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ɺʘʨʣʘʤʦʚ ɼ.ɹ., ʉʘʚʯʠʮ ɸ.ɺ. 

ʈʘʟʨʘʙʦʪʢʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʘʜʘʧʪʠʚʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ 
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çɺʦʣʛʦʛʨʘʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

(ʈʦʩʩʠʷ, ɺʦʣʞʩʢʠʡ) 

doi:10.18411/spc-12-10-2018-01 

idsp: 000001:spc-12-10-2018-01 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʙʦʣʴʰʠʥʩʪʚʦ ʨʝʛʫʣʷʪʦʨʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʳʥʢʝ, ʥʝ 

ʠʤʝʶʪ ʬʫʥʢʮʠʠ ʘʜʘʧʪʘʮʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʫʩʣʦʚʠʡ ʚ ʧʨʦʮʝʩʩʝ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʤʦʞʝʪ ʫʭʫʜʰʘʪʴʩʷ, ʯʪʦ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ 

ʧʦʪʝʨʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ ʤʘʪʝʨʠʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ. 

ɺ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʤʝʪʦʜʦʤ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʟʠʮʠʦʥʥʳʡ ʤʝʪʦʜ [1]. ʇʦʟʠʮʠʦʥʥʳʝ ʨʝʛʫʣʷʪʦʨʳ ʷʚʣʷʶʪʩʷ 

ʧʨʦʩʪʳʤʠ ʠ ʫʜʦʙʥʳʤʠ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ. ʆʩʥʦʚʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʪʘʢʠʭ ʨʝʛʫʣʷʪʦʨʦʚ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʠʭ ʨʝʛʫʣʠʨʫʶʱʠʡ ʦʨʛʘʥ ʤʦʞʝʪ ʟʘʥʠʤʘʪʴ ʦʛʨʘʥʠʯʝʥʥʦʝ ʯʠʩʣʦ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʦʣʦʞʝʥʠʡ [2]. ɼʣʷ ʜʚʫʭʧʦʟʠʮʠʦʥʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʠʭ ʤʦʞʝʪ ʙʳʪʴ ʜʚʘ 

(ʥʘʧʨʠʤʝʨ, ʚʢʣʶʯʝʥʠʝ ʠʣʠ ʦʪʢʣʶʯʝʥʠʝ ʊʕʅʘ). ʇʨʠʤʝʥʝʥʠʝ ʪʘʢʠʭ ʧʨʠʙʦʨʦʚ ʧʦʟʚʦʣʷʝʪ 

ʜʝʣʘʪʴ ʩʠʩʪʝʤʳ ʜʦʩʪʘʪʦʯʥʦ ʥʘʜʝʞʥʳʤʠ, ʪ.ʢ. ʦʪʩʫʪʩʪʚʫʝʪ ʨʠʩʢ ʧʦʣʫʯʝʥʠʷ ʨʘʩʭʦʜʷʱʝʛʦʩʷ 

ʧʨʦʮʝʩʩʘ ʚ ʩʣʫʯʘʝ ʢʘʢʠʭ-ʣʠʙʦ ʚʥʝʰʥʠʭ ʚʦʟʤʫʱʝʥʠʡ. 

ʆʜʥʘʢʦ, ʦʙʳʯʥʳʝ ʧʦʟʠʮʠʦʥʥʳʝ ʨʝʛʫʣʷʪʦʨʳ ʤʦʛʫʪ ʙʳʪʴ ʥʝ ʜʦʩʪʘʪʦʯʥʦ 

ʵʬʬʝʢʪʠʚʥʳʤʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʜʜʝʨʞʘʥʠʷ ʠʩʢʦʤʦʡ ʚʝʣʠʯʠʥʳ ʚ ʟʘʜʘʥʥʳʭ ʧʨʝʜʝʣʘʭ. ɺ 

ʩʠʩʪʝʤʘʭ ʩ ʠʟʤʝʥʷʶʱʠʤʠʩʷ ʩʦ ʚʨʝʤʝʥʝʤ ʫʩʣʦʚʠʷʤʠ, ʘ ʪʘʢʞʝ ʚ ʩʠʩʪʝʤʘʭ ʩ ʚʥʝʰʥʠʤʠ 

ʚʦʟʤʫʱʝʥʠʷʤʠ, ʢʘʯʝʩʪʚʦ ʧʨʦʮʝʩʩʘ ʤʦʞʝʪ ʫʭʫʜʰʘʪʴʩʷ. ʀʟʥʘʯʘʣʴʥʦ ʧʨʘʚʠʣʴʥʦ 

ʥʘʩʪʨʦʝʥʥʘʷ ʩʠʩʪʝʤʘ, ʚ ʙʫʜʫʱʝʤ, ʤʦʞʝʪ ʥʝ ʩʦʙʣʶʜʘʪʴ ʟʘʜʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ. ʆʩʦʙʝʥʥʦ 

ʵʪʦ ʚʘʞʥʦ ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʙʦʣʴʰʦʡ ʠʥʝʨʮʠʦʥʥʦʩʪʴʶ, ʪ.ʢ. 

ʚʝʣʠʯʠʥʘ ʧʝʨʝʨʝʛʫʣʠʨʦʚʘʥʠʷ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʡ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʜʘʧʪʠʚʥʦʛʦ 

ʜʚʫʭʧʦʟʠʮʠʦʥʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʨʘʙʦʪʳ ʜʘʥʥʦʛʦ ʧʨʠʙʦʨʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

ʈʠʩʫʥʦʢ 1ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʨʘʙʦʪʳ ʨʝʛʫʣʷʪʦʨʘ: ʍ ï ʊʝʢʫʱʝʝ ʟʥʘʯʝʥʠʝ ʧʦʜʜʝʨʞʠʚʘʝʤʦʛʦ 

ʧʘʨʘʤʝʪʨʘ, Y ï ʩʠʛʥʘʣ ʢ ʠʩʧʦʣʥʠʪʝʣʴʥʦʤʫ ʤʝʭʘʥʠʟʤʫ, SP ï ʫʩʪʘʚʢʘ,  SP* ï ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʘʷ ʫʩʪʘʚʢʘ 

ʜʣʷ ʜʚʫʭʧʦʟʠʮʠʦʥʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ, ʙʣʦʢ ˉ1 ï ʙʣʦʢ ʧʦʜʩʯʝʪʘ ʚʝʨʭʥʝʛʦ ʠ ʥʠʞʥʝʛʦ ʧʝʨʝʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʘ N-

ʦʤ ʰʘʛʝ, ʙʣʦʢ ˉ2 ï ʙʣʦʢ ʦʧʨʝʜʝʣʝʥʠʷ ʚʨʝʤʝʥʠ ʚʢʣʶʯʝʥʠʷ/ʦʪʢʣʶʯʝʥʠʷ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʥʘ N-

ʦʤ ʰʘʛʝ, ʩ ʫʯʝʪʦʤ ʧʝʨʝʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʘ ʰʘʛʝ Nï1, ʙʣʦʢ ˉ3 ï ʙʣʦʢ ʜʚʫʭʧʦʟʠʮʠʦʥʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ. 

 



ð 6 ð    ʅʘʫʯʥʳʝ ʪʝʥʜʝʥʮʠʠ: ɺʦʧʨʦʩʳ ʪʦʯʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ 

 

ɼʝʡʩʪʚʠʝ ʘʜʘʧʪʠʚʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʦʩʥʦʚʘʥʦ ʥʘ ʢʦʨʨʝʢʪʠʨʦʚʢʝ ʚʨʝʤʝʥʠ 

ʚʢʣʶʯʝʥʠʷ/ʦʪʢʣʶʯʝʥʠʷ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ. ɿʥʘʷ ʧʝʨʝʨʝʛʫʣʠʨʦʚʘʥʠʝ ʥʘ 

ʧʨʝʜʳʜʫʱʝʤ ʰʘʛʝ, ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ, ʥʘ ʩʢʦʣʴʢʦ ʨʘʥʴʰʝ ʥʝʦʙʭʦʜʠʤʦ 

ʚʢʣʶʯʠʪʴ/ʦʪʢʣʶʯʠʪʴ ʨʝʛʫʣʠʨʫʶʱʠʡ ʦʨʛʘʥ, ʯʪʦʙʳ ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʵʪʦʛʦ 

ʧʝʨʝʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠʣʠ ʩʜʝʣʘʪʴ ʝʛʦ ʩʠʤʤʝʪʨʠʯʥʳʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʩʪʘʚʢʠ SP. 

ɼʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʳ ʨʝʛʫʣʷʪʦʨʘ ʥʘ ʨʠʩʫʥʢʝ 

1, ʙʳʣʦ ʧʨʦʠʟʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ. ɿʜʝʩʴ 

ʚʝʣʠʯʠʥʘ ʧʝʨʝʨʝʛʫʣʠʨʦʚʘʥʠʷ ʙʫʜʝʪ ʙʦʣʴʰʝ, ʯʝʤ ʜʠʘʧʘʟʦʥ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʛʦ ʤʦʞʝʪ 

ʠʟʤʝʥʷʪʴʩʷ ʨʝʛʫʣʠʨʫʝʤʳʡ ʧʘʨʘʤʝʪʨ ʠ ʧʦʣʥʦʩʪʴʶ ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʵʪʦʛʦ 

ʧʝʨʝʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʝʚʦʟʤʦʞʥʦ. ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʙʫʜʝʪ ʫʩʪʘʥʦʚʠʪʴ 

ʢʦʣʝʙʘʥʠʷ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ ʩʠʤʤʝʪʨʠʯʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʩʪʘʚʢʠ SP, ʯʪʦ 

ʧʦʟʚʦʣʠʪ ʫʤʝʥʴʰʠʪʴ ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʝʨʝʨʝʛʫʣʠʨʦʚʘʥʠʷ. ʅʘ ʨʠʩʫʥʢʝ 2 

ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘʬʠʢ ʧʦʜʜʝʨʞʘʥʠʷ ʚʝʣʠʯʠʥʳ ʩ ʫʩʪʘʚʢʦʡ, ʨʘʚʥʦʡ 15Áʉ ʠ ʛʠʩʪʝʨʝʟʠʩʦʤ, 

ʨʘʚʥʳʤ 1Áʉ. ʀʟ ʥʝʛʦ ʚʠʜʥʦ, ʯʪʦ ʥʘ ʧʝʨʚʦʤ ʰʘʛʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʧʨʝʚʳʰʝʥʠʝ 

ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʳ. ɿʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʜʦʩʪʠʛʘʝʪ 21Áʉ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʳʭʦʜ ʟʘ ʥʠʞʥʶʶ 

ʛʨʘʥʠʮʫ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ. ʉʠʩʪʝʤʘ, ʦʧʨʝʜʝʣʠʚ ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘ 

ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʛʨʘʥʠʮʝ, ʢʦʨʨʝʢʪʠʨʫʝʪ ʚʨʝʤʷ ʚʢʣʶʯʝʥʠʷ/ʦʪʢʣʶʯʝʥʠʷ ʊʕʅʘ ʠ 

ʢʦʣʝʙʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʘʥʦʚʷʪʩʷ ʩʠʤʤʝʪʨʠʯʥʳʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʩʪʘʚʢʠ. 

 

ʈʠʩʫʥʦʢ 2 ï ɻʨʘʬʠʢ ʧʦʜʜʝʨʞʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩ ʘʜʘʧʪʠʚʥʳʤ ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ. 

 

ʀʟ ʨʠʩʫʥʢʘ 2 ʚʠʜʥʦ, ʯʪʦ ʥʘ 2-ʤ, 3-ʤ ʠ 4-ʤ ʰʘʛʘʭ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʝʧʝʥʥʘʷ 

ʧʦʜʩʪʨʦʡʢʘ ʠ ʢʦʣʝʙʘʥʠʷ ʝʱʝ ʥʝ ʧʦʣʥʦʩʪʴʶ ʫʩʪʘʥʦʚʠʣʠʩʴ, ʥʦ, ʥʘʯʠʥʘʷ ʩ 5-ʛʦ ʰʘʛʘ, 

ʩʠʩʪʝʤʘ ʚʳʭʦʜʠʪ ʥʘ ʩʪʘʙʠʣʴʥʳʝ ʩʠʤʤʝʪʨʠʯʥʳʝ ʢʦʣʝʙʘʥʠʷ ʩ ʧʝʨʝʨʝʛʫʣʠʨʦʚʘʥʠʝʤ 2,5Áʉ 

ʥʘ ʦʙʦʠʭ ʛʨʘʥʠʮʘʭ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 16%. ɺ ʥʘʯʘʣʝ ʨʘʙʦʪʳ ʧʝʨʝʨʝʛʫʣʠʨʦʚʘʥʠʝ ʥʘ ʚʝʨʭʥʝʡ 

ʛʨʘʥʠʮʝ ʜʦʩʪʠʛʘʣʦ 5Áʉ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 33%. ʊʘʢʘʷ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʧʦʩʪʦʷʥʥʦ ʚ ʭʦʜʝ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʚʥʝʰʥʠʭ ʚʦʟʤʫʱʝʥʠʡ 

ʩʦʭʨʘʥʷʪʴ ʪʨʝʙʫʝʤʦʝ ʢʘʯʝʩʪʚʦ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʳʡ ʧʨʠʙʦʨ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʧʦʜʜʝʨʞʘʥʠʷ 

ʟʘʜʘʥʥʦʡ ʚʝʣʠʯʠʥʳ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʵʢʦʥʦʤʠʠ ʩʳʨʴʷ ʠ ʨʝʩʫʨʩʦʚ, ʢ ʧʦʚʳʰʝʥʠʶ ʢʘʯʝʩʪʚʘ 

ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ. 

***  
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ, ʥʝʬʪʝʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

(ʠʟʛʦʪʦʚʣʝʥʠʝ ʧʣʘʩʪʤʘʩʩʦʚʳʭ ʠʟʜʝʣʠʡ), ʘʚʪʦʤʦʙʠʣʴʥʦʤ, ʘʚʠʘʮʠʦʥʥʦʤ ʠ ʢʦʩʤʠʯʝʩʢʦʤ 

ʪʨʘʥʩʧʦʨʪʝ ʩʫʱʝʩʪʚʫʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʠʟʤʝʨʝʥʠʠ ʜʘʚʣʝʥʠʷ ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

[1-3]. ɼʘʥʥʘʷ ʟʘʜʘʯʘ ʯʘʱʝ ʚʩʝʛʦ ʨʝʰʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʢʨʝʤʥʠʝʚʳʭ  ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʜʘʚʣʝʥʠʷ. ʂʨʦʤʝ ʨʝʰʝʥʠʷ ʨʷʜʘ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʪʘʢʠʝ ʢʘʢ ʩʦʟʜʘʥʠʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ (ʏʕ), ʩʦʟʜʘʥʠʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʢʦʨʧʫʩʘ, ʩʦʟʜʘʥʠʝ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʜʘʚʣʝʥʠʷ ʠ ʚʳʚʦʜʦʚ ʢʦʨʧʫʩʘ, ʩʪʦʡʢʦʛʦ ʢ 

ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʜʨʫʛʠʝ, ʨʘʟʨʘʙʦʪʢʘ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʢʨʝʤʥʠʝʚʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʜʘʚʣʝʥʠʷ ʪʨʝʙʫʝʪ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ 

ʨʝʘʣʠʟʦʚʘʥʦ ʩ ʧʦʤʦʱʴʶ ʠʩʧʳʪʘʪʝʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ɼʘʥʥʳʡ ʢʦʤʧʣʝʢʩ 

ʜʦʣʞʝʥ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʮʝʣʦʤʫ ʨʷʜʫ ʪʨʝʙʦʚʘʥʠʡ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʥʝ ʪʦʣʴʢʦ ʦʙʝʩʧʝʯʝʥʠʝ 

ʪʨʝʙʫʝʤʳʭ ʨʝʞʠʤʦʚ ʠʟʤʝʨʝʥʠʡ, ʥʦ ʠ ʧʝʨʝʜʘʯʘ ʠ ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʚ 

ʨʝʞʠʤ ʦʥʣʘʡʥ. ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʩʪʘʥʜʘʨʪʥʦʝ ʠʟʤʝʨʠʪʝʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʨʘʩʩʯʠʪʘʥʦ 

ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʠʟʤʝʨʝʥʠʡ ʢʨʝʤʥʠʝʚʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤ 

ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʜʠʘʧʘʟʦʥʦʤ, ʯʘʱʝ ʚʩʝʛʦ ʦʪ -45 Üʉ ʜʦ +125 Áʉ, ʨʘʟʨʘʙʦʪʢʘ ʠʩʧʳʪʘʪʝʣʴʥʦ-

ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʣʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʢʨʝʤʥʠʝʚʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ 

ʜʘʚʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʪʝʭʥʠʯʝʩʢʠ ʩʣʦʞʥʫʶ ʠ ʘʢʪʫʘʣʴʥʫʶ ʟʘʜʘʯʫ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʘ ʨʘʟʨʘʙʦʪʢʘ ʠʩʧʳʪʘʪʝʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʜʣʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʢʨʝʤʥʠʝʚʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʜʘʚʣʝʥʠʷ, ʠʤʝʶʱʠʭ 

ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʜʠʘʧʘʟʦʥ ʦʪ -45 Áʉ ʜʦ +220 Áʉ. ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʢʦʤʧʣʝʢʩʘ ʠʩʧʦʣʴʟʦʚʘʥ 

ʤʥʦʛʦʣʝʪʥʠʡ ʦʧʳʪ ʅʇʂ "ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʮʝʥʪʨ" ʚ ʦʙʣʘʩʪʠ ʩʦʟʜʘʥʠʷ ʢʨʝʤʥʠʝʚʳʭ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʜʘʚʣʝʥʠʷ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʦʙʲʝʤʥʦʡ 

ʤʠʢʨʦʦʙʨʘʙʦʪʢʠ. ɺ ʢʘʯʝʩʪʚʝ ʦʪʧʨʘʚʥʦʡ ʪʦʯʢʠ ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʨʠʤʝʥʷʝʤʘʷ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʝʨʠʡʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʀʇɼ8. 

ʆʩʦʙʝʥʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʏʕ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʜʘʚʣʝʥʠʷ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʂʅʀ-ʩʪʨʫʢʪʫʨʳ ʜʣʷ ʢʨʠʩʪʘʣʣʘ ʩ ʤʝʤʙʨʘʥʦʡ ï ʨʠʩʫʥʦʢ 1. 

ɺ ʢʨʠʩʪʘʣʣʝ ʪʝʥʟʦʨʝʟʠʩʪʦʨʳ ʠʟ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ ʠʟʦʣʠʨʦʚʘʥʳ ʦʪ 

ʧʦʜʣʦʞʢʠ ʪʦʣʩʪʳʤ ʩʣʦʝʤ ʪʝʨʤʠʯʝʩʢʦʛʦ ʦʢʩʠʜʘ ʢʨʝʤʥʠʷ, ʯʪʦ, ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʪʨʘʜʠʮʠʦʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʩ ʜʠʬʬʫʟʠʦʥʥʳʤʠ ʪʝʥʟʦʨʝʟʠʩʪʦʨʘʤʠ, ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʦʪʩʫʪʩʪʚʠʝ ʪʦʢʦʚ ʫʪʝʯʢʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ 150 Üʉ. ɹʦʣʝʝ ʪʦʛʦ, ʧʦ ʠʤʝʶʱʠʤʩʷ 

ʜʘʥʥʳʤ, ʪʘʢʘʷ ʠʟʦʣʷʮʠʷ ʪʝʥʟʦʨʝʟʠʩʪʦʨʦʚ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʚʝʨʭʥʝʛʦ ʧʨʝʜʝʣʘ ʨʘʙʦʯʝʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʚ 600-700 Üʉ [4,5]. ʕʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʧʨʝʜʝʣʫ ʫʧʨʫʛʦʩʪʠ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ ʠ, ʢʨʦʤʝ ʪʦʛʦ, 

ʪʝʤʧʝʨʘʪʫʨʝ, ʧʨʠ ʢʦʪʦʨʦʡ ʩʦʙʩʪʚʝʥʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ 

ʥʘʯʠʥʘʝʪ ʩʨʘʚʥʠʚʘʪʴʩʷ ʩ ʧʨʠʤʝʩʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ [6]. ɼʘʣʴʥʝʡʰʝʝ ʧʦʚʳʰʝʥʠʝ 

ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ, ʧʦʪʦʤʫ ʯʪʦ ʥʝ ʩʪʦʣʴʢʦ ʠʟ-ʟʘ 

ʚʦʟʥʠʢʘʶʱʠʭ ʧʘʨʘʟʠʪʥʳʭ ʷʚʣʝʥʠʡ, ʘ ʠʟ-ʟʘ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʩʚʦʡʩʪʚ 

ʤʘʪʝʨʠʘʣʦʚ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ, ʜʦʩʪʠʞʝʥʠʝ ʧʨʠʝʤʣʝʤʳʭ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʪʘʥʦʚʠʪʩʷ ʥʝʚʦʟʤʦʞʥʳʤ. ʄʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʂʅʀ-ʩʪʨʫʢʪʫʨʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʥʦʩʪʴʶ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʪʝʥʮʠʘʣ ʢʨʝʤʥʠʝʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʜʘʚʣʝʥʠʷ ʢʘʢ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ 

ʠʟʤʝʨʝʥʠʷ ʟʥʘʯʝʥʠʷ ʬʠʟʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʳ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʚʳʩʪʫʧʘʝʪ ʥʘʠʙʦʣʝʝ 



ð 8 ð    ʅʘʫʯʥʳʝ ʪʝʥʜʝʥʮʠʠ: ɺʦʧʨʦʩʳ ʪʦʯʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ 

 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʠʩʭʦʜʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʜʘʚʣʝʥʠʷ. 
 

1 2 3 4 

 

1 ï ʢʨʝʤʥʠʝʚʘʷ ʧʦʜʣʦʞʢʘ; 

2 ï ʞʝʩʪʢʠʝ ʮʝʥʪʨʳ ʚ ʦʩʥʦʚʘʥʠʠ; 

3 ï ʠʟʦʣʠʨʫʶʱʠʡ ʩʣʦʡ ʪʝʨʤʠʯʝʩʢʦʛʦ ʦʢʠʩʣʘ; 

4 ï ʢʨʝʤʥʠʝʚʳʝ ʪʝʥʟʦʨʝʟʠʩʪʦʨʳ. 

ʈʠʩʫʥʦʢ 1 ï ʕʩʢʠʟ ʢʨʠʩʪʘʣʣʘ ʥʘ ʂʅʀ-ʩʪʨʫʢʪʫʨʝ 

 

ʂʘʢ ʫʢʘʟʳʚʘʣʦʩʴ ʚʳʰʝ, ʨʘʟʨʘʙʦʪʢʘ ʠʩʧʳʪʘʪʝʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʣʷ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʢʨʝʤʥʠʝʚʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʜʘʚʣʝʥʠʷ ʩʚʷʟʘʥʘ ʩ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʩʰʠʨʝʥʥʳʡ ʧʝʨʝʯʝʥʴ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 2 ʢʣʠʤʘʪʠʯʝʩʢʠʝ  ʢʘʤʝʨʳ ʜʣʷ ʟʘʜʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʝʨʚʘʷ 

ʢʘʤʝʨʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʠʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ ʦʪ ʧʨʝʜʝʣʴʥʦʛʦ ʥʠʞʥʝʛʦ ʟʥʘʯʝʥʠʷ (ʤʠʥʫʩ 

45 Áʉ) ʜʦ ʥʦʨʤʘʣʴʥʦʡ (20 Áʉ), ʚʪʦʨʘʷ ʦʪ ʥʦʨʤʘʣʴʥʦʡ ʜʦ ʧʨʝʜʝʣʴʥʦʛʦ ʚʝʨʭʥʝʛʦ ʟʥʘʯʝʥʠʷ 

(220 Áʉ). ʉʦʚʤʝʱʝʥʠʝ ʦʙʦʠʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʜʠʘʧʘʟʦʥʦʚ ʚ ʦʜʥʦʡ ʢʘʤʝʨʝ 

ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʟʘʪʨʘʪ ʥʘ ʠʟʛʦʪʦʚʣʝʥʠʝ. ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ 

ʥʘ ʨʳʥʢʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʢʘʤʝʨʳ ʦʭʚʘʪʳʚʘʶʪ ʤʘʢʩʠʤʘʣʴʥʳʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʜʠʘʧʘʟʦʥ 

ʦʪ ʤʠʥʫʩ 86 Áʉ ʜʦ 180 Áʉ . ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 2ʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʢʘʤʝʨ 

ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʜʘʚʣʝʥʠʷ. ʃʠʙʦ ʤʦʞʝʪ ʙʳʪʴ ʚʳʙʨʘʥʘ 

ʢʦʥʬʠʛʫʨʘʮʠʷ ʠʟ ʦʜʥʦʡ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʢʘʤʝʨʳ ʠ ʦʜʥʦʛʦ ʥʘʛʨʝʚʘʪʝʣʴʥʦʛʦ ʰʢʘʬʘ, 

ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʪʦʣʴʢʦ ʠʟʤʝʨʝʥʠʡ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʢʘʤʝʨʳ ʚʳʙʨʘʥʘ ʢʘʤʝʨʘ ESPEC MC-

812 (ʨʠʩʫʥʦʢ 2ʘ). ʂʘʤʝʨʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ 

ʥʘ ʚʦʟʜʝʡʩʪʚʠʝ ʪʝʧʣʘ ʠ ʭʦʣʦʜʘ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ ʤʠʥʫʩ 85 Áʉ ʜʦ +180 Áʉ. 

ʂʘʤʝʨʘ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ ʠ 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʦʙʨʘʟʮʦʚ ʚ ʨʘʙʦʯʝʤ ʦʙʲʝʤʝ 64 ʣʠʪʨʘ. 

ʆʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʢʘʤʝʨʳ: ʧʦʩʪʦʷʥʥʳʡ ʠ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʡ ʨʝʞʠʤ ʠʩʧʳʪʘʥʠʡ, 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʲʝʜʠʥʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʢʘʤʝʨ ʚ ʩʝʪʴ, ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʧʠʩʠ ʠ ʩʦʭʨʘʥʝʥʠʷ 

ʥʘ ʚʥʝʰʥʝʤ ʥʦʩʠʪʝʣʝ ʜʘʥʥʳʭ ʚʳʙʦʨʢʠ (ʟʘʜʘʥʥʦʝ ʠ ʪʝʢʫʱʝʝ ʟʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ), 

ʧʨʠʢʣʘʜʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʇʂ Pattern Manager Lite, ʧʦʟʚʦʣʷʶʱʝʝ 

ʠʟʤʝʥʷʪʴ ʠ ʨʝʜʘʢʪʠʨʦʚʘʪʴ ʧʨʦʛʨʘʤʤʳ ʠʩʧʳʪʘʥʠʡ, ʦʪʦʙʨʘʞʘʪʴ, ʧʝʯʘʪʘʪʴ 

ʠ ʢʦʥʚʝʨʪʠʨʦʚʘʪʴ ʩʦʭʨʘʥʝʥʥʳʝ ʜʘʥʥʳʝ;ʩʤʦʪʨʦʚʦʝ ʦʢʥʦ, ʠʟʛʦʪʦʚʣʝʥʥʦʝ 

ʠʟ ʤʥʦʛʦʩʣʦʡʥʦʛʦ ʧʦʜʦʛʨʝʚʘʝʤʦʛʦ ʩʪʝʢʣʦʧʘʢʝʪʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʭʦʨʦʰʝʡ ʚʠʜʠʤʦʩʪʠ 

ʙʝʟ ʥʘʣʝʜʠ. 

 

ʈʠʩʫʥʦʢ 2 ï ʘ) ɺʥʝʰʥʠʡ ʚʠʜ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʢʘʤʝʨʳ ESPEC MC-812 ʙ) ɺʥʝʰʥʠʡ ʚʠʜ ʢʘʤʝʨʳ ʪʝʧʣʘ Binder 

FED 53 



ʅʘʫʯʥʳʝ ʪʝʥʜʝʥʮʠʠ: ɺʦʧʨʦʩʳ ʪʦʯʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ ð  9 ð 

 

ɼʣʷ ʠʟʤʝʨʝʥʠʡ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʙʨʘʥʘ ʢʘʤʝʨʘ ʪʝʧʣʘ Binder 

FED 53 (ʨʠʩʫʥʦʢ 2ʙ). ʂʘʤʝʨʘ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ: 

½ ʜʠʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ ʦʪ (t ʧʦʤʝʱʝʥʠʷ +10) ÁC ʜʦ 300 ÁC; 

½ ʚʘʨʠʘʮʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ 150 ÁC  ï 1,4ÁC; 

½ ʬʣʫʢʪʫʘʮʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ 150 ÁC ï 0,3 ÁC; 

½ ʚʨʝʤʷ ʥʘʛʨʝʚʘ ʜʦ 150 ÁC ï 15 ʤʠʥ; 

½ ʚʨʝʤʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʩʣʝ ʦʪʢʨʳʪʠʷ ʜʚʝʨʝʡ ʥʘ 30 ʩʝʢ ʜʦ 150 ÁC ï 4 ʤʠʥ. 

ʆʙʝ ʢʘʤʝʨʳ ʠʤʝʶʪ ʦʪʚʝʨʩʪʠʷ ʜʣʷ ʚʳʚʦʜʘ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʘʙʝʣʝʡ ʠ ʤʘʛʠʩʪʨʘʣʝʡ 

ʧʦʜʘʯʠ ʜʘʚʣʝʥʠʷ. ʆʪʚʝʨʩʪʠʷ ʟʘʢʨʳʚʘʶʪʩʷ ʚʩʪʘʚʢʘʤʠ ʠʟ ʪʝʨʤʦʠʟʦʣʠʨʫʶʱʝʡ ʨʝʟʠʥʳ, 

ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʜʜʝʨʞʘʥʠʝ ʪʨʝʙʫʝʤʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʥʫʪʨʠ ʢʘʤʝʨʳ. 

ʕʣʝʢʪʨʠʯʝʩʢʦʝ ʧʠʪʘʥʠʝ ʠ ʪʨʝʙʫʝʤʦʝ ʜʘʚʣʝʥʠʝ ʧʦʜʘʝʪʩʷ ʦʪ ʠʩʪʦʯʥʠʢʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ 

ʚʥʝ ʢʘʤʝʨ. ʊʘʢʞʝ ʚʥʝ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʩʠʩʪʝʤʘ ʩʙʦʨʘ ʠ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʉʦʚʦʢʫʧʥʦʩʪʴ ʜʘʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʧʨʠʚʦʜʠʪ ʢ ʩʣʝʜʫʶʱʝʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʠʩʧʳʪʘʪʝʣʴʥʦ-

ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʨʠʩʫʥʦʢ 3). 

