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ɼ.ɼ. ʉʪʨʝʣʴʥʠʢʦʚ, ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʌɻɹʆʋ ɺʆ çɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʦʨʩʢʦʡ  

ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʘʜʤ. ʌ.ʌ. ʋʰʘʢʦʚʘè  

353918, ʛ. ʅʦʚʦʨʦʩʩʠʡʩʢ, ʧʨ. ʃʝʥʠʥʘ, 93 

ʈɽʁʊʀʅɻʆɺɸʗ ʆʎɽʅʂɸ ʊɽʈʄʀʅɸʃʔʅʓʍ 

ʃʆɻʀʉʊʀʏɽʉʂʀʍ ʎɽʇɽʁ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʝʡʪʠʥʛ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʮʝʧʠ, ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʛʥʦʟʠʨʫʝʤʦʡ ʧʨʦʠʟ-

ʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʛʨʘʬ-ʤʦʜʝʣʴ ʛʨʫʟʦʚʦʛʦ ʨʘʡʦʥʘ, ʧʨʦʮʝʩʩʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ. 

 

ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʛʨʫʟʦʚʦʛʦ ʪʝʨʤʠʥʘʣʘ ʩ ʪʦʯʢʠ ʟʨʝ-

ʥʠʷ ʧʨʦʮʝʩʩʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʦʜʭʦʜʘ. ʇʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʨʝʡʪʠʥʛʦʚʦʡ ʦʮʝʥʢʠ 

ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʮʝʧʝʡ ʥʘ ʦʩʥʦʚʝ ʬʘʢʪʦʨʦʚ ʚʨʝʤʝʥʠ ʠ ʩʪʦʠʤʦʩʪʠ ʚʳʧʦʣ-

ʥʝʥʠʷ ʪʝʨʤʠʥʘʣʴʥʳʭ ʦʧʝʨʘʮʠʡ. 

 

ɺʘʞʥʝʡʰʘʷ ʟʘʜʘʯʘ ʧʦʨʪʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ï ʵʪʦ ʧʦʚʳʰʝʥʠʝ 

ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʜʚʫʤʷ ʧʫʪʷʤʠ: ʧʝʨʚʳʡ ï ʫʚʝʣʠ-

ʯʝʥʠʝ ʧʨʠʯʘʣʴʥʦʛʦ ʬʨʦʥʪʘ (ʢʦʣʠʯʝʩʪʚʘ ʧʨʠʯʘʣʦʚ), ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʥʦʚʳʭ ʩʢʣʘʜʦʚ, ʦʙʦ-

ʨʫʜʦʚʘʥʠʝ ʧʦʨʪʦʚʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʤʠ ʛʨʫʟʦʧʝʨʝʜʘʶʱʠʤʠ 

ʫʩʪʨʦʡʩʪʚʘʤʠ; ʚʪʦʨʦʡ ï ʚʥʝʜʨʝʥʠʝ ʧʝʨʝʜʦʚʦʡ ʧʨʦʛʨʝʩʩʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʫʧʨʘʚʣʝʥʠʷ 

ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʨʪʦʚʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʩʦʚʤʝʩʪʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʨʘʙʦʪʳ ʛʨʫʟʦʚʦʛʦ 

ʪʝʨʤʠʥʘʣʘ ʠ ʩʤʝʞʥʳʭ ʚʠʜʦʚ ʪʨʘʥʩʧʦʨʪʘ. ɺʪʦʨʦʡ ʧʫʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʙʦʣʝʝ ʧʨʝʜʧʦ-

ʯʪʠʪʝʣʴʥʳʤ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʪʘʢ ʢʘʢ ʦʪʣʠʯʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʠʤʠ ʟʘʪʨʘʪʘʤʠ 

ʠ ʥʝ ʪʨʝʙʫʝʪ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʨʝʘʣʠʟʘʮʠʠ. 

ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʷʚʣʷʝʪʩʷ ʧʨʦʜʦʣʞʝʥʠʝʤ ʨʘʙʦʪʳ [1] ʚ ʨʘʤʢʘʭ ʩʦʟʜʘʥʠʷ ʧʦʣʥʦʮʝʥʥʦʡ 

ʨʝʡʪʠʥʛʦʚʦʡ ʩʠʩʪʝʤʳ ʦʮʝʥʢʠ ʚʥʫʪʨʠʪʝʨʤʠʥʘʣʴʥʳʭ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʮʝʧʝʡ ʠ ʩʦʜʝʨʞʠʪ ʚ 

ʩʝʙʝ ʢʘʢ ʢʦʨʨʝʢʪʠʨʫʶʱʠʝ ʵʣʝʤʝʥʪʳ ʧʨʝʜʳʜʫʱʝʡ ʨʘʙʦʪʳ, ʪʘʢ ʠ ʥʦʚʳʝ ʵʣʝʤʝʥʪʳ ʤʘ-

ʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʚ ʧʨʠʣʦʞʝʥʠʠ ʢ ɺʦʩʪʦʯʥʦʤʫ ʛʨʫʟʦʚʦʤʫ ʨʘʡʦʥʫ ʇɸʆ çʅʦʚʦ-

ʨʦʩʩʠʡʩʢʠʡ ʤʦʨʩʢʦʡ ʪʦʨʛʦʚʳʡ ʧʦʨʪè. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʨʘʤʢʘʭ ɼʠʩʧʝʪʯʝʨʩʢʦʡ ʩʣʫʞʙʳ ʇɸʆ çʅʄʊʇè ʦʪʩʫʪʩʪʚʫ-

ʶʪ ʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʣʘʥʠʨʦʚʘʥʠʝ ʛʨʫʟʦʚʳʭ 

ʦʧʝʨʘʮʠʡ, ʢ ʧʨʠʤʝʨʫ, ʥʘ ʤʝʩʷʮ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʫʯʥʦʤ ʨʝʞʠʤʝ ʧʨʠ ʫʯʘʩʪʠʠ ʜʠʩʧʝʪʯʝʨʘ 

ʠ ʵʢʩʧʝʜʠʪʦʨʦʚ. ʊʝʨʤʠʥʘʣ ʦʙʣʘʜʘʝʪ 11 ʩʢʣʘʜʩʢʠʤʠ ʧʣʦʱʘʜʢʘʤʠ, 4 ʞ/ʜ ʧʫʪʷʤʠ ʠ 5 

ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʤʠ ʧʨʠʯʘʣʘʤʠ (ʨʠʩ. 1). ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʯʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢ-

ʪʦʨ, ʤʦʞʥʦ ʟʘʜʘʪʴʩʷ ʚʦʧʨʦʩʦʤ, ʘ ʚʩʝ ʣʠ ʚʦʟʤʦʞʥʳʝ ʚʘʨʠʘʥʪʳ, ʣʦʛʠʩʪʠʯʝʩʢʠʝ ʮʝʧʠ, 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣ ʜʠʩʧʝʪʯʝʨ ʛʨʫʟʦʚʦʛʦ ʨʘʡʦʥʘ ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʜʝʷʪʝʣʴʥʦʩʪʠ? ʗʚʣʷ-

ʝʪʩʷ ʣʠ ʝʛʦ ʚʳʙʦʨ ʦʧʪʠʤʘʣʴʥʳʤ ʩ ʪʦʯʢʠ ʨʘʩʩʤʦʪʨʝʥʠʷ ʚʩʝʭ ʛʨʫʟʦʚʳʭ ʧʘʨʪʠʡ, ʢʦʪʦʨʳʝ 

ʜʦʣʞʥʳ ʙʳʪʴ ʦʙʨʘʙʦʪʘʥʳ ʚ ʵʪʦʪ ʩʨʦʢ? 

ʆʩʥʦʚʥʳʤʠ ʨʘʙʦʪʘʤʠ, ʟʘʪʨʘʛʠʚʘʶʱʠʤʠ ʪʝʤʫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʛʨʫʟʦʚʦʛʦ 

ʪʝʨʤʠʥʘʣʘ ʤʦʨʩʢʦʛʦ ʧʦʨʪʘ, ʷʚʣʷʶʪʩʷ ʥʘʫʯʥʳʝ ʧʫʙʣʠʢʘʮʠʠ [2ï7], ʦʜʥʘʢʦ, ʚ ʫʢʘʟʘʥʥʳʭ 

ʪʨʫʜʘʭ ʥʝ ʠʜʝʪ ʨʝʯʴ ʦ ʩʠʩʪʝʤʝ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʜʝʡʩʪʚʫʶʱʝʡ ʚ ʨʝʘʣʴ-

ʥʦʤ ʚʨʝʤʝʥʠ, ʘ ʪʦʣʴʢʦ ʦʙ ʠʤʠʪʘʮʠʦʥʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠ ʤʥʦʛʦʬʘʢʪʦʨʥʦʤ ʘʥʘʣʠʟʝ 

ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʦʮʝʩʩʦʚ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʣʦʞʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʨʝʡʪʠʥʛʦʚʦʡ ʦʮʝʥʢʠ ʚʥʫʪʨʠ-

ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʮʝʧʝʡ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ʚʦʟʤʦʞʥʦ ʩʦʟʜʘʥʠʝ ʩʠʩʪʝʤʳ 

ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʜʣʷ ɼʠʩʧʝʪʯʝʨʩʢʦʡ ʩʣʫʞʙʳ. ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʬʘʢ-

ʪʦʨʦʚ ʦʧʪʠʤʠʟʘʮʠʠ ʙʳʣʠ ʧʨʠʥʷʪʳ ʚʨʝʤʷ ʠ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʨʘʙʦʪ ʚ ʨʘʤʢʘʭ ʛʨʫʟʦʚʦʛʦ 

ʪʝʨʤʠʥʘʣʘ. ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘʬ ʚʦʟʤʦʞʥʳʭ ʧʝʨʝʭʦʜʦʚ ʚ ʨʘʤʢʘʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ 

ʛʨʫʟʦʚʦʛʦ ʨʘʡʦʥʘ (ʨʠʩ. 2). ɺʦʩʪʦʯʥʳʡ ʛʨʫʟʦʚʦʡ ʨʘʡʦʥ ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ ʵʢʩʧʦʨʪ ʥʘʚʘ-

ʣʦʯʥʳʭ ʛʨʫʟʦʚ, ʦʩʥʦʚʥʳʤʠ ʚʠʜʘʤʠ ʛʨʫʟʦʚ ʷʚʣʷʶʪʩʷ ʯʫʛʫʥ ʚ ʯʫʰʢʘʭ, ʫʛʦʣʴ ʠ ʦʢʘʪʳʰʠ. 

 



ɼ.ɼ. ʉʪʨʝʣʴʥʠʢʦʚ 
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ʈʠʩ. 1. ʉʭʝʤʘ ɺʦʩʪʦʯʥʦʛʦ ʛʨʫʟʦʚʦʛʦ ʪʝʨʤʠʥʘʣʘ ʇɸʆ çʅʄʊʇè 

 

 

ʈʠʩ. 2. ɻʨʘʬ ʚʦʟʤʦʞʥʳʭ ʧʝʨʝʭʦʜʦʚ ɺʦʩʪʦʯʥʦʛʦ ʛʨʫʟʦʚʦʛʦ ʨʘʡʦʥʘ 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʚʳʨʘʞʘʝʪ ʧʨʦʮʝʩʩʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ ʢ ʧʨʦʙʣʝʤʝ ʦʨʛʘʥʠ-

ʟʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʧʝʨʝʛʨʫʟʦʯʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʚ ʤʦʨʩʢʦʤ ʧʦʨʪʫ. ɻʨʘʬ (ʨʠʩʫʥʦʢ 2) 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʜʝʦʣʦʛʠʠ WorkFlow [8]. ʈʘʩʩʤʘʪʨʠʚʘʷ 

ʵʢʩʧʦʨʪʥʳʡ ʛʨʫʟʦʧʦʪʦʢ, ʤʦʞʥʦ ʩʦʟʜʘʪʴ ʩʣʝʜʫʶʱʠʡ ʘʣʛʦʨʠʪʤ ʜʝʡʩʪʚʠʡ ʜʣʷ ʚʳʙʦʨʘ 

ʦʧʪʠʤʘʣʴʥʦʡ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʮʝʧʠ ʜʣʷ ʢʘʞʜʦʡ ʛʨʫʟʦʚʦʡ ʧʘʨʪʠʠ: 

1. ʆʧʨʝʜʝʣʠʪʴ ʜʦʩʪʫʧʥʳʝ ʩʢʣʘʜʩʢʠʝ ʧʣʦʱʘʜʢʠ ʠ ʩʚʦʙʦʜʥʳʝ ʞ/ʜ ʧʫʪʠ; 

2. ʇʦʩʪʨʦʠʪʴ ʤʥʦʞʝʩʪʚʦ ʚʩʝʭ ʜʦʩʪʫʧʥʳʭ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʮʝʧʝʡ ʜʣʷ ʛʨʫʟʦʚʦʡ ʧʘʨ-

ʪʠʠ; 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 52, 2017 ʛ. 

ʈʘʟʜʝʣ I. ɺʦʜʥʳʝ ʧʫʪʠ, ʧʦʨʪʳ ʠ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʝ ʩʦʦʨʫʞʝʥʠʷ 
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3. ʉ ʧʦʤʦʱʴʶ ʨʝʡʪʠʥʛʦʚʦʡ ʦʮʝʥʢʠ ʚʳʙʨʘʪʴ ʦʧʪʠʤʘʣʴʥʫʶ ʣʦʛʠʩʪʠʯʝʩʢʫʶ ʮʝʧʴ. 

ʅʝ ʩʪʦʠʪ ʟʘʙʳʚʘʪʴ, ʯʪʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʤʦʞʝʪ ʦʙʩʣʫʞʠʚʘʪʴʩʷ ʥʝʩʢʦʣʴʢʦ ʛʨʫʟʦʚʳʭ 

ʧʘʨʪʠʡ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʣʝʜʫʝʪ ʨʘʩʧʨʝʜʝʣʷʪʴ ʨʝʩʫʨʩʳ (ʜʦʢʝʨʦʚ-ʤʝʭʘʥʠʟʘʪʦʨʦʚ, ʚʩʧʦ-

ʤʦʛʘʪʝʣʴʥʫʶ ʪʝʭʥʠʢʫ ʠ ʢʨʘʥʳ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʦʨʠʪʝʪʘ ʧʦʛʨʫʟʢʠ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʜʦʩʪʫʧʥʳʭ ʩʢʣʘʜʩʢʠʭ ʧʣʦʱʘʜʦʢ ʧʨʦʠʩʭʦʜʠʪ, ʢʘʢ ʵʪʦ ʫʢʘʟʘʥʦ ʚ [1] ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʫʣʦʡ 1: 

Z = W ï UF, (1) 

ʛʜʝ Z ï ʟʘʧʘʩ ʚʤʝʩʪʠʤʦʩʪʠ ʩʢʣʘʜʘ;  

UF ï ʛʨʫʟʦʧʦʪʦʢ, ʦʙʨʘʙʘʪʳʚʘʝʤʳʡ ʩʢʣʘʜʦʤ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ;  

W ï ʚʤʝʩʪʠʤʦʩʪʴ ʩʢʣʘʜʘ. 

 

ɼʣʷ ʩʢʣʘʜʩʢʠʭ ʧʣʦʱʘʜʦʢ ɺʦʩʪʦʯʥʦʛʦ ʛʨʫʟʦʚʦʛʦ ʨʘʡʦʥʘ ʚ ʨʘʩʯʝʪʝ ʥʘ 3 ʦʩʥʦʚʥʳʭ 

ʚʠʜʘ ʛʨʫʟʘ ʜʝʡʩʪʚʫʶʪ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ (ʪʘʙʣʠʮʘ 1): 

ʊʘʙʣʠʮʘ 1  

ʉʢʣʘʜʩʢʠʝ ʧʣʦʱʘʜʢʠ ɺʦʩʪʦʯʥʦʛʦ ʛʨʫʟʦʚʦʛʦ ʨʘʡʦʥʘ 

ʉʢʣʘʜʩʢʘʷ ʧʣʦʱʘʜʢʘ W ʚʤʝʩʪʠʤʦʩʪʴ 

ʫʛʣʷ (ʪ) 

W ʚʤʝʩʪʠʤʦʩʪʴ  

ʦʢʘʪʳʰʠ (ʪ) 

W ʚʤʝʩʪʠʤʦʩʪʴ ʯʫʛʫʥ 

ʚ ʯʫʰʢʘʭ (ʪ) 

ʉʢ. ʊʳʣ 1.1 39923,43554 24035,89153 179887,2096 

ʉʢ. ʊʳʣ 1.2 47908,12265 28843,06983 215864,6515 

ʉʢ. ʊʳʣ 1.3 39923,43554 24035,89153 179887,2096 

ʉʢ. ʊʳʣ 1.4 31938,74843 19228,71322 143909,7677 

ʉʢ. ʊʳʣ 2.1 26724,65269 16089,56856 120416,0698 

ʉʢ. ʊʳʣ 2.2 46768,14222 28156,74498 210728,1222 

ʉʢ. ʊʳʣ 2.3 60130,46856 36201,52925 270936,1571 

ʉʢ. ʇʨʠʯʘʣ 5 16064,75593 9671,781137 72384,65521 

ʉʢ. ʇʨʠʯʘʣ 5 ʜ.ʢ. 37484,43049 22567,48932 168897,5288 

ʉʢ. ʇʨʠʯʘʣ 6 16064,75593 9671,781137 72384,65521 

ʉʢ. ʇʨʠʯʘʣ 6 ʜ.ʢ. 37484,43049 22567,48932 168897,5288 

 

ʂʘʞʜʘʷ ʣʦʛʠʩʪʠʯʝʩʢʘʷ ʮʝʧʴ ï ʥʘʙʦʨ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʳʧʦʣʥʷʝʤʳʭ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠʭ ʣʠʥʠʡ, ʪʦ ʝʩʪʴ ʥʘʙʦʨ ʩʪʘʥʜʘʨʪʥʳʭ ʦʧʝʨʘʮʠʡ ʩ ʟʘʜʘʥʥʳʤʠ ʥʦʨʤʘʪʠʚʘʤʠ ʧʦ ʧʨʦʠʟ-

ʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʚʳʜʝʣʝʥʠʶ ʥʝʦʙʭʦʜʠʤʳʭ ʨʝʩʫʨʩʦʚ, ʫʢʘʟʘʥʥʳʤʠ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʢʘʨʪʘʭ ʤʦʨʩʢʦʛʦ ʧʦʨʪʘ. 

ɺ ʦʩʥʦʚʫ ʩʨʘʚʥʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦʣʦʞʠʤ ʨʝʡʪʠʥʛʦʚʫʶ ʩʠʩʪʝʤʫ, ʧʦʟ-

ʚʦʣʷʶʱʫʶ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ çʚʘʞʥʦʩʪʴè ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʢʨʠʪʝʨʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʠʪʫʘʮʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʡʪʠʥʛ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʮʝʧʠ ʙʫʜʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴʩʷ ʧʦ ʬʦʨ-

ʤʫʣʝ (2) ʩ ʫʯʝʪʦʤ ʚʳʧʦʣʥʷʝʤʦʛʦ ʫʩʣʦʚʠʷ (3): 

ʟʥʘʯSʟʥʘʯʊ
KRSKRTR ** += , (2) 

1=+
ʟʥʘʯSʟʥʘʯʊ

KK , (3) 

ʛʜʝ R ï ʦʙʱʠʡ ʨʝʡʪʠʥʛ ʮʝʧʠ; 

RT ï ʨʝʡʪʠʥʛ ʮʝʧʠ ʧʦ ʢʨʠʪʝʨʠʶ ʟʘʪʨʘʯʝʥʥʦʛʦ ʚʨʝʤʝʥʠ; 

Kʟʥʘʯʊ ï ʢʨʠʪʝʨʠʡ ʟʥʘʯʠʤʦʩʪʠ ʚʨʝʤʝʥʥʦʛʦ ʬʘʢʪʦʨʘ ʜʣʷ ʮʝʧʠ; 

RS ï ʨʝʡʪʠʥʛ ʮʝʧʠ ʧʦ ʢʨʠʪʝʨʠʶ ʩʪʦʠʤʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʡ; 

KʟʥʘʯS ï ʢʨʠʪʝʨʠʡ ʟʥʘʯʠʤʦʩʪʠ ʬʘʢʪʦʨʘ ʜʦʩʪʫʧʥʦʩʪʠ ʜʣʷ ʮʝʧʠ. 

ʈʝʡʪʠʥʛʦʚʳʝ ʧʦʢʘʟʘʪʝʣʠ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʮʝʧʝʡ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʣʫʯʰʝʛʦ ʧʦʢʘʟʘʪʝʣʷ ʩʨʝʜʠ ʧʦʣʫʯʝʥʥʳʭ. ʊʘʢ ʠ ʧʦ ʚʨʝʤʝʥʥʦʤʫ ʬʘʢʪʦʨʫ (4), ʠ ʧʦ ʬʘʢʪʦ-



ɼ.ɼ. ʉʪʨʝʣʴʥʠʢʦʚ 

ʈʝʡʪʠʥʛʦʚʘʷ ʦʮʝʥʢʘ ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʮʝʧʝʡ 
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ʨʫ ʩʪʦʠʤʦʩʪʠ ʨʘʩʯʝʪ ʚʝʜʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚʨʝʤʝʥʠ ʧʨʦʭʦʞ-

ʜʝʥʠʷ ʮʝʧʠ (5): 

minʮ

ʮi

T

T
RT= , (4) 

minʮ

ʮi

S

S
RS= , (5) 

ʛʜʝ Tʮi ï ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ i-ʪʦʡ ʮʝʧʠ; 

Tʮmin ï ʤʠʥʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʮʝʧʠ ʩʨʝʜʠ ʚʩʝʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ; 

Sʮi ï ʩʪʦʠʤʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʡ i-ʪʦʡ ʮʝʧʠ; 

Sʮmin ï ʤʠʥʠʤʘʣʴʥʘʷ ʩʪʦʠʤʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʡ ʮʝʧʠ ʩʨʝʜʠ ʚʩʝʭ ʨʘʩʩʤʘʪʨʠʚʘʝ-

ʤʳʭ. 

 

ʎʝʧʴ, ʦʙʣʘʜʘʶʱʘʷ ʧʘʨʘʤʝʪʨʦʤ Tʮi = Tʮmin ʧʦʣʫʯʘʝʪ RT=1, ʩʘʤʘʷ ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳ-

ʛʦʜʥʘʷ ʠʟ ʮʝʧʝʡ, ʦʙʣʘʜʘʶʱʘʷ ʧʘʨʘʤʝʪʨʦʤ , Sʮi = Sʮmin, ʧʦʣʫʯʘʝʪ RS=1. 

ʆʩʪʘʣʴʥʳʝ ʮʝʧʠ ʠʤʝʶʪ ʟʥʘʯʝʥʠʷ ʨʝʡʪʠʥʛʦʚ ʧʦ ʬʘʢʪʦʨʘʤ ʙʦʣʴʰʝ ʝʜʠʥʠʮʳ (RT>1 ʠ 

RS>1). ʆʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʢʨʠʪʝʨʠʝʚ ʟʥʘʯʠʤʦʩʪʠ ʟʘʚʠʩʠʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʪ ʵʢʩ-

ʧʝʨʪʥʦʛʦ ʤʥʝʥʠʷ ʜʠʩʧʝʪʯʝʨʘ ʪʝʨʤʠʥʘʣʘ ʠ ʧʦʩʪʘʚʣʝʥʥʳʭ ʧʝʨʝʜ ʥʠʤ ʟʘʜʘʯ. 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʣʠʥʠʠ ʫʢʘʟʘʥʘ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʢʘʨʪʝ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ ʨʝʩʫʨʩʦʚ ï ʜʘʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʙʦʟʥʘ-

ʯʠʤ ʢʘʢ ʥʦʨʤʘʪʠʚʥʳʝ ʧʘʨʘʤʝʪʨʳ. ʆʜʥʘʢʦ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʜʠʩʧʝʪʯʝʨ ʤʦʞʝʪ ʧʨʠ-

ʥʷʪʴ ʨʝʰʝʥʠʝ ʦ ʚʳʜʝʣʝʥʠʠ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʝʩʫʨʩʦʚ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʩʢʦ-

ʨʝʥʠʷ ʨʘʙʦʪ ʠʣʠ ʤʝʥʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʝʩʫʨʩʦʚ ʚ ʩʠʣʫ ʜʝʬʠʮʠʪʘ ʨʝʩʫʨʩʦʚ, ʚʳʭʦʜʘ 

ʪʝʭʥʠʢʠ ʠʟ ʩʪʨʦʷ ʠʣʠ ʜʨʫʛʠʭ ʬʦʨʩ-ʤʘʞʦʨʥʳʭ ʦʙʩʪʦʷʪʝʣʴʩʪʚ. 

ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʯʠʩʣʘ ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ ʨʝʩʫʨʩʦʚ, ʨʘʟʫʤʝʝʪʩʷ, ʜʦʣʞʥʘ ʠʟʤʝʥʠʪʴʩʷ 

ʠ ʠʪʦʛʦʚʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʧʝʨʘʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʦʨʤʘʪʠʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, 

ʟʘʜʘʥʥʳʭ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʢʘʨʪʝ. ʏʪʦʙʳ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʵʪʦ ʠʟʤʝʥʝʥʠʝ, ʚʚʝʜʝʤ 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʛʥʦʟʠʨʫʝʤʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʢʦʪʦʨʳʡ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨ-

ʤʫʣʝ (6): 

ö
ö

÷

õ

æ
æ

ç

å
=

ʥʢ

ʚʢ

ʥʠ

ʚʠ

ʥʪ

ʚʪ

ʧʧ
N

N

N

N

N

N
MINK ;; , (6) 

ʛʜʝ Knn ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʛʥʦʟʠʨʫʝʤʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ; 

MIN ï ʬʫʥʢʮʠʷ, ʚʳʙʠʨʘʶʱʘʷ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʩʨʝʜʠ ʩʚʦʠʭ ʘʨʛʫʤʝʥʪʦʚ; 

Nʚʪï ʢʦʣʠʯʝʩʪʚʦ ʚʳʜʝʣʝʥʥʦʡ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ; 

Nʚʠï ʢʦʣʠʯʝʩʪʚʦ ʚʳʜʝʣʝʥʥʳʭ ʜʦʢʝʨʦʚ-ʤʝʭʘʥʠʟʘʪʦʨʦʚ; 

Nʚʢï ʢʦʣʠʯʝʩʪʚʦ ʚʳʜʝʣʝʥʥʳʭ ʢʨʘʥʦʚ; 

Nʥʪï ʥʦʨʤʘʪʠʚʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʳʜʝʣʝʥʥʦʡ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ; 

Nʥʠï ʥʦʨʤʘʪʠʚʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʳʜʝʣʝʥʥʳʭ ʜʦʢʝʨʦʚ-ʤʝʭʘʥʠʟʘʪʦʨʦʚ; 

Nʥʢï ʥʦʨʤʘʪʠʚʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʳʜʝʣʝʥʥʳʭ ʢʨʘʥʦʚ. 

 

ʌʫʥʢʮʠʷ MIN ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʬʦʨʤʫʣʝ 6, ʧʦʩʢʦʣʴʢʫ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʧʝʨʘʮʠʠ 

ʨʘʚʥʘ ʤʠʥʠʤʘʣʴʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʨʝʜʠ ʚʩʝʭ ʝʝ ʫʯʘʩʪʥʠʢʦʚ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʘʩ-

ʯʝʪʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʛʥʦʟʠʨʫʝʤʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʧʨʦ-

ʛʥʦʟʠʨʫʝʤʦʝ ʚʨʝʤʷ ʦʢʦʥʯʘʥʠʷ ʦʧʝʨʘʮʠʠ (7). 
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ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 52, 2017 ʛ. 

ʈʘʟʜʝʣ I. ɺʦʜʥʳʝ ʧʫʪʠ, ʧʦʨʪʳ ʠ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʝ ʩʦʦʨʫʞʝʥʠʷ 
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ʛʜʝ Tʧʨʦʛʥʦʟ ï ʧʨʦʛʥʦʟʠʨʫʝʤʦʝ ʚʨʝʤʷ ʦʢʦʥʯʘʥʠʷ ʦʧʝʨʘʮʠʠ; 

Tn ï ʧʣʘʥʦʚʦʝ ʚʨʝʤʷ ʦʢʦʥʯʘʥʠʷ ʦʧʝʨʘʮʠʠ, ʦʧʨʝʜʝʣʷʝʤʦʝ ʧʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʢʦ-

ʣʠʯʝʩʪʚʫ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʛʨʫʟʘ; 

F ï ʨʘʟʤʝʨ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʘʨʪʠʠ ʛʨʫʟʘ ʚ ʪʦʥʥʘʭ; 

P ï ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʣʠʥʠʠ ʧʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʢʘʨʪʝ. 

 

ʂʦʵʬʬʠʮʠʝʥʪ ʧʨʦʛʥʦʟʠʨʫʝʤʦʡ (8) ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʮʝʧʠ ʨʘʩ-

ʩʯʠʪʳʚʘʝʪʩʷ ʢʘʢ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʨʦʛʥʦʟʠʨʫʝʤʦʡ ʧʨʦʠʟ-

ʚʦʜʠʪʝʣʴʥʦʩʪʠ ʜʣʷ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʮʝʧʠ [1]: 
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ʛʜʝ Knnʮ ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʛʥʦʟʠʨʫʝʤʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʮʝʧʠ; 

wi ï ʢʦʣʠʯʝʩʪʚʦ ʟʥʘʯʝʥʠʡ Knni ʩʨʝʜʠ ʚʩʝʛʦ ʤʥʦʞʝʩʪʚʘ ʟʥʘʯʝʥʠʡ Knn; 

N ï ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ w. 

 

ɺ ʜʘʣʴʥʝʡʰʠʭ ʨʘʩʯʝʪʘʭ ʚʦ ʚʥʠʤʘʥʠʝ ʙʫʜʝʪ ʧʨʠʥʠʤʘʪʴʩʷ ʚʨʝʤʷ ʧʨʦʭʦʞʜʝʥʠ ̫ʣʦ-

ʛʠʩʪʠʯʝʩʢʦʡ ʮʝʧʠ, ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʘʣʛʝʙʨʘʠʯʝʩʢʘʷ ʩʫʤʤʘ ʚʩʝʭ ʚʨʝʤʝʥʥʳʭ 

ʦʪʨʝʟʢʦʚ, ʧʦʪʨʘʯʝʥʥʳʭ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʳʧʦʣʥʷʝʤʳʝ ʦʧʝʨʘʮʠʠ (9) 
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ʛʜʝ m ï ʬʘʢʪʠʯʝʩʢʦʝ ʯʠʩʣʦ ʦʧʝʨʘʮʠʡ ʚ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʮʝʧʠ; 

j ï ʧʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ ʦʧʝʨʘʮʠʠ. 

 

ʇʦʤʠʤʦ ʩʢʦʨʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʧʝʨʝʛʨʫʟʦʯʥʳʭ ʨʘʙʦʪ ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ ʠ ʵʢʦʥʦʤʠ-

ʯʝʩʢʫʶ ʩʪʦʨʦʥʫ ʚʦʧʨʦʩʘ. ɸʚʪʦʨʦʤ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ 

ʦʮʝʥʢʠ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʮʝʧʠ ʩʪʦʠʤʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʚʩʝʭ ʦʧʝʨʘʮʠʡ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʨʘʟʙʠʝʥʠʶ ʥʘ ʚʠʜʳ ʨʝʩʫʨʩʦʚ ʙʫʜʝʤ ʫʯʠʪʳʚʘʪʴ ʟʘʪʨʘʪʳ ʥʘ ʠʩʧʦʣʥʠʪʝʣʝʡ (ʜʦʢʝʨʦʚ-

ʤʝʭʘʥʠʟʘʪʦʨʦʚ), ʚʩʧʦʤʦʛʘʪʝʣʴʥʫʶ ʪʝʭʥʠʢʫ ʠ ʢʨʘʥʳ. ʉʪʦʠʤʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʣʦʛʠʩʪʠʯʝ-

ʩʢʦʡ ʮʝʧʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʩʫʤʤʘ ʟʘʪʨʘʪ ʥʘ ʚʩʝ ʚʠʜʳ ʨʝʩʫʨʩʦʚ ʧʦ ʚʩʝʤ ʦʧʝʨʘʮʠʷʤ (10). 
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ʛʜʝ Sʮ ï ʩʪʦʠʤʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʮʝʧʠ; 

Sj ï ʩʪʦʠʤʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʠ, ʚʭʦʜʷʱʝʡ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʫʶ ʮʝʧʴ. 

 

ʉʪʦʠʤʦʩʪʴ ʢʘʞʜʦʡ ʦʧʝʨʘʮʠʠ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʪʨʝʭ ʩʦʩʪʘʚʣʷʶʱʠʭ, ʭʘʨʘʢʪʝʨʠʟʫʶ-

ʱʠʭ ʟʘʪʨʘʪʳ ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʚʠʜʳ ʨʝʩʫʨʩʦʚ (11). ɺʦʟʤʦʞʥʦ ʩʜʝʣʘʪʴ ʙʦʣʝʝ ʜʝʪʘ-

ʣʠʟʠʨʦʚʘʥʥʫʶ ʤʦʜʝʣʴ ʧʦ ʟʘʪʨʘʪʘʤ, ʦʜʥʘʢʦ ʜʣʷ ʥʫʞʜ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʥʷʪʦʡ 

ʪʦʯʥʦʩʪʠ ʚʧʦʣʥʝ ʜʦʩʪʘʪʦʯʥʦ. 

ʢʪʠj
SSSS ++=  (11) 

ʛʜʝ Sʠ ï ʟʘʪʨʘʪʳ ʥʘ ʠʩʧʦʣʥʠʪʝʣʝʡ ʦʧʝʨʘʮʠʠ; 

Sʪ ï ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ; 

Sʢ ï ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʨʘʥʘ. 



ɼ.ɼ. ʉʪʨʝʣʴʥʠʢʦʚ 

ʈʝʡʪʠʥʛʦʚʘʷ ʦʮʝʥʢʘ ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʮʝʧʝʡ 
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ɿʘʪʨʘʪʳ ʧʦ ʨʝʩʫʨʩʘʤ ʫʯʠʪʳʚʘʶʪ ʢʦʣʠʯʝʩʪʚʦ ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ ʝʜʠʥʠʮ, ʧʦʯʘʩʦʚʫʶ 

ʩʪʘʚʢʫ ʦʧʣʘʪʳ ʠ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʯʠʭ ʯʘʩʦʚ, ʯʪʦ ʦʪʨʘʞʝʥʦ ʚ ʬʦʨʤʫʣʝ 12: 

)***(*
ʢʢʪʪʠʠʧʨʦʛʥʦʟjj

NʩNʩNʩʊS ++=  (12) 

ʛʜʝ cʠï ʧʦʯʘʩʦʚʘʷ ʦʧʣʘʪʘ ʥʘ ʦʜʥʦʛʦ ʜʦʢʝʨʘ-ʤʝʭʘʥʠʟʘʪʦʨʘ; 

cʪ ï ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʝʜʠʥʠʮʳ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʚ ʯʘʩ; 

cʢ ï ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʝʜʠʥʠʮʳ ʢʨʘʥʘ ʚ ʯʘʩ; 

Nʠ ï ʯʠʩʣʦ ʬʘʢʪʠʯʝʩʢʠ ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ ʜʦʢʝʨʦʚ-ʤʝʭʘʥʠʟʘʪʦʨʦʚ; 

Nʪ ï ʯʠʩʣʦ ʬʘʢʪʠʯʝʩʢʠ ʟʘʜʝʡʩʪʚʦʚʘʥʥʦʡ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ; 

Nʢ ï ʯʠʩʣʦ ʬʘʢʪʠʯʝʩʢʠ ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ ʢʨʘʥʦʚ. 

 

ʅʘ ʦʩʥʦʚʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʧʦʢʘʟʘʪʝʣʝʡ ʩʝʙʝʩʪʦʠʤʦʩʪʠ 

ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʡ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʮʝʧʠ, ʧʨʝʜʣʦʞʝʥ ʘʣʛʦʨʠʪʤ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʡ 

ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʮʝʧʠ ʧʦ ʧʨʠʩʚʦʝʥʥʦʡ ʨʝʡʪʠʥʛʦʚʦʡ ʦʮʝʥʢʝ, ʢʦʪʦʨʘʷ ʬʦʨʤʠʨʫʝʪʩʷ ʧʦ 

ʚʨʝʤʝʥʥʦʤʫ ʬʘʢʪʦʨʫ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʤʫ ʬʘʢʪʦʨʫ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʮʝʧʠ. 
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THE RATING OF TERMIN AL LOGISTICS CHAINS  

D.D. Strelnikov 

Key words: rating the logistics chain, the ratio of the predicted performance of the graph-

model of a cargo area, the process-oriented approach. 

 

This article considers the functioning of the cargo terminal in terms of a process-oriented 

approach. The proposed method of rating terminal logistics chains based on the factors of 

time and cost of execution of the terminal operations. 
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ʋɼʂ 519.854.2 

 
ɼ.ʀ. ʂʦʛʘʥ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ ʌɻɹʆʋ ɺʆ çʄʊʋè 

107996, ʎʌʆ, ʛ. ʄʦʩʢʚʘ, ʫʣ. ʉʪʨʦʤʳʥʢʘ, 20 

ʖ.ʉ. ʌʝʜʦʩʝʥʢʦ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ ʌɻɹʆʋ ɺʆ çɺɻʋɺʊè 

603951, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʫʣ. ʅʝʩʪʝʨʦʚʘ, 5 

ɼ.ɸ. ʍʘʥʜʫʨʠʥ, ʘʩʧʠʨʘʥʪ ʌɻɹʆʋ ɺʆ çʄʊʋè 

107996, ʎʌʆ, ʛ. ʄʦʩʢʚʘ, ʫʣ. ʉʪʨʦʤʳʥʢʘ, 20 

ʇʆʉʊɸʅʆɺʂʀ ʀ ɸʃɻʆʈʀʊʄʓ ʈɽʐɽʅʀʗ ɿɸɼɸʏʀ ʆ 

ʅɸɿʅɸʏɽʅʀʗʍ ɺ ʇʈʀʃʆɾɽʅʀʀ ʂ ʇʈʆɹʃɽʄɸʄ 

ɼʆʌʆʈʄʀʈʆɺɸʅʀʗ ʉʆʉʊɸɺʆɺ ʊʈɸʅʉʇʆʈʊʅʓʍ ʉʈɽɼʉʊɺ1 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʟʘʜʘʯʘ ʦ ʥʘʟʥʘʯʝʥʠʷʭ, ʘʜʜʠʪʠʚʥʳʡ ʢʨʠʪʝʨʠʡ, ʤʠʥʠʤʘʢʩʥʳʡ ʢʨʠʪʝ-

ʨʠʡ, ʤʘʢʩʠʤʠʥʥʳʡ ʢʨʠʪʝʨʠʡ, ʟʘʧʨʝʱʝʥʥʳʝ ʵʣʝʤʝʥʪʳ, ʥʝʧʦʣʥʳʝ ʥʘʟʥʘʯʝʥʠʷ. 

 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʜʠʢʪʫʝʤʳʝ ʣʦʛʠʩʪʠʯʝʩʢʠʤʠ ʧʨʠʣʦʞʝʥʠʷʤʠ ʤʦʜʠʬʠʢʘʮʠʠ ʟʘʜʘʯʠ ʦ 

ʥʘʟʥʘʯʝʥʠʷʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʟʘʜʘʯʘ ʦ ʥʘʟʥʘʯʝʥʠʷʭ ʩ ʟʘʧʨʝʱʝʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʠ ʟʘʜʘʯʘ, 

ʛʜʝ ʜʦʧʫʩʪʠʤʳ ʥʝʧʦʣʥʳʝ ʥʘʟʥʘʯʝʥʠʷʭ. ʆʧʠʩʳʚʘʶʪʩʷ ʩʧʦʩʦʙʳ ʠʭ ʨʝʰʝʥʠʷ. 

 

ɺʚʝʜʝʥʠʝ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ ʧʦʩʪʘʥʦʚʢʘʤ ʠ ʩʧʦʩʦʙʘʤ ʨʝʰʝ-

ʥʠʷ ʟʘʜʘʯ, ʧʦʨʦʞʜʝʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʤʦʜʝʣʷʤʠ ʜʦʬʦʨʤʠʨʦʚʘʥʠʷ ʩʣʝʜʫʶʱʠʭ 

ʯʝʨʝʟ ʩʦʨʪʠʨʦʚʦʯʥʳʡ ʫʟʝʣ ʩʦʩʪʘʚʦʚ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ (ʜʘʣʝʝ-ʩʦʩʪʘʚʦʚ) ʧʫʪʝʤ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢ ʥʠʤ ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʵʪʦʤ ʫʟʣʝ ʠ ʦʞʠʜʘʶʱʠʭ ʦʪʧʨʘʚʣʝʥʠʷ ʦʪʜʝʣʴʥʳʭ 

ʥʝʩʘʤʦʭʦʜʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ. ʊʘʢʦʚʳʤʠ ʷʚʣʷʶʪʩʷ: ʚʘʛʦʥʳ, ʙʘʨʞʠ ʠ ʣʠʭʪʝʨʳ 

(ʚ ʩʣʫʯʘʷʭ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʠ ʚʥʫʪʨʝʥʥʝʛʦ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ), ʘ ʪʘʢʞʝ ʧʨʠʮʝʧʥʳʝ 

ʪʨʘʥʩʧʦʨʪʥʳʝ ʝʜʠʥʠʮʳ (ʜʣʷ ʘʚʪʦʧʦʝʟʜʦʚ). ɼʘʣʝʝ ʚ ʩʪʘʪʴʝ ʥʝʩʘʤʦʭʦʜʥʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ 

ʩʨʝʜʩʪʚʘ ʙʫʜʝʤ ʠʤʝʥʦʚʘʪʴ ʩʝʢʮʠʷʤʠ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʚ ʨʘʙʦʪʝ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʝ ʧʦʩʪʘʥʦʚʢʠ ʚʳʧʦʣʥʝʥʳ ʚ ʨʘʤʢʘʭ 

ʜʠʩʢʨʝʪʥʦʛʦ ʬʦʨʤʘʣʠʟʤʘ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʘʜʝʢʚʘʪʥʦʛʦ ʫʯʝʪʘ ʚ ʤʘʪʝʤʘʪʠʯʝ-

ʩʢʠʭ ʤʦʜʝʣʷʭ ʜʦʬʦʨʤʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʦʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʧʨʠʢʣʘʜʥʦʡ ʩʧʝʮʠʬʠʢʠ ʠʣʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʩʠʪʫʘʮʠʠ ʦʙʫʩʣʦʚʠʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʤʦʜʠʬʠʢʘʮʠʡ ʢʣʘʩʩʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʦ ʥʘʟʥʘʯʝʥʠʷʭ (ʂɿʅ)2 ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʠʭ ʤʘʪʝʤʘ-

ʪʠʯʝʩʢʠʤ ʠʩʩʣʝʜʦʚʘʥʠʝʤ, ʚʢʣʶʯʘʷ ʨʘʟʨʘʙʦʪʢʫ ʨʝʰʘʶʱʠʭ ʘʣʛʦʨʠʪʤʦʚ. ʀʤʝʥʥʦ ʧʦ ʪʘ-

ʢʦʡ ʩʭʝʤʝ ʠʟʣʦʞʝʥ ʤʘʪʝʨʠʘʣ ʜʘʥʥʦʡ ʩʪʘʪʴʠ, ʚʢʣʶʯʘʶʱʝʡ ʚ ʩʝʙʷ ʪʨʠ ʨʘʟʜʝʣʘ. 

ɺ ʩʣʝʜʫʶʱʝʤ ʟʘ ʚʚʝʜʝʥʠʝʤ, ʧʝʨʚʦʤ ʨʘʟʜʝʣʝ ʠʟʣʘʛʘʶʪʩʷ ʧʨʦʩʪʝʡʰʠʝ, ʙʘʟʦʚʳʝ ʧʦ-

ʩʪʘʥʦʚʢʠ, ʠʤʝʥʫʝʤʳʝ ʚ ʩʪʘʪʴʝ ʩʪʘʥʜʘʨʪʥʳʤʠ ʟʘʜʘʯʘʤʠ ʦ ʥʘʟʥʘʯʝʥʠʷʭ; ʠʭ ʠʥʪʝʨʧʨʝʪʘ-

ʮʠʠ ʜʘʶʪʩʷ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʨʦʙʣʝʤʝ ʜʦʬʦʨʤʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʦʚ. 

ɺʦ ʚʪʦʨʦʤ ʨʘʟʜʝʣʝ ʚʚʦʜʷʪʩʷ ʤʦʜʠʬʠʢʘʮʠʠ ʩʪʘʥʜʘʨʪʥʳʭ ʟʘʜʘʯ ʦ ʥʘʟʥʘʯʝʥʠʷʭ ʠ 

ʢʦʥʩʪʨʫʠʨʫʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʨʝʰʘʶʱʠʝ ʘʣʛʦʨʠʪʤʳ. 

                                                           
1 ʉʪʘʪʴʷ ʧʦʜʛʦʪʦʚʣʝʥʘ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʳʧʦʣʥʝʥʥʳʭ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡ-

ʩʢʦʛʦ ʬʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʝʢʪ ˉ15-07-03141. ɺ ʩʦʢʨʘʱʝʥʥʦʡ ʚʝʨʩʠʠ 

ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʦʢʣʘʜʳʚʘʣʘʩʴ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

çʀʥʬʦʨʤʘʪʠʢʘ ʠ ʪʝʭʥʦʣʦʛʠʠ. ʀʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʠʥʬʦʨʤʘʪʠʢʝè 

(ʄʦʩʢʚʘ, 4ī6 ʘʧʨʝʣʷ 2016 ʛ. ʄʦʩʢʦʚʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ. ʌʠʟʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩ-

ʢʠʡ ʠʥʩʪʠʪʫʪ) ʠ ʚ ʪʝʟʠʩʥʦʤ ʚʘʨʠʘʥʪʝ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʩʙʦʨʥʠʢʝ ʤʘʪʝʨʠʘʣʦʚ ʄʅʊʂ ʀɺʊï2016. 
2 ʅʘʟʚʘʥʠʝ çʟʘʜʘʯʘ ʦ ʥʘʟʥʘʯʝʥʠʷʭè ʧʦʷʚʠʣʦʩʴ ʚ ʥʘʫʯʥʦʤ ʦʙʦʨʦʪʝ ʚ 1952 ʛ., ʥʘʯʠʥʘʷ ʩ ʨʘʙʦ-

ʪʳ [1] ɼ.ʌ. ɺʦʪʘʚʘ ʠ ɸ. ʆʨʜʝʥʘ. ʂ ʵʪʦʤʫ ʞʝ ʧʝʨʠʦʜʫ ʦʪʥʦʩʠʪʩʷ ʠ ʥʘʯʘʣʦ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʦʚ 

ʨʝʰʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʮʠʡ ʵʪʦʡ ʟʘʜʘʯʠ. ʊʘʢ, ʚ 1955 ʛ. ɻ.ɺ. ʂʫʥʦʤ ʙʳʣʘ ʦʧʫʙʣʠʢʦʚʘʥʘ ʩʪʘʪʴʷ 

[2] ʩ ʦʧʠʩʘʥʠʝʤ ʩʧʦʩʦʙʘ ʨʝʰʝʥʠʷ ʂɿʅ, ʢʦʪʦʨʦʤʫ ʘʚʪʦʨ ʜʘʣ ʠʤʷ çʚʝʥʛʝʨʩʢʠʡ ʤʝʪʦʜè. ʕʪʦʪ ʤʝ-

ʪʦʜ ʠ ʤʝʪʦʜ ʧʦʪʝʥʮʠʘʣʦʚ [3] ʷʚʣʷʶʪʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʥʦʚʥʳʤʠ ʨʝʛʫʣʷʨʥʳʤʠ ʩʧʦʩʦʙʘʤʠ 

ʨʝʰʝʥʠʷ ʂɿʅ. ʋʢʘʟʘʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʵʪʘ ʟʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʚ ʧʦʣʠʥʦʤʠʘʣʴʥʦ ʟʘʚʠʩʷʱʝʤ ʦʪ ʦʙʲ-

ʝʤʘ ʚʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚʨʝʤʝʥʠ [4, 5]. 



ɼ.ʀ. ʂʦʛʘʥ, ʖ.ʉ. ʌʝʜʦʩʝʥʢʦ, ɼ.ɸ. ʍʘʥʜʫʨʠʥ 

ʇʦʩʪʘʥʦʚʢʠ ʠ ʘʣʛʦʨʠʪʤʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦ ʥʘʟʥʘʯʝʥʠʷʭ ʚ ʧʨʠʣʦʞʝʥʠʠ ʢ ʧʨʦʙʣʝʤʘʤ » 
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ʊʨʝʪʠʡ ʨʘʟʜʝʣ ʩʪʘʪʴʠ ī ʟʘʢʣʶʯʝʥʠʝ ʧʦ ʨʘʙʦʪʝ. 

