽ ʬʝʨʦʤʦʥʫ ʥʘ ʥʴʦʤʫ. ʎʝ ʧʨʘʚʠʣʦ 

ʟʘʙʝʟʧʝʯʫʻ ʚʠʧʘʜʢʦʚʽʩʪʴ ʬʦʨʤʫʚʘʥʥʷ ʥʦʚʠʭ ʚʘʨʽʘʥʪʽʚ. ʂʽʣʴʢʽʩʪʴ ʚʽʜʢʣʘʜʝʥʠʭ 

ʤʫʨʘʭʦʶ ʬʝʨʦʤʦʥʽʚ ʥʘ ʨʝʙʨʽ ʛʨʘʬʘ ʦʙʝʨʥʝʥʦ ʧʨʦʧʦʨʮʽʡʥʦ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʟʢʣʘʜʫ. 

ʏʠʤ ʝʬʝʢʪʠʚʥʽʰʝ ʨʦʟʢʣʘʜ, ʪʠʤ ʙʽʣʴʰʝ ʬʝʨʦʤʦʥʽʚ ʙʫʜʝ ʚʽʜʢʣʘʜʝʥʦ ʥʘ ʚʽʜʧʦʚʽʜʥʠʭ 

ʨʝʙʨʘʭ ʛʨʘʬʘ ʽ ʪʠʤ ʙʽʣʴʰʝ ʤʫʨʘʭ ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭ ʧʨʠ ʩʠʥʪʝʟʽ ʩʚʦʾʭ 

ʤʘʨʰʨʫʪʽʚ. ɺʽʜʢʣʘʜʝʥʠʡ ʥʘ ʨʝʙʨʘʭ ʬʝʨʦʤʦʥ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʠʤ ʤʘʨʰʨʫʪʘʤ 

(ʧʦʩʣʽʜʦʚʥʦʩʪʷʤ ʚʠʢʦʥʘʥʥʷ) ʟʙʝʨʽʛʘʪʠʩʷ ʫ ʛʣʦʙʘʣʴʥʽʡ ʧʘʤ'ʷʪʽ ʤʫʨʘʰʥʠʢʘ. ʊʘʢʽ 

ʤʘʨʰʨʫʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʫʜʦʩʢʦʥʘʣʝʥʽ ʥʘ ʥʘʩʪʫʧʥʠʭ ʽʪʝʨʘʮʽʷʭ ʘʣʛʦʨʠʪʤʫ [12, 18, 270ï

274]. 
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ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʽʣʴʢʠ ʧʦʟʠʪʠʚʥʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʧʝʨʝʜʯʘʩʥʦʛʦ ʟʥʘʭʦʜʞʝʥʥʷ ʟʙʽʞʥʦʛʦ ʨʽʰʝʥʥʷ, ʢʦʣʠ ʫʩʽ ʤʫʨʘʭʠ ʨʫʭʘʶʪʴʩʷ ʦʜʥʠʤ ʽ 

ʪʠʤ ʩʘʤʠʤ ʩʫʙʦʧʪʠʤʘʣʴʥʠʤ ʤʘʨʰʨʫʪʦʤ. ɼʣʷ ʫʥʠʢʥʝʥʥʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʥʝʛʘʪʠʚʥʠʡ ʟʚʦʨʦʪʥʠʡ ʟʚ'ʷʟʦʢ ï ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʬʝʨʦʤʦʥʫ. ʏʘʩ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʥʝ 

ʧʦʚʠʥʝʥ ʙʫʪʠ ʟʘʥʘʜʪʦ ʚʝʣʠʢʠʤ, ʘʜʞʝ ʤʦʞʝ ʚʠʥʠʢʥʫʪʠ ʧʦʧʝʨʝʜʥʷ ʩʠʪʫʘʮʽʷ ʟʽ 

ʟʥʘʭʦʜʞʝʥʥʷʤ ʩʫʙʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʨʰʨʫʪʫ. ɼʫʞʝ ʤʘʣʠʡ ʯʘʩ ʚʠʧʘʨʦʚʫʚʘʥʥʷ 

ʧʨʠʟʚʝʜʝ ʜʦ ʚʪʨʘʪʠ ʧʘʤ'ʷʪʽ ʢʦʣʦʥʽʾ, ʪʘʢʠʤ ʯʠʥʦʤ ʥʝ ʟʘʙʝʟʧʝʯʠʪʴ ʢʦʦʧʝʨʘʪʠʚʥʫ 

ʧʦʚʝʜʽʥʢʫ ʤʫʨʘʭ. 

ʂʦʦʧʝʨʘʪʠʚʥʽʩʪʴ ʻ ʚʘʞʣʠʚʦʶ ʜʣʷ ʘʣʛʦʨʠʪʤʫ: ʙʝʟʣʽʯ ʽʜʝʥʪʠʯʥʠʭ ʤʫʨʘʭ 

ʦʜʥʦʯʘʩʥʦ ʜʦʩʣʽʜʞʫʶʪʴ ʨʽʟʥʽ ʪʦʯʢʠ ʧʨʦʩʪʦʨʫ ʨʽʰʝʥʴ ʽ ʧʝʨʝʜʘʶʪʴ ʩʚʽʡ ʜʦʩʚʽʜ ʯʝʨʝʟ 

ʟʤʽʥʠ ʢʦʤʽʨʦʢ ʛʣʦʙʘʣʴʥʦʾ ʧʘʤ'ʷʪʽ ʤʫʨʘʰʥʠʢʘ. ɼʣʷ ʢʦʞʥʦʾ ʤʫʨʘʰʢʠ ʧʝʨʝʭʽʜ ʟ ʚʫʟʣʘ a 

ʫ ʚʫʟʦʣ b ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʨʴʦʭ ʩʢʣʘʜʦʚʠʭ: ʧʘʤ'ʷʪʴ ʤʫʨʘʭ, ʚʠʜʠʤʽʩʪʴ, ʚʽʨʪʫʘʣʴʥʠʡ ʩʣʽʜ 

ʬʝʨʦʤʦʥʽʚ. ɼʣʷ ʜʨʫʛʦʛʦ ʨʽʚʥʷ ʚʠʥʠʢʘʻ ʧʝʨʝʣʽʢ ʦʧʝʨʘʮʽʡ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ [12, 

18, 219, 265ï267]. 

ʇʘʤ'ʷʪʴ ʤʫʨʘʭ ï ʧʝʨʝʣʽʢ ʚʞʝ ʚʢʣʶʯʝʥʠʭ ʜʦ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ, ʷʢʽ ʥʝ 

ʧʦʚʠʥʥ̔ ʨʦʟʛʣʷʜʘʪʠʩʷ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʨʦʟʢʣʘʜʫ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʮʝʡ ʩʧʠʩʦʢ, 

ʤʫʨʘʭʘ ʛʘʨʘʥʪʦʚʘʥʦ ʥʝ ʦʙʠʨʘʻ ʦʜʥʝ ʡ ʪʝ ʞ ʩʘʤʝ ʟʘʤʦʚʣʝʥʥʷ. ʅʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ 

ʧʘʤ'ʷʪʴ ʤʫʨʘʭʠ ʟʨʦʩʪʘʻ, ʘ ʥʘ ʧʦʯʘʪʢʫ ʢʦʞʥʦʾ ʥʦʚʦʾ ʽʪʝʨʘʮʽʾ ʘʣʛʦʨʠʪʤʫ ʧʘʤ'ʷʪʴ ʩʪʘʻ 

ʧʦʨʦʞʥʴʦʶ. ʇʦʟʥʘʯʠʤʦ ʯʝʨʝʟ iaLt ,  ʩʧʠʩʦʢ ʚʞʝ ʚʢʣʶʯʝʥʠʭ ʟʘʤʦʚʣʝʥʴ ʜʦ ʨʦʟʢʣʘʜʫ i -

ʦʾ ʤʫʨʘʭʠ (nLt ia Í, , ʜʝ n ï ʫʩʽ ʟʘʤʦʚʣʝʥʥʷ) ʧʽʩʣʷ ʚʢʣʶʯʝʥʥʷ a-ʛʦ ʟʘʤʦʚʣʝʥʥʷ, ʘ 

ʧʝʨʝʣʽʢ, ʷʢʠʡ ʥʝʦʙʭʽʜʥʦ ʚʢʣʶʯʠʪʠ ʫ ʨʦʟʢʣʘʜ ï iaLn ,  ( nLn ia Í, , ʜʝ n ï ʫʩʽ ʟʘʤʦʚʣʝʥʥʷ). 

ʊʦʙʪʦ nLnLt iaia =Ç ,, , ʧʨʠ ʮʴʦʤʫ 0,, =Æ iaia LnLt . ɼʣʷ ʜʨʫʛʦʛʦ ʪʘ ʪʨʝʪʴʦʛʦ ʨʽʚʥʽʚ 

ʜʝʢʦʤʧʦʟʠʮʽʾ ʛʨʘʬʘ ʚʨʘʭʦʚʫʻʪʴʩʷ ʧʝʨʝʣʽʢ j-ʛʦ ʥʦʤʝʨʘ ʝʪʘʧʫ ʟ̔ ʤʥʦʞʠʥʠ ʝʪʘʧʽʚ iwjÍ  

ʜʣʷ i -ʛʦ ʟʘʤʦʚʣʝʥʥʷ, iw  ï ʢʽʣʴʢʽʩʪʴ ʥʝʦʙʭʽʜʥʠʭ ʝʪʘʧʽʚ ʚʠʛʦʪʦʚʣʝʥʥʷ i -ʛʦ 

ʟʘʤʦʚʣʝʥʥʷ, ʘ ʪʘʢʦʞ l-ʡ ʥʦʤʝʨ ʦʙʣʘʜʥʘʥʥʷ ʟ̔ ʤʥʦʞʠʥʠ ʦʙʣʘʜʥʘʥʥʷ )( ij sÍ  ʜʣʷ i -ʛʦ 

ʟʘʤʦʚʣʝʥʥʷ, is  ï ʢʽʣʴʢʽʩʪʴ ʟʘʜʽʷʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʫʩʽʭ ʝʪʘʧʽʚ ʧʨʠ 

ʚʠʛʦʪʦʚʣʝʥʥʽ i -ʛʦ ʟʘʤʦʚʣʝʥʥʷ [219, 220, 275]. 
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ɺʠʜʠʤʽʩʪʴ ï ʚʝʣʠʯʠʥʘ, ʦʙʝʨʥʝʥʘ ʦʮʽʥʢʘ ʨʝʙʨʘ ʛʨʘʬʘ a ʪʘ b, ʘ ʩʘʤʝ 

() ()iih baba D ,, 1= , ʜʝ ()ibaD ,  ï ʚʝʣʠʯʠʥʘ ʦʮʽʥʢʠ ʨʝʙʨʘ ʛʨʘʬʘ (ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʽʚʥʷ 

ʜʝʢʦʤʧʦʟʠʮʽʾ ʫʧʨʘʚʣʽʥʥʷ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʚʘʨʪʽʩʥʦʤʫ ʘʙʦ ʯʘʩʦʚʦʤʫ 

ʚʠʛʣʷʜʽ) ʤʽʞ ʚʝʨʰʠʥʘʤʠ a ʪʘ b (ʯʠʤ ʦʧʪʠʤʘʣʴʥʽʰʘ ʚʝʣʠʯʠʥʘ, ʪʠʤ ʙʘʞʘʥʽʰʝ ʦʙʨʘʪʠ 

ʮʝʡ ʧʝʨʝʭʽʜ) ʥʘ ʽʪʝʨʘʮʽʾ l  [12, 18, 219, 265ï270]. 

ɺʽʨʪʫʘʣʴʥʠʡ ʩʣʽʜ ʬʝʨʦʤʦʥʫ ʥʘ ʨʝʙʨʽ (a, b) ʚʽʜʦʙʨʘʞʘʻ ʙʘʞʘʥʥʷ ʚʽʜʚʽʜʘʪʠ 

ʚʝʨʰʠʥʫ b ʟ ʚʝʨʰʠʥʠ a ʥʘ ʦʩʥʦʚʽ ʤʫʨʘʰʠʥʦʛʦ ʜʦʩʚʽʜʫ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʚʠʜʠʤʦʩʪʽ, 

ʩʣʽʜ ʬʝʨʦʤʦʥʫ ʻ ʙʽʣʴʰ ʛʣʦʙʘʣʴʥʦʶ ʽ ʜʠʥʘʤʽʯʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ. ɺʦʥʘ ʟʤʽʥʶʻʪʴʩʷ 

ʧʽʩʣʷ ʢʦʞʥʦʾ ʽʪʝʨʘʮʽʾ ʘʣʛʦʨʠʪʤʫ, ʚʽʜʦʙʨʘʞʘʶʯʠ ʥʘʢʦʧʠʯʝʥʠʡ ʤʫʨʘʭʘʤʠ ʜʦʩʚʽʜ [340]. 

ʂʽʣʴʢʽʩʪʴ ʚʽʨʪʫʘʣʴʥʦʛʦ ʬʝʨʦʤʦʥʫ ʥʘ ʨʝʙʨʽ (a, b) ʥʘ ʽʪʝʨʘʮʽʾ l, ʱʦ ʟʘʣʠʰʘʻ i -ʘ 

ʢʦʤʘʭʘ, ʧʦʟʥʘʯʠʤʦ ʯʝʨʝʟ ()iba ,, ix . ʅʘ ʧʝʨʰʽʡ ʽʪʝʨʘʮʽʾ 0=i  ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ 

ʢʽʣʴʢʽʩʪʴ ʬʝʨʦʤʦʥʫ ʜʣʷ ʢʦʞʥʦʾ i -ʦʾ  ʤʫʨʘʭʠ ʧʨʠʡʤʘʻʪʴʩʷ ʨʽʚʥʠʤ ʥʝʚʝʣʠʢʦʤʫ 

ʧʦʟʠʪʠʚʥʦʤʫ ʯʠʩʣʫ ( )1,00 ,0 << ibx . 

ɯʤʦʚʽʨʥʽʩʪʴ ʧʝʨʝʭʦʜʫ i -ʦʾ  ʤʫʨʘʭʠ ʫ ʚʝʨʰʠʥʫ b ʟ ʚʝʨʰʠʥʠ a ʥʘ i-ʡ ʽʪʝʨʘʮʽʾ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ (3.42) [275]: 
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ʜʝ Ŭ ï ʢʦʝʬʽʮʽʻʥʪ ʚʘʛʠ ʬʝʨʦʤʦʥʫ, 10 ¢¢a , ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʚʽʜʥʦʩʥʫ ʟʥʘʯʠʤʽʩʪʴ 

ʚʧʣʠʚʫ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʽʜʤʽʪʦʢ ʥʘ ʚʠʙʽʨ ʰʣʷʭʫ. ʇʨʠ 0=a  ʙʫʜʝ ʦʙʨʘʥʦ ʥʘʡʢʦʨʦʪʰʝ 

ʨʝʙʨʦ (ʟʘ ʦʮʽʥʢʦʶ ʟʘʜʘʯʽ ï ʯʘʩʫ, ʚʠʪʨʘʪ) ʜʣʷ ʧʝʨʝʭʦʜʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʞʘʜʽʙʥʦʤʫ 

ʘʣʛʦʨʠʪʤʫ, ʧʨʠ 1=a  ʙʫʜʝ ʚʠʙʨʘʥʝ ʨʝʙʨʦ, ʥʘ ʷʢʦʤʫ ʨʽʚʝʥʴ ʚʽʜʤʽʪʦʢ ʥʘʡʙʽʣʴʰʠʡ; 

    ɓ ï ʢʦʝʬʽʮʽʻʥʪ ʚʠʜʠʤʦʩʪʽ ʧʨʠ ʚʠʙʦʨʽ ʤʘʨʰʨʫʪʫ, 10 ¢¢b , ʷʢʘ ʚʠʟʥʘʯʘʻ 

ʚʽʜʥʦʩʥʫ ʟʥʘʯʠʤʽʩʪʴ ʚʧʣʠʚʫ ʚʠʜʠʤʦʩʪʽ ʥʘ ʚʠʙʽʨ ʰʣʷʭʫ, ʧʨʠ 0=b  ʙʫʜʝ ʧʨʘʮʶʚʘʪʠ 

ʪʽʣɹʢʠ ʧʦʩʠʣʝʥʥʷ ʬʝʨʦʤʦʥʽʚ, ʱʦ ʧʨʠʚʝʜʝ ʜʦ ʟʥʘʭʦʜʞʝʥʥʷ ʣʦʢʘʣʴʥʦʛʦ 

ʩʫʙʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ; 



139 

   1=+ba , ʧʨʠ ʮʴʦʤʫ ʢʦʝʬʽʮʽʻʥʪ Ŭ ʚʠʟʥʘʯʘʻ ʞʘʜʽʙʥʽʩʪʴ ʘʣʛʦʨʠʪʤʫ, ʘ ɓ 

ʩʪʘʜʥʽʩʪʴ. 

ʌʦʨʤʫʣʘ (3.51) ʚʠʟʥʘʯʘʻ ʣʠʰʝ ʡʤʦʚʽʨʥʽʩʪʴ ʦʙʨʘʥʥʷ ʥʘʩʪʫʧʥʦʛʦ ʟʘʤʦʚʣʝʥʥʷ, 

ʜʣʷ ʚʢʣʶʯʝʥʥʷ ʡʦʛʦ ʜʦ ʨʦʟʢʣʘʜʫ ʚʠʢʦʥʘʥʥʷ, ʱʦ ʙʫʜʝ ʚʽʜʧʦʚʽʜʘʪʠ ʥʘ ʛʨʘʬʽ ʦʙʨʘʥʥʷ 

ʥʘʩʪʫʧʥʦʾ ʚʝʨʰʠʥʠ. ʆʪʨʠʤʘʥʝ ʟʥʘʯʝʥʥʷ ʟʘ ʬʦʨʤʫʣʦʶ (3.51) ʥʝ ʟʤʽʥʶʻʪʴʩʷ ʚ ʭʦʜʽ 

ʽʪʝʨʘʮʽʾ ʘʣʛʦʨʠʪʤʫ, ʘʣʝ ʫ ʜʚʦʭ ʨʽʟʥʠʭ ʤʫʨʘʭ ʟʥʘʯʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʧʝʨʝʭʦʜʫ ʙʫʜʫʪʴ 

ʚʽʜʨʽʟʥʷʪʠʩʷ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʤʘʶʪʴ ʨʽʟʥʠʡ ʧʝʨʝʣʽʢ ʚʽʜʚʽʜʘʥʠʭ ʚʝʨʰʠʥ [269ï275]. 

ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʤʘʨʰʨʫʪʫ ʢʦʞʥʘ ʤʫʨʘʭʘ ʚʽʜʢʣʘʜʘʻ ʥʘ ʢʦʞʥʦʤʫ ʨʝʙʨʽ 

ʢʽʣʴʢʽʩʪʴ ʬʝʨʦʤʦʥʽʚ, ʱʦ ʚʢʣʶʯʝʥʦ ʜʦ ʡʦʛʦ ʤʘʨʰʨʫʪʫ ʡ ʚʽʜʧʦʚʽʜʘʻ ʨʦʟʢʣʘʜʫ, ʷʢʽ 

ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ (3.43): 
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ʜʝ a ʪʘ b ï ʽʥʜʝʢʩʠ ʧʘʨʠ ʚʫʟʣʽʚ, ʱʦ ʧʦʻʜʥʫʶʪʴ ʨʝʙʨʦ, ʷʢʠʤ ʧʨʦʡʰʦʚ ʘʛʝʥʪ; 

     ()iiLt  ï ʩʬʦʨʤʦʚʘʥʠʡ ʤʘʨʰʨʫʪ ʥʘ i-ʡ ʽʪʝʨʘʮʽʾ i-ʦʁ  ʤʫʨʘʭʦʶ; 

     ()iiS  ï ʜʦʚʞʠʥʘ ʤʘʨʰʨʫʪʫ ()iiLt , ʷʢʘ ʚʠʨʘʞʝʥʘ ʫ ʯʘʩʽ ʘʙʦ ʫ ʚʘʨʪʦʩʪʽ; 

     Q ï ʨʝʛʫʣʴʦʚʘʥʠʡ ʧʘʨʘʤʝʪʨ, ʥʘʙʣʠʞʝʥʠʡ ʜʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʨʰʨʫʪʫ, ʱʦ 

ʟʘʜʘʥʠʡ ʯʠ ʨʦʟʨʘʭʦʚʘʥʠʡ ʟʘ ʧʦʧʝʨʝʜʥʽ ʽʪʝʨʘʮʽʾ; 

     ï ʦʮʽʥʢʘ ʤʘʨʰʨʫʪʫ ʟʛʽʜʥʦ ʟ ʦʙʨʘʥʠʤ ʯʘʩʪʢʦʚʦʚʠʤ ʢʨʠʪʝʨʽʻʤ ʘʙʦ 

ʦʮʽʥʦʯʥʦʶ ʬʫʥʢʮʽʻʶ. 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʢʽʣʴʢʽʩʪʴ ʚʽʜʢʣʘʜʝʥʠʭ ʬʝʨʦʤʦʥʽʚ ʥʝ ʙʫʣʦ ʥʘʜʣʠʰʢʦʚʦʶ, 

ʧʨʦʚʦʜʠʪʴʩʷ ʾʭ ʦʥʦʚʣʝʥʥʷ ʟʛʽʜʥʦ ʟ ʬʦʨʤʫʣʦʶ (3.44) ʟ̔ ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʘ 

ʦʥʦʚʣʝʥʥʷ ʨʽʚʥʷ ʬʝʨʦʤʦʥʽʚ 10 ¢¢r , ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʚʽʜʥʦʩʥʝ ʡʦʛʦ ʟʥʠʞʝʥʥʷ ʚ ʯʘʩʽ. 
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ʜʝ n  ï ʢʽʣʴʢʽʩʪʴ ʤʫʨʘʭ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʢʽʣʴʢʦʩʪʽ ʟʘʤʦʚʣʝʥʴ; 

    [ ]1,0Ír  ï ʢʦʝʬʽʮʽʻʥʪ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʬʝʨʦʤʦʥʫ. 

ʋ ʚʽʪʯʠʟʥʷʥʽʡ ʪʘ ʟʘʨʫʙʽʞʥʽʡ ʣʽʪʝʨʘʪʫʨʽ ʚʠʜʽʣʷʻʪʴʩʷ ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ 

Min-Max Ant System (MMAS), ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʽʜʚʠʱʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʬʝʨʦʤʦʥʽʚ ʪʽʣʴʢʠ ʥʘ ʢʨʘʱʠʭ ʰʣʷʭʘʭ [275]. 

ɼʣʷ ʟʘʭʠʩʪʫ ʚʽʜ ʧʝʨʝʜʯʘʩʥʦʛʦ ʟʥʘʭʦʜʞʝʥʥʷ ʩʫʙʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʚʝʜʝʥʥʷ ʦʙʤʝʞʝʥʴ ʥʘ ʢʦʥʮʝʥʪʨʘʮʽʶ ʬʝʨʦʤʦʥʽʚ ʥʘ ʨʝʙʨʘʭ 

max,min xxx D¢D¢D ba . 

ʌʦʨʤʫʣʘ ʦʥʦʚʣʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʬʝʨʦʤʦʥʽʚ ʥʘ ʨʝʙʨʘʭ ʛʨʘʬʘ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʟ 

ʚʠʨʘʟʫ (3.44) ʥʘ ʬʦʨʤʫʣʫ (3.45) [220, 275]. 
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ixrxixrix
best

babestbababa
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1
*1*11 ,,,,, +-=D+-=+D ,       (3.45) 

 

ʜʝ ()ibestLt  ï ʥʘʡʢʨʘʱʠʡ ʩʬʦʨʤʦʚʘʥʠʡ ʤʘʨʰʨʫʪ ʥʘ i-ʡ ʽʪʝʨʘʮʽʾ. 

ʇʽʩʣʷ ʢʦʞʥʦʾ ʽʪʝʨʘʮʽʾ ʘʣʛʦʨʠʪʤʫ ʟʘʣʠʰʘʻ ʟʘ ʩʦʙʦʶ ʩʣʽʜ ʣʠʰʝ ʦʜʥʘ ʤʫʨʘʭʘ ʥʘ 

ʚʠʙʽʨ ʟ̔ ʜʚʦʭ ʚʘʨʽʘʥʪʽʚ: ʢʨʘʱʘ ʥʘ ʧʦʪʦʯʥʽʡ ʽʪʝʨʘʮʽʾ () ()ii ibestbest LtLt _= ; ʢʨʘʱʘ ʟʘ ʚʝʩʴ 

ʯʘʩ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ () ()ii bestglbest LtLt _= . ɼʦʮʽʣʴʥʦ ʥʘ ʧʝʨʰʠʭ ʽʪʝʨʘʮʽʷʭ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ()iibestLt _ , ʘ ʥʘ ʦʩʪʘʥʥʽʭ ʽʪʝʨʘʮʽʷʭ ()ibestglLt _ . 

ʇʨʠ ʮʴʦʤʫ ʥʘ ʢʦʞʥʽʡ ʽʪʝʨʘʮʽʾ ʚʠʢʦʥʫʻʪʴʩʷ ʢʦʨʠʛʫʚʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʬʝʨʦʤʦʥʫ ʥʘ 

ʢʦʞʥʦʤʫ ʨʝʙʨʽ ʛʨʘʬʘ ʟʘ ʬʦʨʤʫʣʦʶ (3.46): 
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ɿʘʤʽʩʪʴ ʝʤʧʽʨʠʯʥʦʛʦ ʧʨʘʚʠʣʘ ʚʠʙʦʨʫ ʢʨʘʱʦʾ ʤʫʨʘʭʠ ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʬʦʨʤʫʣʫ (3.47) ʥʘ ʦʩʥʦʚʽ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ ʡʤʦʚʽʨʥʦʩʪʝʡ ʂʦʰʽ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʧʣʘʚʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʧʝʨʝʭʽʜ ʚʽʜ ʪʝʭʥʦʣʦʛʽʾ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʰʫʢʫ, ʥʘ 
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ʧʦʯʘʪʢʦʚʠʭ ʢʨʦʢʘʭ, ʜʦ ʪʝʭʥʦʣʦʛʽʾ ʦʙʨʘʥʥʷ ʥʘʡʢʨʘʱʠʭ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʰʫʢʫ ʟʘ ʚʝʩʴ 

ʯʘʩ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ ʥʘ ʟʘʢʣʶʯʥʠʭ ʝʪʘʧʘʭ. 
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i arctgPterm ,                                         (3.47) 

 

ʜʝ maxi  ï ʦʙʨʘʥʘ ʢʽʣʴʢʽʩʪʴ ʧʦʢʦʣʽʥʴ ʞʠʪʪʷ ʢʦʣʦʥʽʾ. 

ʂʨʘʱʦʶ ʤʫʨʘʭʦʶ ʟʘ ʚʝʩʴ ʯʘʩ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ ʦʙʠʨʘʻʪʴʩʷ ()ibestglLt _  ʘʙʦ 

ʥʘʡʢʨʘʱʠʡ ʥʘ ʧʦʪʦʯʥʽʡ ʽʪʝʨʘʮʽʾ ()iibestLt _  ʥʘ ʦʩʥʦʚʽ ʧʦʨʽʚʥʷʥʥʷ ʾʭ ʟʥʘʯʝʥʴ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʦʧʝʨʘʮʽʡ ʜʠʚʝʨʩʠʬʽʢʘʮʽʾ ʟʜʽʡʩʥʶʻʪʴʩʷ, ʷʢʱʦ ʟʘ ʯʘʩ ʚʽʜ 

ʦʩʪʘʥʥʴʦʾ ʽʥʽʮʽʘʣʽʟʘʮʽʾ ʥʝ ʩʪʘʣʦʩʷ ʧʦʢʨʘʱʝʥʥʷ ʛʣʦʙʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ ʥʘ ʢʦʞʥʽ 
2

maxi
 

ʘʙʦ 
10

maxi
 ʽʪʝʨʘʮʽʾ. 

ʇʽʜ ʯʘʩ ʦʧʝʨʘʮʽʾ ʜʠʚʝʨʩʠʬʽʢʘʮʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʚʪʦʨʥʘ ʽʥʽʮʽʘʣʽʟʘʮʽʷ ʢʽʣʴʢʦʩʪʽ 

ʬʝʨʦʤʦʥʫ ʥʘ ʚʩʽʭ ʨʝʙʨʘʭ. ɺʠʟʥʘʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʬʝʨʦʤʦʥʽʚ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ (3.48) ʰʣʷʭʦʤ ʧʨʠʩʚʦʻʥʥʷ ʾʤ ʟʥʘʯʝʥʥʷ, ʦʙʝʨʥʝʥʦʛʦ ʜʦ 

ʢʦʝʬʽʮʽʻʥʪʘ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʽ ʧʦʤʥʦʞʝʥʦʛʦ ʥʘ ʦʮʽʥʢʫ ʛʣʦʙʘʣʴʥʦʛʦ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʰʣʷʭʫ [270-274]. 

 

   
()ir

x
bestglLt _

max
*

1
= .                                              (3.48) 

 

ʄʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʬʝʨʦʤʦʥʫ ʥʘ ʨʝʙʨʽ ʦʙʯʠʩʣʶʻʪʴʩʷ ʯʝʨʝʟ 

(3.49): 

 

   
n*2

max
min

x
x = ,                                                     (3.49) 
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ʜʝ n ï ʢʽʣʴʢʽʩʪʴ ʤʫʨʘʭ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʢʽʣʴʢʦʩʪʽ ʟʘʤʦʚʣʝʥʴ. 

ʇʽʩʣʷ ʢʦʞʥʦʛʦ ʟʥʘʭʦʜʞʝʥʥʷ ʢʨʘʱʦʛʦ ʨʽʰʝʥʥʷ ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥ maxx  ʪʘ minx  

ʧʦʚʠʥʥʽ ʙʫʪʠ ʧʝʨʝʨʘʭʦʚʘʥʽ ʟʘ ʬʦʨʤʫʣʘʤʠ (3.58) ʽ (3.59) ʚʽʜʧʦʚʽʜʥʦ [275]. 

ʇʨʠ ʧʦʙʫʜʦʚʽ ʤʘʨʰʨʫʪʫ ʟʘ ʘʣʛʦʨʠʪʤʦʤ MMAS ʦʙʨʘʥʥʷ ʧʝʨʝʭʦʜʫ ʟ ʘ-ʛʦ ʚʫʟʣʘ 

ʟʜʽʡʩʥʶʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʧʨʘʚʠʣʘ (3.48), ʘʣʝ ʜʣʷ ʦʙʨʘʥʥʷ ʥʘʩʪʫʧʥʦʛʦ ʚʫʟʣʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʝ ʚʝʩʴ ʧʝʨʝʣʽʢ ʚʫʟʣʽʚ iaLn ,  ( nLn ia Í, , ʜʝ n ï ʫʩʽ ʟʘʤʦʚʣʝʥʥʷ), ʷʢʽ ʱʝ 

ʥʝʦʙʭʽʜʥʦ ʚʽʜʚʽʜʘʪʠ i -ʡ ʤʫʨʘʩʽ, ʘ ʪʽʣʴʢʠ ʩʧʠʩʦʢ ʥʘʡʙʣʠʞʯʠʭ ʚʝʨʰʠʥ ï nlist. ʉʧʠʩʦʢ 

nlist ï ʮʝ ʤʘʪʨʠʮʷ ʨʦʟʤʽʨʦʤ nĬnô, ʜʝ n ï ʢ̔ ʣʴʢʽʩʪʴ ʚʝʨʰʠʥ ʛʨʘʬʘ, nô ï ʢʽʣʴʢʽʩʪʴ 

ʥʘʡʙʣʠʞʯʠʭ ʚʝʨʰʠʥ. 

ʂʦʞʥʠʡ i -ʠʡ ʨʷʜʦʢ ʮʽʻʾ ʤʘʪʨʠʮʽ ʤʽʩʪʠʪʴ ʥʦʤʝʨʠ ʥʘʡʙʣʠʞʯʠʭ ʚʝʨʰʠʥ, 

ʚʧʦʨʷʜʢʦʚʘʥʠʭ ʟʘ ʚʽʜʜʘʣʝʥʽʩʪʶ ʚʽʜ a-ʾ ʚʝʨʰʠʥʠ. ɿʘ ʨʘʭʫʥʦʢ ʪʦʛʦ, ʱʦ ʩʧʠʩʦʢ nlist 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʡ ʬʦʨʤʫʻʪʴʩʷ ʜʦ ʧʦʯʘʪʢʫ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ ʟʘ ʚʽʜʦʤʦʶ ʤʘʪʨʠʮʝʶ 

ʚʽʜʩʪʘʥʝʡ D, ʟʥʘʯʥʦ ʧʨʠʩʢʦʨʶʻʪʴʩʷ ʧʦʙʫʜʦʚʘ ʤʘʨʰʨʫʪʫ ʥʘ ʝʪʘʧʽ ʚʠʙʦʨʫ ʥʘʩʪʫʧʥʦʾ 

ʚʝʨʰʠʥʠ. ʗʢʱʦ ʫʩʽ ʚʝʨʰʠʥʠ ʤʥʦʞʠʥʠ nlist ʚʠʯʝʨʧʘʥʽ, ʦʙʨʘʥʥʷ ʚʝʨʰʠʥʠ b ʙʫʜʝ 

ʚʠʟʥʘʯʘʪʠʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʽʜʩʪʘʥʽ ʽ ʨʽʚʥʷ ʬʝʨʦʤʦʥʽʚ ʨʝʙʨʘ ʟʘ ʬʦʨʤʫʣʦʶ (3.50) 

[270ï275]: 
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ʆʪʞʝ, ʟʛʽʜʥʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʫʩʽʭ ʤʦʜʠʬʽʢʘʮʽʡ, ʘʣʛʦʨʠʪʤ ʨʦʟʚôʷʟʢʫ ʙʫʜʝ ʤʘʪʠ 

ʪʘʢʠʡ ʚʠʛʣʷʜ [340]. 

1. ʆʙʨʘʥʥʷ ʧʝʨʽʦʜʫ ʧʣʘʥʫʚʘʥʥʷ. ɿʛʽʜʥʦ ʟ ʟʘʜʘʥʠʤ ʧʝʨʽʦʜʦʤ, ʦʙʠʨʘʶʪʴʩʷ 

ʟʘʤʦʚʣʝʥʥʷ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʟʘ ʮʝʡ ʧʝʨʽʦʜ ʥʘ ʧʝʚʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ. 

2. ʆʙʨʘʥʥʷ ʦʮʽʥʦʯʥʦʾ ʬʫʥʢʮʽʾ ʪʘ ʯʘʩʪʢʦʚʠʭ ʢʨʠʪʝʨʽʾʚ ʚʠʙʦʨʫ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ 

ʟʘʜʘʯʽ. 

3. ʌʦʨʤʫʚʘʥʥʷ ʙʘʛʘʪʦʰʘʨʦʚʦʛʦ ʛʨʘʬʘ, ʷʢʠʡ ʦʧʠʩʫʻ ʢʦʞʝʥ ʽʟ ʰʘʨʽʚ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʧʝʚʥʠʡ ʨʽʚʝʥʴ ʜʝʢʦʤʧʦʟʠʮʽʾ ʟʘʜʘʯʽ. 

4. ɯʥʽʮʽʘʣʽʟʘʮʽʷ ʧʘʨʘʤʝʪʨʽʚ ʘʣʛʦʨʠʪʤʫ Ŭ , ɓ , ɟ ʪʘ Q . 
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5. ʆʙʨʘʥʥʷ ʧʨʘʚʠʣ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ʚʠʜʠʤʦʩʪʽ ɖa,b ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʬʝʨʦʤʦʥʫ ɝa,b. 

6. ʋʩʽ ʟʘʤʦʚʣʝʥʥʷ ʩʦʨʪʫʶʪʴʩʷ ʟʘ ʧʘʨʘʤʝʪʨʦʤ ʯʘʩʫ dti, ʥʘ ʷʢʠʡ ʥʝʦʙʭʽʜʥʦ 

ʚʠʛʦʪʦʚʠʪʠ ʧʨʦʜʫʢʮʽʶ ʟʘ i-ʤ ʟʘʤʦʚʣʝʥʥʷʤ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʫʻʤʦ ʚʽʜʩʦʨʪʦʚʘʥʠʡ 

ʩʧʠʩʦʢ ʟʘʤʦʚʣʝʥʴ iaLn ,  ( nLn ia Í, , ʜʝ N ï ʫʩʽ ʟʘʤʦʚʣʝʥʥʷ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʟʘ 

ʧʝʨʽʦʜ). 

7. ɿʜʽʡʩʥʶʻʤʦ ʧʦʙʫʜʦʚʫ ʧʦʯʘʪʢʦʚʠʭ ʤʘʨʰʨʫʪʽʚ ʦʜʥʦʯʘʩʥʦ ʫ ʧʨʷʤʦʤʫ ʪʘ ʫ 

ʟʚʦʨʦʪʥʦʤʫ ʥʘʧʨʷʤʢʫ. ʇʦʙʫʜʦʚʘ ʧʨʷʤʦʛʦ ʥʘʧʨʷʤʢʫ ʧʝʨʝʜʙʘʯʘʻ ʧʦʩʣʽʜʦʚʥʽʩʪʴ, 

ʦʪʨʠʤʘʥʫ ʧʽʩʣʷ ʩʦʨʪʫʚʘʥʥʷ. ʌʘʢʪʠʯʥʦ ʤʠ ʧʨʠʡʤʘʻʤʦ ʟʘ ʪʘʢʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ 

ʚʽʜʩʦʨʪʦʚʘʥʠʡ ʩʧʠʩʦʢ ʟʘʤʦʚʣʝʥʴ iaLn ,  ( nLn ia Í, , ʜʝ N ï ʫʩʽ ʟʘʤʦʚʣʝʥʥʷ). ɸ ʧʦʙʫʜʦʚʘ 

ʟʚʦʨʦʪʥʦʛʦ ʥʘʧʨʷʤʢʫ ʧʝʨʝʜʙʘʯʘʻ ʬʦʨʤʫʚʘʥʥʷ ʚʽʜ ʦʩʪʘʥʥʴʦʛʦ ʜʦ ʧʝʨʰʦʛʦ 

ʟʘʤʦʚʣʝʥʥʷ. ʇʨʠ ʧʦʙʫʜʦʚʽ ʫ ʟʚʦʨʦʪʥʦʤʫ ʧʦʨʷʜʢʫ ʜʦʜʘʪʢʦʚʦʶ ʫʤʦʚʦʶ ʦʙʨʘʥʥʷ 

ʥʘʩʪʫʧʥʦʛʦ ʟʘʤʦʚʣʝʥʥʷ ʻ ʯʘʩ dti, ʥʘ ʷʢʠʡ ʥʝʦʙʭʽʜʥʦ ʚʠʛʦʪʦʚʠʪʠ ʧʨʦʜʫʢʮʽʶ ʟʘ i-ʤ 

ʟʘʤʦʚʣʝʥʥʷʤ. ɸʣʝ ʧʦʪʽʤ ʟʜʽʡʩʥʶʻʤʦ ʨʝʚʝʨʩ. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʠ ʦʪʨʠʤʘʻʤʦ ʟʥʘʯʝʥʥʷ 

()ibestglLt _  ʛʣʦʙʘʣʴʥʦʛʦ ʪʘ ()iibestLt _  ʣʦʢʘʣʴʥʦʛʦ (ʥʘ ʧʦʪʦʯʥʽʡ ʽʪʝʨʘʮʽʾ) ʦʧʪʠʤʫʤʫ. 

8. ʌʦʨʤʫʻʤʦ ʧʦʧʫʣʷʮʽʶ ʤʫʨʘʭ, ʢʦʞʥʘ ʟ ʷʢʠʭ ʥʘ ʧʝʨʰʽʡ ʚʝʨʰʠʥʽ ʚʽʜʧʦʚʽʜʘʻ 

ʧʝʚʥʦʤʫ ʟʘʤʦʚʣʝʥʥʶ, ʱʦ ʩʬʦʨʤʦʚʘʥʝ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʝʥʝʨʘʪʦʨʘ ʚʠʧʘʜʢʦʚʠʭ 

ʯʠʩʝʣ. ʌʘʢʪʠʯʥʦ ʢʦʞʥʘ ʤʫʨʘʭʘ ʥʘ ʧʦʯʘʪʢʫ ʩʚʦʛʦ ʰʣʷʭʫ ʧʦʚʠʥʥʘ ʧʨʦʡʪʠ ʰʣʷʭ ʥʘ 

ʛʨʘʬʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʝʚʥʦʤʫ ʟʘʤʦʚʣʝʥʥʶ. 

9. ɺʠʢʦʥʫʻʤʦ ʮʠʢʣ ʟʘ ʯʘʩʦʤ ʞʠʪʪʷ ʢʦʣʦʥʽʾ ɘmax ᵺ 1.. ɘ . 

9.1. ɺʠʢʦʥʫʻʤʦ ʮʠʢʣ ʧʦ ʚʩʽʭ ʤʫʨʘʰʢʘʭ i ᵺ 1..n. 

9.1.1. ɹʫʜʫʻʪʴʩʷ ʤʘʨʰʨʫʪ ʜʣʷ ʢʦʞʥʦʾ ʥʦʚʦʾ ʤʫʨʘʭʠ ʟʘ (3.53), ʽ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ 

ʜʦʚʞʠʥʘ ()iiLt . 

9.1.2. ɿʘʩʪʦʩʫʚʘʪʠ ʜʦ ʤʘʨʰʨʫʪʫ ʣʦʢʘʣʴʥʠʡ ʧʦʰʫʢ 2-opt ʪʘ/ʘʙʦ 3-opt. 

9.1.3. ʇʨʦʚʦʜʠʤʦ ʚʠʜʽʣʝʥʥʷ ʬʝʨʦʤʦʥʽʚ ʟʘ (3.45). 

9.2. ʇʨʦʚʦʜʠʤʦ ʦʮʽʥʢʫ ʢʦʞʥʦʛʦ ʟ ʤʘʨʰʨʫʪʽʚ ʪʘ ʧʦʨʽʚʥʶʻʤʦ ʾʭ ʟ ʣʦʢʘʣʴʥʠʤ ʽ 

ʛʣʦʙʘʣʴʥʠʤ ʦʧʪʠʤʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ, ʜʣʷ ʦʥʦʚʣʝʥʥʷ ʽʥʰʠʭ. 

9.3. ɺʠʢʦʥʫʻʤʦ ʦʥʦʚʣʝʥʥʷ ʬʝʨʦʤʦʥʫ ʥʘ ʫʩʽʭ ʨʝʙʨʘʭ ʛʨʘʬʘ (3.44). 

10. ɺʠʚʝʜʝʥʥʷ ʥʘʡʢʨʘʱʦʛʦ ʣʦʢʘʣʴʥʦʛʦ ʪʘ ʛʣʦʙʘʣʴʥʦʛʦ ʦʧʪʠʤʫʤʫ. 
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11. ɿʘʚʝʨʰʝʥʥʷ ʘʣʛʦʨʠʪʤʫ. 

ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʘʣʛʦʨʠʪʤʫ ʦʪʨʠʤʫʻʤʦ ʦʧʪʠʤʘʣʴʥʠʡ ʧʣʘʥ ʚʠʢʦʥʘʥʥʷ 

ʟʘʤʦʚʣʝʥʴ ʫ ʚʠʛʣʷʜʽ ʣʦʢʘʣʴʥʦʛʦ ʪʘ ʛʣʦʙʘʣʴʥʦʛʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʨʰʨʫʪʫ. 

ʗʢ ʚʠʜʥʦ ʟ ʥʘʚʝʜʝʥʦʛʦ ʘʣʛʦʨʠʪʤʫ, ʧʽʩʣʷ ʪʦʛʦ, ʷʢ ʙʫʚ ʧʦʙʫʜʦʚʘʥʠʡ ʤʘʨʰʨʫʪ, 

ʥʘʜ ʦʪʨʠʤʘʥʠʤ ʨʽʰʝʥʥʷʤ ʟʜʽʡʩʥʶʻʪʴʩʷ ʜʦʜʘʪʢʦʚʝ ʧʦʢʨʘʱʝʥʥʷ ʦʜʥʠʤ ʽʟ ʤʝʪʦʜʽʚ 

ʣʦʢʘʣʴʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ, ʘ ʩʘʤʝ ʤʝʪʦʜʘʤʠ 2-opt ʪʘ 3-opt [275, 276]. 

ʄʦʜʠʬʽʢʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ çʤʫʨʘʰʠʥʦʾ ʢʦʣʦʥʽʾè ʫ ʚʠʛʣʷʜʽ ʙʣʦʢ-ʩʭʝʤʠ 

ʥʘʚʝʜʝʥʠʡ ʥʘ ʨʠʩ. 3.6. 

 

 

ʈʠʩʫʥʦʢ 3.6 ï ʄʦʜʠʬʽʢʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ çʤʫʨʘʰʠʥʦʾ ʢʦʣʦʥʽʾè 

 

ʆʙʨʘʥʥʷ  

ʦʮʽʥʦʯʥʦʾ ʬʫʥʢʮʽʾ 

ʪʘ ʢʨʠʪʝʨʽʾʚ 

 

ɺʭʽʜʥʽ  

ʜʘʥʽ ʧʨʦ 

ʟʘʤʦʚʣʝʥʥʷ 

 ʌʦʨʤʫʚʘʥʥʷ 

ʙʘʛʘʪʦʰʘʨʦʚʦʛʦ 

ʛʨʘʬʘ 

 ɯʥʽʮʽʘʣʽʟʘʮʽʷ 

ʧʘʨʘʤʝʪʨʽʚ  

Ŭ , ɓ , ɟ ʪʘ Q 

 ʆʙʨʘʥʥʷ ʧʨʘʚʠʣ 
ʨʦʟʨʘʭʫʥʢʫ 
ʧʘʨʘʤʝʪʨʽʚ 
 ɖa,b ʪʘ ɝa,b 

 ʇʦʯʘʪʦʢ 

ʋʩʽ ʟʘʤʦʚʣʝʥʥʷ 
ʩʦʨʪʫʶʪʴʩʷ ʪʘ  
ʙʫʜʫʶʪʴʩʷ 
ʤʘʨʰʨʫʪʠ 

 

ʌʦʨʤʫʚʘʥʥʷ 
ʧʦʧʫʣʷʮʽ ʾ
ʤʫʨʘʭ 

 

 ɿʘ ʯʘʩʦʤ ʞʠʪʪʷ 
ʢʦʣʦʥʽʾ  
ɘmax ᵺ 1.. ɘ 

 ʇʦ ʚʩʽʭ 
ʤʫʨʘʭʘʭ  
i ᵺ 1..n 

ʇʦʙʫʜʦʚʘ 
ʤʘʨʰʨʫʪʫ ʜʣʷ 
ʢʦʞʥʦʾ ʥʦʚʦʾ 
ʤʫʨʘʭʠ 

 

ɺʠʜʽʣʝʥʥʷ 
ʬʝʨʦʤʦʥʽʚ 

 

ɿʜʽʡʩʥʝʥʥʷ 
ʣʦʢʘʣʴʥʦʾ 
ʦʧʪʠʤʽʟʘʮʽʾ ʟʘ 
2-opt ʽ 3-opt 

 

ʆʮʽʥʢʘ ʤʘʨʰʨʫʪʽʚ 
ʪʘ ʦʥʦʚʣʝʥʥʷ 
ʣʦʢʘʣʴʥʦʛʦ ʪʘ 
ʛʣʦʙʘʣʴʥʠʭ 
ʦʧʪʠʤʫʤʽʚ 

 

ʆʥʦʚʣʝʥʥʷ 
ʬʝʨʦʤʦʥʽʚ ʥʘ 
ʫʩʽʭ ʨʝʙʨʘʭ 

 

ɺʠʚʝʜʝʥʥʷ 
ʥʘʡʢʨʘʱʦʛʦ 
ʤʘʨʰʨʫʪʫ 

 ʂʽʥʝʮʴ 
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ʅʘ ʧʦʯʘʪʢʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʫ çʤʫʨʘʰʠʥʦʾ ʢʦʣʦʥʽʾè ʥʝʦʙʭʽʜʥʦ ʟʘʜʘʪʠ, ʯʠ 

ʙʫʜʝ ʘʚʪʦʤʘʪʠʯʥʦ ʦʙʠʨʘʪʠʩʷ ʦʜʠʥ ʟ̔ ʤʝʪʦʜʽʚ 2-opt ʘʙʦ 3-opt, ʯʠ ʥʝʦʙʭʽʜʥʦ 

ʚʠʢʦʨʠʩʪʘʪʠ ʦʙʠʜʚʘ ʤʝʪʦʜʠ ʪʘ ʦʙʨʘʪʠ ʦʜʠʥ ʽʟ ʥʘʡʢʨʘʱʠʭ. 

ʃʦʢʘʣʴʥʘ ʦʧʪʠʤʽʟʘʮʽʷ ʟʘ ʤʝʪʦʜʦʤ 2-opt (ʨʠʩ. 3.7) ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʥʝʦʙʭʽʜʥʦ 

ʦʙʨʘʪʠ ʜʚʽ ʧʘʨʠ ʝʣʝʤʝʥʪʽʚ ʨʦʟʢʣʘʜʫ, ʱʦ ʥʝ ʻ ʩʫʤʽʞʥʠʤʠ, ʽ ʟʜʽʡʩʥʠʪʠ ʾʭ ʦʙʤʽʥ ʤʽʞ 

ʩʦʙʦʶ, ʧʦʪʽʤ ʧʨʦʚʝʩʪʠ ʦʮʽʥʢʫ ʽ ʟʘʣʠʰʠʪʠ ʥʘʡʢʨʘʱʠʡ ʚʘʨʽʘʥʪ. ʗʢʱʦ ʧʽʩʣʷ ʟʘʤʽʥʠ 

ʦʪʨʠʤʫʻʤʦ ʥʘʡʢʨʘʱʠʡ ʚʘʨʽʘʥʪ, ʪʦ ʟʘʣʠʰʘʻʤʦ ʡʦʛʦ [276], ʱʦ ʡ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.7.  

 

 

ʈʠʩʫʥʦʢ 3.7 ï ʉʭʝʤʘʪʠʯʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ 2-opt 

 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʣʦʢʘʣʴʥʦʾ ʦʧʪʠʤʽʟʘʮʽʷ ʟʘ ʤʝʪʦʜʦʤ 2-opt ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʦʜʠʪʠ ʜʣʷ 

ʢʦʞʥʦʛʦ ʚʘʨʽʘʥʪʘ ʧʣʘʥʫ, ʱʦ ʚ ʘʣʛʦʨʠʪʤʽ ʤʫʨʘʭ ʚʽʜʧʦʚʽʜʘʻ ʤʘʨʰʨʫʪʫ ʤʫʨʘʭʠ. ʋ 

ʚʘʨʽʘʥʪʽ ʧʣʘʥʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦʰʫʢ ʜʚʦʭ ʥʝʩʫʤʽʞʥʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ, ʦʙʤʽʥ ʷʢʠʭ 

ʟʘʙʝʟʧʝʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʠʡ ʝʬʝʢʪ ʟʛʽʜʥʦ ʟ ʦʮʽʥʦʯʥʦʶ ʬʫʥʢʮʽʻʶ ʘʙʦ ʥʘʙʦʨʦʤ 

ʢʨʠʪʝʨʽʾʚ. ʇʨʠʢʣʘʜ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ 2-opt ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.8. 

 

ɺʘʨʽʘʥʪ ʧʣʘʥʫ ʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ 2-opt 1 2 5 6 4 3 

       

ɺʘʨʽʘʥʪ ʧʣʘʥʫ ʧʽʩʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ 2-opt 1 3 5 6 2 4 

 

ʈʠʩʫʥʦʢ 3.8 ï ʉʭʝʤʘʪʠʯʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ 2-opt 

 

Z2 Z1 

Z4 Z3 

Z2 Z1 

Z4 Z3 
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ʇʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʤʝʪʦʜʫ 3-opt (ʨʠʩ. 3.9) ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʽʜʭʽʜ ʜʦ ʤʝʪʦʜʫ 2-

opt, ʘʣʝ ʦʙʠʨʘʶʪʴʩʷ 3 ʧʘʨʠ ʥʝ ʩʫʤʽʞʥʠʭ ʝʣʝʤʝʥʪʽʚ ʨʦʟʢʣʘʜʫ ʜʣʷ ʟʘʤʽʥʠ ʾʭ ʤʽʞ ʩʦʙʦʶ 

[276]. 

 

 

ʈʠʩʫʥʦʢ 3.9 ï ʇʨʠʢʣʘʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ 3-opt 

 

ʊʘʢʠʤ ʯʠʥʦʤ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʢʨʘʱʝʥʥ ̫ ʟʥʘʡʜʝʥʦʛʦ ʤʘʨʰʨʫʪʫ ʥʘ ʢʦʞʥʽʡ 

ʽʪʝʨʘʮʽʾ, ʱʦ ʟʘʙʝʟʧʝʯʠʪʴ ʩʢʦʨʦʪʠʪʠ ʟʘʛʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʽʪʝʨʘʮʽʡ ʘʣʛʦʨʠʪʤʫ, ʘ ʪʘʢʦʞ 

ʟʘʛʘʣʴʥʠʡ ʯʘʩ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ. 

 

 

3.7. ʇʦʨʽʚʥʷʥʥʷ ʦʙʨʘʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥ ̫ 

 

 

ʈʦʟʨʦʙʣʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʫ ʨʦʟʜʽʣʽ 2 ʜʘʻ ʟʤʦʛʫ ʦʮʽʥʠʪʠ ʦʧʝʨʘʪʠʚʥʦ-

ʢʘʣʝʥʜʘʨʥʠʡ ʧʣʘʥ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ. ɿʘʜʘʯʘ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʧʦʪʨʽʙʥʦ 

ʨʦʟʧʦʜʽʣʠʪʠ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʤʽʞ ʽʩʥʫʶʯʠʤʠ ʚʠʨʦʙʥʠʯʠʤʠ ʮʝʭʘʤʠ ʽ ʚʠʟʥʘʯʠʪʠ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʾʭ ʚʠʢʦʥʘʥʥʷ ʥʘ ʽʩʥʫʶʯʦʤʫ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ ʪʘʢʠʤ ʯʠʥʦʤ, 

ʱʦʙ ʤʽʥʽʤʽʟʫʚʘʪʠ ʚʠʪʨʘʪʠ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ.  

ʅʝʦʙʭʽʜʥʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʧʦʚʠʥʥʘ ʚʠʨʽʰʫʚʘʪʠʩʷ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʟʦʚʥʽʰʥʽʭ ʪʘ ʚʥʫʪʨʽʰʥʽʭ ʚʧʣʠʚʽʚ. ʋ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʪʦʯʥʦʾ ʩʠʪʫʘʮʽʾ 

ʦʩʦʙʘ, ʷʢʘ ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ, ʧʦʚʠʥʥʘ ʚʨʘʭʫʚʘʪʠ ʫʩʽ ʯʘʩʪʢʦʚʽ ʢʨʠʪʝʨʽʾ, 

ʧʨʦʨʘʥʞʫʚʘʚʰʠ ʾʭ, ʘʙʦ ʦʙʨʘʪʠ ʥʝʦʙʭʽʜʥʠʡ ʥʘʙʽʨ ʢʨʠʪʝʨʽʾʚ. 

Z2 Z1 

Z4 

Z3 

Z5 

Z6 

Z2 Z1 

Z4 

Z3 

Z5 

Z6 
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ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʚʨʘʭʦʚʫʻ ʪʘʢʽ ʦʩʥʦʚʥʽ ʥʘʧʨʷʤʠ ʜʽʷʣʴʥʦʩʪʽ ʭʘʨʯʦʚʦʛʦ 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʪʘ ʧʨʦʮʝʩʫ ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ:  

Å ʤʘʢʩʠʤʽʟʘʮʽʷ ʧʨʠʙʫʪʢʫ ʚʽʜ ʚʠʢʦʥʘʥʥʷ ʫʩʽʭ ʟʘʤʦʚʣʝʥʴ; ʤʽʥʽʤʽʟʘʮʽʷ ʯʘʩʫ ʥʘ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ;  

Å ʤʘʢʩʠʤʽʟʘʮʽʷ ʟʘʧʘʩʫ ʯʘʩʫ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʟʘʤʦʚʣʝʥʴ; ʤʽʥʽʤʽʟʘʮʽʷ ʩʫʤʘʨʥʠʭ 

ʰʪʨʘʬʽʚ ʟʘ ʥʝʚʯʘʩʥʝ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʥʷ;  

Å ʤʽʥʽʤʽʟʘʮʽʷ ʩʫʤʘʨʥʦʛʦ ʯʘʩʫ ʧʨʦʩʪʦʶ ʫʩʽʭ ʦʜʠʥʠʮʴ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʚʽʜʜʽʣʽʚ; ʤʽʥʽʤʽʟʘʮʽʷ ʩʫʤʘʨʥʠʭ ʚʠʪʨʘʪ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ;  

Å ʤʽʥʽʤʽʟʘʮʽʷ ʩʫʤʘʨʥʠʭ ʚʠʪʨʘʪ ʚʽʜ ʧʨʦʩʪʦʾʚ ʧʨʠ ʥʝʚʠʢʦʨʠʩʪʘʥʥʽ ʦʙʣʘʜʥʘʥʥʷ, 

ʢʦʣʠ ʜʝʷʢʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʢʦʥʪʫʨʠ, ʥʝ ʟʚʘʞʘʶʯʠ ʥʘ ʥʝʚʠʢʦʨʠʩʪʘʥʥʷ, ʧʦʪʨʝʙʫʶʪʴ 

ʝʣʝʢʪʨʦ- ʪʘ ʪʝʧʣʦʩʧʦʞʠʚʘʥʥʷ;  

Å ʤʽʥʽʤʽʟʘʮʽʷ ʩʫʤʘʨʥʠʭ ʚʠʪʨʘʪ ʥʘ ʧʝʨʝʨʦʙʢʫ ʪʘ ʫʪʠʣʽʟʘʮʽʶ ʦʪʨʠʤʘʥʦʾ 

ʥʝʢʦʥʜʠʮʽʡʥʦʾ ʧʨʦʜʫʢʮʽʾ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʫʩʽʭ ʟʘʤʦʚʣʝʥʴ;  

Å ʤʽʥʽʤʽʟʘʮʽʷ ʩʫʤʘʨʥʠʭ ʚʠʪʨʘʪ ʥʘ ʟʙʝʨʽʛʘʥʥʷ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ, ʘ ʽʥʦʜʽ ʡ ʥʘ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ; ʤʽʥʽʤʽʟʘʮʽʷ ʩʫʤʘʨʥʠʭ ʚʠʪʨʘʪ ʥʘ ʟʙʝʨʽʛʘʥʥʷ ʩʠʨʦʚʠʥʠ ʪʘ ʤʘʪʝʨʽʘʣʽʚ. 

ʂʦʞʥʝ ʧʽʜʧʨʠʻʤʩʪʚʦ ʤʘʻ ʥʘʙʽʨ ʢʨʠʪʝʨʽʾʚ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʡʦʛʦ ʧʦʪʫʞʥʦʩʪʽ ʪʘ 

ʦʩʦʙʣʠʚʦʩʪʷʤ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ. ʈʘʟʦʤ ʟ ʪʠʤ ʭʘʨʯʦʚʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ ʤʘʻ 

ʩʧʽʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʘʣʝ ʧʽʜʧʨʠʻʤʩʪʚʘ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ ʧʝʚʥʠʤʠ 

ʦʩʦʙʣʠʚʦʩʪʷʤʠ.  

ɼʣʷ ʧʦʙʫʜʦʚʠ ʧʣʘʥʫ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʥʝʦʙʭʽʜʥʦ ʟʜʽʡʩʥʠʪʠ ʧʦʚʥʠʡ 

ʧʝʨʝʙʽʨ ʚʘʨʽʘʥʪʽʚ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʾʭ ʚʠʢʦʥʘʥʥʷ ʥʘ ʚʽʜʧʦʚʽʜʥʦʤʫ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ 

ʦʙʣʘʜʥʘʥʥʽ. ʉʢʣʘʜʥʽʩʪʴ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʢʦʣʠ ʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʥʘ 

ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ, ʱʦ ʤʦʞʝ ʚʠʛʦʪʦʚʣʷʪʠ ʦʜʥʘʢʦʚʫ ʧʨʦʜʫʢʮʽʶ ʟ ʨʽʟʥʦʶ 

ʧʦʪʫʞʥʽʩʪʶ. ɯʩʥʫʶʪʴ ʨʽʟʥʽ ʚʘʨʽʘʥʪʠ ʾʾ ʚʠʛʦʪʦʚʣʝʥʥʷ.  

ʌʘʢʪʠʯʥʦ ʦʩʪʘʪʦʯʥʠʡ ʧʣʘʥ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʧʦʚôʷʟʫʻʪʴʩʷ ʟ ʪʝʭʥʦʣʦʛʽʯʥʠʤ 

ʦʙʣʘʜʥʘʥʥʷʤ, ʥʘ ʷʢʦʤʫ ʧʨʦʜʫʢʮʽʷ ʙʫʜʝ ʚʠʛʦʪʦʚʣʷʪʠʩʷ. ʅʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʚ 

ʧʝʚʥʠʭ ʚʠʧʘʜʢʘʭ ʚʠʥʠʢʘʶʪʴ ʧʨʠʚôʷʟʢʠ ʜʦ ʥʘʜʭʦʜʞʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʾ ʩʠʨʦʚʠʥʠ.  

ʆʪʞʝ, ʜʘʥʘ ʟʘʜʘʯʘ ʥʘʣʝʞʠʪʴ ʜʦ ʢʣʘʩʫ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʠʭ NP-ʩʢʣʘʜʥʠʭ 

ʢʦʤʙʽʥʘʪʦʨʥʠʭ ʟʘʜʘʯ. ʉʢʣʘʜʥʽʩʪʴ ʨʦʟʚôʷʟʘʥʥʷ ʪʘʢʦʾ ʟʘʜʘʯʽ ʟʨʦʩʪʘʻ ʟ ʢʽʣʴʢʽʩʪʶ 
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ʟʘʤʦʚʣʝʥʴ, ʘ ʪʘʢʦʞ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʝʪʘʧʽʚ ʨʽʟʥʠʭ ʚʘʨʽʘʥʪʽʚ ʚʠʢʦʥʘʥʥʷ ʥʘ ʨʽʟʥʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʣʘʥʢʘʭ ʚʠʨʦʙʥʠʮʪʚʘ. 

ɿʘʜʘʯʘ ʩʧʨʦʱʫʻʪʴʩʷ, ʷʢʱʦ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ ʦʜʥʦʤʫ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʤʫ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ 

ʢʦʤʧʣʝʢʩʽ, ʱʦ ʤʘʻ ʢʦʥʚʝʻʨʥʠʡ ʙʝʟʧʝʨʝʨʚʥʠʡ ʮʠʢʣ ʚʠʨʦʙʥʠʮʪʚʘ.  

ʇʨʠʢʣʘʜʦʤ ʤʦʞʝ ʙʫʪʠ ʤʘʢʘʨʦʥʥʝ ʚʠʨʦʙʥʠʮʪʚʦ, ʜʝ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʝʚʥʦʛʦ ʚʠʜʫ 

ʧʨʦʜʫʢʮʽʾ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘ ʦʜʥʽʡ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽʡ ʪʝʭʥʦʣʦʛʽʯʥʽʡ ʣʽʥʽʾ. ʊʘʢʠʡ ʚʘʨʽʘʥʪ 

ʥʘʡʧʨʦʩʪʽʰʠʡ, ʪʦʤʫ ʱʦ ʧʣʘʥ ʬʦʨʤʫʻʪʴʩʷ ʜʣʷ ʦʜʥʦʛʦ ʚʠʜʫ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʚʠʤʘʛʘʻ ʧʽʜʽʙʨʘʪʠ ʪʽʣʴʢʠ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ.  

ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʨʽʟʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ ʟʙʽʣʴʰʫʻʪʴʩʷ ʽ 

ʢʽʣʴʢʽʩʪʴ ʚʘʨʽʘʥʪʽʚ ʚʠʢʦʥʘʥʥʷ ʧʣʘʥʫ, ʘʜʞʝ ʚʦʥʠ ʙʫʜʫʪʴ ʚʠʢʦʥʫʚʘʪʠʩʷ ʧʘʨʘʣʝʣʴʥʦ. 

ʇʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʪʘʢʠʭ ʘʣʛʦʨʠʪʤʽʚ:  

Å ʘʣʛʦʨʠʪʤ çʙʜʞʦʣʠʥʦʾ ʢʦʣʦʥʽʾè;  

Å ʘʣʛʦʨʠʪʤ çʭʘʦʪʠʯʥʦʛʦ ʢʘʞʘʥʘè; 

Å ʘʣʛʦʨʠʪʤ çʢʘʞʘʥʘ ʥʘ ʦʩʥʦʚʽ ʩʪʨʘʪʝʛʽʾ ʧʦʰʫʢʫ ʧʦʣʴʦʪʫ ʃʝʚʽè;  

Å ʘʣʛʦʨʠʪʤ çʢʘʞʘʥʘ ʥʘ ʦʩʥʦʚʽ ʢʦʝʬʽʮʽʻʥʪʘ ʩʢʦʨʦʯʝʥʥʷè;  

Å  çʛʝʥʝʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤè;  

Å ʘʣʛʦʨʠʪʤ ʧʦʰʫʢʫ çʢʦʩʷʢʫ ʨʠʙè;  

Å ʘʣʛʦʨʠʪʤ çʟʛʨʘʾ ʚʦʚʢʽʚè;  

Å ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ çʟʛʨʘʾ ʚʦʚʢʽʚè;  

Å ʘʣʛʦʨʠʪʤ çʤʫʨʘʰʠʥʦʾ ʢʦʣʦʥʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʣʽʪʥʠʭ ʤʫʨʘʭè;  

Å ʤʦʜʠʬʽʢʦʚʘʥʠʡ çʘʣʛʦʨʠʪʤ ʤʫʨʘʰʠʥʦʾ ʢʦʣʦʥʽʾè. 

ɸʧʨʦʙʘʮʽʷ ʨʦʟʛʣʷʥʫʪʠʭ ʘʣʛʦʨʠʪʤʽʚ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʨʽʟʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ 

ʭʘʨʯʦʚʦʾ ʛʘʣʫʟʽ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʜʦʩʪʦʚʽʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ 

ʨʦʟʛʣʷʥʫʪʠʭ ʘʣʛʦʨʠʪʤʽʚ ʦʙʠʨʘʣʠʩʴ ʜʘʥʽ ʟʘ ʧʣʘʥʘʤʠ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʟʘ ʨʽʟʥʽ 

ʧʦʧʝʨʝʜʥʽ ʧʝʨʽʦʜʠ ʜʽʷʣʴʥʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚ. ɺʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ ʟʘ ʨʽʟʥʽ ʧʝʨʽʦʜʠ ʯʘʩʫ 

ʙʫʣʦ ʦʙʨʘʥʦ 25, 50 ʪʘ 100 ʟʘʤʦʚʣʝʥʴ. ʅʘ ʧʦʯʘʪʢʫ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʽʚ ʟʘʤʦʚʣʝʥʥʷ 

ʨʦʟʪʘʰʦʚʫʚʘʣʠʩʷ ʫ ʪʦʤʫ ʞ ʧʦʨʷʜʢʫ, ʷʢ ʚʦʥʠ ʥʘʜʭʦʜʠʣʠ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʦ.  
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ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʩʧʦʯʘʪʢʫ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʥʠʭ ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ ʧʽʜʙʽʨ 

ʧʘʨʘʤʝʪʨʽʚ ʡʦʛʦ ʨʦʙʦʪʠ ʜʣʷ ʦʙʨʘʥʦʾ ʚʠʙʽʨʢʠ, ʘ ʧʦʪʽʤ ʧʦʨʽʚʥʶʚʘʣʠʩʴ ʨʝʟʫʣʴʪʘʪʠ 

ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʽʚ. 

ʋ ʟʚôʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʥʝʤʦʞʣʠʚʦ ʨʦʟʛʦʣʦʰʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ, ʷʢʘ ʩʢʣʘʜʘʻ 

ʢʦʤʝʨʮʽʡʥʫ ʪʘʻʤʥʠʮʶ, ʘ ʩʘʤʝ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʘʩʦʨʪʠʤʝʥʪ ʪʘ ʦʙʩʷʛʠ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʧʨʦʜʫʢʮʽʾ ʚ ʟʘʤʦʚʣʝʥʥʷʭ, ʪʝʨʤʽʥʠ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ, ʟʘʢʫʧʽʚʝʣʴʥʽ ʮʽʥʠ ʥʘ 

ʩʠʨʦʚʠʥʫ, ʩʦʙʽʚʘʨʪʽʩʪʴ ʧʨʦʜʫʢʮʽʾ ʪʦʱʦ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʘʣʛʦʨʠʪʤʽʚ ʦʮʽʥʶʚʘʣʘʩʴ ʥʘ 

ʦʩʥʦʚʽ ʪʘʢʠʭ ʧʦʢʘʟʥʠʢʽʚ:  

ï ʯʘʩʫ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʢʣʘʜʫ;  

ï ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʥʘʡʜʝʥʦʛʦ ʧʣʘʥʫ ʫ ʛʨʦʰʦʚʦʤʫ ʚʠʤʽʨʽ ʷʢ ʨʽʟʥʠʮʷ ʤʽʞ ʦʮʽʥʢʘʤʠ 

ʟʘ ʮʽʣʴʦʚʦʶ ʬʫʥʢʮʽʻʶ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʧʣʘʥʫ ʪʘ ʬʘʢʪʠʯʥʦʛʦ ʧʣʘʥʫ;  

ï ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ (ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ, ʷʢ 

ʨʽʟʥʠʮʷ ʤʽʞ ʨʦʟʨʘʭʦʚʘʥʠʤ ʧʣʘʥʦʤ ʪʘ ʬʘʢʪʠʯʥʠʤ ʧʣʘʥʦʤ ʟʘ ʯʘʩʦʤ ʚʠʢʦʥʘʥʥʷ). 

ɺʽʜʩʦʪʦʢ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ (3.51): 
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ʜʝ f  ï ʦʮʽʥʢʘ ʬʘʢʪʠʯʥʦʛʦ ʧʣʘʥʫ ʟʘ ʮʽʣʴʦʚʦʶ ʬʫʥʢʮʽʻʶ; 

    optf  ï ʦʮʽʥʢʘ ʩʬʦʨʤʦʚʘʥʦʛʦ ʧʣʘʥʫ ʟʘ ʮʽʣʴʦʚʦʶ ʬʫʥʢʮʽʻʶ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʟʥʘʡʜʝʥʦʛʦ ʧʣʘʥʫ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ (3.52): 

 

fffE -= ,                                                        (3.52) 

 

ʜʝ f  ï ʦʮʽʥʢʘ ʬʘʢʪʠʯʥʦʛʦ ʧʣʘʥʫ ʟʘ ʮʽʣʴʦʚʦʶ ʬʫʥʢʮʽʻʶ; 

     optf  ï ʦʮʽʥʢʘ ʩʬʦʨʤʦʚʘʥʦʛʦ ʧʣʘʥʫ ʟʘ ʮʽʣʴʦʚʦʶ ʬʫʥʢʮʽʻʶ. 

ʋ ʪʘʙʣ. 3.1ï3.3 ʥʘʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʜʣʷ ʨʽʟʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ʟʘʤʦʚʣʝʥʴ. 
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ʊʘʙʣʠʮʷ 3.1 ï ʇʦʨʽʚʥʷʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʧʨʠ 25 ʟʘʤʦʚʣʝʥʥʷʭ 

ˉ 

ʧ/ʧ 
ʅʘʟʚʘ ʘʣʛʦʨʠʪʤʫ 

ʏʘʩ 

ʧʦʰʫʢʫ 

ʧʣʘʥʫ, 

ʭʚ 

ɽʬʝʢʪʠʚʥʽʩʪʴ 

ʟʥʘʡʜʝʥʦʛʦ 

ʧʣʘʥʫ 

ʉʢʦʨʦʯʝʥʥʷ 

ʯʘʩʫ ʚʠʢʦʥʘʥʥʷ 

ʟʘʤʦʚʣʝʥʴ  

 ʫ.ʦ. % ʛʦʜ % 

1 ɸʣʛʦʨʠʪʤ çʙʜʞʦʣʠʥʦʾ 

ʢʦʣʦʥʽʾè 
4 753 2 2 1 

2 ɸʣʛʦʨʠʪʤ çʭʘʦʪʠʯʥʦʛʦ 

ʢʘʞʘʥʘè 
4 753 2 2 1 

3 ɸʣʛʦʨʠʪʤ çʢʘʞʘʥʘ ʥʘ 

ʦʩʥʦʚʽ ʩʪʨʘʪʝʛʽʾ ʧʦʰʫʢʫ 

ʧʦʣʴʦʪʫ ʃʝʚʽè 

4 753 2 2 1 

4 ɸʣʛʦʨʠʪʤ çʢʘʞʘʥʘ ʥʘ 

ʦʩʥʦʚʽ ʢʦʝʬʽʮʽʻʥʪʘ 

ʩʢʦʨʦʯʝʥʥʷè 

4 753 2 2 1 

5 çɻʝʥʝʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤè 4 753 2 2 1 

6 ɸʣʛʦʨʠʪʤ ʧʦʰʫʢʫ çʢʦʩʷʢʫ 

ʨʠʙè 
4 753 2 2 1 

7 ɸʣʛʦʨʠʪʤ çʟʛʨʘʾ ʚʦʚʢʽʚè 4 753 2 2 1 

8 ʄʦʜʠʬʽʢʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ 

çʟʛʨʘʾ ʚʦʚʢʽʚè 
3,9 753 2 2 1 

9 ɸʣʛʦʨʠʪʤ çʤʫʨʘʰʠʥʦʾ 

ʢʦʣʦʥʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʝʣʽʪʥʠʭ ʤʫʨʘʭè 

4 753 2 2 1 

10 ʄʦʜʠʬʽʢʦʚʘʥʠʡ çʘʣʛʦʨʠʪʤ 

ʤʫʨʘʰʠʥʦʾ ʢʦʣʦʥʽʾè 
3,9 753 2 2 1 

 

ɿ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ, ʥʘʚʝʜʝʥʠʭ ʫ ʪʘʙʣ. 3.1, ʚʠʜʥʦ, ʱʦ ʫʩʽ ʘʣʛʦʨʠʪʤʠ 

ʟʥʘʡʰʣʠ ʦʜʥʘʢʦʚʠʡ ʧʣʘʥ, ʷʢʠʡ ʥʘ 2% ʝʬʝʢʪʠʚʥʽʰʠʡ ʚʽʜ ʬʘʢʪʠʯʥʦʛʦ, ʽ ʟʘʛʘʣʴʥʠʡ ʯʘʩ 
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ʡʦʛʦ ʚʠʢʦʥʘʥʥʷ ʥʘ 2 ʛʦʜʠʥʠ ʤʝʥʰʠʡ ʚʽʜ ʬʘʢʪʠʯʥʦʛʦ. ʐʚʠʜʢʽʩʪʴ ʧʦʰʫʢʫ ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ ʥʘ 2,56 % ʰʚʠʜʰʘ. 

 

ʊʘʙʣʠʮʷ 3.2 ï ʇʦʨʽʚʥʷʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʧʨʠ 50-ʪʠ ʟʘʤʦʚʣʝʥʥʷʭ 

ˉ 

ʧ/ʧ 
ʅʘʟʚʘ ʘʣʛʦʨʠʪʤʫ 

ʏʘʩ 

ʧʦʰʫʢʫ 

ʧʣʘʥʫ, ʭʚ 

ɽʬʝʢʪʠʚʥʽʩʪʴ 

ʟʥʘʡʜʝʥʦʛʦ ʧʣʘʥʫ 

ʉʢʦʨʦʯʝʥʥʷ 

ʯʘʩʫ ʚʠʢʦʥʘʥʥʷ 

ʟʘʤʦʚʣʝʥʴ  

ʫ.ʦ. % ʛʦʜ % 

1 ɸʣʛʦʨʠʪʤ çʙʜʞʦʣʠʥʦʾ 

ʢʦʣʦʥʽʾè 
5,9 1256 3 1,5 1 

2 ɸʣʛʦʨʠʪʤ çʭʘʦʪʠʯʥʦʛʦ 

ʢʘʞʘʥʘè 
5,9 1256 3 1,5 1 

3 ʘʣʛʦʨʠʪʤ çʢʘʞʘʥʘ ʥʘ 

ʦʩʥʦʚʽ ʩʪʨʘʪʝʛʽʾ ʧʦʰʫʢʫ 

ʧʦʣʴʦʪʫ ʃʝʚʽè 

5,85 1256 3 1,5 1 

4 ɸʣʛʦʨʠʪʤ çʢʘʞʘʥʘ ʥʘ 

ʦʩʥʦʚʽ ʢʦʝʬʽʮʽʻʥʪʘ 

ʩʢʦʨʦʯʝʥʥʷè 

5,8 1256 3 1,5 1 

5 çɻʝʥʝʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤè 5,7 1503 3,7 3 2 

6 ɸʣʛʦʨʠʪʤ ʧʦʰʫʢʫ 

çʢʦʩʷʢʫ ʨʠʙè 
5,6 1756 4,3 3 2 

7 ɸʣʛʦʨʠʪʤ çʟʛʨʘʾ 

ʚʦʚʢʽʚè 
5,5 1756 4,3 3 2 

8 ʄʦʜʠʬʽʢʦʚʘʥʠʡ 

ʘʣʛʦʨʠʪʤ çʟʛʨʘʾ ʚʦʚʢʽʚè 
5,4 1756 4,3 3 2 

9 ɸʣʛʦʨʠʪʤ çʤʫʨʘʰʠʥʦʾ 

ʢʦʣʦʥʽʾ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʣʽʪʥʠʭ 

ʤʫʨʘʭè 

5,55 1756 4,3 3 2 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣʠʮʽ 3.2 

10 ʄʦʜʠʬʽʢʦʚʘʥʠʡ 

çʘʣʛʦʨʠʪʤ ʤʫʨʘʰʠʥʦʾ 

ʢʦʣʦʥʽʾ 

5,4 1756 4,3 3 2 

 

ɿ ʜʘʥʠʭ, ʥʘʚʝʜʝʥʠʭ ʫ ʪʘʙʣ. 3.2, ʚʠʜʥʦ, ʱʦ ʨʝʟʫʣʴʪʘʪʠ ʧʦʰʫʢʫ ʜʣʷ ʘʣʛʦʨʠʪʤʽʚ 

ʨʽʟʥʽ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʧʣʘʥʫ ʜʣʷ ʘʣʛʦʨʠʪʤʽʚ çʙʜʞʦʣʠʥʦʾ ʢʦʣʦʥʽʾè, çʭʘʦʪʠʯʥʦʛʦ 

ʢʘʞʘʥʘè, çʢʘʞʘʥʘ ʥʘ ʦʩʥʦʚʽ ʩʪʨʘʪʝʛʽʾ ʧʦʰʫʢʫ ʧʦʣʴʦʪʫ ʃʝʚʽè ʪʘ çʢʘʞʘʥʘ ʥʘ ʦʩʥʦʚʽ 

ʢʦʝʬʽʮʽʻʥʪʘ ʩʢʦʨʦʯʝʥʥʷè ʤʘʡʞʝ ʦʜʥʘʢʦʚʽ ʽ ʤʽʥʽʤʘʣʴʥʽ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ 

ʘʣʛʦʨʠʪʤʘʤʠ. 

ʅʘʡʢʨʘʱʠʡ ʨʝʟʫʣʴʪʘʪ ʧʦʢʘʟʘʣʠ ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ çʟʛʨʘʾ ʚʦʚʢʽʚè ʪʘ 

ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ çʤʫʨʘʰʠʥʦʾ ʢʦʣʦʥʽʾè. ɰʭ ʰʚʠʜʢʽʩʪʴ ʧʦʰʫʢʫ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʧʝʨʰʠʤʠ 4-ʤʘ ʘʣʛʦʨʠʪʤʘʤʠ ʥʘ 9,25 % ʰʚʠʜʰʘ, ʘ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʩʚʦʾʤʠ 

ʥʝʤʦʜʠʬʽʢʦʚʘʥʠʤʠ ʚʝʨʩʽʷʤʠ ʰʚʠʜʰʘ ʥʘ 1,8%. 

 

ʊʘʙʣʠʮʷ 3.3 ï ʇʦʨʽʚʥʷʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʧʨʠ 100-ʪʘ ʟʘʤʦʚʣʝʥʥʷʭ 

ˉ 

ʧ/ʧ 
ʅʘʟʚʘ ʘʣʛʦʨʠʪʤʫ 

ʏʘʩ ʧʦʰʫʢʫ 

ʧʣʘʥʫ, ʭʚ 

ɽʬʝʢʪʠʚʥʽʩʪʴ 

ʟʥʘʡʜʝʥʦʛʦ 

ʧʣʘʥʫ 

ʉʢʦʨʦʯʝʥʥʷ 

ʯʘʩʫ 

ʚʠʢʦʥʘʥʥʷ 

ʟʘʤʦʚʣʝʥʴ  

 ʫ.ʦ. % ʛʦʜ % 

1 ɸʣʛʦʨʠʪʤ çʙʜʞʦʣʠʥʦʾ 

ʢʦʣʦʥʽʾè 
7,8 2156 4 3 2 

2 ɸʣʛʦʨʠʪʤ çʭʘʦʪʠʯʥʦʛʦ 

ʢʘʞʘʥʘè 
7,7 2364 4,39 3 2 

3 ɸʣʛʦʨʠʪʤ çʢʘʞʘʥʘ ʥʘ 

ʦʩʥʦʚʽ ʩʪʨʘʪʝʛʽʾ ʧʦʰʫʢʫ 

ʧʦʣʴʦʪʫ ʃʝʚʽè 

7,55 2345 4,35 3 2 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣʠʮʽ 3.3 

4 ɸʣʛʦʨʠʪʤ çʢʘʞʘʥʘ ʥʘ 

ʦʩʥʦʚʽ ʢʦʝʬʽʮʽʻʥʪʘ 

ʩʢʦʨʦʯʝʥʥʷè 

7,6 2163 4,01 3 2 

5 çɻʝʥʝʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤè 7 2420 4,49 6 4 

6 ɸʣʛʦʨʠʪʤ ʧʦʰʫʢʫ 

çʢʦʩʷʢʫ ʨʠʙè 
6,8 3523 6,99 6 4 

7 ɸʣʛʦʨʠʪʤ çʟʛʨʘʾ 

ʚʦʚʢʽʚè 
6,8 3523 6,99 6 4 

8 ʄʦʜʠʬʽʢʦʚʘʥʠʡ 

ʘʣʛʦʨʠʪʤ çʟʛʨʘʾ ʚʦʚʢʽʚè 
6,51 3523 6,99 6 4 

9 ɸʣʛʦʨʠʪʤ çʤʫʨʘʰʠʥʦʾ 

ʢʦʣʦʥʽʾ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʣʽʪʥʠʭ 

ʤʫʨʘʭè 

6,8 3523 6,99 6 4 

10 ʄʦʜʠʬʽʢʦʚʘʥʠʡ 

çʘʣʛʦʨʠʪʤ ʤʫʨʘʰʠʥʦʾ 

ʢʦʣʦʥʽʾè 

6,51 3523 6,99 6 4 

 

ɿ ʜʘʥʠʭ, ʥʘʚʝʜʝʥʠʭ ʫ ʪʘʙʣ. 3.3, ʚʠʜʥʦ, ʱʦ ʨʝʟʫʣʴʪʘʪʠ ʧʦʰʫʢʫ ʜʣʷ ʘʣʛʦʨʠʪʤʽʚ 

ʨʽʟʥʽ. ʅʘʡʢʨʘʱʠʡ ʨʝʟʫʣʴʪʘʪ ʧʦʢʘʟʘʣʠ ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ çʟʛʨʘʾ ʚʦʚʢʽʚè ʪʘ 

ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ çʤʫʨʘʰʠʥʦʾ ʢʦʣʦʥʽʾè. ʐʚʠʜʢʽʩʪʴ ʾʭ ʧʦʰʫʢʫ ʤʘʡʞʝ ʥʘ 20 % 

ʙʽʣʴʰʘ, ʘ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʩʚʦʾʤʠ ʥʝʤʦʜʠʬʽʢʦʚʘʥʠʤʠ ʚʝʨʩʽʷʤʠ ʰʚʠʜʰʘ ʥʘ 4,45%. 

ʊʘʢʦʞ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʨʷʜ ʜʦʩʣʽʜʞʝʥʴ, ʧʨʠ ʷʢʠʭ ʙʨʘʣʠʩʷ ʜʦ ʫʚʘʛʠ ʪʽʣʴʢʠ 

ʛʨʦʰʦʚʽ ʢʨʠʪʝʨʽʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ, ʥʘʚʝʜʝʥʦʾ ʫ ʨʦʟʜ. 2. ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʴ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʘʣʛʦʨʠʪʤ çʢʘʞʘʥʘ ʥʘ ʦʩʥʦʚʽ ʩʪʨʘʪʝʛʽʾ ʧʦʰʫʢʫ ʧʦʣʴʦʪʫ ʃʝʚʽè ʤʦʞʝ 

ʜʘʪʠ ʙʽʣʴʰʠʡ ʝʬʝʢʪ ʧʨʠ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ, ʘʣʝ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʧʽʜʙʦʨʽ 

ʟʥʘʯʝʥʴ ʚʽʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʚʽʜ ʟʥʘʯʝʥʥʷ ʷʢʠʭ ʯʘʩʪʦ ʟʘʣʝʞʠʪʴ ʨʝʟʫʣʴʪʘʪ, ʘ ʪʘʢʦʞ 

ʚʽʜʩʫʪʥʽʩʪʴ ʧʽʜʩʪʘʚ ʜʣʷ ʚʠʙʦʨʫ ʮʠʭ ʟʥʘʯʝʥʴ. ʏʘʩ, ʚʠʪʨʘʯʝʥʠʡ ʥʘ ʧʽʜʙʽʨ ʪʘʢʠʭ 

ʧʘʨʘʤʝʪʨʽʚ, ʤʦʞʝ ʙʫʪʠ ʙʽʣʴʰʠʤ, ʥʽʞ ʨʦʙʦʪʘ ʩʘʤʦʛʦ ʘʣʛʦʨʠʪʤʫ. ɸ ʾʭ ʧʽʜʙʽʨ ʪʘ 
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ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʧʦʢʣʘʜʘʶʪʴʩʷ ʥʘ ʣʶʜʠʥʫ. ʂʨʽʤ ʪʦʛʦ, ʘʣʛʦʨʠʪʤ çʢʘʞʘʥʘ ʥʘ ʦʩʥʦʚʽ 

ʩʪʨʘʪʝʛʽʾ ʧʦʰʫʢʫ ʧʦʣʴʦʪʫ ʃʝʚʽè ʩʠʣʴʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʯʘʪʢʦʚʦʛʦ ʟʛʝʥʝʨʦʚʘʥʦʛʦ 

ʚʘʨʽʘʥʪʘ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʧʣʘʥʫ. 

ʅʝʦʙʭʽʜʥʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʯʘʩ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʣʘʥʫ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʧôʶʪʝʨʥʦʾ ʪʝʭʥʽʢʠ. ɹʽʣʴʰʽʩʪʴ ʚʠʧʨʦʙʫʚʘʥʴ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ Intel 

Core i5-4690ʂ (3.5ɻɻʮ) / RAM 16 ɻɹ / ʅDD 1 ʊɹ. 

ɺʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʽʟ ʟʙʝʨʽʛʘʥʥʷʤ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʜʘʥʠʭ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʧʝʮʽʘʣʴʥʠʭ ʟʘʩʦʙʽʚ ʟʙʝʨʽʛʘʥʥʷ, ʪʘʢʠʭ, ʷʢ ʉʋɹɼ, ʥʝʤʦʞʣʠʚʦ, ʘʜʞʝ ʥʝʦʙʭʽʜʥʦ 

ʧʦʩʪʽʡʥʦ ʟʙʝʨʽʛʘʪʠ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʜʦʜʘʪʢʦʚʠʭ ʨʦʟʨʘʭʫʥʢʽʚ.  

ʋ ʟʚôʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʤʦʜʠʬʽʢʦʚʘʥʽ ʘʣʛʦʨʠʪʤʠ çʟʛʨʘʾ ʚʦʚʢʽʚè ʪʘ çʤʫʨʘʰʠʥʦʾ 

ʢʦʣʦʥʽʾè, ʘ ʪʘʢʦʞ ʘʣʛʦʨʠʪʤ çʢʦʩʷʢʫ ʨʠʙè ʪʘ çʛʝʥʝʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤè ʧʦʢʘʟʘʣʠ ʩʚʦʶ 

ʝʬʝʢʪʠʚʥʽʩʪʴ, ʚʠʥʠʢʘʻ ʛʽʧʦʪʝʟʘ ʧʨʦ ʾʭ ʢʦʤʙʽʥʦʚʘʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʚʠʛʣʷʜʽ ʤʝʪʦʜʫ 

ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʬʦʨʤʫʚʘʥʥʷ ʧʣʘʥʫ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ. 

ʇʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʨʦʟʛʣʷʥʫʪʠʭ ʘʣʛʦʨʠʪʤʽʚ ʥʝʦʙʭʽʜʥʦ ʦʨʛʘʥʽʟʫʚʘʪʠ ʜʽʘʣʦʛ ʟ 

ʦʩʦʙʦʶ, ʱʦ ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʢʦʤʬʦʨʪʥʦʩʪʽ ʾʭ 

ʚʠʢʦʨʠʩʪʘʥʥʷ. 

 

 

3.8 ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 3 

 

 

ɹʫʣʠ ʜʦʩʣʽʜʞʝʥʥʽ ʪʘʢʽ ʘʣʛʦʨʠʪʤʠ: ʘʣʛʦʨʠʪʤ çʙʜʞʦʣʠʥʦʾ ʢʦʣʦʥʽʾè; ʘʣʛʦʨʠʪʤ 

çʭʘʦʪʠʯʥʦʛʦ ʢʘʞʘʥʘè; ʘʣʛʦʨʠʪʤ çʢʘʞʘʥʘ ʥʘ ʦʩʥʦʚʽ ʩʪʨʘʪʝʛʽʾ ʧʦʰʫʢʫ ʧʦʣʴʦʪʫ ʃʝʚʽè; 

ʘʣʛʦʨʠʪʤ çʢʘʞʘʥʘ ʥʘ ʦʩʥʦʚʽ ʢʦʝʬʽʮʽʻʥʪʘ ʩʢʦʨʦʯʝʥʥʷè; çʛʝʥʝʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤè; 

ʘʣʛʦʨʠʪʤ ʧʦʰʫʢʫ çʢʦʩʷʢʫ ʨʠʙè; ʘʣʛʦʨʠʪʤ çʟʛʨʘʾ ʚʦʚʢʽʚè; ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ 

çʟʛʨʘʾ ʚʦʚʢʽʚè; ʘʣʛʦʨʠʪʤ çʤʫʨʘʰʠʥʦʾ ʢʦʣʦʥʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʣʽʪʥʠʭ ʤʫʨʘʭè; 

ʤʦʜʠʬʽʢʦʚʘʥʠʡ çʘʣʛʦʨʠʪʤ ʤʫʨʘʰʠʥʦʾ ʢʦʣʦʥʽʾè. 

ʋʩʽ ʨʦʟʛʣʷʥʫʪʽ ʘʣʛʦʨʠʪʤʠ ʚ ʟʘʨʫʙʽʞʥʽʡ ʣʽʪʝʨʘʪʫʨʽ ʤʘʶʪʴ ʫ ʩʚʦʾʡ ʥʘʟʚʽ ʩʣʦʚʦ 

çʘʣʛʦʨʠʪʤè, ʘʣʝ ʟʘ ʩʢʣʘʜʥʽʩʪʶ ʟʘʩʪʦʩʫʚʘʥʥʷ ʾʭ ʜʦ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʬʦʨʤʫʚʘʥʥʷ 

ʨʦʟʢʣʘʜʫ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʥʷ ʧʦʪʨʝʙʫʶʪʴ ʧʽʜʛʦʪʦʚʢʠ ʪʘ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʭʽʜʥʠʭ 
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ʜʘʥʠʭ ʜʦ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʮʝʜʫʨʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʘʣʛʦʨʠʪʤʽʚ 

ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʨʦʟʚôʷʟʢʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ NP-ʧʦʚʥʦʾ ʟʘʜʘʯʽ ʬʦʨʤʫʚʘʥʥʷ 

ʨʦʟʢʣʘʜʫ ʧʦʚʠʥʥʘ ʨʦʟʛʣʜ̫ʘʪʠʩʷ ʷʢ ʤʝʪʦʜ ʥʘ ʙʘʟʽ ʚʽʜʧʦʚʽʜʥʦʛʦ ʤʝʪʦʜʫ. 

ʄʦʜʠʬʽʢʘʮʽʷ ʪʘ ʧʦʢʨʘʱʝʥʥʷ ʦʢʨʝʤʠʭ ʘʣʛʦʨʠʪʤʽʚ ʥʝ ʟʘʚʞʜʠ ʩʧʨʠʷʻ 

ʧʨʠʰʚʠʜʯʝʥʥʶ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ, ʱʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. ʇʨʠ 

ʢʽʣʴʢʦʩʪʽ ʟʘʤʦʚʣʝʥʴ ʤʝʥʰʝ 25-ʪʠ ʫʩʽ ʘʣʛʦʨʠʪʤʠ ʟʥʘʭʦʜʷʪʴ ʦʜʥʘʢʦʚʽ ʟʥʘʯʝʥʥʷ, ʘʣʝ ʟʘ 

ʯʘʩʦʤ ʧʦʰʫʢʫ ʚʦʥʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ. ʇʨʠ ʢʽʣʴʢʦʩʪʽ ʟʘʤʦʚʣʝʥʴ ʤʝʥʰʝ 25-ʪʠ ʢʨʘʱʽ 

ʧʦʢʘʟʥʠʢʠ ʟʘ ʯʘʩʦʤ ʤʘʶʪʴ ʩʪʘʥʜʘʨʪʥʽ ʚʝʨʩʽʾ ʘʣʛʦʨʠʪʤʽʚ. ɸ ʧʨʠ ʢʽʣʴʢʦʩʪʽ ʟʘʤʦʚʣʝʥʴ 

50 ʽ ʙʽʣʴʰʝ ʢʨʘʱʽ ʧʦʢʘʟʥʠʢʠ ʤʘʶʪʴ ʤʦʜʠʬʽʢʦʚʘʥʽ ʘʣʛʦʨʠʪʤʠ. 

ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʙʫʣʠ ʟʘʧʨʦʧʦʥʦʚʘʥʽ 

ʤʦʜʠʬʽʢʘʮʽʾ ʘʣʛʦʨʠʪʤʽʚ çʤʫʨʘʰʠʥʦʾ ʢʦʣʦʥʽʾè ʪʘ çʟʛʨʘʾ ʚʦʚʢʽʚè ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ 

ʟʘʜʘʯʽ ʬʦʨʤʫʚʘʥʥʷ ʧʣʘʥʫ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʨʠ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʽ 

ʬʦʨʤʫʚʘʪʠ ʥʦʚʠʡ ʧʣʘʥ ʤʘʡʞʝ ʥʘ 20% ʰʚʠʜʰʝ ʫ ʧʦʨʽʚʥʷʥʥ̔  ʟ ʽʥʰʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ. 

ʊʘʢʦʞ ʥʝʦʙʭʽʜʥʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʧʨʠ ʚʨʘʭʫʚʘʥʥʽ ʪʽʣʴʢʠ ʛʨʦʰʦʚʠʭ ʢʨʠʪʝʨʽʾʚ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʘʣʛʦʨʠʪʤ çʢʘʞʘʥʘ ʥʘ ʦʩʥʦʚʽ ʩʪʨʘʪʝʛʽʾ ʧʦʰʫʢʫ ʧʦʣʴʦʪʫ ʃʝʚʽè 

ʤʦʞʝ ʜʘʪʠ ʙʽʣʴʰʠʡ ʝʬʝʢʪ ʧʨʠ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ, ʘʣʝ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʧʽʜʙʦʨʫ ʟʥʘʯʝʥʴ ʚʽʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʚʽʜ ʟʥʘʯʝʥʥʷ ʷʢʠʭ ʯʘʩʪʦ ʟʘʣʝʞʠʪʴ ʨʝʟʫʣʴʪʘʪ, ʘ 

ʪʘʢʦʞ ʚʽʜʩʫʪʥʽʩʪʴ ʧʽʜʩʪʘʚ ʜʣʷ ʚʠʙʦʨʫ ʮʠʭ ʟʥʘʯʝʥʴ. ɺʠʪʨʘʪʠ ʯʘʩʫ ʥʘ ʧʽʜʙʽʨ ʚʽʣʴʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʥʝ ʚʠʧʨʘʚʜʘʥʠʡ, ʪʦʤʫ ʱʦ ʧʝʨʝʚʘʞʘʻ ʯʘʩ ʨʦʙʦʪʠ ʩʘʤʦʛʦ ʘʣʛʦʨʠʪʤʫ. 

ɸʣʛʦʨʠʪʤ çʢʘʞʘʥʘ ʥʘ ʦʩʥʦʚʽ ʩʪʨʘʪʝʛʽʾ ʧʦʰʫʢʫ ʧʦʣʴʦʪʫ ʃʝʚʽè ʩʠʣʴʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʧʦʯʘʪʢʦʚʦʛʦ ʟʛʝʥʝʨʦʚʘʥʦʛʦ ʚʘʨʽʘʥʪʘ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʧʣʘʥʫ, ʱʦ ʻ ʩʪʘʨʪʦʚʦʶ 

ʧʨʠ ʛʝʥʝʨʘʮʽʾ ʥʦʚʠʭ ʚʘʨʽʘʥʪʽʚ. 

ɹʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʛʣʷʥʫʪʠʭ 

ʤʝʪʦʜʽʚ ʥʝʤʦʞʣʠʚʝ, ʘʜʞʝ ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʫ ʟʙʝʨʽʛʘʥʥʽ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʜʘʥʠʭ ʷʢ ʜʣʷ 

ʚʭʽʜʥʠʭ ʜʘʥʠʭ, ʪʘʢ ʽ ʜʣʷ ʧʨʦʤʽʞʥʠʭ. ʅʝʦʙʭʽʜʥʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫʩʽʭ 

ʘʣʛʦʨʠʪʤʽʚ ʧʦʚʠʥʥʦ ʚʽʜʙʫʚʘʪʠʩʷ ʫ ʜʽʘʣʦʟʽ ʟ ʦʩʦʙʦʶ, ʱʦ ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ, ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʢʦʤʬʦʨʪʥʦʩʪʽ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʂʽʣʴʢʽʩʪʴ ʢʨʠʪʝʨʽʾʚ 

ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʚʧʣʠʚʘʻ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʯʘʩ ʧʦʰʫʢʫ ʨʽʰʝʥʥʷ.  

ɿʽ ʟʤʝʥʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʯʘʩʪʢʦʚʠʭ ʢʨʠʪʝʨʽʾʚ ʟʘʜʘʯʘ ʩʧʨʦʱʫʻʪʴʩʷ, ʽ ʯʘʩ 

ʨʦʟʨʘʭʫʥʢʽʚ ʟʤʝʥʰʫʻʪʴʩʷ. 
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ʅʝʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʣʛʦʨʠʪʤʫ çʙʜʞʦʣʠʥʦʾ ʢʦʣʦʥʽʾè, ʘʣʛʦʨʠʪʤʫ 

çʭʘʦʪʠʯʥʦʛʦ ʢʘʞʘʥʘè, ʘʣʛʦʨʠʪʤʫ çʢʘʞʘʥʘ ʥʘ ʦʩʥʦʚʽ ʩʪʨʘʪʝʛʽʾ ʧʦʰʫʢʫ ʧʦʣʴʦʪʫ ʃʝʚʽè, 

ʘʣʛʦʨʠʪʤʫ çʢʘʞʘʥʘ ʥʘ ʦʩʥʦʚʽ ʢʦʝʬʽʮʽʻʥʪʘ ʩʢʦʨʦʯʝʥʥʷè ʦʙʫʤʦʚʣʶʻʪʴʩʷ ʩʢʣʘʜʥʽʩʪʶ 

ʥʘʣʘʰʪʫʚʘʥʥʷ ʾʭ ʧʘʨʘʤʝʪʨʽʚ. 

ɺʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʽʟ ʟʙʝʨʽʛʘʥʥʷʤ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʜʘʥʠʭ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʧʝʮʽʘʣʴʥʠʭ ʟʘʩʦʙʽʚ ʟʙʝʨʽʛʘʥʥʷ, ʪʘʢʠʭ ʷʢ ʉʋɹɼ, ʥʝʤʦʞʣʠʚʝ, ʦʩʢʽʣʴʢʠ ʥʝʦʙʭʽʜʥʦ 

ʧʦʩʪʽʡʥʦ ʟʙʝʨʽʛʘʪʠ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʜʦʜʘʪʢʦʚʠʭ ʨʦʟʨʘʭʫʥʢʽʚ.  

ʋ ʟʚôʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʤʦʜʠʬʽʢʦʚʘʥʽ ʘʣʛʦʨʠʪʤʠ çʟʛʨʘʾ ʚʦʚʢʽʚè ʪʘ çʤʫʨʘʰʠʥʦʾ 

ʢʦʣʦʥʽʾè, ʘ ʪʘʢʦʞ ʘʣʛʦʨʠʪʤ çʢʦʩʷʢʫ ʨʠʙè ʪʘ çʛʝʥʝʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤè ʧʦʢʘʟʘʣʠ ʩʚʦʶ 

ʝʬʝʢʪʠʚʥʽʩʪʴ, ʚʠʥʠʢʘʻ ʛʽʧʦʪʝʟʘ ʧʨʦ ʾʭ ʢʦʤʙʽʥʦʚʘʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʚʠʛʣʷʜʽ ʤʝʪʦʜʫ 

ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʬʦʨʤʫʚʘʥʥʷ ʧʣʘʥʫ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ. 

ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʜʽʣʫ ʦʧʫʙʣʽʢʦʚʘʥʽ ʘʚʪʦʨʦʤ ʫ ʧʨʘʮʷʭ [3, 18, 22, 27, 28, 

31, 32, 34, 37, 45, 50]. 
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ʈʆɿɼɯʃ 4 

ʉʊɺʆʈɽʅʅʗ ɯʅʌʆʈʄɸʎɯʁʅʆɰ ʊɽʍʅʆʃʆɻɯɰ ʇʃɸʅʋɺɸʅʅʗ 

ɺʀʂʆʅɸʅʅʗ ɿɸʄʆɺʃɽʅʔ ʅɸ ʆʉʅʆɺɯ ʂʆʄɹɯʅʆɺɸʅʀʍ ʄɽʊʆɼɯɺ ʊɸ 

ɸʃɻʆʈʀʊʄɯɺ 

4.1 ʂʦʤʙʽʥʦʚʘʥʠʡ ʤʝʪʦʜ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʥʘ ʦʩʥʦʚʽ ʘʣʛʦʨʠʪʤʽʚ çʢʦʩʷʢʫ 

ʨʠʙè ʽ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ çʟʛʨʘʾ ʚʦʚʢʽʚè 

 

 

ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫ ʨʦʟʜʽʣʽ 3 ʙʫʣʦ ʚʠʩʫʥʫʪʦ ʛʽʧʦʪʝʟʫ ʧʨʦ ʪʝ, 

ʱʦ ʧʦʻʜʥʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ çʢʦʩʷʢʫ ʨʠʙè ʽ çʟʛʨʘʾ ʚʦʚʢʽʚè ʤʦʞʝ ʜʘʪʠ ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ 

ʧʦʰʫʢʫ. 

ʇʨʦʧʦʥʫʻʪʴʩʷ ʥʦʚʠʡ ʢʦʤʙʽʥʦʚʘʥʠʡ ʤʝʪʦʜ ʥʘ ʦʩʥʦʚʽ ʘʣʛʦʨʠʪʤʽʚ çʢʦʩʷʢʫ ʨʠʙè ʽ 

ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ çʟʛʨʘʾ ʚʦʚʢʽʚè ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʩʢʣʘʜʘʥʥʷ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ. 

ʋ ʢʦʤʙʽʥʦʚʘʥʦʤʫ ʤʝʪʦʜʽ ʘʣʛʦʨʠʪʤʽʚ çʢʦʩʷʢʫ ʨʠʙè ʪʘ çʟʛʨʘʾ ʚʦʚʢʽʚè ʜʦʮʽʣʴʥʽʰʝ 

ʟʘʩʪʦʩʫʚʘʪʠ ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ çʟʛʨʘʾ ʚʦʚʢʽʚè ʟʘʤʽʩʪʴ ʘʣʛʦʨʠʪʤʫ çʟʛʨʘʾ 

ʚʦʚʢʽʚè, ʱʦ ʢʦʧʽʶʻ ʧʨʦʮʝʩ ʧʦʣʶʚʘʥʥʷ ʟʛʨʘʾ ʚʦʚʢʽʚ ʫ ʧʨʠʨʦʜʽ [28, 32, 50]. ʂʦʞʝʥ ʚʦʚʢ 

ʟʛʨʘʾ ʦʪʦʪʦʞʥʶʻʪʴʩʷ ʘʣʴʪʝʨʥʘʪʠʚʥʦʤʫ ʦʧʝʨʘʪʠʚʥʦʤʫ ʧʣʘʥʫ ʥʘ ʢʦʞʥʽʡ ʽʪʝʨʘʮʽʾ. ʇʽʩʣʷ 

ʚʠʢʦʥʘʥʥʷ ʢʦʞʥʦʾ ʽʪʝʨʘʮʽʾ ʜʣʷ ʢʦʞʥʦʛʦ ʚʦʚʢʘ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʮʽʣʴʦʚʫ ʬʫʥʢʮʽʶ, 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʥʘʯʝʥʥʷ ʡʦʛʦ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʣʘʥʫ. ɿʘ ʟʥʘʯʝʥʥʷʤ 

ʦʮʥ̔ʢʠ ʢʦʞʥʦʛʦ ʚʦʚʢʘ ʚ ʟʛʨʘʾ ʾʭ ʧʦʜʽʣʷʶʪʴ ʥʘ ʯʦʪʠʨʠ ʪʠʧʠ: çʘʣʴʬʘè ï ʚʦʚʢ-ʚʘʪʘʞʦʢ, 

ʦʮʽʥʢʘ ʷʢʦʛʦ ʻ ʦʧʪʠʤʘʣʴʥʝ ʨʽʰʝʥʥʷ ʟʘ ʯʘʩʪʢʦʚʠʤʠ ʢʨʠʪʝʨʽʷʤʠ ʘʙʦ ʦʮʽʥʦʯʥʦʶ 

ʬʫʥʢʮʽʻʶ; çʙʝʪʘè ʽ çʜʝʣʴʪʘè ï ʮʝ ʚʦʚʢʠ, ʷʢʽ ʟʘʛʘʥʷʶʪʴ ʞʝʨʪʚʫ, ʦʮʽʥʢʘ ʷʢʠʭ ʜʨʫʛʝ ʽ 

ʪʨʝʪʻ ʤʽʩʮʝ ʩʝʨʝʜ ʢʨʘʱʠʭ; çʦʤʝʛʘè ï ʚʩʽ ʽʥʰʽ ʚʦʚʢʠ [22]. ʇʝʨʰʽ ʪʨʠ ʪʠʧʠ ʚʦʚʢʽʚ 

ʬʽʢʩʫʶʪʴʩʷ ʥʘ ʪʘʢʽ ʽʪʝʨʘʮʽʾ ʜʦ ʪʠʭ ʧʽʨ, ʧʦʢʠ ʟʥʘʡʜʫʪʴʩʷ ʥʦʚʽ ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʚʘʨʽʘʥʪʠ 

ʨʽʰʝʥʥʷ, ʷʢʽ ʙʫʜʫʪʴ ʢʨʘʱʝ ʧʦʪʦʯʥʠʭ ʘʙʦ ʙʫʜʝ ʚʠʯʝʨʧʘʥʦ ʟʘʜʘʥʫ ʢʽʣʴʢʽʩʪʴ ʽʪʝʨʘʮʽʡ. 

ɺʦʚʢʠ çʘʣʴʬʘè, çʙʝʪʘè, çʜʝʣʴʪʘè ʚʧʣʠʚʘʶʪʴ ʥʘ ʬʦʨʤʫʚʘʥʥʷ çʦʤʝʛʘè ʚʦʚʢʽʚ [22]. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʘʣʛʦʨʠʪʤ çʟʛʨʘʾ ʚʦʚʢʽʚè, ʦʪʨʠʤʫʻʤʦ ʚʘʨʽʘʥʪʠ ʧʣʘʥʽʚ ʚʠʢʦʥʘʥʥʷ 

ʟʘʤʦʚʣʝʥʴ. 
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ɸʣʛʦʨʠʪʤ çʢʦʩʷʢʫ ʨʠʙè ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʭʘʨʯʦʚʽʡ ʧʦʚʝʜʽʥʮʽ ʢʦʩʷʢʫ ʨʠʙ. ɺʦʥʠ 

ʧʝʨʝʩʫʚʘʶʪʴʩʷ ʟ ʤʝʪʦʶ ʧʦʰʫʢʫ ʾʞʽ, ʱʦ ʻ ʦʧʪʠʤʘʣʴʥʠʤ ʨʽʰʝʥʥʷʤ ʫ ʤʝʞʘʭ ʦʙʣʘʩʪʽ 

ʧʦʰʫʢʫ. ʇʨʠ ʭʘʨʯʫʚʘʥʥʽ ʚʘʛʘ ʢʦʞʥʦʾ ʨʠʙʠ ʟʙʽʣʴʰʫʻʪʴʩʷ ʪʘ ʬʦʨʤʘʣʽʟʫʻ ʾʾ 

ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ ʫʩʧʽʭ ʫ ʧʦʰʫʢʫ ʨʽʰʝʥʥʷ ʽ ʚʽʜʽʛʨʘʻ ʨʦʣʴ ʧʘʤ'ʷʪʽ ʨʠʙʠ. ʇʨʠ 

ʟʥʘʭʦʜʞʝʥʥʽ ʝʬʝʢʪʠʚʥʦʛʦ ʤʽʩʮʷ ʭʘʨʯʫʚʘʥʥʷ ʨʠʙʠ ʦʙôʻʜʥʫʶʪʴʩʷ ʫ ʢʦʩʷʢ. 

ɿʘʛʘʣʴʥʘ ʚʘʛʘ ʧʦʢʘʟʫʻ, ʥʘʩʢʽʣʴʢʠ ʝʬʝʢʪʠʚʥʠʡ ʢʦʩʷʢ ʨʠʙ: ʷʢʱʦ ʚʘʛʘ 

ʟʙʽʣʴʰʫʻʪʴʩʷ, ʢʦʩʷʢ ʫʩʧʽʰʥʠʡ, ʷʢʱʦ ʟʤʝʥʰʫʻʪʴʩʷ, ʪʦ ʥʝʫʩʧʽʰʥʠʡ. ɺʝʩʴ ʢʦʩʷʢ 

ʨʫʭʘʻʪʴʩʷ ʜʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʥʘʡʫʩʧʽʰʥʽʰʠʭ ʨʠʙ. ʗʢ ʚʘʛʘ ʚʠʩʪʫʧʘʻ ʦʮʽʥʦʯʥʘ ʬʫʥʢʮʽʷ 

ʘʙʦ ʩʫʢʫʧʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʢʨʠʪʝʨʽʾʚ, ʷʢʽ ʙʫʣʠ ʦʙʨʘʥʽ ʦʩʦʙʦʶ, ʷʢʘ ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ. 

ɺ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ ʢʦʩʷʢ ʧʦʰʠʨʶʻʪʴʩʷ ʥʘ ʚʩʽʡ ʟʘʧʨʦʧʦʥʦʚʘʥʽʡ ʪʝʨʠʪʦʨʽʾ [28, 32, 50]. 

ʋ ʧʨʦʻʢʮʽʾ ʥʘ ʟʘʜʘʯʫ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʭʘʨʯʦʚʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʬʘʢʪʠʯʥʠʡ ʨʫʭ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦ ʧʦʨʷʜʢʫ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʥʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ, ʘ 

ʥʘʡʝʬʝʢʪʠʚʥʽʰʠʤ ʻ ʪʦʡ, ʧʨʠ ʷʢʦʤʫ ʟʘ ʤʝʥʰʠʡ ʯʘʩ ʚʠʢʦʥʘʥʦ ʚʩʽ ʟʘʤʦʚʣʝʥʥʷ ʟ 

ʤʽʥʽʤʘʣʴʥʠʤʠ ʚʠʪʨʘʪʘʤʠ ʽ ʦʪʨʠʤʘʥʦ ʤʘʢʩʠʤʘʣʴʥʠʡ ʧʨʠʙʫʪʦʢ. 

ʆʩʥʦʚʥʠʤʠ ʦʧʝʨʘʪʦʨʘʤʠ ʘʣʛʦʨʠʪʤʫ çʢʦʩʷʢʫ ʨʠʙè  ̒ ʦʧʝʨʘʪʦʨ ʛʦʜʫʚʘʥʥʷ ʽ 

ʧʨʘʚʠʣʦ ʧʣʘʚʘʥʥʷ (ʧʝʨʝʩʫʚʘʥʥʷ ʘʛʝʥʪʽʚ). ʆʧʝʨʘʪʦʨ ʛʦʜʫʚʘʥʥʷ ʚʠʟʥʘʯʘʻ, ʷʢ 

ʚʠʢʦʥʫʻʪʴʩʷ ʧʨʠʨʽʩʪ ʚʘʛʠ ʘʛʝʥʪʘ ʥʘ ʢʦʞʥʽʡ ʽʪʝʨʘʮʽʾ. ɺ ʘʣʛʦʨʠʪʤʽ çʢʦʩʷʢʫ ʨʠʙè 

ʨʦʟʨʽʟʥʷʶʪʴ ʪʨʠ ʚʠʜʠ ʧʣʘʚʘʥʥʷ: ʽʥʜʠʚʽʜʫʘʣʴʥʝ, ʽʥʩʪʠʥʢʪʠʚʥʦ-ʢʦʣʝʢʪʠʚʥʝ ʽ 

ʢʦʣʝʢʪʠʚʥʦ-ʚʦʣʴʦʚʝ. 

ʇʨʠ ʽʥʜʠʚʽʜʫʘʣʴʥʦʤʫ ʧʣʘʚʘʥʥʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʧʘʜʢʦʚʝ ʧʝʨʝʤʽʱʝʥʥʷ ʘʛʝʥʪʘ ʟ 

ʦʜʥʘʢʦʚʦʶ ʡʤʦʚʽʨʥʽʩʪʶ ʚ ʙʫʜʴ-ʷʢʦʤʫ ʥʘʧʨʷʤʢʫ ʽʟ ʟʘʜʘʥʦʶ ʰʚʠʜʢʽʩʪʶ ʘʙʦ ʥʘ ʟʘʜʘʥʫ 

ʚʽʜʩʪʘʥʴ. ʋ ʨʦʟʛʣʷʥʫʪʽʡ ʟʘʜʘʯʽ ʚʽʜʩʪʘʥʴ ʧʝʨʝʭʦʜʫ ʚʠʩʪʫʧʘʻ ʷʢ ʟʘʤʦʚʣʝʥʥʷ ʥʘ 

ʚʠʢʦʥʘʥʥʷ. ɯʥʜʠʚʽʜʫʘʣʴʥʝ ʧʣʘʚʘʥʥʷ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʥʝ ʦʜʥʫ ʽʪʝʨʘʮʽʶ, ʚʦʥʦ 

ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʧʦʰʫʢ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ. 

ʂʦʣʝʢʪʠʚʥʦ-ʚʦʣʴʦʚʝ ʧʣʘʚʘʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʧʽʩʣʷ ʽʥʩʪʠʥʢʪʠʚʥʦ-ʢʦʣʝʢʪʠʚʥʦʛʦ 

ʧʣʘʚʘʥʥʷ. ɼʘʥʠʡ ʚʠʜ ʧʣʘʚʘʥʥʷ ʧʦʣʷʛʘʻ ʫ ʟʤʽʱʝʥʥʽ ʚʩʽʭ ʘʛʝʥʪʽʚ ʫ ʥʘʧʨʷʤʢʫ 

ʧʦʪʦʯʥʦʛʦ ʮʝʥʪʨʫ ʚʘʛʠ ʧʦʧʫʣʷʮʽʾ, ʷʢʱʦ ʩʫʤʘʨʥʘ ʚʘʛʘ ʢʦʩʷʢʫ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʪʘ ʽʥʩʪʠʥʢʪʠʚʥʦ-ʢʦʣʝʢʪʠʚʥʦʛʦ ʧʣʘʚʘʥʥʷ ʟʙʽʣʴʰʠʣʘʩʴ. ɺ 

ʧʨʦʪʠʣʝʞʥʦʤʫ ʥʘʧʨʷʤʢʫ, ʷʢʱʦ ʮʷ ʚʘʛʘ ʟʤʝʥʰʠʣʘʩʴ. ɺ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ ʧʦʧʫʣʷʮʽʷ 

ʨʦʟʰʠʨʶʻʪʴʩʷ ʚʽʜ ʪʦʛʦ ʞ ʮʝʥʪʨʫ, ʧʽʜʚʠʱʫʶʯʠ ʩʚʦʾ ʜʠʚʝʨʩʠʬʽʢʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 
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ɺ ʢʦʤʙʽʥʦʚʘʥʦʤʫ ʘʣʛʦʨʠʪʤʽ çʢʦʩʷʢʫ ʨʠʙè ʪʘ çʟʛʨʘʾ ʚʦʚʢʽʚè ʧʨʠ ʢʦʣʝʢʪʠʚʥʦ-

ʚʦʣʴʦʚʦʤʫ ʧʣʘʚʘʥʥʽ ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʫʚʘʪʠ ʘʣʛʦʨʠʪʤ çʟʛʨʘʾ ʚʦʚʢʽʚè, ʱʦ ʢʦʧʽʶʻ 

ʧʨʦʮʝʩ ʧʦʣʶʚʘʥʥʷ ʟʛʨʘʾ ʚʦʚʢʽʚ ʚ ʧʨʠʨʦʜʽ [28, 32, 50]. ɿʛʽʜʥʦ ʟ ʥʘʰʠʤ ʟʘʚʜʘʥʥʷʤ, 

ʟʛʨʘʷ ʧʦʣʶʻ ʟʘ ʞʝʨʪʚʦʶ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʦʧʪʠʤʘʣʴʥʦʤʫ ʦʧʝʨʘʪʠʚʥʦʤʫ ʧʣʘʥʫ 

ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ. ʂʦʞʝʥ ʚʦʚʢ ʟʛʨʘʾ ʚʽʜʧʦʚʽʜʘʻ ʘʣʴʪʝʨʥʘʪʠʚʥʦʤʫ ʦʧʝʨʘʪʠʚʥʦʤʫ 

ʧʣʘʥʫ ʥʘ ʢʦʞʥʽʡ ʽʪʝʨʘʮʽʾ. ʇʽʩʣʷ ʚʠʢʦʥʘʥʥʷ ʢʦʞʥʦʾ ʽʪʝʨʘʮʽʾ ʜʣʷ ʢʦʞʥʦʛʦ ʚʦʚʢʘ 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʥʘʯʝʥʥʷ ʡʦʛʦ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʣʘʥʫ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʮʽʣʴʦʚʫ ʬʫʥʢʮʽʶ. ɿʘ ʟʥʘʯʝʥʥʷʤ ʦʮʽʥʢʠ ʢʦʞʥʦʛʦ ʚʦʚʢʘ ʚ ʟʛʨʘʾ ʾʭ 

ʧʦʜʽʣʷʶʪʴ ʥʘ ʯʦʪʠʨʠ ʪʠʧʠ: çʘʣʴʬʘè ï ʚʦʚʢ-ʚʘʪʘʞʦʢ, ʦʮʽʥʢʘ ʷʢʦʛʦ ʻ ʦʧʪʠʤʘʣʴʥʝ 

ʨʽʰʝʥʥʷ ʟʘ ʯʘʩʪʢʦʚʠʤʠ ʢʨʠʪʝʨʽʷʤʠ ʘʙʦ ʦʮʽʥʦʯʥʦʶ ʬʫʥʢʮʽʻʶ; çʙʝʪʘè ʽ çʜʝʣʴʪʘè ï ʮʝ 

ʚʦʚʢʠ, ʷʢʽ ʟʘʛʘʥʷʶʪʴ ʞʝʨʪʚʫ, ʦʮʽʥʢʘ ʷʢʠʭ ï ʜʨʫʛʝ ʽ ʪʨʝʪʻ ʤʽʩʮʝ ʩʝʨʝʜ ʢʨʘʱʠʭ; 

çʦʤʝʛʘè ï ʚʩʽ ʽʥʰʽ ʚʦʚʢʠ [22]. ʇʝʨʰʽ ʪʨʠ ʪʠʧʠ ʚʦʚʢʽʚ ʬʽʢʩʫʶʪʴʩʷ ʥʘ ʥʘʩʪʫʧʥʽ ʽʪʝʨʘʮʽʾ 

ʜʦ ʪʠʭ ʧʽʨ, ʧʦʢʠ ʥʝ ʙʫʜʫʪʴ ʟʥʘʡʜʝʥʽ ʥʦʚʽ ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʚʘʨʽʘʥʪʠ ʨʽʰʝʥʥʷ, ʢʨʘʱʝ 

ʧʦʪʦʯʥʠʭ, ʘʙʦ ʙʫʜʝ ʚʠʯʝʨʧʘʥʦ ʟʘʜʘʥʫ ʢʽʣʴʢʽʩʪʴ ʽʪʝʨʘʮʽʡ. ɺʦʚʢʠ çʘʣʴʬʘè, çʙʝʪʘè, 

çʜʝʣʴʪʘè ʚʧʣʠʚʘʶʪʴ ʥʘ ʬʦʨʤʫʚʘʥʥʷ çʦʤʝʛʘè ʚʦʚʢʽʚ [22]. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʘʣʛʦʨʠʪʤ 

çʟʛʨʘʾ ʚʦʚʢʽʚè, ʦʪʨʠʤʫʻʤʦ ʚʘʨʽʘʥʪʠ ʧʣʘʥʽʚ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ. 

ʂʦʤʙʽʥʦʚʘʥʠʡ ʤʝʪʦʜ ʥʘ ʦʩʥʦʚʽ ʘʣʛʦʨʠʪʤʽʚ çʢʦʩʷʢʫ ʨʠʙè ʪʘ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ 

çʟʛʨʘʾ ʚʦʚʢʽʚè ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ.  4.1.  

 

ʇʦʯʘʪʢʦʚʠʡ

ʧʣʘʥ

ʈʝʟʫʣʴʪʘʪ ʧʦʪʦʯʥʦʾ ʽʪʝʨʘʮʽʾ

ɺʘʨʽʘʥʪʠ

ʧʣʘʥʽʚ

ʈʝʟʫʣʴʪʘʪ ʧʦʪʦʯʥʦʾ ʽʪʝʨʘʮʽʾ1

ʌʦʨʤʫʻʤʦ 
ʧʦʯʘʪʢʦʚʠʡ 
ʚʘʨʽʘʥʪ 
ʚʠʢʦʥʘʥʥʷ 
ʧʣʘʥʫ

2

ɺʠʢʦʥʫʻʤʦ 
ʤʦʜʠʬʽʢʦʚʘʥʠʡ 
ʘʣʛʦʨʠʪʤ 
"ʟʛʨʘʾ ʚʦʚʢʽʚ"

3

ɼʦʩʷʛʥʫʪʘ 
ʢʽʣʴʢʽʩʪʴ 
ʽʪʝʨʘʮʽʡ ?

4

ɺʠʢʦʥʫʻʤʦ 
ʘʣʛʦʨʠʪʤ 
"ʢʦʩʷʢʫ ʨʠʙ"

6

ʇʝʨʝʚʽʨʢʘ 
ʥʘ ʧʦʢʨʘʱʝʥʥʷ 
ʪʘ ʦʧʪʠʤʘʣʴʥʽʩʪʴ
ʦʪʨʠʤʘʥʠʭ 
ʚʘʨʽʘʥʪʽʚ

5

ɼʦʩʷʛʥʫʪʘ 
ʢʽʣʴʢʽʩʪʴ 
ʽʪʝʨʘʮʽʡ?

1
ʇʝʨʝʣʽʢ ʟʘʤʦʚʣʝʥʴ 

ʥʘ ʟʘʜʘʥʠʡ ʧʝʨʽʦʜ

2
ʆʧʪʠʤʘʣʴʥʽ ʚʘʨʽʘʥʪʠ ʧʣʘʥʫ

ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ

 

ʈʠʩʫʥʦʢ 4.1 ï ʂʦʤʙʽʥʦʚʘʥʠʡ ʤʝʪʦʜ ʥʘ ʦʩʥʦʚʽ ʘʣʛʦʨʠʪʤʽʚ çʢʦʩʷʢʫ ʨʠʙè ʪʘ 

ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ çʟʛʨʘʾ ʚʦʚʢʽʚè 
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ɿʫʧʠʥʢʘ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʚʠʯʝʨʧʘʥʥʽ ʟʘʜʘʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʽʪʝʨʘʮʽʡ ʘʙʦ ʢʦʣʠ ʦʧʪʠʤʘʣʴʥʝ ʨʽʰʝʥʥʷ ʧʦʚʪʦʨʶʻʪʴʩʷ ʧʨʦʪʷʛʦʤ ʟʘʜʘʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʽʪʝʨʘʮʽʡ. 

ɿʘ ʨʘʭʫʥʦʢ ʪʦʛʦ, ʱʦ ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʽʪʝʨʘʮʽʡ ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʤʽʞ ʨʽʟʥʠʤʠ 

ʘʣʛʦʨʠʪʤʘʤʠ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʛʘʣʴʥʝ ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʧʦʰʫʢʫ. ʊʦʙʪʦ, ʷʢʱʦ ʜʣʷ 

ʟʜʽʡʩʥʝʥʥʷ ʢʦʞʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʥʝʦʙʭʽʜʥʦ 100 ʦʧʝʨʘʮʽʾ, ʪʦ ʜʣʷ ʫʩʽʭ ʥʝʦʙʭʽʜʥʦ 200 

ʦʧʝʨʘʮʽʡ. ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʙʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʢʽʣʴʢʽʩʪʴ ʽʪʝʨʘʮʽʡ 

ʤʽʞ ʘʣʛʦʨʠʪʤʘʤʠ ʜʦʮʽʣʴʥʦ ʨʦʟʜʽʣʠʪʠ ʫ ʧʨʦʧʦʨʮʽʾ 30/70. ɼʣʷ ʘʣʛʦʨʠʪʤʫ çʢʦʩʷʢʫ ʨʠʙè 

ʚʠʜʽʣʷʻʪʴʩʷ 30 ʽʪʝʨʘʮʽʡ, ʘ ʜʣʷ ʘʣʛʦʨʠʪʤʫ çʟʛʨʘʾ ʚʦʚʢʽʚè ï 70. 

ʂʦʤʙʽʥʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ ʧʨʘʮʶʻ ʟʘ ʪʘʢʠʤ ʧʩʝʚʜʦʢʦʜʦʤ: 

1) ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʭʽʜʥʽ ʧʘʨʘʤʝʪʨʠ ʜʣʷ ʧʦʰʫʢʫ; 

2) ʟʘʜʘʻʤʦ ʧʘʨʘʤʝʪʨʠ ʨʦʙʦʪʠ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ, ʘ ʩʘʤʝ ʚʠʟʥʘʯʘʻʤʦ 

ʧʨʦʧʦʨʮʽʡʥʽʩʪʴ ʤʽʞ ʢʽʣʴʢʽʩʪʶ ʽʪʝʨʘʮʽʾ ʜʣʷ ʢʦʞʥʦʛʦ ʘʣʛʦʨʠʪʤʫ. ʅʘʧʨʠʢʣʘʜ, ʟʘʛʘʣʴʥʘ 

ʢʽʣʴʢʽʩʪʴ ʽʪʝʨʘʮʽʡ 100, ʜʣʷ çʢʦʩʷʢʫ ʨʠʙè ʦʙʨʘʥʦ 30 ʽʪʝʨʘʮʽʡ, ʜʣʷ çʟʛʨʘʾ ʚʦʚʢʽʚè ï 70; 

3) ʬʦʨʤʫʻʤʦ ʧʣʘʥ SP  ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʝʥʝʨʘʪʦʨʘ ʚʠʧʘʜʢʦʚʠʭ ʯʠʩʝʣ ʘʙʦ 

ʟʘʜʘʻʤʦ ʚʣʘʩʥʦʨʫʯ; 

4) ʟʘʛʘʣʴʥʠʡ ʮʠʢʣ: 

Å ʚʠʢʦʥʫʻʤʦ ʘʣʛʦʨʠʪʤ çʟʛʨʘʾ ʚʦʚʢʽʚè ʟʘ ʟʘʜʘʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ SP  çʢʦʩʷʢʫ ʨʠʙè ʷʢ ʚʭʽʜʥʠʡ; 

Å ʦʪʨʠʤʫʻʤʦ ʥʘʙʣʠʞʝʥʠʡ ʧʣʘʥ ʈçʟʛʨʘʾ ʚʦʚʢʽʚè; 

Å ʚʠʢʦʥʫʻʤʦ ʘʣʛʦʨʠʪʤ çʢʦʩʷʢʫ ʨʠʙè ʟʘ ʟʘʜʘʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʈçʟʛʨʘʾ ʚʦʚʢʽʚè ʷʢ ʚʭʽʜʥʠʡ; 

Å ʦʪʨʠʤʫʻʤʦ ʥʘʙʣʠʞʝʥʠʡ ʧʣʘʥ ʈçʢʦʩʷʢʫ ʨʠʙè; 

Å ʚʠʟʥʘʯʘʻʤʦ ʥʘʡʢʨʘʱʽʡ ʚʘʨʽʘʥʪ ʟ̔ ʈçʟʛʨʘʾ ʚʦʚʢʽʚè, ʈçʢʦʩʷʢʫ ʨʠʙè ʪʘ ʧʨʠʩʚʦʶʻʤʦ iP ; 

5) ʧʝʨʝʚʽʨʢʘ ʚʠʢʦʥʘʥʥʷ ʫʤʦʚ ʚʠʢʦʥʘʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʮʠʢʣʫ, ʛʦʣʦʚʥʦʶ ʫʤʦʚʦʶ ʻ 

ʜʦʩʷʛʥʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ iP, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʥ ʥʝ ʫ ʙʽʢ 

ʧʦʢʨʘʱʝʥʥʷ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 1iP- ; 

6) ʦʪʨʠʤʫʻʤʦ ʧʨʦʧʦʟʠʮʽʶ iP . 
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ɼʣʷ ʘʧʨʦʙʘʮʽʾ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʦʙʠʨʘʣʠʩʴ ʜʘʥʽ ʟʘ 

ʧʣʘʥʘʤʠ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʟʘ ʨʽʟʥʽ ʧʦʧʝʨʝʜʥʽ ʧʝʨʽʦʜʠ ʜʽʷʣʴʥʦʩʪʽ ʭʘʨʯʦʚʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ. ɸʧʨʦʙʘʮʽʷ ʧʨʦʚʦʜʠʣʘʩʴ ʽʟ ʨʽʟʥʠʤʠ ʥʘʙʦʨʘʤʠ ʯʘʩʪʢʦʚʠʭ ʢʨʠʪʝʨʽʾʚ ʜʣʷ 

ʧʝʨʝʚʽʨʢʠ ʚʧʣʠʚʫ ʾʭʥʴʦʾ ʢʽʣʴʢʦʩʪʽ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʰʚʠʜʢʽʩʪʴ ʟʥʘʭʦʜʞʝʥʥʷ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʙʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ 

ʥʘ ʰʚʠʜʢʽʩʪʴ ʨʦʟʚôʷʟʢʫ ʚʧʣʠʚʘʶʪʴ ʯʘʩʦʚʽ ʢʨʠʪʝʨʽʾ, ʘ ʪʘʢʦʞ ʾʭ ʢʽʣʴʢʽʩʪʴ. ʋ ʪʘʙʣ. 4.1 

ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʨʽʚʥʷʥʥʷ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʟ ʽʥʰʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʫʩʽʭ ʯʘʩʪʢʦʚʠʭ ʢʨʠʪʝʨʽʾʚ ʧʨʠ 100 ʟʘʤʦʚʣʝʥʥʷʭ. 

 

ʊʘʙʣʠʮʷ 4.1 ï ʊʘʙʣʠʮʷ ʧʦʨʽʚʥʷʥʥʷ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʟ ʽʥʰʠʤʠ 

ʘʣʛʦʨʠʪʤʘʤʠ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʫʩʽʭ ʯʘʩʪʢʦʚʠʭ ʢʨʠʪʝʨʽʾʚ ʧʨʠ 100 ʟʘʤʦʚʣʝʥʥʷʭ 

ˉ 

ʧ/ʧ 
ʅʘʟʚʘ ʘʣʛʦʨʠʪʤʫ/ʤʝʪʦʜʫ 

ʏʘʩ 

ʧʦʰʫʢʫ 

ʧʣʘʥʫ, ʭʚ 

ɽʬʝʢʪʠʚʥʽʩʪʴ 

ʟʥʘʡʜʝʥʦʛʦ 

ʧʣʘʥʫ 

ʉʢʦʨʦʯʝʥʥʷ ʯʘʩʫ 

ʚʠʢʦʥʘʥʥʷ 

ʟʘʤʦʚʣʝʥʴ  

 ʫ.ʦ. % ʛʦʜ % 

1 ɸʣʛʦʨʠʪʤ çʙʜʞʦʣʠʥʦʾ 

ʢʦʣʦʥʽʾè 
7,8 2156 4 3 2 

2 ɸʣʛʦʨʠʪʤ çʭʘʦʪʠʯʥʦʛʦ 

ʢʘʞʘʥʘè 
7,7 2364 4,39 3 2 

3 ɸʣʛʦʨʠʪʤ çʢʘʞʘʥʘ ʥʘ ʦʩʥʦʚʽ 

ʩʪʨʘʪʝʛʽʾ ʧʦʰʫʢʫ ʧʦʣʴʦʪʫ 

ʃʝʚʽè 

7,55 2345 4,35 3 2 

4 ɸʣʛʦʨʠʪʤ çʢʘʞʘʥʘ ʥʘ ʦʩʥʦʚʽ 

ʢʦʝʬʽʮʽʻʥʪʘ ʩʢʦʨʦʯʝʥʥʷè 
7,6 2163 4,01 3 2 

5 çɻʝʥʝʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤè 7 2420 4,49 6 4 

6 ɸʣʛʦʨʠʪʤ ʧʦʰʫʢʫ çʢʦʩʷʢʫ 

ʨʠʙè 
6,8 3523 6,99 6 4 

7 ɸʣʛʦʨʠʪʤ çʟʛʨʘʾ ʚʦʚʢʽʚè 6,8 3523 6,99 6 4 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣʠʮʽ 4.1 

8 ʄʦʜʠʬʽʢʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ 

çʟʛʨʘʾ ʚʦʚʢʽʚè 
6,51 3523 6,99 6 4 

9 ɸʣʛʦʨʠʪʤ çʤʫʨʘʰʠʥʦʾ 

ʢʦʣʦʥʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʝʣʽʪʥʠʭ ʤʫʨʘʭè 

6,8 3523 6,99 6 4 

10 ʄʦʜʠʬʽʢʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ 

çʤʫʨʘʰʠʥʦʾ ʢʦʣʦʥʽʾè 
6,51 3523 6,99 6 4 

11 ʄʝʪʦʜ ʥʘ ʦʩʥʦʚʽ ʢʦʤʙʽʥʘʮʽʾ 

ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ 

çʟʛʨʘʾ ʚʦʚʢʽʚè ʪʘ ʘʣʛʦʨʠʪʤʫ 

ʧʦʰʫʢʫ çʢʦʩʷʢʫ ʨʠʙè 

6,18 3523 6,99 6 4 

 

ɿʘ ʥʘʚʝʜʝʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʜʥʦ, ʱʦ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʫʩʽʭ ʯʘʩʪʢʦʚʠʭ 

ʢʨʠʪʝʨʽʾʚ ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʤʝʪʦʜ ʟʘʙʝʟʧʝʯʫʻ ʧʦʰʫʢ ʥʘ 5,2% ʰʚʠʜʰʝ, ʥʽʞ 

ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ çʟʛʨʘʾ ʚʦʚʢʽʚè. ʇʨʠ ʧʦʨʽʚʥʷʥʥʽ ʨʦʙʦʪʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ 

ʤʝʪʦʜʫ ʟ ʘʣʛʦʨʠʪʤʦʤ ʧʦʰʫʢʫ çʢʦʩʷʢʫ ʨʠʙè ʚʠʜʥʦ, ʱʦ ʰʚʠʜʢʽʩʪʴ ʧʦʰʫʢʫ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ 9,9%. 

ʋ ʪʘʙʣ. 4.2 ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʨʽʚʥʷʥʥʷ ʘʣʛʦʨʠʪʤʫ ʟ ʽʥʰʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ 

ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧôʷʪʠ ʯʘʩʪʢʦʚʠʭ ʢʨʠʪʝʨʽʾʚ ʧʨʠ 100 ʟʘʤʦʚʣʝʥʥʷʭ. 

 

ʊʘʙʣʠʮʷ 4.2 ï ʊʘʙʣʠʮʷ ʧʦʨʽʚʥʷʥʥʷ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʟ ʽʥʰʠʤʠ 

ʘʣʛʦʨʠʪʤʘʤʠ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧôʷʪʠ ʯʘʩʪʢʦʚʠʭ ʢʨʠʪʝʨʽʾʚ ʧʨʠ 100 ʟʘʤʦʚʣʝʥʥʷʭ 

ˉ 

ʧ/ʧ 
ʅʘʟʚʘ ʘʣʛʦʨʠʪʤʫ/ʤʝʪʦʜʫ 

ʏʘʩ ʧʦʰʫʢʫ 

ʧʣʘʥʫ, ʭʚ 

ɽʬʝʢʪʠʚʥʽʩʪʴ 

ʟʥʘʡʜʝʥʦʛʦ 

ʧʣʘʥʫ 

ʉʢʦʨʦʯʝʥʥʷ 

ʯʘʩʫ ʚʠʢʦʥʘʥʥʷ 

ʟʘʤʦʚʣʝʥʴ  

ʫ.ʦ. % ʛʦʜ % 

1 
ɸʣʛʦʨʠʪʤ çʙʜʞʦʣʠʥʦʾ 

ʢʦʣʦʥʽʾè 
6,24 1724,8 3 2,5 2 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣʠʮʽ 4.2 

2 
ɸʣʛʦʨʠʪʤ çʭʘʦʪʠʯʥʦʛʦ 

ʢʘʞʘʥʘè 
6,16 1891,2 3,29 2,5 2 

3 

ɸʣʛʦʨʠʪʤ çʢʘʞʘʥʘ ʥʘ ʦʩʥʦʚʽ 

ʩʪʨʘʪʝʛʽʾ ʧʦʰʫʢʫ ʧʦʣʴʦʪʫ 

ʃʝʚʽè 

6,04 1876 3,26 2,5 2 

4 
ɸʣʛʦʨʠʪʤ çʢʘʞʘʥʘ ʥʘ ʦʩʥʦʚʽ 

ʢʦʝʬʽʮʽʻʥʪʘ ʩʢʦʨʦʯʝʥʥʷè 
6,08 1730,4 3,01 2,5 2 

5 çɻʝʥʝʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤè 5,60 1936 3,37 4,8 3,84 

6 
ɸʣʛʦʨʠʪʤ ʧʦʰʫʢʫ çʢʦʩʷʢʫ 

ʨʠʙè 
5,44 2818,4 4,90 5 4 

7 ɸʣʛʦʨʠʪʤ çʟʛʨʘʾ ʚʦʚʢʽʚè 5,24 2818,4 4,90 5 4 

8 
ʄʦʜʠʬʽʢʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ 

çʟʛʨʘʾ ʚʦʚʢʽʚè 
5,21 2818,4 4,90 5 4 

9 

ɸʣʛʦʨʠʪʤ çʤʫʨʘʰʠʥʦʾ 

ʢʦʣʦʥʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʝʣʽʪʥʠʭ ʤʫʨʘʭè 

5,44 2818,4 4,90 5 4 

10 
ʄʦʜʠʬʽʢʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ 

çʤʫʨʘʰʠʥʦʾ ʢʦʣʦʥʽʾè 
5,26 2818,4 4,90 5 4 

11 

ʄʝʪʦʜ ʥʘ ʦʩʥʦʚʽ ʢʦʤʙʽʥʘʮʽʾ 

ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ 

çʟʛʨʘʾ ʚʦʚʢʽʚè ʪʘ ʘʣʛʦʨʠʪʤʫ 

ʧʦʰʫʢʫ çʢʦʩʷʢʫ ʨʠʙè 

3,89 2818,4 4,90 5 4 

 

ɿʘ ʥʘʚʝʜʝʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʜʥʦ, ʱʦ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʫʩʽʭ ʯʘʩʪʢʦʚʠʭ 

ʢʨʠʪʝʨʽʾʚ ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʤʝʪʦʜ ʟʘʙʝʟʧʝʯʫʻ ʧʦʰʫʢ ʥʘ 33,87% ʰʚʠʜʰʝ, ʥʽʞ 

ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ çʟʛʨʘʾ ʚʦʚʢʽʚè. ʗʢʱʦ ʧʦʨʽʚʥʶʚʘʪʠ ʨʦʙʦʪʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ 

ʤʝʪʦʜʫ ʟ ʘʣʛʦʨʠʪʤʦʤ ʧʦʰʫʢʫ çʤʫʨʘʰʠʥʦʾ ʢʦʣʦʥʽʾè, ʪʦ ʚʠʜʥʦ, ʱʦ ʰʚʠʜʢʽʩʪʴ ʧʦʰʫʢʫ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ 35,15%. ʋ ʧʦʨʽʚʥʷʥʥʽ ʟ ʘʣʛʦʨʠʪʤʦʤ ʧʦʰʫʢʫ çʢʦʩʷʢʫ ʨʠʙè ʤʝʪʦʜ 

ʥʘʜʘʻ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʧʦʰʫʢʫ ʥʘ 33, 8%. 
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ʗʢ ʧʦʢʘʟʘʣʠ ʨʝʟʫʣʴʪʘʪʠ ʘʧʨʦʙʘʮʽʾ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʢʦʤʙʽʥʦʚʘʥʠʡ ʤʝʪʦʜ ʥʘ 

ʦʩʥʦʚʽ çʢʦʩʷʢʫ ʨʠʙè ʪʘ çʟʛʨʘʾ ʚʦʚʢʽʚè ʜʘʻ ʟʤʝʥʰʝʥʥʷ ʯʘʩʫ ʧʦʰʫʢʫ ʜʦ 40% ʧʨʠ ʫʤʦʚʽ 

ʚʨʘʭʫʚʘʥʥʷ ʤʘʢʩʠʤʫʤ 5ï6 ʯʘʩʪʢʦʚʠʭ ʢʨʠʪʝʨʽʾʚ, ʘ ʚ ʽʥʰʠʭ ʚʠʧʘʜʢʘʭ ʥʝ ʧʝʨʝʙʽʣʴʰʫʻ 

ʰʚʠʜʢʽʩʪʴ ʧʦʰʫʢʫ ʫ 5%.  

ʊʦʤʫ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʢʦʤʙʽʥʦʚʘʥʠʡ ʤʝʪʦʜ ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʣʷ 

ʧʽʜʧʨʠʻʤʩʪʚ ʟ ʥʝʚʝʣʠʢʠʤ ʘʩʦʨʪʠʤʝʥʪʦʤ ʪʘ ʟ ʤʽʥʽʤʘʣʴʥʠʤ ʧʘʨʢʦʤ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ, ʘʜʞʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʨʦʱʝʥʦʛʦ ʚʘʨʽʘʥʪʘ ʤʦʜʝʣʽ ʤʦʞʣʠʚʠʡ ʫ ʚʠʧʘʜʢʫ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʢʦʤʧʣʝʢʩʽʚ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʝʨʽʡʥʝ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ. 

 

 

4.2 ʂʦʤʙʽʥʦʚʘʥʠʡ ʤʝʪʦʜ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʥʘ ʦʩʥʦʚʽ çʤʫʨʘʰʠʥʦʾ 

ʢʦʣʦʥʽʾè, çʟʛʨʘʾ ʚʦʚʢʽʚè ʪʘ çʛʝʥʝʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫè 

 

 

ʇʨʦʧʦʥʫʻʪʴʩʷ ʥʦʚʠʡ ʢʦʤʙʽʥʦʚʘʥʠʡ ʤʝʪʦʜ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ 

ʘʣʛʦʨʠʪʤʘʭ çʤʫʨʘʰʠʥʦʾ ʢʦʣʦʥʽʾè, çʟʛʨʘʾ ʚʦʚʢʽʚè ʪʘ çʛʝʥʝʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫè. ʉʭʝʤʘ 

ʨʦʙʦʪʠ ʤʝʪʦʜʫ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 4.2. 

 

ɻʨʘʬ

ʚʘʨʽʘʥʪʽʚ

ɺʘʨʽʘʥʪʠ

ʧʣʘʥʽʚ

ʄʦʜʠʬʽʢʦʚʘʥʽ

ʚʘʨʽʘʥʪʠ

ʊʨʠ ʢʨʘʱʠʭ ʚʘʨʽʘʥʪʠ

1

ʌʦʨʤʫʻʤʦ 
ʙʘʛʘʪʦʰʘʨʦʚʠʡ 
ʛʨʘʬ ʤʦʞʣʠʚʠʭ 
ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ
ʚʠʢʦʥʘʥʥʷ 
ʟʘʤʦʚʣʝʥʴ

2

ɿʘʩʪʦʩʦʚʫʻʤʦ 
ʤʦʜʠʬʽʢʦʚʘʥʠʡ 
ʘʣʛʦʨʠʪʤ 
"ʤʫʨʘʰʠʥʦʾ 
ʢʦʣʦʥʽʾ"

5

ɿʘʩʪʦʩʫʚʘʥʥʷ 
"ʛʝʥʝʪʠʯʥʦʛʦ 
ʘʣʛʦʨʠʪʤʫ"

4

ɿʘʩʪʦʩʦʚʫʻʤʦ 
ʤʦʜʠʬʽʢʦʚʘʥʠʡ 
ʘʣʛʦʨʠʪʤ 
"ʟʛʨʘʾ ʚʦʚʢʽʚ"

6

ʇʝʨʝʚʽʨʢʘ 
ʥʘ ʧʦʢʨʘʱʝʥʥʷ 
ʪʘ ʦʧʪʠʤʘʣʴʥʽʩʪʴ
ʦʪʨʠʤʘʥʠʭ 
ʚʘʨʽʘʥʪʽʚ

1
ʇʝʨʝʣʽʢ ʟʘʤʦʚʣʝʥʴ

ʥʘ ʟʘʜʘʥʠʡ ʧʝʨʽʦʜ

2
ʆʧʪʠʤʘʣʴʥʽ ʚʘʨʽʘʥʪʠ ʧʣʘʥʫ

ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ

 
ʈʠʩʫʥʦʢ 4.2 ï ʂʦʤʙʽʥʦʚʘʥʠʡ ʤʝʪʦʜ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʘʣʛʦʨʠʪʤʘʭ çʤʫʨʘʰʠʥʦʾ ʢʦʣʦʥʽʾè, 

çʟʛʨʘʾ ʚʦʚʢʽʚè ʪʘ çʛʝʥʝʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫè 
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ʄʝʪʦʜ ʙʘʟʫʻʪʴʩʷ ʥʘ ʥʘʚʝʜʝʥʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ, ʘʣʝ 

ʦʩʦʙʣʠʚʽʩʪʶ ʻ ʪʝ, ʷʢʱʦ ʆʇʈ ʧʨʠʡʤʝ ʨʽʰʝʥʥʷ ʧʨʦ ʧʦʢʨʘʱʝʥʥʷ ʧʣʘʥʫ, ʪʦʜʽ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ çʛʝʥʝʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤè ʜʣʷ ʤʦʜʠʬʽʢʘʮʽʡ ʧʦʪʦʯʥʦʛʦ ʧʣʘʥʫ. ʊʘʢʠʡ 

ʧʽʜʭʽʜ ʟʘʙʝʟʧʝʯʫʻ ʬʦʨʤʫʚʘʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʧʣʘʥʽʚ ʥʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ, 

ʦʪʨʠʤʘʥʠʭ ʫ ʧʦʧʝʨʝʜʥʽʭ ʘʣʛʦʨʠʪʤʘʭ. 

ʂʦʤʙʽʥʦʚʘʥʠʡ ʤʝʪʦʜ ʧʨʘʮʶʻ ʟʘ ʪʘʢʠʤ ʧʩʝʚʜʦʢʦʜʦʤ: 

1) ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʭʽʜʥʽ ʧʘʨʘʤʝʪʨʠ ʜʣʷ ʧʦʰʫʢʫ; 

2) ʟʘʜʘʻʤʦ ʧʘʨʘʤʝʪʨʠ ʨʦʙʦʪʠ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ; 

3) ʟʘʛʘʣʴʥʠʡ ʮʠʢʣ: 

Å ʚʠʢʦʥʫʻʤʦ ʧʦʰʫʢ ʟʘ ʤʦʜʠʬʽʢʦʚʘʥʠʤ ʘʣʛʦʨʠʪʤʦʤ çʤʫʨʘʰʠʥʦʾ ʢʦʣʦʥʽʾè; 

Å ʚʠʢʦʥʫʻʤʦ ʧʦʰʫʢ ʟʘ ʤʦʜʠʬʽʢʦʚʘʥʠʤ ʘʣʛʦʨʠʪʤʦʤ çʟʛʨʘʾ ʚʦʚʢʽʚè; 

Å ̫ʢʱʦ ʨʝʟʫʣʴʪʘʪ ʟʥʘʡʜʝʥʦ, ʪʦ ʧʝʨʝʭʦʜʠʤʦ ʜʦ ʦʩʪʘʥʥʴʦʛʦ ʧʫʥʢʪʫ; 

Å ̫ʢʱʦ ʨʝʟʫʣʴʪʘʪ ʥʝ ʟʘʜʦʚʦʣʴʥʷʻ, ʟʘʩʪʦʩʦʚʫʻʤʦ çʛʝʥʝʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤè ʪʘ 

ʧʝʨʝʭʦʜʠʤʦ ʜʦ ʧʫʥʢʪʫ çʘè; 

4) ʧʝʨʝʚʽʨʢʘ ʚʠʢʦʥʘʥʥʷ ʫʤʦʚ ʚʠʢʦʥʘʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʮʠʢʣʫ. ɻʦʣʦʚʥʦʶ ʫʤʦʚʦʶ ʻ 

ʜʦʩʷʛʥʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ iP, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʥ ʥʝ ʫ ʙʽʢ 

ʧʦʢʨʘʱʝʥʥʷ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 1iP- ;  

5) ʦʪʨʠʤʫʻʤʦ ʧʨʦʧʦʟʠʮʽʶ iP .  

ʉʧʦʯʘʪʢʫ ʦʩʦʙʘ, ʷʢʘ ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ, ʦʙʠʨʘʻ ʨʷʜ ʢʨʠʪʝʨʽʾʚ, ʷʢʽ ʙʫʜʫʪʴ 

ʚʨʘʭʦʚʫʚʘʪʠʩʴ ʧʨʠ ʨʦʟʚôʷʟʘʥʥʽ ʪʘ ʦʮʽʥʮʽ ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʧʣʘʥʫ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ. 

ʆʙʨʘʥʥʷ ʢʨʠʪʝʨʽʾʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʛʽʜʥʦ ʟ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʦʶ ʩʠʪʫʘʮʽʻʶ, ʘ ʪʘʢʦʞ 

ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʪʨʘʪʝʛʽʯʥʠʭ ʥʘʧʨʷʤʽʚ ʨʦʟʚʠʪʢʫ ʧʽʜʧʨʠʻʤʩʪʚʘ ʚ ʮʽʣʦʤʫ. 

ɼʘʣʽ ʙʫʜʫʶʪʴ ʛʨʘʬ ʚʘʨʽʘʥʪʽʚ. ɺʫʟʣʠ ʛʨʘʬʘ ï ʮʝ ʩʪʘʥ ʚʠʙʦʨʫ ʪʘ ʧʝʨʝʭʦʜʫ ʚʽʜ 

ʦʜʥʦʛʦ ʝʪʘʧʫ ʜʦ ʽʥʰʦʛʦ. ʈʝʙʨʘ, ʷʢʽ ʧʦʻʜʥʫʶʪʴ ʜʚʘ ʚʫʟʣʠ, ʚʽʜʦʙʨʘʞʘʶʪʴ ʧʨʦʮʝʩ 

ʚʠʢʦʥʘʥʥʷ ʧʝʚʥʦʛʦ ʝʪʘʧʫ. ɿʘʛʘʣʴʥʦʶ ʪʨʠʚʘʣʽʩʪʶ ʚʠʢʦʥʘʥʥʷ ʧʝʚʥʦʛʦ ʝʪʘʧʫ 

ʧʦʟʥʘʯʘʻʤʦ ʚʘʛʫ ʢʦʞʥʦʛʦ ʨʝʙʨʘ. ɼʣʷ ʫʩʫʥʝʥʥʷ ʤʦʞʣʠʚʦʾ ʟʘʪʨʠʤʢʠ ʚʠʢʦʥʘʥʥʷ 

ʧʝʚʥʦʛʦ ʝʪʘʧʫ ʜʦʜʘʻʪʴʩʷ ʱʝ ʦʜʥʝ ʜʦʜʘʪʢʦʚʝ ʨʝʙʨʦ ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʚʫʟʣʘʤʠ. ʎʝ 

ʟʘʙʝʟʧʝʯʠʪʴ ʧʝʨʝʭʽʜ, ʷʢʱʦ ʥʝʤʦʞʣʠʚʦ ʚʠʢʦʥʘʪʠ ʞʦʜʝʥ ʽʥʰʠʡ ʝʪʘʧ. ʌʦʨʤʫʚʘʥʥʷ 

ʛʨʘʬʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʜʣʷ ʥʘʦʯʥʦʩʪʽ ʪʘ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʤʝʪʘʝʚʨʠʩʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ. 
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ʆʜʠʥ ʰʘʨ ʛʨʘʬʘ ʚʽʜʧʦʚʽʜʘʻ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʦʙʣʘʜʥʘʥʥʶ. ʂʦʞʝʥ ʚʫʟʦʣ ʚʽʜʧʦʚʽʜʘʻ 

ʧʝʚʥʦʤʫ ʤʦʤʝʥʪʫ ʯʘʩʫ, ʘ ʟʫʧʠʥʢʘ ʚ ʥʴʦʤʫ ʥʝʦʙʦʚôʷʟʢʦʚʦ ʚʠʤʘʛʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʧʝʨʝʭʦʜʫ ʜʦ ʥʘʩʪʫʧʥʦʛʦ ʚʫʟʣʘ ʽʥʰʠʤ ʨʝʙʨʦʤ. ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʫʟʛʦʜʞʝʥʽʩʪʴ ʤʽʞ 

ʚʠʢʦʥʘʥʥʷʤʠ ʝʪʘʧʽʚ ʥʘ ʨʽʟʥʦʤʫ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ [12, 22]. 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʧʝʨʰʠʭ ʥʘʙʣʠʞʝʥʠʭ ʚʘʨʽʘʥʪʽʚ ʨʦʟʢʣʘʜʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ çʤʫʨʘʰʠʥʦʾ ʢʦʣʦʥʽʾè. ʋʤʦʚʦʶ ʦʪʨʠʤʘʥʥʷ ʚʘʨʽʘʥʪʘ ʧʣʘʥʫ 

ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʻ ʚʽʜʚʽʜʘʥʥʷ ʫʩʽʭ ʨʽʟʥʠʭ ʨʝʙʝʨ, ʢʨʽʤ ʨʝʙʝʨ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʟʘʪʨʠʤʮʽ, ʢʦʞʥʦʛʦ ʰʘʨʫ ʛʨʘʬʘ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʦʜʥʦʛʦ ʧʦʚʥʦʛʦ ʰʣʷʭʫ. ʅʘ ʢʦʞʥʽʡ 

ʽʪʝʨʘʮʽʾ ʟʛʝʥʝʨʦʚʘʥʽ ʰʪʫʯʥʽ ʤʫʨʘʭʠ ʟʜʽʡʩʥʶʶʪʴ ʧʦʰʫʢ ʰʣʷʭʫ ʥʘ ʛʨʘʬʽ ʟʛʽʜʥʦ ʟ 

ʦʙʨʘʥʦʶ ʦʩʦʙʦʶ, ʷʢʘ ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ ʯʘʩʪʢʦʚʠʭ ʢʨʠʪʝʨʽʾʚ ʘʙʦ ʟʘʛʘʣʴʥʦʾ ʟʛʦʨʪʢʠ 

ʢʨʠʪʝʨʽʾʚ. ɼʣʷ ʧʦʰʫʢʫ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʥʘ ʢʦʞʥʽʡ ʽʪʝʨʘʮʽʾ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʠʟʥʘʯʝʥʘ ʢʽʣʴʢʽʩʪʴ ʰʪʫʯʥʠʭ ʤʫʨʘʭ, ʷʢʽ ʙʫʜʫʶʪʴ ʚʽʜʧʦʚʽʜʥʫ 

ʢʽʣʴʢʽʩʪʴ ʚʘʨʽʘʥʪʽʚ ʨʦʟʢʣʘʜʫ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʮʽʣʴʦʚʫ 

ʬʫʥʢʮʽʶ ʪʘ ʯʘʩʪʢʦʚʽ ʢʨʠʪʝʨʽʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʩʢʣʘʜʘʥʥʷ ʧʣʘʥʫ ʚʠʢʦʥʘʥʥʷ 

ʟʘʤʦʚʣʝʥʴ, ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʽʜʙʽʨ ʥʘʡʢʨʘʱʠʭ. ɺʽʜʽʙʨʘʥʽ ʚʘʨʽʘʥʪʠ ʟʙʝʨʽʛʘʶʪʴʩʷ ʪʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʝʟʘʣʝʞʥʦ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ ʥʘ ʥʘʩʪʫʧʥʠʭ ʽʪʝʨʘʮʽʷʭ. ʂʦʞʝʥ ʘʛʝʥʪ 

ʜʽʻ ʟʘ ʧʨʘʚʠʣʘʤʠ ʡʤʦʚʽʨʥʽʩʥʦʛʦ ʘʣʛʦʨʠʪʤʫ, ʧʨʠ ʚʠʙʦʨʽ ʥʘʧʨʷʤʢʫ ʦʨʽʻʥʪʫʻʪʴʩʷ ʥʝ 

ʪʽʣʴʢʠ ʥʘ ʧʨʠʨʦʱʝʥʥʷ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ, ʘ ʡ ʥʘ ʩʪʘʪʠʩʪʠʯʥʫ ʽʥʬʦʨʤʘʮʽʶ, ʱʦ 

ʚʽʜʦʙʨʘʞʘʻ ʧʦʧʝʨʝʜʥʶ ʽʩʪʦʨʽʶ ʢʦʣʝʢʪʠʚʥʦʛʦ ʧʦʰʫʢʫ. ʗʢʱʦ ʧʨʦʮʝʩ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʩʢʣʘʜʘʻʪʴʩʷ ʤʝʥʰʝ, ʥʽʞ ʟ ʪʨʴʦʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʥʘ ʨʽʟʥʦʤʫ 

ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʨʦʟʪʘʰʦʚʘʥʦ ʥʘ ʨʽʟʥʠʭ ʚʠʨʦʙʥʠʯʠʭ 

ʜʽʣʷʥʢʘʭ, ʻ ʤʦʞʣʠʚʽʩʪʴ ʚʽʜʨʘʟʫ ʧʝʨʝʡʪʠ ʜʦ ʦʮʽʥʢʠ ʦʪʨʠʤʘʥʠʭ ʚʘʨʽʘʥʪʽʚ. 

ɼʣʷ ʫʥʠʢʥʝʥʥʷ ʦʪʨʠʤʘʥʥʷ ʧʩʝʚʜʦʧʣʘʥʫ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʪʽʣʴʢʠ ʣʦʢʘʣʴʥʦ-

ʦʧʪʠʤʘʣʴʥʠʤ, ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʘʣʛʦʨʠʪʤ çʟʛʨʘʾ ʚʦʚʢʽʚè, ʱʦ ʤʦʜʝʣʶʻ ʧʨʦʮʝʩ ʾʭ 

ʧʦʣʶʚʘʥʥʷ ʚ ʧʨʠʨʦʜʽ. ʅʘ ʧʝʨʰʽʡ ʽʪʝʨʘʮʽʾ ʢʦʞʥʦʤʫ ʚʦʚʢʫ ʧʦʧʫʣʷʮʽʾ ʧʨʠʩʚʦʶʻʪʴʩʷ 

ʦʜʥʝ ʟʘʤʦʚʣʝʥʥʷ, ʙʝʟ ʧʦʚʪʦʨʝʥʥʷ, ʘ ʧʦʪʽʤ ʜʣʷ ʢʦʞʥʦʛʦ ʚʦʚʢʘ ʬʦʨʤʫʻʪʴʩʷ ʩʚʦʷ 

ʧʦʧʫʣʷʮʽʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʝʥʝʨʘʪʦʨʘ ʚʠʧʘʜʢʦʚʠʭ ʯʠʩʝʣ, ʱʦ ʚʠʢʣʶʯʘʻ ʧʦʚʪʦʨʝʥʥʷ 

ʥʦʤʝʨʽʚ ʟʘʤʦʚʣʝʥʴ, ʷʢʱʦ ʪʘʢʝ ʙʫʣʦ ʚʞʝ ʟʛʝʥʝʨʦʚʘʥʦ ʜʣʷ ʮʴʦʛʦ ʘʛʝʥʪʘ. ʗʢ çʘʣʴʬʘè, 

çʙʝʪʘè ʪʘ çʜʝʣʴʪʘè ʥʘ ʧʝʨʰʽʡ ʽʪʝʨʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʘʡʢʨʘʱʽ ʚʘʨʽʘʥʪʠ, ʦʪʨʠʤʘʥʽ 

ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʘʣʛʦʨʠʪʤʫ çʤʫʨʘʰʠʥʦʾ ʢʦʣʦʥʽʾè. 
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ʇʽʩʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʫ ʦʪʨʠʤʫʻʤʦ ʪʨʠ ʥʘʡʢʨʘʱʠʭ ʚʘʨʽʘʥʪʘ ʧʣʘʥʫ 

ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ çʘʣʴʬʘè, çʙʝʪʘè ʪʘ çʜʝʣʴʪʘè ʘʛʝʥʪʘʤ.  

ʗʢʱʦ ʤʝʥʝʜʞʝʨ, ʷʢʠʡ ʚʠʩʪʫʧʘʻ ʚ ʨʦʣʽ ʦʩʦʙʠ, ʱʦ ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ, ʧʨʠʡʤʘʻ ʪʘ 

ʟʘʪʚʝʨʜʞʫʻ ʦʜʠʥ ʟ̔ ʚʘʨʽʘʥʪʽʚ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ, ʪʦ ʚʦʥʦ ʧʨʠʡʤʘʻʪʴʩʷ ʪʘ 

ʧʝʨʝʜʘʻʪʴʩʷ ʜʦ ʚʠʨʦʙʥʠʯʠʭ ʧʽʜʨʦʟʜʽʣʽʚ. ʗʢʱʦ ʦʪʨʠʤʘʥʽ ʚʘʨʽʘʥʪʠ ʚʠʢʦʥʘʥʥʷ 

ʟʘʤʦʚʣʝʥʴ ʥʝ ʟʘʜʦʚʦʣʴʥʷʶʪʴ, ʪʦʜʽ ʟʘʩʪʦʩʦʚʫʶʪʴ çʛʝʥʝʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤè ʜʣʷ 

ʬʦʨʤʫʚʘʥʥʷ ʥʦʚʠʭ ʚʘʨʽʘʥʪʽʚ, ʱʦ ʩʪʘʥʫʪʴ ʧʦʯʘʪʢʦʚʠʤʠ ʜʣʷ ʘʣʛʦʨʠʪʤʫ çʤʫʨʘʰʠʥʦʾ 

ʢʦʣʦʥʽʾè. 

ɺʠʢʦʨʠʩʪʘʥʥʷ çʛʝʥʝʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫè ʦʙʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ ʚʽʥ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʽʪʝʨʘʮʽʡʥʠʡ ʧʽʜʭʽʜ ʧʦʣʽʧʰʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʩʝʨʝʜ ʚʽʜʽʙʨʘʥʠʭ ʥʘʡʢʨʘʱʠʭ ʚʘʨʽʘʥʪʽʚ 

[22, 78]. ʗʢʱʦ ʪʘʢʝ ʨʽʰʝʥʥʷ ʟʥʘʡʜʝʥʦ, ʚʦʥʦ ʩʪʘʻ ʧʦʪʦʯʥʠʤ ʽ ʧʦʯʠʥʘʻʪʴʩʷ ʥʦʚʘ 

ʽʪʝʨʘʮʽʷ. ʅʘ ʢʦʞʥʽʡ ʽʪʝʨʘʮʽʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʧʝʨʘʮʽʡ ʤʫʪʘʮʽʾ, ʢʨʦʩʦʚʝʨʘ ʪʘ 

ʩʭʨʝʱʫʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʚʠʜʢʝ ʦʪʨʠʤʘʥʥʷ ʥʦʚʠʭ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʚʘʨʽʘʥʪʽʚ ʧʣʘʥʽʚ 

ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ. ʌʘʢʪʠʯʥʦ ʟʘʩʪʦʩʫʚʘʥʥʷ çʛʝʥʝʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫè ʟʘʙʝʟʧʝʯʫʻ 

ʩʬʦʨʤʫʚʘʥʥʷ ʥʦʚʠʭ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʧʣʘʥʽʚ ʥʘ ʦʩʥʦʚʽ ʪʨʴʦʭ ʥʘʡʢʨʘʱʠʭ.  

ʇʨʠ ʧʦʚʪʦʨʥʦʤʫ ʧʨʦʭʦʜʽ ʯʝʨʝʟ ʫʩʽ ʘʣʛʦʨʠʪʤʠ ʢʽʣʴʢʽʩʪʴ ʽʪʝʨʘʮʽʡ ʟʤʝʥʰʫʻʪʴʩʷ 

ʚʜʚʽʯʽ ʜʣʷ ʢʦʞʥʦʛʦ ʘʣʛʦʨʠʪʤʫ.  

ʎʝ ʧʨʦʜʦʚʞʫʻʪʴʩʷ ʜʦ ʪʠʭ ʧʽʨ, ʧʦʢʠ ʥʝ ʙʫʜʝ ʚʠʢʦʥʘʥʘ ʟʘʜʘʥʘ ʢʽʣʴʢʽʩʪʴ ʽʪʝʨʘʮʽʡ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʤʠ ʦʪʨʠʤʫʻʤʦ ʥʦʚʽ ʚʘʨʽʘʥʪʠ, ʷʢʽ ʧʦʜʘʶʪʴʩʷ ʥʘ ʝʪʘʧ ʟ̔ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʘʣʛʦʨʠʪʤʫ çʤʫʨʘʰʠʥʦʾ ʢʦʣʦʥʽʾè.  

ɺʘʞʣʠʚʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʨʝʟʫʣʴʪʘʪ ʨʦʙʦʪʠ ʟʘʣʝʞʠʪʴ ʥʝ ʣʠʰʝ ʚʽʜ ʢʽʣʴʢʦʩʪʽ 

ʟʘʤʦʚʣʝʥʴ, ʘ ʡ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʝʪʘʧʽʚ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʧʨʦʜʫʢʮʽʾ, ʘ ʪʘʢʦʞ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʚʘʨʽʘʥʪʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ.  

ʇʦʻʜʥʘʥʥʷ ʪʨʴʦʭ ʘʣʛʦʨʠʪʤʽʚ ʚ ʦʜʠʥ ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʤʝʪʦʜ ʟʘʙʝʟʧʝʯʫʻ 

ʟʥʘʭʦʜʞʝʥʥʷ ʩʢʣʘʜʥʠʭ ʚʘʨʽʘʥʪʽʚ ʚʠʢʦʥʘʥʥʷ ʨʦʟʢʣʘʜʫ ʥʘ ʙʘʛʘʪʦʥʦʤʝʥʢʣʘʪʫʨʥʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʭʘʨʯʦʚʦʾ ʛʘʣʫʟʽ, ʱʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ 

ʨʝʪʨʦʩʧʝʢʪʠʚʥʠʭ ʜʘʥʠʭ ʟʘ ʧʣʘʥʘʤʠ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʟʘ ʨʽʟʥʽ ʧʦʧʝʨʝʜʥʽ ʧʝʨʽʦʜʠ 

ʜʽʷʣʴʥʦʩʪʽ ʭʘʨʯʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ.  

ʋ ʪʘʙʣ. 4.3 ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʨʽʚʥʷʥʥʷ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʟ ʽʥʰʠʤʠ 

ʘʣʛʦʨʠʪʤʘʤʠ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʽ ʫʩʽʭ ʯʘʩʪʢʦʚʠʭ ʢʨʠʪʝʨʽʾʚ ʧʨʠ 100 ʟʘʤʦʚʣʝʥʥʷʭ. 
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ʊʘʙʣʠʮʷ 4.3 ï ʊʘʙʣʠʮʷ ʧʦʨʽʚʥʷʥʥʷ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʟ ʽʥʰʠʤʠ 

ʘʣʛʦʨʠʪʤʘʤʠ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫʩʽʭ ʯʘʩʪʢʦʚʠʭ ʢʨʠʪʝʨʽʾʚ ʧʨʠ 100 ʟʘʤʦʚʣʝʥʥʷʭ 

ˉ 

ʧ/ʧ 
ʅʘʟʚʘ ʘʣʛʦʨʠʪʤʫ/ʤʝʪʦʜʫ 

ʏʘʩ 

ʧʦʰʫʢʫ 

ʧʣʘʥʫ, ʭʚ 

ɽʬʝʢʪʠʚʥʽʩʪʴ 

ʟʥʘʡʜʝʥʦʛʦ 

ʧʣʘʥʫ 

ʉʢʦʨʦʯʝʥʥʷ ʯʘʩʫ 

ʚʠʢʦʥʘʥʥʷ 

ʟʘʤʦʚʣʝʥʴ  

 ʫ.ʦ. % ʛʦʜ % 

1 ɸʣʛʦʨʠʪʤ çʙʜʞʦʣʠʥʦʾ 

ʢʦʣʦʥʽʾè 
7,80 2156,00 4,00 3,00 2,00 

2 ɸʣʛʦʨʠʪʤ çʭʘʦʪʠʯʥʦʛʦ 

ʢʘʞʘʥʘè 
7,70 2364,00 4,39 3,00 2,00 

3 ɸʣʛʦʨʠʪʤ çʢʘʞʘʥʘ ʥʘ 

ʦʩʥʦʚʽ ʩʪʨʘʪʝʛʽʾ ʧʦʰʫʢʫ 

ʧʦʣʴʦʪʫ ʃʝʚʽè 

7,55 2345,00 4,35 3,00 2,00 

4 ɸʣʛʦʨʠʪʤ çʢʘʞʘʥʘ ʥʘ 

ʦʩʥʦʚʽ ʢʦʝʬʽʮʽʻʥʪʘ 

ʩʢʦʨʦʯʝʥʥʷè 

7,60 2163,00 4,01 3,00 2,00 

5 çɻʝʥʝʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤè 7,00 2420,00 4,49 6,00 4,00 

6 ɸʣʛʦʨʠʪʤ ʧʦʰʫʢʫ çʢʦʩʷʢʫ 

ʨʠʙè 
6,80 3523,00 6,54 6,00 4,00 

7 ɸʣʛʦʨʠʪʤ çʟʛʨʘʾ ʚʦʚʢʽʚè 6,80 3523,00 6,54 6,00 4,00 

8 ʄʦʜʠʬʽʢʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ 

çʟʛʨʘʾ ʚʦʚʢʽʚè 
6,51 3523,00 6,54 6,00 4,00 

9 ɸʣʛʦʨʠʪʤ çʤʫʨʘʰʠʥʦʾ 

ʢʦʣʦʥʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʝʣʽʪʥʠʭ ʤʫʨʘʭè 

6,80 3523,00 6,54 6,00 4,00 

10 ʄʦʜʠʬʽʢʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ 

çʤʫʨʘʰʠʥʦʾ ʢʦʣʦʥʽʾè 
6,51 3523,00 6,54 6,00 4,00 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣʠʮʽ 4.3 

11 ʂʦʤʙʽʥʦʚʘʥʠʡ ʤʝʪʦʜ ʥʘ 

ʦʩʥʦʚʽ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ 

ʘʣʛʦʨʠʪʤʫ çʟʛʨʘʾ ʚʦʚʢʽʚè ʪʘ 

ʘʣʛʦʨʠʪʤʫ ʧʦʰʫʢʫ çʢʦʩʷʢʫ 

ʨʠʙè 

6,18 3523,00 6,54 6,00 4,00 

12 ʂʦʤʙʽʥʦʚʘʥʠʡ ʤʝʪʦʜ, 

ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʘʣʛʦʨʠʪʤʘʭ 

çʤʫʨʘʰʠʥʦʾ ʢʦʣʦʥʽʾè, 

çʟʛʨʘʾ ʚʦʚʢʽʚè ʪʘ 

çʛʝʥʝʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫè 

5,85 3587,00 6,65 6,00 4,00 

 

ɿʘ ʥʘʚʝʜʝʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʜʥʦ, ʱʦ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʫʩʽʭ ʯʘʩʪʢʦʚʠʭ 

ʢʨʠʪʝʨʽʾʚ ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʤʝʪʦʜ ʟʘʙʝʟʧʝʯʫʻ ʧʦʰʫʢ ʰʚʠʜʰʝ, ʥʽʞ ʫʩʽ ʽʥʰʽ ʘʣʛʦʨʠʪʤʠ. 

ʂʨʽʤ ʮʴʦʛʦ, ʥʝʦʙʭʽʜʥʦ ʚʽʜʤʽʪʠʪʠ, ʥʝ ʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʧʨʠ ʚʝʣʠʢʠʭ 

ʨʦʟʤʽʨʥʦʩʪʷʭ ʟʘʜʘʯʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʤʽʥʽʤʘʣʴʥʠʡ ʚʠʛʨʘʰ ʫ ʯʘʩʽ, ʟʥʘʡʜʝʥʽ ʦʧʪʠʤʘʣʴʥʽ 

ʚʘʨʽʘʥʪʠ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʽ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ. ʗʢʱʦ ʥʘ ʧʦʯʘʪʢʫ ʚʠʢʦʥʘʥʥʷ 

ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʜʘʚʘʪʠ ʧʝʚʥʽ ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʧʣʘʥʠ, ʪʦ ʰʚʠʜʢʽʩʪʴ ʧʦʰʫʢʫ 

ʟʙʽʣʴʰʫʻʪʴʩʷ. 

 

 

4.3 ʈʦʟʨʦʙʢʘ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ 

ʟʘʤʦʚʣʝʥʴ 

 

 

ɺʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʧʦʣʷʛʘʻ ʫ 

ʰʚʠʜʢʦʤʫ ʬʦʨʤʫʚʘʥʥʽ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʣʘʥʫ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ. ʅʝʦʙʭʽʜʥʦ 

ʚʽʜʤʽʪʠʪʠ, ʱʦ ʩʫʯʘʩʥʽ ʚʠʤʦʛʠ ʚʝʜʝʥʥʷ ʜʽʣʦʚʠʭ ʚʽʜʥʦʩʠʥ, ʦʩʦʙʣʠʚʦ ʜʣʷ ʧʽʜʧʨʠʻʤʩʪʚ 

ʭʘʨʯʦʚʦʾ ʛʘʣʫʟʽ, ʚʠʤʘʛʘʶʪʴ ʰʚʠʜʢʦʛʦ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʧʦʪʨʝʙʠ ʟʘʤʦʚʥʠʢʘ. ʌʘʢʪʠʯʥʦ 

ʟʘʤʦʚʥʠʢ, ʷʢʠʡ ʚʠʩʪʫʧʘʻ ʷʢ ʢʽʥʮʝʚʠʡ ʧʨʦʜʘʚʝʮʴ, ʻ ʪʠʤ, ʭʪʦ ʢʝʨʫʻ ʨʠʥʢʦʤ ʟʙʫʪʫ, ʽ 
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ʥʝʭʪʫʚʘʪʠ ʡʦʛʦ ʚʠʤʦʛʘʤʠ ʢʝʨʽʚʥʠʢʘʤ ʧʽʜʧʨʠʻʤʩʪʚʘ ʥʝ ʙʘʞʘʥʦ. ʗʢ ʧʨʘʚʠʣʦ, 

ʟʘʤʦʚʥʠʢʘʤʠ ʻ ʬʽʨʤʠ-ʧʦʩʝʨʝʜʥʠʢʠ ʘʙʦ ʧʨʝʜʩʪʘʚʥʠʢʠ ʚʝʣʠʢʠʭ ʪʦʨʛʦʚʠʭ ʤʝʨʝʞ ʪʠʧʫ 

çɸʰʘʥè ʪʘ çʄʝʪʨʦè. ʋ ʙʦʨʦʪʴʙʽ ʟʘ ʨʠʥʦʢ ʪʘʢʽ ʬʽʨʤʠ-ʧʦʩʝʨʝʜʥʠʢʠ ʥʘʤʘʛʘʶʪʴʩʷ 

ʟʘʙʝʟʧʝʯʠʪʠ ʨʠʥʦʢ ʛʦʪʦʚʦʶ ʧʨʦʜʫʢʮʽʻʶ ʟʘ ʤʽʥʽʤʘʣʴʥʠʡ ʯʘʩ, ʘ ʭʘʨʯʦʚʦʤʫ 

ʧʽʜʧʨʠʻʤʩʪʚʫ ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʰʚʠʜʢʝ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʜʣʷ ʫʩʽʭ ʾʭʥʽʭ 

ʟʘʤʦʚʥʠʢʽʚ. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʥʝ 

ʜʦʩʪʘʪʥʴʦ ʤʘʪʠ ʘʣʛʦʨʠʪʤʠ ʪʘ ʤʝʪʦʜʠ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʠʭ ʧʣʘʥʽʚ, ʘʜʞʝ ʾʭ ʨʝʘʣʽʟʘʮʽʷ 

ʤʦʞʣʠʚʘ ʪʽʣʴʢʠ ʫ ʩʢʣʘʜʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ. 

ʋ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʽʥʬʦʨʤʘʮʽʡʥʫ ʪʝʭʥʦʣʦʛʽʶ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ 

ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʧʦ ʚʠʛʦʪʦʚʣʝʥʥʶ ʧʨʦʜʫʢʮʽʾ ʥʘ ʭʘʨʯʦʚʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʚ ʫʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʪʘ ʨʠʟʠʢʫ. ɯʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ 

ʟʘʙʝʟʧʝʯʫʻ ʰʚʠʜʢʫ ʨʝʢʦʥʬʽʛʫʨʘʮʽʶ ʧʦʪʦʯʥʦʛʦ ʧʣʘʥʫ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʫ ʨʘʟʽ 

ʚʠʥʠʢʥʝʥʥʷ ʧʦʟʘʰʪʘʪʥʠʭ ʩʠʪʫʘʮʽʡ ʘʙʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʪʝʨʤʽʥʦʚʦʛʦ ʚʠʢʦʥʘʥʥʷ ʧʝʚʥʦʛʦ 

ʟʘʤʦʚʣʝʥʥʷ. ʈʝʢʦʥʬʽʛʫʨʘʮʽʷ ʧʦʪʦʯʥʦʛʦ ʧʣʘʥʫ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʧʦʚʠʥʥʘ 

ʧʨʦʭʦʜʠʪʠ ʙʝʟ ʧʦʨʫʰʝʥʴ ʽʥʪʝʨʝʩʽʚ ʽʥʰʠʭ ʟʘʤʦʚʥʠʢʽʚ, ʘ ʪʘʢʦʞ ʽʟ ʤʽʥʽʤʘʣʴʥʠʤʠ 

ʚʠʪʨʘʪʘʤʠ ʜʣʷ ʧʽʜʧʨʠʻʤʩʪʚʘ ʚ ʮʽʣʦʤʫ. 

ɼʣʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʧʨʠʪʘʤʘʥʥʽ ʪʘʢʽ ʚʣʘʩʪʠʚʦʩʪʽ: 

Å ʫʩʽ ʝʣʝʤʝʥʪʠ ʯʽʪʢʦ ʚʠʟʥʘʯʝʥʽ ʪʘ ʫʥʽʬʽʢʦʚʘʥʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʪʦʯʥʦ ʾʾ 

ʨʝʘʣʽʟʦʚʫʚʘʪʠ; 

Å ʧʦʚʥʽʩʪʶ ʟʘʙʝʟʧʝʯʫʻ ʬʦʨʤʫʚʘʥʥʷ/ʨʝʢʦʥʬʽʛʫʨʘʮʽʶ ʧʣʘʥʫ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʧʨʦʜʫʢʮʽʾ; 

Å ʨʝʛʫʣʷʨʥʽʩʪʴ ʧʨʦʮʝʩʫ ʡ ʦʜʥʦʟʥʘʯʥʽʩʪʴ ʡʦʛʦ ʬʘʟ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ 

ʦʙʣʽʢʫ, ʧʣʘʥʫʚʘʥʥʷ, ʜʠʩʧʝʪʯʝʨʠʟʘʮʽʾ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ. 

ʆʩʥʦʚʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʜʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ 

ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʨʽʟʥʠʤʠ ʧʽʜʭʦʜʘʤʠ ʚ ʜʽʘʣʦʛʦʚʦʤʫ ʨʝʞʠʤʽ, ʱʦ 

ʛʘʨʘʥʪʫʻ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ. ɼʽʘʣʦʛʦʚʠʡ ʨʝʞʠʤ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ 

ʧʝʨʝʜʙʘʯʘʻ, ʱʦ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʽʪʝʨʘʮʽʡʥʦʛʦ ʧʨʦʮʝʩʫ, ʚ 

ʷʢʦʤʫ (ʨʠʩ. 4.3) ʷʢ ʦʙ'ʻʢʪ ʫʧʨʘʚʣʽʥʥʷ ʚʠʩʪʫʧʘʻ ʽʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ, ʱʦ ʚʠʢʦʥʫʻ 

ʦʙʨʦʙʢʫ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʬʦʨʤʫʻ ʘʣʴʪʝʨʥʘʪʠʚʠ ʨʽʰʝʥʴ, ʘ ʩʫʙôʻʢʪʦʤ ʫʧʨʘʚʣʽʥʥʷ ʻ 
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ʣʶʜʠʥʘ, ʷʢʘ ʟʘʜʘʻ ʚʭʽʜʥʽ ʜʘʥʽ, ʦʙʠʨʘʻ ʦʧʪʠʤʘʣʴʥʠʡ ʨʝʟʫʣʴʪʘʪ ʪʘ ʧʨʠʡʤʘʻ ʦʩʪʘʪʦʯʥʝ 

ʨʽʰʝʥʥʷ. 

 

 

ʈʠʩʫʥʦʢ 4.3 ï ɯʪʝʨʘʮʽʡʥʠʡ ʧʨʦʮʝʩ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ  

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ 

 

ɭ ʩʫʪʪʻʚʦʶ ʧʦʤʠʣʢʦʶ ʚʚʘʞʘʪʠ, ʱʦ ʟʘʜʘʯʽ ʫʧʨʘʚʣʽʥʥʷ ʤʦʞʫʪʴ ʧʦʚʥʽʩʪʶ 

ʚʠʨʽʰʫʚʘʪʠʩʷ ʪʽʣʴʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʙʝʟ ʫʯʘʩʪʽ ʣʶʜʠʥʠ, 

ʪʦʤʫ ʱʦ ʥʘʚʽʪʴ ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʧʦʪʨʝʙʫʻ ʥʘʚʯʘʥʥʷ ʪʘ ʯʘʩʫ ʥʘ ʡʦʛʦ ʚʽʜʣʘʛʦʜʞʝʥʥʷ, 

ʽ ʪʽʣʴʢʠ ʣʶʜʠʥʘ ʤʦʞʝ ʚʽʜʧʦʚʽʜʘʪʠ ʟʘ ʧʨʠʡʥʷʪʝ ʨʽʰʝʥʥʷ. 

ʇʨʠ ʨʝʘʣʽʟʘʮʽʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʜʫʞʝ ʚʘʞʣʠʚʦ ʦʨʛʘʥʽʟʫʚʘʪʠ ʜʽʘʣʦʛ ʟ 

ʦʩʦʙʦʶ, ʷʢʘ ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ, ʘ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʜʘʥʥʷ ʫʩʽʭ ʨʝʟʫʣʴʪʘʪʽʚ ʫ 

ʟʨʫʯʥʽʡ ʥʘʦʯʥʽʡ ʬʦʨʤʽ.  

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ ʧʦʻʜʥʫʻ ʚ ʩʦʙʽ ʪʨʘʜʠʮʽʡʥʽ ʧʽʜʭʦʜʠ ʽ 

ʤʘʻ ʪʘʢʽ ʨʠʩʠ [277, 278]: 

Å ʦʨʽʻʥʪʘʮʽʷ ʥʘ ʨʽʰʝʥʥʷ ʢʦʤʙʽʥʘʪʦʨʥʦʾ ʟʘʜʘʯʽ; 

Å ʦʙʨʘʥʥʷ ʤʝʪʦʜʫ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ; 

Å ʧʦʰʫʢ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ ʻ ʽʪʝʨʘʮʽʡʥʠʤ ʧʨʦʮʝʩʦʤ; 

Å ʟʘʢʽʥʯʝʥʥʷ ʽʪʝʨʘʮʽʡʥʦʛʦ ʧʨʦʮʝʩʫ ʧʦʰʫʢʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʽʰʝʥʥʷʤ ʣʶʜʠʥʠ; 

Å ʧʦʻʜʥʘʥʥʷ ʪʨʘʜʠʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʜʦʩʪʫʧʫ ʽ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʟ̔ ʤʦʞʣʠʚʦʩʪʷʤʠ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʽ ʤʝʪʦʜʘʤʠ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ ʥʘ ʾʭ ʦʩʥʦʚʽ; 

Å ʩʧʨʷʤʦʚʘʥʽʩʪʴ ʥʘ ʥʝʩʧʝʮʽʘʣʽʩʪʘ ʟ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ; 

Å ʚʠʩʦʢʘ ʘʜʘʧʪʠʚʥʽʩʪʴ ʜʦ ʦʩʦʙʣʠʚʦʩʪʝʡ ʥʘʷʚʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʽ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ, ʘ ʪʘʢʦʞ ʚʠʤʦʛ ʢʦʨʠʩʪʫʚʘʯʘ. 