 

ʈʠʩʫʥʦʢ 3 ï ɹʣʦʢ-ʩʭʝʤʘ ʠʩʧʳʪʘʪʝʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

 

ʇʦʜʘʯʘ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʜʘʚʣʝʥʠʷ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ. ɺʦʣʴʪʤʝʪʨ, ʩʦʝʜʠʥʝʥʥʳʡ ʩ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʦʡ ʩʙʦʨʘ ʜʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʇʕɺʄ, ʚʳʧʦʣʥʷʝʪ ʠʟʤʝʨʝʥʠʝ 

ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ. ɼʘʚʣʝʥʠʝ ʥʘ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʧʦʜʘʝʪʩʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʥʝʚʤʘʪʠʯʝʩʢʦʛʦ ʢʘʣʠʙʨʘʪʦʨʘ ʜʘʚʣʝʥʠʷ Mensor CPC8000, ʢʦʪʦʨʳʡ 

ʧʦʜʭʦʜʠʪ ʢʘʢ ʵʪʘʣʦʥʥʦʝ ʩʨʝʜʩʪʚʦ ʧʝʨʝʜʘʯʠ ʝʜʠʥʠʮʳ ʜʘʚʣʝʥʠʷ ʚʩʣʝʜʩʪʚʠʝ 

ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʟʘʜʘʯ ʢʘʣʠʙʨʦʚʢʠ ʠ/ʠʣʠ ʧʦʚʝʨʢʠ 

ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʷ ʜʘʚʣʝʥʠʷ. ʉʠʩʪʝʤʘ ʩʙʦʨʘ ʜʘʥʥʳʭ ʟʘʧʠʩʳʚʘʝʪ ʟʥʘʯʝʥʠʷ ʚʳʭʦʜʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʇʕɺʄ ʜʣʷ ʩʠʩʪʝʤʳ ʩʙʦʨʘ ʜʘʥʥʳʭ 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʨʘʩʯʝʪ ʚʳʭʦʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʩʨʘʟʫ ʞʝ ʧʦʩʣʝ 

ʠʟʤʝʨʝʥʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 

ɺʦʟʤʦʞʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʚ ʠʩʧʳʪʘʪʝʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʦʤ 

ʢʦʤʧʣʝʢʩʝ, ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪʴ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʠʟʤʝʨʝʥʠʷ ʧʫʪʝʤ ʦʙʲʝʜʠʥʝʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʩʝʪʴ ʠ ʫʧʨʘʚʣʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, 



ð 10 ð    ʅʘʫʯʥʳʝ ʪʝʥʜʝʥʮʠʠ: ɺʦʧʨʦʩʳ ʪʦʯʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ 

 

ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʥʘ ʇʕɺʄ. ɹʦʣʝʝ ʪʦʛʦ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʦʟʤʦʞʥʦ ʫʜʘʣʝʥʥʦʝ 

ʫʧʨʘʚʣʝʥʠʝ ʠʟʤʝʨʝʥʠʷʤʠ ʧʫʪʝʤ ʦʨʛʘʥʠʟʘʮʠʠ ʜʦʩʪʫʧʘ ʢ ʇʕɺʄ ʧʦ ʢʘʥʘʣʫ Ethernet. ɺ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʘ ʨʘʟʨʘʙʦʪʢʘ ʠʩʧʳʪʘʪʝʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʣʷ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʜʘʚʣʝʥʠʷ. ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ 

ʦʧʪʠʤʠʟʠʨʦʚʘʥʘ ʩ ʫʯʝʪʦʤ ʨʘʩʰʠʨʝʥʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʜʠʘʧʘʟʦʥʘ. ʂʦʤʧʣʝʢʩ 

ʚʢʣʶʯʘʝʪ ʢʣʠʤʘʪʠʯʝʩʢʫʶ ʢʘʤʝʨʫ, ʢʘʤʝʨʫ ʪʝʧʣʘ, ʟʘʜʘʪʯʠʢ ʜʘʚʣʝʥʠʷ, ʇʕɺʄ ʠ ʜʨʫʛʠʝ 

ʢʦʤʧʦʥʝʥʪʳ. ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʠ 

ʫʜʘʣʝʥʳʝ ʠʟʤʝʨʝʥʠʷ. 

 

ʈʘʙʦʪʳ ʚʳʧʦʣʥʝʥʳ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ 

ʥʘʫʢʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ʉʦʛʣʘʰʝʥʠʝ ˉ 14.577.21.0245, ʫʥʠʢʘʣʴʥʳʡ 

ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʇʈʀʕʈ RFMEFI57717X0245). ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʦʙʦʨʫʜʦʚʘʥʠʝ 

ʎʂʇ "ʌʫʥʢʮʠʦʥʘʣʴʥʳʡ ʢʦʥʪʨʦʣʴ ʠ ʜʠʘʛʥʦʩʪʠʢʘ ʤʠʢʨʦ- ʠ ʥʘʥʦʩʠʩʪʝʤʥʦʡ ʪʝʭʥʠʢʠ" 

(ʎʂʇ ʅʇʂ "ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʮʝʥʪʨ"). 
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ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʡ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʩʪʝʧʝʥʴ ʠʭ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ, ʚʳʷʚʠʪʴ ʜʝʬʝʢʪʳ ʩʪʨʫʢʪʫʨʳ, ʦʧʨʝʜʝʣʠʪʴ ʨʘʟʤʝʨʳ ʧʦʨ ʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʭ ʧʦ ʦʙʲʝʤʫ ʦʙʨʘʟʮʘ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚʥʫʪʨʝʥʥʝʝ  ʩʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤʳ 

çʮʝʤʝʥʪ-ʚʦʜʘè ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʞʝʩʪʚʘ ʬʘʢʪʦʨʦʚ ʠ ʚ ʮʝʣʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝʤ 

ʢʘʧʠʣʣʷʨʥʦ-ʧʦʨʠʩʪʦʡ ʪʨʝʭʬʘʟʥʦʡ ʩʠʩʪʝʤʳ (ʪʚʝʨʜʘʷ ʬʘʟʘ - ʚʦʜʘ ï ʚʦʚʣʝʯʝʥʥʳʡ ʚʦʟʜʫʭ). 

ʆʙʲʝʤʳ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʝʡ ʯʘʩʪʠ ʮʝʤʝʥʪʘ, ʛʝʣʝʚʳʭ ʠ ʢʘʧʠʣʣʷʨʥʳʭ ʧʦʨ ʚ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʨʝʜʝʣʘʭ ʠʟʤʝʥʷʶʪʩʷ ʚʦ ʚʨʝʤʷ ʪʚʝʨʜʝʥʠʷ ʮʝʤʝʥʪʘ. ʋʧʨʘʚʣʷʪʴ ʠʭ 

ʨʘʟʚʠʪʠʝʤ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʧʨʘʚʣʷʪʴ ʠ ʩʚʦʡʩʪʚʘʤʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʤʦʞʥʦ 

ʣʠʰʴ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 

ʨʘʟʚʠʪʠʷ ʜʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʮʝʤʝʥʪʥʳʤ ʢʦʤʧʦʟʠʮʠʷʤ, ʧʨʠʯʝʤ 

ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʯʪʦ ʥʝʠʟʙʝʞʥʦ ʧʨʠʚʝʜʝʪ ʢ ʨʘʩʰʠʨʝʥʠʶ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ 

ʤʝʭʘʥʠʟʤʝ ʪʚʝʨʜʝʥʠʷ ʚʷʞʫʱʠʭ ʚʝʱʝʩʪʚ.   

  



ʅʘʫʯʥʳʝ ʪʝʥʜʝʥʮʠʠ: ɺʦʧʨʦʩʳ ʪʦʯʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ ð  11 ð 

 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʨʝʥʪʛʝʥʦʚʩʢʠʡ 3D ʤʠʢʨʦʪʦʤʦʛʨʘʬ 

(ʀʈʄʊ) ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʦʩʥʦʚʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: ʨʘʟʣʠʯʠʤʦʩʪʴ ʜʝʪʘʣʝʡ (1-13) 

ʤʢʤ; ʠʩʪʦʯʥʠʢ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ- ʧʣʘʚʥʦ-ʥʘʩʪʨʘʠʚʘʝʤʳʡ ʦʪ 20 ʜʦ 160 ʢɺ; ʪʦʢ 

ʘʥʦʜʘ (0 ï 250) ʤʢɸ; ʨʘʟʤʝʨ ʬʦʢʘʣʴʥʦʛʦ ʧʷʪʥʘ < 5 ʤʢʤ; ʦʭʣʘʞʜʝʥʠʝ ï ʚʦʟʜʫʰʥʦʝ; 

ʜʝʪʝʢʪʦʨ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ: 4872Ĭ3248 ʷʯʝʝʢ ʧʨʠ ʨʘʟʤʝʨʝ ʦʜʥʦʛʦ ʵʣʝʤʝʥʪʘ ʥʝ 

ʙʦʣʝʝ 7,4Ĭ7,4 ʤʢʤ; ʚʨʝʤʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ (1 ʩʤ
3
) - 10 ʤʠʥ. 

ʀʈʄʊ ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʘʪʴ ʫʯʘʩʪʢʠ ʦʙʨʘʟʮʦʚ ʧʦʜ ʣʶʙʳʤ ʫʜʦʙʥʳʤ ʨʘʢʫʨʩʦʤ ʠ ʩ 

ʚʳʩʦʢʦʪʦʯʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ (Ñ1 ʤʢʤ) ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʙʝʟ ʠʭ 

ʨʘʟʨʫʰʝʥʠʷ ʠ ʧʦʚʨʝʞʜʝʥʠʷ.  

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʦʙʨʘʟʮʳ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ 

ʨʘʟʤʝʨʦʤ (2Ĭ2Ĭ2) Ĭ10
-3

 ʤ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʮʝʤʝʥʪʝ ʤʘʨʢʠ ʇʎ-500 ʧʨʠ ɺ/ʎ = 0,34 ʚ 

ʫʩʣʦʚʠʷʭ ʚʣʘʞʥʦʛʦ ʪʚʝʨʜʝʥʠʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʅʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥʳ ʪʠʧʠʯʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʩʣʦʝʚ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ ʧʦ ʤʝʨʝ 

ʫʚʝʣʠʯʝʥʠʷ ʛʣʫʙʠʥʳ ʩʢʘʥʠʨʦʚʘʥʠʷ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ. 

 
ʈʠʩʫʥʦʢ 2. ʀʟʦʙʨʘʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ  (ʘ,ʙ,ʚ,ʛ,ʜ,ʝ) 

ʩ  ʰʘʛʦʤ ʧʦ ʫʚʝʣʠʯʝʥʠʶ ʛʣʫʙʠʥʳ ʩʢʘʥʠʨʦʚʘʥʠʷ - 4 ʤʢʤ. (ʋʚʝʣʠʯʝʥʠʝ ³ 5). 

 

ʀʟ ʘʥʘʣʠʟʘ ʠʟʦʙʨʘʞʝʥʠʡ ʧʦʚʝʨʭʥʦʩʪʠ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ ʧʦ ʛʣʫʙʠʥʝ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʩʣʝʜʫʝʪ: 

1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʨ ʧʦ ʧʣʦʱʘʜʠ ʠ ʦʙʲʝʤʫ ʦʙʨʘʟʮʦʚ ʥʦʩʠʪ  ʩʣʫʯʘʡʥʳʡ 

ʭʘʨʘʢʪʝʨ, ʘ ʩʫʤʤʘʨʥʘʷ ʧʣʦʱʘʜʴ ʧʦʨ ʥʘ ʨʘʟʥʳʭ ʛʣʫʙʠʥʘʭ ʩʢʘʥʠʨʦʚʘʥʠʷ ʥʝ 

ʷʚʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ ʧʦʩʪʦʷʥʥʦʡ. 

2. ʈʘʟʤʝʨʳ ʧʦʨ ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 10-2 ʜʦ10-3 ʤʢʤ ʚ ʜʠʘʤʝʪʨʝ ʠ 

ʥʘ ʛʣʫʙʠʥʫ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʝʜʠʥʠʮ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʤʠʢʨʦʤʝʪʨʦʚ.   

3. ɺʦʟʜʫʰʥʳʝ ʚʢʣʶʯʝʥʠʷ ʠʤʝʶʪ ʢʘʢ ʩʠʤʤʝʪʨʠʯʥʳʝ, ʪʘʢ ʠ ʥʝ ʩʠʤʤʝʪʨʠʯʥʳʝ  

ʬʦʨʤʳ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʛʨʘʜʠʝʥʪʘʤʠ ʧʣʦʪʥʦʩʪʝʡ ʠʣʠ ʠʭ 

ʝ 

ʜ 



ð 12 ð    ʅʘʫʯʥʳʝ ʪʝʥʜʝʥʮʠʠ: ɺʦʧʨʦʩʳ ʪʦʯʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ 

 

ʦʪʩʫʪʩʪʚʠʝʤ ʥʘ ʛʨʘʥʠʮʘʭ ʨʘʟʜʝʣʘ ʬʘʟ çʮʝʤʝʥʪʥʳʡ ʢʘʤʝʥʴ-ʚʦʟʜʫʭè, ʚ 

ʤʦʤʝʥʪ ʧʦʪʝʨʠ ʚʷʟʢʦʪʝʢʫʯʝʛʦ ʩʦʩʪʦʷʥʠʷ ʮʝʤʝʥʪʥʦʡ ʩʤʝʩʠ (ʢʦʥʝʮ ʩʨʦʢʘ 

ʩʭʚʘʪʳʚʘʥʠʷ). 

4. ɺʠʟʫʘʣʴʥʦ ʥʘʙʣʶʜʘʶʪʩʷ ʯʝʨʝʜʫʶʱʠʝʩʷ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʝ ʢʦʣʴʮʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ, ʢʦʥʬʠʛʫʨʘʮʠʷ ʢʦʪʦʨʳʭ ʤʝʥʷʝʪʩʷ ʩ ʠʟʤʝʥʝʥʠʝʤ 

ʛʣʫʙʠʥʳ ʩʢʘʥʠʨʦʚʘʥʠʷ. ʆʜʥʘʢʦ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ ʤʠʥʠʤʫʤʘʤʠ 

ʚʧʘʜʠʥ (ʪʝʤʥʳʝ ʢʦʣʴʮʘ) ʠʣʠ ʤʘʢʩʠʤʫʤʘʤʠ ʚʳʩʪʫʧʦʚ (ʩʚʝʪʣʳʝ ʢʦʣʴʮʘ), 

ʦʩʪʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʩʪʦʷʥʥʳʤ, ʠ ʝʝ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 0,006 

ʤ.  

ʆʜʥʦʡ ʠʟ ʧʨʠʯʠʥ, ʚʳʟʳʚʘʶʱʠʭ  ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʭ ʢʦʣʝʮ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʨʘʟʚʠʪʠʝ ʧʨʦʮʝʩʩʘ 

ʛʝʥʝʨʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʚ ʦʙʲʝʤʝ ʪʚʝʨʜʝʶʱʝʡ ʩʠʩʪʝʤʳ. ʀʟʚʝʩʪʥʦ, ʯʪʦ 

ʧʨʦʪʝʢʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʛʠʜʨʘʪʘʮʠʠ ʠ ʪʚʝʨʜʝʥʠʷ ʮʝʤʝʥʪʘ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʘʢʫʩʪʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʯʘʩʪʦʪʦʡ ʦʪ 100 ɻʮ ʜʦ 20 ʢɻʮ ʩ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 3ï10 ʜɺ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʭ ʧʨʦʮʝʩʩʳ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ʯʘʩʪʠʮ ʮʝʤʝʥʪʘ 

[1]. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ ʩʠʩʪʝʤʝ çʮʝʤʝʥʪ-ʚʦʜʘè, ʦʩʦʙʝʥʥʦ ʚ ʤʦʤʝʥʪ ʟʘʪʚʦʨʝʥʠʷ 

ʮʝʤʝʥʪʘ ʚʦʜʦʡ ʚʦʟʥʠʢʘʶʪ ʠ ʙʦʣʝʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ, ʚ ʪʦʤ ʯʠʩʣʝ, ʫʣʴʪʨʘʟʚʫʢʦʚʳʝ 

ʢʦʣʝʙʘʥʠʷ.  

ʕʪʦʪ ʚʳʚʦʜ ʩʣʝʜʫʝʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʨʘʩʩʫʞʜʝʥʠʡ. ɼʦʧʫʩʪʠʤ, ʯʪʦ ʫʣʴʪʨʘʟʚʫʢʦʚʳʝ 

ʢʦʣʝʙʘʥʠʷ ʷʚʣʷʶʪʩʷ ʦʜʥʦʡ ʠʟ ʚʦʟʤʦʞʥʳʭ ʜʚʠʞʫʱʠʭ ʩʠʣ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ʯʘʩʪʠʮ 

ʮʝʤʝʥʪʘ, ʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʣʝʮ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʦʙʨʘʟʦʚʘʥʠʷ ʩʪʦʷʯʠʭ ʚʦʣʥ ʚ 

ʩʠʩʪʝʤʝ çʮʝʤʝʥʪ-ʚʦʜʘè (ʨʠʩ. 3).  

 
ʈʠʩʫʥʦʢ 3. ʉʭʝʤʘ ʦʙʨʘʟʦʚʘʥʠʷ ʩʪʦʷʯʝʡ ʚʦʣʥʳ. ɺ - ʫʟʣʳ ʩʪʦʷʯʝʡ ʚʦʣʥʳ, 

 ɸ-ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ, l - ʜʣʠʥʘ ʚʦʣʥʳ. 

 

ʉʪʦʷʯʠʝ ʚʦʣʥʳ ʦʙʨʘʟʫʶʪʩʷ, ʝʩʣʠ ʜʚʝ ʚʦʣʥʳ ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʘʤʧʣʠʪʫʜʦʡ ʠ 

ʜʣʠʥʦʡ ʧʝʨʝʤʝʱʘʶʪʩʷ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʩʪʦʨʦʥʳ. ʕʪʦ ʚʦʟʤʦʞʥʦ, ʝʩʣʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʢʦʣʝʙʘʥʠʷ ʛʝʥʝʨʠʨʫʶʪʩʷ ʯʘʩʪʠʮʘʤʠ ʠʣʠ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷʤʠ, 

ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʦʩʥʦʚʥʫʶ ʤʘʩʩʫ ʙʣʠʟʢʠʭ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʦ ʪʠʧʦʨʘʟʤʝʨʘʤ ʠ ʩʚʦʡʩʪʚʘʤ. 

ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʩʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʚʦʢʫʧʥʦʩʪʴ ʯʘʩʪʠʮ ʩ ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ 

ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚ ʦʙʨʘʟʮʝ, ʚ ʢʦʪʦʨʦʤ, ʥʘʧʨʠʤʝʨ, ʤʘʩʩʘ, 

ʫʧʨʫʛʦʩʪʴ, ʨʘʟʤʝʨʳ ʠ ʜʨʫʛʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʷʚʣʷʶʪʩʷ ʙʣʠʟʢʠʤʠ ʧʦ ʟʥʘʯʝʥʠʶ ʚ ʢʘʞʜʦʤ 

ʵʣʝʤʝʥʪʘʨʥʦʤ ʦʙʲʝʤʝ ʩʠʩʪʝʤʳ.  

 ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʜʘʚʣʝʥʠʷ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʚʦʣʥ ʥʘʠʤʝʥʴʰʠʝ ʧʦ 

ʨʘʟʤʝʨʫ ʯʘʩʪʠʮʳ ʠ ʞʠʜʢʘʷ ʬʘʟʘ ʙʫʜʫʪ ʦʪʢʣʦʥʷʪʴʩʷ ʢ ʫʟʣʫ ʩʪʦʷʯʝʡ ʚʦʣʥʳ, ʘ ʙʦʣʝʝ 

ʢʨʫʧʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ  - ʚ ʩʪʦʨʦʥʫ ʥʘʠʙʦʣʴʰʝʛʦ ʟʥʘʯʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ [2]. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʙʫʜʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʦʯʘʛʠ ʫʧʣʦʪʥʝʥʠʷ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ 

ʠʩʪʦʯʥʠʢʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʪʝʤʥʳʝ ʢʦʣʴʮʘ), ʟʘ ʧʨʝʜʝʣʘʤʠ ʢʦʪʦʨʦʛʦ ʙʫʜʝʪ 

ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʫʯʘʩʪʦʢ ʩ ʤʝʥʴʰʝʡ ʧʣʦʪʥʦʩʪʴʶ ʦʙʨʘʟʦʚʘʥʠʡ (ʩʚʝʪʣʳʝ ʢʦʣʴʮʘ) [3]. ʇʨʠ 

ʵʪʦʤ,  ʟʥʘʯʝʥʠʝ ʜʣʠʥʳ ʩʪʦʷʯʝʡ ʚʦʣʥʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʜʚʦʡʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʪʝʤʥʳʤʠ ʠ ʩʚʝʪʣʳʤʠ ʢʦʣʴʮʘʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ ʠ ʚ ʩʨʝʜʥʝʤ 

ʩʦʩʪʘʚʣʷʝʪ 0,012 ʤ (ʨʠʩ. 2).  



ʅʘʫʯʥʳʝ ʪʝʥʜʝʥʮʠʠ: ɺʦʧʨʦʩʳ ʪʦʯʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ ð  13 ð 

 

ʏʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʚʦʣʥ ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʩʨʝʜʝ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʫʨʘʚʥʝʥʠʝʤ:  

f = ʩ/l 
ʛʜʝ ʩ - ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ  ʫʣʴʪʨʘʟʚʫʢʘ  ʚ ʪʚʝʨʜʝʶʱʝʡ ʩʠʩʪʝʤʝ,  l-ʜʣʠʥʘ ʚʦʣʥʳ, 

f - ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ.  

 ʋʯʠʪʳʚʘʷ, ʯʪʦ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʪʚʝʨʜʝʥʠʷ ʩʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʞʠʜʢʫʶ ʩʨʝʜʫ ʠ  ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʫʣʴʪʨʘʟʚʫʢʘ ʟʜʝʩʴ ʫʩʣʦʚʥʦ ʤʦʞʥʦ ʧʨʠʥʷʪʴ 

ʨʘʚʥʦʡ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʳ ʚ ʚʦʜʝ (1490 ʤ/ʩ). ʇʦ ʤʝʨʝ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ ʦʥʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ (1930-3000 ʤ/ʩ) [4].  

ʈʘʩʩʯʠʪʘʝʤ ʯʘʩʪʦʪʫ ʢʦʣʝʙʘʥʠʡ ʩʪʦʷʯʠʭ ʚʦʣʥ ʩʦʛʣʘʩʥʦ  ʚʳʰʝʧʨʠʚʝʜʝʥʥʦʡ 

ʬʦʨʤʫʣʝ: 

f = (1490 ï 3000)/0,012 = (124,2 ï 250,0) ʢɻʮ. 
ʅʘ ʩʘʤʦʤ ʜʝʣʝ, ʢʘʢ ʩʣʝʜʫʝʪ ʠʟ ʨʠʩ. 1, ʩʪʦʷʯʠʝ ʚʦʣʥʳ  ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʮʝʣʳʤ 

ʩʧʝʢʪʨʦʤ ʯʘʩʪʦʪ, ʚʢʣʶʯʘʶʱʠʭ ʢʨʘʪʥʳʝ ʤʝʞʜʫ ʩʦʙʦʡ ʛʘʨʤʦʥʠʢʠ,  ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ 

ʩʣʝʜʫʝʪ ʦʞʠʜʘʪʴ ʙʦʣʝʝ ʰʠʨʦʢʠʡ ʠʥʪʝʨʚʘʣ ʯʘʩʪʦʪ.  ɸ ʠʤʝʥʥʦ, ʦʪ ʟʚʫʢʦʚʦʛʦ ʜʦ  

ʤʝʛʘʛʝʨʮʝʚʦʛʦ ʜʠʘʧʘʟʦʥʘ, ʥʘʙʣʶʜʘʝʤʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ   [4].   

ʅʘ ʥʘʰ ʚʟʛʣʷʜ, ʠʩʪʦʯʥʠʢʦʤ ʛʝʥʝʨʘʮʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʷʚʣʷʝʪʩʷ ʯʘʩʪʦʪʘ 

ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʯʘʩʪʠʮ ʚ ʮʝʤʝʥʪʥʦʡ ʩʠʩʪʝʤʝ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʧʦ 

ʬʦʨʤʫʣʝ: 

mkf /
2

1

p
=  

ʛʜʝ f - ʯʘʩʪʦʪʘ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʪʝʣʘ, k = F/l - ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʫʧʨʫʛʫʶ ʩʠʣʫ, ʧʨʠʭʦʜʷʱʫʶʩʷ ʥʘ 

ʝʜʠʥʠʮʫ ʜʣʠʥʳ ʩʚʷʟʠ,  l = 2r;  m - ʤʘʩʩʘ  ʯʘʩʪʠʮʳ. 

 ɺ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʪʚʝʨʜʝʥʠʷ ʮʝʤʝʥʪʥʳʡ ʨʘʩʪʚʦʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʢʦʣʣʦʠʜʥʫʶ ʩʠʩʪʝʤʫ ʩ ʨʘʟʤʝʨʘʤʠ ʯʘʩʪʠʮ (10
-6

 ï 10
-8
) ʤ. ʇʨʠʥʠʤʘʷ ʧʣʦʪʥʦʩʪʴ  

ʮʝʤʝʥʪʥʦʛʦ ʪʝʩʪʘ ʨʘʚʥʦʡ 1400 ʢʛ/ʤ
3
, ʦʧʨʝʜʝʣʠʤ ʤʘʩʩʳ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʠʮ: 

m = Vr = (10
-6
-10

-8
)
3
 ³1400  (10

-15
 - 10

-21
) ʢʛ. 

ɼʣʷ ʯʘʩʪʠʮ, ʧʨʦʷʚʣʷʶʱʠʭ ʜʠʧʦʣʴ-ʜʠʧʦʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, k = (0,9-1,8)³10
-7

 

ʢʛ/ʤ [5]. 

ʊʦʛʜʘ: 

ɻʮf )105,1102(
)1010(

10)8,19,0(
16,0 63

2115

7

³-³=
-

³-
=

--

-

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʣʠ ʚ ʩʠʩʪʝʤʝ ʥʘʭʦʜʷʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʙʣʠʟʢʠʭ ʧʦ ʨʘʟʤʝʨʘʤ ʠ 
ʤʘʩʩʝ ʯʘʩʪʠʮ, ʪʦ ʧʨʠ ʛʝʥʝʨʘʮʠʠ ʩʦʙʩʪʚʝʥʥʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʚʦʟʤʦʞʥʦ 
ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʪʦʷʯʠʭ ʚʦʣʥ ʩ ʯʘʩʪʦʪʘʤʠ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʜʠʘʧʘʟʦʥʦʚ. 
ʊʘʢ ʢʘʢ  ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʵʥʝʨʛʠʠ ʠʟ ʢʠʥʝʪʠʯʝʩʢʦʡ ʬʦʨʤʳ ʚ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʠ ʦʙʨʘʪʥʦ 
ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʨʝʜʝʣʘʭ ʫʯʘʩʪʢʘ ʩʠʩʪʝʤʳ (ʨʠʩ.3), ʘ ʠʤʝʥʥʦ, ʦʪ ʘʤʧʣʠʪʫʜʳ ʜʦ ʩʦʩʝʜʥʝʛʦ 
ʫʟʣʘ, ʪʦ ʦʪʩʫʪʩʪʚʫʶʪ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʪʝʨʠ, ʪʘʢ ʢʘʢ ʢʘʞʜʳʡ ʪʘʢʦʡ ʫʯʘʩʪʦʢ ʥʝ 
ʦʙʤʝʥʠʚʘʝʪʩʷ ʵʥʝʨʛʠʝʡ ʩ ʩʦʩʝʜʥʠʤʠ ʫʯʘʩʪʢʘʤʠ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʩʪʦʷʯʠʭ ʚʦʣʥ. 
ʆʪʩʫʪʩʪʚʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʪʝʨʴ  ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ 
ʧʨʦʮʝʩʩʦʚ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ, ʛʠʜʨʘʪʘʮʠʠ ʯʘʩʪʠʮ ʮʝʤʝʥʪʘ ʠ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ 
ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ. ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʩʦʟʜʘʥʠʝ ʫʩʣʦʚʠʡ ʧʦʜʜʝʨʞʘʥʠʷ ʚ ʩʠʩʪʝʤʝ 
ʩʦʩʪʦʷʥʠʷ ʩʪʦʷʯʠʭ ʚʦʣʥ, ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʫʣʫʯʰʝʥʠʷ 
ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʮʝʤʝʥʪʥʳʭ ʢʦʤʧʦʟʠʮʠʡ. 

 ʂʦʩʚʝʥʥʳʤ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʫʣʴʪʨʘʟʚʫʢʘ ʥʘ ʧʨʦʮʝʩʩʳ 
ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʛʠʜʨʘʪʘʮʠʠ, ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ, ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ 
ʷʚʣʷʶʪʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʣʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ [6,7]. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 
ʛʝʥʝʨʠʨʦʚʘʥʠʝ ʚʥʫʪʨʝʥʥʠʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʚ ʦʙʲʝʤʝ ʩʠʩʪʝʤʳ çʮʝʤʝʥʪ-ʚʦʜʘè ʚ 
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ð 14 ð    ʅʘʫʯʥʳʝ ʪʝʥʜʝʥʮʠʠ: ɺʦʧʨʦʩʳ ʪʦʯʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ 

 
ʥʘʯʘʣʴʥʳʝ ʩʨʦʢʠ ʪʚʝʨʜʝʥʠʷ ʷʚʣʷʝʪʩʷ, ʥʘʨʷʜʫ, ʥʘʧʨʠʤʝʨ, ʩ ʪʝʧʣʦʚʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ  
ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʘʢʪʠʚʠʨʫʶʱʠʤ ʬʘʢʪʦʨʦʤ ʥʘ ʨʘʟʚʠʪʠʝ ʧʨʦʮʝʩʩʦʚ  ʪʚʝʨʜʝʥʠʷ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʬʝʨʠʯʝʩʢʠʭ çʢʦʣʝʮè  ʤʦʞʝʪ ʥʘʙʣʶʜʘʪʴʩʷ 
ʠ ʧʨʠ ʫʩʣʦʚʠʠ ʩʦʩʪʦʷʥʠʷ  ʩʬʝʨʠʯʝʩʢʦʡ ʙʝʛʫʱʝʡ ʚʦʣʥʳ.  ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʨʘʟʣʠʯʥʳʤʠ 
ʩʢʦʨʦʩʪʷʤʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʧʝʨʝʯʥʳʭ ʉ1  ʠ ʧʨʦʜʦʣʴʥʳʭ ʉ2 ʚʦʣʥ.  ʀʭ ʦʪʥʦʰʝʥʠʝ 
ʟʘʚʠʩʠʪ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʇʫʘʩʩʦʥʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ  ʚʝʣʠʯʠʥʫ ʦʪʥʦʰʝʥʠʷ  
ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ  ʧʦʧʝʨʝʯʥʦʛʦ ʩʞʘʪʠʷ ʢ ʦʪʥʦʩʠʪʝʣʴʥʦʤʫ ʧʨʦʜʦʣʴʥʦʤʫ ʨʘʩʪʷʞʝʥʠʶ: 

6

6

ρ ς n

ς ς n
 

ʛʜʝ V1, V2 ï ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʦʜʦʣʴʥʳʭ ʠ ʧʦʧʝʨʝʯʥʳʭ ʚʦʣʥ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

v  ï  ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ.  

ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʜʣʷ ʙʝʪʦʥʘ v=0,2  [8]: 

³ȟ

³ ȟ
 πȟσχυ. 

ʉ ʫʯʝʪʦʤ ʧʨʠʚʝʜʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʪʚʝʨʜʝʶʱʫʶ ʩʠʩʪʝʤʫ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 
ʢʘʢ ʩʨʝʜʫ ʩ  ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʠʤʧʝʜʘʥʩʦʤ, ʛʜʝ V1 < V2 , ʯʪʦ ʠ ʧʨʠʚʦʜʠʪ ʢ 
ʦʙʨʘʟʦʚʘʥʠʶ ʚʠʟʫʘʣʴʥʦ ʥʘʙʣʶʜʘʝʤʳʤ ʩʬʝʨʠʯʝʩʢʠʤ ʢʦʣʴʮʘʤ.   