1. ʉʪʘʥʜʘʨʪʥʳʝ ʟʘʜʘʯʠ ʦ ʥʘʟʥʘʯʝʥʠʷʭ 

ʂʘʞʜʘʷ ʟʘʜʘʯʘ ʦ ʥʘʟʥʘʯʝʥʠʷʭ ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʘʣʠʯʠʝ ʤʥʦʞʝʩʪʚʘ ʠʩʧʦʣʥʠʪʝʣʝʡ I = 

{1, 2, é , n}, ʤʥʦʞʝʩʪʚʘ ʨʘʙʦʪ R = { r1, r2, é , rn} ʠ (nʭn)-ʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ɸ ʮʝʣʦʯʠʩ-

ʣʝʥʥʳʭ ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʭ ʦʮʝʥʦʢ ʘij, ni ,1= , nj ,1=  ʜʦʭʦʜʦʚ (ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʝʡ, 

ʚʨʝʤʝʥ ʠ ʪ.ʧ.). ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ 
ijʘ  ï ʜʦʭʦʜ ʠʩʧʦʣʥʠʪʝʣʷ i, ʧʦʣʫʯʘʝʤʳʡ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ r j (ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠʩʧʦʣʥʠʪʝʣʷ i ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʠʤ ʨʘʙʦʪʳ 

r j, ʚʨʝʤʷ, ʟʘʪʨʘʯʠʚʘʝʤʦʝ ʠʩʧʦʣʥʠʪʝʣʝʤ i ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʨʘʙʦʪʳ r j ʠ ʪ.ʧ.). ʊʨʝʙʫʝʪʩʷ 

ʥʘʟʥʘʯʠʪʴ ʠʩʧʦʣʥʠʪʝʣʝʡ ʥʘ ʨʘʙʦʪʳ ʥʘʠʙʦʣʝʝ ʚʳʛʦʜʥʳʤ ʦʙʨʘʟʦʤ. 

ʅʘʟʥʘʯʝʥʠʷʤʠ ʥʘʟʳʚʘʝʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʩʧʦʣʥʠʪʝʣʝʡ ʧʦ ʨʘʙʦʪʘʤ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʢʘʞʜʳʡ ʠʩʧʦʣʥʠʪʝʣʴ ʧʦʣʫʯʘʝʪ ʨʦʚʥʦ ʦʜʥʫ ʨʘʙʦʪʫ ʠ ʢʘʞʜʦʡ ʨʘʙʦʪʝ ʧʨʝʜʧʠʩʳʚʘʝʪʩʷ 

ʨʦʚʥʦ ʦʜʠʥ ʠʩʧʦʣʥʠʪʝʣʴ. 

ʂʘʞʜʦʝ ʥʘʟʥʘʯʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʚʟʘʠʤʥʦ ʦʜʥʦʟʥʘʯʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ˊ ʤʥʦʞʝ-

ʩʪʚʘ ʠʩʧʦʣʥʠʪʝʣʝʡ ʚ ʤʥʦʞʝʩʪʚʦ ʨʘʙʦʪ, ʪ.ʝ. ʤʥʦʞʝʩʪʚʘ {1, 2, é , n} ʚ ʩʝʙʷ. ʅʘʟʥʘʯʝʥʠʝ 

ˊ ʠʩʧʦʣʥʠʪʝʣʶ i ʧʨʝʜʧʠʩʳʚʘʝʪ ʨʘʙʦʪʫ r (́i), ni ,1= . ʄʥʦʞʝʩʪʚʦ ʚʩʝʭ ʥʘʟʥʘʯʝʥʠʡ ʦʙʦ-

ʟʥʘʯʠʤ H. 

ʅʘʨʷʜʫ ʩ ʢʣʘʩʩʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ ʦ ʥʘʟʥʘʯʝʥʠʷʭ 

,max
1 )(ä= p

p

n

i ii
a  (1) 

ʚʳʜʝʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʩʪʘʥʜʘʨʪʥʳʝ ʤʦʜʝʣʠ ʚʟʘʠʤʥʦ ʦʜʥʦʟʥʘʯʥʦʛʦ ʟʘʢʨʝʧʣʝʥʠʷ 

ʠʩʧʦʣʥʠʪʝʣʝʡ ʟʘ ʨʘʙʦʪʘʤʠ [6ï10]: 

ï ʟʘʜʘʯʘ ʦ ʥʘʟʥʘʯʝʥʠʷʭ ʩ ʤʠʥʠʤʠʟʠʨʫʝʤʳʤ ʢʨʠʪʝʨʠʝʤ 

,min
1

)(ä
=

p
p

n

i

ii
a  (2) 

ï ʤʠʥʠʤʘʢʩʥʘʷ ʟʘʜʘʯʘ ʦ ʥʘʟʥʘʯʝʥʠʷʭ 

,maxmin
1

)(ä
=

p
p

n

i

ii
i

a  (3) 

ï ʤʘʢʩʠʤʠʥʥʘʷ ʟʘʜʘʯʘ ʦ ʥʘʟʥʘʯʝʥʠʷʭ 

.minmax
1

)(ä
=

p
p

n

i

ii
i

a  (4) 

ʂɿʅ (1) ʠʤʝʥʫʝʤ ʧʨʦʩʪʝʡʰʝʡ ʟʘʜʘʯʝʡ ʦ ʥʘʟʥʘʯʝʥʠʷʭ (ʇɿʅ), ʝʩʣʠ ʤʘʪʨʠʮʘ ʯʠʩʣʝʥ-

ʥʳʭ ʦʮʝʥʦʢ ʚ ʵʪʦʡ ʟʘʜʘʯʝ ʷʚʣʷʝʪʩʷ ʙʫʣʝʚʦʟʥʘʯʥʦʡ, ʪ.ʝ. ʩʦʩʪʦʠʪ ʠʟ ʥʫʣʝʡ ʠ ʝʜʠʥʠʮ. 

ʊʘʢʫʶ ʤʘʪʨʠʮʫ ʦʙʦʟʥʘʯʘʝʤ }{
ij

eE=  ʠ ʩʯʠʪʘʝʤ, ʯʪʦ ʚ ʇɿʅ ʠʩʧʦʣʥʠʪʝʣʴ i ʩʧʦʩʦʙʝʥ 

ʚʳʧʦʣʥʷʪʴ ʨʘʙʦʪʫ 
jr  ʚ ʪʦʤ ʠ ʪʦʣʴʢʦ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ije =1, ni ,1= , nj ,1= . 

ʈʝʰʘʷ ʇɿʅ, ʪ.ʝ. ʤʘʢʩʠʤʠʟʠʨʫʷ ʚʝʣʠʯʠʥʫ ,
1 )(ä= p

n

i ii
e  ʥʘʭʦʜʠʤ ʥʘʟʥʘʯʝʥʠʝ, ʨʘʩʧʨʝ-

ʜʝʣʷʶʱʝʝ ʤʘʢʩʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʠʩʧʦʣʥʠʪʝʣʝʡ ʧʦ ʨʘʙʦʪʘʤ, ʢʦʪʦʨʳʝ ʦʥʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦ 

ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴ. 

ʅʘʟʥʘʯʝʥʠʝ ˊ ʥʘʟʳʚʘʝʤ ʘʙʩʦʣʶʪʥʳʤ ʨʝʰʝʥʠʝʤ ʇɿʅ, ʝʩʣʠ ].1)[(
)(
="

pii
ei  ʇʨʠ 

ʨʝʘʣʠʟʘʮʠʠ ʘʙʩʦʣʶʪʥʦʛʦ ʨʝʰʝʥʠʷ ʢʘʞʜʳʡ ʠʩʧʦʣʥʠʪʝʣʴ ʧʦʣʫʯʘʝʪ ʨʘʙʦʪʫ, ʢʦʪʦʨʫʶ ʦʥ 

ʩʧʦʩʦʙʝʥ ʚʳʧʦʣʥʷʪʴ. 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 52, 2017 ʛ. 

ʈʘʟʜʝʣ II. ʀʥʬʦʨʤʘʪʠʢʘ, ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʠ ʠ ʨʘʜʠʦʣʦʢʘʮʠʷ 

 

 25 

ʇʫʩʪʴ W ï ʧʨʦʠʟʚʦʣʴʥʦʝ ʧʦʜʤʥʦʞʝʩʪʚʦ ʠʩʧʦʣʥʠʪʝʣʝʡ. ʏʝʨʝʟ R(W) ʦʙʦʟʥʘʯʠʤ ʩʦ-

ʚʦʢʫʧʥʦʩʪʴ ʨʘʙʦʪ, ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʢʦʪʦʨʳʭ ʚ ʧʦʜʤʥʦʞʝʩʪʚʝ W ʥʘʡʜʝʪʩʷ ʩʧʦʩʦʙʥʳʡ ʝʝ 

ʚʳʧʦʣʥʠʪʴ ʠʩʧʦʣʥʠʪʝʣʴ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʥʝʨʘʚʝʥʩʪʚʦ 

},)({ WRWW ¢"  (5) 

ʚ ʢʦʪʦʨʦʤ ʯʝʨʝʟ W  ʦʙʦʟʥʘʯʝʥʦ ʯʠʩʣʦ ʵʣʝʤʝʥʪʦʚ ʚ W, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʦʙ-

ʭʦʜʠʤʦʝ ʫʩʣʦʚʠʝ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʘʙʩʦʣʶʪʥʦʛʦ ʨʝʰʝʥʠʷ ʇɿʅ. 

ɺ [3] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʘʙʩʦʣʶʪʥʦʛʦ ʨʝʰʝʥʠʷ ʇɿʅ ʚʳʧʦʣʥʝʥʠʝ 

ʥʝʨʘʚʝʥʩʪʚʘ (5) ʥʝ ʪʦʣʴʢʦ ʥʝʦʙʭʦʜʠʤʦ, ʥʦ ʠ ʜʦʩʪʘʪʦʯʥʦ. 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʘʥʠʡ ʩʧʝʮʠʘʣʴʥʦʛʦ ʚʳʜʝʣʝʥʠʷ ʇɿʅ ʷʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʝʝ: ʘʣʛʦʨʠʪʤ 

ʝʸ ʨʝʰʝʥʠʷ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʨʝʰʘʶʱʠʭ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʟʘʜʘʯʠ ʦ 

ʥʘʟʥʘʯʝʥʠʷʭ ʪʠʧʦʚ (1)ï(4). ʉʧʦʩʦʙʳ ʨʝʰʝʥʠʷ (1)ï(4) ʤʝʪʦʜʦʤ ʧʦʪʝʥʮʠʘʣʦʚ ʠ ʚʝʥʛʝʨ-

ʩʢʠʤ ʤʝʪʦʜʦʤ ʠʟʣʦʞʝʥʳ, ʥʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʘʭ [3, 11ï15]. ʄʳ ʙʫʜʝʤ ʘʧʝʣʣʠʨʦʚʘʪʴ ʢ 

ʧʝʨʚʦʤʫ ʠʟ ʥʠʭ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʫʩʣʦʚʠʝ ʨʘʚʝʥʩʪʚʘ ʯʠʩʣʘ ʠʩʧʦʣʥʠʪʝʣʝʡ ʠ ʯʠʩʣʘ ʨʘʙʦʪ ʚ ʟʘʜʘʯʝ ʦ 

ʥʘʟʥʘʯʝʥʠʷʭ ʩʫʱʝʩʪʚʝʥʥʳʤ ʥʝ ʷʚʣʷʝʪʩʷ; ʦʥʦ ʣʝʛʢʦ ʦʙʭʦʜʠʪʩʷ ʜʦʙʘʚʣʝʥʠʝʤ ʬʠʢʪʠʚ-

ʥʳʭ ʦʙʲʝʢʪʦʚ (ʠʩʧʦʣʥʠʪʝʣʝʡ, ʨʘʙʦʪ). ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʝʩʣʠ ʚ ʂɿʅ ʠʤʝʝʪʩʷ m ʠʩʧʦʣʥʠ-

ʪʝʣʝʡ ʠ n ʨʘʙʦʪ, n > m, ʪʦ ʧʝʨʝʭʦʜ ʢ ʩʪʘʥʜʘʨʪʥʳʤ ʤʦʜʝʣʷʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʜʦʙʘʚʣʝ-

ʥʠʝʤ n ï m ʬʠʢʪʠʚʥʳʭ ʠʩʧʦʣʥʠʪʝʣʝʡ; ʧʨʠ ʵʪʦʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʬʠʢʪʠʚʥʳʤ ʠʩʧʦʣ-

ʥʠʪʝʣʷʤ ʵʣʝʤʝʥʪʳ ʤʘʪʨʠʮʳ ʯʠʩʣʝʥʥʳʭ ʦʮʝʥʦʢ ʧʦʣʘʛʘʶʪʩʷ ʨʘʚʥʳʤʠ ʥʫʣʶ. 

ʈʘʩʩʤʦʪʨʠʤ ʩʠʪʫʘʮʠʶ, ʢʦʛʜʘ ʯʝʨʝʟ ʩʦʨʪʠʨʦʚʦʯʥʳʡ ʫʟʝʣ U ʚ ʪʝʯʝʥʠʝ ʙʣʠʞʘʡʰʝʛʦ 

ʦʪʨʝʟʢʘ ʚʨʝʤʝʥʠ ʜʦʣʞʥʳ ʧʨʦʩʣʝʜʦʚʘʪʴ ʩʦʩʪʘʚʳ 1, 2, é , n; ʚ ʧʨʝʜʝʣʘʭ ʫʟʣʘ U ʠʤʝʝʪʩʷ 

ʤʥʦʞʝʩʪʚʦ R = { r1, r2, é , rn} ʧʦʜʣʝʞʘʱʠʭ ʦʪʧʨʘʚʢʝ ʩʝʢʮʠʡ. 

ʇʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʟʘ ʢʘʞʜʳʤ ʩʦʩʪʘʚʦʤ ʤʦʞʥʦ ʟʘʢʨʝʧʠʪʴ ʥʝ ʙʦʣʝʝ ʦʜʥʦʡ ʩʝʢʮʠʠ, 

ʥʠʞʝ ʨʘʩʩʤʦʪʨʠʤ ʪʨʠ ʟʘʜʘʯʠ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʦʟʥʘʯʠʚ ʯʝʨʝʟ S = { sij} (nʭn)-ʤʝʨʥʫʶ 

ʤʘʪʨʠʮʫ, ʢʘʞʜʳʡ ʵʣʝʤʝʥʪ ʢʦʪʦʨʦʡ ʩʫʪʴ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʙʣʠʞʘʡʰʝʛʦ ʢ ʧʫʥʢʪʫ ʥʘʟʥʘʯʝ-

ʥʠʷ ʩʝʢʮʠʠ r j ʩʦʨʪʠʨʦʚʦʯʥʦʛʦ ʫʟʣʘ, ʚʭʦʜʷʱʝʛʦ ʚ ʤʘʨʰʨʫʪ ʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʘʚʘ i, i = 1, 

2, é , n, j = 1, 2, é , n. 

ɿʘʜʘʯʘ 1. ʇʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʩʝʢʮʠʷ r j ʤʦʞʝʪ ʙʳʪʴ ʟʘʢʨʝʧʣʝʥʘ ʟʘ ʩʦʩʪʘʚʦʤ i, ʝʩʣʠ 

ʤʘʨʰʨʫʪ ʜʘʥʥʦʛʦ ʩʦʩʪʘʚʘ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʧʫʥʢʪ ʥʘʟʥʘʯʝʥʠʷ ʩʝʢʮʠʠ r j. ʊʨʝʙʫʝʪʩʷ 

ʥʘʡʪʠ ʚʘʨʠʘʥʪ ʟʘʢʨʝʧʣʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʯʠʩʣʦ ʦʪʧʨʘʚʣʝʥʥʳʭ ʩʝʢʮʠʡ ʤʘʢʩʠʤʘʣʴʥʦ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 1 ʚʚʝʜʝʤ ʚ ʨʘʩʩʤʦʪʨʝʥʠʝ (nʭn)-ʤʝʨʥʫʶ ʤʘʪʨʠʮʫ }{
ij

eE= , ʚ 

ʢʦʪʦʨʦʡ ije = 1 ʧʨʠ ni ,1= , nj ,1=  ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ sij = 0; ʚ ʧʨʦʪʠʚʥʦʤ 

ʩʣʫʯʘʝ ije = 0. 

ʇʦʩʪʨʦʠʚ ʦʧʪʠʤʘʣʴʥʦʝ ʚ ʇɿʅ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʤʘʪʨʠʮʝʡ ɽ ʥʘʟʥʘʯʝʥʠʝ ˊ*, ʥʘʭʦʜʠʤ 

ʤʘʢʩʠʤʘʣʴʥʫʶ ʧʦ ʯʠʩʣʫ ʦʪʧʨʘʚʣʷʝʤʳʭ ʩʝʢʮʠʡ ʩʭʝʤʫ ʟʘʢʨʝʧʣʝʥʠʷ: ʩʝʢʮʠʷ r *́ (i) ʟʘʢʨʝʧ-

ʣʷʝʪʩʷ ʟʘ ʩʦʩʪʘʚʦʤ i ʚ ʪʦʤ ʠ ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ei *́ (i)= 1. ɺ ʩʠʪʫʘʮʠʠ ei *́ (i) = 0,  

i = 1, 2, é , n ʥʠʢʘʢʘʷ ʠʟ ʩʝʢʮʠʡ ʤʥʦʞʝʩʪʚʘ R ʟʘ ʩʦʩʪʘʚʦʤ i ʥʝ ʟʘʢʨʝʧʣʷʝʪʩʷ. 

ɿʘʜʘʯʘ 2. ɿʘ ʧʨʦʩʣʝʜʫʶʱʠʤʠ ʯʝʨʝʟ ʩʦʨʪʠʨʦʚʦʯʥʳʡ ʫʟʝʣ U ʩʦʩʪʘʚʘʤʠ 1, 2, é , n 

ʪʨʝʙʫʝʪʩʷ ʟʘʢʨʝʧʠʪʴ ʚʩʝ ʩʝʢʮʠʠ ʩʦʚʦʢʫʧʥʦʩʪʠ R ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʩʫʤʤʘʨʥʘʷ 

ʜʣʠʥʘ ʨʘʩʩʪʦʷʥʠʡ ʦʪ ʧʫʥʢʪʦʚ ʠʭ ʦʪʢʨʝʧʣʝʥʠʷ ʜʦ ʧʫʥʢʪʦʚ ʥʘʟʥʘʯʝʥʠʷ ʦʢʘʟʘʣʘʩʴ ʤʠʥʠ-

ʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ.  

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʨʝʰʠʚ ʟʘʜʘʯʫ ʦ ʥʘʟʥʘʯʝʥʠʷʭ ʩ ʢʨʠʪʝʨʠʝʤ (2) ʚʠʜʘ ,min
)( )(äp p

p

n

ii ii
s  

ʧʦʩʪʨʦʠʤ ʚʟʘʠʤʥʦ ʦʜʥʦʟʥʘʯʥʦʝ ʟʘʢʨʝʧʣʝʥʠʝ ʩʝʢʮʠʡ ʟʘ ʩʦʩʪʘʚʘʤʠ, ʧʨʠ ʢʦʪʦʨʦʤ ʩʫʤʤʘ 

ʨʘʩʩʪʦʷʥʠʡ ʦʪ ʧʫʥʢʪʦʚ ʦʪʢʨʝʧʣʝʥʠʷ ʩʝʢʮʠʡ ʜʦ ʧʫʥʢʪʦʚ ʠʭ ʥʘʟʥʘʯʝʥʠʷ ʦʢʘʟʳʚʘʝʪʩʷ 

ʤʠʥʠʤʘʣʴʥʦʡ. 



ɼ.ʀ. ʂʦʛʘʥ, ʖ.ʉ. ʌʝʜʦʩʝʥʢʦ, ɼ.ɸ. ʍʘʥʜʫʨʠʥ 

ʇʦʩʪʘʥʦʚʢʠ ʠ ʘʣʛʦʨʠʪʤʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦ ʥʘʟʥʘʯʝʥʠʷʭ ʚ ʧʨʠʣʦʞʝʥʠʠ ʢ ʧʨʦʙʣʝʤʘʤ » 
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ɿʘʜʘʯʘ 3. ɿʘ ʩʦʩʪʘʚʘʤʠ 1, 2, é , n ʩʣʝʜʫʝʪ ʟʘʢʨʝʧʠʪʴ ʚʩʝ ʩʝʢʮʠʠ ʩʦʚʦʢʫʧʥʦʩʪʠ R 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʤʘʢʩʠʤʘʣʴʥʦʝ ʠʟ ʨʘʩʩʪʦʷʥʠʡ ʦʪ ʧʫʥʢʪʘ ʦʪʢʨʝʧʣʝʥʠʷ ʢʘʞʜʦʡ 

ʩʝʢʮʠʠ ʜʦ ʧʫʥʢʪʘ ʝʛʦ ʥʘʟʥʘʯʝʥʠʷ ʦʢʘʟʘʣʘʩʴ ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʤ. 

ʈʝʰʠʚ ʤʠʥʠʤʘʢʩʥʫʶ ʟʘʜʘʯʫ ʦ ʥʘʟʥʘʯʝʥʠʷʭ ʩ ʢʨʠʪʝʨʠʝʤ (3) ʚʠʜʘ 

,maxmin
1 )(ä= p

p

n

i ii
i

s  ʦʧʨʝʜʝʣʠʤ ʚʟʘʠʤʥʦ ʦʜʥʦʟʥʘʯʥʦʝ ʟʘʢʨʝʧʣʝʥʠʝ ʩʝʢʮʠʡ ʟʘ ʩʦʩʪʘʚʘ-

ʤʠ, ʧʨʠ ʢʦʪʦʨʦʤ ʤʘʢʩʠʤʘʣʴʥʦʝ ʠʟ ʨʘʩʩʪʦʷʥʠʡ ʦʪ ʧʫʥʢʪʘ ʦʪʩʦʝʜʠʥʝʥʠʷ ʢʘʞʜʦʡ ʩʝʢʮʠʠ 

ʜʦ ʧʫʥʢʪʘ ʝʸ ʥʘʟʥʘʯʝʥʠʷ ʦʢʘʟʳʚʘʝʪʩʷ ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʤ. 

2. ʄʦʜʠʬʠʢʘʮʠʠ ʩʪʘʥʜʘʨʪʥʳʭ ʟʘʜʘʯ ʦ ʥʘʟʥʘʯʝʥʠʷʭ 

ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʪʝʤʝ ʜʦʬʦʨʤʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʦʚ ʨʘʩʩʤʦʪʨʠʤ ʩʠʪʫʘʮʠʶ, ʭʘʨʘʢʪʝ-

ʨʠʟʫʶʱʫʶʩʷ ʩʣʝʜʫʶʱʠʤʠ ʜʚʫʤʷ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘʤʠ: 

ʘ) ʠʟ ʦʙʱʝʛʦ ʯʠʩʣʘ m ʩʣʝʜʫʶʱʠʭ ʪʨʘʥʟʠʪʦʤ ʯʝʨʝʟ ʩʦʨʪʠʨʦʚʦʯʥʳʡ ʫʟʝʣ U ʩʦʩʪʘʚʦʚ 

ʤʦʞʥʦ ʦʩʪʘʥʦʚʠʪʴ ʜʣʷ ʟʘʢʨʝʧʣʝʥʠʷ ʟʘ ʥʠʤʠ ʩʝʢʮʠʡ ʥʝ ʙʦʣʝʝ k ʩʦʩʪʘʚʦʚ (k < m); 

ʙ) ʯʠʩʣʦ ʦʞʠʜʘʶʱʠʭ ʦʪʧʨʘʚʢʠ ʦʪʜʝʣʴʥʳʭ ʩʝʢʮʠʡ ʨʘʚʥʦ n (n > m> k). 

ʀʟʚʝʩʪʥʘ (m³n)-ʤʝʨʥʘʷ ʤʘʪʨʠʮʘ ʯʠʩʣʝʥʥʳʭ ʦʮʝʥʦʢ ɸ = {ʘij}, ʢʘʞʜʳʡ ʵʣʝʤʝʥʪ ʢʦ-

ʪʦʨʦʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʟʘʢʨʝʧʣʝʥʠʝ ʩʝʢʮʠʠ jr  ʟʘ ʩʦʩʪʘʚʦʤ i. 

ɿʘʜʘʯʘ 4. ʊʨʝʙʫʝʪʩʷ ʤʘʢʩʠʤʠʟʠʨʦʚʘʪʴ ʩʫʤʤʘʨʥʫʶ ʦʮʝʥʢʫ ʟʘʢʨʝʧʣʝʥʠʷ k ʠʟ ʠʤʝ-

ʶʱʠʭʩʷ ʩʝʢʮʠʡ ʟʘ k ʩʦʩʪʘʚʘʤʠ, ʜʦʧʫʩʢʘʶʱʠʤʠ ʦʩʪʘʥʦʚʢʫ ʚ ʩʦʨʪʠʨʦʚʦʯʥʦʤ ʫʟʣʝ U. 

ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʦʙʱʝʝ ʯʠʩʣʦ ʪʨʘʥʟʠʪʥʳʭ ʩʦʩʪʘʚʦʚ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʨʘʚʥʳʤ 

ʯʠʩʣʫ ʦʞʠʜʘʶʱʠʭ ʦʪʧʨʘʚʢʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʝʢʮʠʡ. ʊʘʢʦʝ ʨʘʚʝʥʩʪʚʦ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʚʚʝʜʝʥʠʝʤ ʬʠʢʪʠʚʥʳʭ ʩʦʩʪʘʚʦʚ ʩ ʥʦʤʝʨʘʤʠ m + 1, m + 2, é , n; ʚʩʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʬʠʢʪʠʚʥʳʤ ʩʦʩʪʘʚʘʤ ʵʣʝʤʝʥʪʳ ʤʘʪʨʠʮʳ ɸ ʩʯʠʪʘʝʤ ʨʘʚʥʳʤʠ ʥʫʣʶ. ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘ-

ʯʠ 4 ʦʙʦʙʱʠʤ ʢʦʥʮʝʧʮʠʶ ʥʘʟʥʘʯʝʥʠʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

ʅʝʧʦʣʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ï ʵʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʝʢʦʪʦʨʦʛʦ ʧʦʜʤʥʦʞʝʩʪʚʘ ʄ ʠʩʧʦʣʥʠ-

ʪʝʣʝʡ ʄ Ì {1, 2, é , n} ʧʦ ʨʘʙʦʪʘʤ, ʚ ʢʦʪʦʨʦʤ ʢʘʞʜʳʡ ʠʩʧʦʣʥʠʪʝʣʴ ʠʟ ʄ ʧʦʣʫʯʘʝʪ 

ʨʦʚʥʦ ʦʜʥʫ ʨʘʙʦʪʫ ʠ ʢʘʞʜʦʡ ʨʘʙʦʪʝ ʧʨʝʜʧʠʩʳʚʘʝʪʩʷ ʥʝ ʙʦʣʝʝ ʦʜʥʦʛʦ ʠʩʧʦʣʥʠʪʝʣʷ ʠʟ 

ʤʥʦʞʝʩʪʚʘ ʄ. ʅʝʧʦʣʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ʠʤʝʥʫʝʤ k-ʥʘʟʥʘʯʝʥʠʝʤ, ʝʩʣʠ ʯʠʩʣʦ ʵʣʝʤʝʥʪʦʚ ʚ 

ʤʥʦʞʝʩʪʚʝ ʄ ʨʘʚʥʦ k. 

ʆʧʨʝʜʝʣʷʝʤʘʷ (nʭn)-ʤʘʪʨʠʮʝʡ ɸ ʠ ʢʦʥʩʪʘʥʪʦʡ k (n > k) ʟʘʜʘʯʘ ʂɿʅk ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʚʳʜʝʣʝʥʠʠ k-ʵʣʝʤʝʥʪʥʦʛʦ ʧʦʜʤʥʦʞʝʩʪʚʘ ʄ ʠʩʧʦʣʥʠʪʝʣʝʡ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʝʛʦ ʯʣʝʥʦʚ 

ʧʦ ʨʘʙʦʪʘʤ, ʚ ʢʦʪʦʨʦʤ ʢʘʞʜʳʡ ʠʩʧʦʣʥʠʪʝʣʴ ʠʟ ʄ ʧʦʣʫʯʘʝʪ ʨʦʚʥʦ ʦʜʥʫ ʨʘʙʦʪʫ ʠ ʢʘʞ-

ʜʦʡ ʨʘʙʦʪʝ ʧʨʝʜʧʠʩʳʚʘʝʪʩʷ ʥʝ ʙʦʣʝʝ ʦʜʥʦʛʦ ʠʩʧʦʣʥʠʪʝʣʷ ʠʟ ʤʥʦʞʝʩʪʚʘ ʄ. ʇʨʠ ʵʪʦʤ 

ʩʫʤʤʘʨʥʘʷ ʦʮʝʥʢʘ ʚʳʧʦʣʥʝʥʥʦʛʦ ʟʘʢʨʝʧʣʝʥʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ. 

ʌʦʨʤʘʣʴʥʦ ʂɿʅk ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ 
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a  (6) 

ʛʜʝ M[k] ï ʧʨʦʠʟʚʦʣʴʥʦʝ k-ʵʣʝʤʝʥʪʥʦʝ ʧʦʜʤʥʦʞʝʩʪʚʦ ʩʦʚʦʢʫʧʥʦʩʪʠ {1, 2, é , n}, ʘ 

{ M[k]} ï ʤʥʦʞʝʩʪʚʦ ʚʩʝʭ ʚʟʘʠʤʥʦ ʦʜʥʦʟʥʘʯʥʳʭ ʦʪʦʙʨʘʞʝʥʠʡ ʩʦʚʦʢʫʧʥʦʩʪʠ M[k] ʚ k-

ʵʣʝʤʝʥʪʥʳʝ ʧʦʜʤʥʦʞʝʩʪʚʘ ʠʟ {1, 2 ,é , n}.  

 

ɼʣʷ ʨʝʰʝʥʠʷ (6) ʤʦʞʥʦ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʣʶʙʦʡ ʠʟ ʜʚʫʭ ʦʧʠʩʳʚʘʝʤʳʭ ʥʠʞʝ ʘʣʛʦ-

ʨʠʪʤʦʚ. 

ʇʝʨʚʳʡ ʘʣʛʦʨʠʪʤ ʩʦʩʪʦʠʪ ʚ ʩʚʝʜʝʥʠʠ ʟʘʜʘʯʠ (6) ʢ ʦʙʳʯʥʦʡ ʂɿʅ. ʇʦ ʤʘʪʨʠʮʝ ɸ 

ʜʦʙʘʚʣʝʥʠʝʤ ʥʠʞʝ ʦʧʨʝʜʝʣʷʝʤʳʭ ʚʝʢʪʦʨʦʚ-ʩʪʦʣʙʮʦʚ an+1, an+2, é , an+(n-k) ʠ ʚʝʢʪʦʨʦʚ-

ʩʪʨʦʢ bn+1, bn+2, é , bn+(n-k) ʩʪʨʦʠʤ ʤʘʪʨʠʮʫ ɸ+. 

ɺʩʝ ʚʝʢʪʦʨʳ an+1, an+2, é , an+(n-k) ʨʘʚʥʳ ʤʝʞʜʫ ʩʦʙʦʡ, ʫ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ ʧʝʨʚʳʝ n 

ʢʦʦʨʜʠʥʘʪ ʦʜʠʥʘʢʦʚʳ ʠ ʨʘʚʥʳ ʉ, ʛʜʝ ʉ ï ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʘʷ ʢʦʥʩʪʘʥʪʘ (ʧʦʣʦʞʠʤ ʝʝ 

ʟʥʘʯʝʥʠʝ ʥʘ ʝʜʠʥʠʮʫ ʧʨʝʚʦʩʭʦʜʷʱʝʝ ʩʫʤʤʫ ʤʘʢʩʠʤʘʣʴʥʳʭ ʧʦ ʩʪʨʦʢʘʤ ʵʣʝʤʝʥʪʦʚ ʤʘʪ-

ʨʠʮʳ ɸ); ʦʩʪʘʣʴʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʚʝʢʪʦʨʦʚ an+1, an+2, é , an+(n-k) ʨʘʚʥʳ ʥʫʣʶ. 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 52, 2017 ʛ. 

ʈʘʟʜʝʣ II. ʀʥʬʦʨʤʘʪʠʢʘ, ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʠ ʠ ʨʘʜʠʦʣʦʢʘʮʠʷ 
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ɺʩʝ ʚʝʢʪʦʨʳ bn+1, bn+2, é , bn+(n-k) ʷʚʣʷʶʪʩʷ 0-ʚʝʢʪʦʨʘʤʠ. ʄʘʪʨʠʮʘ ɸ+ ʦʧʨʝʜʝʣʷʝʪ 

ʦʙʳʯʥʫʶ ʂɿʅ. 

ʆʧʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʝʝ ʢʨʠʪʝʨʠʷ ʨʘʚʥʦ (n ï k)C + B. ʇʝʨʚʦʝ ʩʣʘʛʘʝʤʦʝ ʵʪʦʡ 

ʩʫʤʤʳ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ (n ï k) ʠʩʧʦʣʥʠʪʝʣʷʤʠ ʤʥʦʞʝʩʪʚʘ {1, 2, é , n}, ʢʦʪʦʨʳʝ ʚ ʦʧ-

ʪʠʤʘʣʴʥʦʤ ʨʝʰʝʥʠʠ ʠʩʭʦʜʥʦʡ ʂɿʅk ʨʘʙʦʪʳ ʥʝ ʧʦʣʫʯʘʶʪ. ɺʪʦʨʦʝ ʩʣʘʛʘʝʤʦʝ ʦʙʝʩʧʝʯʠ-

ʚʘʝʪʩʷ ʦʩʪʘʣʴʥʳʤʠ ʠʩʧʦʣʥʠʪʝʣʷʤʠ ʩʦʚʦʢʫʧʥʦʩʪʠ{1, 2, é , n}; ʠʤʝʥʥʦ ʦʥʠ ʦʙʨʘʟʫʶʪ 

ʦʧʪʠʤʘʣʴʥʦʝ ʧʦ ʩʦʩʪʘʚʫ ʤʥʦʞʝʩʪʚʦ M[k] ʚ ʠʩʭʦʜʥʦʡ ʂɿʅk, ʯʣʝʥʳ M[k] ʟʘʢʨʝʧʣʷʶʪʩʷ 

ʟʘ ʨʘʙʦʪʘʤʠ ʠʟ ʤʥʦʞʝʩʪʚʘ R = { r1, r2, é , rn} ʩʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʦʤʫ ʦʧʪʠʤʘʣʴʥʦʤʫ 

ʨʝʰʝʥʠʶ ʂɿʅ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʤʘʪʨʠʮʝʡ ɸ+. 

ɺʪʦʨʦʡ ʘʣʛʦʨʠʪʤ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʚʝʜʝʥʠʠ ʂɿʅk ʢ ʧʨʦʙʣʝʤʝ ʦʪʳʩʢʘʥʠʷ ʤʘʢʩʠʤʘʣʴ-

ʥʦʛʦ ʧʦʪʦʢʘ ʤʠʥʠʤʘʣʴʥʦʡ ʩʪʦʠʤʦʩʪʠ ʚ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ ʧʦʩʪʨʦʝʥʥʦʡ ʩʝʪʠ [16, 

17]. 

ʇʫʩʪʴ ʩʝʪʴ Ý ʠʤʝʝʪ ʠʩʪʦʯʥʠʢ S, ʩʧʝʮʠʘʣʴʥʫʶ ʚʝʨʰʠʥʫ S*, ʜʚʘ ʨʷʜʘ ʧʨʦʤʝʞʫʪʦʯ-

ʥʳʭ ʚʝʨʰʠʥ ʠ ʩʪʦʢ Sô. 

ɺʝʨʰʠʥʘʤʠ ʧʝʨʚʦʛʦ ʨʷʜʘ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʚʝʨʰʠʥ ʷʚʣʷʶʪʩʷ I1, I2, é , In, ʦʥʠ ʦʪʚʝ-

ʯʘʶʪ ʠʩʧʦʣʥʠʪʝʣʷʤ 1, 2 ,é , n ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɺʝʨʰʠʥʘʤʠ ʚʪʦʨʦʛʦ ʨʷʜʘ ʷʚʣʷʶʪʩʷ R1, R2, é , Rn, ʦʪʚʝʯʘʶʱʠʝ ʨʘʙʦʪʘʤ r1, r2, 

é , rn ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʀʤʝʶʪʩʷ: ʜʫʛʘ (S, S*); n ʜʫʛ (S*, IŬ), Ŭ = 1, 2, é , n; n2 ʜʫʛ (IŬ, Rɓ ), Ŭ = 1, 2, é , n,  

ɓ = 1, 2, é , n; n ʜʫʛ (Rɓ, Sô), ɓ = 1, 2, é , n. ʇʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʜʫʛʠ (S, S*) ʧʦʣʘ-

ʛʘʝʪʩʷ ʨʘʚʥʦʡ k. ʇʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢʘʞʜʦʡ ʠʟ ʦʩʪʘʣʴʥʳʭ ʜʫʛ ʨʘʚʥʘ ʝʜʠʥʠʮʝ. 

ʉʪʦʠʤʦʩʪʴ ʪʨʘʥʟʠʪʘ ʝʜʠʥʠʮʳ ʧʨʦʜʫʢʪʘ ʧʦ ʢʘʞʜʦʡ ʜʫʛʝ (IŬ, Rɓ) ʧʦʣʘʛʘʝʪʩʷ ʨʘʚʥʦʡ 

d ï ʘŬɓ, ʛʜʝ d ï ʥʘʠʙʦʣʴʰʠʡ ʠʟ ʯʠʩʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʤʘʪʨʠʮʳ ɸ; ʩʪʦʠʤʦʩʪʴ ʪʨʘʥʟʠʪʘ 

ʝʜʠʥʠʮʳ ʧʦʪʦʢʘ ʧʦ ʢʘʞʜʦʡ ʠʟ ʦʩʪʘʣʴʥʳʭ ʜʫʛ ʩʯʠʪʘʝʪʩʷ ʥʫʣʝʚʦʡ. 

ɼʣʷ ʦʧʠʩʘʥʥʦʡ ʩʝʪʠ ʩʪʨʦʠʤ ʤʘʢʩʠʤʘʣʴʥʳʡ ʮʝʣʦʯʠʩʣʝʥʥʳʡ ʧʦʪʦʢ ʇ ʤʠʥʠʤʘʣʴʥʦʡ 

ʩʪʦʠʤʦʩʪʠ; ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʘʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ ʦʧʠʩʘʥ ʚ [16, 17]. 

ɽʩʣʠ ʤʦʱʥʦʩʪʴ ʵʪʦʛʦ ʧʦʪʦʢʘ ʤʝʥʴʰʝ k, ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʯʘʩʪʥʘʷ ʟʘʜʘʯʘ ʨʝʰʝʥʠʡ 

ʥʝ ʠʤʝʝʪ. ɽʩʣʠ ʞʝ ʤʦʱʥʦʩʪʴ ʧʦʪʦʢʘ ʇ ʨʘʚʥʘ k (ʙʦʣʴʰʝʡ ʵʪʘ ʤʦʱʥʦʩʪʴ ʙʳʪʴ ʥʝ ʤʦ-

ʞʝʪ), ʪʦ ʧʦʪʦʢ ʪʨʘʢʪʫʝʪʩʷ ʢʘʢ ʟʘʢʨʝʧʣʝʥʠʝ k ʠʩʧʦʣʥʠʪʝʣʝʡ ʟʘ ʚʦʟʤʦʞʥʳʤʠ ʜʣʷ ʥʠʭ 

ʨʘʙʦʪʘʤʠ. 

ʏʝʨʝʟ ʇij ʦʙʦʟʥʘʯʠʤ ʥʘʯʠʥʘʶʱʠʡʩʷ ʚ ʚʝʨʰʠʥʝ S ʧʦʜʧʦʪʦʢ ʵʪʦʛʦ ʧʦʪʦʢʘ, ʜʘʣʝʝ ʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʨʦʭʦʜʷʱʠʡ ʚʝʨʰʠʥʳ S*, I i, Rj, Sô. ʄʦʱʥʦʩʪʴ ʚʳʜʝʣʝʥʥʦʛʦ ʧʦʜʧʦʪʦʢʘ 

ʨʘʚʥʘ 1, ʦʥ ʦʧʨʝʜʝʣʷʝʪ ʟʘʢʨʝʧʣʝʥʠʝ ʟʘ ʠʩʧʦʣʥʠʪʝʣʝʤ i ʨʘʙʦʪʳ r j; ʩʪʦʠʤʦʩʪʴ ʧʨʦʭʦʞʜʝ-

ʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʦʜʧʦʪʦʢʘ ʨʘʚʥʘ d ï ʘij. 

ʇʦʪʦʢ ʇ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʫʤʤʫ k ʧʦʜʧʦʪʦʢʦʚ ʚʳʰʝʦʧʠʩʘʥʥʦʛʦ ʚʠʜʘ. ʇʨʠ ʵʪʦʤ 

ʯʝʨʝʟ ʢʘʞʜʫʶ ʚʝʨʰʠʥʫ ʧʝʨʚʦʛʦ ʨʷʜʘ ʠ ʯʝʨʝʟ ʢʘʞʜʫʶ ʚʝʨʰʠʥʫ ʚʪʦʨʦʛʦ ʨʷʜʘ ʧʨʦʭʦʜʠʪ 

ʥʝ ʙʦʣʝʝ ʦʜʥʦʛʦ ʧʦʜʧʦʪʦʢʘ. 

ʇʦʪʦʢ ʇ ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ (nʭn)-ʤʘʪʨʠʮʝʡ ʍ = { xij}, ʛʜʝ xij = 1, ʝʩʣʠ ʧʦ ʜʫ-

ʛʝ (I i, Rj) ʠʜʝʪ ʥʝʥʫʣʝʚʦʡ, ʪ.ʝ. ʤʦʱʥʦʩʪʠ 1 ʧʦʜʧʦʪʦʢ; ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ xij = 0. ʉʫʤ-

ʤʘʨʥʘʷ ʩʪʦʠʤʦʩʪʴ ʦʧʠʩʘʥʥʦʛʦ ʧʦʪʦʢ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʥʦʩʪʴʶ 

kd ī ää ==

n

i ijij

n
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ʄʠʥʠʤʠʟʠʨʫʷ (7), ʤʳ ʬʘʢʪʠʯʝʩʢʠ ʨʝʰʘʝʤ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʫʶ ʚʳʰʝ ʂɿʅk. 

ɿʘʜʘʯʘ 5. ʇʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʩʝʢʮʠʷ r j ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʩʦʝʜʠʥʝʥʘ ʢ ʩʦʩʪʘʚʫ i, ʝʩʣʠ ʝʛʦ 

ʤʘʨʰʨʫʪ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʧʫʥʢʪ ʥʘʟʥʘʯʝʥʠʷ ʩʝʢʮʠʠ r j. 

ʊʨʝʙʫʝʪʩʷ ʥʘʡʪʠ ʩʧʦʩʦʙ ʟʘʢʨʝʧʣʝʥʠʷ ʩʝʢʮʠʡ ʟʘ ʩʦʩʪʘʚʘʤʠ, ʧʨʠ ʢʦʪʦʨʦʤ ʯʠʩʣʦ ʦʪ-

ʧʨʘʚʣʝʥʥʳʭ ʩʝʢʮʠʡ ʤʘʢʩʠʤʘʣʴʥʦ. ʇʨʠ ʵʪʦʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ, ʯʪʦ ʥʝ 

ʤʝʥʝʝ k ʩʝʢʮʠʡ ʩʧʝʮʠʘʣʴʥʦ ʚʳʜʝʣʝʥʥʦʛʦ ʧʦʜʤʥʦʞʝʩʪʚʘ ʄ, ʄ Ì { r1, r2, é , rn} ʜʦʣʞʥʳ 

ʙʳʪʴ ʦʪʧʨʘʚʣʝʥʳ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 5 ʩʪʨʦʠʤ ʩʝʪʴ Ý*, ʢʦʪʦʨʘʷ ʦʪ ʩʝʪʠ Ý ʦʪʣʠʯʘʝʪʩʷ ʩʪʦʠʤʦʩʪʷʤʠ 

ʩij ʪʨʘʥʟʠʪʘ ʝʜʠʥʠʮʳ ʧʨʦʜʫʢʪʘ ʧʦ ʜʫʛʘʤ ʚʠʜʘ (I i, Rj): ʩij = 0, ʝʩʣʠ sij = 0 ʠ r j ʧʨʠʥʘʜʣʝ-



ɼ.ʀ. ʂʦʛʘʥ, ʖ.ʉ. ʌʝʜʦʩʝʥʢʦ, ɼ.ɸ. ʍʘʥʜʫʨʠʥ 
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ʞʠʪ ʤʥʦʞʝʩʪʚʫ ʄ; ʩij = 1, ʝʩʣʠ sij = 0, ʥʦ r j ʥʝ ʧʨʠʥʘʜʣʝʞʠʪ ʤʥʦʞʝʩʪʚʫ ʄ; ʚ ʦʩʪʘʣʴʥʳʭ 

ʩʣʫʯʘʷʭ ʩij = 2. 

ɼʘʣʝʝ ʚ ʩʝʪʠ Ý* ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʵʪʘʧʘʤʠ ʩʪʨʦʠʤ ʠʜʫʱʠʝ ʠʟ ʠʩʪʦʢʘ ʚ ʩʪʦʢ ʧʦ 

ʥʝʥʘʩʳʱʝʥʥʳʤ ʜʫʛʘʤ ʠʤʝʶʱʠʝ ʝʜʠʥʠʯʥʫʶ ʤʦʱʥʦʩʪʴ ʧʦʜʧʦʪʦʢʠ, ʚʦʦʙʱʝ ʛʦʚʦʨʷ, 

ʚʦʟʨʘʩʪʘʶʱʝʡ ʩʪʦʠʤʦʩʪʠ. 

ɽʩʣʠ ʧʦʣʫʯʘʝʤʳʡ ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ k ʵʪʘʧʦʚ ʧʦʪʦʢ (ʝʛʦ ʤʦʱʥʦʩʪʴ ʨʘʚʥʘ k) ʠʤʝʝʪ 

ʥʝʥʫʣʝʚʫʶ ʩʫʤʤʘʨʥʫʶ ʩʪʦʠʤʦʩʪʴ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʟʘʜʘʯʘ ʨʝʰʝʥʠʡ ʥʝ ʠʤʝʝʪ. ɺ ʧʨʦ-

ʪʠʚʥʦʤ ʩʣʫʯʘʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʵʪʘʧʦʚ ʧʨʦʜʦʣʞʘʝʪʩʷ ʚʧʣʦʪʴ ʜʦ ʩʠʪʫʘ-

ʮʠʠ: 

ʘ) ʦʢʘʞʝʪʩʷ ʧʦʩʪʨʦʝʥʥʳʤ ʤʘʢʩʠʤʘʣʴʥʳʡ, ʤʦʱʥʦʩʪʠ n ʧʦʪʦʢ ʚ ʩʝʪʠ; 

ʙ) ʚʳʧʦʣʥʝʥʠʝ ʩʣʝʜʫʶʱʝʛʦ ʵʪʘʧʘ ʫʚʝʣʠʯʠʣʦ ʙʳ ʩʪʦʠʤʦʩʪʴ ʧʦʪʦʢʘ ʥʘ ʜʚʝ ʝʜʠʥʠ-

ʮʳ. 

ʇʦʩʪʨʦʝʥʥʳʡ ʚ ʠʪʦʛʝ ʧʦʪʦʢ ʚ ʩʝʪʠ ʘʥʘʣʦʛʠʯʥʦ ʨʝʰʝʥʠʶ ʧʨʝʜʳʜʫʱʝʡ ʟʘʜʘʯʠ 

ʦʧʨʝʜʝʣʷʝʪ ʥʘʟʥʘʯʝʥʠʝ, ʫʩʪʘʥʘʚʣʠʚʘʶʱʝʝ ʦʧʪʠʤʘʣʴʥʦʝ ʟʘʢʨʝʧʣʝʥʠʝ ʩʝʢʮʠʡ ʟʘ ʩʦʩʪʘ-

ʚʘʤʠ: ʧʦʣʥʦʝ, ʝʩʣʠ ʨʝʘʣʠʟʘʮʠʷ ʵʪʘʧʦʚ ʧʨʝʢʨʘʱʘʝʪʩʷ ʚ ʩʠʪʫʘʮʠʠ çʘè ʠ ʥʝʧʦʣʥʦʝ ʚ ʧʨʦ-

ʪʠʚʥʦʤ ʩʣʫʯʘʝ. 

ɼʨʫʛʠʤ ʦʙʦʙʱʝʥʠʝʤ ʂɿʅ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʘ ʦ ʥʘʟʥʘʯʝʥʠʷʭ ʩ ʟʘʧʨʝʱʝʥʥʳʤʠ ʵʣʝʤʝʥ-

ʪʘʤʠ (ʂɿʅʟ)ɻ. ɺ ʂɿʅʟ ɻʝʝ ʦʧʨʝʜʝʣʷʶʱʘʷ ʤʘʪʨʠʮʘ ɸ, ʩʦʜʝʨʞʠʪ ʥʝʯʠʩʣʦʚʳʝ ʵʣʝʤʝʥʪʳ z 

ī ʩʠʤʚʦʣʳ ʟʘʧʨʝʪʘ: ʝʩʣʠ aij = z, ʪʦ ʠʩʧʦʣʥʠʪʝʣʴ i ʥʘ ʨʘʙʦʪʫ r j ʥʘʟʥʘʯʝʥ ʙʳʪʴ ʥʝ ʤʦʞʝʪ. 

ʅʘʟʥʘʯʝʥʠʝ ˊ ʠʤʝʥʫʝʤ ʧʦʣʥʳʤ ʜʦʧʫʩʪʠʤʳʤ ʚ ʂɿʅʟ,ɻ ʝʩʣʠ ai (́i) ʦʪʣʠʯʥʦ ʦʪ z ʜʣʷ ʚʩʝʭ 

ni ,1= . 