ʃʶʜʠʥʘ, ʷʢʘ 

ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ 

ɯʥʬʦʨʤʘʮʽʡʥʘ 

ʪʝʭʥʦʣʦʛʽʷ 

ɺʘʨʽʘʥʪʠ 

ʨʽʰʝʥʴ 

ɿʘʚʜʘʥʥʷ 

ɺʭʽʜʥʽ ʜʘʥʽ 

ɼʦʜʘʪʢʦʚʽ 

ʫʤʦʚʠ 

ʆʙʨʘʥʠʡ ʚʘʨʽʘʥʪ  
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ʅʝʦʙʭʽʜʥʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʙʽʣʴʰʽʩʪʴ ʧʽʜʧʨʠʻʤʩʪʚ ʭʘʨʯʦʚʦʾ ʛʘʣʫʟʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ, ʷʢʽ ʜʫʞʝ ʚʽʜʨʽʟʥʷʶʪʴʩʷ 

ʦʜʥʘ ʚʽʜ ʦʜʥʦʾ. ɹʽʣʴʰʽʩʪʴ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʤʘʶʪʴ ʚʣʘʩʥʽ ʙʘʟʠ ʜʘʥʠʭ, ʱʦ 

ʧʨʘʮʶʶʪʴ ʧʽʜ ʫʧʨʘʚʣʽʥʥʷʤ ʨʽʟʥʠʭ ʉʋɹɼ. ʅʘʢʦʧʠʯʝʥʘ ʽʥʬʦʨʤʘʮʽʷ ʟʘ ʜʦʚʛʽ ʨʦʢʠ 

ʤʦʞʝ ʩʪʘʪʠ ʜʞʝʨʝʣʦʤ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ, ʧʦʚôʷʟʘʥʠʭ ʟ 

ʚʠʨʦʙʥʠʯʠʤ ʧʨʦʮʝʩʦʤ ʥʘ ʚʽʜʧʦʚʽʜʥʦʤʫ ʧʽʜʧʨʠʻʤʩʪʚʽ. ɺʠʷʚʣʝʥʥʷ ʪʘʢʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ ʬʦʨʤʫʚʘʪʠ ʜʦʜʘʪʢʦʚʽ ʦʙʤʝʞʝʥʥʷ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ 

ʧʣʘʥʫ ʚʠʢʦʥʘʥʥʽ ʟʘʤʦʚʣʝʥʴ, ʘʜʞʝ ʜʣʷ ʢʦʞʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʽʩʥʫʶʪʴ ʦʩʦʙʣʠʚʦʩʪʽ, 

ʧʨʠʪʘʤʘʥʥʽ ʪʽʣʴʢʠ ʡʦʤʫ. ʇʨʠʢʣʘʜʦʤ ʧʦʜʽʙʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʤʦʞʫʪʴ ʩʣʫʛʫʚʘʪʠ 

ʦʩʦʙʣʠʚʦʩʪʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʽ ʤʦʞʫʪʴ ʧʨʠʟʚʦʜʠʪʠ ʜʦ 

ʚʠʥʠʢʥʝʥʥʷ ʥʝʢʦʥʜʠʮʽʡʥʦʾ ʧʨʦʜʫʢʮʽʾ ʘʙʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʜʦʜʘʪʢʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

[78]. 

ɿʘʛʘʣʴʥʘ ʩʪʨʫʢʪʫʨʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩ. 4.4. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʙʘʟʫʻʪʴʩʷ ʥʘ ʥʘʢʦʧʠʯʝʥʠʭ ʜʘʥʠʭ ʫ 

ʙʘʟʘʭ ʜʘʥʠʭ (ɹɼ) ʧʽʜʧʨʠʻʤʩʪʚʘ ʪʘ ʽʥʰʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʜʞʝʨʝʣʘʭ (ɯɼ). ɼʣʷ 

ʟʤʝʥʰʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʤʝʨʝʞʫ ʪʘ ʦʪʨʠʤʘʥʥʷ ʙʽʣʴʰ ʟʘʛʘʣʴʥʦʾ ʢʘʨʪʠʥʠ ʥʘ 

ʤʦʤʝʥʪ ʯʘʩʫ ʧʨʦʧʦʥʫʻʪʴʩʷ ʘʢʪʫʘʣʴʥʫ ʽʥʬʦʨʤʘʮʽʶ ʟʘʚʘʥʪʘʞʫʚʘʪʠ ʫ ʚʽʨʪʫʘʣʴʥʝ 

ʩʭʦʚʠʱʝ ʜʘʥʠʭ, ʷʢʝ ʚʤʽʱʫʻ ʪʽʣʴʢʠ ʘʢʪʫʘʣʴʥʫ ʽʥʬʦʨʤʘʮʽʶ ʜʣʷ ʧʝʚʥʦʛʦ ʧʨʦʤʽʞʢʫ 

ʯʘʩʫ. ʇʨʦʤʽʞʦʢ ʯʘʩʫ ʚʠʟʥʘʯʘʻ ʦʩʦʙʘ, ʷʢʘ ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ. ʆʙʨʘʥʥʷ ʩʘʤʝ 

ʚʽʨʪʫʘʣʴʥʦʾ ʤʦʜʝʣʽ ʉɼ ʦʙʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ ʢʦʞʝʥ ʨʘʟ ʙʫʜʫʪʴ ʟʘʚʘʥʪʘʞʫʚʘʪʠʩʷ ʜʘʥʽ 

ʟʘ ʥʝʦʙʭʽʜʥʠʡ ʧʝʨʽʦʜ, ʘ ʪʘʢʦʞ ʥʝ ʙʫʜʝ ʧʦʪʨʝʙʠ ʟʙʝʨʽʛʘʪʠ ʥʘʜʣʠʰʦʢ ʜʘʥʠʭ. ɼʣʷ 

ʢʦʞʥʦʾ ʦʢʨʝʤʦʾ ʟʘʜʘʯʽ ʚʠʟʥʘʯʘʻʪʴʩʷ çʚʽʪʨʠʥʘ ʜʘʥʠʭè, ʷʢʘ ʚʤʽʱʫʻ ʥʝʦʙʭʽʜʥʫ 

ʽʥʬʦʨʤʘʮʽʶ. ʋ ʨʘʟʽ ʥʝʦʙʭʽʜʥʦʩʪʽ ʯʘʩʦʚʠʡ ʜʽʘʧʘʟʦʥ ʤʦʞʣʠʚʦ ʟʤʽʥʠʪʠ ʟʘ ʨʘʭʫʥʦʢ 

ʟʤʽʥʠ ʧʨʦʤʽʞʢʫ, ʟʘ ʷʢʠʡ ʙʫʜʝ ʦʪʨʠʤʫʚʘʪʠʩʷ ʽʥʬʦʨʤʘʮʽʷ ʟ ʧʝʨʰʦʜʞʝʨʝʣ. 

ɿʘʚʘʥʪʘʞʝʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘʩʦʙʘʤʠ ʟʘʚʘʥʪʘʞʝʥʥʷ ʜʘʥʠʭ, ʦʨʽʻʥʪʦʚʘʥʠʭ ʥʘ ʉʋɹɼ, 

ʥʘ ʙʘʟʽ ʷʢʦʾ ʙʫʜʝ ʧʦʙʫʜʦʚʘʥʦ ʚʽʨʪʫʘʣʴʥʝ ʩʭʦʚʠʱʝ ʜʘʥʠʭ. ʇʽʩʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽ ʟʘ 

ʥʝʧʦʪʨʽʙʥʽʩʪʶ ʮʽʻʾ ʽʥʬʦʨʤʘʮʽʾ ʚʦʥʦ ʦʯʠʱʫʻʪʴʩʷ. ʇʨʠ ʟʘʚʘʥʪʘʞʝʥʥʽ ʜʘʥʠʭ ʚʦʜʥʦʯʘʩ 

ʫʩʫʚʘʶʪʴʩʷ ʾʭ ʥʘʜʣʠʰʢʦʚʽʩʪʴ ʪʘ ʧʦʚʪʦʨʝʥʥʷ. ʊʘʢʝ ʚʽʨʪʫʘʣʴʥʝ ʩʭʦʚʠʱʝ ʜʘʥʠʭ ʯʠʤʦʩʴ 



173 

ʥʘʛʘʜʫʻ ʚʝʣʠʢʫ çʚʽʪʨʠʥʫ ʜʘʥʠʭè, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʢʨʝʤʠʭ ʨʦʟʜʽʣʽʚ ʜʣʷ ʚʠʨʽʰʝʥʥʷ 

ʦʢʨʝʤʠʭ ʚʫʟʴʢʦʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʟʘʜʘʯ (ʨʠʩ. 4.5).  

 

 

ʈʠʩʫʥʦʢ 4.4 ï ʆʩʥʦʚʥʘ ʩʭʝʤʘ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʧʣʘʥʫʚʘʥʥʷ  

ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʥʷ 

 

ʉʭʦʚʠʱʝ 

ʜʘʥʠʭ 

ɹɼ ɯɼ 

  

 

  

 

 

 

 

 

 

ʊ

ʘʢ 

ʊʘʢ 

ʅ ̔

ʅ

 ̔  

 

 ʇʦʯʘʪʦʢ 

ɺʠʟʥʘʯʝʥʥʷ 

ʧʨʽʦʨʠʪʝʪʽʚ ʪʘ 

ʬʽʢʩʘʮʽʷ ʟʘʤʦʚʣʝʥʴ, 

ʱʦ ʚʠʢʦʥʫʶʪʴʩʷ 

 ɺʽʟʫʘʣʴʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ 

ʨʝʟʫʣʴʪʘʪʫ 

 ɿʘʪʚʝʨʜʞʝʥʠʡ ʚʘʨʽʘʥʪ 

ʧʣʘʥʫ ʚʠʢʦʥʘʥʥʷ 

ʂʽʥʝʮʴ 

 ʇʣʘʥ ʟʘʪʚʝʨʜʞʫʻʤʦ?  

ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ 

ʧʦʰʫʢʫ 

ʈʫʯʥʝ ʢʦʨʝʛʫʚʘʥʥʷ  

ʚʘʨʽʘʥʪʽʚ ʧʣʘʥʫ 

ʆʙʨʘʥʥʷ ʤʝʪʦʜʫ ʧʦʰʫʢʫ 

ʆʙʨʘʥʥʷ ʢʨʠʪʝʨʽʾʚ 

ʦʧʪʠʤʽʟʘʮʽʾ 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʟʘʤʦʚʣʝʥʴ 

ɺʠʟʥʘʯʝʥʥʷ ʧʝʨʽʦʜʫ  

ʧʣʘʥʫʚʘʥʥʷ 

ɸʥʘʣʽʟ ʟʘʤʦʚʣʝʥʥʷ ʪʘ ʩʪʘʥʫ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

ʅʘ ʚʠʨʦʙʥʠʮʪʚʽ 
ʚʠʢʦʥʫʻʪʴʩʷ ʧʣʘʥ? 

ɿʘʤʦʚʣʝʥʥʷ ʪʘ ʫʤʦʚʠ 
ʾʭ ʚʠʢʦʥʘʥʥʷ 



174 

 

ʈʠʩʫʥʦʢ 4.5 ï ʆʩʥʦʚʥʘ ʩʭʝʤʘ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʧʣʘʥʫʚʘʥʥʷ  

ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʥʷ 

 

ɼʣʷ ʽʥʪʝʛʨʘʮʽʾ ʜʘʥʠʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʘʢʝʪʠ ʟʘʚʘʥʪʘʞʝʥʥʷ ʜʘʥʠʭ, 

ʧʨʠʢʣʘʜʦʤ ʷʢʠʭ ʻ ʟʘʩʦʙʠ Integration Services (SSIS), ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʉʋɹɼ MS SQL 

Server. ʇʦʙʫʜʦʚʘ ʢʦʞʥʦʛʦ ʧʘʢʝʪʘ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʚʠʟʥʘʯʝʥʥʷ ʦʧʝʨʘʮʽʡ ʧʦʪʦʢʫ 

ʫʧʨʘʚʣʽʥʥʷ, ʘʣʛʦʨʠʪʤ ʦʙʨʦʙʣʝʥʥʷ ʧʦʪʦʢʫ ʜʘʥʠʭ ʪʘ ʥʘʣʘʰʪʫʚʘʥʥʷ ʡʦʛʦ ʚʠʢʦʥʘʥʥʷ. 

ʇʦʪʽʢ ʫʧʨʘʚʣʽʥʥʷ ʚʠʟʥʘʯʘʻ ʘʣʛʦʨʠʪʤ ʚʠʢʦʥʘʥʥʷ ʜʽʡ ʜʦ ʦʙʨʦʙʣʝʥʥʷ ʧʦʪʦʢʫ ʜʘʥʠʭ ʪʘ 

ʧʽʩʣʷ ʥʴʦʛʦ. ɺʽʥ ʟʘʙʝʟʧʝʯʫʻ ʚʠʢʦʥʘʥʥʷ ʩʠʩʪʝʤʥʠʭ ʢʦʤʘʥʜ, ʩʮʝʥʘʨʽʾʚ ʪʘ ʦʧʝʨʘʮʽʡ 

ʚʟʘʻʤʦʜʽʾ ʟ ʦʙôʻʢʪʘʤʠ ʡ ʩʣʫʞʙʘʤʠ ʦʧʝʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ, ʘ ʪʘʢʦʞ ʟ ʝʣʝʤʝʥʪʘʤʠ ʪʘ 

ʩʝʨʚʽʩʘʤʠ ʦʙʨʘʥʦʾ ʉʋɹɼ. ʇʦʪʽʢ ʜʘʥʠʭ ʟʘʙʝʟʧʝʯʫʻ ʘʣʛʦʨʠʪʤ ʟʯʠʪʫʚʘʥʥʷ, 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʘ ʟʘʧʠʩ ʽʥʬʦʨʤʘʮʽʾ. ʇʨʠ ʩʪʚʦʨʝʥʥʽ ʧʘʢʝʪʽʚ ʧʦʚôʷʟʘʥʽ ʦʧʝʨʘʮʽʾ ʧʦʪʦʢʫ 

ʜʘʥʠʭ ʦʙôʻʜʥʫʶʪʴ ʫ ʢʦʥʪʝʡʥʝʨʠ, ʘ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʚʪʦʨʝʥʥʷ ʧʝʚʥʠʭ ʦʧʝʨʘʮʽʡ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʮʠʢʣʠ. ʂʦʞʝʥ ʘʣʛʦʨʠʪʤ ʦʙʨʦʙʣʝʥʥʷ ʧʦʪʦʢʫ ʜʘʥʠʭ ʚʠʟʥʘʯʘʻ 

ʜʞʝʨʝʣʦ ʪʘ ʧʨʠʡʤʘʯʘ ʽʥʬʦʨʤʘʮʽʾ. ʇʘʢʝʪʠ ʟʘʚʘʥʪʘʞʝʥʥʷ ʜʘʥʠʭ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʜʘʥʠʭ ʜʦ ʫʩʽʭ ʩʢʣʘʜʦʚʠʭ ʩʭʦʚʠʱʘ ʜʘʥʠʭ [6, 33, 78].  

ʋ ʉɼ ʟʘʚʘʥʪʘʞʫʻʪʴʩʷ ʪʘʢʘ ʽʥʬʦʨʤʘʮʽʷ: ʧʨʦ ʩʪʘʥ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ 

ʡʦʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʥʘʷʚʥʘ ʩʠʨʦʚʠʥʘ, ʘʢʪʫʘʣʴʥʠʡ ʧʣʘʥ 

ʥʘʜʭʦʜʞʝʥʥʷ ʩʠʨʦʚʠʥʠ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʦ, ʫʤʦʚʠ ʘʢʪʫʘʣʴʥʠʭ ʜʦʛʦʚʦʨʽʚ, ʫʩʽ ʥʝʦʙʭʽʜʥʽ 

ʜʝʪʘʣʽ ʜʦʛʦʚʦʨʽʚ (ʨʦʟʤʽʨʠ ʰʪʨʘʬʽʚ ʧʨʠ ʟʘʧʽʟʥʝʥʥʽ ʚʠʢʦʥʘʥʥʷ, ʟʘʛʘʣʴʥʽ ʫʤʦʚʠ) ʪʘ 

ʟʘʤʦʚʣʝʥʴ (ʪʝʨʤʽʥʠ, ʚʠʜʠ ʧʨʦʜʫʢʮʽʾ, ʦʙʩʷʛʠ, ʪʝʨʤʽʥʠ), ʱʦ ʥʘʜʽʡʰʣʠ ʥʘ ʜʘʥʠʡ 

ʤʦʤʝʥʪ, ʦʩʦʙʣʠʚʦʩʪʽ ʝʪʘʧʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʘ ʽʩʥʫʶʯʦʤʫ 

ʦʙʣʘʜʥʘʥʥʽ, ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ, ʧʦʚʥʘ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʩʪʘʥ ʚʠʢʦʥʘʥʥʷ 

ʉʭʦʚʠʱʝ ʜʘʥʠʭ 

  ɺʽʪʨʠʥʘ ʜʘʥʠʭ 1 

  ɺʽʪʨʠʥʘ ʜʘʥʠʭ 2 

  ɺʽʪʨʠʥʘ ʜʘʥʠʭ N 
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ʧʦʪʦʯʥʦʛʦ ʧʣʘʥʫ, ʜʝʪʘʣʴʥʘ ʽʥʬʦʨʤʘʮʽʷ ʟʘʤʦʚʣʝʥʴ, ʚʢʣʶʯʝʥʠʭ ʫ ʧʦʪʦʯʥʠʡ ʧʣʘʥ, 

ʪʦʱʦ. 

ʉʧʦʯʘʪʢʫ ʚʽʜʙʫʚʘʶʪʴʩʷ ʦʪʨʠʤʘʥʥʷ ʟʘʤʦʚʣʝʥʥʷ ʪʘ ʘʥʘʣʽʟ ʫʤʦʚ ʡʦʛʦ ʚʠʢʦʥʘʥʥʷ. 

ʗʢʱʦ ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʢʦʥʘʥʥʷ ʥʽʷʢʠʭ ʧʣʘʥʽʚ, ʪʦʜʽ ʟʜ̔ ʡʩʥʶʻʪʴʩʷ 

ʘʥʘʣʽʟ ʩʪʘʥʫ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʟ ʤʝʪʦʶ ʟ'ʷʩʫʚʘʥʥʷ ʟʘʧʣʘʥʦʚʘʥʠʭ ʨʝʤʦʥʪʥʦ-

ʧʨʦʬʽʣʘʢʪʠʯʥʠʭ ʨʦʙʽʪ ʦʙʣʘʜʥʘʥʥʷ ʽ ʤʦʞʣʠʚʦʩʪʝʡ ʾʭ ʚʽʜʢʣʘʜʝʥʥʷ ʯʠ ʧʝʨʝʥʝʩʝʥʥʷ. 

ʏʽʪʢʦ ʬʦʨʤʫʶʪʴʩʷ ʧʣʘʥʦʚʽ ʜʘʪʠ ʧʦʯʘʪʢʫ ʪʘ ʟʘʢʽʥʯʝʥʥʷ ʧʣʘʥʫ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʥʷ. 

ɺʩʝ ʮʝ ʚʠʩʪʫʧʘʻ ʷʢ ʦʙʤʝʞʝʥʥʷ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʧʣʘʥʫ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ. ʋ ʨʘʟʽ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʪʘ ʟʘʛʘʣʴʥʦʾ ʜʦʤʦʚʣʝʥʦʩʪʽ ʻ ʤʦʞʣʠʚʽʩʪʴ ʩʢʦʨʠʛʫʚʘʪʠ ʪʝʨʤʽʥʠ 

ʧʨʦʚʝʜʝʥʥʷ ʨʝʤʦʥʪʥʦ-ʧʨʦʬʽʣʘʢʪʠʯʥʠʭ ʨʦʙʽʪ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʱʦ ʮʝ ʥʝ 

ʧʦʨʫʰʫʻ ʧʘʩʧʦʨʪʥʽ ʚʠʤʦʛʠ ʱʦʜʦ ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʉʴʦʛʦʜʝʥʥʽ ʫʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʠʨʦʙʥʠʯʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʙʘʛʘʪʴʦʭ ʧʽʜʧʨʠʻʤʩʪʚ 

ʭʘʨʯʦʚʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʤʘʶʪʴ ʪʘʢʽ ʦʟʥʘʢʠ: ʟʥʘʯʥʘ ʯʘʩʪʠʥʘ ʦʙʣʘʜʥʘʥʥʷ ʚʠʯʝʨʧʘʣʘ 

ʩʚʽʡ ʥʦʨʤʘʪʠʚʥʠʡ ʨʝʩʫʨʩ; ʯʝʨʝʟ ʝʢʦʥʦʤʽʯʥʫ ʩʠʪʫʘʮʽʶ ʫ ʢʨʘʾʥʽ ʫ ʥʘʡʙʣʠʞʯʽ ʨʦʢʠ 

ʤʘʣʦʡʤʦʚʽʨʥʘ ʤʘʩʦʚʘ ʟʘʤʽʥʘ ʟʥʦʰʝʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ; ʤʘʢʩʠʤʘʣʴʥʝ ʟʘʚʘʥʪʘʞʝʥʥʷ 

ʧʦʪʫʞʥʦʩʪʝʡ ʟʫʤʦʚʣʶʻ ʧʽʜʚʠʱʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʚʠʭʦʜʫ ʦʙʣʘʜʥʘʥʥʷ ʟ ʣʘʜʫ; 

ʩʢʦʨʦʯʫʶʪʴʩʷ ʦʙʩʷʛʠ ʧʣʘʥʦʚʠʭ ʨʝʤʦʥʪʽʚ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʟʙʽʣʴʰʫʻʪʴʩʷ ʪʨʠʚʘʣʽʩʪʴ 

ʤʽʞʨʝʤʦʥʪʥʠʭ ʧʝʨʽʦʜʽʚ. ʆʪʞʝ, ʭʘʨʘʢʪʝʨʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʫʢʨʘʾʥʩʴʢʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʭʘʨʯʦʚʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʻ 

ʟʥʘʯʥʝ ʧʝʨʝʚʠʱʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ ʪʝʨʤʽʥʫ. ɼʣʷ ʪʘʢʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʟʚʠʯʘʡʥʽ 

ʧʽʜʭʦʜʠ ʜʦ ʦʮʽʥʢʠ ʨʝʩʫʨʩʽʚ ʪʘ ʧʣʘʥʫʚʘʥʥʷ ʨʝʤʦʥʪʥʠʭ ʨʦʙʽʪ ʻ ʥʝʝʬʝʢʪʠʚʥʠʤʠ ʡ 

ʧʦʪʨʝʙʫʶʪʴ ʩʫʪʪʻʚʦʛʦ ʜʦʦʧʨʘʮʶʚʘʥʥʷ. ɺ ʮʽʡ ʩʠʪʫʘʮʽʾ ʧʠʪʘʥʥʷ ʧʨʦʜʦʚʞʝʥʥʷ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ ʪʝʨʤʽʥʫ ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʡʦʛʦ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʘʻ ʧʝʨʰʦʯʝʨʛʦʚʝ ʟʥʘʯʝʥʥʷ. ɺʯʘʩʥʠʡ ʘʥʘʣʽʟ ʡʦʛʦ ʩʪʘʥʫ ʜʦʟʚʦʣʠʪʴ 

ʤʽʥʽʤʽʟʫʚʘʪʠ ʨʠʟʠʢʠ ʚʠʥʠʢʥʝʥʥʷ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ [6, 279].  

ɸʥʘʣʽʟ ʩʪʘʥʫ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʩʧʝʮʽʘʣʴʥʠʤʠ ʩʣʫʞʙʘʤʠ 

ʧʽʜʧʨʠʻʤʩʪʚʘ, ʘʣʝ ʫ ʨʘʟʽ ʚʠʥʠʢʥʝʥʥʷ ʪʝʨʤʽʥʦʚʠʭ ʟʘʤʦʚʣʝʥʴ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʜʦʜʘʪʢʦʚʦʛʦ ʘʥʘʣʽʟʫ ʡʦʛʦ ʩʪʘʥʫ. ʅʝʦʙʭʽʜʥʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʫ ʧʨʦʮʝʩʽ ʚʠʨʦʙʥʠʯʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʢʨʝʤʽ ʯʘʩʪʠʥʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʟʥʦʰʫʶʪʴʩʷ ʽ ʧʦʩʪʫʧʦʚʦ 

ʚʪʨʘʯʘʶʪʴ ʩʚʦʶ ʟʜʘʪʥʽʩʪʴ ʚʠʢʦʥʫʚʘʪʠ ʥʘʣʝʞʥʽ ʬʫʥʢʮʽʾ. ɺʽʜʥʦʚʣʝʥʥʷ ʾʭ 
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ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʦʩʷʛʘʻʪʴʩʷ ʰʣʷʭʦʤ ʨʝʤʦʥʪʫ, 

ʧʣʘʥʫʚʘʥʥʷ ʷʢʦʛʦ ʧʦʚʠʥʥʦ ʙʫʪʠ ʧʦʚ'ʷʟʘʥʦ ʟ ʡʦʛʦ ʨʘʮʽʦʥʘʣʴʥʦʶ ʦʨʛʘʥʽʟʘʮʽʻʶ ʪʘ 

ʜʦʛʣʷʜʦʤ ʟʘ ʦʙʣʘʜʥʘʥʥʷʤ. ʆʩʥʦʚʦʶ ʜʣʷ ʮʴʦʛʦ ʥʘ ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʻ 

ʩʠʩʪʝʤʘ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʨʝʤʦʥʪʫ ʦʩʥʦʚʥʠʭ ʬʦʥʜʽʚ [6].  

ʇʽʜ ʩʠʩʪʝʤʦʶ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ ʧʣʘʥʦʚʠʭ ʨʝʤʦʥʪʽʚ (ʊʆ ʽ ʇʈ) 

ʨʦʟʫʤʽʶʪʴ ʩʫʢʫʧʥʽʩʪʴ ʟʘʧʣʘʥʦʚʘʥʠʭ ʟʘʭʦʜʽʚ ʱʦʜʦ ʜʦʛʣʷʜʫ, ʥʘʛʣʷʜʫ ʪʘ ʨʝʤʦʥʪʫ 

ʦʙʣʘʜʥʘʥʥʷ. ʉʠʩʪʝʤʘ ʊʆ ʽ ʇʈ ʚʢʣʶʯʘʻ ʪʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʧʦʪʦʯʥʠʡ ʨʝʤʦʥʪ 

(ʇʈ) ʪʘ ʢʘʧʽʪʘʣʴʥʠʡ ʨʝʤʦʥʪ (ʂʈ) [6].  

ʏʘʩʪʽʰʝ ʥʘ ʧʨʘʢʪʠʮʽ, ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʭʘʨʯʦʚʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ, ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʩʠʩʪʝʤʘ ʨʝʤʦʥʪʽʚ ʟʘ ʧʦʪʨʝʙʦʶ. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ 

ʚʠʨʦʙʥʠʢʠ ʧʨʦʜʫʢʮʽʾ ʥʘʤʘʛʘʶʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʚʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚ 

ʫʤʦʚʘʭ ʨʠʥʢʦʚʦʾ ʢʦʥʢʫʨʝʥʮʽʾ. ʆʩʦʙʣʠʚʦ ʮʝ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʤʘʣʠʭ ʪʘ ʩʝʨʝʜʥʽʭ 

ʚʠʨʦʙʥʠʮʪʚ, ʱʦ ʤʦʞʫʪʴ ʚʪʨʘʪʠʪʠ ʩʚʽʡ ʩʝʛʤʝʥʪ ʨʠʥʢʫ, ʷʢʱʦ ʧʝʨʝʩʪʘʥʫʪʴ 

ʟʘʜʦʚʦʣʴʥʷʪʠ ʧʦʪʨʝʙʠ ʩʧʦʞʠʚʘʯʽʚ ʧʝʚʥʦʛʦ ʨʝʛʽʦʥʫ. ʇʨʠ ʮʴʦʤʫ ʧʽʜʧʨʠʻʤʩʪʚʘ ʯʘʩʪʦ 

ʥʝʭʪʫʶʪʴ ʽʥʩʪʨʫʢʮʽʷʤʠ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʱʦ ʥʘʜʘʶʪʴ ʟʘʚʦʜʠ-ʚʠʨʦʙʥʠʢʠ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʈʝʤʦʥʪ ʧʨʦʚʦʜʠʪʴʩʷ ʪʽʣʴʢʠ ʪʦʜʽ, ʢʦʣʠ ʮʴʦʛʦ ʚʠʤʘʛʘʻ 

ʡʦʛʦ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ, ʪʦʙʪʦ ʧʦʜʘʣʴʰʘ ʝʢʩʧʣʫʘʪʘʮʽʷ ʦʙʣʘʜʥʘʥʥʷ ʩʪʘʻ ʥʝʤʦʞʣʠʚʦʶ 

ʯʝʨʝʟ ʟʥʦʰʝʥʽʩʪʴ. ʊʘʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʤʘʻ ʨʷʜ ʥʝʜʦʣʽʢʽʚ: ʚʽʜʩʫʪʥʽʩʪʴ 

ʧʨʦʜʫʤʘʥʦʾ ʩʠʩʪʝʤʠ ʧʣʘʥʫʚʘʥʥʷ ʨʝʤʦʥʪʽʚ ʦʙʣʘʜʥʘʥʥʷ, ʚʽʜʩʫʪʥʽʩʪʴ ʧʨʦʬʽʣʘʢʪʠʯʥʠʭ 

ʟʘʭʦʜʽʚ, ʱʦ ʧʦʧʝʨʝʜʞʫʚʘʣʠ ʙ ʽʥʪʝʥʩʠʚʥʠʡ ʟʥʦʩ ʜʝʪʘʣʝʡ, ʥʝʤʠʥʫʯʝ ʧʦʛʽʨʰʝʥʥʷ ʫ 

ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʪʘʥʫ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʡʦʛʦ ʪʝʭʥʽʯʥʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʟʤʝʥʰʝʥʥʷ 

ʩʪʫʧʝʥʷ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʦʙʣʘʜʥʘʥʥʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʽʥʪʝʥʩʠʚʥʦʛʦ ʟʥʦʰʝʥʥʷ 

ʜʝʪʘʣʝʡ, ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʪʝʨʤʽʥʽʚ ʟʫʧʠʥʢʠ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʥʝ ʜʘʻ ʤʦʞʣʠʚʦʩʪʽ 

ʧʣʘʥʫʚʘʥʥʷ ʨʝʤʦʥʪʥʠʭ ʨʦʙʽʪ [6, 279]. 

ʅʝʧʦʣʘʜʢʠ ʽ ʥʝʩʧʨʘʚʥʦʩʪʽ ʙʫʣʦ ʫʤʦʚʥʦ ʨʦʟʜʽʣʝʥʦ ʥʘ ʯʦʪʠʨʠ ʛʨʫʧʠ: 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʚʽʜʤʦʚʠ, ʚʽʜʤʦʚʠ ʦʙʣʘʜʥʘʥʥʷ, ʚʽʜʤʦʚʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ, ʚʽʜʤʦʚʠ 

ʝʥʝʨʛʦʛʦʩʧʦʜʘʨʩʪʚʘ. 

ʋʩʧʽʰʥʝ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʪʘʥʫ ʦʙʣʘʜʥʘʥʥʷ ʻ ʟʘʧʦʨʫʢʦʶ ʪʨʠʚʘʣʦʛʦ ʪʝʨʤʽʥʫ 

ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʘ ʪʘʢʦʞ ʫʥʠʢʥʝʥʥʷ ʥʝʩʧʦʜʽʚʘʥʦʛʦ ʚʠʭʦʜʫ ʟ ʣʘʜʫ. ɽʢʦʥʦʤʽʯʥʘ 

ʜʽʘʛʥʦʩʪʠʢʘ  ̒ʩʢʣʘʜʦʚʦʶ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʽʟʫ ʜʽʷʣʴʥʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʽ ʦʭʦʧʣʶʻ ʪʫ 
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ʯʘʩʪʠʥʫ ʘʥʘʣʽʪʠʯʥʦʾ ʨʦʙʦʪʠ, ʷʢʘ ʚʢʣʶʯʘʻ ʦʮʽʥʢʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʫʧʨʘʚʣʽʥʩʴʢʠʭ 

ʨʽʰʝʥʴ, ʩʠʪʫʘʮʽʡʥʠʡ ʘʥʘʣʽʟ ʪʘ ʦʮʽʥʢʫ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʜʽʷʣʴʥʦʩʪʽ 

ʧʽʜʧʨʠʻʤʩʪʚʘ [6, 280]. 

ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʝʣʝʡ, ʧʦʙʫʜʦʚʘʥʠʭ ʥʘ ʦʩʥʦʚʽ 

ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ, ʻ ʦʜʥʠʤ ʽʟ ʧʦʧʫʣʷʨʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʚʠʷʚʣʝʥʥʷ ʜʠʥʘʤʽʢʠ 

ʧʨʦʮʝʩʽʚ ʫ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʠʭ, ʬʽʥʘʥʩʦʚʠʭ, ʪʝʭʥʽʯʥʠʭ ʪʘ ʽʥʰʠʭ ʩʠʩʪʝʤʘʭ. 

ɿʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʩʪʘʥʫ ʦʙʣʘʜʥʘʥʥʷ ʟʤʽʥʶʶʪʴʩʷ ʚ ʯʘʩʽ, ʪʦʤʫ ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʙʫʜʫʚʘʪʠ ʤʦʜʝʣʴ ʧʦʚʝʜʽʥʢʠ ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʨʝʪʨʦʩʧʝʢʪʠʚʥʠʭ ʜʘʥʠʭ ʟ̔ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʯʘʩʦʚʠʭ ʨʷʜʽʚ. ʆʩʦʙʣʠʚʽʩʪʶ ʯʘʩʦʚʠʭ ʨʷʜʽʚ, ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴ 

ʧʦʚʝʜʽʥʢʫ ʩʪʘʥʫ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʻ ʪʝ, ʱʦ ʾʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʚʽʙʨʘʮʽʷ, 

ʰʫʤ, ʪʝʤʧʝʨʘʪʫʨʘ, ʪʠʩʢ, ʢʽʣʴʢʽʩʪʴ ʜʨʽʙʥʠʭ ʟʙʦʾʚ, ʦʙʩʷʛʠ ʚʠʛʦʪʦʚʣʝʥʦʾ ʥʝʢʦʥʜʠʮʽʡʥʦʾ 

ʧʨʦʜʫʢʮʽʾ, ʧʦʢʘʟʥʠʢʠ ʽʥʜʠʢʘʪʦʨʽʚ ʪʘ ʢʦʥʪʨʦʣʝʨʽʚ ʪʦʱʦ) ʬʦʨʤʫʶʪʴʩʷ ʟ ʜʝʢʽʣʴʢʦʭ 

ʩʢʣʘʜʦʚʠʭ: ʪʨʝʥʜ, ʩʝʟʦʥʥʘ ʩʢʣʘʜʦʚʘ ʽ ʚʠʧʘʜʢʦʚʘ ʩʢʣʘʜʦʚʘ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʚʠʧʘʜʢʦʚʠʡ 

ʧʨʦʮʝʩ ʧʝʚʥʦʛʦ ʪʠʧʫ. ɺʘʞʣʠʚʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʩʝʟʦʥʥʦʾ ʩʢʣʘʜʦʚʦʾ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʻ 

ʥʘʷʚʥʽʩʪʴ ʧʝʨʽʦʜʠʯʥʦʩʪʽ ʟʽ ʟʤʽʥʥʠʤ ʧʝʨʽʦʜʦʤ ʽ ʘʤʧʣʽʪʫʜʦʶ [6]. 

ʅʝʦʙʭʽʜʥʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʪʝʭʥʦʣʦʛʽʯʥʝ ʦʙʣʘʜʥʘʥʥʷ ʟʘʭʽʜʥʠʭ ʬʽʨʤ ʦʙʣʘʜʥʘʥʦ 

ʚʣʘʩʥʦʶ ʩʠʩʪʝʤʦʶ ʜʽʘʛʥʦʩʪʠʢʠ, ʘʣʝ ʪʘʢʽ ʩʠʩʪʝʤʠ ʚʠʤʘʛʘʶʪʴ ʧʦʩʪʽʡʥʝ ʧʽʜʢʣʶʯʝʥʥʷ 

ʜʦ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪ. ʇʨʠʢʣʘʜʦʤ ʪʘʢʠʭ ɸʉʋʊʇ ʤʦʞʫʪʴ ʙʫʪʠ ʪʝʭʥʦʣʦʛʽʯʥʽ ʣʽʥʽʾ 

Buhler, ʫ ʷʢʠʭ ʟʘʙʝʟʧʝʯʝʥʽ ʘʚʪʦʤʘʪʠʯʥʠʡ ʢʦʥʪʨʦʣʴ ʪʘ ʧʽʜʪʨʠʤʢʘ ʧʘʨʘʤʝʪʨʽʚ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʥʘ ʚʠʩʦʢʦʤʫ ʨʽʚʥʽ. ʂʦʞʥʘ ʩʢʣʘʜʦʚʘ ʪʘʢʦʾ ʣʽʥʽʾ ʦʙʣʘʜʥʘʥʘ 

ʝʣʝʢʪʨʦʥʥʠʤʠ ʜʘʪʯʠʢʘʤʠ ʡ ʢʦʥʪʨʦʣʝʨʘʤʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ ʤʦʥʽʪʦʨʠʥʛ ʫʩʽʭ 

ʧʦʢʘʟʥʠʢʽʚ ʾʾ ʚʫʟʣʽʚ (ʪʝʤʧʝʨʘʪʫʨʘ, ʢʽʣʴʢʽʩʪʴ ʦʙʝʨʪʘʥʴ ʜʚʠʛʫʥʽʚ, ʥʘʧʨʫʛʘ ʪʘ ʩʪʨʫʤʫ, 

ʚʽʙʨʘʮʽʷ, ʰʫʤ, ʪʠʩʢ, ʢʽʣʴʢʽʩʪʴ ʜʨʽʙʥʠʭ ʟʙʦʾʚ, ʦʙʩʷʛʠ ʚʠʛʦʪʦʚʣʝʥʦʾ ʥʝʢʦʥʜʠʮʽʡʥʦʾ 

ʧʨʦʜʫʢʮʽʾ, ʧʦʢʘʟʥʠʢʠ ʽʥʜʠʢʘʪʦʨʽʚ ʪʘ ʢʦʥʪʨʦʣʝʨʽʚ ʪʦʱʦ), ʘ ʪʘʢʦʞ ʚʝʩʪʠ ʟʙʽʨ ʜʘʥʠʭ ʧʨʦ 

ʚʠʭʽʜ ʽʟ ʣʘʜʫ ʢʦʞʥʦʛʦ ʚʫʟʣʘ. ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ ʢʦʞʥʠʡ ʟʥʷʪʠʡ ʧʘʨʘʤʝʪʨ ʟʙʝʨʽʛʘʻʪʴʩʷ ʫ 

ʚʽʜʧʦʚʽʜʥʠʭ ʬʘʡʣʘʭ ʨʝʧʦʟʠʪʦʨʽʶ ɸʉʋʊʇ [6, 78]. 

ɼʣʷ ʘʥʘʣʽʟʫ ʩʪʘʥʫ ʦʙʣʘʜʥʘʥʥʷ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʘʩʦʙʠ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʘʙʦ ʟʘʧʨʦʧʦʥʦʚʘʥʫ ʩʠʩʪʝʤʫ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚ ʨʦʙʦʪʽ 

[6], ʷʢʘ ʤʦʞʝ ʰʚʠʜʢʦ ʦʮʽʥʠʪʠ ʩʪʘʥ ʦʙʣʘʜʥʘʥʥʷ, ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʟʤʽʥʠ ʟʥʘʯʝʥʴ 

ʧʘʨʘʤʝʪʨʽʚ ʦʙʣʘʜʥʘʥʥʷ ʟʘ ʦʙʨʘʥʠʡ ʧʝʨʽʦʜ, ʩʧʨʦʛʥʦʟʫʚʘʪʠ ʟʤʽʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
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ʦʙʣʘʜʥʘʥʥʷ. ʅʝʦʙʭʽʜʥʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʨʽʰʝʥʥʷ ʧʨʦ ʚʽʜʤʽʥʫ ʯʠ ʧʝʨʝʥʝʩʝʥʥʷ 

ʨʝʤʦʥʪʥʦ-ʧʨʦʬʽʣʘʢʪʠʯʥʠʭ ʨʦʙʽʪ ʧʦʚʠʥʥʽ ʧʨʠʡʤʘʪʠ ʽʥʞʝʥʝʨʠ ʪʘ ʤʝʭʘʥʽʢʠ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʮʝ, ʜʣʷ ʫʥʠʢʥʝʥʥʷ ʧʦʟʘʰʪʘʪʥʠʭ ʩʠʪʫʘʮʽʡ, ʧʦʚôʷʟʘʥʠʭ ʟ̔ ʚʽʜʤʦʚʦʶ 

ʚʫʟʣʽʚ, ʘ ʪʘʢʦʞ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʢʦʥʦʤʽʾ ʢʦʰʪʽʚ ʥʘ ʢʘʧʽʪʘʣʴʥʠʭ ʨʝʤʦʥʪʘʭ. 

ʗʢʱʦ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ ʥʘʜʽʡʰʣʦ ʪʝʨʤʽʥʦʚʝ ʟʘʤʦʚʣʝʥʥʷ ʘʙʦ ʚʠʥʠʢʣʘ 

ʧʦʟʘʰʪʘʪʥʘ ʩʠʪʫʘʮʽʷ (ʧʝʨʝʙʦʾ ʟ ʩʠʨʦʚʠʥʦʶ, ʟʫʧʠʥʢʘ ʦʙʣʘʜʥʘʥʥʷ, ʘʥʫʣʶʚʘʥʥʷ 

ʧʝʚʥʦʛʦ ʟʘʤʦʚʣʝʥʥʷ ʪʦʱʦ), ʪʦ ʪʘʢʘ ʩʠʪʫʘʮʽʷ ʚʠʤʘʛʘʻ ʨʝʢʦʥʬʽʛʫʨʘʮʽʾ ʧʣʘʥʫ ʚʠʢʦʥʘʥʥʷ 

ʟʘʤʦʚʣʝʥʴ, ʽ ʪʦʜʽ ʤʝʥʝʜʞʝʨ ʚʠʟʥʘʯʘʻ ʚ ʽʩʥʫʶʯʦʤʫ ʧʣʘʥʽ ʟʘʤʦʚʣʝʥʥʷ, ʷʢʽ ʤʘʶʪʴ 

ʚʠʩʦʢʠʡ ʧʨʽʦʨʠʪʝʪ ʥʘ ʚʠʢʦʥʘʥʥʷ, ʪʦʙʪʦ ʪʘʢʽ, ʱʦ ʧʦʚʠʥʥʽ ʙʫʪʠ ʚʠʢʦʥʘʥʽ ʦʙʦʚôʷʟʢʦʚʦ. 

ɼʦ ʪʘʢʠʭ ʟʘʤʦʚʣʝʥʴ ʤʦʞʫʪʴ ʚʽʜʥʦʩʠʪʠʩʴ ʟʘʤʦʚʣʝʥʥʷ ʧʦʩʪʽʡʥʠʭ ʢʣʽʻʥʪʽʚ ʘʙʦ ʪʘʢʽ, ʟʘ 

ʥʝʚʠʢʦʥʘʥʥʷ ʷʢʠʭ ʥʝʦʙʭʽʜʥʦ ʩʧʣʘʯʫʚʘʪʠ ʚʠʩʦʢʽ ʰʪʨʘʬʠ. ʂʨʽʤ ʪʦʛʦ, ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʛʨʫʧʘ ʟʘʤʦʚʣʝʥʴ, ʱʦ ʤʘʻ ʧʝʚʥʠʡ ʟʘʧʘʩ ʚʠʢʦʥʘʥʥʷ, ʪʦʙʪʦ ʚʠʢʦʥʫʻʪʴʩʷ ʟ ʧʝʚʥʠʤ 

ʟʘʧʘʩʦʤ ʯʘʩʫ ʪʘ ʤʦʞʝ ʙʫʪʠ ʚʽʜʢʣʘʜʝʥʘ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ 

ʧʦʚʥʦʾ ʘʙʦ ʯʘʩʪʢʦʚʦʾ ʨʝʢʦʥʬʽʛʫʨʘʮʽʾ ʧʣʘʥʫ, ʱʦ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘ ʜʘʥʠʡ ʯʘʩ. ɿʚʽʩʥʦ, ʪʽ 

ʟʘʤʦʚʣʝʥʥʷ, ʷʢʽ ʚʞʝ ʧʦʯʘʣʠ ʚʠʢʦʥʫʚʘʪʠ, ʥʝ ʚʨʘʭʦʚʫʶʪʴʩʷ ʫ ʨʝʢʦʥʬʽʛʫʨʘʮʽʾ ʧʣʘʥʫ, 

ʘʜʞʝ ʧʝʨʝʨʠʚʘʪʠ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʚʠʛʦʪʦʚʣʝʥʥʷ, ʷʢʱʦ ʥʝ ʚʠʥʠʢʣʘ ʧʦʟʘʰʪʘʪʥʘ 

ʩʠʪʫʘʮʽʷ, ʥʝ ʙʫʜʫʪʴ. ʆʜʥʽʻʶ ʽʟ ʧʨʠʯʠʥ ʟʫʧʠʥʝʥʥʷ ʚʠʢʦʥʘʥʥʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʦʪʦʯʥʦʾ 

ʧʨʦʜʫʢʮʽʾ ʤʦʞʝ ʙʫʪʠ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʟʘʤʦʚʣʝʥʥʷ ʩʢʘʩʦʚʫʻ ʩʘʤ ʟʘʤʦʚʥʠʢ. ʊʦʜʽ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʚʽʨʢʘ ʥʘʷʚʥʦʩʪʽ ʧʦʜʽʙʥʦʛʦ ʥʘʙʣʠʞʝʥʦʛʦ ʟʘʤʦʚʣʝʥʥʷ ʟʘ ʚʠʜʦʤ 

ʧʨʦʜʫʢʮʽʾ ʽ ʫ ʨʘʟʽ ʚʠʷʚʣʝʥʥʷ ʪʘʢʦʛʦ ʟʘʤʦʚʣʝʥʥʷ, ʧʽʜʙʠʨʘʻʪʴʩʷ ʦʙʩʷʛ ʜʣʷ ʥʴʦʛʦ.  

ɼʘʣʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʢʣʘʩʠʬʽʢʘʮʽʷ ʟʘʤʦʚʣʝʥʴ ʟʘ ʛʨʫʧʘʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʽʚ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ. ɼʣʷ ʚʠʨʦʙʥʠʮʪʚ ʟ̔ ʥʝʚʝʣʠʢʦʶ ʥʦʤʝʥʢʣʘʪʫʨʦʶ 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʘʣʛʦʨʠʪʤ ʜʝʨʝʚʘ ʨʽʰʝʥʴ [22, 78], ʘ ʜʣʷ ʧʽʜʧʨʠʻʤʩʪʚ ʟ̔ ʚʝʣʠʢʦʶ 

ʥʦʤʝʥʢʣʘʪʫʨʦʶ ʧʨʦʧʦʥʫʻʪʴʩʷ ʢʦʤʙʽʥʘʮʽ ̫ʤʝʪʦʜʽʚ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ 

[16, 78]. 

ɺʠʙʽʨ ʘʣʛʦʨʠʪʤʫ ʜʝʨʝʚʘ ʨʽʰʝʥʴ ʦʙʫʤʦʚʣʝʥʠʡ ʡʦʛʦ ʤʦʞʣʠʚʽʩʪʶ ʥʘ ʦʩʥʦʚʽ 

ʧʘʨʘʤʝʪʨʽʚ ʢʣʘʩʠʬʽʢʘʮʽʾ ʧʨʝʜʩʪʘʚʣʷʪʠ ʦʙôʻʢʪʠ ʫ ʚʠʛʣʷʜʽ ʽʻʨʘʨʭʽʾ, ʚ ʷʢʽʡ ʢʦʞʥʦʤʫ 

ʝʣʝʤʝʥʪʫ ʚʽʜʧʦʚʽʜʘʻ ʻʜʠʥʠʡ ʚʫʟʦʣ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ [22, 281, 282].  

ʇʝʨʝʚʘʛʘʤʠ ʘʣʛʦʨʠʪʤʫ ʻ ʰʚʠʜʢʠʡ ʧʨʦʮʝʩ ʥʘʚʯʘʥʥʷ, ʛʝʥʝʨʘʮʽʷ ʽʥʪʫʾʪʠʚʥʦ 

ʟʨʦʟʫʤʽʣʠʭ ʧʨʘʚʠʣ, ʤʦʞʣʠʚʽʩʪʴ ʦʧʠʩʫ ʥʝʧʘʨʘʤʝʪʨʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʚʠʩʦʢʘ ʪʦʯʥʽʩʪʴ 
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ʧʨʦʛʥʦʟʫ ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ (ʩʪʘʪʠʩʪʠʢʘ, ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ). ɼʘʥʠʡ 

ʘʣʛʦʨʠʪʤ ʽʜʝʘʣʴʥʦ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʦʧʠʩʫ ʥʝʧʘʨʘʤʝʪʨʠʯʥʠʭ ʤʦʜʝʣʝʡ [22, 281, 282].  

ɸʣʛʦʨʠʪʤ ʜʝʨʝʚʘ ʨʽʰʝʥʴ ʟʘʙʝʟʧʝʯʫʻ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʨʝʟʫʣʴʪʫʶʯʠʭ ʜʘʥʠʭ ʫ 

ʢʦʤʧʘʢʪʥʽʡ ʬʦʨʤʽ ʟ ʪʦʯʥʠʤ ʦʧʠʩʦʤ ʦʙ'ʻʢʪʽʚ ʟʘ ʨʘʭʫʥʦʢ ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʘ ʧʝʚʥʠʤʠ 

ʦʟʥʘʢʘʤʠ [22].  

ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʤʘʢʘʨʦʥʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʫ ʜʝʨʝʚʘ 

ʨʽʰʝʥʴ ʙʫʜʝ ʩʢʣʘʜʘʪʠʩʷ ʟ ʪʘʢʠʭ ʜʽʡ [22, 37, 78]: 

Å ʫʩʽ ʟʘʤʦʚʣʝʥʥʷ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʢʦʨʦʪʢʦ ʨʽʟʘʥʽ ʪʘ ʜʦʚʛʦ ʨʽʟʘʥʽ ʤʘʢʘʨʦʥʥʽ 

ʚʠʨʦʙʠ, ʘʜʞʝ ʜʣʷ ʚʠʧʫʩʢʫ ʢʦʞʥʦʛʦ ʪʠʧʫ ʤʘʢʘʨʦʥʽʚ ʙʫʜʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʨʽʟʥʽ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʣʽʥʽʾ, ʘ ʟʘʤʦʚʣʝʥʥʷ ʙʫʜʫʪʴ ʚʠʢʦʥʫʚʘʪʠʩʴ ʥʝʟʘʣʝʞʥʦ; 

Å ʢʦʞʥʘ ʛʨʫʧʘ ʨʦʟʙʠʚʘʻʪʴʩʷ ʥʘ ʧʽʜʛʨʫʧʠ, ʷʢʽ ʢʣʘʩʠʬʽʢʫʶʪʴʩʷ ʟʘ ʧʝʚʥʠʤʠ 

ʚʠʜʘʤʠ ʧʘʢʫʚʘʥʥʷ; 

Å ʧʨʦʚʦʜʠʪʴʩʷ ʨʘʥʞʫʚʘʥʥʷ ʫʩʽʭ ʟʘʤʦʚʣʝʥʴ ʟʘ ʪʝʨʤʽʥʘʤʠ, ʚʠʟʥʘʯʝʥʠʤʠ ʫ 

ʟʘʤʦʚʣʝʥʥʷʭ; 

Å ʟʘ ʤʦʞʣʠʚʽʩʪʶ ʟʘʤʦʚʣʝʥʥʷ ʦʙôʻʜʥʫʶʪʴʩʷ ʘʙʦ ʨʦʟʤʽʱʫʶʪʴʩʷ ʧʦʨʷʜ; 

Å ʚʠʟʥʘʯʘʶʪʴʩʷ ʨʦʟʤʽʨʠ ʰʪʨʘʬʽʚ ʧʨʠ ʧʦʨʫʰʝʥʥʽ ʪʝʨʤʽʥʽʚ ʚʠʢʦʥʘʥʥʷ 

ʟʘʤʦʚʣʝʥʴ. 

ʋ ʚʠʧʘʜʢʫ ʙʘʛʘʪʦʥʦʤʝʥʢʣʘʪʫʨʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʰʠʨʦʢʦʛʦ ʧʨʦʬʽʣʷ, 

ʥʘʧʨʠʢʣʘʜ, ʧʽʜʧʨʠʻʤʩʪʚʦ ʟʘʡʤʘʻʪʴʩʷ ʚʠʛʦʪʦʚʣʝʥʥʷʤ ʨʽʟʥʦʧʣʘʥʦʚʦʾ ʧʨʦʜʫʢʮʽʾ, 

ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʘʣʛʦʨʠʪʤ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ, ʱʦ ʚʭʦʜʠʪʴ ʜʦ ʤʝʪʦʜʽʚ ʪʘ 

ʘʣʛʦʨʠʪʤʽʚ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ. ʆʜʥʠʤ ʽʟ ʛʽʙʨʠʜʥʠʭ ʤʝʪʦʜʽʚ ʥʝʡʨʦʥʥʠʭ 

ʤʝʨʝʞ ʻ Adaptive-Network-Based Fuzzy Inference System (ANFIS) ï ʘʜʘʧʪʠʚʥʘ ʤʝʨʝʞʘ 

ʥʝʯʽʪʢʦʛʦ ʚʠʩʥʦʚʢʫ. ANFIS ʻ ʦʜʥʠʤ ʟ̔ ʧʝʨʰʠʭ ʚʘʨʽʘʥʪʽʚ ʛʽʙʨʠʜʥʠʭ ʥʝʡʨʦ-ʥʝʯʽʪʢʠʭ 

ʤʝʨʝʞ ï ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʧʨʷʤʦʛʦ ʧʦʰʠʨʝʥʥʷ ʩʠʛʥʘʣʫ ʦʩʦʙʣʠʚʦʛʦ ʪʠʧʫ. 

ɸʨʭʽʪʝʢʪʫʨʘ ʥʝʡʨʦ-ʥʝʯʽʪʢʦʾ ʤʝʨʝʞʽ ʽʟʦʤʦʨʬʥʘ ʥʝʯʽʪʢʽʡ ʙʘʟʽ ʟʥʘʥʴ. ʋ ʥʝʡʨʦ-ʥʝʯʽʪʢʠʭ 

ʤʝʨʝʞʘʭ ʚʠʢʦʨʠʩʪʦʚʫʁʪʴʩʷ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʽ ʨʝʘʣʽʟʘʮʽʾ ʪʨʠʢʫʪʥʠʭ ʥʦʨʤ (ʤʥʦʞʝʥʥʷ ʡ 

ʤ̔ʦʚʽʨʥʽʩʥʝ ɸɹʆ), ʘ ʪʘʢʦʞ ʛʣʘʜʢʽ ʬʫʥʢʮʽʾ ʥʘʣʝʞʥʦʩʪʽ. ʎʝ ʜʦʟʚʦʣʷʻ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʣʷ 

ʥʘʩʪʨʦʶʚʘʥʥʷ ʥʝʡʨʦ-ʥʝʯʽʪʢʠʭ ʤʝʨʝʞ ʰʚʠʜʢʽ ʘʣʛʦʨʠʪʤʠ ʥʘʚʯʘʥʥʷ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ, 

ʟʘʩʥʦʚʘʥʽ ʥʘ ʤʝʪʦʜʽ ʟʚʦʨʦʪʥʦʛʦ ʧʦʰʠʨʝʥʥʷ ʧʦʤʠʣʢʠ [19]. 
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ANFIS ʨʝʘʣʽʟʫʻ ʩʠʩʪʝʤʫ ʥʝʯʽʪʢʦʛʦ ʚʠʩʥʦʚʢʫ ʫ ʚʠʛʣʷʜʽ ʧôʷʪʠʰʘʨʦʚʦʾ ʥʝʡʨʦʥʥʦʾ 

ʤʝʨʝʞʽ ʧʨʷʤʦʛʦ ʧʦʰʠʨʝʥʥʷ ʩʠʛʥʘʣʫ. ʇʨʠʟʥʘʯʝʥʥʷ ʰʘʨʽʚ ʪʘʢʝ [19]: 

Å ʧʝʨʰʠʡ ʰʘʨ ï ʪʝʨʤʠ ʚʭʽʜʥʠʭ ʟʤʽʥʥʠʭ; 

Å ʜʨʫʛʠʡ ʰʘʨ ï ʘʥʪʝʮʝʜʝʥʪʠ (ʧʦʩʠʣʢʠ) ʥʝʯʽʪʢʠʭ ʧʨʘʚʠʣ; 

Å ʪʨʝʪʽʡ ʰʘʨ ï ʥʦʨʤʘʣʽʟʘʮʽʷ ʩʪʫʧʝʥʽʚ ʚʠʢʦʥʘʥʥʷ ʧʨʘʚʠʣ; 

Å ʯʝʪʚʝʨʪʠʡ ʰʘʨ ï ʚʠʩʥʦʚʢʠ ʧʨʘʚʠʣ; 

Å ʧ'ʷʪʠʡ ʰʘʨ ï ʘʛʨʝʛʫʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʫ, ʦʪʨʠʤʘʥʦʛʦ ʟʘ ʨʽʟʥʠʤʠ ʧʨʘʚʠʣʘʤʠ. 

ʇʨʠʢʣʘʜʦʤ ʙʘʛʘʪʦʘʩʦʨʪʠʤʝʥʪʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʤʦʞʝ ʩʣʫʛʫʚʘʪʠ ʬʽʨʤʘ ʊʆɺ 

çʇʨʦʜʝʢʦè, ʷʢʝ ʟʘʡʤʘʻʪʴʩʷ ʪʘʢʦʶ ʜʽʷʣʴʥʽʩʪʶ: ʚʠʨʦʙʥʠʮʪʚʦ ʭʣʽʙʘ ʪʘ ʭʣʽʙʦʙʫʣʦʯʥʠʭ 

ʚʠʨʦʙʽʚ; ʚʠʨʦʙʥʠʮʪʚʦ ʧʨʦʜʫʢʪʽʚ ʙʦʨʦʰʥʦʤʝʣʴʥʦ-ʢʨʫʧ'ʷʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ; 

ʚʠʨʦʙʥʠʮʪʚʦ ʤʘʢʘʨʦʥʥʠʭ ʚʠʨʦʙʽʚ ʽ ʧʦʜʽʙʥʠʭ ʙʦʨʦʰʥʷʥʠʭ ʚʠʨʦʙʽʚ; ʚʠʨʦʙʥʠʮʪʚʦ 

ʪʦʨʪʽʚ ʽ ʪʽʩʪʝʯʦʢ, ʙʦʨʦʰʥʷʥʠʭ ʢʦʥʜʠʪʝʨʩʴʢʠʭ ʚʠʨʦʙʽʚ ʥʝʪʨʠʚʘʣʦʛʦ ʟʙʝʨʽʛʘʥʥʷ; 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ ʪʦʨʛʽʚʣ ̫ ʢʦʨʤʘʤʠ ʜʣʷ ʪʚʘʨʠʥ; ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ ʧʝʨʝʚʝʟʝʥʥʷ, 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʘʥʪʘʞʥʦʛʦ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ. ʆʪʞʝ, 

ʷʢʱʦ ʛʦʚʦʨʠʪʠ ʧʨʦ ʪʘʢʠʡ ʨʽʟʥʦʤʘʥʽʪʥʠʡ ʘʩʦʨʪʠʤʝʥʪ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ ʜʽʷʣʴʥʽʩʪʴ, ʪʦ 

ʥʝʦʙʭʽʜʥʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʥʘʧʨʷʤʠ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʚôʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ. ʅʘʧʨʠʢʣʘʜ, 

ʟʘʤʦʚʣʝʥʥʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʘʢʘʨʦʥʥʠʭ ʚʠʨʦʙʽʚ ʽʟ ʧʰʝʥʠʮʽ ʟʘʤʦʚʥʠʢʘ. ʋ ʚʠʧʘʜʢʫ, 

ʷʢʱʦ ʪʘʢʠʭ ʟʘʤʦʚʣʝʥʴ ʙʘʛʘʪʦ, ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʘʥʘʣʽʟʫ ʝʪʘʧʽʚ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʽʞ 

ʨʽʟʥʠʤʠ ʧʽʜʨʦʟʜʽʣʘʤʠ ʧʽʜʧʨʠʻʤʩʪʚʘ. ʊʦʜʽ ʘʥʘʣʽʟ ʪʘ ʨʦʟʙʠʪʪʷ ʟʘʤʦʚʣʝʥʴ ʚʽʜʙʫʚʘʶʪʴʩʷ 

ʩʝʨʝʜ ʮʝʭʽʚ, ʚ ʷʢʠʭ ʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʛʦʪʦʚʠʪʠ ʧʨʦʜʫʢʮʽʶ. 

ʌʘʢʪʠʯʥʦ ʟʜʽʡʩʥʶʻʪʴʩʷ ʨʦʟʙʠʪʪʷ ʫʩʽʭ ʟʘʤʦʚʣʝʥʴ ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʜʫ 

ʧʨʦʜʫʢʮʽʾ ʪʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʚʥʠʭ ʚʽʜʜʽʣʽʚ ʯʠ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪ̔ ʧʣʘʥʽʚ, ʷʢʽ ʙʫʜʫʪʴ ʚʠʢʦʥʫʚʘʪʠʩʷ ʧʘʨʘʣʝʣʴʥʦ [22]. ɺ 

ʧʦʜʘʣʴʰʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʘʥʞʫʚʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʫ ʢʦʞʥʽʡ ʛʨʫʧʽ. ʊʘʢʠʤ ʯʠʥʦʤ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʨʦʟʙʠʪʪʷ ʟʘʤʦʚʣʝʥʴ ʟʘ ʦʙʣʘʜʥʘʥʥʷʤ, ʷʢʝ ʙʫʜʝ ʚʠʢʦʨʠʩʪʘʥʝ ʜʣʷ ʾʭ 

ʨʝʘʣʽʟʘʮʽʾ.  

ʅʘ ʥʘʩʪʫʧʥʦʤʫ ʝʪʘʧʽ ʦʩʦʙʘ, ʱʦ ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ, ʦʙʠʨʘʻ ʨʷʜ ʢʨʠʪʝʨʽʾʚ, ʷʢʽ 

ʙʫʜʫʪʴ ʫʨʘʭʦʚʫʚʘʪʠʩʷ ʧʨʠ ʨʦʟʚôʷʟʘʥʥʽ ʪʘ ʦʮʽʥʮʽ ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʧʣʘʥʫ ʚʠʢʦʥʘʥʥʷ 

ʟʘʤʦʚʣʝʥʴ. ʆʩʦʙʘ, ʱʦ ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ, ʧʦʚʠʥʥʘ ʚʠʟʥʘʯʠʪʠ ʙʫʜʴ-ʷʢʠʡ ʥʘʙʽʨ 

ʯʘʩʪʢʦʚʠʭ ʢʨʠʪʝʨʽʾʚ ʜʣʷ ʚʨʘʭʫʚʘʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʘʨʘʤʝʪʨʽʚ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ. 
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ʆʙʨʘʥʥʷ ʢʨʠʪʝʨʽʾʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʛʽʜʥʦ ʟ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʦʶ ʩʠʪʫʘʮʽʻʶ, ʘ ʪʘʢʦʞ 

ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʪʨʘʪʝʛʽʯʥʠʭ ʥʘʧʨʷʤʽʚ ʨʦʟʚʠʪʢʫ ʧʽʜʧʨʠʻʤʩʪʚʘ ʫ ʪʘʢʦʤʫ ʧʝʨʝʣʽʢʫ: 

Å ʤʘʢʩʠʤʽʟʘʮʽʷ ʧʨʠʙʫʪʢʫ ʚʽʜ ʚʠʢʦʥʘʥʥʷ ʫʩʽʭ ʟʘʤʦʚʣʝʥʴ; 

Å ʤʽʥʽʤʽʟʘʮʽʷ ʯʘʩʫ ʥʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ; 

Å ʤʘʢʩʠʤʽʟʘʮʽʷ ʟʘʧʘʩʫ ʯʘʩʫ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʟʘʤʦʚʣʝʥʴ; 

Å ʤʽʥʽʤʽʟʘʮʽʷ ʩʫʤʘʨʥʠʭ ʰʪʨʘʬʽʚ ʟʘ ʥʝʚʯʘʩʥʝ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʥʷ;  

Å ʤʽʥʽʤʽʟʘʮʽʷ ʩʫʤʘʨʥʦʛʦ ʯʘʩʫ ʧʨʦʩʪʦʶ ʫʩʽʭ ʦʜʠʥʠʮʴ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʚʽʜʜʽʣʽʚ; 

Å ʤʽʥʽʤʽʟʘʮʽʷ ʩʫʤʘʨʥʠʭ ʚʠʪʨʘʪ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ; 

Å ʤʽʥʽʤʽʟʘʮʽʷ ʩʫʤʘʨʥʠʭ ʚʠʪʨʘʪ ʚʽʜ ʧʨʦʩʪʦʾʚ ʧʨʠ ʥʝʚʠʢʦʨʠʩʪʘʥʥʽ ʦʙʣʘʜʥʘʥʥʷ, 

ʢʦʣʠ ʜʝʷʢʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʢʦʥʪʫʨʠ, ʥʝ ʟʚʘʞʘʶʯʠ ʥʘ ʥʝʚʠʢʦʨʠʩʪʘʥʥʷ, ʧʦʪʨʝʙʫʶʪʴ 

ʝʣʝʢʪʨʦ- ʪʘ ʪʝʧʣʦʩʧʦʞʠʚʘʥʥʷ; 

Å ʤʽʥʽʤʽʟʘʮʽʷ ʩʫʤʘʨʥʠʭ ʚʠʪʨʘʪ ʥʘ ʧʝʨʝʨʦʙʢʫ ʪʘ ʫʪʠʣʽʟʘʮʽʶ ʦʪʨʠʤʘʥʦʾ 

ʥʝʢʦʥʜʠʮʽʡʥʦʾ ʧʨʦʜʫʢʮʽʾ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʫʩʽʭ ʟʘʤʦʚʣʝʥʴ; 

Å ʤʽʥʽʤʽʟʘʮʽʷ ʩʫʤʘʨʥʠʭ ʚʠʪʨʘʪ ʥʘ ʟʙʝʨʽʛʘʥʥʷ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ, ʘ ʽʥʦʜʽ ʽ ʥʘ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ; 

Å ʤʽʥʽʤʽʟʘʮʽʷ ʩʫʤʘʨʥʠʭ ʚʠʪʨʘʪ ʥʘ ʟʙʝʨʽʛʘʥʥʷ ʩʠʨʦʚʠʥʠ ʪʘ ʤʘʪʝʨʽʘʣʽʚ. 

ʋʩʽ ʢʨʠʪʝʨʽʾ, ʘ ʪʘʢʦʞ ʦʙʤʝʞʝʥʥʷ ʪʘ ʦʮʽʥʦʯʥʘ ʬʫʥʢʮʽʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʬʦʨʤʦʚʘʥʦʛʦ ʚʘʨʽʘʥʪʘ ʧʣʘʥʫ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʦʧʠʩʘʥʽ ʫ ʨʦʟʜ. 2.1. 

ʆʩʦʙʘ, ʱʦ ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ, ʟʘʜʘʻ ʦʙʤʝʞʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʢʦʥʢʨʝʪʥʦʛʦ 

ʧʽʜʧʨʠʻʤʩʪʚʘ.  

ɼʘʣʽ ʦʙʠʨʘʻʪʴʩʷ ʤʝʪʦʜ ʧʦʰʫʢʫ ʟ ʤʦʜʫʣʽʚ, ʷʢʽ ʨʝʘʣʽʟʦʚʫʶʪʴ ʨʽʟʥʽ ʘʣʛʦʨʠʪʤʠ 

ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ. ʋ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʦʙʨʘʥʦʛʦ 

ʤʝʪʦʜʫ ʯʠ ʘʣʛʦʨʠʪʤʫ ʟʘʜʘʶʪʴʩʷ ʧʘʨʘʤʝʪʨʠ ʡʦʛʦ ʨʦʙʦʪʠ.  

ʇʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʟʘ ʦʙʨʘʥʠʤ ʤʝʪʦʜʦʤ ʦʩʦʙʘ, ʱʦ ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ, 

ʦʪʨʠʤʫʻ ʧʝʚʥʫ ʢʽʣʴʢʽʩʪʴ ʥʘʡʢʨʘʱʠʭ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʚʘʨʽʘʥʪʽʚ ʧʣʘʥʫ ʚʠʢʦʥʘʥʥʷ 

ʟʘʤʦʚʣʝʥʴ ʜʣʷ ʢʦʞʥʦʛʦ ʦʢʨʝʤʦʛʦ ʮʝʭʘ ʘʙʦ ʣʽʥʽʾ. ɼʣʷ ʢʦʞʥʦʛʦ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ 

ʚʘʨʽʘʥʪʘ ʜʣʷ ʥʘʦʯʥʦʩʪʽ ʥʘʚʦʜʷʪʴʩʷ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʟʘ ʦʙʨʘʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ. 

ɸ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʚʘʨʽʘʥʪʽʚ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʫʩʽ ʟʥʘʯʝʥʥʷ 

ʦʙʨʘʥʠʭ ʢʨʠʪʝʨʽʾʚ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʪʘʙʣʠʮʽ ʪʘ ʧʝʣʶʩʪʢʦʚʦʾ ʜʽʘʛʨʘʤʠ. 



182 

ʇʨʠʢʣʘʜ ʧʦʨʽʚʥʷʥʥʷ ʯʦʪʠʨʴʦʭ ʢʨʠʪʝʨʽʾʚ ʜʣʷ ʩʬʦʨʤʦʚʘʥʠʭ ʧôʷʪʠ ʚʘʨʽʘʥʪʽʚ 

ʘʣʴʪʝʨʥʘʪʠʚ ʧʣʘʥʽʚ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣ. 4.4. 

 

ʊʘʙʣʠʮʷ 4.4 ï ʇʦʨʽʚʥʷʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʚʘʨʽʘʥʪʽʚ ʟʘ ʯʦʪʠʨʤʘ ʢʨʠʪʝʨʽʷʤʠ 
 

 ̄ ʏʘʩʪʢʦʚʠʡ 

ʢʨʠʪʝʨʽʡ 
ɺʘʨʽʘʥʪ 1 ɺʘʨʽʘʥʪ 2 ɺʘʨʽʘʥʪ 3 ɺʘʨʽʘʥʪ 4 ɺʘʨʽʘʥʪ 5 

1 ʄʽʥʽʤʽʟʘʮʽʷ 

ʩʫʤʘʨʥʦʛʦ ʯʘʩʫ 

ʧʨʦʩʪʦʶ 

500 600 700 750 1500 

2 ʄʽʥʽʤʽʟʘʮʽʷ 

ʩʫʤʘʨʥʠʭ ʰʪʨʘʬʽʚ 

ʟʘ ʥʝʚʠʢʦʥʘʥʥʷ 

600 550 406 756 550 

3 ʄʽʥʽʤʽʟʘʮʽʷ 

ʚʠʪʨʘʪ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʦʙʣʘʜʥʘʥʥʷ 

4500 4200 4800 4500 5000 

4 ʄʽʥʽʤʽʟʘʮʽʷ 

ʚʠʪʨʘʪ ʥʘ 

ʟʙʝʨʽʛʘʥʥʷ ʛʦʪʦʚʦʾ 

ʧʨʦʜʫʢʮʽʾ 

1500 1600 1800 1700 1600 

 

ʗʢ ʚʠʜʥʦ ʟ ʪʘʙʣʠʮʽ 4.4, ʰʚʠʜʢʦ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʥʘʚʽʪʴ ʥʝʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ 

ʚʘʨʽʘʥʪʽʚ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʚʘʞʢʦ, ʪʦʤʫ ʜʦʮʽʣʴʥʦ ʮʝ ʨʦʙʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʝʣʶʩʪʢʦʚʦʾ ʜʽʘʛʨʘʤʠ ʘʙʦ ʜʽʘʛʨʘʤʠ ɻʘʥʪʘ.  

ʇʨʠʢʣʘʜ ʧʝʣʁʩʪʢʦʚʦʾ ʜʽʘʛʨʘʤʠ ʧʦʨʽʚʥʷʥʥʷ ʧôʷʪʠ ʚʘʨʽʘʥʪʽʚ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ 

ʧʣʘʥʽʚ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.6. 
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ʈʠʩʫʥʦʢ 4.6 ï ʇʝʣʶʩʪʢʦʚʘ ʜʽʘʛʨʘʤʘ ʧʦʨʽʚʥʷʥʥʷ ʚʘʨʽʘʥʪʽʚ ʘʣʴʪʝʨʥʘʪʠʚ ʚʘʨʽʘʥʪʽʚ  

ʟʘ ʯʦʪʠʨʤʘ ʢʨʠʪʝʨʽʷʤʠ  

 

ʆʙʨʘʥʥʷ ʧʝʣʶʩʪʢʦʚʦʾ ʜʽʘʛʨʘʤʠ ʦʙʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ ʪʘʢʠʡ ʛʨʘʬʽʯʥʠʡ ʩʧʦʩʽʙ 

ʚʽʜʦʙʨʘʞʝʥʥʷ ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ ʜʘʥʠʭ ʫ ʚʠʛʣʷʜʽ ʜʚʦʚʠʤʽʨʥʦʾ ʜʽʘʛʨʘʤʠ ʟ ʥʝʦʙʭʽʜʥʦʶ 

ʢʽʣʴʢʽʩʪʶ ʟʤʽʥʥʠʭ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʥʘ ʦʩʷʭ ʟʽ ʩʧʽʣʴʥʠʤ ʧʦʯʘʪʢʦʤ. ʂʦʞʥʘ ʚʽʩʴ 

ʚʽʜʧʦʚʽʜʘʻ ʧʝʚʥʦʤʫ ʯʘʩʪʢʦʚʦʤʫ ʢʨʠʪʝʨʽʶ. ɺʽʜʥʦʩʥʝ ʧʦʣʦʞʝʥʥʷ ʪʘ ʢʫʪ ʥʘʭʠʣʫ ʦʩʝʡ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʾʭ ʢʽʣʴʢʦʩʪʽ ʪʘ ʟʥʘʯʝʥʴ. ʏʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ ʢʦʞʥʦʛʦ ʢʨʠʪʝʨʽʶ 

ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʷʢ ʜʦʚʞʠʥʠ ʚʽʜʨʽʟʢʽʚ, ʷʢʽ ʚʠʭʦʜʷʪʴ ʽʟ ʮʝʥʪʨʫ ʜʽʘʛʨʘʤʠ ʧʽʜ ʨʽʟʥʠʤʠ 

ʢʫʪʘʤʠ. ɺʘʨʽʘʥʪʠ ʧʣʘʥʽʚ ʚʽʜʦʙʨʘʞʝʥʽ ʨʽʟʥʠʤʠ ʢʦʣʴʦʨʘʤʠ. ʊʘʢʠʡ ʪʠʧ ʜʽʘʛʨʘʤʠ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʰʚʠʜʢʦ ʟʨʦʙʠʪʠ ʣʦʛʽʯʥʠʡ ʚʠʩʥʦʚʦʢ ʟ̔ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʦʪʨʠʤʘʥʠʭ 

ʜʘʥʠʭ. ɺʠʙʽʨ ʪʘʢʦʛʦ ʚʠʜʫ ʜʽʘʛʨʘʤʠ ʦʙʫʤʦʚʣʝʥʠʡ ʪʠʤ, ʱʦ ʧʨʠ ʦʮʽʥʮʽ ʩʫʢʫʧʥʦʩʪʽ 

ʢʨʠʪʝʨʽʾʚ, ʷʢʽ ʤʘʶʪʴ ʨʽʟʥʽ ʚʠʜʠ ʪʘ ʛʨʘʜʘʮʽʶ ʰʢʘʣ, ʥʘ ʜʽʘʛʨʘʤʽ ʟʨʫʯʥʦ ʥʘʦʯʥʦ 

ʧʨʝʜʩʪʘʚʠʪʠ ʪʘ ʦʮʽʥʠʪʠ ʢʦʞʝʥ ʚʘʨʽʘʥʪ. 

ɺʨʘʭʦʚʫʶʯʠ ʩʢʣʘʜʥʽʩʪʴ ʪʘ ʦʙʩʷʛʠ ʜʘʥʠʭ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʘʥʘʣʽʟʫʚʘʪʠ, 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʤʽʥʘ ʧʦʟʥʘʯʝʥʴ ʥʘʟʚ ʢʨʠʪʝʨʽʾʚ ʥʘ ʜʽʘʛʨʘʤʽ. ʎʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʚʠʧʘʜʢʫ, 

ʢʦʣʠ ʚʨʘʭʦʚʫʶʪʴʩʷ ʤʘʡʞʝ ʫʩʽ ʢʨʠʪʝʨʽʾ. ʇʨʠʢʣʘʜ ʧʦʨʽʚʥʷʥʥʷ ʪʨʴʦʭ ʚʘʨʽʘʥʪʽʚ ʽʟ ʩʴʦʤʘ 

ʢʨʠʪʝʨʽʷʤʠ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣ. 4.5, ʘ ʜʽʘʛʨʘʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 4.7. 
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ʊʘʙʣʠʮʷ 4.5 ï ʇʦʨʽʚʥʷʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʚʘʨʽʘʥʪʽʚ 

 ̄
ʅʘʟʚʘ ʯʘʩʪʢʦʚʦʛʦ ʢʨʠʪʝʨʽʶ 

ʇʦʟʥ. 

ʢʨʠʪ. 
ɺʘʨʽʘʥʪ 1 ɺʘʨʽʘʥʪ 2 ɺʘʨʽʘʥʪ 3 

 

1 2 3 4 5 4 

1 ʄʽʥʽʤʽʟʘʮʽʷ ʩʫʤʘʨʥʦʛʦ ʯʘʩʫ 

ʧʨʦʩʪʦʶ 
F4 1500 0 500 

2 ʄʽʥʽʤʽʟʘʮʽʷ ʩʫʤʘʨʥʠʭ 

ʰʪʨʘʬʽʚ ʟʘ ʥʝʚʠʢʦʥʘʥʥʷ 
F5 350 200 250 

3 ʄʽʥʽʤʽʟʘʮʽʷ ʚʠʪʨʘʪ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʦʙʣʘʜʥʘʥʥʷ 
F6 4500 4200 4800 

4 ʄʽʥʽʤʽʟʘʮʽʷ ʚʠʪʨʘʪ ʥʘ 

ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʧʨʦʩʪʦʶʻ 
F7 1500 1000 1700 

5 ʄʽʥʽʤʽʟʘʮʽʷ ʚʠʪʨʘʪ ʥʘ 

ʧʝʨʝʨʦʙʢʫ ʪʘ ʫʪʠʣʽʟʘʮʽʶ 

ʦʪʨʠʤʘʥʦʾ ʥʝʢʦʥʜʠʮʽʡʥʦʾ 

ʧʨʦʜʫʢʮʽʾ 

F8 5000 4500 4000 

6 ʄʽʥʽʤʽʟʘʮʽʷ ʚʠʪʨʘʪ ʥʘ 

ʟʙʝʨʽʛʘʥʥʷ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ 
F9 1500 1600 1800 

7 ʄʽʥʽʤʽʟʘʮʽʷ ʚʠʪʨʘʪ ʥʘ 

ʟʙʝʨʽʛʘʥʥʷ ʩʠʨʦʚʠʥʠ ʪʘ 

ʤʘʪʝʨʽʘʣʽʚ 

F10 5000 6000 3220 
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ʈʠʩʫʥʦʢ 4.7 ï ʇʝʣʶʩʪʢʦʚʘ ʜʽʘʛʨʘʤʘ ʧʦʨʽʚʥʷʥʥʷ ʚʘʨʽʘʥʪʽʚ ʘʣʴʪʝʨʥʘʪʠʚ ʚʘʨʽʘʥʪʽʚ  

ʟʘ ʩʽʤʦʤʘ ʢʨʠʪʝʨʽʷʤʠ  

 

ʇʣʘʥ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʤʦʞʣʠʚʦ ʧʝʨʝʛʣʷʥʫʪʠ ʚ ʪʘʙʣʠʯʥʽʡ ʬʦʨʤʽ ʪʘ ʫ 

ʚʠʛʣʷʜʽ ʜʽʘʛʨʘʤʠ ɻʘʥʪʘ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʽʟʫʘʣʴʥʦ ʦʮʽʥʠʪʠ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ 

ʝʪʘʧʽʚ. ʅʘ ʨʠʩ. 4.8 ʚʽʜʦʙʨʘʞʝʥʦ ʧʨʠʢʣʘʜ ʩʬʦʨʤʦʚʘʥʦʛʦ ʧʣʘʥʫ ʱʦʜʦ ʚʠʢʦʥʘʥʥʷ ʪʨʴʦʭ 

ʟʘʤʦʚʣʝʥʴ ʥʘ ʢʦʚʙʘʩʥʽ ʚʠʨʦʙʠ. 

 

 

ʈʠʩʫʥʦʢ 4.8 ï ʇʨʠʢʣʘʜ ʩʬʦʨʤʦʚʘʥʦʾ ʜʽʘʛʨʘʤʠ ɻʘʥʪʘ, ʷʢʘ ʚʽʜʦʙʨʘʞʘʻ ʧʣʘʥ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʨʴʦʭ ʚʠʜʽʚ ʢʦʚʙʘʩʥʠʭ ʚʠʨʦʙʽʚ 
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ʗʢʱʦ ʦʩʦʙʘ, ʱʦ ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ, ʟʘʪʚʝʨʜʞʫʻ ʦʜʠʥ ʟ̔ ʚʘʨʽʘʥʪʽʚ ʧʣʘʥʽʚ 

ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ, ʪʦ ʮʝʡ ʚʘʨʽʘʥʪ ʧʨʠʡʤʘʻʪʴʩʷ ʡ ʧʝʨʝʜʘʻʪʴʩʷ ʜʦ ʚʠʨʦʙʥʠʯʠʭ 

ʧʽʜʨʦʟʜʽʣʽʚ, ʘ ʧʨʠʡʥʷʪʠʡ ʧʣʘʥ ʟʘʧʠʩʫʻʪʴʩʷ ʫ ʙʘʟʫ ʜʘʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘ. 

ʗʢʱʦ ʦʪʨʠʤʘʥʽ ʚʘʨʽʘʥʪʠ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʥʝ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʤʝʥʝʜʞʝʨʘ, 

ʪʦʜʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʬʽʢʩʘʮʽʷ ʧʝʚʥʠʭ ʯʘʩʪʠʥ ʫ ʚʘʨʽʘʥʪʘʭ ʧʣʘʥʽʚ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ 

ʘʙʦ ʰʪʫʯʥʘ ʟʘʤʽʥʘ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ. ʇʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʜʦʜʘʶʪʴʩʷ 

ʜʦʜʘʪʢʦʚʽ ʧʘʨʘʤʝʪʨʠ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ, ʘʣʝ ʷʢ ʚʭʽʜʥʽ ʘʣʴʪʝʨʥʘʪʠʚʠ ʦʙʠʨʘʶʪʴʩʷ 

ʥʘʡʢʨʘʱʽ ʘʣʴʪʝʨʥʘʪʠʚʠ ʚʘʨʽʘʥʪʽʚ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ. 

ɺʘʞʣʠʚʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʨʝʟʫʣʴʪʘʪ ʨʦʙʦʪʠ ʟʘʣʝʞʠʪʴ ʥʝ ʣʠʰʝ ʚʽʜ ʢʽʣʴʢʦʩʪʽ 

ʜʦʛʦʚʦʨʽʚ, ʘ ʡ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʝʪʘʧʽʚ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʧʨʦʜʫʢʮʽʾ, ʘ ʪʘʢʦʞ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʚʘʨʽʘʥʪʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

ʅʘ ʢʦʞʥʦʤʫ ʧʽʜʧʨʠʻʤʩʪʚʽ ʰʚʠʜʢʽʩʪʴ ʬʦʨʤʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʙʫʜʝ 

ʨʽʟʥʦʶ, ʘʣʝ ʥʝʦʙʭʽʜʥʦ ʥʘʤʘʛʘʪʠʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʟʥʠʟʠʪʠ ʮʝʡ ʯʘʩ, ʘʜʞʝ ʧʨʠ ʧʨʠʡʦʤʽ 

ʟʘʤʦʚʣʝʥʥʷ ʥʝʦʙʭʽʜʥʦ ʟʘ ʣʽʯʝʥʽ ʭʚʠʣʠʥʠ ʚʽʜʧʦʚʽʩʪʠ, ʥʘ ʷʢʫ ʜʘʪʫ ʙʫʜʝ ʚʠʢʦʥʘʥʦ ʪʝ ʯʠ 

ʽʥʰʝ ʟʘʤʦʚʣʝʥʥʷ. ʊʘʢ ʩʘʤʦ ʫ ʚʠʧʘʜʢʫ ʚʠʥʠʢʥʝʥʥʷ ʧʦʟʘʰʪʘʪʥʠʭ ʩʠʪʫʘʮʽʡ 

ʩʢʦʨʠʛʫʚʘʪʠ ʽʩʥʫʶʯʠʡ ʧʣʘʥ, ʱʦʙ ʤʽʥʽʤʽʟʫʚʘʪʠ ʟʙʠʪʢʠ. 

ɿʘ ʨʘʭʫʥʦʢ ʪʦʛʦ, ʱʦ ʧʝʨʝʜ ʧʦʯʘʪʢʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʧʦʰʫʢʫ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʘʥʘʣʽʟ ʟʘʤʦʚʣʝʥʴ ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʾʭ ʚʠʢʦʥʘʥʥʷ, ʚʽʜʰʫʢʫʻʪʴʩʷ 

ʧʦʜʽʙʥʠʡ, ʚʠʢʦʥʘʥʠʡ ʨʘʥʽʰʝ ʧʣʘʥ. ʅʘ ʧʦʯʘʪʢʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʥʝ ʧʦʪʨʽʙʥʦ 

ʬʦʨʤʫʚʘʪʠ ʥʘʙʣʠʞʝʥʠʡ ʧʣʘʥ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʛʝʥʝʨʘʪʦʨ ʚʠʧʘʜʢʦʚʠʭ ʯʠʩʝʣ. 

ʅʝʦʙʭʽʜʥʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʫʩʽ ʘʣʛʦʨʠʪʤʠ ʪʘ ʤʝʪʦʜʠ, ʨʦʟʛʣʷʥʫʪʽ ʚ ʨʦʟʜ. 3, ʪʘ 

ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ ʥʘ ʦʩʥʦʚʽ çʢʦʩʷʢʫ ʨʠʙè ʽ çʟʛʨʘʾ ʚʦʚʢʽʚè ʤʦʞʫʪʴ ʙʫʪʠ 

ʟʘʩʪʦʩʦʚʘʥʽ ʚ ʟʘʧʨʦʧʦʥʦʚʘʥʽʡ ʪʝʭʥʦʣʦʛʽʾ.  

ʇʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʥʘ ʦʩʥʦʚʽ ʘʣʛʦʨʠʪʤʽʚ çʤʫʨʘʰʠʥʦʾ 

ʢʦʣʦʥʽʾè, çʟʛʨʘʾ ʚʦʚʢʽʚè ʪʘ çʛʝʥʝʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫè ʩʭʝʤʘ 4.4 ʟʘʟʥʘʻ ʤʦʜʠʬʽʢʘʮʽʡ ʽ 

ʟʤʽʥʠʪʴʩʷ ʥʘ ʩʭʝʤʫ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʥʷ, ʷʢʘ 

ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 4.9. 

ʇʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʥʘ ʦʩʥʦʚʽ ʘʣʛʦʨʠʪʤʽʚ çʤʫʨʘʰʠʥʦʾ 

ʢʦʣʦʥʽʾè, çʟʛʨʘʾ ʚʦʚʢʽʚè ʪʘ çʛʝʥʝʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫè ʩʧʦʯʘʪʢʫ ʜʣʷ ʢʦʞʥʦʛʦ ʧʣʘʥʫ 
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ʙʫʜʫʶʪʴ ʙʘʛʘʪʦʰʘʨʦʚʠʡ ʛʨʘʬ, ʷʢʠʡ ʦʧʠʩʫʻ ʫʩʽ ʤʦʞʣʠʚʽ ʚʘʨʽʘʥʪʠ ʚʠʢʦʥʘʥʥʷ 

ʟʘʤʦʚʣʝʥʴ. 

 

 

ʈʠʩʫʥʦʢ 4.9 ï ʆʩʥʦʚʥʘ ʩʭʝʤʘ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ 

ʟʘʤʦʚʣʝʥʥʷ 
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 ʇʦʯʘʪʦʢ 

ɺʠʟʥʘʯʝʥʥʷ 

ʧʨʽʦʨʠʪʝʪʽʚ ʪʘ 

ʬʽʢʩʘʮʽʷ ʟʘʤʦʚʣʝʥʴ, 

ʱʦ ʚʠʢʦʥʫʶʪʴʩʷ 

 ɺʽʟʫʘʣʴʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ 

ʨʝʟʫʣʴʪʘʪʫ 

 ɿʘʪʚʝʨʜʞʝʥʠʡ ʚʘʨʽʘʥʪ 

ʧʣʘʥʫ ʚʠʢʦʥʘʥʥʷ 

ʂʽʥʝʮʴ 

 ʇʣʘʥ ʟʘʪʚʝʨʜʞʫʻʤʦ?  

ʈʫʯʥʝ ʢʦʨʠʛʫʚʘʥʥʷ  

ʚʘʨʽʘʥʪʽʚ ʧʣʘʥʫ 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ  

ʘʣʛʦʨʠʪʤʫ çʤʫʨʘʰʠʥʦʾ ʢʦʣʦʥʽʾè 

ʆʙʨʘʥʥʷ ʢʨʠʪʝʨʽʾʚ 

ʦʧʪʠʤʽʟʘʮʽʾ 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʟʘʤʦʚʣʝʥʴ 

ɺʠʟʥʘʯʝʥʥʷ ʧʝʨʽʦʜʫ  

ʧʣʘʥʫʚʘʥʥʷ 

ɸʥʘʣʽʟ ʟʘʤʦʚʣʝʥʥʷ ʪʘ ʩʪʘʥʫ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

ʅʘ ʚʠʨʦʙʥʠʮʪʚʽ 
ʚʠʢʦʥʫʻʪʴʩʷ ʧʣʘʥ? 

ɿʘʤʦʚʣʝʥʥʷ ʪʘ ʫʤʦʚʠ 
ʾʭ ʚʠʢʦʥʘʥʥʷ 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ  

ʘʣʛʦʨʠʪʤʫ çʟʛʨʘʾ ʚʦʚʢʽʚè 

ʉʭʦʚʠʱʝ 

ʜʘʥʠʭ 

ɹɼ ɯɼ 

  

 
ɿʘʩʪʦʩʫʚʘʥʥʷ 

çʛʝʥʝʪʠʯʥʦʛʦ 

ʘʣʛʦʨʠʪʤʫè 
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ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʧʝʨʰʠʭ ʥʘʙʣʠʞʝʥʠʭ ʚʘʨʽʘʥʪʽʚ ʨʦʟʢʣʘʜʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ çʤʫʨʘʰʠʥʦʾ ʢʦʣʦʥʽʾè. ʇʽʩʣʷ ʟʜʽʡʩʥʝʥʥʷ ʟʘʜʘʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʽʪʝʨʘʮʽʡ ʦʙʠʨʘʻʤʦ ʥʘʡʢʨʘʱʽ ʚʘʨʽʘʥʪʠ ʩʬʦʨʤʦʚʘʥʦʛʦ ʧʣʘʥʫ ʥʘ ʦʩʥʦʚʽ ʦʙʨʘʥʠʭ 

ʯʘʩʪʢʦʚʠʭ ʢʨʠʪʝʨʽʾʚ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ. ʆʙʨʘʥʽ ʥʘʡʢʨʘʱʽ ʚʘʨʽʘʥʪʠ ʟʙʝʨʽʛʘʶʪʴʩʷ ʪʘ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʝʟʘʣʝʞʥʦ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ ʥʘ ʥʘʩʪʫʧʥʠʭ ʽʪʝʨʘʮʽʷʭ. ʅʝʦʙʭʽʜʥʦ 

ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʧʨʦʮʝʩ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʘʻ ʤʝʥʰʝ ʪʨʴʦʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʥʘ ʨʽʟʥʦʤʫ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ, ʪʦ ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʚʽʜʨʘʟʫ ʧʝʨʝʭʦʜʠʤʦ ʜʦ ʦʮʽʥʢʠ ʦʪʨʠʤʘʥʠʭ ʚʘʨʽʘʥʪʽʚ.  

ɿ ʫʩʽʭ ʦʪʨʠʤʘʥʠʭ ʚʘʨʽʘʥʪʽʚ ʦʙʠʨʘʶʪʴʩʷ ʪʨʠ ʥʘʡʢʨʘʱʽ, ʷʢʽ ʥʘʟʠʚʘʶʪʴʩʷ 

çʘʣʴʬʘè, çʙʝʪʘè ʪʘ çʜʝʣʴʪʘè ʘʛʝʥʪʘʤʠ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ 

çʟʛʨʘʾ ʚʦʚʢʽʚè. ɺʽʜʨʘʟʫ ʬʦʨʤʫʶʪʴʩʷ çʦʤʝʛʘè-ʘʛʝʥʪʠ ʥʘ ʦʩʥʦʚʽ ʪʨʴʦʭ ʥʘʡʢʨʘʱʠʭ. ɼʘʣʽ 

ʟʘʩʪʦʩʦʚʫʻʤʦ ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ çʟʛʨʘʾ ʚʦʚʢʽʚè ʪʘ ʚ ʢʽʥʮʽ ʦʪʨʠʤʫʻʤʦ ʥʝ ʤʝʥʰʝ 

ʪʨʴʦʭ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʚʘʨʽʘʥʪʽʚ.  

ʆʩʦʙʘ, ʱʦ ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ, ʘʥʘʣʽʟʫʻ ʦʪʨʠʤʘʥʽ ʚʘʨʽʘʥʪʠ ʨʽʰʝʥʥʷ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʝʣʶʩʪʢʦʚʫ ʜʽʘʛʨʘʤʫ, ʜʽʘʛʨʘʤʫ ɻʘʥʪʘ ʪʘ ʜʝʪʘʣʴʥʠʡ ʦʧʠʩ ʚʘʨʽʘʥʪʽʚ. 

ʗʢʱʦ ʚʦʥʘ ʧʨʠʡʤʘʻ ʪʘ ʟʘʪʚʝʨʜʞʫʻ ʦʜʠʥ ʟ̔ ʚʘʨʽʘʥʪʽʚ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ, ʪʦ ʮʝʡ 

ʚʘʨʽʘʥʪ ʧʨʠʡʤʘʻʪʴʩʷ ʡ ʧʝʨʝʜʘʻʪʴʩʷ ʜʦ ʚʠʨʦʙʥʠʯʠʭ ʧʽʜʨʦʟʜʽʣʽʚ, ʘ ʧʨʠʡʥʷʪʠʡ ʧʣʘʥ 

ʟʘʧʠʩʫʻʪʴʩʷ ʫ ʙʘʟʫ ʜʘʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘ. 