ɿʘʢʣʶʯʝʥʠʝ. 
ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʪʚʝʨʜʝʥʠʠ ʩʠʩʪʝʤʳ çʮʝʤʝʥʪ-ʚʦʜʘè ʦʜʥʦʡ ʠʟ ʚʦʟʤʦʞʥʳʭ 

ʜʚʠʞʫʱʠʭ ʩʠʣ ʧʨʦʮʝʩʩʦʚ ʛʠʜʨʘʪʘʮʠʠ ʠ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ʯʘʩʪʠʮ ʮʝʤʝʥʪʘ ʤʦʞʝʪ 
ʷʚʣʷʪʴʩʷ ʛʝʥʝʨʘʮʠʷ ʚʥʫʪʨʝʥʥʠʭ  ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩ ʯʘʩʪʦʪʘʤʠ 
ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʜʠʘʧʘʟʦʥʦʚ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʚ ʙʫʜʫʱʝʤ ʩʦʟʜʘʪʴ 
ʚʦʣʥʦʚʫʶ ʪʝʦʨʠʶ ʪʚʝʨʜʝʥʠʷ ʮʝʤʝʥʪʥʳʭ ʢʦʤʧʦʟʠʮʠʡ. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʙʠʦʨʝʘʢʪʦʨʦʤ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ. ʕʪʦ 
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ʅʘʫʯʥʳʝ ʪʝʥʜʝʥʮʠʠ: ɺʦʧʨʦʩʳ ʪʦʯʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ ð  15 ð 

 
ʦʙʲʷʩʥʷʝʪʩʷ ʤʘʣʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʨʦʠʟʚʦʜʠʤʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ʘʥʘʣʦʛʦʚ, 
ʥʝʩʤʦʪʨʷ ʥʘ ʨʝʘʣʴʥʳʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʦʪ ʧʦʣʫʯʘʝʤʦʛʦ 
ʧʨʦʜʫʢʪʘ. ʂʦʥʮʝʥʪʨʘʪ ʙʠʦʤʘʪʝʨʠʘʣʘ, ʧʦʣʫʯʘʝʤʳʡ ʠʟ ʜʘʥʥʦʛʦ ʙʠʦʨʝʘʢʪʦʨʘ, ʚ 
ʜʘʣʴʥʝʡʰʝʤ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ. 
ʇʨʠʤʝʨʘʤʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʛʫʪ ʩʣʫʞʠʪʴ: ʧʨʠʤʝʥʝʥʠʝ ʚ ʤʝʜʠʮʠʥʝ, ʜʦʙʘʚʢʠ ʚ ʢʦʨʤʘ 
ʞʠʚʦʪʥʳʭ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ, ʘʣʴʛʦʣʠʟʘʮʠʷ ʚʦʜʦʝʤʦʚ ʠ ʪ.ʜ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ, ʙʠʦʨʝʘʢʪʦʨ, 
ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ. 

 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʈʦʩʩʠʠ ʩʣʘʙʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʙʠʦʨʝʘʢʪʦʨʦʚ ʩ 

ʥʘʣʠʯʠʝʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. ɹʠʦʨʝʘʢʪʦʨ ʵʪʦ ʩʣʦʞʥʳʡ ʦʙʲʝʢʪ 
ʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʡ ʪʨʝʙʫʝʪ ʢʘʯʝʩʪʚʝʥʥʦ ʧʦʜʦʙʨʘʥʥʳʭ ʨʝʞʠʤʦʚ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ 
ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʚʳʨʘʱʠʚʘʥʠʷ ʢʦʥʢʨʝʪʥʦʛʦ ʙʠʦʤʘʪʝʨʠʘʣʘ. ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ 
ʙʠʦʤʘʪʝʨʠʘʣʘ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʝʛʦ ʰʠʨʦʢʠʤ ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ, ʘ ʠʤʝʥʥʦ 
ʥʘʣʠʯʠʝʤ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʙʝʣʢʘ, ʧʦʣʥʦʛʦ ʥʘʙʦʨʘ ʥʝʟʘʤʝʥʠʤʳʭ ʘʤʠʥʦʢʠʩʣʦʪ, 
ʫʛʣʝʚʦʜʦʚ, ʞʠʨʦʚ, ʚʠʪʘʤʠʥʦʚ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʪʠʤʫʣʷʪʦʨʦʚ [1]. 

ʇʨʠ ʧʦʠʩʢʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʙʠʦʨʝʘʢʪʦʨʦʚ ʠ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʠʤʠ ʙʳʣʦ 
ʥʘʡʜʝʥʦ ʤʥʦʛʦ ʬʠʨʤ-ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʥʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʩʝ ʦʥʠ ʙʳʣʠ ʠʥʦʩʪʨʘʥʥʦʡ 
ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʪʦʠʤʦʩʪʴ ʧʨʠ ʟʘʢʘʟʝ ʙʠʦʨʝʘʢʪʦʨʘ 
ʚ ʵʪʠʭ ʬʠʨʤʘʭ ʙʫʜʝʪ ʢʦʣʦʩʩʘʣʴʥʦʡ, ʯʪʦ ʧʨʠʥʝʩʝʪ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ 
ʵʬʬʝʢʪ [2].  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʨʘʟʨʘʙʦʪʘʪʴ ʩʦʙʩʪʚʝʥʥʳʡ ʙʠʦʨʝʘʢʪʦʨ ʠ 
ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʫʶ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʠʤ. ʊʘʢʘʷ ʨʘʟʨʘʙʦʪʢʘ ʧʦʟʚʦʣʠʪ ʥʝ ʟʘʚʠʩʝʪʴ ʦʪ 
ʠʥʦʩʪʨʘʥʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ, ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʘʟʚʠʪʠʶ ʩʝʣʴʩʢʦʛʦ 
ʭʦʟʷʡʩʪʚʘ ʚ ʩʪʨʘʥʝ, ʧʦʜʜʝʨʞʘʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʜʦʣʞʥʦʤ ʫʨʦʚʥʝ, 
ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠʥʝʩʝʪ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ. 

ɿʘ ʩʯʝʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ: 

¶ ʫʤʝʥʴʰʠʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʟʘʢʫʧʦʢ ʙʠʦʤʘʪʝʨʠʘʣʘ ʟʘ ʨʫʙʝʞʦʤ;  

¶ ʧʦʷʚʠʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʠʦʤʘʪʝʨʠʘʣʘ ʙʝʟ 
ʠʟʣʠʰʥʝʛʦ ʚʦʣʥʝʥʠʷ ʦ ʝʛʦ ʛʠʙʝʣʠ. 

 

ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʙʠʦʨʝʘʢʪʦʨʘ (1ï ʝʤʢʦʩʪʴ ʩ ʚʳʨʘʱʠʚʘʝʤʦʡ ʩʨʝʜʦʡ, 2 ï ʝʤʢʦʩʪʴ ʩ ʚʦʜʦʡ 

ʜʣʷ ʥʦʨʤʘʣʠʟʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʳ, 3 ï ʊʕʅ, 4 ï ʟʤʝʝʚʠʢ, 5 ï ʘʵʨʘʪʦʨ, 6 ï ʣʘʤʧʘ ʩʚʝʪʦʜʠʦʜʥʘʷ, 7 ï 

ʝʤʢʦʩʪʴ ʩ ʧʠʪʘʪʝʣʴʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ) 

 
ɿʘ ʦʩʥʦʚʫ ʙʠʦʨʝʘʢʪʦʨʘ ʙʳʣʘ ʚʟʷʪʘ ʛʝʨʤʝʪʠʯʥʘʷ ʝʤʢʦʩʪʴ, ʦʙʲʝʤʦʤ 80ʣ, ʚ ʢʦʪʦʨʫʶ 

ʟʘʣʠʚʘʶʪ ʙʠʦʤʘʪʝʨʠʘʣ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʩʨʝʜʫ, ʚ ʢʦʪʦʨʦʡ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ 

ʨʘʟʤʥʦʞʝʥʠʝ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʛʝʨʤʝʪʠʯʥʦʡ ʥʝʧʨʦʟʨʘʯʥʦʡ ʝʤʢʦʩʪʠ ʧʦʟʚʦʣʠʪ 



ð 16 ð    ʅʘʫʯʥʳʝ ʪʝʥʜʝʥʮʠʠ: ɺʦʧʨʦʩʳ ʪʦʯʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ 

 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʛʨʘʥʠʯʠʪʴ ʚʣʠʷʥʠʝ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʥʘ ʩʨʝʜʫ ʚʳʨʘʱʠʚʘʥʠʷ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʦʜʘ ʥʘʛʨʝʚʘʝʪʩʷ ʜʦ ʟʘʜʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 

ʢʦʤʬʦʨʪʥʦʛʦ ʨʘʟʤʥʦʞʝʥʠʷ ʙʠʦʤʘʪʝʨʠʘʣʘ. ʊʘʢʞʝ ʧʦ ʤʝʨʝ ʚʳʨʘʱʠʚʘʥʠʷ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʥʘ ʵʪʦʤ ʫʨʦʚʥʝ. ʉʨʝʜʫ ʚ ʝʤʢʦʩʪʠ 

ʦʙʦʛʘʱʘʶʪ ʢʠʩʣʦʨʦʜʦʤ ʧʦʩʨʝʜʩʪʚʦʤ ʘʵʨʘʮʠʠ ʠ ʝʞʝʜʥʝʚʥʦʡ ʧʦʜʘʯʝʡ ʧʠʪʘʪʝʣʴʥʳʭ 

ʚʝʱʝʩʪʚ. ɼʣʷ ʩʙʨʦʩʘ ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʚ ʝʤʢʦʩʪʠ, ʧʨʝʜʫʩʤʦʪʨʝʥ 

ʢʣʘʧʘʥ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʦʢʘʟʘʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʙʠʦʨʝʘʢʪʦʨʘ. 

ʇʨʦʮʝʩʩ ʚʳʨʘʱʠʚʘʥʠʷ ʟʘʥʠʤʘʝʪ ʥʝʩʢʦʣʴʢʦ ʜʥʝʡ. ʇʦ ʜʦʩʪʠʞʝʥʠʶ ʥʝʦʙʭʦʜʠʤʦʛʦ 

ʨʘʟʤʝʨʘ ʢʦʣʦʥʠʠ ʚʦʜʦʨʦʩʣʝʡ, ʙʠʦʤʘʪʝʨʠʘʣ ʚʳʢʘʯʠʚʘʶʪ ʠʟ ʝʤʢʦʩʪʠ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʮʝʩʩ 

ʤʦʞʥʦ ʧʦʚʪʦʨʷʪʴ ʥʝʦʜʥʦʢʨʘʪʥʦ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʜʘʥʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʚ ʩʠʩʪʝʤʝ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ, ʪʘʢ ʢʘʢ ʧʦʣʫʯʘʝʤʳʡ ʙʠʦʤʘʪʝʨʠʘʣ ʦʙʣʘʜʘʝʪ 

ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʘ ʩʘʤ ʙʠʦʨʝʘʢʪʦʨ ʧʨʦʩʪ ʚ ʨʝʘʣʠʟʘʮʠʠ ʠ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʘʪʴ ʟʘʜʘʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʳʭʦʜʥʦʛʦ ʧʨʦʜʫʢʪʘ ʟʘ ʟʘʜʘʥʥʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ. 

ʇʨʠ ʚʳʙʦʨʝ ʩʨʝʜʩʪʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʝʜʧʦʯʪʝʥʠʝ ʦʪʜʘʸʪʩʷ ʧʨʠʙʦʨʘʤ ʥʠʟʢʠʤ ʧʦ 

ʩʪʦʠʤʦʩʪʠ, ʚ ʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʙʠʦʨʝʘʢʪʦʨ ʠʤʝʝʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. 

ɼʣʷ ʢʦʥʪʨʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʘʪʯʠʢ ʪʝʨʤʦʩʦʧʨʦʪʠʚʣʝʥʠʷ.  

ʀʟʤʝʨʝʥʠʝ ʧʦʜʦʙʥʳʭ ʜʘʪʯʠʢʦʚ ʦʩʥʦʚʘʥʦ ʥʘ ʵʬʬʝʢʪʝ ʠʟʤʝʥʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʜʘʪʯʠʢʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ [3]. ɺʳʙʦʨ ʜʘʪʯʠʢʘ 

ʪʝʨʤʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʙʫʩʣʦʚʣʝʥ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʠʟʤʝʨʝʥʠʷ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ. ɼʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʩ ʜʘʪʯʠʢʦʚ 

ʪʝʨʤʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠʩʧʦʣʴʟʫʝʤ ʥʦʨʤʠʨʫʶʱʠʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ. 

ɼʣʷ ʢʦʥʪʨʦʣʷ ʜʘʚʣʝʥʠʷ ʛʘʟʘ ʚ ʝʤʢʦʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʘʪʯʠʢ ʜʘʚʣʝʥʠʷ ʩ 

ʪʝʥʟʦʨʝʟʠʩʪʦʨʦʤ. ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʦʩʥʦʚʘʥ ʥʘ ʠʟʤʝʥʝʥʠʠ ʩʦʙʩʪʚʝʥʥʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʝʥʟʦʨʝʟʠʩʪʦʨʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʝʬʦʨʤʘʮʠʠ ʫʧʨʫʛʦʛʦ ʵʣʝʤʝʥʪʘ, 

ʧʨʠʢʨʝʧʣʝʥʥʦʛʦ ʢ ʥʝʤʫ. ɺʳʙʦʨ ʦʙʫʩʣʦʚʣʝʥ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʠ 

ʜʠʘʧʘʟʦʥʦʤ ʠʟʤʝʨʝʥʠʷ, ʜʣʷ ʥʠʟʢʦʡ ʧʦʛʨʝʰʥʦʩʪʠ. 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʫʨʦʚʥʷ ʚ ʝʤʢʦʩʪʠ ʩʦ ʩʨʝʜʦʡ ʚʳʨʘʱʠʚʘʥʠʷ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ ʠ ʚ 

ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʝʤʢʦʩʪʠ ʠʩʧʦʣʴʟʫʝʤ ʝʤʢʦʩʪʥʦʡ ʜʘʪʯʠʢ ʫʨʦʚʥʷ. ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ 

ʜʘʥʥʦʛʦ ʜʘʪʯʠʢʘ ʦʩʥʦʚʘʥ ʥʘ ʠʟʤʝʥʝʥʠʠ ʝʤʢʦʩʪʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʩʚʷʟʠ ʩ ʚʥʝʰʥʠʤʠ 

ʠʟʤʝʥʝʥʠʷʤʠ[3]. ɺʳʙʦʨ ʜʘʪʯʠʢʘ ʦʙʫʩʣʦʚʣʝʥ ʦʩʦʙʝʥʥʦʩʪʴʶ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʧʨʦʩʪʦʪʦʡ ʚ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʚ ʩʠʩʪʝʤʝ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʢʣʘʧʘʥʳ. ɼʣʷ ʦʩʚʝʱʝʥʠʷ ʩʨʝʜʳ ʚ ʙʠʦʨʝʘʢʪʦʨʝ ʠʩʧʦʣʴʟʫʝʤ 

ʩʚʝʪʦʜʠʦʜʥʳʝ ʣʝʥʪʳ ʨʘʟʥʦʛʦ ʩʧʝʢʪʨʘ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʙʠʦʨʝʘʢʪʦʨʦʤ ʠʩʧʦʣʴʟʫʝʪ ʩʦʚʨʝʤʝʥʥʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʘʯʝʩʪʚʝʥʥʳʡ ʫʨʦʚʝʥʴ ʢʦʥʪʨʦʣʷ ʥʘʜ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ 

ʧʨʦʮʝʩʩʦʤ ʠ ʚʥʝʩʝʥʠʷ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʨʝʛʫʣʠʨʫʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ɼʣʷ ʜʘʥʥʦʡ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʪʦʣʴʢʦ ʩʦʜʝʨʞʘʥʠʝ ʫʩʪʘʥʦʚʢʠ ʚ ʧʦʤʝʱʝʥʠʷʭ, ʚ 

ʢʦʪʦʨʳʭ ʨʝʘʢʪʦʨ ʥʝ ʙʫʜʝʪ ʧʦʜʚʝʨʛʘʪʴʩʷ ʧʨʷʤʦʤʫ ʩʦʣʥʝʯʥʦʤʫ ʦʩʚʝʱʝʥʠʶ. ʉ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʦʮʝʥʦʯʥʘʷ ʩʪʦʠʤʦʩʪʴ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʦʮʝʥʠʚʘʝʪʩʷ ʚ 15-20 

ʪʳʩ. ʨʫʙʣʝʡ, ʯʪʦ ʥʝ ʷʚʣʷʝʪʩʷ ʙʦʣʴʰʦʡ ʩʪʦʠʤʦʩʪʴʶ, ʢʘʢ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʪʘʢ ʠ ʜʣʷ 

ʭʦʟʷʡʩʪʚ. 

***  

1. ʆʆʆ çɹʘʰʢʠʨʩʢʘʷ ʧʪʠʮʘè. ʊʝʭʥʦʣʦʛʠʷ. ʍʣʦʨʝʣʣʘ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʈʝʩʫʨʩ ʜʦʩʪʫʧʘ: 

http://ʙʘʰʧʪʠʮʘ.ʨʬ/hlorella-ru/ (ɼʘʪʘ ʦʙʨʘʱʝʥʠʷ 09.09.2018) 

2. ʇʨʦʠʟʚʦʜʠʪʝʣʠ ʙʠʦʨʝʘʢʪʦʨʦʚ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʩʫʨʩ ʜʦʩʪʫʧʘ: http://bioreactors.net/ru/all-

bioreactor-manufacturers/ (ɼʘʪʘ ʦʙʨʘʱʝʥʠʷ 10.09.2018) 
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ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] : ʫʯʝʙ. ʧʦʩʦʙʠʝ / ʅ. ʄ. ʂʦʤʘʨʦʚʩʢʘʷ, ʃ. ʀ. ʄʝʜʚʝʜʝʚʘ ; 

ɺʦʣʛɻʊʋ, ɺʇʀ (ʬʠʣʠʘʣ) ɺʦʣʛɻʊʋ. - ɺʦʣʛʦʛʨʘʜ : ɺʦʣʛɻʊʋ, 2009. - 224 ʩ. 
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ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʜʣʷ  

ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʣʶʙʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʦʩʦʙʝʥʥʦ ʢʝʨʘʤʠʯʝʩʢʠʭ ʢʘʢ ʦʙʞʠʛʦʚʳʭ. 

ʉʧʝʢʘʥʠʝ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʵʪʘʧʦʤ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʪʨʫʢʪʫʨʳ ʦʙʞʠʛʦʚʦʛʦ 

ʤʘʪʝʨʠʘʣʘ. ʕʥʝʨʛʝʪʠʯʝʩʢʠ ʨʘʮʠʦʥʘʣʴʥʦʝ ʧʨʦʚʝʜʝʥʠʝ ʩʧʝʢʘʥʠʷ ʚ ʪʝʭʥʦʣʦʛʠʠ ʢʝʨʘʤʠʢʠ 

ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʢʘʢ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʠ, ʪʘʢ ʠ ʩ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʵʥʝʨʛʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʝ ʩʚʷʟʘʥʘ ʩ 

ʩʞʠʛʘʥʠʝʤ ʪʦʧʣʠʚʘ ʠ ʚʨʝʜʥʳʤ ʚʳʙʨʦʩʘʤ ʚ ʘʪʤʦʩʬʝʨʫ. ʂʨʦʤʝ ʵʪʦʛʦ, ʚʦʟʨʘʩʪʘʶʱʘʷ 

ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʚʳʩʦʢʠʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ, ʧʨʝʞʜʝ ʚʩʝʛʦ 

ʧʨʦʯʥʦʩʪʥʳʭ, ʤʘʪʝʨʠʘʣʘ ʩʚʷʟʘʥʘ ʩ ʫʩʣʦʞʥʝʥʠʝʤ ʠ ʫʜʦʨʦʞʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ. 

ʉʪʨʝʤʣʝʥʠʝ ʢ ʧʦʣʫʯʝʥʠʶ ʩʦʚʝʨʰʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʘ ʧʨʠʚʦʜʠʪ ʢ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ, ʜʘʞʝ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, 

ʧʨʦʚʝʜʝʥʠʝ  ʧʨʦʮʝʩʩʦʚ ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʥʘʯʘʣʴʥʳʭ ʩʪʘʜʠʷʭ ʩʪʨʫʢʪʫʨʥʳʭ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʩʳʨʴʝʚʳʭ ʢʦʤʧʦʟʠʮʠʡ ʠ ʩʧʝʢʘʥʠʝ ʚ ʫʩʣʦʚʠʷʭ ʤʠʥʠʤʘʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ 

ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʕʪʠ ʫʩʣʦʚʠʷ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʤʝʣʢʦʟʝʨʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʜʦʩʪʠʛʘʶʪʩʷ ʧʦʚʳʰʝʥʥʳʝ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ  ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʘ, ʠ ʤʦʛʫʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥʳ ʧʨʠ 

ʩʧʝʢʘʥʠʠ ʚ ʤʠʢʨʦʚʦʣʥʦʚʦʤ (ʉɺʏ) ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ. 

ʉɺʏ-ʠʟʣʫʯʝʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʟʙʠʨʘʪʝʣʴʥʳʡ ʥʘʛʨʝʚ ʧʦʛʣʦʱʘʶʱʠʭ ʠʟʣʫʯʝʥʠʝ 

ʢʦʤʧʦʥʝʥʪʦʚ ʩ ʚʳʩʦʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʦʣʝʟʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ, ʚʳʩʦʢʫʶ 

ʤʦʱʥʦʩʪʴ ʥʘʛʨʝʚʘ (ʙʦʣʝʝ 100 ɺʪ/ʩʤ3), ʤʠʥʠʤʘʣʴʥʫʶ ʠʥʝʨʮʠʦʥʥʦʩʪʴ ʥʘʛʨʝʚʘ. ʅʘʛʨʝʚ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴʶ ʤʘʪʝʨʠʘʣʘ ʧʦʛʣʦʱʘʪʴ ʉɺʏ ʵʥʝʨʛʠʶ ʠ ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ 

ʝʝ ʚ ʪʝʧʣʦʪʫ ʨʝʘʛʝʥʪʦʚ. 

ʀʟʫʯʝʥʠʝ ʧʦʚʝʜʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʠʤʧʫʣʴʩʥʦʛʦ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʦʢʘʟʘʣʦ ʧʦʚʳʰʝʥʥʫʶ ʧʨʦʯʥʦʩʪʴ 

ʦʙʦʞʞʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʩʚʷʟʘʥʥʫʶ ʩ ʚʦʟʨʘʩʪʘʥʠʝʤ ʜʠʩʧʝʨʩʥʦʩʪʠ ʠʩʭʦʜʥʳʭ 

ʤʠʥʝʨʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ, ʠʟʤʝʥʝʥʠʝʤ ʩʪʨʫʢʪʫʨʳ ʪʦʥʢʦʡ ʬʨʘʢʮʠʠ ʚ ʧʨʦʮʝʩʩʝ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ʬʘʟʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʥʘʥʦʨʘʟʤʝʨʥʦʛʦ ʫʨʦʚʥʷ  [1, 2]. 

ʕʪʠ ʧʨʦʮʝʩʩʳ ʩʚʷʟʘʥʳ ʩ ʚʘʣʝʥʪʥʳʤʠ ʠ ʜʝʬʦʨʤʘʮʠʦʥʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʩʚʷʟʝʡ ʢʨʝʤʥʝ- 

ʠ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʭ ʢʘʨʢʘʩʦʚ, ʜʝʬʦʨʤʘʮʠʝʡ ʩʠʣʦʢʩʘʥʦʚʳʭ ʛʨʫʧʧ, ʧʝʨʝʦʨʠʝʥʪʘʮʠʝʡ 

ʟʘʨʷʜʦʚ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʨʝʘʢʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ 

ʬʘʟ,  ʦʙʨʘʟʦʚʘʥʠʶ ʘʩʩʦʮʠʘʪʦʚ ʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʦʜʠʬʠʢʘʪʦʨʘ - ʭʘʨʘʢʪʝʨʥʳʭ ʩʪʨʫʢʪʫʨ 

[1]. ʇʨʠ ʧʦʣʫʯʝʥʠʠ ʘʣʶʤʦʩʠʣʠʢʘʪʘ ʘʢʪʠʚʘʮʠʷ ʢʦʤʧʦʟʠʮʠʠ ʚ ʧʦʣʝ ʉɺʏ, ʦʩʦʙʝʥʥʦ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʥʘʥʦ-ʨʘʟʤʝʨʥʦʡ ʘʣʶʤʦʦʢʩʠʜʥʦʡ ʜʦʙʘʚʢʠ, ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ  

ʧʦʚʳʰʝʥʠʶ ʧʨʦʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣ (ʨʠʩ. 1). ʋ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʬʠʢʩʠʨʫʝʪʩʷ  

ʥʘʣʠʯʠʝ ʥʘʥʦʨʘʟʤʝʨʥʦʡ ʬʘʟʳ [1]. 

ʕʪʘ ʪʝʭʥʦʣʦʛʠʷ ʨʘʙʦʪʘʝʪ ʚ ʦʢʩʠʜʥʳʭ ʢʦʤʧʦʟʠʮʠʷʭ ʠ ʦʩʣʦʞʥʷʝʪʩʷ ʚ 

ʧʦʣʠʤʠʥʝʨʘʣʴʥʳʭ ʤʘʩʩʘʭ ʠʟ-ʟʘ ʨʘʟʣʠʯʥʦʡ ʨʝʘʢʮʠʠ ʢʘʞʜʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʩʳʨʴʝʚʦʡ 

ʩʤʝʩʠ ʥʘ ʧʦʣʝ ʉɺʏ. ʊʝʭʥʦʣʦʛʠʷ ʧʝʨʩʧʝʢʪʠʚʥʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʥʘ ʦʩʥʦʚʝ 

ʩʳʨʴʝʚʳʭ ʢʦʤʧʦʟʠʮʠʡ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʤʠʥʝʨʘʣʦʚ, ʢʦʪʦʨʳʝ ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʦʙʦʞʞʝʥʥʦʛʦ 

ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʢʚʘʨʮʘ ʠ ʤʫʣʣʠʪʘ  [4]. ʀʟʚʝʩʪʥʳ ʧʨʠʤʝʨʳ 

ʩʧʝʢʘʥʠʷ ʩʠʣʠʢʘʪʥʦ-ʱʝʣʦʯʥʦʡ ʢʦʤʧʦʟʠʮʠʠ ʚ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʧʝʯʠ [3, 4].   ɺ ʢʘʯʝʩʪʚʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʛʦ ʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʜʝʰʝʚʦʛʦ ʩʚʷʟʫʶʱʝʛʦ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ 



ð 18 ð    ʅʘʫʯʥʳʝ ʪʝʥʜʝʥʮʠʠ: ɺʦʧʨʦʩʳ ʪʦʯʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ 

 

ʞʠʜʢʦʝ ʩʪʝʢʣʦ (ʨʠʩ. 2). ʇʦʣʫʯʝʥʳ ʦʙʨʘʟʮʳ, ʧʦ ʧʨʦʯʥʦʩʪʠ ʧʨʝʚʳʰʘʶʱʠʝ ʦʙʨʘʟʮʳ ʧʦʩʣʝ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʪʨʘʜʠʮʠʦʥʥʳʤ ʜʣʷ ʢʝʨʘʤʠʢʠ ʦʙʞʠʛʦʤ ʚ ʧʝʯʠ. 

 

 
ʈʠʩ. 1. ʀʂ-ʩʧʝʢʪʨ ʫʚʝʣʠʯʝʥʥʦʡ ʟʦʥʳ ʦʩʥʦʚʥʦʛʦ ʩʧʝʢʪʨʘ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʟʦʣʝʡ 10% ʚʦʜʥʳʭ ʩʫʩʧʝʥʟʠʡ: 

ʙʝʥʪʦʥʠʪʦʚʦʡ ʛʣʠʥʳ (ʄ), ʙʝʥʪʦʥʠʪʦʚʦʡ ʛʣʠʥʳ + ʉɺʏ, ʙʝʥʪʦʥʠʪʦʚʦʡ ʛʣʠʥʳ + ʉɺʏ + 0,1% ɸɿ-1. 

 
ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʞʘʪʠʝ ʦʪ ʜʘʚʣʝʥʠʷ ʧʨʝʩʩʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʥʘ ʦʩʥʦʚʝ:  

1, 2 ï ʘʩʙʝʩʪʘ, 3, 4 ï ʟʦʣʳ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʧʝʢʘʥʠʝ ʢʦʤʧʦʟʠʮʠʡ, ʩʦʩʪʦʷʱʠʭ ʠʟ  ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʤʠʥʝʨʘʣʦʚ ʠʣʠ ʢʦʤʧʦʥʝʥʪʦʚ, ʨʘʥʝʝ ʧʦʜʚʝʨʛʥʫʪʳʭ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ, ʪʘʢʠʭ ʢʘʢ 

ʟʦʣʘ, ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʝ ʰʣʘʢʠ ʚʦʟʤʦʞʝʥ ʩ ʧʦʤʦʱʴʶ ʵʥʝʨʛʠʠ ʧʦʣʷ ʉɺʏ ʠ ʥʘʠʙʦʣʝʝ 

ʧʨʝʜʧʦʯʪʠʪʝʣʝʥ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ 

ʤʘʪʝʨʠʘʣʘ. ɼʣʷ ʚʦʣʦʢʥʠʩʪʦʛʦ ʤʠʥʝʨʘʣʘ ʘʩʙʝʩʪʘ, ʢʦʪʦʨʳʡ ʧʦʩʣʝ 500-600̄ ʉ ʪʝʨʷʝʪ ʩʚʦʠ 

ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ,  ʪʘʢʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʠʪʴ ʤʘʪʝʨʠʘʣ ʩ 

ʭʦʨʦʰʠʤʠ ʧʨʦʯʥʦʩʪʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ.  



ʅʘʫʯʥʳʝ ʪʝʥʜʝʥʮʠʠ: ɺʦʧʨʦʩʳ ʪʦʯʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ ð  19 ð 

 

ʇʝʨʩʧʝʢʪʠʚʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʩʧʝʢʘʥʠʷ ʚ ʧʦʣʝ ʉɺʏ ʢʦʤʧʦʟʠʮʠʡ, ʩʦʜʝʨʞʘʱʠʭ 

ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʘʤʦʨʬʥʳʡ ʢʨʝʤʥʝʟʝʤ, ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪʩʷ ʚ ʜʠʘʪʦʤʠʪʝ, ʪʨʝʧʝʣʝ, 

ʩʠʣʠʢʘʪʥʦʤ ʩʪʝʢʣʝ, ʢʦʪʦʨʳʡ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʨʦʜʘʭ, ʚ 

ʜʝʛʠʜʨʘʪʠʨʦʚʘʥʥʦʡ ʛʣʠʥʝ, ʢʚʘʨʮʝʚʦʤ ʩʪʝʢʣʝ, ʚ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʛʝʥʥʳʭ ʦʪʭʦʜʘʭ, ʪʘʢʠʭ 

ʢʘʢ ʤʠʢʨʦʢʨʝʤʥʝʟʝʤ ʠ ʢʨʝʤʥʝʛʝʣʴ. 