ʈʘʟʫʤʝʝʪʩʷ, ʥʝ ʚʩʷʢʘʷ ʂɿʅʟ ɻʠʤʝʝʪ ʜʦʧʫʩʪʠʤʳʝ ʧʦʣʥʳʝ ʨʝʰʝʥʠʷ; ʥʘʣʠʯʠʝ ʜʦʧʫ-

ʩʪʠʤʳʭ ʧʦʣʥʳʭ ʥʘʟʥʘʯʝʥʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʫʪʝʤ ʨʘʩʩʤʦʪʨʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʦʙ-

ʨʘʟʦʤ ʧʦʩʪʨʦʝʥʥʦʡ ʇɿʅ. 

ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʂɿʅʟ ɻʤʥʦʞʝʩʪʚʦ ʜʦʧʫʩʪʠʤʳʭ ʧʦʣʥʳʭ ʥʘʟʥʘ-

ʯʝʥʠʡ ʥʝʧʫʩʪʦ, ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ ʦʪʳʩʢʘʥʠʷ ʥʘ ʵʪʦʤ ʤʥʦʞʝʩʪʚʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʦ ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʤʦʤʫ ʢʨʠʪʝʨʠʶ ʨʝʰʝʥʠʷ. ɸʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʜʦʧʫʩʪʠʤʦʛʦ 

ʧʦʣʥʦʛʦ ʨʝʰʝʥʠʷ ʂɿʅʟ ɻʠʟʣʦʞʝʥ ʚ [9]. 

ʅʝʧʦʣʥʦʝ ʜʦʧʫʩʪʠʤʦʝ ʥʘʟʥʘʯʝʥʠʝ ʚ ʂɿʅʟ ɻï ʵʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʝʢʦʪʦʨʦʛʦ ʧʦʜ-

ʤʥʦʞʝʩʪʚʘ ʄ, ʄ Ì {1, 2, é , n} ʠʩʧʦʣʥʠʪʝʣʝʡ ʧʦ ʨʘʙʦʪʘʤ, ʚ ʢʦʪʦʨʦʤ ʢʘʞʜʳʡ ʠʩʧʦʣ-

ʥʠʪʝʣʴ ʠʟ ʄ ʧʦʣʫʯʘʝʪ ʨʦʚʥʦ ʦʜʥʫ ʥʝʟʘʧʨʝʱʝʥʥʫʶ ʜʣʷ ʥʝʛʦ ʨʘʙʦʪʫ ʠ ʢʘʞʜʦʡ ʨʘʙʦʪʝ 

ʧʨʝʜʧʠʩʳʚʘʝʪʩʷ ʥʝ ʙʦʣʝʝ ʦʜʥʦʛʦ ʠʩʧʦʣʥʠʪʝʣʷ ʠʟ ʤʥʦʞʝʩʪʚʘ ʄ. 

ʅʝʧʦʣʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ʠʤʝʥʫʝʤ k-ʥʘʟʥʘʯʝʥʠʝʤ, ʝʩʣʠ ʯʠʩʣʦ ʵʣʝʤʝʥʪʦʚ ʚ ʤʥʦʞʝʩʪʚʝ 

ʄ ʨʘʚʥʦ k. 

ʇʦʢʘʞʝʤ, ʯʪʦ ʝʩʣʠ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʪʨʝʙʦʚʘʥʠʷ ʧʦʣʥʦʪʳ ʢʦʥʩʪʨʫʠʨʫʝʤʦʛʦ ʜʦʧʫʩʪʠ-

ʤʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʪʦ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʂɿʅʟ ɻʚʦʟʤʦʞʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʟʥʘ-

ʯʝʥʠʷ ʢʨʠʪʝʨʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʠʤ ʂɿʅʟ,ɻ ʦʧʨʝʜʝʣʷʝʤʫʶ ʤʘʪʨʠʮʝʡ ɸ 

ʚʠʜʘ 
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ʆʯʝʚʠʜʥʦ, ʯʪʦ ʝʜʠʥʩʪʚʝʥʥʳʤ ʧʦʣʥʳʤ ʜʦʧʫʩʪʠʤʳʤ ʚ ʜʘʥʥʦʡ ʟʘʜʘʯʝ ʨʝʰʝʥʠʝʤ ʷʚ-

ʣʷʝʪʩʷ ʩʣʝʜʫʶʱʝʝ: 

ˊ(1) = 6, ˊ(2) = 5, ˊ(3) = 4, ˊ(4) = 3, ˊ(5) = 2, ˊ(6) = 1. 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 52, 2017 ʛ. 

ʈʘʟʜʝʣ II. ʀʥʬʦʨʤʘʪʠʢʘ, ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʠ ʠ ʨʘʜʠʦʣʦʢʘʮʠʷ 
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ʂʨʠʪʝʨʠʡ ʥʘ ʜʘʥʥʦʤ ʥʘʟʥʘʯʝʥʠʠ ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʝ ʨʘʚʥʦʝ 6. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʥʝ-

ʧʦʣʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ˊ(1) = 6, ˊ(2) = 5, ˊ(3) = 4, ˊ(4) = 3, ˊ(6) = 2 ʦʩʪʘʚʣʷʝʪ ʠʩʧʦʣʥʠʪʝʣʷ 

5 ʙʝʟ ʨʘʙʦʪʳ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ, ʨʘʚʥʦʝ 104. 

ʊʝʦʨʝʤʘ. ɽʩʣʠ ʚ ʂɿʅʟ,ɻ ʠʤʝʶʱʝʡ ʧʦʣʥʳʝ ʜʦʧʫʩʪʠʤʳʝ ʨʝʰʝʥʠʷ, ʩʯʠʪʘʶʪʩʷ ʚʦʟ-

ʤʦʞʥʳʤʠ ʠ ʥʝʧʦʣʥʳʝ ʜʦʧʫʩʪʠʤʳʝ, ʪʦ ʧʨʠ ʦʧʪʠʤʘʣʴʥʦʤ ʟʥʘʯʝʥʠʠ ʢʨʠʪʝʨʠʷ ʙʝʟ ʨʘʙʦ-

ʪʳ ʦʩʪʘʥʫʪʩʷ ʥʝ ʙʦʣʝʝ ʧʦʣʦʚʠʥʳ ʠʩʧʦʣʥʠʪʝʣʝʡ. 

ɼʣʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʧʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʧʨʠ ʦʧʪʠʤʘʣʴʥʦʤ ʟʥʘʯʝʥʠʠ ʢʨʠʪʝʨʠʷ 

ʥʘʟʥʘʯʝʥʠʷ ʧʦʣʫʯʠʣʠ m ʠʩʧʦʣʥʠʪʝʣʝʡ, ʛʜʝ m < n/2. ʇʝʨʝʥʫʤʝʨʫʝʤ ʠʩʧʦʣʥʠʪʝʣʝʡ ʪʘ-

ʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʧʦʣʫʯʠʚʰʠʝ ʥʘʟʥʘʯʝʥʠʷ ʠʩʧʦʣʥʠʪʝʣʠ ʠʤʝʣʠ ʥʦʤʝʨʘ 1, 2, é , m. 

ʊʦʛʜʘ k ʠʩʧʦʣʥʠʪʝʣʝʡ (k = n ï m), ʥʝ ʥʘʟʥʘʯʝʥʥʳʝ ʥʘ ʨʘʙʦʪʫ ʙʫʜʫʪ ʠʤʝʪʴ ʥʦʤʝʨʘ m + 

1, m + 2, é , n. 

ʊʘʢ ʢʘʢ ʩʫʱʝʩʪʚʫʝʪ ʪʘʢʦʝ ʥʘʟʥʘʯʝʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʢʘʞʜʳʡ ʧʦʣʫʯʘʝʪ ʨʘʙʦʪʫ, ʪʦ k 

ʨʘʙʦʪ, ʥʘ ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʥʘʟʥʘʯʝʥʳ ʠʩʧʦʣʥʠʪʝʣʠ m + 1, m + 2, é , n ʨʘʩʧʨʝʜʝʣʝ-

ʥʳ ʤʝʞʜʫ ʠʩʧʦʣʥʠʪʝʣʷʤʠ 1, 2, é , m.  

ʋʯʠʪʳʚʘʷ ʥʝʨʘʚʝʥʩʪʚʦ k > n, ʧʦʣʫʯʘʝʤ, ʯʪʦ ʥʘʡʜʫʪʩʷ (n ī 2m) ʠʩʧʦʣʥʠʪʝʣʷ ʠʟ 

ʤʥʦʞʝʩʪʚʘ m + 1, m + 2, é , n, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʣʫʯʠʪʴ ʥʘʟʥʘʯʝʥʠʷ. ʊʦʛʜʘ ʧʦʣʫʯʘʝʤ, 

ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ p ʧʦʣʫʯʠʚʰʠʭ ʨʘʙʦʪʳ ʠʩʧʦʣʥʠʪʝʣʝʡ ʧʨʠ ʦʧʪʠʤʘʣʴʥʦʤ ʟʥʘʯʝʥʠʠ ʢʨʠ-

ʪʝʨʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ p = n ī 2m + m = n ī m. 

ʇʦʩʢʦʣʴʢʫ m < n/2, ʪʦ n ï p < n/2 ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, p > n/2. 

ʇʦʢʘʞʝʤ, ʯʪʦ ʧʨʠʚʝʜʝʥʥʘʷ ʚ ʬʦʨʤʫʣʠʨʦʚʢʝ ʪʝʦʨʝʤʳ ʦʮʝʥʢʘ ʷʚʣʷʝʪʩʷ ʜʦʩʪʠʞʠ-

ʤʦʡ. ʇʫʩʪʴ ʂɿʅʟ ɻʦʧʨʝʜʝʣʷʝʪʩʷ ʤʘʪʨʠʮʝʡ ɸ* ʚʠʜʘ 
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ʆʯʝʚʠʜʥʦ, ʯʪʦ ʝʜʠʥʩʪʚʝʥʥʳʤ ʧʦʣʥʳʤ ʜʦʧʫʩʪʠʤʳʤ ʚ ʜʘʥʥʦʤ ʧʨʠʤʝʨʝ ʷʚʣʷʝʪʩʷ 

ʥʘʟʥʘʯʝʥʠʝ 

ˊ(1) = 1, ˊ(2) = 2, ˊ(3) = 3, ˊ(4) = 4, ˊ(5) = 5, ́ (6) = 6. 

ʂʨʠʪʝʨʠʡ ʥʘ ʜʘʥʥʦʤ ʥʘʟʥʘʯʝʥʠʠ ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʝ, ʨʘʚʥʦʝ 24. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʥʝʧʦʣʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ˊ*(1) = 2, ˊ*(3) = 4, ˊ*(5) = 6, ʪ.ʝ. ʦʭʚʘʪʳʚʘʶʱʝʝ ʪʦʣʴʢʦ ʠʩʧʦʣ-

ʥʠʪʝʣʝʡ 1, 3 ʠ 5, ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʧʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ, ʨʘʚʥʦʝ 60. 

ʇʨʦʮʝʜʫʨʘ ʧʦʩʪʨʦʝʥʠʷ ʥʝʧʦʣʥʦʛʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ʂɿʅʟ,ɻ ʦʧʨʝʜʝʣʷʝʤʦʡ 

ʤʘʪʨʠʮʝʡ ʩ ʟʘʧʨʝʱʝʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʚʳʧʦʣʥʝʥʠʝ ʩʣʝʜʫʶʱʝʡ ʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʰʘʛʦʚ. 

ʐʘʛ 1. ʉʪʨʦʠʪʩʷ ʤʘʪʨʠʮʘ ɸ*={a*
ij}, ʛʜʝ a*

ij = 0, ʝʩʣʠ aij = z, ʠʥʘʯʝ a*
ij = aij. 

ʐʘʛ 2. ʆʪʳʩʢʠʚʘʝʪʩʷ ʦʙʦʟʥʘʯʘʝʤʦʝ ʯʝʨʝʟ ˊ* ʦʧʪʠʤʘʣʴʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ʚ ʂɿʅʟ ɻʩ 

ʤʘʪʨʠʮʝʡ A*. 

ʐʘʛ 3. ʆʧʨʝʜʝʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʦʝ ʥʝʧʦʣʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ʚ ʠʩʭʦʜʥʦʡ ʟʘʜʘʯʝ ʧʦ 

ʩʣʝʜʫʶʱʝʤʫ ʧʨʘʚʠʣʫ: ʠʩʧʦʣʥʠʪʝʣʴ Ŭ ʧʦʣʫʯʘʝʪ ʨʘʙʦʪʫ r *́(Ŭ), ʝʩʣʠ aŬ(́Ŭ) Í z; ʚ ʧʨʦʪʠʚʥʦʤ 

ʩʣʫʯʘʝ ʠʩʧʦʣʥʠʪʝʣʴ Ŭ ʦʩʪʘʝʪʩʷ ʙʝʟ ʨʘʙʦʪʳ. 

ʈʘʩʩʤʦʪʨʠʤ ʦʧʨʝʜʝʣʷʝʤʫʶ (nxn)-ʤʘʪʨʠʮʝʡ ɸ = { aij} ʙʠʢʨʠʪʝʨʠʘʣʴʥʫʶ ʟʘʜʘʯʫ ʩ ʟʘ-

ʧʨʝʱʝʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʚ ʢʦʪʦʨʦʡ ʧʝʨʚʳʡ ʢʨʠʪʝʨʠʡ ʦʧʨʝʜʝʣʷʝʪ ʩʫʤʤʘʨʥʫʶ ʧʨʦʠʟ-

ʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠʩʧʦʣʥʠʪʝʣʝʡ, ʘ ʚʪʦʨʦʡ ï ʦʙʱʝʝ ʯʠʩʣʦ ʥʘʟʥʘʯʝʥʥʳʭ ʥʘ ʨʘʙʦʪʳ ʠʩʧʦʣ-

ʥʠʪʝʣʝʡ. ʇʝʨʚʳʡ ʢʨʠʪʝʨʠʡ ʩʯʠʪʘʝʤ ʤʘʢʩʠʤʠʟʠʨʫʝʤʳʤ, ʜʣʷ ʚʪʦʨʦʛʦ ʚʦʟʤʦʞʥʳ ʦʙʘ 

ʚʘʨʠʘʥʪʘ. 



ɼ.ʀ. ʂʦʛʘʥ, ʖ.ʉ. ʌʝʜʦʩʝʥʢʦ, ɼ.ɸ. ʍʘʥʜʫʨʠʥ 

ʇʦʩʪʘʥʦʚʢʠ ʠ ʘʣʛʦʨʠʪʤʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦ ʥʘʟʥʘʯʝʥʠʷʭ ʚ ʧʨʠʣʦʞʝʥʠʠ ʢ ʧʨʦʙʣʝʤʘʤ » 
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ʇʦʩʪʘʚʠʤ ʯʘʩʪʥʫʶ ʟʘʜʘʯʫ ʏɿk: ʢʘʢʦʚʘ ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʫʤʤʘʨʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴ-

ʥʦʩʪʴ ʠʩʧʦʣʥʠʪʝʣʝʡ, ʝʩʣʠ ʧʦ ʨʘʙʦʪʘʤ, ʢʦʪʦʨʳʝ ʦʥʠ ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴ, ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ 

k ʠʩʧʦʣʥʠʪʝʣʝʡ, k Ò n. ʇʦʢʘʞʝʤ, ʯʪʦ ʏɿk ʩʚʦʜʠʪʩʷ ʢ ʟʘʜʘʯʝ ʧʦʩʪʨʦʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʮʝʣʦʯʠʩʣʝʥʥʦʛʦ ʧʦʪʦʢʘ ʤʠʥʠʤʘʣʴʥʦʡ ʩʪʦʠʤʦʩʪʠ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʦʙʨʘʟʦʤ ʧʦʩʪʨʦ-

ʝʥʥʦʡ ʩʝʪʠ [16, 17]. 

ʉʝʪʴ ʠʤʝʝʪ ʠʩʪʦʯʥʠʢ S, ʩʧʝʮʠʘʣʴʥʫʶ ʚʝʨʰʠʥʫ S*, ʜʚʘ ʨʷʜʘ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʚʝʨ-

ʰʠʥ ʠ ʩʪʦʢ Sô. ɺʝʨʰʠʥʘʤʠ ʧʝʨʚʦʛʦ ʨʷʜʘ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʚʝʨʰʠʥ ʷʚʣʷʶʪʩʷ I1, I2, é, In, 

ʦʥʠ ʦʪʚʝʯʘʶʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠʩʧʦʣʥʠʪʝʣʷʤ 1, 2, é , n. ɺʝʨʰʠʥʘʤʠ ʚʪʦʨʦʛʦ ʨʷʜʘ ʷʚ-

ʣʷʶʪʩʷ R1, R2, é , Rn, ʦʪʚʝʯʘʶʱʠʝ ʨʘʙʦʪʘʤ r1, r2, é , rn ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʀʤʝʶʪʩʷ: ʜʫʛʘ (S, S* ); n ʜʫʛ (S* , IŬ), Ŭ = 1, 2, é , n; ʜʫʛʘ (IŬ, Rɓ) ʩʯʠʪʘʝʪʩʷ ʧʨʦʚʝ-

ʜʝʥʥʦʡ, ʝʩʣʠ ʘŬɓ ʦʪʣʠʯʥʦ ʦʪ z, Ŭ = 1, 2, é , n, ɓ = 1, 2, é, n; n ʜʫʛ (Rɓ, Sô), ɓ = 1, 2, 

é , n. 

ʇʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʜʫʛʠ (S, S*) ʧʦʣʘʛʘʝʪʩʷ ʨʘʚʥʦʡ k. ʇʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙ-

ʥʦʩʪʴ ʢʘʞʜʦʡ ʠʟ ʦʩʪʘʣʴʥʳʭ ʜʫʛ ʨʘʚʥʘ ʝʜʠʥʠʮʝ. 

ʉʪʦʠʤʦʩʪʴ ʪʨʘʥʟʠʪʘ ʝʜʠʥʠʮʳ ʧʨʦʜʫʢʪʘ ʧʦ ʢʘʞʜʦʡ ʜʫʛʝ (IŬ, Rɓ) ʧʦʣʘʛʘʝʪʩʷ ʨʘʚʥʦʡ 

d ï ʘŬɓ, ʛʜʝ d ï ʥʘʠʙʦʣʴʰʠʡ ʠʟ ʯʠʩʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʤʘʪʨʠʮʳ ɸ. ɼʣʷ ʜʘʥʥʦʡ ʩʝʪʠ ʩʪʨʦ-

ʠʤ ʤʘʢʩʠʤʘʣʴʥʳʡ ʮʝʣʦʯʠʩʣʝʥʥʳʡ ʧʦʪʦʢ ʇ ʤʠʥʠʤʘʣʴʥʦʡ ʩʪʦʠʤʦʩʪʠ (ʘʣʛʦʨʠʪʤ ʝʛʦ 

ʦʪʳʩʢʘʥʠʷ ʦʧʠʩʘʥ ʚ [16, 17]). ɽʩʣʠ ʤʦʱʥʦʩʪʴ ʵʪʦʛʦ ʧʦʪʦʢʘ ʤʝʥʴʰʝ k, ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ 

ʯʘʩʪʥʘʷ ʟʘʜʘʯʘ ʨʝʰʝʥʠʡ ʥʝ ʠʤʝʝʪ. ɽʩʣʠ ʤʦʱʥʦʩʪʴ ʧʦʪʦʢʘ ʇ ʨʘʚʥʘ k (ʙʦʣʴʰʝʡ ʧʨʦ-

ʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʙʳʪʴ ʥʝ ʤʦʞʝʪ), ʪʦ ʧʦʪʦʢ ʪʨʘʢʪʫʝʪʩʷ ʢʘʢ ʟʘʢʨʝʧʣʝʥʠʝ k ʠʩʧʦʣʥʠ-

ʪʝʣʝʡ ʟʘ ʚʦʟʤʦʞʥʳʤʠ ʜʣʷ ʥʠʭ ʨʘʙʦʪʘʤʠ. ʏʝʨʝʟ ʇij ʦʙʦʟʥʘʯʠʤ ʥʘʯʠʥʘʶʱʠʡʩʷ ʚ ʚʝʨ-

ʰʠʥʝ S ʧʦʜʧʦʪʦʢ ʧʦʪʦʢʘ ʇ, ʜʘʣʝʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʨʦʭʦʜʷʱʠʡ ʚʝʨʰʠʥʳ S* , I i, Rj, Sô. 

ʄʦʱʥʦʩʪʴ ʚʳʜʝʣʝʥʥʦʛʦ ʧʦʜʧʦʪʦʢʘ ʨʘʚʥʘ ʝʜʠʥʠʮʝ, ʦʥ ʦʧʨʝʜʝʣʷʝʪ ʟʘʢʨʝʧʣʝʥʠʝ ʟʘ ʠʩ-

ʧʦʣʥʠʪʝʣʝʤ i ʨʘʙʦʪʳ r j; ʩʪʦʠʤʦʩʪʴ ʧʨʦʭʦʞʜʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʦʜʧʦʪʦʢʘ ʨʘʚʥʘ d 

ï ʘij. 

ʇʦʪʦʢ ʇ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʫʤʤʫ k ʧʦʜʧʦʪʦʢʦʚ ʦʧʠʩʘʥʥʦʛʦ ʚʠʜʘ. ʇʨʠ ʵʪʦʤ ʯʝ-

ʨʝʟ ʢʘʞʜʫʶ ʚʝʨʰʠʥʫ ʧʝʨʚʦʛʦ ʨʷʜʘ ʠ ʯʝʨʝʟ ʢʘʞʜʫʶ ʚʝʨʰʠʥʫ ʚʪʦʨʦʛʦ ʨʷʜʘ ʧʨʦʭʦʜʠʪ ʥʝ 

ʙʦʣʝʝ ʦʜʥʦʛʦ ʧʦʜʧʦʪʦʢʘ. ʇʦʪʦʢ ʇ ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ (nxn)-ʤʘʪʨʠʮʝʡ ʍ = { xij}, 

ʛʜʝ xij  = 1, ʝʩʣʠ ʧʦ ʜʫʛʝ (I i, Rj) ʠʜʝʪ ʥʝʥʫʣʝʚʦʡ, ʪ.ʝ. ʝʜʠʥʠʯʥʦʡ ʤʦʱʥʦʩʪʠ ʧʦʜʧʦʪʦʢ; ʚ 

ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ xij  = 0. ʆʧʠʩʘʥʥʳʡ ʧʦʪʦʢ ʠʤʝʝʪ, ʦʧʨʝʜʝʣʷʝʤʫʶ ʩʦʦʪʥʦʰʝʥʠʝʤ (7) 

ʩʫʤʤʘʨʥʫʶ ʩʪʦʠʤʦʩʪʴ, ʤʠʥʠʤʠʟʠʨʫʷ ʢʦʪʦʨʫʶ, ʤʳ ʬʘʢʪʠʯʝʩʢʠ ʨʝʰʘʝʤ ʩʬʦʨʤʫʣʠʨʦ-

ʚʘʥʥʫʶ ʚʳʰʝ ʏɿk. 

ɿʘʢʣʶʯʝʥʠʝ. ʇʨʠ ʦʧʝʨʘʪʠʚʥʦʤ ʧʣʘʥʠʨʦʚʘʥʠʠ ʠ ʫʧʨʘʚʣʝʥʠʠ ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʩʠ-

ʩʪʝʤʘʤʠ ʩ ʮʝʣʴʶ ʙʦʣʝʝ ʧʦʣʥʦʛʦ ʫʯʝʪʘ ʦʩʦʙʝʥʥʦʩʪʝʡ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʠʪʫʘʮʠʡ ʚ 

ʨʷʜʝ ʩʣʫʯʘʝʚ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʳʡ ʫʯʝʪ ʥʝʩʢʦʣʴʢʠʭ ʢʨʠ-

ʪʝʨʠʝʚ. ʇʦʩʪʘʥʦʚʢʠ ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ 

ʟʘʜʘʯ ʦ ʥʘʟʥʘʯʝʥʠʷʭ ʚ ʧʨʠʣʦʞʝʥʠʠ ʢ ʧʨʦʙʣʝʤʘʤ ʜʦʬʦʨʤʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʦʚ, ʘ ʪʘʢʞʝ 

ʧʦʜʭʦʜʳ, ʢʦʥʮʝʧʮʠʠ, ʩʧʦʩʦʙʳ ʠ ʘʣʛʦʨʠʪʤʳ ʠʭ ʨʝʰʝʥʠʷ ʦʧʠʩʘʥʳ ʘʚʪʦʨʘʤʠ ʚ ʩʪʘʪʴʝ 

[18]. 
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The modifications of the assignment problem defined by the logistical applications are con-

sidered, including the assignment problem with forbidden elements and the task where in-

complete assignments are allowed. Methods for solving them are described. 
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ʋɼʂ 629.7.058.47 

 
ɺ.ɺ. ʃʦʩʝʚ, ʠʥʞʝʥʝʨ ʇɸʆ çɸʅʇʇ çʊʝʤʧ-ɸʚʠʘè  

ɸ.ɺ. ʂʦʨʥʠʣʦʚ, ʢ.ʪ.ʥ., ʠʥʞʝʥʝʨ ʇɸʆ çɸʅʇʇ çʊʝʤʧ-ɸʚʠʘè  

607220, ʛ. ɸʨʟʘʤʘʩ, ʫʣ. ʂʠʨʦʚʘ, 26 

ʂʆʄʇʃɽʂʉʀʈʆɺɸʅʀɽ ʀɿʄɽʈʀʊɽʃʔʅʆʁ  

ʀʅʌʆʈʄɸʎʀʀ ʀʅɽʈʎʀɸʃʔʅʆɻʆ ɹʃʆʂɸ ʀ ʉʀʉʊɽʄʓ  

ɺʆɿɼʋʐʅʓʍ ʉʀɻʅɸʃʆɺ, ɺʍʆɼʗʑʀʍ ɺ ʉʆʉʊɸɺ  

ʀʅʊɽɻʈʀʈʆɺɸʅʅʆʁ ʉʀʉʊɽʄʓ ʈɽɿɽʈɺʅʓʍ ʇʈʀɹʆʈʆɺ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʨʝʟʝʨʚʥʳʭ ʧʨʠʙʦʨʦʚ, ʢʦʤʧʣʝʢʩʥʘʷ ʦʙʨʘ-

ʙʦʪʢʘ ʠʥʬʦʨʤʘʮʠʠ, ʬʠʣʴʪʨ ʂʘʣʤʘʥʘ 

 

ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʢʦʤʧʣʝʢʩʥʦʡ ʦʙʨʘʙʦʪʢʝ ʠʥʬʦʨʤʘʮʠʠ ʚ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʝ 

ʨʝʟʝʨʚʥʳʭ ʧʨʠʙʦʨʦʚ, ʟʘ ʩʯʝʪ ʢʦʪʦʨʦʡ ʜʦʩʪʠʛʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʦʨʠʝʥʪʘʮʠʠ. ʇʨʠʚʦʜʠʪʩʷ ʦʧʠʩʘʥʠʝ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʘʣʛʦʨʠʪʤʘ ʠ ʨʝʟʫʣʴ-

ʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ.  

https://ru.wikipedia.org/wiki/%D0%A1%D0%BB%D1%83%D0%B6%D0%B5%D0%B1%D0%BD%D0%B0%D1%8F:%D0%98%D1%81%D1%82%D0%BE%D1%87%D0%BD%D0%B8%D0%BA%D0%B8_%D0%BA%D0%BD%D0%B8%D0%B3/9780898716634


ɺ.ɺ. ʃʦʩʝʚ, ɸ.ɺ. ʂʦʨʥʠʣʦʚ 

ʂʦʤʧʣʝʢʩʠʨʦʚʘʥʠʝ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠʥʝʨʮʠʘʣʴʥʦʛʦ ʙʣʦʢʘ ʠ ʩʠʩʪʝʤʳ ʚʦʟʜʫʰʥʳʭ » 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʩʝ ʙʦʣʴʰʝʝ ʨʘʟʚʠʪʠʝ ʧʦʣʫʯʘʶʪ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʨʝ-

ʟʝʨʚʥʳʭ ʧʨʠʙʦʨʦʚ (ʀʉʈʇ) ï ʘʚʪʦʥʦʤʥʳʝ ʩʠʩʪʝʤʳ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʝ ʥʘ ʧʨʠʙʦʨʥʦʡ 

ʧʘʥʝʣʠ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ (ʃɸ), ʠʟʤʝʨʷʶʱʠʝ ʠ ʠʥʜʠʮʠʨʫʶʱʠʝ ʥʘ ʚʩʪʨʦʝʥʥʦʤ 

ʞʠʜʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʜʠʩʧʣʝʝ ʦʩʥʦʚʥʫʶ ʧʠʣʦʪʘʞʥʫʶ ʠʥʬʦʨʤʘʮʠʶ: ʧʠʣʦʪʘʞʥʳʝ 

ʫʛʣʳ ʠ ʚʳʩʦʪʥʦ-ʩʢʦʨʦʩʪʥʳʝ ʧʘʨʘʤʝʪʨʳ. ʀʉʈʇ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʥʘ ʦʪʝʯʝʩʪʚʝʥ-

ʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʃɸ [1, 2, 3].  

ɺ ʩʦʩʪʘʚʝ ʪʘʢʠʭ ʩʠʩʪʝʤ ʦʙʳʯʥʦ ʚʳʜʝʣʷʶʪ ʩʠʩʪʝʤʫ ʦʨʠʝʥʪʘʮʠʠ (ʉʆ) ʠ ʩʠʩʪʝʤʫ 

ʚʦʟʜʫʰʥʳʭ ʩʠʛʥʘʣʦʚ (ʉɺʉ). ʉʆ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʛʣʦʚ ʢʨʝʥʘ, ʪʘʥʛʘʞʘ 

ʠ ʛʠʨʦʤʘʛʥʠʪʥʦʛʦ ʢʫʨʩʘ ʠ ʠʤʝʝʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʪʨʠ ʜʘʪʯʠʢʘ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ 

(ɼʋʉ), ʪʨʠ ʘʢʩʝʣʝʨʦʤʝʪʨʘ ʠ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʳʡ ʤʘʛʥʠʪʦʤʝʪʨ. ɺ ʩʦʩʪʘʚ ʉɺʉ ʚʭʦʜʷʪ 

ʜʘʪʯʠʢʠ ʩʪʘʪʠʯʝʩʢʦʛʦ ʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʳ ʪʦʨʤʦ-

ʞʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ ʧʨʠʙʦʨʥʫʶ ʠ ʠʩʪʠʥʥʫʶ ʩʢʦʨʦʩʪʴ, ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʠ 

ʘʙʩʦʣʶʪʥʫʶ ʚʳʩʦʪʫ, ʚʝʨʪʠʢʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ. 

ʂ ʀʉʈʇ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʞʝʩʪʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʤʘʩʩʝ ʠ ʛʘʙʘʨʠʪʥʳʤ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʘʤ, ʯʪʦ ʚʳʥʫʞʜʘʝʪ ʧʨʠʤʝʥʷʪʴ ʚ ʠʭ ʩʦʩʪʘʚʝ ʤʘʣʦʛʘʙʘʨʠʪʥʳʝ ɼʋʉ ʩ ʜʨʝʡʬʦʤ  

ʜʦ 30Á/ʯ.  

ɼʣʷ ʢʦʨʨʝʢʮʠʠ ʩʦʙʩʪʚʝʥʥʦʛʦ ʜʨʝʡʬʘ ɼʋʉ ʚ ʀʉʈʇ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʇɸʆ 

çɸʅʇʇ çʊʝʤʧ-ɸʚʠʘè [4], ʨʝʘʣʠʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʘʚʪʦʥʦʤʥʦʡ ʢʦʨʨʝʢʮʠʠ ʩ ʨʝʣʝʡʥʳʤ 

ʨʝʛʫʣʷʪʦʨʦʤ, ʢʦʪʦʨʘʷ ʧʦ ʠʟʤʝʨʝʥʥʦʤʫ ʘʢʩʝʣʝʨʦʤʝʪʨʘʤʠ ʢʘʞʫʱʝʤʫʩʷ ʫʩʢʦʨʝʥʠʶ ʃɸ 

ʦʩʫʱʝʩʪʚʣʷʝʪ ʫʧʨʘʚʣʝʥʠʝ ʨʘʩʩʯʠʪʳʚʘʝʤʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʦʨʠʝʥʪʘʮʠʠ ʧʦ ʨʝʣʝʡʥʦʤʫ 

ʟʘʢʦʥʫ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʧʨʠʚʝʩʪʠ ʠʭ ʢ ʧʦʣʦʞʝʥʠʶ ʢʘʞʫʱʝʡʩʷ ʚʝʨʪʠʢʘʣʠ.  

ʆʙʳʯʥʦ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʫʩʢʦʨʝʥʠʷ ʃɸ ʚ ʮʝʣʦʤ ʥʘ ʪʨʘʝʢʪʦʨʠʠ ʟʥʘ-

ʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʫʩʢʦʨʝʥʠʷ ʩʠʣʳ ʪʷʞʝʩʪʠ, ʠ ʦʪʢʣʦʥʝʥʠʝ ʢʘʞʫʱʝʡʩʷ ʚʝʨʪʠʢʘʣʠ ʦʪ 

ʠʩʪʠʥʥʦʡ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ. ʆʜʥʘʢʦ, ʧʨʠ ʦʪʢʣʦʥʝʥʠʠ ʢʘʞʫʱʝʡʩʷ ʚʝʨʪʠʢʘʣʠ ʥʘ ʚʝʣʠʯʠ-

ʥʫ, ʧʨʝʚʳʰʘʶʱʫʶ ʜʦʧʫʩʪʠʤʳʡ ʧʨʝʜʝʣ, ʢʦʨʨʝʢʮʠʷ ʦʪʢʣʶʯʘʝʪʩʷ ʜʦ ʤʦʤʝʥʪʘ ʧʨʠʭʦʜʘ 

ʢʘʞʫʱʝʡʩʷ ʚʝʨʪʠʢʘʣʠ ʚ ʜʦʧʫʩʢ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪ ʠ ʵʬʬʝʢʪʠʚʝʥ, ʭʦʪʷ 

ʦʥ ʠʤʝʝʪ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʤʘʥʝʚʨʠʨʦʚʘʥʠʠ ʢʦʨʨʝʢʮʠʷ 

ʙʫʜʝʪ ʦʪʢʣʶʯʝʥʘ ʥʘ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ.  

ʇʦʵʪʦʤʫ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʦʨʠʝʥ-

ʪʘʮʠʠ ʀʉʈʇ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʝʘʣʠʟʦʚʘʪʴ ʤʝʪʦʜ ʢʦʤʧʣʝʢʩʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʦʪ 

ʉʆ ʠ ʉɺʉ ʥʘ ʦʩʥʦʚʝ ʢʘʣʤʘʥʦʚʩʢʦʡ ʬʠʣʴʪʨʘʮʠʠ, ʯʪʦ ʠ ʷʚʣʷʝʪʩʷ ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘ-

ʙʦʪʳ.  

ʆʩʥʦʚʥʦʡ ʠʜʝʝʡ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʩʨʘʚʥʝʥʠʝ ʠʥʝʨʮʠʘʣʴʥʦʡ ʠ ʚʦʟ-

ʜʫʰʥʦʡ ʩʢʦʨʦʩʪʝʡ, ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʨʘʟʥʦʩʪʠ ʠ ʢʦʨʨʝʢʮʠʷ ʉʆ ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʦʤʫ 

ʘʣʛʦʨʠʪʤʫ ʩ ʫʯʝʪʦʤ ʵʪʦʡ ʨʘʟʥʠʮʳ. ʆʩʦʙʝʥʥʦʩʪʴ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ 

ʚ ʪʦʤ, ʯʪʦ ʉɺʉ, ʚʭʦʜʷʱʘʷ ʚ ʩʦʩʪʘʚ ʀʉʈʇ, ʦʧʨʝʜʝʣʷʝʪ ʣʠʰʴ ʧʨʦʜʦʣʴʥʫʶ ʢʦʤʧʦʥʝʥ-

ʪʫ ʩʢʦʨʦʩʪʠ ʃɸ ʚ ʩʢʦʨʦʩʪʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʦʜʥʘʢʦ ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʵʪʠʭ 

ʢʦʤʧʦʥʝʥʪ ʚʩʝʛʜʘ ʪʨʠ, ʠ ʩʢʦʨʦʩʪʥʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʦʪʢʣʦʥʝʥʘ ʦʪ ʩʚʷʟʘʥʥʦʡ ʩ 

ʃɸ ʥʘ ʫʛʣʳ ʘʪʘʢʠ ʠ ʩʢʦʣʴʞʝʥʠʷ. ʉɺʉ ʥʝ ʦʧʨʝʜʝʣʷʝʪ ʜʘʥʥʳʝ ʫʛʣʳ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʙʫʜʝʪ ʚʥʦʩʠʪʴʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʚ ʠʟʤʝʨʝʥʠʷ ʉʆ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʡ 

ʙʫʜʝʪ ʦʮʝʥʝʥʘ ʥʠʞʝ. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 1. 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 52, 2017 ʛ. 
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ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʘʣʛʦʨʠʪʤʘ,  

A, ŭA ï ʤʘʪʨʠʮʘ ʦʨʠʝʥʪʘʮʠʠ ʠ ʢʦʨʨʝʢʪʠʨʫʶʱʘʷ ʤʘʪʨʠʮʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ,  

Ӎ ï ʫʛʣʦʚʳʝ ʩʢʦʨʦʩʪʠ, ᴣ, ɔ ï ʫʛʣʳ ʪʘʥʛʘʞʘ ʠ ʢʨʝʥʘ, Uʩ, Uʥ ï ʫʩʢʦʨʝʥʠʷ  

ʚ ʩʚʷʟʘʥʥʳʭ ʠ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ,  

Vʥʠ, Vʥʚ ï ʠʥʝʨʮʠʘʣʴʥʘʷ ʠ ʚʦʟʜʫʰʥʘʷ ʩʢʦʨʦʩʪʠ ʚ ʥʘʚʠʛʘʮʠʦʥʥʳʭ  

ʢʦʦʨʜʠʥʘʪʘʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, Vʩʚ, ï ʠʩʪʠʥʥʘʷ ʚʦʟʜʫʰʥʘʷ ʩʢʦʨʦʩʪʠ  

ʚ ʩʚʷʟʘʥʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ, ȹV, ĔVD  ï ʨʘʟʥʠʮʘ ʩʢʦʨʦʩʪʝʡ ʠ ʦʮʝʥʢʘ ʦʰʠʙʦʢ  

ʩʢʦʨʦʩʪʝʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, Ĕ Ĕ,
x z
a aï ʦʮʝʥʢʘ ʦʰʠʙʦʢ ʫʛʣʦʚ ʦʨʠʝʥʪʘʮʠʠ 

ʉʦʩʪʘʚʠʤ ʫʨʘʚʥʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʉʆ ʠ ʉɺʉ. ʆʙʨʘʙʦʪʢʫ 

ʠʥʬʦʨʤʘʮʠʠ ʙʫʜʝʤ ʧʨʦʚʦʜʠʪʴ ʚ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦ-

ʨʦʡ ʧʨʠʥʷʪ ʛʝʦʛʨʘʬʠʯʝʩʢʠ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʪʨʝʭʛʨʘʥʥʠʢ.  

ʀʩʪʠʥʥʫʶ ʤʘʪʨʠʮʫ ʧʝʨʝʭʦʜʘ ʠʟ ʩʚʷʟʘʥʥʦʡ ʚ ʥʘʚʠʛʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ 

ʦʙʦʟʥʘʯʠʤ A, ʘ ʝʸ ʨʘʩʯʝʪʥʫʶ ʚʝʣʠʯʠʥʫ Aʨ, ʪʦʛʜʘ:  

ʨ
A A A=D Ö, 

ʛʜʝ: ȹA - ʤʘʪʨʠʮʘ ʦʰʠʙʦʢ ʧʘʨʘʤʝʪʨʦʚ ʦʨʠʝʥʪʘʮʠʠ ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ Ŭx, Ŭy, Ŭz. 

 
ʉʯʠʪʘʷ ʧʦʩʣʝʜʥʠʝ ʤʘʣʳʤʠ ʚʝʣʠʯʠʥʘʤʠ, ʤʦʞʝʤ ʟʘʧʠʩʘʪʴ: 

1 Ŭ Ŭ

ȹ Ŭ 1 Ŭ

Ŭ Ŭ 1

z y

z x

y x

A

è ø-
é ù
= -é ù
é ù-ê ú

. 

ʀʟʤʝʨʝʥʠʝ ʫʩʢʦʨʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʩʚʷʟʘʥʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʘ ʠʥʪʝʛʨʠʨʦ-

ʚʘʥʠʝ ʫʨʘʚʥʝʥʠʡ ʠʥʝʨʮʠʘʣʴʥʦʡ ʥʘʚʠʛʘʮʠʠ ʚ ʨʘʩʯʝʪʥʦʡ, ʦʪʣʠʯʘʶʱʝʡʩʷ ʦʪ 

ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʥʘ ʫʛʣʳ ʦʰʠʙʦʢ Ŭx, Ŭy, Ŭz: 

ʨ ʩ ʩ

ʨ

T
U A U A A U= Ö =D Ö Ö, 

ʛʜʝ: 
ʨ

U  - ʚʝʢʪʦʨ ʫʩʢʦʨʝʥʠʷ ʚ ʨʘʩʯʝʪʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ; 
ʩ

U  - ʚʝʢʪʦʨ ʫʩʢʦʨʝʥʠʷ ʚ ʩʚʷʟʘʥʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. 

 

ɸʢʩʝʣʝʨʦʤʝʪʨʳ ʠʟʤʝʨʷʶʪ ʩʫʤʤʫ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʫʩʢʦʨʝʥʠʷ ʠ ʫʩʢʦʨʝʥʠʷ ʩʠʣʳ ʪʷ-

ʞʝʩʪʠ, ʢʦʪʦʨʦʝ ʚ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʠʟʚʝʩʪʥʦ ʠ ʜʘʝʪ ʢʦʤʧʦʥʝʥʪʳ 

[ ]0 0
T

g , ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: 

w 
,J g 

³ ñ
 

ʥʠ
V  

ʩʚ
V  ³ 

ʥʚ
V  

ʬʠʣʴʪʨ 

ʂʘʣʤʘʥʘ 

ʙʣʦʢ 

ʢʦʨʨʝʢʮʠʠ 

VD  

,
Ĕ

x z
a  

Ad  

,
Ĕ
x z

VD  

ʩ
U  

ʤʘʪʨʠʮʘ  

ʦʨʠʝʥʪʘʮʠʠ 

A 

ʥ
U  



ɺ.ɺ. ʃʦʩʝʚ, ɸ.ɺ. ʂʦʨʥʠʣʦʚ 
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[ ]ʥ
0 0

TT
g A g= Ö , 

ʛʜʝ: 
ʥ

g  - ʚʝʢʪʦʨ ʫʩʢʦʨʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ ʚ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ; 

g - ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ. 

 

ʇʨʦʝʢʮʠʠ ʫʩʢʦʨʝʥʠʷ ʩʠʣʳ ʪʷʞʝʩʪʠ ʥʘ ʦʩʠ ʨʘʩʯʝʪʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ: 

ʨ ʥ ʥ

ʨ

T T
g A A g A g= Ö Ö =D Ö. 

ʉ ʫʯʝʪʦʤ ʵʪʦʛʦ ʤʦʞʝʤ ʟʘʧʠʩʘʪʴ: 

ʨ c ʥ

ʨ

T
U A U A g= Ö +D Ö.  (1) 

ʀʥʪʝʛʨʠʨʫʷ (1), ʧʦʣʫʯʠʤ: 

ʥʠ ʥʠ ʨ ʨ ʨ

1 11 1 1 12 1 1 13 1 1

ʥʠ ʥʠ ʨ ʨ ʨ

1 21 1 1 22 1 1 23 1 1

ʥʠ ʥʠ ʨ ʨ ʨ

1 31 1 1 32 1 1 33 1 1

xi x i i x i i y i i z i z

y i y i i x i i y i i z i

z i z i i x i i y i i z i x

V V a U a U a U g

V V a U a U a U g

V V a U a U a U g

+ + + + + + +

+ + + + + + +

+ + + + + + +

= + Ö Ö + Ö Ö + Ö Ö + Ö Ö

= + Ö Ö + Ö Ö + Ö Ö + Ö

= + Ö Ö + Ö Ö + Ö Ö + Ö Ö

t t t a t

t t t t

t t t at

,  (2) 

ʛʜʝ: 
ʥʠ

, ,x y z
V  - ʠʥʝʨʮʠʘʣʴʥʳʝ ʩʢʦʨʦʩʪʠ ʚ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ; 

amn- ʵʣʝʤʝʥʪʳ ʨʘʩʯʝʪʥʦʡ ʤʘʪʨʠʮʳ ʧʝʨʝʭʦʜʘ ʠʟ ʩʚʷʟʘʥʥʦʡ ʚ ʥʘʚʠʛʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ 

ʢʦʦʨʜʠʥʘʪ; 

Ű - ʧʝʨʠʦʜ ʜʠʩʢʨʝʪʠʟʘʮʠʠ. 

 

ɺʳʨʘʞʝʥʠʷ (2) ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʠʥʝʨʮʠʘʣʴʥʳʭ ʩʢʦʨʦ-

ʩʪʝʡ ʚ ʜʠʩʢʨʝʪʥʦʡ ʬʦʨʤʝ. ɼʘʥʥʳʝ ʚʳʨʘʞʝʥʠʷ ʥʝ ʫʯʠʪʳʚʘʶʪ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʠ ʢʦʨʠʦ-

ʣʠʩʦʚʳ ʫʩʢʦʨʝʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʫʯʪʝʥʳ ʪʘʢ, ʢʘʢ ʵʪʦ ʦʧʠʩʘʥʦ, ʥʘʧʨʠʤʝʨ, ʚ [5]. 

ɺʠʜʥʦ, ʯʪʦ ʚ ʚʳʨʘʞʝʥʠʷʭ (2) ʧʨʠʩʫʪʩʪʚʫʶʪ ʯʣʝʥʳ 
x

gÖa  ʠ 
z

gÖa , ʢʦʪʦʨʳʝ ʭʘʨʘʢ-

ʪʝʨʠʟʫʶʪ ʦʰʠʙʢʫ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʚʝʨʪʠʢʘʣʠ. ɸʟʠʤʫʪʘʣʴʥʘʷ ʦʰʠʙʢʘ ʚ ʵʪʠ ʫʨʘʚʥʝʥʠʷ ʥʝ 

ʚʭʦʜʠʪ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʷʚʣʷʝʪʩʷ ʥʝʥʘʙʣʶʜʘʝʤʦʡ. ʇʦʵʪʦʤʫ ʚʪʦʨʦʝ ʫʨʘʚʥʝʥʠʝ ʚ (2) 

ʜʣʷ 
ʥʠ

y
V  ʧʦʣʝʟʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʥʝ ʥʝʩʝʪ ʠ, ʚ ʜʘʣʴʥʝʡʰʝʤ, ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʥʝ ʙʫʜʝʪ. 

ʆʧʨʝʜʝʣʠʤ ʚʝʢʪʦʨ ʠʩʪʠʥʥʦʡ ʚʦʟʜʫʰʥʦʡ ʩʢʦʨʦʩʪʠ ʚ ʨʘʩʯʝʪʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 

ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ: 

ʥʚ ʩʚ

ʨ
V A V= Ö , 

ʛʜʝ: ʩʚ ʚ
0 0

T

V Vè ø=ê ú
 - ʚʝʢʪʦʨ ʠʩʪʠʥʥʦʡ ʚʦʟʜʫʰʥʦʡ ʩʢʦʨʦʩʪʠ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ʩʚʷ-

ʟʘʥʥʳʭ ʩ ʃɸ; 
ʚ

V  - ʠʩʪʠʥʥʘʷ ʚʦʟʜʫʰʥʘʷ ʩʢʦʨʦʩʪʴ, ʠʟʤʝʨʝʥʥʘʷ ʉɺʉ. 

 

ɺʚʝʜʝʤ ʚ ʨʘʩʩʤʦʪʨʝʥʠʝ ʚʝʢʪʦʨ X ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ, ʩʦʜʝʨʞʘʱʠʡ ʚʩʝ 

ʦʮʝʥʠʚʘʝʤʳʝ ʧʘʨʘʤʝʪʨʳ - ʦʰʠʙʢʠ ʩʢʦʨʦʩʪʝʡ x
VD , z

VD  ʠ ʦʰʠʙʢʠ ʫʛʣʦʚ ʦʨʠʝʥʪʘʮʠʠ 

Ŭx, Ŭz:  

[ ]x z x z
X V V= D D a a . 

ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʪʨʠʮʳ ʩʦʩʪʦʷʥʠʷ ʨʘʩʧʠʰʝʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʩʦʦʪʥʦʰʝ-

ʥʠʷ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʚʝʢʪʦʨʘ X: 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 52, 2017 ʛ. 
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0

0

x z

z x

x

z

V g

V g

D = Ö

D =- Ö

=

=

a

a

a

a

. 

ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ, ʤʘʪʨʠʮʘ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ ʚ ʜʠʩʢʨʝʪʥʦʤ ʚʠʜʝ ʟʘʧʠʰʝʪʩʷ: 

1 0 0

0 1 0
ʌ=

0 0 1 0

0 0 0 1

g

g

-è ø
é ù
é ù
é ù
é ù
ê ú

. 