ʗʢʱʦ ʦʪʨʠʤʘʥʽ ʚʘʨʽʘʥʪʠ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʥʝ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʤʝʥʝʜʞʝʨʘ, 

ʪʦʜʽ ʟʜʽʡʩʥʶʶʪʴʩʷ ʯʘʩʪʢʦʚʦ ʘʙʦ ʧʦʚʥʽʩʪʶ ʪʘʢʽ ʜʽʾ: 

ï ʬʽʢʩʘʮʽʷ ʧʝʚʥʠʭ ʯʘʩʪʠʥ ʚʘʨʽʘʥʪʽʚ ʧʣʘʥʫ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʘʙʦ ʰʪʫʯʥʘ 

ʟʘʤʽʥʘ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ; 

ï ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʥʦʚʠʭ ʚʘʨʽʘʥʪʽʚ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ çʛʝʥʝʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤè. 

ɺʠʢʦʨʠʩʪʘʥʥʷ çʛʝʥʝʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫè ʟʘʙʝʟʧʝʯʫʻ ʦʪʨʠʤʘʥʥʷ ʥʦʚʠʭ 

ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʚʘʨʽʘʥʪʽʚ ʧʣʘʥʽʚ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʟʘ ʨʘʭʫʥʦʢ ʚʽʜʧʦʚʽʜʥʠʭ 

ʦʧʝʨʘʮʽʡ ʤʫʪʘʮʽʾ, ʢʨʦʩʦʚʝʨʘ ʪʘ ʩʭʨʝʱʫʚʘʥʥʷ.  

ɺʽʥ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʦ ʪʠʭ ʧʽʨ, ʧʦʢʠ ʥʝ ʙʫʜʝ ʚʠʢʦʥʘʥʘ ʟʘʜʘʥʘ ʢʽʣʴʢʽʩʪʴ 

ʽʪʝʨʘʮʽʡ, ʘʙʦ ʦʪʨʠʤʘʥʽ ʘʣʴʪʝʨʥʘʪʠʚʠ ʥʝ ʙʫʜʫʪʴ ʢʨʘʱʠʤʠ ʟʘ ʚʭʽʜʥʽ.  

ʆʪʨʠʤʘʥʽ ʚʘʨʽʘʥʪʠ ʩʪʘʶʪʴ ʚʭʽʜʥʠʤʠ ʚʘʨʽʘʥʪʘʤʠ ʜʣʷ ʘʣʛʦʨʠʪʤʫ çʤʫʨʘʰʠʥʦʾ 

ʢʦʣʦʥʽʾè. ɿʘʩʪʦʩʫʚʘʥʥʷ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʥʘ ʦʩʥʦʚʽ ʘʣʛʦʨʠʪʤʽʚ çʤʫʨʘʰʠʥʦʾ 
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ʢʦʣʦʥʽʾè, çʟʛʨʘʾ ʚʦʚʢʽʚè ʪʘ çʛʝʥʝʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫè ʚ ʽʥʬʦʨʤʘʮʽʡʥʽʡ ʪʝʭʥʦʣʦʛʽ ʾ

ʟʘʙʝʟʧʝʯʫʻ ʟʥʘʭʦʜʞʝʥʥʷ ʩʢʣʘʜʥʠʭ ʚʘʨʽʘʥʪʽʚ ʚʠʢʦʥʘʥʥʷ ʨʦʟʢʣʘʜʫ ʥʘ 

ʙʘʛʘʪʦʥʦʤʝʥʢʣʘʪʫʨʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʭʘʨʯʦʚʦʾ ʛʘʣʫʟʽ. 

ʅʝʦʙʭʽʜʥʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ 

ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʷʢ ʚʭʽʜʥʽ ʜʘʥʽ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʢʦʞʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʧʦʜʘʻʪʴʩʷ ʥʝ 

ʭʘʦʪʠʯʥʠʡ ʥʘʙʽʨ, ʘ ʦʧʪʠʤʽʟʦʚʘʥʘ ʧʝʚʥʠʤ ʯʠʥʦʤ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ. 

ʊʘʢʠʡ ʧʽʜʭʽʜ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʰʚʠʜʢʽʩʪʴ ʧʦʰʫʢʫ ʛʣʦʙʘʣʴʥʦʛʦ ʦʧʪʠʤʫʤʫ, ʱʦ ʻ 

ʛʦʣʦʚʥʦʶ ʤʝʪʦʶ ʟʘʜʘʯʽ. 

ʇʨʦʚʝʜʝʥʥʷ ʘʧʨʦʙʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʧʨʦʭʦʜʠʣʦ ʥʘ ʨʝʘʣʴʥʠʭ ʨʝʪʨʦʩʧʝʢʪʠʚʥʠʭ ʜʘʥʠʭ  ʟʘ 

ʧʦʧʝʨʝʜʥʽ ʨʦʢʠ. 

ɿʘ ʚʠʤʦʛʦʶ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʧʽʜʧʨʠʻʤʩʪʚ, ʥʘ ʷʢʠʭ ʧʨʦʚʦʜʠʣʘʩʴ ʘʧʨʦʙʘʮʽʷ 

ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʜʘʥʽ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʘ ʩʘʤʝ ʧʦʪʫʞʥʦʩʪʽ, ʦʙʩʷʛʠ ʚʠʛʦʪʦʚʣʝʥʥʷ, ʚʘʨʪʽʩʥʽ ʪʘ 

ʢʽʣʴʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ, ʥʝ ʥʘʚʦʜʷʪʴʩʷ.  

ɸʣʝ ʻ ʤʦʞʣʠʚʽʩʪʴ ʚʽʜʦʙʨʘʟʠʪʠ ʢʽʣʴʢʽʩʪʴ ʟʘʤʦʚʣʝʥʴ, ʥʘ ʷʢʠʭ ʧʨʦʚʦʜʠʣʠʩʷ 

ʜʦʩʣʽʜʞʝʥʥʷ. ɸʜʞʝ ʚʩʽ ʮʽ ʟʘʤʦʚʣʝʥʥʷ ʤʘʶʪʴ ʧʦʢʘʟʥʠʢʠ ʚʠʜʫ ʧʨʦʜʫʢʮʽʾ, ʾʾ ʦʙʩʷʛʫ, 

ʪʝʨʤʽʥ ʚʠʛʦʪʦʚʣʝʥʥʷ.  

ɼʣʷ ʘʧʨʦʙʘʮʽʾ ʦʙʠʨʘʣʠʩʴ ʜʘʥʽ ʟʘ ʧʣʘʥʘʤʠ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʟʘ ʨʽʟʥʽ 

ʧʦʧʝʨʝʜʥʽ ʧʝʨʽʦʜʠ ʜʽʷʣʴʥʦʩʪʽ ʭʘʨʯʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʱʦ ʙʫʣʠ ʦʙʨʘʥʽ ʧʨʠ ʘʧʨʦʙʘʮʽʷʭ 

ʢʦʤʙʽʥʦʚʘʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ.  

ʅʝʦʙʭʽʜʥʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʙʫʣʠ 

ʟʥʘʡʜʝʥʽ ʪʘʢʽ ʩʘʤʽ ʧʣʘʥʠ, ʷʢ ʽ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʟ 

ʦʜʥʘʢʦʚʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ, ʪʦʤʫ ʩʪʦʚʧʯʠʢʠ çɽʬʝʢʪʠʚʥʽʩʪʴ ʟʥʘʡʜʝʥʦʛʦ ʧʣʘʥʫè ʪʘ 

çʉʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴè ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 4.6 ʫ ʦʜʥʠʥʽ.  

ʋ ʪʘʙʣ. 4.6 ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʪʘ 

ʘʣʛʦʨʠʪʤʽʚ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʙʝʟ ʥʝʾ ʜʣʷ 100 ʟʘʤʦʚʣʝʥʴ.  
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ʊʘʙʣʠʮʷ 4.6 ï ʇʦʨʽʚʥʷʥʥʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʘʣʛʦʨʠʪʤʽʚ ʟ̔ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʙʝʟ ʥʝʾ ʜʣʷ 100 ʟʘʤʦʚʣʝʥʴ 

ˉ 

ʧ/ʧ 

ʅʘʟʚʘ 

ʘʣʛʦʨʠʪʤʫ/ʤʝʪʦʜʫ 

ʏʘʩ 

ʧʦʰʫʢʫ 

ʧʣʘʥʫ 

ʙʝʟ 

ʚʠʢʦʨʠ-

ʩʪʘʥʥʷ 

ɯʊ, ʭʚ 

ʏʘʩ 

ʧʦʰʫʢʫ 

ʧʣʘʥʫ ʙʝʟ 

ʚʠʢʦʨʠ- 

ʩʪʘʥʥʷ ɯʊ, 

ʭʚ 

ɽʬʝʢʪʠʚʥʽʩʪʴ 

ʟʥʘʡʜʝʥʦʛʦ 

ʧʣʘʥʫ 

ʉʢʦʨʦʯʝʥʥʷ 

ʯʘʩʫ ʚʠʢʦʥʘʥʥʷ 

ʟʘʤʦʚʣʝʥʴ  

ʫ.ʦ. % ʛʦʜ % 

 
1 2 3 4 5 6 7 8 

1 ɸʣʛʦʨʠʪʤ 

çʙʜʞʦʣʠʥʦʾ 

ʢʦʣʦʥʽʾè 

7,80 6,24 2156,00 4,00 3,00 2,00 

2 ɸʣʛʦʨʠʪʤ 

çʭʘʦʪʠʯʥʦʛʦ 

ʢʘʞʘʥʘè 

7,70 6,16 2364,00 4,39 3,00 2,00 

3 ɸʣʛʦʨʠʪʤ çʢʘʞʘʥʘ 

ʥʘ ʦʩʥʦʚʽ ʩʪʨʘʪʝʛʽʾ 

ʧʦʰʫʢʫ ʧʦʣʴʦʪʫ 

ʃʝʚʽè 

7,55 6,04 2345,00 4,35 3,00 2,00 

4 ɸʣʛʦʨʠʪʤ çʢʘʞʘʥʘ 

ʥʘ ʦʩʥʦʚʽ 

ʢʦʝʬʽʮʽʻʥʪʘ 

ʩʢʦʨʦʯʝʥʥʷè 

7,60 6,08 2163,00 4,01 3,00 2,00 

5 çɻʝʥʝʪʠʯʥʠʡ 

ʘʣʛʦʨʠʪʤè 
7,00 5,60 2420,00 4,49 6,00 4,00 

6 ɸʣʛʦʨʠʪʤ ʧʦʰʫʢʫ 

çʢʦʩʷʢʫ ʨʠʙè 

 

6,80 5,44 3523,00 6,54 6,00 4,00 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣʠʮʽ 4.6 

7 ɸʣʛʦʨʠʪʤ çʟʛʨʘʾ 

ʚʦʚʢʽʚè 
6,80 5,44 3523,00 6,54 6,00 4,00 

8 ʄʦʜʠʬʽʢʦʚʘʥʠʡ 

ʘʣʛʦʨʠʪʤ çʟʛʨʘʾ 

ʚʦʚʢʽʚè 

6,51 3,91 3523,00 6,54 6,00 4,00 

9 ɸʣʛʦʨʠʪʤ 

çʤʫʨʘʰʠʥʦʾ ʢʦʣʦʥʽʾ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʝʣʽʪʥʠʭ ʤʫʨʘʭè 

6,80 5,44 3523,00 6,54 6,00 4,00 

10 ʄʦʜʠʬʽʢʦʚʘʥʠʡ 

ʘʣʛʦʨʠʪʤ 

çʤʫʨʘʰʠʥʦʾ 

ʢʦʣʦʥʽʾè 

6,51 3,91 3523,00 6,54 6,00 4,00 

11 ʂʦʤʙʽʥʦʚʘʥʠʡ 

ʤʝʪʦʜ ʥʘ ʦʩʥʦʚʽ 

ʢʦʤʙʽʥʘʮʽʾ 

ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ 

ʘʣʛʦʨʠʪʤʫ çʟʛʨʘʾ 

ʚʦʚʢʽʚè ʪʘ 

ʘʣʛʦʨʠʪʤʫ ʧʦʰʫʢʫ 

çʢʦʩʷʢʫ ʨʠʙè 

6,18 3,71 3523,00 6,54 6,00 4,00 

12 ʂʦʤʙʽʥʦʚʘʥʠʡ 

ʤʝʪʦʜ, ʟʘʩʥʦʚʘʥʠʡ 

ʥʘ ʘʣʛʦʨʠʪʤʘʭ 

çʤʫʨʘʰʠʥʦʾ 

ʢʦʣʦʥʽʾè, çʟʛʨʘʾ  

ʚʦʚʢʽʚè ʪʘ 

çʛʝʥʝʪʠʯʥʦʛʦ 

ʘʣʛʦʨʠʪʤʫè 

5,85 3,51 3587,00 6,65 6,00 4,00 
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ɿ ʥʘʚʝʜʝʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʫ ʪʘʙʣ. 4.6 ʚʠʜʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ ʪʘ 

ʘʣʛʦʨʠʪʤʽʚ ʫ ʩʢʣʘʜʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʟʘʙʝʟʧʝʯʫʻ ʧʨʠʩʢʦʨʝʥʥʷ ʧʦʰʫʢʫ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ. ʎʝ ʧʽʜʚʝʨʞʝʥʦ ʜʽʘʛʨʘʤʦʶ (ʨʠʩ. 4.10), ʜʝ ʥʘ ʚʽʩʽ ʆʍ 

ʧʦʟʥʘʯʝʥʦ ʥʦʤʝʨ ʤʝʪʦʜʫ ʟ ʪʘʙʣ. 4.6.  

 

 

ʈʠʩʫʥʦʢ 4.10 ï ʇʦʨʽʚʥʷʥʥʷ ʯʘʩʫ ʧʦʰʫʢʫ ʧʣʘʥʫ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʪʘ 

ʘʣʛʦʨʠʪʤʽʚ ʟ̔ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʙʝʟ ʥʝʾ  

ʜʣʷ 100 ʟʘʤʦʚʣʝʥʴ 

 

ʇʨʠ ʧʦʜʘʣʴʰʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʟ ʘʣʛʦʨʠʪʤʘʤʠ ʙʫʣʠ ʚʠʢʣʶʯʝʥʽ ʟ ʨʦʟʛʣʷʜʫ ʪʘʢ̔ 

ʘʣʛʦʨʠʪʤʠ: çʛʝʥʝʪʠʯʥʠʡè, çʙʜʞʦʣʠʥʦʾ ʢʦʣʦʥʽʾè, çʢʘʞʘʥʽʚ ʥʘ ʦʩʥʦʚʽ ʃʝʚʽè, 

çʢʘʞʘʥʽʚè, çʤʫʨʘʰʠʥʦʾ ʢʦʣʦʥʽʾè. ʎʝ ʦʙʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ ʥʘʜʘʣʽ ʙʫʜʝʤʦ 

ʝʢʩʧʝʨʠʤʝʥʪʫʚʘʪʠ ʟ ʜʘʥʠʤʠ ʚʝʣʠʢʦʾ ʨʦʟʤʽʨʥʦʩʪʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʫʩʽʭ ʯʘʩʪʢʦʚʠʭ 

ʢʨʠʪʝʨʽʾʚ, ʘ ʚʠʢʣʶʯʝʥʽ ʟ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʘʣʛʦʨʠʪʤʠ ʤʘʶʪʴ ʤʝʥʰʠʡ ʯʘʩ ʧʦʰʫʢʫ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ. ɼʣʷ ʯʠʩʪʦʪʠ ʝʢʩʧʝʨʠʤʝʥʪʫ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʽʥʰʠʡ ʥʘʙʽʨ 

ʜʘʥʠʭ ʟ̔ ʤʦʣʦʢʦʟʘʚʦʜʫ ʪʘ ʦʙʨʘʥʦ 300 ʟʘʤʦʚʣʝʥʴ ʟʘ ʟʘʜʘʥʠʡ ʧʝʨʽʦʜ, ʘ ʨʝʟʫʣʴʪʘʪ 

ʧʦʨʽʚʥʷʥʥʷ ʯʘʩʫ ʚʠʢʦʥʘʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʪʘʙʣ. 4.7, ʜʝ ʚʽʜʦʙʨʘʞʝʥʦ ʧʦʨʽʚʥʷʣʴʥʽ 



193 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʘʣʛʦʨʠʪʤʽʚ ʟ̔ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʙʝʟ ʥʝʾ. 

 

ʊʘʙʣʠʮʷ 4.7 ï ʇʦʨʽʚʥʷʥʥʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʘʣʛʦʨʠʪʤʽʚ ʟ̔ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʙʝʟ ʥʝʾ ʜʣʷ 300 ʟʘʤʦʚʣʝʥʴ 

ˉ 

ʧ/ʧ 
ʅʘʟʚʘ ʘʣʛʦʨʠʪʤʫ/ʤʝʪʦʜʫ 

ʏʘʩ ʧʦʰʫʢʫ 

ʧʣʘʥʫ ʙʝʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷ 

ɯʊ, ʭʚ 

ʏʘʩ ʧʦʰʫʢʫ 

ʧʣʘʥʫ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ɯʊ, ʭʚ 

ɽʬʝʢʪʠʚʥʽʩʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ 

ɯʊ, % 

1 
ɸʣʛʦʨʠʪʤ ʧʦʰʫʢʫ çʢʦʩʷʢʫ 

ʨʠʙè 
10,20 7,24 40,85 

2 ɸʣʛʦʨʠʪʤ çʟʛʨʘʾ ʚʦʚʢʽʚè 10,20 7,04 44,93 

3 
ʄʦʜʠʬʽʢʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ 

çʟʛʨʘʾ ʚʦʚʢʽʚè 
9,77 7,03 38,89 

4 

ɸʣʛʦʨʠʪʤ çʤʫʨʘʰʠʥʦʾ 

ʢʦʣʦʥʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʝʣʽʪʥʠʭ ʤʫʨʘʭè 

10,20 7,24 40,90 

5 
ʄʦʜʠʬʽʢʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ 

çʤʫʨʘʰʠʥʦʾ ʢʦʣʦʥʽʾè 
9,77 5,83 67,38 

6 

ʂʦʤʙʽʥʦʚʘʥʠʡ ʤʝʪʦʜ ʥʘ 

ʦʩʥʦʚʽ ʢʦʤʙʽʥʘʮʽʾ 

ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ 

çʟʛʨʘʾ ʚʦʚʢʽʚè ʪʘ ʘʣʛʦʨʠʪʤʫ 

ʧʦʰʫʢʫ çʢʦʩʷʢʫ ʨʠʙè 

9,28 5,26 76,50 

7 

ʂʦʤʙʽʥʦʚʘʥʠʡ ʤʝʪʦʜ, 

ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʘʣʛʦʨʠʪʤʘʭ 

çʤʫʨʘʰʠʥʦʾ ʢʦʣʦʥʽʾè, 

çʟʛʨʘʾ ʚʦʚʢʽʚè ʪʘ 

çʛʝʥʝʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫè 

7,89 4,73 66,67 
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ɿ ʥʘʚʝʜʝʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʫ ʪʘʙʣ. 4.7 ʚʠʜʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ ʪʘ 

ʘʣʛʦʨʠʪʤʽʚ ʫ ʩʢʣʘʜʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʟʘʙʝʟʧʝʯʫʻ ʧʨʠʩʢʦʨʝʥʥʷ ʧʦʰʫʢʫ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʪʝʥʜʝʥʮʽʶ, ʥʘʚʝʜʝʥʫ ʚ ʪʘʙʣ. 4.6. ʋ ʢʦʣʦʥʮʽ 

çɽʬʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷè ʥʘʚʝʜʝʥʦ ʫ ʚʽʜʩʦʪʢʘʭ, ʥʘʩʢʽʣʴʢʠ ʝʬʝʢʪʠʚʥʠʤ ʻ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʪʘ ʘʣʛʦʨʠʪʤʽʚ ʫ ʩʢʣʘʜʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ. ɿ ʜʽʘʛʨʘʤʠ 

(ʨʠʩ. 4.11) ʯʽʪʢʦ ʚʠʜʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ ʪʘ ʘʣʛʦʨʠʪʤʽʚ ʫ ʩʢʣʘʜʽ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʜʘʻ ʩʫʪʪʻʚʝ ʟʤʝʥʰʝʥʥʷ ʯʘʩʫ ʧʦʰʫʢʫ ʟʘ ʨʘʭʫʥʦʢ ʪʦʛʦ, ʱʦ 

ʘʥʘʣʽʟ ʧʦʧʝʨʝʜʥʽʭ ʟʘʤʦʚʣʝʥʴ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʘʣʛʦʨʠʪʤʫ, 

ʘʜʞʝ ʥʘ ʧʦʯʘʪʢʫ ʨʦʙʦʪʠ ʦʪʨʠʤʫʻʤʦ ʽʥʬʦʨʤʘʮʽʶ, ʱʦ ʬʦʨʤʫʻʪʴʩʷ ʥʝ ʚʠʧʘʜʢʦʚʦ. 

 

 

ʈʠʩʫʥʦʢ 4.11 ï ʇʦʨʽʚʥʷʥʥʷ ʯʘʩʫ ʧʦʰʫʢʫ ʧʣʘʥʫ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʪʘ 

ʘʣʛʦʨʠʪʤʽʚ ʟ̔ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʙʝʟ ʥʝʾ ʜʣʷ 300 ʟʘʤʦʚʣʝʥʴ 

 

ɸʥʘʣʽʟʫʶʯʠ ʛʨʘʬʽʢ, ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 4.10, ʚʠʜʥʦ, ʱʦ, ʟʘʩʪʦʩʦʚʫʶʯʠ 

ʤʦʜʠʬʽʢʦʚʘʥʽ ʤʝʪʦʜʠ ʪʘ ʘʣʛʦʨʠʪʤʠ ʫ ʩʢʣʘʜʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ, ʤʦʞʣʠʚʦ 

ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ ʥʘ 3 ʭʚ. ʎʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʰʚʠʜʰʝ 
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ʚʽʜʨʝʘʛʫʚʘʪʠ ʥʘ ʚʠʥʠʢʥʝʥʥʷ ʧʦʟʘʰʪʘʪʥʠʭ ʩʠʪʫʘʮʽʡ, ʷʢʽ ʤʦʞʫʪʴ ʚʠʤʘʛʘʪʠ 

ʨʝʢʦʥʬʽʛʫʨʘʮʽʾ ʧʣʘʥʫ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ.  

ʄʘʢʩʠʤʘʣʴʥʝ ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʥʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʧʨʦ ʧʝʚʥʝ ʢʦʨʠʛʫʚʘʥʥʷ 

ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʦʙʩʷʛʽʚ ʙʨʘʢʫ ʪʘ ʥʝʢʦʥʜʠʮʽʡʥʦʾ ʧʨʦʜʫʢʮʽʾ, ʘ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʪʦʛʦ, ʱʦ ʚ ʭʘʨʯʦʚʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʜʦ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʚʠʩʫʚʘʶʪʴʩʷ ʚʠʤʦʛʠ ʱʦʜʦ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʤʽʞʥʘʨʦʜʥʠʤ ʩʪʘʥʜʘʨʪʘ, ʟʘʜʘʯʘ ʧʨʦ ʤʘʢʩʠʤʘʣʴʥʝ ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʥʘ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʩʪʘʻ ʜʦʩʠʪʴ ʘʢʪʫʘʣʴʥʦʶ.  

ʗʢ ʧʨʠʢʣʘʜ ʤʦʞʥʘ ʧʨʠʚʝʩʪʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʣʽʥʽʾ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʤʘʢʘʨʦʥʥʠʭ ʚʠʨʦʙʽʚ, ʘʜʞʝ ʻ ʣʽʥʽʾ, ʱʦ ʚʠʛʦʪʦʚʣʷʶʪʴ ʜʦ 100 ʢʛ ʟʘ 1 ʛʦʜʠʥʫ, ʘ ʻ ʪʽ, ʱʦ 

ʚʠʛʦʪʦʚʣʷʶʪʴ 10 ʪ ʟʘ ʛʦʜʠʥʫ. ʎʝ ʥʘʚʝʜʝʥʘ ʧʦʪʫʞʥʽʩʪʴ ʦʜʥʦʛʦ ʚʫʟʣʘ, ʘ ʩʘʤʝ ʧʨʝʩʘ ʜʣʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʘʢʘʨʦʥʥʠʭ ʚʠʨʦʙʽʚ. ʊʦʤʫ ʟʘʪʨʠʤʢʘ ʫ 15 ʭʚ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʥʝ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʙʣʠʟʴʢʦ 2 ʪ ʧʨʦʜʫʢʮʽʾ. ɺ ʥʘʡʢʨʘʱʦʤʫ ʚʘʨʽʘʥʪʽ ʙʫʜʝ ʚʠʛʦʪʦʚʣʝʥʘ 

ʥʝʢʦʥʜʠʮʽʡʥʘ ʧʨʦʜʫʢʮʽʷ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʥʝʢʦʥʜʠʮʽʡʥʘ ʤʘʢʘʨʦʥʥʘ ʧʨʦʜʫʢʮʽʷ 

ʧʝʨʝʤʝʣʶʻʪʴʩʷ ʫ ʙʦʨʦʰʥʦ ʪʘ ʜʦʜʘʻʪʴʩʷ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʽ ʥʦʚʦʾ ʧʨʦʜʫʢʮʽʾ, ʱʦ 

ʜʦʟʚʦʣʝʥʦ ʪʝʭʥʦʣʦʛʽʻʶ.  

ʂʦʚʙʘʩʥʽ ʚʠʨʦʙʠ ʧʝʚʥʠʭ ʚʠʜʽʚ ʪʘʢʦʞ ʤʦʞʫʪʴ ʡʪʠ ʥʘ ʧʦʚʪʦʨʥʫ ʧʝʨʝʨʦʙʢʫ, ʘʜʞʝ 

ʻ ʚʠʜʠ ʧʨʦʜʫʢʮʽʾ, ʜʦ ʩʢʣʘʜʫ ʷʢʠʭ ʜʦʟʚʦʣʷʻʪʴʩʷ ʚʢʣʶʯʘʪʠ ʥʝʢʦʥʜʠʮʽʡʥʽ ʚʠʨʦʙʠ ʥʘ 

ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʨʽʚʥʽ. ɺʩʝ ʮʝ ʯʽʪʢʦ ʨʝʛʣʘʤʝʥʪʫʻʪʴʩʷ ɼʉʊʋ ʪʘ ISO, ʪʦʤʫ ʧʨʠ 

ʧʦʨʫʰʝʥʥʷʭ ʧʽʜʧʨʠʻʤʩʪʚʦ ʙʫʜʝ ʤʘʪʠ ʜʦʜʘʪʢʦʚʽ ʟʙʠʪʢʠ.  

ɸʣʝ ʯʘʩʪʽʰʝ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʫʪʠʣʽʟʘʮʽʷ ʥʝʢʦʥʜʠʮʽʡʥʦʾ ʧʨʦʜʫʢʮʽʾ ʥʘ 

ʧʽʜʧʨʠʻʤʩʪʚʽ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʢʦʣʦʩʘʣʴʥʠʭ ʟʙʠʪʢʽʚ. ʅʝʚʯʘʩʥʦ ʚʠʢʦʥʘʥʝ 

ʟʘʤʦʚʣʝʥʥʷ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʥʝʟʘʜʦʚʦʣʝʥʥʷ ʢʣʽʻʥʪʘ, ʷʢʠʡ ʤʦʞʝ ʚʽʜʤʦʚʠʪʠʩʷ ʚʽʜ 

ʧʦʜʘʣʴʰʦʾ ʧʨʘʮʽ ʟ ʧʽʜʧʨʠʻʤʩʪʚʦʤ, ʱʦ ʪʝʞ ʧʦʟʥʘʯʠʪʴʩʷ ʥʘ ʡʦʛʦ ʜʦʭʦʜʘʭ. 

ʅʝʦʙʭʽʜʥʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʘʣʛʦʨʠʪʤʽʚ ʫ 

ʩʢʣʘʜʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʥʘʡʪʠ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʽ ʨʽʰʝʥʥʷ, 

ʱʦ ʧʽʜʪʚʝʨʜʞʫʶʪʴʩʷ ʥʘʚʝʜʝʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦʨʽʚʥʷʥʥʷ ʫ ʪʘʙʣ. 4.8.  
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ʊʘʙʣʠʮʷ 4.8 ï ʇʦʨʽʚʥʷʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʥʘʡʜʝʥʦʛʦ ʧʣʘʥʫ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ 

ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʘʣʛʦʨʠʪʤʽʚ ʟ̔ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʙʝʟ ʥʝʾ 

ʜʣʷ 300 ʟʘʤʦʚʣʝʥʴ 

ˉ 

ʧ/ʧ 
ʅʘʟʚʘ ʘʣʛʦʨʠʪʤʫ/ʤʝʪʦʜʫ 

ɽʬʝʢʪʠʚʥʽʩʪʴ 

ʟʥʘʡʜʝʥʦʛʦ 

ʧʣʘʥʫ ʙʝʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷ 

ɯʊ 

ɽʬʝʢʪʠʚʥʽʩʪʴ 

ʟʥʘʡʜʝʥʦʛʦ ʧʣʘʥʫ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ɯʊ 

 ʫ.ʦ. %  ʫ.ʦ. % 

1 ɸʣʛʦʨʠʪʤ ʧʦʰʫʢʫ çʢʦʩʷʢʫ ʨʠʙè 11097,45 7,00 11097,45 6,54 

2 ɸʣʛʦʨʠʪʤ çʟʛʨʘʾ ʚʦʚʢʽʚè 11097,45 7,00 11097,45 7,00 

3 ʄʦʜʠʬʽʢʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ çʟʛʨʘʾ 

ʚʦʚʢʽʚè 
11527,45 7,27 13832,94 8,73 

4 ɸʣʛʦʨʠʪʤ çʤʫʨʘʰʠʥʦʾ ʢʦʣʦʥʽʾ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʣʽʪʥʠʭ ʤʫʨʘʭè 
11097,45 7,00 11097,45 7,00 

5 ʄʦʜʠʬʽʢʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ çʤʫʨʘʰʠʥʦʾ 

ʢʦʣʦʥʽʾè 
11097,45 7,00 14426,69 9,10 

6 ʂʦʤʙʽʥʦʚʘʥʠʡ ʤʝʪʦʜ ʥʘ ʦʩʥʦʚʽ 

ʢʦʤʙʽʥʘʮʽʾ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ 

çʟʛʨʘʾ ʚʦʚʢʽʚè ʪʘ ʘʣʛʦʨʠʪʤʫ ʧʦʰʫʢʫ 

çʢʦʩʷʢʫ ʨʠʙè 

11603,45 7,32 15084,49 9,51 

7 ʂʦʤʙʽʥʦʚʘʥʠʡ ʤʝʪʦʜ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ 

ʘʣʛʦʨʠʪʤʘʭ çʤʫʨʘʰʠʥʦʾ ʢʦʣʦʥʽʾè, 

çʟʛʨʘʾ ʚʦʚʢʽʚè ʪʘ çʛʝʥʝʪʠʯʥʦʛʦ 

ʘʣʛʦʨʠʪʤʫè 

12053,05 7,60 15668,97 9,88 

 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦʨʽʚʥʷʥʥʷ, ʥʘʚʝʜʝʥʠʭ ʫ ʪʘʙʣʠʮʽ ʝʬʝʢʪʠʚʥʦʩʪʝʡ ʢʦʞʥʦʛʦ 

ʘʣʛʦʨʠʪʤʫ ʫ ʩʢʣʘʜʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʙʝʟ ʥʝʾ, ʚʠʜʥʦ, ʱʦ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ 

ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʪʘ ʢʦʤʙʽʥʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʻ ʤʦʞʣʠʚʽʩʪʴ ʟʥʘʭʦʜʠʪʠ 



197 

ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʚʘʨʽʘʥʪʠ, ʷʢʽ ʻ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤʠ. ʅʘʧʨʠʢʣʘʜ, ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʘʣʛʦʨʠʪʤʽʚ ʟ̔ ʽʥʬʦʨʤʘʮʽʡʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʰʚʠʜʢʽʩʪʴ ʧʦʰʫʢʫ ʤʦʞʝ 

ʙʫʪʠ ʟʤʝʥʰʝʥʘ ʜʦ 70 %. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦʨʽʚʥʷʥʴ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ ʟʥʘʯʥʦ 

ʚʠʛʨʘʻ ʟʘ ʰʚʠʜʢʽʩʪʶ ʧʦʰʫʢʫ, ʘʜʞʝ ʚʝʣʠʢʠʡ ʦʙʩʷʛ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʟʙʽʣʴʰʫʻ ʯʘʩ 

ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʣʘʥʫ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ, ʷʢʱʦ ʥʝ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʪʘ 

ʧʦʧʝʨʝʜʥʴʦ ʥʝ ʚʠʟʥʘʯʘʪʠ ʥʘʙʣʠʞʝʥʫ ʝʬʝʢʪʠʚʥʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ. 

ʅʝʦʙʭʽʜʥʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʰʚʠʜʢʽʩʪʴ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʣʘʥʫ ʚʠʢʦʥʘʥʥʷ 

ʟʘʤʦʚʣʝʥʴ ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʥʘ ʷʢʦʤʫ ʟʘʩʪʦʩʦʚʫʚʘʣʠ 

ʜʘʥʫ ʽʥʬʦʨʤʘʮʽʡʥʫ ʪʝʭʥʦʣʦʛʽʶ. ʗʢʱʦ ʫ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʨʦʮʝʩʽ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʧʨʦʜʫʢʮʽʾ ʧʝʨʝʜʙʘʯʝʥʦ ʧʨʦʭʦʜʞʝʥʥʷ ʾʾ ʯʝʨʝʟ ʨʽʟʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʝʪʘʧʠ, ʷʢʽ 

ʧʦʪʨʝʙʫʶʪʴ ʨʽʟʥʝ ʪʝʭʥʦʣʦʛʽʯʥʝ ʦʙʣʘʜʥʘʥʥʷ, ʪʦ ʮʝ ʙʫʜʝ ʟʙʽʣʴʰʫʚʘʪʠ ʯʘʩ ʧʦʰʫʢʫ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʣʘʥʫ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ. ʏʠʤ ʧʨʦʩʪʽʰʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ ʘʙʦ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʣʽʥʽʾ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʦʪʦʢʦʚʝ ʚʠʛʦʪʦʚʣʝʥʥʷ, ʪʠʤ ʧʨʦʩʪʽʰʝ 

ʨʦʟʨʦʙʣʷʪʠ ʧʣʘʥ ʜʣʷ ʪʘʢʠʭ ʚʠʧʘʜʢʽʚ. 

ʅʝʦʙʭʽʜʥʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʯʘʩ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʣʘʥʫ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʧôʶʪʝʨʥʦʾ ʪʝʭʥʽʢʠ. ɹʽʣʴʰʽʩʪʴ ʚʠʧʨʦʙʫʚʘʥʴ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ Intel 

Core i5-4690ʂ (3.5ɻɻʮ) / RAM 16 ɻɹ / ʅDD 1 ʊɹ. 

ɺʽʜ ʩʪʘʥʫ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʟʘʣʝʞʠʪʴ  

ʤʦʞʣʠʚʽʩʪʴ ʟ̔ ʤʽʥʽʤʘʣʴʥʠʤʠ ʚʠʪʨʘʪʘʤʠ ʨʝʘʣʽʟʫʚʘʪʠ ʪʘ ʚʧʨʦʚʘʜʠʪʠ ʽʥʬʦʨʤʘʮʽʡʥʫ 

ʪʝʭʥʦʣʦʛʽʶ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ. ɺʦʥʘ ʙʝʟ ʟʘʡʚʠʭ ʚʠʪʨʘʪ ʤʦʞʝ ʽʥʪʝʛʨʫʚʘʪʠʩʷ ʟ ʙʫʜʴ-ʷʢʦʶ 

ʽʩʥʫʶʯʦʶ ʽʥʬʦʨʤʘʮʽʡʥʦʶ ʩʠʩʪʝʤʦʶ.  

 

 

4.4. ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 4 

 

 

ʈʦʟʨʦʙʣʝʥʠʡ ʢʦʤʙʽʥʦʚʘʥʠʡ ʤʝʪʦʜ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʥʘ ʦʩʥʦʚʽ ʘʣʛʦʨʠʪʤʽʚ 

çʢʦʩʷʢʫ ʨʠʙè ʪʘ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ çʟʛʨʘʾ ʚʦʚʢʽʚè ʩʪʘʙʽʣʴʥʦ ʧʨʘʮʶʻ ʥʘ ʟʘʜʘʯʘʭ ʤʘʣʦʾ ʪʘ 
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ʩʝʨʝʜʥʴʦʾ ʨʦʟʤʽʨʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʧʨʠ 5ï6 ʯʘʩʪʢʦʚʠʭ ʢʨʠʪʝʨʽʷʭ. ʂʦʤʙʽʥʦʚʘʥʠʡ ʤʝʪʦʜ ʥʘ 

ʦʩʥʦʚʽ ʘʣʛʦʨʠʪʤʽʚ çʢʦʩʷʢʫ ʨʠʙè ʪʘ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ çʟʛʨʘʾ ʚʦʚʢʽʚè ʜʘʻ ʟʤʝʥʰʝʥʥʷ 

ʯʘʩʫ ʧʦʰʫʢʫ ʤʘʡʞʝ ʜʦ 35% ʧʨʠ ʫʤʦʚʽ ʚʨʘʭʫʚʘʥʥʷ ʥʝ ʙʽʣʴʰʝ 5ï6 ʯʘʩʪʢʦʚʠʭ 

ʢʨʠʪʝʨʽʾʚ, ʘ ʚ ʽʥʰʠʭ ʚʠʧʘʜʢʘʭ ʥʝ ʧʝʨʝʙʽʣʴʰʫʻ ʰʚʠʜʢʽʩʪʴ ʧʦʰʫʢʫ ʫ 5%. ʇʨʠ 

ʟʘʩʪʦʩʫʚʘʥʥʽ ʫʩʽʭ ʯʘʩʪʢʦʚʠʭ ʢʨʠʪʝʨʽʾʚ ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʤʝʪʦʜ ʟʘʙʝʟʧʝʯʫʻ ʧʦʰʫʢ ʥʘ 

33,87% ʰʚʠʜʰʝ, ʥʽʞ ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ çʟʛʨʘʾ ʚʦʚʢʽʚè, ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʘʣʛʦʨʠʪʤʦʤ çʤʫʨʘʰʠʥʦʾ ʢʦʣʦʥʽʾè ʧʦʰʫʢ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ 35,15%. ʗʢʦɦ 

ʧʦʨʽʚʥʶʚʘʪʠ ʨʦʙʦʪʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʟ ʘʣʛʦʨʠʪʤʦʤ ʧʦʰʫʢʫ çʢʦʩʷʢʫ ʨʠʙè, ʪʦ 

ʚʠʜʥʦ, ʱʦ ʰʚʠʜʢʽʩʪʴ ʧʦʰʫʢʫ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ 33,8%. ʊʦʤʫ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ 

ʢʦʤʙʽʥʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʣʷ ʧʽʜʧʨʠʻʤʩʪʚ ʽʟ ʥʝʚʝʣʠʢʠʤ 

ʘʩʦʨʪʠʤʝʥʪʦʤ ʪʘ ʤʽʥʽʤʘʣʴʥʠʤ ʧʘʨʢʦʤ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʘʜʞʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʨʦʱʝʥʦʛʦ ʚʘʨʽʘʥʪʘ ʤʦʜʝʣʽ ʤʦʞʣʠʚʝ ʫ ʚʠʧʘʜʢʘʭ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʢʦʤʧʣʝʢʩʽʚ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʝʨʽʡʥʝ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʧʨʦʜʫʢʮʽʾ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʤʙʽʥʦʚʘʥʠʡ ʤʝʪʦʜ ʥʘ ʦʩʥʦʚʽ çʤʫʨʘʰʠʥʦʾ ʢʦʣʦʥʽʾè, çʟʛʨʘʾ 

ʚʦʚʢʽʚè ʪʘ çʛʝʥʝʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫè, ʷʢʠʡ ʩʪʘʙʽʣʴʥʦ ʧʨʘʮʶʻ ʥʘ ʟʘʜʘʯʘʭ ʨʽʟʥʦʾ 

ʨʦʟʤʽʨʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʫʩʽʭ ʢʨʠʪʝʨʽʾʚ ʤʦʜʝʣʽ. ɿʘ ʰʚʠʜʢʽʩʪʶ ʧʦʰʫʢʫ 

ʚʽʥ ʥʘ 10ï45% ʰʚʠʜʰʠʡ, ʥʽʞ ʽʥʰʽ ʘʣʛʦʨʠʪʤʠ. ɿʘ ʽʥʬʦʨʤʘʮʽʻʶ, ʦʪʨʠʤʘʥʦʶ ʧʽʩʣʷ 

ʧʨʦʚʝʜʝʥʥ ̫ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʻ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʫʩʽʭ 

ʯʘʩʪʢʦʚʠʭ ʢʨʠʪʝʨʽʾʚ ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʤʝʪʦʜ ʟʘʙʝʟʧʝʯʫʻ ʧʦʰʫʢ ʰʚʠʜʰʝ, ʥʽʞ ʫʩʽ ʽʥʰʽ 

ʘʣʛʦʨʠʪʤʠ. ʂʨʽʤ ʮʴʦʛʦ, ʥʝʦʙʭʽʜʥʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ, ʥʝ ʟʚʘʞʘʶʯʠ ʥʘ ʚʝʣʠʢʽ ʨʦʟʤʽʨʥʦʩʪʽ 

ʟʘʜʘʯʽ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʜʘʻ ʤʽʥʽʤʘʣʴʥʠʡ ʚʠʛʨʘʰ ʫ ʯʘʩʽ, ʘʣʝ ʽʩʥʫʻ ʤʦʞʣʠʚʽʩʪʴ 

ʟʥʘʭʦʜʞʝʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʘʨʽʘʥʪʘ, ʱʦ ʙʫʜʝ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʽʰʠʤ 

ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ. ʗʢʱʦ ʥʘ ʧʦʯʘʪʢʫ ʚʠʢʦʥʘʥʥʷ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʟʘʜʘʚʘʪʠ 

ʧʝʚʥʽ ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʧʣʘʥʠ, ʪʦ ʰʚʠʜʢʽʩʪʴ ʧʦʰʫʢʫ ʙʫʜʝ ʟʙʽʣʴʰʫʚʘʪʠʩʷ. 

ʈʦʟʨʦʙʣʝʥʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ 

ʟʘʙʝʟʧʝʯʫʻ ʩʪʚʦʨʝʥʥʷ ʪʘ ʢʦʨʠʛʫʚʘʥʥʷ ʦʧʝʨʘʪʠʚʥʦ-ʢʘʣʝʥʜʘʨʥʠʭ ʧʣʘʥʽʚ ʟʘ ʢʦʨʦʪʢʠʡ 

ʧʝʨʽʦʜ ʯʘʩʫ ʟʘ ʨʘʭʫʥʦʢ ʧʦʻʜʥʘʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʜʣʷ ʧʦʧʝʨʝʜʥʴʦʾ 

ʢʣʘʩʠʬʽʢʘʮʽʾ, ʨʦʟʙʠʪʪʷ ʟʘʤʦʚʣʝʥʴ, ʘ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʘʣʛʦʨʠʪʤʽʚ 

ʪʘ ʤʝʪʦʜʽʚ, ʷʢʽ ʙʘʟʫʶʪʴʩʷ ʥʘ ʢʦʤʙʽʥʫʚʘʥʥʽ ʘʣʛʦʨʠʪʤʽʚ. ɿʘ ʨʘʭʫʥʦʢ ʤʦʞʣʠʚʦʩʪʽ 
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ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʽʟʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʪʘ ʤʝʪʦʜʽʚ ʫ ʩʢʣʘʜʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʻ 

ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʽʙʨʘʪʠ ʥʘʙʽʨ ʘʣʛʦʨʠʪʤʽʚ ʪʘ ʤʝʪʦʜʽʚ, ʷʢʽ ʙʽʣʴʰ ʦʧʪʠʤʘʣʴʥʽ ʜʣʷ ʧʝʚʥʦʾ 

ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʟʘʙʝʟʧʝʯʫʻ 

ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʟʥʘʭʦʜʞʝʥʥʷ ʨʽʰʝʥʴ ʟʘ ʨʘʭʫʥʦʢ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʟʘ ʧʦʧʝʨʝʜʥʽ 

ʧʝʨʽʦʜʠ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʚʠʷʚʠʪʠ ʥʘʡʢʨʘʱʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʥʢʨʝʪʥʦʛʦ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ ʟʛʽʜʥʦ ʟ ʘʢʪʫʘʣʴʥʠʤʠ 

ʟʘʤʦʚʣʝʥʥʷʤʠ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʧʨʦʙʘʮʽʾ ʻ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ 

ʘʣʛʦʨʠʪʤʽʚ ʙʝʟ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʟ ʥʝʶ ʰʚʠʜʢʽʩʪʴ ʧʦʰʫʢʫ ʜʫʞʝ ʚʽʜʨʽʟʥʷʻʪʴʩʷ, ʘʜʞʝ ʟ ʾʾ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʰʚʠʜʢʽʩʪʴ ʤʦʞʝ ʙʫʪʠ ʟʙʽʣʴʰʝʥʘ ʜʦ 70 %. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʜʘʻ ʟʤʦʛʫ ʟʥʘʡʪʠ ʜʦʜʘʪʢʦʚʽ ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʦʧʪʠʤʘʣʴʥʽ 

ʧʣʘʥʠ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ. ɿʘ ʨʘʭʫʥʦʢ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʨʽʚʥʷʥʥʷ 

ʦʧʪʠʤʘʣʴʥʠʭ ʧʣʘʥʽʚ ʫ ʚʠʛʣʷʜʽ ʧʝʣʶʩʪʢʦʚʦʾ ʜʽʘʛʨʘʤʠ ʣʶʜʠʥʘ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʽʥʬʦʨʤʘʮʽʡʥʫ ʪʝʭʥʦʣʦʛʽʶ, ʤʦʞʝ ʰʚʠʜʢʦ ʧʨʠʡʥʷʪʠ ʨʽʰʝʥʥʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʟʘʛʘʣʴʥʠʭ ʝʢʦʥʦʤʽʢʦ-ʩʦʮʽʘʣʴʥʠʭ ʚʧʣʠʚʽʚ. 

ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʜʽʣʫ ʦʧʫʙʣʽʢʦʚʘʥʽ ʘʚʪʦʨʦʤ ʫ ʧʨʘʮʷʭ [5, 6, 7, 15, 16, 19, 

21, 22, 27, 28, 31, 32, 33, 37, 44, 50]. 
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ʇʈʆɭʂʊʋɺɸʅʅʗ ʊɸ ʈɽɸʃɯɿɸʎɯʗ WEB-ʆʈɯɭʅʊʆɺɸʅʆɰ ʉʀʉʊɽʄʀ 

ʇɯɼʊʈʀʄʂʀ ʇʈʀʁʅʗʊʊʗ ʈɯʐɽʅʔ  

5.1 ʇʨʦʻʢʪʫʚʘʥʥʷ ʘʨʭʽʪʝʢʪʫʨʠ ʛʽʙʨʠʜʥʦʾ web-ʦʨʽʻʥʪʦʚʘʥʦʾ ʩʠʩʪʝʤʠ 

ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ  

 

 

ʇʨʠ ʨʦʟʨʦʙʣʝʥʥʽ web-ʦʨʽʻʥʪʦʚʘʥʦʾ ʉʇʇʈ ʚʠʢʦʨʠʩʪʘʥʦ ʧʨʘʢʪʠʯʥʫ ʨʝʘʣʽʟʘʮʽʶ 

ʢʣʽʻʥʪ-ʩʝʨʚʝʨʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʫ ʚʠʛʣʷʜʽ çʪʦʥʢʦʛʦè ʢʣʽʻʥʪʘ, ʜʝ ʚʩʷ ʣʦʛʽʢʘ ʟʦʩʝʨʝʜʞʝʥʘ 

ʥʘ ʩʝʨʚʝʨʥʽʡ ʯʘʩʪʠʥʽ, ʘ ʢʦʨʠʩʪʫʚʘʣʴʥʠʮʴʢʘ ʯʘʩʪʠʥʘ ʣʠʰʝ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʚʽʜʦʙʨʘʞʝʥʥʷ 

ʜʘʥʠʭ, ʪʦʙʪʦ ʨʝʟʫʣʴʪʘʪ ʚʠʢʦʥʘʥʥʷ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʫ ʙʨʘʫʟʝʨʽ ʢʦʨʠʩʪʫʚʘʯʘ. ɺʠʙʽʨ 

ʪʘʢʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʜʣʷ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤʠ ʟʫʤʦʚʣʝʥʦ ʪʘʢʠʤʠ ʧʝʨʝʚʘʛʘʤʠ: ʩʧʨʦʱʝʥʘ 

ʽʥʪʝʛʨʘʮʽʷ ʟʽ ʩʪʦʨʦʥʥʽʤʠ ʧʨʦʛʨʘʤʥʠʤʠ ʧʨʦʜʫʢʪʘʤʠ; ʧʨʦʩʪʦʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ, ʱʦ 

ʧʦʣʷʛʘʻ ʫ ʚʽʜʩʫʪʥʦʩʪ̔ ʧʦʪʨʝʙʠ ʫ ʥʘʣʘʰʪʫʚʘʥʥʽ ʘʧʘʨʘʪʥʠʭ ʯʠ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ 

ʢʦʨʠʩʪʫʚʘʯʽʚ; ʧʽʜʚʠʱʝʥʘ ʚʽʜʤʦʚʦʩʪʽʡʢʽʩʪʴ, ʦʩʢʽʣʴʢʠ ʫʩʝ ʥʝʦʙʭʽʜʥʝ ʜʣʷ ʨʦʙʦʪʠ 

ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʣʠʰʝ ʥʘ ʩʝʨʚʝʨʽ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ 

ʜʦʟʚʦʣʷʻ ʽʥʪʝʛʨʫʚʘʪʠʩʷ ʟ ʽʩʥʫʶʯʠʤʠ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʩʠʩʪʝʤʘʤʠ. 

ʈʦʟʨʦʙʢʘ ʘʨʭʽʪʝʢʪʫʨʠ ʉʇʇʈ ʙʘʟʫʻʪʴʩʷ ʥʘ ʨʦʙʦʪʘʭ [5, 15, 16, 18, 23, 26, 35, 36, 

39, 40, 52, 53]. ɼʦ ʦʩʥʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʩʠʩʪʝʤʠ ʥʘʣʝʞʘʪʴ (ʨʠʩ. 5.1): çʦʟʝʨʦ ʜʘʥʠʭè, 

ʟʘʩʦʙʠ ʟʘʚʘʥʪʘʞʝʥʥʷ ʜʘʥʠʭ, ʩʭʦʚʠʱʝ ʜʘʥʠʭ, ʙʘʟʠ ʟʥʘʥʴ, ʩʝʨʚʝʨʥʘ ʯʘʩʪʠʥʘ, web-

ʽʥʪʝʨʬʝʡʩ ʢʦʨʠʩʪʫʚʘʯʘ. ɺʘʞʣʠʚʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʽʥʪʝʨʬʝʡʩ ʢʦʨʠʩʪʫʚʘʯʘ ʚʠʢʦʥʘʥʦ ʫ 

ʚʠʛʣʷʜʽ web-ʩʪʦʨʽʥʦʢ ʜʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʫ ʙʨʘʫʟʝʨʽ ʢʦʨʠʩʪʫʚʘʯʘ. 

ɼʞʝʨʝʣʘʤʠ ʜʘʥʠʭ ʜʣʷ ʉɼ ʩʣʫʛʫʶʪʴ ʙʘʟʠ ʜʘʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʪʘ 

çʦʟʝʨʦ ʜʘʥʠʭè, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʘʜʝʢʚʘʪʥʽʩʪʴ ʪʘ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ [283ï292]. 

ʅʘʢʦʧʠʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʫ çʦʟʝʨʦ ʜʘʥʠʭè ʪʘ ʫ ʉɼ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʘʚʪʦʤʘʪʠʯʥʦʤʫ 

ʨʝʞʠʤʽ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʩʦʙʽʚ ʟʘʚʘʥʪʘʞʝʥʥʷ ʜʘʥʠʭ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʦʙʨʘʪʠ 

ʙʘʛʘʪʦʨʽʚʥʝʚʫ ʘʨʭʽʪʝʢʪʫʨʫ ʉɼ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʽʥʪʝʛʨʘʮʽʶ ʪʘ ʫʟʛʦʜʞʝʥʥʷ ʜʘʥʠʭ ʽʟ 

çʦʟʝʨʘ ʜʘʥʠʭè ʪʘ ʽʥʰʠʭ ʜʞʝʨʝʣ ʩʧʦʯʘʪʢʫ ʫ çʚʽʨʪʫʘʣʴʥʝ ʩʭʦʚʠʱʝ ʜʘʥʠʭè, ʘ ʚʞʝ ʟʚʽʜʪʠ 

ʟʘʚʘʥʪʘʞʫʻʪʴʩʷ ʫ çʚʽʪʨʠʥʫ ʜʘʥʠʭè. 
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ʈʠʩʫʥʦʢ 5.1 ï ɸʨʭʽʪʝʢʪʫʨʠ ʛʽʙʨʠʜʥʦʾ web-ʦʨʽʻʥʪʦʚʘʥʦʾ ʉʇʇʈ 

 

çɺʽʨʪʫʘʣʴʥʝ ʩʭʦʚʠʱʝ ʜʘʥʠʭè ʧʦʙʫʜʦʚʘʥʦ ʟʘ ʧʨʘʚʠʣʘʤʠ ʨʝʣʷʮʽʡʥʠʭ ɹɼ. ʎʝ 

ʟʘʙʝʟʧʝʯʫʻ ʫʥʠʢʥʝʥʥʷ ʥʘʜʣʠʰʢʦʚʦʩʪʽ ʧʨʠ ʨʦʙʦʪʽ ʟ ʚʝʣʠʢʠʤʠ ʦʙôʻʤʘʤʠ ʽʥʬʦʨʤʘʮʽʾ 

[283, 296-298]. ʊʘʢʦʞ çʚʽʨʪʫʘʣʴʥʝ ʩʭʦʚʠʱʝ ʜʘʥʠʭè ʟʘʙʝʟʧʝʯʫʻ ʧʨʦʤʽʞʥʝ 

ʜʝʪʘʣʽʟʦʚʘʥʝ ʟʙʝʨʽʛʘʥʥʷ ʥʘʙʦʨʫ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʦʛʦ ʟ çʦʟʝʨʘ ʜʘʥʠʭè ʪʘ ʽʥʰʠʭ ʜʞʝʨʝʣ, 

ʜʣʷ ʟʘʚʘʥʪʘʞʝʥʥʷ çʚʽʪʨʠʥ ʜʘʥʠʭè.  

ʂʦʞʥʘ çʚʽʪʨʠʥʘ ʜʘʥʠʭè ʧʨʠʟʥʘʯʝʥʘ ʚʤʽʱʫʚʘʪʠ ʥʘʙʽʨ ʜʘʥʠʭ ʜʣʷ ʧʽʜʪʨʠʤʢʠ 

ʨʦʟʚôʷʟʘʥʥʷ ʧʝʚʥʦʾ ʟʘʜʘʯʽ ʘʙʦ ʥʘʜʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʟʘ ʧʝʚʥʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ [296-

298].  

ɼʘʥʽ, ʱʦ ʟʙʝʨʽʛʘʶʪʴʩʷ ʫ ʚʽʪʨʠʥʘʭ ʜʘʥʠʭ, ʦʥʦʚʣʶʶʪʴʩʷ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ 

ʙʽʟʥʝʩ-ʣʦʛʽʢʠ, ʤʘʶʪʴ ʧʝʚʥʫ ʘʛʨʝʛʘʮʽʶ ʪʘ ʜʝʪʘʣʽʟʘʮʽʶ. çɺʽʪʨʠʥʘ ʜʘʥʠʭè ʧʨʠʟʥʘʯʝʥʘ 
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ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʢʦʥʢʨʝʪʥʦʾ ʣʦʢʘʣʴʥʦʾ ʟʘʜʘʯʽ, ʤʘʻ ʮʽʣʴʦʚʝ ʧʨʠʟʥʘʯʝʥʥʷ ʪʘ ʤʽʩʪʠʪʴ 

ʥʘʙʽʨ ʜʘʥʠʭ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʚʠʢʦʥʘʥʥʷ ʪʘʢʠʭ ʟʘʚʜʘʥʴ: ʧʨʦʚʝʜʝʥʥʷ ʩʢʣʘʜʥʠʭ 

ʘʥʘʣʽʪʠʯʥʠʭ ʟʘʧʠʪʽʚ; ʚʠʨʽʰʝʥʥʷ ʢʦʥʢʨʝʪʥʦʾ ʦʧʪʠʤʽʟʘʮʽʡʥʦʾ ʟʘʜʘʯʽ; ʬʦʨʤʫʚʘʥʥʷ 

ʟʚʽʪʥʦʩʪʽ; ʚʽʜʧʦʚʽʜʽ ʥʘ ʧʝʚʥʫ ʥʠʟʢʫ ʟʘʧʠʪʽʚ ʪʦʱʦ. ʅʘʧʨʠʢʣʘʜ, ʦʜʥʘ ʟ çʚʽʪʨʠʥ ʜʘʥʠʭè 

ʤʽʩʪʠʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʨʝʮʝʧʪʫʨʥʽ ʽʥʛʨʝʜʽʻʥʪʠ, ʾʭ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦ-

ʪʝʭʥʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʜʦʧʦʤʽʞʥʽ ʤʘʪʝʨʽʘʣʠ, ʧʦʢʘʟʥʠʢʠ ̫ʢʦʩʪʽ, ʟʙʝʨʽʛʘʻ 

ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ ʜʘʥʽ ʧʨʦ ʨʝʮʝʧʪʫʨʥʠʡ ʩʢʣʘʜ, ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʽʥʛʨʝʜʽʻʥʪʽʚ, ʩʪʘʪʫʩ ʨʝʮʝʧʪʫʨʠ. 

ɹʘʟʘ ʟʥʘʥʴ ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʧʨʘʚʠʣ ʪʘ ʟʥʘʥʴ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ 

ʩʠʪʫʘʮʽʾ. ɹɿ ʚʤʽʱʫʻ ʧʨʘʚʠʣʘ ʱʦʜʦ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʧʨʦʜʫʢʪʽʚ ʭʘʨʯʫʚʘʥʥʷ, ʥʘʧʨʠʢʣʘʜ, ʢʦʚʙʘʩ, ʤʦʨʦʟʠʚʘ [15, 299, 

300]. 

çʆʟʝʨʦ ʜʘʥʠʭè (Data lake) ʟʘʙʝʟʧʝʯʫʻ ʥʘʢʦʧʠʯʝʥʥʷ ʥʝʧʝʨʝʪʚʦʨʝʥʦʾ ʽʥʬʦʨʤʘʮʽʾ 

ʟ ʨʽʟʥʠʭ ʜʞʝʨʝʣ, ʱʦ ʜʦʟʚʦʣʷʻ ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʥʘ ʾʾ ʢʦʥʩʦʣʽʜʘʮʽʶ ʪʘ ʦʙʨʦʙʢʫ. çʆʟʝʨʦ 

ʜʘʥʠʭè ʚʢʣʶʯʘʻ ʩʪʨʫʢʪʫʨʦʚʘʥʽ ʜʘʥʽ ʟ ʨʝʣʷʮʽʡʥʠʭ ʙʘʟ ʜʘʥʠʭ (ʨʷʜʢʠ ʽ ʢʦʣʦʥʢʠ), 

ʥʘʧʽʚʩʪʨʫʢʪʫʨʦʚʘʥʽ ʜʘʥʽ (CSV, ʣʦʛ ʬʘʡʣʠ, XML, JSON), ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʽ ʜʘʥʽ 

(ʧʦʰʪʦʚʽ ʧʦʚʽʜʦʤʣʝʥʥʷ, ʜʦʢʫʤʝʥʪʠ) ʽ ʥʘʚʽʪʴ ʙʽʥʘʨʥʽ ʜʘʥʽ (ʚʽʜʝʦ, ʘʫʜʽʦ, ʛʨʘʬʽʯʥʽ 

ʬʘʡʣʠ) [301ï303].  

ʌʘʢʪʠʯʥʦ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ çʦʟʝʨʦ ʜʘʥʠʭè ʷʢ çʩʪʘʥʜʘʨʪʥʠʡ 

ʘʨʭʽʚ ʜʘʥʠʭè, ʜʘʥʽ ʧʦʪʨʘʧʣʷʶʪʴ ʪʫʜʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʘʢʝʪʽʚ ʟʘʚʘʥʪʘʞʝʥʥʷ ʜʘʥʠʭ ʽʟ 

ʤʽʥʽʤʘʣʴʥʦʶ ʤʦʜʠʬʽʢʘʮʽʻʶ. ɺ çʦʟʝʨʽ ʜʘʥʠʭè ʝʣʝʤʝʥʪʠ ʩʪʨʫʢʪʫʨ ʧʦʚʥʽʩʪʶ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʪʨʫʢʪʫʨʘʤ ʚʽʜʧʦʚʽʜʥʠʭ ʜʞʝʨʝʣ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 

ʮʝʥʪʨʘʣʽʟʦʚʘʥʝ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ. 

ɼʦ ʧʝʨʝʚʘʛ çʦʟʝʨ ʜʘʥʠʭè ʚʽʜʥʦʩʷʪʴ [303]: 

Å ʦʪʨʠʤʘʥʥʷ ʧʦʚʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʙʝʟ ʧʝʨʝʪʚʦʨʝʥʥʷ; 

Å ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʝʪʘʣʴʥʦʾ ʩʪʘʪʠʩʪʠʢʠ; 

Å ʤʦʞʣʠʚʽʩʪʴ ʝʢʩʧʝʨʠʤʝʥʪʫʚʘʪʠ ʟ ʨʽʟʥʠʤʠ ʪʠʧʘʤʠ ʜʘʥʠʭ ʟ̔ ʨʽʟʥʠʭ ʜʞʝʨʝʣ; 

Å ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʫʧʫ ʜʦ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʘ ʥʝʦʙʭʽʜʥʘ ʢʝʨʽʚʥʠʢʘʤ ʚ ʦʜʥʦʤʫ 

ʤʽʩʮʽ; 

Å ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʮʝʥʪʨʘʣʽʟʘʮʽʾ ʪʘ ʜʝʪʘʣʽʟʘʮʽʾ ʜʘʥʠʭ; 
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Å ʤʦʞʣʠʚʽʩʪʴ ʤʘʩʰʪʘʙʫʚʘʥʥʷ, ʱʦ ʧʽʜʭʦʜʠʪʴ ʥʝʚʝʣʠʢʠʤ ʧʽʜʧʨʠʻʤʩʪʚʘʤ, ʘ 

ʪʘʢʦʞ ʣʝʛʢʦ ʽʥʪʝʛʨʫʻʪʴʩʷ ʟ ʽʥʰʠʤʠ ʩʠʩʪʝʤʘʤʠ; 

Å ʩʧʨʦʱʝʥʥʷ ʨʦʙʦʪʠ ʢʦʨʠʩʪʫʚʘʯʽʚ; 

Å ʙʽʣʴʰ ʜʝʰʝʚʽ, ʥʽʞ ʩʭʦʚʠʱʘ, ʘʜʞʝ ʥʝ ʧʦʪʨʝʙʫʶʪʴ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ. 

ʇʨʠ ʧʦʙʫʜʦʚʽ ʧʨʦʛʨʘʤʥʦʾ ʯʘʩʪʠʥʠ ʚʠʢʦʨʠʩʪʘʥʦ ʢʣʘʩʠʯʥʫ ʙʘʛʘʪʦʰʘʨʦʚʫ 

ʘʨʭʽʪʝʢʪʫʨʫ ʟ ʨʦʟʧʦʜʽʣʝʥʥʷʤ ʥʘ ʪʘʢʽ ʩʢʣʘʜʦʚʽ [10, 18, 52, 53]:  

Å hʘʨ ʢʦʥʪʨʦʣʝʨʽʚ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚʟʘʻʤʦʜʽʷ ʟ ʢʣʽʻʥʪʩʴʢʦʶ 

ʯʘʩʪʠʥʦʶ; 

Å ʘʜʘʧʪʝʨʠ, ʥʘ ʨʽʚʥʽ ʷʢʠʭ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʘʥʠʭ ʽʟ ʟʘʧʠʪʽʚ ʢʣʽʻʥʪʽʚ 

ʫ ʦʩʥʦʚʥʽ ʙʽʟʥʝʩ-ʦʙôʻʢʪʠ, ʥʘʜ ʷʢʠʤʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʠʢʦʥʘʥʥʷ ʧʦʜʘʣʴʰʦʾ ʦʙʨʦʙʢʠ; 

Å ʢʣʘʩʠ, ʱʦ ʟʜʽʡʩʥʶʶʪʴ ʧʝʨʝʚʽʨʢʠ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʥʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ 

ʚʩʪʘʥʦʚʣʝʥʠʤ ʧʨʘʚʠʣʘʤ; 

Å ʙʽʟʥʝʩ-ʩʝʨʚʽʩʠ, ʷʢʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʚʠʢʦʥʘʥʥʷ ʙʽʟʥʝʩ-ʣʦʛʽʢʠ; 

Å ʜʦʧʦʤʽʞʥʽ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʽ ʢʣʘʩʠ, ʷʢʠʤ ʙʽʟʥʝʩ-ʩʝʨʚʽʩʠ ʜʝʣʝʛʫʶʪʴ ʚʠʢʦʥʘʥʥʷ 

ʦʢʨʝʤʠʭ ʦʧʝʨʘʮʽʡ; 

Å ʨʝʧʦʟʠʪʦʨʽʾ, ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦʾ ʨʦʙʦʪʠ ʟ ʉɼ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ çʦʟʝʨʘ ʜʘʥʠʭè ʟʘʙʝʟʧʝʯʫ ̒ ʥʘʢʦʧʠʯʝʥʥʷ ʫʩʽʭ ʜʘʥʠʭ, 

ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʨʽʟʥʦʨʽʜʥʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ, ʘ ʧʦʪʽʤ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʪʠ ʙʫʜʴ-ʷʢʽ 

ʥʘʙʦʨʠ ʜʘʥʠʭ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʨʽʟʥʠʭ ʟʘʜʘʯ. 

çɿʘʩʦʙʠ ʟʘʚʘʥʪʘʞʝʥʥʷ ʜʘʥʠʭè ʟʘʙʝʟʧʝʯʫʶʪʴ ʫ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ 

ʦʪʨʠʤʘʥʥʷ ʥʘʙʦʨʽʚ ʜʘʥʠʭ ʽʟ ʙʘʟ ʜʘʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʪʘ ʙʘʟʠ ʟʥʘʥʴ, ʧʝʨʝʜʘʯʽ ʾʭ ʫ 

çʦʟʝʨʦ ʜʘʥʠʭè, ʘ ʧʦʪʽʤ ʦʪʨʠʤʘʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʟ ʥʴʦʛʦ ʪʘ ʧʝʨʝʜʘʯʽ ʾʾ ʜʦ 

ʩʭʦʚʠʱʘ ʜʘʥʠʭ. çɿʘʩʦʙʠ ʟʘʚʘʥʪʘʞʝʥʥʷ ʜʘʥʠʭè ʟʘʙʝʟʧʝʯʫʶʪʴ ʦʪʨʠʤʘʥʥʷ, 

ʪʨʘʥʩʬʦʨʤʘʮʽʶ, ʘʛʨʝʛʘʮʽʶ ʪʘ ʟʘʚʘʥʪʘʞʝʥʥʷ ʜʘʥʠʭ. ɼʣʷ ʫʥʠʢʥʝʥʥʷ ʥʘʜʣʠʰʢʦʚʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʫ ʚʩʽʭ ʝʣʝʤʝʥʪʘʭ ɹɿ, ʉɼ, çʦʟʝʨʘ ʜʘʥʠʭè ʪʘ çʚʽʪʨʠʥ ʜʘʥʠʭè ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʧʝʨʝʚʽʨʢʘ ʥʘʷʚʥʦʾ ʘʢʪʫʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. ɿʘ ʥʝʦʙʭʽʜʥʽʩʪʶ çʟʘʩʦʙʠ ʟʘʚʘʥʪʘʞʝʥʥʷ 

ʜʘʥʠʭè ʚʠʢʦʥʫʶʪʴ ʟʥʠʱʝʥʥʷ ʥʘʜʣʠʰʢʦʚʦʾ ʪʘ ʟʘʡʚʦʾ ʽʥʬʦʨʤʘʮʽʾ. ʗʢ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ 

çʟʘʩʦʙʽʚ ʟʘʚʘʥʪʘʞʝʥʥʷ ʜʘʥʠʭè ʫ ʩʫʯʘʩʥʠʭ ʢʣʽʻʥʪ-ʩʝʨʚʝʨʥʠʭ ʉʋɹɼ ʚʠʩʪʫʧʘʻ 

ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ Data Transformation Services [5, 15, 33, 289ï292]. 
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ʌʫʥʢʮʽʦʥʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ ʩʝʨʚʝʨʥʦʾ ʯʘʩʪʠʥʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʦʪʨʝʙʘʤ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʉʇʇʈ ʪʘ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʨʦʟʧʦʜʽʣʝʥʽ ʥʘ ʤʦʜʫʣʽ, ʷʢʽ ʧʨʠʟʥʘʯʝʥʽ 

ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʢʦʥʢʨʝʪʥʠʭ ʟʘʜʘʯ [5, 15]. ʂʦʞʥʠʡ ʤʦʜʫʣʴ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʦʙʨʦʙʢʠ 

ʜʝʷʢʦʛʦ ʟʘʧʠʪʫ ʟʚʝʨʪʘʻʪʴʩʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ ʜʦ ʉɼ ʘʙʦ ɹɿ. ʇʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʪʘ ʥʝʦʙʭʽʜʥʠʭ ʧʽʜʨʘʭʫʥʢʽʚ ʨʝʟʫʣʴʪʘʪ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʢʣʽʻʥʪʩʴʢʦʶ 

ʯʘʩʪʠʥʦʶ ʫ ʟʘʜʘʥʦʤʫ ʚʠʛʣʷʜʽ. ɼʦ ʦʩʥʦʚʥʠʭ ʤʦʜʫʣʽʚ ʩʠʩʪʝʤʠ ʥʘʣʝʞʘʪʴ: ʤʦʜʫʣʽ 

ʚʠʨʽʰʝʥʥʷ ɿʇʈ, ʤʦʜʫʣʽ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ɯɸɼ ʪʘ ʤʦʜʫʣʽ ʧʽʜʪʨʠʤʢʠ 

ʬʫʥʢʮʽʡ ʫʧʨʘʚʣʽʥʥʷ, ʱʦ ʧʦʻʜʥʫʶʪɹ ʚʝʜʝʥʥʷ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʦʙʣʽʢʫ ʪʘ ʩʪʚʦʨʝʥʥʷ 

ʟʚʽʪʽʚ, ʤʦʜʫʣʽ ʝʢʩʧʝʨʪʥʦʾ ʩʠʩʪʝʤʠ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʦʻʜʥʘʪʠ ʜʝʢʽʣʴʢʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ, ʘ ʩʘʤʝ: ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʭʘʨʯʦʚʦʾ ʛʘʣʫʟʽ ʝʢʩʧʝʨʪʥʦ-

ʤʦʜʝʣʶʶʯʦ ʾ ʩʠʩʪʝʤʠ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʨʝʮʝʧʪʫʨ ʧʨʦʜʫʢʮʽʾ, ʱʦ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʽʙʨʘʪʠ ʫ ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚʘʭ ʟʘʤʽʥʫ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʨʝʮʝʧʪʫʨʽ; 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʟʘ ʨʘʭʫʥʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʢʦʤʙʽʥʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʘʣʛʦʨʠʪʤʽʚ; ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʮʝʩʫ ʘʥʘʣʽʟʫ ʪʘ ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʥʘ ʭʘʨʯʦʚʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚʘʭ, ʷʢʘ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʚʽʜʦʤʠʭ, ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʚʠʟʥʘʯʝʥʥʽ ʘʩʦʨʪʠʤʝʥʪʫ 

ʪʘ ʢʦʨʠʛʫʚʘʥʥʽ ʨʝʮʝʧʪʫʨ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʩʦʙʽʚʘʨʪʦʩʪʽ ʡ ʰʚʠʜʢʦʛʦ ʚʠʢʦʥʘʥʥʷ 

ʟʘʤʦʚʣʝʥʴ. 

ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʻ ʤʦʞʣʠʚʽʩʪʴ ʦʨʛʘʥʽʟʫʚʘʪʠ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ ʽʟ ʟʘʧʘʩʦʤ 

ʪʘ ʻ ʚʧʝʚʥʝʥʽʩʪʴ ʚ ʾʾ ʧʦʚʥʽʡ ʨʝʘʣʽʟʘʮʽʾ, ʜʦʮʽʣʴʥʦ ʥʘ ʦʩʥʦʚʽ ʨʝʪʨʦʩʧʝʢʪʠʚʥʠʭ ʜʘʥʠʭ 

ʬʦʨʤʫʚʘʪʠ ʘʩʦʨʪʠʤʝʥʪ ʚʠʛʦʪʦʚʣʝʥʥʷ ʟʛʽʜʥʦ ʟ ʘʥʘʣʽʟʦʤ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʦʧʠʪ ʥʘ 

ʛʦʪʦʚʫ ʧʨʦʜʫʢʮʽʶ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ, ʷʢʘ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ 

ʘʜʘʧʪʦʚʘʥʽ ʤʝʪʦʜʠ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ, ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʛʦʩʧʦʜʘʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚ ʟʘ ʨʘʭʫʥʦʢ ʬʦʨʤʫʚʘʥʥʷ 

ʧʨʦʧʦʟʠʮʽʡ ʱʦʜʦ ʢʦʨʠʛʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʘʩʦʨʪʠʤʝʥʪʫ ʧʨʦʜʫʢʮʽʾ ʥʘ ʧʝʚʥʠʡ 

ʧʣʘʥʦʚʠʡ ʧʝʨʽʦʜ ʪʘ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ 

ʜʘʥʠʭ [16, 18, 19, 78, 79]. ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʦʾ ʪʝʭʥʦʣʦʛʽʾ ʥʘʜʘʻ ʆʇʈ ʽʥʬʦʨʤʘʮʽʡʥʫ 

ʧʽʜʪʨʠʤʢʫ ʜʣʷ ʢʦʨʠʛʫʚʘʥʥʷ ʘʩʦʨʪʠʤʝʥʪʫ ʧʨʦʜʫʢʮʽʾ. ʎʝ ʧʨʦʚʦʜʠʪʴʩʷ ʟʘʚʜʷʢʠ 
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ʚʚʝʜʝʥʥʶ ʥʦʚʠʭ ʚʠʜʽʚ ʧʨʦʜʫʢʮʽʾ, ʚʠʢʦʨʠʩʪʘʥʥʶ ʦʨʠʛʽʥʘʣʴʥʠʭ ʪʘ ʧʦʧʫʣʷʨʥʠʭ 

ʽʥʛʨʝʜʽʻʥʪʽʚ ʫ ʨʝʮʝʧʪʫʨʽ, ʟʙʽʣʴʰʝʥʥʶ ʦʙʩʷʛʽʚ ʚʠʧʫʩʢʫ ʧʨʦʜʫʢʮʽʾ [16, 79].  

ʂʦʨʠʛʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʘʩʦʨʪʠʤʝʥʪʫ ʧʨʦʜʫʢʮʽʾ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʨʽʰʫʚʘʪʠ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 5 ʦʩʥʦʚʥʠʭ ʝʪʘʧʽʚ [16, 

79]. 

ɽʪʘʧ 1. ʂʣʘʩʠʬʽʢʘʮʽʷ ʧʨʦʜʫʢʮʽʾ ʟʘ ʧʨʠʙʫʪʢʦʚʽʩʪʶ ʤʝʪʦʜʦʤ ABC. 

ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʧʨʦʚʦʜʠʪʴʩʷ ʢʣʘʩʠʬʽʢʘʮʽʷ ʧʨʦʜʫʢʮʽʾ ʟʘ ʧʨʠʙʫʪʢʦʚʽʩʪʶ 

ʤʝʪʦʜʦʤ ABC. ʂʣʘʩʠʬʽʢʫʻʤʦ ʘʩʦʨʪʠʤʝʥʪ ʧʨʦʜʫʢʮʽʾ ʟʘ ʧʨʠʙʫʪʢʦʚʽʩʪʶ ʤʝʪʦʜʦʤ ABC 

ʥʘ ʦʩʥʦʚʽ ʧʨʠʥʮʠʧʫ ʇʘʨʝʪʦ. ʋ ʧʨʘʢʪʠʮʽ ʧʨʦʚʝʜʝʥʥʷ ʢʣʘʩʠʯʥʦʛʦ ABC-ʘʥʘʣʽʟʫ 

ʘʩʦʨʪʠʤʝʥʪ ʧʨʦʜʫʢʮʽʾ ʨʦʟʙʠʚʘʶʪʴ ʥʘ 3 ʛʨʫʧʠ [16, 79]:  

ɸ ï ʧʨʦʜʫʢʮʽʷ, ʷʢʘ ʧʨʠʥʦʩʠʪʴ ʦʩʥʦʚʥʠʡ ʜʦʭʽʜ.  

B ï ʤʝʥʰ ʟʘʪʨʝʙʫʚʘʥʽ ʚʠʜʠ ʧʨʦʜʫʢʮʽʾ. 

ʉ ï ʥʘʡʤʝʥʰ ʟʘʪʨʝʙʫʚʘʥʽ ʚʠʜʠ ʧʨʦʜʫʢʮʽʾ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʨʘʥʞʫʚʘʥʥʷ ʘʩʦʨʪʠʤʝʥʪʫ ʧʨʦʜʫʢʮʽʾ ʟ ʟʘʛʘʣʴʥʦʛʦ ʦʙʩʷʛʫ 

ʚʠʜʽʣʷʻʪʴʩʷ ʧʨʦʜʫʢʮʽʷ ʛʨʫʧʠ ɸ, ʱʦ ʤʽʩʪʠʪʴ ʥʘʡʙʽʣʴʰ ʧʨʠʙʫʪʢʦʚʽ ʚʠʜʠ ʧʨʦʜʫʢʮʽʾ. 

ʋ ʢʽʥʮʽ ʧʝʨʰʦʛʦ ʝʪʘʧʫ ʧʨʦʚʦʜʠʤʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʧʠʪʫ ʥʘ ʧʨʦʜʫʢʮʽʶ ʛʨʫʧʠ 

ɸ. ʋ ʚʠʧʘʜʢʫ ʟʙʽʣʴʰʝʥʥʷ ʧʦʧʠʪʫ ʥʘ ʧʨʦʜʫʢʮʽʶ ʛʨʫʧʠ ɸ ʧʨʦʚʦʜʠʤʦ ʢʦʨʠʛʫʚʘʥʥʷ 

ʧʣʘʥʫ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ ʮʴʦʛʦ ʪʠʧʫ ʫ ʙʽʢ ʟʙʽʣʴʰʝʥʥʷ, ʚ ʤʝʞʘʭ, ʜʦʟʚʦʣʝʥʠʭ 

ʨʝʟʝʨʚʘʤʠ ʚʠʨʦʙʥʠʯʠʭ ʧʦʪʫʞʥʦʩʪʝʡ. ɺ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ ʟʘʣʠʰʘʻʤʦ ʧʣʘʥ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ ʛʨʫʧʠ ɸ ʙʝʟ ʟʤʽʥ.  

ɽʪʘʧ 2. ɺʠʷʚʣʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʜʫʢʮʽʾ ʥʘʡʙʽʣʴʰ ʧʨʠʚʘʙʣʠʚʦʾ ʜʣʷ 

ʩʧʦʞʠʚʘʯʘ.  

ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʧʨʦʚʦʜʠʤʦ ʚʠʷʚʣʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʜʫʢʮʽʾ ʥʘʡʙʽʣʴʰ 

ʧʨʠʚʘʙʣʠʚʦʾ ʜʣʷ ʩʧʦʞʠʚʘʯʘ. ʋ ʨʦʙʦʪʘʭ [16, 79] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʣʘʩʠʬʽʢʘʮʽʶ ʟʘ 

ʪʘʢʠʤʠ ʩʧʽʣʴʥʠʤʠ ʨʠʩʘʤʠ: 

Å ʢʽʣʴʢʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʮʽʥʠ ʪʘ ʦʙôʻʤʫ ʚʠʨʦʙʫ, 

ʢʘʣʦʨʽʡʥʽʩʪʴ ʪʘ ʧʦʞʠʚʥʘ ʮʽʥʥʽʩʪʴ ʧʨʦʜʫʢʮʽʾ, ʪʝʨʤʽʥʠ ʧʨʠʜʘʪʥʦʩʪʽ); 

Å ̫ʢʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʥʘʷʚʥʽʩʪʴ ʫ ʨʝʮʝʧʪʫʨʽ ʩʧʝʮʠʬʽʯʥʦʾ ʪʘ ʚʠʩʦʢʦʚʘʨʪʽʩʥʦʾ 

ʩʠʨʦʚʠʥʠ, ʭʘʨʯʦʚʠʭ ʜʦʤʽʰʦʢ, ʟʘʤʽʥʥʠʢʽʚ ʥʘʪʫʨʘʣʴʥʦʾ ʩʠʨʦʚʠʥʠ, ʥʘʷʚʥʽʩʪʴ ʧʦʟʥʘʯʢʠ 

çɹʝʟ ɻʄʆè); 



206 

Å ʨʝʮʝʧʪʫʨʥʽ (ʩʢʣʘʜ ʨʝʮʝʧʪʫʨʠ, ɼʉʊʋ ʪʘ ʩʪʘʥʜʘʨʪʠ ʚʠʛʦʪʦʚʣʝʥʥʷ). 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʟʜʽʡʩʥʝʥʥʷ ʜʨʫʛʦʛʦ ʝʪʘʧʫ ʻ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʪʠ ʪʘʢʽ ʚʘʞʣʠʚʽ 

ʨʽʰʝʥʥʷ [16, 79]: 

Å ʚʨʘʭʫʚʘʪʠ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʨʦʜʫʢʮʽʾ, ʱʦ ʻ ʩʫʪʪʻʚʠʤʠ ʧʨʠ 

ʨʦʟʨʦʙʮʽ ʥʦʚʠʭ ʚʠʜʽʚ ʧʨʦʜʫʢʮʽʾ ʧʝʚʥʦʾ ʛʨʫʧʠ; 

Å ʚʠʚʯʠʪʠ ʤʦʞʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʠʷʚʣʝʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʝʘʣʽʟʘʮʽʾ ʽʩʥʫʶʯʠʭ ʚʠʜʽʚ ʧʨʦʜʫʢʮʽʾ. 

ɽʪʘʧ 3. ʇʦʰʫʢ ʩʫʢʫʧʥʦʩʪʝʡ ʟʥʘʯʝʥʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʜʫʢʮʽʾ, ʱʦ ʚʧʣʠʚʘʶʪʴ 

ʥʘ ʦʙʩʷʛʠ ʨʝʘʣʽʟʘʮʽʾ. 

ʅʘ ʪʨʝʪʴʦʤʫ ʝʪʘʧʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦʰʫʢ ʩʫʢʫʧʥʦʩʪʝʡ ʟʥʘʯʝʥʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʨʦʜʫʢʮʽʾ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʦʙʩʷʛʠ ʨʝʘʣʽʟʘʮʽʾ. ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʥʘʡʙʽʣʴʰ 

ʧʦʧʫʣʷʨʥʠʭ ʩʫʢʫʧʥʦʩʪʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʫʜʫʻʪʴʩʷ ʤʦʜʝʣʴ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʴ ʤʝʪʦʜʦʤ ʢʣʘʩʪʝʨʠʟʘʮʽʾ [16, 79]. ɺʠʷʚʣʝʥʥʷ ʧʦʧʫʣʷʨʥʠʭ ʽʥʛʨʝʜʽʻʥʪʽʚ ʜʘʻ ʟʤʦʛʫ 

ʩʬʦʨʤʫʚʘʪʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʥʘ ʟʘʤʽʥʫ ʯʠ ʚʚʝʜʝʥʥʷ ʾʭ ʜʦ ʽʩʥʫʶʯʠʭ ʨʝʮʝʧʪʫʨ. 

ɽʪʘʧ 4. ʇʦʰʫʢ ʧʦʪʝʥʮʽʡʥʦ ʧʨʠʚʘʙʣʠʚʠʭ ʚʠʜʽʚ ʧʨʦʜʫʢʮʽʾ ʟʘ ʚʠʟʥʘʯʝʥʠʤʠ ʚʠʱʝ 

ʩʫʢʫʧʥʦʩʪʷʤʠ ʟʥʘʯʝʥʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʅʘ ʯʝʪʚʝʨʪʦʤʫ ʝʪʘʧʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʰʫʢ ʧʦʪʝʥʮʽʡʥʦ ʧʨʠʚʘʙʣʠʚʠʭ ʚʠʜʽʚ 

ʧʨʦʜʫʢʮʽʾ ʟʘ ʚʠʟʥʘʯʝʥʠʤʠ ʚʠʱʝ ʩʫʢʫʧʥʦʩʪʷʤʠ ʟʥʘʯʝʥʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʉʧʦʯʘʪʢʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦʰʫʢ ʧʦʪʝʥʮʽʡʥʦ ʧʨʠʚʘʙʣʠʚʠʭ ʚʠʜʽʚ ʧʨʦʜʫʢʮʽʾ ʟʘ 

ʚʠʟʥʘʯʝʥʠʤʠ ʚʠʱʝ ʩʫʢʫʧʥʦʩʪʷʤʠ ʟʥʘʯʝʥʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫ ʛʨʫʧʘʭ B ʪʘ C. ɼʣʷ 

ʧʦʰʫʢʫ ʧʦʪʝʥʮʽʡʥʦ ʧʨʠʚʘʙʣʠʚʠʭ ʚʠʜʽʚ ʧʨʦʜʫʢʮʽʾ ʚʽʜʬʽʣʴʪʨʫʻʤʦ ʤʥʦʞʠʥʫ ʜʘʥʠʭ ʫ 

ʛʨʫʧʘʭ ɺ ʪʘ ʉ ʟʘ ʟʥʘʡʜʝʥʠʤʠ ʥʘ ʪʨʝʪʴʦʤʫ ʝʪʘʧʽ ʩʫʢʫʧʥʦʩʪʷʤʠ ʟʥʘʯʝʥʴ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɺʠʭʽʜʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʻ ʧʦʯʘʪʢʦʚʘ ʤʥʦʞʠʥʘ ʜʘʥʠʭ, ʚʽʜʬʽʣʴʪʨʦʚʘʥʘ 

ʟʛʽʜʥʦ ʟ ʧʨʦʜʫʢʮʽʻʶ ʛʨʫʧ B ʪʘ C. [16, 79]. ʇʽʩʣʷ ʟʘʟʥʘʯʝʥʠʭ ʜʽʡ ʻ ʤʦʞʣʠʚʽʩʪʴ ʯʽʪʢʦ 

ʚʠʜʽʣʠʪʠ ʛʨʫʧʠ ʚʠʜʽʚ ʧʨʦʜʫʢʮʽʾ, ʱʦ ʧʦʪʨʝʙʫʶʪʴ:  

Å ʧʨʦʚʝʜʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʨʝʢʣʘʤʥʠʭ ʟʘʭʦʜʽʚ, ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʧʨʦʜʘʞʽʚ; 

Å ʧʦʰʫʢʫ ʤʦʞʣʠʚʦʩʪʝʡ ʟʙʽʣʴʰʝʥʥʷ ʦʙʩʷʛʽʚ ʚʠʧʫʩʢʫ. 

ɽʪʘʧ 5. ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʩʦʙʽʚʘʨʪʦʩʪʽ ʪʘ ʧʦʧʠʪʫ ʥʘ ʧʨʦʜʫʢʮʽʶ. 
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ʅʘ ʧôʷʪʦʤʫ ʝʪʘʧʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʦʙʽʚʘʨʪʦʩʪʽ ʪʘ ʧʦʧʠʪʫ ʥʘ 

ʢʦʞʥʠʡ ʽʟ ʚʠʜʽʚ ʧʨʦʜʫʢʮʽʾ, ʚʠʟʥʘʯʝʥʠʭ ʥʘ ʝʪʘʧʘʭ ʽʟ ʧʝʨʰʦʛʦ ʧʦ ʯʝʪʚʝʨʪʠʡ. ʎʝ 

ʟʘʙʝʟʧʝʯʠʪʴ ʚʠʟʥʘʯʝʥʥʷ ʨʝʥʪʘʙʝʣʴʥʦʩʪʽ ʾʾ ʚʠʨʦʙʥʠʮʪʚʘ ʥʘ ʤʘʡʙʫʪʥʽ ʧʝʨʽʦʜʠ. 

ɼʞʝʨʝʣʦʤ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʦʙʽʚʘʨʪʦʩʪʽ ʦʢʨʝʤʠʭ ʚʠʜʽʚ ʧʨʦʜʫʢʮʽʾ 

ʻ ʩʪʚʦʨʝʥʠʡ ʛʽʧʝʨʢʫʙ çʉʦʙʽʚʘʨʪʽʩʪʴ ʧʨʦʜʫʢʮʽʾè. ɼʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʠʪʨʘʪ ʧʦ 

ʩʪʘʪʪʷʭ ʢʘʣʴʢʫʣʷʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʛʽʧʝʨʢʫʙʠ çʉʦʙʽʚʘʨʪʽʩʪʴ ʧʦ ʩʪʘʪʪʷʭ 

ʢʘʣʴʢʫʣʷʮʽʾè ʪʘ çʉʦʙʽʚʘʨʪʽʩʪʴ ʧʦ ʝʣʝʤʝʥʪʘʭ ʚʠʪʨʘʪè [16, 79]. 

ʇʨʠʡʤʘʶʯʠ ʨʽʰʝʥʥʷ ʧʨʦ ʦʩʪʘʪʦʯʥʠʡ ʨʽʚʝʥʴ ʩʦʙʽʚʘʨʪʦʩʪʽ ʧʨʦʜʫʢʮʽʾ, ʥʝʦʙʭʽʜʥʦ 

ʚʨʘʭʦʚʫʚʘʪʠ ʚʠʥʠʢʥʝʥʥʷ ʤʦʞʣʠʚʠʭ ʨʠʟʠʢʽʚ. ʈʠʟʠʢʠ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʚôʷʟʘʥʽ ʟ 

ʨʠʥʢʦʚʠʤʠ ʫʤʦʚʘʤʠ ʥʘ ʧʣʘʥʦʚʠʡ ʧʝʨʽʦʜ. ʉʦʙʽʚʘʨʪʽʩʪʴ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʧʽʜʧʨʠʻʤʩʪʚ 

ʭʘʨʯʦʚʦʾ ʛʘʣʫʟʽ ʜʫʞʝ ʟʘʣʝʞʥʘ ʚʽʜ ʨʷʜʫ ʯʠʥʥʠʢʽʚ, ʩʝʨʝʜ ʷʢʠʭ ʧʦʪʦʯʥʘ ʨʠʥʢʦʚʘ ʮʽʥʘ ʥʘ 

ʩʠʨʦʚʠʥʫ ʪʘ ʤʘʪʝʨʽʘʣʠ, ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʪʘ ʽʥʰʽ ʨʝʩʫʨʩʠ. ɺʽʜʭʠʣʝʥʥʷ ʬʘʢʪʠʯʥʠʭ 

ʚʠʪʨʘʪ ʚʽʜ ʧʨʦʛʥʦʟʦʚʘʥʠʭ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʥʝʦʯʽʢʫʚʘʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʦʤ ʟʙʠʪʢʽʚ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʢʦʥʢʫʨʝʥʪʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʫʩʧʽʰʥʦ ʙʫʜʫʪʴ ʬʫʥʢʮʽʦʥʫʚʘʪʠ ʪʽ 

ʧʽʜʧʨʠʻʤʩʪʚʘ, ʷʢʽ ʟʤʦʞʫʪʴ ʜʠʥʘʤʽʯʥʦ ʧʨʠʩʪʦʩʫʚʘʪʠʩ ̫ ʜʦ ʟʤʽʥ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ 

ʜʦʟʚʦʣʷʻ ʚʯʘʩʥʦ ʚʠʷʚʠʪʠ, ʦʮʽʥʠʪʠ, ʣʦʢʘʣʽʟʫʚʘʪʠ ʪʘ ʧʨʦʢʦʥʪʨʦʣʶʚʘʪʠ ʨʠʟʠʢ [16, 79, 

304]. 

ʉʧʨʦʛʥʦʟʫʚʘʚʰʠ ʩʦʙʽʚʘʨʪʽʩʪʴ ʧʨʦʜʫʢʮʽʾ ʪʘ ʦʮʽʥʠʚʰʠ ʨʠʟʠʢʠ ʧʨʠʡʥʷʪʪʷ ʾʾ 

ʨʽʚʥʷ, ʚʠʢʦʥʘʻʤʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʧʠʪʫ ʥʘ ʧʨʦʜʫʢʮʽʶ ʤʝʪʦʜʦʤ ʯʘʩʦʚʠʭ ʨʷʜʽʚ Data 

Mining, ʚʨʘʭʦʚʫʶʯʠ, ʱʦ ʮʝʡ ʧʦʢʘʟʥʠʢ ʻ ʙʽʣʴʰ ʧʨʦʛʥʦʟʦʚʘʥʠʤ ʽ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʚʠʯʢʘʤʠ ʩʧʦʞʠʚʘʯʽʚ. ʄʦʜʝʣʴ, ʱʦ ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʦʮʽʥʶʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʨʝʪʨʦʩʧʝʢʪʠʚʥʠʭ ʜʘʥʠʭ ʟʘ ʧʦʧʝʨʝʜʥʽʡ ʧʝʨʽʦʜ, ʘ 

ʨʠʟʠʢʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ï ʟʛʽʜʥʦ ʟ ʩʠʩʪʝʤʦʶ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ [16, 79, 304]. 