 ʇʦʩʢʦʣʴʢʫ ʚʩʝ ʩʳʨʴʝʚʳʝ ʤʘʪʝʨʠʘʣʳ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʭ ʘʛʨʝʛʘʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, 

ʦʙʳʯʥʦ ʥʘʭʦʜʷʪʩʷ ʚ ʥʝʘʢʪʠʚʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʧʨʠ ʢʦʤʧʣʝʢʩʥʦʡ ʦʙʨʘʙʦʪʢʝ ʤʦʛʫʪ 

ʧʨʠʦʙʨʝʪʘʪʴ ʭʠʤʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘ 

ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʬʘʟ. ʇʨʦʮʝʩʩʳ ʦʙʨʘʟʦʚʘʥʠʷ ʥʦʚʳʭ ʬʘʟ  ʠ ʩʧʝʢʘʥʠʝ ʢʝʨʘʤʠʢʠ 

ʥʘʯʠʥʘʶʪʩʷ ʩ ʤʦʤʝʥʪʘ ʢʦʥʪʘʢʪʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʨʝʥ ʤʠʥʝʨʘʣʴʥʳʭ ʯʘʩʪʠʮ ʠ 

ʞʠʜʢʦʡ ʬʘʟʳ ʧʨʠ ʥʘʛʨʝʚʝ. ʋʧʨʘʚʣʷʷ ʵʣʝʢʪʨʦʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʯʘʩʪʠʮ, ʤʦʞʥʦ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʧʨʦʮʝʩʩʳ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ 

ʤʘʪʝʨʠʘʣʘ. ʉ ʵʪʠʭ ʧʦʟʠʮʠʡ ʤʦʛʫʪ ʙʳʪʴ ʚʘʞʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʧʦʣʷ ʉɺʏ ʥʘ 

ʢʦʤʧʦʟʠʮʠʠ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʚʭʦʜʠʪ ʜʦʙʘʚʢʘ ʥʘ ʦʩʥʦʚʝ ʘʤʦʨʬʥʦʛʦ ʢʨʝʤʥʝʟʝʤʘ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʢʦʤʤʫʪʘʮʠʦʥʥʳʡ ʘʧʧʘʨʘʪ, 

ʦʙʲʝʜʠʥʷʶʱʠʡ ʚ ʦʜʥʦʤ ʫʩʪʨʦʡʩʪʚʝ ʩʠʣʦʚʦʡ ʚʘʢʫʫʤʥʳʡ ʚʳʢʣʶʯʘʪʝʣʴ ʥʘʨʫʞʥʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʩ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʦʡ ʠʟʤʝʨʝʥʠʷ ʪʦʢʦʚ ʠ ʥʘʧʨʷʞʝʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʤʤʫʪʘʮʠʦʥʥʳʡ ʘʧʧʘʨʘʪ; ʧʫʥʢʪ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʩʝʢʮʠʦʥʠʨʦʚʘʥʠʷ ï ʨʝʢʣʦʫʟʝʨ; ʤʘʩʣʷʥʳʡ ʚʳʢʣʶʯʘʪʝʣʴ; ʚʘʢʫʫʤʥʳʡ ʚʳʢʣʶʯʘʪʝʣʴ;  

ʥʘʜʝʞʥʦʩʪʴ. 

 

Abstract  

In this article considers an intelligent switching device that combines a power vacuum 

switch of external application in one device with an integrated system for measuring currents 

and voltages. 

Keywords: switching device; automatic partitioning point - recloser; oil circuit 

breaker; vacuum switch; reliability. 

 

ʅʘʠʙʦʣʝʝ ʣʫʯʰʠʤ  ʩʧʦʩʦʙʦʤ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʧʦ 

ʚʦʟʜʫʰʥʳʤ ʩʝʪʷʤ ʷʚʣʷʝʪʩʷ ʨʝʘʣʠʟʘʮʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʢ ʫʧʨʘʚʣʝʥʠʶ 

ʘʚʘʨʠʡʥʳʤʠ ʨʝʞʠʤʘʤʠ, ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʣʥʦʡ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʨʘʙʦʪʳ ʧʫʥʢʪʦʚ 



ð 20 ð    ʅʘʫʯʥʳʝ ʪʝʥʜʝʥʮʠʠ: ɺʦʧʨʦʩʳ ʪʦʯʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ 

 

ʩʝʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʪ ʚʥʝʰʥʝʛʦ ʫʧʨʘʚʣʝʥʠʷ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ 

ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. ɺ ʪʘʢʦʡ ʩʠʩʪʝʤʝ ʢʘʞʜʳʡ ʘʧʧʘʨʘʪ - ʵʪʦ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʘʥʘʣʠʟʠʨʫʶʱʝʝ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ, 

ʣʦʢʘʣʠʟʠʨʫʶʱʝʝ ʤʝʩʪʦ ʧʦʚʨʝʞʜʝʥʠʷ ʠ ʦʩʫʱʝʩʪʚʣʷʶʱʝʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʥʘ ʥʝʧʦʚʨʝʞʜʝʥʥʳʭ ʫʯʘʩʪʢʘʭ ʩʝʪʠ. 

ɼʘʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷ ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʫʥʢʪ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʩʝʢʮʠʦʥʠʨʦʚʘʥʠʷ - ʨʝʢʣʦʫʟʝʨ. 

ʈʝʢʣʦʫʟʝʨ ʈɺɸ/TEL ð ʵʪʦ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʢʦʤʤʫʪʘʮʠʦʥʥʳʡ ʘʧʧʘʨʘʪ, 

ʦʙʲʝʜʠʥʷʶʱʠʡ ʚ ʩʝʙʷ ʩʠʣʦʚʦʡ ʚʘʢʫʫʤʥʳʡ ʚʳʢʣʶʯʘʪʝʣʴ ʥʘʨʫʞʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ 

ʩ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʦʡ ʠʟʤʝʨʝʥʠʷ ʪʦʢʦʚ ʠ ʥʘʧʨʷʞʝʥʠʡ ʠ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʡ 

ʰʢʘʬ ʫʧʨʘʚʣʝʥʠʷ ʩ ʧʨʦʜʚʠʥʫʪʳʤʠ ʬʫʥʢʮʠʷʤʠ ʟʘʱʠʪ ʠ ʘʚʪʦʤʘʪʠʢʠ, ʩʧʝʮʠʘʣʴʥʦ 

ʘʜʘʧʪʠʨʦʚʘʥʥʳʤʠ ʧʦʜ ʥʫʞʜʳ ʚʦʟʜʫʰʥʳʭ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʩʝʪʝʡ. 

ʈɺɸ/TEL ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʩʣʝʜʫʶʱʠʭ ʬʫʥʢʮʠʡ: 

½ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʦʪʢʣʶʯʝʥʠʝ ʧʦʚʨʝʞʜʝʥʥʳʭ ʫʯʘʩʪʢʦʚ ʣʠʥʠʠ; 

½ ɸʇɺ; 

½ ɸɺʈ; 

½ ʦʧʝʨʘʪʠʚʥʘʷ ʤʝʩʪʥʘʷ ʠ ʜʠʩʪʘʥʮʠʦʥʥʘʷ ʨʝʢʦʥʬʠʛʫʨʘʮʠʷ ʩʝʪʠ; 

½ ʩʘʤʦʜʠʘʛʥʦʩʪʠʢʘ; 

½ ʠʟʤʝʨʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʩʝʪʠ; 

½ ʚʝʜʝʥʠʝ ʞʫʨʥʘʣʦʚ ʦʧʝʨʘʪʠʚʥʳʭ ʠ ʘʚʘʨʠʡʥʳʭ ʩʦʙʳʪʠʡ ʚ ʣʠʥʠʠ; 

½ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʜʠʩʪʘʥʮʠʠ. 

ʊʘʢ ʞʝ ʨʝʢʣʦʫʟʝʨ ʈɺɸ/TEL ʦʙʣʘʜʘʝʪ ʩʣʝʜʫʶʱʠʤʠ ʦʪʣʠʯʠʪʝʣʴʥʳʤʠ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ: 

½ ʦʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʦʙʩʣʫʞʠʚʘʥʠʠ; 

½ ʠʥʪʝʛʨʘʮʠʷ ʚ ʩʠʩʪʝʤʳ ʜʠʩʧʝʪʯʝʨʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ; 

½ ʩʧʝʮʠʘʣʴʥʳʝ ʬʫʥʢʮʠʠ ʈɿʠɸ; 

½ ʫʜʦʙʩʪʚʦ ʠ ʧʨʦʩʪʦʪʘ ʤʦʥʪʘʞʘ ʥʘ ʦʧʦʨʳ ʣʠʥʠʡ; 

½ ʚʩʪʨʦʝʥʥʘʷ ʩʠʩʪʝʤʘ ʠʟʤʝʨʝʥʠʷ ʪʦʢʦʚ ʠ ʥʘʧʨʷʞʝʥʠʡ ʩ ʜʚʫʭ ʩʪʦʨʦʥ 
ʢʦʤʤʫʪʘʮʠʦʥʥʦʛʦ ʤʦʜʫʣʷ; 

½ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʪʚʝʨʜʦʡ ʠ ʚʦʟʜʫʰʥʦʡ ʠʟʦʣʷʮʠʠ ʚ 

ʢʦʥʩʪʨʫʢʮʠʠ ʢʦʤʤʫʪʘʮʠʦʥʥʦʛʦ ʤʦʜʫʣʷ; 

½ ʥʘʜʝʞʥʘʷ ʩʠʩʪʝʤʘ ʙʝʩʧʝʨʝʙʦʡʥʦʛʦ ʧʠʪʘʥʠʷ; 

½ ʤʘʣʳʝ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʝ ʧʦʢʘʟʘʪʝʣʠ; 

½ ʚʘʥʜʘʣʦʟʘʱʠʱʝʥʥʦʩʪʴ. 

ʐʢʘʬ ʫʧʨʘʚʣʝʥʠʷ ʚʳʧʦʣʥʷʝʪ ʩʣʝʜʫʶʱʠʝ ʬʫʥʢʮʠʠ:  

1. ʋʧʨʘʚʣʝʥʠʝ ʢʦʤʤʫʪʘʮʠʦʥʥʳʤ ʤʦʜʫʣʝʤ; 

2. ʈɿʠɸ;  

3. ʀʥʜʠʢʘʮʠʷ ʠ ʠʟʤʝʨʝʥʠʷ;  

4. ʉʙʦʨ ʠ ʦʙʨʘʙʦʪʢʘ ʠʥʬʦʨʤʘʮʠʠ.  

ʆʩʥʦʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʰʢʘʬʘ ʫʧʨʘʚʣʝʥʠʷ ʷʚʣʷʶʪʩʷ ʤʦʜʫʣʴ 

ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʘ, ʤʦʜʫʣʴ ʫʧʨʘʚʣʝʥʠʷ ʠ ʤʦʜʫʣʴ ʙʝʩʧʝʨʝʙʦʡʥʦʛʦ ʧʠʪʘʥʠʷ. 

ɺ ʚʘʢʫʫʤʥʦʤ ʨʝʢʣʦʫʟʝʨʝ ʈɺɸ/TEL ʨʝʘʣʠʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʟʘʱʠʪ ʠ 

ʘʚʪʦʤʘʪʠʢʠ: 

½ ʪʦʢʦʚʘʷ ʟʘʱʠʪʘ ʦʪ ʤʝʞʜʫʬʘʟʥʳʭ ʂɿ; 

½ ʟʘʱʠʪʘ ʦʪ ʆɿɿ; 

½ ɿʄʅ; 

½ ɸʇɺ; 

½ ɸɺʈ; 

½ ɸʏʈ. 



ʅʘʫʯʥʳʝ ʪʝʥʜʝʥʮʠʠ: ɺʦʧʨʦʩʳ ʪʦʯʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ ð  21 ð 

 

ʅʘʩʪʦʷʱʠʡ ʩʪʘʥʜʘʨʪ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʘ ʨʝʢʣʦʫʟʝʨʳ 

ʥʦʤʠʥʘʣʴʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ 6 - 35 ʢɺ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʚʦʟʜʫʰʥʳʭ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʩʝʪʷʭ ʚ ʢʘʯʝʩʪʚʝ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʫʥʢʪʘ 

ʩʝʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʪʚʝʪʚʣʝʥʠʡ ʩʝʪʠ, ʘ ʪʘʢʞʝ ʚ ʧʨʦʝʢʪʘʭ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʧʦʜʩʪʘʥʮʠʡ. 

ɼʘʥʥʳʡ ʘʧʧʘʨʘʪ ʣʫʯʰʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʤʝʩʪʘʭ, ʚ ʯʘʩʪʥʦʩʪʠ ʚ 

ʛʦʨʥʦʡ ʦʪʨʘʩʣʠ, ʛʜʝ ʟʘʯʘʩʪʫʶ ʪʨʫʜʥʦ ʧʨʦʚʦʜʠʪʴ ʨʝʤʦʥʪʥʦ-ʤʦʥʪʘʞʥʳʝ ʨʘʙʦʪʳ.[1] 

ʇʦ ʦʙʱʝʧʨʠʥʷʪʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʨʝʢʣʦʫʟʝʨ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʪʥʳʤ 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ʥʘʨʫʞʥʦʡ ʫʩʪʘʥʦʚʢʠ (ʂʈʋʅ). ʆʜʥʘʢʦ ʥʝʢʦʪʦʨʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʢʣʦʫʟʝʨʦʚ ʧʦʟʚʦʣʠʣʠ ʠʭ ʚʳʜʝʣʠʪʴ ʚ ʦʪʜʝʣʴʥʳʡ ʢʣʘʩʩ: 

1. ʈʝʢʣʦʫʟʝʨʳ ʢʦʤʧʘʢʪʥʳ ʠ ʤʦʛʫʪ ʨʘʟʤʝʱʘʪʴʩʷ ʥʘ ʦʧʦʨʘʭ ʃʕʇ, ʥʝ 
ʪʨʝʙʫʶʪ ʬʫʥʜʘʤʝʥʪʦʚ ʠ ʦʛʨʘʞʜʝʥʠʡ; 

2. ʈʝʢʣʦʫʟʝʨʳ ʦʪʥʦʩʷʪʩʷ ʢ ʢʣʘʩʩʫ ʥʝʦʙʩʣʫʞʠʚʘʝʤʳʭ ʫʩʪʨʦʡʩʪʚ, ʪʦ ʝʩʪʴ 
ʤʦʛʫʪ ʛʦʜʘʤʠ ʨʘʙʦʪʘʪʴ ʙʝʟ ʧʨʠʩʫʪʩʪʚʠʷ ʯʝʣʦʚʝʢʘ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ 

ʜʣʷ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʠ ʫʜʘʣʝʥʥʳʭ ʨʘʡʦʥʦʚ; 

3. ʈʝʢʣʦʫʟʝʨʳ ʥʝ ʪʦʣʴʢʦ ʚʳʧʦʣʥʷʶʪ ʬʫʥʢʮʠʠ ʟʘʱʠʪʳ, ʥʦ ʠ ʦʙʣʘʜʘʶʪ 
"ʟʘʯʘʪʢʘʤʠ ʠʥʪʝʣʣʝʢʪʘ" - ʧʦʩʣʝ ʘʚʘʨʠʠ ʥʘ ʣʠʥʠʠ ʨʝʢʣʦʫʟʝʨ ʥʝʩʢʦʣʴʢʦ 

ʨʘʟ ʧʳʪʘʝʪʩʷ ʚʦʩʩʪʘʥʦʚʠʪʴ ʧʠʪʘʥʠʝ ʠ, ʧʨʠ ʥʝʫʜʘʯʝ, ʧʦʩʳʣʘʝʪ 

ʩʦʦʙʱʝʥʠʝ ʦʧʝʨʘʪʦʨʫ. 

ɺʘʢʫʫʤʥʳʡ ʚʳʢʣʶʯʘʪʝʣʴ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʨʝʢʣʦʫʟʝʨʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʩʪʘʥʜʘʨʪʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ ʤʝʥʴʰʠʤ ʤʝʞʜʫʧʦʣʶʩʥʳʤ ʨʘʩʩʪʦʷʥʠʝʤ, ʙʦʣʝʝ 

ʫʩʠʣʝʥʥʦʡ ʠʟʦʣʷʮʠʝʡ ʠ ʠʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʚʚʦʜʦʚ.[2] 

ʇʨʦʚʝʜʝʤ ʩʨʘʚʥʝʥʠʝ ʚʘʢʫʫʤʥʳʭ ʚʳʢʣʶʯʘʪʝʣʝʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʨʝʢʣʦʫʟʝʨʝ ʠ 

ʤʘʩʣʷʥʳʝ ʚʳʢʣʶʯʘʪʝʣʠ ʠʩʧʦʣʴʟʫʝʤʳʝ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ: 

ɼʦʩʪʦʠʥʩʪʚʘ ʚʘʢʫʫʤʥʳʭ ʚʳʢʣʶʯʘʪʝʣʝʡ: 

½ ʧʨʦʩʪʦʪʘ ʢʦʥʩʪʨʫʢʮʠʠ (ʦʪʩʫʪʩʪʚʠʝ ʢʣʘʧʘʥʦʚ, ʢʦʤʧʨʝʩʩʦʨʦʚ ʠ ʜʨʫʛʠʭ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ) ʠ ʥʘʜʝʞʥʦʩʪʴ ʚ ʨʘʙʦʪʝ; 

½ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʳʝ ʛʘʙʘʨʠʪʳ ʠ ʤʘʩʩʘ; 

½ ʦʪʩʫʪʩʪʚʠʝ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ ʠʣʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʛʦ ʤʘʩʣʘ; 

½ ʥʝʙʦʣʴʰʦʝ ʚʨʝʤʷ ʦʪʢʣʶʯʝʥʠʷ (0,03-0,05 ʩ); 

½ ʦʪʩʫʪʩʪʚʠʝ ʤʘʩʣʘ ʠ ʜʨʫʛʠʭ ʛʦʨʶʯʠʭ ʤʘʪʝʨʠʘʣʦʚ (ʚʟʨʳʚʦʙʝʟʦʧʘʩʥʦʩʪʴ); 

½ ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʜʫʛʦʛʘʩʠʪʝʣʴʥʦʛʦ 
ʧʨʦʤʝʞʫʪʢʘ (ʦʪʩʫʪʩʪʚʠʝ ʰʫʥʪʠʨʫʶʱʠʭ ʨʝʟʠʩʪʦʨʦʚ); 

½ ʙʝʩʰʫʤʥʘʷ ʨʘʙʦʪʘ; 

½ ʦʪʩʫʪʩʪʚʠʝ ʚʳʙʨʦʩʦʚ ʚ ʘʪʤʦʩʬʝʨʫ; 

½ ʫʜʦʙʥʳ ʜʣʷ ʦʪʢʣʶʯʝʥʠʷ ʝʤʢʦʩʪʥʦʡ ʥʘʛʨʫʟʢʠ; 

½ ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʝʩʫʨʩ ʧʨʠ ʢʦʤʤʫʪʘʮʠʠ ʥʦʤʠʥʘʣʴʥʦʛʦ ʪʦʢʘ (30é50 ʪʳʩʷʯ 

ʦʧʝʨʘʮʠʡ); 

½ ʧʨʦʠʟʚʦʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʢʘʤʝʨʳ; 

½ ʦʪʩʫʪʩʪʚʫʝʪ ʫʜʘʨʥʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʬʫʥʜʘʤʝʥʪ, ʭʘʨʘʢʪʝʨʥʘʷ ʜʣʷ ʤʘʩʣʷʥʳʭ 
ʚʳʢʣʶʯʘʪʝʣʝʡ; 

½ ʚʘʢʫʫʤʥʳʝ ʚʳʢʣʶʯʘʪʝʣʠ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʪʴ ʤʘʣʦʛʘʙʘʨʠʪʥʳʝ 

(ʤʥʦʛʦʵʪʘʞʥʳʝ) ʂʈʋ; 

½ ʤʘʣʳʡ ʭʦʜ ʠ ʩʢʦʨʦʩʪʴ ʢʦʥʪʘʢʪʦʚ ʧʦʟʚʦʣʷʶʪ ʧʨʠʤʝʥʷʪʴ ʣʝʛʢʠʝ, ʥʝʙʦʣʴʰʠʝ 

ʧʨʫʞʠʥʥʳʝ ʠʣʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʨʠʚʦʜʳ; 

ʅʝʜʦʩʪʘʪʢʠ ʚʘʢʫʫʤʥʳʭ ʚʳʢʣʶʯʘʪʝʣʝʡ: 

½ ʚʙʣʠʟʠ ʥʫʣʷ ʥʘʙʣʶʜʘʝʪʩʷ ʩʨʝʟ ʪʦʢʘ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʡʩʷ 

ʧʝʨʝʥʘʧʨʷʞʝʥʠʷʤʠ ʧʨʠ ʦʪʢʣʶʯʝʥʠʠ ʤʘʣʳʭ ʠʥʜʫʢʪʠʚʥʳʭ ʪʦʢʦʚ; 

½ ʚ ʚʳʢʣʶʯʘʪʝʣʷʭ ʥʘ ʥʘʧʨʷʞʝʥʠʠ ʚʳʰʝ 35 ʢɺ ʥʝʩʢʦʣʴʢʦ ʢʘʤʝʨ ʥʝʦʙʭʦʜʠʤʦ 

ʩʦʝʜʠʥʷʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ; 

½ ʪʨʝʙʫʶʪ ʥʘʠʙʦʣʴʰʠʭ ʢʘʧʠʪʘʣʦʚʣʦʞʝʥʠʡ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʜʦʚʦʣʴʥʦ 

ʚʳʩʦʢʫʶ ʠʭ ʩʪʦʠʤʦʩʪʴ. 



ð 22 ð    ʅʘʫʯʥʳʝ ʪʝʥʜʝʥʮʠʠ: ɺʦʧʨʦʩʳ ʪʦʯʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ 

 

ɼʦʩʪʦʠʥʩʪʚʘ ʤʘʩʣʷʥʳʭ ʚʳʢʣʶʯʘʪʝʣʝʡ: 

½  ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʨʦʩʪʦʪʘ ʢʦʥʩʪʨʫʢʮʠʠ; 

½ ʙʦʣʴʰʘʷ ʦʪʢʣʶʯʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʘʪʤʦʩʬʝʨʥʳʭ 

ʷʚʣʝʥʠʡ.  

ʅʝʜʦʩʪʘʪʢʠ ʤʘʩʣʷʥʳʭ ʚʳʢʣʶʯʘʪʝʣʝʡ: 

½ ʦʩʦʙʝʥʥʦʩʪʴ ʙʘʢʦʚʳʭ ʚʳʢʣʶʯʘʪʝʣʝʡ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʤʘʩʣʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʘʠʙʦʣʴʰʠʤ ʛʘʙʘʨʠʪʘʤ ʠ ʤʘʩʩʘʤ ʢʘʢ 

ʩʘʤʠʭ ʚʳʢʣʶʯʘʪʝʣʝʡ, ʪʘʢ ʠ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ; 

½  ʧʦʚʳʰʝʥʥʦʡ ʧʦʞʘʨʦ- ʠ ʚʟʨʳʚʦʦʧʘʩʥʦʩʪʠ; 

½ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʤʘʩʣʷʥʦʛʦ ʭʦʟʷʡʩʪʚʘ. 

ʉʨʘʚʥʠʚ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʚʳʢʣʶʯʘʪʝʣʝʡ, ʤʦʞʥʦ ʧʨʠʡʪʠ ʢ ʚʳʚʦʜʫ, 

ʯʪʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʩʯʠʪʘʝʪʩʷ ʚʳʙʦʨ 

ʨʝʢʣʦʫʟʝʨʘ, ʚʢʣʶʯʘʶʱʝʛʦ ʚ ʩʝʙʷ ʚʘʢʫʫʤʥʳʡ ʚʳʢʣʶʯʘʪʝʣʴ. [3] 

ɻʨʘʬʠʢ ʥʘʜʝʞʥʦʩʪʠ ʤʘʩʣʷʥʦʛʦ ʚʳʢʣʶʯʘʪʝʣʷ ʠ ʚʘʢʫʫʤʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ 

ʨʠʩʫʥʢʝ 1. 

 
ʈʠʩʫʥʦʢ 1 - ʀʟʤʝʥʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ 

 

ɺʳʙʦʨ ʨʝʢʣʦʫʟʝʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʩʣʝʜʫʶʱʠʤ ʧʘʨʘʤʝʪʨʘʤ:  

1. ɺʳʙʦʨ ʧʦ ʫʩʣʦʚʠʷʤ ʨʘʙʦʯʠʭ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʭ ʨʝʞʠʤʦʚ: 

.ʥʦʤ ʥʦʤʩʝʪʠU U²    (1) 

. .ʥʦʤ ʥʦʤ ʨʘʩʯI I²
   

(2) 

2. ɺʳʙʦʨ ʧʦ ʢʦʤʤʫʪʘʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ: 

. .ʚʢʣ ʇ ʆI I²    (3) 

ʧʨ.ʩʢʚ. ʇ.ʆ.I I²    (4) 

. .ʧʨʩʢʚ ʫʚʜi i²     (5) 

ʇʨʦʚʝʨʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʩʣʝʜʫʶʱʠʤ ʧʘʨʘʤʝʪʨʘʤ: 

1. ʇʨʦʚʝʨʢʘ ʥʘ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʫʶ ʩʪʦʡʢʦʩʪʴ: 

. .ʚʢʣ ʫʜi i²          (6) 

2. ʇʨʦʚʝʨʢʘ ʧʦ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʠ: 

2 2

. .

ʦʪʢʣt

ʪʝʨʤ ʪʝʨʤ ʢ ʢI t B i dtÖ ² = Öñ          (7) 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʪʝʭʥʦʣʦʛʠʠ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʠʩʪʝʤ çʋʤʥʳʡ ʜʦʤè. ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ ʩʠʩʪʝʤ, ʠʭ 

ʩʦʩʪʘʚ, ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʠ ʦʩʦʙʝʥʥʦʩʪʠ. ɼʘʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʦʚʦʜʥʳʭ ʠ 

ʙʝʩʧʨʦʚʦʜʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʜʦʩʪʘʚʢʫ ʩʠʛʥʘʣʘ ʚ ʩʠʩʪʝʤʘʭ çʋʤʥʳʡ 

ʜʦʤè. ɺʳʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʧʦʜʩʠʩʪʝʤʳ ʫʤʥʦʛʦ ʜʦʤʘ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ 

ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʤʥʳʡ ʜʦʤ, ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʨʝʩʫʨʩʦʩʙʝʨʝʞʝʥʠʝ, 

ʨʘʜʠʦʯʘʩʪʦʪʥʳʝ ʤʝʪʢʠ, ʜʘʪʯʠʢʠ ʫʩʪʨʦʡʩʪʚ, ʨʘʜʠʦʯʘʩʪʦʪʥʘʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ. 

 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʦʣʫʯʘʶʪ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʵʢʦʥʦʤʠʠ ʵʥʝʨʛʠʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠ 
ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʩʦʚʨʝʤʝʥʥʳʭ ʟʜʘʥʠʡ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʪʴ 
ʧʦʚʳʰʝʥʠʶ ʧʦʢʘʟʘʪʝʣʝʡ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʟʜʘʥʠʡ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʢʦʥʦʤʠʠ 
ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʪʝʧʣʘ.  

ʆʩʥʦʚʥʳʤ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝʤ ʩʠʩʪʝʤ çʋʤʥʳʡ ʜʦʤè (ʘʥʛʣ. Smart house) ʷʚʣʷʝʪʩʷ 
ʨʝʩʫʨʩʦʩʙʝʨʝʞʝʥʠʝ, ʦʙʝʩʧʝʯʝʥʠʝ ʢʦʤʬʦʨʪʘ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʣʷ ʚʩʝʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʯʪʦ 
ʨʝʘʣʠʟʫʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʫʩʪʨʦʡʩʪʚ [4].  

ʉʠʩʪʝʤʳ çʫʤʥʳʡ ʜʦʤè ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʩʣʝʜʫʶʱʠʝ ʛʨʫʧʧʳ: 

½ - ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ï ʩʦʩʪʦʷʪ  ʠʟ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʛʦ 
ʮʝʥʪʨʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʣʝʨʘ, ʢ ʢʦʪʦʨʦʤʫ ʧʦʜʢʣʶʯʘʶʪʩʷ ʤʦʜʫʣʠ. ɺʳʩʦʢʘʷ 
ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʦʟʚʦʣʷʝʪ ʚʳʩʪʨʘʠʚʘʪʴ ʩʣʦʞʥʳʝ ʘʣʛʦʨʠʪʤʳ ʫʧʨʘʚʣʝʥʠʷ, 
ʟʘʚʷʟʘʥʥʳʝ ʥʘ ʚʨʝʤʝʥʠ, ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʩʦʩʪʦʷʥʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʆʩʥʦʚʥʳʤ 
ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʝʜʠʥʠʪʴ ʚ ʝʜʠʥʳʡ ʢʦʤʧʣʝʢʩ ʚʩʝ 
ʩʠʩʪʝʤʳ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ [2]; 

½ - ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ï ʘʚʪʦʥʦʤʥʳʝ ʩʠʩʪʝʤʳ, ʚ ʢʦʪʦʨʳʭ 
ʦʪʩʫʪʩʪʚʫʝʪ ʮʝʥʪʨʘʣʴʥʳʡ ʢʦʥʪʨʦʣʣʝʨ. ʊʘʢʠʝ ʩʠʩʪʝʤʳ ʩʦʩʪʦʷʪ ʠʟ ʩʝʥʩʦʨʦʚ ʠ 
ʘʢʪʠʚʘʪʦʨʦʚ. ʇʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʢʘʢʦʡ-ʣʠʙʦ ʘʢʪʠʚʥʦʩʪʠ ʚ ʟʜʘʥʠʠ ʠʣʠ ʠʟʤʝʥʝʥʠʠ ʢʘʢʠʭ-
ʣʠʙʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʥʩʦʨʳ ʧʦʩʳʣʘʶʪ ʪʝʣʝʛʨʘʤʤʳ ʘʢʪʠʚʘʪʦʨʘʤ - ʫʩʪʨʦʡʩʪʚʘʤ-
ʠʩʧʦʣʥʠʪʝʣʷʤ, ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʳʧʦʣʥʷʶʪ ʧʦʜʭʦʜʷʱʠʝ ʢʦʤʘʥʜʳ. ɺʩʝ 
ʫʩʪʨʦʡʩʪʚʘ ʧʦʜʢʣʶʯʘʶʪʩʷ ʢ ʦʙʱʝʡ ʰʠʥʝ (ʢʘʥʘʣ ʩʚʷʟʠ ʜʣʷ ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤʳ) 
ʢʦʪʦʨʘʷ ʪʘʢʞʝ ʤʦʞʝʪ ʧʦʜʢʣʶʯʘʪʴʩʷ ʢ ʜʨʫʛʠʤ ʰʠʥʘʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʩʦʟʜʘʝʪʩʷ 
ʩʣʦʞʥʳʡ ʢʦʤʧʣʝʢʩ ʧʝʨʝʧʣʝʪʝʥʠʷ ʠʩʪʦʯʥʠʢʦʚ ʩʠʛʥʘʣʘ [2]. ʋʩʪʨʦʡʩʪʚʘ ʚ ʪʘʢʦʡ ʩʠʩʪʝʤʝ 
ʷʚʣʷʶʪʩʷ ʥʝʟʘʚʠʩʠʤʳʤʠ, ʪʘʢ ʢʘʢ ʢʘʞʜʳʡ ʤʦʜʫʣʴ ʦʙʣʘʜʘʝʪ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʦʤ ʩ 
ʵʥʝʨʛʦʥʝʟʘʚʠʩʠʤʦʡ ʧʘʤʷʪʴʶ. ɼʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʦʙʣʘʜʘʶʪ ʧʦʚʳʰʝʥʥʦʡ 
ʥʘʜʝʞʥʦʩʪʴʶ. ɽʩʣʠ ʚʳʭʦʜʠʪ ʠʟ ʩʪʨʦʷ ʦʜʠʥ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʤʦʜʫʣʝʡ, ʪʦ ʵʪʦ ʥʝ 



ð 24 ð    ʅʘʫʯʥʳʝ ʪʝʥʜʝʥʮʠʠ: ɺʦʧʨʦʩʳ ʪʦʯʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ 

 
ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʨʘʙʦʪʫ ʚʩʝʡ ʩʠʩʪʝʤʳ. ʈʘʩʰʠʨʝʥʠʝ ʩʠʩʪʝʤʳ 
ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ ʥʦʚʳʭ ʤʦʜʫʣʝʡ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʧʨʦʪʦʢʦʣ 
ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʫʝʤʦʡ ʰʠʥʳ; 

½ - ʩʠʩʪʝʤʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʨʘʜʠʦʢʘʥʘʣʘʭ ʠ ʩʠʣʦʚʦʡ ʧʨʦʚʦʜʢʝ, 
ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʘʙʦʨ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʫʟʣʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 
ʜʠʩʪʘʥʮʠʦʥʥʦ, ʧʦ ʨʘʜʠʦʩʠʛʥʘʣʘʤ, ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʨʘʟʣʠʯʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʩʚʝʪʘ. 
ʋʩʪʘʥʦʚʢʘ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʥʝ ʪʨʝʙʫʝʪ ʩʧʝʮʠʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 
ɼʦʧʦʣʥʝʥʠʝ ʩʠʩʪʝʤʳ ʥʦʚʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʧʦʚʳʰʘʶʱʠʤʠ ʢʦʤʬʦʨʪ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ 
ʟʜʘʥʠʷ ʚʦʟʤʦʞʥʦ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ. ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʩʠʩʪʝʤʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʪʧʨʘʚʢʝ 
ʨʘʜʠʦʧʝʨʝʜʘʪʯʠʢʦʤ ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʛʥʘʣʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʥʠʤʘʪʴ ʚʩʝ 
ʨʘʜʠʦʧʨʠʝʤʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʧʨʠ ʵʪʦʤ ʢʦʤʘʥʜʳ ʚʳʧʦʣʥʷʶʪ ʫʩʪʨʦʡʩʪʚʘ, ʥʘʩʪʨʦʝʥʥʳʝ ʥʘ 
ʧʨʠʝʤ ʢʦʥʢʨʝʪʥʦʛʦ ʩʠʛʥʘʣʘ ʦʪ ʨʘʜʠʦʧʝʨʝʜʘʪʯʠʢʘ. ʇʠʪʘʥʠʝ ʨʘʜʠʦʧʝʨʝʜʘʪʯʠʢʦʚ 
ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʪ ʙʘʪʘʨʝʡ ʠʣʠ ʦʪ ʚʥʝʰʥʝʛʦ ʠʩʪʦʯʥʠʢʘ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 
ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʜʘʞʝ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʵʣʝʢʪʨʠʯʝʩʪʚʘ. ɼʦʩʪʘʚʢʘ ʩʠʛʥʘʣʘ ʚ ʩʠʩʪʝʤʘʭ 
çʋʤʥʳʡ ʜʦʤè ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʦ ʧʨʦʚʦʜʥʳʤ ʠ ʙʝʩʧʨʦʚʦʜʥʳʤ ʩʝʪʷʤ.  