ɺʚʦʜʷ ʢʦʚʘʨʠʘʮʠʦʥʥʫʶ ʤʘʪʨʠʮʫ ʚʭʦʜʥʳʭ ʰʫʤʦʚ Q ʨʘʟʤʝʨʥʦʩʪʠ [4³4] ʧʦʣʫʯʠʤ 

ʫʨʘʚʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ: 

1
ʌ ŭ

i i i
X X Q
+
= Ö + Ö, 

ʛʜʝ: ŭ - ʚʭʦʜʥʦʡ ʙʝʣʳʡ ʰʫʤ. 

 
ɺʝʢʪʦʨ ʠʟʤʝʨʝʥʠʷ ʩʬʦʨʤʠʨʫʝʤ ʚ ʚʠʜʝ: 

ʥʠ ʥʚ ʥʠ ʥʚ

x x z z
Z V V V Vè ø= - -ê ú

. 

ʄʘʪʨʠʮʘ ʠʟʤʝʨʝʥʠʷ ʟʘʧʠʰʝʪʩʷ: 

1 0 0 0

0 1 0 0
H
è ø
=é ù
ê ú

. 

ɺʚʦʜʷ ʢʦʚʘʨʠʘʮʠʦʥʥʫʶ ʤʘʪʨʠʮʫ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʰʫʤʦʚ R ʨʘʟʤʝʨʥʦʩʪʠ [2³2], 

ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ ʠʟʤʝʨʝʥʠʷ: 

i i i
Z H X R= Ö + Öu, 

ʛʜʝ: ɡ - ʙʝʣʳʡ ʰʫʤ ʠʟʤʝʨʝʥʠʷ. 

 

ʇʨʦʚʦʜʷ ʧʦ ʠʟʚʝʩʪʥʳʤ ʩʦʦʪʥʦʰʝʥʠʷʤ [6] ʧʨʦʮʝʜʫʨʫ ʦʮʝʥʢʠ ʚʝʢʪʦʨʘ ĔX , ʧʦʣʫʯʠʤ 

ʦʮʝʥʢʠ ʦʰʠʙʦʢ ʦʨʠʝʥʪʘʮʠʠ Ĕ
x
a  ʠ Ĕ

z
a, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʬʦʨʤʠʨʫʝʪʩʷ ʤʘʪʨʠʮʘ ŭA ʠ 

ʧʨʦʚʦʜʠʪʩʷ ʢʦʨʨʝʢʮʠʷ ʤʘʪʨʠʮʳ A. 

ʌʠʣʴʪʨ ʂʘʣʤʘʥʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʠʥʠʤʘʣʴʥʫʶ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʫʶ ʦʰʠʙʢʫ 

(ʉʂʆ) ʦʮʝʥʠʚʘʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ ʧʦʩʪʦʷʥʩʪʚʝ ʧʨʠʥʷʪʳʭ ʤʘʪʨʠʮ Q ʠ R, ʦʪ ʚʝʣʠʯʠ-

ʥʳ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʠ ʚʨʝʤʷ ʩʭʦʜʠʤʦʩʪʠ ʧʨʦʮʝʩʩʦʚ. ʆʜʥʘʢʦ ʚ ʨʝʘʣʴʥʦʩʪʠ ʠʩʪʠʥʥʳʝ 

ʰʫʤʳ ʦʙʳʯʥʦ ʥʝʠʟʚʝʩʪʥʳ, ʠ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʩʪʦʷʥʥʦ ʤʝʥʷʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʥʘ ʧʨʘʢʪʠʢʝ ʧʦʣʫʯʠʣ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʤʝʪʦʜ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʦʜʙʦʨʝ ʧʘʨʘʤʝʪʨʦʚ ʵʪʠʭ ʤʘʪʨʠʮ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʢʦʤʧʨʦʤʠʩʩ ʤʝʞ-

ʜʫ ʪʦʯʥʦʩʪʥʳʤʠ ʠ ʚʨʝʤʝʥʥʳʤʠ (ʜʠʥʘʤʠʯʝʩʢʠʤʠ) ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʨʦʮʝʜʫʨʳ ʦʮʝ-

ʥʠʚʘʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʥʝʣʴʟʷ ʦʪʥʝʩʪʠ ʥʠ ʢ ʦʧʪʠʤʘʣʴʥʳʤ, ʥʠ ʜʘʞʝ ʢʚʘ-

ʟʠʦʧʪʠʤʘʣʴʥʳʤ, ʥʦ ʦʥ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʛʥʫʪʴ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ (ʦʙʝʩ-

ʧʝʯʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦʡ ʪʦʯʥʦʩʪʠ ʠ ʜʠʥʘʤʠʢʠ ʧʨʦʮʝʩʩʦʚ), ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʨʠʚʝ-

ʜʝʥʥʳʤʠ ʥʠʞʝ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ.  

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʙʦʪʳ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʨʦʚʦʜʠʣʦʩʴ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ: 

ʧʦ ʪʝʩʪʦʚʳʤ ʪʨʘʝʢʪʦʨʠʷʤ ʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʟʘʧʠʩʝʡ ʧʦʣʝʪʘ ʨʝʘʣʴʥʦʛʦ ʃɸ.  



ɺ.ɺ. ʃʦʩʝʚ, ɸ.ɺ. ʂʦʨʥʠʣʦʚ 
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ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʦ ʪʝʩʪʦʚʳʤ ʪʨʘʝʢʪʦʨʠʷʤ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʦʜʝʣʴ ʃɸ, ʨʘʟʨʘ-

ʙʦʪʘʥʥʘʷ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʧʦʚʝʜʝʥʠʷ ʨʝʘʣʴʥʦʛʦ ʃɸ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʝʞʠʤʘʭ 

ʧʦʣʝʪʘ. 

ʇʝʨʚʘʷ ʪʝʩʪʦʚʘʷ ʪʨʘʝʢʪʦʨʠʷ ʠʤʠʪʠʨʦʚʘʣʘ ʚʟʣʝʪ ʩ ʨʘʟʛʦʥʦʤ ʠ ʥʘʙʦʨʦʤ ʚʳʩʦʪʳ. 

ʇʨʦʜʦʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ ʧʨʠ ʨʘʟʛʦʥʝ ʩʦʩʪʘʚʣʷʣʦ 2,5 ʤ/ʩ2, ʜʣʠʪʝʣʴʥʦʩʪʴ ʨʘʟʛʦʥʘ ï 90 ʩ; 

ʫʛʦʣ ʪʘʥʛʘʞʘ ʧʨʠ ʥʘʙʦʨʝ ʚʳʩʦʪʳ ʩʦʩʪʘʚʣʷʣ 45 Á, ʫʛʦʣ ʘʪʘʢʠ ʜʦʩʪʠʛʘʣ 13 Á. 

ɺʪʦʨʘʷ ʪʝʩʪʦʚʘʷ ʪʨʘʝʢʪʦʨʠʷ ʠʤʠʪʠʨʦʚʘʣʘ ʨʘʟʚʦʨʦʪ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩ 

ʥʫʣʝʚʳʤ ʫʛʣʦʤ ʢʨʝʥʘ (çʧʣʦʩʢʠʡ ʨʘʟʚʦʨʦʪè). ʋʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʨʘʟʚʦʨʦʪʘ ʩʦʩʪʘʚʣʷʣʘ 

2 Á/ʩ, ʧʨʠ ʵʪʦʤ ʚʦʟʥʠʢʘʣ ʫʛʦʣ ʩʢʦʣʴʞʝʥʠʷ ʜʦ 6 Á. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʠʣʦ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʥʘ ʪʦʯʥʦʩʪʴ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʫʛʣʦʚ 

ʘʪʘʢʠ ʠ ʩʢʦʣʴʞʝʥʠʷ. ʊʘʢ ʢʘʢ ʉɺʉ ʷʚʣʷʝʪʩʷ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʤ ʠʟʤʝʨʠʪʝʣʝʤ ʩʢʦʨʦʩʪʠ 

(ʠʟʤʝʨʷʝʪʩʷ ʪʦʣʴʢʦ ʢʦʤʧʦʥʝʥʪʘ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʚʜʦʣʴ ʦʩʠ ʃɸ), ʧʨʠ ʥʝʥʫʣʝʚʦʤ ʟʥʘʯʝ-

ʥʠʠ ʜʘʥʥʳʭ ʫʛʣʦʚ ʧʦʷʚʷʪʩʷ ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʢʦʨʦʩʪʠ, ʢʦʪʦʨʳʝ ʥʝ ʠʟʤʝʨʷʶʪʩʷ ʉɺʉ, ʯʪʦ 

ʧʨʠʚʝʜʝʪ ʢ ʨʦʩʪʫ ʦʰʠʙʦʢ ʦʧʨʝʜʝʣʝʥʠʷ ʫʛʣʦʚ ʦʨʠʝʥʪʘʮʠʠ. ʊʘʢʞʝ ʙʳʣʦ ʦʮʝʥʝʥʦ ʚʣʠʷ-

ʥʠʝ ʦʰʠʙʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʠʩʪʠʥʥʦʡ ʩʢʦʨʦʩʪʠ ʚʝʣʠʯʠʥʦʡ 10 ʢʤ/ʯ, ʟʘʧʘʟʜʳʚʘʥʠʷ ʚ 

ʧʥʝʚʤʦʪʨʘʢʪʘʭ ʉɺʉ ʥʘ 0,3 ʩ ʠ ʜʨʝʡʬʘ ɼʋʉ ʚʝʣʠʯʠʥʦʡ 30 Á/ʯ. 

ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʛʦʣ ʘʪʘʢʠ ʚʝʣʠʯʠʥʦʡ ʜʦ 13 Á ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʧʦʛʨʝʰʥʦʩʪʴ 

ʦʧʨʝʜʝʣʝʥʠʷ ʫʛʣʘ ʪʘʥʛʘʞʘ ʜʦ 0,9 Á ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʣʠʷʝʪ ʥʘ ʫʛʦʣ ʢʨʝʥʘ. ʅʘ ʨʠʩʫʥʢʝ 

2 ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʛʨʝʰʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʫʛʣʘ ʪʘʥʛʘʞʘ ◒ ʦʪ ʫʛʣʘ 

ʘʪʘʢʠ Ŭ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʛʨʘʬʠʢʦʚ, ʚʝʣʠʯʠʥʘ ʧʦʛʨʝʰʥʦʩʪʠ ʥʘʨʘʩʪʘʝʪ ʩ ʨʦʩʪʦʤ ʫʛʣʘ ʘʪʘʢʠ, 

ʠ ʧʦʩʣʝ ʝʛʦ ʠʩʯʝʟʥʦʚʝʥʠʷ ʩʭʦʜʠʪʩʷ ʢ ʥʫʣʶ. 

 

 

ʈʠʩ. 2. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʦʰʠʙʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʫʛʣʘ ʪʘʥʛʘʞʘ ʦʪ ʫʛʣʘ ʘʪʘʢʠ, 

 1 ï ʫʛʦʣ ʪʘʥʛʘʞʘ, 2 ï ʫʛʦʣ ʘʪʘʢʠ, 3 ï ʧʦʛʨʝʰʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʫʛʣʘ ʪʘʥʛʘʞʘ 

ʋʛʦʣ ʩʢʦʣʴʞʝʥʠʷ ʚʝʣʠʯʠʥʦʡ ʜʦ 6 Á ʚʳʟʳʚʘʝʪ ʦʰʠʙʢʠ ʢʘʢ ʧʦ ʪʘʥʛʘʞʫ (ʜʦ 0,2 Á), ʪʘʢ 

ʠ ʧʦ ʢʨʝʥʫ (ʜʦ 0,7 Á). ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʳʝ ʦʰʠʙʢʠ ʚʦʟʥʠʢʘʶʪ ʚʦ ʚʨʝʤʷ ʵʚʦʣʶ-

ʮʠʡ ʃɸ ʠ ʧʨʠ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝʞʠʤʝ ʧʦʣʝʪʘ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ ʫʤʝʥʴʰʘʶʪʩʷ ʧʨʘʢ-

ʪʠʯʝʩʢʠ ʜʦ ʥʫʣʷ. ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʦʰʠʙʦʢ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʠʤʝʶʪ ʚʠʜ, ʘʥʘʣʦ-

ʛʠʯʥʳʡ ʩʣʫʯʘʶ ʩ ʫʛʣʦʤ ʘʪʘʢʠ, ʠ ʥʝ ʧʨʠʚʦʜʷʪʩʷ.  

ʆʰʠʙʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʟʜʫʰʥʦʡ ʩʢʦʨʦʩʪʠ ʪʘʢʞʝ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʧʦʩʪʨʦʝ-

ʥʠʝ ʚʝʨʪʠʢʘʣʠ. ʅʘʧʨʠʤʝʨ, ʦʰʠʙʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʠʩʪʠʥʥʦʡ ʩʢʦʨʦʩʪʠ ʚʝʣʠʯʠʥʦʡ 10 ʢʤ/ʯ 

ʚʳʟʳʚʘʝʪ ʦʰʠʙʢʫ ʜʦ 0,8 Á ʧʦ ʪʘʥʛʘʞʫ ʠ ʜʦ 0,2 Á ʧʦ ʢʨʝʥʫ. ɿʘʧʘʟʜʳʚʘʥʠʝ ʚ ʧʥʝʚʤʦʪʨʘʢ-

ʪʘʭ ʉɺʉ ʚʝʣʠʯʠʥʦʡ 0,3 ʩ ʧʨʠʚʦʜʠʪ ʢ ʦʰʠʙʢʝ ʪʘʥʛʘʞʘ ʜʦ 0,2 Á ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʣʠʷʝʪ 

ʥʘ ʫʛʦʣ ʢʨʝʥʘ. ɼʘʥʥʳʝ ʦʰʠʙʢʠ, ʢʘʢ ʠ ʦʰʠʙʢʠ, ʚʳʟʚʘʥʥʳʝ ʫʛʣʘʤʠ ʘʪʘʢʠ ʠ ʩʢʦʣʴʞʝʥʠʷ, 

ʪʘʢʞʝ ʚʦʟʥʠʢʘʶʪ ʚ ʧʝʨʝʭʦʜʥʳʭ ʨʝʞʠʤʘʭ ʠ ʫʤʝʥʴʰʘʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʜʦ ʥʫʣʷ ʧʦʩʣʝ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʨʘʚʥʦʤʝʨʥʦʛʦ ʧʦʣʝʪʘ. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʫʛʣʘ ʪʘʥʛʘʞʘ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3, ʜʣʷ ʫʛʣʘ ʢʨʝʥʘ ʭʘʨʘʢʪʝʨ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʦʛʠʯʝʥ. 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 52, 2017 ʛ. 

ʈʘʟʜʝʣ II. ʀʥʬʦʨʤʘʪʠʢʘ, ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʠ ʠ ʨʘʜʠʦʣʦʢʘʮʠʷ 
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ʈʠʩ. 3. ʇʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʫʛʣʘ ʪʘʥʛʘʞʘ ʧʨʠ ʦʰʠʙʢʘʭ ʠʟʤʝʨʝʥʠʷ  

ʚʦʟʜʫʰʥʦʡ ʩʢʦʨʦʩʪʠ ʥʘ ʧʝʨʚʦʡ ʪʝʩʪʦʚʦʡ ʪʨʘʝʢʪʦʨʠʠ: 

 1 ï ʧʨʠ ʦʰʠʙʢʝ 10 ʢʤ/ʯ, 2 ï ʧʨʠ ʟʘʧʘʟʜʳʚʘʥʠʠ 0,3 ʩ 

ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ ʜʨʝʡʬʘ ɼʋʉ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ ʫʛʣʦʚ ʦʨʠʝʥʪʘʮʠʠ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʠ ʧʦ ʦʙʝʠʤ ʪʝʩʪʦʚʳʤ ʪʨʘʝʢʪʦʨʠʷʤ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʧʦ ʦʢʦʥʯʘʥʠʠ ʤʘʥʝʚʨʘ ʜʨʝʡʬ ʧʨʠ-

ʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʧʦʩʪʦʷʥʥʦʡ ʦʰʠʙʢʠ. ʇʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʫʛʣʘ ʢʨʝʥʘ ɔ 

ʧʨʠ ʜʨʝʡʬʝ ɼʋʉ ʚʝʣʠʯʠʥʦʡ 30 Á/ʯ ʧʦ ʧʝʨʚʦʡ ʪʝʩʪʦʚʦʡ ʪʨʘʝʢʪʦʨʠʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 4. ɺ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʧʦʣʝʪʝ ʚʣʠʷʥʠʝ ʜʨʝʡʬʘ ʚ ʢʘʥʘʣʘʭ ʢʨʝʥʘ ʠ ʪʘʥʛʘʞʘ ʠʜʝʥ-

ʪʠʯʥʦ ʠ ʩʦʩʪʘʚʣʷʝʪ ʚʝʣʠʯʠʥʫ, ʙʣʠʟʢʫʶ ʢ 0,015 Á/(Á/ʯʘʩ). ʊʘʢʞʝ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʥʘ ʛʨʘ-

ʬʠʢʘʭ ʦʰʠʙʦʢ (ʨʠʩʫʥʦʢ 4 ʜʣʷ ʫʛʣʘ ʢʨʝʥʘ, ʜʣʷ ʫʛʣʘ ʪʘʥʛʘʞʘ ʟʘʚʠʩʠʤʦʩʪʴ ʘʥʘʣʦʛʠʯʥʘ) 

ʯʝʪʢʦ ʧʨʦʩʤʘʪʨʠʚʘʶʪʩʷ ʤʦʤʝʥʪʳ ʧʦʷʚʣʝʥʠʷ (ʠʟʤʝʥʝʥʠʷ) ʫʛʣʦʚ ʘʪʘʢʠ ʠ ʩʢʦʣʴʞʝʥʠʷ, 

ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʥʘʣʠʯʠʝ ʥʝʣʠʥʝʡʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʚʣʠʷʥʠʝʤ ʵʪʠʭ ʫʛʣʦʚ ʠ ʜʨʝʡʬʘ, ʥʦ ʵʪʘ 

ʩʚʷʟʴ ʥʝ ʩʠʣʴʥʦ ʚʳʨʘʞʝʥʘ.  

ʂʘʢ ʧʦʢʘʟʘʣ ʘʥʘʣʠʟ, ʚʝʣʠʯʠʥʘ ʫʩʪʘʥʦʚʠʚʰʝʡʩʷ ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʤʘʥʝʚʨʘ ʦʰʠʙʢʠ 

ʧʦʩʪʨʦʝʥʠʷ ʚʝʨʪʠʢʘʣʠ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʜʨʝʡʬʦʤ ɼʋʉ, ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʭʘʨʘʢʪʝʨʘ ʜʚʠʞʝ-

ʥʠʷ ʃɸ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ ʜʨʝʡʬʘ ʠ ʥʘʩʪʨʦʡʢʦʡ ʧʘʨʘʤʝʪʨʦʚ ʬʠʣʴʪʨʘ ʂʘʣʤʘʥʘ, 

ʪʦ ʝʩʪʴ ʚʳʙʦʨʦʤ ʧʘʨʘʤʝʪʨʦʚ ʤʘʪʨʠʮ Q ʠ R. ʆʜʥʘʢʦ, ʚʦʟʤʦʞʥʦʩʪʠ ʚʣʠʷʥʠʷ ʩ ʧʦʤʦʱʴʶ 

ʬʠʣʴʪʨʘ ʥʘ ʦʰʠʙʢʠ ʦʪ ʜʨʝʡʬʘ ʚʝʩʴʤʘ ʦʛʨʘʥʠʯʝʥʳ, ʪʘʢ ʢʘʢ ʚʣʠʷʥʠʝ ʥʘ ʜʨʝʡʬ ʚʩʪʫʧʘʝʪ 

ʚ ʧʨʦʪʠʚʦʨʝʯʠʝ ʩ ʚʣʠʷʥʠʝʤ ʬʠʣʴʪʨʘ ʥʘ ʦʰʠʙʢʠ ʦʪ ʫʛʣʦʚ ʘʪʘʢʠ ʠ ʩʢʦʣʴʞʝʥʠʷ, ʘ ʪʘʢʞʝ 

ʥʘ ʦʰʠʙʢʠ ʦʪ ʧʦʛʨʝʰʥʦʩʪʝʡ ʦʧʨʝʜʝʣʝʥʠʷ ʠʩʪʠʥʥʦʡ ʚʦʟʜʫʰʥʦʡ ʩʢʦʨʦʩʪʠ. ʊʘʢʠʤ ʦʙʨʘ-

ʟʦʤ, ʚʳʙʨʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʬʠʣʴʪʨʘ ʷʚʣʷʶʪʩʷ ʢʦʤʧʨʦʤʠʩʩʥʳʤʠ ʜʣʷ ʨʘʙʦʪʳ ʀʉʈʇ 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʦʟʤʫʱʘʶʱʠʭ ʬʘʢʪʦʨʘʭ. 

 

 

ʈʠʩ. 4. ʇʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʫʛʣʘ ʢʨʝʥʘ ʥʘ ʧʝʨʚʦʡ ʪʝʩʪʦʚʦʡ ʪʨʘʝʢʪʦʨʠʠ:  

1 ï ʧʨʠ ʜʨʝʡʬʝ ʛʠʨʦʩʢʦʧʘ ʚʝʣʠʯʠʥʦʡ 30 Á/ʯ, 2 ï ʚ ʦʪʩʫʪʩʪʚʠʠ ʜʨʝʡʬʘ 

ɼʘʣʝʝ ʧʨʦʚʦʜʠʣʦʩʴ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʙʦʪʳ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʢʦʨʨʝʢʮʠʠ ʩ 



ɺ.ɺ. ʃʦʩʝʚ, ɸ.ɺ. ʂʦʨʥʠʣʦʚ 

ʂʦʤʧʣʝʢʩʠʨʦʚʘʥʠʝ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠʥʝʨʮʠʘʣʴʥʦʛʦ ʙʣʦʢʘ ʠ ʩʠʩʪʝʤʳ ʚʦʟʜʫʰʥʳʭ » 
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ʧʨʠʤʝʥʝʥʠʝʤ ʜʘʥʥʳʭ ʪʝʣʝʤʝʪʨʠʠ ʨʝʘʣʴʥʦʛʦ ʧʦʣʝʪʘ. ɺ ʭʦʜʝ ʣʝʪʥʳʭ ʠʩʧʳʪʘʥʠʡ ʧʨʦʠʟ-

ʚʦʜʠʣʘʩʴ ʟʘʧʠʩʴ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʉʆ ʠ ʉɺʉ ʦʧʳʪʥʦʛʦ ʦʙʨʘʟʮʘ ʀʉʈʇ, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ 

ʥʘ ʙʦʨʪʫ ʚʳʩʦʢʦʤʘʥʝʚʨʝʥʥʦʛʦ ʃɸ. ʇʦʣʫʯʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʩʦʜʝʨʞʠʪ ʚʩʝ ʭʘʨʘʢʪʝʨ-

ʥʳʝ ʦʰʠʙʢʠ ʜʘʪʯʠʢʦʚ ʧʝʨʚʠʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʧʨʦʮʝʩʩʝ ʨʝʘʣʴʥʦʛʦ 

ʧʦʣʝʪʘ. ɿʘ ʵʪʘʣʦʥ ʧʨʠʥʠʤʘʣʘʩʴ ʠʥʬʦʨʤʘʮʠʷ ʦʩʥʦʚʥʦʡ ʙʝʩʧʣʘʪʬʦʨʤʝʥʥʦʡ ʠʥʝʨʮʠʘʣʴ-

ʥʦʡ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʃɸ.  

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ ʟʘʧʠʩʠ ʜʚʫʭ ʧʦʣʝʪʦʚ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʪʝʤ, ʯʪʦ 

ʦʥʠ ʩʦʚʝʨʰʘʣʠʩʴ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʞʝʩʪʢʠʭ ʨʝʞʠʤʘʭ ʩ ʧʝʨʝʭʦʜʘʤʠ ʃɸ ʠʟ ʦʜʥʦʛʦ ʤʘʥʝʚ-

ʨʘ ʚ ʜʨʫʛʦʡ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʩʪʘʮʠʦʥʘʨʥʳʭ ʨʝʞʠʤʦʚ. ɺ ʧʨʦʮʝʩʩʝ ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʨʝʣʝʡʥʦʡ ʢʦʨʨʝʢʮʠʠ ʠ ʧʨʝʜ-

ʣʘʛʘʝʤʦʡ ʢʦʤʧʣʝʢʩʥʦʡ ʢʦʨʨʝʢʮʠʠ. 

ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ï ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʠ 

ʉʂʆ, ï ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʫ 1. 

ʊʘʙʣʠʮʘ 1 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʙʦʪʳ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʣʛʦʨʠʪʤʘ  

ʥʘ ʨʝʘʣʴʥʳʭ ʪʨʘʝʢʪʦʨʠʷʭ 

ʊʠʧ ʢʦʨʨʝʢʮʠʠ  

ʠ ʪʨʘʝʢʪʦʨʠʷ 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʉʂʆ 

ʪʘʥʛʘʞ Mᴣ, ʛʨʘʜ ʢʨʝʥ Mɔ, ʛʨʘʜ ʪʘʥʛʘʞ ŭᴣ, ʛʨʘʜ ʢʨʝʥ ŭɔ, ʛʨʘʜ 

ʢʦʤʧʣʝʢʩʥʘʷ, ʪʨʘʝʢʪʦʨʠʷ 1 0,138 0,029 0,431 1,064 

ʨʝʣʝʡʥʘʷ, ʪʨʘʝʢʪʦʨʠʷ 1 -0,879 0,002 2,786 2,626 

ʢʦʤʧʣʝʢʩʥʘʷ, ʪʨʘʝʢʪʦʨʠʷ 2 0,135 0,073 0,345 0,569 

ʨʝʣʝʡʥʘʷ, ʪʨʘʝʢʪʦʨʠʷ 2 -0,313 -0,058 1,351 2,789 

 
ʀʟ ʜʘʥʥʦʡ ʪʘʙʣʠʮʳ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʦʨʠʝʥʪʘʮʠʠ 

ʧʨʠ ʢʦʤʧʣʝʢʩʥʦʡ ʢʦʨʨʝʢʮʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, ʯʝʤ ʧʨʠ ʢʦʨʨʝʢʮʠʠ ʩ ʨʝʣʝʡʥʳʤ 

ʨʝʛʫʣʷʪʦʨʦʤ: ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʤʝʥʴʰʝ ʚ 2,3ï6,3 ʨʘʟ, ʉʂʆ ʤʝʥʴʰʝ ʚ 2,5ï

6,5 ʨʘʟ. ʀʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʢʘʥʘʣʘ ʢʨʝʥʘ: ʚʚʠʜʫ ʤʘʣʦ-

ʩʪʠ ʚʝʣʠʯʠʥ ʜʣʷ ʜʚʫʭ ʪʠʧʦʚ ʢʦʨʨʝʢʮʠʠ ʩʜʝʣʘʪʴ ʦʜʥʦʟʥʘʯʥʳʝ ʚʳʚʦʜʳ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪ-

ʩʷ ʚʦʟʤʦʞʥʳʤ.  

ʅʘ ʨʠʩʫʥʢʝ 5 ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʠ ʧʦʛʨʝʰʥʦʩʪʝʡ ʦʧʨʝʜʝʣʝʥʠʷ ʫʛʣʘ ʪʘʥʛʘʞʘ ◒ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʨʝʣʝʡʥʦʡ ʠ ʢʦʤʧʣʝʢʩʥʦʡ ʢʦʨʨʝʢʮʠʡ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠ-

ʨʦʚʘʥʠʷ ʧʦ ʦʜʥʦʡ ʠʟ ʨʝʘʣʴʥʳʭ ʪʨʘʝʢʪʦʨʠʠ.  

 

 

ʈʠʩ. 5. ʇʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʫʛʣʘ ʪʘʥʛʘʞʘ ʥʘ ʪʨʘʝʢʪʦʨʠʠ 1: 

1 ï ʢʦʤʧʣʝʢʩʥʘʷ ʢʦʨʨʝʢʮʠʷ, 2 ï ʨʝʣʝʡʥʘʷ ʢʦʨʨʝʢʮʠʷ 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 52, 2017 ʛ. 

ʈʘʟʜʝʣ II. ʀʥʬʦʨʤʘʪʠʢʘ, ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʠ ʠ ʨʘʜʠʦʣʦʢʘʮʠʷ 
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ʂʘʢ ʧʦʢʘʟʘʣʠ ʨʝʟʫʣʴʪʘʪʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦ ʪʝʩʪʦʚʳʤ ʪʨʘʝʢʪʦ-

ʨʠʷʤ ʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʝʣʝʤʝʪʨʠʠ ʨʝʘʣʴʥʦʛʦ ʧʦʣʝʪʘ ʃɸ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʵʬʬʝʢ-

ʪʠʚʝʥ ʠ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʦʨʠʝʥʪʘʮʠʠ.  
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A FUSION OF THE MEASUREMENT DATA  

FROM THE INERTIAL UN IT AND THE AIR DATA  

COMPUTER SYSTEM BEIN G A PART OF THE INTE GRATED 

STANDBY INSTRUMENT SYSTEM 

V.V. Losev, A.V. Kornilov 

Key words: integrated standby instrument system, integrated data processing, Kalman filter 

 

This work outlines the integrated data processing procedure for integrated standby instru-

ment system measurement data that allows enhancing the determination accuracy for the 

orientation parameters. The proposed algorithm and the modeling results that verify its effi-

ciency are given.   

ʉʪʘʪʴʷ ʧʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ 12.04.2017 ʛ. 
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ʉʀʉʊɽʄɸ ʃʆɻʀʉʊʀʏɽʉʂʆʁ ʇʆɼɼɽʈɾʂʀ ʀɿɼɽʃʀʁ ʈʋ1. 

ʈɸɿʈɸɹʆʊʂɸ ʄɽʊʆɼʆɺ ʀ ʊɽʍʅʆʃʆɻʀʁ  

ɼʃʗ ʇʆɺʓʐɽʅʀʗ ɽɽ ʕʌʌɽʂʊʀɺʅʆʉʊʀ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʣʦʛʠʩʪʠʯʝʩʢʘʷ ʧʦʜʜʝʨʞʢʘ, ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ ʠʟʜʝ-

ʣʠʷ, ʊʆ ʠ ʨʝʤʦʥʪ, PDM, PLM-ʩʠʩʪʝʤʳ 

 

ɺ ʨʘʤʢʘʭ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʠʟʜʝʣʠʡ ʈʋ ʨʘʩʩʤʦʪʨʝʥ 

ʦʧʳʪ ʨʘʟʨʘʙʦʪʢʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ ʩ ʘʢʮʝʥʪʦʤ ʥʘ ʩʪʘʜʠʠ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ 

1. ʊʝʭʥʦʣʦʛʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʠʟʜʝʣʠʡ 

ʊʝʭʥʦʣʦʛʠʷ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʧʦʜʜʝʨʞʢʠ (ʀʃʇ) ʠʟʜʝʣʠʡ ʚ ʥʘʩʪʦ-

ʷʱʝʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʧʨʠ 

ʩʦʟʜʘʥʠʠ ʥʘʫʢʦʝʤʢʠʭ ʠʟʜʝʣʠʡ ʘʚʠʘʩʪʨʦʝʥʠʷ, ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʪʝʭʥʠʢʠ ʚʦʝʥʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ. ɺ ʘʪʦʤʥʦʤ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʚʥʝʜʨʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʧʦʜʜʝʨʞʢʠ ʠʟʜʝʣʠʷ (ʀʇʀ-ʪʝʭʥʦʣʦʛʠʡ) ʙʳʣʦ ʥʘʯʘʪʦ ʝʱʝ ʚ ʥʘʯʘʣʝ 2000-ʭ ʛʦʜʦʚ, ʠ ʩʝ-

ʛʦʜʥʷ ʦʥʠ ʚʥʝʜʨʝʥʳ ʥʘ ʤʥʦʛʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ɻʦʩʢʦʨʧʦʨʘʮʠʠ çʈʆʉɸʊʆʄè. ʇʨʝʞʜʝ 

ʚʩʝʛʦ, ʵʪʦ ʢʘʩʘʝʪʩʷ ʵʪʘʧʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʩʦʟʜʘʥʠʷ ʠʟʜʝʣʠʡ. ɿʘ ʙʦʣʝʝ ʯʝʤ ʧʷʪʥʘ-

ʜʮʘʪʴ ʣʝʪ ʟʜʝʩʴ ʥʘʢʦʧʣʝʥ ʙʦʣʴʰʦʡ ʦʧʳʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦ-

ʜʫʢʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʜʘʥʥʳʤʠ ʠ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʞʠʟʥʝʥʥʳʤ 

ʮʠʢʣʦʤ ʠʟʜʝʣʠʡ (ɾʎʀ) ï PDM/PLM-ʩʠʩʪʝʤ. ʆʜʥʘʢʦ, ʦʯʝʥʴ ʚʘʞʥʳʡ ʵʪʘʧ ʀʃʇ ï ʧʣʘ-

ʥʠʨʦʚʘʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʜʘʥʥʦʛʦ ʫʨʦʚʥʷ 

ʥʘʜʝʞʥʦʩʪʠ ʠʟʜʝʣʠʷ ï ʪʨʝʙʫʝʪ ʛʣʫʙʦʢʦʡ ʧʨʦʨʘʙʦʪʢʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʈʋ. ʆʩʦʙʝʥʥʦ ʵʪʦ ʘʢʪʫʘʣʴʥʦ ʩʝʛʦʜʥʷ, ʢʦʛʜʘ ʟʘʢʘʟʯʠʢ ʪʨʝʙʫʝʪ ʚʥʝʜʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ 

ʧʦʜʜʝʨʞʢʠ ɾʎʀ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʠʟʜʝʣʠʡ ʦʙʦʨʦʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ [1ï3]. 

ʇʨʦʮʝʩʩʳ ʥʘ ʩʪʳʢʝ ʵʪʘʧʦʚ ɾʎʀ, ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʥʘ ʥʝʩʢʦʣʴʢʦ ʦʨʛʘʥʠʟʘʮʠʡ ʩ 

ʨʘʟʥʳʤʠ ʬʫʥʢʮʠʷʤʠ, ʧʦʪʝʥʮʠʘʣʴʥʦ ʠʤʝʶʪ ʙʦʣʴʰʝ ʧʨʦʙʣʝʤʥʳʭ ʟʦʥ ʠ ʩʣʦʞʥʝʝ ʧʦʜʜʘ-

ʶʪʩʷ ʣʶʙʦʤʫ ʠʟʤʝʥʝʥʠʶ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚʥʝʜʨʝʥʠʶ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

(ʀʊ). ʏʘʩʪʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʧʦʜʛʦʪʦʚʢʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʦʪʜʝʣʝʥʳ ʦʪ 

ʵʪʘʧʘ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʠ ʜʦʢʫʤʝʥʪʳ, ʜʘʥʥʳʝ, ʚʟʘʠʤʦʩʚʷʟʠ ʠʭ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʠʩʪʦʨʠʷ 

ʨʘʟʨʘʙʦʪʢʠ ʨʘʟʦʨʚʘʥʳ, ʪʘʢ ʢʘʢ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʨʘʟʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ. ɺ ʪʘʢʠʭ 

ʫʩʣʦʚʠʷʭ ʦʪ ʦʙʝʩʧʝʯʝʥʠʷ ʘʢʪʫʘʣʴʥʦʡ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʚ ʩʚʷʟʢʝ çʧʨʦʝʢ-

ʪʠʨʦʚʱʠʢè ï çʧʨʦʠʟʚʦʜʠʪʝʣʴè ï çɻ ʢʩʧʣʫʘʪʠʨʫʶʱʘʷ ʦʨʛʘʥʠʟʘʮʠʷè ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ 

ʫʨʦʚʝʥʴ ʟʘʪʨʘʪ, ʥʦ ʠ ʩʨʦʢʠ ʚʳʧʦʣʥʝʥʠʷ ʨʝʤʦʥʪʦʚ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʦʨʫ-

ʜʦʚʘʥʠʷ ʈʋ ʠ ʦʙʲʝʢʪʘ ʚ ʮʝʣʦʤ. 

ʉ ʨʦʩʪʦʤ ʪʝʭʥʠʯʝʩʢʦʡ ʩʣʦʞʥʦʩʪʠ ʠʟʜʝʣʠʡ ʙʦʣʴʰʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ 

ʮʠʬʨʦʚʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʠʟʜʝʣʠʷ ʥʘ ʩʪʘʜʠʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʪʝʭʥʠʯʝ-

                                                           
1 ʈʋ ī ʨʝʘʢʪʦʨʥʘʷ ʫʩʪʘʥʦʚʢʘ 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 52, 2017 ʛ. 
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ʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ (ʊʆ), ʨʝʤʦʥʪʦʚ, ʟʘʢʫʧʢʠ ʢʦʤʧʣʝʢʪʫʶʱʠʭ [4]. ɺʳʩʦʢʘʷ ʢʦʥʢʫʨʝʥ-

ʮʠʷ ʥʘ ʨʳʥʢʝ ʪʨʝʙʫʝʪ ʦʪ ʧʨʝʜʧʨʠʷʪʠʡ ʩʦʢʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ ʥʘ ʧʦʜʛʦʪʦʚʢʫ ʠʟʜʝʣʠʡ ʢ 

ʵʢʩʧʣʫʘʪʘʮʠʠ, ʘ ʪʘʢʞʝ ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ ʥʘ ʩʘʤʫ ʵʢʩʧʣʫʘʪʘʮʠʶ. 

ʉʨʝʜʩʪʚʘ ʀʊ, ʤʝʪʦʜʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʵʪʠʭ ʠʟʜʝʣʠʡ ʜʦʣʞʥʳ ʧʨʠ ʵʪʦʤ ʫʜʦʚʣʝ-

ʪʚʦʨʷʪʴ ʦʯʝʥʴ ʞʝʩʪʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʚ ʪʦʤ ʯʠʩʣʝ: 

ï ʟʘʱʠʪʘ ʠʥʬʦʨʤʘʮʠʠ ʠ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ; 

ï ʢʦʨʨʝʢʪʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʤʝʞʜʫ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ (ʦʜʥʦ-

ʢʨʘʪʥʳʡ ʠ ʦʜʥʦʟʥʘʯʥʳʡ ʚʚʦʜ ʠʥʬʦʨʤʘʮʠʠ ʚ ʢʦʤʧʣʝʢʩ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ); 

ï ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʜʥʦʟʥʘʯʥʳʭ ʩʚʷʟʝʡ ʜʦʢʫʤʝʥʪʦʚ ʠ ʠʟʜʝʣʠʡ ʚ ʩʠʩʪʝʤʘʭ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʵʢʟʝʤʧʣʷʨʦʚ ʠʟʜʝʣʠʡ; 

ï ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʚʫʩʪʦʨʦʥʥʝʡ ʘʢʪʫʘʣʠʟʘʮʠʠ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʩʚʷʟʠ ʧʨʦʝʢʪʠʨʦʚʘ-

ʥʠʝ ï ʠʟʛʦʪʦʚʣʝʥʠʝ ï ʵʢʩʧʣʫʘʪʘʮʠʷ; 

ï ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʦʩʥʦʚʥʳʭ ʧʨʠʥʮʠʧʦʚ (ʵʪʘʧʦʚ, ʰʘʛʦʚ) ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ 

ʚ ʥʝʩʢʦʣʴʢʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ (ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚʘʭ). 

2. ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʜʛʦʪʦʚʢʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ 

ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʜʛʦʪʦʚʢʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ ʜʦʩʪʠʛʘʝʪʩʷ ʚʳ-

ʩʦʢʠʤ ʢʘʯʝʩʪʚʦʤ ʧʨʦʚʝʜʝʥʠʷ ʚ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʩʨʦʢʠ ʜʘʥʥʦʛʦ ʚʠʜʘ ʨʘʙʦʪ ʧʨʠ ʩʦʙʣʶ-

ʜʝʥʠʠ ʥʦʨʤʘʪʠʚʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʟʘʪʨʘʪ, ʫʯʝʪʦʤ ʬʘʢʪʠʯʝʩʢʠʭ ʪʝʭʥʠʯʝ-

ʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʟʜʝʣʠʷ ʈʋ ʥʘ ʵʪʘʧʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘ ʠ ʧʨʦʠʟ-

ʚʦʜʠʪʝʣʷ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʠ ʧʦʣʫʯʝʥʠʷ ʚʩʝʡ ʥʝʦʙʭʦʜʠʤʦʡ ʠ ʘʢʪʫʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʧʦ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʧʨʘʚʠʣʘʭ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠʟʜʝʣʠʡ ʜʣʷ ʵʢʩʧʣʫʘʪʠʨʫʶʱʝʡ ʦʨʛʘʥʠʟʘ-

ʮʠʠ, ʩ ʜʨʫʛʦʡ. 

ʆʧʳʪ ɸʆ çʆʂɹʄ ɸʬʨʠʢʘʥʪʦʚè ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ, ʠʟʛʦʪʦʚʣʝʥʠʶ, ʧʦʜʜʝʨʞʢʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʈʋ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʩʷ ʠʥʬʦʨʤʘʮʠʷ, ʩʫʱʝʩʪʚʫʶʱʘʷ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠ-

ʨʦʚʘʥʠʷ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʜʦʣʞʥʘ ʦʨʛʘʥʠʟʦʚʘʥʥʦ ʭʨʘʥʠʪʴʩʷ ʠ ʙʳʪʴ ʜʦʩʪʫʧʥʦʡ ʚ ʪʝʯʝ-

ʥʠʝ ʚʩʝʛʦ ʩʨʦʢʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʟʜʝʣʠʡ ʠ ʜʦ ʠʭ ʫʪʠʣʠʟʘʮʠʠ, ʘ ʵʪʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ-

ʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʣʝʪ. ɿʘ ʵʪʦ ʚʨʝʤʷ ʥʦʨʤʘʪʠʚʥʘʷ ʙʘʟʘ, ʘ ʪʘʢʞʝ ʢʦʥʩʪʨʫʢʪʦʨʩʢʘʷ ʜʦʢʫ-

ʤʝʥʪʘʮʠʷ ʥʘ ʠʟʜʝʣʠʝ, ʙʫʜʫʪ ʧʦʩʪʦʷʥʥʦ ʘʢʪʫʘʣʠʟʠʨʦʚʘʪʴʩʷ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦ ʩʠʩʪʝʤʝ 

ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʥʘʢʦʧʣʝʥʠʝ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʜʘʥʥʳʭ ʦʙ ʵʢʩʧʣʫʘʪʘ-

ʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʧʦʜʣʝʞʘʪ ʘʥʘʣʠʟʫ ʠ ʦʙʨʘʙʦʪʢʝ. ʇʨʘʚʠʣʴʥʘʷ ʦʨʛʘʥʠ-

ʟʘʮʠʷ ʭʨʘʥʝʥʠʷ ʪʘʢʦʛʦ ʦʛʨʦʤʥʦʛʦ ʦʙʲʝʤʘ ʘʢʪʫʘʣʠʟʠʨʦʚʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦʟʚʦʣʠʪ 

ʦʧʝʨʘʪʠʚʥʦ ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʠʟʜʝʣʠʷ, ʥʘʡʪʠ ʚʩʝ ʜʦʢʫʤʝʥʪʳ ʥʘ 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʫʟʝʣ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʥʦʨʤʘʪʠʚʥʫʶ ʙʘʟʫ ʥʘ ʤʦʤʝʥʪ ʚʳʧʫʩʢʘ ʨʘʙʦʯʝʡ 

ʂɼ ʠ ʠʥʬʦʨʤʘʮʠʶ ʧʦ ʦʙʩʣʫʞʠʚʘʥʠʶ ʠ ʨʝʤʦʥʪʫ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʧʦʜʛʦʪʦʚʠʪʴ ʠ ʟʘʧʣʘ-

ʥʠʨʦʚʘʪʴ ʧʨʦʚʝʜʝʥʠʝ ʨʘʙʦʪ ʧʦ ʦʙʩʣʫʞʠʚʘʥʠʶ, ʧʣʘʥʦʚʦʤʫ ʨʝʤʦʥʪʫ ʠ ʪ.ʜ. ʤʦʞʥʦ ʙʫʜʝʪ 

ʙʳʩʪʨʝʝ, ʢʘʯʝʩʪʚʝʥʥʝʝ, ʩ ʤʝʥʴʰʝʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʦʰʠʙʦʢ. 

ʇʦʵʪʘʧʥʦʝ ʨʘʟʚʠʪʠʝ ʩʠʩʪʝʤʳ ʧʦʜʛʦʪʦʚʢʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ ʧʦʟʚʦʣʠʪ ʦʧ-

ʪʠʤʠʟʠʨʦʚʘʪʴ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʦʜʜʝʨʞʢʝ ʩʦʟʜʘʚʘʝʤʳʭ ʠʟʜʝʣʠʡ ʥʘ 

ʩʪʘʜʠʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʵʪʦ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʙʣʘʛʦʜʘʨʷ ʩʦ-

ʟʜʘʥʠʶ ʠ ʚʝʜʝʥʠʶ ʝʜʠʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ (ɽʀʇ) ʧʦ ʠʟʜʝʣʠʶ ʜʣʷ 

ʚʩʝʭ ʩʪʘʜʠʡ ɾʎʀ, ʥʘʯʠʥʘʷ ʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʟʘʢʘʥʯʠʚʘʷ ʝʛʦ ʫʪʠʣʠʟʘʮʠʝʡ (ʈʠʩ. 1). 

ɺʩʷ ʪʝʭʥʠʯʝʩʢʘʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ, ʜʦʩʪʫʧ ʢ ʥʝʡ, 

ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʮʠʬʨʦʚʦʤ ʬʦʨʤʘʪʝ ʚ ʩʪʨʦʛʦʤ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘ-

ʥʠʷʤʠ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʩʪʘʥʜʘʨʪʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʪʨʫʢʪʫʨʫ ʜʘʥʥʳʭ ʦʙ 

ʠʟʜʝʣʠʠ ʠ ʧʦʨʷʜʦʢ ʠʭ ʦʙʤʝʥʘ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʟʘʢʫʧʢʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʦʚʳʭ ʦʙʨʘʟ-

ʮʦʚ ʪʝʭʥʠʢʠ.  

ʀʩʭʦʜʷ ʠʟ ʦʧʳʪʘ ɸʆ çʆʂɹʄ ɸʬʨʠʢʘʥʪʦʚè ʧʦ ʘʚʪʦʨʩʢʦʤʫ ʥʘʜʟʦʨʫ ʟʘ ʵʢʩʧʣʫʘʪʘ-

ʮʠʝʡ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʦʙʲʝʢʪʘʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʪʦʤʥʦʡ ʵʥʝʨʛʠʠ, ʧʨʠ ʩʦʧʨʦʚʦʞʜʝʥʠʠ 

ʨʝʤʦʥʪʦʚ, ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʥʘʣʠʯʠʠ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʪʘʙ-

ʣʠʮʝ 1. 

ɺʧʦʣʥʝ ʝʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʘʜʤʠʥʠʩʪʨʘʪʦʨʦʤ ʝʜʠʥʦʡ ɹɼ ʧʦ ʠʟʜʝʣʠʶ ʜʦʣʞʝʥ ʷʚʣʷʪʴ-

ʩʷ ʝʛʦ ʧʨʦʝʢʪʘʥʪ, ʘ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʥʝʝ ʜʦʣʞʥʦ ʙʳʪʴ ʩʝʣʝʢʪʠʚʥʳʤ, ʚ 



ɺ.ɺ. ʇʝʪʨʫʥʠʥ, ʉ.ʄ. ʅʝʝʚʠʥ, ʉ.ɸ. ɼʫʰʝʚ, ʀ.ɺ. ʄʘʣʠʥʦʚʩʢʠʡ, ɺ.ɺ. ɹʘʥʢʨʫʪʝʥʢʦ» 
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ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʨʦʚʥʝʤ ʜʦʧʫʩʢʘ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʬʦʨʤʠʨʫʶʱʝʛʦ ʟʘʧʨʦʩ. ʅʘʧʨʠʤʝʨ, ʧʦ 

ʦʙʨʘʱʝʥʠʶ ʧʨʝʜʩʪʘʚʠʪʝʣʷ ʵʢʩʧʣʫʘʪʠʨʫʶʱʝʡ ʦʨʛʘʥʠʟʘʮʠʠ ʠʟ ʧʨʦʝʢʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʠʥʬʦʨʤʘʮʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʮʝʩʩʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʢʦʥʢʨʝʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʇʨʠ 

ʵʪʦʤ ʨʘʩʯʝʪʳ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ ʠ ʟʦʥʳ, ʥʝ ʜʦʩʪʫʧʥʳʝ ʜʣʷ ʦʙʩʣʫʞʠʚʘ-

ʥʠʷ, ʜʦʣʞʥʳ ʦʩʪʘʚʘʪʴʩʷ ʥʝʜʦʩʪʫʧʥʳʤʠ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʦʥʠ ʥʝ ʧʦʧʘʜʫʪ ʚ ʢʨʠʪʝʨʠʡ 

ʟʘʧʨʦʩʘ [5]. ʇʨʠ ʵʪʦʤ ʝʜʠʥʘʷ ɹɼ ʜʦʣʞʥʘ ʙr ʪʴ ʫ ʧʨʦʝʢʪʘʥʪʘ ʈʋ, ʩ ʨʝʛʫʣʷʨʥʦʡ ʘʢʪʫʘʣʠ-

ʟʘʮʠʝʡ ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʜʦʢʫʤʝʥʪʦʚ. 

 

 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʘ ʝʜʠʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʦ ʠʟʜʝʣʠʶ. 