ʆʮʽʥʢʘ ʫʧʨʘʚʣʽʥʩʴʢʦʛʦ ʨʽʰʝʥʥʷ ʧʨʦʚʦʜʠʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʧʨʦʛʥʦʟʽʚ ʟʘ 

ʤʝʪʦʜʦʤ ʪʦʯʢʠ ʙʝʟʟʙʠʪʢʦʚʦʩʪʽ. ɿʙʽʣʴʰʝʥʥʷ ʦʙʩʷʛʫ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʧʫʣʷʨʥʠʭ ʚʠʜʽʚ 

ʧʨʦʜʫʢʮʽʾ ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʫʤʦʚʥʦ-ʧʦʩʪʽʡʥʠʭ ʚʠʪʨʘʪ ʥʘ ʚʝʩʴ ʦʙʩʷʛ 

ʧʨʦʜʫʢʮʽʾ. ʎʝ ʚ ʨʝʟʫʣʴʪʘʪʽ ʩʧʨʠʷʻ ʟʥʠʞʝʥʥʶ ʩʦʙʽʚʘʨʪʦʩʪʽ ʧʨʦʜʫʢʮʽʾ [16, 79]. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʚʠʤʘʛʘʻ ʥʘʷʚʥʽʩʪʴ 

ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʜʘʥʠʭ [37, 38 78, 79, 305ï307]. ɸʣʝ, ʷʢʱʦ ʩʢʦʨʠʩʪʘʪʠʩʷ 
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ʥʘʢʦʧʠʯʝʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʩʧʦʨʽʜʥʝʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʘʙʦ ʪʘʢʦʛʦ ʩʘʤʦʛʦ 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʟ ʽʥʰʦʛʦ ʨʝʛʽʦʥʫ, ʻ ʤʦʞʣʠʚʽʩʪʴ ʟʜʽʡʩʥʠʪʠ ʥʘʙʣʠʞʝʥʠʡ ʘʜʝʢʚʘʪʥʠʡ 

ʘʥʘʣʽʟ ʜʘʥʠʭ. ʅʘʢʦʧʠʯʝʥʫ ʫ çʦʟʝʨʦ ʜʘʥʠʭè ʽʥʬʦʨʤʘʮʽʶ ʻ ʤʦʞʣʠʚʽʩʪʴ ʩʢʦʨʠʛʫʚʘʪʠ ʪʘ 

ʢʦʥʩʦʣʽʜʫʚʘʪʠ ʫ çʚʽʨʪʫʘʣʴʥʝ ʩʭʦʚʠʱʝ ʜʘʥʠʭè ʟʘ ʥʝʦʙʭʽʜʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ɿ ʦʜʥʦʛʦ 

ʙʦʢʫ, ʮʝ ʻ ʥʝʜʦʣʽʢʦʤ, ʘʜʞʝ ʷʢʱʦ ʷʢ ʚʭʽʜʥʽ ʜʘʥʽ ʧʦʜʘʚʘʪʠ ʧʝʚʥʫ ʢʦʥʩʦʣʽʜʦʚʘʥʫ 

ʽʥʬʦʨʤʘʮʽʶ, ʪʦ ʾʾ ʤʦʞʝ ʙʫʪʠ ʥʝʜʦʩʪʘʪʥʴʦ ʜʣʷ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʽʚ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ 

ʘʥʘʣʽʟʫ ʜʘʥʠʭ. ʉʘʤʝ ʪʘʢʘ ʩʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʠ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʘʙʝʟʧʝʯʠʪʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ, ʘʜʞʝ ʜʝʪʘʣʴʥʘ ʽʥʬʦʨʤʘʮʽʷ ʟʘʚʘʥʪʘʞʫʻʪʴʩʷ ʫ çʦʟʝʨʦ 

ʜʘʥʠʭè, ʘ ʥʝʦʙʭʽʜʥʘ ʽʥʬʦʨʤʘʮʽʷ ʟʙʝʨʽʛʘʻʪʴʩʷ ʫ ʚʽʨʪʫʘʣʴʥʦʤʫ ʘʙʦ ʪʠʤʯʘʩʦʚʦʤʫ 

ʩʭʦʚʠʱʽ ʜʘʥʠʭ, ʘ ʜʣʷ ʢʦʥʢʨʝʪʥʠʭ ʟʘʜʘʯ ʟʘʚʘʥʪʘʞʫʻʪʴʩʷ ʫ ʚʽʜʧʦʚʽʜʥʽ çʚʽʪʨʠʥʠ ʜʘʥʠʭè 

[16, 79].  

ʂʨʽʤ ʪʦʛʦ, ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʨʝʘʣʽʟʫʚʘʪʠ ʥʘ ʾʾ ʙʘʟʽ 

ʝʢʩʧʝʨʪʥʦ-ʤʦʜʝʣʶʶʯʫ ʩʠʩʪʝʤʫ ʨʦʟʨʘʭʫʥʢʫ ʨʝʮʝʧʪʫʨ ʩʢʣʘʜʥʠʭ ʝʢʩʧʝʨʪʥʦ-

ʤʦʜʝʣʶʶʯʠʭ ʩʠʩʪʝʤ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ. ʆʜʥʠʤ ʽʟ ʧʨʠʢʣʘʜʽʚ 

ʪʘʢʦʾ ʝʢʩʧʝʨʪʥʦ-ʤʦʜʝʣʶʶʯʦʾ ʩʠʩʪʝʤʠ ʻ ʩʠʩʪʝʤʘ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʨʝʮʝʧʪʫʨ 

ʤʦʨʦʟʠʚʘ, ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʫ ʨʦʙʦʪʘʭ [15, 21, 299, 300, 308]. 

ɸʨʭʽʪʝʢʪʫʨʘ ʉʇʇʈ ʜʦʟʚʦʣʷʻ ʧʦʙʫʜʫʚʘʪʠ ʥʘ ʾʾ ʙʘʟʽ ʝʢʩʧʝʨʪʥʦ-ʤʦʜʝʣʶʶʯʫ 

ʩʠʩʪʝʤʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʢʦʨʠʛʫʚʘʥʥʷ ʨʝʮʝʧʪʫʨʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʫʩʽʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʭʘʨʯʦʚʠʭ ʩʠʩʪʝʤ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʙʘʟʫ ʟʥʘʥʴ. 

ʗʢʱʦ ʤʦʜʝʣʶʚʘʪʠ ʦʧʪʠʤʘʣʴʥʫ ʨʝʮʝʧʪʫʨʫ ʪʽʣʴʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʜʥʦʛʦ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ, ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʢʩʧʝʨʪʥʦʾ ʩʠʩʪʝʤʠ, ʪʦ ʦʪʨʠʤʘʥʘ 

ʨʝʮʝʧʪʫʨʘ ʥʘʚʨʷʜ ʯʠ ʙʫʜʝ ʧʨʠʜʘʪʥʘ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʦʩʢʽʣʴʢʠ ʥʝ ʙʫʜʫʪʴ ʚʨʘʭʦʚʘʥʽ 

ʯʠʩʣʝʥʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ɽʣʝʤʝʥʪʠ ʝʢʩʧʝʨʪʥʦ-ʤʦʜʝʣʶʶʯʦʾ ʩʠʩʪʝʤʠ ʙʫʣʠ 

ʦʧʠʩʘʥʽ ʚ ʨʦʙʦʪʘʭ [15, 21, 299, 300, 308]. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʝʢʩʧʝʨʪʥʦ-ʤʦʜʝʣʶʶʯʦʾ ʩʠʩʪʝʤʠ ʜʦʟʚʦʣʷʻ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦ 

ʫʧʨʘʚʣʷʪʠ ʷʢʽʩʪʶ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʫ ʚʧʨʦʜʦʚʞ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʡʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ. ʅʘʡʙʽʣʴʰʘ ʟʥʘʯʠʤʽʩʪʴ ʨʦʟʨʦʙʢʠ ʧʦʣʷʛʘʻ ʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʤʫ ʧʽʜʙʦʨʽ 

ʜʣʷ ʟʘʤʽʥʠ ʪʨʘʜʠʮʽʡʥʠʭ ʨʝʮʝʧʪʫʨʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʥʘ ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʽ ʥʘ ʦʩʥʦʚʽ 

ʥʘʪʫʨʘʣʴʥʦʾ ʩʠʨʦʚʠʥʠ [15, 21, 300].  
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ɿʘʩʪʦʩʫʚʘʥʥʷ ʝʢʩʧʝʨʪʥʦ-ʤʦʜʝʣʶʶʯʦʾ ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʫ ̒ ʧʦʢʨʘʱʝʥʥʷ 

ʢʦʤʝʨʮʽʡʥʦʾ ʩʢʣʘʜʦʚʦʾ ʜʽʷʣʴʥʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚ ʟʘ ʨʘʭʫʥʦʢ ʝʢʦʥʦʤʽʾ ʨʦʙʦʯʦʛʦ ʯʘʩʫ ʪʘ 

ʚʠʪʨʘʪ ʥʘ ʩʠʨʦʚʠʥʫ ʽ ʜʦʧʦʤʽʞʥʽ ʤʘʪʝʨʽʘʣʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʝʢʩʧʝʨʪʥʦ-ʤʦʜʝʣʶʶʯʦʾ 

ʩʠʩʪʝʤʠ, ʧʦʙʫʜʦʚʘʥʦʾ ʩʘʤʝ ʥʘ ʦʩʥʦʚʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʟʘʙʝʟʧʝʯʠʪʴ 

ʽʥʪʝʛʨʫʚʘʥʥʷ ʟʥʘʥʴ ʫʯʝʥʠʭ ʨʽʟʥʠʭ ʩʧʝʮʽʘʣʥɹʦʩʪʝʡ, ʘ ʪʘʢʦʞ ʩʢʦʨʦʪʠʪʴ ʚʠʪʨʘʪʠ ʥʘ 

ʩʢʣʘʜʥʽ ʣʘʙʦʨʘʪʦʨʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠ ʧʽʜʙʦʨʽ ʽʥʛʨʝʜʽʻʥʪʽʚ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʥʦʚʠʭ 

ʨʝʮʝʧʪʫʨ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ [15, 300].  

ɼʦ ʤʦʜʫʣʽʚ ɿʇʈ ʚʭʦʜʠʪʴ ʤʦʜʫʣʴ ʬʦʨʤʫʚʘʥʥʷ ʢʘʣʝʥʜʘʨʥʦʛʦ ʧʣʘʥʫ ʚʠʢʦʥʘʥʥʷ 

ʟʘʤʦʚʣʝʥʴ. ʉʝʨʝʜ ʤʦʜʫʣʽʚ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʠʢʠ BSP (Business 

Systems Planning ï ʩʠʩʪʝʤʠ ʦʨʛʘʥʽʟʘʮʽʡʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ) ʪʘ ʚʠʢʦʥʘʥʥʷ ʾʾ 

ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʚ ʽʥʬʦʨʤʘʮʽʡʥʽʡ ʩʠʩʪʝʤʽ ʧʽʜʪʨʠʤʢʠ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʧʨʠ 

ʚʠʨʦʙʥʠʮʪʚʽ ʤʘʢʘʨʦʥʥʠʭ ʚʠʨʦʙʽʚ [5, 18, 39, 40, 43, 46, 47, 49, 51ï53]. 

ʄʦʜʫʣʴ ʬʦʨʤʫʚʘʥʥʷ ʢʘʣʝʥʜʘʨʥʦʛʦ ʧʣʘʥʫ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʧʨʠʟʥʘʯʝʥʠʡ 

ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʚʘʨʽʘʥʪʽʚ ʢʘʣʝʥʜʘʨʥʦʛʦ ʧʣʘʥʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ 

ʢʦʤʙʽʥʦʚʘʥʠʭ ʘʣʛʦʨʠʪʤʽʚ. ʊʘʢʦʞ ʧʝʨʝʜʙʘʯʝʥʘ ʤʦʞʣʠʚʽʩʪʴ ʦʮʽʥʢʠ ʢʦʞʥʦʛʦ ʟ 

ʚʘʨʽʘʥʪʽʚ ʪʘ ʾʭ ʧʦʨʽʚʥʷʥʥʷ, ʚʥʝʩʝʥʥʷ ʢʦʨʝʢʪʠʚʽʚ, ʚʠʟʥʘʯʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

ʇʦʙʫʜʦʚʘʥʠʡ ʪʘ ʦʙʨʘʥʠʡ ʧʣʘʥ ʧʝʨʝʜʘʻʪʴʩʷ ʚ ʝʣʝʢʪʨʦʥʥʦʤʫ ʚʠʛʣʷʜʽ ʜʦ ʨʦʟʛʣʷʜʫ 

ʚʽʜʧʦʚʽʜʘʣʴʥʠʤ ʦʩʦʙʘʤ, ʘ ʧʽʩʣʷ ʟʘʪʚʝʨʜʞʝʥʥʷ ʟʘʧʠʩʫʻʪʴʩʷ ʜʦ ʙʘʟ ʜʘʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ, ʷʢʽ ʜʽʶʪʴ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ [18, 39, 40, 43, 46, 47, 49, 51ï53]. 

ʄʦʜʫʣʴ ʧʽʜʪʨʠʤʢʠ ʬʫʥʢʮʽʡ ʫʧʨʘʚʣʽʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʥʘʜʘʥʥʷ ʧʦʚʥʦʾ ʪʘ 

ʘʢʪʫʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ, ʜʦʪʨʠʤʘʥʥʷ ʪʝʨʤʽʥʽʚ ʢʘʣʝʥʜʘʨʥʦʛʦ 

ʧʣʘʥʫ, ʨʫʭ ʨʝʩʫʨʩʽʚ ʪʘ ʤʘʪʝʨʽʘʣʽʚ ʪʦʱʦ. ʎʝʡ ʤʦʜʫʣʴ ʨʝʘʣʽʟʫʻ ʬʦʨʤʫʚʘʥʥʷ ʟʚʽʪʥʦʾ 

ʜʦʢʫʤʝʥʪʘʮʽʾ, ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʾ ʩʪʚʦʨʝʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʚʠʜʽʚ ʟʚʽʪʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ ʫ 

ʦʙʨʘʥʠʭ ʢʦʨʠʩʪʫʚʘʯʝʤ ʬʦʨʤʘʭ ʪʘ ʧʨʝʜʩʪʘʚʣʝʥʥʷʭ [18, 39, 40, 49, 51ï53].  

ʈʦʟʨʦʙʣʝʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʛʽʙʨʠʜʥʦʾ web-ʦʨʽʻʥʪʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʷʢʘ ʨʝʘʣʽʟʫʻ ʟʘʧʨʦʧʦʥʦʚʘʥʫ ʽʥʬʦʨʤʘʮʽʡʥʫ ʪʝʭʥʦʣʦʛʽʶ ʥʘ ʦʩʥʦʚʽ 

ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʘʣʛʦʨʠʪʤʽʚ, ʙʘʟʫʻʪʴʩʷ ʥʘ ʛʥʫʯʢʽʡ ʽʥʪʝʛʨʘʮʽʾ ʚ çʦʟʝʨʽ 

ʜʘʥʠʭè ʽʥʬʦʨʤʘʮʽʾ ʽʟ ʨʽʟʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʜʞʝʨʝʣ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʘʨʭʽʪʝʢʪʫʨʘ 

ʧʦʻʜʥʫʻ ʜʝʢʽʣʴʢʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ ʥʘʧʨʘʚʣʝʥʽ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʪʝʭʥʽʢʦ-

ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʽʜʧʨʠʻʤʩʪʚʘ ʟʘ ʨʘʭʫʥʦʢ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ 
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ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʧʣʘʥʫ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ 

ʘʨʭʽʪʝʢʪʫʨʘ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʠʪʴ: ʦʧʝʨʘʪʠʚʥʝ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʛʥʫʯʢʽʩʪʴ ʧʨʠ ʟʤʽʥʽ 

ʧʣʘʥʽʚ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ; ʟʥʘʯʥʦ ʟʤʝʥʰʠʪʴ ʚʠʪʨʘʪʠ ʯʘʩʫ ʥʘ ʟʙʽʨ ʜʘʥʠʭ ʪʘ 

ʧʽʜʛʦʪʦʚʢʫ ʽʥʬʦʨʤʘʮʽʾ; ʤʦʞʣʠʚʽʩʪʴ ʰʚʠʜʢʦʛʦ ʧʨʠʩʪʦʩʫʚʘʥʥʷ ʜʦ ʧʦʪʦʯʥʦʾ ʩʠʪʫʘʮʽʾ ʪʘ 

ʚʥʝʩʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʟʤʽʥ ʜʦ ʧʣʘʥʽʚ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ. 

 

 

5.2 ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʧʽʜʭʦʜʽʚ ʨʦʟʨʦʙʢʠ ʉʇʇʈ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʨʝʬʘʢʪʦʨʠʥʛʫ  

 

 

ʉʫʯʘʩʥʘ ʪʝʦʨʽʷ ʽ ʧʨʘʢʪʠʢʘ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʝʬʝʢʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ ʜʽʷʣʴʥʽʩʪʶ 

ʧʽʜʧʨʠʻʤʩʪʚ ʤʘʻ ʙʫʪʠ ʟʘʩʥʦʚʘʥʦ ʥʘ ʧʦʩʪʽʡʥʦʤʫ ʚʜʦʩʢʦʥʘʣʝʥʥʽ ʉʇʇʈ ʪʘ ʡʦʛʦ 

ʢʦʤʧʦʥʝʥʪʽʚ. ʋ ʩʚʦʶ ʯʝʨʛʫ, ʨʦʟʨʦʙʢʘ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ 

 ̒ʩʢʣʘʜʥʠʤ ʧʨʦʮʝʩʦʤ, ʱʦ ʪʨʠʚʘʻ ʚʽʜ ʜʝʢʽʣʴʢʦʭ ʤʽʩʷʮʽʚ ʜʦ ʜʝʢʽʣʴʢʦʭ ʨʦʢʽʚ. ʋʩʧʽʭ 

ʧʨʦʻʢʪʫ ʧʦ ʨʦʟʨʦʙʮʽ ʽ ʚʧʨʦʚʘʜʞʝʥʥʶ ʙʫʜʴ-ʷʢʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʙʘʛʘʪʦ ʚ ʯʦʤʫ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʛʦʪʦʚʥʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʜʦ ʚʝʜʝʥʥʷ ʧʨʦʻʢʪʫ, ʦʩʦʙʠʩʪʦʾ ʟʘʮʽʢʘʚʣʝʥʦʩʪʽ 

ʪʦʧ-ʤʝʥʝʜʞʝʨʽʚ, ʨʝʘʣʴʥʦʾ ʧʨʦʛʨʘʤʠ ʜʽʡ, ʥʘʷʚʥʦʩʪʽ ʨʝʩʫʨʩʽʚ, ʥʘʚʯʝʥʦʛʦ ʧʝʨʩʦʥʘʣʫ, 

ʟʜʘʪʥʦʩʪʽ ʜʦ ʧʦʜʦʣʘʥʥʷ ʦʧʦʨʫ, ʱʦ ʩʢʣʘʚʩʷ ʥʘ ʚʩʽʭ ʨʽʚʥʷʭ ʦʨʛʘʥʽʟʘʮʽʾ [309, 310]. 

ʋ ʮʽʡ ʩʠʪʫʘʮʽʾ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʠʤ ʩʪʘʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʧʽʨʘʣʴʥʦʾ ʤʦʜʝʣʽ 

ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʟ ʚʠʟʥʘʯʝʥʠʤ ʤʽʩʮʝʤ ʨʝʬʘʢʪʦʨʠʥʛʫ [20, 311]. ʅʘ ʢʦʞʥʽʡ ʽʪʝʨʘʮʽʾ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʫʪʦʯʥʝʥʥʷ ʟʘʜʘʯ ʪʘ ʚʠʤʦʛ ʜʦ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ, 

ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʽʩʥʠʭ ʪʘ ʷʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ ʧʣʘʥʫʚʘʥʥʷ ʟʘʚʜʘʥʥʷ ʥʘ 

ʥʘʩʪʫʧʥʫ ʽʪʝʨʘʮʽʶ. ʂʦʞʥʘ ʽʪʝʨʘʮʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʠʟʥʘʯʝʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʦʧʝʨʘʮʽʡ. 

ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʢʦʞʥʦʾ ʽʪʝʨʘʮʽʾ ʨʦʟʨʦʙʥʠʢʠ ʦʪʨʠʤʫʶʪʴ ʟʚʦʨʦʪʥʽʡ ʟʚôʷʟʦʢ ʚʽʜ 

ʟʘʤʦʚʥʠʢʘ ʧʨʦ ʥʦʚʫ ʚʝʨʩʽ ʁʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʟ ʥʦʚʠʤ ʬʫʥʢʮʽʦʥʘʣʦʤ. ʇʽʩʣʷ 

ʢʦʞʥʦʾ ʽʪʝʨʘʮʽʾ ʧʨʦʻʢʪ ʩʪʘʻ ʩʢʣʘʜʥʽʰʠʤ ʟʘ ʨʘʭʫʥʦʢ ʩʪʚʦʨʝʥʥʷ ʥʦʚʦʛʦ ʬʫʥʢʮʽʦʥʘʣʫ ʪʘ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʽʩʥʫʶʯʠʭ ʬʫʥʢʮʽʡ ʥʘ ʦʩʥʦʚʽ ʜʝʪʘʣʽʟʘʮʽ ʾ ʚʠʤʦʛ ʪʘ ʟʘʫʚʘʞʝʥʴ ʚʽʜ 

ʟʘʤʦʚʥʠʢʘ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʮʽʻʾ ʤʦʜʝʣʽ ʜʦʮʽʣʴʥʦ ʧʨʠ ʨʦʟʨʦʙʮʽ ʩʠʩʪʝʤ ʟ̔ ʚʠʩʦʢʠʤ 

ʨʽʚʥʝʤ ʤʦʞʣʠʚʠʭ ʨʠʟʠʢʽʚ ʪʘ ʫ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʥʝʚʽʜʦʤʠʡ ʢʦʥʢʨʝʪʥʠʡ ʧʝʨʝʣʽʢ ʚʠʤʦʛ 
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ʜʦ ʢʽʥʮʝʚʦʛʦ ʧʨʦʜʫʢʪʫ ʘʙʦ ʮʽ ʚʠʤʦʛʠ ʜʦʚʦʣʽ ʩʢʣʘʜʥʽ. ʉʧʽʨʘʣʴʥʘ ʤʦʜʝʣʴ ʧʦʜʽʣʷʻʪʴʩʷ 

ʥʘ ʯʦʪʠʨʠ ʢʚʘʜʨʘʥʪʠ, ʚ ʢʦʞʝʥ ʟ̔ ʷʢʠʭ ʚʭʦʜʷʪʴ ʦʩʥʦʚʥʽ ʪʘ ʜʦʧʦʤʽʞʥʽ ʜʽʾ ʧʦ ʨʦʟʨʦʙʮʽ 

ʩʠʩʪʝʤʠ.  

ʅʘ ʢʦʞʥʽʡ ʽʪʝʨʘʮʽʾ ʚʠʥʠʢʘʻ ʪʘʢ ʟʚʘʥʠʡ çʪʝʭʥʽʯʥʠʡ ʙʦʨʛè, ʷʢʠʡ ʚʧʣʠʚʘʻ ʥʘ 

ʜʦʩʪʫʧʥʽʩʪʴ ʩʧʨʠʡʥʷʪʪʷ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʜʫ ʨʦʟʨʦʙʥʠʢʘʤʠ, ʧʽʜʚʠʱʝʥʥʷ 

ʚʽʜʤʦʚʦʩʪʽʡʢʦʩʪʽ ʧʨʦʻʢʪʫ ʚ ʮʽʣʦʤʫ [311].  

çʊʝʭʥʽʯʥʠʡ ʙʦʨʛè ï ʮʝ ʤʝʪʘʬʦʨʘ ʧʨʦʛʨʘʤʥʦʾ ʽʥʞʝʥʝʨʽʾ, ʱʦ ʧʦʟʥʘʯʘʻ 

ʥʘʢʦʧʠʯʝʥʽ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʢʦʜʽ ʘʙʦ ʘʨʭʽʪʝʢʪʫʨʽ ʧʨʦʙʣʝʤʠ, ʧʦʚ'ʷʟʘʥʽ ʟ 

ʥʝʜʦʪʨʠʤʘʥʥʷʤ ʚʠʤʦʛ ʜʦ ʷʢʦʩʪʽ ʧʨʠ ʨʦʟʨʦʙʮʽ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. ʇʨʠ 

ʧʦʜʘʣʴʰʦʤʫ ʫʜʦʩʢʦʥʘʣʝʥʥʽ ʯʠ ʤʦʜʝʨʥʽʟʘʮʽʾ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ ʟʫʤʦʚʣʶʶʪʴ 

ʜʦʜʘʪʢʦʚʽ ʚʠʪʨʘʪʠ ʯʘʩʫ ʥʘ ʫʩʫʥʝʥʥʷ çʪʝʭʥʽʯʥʦʛʦ ʙʦʨʛʫè. çʊʝʭʥʽʯʥʠʡ ʙʦʨʛè ʟʘʟʚʠʯʘʡ 

ʥʝʧʦʤʽʪʥʠʡ ʜʣʷ ʢʽʥʮʝʚʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʧʨʦʜʫʢʪʫ, ʧʦʚ'ʷʟʘʥʠʡ ʟ ʥʝʜʦʣʽʢʘʤʠ ʱʦʜʦ 

ʩʫʧʨʦʚʦʜʞʝʥʥʷ, ʪʝʩʪʫʚʘʥʥʷ, ʤʦʜʠʬʽʢʘʮʽʾ. ʇʨʠ ʽʛʥʦʨʫʚʘʥʥʽ ʪʘ ʥʝʚʯʘʩʥʦʤʫ ʫʩʫʥʝʥʥʽ 

çʪʝʭʥʽʯʥʦʛʦ ʙʦʨʛʫè ʟʨʦʩʪʘʶʪʴ ʚʠʪʨʘʪʠ ʯʘʩʫ ʥʘ ʡʦʛʦ ʫʩʫʥʝʥʥʷ ʚ ʧʦʜʘʣʴʰʦʤʫ. 

ɿʙʽʣʴʰʝʥʥʷ çʪʝʭʥʽʯʥʦʛʦ ʙʦʨʛʫè, ʷʢ ʧʨʘʚʠʣʦ, ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʤʘʡʙʫʪʥʽʡ 

ʨʦʟʚʠʪʦʢ ʧʨʦʻʢʪʫ. ɿʙʽʣʴʰʝʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʙʦʨʛʫ ʤʦʞʝ ʙʫʪʠ ʩʚʽʜʦʤʠʤ ʢʦʤʧʨʦʤʽʩʥʠʤ 

ʨʽʰʝʥʥʷʤ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʦʙʩʪʘʚʠʥ, ʱʦ ʩʢʣʘʣʠʩʷ [312ï314]. 

ɼʣʷ ʫʩʫʥʝʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʙʦʨʛʫ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʨʝʬʘʢʪʦʨʠʥʛ, ʦʧʝʨʘʮʽʾ ʷʢʦʛʦ 

ʧʦʜʽʣʝʥʽ ʥʘ ʢʘʪʝʛʦʨʽʾ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʤʝʪʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʝʬʘʢʪʦʨʠʥʛʫ. ʈʦʟʫʤʽʥʥʷ ʮʠʭ 

ʢʘʪʝʛʦʨʽʡ ʚʘʞʣʠʚʝ ʜʣʷ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʧʨʦʚʝʜʝʥʥʷ ʨʝʬʘʢʪʦʨʠʥʛʫ [24, 311].  

ʈʝʬʘʢʪʦʨʠʥʛ ʩʣʽʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʜʝʢʽʣʴʢʦʭ ʮʽʣʝʡ [529, 315ï317]: 

Å ʨʝʬʘʢʪʦʨʠʥʛ ʧʦʢʨʘʱʫʻ ʢʦʤʧʦʟʠʮʽʶ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ; 

Å ʨʝʬʘʢʪʦʨʠʥʛ ʧʦʣʝʛʰʫʻ ʨʦʟʫʤʽʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ; 

Å ʨʝʬʘʢʪʦʨʠʥʛ ʜʦʧʦʤʘʛʘʻ ʟʥʘʡʪʠ ʧʦʤʠʣʢʠ; 

Å ʨʝʬʘʢʪʦʨʠʥʛ ʧʨʠʰʚʠʜʰʫʻ ʩʪʚʦʨʝʥʥʷ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʬʘʢʪʦʨʠʥʛʫ ʦʙˇʨʫʥʪʦʚʘʥʦ ʚ ʨʦʙʦʪʘʭ [17, 20, 

24, 25, 29], ʚ ʷʢʠʭ ʘʚʪʦʨ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʚ ʩʧʽʚʘʪʦʨʦʤ, ʘ ʨʦʙʦʪʠ [311, 

315ï328] ʩʪʘʣʠ ʙʘʟʦʚʠʤʠ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʬʘʢʪʦʨʠʥʛʫ. 

ʋ ʨʦʙʦʪʽ [315] ʘʚʪʦʨ ʨʦʟʜʽʣʠʚ ʤʝʪʦʜʠ ʨʝʬʘʢʪʦʨʠʥʛʫ ʥʘ ʰʽʩʪʴ ʦʩʥʦʚʥʠʭ 

ʢʘʪʝʛʦʨʽʡ: ʩʢʣʘʜʘʥʥʷ ʤʝʪʦʜʽʚ, ʧʝʨʝʤʽʱʝʥʥʷ ʬʫʥʢʮʽʡ ʤʽʞ ʦʙ'ʻʢʪʘʤʠ, ʦʨʛʘʥʽʟʘʮʽʷ 
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ʜʘʥʠʭ, ʩʧʨʦʱʝʥʥʷ ʫʤʦʚʥʠʭ ʚʠʨʘʟʽʚ, ʩʧʨʦʱʝʥʥʷ ʚʠʢʣʠʢʽʚ ʤʝʪʦʜʽʚ, ʨʽʰʝʥʥʷ ʟʘʜʘʯ 

ʫʟʘʛʘʣʴʥʝʥʥʷ.  

ʋ ʨʦʙʦʪʘʭ ʚʠʜʽʣʷʻʪʴʩʷ ʰʽʩʪʴ ʢʘʪʝʛʦʨʽʡ ʨʝʬʘʢʪʦʨʠʥʛʫ ʙʘʟ ʜʘʥʠʭ [316, 317]: 

ʢʘʪʝʛʦʨʽʷ ʨʝʬʘʢʪʦʨʠʥʛ ʩʪʨʫʢʪʫʨʠ, ʢʘʪʝʛʦʨʽʷ ʨʝʬʘʢʪʦʨʠʥʛ ʷʢʦʩʪʽ ʜʘʥʠʭ, ʢʘʪʝʛʦʨʽʷ 

ʨʝʬʘʢʪʦʨʠʥʛ ʧʦʩʠʣʘʣʴʥʦʾ ʮʽʣʽʩʥʦʩʪʽ, ʢʘʪʝʛʦʨʽʷ ʨʝʬʘʢʪʦʨʠʥʛ ʘʨʭʽʪʝʢʪʫʨʠ, ʢʘʪʝʛʦʨʽʷ 

ʨʝʬʘʢʪʦʨʠʥʛ ʤʝʪʦʜʽʚ, ʟʤʽʥʠ, ʷʢʽ ʥʝ ʚʭʦʜʷʪʴ ʜʦ ʦʧʝʨʘʮʽʡ ʨʝʬʘʢʪʦʨʠʥʛʫ. 

ʋ ʨʦʙʦʪʘʭ [311, 317] ʧʨʦʧʦʥʫʪ̒ʩɹ ̫ ʧʝʨʝʜ ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʧʝʚʥʦʾ ʦʧʝʨʘʮʽʾ 

ʨʝʬʘʢʪʦʨʠʥʛʫ ʚʽʜʧʦʚʽʩʪʠ ʥʘ ʪʨʠ ʟʘʧʠʪʘʥʥʷ: 

1. ʏʠ ʤʘʻ ʩʝʥʩ ʧʨʦʚʝʜʝʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʦʧʝʨʘʮʽʾ ʨʝʬʘʢʪʦʨʠʥʛʫ? 

2. ʏʠ ʧʦʚʠʥʥʽ ʟʤʽʥʠ ʚʠʢʦʥʫʚʘʪʠʩʷ ʥʝʚʽʜʢʣʘʜʥʦ?  

3. ʏʠ ʚʠʧʨʘʚʜʦʚʫʻ ʨʝʟʫʣʴʪʘʪ ʚʠʪʨʘʯʝʥʽ ʟʫʩʠʣʣʷ? 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʨʝʬʘʢʪʦʨʠʥʛʫ ʥʝʦʙʭʽʜʥʦ ʢʝʨʫʚʘʪʠʩʷ ʧʽʜʭʦʜʦʤ, ʱʦ ʙʘʟʫʻʪʴʩʷ 

ʥʘ ʧʝʨʰʦʯʝʨʛʦʚʦʤʫ ʪʝʩʪʫʚʘʥʥʽ. ɺʽʥ ʜʦʟʚʦʣʷʻ ʟʙʽʣʴʰʠʪʠ ʰʘʥʩʠ ʟʥʘʭʦʜʞʝʥʥʷ ʙʫʜʴ-

ʷʢʠʭ ʧʦʨʫʰʝʥʴ ʫ ʨʦʙʦʪʽ, ʱʦ ʻ ʥʘʩʣʽʜʢʦʤ ʧʨʦʚʝʜʝʥʥʷ ʨʝʬʘʢʪʦʨʠʥʛʫ. ʈʝʬʘʢʪʦʨʠʥʛ 

ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʜʫ ʥʘʧʨʘʚʣʝʥʠʡ ʥʘ ʟʤʽʥʫ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʜʫ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʛʥʫʯʢʦʾ 

ʤʦʜʝʨʥʽʟʘʮʽʾ ʚ ʧʨʦʮʝʩʽ ʨʦʟʰʠʨʝʥʥʷ ʧʨʦʻʢʪʫ ʥʦʚʠʤʠ ʬʫʥʢʮʽʷʤʠ ʪʘ ʧʨʦʛʨʘʤʥʠʤʠ 

ʤʦʜʫʣʷʤʠ ʙʝʟ ʟʤʽʥʠ ʥʘʷʚʥʦʛʦ ʩʝʤʘʥʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʜʫ [17, 20, 

311]. 

ʗʢʱʦ ʥʝʦʙʭʽʜʥʦ ʟʜʽʡʩʥʠʪʠ ʟʤʽʥʠ ʚ ʩʪʨʫʢʪʫʨʽ ʩʭʦʚʠʱʘ ʜʘʥʠʭ ʘʙʦ ʙʘʟʠ ʟʥʘʥʴ ʯʠ 

ʙʘʟʠ ʜʘʥʠʭ, ʥʝʦʙʭʽʜʥʦ ʧʘʤôʷʪʘʪʠ, ʱʦ ʟʤʽʥʠ ʚ ʾʭ ʩʪʨʫʢʪʫʨʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʫʩʽ 

ʢʦʤʧʦʥʝʥʪʠ ʩʠʩʪʝʤʠ. ʇʽʩʣʷ ʚʥʝʩʝʥʥʷ ʟʤʽʥ ʜʦ ʩʪʨʫʢʪʫʨʠ ʥʝʦʙʭʽʜʥʦ ʦʥʦʚʠʪʠ ʚʩʽ 

ʟʦʚʥʽʰʥʽ ʧʨʦʛʨʘʤʠ, ʱʦ ʤʘʶʪʴ ʜʦʩʪʫʧ ʜʦ ʝʣʝʤʝʥʪʽʚ ʩʪʨʫʢʪʫʨʠ. ɺʩʷ ʨʦʙʦʪʘ ʤʘʻ ʙʫʪʠ 

ʦʨʛʘʥʽʟʦʚʘʥʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʚʝʨʩʽʷʤʠ. ʇʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʨʝʬʘʢʪʦʨʠʥʛʫ ʫ ʚʠʨʦʙʥʠʯʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʥʝʦʙʭʽʜʥʦ ʧʦʚʽʜʦʤʠʪʠ ʧʨʦ ʮʝ ʫʩʽʭ, ʭʪʦ 

ʧʨʘʮʶʻ ʥʘʜ ʧʨʦʻʢʪʦʤ, ʘ ʪʘʢʦʞ ʫʩʽʭ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʢʦʤʧʘʥʽʡ, ʷʢʽ ʻ ʘʜʤʽʥʽʩʪʨʘʪʦʨʘʤʠ 

ʉʇʇʈ [17, 20, 24, 41, 311]. 

ʇʦʪʦʯʥʫ ʚʝʨʩʽʶ ʉʇʇʈ DSSv ʦʧʠʰʝʤʦ ʫ ʚʠʛʣʷʜʽ ʤʥʦʞʠʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (5.1): 

 

{ } {}{ }{ }perdspwrtrtDMDWetlperkspwrtrtKDpmfDSSv ,,,,,,,,,,,,,,,,, ,     (5.1) 
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ʜʝ v ï ʚʝʨʩʽʷ ʩʠʩʪʝʤʠ; 

    f ï ʤʥʦʞʠʥʘ ʬʫʥʢʮʽʡ ʩʠʩʪʝʤʠ; 

   pm ï ʤʥʦʞʠʥʘ ʧʨʦʛʨʘʤʥʠʭ ʤʦʜʫʣʽʚ; 

   etl ï ʤʥʦʞʠʥʘ ʧʨʦʛʨʘʤʥʠʭ ʤʦʜʫʣʽʚ ʜʣʷ ʦʪʨʠʤʘʥʥʷ, ʦʯʠʱʝʥʥʷ, ʧʝʨʝʪʚʦʨʝʥʥʷ, 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʜʘʥʠʭ ʫ ʩʭʦʚʠʱʝ ʜʘʥʠʭ ʪʘ çʦʟʝʨʦ ʜʘʥʠʭè; 

   KD ï ʙʘʟʘ ʟʥʘʥʴ; 

   DW ï ʩʭʦʚʠʱʝ ʜʘʥʠʭ;  

   Dʄ ï çʚʽʪʨʠʥʠ ʜʘʥʠʭè, ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʝʚʥʦʛʦ ʢʦʣʘ ʟʘʜʘʯ. 

ɹʘʟʘ ʟʥʘʥʴ, ʩʭʦʚʠʱʝ ʜʘʥʠʭ ʪʘ çʚʽʪʨʠʥʘ ʜʘʥʠʭè ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʪʘʢʠʭ ʝʣʝʤʝʥʪʽʚ: 

t ï ʤʥʦʞʠʥʘ ʪʘʙʣʠʮʴ;  

tr ï ʤʥʦʞʠʥʘ ʪʨʠʛʝʨʽʚ;  

r ï ʤʥʦʞʠʥʘ ʟʚôʷʟʢʽʚ ʤʽʞ ʪʘʙʣʠʮʷʤʠ; 

w ï ʤʥʦʞʠʥʘ ʧʨʝʜʩʪʘʚʣʝʥʴ; 

sp ï ʤʥʦʞʠʥʘ ʟʙʝʨʝʞʫʚʘʥʠʭ ʧʨʦʮʝʜʫʨ ʪʘ ʬʫʥʢʮʽʡ; 

d ï ʤʥʦʞʠʥʘ ʜʘʥʠʭ, ʷʢʽ ʟʙʝʨʽʛʘʶʪʴʩʷ ʫ ʩʭʦʚʠʱʽ ʘʙʦ çʚʽʪʨʠʥʽ ʜʘʥʠʭè; 

per ï ʤʥʦʞʠʥʘ ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ ʧʨʘʚ ʜʦʩʪʫʧʫ. 

ʌʦʨʤʘʣʽʟʦʚʘʥʠʡ ʧʨʦʮʝʩ ʧʦʚʥʦʛʦ ʨʝʬʘʢʪʦʨʠʥʛʫ ʧʨʝʜʩʪʘʚʠʤʦ ʚʠʨʘʟʦʤ (5.2): 

 

{} {}vn

ʛʨʝʬʘʢʪʦʨʠʥ

v DSSDSS ½½½½ ­½ ,                                    (5.2) 

 

ʜʝ DSSvn{é} ï ʉʇʇʈ ʧʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʨʝʬʘʢʪʦʨʠʥʛʫ ʟ ʥʦʤʝʨʦʤ ʚʝʨʩʽʾ vn. 

ʇʨʦʮʝʩ ʧʨʦʚʝʜʝʥʥʷ ʨʝʬʘʢʪʦʨʠʥʛʫ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 5.2. 

 

vDSS  { } {}{ }perdspwrtrtDMDWperkspwrtrtKDpmf ,,,,,,,,,,,,,,,,  

 

 

vnDSS  { } {}{ }rpedpswrrttMDWDrpekpswrrttDKmpf ¡¡¡¡¡¡¡¡¡¡¡¡¡¡¡¡ ,,,,,,,,,,,,,,,,  

ʈʠʩʫʥʦʢ 5.2 ï ʇʨʦʮʝʩ ʧʦʚʥʦʛʦ ʨʝʬʘʢʪʦʨʠʥʛʫ 

 

ʈʝʬʘʢʪʦʨʠʥʛ 
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ʆʩʢʽʣʴʢʠ ʷʢ ʨʝʬʘʢʪʦʨʠʥʛ ʢʦʜʫ ʧʦʣʷʛʘʻ ʚ ʟʤʽʥʽ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʜʫ ʙʝʟ ʟʤʽʥʠ 

ʡʦʛʦ ʩʝʤʘʥʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʟ ʤʝʪʦʶ ʧʦʢʨʘʱʝʥʥʷ ʯʠʪʘʥʥʷ ʪʘ ʨʦʟʫʤʽʥʥʷ 

ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʜʫ ʨʦʟʨʦʙʥʠʢʦʤ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʧʨʝʜʩʪʘʚʠʤʦ ʡʦʛʦ 

ʚʠʨʘʟʦʤ (5.3): 

 

{} {}vn

ʢʦʜʫʦʧʨʦʛʨʘʤʥʦʛ
ʛʨʝʬʘʢʪʦʨʠʥ

v DSSDSS ½½½½½ ­½ ,                              (5.3) 

 

ʜʝ { } {}{ }{ }perdspwrtrtDMDWletperkspwrtrtKDmpfDSSvn ,,,,,,,,,,,,,,,,, ¡¡  ï 

ʉʇʇʈ ʧʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʨʝʬʘʢʪʦʨʠʥʛʫ ʢʦʜʫ; 

     v ï ʧʦʯʘʪʢʦʚʘ ʚʝʨʩʽʷ ʩʠʩʪʝʤʠ; 

     vn ï ʚʝʨʩʽʷ ʩʠʩʪʝʤʠ, ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʟʤʽʥʠ ʧʽʩʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʜʦʧʦʚʥʝʥʥʷ, 

ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʧʨʦʚʝʜʝʥʥʷ ʨʝʬʘʢʪʦʨʠʥʛʫ; 

    f ï ʤʥʦʞʠʥʘ ʬʫʥʢʮʽʡ ʩʠʩʪʝʤʠ, ʷʢʘ ʚ ʞʦʜʥʦʤʫ ʨʘʟʽ ʥʝ ʤʦʞʝ ʙʫʪʠ ʟʤʽʥʝʥʘ, 

ʘʜʞʝ ʮʝ ʩʫʧʝʨʝʯʠʪʴ ʚʠʟʥʘʯʝʥʥʶ ʨʝʬʘʢʪʦʨʠʥʛʫ; 

   pmô ï ʤʥʦʞʠʥʘ ʧʨʦʛʨʘʤʥʠʭ ʤʦʜʫʣʽʚ ʟ̔ ʚʧʨʦʚʘʜʞʝʥʠʤ ʜʦʧʦʚʥʝʥʥʷʤ, ʱʦ 

ʧʝʨʝʜʙʘʯʘʻ ʧʨʦʚʝʜʝʥʥʷ ʨʝʬʘʢʪʦʨʠʥʛʫ ʢʦʜʫ; 

  etlô ï ʤʥʦʞʠʥʘ ʧʨʦʛʨʘʤʥʠʭ ʤʦʜʫʣʽʚ ʜʣʷ ʦʪʨʠʤʘʥʥʷ, ʦʯʠʱʝʥʥʷ, ʧʝʨʝʪʚʦʨʝʥʥʷ, 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʜʘʥʠʭ ʫ ʩʭʦʚʠʱʝ ʜʘʥʠʭ ʪʘ çʦʟʝʨʦ ʜʘʥʠʭè ʟ̔ ʚʧʨʦʚʘʜʞʝʥʠʤ 

ʜʦʧʦʚʥʝʥʥʷʤ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʧʨʦʚʝʜʝʥʥʷ ʨʝʬʘʢʪʦʨʠʥʛʫ ʢʦʜʫ; 

KD ï ʙʘʟʘ ʟʥʘʥʴ; 

DW ï ʩʭʦʚʠʱʝ ʜʘʥʠʭ;  

Dʄ ï çʚʽʪʨʠʥʠ ʜʘʥʠʭè, ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʝʚʥʦʛʦ ʢʦʣʘ ʟʘʜʘʯ. 

ɹʘʟʘ ʟʥʘʥʴ, ʩʭʦʚʠʱʝ ʜʘʥʠʭ ʪʘ çʚʽʪʨʠʥʘ ʜʘʥʠʭè ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʪʘʢʠʭ ʝʣʝʤʝʥʪʽʚ: 

t ï ʤʥʦʞʠʥʘ ʪʘʙʣʠʮʴ;  

tr ï ʤʥʦʞʠʥʘ ʪʨʠʛʝʨʽʚ;  

r ï ʤʥʦʞʠʥʘ ʟʚôʷʟʢʽʚ ʤʽʞ ʪʘʙʣʠʮʷʤʠ; 

w ï ʤʥʦʞʠʥʘ ʧʨʝʜʩʪʘʚʣʝʥʴ; 

sp ï ʤʥʦʞʠʥʘ ʟʙʝʨʝʞʫʚʘʥʠʭ ʧʨʦʮʝʜʫʨ ʪʘ ʬʫʥʢʮʽʡ; 

d ï ʤʥʦʞʠʥʘ ʜʘʥʠʭ, ʷʢʽ ʟʙʝʨʽʛʘʶʪʴʩʷ ʫ ʩʭʦʚʠʱʽ ʘʙʦ çʚʽʪʨʠʥʽ ʜʘʥʠʭè; 
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per ï ʤʥʦʞʠʥʘ ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ ʧʨʘʚ ʜʦʩʪʫʧʫ. 

ʋ ʩʚʦʶ ʯʝʨʛʫ, ʨʝʬʘʢʪʦʨʠʥʛ ʙʘʟʠ ʟʥʘʥʴ ï ʮʝ ʟʤʽʥʘ ʩʪʨʫʢʪʫʨʥʦʾ ʩʭʝʤʠ ʙʘʟʠ ʟʥʘʥʴ 

ʟ̔ ʤʝʪʦʶ ʧʦʢʨʘʱʝʥʥʷ ʨʦʙʦʪʠ ʫʩʽʻʾ ʉʇʇʈ. ʈʝʬʘʢʪʦʨʠʥʛ ʙʘʟʠ ʟʥʘʥʴ ʦʧʠʩʫʻʪʴʩʷ 

ʚʠʨʘʟʦʤ (5.4): 

 

{} {}vn

ʟʥʘʥʴʙʘʟʠ
ʛʨʝʬʘʢʪʦʨʠʥ

v DSSDSS ½½½½ ­½ ,                                    (5.4) 

 

ʜʝ { } {}{ }{ }perdspwrtrtDMDWetlrpekpswrrttDKmpfDSSvn ,,,,,,,,,,,,,,,,, ¡¡¡¡¡¡¡¡  ï 

ʉʇʇʈ ʧʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʨʝʬʘʢʪʦʨʠʥʛʫ ʙʘʟʠ ʟʥʘʥʴ; 

      v ï ʧʦʯʘʪʢʦʚʘ ʚʝʨʩʽʷ ʩʠʩʪʝʤʠ; 

     vn ï ʚʝʨʩʽʷ ʩʠʩʪʝʤʠ, ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʟʤʽʥʠ ʧʽʩʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʜʦʧʦʚʥʝʥʥʷ, 

ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʧʨʦʚʝʜʝʥʥʷ ʨʝʬʘʢʪʦʨʠʥʛʫ; 

     f ï ʤʥʦʞʠʥʘ ʬʫʥʢʮʽʡ ʩʠʩʪʝʤʠ, ʷʢʘ ʚ ʞʦʜʥʦʤʫ ʨʘʟʽ ʥʝ ʤʦʞʝ ʙʫʪʠ ʟʤʽʥʝʥʘ, 

ʘʜʞʝ ʮʝ ʩʫʧʝʨʝʯʠʪʴ ʚʠʟʥʘʯʝʥʥʶ ʨʝʬʘʢʪʦʨʠʥʛʫ; 

    pmô ï ʤʥʦʞʠʥʘ ʧʨʦʛʨʘʤʥʠʭ ʤʦʜʫʣʽʚ ʟ̔ ʚʧʨʦʚʘʜʞʝʥʠʤ ʜʦʧʦʚʥʝʥʥʷʤ, ʱʦ 

ʧʝʨʝʜʙʘʯʘʻ ʧʨʦʚʝʜʝʥʥʷ ʨʝʬʘʢʪʦʨʠʥʛʫ ʢʦʜʫ, ʘʜʞʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʤʽʥ ʜʦ ʤʥʦʞʠʥʠ 

ʝʣʝʤʝʥʪʽʚ ʙʘʟʠ ʟʥʘʥʴ ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʤʽʥ ʜʦ ʤʥʦʞʠʥʠ ʧʨʦʛʨʘʤʥʠʭ 

ʤʦʜʫʣʽʚ ʯʝʨʝʟ ʟʘʣʝʞʥʽʩʪʴ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʜʫ ʚʽʜ ʩʪʨʫʢʪʫʨʠ ʙʘʟʠ ʟʥʘʥʴ; 

   KD ï ʤʥʦʞʠʥʘ ʝʣʝʤʝʥʪʽʚ ʙʘʟʠ ʟʥʘʥʴ ʧʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʨʝʬʘʢʪʦʨʠʥʛʫ, ʱʦ 

ʟʤʽʥʠʣʠ ʦʜʠʥ ʟ ʥʘʩʪʫʧʥʠʭ ʝʣʝʤʝʥʪʽʚ: 

   tô ï ʤʥʦʞʠʥʘ ʪʘʙʣʠʮʴ, ʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʟʤʽʥʠ ʪʘʙʣʠʮʴ ʥʝ ʙʫʣʦ, ʤʘʻʤʦ tô=t;  

   trô ï ʤʥʦʞʠʥʘ ʪʨʠʛʝʨʽʚ, ʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʟʤʽʥʠ ʪʨʠʛʝʨʽʚ ʥʝ ʙʫʣʦ, ʤʘʻʤʦ trô=tr; 

   rô ï ʤʥʦʞʠʥʘ ʟʚôʷʟʢʽʚ ʤʽʞ ʪʘʙʣʠʮʷʤʠ, ʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʟʤʽʥʠ ʟʚôʷʟʢʽʚ ʥʝ 

ʙʫʣʦ, ʤʘʻʤʦ rô=r;  

   wô ï ʤʥʦʞʠʥʘ ʧʨʝʜʩʪʘʚʣʝʥʴ, ʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʟʤʽʥʠ ʧʨʝʜʩʪʘʚʣʝʥʴ ʥʝ ʙʫʣʦ, 

ʤʘʻʤʦ wô=w;  

   spô ï ʤʥʦʞʠʥʘ ʟʙʝʨʝʞʫʚʘʥʠʭ ʧʨʦʮʝʜʫʨ ʪʘ ʬʫʥʢʮʽʡ, ʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʟʤʽʥʠ 

ʧʨʦʮʝʜʫʨ ʪʘ ʬʫʥʢʮʽʡ ʥʝ ʙʫʣʦ, ʤʘʻʤʦ spô=sp;  
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   perô ï ʤʥʦʞʠʥʘ ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ ʧʨʘʚ ʜʦʩʪʫʧʫ, ʫ ʚʠʧʘʜʢʫ,  ʷʢʱʦ ʟʤʽʥʠ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ ʧʨʘʚ ʥʝ ʙʫʣʦ, ʤʘʻʤʦ perô=per; 

   k ï ʤʥʦʞʠʥʘ ʟʥʘʥʴ, ʷʢʘ ʟʙʝʨʽʛʘʻʪʴʩʷ ʫ ʙʘʟʽ ʟʥʘʥʴ ʽ ʚ ʧʨʦʮʝʩʽ ʧʨʦʚʝʜʝʥʥʷ 

ʨʝʬʘʢʪʦʨʠʥʛʫ ʚ ʞʦʜʥʦʤʫ ʨʘʟʽ ʥʝ ʟʤʽʥʶʻʪʴʩʷ; 

   etl ï ʤʥʦʞʠʥʘ ʧʨʦʛʨʘʤʥʠʭ ʤʦʜʫʣʽʚ ʜʣʷ ʦʪʨʠʤʘʥʥʷ, ʦʯʠʱʝʥʥʷ, ʧʝʨʝʪʚʦʨʝʥʥʷ, 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʜʘʥʠʭ ʫ ʩʭʦʚʠʱʝ ʜʘʥʠʭ ʪʘ ʫ çʦʟʝʨʦ ʜʘʥʠʭè; 

  DW ï ʩʭʦʚʠʱʝ ʜʘʥʠʭ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʩʫʢʫʧʥʽʩʪʴ ʪʘʢʠʭ ʝʣʝʤʝʥʪʽʚ:  

  Dʄ ï çʚʽʪʨʠʥʠ ʜʘʥʠʭè, ʧʨʠʟʥʘʯʝʥ ̔ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʝʚʥʦʛʦ ʢʦʣʘ ʟʘʜʘʯ ʪʘ 

ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʪʠʭ ʝʣʝʤʝʥʪʘʨʥʠʭ ʤʥʦʞʠʥ, ʱʦ ʽ ʩʭʦʚʠʱʝ ʜʘʥʠʭ; 

  t ï ʤʥʦʞʠʥʘ ʪʘʙʣʠʮʴ;  

  tr ï ʤʥʦʞʠʥʘ ʪʨʠʛʝʨʽʚ;  

  r ï ʤʥʦʞʠʥʘ ʟʚôʷʟʢʽʚ ʤʽʞ ʪʘʙʣʠʮʷʤʠ; 

  w ï ʤʥʦʞʠʥʘ ʧʨʝʜʩʪʘʚʣʝʥʴ; 

  sp ï ʤʥʦʞʠʥʘ ʟʙʝʨʝʞʫʚʘʥʠʭ ʧʨʦʮʝʜʫʨ ʪʘ ʬʫʥʢʮʽʡ; 

  d ï ʤʥʦʞʠʥʘ ʜʘʥʠʭ, ʷʢʽ ʟʙʝʨʽʛʘʶʪʴʩʷ ʫ ʩʭʦʚʠʱʽ ʘʙʦ çʚʽʪʨʠʥʽ ʜʘʥʠʭè; 

   per ï ʤʥʦʞʠʥʘ ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ ʧʨʘʚ ʜʦʩʪʫʧʫ. 

ʈʝʬʘʢʪʦʨʠʥʛ ʩʭʦʚʠʱʘ ʜʘʥʠʭ ï ʮʝ ʟʤʽʥʘ ʩʪʨʫʢʪʫʨʥʦʾ ʩʭʝʤʠ ʩʭʦʚʠʱʘ ʜʘʥʠʭ ʟ 

ʤʝʪʦʶ ʧʦʢʨʘʱʝʥʥʷ ʨʦʙʦʪʠ ʫʩʽʻʾ ʉʇʇʈ. ʈʝʬʘʢʪʦʨʠʥʛ ʩʭʦʚʠʱʘ ʜʘʥʠʭ ʦʧʠʩʫʻʪʴʩʷ 

ʚʠʨʘʟʦʤ (5.5): 

 

{} {}vn

ʜʘʥʠʭʩʭʦʚʠʱʘ
ʛʨʝʬʘʢʪʦʨʠʥ

v DSSDSS ½½½½ ­½ ,    (5.5) 

 

ʜʝ { } {}{ }{ }rpedpswrrttMDWDletperkspwrtrtKDmpfDSSvn
¡¡¡¡¡¡¡¡¡¡¡ ,,,,,,,,,,,,,,,,,  ï 

ʉʇʇʈ ʧʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʨʝʬʘʢʪʦʨʠʥʛʫ ʩʭʦʚʠʱʘ ʜʘʥʠʭ; 

      v ï ʧʦʯʘʪʢʦʚʘ ʚʝʨʩʽʷ ʩʠʩʪʝʤʠ; 

      vn ï ʚʝʨʩʽʷ ʩʠʩʪʝʤʠ, ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʟʤʽʥʠ ʧʽʩʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʜʦʧʦʚʥʝʥʥʷ, 

ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʧʨʦʚʝʜʝʥʥʷ ʨʝʬʘʢʪʦʨʠʥʛʫ; 

      f ï ʤʥʦʞʠʥʘ ʬʫʥʢʮʽʡ ʩʠʩʪʝʤʠ, ʷʢʘ ʚ ʞʦʜʥʦʤʫ ʨʘʟʽ ʥʝ ʤʦʞʝ ʙʫʪʠ ʟʤʽʥʝʥʘ, 

ʘʜʞʝ ʮʝ ʩʫʧʝʨʝʯʠʪʴ ʚʠʟʥʘʯʝʥʥʶ ʨʝʬʘʢʪʦʨʠʥʛʫ; 
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     pmô ï ʤʥʦʞʠʥʘ ʧʨʦʛʨʘʤʥʠʭ ʤʦʜʫʣʽʚ ʽʟ ʚʧʨʦʚʘʜʞʝʥʠʤ ʜʦʧʦʚʥʝʥʥʷʤ, ʱʦ 

ʧʝʨʝʜʙʘʯʘʻ ʧʨʦʚʝʜʝʥʥʷ ʨʝʬʘʢʪʦʨʠʥʛʫ ʢʦʜʫ, ʘʜʞʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʤʽʥ ʜʦ ʤʥʦʞʠʥʠ 

ʝʣʝʤʝʥʪʽʚ ʩʭʦʚʠʱʘ ʜʘʥʠʭ ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʤʽʥ ʜʦ ʤʥʦʞʠʥʠ 

ʧʨʦʛʨʘʤʥʠʭ ʤʦʜʫʣʽʚ ʯʝʨʝʟ ʟʘʣʝʞʥʽʩʪʴ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʜʫ ʚʽʜ ʩʪʨʫʢʪʫʨʠ ʩʭʦʚʠʱʘ 

ʜʘʥʠʭ; 

     KD ï ʤʥʦʞʠʥʘ ʝʣʝʤʝʥʪʽʚ ʙʘʟʠ ʟʥʘʥʴ ʧʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʨʝʬʘʢʪʦʨʠʥʛʫ, ʱʦ 

ʟʤʽʥʠʣʠ ʦʜʠʥ ʟ̔ ʪʘʢʠʭ ʝʣʝʤʝʥʪʽʚ: 

     t ï ʤʥʦʞʠʥʘ ʪʘʙʣʠʮʴ;  

     tr ï ʤʥʦʞʠʥʘ ʪʨʠʛʝʨʽʚ;  

    r ï ʤʥʦʞʠʥʘ ʟʚôʷʟʢʽʚ ʤʽʞ ʪʘʙʣʠʮʷʤʠ; 

    w ï ʤʥʦʞʠʥʘ ʧʨʝʜʩʪʘʚʣʝʥʴ; 

    sp ï ʤʥʦʞʠʥʘ ʟʙʝʨʝʞʫʚʘʥʠʭ ʧʨʦʮʝʜʫʨ ʪʘ ʬʫʥʢʮʽʡ; 

    k ï ʤʥʦʞʠʥʘ ʟʥʘʥʴ, ʷʢʘ ʟʙʝʨʽʛʘʻʪʴʩʷ ʫ ʙʘʟʽ ʟʥʘʥʴ ʽ ʚ ʧʨʦʮʝʩʽ ʧʨʦʚʝʜʝʥʥʷ 

ʨʝʬʘʢʪʦʨʠʥʛʫ ʚ ʞʦʜʥʦʤʫ ʨʘʟʽ ʥʝ ʟʤʽʥʶʻʪʴʩʷ; 

   per ï ʤʥʦʞʠʥʘ ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ ʧʨʘʚ ʜʦʩʪʫʧʫ; 

    etlô ï ʤʥʦʞʠʥʘ ʧʨʦʛʨʘʤʥʠʭ ʤʦʜʫʣʽʚ ʜʣʷ ʦʪʨʠʤʘʥʥʷ, ʦʯʠʱʝʥʥʷ, 

ʧʝʨʝʪʚʦʨʝʥʥʷ, ʟʘʚʘʥʪʘʞʝʥʥʷ ʜʘʥʠʭ ʫ ʩʭʦʚʠʱʝ ʜʘʥʠʭ ʪʘ çʦʟʝʨʦ ʜʘʥʠʭè, ʘʜʞʝ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʤʽʥ ʜʦ ʤʥʦʞʠʥʠ ʝʣʝʤʝʥʪʽʚ ʩʭʦʚʠʱʘ ʜʘʥʠʭ ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʤʽʥ ʜʦ ʤʥʦʞʠʥʠ ʧʨʦʛʨʘʤʥʠʭ ʤʦʜʫʣʽʚ ʯʝʨʝʟ ʟʘʣʝʞʥʽʩʪʴ ʧʨʦʛʨʘʤʥʦʛʦ 

ʢʦʜʫ ʚʽʜ ʩʪʨʫʢʪʫʨʠ ʩʭʦʚʠʱʘ ʜʘʥʠʭ; 

   DW ï ʩʭʦʚʠʱʝ ʜʘʥʠʭ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʩʫʢʫʧʥʽʩʪʴ ʪʘʢʠʭ ʝʣʝʤʝʥʪʽʚ:  

   Dʄô ï çʚʽʪʨʠʥʠ ʜʘʥʠʭè, ʧʨʠʟʥʘʯʝʥ ̔ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʝʚʥʦʛʦ ʢʦʣʘ ʟʘʜʘʯ ʪʘ 

ʩʢʣʘʜʘʪʁʴʩʷ ʟ ʪʠʭ ʝʣʝʤʝʥʪʘʨʥʠʭ ʤʥʦʞʠʥ, ʱʦ ʽ ʩʭʦʚʠʱʝ ʜʘʥʠʭ; 

   tô ï ʤʥʦʞʠʥʘ ʪʘʙʣʠʮʴ, ʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʟʤʽʥʠ ʪʘʙʣʠʮʴ ʥʝ ʙʫʣʦ, ʤʘʻʤʦ tô=t;  

   trô ï ʤʥʦʞʠʥʘ ʪʨʠʛʝʨʽʚ, ʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʟʤʽʥʠ ʪʨʠʛʝʨʽʚ ʥʝ ʙʫʣʦ, ʤʘʻʤʦ trô=tr; 

   rô ï ʤʥʦʞʠʥʘ ʟʚôʷʟʢʽʚ ʤʽʞ ʪʘʙʣʠʮʷʤʠ, ʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʟʤʽʥʠ ʟʚôʷʟʢʽʚ ʥʝ 

ʙʫʣʦ, ʤʘʻʤʦ rô=r;  

   wô ï ʤʥʦʞʠʥʘ ʧʨʝʜʩʪʘʚʣʝʥʴ, ʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʟʤʽʥʠ ʧʨʝʜʩʪʘʚʣʝʥʴ ʥʝ ʙʫʣʦ, 

ʤʘʻʤʦ wô=w; 
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   spô ï ʤʥʦʞʠʥʘ ʟʙʝʨʝʞʫʚʘʥʠʭ ʧʨʦʮʝʜʫʨ ʪʘ ʬʫʥʢʮʽʡ, ʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʟʤʽʥʠ 

ʧʨʦʮʝʜʫʨ ʪʘ ʬʫʥʢʮʽʡ ʥʝ ʙʫʣʦ, ʤʘʻʤʦ spô=sp;  

   perô ï ʤʥʦʞʠʥʘ ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ ʧʨʘʚ ʜʦʩʪʫʧʫ, ʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʟʤʽʥʠ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ ʧʨʘʚ ʥʝ ʙʫʣʦ, ʤʘʻʤʦ perô=per; 

   dô ï ʤʥʦʞʠʥʘ ʜʘʥʠʭ, ʷʢʘ ʟʙʝʨʽʛʘʻʪɹʩʷ ʫ ʩʭʦʚʠʱʽ ʘʙʦ çʚʽʪʨʠʥʘʭ ʜʘʥʠʭè, 

ʦʥʦʚʣʶʻʪʴʩʷ ʧʦʚʥʽʩʪʶ, ʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʙʫʣʠ ʚʥʝʩʝʥʽ ʟʤʽʥʠ. 

ʅʘ ʨʠʩ. 5.3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʧʽʨʘʣʴʥʘ ʤʦʜʝʣ ɹ ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʟ ʚʠʟʥʘʯʝʥʠʤ ʤʽʩʮʝʤ ʧʨʦʚʝʜʝʥʥʷ ʨʝʬʘʢʪʦʨʠʥʛʫ. 

 

 

ʈʠʩʫʥʦʢ 5.3 ï ʈʝʬʘʢʪʦʨʠʥʛ ʫ ʩʧʽʨʘʣʴʥʽʡ ʤʦʜʝʣʽ ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

 

ʌʽʢʩʘʮʽʷ 

ʨʝʟʫʣʴʪʘʪʽʚ 

ʇʨʦʻʢʪʫʚʘʥʥʷ 

ʤʦʜʫʣʽʚ 

ʂʦʜʫʚʘʥʥʷ 

ʊʝʩʪʫʚʘʥʥʷ 

ʤʦʜʫʣʽʚ 

ɯʥʪʝʛʨʘʮʽʷ  
ʪʘ ʪʝʩʪʫʚʘʥʥʷ 
ʩʠʩʪʝʤʠ ʇʨʠʡʤʘʣʴʥʝ 

ʪʝʩʪʫʚʘʥʥʷ 
ʈʦʟʛʦʨ-

ʪʘʥʥʷ 

ʍʽʜ ʨʦʙʦʪʠ 

ɺʠʟʥʘʯʝʥʥʷ  

ʟʘʜʘʯ,  

ʘʣʴʪʝʨʥʘʪʠʚ,  

ʦʙʤʝʞʝʥʴ 

ʆʮʽʥʢʘ ʘʣʴʪʝʨʥʘʪʠʚ, 

ʚʠʜʽʣʝʥʥʷ ʨʠʟʠʢʽʚ ʪʘ 

ʩʧʦʩʦʙʽʚ ʙʦʨʦʪʴʙʠ ʟ 

ʥʠʤʠ 

ʇʣʘʥʫʚʘʥʥʷ  

ʥʘʩʪʫʧʥʠʭ  

ʽʪʝʨʘʮʽʡ 

ʈʦʟʨʦʙʢʘ ʪʘ 

ʚʝʨʠʬʽʢʘʮʽʷ ʯʝʨʛʦʚʦʾ 

ʯʘʩʪʠʥʠ ʧʨʦʜʫʢʪʫ 

ʇʣʘʥʫʚʘʥʥʷ 

ʧʨʦʻʢʪʫ  

     ʪʘ ɾʎ 

ʂʦʥʮʝʧʮʽʷ 

ʧʨʦʜʫʢʪʫ 

ʇʣʘʥ  

ʨʦʟʨʦʙʢʠ 

ɺʝʨʠʬʽʢʘʮʽʷ  

ʪʘ ʚʘʣʽʜʘʮʽʷ 

ʧʨʦʻʢʪʫ 

ʈʦʟʨʦʙʢʘ ʪʘ 

ʚʘʣʽʜʘʮʽʷ  

ʧʦʪʨʝʙ 

ɸʥʘʣʽʟ 

ʨʠʥʢʫ 

ɸʥʘʣʽʟ 

ʨʠʟʠʢʽʚ 

ɸʥʘʣʽʟ 

ʨʠʟʠʢʽʚ 

ʉʫʢʫʧʥʘ 

ʚʘʨʪʽʩʪʴ 

ɽʢʩʧʝʨʪʠʟʠ 

ʇʨʦʻʢʪʫʚʘʥʥʷ 

ʇʨʦʪʦʪʠʧ 1 

ʈʦʙʦʯʠʡ 

ʧʨʦʪʦʪʠʧ 

ʄʦʜʝʣʽ ʄʦʜʝʣʽ 

ʅʘʙʽʨ ʪʝʩʪʽʚ 

ɸʥʘʣʽʟ 

ʨʠʟʠʢʽʚ 

ʇʨʦʪʦʪʠʧ 2 
ʇʨʦʪʦʪʠʧ 3 

ʇʣʘʥ 

ʽʥʪʝʛʨʫʚʘʥʥʷ  

ʪʘ ʪʝʩʪʫʚʘʥʥʷ 

ʈʝʬʘʢʪʦʨʠʥʛ 

ʈʝʬʘʢʪʦʨʠʥʛ 



219 

ʉʧʽʨʘʣʴʥʫ ʤʦʜʝʣʴ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʷʢ ʛʽʙʨʠʜ ʽʪʝʨʘʮʽʡʥʦʾ ʪʘ ʢʘʩʢʘʜʥʦʾ ʤʦʜʝʣʝʡ. 

ʂʦʞʥʘ ʽʪʝʨʘʮʽʷ ʤʘʻ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʦʧʝʨʘʮʽʡ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʨʦʢʘʤ ʫ ʢʘʩʢʘʜʥʽʡ 

ʤʦʜʝʣʽ. ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʢʦʞʥʦʾ ʽʪʝʨʘʮʽʾ, ʨʦʟʨʦʙʥʠʢʠ ʦʪʨʠʤʫʶʪʴ ʟʚʦʨʦʪʥʽʡ ʟʚôʷʟʦʢ 

ʚʽʜ ʟʘʤʦʚʥʠʢʘ ʧʨʦ ʥʦʚʫ ʚʝʨʩʽʶ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʟ ʥʦʚʠʤ ʬʫʥʢʮʽʦʥʘʣʦʤ. ʅʘ 

ʢʦʞʥʽʡ ʽʪʝʨʘʮʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʟʥʘʯʝʥʥʷ, ʫʪʦʯʥʝʥʥʷ ʟʘʜʘʯ ʪʘ ʚʠʤʦʛ ʜʦ ʧʨʦʛʨʘʤʥʦʛʦ 

ʧʨʦʜʫʢʪʫ, ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʽʩʥʠʭ ʪʘ ʷʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʧʣʘʥʫʻʪʴʩʷ ʟʘʚʜʘʥʥʷ ʥʘ 

ʥʘʩʪʫʧʥʫ ʽʪʝʨʘʮʽʶ. ʈʝʬʘʢʪʦʨʠʥʛ ʧʨʦʚʦʜʠʪʴʩʷ ʩʘʤʝ ʫ ʪʨʝʪʴʦʤʫ ʢʚʘʜʨʘʥʪʽ ʩʧʽʨʘʣʴʥʦʾ 

ʤʝʪʦʜʦʣʦʛʽʾ, ʱʦ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʨʦʟʨʦʙʢʫ ʤʦʜʝʣʝʡ ʪʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘʧʠʩʘʥʥʷ 

ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʜʫ ʥʘ ʦʩʥʦʚʽ ʧʨʦʪʦʪʠʧʽʚ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ (ʨʠʩ. 5.3).  

ʇʽʩʣʷ ʢʦʞʥʦʾ ʽʪʝʨʘʮʽʾ ʧʨʦʻʢʪ ʩʪʘʻ ʩʢʣʘʜʥʽʰʠʤ, ʷʢʱʦ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʨʝʬʘʢʪʦʨʠʥʛ, ʪʦʜʽ ʟ ʢʦʞʥʦʶ ʽʪʝʨʘʮʽʻʶ ʙʫʜʝ ʟʨʦʩʪʘʪʠ ʪʝʭʥʽʯʥʠʡ ʙʦʨʛ [20, 311].  

ʊʘʢʘ ʤʦʜʝʣʴ ʟʘʙʝʟʧʝʯʫʻ ʨʘʮʽʦʥʘʣʴʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʝʬʘʢʪʦʨʠʥʛʫ, ʘ ʩʘʤʝ [20, 

311]: ʚʠʢʣʶʯʘʻ ʧʨʦʚʝʜʝʥʥʷ ʨʝʬʘʢʪʦʨʠʥʛʫ ʧʽʩʣʷ ʪʝʩʪʫʚʘʥʥʷ, ʱʦʙ ʥʝ ʧʨʦʚʦʜʠʪʠ 

ʪʝʩʪʫʚʘʥʥʷ ʧʦʚʪʦʨʥʦ; ʚʠʢʣʶʯʘʻ ʥʝʜʦʮʽʣʴʥʦʩʪʽ ʧʨʦʚʝʜʝʥʥʷ ʨʝʬʘʢʪʦʨʠʥʛʫ ʧʝʨʝʜ 

ʝʪʘʧʦʤ ʢʦʜʫʚʘʥʥʷ, ʘʜʞʝ ʡʦʛʦ ʧʨʦʚʝʜʝʥʥʷ ʧʦʚʠʥʥʦ ʙʫʪʠ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʩʪʘʙʽʣʴʥʦʾ 

ʚʝʨʩʽʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ. 

ʇʦʪʨʝʙʘ ʫ ʨʝʬʘʢʪʦʨʠʥʛʫ ʚʠʥʠʢʘʻ ʧʨʠ ʚʠʧʨʘʚʣʝʥʥʽ ʧʦʤʠʣʦʢ ʫ ʧʨʦʪʦʪʠʧʘʭ ʪʘ 

ʚʠʥʠʢʥʝʥʥʽ ʢʦʥʬʣʽʢʪʽʚ ʮʽʣʝʡ ʧʦʪʦʯʥʦʾ ʽʪʝʨʘʮʽʾ ʟ ʫʞʝ ʛʦʪʦʚʠʤʠ ʥʘʧʨʘʮʶʚʘʥʥʷʤʠ ʽʟ 

ʧʦʧʝʨʝʜʥʽʭ ʽʪʝʨʘʮʽʡ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʝʬʘʢʪʦʨʠʥʛʫ ʤʦʞʣʠʚʦ ʪʘʢʦʞ ʽ ʚ ʜʨʫʛʦʤʫ 

ʢʚʘʜʨʘʥʪʽ, ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ CASE-ʟʘʩʦʙʽʚ ʫ ʧʨʦʮʝʩʽ ʧʨʦʪʦʪʠʧʫʚʘʥʥʷ. 

ʋ ʨʦʙʦʪʽ [311] ʨʦʟʨʦʙʣʝʥʦ ʽʤʽʪʘʮʽʡʥʫ ʤʦʜʝʣʴ ʪʘ ʧʦʢʘʟʘʥʦ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʧʨʦʚʝʜʝʥʥʷ ʨʝʬʘʢʪʦʨʠʥʛʫ ʧʨʠ ʨʦʟʨʦʙʮʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʨʽʟʥʦ ʾʩʢʣʘʜʥʦʩʪ̔. 

ʅʝʦʙʭʽʜʥʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʚ ʽʤʽʪʘʮʽʡʥʽʡ ʤʦʜʝʣʽ ʚʨʘʭʦʚʫʻʪʴʩʷ ʨʽʚʝʥʴ ʢʦʤʘʥʜʠ 

ʨʦʟʨʦʙʥʠʢʽʚ, ʱʦ ʪʘʢʦʞ ʻ ʚʘʞʣʠʚʠʤ ʜʣʷ ʧʨʦʮʝʩʫ ʨʦʟʨʦʙʢʠ. ʅʘ ʦʩʥʦʚʽ ʥʘʚʝʜʝʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʬʘʢʪʦʨʠʥʛʫ ʩʧʨʠʷʻ 

ʟʤʝʥʰʝʥʥʶ ʟʘʛʘʣʴʥʦʛʦ ʯʘʩʫ ʥʘ ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʨʦʙʢʠ ʪʘ ʟʥʠʞʝʥʥʶ ʪʝʭʥʽʯʥʦʛʦ ʙʦʨʛʫ, 

ʚʽʜʧʦʚʽʜʥʦ ʷʢʽʩʪʴ ʢʽʥʮʝʚʦʛʦ ʧʨʦʜʫʢʪʫ ʚʠʱʘ. ʇʨʦʪʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʬʘʢʪʦʨʠʥʛʫ 

ʜʦʮʽʣʴʥʦ ʣʠʰʝ ʜʣʷ ʨʦʙʦʪʠ ʥʘʜ ʜʦʚʛʦʪʨʠʚʘʣʠʤʠ ʧʨʦʻʢʪʘʤʠ. ʊʘʢʦʞ ʧʽʜʪʚʝʨʜʞʝʥʦ 

ʥʝʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʝʬʘʢʪʦʨʠʥʛʫ ʥʘ ʧʨʦʻʢʪʘʭ, ʷʢʽ ʥʝ ʙʫʜʫʪʴ ʫ ʧʦʜʘʣʴʰʦʤʫ 

ʩʫʧʨʦʚʦʜʞʫʚʘʪʠʩʷ ʪʘ ʨʦʟʚʠʚʘʪʠʩʷ [311]. 
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ʌʦʨʤʘʣʽʟʘʮʽʷ ʧʨʦʮʝʩʫ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʧʽʨʘʣʴʥʦʾ ʤʦʜʝʣʽ ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʚ ʷʢʽʡ, ʥʘ 

ʜʦʜʘʪʦʢ ʜʦ ʪʨʘʜʠʮʽʡʥʦʾ, ʯʽʪʢʦ ʚʠʟʥʘʯʝʥʦ ʤʽʩʮʝ ʧʨʦʚʝʜʝʥʥʷ ʨʝʬʘʢʪʦʨʠʥʛʫ, ʜʘʣʘ ʟʤʦʛʫ 

ʦʙˇʨʫʥʪʫʚʘʪʠ ʪʘʢʠʡ ʚʠʙʽʨ, ʘ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʠʣʦ ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʥʘ ʨʦʟʨʦʙʢʫ ʪʘ 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʟʨʦʙʢʠ ʚ ʮʽʣʦʤʫ. ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʩʪʚʦʨʶʚʘʥʘ ʉʇʇʈ 

ʙʫʜʝ ʚʧʨʦʚʘʜʞʫʚʘʪʠʩʷ ʥʘ ʨʽʟʥʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʟ ʨʽʟʥʠʤ ʩʪʫʧʝʥʝʤ ʽʥʬʦʨʤʘʪʠʟʘʮʽʾ, 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʝʬʘʢʪʦʨʠʥʛʫ ʟʘʙʝʟʧʝʯʠʪʴ ʫ ʧʦʜʘʣʴʰʦʤʫ ʣʝʛʢʽʩʪʴ ʾʾ ʽʥʪʝʛʨʘʮʽʾ ʪʘ 

ʨʦʟʚʠʪʢʫ ʚ ʮʽʣʦʤʫ. 

 

 

5.3 ʇʨʦʢ̒ʪʫʚʘʥʥʷ ʪʘ ʩʪʚʦʨʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʙʘʟ ʟʥʘʥʴ ʪʘ ʩʭʦʚʠʱ ʜʘʥʠʭ  

 

 

ʄʦʜʝʣʶʚʘʥʥʷ ʪʘ ʧʨʦʻʢʪʫʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʩʭʦʚʠʱʘ ʜʘʥʠʭ, ʚʽʪʨʠʥ ʜʘʥʠʭ ʪʘ ʙʘʟ 

ʟʥʘʥʴ ʚʠʢʦʥʘʥʦ ʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʤʫ ʨʝʞʠʤʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ CASE-ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ 

AllFusion Erwin Data Modʝler [2, 16, 17, 25, 29, 110, 111]. ʎʝʡ ʧʨʦʛʨʘʤʥʠʡ ʧʨʦʜʫʢʪ 

ʧʽʜʪʨʠʤʫʻ ʨʦʙʦʪʫ ʟ ʨʽʟʥʠʤʠ ʉʋɹɼ [110, 111] ʪʘ ʩʫʪʪʻʚʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʜʘʥʦʛʦ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʻ ʪʝ, ʱʦ ʚʦʥʦ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʩʪʨʫʢʪʫʨʫ ʟ ʽʩʥʫʶʯʠʭ 

ʙʘʟ ʪʘ ʩʭʦʚʠʱ ʜʘʥʠʭ, ʘ ʪʘʢʦʞ ʛʝʥʝʨʫʚʘʪʠ ʢʦʜ ʜʣʷ ʾʭ ʩʪʚʦʨʝʥʥʷ ʚ ʨʽʟʥʠʭ ʉʋɹɼ.  

ʉʪʚʦʨʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʩʭʦʚʠʱʘ ʜʘʥʠʭ, çʚʽʪʨʠʥ ʜʘʥʠʭè ʪʘ ʙʘʟ ʟʥʘʥʴ ʧʦʯʠʥʘʻʪʴʩʷ 

ʽʟ ʧʦʙʫʜʦʚʠ ʾʭ ʣʦʛʽʯʥʦʾ ʤʦʜʝʣʽ. ʇʽʩʣʷ ʦʪʨʠʤʘʥʥʷ ʧʦʚʥʦʾ ʣʦʛʽʯʥʦʾ ʤʦʜʝʣʽ, ʷʢʘ 

ʚʽʜʦʙʨʘʞʘʻ ʽ ʦʧʠʩʫʻ ʽʥʬʦʨʤʘʮʽʶ, ʷʢʦ  ʁ ʚʦʥʘ ʻ ʚ ʨʝʘʣʴʥʦʤʫ ʩʚʽʪʽ, ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʦʙʫʜʦʚʘ ʾʾ ʥʘ ʬʽʟʠʯʥʦʤʫ ʨʽʚʥʽ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʧʝʚʥʦʤʫ ʉʋɹɼ. ʈʝʟʫʣʴʪʘʪʦʤ 

ʤʦʜʝʣʶʚʘʥʥʷ ʻ ʩʫʢʫʧʥʽʩʪʴ ʧʦʚôʷʟʘʥʠʭ ʤʽʞ ʩʦʙʦʶ ʪʘʙʣʠʮʴ ʪʘ ʜʝʪʘʣʽʟʦʚʘʥʽ 

ʚʟʘʻʤʦʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʥʠʤʠ.  

ɺʝʣʠʢʦʶ ʧʝʨʝʚʘʛʦʶ AllFusion Erwin Data Modʝler ʻ ʤʦʞʣʠʚʽʩʪʴ ʧʦʨʽʚʥʶʚʘʪʠ 

ʨʽʟʥʽ ʤʦʜʝʣʽ ʜʘʥʠʭ, ʚʠʷʚʣʷʪʠ ʾʭ ʟʙʽʞʥʽʩʪʴ ʪʘ ʨʦʟʙʽʞʥʽʩʪʴ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʦʨʛʘʥʽʟʘʮʽʾ ʟʙʝʨʽʛʘʥʥʷ ʤʦʜʝʣʝʡ ʜʘʥʠʭ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ AllFusion Model Manager, 

ʷʢʠʡ ʧʽʜʪʨʠʤʫʻ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʪʘ ʩʠʥʭʨʦʥʽʟʘʮʽʶ ʤʦʜʝʣʝʡ ʧʨʦʮʝʩʽʚ ʽ ʤʦʜʝʣʝʡ 

ʜʘʥʠʭ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʚʠʟʥʘʯʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʮʠʭ ʤʦʜʝʣʝʡ [2, 78, 110, 111].  
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ʆʢʨʝʤʠʤ ʝʣʝʤʝʥʪʦʤ ʻ ʙʘʟʘ ʟʥʘʥʴ, ʷʢʘ ʚʤʽʱʫʻ ʥʘʙʽʨ ʟʥʘʥʴ ʫ ʚʠʛʣʷʜʽ ʧʨʘʚʠʣ 

ʱʦʜʦ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ ɹɿ, ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ 

ʟʙʝʨʽʛʘʥʥʷ ʜʦʚʛʦʩʪʨʦʢʦʚʠʭ ʬʘʢʪʽʚ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʚʠʨʦʙʥʠʮʪʚʦ ʛʦʪʦʚʦʛʦ 

ʧʨʦʜʫʢʪʫ ʽ ʧʨʘʚʠʣ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʚʽʜʥʦʩʠʥʠ ʤʽʞ ʮʠʤʠ ʬʘʢʪʘʤʠ, ʪʘ ʽʥʰʠʭ ʪʠʧʽʚ 

ʜʝʢʣʘʨʘʪʠʚʥʠʭ ʟʥʘʥʴ [15, 21, 229, 300, 308]. 

ʇʨʦʜʫʢʮʽʡʥʽ ʧʨʘʚʠʣʘ ʚ ʙʘʟʽ ʟʥʘʥʴ ʤʘʶʪʴ ʚʠʛʣʷʜ (ʗʂʑʆ_ɸ_ʊʆ_S), ʜʝ ɸ ï 

ʫʤʦʚʘ, S ï ʜʽʷ. ɼʽʷ S ʚʠʢʦʥʫʻʪʴʩʷ, ʷʢʱʦ ɸ ʽʩʪʠʥʥʦ. ɼʽʷ S, ʪʘʢ ʩʘʤʦ, ʷʢ ʽ ʫʤʦʚʘ, ʷʚʣʷʻ 

ʩʦʙʦʶ ʪʚʝʨʜʞʝʥʥʷ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʚʠʚʝʜʝʥʦ ʩʠʩʪʝʤʦʶ (ʪʦʙʪʦ ʩʪʘʻ ʾʡ ʚʽʜʦʤʦʶ), ʷʢʱʦ 

ʽʩʪʠʥʥʘ ʫʤʦʚʘ ʧʨʘʚʠʣʘ ɸ [15, 299, 300]. ʉʪʨʫʢʪʫʨʘ ʙʘʟʠ ʟʥʘʥʴ ʤʘʻ ʫʟʘʛʘʣʴʥʝʥʠʡ 

ʭʘʨʘʢʪʝʨ ʪʘ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʭʘʨʯʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ (ʨʠʩ. 5.4).  

 

 

ʈʠʩʫʥʦʢ 5.4 ï ʉʪʨʫʢʪʫʨʘ ʙʘʟʠ ʟʥʘʥʴ 

RULE_TIPS_ID INTEGER 

RULE_ID INTEGER 

TIPS_ID INTEGER 

ATIP_ID INTEGER 

PTC_TRUCT INTEGER  

 

RULE_TIPS 

RULE_ID INTEGER 

RULE_NAME  VARCHAR(100) 

RULE_DATE DATE 

RULE_SCRIPT VARCHAR(300) 

DESCRIPTION BLOB 

RULES 

TIP_ID INTEGER 

TIP_STATE VARCHAR(30) 

TIP_ACTION VARCHAR(30) 

TIP_SOLUTION VARCHAR(300) 

TIPS 

OBJ_ID INTEGER 

OBJECT_NAME VARCHAR(100) 

DESCRIPTION  VARCHAR(300) 

OBJECT_EXPLOTATION 

OBL_RULES_ID INTEGER 

OBJ_ID INTEGER 

RULE_ID INTEGER 

OBJ_RULES 
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ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ ʙʘʟʠ ʟʥʘʥʴ (ʨʠʩ. 5.4) ʧʨʦʡʰʣʘ ʘʧʨʦʙʘʮʽʾ ʧʨʠ 

ʩʪʚʦʨʝʥʥʽ ʝʢʩʧʝʨʪʥʦ-ʤʦʜʝʣʶʶʯʦʾ ʝʢʩʧʝʨʪʥʦʾ ʩʠʩʪʝʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʨʝʮʝʧʪʫʨ 

ʤʦʨʦʟʠʚʘ [15, 300]. 

ɼʦ ʦʩʥʦʚʥʠʭ ʦʙôʻʢʪʽʚ ʙʘʟʠ ʟʥʘʥʴ ʥʘʣʝʞʘʪʴ [15, 300]:  

1. OBJECT_EXPLORATION ï ʚʤʽʱʫʻ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʦʙ'ʻʢʪʠ, ʷʢʽ 

ʧʽʜʜʘʶʪʴʩʷ ʘʥʘʣʽʟʫ, ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʚ ʨʝʮʝʧʪʫʨʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʽʜʭʠʣʝʥʴ ʪʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʘʢʠʭ ʘʪʨʠʙʫʪʽʚ: OBJ_ID ï ʫʥʽʢʘʣʴʥʠʡ ʥʦʤʝʨ ʦʙ'ʻʢʪʘ, OBJ_NAME ï 

ʽʤ'ʷ ʦʙ'ʻʢʪʘ, DESCRIPTION ï ʢʦʨʦʪʢʠʡ ʦʧʠʩ ʦʙ'ʻʢʪʘ. 

2. TIPS ï ʚʤʽʱʫʻ ʦʧʠʩ ʧʨʦʙʣʝʤ ʪʘ ʨʝʢʦʤʝʥʜʘʮʽʾ ʜʣʷ ʾʭ ʫʩʫʥʝʥʥʷ ʪʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʘʢʠʭ ʘʪʨʠʙʫʪʽʚ: TIP_ID ï ʫʥʽʢʘʣʴʥʠʡ ʥʦʤʝʨ ʨʝʢʦʤʝʥʜʘʮʽʾ, TIP_STATE 

ï ʦʧʠʩʫʻ ʩʪʘʥ, TIP_ACTION ï ʜʽʷ (ʥʝʛʘʪʠʚʥʘ ʯʠ ʧʦʟʠʪʠʚʥʘ), ʷʢʘ ʚʠʢʣʠʢʘʻ ʧʦʪʦʯʥʠʡ 

ʩʪʘʥ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʦʙ'ʻʢʪʘ, TIP_SOLUTION ï ʨʝʢʦʤʝʥʜʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʫ, ʚʠʭʦʜʷʯʠ 

ʟ̔ ʩʪʘʥʫ ʘʥʘʣʽʟʦʚʘʥʦʛʦ ʦʙ'ʻʢʪʘ. 

3. RULES ï ʚʤʽʱʫʻ ʫʩʽ ʧʨʘʚʠʣʘ, ʷʢʠʤ ʤʦʞʝ ʚʽʜʧʦʚʽʜʘʪʠ ʦʙôʻʢʪ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠ ʪʠʭ ʯʠ ʽʥʰʠʭ ʧʦʜʽʷʭ. ʌʦʨʤʘʪ ʟʘʧʠʩʫ ʻ ʪʝʢʩʪʦʚʠʡ, ʤʽʞ ʧʘʨʘʤʝʪʨʘʤʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʣʦʛʽʯʥʽ ʦʧʝʨʘʮʽʾ (AND, OR, NOT). ʈʦʟʙʽʨ ʧʨʘʚʠʣʘ ʚʠʢʦʥʫʻʪʴʩʷ 

ʧʨʦʛʨʘʤʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʘʨʩʝʨʘ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʘʥʘʣʽʟ ʟʘʧʠʩʘʥʦʛʦ 

ʧʨʘʚʠʣʘ. ɸʪʨʠʙʫʪʠ: RULE_ID ï ʫʥʽʢʘʣʴʥʠʡ ʥʦʤʝʨ ʧʨʘʚʠʣʘ, RULE_NAME ï ʥʘʟʚʘ 

ʧʨʘʚʠʣʘ, RULE_DATE ï ʜʘʪʘ ʩʪʚʦʨʝʥʥʷ ʧʨʘʚʠʣʘ, RULE_SCRIPT ï ʚʠʨʘʟ, ʱʦ ʦʧʠʩʫʻ 

ʧʨʘʚʠʣʦ ʚ ʪʝʢʩʪʦʚʦʤʫ ʬʦʨʤʘʪʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʘʨʘʤʝʪʨʽʚ, ʚ ʨʦʣʽ ʷʢʠʭ ʤʦʞʫʪʴ 

ʚʠʩʪʫʧʘʪʠ ʦʙ'ʻʢʪʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʎʝʡ ʚʠʨʘʟ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʫ ʚʠʛʣʷʜʽ 

ʨʝʢʫʨʩʽ,ʾ ʪʦʙʪʦ ʢʦʣʠ ʦʜʥʝ ʧʨʘʚʠʣʦ ʚʢʣʘʜʝʥʦ ʚ ʽʥʰʝ. 

4. OBJ_RULES ï ʪʘʙʣʠʮʷ ʟʚôʷʟʢʽʚ ʤʽʞ ʝʣʝʤʝʥʪʘʤʠ ʪʘʙʣʠʮʴ 

OBJECT_EXPLORATION ʪʘ RULES. 

5. RULE_TIPS ï ʪʘʙʣʠʮʷ ʟʚôʷʟʢʽʚ ʤʽʞ ʝʣʝʤʝʥʪʘʤʠ ʪʘʙʣʠʮʴ TIPS ʪʘ RULES. 

ʉʪʨʫʢʪʫʨʘ ʢʦʞʥʦʾ çʚʽʪʨʠʥʠ ʜʘʥʠʭè ʨʦʟʨʦʙʣʷʣʘʩʷ ʟʛʽʜʥʦ ʟ ʟʘʙʝʟʧʝʯʝʥʥʷʤ 

ʧʝʚʥʦʾ ʟʘʜʘʯʽ ʘʙʦ ʥʘʜʘʥʦ ʾʽʥʬʦʨʤʘʮʽʾ ʟʘ ʧʝʚʥʠʡ ʧʝʨʽʦʜ. çɺʽʪʨʠʥʘ ʜʘʥʠʭè ʤʘʻ ʮʽʣʴʦʚʝ 

ʧʨʠʟʥʘʯʝʥʥʷ ʪʘ ʤʽʩʪʠʪʴ ʥʘʙʽʨ ʜʘʥʠʭ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʚʠʢʦʥʘʥʥʷ ʪʘʢʠʭ ʟʘʚʜʘʥʴ: 

ʧʨʦʚʝʜʝʥʥʷ ʩʢʣʘʜʥʠʭ ʘʥʘʣʽʪʠʯʥʠʭ ʟʘʧʠʪʽʚ; ʚʠʨʽʰʝʥʥʷ ʢʦʥʢʨʝʪʥʦʾ ʦʧʪʠʤʽʟʘʮʽʡʥʦʾ 
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ʟʘʜʘʯʽ; ʬʦʨʤʫʚʘʥʥʷ ʟʚʽʪʥʦʩʪʽ; ʚʽʜʧʦʚʽʜʽ ʥʘ ʧʝʚʥʫ ʥʠʟʢʫ ʟʘʧʠʪʽʚ ʪʦʱʦ. ɿʘ ʨʘʭʫʥʦʢ 

ʪʦʛʦ, ʱʦ ʻ ʯʽʪʢʝ ʨʦʟʙʠʪʪʷ ʥʘ ʯʘʩʪʠʥʠ ʽ ʢʦʞʥʘ çʚʽʪʨʠʥʘ ʜʘʥʠʭè ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ 

ʚʠʨʽʰʝʥʥʷ ʧʝʚʥʦʾ ʟʘʜʘʯʽ, ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʧʦʚʥʦʪʘ ʜʦʩʪʫʧʫ ʜʦ ʥʝʦʙʭʽʜʥʠʭ ʜʘʥʠʭ. 