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʚʷʟʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ: ʦʪʢʨʳʪʳʡ 
ʝʚʨʦʧʝʡʩʢʠʡ ʩʪʘʥʜʘʨʪ KNX/EIB (Konnex) ʦʙʲʝʜʠʥʠʚʰʠʡ ʚ ʩʝʙʝ ʥʝʩʢʦʣʴʢʦ ʪʝʭʥʦʣʦʛʠʡ 
ʫʧʨʘʚʣʝʥʠʷ (Batibus, EIB ʠ EHS) ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʧʦʜʜʝʨʞʢʫ ʚʩʝʭ ʩʪʘʥʜʘʨʪʥʳʭ 
ʧʨʦʪʦʢʦʣʦʚ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ ʣʶʙʳʭ ʧʝʨʝʜʘʶʱʠʭ ʩʨʝʜʘʭ (IP ʩʝʪʷʭ, ʚʠʪʳʭ ʧʘʨʘʭ, 
ʩʠʣʦʚʳʭ ʣʠʥʠʷʭ, ʨʘʜʠʦʢʘʥʘʣʘʭ); ʦʪʢʨʳʪʳʡ ʧʨʦʪʦʢʦʣ Smart-bus; ʩʪʘʥʜʘʨʪ LonWorks, 
ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʢʣʠʤʘʪʦʤ, ʩʠʩʪʝʤʘʤʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʫʯʝʪʘ ʨʝʩʫʨʩʦʚ ʜʣʷ 
ʟʜʘʥʠʡ; ʧʨʦʪʦʢʦʣ X10 (ʫʧʨʘʚʣʝʥʠʝ ʵʣʝʢʪʨʦʧʨʠʙʦʨʘʤʠ); ʙʝʩʧʨʦʚʦʜʥʳʝ ʪʝʭʥʦʣʦʛʠʠ Wi-
Fi, ZigBee ʠ Z-wave [4]. 

ʅʘʠʙʦʣʴʰʝʡ ʥʘʜʝʞʥʦʩʪʴʶ ʠ ʩʢʦʨʦʩʪʴʶ ʦʙʣʘʜʘʶʪ ʧʨʦʚʦʜʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, 
ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʠʝ ʩʦʝʜʠʥʝʥʠʝ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʫʤʥʦʛʦ ʜʦʤʘ ʩ ʧʦʤʦʱʴʶ ʧʨʦʚʦʜʦʚ. 
ʕʪʠʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ, ʥʘʜʝʞʥʦʩʪʴ ʠ ʟʘʱʠʱʝʥʥʦʩʪʴ 
ʦʪ  ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ. ɺʳʧʦʣʥʝʥʠʝ ʠʟʤʝʨʝʥʠʡ ʜʘʪʯʠʢʘʤʠ ʪʦʣʴʢʦ ʧʦ ʟʘʧʨʦʩʫ 
ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʛʥʫʪʴ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʧʨʦʚʦʜʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 
ʧʨʦʢʣʘʜʳʚʘʪʴ ʩʣʘʙʦʪʦʯʥʫʶ ʢʘʙʝʣʴʥʫʶ ʩʝʪʴ, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʢʘʙʝʣʝʡ ʚ 
ʩʠʩʪʝʤʝ. ɽʩʣʠ ʜʘʪʯʠʢʠ ʠ  ʠʩʧʦʣʥʠʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʫʜʘʣʝʥʥʳʭ ʠʣʠ 
ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʤʝʩʪʘʭ, ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʝʩʧʨʦʚʦʜʥʳʭ 
ʪʝʭʥʦʣʦʛʠʡ. ʇʨʠ ʵʪʦʤ ʬʫʥʢʮʠʦʥʘʣ ʙʝʩʧʨʦʚʦʜʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʫʱʝʩʪʚʝʥʥʦ ʦʛʨʘʥʠʯʝʥ. 
ʈʘʟʨʘʙʦʪʯʠʢʘʤʠ ʥʝ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʝʩʧʝʯʝʥʠʷ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʧʫʣʴʪʘ 
ʫʧʨʘʚʣʷʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʩ ʜʘʪʯʠʢʘʤʠ ʫʩʪʨʦʡʩʪʚ, ʯʪʦʙʳ ʥʝ ʟʘʚʠʩʝʪʴ ʦʪ ʙʳʩʪʨʦ 
ʨʘʟʨʷʞʘʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʫ ʧʦʣʴʟʦʚʘʪʝʣʷ ʦʪʩʫʪʩʪʚʫʝʪ 
ʠʥʬʦʨʤʘʮʠʷ ʦ ʚʳʧʦʣʥʝʥʠʠ ʢʦʤʘʥʜʳ. ɽʩʣʠ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʩʨʦʢ ʩʣʫʞʙʳ ʠʩʪʦʯʥʠʢʦʚ 
ʧʠʪʘʥʠʷ ʧʫʣʴʪʘ ʫʧʨʘʚʣʝʥʠʷ, ʧʨʦʠʩʭʦʜʠʪ ʩʙʨʦʩ ʚʩʝʭ ʥʘʩʪʨʦʝʢ ʩʠʩʪʝʤʳ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ 
ʙʝʩʧʨʦʚʦʜʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ: ʚʣʠʷʥʠʝ ʚʥʝʰʥʝʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʥʘ 
ʢʘʯʝʩʪʚʦ ʩʚʷʟʠ (ʧʦʛʦʜʘ, ʚʨʝʤʷ ʩʫʪʦʢ, ʧʦʤʝʭʠ); ʟʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ 
ʥʘʛʨʫʟʢʠ ʨʘʜʠʦʩʝʪʠ; ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʨʘʜʠʦʯʘʩʪʦʪʥʦʛʦ ʨʝʩʫʨʩʘ;  ʥʝʩʦʚʤʝʩʪʠʤʦʩʪʴ 
ʦʙʦʨʫʜʦʚʘʥʠʷ ʨʘʟʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʩʝ ʙʦʣʝʝ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʘʝʪ ʪʝʭʥʦʣʦʛʠʷ 
ʨʘʜʠʦʯʘʩʪʦʪʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ (RFID ï Radio Frequency IDentification), 
ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ ʙʝʩʢʦʥʪʘʢʪʥʫʶ ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʦʙʲʝʢʪʦʚ 
ʧʦʩʨʝʜʩʪʚʦʤ ʨʘʜʠʦʯʘʩʪʦʪʥʦʛʦ ʢʘʥʘʣʘ ʩʚʷʟʠ.  

ʉ ʧʦʤʦʱʴʶ ʨʘʜʠʦʩʠʛʥʘʣʘ ʩʯʠʪʳʚʘʶʪʩʷ ʠʣʠ ʟʘʧʠʩʳʚʘʶʪʩʷ ʜʘʥʥʳʝ, ʢʦʪʦʨʳʝ 
ʭʨʘʥʷʪʩʷ ʚ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʪʨʘʥʩʧʦʥʜʝʨʘʭ, ʠʣʠ RFID-ʤʝʪʢʘʭ.  

ʉʠʩʪʝʤʳ RFID ʩʦʩʪʦʷʪ ʠʟ ʩʯʠʪʳʚʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ (ʩʯʠʪʳʚʘʪʝʣʷ) ʠ 
ʪʨʘʥʩʧʦʥʜʝʨʘ (RFID-ʤʝʪʢʠ). ʆʙʲʝʢʪʳ ʠʜʝʥʪʠʬʠʮʠʨʫʶʪʩʷ ʧʦ ʫʥʠʢʘʣʴʥʦʤʫ ʮʠʬʨʦʚʦʤʫ 
ʢʦʜʫ, ʢʦʪʦʨʳʡ ʩʯʠʪʳʚʘʝʪʩʷ ʠʟ ʧʘʤʷʪʠ ʵʣʝʢʪʨʦʥʥʦʡ ʤʝʪʢʠ, ʧʨʠʢʨʝʧʣʝʥʥʦʡ ʢ ʦʙʲʝʢʪʫ 
ʠʜʝʥʪʠʬʠʢʘʮʠʠ. ʉʯʠʪʳʚʘʪʝʣʴ ʠʤʝʝʪ ʧʝʨʝʜʘʪʯʠʢ ʠ ʘʥʪʝʥʥʫ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ 
ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʟʣʫʯʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʦʧʨʝʜʝʣʝʥʥʦʡ ʯʘʩʪʦʪʳ. 



ʅʘʫʯʥʳʝ ʪʝʥʜʝʥʮʠʠ: ɺʦʧʨʦʩʳ ʪʦʯʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ ð  25 ð 

 
ʈʘʜʠʦʯʘʩʪʦʪʥʳʝ ʤʝʪʢʠ, ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʶʪʩʷ ʚ ʟʦʥʝ ʜʝʡʩʪʚʠʷ ʩʯʠʪʳʚʘʶʱʝʛʦ ʧʦʣʷ 
çʦʪʚʝʯʘʶʪè ʩʦʙʩʪʚʝʥʥʳʤ ʩʠʛʥʘʣʦʤ, ʧʝʨʝʜʘʚʘʷ ʟʘʰʠʬʨʦʚʘʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ. ɸʥʪʝʥʥʘ 
ʩʯʠʪʳʚʘʪʝʣʷ ʫʣʘʚʣʠʚʘʝʪ ʩʠʛʥʘʣ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʰʠʬʨʦʚʳʚʘʥʠʝ ʠ 
ʢʦʤʧʴʶʪʝʨʥʘʷ ʦʙʨʘʙʦʪʢʘ ʠʥʬʦʨʤʘʮʠʠ. 

ʊʝʭʥʦʣʦʛʠʷ RFID ʚ ʩʠʩʪʝʤʝ çʋʤʥʳʡ ʜʦʤè ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʢʣʶʯʝʥʠʷ 
ʠ ʚʳʢʣʶʯʝʥʠʷ ʵʣʝʢʪʨʦʧʨʠʙʦʨʦʚ ʪʦʣʴʢʦ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʣʠʮʫ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʛʨʘʥʠʯʠʪʴ 
ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʳʡ ʜʦʩʪʫʧ. ʄʦʜʫʣʠ RFID, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʧʘʥʝʣʠ ʚʢʣʶʯʝʥʠʷ 
ʨʘʟʣʠʯʥʳʭ ʵʣʝʢʪʨʦʧʨʠʙʦʨʦʚ, ʧʦʟʚʦʣʷʶʪ ʙʣʦʢʠʨʦʚʘʪʴ ʝʛʦ ʥʝʞʝʣʘʪʝʣʴʥʦʝ ʚʢʣʶʯʝʥʠʝ 
ʨʝʙʝʥʢʦʤ. ʊʘʢʦʡ ʧʨʠʙʦʨ ʙʫʜʝʪ ʚʢʣʶʯʘʪʴʩʷ ʪʦʣʴʢʦ ʧʨʠ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʠ RFID ʤʦʜʫʣʷ ʩ 
RFID ʤʝʪʢʦʡ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʧʦʣʦʞʝʥʘ, ʥʘʧʨʠʤʝʨ, ʥʘ ʙʨʝʣʦʢʝ ʫ ʨʦʜʠʪʝʣʝʡ.  

ʊʝʭʥʦʣʦʛʠʷ RFID ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʬʠʟʠʯʝʩʢʦʡ ʥʘʜʝʞʥʦʩʪʠ 
ʩʨʝʜʩʪʚ ʠʜʝʥʪʠʬʠʢʘʮʠʠ, ʩʢʦʨʦʩʪʴʶ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʝʥʥʦʡ ʥʘʜʝʞʥʦʩʪʴʶ ʩʠʩʪʝʤʳ ʚ 
ʮʝʣʦʤ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʠʟʥʦʩʘ ʠ ʜʝʮʝʥʪʨʘʣʠʟʘʮʠʝʡ 
ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ. ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ 
ʩʯʠʪʳʚʘʥʠʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ. ʇʨʠ ʵʪʦʤ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʤʝʭʘʥʠʯʝʩʢʦʤ, ʢʦʥʪʘʢʪʥʦʤ 
ʩʦʚʤʝʱʝʥʠʠ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʛʦ ʩʯʠʪʳʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʩ RFID-ʤʝʪʢʠ ʦʥʘ 
ʜʦʣʞʥʘ ʥʘʭʦʜʠʪʴʩʷ ʚ ʟʦʥʝ ʜʝʡʩʪʚʠʷ ʩʯʠʪʳʚʘʪʝʣʷ RFID. ʊʝʭʥʦʣʦʛʠʷ RFID ʤʦʞʝʪ 
ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴʩʷ ʚ ʣʶʙʳʭ ʫʩʣʦʚʠʷʭ, ʜʘʞʝ ʚ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜʘʭ.  

ʂ ʧʦʜʩʠʩʪʝʤʘʤ  ʫʤʥʦʛʦ ʜʦʤʘ, ʥʘʧʨʘʚʣʝʥʥʳʤ ʥʘ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ ʦʪʥʦʩʷʪʩʷ: 
ʧʦʜʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʦʩʚʝʱʝʥʠʝʤ; ʧʦʜʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʢʣʠʤʘʪʦʤ ʧʦʤʝʱʝʥʠʷ; 
ʧʦʜʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʩʠʩʪʝʤʘʤʠ ʩʥʘʙʞʝʥʠʷ (ʵʣʝʢʪʨʠʯʝʩʪʚʦ, ʛʘʟ, ʚʦʜʘ). 
ʆʩʪʘʣʴʥʳʝ ʧʦʜʩʠʩʪʝʤʳ çʋʤʥʦʛʦ ʜʦʤʘè ʥʘʧʨʘʚʣʝʥʳ ʪʦʣʴʢʦ ʥʘ ʧʦʚʳʰʝʥʠʝ ʢʦʤʬʦʨʪʘ 
ʧʨʦʞʠʚʘʥʠʷ [3]. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʝʛʦ ʦʩʚʝʱʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 
ʜʘʪʯʠʢʘʤʠ ʜʚʠʞʝʥʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʚ ʦʩʥʦʚʥʳʭ ʧʨʦʭʦʜʥʳʭ ʧʦʤʝʱʝʥʠʷʭ ʜʦʤʘ. 
ʉʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʢʣʶʯʘʝʪ ʠ ʚʳʢʣʶʯʘʝʪ ʦʩʚʝʱʝʥʠʝ ʧʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʜʚʠʞʝʥʠʷ 
ʠʣʠ ʝʛʦ ʦʪʩʫʪʩʪʚʠʠ.  

ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʢʣʠʤʘʪʦʤ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʜʘʪʯʠʢʠ ʪʝʤʧʝʨʘʪʫʨʳ (ʩʥʘʨʫʞʠ ʠ 
ʚʥʫʪʨʠ ʟʜʘʥʠʷ), ʢʦʥʪʨʦʣʣʝʨ, ʪʝʨʤʦʩʪʘʪ, ʩʝʨʚʦʧʨʠʚʦʜʳ. ɸʣʛʦʨʠʪʤʳ ʢʦʥʪʨʦʣʷ ʢʣʠʤʘʪʘ 
ʧʦʟʚʦʣʷʶʪ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʦʧʪʠʤʘʣʴʥʳʡ ʨʝʞʠʤ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 
ʩʠʩʪʝʤ. ʕʢʦʥʦʤʠʷ ʟʘʪʨʘʯʠʚʘʝʤʦʡ ʥʘ ʦʙʦʛʨʝʚ ʵʥʝʨʛʠʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʥʠʞʝʥʠʝʤ 
ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʥʦʯʥʦʝ ʚʨʝʤʷ ʚ ʧʫʩʪʳʭ ʧʦʤʝʱʝʥʠʷʭ, ʤʠʥʠʤʠʟʘʮʠʝʡ ʨʘʙʦʪʳ 
ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʠʷ ʭʦʟʷʝʚ.  

ʂʦʥʪʨʦʣʴ ʠ ʫʧʨʘʚʣʝʥʠʝ ʠʥʞʝʥʝʨʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʠ ʵʣʝʢʪʨʠʯʝʩʪʚʦʤ (ʟʘʱʠʪʘ ʦʪ 
ʧʨʦʪʝʯʝʢ ʩʠʩʪʝʤ ʚʦʜʦʩʥʘʙʞʝʥʠʷ, ʢʦʥʪʨʦʣʴ ʦʪʦʧʣʝʥʠʷ ʠ ʛʘʟʘ) ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʜʘʪʯʠʢʘʤʠ 
ʠ ʢʦʥʪʨʦʣʣʝʨʦʤ, ʥʘ ʢʦʪʦʨʳʡ ʧʦʩʪʫʧʘʝʪ ʠʥʬʦʨʤʘʮʠʷ ʦʪ ʜʘʪʯʠʢʦʚ, ʧʦʩʣʝ ʯʝʛʦ 
ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʧʦ ʟʘʣʦʞʝʥʥʳʤ ʘʣʛʦʨʠʪʤʘʤ ʠ ʦʪʧʨʘʚʢʘ ʩʠʛʥʘʣʘ ʥʘ ʩʝʨʚʦʧʨʠʚʦʜ 
ʟʘʜʚʠʞʝʢ ʠ ʢʨʘʥʦʚ [3].  

ʊʝʭʥʦʣʦʛʠʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʧʨʠʤʝʥʷʶʱʠʝʩʷ ʚ ʩʠʩʪʝʤʘʭ ʫʤʥʦʛʦ ʜʦʤʘ, 
ʠʩʧʦʣʴʟʫʶʪ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʝ ʘʣʛʦʨʠʪʤʳ ʫʧʨʘʚʣʝʥʠʷ ʦʩʚʝʱʝʥʠʝʤ, ʧʨʠʙʦʨʘʤʠ 
ʦʪʦʧʣʝʥʠʷ ʠ ʚʝʥʪʠʣʷʮʠʠ, ʢʦʥʜʠʮʠʦʥʝʨʘʤʠ, ʩʠʩʪʝʤʘʤʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʢʦʥʪʨʦʣʷ 
ʜʦʩʪʫʧʘ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʦʢʨʘʱʝʥʠʝ ʨʘʩʭʦʜʘ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ. 
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ɸʥʥʦʪʘʮʠʷ 

ʆʜʥʦʡ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʛʦʨʦʜʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ 

ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʫʭʦʜʘ ʟʘ ʟʝʣʝʥʳʤʠ ʥʘʩʘʞʜʝʥʠʷʤʠ. ʅʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʫʭʦʜʘ ʟʘ 

ʨʘʩʪʝʥʠʷʤʠ ʷʚʣʷʝʪʩʷ ʧʦʣʠʚ, ʢʦʪʦʨʳʡ ʟʘʯʘʩʪʫʶ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤʠ 

ʩʠʩʪʝʤʘʤʠ. ʆʜʥʘʢʦ ʙʝʟ ʥʘʣʠʯʠʷ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ, ʚʳʚʝʩʪʠ ʧʨʦʮʝʩʩ ʥʘ ʜʦʣʞʥʳʡ ʫʨʦʚʝʥʴ 

ʢʘʯʝʩʪʚʘ ʢʨʘʡʥʝ ʩʣʦʞʥʦ. ɼʣʷ ʵʪʦʛʦ ʧʨʠʤʝʥʷʶʪʩʷ ʜʘʪʯʠʢʠ ʚʣʘʞʥʦʩʪʠ, ʮʝʥʘ ʢʦʪʦʨʳʭ 

ʥʝʠʟʙʝʞʥʦ ʚʝʜʝʪ ʢ ʩʠʣʴʥʦʤʫ ʫʜʦʨʦʞʘʥʠʶ ʩʠʩʪʝʤʳ ʧʦʣʠʚʘ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʚ ʩʠʩʪʝʤʫ ʜʘʪʯʠʢʘ 

ʚʣʘʞʥʦʩʪʠ, ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʘʚʪʦʨʘʤʠ, ʢʦʪʦʨʳʡ ʦʪʚʝʯʘʣ ʙʳ ʪʘʢʠʤ ʧʦʣʦʞʠʪʝʣʴʥʳʤ 

ʢʨʠʪʝʨʠʷʤ ʢʘʢ ʜʝʰʝʚʠʟʥʘ, ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʠ ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʡ, ʚʳʩʦʢʘʷ 

ʘʥʪʠʢʦʨʨʦʟʠʡʥʘʷ ʩʪʦʡʢʦʩʪʴ, ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ.  

 

ʉʝʛʦʜʥʷ ʨʳʥʦʢ ʧʨʝʜʣʘʛʘʝʪ ʦʙʰʠʨʥʳʡ ʧʝʨʝʯʝʥʴ ʩʨʝʜʩʪʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʦʣʠʚʘ ʠ 

ʠʭ ʢʦʤʧʣʝʢʪʫʶʱʠʭ. ʃʠʜʝʨʘʤʠ ʚ ʵʪʦʡ ʩʬʝʨʝ ʷʚʣʷʶʪʩʷ ʪʘʢʠʝ ʬʠʨʤʳ ʢʘʢ Hunter, RainBird 

ʠ Gardena. ʇʨʠ ʘʥʘʣʠʟʝ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʷ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ, ʧʨʝʜʣʘʛʘʝʤʳʭ ʜʘʥʥʳʤʠ 

ʬʠʨʤʘʤʠ, ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʚʩʝ ʤʦʜʝʣʠ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʮʝʥʦʡ (ʦʪ 5 ʜʦ 20 ʪʳʩ. ʨʫʙ. 

ʠ ʚʳʰʝ) ʠ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʥʝ ʩʦʚʤʝʩʪʠʤʳ ʩ ʩʠʩʪʝʤʘʤʠ ʩʪʦʨʦʥʥʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ.  

ʇʨʠ ʧʦʠʩʢʝ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ ʙʳʣʠ ʥʘʡʜʝʥʳ ʢʠʪʘʡʩʢʠʝ 

ʜʝʰʝʚʳʝ ʜʘʪʯʠʢʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʨʝʟʠʩʪʠʚʥʦʤ ʧʨʠʥʮʠʧʝ ʜʝʡʩʪʚʠʷ, ʦʜʥʘʢʦ ʜʘʣʴʥʝʡʰʝʝ 

ʪʝʩʪʠʨʦʚʘʥʠʝ ʚʳʷʚʠʣʦ ʥʝʩʢʦʣʴʢʦ ʷʚʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ, ʢʦʪʦʨʳʝ ʜʝʣʘʶʪ ʥʝʚʦʟʤʦʞʥʳʤ 

ʧʨʠʤʝʥʝʥʠʝ ʠʭ ʚ ʛʦʨʦʜʩʢʦʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʝ ʧʦʣʠʚʘ.  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ɺʇʀ (ʬʠʣʠʘʣ) ɺʦʣʛɻʊʋ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʨʘʟʨʘʙʦʪʘʪʴ 

ʩʦʙʩʪʚʝʥʥʳʡ ʜʘʪʯʠʢ ʚʣʘʞʥʦʩʪʠ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʝʤʢʦʩʪʥʦʤ ʧʨʠʥʮʠʧʝ ʜʝʡʩʪʚʠʷ. ɿʘ 

ʦʩʥʦʚʫ ʪʘʢʦʛʦ ʜʘʪʯʠʢʘ ʚʟʷʪ ʛʝʥʝʨʘʪʦʨ ʯʘʩʪʦʪʳ, ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʠʪ ʦʪ 

ʝʤʢʦʩʪʠ ʧʦʜʢʣʶʯʝʥʥʦʛʦ ʢ ʥʝʤʫ ʢʦʥʜʝʥʩʘʪʦʨʘ (ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ, 

ʧʦʛʨʫʞʝʥʥʦʛʦ ʚ ʧʦʯʚʫ).  

 

ʈʠʩ. 1 ï ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʯʝʪʳʨʝʭ ʜʘʪʯʠʢʦʚ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ 

 

ɺʳʧʦʣʥʝʥʥʳʡ ʦʙʟʦʨ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ: 

½ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʝʤʢʦʩʪʥʦʡ ʜʘʪʯʠʢ "ʨʠʩ. 1 ʘ"  ʧʦʢʘʟʘʣ ʚʦ ʚʨʝʤʷ ʠʩʧʳʪʘʥʠʡ, 
ʥʝʦʙʭʦʜʠʤʳʡ ʫʨʦʚʝʥʴ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʠ ʚʳʩʦʢʫʶ ʘʥʪʠʢʦʨʨʦʟʠʡʥʫʶ 

ʩʪʦʡʢʦʩʪʴ. 



ʅʘʫʯʥʳʝ ʪʝʥʜʝʥʮʠʠ: ɺʦʧʨʦʩʳ ʪʦʯʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ ð  27 ð 

 

½ ʜʘʪʯʠʢ ʚʣʘʞʥʦʩʪʠ "ʨʠʩ. 1 ʙ" ʧʦʢʘʟʘʣ ʩʪʘʙʠʣʴʥʫʶ ʚʳʭʦʜʥʫʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ, ʥʦ ʧʦ ʦʢʦʥʯʘʥʠʠ ʦʧʳʪʘ ʥʘ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʘʭ 

ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʦʯʘʛʠ ʨʞʘʚʯʠʥʳ; 

½ ʜʘʪʯʠʢ ʚʣʘʞʥʦʩʪʠ "ʨʠʩ. 1 ʚ" ʧʦʢʘʟʘʣ ʥʠʟʢʫʶ ʩʪʦʡʢʦʩʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ 
ʵʣʝʤʝʥʪʦʚ ʢ ʢʦʨʨʦʟʠʠ, ʩʣʝʜʩʪʚʠʝʤ ʯʝʛʦ ʩʪʘʣʠ ʣʦʞʥʳʝ ʧʦʢʘʟʘʥʠʷ; 

ʆʜʥʘʢʦ ʜʣʷ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʜʘʪʯʠʢʘ ʭʘʨʘʢʪʝʨʥʦ ʢʦʣʝʙʘʥʠʝ ʜʠʘʧʘʟʦʥʘ ʯʘʩʪʦʪ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʤʝʥʝʥʠʷ ʝʛʦ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʧʦʯʚʝ. ʏʪʦʙʳ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʵʪʦʪ 

ʵʬʬʝʢʪ, ʨʝʰʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʨʝʜʩʪʚʦ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʥʦʡ ʪʝʭʥʠʢʠ, ʢʦʪʦʨʦʝ 

ʦʙʝʩʧʝʯʠʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʫʶ ʘʜʘʧʪʘʮʠʶ ʜʘʪʯʠʢʘ ʧʦʜ ʨʘʟʥʳʡ ʪʠʧ ʧʦʯʚʳ. ʊʘʢʞʝ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʦʙʝʩʧʝʯʠʪ ʩʚʷʟʴ ʩ ʛʣʘʚʥʳʤ ʢʦʥʪʨʦʣʣʝʨʦʤ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʠʤʝʥʝʥʠʷ 

ʠʥʪʝʨʬʝʡʩʘ RS-485. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʙʣʦʢ-ʩʭʝʤʘ ʧʨʦʛʨʘʤʤʳ ʘʜʘʧʪʘʮʠʠ ʜʘʪʯʠʢʦʚ 

ʚʣʘʞʥʦʩʪʠ. 

 

ʈʠʩ. 2 ï ɹʣʦʢ-ʩʭʝʤʘ ʧʨʦʛʨʘʤʤʳ ʘʜʘʧʪʘʮʠʠ ʜʘʪʯʠʢʘ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ 

 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʩʭʝʤʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʫʶ ʨʘʙʦʪʫ ʠʩʩʣʝʜʫʝʤʦʛʦ ʜʘʪʯʠʢʘ 

ʢʦʥʪʨʦʣʷ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʝʤʢʦʩʪʥʦʛʦ ʜʘʪʯʠʢʘ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ ʚ ʩʠʩʪʝʤʝ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ, ʪʘʢ ʢʘʢ ʦʥ ʦʙʣʘʜʘʝʪ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴʶ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʠʟʤʝʨʝʥʠʷ ʠ ʘʥʪʠʢʦʨʨʦʟʠʡʥʦʡ ʩʪʦʡʢʦʩʪʴʶ. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʘ ʠʩʪʦʨʠʷ ʨʘʟʚʠʪʠʷ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʥʘ 

ʧʨʠʤʝʨʝ ʨʘʙʦʪ ʧʦ ʩʦʟʜʘʥʠʶ ʧʝʨʚʦʛʦ ʙʝʩʧʠʣʦʪʥʦʛʦ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ, ʩʦʟʜʘʥʥʦʛʦ 



ð 28 ð    ʅʘʫʯʥʳʝ ʪʝʥʜʝʥʮʠʠ: ɺʦʧʨʦʩʳ ʪʦʯʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ 

 
ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʳʤ, ʠ ʧʝʨʚʦʛʦ ʧʠʣʦʪʠʨʫʝʤʦʛʦ ʩʘʤʦʣʝʪʘ, ʩʦʟʜʘʥʥʦʛʦ ɸ.ʌ. ʄʦʞʘʡʩʢʠʤ. 
ɼʘʝʪʩʷ ʦʙʦʩʥʦʚʘʥʠʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʙʝʩʧʠʣʦʪʥʦʛʦ 
ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ (ɹʇʃɸ). ʆʙʦʩʥʦʚʳʚʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɹʇʃɸ 
ʜʣʷ ʨʝʰʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʥʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʢʪʘʭ ʚ ʢʘʯʝʩʪʚʝ 
ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʡ ʜʦʩʪʘʚʢʠ ʰʠʨʦʢʦʛʦ ʧʝʨʝʯʥʷ ʛʨʫʟʦʚ ʚ 
ʫʜʘʣʝʥʥʳʝ ʧʦʩʝʣʝʥʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 
ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦʩʪʨʦʝʥʠʷ ʝʸ ʩʪʨʫʢʪʫʨʳ.  
ʈʘʩʩʤʦʪʨʝʥ ʚʦʧʨʦʩ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʚ 
ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʚ ʨʘʙʦʪʝ ʩʣʫʞʙʳ ʄʏʉ, ʚ ʣʝʩʥʦʤ ʭʦʟʷʡʩʪʚʝ, 
ʛʝʦʣʦʛʠʠ ʠ ʤʝʪʝʦʨʦʣʦʛʠʠ. ʆʪʜʝʣʴʥʦ ʨʘʩʩʤʦʪʨʝʥ ʚʦʧʨʦʩ ʧʨʠʤʝʥʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ 
ɹʇʃɸ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʧʦ ʦʩʚʦʝʥʠʶ ʂʨʘʡʥʝʛʦ ʉʝʚʝʨʘ ï ʟʘʱʠʪʝ ʩʝʚʝʨʥʳʭ ʨʫʙʝʞʝʡ 
ʈʌ, ʦʭʨʘʥʝ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʉʝʚʝʨʥʦʛʦ ʃʝʜʦʚʠʪʦʛʦ ʆʢʝʘʥʘ ʠ ʦʩʚʦʝʥʠʷ ʉʝʚʝʨʥʦʛʦ 
ʤʦʨʩʢʦʛʦ ʧʫʪʠ.  