ʊʘʙʣʠʮʘ 1 

ʇʝʨʝʯʝʥʴ ʜʦʢʫʤʝʥʪʦʚ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʥʘ ʩʪʘʜʠʷʭ ɾʎʀ,  

ʚ ʦʙʝʩʧʝʯʝʥʠʝ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʨʝʤʦʥʪʦʚ 

ʆʩʥʦʚʥʳʝ ʵʪʘʧʳ ɾʎʀ ʈʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ ʠ ʥʝʦʙʭʦʜʠʤʳʝ ʜʘʥʥʳʝ 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ 

 

ʈʂɼ ʠ ʕɼ; ʇʆʂ; ʨʘʩʯʝʪʳ ʧʨʦʯʥʦʩʪʠ, ʥʘʜʝʞʥʦʩʪʠ; 

ʠʟʚʝʱʝʥʠʷ ʦʙ ʠʟʤʝʥʝʥʠʠ; ʨʝʤʦʥʪʥʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ; 

ʥʦʨʤʘʪʠʚʥʘʷ ʙʘʟʘ ʥʘ ʤʦʤʝʥʪ ʚʳʧʫʩʢʘ ʜʦʢʫʤʝʥʪʘʮʠʠ 

ʇʦʜʛʦʪʦʚʢʘ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ, ʠʟʛʦʪʦʚʣʝʥʠʝ 

ʊʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʩʙʦʨʢʠ, ʤʦʥʪʘʞʘ ʠʟʜʝʣʠʡ; ʇʆʂ; 

ʇʣʘʥʳ ʢʘʯʝʩʪʚʘ; 

ʤʘʪʝʨʠʘʣʳ ʟʘʚʦʜʩʢʠʭ ʠ ʧʨʠʝʤʦʯʥʳʭ ʠʩʧʳʪʘʥʠʡ; 

ʧʝʨʚʠʯʥʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ, ʚʢʣʶʯʘʷ ʩʝʨʪʠʬʠʢʘʪʳ ʥʘ ʤʘʪʝʨʠʘʣʳ, ʧʦ-

ʢʫʧʥʳʝ ʠʟʜʝʣʠʷ; ʢʘʨʪʳ ʢʦʥʪʨʦʣʷ; 

ʦʪʯʝʪʳ ʦ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷʭ; 

ʙʘʟʘ ʜʘʥʥʳʭ (ɹɼ) ʦʪʩʪʫʧʣʝʥʠʡ ʦʪ ʏʊɼ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʠ ʤʦʥʪʘʞʝ 

ʕʢʩʧʣʫʘʪʘʮʠʷ (ʦʙʩʣʫ-

ʞʠʚʘʥʠʝ, ʨʝʤʦʥʪ) 

ʈʝʤʦʥʪʥʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ; 

ʜʦʢʫʤʝʥʪʘʮʠʷ ʧʦ ʧʨʦʜʣʝʥʠʶ ʵʢʩʧʣʫʘʪʘʮʠʠ; 

ʜʘʥʥʳʝ ʦ ʭʨʘʥʝʥʠʠ, ʢʦʥʩʝʨʚʘʮʠʠ / ʧʝʨʝʢʦʥʩʝʨʚʘʮʠʠ; 

ʩʚʝʜʝʥʠʷ ʦ ʧʨʠʤʝʥʝʥʠʠ ʧʦ ʥʘʟʥʘʯʝʥʠʶ; 

ʜʘʥʥʳʝ ʦ ʥʝʠʩʧʨʘʚʥʦʩʪʷʭ, ʦʪʢʘʟʘʭ; 

ʧʝʨʝʯʝʥʴ ʠʟʨʘʩʭʦʜʦʚʘʥʥʦʛʦ ɿʀʇ; 

ʩʚʝʜʝʥʠʷ ʦ ʨʝʤʦʥʪʘʭ 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 52, 2017 ʛ. 
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3. ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʉʦʪʨʫʜʥʠʢʘʤʠ ʦʪʜʝʣʘ ʀʊ ɸʆ çʆʂɹʄ ɸʬʨʠʢʘʥʪʦʚè ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʵʪʘʧʘ ʵʢʩʧʣʫ-

ʘʪʘʮʠʠ ʚ ʧʨʦʮʝʩʩʝ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʈʋ ʙʳʣʠ ʩʦʟʜʘʥʳ ʩʠʩʪʝʤʳ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝ-

ʥʠʷ ʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʜʣʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ: 

ï çʊʊʀè, ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠ ʧʦʠʩʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʠʭ 

ʠʩʧʳʪʘʥʠʡ ʢʦʨʘʙʝʣʴʥʳʭ ʈʋ; 

ï çTGI calcè, ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʨʘʩʯʝʪʘ ʪʝʤʧʝʨʘʪʫʨ ʪʝʧʣʦʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʠʩʧʳ-

ʪʘʥʠʡ; 

ï çɸʉʍʆʀè, ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʵʢʩʧʣʫʘʪʘ-

ʮʠʠ ʢʦʨʘʙʝʣʴʥʳʭ ʈʋ; 

ï çʋʊʀʃʔè, ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʫʯʝʪʘ ʩʧʠʩʘʥʥʳʭ çʟʘʢʘʟʦʚ-ʦʙʲʝʢʪʦʚ ɺʄʌè; 

ï çɺʄʌè, ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʦʨʘʙʝʣʴʥʳʭ 

ʈʋ; 

ï çProjert AZè, ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʦʙ ʘʢʪʠʚʥʳʭ ʟʦʥʘʭ ʠ ʠʭ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʘʤ; 

ï çKRISSè, ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʚʝʨʦʷʪʥʦʩʪʥʦʛʦ ʘʥʘʣʠʟʘ ʙʝʟʦʧʘʩʥʦʩʪʠ; 

ï çʈʀʄè, ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʥʝʧʨʝʨʳʚʥʦʡ ʦʮʝʥʢʠ ʠ ʢʦʥʪʨʦʣʷ ʠʟʤʝʥʝʥʠʡ ʧʨʠ ʵʢʩ-

ʧʣʫʘʪʘʮʠʠ ʵʥʝʨʛʦʙʣʦʢʘ ʚʝʨʦʷʪʥʦʩʪʠ ʧʦʢʘʟʘʪʝʣʝʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʟʤʝʥʝ-

ʥʠʝʤ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʠʩʪʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ/ʠʣʠ ʥʘʨʫʰʝʥʠʷ ʥʦʨʤʘʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ; 

ï çʈʝʩʫʨʩ-ʅʅè, ʧʨʦʛʨʘʤʤʘ ʜʣʷ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʦʚ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ 

ʥʝʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʥʘʢʦʧʣʝʥʠʷ ʫʩʪʘʣʦʩʪʥʳʭ 

ʧʦʚʨʝʞʜʝʥʠʡ ʚ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʩʠʩʪʝʤ ʈʋ; 

ï çʕʄʈ-ʋè, ʙʘʟʘ ʜʘʥʥʳʭ ʠ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʥʘʢʦʧ-

ʣʝʥʠʷ, ʦʙʦʙʱʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʪʝʭʥʠʯʝʩʢʦʤʫ ʩʦʩʪʦʷʥʠʶ, ʢʦʥʪʨʦʣʶ 

ʨʝʩʫʨʩʘ ʈʋ ʠ ʧʨʦʮʝʩʩʘ ʵʢʩʧʣʫʘʪʘʮʠʠ; 

ï çʕʄʈ-ʅʅè, ʩʠʩʪʝʤʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʨʝʩʫʨʩʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ 

ʜʣʷ ʦʮʝʥʢʠ ʚʳʨʘʙʦʪʘʥʥʦʛʦ ʠ ʧʨʦʛʥʦʟʘ ʦʩʪʘʪʦʯʥʦʛʦ ʨʝʩʫʨʩʘ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥ-

ʪʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ ʈʋ ʚ ʧʨʦʮʝʩʩʝ ʝʸ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ɸʥʘʣʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʰʝ ʩʠʩʪʝʤ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʚ ɸʆ çʆʂɹʄ ɸʬʨʠʢʘʥʪʦʚè, 

ʧʦʢʘʟʳʚʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʠʡ ʦʭʚʘʪ ʵʪʘʧʘ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʦʩʦʙʝʥʥʦ ʵʪʦ ʢʘʩʘʝʪʩʷ 

ʧʦʩʣʝʜʥʠʭ ʜʚʫʭ ʩʠʩʪʝʤ. ʋʯʠʪʳʚʘʷ ʪʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʠʟʜʝʣʠʷʤ ʩʧʝʮʠʘʣʴ-

ʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʩʪʦʠʪ ʟʘʜʘʯʘ ʚʩʪʨʘʠʚʘʥʠʷ ʵʪʠʭ ʩʠʩʪʝʤ ʚ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ, ʘ 

ʠʤʝʥʥʦ ʚ PLM-ʩʠʩʪʝʤʫ. ʋʩʧʝʰʥʦʝ ʨʝʰʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ ʪʨʝʙʫʝʪ ʧʦʷʚʣʝʥʠʷ ʚ ʦʪʜʝʣʝ 

ʀʊ ʪʘʢʦʡ ʨʦʣʠ, ʢʘʢ ʘʜʤʠʥʠʩʪʨʘʪʦʨ ʭʨʘʥʠʣʠʱʘ ʜʘʥʥʳʭ ʠ ʚʢʣʶʯʝʥʠʷ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʚ 

ʝʞʝʛʦʜʥʳʡ çʇʣʘʥ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʀʊè ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʨʦʝʢʪʥʳʭ ʠ 

ʨʘʩʯʝʪʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ.  

4. ʇʝʨʝʭʦʜ ʩ PDM-ʩʠʩʪʝʤʳ ʥʘ PLM-ʩʠʩʪʝʤʫ 

ʈʝʘʣʠʟʘʮʠʷ ʵʪʘʧʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʧʦʜʜʝʨʞʢʝ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʠʟʜʝʣʠʡ ʪʨʝʙʫʝʪ 

ʦʪ ʦʪʜʝʣʘ ʀʊ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʠ ʩʦʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦʙ 

ʠʟʜʝʣʠʠ ʟʘ ʙʦʣʴʰʦʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ, ʠʟʤʝʨʷʝʤʳʡ ʜʝʩʷʪʠʣʝʪʠʷʤʠ (ʜʣʷ ʠʟʜʝʣʠʡ 

ʘʪʦʤʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʵʪʦʪ ʩʨʦʢ ʠʤʝʝʪ ʧʦʨʷʜʦʢ 50 ʣʝʪ). ʇʨʠʯʝʤ ʜʘʥʥʘʷ ʟʘʜʘʯʘ 

ʩʦʚʝʨʰʝʥʥʦ ʥʝ ʩʪʦʠʪ ʧʝʨʝʜ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ PLM/CAD/CAE-ʩʠʩʪʝʤ. ʊʘʢʦʡ ʚʳʚʦʜ 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ, ʠʩʭʦʜʷ ʠʟ ʪʦʛʦ, ʯʪʦ ʥʠ ʥʘ ʦʜʥʦʡ ʠʟ ʢʦʥʬʝʨʝʥʮʠʡ, ʧʨʦʚʦʜʠʤʳʭ ʦʩʥʦʚ-

ʥʳʤʠ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ ʩʠʩʪʝʤ (Siemens, Dassault Systemes, PTC, Autodesk, ʀʥʪʝʨʤʝʭ, 

ʊʦʧ ʉʠʩʪʝʤʳ, ɸʉʂʆʅ), ʚ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʠʭ ʧʷʪʠ ʣʝʪ, ʜʘʥʥʳʡ ʚʦʧʨʦʩ ʜʘʞʝ ʥʝ ʦʙʩʫʞ-

ʜʘʣʩʷ. ʊʘʢʦʡ ʦʧʳʪ ʧʨʠʦʙʨʝʪʝʥ ʀʊ-ʩʣʫʞʙʘʤʠ ɸʆ çʆʂɹʄ ɸʬʨʠʢʘʥʪʦʚè ʚ ʧʨʦʮʝʩʩʝ 

ʧʝʨʝʭʦʜʘ ʩ PDM-ʩʠʩʪʝʤʳ SEARCH ʆɼʆ çʀʥʪʝʨʤʝʭè PLM-ʩʠʩʪʝʤʫ SEARCH IPS.  

ʉʦʩʪʘʚʣʷʶʱʠʝ ʧʨʠʥʮʠʧʳ ʤʝʪʦʜʦʣʦʛʠʠ ʧʝʨʝʭʦʜʘ ʩ PDM-ʩʠʩʪʝʤʳ ʥʘ PLM-ʩʠʩʪʝʤʫ 

ʩʣʝʜʫʶʱʠʝ: 

ï ʵʚʦʣʶʮʠʦʥʥʦʝ ʦʙʥʦʚʣʝʥʠʝ ʚ ʧʨʦʮʝʩʩʝ ʧʦʣʥʦʤʘʩʰʪʘʙʥʦʛʦ ʧʝʨʝʭʦʜʘ ʥʘ PLM-

ʩʠʩʪʝʤʫ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘʥʠʪʴ ʙʘʟʫ ʟʥʘʥʠʡ, ʥʘʢʦʧʣʝʥʥʫʶ ʚ ʪʝʯʝʥʠʝ ʙʦʣʴʰʦʛʦ ʧʝ-
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ʨʠʦʜʘ (ʧʦʨʷʜʢʘ 50 ʣʝʪ) ʨʘʥʝʝ ʚ PDM-ʩʠʩʪʝʤʝ, ʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʜʘʥʥʳʝ ʚ ʘʨʭʠʚʘʭ ʧʨʦ-

ʝʢʪʦʚ (ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ çʤʠʛʨʘʮʠʷ ʜʘʥʥʳʭè); 

ï ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʚ PLM-ʩʠʩʪʝʤʝ ʩ ʵʪʦʡ ʙʘʟʦʡ ʟʥʘʥʠʡ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʜʦʨʘʙʦʪʦʢ PLM-ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʯʠʢʦʤ; 

ï ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʢʦʤʧʣʝʢʩʥʦʡ ʥʘʩʪʨʦʡʢʠ ʠ ʩʦʭʨʘʥʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟ-

ʤʦʞʥʦʩʪʝʡ ʜʝʡʩʪʚʫʶʱʝʡ PDM-ʩʠʩʪʝʤʳ ʚ ʧʦʣʥʦʤ ʦʙʲʝʤʝ ʩʦʚʤʝʩʪʥʦ ʩ ʨʘʟʨʘʙʦʪʯʠʢʦʤ 

PLM-ʩʠʩʪʝʤʳ; 

ï ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʠʤʧʦʨʪʘ ʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʙʘʟʳ ʜʘʥʥʳʭ ʥʦʨʤʘʪʠʚʥʦ-

ʩʧʨʘʚʦʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ (ʅʉʀ), ʥʘʢʦʧʣʝʥʥʦʡ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʨʘʙʦʪʳ PDM-ʩʠʩʪʝʤʳ ʠ 

ʷʚʣʷʶʱʝʡʩʷ ʘʢʪʫʘʣʴʥʦʡ; ʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʅʉʀ ʚ PLM-ʩʠʩʪʝʤʝ ʷʚʣʷʶʪʩʷ ʟʘʪʨʘʪ-

ʥʳʤʠ, ʢʘʢ ʧʦ ʚʨʝʤʝʥʠ, ʪʘʢ ʠ ʧʦ ʦʙʲʝʤʫ; 

ï ʨʘʟʨʘʙʦʪʢʘ ʧʨʠʥʮʠʧʦʚ ʠ ʪʝʭʥʦʣʦʛʠʠ ʩʦʭʨʘʥʥʦʩʪʠ ʠʤʝʶʱʝʡ ʠʥʪʝʛʨʘʮʠʠ ʩ ʩʠʩʪʝ-

ʤʦʡ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʠ ʩʠʩʪʝʤʦʡ ʚʥʫʪʨʠʮʝʭʦʚʦʛʦ ʢʘʣʝʥʜʘʨʥʦʛʦ ʧʣʘʥʠʨʦʚʘ-

ʥʠʷ, ʠʤʝʶʱʠʭʩʷ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ; 

ï ʨʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ ʦʧʝʨʘʪʠʚʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʧʨʝʜʧʨʠʷʪʠʝʤ (ʢʦ-

ʥʝʯʥʳʤ ʧʦʣʴʟʦʚʘʪʝʣʝʤ PLM-ʩʠʩʪʝʤʳ) ʠ ʨʘʟʨʘʙʦʪʯʠʢʦʤ PLM-ʩʠʩʪʝʤʳ ʧʨʠ ʥʝʦʙʭʦʜʠ-

ʤʦʩʪʠ ʦʧʪʠʤʠʟʘʮʠʠ ʢʣʶʯʝʚʳʭ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ; 

ï ʦʙʝʩʧʝʯʝʥʠʝ ʨʘʙʦʪʳ ʩ ʠʥʬʦʨʤʘʮʠʝʡ, ʩʦʩʪʘʚʣʷʶʱʫʶ ʛʦʩʫʜʘʨʩʪʚʝʥʥʫʶ ʪʘʡʥʫ. 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʪʦʡ ʤʝʪʦʜʦʣʦʛʠʠ ʚ ɸʆ çʆʂɹʄ ɸʬʨʠʢʘʥʪʦʚè ʙʳʣ ʧʦʜʛʦʪʦʚʣʝʥ 

ʧʝʨʝʭʦʜ ʩ PDM-ʩʠʩʪʝʤʳ SEARCH ʥʘ PLM-ʩʠʩʪʝʤʫ SEARCH IPS. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʠʜʝʪ ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʧʝʨʠʦʜ ï ʧʝʨʠʦʜ ʚʥʝʜʨʝʥʠʷ PLM-ʩʠʩʪʝʤ SEARCH IPS, ʢʦʪʦʨʳʡ 

ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ çʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘè [6]. 

5. ʈʘʟʨʘʙʦʪʢʘ ʵʣʝʢʪʨʦʥʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ 

ɽʱʝ ʦʜʥʠʤ ʵʪʘʧʦʤ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤʳ ʧʦʜʛʦʪʦʚʢʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ ʜʣʷ 

ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʳʭ ʚʠʜʦʚ ʧʨʦʤʳʰʣʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʈʋ ʠ ʠʭ 

ʩʦʩʪʘʚʥʳʝ ʯʘʩʪʠ, ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ 

ʵʣʝʢʪʨʦʥʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʝʡ ʚ ʬʦʨʤʘʪʝ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʵʣʝʢʪʨʦʥ-

ʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʫʢʦʚʦʜʩʪʚ (ʀʕʊʈ), ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʡ ʧʨʦʛʨʘʤ-

ʤʥʦ-ʘʧʧʘʨʘʪʥʳʡ ʢʦʤʧʣʝʢʩ, ʩʦʜʝʨʞʘʱʠʡ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʥʝʦʙ-

ʭʦʜʠʤʳʝ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʦʙʩʣʫʞʠʚʘʥʠʠ ʠ ʨʝʤʦʥʪʝ ʠʟʜʝʣʠʷ (ʈʠʩ. 2). 

ʀʕʊʈ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʨʝʰʝʥʠʷ ʩʣʝʜʫʶʱʠʭ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ: 

ï ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩʧʨʘʚʦʯʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʦʙ ʫʩʪʨʦʡʩʪʚʝ ʠ ʧʨʠʥʮʠ-

ʧʘʭ ʨʘʙʦʪʳ ʠʟʜʝʣʠʷ, ʥʝʦʙʭʦʜʠʤʳʤʠ ʜʣʷ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʚʳʧʦʣʥʝʥʠʷ ʨʝʤʦʥʪʦʚ, ʧʣʘʥʠ-

ʨʦʚʘʥʠʷ ʠ ʫʯʝʪʘ ʨʝʛʣʘʤʝʥʪʥʳʭ ʨʘʙʦʪ; 

ï ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʪʝʭʥʦʣʦʛʠʠ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʡ ʩ 

ʠʟʜʝʣʠʝʤ, ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʥʝʦʙʭʦʜʠʤʳʭ ʠʥʩʪʨʫʤʝʥʪʘʭ ʠ ʤʘʪʝʨʠʘʣʘʭ, ʢʦʣʠʯʝʩʪʚʝ ʠ ʢʚʘ-

ʣʠʬʠʢʘʮʠʠ ʧʝʨʩʦʥʘʣʘ; 

ï ʧʦʜʛʦʪʦʚʢʘ ʠ ʨʝʘʣʠʟʘʮʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʟʘʢʘʟʘ ʤʘʪʝʨʠʘʣʦʚ ʠ ɿʀʇ. 

ʉʪʨʫʢʪʫʨʘ ʙʘʟʳ ʜʘʥʥʳʭ ʀʕʊʈ ʧʦʟʚʦʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʙʳʩʪʨʦ ʧʦʣʫʯʘʪʴ ʜʦʩʪʫʧ ʢ 

ʥʫʞʥʦʡ ʪʝʢʩʪʦʚʦʡ, ʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʠʣʠ ʢ ʜʘʥʥʳʤ ʚ ʤʫʣʴʪʠʤʝʜʠʡʥʦʡ ʬʦʨʤʝ 

ʧʦ ʚʩʝʤʫ ʠʟʜʝʣʠʶ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʜʥʷʪʴ ʢʘʯʝʩʪʚʦ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘ 

ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ. 

ʆʜʥʘʢʦ, ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʯʘʩʪʦ ʦʯʝʥʴ ʚʘʞʥʦ ʧʨʦʚʝʩʪʠ ʦʧʝʨʘ-

ʪʠʚʥʳʡ ʨʝʤʦʥʪ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʨʦʣʴ ʵʣʝʢʪʨʦʥʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ (ʀʕʊʈ), ʚʢʣʶʯʘʶʱʝʡ ʘʥʠʤʘʮʠ-

ʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʦ ʚʳʧʦʣʥʝʥʠʶ ʪʝʭ ʠʣʠ ʜʨʫʛʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ, ʨʘʟʤʝ-

ʱʝʥʥʦʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ, ʩʪʘʥʦʚʠʪʩʷ ʥʝʟʘʤʝʥʠʤʦʡ. 

ɼʣʷ ʧʦʜʛʦʪʦʚʢʠ ʪʘʢʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ 

ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʠʪʩʷ ʩʠʩʪʝʤʳ TG Builder, Seamatica, Delmia, 

ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʜʛʦʪʦʚʠʪʴ ʝʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʩʪʘʥʜʘʨʪʦʤ ʥʘ ʪʝʭʥʠ-

ʯʝʩʢʠʝ ʧʫʙʣʠʢʘʮʠʠ S1000D. 

 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 52, 2017 ʛ. 
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ʈʠʩ. 2. ʀʕʊʈ (ʬʨʘʛʤʝʥʪ). 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤ TG Builder, Seamatica ʚ ɸʆ çʆʂɹʄ ɸʬʨʠʢʘʥʪʦʚè ʨʘʟ-

ʨʘʙʦʪʘʥʳ ʠ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʀʕʊʈ ʜʣʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʩʠʩʪʝʤ ʈʋ. ʉʠʩʪʝʤʘ Delmia 

ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʤʫʣʴʪʠʤʝʜʠʡʥʳʝ ʠʥʩʪʨʫʢʮʠʠ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʠ ʚʳʧʦʣʥʝʥʠʷ ʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʘʚʪʦʨʩʢʦʛʦ ʥʘʜʟʦʨʘ, ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠʟʜʝʣʠʡ ʠ 

ʨʝʤʦʥʪʘ. ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ Delmia, ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʝ ʜʦʢʫ-

ʤʝʥʪʳ ʠ ʵʣʝʤʝʥʪʳ ʀʕʊʈ. ʆʯʝʥʴ ʚʘʞʥʦ, ʯʪʦʙʳ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʀʕʊʈ ʪʘʢʞʝ ʙʳʣʠ ʠʥʪʝ-

ʛʨʠʨʦʚʘʥʳ ʚ PLM-ʩʠʩʪʝʤʫ. 

ʆʜʥʘ ʠʟ ʟʘʜʘʯ ʵʢʩʧʣʫʘʪʘʮʠʠ ï ʵʪʦ ʦʙʫʯʝʥʠʝ ʧʝʨʩʦʥʘʣʘ, ʧʨʦʚʦʜʷʱʝʛʦ ʨʝʤʦʥʪʥʦ-

ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʝ ʨʘʙʦʪʳ. ʆʙʫʯʝʥʠʝ ʵʢʩʧʣʫʘʪʠʨʫʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʫʩʪʘʥʦʚʦʢ ï ʭʦʨʦʰʦ ʦʪʨʘʙʦʪʘʥʥʘʷ ʟʘʜʘʯʘ, ʚʢʣʶʯʘʶʱʘʷ ʧʦʜʛʦʪʦʚʢʫ ʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʚ 

ʩʧʝʮʠʘʣʴʥʳʭ ʫʯʝʙʥʳʭ ʮʝʥʪʨʘʭ.  

6. ʂʦʤʧʣʝʢʪ ʫʯʝʙʥʦ-ʪʨʝʥʠʨʦʚʦʯʥʳʭ ʩʨʝʜʩʪʚ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʦʣʴʢʦ ʀʕʊʈ ʥʝ ʧʦʟʚʦʣʠʪ ʵʬʬʝʢʪʠʚʥʦ ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʧʦʜʛʦʪʦʚʢʠ 

ʧʝʨʩʦʥʘʣʘ. ʕʪʘ ʟʘʜʘʯʘ ʵʬʬʝʢʪʠʚʥʦ ʨʝʰʘʝʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʢʦʤʧʣʝʢʪʦʚ ʫʯʝʙʥʦ-ʪʨʝʥʠʨʦʚʦʯʥʳʭ ʩʨʝʜʩʪʚ (ʂʋʊʉ). ʊʘʢ, ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʩʧʝʮʠʘʣʴ-

ʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦ ʦʙʨʘʱʝʥʠʶ ʩ ʷʜʝʨʥʳʤ ʪʦʧʣʠʚʦʤ, ʧʦʩʪʘʚʣʝʥʥʦʛʦ ɸʆ çʆʂɹʄ 

ɸʬʨʠʢʘʥʪʦʚè ʚ 2012 ʛʦʜʫ ʜʣʷ ʧʝʨʚʦʛʦ ʧʣʘʚʫʯʝʛʦ ʵʥʝʨʛʦʙʣʦʢʘ çɸʢʘʜʝʤʠʢ ʃʦʤʦʥʦʩʦʚè, 

ʷʚʣʷʝʪʩʷ ʂʋʊʉ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʦʙʫʯʝʥʠʷ ʧʝʨʩʦʥʘʣʘ, ʚʳʧʦʣʥʷʶʱʝʛʦ ʨʘʙʦʪʳ ʧʦ 

ʧʝʨʝʛʨʫʟʢʝ ʘʢʪʠʚʥʳʭ ʟʦʥ ʈʋ ʂʃʊ-40ʉ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʝʨʝʛʨʫʟʦʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ʂʋʊʉ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʨʘʙʦʯʠʭ ʤʝʩʪ ʦʙʫʯʘʝʤʳʭ ʠ ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ ʠʥʩʪʨʫʢʪʦʨʘ, 

ʦʩʥʘʱʝʥʥʳʭ ʧʝʨʩʦʥʘʣʴʥʳʤʠ ʢʦʤʧʴʶʪʝʨʘʤʠ, ʠ ʧʦʣʥʦʤʘʩʰʪʘʙʥʳʭ ʠʤʠʪʘʪʦʨʦʚ ʧʫʣʴʪʦʚ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʝʨʝʛʨʫʟʦʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ʂʦʤʧʴʶʪʝʨʳ ʦʩʥʘʱʝʥʳ ʦʙʫʯʘʶʱʠʤʠ ʧʨʦʛʨʘʤʤʘʤʠ, ʧʦʟʚʦʣʷʶʱʠʤʠ ʠʟʫʯʠʪʴ ʢʦʥ-

ʩʪʨʫʢʮʠʶ ʫʩʪʨʦʡʩʪʚ ʧʝʨʝʛʨʫʟʦʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʧʦʥʷʪʴ ʧʨʠʥʮʠʧ ʠʭ ʨʘʙʦʪʳ, ʫʚʠʜʝʪʴ 

ʚʥʝʰʥʠʡ ʦʙʣʠʢ ʠ ʚʥʫʪʨʝʥʥʝʝ ʫʩʪʨʦʡʩʪʚʦ ʥʘ 3D ʤʦʜʝʣʷʭ. 

ʀʤʠʪʘʪʦʨʳ ʧʫʣʴʪʦʚ ʦʩʥʘʱʝʥʳ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ ʚ ʦʙʲʝʤʝ ʚʳʧʦʣʥʝʥʠʷ 



ɺ.ɺ. ʇʝʪʨʫʥʠʥ, ʉ.ʄ. ʅʝʝʚʠʥ, ʉ.ɸ. ɼʫʰʝʚ, ʀ.ɺ. ʄʘʣʠʥʦʚʩʢʠʡ, ɺ.ɺ. ɹʘʥʢʨʫʪʝʥʢʦ» 
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ʰʪʘʪʥʳʭ ʦʧʝʨʘʮʠʡ ʧʦ ʧʝʨʝʛʨʫʟʢʝ ʘʢʪʠʚʥʳʭ ʟʦʥ. ʂʘʞʜʘʷ ʦʧʝʨʘʮʠʷ ʠʤʝʝʪ ʩʚʦʡ ʚʠʜʝʦ-

ʢʘʜʨ, ʥʘ ʢʦʪʦʨʦʤ ʦʪʦʙʨʘʞʘʝʪʩʷ ʭʦʜ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʡ, ʦʪʦʙʨʘʞʘʶʪʩʷ ʧʝʨʝʤʝʥʥʳʝ 

ʪʝʭʥʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʙʫʯʘʶʱʠʤʩʷ ʧʦʥʷʪʴ ʠ 

ʨʝʘʣʴʥʦ ʧʨʦʯʫʚʩʪʚʦʚʘʪʴ ʭʦʜ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʧʦ ʧʝʨʝʛʨʫʟʢʝ ʘʢʪʠʚʥʳʭ ʟʦʥ. 

ɺ ʮʝʣʦʤ ʂʋʊʉ ʨʘʩʰʠʨʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʦʙʫʯʝʥʠʷ ʦʧʝʨʘʪʦ-

ʨʦʚ ʙʝʟʦʧʘʩʥʦʤʫ ʫʧʨʘʚʣʝʥʠʶ ʨʘʙʦʪʘʤʠ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʦʧʝʨʘʮʠʷʤ ʦʙʨʘʱʝʥʠ ̫ʩ 

ʠʟʜʝʣʠʷʤʠ, ʩʦʩʪʘʚʫ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦʤʫ ʫʩʪʨʦʡʩʪʚʫ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʚʝʜʝʥʠʝʤ ʧʨʦʪʦ-

ʢʦʣʘ ʦʙʫʯʝʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʤ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝʤ ʜʘʥʥʳʭ ʜʣʷ ʠʪʦʛʦʚʦʡ ʘʪʪʝʩʪʘʮʠʠ 

ʧʝʨʩʦʥʘʣʘ ʨʘʟʣʠʯʥʳʭ ʢʘʪʝʛʦʨʠʡ. 

7. ɿʘʢʣʶʯʝʥʠʝ 

ʇʦʜʚʦʜʷ ʠʪʦʛʠ, ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʠʩʪʝʤʘ ʀʃʇ ʩʪʘʥʦʚʠʪʩʷ ʨʝʘʣʴʥʦ ʚʦʩ-

ʪʨʝʙʦʚʘʥʥʦʡ ʥʘ ʧʦʩʪʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʩʪʘʜʠʷʭ ɾʎʀ ʢʦʨʘʙʝʣʴʥʳʭ ʈʋ, ʧʦʟʚʦʣʷʝʪ 

ʧʦʜʥʷʪʴ ʢʘʯʝʩʪʚʦ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ ʥʘ ʙʦʣʝʝ ʚʳ-

ʩʦʢʠʡ ʫʨʦʚʝʥʴ. 

ɼʘʣʴʥʝʡʰʘʷ ʨʘʙʦʪʘ ʜʦʣʞʥʘ ʙʫʜʝʪ ʚʝʩʪʠʩʴ ʚ ʪʨʝʭ ʥʘʧʨʘʚʣʝʥʠʷʭ:  

ï ʚʢʣʯʁʝʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʩʠʩʪʝʤ ʚ ʠʥʪʝʛʨʠʨʦʚʘʥʥʫʶ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʩʨʝʜʫ 

(ʀʀʉ); 

ï ʘʥʘʣʠʟ ʠ ʨʘʟʨʘʙʦʪʢʘ ʜʨʫʛʠʭ ʥʝʦʙʭʦʜʠʤʳʭ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʜʦʣʞʥʳ ʙʳʪʴ 

ʚʢʣʶʯʝʥʳ ʚ ʀʀʉ; 

ï ʨʘʟʨʘʙʦʪʢʘ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʨʘʟʚʠʪʠʶ ʀʃʇ ʠ ʧʝʨʝʭʦʜʫ ʢ ʩʦʟʜʘʥʠʶ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʧʦʣʥʳʤ ɾʎʀ. 
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ʋɼʂ 629.113 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʉʊɸʎʀʆʅɸʈʅʓʍ ɼɺʀɾɽʅʀʁ 

ɸɺʊʆʇʆɽɿɼɸ ɺ ʅɽʃʀʅɽʁʅʆʁ ʇʆʉʊɸʅʆɺʂɽ 

ʊ.ʀ. ʊʘʨʥʦʧʦʣʴʩʢʘʷ, ʜʦʮʝʥʪ, ʢ.ʪ.ʥ., ʌɻɹʆʋ ɺʆ çɺɻʋɺʊè 

ʆ.ɺ. ʉʠʜʦʨʦʚʘ, ʜʦʮʝʥʪ, ʢ.ʧ.ʥ. ʌɻɹʆʋ ɺʆ çɺɻʋɺʊè 

603951, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʫʣ. ʅʝʩʪʝʨʦʚʘ, 5 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʉʊɸʎʀʆʅɸʈʅʓʍ ɼɺʀɾɽʅʀʁ 

ɸɺʊʆʇʆɽɿɼɸ ɺ ʅɽʃʀʅɽʁʅʆʁ ʇʆʉʊɸʅʆɺʂɽ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ, ʤʝʪʦʜ ʧʨʦʜʦʣʞʝʥʠʷ ʧʦ ʧʘʨʘʤʝʪʨʫ, 

ʩʪʘʮʠʦʥʘʨʥʳʝ ʩʦʩʪʦʷʥʠʷ, ʤʥʦʛʦʟʚʝʥʥʳʝ ʘʚʪʦʧʦʝʟʜʘ.  

 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʠʥʘʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʤʥʦʛʦʟʚʝʥʥʳʭ ʘʚʪʦʧʦʝʟ-

ʜʦʚ ʧʨʠ ʙʦʣʴʰʦʤ ʥʘʙʦʨʝ ʫʧʨʘʚʣʷʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ. ʉʪʘʮʠʦʥʘʨʥʳʝ ʩʦʩʪʦʷʥʠʷ ʪʨʸʭ-

ʟʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ, ʩʤʦʜʝʣʠʨʦʚʘʥʥʦʛʦ ʩʠʩʪʝʤʦʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʫʨʘʚʥʝʥʠʡ, ʥʘʭʦʜʷʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ. ʈʝʰʝ-

ʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʩʦʙʳʤ ʪʦʯʢʘʤ ʚ ʬʘʟʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʫʧʨʘʚʣʷʶʱʠʭ ʧʘʨʘʤʝʪ-

ʨʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʛʣʘʭ ʧʦʚʦʨʦʪʘ ʚʝʜʫʱʠʭ ʢʦʣʸʩ. 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ ʧʝʨʝʚʦʟʢʠ 

ʜʣʠʥʥʦʤʝʨʥʳʭ ʛʨʫʟʦʚ, ʩ ʫʯʸʪʦʤ ʪʨʝʙʦʚʘʥʠʡ ʢ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʳʤ ʥʘʛʨʫʟʢʘʤ ʥʘ 

ʦʩʠ ʧʦ ʫʩʣʦʚʠʷʤ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʦʨʦʛ, ʪʨʝʙʫʝʪ ʪʱʘʪʝʣʴʥʦʛʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʨʘʟʨʘʙʦʪʢʠ ʜʣʷ ʦʮʝʥʢʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʤʥʦʛʦʟʚʝʥ-

ʥʳʭ ʘʚʪʦʧʦʝʟʜʦʚ ʥʘ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʜʘʪʴ ʦʙʦʩʥʦʚʘʥʥʳʝ ʨʝʢʦʤʝʥ-

ʜʘʮʠʠ ʧʦ ʚʳʙʦʨʫ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠ ʫʧʨʘʚʣʷʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ. 

ʋʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʟʚʝʥʴʝʚ ʫʤʝʥʴʰʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʪʘʢ 

ʢʘʢ ʢʘʞʜʦʝ ʩʣʝʜʫʶʱʝʝ ʟʚʝʥʦ ʜʦʙʘʚʣʷʝʪ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʦʜʥʫ ʩʪʝʧʝʥʴ ʩʚʦʙʦʜʳ. ʅʦ 

ʦʪʜʝʣʴʥʳʡ ʨʘʩʯʸʪ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʟʚʝʥʴʝʚ ʥʝ ʫʯʠʪʳʚʘʝʪ ʩʚʷʟʝʡ ʤʝʞʜʫ 

ʧʦʜʩʠʩʪʝʤʘʤʠ, ʯʪʦ ʚʣʠʷʝʪ ʥʘ ʥʘʜʸʞʥʦʩʪʴ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʢʦʥ-

ʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ. ʄʘʢʩʠʤʘʣʴʥʦ ʘʜʝʢʚʘʪʥʦʝ ʦʪʩʣʝʞʠʚʘʥʠʝ ʩʚʷʟʝʡ ʤʝʞʜʫ 

ʵʣʝʤʝʥʪʘʤʠ ʘʚʪʦʧʦʝʟʜʘ ʚʣʠʷʝʪ ʥʘ ʢʦʨʨʝʢʪʥʦʩʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. 

ʉʦʚʝʨʰʝʥʩʪʚʦ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʦʚʦʨʦʪʦʤ ʚʣʠʷʝʪ ʥʘ ʪʦʯʥʦʩʪʴ ʪʨʘʝʢʪʦʨʠʠ ʚʝ-

ʜʦʤʳʭ ʟʚʝʥʴʝʚ, ʯʪʦ ʚʣʝʯʸʪ ʟʘ ʩʦʙʦʡ ʫʤʝʥʴʰʝʥʠʝ ʦʪʢʣʦʥʝʥʠʷ ʪʨʘʝʢʪʦʨʠʡ ʧʨʠʮʝʧʥʳʭ 

ʟʚʝʥʴʝʚ ʦʪ ʚʝʜʫʱʝʛʦ ʟʚʝʥʘ ʧʨʠ ʜʚʠʞʝʥʠʠ ʘʚʪʦʧʦʝʟʜʘ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʤʥʦʛʦʟʚʝʥʥʳʭ ʘʚʪʦʧʦʝʟʜʦʚ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʜʣʠʥʥʦʤʝʨʥʳʭ ʛʨʫʟʦʚ ʥʘʧʨʷʤʫʶ 

ʟʘʚʠʩʠʪ ʦʪ ʠʭ ʩʧʦʩʦʙʥʦʩʪʠ ʚʧʠʩʳʚʘʪʴʩʷ ʚ ʜʦʧʫʩʪʠʤʫʶ ʧʦʣʦʩʫ ʜʚʠʞʝʥʠʷ ʠ ʥʝ ʩʦʟʜʘ-

ʚʘʪʴ ʧʦʤʝʭ ʜʣʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʪʦʢʘ. ʇʨʠʚʦʜ ʫʧʨʘʚʣʝʥʠʷ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʢʘʢ 

ʥʘ ʚʝʜʫʱʝʝ ʟʚʝʥʦ, ʪʘʢ ʠ ʥʘ ʧʨʠʮʝʧʥʳʝ ʟʚʝʥʴʷ, ʧʨʠʯʸʤ ʧʝʨʝʜʘʪʦʯʥʦʝ ʦʪʥʦʰʝʥʠʝ ʧʨʠ-

ʚʦʜʘ ʜʦʣʞʥʦ ʠʟʤʝʥʷʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʠ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ. 

ʉ ʧʦʤʦʱʴʶ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʩʯʝʨʧʳ-

ʚʘʶʱʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʢʘʢ ʦ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʘʭ, ʪʘʢ ʠ ʦ ʩʪʘʮʠʦʥʘʨʥʳʭ ʜʚʠʞʝʥʠʷʭ 

ʩʦʩʪʘʚʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ. ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʜʣʷ ʙʦʣʴʰʦʛʦ ʥʘʙʦʨʘ ʫʧʨʘʚʣʷʶ-

ʱʠʭ ʧʘʨʘʤʝʪʨʦʚ (ʧʨʦʜʦʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʮʝʥʪʨʘ ʤʘʩʩ ʚʝʜʫʱʝʛʦ ʟʚʝʥʘ, ʫʛʣʘ ʧʦʚʦʨʦʪʘ 

ʫʧʨʘʚʣʷʝʤʳʭ ʢʦʣʸʩ ʠ ʪ.ʜ.) ʷʚʣʷʝʪʩʷ ʟʘʪʨʫʜʥʠʪʝʣʴʥʳʤ ʠ ʥʝ ʜʘʸʪ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʢʘʯʝ-

ʩʪʚʝʥʥʦʤ ʧʦʚʝʜʝʥʠʠ ʤʥʦʞʝʩʪʚʘ ʩʪʘʮʠʦʥʘʨʥʳʭ ʩʦʩʪʦʷʥʠʡ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʦʜʥʦʛʦ ʠʟ 

ʧʘʨʘʤʝʪʨʦʚ. ʅʘʰʝʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʥʘʭʦʞʜʝʥʠʝ ʥʝ ʪʦʣʴʢʦ ʟʥʘʯʝʥʠʡ ʫʛʣʘ ʧʦʚʦʨʦʪʘ 

ʫʧʨʘʚʣʷʝʤʳʭ ʢʦʣʸʩ (ʧʦʚʦʨʦʪʘ ʨʫʣʝʚʦʛʦ ʢʦʣʝʩʘ), ʧʨʠ ʢʦʪʦʨʦʤ ʩʠʩʪʝʤʘ ʜʠʬʬʝʨʝʥʮʠ-

ʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʠʤʝʝʪ ʨʝʰʝʥʠʝ, ʥʦ ʠ ʠʭ ʢʦʣʠʯʝʩʪʚʘ, ʘ ʪʘʢʞʝ ʚʳʷʩʥʝʥʠʝ ʫʩʪʦʡʯʠʚʦ-

ʩʪʠ ʧʨʦʮʝʩʩʘ ʜʚʠʞʝʥʠʷ. 



ʊ.ʀ. ʊʘʨʥʦʧʦʣʴʩʢʘʷ, ʆ.ɺ. ʉʠʜʦʨʦʚʘ 
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ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʧʨʠʤʝʥʠʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʛʝʦʤʝʪʨʠʯʝʩ-

ʢʠʡ ʤʝʪʦʜ ï ʤʝʪʦʜ ʧʨʦʜʦʣʞʝʥʠʷ ʧʦ ʧʘʨʘʤʝʪʨʫ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʖ. ʐʠʥʦʭʘʨʦʡ [4]. 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʨʘʟʣʠʯʥʳʝ ʚʝʪʚʠ ʤʥʦʛʦʦʙʨʘʟʠʷ ʩʦʩʪʦʷʥʠʡ ʨʘʚ-

ʥʦʚʝʩʠʷ (ʥʘʣʠʯʠʝ ʥʝʩʢʦʣʴʢʠʭ ʚʝʪʚʝʡ ʚʦʟʤʦʞʥʦ ʜʘʞʝ ʚ ʩʣʫʯʘʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʜʠʥʦʯ-

ʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ). 

ʅʘʭʦʞʜʝʥʠʝ ʩʪʘʮʠʦʥʘʨʥʳʭ ʩʦʩʪʦʷʥʠʡ ʪʨʸʭʟʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ, ʩʤʦ-

ʜʝʣʠʨʦʚʘʥʥʦʛʦ ʩʠʩʪʝʤʦʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʩʚʦʜʠʪʩʷ ʢ ʨʝʰʝʥʠʶ ʩʠʩʪʝ-

ʤʳ ʢʦʥʝʯʥʳʭ ʫʨʘʚʥʝʥʠʡ. ɼʣʷ ʨʘʟʣʠʯʥʳʭ ʫʛʣʦʚ ʧʦʚʦʨʦʪʘ ʫʧʨʘʚʣʷʝʤʳʭ ʢʦʣʸʩ ʨʝʰʝʥʠʝ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʩʦʙʳʤ ʪʦʯʢʘʤ ʚ ʬʘʟʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ.  

ɼʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʘʚʪʦʧʦʝʟʜʘ (ʨʠʩ. 1) ʚʦʩʧʦʣʴʟʫʝʤʩʷ 

ʫʨʘʚʥʝʥʠʷʤʠ ʃʘʛʨʘʥʞʘ II ʨʦʜʘ [3], ʪʨʠ ʠʟ ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʚʝʜʫʱʝʤʫ ʟʚʝʥʫ, ʠ 

ʧʦ ʦʜʥʦʤʫ ï ʜʣʷ ʚʝʜʦʤʳʭ ʟʚʝʥʴʝʚ, ʝʩʣʠ ʧʨʠʥʷʪʴ ʟʘ ʦʙʦʙʱʝʥʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʢʫʨʩʦʚʦʡ 

ʫʛʦʣ -ʷʴʥʝʚʟ ʫʜʞʝʤ ʘʪʦʨʦʚʦʧ ʳʣʛʫ ʝʞʢʘʪ ʘ ,Ὗ ʠʪʩʦʨʦʢʩ ʶʫʥʯʝʨʝʧʦʧ ʠ ʶʫʥʴʣʦʜʦʨʧ ȟ
ʤʠ •  ʠ •ȡ 

 

 

ʈʠʩ. 1. ʉʭʝʤʘ  ʪʨʸʭʟʚʝʥʥʦʛʦ ʘʚʪʦʧʦʝʟʜʘ 
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ừ
Ử
Ử
Ử
Ừ

Ử
Ử
Ử
ứ   ὊȠ

  ὊȠ

Ὗ ὠ ὓ ὓ Ƞ

ὓ ὓ Ƞ

ὓ Ȣ

  (1) 

ɿʜʝʩʴ  

T ï ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʚʩʝʡ ʩʠʩʪʝʤʳ ʘʚʪʦʧʦʝʟʜʘ ʚʮʝʣʦʤ; 

V, U ï ʧʨʦʠʟʚʦʜʥʳʝ ʦʪ ʢʚʘʟʠʢʦʦʨʜʠʥʘʪ ʧʦ ʚʨʝʤʝʥʠ:   

ὠ ὼ ÃÏÓ ώ ÓÉÎ, 

Ὗ   ὼÓÉÎ ώ ÃÏÓȠ 

 ;(ʘʣʛʫ ʦʛʦʚʦʩʨʫʢ ʪʦ ʷʘʥʜʦʚʟʠʦʨʧ) ʘʥʝʚʟ ʦʛʝʱʫʜʝʚ ʴʪʩʦʨʦʢʩ ʷʘʚʦʣʛʫ ï  

Ὂ , Ὂï ʧʨʦʝʢʮʠʠ ʛʣʘʚʥʦʛʦ ʚʝʢʪʦʨʘ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʨʝʘʢʮʠʡ ʧʦʣʦʪʥʘ ʜʦʨʦʛʠ ʥʘ ʧʦ-

ʜʚʠʞʥʳʝ ʦʩʠ ʢʦʦʨʜʠʥʘʪ ὼ, ώ;  

ὓ ȟὓ ȟὓ   ɀ  ʤʦʤʝʥʪʳ ʦʙʦʙʱʝʥʥʳʭ ʩʠʣ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʢʦʦʨʜʠʥʘʪʘʤ [1]. 

 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʩʪʘʮʠʦʥʘʨʥʳʭ ʩʦʩʪʦʷʥʠʡ ʨʝʰʝʥʠʝ ʩʚʦʜʠʪʩʷ ʢ ʥʘʭʦʞʜʝʥʠʶ ʧʝ-

ʨʝʤʝʥʥʳʭ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʚ ʬʘʟʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʚ ʢʦʪʦʨʳʭ ʧʨʦʠʟʚʦʜʥʳʝ 

ʧʝʨʝʤʝʥʥʳʭ ʧʦʣʦʞʝʥʳ ʥʫʣʶ: 

ὊὠȟὟȟ—ȟ•ȟ•ȟ π (Ὥ ρȟτ)),   (2) 

ʛʜʝ  —  ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʫʧʨʘʚʣʷʝʤʳʭ ʢʦʣʸʩ. 