ʅʘʧʨʠʢʣʘʜ, çʚʽʪʨʠʥʘ ʜʘʥʠʭè, ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 5.5, ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʧʽʜʪʨʠʤʢʠ 

ʨʦʙʦʪʠ ʝʢʩʧʝʨʪʥʦ-ʤʦʜʝʣʶʶʯʦʛʦ ʤʦʜʫʣʷ [15, 300]. 

 

ȷɐɑɆɊ_ɖɋɜɋɕɘəɖɎ

ȰɔɊ_ɗɐɑɆɊə_ɖɋɜɋɕɘəɖɎ

Ȩɒɫɗɘ_ɐɔɒɕɔɓɋɓɘə

Ȳɫɓ_Ɉɒɫɗɘ_ɐɔɒɕɔɓɋɓɘə

ȲɆɐɗ_Ɉɒɫɗɘ_ɐɔɒɕɔɓɋɓɘə

ȰɔɊ_ɖɋɜɋɕɘəɖɎ (FK)

ȰɔɊ_ɖɋɜɋɕɘəɖɓɔɉɔ_ɐɔɒɕɔɓɋɓɘə (FK)

ȶɋɜɋɕɘəɖɓɫ_ɐɔɒɕɔɓɋɓɘɎ

ȰɔɊ_ɖɋɜɋɕɘəɖɓɔɉɔ_ɐɔɒɕɔɓɋɓɘə

ȳɆɍɈɆ_ɐɔɒɕɔɓɋɓɘɆ

ȨɎɊ_ɐɔɒɕɔɓɋɓɘə

ȰɔɖɔɘɐɎɏ_ɔɕɎɗ

ȰɔɊ_ɉɖəɕɎ_ɐɔɒɕɔɓɋɓɘɫɈ (FK)

ȰɔɊ_ɔɊɎɓɎɜɫ_ɈɎɒɫɖə (FK)

ȵɔɐɆɍɓɎɐɎ_ɥɐɔɗɘɫ

ȰɔɊ_ɕɔɐɆɍɓɎɐə_ɥɐɔɗɘɫ

ȳɆɍɈɆ_ɕɔɐɆɍɓɎɐɆ_ɥɐɔɗɘɫ

ȴɕɎɗ_ɕɔɐɆɍɓɎɐə_ɥɐɔɗɘɫ
ȴɊɎɓɎɜɥ_ɈɎɒɫɖə

ȰɔɊ_ɔɊɎɓɎɜɫ_ɈɎɒɫɖə

ȳɆɍɈɆ_ɔɊɎɓɎɜɫ_ɈɎɒɫɖə

ȰɔɖɔɘɐɎɏ_ɔɕɎɗ

ȩɖəɕɆ_ɕɖɔɊəɐɜɫɬ

ȰɔɊ_ɉɖəɕɎ_ɕɖɔɊəɐɜɫɬ

ȳɆɍɈɆ_ɉɖəɕɎ_ɕɖɔɊəɐɜɫɬ

ȰɔɖɔɘɐɎɏ_ɔɕɎɗ

ȩɖəɕɎ_ɐɔɒɕɔɓɋɓɘɫɈ

ȰɔɊ_ɉɖəɕɎ_ɐɔɒɕɔɓɋɓɘɫɈ

ȳɆɍɈɆ_ɉɖəɕɎ

ȰɔɖɔɘɐɎɏ_ɔɕɎɗ

ȳɔɖɒɆɘɎɈɓɆ_ɊɔɐəɒɋɓɘɆɜɫɥ

ȰɔɊ_ɓɔɖɒɆɘɎɈɓɔɬ_ɊɔɐəɒɋɓɘɆɜɫɬ

ȳɆɍɈɆ_Ɋɔɐəɒɋɓɘə

ȸɋɐɗɘ_Ɋɔɐəɒɋɓɘə

ȨɎɒɔɉɎ_Ɋɔ_ɕɔɐɆɍɓɎɐɫɈ_ɥɐɔɗɘɫ

ȰɔɊ_ɈɎɒɔɉ_Ɋɔ_ɕɔɐɆɍɓɎɐɫɈ_ɥɐɔɗɘɫ

ȰɔɊ_ɕɔɐɆɍɓɎɐə_ɥɐɔɗɘɫ (FK)

ȰɔɊ_ɗɐɑɆɊə_ɖɋɜɋɕɘəɖɎ (FK)

Ȳɫɓɫ_ɍɓɆɝɋɓɓɥ_ɥɐɔɗɘɫ

ȲɆɐ_ɍɓɆɝɋɓɓɥ_ɥɐɔɗɘɫ

ȶɔɍɖɆɛɔɈɆɓɋ_ɍɓɆɝɋɓɓɥ

ȰɔɊ_ɍɆɒɫɓɓɎɐə_ɐɔɒɕɔɓɋɓɘə (FK)

ȶɋɜɋɕɘəɖɆ

ȰɔɊ_ɖɋɜɋɕɘəɖɎ

ȰɔɊ_ɉɖəɕɎ_ɕɖɔɊəɐɜɫɬ (FK)

ȳɆɍɈɆ_ɖɋɜɋɕɘəɖɎ

ȨɎɛɫɊ_ɕɖɔɊəɐɘə

Ȱɫɑɢɐɫɗɘɢ_ɕɖɔɊəɐɘə

ȸɎɕ_ɖɋɜɋɕɘəɖɎ

ȴɕɎɗ_ɖɋɜɋɕɘəɖɎ

ȰɔɊ_ɓɔɖɒɆɘɎɈɓɔɬ_ɊɔɐəɒɋɓɘɆɜɫɬ (FK)

ȭɆɒɫɓɓɎɐ_ɐɔɒɕɔɓɋɓɘə

ȰɔɊ_ɍɆɒɫɓɓɎɐə_ɐɔɒɕɔɓɋɓɘə

Ȩɒɫɗɘ_ɐɔɒɕɔɓɋɓɘə

ȨɎɊ_ɐɔɒɕɔɓɋɓɘə

Ȳɫɓ_Ɉɒɫɗɘ_ɐɔɒɕɔɓɋɓɘə

ȲɆɐɗ_Ɉɒɫɗɘ_ɐɔɒɕɔɓɋɓɘə

ȰɔɊ_ɖɋɜɋɕɘəɖɓɔɉɔ_ɐɔɒɕɔɓɋɓɘə (FK)

ȰɔɊ_ɗɐɑɆɊə_ɖɋɜɋɕɘəɖɎ (FK)

 

ʈʠʩʫʥʦʢ 5.5 ï ʄʦʜʝʣʴ ʚʽʪʨʠʥʠ ʜʘʥʠʭ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʨʦʙʦʪʠ ʝʢʩʧʝʨʪʥʦ-ʤʦʜʝʣʶʶʯʦʛʦ 

ʤʦʜʫʣʷ 

 

ʅʝʦʙʭʽʜʥʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʜʘʥʽ ʫ çʚʽʪʨʠʥʘʭ ʜʘʥʠʭè ʦʥʦʚʣʶʶʪʴʩʷ ʫ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʙʽʟʥʝʩ-ʣʦʛʽʢʠ, ʤʘʶʪʴ ʧʝʚʥʫ ʘʛʨʝʛʘʮʽʶ ʪʘ ʜʝʪʘʣʽʟʘʮʽʶ. ɿʘ ʨʘʭʫʥʦʢ 

ʪʦʛʦ, ʱʦ çʚʽʪʨʠʥʘ ʜʘʥʠʭè ʚʤʽʱʫʻ ʪʽʣʴʢʠ ʥʝʦʙʭʽʜʥʫ ʽʥʬʦʨʤʘʮʽʶ ʜʣʷ ʨʦʟʚô̫ ʟʘʥʥʷ 

ʧʝʚʥʦʾ ʟʘʜʘʯʽ ʥʘ ʤʦʤʝʥʪ ʯʘʩʫ, ʤʘʶʪʴ ʜʦʩʪʫʧ ʜʦ ʥʝʾ ʣʠʰʝ ʚʫʟʴʢʦʩʧʝʮʽʘʣʽʟʦʚʘʥʽ 

ʟʘʧʠʪʠ, ʪʦʤʫ ʮʝ ʧʨʠʚʦʜʠʪʴ ʜʦ ʚʠʢʣʶʯʝʥʥʷ ʟʘʡʚʦʾ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ ʯʠ ʾʾ ʧʦʰʫʢʫ.  

ʊʘʢʠʤ ʯʠʥʦʤ ʦʙʨʦʙʢʘ ʽʥʬʦʨʤʘʮʽʾ ʟʜʽʡʩʥʶʻʪʴʩʷ ʫ ʨʘʟʠ ʰʚʠʜʰʝ. ʎʝ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ 
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ʨʘʭʫʥʦʢ ʪʦʛʦ, ʱʦ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʟʘʩʦʙʠ ʟʘʚʘʥʪʘʞʝʥʥʷ ʜʘʥʠʭ, ʫ ʚʽʪʨʠʥʫ 

ʟʘʚʘʥʪʘʞʫʻʪʴʩʷ ʪʽʣʴʢʠ ʘʢʪʫʘʣʴʥʘ ʽʥʬʦʨʤʘʮʽʷ, ʘ ʜʝʪʘʣʴʥʘ ʽʥʬʦʨʤʘʮʽʷ ʟʘʣʠʰʘʻʪʴʩʷ ʚ 

çʦʟʝʨʽ ʜʘʥʠʭè.  

ʂʨʽʤ ʪʦʛʦ, ʙʫʣʠ ʟʤʦʜʝʣʴʦʚʘʥʽ ʦʢʨʝʤʦ çʚʽʪʨʠʥʠ ʜʘʥʠʭè ʜʣʷ ʢʦʞʥʦʾ ʟʘʜʘʯʽ, ʱʦ 

ʚʠʨʽʰʫʻʪʴʩʷ ʉʇʇʈ. ʅʘʧʨʠʢʣʘʜ, ʣʦʛʽʯʥʘ ʤʦʜʝʣʴ çʚʽʪʨʠʥʠ ʜʘʥʠʭè ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ 

ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʟʘ ʧʝʚʥʠʡ ʧʝʨʽʦʜ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 5.6. 

 

ȵɑɆɓ_ɈɎɉɔɘɔɈɑɋɓɓɥ_ɕɖɔɊəɐɜѰɬ

ȰɔɊ_ɕɑɆɓə_ɈɎɉɔɘɔɈɑɋɓɓɥ_ɕɖɔɊəɐɜѰɬ: integer

ȪɆɘɆ_ɕɔɝɆɘɐə: datetime

ȪɆɘɆ_ɍɆɐѰɓɝɋɓɓɥ: datetime

ȪɆɘɆ_ɈɎɉɔɘɔɈɑɋɓɓɥ: datetime

ȵɑɆɓɔɈɎɏ_ɔɇɗɥɉ_ɕɖɔɊəɐɜѰɬ: integer

ȺɆɐɘɎɝɓɎɏ_ɔɇɗɥɉ_ɕɖɔɊəɐɜѰɬ: integer

ȰɔɊ_ɕɖɔɊəɐɜѰɬ: integer (FK)

ȰɔɊ_ɈɎɖɔɇɓɎɝɔɬ_ɑѰɓѰɬ: integer (FK)

ȰɔɊ_ɍɆɒɔɈɑɋɓɓɥ: integer (FK)

ȵɖɔɊəɐɜѰɥ

ȰɔɊ_ɕɖɔɊəɐɜѰɬ: integer

ȩɆɘəɓɔɐ: varchar(20)

ȳɆɍɈɆ_ɕɖɔɊəɐɜѰɬ: varchar(50)

ȰɔɊ_ɘɆɖɎ: integer (FK)

ȰɔɊ_ɘɎɕə_ɕɖɔɊəɐɜѰɬ: integer (FK)

ȰɔɊ_ɘɎɕə_əɕɆɐɔɈɐɎ: integer (FK)

ȶɋɜɋɕɘəɖɆ_ɈɎɉɔɘɔɈɑɋɓɓɥ

ȰɔɊ_ɖɋɜɋɕɘəɖɎ: integer

ȰѰɑɢɐѰɗɘɢ_ɗɎɖɔɈɎɓɎ: integer

ȰɔɊ_ɘɎɕə_ɗɎɖɔɈɎɓɎ: integer (FK)

ȰɔɊ_ɕɖɔɊəɐɜѰɬ: integer (FK)

ȴɇɗɥɉ_ɓɋɔɇɛѰɊɓɎɛ_ɖɋɗəɖɗѰɈ

ȰɔɊ_ɔɇɗɥɉə_ɖɋɗəɖɗѰɈ: integer

ȰѰɑɢɐѰɗɘɢ_ɗɎɖɔɈɎɓɎ: integer

ȰɔɊ_ɘɎɕə_ɗɎɖɔɈɎɓɎ: integer (FK)

ȰɔɊ_ɕɑɆɓə_ɈɎɉɔɘɔɈɑɋɓɓɥ_ɕɖɔɊəɐɜѰɬ: integer (FK)

ȪɆɘɆ_ɓɆɊɛɔɊɌɋɓɓɥ: datetime

ȨɎɖɔɇɓɎɝɆ_ɑѰɓѰɥ

ȰɔɊ_ɈɎɖɔɇɓɎɝɔɬ_ɑѰɓѰɬ: integer

ȳɆɍɈɆ_ɈɎɖɔɇɓɎɝɔɬ_ɑѰɓѰɬ: varchar(50)

ȨɎɖɔɇɓɎɐ_ɔɇɑɆɊɓɆɓɓɥ: varchar(50)

ȸɎɕ_ɕɖɔɊəɐɜѰɬ

ȰɔɊ_ɘɎɕə_ɕɖɔɊəɐɜѰɬ: integer

ȳɆɍɈɆ_ɘɎɕə: varchar(50)

ȸɎɕ_ɗɎɖɔɈɎɓɎ

ȰɔɊ_ɘɎɕə_ɗɎɖɔɈɎɓɎ: integer

ȪɔɕəɗɘɎɒѰ_ɕɔɐɆɍɓɎɐɎ_ɌɎɖɓɔɗɘѰ: integer

ȪɔɕəɗɘɎɒѰ_ɕɔɐɆɍɓɎɐɎ_ɈɔɑɔɉɔɗɘѰ: integer

ȳɆɍɈɆ_ɗɎɖɔɈɎɓɎ: varchar(50)

ȸɆɖɆ

ȰɔɊ_ɘɆɖɎ: integer

ȴɇɗɥɉ_ɘɆɖɎ: integer

ȳɆɍɈɆ_ɘɆɖɎ: varchar(50)

ȸɎɕ_əɕɆɐɔɈɐɎ

ȰɔɊ_ɘɎɕə_əɕɆɐɔɈɐɎ: integer

ȰѰɑɢɐѰɗɘɢ_Ɉ_əɕɆɐɔɈɜѰ: integer

ȳɆɍɈɆ_ɘɎɕə_əɕɆɐɔɈɐɎ: varchar(50)

ȭɆɒɔɈɑɋɓɓɥ_ɓɆ_ɈɎɉɔɘɔɈɑɋɓɓɥ

ȰɔɊ_ɍɆɒɔɈɑɋɓɓɥ: integer

ȪɆɘɆ_ɓɆɊɛɔɊɌɋɓɓɥ: datetime

ȪɆɘɆ_ɈѰɊɈɆɓɘɆɌɋɓɓɥ: datetime

ȪɆɘɆ_ɈɎɐɔɓɆɓɓɥ: datetime

ȰѰɑɢɐѰɗɘɢ_ɍɆɒɔɈɑɋɓɔɉɔ: integer

ȰѰɑɢɐѰɗɘɢ_ɈѰɊɈɆɓɘɆɌɋɓɔɉɔ: integer

ȰɔɊ_ɕɖɔɊəɐɜѰɬ: integer (FK)

 

ʈʠʩʫʥʦʢ 5.6 ï ʃʦʛʽʯʥʘ ʤʦʜʝʣʴ çʚʽʪʨʠʥʠ ʜʘʥʠʭè ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʚʠʢʦʥʘʥʥʷ 

ʟʘʤʦʚʣʝʥʴ ʟʘ ʧʝʚʥʠʡ ʧʝʨʽʦʜ 

 

ʋ ʨʦʙʦʪʽ [78] ʙʫʚ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʩʪʚʦʨʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʩʭʦʚʠʱʘ ʜʘʥʠʭ 

ʥʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʤʦʜʝʣʝʡ ʩʪʨʫʢʪʫʨ ʙʘʟ ʜʘʥʠʭ, ʷʢʽ ʙʫʣʠ ʜʞʝʨʝʣʘʤʠ ʜʘʥʠʭ ʜʣʷ 
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ʟʘʚʘʥʪʘʞʝʥʥʷ. ʇʨʠ ʩʪʚʦʨʝʥʥʽ ʩʪʨʫʢʪʫʨ ʩʭʦʚʠʱʘ ʪʘ çʚʽʪʨʠʥ ʜʘʥʠʭè ʙʫʣʦ ʦʙʨʘʥʦ 

ʧʽʜʭʽʜ, ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʦʪʨʝʙʘʭ ʥʘʙʦʨʽʚ ʜʘʥʠʭ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯ. 

ʉʧʦʯʘʪʢʫ ʙʫʜʫʚʘʣʠʩʷ ʩʪʨʫʢʪʫʨʠ çʚʽʪʨʠʥʠ ʜʘʥʠʭè, ʘ ʥʘ ʾʭ ʦʩʥʦʚʽ ï ʟʘʛʘʣʴʥʘ ʩʪʨʫʢʪʫʨʘ 

çʚʽʨʪʫʘʣʴʥʦʛʦ ʩʭʦʚʠʱʘ ʜʘʥʠʭè, ʱʦ ʜʘʻ ʟʤʦʛʫ ʫʥʠʢʥʫʪʠ ʥʘʜʣʠʰʢʦʚʦʩʪʽ.  

ʄʦʜʝʣʴ çʚʽʪʨʠʥʠ ʜʘʥʠʭè ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʫ ɼʦʜʘʪʦʢʫ ɾ. ʄʦʜʝʣʴ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʘʢʠʭ ʪʘʙʣʠʮʴ: çʇʣʘʥ ʚʠʨʦʙʥʠʮʪʚʘè, çɿʤʽʥʥʝ 

ʟʘʚʜʘʥʥʷè, çɺʩʽ_ʟʘʤʦʚʣʝʥʥʷè, çʇʨʦʜʫʢʮʽʷè, çʉʠʨʦʚʠʥʘè, çɸʣʴʪʝʨʥʘʪʠʚʥʽ ʨʽʰʝʥʥʷè, 

çWOLFè, çʉʬʦʨʤʦʚʘʥʠʡ ʤʘʨʰʨʫʪè, çANT COLONYè ʪʦʱʦ. ʌʽʟʠʯʥʘ ʤʦʜʝʣʴ 

ʩʪʚʦʨʶʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʣʦʛʽʯʥʦʾ ʤʦʜʝʣʽ ʙʘʟʠ ʜʘʥʠʭ, ʥʘ ʦʩʥʦʚʽ ʷʢʦʾ ʚʞʝ ʬʦʨʤʫʻʪʴʩʷ 

ʩʠʩʪʝʤʥʠʡ ʢʦʜ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʚ ʦʙʨʘʥʽʡ ʉʋɹɼ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ CASE-ʟʘʩʦʙʫ ʜʣʷ ʧʨʦʻʢʪʫʚʘʥʥʷ ʽ ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʝʡ ʜʘʥʠʭ 

AllFusion ERwin Data Modeler r7 ʟʘʙʝʟʧʝʯʠʣʦ ʰʚʠʜʢʫ ʨʦʟʨʦʙʢʫ ʩʪʨʫʢʪʫʨ çʚʽʪʨʠʥ 

ʜʘʥʠʭè, ʩʭʦʚʠʱʘ ʜʘʥʠʭ ʪʘ ʙʘʟʠ ʟʥʘʥʴ. ɼʘʥʠʡ ʟʘʩʽʙ ʟʘʙʝʟʧʝʯʫʻ ʧʦʨʽʚʥʷʥʥʷ ʤʦʜʝʣʝʡ, 

ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʤʫ ʨʝʞʠʤʽ ʚʠʷʚʠʪʠ ʫʩʽ ʧʦʜʽʙʥʽ ʝʣʝʤʝʥʪʠ [2, 110, 

111]. ɿʘ ʨʘʭʫʥʦʢ ʪʦʛʦ, ʱʦ ʟʘʩʽʙ ʧʽʜʪʨʠʤʫʻ ʧʝʨʝʭʽʜ ʤʽʞ ʦʩʥʦʚʥʠʤʠ ʧʦʧʫʣʷʨʥʠʤʠ 

ʉʋɹɼ, ʙʫʣʠ ʦʪʨʠʤʘʥʽ SQL-ʢʦʜʠ ʩʪʚʦʨʝʥʥʷ ʫʩʽʭ ʝʣʝʤʝʥʪʽʚ. 

ʗʢ ʉʋɹɼ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʩʭʦʚʠʱʘ ʪʘ çʚʽʪʨʠʥ ʜʘʥʠʭè, ʘ ʪʘʢʦʞ ʙʘʟʠ ʟʥʘʥʴ ʙʫʚ 

ʦʙʨʘʥʠʡ MS SQL Server 2008, ʪʦʤʫ ʱʦ ʚʽʥ ʧʽʜʪʨʠʤʫʻ ʨʽʟʥʽ ʘʨʭ̔ʪʝʢʪʫʨʠ, ʘ ʪʘʢʦʞ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ, ʜʝ ʧʨʦʭʦʜʠʣʠ ʘʧʨʦʙʘʮʽʶ ʝʣʝʤʝʥʪʠ ʩʠʩʪʝʤʠ.  

MS SQL Server 2008 ʤʦʞʝ ʙʫʪʠ ʨʦʟʛʦʨʥʫʪʠʡ ʷʢ ʥʘ ʩʝʨʚʝʨʽ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʪʘʢ ʽ 

ʣʦʢʘʣʴʥʦ ʥʘ ʧʝʨʩʦʥʘʣʴʥʦʤʫ ʢʦʤʧôʶʪʝʨʽ ʢʦʨʠʩʪʫʚʘʯʘ. ɺʽʥ ʻ ʫʥʽʚʝʨʩʘʣʴʥʦʶ 

ʧʣʘʪʬʦʨʤʦʶ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʰʠʨʦʢʦʛʦ ʢʦʣʘ ʟʘʚʜʘʥʴ: ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ, ʙʽʟʥʝʩ-

ʘʥʘʣʽʪʠʢʠ, ʨʦʟʨʦʙʢʠ ʜʦʜʘʪʢʽʚ, ʢʦʥʩʦʣʽʜʘʮʽʾ ʩʝʨʚʝʨʽʚ ʪʦʱʦ. ɼʦ ʩʢʣʘʜʫ ʉʋɹɼ ʷʢ 

ʽʥʪʝʛʨʦʚʘʥʠʡ ʢʦʤʧʦʥʝʥʪ ʚʭʦʜʠʪʴ ʚʝʣʠʯʝʟʥʠʡ ʢʦʤʧʣʝʢʩ ʟʘʩʦʙʽʚ ʙʽʟʥʝʩ-ʘʥʘʣʽʪʠʢʠ. 

ʂʦʨʧʦʨʘʮʽʾ ʨʦʟʛʣʷʜʘʶʪʴ SQL Server ʷʢ ʢʣʶʯʦʚʠʡ ʢʦʤʧʦʥʝʥʪ ʩʚʦʻʾ ʧʣʘʪʬʦʨʤʠ 

ʜʦʩʪʫʧʫ ʜʦ ʜʘʥʠʭ, ʜʦ ʩʢʣʘʜʫ ʷʢʦʾ ʚʭʦʜʷʪʴ ʦʬʽʩʥʠʡ ʧʘʢʝʪ Microsoft Office ʪʘ ʟʘʩʽʙ 

ʨʦʟʨʦʙʢʠ Visual Studio [328ï333]. 

ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʦʙʩʷʛʽʚ ʜʘʥʠʭ ʽ ʢʽʣʴʢʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʽʚ ʦʨʛʘʥʽʟʘʮʽʷʤ ʩʪʘʻ ʚʩʝ 

ʩʢʣʘʜʥʽʰʝ ʦʪʨʠʤʘʪʠ ʧʝʨʝʜʙʘʯʫʚʘʥʠʡ ʚʽʜʛʫʢ. SQL Server 2008 ʤʽʩʪʠʪʴ ʚʝʣʠʢʠʡ ʥʘʙʽʨ 

ʢʦʤʧʦʥʝʥʪʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʘʩʰʪʘʙʦʚʘʥʫ ʽ ʧʝʨʝʜʙʘʯʫʚʘʥʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʜʣʷ 
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ʙʫʜʴ-ʷʢʦʛʦ ʨʦʙʦʯʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʉʪʠʩʥʝʥʥʷ ʜʘʥʠʭ ʜʦʟʚʦʣʷʻ ʟʙʝʨʽʛʘʪʠ ʾʭ ʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʦ ʽ ʟʤʝʥʰʫʻ ʚʠʪʨʘʪʠ ʥʘ ʥʘʢʦʧʠʯʫʚʘʣʴʥʽ ʧʨʠʩʪʨʦʾ [328ï333]. 

SQL Server 2008 ʷʚʣʷʻ ʩʦʙʦʶ ʤʘʩʰʪʘʙʦʚʘʥʫ ʧʣʘʪʬʦʨʤʫ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʩʭʦʚʠʱ 

ʜʘʥʠʭ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʰʚʠʜʰʝ ʽ ʝʬʝʢʪʠʚʥʽʰʝ ʽʥʪʝʛʨʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʚ ʩʭʦʚʠʱʘ, ʘ 

ʪʘʢʦʞ ʢʝʨʫʚʘʪʠ ʟʨʦʩʪʘʶʯʠʤʠ ʡʦʛʦ ʦʙʩʷʛʘʤʠ, ʥʘʜʘʶʯʠ ʚʩʽʤ ʢʦʨʠʩʪʫʚʘʯʘʤ ʚʽʜʦʤʦʩʪʽ, 

ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʢʨʘʱʦʛʦ ʨʦʟʫʤʽʥʥʷ ʮʽʻʾ ʽʥʬʦʨʤʘʮʽʾ. ɺʩʝʙʽʯʥʠʡ ʘʥʘʣʽʟ ʙʽʟʥʝʩ-ʜʘʥʠʭ 

ʜʦʟʚʦʣʷʻ ʧʨʠʡʤʘʪʠ ʙʽʣʴʰ ʦʙˇʨʫʥʪʦʚʘʥʽ ʨʽʰʝʥʥʷ ʟʘʚʜʷʢʠ ʪʦʤʫ, ʱʦ ʢʦʨʠʩʪʫʚʘʯʽ 

ʤʦʞʫʪʴ ʟʙʠʨʘʪʠ, ʦʯʠʱʘʪʠ, ʟʙʝʨʽʛʘʪʠ ʽ ʛʦʪʫʚʘʪʠ ʜʘʥʽ ʜʣʷ ʮʽʻʾ ʤʝʪʠ. ʆʨʽʻʥʪʫʶʯʠʩʴ ʥʘ 

ʪʝʥʜʝʥʮʽʾ ʨʠʥʢʫ ʙʽʟʥʝʩ-ʘʥʘʣʽʪʠʢʠ, ʪʚʦʨʮʽ SQL Server 2008 ʚʢʣʶʯʠʣʠ ʚ ʥʴʦʛʦ 

ʨʦʟʰʠʨʝʥʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʾ ɯʊ-ʬʘʭʽʚʮʽ ʟʤʦʞʫʪʴ ʟʙʽʣʴʰʫʚʘʪʠ 

ʤʦʞʣʠʚʦʩʪʽ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʫ ʤʘʩʰʪʘʙʽ ʚʩʽʻʾ ʦʨʛʘʥʽʟʘʮʽʾ. ʎʴʦʤʫ 

ʩʧʨʠʷʶʪʴ ʫʧʨʘʚʣʽʥʥʷ ʟʚʽʪʘʤʠ ʽ ʘʥʘʣʽʟʦʤ ʙʫʜʴ-ʷʢʦʛʦ ʦʙʩʷʛʫ, ʘ ʪʘʢʦʞ ʛʣʠʙʦʢʘ 

ʽʥʪʝʛʨʘʮʽʷ ʟ Microsoft Office System. ʇʣʘʪʬʦʨʤʘ SQL Server 2008 ʜʦʟʚʦʣʷʻ 

ʦʨʛʘʥʽʟʘʮʽʷʤ ʟʘʣʫʯʘʪʠ ʜʦ ʙʽʟʥʝʩ-ʘʥʘʣʽʟʫ ʚʩʽʭ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ, ʟʘʚʜʷʢʠ ʯʦʤʫ ʨʽʰʝʥʥʷ 

ʧʨʠʡʤʘʶʪʴʩʷ ʰʚʠʜʰʝ ʽ ʚʠʷʚʣʷʶʪʴʩʷ ʷʢʽʩʥʽʰʠʤʠ ʽ ʢʦʤʧʝʪʝʥʪʥʽʰʠʤʠ [328ï333]. 

ɿʘ ʨʘʭʫʥʦʢ ʩʪʠʩʥʝʥʥʷ ʜʘʥʠʭ SQL Server 2008 ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ ʟʙʝʨʽʛʘʻ 

ʽʥʬʦʨʤʘʮʽʶ (ʫ ʪʦʤʫ ʯʠʩʣʽ, ʨʝʟʝʨʚʥʽ ʢʦʧʽʾ), ʘ ʪʘʢʦʞ ʧʽʜʚʠʱʫʻ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʟʘʚʜʷʢʠ 

ʩʢʦʨʦʯʝʥʥʶ ʦʙʩʷʛʽʚ ʚʚʝʜʝʥʥʷ-ʚʠʚʝʜʝʥʥʷ. ʉʝʢʮʽʦʥʫʚʘʥʥʷ ʧʦʣʝʛʰʫʻ ʨʦʙʦʪʫ ʟ 

ʚʝʣʠʢʠʤʠ ʪʘʙʣʠʮʷʤʠ, ʪʦʤʫ ʱʦ ʧʦʜʽʣʷʻ ʾʭ ʥʘ ʣʦʛʽʯʥʽ ʙʣʦʢʠ, ʷʢʽ ʻ ʧʨʦʩʪʠʤʠ ʚ 

ʫʧʨʘʚʣʽʥʥʽ ʪʘ ʜʦʩʠʪʴ ʧʨʦʟʦʨʠʤʠ ʜʣʷ ʘʜʤʽʥʽʩʪʨʫʚʘʥʥʷ. ʋ SQL Server 2008 ʮʽ 

ʤʦʞʣʠʚʦʩʪʽ ʨʦʟʰʠʨʝʥʽ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʦʧʝʨʝʜʥʴʦʶ ʚʝʨʩʽʻʶ [328ï333]. 

ʆʙʨʘʥʥʷ ʉʋɹɼ MS SQL Server ʦʙʫʤʦʚʣʝʥʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦʶ ʜʦʩʪʘʪʥʽʩʪʶ 

ʚʙʫʜʦʚʘʥʠʭ ʩʝʨʚʽʩʽʚ, ʘ ʩʘʤʝ ʟʘʩʦʙʽʚ Integration Services (SSIS), ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʧʽʜʪʨʠʤʢʫ ʛʥʫʯʢʦʾ ʪʘ ʧʦʪʫʞʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʜʣʷ ʝʬʝʢʪʠʚʥʦʾ ʽʥʪʝʛʨʘʮʽʾ ʜʘʥʠʭ, 

ʨʦʟʨʦʙʣʝʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʢʝʪʽʚ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʘʥʠʭ ʟʘ ʟʘʜʘʥʠʤ ʘʣʛʦʨʠʪʤʦʤ 

ʨʦʟʨʦʙʥʠʢʘ, ʛʣʠʙʦʢʫ ʽʥʪʝʛʨʘʮʽʶ ʧʘʢʝʪʽʚ ʟ̔ ʽʥʩʪʨʫʤʝʥʪʘʨʽʻʤ ɯɸɼ [328ï333]. 

ɻʝʥʝʨʘʮʽʷ ʩʪʨʫʢʪʫʨʠ ɹɼ ʥʘ ʦʩʥʦʚʽ ʘʚʪʦʤʘʪʠʯʥʦ ʩʪʚʦʨʝʥʦʛʦ SQL-ʢʦʜʫ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʥʘʪʠʩʢʘʥʥʽ ʢʥʦʧʢʠ Generate. ɼʽʘʣʦʛ ʟʚôʷʟʢʫ ʟ ɹɼ ʽ ʚʠʢʦʥʘʥʥʷ SQL-

ʢʦʜʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʥʘʪʠʩʥʝʥʥʷ ʢʥʦʧʢʠ Connect. ʋ ʩʝʨʝʜʦʚʠʱʽ MS SQL 



227 

Server 2008 ʦʪʨʠʤʫʻʤʦ ʟʛʝʥʝʨʦʚʘʥʫ ʙʘʟʫ ʜʘʥʠʭ ʟ ʫʩʽʤʘ ʚʠʟʥʘʯʝʥʠʤʠ ʪʘʙʣʠʮʷʤʠ ʪʘ 

ʟʚôʷʟʢʘʤʠ. 

ʋ ʟʚô̫ ʟʢʫ ʟ ʪʠʤ, ʱʦ ʧʨʦʻʢʪʫʚʘʥʥʷ ʪʘ ʩʪʚʦʨʝʥʥʷ ʚʩʴʦʛʦ ʧʨʦʻʢʪʫ ʚʽʜʙʫʚʘʣʦʩʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʧʽʨʘʣʴʥʦʾ ʤʝʪʦʜʦʣʦʛʽʾ, ʧʦʩʪʘʣʘ ʟʘʜʘʯʘ ʚʝʜʝʥʥʷ ʚʝʨʩʽʦʥʫʚʘʥʥʷ 

ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ, ʘ ʪʘʢʦʞ ʚʝʨʩʽʡ çʚʽʪʨʠʥ ʜʘʥʠʭè, ʩʭʦʚʠʱʘ ʜʘʥʠʭ ʪʘ ʙʘʟʠ ʟʥʘʥʴ.  

ɺʝʨʩʽʦʥʫʚʘʥʥʷ ʻ ʥʝʚʽʜ'ʻʤʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʧʨʦʪʷʛʦʤ ʚʩʴʦʛʦ ʧʨʦʮʝʩʫ ʨʦʟʨʦʙʢʠ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʷʢʝ ʟʘʙʝʟʧʝʯʫʻ ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʦʨʛʘʥʽʟʘʮʽʶ ʨʦʙʦʪʠ 

ʢʦʤʘʥʜʠ ʨʦʟʨʦʙʥʠʢʽʚ, ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʘʻ ʚʟʘʻʤʦʟʚôʷʟʢʠ ʤʽʞ ʢʦʤʧʘʥʽʻʶ ʪʘ 

ʢʦʨʠʩʪʫʚʘʯʘʤʠ. ʇʨʘʚʠʣʴʥʦ ʦʙʨʘʥʘ ʩʭʝʤʘ ʚʝʨʩʽʦʥʫʚʘʥʥʷ ʧʦʚʠʥʥʘ ʥʘʜʘʪʠ 

ʢʦʨʠʩʪʫʚʘʯʘʤ ʤʦʞʣʠʚʽʩʪʴ ʟʨʦʟʫʤʽʪʠ, ʷʢʽ ʬʫʥʢʮʽʾ ʪʘ ʧʦʤʠʣʢʠ ʧʨʠʩʫʪʥʽ ʚ ʪʦʤʫ 

ʚʠʧʫʩʢʫ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ. ʂʦʣʠ ʢʦʨʠʩʪʫʚʘʯ ʟʽʰʪʦʚʭʥʝʪʴʩʷ ʟ ʧʝʚʥʦʶ 

ʧʦʤʠʣʢʦʶ ʫ ʚʽʜʧʦʚʽʜʥʽʡ ʚʝʨʩʽʾ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ, ʚʽʥ ʤʦʞʝ [25, 311, 333]:  

Å ʦʥʦʚʠʪʠ ʧʨʦʛʨʘʤʥʠʡ ʧʨʦʜʫʢʪ ʜʦ ʙʽʣʴʰ ʥʦʚʦʾ ʚʝʨʩʽʾ, ʚ ʷʢʽʡ ʮʷ ʧʦʤʠʣʢʘ 

ʚʠʧʨʘʚʣʝʥʘ;  

Å ʟʘ ʚʽʜʩʫʪʥʽʩʪʶ ʚʠʧʨʘʚʣʝʥʴ ʟʚʝʨʥʫʪʠʩʷ ʜʦ ʢʦʤʧʘʥʽʾ ʨʦʟʨʦʙʥʠʢʘ ʟ ʯʽʪʢʠʤ 

ʬʦʨʤʫʣʶʚʘʥʥʷʤ ʧʦʤʠʣʢʠ ʪʘ ʜʦʯʝʢʘʪʠʩʷ ʥʦʚʦʾ ʚʝʨʩʽʾ. 

ʋ ʙʘʛʘʪʴʦʭ ʨʽʟʥʠʭ ʩʭʝʤʘʭ ʚʝʨʩʽʦʥʫʚʘʥʥʷ ʻ ʩʚʦʾ ʦʩʦʙʣʠʚʦʩʪʽ, ʘʣʝ ʥʘʡʯʘʩʪʽʰʝ 

ʦʩʥʦʚʥʦʶ ʤʝʪʦʶ ʻ ʥʘʜʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʚʽʜʤʽʥʥʦʩʪʽ ʤʽʞ ʜʚʦʤʘ ʚʝʨʩʽʷʤʠ [311, 333, 

334].  

ʇʽʩʣʷ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʨʽʰʝʥʥʷ ʧʨʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

çʩʝʤʘʥʪʠʯʥʦʛʦ ʚʝʨʩʽʦʥʫʚʘʥʥʷ ʙʘʟʠ ʜʘʥʠʭè [25, 311, 333, 334] ʜʣʷ ʤʘʨʢʫʚʘʥʥʷ 

çʚʝʨʩʽʡ ʚʽʪʨʠʥè ʪʘ ʩʭʦʚʠʱʘ ʜʘʥʠʭ, ʙʘʟʠ ʟʥʘʥʴ.  

ʉʧʝʮʠʬʽʢʘʮʽʷ çʩʝʤʘʥʪʠʯʥʝ ʚʝʨʩʽʦʥʫʚʘʥʥʷ ʙʘʟʠ ʜʘʥʠʭè ʟʘʩʥʦʚʘʥʘ ʥʘ 

ʩʝʤʘʥʪʠʯʥʦʤʫ ʚʝʨʩʽʦʥʫʚʘʥʥʽ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ, ʷʢʠʡ ʤʽʩʪʠʪʴ ʚ ʩʦʙʽ ʪʨʠ ʯʠʩʣʘ, 

ʨʦʟʜʽʣʝʥʠʭ ʢʨʘʧʢʦʶ, ʜʝ ʢʦʞʥʝ ʟ ʯʠʩʝʣ (X.Y.Z) ʤʘʻ ʚʽʜʧʦʚʽʜʥʫ ʥʘʟʚʫ ï 

ʤʘʞʦʨʥʘ.ʤʽʥʦʨʥʘ.ʧʘʪʯ. ʋ ʩʧʝʮʠʬʽʢʘʮʽʾ çʩʝʤʘʥʪʠʯʥʝ ʚʝʨʩʽʦʥʫʚʘʥʥʷ ʙʘʟʠ ʜʘʥʠʭè 

ʟʤʽʥʠ ʤʘʞʦʨʥʦʾ, ʤʽʥʦʨʥʦʾ ʪʘ ʧʘʪʯ-ʚʝʨʩʽʾ ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ [25, 311]: 

Å ʤʘʞʦʨʥʘ ʚʝʨʩʽʷ ʽʥʢʨʝʤʝʥʪʫʻʪʴʩʷ ʧʨʠ ʜʦʜʘʚʘʥʥʽ ʥʦʚʦʛʦ ʧʦʣʷ ʜʦ ʪʘʙʣʠʮʽ, 

ʚʠʜʘʣʝʥʥʽ ʧʦʣʷ ʽʟ ʪʘʙʣʠʮʽ, ʧʝʨʝʡʤʝʥʫʚʘʥʥʽ ʧʦʣʷ, ʚʠʜʘʣʝʥʥʽ NULL-ʟʥʘʯʝʥʥʷ, 

ʜʦʜʘʚʘʥʥʽ ʦʙʤʝʞʝʥʴ; 
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Å ʤʽʥʦʨʥʘ ʚʝʨʩʽʷ ʽʥʢʨʝʤʝʥʪʫʻʪʴʩʷ ʧʨʠ ʜʦʜʘʚʘʥʥʽ ʥʦʚʦʛʦ ʝʣʝʤʝʥʪʫ, ʥʦʚʦʛʦ ʧʦʣʷ, 

ʟʘ ʫʤʦʚʦʶ, ʱʦ ʚʦʥʦ ʙʫʜʝ ʤʽʩʪʠʪʠ ʟʥʘʯʝʥʥʷ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ, ʧʨʠ ʜʦʜʘʚʘʥʥʽ NULL-

ʟʥʘʯʝʥʥʷ, ʧʨʠ ʚʠʜʘʣʝʥʥʽ ʦʙʤʝʞʝʥʴ, ʧʨʠ ʟʤʽʥʽ ʪʨʠʛʝʨʽʚ; 

Å ʧʘʪʯ-ʚʝʨʩʽʷ ʽʥʢʨʝʤʝʥʪʫʻʪʴʩʷ ʧʨʠ ʟʤʽʥʽ ʪʠʧʽʚ ʜʘʥʠʭ, ʟʘ ʫʤʦʚʠ, ʱʦ ʧʦʯʘʪʢʦʚʠʡ 

ʽ ʢʽʥʮʝʚʠʡ ʪʠʧʠ ʜʘʥʠʭ ʻ ʩʫʤʽʩʥʠʤʠ, ʧʨʠ ʜʦʜʘʚʘʥʥʽ NULL-ʟʥʘʯʝʥʥʷ, ʷʢʱʦ ʮʝ ʻ 

ʚʠʧʨʘʚʣʝʥʥʷʤ ʧʦʤʠʣʢʠ ʧʨʦʻʢʪʫʚʘʥʥʷ ʙʘʟʠ ʜʘʥʠʭ, ʧʨʠ ʚʠʜʘʣʝʥʥʽ ʦʙʤʝʞʝʥʴ, ʷʢʱʦ ʮʝ 

ʻ ʚʠʧʨʘʚʣʝʥʥʷʤ ʧʦʤʠʣʢʠ ʧʨʦʻʢʪʫʚʘʥʥʷ. 

ʋ ʧʨʦʮʝʩʽ ʧʨʦʻʢʪʫʚʘʥʥʷ ʙʘʟ ʟʥʘʥʴ, ʚʽʪʨʠʥ ʪʘ ʩʭʦʚʠʱ ʜʘʥʠʭ ʚʠʢʦʨʠʩʪʘʥʦ 

ʧʽʜʭʦʜʠ ʱʦʜʦ ʤʘʨʢʫʚʘʥʥʷ ʪʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʦʥʦʚʣʝʥʥʷ ʾʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʽ ʝʣʝʤʝʥʪʽʚ ʟʘ ʨʘʭʫʥʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʘʪʝʛʦʨʽʾ ʨʝʬʘʢʪʦʨʠʥʛʫ ʜʦʩʪʫʧʫ ʪʘ 

ʩʧʝʮʠʬʽʢʘʮʽʾ ʩʝʤʘʥʪʠʯʥʦʛʦ ʚʝʨʩʽʦʥʫʚʘʥʥʷ ʙʘʟ ʜʘʥʠʭ, ʱʦ ʟʘʙʝʟʧʝʯʠʣʦ ʧʽʜʚʠʱʝʥʥʷ 

ʷʢʦʩʪʽ ʪʘ ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʨʦʟʨʦʙʢʠ. 

 

 

5.4 ʆʙʨʘʥʥʷ ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʨʦʟʨʦʙʢʠ  

 

 

ʈʦʟʨʦʙʢʘ ʧʨʦʛʨʘʤʥʦʾ ʣʦʛʽʢʠ ʨʦʙʦʪʠ ʦʧʠʩʘʥʠʭ ʤʦʜʫʣʽʚ ʫ ʨʦʟʜʽʣʽ 5.1 ʥʘ 

ʩʝʨʚʝʨʥʽʡ ʯʘʩʪʠʥʽ ʟʜʽʡʩʥʶʚʘʣʘʩʴ ʤʦʚʦʶ ʧʨʦʛʨʘʤʫʚʘʥʥʷ Java, ʚʠʙʽʨ ʷʢʦʾ ʟʫʤʦʚʣʝʥʠʡ 

ʚʽʜʦʤʠʤʠ ʧʝʨʝʚʘʛʘʤʠ [18, 335ï337], ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ Spring Framework ʪʘ Hibernate. 

ʅʝ ʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʤʦʚʘ ʧʨʦʛʨʘʤʫʚʘʥʥʷ Java ʥʘʜʘʻ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʚʙʫʜʦʚʘʥʠʭ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʜʣʷ ʨʦʟʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ, ʟʘʩʦʙʠ ʜʣʷ 

ʦʨʛʘʥʽʟʘʮʽʾ ʩʢʣʘʜʦʚʠʭ ʧʨʦʛʨʘʤʥʠʭ ʯʘʩʪʠʥ ʩʢʣʘʜʥʦʾ ʩʠʩʪʝʤʠ ʫ ʻʜʠʥʝ ʮʽʣʝ ʥʝ 

ʥʘʜʘʶʪʴʩʷ. ɺʠʨʽʰʝʥʥʷ ʪʘʢʦʾ ʧʨʦʙʣʝʤʠ ʧʦʢʣʘʜʘʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʨʦʟʨʦʙʥʠʢʽʚ 

ʪʘ ʘʨʭʽʪʝʢʪʦʨʽʚ. ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʜʘʥʦʾ ʟʘʜʘʯʽ ʦʙʨʘʥʘ ʧʨʦʛʨʘʤʥʘ ʧʣʘʪʬʦʨʤʘ Spring 

Framework, ʱʦ ʥʘʜʘʻ ʬʦʨʤʘʣʽʟʦʚʘʥʽ ʟʘʩʦʙʠ ʦʙôʻʜʥʘʥʥʷ ʨʦʟʨʽʟʥʝʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʫ 

ʻʜʠʥʫ ʧʨʦʛʨʘʤʥʫ ʩʠʩʪʝʤʫ ʥʘ ʦʩʥʦʚʽ ʧʨʠʥʮʠʧʫ ʚʚʝʜʝʥʥʷ ʟʘʣʝʞʥʦʩʪʝʡ (Dependency 

Injection) [338-340].  

ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟʽ ʚʢʘʟʘʥʠʤ ʧʨʠʥʮʠʧʦʤ ʟʘʜʘʯʘ ʧʦʙʫʜʦʚʠ ʟʘʣʝʞʥʦʩʪʝʡ ʦʙôʻʢʪʘ 

ʚʠʨʽʰʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʦʚʥʽʰʥʴʦʛʦ ʤʝʭʘʥʽʟʤʫ. ʂʣʶʯʦʚʝ ʧʨʠʟʥʘʯʝʥʥʷ 
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ʧʨʦʛʨʘʤʥʦʾ ʧʣʘʪʬʦʨʤʠ Spring Framework ʧʦʣʷʛʘʻ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʧʦʙʫʜʦʚʠ 

ʧʨʦʛʨʘʤʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʉʇʇʈ [18, 339, 340].  

Spring Framework ʤʘʻ ʤʦʜʫʣʴʥʫ ʩʪʨʫʢʪʫʨʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʣʠʰʝ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʬʫʥʢʮʽʡ ʩʠʩʪʝʤʠ ʝʣʝʤʝʥʪʽʚ [339, 340].  

ʄʦʜʫʣʽ ʦʙôʻʜʥʘʥʽ ʫ ʛʨʫʧʠ ʟʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤ ʧʨʠʟʥʘʯʝʥʥʷʤ (ʨʠʩ. 5.7), ʘ ʩʘʤʝ 

ʥʘ ʪʘʢʽ [18]: 

Å ̫ʜʨʦ ʧʨʦʛʨʘʤʥʦʾ ʧʣʘʪʬʦʨʤʠ (Core Container); 

Å ʤʦʜʫʣʽ ʜʦʩʪʫʧʫ ʜʦ ʜʘʥʠʭ (Data Access/Integration); 

Å ʤʦʜʫʣʽ ʜʣʷ ʨʦʟʨʦʙʢʠ web-ʦʨʽʻʥʪʦʚʘʥʠʭ ʩʠʩʪʝʤ (Web); 

Å ʤʦʜʫʣʽ ʜʣʷ ʨʦʙʦʪʠ ʟ ʘʩʧʝʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʤ ʧʨʦʛʨʘʤʫʚʘʥʥʷʤ (AOP ï Aspect 

Oriented Programming); 

Å ̔ʥʩʪʨʫʤʝʥʪʘʣʴʥʽ ʤʦʜʫʣʽ (Instrumentation); 

Å ʪʝʩʪʦʚʽ ʤʦʜʫʣʽ (Test). 

 

 
ʈʠʩʫʥʦʢ 5.7 ï ʄʦʜʫʣʽ ʧʨʦʛʨʘʤʥʦʾ ʧʣʘʪʬʦʨʤʠ Spring Framework, ʨʦʟʧʦʜʽʣʝʥʽ ʥʘ 

ʛʨʫʧʠ ʟʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤ ʧʨʠʟʥʘʯʝʥʥʷʤ 

 

ʌʫʥʜʘʤʝʥʪʘʣʴʥʫ ʯʘʩʪʠʥʫ ʧʨʦʛʨʘʤʥʦʾ ʧʣʘʪʬʦʨʤʠ Spring Framework ʩʢʣʘʜʘʶʪʴ 

ʤʦʜʫʣʽ Beans ʪʘ Core, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʦʞʣʠʚʦʩʪʽ ʚʚʝʜʝʥʥʷ ʟʘʣʝʞʥʦʩʪʝʡ ʤʽʞ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʉʇʇʈ. ʉʘʤʝ ʮʝ ʜʦʟʚʦʣʷʻ ʚʠʦʢʨʝʤʠʪʠ ʢʦʥʬʽʛʫʨʘʮʽʶ ʩʠʩʪʝʤʠ ʪʘ 

ʩʧʝʮʠʬʽʢʘʮʽʶ ʟʘʣʝʞʥʦʩʪʝʡ ʦʙôʻʢʪʽʚ. ʄʦʜʫʣʴ Context ʨʦʟʰʠʨʷʻ Beans, ʥʘʜʘʻ 

ʚʙʫʜʦʚʘʥʫ ʧʽʜʪʨʠʤʢʫ ʥʘʩʪʫʧʥʦʾ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ [18]: 

 

 
ʘʩʧʝʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʤ ʧʨʦʛʨʘʤʫʚʘʥʥʷʤ) 

 

 

ɸʆʈ modules (ʤʦʜʫʣʽ ʜʣʷ ʨʦʙʦʪʠ ʟ  

 

 

 

Instrumentation modules (ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʽ ʤʦʜʫʣʽ) 

 

  

 

Test modules (ʤʦʜʫʣʽ ʜʣʷ ʪʝʩʪʫʚʘʥʥʷ) 

 

 

 

Core 

Container 

(ʷʜʨʦ 

ʧʨʦʛʨʘʤʥʦʾ 

ʧʣʘʪʬʦʨʤʠ) 

 
Beans 

 Core 

 Context 

 

Servlet 

 

Web 

 

WebSocket 

 

 

 

 
(ʤʦʜʫʣʽ ʜʣʷ ʨʦʟʨʦʙʢʠ web-ʦʨʽʻʥʪʦʚʘʥʠʭ ʩʠʩʪʝʤ) 

 

 

Web-modules 
 

  

 

 

 

 

 

 

JDBC 

 

 

 Transactions 

 

 

 

 

ORM 

 

OXM 

 

JMS 

 

 

(ʤʦʜʫʣʽ ʜʦʩʪʫʧʫ ʜʦ ʜʘʥʠʭ) 
 

 

Data Access/Integration modules 
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Å ʣʦʢʘʣʽʟʘʮʽʷ ʪʘ ʽʥʪʝʨʥʘʮʽʦʥʘʣʽʟʘʮʽʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʘʢʝʪʽʚ ʨʝʩʫʨʩʽʚ; 

Å ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʧʦʰʠʨʝʥʥʷ ʧʦʜʽʡ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ ʜʣʷ ʢʝʨʫʚʘʥʥʷ 

ʧʦʚʝʜʽʥʢʦʶ; 

Å ʩʪʚʦʨʝʥʥʷ ʧʨʦʛʨʘʤʥʠʭ ʩʝʨʝʜʦʚʠʱ (ʢʦʥʪʝʢʩʪʽʚ) ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʯʘʩʦʤ 

ʽʩʥʫʚʘʥʥʷ ʪʘ ʚʟʘʻʤʦʜʽʻʶ ʢʦʤʧʦʥʝʥʪʽʚ (ʥʘʧʨʠʢʣʘʜ, ʢʦʥʪʝʡʥʝʨ ʩʝʨʚʣʝʪʽʚ). 

ʄʦʜʫʣʴ JDBC ʥʘʜʘʻ ʚʣʘʩʥʠʡ ʨʽʚʝʥʴ ʘʙʩʪʨʘʢʮʽʾ ʜʣʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦʾ ʨʦʙʦʪʠ ʟ 

ʙʘʟʦʶ ʪʘ ʩʭʦʚʠʱʝʤ ʜʘʥʠʭ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʟʤʝʥʰʝʥʥʷ ʦʙʩʷʛʽʚ ʨʦʙʦʪʠ ʜʣʷ 

ʨʦʟʨʦʙʥʠʢʽʚ, ʘ ʪʘʢʦʞ ʚʠʢʣʶʯʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʦʙʨʦʙʢʠ ʩʧʝʮʠʬʽʯʥʠʭ ʧʦʤʠʣʦʢ ʚʽʜ 

ʢʦʥʢʨʝʪʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʙʘʟʘʤʠ ʜʘʥʠʭ.  

ʄʦʜʫʣʴ ORM ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʦʩʥʦʚʫ ʜʣʷ ʨʦʙʦʪʠ ʟ ʪʝʭʥʦʣʦʛʽʷʤʠ ʜʣʷ 

ʦʙôʻʢʪʥʦ-ʨʝʣʷʮʽʡʥʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ, ʪʘʢʠʤʠ, ʷʢ Hibernate. ʄʦʜʫʣʴ ʜʣʷ ʦʙʤʽʥʫ 

ʧʦʚʽʜʦʤʣʝʥʥʷʤʠ (JMS) ʥʘʜʘʻ ʬʫʥʢʮʽʾ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʪʘ ʦʪʨʠʤʘʥʥʷ ʧʦʚʽʜʦʤʣʝʥʴ, ʯʠʤ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚʟʘʻʤʦʜʽʷ ʨʦʟʨʦʙʣʶʚʘʥʦʾ ʉʇʇʈ ʟʽ ʩʪʦʨʦʥʥʽʤʠ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ 

ʩʠʩʪʝʤʘʤʠ. ʄʦʜʫʣʴ Transactions ʧʽʜʪʨʠʤʫʻ ʧʨʦʛʨʘʤʥʝ ʪʘ ʜʝʢʣʘʨʘʪʠʚʥʝ ʢʝʨʫʚʘʥʥʷ 

ʪʨʘʥʟʘʢʮʽʷʤʠ, ʱʦ ʥʘʜʘʻ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʛʥʫʯʢʦʛʦ ʢʝʨʫʚʘʥʥʷ ʮʽʣʽʩʥʽʩʪʶ ʜʘʥʠʭ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʠʩʪʝʤʦʶ, ʪʘ ʻʜʥʽʩʪʴ ʦʧʝʨʘʮʽʡ, ʷʢʽ ʚʠʢʦʥʫʶʪʴʩʷ [18, 340]. 

Spring ʟʘʙʝʟʧʝʯʫʻ ʨʦʙʦʪʫ ʟ ʣʦʢʘʣʴʥʠʤʠ ʪʘ ʛʣʦʙʘʣʴʥʠʤʠ ʪʨʘʥʟʘʢʮʽʷʤʠ, ʙʝʟ 

ʧʨʠʚôʷʟʢʠ ʜʦ ʪʝʭʥʦʣʦʛʽʡ ʨʝʘʣʽʟʘʮʽʾ. ʅʘʜʘʻʪʴʩʷ ʜʦʩʠʪʴ ʰʠʨʦʢʘ ʧʽʜʪʨʠʤʢʘ ʨʝʘʣʽʟʘʮʽʾ 

ʜʝʢʣʘʨʘʪʠʚʥʠʭ ʪʨʘʥʟʘʢʮʽʡ ʷʢ ʟʘ ʜʦʧʦʤʦʛʦʶ XML-ʢʦʥʬʽʛʫʨʘʮʽʾ, ʪʘʢ ʽ ʘʥʦʪʘʮʽʡ. ʂʨʽʤ 

ʮʴʦʛʦ, ʻ ʤʦʞʣʠʚʽʩʪʴ ʫʧʨʘʚʣʷʪʠ ʪʨʘʥʟʘʢʮʽʷʤʠ ʧʨʦʛʨʘʤʥʦ, ʱʦ ʟʫʤʦʚʣʶʻ ʛʥʫʯʢʽʩʪʴ ʧʨʠ 

ʥʘʣʘʰʪʫʚʘʥʥʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʥʢʨʝʪʥʠʭ ʚʠʤʦʛ ʜʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʩʠʩʪʝʤʠ.  

ʄʦʜʫʣʽ ʜʣʷ ʨʦʟʨʦʙʢʠ web-ʦʨʽʻʥʪʦʚʘʥʠʭ ʩʠʩʪʝʤ ʥʘʜʘʶʪʴ ʦʩʥʦʚʥʽ ʤʦʞʣʠʚʦʩʪʽ 

ʨʦʟʨʦʙʢʠ ʢʦʥʪʨʦʣʝʨʽʚ web-ʩʝʨʚʽʩʽʚ ʜʣʷ web-ʽʥʪʝʛʨʘʮʽʾ ʩʠʩʪʝʤʠ, ʱʦ ʻ ʢʣʶʯʦʚʠʤ ʜʣʷ 

ʚʟʘʻʤʦʜʽʾ ʩʝʨʚʝʨʥʦʾ ʯʘʩʪʠʥʠ ʟ ʢʦʨʠʩʪʫʚʘʣʴʥʠʮʴʢʦʶ [18, 341-343]. 

ʄʦʜʫʣʴ AOP ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʨʦʙʦʪʫ ʟ ʘʩʧʝʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʤ ʧʨʦʛʨʘʤʫʚʘʥʥʷʤ 

ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʤʝʪʦʜʽʚ-ʧʝʨʝʭʦʧʣʶʚʘʯʽʚ. ʊʘʢʽ ʤʝʪʦʜʠ ʻ ʜʦʩʠʪʴ 

ʢʦʨʠʩʥʠʤʠ ʟʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʦʢʨʝʤʣʝʥʥʷ ʥʘʩʢʨʽʟʥʦʾ ʜʣʷ ʨʽʟʥʠʭ ʦʙôʻʢʪʽʚ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ.  

ʊʘʢʦʞ ʤʦʞʣʠʚʦʩʪʽ ʘʩʧʝʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʜʣʷ ʜʦʜʘʪʢʦʚʦʛʦ ʚʝʜʝʥʥʷ ʦʙʣʽʢʫ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʫʩʽ ʦʧʝʨʘʮʽʾ, ʱʦ ʟʜʽʡʩʥʶʶʪʴʩʷ ʧʽʜ 
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ʯʘʩ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʟ ʦʧʠʩʦʤ ʫʩʽʭ ʚʠʢʣʠʢʽʚ ʪʘ ʟʥʘʯʝʥʥʷʤʠ ʧʝʨʝʜʘʥʠʭ ʘʨʛʫʤʝʥʪʽʚ. 

ʂʨʽʤ ʮʴʦʛʦ, ʥʘʜʘʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʽʥʪʝʛʨʘʮʽʾ ʟ ʙʽʙʣʽʦʪʝʢʦʶ AspectJ, ʷʢʘ ʥʘʜʘʻ 

ʨʦʟʰʠʨʝʥʽ ʩʧʦʩʦʙʠ ʧʝʨʝʭʦʧʣʝʥʥʷ ʚʠʢʣʠʢʽʚ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʜʝʷʢʦʾ ʧʨʦʛʨʘʤʥʦʾ 

ʣʦʛʽʢʠ ʥʘ ʨʽʟʥʠʭ ʝʪʘʧʘʭ ʚʟʘʻʤʦʜʽʾ ʟ ʦʙôʻʢʪʘʤʠ [18]. 

ʄʦʜʫʣʽ ʜʣʷ ʪʝʩʪʫʚʘʥʥʷ, ʷʢʽ ʥʘʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʪʝʩʪʫʚʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʧʽʜ 

ʫʧʨʘʚʣʽʥʥʷʤ Spring Framework, ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʽʥʪʝʛʨʘʮʽʡʥʦʛʦ 

ʪʝʩʪʫʚʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʩʠʩʪʝʤʠ ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʙʽʙʣʽʦʪʝʢʦʶ ʜʣʷ ʤʦʜʫʣʴʥʦʛʦ 

ʪʝʩʪʫʚʘʥʥʷ Junit.  

ɺʠʙʽʨ ʧʨʦʛʨʘʤʥʦʾ ʧʣʘʪʬʦʨʤʠ ʜʣʷ ʧʦʙʫʜʦʚʠ ʘʨʭʽʪʝʢʪʫʨʠ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʩʠʩʪʝʤʠ ʦʙʫʤʦʚʣʝʥʠʡ ʤʦʞʣʠʚʽʩʪʶ ʧʦʚʥʦʾ ʥʝʟʘʣʝʞʥʦʩʪʽ ʙʽʟʥʝʩ-ʣʦʛʽʢʠ ʚʽʜ ʝʣʝʤʝʥʪʽʚ 

ʧʨʦʛʨʘʤʥʦʾ ʧʣʘʪʬʦʨʤʠ ʪʘ ʽʟʦʣʴʦʚʘʥʽʩʪʶ ʟʘʣʝʞʥʦʩʪʝʡ ʥʘ ʢʦʤʧʦʥʝʥʪʠ ʚʽʜ ʨʝʰʪʠ 

ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʜʫ. ɼʘʥʘ ʧʝʨʝʚʘʛʘ ʥʘʜʘʻʪʴʩʷ Spring Framework, ʱʦ ʪʘʢʦʞ ʚʧʣʠʥʫʣʦ 

ʥʘ ʾʾ ʚʠʙʽʨ ʷʢ ʧʨʦʛʨʘʤʥʫ ʧʣʘʪʬʦʨʤʫ ʜʣʷ ʧʦʙʫʜʦʚʠ ʧʨʦʛʨʘʤʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ [18]. 

ʇʨʠ ʨʦʟʨʦʙʮʽ ʉʇʇʈ ʫʚʘʛʫ ʧʨʠʜʽʣʝʥʦ ʨʦʙʦʪʽ ʟ ʜʞʝʨʝʣʘʤʠ ʜʘʥʠʭ, ʦʩʢʽʣʴʢʠ 

ʚʟʘʻʤʦʜʽʷ ʤʽʞ ʦʙôʻʢʪʘʤʠ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʾ ʤʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʪʘ ʨʝʣʷʮʽʡʥʦʶ 

ʙʘʟʦʶ ʜʘʥʠʭ ʟʘʟʚʠʯʘʡ ʜʦʩʠʪʴ ʛʨʦʤʽʟʜʢʘ ʪʘ ʪʨʫʜʦʤʽʩʪʢʘ. ʎʝ ʟʫʤʦʚʣʝʥʦ 

ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʶ ʧʘʨʘʜʠʛʤ ʪʦʛʦ, ʷʢ ʟʙʝʨʽʛʘʶʪʴʩʷ ʜʘʥʽ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʦʙôʻʢʪʘʤʠ, ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʙʘʟʘʤʠ ʜʘʥʠʭ.  

ɼʣʷ ʟʚôʷʟʫʚʘʥʥʷ ʙʘʟ ʜʘʥʠʭ ʟ ʢʦʥʮʝʧʮʽʷʤʠ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʭ ʤʦʚ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʜʦʮʽʣʴʥʠʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ORM (Object-Relational 

Mapping ï ʦʙôʻʢʪʥʦ-ʨʝʣʷʮʽʡʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ). ʂʦʥʮʝʧʮʽʷ ORM ʫ Java EE 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʧʝʮʠʬʽʢʘʮʽʻʶ JPA (Java Persistence API) [18]. 

ɼʣʷ ʨʦʙʦʪʠ ʟ ʉɼ ʚʠʢʦʨʠʩʪʘʥʦ ʦʜʥʫ ʟ ʨʝʘʣʽʟʘʮʽʡ ʧʽʜʭʦʜʫ ʦʙôʻʢʪʥʦ-ʨʝʣʷʮʽʡʥʦʛʦ 

ʚʽʜʦʙʨʘʞʝʥʥʷ, ʘ ʩʘʤʝ Hibernate. ɿʘʜʘʯʝʶ Hibernate ʻ ʧʝʨʝʥʝʩʝʥʥʷ ʜʘʥʠʭ ʟ̔ ʨʷʜʢʽʚ 

ʪʘʙʣʠʮʴ ʙʘʟʠ ʜʘʥʠʭ ʫ ʦʙôʻʢʪʠ Java ʽ ʥʘʚʧʘʢʠ [18, 344].  

ʂʨʽʤ ʮʴʦʛʦ, Hibernate ʥʘʜʘʻ ʚʙʫʜʦʚʘʥʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʟʘʧʠʪʽʚ ʽ ʧʦʰʫʢʫ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʨʦʟʨʦʙʢʠ, ʷʢʠʡ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʨʫʯʥʫ ʦʙʨʦʙʢʫ ʜʘʥʠʭ ʫ SQL 

ʽ JDBC.  
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ʇʨʦʪʝ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʙʘʛʘʪʴʦʭ ʧʦʜʽʙʥʠʭ ʨʽʰʝʥʴ, Hibernate ʥʝ ʧʨʠʭʦʚʫʻ 

ʧʦʪʫʞʥʦʩʪʽ SQL ʽ ʜʦʟʚʦʣʷʻ ʟʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʝʣʷʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ 

ʥʘʧʨʷʤʫ.  

ɺʠʙʽʨ Hibernate ʪʘʢʦʞ ʟʫʤʦʚʣʝʥʦ ʚʽʜʩʫʪʥʽʩʪʶ ʥʝʦʙʭʽʜʥʦʩʪʽ ʫ ʩʢʣʘʜʥʽʡ 

ʚʟʘʻʤʦʜʽʾ ʟ ʙʘʟʦʶ ʜʘʥʠʭ, ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʢʣʘʜʥʠʭ ʟʘʧʠʪʽʚ ʪʦʱʦ, ʦʩʢʽʣʴʢʠ 

ʦʧʝʨʫʚʘʥʥʷ ʜʘʥʠʤʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ ʧʨʦʛʨʘʤʥʦʤʫ ʨʽʚʥʽ.  

ʋ ʧʦʨʽʚʥʷʥʥʽ ʟ ʘʥʘʣʦʛʘʤʠ (ʥʘʧʨʠʢʣʘʜ, MyBatis), Hibernate ʚʽʜʨʘʟʫ ʧʨʦʧʦʥʫʻ 

ʛʦʪʦʚʝ ʨʽʰʝʥʥʷ, ʧʦʯʘʪʢʦʚʽ ʚʠʤʦʛʠ ʜʦ ʢʦʥʬʽʛʫʨʫʚʘʥʥʷ ʷʢʦʛʦ  ʤʽʥʽʤʘʣʴʥʽ [18].  

ɺʟʘʻʤʦʜʽʷ ʤʽʞ ʢʦʜʦʤ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ 

ʤʦʞʣʠʚʦʩʪʷʤʠ Hibernate ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʯʝʨʝʟ ʩʪʘʥʜʘʨʪʥʠʡ ʽʥʪʝʨʬʝʡʩ ʜʦʩʪʫʧʫ 

JPA, ʘ ʪʘʢʦʞ ʯʝʨʝʟ ʨʦʟʰʠʨʝʥʠʡ ʽʥʪʝʨʬʝʡʩ Hibernate, ʷʢʠʡ ʥʘʜʘʻ ʜʦʜʘʪʢʦʚʽ 

ʤʦʞʣʠʚʦʩʪʽ. 

ɿʘʛʘʣʴʥʫ ʩʭʝʤʫ ʚʟʘʻʤʦʜʽʾ ʨʽʚʥʷ ʜʦʩʪʫʧʫ ʜʦ ʜʘʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʟ 

ʨʝʣʷʮʽʡʥʦʶ ʙʘʟʦʶ ʜʘʥʠʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ Hibernate ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 5.8. 

 

 
 

ʈʠʩʫʥʦʢ 5.8 ï ʉʭʝʤʘ ʚʟʘʻʤʦʜʽʾ ʨʽʚʥʷ ʜʦʩʪʫʧʫ ʜʦ ʜʘʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ 

ʟ ʙʘʟʦʶ ʪʘ ʩʭʦʚʠʱʝʤ ʜʘʥʠʭ ʟ̔ ʚʠʢʦʨʠʩʪʘʥʥʷʤ Hibernate 

 

ɺʟʘʻʤʦʜʽʷ ʩʝʨʚʝʨʥʦʾ ʯʘʩʪʠʥʠ ʟ ʢʣʽʻʥʪʩʴʢʦʶ ʟʜʽʡʩʥʶʻʪʴʩʷ ʤʝʨʝʞʝʶ ɯʥʪʝʨʥʝʪ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʜʝʦʣʦʛʽʾ REST (Representational State Transfer), ʱʦ ʜʦʟʚʦʣʠʣʦ 

ɹɼ, ɹɿ, ʉɼ 
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ʚʠʦʢʨʝʤʠʪʠ ʣʦʛʽʢʫ ʩʠʩʪʝʤʠ ʚʽʜ ʽʥʪʝʨʬʝʡʩʫ ʢʦʨʠʩʪʫʚʘʯʘ, ʘ ʩʪʨʫʢʪʫʨʫ ʩʠʩʪʝʤʠ 

ʟʨʦʙʠʪʠ ʙʽʣʴʰ ʧʨʦʩʪʦʶ ʪʘ ʤʘʩʰʪʘʙʦʚʘʥʦʶ [345].  

REST ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʘʨʭʽʪʝʢʪʫʨʥʠʡ ʩʪʠʣʴ ʜʣʷ ʨʦʟʧʦʜʽʣʝʥʠʭ ʩʠʩʪʝʤ. ʋ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʮʠʤ ʩʪʠʣʝʤ ʢʦʞʥʠʡ ʝʣʝʤʝʥʪ ʜʘʥʠʭ ʦʜʥʦʟʥʘʯʥʦ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʛʣʦʙʘʣʴʥʠʤ ʽʜʝʥʪʠʬʽʢʘʪʦʨʦʤ ʪʘʢʠʤ, ʷʢ URL (Uniform Resource Locator ï 

ʫʥʽʬʽʢʦʚʘʥʠʡ ʚʢʘʟʽʚʥʠʢ ʥʘ ʨʝʩʫʨʩ) [18].  

ɼʣʷ ʬʦʨʤʘʣʽʟʦʚʘʥʦʛʦ ʦʧʠʩʫ ʽʥʪʝʨʬʝʡʩʽʚ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʩʝʨʚʝʨʥʦʶ ʪʘ 

ʢʦʨʠʩʪʫʚʘʣʴʥʠʮʴʢʦʶ ʯʘʩʪʠʥʦʶ ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ ʩʧʝʮʠʬʽʢʘʮʽʷ Open API, ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʷʢʦʾ ʦʧʠʩʘʥʽ ʫʩʽ ʨʝʩʫʨʩʠ, ʱʦ ʥʘʜʘʶʪʴʩʷ ʩʝʨʚʝʨʥʦʶ ʯʘʩʪʠʥʦʶ, ʪʘ 

ʜʦʩʪʫʧʥʽ ʦʧʝʨʘʮʽʾ ʥʘʜ ʥʠʤʠ.  

ʌʘʢʪʠʯʥʦ ʜʘʥʘ ʩʧʝʮʠʬʽʢʘʮʽʷ ʚʠʟʥʘʯʘʻ ʩʪʘʥʜʘʨʪ ʦʧʠʩʫ REST ʽʥʪʝʨʬʝʡʩʽʚ, ʷʢʠʡ 

ʜʦʟʚʦʣʷʻ ʷʢ ʣʶʜʠʥʽ, ʪʘʢ ʽ ʢʦʤʧôʶʪʝʨʫ ʨʦʟʫʤʽʪʠ ʤʦʞʣʠʚʦʩʪʽ ʩʝʨʚʝʨʥʦʾ ʯʘʩʪʠʥʠ ʙʝʟ 

ʜʦʩʪʫʧʫ ʜʦ ʚʠʭʽʜʥʦʛʦ ʢʦʜʫ, ʜʦʜʘʪʢʦʚʦʾ ʪʝʭʥʽʯʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ ʘʙʦ ʧʨʷʤʦʾ ʚʟʘʻʤʦʜʽʾ 

ʯʝʨʝʟ ʤʝʨʝʞʫ [564]. 

 

 

5.5 ɿʘʙʝʟʧʝʯʝʥʥʷ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʘʚʪʦʨʠʟʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ ʜʦ ʉʇʇʈ  

 

 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʉʇʇʈ ̒ web-ʦʨʽʻʥʪʦʚʘʥʦʶ, ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ 

ʚʽʜʩʪʝʞʝʥʥʷ ʟʤʽʥ ʚ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ, ʷʢʽ ʧʦʩʪʽʡʥʦ ʟôʷʚʣʷʶʪʴʩʷ ʽ ʰʚʠʜʢʦ 

ʟʤʽʥʶʶʪʴʩʷ, ʘ ʟ ʽʥʰʦʛʦ ʙʦʢʫ, ï ʚʨʘʭʫʚʘʪʠ ʨʝʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʧʘʨʘʪʥʦʛʦ ʡ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʤʝʨʝʞ ʽ ʩʠʩʪʝʤ [14]. 

ʆʮʽʥʢʦʶ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʟʘʡʤʘʶʪʴʩʷ ʟ ʧʦʯʘʪʢʫ ʧʦʷʚʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ [347]. ɿʘ ʮʽʻʶ ʪʝʤʘʪʠʢʦʶ ʻ ʙʘʛʘʪʦ ʧʨʘʮʴ, ʘʣʝ ʥʘʡʙʽʣʴʰ ʘʢʪʫʘʣʴʥʠʤʠ ʪʘ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʤʠ ʟ ʥʠʭ ʻ ʥʦʨʤʘʪʠʚʥʽ ʜʦʢʫʤʝʥʪʠ, ʱʦ ʟʨʦʙʠʣʠ ʚʘʛʦʤʠʡ ʪʝʦʨʝʪʠʯʥʠʡ 

ʪʘ ʧʨʘʢʪʠʯʥʠʡ ʚʥʝʩʦʢ ʫ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ, ʘ 

ʩʘʤʝ: çʇʦʤʘʨʘʥʯʝʚʘ ʢʥʠʛʘè [348], ʫ ʷʢʽʡ ʚʠʢʣʘʜʝʥʽ ʪʘ ʩʠʩʪʝʤʘʪʠʟʦʚʘʥʽ ʢʨʠʪʝʨʽʾ 

ʦʮʽʥʢʠ ʟʘʭʠʩʪʫ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʩʠʩʪʝʤ; ɭʚʨʦʧʝʡʩʴʢʽ ʢʨʠʪʝʨʽʾ ʦʮʽʥʢʠ ʙʝʟʧʝʢʠ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ [349], ʱʦ ʚʨʘʭʫʚʘʣʠ ʫʩʽ ʥʝʜʦʣʽʢʠ ʪʘ ʦʙʤʝʞʝʥʥʷ, 
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ʚʠʢʣʘʜʝʥʽ ʫ ñʇʦʤʘʨʘʥʯʝʚʽʡ ʢʥʠʟʽò; ʂʘʥʘʜʩʴʢʽ ʢʨʠʪʝʨʽʾ ʦʮʽʥʢʠ ʙʝʟʧʝʢʠ ʥʘʜʽʡʥʦʩʪʽ 

ʢʦʤʧ'ʶʪʝʨʥʠʭ ʩʠʩʪʝʤ [350]; ʌʝʜʝʨʘʣʴʥʽ ʢʨʠʪʝʨʽʾ ʉʐɸ [351], ʨʦʟʨʦʙʣʝʥʽ ʥʘ 

ʟʘʤʦʚʣʝʥʥʷ ʫʨʷʜʫ ʉʐɸ ʽ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʫʩʫʥʝʥʥʷ ʦʙʤʝʞʝʥʴ, ʥʝʟʨʫʯʥʦʩʪʝʡ 

ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽ ʥʝʜʦʣʽʢʽʚ ñʇʦʤʘʨʘʥʯʝʚʦʾ ʢʥʠʛʠò; ʄʽʞʥʘʨʦʜʥʠʡ ʩʪʘʥʜʘʨʪ 

ISO/IEC 15408 ï ñʂʨʠʪʝʨʽʾ ʦʮʽʥʢʠ ʙʝʟʧʝʢʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡò [352-354]; 

ʉʪʘʥʜʘʨʪ ʉɽʄ-97/017 ï ñɿʘʛʘʣʴʥʘ ʤʝʪʦʜʦʣʦʛʽʷ ʦʮʽʥʢʠ ʙʝʟʧʝʢʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡò [355]. ʆʢʨʝʤʦ ʥʝʦʙʭʽʜʥʦ ʚʽʜʟʥʘʯʠʪʠ ʧʫʙʣʽʢʘʮʽʶ [356], ʫ ʷʢʽʡ ʨʦʟʛʣʷʥʫʪʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʝʤʝʨʜʞʝʥʪʥʦcʪʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʟʘʭʠʩʪʫ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ ʜʣʷ ʧʝʚʥʦʛʦ ʢʣʘʩʫ ʘʨʭʽʪʝʢʪʫʨʠ ʢʦʤʧôʶʪʝʨʥʦʾ ʤʝʨʝʞʽ [1]. 

ʇʨʠ ʨʦʟʨʦʙʮʽ ʤʝʭʘʥʽʟʤʫ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʘʚʪʦʨʠʟʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ ʜʣʷ web-

ʦʨʽʻʥʪʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʚʘʞʣʠʚʦ ʚʟʷʪʠ ʜʦ ʫʚʘʛʠ ʮʽʣʫ ʥʠʟʢʫ ʢʦʥʮʝʧʪʫʘʣʴʥʠʭ ʧʦʤʠʣʦʢ, 

ʷʢʽ ʯʘʩʪʦ ʜʦʧʫʩʢʘʶʪʴʩʷ ʨʦʟʨʦʙʥʠʢʘʤʠ ʽ ʜʦʟʚʦʣʷʪʴ ʩʧʨʦʩʪʠʪʠ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʝ 

ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ ʦʙʣʽʢʦʚʦʛʦ ʟʘʧʠʩʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʜʦ ʦʩʥʦʚʥʠʭ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʭʠʩʪʫ ʩʠʩʪʝʤʠ, ʢʨʽʤ ʤʝʭʘʥʽʟʤʫ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʘʚʪʦʨʠʟʘʮʽʾ, ʪʘʢʦʞ 

ʥʘʣʝʞʘʪʴ: ʢʦʥʪʨʦʣʴ ʩʢʣʘʜʥʦʩʪʽ ʧʘʨʦʣʽʚ; ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʽʜʭʦʜʽʚ ʟʘʭʠʩʪʫ ʚʽʜ ʧʽʜʙʦʨʫ 

ʧʘʨʦʣʽʚ; ʧʝʨʝʜʘʯʘ ʧʘʨʦʣʽʚ ʪʽʣʴʢʠ ʯʝʨʝʟ ʟʘʭʠʱʝʥʝ ʟôʻʜʥʘʥʥʷ; ʚʠʢʦʨʠʩʪʘʥʥʷ ʭʝʰ-

ʬʫʥʢʮʽʾ ʰʠʬʨʫʚʘʥʥʷ ʧʨʠ ʟʙʝʨʽʛʘʥʥʽ ʧʘʨʦʣʽʚ; ʥʘʜʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯʘʤ ʤʦʞʣʠʚʦʩʪʽ 

ʟʤʽʥʠ ʧʘʨʦʣʽʚ ʪʘ ʚʯʘʩʥʝ ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʨʦ ʡʦʛʦ ʟʤʽʥʫ; ʚʠʤʦʛʘ ʧʦʚʪʦʨʥʦʾ 

ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʘ ʧʨʠ ʟʜʽʡʩʥʝʥʥʽ ʚʘʞʣʠʚʠʭ ʜʽʡ, ʪʘʢʠʭ ʷʢ ʟʤʽʥʘ ʧʘʨʦʣʷ, 

ʘʜʨʝʩʠ ʪʦʱʦ [14].  

ɼʣʷ ʧʦʙʫʜʦʚʠ ʤʦʜʫʣʷ ʙʝʟʧʝʢʠ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʪʘʢʽ ʧʣʘʪʬʦʨʤʠ: JAAS, Apache 

Shiro, Spring Security.  

JAAS (Java Authentication and Authorization Service) ʻ ʩʪʘʥʜʘʨʪʥʦʶ 

ʧʨʦʛʨʘʤʥʦʶ ʧʣʘʪʬʦʨʤʦʶ Java SE, ʱʦ ʽʥʪʝʛʨʦʚʘʥʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʫ Java Development 

Kit ʽ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʬʫʥʢʮʽʡ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʘʚʪʦʨʠʟʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

ʇʽʜʪʨʠʤʫʻʪʴʩʷ ʘʫʪʝʥʪʠʬʽʢʘʮʽʷ ʥʘ ʦʩʥʦʚʽ ʩʪʘʥʜʘʨʪʥʠʭ ʧʨʦʪʦʢʦʣʽʚ ʪʘ ʩʝʨʪʠʬʽʢʘʪʽʚ. 

ʆʩʢʽʣʴʢʠ JAAS ʻ ʚʙʫʜʦʚʘʥʦʶ ʧʣʘʪʬʦʨʤʦʶ ʟ ʥʠʟʴʢʦʨʽʚʥʝʚʠʤ API (Application 

Programming Interface) ʽʥʪʝʨʬʝʡʩʦʤ ʧʨʠʢʣʘʜʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʘ ʩʪʘʥʜʘʨʪʥʽ 

ʟʘʩʦʙʠ ʽʥʪʝʛʨʘʮʽʾ ʟ ʩʝʨʚʣʝʪʘʤʠ ʪʘ Java EE (Enterprise Edition) ï ʧʣʘʪʬʦʨʤʦʶ ʜʣʷ 

ʨʦʟʨʦʙʢʠ ʢʦʨʧʦʨʘʪʠʚʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟ ʜʦʜʘʪʢʘʤʠ ʻ ʚʽʜʩʫʪʥʽ, ʪʦ ʮʝ 
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ʦʙʤʝʞʫʻ ʤʦʞʣʠʚʽʩʪʴ ʾʾ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʩʢʣʘʜʥʠʭ 

ʧʨʦʤʠʩʣʦʚʠʭ ʩʠʩʪʝʤ. ʅʝʦʙʭʽʜʥʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʦʙʫʜʦʚʘ ʤʦʜʫʣʷ ʙʝʟʧʝʢʠ ʚʠʢʣʶʯʥʦ 

ʥʘ ʦʩʥʦʚʽ JAAS ʤʦʞʝ ʪʨʠʚʘʪʠ ʜʦʚʦʣʽ ʜʦʚʛʦ ʪʘ ʚʠʤʘʛʘʪʠʤʝ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ 

ʧʨʦʛʨʘʤʥʠʭ ʧʣʘʪʬʦʨʤ ʽ ʙʽʙʣʽʦʪʝʢ. ʎʶ ʧʣʘʪʬʦʨʤʫ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʫ 

ʩʠʩʪʝʤʘʭ, ʜʝ ʚʽʜʩʫʪʥʷ ʩʢʣʘʜʥʘ ʙʽʟʥʝʩ-ʣʦʛʽʢʘ. ʂʨʽʤ ʪʦʛʦ, JAAS ʜʦʮʽʣʴʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ ʙʘʟʦʚʠʡ ʟʘʭʠʩʪ ʥʘ ʧʨʠʤʽʪʠʚʥʦʤʫ ʨʽʚʥʽ, ʘ ʧʦʙʫʜʦʚʫ ʤʦʜʫʣʷ 

ʟʘʭʠʩʪʫ ʟʜʽʡʩʥʠʪʠ ʥʘ ʽʥʰʽʡ ʧʨʦʛʨʘʤʥʽʡ ʧʣʘʪʬʦʨʤʽ [10].  

Apache Shiro ʻ ʧʨʦʛʨʘʤʥʦʶ ʧʣʘʪʬʦʨʤʦʶ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʨʦʟʨʦʙʥʠʢʫ 

ʟʘʙʝʟʧʝʯʠʪʠ ʨʦʟʧʦʜʽʣʝʥʠʡ ʜʦʩʪʫʧ ʜʦ ʽʥʬʦʨʤʘʮʽʾ, ʢʦʤʧʦʥʝʥʪʽʚ ʩʠʩʪʝʤʠ ʪʘ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʜʞʝʨʝʣ, ʽ ʷʢʠʡ ʧʽʜʪʨʠʤʫʻ ʨʽʟʥʽ ʚʘʨʽʘʥʪʠ ʟʙʝʨʽʛʘʥʥʷ 

ʘʫʪʝʥʪʠʬʽʢʘʮʽʡʥʠʭ ʜʘʥʠʭ, ʘ ʪʘʢʦʞ ʨʦʙʦʪʫ ʯʝʨʝʟ ʨʽʟʥʽ ʤʝʨʝʞʝʚʽ ʧʨʦʪʦʢʦʣʠ 

ʧʨʠʢʣʘʜʥʦʛʦ ʨʽʚʥʷ [10, 14, 357]. ʎʷ ʧʣʘʪʬʦʨʤʘ ʟʘʙʝʟʧʝʯʫʻ ʨʝʘʣʽʟʘʮʽʶ ʬʫʥʢʮʽʡ 

ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ, ʽʜʝʥʪʠʬʽʢʘʮʽʾ, ʢʝʨʫʚʘʥʥʷ ʧʦʜʽʷʤʠ ʪʘ ʢʦʥʪʨʦʣʝʤ ʜʦʩʪʫʧʫ, ʫʧʨʘʚʣʽʥʥʷ 

ʩʝʩʽʷʤʠ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʨʠʧʪʦʛʨʘʬʽʯʥʠʭ ʬʫʥʢʮʽʡ ʪʦʱʦ. ɼʦ ʦʩʥʦʚʥʠʭ ʥʝʜʦʣʽʢʽʚ 

ʧʣʘʪʬʦʨʤʠ ʥʘʣʝʞʠʪʴ ʨʷʜ ʩʢʣʘʜʥʦʱʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʧʨʠ ʽʥʪʝʛʨʘʮʽʾ ʟ 

ʩʠʩʪʝʤʦʶ, ʩʪʚʦʨʝʥʦʶ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤʥʦʾ ʧʣʘʪʬʦʨʤʠ Spring; ʧʽʜ ʯʘʩ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʪʦʢʦʣʫ ʘʚʪʦʨʠʟʘʮʽʾ OAuth, ʱʦ ʫʤʦʞʣʠʚʣʶʻ ʚʽʜʢʨʠʪʪʷ ʦʙʤʝʞʝʥʦʛʦ 

ʜʦʩʪʫʧʫ ʜʦ ʟʘʭʠʱʝʥʠʭ ʨʝʩʫʨʩʽʚ ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʝʨʝʜʘʯʽ ʘʫʪʝʥʪʠʬʽʢʘʮʽʡʥʠʭ ʜʘʥʠʭ 

ʢʦʨʠʩʪʫʚʘʯʘ, ʷʢʦʤʫ ʚʦʥʠ ʥʘʣʝʞʘʪʴ [10, 14].  

Spring Security ï ʮʝ ʧʨʦʛʨʘʤʥʘ ʧʣʘʪʬʦʨʤʘ, ʜʦ ʩʢʣʘʜʫ ʷʢʦʾ ʚʭʦʜʷʪʴ ʛʥʫʯʢʽ ʪʘ 

ʧʦʪʫʞʥʽ ʤʝʭʘʥʽʟʤʠ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʙʝʟʧʝʢʠ ʙʫʜʴ-ʷʢʦʛʦ ʨʽʚʥʷ ʩʢʣʘʜʥʦʩʪʽ [10, 358-

360]. ʎʷ ʧʣʘʪʬʦʨʤʘ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʨʝʘʣʽʟʫʚʘʪʠ ʘʫʪʝʥʪʠʬʽʢʘʮʽʶ ʪʘ ʘʚʪʦʨʠʟʘʮʽʶ, 

ʧʽʜʪʨʠʤʫʻ ʥʠʟʢʫ ʧʨʦʪʦʢʦʣʽʚ ʽ ʩʧʦʩʦʙʽʚ ʾʭ ʥʘʣʘʰʪʫʚʘʥʥʷ, ʜʘʻ ʟʤʦʛʫ ʩʪʚʦʨʠʪʠ 

ʢʦʥʬʽʛʫʨʘʮʽʶ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʘʢʠʭ ʧʽʜʭʦʜʽʚ: ʦʧʠʩ ʫ XML-ʬʘʡʣʽ ʘʙʦ ʩʪʚʦʨʝʥʥʷ 

Java-ʢʣʘʩʽʚ ʽʟ ʚʣʘʩʥʦʶ ʣʦʛʽʢʦʶ ʦʙʨʦʙʢʠ. Spring Security ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʨʝʘʣʽʟʫʚʘʪʠ 

ʧʦʪʫʞʥʫ ʤʦʜʝʣʴ ʙʝʟʧʝʢʠ ʙʝʟ ʙʫʜʴ-ʷʢʦʛʦ ʚʧʣʠʚʫ ʥʘ ʙʽʟʥʝʩ-ʣʦʛʽʢʫ ʩʠʩʪʝʤʠ, ʘ ʪʘʢʦʞ 

ʧʣʘʪʬʦʨʤʘ ʣʝʛʢʦ ʘʜʘʧʪʫʻʪʴʩʷ ʜʦ ʩʧʝʮʠʬʽʯʥʠʭ ʚʠʤʦʛ [360]. ʎʝ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ 

ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʽʜʭʦʜʽʚ ʘʩʧʝʢʪʥʦʦʨʽʻʥʪʦʚʘʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʷʢʽ ʜʘʶʪʴ 

ʟʤʦʛʫ ʟʜʽʡʩʥʶʚʘʪʠ ʜʦʜʘʪʢʦʚʽ ʦʧʝʨʘʮʽʾ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʢʦʥʢʨʝʪʥʠʭ ʤʝʪʦʜʽʚ ʯʠ 

ʤʦʜʫʣʽʚ, ʥʝ ʟʤʽʥʶʶʯʠ ʧʨʠ ʮʴʦʤʫ ʾʭ ʬʫʥʢʮʽʦʥʘʣʘ. ʆʪʞʝ, ʻ ʤʦʞʣʠʚʽʩʪʴ ʫʧʨʘʚʣʷʪʠ 
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ʫʩʽʤʘ ʝʪʘʧʘʤʠ ʚʠʢʦʥʘʥʥʷ ʪʨʘʥʟʘʢʮʽʡ ʪʘ ʦʧʝʨʘʮʽʷʤʠ, ʧʦʚôʷʟʘʥʠʤʠ ʟ ʙʝʟʧʝʢʦʶ. ʂʨʽʤ 

ʪʦʛʦ, ʥʘʜʘʶʪʴʩʷ ʤʝʭʘʥʽʟʤʠ ʢʦʥʪʨʦʣʶ ʫʩʽʭ, ʥʘʚʽʪʴ ʜʨʽʙʥʠʭ ʦʧʝʨʘʮʽʡ, ʱʦ 

ʚʠʢʦʥʫʶʪʴʩʷ, ʘ ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʽʩʥʫʻ ʤʦʞʣʠʚʽʩʪʴ ʟʜʽʡʩʥʶʚʘʪʠ ʜʦʜʘʪʢʦʚʫ ʧʝʨʝʚʽʨʢʫ 

ʣʝʛʽʪʠʤʥʦʩʪʽ ʜʽʡ ʟ ʤʝʪʦʶ ʟʘʭʠʩʪʫ ʜʘʥʠʭ. ɼʦʩʪʫʧ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ʥʘʜʘʻʪʴʩʷ ʥʝ 

ʪʽʣʴʢʠ ʥʘ ʦʩʥʦʚʽ ʨʦʣʝʡ, ʘ ʪʘʢʦʞ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʧʠʩʢʫ ʢʦʥʪʨʦʣʶ ʜʦʩʪʫʧʫ (Access 

Control List) [10].  