ɺ ʩʪʘʪʴʝ ʧʦʢʘʟʘʥʘ ʨʝʘʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʣʝʩʥʳʭ 
ʤʘʩʩʠʚʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ɹʇʃɸ. ʆʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʪʝʭʥʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ɹʇʃɸ ʠ 
ʫʩʣʦʚʠʷ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʦʪʤʝʯʝʥʳ ʚʳʩʦʢʘʷ ʥʘʜʝʞʥʦʩʪʴ ʘʧʧʘʨʘʪʦʚ ʠ ʪʦʯʥʦʩʪʴ 
ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʧʨʝʜʣʦʞʝʥʥʳʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʨʝʜʩʪʚ ʠ ʩʠʩʪʝʤ. 

ʇʨʠʚʝʜʝʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʙʣʦʢ - ʩʭʝʤʘ ʮʠʬʨʦʚʦʛʦ ʥʘʚʠʛʘʮʠʦʥʥʦ-ʧʠʣʦʪʘʞʥʦʛʦ 
ʢʦʤʧʣʝʢʩʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ɹʇʃɸ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʥʠʪʦʨʠʥʛ, ʣʝʩʥʦʝ ʭʦʟʷʡʩʪʚʦ, ʙʝʩʧʠʣʦʪʥʳʡ ʣʝʪʘʪʝʣʴʥʳʡ 
ʘʧʧʘʨʘʪ, ʥʘʚʠʛʘʮʠʷ, ʪʨʘʥʩʧʦʨʪ, ʜʦʩʪʘʚʢʘ ʛʨʫʟʦʚ, ʎɺʄ ï ʮʠʬʨʦʚʘʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ 
ʤʘʰʠʥʘ. 

 
ɺʚʝʜʝʥʠʝ.  ʂ ʫʧʨʘʚʣʷʝʤʳʤ ʙʝʟ ʵʢʠʧʘʞʘ ʣʝʪʘʪʝʣʴʥʳʤ ʘʧʧʘʨʘʪʘʤ (ʃɸ) ʦʪʥʦʩʷʪʩʷ 

ʜʠʩʪʘʥʮʠʦʥʥʦ ʧʠʣʦʪʠʨʫʝʤʳʝ ʠ ʘʚʪʦʥʦʤʥʦ ʫʧʨʘʚʣʷʝʤʳʝ ʙʝʩʧʠʣʦʪʥʳʝ ʣʝʪʘʪʝʣʴʥʳʝ 
ʘʧʧʘʨʘʪʳ (ɹʇʃɸ) ʩʘʤʦʣʝʪʥʦʡ ʠ ʚʝʨʪʦʣʝʪʥʦʡ ʩʭʝʤʳ, ʘ ʪʘʢʞʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ 
ʢʦʩʤʠʯʝʩʢʠʝ ʘʧʧʘʨʘʪʳ. ɹʇʃɸ ʤʦʛʫʪ ʙʳʪʴ ʙʦʝʚʳʤʠ, ʨʘʟʚʝʜʳʚʘʪʝʣʴʥʳʤʠ,  ʘ ʪʘʢʞʝ 
ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʤʠʰʝʥʝʡ. ɺ ʙʦʣʝʝ ʰʠʨʦʢʦʤ ʩʤʳʩʣʝ ʢ ɹʇʃɸ ʦʪʥʦʩʷʪʩʷ 
ʫʧʨʘʚʣʷʝʤʳʝ ʢʨʳʣʘʪʳʝ ʨʘʢʝʪʳ ʙʦʝʚʦʛʦ ʧʨʠʤʝʥʝʥʠʷ.  

ɺʝʩʴ XX ʠ ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʜʦʣʞʘʝʪʩʷ ʠʭ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ, ʧʨʠʯʝʤ ʩ 
ʮʝʣʴʶ ʥʘʧʨʘʚʣʝʥʥʦʡ, ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʧʨʦʪʠʚ ʯʝʣʦʚʝʢʘ, ʘ ʥʝ ʜʣʷ ʯʝʣʦʚʝʢʘ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʜʘʝʪʩʷ ʧʦʧʳʪʢʘ ʧʨʝʜʣʦʞʠʪʴ ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʩʦʟʜʘʚʘʪʴ ɹʇʃɸ, 
ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʨʝʰʘʪʴ ʥʘʨʦʜʥʦ-ʭʦʟʷʡʩʪʚʝʥʥʳʝ ʟʘʜʘʯʠ ʚ ʢʘʯʝʩʪʚʝ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 
ʩʨʝʜʩʪʚʘ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʧʨʦʤʳʰʣʝʥʥʳʤ ʧʨʝʜʧʨʠʷʪʠʷʤ, ʣʝʩʥʦʤʫ ʭʦʟʷʡʩʪʚʫ, ʩʣʫʞʙʘʤ 
ʄʠʥʠʩʪʝʨʩʪʚʘ ʆʙʦʨʦʥʳ ʠ  ʄʏʉ, ʛʝʦʣʦʛʦʨʘʟʚʝʜʢʝ, ʛʠʜʨʦʤʝʪʝʦʩʣʫʞʙʝ ʠ ʜʨ., ʫʯʠʪʳʚʘʷ 
ʨʘʟʤʝʨʳ ʩʪʨʘʥʳ ʠ ʦʪʩʫʪʩʪʚʠʝ ʜʦʨʦʛ ʜʣʷ ʜʦʩʪʘʚʢʠ ʛʨʫʟʦʚ. ʆʪʝʯʝʩʪʚʝʥʥʘʷ ʥʘʫʢʘ ʠ 
ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʙʣʘʜʘʝʪ ʜʦʩʪʘʪʦʯʥʦʡ ʙʘʟʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʘʢʠʭ 
ʪʨʘʥʩʧʦʨʪʥʳʭ ɹʇʃɸ. ɺʘʞʥʘʷ ʨʦʣʴ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʪʨʘʥʩʧʦʨʪʥʳʭ ɹʇʃɸ ʦʪʚʦʜʠʪʩʷ ʢ 
ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ ʟʘʤʝʥʳ ʧʠʣʦʪʘ ʠ ʰʪʫʨʤʘʥʘ ʘʚʪʦʤʘʪʦʤ ʧʠʣʦʪʠʨʦʚʘʥʠʷ ʠ 
ʘʚʪʦʥʘʚʠʛʘʪʦʨʦʤ. ʉʦʚʨʝʤʝʥʥʳʡ ʫʨʦʚʝʥʴ ʨʘʟʚʠʪʠʷ ʮʠʬʨʦʚʦʡ ʪʝʭʥʠʢʠ, ʧʨʦʛʨʘʤʤʥʦ-
ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʥʘʣʠʯʠʝ ʥʝʦʙʭʦʜʠʤʳʭ ʢʦʤʧʣʝʢʪʫʶʱʠʭ, ʘ ʪʘʢʞʝ ʦʧʳʪ 
ʧʨʝʜʳʜʫʱʠʭ ʨʘʟʨʘʙʦʪʦʢ ɹʇʃɸ, ʧʦʟʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪʴ ʚʳʧʦʣʥʝʥʠʝ ʵʪʦʡ  ʟʘʜʘʯʠ. 
ʉʦʟʜʘʥʠʝ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʳʤ ʧʝʨʚʦʛʦ ɹʇʃɸ ʧʦʜʪʚʝʨʞʜʘʝʪ ʘʢʩʠʦʤʫ - ñɿʥʘʥʠʝ 
ʧʨʦʰʣʦʛʦ ʧʦʤʦʛʘʝʪ ʣʫʯʰʝ ʧʨʝʜʚʠʜʝʪʴ ʙʫʜʫʱʝʝò. 

ʀʩʪʦʨʠʷ ʩʦʟʜʘʥʠʷ ɹʇʃɸ. ʇʨʦʰʣʦ ʙʦʣʝʝ 250 ʣʝʪ ʩ ʪʦʡ ʧʦʨʳ, ʢʘʢ ʫʰʸʣ ʠʟ ʞʠʟʥʠ 
ʥʘʰ ʟʝʤʣʷʢ ʄʠʭʘʠʣ ɺʘʩʠʣʴʝʚʠʯ ʃʦʤʦʥʦʩʦʚ (08.11.1711-04.04.1765 ʛʛ), ʚʝʣʠʢʠʡ 
ʫʯʝʥʳʡ, ʠʥʞʝʥʝʨ ʠ ʧʦʵʪ, ʢʦʪʦʨʦʛʦ ɸʨʭʘʥʛʝʣʴʩʢʘʷ ʟʝʤʣʷ ʧʦʜʘʨʠʣʘ ʈʦʩʩʠʠ ʠ ʤʠʨʫ. 

ʆʜʥʠʤ ʠʟ ʪʝʭ, ʢʪʦ ʟʘʥʠʤʘʣʩʷ ʧʝʨʝʦʩʤʳʩʣʝʥʠʝʤ ʣʦʤʦʥʦʩʦʚʩʢʦʛʦ ʥʘʩʣʝʜʠʷ, ʙʳʣ 
ʘʢʘʜʝʤʠʢ ɺ.ʀ. ɺʝʨʥʘʜʩʢʠʡ. ʆʥ ʧʠʩʘʣ ʦ ʄʠʭʘʠʣʝ ɺʘʩʠʣʴʝʚʠʯʝ: çʅʘ ʢʘʞʜʦʤ ʰʘʛʫ ʚ ʝʛʦ 
ʪʚʦʨʝʥʠʷʭ ʚʩʪʘʶʪ ʚ ʧʦʨʘʞʘʶʱʝʡ ʥʘʩ ʚ ʩʪʘʨʦʤʦʜʥʦʡ ʦʙʦʣʦʯʢʝ ʬʘʢʪʳ, ʠʜʝʠ ʠ 
ʦʙʦʙʱʝʥʠʷ ʯʫʞʜʳʝ  XVIII ʩʪʦʣʝʪʠʶ, ʚʥʦʚʴ ʧʦʥʷʪʳʝ, ʦʪʢʨʳʪʳʝ ʠ ʧʨʠʟʥʘʥʥʳʝ ʚ XIʍ ʠ  
ʍʍ ʚʝʢʘʭèé  ʠ  ʍʍI ʚʝʢʝ. 

ʇʨʠʤʝʨʦʤ ʪʦʤʫ ʩʣʫʞʠʪ ʩʦʟʜʘʥʥʳʡ ʠʤ ʧʝʨʚʳʡ ʙʝʩʧʠʣʦʪʥʳʡ ʣʝʪʘʪʝʣʴʥʳʡ 
ʘʧʧʘʨʘʪ, ʠʜʝʷ ʢʦʪʦʨʦʛʦ ʦʢʘʟʘʣʘʩʴ ʚʦʩʪʨʝʙʦʚʘʥʥʦʡ ʚ ʍʍ ʠ ʍʍI ʩʪʦʣʝʪʠʷʭ. 



ʅʘʫʯʥʳʝ ʪʝʥʜʝʥʮʠʠ: ɺʦʧʨʦʩʳ ʪʦʯʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ ð  29 ð 

 
ʉʣʝʜʫʝʪ ʥʘʧʦʤʥʠʪʴ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʦ ʧʦʩʪʨʦʡʢʘʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ 

(ʃɸ) ʩʦʭʨʘʥʠʣʠʩʴ ʚ ʜʨʝʚʥʠʭ ʩʢʘʟʘʥʠʷʭ, ʣʝʛʝʥʜʘʭ ʠ ʩʪʘʨʠʥʥʳʭ ʨʫʢʦʧʠʩʷʭ, ʧʨʠ ʵʪʦʤ ʦʥʠ 
ʣʠʰʝʥʳ ʢʦʥʢʨʝʪʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʡ 
ʨʝʘʣʠʟʘʮʠʠ ʠ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʦʪʦʙʨʘʞʘʶʪ ʤʝʯʪʫ ʯʝʣʦʚʝʢʘ ʢ ʧʦʣʝʪʫ.   ɸ ʧʨʠʤʝʨʦʤ ʪʦʤʫ 
ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʢʦʚʝʨ - ʩʘʤʦʣʝʪ.  

ʀʩʪʦʨʠʯʝʩʢʠʡ ʬʘʢʪ - ʧʝʨʚʘʷ ʚ ʤʠʨʝ ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʥʘʷ ʧʨʘʢʪʠʯʝʩʢʘʷ 
ʠʥʞʝʥʝʨʥʘʷ ʨʘʟʨʘʙʦʪʢʘ ʃɸ ʪʷʞʝʣʝʝ ʚʦʟʜʫʭʘ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʳʤ ʚ 
1754ʛ. [1, 6]. ʕʪʦ ʙʳʣʘ ʤʦʜʝʣʴ ʚʝʨʪʦʣʝʪʘ ʠ ʬʘʢʪʠʯʝʩʢʠ ʷʚʠʣʘʩʴ ʧʝʨʚʳʤ ʙʝʩʧʠʣʦʪʥʳʤ 
ʣʝʪʘʪʝʣʴʥʳʤ ʘʧʧʘʨʘʪʦʤ (ɹʇʃɸ). ʆʥ ʧʦʩʪʨʦʠʣ ʤʦʜʝʣʴ ʃɸ, ʨʘʙʦʪʘʶʱʝʛʦ ʧʦ ʧʨʠʥʮʠʧʫ 
ʚʝʨʪʦʣʝʪʘ ʩ ʩʦʦʩʥʳʤʠ ʚʠʥʪʘʤʠ, ʯʪʦʙʳ ʧʦʜʥʷʪʴ ʥʘʜ ʟʝʤʣʝʡ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ 
ʨʝʛʠʩʪʨʠʨʫʶʱʠʝ ʧʨʠʙʦʨʳ.  

ʉʦʦʙʱʝʥʠʝ ʦ ʃɸ, ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʳʤ, ʩʦʜʝʨʞʠʪʩʷ ʚ ʇʨʦʪʦʢʦʣʝ 
ʟʘʩʝʜʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʦʪ 1 ʠʶʣʷ 1754ʛ, ʛʜʝ ʠʤʝʝʪʩʷ ʪʘʢʘʷ ʟʘʧʠʩʴ: 
çɻʦʩʧʦʜʠʥ ʉʦʚʝʪʥʠʢ ʃʦʤʦʥʦʩʦʚ ʧʦʢʘʟʘʣ ʧʨʠʜʫʤʘʥʥʫʶ ʠʤ ʤʘʰʠʥʫ, ʢʦʪʦʨʫʶ ʦʥ 
ʥʘʟʳʚʘʝʪ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʠ ʥʘʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʡ ʜʦʣʞʥʦ ʙʳʪʴ ʚ ʪʦʤ, ʯʪʦʙʳ ʨʘʙʦʪʦʡ 
ʢʨʳʣʴʝʚ, ʧʨʠʚʦʜʠʤʳʭ ʚ ʩʠʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʧʨʫʞʠʥʦʡ, ʢʘʢʦʚʳʝ ʦʙʳʯʥʦ ʙʳʚʘʶʪ ʚ ʯʘʩʘʭ 
ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʧʨʠʞʠʤʘʶʪ ʚʦʟʜʫʭ ʠ ʧʦʜʥʠʤʘʶʪ 
ʤʘʰʠʥʫ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʚʝʨʭʥʝʡ ʚʦʟʜʫʰʥʦʡ ʦʙʣʘʩʪʠ ʩ ʪʝʤ, ʯʪʦʙʳ ʤʦʞʥʦ ʙʳʣʦ 
ʠʩʩʣʝʜʦʚʘʪʴ ʫʩʣʦʚʠʷ ʚʝʨʭʥʝʛʦ ʚʦʟʜʫʭʘ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʠʙʦʨʘʤʠ, 
ʧʨʠʩʦʝʜʠʥʝʥʥʳʤʠ ʢ ʵʪʦʡ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʤʘʰʠʥʝ. ʄʘʰʠʥʘ ʫʜʝʨʞʠʚʘʣʘʩʴ ʚ 
ʨʘʚʥʦʚʝʩʠʠ ʛʨʫʟʠʢʘʤʠ, ʧʨʠʚʝʰʝʥʥʳʤʠ ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʩʪʦʨʦʥʳ, ʘ ʧʨʠ ʟʘʚʝʜʝʥʥʦʡ 
ʧʨʫʞʠʥʝ ʪʦʪʯʘʩ ʧʦʜʥʠʤʘʣʘʩʴ ʚʚʝʨʭ ʠ ʪʝʤ ʦʙʝʱʘʣʘ ʞʝʣʘʝʤʦʝ ʜʝʡʩʪʚʠʝè. 

ɺ ʛʦʜʦʚʦʤ ʦʪʯʝʪʝ ʟʘ 1754 ʛ.  ʃʦʤʦʥʦʩʦʚ ʧʠʰʝʪ: çɼʝʣʘʣ ʦʧʳʪʳ ʩ ʤʘʰʠʥʦʡ, 
ʢʦʪʦʨʘʷ ʧʦʜʥʠʤʘʣʘʩʴ ʢʚʝʨʭʫ ʩʘʤʘ ʠ ʤʦʛʣʘ ʙʳ ʧʦʜʥʷʪʴ ʪʝʨʤʦʤʝʪʨ, ʜʘʙʳ ʫʟʥʘʪʴ ʛʨʘʜʫʩ 
ʪʝʧʣʦʪʳ ʥʘ ʚʳʰʠʥʝéè. ɿʥʘʯʠʪʝʣʴʥʦ ʧʦʟʞʝ ʧʦʜʦʙʥʳʝ  ʃɸ ʙʳʣʠ ʩʦʟʜʘʥʳ ʠ ʟʘ ʛʨʘʥʠʮʝʡ. 
ʇʨʠ ʩʦʟʜʘʥʠʠ ʜʘʥʥʦʛʦ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚ ʩʜʝʣʘʣ ʧʝʨʚʫʶ ʚ ʠʩʪʦʨʠʠ 
ʧʨʘʢʪʠʯʝʩʢʫʶ ʧʦʧʳʪʢʫ ʧʨʠʤʝʥʠʪʴ ʘʨʭʠʤʝʜʦʚ ʚʠʥʪ ʜʣʷ ʚʦʟʜʫʰʥʦʛʦ ʧʣʘʚʘʥʠʷ. ʆʩʦʙʝʥʥʦ 
ʚʧʝʯʘʪʣʷʝʪ ʪʦ, ʯʪʦ ʦʥ, ʩʪʨʝʤʷʩʴ ʫʥʠʯʪʦʞʠʪʴ ʨʝʘʢʪʠʚʥʳʡ ʤʦʤʝʥʪ, ʧʨʝʜʫʩʤʦʪʨʝʣ ʚ ʩʚʦʸʤ 
ʘʧʧʘʨʘʪʝ ʜʚʘ ʩʦʦʩʥʳʭ ʚʠʥʪʘ, ʚʨʘʱʘʶʱʠʭʩʷ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʩʪʦʨʦʥʳ! ɺ ʥʘʩʪʦʷʱʝʝ 
ʚʨʝʤʷ ʵʪʠʤ ʪʝʭʥʠʯʝʩʢʠʤ ʨʝʰʝʥʠʝʤ ʧʦʣʴʟʫʶʪʩʷ ʨʘʟʨʘʙʦʪʯʠʢʠ   ɹʇʃɸ  ʠ ʚʝʨʪʦʣʸʪʦʚ  
ʂʦʥʩʪʨʫʢʪʦʨʩʢʦʛʦ ɹʶʨʦ ʅ.ʀ. ʂʘʤʦʚʘ, ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʳʭ ʚ ʚʦʝʥʥʦʡ ʠ ʛʨʘʞʜʘʥʩʢʦʡ 
ʘʚʠʘʮʠʠ. 

ʊʘʢ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚ ʩʪʘʣ ʠʟʦʙʨʝʪʘʪʝʣʝʤ ʠ ʩʦʟʜʘʪʝʣʝʤ ʧʝʨʚʦʛʦ ʃɸ ʪʷʞʝʣʝʝ 
ʚʦʟʜʫʭʘ ʠ ʧʨʦʚʦʟʚʝʩʪʥʠʢʦʤ ʩʦʚʨʝʤʝʥʥʦʡ ʘʚʠʘʮʠʠ, ʟʘʢʣʘʜʳʚʘʷ ʦʩʥʦʚʳ ʘʵʨʦʜʠʥʘʤʠʢʠ, 
ʦʬʦʨʤʠʚʰʝʡʩʷ, ʢʘʢ ʥʘʫʢʘ, ʣʠʰʴ ʚ ʢʦʥʮʝ XIX-ʛʦ ʩʪʦʣʝʪʠʷ. ʏʝʨʝʟ 30 ʣʝʪ ʧʦʩʣʝ ʄ.ɺ. 
ʃʦʤʦʥʦʩʦʚʘ, ʚ 1784 ʛʦʜʫ, ʬʨʘʥʮʫʟʩʢʠʤ ʠʟʦʙʨʝʪʘʪʝʣʷʤ ʃʦʥʫʘ ʠ ɹʴʝʥʚʝʥʶ ʫʜʘʣʦʩʴ 
ʧʦʩʪʨʦʠʪʴ ʥʝʙʦʣʴʰʦʡ ʛʝʣʠʢʦʧʪʝʨ-ʠʛʨʫʰʢʫ, ʧʦʜʥʠʤʘʶʱʠʡʩʷ ʚ ʚʦʟʜʫʭ ʩ ʧʦʤʦʱʴʶ 
ʯʝʪʳʨʸʭʣʦʧʘʩʪʥʦʛʦ ʚʠʥʪʘ, ʧʨʠʚʦʜʠʤʦʛʦ ʚ ʜʚʠʞʝʥʠʝ ʪʝʪʠʚʦʡ ʦʪ ʣʫʢʘ.  

ɺ ʢʦʥʮʝ XVIII-ʛʦ ʩʪʦʣʝʪʠʷ ʥʘʩʪʫʧʠʣʦ ʚʨʝʤʷ ʧʦʣʸʪʦʚ ʃɸ ʣʝʛʯʝ ʚʦʟʜʫʭʘ. ɺ 1783 
ʛʦʜʫ ʚʦ ʌʨʘʥʮʠʠ ʙʨʘʪʴʷʤ ʄʦʥʛʦʣʴʬʴʝ ʫʜʘʣʦʩʴ ʦʩʫʱʝʩʪʚʠʪʴ ʧʦʜʲʸʤ ʚ ʚʦʟʜʫʭ ʦʙʦʣʦʯʢʠ, 
ʥʘʧʦʣʥʝʥʥʦʡ ʥʘʛʨʝʪʳʤ ʚʦʟʜʫʭʦʤ, ʘ ʩʣʝʜʦʤ, ʚ ʪʦʤ ʞʝ ʛʦʜʫ, ʬʠʟʠʢ ʐʘʨʣʝʤ ʠ ʙʨʘʪʴʷ 
ʈʦʙʝʨ, ʠʩʧʦʣʴʟʦʚʘʚ ʧʝʨʝʜʦʚʳʝ ʜʦʩʪʠʞʝʥʠʷ ʩʚʦʝʛʦ ʚʨʝʤʝʥʠ ʚ ʦʙʣʘʩʪʠ ʭʠʤʠʠ (ʚʦʜʦʨʦʜ) ʠ 
ʪʝʭʥʦʣʦʛʠʠ (ʧʨʦʨʝʟʠʥʝʥʥʘʷ ʦʙʦʣʦʯʢʘ), ʦʨʛʘʥʠʟʦʚʘʣʠ ʙʝʩʧʠʣʦʪʥʳʡ ʧʦʣʸʪ ʚʦʟʜʫʰʥʦʛʦ 
ʰʘʨʘ. ɺ ʈʦʩʩʠʠ ʧʝʨʚʳʡ ʧʦʣʸʪ ʚʦʟʜʫʰʥʦʛʦ ʰʘʨʘ ʙʳʣ ʩʦʚʝʨʰʸʥ ʚ ʇʝʪʝʨʙʫʨʛʝ ʚ 1783 ʛʦʜʫ 
ʠ ʚ ʄʦʩʢʚʝ ʚ 1784 ʛʦʜʫ. ʇʝʨʚʳʡ ʧʦʣʸʪ ʚ ʈʦʩʩʠʠ ʚ ʥʘʫʯʥʳʭ ʮʝʣʷʭ ʜʣʷ ʠʟʫʯʝʥʠʷ ʚʝʨʭʥʠʭ 
ʩʣʦʸʚ ʘʪʤʦʩʬʝʨʳ ʩ ʵʢʠʧʘʞʝʤ ʠʟ ʪʨʸʭ ʯʝʣʦʚʝʢ ʙʳʣ ʩʦʚʝʨʰʸʥ ʚ 1804 ʛʦʜʫ. 

ʈʘʙʦʪʘʤʠ ʩ ʚʦʟʜʫʰʥʳʤʠ ʰʘʨʘʤʠ ʟʘʠʥʪʝʨʝʩʦʚʘʣʠʩʴ ʚʦʝʥʥʳʝ ʩ ʮʝʣʴʶ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʃɸ ʚ ʧʠʣʦʪʠʨʫʝʤʦʤ ʠ ʙʝʩʧʠʣʦʪʥʦʤ ʚʘʨʠʘʥʪʘʭ ʜʣʷ ʥʫʞʜ ʘʨʤʠʠ. ʅʘʜʦ 
ʩʢʘʟʘʪʴ, ʯʪʦ ʝʱʸ ʨʘʥʝʝ ʨʫʩʩʢʠʡ ʧʦʣʢʦʚʦʜʝʮ ʉʫʚʦʨʦʚ ɸ.ɺ. ʠʥʪʝʨʝʩʦʚʘʣʩʷ ʚʦʟʤʦʞʥʦʩʪʴʶ 
ʧʨʠʤʝʥʠʪʴ ʚʦʟʜʫʰʥʳʝ ʰʘʨʳ ʥʘ ʚʦʡʥʝ ʠ ʥʝ ʨʘʟ ʛʦʚʦʨʠʣ: çʂʘʙʳ ʷ ʤʦʛ ʙʳʪʴ ʧʪʠʮʝʡ, 
ʚʣʘʜʝʣ ʙʳ ʥʝ ʦʜʥʦʡ ʩʪʦʣʠʮʝʡè. 

ʉʦ ʚʨʝʤʝʥʝʤ ʧʦʷʚʠʣʠʩʴ ʤʦʜʠʬʠʢʘʮʠʠ ʚʦʟʜʫʰʥʳʭ ʰʘʨʦʚ ï ʘʵʨʦʩʪʘʪʦʚ 
ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʧʦʣʫʯʠʚʰʠʭ ʥʘʟʚʘʥʠʝ ʩʚʦʙʦʜʥʳʭ, ʧʨʠʚʷʟʘʥʥʳʭ ʠ ʜʠʨʠʞʘʙʣʝʡ. 
ʆʩʥʦʚʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʩʦʟʜʘʥʠʷ ʫʧʨʘʚʣʷʝʤʦʛʦ ʘʵʨʦʩʪʘʪʘ ʧʨʠʟʥʘʚʘʣʦʩʴ: ʫʜʣʠʥʸʥʥʘʷ 



ð 30 ð    ʅʘʫʯʥʳʝ ʪʝʥʜʝʥʮʠʠ: ɺʦʧʨʦʩʳ ʪʦʯʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ 

 
ʬʦʨʤʘ ʦʙʦʣʦʯʢʠ, ʧʨʠʤʝʥʝʥʠʝ ʚʠʥʪʘ ʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʜʚʠʛʘʪʝʣʷ. ɻʣʘʚʥʳʤ ʩʨʝʜʩʪʚʦʤ 
ʥʘʚʠʛʘʮʠʠ ʙʳʣʠ ï ʤʘʛʥʠʪʥʳʡ ʢʦʤʧʘʩ, ʯʘʩʳ ʠ ʢʘʨʪʳ ʤʝʩʪʥʦʩʪʠ, ʧʦʟʚʦʣʷʶʱʠʝ 
ʦʧʨʝʜʝʣʠʪʴ ʢʦʦʨʜʠʥʘʪʳ ʠ ʩʢʦʨʦʩʪʴ ʧʦʣʸʪʘ. 

ʋʚʣʝʯʝʥʠʝ ʚʦʟʜʫʭʦʧʣʘʚʘʥʠʝʤ ʚ XIX ʩʪʦʣʝʪʠʠ ʥʝ ʤʦʛʣʦ ʥʝ ʟʘʪʦʨʤʦʟʠʪʴ 
ʠʟʦʙʨʝʪʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʩʦʟʜʘʥʠʷ ʃɸ ʪʷʞʝʣʝʝ ʚʦʟʜʫʭʘ. ʅʘʙʣʶʜʘʣʠʩʴ 
ʣʠʰʴ ʦʪʜʝʣʴʥʳʝ ʧʦʧʳʪʢʠ ʩʦʟʜʘʥʠʷ ʧʨʦʩʪʝʡʰʠʭ ɹʇʃɸ, ʨʘʙʦʪʳ ʧʦ ʢʦʪʦʨʳʤ ʤʦʛʣʠ 
ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʜʘʣʴʥʝʡʰʝʤ ʜʣʷ ʩʦʟʜʘʥʠʷ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʭ ʤʦʜʝʣʝʡ 
ʙʝʩʧʠʣʦʪʥʠʢʦʚ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʨʫʩʩʢʠʤʠ ʫʯʸʥʳʤʠ ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʳʤ, ʅ.ɽ. ɾʫʢʦʚʩʢʠʤ, 
ʉ.ɸ. ʏʘʧʣʳʛʠʥʳʤ, ʂ.ʕ. ʎʠʦʣʢʦʚʩʢʠʤ ʚʝʣʠʩʴ ʥʘʫʯʥʳʝ ʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʪʝʦʨʠʠ ʠ 
ʧʨʘʢʪʠʢʠ ʚʦʟʜʫʭʦʧʣʘʚʘʥʠʷ ʠ ʘʚʠʘʮʠʠ, ʯʪʦ ʧʨʠʙʣʠʞʘʣʦ ʩʦʟʜʘʥʠʝ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʭ 
ʃɸ, ʚ ʪʦʤ ʯʠʩʣʝ ɹʇʃɸ ʪʷʞʝʣʝʝ ʚʦʟʜʫʭʘ.  

ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʨʠ ʨʘʟʨʘʙʦʪʢʘʭ ʃɸ ʜʣʷ ʧʦʣʝʪʘ ʯʝʣʦʚʝʢʘ ʥʘ ʙʦʨʪʫ ʚ ʢʘʯʝʩʪʚʝ 
ʤʦʜʝʣʝʡ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ɹʇʃɸ. ʇʦʩʣʝ ʥʝʩʢʦʣʴʢʠʭ ʫʜʘʯʥʳʭ ʟʘʧʫʩʢʦʚ 
ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʩʘʤʦʣʸʪʦʚ, ʨʫʩʩʢʠʤ ʠʟʦʙʨʝʪʘʪʝʣʝʤ ɸ.ʌ.ʄʦʞʘʡʩʢʠʤ ʚʧʝʨʚʳʝ ʙʳʣ ʩʦʟʜʘʥ 
ʩʘʤʦʣʝʪ ʚ ʥʘʪʫʨʘʣʴʥʫʶ ʚʝʣʠʯʠʥʫ, ʩʧʦʩʦʙʥʳʤ ʧʦʜʥʷʪʴ ʯʝʣʦʚʝʢʘ, ʅʝʩʤʦʪʨʷ ʥʘ 
ʦʛʨʘʥʠʯʝʥʠʷ ʚ ʤʘʪʝʨʠʘʣʴʥʦ - ʪʝʭʥʠʯʝʩʢʦʤ ʦʙʝʩʧʝʯʝʥʠʠ ʠ ʧʨʠ ʪʝʭʥʠʯʝʩʢʠʭ 
ʚʦʟʤʦʞʥʦʩʪʷʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʍIX ʚʝʢʘ, ʧʨʠ ʥʝʜʦʚʝʨʠʠ ʚʦʝʥʥʦʡ ʙʶʨʦʢʨʘʪʠʠ ʠ  ʨʷʜʘ 
ʫʯʝʥʳʭ, ʩʯʠʪʘʚʰʠʭ, ʯʪʦ çʘʧʧʘʨʘʪ ʪʷʞʝʣʝʝ ʚʦʟʜʫʭʘ ʣʝʪʘʪʴ ʥʝ ʤʦʞʝʪè, ɸ.ʌ. ʄʦʞʘʡʩʢʠʡ 
ʩʫʤʝʣ ʚ 1883 ʛʦʜʫ ʟʘʚʝʨʰʠʪʴ ʧʦʩʪʨʦʡʢʫ ʧʝʨʚʦʛʦ ʚ ʤʠʨʝ ʩʘʤʦʣʝʪʘ, ʩʧʦʩʦʙʥʦʛʦ ʧʦʜʥʷʪʴ 
ʯʝʣʦʚʝʢʘ ʚ ʚʦʟʜʫʭ. ʇʨʠ ʵʪʦʤ ʩʘʤʦʣʸʪ ʩʦʩʪʦʷʣ ʠʟ ʰʝʩʪʠ ʦʩʥʦʚʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 
ʛʨʫʧʧ, ʠʟ ʢʦʪʦʨʳʭ ʩʦʩʪʦʠʪ ʩʦʚʨʝʤʝʥʥʳʡ ʩʘʤʦʣʸʪ: ʢʦʨʧʫʩ, ʢʨʳʣʦ, ʦʧʝʨʝʥʠʝ, ʰʘʩʩʠ, 
ʫʧʨʘʚʣʝʥʠʝ ʠ ʩʠʣʦʚʘʷ ʫʩʪʘʥʦʚʢʘ. 

ʇʝʨʩʧʝʢʪʠʚʘ ʨʘʟʚʠʪʠʷ ɹʇʃɸ.  
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʨʘʟʣʠʯʥʳʭ ʩʪʨʘʥʘʭ ʘʢʪʠʚʥʦ ʧʨʦʚʦʜʷʪʩʷ ʨʘʙʦʪʳ ʧʦ 

ʩʦʟʜʘʥʠʶ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ɹʇʃɸ, ʚ ʦʩʥʦʚʥʦʤ, ʜʣʷ ʚʦʝʥʥʳʭ ʮʝʣʝʡ, ʢʘʢ ʩʨʝʜʩʪʚʦ ʜʣʷ 
ʚʝʜʝʥʠʷ ʬʦʪʦ ʠ ʨʘʜʠʦ ʨʘʟʚʝʜʢʠ ʠ ʚʳʧʦʣʥʝʥʠʷ ʙʦʝʚʳʭ ʟʘʜʘʯ. 

ʉʦʚʨʝʤʝʥʥʳʝ ɹʇʃɸ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʢʦʥʪʨʦʣʷ ʩʦʩʪʦʷʥʠʷ ʣʝʩʥʳʭ 
ʤʘʩʩʠʚʦʚ, ʦʙʥʘʨʫʞʝʥʠʷ ʦʯʘʛʦʚ ʧʦʞʘʨʦʚ ʠ ʟʦʥ ʟʘʪʦʧʣʝʥʠʡ ʙʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 
ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ɹʇʃɸ ʬʦʪʦ ʠ ʚʠʜʝʦʢʘʤʝʨ [3]. ʉ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ɹʇʃɸ 
ʤʦʛʫʪ ʚʝʩʪʠ ʤʝʪʝʦʥʘʙʣʶʜʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʥʘ ʨʘʟʣʠʯʥʳʭ ʚʳʩʦʪʘʭ, ʤʦʛʫʪ 
ʚʝʩʪʠ ʢʦʥʪʨʦʣʴ ʣʝʜʦʚʦʡ ʦʙʩʪʘʥʦʚʢʠ ʚ ʤʦʨʝ, ʤʦʛʫʪ ʧʦʤʦʯʴ ʵʢʦʣʦʛʘʤ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 
ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʦʙʩʪʘʥʦʚʢʫ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ, ʤʦʛʫʪ ʦʧʨʝʜʝʣʷʪʴ ʥʘʣʠʯʠʝ 
ʜʠʢʠʭ ʞʠʚʦʪʥʳʭ ʠ ʚʝʩʪʠ ʠʭ ʫʯʸʪ, ʤʦʛʫʪ ʧʦʤʦʯʴ ʨʳʙʘʢʘʤ ʦʙʥʘʨʫʞʠʪʴ ʢʦʩʷʢʠ ʨʳʙ, ʘ 
ʪʘʢʞʝ ʚʝʩʪʠ ʢʦʥʪʨʦʣʴ ʟʘ ʠʟʚʝʨʞʝʥʠʝʤ ʚʫʣʢʘʥʦʚ. ʂʨʦʤʝ ʚʩʝʛʦ ʵʪʦʛʦ - ʚʝʩʪʠ ʧʦʠʩʢ ʠ 
ʦʢʘʟʳʚʘʪʴ ʧʨʠ ʘʚʘʨʠʡʥʦʡ ʧʦʩʘʜʢʝ ʧʦʤʦʱʴ ʧʦʧʘʚʰʠʤ ʚ ʙʝʜʫ ʵʢʠʧʘʞʘʤ ʠ ʧʘʩʩʘʞʠʨʘʤ 
ʩʘʤʦʣʝʪʦʚ ʠ ʚʝʨʪʦʣʝʪʦʚ, ʘ ʪʘʢʞʝ ʪʝʨʧʷʱʠʤ ʙʝʜʩʪʚʠʝ ʤʦʨʷʢʘʤ ʠ ʦʭʦʪʥʠʢʘʤ. 

ʋʩʪʘʥʦʚʣʝʥʥʘʷ ʥʘ ɹʇʃɸ ʩʧʝʮʠʘʣʴʥʘʷ ʘʧʧʘʨʘʪʫʨʘ ʤʦʞʝʪ ʧʦʤʦʯʴ ʛʝʦʣʦʛʘʤ ʚʝʩʪʠ 
ʧʦʠʩʢ ʨʘʡʦʥʦʚ ʥʘʭʦʞʜʝʥʠʷ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ - ʘʣʤʘʟʦʚ, ʨʘʟʣʠʯʥʳʭ ʨʫʜ, ʥʝʬʪʠ, ʛʘʟʘ 
ʠ ʧʨ. ʅʘʣʠʯʠʝ ɹʇʃɸ ʤʦʞʝʪ ʧʦʤʦʯʴ ʩʣʫʞʙʘʤ ʄʏʉ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʙʦʪ ʚ 
ʢʨʠʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʪʘʢ, ʚ ʩʚʦʝ ʚʨʝʤʷ, ʙʝʩʧʠʪʣʦʪʥʠʢʠ ʠ ʨʦʙʦʪʳ  ʤʦʛʣʠ ʙʳ ʩʧʘʩʪʠ ʦʪ 
ʙʦʣʝʟʥʝʡ ʠ ʛʠʙʝʣʠ ʤʥʦʛʠʭ ʫʯʘʩʪʥʠʢʦʚ - ʣʠʢʚʠʜʘʪʦʨʦʚ ʏʝʨʥʦʙʳʣʴʩʢʦʡ ʢʘʪʘʩʪʨʦʬʳ. 

ʉʣʝʜʫʝʪ ʦʞʠʜʘʪʴ, ʯʪʦ ʧʨʦʮʝʩʩ ʨʘʟʚʠʪʠʷ ʪʝʭʥʠʢʠ ʚ XXI ʚʝʢʝ ʧʨʠʚʝʜʸʪ ʢ ʩʦʟʜʘʥʠʶ 
ɹʇʃɸ ʙʦʣʝʝ ʰʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʠʥʪʝʨʝʩʘʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʧʨʠ 
ʨʝʰʝʥʠʠ ʥʘʨʦʜʥʦ-ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʟʘʜʘʯ. 

ɺʦ ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠʤʝʝʪʩʷ ʦʩʪʨʘʷ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʜʦʩʪʘʚʢʝ 
ʛʨʫʟʦʚ (ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ, ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʤʝʜʠʮʠʥʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʛʘʟʝʪ, 
ʞʫʨʥʘʣʦʚ ʠ ʧʨ.) ʚ ʫʜʘʣʝʥʥʳʝ ʤʝʩʪʘ ʨʘʙʦʪʳ ʛʘʟʦ- ʠ ʥʝʬʪʝʜʦʙʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ, 
ʨʘʙʦʪʥʠʢʦʚ ʣʝʩʥʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʘ ʪʘʢʞʝ ʚ ʫʜʘʣʝʥʥʳʝ ʧʦʩʝʣʝʥʠʷ ʨʳʙʘʢʦʚ, ʩʢʦʪʦʚʦʜʦʚ, 
ʛʝʦʣʦʛʦʚ, ʤʝʪʝʦʨʦʣʦʛʦʚ ʠ ʜʨ., ʚ ʩʚʷʟʠ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʢʨʫʛʣʦʛʦʜʠʯʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ 
ʩʨʝʜʩʪʚ, ʢʨʦʤʝ ʨʝʯʥʳʭ ʠ ʤʦʨʩʢʠʭ ʩʫʜʦʚ, ʩʘʤʦʣʸʪʦʚ, ʚʝʨʪʦʣʸʪʦʚ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ 
ʫʩʣʦʞʥʷʝʪ ʜʦʩʪʘʚʢʫ ʛʨʫʟʦʚ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʩʪʦʠʤʦʩʪʴ ʠʭ ʜʦʩʪʘʚʢʠ. ɸ ʦʪʩʫʪʩʪʚʠʝ 
ʰʦʩʩʝʡʥʳʭ ʜʦʨʦʛ ʦʛʨʘʥʠʯʠʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 
ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʦʪʨʝʪʴ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʪʘʢʠʭ ʮʝʣʝʡ 
ʪʨʘʥʩʧʦʨʪʥʳʭ ɹʇʃɸ. 



ʅʘʫʯʥʳʝ ʪʝʥʜʝʥʮʠʠ: ɺʦʧʨʦʩʳ ʪʦʯʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ ð  31 ð 

 
ʕʪʦʤʫ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʚʨʝʤʝʥʥʦʝ ʨʘʟʚʠʪʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ 

ʮʠʬʨʦʚʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ, ʘ ʪʘʢʞʝ ʩʪʠʤʫʣʠʨʫʝʪ ʨʘʟʨʘʙʦʪʢʫ ʚʳʩʦʢʦʪʦʯʥʳʭ, 
ʥʘʜʸʞʥʳʭ, ʥʝʜʦʨʦʛʠʭ ʤʘʣʦʛʘʙʘʨʠʪʥʳʭ ʜʘʪʯʠʢʦʚ ʠ ʩʠʩʪʝʤ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 
ʜʚʠʞʝʥʠʷ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʧʨʠ ʥʘʣʠʯʠʠ ʛʣʦʙʘʣʴʥʦʡ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʧʫʪʥʠʢʦʚʦʡ 
ʩʠʩʪʝʤʳ (ɻʃʆʅɸʉʉ). ʇʨʠ ʩʦʟʜʘʥʠʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ  ɹʇʃɸ, ʚ ʩʚʷʟʠ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʥʘ 
ʙʦʨʪʫ ʧʠʣʦʪʦʚ ʠ ʧʘʩʩʘʞʠʨʦʚ, ʢʦʨʝʥʥʳʤ ʦʙʨʘʟʦʤ ʤʝʥʷʝʪʩʷ ʧʦʜʭʦʜ ʢ ʨʘʟʨʘʙʦʪʢʝ 
ʢʦʥʩʪʨʫʢʮʠʠ ɹʇʃɸ. ʀʩʯʝʟʘʶʪ ʞʝʩʪʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʪʝʧʣʦʠʟʦʣʷʮʠʠ, ʛʝʨʤʝʪʠʟʘʮʠʠ 
ʘʧʧʘʨʘʪʘ, ʧʦʜʜʝʨʞʘʥʠʶ ʢʦʤʬʦʨʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ. ʇʦʜʣʝʞʘʪ ʧʝʨʝʩʤʦʪʨʫ 
ʥʦʨʤʘʪʠʚʳ ʧʦ ʜʦʧʫʩʪʠʤʳʤ ʥʦʨʤʘʤ ʜʣʷ ʢʦʥʩʪʨʫʢʮʠʠ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʧʦ 
ʧʝʨʝʛʨʫʟʢʘʤ, ʚʠʙʨʘʮʠʷʤ ʠ ʪ.ʜ. 

ʉ ʧʨʠʤʝʥʝʥʠʝʤ ʥʦʚʳʭ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʟ ʘʨʤʠʨʦʚʘʥʥʳʭ ʥʠʪʝʡ 
ʚʦʟʤʦʞʥʦ ʫʤʝʥʴʰʠʪʴ ʤʘʩʩʫ ʧʣʘʥʝʨʘ ɹʇʃɸ ʚ 2-2,5 ʨʘʟʘ. ʊʘʢʠʝ ʤʘʪʝʨʠʘʣʳ ʧʨʘʢʪʠʯʝʩʢʠ 
ʥʝ ʥʘʤʦʢʘʶʪ, ʧʦʵʪʦʤʫ ʩʥʠʞʘʝʪʩʷ ʨʠʩʢ ʦʙʣʝʜʝʥʝʥʠʷ ʠ ʧʦʚʨʝʞʜʝʥʠʷ ʢʦʨʧʫʩʘ ʘʧʧʘʨʘʪʘ. 

ɺ ʮʝʣʦʤ, ʫʢʘʟʘʥʥʳʝ ʥʦʚʦʚʚʝʜʝʥʠʷ ʧʦʟʚʦʣʷʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʩʪʠʪʴ ʢʦʥʩʪʨʫʢʮʠʶ 
ʠ ʫʚʝʣʠʯʠʪʴ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴ ɹʇʃɸ. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʩʦʟʜʘʥʠʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ɹʇʃɸ ʚʳʟʚʘʥʘ ʩʣʦʞʥʦʩʪʴʶ ʚ 
ʧʦʜʜʝʨʞʘʥʠʠ ʠʩʧʨʘʚʥʦʩʪʠ (ʣʝʪʥʦʡ ʛʦʜʥʦʩʪʠ) ʩʘʤʦʣʝʪʦʚ ʠ ʚʝʨʪʦʣʝʪʦʚ, ʪʨʫʜʥʦʩʪʴʶ 
ʪʝʭʦʙʩʣʫʞʠʚʘʥʠʷ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ɿʀʇʘ, ʜʦʨʦʛʦʚʠʟʥʳ ʪʦʧʣʠʚʘ ʠ ɻʉʄ, ʠʟʥʦʰʝʥʥʦʩʪʠ 
ʙʦʨʪʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʠʟʢʦʛʦ ʫʨʦʚʥʷ ʦʩʪʘʪʦʯʥʦʛʦ ʨʝʩʫʨʩʘ ʜʚʠʛʘʪʝʣʝʡ ʠ ʟʘʚʝʨʰʝʥʠʷ 
ʚ ʙʣʠʞʘʡʰʝʝ ʚʨʝʤʷ ʚʳʨʘʙʦʪʢʠ ʨʝʩʫʨʩʘ ʠ ʩʨʦʢʘ ʩʣʫʞʙʳ ʫ ʜʝʡʩʪʚʫʶʱʝʛʦ ʧʘʨʢʘ 
ʩʘʤʦʣʝʪʦʚ ʠ ʚʝʨʪʦʣʝʪʦʚ. 

ʆʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ ʥʝʜʦʩʪʘʪʦʢ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʠʣʦʪʦʚ ʠ ʪʝʭʥʠʯʝʩʢʠʭ 
ʢʘʜʨʦʚ ʜʣʷ ʪʝʭʦʙʩʣʫʞʠʚʘʥʠʷ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʝʦʙʭʦʜʠʤʦ ʥʘʭʦʜʠʪʴ ʜʨʫʛʠʝ ʩʧʦʩʦʙʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ, ʩʪʦʷʱʠʭ 
ʧʝʨʝʜ ʘʚʠʘʮʠʝʡ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʝʨʝʚʦʟʦʢ ʤʝʥʝʝ ʟʘʪʨʘʪʥʳʭ ʠ ʙʦʣʝʝ 
ʵʬʬʝʢʪʠʚʥʳʭ. 

ɺʩʝ ʵʪʦ ʚʳʟʳʚʘʝʪ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʢ ʦʮʝʥʢʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 
ʪʨʘʥʩʧʦʨʪʥʳʭ ɹʇʃɸ ʨʘʟʣʠʯʥʦʡ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ, ʜʘʣʴʥʦʩʪʠ ʧʦʣʝʪʘ, ʪʝʭʥʠʯʝʩʢʦʡ 
ʦʩʥʘʱʝʥʥʦʩʪʠ ʜʣʷ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʛʨʫʟʦʧʝʨʝʚʦʟʢʘʭ. 

ʊʨʘʥʩʧʦʨʪʥʳʝ ɹʇʃɸ ʜʣʷ ʂʨʘʡʥʝʛʦ ʉʝʚʝʨʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʥʘʰʝʡ 
ʩʪʨʘʥʝ ʟʘʱʠʪʝ ʩʝʚʝʨʥʳʭ ʨʫʙʝʞʝʡ, ʦʭʨʘʥʝ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʉʝʚʝʨʥʦʛʦ ʃʝʜʦʚʠʪʦʛʦ 
ʆʢʝʘʥʘ ʠ ʦʩʚʦʝʥʠʶ ʉʝʚʝʨʥʦʛʦ ʄʦʨʩʢʦʛʦ ʇʫʪʠ ʧʨʠʜʘʸʪʩʷ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ. ʆʩʚʦʝʥʠʝ 
ɸʨʢʪʠʢʠ ʧʨʦʠʩʭʦʜʠʪ ʚ ʪʷʞʸʣʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʥʘ 
ʚʝʯʥʦʡ ʤʝʨʟʣʦʪʝ, ʧʨʠ ʜʣʠʪʝʣʴʥʦʡ ʧʦʣʷʨʥʦʡ ʥʦʯʠ. ʕʪʦ ʪʨʝʙʫʝʪ ʥʘʣʠʯʠʷ ʨʘʟʥʦʦʙʨʘʟʥʳʭ 
ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʤʘʪʝʨʠʘʣʴʥʳʭ ʩʨʝʜʩʪʚ ʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʘʧʠʪʘʣʴʥʳʭ ʚʣʦʞʝʥʠʡ. 
ʀʟʚʝʩʪʥʦ, ʯʪʦ ʨʘʙʦʪʘ ʚ ʫʩʣʦʚʠʷʭ ʂʨʘʡʥʝʛʦ ʉʝʚʝʨʘ ʪʨʝʙʫʝʪ ʦʪ ʨʘʙʦʪʘʶʱʠʭ ʪʘʤ 
ʛʨʘʞʜʘʥʩʢʠʭ ʠ ʚʦʝʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʩʠʣ, ʟʥʘʥʠʡ, ʫʤʝʥʠʷ ʠ 
ʢʨʝʧʢʦʛʦ ʟʜʦʨʦʚʴʷ. ɿʘʚʦʟ ʪʷʞʸʣʦʡ ʪʝʭʥʠʢʠ ʠ ʜʨʫʛʠʭ ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ 
ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʙʘʟ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʤʝʩʪ ʜʣʷ ʧʨʦʞʠʚʘʥʠʷ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʘ 
ʪʘʢʞʝ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʝʭʥʠʢʠ ʠ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ ʣʶʜʝʡ, 
ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʤʦʨʩʢʠʤ ʠ ʨʝʯʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ, ʪʷʞʸʣʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʘʚʠʘʮʠʝʡ ʠ ʚ 
ʙʫʜʫʱʝʤ, ʚʦʟʤʦʞʥʦ, ʙʫʜʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʩ ʧʦʤʦʱʴʶ ʵʢʨʘʥʦʧʣʘʥʦʚ ʠ ʜʠʨʠʞʘʙʣʝʡ. ɼʣʷ 
ʜʦʩʪʘʚʢʠ çʣʸʛʢʠʭè ʛʨʫʟʦʚ ʥʘ ʤʝʩʪʝ ʧʨʠʤʝʥʷʶʪʩʷ ʚʝʨʪʦʣʸʪʳ ʠ ʣʸʛʢʠʝ ʪʨʘʥʩʧʦʨʪʥʳʝ 
ʩʘʤʦʣʸʪʳ ʩʦ ʩʚʦʠʤʠ ʜʦʩʪʦʠʥʩʪʚʘʤʠ ʠ ʥʝʜʦʩʪʘʪʢʘʤʠ. ɼʣʷ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʝʦʙʭʦʜʠʤ 
ʥʘʣʠʯʠʝ ʜʦʩʪʘʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʃɸ ʠ ʵʢʠʧʘʞʝʡ, ʚʳʧʦʣʥʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʧʦ 
ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʸʪʦʚ, ʚʳʧʦʣʥʝʥʠʝ ʫʩʣʦʚʠʡ ʧʦʛʦʜʥʦʛʦ ʤʠʥʠʤʫʤʘ, ʰʪʘʪʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ 
ʦʙʩʣʫʞʠʚʘʥʠʝ, ʥʘʣʠʯʠʝ ʧʨʠʛʦʜʥʳʭ ʚʟʣʸʪʥʦ-ʧʦʩʘʜʦʯʥʳʭ ʧʦʣʦʩ (ɺʇʇ). ɿʥʘʯʠʪʝʣʴʥʘʷ 
ʜʦʨʦʛʦʚʠʟʥʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʘʢʠʭ ʃɸ ʠ ʠʭ ʩʦʤʥʠʪʝʣʴʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʨʝʙʫʝʪ 
ʧʨʠʥʷʪʠʷ ʤʝʨ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʧʦʣʦʞʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʨʘʙʦʪʘ ʚ ʘʨʢʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ 
ʙʫʜʝʪ ʧʨʦʜʦʣʞʘʪʴʩʷ ʜʦʣʛʦ ʠ ʩ ʥʘʨʘʩʪʘʥʠʝʤ ʦʙʲʸʤʘ. 

ɼʘʥʥʫʶ ʟʘʜʘʯʫ ʣʦʛʠʯʥʦ ʙʳʣʦ ʙʳ ʨʝʰʠʪʴ ʧʨʠʤʝʥʝʥʠʝʤ ʪʨʘʥʩʧʦʨʪʥʳʭ ɹʇʃɸ 
ʨʘʟʣʠʯʥʦʡ ʛʨʫʟʦʧʦʜʲʸʤʥʦʩʪʠ, ʣʠʰʸʥʥʳʭ ʤʥʦʛʠʭ ʥʝʜʦʩʪʘʪʢʦʚ ʩʦʚʨʝʤʝʥʥʳʭ 
ʧʠʣʦʪʠʨʫʝʤʳʭ ʃɸ. ʂ ʩʦʞʘʣʝʥʠʶ, ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ɹʇʃɸ ʥʝʪ. ʅʘ ɿʘʧʘʜʝ, 
ʫʯʠʪʳʚʘʷ ʙʦʣʴʰʫʶ ʧʣʦʪʥʦʩʪʴ ʥʘʩʝʣʝʥʠʷ, ʥʘʣʠʯʠʝ ʘʚʪʦʜʦʨʦʛ ʠ ʠʟʦʙʠʣʠʝ ʘʚʪʦʤʘʰʠʥ, 



ð 32 ð    ʅʘʫʯʥʳʝ ʪʝʥʜʝʥʮʠʠ: ɺʦʧʨʦʩʳ ʪʦʯʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ 

 
ʪʘʢʠʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ɹʇʃɸ ʧʨʦʩʪʦ ʥʝ ʦʯʝʥʴ ʥʫʞʥʳ. ʀ ʧʦʵʪʦʤʫ, ʚʦʟʤʦʞʥʦ, ʠʤʠ ʥʝ 
ʟʘʥʠʤʘʶʪʩʷ. ʇʦʢʘ. 

ʇʦʪʨʝʙʥʦʩʪʴ ʚ ʪʨʘʥʩʧʦʨʪʥʳʡ ɹʇʃɸ ʚ ʈʦʩʩʠʠ ʝʩʪʴ: ʫ ʚʦʝʥʥʳʭ (ʠ ʥʝ ʪʦʣʴʢʦ ʚ 
ʫʩʣʦʚʠʷʭ ɸʨʢʪʠʢʠ -  ʥʘʧʨʠʤʝʨ, ʢʘʢ ʥʦʩʠʪʝʣʷ ʦʨʫʞʠʷ ʚʦ ʚʨʝʤʷ ʚʦʝʥʥʳʭ ʜʝʡʩʪʚʠʡ), ʫ 
ʩʧʝʮʠʘʣʠʩʪʦʚ, ʟʘʥʷʪʳʭ ʦʩʚʦʝʥʠʝʤ ʂʨʘʡʥʝʛʦ ʉʝʚʝʨʘ, ʫ ʤʦʨʷʢʦʚ ʜʣʷ ʦʩʚʦʝʥʠʷ ʉʄʇ, ʫ 
ʩʣʫʞʙ ʄʏʉ, ʫ ʩʧʝʮʠʘʣʠʩʪʦʚ ʣʝʩʥʦʛʦ ʭʦʟʷʡʩʪʚʘ [3], ʛʝʦʣʦʛʦʚ, ʤʝʪʝʦʨʦʣʦʛʦʚ, ʥʝʬʪʷʥʠʢʦʚ 
ʥʘ ʤʦʨʩʢʠʭ ʧʣʘʪʬʦʨʤʘʭ. ʇʨʠʯʠʥʘ ʪʦʤʫ ï ʥʘʤʝʯʘʶʱʠʡʩʷ ʧʨʦʛʨʝʩʩ ʦʩʚʦʝʥʠʷ ʩʝʚʝʨʥʳʭ 
ʪʝʨʨʠʪʦʨʠʡ ʈʌ, ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʜʦʨʦʛ ʜʣʷ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ, ʦʛʨʦʤʥʘʷ ʧʣʦʱʘʜʴ ʦʩʚʦʝʥʠʷ 
ʥʝʬʪʷʥʳʭ ʠ ʛʘʟʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʧʦʜʜʝʨʞʘʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʣʝʩʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʜʨ. 
ʂʦʥʝʯʥʦ, ʠʩʧʦʣʴʟʫʷ ʥʘʰ ʨʦʩʩʠʡʩʢʠʡ ʧʨʠʥʮʠʧ çʧʦʢʘ ʛʨʦʤ ʥʝ ʛʨʷʥʝʪ, ʧʦʧ ʥʝ 
ʧʝʨʝʢʨʝʩʪʠʪʩʷè, ʤʦʞʥʦ ʜʦʞʜʘʪʴʩʷ ʧʦʷʚʣʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ɹʇʃɸ ʠʟ-ʟʘ ʛʨʘʥʠʮʳ. 
ʊʦʛʜʘ ʧʦʜʪʚʝʨʜʠʪʩʷ ʘʢʩʠʦʤʘ çʢʪʦ ʥʝ ʫʩʧʝʣ, ʪʦʪ ʦʧʦʟʜʘʣè. 

ʉʪʨʫʢʪʫʨʘ ʥʘʚʠʛʘʮʠʦʥʥʦ-ʧʠʣʦʪʘʞʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ɹʇʃɸ. ʉʣʦʞʥʦʡ ʟʘʜʘʯʝʡ 
ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ɹʇʃɸ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʥʘʚʠʛʘʮʠʦʥʥʦ-ʧʠʣʦʪʘʞʥʦʛʦ 
ʢʦʤʧʣʝʢʩʘ (ʅʇʂ), ʦʙʣʘʜʘʶʱʝʛʦ ʬʫʥʢʮʠʷʤʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ʥʘʚʠʛʘʮʠʠ 
ʜʣʷ ʟʘʤʝʥʳ ʧʠʣʦʪʘ ʠ ʰʪʫʨʤʘʥʘ. 

ʆʩʥʦʚʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʧʦ ʩʦʩʪʘʚʫ ʥʘʚʠʛʘʮʠʦʥʥʦ-ʧʠʣʦʪʘʞʥʳʭ ʩʠʩʪʝʤ 
ʪʨʘʥʩʧʦʨʪʥʳʭ ɹʇʃɸ ʷʚʣʷʶʪʩʷ: 

ɺʳʩʦʢʘʷ ʥʘʜʸʞʥʦʩʪʴ ʠ ʪʦʯʥʦʩʪʴ ʘʧʧʘʨʘʪʫʨʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʪʨʝʙʦʚʘʥʠʷ ʧʦ 
ʙʝʟʦʧʘʩʥʦʩʪʠ; 

ɸʚʪʦʥʦʤʥʦʩʪʴ ʨʘʙʦʪʳ ʚ ʧʦʣʸʪʝ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ (ʧʨʦʧʘʜʘʥʠʠ) ʢʦʨʨʝʢʮʠʠ ʦʪ 
ʨʘʜʠʦʩʨʝʜʩʪʚ; 

ɺʦʟʤʦʞʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦ ʰʪʘʪʥʦʡ ʎɺʄ ʠ ʩʦʚʨʝʤʝʥʥʳʤʠ ʮʠʬʨʦʚʳʤʠ ʠ 
ʰʪʘʪʥʳʤʠ ʘʥʘʣʦʛʦʚʳʤʠ ʧʨʠʙʦʨʘʤʠ; 

ʄʠʥʠʤʘʣʴʥʘʷ ʤʘʩʩʘ ʠ ʧʨʠʝʤʣʝʤʘʷ ʩʪʦʠʤʦʩʪʴ ʩʠʩʪʝʤ. 
ʅʘ ʨʠʩ.1 ʧʨʠʚʝʜʝʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʙʣʦʢ-ʩʭʝʤʘ ʜʚʫʭʢʘʥʘʣʴʥʦʛʦ (1ʢ, 2ʢ) ʮʠʬʨʦʚʦʛʦ 

ʥʘʚʠʛʘʮʠʦʥʥʦ-ʧʠʣʦʪʘʞʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ɹʇʃɸ.  

 

ʈʠʩ.1 ʉʪʨʫʢʪʫʨʥʘʷ ʙʣʦʢ-ʩʭʝʤʘ ʮʠʬʨʦʚʦʛʦ ʥʘʚʠʛʘʮʠʦʥʥʦ-ʧʠʣʦʪʘʞʥʦʛ 

 ʢʦʤʧʣʝʢʩʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ɹʇʃɸ. 