 

ʋʨʘʚʥʝʥʠʷ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʩʪʘʮʠʦʥʘʨʥʳʝ ʨʝʞʠʤʳ ʩʦʩʪʘʚʥʦʛʦ ʢʦʣʝʩʥʦʛʦ ʩʨʝʜʩʪʚʘ 

ʧʨʠ 

Ὗ πȟ  πȟ • • πȟ • • π 

ʧʨʠʤʫʪ ʚʠʜ: 

ὪὠȟὟȟ•ȟ•ȟ π  (Ὥ ρȟτ)).   (3) 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʨʝʰʝʥʠʝ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʧʨʦʜʦʣʞʝʥʠʷ ʧʦ ʧʘʨʘʤʝʪ-

ʨʫ, ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʥʘʯʘʣʴʥʦʝ ʨʝʰʝʥʠʝ Ὗ Ὗ ,   , • •ȟ • •  ʠʩʩʣʝʜʫ-

ʝʤʦʡ ʩʠʩʪʝʤʳ ʧʨʠ ʥʝʢʦʪʦʨʦʤ ʟʥʘʯʝʥʠʠ — —. ʊʦʯʢʘ (Ὗȟȟ•ȟ•  ) ʥʘʟʳʚʘʝʪʩʷ 
ʩʪʘʨʪʦʚʦʡ. ʈʘʟʣʠʯʥʳʤ ʟʥʘʯʝʥʠʷʤ ʧʦʚʦʨʦʪʘ ʫʧʨʘʚʣʷʝʤʳʭ ʢʦʣʸʩ — ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʘʟ-

ʣʠʯʥʳʝ ʩʪʘʮʠʦʥʘʨʥʳʝ ʨʝʞʠʤʳ ʠ ʝʩʣʠ ʚʢʣʶʯʠʪʴ ʧʘʨʘʤʝʪʨ — ʚ ʯʠʩʣʦ ʥʝʠʟʚʝʩʪʥʳʭ, 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʪʘʮʠʦʥʘʨʥʳʝ ʨʝʞʠʤʳ, ʪʦ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʷʪʠ ʧʝʨʝʤʝʥ-

ʥʳʭ  Ὗȟȟ•ȟ•ȟ—ȟ ʤʥʦʞʝʩʪʚʫ ʩʪʘʮʠʦʥʘʨʥʳʭ ʩʦʩʪʦʷʥʠʡ ʙʫʜʝʪ ʦʪʚʝʯʘʪʴ ʥʝʢʦʪʦʨʘʷ 
ʢʨʠʚʘʷ ʉ (ʨʠʩ. 2) 

Ὗ Ὗ— ȟ  — ȟ • • — ȟ • • — ȟ 

ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʢʨʠʚʦʡ ʩʦʩʪʦʷʥʠʡ ʨʘʚʥʦʚʝʩʠʷ ʪʨʸʭʟʚʝʥʥʦʛʦ ʘʚʪʦʧʦʝʟʜʘ. ʂʘʞ-

ʜʦʡ ʪʦʯʢʝ ʵʪʦʡ ʢʨʠʚʦʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʢʨʫʞʥʦʩʪʴ (ʢʦʥʝʯʥʦʛʦ ʠ ʙʝʩʢʦʥʝʯʥʦʛʦ ʨʘʜʠʫʩʘ) 

ʥʘ ʦʧʦʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ xy. ʋʧʨʘʚʣʷʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚ ʫʨʘʚʥʝʥʠʷʭ ʧʨʠʤʝʤ ʧʨʦ-

ʜʦʣʴʥʫʶ ʩʢʦʨʦʩʪʴ V ʠ ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʫʧʨʘʚʣʷʝʤʳʭ ʢʦʣʸʩ  q1 (ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʝʤ 

ʩʯʠʪʘʪʴ ʧʘʨʘʤʝʪʨ V ʜʠʩʢʨʝʪʥʳʤ, ʘ ʧʘʨʘʤʝʪʨ  q1 ï ʠʟʤʝʥʷʶʱʠʤʩʷ ʥʝʧʨʝʨʳʚʥʦ). 

ʇʘʨʘʤʝʪʨʠʟʫʝʤ ʣʠʥʠʶ ʩʪʘʮʠʦʥʘʨʥʳʭ ʩʦʩʪʦʷʥʠʡ ʉ ʩʦʙʩʪʚʝʥʥʦʡ ʜʣʠʥʦʡ ʜʫʛʠ S, ʪʦ-

ʛʜʘ: 

ὨὛ ὨὟ Ὠ Ὠ• Ὠ• Ὠ—Ȣ 



ʊ.ʀ. ʊʘʨʥʦʧʦʣʴʩʢʘʷ, ʆ.ɺ. ʉʠʜʦʨʦʚʘ 
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ɼʣʷ ʚʝʪʚʠ, ʙʝʨʫʱʝʡ ʥʘʯʘʣʦ ʧʨʠ ʟʥʘʯʝʥʠʠ  q1 =0 ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʧʨʷʤʦʣʠʥʝʡʥʦ-

ʤʫ ʩʪʘʮʠʦʥʘʨʥʦʤʫ ʨʝʞʠʤʫ, ʪʨʫʜʥʦʩʪʝʡ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʢʦʦʨʜʠʥʘʪ ʩʪʘʨʪʦʚʦʡ ʪʦʯʢʠ ʥʝ 

ʚʦʟʥʠʢʘʝʪ, ʪ.ʢ. ʦʥʘ ʥʘʭʦʜʠʪʩʷ ʚ ʥʘʯʘʣʝ ʢʦʦʨʜʠʥʘʪ ʬʘʟʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ: 

Ὗȿ πȟȿ πȟ •ȿ πȟ•ȿ πȟ—ȿ πȢ 

ʇʨʠ ʜʚʠʞʝʥʠʠ ʚʜʦʣʴ ʢʨʠʚʦʡ ʙʫʜʫʪ ʚʳʧʦʣʥʷʪʴʩʷ ʩʦʦʪʥʦʰʝʥʠʷ: 

 Ͻ Ͻ Ͻ Ͻ Ͻ π Ὥ ρȟτ.  (4) 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʫʨʘʚʥʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝ ʜʠʬʬʝʨʝʥʮʠʘʣʘ ʜʣʠʥʳ ʜʫʛʠ 

ʩʪʘʮʠʦʥʘʨʥʳʭ ʨʝʞʠʤʦʚ, ʧʦʣʫʯʝʥʥʦʝ ʠʟ (2.49): 

ὨὟ

ὨὛ

Ὠ

ὨὛ

Ὠ•

ὨὛ

Ὠ•

ὨὛ

Ὠ—

ὨὛ
ρȢ 

ɼʣʷ ʘʚʪʦʧʦʝʟʜʘ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʤʘʩʩʦʚʦ-ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚʝʜʫʱʝʛʦ 

ʟʚʝʥʘ m = 9800 ʢʛ, ʘ=3,87 ʤ, b1=0,206 ʤ, b2=1,606 ʤ; ʚʝʜʦʤʳʭ ʟʚʝʥʴʝʚ m1 = 9800 ʢʛ,  

m2 = 3000 ʢʛ, ʩ =0,901 ʤ, ʩ1 =9 ʤ, d1 =9 ʤ, b21 =2,13 ʤ, b22 =0,37 ʤ, b23 =1,77 ʤ ʧʦʣʫʯʝʥʳ 

ʦʙʝʟʨʘʟʤʝʨʝʥʥʳʝ ʵʣʝʤʝʥʪʳ ʤʘʪʨʠʮʳ ʗʢʦʙʠ. ʄʥʦʞʠʪʝʣʠ ʚ ʩʠʩʪʝʤʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴ-

ʥʳʭ ʫʨʘʚʥʝʥʠʡ (4) ʠʤʝʶʪ ʚʠʜ: 

ʜʣʷ ʧʝʨʚʦʛʦ ʫʨʘʚʥʝʥʠʷ ï 
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ʆʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʠʟʚʦʜʥʳʭ ὨὟὨὛϳ , ὨὨὛϳ , Ὠ• ὨὛϳ , Ὠ• ὨὛϳ , Ὠ— ὨὛϳ  ʩʠʩʪʝʤʘ (4) 

ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʦʡ ʦʜʥʦʨʦʜʥʳʭ ʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ. ɼʠʬʬʝʨʝʥʮʠ-

ʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʠʟʤʝʥʝʥʠʝ ʧʝʨʝʤʝʥʥʳʭ  Ὗ, -ȟ •ȟ — ʧʨʠ ʜʚʠ• ,

ʞʝʥʠʠ ʚʜʦʣʴ ʢʨʠʚʦʡ ʉ, ʧʨʠʤʫʪ ʚʠʜ: 



ʊ.ʀ. ʊʘʨʥʦʧʦʣʴʩʢʘʷ, ʆ.ɺ. ʉʠʜʦʨʦʚʘ 
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ʈʠʩ. 2. ʆʙʣʘʩʪʠ ʧʨʠʪʷʞʝʥʠʷ ʨʝʰʝʥʠʡ ʜʣʷ ʚʦʟʤʫʱʸʥʥʳʭ  

ʜʚʠʞʝʥʠʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʝʨʝʤʝʥʥʳʭ 

 

ʈʠʩ. 3. ʂʨʠʚʘʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʤʥʦʛʦʦʙʨʘʟʠʶ ʩʪʘʮʠʦʥʘʨʥʳʭ  

ʩʦʩʪʦʷʥʠʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʘʨʘʤʝʪʨʦʚ 

ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʘ ʦʙʣʘʩʪʴ ʧʨʠʪʷʞʝʥʠʷ ʚʦʟʤʫʱʝʥʥʳʭ ʜʚʠʞʝʥʠʡ ʠ ʢʨʠʚʘʷ ʩʦʩʪʦʷ-

ʥʠʡ ʨʘʚʥʦʚʝʩʠʷ ʪʨʸʭʟʚʝʥʥʦʛʦ ʘʚʪʦʧʦʝʟʜʘ ʚ ʬʘʟʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ὠȟὟȟ•ȟ•ȟ  ʩ 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 52, 2017 ʛ. 

ʈʘʟʜʝʣ III. ʅʘʜʝʞʥʦʩʪʴ ʠ ʨʝʩʫʨʩ ʚ ʪʨʘʥʩʧʦʨʪʥʦʤ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ 
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ʫʧʨʘʚʣʷʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ï ʧʨʦʜʦʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ ὠ ʠ ʫʛʣʦʤ ʧʦʚʦʨʦʪʘ ʫʧʨʘʚʣʷʝ-

ʤʳʭ ʢʦʣʸʩ —. ʉʪʘʨʪʦʚʘʷ ʪʦʯʢʘ (Ὗȟ— ȟ•ȟ•) ʧʨʠ —  ʩʦʚʤʝʱʝʥʘ ʩ ʥʘʯʘʣʴʥʦʡ 

ʪʦʯʢʦʡ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʝʨʝʤʝʥʥʳʭ. ʇʘʨʘʤʝʪʨ — ʚʢʣʶʯʸʥ ʚ ʯʠʩʣʦ ʥʝʠʟʚʝʩʪʥʳʭ, ʦʧʨʝ-

ʜʝʣʷʶʱʠʭ ʩʪʘʮʠʦʥʘʨʥʳʝ ʨʝʞʠʤʳ, ʠ ʧʨʦʩʪʨʘʥʩʪʚʦ ʪʝʧʝʨʴ ʫʞʝ ʧʷʪʠ ʧʝʨʝʤʝʥʥʳʭ 

Ὗȟ-ȟ•ȟ•ȟ—. ʄʥʦʞʝʩʪʚʫ ʩʪʘʮʠʦʥʘʨʥʳʭ ʩʦʩʪʦʷʥʠʡ ʦʪʚʝʯʘʝʪ ʢʨʠʚʘʷ ʉ (ʨʠʩ. 3), ʢʦʪʦ

ʨʘʷ ʧʦʢʘʟʳʚʘʝʪ, ʢʘʢʠʤ ʟʥʘʯʝʥʠʷʤ ʧʦʚʦʨʦʪʘ ʫʧʨʘʚʣʷʝʤʳʭ ʢʦʣʸʩ — ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʢʘ-

ʢʠʝ ʩʪʘʮʠʦʥʘʨʥʳʝ ʨʝʞʠʤʳ ʧʨʠ ʟʘʜʘʥʥʦʡ ʧʨʦʜʦʣʴʥʦʡ ʩʢʦʨʦʩʪʠ. 
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THE STUDY OF STATION ARY MOTIONS  

OF MULTI -LINK TRUCKS , IN NONLINEAR STATEMENT  

T.I. Tarnopolskaya, O.V. Sidorova 

Key words: differential equations, method of continuation on a parameter, steady state, mul-

ti-link road train. 

 

This article considers the dynamic behavior of multilink trucks with a large set of control pa-

rameters. The stationary states of a three-link vehicle modeled by a system of differential 

equations are found by means of a differential-geometric method. The solution corresponds 

to the special points in the phase space of control parameters at various angles of rotation of 

the drive wheels. 

ʉʪʘʪʴʷ ʧʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ 03.07.2017 ʛ. 

 

 

 



ɸ.ʉ. ʗʙʣʦʢʦʚ, ɸ.ʀ. ɺʦʣʢʦʚ, ɼ.ʅ. ʐʠʰʫʣʠʥ 
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ʋɼʂ 539.3 

 
ɸ.ʉ. ʗʙʣʦʢʦʚ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʌɻɹʆʋ ɺʆ çɺɻʋɺʊè  

603951, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʫʣ. ʅʝʩʪʝʨʦʚʘ, 5 

ɸ.ʀ. ɺʦʣʢʦʚ, ʚʝʜʫʱʠʡ ʠʥʞʝʥʝʨ  

ɼ.ʅ. ʐʠʰʫʣʠʥ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʌɻɹʆʋ ɺʆ çʅɻʊʋ ʠʤ. ʈ.ɽ. ɸʣʝʢʩʝʝʚʘè 

603950, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʫʣ. ʄʠʥʠʥʘ, 24 

ʆʎɽʅʂɸ ʅɸʇʈʗɾɽʅʅʆ-ɼɽʌʆʈʄʀʈʆɺɸʅʅʆɻʆ 

ʉʆʉʊʆʗʅʀʗ ʀ ʋʉʊɸʃʆʉʊʅʆʁ ɼʆʃɻʆɺɽʏʅʆʉʊʀ 

ʄɽʊɸʃʃʆʂʆʅʉʊʈʋʂʎʀʀ ʇʃɸɺʋʏɽɻʆ ʂʈɸʅɸ ʂʇʃ 16-30  

ʇʆ ɽɻʆ ʌɸʂʊʀʏɽʉʂʆʁ ʕʂʉʇʃʋɸʊɸʎʀʆʅʅʆʁ 

ʅɸɻʈʋɾɽʅʅʆʉʊʀ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʷ, ʤʘʢʨʦʪʨʝʱʠʥʘ, ʤʝʭʘʥʠʢʘ ʧʦʚʨʝʞʜʝʥʥʦʡ ʩʨʝ-

ʜʳ, ʧʣʘʚʫʯʠʡ ʢʨʘʥ, ʤʠʢʨʦʜʝʬʝʢʪʳ, ʨʝʩʫʨʩ, ʧʨʦʯʥʦʩʪʴ, ʤʥʦʛʦʮʠʢʣʦʚʘʷ ʫʩʪʘʣʦʩʪʴ. 

 

ɼʣʷ ʧʨʦʛʥʦʟʘ ʦʩʪʘʪʦʯʥʦʛʦ ʨʝʩʫʨʩʘ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʨʘʙʦʪʘʥʥʦʛʦ, ʧʨʠʚʝʜʝʥʘ ʦʮʝʥʢʘ 

ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʪʨʝʣʳ ʧʣʘʚʫʯʝʛʦ ʢʨʘʥʘ ʩʚʘʨʥʦʡ ʙʘʣʦʯʥʦʡ-

ʢʦʥʩʪʨʫʢʮʠʠ, ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴʶ 16 ʪʦʥʥ ʥʘ ʙʘʟʝ ʤʝʪʦʜʠʢ ʪʝʦʨʠʠ ʤʝʭʘʥʠʢʠ ʧʦʚʨʝ-

ʞʜʝʥʥʦʡ ʩʨʝʜʳ, ʧʨʠ ʫʩʠʣʝʥʥʳʭ ʧʨʦʮʝʩʩʘʭ ʜʝʛʨʘʜʠʨʦʚʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʪʘʣʠ 

ʤʘʪʝʨʠʘʣʘ ʧʦ ʤʝʭʘʥʠʟʤʫ ʤʥʦʛʦʮʠʢʣʦʚʦʡ ʫʩʪʘʣʦʩʪʠ, ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʢʠʥʝʪʠʢʠ 

ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʧʘʩʥʳʭ ʟʦʥ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʤʝʪʘʣʣʦʢʦʥ-

ʩʪʨʫʢʮʠʠ ʩʪʨʝʣʳ ʢʨʘʥʘ ʧʣʘʚʫʯʝʛʦ ʠ ʚʳʧʦʣʥʝʥ ʧʨʦʛʥʦʟ ʝʛʦ ʦʩʪʘʪʦʯʥʦʛʦ ʨʝʩʫʨʩʘ ʩʪʨʝ-

ʣʳ ʧʦ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʬʘʢʪʠʯʝʩʢʦʡ ʥʘʛʨʫʞʝʥʥʦʩʪʠ. 

ɺʚʝʜʝʥʠʝ 

ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʠ ʨʘʩʯʝʪ 

ʨʝʩʫʨʩʘ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʫʟʣʦʚ ʣʶʙʳʭ ʦʙʲʝʢʪʦʚ ʠʥʞʝʥʝʨʥʦʛʦ ʧʨʦʝʢʪʠ-

ʨʦʚʘʥʠʷ ʥʘ ʩʪʘʜʠʠ ʠʭ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʨʦʛʥʦʟ ʨʝʩʫʨʩʘ ʦʩʪʘʪʦʯʥʦʛʦ, ʘ ʪʘʢʞʝ ʦʮʝʥʢʘ 

ʚʳʨʘʙʦʪʘʥʥʦʛʦ, ʢʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʥʞʝʥʝʨʥʦʛʦ ʦʙʲʝʢʪʘ, ʧʨʦʜʣʝʥʠʝ ʩʨʦʢʘ 

ʩʣʫʞʙʳ ʧʦʩʣʝ ʚʳʨʘʙʦʪʢʠ ʪʘʢʠʤʠ ʦʙʲʝʢʪʘʤʠ ʥʦʨʤʘʪʠʚʥʦʛʦ ʩʨʦʢʘ ʩʣʫʞʙʳ. ʆʩʦʙʝʥʥʫʶ 

ʚʘʞʥʳ ʪʘʢʠʝ ʚʦʧʨʦʩʳ ʜʣʷ ʦʙʲʝʢʪʦʚ, ʩʨʦʢ ʪʝʭʥʠʯʝʩʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚ-

ʣʷʝʪ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʣʝʪ. ʏʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ, ʚ ʫʩʣʦʚʠʷʭ ʩʧʘʜʘ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʙʦʩʪʨʷʝʪʩʷ ʧʨʦʙʣʝʤʘ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʘʚʘʨʠʡʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʜʲ-

ʝʤʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʪʘʢ ʢʘʢ ʪʨʘʚʤʘʪʠʟʤ ʥʘ ʦʙʲʝʢʪʘʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʧʦʜʲʝʤʥʳʭ ʩʦʦʨʫʞʝʥʠʷʭ ʟʘʥʠʤʘʝʪ ʪʨʝʪʴʝ ʤʝʩʪʦ, ʧʦʩʣʝ ʛʦʨʥʦʨʫʜʥʦʡ ʠ ʫʛʦʣʴʥʦʡ ʦʪ-

ʨʘʩʣʝʡ. ʇʨʦʙʣʝʤʘ ʫʩʫʛʫʙʣʷʝʪʩʷ, ʪʘʢ ʢʘʢ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʧʘʨʢ ʧʦʜʲʝʤʥʳʭ ʩʦʦʨʫʞʝ-

ʥʠʡ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʩʪʘʨʝʣ (ʧʦ ʜʘʥʥʳʤ ʈʦʩʩʠʡʩʢʦʛʦ ʨʝʯʥʦʛʦ ʨʝʛʠʩʪʨʘ ʙʦʣʝʝ 90% ʧʣʘ-

ʚʫʯʠʭ ʢʨʘʥʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʥʘ ʚʥʫʪʨʝʥʥʠʭ ʚʦʜʥʳʭ ʧʫʪʷʭ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ʦʪʨʘʙʦʪʘʣʠ ʥʦʨʤʘʪʠʚʥʳʡ ʩʨʦʢ ʩʣʫʞʙʳ), ʚ ʪʦ ʞʝ ʚʨʝʤʷ, ʫ ʵʢʩʧʣʫʘʪʘʥʪʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʠʝ ʬʠʥʘʥʩʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʦʙʦʩʥʦʚʘʥʥʦʩʪʴ ʜʣʷ 

ʦʙʥʦʚʣʝʥʠʷ ʧʘʨʢʘ ʧʦʜʲʝʤʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʠʭ ʤʦʜʝʨʥʠʟʘʮʠʠ, ʟʘʤʝʥʳ ʠ ʚʦʩʩʪʘʥʦʚʠ-

ʪʝʣʴʥʦʛʦ ʨʝʤʦʥʪʘ ʠʟʥʦʰʝʥʥʳʭ ʫʟʣʦʚ. 

ʆʩʥʦʚʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ ʥʘʢʦʧʣʝʥʠʷ ʧʦʚʨʝʞʜʝʥʠʡ ʜʣʷ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʡ ʢʨʘ-

ʥʦʚ ʷʚʣʷʶʪʩʷ ʤʥʦʛʦʮʠʢʣʦʚʘʷ ʫʩʪʘʣʦʩʪʴ (ʄʥʎʋ), ʤʘʣʦʮʠʢʣʦʚʘʷ ʫʩʪʘʣʦʩʪʴ (ʄʎʋ) ʚ 

ʤʝʩʪʘʭ ʤʘʢʩʠʤʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ, ʛʜʝ ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʨʨʦʟʠ-

ʦʥʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ ʠ ʜʝʡʩʪʚʠʝ ʟʥʘʢʦʧʝʨʝʤʝʥʥʳʭ ʧʣʘʩʪʠʯʝʩʢʠʭ 

ʜʝʬʦʨʤʘʮʠʡ. ʉʬʦʨʤʠʨʦʚʘʚʰʠʝʩʷ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʝʬʝʢʪʳ ʚʝʜʫʪ ʢ ʧʦʩʣʝʜʦ-

ʚʘʪʝʣʴʥʦʤʫ ʫʭʫʜʰʝʥʠʶ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʪʘʣʠ ï ʜʝʛʨʘʜʘʮʠʠ ʧʘʨʘ-

ʤʝʪʨʦʚ ʧʨʝʜʝʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʫʟʣʦʚ ʧʦʜʲʝʤʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ. ʇʨʠ-

ʚʝʜʝʥʥʳʝ ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ ʪʨʝʙʫʶʪ ʦʩʦʙʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʟʘ 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 52, 2017 ʛ. 
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ʧʨʦʮʝʩʩʦʤ ʨʘʟʚʠʪʠʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʜʝʬʝʢʪʦʚ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʜʲʝʤʥʦʛʦ ʩʦ-

ʦʨʫʞʝʥʠʷ. ɺʩʝ ʵʪʦ ʚʳʥʫʞʜʘʝʪ ʢʦʥʩʪʨʫʢʪʦʨʦʚ ʠ ʧʨʦʯʥʠʩʪʦʚ ʫʛʣʫʙʣʝʥʥʦ ʠʩʩʣʝʜʦʚʘʪʴ 

ʧʦʚʝʜʝʥʠʝ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʩʪʘʣʝʡ ʚ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʫʩʣʦʚʠʷʭ ʨʘʟʣʠʯʥʦʛʦ ʥʘʛʨʫ-

ʞʝʥʠʷ, ʜʦʙʠʚʘʪʴʩʷ ʧʦʥʠʤʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʚʨʝʞʜʝʥʥʦʩʪʠ ʚ ʦʧʨʝʜʝ-

ʣʝʥʥʦʤ ʦʙʲʝʤʝ ʫʟʣʘ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʜʲʝʤʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ, ʘʜʝʢʚʘʪ-

ʥʦ ʦʮʝʥʠʚʘʪʴ ʩʚʷʟʘʥʥʳʝ ʧʨʦʮʝʩʩʳ ʥʘʢʦʧʣʝʥʠʷ ʧʦʚʨʝʞʜʝʥʠʡ ʠ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ. 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʨʘʟʨʫʰʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʠʥʞʝʥʝʨ-

ʥʳʭ ʦʙʲʝʢʪʦʚ, ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʭʨʫʧʢʦʝ ʨʘʟʨʫʰʝʥʠʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥ-

ʪʦʚ, ʚʳʧʦʣʥʝʥʥʳʭ ʠʟ ʧʣʘʩʪʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʧʨʦʮʝʩʩʦʚ ʫʩʪʘʣʦʩʪʠ 

ʦʧʘʩʥʦ ʠ ʥʘʠʤʝʥʝʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠ ʠʟʫʯʝʥʦ. ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʨʫʰʝʥʠʷ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʨʘʟʚʠʪʠʷ ʪʝʦʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʝʭʘʥʠʢʠ, ʘ ʪʘʢʞʝ ʩʧʝʮʠʘʣʠʟʠʨʦ-

ʚʘʥʥʳʭ ʤʝʪʦʜʦʚ ʯʠʩʣʝʥʥʦʛʦ ʨʘʩʯʝʪʘ ʠ ʫʨʘʚʥʝʥʠʡ ʩʦʩʪʦʷʥʠʷ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʚʦʟ-

ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʨʝʘʣʴʥʫʶ ʠʩʪʦʨʠʶ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ ʚ ʤʘʢʩʠ-

ʤʘʣʴʥʦ ʥʘʛʨʫʞʝʥʥʳʭ ʣʦʢʘʣʴʥʳʭ ʟʦʥʘʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʠ ʚʝʩʴʤʘ ʪʷʞʝ-

ʣʳʭ ʨʝʞʠʤʘʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʧʨʦʮʝʩʩʦʚ ʜʝʛʨʘʜʘʮʠʠ ʠ 

ʨʘʟʨʫʰʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʫʩʧʝʰʥʦ ʦʩʚʘʠʚʘʝʪʩʷ ʥʘʫʯʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ï ʤʝʭʘʥʠʢʘ ʧʦ-

ʚʨʝʞʜʝʥʥʦʡ ʩʨʝʜʳ (ʄʇʉ). ʄʝʭʘʥʠʢʘ ʧʦʚʨʝʞʜʝʥʥʦʡ ʩʨʝʜʳ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯ-

ʥʳʤ, ʥʦ ʩʣʦʞʥʳʤ ʠ ʪʨʫʜʦʝʤʢʠʤ ʧʦʜʭʦʜʦʤ, ʪʨʝʙʫʶʱʠʤ ʙʦʣʴʰʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʧʨʦʛʨʘʤʤʳ, ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʭʦʜʷʱʠʭ ʚ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʩʪʘʣʷʭ. ʈʘʟʚʠ-

ʪʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʦʚ 

ʨʝʰʝʥʠʷ ʢʨʘʝʚʳʭ ʥʝʣʠʥʝʡʥʳʭ ʟʘʜʘʯ ʥʘ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʄʇʉ ʜʣʷ ʦʮʝʥʢʠ ʚʳʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʛʥʦʟʘ ʦʩʪʘʪʦʯʥʦʛʦ 

ʨʝʩʫʨʩʘ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʧʦʜʲʝʤʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫ-

ʘʪʘʮʠʠ. 

ʈʘʟʣʠʯʘʶʪ ʪʨʠ ʦʩʥʦʚʥʳʭ ʢʣʘʩʩʘ ʦʙʲʝʢʪʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʩʣʝʜʩʪʚʠʡ ʦʪʢʘʟʦʚ: 

1-ʳʡ ʢʣʘʩʩ. ʆʙʲʝʢʪʳ, ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʦʪʢʘʟ ʢʦʪʦʨʳʭ ʩʦʟʜʘʝʪ ʫʛʨʦʟʫ ʜʣʷ ʞʠʟʥʠ ʠ 

ʟʜʦʨʦʚʴʷ ʣʶʜʝʡ, ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠʣʠ ʧʨʠʚʦʜʠʪ ʢ ʪʷʞʝʣʳʤ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʧʦʪʝ-

ʨʷʤ; 

2-ʦʡ ʢʣʘʩʩ. ʆʙʲʝʢʪʳ, ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʦʪʢʘʟ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʫʱʝ-

ʩʪʚʝʥʥʳʤ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʧʦʪʝʨʷʤ: 

3-ʠʡ ʢʣʘʩʩ. ʆʙʲʝʢʪʳ (ʠʟʜʝʣʠʷ) ʦʙʱʝʛʦ ʧʦʣʴʟʦʚʘʥʠʷ, ʦʪʢʘʟʳ ʢʦʪʦʨʳʭ ʧʨʠʚʦʜʷʪ ʢ 

ʥʝʩʫʱʝʩʪʚʝʥʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ. 

ʉʦʚʦʢʫʧʥʦʩʪʠ ʥʦʨʤʘʪʠʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʧʨʘʚʠʣ, ʚʳʧʦʣʥʝʥʠʝ ʢʦʪʦʨʳʭ ʦʙʝʩʧʝ-

ʯʠʚʘʝʪ ʬʘʢʪʠʯʝʩʢʦʝ ʜʦʩʪʠʞʝʥʠʝ ʪʨʝʙʫʝʤʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʯʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ 

ʦʙʲʝʢʪʘ ʢʘʢ ʧʦ ʩʦʩʪʘʚʫ, ʪʘʢ ʠ ʧʦ ʚʝʣʠʯʠʥʝ, ʜʦʣʞʥʳ ʙʳʪʴ ʩʦʨʘʟʤʝʨʥʳ ʩ ʢʣʘʩʩʦʤ ʦʙʲʝʢ-

ʪʘ, ʪʘʢ ʢʘʢ ʧʦʚʳʰʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ (ʫʤʝʥʴʰʝʥʠʝ ʨʠʩʢʘ) ʥʝʠʟʙʝʞʥʦ ʚʝʜʝʪ ʢ ʫʚʝʣʠʯʝ-

ʥʠʶ ʩʪʦʠʤʦʩʪʠ ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʨʘʙʦʪ ʧʦ ʠʭ ʚʳʧʦʣʥʝʥʠʶ. 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʚʦʧʨʦʩʦʚ ʷʚʣʷʝʪʩʷ ʨʘʮʠʦʥʘʣʴʥʦʝ ʩʦʯʝʪʘʥʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʫʯʝʪʘ ʚʩʝʭ ʬʠʟʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʠ ʷʚʣʝʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʣʠʷʪʴ 

ʥʘ ʩʢʦʨʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʧʦʚʨʝʞʜʝʥʥʦʩʪʠ ʠ ʚʳʙʦʨʘ ʧʨʘʢʪʠʯʝʩʢʠ ʨʝʘʣʠʟʫʝʤʳʭ ʧʦʜʭʦʜʦʚ 
ʢ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʝ ʩʪʝʧʝʥʠ ʚʣʠʷʥʠʷ ʵʪʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʠ ʷʚʣʝʥʠʡ. ʅʘ ʩʪʘʜʠʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʘ ʥʘʠʙʦʣʴʰʘʷ ʦʧʘʩʥʦʩʪʴ ʪʘʠʪʩʷ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʧʫʩʢʘ ʢʘʢʦ-

ʛʦ-ʣʠʙʦ ʬʘʢʪʦʨʘ (ʠʣʠ ʨʷʜʘ ʬʘʢʪʦʨʦʚ), ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘ-

ʮʠʠ ʦʢʘʟʳʚʘʪʴ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʠʟʤʝʥʝʥʠʝ ʦʩʪʘʪʦʯʥʦʡ ʧʨʦʯʥʦʩʪʠ (ʨʝʩʫʨʩʘ) 

ʦʙʲʝʢʪʘ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʣʥʦʪʳ ʫʯʝʪʘ ʚʩʝʭ ʩʫʱʝʩʪʚʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʜʦʣʞʥʳ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʚʩʝ ʩʧʦʩʦʙʳ ʩʥʠʞʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʧʨʦʧʫʩʢʘ: ʵʢʩʪʨʘʧʦʣʷʮʠʷ ʦʪ ʜʦ-

ʩʪʠʛʥʫʪʦʛʦ, ʘʥʘʣʠʟ ʦʧʳʪʘ, ʘʥʘʣʦʛʠʠ, ʧʨʝʮʝʜʝʥʪʳ, ʵʢʩʧʝʨʪʥʳʝ ʦʮʝʥʢʠ ʠ ʪ.ʜ. 

ɺʩʝ ʚʳʷʚʣʝʥʥʳʝ ʬʘʢʪʦʨʳ ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʥʞʠʨʦʚʘʥʳ ʧʦ ʦʞʠʜʘʝʤʦʡ ʩʪʝʧʝʥʠ ʚʣʠ-

ʷʥʠʷ ʩ ʚʳʜʝʣʝʥʠʝʤ ʛʨʫʧʧ ʬʘʢʪʦʨʦʚ, ʨʘʟʜʝʣʴʥʳʡ ʫʯʝʪ ʢʦʪʦʨʳʭ ʥʝʜʦʧʫʩʪʠʤ. 

ʊʘʢ ʢʘʢ ʧʨʦʮʝʩʩ ʩʪʘʨʝʥʠʷ ʦʙʲʝʢʪʘ (ʥʘʢʦʧʣʝʥʠʝ ʧʦʚʨʝʞʜʝʥʠʡ, ʫʤʝʥʴʰʝʥʠʝ ʦʩʪʘ-

ʪʦʯʥʦʡ ʧʨʦʯʥʦʩʪʠ) ʟʘʚʠʩʠʪ ʦʪ ʫʩʣʦʚʠʡ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʪʦ ʫʨʦʚʝʥʴ ʟʥʘʥʠʡ ʦʙ ʵʪʠʭ 
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ʫʩʣʦʚʠʷʭ ʥʘ ʦʩʥʦʚʝ ʠʟʫʯʝʥʠʷ ʬʘʢʪʠʯʝʩʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʧʨʝʜʝʣʷʝʪ ʢʫʣʴʪʫʨʫ ʦʙʝʩʧʝ-

ʯʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ, ʘ ʜʣʷ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʧʨʝʜʫʧʨʝʞʜʝʥʠʝ ʩʝʨʴ-

ʝʟʥʳʭ ʘʚʘʨʠʡ ʠ ʢʘʪʘʩʪʨʦʬ. 

ʇʨʘʚʠʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʥʦ ʪʦʣʴʢʦ çʚ ʩʨʝʜʥʝʤè ï ʥʝʜʦʩʪʘʪʦʯ-

ʥʦ. ɼʣʷ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘ-

ʪʘʮʠʠ ʥʘ ʢʘʞʜʳʡ (ʠʣʠ ʣʶʙʦʡ ʚʳʙʨʘʥʥʳʡ) ʤʦʤʝʥʪ ʥʘʨʘʙʦʪʢʠ, ʬʘʢʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʷ-

ʶʱʠʝ ʢ ʜʘʥʥʦʤʫ ʪʦʯʥʦʤʫ ʤʦʤʝʥʪʫ ʪʝʢʫʱʫʶ ʦʩʪʘʪʦʯʥʫʶ ʧʨʦʯʥʦʩʪʴ ʦʙʲʝʢʪʘ (ʚʳʨʘʙʦ-

ʪʘʥʥʳʡ ʨʝʩʫʨʩ) ʠ ʧʦʟʚʦʣʷʶʱʠʝ ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴ ʦʙʲʝʢʪ ʩ ʫʯʝʪʦʤ ʬʘʢʪʠʯʝʩʢʠʭ ʪʝʤʧʦʚ 

ʝʛʦ ʜʝʛʨʘʜʘʮʠʠ. 

ɼʣʷ ʩʣʦʞʥʳʭ ʦʙʲʝʢʪʦʚ ʯʠʩʣʦ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʧʨʦʮʝʩʩʳ ʩʪʘʨʝʥʠʷ ʦʙʲʝʢʪʘ 

ʚʝʣʠʢʦ, ʘ ʩʘʤʠ ʬʘʢʪʦʨʳ ʜʦʩʪʘʪʦʯʥʦ ʨʘʟʥʦʨʦʜʥʳ ʠ ʪʨʝʙʫʶʪ ʜʣʷ ʩʚʦʝʛʦ ʠʟʫʯʝʥʠʷ ʮʝʣʳʡ 

ʩʧʝʢʪʨ ʥʘʫʢʦʝʤʢʠʭ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ ʩ ʙʦʣʴʰʦʡ ʪʨʫʜʦʝʤʢʦʩʪʴʶ. 

ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ ʥʘ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʘʭ ʥʝʦʙʭʦʜʠʤʘ 

ʩʧʝʮʠʘʣʴʥʘʷ ʥʦʨʤʠʨʦʚʘʥʥʘʷ ʧʨʦʮʝʜʫʨʘ ʜʠʘʛʥʦʩʪʠʢʠ ʧʦʩʪʨʦʝʥʥʘʷ ʩ ʫʯʝʪʦʤ ʩʚʦʡʩʪʚ 

ʞʠʚʫʯʝʩʪʠ ʦʙʲʝʢʪʘ. ʎʝʣʝʩʦʦʙʨʘʟʥʦ ʥʘ ʩʪʘʜʠʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʧʨʦ-

ʜʣʝʥʠʝ ʪʝʢʫʱʠʭ ʥʘʟʥʘʯʝʥʥʳʭ ʨʝʩʫʨʩʦʚ ʚʧʣʦʪʴ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʧʣʘʥʦʚʦʛʦ ʨʝʩʫʨʩʘ ʜʦ 

ʩʧʠʩʘʥʠʷ, ʘ ʚ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠ ʜʘʣʝʝ (ʧʨʦʜʣʝʥʠʝ ʨʝʩʫʨʩʘ). ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʙʷʟʘʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ʠ ʘʥʘʣʠʟʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʵʢʩʧʣʫʘʪʠ-

ʨʫʶʱʝʛʦʩʷ ʦʙʲʝʢʪʘ ʧʝʨʝʜ ʢʘʞʜʳʤ ʜʦʧʫʩʢʦʤ ʦʙʲʝʢʪʘ ʥʘ ʦʯʝʨʝʜʥʦʡ ʵʪʘʧ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʇʨʦʛʥʦʟ ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʙʲʝʢʪʘ ʧʨʠ ʵʪʦʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʣʠʰʴ ʥʘ ʦʪʥʦʩʠʪʝʣʴ-

ʥʦ ʢʦʨʦʪʢʠʡ ʩʨʦʢ, ʨʘʚʥʳʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʵʪʘʧʘ. 

ʉʨʦʢʠ ʢʦʥʪʨʦʣʷ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʠʟ ʫʩʣʦʚʠʷ, ʯʪʦʙʳ ʦʩʪʘʪʦʯʥʘʷ ʧʨʦʯʥʦʩʪʴ, 

ʫʤʝʥʴʰʘʶʱʘʷʩʷ ʠʟ-ʟʘ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʧʨʦʮʝʩʩʦʚ ʜʝʛʨʘʜʘʮʠʠ, ʥʘ ʧʦʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʲʝʢʪʘ ʥʝ ʜʦʩʪʠʛʣʘ ʢʨʠʪʠʯʝʩʢʦʡ. ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ 

ʪʝʢʫʱʝʤ ʪʝʭʥʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ ʦʙʲʝʢʪʘ, ʦ ʧʨʦʛʥʦʟʥʦʡ ʤʦʜʝʣʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʲʝʢʪʘ 

ʥʘ ʧʦʩʣʝʜʫʶʱʝʤ ʠʥʪʝʨʚʘʣʝ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʦ ʪʝʤʧʘʭ ʨʘʟʚʠʪʠʷ ʧʦʚʨʝʞʜʝʥʥʦʩʪʠ ʧʦ ʜʦ-

ʤʠʥʠʨʫʶʱʠʤ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʬʠʟʠʯʝʩʢʠʤ ʤʝʭʘʥʠʟʤʘʤ ʜʝʛʨʘʜʘʮʠʠ, ʦ ʩʚʷʟʠ ʪʝʢʫʱʝʡ 

ʧʦʚʨʝʞʜʝʥʥʦʩʪʠ ʦʙʲʝʢʪʘ ʩ ʝʛʦ ʦʩʪʘʪʦʯʥʦʡ ʧʨʦʯʥʦʩʪʴʶ. 

1. ʄʦʜʝʣʴ ʧʦʚʨʝʞʜʝʥʥʦʡ ʩʨʝʜʳ ʜʣʷ ʦʮʝʥʢʠ ʜʝʛʨʘʜʘʮʠʠ ʤʘʪʝʨʠʘʣʘ  

ʧʦ ʤʝʭʘʥʠʟʤʫ ʤʥʦʛʦʮʠʢʣʦʚʦʡ ʫʩʪʘʣʦʩʪʠ 

ʉʦʛʣʘʩʥʦ ʩʪʘʪʠʩʪʠʢʝ, ʙʦʣʝʝ 80% ʚʩʝʭ ʨʘʟʨʫʰʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʤʝʪʘʣʣʦʢʦʥ-

ʩʪʨʫʢʮʠʡ ʧʦʜʲʝʤʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʧʨʦʠʩʭʦʜʷʪ ʠʟ-ʟʘ ʫʩʪʘʣʦʩʪʥʳʭ ʜʝʬʝʢʪʦʚ ʢʦʥʩʪʨʫʢ-

ʮʠʠ. ʇʦʵʪʦʤʫ ʦʧʨʝʜʝʣʝʥʠʝ ʢʨʠʪʠʯʝʩʢʠʭ ʠ ʧʨʝʜʝʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʤʘʪʝ-

ʨʠʘʣʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʫʩʣʦʚʠʷʭ ʮʠʢʣʠʯʝʩʢʦʛʦ ʥʘʛʨʫʞʝʥʠʷ, ʩ ʫʯʝʪʦʤ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦ-

ʠʟʚʦʜʩʪʚʘ, ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʠ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞ-

ʥʝʡʰʠʭ ʟʘʜʘʯ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ.  

ʄʥʦʛʦʣʝʪʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʘʣʦʩʪʥʳʭ ʧʦ-

ʚʨʝʞʜʝʥʠʡ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʫʩʪʘʣʦʩʪʴ ʦʭʚʘʪʳʚʘʝʪ ʜʚʝ ʦʙʣʘʩʪʠ 

ʮʠʢʣʠʯʝʩʢʦʛʦ ʥʘʛʨʫʞʝʥʠʷ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ.  

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʫʩʪʘʣʦʩʪʥʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʜʦʣʛʦʚʝʯʥʦʩʪʠ 

ʩʪʘʨʝʶʱʝʡ ʩʪʘʣʠ [1] ʚ ʢʦʦʨʜʠʥʘʪʘʭ ʜʝʩʷʪʠʯʥʦʛʦ ʣʦʛʘʨʠʬʤʘ çʧʣʘʩʪʠʯʝʩʢʦʝ ʜʝʬʦʨʤʠ-

ʨʦʚʘʥʠʝ ï ʯʠʩʣʦ ʮʠʢʣʦʚ ʜʦ ʨʘʟʨʫʰʝʥʠʷè ʠ çʫʧʨʫʛʘʷ ʜʝʬʦʨʤʘʮʠʷ ï ʯʠʩʣʦ ʮʠʢʣʦʚ ʜʦ 

ʨʘʟʨʫʰʝʥʠʷè ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʨʠʚʦʡ, ʧʦʢʘʟʳʚʘʶʱʝʡ ʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʫʩʪʘʣʦʩʪʥʦʡ 

ʜʦʣʛʦʚʝʯʥʦʩʪʴʶ ʠ ʧʦʣʥʦʡ ʜʝʬʦʨʤʘʮʠʝʡ (1 ï ʦʙʱʘʷ ʢʨʠʚʘʷ ʫʩʪʘʣʦʩʪʥʦʡ ʜʦʣʛʦʚʝʯʥʦ-

ʩʪʠ, 2 ï ʢʨʠʚʘʷ ʤʥʦʛʦʮʠʢʣʦʚʦʡ ʫʩʪʘʣʦʩʪʠ, 3 ï ʢʨʠʚʘʷ ʤʘʣʦʮʠʢʣʦʚʦʡ ʫʩʪʘʣʦʩʪʠ). 

 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 52, 2017 ʛ. 
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ʈʠʩ. 1. 

ʆʜʥʘ ʠʟ ʦʧʨʝʜʝʣʝʥʥʳʭ ʦʙʣʘʩʪʝʡ (ʦʙʣʘʩʪʴ ʄʎʋ) ï ʦʧʨʝʜʝʣʝʥʘ ʧʨʠ ʮʠʢʣʠʯʝʩʢʦʤ 

ʥʘʛʨʫʞʝʥʠʠ, ʧʨʠ ʢʦʪʦʨʦʤ ʚʦ ʚʨʝʤʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʮʠʢʣʘ ʧʨʦʭʦʜʷʪ ʟʥʘʢʦʧʝʨʝʤʝʥʥʳʝ 

ʧʣʘʩʪʠʯʝʩʢʠʝ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʜʝʬʦʨʤʘʮʠʠ. ʕʪʘ ʦʙʣʘʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʝʙʦʣʴ-

ʰʠʤ ʯʠʩʣʦʤ ʮʠʢʣʦʚ Nf ʜʦ ʫʩʪʘʣʦʩʪʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ (Nf Ò 104) ʠ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʵʣʝʤʝʥ-

ʪʘʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʟʦʥʘʭ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷ-

ʞʝʥʠʡ ʧʨʠ ʥʦʤʠʥʘʣʴʥʳʭ ʜʦʧʫʩʢʘʝʤʳʭ ʥʘʧʨʷʞʝʥʠʷʭ 0,5õ0,8 sT (ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ) 

ʤʘʪʝʨʠʘʣʘ. ʇʨʦʮʝʩʩ ʤʘʣʦʮʠʢʣʦʚʦʡ ʫʩʪʘʣʦʩʪʠ (ʄʎʋ) ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʮʠʢʣʠʯʝʩʢʠʤ 

ʫʧʨʦʯʥʝʥʠʝʤ (ʠʣʠ ʨʘʟʫʧʨʦʯʥʝʥʠʝʤ) ʤʘʪʝʨʠʘʣʘ ʠ ʥʝʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ çʥʘʧʨʷ-

ʞʝʥʠʝ-ʜʝʬʦʨʤʘʮʠʷè ʧʨʠ ʮʠʢʣʠʯʝʩʢʦʤ ʜʝʬʦʨʤʠʨʦʚʘʥʠʠ. ʄʘʣʦʮʠʢʣʦʚʘʷ ʫʩʪʘʣʦʩʪʴ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʟʘʚʠʩʠʪ ʦʪ ʮʠʢʣʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ 

ʠʩʪʦʨʠʠ ʝʛʦ ʥʘʛʨʫʞʝʥʠʷ. 

ɼʨʫʛʘʷ ʦʙʣʘʩʪʴ ï ʮʠʢʣʠʯʝʩʢʦʛʦ ʥʘʛʨʫʞʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʘʷ ʜʝ-

ʬʦʨʤʘʮʠʷ ʚʦ ʚʨʝʤʷ ʢʘʞʜʦʛʦ ʮʠʢʣʘ ʧʨʠʥʠʤʘʝʪʩʷ ʫʧʨʫʛʦʡ, ʘ ʧʣʘʩʪʠʯʝʩʢʠʤʠ ʜʝʬʦʨʤʘ-

ʮʠʷʤʠ ʧʨʝʥʝʙʨʝʛʘʶʪ. ʋʢʘʟʘʥʥʫʶ ʦʙʣʘʩʪʴ ʦʧʨʝʜʝʣʷʶʪ ʤʘʣʳʝ ʥʘʛʨʫʟʢʠ ʠ ʙʦʣʴʰʠʝ ʟʥʘ-

ʯʝʥʠʷ ʜʦʣʛʦʚʝʯʥʦʩʪʠ (Nf > 105). ʕʪʘ ʦʙʣʘʩʪʴ ʥʘʟʳʚʘʝʪʩʷ ʤʥʦʛʦʮʠʢʣʦʚʦʡ ʫʩʪʘʣʦʩʪʴʶ. 

ʀʤʝʥʥʦ ʩ ʧʦʤʦʱʴʶ ʮʠʢʣʠʯʝʩʢʦʡ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʚʦʟʤʦʞʥʦ ʦʪʣʠʯʠʪʴ 

ʤʘʣʦʮʠʢʣʦʚʫʶ ʫʩʪʘʣʦʩʪʴ ʦʪ ʤʥʦʛʦʮʠʢʣʦʚʦʡ.  

ɺ ʦʙʣʘʩʪʠ ʜʦʣʛʦʚʝʯʥʦʩʪʝʡ Nf = 104õ105 ï ʮʠʢʣʦʚ ʜʝʡʩʪʚʫʶʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʚʘ 

ʥʘʯʘʣʴʥʳʭ ʤʝʭʘʥʠʟʤʘ ʜʝʛʨʘʜʘʮʠʠ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʣʶʙʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʉʦʛʣʘʩʥʦ ʧʦʩʣʝʜʥʝʡ ʪʝʥʜʝʥʮʠʠ ʦʙʱʝʧʨʠʥʷʪʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʧʨʦʮʝʩʩ ʨʘʟʨʫʰʝʥʠʷ 

ʫʩʪʘʣʦʩʪʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʚʢʣʶʯʘʝʪ ʚ ʩʚʦʡ ʩʦʩʪʘʚ ʪʨʠ ʬʘʟʳ. ʇʝʨʚʘʷ ʬʘʟʘ ʦʧʠʩʳʚʘʝʪʩʷ 

ʥʘʢʦʧʣʝʥʠʝʤ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʧʦ ʚʩʝʤʫ ʤʘʪʝʨʠʘʣʴʥʦʤʫ ʦʙʲʝʤʫ ʧʦʚʨʝʞʜʝʥʠʡ, ʯʪʦ ʷʚ-

ʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʤʘʢʨʦʪʨʝʱʠʥʳ. ʇʦʩʣʝ ʥʘʩʪʫʧʘʝʪ ʚʪʦʨʘʷ ʬʘʟʘ ï ʦʧʠ-

ʩʳʚʘʝʤʘʷ ʫʩʪʦʡʯʠʚʳʤ ʨʘʟʚʠʪʠʝʤ ʪʨʝʱʠʥʳ. ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʪʨʝʱʠʥʦʡ ʢʨʠʪʠʯʝʩʢʦʛʦ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʨʘʟʤʝʨʘ ʥʘʩʪʫʧʘʝʪ ʪʨʝʪʴʷ ʬʘʟʘ ï ʥʝʫʩʪʦʡʯʠʚʳʡ ʨʦʩʪ ʪʨʝʱʠʥʳ ʩ 

ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʴʶ ʜʦ ʧʦʣʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ.  