Spring Security ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʘʢʽ ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʭʠʩʪʫ: x.509 Certificates, LDAP, Kerberos, CA Sitemender, HTTP 

Basic, HTTP Digest ʪʘ ʽʥ. ʎʷ ʧʨʦʛʨʘʤʥʘ ʧʣʘʪʬʦʨʤʘ ʧʽʜʪʨʠʤʫʻ ʤʦʞʣʠʚʦʩʪʽ ʽʥʚʝʨʩʽʾ 

ʫʧʨʘʚʣʽʥʥʷ (Inversion of Control), ʱʦ ʚʢʣʶʯʘʻ ʦʩʥʦʚʥʽ ʘʙʩʪʨʘʢʪʥʽ ʧʨʠʥʮʠʧʠ ʪʘ ʥʘʙʽʨ 

ʨʝʢʦʤʝʥʜʘʮʽʡ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʩʣʘʙʢʦ ʟʚôʷʟʘʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʜʫ. ʇʨʠʥʮʠʧʠ 

ʽʥʚʝʨʩʽʾ ʫʧʨʘʚʣʽʥʥʷ ʧʦʣʷʛʘʶʪʴ ʫ ʪʦʤʫ, ʱʦ ʢʦʞʝʥ ʢʦʤʧʦʥʝʥʪ ʩʠʩʪʝʤʠ ʧʦʚʠʥʝʥ ʙʫʪʠ 

ʤʘʢʩʠʤʘʣʴʥʦ ʽʟʦʣʴʦʚʘʥʠʤ ʚʽʜ ʽʥʰʠʭ, ʘ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʥʝ ʟʘʣʝʞʘʪʠ ʚʽʜ ʢʦʥʢʨʝʪʥʦʾ 

ʨʝʘʣʽʟʘʮʽʾ ʽʥʰʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. ʋ ʪʘʢʠʡ ʩʧʦʩʽʙ ʙʫʜʝ ʟʘʙʝʟʧʝʯʝʥʘ ʛʥʫʯʢʽʩʪʴ ʤʦʜʫʣʷ 

ʟʘʭʠʩʪʫ ʩʠʩʪʝʤʠ. ʈʦʟʨʦʙʣʷʶʯʠ ʢʦʨʧʦʨʘʪʠʚʥʫ ʩʠʩʪʝʤʫ, ʚʘʞʣʠʚʦ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ 

ʯʦʪʠʨʠ ʦʩʥʦʚʥʽ ʧʨʦʙʣʝʤʠ ʙʝʟʧʝʢʠ: ʘʫʪʝʥʪʠʬʽʢʘʮʽʶ, ʙʝʟʧʝʢʫ web-ʟʘʧʠʪʽʚ, ʙʝʟʧʝʢʫ 

ʩʝʨʚʽʩʥʦʛʦ ʨʽʚʥʷ ʩʠʩʪʝʤʠ, ʘ ʩʘʤʝ ʤʝʪʦʜʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʙʝʟʧʦʩʝʨʝʜʥʶ ʨʝʘʣʽʟʘʮʽʶ 

ʙʽʟʥʝʩ-ʣʦʛʽʢʠ, ʙʝʟʧʝʢʫ ʦʙôʻʢʪʽʚ ʜʦʤʝʥʥʦʛʦ ʨʽʚʥʷ (ʨʽʟʥʽ ʜʦʤʝʥʥʽ ʦʙôʻʢʪʠ ʟ ʨʽʟʥʠʤʠ 

ʨʽʚʥʷʤʠ ʜʦʩʪʫʧʫ). ʉʧʝʮʠʬʽʢʘʮʽʷ ʩʝʨʚʣʝʪʽʚ ʥʘʜʘʻ ʧʽʜʭʽʜ ʜʦ ʧʝʨʝʚʽʨʢʠ 

ʘʫʪʝʥʪʠʬʽʢʘʮʽʡʥʠʭ ʜʘʥʠʭ. ʇʨʦʪʝ ʜʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʩʧʝʮʠʬʽʯʥʝ 

ʥʘʣʘʰʪʫʚʘʥʥʷ ʢʦʥʪʝʡʥʝʨʘ ʩʝʨʚʣʝʪʽʚ ʪʘ ʨʝʜʘʛʫʚʘʥʥʷ ʡʦʛʦ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ 

ʫʥʝʤʦʞʣʠʚʣʶʻ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ ʢʦʥʬʽʛʫʨʘʮʽʾ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʩʪʚʦʨʝʥʥʷ 

ʚʣʘʩʥʦʛʦ Java-ʢʣʘʩʫ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʽʥʪʝʨʬʝʡʩʫ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ. Spring Security ʜʘʻ 

ʟʤʦʛʫ ʜʦʩʷʛʘʪʠ ʧʦʚʥʦʾ ʥʝʟʘʣʝʞʥʦʩʪʽ ʢʦʥʬʽʛʫʨʘʮʽʾ ʥʘʚʽʪʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʨʽʚʥʽ 

WAR (Web Application Archive ï ʬʦʨʤʘʪ ʬʘʡʣʫ, ʱʦ ʦʧʠʩʫʻ, ʷʢ ʩʘʤʝ web-ʜʦʜʘʪʦʢ 

ʟʘʧʘʢʦʚʫʻʪʴʩʷ ʜʦ ʩʧʝʮʠʬʽʢʘʮʽʾ Java-ʩʝʨʚʣʝʪʽʚ ʫ ʬʘʡʣ ʬʦʨʤʘʪʫ JAR ʘʙʦ ZIP) [10, 357-

360]. 

ʂʨʽʤ ʪʦʛʦ, Spring Security ʤʘʻ ʢʽʣʴʢʘ ʜʽʻʚʠʭ ʤʝʭʘʥʽʟʤʽʚ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ, ʱʦ 

ʜʘʶʪʴ ʟʤʦʛʫ ʦʙʠʨʘʪʠ ʧʽʜʭʽʜ ʜʦ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʫ ʨʽʟʥʠʭ ʟʦʚʥʽʰʥʽʭ ʩʝʨʝʜʦʚʠʱʘʭ ʧʽʜ 

ʯʘʩ ʨʦʟʛʦʨʪʘʥʥʷ ʜʦʜʘʪʢʘ. ʋ ʩʧʝʮʠʬʽʢʘʮʽʾ ʩʝʨʚʣʝʪʽʚ ʧʝʨʝʜʙʘʯʝʥʘ ʨʝʘʣʽʟʘʮʽʷ ʬʫʥʢʮʽʡ 
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ʟʘʭʠʩʪʫ URI (Uniform Resource Identifier ï ʫʥʽʬʽʢʦʚʘʥʠʡ ʽʜʝʥʪʠʬʽʢʘʪʦʨ ʨʝʩʫʨʩʫ) 

ʟʘʧʠʪʫ. ɿʘ ʩʧʝʮʠʬʽʢʘʮʽʻʶ URI ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʣʠʰʝ ʚ ʦʙʤʝʞʝʥʦʤʫ 

ʬʦʨʤʘʪʽ, ʘ ʪʦʤʫ ʙʫʜʫʪʴ ʚʠʢʦʨʠʩʪʘʥʽ ʤʦʞʣʠʚʦʩʪʽ Spring Security, ʷʢʽ ʟʘʙʝʟʧʝʯʘʪʴ 

ʟʘʜʘʥʥʷ ʰʣʷʭʽʚ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʰʘʙʣʦʥʘ Ant ʘʙʦ ʨʝʛʫʣʷʨʥʠʭ ʚʠʨʘʟʽʚ, ʨʦʟʛʣʷʜ 

ʦʢʨʝʤʠʭ ʯʘʩʪʠʥ URI (ʥʘʧʨʠʢʣʘʜ, HTTP GET-ʧʘʨʘʤʝʪʨʠ), ʨʝʘʣʽʟʘʮʽʶ ʚʣʘʩʥʦʛʦ 

ʜʞʝʨʝʣʘ ʢʦʥʬʽʛʫʨʫʚʘʥʥʷ ʜʘʥʠʭ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʜʠʥʘʤʽʯʥʦ ʟʤʽʥʶʚʘʪʠ web-ʟʘʧʠʪ ʧʽʜ 

ʯʘʩ ʬʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ web-ʜʦʜʘʪʢʘ. ɺʽʜʩʫʪʥʽʩʪʴ ʧʽʜʪʨʠʤʢʠ ʤʝʭʘʥʽʟʤʽʚ 

ʟʘʭʠʩʪʫ ʙʝʟʧʝʢʠ ʩʝʨʚʽʩʥʦʛʦ ʨʽʚʥʷ ʩʠʩʪʝʤʠ ʪʘ ʜʦʤʝʥʥʠʭ ʦʙôʻʢʪʽʚ ʫ ʩʪʘʥʜʘʨʪʥʽʡ 

ʩʧʝʮʠʬʽʢʘʮʽʾ ʩʝʨʚʣʝʪʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʜʦʚʦʣʽ ʩʝʨʡʦʟʥʠʭ ʦʙʤʝʞʝʥʴ ʧʽʜ ʯʘʩ ʨʦʟʨʦʙʢʠ 

ʢʦʤʧʣʝʢʩʥʠʭ ʩʠʩʪʝʤ. ʗʢ ʧʨʘʚʠʣʦ, ʨʦʟʨʦʙʥʠʢʠ ʘʙʦ ʽʛʥʦʨʫʶʪʴ ʮʽ ʚʠʤʦʛʠ, ʘʙʦ 

ʨʝʘʣʽʟʫʶʪʴ ʣʦʛʽʢʫ ʙʝʟʧʝʢʠ ʫ ʢʦʜʽ MVC-ʢʦʥʪʨʦʣʝʨʘ ʽ ʥʘʚʽʪʴ ʚʩʝʨʝʜʠʥʽ ʧʨʝʜʩʪʘʚʣʝʥʴ 

[10, 358-360].  

ʊʘʢʠʡ ʧʽʜʭʽʜ ʤʘʻ ʢʽʣʴʢʘ ʟʥʘʯʥʠʭ ʥʝʜʦʣʽʢʽʚ [10]:  

Å ʘʚʪʦʨʠʟʘʮʽʷ ʻ ʟʘʛʘʣʴʥʦʶ ʧʦʪʨʝʙʦʶ ʜʣʷ ʙʝʟʧʝʢʠ ʜʦʜʘʪʢʘ, ʘ ʦʙôʻʜʥʘʥʥʷ ʣʦʛʽʢʠ 

ʘʚʪʦʨʠʟʘʮʽʾ ʟ MVC-ʢʦʥʪʨʦʣʝʨʘʤʠ ʘʙʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷʤʠ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʫʩʢʣʘʜʥʝʥʴ 

ʧʽʜ ʯʘʩ ʤʦʜʫʣʴʥʦʛʦ ʪʝʩʪʫʚʘʥʥʷ ʪʘ ʥʘʣʘʛʦʜʞʝʥʥʷ, ʘ ʪʘʢʦʞ ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʜʫʙʣʶʚʘʥʥʷ ʢʦʜʫ, ʱʦ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʧʦʨʫʰʫʻ SOLID (S ï single responsibility, 

ʧʨʠʥʮʠʧ ʻʜʠʥʦʛʦ ʦʙʦʚôʷʟʢʫ; O ï open-closed, ʧʨʠʥʮʠʧ ʚʽʜʢʨʠʪʦʩʪʽ/ʟʘʢʨʠʪʦʩʪʽ; L ï 

Liskov substitution, ʧʨʠʥʮʠʧ ʧʽʜʩʪʘʥʦʚʢʠ ɹʘʨʙʘʨʠ ʃʽʩʢʦʚ; I ï interface segregation, 

ʧʨʠʥʮʠʧ ʨʦʟʜʽʣʝʥʥʷ ʽʥʪʝʨʬʝʡʩʫ; D ï dependency inversion, ʧʨʠʥʮʠʧ ʽʥʚʝʨʩʽʾ 

ʟʘʣʝʞʥʦʩʪʝʡ) ʧʨʠʥʮʠʧʠ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʪʘ ʥʝʛʘʪʠʚʥʦ 

ʚʧʣʠʚʘʻ ʥʘ ʤʦʜʫʣʴʥʽʩʪʴ ʽ ʟʘʛʘʣʴʥʫ ʘʨʭʽʪʝʢʪʫʨʫ ʩʠʩʪʝʤʠ;  

Å ʫ ʚʠʧʘʜʢʫ ʥʝʦʙʭʽʜʥʦʩʪʽ ʩʪʚʦʨʝʥʥʷ ʥʦʚʦʛʦ ʪʠʧʫ ʢʣʽʻʥʪʩʴʢʦʛʦ ʜʦʜʘʪʢʘ ʚʠʥʠʢʘʻ 

ʧʨʦʙʣʝʤʘ ʥʝʤʦʞʣʠʚʦʩʪʽ ʧʦʚʪʦʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʜʫ ʘʚʪʦʨʠʟʘʮʽʾ, ʚʙʫʜʦʚʘʥʦʛʦ ʥʘ 

web-ʨʽʚʥʽ.  

ʆʪʞʝ, ʣʦʛʽʢʫ ʘʚʪʦʨʠʟʘʮʽʾ ʜʦʮʽʣʴʥʦ ʚʚʦʜʠʪʠ ʩʘʤʝ ʥʘ ʩʝʨʚʽʩʥʦʤʫ ʨʽʚʥʽ ʜʣʷ 

ʧʽʜʪʨʠʤʢʠ ʨʽʟʥʠʭ ʪʠʧʽʚ ʢʣʽʻʥʪʩʴʢʠʭ ʜʦʜʘʪʢʽʚ. ʇʽʜ ʯʘʩ ʩʪʚʦʨʝʥʥʷ ʧʨʦʩʪʠʭ ʜʦʜʘʪʢʽʚ 

ʩʧʝʮʠʬʽʢʘʮʽʾ ʙʝʟʧʝʢʠ ʩʝʨʚʣʝʪʽʚ ʤʦʞʝ ʙʫʪʠ ʜʦʩʪʘʪʥʴʦ. ʇʨʦʪʝ, ʷʢʱʦ ʚʟʷʪʠ ʜʦ ʫʚʘʛʠ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʚ ʫʥʽʚʝʨʩʘʣʴʥʦʩʪʽ ʢʦʥʬʽʛʫʨʘʮʽʾ, ʦʙʤʝʞʝʥʽʩʪʴ ʨʦʙʦʪʠ ʟ web-ʟʘʧʠʪʘʤʠ, 

ʚʽʜʩʫʪʥʽʩʪʴ ʤʦʞʣʠʚʦʩʪʽ ʟʘʭʠʩʪʫ ʥʘ ʩʝʨʚʽʩʥʦʤʫ ʨʽʚʥʽ ʪʘ ʟʘʭʠʩʪʫ ʜʦʤʝʥʥʠʭ ʦʙôʻʢʪʽʚ, 
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ʚʠʥʠʢʘʻ ʘʢʪʫʘʣʴʥʘ ʧʦʪʨʝʙʘ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʪʦʨʦʥʥʴʦʛʦ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʨʽʰʝʥʥʷ. 

ɼʣʷ ʢʦʥʬʽʛʫʨʫʚʘʥʥʷ ʙʝʟʧʝʢʠ ʜʦʩʪʫʧʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʨʝʜʤʝʪʥʦʾ 

ʦʙʣʘʩʪʽ ʙʫʜʫʪʴ ʚʠʢʦʨʠʩʪʘʥʽ ʝʣʝʤʝʥʪʠ ʧʨʦʩʪʦʨʫ ʽʤʝʥ Spring Security, ʷʢʽ ʜʦʮʽʣʴʥʦ 

ʧʦʜʘʪʠ ʪʘʢʠʤʠ ʛʨʫʧʘʤʠ ʬʫʥʢʮʽʡ ʜʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʾʭ ʦʩʥʦʚʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ [10, 

360]: 

Å Web/HTTP Security ï ʟʘʙʝʟʧʝʯʫʻ ʚʩʪʘʥʦʚʣʝʥʥʷ ʬʽʣʴʪʨʽʚ, ʧʦʚôʷʟʘʥʠʭ ʽʟ 

ʩʝʨʚʽʩʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʟʘʭʠʩʪ ʤʝʪʦʜʽʚ ʜʦʩʪʫʧʫ ʜʦ ʤʝʨʝʞʝʚʠʭ ʨʝʩʫʨʩʽʚ, ʨʦʙʦʪʫ 

ʘʫʪʝʥʪʠʬʽʢʘʮʽʡʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʧʨʦʛʨʘʤʥʦʾ ʧʣʘʪʬʦʨʤʠ, ʚʽʜʦʙʨʘʞʝʥʥʷ ʩʪʦʨʽʥʦʢ 

ʧʦʤʠʣʦʢ, ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʪʦʱʦ;  

Å BusinessObject (Method) Security ï ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʟʘʭʠʩʪ ʫʩʽʭ ʨʽʚʥʽʚ ʩʝʨʚʽʩʽʚ; 

Å AuthenticationManager ï ʟʜʽʡʩʥʶʻ ʦʙʨʦʙʢʫ ʘʫʪʝʥʪʠʬʽʢʘʮʽʡʥʠʭ ʟʘʧʠʪʽʚ ʚʽʜ 

ʚʥʫʪʨʽʰʥʽʭ ʢʦʤʧʦʥʝʥʪʽʚ ʧʨʦʛʨʘʤʥʦʾ ʧʣʘʪʬʦʨʤʠ; 

Å AccessDecisionManager ï ʟʘʙʝʟʧʝʯʫʻ ʟʘʩʦʙʠ ʜʦʩʪʫʧʫ ʜʦ web-ʩʪʦʨʽʥʦʢ ʪʘ 

ʤʝʪʦʜʽʚ; 

Å AuthenticationProvider ï ʟʘʙʝʟʧʝʯʫʻ ʨʦʙʦʪʫ ʤʝʥʝʜʞʝʨʘ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʽʜʝʥʪʠʬʽʢʘʪʦʨʘʤʠ ʢʦʨʠʩʪʫʚʘʯʽʚ; 

Å UserDetailsService ï ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʦʛʨʘʤʥʦʶ ʧʣʘʪʬʦʨʤʦʶ ʷʢ 

ʨʝʧʦʟʠʪʦʨʽʡ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʘ ʪʘʢʦʞ ʷʢ ʦʩʥʦʚʘ ʩʪʨʘʪʝʛʽʾ ʜʦʩʪʫʧʫ ʜʣʷ 

AuthenticationProvider.  

ʇʽʜ ʯʘʩ ʨʝʘʣʽʟʘʮʽʾ ʤʦʜʫʣʷ ʙʝʟʧʝʢʠ ʩʠʩʪʝʤʠ ʜʦʮʽʣʴʥʦ ʨʦʟʛʣʷʥʫʪʠ ʩʪʘʥʜʘʨʪʥʠʡ 

ʩʮʝʥʘʨʽʡ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʘ ʽ ʜʦʩʣʽʜʠʪʠ ʧʝʨʝʚʘʛʠ, ʷʢʽ ʜʣʷ ʮʴʦʛʦ ʧʨʦʮʝʩʫ 

ʥʘʜʘʻ Spring Security, ʟ ʤʝʪʦʶ ʾʭ ʝʬʝʢʪʠʚʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. ʉʪʘʥʜʘʨʪʥʠʡ ʩʮʝʥʘʨʽʡ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʘʢʠʭ ʢʨʦʢʽʚ [10, 359, 360]:  

Å ʢʦʨʠʩʪʫʚʘʯ ʥʘʤʘʛʘʻʪʴʩʷ ʫʚʽʡʪʠ ʫ ʩʠʩʪʝʤʫ ʟ ʧʝʚʥʠʤʠ ʜʘʥʠʤʠ ʜʣʷ ʘʚʪʦʨʠʟʘʮʽʾ;  

Å ʩʠʩʪʝʤʘ ʧʝʨʝʚʽʨʷʻ ʢʦʨʝʢʪʥʽʩʪʴ ʚʚʝʜʝʥʠʭ ʜʘʥʠʭ ʪʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʧʘʨʦʣʶ ʽʤʝʥʽ 

ʢʦʨʠʩʪʫʚʘʯʘ;  

Å ʫ ʚʠʧʘʜʢʫ ʫʩʧʽʰʥʦʾ ʧʝʨʝʚʽʨʢʠ ʩʠʩʪʝʤʘ ʦʪʨʠʤʫʻ ʢʦʥʪʝʢʩʪ ʽʟ ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ 

ʢʦʨʠʩʪʫʚʘʯʘ, ʡʦʛʦ ʨʦʣʴ ʪʦʱʦ;  

Å ʮʝʡ ʢʦʥʪʝʢʩʪ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʢʦʨʠʩʪʫʚʘʯʘ;  
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Å ʥʘ ʦʩʥʦʚʽ ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʢʦʥʪʝʢʩʪʫ ʤʝʭʘʥʽʟʤ ʢʦʥʪʨʦʣʶ ʜʦʩʪʫʧʫ ʥʘʜʘʻ 

ʢʦʨʠʩʪʫʚʘʯʫ ʤʦʞʣʠʚʽʩʪʴ ʟʜʽʡʩʥʶʚʘʪʠ ʚʠʟʥʘʯʝʥʠʡ ʧʝʨʝʣʽʢ ʜʦʟʚʦʣʝʥʠʭ ʦʧʝʨʘʮʽʡ.  

Spring Security ʚʠʟʥʘʯʘʻ ʪʘʢʽ ʢʦʨʝʢʪʠʚʠ ʜʣʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʤʝʭʘʥʽʟʤʫ 

ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ: ʦʪʨʠʤʘʥʽ ʽʤôʷ ʢʦʨʠʩʪʫʚʘʯʘ ʪʘ ʧʘʨʦʣʴ ʢʦʤʙʽʥʫʶʪʴʩʷ ʚ ʝʢʟʝʤʧʣʷʨ 

ʢʣʘʩʫ UsernamePasswordAuthenticationToken; ʮʝʡ ʦʙôʻʢʪ ʧʝʨʝʜʘʻʪʴʩʷ ʜʦ 

AuthenticationManager ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʚʘʣʽʜʘʮʽʾ; ʫ ʚʠʧʘʜʢʫ ʫʩʧʽʰʥʦʩʪʽ ʮʽʻʾ 

ʧʨʦʮʝʜʫʨʠ ʢʦʥʪʝʢʩʪ ʙʝʟʧʝʢʠ ʩʪʘʻ ʚʠʢʣʠʢʦʤ ʤʝʪʦʜʫ 

SecurityContextHolder.getContext().setAuthentication(é) ʪʘ ʧʝʨʝʜʘʻʪʴʩʷ ʚ ʩʝʨʝʜʠʥʽ 

ʦʙôʻʢʪʘ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ [10, 360].  

ʊʘʢʦʞ ʚʘʞʣʠʚʦ ʟʘʟʥʘʯʠʪʠ ʜʝʷʢʽ ʬʫʥʢʮʽʾ ʫʧʨʘʚʣʽʥʥʷ ʩʝʩʽʷʤʠ [10, 359]: 

Å ʚʠʟʥʘʯʝʥʥʷ ʧʝʨʝʚʠʱʝʥʥʷ ʣʽʤʽʪʫ ʚʽʜʚʝʜʝʥʦʛʦ ʯʘʩʫ ʧʽʜʢʣʶʯʝʥʥʷ ʜʣʷ ʦʜʥʽʻʾ 

ʩʝʩʽʾ ʪʘ ʧʝʨʝʭʽʜ ʥʘ ʧʦʪʨʽʙʥʠʡ ʨʝʩʫʨʩ; 

Å ʫʧʨʘʚʣʽʥʥʷ ʧʘʨʘʣʝʣʴʥʠʤ ʜʦʩʪʫʧʦʤ ʜʣʷ ʦʜʥʦʛʦ ʡ ʪʦʛʦ ʞ ʢʦʨʠʩʪʫʚʘʯʘ, ʱʦ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʢʦʞʥʦʤʫ ʢʦʨʠʩʪʫʚʘʯʫ ʥʘʣʘʰʪʫʚʘʪʠ ʪʘʢʠʡ ʜʦʩʪʫʧ; 

Å ʘʚʪʦʤʘʪʠʯʥʠʡ ʟʘʭʠʩʪ ʚʽʜ ʘʪʘʢʠ ñʚʠʧʨʘʚʣʝʥʥʷ ʩʝʩʽʾò, ʢʦʣʠ ʩʝʩʽʾ ʩʪʚʦʨʶʶʪʴʩʷ 

ʟʣʦʚʤʠʩʥʠʢʦʤ, ʘ ʧʦʪʽʤ ʚʽʜʙʫʚʘʶʪʴʩʷ ʤʘʥʽʧʫʣʷʮʽʾ ʜʣʷ ʚʭʦʜʫ ʣʝʛʘʣʴʥʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ 

ʧʽʜ ʮʽʻʶ ʩʝʩʽʻʶ ʟ ʤʝʪʦʶ ʧʝʨʝʭʦʧʣʝʥʥʷ ʧʦʩʠʣʘʥʥʷ, ʱʦ ʤʽʩʪʠʪʴ ʽʜʝʥʪʠʬʽʢʘʪʦʨ ʩʝʩʽʾ ʪʘ 

ʽʥʰʽ ʜʘʥʽ.  

Spring Security ʧʽʜʪʨʠʤʫʻ ʬʫʥʢʮʽʾ ʨʦʙʦʪʠ ʟ ʧʘʨʦʣʷʤʠ ʪʘ ʾʭ ʟʙʝʨʽʛʘʥʥʷ ʫ 

ʟʘʰʠʬʨʦʚʘʥʦʤʫ ʚʠʛʣʷʜʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʣʛʦʨʠʪʤʫ ʭʝʰʫʚʘʥʥʷ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ 

ʩʦʙʦʶ ʦʜʥʦʩʪʦʨʦʥʥʶ ʬʫʥʢʮʽʶ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʝʷʢʠʭ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʜʦʚʽʣʴʥʦʾ 

ʜʦʚʞʠʥʠ ʫ ʚʠʭʽʜʥʽ ʜʘʥʽ ʬʽʢʩʦʚʘʥʦʾ ʜʦʚʞʠʥʠ. ɿʘʰʠʬʨʦʚʘʥʽ ʧʘʨʦʣʽ ʟʙʝʨʽʛʘʶʪʴʩʷ ʫ ʙʘʟʽ 

ʜʘʥʠʭ ʩʠʩʪʝʤʠ, ʱʦ ʤʽʥʽʤʽʟʫʻ ʤʦʞʣʠʚʽʩʪʴ ʾʭ ʚʠʢʨʠʪʪʷ. ɿʣʘʤʘʪʠ ʧʦʜʽʙʥʠʡ 

ʰʠʬʨʦʚʘʥʠʡ ʧʘʨʦʣʴ ʤʦʞʥʘ ʣʠʰʝ ʟʘʚʜʷʢʠ ʧʦʚʥʦʤʫ ʧʝʨʝʙʦʨʫ ʚʩʽʭ ʤʦʞʣʠʚʠʭ 

ʚʘʨʽʘʥʪʽʚ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʰʠʬʨʫʚʘʥʥʷ ʧʘʨʦʣʽʚ Spring Security ʥʘʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʦʜʘʪʢʦʚʠʡ ʨʷʜʦʢ ʫʥʽʢʘʣʴʥʠʭ ʜʘʥʠʭ ʜʣʷ ʢʦʞʥʦʛʦ 

ʦʢʨʝʤʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʘʣʛʦʨʠʪʤʫ ʰʠʬʨʫʚʘʥʥʷ, ʱʦ ʟʥʘʯʥʦ 

ʟʙʽʣʴʰʫʻ ʯʘʩ, ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʨʦʟʰʠʬʨʫʚʘʥʥʷ ʪʘʢʦʛʦ ʧʘʨʦʣʷ [10, 359, 360]. 
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ɸʣʝ ʦʩʥʦʚʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʟʘʭʠʩʪʫ ʻ ʨʦʟʨʦʙʢʘ ʩʠʩʪʝʤʠ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʪʘ 

ʘʚʪʦʨʠʟʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʘ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʬʘʢʪʦʨʠʥʛʫ ʜʦʩʪʫʧʫ ʧʨʠ ʨʦʟʨʦʙʮʽ 

ʝʣʝʤʝʥʪʽʚ ʉʇʇʈ [14]. 

ʆʩʥʦʚʥʠʤ ʤʝʪʦʜʦʤ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʚ ʩʫʯʘʩʥʠʭ web-ʜʦʜʘʪʢʘʭ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʬʘʡʣʽʚ cookie, ʱʦ ʚʤʽʱʫʶʪʴ ʽʜʝʥʪʠʬʽʢʘʪʦʨ ʩʝʩʽʾ ʥʘ ʩʝʨʚʝʨʽ. ʇʨʠ ʮʴʦʤʫ ʩʝʩʽʷ ʤʘʻ 

ʪʝʨʤʽʥ ʜʽʾ, ʷʢʠʡ ʘʚʪʦʤʘʪʠʯʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʨʠ ʟʚʝʨʥʝʥʥʽ ʢʦʨʠʩʪʫʚʘʯʘ ʥʘ ʩʝʨʚʝʨ [14, 

361].  

ɸʫʪʝʥʪʠʬʽʢʘʮʽʷ ʥʘ ʦʩʥʦʚʽ ʩʝʨʚʝʨʥʦʾ ʩʝʩʽʾ ʪʘ cookie ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʛʨʫʧʠ 

ʧʽʜʭʦʜʽʚ, ʷʢʽ ʟʙʝʨʽʛʘʶʪʴ ʩʪʘʥ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʢʣʽʻʥʪʦʤ ʽ ʩʝʨʚʝʨʦʤ, ʘ ʪʘʢʦʞ ʜʘʥʽ, ʷʢʽ ʤʽʞ 

ʥʠʤʠ ʧʝʨʝʜʘʶʪʴʩʷ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʜʘʥʽ ʧʨʦ ʩʝʩʽʶ ʟʙʝʨʽʛʘʶʪʴʩʷ ʷʢ 

ʥʘ ʢʣʽʻʥʪʩʴʢʽʡ, ʪʘʢ ʽ ʥʘ ʩʝʨʚʝʨʥʽʡ ʯʘʩʪʠʥʽ. ʇʝʨʝʣʽʢ ʘʢʪʠʚʥʠʭ ʩʝʩʽʡ ʟʙʝʨʽʛʘʻʪʴʩʷ ʥʘ 

ʩʝʨʚʝʨʽ (ʥʘʧʨʠʢʣʘʜ, ʫ ʙʘʟʽ ʜʘʥʠʭ), ʘ ʥʘ ʢʣʽʻʥʪʩʴʢʽʡ ʯʘʩʪʠʥʽ ʩʪʚʦʨʶʻʪʴʩʷ ʬʘʡʣ cookie, 

ʱʦ ʤʽʩʪʠʪʴ ʽʜʝʥʪʠʬʽʢʘʪʦʨ ʘʢʪʠʚʥʦʾ ʩʝʩʽʾ [14].  

ɸʣʛʦʨʠʪʤ ʚʟʘʻʤʦʜʽʾ ʟʘʨʝʻʩʪʨʦʚʘʥʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ ʟ web-ʜʦʜʘʪʢʦʤ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʨʘʜʠʮʽʡʥʦʛʦ ʧʽʜʭʦʜʫ ʫ ʚʠʛʣʷʜʽ ʜʽʘʛʨʘʤʠ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʟʦʙʨʘʞʝʥʠʡ ʥʘ 

ʨʠʩ. 5.9.  

ɸʣʛʦʨʠʪʤ ʚʟʘʻʤʦʜʽʾ ʟʘʨʝʻʩʪʨʦʚʘʥʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʪʨʘʜʠʮʽʡʥʦʛʦ ʧʽʜʭʦʜʫ ʤʽʩʪʠʪʴ ʥʘʩʪʫʧʥʽ ʢʨʦʢʠ [14].  

ʂʦʨʠʩʪʫʚʘʯ ʚʚʦʜʠʪʴ ʩʚʦʾ ʽʤôʷ ʪʘ ʧʘʨʦʣʴ ʥʘ ʬʦʨʤʽ ʜʣʷ ʚʚʝʜʝʥʥʷ ʢʣʽʻʥʪʩʴʢʠʭ 

ʜʘʥʠʭ. ɺʚʝʜʝʥʽ ʜʘʥʽ ʧʝʨʝʜʘʶʪʴʩʷ ʥʘ ʦʙʨʦʙʢʫ ʜʦ ʤʦʜʫʣʷ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʘʚʪʦʨʠʟʘʮʽʾ 

ʩʝʨʚʝʨʥʦʾ ʯʘʩʪʠʥʠ, ʜʝ ʟʜʽʡʩʥʶʻʪʴʩʷ ʾʭ ʧʝʨʝʚʽʨʢʘ ʰʣʷʭʦʤ ʟʚʝʨʥʝʥʥʷ ʜʦ ʨʝʧʦʟʠʪʦʨʽʶ 

ʜʘʥʠʭ ʪʘ ʧʦʰʫʢʫ ʢʦʨʠʩʪʫʚʘʯʘ, ʷʢʠʡ ʧʦʚʥʽʩʪʶ ʚʽʜʧʦʚʽʜʘʻ ʦʪʨʠʤʘʥʠʤ ʜʘʥʠʤ. ʗʢʱʦ 

ʢʦʨʠʩʪʫʚʘʯʘ ʟ ʪʘʢʠʤ ʽʤʝʥʝʤ ʪʘ ʧʘʨʦʣʝʤ ʟʥʘʡʜʝʥʦ, ʩʪʚʦʨʶʻʪʴʩʷ ʪʘ ʟʙʝʨʽʛʘʻʪʴʩʷ ʩʝʩʽʷ, 

ʽʜʝʥʪʠʬʽʢʘʪʦʨ ʷʢʦʾ ʧʝʨʝʜʘʻʪʴʩʷ ʜʦ ʢʣʽʻʥʪʩʴʢʦʾ ʯʘʩʪʠʥʠ. ɼʘʥʽ ʧʨʦ ʩʪʚʦʨʝʥʫ ʩʝʩʽʶ 

ʟʙʝʨʽʛʘʶʪʴʩʷ ʥʘ ʩʝʨʚʝʨʽ ʫ ʚʠʛʣʷʜʽ, ʥʘʧʨʠʢʣʘʜ, ʦʢʨʝʤʦʾ ʪʘʙʣʠʮʽ ʚ ʙʘʟʽ ʜʘʥʠʭ ʽʟ 

ʥʝʦʙʭʽʜʥʠʤ ʥʘʙʦʨʦʤ ʧʦʣʽʚ, ʩʝʨʝʜ ʷʢʠʭ ʽʜʝʥʪʠʬʽʢʘʪʦʨ ʩʝʩʽʾ, ʪʝʨʤʽʥ ʾʾ ʜʽʾ, ʚʽʜʧʦʚʽʜʥʠʡ 

ʽʜʝʥʪʠʬʽʢʘʪʦʨ ʢʦʨʠʩʪʫʚʘʯʘ. ʋ ʙʨʘʫʟʝʨʽ ʢʣʽʻʥʪʘ ʟʙʝʨʽʛʘʻʪʴʩʷ ʬʘʡʣ cookie ʟ 

ʽʜʝʥʪʠʬʽʢʘʪʦʨʦʤ ʩʪʚʦʨʝʥʦʾ ʥʘ ʩʝʨʚʝʨʽ ʩʝʩʽʾ. ɿʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʪʘʥʜʘʨʪʥʝ 

ʽʤôʷ ʪʘʢʦʛʦ ʬʘʡʣʫ ï JSESSIONID [14, 361]. 
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ʄʦʜʫʣɹ ʘʫʪʝʥʪʠʬ̔ʢʘʮ̔ʾ ʄʦʜʫʣɹ ʙ̔ʟʥʝʩ-ʣʦʛ̔ʢʠ ʈʝʧʦʟʠʪʦʨ̔ʡ ʜʘʥʠʭ

ɿʥʘʡʪʠ ʢʦʨʠʩʪʫʚʘʯʘ ( ʤ̔' ,̫ ʧʘʨʦʣɹ)

ɿʥʘʡʜʝʥʠʡ ʢʦʨʠʩʪʫʚʘʯ

ʌ̔ʣɹʪʨ ʘʫʪʝʥʪʠʬ̔ʢʘʮ̔ʾ

ɺʠʢʦʥʘʪʠ ʙ̔ʟʥʝʩ-ʣʦʛ̔ʢʫ (ʧʘʨʘʤʝʪʨʠ ʟʘʧʠʪʫ)

ɼʘʥ̔ ʟʘ ʟʘʧʠʪʦʤ ʢʦʨʠʩʪʫʚʘʯʘ

ʉʪʚʦʨʠʪʠ ʩʝʩ̔ʁ  ( ʜ̔ʝʥʪʠʬ̔ʢʘʪʦʨ ʢʦʨʠʩʪʫʚʘʯʘ)

ɿʙʝʨʝʛʪʠ ʩʝʩ̔ʁ

ɯʜʝʥʪʠʬ̔ʢʘʪʦʨ ʩʝʩ̔ʾ

ʇʝʨʝʚ̔ʨʠʪʠ ʤʦʞʣʠʚ̔ʩʪɹ ʜʦʩʪʫʧʫ (ʜʘʥ̔ ʧʨʦ ʢʦʨʠʩʪʫʚʘʯʘ)

ɿʥʘʡʪʠ ʜʘʥ̔ (ʧʘʨʘʤʝʪʨʠ ʟʘʧʠʪʫ)

ʆʪʨʠʤʘʪʠ ʜʘʥ̔ (ʧʘʨʘʤʝʪʨʠ ʟʘʧʠʪʫ)

ɿʥʘʡʜʝʥ̔ ʜʘʥ̔

ʂʦʨʠʩʪʫʚʘʯ

ʇʝʨʝʜʘʪʠ ʜʘʥ̔ ( ʤ̔' ,̫ ʧʘʨʦʣɹ)

ɼʘʥ̔ ʧʨʦ ʢʦʨʠʩʪʫʚʘʯʘ

ɿʥʘʡʪʠ ʜʘʥ̔ ʢʦʨʠʩʪʫʚʘʯʘ ( ʜ̔ʝʥʪʠʬ̔ʢʘʪʦʨ ʩʝʩ̔ʾ)

ɯʜʝʥʪʠʬ̔ʢʘʪʦʨ ʩʝʩ̔ʾ

ʂʣ̔̒ʥʪʩɹʢʘ ʯʘʩʪʠʥʘ

ɼʘʥ̔ ʟʘ ʟʘʧʠʪʦʤ ʢʦʨʠʩʪʫʚʘʯʘ

ʆʪʨʠʤʘʪʠ ʜʘʥ̔ ( ʜ̔ʝʥʪʠʬ̔ʢʘʪʦʨ ʩʝʩ̔ʾ, ʧʘʨʘʤʝʪʨʠ ʟʘʧʠʪʫ)

ʆʪʨʠʤʘʪʠ ʜʘʥ̔ (ʧʘʨʘʤʝʪʨʠ ʟʘʧʠʪʫ)

ɿʙʝʨʝʛʪʠ ̔ʜʝʥʪʠʬ̔ʢʘʪʦʨ ʩʝʩ̔ʾ ʫ ʬʘʡʣ̔ cookie ( ʜ̔ʝʥʪʠʬ̔ʢʘʪʦʨ)

ɸʚʪʦʨʠʟʫʚʘʪʠʩ̫ ( ʤ̔' ,̫ ʧʘʨʦʣɹ)

ʇʝʨʝʚ̔ʨʠʪʠ ʤʦʞʣʠʚ̔ʩʪɹ ʜʦʩʪʫʧʫ ( ʜ̔ʝʥʪʠʬ̔ʢʘʪʦʨ ʩʝʩ̔ʾ, ʧʘʨʘʤʝʪʨʠ ʟʘʧʠʪʫ)

 

ʈʠʩʫʥʦʢ 5.9 ï ɸʣʛʦʨʠʪʤ ʚʟʘʻʤʦʜʽʾ ʟʘʨʝʻʩʪʨʦʚʘʥʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ ʟ web-ʜʦʜʘʪʢʦʤ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʨʘʜʠʮʽʡʥʦʛʦ ʧʽʜʭʦʜʫ ʥʘ ʦʩʥʦʚʽ ʩʝʨʚʝʨʥʦʾ ʩʝʩʽʾ 

 

ʇʨʠ ʚʩʽʭ ʥʘʩʪʫʧʥʠʭ ʟʘʧʠʪʘʭ ʢʦʨʠʩʪʫʚʘʯʘ ʽʜʝʥʪʠʬʽʢʘʪʦʨ ʩʝʩʽʾ ʟ ʬʘʡʣʫ cookie 

ʚʽʜʧʨʘʚʣʷʻʪʴʩʷ ʫ ʟʘʛʦʣʦʚʦʢ ʟʘʧʠʪʫ ʜʦ ʩʝʨʚʝʨʥʦʾ ʯʘʩʪʠʥʠ, ʜʝ ʟʘʧʠʪ ʩʧʦʯʘʪʢʫ 

ʥʘʜʭʦʜʠʪʴ ʜʦ ʬʽʣʴʪʨʘ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ, ʘ ʜʘʣʽ ʧʝʨʝʜʘʻʪʴʩʷ ʜʦ ʤʦʜʫʣʷ ʘʚʪʦʨʠʟʘʮʽʾ ʪʘ 

ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ. ʉʘʤʝ ʪʫʪ ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʙʨʦʙʢʘ ʦʪʨʠʤʘʥʦʛʦ ʽʜʝʥʪʠʬʽʢʘʪʦʨʘ ʩʝʩʽʾ, ʘ 

ʩʘʤʝ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʚʝʨʥʝʥʥʷ ʜʦ ʨʝʧʦʟʠʪʦʨʽ ̫ʜʘʥʠʭ ʟ̔ ʤʝʪʦʶ ʧʦʰʫʢʫ ʧʦʪʨʙ̔ʥʠʭ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʜʦʩʪʫʧʫ ʜʦ ʧʝʚʥʦʛʦ ʨʝʩʫʨʩʫ ʜʘʥʠʭ ʪʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʧʝʨʝʚʽʨʷʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʜʦʩʪʫʧʫ [14].  
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ʗʢʱʦ ʧʝʨʝʚʽʨʢʘ ʧʨʦʭʦʜʠʪʴ ʫʩʧʽʰʥʦ, ʜʘʥʽ ʽʟ ʟʘʧʠʪʫ ʧʝʨʝʜʘʪʁʴʩʷ ʜʦ ʤʦʜʫʣʽʚ 

ʙʽʟʥʝʩ-ʣʦʛʽʢʠ ʩʠʩʪʝʤʠ, ʜʝ ʟʜʽʡʩʥʶʻʪʴʩʷ ʾʭ ʧʦʜʘʣʴʰʘ ʦʙʨʦʙʢʘ ʟ ʤʝʪʦʶ ʥʘʜʘʥʥʷ 

ʢʦʨʠʩʪʫʚʘʯʫ ʥʝʦʙʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ [14]. 

ʇʽʩʣʷ ʪʦʛʦ, ʷʢ ʢʦʨʠʩʪʫʚʘʯ ʟʘʢʽʥʯʠʪʴ ʨʦʙʦʪʫ ʟ web-ʜʦʜʘʪʢʦʤ, ʜʘʥʽ ʧʨʦ ʩʝʩʽʶ 

ʚʠʜʘʣʷʶʪʴʩʷ ʷʢ ʥʘ ʩʝʨʚʝʨʥʽʡ, ʪʘʢ ʽ ʥʘ ʢʣʽʻʥʪʩʴʢʽʡ ʯʘʩʪʠʥʘʭ. 

JWT-ʤʘʨʢʝʨ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʪʝʢʩʪʦʚʠʡ ʨʷʜʦʢ, ʱʦ ʤʽʩʪʠʪʴ ʫ 

ʟʘʰʠʬʨʦʚʘʥʦʤʫ ʚʠʛʣʷʜʽ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʘʚʪʦʨʠʟʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʘ 

ʜʘʥʽ [14, 361]. 

ʆʩʥʦʚʥʽ ʢʨʦʢʠ, ʷʢʽ ʚʠʢʦʥʫʚʘʥʽ ʧʨʠ ʨʦʙʦʪʽ ʢʦʨʠʩʪʫʚʘʯʘ ʟ ʩʠʩʪʝʤʦʶ ʟʘ ʫʤʦʚʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ JWT-ʤʘʨʢʝʨʽʚ, ʤʦʞʥʘ ʦʧʠʩʘʪʠ  ʪʘʢʠʤ ʯʠʥʦʤ. 

ʗʢ ʽ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʽʜʭʦʜʫ ʟ ʩʝʨʚʝʨʥʦʶ ʩʝʩʽʻʶ, ʢʦʨʠʩʪʫʚʘʯ ʟʜʽʡʩʥʶʻ 

ʚʚʝʜʝʥʥʷ ʩʚʦʾʭ ʽʤʝʥʽ ʪʘ ʧʘʨʦʣʶ ʥʘ ʬʦʨʤʽ ʜʣʷ ʚʚʝʜʝʥʥʷ ʢʣʽʻʥʪʩʴʢʠʭ ʜʘʥʠʭ. 

ɸʥʘʣʦʛʽʯʥʦ ʪʨʘʜʠʮʽʡʥʦʤʫ ʧʽʜʭʦʜʫ, ʚʚʝʜʝʥʽ ʜʘʥʽ ʧʝʨʝʜʘʶʪʴʩʷ ʥʘ ʦʙʨʦʙʢʫ ʜʦ ʤʦʜʫʣʷ 

ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʘʚʪʦʨʠʟʘʮʽʾ ʩʝʨʚʝʨʥʦʾ ʯʘʩʪʠʥʠ, ʜʝ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʚʝʨʥʝʥʥʷ ʜʦ 

ʨʝʧʦʟʠʪʦʨʽʶ ʜʘʥʠʭ ʜʣʷ ʧʦʰʫʢʫ ʢʦʨʠʩʪʫʚʘʯʘ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʜʘʥʠʤʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʾʭ 

ʧʝʨʝʚʽʨʢʘ. ʋ ʚʠʧʘʜʢʫ ʫʩʧʽʰʥʦʾ ʧʝʨʝʚʽʨʢʠ ʬʦʨʤʫʻʪʴʩʷ JWT-ʤʘʨʢʝʨ, ʜʦ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʯʘʩʪʠʥʠ ʷʢʦʛʦ ʚʥʦʩʷʪʴʩʷ ʫʩʽ ʥʝʦʙʭʽʜʥʽ ʜʘʥʽ (ʽʜʝʥʪʠʬʽʢʘʪʦʨ ʢʦʨʠʩʪʫʚʘʯʘ, ʡʦʛʦ ʨʦʣʴ ʫ 

ʩʠʩʪʝʤʽ, ʯʘʩ ʟʘʢʽʥʯʝʥʥʷ ʜʽʾ ʤʘʨʢʝʨʘ ʪʦʱʦ). ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʤʘʨʢʝʨ ʚʢʣʶʯʘʻ ʜʘʥʽ 

ʧʨʦ ʢʦʨʠʩʪʫʚʘʯʘ ʪʘ ʜʽʾ, ʷʢʽ ʤʦʞʫʪʴ ʚʠʢʦʥʫʚʘʪʠʩʷ ʥʠʤ ʫ ʩʠʩʪʝʤʽ, ʱʦ ʻ ʥʝʦʙʭʽʜʥʠʤ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ʜʦʩʪʫʧʫ ʧʨʠ ʫʩʽʭ ʥʘʩʪʫʧʥʠʭ ʟʘʧʠʪʘʭ. ʉʬʦʨʤʦʚʘʥʠʡ ʤʘʨʢʝʨ 

ʥʘʜʩʠʣʘʻʪʴʩʷ ʫ ʚʽʜʧʦʚʽʜʴ ʪʘ ʟʙʝʨʽʛʘʻʪʴʩʷ ʢʣʽʻʥʪʩʴʢʦʶ ʯʘʩʪʠʥʦʶ [14].  

ʇʨʠ ʢʦʞʥʦʤʫ ʥʘʩʪʫʧʥʦʤʫ ʟʘʧʠʪʽ ʢʦʨʠʩʪʫʚʘʯʘ ʦʪʨʠʤʘʥʠʡ ʤʘʨʢʝʨ ʚʢʣʶʯʘʻʪʴʩʷ 

ʜʦ ʟʘʛʦʣʦʚʢʫ ʘʚʪʦʨʠʟʘʮʽʾ (Authorization header) ʫ ʬʦʨʤʘʪʽ  Authorization: Bearer 

(ʤʘʨʢʝʨ) ʪʘ ʨʘʟʦʤ ʽʟ ʧʘʨʘʤʝʪʨʘʤʠ ʟʘʧʠʪʫ ʥʘʜʩʠʣʘʻʪʴʩʷ ʜʦ ʩʝʨʚʝʨʥʦʾ ʯʘʩʪʠʥʠ. ʇʽʩʣʷ 

ʦʪʨʠʤʘʥʥʷ ʪʘʢʦʛʦ ʟʘʧʠʪʫ ʬʽʣʴʪʨ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʧʝʨʝʜʘʻ ʡʦʛʦ ʜʦ ʤʦʜʫʣʷ 

ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʘʚʪʦʨʠʟʘʮʽʾ, ʜʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʚʽʨʢʘ ʢʦʨʝʢʪʥʦʩʪʽ ʪʘ ʜʽʡʩʥʦʩʪʽ 

ʤʘʨʢʝʨʘ ʥʘ ʦʩʥʦʚʽ ʡʦʛʦ ʧʽʜʧʠʩʫ ʪʘ ʟʥʘʯʝʥʴ ʦʢʨʝʤʠʭ ʧʦʣʽʚ, ʥʘʧʨʠʢʣʘʜ, ʧʦʣʷ ʟ 

ʪʝʨʤʽʥʦʤ ʜʽʾ. ʇʨʘʚʠʣʴʥʽʩʪʴ ʧʽʜʧʠʩʫ ʤʘʨʢʝʨʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʢʘʟʘʥʠʤ ʫ ʟʘʛʦʣʦʚʢʫ 

ʘʣʛʦʨʠʪʤʦʤ ʟʘ ʫʤʦʚʠ ʡʦʛʦ ʧʦʚʥʦʛʦ ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʟ ʘʣʛʦʨʠʪʤʦʤ, ʷʢʠʡ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʝʨʚʝʨʥʦʶ ʯʘʩʪʠʥʦʶ. ʗʢʱʦ ʧʽʜʧʠʩ ʜʽʡʩʥʠʡ, ʪʦʙʪʦ, ʥʘʧʨʠʢʣʘʜ, ʚʽʥ 
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ʩʬʦʨʤʦʚʘʥʠʡ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʝʚʥʦʛʦ ʩʝʢʨʝʪʥʦʛʦ ʨʷʜʢʫ ʘʙʦ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʛʦ ʥʘ ʩʝʨʚʝʨʽ ʚʽʜʢʨʠʪʦʛʦ ʢʣʶʯʘ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʘʚʪʝʥʪʠʯʥʽʩʪʴ 

ʤʘʨʢʝʨʘ, ʚʽʜʙʫʚʘʶʪʴʩʷ ʜʦʜʘʪʢʦʚʽ ʧʝʨʝʚʽʨʢʠ, ʪʘʢʽ ʷʢ ʘʢʪʫʘʣʴʥʽʩʪʴ ʪʝʨʤʽʥʫ ʜʽʾ, 

ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʨʦʣʽ ʢʦʨʠʩʪʫʚʘʯʘ ʤʦʞʣʠʚʦʩʪʽ ʟʚʝʨʥʝʥʥʷ ʜʦ ʧʝʚʥʦʛʦ ʨʝʩʫʨʩʫ ʪʦʱʦ. 

ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʫʩʧʽʰʥʝ ʧʨʦʭʦʜʞʝʥʥʷ ʧʝʨʝʚʽʨʢʠ ʜʦʟʚʦʣʷʻ ʧʦʜʘʣʴʰʫ ʦʙʨʦʙʢʫ 

ʟʘʧʠʪʫ. ʄʦʜʫʣʽ, ʷʢʽ ʨʝʘʣʽʟʫʶʪʴ ʙʽʟʥʝʩ-ʣʦʛʽʢʫ ʩʠʩʪʝʤʠ, ʦʪʨʠʤʫʶʪʴ ʜʘʥʽ ʽʟ ʟʘʧʠʪʫ ʪʘ 

ʚʠʢʦʥʫʶʪʴ ʥʝʦʙʭʽʜʥʫ ʦʙʨʦʙʢʫ. ʆʪʨʠʤʘʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʘʥʽ ʧʦʚʝʨʪʘʶʪʴʩʷ ʫ ʚʽʜʧʦʚʽʜʴ 

ʜʦ ʢʣʽʻʥʪʩʴʢʦʾ ʯʘʩʪʠʥʠ, ʜʝ ʚʦʥʠ ʫ ʚʽʜʧʦʚʽʜʥʦʤʫ ʚʠʛʣʷʜʽ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʜʣʷ 

ʢʦʨʠʩʪʫʚʘʯʘ [14, 361]. 

ʆʩʥʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ JWT-ʤʘʨʢʝʨʽʚ ʻ ʚʽʜʩʫʪʥʽʩʪʴ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʟʙʝʨʽʛʘʥʥʷ ʙʫʜʴ-ʷʢʠʭ ʜʘʥʠʭ ʧʨʦ ʤʘʨʢʝʨʠ ʯʠ ʩʘʤʽ ʤʘʨʢʝʨʠ ʥʘ ʩʝʨʚʝʨʽ. ʂʦʞʝʥ ʤʘʨʢʝʨ 

ʚʢʣʶʯʘʻ ʚʩʽ ʥʝʦʙʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʡʦʛʦ ʜʦʩʪʦʚʽʨʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʧʝʨʝʜʘʚʘʪʠ ʜʦʚʽʣʴʥʠʡ ʥʘʙʽʨ ʜʘʥʠʭ. ʉʝʨʚʝʨʥʘ ʯʘʩʪʠʥʘ ʟʘʙʝʟʧʝʯʫʻ ʬʦʨʤʫʚʘʥʥʷ, ʧʽʜʧʠʩ 

ʪʘ ʚʠʜʘʯʫ JWT-ʤʘʨʢʝʨʽʚ, ʧʝʨʝʚʽʨʢʫ ʜʽʡʩʥʦʩʪʽ ʤʘʨʢʝʨʽʚ ʫ ʚʭʽʜʥʠʭ ʟʘʧʠʪʘʭ [14, 361].  

ʅʘ ʨʠʩ. 5.10 ʚʽʜʦʙʨʘʞʝʥʦ ʧʦʨʷʜʦʢ ʚʟʘʻʤʦʜʽʾ ʟʘʨʝʻʩʪʨʦʚʘʥʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ ʟ 

web-ʜʦʜʘʪʢʦʤ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ JWT-ʤʘʨʢʝʨʘ ʥʘ ʜʽʘʛʨʘʤʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ [14]. 

ʅʝʜʦʣʽʢʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʨʢʝʨʽʚ ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʦʙʤʝʞʝʥʥʷ ʜʦʚʞʠʥʠ 

ʟʘʛʦʣʦʚʢʫ ʫ ʟʘʧʠʪʽ ʜʣʷ ʜʝʷʢʠʭ ʩʝʨʚʝʨʽʚ. ʋ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ ʫ ʽʥʬʦʨʤʘʮʽʡʥʫ ʯʘʩʪʠʥʫ 

ʤʘʨʢʝʨʘ ʚʘʨʪʦ ʚʢʣʶʯʘʪʠ ʣʠʰʝ ʤʽʥʽʤʘʣʴʥʦ ʥʝʦʙʭʽʜʥʽ ʜʘʥʽ. ʂʨʽʤ ʮʴʦʛʦ, ʤʘʨʢʝʨ 

ʤʽʩʪʠʪʴ ʫ ʩʦʙʽ ʪʝʨʤʽʥ ʜʽʾ, ʷʢʠʡ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ʙʝʟʧʝʢʠ, ʧʦʚʠʥʝʥ ʙʫʪʠ ʥʝ ʜʫʞʝ 

ʪʨʠʚʘʣʠʤ, ʘ ʧʽʩʣʷ ʡʦʛʦ ʟʘʢʽʥʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦ ʬʦʨʤʫʚʘʪʠ ʥʦʚʠʡ ʤʘʨʢʝʨ [14]. 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʽʩʥʫʻ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʛʦʪʦʚʠʭ ʨʝʘʣʽʟʘʮʽʡ ʪʘ ʙʽʙʣʽʦʪʝʢ 

ʜʣʷ ʨʦʙʦʪʠ ʟ JWT-ʤʘʨʢʝʨʘʤʠ ʟ ʤʝʪʦʶ ʨʦʟʨʦʙʢʠ ʤʝʭʘʥʽʟʤʫ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʪʘ 

ʘʚʪʦʨʠʟʘʮʽʾ ʩʠʩʪʝʤʠ ʥʘ ʾʭ ʦʩʥʦʚʽ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ Java ʜʣʷ 

ʨʦʟʨʦʙʢʠ ʩʝʨʚʝʨʥʦʾ ʯʘʩʪʠʥʠ ʩʠʩʪʝʤʠ, ʥʘ ʧʨʠʢʣʘʜʽ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʴ, ʜʦʩʠʪʴ ʟʨʫʯʥʦʶ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʘ ʜʦʩʪʫʧʥʦʶ ʜʣʷ ʨʦʟʫʤʽʥʥʷ ʻ ʙʽʙʣʽʦʪʝʢʘ 

Nimbus JOSE + JWT [14, 361]. 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʚ ʩʪʨʫʢʪʫʨʽ ʧʨʠʩʫʪʥʽ ʙʘʟʘ ʟʥʘʥʴ, ʚʽʪʨʠʥʠ ʪʘ ʩʭʦʚʠʱʝ ʜʘʥʠʭ, 

ʧʨʠ ʾʭ ʩʪʚʦʨʝʥʥʽ ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʥʽ ʥʝʦʙʭʽʜʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʢʘʪʝʛʦʨʽʶ çʨʝʬʘʢʪʦʨʠʥʛ 

ʜʦʩʪʫʧʫè, ʱʦ ʤʽʩʪʠʪʴ ʫ ʩʦʙʽ ʦʧʝʨʘʮʽʾ, ʷʢʽ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʢʦʥʪʨʦʣʴʦʚʘʥʦ 
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ʚʠʢʦʥʫʚʘʪʠ ʟʤʽʥʠ ʫ ʯʘʩʪʠʥʽ ʦʙʤʝʞʝʥʥʷ ʜʦʩʪʫʧʫ ʧʨʠ ʘʜʤʽʥʽʩʪʨʫʚʘʥʥʽ ʩʠʩʪʝʤʠ 

ʫʧʨʘʚʣʽʥʥʷ ʙʘʟʦʶ ʜʘʥʠʭ, ʩʪʚʦʨʶʚʘʪʠ ʨʝʛʣʘʤʝʥʪʦʚʘʥʽ ʧʨʦʮʝʩʠ ʨʝʘʢʮʽʾ ʥʘ ʧʦʜʽʾ, 

ʧʦʚôʷʟʘʥʽ ʟ ʧʦʣʽʪʠʢʦʶ ʙʝʟʧʝʢʠ [17, 20, 24]. ɸʚʪʦʨʦʤ ʢʘʪʝʛʦʨʽʾ çʨʝʬʘʢʪʦʨʠʥʛ 

ʜʦʩʪʫʧʫè ʻ ʉʪʨʫʟʽʢ ɺ. ɸ., ʷʢʠʡ ʚʠʢʣʘʚ ʾʾ ʫ ʨʦʙʦʪʘʭ [24, 311]. 

 

ʂʣ̔̒ʥʪʩɹʢʘ ʯʘʩʪʠʥʘ ʄʦʜʫʣɹ ʘʫʪʝʥʪʠʬ̔ʢʘʮ̔ʾ ʄʦʜʫʣɹ ʙ̔ʟʥʝʩ-ʣʦʛ̔ʢʠ ʈʝʧʦʟʠʪʦʨ̔ʡ ʜʘʥʠʭ

ɿʥʘʡʪʠ ʢʦʨʠʩʪʫʚʘʯʘ ( ʤ̔' ,̫ ʧʘʨʦʣɹ)

ɿʥʘʡʜʝʥʠʡ ʢʦʨʠʩʪʫʚʘʯ

ʌ̔ʣɹʪʨ ʘʫʪʝʥʪʠʬ̔ʢʘʮ̔ʾ

ʆʪʨʠʤʘʪʠ ʜʘʥ̔ (ʤʘʨʢʝʨ, ʧʘʨʘʤʝʪʨʠ ʟʘʧʠʪʫ)

ʆʪʨʠʤʘʪʠ ʜʘʥ̔ (ʧʘʨʘʤʝʪʨʠ ʟʘʧʠʪʫ)

ɺʠʢʦʥʘʪʠ ʙ̔ʟʥʝʩ-ʣʦʛ̔ʢʫ (ʧʘʨʘʤʝʪʨʠ ʟʘʧʠʪʫ)

ʇʝʨʝʚ̔ʨʠʪʠ ʤʦʞʣʠʚ̔ʩʪɹ ʜʦʩʪʫʧʫ (ʤʘʨʢʝʨ, ʧʘʨʘʤʝʪʨʠ ʟʘʧʠʪʫ)

ɿʥʘʡʜʝʥ̔ ʜʘʥ̔

ɿʥʘʡʪʠ ʜʘʥ̔ (ʧʘʨʘʤʝʪʨʠ ʟʘʧʠʪʫ)

ʇʝʨʝʚ̔ʨʠʪʠ ʤʦʞʣʠʚ̔ʩʪɹ ʜʦʩʪʫʧʫ (ʤʘʨʢʝʨ)

ʇʝʨʝʜʘʪʠ ʜʘʥ̔ ( ʤ̔' ,̫ ʧʘʨʦʣɹ)

ʉʬʦʨʤʦʚʘʥʠʡ JWT ʤʘʨʢʝʨ

ʂʦʨʠʩʪʫʚʘʯ

ɸʚʪʦʨʠʟʫʚʘʪʠʩ̫ ( ʤ̔' ,̫ ʧʘʨʦʣɹ)

ʆʪʨʠʤʘʪʠ ʜʘʥ̔ (ʧʘʨʘʤʝʪʨʠ ʟʘʧʠʪʫ)

ɼʘʥ̔ ʟʘ ʟʘʧʠʪʦʤ ʢʦʨʠʩʪʫʚʘʯʘ

ɼʘʥ̔ ʟʘ ʟʘʧʠʪʦʤ ʢʦʨʠʩʪʫʚʘʯʘ

ɿʙʝʨʝʛʪʠ JWT ʤʘʨʢʝʨ (ʤʘʨʢʝʨ)

ʉʬʦʨʤʫʚʘʪʠ JWT ʤʘʢʝʨ (ʜʘʥ̔ ʧʨʦ ʢʦʨʠʩʪʫʚʘʯʘ)

 

ʈʠʩʫʥʦʢ 5.10 ï ɸʣʛʦʨʠʪʤ ʚʟʘʻʤʦʜʽʾ ʟʘʨʝʻʩʪʨʦʚʘʥʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ ʟ web-ʜʦʜʘʪʢʦʤ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ JWT-ʤʘʨʢʝʨʘ 

 

ɼʦ ʢʘʪʝʛʦʨʽʾ çʨʝʬʘʢʪʦʨʠʥʛ ʜʦʩʪʫʧʫè ʥʘʣʝʞʘʪʴ ʪʘʢʽ ʦʧʝʨʘʮʽʾ [24]: 

Å ʟʤʽʥʘ ʘʪʨʠʙʫʪʽʚ ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ; 

Å ʟʚʫʞʝʥʥʷ ʧʨʠʚʽʣʝʾʚ ʜʦʩʪʫʧʫ; 

Å ʨʦʟʰʠʨʝʥʥʷ ʧʨʠʚʽʣʝʾʚ ʜʦʩʪʫʧʫ; 
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Å ʚʠʜʽʣʝʥʥʷ ʩʭʝʤʠ ʙʘʟʠ ʜʘʥʠʭ; 

Å ʟʣʠʪʪʷ ʩʭʝʤ ʙʘʟ ʜʘʥʠʭ. 

ʄʝʪʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʧʝʨʘʮʽʾ çʟʤʽʥʘ ʘʪʨʠʙʫʪʽʚ ʘʚʪʝʥʪʠʬʽʢʘʮʽʾè ʻ ʟʤʽʥʘ 

ʩʧʦʩʦʙʽʚ ʘʙʦ ʘʪʨʠʙʫʪʽʚ ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ. ʆʩʥʦʚʥʠʤʠ ʧʨʠʯʠʥʘʤʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʽʻʾ 

ʦʧʝʨʘʮʽʾ ʻ ʢʦʤʧʨʦʤʝʪʘʮʽʷ ʧʘʨʦʣʷ ʢʦʨʠʩʪʫʚʘʯʘ ʘʙʦ ʧʣʘʥʦʚʘ ʨʦʪʘʮʽʷ ʧʘʨʦʣʽʚ [24].  

ʇʨʦʮʝʩ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʧʝʨʘʮʽʾ çʟʤʽʥʘ ʘʪʨʠʙʫʪʽʚ ʘʚʪʝʥʪʠʬʽʢʘʮʽʾè ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʯʦʪʠʨʴʦʭ ʝʪʘʧʽʚ ʧʨʦʚʝʜʝʥʥʷ ʦʧʝʨʘʮʽʾ ʨʝʬʘʢʪʦʨʠʥʛʫ [24, 311]: 

1. ɺʠʜʽʣʷʻʤʦ ʝʣʝʤʝʥʪ çʚʽʪʨʠʥʠ ʜʘʥʠʭè, ʟ ʷʢʦʶ ʧʨʘʮʶʻ ʧʝʚʥʠʡ ʜʦʜʘʪʦʢ, ʪʘ 

ʢʦʨʠʩʪʫʚʘʯʘ, ʷʢʠʡ ʤʘʻ ʜʦʩʪʫʧ ʜʦ ʮʽʻʾ çʚʽʪʨʠʥʠ ʜʘʥʠʭè. 

2. ʉʪʚʦʨʶʻʤʦ ʥʦʚʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ. 

3. ɿʤʽʥʶʻʤʦ ʢʦʨʠʩʪʫʚʘʯʘ çʚʽʪʨʠʥʠ ʜʘʥʠʭè ʫ ʪʝʩʪʦʚʦʤʫ ʪʘ ʚʠʨʦʙʥʠʯʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ. ʇʨʦʚʦʜʠʤʦ ʘʫʜʠʪ çʚʽʪʨʠʥʠ ʜʘʥʠʭè ʥʘ ʧʨʝʜʤʝʪ ʥʘʷʚʥʦʩʪʽ ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ 

ʟʘ ʘʪʨʠʙʫʪʘʤʠ ʩʪʘʨʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ.  

4. ɺʠʜʘʣʷʻʤʦ ʩʪʘʨʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ. 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʦʧʝʨʘʮʽʾ çʟʤʽʥʘ ʘʪʨʠʙʫʪʽʚ ʘʚʪʝʥʪʠʬʽʢʘʮʽʾè ʢʘʪʝʛʦʨʽʾ 

çʨʝʬʘʢʪʦʨʠʥʛ ʜʦʩʪʫʧʫè ʥʝ ʚʪʨʘʯʘʻʪʴʩʷ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʚʩʽ 

ʟʘʧʠʪʠ ʢʣʽʻʥʪʽʚ ʙʫʜʫʪʴ ʫʩʧʽʰʥʦ ʦʙʨʦʙʣʝʥʽ. ʄʝʪʦʶ ʚʧʨʦʚʘʜʞʝʥʥʷ ʦʧʝʨʘʮʽʾ çʟʚʫʞʝʥʥʷ 

ʧʨʠʚʽʣʝʾʚ ʜʦʩʪʫʧʫè ʻ ʩʢʘʩʫʚʘʥʥʷ ʧʨʠʚʽʣʝʾʚ ʜʦʩʪʫʧʫ ʜʦ ʦʙôʻʢʪʽʚ ʙʘʟʠ ʜʘʥʠʭ, ʱʦ ʥʘ 

ʤʦʤʝʥʪ ʚʧʨʦʚʘʜʞʝʥʥʷ ʦʧʝʨʘʮʽʾ ʨʝʬʘʢʪʦʨʠʥʛʫ ʙʫʣʠ ʥʘʜʘʥʽ [24, 311].  

ʇʨʦʮʝʩ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʧʝʨʘʮʽʾ çʟʚʫʞʝʥʥʷ ʧʨʠʚʽʣʝʾʚ ʜʦʩʪʫʧʫè ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʪʘʢʠʭ ʢʨʦʢʽʚ ʧʨʦʚʝʜʝʥʥʷ ʦʧʝʨʘʮʽʾ ʨʝʬʘʢʪʦʨʠʥʛʫ [24, 311]: 

1. ɺʠʜʽʣʷʻʤʦ ʚʽʪʨʠʥʫ ʜʘʥʠʭ ʟ ʦʙôʻʢʪʘʤʠ, ʜʦ ʷʢʠʭ ʤʘʻ ʜʦʩʪʫʧ ʧʝʚʥʠʡ 

ʢʦʨʠʩʪʫʚʘʯ. 

2. ʉʪʚʦʨʶʻʤʦ ʥʦʚʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ. 

3. ʅʦʚʠʡ ʢʦʨʠʩʪʫʚʘʯ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʤʽʩʮʷʭ ʟʚʫʞʝʥʥʷ ʧʨʠʚʽʣʝʾʚ. ʇʨʦʚʦʜʠʪʴʩʷ 

ʘʫʜʠʪ ʚʽʪʨʠʥʠ ʜʘʥʠʭ ʥʘ ʧʨʝʜʤʝʪ ʥʘʷʚʥʦʩʪʽ ʘʚʪʦʨʠʟʘʮʽʾ ʩʪʘʨʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ ʟʘ 

ʧʨʠʚʽʣʝʷʤʠ, ʷʢʽ ʧʽʜʧʘʣʠ ʧʽʜ ʟʚʫʞʝʥʥʷ.  

4. ɺʠʜʘʣʝʥʥʷ ʫ ʩʪʘʨʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ ʧʨʠʚʽʣʝʾʚ, ʷʢʽ ʧʽʜʧʘʣʠ ʧʽʜ ʟʚʫʞʝʥʥʷ. 

ʇʨʠ ʟʚʫʞʝʥʥʽ ʧʨʠʚʽʣʝʾʚ ʜʦʩʪʫʧʫ ʜʦ ʚʽʪʨʠʥʠ ʯʠ ʩʭʦʚʠʱʘ ʜʘʥʠʭ ʨʦʟʨʦʙʥʠʢ ʤʦʞʝ 

ʟʽʰʪʦʚʭʥʫʪʠʩʷ ʟ ʪʠʤ, ʱʦ, ʚʠʣʫʯʠʚʰʠ ʧʨʠʚʽʣʝʾ ʫ ʧʝʚʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʟʘʣʠʰʘʻʪʴʩʷ 
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ʯʘʩʪʠʥʘ ʩʭʦʚʠʱʘ ʘʙʦ çʚʽʪʨʠʥʠ ʜʘʥʠʭè, ʜʦʩʪʫʧ ʢʦʨʠʩʪʫʚʘʯʘʤʠ ʜʦ ʷʢʠʭ ʚʟʘʛʘʣʽ 

ʚʽʜʩʫʪʥʽʡ.  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʦʧʝʨʘʮʽʾ çʟʚʫʞʝʥʥʷ ʧʨʠʚʽʣʝʾʚ ʜʦʩʪʫʧʫè ʢʘʪʝʛʦʨʽʾ çʨʝʬʘʢʪʦʨʠʥʛ 

ʜʦʩʪʫʧʫè ʜʘʻ ʟʤʦʛʫ ʫʥʠʢʥʫʪʠ ʪʘʢʦʾ ʩʠʪʫʘʮʽʾ. ɸʜʞʝ ʩʧʦʯʘʪʢʫ ʩʪʚʦʨʶʻʪʴʩʷ ʥʦʚʠʡ 

ʢʦʨʠʩʪʫʚʘʯ, ʷʢʠʡ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʤʽʩʮʷʭ ʟʚʫʞʝʥʥʷ ʧʨʠʚʽʣʝʾʚ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʩʽ 

ʟʘʧʠʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʦʙʨʦʙʣʝʥʽ [24, 311]. 

ʆʧʝʨʘʮʽʷ çʨʦʟʰʠʨʝʥʥʷ ʧʨʠʚʽʣʝʾʚ ʜʦʩʪʫʧʫè ʚʧʨʦʚʘʜʞʫʻʪʴʩʷ ʜʣʷ ʥʘʜʘʥʥʷ 

ʽʩʥʫʶʯʦʤʫ ʢʦʨʠʩʪʫʚʘʯʫ ʧʨʘʚ ʜʦʩʪʫʧʫ ʜʦ ʦʙôʻʢʪʽʚ ʩʭʦʚʠʱʘ ʪʘ ʚʽʪʨʠʥ ʜʘʥʠʭ, ʷʢʽ ʡʦʤʫ 

ʥʝʜʦʩʪʫʧʥʽ. ʅʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʽʩʣʷ ʟʤʽʥʠ ʩʭʝʤʠ ʙʘʟʠ ʜʘʥʠʭ, ʱʦ 

ʚʧʨʦʚʘʜʞʫʚʘʣʘʩʷ ʜʣʷ ʜʦʧʦʚʥʝʥʥʷ ʘʙʦ ʜʦʜʘʚʘʥʥʷ ʜʦ ʚʽʜʦʙʨʘʞʝʥʥʷ ʚ ʨʝʣʷʮʽʡʥʽʡ ʙʘʟʽ 

ʜʘʥʠʭ ʩʫʪʥʦʩʪʝʡ ʨʝʘʣʴʥʦʛʦ ʩʚʽʪʫ [24, 311]. 

ʇʨʦʮʝʩ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʧʝʨʘʮʽʾ çʨʦʟʰʠʨʝʥʥʷ ʧʨʠʚʽʣʝʾʚ ʜʦʩʪʫʧʫè ʩʢʣʘʜʘʻʪʴʩʷ ʟ̔ 

ʜʚʦʭ ʝʪʘʧʽʚ [24, 311]: 

1. ɺʠʟʥʘʯʘʻʪʴʩʷ ʯʘʩʪʠʥʘ ʩʭʦʚʠʱʘ ʘʙʦ ʚʽʪʨʠʥʘ ʜʘʥʠʭ ʟ ʦʙôʻʢʪʘʤʠ, ʜʦʩʪʫʧ ʜʦ 

ʷʢʠʭ ʥʝʦʙʭʽʜʥʦ ʦʪʨʠʤʘʪʠ ʧʝʚʥʦʤʫ ʢʦʨʠʩʪʫʚʘʯʫ. 

2. ʂʦʨʠʩʪʫʚʘʯʫ ʥʘʜʘʶʪʴ ʥʝʦʙʭʽʜʥʽ ʧʨʠʚʽʣʝʾ ʜʦʩʪʫʧʫ. 

ʇʨʠ ʨʦʟʰʠʨʝʥʥʽ ʧʨʠʚʽʣʝʾʚ ʜʦʩʪʫʧʫ ʨʦʟʨʦʙʥʠʢʫ ʥʝʦʙʭʽʜʥʦ ʚ ʧʝʨʰʫ ʯʝʨʛʫ 

ʨʦʟʨʦʙʠʪʠ ʦʧʪʠʤʘʣʴʥʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʜʽʡ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʙʘʞʘʥʦʛʦ 

ʨʝʟʫʣʴʪʘʪʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʪʨʘʯʘʪʁʴʩʷ ʣʶʜʠʥʦ-ʛʦʜʠʥʠ ʜʣʷ ʨʦʟʨʦʙʣʝʥʥʷ ʧʣʘʥʫ ʜʽʡ, 

ʦɦ ʤʦʞʝ ʙʫʪʠ ʜʦʩʠʪʴ ʨʽʟʥʠʤ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʜʦʩʚʽʜʫ ʪʘ ʢʚʘʣʽʬʽʢʘʮʽʾ ʨʦʟʨʦʙʥʠʢʘ [24, 

311]. 

ʄʝʪʦʶ ʚʧʨʦʚʘʜʞʝʥʥʷ çʚʠʜʽʣʝʥʥʷ ʩʭʝʤʠ ʙʘʟʠ ʜʘʥʠʭè ʻ ʚʠʦʢʨʝʤʣʝʥʥʷ ʛʨʫʧʠ 

ʪʘʙʣʠʮʴ, ʧʨʝʜʩʪʘʚʣʝʥʴ ʪʘ ʟʙʝʨʝʞʫʚʘʥʠʭ ʧʨʦʮʝʜʫʨ, ʱʦ ʾʭ ʦʙʩʣʫʛʦʚʫʶʪʴ (ʩʝʛʤʝʥʪʘ 

ʜʘʥʠʭ), ʜʦ ʦʢʨʝʤʦʾ ʩʪʨʫʢʪʫʨʠ. ʇʨʦʮʝʩ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʧʝʨʘʮʽʾ çʚʠʜʽʣʝʥʥʷ ʩʭʝʤʠ ʙʘʟʠ 

ʜʘʥʠʭè ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʰʝʩʪʠ ʝʪʘʧʽʚ ʜʣʷ ʚʠʜʽʣʝʥʥʷ ʩʭʝʤʠ ʩʭʦʚʠʱʘ ʜʘʥʠʭ [24, 311]: 

1. ɺʠʟʥʘʯʠʪʠ ʩʝʛʤʝʥʪ ʜʘʥʠʭ ʫ ʩʭʦʚʠʱʽ. 

2. ɺʠʜʘʣʠʪʠ ʟʚôʷʟʢʠ ʤʽʞ ʝʣʝʤʝʥʪʘʤʠ, ʱʦ ʧʝʨʝʤʽʱʫʶʪʴʩʷ. 

3. ʉʪʚʦʨʠʪʠ ʥʦʚʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ ʪʘ ʧʝʨʝʚʽʨʠʪʠ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʩʠʩʪʝʤʠ ʫ ʪʝʩʪʦʚʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ʇʨʦʚʝʩʪʠ ʘʫʜʠʪ ʩʭʦʚʠʱʘ ʜʘʥʠʭ ʥʘ ʧʨʝʜʤʝʪ 

ʟʚʝʨʥʝʥʴ ʜʦ ʚʠʦʢʨʝʤʣʝʥʠʭ ʜʘʥʠʭ ʚʽʜ ʽʤʝʥʽ ʩʪʘʨʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ. 
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4. ʉʪʚʦʨʠʪʠ ʥʦʚʫ ʚʽʪʨʠʥʫ ʜʘʥʠʭ ʪʘ ʚʠʢʦʥʘʪʠ ʤʽʛʨʘʮʽʶ ʜʘʥʠʭ. 

5. ɿʘʤʽʥʠʪʠ ʥʦʚʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ ʟʘ ʩʪʘʨʦʶ ʩʭʝʤʦʶ ʥʘ ʢʦʨʠʩʪʫʚʘʯʘ ʥʦʚʦʾ 

ʩʪʨʫʢʪʫʨʠ.  

6. ɺʠʜʘʣʠʪʠ ʚʠʦʢʨʝʤʣʝʥʠʡ ʩʝʛʤʝʥʪ ʩʭʦʚʠʱʘ. 

ʎʝ ʤʦʞʣʠʚʦ ʟʨʦʙʠʪʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʦʛʦ, ʱʦ ʩʭʦʚʠʱʝ ʜʘʥʠʭ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʚʽʨʪʫʘʣʴʥʦʛʦ ʩʭʦʚʠʱʘ ʪʘ ʦʢʨʝʤʠʭ ʚʽʪʨʠʥ.  

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥ̔  ʦʧʝʨʘʮʽʾ çʚʠʜʽʣʝʥʥʷ ʩʭʝʤʠ ʙʘʟʠ ʜʘʥʠʭè ʢʘʪʝʛʦʨʽʾ 

çʨʝʬʘʢʪʦʨʠʥʛ ʜʦʩʪʫʧʫè ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʟʙʝʨʽʛʘʻʪʴʩʷ ʪʘʢ 

ʩʘʤʦ, ʷʢ ʽ ʜʦʩʪʫʧ ʜʦ ʚʩʽʭ ʝʣʝʤʝʥʪʽʚ ʩʭʦʚʠʱʘ ʜʘʥʠʭ, ʚ ʷʢʝ ʚʥʦʩʷʪʴʩʷ ʟʤʽʥʠ. ʊʦʙʪʦ 

ʩʠʩʪʝʤʘ ʟʘʣʠʰʘʻʪʴʩʷ ʧʨʘʮʝʟʜʘʪʥʦʶ. 

ʆʧʝʨʘʮʽʷ çʟʣʠʪʪʷ ʩʭʝʤ ʙʘʟ ʜʘʥʠʭè ʥʘʮʽʣʝʥʘ ʥʘ ʟʣʠʪʪʷ ʨʽʟʥʠʭ ʚʽʪʨʠʥ ʜʘʥʠʭ ʚ 

ʻʜʠʥʫ ʟ ʤʝʪʦʶ ʩʧʨʦʱʝʥʥʷ ʨʝʘʣʽʟʘʮʽʾ ʙʽʟʥʝʩ-ʪʨʘʥʟʘʢʮʽʡ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʦʟʚôʷʟʘʥʥʷ 

ʟʘʜʘʯ. ʇʨʦʮʝʩ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʧʝʨʘʮʽʾ çʟʣʠʪʪʷ ʩʭʝʤ ʙʘʟ ʜʘʥʠʭè ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧôʷʪʠ 

ʢʨʦʢʽʚ [311]: 

1. ɺʠʜʽʣʷʶʪʴʩʷ ʜʚʽ ʚʽʪʨʠʥʠ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʧʦʻʜʥʘʪʠ. 

2. ʇʨʦʚʦʜʠʪʴʩʷ ʫʥʽʬʽʢʘʮʽ ̫ʥʘʟʚ ʦʙôʻʢʪʽʚ ʚʽʪʨʠʥ ʜʘʥʠʭ, ʱʦ ʟʣʠʚʘʶʪʴʩʷ. 

3. ɺʠʟʥʘʯʘʻʪʴʩʷ ʛʦʣʦʚʥʘ ʚʽʪʨʠʥʘ ʜʘʥʠʭ ʟ ʫʩʽʭ, ʷʢʽ ʙʫʜʫʪʴ ʧʦʻʜʥʫʚʘʪʠʩʷ,  ̔

ʟʜʽʡʩʥʶʻʪʴʩʷ ʤʽʛʨʘʮʽʷ ʜʘʥʠʭ.  

4. ɿʘʤʽʥʶʻʪʴʩʷ ʢʦʨʠʩʪʫʚʘʯ ʜʨʫʛʦʨʷʜʥʦʾ ʚʽʪʨʠʥʠ ʜʘʥʠʭ ʥʘ ʚʽʜʧʦʚʽʜʥʦʛʦ 

ʢʦʨʠʩʪʫʚʘʯʘ ʛʦʣʦʚʥʦʾ ʚʽʪʨʠʥʠ ʜʘʥʠʭ. ʇʝʨʝʚʽʨʷʻʪʴʩʷ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʩʠʩʪʝʤʠ ʫ 

ʪʝʩʪʦʚʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ɿʜʽʡʩʥʶʻʪʴʩʷ ʘʫʜʠʪ ʚʽʪʨʠʥʠ ʜʘʥʠʭ ʥʘ ʧʨʝʜʤʝʪ ʟʚʝʨʥʝʥʴ ʜʦ 

ʜʘʥʠʭ ʚʽʜ ʽʤʝʥʽ ʢʦʨʠʩʪʫʚʘʯʽʚ ʜʨʫʛʦʨʷʜʥʦʾ ʚʽʪʨʠʥʠ ʜʘʥʠʭ.  

5. ɺʠʜʘʣʷʪʁʴʩʷ ʜʨʫʛʦʨʷʜʥʽ ʚʽʪʨʠʥʠ ʜʘʥʠʭ.  

ʇʨʠ ʚʠʥʠʢʥʝʥʥʽ ʙʽʟʥʝʩ-ʧʦʪʨʝʙʠ ʟʣʠʪʪʷ ʜʝʢʽʣʴʢʦʭ ʚʽʪʨʠʥ ʜʘʥʠʭ, ʚʪʨʘʯʘʻʪʴʩʷ 

ʜʦʩʪʫʧ ʜʦ ʢʦʞʥʦʾ ʟ ʚʽʪʨʠʥ ʜʘʥʠʭ, ʱʦ ʟʣʠʚʘʶʪʴʩʷ.  

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʦʧʝʨʘʮʽʾ çʟʣʠʪʪʷ ʩʭʝʤʠ ʙʘʟ ʜʘʥʠʭè ʢʘʪʝʛʦʨʽʾ çʨʝʬʘʢʪʦʨʠʥʛ 

ʜʦʩʪʫʧʫè ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʟʙʝʨʽʛʘʻʪʴʩʷ ʪʘʢ ʩʘʤʦ, ʷʢ ̔ ʜʦʩʪʫʧ 

ʜʦ ʚʩʽʭ ʝʣʝʤʝʥʪʽʚ ʚʽʪʨʠʥʠ ʜʘʥʠʭ, ʚ ʷʢʽ ʚʥʦʩʷʪʴʩʷ ʟʤʽʥʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʩʽ ʟʘʧʠʪʠ 

ʤʦʞʫʪʴ ʙʫʪʠ ʦʙʨʦʙʣʝʥʽ. 
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ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʝʬʘʢʪʦʨʠʥʛʫ ʚ ʮʽʣʦʤʫ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʰʚʠʜʢʦʩʪʽ ʨʦʟʨʦʙʢʠ 

ʩʠʩʪʝʤʠ ʪʘ ʷʢʦʩʪʽ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʢʚʘʣʽʬʽʢʘʮʽʾ ʢʦʤʘʥʜʠ 

ʨʦʟʨʦʙʥʠʢʽʚ, ʱʦ ʙʫʣʦ ʜʦʚʝʜʝʥʦ ʫ ʧʨʘʮʷʭ [24, 311].  

ɿʘʩʪʦʩʫʚʘʥʥʷ ʢʘʪʝʛʦʨʽʾ çʨʝʬʘʢʪʦʨʠʥʛ ʜʦʩʪʫʧʫè ʧʨʠ ʨʦʟʨʦʙʮʽ ʙʘʟ ʜʘʥʠʭ 

ʧʽʜʪʚʝʨʜʞʝʥʦ ʥʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʚʽʜ ʨʦʟʨʦʙʥʠʢʽʚ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ. ɹʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʧʝʨʘʮʽʡ ʨʝʬʘʢʪʦʨʠʥʛʫ ʜʦʩʪʫʧʫ 

ʟʘʙʝʟʧʝʯʫʻ [24, 311]:   

Å ʙʝʟʧʝʨʝʨʚʥʫ ʨʦʙʦʪʫ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʧʽʜ ʯʘʩ ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʤʽʥ, 

ʧʦʚôʷʟʘʥʠʭ ʟ̔ ʜʦʩʪʫʧʦʤ ʜʦ ʜʘʥʠʭ, ʧʨʠ ʘʜʤʽʥʽʩʪʨʫʚʘʥʥʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʙʘʟʦʶ 

ʜʘʥʠʭ;  

Å ʚʽʜʩʫʪʥʽʩʪʴ ʩʝʨʚʽʩʥʦʛʦ ʚʽʢʥʘ ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʦʧʝʨʘʮʽʡ, ʷʢʽ ʧʦʚôʷʟʘʥʽ ʟ 

ʧʦʣʽʪʠʢʦʶ ʙʝʟʧʝʢʠ;  

Å ʚʽʜʩʫʪʥʽʩʪʴ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠ ʚʧʨʦʚʘʜʞʝʥʥʽ ʟʤʽʥ ʫ ʯʘʩʪʠʥʽ 

ʦʙʤʝʞʝʥʥʷ ʜʦʩʪʫʧʫ ʧʨʠ ʘʜʤʽʥʽʩʪʨʫʚʘʥʥʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʙʘʟʦʶ ʜʘʥʠʭ.  

 

 

5.6. ʈʝʟʫʣʴʪʘʪʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ 

 

 

ɯʥʪʝʨʬʝʡʩ ʢʦʨʠʩʪʫʚʘʯʘ ʨʝʘʣʽʟʦʚʘʥʠʡ ʫ ʚʠʛʣʷʜʽ web-ʜʦʜʘʪʢʘ. ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ 

ʨʝʘʣʽʟʦʚʘʥʽ ʪʽʣʴʢʠ ʦʩʥʦʚʥʽ ʬʫʥʢʮʽʾ ʉʇʇʈ.  

ʉʠʩʪʝʤʘ ʤʘʻ ʟʘʩʦʙʠ ʪʘʙʣʠʯʥʦʛʦ, ʪʝʢʩʪʦʚʦʛʦ, ʛʨʘʬʽʯʥʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ ʜʘʥʠʭ. 

ɯʥʪʝʨʬʝʡʩ ʢʦʨʠʩʪʫʚʘʯʘ ʚʽʜʧʦʚʽʜʘʻ ʧʨʠʥʮʠʧʘʤ ʽ ʩʪʘʥʜʘʨʪʘʤ GUI (Graphical User's 

Interface). ɿʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ web-ʽʥʪʝʨʬʝʡʩʫ ʢʦʨʠʩʪʫʚʘʯ ʤʘʻ ʟʤʦʛʫ ʦʪʨʠʤʘʪʠ 

ʜʦʩʪʫʧ ʜʦ ʩʠʩʪʝʤʠ ʟ ʙʫʜʴ-ʷʢʦʛʦ ʜʞʝʨʝʣʘ. 

ʈʦʟʛʣʷʥʝʤʦ ʦʩʥʦʚʥʽ ʤʦʞʣʠʚʦʩʪʽ ʩʪʚʦʨʝʥʦʾ web-ʦʨʽʻʥʪʦʚʘʥʦʾ ʉʇʇʈ ʜʣʷ 

ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʥʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ. 

ɺʢʣʘʜʢʘ çʇʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴè (ʨʠʩ. 5.11) ʟʘʙʝʟʧʝʯʫʻ 

ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʧʝʨʝʛʣʷʜʫ ʘʙʦ ʨʝʜʘʛʫʚʘʥʥʷ ʽʩʥʫʶʯʠʭ ʢʘʣʝʥʜʘʨʥʠʭ ʧʣʘʥʽʚ, ʘ ʪʘʢʦʞ 

ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ ʥʘ ʤʘʡʙʫʪʥʽ ʧʝʨʽʦʜʠ. 
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ʈʠʩʫʥʦʢ 5.11 ï ɺʢʣʘʜʢʘ çʇʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴè 

 

ʇʽʩʣʷ ʚʚʝʜʝʥʥʷ ʧʦʯʘʪʢʦʚʦʾ ʪʘ ʢʽʥʮʝʚʦʾ ʜʘʪʠ ʧʣʘʥʦʚʦʛʦ ʧʝʨʽʦʜʫ ʬʦʨʤʫʻʪʴʩʷ 

ʧʝʨʝʣʽʢ ʟʘʤʦʚʣʝʥʴ, ʱʦ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʟʘ ʚʩʪʘʥʦʚʣʝʥʠʡ ʧʝʨʽʦʜ.  

ʊʘʢʠʡ ʧʝʨʝʣʽʢ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʪʘʙʣʠʯʥʦʤʫ ʚʠʛʣʷʜʽ ʟ ʢʦʨʦʪʢʠʤʠ ʚʽʜʦʤʦʩʪʷʤʠ 

ʧʨʦ ʢʦʞʥʝ ʟʘʤʦʚʣʝʥʥʷ (ʧʦʨʷʜʢʦʚʠʡ ʥʦʤʝʨ, ʥʦʤʝʨ ʟʘʤʦʚʣʝʥʥʷ, ʧʨʦʜʫʢʮʽ̫ , ʟʘʤʦʚʥʠʢ, 

ʪʝʨʤʽʥ ʚʠʢʦʥʘʥʥʷ ʚʽʜ  ̔ʜʦ, ʯʠ ʻ ʰʪʨʘʬʥʽ ʩʘʥʢʮʽʾ ʟʘ ʥʝʚʯʘʩʥʝ ʚʠʢʦʥʘʥʥʷ, ʧʨʽʦʨʠʪʝʪ).  

ɼʣʷ ʢʦʞʥʦʛʦ ʟʘʤʦʚʣʝʥʥʷ ʻ ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʛʣʷʥʫʪʠ ʜʝʪʘʣʴʥʫ ʽʥʬʦʨʤʘʮʽ,ʁ ʘ 

ʪʘʢʦʞ ʧʝʨʝʛʣʷʥʫʪʠ, ʷʢʝ ʩʘʤʝ ʦʙʣʘʜʥʘʥʥʷ ʥʝʦʙʭʽʜʥʝ ʜʣʷ ʡʦʛʦ ʚʠʢʦʥʘʥʥʷ, ʷʢʠʡ ʥʘʙʽʨ 

ʩʠʨʦʚʠʥʠ ʥʝʦʙʭʽʜʥʠʡ ʪʘ ʡʦʛʦ ʦʙʩʷʛʠ ʜʣʷ ʚʠʢʦʥʘʥʥʷ, ʪʝʨʤʽʥʠ ʚʽʜʚʘʥʪʘʞʝʥʥʷ. 

ɼʦ ʩʬʦʨʤʦʚʘʥʦʛʦ ʧʝʨʝʣʽʢʫ ʟʘʤʦʚʣʝʥʴ ʤʦʞʣʠʚʦ ʚʢʣʶʯʠʪʠ ʽʥʰʽ ʟʘʤʦʚʣʝʥʥʷ ʘʙʦ 

ʚʠʜʘʣʠʪʠ ʥʘʷʚʥʽ. ɼʣʷ ʢʦʞʥʦʛʦ ʟʘʤʦʚʣʝʥʥʷ ʤʦʞʥʘ ʚʩʪʘʥʦʚʠʪʠ ʧʨʽʦʨʠʪʝʪ ʚʠʢʦʥʘʥʥʷ ʫ 

ʚʠʛʣʷʜʽ ʯʠʩʣʘ ʚʽʜ 1 ʜʦ 100. ɿʘ ʟʘʤʦʚʯʘʥʥʷʤ ʚʩʪʘʥʦʚʣʝʥʝ ʟʥʘʯʝʥʥʷ ʧʨʽʦʨʠʪʝʪʫ 

ʩʪʘʥʦʚʠʪʴ 1 (ʥʘʡʤʝʥʰʝ). ʇʨʠ ʨʦʟʨʘʭʫʥʢʫ ʢʨʠʪʝʨʽʶ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʚʝʜʝʥʽ ʧʨʽʦʨʠʪʝʪʠ 

ʧʝʨʝʨʘʭʦʚʫʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ (5.6) [18]: 
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,                                                   (5.6) 

 

ʜʝ iu ï ʚʚʝʜʝʥʝ ʢʦʨʠʩʪʫʚʘʯʝʤ ʟʥʘʯʝʥʥʷ ʧʨʽʦʨʠʪʝʪʫ ʜʣʷ ʢʦʞʥʦʛʦ ʜʦʛʦʚʦʨʫ.  