 



ʅʘʫʯʥʳʝ ʪʝʥʜʝʥʮʠʠ: ɺʦʧʨʦʩʳ ʪʦʯʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ ð  33 ð 

 
ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʠ ʧʨʝʞʜʝ 

ʚʩʝʛʦ ʩʘʤʦʣʸʪʦʚ, ʚʝʨʪʦʣʝʪʦʚ ʠ ɹʇʃɸ, ʚʘʞʥʘʷ ʨʦʣʴ ʦʪʚʦʜʠʪʩʷ ʨʝʰʝʥʠʶ ʟʘʜʘʯ 
ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʠʣʦʪʠʨʦʚʘʥʠʷ ʠ ʨʝʰʝʥʠʶ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʟʘʜʘʯ  - ʦʧʨʝʜʝʣʝʥʠʶ 
ʥʘʯʘʣʴʥʦʛʦ ʩʪʦʷʥʦʯʥʦʛʦ ʠ ʪʝʢʫʱʝʛʦ ʢʫʨʩʘ, ʦʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʠ ʠ ʚʳʩʦʪʳ ʧʦʣʸʪʘ, 
ʦʧʨʝʜʝʣʝʥʠʶ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ, ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʶ ʤʘʨʰʨʫʪʘ, ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ ʚʳʭʦʜʘ 
ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʚ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʪʦʯʢʠ ʤʘʨʰʨʫʪʘ, ʘ ʪʘʢʞʝ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ 
ʚʟʣʸʪʘ, ʧʦʩʘʜʢʠ, ʬʦʪʦ ʠ ʨʘʜʠʦʨʘʟʚʝʜʢʠ, ʟʘʜʘʯ ʩʙʨʦʩʘ ʛʨʫʟʘ ʠ ʧʨ. 

ʕʪʠ ʟʘʜʘʯʠ ʜʦʣʞʥʳ ʨʝʰʘʪʴʩʷ ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʝʥʝʥʠʷ ʙʦʨʪʦʚʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 
ʤʘʰʠʥʳ (ɹʎɺʄ) ʠ ʝʸ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʢʫʨʩʦʚʳʤʠ ʩʠʩʪʝʤʘʤʠ (ʂʉ-1ʢ, ʂʉ-2ʢ), 
ʜʘʪʯʠʢʘʤʠ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ (ɼʅʇ), ʧʨʦʛʨʘʤʤʘʪʦʨʦʤ ʤʘʨʰʨʫʪʘ (ʇʄ), ʩ 
ʚʳʜʘʯʝʡ ʢʦʤʘʥʜʥʳʭ ʩʠʛʥʘʣʦʚ ʯʝʨʝʟ ʙʣʦʢ ʢʦʤʤʫʪʘʮʠʠ ʢʘʥʘʣʦʚ (ɹʂʂ) ʠ ʮʠʬʨʦ-
ʘʥʘʣʦʛʦʚʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ (ʎɸʇ) ʥʘ ʫʩʪʨʦʡʩʪʚʘ ʙʣʦʢʘ ʠʩʧʦʣʥʝʥʠʷ ʢʦʤʘʥʜ (ɹʀʂ) 
ɹʇʃɸ. 

ʅʦʚʠʟʥʘ, ʧʦʣʝʟʥʦʩʪʴ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʅʇʂ ʜʣʷ 
ʪʨʘʥʩʧʦʨʪʥʳʭ ɹʇʃɸ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʘʪʝʥʪʘʤʠ ʈʌ ʥʘ ʠʟʦʙʨʝʪʝʥʠʷ [2], [4] ʠ 
ʤʘʪʝʨʠʘʣʘʤʠ ʩʪʘʪʝʡ  [3], [5]. 

ʉ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʥʘʚʠʛʘʮʠʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʤʝʥʷʶʪ 
ʩʧʫʪʥʠʢʦʚʳʝ ʥʘʚʠʛʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ (ʉʅʉ) - ɻʃʆʅɸʉʉ, GPS, ʦʧʨʝʜʝʣʷʶʱʠʝ ʩ 
ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʥʘʚʠʛʘʮʠʦʥʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʢʫʨʩʘ ʃɸ, ʘʚʪʦʥʦʤʥʳʤ 
ʜʘʪʯʠʢʦʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʶʪʩʷ ʜʚʝ ʩʦʚʨʝʤʝʥʥʳʝ ʚʳʩʦʢʦʪʦʯʥʳʝ ʢʫʨʩʦʚʳʝ ʩʠʩʪʝʤʳ. 

ʂ ʩʦʞʘʣʝʥʠʶ, ʉʅʉ ʠʤʝʝʪ ʥʠʟʢʫʶ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʟʦʥʳ ʠʭ ʧʦʩʪʦʷʥʥʦ 
ʫʩʪʦʡʯʠʚʦʡ ʨʘʙʦʪʳ ʥʝ ʤʦʛʫʪ ʦʭʚʘʪʠʪʴ ʚʩʝ ʨʘʡʦʥʳ ʨʘʙʦʪʳ ʃɸ ʥʘ ʦʪʝʯʝʩʪʚʝʥʥʦʡ 
ʪʝʨʨʠʪʦʨʠʠ. ʏʪʦʙʳ ʠʩʢʣʶʯʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ɹʇʃɸ ʦʪ ʨʘʙʦʪʳ ʉʅʉ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʤʝʪʴ 
ʥʘ ʢʦʥʝʯʥʳʭ ʧʫʥʢʪʘʭ ʤʘʨʰʨʫʪʘ (ʂʇʄ) ʧʫʣʴʪ ʫʧʨʘʚʣʝʥʠʷ ʃɸ ʘʥʘʣʦʛʠʯʥʳʡ ʧʫʣʴʪʫ ʥʘ 
ʥʘʯʘʣʴʥʦʤ ʧʫʥʢʪʝ ʤʘʨʰʨʫʪʘ (ʅʇʄ). ɹʇʃɸ, ʪʘʢ ʞʝ ʢʘʢ ʠ ʧʠʣʦʪʠʨʫʝʤʳʝ ʩʘʤʦʣʸʪʳ ʠ 
ʚʝʨʪʦʣʸʪʳ, ʜʦʣʞʥʳ ʚʳʧʦʣʥʷʪʴ ʚʟʣʝʪ ʠ ʧʦʩʘʜʢʫ ʩ ʥʝʦʙʦʨʫʜʦʚʘʥʥʳʭ ʧʣʦʱʘʜʦʢ, ʧʦʣʸʪ 
ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʥʘʟʝʤʥʳʭ ʩʨʝʜʩʪʚ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʚʠʛʘʮʠʠ, ʧʦʣʸʪ ʚ ʫʩʣʦʚʠʷʭ 
ʥʝʫʩʪʦʡʯʠʚʦʡ ʨʘʙʦʪʳ ʉʅʉ ʠ ʜʨʫʛʠʭ ʩʨʝʜʩʪʚ ʨʘʜʠʦʢʦʨʨʝʢʮʠʠ.  

ʉʣʦʞʥʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʪʘʢʦʛʦ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ-ʧʠʣʦʪʘʞʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 
ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʠ ʦʪʣʘʜʢʝ ʧʨʦʛʨʘʤʤʥʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 
ʦʙʝʩʧʝʯʝʥʠʷ (ʇʄʆ) ï ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʬʦʨʤʫʣʴʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʘʣʛʦʨʠʪʤʦʚ ʠ 
ʧʨʦʛʨʘʤʤʳ ʙʦʨʪʦʚʦʡ  ʎɺʄ. ʕʪʦ ʨʝʰʘʝʤʘʷ ʠʥʞʝʥʝʨʥʘʷ ʟʘʜʘʯʘ, ʢʦʪʦʨʘʷ ʪʨʝʙʫʝʪ ʫʯʸʪʘ 
ʚʩʝʭ ʫʩʣʦʚʠʡ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦʣʝʪʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ɹʇʃɸ. ɺ ʩʚʦʸ ʚʨʝʤʷ ʧʨʦʚʦʜʠʣʠʩʴ 
ʨʘʙʦʪʳ ʩ ʮʝʣʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʪʨʘʙʦʪʘʚʰʠʭ ʪʝʭʥʠʯʝʩʢʠʡ ʨʝʩʫʨʩ ʙʦʝʚʳʭ ʩʘʤʦʣʸʪʦʚ ʚ 
ʙʝʩʧʠʣʦʪʥʦʤ ʚʘʨʠʘʥʪʝ ʚ ʢʘʯʝʩʪʚʝ ʤʠʰʝʥʝʡ ʠ ʥʦʩʠʪʝʣʝʡ ʩʧʝʮʠʘʣʴʥʳʭ ʛʨʫʟʦʚ. ʕʪʦ ʙʳʣ 
ʩʢʦʨʦʩʪʥʦʡ ʩʘʤʦʣʸʪ ʩʦ ʚʟʣʸʪʦʤ ʠ ʧʦʩʘʜʢʦʡ ʩ ʙʝʪʦʥʥʦʡ ɺʇʇ. ʇʨʠ ʵʪʦʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 
ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʅʇʂ ʜʣʷ 
ʪʨʘʥʩʧʦʨʪʥʦʛʦ ɹʇʃɸ. 

ɽʩʪʴ ʥʝʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ɹʇʃɸ ʚ ʫʩʣʦʚʠʷʭ 
ɸʨʢʪʠʢʠ. ʂ ʥʠʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ ʧʨʠ ʧʦʣʥʦʤ ʦʪʩʫʪʩʪʚʠʠ ʜʦʨʦʛ, 
ʩʣʦʞʥʦʩʪʴ ʦʨʠʝʥʪʘʮʠʠ ʧʦ ʤʘʛʥʠʪʥʦʤʫ ʢʫʨʩʫ ʚ ʧʦʣʷʨʥʳʭ ʰʠʨʦʪʘʭ (ʚʙʣʠʟʠ ʤʘʛʥʠʪʥʦʛʦ 
ʧʦʣʶʩʘ ʥʘ ʰʠʨʦʪʘʭ ʚʳʰʝ 70 ʛʨʘʜʫʩʦʚ), ʦʪʩʫʪʩʪʚʠʝ ʢʘʢʠʭ-ʣʠʙʦ ʥʘʟʝʤʥʳʭ ʦʨʠʝʥʪʠʨʦʚ, 
ʧʦʣʷʨʥʘʷ ʥʦʯʴ, ʢʨʠʪʠʯʝʩʢʠʝ ʚʥʝʰʥʠʝ ʤʝʪʝʦʫʩʣʦʚʠʷ, ʥʝʫʩʪʦʡʯʠʚʘʷ ʨʘʙʦʪʘ ʧʨʠʸʤʥʠʢʦʚ 
ʩʧʫʪʥʠʢʦʚʦʡ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʠ ʜʨ.. ʅʦ ʵʪʠ ʚʦʧʨʦʩʳ ʤʦʛʫʪ ʫʩʧʝʰʥʦ ʨʝʰʘʪʴʩʷ ʚ 
ʩʦʩʪʘʚʝ ʥʘʚʠʛʘʮʠʦʥʥʦ-ʧʠʣʦʪʘʞʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ɹʇʃɸ, ʩʦʟʜʘʥʠʝʤ ʘʚʪʦʥʘʚʠʛʘʪʦʨʘ ʠ 
ʘʚʪʦʤʘʪʘ ʧʠʣʦʪʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʩʦʚʨʝʤʝʥʥʦʡ ʢʫʨʩʦʚʦʡ ʩʠʩʪʝʤʳ [7],[8]. ɼʣʷ ʪʷʞʸʣʳʭ 
ʪʨʘʥʩʧʦʨʪʥʳʭ ɹʇʃɸ ʚʟʘʤʝʥ ʢʫʨʩʦʚʳʭ ʩʠʩʪʝʤ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʠʥʝʨʮʠʘʣʴʥʳʝ 
ʩʠʩʪʝʤʳ [9], ʷʚʣʷʶʱʠʝʩʷ ʘʚʪʦʥʦʤʥʳʤ ʜʘʪʯʠʢʦʤ ʠʜʝʘʣʴʥʦʛʦ ʘʚʠʘʛʦʨʠʟʦʥʪʘ ʠ ʢʫʨʩʘ, ʩ 
ʙʣʦʢʦʤ ʢʦʥʪʨʦʣʷ [10], ʧʦʟʚʦʣʷʶʱʠʝ ʦʙʝʩʧʝʯʠʪʴ ʙʝʟʦʧʘʩʥʳʡ ʧʦʣʸʪ ʠ ʚʟʣʸʪ-ʧʦʩʘʜʢʫ ʚ 
ʫʩʣʦʚʠʷʭ ʥʫʣʝʚʦʡ ʚʠʜʠʤʦʩʪʠ ʠ ʜʝʡʩʪʚʫʶʱʠʡʭ ʚʥʝʰʥʠʭ ʚʦʟʤʫʱʝʥʠʡ ʥʘ ɹʇʃɸ 
[11],[12]. ʈʝʘʣʠʟʘʮʠʶ ʜʘʥʥʦʛʦ ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ ʅʇʂ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʥʘʯʠʥʘʪʴ ʩ 
ʩʦʟʜʘʥʠʷ ʘʚʪʦʥʘʚʠʛʘʪʦʨʘ ʠ ʘʚʪʦʤʘʪʘ  ʧʠʣʦʪʠʨʦʚʘʥʠʷ ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ ʧʠʣʦʪʠʨʫʝʤʳʭ 
ʃɸ. ʇʨʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʘʭ ʵʪʦ ʧʦʟʚʦʣʠʪ ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʟʘʤʝʥʠʪʴ ʚʪʦʨʦʛʦ 
ʧʠʣʦʪʘ ʠ ʰʪʫʨʤʘʥʘ ʥʘ ʰʪʘʪʥʳʭ ʃɸ. 



ð 34 ð    ʅʘʫʯʥʳʝ ʪʝʥʜʝʥʮʠʠ: ɺʦʧʨʦʩʳ ʪʦʯʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ 

 
çɼʦʨʦʛʫ ʦʩʠʣʠʪ ʠʜʫʱʠʡè - ʛʣʘʩʠʪ ʧʦʩʣʦʚʠʮʘ. 
ɿʘʢʣʶʯʝʥʠʝ. ʉʦʟʜʘʥʠʶ ʩʦʚʨʝʤʝʥʥʳʭ ɹʇʃɸ  ʧʨʝʜʰʝʩʪʚʦʚʘʣʘ ʤʥʦʛʦ ʚʝʢʦʚʘʷ 

ʤʝʯʪʘ ʯʝʣʦʚʝʢʘ ʢ ʧʦʣʸʪʫ, ʚʳʨʘʞʝʥʥʘʷ ʚ ʙʳʣʠʥʘʭ ʠ ʩʢʘʟʢʘʭ. ʀʩʪʦʨʠʷ ʟʥʘʝʪ ʨʷʜ ʣʝʛʝʥʜ ʦ 
ʨʝʘʣʴʥʳʭ ʧʦʧʳʪʢʘʭ ʩʦʟʜʘʪʴ ʣʝʪʘʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ  ʠ ʤʝʭʘʥʠʟʤʳ. ɺ ʦʩʥʦʚʥʦʤ, ʵʪʦ 
ʙʳʣʘ ʥʝʧʨʝʩʪʘʥʥʘʷ ʠ ʫʧʦʨʥʘʷ ʙʦʨʴʙʘ ʵʥʪʫʟʠʘʩʪʦʚ-ʦʜʠʥʦʯʝʢ ʟʘ ʩʚʦʠ ʠʜʝʠ, ʚʦʧʨʝʢʠ 
ʧʨʝʧʷʪʩʪʚʠʷʤ, ʯʠʥʠʤʳʤ ʚʣʘʩʪʷʤʠ, ʮʝʨʢʦʚʴʶ ʠ ʦʙʱʝʩʪʚʝʥʥʳʤ ʤʥʝʥʠʝʤ. ɼʣʷ ʫʯʸʥʳʭ 
ʵʪʦ ʙʳʣ ʩʧʦʩʦʙ ʧʦʟʥʘʪʴ ʦʢʨʫʞʘʶʱʠʡ ʤʠʨ ʠ ʟʘʢʦʥʳ ʧʨʠʨʦʜʳ. ɿʘʥʠʤʘʷʩʴ 
ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʚ ʩʚʦʝʡ ʦʙʣʘʩʪʠ, ʦʥʠ ʠʥʦʛʜʘ ʜʝʣʘʣʠ ʦʪʢʨʳʪʠʷ ʠ ʥʘʭʦʜʠʣʠ ʪʝʭʥʠʯʝʩʢʠʝ 
ʨʝʰʝʥʠʷ, ʢʦʪʦʨʳʤʠ ʧʦʣʴʟʫʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʫʯʸʥʳʝ ʠ ʠʥʞʝʥʝʨʳ.  

ɸ.ʌ. ʄʦʞʘʡʩʢʠʡ ʩʧʨʦʝʢʪʠʨʦʚʘʣ, ʧʦʩʪʨʦʠʣ ʠ ʠʩʧʳʪʘʣ ʧʝʨʚʳʡ ʚ ʤʠʨʝ ʩʘʤʦʣʸʪ, 
ʩʧʦʩʦʙʥʳʡ ʧʦʜʥʷʪʴ ʯʝʣʦʚʝʢʘ, ʠʩʧʦʣʴʟʫʷ ɹʇʃɸ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʝʡ ʩʘʤʦʣʸʪʘ. ʇʨʠ ʵʪʦʤ  
ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʩʘʤʦʣʸʪʘ ʟʘʣʦʞʠʣ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʛʨʫʧʧʳ, ʢʦʪʦʨʳʝ ʜʦ ʥʘʩʪʦʷʱʝʛʦ 
ʚʨʝʤʝʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʩʦʟʜʘʥʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʩʘʤʦʣʸʪʦʚ ʠ ʚʝʨʪʦʣʸʪʦʚ ï ʢʦʨʧʫʩ, 
ʢʨʳʣʦ, ʦʧʝʨʝʥʠʝ, ʰʘʩʩʠ, ʫʧʨʘʚʣʝʥʠʝ ʠ ʩʠʣʦʚʘʷ ʫʩʪʘʥʦʚʢʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ɹʇʃɸ ʠʤʝʶʪ, ʚ ʦʩʥʦʚʥʦʤ, ʚʦʝʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ï ʢʨʳʣʘʪʳʝ 
ʨʘʢʝʪʳ, ʬʦʪʦ- ʠ ʨʘʜʠʦʨʘʟʚʝʜʢʘ, ʦʨʫʞʠʝ ʜʣʷ ʧʦʨʘʞʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʮʝʣʝʡ, ʫʯʝʙʥʳʝ 
ʤʠʰʝʥʠ. 

ɺ ʛʨʘʞʜʘʥʩʢʦʡ ʪʝʤʘʪʠʢʝ ɹʇʃɸ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʣʝʩʥʦʤ ʭʦʟʷʡʩʪʚʝ, 
ʛʠʜʨʦʤʝʪʝʦʩʣʫʞʙʝ, ʛʝʦʣʦʛʦʨʘʟʚʝʜʢʝ, ʄʏʉ ʠ ʜʨ.  

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʜʘʸʪʩʷ ʧʨʝʜʣʦʞʝʥʠʝ ʧʦ ʦʙʦʩʥʦʚʘʥʠʶ ʨʘʩʰʠʨʝʥʠʷ ʬʫʥʢʮʠʡ 
ɹʇʃɸ ï ʚ ʢʘʯʝʩʪʚʝ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʚ ʠʥʪʝʨʝʩʘʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʨʝʰʝʥʠʷ 
ʥʘʨʦʜʦ-ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʫʞʜ. ʆʩʦʙʦ ʦʪʤʝʯʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʚʠʪʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ 
ɹʇʃɸ ʚ ʠʥʪʝʨʝʩʘʭ ʄʠʥʠʩʪʝʨʩʪʚʘ ʆʙʦʨʦʥʳ ʚ ʜʝʣʝ ʟʘʱʠʪʳ ʩʝʚʝʨʥʳʭ ʨʫʙʝʞʝʡ.  

ʉʦʟʜʘʥʠʝ ʪʨʘʥʩʧʦʨʪʥʳʭ ɹʇʃɸ ʜʣʷ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ʥʘʩʪʦʷʱʝʝ 
ʚʨʝʤʷ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ, ʪʘʢ ʢʘʢ ʥʝʪ ʪʨʝʙʦʚʘʥʠʡ ʧʦ 
ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʶ ʵʢʠʧʘʞʘ, ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʶʪʩʷ ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʤʝʭʘʥʠʯʝʩʢʠʤ ʠ 
ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ʥʘ ɹʇʃɸ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʙʣʝʛʯʠʪʴ ʤʘʩʩʫ ʠ ʫʚʝʣʠʯʠʪʴ ʝʛʦ 
ʛʨʫʟʦʧʦʜʲʸʤʥʦʩʪʴ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʣʸʪʥʦʛʦ ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ɹʇʃɸ, ʪʦ ʦʥʦ 
ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʦʱʝ, ʯʝʤ ʪʝʭʦʙʩʣʫʞʠʚʘʥʠʝ ʧʠʣʦʪʠʨʫʝʤʦʛʦ ʃɸ. ʇʦʜʛʦʪʦʚʢʘ ʦʧʝʨʘʪʦʨʘ 
ɹʇʃɸ ʥʝʩʨʘʚʥʠʤʘ ʩ ʜʣʠʪʝʣʴʥʦʡ ʠ ʩʣʦʞʥʦʡ ʧʦʜʛʦʪʦʚʢʦʡ ʧʠʣʦʪʘ ʠ ʰʪʫʨʤʘʥʘ. ʅʘ ʵʪʘʧʝ 
ʚʥʝʜʨʝʥʠʷ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ɹʇʃɸ ʩ ʅʇʂ ʟʥʘʯʠʪʝʣʴʥʫʶ 
ʧʦʤʦʱʴ ʚ ʢʘʯʝʩʪʚʝ ʧʠʣʦʪʦʚ-ʦʧʝʨʘʪʦʨʦʚ ʤʦʛʫʪ ʦʢʘʟʘʪʴ ʧʠʣʦʪʳ, ʚʳʥʫʞʜʝʥʥʳʝ ʫʡʪʠ ʩ 
ʣʸʪʥʦʡ ʨʘʙʦʪʳ ʧʦ ʚʦʟʨʘʩʪʫ ʠʣʠ ʩʦʩʪʦʷʥʠʶ ʟʜʦʨʦʚʴʷ. 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʩʪʨʫʢʪʫʨʘ ʥʘʚʠʛʘʮʠʦʥʥʦ-ʧʠʣʦʪʘʞʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 
ɹʇʃɸ ʠ ʝʛʦ ʨʝʘʣʠʟʘʮʠʷ ʧʨʝʜʩʪʚʘʣʷʝʪʩʷ ʚʧʦʣʥʝ ʚʳʧʦʣʥʠʤʦʡ ʟʘʜʘʯʝʡ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʝʜʣʘʛʘʝʤʘʷ ʩʪʨʫʢʪʫʨʘ ʅʇʂ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 
ʩʧʝʮʠʘʣʴʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ɹʇʃɸ, ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʘ ʜʣʷ ʩʦʟʜʘʚʘʝʤʳʭ ʠ ʫʞʝ 
ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʵʪʘʧʝ ʚʥʝʜʨʝʥʠʷ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʃɸ ʪʠʧʘ ʜʠʨʠʞʘʙʣʴ, ʵʢʨʘʥʦʧʣʘʥ, 
ʚʝʨʪʦʧʣʘʥ ʠ ʜʨ. ʚ ʢʘʯʝʩʪʚʝ ʜʫʙʣʠʨʫʶʱʝʛʦ ʢʦʥʪʫʨʘ, ʘ ʪʘʢ ʞʝ ʜʣʷ ʟʘʤʝʥʳ ʚʪʦʨʦʛʦ ʧʠʣʦʪʘ 
ʠ ʰʪʫʨʤʘʥʘ ʥʘ ʙʦʨʪʫ ʩʘʤʦʣʸʪʦʚ ʠ ʚʝʨʪʦʣʸʪʦʚ. ʊʝʤ ʙʦʣʝʝ ʯʪʦ ʧʨʠ ʦʪʣʘʜʢʝ ʪʘʢʦʛʦ ʅʇʂ 
ʧʦʪʨʝʙʫʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʣʸʪʥʳʭ ʠʩʧʳʪʘʥʠʡ ʩ ʫʯʘʩʪʠʝʤ ʧʠʣʦʪʦʚ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʤʘʪʝʨʠʘʣʦʚ ʩʪʘʪʴʠ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʭ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɹʇʃɸ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ʢʘʯʝʩʪʚʝ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ, ʙʝʟ 
ʢʦʪʦʨʦʛʦ ʪʨʫʜʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʙʫʜʫʱʝʤ ʦʧʝʨʘʪʠʚʥʫʶ ʜʦʩʪʘʚʢʫ ʰʠʨʦʢʦʛʦ 
çʘʩʩʦʨʪʠʤʝʥʪʘè ʛʨʫʟʦʚ ʪʦʯʥʦ ʧʦ ʘʜʨʝʩʫ ʚ ʫʜʘʣʝʥʥʳʝ ʤʝʩʪʘ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʡ 
ʚʳʚʦʜ: 

ɺ ʮʝʣʷʭ ʢʦʥʪʨʦʣʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ, ʦʢʘʟʘʥʠʷ ʧʦʤʦʱʠ ʧʦ ʨʝʰʝʥʠʶ 
ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʥʘʙʣʶʜʝʥʠʝʤ ʠ ʢʦʥʪʨʦʣʝʤ ʟʘ ʩʦʭʨʘʥʝʥʠʝʤ ʞʠʚʦʡ ʧʨʠʨʦʜʳ, ʣʝʩʥʳʭ 
ʟʘʧʘʩʦʚ ʠ ʜʨʫʛʠʭ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʩʪʨʘʥʳ, ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʞʠʪʝʣʝʡ ʚ 
ʩʣʫʯʘʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠ ʪʝʭʥʦʛʝʥʥʳʭ ʢʘʪʘʩʪʨʦʬ, ʘ ʪʘʢʞʝ ʚ ʮʝʣʷʭ ʦʧʝʨʘʪʠʚʥʦʡ ʜʦʩʪʘʚʢʠ 
ʛʨʫʟʦʚ ʚ ʫʜʘʣʝʥʥʳʝ ʨʘʡʦʥʳ ʈʌ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʮʝʣʷʭ ʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʙʦʪ 
ʄʠʥʠʩʪʝʨʩʪʚʘ ʆʙʦʨʦʥʳ ʧʦ ʟʘʱʠʪʝ ʩʝʚʝʨʥʳʭ ʨʫʙʝʞʝʡ, ʦʭʨʘʥʝ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ 
ʉʝʚʝʨʥʦʛʦ ʃʝʜʦʚʠʪʦʛʦ ʆʢʝʘʥʘ ʠ ʚ ʮʝʣʷʭ ʦʩʚʦʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ ʉʝʚʝʨʥʦʛʦ 
ʤʦʨʩʢʦʛʦ ʧʫʪʠ.  ʀ, ʫʯʠʪʳʚʘʷ ʩʦʚʨʝʤʝʥʥʳʡ ʫʨʦʚʝʥʴ ʨʘʟʚʠʪʠʷ ʪʝʭʥʠʢʠ, ʠʤʝʶʱʠʝʩʷ 



ʅʘʫʯʥʳʝ ʪʝʥʜʝʥʮʠʠ: ɺʦʧʨʦʩʳ ʪʦʯʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ ð  35 ð 

 
ʟʥʘʯʠʪʝʣʴʥʳʝ ʪʨʫʜʥʦʩʪʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʠ ʬʠʥʘʥʩʦʚʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 
ʜʘʥʥʳʭ ʨʘʙʦʪ, ʩʯʠʪʘʪʴ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʠ ʚʦʟʤʦʞʥʳʤ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʩʦʟʜʘʥʠʝ 
ʪʨʘʥʩʧʦʨʪʥʦʛʦ ɹʇʃɸ. ʊʝʭʥʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʪʘʢʠʭ ʪʨʘʥʩʧʦʨʪʥʳʭ 
ɹʇʃɸ ʚ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʝʩʪʴ. ʎʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʠʭ ʩʦʟʜʘʥʠʷ ʜʦʣʞʥʳ 
ʦʧʨʝʜʝʣʠʪʴ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʤʠʥʠʩʪʝʨʩʪʚʘ. 
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ɺʩʝ ʧʨʦʮʝʩʩʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʡ 

ʪʝʧʣʦʚʦʡ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʜʦʣʞʥʳ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʘʧʧʘʨʘʪʫʨʦʡ ʢʦʥʪʨʦʣʷ ʠ 
ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʚ. ʂ ʥʘʜʸʞʥʦʩʪʠ ʪʘʢʦʡ ʘʧʧʘʨʘʪʫʨʳ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʦʩʦʙʳʝ 
ʪʨʝʙʦʚʘʥʠʷ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʦʪʢʘʟʳ ʪʘʢʦʡ ʘʧʧʘʨʘʪʫʨʳ ʥʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 
ʢʦʤʧʣʝʢʩʘʭ ʤʦʱʥʦʩʪʴʶ 100 ʠ ʙʦʣʝʝ ʄɺʪ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʦʙʨʘʪʠʤʳʤ ʧʨʦʮʝʩʩʘʤ ʠ 
ʢʘʪʘʩʪʨʦʬʘʤ.  

ʆʙʲʝʢʪʳ ʵʥʝʨʛʝʪʠʢʠ ï ʵʣʝʤʝʥʪʳ, ʫʩʪʨʦʡʩʪʚʘ, ʧʨʠʙʦʨʳ ʵʥʝʨʛʝʪʠʢʠ (ʕʋʇʕ) ʪʘʢʠʝ 
ʢʘʢ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʳ, ʰʢʘʬʳ ʩ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʩʦʣʥʝʯʥʳʝ ʙʘʪʘʨʝʠ 
ʠ ʜʨ, ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʜʚʝʨʛʘʶʪʩʷ ʤʝʭʘʥʠʯʝʩʢʠʤ, ʪʝʧʣʦʚʳʤ ʠ 
ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ. ɼʣʷ ʩʦʢʨʘʱʝʥʠʷ ʩʨʦʢʦʚ ʠ ʟʘʪʨʘʪ ʥʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ 
ʧʨʠʤʝʥʷʶʪʩʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʉɸʇʈ, ʟʘʜʘʯʘ ʢʦʪʦʨʳʭ ʥʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ 
ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ï ʘʥʘʣʠʟ ʩʪʦʡʢʦʩʪʠ ʕʋʇʕ ʢ ʫʢʘʟʘʥʥʳʤ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʫʶʱʠʤ 
ʬʘʢʪʦʨʘʤ ʠ ʦʮʝʥʢʘ ʥʘʜʝʞʥʦʩʪʠ ʜʘʥʥʳʭ ʦʙʲʝʢʪʦʚ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʠ ʨʘʩʯʸʪʝ 
ʥʘʜʸʞʥʦʩʪʠ ʕʋʇʕ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʧʨʦʝʢʪʠʨʫʝʤʳʡ 
ʦʙʲʝʢʪ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʚʘʨʠʡ ʩʚʷʟʘʥʦ ʩ ʚʳʭʦʜʦʤ ʠʟ ʩʪʨʦʷ 
ʥʝʩʫʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʕʋʇʕ ʧʨʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʝʨʝʛʨʫʟʢʘʭ ʠ ʢʦʣʠʯʝʩʪʚʦ ʪʘʢʠʭ 
ʦʪʢʘʟʦʚ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 50 %. ʂʨʦʤʝ ʪʦʛʦ ʚʣʠʷʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʥʘ 30 % 
ʩʦʢʨʘʱʘʝʪ ʩʨʦʢ ʩʣʫʞʙʳ  ʦʙʲʝʢʪʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʡ ʥʘʜʸʞʥʦʩʪʠ ʕʋʇʕ ʚʦ ʚʨʝʤʷ 
ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʝʸ ʤʘʢʝʪʠʨʫʶʪ ʠ ʧʦʜʚʝʨʛʘʶʪ ʜʣʠʪʝʣʴʥʳʤ ʨʘʟʥʦʨʦʜʥʳʤ 
ʜʦʨʦʛʦʩʪʦʷʱʠʤ ʠʩʧʳʪʘʥʠʷʤ. ʇʨʠ ʠʩʧʳʪʘʥʠʷʭ ʪʨʫʜʥʦ ʪʦʯʥʦ ʚʦʩʧʨʦʠʟʚʝʩʪʠ 
















