ʂ ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ ʩʬʦʨʤʠʨʦʚʘʥʦ ʧʦʜʪʚʝʨʞʜʝʥʥʦʝ ʬʠʟʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝ-

ʥʠʝ ʦ ʬʘʢʪʝ ʧʦʷʚʣʝʥʠʷ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʡ ʪʨʝʱʠʥʳ, ʪʘʢ ʝʝ ʨʘʟʚʠʪʠʝ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪʩʷ 

ʚʥʫʪʨʝʥʥʠʤ ʦʩʣʘʙʣʝʥʠʝʤ ʤʘʪʝʨʠʘʣʘ ʠʟ-ʟʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʜʝʬʝʢʪʦʚ, ʚʝʜʫʱʠʭ ʢ ʦʙʨʘ-

ʟʦʚʘʥʠʶ ʪʨʝʱʠʥ ʠ ʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ, ʘ ʪʘʢʞʝ ʢ ʩʥʠʞʝʥʠʶ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ, ʧʨʠʯʠʥʦʡ ʵʪʦʛʦ ʷʚʣʷʶʪʩʷ ʠʟʤʝʥʝʥʠʷ ʚ ʤʠʢʨʦʩʪʨʫʢʪʫʨʝ ʤʘʪʝʨʠʘʣʘ, 

ʯʪʦ ʚʝʜʝʪ ʢ: ʩʥʠʞʝʥʠʶ ʦʙʱʝʡ ʧʨʦʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ, ʩʥʠʞʝʥʠʶ ʚʝʣʠʯʠʥʳ ʫʜʘʨʥʦʡ 

ʚʷʟʢʦʩʪʠ, ʯʪʦ ʚ ʮʝʣʦʤ ʚʝʜʝʪ ʢ ʩʦʢʨʘʱʝʥʠʶ ʦʩʪʘʪʦʯʥʦʛʦ ʨʝʩʫʨʩʘ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʥʪʝʨʚʘʣʘ ʨʘʟʨʫʰʝʥʠʷ ʦʧʠʩʳʚʘʝʪʩʷ ʚʨʝʤʝʥʝʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʫʱʝ-

ʩʪʚʫʶʱʝʡ ʪʨʝʱʠʥʳ ʚ ʤʘʢʨʦʩʪʨʫʢʪʫʨʝ ʜʦ ʢʨʠʪʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ. ʉ ʫʯʝʪʦʤ ʪʝʦʨʠʠ ʤʝ-

ʭʘʥʠʢʠ ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ, ʧʝʨʚʳʡ ʠʥʪʝʨʚʘʣ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʩ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʡ ʤʝ-

ʭʘʥʠʢʦʡ ʧʦʚʨʝʞʜʝʥʥʦʡ ʩʨʝʜʳ (ʄʇʉ), ʘ ʚʪʦʨʦʡ ï ʤʝʭʘʥʠʢʦʡ ʨʘʟʨʫʰʝʥʠʷ (MP). 



ɸ.ʉ. ʗʙʣʦʢʦʚ, ɸ.ʀ. ɺʦʣʢʦʚ, ɼ.ʅ. ʐʠʰʫʣʠʥ 
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ʄʦʜʝʣʴ ʧʦʚʨʝʞʜʸʥʥʦʡ ʩʨʝʜʳ ʧʨʠ ʄʥʎʋ, ʨʘʟʚʠʪʘʷ ʚ [2, 5], ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʪʨʠ 

ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʝ ʯʘʩʪʠ:  

ï ʩʦʦʪʥʦʰʝʥʠʷ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʪʝʥʟʦʨʘʤʠ ʜʝʬʦʨʤʘʮʠʡ ʠ 

ʥʘʧʨʷʞʝʥʠʡ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʩʚʷʟʠ ʦʪ ʧʨʦʮʝʩʩʘ ʨʘʟʨʫʰʝʥʠʷ; 

ï ʵʚʦʣʶʮʠʦʥʥʳʝ ʫʨʘʚʥʝʥʠʷ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʧʨʦʮʝʩʩ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʥʘʢʦʧʣʝʥʠʷ 

ʧʦʚʨʝʞʜʝʥʠʡ, ʥʦʩʷʱʠʭ ʫʩʪʘʣʦʩʪʥʳʡ ʭʘʨʘʢʪʝʨ; 

ï ʢʨʠʪʝʨʠʠ ʧʨʦʯʥʦʩʪʠ ʧʦʚʨʝʞʜʸʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʘ) ʋʨʘʚʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ. 

ɺ ʫʧʨʫʛʦʡ ʟʦʥʝ ʨʘʙʦʪʳ ʤʘʪʝʨʠʘʣʘ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʜʝʚʠʘʪʦʨʥʳʤʠ ʠ ʰʘʨʦʚʳʤʠ 

ʧʝʨʝʤʝʥʥʳʤʠ ʪʝʥʟʦʨʦʚ ʜʝʬʦʨʤʘʮʠʡ ʠ ʥʘʧʨʷʞʝʥʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʣʦʞʝʥʠʷʤʠ, ʠʟʣʦ-

ʞʝʥʥʳʤʠ ʟʘʢʦʥʦʤ ɻʫʢʘ: 

ʂʝ3=s , 
e

ijij
ʝG ¡=s¡ 2  

ʂʂʝʂ /3 sD+D=sD  , GGʝG
ij

e

ijij
/2 s¡D+¡D=s¡D  (1) 

ʟʜʝʩʴ eeDsDs ,,,  ï ʰʘʨʦʚʳʝ, ʘ  

ij
e

ij
e

ijij
ee ¡D¡s¡Ds¡ ,,,  ï ʜʝʚʠʘʪʦʨʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʪʝʥʟʦʨʦʚ ʥʘʧʨʷʞʝʥʠʡ sij, ʫʧʨʫʛʠʭ 

ʜʝʬʦʨʤʘʮʠʡ ij
e

e¡  ʠ ʠʭ ʧʨʠʨʘʱʝʥʠʡ 
ij
s¡D , 

ij
e¡D  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ;  

()wK  ï ʤʦʜʫʣʴ ʩʞʘʪʠʷ ʦʙʲʸʤʥʦʛʦ;  

()wG  ï ʤʦʜʫʣʴ ʩʜʚʠʛʘ (ʬʫʥʢʮʠʷ ʧʦʚʨʝʞʜʸʥʥʦʩʪʠ ʥʘʢʦʧʣʝʥʥʦʡ w). 

ʙ) ʋʨʘʚʥʝʥʠʷ ʥʘʢʦʧʣʝʥʠʷ ʧʦʚʨʝʞʜʝʥʠʡ, ʥʦʩʷʱʠʭ ʫʩʪʘʣʦʩʪʥʳʡ ʭʘʨʘʢʪʝʨ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʨʝʜʳ ʩ ʧʦʚʨʝʞʜʝʥʠʷʤʠ, ʧʨʠ ʚʣʠʷʥʠʠ ʤʝʭʘʥʠʟʤʘ ʄʥʎʋ 

ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʢʨʠʪʝʨʠʠ ɺ.ʊ. ʊʨʦʱʝʥʢʦ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʙʦʩʥʦʚʘʥʥʦ ʜʦʢʘʟʘʥʥʦʤ 

ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʢʣʘʩʩʦʚ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʡ ʩʪʘʣʠ, ʧʨʠ ʨʝʛʫʣʷʨʥʦʤ ʩʠʤʤʝʪʨʠʯʥʦʤ 

ʮʠʢʣʠʯʝʩʢʦʤ ʥʘʛʨʫʞʝʥʠʠ [8]: 
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ï ʢʨʠʪʠʯʝʩʢʘʷ ʫʜʝʣʴʥʘʷ ʨʘʙʦʪʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʟʘʨʦʞʜʝʥʠʶ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʡ 

ʫʩʪʘʣʦʩʪʥʦʡ ʪʨʝʱʠʥʳ ʚ ʵʣʝʤʝʥʪʘʨʥʦʤ ʦʙʲʝʤʝ ʤʘʪʝʨʠʘʣʘ; 
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ï ʫʜʝʣʴʥʘʷ ʧʦʣʥʘʷ ʨʘʙʦʪʘ ʩʦʩʪʘʚʣʷʶʱʠʭ ʜʝʚʠʘʪʦʨʘ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʨʘʩʩʤʦʪʨʝʥ-

ʥʳʭ ʜʝʚʠʘʪʦʨʘʭ ʫʧʨʫʛʦʡ ʜʝʬʦʨʤʘʮʠʡ, ʩʬʦʨʤʠʨʦʚʘʥʥʘʷ ʟʘ ʦʧʨʝʜʝʣʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ Nf 

ʮʠʢʣʦʚ; 
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ï çʥʝʦʧʘʩʥʘʷè ʯʘʩʪʴ ʫʜʝʣʴʥʦʡ, ʧʦʣʥʦʡ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʨʘʙʦʪʳ;  

u
e

uʫ eW D=D s  ï ʫʜʝʣʴʥʘʷ ʨʘʙʦʪʘ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʜʝʚʠʘʪʦʨʘʭ, ʟʘ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʮʠʢʣʳ ʥʘʛʨʫʞʝʥʠʷ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʧʨʝʜʝʣʫ ʫʩʪʘʣʦʩʪʥʦʡ ʚʳʥʦʩʣʠʚʦʩʪʠ ʩʪʘʣʠ. 
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ɼʣʷ ʥʝʩʠʤʤʝʪʨʠʯʥʦʛʦ ʥʘʛʨʫʞʝʥʠʷ, ʥʦʩʷʱʝʛʦ ʥʝʨʝʛʫʣʷʨʥʳʡ ʮʠʢʣʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ 

ʥʘʛʨʫʞʝʥʠʷ, ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʧʨʦʤʝʞʫʪʢʝ ʚʨʝʤʝʥʠ 
nn

ttt -=D
+1

 ʦʪʥʦʰʝʥʠʝ (2) 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ [9]: 
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s¡s¡=s  ï ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʦʟʜʝʡʩʪʚʠʷ ʪʝʥʟʦʨʦʚ ʥʘʧʨʷʞʝʥʠʷ ʚ ʤʘʪʝʨʠ-

ʘʣʝ,  
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eee ¡¡=D  ï ʧʨʠʨʘʱʝʥʠʝ ʜʝʬʦʨʤʘʮʠʡ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ,  

ʫ
s  ï ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʨʝʤʝʥʥʦʤ ʧʨʦʤʝʞʫʪʢʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʝʥʟʦʨʘ, ʯʪʦ ʩʦʦʪʚʝʪ-

ʩʪʚʫʝʪ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʧʨʝʜʝʣʫ ʚʳʥʦʩʣʠʚʦʩʪʠ ʤʘʪʝʨʠʘʣʘ,  

0
WD  ï çʦʧʘʩʥʘʷè ʯʘʩʪʴ ʧʦʣʥʦʡ ʫʜʝʣʴʥʦʡ ʵʥʝʨʛʠʠ ʫʧʨʫʛʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ

e
WD ;  

e
WD  ï ʜʝʚʠʘʪʦʨʥʘʷ ʯʘʩʪʴ ʫʜʝʣʴʥʦʡ ʵʥʝʨʛʠʠ ʫʧʨʫʛʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ;  

)(gÖD=D fWW
eʥ

 ï çʥʝʦʧʘʩʥʘʷè ʯʘʩʪʴ ʫʜʝʣʴʥʦʡ ʵʥʝʨʛʠʠ 
e

WD  ʥʘ ʵʪʘʧʝ ʥʘʛʨʫʞʝʥʠʷ. 

 

ʌʫʥʢʮʠʷ )(gf  ï ʬʫʥʢʮʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʥʘʧʨʷʞʝʥʠʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʩʪʝʧʝʥʴ ʚʣʠʷʥʠʷ ʤʝʭʘʥʠʟʤʘ ʤʥʦʛʦʮʠʢʣʦʚʦʡ ʫʩʪʘʣʦʩʪʠ 

ʥʘ ʢʨʠʚʫʶ ʫʩʪʘʣʦʩʪʠ. ɼʘʥʥʫʶ ʬʫʥʢʮʠʶ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʫʨʘʚʥʝʥʠʷ, ʠ ʛʨʘ-

ʬʠʯʝʩʢʠ ʦʥʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2: 
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ʀʥʪʝʨʚʘʣ ]1,0[Íg  ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʙʣʘʩʪʴʶ ʥʝʧʨʦʛʨʝʩʩʠʨʫʶʱʝʡ ʪʨʝʱʠʥʳ ʫʩʪʘ-

ʣʦʩʪʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʥʘ ʨʠʩ. 2 ʵʪʦ ʢʨʠʚʘʷ ʣʝʞʘʱʘʷ ʥʠʞʝ ʟʥʘʯʝʥʠʷ ʫ
s, ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʝʛʦ ʫʩʣʦʚʥʦʤʫ ʧʨʝʜʝʣʫ ʚʳʥʦʩʣʠʚʦʩʪʠ ʤʘʪʝʨʠʘʣʘ. ʀʥʪʝʨʚʘʣ ),1(
*
gÍg  ʦʧʨʝʜʝʣʷʝʪ 

ʦʙʣʘʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʝʱʠʥʳ ʫʩʪʘʣʦʩʪʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʧʦ ʤʝʭʘʥʠʟʤʫ ʤʥʦʛʦʮʠʢʣʦʚʦʡ 

ʫʩʪʘʣʦʩʪʠ. ɼʘʥʥʘʷ ʦʙʣʘʩʪʴ ʥʘ ʨʠʩ. 2 ʣʝʞʠʪ ʣʝʚʝʝ ʦʙʣʘʩʪʠ ɸ, ʘ ʜʠʘʧʘʟʦʥ 
*
g>g ʩʦʦʪʚʝʪ-

ʩʪʚʫʝʪ ʦʙʣʘʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʫʩʪʘʣʦʩʪʥʦʡ ʪʨʝʱʠʥʳ ʧʦ ʩʦʚʤʝʩʪʥʦʤʫ ʤʝʭʘʥʠʟʤʫ ʤʘʣʦ-

ʮʠʢʣʦʚʦʡ ʠ ʤʥʦʛʦʮʠʢʣʦʚʦʡ ʫʩʪʘʣʦʩʪʠ. 
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ʈʠʩ. 2 

ʊʝʦʨʝʪʠʯʝʩʢʠʡ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʧʨʦʮʝʩʩʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʚʨʝ-

ʞʜʸʥʥʦʩʪʠ ʜʝʬʝʢʪʦʚ ʚ ʤʘʪʝʨʠʘʣʝ ʧʦʟʚʦʣʷʝʪ ʦʙʦʙʱʠʪʴ ʧʨʠʢʣʘʜʥʦʡ ʚʠʜ ʵʚʦʣʶʮʠʦʥʥʦ-

ʛʦ ʫʨʘʚʥʝʥʠʷ ʥʘʢʦʧʣʝʥʠʷ ʧʦʚʨʝʞʜʝʥʠʡ, ʥʦʩʷʱʠʭ ʫʩʪʘʣʦʩʪʥʳʡ ʭʘʨʘʢʪʝʨ ʚ ʵʣʝʤʝʥʪʘʨ-

ʥʦʤ ʦʙʲʸʤʝ ʤʘʪʝʨʠʘʣʘ ʚ ʦʙʱʝʤ ʚʠʜʝ [10]:  

() () () ()1 2 3 4
f f f f Z Zw= q b w , 

ʛʜʝ ʬʫʥʢʮʠʷ f1(q) ʫʯʠʪʳʚʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʚʚʦʜʠʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʪʨʘʝʢʪʦʨʠʠ ʜʝʬʦʨʤʠ-

ʨʦʚʘʥʠʷ,  

f2(b) ï ʚʠʜ (ʦʙʲʸʤʥʦʩʪʴ) ʥʘʧʨʷʞʸʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ,  

f3(w) ï ʫʨʦʚʝʥʴ ʥʘʢʦʧʣʝʥʥʦʡ ʧʦʚʨʝʞʜʸʥʥʦʩʪʠ,  

f4(Z) ï ʥʘʢʦʧʣʝʥʥʘʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʵʥʝʨʛʠʷ, ʟʘʪʨʘʯʝʥʥʘʷ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʜʝʬʝʢʪʦʚ. 

ʋʪʦʯʥʝʥʠʝ ʧʨʠʚʝʜʝʥʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʧʨʠ ʫʩʪʘʣʦʩʪʥʳʭ ʜʝʬʦʨʤʘʮʠʷʭ ʚʝʜʝʪ ʢ ʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʟʘʧʠʩʠ ʫʨʘʚʥʝʥʠʷ ʥʘʢʦʧʣʝʥʠʷ ʧʦʚʨʝʞʜʝʥʠʡ [2]: 
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ʛʜʝ a ʠ r ï ʤʘʪʝʨʠʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ;  
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WW ;  

f
W  ï ʢʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ çʦʧʘʩʥʦʡè ʵʥʝʨʛʠʠ ʧʦʚʨʝʞʜʝʥʠʷ ʚ ʤʦʤʝʥʪ ʦʙʨʘʟʦʚʘʥʠʷ 

ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʡ ʪʨʝʱʠʥʳ, ʜʣʷ ʯʘʩʪʥʦʛʦ ʩʣʫʯʘʷ ʨʝʛʫʣʷʨʥʦʛʦ ʮʠʢʣʠʯʝʩʢʦʛʦ 

ʥʘʛʨʫʞʝʥʠʷ ʧʦʣʫʯʠʤ: 
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ʛʜʝ fN  ï ʯʠʩʣʦ ʮʠʢʣʦʚ ʜʦ ʨʘʟʨʫʰʝʥʠʷ. 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 52, 2017 ʛ. 

ʈʘʟʜʝʣ III. ʅʘʜʝʞʥʦʩʪʴ ʠ ʨʝʩʫʨʩ ʚ ʪʨʘʥʩʧʦʨʪʥʦʤ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ 

 

 63 

ʉʦʜʝʨʞʘʥʠʝ ʫʨʘʚʥʝʥʠʷ (7) ʘʥʘʣʦʛʠʯʥʦ ʩʪʨʫʢʪʫʨʝ ʫʨʘʚʥʝʥʠʷ ʥʘʢʦʧʣʝʥʥʳʭ ʧʦʚʨʝ-

ʞʜʝʥʠʡ, ʥʦʩʷʱʠʭ ʫʩʪʘʣʦʩʪʥʳʡ ʭʘʨʘʢʪʝʨ, ʦʧʨʝʜʝʣʝʥʥʳʭ ʚ ʨʘʙʦʪʘʭ [4, 6, 8]. 

ʚ) ʂʨʠʪʝʨʠʡ ʧʨʦʯʥʦʩʪʠ ʧʦʚʨʝʞʜʸʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʨʠʪʝʨʠʷ ʟʘʚʝʨʰʝʥʠʷ ʬʘʟʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʩʩʝʷʥʥʳʭ ʧʦʚʨʝ-

ʞʜʝʥʠʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ, ʥʘʟʥʘʯʘʝʪʩʷ ʫʩʣʦʚʠʝ ʜʦʩʪʠʞʝʥʠʷ ʚʝʣʠʯʠʥʦʡ ʧʦʚʨʝʞʜʸʥʥʦ-

ʩʪʠ ʩʚʦʝʛʦ ʢʨʠʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ: 

1¢w=w
f

. (8) 

ʇʨʦʠʥʪʝʛʨʠʨʦʚʘʚ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʵʚʦʣʶʮʠʦʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʥʘʢʦʧʣʝʥʠʷ ʧʦʚʨʝ-

ʞʜʝʥʠʡ, ʧʦ ʟʘʜʘʥʥʦʡ ʚʣʘʜʝʣʴʮʝʤ ʠʣʠ ʦʨʛʘʥʠʟʘʮʠʝʡ-ʵʢʩʧʣʫʘʪʘʥʪʦʤ ʠʩʪʦʨʠʠ ʟʘʛʨʫʞʝ-

ʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʧʦ ʮʠʢʣʘʤ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʦʙʲʸʤʝ ʩʪʘʣʠ, ʚʦʟʤʦʞ-

ʥʦ ʦʧʨʝʜʝʣʠʪʴ ʥʘʯʘʣʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʝʬʝʢʪʘ ʚ ʚʠʜʝ ʪʨʝʱʠʥʳ ʚ ʤʘʢʨʦʩʪʨʫʢʪʫʨʝ ʧʦ 

ʨʘʟʣʠʯʥʳʤ ʤʝʭʘʥʠʟʤʘʤ, ʦʧʨʝʜʝʣʝʥʥʳʭ ʚ ʪʝʦʨʠʠ ʄʥʎʋ. 

ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʘ ʫʩʪʘʣʦʩʪʥʦʡ ʢʨʠʚʦʡ ʉʪʘʣʠ 3 ʧʨʠ ʦʜ-

ʥʦʦʩʥʦʤ ʮʠʢʣʠʯʝʩʢʦʤ ʨʘʩʪʷʞʝʥʠʠ-ʩʞʘʪʠʠ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʦʙʨʘʟʮʘ (ʪʦʯʢʘʤʠ ʦʙʦʟʥʘʯʝ-

ʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ). 

ʇʦʣʫʯʝʥʥʘʷ ʨʘʩʯʸʪʥʘʷ ʢʨʠʚʘʷ ʤʥʦʛʦʮʠʢʣʦʚʦʡ ʫʩʪʘʣʦʩʪʠ ʩ ʪʦʯʥʦʩʪʴʶ, ʥʝʦʙʭʦʜʠ-

ʤʦʡ ʜʣʷ ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʝʪʦʚ ʢʘʯʝʩʪʚʝʥʥʦ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʧʦʣʫʯʝʥ-

ʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʦʧʨʝʜʝʣʷʶ-

ʱʠʭ ʩʦʦʪʥʦʰʝʥʠʡ ʤʝʭʘʥʠʢʠ ʧʦʚʨʝʞʜʝʥʥʦʡ ʩʨʝʜʳ ʠ ʧʨʘʚʠʣʴʥʦʩʪʠ ʚʳʙʨʘʥʥʳʭ ʤʘʪʝʨʠ-

ʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʚʠʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ ʢ ʨʝʰʝʥʠʶ ʧʨʦʙʣʝʤʳ ʦʮʝʥʢʠ 

ʚʳʨʘʙʦʪʘʥʥʦʛʦ ʨʝʩʫʨʩʘ ʦʙʲʝʢʪʦʚ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ: 

ï ʤʝʪʦʜʳ, ʙʘʟʠʨʫʶʱʠʝʩʷ ʥʘ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʤ ʦʧʨʝʜʝʣʝʥʠʠ ʩʦʩʪʦʷʥʠʷ ʢʦʥʩʪʨʫʢ-

ʮʠʠ ʤʘʪʝʨʠʘʣʘ ʠ ʫʟʣʦʚ ʥʝʨʘʟʨʫʰʘʶʱʠʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʢʦʥʪʨʦʣʷ;  

ï ʧʦʜʭʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʟʤʝʥʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʦʙʲʝʢʪʘ ʚ ʧʨʦʮʝʩʩʝ (ʥʘʧʨʠʤʝʨ, ʪʝʭʥʠʯʝʩʢʦʝ ʚʠʙʨʦʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʝ); 

ï ʧʦʜʭʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʦʮʝʩʩʦʚ ʜʝʛʨʘʜʘʮʠʠ 

ʤʘʪʝʨʠʘʣʘ ʥʘ ʙʘʟʝ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʤʝʭʘʥʠʢʠ ʧʦʚʨʝʞʜʝʥʥʦʡ ʩʨʝʜʳ, ʤʝʭʘʥʠʢʠ 

ʨʘʟʨʫʰʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩ ʫʯʝʪʦʤ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʦʙʲʝʢʪʦʚ. 

ʕʬʬʝʢʪʠʚʥʳʡ ʨʝʟʫʣʴʪʘʪ ʜʘʝʪ ʩʦʚʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʩʝʭ ʧʦʜʭʦʜʦʚ. 

ʉʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝʭʘʥʠʟʤʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʘʣ-

ʛʦʨʠʪʤ ʚʳʨʘʙʦʪʢʠ ʨʝʩʫʨʩʘ ʦʧʘʩʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʦʙʲʝʢʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʫʩʣʦʚʠʡ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʠ: ʤʥʦʛʦʮʠʢʣʦʚʘʷ ʫʩʪʘʣʦʩʪʴ, ʤʘʣʦʮʠʢʣʦʚʘʷ ʫʩʪʘʣʦʩʪʴ, ʜʣʠ-

ʪʝʣʴʥʘʷ ʧʨʦʯʥʦʩʪʴ, ʢʦʨʨʦʟʠʷ ʠ ʜʨ. ɼʣʷ ʫʢʘʟʘʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʦʙʨʘʟʦʚʘʥʠʝ ʤʘʢʨʦʩʢʦ-

ʧʠʯʝʩʢʦʡ ʪʨʝʱʠʥʳ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʜʝʡʩʪʚʠʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ 

ʯʠʩʣʘ ʦʯʝʥʴ ʩʣʦʞʥʳʭ ʩ ʧʦʟʠʮʠʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʥʘʯʘʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʨʫʢʪʫ-

ʨʳ ʠʩʩʣʝʜʫʝʤʦʡ ʩʪʘʣʠ, ʥʘʯʠʥʘʷ ʩ ʟʘʨʦʞʜʝʥʠʷ, ʨʘʟʚʠʪʠʷ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʟʥʳʭ ʪʠ-

ʧʦʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʜʝʬʝʢʪʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʚ ʤʝʪʘʣʣʘʭ ʠ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʝ ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʨʘʟʣʠʯʥʦʛʦ ʫʨʦʚʥʷ. ʅʝʦʙʨʘʪʠʤʳʝ 

ʠʟʤʝʥʝʥʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʤʘʪʝʨʠʘʣʘ ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʟʘʨʦʞʜʝʥʠʝ ʠ ʨʦʩʪ ʪʨʝʱʠʥʳ ʚ ʤʘʢ-

ʨʦʩʪʨʫʢʪʫʨʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʷʚʣʷʶʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 

ʧʨʦʮʝʩʩʘ ʨʘʟʨʫʰʝʥʠʷ ʤʘʪʝʨʠʘʣʘ. 

 



ɸ.ʉ. ʗʙʣʦʢʦʚ, ɸ.ʀ. ɺʦʣʢʦʚ, ɼ.ʅ. ʐʠʰʫʣʠʥ 
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ʈʠʩ. 3 

ɺ ʵʪʦʤ ʧʦʥʠʤʘʥʠʠ ʦʩʪʘʪʦʯʥʳʡ ʨʝʩʫʨʩ ʦʙʲʝʢʪʘ ʷʚʣʷʝʪʩʷ ʪʝʢʫʱʠʤ ʩʦʩʪʦʷʥʠʝʤ, ʟʘ-

ʚʠʩʷʱʠʤ ʦʪ ʫʩʣʦʚʠʡ ʧʨʝʜʰʝʩʪʚʫʶʱʝʡ ʠ ʙʫʜʫʱʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʲʝʢʪʘ, ʢʦʪʦʨʦʝ ʨʝʘ-

ʣʠʟʫʝʪʩʷ ʥʘ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʦʙʲʝʢʪʝ ʩ ʫʯʝʪʦʤ ʧʨʦʚʦʜʠʤʦʛʦ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʝʨʝ-

ʦʮʝʥʠʚʘʥʠʷ ʦʯʝʨʝʜʥʳʭ ʧʨʦʛʥʦʟʦʚ, çʦʪʩʣʝʞʠʚʘʥʠʷè ʨʝʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʷ ʦʙʨʘʪʥʳʭ ʩʚʷʟʝʡ ʠ ʪ.ʜ., ʪʦ ʝʩʪʴ ʪʘʢʦʛʦ ʨʦʜʘ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʢʦʪʦʨʫʶ ʧʨʠʥʷʪʦ ʦʙʦ-

ʟʥʘʯʘʪʴ ʦʙʦʙʱʘʶʱʠʤ ʪʝʨʤʠʥʦʤ çʤʦʥʠʪʦʨʠʥʛè. 

ʄʦʥʠʪʦʨʠʥʛ ʥʘʩʳʱʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʠʤʝʶʱʠʤʠ ʮʝʣʴ ʦʧʨʝʜʝʣʝʥʠʷ 

ʙʘʟʦʚʦʛʦ ʦʙʲʝʤʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʨʝʰʝʥʠʡ ʩʠʩʪʝʤ ʨʝ-

ʟʫʣʴʪʘʪʦʚ ʤʝʨʦʧʨʠʷʪʠʡ, ʧʨʠʤʝʥʷʶʱʠʭʩʷ ʢ ʦʙʲʝʢʪʫ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʝʛʦ ʞʠʟʥʠ, ʥʘʯʠʥʘʷ 

ʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ.  

2. ʏʠʩʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʙʘʣʦʯʥʦʡ ʢʦʨʦʙʯʘʪʦʡ  

ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʠ ʛʨʫʟʦʧʦʜʲʝʤʥʦʡ ʩʪʨʝʣʳ ʢʨʘʥʘ ʧʣʘʚʫʯʝʛʦ ʂʇʃ 16-30 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʧʨʘʢʪʠʢʝ ʤʝʪʦʜʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦ-

ʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʩʯʝʨʧʘʥʠʷ ʨʝʩʫʨʩʘ ʧʦʜʲʝʤʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ, ʙʳʣ ʚʳʧʦʣʥʝʥ ʨʘʩʯʝʪ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʛʨʫʟʦʧʦʜʲʝʤʥʦʡ ʩʪʨʝʣʳ ʢʨʘʥʘ ʧʣʘʚʫʯʝʛʦ ʂʇʃ 16-30, ʠʟ-

ʛʦʪʦʚʣʝʥʥʦʛʦ ʚ 1989 ʛʦʜʫ ʟʘʚʦʜʦʤ çʊʝʧʣʦʭʦʜè ʛ. ɹʦʨ, ʟʘʚ. ˉ2089. ɿʘ ʚʨʝʤʷ ʵʢʩʧʣʫʘ-

ʪʘʮʠʠ ʢʨʘʥʦʤ ʧʣʘʚʫʯʠʤ ʙʳʣʦ ʩʦʚʝʨʰʝʥʦ 431250 ʮʠʢʣʦʚ ʠ (ʧʦ ʜʘʥʥʳʤ ʦʨʛʘʥʠʟʘʮʠʠ-

ʚʣʘʜʝʣʴʮʘ) ʧʝʨʝʛʨʫʞʝʥʦ 3460000 ʪʦʥʥ ʥʘʚʘʣʦʯʥʦʛʦ ʛʨʫʟʘ. ʄʘʪʝʨʠʘʣ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʥʝʩʫʱʝʡ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʠ ʢʨʘʥʘ ʉʪ3ʢʧ. ʆʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥ-

ʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʠ ʢʨʘʥʘ ʧʣʘʚʫʯʝʛʦ ʚʳʧʦʣʥʷʣʦʩʴ ʩ ʫʯʝʪʦʤ ʫʩʣʦʚʠʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʜʲʝʤʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ ï ʜʣʷ ʨʘʩʯʝʪʘ ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʫʩʣʦʚʥʳʡ ʨʝʞʠʤ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʨʘʥʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ ʧʨʝʜʝʣʴʥʦʡ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴʶ ï 16 ʪʦʥʥ, 

ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʢʘʝʤʦʡ ʚʝʪʨʦʚʦʡ ʥʘʛʨʫʟʢʝ ʚ ʨʘʙʦʯʝʤ ʩʦʩʪʦʷʥʠʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ 15 ʤ/ʩ, ʧʨʝʜʝʣʴʥʦ ʚʦʟʤʦʞʥʦʤʫ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʥʝʨʮʠʦʥʥʦʡ 

ʥʘʛʨʫʟʢʝ ʠ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʢʨʝʥʫ ʧʦʥʪʦʥʘ ï 3 .̄ 

ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʉʪʘʣʠ 3 ʢʠʧʷʱʝʡ ʙʳʣʠ ʚʳʙʨʘʥʳ ʥʘ ʦʩʥʦʚʝ 

ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʩʪʘʣʠ: ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʖʥʛʘ 

E=1,94³105 ʄʇʘ, ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ ɜ=0,28, ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ ůʊ = 230 ʄʇʘ, 

ʧʣʦʪʥʦʩʪʴ ɟ=7820 ʢʛ/ʤ3. ɹʘʣʦʯʥʘʷ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʷ ʩʪʨʝʣʳ ʧʨʦʝʢʪʠʨʦʚʘʣʘʩʴ ʚ 

ʥʘʪʫʨʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʩ ʩʦʙʣʶʜʝʥʠʝʤ ʧʨʠʥʷʪʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʛʘʙʘʨʠʪʥʳʭ ʨʘʟʤʝʨʦʚ. 

ʄʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʷ ʩʪʨʝʣʳ ʠʤʝʝʪ ʩʠʤʤʝʪʨʠʯʥʦʝ ʩʝʯʝʥʠʝ, ʧʦʵʪʦʤʫ ʚ ʨʘʩʯʝʪʝ ʧʨʠʥʷʪʘ 

ʧʦʣʦʚʠʥʘ ʢʦʥʩʪʨʫʢʮʠʠ ʩʪʨʝʣʳ, ʥʘʟʥʘʯʝʥʥʘʷ ʧʦ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʩʪʨʝʣʳ. ʂʘʞʜʦʝ ʩʦʝʜʠ-
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ʥʝʥʠʝ, ʠʩʧʦʣʴʟʫʝʤʦʝ ʜʣʷ ʩʙʦʨʢʠ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʠ ʩʪʨʝʣʳ ʙʳʣʦ ʟʘʤʝʥʝʥʦ ʥʘ ʘʙʩʦ-

ʣʶʪʥʦ ʞʝʩʪʢʦʝ ï ʩʚʘʨʥʦʝ, ʧʨʠ ʵʪʦʤ ʩʘʤ ʩʚʘʨʥʦʡ ʰʦʚ ʥʝ ʤʦʜʝʣʠʨʫʝʪʩʷ. ʄʦʜʝʣʠʨʦʚʘ-

ʥʠʝ ʦʩʥʦʚʘʥʠʷ ʩʪʨʝʣʳ ʥʝ ʚʳʧʦʣʥʷʣʦʩʴ, ʚʤʝʩʪʦ ʵʪʦʛʦ ʚ ʤʝʩʪʘʭ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʦʚʦʨʦʪ-

ʥʦʛʦ ʰʘʨʥʠʨʘ ʩʪʨʝʣʳ ï ʦʩʥʦʚʘʥʠʝ ʢʘʨʢʘʩʘ ʤʘʰʠʥʥʦʛʦ ʦʪʜʝʣʝʥʠʷ ʠ ʚ ʫʟʣʝ ʢʨʝʧʣʝʥʠʷ 

ʪʷʛʠ ʧʦʜʚʠʞʥʦʛʦ ʧʨʦʪʠʚʦʚʝʩʘ, ʙʳʣʠ ʥʘʣʦʞʝʥʳ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ, ʠʩʢʣʶʯʘʶʱʠʝ 

ʧʝʨʝʤʝʱʝʥʠʝ ʫʟʣʦʚ ʧʦ ʚʩʝʤ ʦʩʷʤ ʠ ʥʘʧʨʘʚʣʝʥʠʷʤ, ʧʦʚʦʨʦʪ ʚʦʢʨʫʛ ʦʩʝʡ ʠ ʧʣʦʩʢʦʩʪʝʡ 

ʪʘʢ ʞʝ ʠʩʢʣʶʯʘʣʩʷ. ʇʨʠʥʠʤʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʧʨʦʢʘʪʥʦʡ ʩʪʘʣʠ, ʠʜʝ-

ʘʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʢʦʥʩʪʨʫʢʮʠʠ ʢʘʨʢʘʩʘ ʠ ʝʛʦ ʨʘʟʙʠʝʥʠʝ ʥʘ ʩʝʪʢʫ ʢʦʥʝʯʥʳʭ ʵʣʝ-

ʤʝʥʪʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 8, 10, 20-ʫʟʣʦʚʳʭ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʩʠʤ-

ʤʝʪʨʠʯʥʳʭ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ. ʅʘ ʨʠʩ. 4 ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʦʜʝʣʴ ʩʪʨʝʣʳ, ʥʘ ʨʠʩ. 5 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʦʜʝʣʴ ʩʪʨʝʣʳ ʩ ʩʝʪʢʦʡ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

 

 

ʈʠʩ. 4. 

 

 

ʈʠʩ. 5. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʦʧʘʩʥʦʡ ʟʦʥʝ 

ʩʪʨʝʣʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 6. ɺʠʜʥʦ, ʯʪʦ ʥʘʧʨʷʞʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠʤʝʝʪ ʪʨʝʭʦʩʥʳʡ 

(ʦʙʲʝʤʥʳʡ) ʭʘʨʘʢʪʝʨ, ʘ ʤʘʢʩʠʤʘʣʴʥʦʝ ʵʢʚʠʚʘʣʝʥʪʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʚ ʦʧʘʩʥʦʡ ʟʦʥʝ 

ʩʪʨʝʣʳ ʢʨʘʥʘ (ʨʠʩ. 6ʘ) ʩʦʩʪʘʚʣʷʝʪ 120 ʄʇʘ (ʦʙʣʘʩʪʴ ʄʥʎʋ). 

 



ɸ.ʉ. ʗʙʣʦʢʦʚ, ɸ.ʀ. ɺʦʣʢʦʚ, ɼ.ʅ. ʐʠʰʫʣʠʥ 

ʆʮʝʥʢʘ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʫʩʪʘʣʦʩʪʥʦʡ ʜʦʣʛʦʚʝʯʥʦʩʪʠ » 

 66 

 
ʘ) ʦʧʘʩʥʘʷ ʟʦʥʘ ʩʪʨʝʣʳ ʢʨʘʥʘ 

 

 
ʙ) ʢʘʨʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʢʚʠʚʘʣʝʥʪʥʳʭ  

ʥʘʧʨʷʞʝʥʠʡ su (ʄʇʘ)  

ʚ) ʢʘʨʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʦʨʤʘʣʴʥʳʭ  

ʥʘʧʨʷʞʝʥʠʡ sxx (ʄʇʘ) 

 
 

ʛ) ʢʘʨʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʦʨʤʘʣʴʥʳʭ  

ʥʘʧʨʷʞʝʥʠʡ syy (ʄʇʘ) 

ʜ) ʢʘʨʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʦʨʤʘʣʴʥʳʭ  

ʥʘʧʨʷʞʝʥʠʡ szz (ʄʇʘ) 

 

 

ʝ) ʢʘʨʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʘʩʘʪʝʣʴʥʳʭ  

ʥʘʧʨʷʞʝʥʠʡ sxy (ʄʇʘ) 

ʞ) ʢʘʨʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʘʩʘʪʝʣʴʥʳʭ  

ʥʘʧʨʷʞʝʥʠʡ sxz (ʄʇʘ) 

  
ʟ) ʢʘʨʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʘʩʘʪʝʣʴʥʳʭ  

ʥʘʧʨʷʞʝʥʠʡ syz (ʄʇʘ) 

ʠ) ʢʘʨʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʢʚʠʚʘʣʝʥʪʥʳʭ  

ʜʝʬʦʨʤʘʮʠʡ eu  
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ʢ) ʢʘʨʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʦʨʤʘʣʴʥʳʭ  

ʜʝʬʦʨʤʘʮʠʡ exx  

ʣ) ʢʘʨʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʦʨʤʘʣʴʥʳʭ  

ʜʝʬʦʨʤʘʮʠʡ eyy  

 

 

ʤ) ʢʘʨʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʦʨʤʘʣʴʥʳʭ  

ʜʝʬʦʨʤʘʮʠʡ ezz  

ʥ) ʢʘʨʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʘʩʘʪʝʣʴʥʳʭ  

ʜʝʬʦʨʤʘʮʠʡ exy  

  
ʦ) ʢʘʨʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʘʩʘʪʝʣʴʥʳʭ  

ʜʝʬʦʨʤʘʮʠʡ exz 

ʧ) ʢʘʨʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʘʩʘʪʝʣʴʥʳʭ  

ʜʝʬʦʨʤʘʮʠʡ eyz  

ʈʠʩ. 6 

ʅʘ ʙʘʟʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʢʠʥʝʪʠʢʠ ʅɼʉ(ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦ-

ʩʪʦʷʥʠʷ) ʚ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʠ ʩʪʨʝʣʳ ʚʳʷʚʣʝʥʘ ʦʧʘʩʥʘʷ ʟʦʥʘ 1 ʩ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥ-

ʩʠʚʥʳʤ ʧʨʦʮʝʩʩʦʤ ʥʘʢʦʧʣʝʥʠʷ ʧʦʚʨʝʞʜʝʥʠʡ (ʨʠʩ. 6ʘ). ɿʘʪʝʤ ʜʣʷ ʵʪʦʡ ʟʦʥʳ ʧʫʪʝʤ ʠʥ-

ʪʝʛʨʠʨʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʷ ʥʘʢʦʧʣʝʥʠʷ ʫʩʪʘʣʦʩʪʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ, ʜʣʷ ʟʘʜʘʥʥʦʡ ʠʩʪʦʨʠʠ 

ʥʘʛʨʫʞʝʥʠʷ ʚ ʵʪʦʡ ʟʦʥʝ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʢʦʧʣʝʥʥʘʷ ʢ ʜʘʥʥʦʤʫ ʤʦʤʝʥʪʫ ʚʨʝʤʝʥʠ ʧʦ-

ʚʨʝʞʜʝʥʥʦʩʪʴ, ʠ ʜʝʣʘʝʪʩʷ ʚʳʚʦʜ ʦʙ ʫʩʪʘʣʦʩʪʥʦʡ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʩʪʨʝʣʳ ʢʨʘʥʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʪʝʥʟʦʨʘ ʜʝʬʦʨʤʘʮʠʡ ʚ ʦʧʘʩʥʦʡ ʟʦʥʝ ʩʪʨʝʣʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʜʝʬʦʨʤʘʮʠʡ ʠʤʝʶʪ ʚʠʜ: 

  (9) 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʪʘʣʦʩʪʥʦʡ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʢʨʘʥʘ ʩʠʩʪʝʤʘ ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʦʦʪ-

ʥʦʰʝʥʠʡ ʄʇʉ ʠʥʪʝʛʨʠʨʦʚʘʣʘʩʴ ʧʦ ʟʘʜʘʥʥʦʤʫ ʟʘʢʦʥʫ ʠʟʤʝʥʝʥʠʷ ʜʝʬʦʨʤʘʮʠʡ. ʈʘʩʯʝ-

ʪʳ ʧʦʣʫʯʝʥʳ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʟʥʘʯʝʥʠʷʭ ʤʘʪʝʨʠʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʧʨʝʜʝʣʷʶʱʠʭ 

ʩʦʦʪʥʦʰʝʥʠʡ ʄʇʉ: Wf=5050 ʢɼʞ/ʩʤ3; r =0,3; Ŭ = 1; sy=61,5 ʄʇʘ; m = 5,3; g*= 3,75; 

b*=0,3. 

ʈʘʩʯʝʪ ʧʨʦʮʝʩʩʘ ʮʠʢʣʠʯʝʩʢʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʥʘʢʦʧʣʝʥʠʷ ʫʩʪʘʣʦʩʪʥʳʭ ʧʦ-

ʚʨʝʞʜʝʥʠʡ ʧʨʦʚʦʜʠʣʩʷ ʧʦ ʧʨʦʛʨʘʤʤʝ çEXPMODELè, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʥʘ ʢʘʬʝʜʨʝ 

çʇʨʠʢʣʘʜʥʘʷ ʤʝʭʘʥʠʢʘ ʠ ʧʦʜʲʝʤʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʝ ʤʘʰʠʥʳè ʌɻɹʆʋ ɺʆ ɺɻʋɺʊ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʨʘʩʯʝʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʝʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʚʷʟʢʦʧʣʘʩʪʠʯʝ-

ʩʢʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʥʘʢʦʧʣʝʥʠʷ ʧʦʚʨʝʞʜʝʥʠʡ ʚ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ 

(ʤʝʪʘʣʣʘʭ ʠ ʩʧʣʘʚʘʭ) ʧʨʠ ʧʨʦʠʟʚʦʣʴʥʦʤ ʥʝʨʝʛʫʣʷʨʥʦʤ ʥʝʩʪʘʮʠʦʥʘʨʥʦʤ ʪʝʨʤʦʤʝʭʘʥʠ-

ʯʝʩʢʦʤ ʥʘʛʨʫʞʝʥʠʠ. 
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ʅʘ ʨʠʩ. 7ʘ ʧʨʠʚʝʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʵʥʝʨʛʠʠ, ʠʜʫʱʝʡ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʧʦʚʨʝʞʜʝʥʠʡ 

ʦʪ ʯʠʩʣʘ ʮʠʢʣʦʚ ʥʘʛʨʫʞʝʥʠʷ, ʘ ʥʘ ʨʠʩ. 7ʙ ʟʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ ʧʦʚʨʝʞʜʝʥʥʦʩʪʠ w ʦʪ 

ʯʠʩʣʘ ʮʠʢʣʦʚ ʥʘʛʨʫʞʝʥʠʷ. ɺʠʜʥʦ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʴ ʵʥʝʨʛʠʠ ʦʪ 

ʯʠʩʣʘ ʮʠʢʣʦʚ ʥʘʛʨʫʞʝʥʠʷ ʥʦʩʠʪ ʧʦʯʪʠ ʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ ʟʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ ʧʦ-

ʚʨʝʞʜʝʥʥʦʩʪʠ w ʦʪ ʯʠʩʣʘ ʮʠʢʣʦʚ ʥʘʛʨʫʞʝʥʠʷ ʥʦʩʠʪ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. 

 

 
ʘ) 

 

 
ʙ) 

ʈʠʩ. 7 

ʅʘ ʨʠʩ. 8 ʧʦʢʘʟʘʥʘ ʢʨʠʚʘʷ ʧʦʚʨʝʞʜʝʥʥʦʩʪʠ w ʦʪ ʯʠʩʣʘ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʮʠʢʣʦʚ 

ʥʘʛʨʫʞʝʥʠʷ 
f

N
N , ʛʜʝ Nf ï ʯʠʩʣʦ ʮʠʢʣʦʚ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʤʘʢʨʦʪʨʝʱʠʥʳ, ʤʘʨʢʝʨʦʤ 

ʦʙʦʟʥʘʯʝʥʦ ʧʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʥʘʢʦʧʣʝʥʥʦʡ ʧʦʚʨʝʞʜʝʥʥʦʩʪʠ. ɹʦʣʴʰʦʡ ʘʥʘʣʠʟ ʠ 

ʦʧʳʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʨʘʟʣʠʯʥʳʭ ʧʦ ʩʚʦʡʩʪʚʘʤ ʠ 

ʩʪʨʫʢʪʫʨʝ ʤʘʪʝʨʠʘʣʘʭ ʠ ʨʝʞʠʤʘʭ ʥʘʛʨʫʞʝʥʠʷ ʧʦʟʚʦʣʠʣʠ ʦʧʨʝʜʝʣʠʪʴ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦ-

ʩʪʠ ʦʪ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʝʨʤʦʤʝʭʘ-

ʥʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʫʨʦʚʝʥʴ ʧʦʚʨʝʞʜʝʥʥʦʩʪʠ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʙʨʘʟʫʝʪʩʷ ʤʘʢʨʦʩʢʦʧʠ-

ʯʝʩʢʘʷ ʪʨʝʱʠʥʘ ʣʝʞʠʪ ʚ ʠʥʪʝʨʚʘʣʝ 0,2 Ò ɤÒ 0,8 ï ʟʦʥʘ ʧʦʚʳʰʝʥʥʦʛʦ ʨʠʩʢʘ ʦʙʨʘʟʦʚʘ-



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 52, 2017 ʛ. 

ʈʘʟʜʝʣ III. ʅʘʜʝʞʥʦʩʪʴ ʠ ʨʝʩʫʨʩ ʚ ʪʨʘʥʩʧʦʨʪʥʦʤ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ 
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ʥʠʷ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʡ ʪʨʝʱʠʥʳ [3, 7]. ɸʥʘʣʠʟʠʨʫʷ ʧʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʤʘʪʨʠʮ 

ʤʘʢʩʠʤʘʣʴʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʠ ʥʘʧʨʷʞʝʥʠʡ, ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ 

ʥʘʢʦʧʣʝʥʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ʥʘʭʦʜʠʪʩʷ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʧʘʩʥʦʡ ʟʦʥʝ (ʟʦʥʝ ʧʦʚʳʰʝʥʥʦ-

ʛʦ ʨʠʩʢʘ ʦʙʨʘʟʦʚʘʥʠʷ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʡ ʪʨʝʱʠʥʳ). 