ʇʨʠ ʥʘʪʠʩʢʘʥʥʽ ʢʥʦʧʢʠ çʇʘʨʘʤʝʪʨʠè  ʟôʷʚʣʷʻʪʴʩʷ ʚʽʢʥʦ, ʚ ʷʢʦʤʫ ʻ 

ʤʦʞʣʠʚʽʩʪʴ ʟʘʜʘʪʠ ʧʘʨʘʤʝʪʨʠ ʧʦʰʫʢʫ, ʘ ʩʘʤʝ ʦʙʨʘʪʠ, ʷʢʽ ʢʨʠʪʝʨʽʾ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ 

ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʣʘʥʫ, ʷʢʠʡ ʤʝʪʦʜ ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʧʦʰʫʢʫ, ʷʢʽ 

ʜʘʥʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʘʥʘʣʽʟʫ ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʽʚ, ʚʨʘʭʦʚʫʚʘʪʠ ʧʦʩʪʘʯʘʥʥʷ 

ʩʠʨʦʚʠʥʠ ʯʠ ʚʨʘʭʦʚʫʚʘʪʠ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʽʜʚʘʥʪʘʞʝʥʥʷ ʪʦʱʦ. 

ʇʽʩʣʷ ʥʘʪʠʩʢʘʥʥʷ ʢʥʦʧʢʠ çʉʬʦʨʤʫʚʘʪʠè ʥʘ ʝʢʨʘʥʽ ʙʫʜʝ ʚʽʜʦʙʨʘʞʝʥʦ ʧʝʨʝʣʽʢ 

ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʧʣʘʥʽʚ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ (ʨʠʩ. 5.12). 

 

 

ʈʠʩʫʥʦʢ 5.12 ï ʉʬʦʨʤʦʚʘʥ ̔ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʧʣʘʥʠ 

 

ɺʽʟʫʘʣʴʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʚʘʨʽʘʥʪʘ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʥʷ ʻ ʪʘʙʣʠʮʷ, ʷʢʘ 

ʚʽʜʦʙʨʘʞʘʻ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʟʘ ʟʘʜʘʥʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ.  
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ʅʘ ʢʦʞʥʦʤʫ ʝʪʘʧʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʚʽʨʢʘ ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʧʝʚʥʠʭ ʯʘʩʪʠʥ 

ʧʣʘʥʫ. ʆʩʦʙʘ, ʱʦ ʩʢʣʘʜʘʻ ʧʣʘʥ, ʫ ʜʽʘʣʦʛʦʚʫ ʨʝʞʠʤʽ ʥʘʤʘʛʘʻʪʴʩʷ ʜʦʩʷʛʪʠ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʣʘʥʫ ʚʠʢʦʥʘʥʥʷ ʜʦʛʦʚʦʨʽʚ. 

ɭ ʤʦʞʣʠʚʽʩʪʴ ʦʙʨʘʥʠʡ ʧʣʘʥ ʧʝʨʝʜʘʪʠ ʡ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ ʜʽʘʛʨʘʤʠ ɻʘʥʪʘ 

ʫ Microsoft Excel. ʇʨʠʢʣʘʜ ʩʬʦʨʤʦʚʘʥʦʛʦ ʧʣʘʥʫ ʚʠʧʫʩʢʫ ʧʨʦʜʫʢʮʽʾ ʤʝʥʝʜʞʝʨʦʤ ʪʘ 

ʩʠʩʪʝʤʦʶ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 5.13 ʪʘ 5.14. 

 

 

 

ʈʠʩʫʥʦʢ 5.13 ï ʇʣʘʥ, ʩʬʦʨʤʦʚʘʥʠʡ ʤʝʥʝʜʞʝʨʦʤ 

 

 

 

ʈʠʩʫʥʦʢ 5.14 ï ʇʣʘʥ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʉʇʇʈ  

 

ɯʟ ʛʨʘʬʽʢʘ ʚʠʜʥʦ, ʱʦ ʩʬʦʨʤʦʚʘʥʠʡ ʧʣʘʥ ʝʢʦʥʦʤʠʪʴ ʟʘʛʘʣʴʥʠʡ ʯʘʩ, ʟʘʛʘʣʴʥʝ 

ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘ 1 ʛʦʜʠʥʫ ʨʘʥʽʰʝ, ʘ ʮʝ ʟʘʙʝʟʧʝʯʫʻ ʝʢʦʥʦʤʽʶ 

ʢʦʰʪʽʚ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʟʘʨʦʙʽʪʥʫ ʧʣʘʪʫ.  
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ʗʢʱʦ ʚʘʨʽʘʥʪʽʚ ʙʫʜʝ ʜʝʢʽʣʴʢʘ, ʻ ʤʦʞʣʠʚʽʩʪʴ ʧʦʨʽʚʥʷʪʠ ʦʙʨʘʥʽ ʧʣʘʥʠ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʝʣʶʩʪʢʦʚʦʾ ʜʽʘʛʨʘʤʠ (ʨʠʩ. 5.15). 

 

 

ʈʠʩʫʥʦʢ 5.15 ï ʇʨʠʢʣʘʜ ʧʦʨʽʚʥʷʥʥʷ ʧôʷʪʠ ʚʘʨʽʘʥʪʽʚ ʧʣʘʥʽʚ ʥʘ ʧʝʣʶʩʪʢʦʚʽʡ ʜʽʘʛʨʘʤʽ 

 

ɺʢʣʘʜʢʘ çʂʦʥʪʨʦʣʴ ʚʠʢʦʥʘʥʥʷè (ʨʠʩ. 5.16) ʜʦʟʚʦʣʷʻ ʧʝʨʝʛʣʷʥʫʪʠ, ʷʢʽ 

ʟʘʤʦʚʣʝʥʥʷ ʙʫʣʠ ʚʠʢʦʥʘʥʽ ʟʘ ʧʝʚʥʠʡ ʧʝʨʽʦʜ.  

ɿʘ ʜʦʧʦʤʦʛʦʶ ʢʥʦʧʢʠ çɿʘʚʘʥʪʘʞʠʪʠè ʘʚʪʦʤʘʪʠʯʥʦ ʩʬʦʨʤʫʻʪʴʩʷ ʟʚʽʪ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʦʙʨʘʥʠʭ ʬʽʣʴʪʨʽʚ ʪʘ ʙʫʜʝ ʝʢʩʧʦʨʪʦʚʘʥʠʡ ʫ Microsoft Word. 
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ʈʠʩʫʥʦʢ 5.16 ï ɺʢʣʘʜʢʘ çʂʦʥʪʨʦʣʴ ʚʠʢʦʥʘʥʥʷè 

 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʉʇʇʈ ʚʽʜʤʽʯʝʥʦ ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʨʝʢʦʥʬʽʛʫʨʘʮʽʾ 

ʦʧʝʨʘʪʠʚʥʦ-ʢʘʣʝʥʜʘʨʥʠʭ ʧʣʘʥʽʚ ʟʘ ʢʦʨʦʪʢʽ ʧʨʦʤʽʞʢʠ ʯʘʩʫ ʧʨʠ ʚʠʥʠʢʥʝʥʥʽ 

ʪʝʨʤʽʥʦʚʠʭ ʟʘʤʦʚʣʝʥʴ ʪʘ ʧʦʟʘʰʪʘʪʥʠʭ ʩʠʪʫʘʮʽʡ. ɺʠʥʠʢʥʝʥʥʷ ʧʦʟʘʰʪʘʪʥʠʭ ʩʠʪʫʘʮʽʡ 

ʦʙʫʤʦʚʣʝʥʦ ʚ ʧʝʨʝʙʦʷʭ ʧʦʩʪʘʯʘʥʥʷ ʩʠʨʦʚʠʥʠ ʪʘ ʤʘʪʝʨʽʘʣʽʚ, ʘ ʪʘʢʦʞ ʧʨʠ ʪʝʨʤʽʥʦʚʠʭ 

ʨʝʤʦʥʪʥʦ-ʧʨʦʬʽʣʘʢʪʠʯʥʠʭ ʨʦʙʦʪʘʭ ʥʘ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ.  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʛʽʙʨʠʜʥʠʭ web-ʦʨʽʻʥʪʦʚʘʥʠʭ ʩʠʩʪʝʤ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʴ, ʚ ʦʩʥʦʚʽ ʷʢʠʭ ʣʝʞʠʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ ʟ ʩʫʢʫʧʥʽʩʪʶ 

ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʘʣʛʦʨʠʪʤʽʚ, ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʫʧʨʘʚʣʽʥʥʷ ʭʘʨʯʦʚʠʤʠ 

ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʚʝʩʪʠ ʚʝʩʴ ʧʨʦʮʝʩ ʫʧʨʘʚʣʽʥʥʷ ʥʘ ʷʢʽʩʥʦ ʥʦʚʠʡ 

ʨʽʚʝʥʴ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʦʾ ʉʇʇʈ ʟʘʙʝʟʧʝʯʠʪʴ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʽʟ ʪʘʢʠʤʠ 

ʧʝʨʝʚʘʛʘʤʠ:  

Å ʦʧʝʨʘʪʠʚʥʦ ʬʦʨʤʫʻ ʦʧʝʨʘʪʠʚʥʦ-ʢʘʣʝʥʜʘʨʥʠʡ ʧʣʘʥ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʽʟ 

ʤʽʥʽʤʽʟʘʮʽʻʶ ʚʠʪʨʘʪ ʪʘ ʥʘʧʨʘʚʣʝʥʠʡ ʥʘ ʤʘʢʩʠʤʽʟʘʮʽʶ ʧʨʠʙʫʪʢʫ;  



254 

Å ʜʦʟʚʦʣʷʻ ʦʧʝʨʘʪʠʚʥʦ ʢʦʨʠʛʫʚʘʪʠ ʽʩʥʫʶʯʠʡ ʢʘʣʝʥʜʘʨʥʠʡ ʧʣʘʥ ʟʘʤʦʚʣʝʥʴ, ʱʦ 

ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʨʝʘʛʫʚʘʪʠ ʥʘ ʟʘʤʦʚʣʝʥʥʷ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʪʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ 

ʦʧʪʠʤʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ;  

Å ʟʥʘʯʥʦ ʟʙʽʣʴʰʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʨʦʚʠʥʠ ʪʘ ʤʘʪʝʨʽʘʣʽʚ, ʘ ʪʘʢʦʞ 

ʟʘʙʝʟʧʝʯʫʻ ʤʽʥʽʤʽʟʘʮʽʶ ʚʠʪʨʘʪ ʥʘ ʾʭ ʟʙʝʨʽʛʘʥʥʷ;  

Å ʟʘʙʝʟʧʝʯʫʻ ʰʚʠʜʢʝ ʨʝʘʛʫʚʘʥʥʷ ʧʨʠ ʚʠʥʠʢʥʝʥʥʽ ʥʝʛʘʪʠʚʥʠʭ ʪʘ ʧʦʟʘʰʪʘʪʥʠʭ 

ʩʠʪʫʘʮʽʡ ʰʣʷʭʦʤ ʚʥʝʩʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʟʤʽʥ ʜʦ ʧʦʪʦʯʥʦʛʦ ʧʣʘʥʫ ʚʠʢʦʥʘʥʥʷ 

ʟʘʤʦʚʣʝʥʴ;  

Å ʯʽʪʢʦ ʨʦʟʧʦʜʽʣʷʻ ʫʩʽ ʟʘʜʘʯʽ ʱʦʜʦ ʚʠʢʦʥʘʥʥʷ ʢʦʞʥʦʛʦ ʟʘʤʦʚʣʝʥʥʷ ʤʽʞ 

ʚʠʨʦʙʥʠʯʠʤʠ ʧʽʜʨʦʟʜʽʣʘʤʠ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʨʘʭʫʚʘʪʠ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ 

ʪʘ ʥʝʦʙʭʽʜʥʽ ʨʝʩʫʨʩʠ ʟ ʧʨʠʚôʷʟʢʦʶ ʫ ʯʘʩʽ;  

Å ʜʦʟʚʦʣʷʻ ʦʧʪʠʤʽʟʫʚʘʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʨʦʙʥʠʯʠʭ ʧʦʪʫʞʥʦʩʪʝʡ. 

ʋ 2019 ʨʦʮʽ ʟʜʽʡʩʥʝʥʦ ʘʧʨʦʙʘʮʽʶ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʊʆɺ 

çʉʣʦʙʦʞʘʥʩʴʢʠʡ ʙʝʢʦʥè. ɼʽʷʣʴʥʽʩʪʴ ʮʴʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʧʦʚʥʽʩʪʶ ʦʭʦʧʣʶʻ 

ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʚʠʛʦʪʦʚʣʝʥʥʷʤ ʤôʷʩʥʠʭ ʪʘ ʢʦʚʙʘʩʥʠʭ ʚʠʨʦʙʽʚ, ʘ ʪʘʢʦʞ 

ʥʘʧʽʚʬʘʙʨʠʢʘʪʽʚ, ʧʦʯʠʥʘʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʽʜ ʧʦʩʪʘʯʘʥʥʷ ʩʠʨʦʚʠʥʠ ʡ 

ʟʘʢʽʥʯʫʻʪʴʩʷ ʚʽʜʚʘʥʪʘʞʝʥʥʷʤ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʟʘʤʦʚʥʠʢʫ. ʊʆɺ çʉʣʦʙʦʞʘʥʩʴʢʠʡ 

ʙʝʢʦʥè ʟʜʽʡʩʥʶʻ ʥʘʡʙʽʣʴʰ ʧʦʚʥʠʡ ʥʘʙʽʨ ʦʩʥʦʚʥʠʭ ʬʫʥʢʮʽʡ, ʱʦ ʧʨʠʪʘʤʘʥʥʽ ʜʣʷ 

ʙʽʣʴʰʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚ ʜʘʥʦʾ ʛʘʣʫʟʽ, ʘ ʩʘʤʝ: 

1. ʋʪʨʠʤʘʥʥʷ ʞʠʚʦʾ ʭʫʜʦʙʠ ʟ ʜʦʪʨʠʤʘʥʥʷʤ ʫʩʽʭ ʤʽʞʥʘʨʦʜʥʠʭ ʪʘ 

ʫʢʨʘʾʥʩʴʢʠʭ ʧʨʘʚʠʣ ʱʦʜʦ ʫʪʨʠʤʘʥʥʷ ʭʫʜʦʙʠ ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʽʜʚʠʱʝʥʥʷ 

ʷʢʦʩʪʽ ʮʽʻʾ ʭʫʜʦʙʠ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʾʾ ʧʝʨʝʨʦʙʢʠ. 

2. ɿʘʙʽʡ ʭʫʜʦʙʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʟ ʤʝʪʦʶ ʜʦʪʨʠʤʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʚʠʤʦʛ ʜʦ ʟʘʙʦʶ ʭʫʜʦʙʠ.  

3. ʇʝʨʚʠʥʥʘ ʦʙʨʦʙʢʘ ʤôʷʩʥʦʾ ʩʠʨʦʚʠʥʠ (ʪʫʰ) ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʛʽʜʥʦ ʟ  

ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʥʦʨʤʘʤʠ ʱʦʜʦ ʜʦʪʨʠʤʘʥʥʷ ʚʠʟʥʘʯʝʥʠʭ ʦʧʝʨʘʮʽʡ ʩʪʦʩʦʚʥʦ 

ʧʝʨʚʠʥʥʦʾ ʦʙʨʦʙʢʠ ʪʘ ʩʦʨʪʫʚʘʥʥʷ ʩʠʨʦʚʠʥʠ ʟʘ ʚʠʜʘʤʠ ʡ ʮʽʣʷʤʠ ʧʦʜʘʣʴʰʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʨʦʚʠʥʠ ʫ ʚʠʨʦʙʥʠʮʪʚʽ. 

4. ɿʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʟʛʽʜʥʦ ʟ ɼʉʊʋ ʪʘ ISO ʟ 

ʚʠʢʦʥʘʥʥʷʤ: ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ ʥʘ ʚʩʽʭ ʝʪʘʧʘʭ ʚʠʨʦʙʥʠʮʪʚʘ; ʧʨʦʚʝʜʝʥʥʷ 
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ʣʘʙʦʨʘʪʦʨʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʚʩʽʭ ʝʪʘʧʘʭ ʚʠʨʦʙʥʠʮʪʚʘ; ʬʦʨʤʫʚʘʥʥʷ ʟʘʢʣʶʯʥʠʭ 

ʝʢʩʧʝʨʪʠʟ ʱʦʜʦ ʷʢʦʩʪʽ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ; ʢʦʥʪʨʦʣʴ ʥʝʢʦʥʜʠʮʽʡʥʦʾ ʧʨʦʜʫʢʮʽʾ ʪʘ 

ʧʨʦʚʝʜʝʥʥʷ ʣʘʙʦʨʘʪʦʨʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ  ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʚʽʜʥʦʩʥʦ ʧʦʜʘʣʴʰʦʾ 

ʧʝʨʝʨʦʙʢʠ. 

5. ɺʠʨʦʙʥʠʮʪʚʦ ʤ'ʷʩʥʠʭ ʪʘ ʢʦʚʙʘʩʥʠʭ ʚʠʨʦʙʽʚ ʥʘ ʦʩʥʦʚʽ ʧʨʠʡʥʷʪʠʭ  

ʟʘʤʦʚʣʝʥʴ ʚʽʜʧʦʚʽʜʥʦʛʦ ʘʩʦʨʪʠʤʝʥʪʫ ʤôʷʩʥʦʾ ʪʘ ʢʦʚʙʘʩʥʦʾ ʧʨʦʜʫʢʮʽʾ ʟʛʽʜʥʦ ʟ 

ʚʠʤʦʛʘʤʠ ʟʘʤʦʚʥʠʢʽʚ ʪʘ ʩʧʦʞʠʚʘʯʽʚ ʟ̔ ʜʦʪʨʠʤʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʠʤʦʛ ʪʘ 

ʜʝʨʞʘʚʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ ʟʛʽʜʥʦ ʟ ʨʝʮʝʧʪʫʨʘʤʠ. 

6. ɺʠʨʦʙʥʠʮʪʚʦ ʥʘʧʽʚʬʘʙʨʠʢʘʪʽʚ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʩʠʨʦʚʠʥʠ ʜʣʷ ʽʥʰʠʭ 

ʚʠʨʦʙʥʠʮʪʚ ʟ̔ ʜʦʪʨʠʤʘʥʥʷʤ ʨʝʮʝʧʪʫʨ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʠʤʦʛ, ɼʉʊʋ, ʘ ʪʘʢʦʞ 

ʩʦʨʪʫʚʘʥʥʷ ʩʠʨʦʚʠʥʠ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʧʨʦʜʘʞʫ ʘʙʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʾʾ ʫ ʚʠʨʦʙʥʠʮʪʚʽ.  

7. ʇʝʨʝʨʦʙʢʘ ʤôʷʩʦ-ʢʦʚʙʘʩʥʠʭ ʚʠʨʦʙʽʚ ʫ ʚʠʧʘʜʢʫ ʾʭ ʧʦʚʝʨʥʝʥʥʷ ʚʽʜ 

ʟʘʤʦʚʥʠʢʘ, ʱʦ ʚʢʣʶʯʘʻ ʪʘʢʽ ʦʧʝʨʘʮʽʾ: ʚʠʟʥʘʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʧʝʨʝʨʦʙʢʠ ʧʨʦʜʫʢʮʽʾ, 

ʷʢʫ ʧʦʚʝʨʥʫʣʠ; ʦʨʛʘʥʽʟʘʮʽʷ ʧʝʨʝʨʦʙʢʠ ʟʛʽʜʥʦ ʟ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʫʤʦʚʘʤʠ; ʫʪʠʣʽʟʘʮʽʷ 

ʧʨʦʜʫʢʮʽʾ, ʱʦ ʥʝ ʧʽʜʣʷʛʘʻ ʧʝʨʝʨʦʙʮʽ. 

8. ɿʘʙʝʟʧʝʯʝʥʥʷ ʟʙʝʨʽʛʘʥʥʷ ʩʠʨʦʚʠʥʠ ʪʘ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʥʝʦʙʭʽʜʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʧʨʠʩʪʨʦʾʚ ʜʣʷ ʧʨʘʚʠʣʴʥʦʛʦ ʟʙʝʨʽʛʘʥʥʷ ʧʨʦʜʫʢʮʽʾ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʾ ʷʢʦʩʪʽ. 

9. ʆʧʪʦʚʘ ʪʘ ʨʦʟʜʨʽʙʥʘ ʪʦʨʛʽʚʣʷ ʛʦʪʦʚʦʶ ʧʨʦʜʫʢʮʽʻʶ ʫ ʧʦʚʥʦʤʫ 

ʘʩʦʨʪʠʤʝʥʪʥʦʤʫ ʦʙʩʷʟʽ ʷʢ ʯʝʨʝʟ ʚʣʘʩʥʫ ʤʝʨʝʞʫ ʪʦʨʛʦʚʠʭ ʪʦʯʦʢ, ʪʘʢ ʽ ʟʘ ʜʦʛʦʚʦʨʘʤʠ.  

10. ɿʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜʚʘʥʪʘʞʝʥʥʷ, ʜʦʩʪʘʚʢʠ ʪʘ ʧʨʠʡʦʤʫ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ, ʱʦ 

ʙʫʣʘ ʧʦʚʝʨʥʝʥʘ ʟʘʤʦʚʥʠʢʘʤʠ. 

ɿʘ ʨʘʭʫʥʦʢ ʪʦʛʦ, ʱʦ ʜʽʷʣʴʥʽʩʪʴ ʧʽʜʧʨʠʻʤʩʪʚʘ ʦʭʦʧʣʶʻ ʧʦʚʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ 

ʧʨʦʮʝʩ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤôʷʩʥʠʭ ʪʘ ʢʦʚʙʘʩʥʠʭ ʚʠʨʦʙʽʚ, ʘ ʪʘʢʦʞ ʥʘʧʽʚʬʘʙʨʠʢʘʪʽʚ, ʻ 

ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʝʨʜʞʫʚʘʪʠ ʧʨʦ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʧʝʨʝʚʽʨʢʠ ʘʧʨʦʙʘʮʽʾ ʥʘ ʜʘʥʦʤʫ 

ʧʽʜʧʨʠʻʤʩʪʚʽ. ʅʘ ʊʆɺ çʉʣʦʙʦʞʘʥʩʴʢʠʡ ʙʝʢʦʥè ʟʜʽʡʩʥʝʥʦ ʘʧʨʦʙʘʮʽʶ ʨʝʟʫʣʴʪʘʪʽʚ 

ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʘ ʩʘʤʝ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ, ʱʦ ʚʢʣʶʯʘʻ 

ʢʦʤʙʽʥʦʚʘʥʽ ʘʣʛʦʨʠʪʤʠ ʽ ʟʘʙʝʟʧʝʯʫʻ: 

Å ʬʦʨʤʫʚʘʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʧʣʘʥʽʚ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ ʟʘ ʢʦʨʦʪʢʠʡ 

ʧʝʨʽʦʜ ʯʘʩʫ; 
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Å hʚʠʜʢʝ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʚʠʥʠʢʥʝʥʥʷ ʧʦʟʘʰʪʘʪʥʠʭ ʩʠʪʫʘʮʽʡ;  

Å ʟʤʝʥʰʝʥʥʷ ʟʙʠʪʢʽʚ;  

Å ʟʙʽʣʴʰʝʥʥʷ ʧʨʠʙʫʪʢʫ, ʩʢʦʨʦʯʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ, 

ʦʧʪʠʤʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʨʦʙʥʠʯʠʭ ʪʘ ʩʢʣʘʜʩʴʢʠʭ ʧʨʠʤʽʱʝʥʴ ʧʨʠ ʟʙʝʨʝʞʝʥʥʽ 

ʩʠʨʦʚʠʥʠ ʪʘ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ.  

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʧʨʦʙʘʮʽʾ ʢʝʨʽʚʥʠʮʪʚʦ ʊʆɺ çʉʣʦʙʦʞʘʥʩʴʢʠʡ ʙʝʢʦʥè 

ʨʝʢʦʤʝʥʜʫʚʘʣʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ, ʱʦ ʚʢʣʶʯʘʻ ʢʦʤʙʽʥʦʚʘʥʽ 

ʘʣʛʦʨʠʪʤʠ ʥʘ ʽʥʰʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʭʘʨʯʦʚʦʾ ʛʘʣʫʟʽ. ʈʝʟʫʣʴʪʘʪʠ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʚʽʜʦʙʨʘʞʝʥʽ ʚ ʘʢʪʽ ʚʽʜ 16.12.2019 (ɼʦʜʘʪʦʢ ɸ). 

ʋ 2019 ʨʦʮʽ ʟʜʽʡʩʥʝʥʦ ʘʧʨʦʙʘʮʽʶ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ 

ʊʆɺ çʇʨʦʜʝʢʦè, ʢ̫ʝ ʟʘʡʤʘʻʪʴʩʷ ʪʘʢʠʤʠ ʚʠʜʘʤʠ ʜʽʷʣʴʥʦʩʪʽ: 

Å ʚʠʨʦʙʥʠʮʪʚʦʤ ʭʣʽʙʘ ʪʘ ʭʣʽʙʦʙʫʣʦʯʥʠʭ ʚʠʨʦʙʽʚ;  

Å ʚʠʨʦʙʥʠʮʪʚʦʤ ʧʨʦʜʫʢʪʽʚ ʙʦʨʦʰʥʦʤʝʣʴʥʦ-ʢʨʫʧ'ʷʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ; 

Å ʚʠʨʦʙʥʠʮʪʚʦʤ ʤʘʢʘʨʦʥʥʠʭ ʚʠʨʦʙʽʚ ʽ ʧʦʜʽʙʥʠʭ ʙʦʨʦʰʥʷʥʠʭ ʚʠʨʦʙʽʚ; 

Å ʦʧʪʦʚʦ  ʁ ʪʦʨʛʽʚʣʝ  ʁ ʙʫʜʽʚʝʣʴʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ, ʜʝʨʝʚʠʥʦʶ ʪʘ ʩʘʥʽʪʘʨʥʦ-

ʪʝʭʥʽʯʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ; 

Å ʚʠʨʦʙʥʠʮʪʚʦʤ ʪʦʨʪʽʚ ʽ ʪʽʩʪʝʯʦʢ, ʙʦʨʦʰʥʷʥʠʭ ʢʦʥʜʠʪʝʨʩʴʢʠʭ ʚʠʨʦʙʽʚ 

ʥʝʪʨʠʚʘʣʦʛʦ ʟʙʝʨʽʛʘʥʥʷ; 

Å ʨʦʟʜʨʽʙʥʦ  ʁ ʪʦʨʛʽʚʣʝ  ʁ ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ʧʨʦʜʫʢʪʘʤʠ ʭʘʨʯʫʚʘʥʥʷ ʚ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʤʘʛʘʟʠʥʘʭ; 

Å ʦʧʪʦʚʦ  ʁ ʪʦʨʛʽʚʣʝ  ʁ ʥʘʩ̔ʥʥʷʤ ʪʘ ʟʝʨʥʦʤ, ʢʦʨʤʘʤʠ ʜʣʷ ʪʚʘʨʠʥ ʪʘ 

ʥʝʦʙʨʦʙʣʝʥʠʤ ʪʶʪʶʥʦʤ; 

Å ʦʧʪʦʚʦ  ʁʪʦʨʛʽʚʣʝ  ʁʧʨʦʜʫʢʪʘʤʠ ʭʘʨʯʫʚʘʥʥʷ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʨʘʢʦʧʦʜʽʙʥʠʤʠ, 

ʨʠʙʦʶ ʪʘ ʤʦʣʶʩʢʘʤʠ; 

Å ʥʘʜʘʥʥʷʤ ʧʦʩʣʫʛ ʧʝʨʝʚʝʟʝʥʥʷ, ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʘʥʪʘʞʥʦʛʦ 

ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ. 

ʆʪʞʝ, ʧʽʜʧʨʠʻʤʩʪʚʦ ʤʘʻ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʜʽʷʣʴʥʦʩʪʽ, ʱʦ ʚʠʤʘʛʘʻ ʧʦʩʪʽʡʥʦʛʦ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ ʫʧʨʘʚʣʷʥʥʷ. ʅʘ ʧʽʜʧʨʠʻʤʩʪʚʽ ʧʨʦʡʰʣʠ ʘʧʨʦʙʘʮʽʶ: 

Å ʨʦʟʨʦʙʣʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ, ʷʢʘ 

ʚʨʘʭʦʚʫʻ ʦʩʥʦʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʜʽʷʣʴʥʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚ ʭʘʨʯʦʚʦʾ ʛʘʣʫʟʽ ʽ ʜʦʟʚʦʣʷʻ 
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ʢʦʨʠʛʫʚʘʪʠ ʡ ʦʮʽʥʶʚʘʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʦʙôʻʢʪʠʚʥʠʭ ʪʘ ʩʫʙôʻʢʪʠʚʥʠʭ ʧʝʨʝʚʘʛ, ʥʘʜʘʥʠʭ ʦʩʦʙʦʶ, ʷʢʘ ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ, ʘ 

ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʫʻ ʷʢ ʫʨʘʭʫʚʘʥʥʷ, ʪʘʢ ʽ ʚʠʢʣʶʯʝʥʥʷ ʧʝʚʥʠʭ ʯʘʩʪʢʦʚʠʭ ʢʨʠʪʝʨʽʾʚ  ʫ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʝʚʥʦʾ ʩʠʪʫʘʮʽʾ; 

Å ʨʦʟʨʦʙʣʝʥʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ 

ʟʘʙʝʟʧʝʯʫʻ ʩʪʚʦʨʝʥʥʷ ʪʘ ʢʦʨʠʛʫʚʘʥʥʷ ʦʧʝʨʘʪʠʚʥʦ-ʢʘʣʝʥʜʘʨʥʠʭ ʧʣʘʥʽʚ ʟʘ ʨʘʭʫʥʦʢ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʙʽʥʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʘʣʛʦʨʠʪʤʽʚ.  

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʧʨʦʙʘʮʽʾ ʢʝʨʽʚʥʠʮʪʚʦ ʊʆɺ çʇʨʦʜʝʢʦè ʨʝʢʦʤʝʥʜʫʚʘʣʦ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʽʥʰʽ ʭʘʨʯʦʚʽ ʧʽʜʧʨʠʻʤʩʪʚʘ. ʈʝʟʫʣʴʪʘʪʠ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʽʜʦʙʨʘʞʝʥʽ ʫ ʘʢʪʽ ʚʽʜ 10.12.2019 (ɼʦʜʘʪʦʢ ɸ). 

ʋ 2020 ʨʦʮʽ ʟʜʽʡʩʥʝʥʦ ʘʧʨʦʙʘʮʽʶ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʊʆɺ çʂʦʟʷʪʠʥʩʴʢʠʡ ʤôʷʩʦʢʦʤʙʽʥʘʪè, ʦʩʥʦʚʥʦʶ 

ʜʽʷʣʴʥʽʩʪʶ ʷʢʦʛʦ ʻ ʚʠʨʦʙʥʠʮʪʚʦ ʥʘʧʽʚʬʘʙʨʠʢʘʪʽʚ ʪʘ ʢʦʚʙʘʩʥʠʭ ʚʠʨʦʙʽʚ, ʟʘʙʽʡ ʚʝʣʠʢʦʾ 

ʨʦʛʘʪʦʾ ʭʫʜʦʙʠ ʪʘ ʩʚʠʥʝʡ. ʅʘ ʜʘʥʠʡ ʯʘʩ ʧʽʜʧʨʠʻʤʩʪʚʦ ʚʠʨʦʙʣʷʻ ʟʘ ʤʽʩʷʮʴ ʧʦʥʘʜ 150 ʪ 

(ʙʽʣʴʰʝ, ʷʢ 50 ʥʘʡʤʝʥʫʚʘʥʴ) ʥʘʧʽʚʬʘʙʨʠʢʘʪʽʚ, 20 ʪ ʢʦʚʙʘʩʥʠʭ ʚʠʨʦʙʽʚ (ʙʽʣʴʰʝ, ʢ̫ 60 

ʥʘʡʤʝʥʫʚʘʥʴ), ʙʽʣʷ 300 ʪ ʤ'ʷʩʘ. ɿʘʚʜʷʢʠ ʩʚʦʾʡ ʩʪʘʙʽʣʴʥʽʡ ʷʢʦʩʪʽ ʪʘ ʙʝʟʧʝʯʥʦʩʪʽ 

ʧʨʦʜʫʢʮʽʷ ʊʆɺ çʂʦʟʷʪʠʥʩʴʢʠʡ ʤ'ʷʩʦʢʦʤʙʽʥʘʪè ʜʘʚʥʦ ʟʘʚʦʶʚʘʣʘ ʜʦʚʽʨʫ ʫ 

ʩʧʦʞʠʚʘʯʽʚ. ʇʨʦʪʷʛʦʤ ʙʘʛʘʪʴʦʭ ʨʦʢʽʚ (ʧʦʯʠʥʘʶʯʠ ʟ 2003 ʨʦʢʫ) ʢʦʤʙʽʥʘʪ ʻ ʦʩʥʦʚʥʠʤ 

ʧʦʩʪʘʯʘʣʴʥʠʢʦʤ ʷʣʦʚʠʯʠʥʠ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʛʘʤʙʫʨʛʝʨʽʚ ʜʣʷ ʤʝʨʝʞʽ ʨʝʩʪʦʨʘʥʽʚ 

Mc'Donalds, ʟ 2006 ʨʦʢʫ ʙʝʟʧʝʨʝʨʚʥʦ ʧʨʘʮʶʻ ʟ ʪʘʢʠʤʠ ʪʦʨʛʽʚʝʣʴʥʠʤʠ ʤʝʨʝʞʘʤʠ, ʷʢ 

çʄɽʊʈʆè, çɹɯʃʃɸè ʪʘ ʽʥʰʠʤʠ. ʇʨʦʜʫʢʮʽʷ ʢʦʤʙʽʥʘʪʫ ʧʦʩʪʘʚʣʷʻʪʴʩʷ ʫ ʚʩʽ ʦʙʣʘʩʪʽ 

ʋʢʨʘʾʥʠ. ɿʘʨʘʟ ʜʦ ʩʢʣʘʜʫ ʧʽʜʧʨʠʻʤʩʪʚʘ ʚʭʦʜʷʪʴ: ʮʝʭ ʟʘʙʦʶ ʪʘ ʧʝʨʚʠʥʥʦʾ ʧʝʨʝʨʦʙʢʠ 

ʭʫʜʦʙʠ, ʭʦʣʦʜʠʣʴʥʠʢ, ʜʽʣʴʥʠʮʷ ʧʦ ʦʙʚʘʣʶʚʘʥʥʶ ʤ'ʷʩʘ ɺʈʍ ʪʘ ʩʚʠʥʝʡ, ʮʝʭ ʧʦ 

ʚʠʨʦʙʥʠʮʪʚʫ ʤ'ʷʩʥʠʭ ʥʘʧʽʚʬʘʙʨʠʢʘʪʽʚ, ʢʦʚʙʘʩʥʠʡ ʮʝʭ, ʚʠʨʦʙʥʠʯʘ ʣʘʙʦʨʘʪʦʨʽʷ, 

ʜʦʧʦʤʽʞʥʽ ʦʙʩʣʫʛʦʚʫʶʯʽ ʧʽʜʨʦʟʜʽʣʠ. ʆʩʥʦʚʥʽ ʡʦʛʦ ʚʠʜʠ ʜʽʷʣʴʥʦʩʪʽ ʩʧʽʚʧʘʜʘʶʪʴ ʟ̔ 

ʊʆɺ çʉʣʦʙʦʞʘʥʩʴʢʠʡ ʙʝʢʦʥè ʪʘ ʧʨʠʪʘʤʘʥʥʽ ʧʽʜʧʨʠʻʤʩʪʚʘʤ ʜʘʥʦʾ ʛʘʣʫʟʽ.  

ʄʝʪʦʶ ʧʨʦʤʠʩʣʦʚʦʾ ʘʧʨʦʙʘʮʽʾ ʥʘ ʊʆɺ çʂʦʟʷʪʠʥʩʴʢʠʡ ʤôʷʩʦʢʦʤʙʽʥʘʪè ʙʫʣʘ 

ʧʨʘʢʪʠʯʥʘ ʧʝʨʝʚʽʨʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʪʘ 

ʘʣʛʦʨʠʪʤʽʚ, ʘ ʪʘʢʦʞ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ 

ʟʘʜʘʯʽ ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʫ ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚʘʭ.  
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ʈʝʟʫʣʴʪʘʪʠ ʧʝʨʝʚʽʨʢʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʘʣʛʦʨʠʪʤʽʚ ʫ 

ʩʢʣʘʜʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʦʢʘʟʘʣʠ ʩʚʦʶ ʝʬʝʢʪʠʚʥʽʩʪʴ ʫ 

ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚʘʭ, ʪʦʤʫ ʢʝʨʽʚʥʠʮʪʚʦ ʊʆɺ çʂʦʟʷʪʠʥʩʴʢʠʡ ʤôʷʩʦʢʦʤʙʽʥʘʪè 

ʨʝʢʦʤʝʥʜʫʚʘʣʦ ʾʭ ʜʦ ʰʠʨʦʢʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʭʘʨʯʦʚʦʾ ʛʘʣʫʟʽ, ʱʦ 

ʧʽʜʚʝʨʞʝʥʦ ʘʢʪʦʤ ʚʽʜ 20.10.2020 (ɼʦʜʘʪʦʢ ɸ). 

ʋ 2021 ʨʦʮʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʜʣʷ ʨʦʟʚ'ʷʟʘʥʥʷ ʟʘʜʘʯʽ 

ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʜʦʛʦʚʦʨʽʚ ʧʝʨʝʜʘʥʦ ʥʘ ʊʆɺ çʃʘʡʤ ʉʠʩʪʝʤʩè. ɼʽʷʣʴʥʽʩʪʴ 

ʜʘʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʥʝ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʭʘʨʯʦʚʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ʆʩʥʦʚʥʦʶ 

ʜʽʷʣʴʥʽʩʪʶ ʜʘʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʻ:  

Å ʜʽʷʣʴʥʽʩʪʴ ʫ ʩʬʝʨʽ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ;  

Å ʟʜʽʡʩʥʝʥʥʷ ʨʝʤʦʥʪʫ ʢʦʤʧ'ʶʪʝʨʽʚ ʽ ʧʝʨʠʬʝʨʽʡʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ; ʥʘʜʘʥʥʷ 

ʢʦʥʩʫʣʴʪʘʮʽʡʥʠʭ ʧʦʩʣʫʛ ʚ ʦʙʣʘʩʪʽ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ;  

Å ʟʜʽʡʩʥʝʥʥʷ ʥʘʣʘʰʪʫʚʘʥʥʷ ʫʧʨʘʚʣʽʥʥʷ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ.  

ʄʝʪʦʶ ʧʨʦʤʠʩʣʦʚʦʾ ʘʧʨʦʙʘʮʽʾ ʙʫʣʘ ʧʨʘʢʪʠʯʥʘ ʨʝʘʣʽʟʘʮʽʷ ʤʦʜʝʣʝʡ ʪʘ 

ʘʣʛʦʨʠʪʤʽʚ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ 

ʟʘʤʦʚʣʝʥʴ ʽ ʧʝʨʝʚʽʨʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʪʚʦʨʝʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʫ ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚʘʭ. ʈʝʟʫʣʴʪʘʪʠ ʧʝʨʝʚʽʨʢʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʫ ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚʘʭ ʧʦʢʘʟʘʣʠ ʝʬʝʢʪʠʚʥʝ ʧʣʘʥʫʚʘʥʥʷ 

ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ, ʱʦ ʦʙʫʤʦʚʠʣʦ ʧʽʜʚʠʱʝʥʥʷ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʧʽʜʧʨʠʻʤʩʪʚʘ.  

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʧʨʦʙʘʮʽʾ ʢʝʨʽʚʥʠʮʪʚʦ ʊʆɺ çʃʘʡʤ ʉʠʩʪʝʤʩè ʚʚʘʞʘʻ, ʱʦ 

ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʧʦʚʥʽʩʪʶ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʚʠʨʦʙʥʠʯʠʤ 

ʧʦʪʨʝʙʘʤ ʽ ʤʦʞʫʪʴ ʙʫʪʠ ʨʝʢʦʤʝʥʜʦʚʘʥʽ ʜʣʷ ʰʠʨʦʢʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʘ ʨʽʟʥʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚʘʭ. ʈʝʟʫʣʴʪʘʪʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʽʜʦʙʨʘʞʝʥʽ ʫ ʚʽʜʧʦʚʽʜʥʦʤʫ ʘʢʪʽ ʚʽʜ 

18.01.2021 (ɼʦʜʘʪʦʢ ɸ). 

ʋ 2021 ʨʦʮʽ ʟʜʽʡʩʥʝʥʦ ʘʧʨʦʙʘʮʽʶ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʊʆɺ çʌʝʨʘʢʩè, ʦʩʥʦʚʥʦʶ ʜʽʷʣʴʥʽʩʪʶ ʷʢʦʛʦ ʻ 

ʚʠʨʦʙʥʠʮʪʚʦ ʧʨʦʜʫʢʪʽʚ ʟ̔ ʤ'ʷʩʘ ʽ ʤ'ʷʩʘ ʩʚʽʡʩʴʢʦʾ ʧʪʠʮʽ. ʇʽʜʧʨʠʻʤʩʪʚʦ ʻ ʪʠʧʦʚʠʤ 

ʧʨʝʜʩʪʘʚʥʠʢʦʤ ʩʚʦʻʾ ʛʘʣʫʟʽ, ʡʦʛʦ ʦʩʥʦʚʥʽ ʚʠʜʠ ʜʽʷʣʴʥʦʩʪʽ ʩʧʽʚʧʘʜʘʶʪʴ ʟ̔ 

ʜʽʷʣʴʥʦʩʪʷʤʠ ʊʆɺ çʉʣʦʙʦʞʘʥʩʴʢʠʡ ʙʝʢʦʥè ʪʘ ʊʆɺ çʂʦʟʷʪʠʥʩʴʢʠʡ ʤ'ʷʩʦʢʦʤʙʽʥʘʪè. 
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ɺʠʨʦʙʥʠʯʘ ʧʦʪʫʞʥʽʩʪʴ ʧʽʜʧʨʠʻʤʩʪʚʘ ʩʢʣʘʜʘʻ ʜʦ 35 ʪ ʥʘ ʜʦʙʫ. ɺʠʩʦʢʠʡ ʨʽʚʝʥʴ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʥʘ ʊʆɺ çʌʝʨʘʢʩè ʛʘʨʘʥʪʫʻ ʥʘʡʩʫʚʦʨʽʰʝ ʜʦʪʨʠʤʘʥʥʷ ʛʽʛʽʻʥʽʯʥʠʭ ʪʘ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʥʦʨʤ, ʘ ʱʝ ʧʨʠʚʘʙʣʠʚʠʡ ʪʘ ʘʧʝʪʠʪʥʠʡ ʚʠʛʣʷʜ ʧʘʢʦʚʘʥʦʾ ʧʨʦʜʫʢʮʽʾ. 

ʁʦʛʦ ʧʘʨʪʥʝʨʘʤʠ ʻ ʪʘʢʽ ʪʦʨʛʦʚʝʣʴʥʽ ʤʝʨʝʞ,̔ ʷʢ çʄɽʊʈʆè, çʉʽʣʴʧʦè, ɺʝʣʠʢʘ 

ʂʠʰʝʥʷè, çʄʝʛʘʄʘʨʢʝʪè, çʂʘʨʘʚʘʥè, çʌʫʨʰʝʪè, çʌʦʨʘè, çɽʂʆ ʄɸʈʂɽʊè, çɸʰʘʥè 

ʪʘ ʽʥ.  

ʅʘ ʧʽʜʧʨʠʻʤʩʪʚʽ ʧʨʦʡʰʣʠ ʧʨʘʢʪʠʯʥʫ ʧʝʨʝʚʽʨʢʫ ʧʨʦʛʨʘʤʥʽ ʤʦʜʫʣʽ, ʱʦ 

ʨʝʘʣʽʟʫʶʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʫ ʚ ʜʠʩʝʨʪʘʮʽʾ ʽʥʬʦʨʤʘʮʽʡʥʫ ʪʝʭʥʦʣʦʛʽʶ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ 

ʥʘ ʦʩʥʦʚʽ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʘʣʛʦʨʠʪʤʽʚ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʧʣʘʥʫʚʘʥʥʷ 

ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʥʘʜʘʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʫ ʚʠʨʦʙʥʠʯʠʭ 

ʫʤʦʚʘʭ ʟʘʙʝʟʧʝʯʠʣʦ ʝʬʝʢʪʠʚʥʝ ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ, ʱʦ ʦʙʫʤʦʚʠʣʦ 

ʧʽʜʚʠʱʝʥʥʷ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʽʜʧʨʠʻʤʩʪʚʘ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʘʧʨʦʙʘʮʽʾ ʢʝʨʽʚʥʠʮʪʚʦ ʊʆɺ çʌʝʨʘʢʩè ʚʚʘʞʘʻ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʽʥʬʦʨʤʘʮʽʡʥʘ 

ʪʝʭʥʦʣʦʛʽʷ ʧʦʚʥʽʩʪʶ ʚʽʜʧʦʚʽʜʘʻ ʚʠʨʦʙʥʠʯʠʤ ʧʦʪʨʝʙʘʤ ʪʘ ʤʦʞʝ ʙʫʪʠ ʨʝʢʦʤʝʥʜʦʚʘʥʘ 

ʜʦ ʰʠʨʦʢʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʭʘʨʯʦʚʦʾ ʛʘʣʫʟʽ, ʱʦ ʧʽʜʪʚʝʨʜʞʝʥʦ 

ʘʢʪʦʤ ʚʽʜ 27.01.2021 (ɼʦʜʘʪʦʢ ɸ). 

ʋ 2021 ʨʦʮʽ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʱʦ 

ʧʦʣʷʛʘʶʪʴ ʫ ʽʥʬʦʨʤʘʮʽʡʥʽʡ ʪʝʭʥʦʣʦʛʽʾ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ 

ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʥʘ ʦʩʥʦʚʽ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʝʚʨʠʩʪʠʯʥʠʭ ʽ 

ʝʚʦʣʶʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʘʣʛʦʨʠʪʤʽʚ, ʧʝʨʝʜʘʥʽ ʥʘ ʇʨɸʊ çʆʙʦʣʦʥʴè. ʅʝʦʙʭʽʜʥʦ 

ʚʽʜʤʽʪʠʪʠ, ʱʦ ʢʦʨʧʦʨʘʮʽʷ çʆʙʦʣʦʥʴè ʦʙ'ʻʜʥʫʻ 10 ʚʠʨʦʙʥʠʯʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʧʦ ʚʩʽʡ 

ʋʢʨʘʾʥʽ, ʾʾ ʦʩʥʦʚʥʠʤʠ ʚʠʜʘʤʠ ʜʽʷʣʴʥʦʩʪʽ ʻ: ʚʠʨʦʙʥʠʮʪʚʦ ʧʠʚʘ, ʚʠʨʦʙʥʠʮʪʚʦ 

ʬʨʫʢʪʦʚʠʭ ʽ ʦʚʦʯʝʚʠʭ ʩʦʢʽʚ; ʜʠʩʪʠʣʷʮʽʷ, ʨʝʢʪʠʬʽʢʘʮʽʷ ʪʘ ʟʤʽʰʫʚʘʥʥʷ ʩʧʠʨʪʥʠʭ 

ʥʘʧʦʾʚ; ʚʠʨʦʙʥʠʮʪʚʦ ʩʦʣʦʜʫ; ʚʠʨʦʙʥʠʮʪʚʦ ʙʝʟʘʣʢʦʛʦʣʴʥʠʭ ʥʘʧʦʾʚ; ʚʠʨʦʙʥʠʮʪʚʦ 

ʤʽʥʝʨʘʣʴʥʠʭ ʪʘ ʽʥʰʠʭ ʚʦʜ, ʨʦʟʣʠʪʠʭ ʫ ʧʣʷʰʢʠ. ʇʨʦʜʫʢʮʽʷ ʢʦʨʧʦʨʘʮʽʾ ʢʦʨʠʩʪʫʻʪʴʩʷ 

ʧʦʧʠʪʦʤ ʷʢ ʥʘ ʚʥʫʪʨʽʰʥʴʦʤʫ, ʪʘʢ ʽ ʟʦʚʥʽʰʥʴʦʤʫ ʨʠʥʢʘʭ. ʇʝʨʝʜʘʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʡʰʣʠ ʧʝʨʝʚʽʨʢʫ ʫ ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚʘʭ ʥʘ ʇʨɸʊ 

çʆʙʦʣʦʥʴè, ʧʽʜʪʚʝʨʜʠʣʠ ʩʚʦʶ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʠ ʧʣʘʥʫʚʘʥʥʽ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ,  

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʟʘʜʘʯ ʫʧʨʘʚʣʽʥʥʷ ʧʽʜʧʨʠʻʤʩʪʚʦʤ. ʇʝʨʝʜʘʥʘ 
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ʽʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ ʤʦʞʝ ʙʫʪʠ ʨʝʢʦʤʝʥʜʦʚʘʥʘ ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʘ 

ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʭʘʨʯʦʚʦʾ ʛʘʣʫʟʽ (ʘʢʪ ʚʧʨʦʚʘʜʞʝʥʥʷ 18.02.2021) (ɼʦʜʘʪʦʢ ɸ). 

ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʣʝʢʮʽʡʥʠʭ ʪʘ ʣʘʙʦʨʘʪʦʨʥʠʭ ʟʘʥʷʪʴ, ʘ ʪʘʢʦʞ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʢʫʨʩʦʚʠʭ ʪʘ ʜʠʧʣʦʤʥʠʭ 

ʧʨʦʻʢʪʽʚ ʥʘ ʢʘʬʝʜʨʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʭʘʨʯʦʚʠʭ 

ʪʝʭʥʦʣʦʛʽʡ. ʇʝʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʜʠʩʮʠʧʣʽʥʘʭ: çʋʧʨʘʚʣʽʥʥʷ ɯʊ-

ʧʨʦʻʢʪʘʤʠè ʜʣʷ ʟʜʦʙʫʚʘʯʽʚ ʦʩʚʽʪʠ ʩʪʫʧʝʥʷ ʙʘʢʘʣʘʚʨ ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ 122 ï 

ʢʦʤʧôʶʪʝʨʥʽ ʥʘʫʢʠ ʦʩʚʽʪʥʴʦ-ʧʨʦʬʝʩʽʡʥʦʾ ʧʨʦʛʨʘʤʠ çʂʦʤʧôʶʪʝʨʥʽ ʥʘʫʢʠè; çʂʣʽʻʥʪ-

ʩʝʨʚʝʨʥʽ ʪʝʭʥʦʣʦʛʽʾè ʜʣʷ ʟʜʦʙʫʚʘʯʽʚ ʦʩʚʽʪʠ ʩʪʫʧʝʥʷ ʤʘʛʽʩʪʨ ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ 122 ï 

ʢʦʤʧôʶʪʝʨʥʽ ʥʘʫʢʠ ʦʩʚʽʪʥʴʦ-ʧʨʦʬʝʩʽʡʥʠʭ ʧʨʦʛʨʘʤ çɯʥʬʦʨʤʘʮʽʡʥʽ ʫʧʨʘʚʣʷʶʯʽ 

ʩʠʩʪʝʤʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾè ʪʘ çʂʦʤʧôʶʪʝʨʥʠʡ ʝʢʦʣʦʛʦ-ʝʢʦʥʦʤʽʯʥʠʡ ʤʦʥʽʪʦʨʠʥʛè.  

ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʨʦʚʘʜʞʝʥʦ ʫ ʅʘʮʽʦʥʘʣʴʥʦʤʫ 

ʫʥʽʚʝʨʩʠʪʝʪʽ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʅɼʈ:  

Å çʅʘʫʢʦʚʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʪʘ ʨʦʟʨʦʙʣʝʥʥʷ ʘʢʪʠʚʥʠʭ ʧʘʢʫʚʘʣʴʥʠʭ ʩʠʩʪʝʤ 

ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚè (ˉ ɼʈ 0118U003558, 2019 ʨ.) ʇʨʦʙʣʝʤʥʦʶ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʶ 

ʣʘʙʦʨʘʪʦʨʽʻʶ ʅʋʍʊ, ʘ ʩʘʤʝ ʽʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ 

ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ (ʘʢʪ ʚʧʨʦʚʘʜʞʝʥʥʷ 29.06.2019); 

Å ʅɼʈ çɼʦʩʣʽʜʞʝʥʥʷ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʛʘʣʫʟʷʭ 

ʭʘʨʯʦʚʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʦʩʚʽʪʽè (ˉ ɼʈ 0117U003475) 2017-2022 ʨʨ. ʢʘʬʝʜʨʦʶ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ, ʘ ʩʘʤʝ ʽʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ 

ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ (ʘʢʪ ʚʧʨʦʚʘʜʞʝʥʥʷ 29.12.2020). 

ɸʢʪʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʫ ʅʘʮʽʦʥʘʣʴʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʥʘʚʝʜʝʥʦ ʫ ɼʦʜʘʪʢʫ ɸ. 

ɯʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʪʘ ʚʽʜʧʦʚʽʜʥʠʡ ʧʨʦʛʨʘʤʥʠʡ 

ʧʨʦʜʫʢʪ ʧʝʨʝʜʘʥʽ ʫ ʂʠʾʚʩʴʢʠʡ ʤʽʩʴʢʠʡ ʈʘʜʽʦʢʣʫʙ ʃʽʛʠ ʈʘʜʽʦʘʤʘʪʦʨʽʚ ʋʢʨʘʾʥʠ ʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʟʘʜʘʯ ʧʨʠ ʧʽʜʛʦʪʦʚʮʽ 

ʪʘ ʧʨʦʚʝʜʝʥʥʽ ʟʤʘʛʘʥʴ, ʱʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʜʦʚʽʜʢʦʶ ʚʽʜ 26.09.2020 (ɼʦʜʘʪʦʢ ɸ). 

ʅʝʦʙʭʽʜʥʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʂʠʾʚʩʴʢʠʡ ʤʽʩʴʢʠʡ ʈʘʜʽʦʢʣʫʙ ʃʽʛʠ ʈʘʜʽʦʘʤʘʪʦʨʽʚ ʋʢʨʘʾʥʠ 

ʥʝ ʟʜʽʡʩʥʶʻ ʚʠʨʦʙʥʠʯʫ ʜʽʷʣʴʥʽʩʪʴ, ʘʣʝ ʜʘʥʘ ʛʨʦʤʘʜʩʴʢʘ ʦʨʛʘʥʽʟʘʮʽʷ ʟʘʡʤʘʻʪʴʩʷ 
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ʟʤʘʛʘʥʥʷʤʠ ʟ ʨʘʜʽʦʩʧʦʨʪʫ. ʎʝ ʚʠʤʘʛʘʻ ʝʬʝʢʪʠʚʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʧʽʜʛʦʪʦʚʢʠ ʾʭ 

ʧʨʦʚʝʜʝʥʥʷ, ʘʜʞʝ ʚʩʝ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʢʦʰʪʠ ʯʣʝʥʽʚ ʢʣʫʙʫ. 

 

5.7 ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 5 

 

 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ web-ʦʨʽʻʥʪʦʚʘʥʦʾ ʉʇʇʈ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʦʻʜʥʘʪʠ 

ʜʝʢʽʣʴʢʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʘ ʩʘʤʝ: ʧʽʜʭʦʜʠ ʝʢʩʧʝʨʪʥʦ-ʤʦʜʝʣʶʶʯʦʾ ʩʠʩʪʝʤʠ 

ʨʝʮʝʧʪʫʨ ʚʠʛʦʪʦʚʣʝʥʥʷ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʧʽʜʽʙʨʘʪʠ ʫ ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚʘʭ ʟʘʤʽʥʫ 

ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʨʝʮʝʧʪʫʨʽ; ʪʝʭʥʦʣʦʛʽʶ ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʩʪʚʦʨʝʥʥʷ ʪʘ ʢʦʨʠʛʫʚʘʥʥʷ ʦʧʝʨʘʪʠʚʥʦ-ʢʘʣʝʥʜʘʨʥʠʭ ʧʣʘʥʽʚ ʟʘ ʨʘʭʫʥʦʢ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʙʽʥʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʘʣʛʦʨʠʪʤʽʚ. ʎʷ ʽʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ 

ʟʘʙʝʟʧʝʯʫʻ ʬʦʨʤʫʚʘʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʧʣʘʥʽʚ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ; 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʤʝʪʦʜʽʚ; ʽʥʬʦʨʤʘʮʽʡʥʫ ʪʝʭʥʦʣʦʛʽʶ ʜʣʷ ʫʜʦʩʢʦʥʘʣʝʥʥʷ 

ʧʨʦʮʝʩʫ ʘʥʘʣʽʟʫ ʪʘ ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʥʘ ʭʘʨʯʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ, 

ʷʢʘ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʚʽʜʦʤʠʭ, ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʚʠʟʥʘʯʝʥʥ̔  ʘʩʦʨʪʠʤʝʥʪʫ ʪʘ ʢʦʨʠʛʫʚʘʥʥʽ 

ʨʝʮʝʧʪʫʨ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʩʦʙʽʚʘʨʪʦʩʪʽ ʽ ʰʚʠʜʢʦʛʦ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ. 

ʋ ʧʨʦʮʝʩʽ ʧʨʦʻʢʪʫʚʘʥʥʷ ʙʘʟ ʟʥʘʥʴ, ʚʽʪʨʠʥ ʪʘ ʩʭʦʚʠʱ ʜʘʥʠʭ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʡ 

ʦʙˇʨʫʥʪʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʮʠʬʽʢʘʮʽʾ çʩʝʤʘʥʪʠʯʥʝ ʚʝʨʩʽʦʥʫʚʘʥʥʷ ʙʘʟ ʜʘʥʠʭè ʜʣʷ 

ʤʘʨʢʫʚʘʥʥʷ  ̔ ʚʧʨʦʚʘʜʞʝʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʦʥʦʚʣʝʥʥʷ ʾʾ ʢʦʤʧʦʥʝʥʪʽʚ ʪʘ 

ʝʣʝʤʝʥʪʽʚ. 

ʆʙˇʨʫʥʪʦʚʘʥʦ ʩʫʢʫʧʥʽʩʪʴ ʧʨʦʛʨʘʤʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ 

ʤʦʜʝʣʽ web-ʦʨʽʻʥʪʦʚʘʥʦʾ ʧʨʦʛʨʘʤʥʦʾ ʧʽʜʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʘ 

ʪʘʢʦʞ ʧʽʜʭʦʜʠ ʨʝʘʣʽʟʘʮʽʾ ʤʝʭʘʥʽʟʤʽʚ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʘʚʪʦʨʠʟʘʮʽʾ ʫ web-

ʦʨʽʻʥʪʦʚʘʥʠʭ ʩʠʩʪʝʤʘʭ. 

ʇʨʠ ʩʪʚʦʨʝʥʥʽ ʝʣʝʤʝʥʪʽʚ ʉʇʇʈ ʦʙˇʨʫʥʪʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʝʣʝʡ ʞʠʪʪʻʚʠʭ 

ʮʠʢʣʽʚ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʷʢʽ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʨʘʜʠʮʽʡʥʠʭ, ʤʘʶʪʴ ʯʽʪʢʦ 

ʚʠʟʥʘʯʝʥʠʡ ʝʪʘʧ ʨʝʬʘʢʪʦʨʠʥʛʫ, ʱʦ ʟʘʙʝʟʧʝʯʠʣʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʟʨʦʙʢʠ ʪʘ 

ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʥʘ ʾʾ ʨʦʟʨʦʙʣʝʥʥʷ. 
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ʆʙˇʨʫʥʪʦʚʘʥʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦ ʧʨʦʮʝʩʫ ʩʪʚʦʨʝʥʥʷ ʽ ʩʫʧʨʦʚʦʜʫ ʩʭʦʚʠʱ ʪʘ 

çʚʽʪʨʠʥ ʜʘʥʠʭè ʢʘʪʝʛʦʨʽʾ ʨʝʬʘʢʪʦʨʠʥʛʫ ʜʦʩʪʫʧʫ, ʷʢʘ ʜʘʻ ʟʤʦʛʫ ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʟʤʽʥʠ, 

ʧʦʚôʷʟʘʥʽ ʟ ʜʦʩʪʫʧʦʤ ʜʦ ʜʘʥʠʭ, ʙʝʟ ʚʪʨʘʪʠ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʡʰʣʠ ʘʧʨʦʙʘʮʽʶ ʪʘ ʧʝʨʝʜʘʥʽ ʥʘ 

ʊʆɺ çʉʣʦʙʦʞʘʥʩʴʢʠʡ ʙʝʢʦʥè, ʊʆɺ çʇʨʦʜʝʢʦè, ʊʆɺ çʂʦʟʷʪʠʥʩʴʢʠʡ 

ʤôʷʩʦʢʦʤʙʽʥʘʪè, ʊʆɺ çʃʘʡʤ ʉʠʩʪʝʤʩè, ʊʆɺ çʌʝʨʘʢʩè, ʇʨɸʊ çʆʙʦʣʦʥʴè ʜʣʷ 

ʨʦʟʚ'ʷʟʘʥʥʷ ʟʘʜʘʯʽ ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ, ʱʦ ʧʽʜʚʝʨʞʝʥʦ ʚʽʜʧʦʚʽʜʥʠʤʠ 

ʘʢʪʘʤʠ ʪʘ ʜʦʚʽʜʢʘʤʠ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʤʠʩʣʦʚʦʾ ʘʧʨʦʙʘʮʽʾ ʢʝʨʽʚʥʠʮʪʚʦ 

ʧʽʜʧʨʠʻʤʩʪʚ ʥʘʜʘʣʦ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʥʘ 

ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʭʘʨʯʦʚʦʾ ʛʘʣʫʟʽ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʨʦʚʘʜʞʝʥʦ ʫ ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʮʝʩ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʨʠ ʚʠʢʣʘʜʘʥʥʽ ʜʠʩʮʠʧʣʽʥʠ 

çʋʧʨʘʚʣʽʥʥʷ ɯʊ-ʧʨʦʻʢʪʘʤʠè ʜʣʷ ʟʜʦʙʫʚʘʯʽʚ ʦʩʚʽʪʠ ʩʪʫʧʝʥʷ ʙʘʢʘʣʘʚʨ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 122 ï ʢʦʤʧôʶʪʝʨʥʽ ʥʘʫʢʠ ʦʩʚʽʪʥʴʦ-ʧʨʦʬʝʩʽʡʥʦʾ ʧʨʦʛʨʘʤʠ 

çʂʦʤʧôʶʪʝʨʥʽ ʥʘʫʢʠè, ʜʠʩʮʠʧʣʽʥʠ çʂʣʽʻʥʪ-ʩʝʨʚʝʨʥʽ ʪʝʭʥʦʣʦʛʽʾè ʜʣʷ ʟʜʦʙʫʚʘʯʽʚ 

ʦʩʚʽʪʠ ʩʪʫʧʝʥʷ ʤʘʛʽʩʪʨ ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ 122 ï ʢʦʤʧôʶʪʝʨʥʽ ʥʘʫʢʠ ʦʩʚʽʪʥʴʦ-

ʧʨʦʬʝʩʽʡʥʠʭ ʧʨʦʛʨʘʤ çɯʥʬʦʨʤʘʮʽʡʥʽ ʫʧʨʘʚʣʷʶʯʽ ʩʠʩʪʝʤʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾè ʪʘ 

çʂʦʤʧôʶʪʝʨʥʠʡ ʝʢʦʣʦʛʦ-ʝʢʦʥʦʤʽʯʥʠʡ ʤʦʥʽʪʦʨʠʥʛè. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʨʦʟʨʦʙʣʝʥʽ ʤʦʜʝʣʽ, ʤʝʪʦʜʠ, 

ʘʣʛʦʨʠʪʤʠ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ ʬʦʨʤʫʶʪʴ ʦʩʥʦʚʫ ʜʣʷ ʩʪʚʦʨʝʥʥʷ web-

ʦʨʽʻʥʪʦʚʘʥʠʭ ʩʠʩʪʝʤ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʝʬʝʢʪʠʚʥʠʭ ʨʽʰʝʥʴ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ 

ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ ʭʘʨʯʦʚʦʾ ʛʘʣʫʟʽ, ʷʢʽ ʜʘʜʫʪʴ ʟʤʦʛʫ ʚʠʚʝʩʪʠ ʚʝʩʴ ʧʨʦʮʝʩ ʫʧʨʘʚʣʽʥʥʷ ʥʘ 

ʷʢʽʩʥʦ ʥʦʚʠʡ ʨʽʚʝʥʴ.  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʉʇʇʈ, ʱʦ ʙʫʜʝ ʚʢʣʶʯʘʪʠ ʟʘʧʨʦʧʦʥʦʚʘʥʫ ʽʥʬʦʨʤʘʮʽʡʥʫ 

ʪʝʭʥʦʣʦʛʽʶ, ʟʘʙʝʟʧʝʯʠʪʴ: ʦʧʝʨʘʪʠʚʥʝ ʬʦʨʤʫʚʘʥʥʷ ʦʧʝʨʘʪʠʚʥʠʭ ʧʣʘʥʽʚ ʚʠʢʦʥʘʥʥʷ 

ʟʘʤʦʚʣʝʥʴ ʽʟ ʤʽʥʽʤʽʟʘʮʽʻʶ ʚʠʪʨʘʪ ʪʘ ʥʘʧʨʘʚʣʝʥʠʭ ʥʘ ʤʘʢʩʠʤʽʟʘʮʽʶ ʧʨʠʙʫʪʢʫ; 

ʦʧʝʨʘʪʠʚʥʽ ʨʝʢʦʥʬʽʛʫʨʘʮʽʾ ʽʩʥʫʶʯʦʛʦ ʢʘʣʝʥʜʘʨʥʦʛʦ ʧʣʘʥʫ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ, ʱʦ 

ʟʘʙʝʟʧʝʯʠʪʴ ʦʧʪʠʤʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʤʽʥʽʤʽʟʘʮʽʶ 

ʚʠʪʨʘʪ ʧʨʠ ʚʠʥʠʢʥʝʥʥʽ ʧʦʟʘʰʪʘʪʥʠʭ ʩʠʪʫʘʮʽʾ ʧʽʜ ʯʘʩ ʧʦʷʚʠ ʪʝʨʤʽʥʦʚʠʭ ʜʦ ʚʠʢʦʥʘʥʥʷ 

ʟʘʤʦʚʣʝʥʴ ʘʙʦ ʧʦʟʘʰʪʘʪʥʠʭ ʩʠʪʫʘʮʽʡ; ʤʽʥʽʤʽʟʘʮʽʶ ʚʠʪʨʘʪ ʥʘ ʟʙʝʨʽʛʘʥʥʷ ʩʠʨʦʚʠʥʠ ʪʘ 
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ʤʘʪʝʨʽʘʣʽʚ; ʯʽʪʢʝ ʨʦʟʧʦʜʽʣʝʥʥʷ ʫʩʽʭ ʟʘʜʘʯ ʱʦʜʦ ʚʠʢʦʥʘʥʥʷ ʢʦʞʥʦʛʦ ʟʘʤʦʚʣʝʥʥʷ ʤʽʞ 

ʚʠʨʦʙʥʠʯʠʤʠ ʧʽʜʨʦʟʜʽʣʘʤʠ, ʮʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʫʨʘʭʫʚʘʪʠ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ 

ʪʘ ʥʝʦʙʭʽʜʥʽ ʨʝʩʫʨʩʠ ʟ ʧʨʠʚôʷʟʢʦʶ ʫ ʯʘʩʽ.  

ʅʘʫʢʦʚʽ ʚʠʩʥʦʚʢʠ ʪʘ ʧʨʘʢʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʦʜʝʨʞʘʥʽ ʧʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ 

ʜʦʩʣʽʜʞʝʥʴ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʪʝʤʠ ʜʠʩʝʨʪʘʮʽʾ, ʧʨʦʡʰʣʠ ʘʧʨʦʙʘʮʽʶ ʥʘ ʤʽʞʥʘʨʦʜʥʠʭ 

ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ ʽ ʥʘʫʢʦʚʠʭ ʩʝʤʽʥʘʨʘʭ ʽ ʚʠʢʣʘʜʝʥʽ ʫ ʤʘʪʝʨʽʘʣʘʭ 

ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʡ ʪʘ ʥʘʫʢʦʚʠʭ ʩʪʘʪʪʷʭ ʫ ʚʠʜʘʥʥʷʭ ʤʽʞʥʘʨʦʜʥʦʛʦ ʟʥʘʯʝʥʥʷ.  

ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʜʽʣʫ ʦʧʫʙʣʽʢʦʚʘʥʽ ʘʚʪʦʨʦʤ ʫ ʧʨʘʮʷʭ [1, 2, 10, 14ï18, 

20ï26, 29, 33, 35, 36, 38ï44, 46ï49, 51ï53].  
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ɺʀʉʅʆɺʂʀ 

 

 

ɿʘʛʘʣʴʥʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʠʨʽʰʝʥʥʷ ʥʘʫʢʦʚʦ-

ʧʨʠʢʣʘʜʥʦʾ ʧʨʦʙʣʝʤʠ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʫʧʨʘʚʣʽʥʥʷ ʭʘʨʯʦʚʠʤ 

ʧʽʜʧʨʠʻʤʩʪʚʦʤ ʰʣʷʭʦʤ ʨʦʟʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʴ ʥʘ ʦʩʥʦʚʽ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʝʚʨʠʩʪʠʯʥʠʭ ʽ ʝʚʦʣʶʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʘʣʛʦʨʠʪʤʽʚ.  

ʂʦʥʢʨʝʪʥʽ ʦʜʝʨʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʪʠ ʚʠʩʥʦʚʢʠ ʧʦʣʷʛʘʶʪʴ ʫ ʪʘʢʦʤʫ.  

1. ʈʦʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ, 

ʷʢʘ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʨʘʜʠʮʽʡʥʠʭ, ʱʦ ʧʝʨʝʜʙʘʯʘʶʪʴ ʨʦʟʙʠʪʪʷ ʟʘ ʨʽʚʥʷʤʠ ʫʧʨʘʚʣʽʥʥʷ ʪʘ 

ʧʽʜʨʦʟʜʽʣʘʤʠ ʚʠʢʦʥʘʥʥʷ, ʟʘʙʝʟʧʝʯʫʻ ʦʮʽʥʢʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʬʦʨʤʦʚʘʥʦʛʦ ʚʘʨʽʘʥʪʘ 

ʧʣʘʥʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʦʚʥʽʰʥʽʭ ʪʘ ʚʥʫʪʨʽʰʥʽʭ ʚʧʣʠʚʽʚ ʥʘ ʦʩʥʦʚʽ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ 

ʯʘʩʪʢʦʚʠʭ ʢʨʠʪʝʨʽʾʚ ʪʘ ʟʘʟʥʘʯʝʥʠʭ ʦʙʤʝʞʝʥʴ. ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʚʨʘʭʦʚʫʻ ʫʩʽ 

ʫʤʦʚʠ ʜʽʷʣʴʥʦʩʪʽ ʭʘʨʯʦʚʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʪʘ ʧʨʦʮʝʩʫ ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ 

ʟʘʤʦʚʣʝʥʴ: ʪʝʨʤʽʥʠ ʟʙʝʨʽʛʘʥʥʷ ʩʠʨʦʚʠʥʠ ʪʘ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ; ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʥʠʢʥʝʥʥʷ ʪʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʝʨʝʨʦʙʢʠ ʥʝʢʦʥʜʠʮʽʡʥʦʾ ʧʨʦʜʫʢʮʽʾ; ʦʩʦʙʣʠʚʦʩʪʽ 

ʚʠʢʦʥʘʥʥʷ ʢʦʞʥʦʛʦ ʦʢʨʝʤʦʛʦ ʟʘʤʦʚʣʝʥʥʷ; ʦʩʦʙʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʪʦʱʦ. ɼʣʷ ʬʦʨʤʫʚʘʥʥʷ ʫʟʘʛʘʣʴʥʝʥʦʾ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʘʜʠʪʠʚʥʘ ʟʛʦʨʪʢʘ ʢʨʠʪʝʨʽʾʚ. ʈʦʟʨʦʙʣʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʜʦʟʚʦʣʷʻ ʩʬʦʨʤʫʚʘʪʠ 

ʧʣʘʥ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʫʩʽʭ ʦʧʝʨʘʮʽʡ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʧʨʠ 

ʚʠʛʦʪʦʚʣʝʥʥʽ ʧʨʦʜʫʢʮʽʾ. ʉʪʚʦʨʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʜʦʟʚʦʣʷʻ ʢʦʨʠʛʫʚʘʪʠ ʪʘ 

ʦʮʽʥʶʚʘʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʦʙôʻʢʪʠʚʥʠʭ ʪʘ 

ʩʫʙôʻʢʪʠʚʥʠʭ ʧʝʨʝʚʘʛ, ʥʘʜʘʥʠʭ ʆʇʈ, ʘ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʫʻ ʷʢ ʫʨʘʭʫʚʘʥʥʷ, ʪʘʢ ʽ 

ʚʠʢʣʶʯʝʥʥʷ ʧʝʚʥʠʭ ʯʘʩʪʢʦʚʠʭ ʢʨʠʪʝʨʽʾʚ ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʝʚʥʦʾ ʩʠʪʫʘʮʽʾ.  

2. ɼʦʩʣʽʜʞʝʥʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʘʣʛʦʨʠʪʤʽʚ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ 

ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ: ʘʣʛʦʨʠʪʤ çʙʜʞʦʣʠʥʦʾ ʢʦʣʦʥʽʾè, ʘʣʛʦʨʠʪʤ 

çʭʘʦʪʠʯʥʦʛʦ ʢʘʞʘʥʘè, ʘʣʛʦʨʠʪʤ çʢʘʞʘʥʘ ʥʘ ʦʩʥʦʚʽ ʩʪʨʘʪʝʛʽʾ ʧʦʰʫʢʫ ʧʦʣʴʦʪʫ ʃʝʚʽè, 

ʘʣʛʦʨʠʪʤ çʢʘʞʘʥʘ ʥʘ ʦʩʥʦʚʽ ʢʦʝʬʽʮʽʻʥʪʘ ʩʢʦʨʦʯʝʥʥʷè, çʛʝʥʝʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤ, 

ʘʣʛʦʨʠʪʤ çʢʦʩʷʢʫ ʨʠʙè, ʘʣʛʦʨʠʪʤ çʟʛʨʘʾ ʚʦʚʢʽʚè, ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ çʟʛʨʘʾ 

ʚʦʚʢʽʚè, ʘʣʛʦʨʠʪʤ çʤʫʨʘʰʠʥʦʾ ʢʦʣʦʥʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʣʽʪʥʠʭ ʤʫʨʘʭè, 
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ʤʦʜʠʬʽʢʦʚʘʥʠʡ çʘʣʛʦʨʠʪʤ ʤʫʨʘʰʠʥʦʾ ʢʦʣʦʥʽʾè. ʇʨʠ ʢʽʣʴʢʦʩʪʽ ʟʘʤʦʚʣʝʥʴ ʤʝʥʰʝ 25 

ʫʩʽ ʘʣʛʦʨʠʪʤʠ ʟʥʘʭʦʜʷʪʴ ʦʜʥʘʢʦʚʽ ʟʥʘʯʝʥʥʷ, ʘʣʝ ʢʨʘʱʽ ʧʦʢʘʟʥʠʢʠ ʟʘ ʯʘʩʦʤ ʧʦʰʫʢʫ 

ʤʘʶʪʴ ʩʪʘʥʜʘʨʪʥʽ ʚʝʨʩʽʾ ʘʣʛʦʨʠʪʤʽʚ; ʧʨʠ ʢʽʣʴʢʦʩʪʽ ʟʘʤʦʚʣʝʥʴ 50 ʽ ʙʽʣʴʰʝ ʢʨʘʱʽ 

ʧʦʢʘʟʥʠʢʠ ʤʘʶʪʴ ʤʦʜʠʬʽʢʦʚʘʥʽ ʘʣʛʦʨʠʪʤʠ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʦʜʠʬʽʢʘʮʽʾ ʘʣʛʦʨʠʪʤʽʚ çʤʫʨʘʰʠʥʦʾ ʢʦʣʦʥʽʾè ʪʘ çʟʛʨʘʾ ʚʦʚʢʽʚè, ʷʢ̔ 

ʜʦʟʚʦʣʷʶʪʴ ʧʨʠ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʽ ʧʨʦʚʦʜʠʪʠ ʨʝʢʦʥʬʽʛʫʨʘʮʽʶ ʧʣʘʥʽʚ ʧʨʠ ʟʤʝʥʰʝʥʥʽ 

ʯʘʩʫ ʧʦʰʫʢʫ ʦʧʪʠʤʫʤʫ ʤʘʡʞʝ ʥʘ 20% ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʚʝʨʩʽʷʤʠ ʘʣʛʦʨʠʪʤʽʚ. 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʥʝʤʦʜʠʬʽʢʦʚʘʥʠʭ ʚʝʨʩʽʡ ʯʘʩ ʧʦʰʫʢʫ ʦʧʪʠʤʫʤʫ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ 

4,5%. ʄʦʜʠʬʽʢʘʮʽʷ ʘʣʛʦʨʠʪʤʫ çʤʫʨʘʰʠʥʦʾ ʢʦʣʦʥʽʾè ʜʦʟʚʦʣʷʻ ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʟʘ 

ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʽʜʭʦʜʽʚ ʣʦʢʘʣʴʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ, ʘ ʤʦʜʠʬʽʢʘʮʽʷ ʘʣʛʦʨʠʪʤʫ 

çʟʛʨʘʾ ʚʦʚʢʽʚè ï ʟʘ ʨʘʭʫʥʦʢ ʚʠʜʽʣʝʥʥʷ ʰʘʙʣʦʥʽʚ ʟ̔ ʥʘʡʢʨʘʱʠʭ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ 

ʨʽʰʝʥʴ ʟʘʜʘʯʽ. 

3. ʈʦʟʨʦʙʣʝʥʦ ʢʦʤʙʽʥʦʚʘʥʠʡ ʤʝʪʦʜ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥɹ ʥʘ ʦʩʥʦʚʽ ʘʣʛʦʨʠʪʤʽʚ 

çʢʦʩʷʢʫ ʨʠʙè ʪʘ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ çʟʛʨʘʾ ʚʦʚʢʽʚè, ʷʢʠʡ ʩʪʘʙʽʣʴʥʦ ʧʨʘʮʶʻ ʥʘ 

ʟʘʜʘʯʘʭ ʤʘʣʦʾ ʪʘ ʩʝʨʝʜʥʴʦʾ ʨʦʟʤʽʨʥʦʩʪʽ ʡ ʜʘʻ ʟʤʝʥʰʝʥʥʷ ʯʘʩʫ ʧʦʰʫʢʫ ʜʦ 35% ʧʨʠ 

ʫʤʦʚʽ ʚʨʘʭʫʚʘʥʥʷ ʜʦ 5ï6 ʯʘʩʪʢʦʚʠʭ ʢʨʠʪʝʨʽʾʚ. ʋ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʠʭ ʚʠʧʘʜʢʘʭ 

ʢʦʤʙʽʥʦʚʘʥʠʡ ʤʝʪʦʜ ʟʘʙʝʟʧʝʯʫʻ ʧʨʠʩʢʦʨʝʥʥʷ ʧʦʰʫʢʫ ʥʘ 33,9% ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʤʦʜʠʬʽʢʦʚʘʥʠʤ ʘʣʛʦʨʠʪʤʦʤ çʟʛʨʘʾ ʚʦʚʢʽʚè, ʥʘ 35,1% ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʘʣʛʦʨʠʪʤʦʤ 

çʤʫʨʘʰʠʥʦʾ ʢʦʣʦʥʽʾè, ʥʘ 33,8% ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʘʣʛʦʨʠʪʤʦʤ çʢʦʩʷʢʫ ʨʠʙè. ʊʦʤʫ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʢʦʤʙʽʥʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʣʷ ʧʽʜʧʨʠʻʤʩʪʚ ʟ̔ 

ʥʝʚʝʣʠʢʠʤ ʘʩʦʨʪʠʤʝʥʪʦʤ ʪʘ ʟ ʤʽʥʽʤʘʣʴʥʠʤ ʧʘʨʢʦʤ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʘʜʞʝ 

ʚʽʥ ʤʘʻ ʙʽʣʴʰʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʠ ʧʦʰʫʢʫ ʦʙʤʝʞʝʥʦ ʢʨʠʪʝʨʽʘʣʴʥʠʭ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ 

ʦʧʪʠʤʘʣʴʥʠʭ ʧʣʘʥʽʚ (ʜʦ 5ï6 ʯʘʩʪʢʦʚʠʭ ʢʨʠʪʝʨʽʾʚ ʦʧʪʠʤʘʣʴʥʦʩʪʽ). ʊʦʙʪʦ, ʜʣʷ 

ʧʽʜʧʨʠʻʤʩʪʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʢʦʤʧʣʝʢʩʠ, ʷʢʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʝʨʽʡʥʝ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ. 

4. ʈʦʟʨʦʙʣʝʥʦ ʢʦʤʙʽʥʦʚʘʥʠʡ ʤʝʪʦʜ ʥʘ ʦʩʥʦʚʽ ʘʣʛʦʨʠʪʤʽʚ çʤʫʨʘʰʠʥʦʾ ʢʦʣʦʥʽʾè, 

çʟʛʨʘʾ ʚʦʚʢʽʚè ʪʘ çʛʝʥʝʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫè, ʷʢʠʡ ʩʪʘʙʽʣʴʥʦ ʧʨʘʮʶʻ ʥʘ 

ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʠʭ ʟʘʜʘʯʘʭ ʨʽʟʥʦʾ ʨʦʟʤʽʨʥʦʩʪʽ ʡ ʤʘʻ ʰʚʠʜʢʽʩʪʴ ʧʦʰʫʢʫ ʥʘ 10ï45% 

ʙʽʣʴʰʫ, ʥʽʞ ʽʥʰʽ ʘʣʛʦʨʠʪʤʠ. ɿʘ ʽʥʬʦʨʤʘʮʽʻʶ, ʦʪʨʠʤʘʥʦʶ ʧʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʻ ʧʽʜʩʪʘʚʠ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʜʣʷ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʠʭ ʟʘʜʘʯ 
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ʢʦʤʙʽʥʦʚʘʥʠʡ ʤʝʪʦʜ ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰ ʰʚʠʜʰʠʡ ʧʦʰʫʢ, ʥʽʞ ʫʩʽ ʽʥʰʽ ʘʣʛʦʨʠʪʤʠ. 

ʁʦʛʦ ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʣʷ ʧʽʜʧʨʠʻʤʩʪʚ, ʷʢʽ ʚʠʛʦʪʦʚʣʷʶʪʴ ʚʝʣʠʢʠʡ 

ʘʩʦʨʪʠʤʝʥʪ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʚʠʜʽʚ ʧʨʦʜʫʢʮʽʾ ʽ ʧʦʪʨʝʙʫʶʪʴ ʩʢʣʘʜʥʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ, ʨʦʟʨʽʟʥʝʥʠʭ ʟʘ ʧʝʚʥʠʤʠ ʜʽʣʷʥʢʘʤʠ ʚʠʨʦʙʥʠʮʪʚʘ. 

5. ʈʦʟʨʦʙʣʝʥʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ, ʷʢʘ 

ʟʘʙʝʟʧʝʯʫʻ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʦʧʝʨʘʪʠʚʥʫ ʨʝʢʦʥʬʽʛʫʨʘʮʽʶ ʧʣʘʥʽʚ ʟʘ ʢʦʨʦʪʢʠʡ ʧʝʨʽʦʜ 

ʯʘʩʫ ʟʘ ʨʘʭʫʥʦʢ ʧʦʻʜʥʘʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʜʣʷ ʧʦʧʝʨʝʜʥʴʦʾ 

ʢʣʘʩʠʬʽʢʘʮʽʾ, ʘ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʪʘ ʤʝʪʦʜʽʚ, ʷʢʽ 

ʙʘʟʫʶʪʴʩʷ ʥʘ ʢʦʤʙʽʥʫʚʘʥʥʽ ʘʣʛʦʨʠʪʤʽʚ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʪʝʭʥʦʣʦʛʽʷ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʧʽʜʽʙʨʘʪʠ ʩʫʢʫʧʥʽʩʪʴ ʘʣʛʦʨʠʪʤʽʚ ʪʘ ʤʝʪʦʜʽʚ, ʘʜʝʢʚʘʪʥʫ ʜʣʷ ʧʝʚʥʦʾ ʧʨʝʜʤʝʪʥʦʾ 

ʦʙʣʘʩʪʽ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʟʘʙʝʟʧʝʯʫʻ ʟʙʽʣʴʰʝʥʥʷ 

ʰʚʠʜʢʦʩʪʽ ʟʥʘʭʦʜʞʝʥʥʷ ʨʽʰʝʥʴ ʟʘ ʨʘʭʫʥʦʢ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʟʘ ʧʦʧʝʨʝʜʥʽ ʧʝʨʽʦʜʠ, ʱʦ 

ʜʘʻ ʟʤʦʛʫ ʚʠʷʚʠʪʠ ʥʘʡʢʨʘʱʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʥʢʨʝʪʥʦʛʦ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ ʟʛʽʜʥʦ ʟ ʘʢʪʫʘʣʴʥʠʤʠ 

ʟʘʤʦʚʣʝʥʥʷʤʠ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʜʘʻ ʟʤʦʛʫ ʟʥʘʡʪʠ ʜʦʜʘʪʢʦʚʽ 

ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʦʧʪʠʤʘʣʴʥʽ ʧʣʘʥʠ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ, ʘ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ 

ʾʭ ʧʦʨʽʚʥʷʥʥʷ ʫ ʚʠʛʣʷʜʽ ʥʘʦʯʥʦʾ ʧʝʣʶʩʪʢʦʚʦʾ ʜʽʘʛʨʘʤʠ ʜʦʧʦʤʘʛʘʻ ʚʽʜʧʦʚʽʜʘʣʴʥʽʡ 

ʦʩʦʙʽ ʰʚʠʜʢʦ ʧʨʠʡʥʷʪʠ ʝʬʝʢʪʠʚʥʝ ʨʽʰʝʥʥʷ. 

6. ʈʦʟʨʦʙʣʝʥʦ ʘʨʭʽʪʝʢʪʫʨʫ ʛʽʙʨʠʜʥʦʾ web-ʦʨʽʻʥʪʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʷʢʘ ʨʝʘʣʽʟʫʻ ʟʘʧʨʦʧʦʥʦʚʘʥʫ ʽʥʬʦʨʤʘʮʽʡʥʫ ʪʝʭʥʦʣʦʛʽʶ ʽ ʙʘʟʫʻʪʴʩʷ 

ʥʘ ʛʥʫʯʢʽʡ ʽʥʪʝʛʨʘʮʽʾ ʚ çʦʟʝʨʽ ʜʘʥʠʭè ʽʥʬʦʨʤʘʮʽʾ ʽʟ ʩʪʘʪʠʩʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʪʥʠʭ 

ʜʞʝʨʝʣ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʦʻʜʥʘʪʠ ʜʝʢʽʣʴʢʘ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʘ ʩʘʤʝ: ʪʝʭʥʦʣʦʛʽʶ ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʩʪʚʦʨʝʥʥʷ ʪʘ ʢʦʨʠʛʫʚʘʥʥʷ ʦʧʝʨʘʪʠʚʥʦ-ʢʘʣʝʥʜʘʨʥʠʭ ʧʣʘʥʽʚ ʟʘ ʨʘʭʫʥʦʢ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʪʘ ʢʦʤʙʽʥʦʚʘʥʠʭ ʘʣʛʦʨʠʪʤʽʚ; ʧʽʜʭʦʜʠ ʝʢʩʧʝʨʪʥʦ-

ʤʦʜʝʣʶʶʯʦʾ ʩʠʩʪʝʤʠ ʨʝʮʝʧʪʫʨ ʚʠʛʦʪʦʚʣʝʥʥʷ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʽʙʨʘʪʠ ʫ 

ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚʘʭ ʟʘʤʽʥʫ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʨʝʮʝʧʪʫʨʽ; ʪʝʭʥʦʣʦʛʽʶ ʜʣʷ ʫʜʦʩʢʦʥʘʣʝʥʥʷ 

ʧʨʦʮʝʩʫ ʘʥʘʣʽʟʫ ʪʘ ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʥʘ ʭʘʨʯʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ, 

ʷʢʘ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʚʽʜʦʤʠʭ, ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʚʠʟʥʘʯʝʥʥʽ ʘʩʦʨʪʠʤʝʥʪʫ ʪʘ ʢʦʨʠʛʫʚʘʥʥʽ 

ʨʝʮʝʧʪʫʨ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʩʦʙʽʚʘʨʪʦʩʪʽ ʪʘ ʰʚʠʜʢʦʛʦ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ. 
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7. ʌʦʨʤʘʣʽʟʦʚʘʥʦ ʧʨʦʮʝʩ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʧʽʨʘʣʴʥʦʾ ʤʦʜʝʣʽ ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʚ ʷʢʽʡ, ʥʘ 

ʜʦʜʘʪʦʢ ʜʦ ʪʨʘʜʠʮʽʡʥʦʾ, ʯʽʪʢʦ ʚʠʟʥʘʯʝʥʦ ʤʽʩʮʝ ʧʨʦʚʝʜʝʥʥʷ ʨʝʬʘʢʪʦʨʠʥʛʫ, ʱʦ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʥʘ ʨʦʟʨʦʙʢʫ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʟʨʦʙʢʠ ʚ 

ʮʽʣʦʤʫ. ʆʙˇʨʫʥʪʦʚʘʥʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʘʪʝʛʦʨʽʾ çʨʝʬʘʢʪʦʨʠʥʛʫ ʜʦʩʪʫʧʫè, ʷʢʘ ʜʘʻ ʟʤʦʛʫ 

ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʟʤʽʥʠ, ʧʦʚôʷʟʘʥʽ ʟ ʜʦʩʪʫʧʦʤ ʜʦ ʜʘʥʠʭ, ʧʨʠ ʘʜʤʽʥʽʩʪʨʫʚʘʥʥʽ ʩʭʦʚʠʱʘ 

ʪʘ çʚʽʪʨʠʥ ʜʘʥʠʭè ʙʝʟ ʚʪʨʘʪʠ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʩʠʩʪʝʤʠ. ʋ ʧʨʦʮʝʩʽ ʧʨʦʻʢʪʫʚʘʥʥʷ ʙʘʟ 

ʟʥʘʥʴ, ʚʽʪʨʠʥ ʪʘ ʩʭʦʚʠʱ ʜʘʥʠʭ ʚʠʢʦʨʠʩʪʘʥʦ ʧʽʜʭʦʜʠ ʱʦʜʦ ʤʘʨʢʫʚʘʥʥʷ ʪʘ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʦʥʦʚʣʝʥʥʷ ʾʭ ʢʦʤʧʦʥʝʥʪʽʚ ʽ ʝʣʝʤʝʥʪʽʚ ʟʘ ʨʘʭʫʥʦʢ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʘʪʝʛʦʨʽʾ ʨʝʬʘʢʪʦʨʠʥʛʫ ʜʦʩʪʫʧʫ ʪʘ ʩʧʝʮʠʬʽʢʘʮʽʾ ʩʝʤʘʥʪʠʯʥʦʛʦ 

ʚʝʨʩʽʦʥʫʚʘʥʥʷ ʙʘʟ ʜʘʥʠʭ, ʱʦ ʟʘʙʝʟʧʝʯʠʣʦ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʪʘ ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ 

ʨʦʟʨʦʙʢʠ. 

8. ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʡʰʣʠ ʘʧʨʦʙʘʮʽʶ ʪʘ ʧʝʨʝʜʘʥʽ ʥʘ 

ʊʆɺ çʉʣʦʙʦʞʘʥʩʴʢʠʡ ʙʝʢʦʥè, ʊʆɺ çʇʨʦʜʝʢʦè, ʊʆɺ çʂʦʟʷʪʠʥʩʴʢʠʡ 

ʤôʷʩʦʢʦʤʙʽʥʘʪè, ʊʆɺ çʃʘʡʤ ʉʠʩʪʝʤʩè, ʊʆɺ çʌʝʨʘʢʩè, ʇʨɸʊ çʆʙʦʣʦʥʴè ʜʣʷ 

ʨʦʟʚ'ʷʟʘʥʥʷ ʟʘʜʘʯʽ ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ, ʱʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʚʽʜʧʦʚʽʜʥʠʤʠ 

ʘʢʪʘʤʠ ʪʘ ʜʦʚʽʜʢʘʤʠ. ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʨʦʚʘʜʞʝʥʦ ʫ 

ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʮʝʩ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʨʠ ʚʠʢʣʘʜʘʥʥʽ 

ʜʠʩʮʠʧʣʽʥʠ çʋʧʨʘʚʣʽʥʥʷ ɯʊ-ʧʨʦʻʢʪʘʤʠè ʜʣʷ ʟʜʦʙʫʚʘʯʽʚ ʦʩʚʽʪʠ ʩʪʫʧʝʥʷ ʙʘʢʘʣʘʚʨ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 122 ï ʢʦʤʧôʶʪʝʨʥʽ ʥʘʫʢʠ ʦʩʚʽʪʥʴʦ-ʧʨʦʬʝʩʽʡʥʦʾ ʧʨʦʛʨʘʤʠ 

çʂʦʤʧôʶʪʝʨʥʽ ʥʘʫʢʠè, ʜʠʩʮʠʧʣʽʥʠ çʂʣʽʻʥʪ-ʩʝʨʚʝʨʥʽ ʪʝʭʥʦʣʦʛʽʾè ʜʣʷ ʟʜʦʙʫʚʘʯʽʚ 

ʦʩʚʽʪʠ ʩʪʫʧʝʥʷ ʤʘʛʽʩʪʨ ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ 122 ï ʢʦʤʧôʶʪʝʨʥʽ ʥʘʫʢʠ ʦʩʚʽʪʥʴʦ-

ʧʨʦʬʝʩʽʡʥʠʭ ʧʨʦʛʨʘʤ çɯʥʬʦʨʤʘʮʽʡʥʽ ʫʧʨʘʚʣʷʶʯʽ ʩʠʩʪʝʤʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾè ʪʘ 

çʂʦʤʧôʶʪʝʨʥʠʡ ʝʢʦʣʦʛʦ-ʝʢʦʥʦʤʽʯʥʠʡ ʤʦʥʽʪʦʨʠʥʛè.  
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