 

 

ʈʠʩ. 8 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʝʪʥʦʡ ʦʮʝʥʢʠ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʠ ʩʪʨʝʣʳ ʧʣʘʚʫʯʝʛʦ ʢʨʘʥʘ 

ʂʇʃ 16-30 ʟʘʚ. ˉ2089 ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʪʝʢʫʱʝʤ ʨʝʩʫʨʩʝ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʠ ʩʪʨʝʣʳ 

ʢʨʘʥʘ (ʦʩʪʘʪʦʯʥʳʡ ʨʝʩʫʨʩ ʥʘʭʦʜʠʪʩʷ ʚ ʟʦʥʝ ʧʦʚʳʰʝʥʥʦʛʦ ʨʠʩʢʘ ʦʙʨʘʟʦʚʘʥʠʷ ʤʘʢʨʦ-

ʩʢʦʧʠʯʝʩʢʦʡ ʪʨʝʱʠʥʳ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʢʩʧʣʫʘʪʘʮʠʷ ʢʨʘʥʘ ʚ ʧʘʩʧʦʨʪʥʦʤ ʨʝʞʠʤʝ 

ʜʦʧʫʩʢʘʝʪʩʷ ʩ ʧʨʦʚʝʜʝʥʠʝʤ ʝʞʝʛʦʜʥʦʡ ʵʢʩʧʝʨʪʠʟʳ ʧʨʦʤʳʰʣʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʥʝʨʘʟʨʫʰʘʶʱʠʭ ʤʝʪʦʜʦʚ ʢʦʥʪʨʦʣʷ ʦʧʘʩʥʳʭ ʫʟʣʦʚ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʠ 

ʩʪʨʝʣʦʚʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. 
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EVALUATION OF THE ST RESS-STRAIN STATE  

AND THE FATIGUE LIFE  OF METAL FLOATING  

CRANE KPL 16ï30 ON ITS ACTUAL , OPERATIO NAL LOADING  

A.S. Yablokov, A.I. Volkov, D.N. Shishulin 

Keywords: metalwork, macrocrack, mechanic damaged the environment, floating crane, mi-

cro-defects, life, strength, cycle fatigue. 

 

To predict a residual resource and determining the generated Welded beam metalworks 

boom floating crane, lifting capacity of 16 tonnes on the basis of methods of the theory of 

mechanics of the damaged environment, while strengthening the process degradate consid-

ered steel material on the mechanism of high-cycle fatigue, evaluated the kinetics of the 

stress-strain state hazardous areas considered jib metal floating and a forecast of its residual 

resource boom on his actual operational loading. 

ʉʪʘʪʴʷ ʧʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ 21.09.2016 ʛ. 

 

 

 



 

 

 

 

 

ʈʘʟʜʝʣ I V 
 

 

 
 
ʉʫʜʦʩʪʨʦʝʥʠʝ, ʩʫʜʦʨʝʤʦʥʪ  
ʠ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʫʜʥʘ 

 
 
 

 

 
 
 
 
 
 
 

 

 

 

 

 



 

 

 

 

 

Section I V 
 

 

 
 

Shipbuilding, ship repair,  
and ecological safety of the ship  
 
 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 52, 2017 ʛ. 

ʈʘʟʜʝʣ IV. ʉʫʜʦʩʪʨʦʝʥʠʝ, ʩʫʜʦʨʝʤʦʥʪ ʠ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʫʜʥʘ 

 

 73 

ʋɼʂ 658.5: 629.5 

 
ɽ.ɻ. ɹʫʨʤʠʩʪʨʦʚ, ʧʨʦʬʝʩʩʦʨ, ʜ.ʪ.ʥ., ʌɻɹʆʋ ɺʆ çɺɻʋɺʊè 

ʊ.ɸ. ʄʠʭʝʝʚʘ, ʜʦʮʝʥʪ, ʢ.ʪ.ʥ., ʌɻɹʆʋ ɺʆ çɺɻʋɺʊè 

603951, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʫʣ. ʅʝʩʪʝʨʦʚʘ, 5 

ʇʈʆɹʃɽʄʓ ɺʅɽɼʈɽʅʀʗ ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʓʍ 

ʉʀʉʊɽʄ ʋʇʈɸɺʃɽʅʀʗ ʇʈʆɽʂʊɸʄʀ  

ʅɸ ʉʋɼʆʉʊʈʆʀʊɽʃʔʅʓʍ ʀ ʉʋɼʆʈɽʄʆʅʊʅʓʍ  

ʇʈɽɼʇʈʀʗʊʀʗʍ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʫʜʦʩʪʨʦʠʪʝʣʴʥʳʝ ʠ ʩʫʜʦʨʝʤʦʥʪʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ (ʚʝʨʬʠ), ʘʚʪʦ-

ʤʘʪʠʟʘʮʠʷ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʝʢʪʘʤʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠ-

ʷʭ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. 

 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʚʥʝʜʨʝʥʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥ-

ʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʥʘ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʩʫʜʦʩʪʨʦʠ-

ʪʝʣʴʥʳʭ ʠ ʩʫʜʦʨʝʤʦʥʪʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ. ʇʨʠʚʝʜʝʥʳ ʦʙʱʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʢ ʚʥʝʜʨʝ-

ʥʠʶ ʠ ʘʜʘʧʪʘʮʠʠ ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ ʩ ʫʯʸʪʦʤ ʩʧʝʮʠʬʠʢʠ 

ʧʨʝʜʧʨʠʷʪʠʡ. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʩʫʜʦʩʪʨʦʠʪʝʣʴʥʳʭ ʠ ʩʫʜʦʨʝʤʦʥʪʥʳʭ ʧʨʝʜ-

ʧʨʠʷʪʠʷʭ ʧʨʠʦʙʨʝʪʘʶʪ ʚʩʸ ʙʦʣʝʝ ʰʠʨʦʢʫ  ʁʧʦʧʫʣʷʨʥʦʩʪʴ ʨʘʟʣʠʯʥʳʝ ʘʚʪʦʤʘʪʠʟʠʨʦ-

ʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ. ɿʘʯʘʩʪʫʶ ʪʘʢʠʝ ʩʠʩʪʝʤʳ ʧʦʟʠʮʠʦʥʠʨʫʶʪʩʷ 

ʢʘʢ ʥʝʢʘʷ ʧʘʥʘʮʝʷ ʦʪ ʚʦʟʤʦʞʥʳʭ ʢʨʠʟʠʩʥʳʭ ʷʚʣʝʥʠʡ ʠ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʢʦʥʢʫʨʝʥʪʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʥʘ ʚʥʫʪʨʝʥʥʝʤ ʠ ʤʠʨʦʚʦʤ ʨʳʥʢʘʭ ʩʫʜʦʩʪʨʦʠʪʝʣʴʥʳʭ ʠ 

ʩʫʜʦʨʝʤʦʥʪʥʳʭ ʫʩʣʫʛ. ʕʪʦ (ʦʩʦʙʝʥʥʦ ʧʦʩʣʝʜʥʝʝ) ʥʝ ʣʠʰʝʥʦ ʦʩʥʦʚʘʥʠʡ, ʪʘʢ ʢʘʢ ʘʚʪʦ-

ʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʜʫʨ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ ʚ ʮʝʣʦʤ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ 

ʵʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʧʦʣʥʝʥʠʷ ʢʦʥʪʨʘʢʪʥʳʭ ʦʙʷʟʘʪʝʣʴʩʪʚ, ʨʘʟʚʠʪʠʷ 

ʧʨʝʜʧʨʠʷʪʠʷ, ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʝʛʦ ʨʘʙʦʪʳ, ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʧʨʦʜʫʢʮʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʩʪʦʷʪʝʣʴʩʪʚʘʤʠ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʤʠ ʚʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤ ʫʧʨʘʚ-

ʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ ʥʘ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʚʝʨʬʷʭ, ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʩʣʝʜʫʶʱʠʝ: 

ï ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʢʦʥʢʫʨʝʥʮʠʠ ʠ ʧʦʚʳʰʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʘʯʝʩʪʚʫ ʧʨʦʜʫʢʮʠʠ, 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʩʝʨʪʠʬʠʢʘʮʠʠ ʠ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ; 

ï ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʢʦʦʨʜʠʥʘʮʠʠ ʜʝʡʩʪʚʠʡ ʚʝʨʬʠ ʩʦ ʩʤʝʞʥʳʤʠ 

ʧʨʝʜʧʨʠʷʪʠʷʤʠ, ʚʢʣʶʯʘʷ ʦʧʨʝʜʝʣʸʥʥʫʶ ʩʠʥʭʨʦʥʠʟʘʮʠʶ ʩʪʨʫʢʪʫʨ ʫʧʨʘʚʣʝʥʠʷ ʠʤʠ; 

ï ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʝʨʴʸʟʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʪʨʫʢʪʫʨʝ ʧʨʝʜʧʨʠʷʪʠʷ ʠ 

ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ; 

ï ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʢʨʘʱʝʥʠ ̫ʩʨʦʢʦʚ ʤʘʨʢʝʪʠʥʛʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʝʢʪʠʨʦʚʘ-

ʥʠʷ ʠʟʜʝʣʠʡ, ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʥʘʙʞʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ; 

ï ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʧʨʦʝʢʪʦʚ ʠ ʧʨʦʠʟʚʦʜʩʪʚ; 

ï ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʙʦʪ ʧʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʩʪʨʫʢʪʫʨʳ ʩʠʩʪʝʤ rʫʧʨʘʚʣʝʥʠʷ 

ʧʨʦʝʢʪʘʤʠ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʥʳʭ ʨʝʰʝʥʠʡ; 

ï ʚʩʸ ʚʦʟʨʘʩʪʘʶʱʠʝ ʦʙʲyʤr  ʠʥʬʦʨʤʘʮʠʠ ʚʩʝʭ ʚʠʜʦʚ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʚʝʣʠʯʝʥʠʷ 

ʩʢʦʨʦʩʪʠ ʝʸ ʦʙʨʘʙʦʪʢʠ ʠ ʪ.ʜ. 

ʅʘʧʦʤʥʠʤ, ʯʪʦ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩ ʤʝ-

ʨʦʧʨʠʷʪʠʡ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʠ ʨʝʘʣʠʟʘʮʠʠ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʢʦʪʦʨʳʝ ʦʭʚʘʪʳʚʘ-

ʶʪ ʚʩʝ ʵʪʘʧʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʨʦʜʫʢʮʠʠ ʩ ʫʯʸʪʦʤ ʫʩʪʘʥʦʚʣʝʥʥʳʭ 

ʚʨʝʤʝʥʥʳʭ, ʙʶʜʞʝʪʥʳʭ ʠ ʨʝʩʫʨʩʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ [1]. ʊʦ ʝʩʪʴ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ 

ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ ʦʙʲʝʜʠʥʷʝʪ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʚʠʜʳ ʜʝʷʪʝʣʴʥʦʩʪʠ, 

ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʜʦʩʪʠʞʝʥʠʝ ʯʸʪʢʦ ʦʧʨʝʜʝʣʸʥʥʳʭ ʮʝʣʝʡ ʠ ʨʝʟʫʣʴʪʘʪʦʚ, ʩʠʥʭʨʦʥʠʟʘ-
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ʮʠ ʁʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚʨʝʤʝʥʠ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʜʝʡʩʪʚʠʡ ʩ ʯʸʪʢʠʤ 

ʦʧʨʝʜʝʣʝʥʠʝʤ ʠ ʩʪʨʦʛʠʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʥʘʯʘʣʘ ʠ ʦʢʦʥʯʘʥʠʷ ʵʪʠʭ ʜʝʡʩʪʚʠʡ. 

ʇʨʠ ʚʥʝʜʨʝʥʠʠ ʥʘ ʚʝʨʬʷʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ ʚʳʜʝʣʷʶʪ ʩʣʝʜʫʶʱʠʝ 

ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ (ʩʤ. ʪʘʙʣ. 1) [2]. 

ʊʘʙʣʠʮʘ 1  

ʆʩʥʦʚʥʳʝ ʵʪʘʧʳ ʚʥʝʜʨʝʥʠʷ ʥʘ ʚʝʨʬʷʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ ʠ ʠʭ ʩʦʜʝʨʞʘʥʠʝ 

ˉ ʧ/ʧ ʅʘʠʤʝʥʦʚʘʥʠʝ ʵʪʘʧʘ ʉʦʜʝʨʞʘʥʠʝ ʵʪʘʧʘ 

1 ʀʥʠʮʠʘʣʠʟʘʮʠʷ  

ʧʨʦʝʢʪʘ 

ʇʨʦʮʝʩʩ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʦʤ, ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ ʠʟ ʘʚʪʦʨʠ-

ʟʘʮʠʠ, ʥʘʯʘʣʘ ʠ ʦʯʝʨʝʜʥʦʡ ʬʘʟʳ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʧʨʦʝʢʪʘ 

2 ʇʣʘʥʠʨʦʚʘʥʠʝ ʇʨʦʮʝʩʩ, ʚʢʣʶʯʘʶʱʠʡ ʦʧʨʝʜʝʣʝʥʠʝ ʠ ʩʦʛʣʘʩʦʚʘʥʠʝ ʩʧʦʩʦʙʘ 

ʜʝʡʩʪʚʠʡ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʦʧʨʝʜʝʣʸʥʥʳʭ ʮʝʣʝʡ ʧʨʦʝʢʪʘ 

3 ʀʩʧʦʣʥʝʥʠʝ ʇʨʦʮʝʩʩ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʣʘʥʘ ʧʨʦʝʢʪʘ ʧʦʩʨʝʜʩʪʚʦʤ ʦʨʛʘʥʠ-

ʟʘʮʠʠ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʠ ʢʦʦʨʜʠʥʘʮʠʠ ʠʩʧʦʣʥʠʪʝʣʝʡ 

4 ʂʦʥʪʨʦʣʴ ʠʩʧʦʣʥʝʥʠʷ ʇʨʦʮʝʩʩ ʩʨʘʚʥʝʥʠʷ ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʭ ʠ ʬʘʢʪʠʯʝʩʢʠʭ ʧʦʢʘ-

ʟʘʪʝʣʝʡ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʝʢʪʘ, ʘʥʘʣʠʟ ʦʪʢʣʦʥʝʥʠʡ ʠ ʠʭ ʧʨʠ-

ʯʠʥ, ʣʠʢʚʠʜʘʮʠʷ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʦʪʢʣʦʥʝʥʠʡ 

5 ɿʘʚʝʨʰʝʥʠʝ ʧʨʦʝʢʪʘ ʇʨʦʮʝʩʩ ʦʢʦʥʯʘʥʠʷ ʨʘʙʦʪ ʠ ʟʘʚʝʨʰʝʥʠʷ ʚʩʝʛʦ ʧʨʦʝʢʪʘ 

 

ʆʞʠʜʘʝʤʳʝ ʢʦʥʢʫʨʝʥʪʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʨʠ ʵʪʦʤ ʩʚʦʜʷʪʩʷ ʢ ʩʣʝʜʫʶʱʝʤʫ: 

ï ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʠ, ʢʘʢ ʩʣʝʜ-

ʩʪʚʠʝ, ʢʘʯʝʩʪʚʘ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ; 

ï ʨʘʟʨʘʙʦʪʢʘ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʙʘʟʳ ʟʥʘʥʠʡ ʧʨʝʜʧʨʠʷʪʠʷ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʧʨʦ-

ʝʢʪʘʤʠ, ʩʚʷʟʘʥʥʦʡ ʩ ʥʘʢʦʧʣʝʥʠʝʤ, ʦʙʦʙʱʝʥʠʝʤ, ʩʠʩʪʝʤʘʪʠʟʘʮʠʝʡ ʠ ʘʥʘʣʠʟʦʤ ʦʧʳʪʘ 

ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʧʨʦʝʢʪʦʚ; 

ï ʩʦʟʜʘʥʠʝ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʦʤ 

(ʠ ʧʨʝʜʧʨʠʷʪʠʝʤ), ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʥʘ ʜʦʩʪʠʞʝʥʠʝ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʮʝʣʝʡ ʧʨʝʜʧʨʠʷ-

ʪʠʷ; 

ï ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʟʘʜʘʯʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʯʸʪʢʠ-

ʤʠ ʢʨʠʪʝʨʠʷʤʠ, ʫʯʠʪʳʚʘʷ ʠʭ ʚʟʘʠʤʥʦʝ ʚʣʠʷʥʠʝ; 

ï ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʢʠ ʧʨʦʮʝʩʩʘ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤʳ ʠ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʚʝʨʦʷʪʥʳʭ 

ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ; 

ï ʧʨʦʚʝʨʢʘ ʠ ʢʦʦʨʜʠʥʘʮʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ, ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʪʦʯʥʦʩʪʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʟʘʧʘʩʦʚ; 

ï ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦʪʨʫʜʥʠʢʦʚ ʠ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʚʝʨ-

ʬʠ; 

ï ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ çʝʜʠʥʦʡ ʢʘʨʪʠʥʳè ʚʳʧʦʣʥʝʥʠʷ ʚʩʝʭ ʧʨʦʝʢʪʦʚ; 

ï ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʝʨʘʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʩʪʘʪʫʩʘ ʧʨʦʝʢʪʥʦʛʦ ʧʦʨʪʬʝʣʷ; 

ï ʢʦʥʪʨʦʣʴ ʜʦʩʪʠʞʝʥʠ ̫ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʮʝʣʝʡ ʧʨʝʜʧʨʠʷʪʠʷ; 

ï ʢʦʥʪʨʦʣʠʨʦʚʘʥʠʝ ʩʨʦʢʦʚ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʝʢʪʦʚ; 

ï ʢʦʥʪʨʦʣʠʨʦʚʘʥʠʝ ʙʶʜʞʝʪʘ ʧʨʦʝʢʪʦʚ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʦʩʚʦʝʥʠʷ ʚʳʜʝʣʝʥʥʦʛʦ 

ʙʶʜʞʝʪʘ, ʘ ʪʘʢʞʝ ʩʦʙʣʶʜʝʥʠʝ ʬʠʥʘʥʩʦʚʦʡ ʜʠʩʮʠʧʣʠʥʳ; 

ï ʥʝʧʨʝʨʳʚʥʦʝ ʢʦʥʪʨʦʣʠʨʦʚʘʥʠʝ ʧʦ ʦʩʥʦʚʥʳʤ ʪʦʯʢʘʤ ʦʙʱʝʛʦ ʭʦʜʘ ʧʨʦʝʢʪʘ; 

ï ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʘʫʜʠʪʦʚ ʠ ʚʳʧʦʣʥʝʥʠʷ ʩʚʦʝ-

ʚʨʝʤʝʥʥʳʭ ʢʦʨʨʝʢʪʠʨʫʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ. 

ɺ ʫʩʣʦʚʠʷʭ ʥʝʩʪʘʙʠʣʴʥʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʢʦʥʢʫʨʝʥʪʥʳʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʨʝʰʘʶʱʠʤʠ ʚ ʙʦʨʴʙʝ ʟʘ ʧʦʨʪʬʝʣʴ ʟʘʢʘʟʦʚ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʧʨʝʦʜʦʣʝʥʠʝ (ʚ ʮʝʣʦʤ) ʥʝʛʘʪʠʚʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʢʨʠ-

ʟʠʩʘ, ʚ ʩʚʦʸʤ ʙʦʣʴʰʠʥʩʪʚʝ ʨʦʩʩʠʡʩʢʠʝ ʚʝʨʬʠ ʧʨʦʜʦʣʞʘʶʪ ʩʪʘʣʢʠʚʘʪʴʩʷ ʩʦ ʩʣʦʞʥʦ-

ʩʪʷʤʠ ʚ ʚʠʜʝ [3]: 

ï ʥʝʧʦʣʥʦʡ ʟʘʛʨʫʟʢʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ï ʫʚʝʣʠʯʝʥʠ-

ʝʤ ʜʦʣʠ ʥʘʢʣʘʜʥʳʭ ʨʘʩʭʦʜʦʚ ʚ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʠʟʛʦʪʘʚʣʠʚʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ; 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 52, 2017 ʛ. 

ʈʘʟʜʝʣ IV. ʉʫʜʦʩʪʨʦʝʥʠʝ, ʩʫʜʦʨʝʤʦʥʪ ʠ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʫʜʥʘ 
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ï ʥʝʭʚʘʪʢʦʡ ʩʨʝʜʩʪʚ ʥʘ ʦʙʥʦʚʣʝʥʠʝ ʩʪʨʫʢʪʫʨ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʝʤ. ʂʘʢ ʩʣʝʜ-

ʩʪʚʠʝ, ʫʩʪʘʨʝʚʘʥʠʝʤ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʠ ʧʨʦʜʦʣʞʝʥʠʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨ, 

ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʙʶʨʦʢʨʘʪʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʘʭ ʫʧʨʘʚʣʝʥʠʷ, ʚʢʣʶʯʘʷ ʠʝʨʘʨʭʠʯʝʩʢʦʝ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʝ ʧʦʣʥʦʤʦʯʠʡ ʠ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ, ʩʪʘʥʜʘʨʪʥʳʝ ʧʨʘʚʠʣʘ ʫʧʨʘʚʣʝʥʠʝ ʠʩʭʦʜʷ 

ʠʟ ʧʨʝʮʝʜʝʥʪʦʚ ʠ ʪ.ʜ.; 

ï ʦʩʪʨʳʡ ʜʝʬʠʮʠʪ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʧʨʝʜʧʨʠʷʪʠʷ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʘ ʩ ʜʨʫʛʦʡ ï ʥʝ-

ʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʩʫʨʩʦʚ: ʦʙʦʨʫʜʦʚʘʥʠʷ, ʤʘʪʝʨʠʘʣʴʥʳʭ ʟʘʧʘʩʦʚ, ʧʝʨʩʦ-

ʥʘʣʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ, ʙʦʣʴʰʠʥʩʪʚʦ ʚʝʨʬʝʡ ʠʤʝʶʪ ʥʠʟʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ 

ʩʣʦʞʥʦ ʫʧʨʘʚʣʷʝʤʳ. ɺʥʝʜʨʝʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ 

ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʚʝʩʴʤʘ ʢʩʪʘʪʠ, ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʠʪ ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ ʥʘ ʜʦʩʪʠʞʝʥʠʠ ʧʦ-

ʩʪʘʚʣʝʥʥʳʭ ʮʝʣʝʡ, ʦʩʫʱʝʩʪʚʣʷʪʴ ʢʦʨʦʪʢʦʝ ʠ ʧʨʷʤʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʩʤʝʞʥʳ-

ʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʠ ʩʪʨʫʢʪʫʨʥʳʤʠ ʧʦʜʨʘʟʜʝʣʝʥʠʷʤʠ ʚʝʨʬʠ, ʨʘʟʜʝʣʷʪʴ ʠ ʢʦʦʨʜʠʥʠʨʦ-

ʚʘʪʴ ʵʪʘʧʳ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʕʪʦ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʜʦʩʪʠʞʝʥʠʶ ʚʳ-

ʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʧʦ ʩʨʦʢʘʤ ʚʳʧʦʣʥʝʥʠʷ ʢʦʥʪʨʘʢʪʥʳʭ 

ʦʙʷʟʘʪʝʣʴʩʪʚ, ʦʧʪʠʤʠʟʘʮʠʠ ʩʨʦʢʦʚ ʠ ʟʘʪʨʘʪ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʵʪʘʧʦʚ ʠ ʨʘʙʦʪ, 

ʢʦʦʨʜʠʥʘʮʠʠ ʨʘʙʦʪ ʧʦ ʚʩʝʤ ʨʘʟʜʝʣʘʤ ʧʦʜʛʦʪʦʚʢʠ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠʢʘ, ʦʩʥʦʚʥʫʶ ʩʣʦʞʥʦʩʪʴ ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥ-

ʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʛʨʘʤʦʪʥʳʡ ʚʳʙʦʨ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʧʨʦʜʫʢʪʘ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠ,̫ ʘʜʝʢʚʘʪʥʦʛʦ ʚʩʝʤ ʪʨʝ-

ʙʦʚʘʥʠʷʤ ʢʦʥʢʨʝʪʥʦʡ ʚʝʨʬʠ. ɺ ʠʩʪʦʯʥʠʢʝ [4] ʨʘʩʩʤʦʪʨʝʥʳ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʝ ʫ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʧʨʦʛʨʘʤʤʥʳʝ ʧʨʦʜʫʢʪʳ ï ʠʥʦʩʪʨʘʥʥʳʝ: Microsoft Pro-

ject, Spider Project, Primavera, Open Plan, AVEVA PDMS 12 ʚ ʨʘʟʣʠʯʥʳʭ ʚʝʨʩʠʷʭ; ʠ 

ʦʪʝʯʝʩʪʚʝʥʥʳʝ: ʃʆʎʄɸʅ:ʂɹ (ʨʘʟʨʘʙʦʪʯʠʢ çɸʩʢʦʥè), Global-MFS, çʊʨʦʥʠʢʩè (ʉɸʇʈ 

çʅʝʚʩʢʦʛʦè ʇʂɹ), ɸʜʚʘʥʪʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝʢʦʪʦʨʳʝ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ ʫʩʧʝʰʥʦ ʚʥʝʜʨʝʥʳ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʚʝʨʬʷʭ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʚʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤʳ çʊʨʦʥʠʢʩè ʥʘ çʉʝʚʝʨʥʦʡ 

ʚʝʨʬʠè (ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ). ʕʪʘ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʚʳʧʦʣʥʪ̫ʴ ʚʩʝ ʟʘ-

ʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʦʪ ʝʛʦ ʠʥʞʝʥʝʨʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʜʦ ʧʣʘʥʠʨʦʚʘʥʠʷ, 

ʩʥʘʙʞʝʥʠʷ, ʩʢʣʘʜʩʢʦʛʦ ʫʯʸʪʘ ʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ ʫʯʘʩʪʢʘʤʠ ʥʘ ʙʝʟʙʫ-

ʤʘʞʥʦʡ ʦʩʥʦʚʝ ʚ ʝʜʠʥʦʡ ʙʘʟʝ ʜʘʥʥʳʭ, ʦʙʝʩʧʝʯʠʚʘʷ ʩʦʦʪʚʝʪʩʪʚʠʝ ʫʨʦʚʥʶ ʤʠʨʦʚʳʭ 

ʩʠʩʪʝʤ ʢʣʘʩʩʘ MRP II. ʇʦ ʤʥʝʥʠʶ ʩʧʝʮʠʘʣʠʩʪʦʚ ʟʘʚʦʜʘ ï ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʜʘʥʥʦʡ ʩʠ-

ʩʪʝʤʳ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʥʘ ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʦʡ ʥʘ ʨʦʩʩʠʡʩʢʠʭ ʚʝʨʬʷʭ ʩʠʩʪʝʤʦʡ, 

ʢʦʤʧʣʝʢʩʥʦ ʨʝʰʘʶʱʝʡ ʚʩʶ ʩʦʚʦʢʫʧʥʦʩʪʴ ʟʘʜʘʯ ʚʝʨʬʠ, ʚʢʣʶʯʘʷ ʛʘʨʘʥʪʠʡʥʦʝ ʠ ʧʦʩʪ-

ʛʘʨʘʥʪʠʡʥʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʧʨʦʜʫʢʮʠʠ ʧʨʝʜʧʨʠʷʪʠʷ. 

ɽʱʸ ʦʜʥʠʤ ʧʨʠʤʝʨʦʤ ʫʩʧʝʰʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝ-

ʥʠʷ ʧʨʦʝʢʪʘʤʠ ʷʚʣʷʝʪʩʷ ʆɸʆ çɺʳʙʦʨʛʩʢʠʡ ʩʫʜʦʩʪʨʦʠʪʝʣʴʥʳʡ ʟʘʚʦʜè. ʅʘ ʵʪʦʤ ʧʨʝʜ-

ʧʨʠʷʪʠʠ ʚʥʝʜʨʝʥʘ ʦʪʝʯʝʩʪʚʝʥʥʘʷ ʩʠʩʪʝʤʘ Global çʉʫʜʦʩʪʨʦʠʪʝʣʴʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦè 

(Global-MFS). ʈʘʟʨʘʙʦʪʯʠʢʦʤ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʢʦʤʧʘʥʠʷ ʆʆʆ çɹʠʟʥʝʩ ʊʝʭʥʦʣʦʛʠʠè. 

ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʠʤʝʝʪ ʨʘʟʣʠʯʥʳʝ ʙʣʦʢʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʫʧʨʘʚʣʷʪʴ ʥʝ ʪʦʣʴʢʦ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦʤ, ʥʦ ʠ ʨʝʤʦʥʪʦʤ ʩʫʜʦʚ Global-EAM (ʊʆʠʈ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʣʠʟʘʮʠʠ 

ʵʪʦʛʦ ʧʨʦʝʢʪʘ ʨʝʰʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: ʧʦʚʳʰʝʥʘ ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʢʦʥʩʪʨʫʢ-

ʪʦʨʦʚ ʠ ʪʝʭʥʦʣʦʛʦʚ ʠ ɻʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʩʯʸʪʘ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʤʘʪʝʨʠʘʣʘʭ ʠ ʚ ʪʨʫʜʦʚʳʭ 

ʨʝʩʫʨʩʘʭ ʥʘ ʟʘʢʘʟ ʟʘ ʩʯʸʪ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʜʦʩʪʫʧʘ ʢ ʘʢʪʫʘʣʴʥʦʡ ʠ ʜʦʩʪʦʚʝʨʥʦʡ ʠʥʬʦʨ-

ʤʘʮʠʠ ʦ ʜʝʷʪʝʣʴʥʦʩʪʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ. ɺ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʘʟʝ ʜʘʥʥʳʭ ʩʠʩʪʝʤʳ 

ʦʧʝʨʘʪʠʚʥʦ ʦʪʨʘʞʘʝʪʩʷ ʠ ʭʨʘʥʠʪʩʷ ʚʝʩʴ ʢʦʤʧʣʝʢʩ ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʘʞʜʦʤ ʠʩʧʦʣʴʟʫʝ-

ʤʦʤ ʜʦʢʫʤʝʥʪʝ ʠ ʦʙʦ ʚʩʝʭ ʩʧʨʘʚʦʯʥʳʭ ʤʘʪʝʨʠʘʣʘʭ, ʘ ʪʘʢʞʝ ʜʘʥʥʳʝ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʯʸ-

ʪʘ ï ʥʘʯʠʥʘʷ ʦʪ ʛʨʘʬʠʢʘ ʨʘʟʨʘʙʦʪʢʠ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʠ ʟʘʢʘʥʯʠʚʘʷ 

ʜʘʥʥʳʤʠ ʦʙ ʠʟʛʦʪʦʚʣʝʥʠʠ ʜʝʪʘʣʝʡ ʠ ʩʙʦʨʦʯʥʳʭ ʝʜʠʥʠʮ. ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʘʟʘ ʜʘʥ-

ʥʳʭ ʩʠʩʪʝʤʳ ʠʤʝʝʪ ʜʦʩʪʫʧ ʩ ʣʶʙʦʛʦ ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ ʧʨʠ ʫʩʣʦʚʠʠ ʥʘʣʠʯʠʷ ʧʨʘʚʘ ʜʦ-

ʩʪʫʧʘ, ʯʪʦ ʦʙʣʝʛʯʘʝʪ ʧʨʠʥʷʪʠʝ ʦʧʝʨʘʪʠʚʥʳʭ ʨʝʰʝʥʠʡ, ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʙʳʩʪʨʳʡ 

ʘʥʘʣʠʟ ʪʦʡ ʠʣʠ ʠʥʦʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʩʠʪʫʘʮʠʠ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. 



ɽ.ɻ. ɹʫʨʤʠʩʪʨʦʚ, ʊ.ɸ. ʄʠʭʝʝʚʘ 
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ʋʩʧʝʰʥʦʝ ʚʥʝʜʨʝʥʠʝ ʟʘʨʫʙʝʞʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤ rʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘ-

ʤʠ ʚʳʧʦʣʥʝʥʦ ʥʘ ɸʆ çʉʨʝʜʥʝ-ʅʝʚʩʢʠʡ ʩʫʜʦʩʪʨʦʠʪʝʣʴʥʳʡ ʟʘʚʦʜè, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʦʩ-

ʥʦʚʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ ʠʩʧʦʣʴʟʦʚʘʥʘ çAVEVAè ʠ ʨʘʟʣʠʯʥʳʝ ʝʸ ʧʦʜʩʠʩʪʝʤʳ 

(AVEVE Marine (3D-ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʫʜʦʚ), AVEVA NET, AVEVA ERM). ɺ ʨʝʟʫʣʴʪʘ-

ʪʝ ʚʥʝʜʨʝʥʠʷ ʵʪʦʡ ʩʠʩʪʝʤʳ ʧʦʷʚʠʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʵʣʝʢʪʨʦʥʥʳʭ ʤʘʩʩʠʚʦʚ ʠʥʬʦʨʤʘʮʠʠ - ʦʪ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʫʜʥʘ ʜʦ ʧʣʘʥʠʨʦʚʘʥʠ ̫ʨʝ-

ʩʫʨʩʦʚ ʠ ʫʧʨʘʚʣʝʥʠ ̫ʧʨʦʝʢʪʦʤ ʥʘ ʚʩʝʭ ʩʪʘʜʠʷʭ ʧʦʩʪʨʦʡʢʠ ʟʘʢʘʟʘ. ʊʦ ʝʩʪʴ, ʘʚʪʦʤʘʪʠʟʠ-

ʨʦʚʘʥʳ ʧʨʦʮʝʩʩʳ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʤʘ-

ʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʥʘʙʞʝʥʠʷ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʚʳʧʦʣʥʝʥʦ ʨʝʰʝ-

ʥʠʝ ʟʘʜʘʯ ʙʫʭʛʘʣʪʝʨʩʢʦʛʦ ʠ ʫʧʨʘʚʣʝʥʯʝʩʢʦʛʦ ʫʯʸʪʘ; ʚʥʝʜʨʸʥ ʵʣʝʢʪʨʦʥʥʳʡ ʜʦʢʫʤʝʥʪʦ-

ʦʙʦʨʦʪ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʩʦʢʨʘʪʠʪʴ ʩʨʦʢʠ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʙʦʨʦʯʥʳʭ ʝʜʠʥʠʮ ʠ ʚʳʧʦʣʥʷʪʴ ʠʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʥʘʩʳʱʝʥʠʝ, ʨʘʩ-

ʩʯʠʪʳʚʘʪʴ, ʤʦʜʝʣʠʨʦʚʘʪʴ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʣʘʥʠʨʫʝʤʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ. 

ʀʟ ʧʨʠʚʝʜʸʥʥʳʭ ʧʨʠʤʝʨʦʚ ʩʣʝʜʫʝʪ, ʯʪʦ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ 

ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ ʚ ʢʘʯʝʩʪʚʝ ʠʥ-

ʩʪʨʫʤʝʥʪʘ, ʦʪʝʯʝʩʪʚʝʥʥʳʤ ʚʝʨʬʷʤ ʚʝʩʴʤʘ ʩʣʦʞʥʦ ʢʦʥʢʫʨʠʨʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʥʘ ʚʥʝʰ-

ʥʝʤ, ʥʦ ʠ ʥʘ ʚʥʫʪʨʝʥʥʝʤ ʨʳʥʢʘʭ ʩʫʜʦʩʪʨʦʠʪʝʣʴʥʳʭ ʠ ʩʫʜʦʨʝʤʦʥʪʥʳʭ ʫʩʣʫʛ. ʆʜʥʘʢʦ, 

ʥʝʙʦʣʴʰʦʝ ʯʠʩʣʦ ʚʝʨʬʝʡ, ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʥʝʜʨʠʚʰʠʭ ʧʦʜʦʙʥʳʝ ʩʠʩʪʝʤʳ, ʫʢʘʟʳ-

ʚʘʝʪ ʠ ʥʘ ʪʦ, ʯʪʦ ʵʪʦʪ ʧʨʦʮʝʩʩ ʧʨʦʭʦʜʠʪ ʚʝʩʴʤʘ ʩʣʦʞʥʦ. ʆʯʝʚʠʜʥʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʥʝ 

ʪʦʣʴʢʦ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʥʘ ʚʝʨʬʷʭ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ (ʥʠ ʦʜʠʥ ɺʋɿ ʩʝ-

ʛʦʜʥʷ ʠʭ ʥʝ ʛʦʪʦʚʠʪ), ʥʦ, ʟʘʯʘʩʪʫʶ, ʠ ʩ ʥʝʞʝʣʘʥʠʝʤ ʨʫʢʦʚʦʜʩʪʚʘ ʧʨʝʜʧʨʠʷʪʠʡ ʧʨʦʚʦ-

ʜʠʪʴ ʥʫʞʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʪʘʢ ʢʘʢ ʦʥʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʚʷʟʘʥʳ ʩ ʦʧʨʝʜʝʣʸʥʥʳʤʠ ʤʘʪʝʨʠ-

ʘʣʴʥʳʤʠ ʟʘʪʨʘʪʘʤʠ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜ-

ʩʪʚʦʤ ʚ ʮʝʣʦʤ. ʀʟ ʠʩʪʦʯʥʠʢʘ [5] ʠʟʚʝʩʪʥʦ, ʯʪʦ ʟʘʪʨʘʪʳ ʥʘ ʚʥʝʜʨʝʥʠʝ ʧʦʣʥʳʭ ʘʚʪʦʤʘ-

ʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʟʘʪʨʘʪʘʤʠ ʥʘ ʧʨʠʦʙʨʝʪʝʥʠʝ ʩʦʚʨʝ-

ʤʝʥʥʦʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʘʸʪ 

ʧʨʷʤʦʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, ʢʦʪʦʨʳʡ ʧʨʦʷʚʣʷʝʪʩʷ ʩʨʘʟʫ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʬʫʥʢʮʠʦ-

ʥʠʨʦʚʘʥʠʷ ʧʨʝʜʧʨʠʷʪʠʷ, ʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʦʝʢʪʘʤʠ ʚ ʣʫʯʰʝʤ ʩʣʫʯʘʝ ʧʨʦʷʚʣʷʝʪʩʷ ʯʝʨʝʟ ʛʦʜ-ʧʦʣʪʦʨʘ ʠ, ʢ ʪʦʤʫ ʞʝ, ʢʦʩʚʝʥʥʳʤ 

ʦʙʨʘʟʦʤ. ʂ ʪʦʤʫ ʞʝ, ʟʘʪʨʘʪʳ ʚʨʝʤʝʥʠ ʥʘ ʚʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʦ ʩʨʦʢʘʤ 

ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʥʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ [6]. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʮʝʩʩ ʚʥʝʜʨʝ-

ʥʠʷ ʫʩʣʦʞʥʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʫʯʸʪʘ ʪʨʝʙʦʚʘʥʠʡ ʤʥʦʞʝʩʪʚʘ ʥʘʮʠʦʥʘʣʴʥʳʭ ʠ ʤʝʞ-

ʜʫʥʘʨʦʜʥʳʭ ʩʪʘʥʜʘʨʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ, ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʩʦʟʜʘʥʠʷ ʝʜʠʥʦʡ ʠʥʬʦʨʤʘʮʠ-

ʦʥʥʦʡ ʩʨʝʜʳ, ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʩʥʦʚʥʳʭ ʧʨʘʚʠʣ, ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʭ ʪʝʨʤʠʥʦʣʦʛʠʶ, 

ʧʨʠʥʮʠʧʳ ʠ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʢ ʫʧʨʘʚʣʝʥʠʶ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ ʠ ʪ.ʜ. ʅʘʛʣʷʜʥʫʶ ʠʣʣʶʩʪʨʘʮʠʶ ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʵʪʦʤ ʧʨʦʙʣʝʤ ʜʘʸʪ ʜʠʘʛʨʘʤʤʘ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩ 1. 

  

ʈʠʩ. 1. ʇʨʦʮʝʥʪʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ, ʚʳʟʳʚʘʶʱʠʭ ʩʣʦʞʥʦʩʪʠ  

ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ ʥʘ ʨʦʩʩʠʡʩʢʠʭ ʚʝʨʬʷʭ 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 52, 2017 ʛ. 

ʈʘʟʜʝʣ IV. ʉʫʜʦʩʪʨʦʝʥʠʝ, ʩʫʜʦʨʝʤʦʥʪ ʠ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʫʜʥʘ 
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ʀʩʩʣʝʜʦʚʘʥʠʷ ʘʚʪʦʨʦʚ ʚ ʦʙʣʘʩʪʠ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ ʧʦʟʚʦ-

ʣʷʶʪ ʩʜʝʣʘʪʴ ʥʝʢʦʪʦʨʳʝ ʦʙʦʙʱʝʥʠʷ ʠ ʚʳʨʘʙʦʪʘʪʴ ʨʷʜ ʨʝʢʦʤʝʥʜʘʮʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʙʳʪʴ ʧʦʣʝʟʥʳ ʨʫʢʦʚʦʜʩʪʚʫ ʚʝʨʬʝʡ ʧʨʠ ʨʝʰʝʥʠʠ ʚʦʧʨʦʩʘ ʦ ʚʥʝʜʨʝʥʠʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚ-

ʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ ʥʘ ʚʝʨʬʠ. 

1) ʎʝʣʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ ʜʦʣʞʥʳ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʩʪʘʥʜʘʨʪʦʤ ʧʨʝʜʧʨʠʷʪʠʷ. 

ʇʨʠ ʵʪʦʤ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʯʸʪʢʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ. ʅʘʠʣʫʯʰʠʡ ʵʬʬʝʢʪ 

ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, ʝʩʣʠ ʜʘʥʥʫʶ ʯʘʩʪʴ ʨʘʙʦʪʳ ʚʳʧʦʣʥʷʪʴ ʚʤʝʩʪʝ ʩ ʟʘʢʘʟʯʠʢʦʤ. 

2) ʅʝʦʙʭʦʜʠʤʦ ʩʨʘʟʫ ʞʝ ʩʬʦʨʤʠʨʦʚʘʪʴ ʩʠʩʪʝʤʫ ʧʦʢʘʟʘʪʝʣʝʡ ʜʣʷ ʚʥʝʜʨʝʥʠʷ ʥʘ 

ʧʨʝʜʧʨʠʷʪʠʠ. ʍʦʨʦʰʠʡ ʨʝʟʫʣʴʪʘʪ ʤʦʛʫʪ ʜʘʪʴ ʨʝʛʫʣʷʨʥʳʝ ʩʦʚʝʱʘʥʠʷ ʠ ʦʙʤʝʥ rʤʥʝʥʠ-

ʷʤʠ, ʤʦʟʛʦʚʳʝ ʰʪʫʨʤʳ ʠ ʪ.ʜ., ʧʨʦʚʦʜʠʤʳʝ ʥʘ ʩʠʩʪʝʤʥʦʡ ʦʩʥʦʚʝ. ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ 

ʚʥʝʜʨʷʪʴ ʠʤʝʥʥʦ ʩʠʩʪʝʤʫ, ʘ ʥʝ ʧʨʦʛʨʘʤʤʫ ʠ ʥʝ ʩʝʪʝʚʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ. ʉʦʪʨʫʜʥʠʢʠ 

ʚʝʨʬʠ ʜʦʣʞʥʳ ʟʥʘʪʴ ʦ ʧʣʘʥʠʨʫʝʤʳʭ ʫʣʫʯʰʝʥʠʷʭ. 

3) ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʧʦʣʝʟʥʦ ʦʨʛʘʥʠʟʦʚʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʦʙʫʯʝʥʠʝ ʩʦ-

ʪʨʫʜʥʠʢʦʚ, ʦʩʦʙʝʥʥʦ ʥʘʯʠʥʘʶʱʠʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʆʙʫʯʘʪʴ ʩʣʝʜʫʝʪ ʘʥʘʣʠʪʠʢʦʚ, ʢʦʪʦ-

ʨʳʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʨʘʙʦʪʘʪʁ ʩ ʧʨʦʛʨʘʤʤʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʠ ʦʙʝʩʧʝʯʠʚʘʪʁ ʚʩʝʭ 

ʫʯʘʩʪʥʠʢʦʚ ʧʨʦʝʢʪʘ ʥʝʦʙʭʦʜʠʤʦʡ ʠʥʬʦʨʤʘʮʠʝʡ, ʘ ʪʘʢʞʝ ʤʝʥʝʜʞʝʨʦʚ, ʩʦʪʨʫʜʥʠʢʦʚ 

ʩʣʫʞʙ ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʥʘʙʞʝʥʠʷ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʧʣʘʥʦʚʦʛʦ ʙʶʨʦ. ʇʦ-

ʣʝʟʥʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʘ ʩʧʝʮʠʘʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ ʧʦʤʦɦʠ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʚ ʦʩʚʦʝʥʠʠ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʩʠʩʪʝʤ  rʤʦʪʠʚʘʮʠʠ ʧʝʨʩʦʥʘʣʘ ʚʝʨʬʠ ʚ ʧʨʦʮʝʩʩʝ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʷ ʵʪʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

4) ʅʝʜʦʩʪʘʪʦʯʥʦ ʦʛʨʘʥʠʯʠʚʘʪɹʩʷ ʪʦʣʴʢʦ ʘʚʪʦʤʘʪʠʟʘʮʠʝʡ ʙʫʭʛʘʣʪʝʨʠʠ, ʧʨʦʝʢʪʠʨʦ-

ʚʘʥʠʷ ʠ ʢʦʤʤʝʨʯʝʩʢʦʡ ʯʘʩʪʠ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ. ʇʨʘʢʪʠʢʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʨʘʙʦʪʘ ʧʦ 

ʚʥʝʜʨʝʥʠʶ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʚʦʜʠʪʩʷ ʥʘ ʥʝʪ ʦʰʠʙʢʘʤʠ, 

ʩʦʩʪʦʷʱʠʤʠ ʚʦ ʚʥʝʜʨʝʥʠʠ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʩʪʘʨʳʝ ʧʨʦʝʢʪʳ ʙʝʟ ʢʦʨʝʥʥʦʡ ʠʭ ʨʝʦʨ-

ʛʘʥʠʟʘʮʠʠ, ʠ çʪʦʯʝʯʥʳʤè ʠʭ ʬʠʥʘʥʩʠʨʦʚʘʥʠʝʤ ʚ ʮʝʣʷʭ ʩʠʶʤʠʥʫʪʥʦʡ ʵʢʦʥʦʤʠʠ. 

5) ʎʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ ʩʣʝʜʫʝʪ ʦʮʝʥʠ-

ʚʘʪʴ ʧʫʪʸʤ ʩʨʘʚʥʝʥʠʷ ʟʘʪʨʘʪ ʠ ʚʦʟʤʦʞʥʦʛʦ ʵʬʬʝʢʪʘ. ʇʦʣʝʟʥʦ ʩʦʟʜʘʥʠʝ ʩʧʝʮʠʘʣʴʥʦʡ 

ʵʢʩʧʝʨʪʥʦʡ ʛʨʫʧʧ rʜʣʷ ʢʦʥʩʫʣʴʪʘʮʠʦʥʥʦʡ ʧʦʜʜʝʨʞʢʠ, ʦʙʝʩʧʝʯʝʥʠʷ ʣʠʪʝʨʘʪʫʨʦʡ, ʦʙ-

ʱʝʛʦ ʨʫʢʦʚʦʜʩʪʚʘ, ʨʘʟʨʘʙʦʪʢʠ ʧʠʣʦʪʥʳʭ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʠ 

ʧʨʦʯ. 

ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʘʣʛʦʨʠʪʤ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ ʥʘ ʩʫʜʦʩʪʨʦ-

ʠʪʝʣʴʥʦʡ ʚʝʨʬʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 2. 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʠʢʘʢʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʥʝ 

ʤʦʞʝʪ ʦʜʥʦʤʦʤʝʥʪʥʦ, ʨʘʟ ʠ ʥʘʚʩʝʛʜʘ ʨʝʰʠʪʴ ʚʩʝ ʧʨʦʙʣʝʤʳ ʧʨʝʜʧʨʠʷʪʠʷ. ʅʝ ʩʫʱʝ-

ʩʪʚʫʝʪ ʥʝʢʦʝʛʦ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʩʨʝʜʩʪʚʘ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʨʘʟʦʤ ʨʘʟʨʝ-

ʰʠʪʴ ʚʩʝ ʩʣʦʞʥʳʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʩʠʪʫʘʮʠʠ ʠ ʧʨʝʦʜʦʣʝʪʴ ʨʘʟʥʦʛʦ ʨʦʜʘ ʧʨʝʧʷʪ-

ʩʪʚʠʷ. ɼʘʞʝ ʧʨʠ ʫʩʣʦʚʠʠ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤʳ ʥʝ ʟʘ 1,5 ʛʦʜʘ, ʘ ʟʘ 1,5 ʤʝʩʷʮʘ (ʯʪʦ ʪʝʭʥʠ-

ʯʝʩʢʠ ʚʦʟʤʦʞʥʦ), ʩʘʤʦ ʧʨʝʜʧʨʠʷʪʠʝ ʚʨʷʜ ʣʠ ʩʤʦʞʝʪ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʥʦʚʦʡ ʬʦʨʤʝ 

ʨʘʙʦʪʳ ʟʘ ʩʪʦʣʴ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ. ʊʦ ʝʩʪʴ, ʥʝʦʙʭʦʜʠʤ ʧʦʩʪʝʧʝʥʥʳʡ ʧʝʨʝʚʦʜ ʢʘʞʜʦʛʦ 

ʧʨʦʝʢʪʘ ʥʘ ʥʦʚʳʡ ʫʨʦʚʝʥʴ. ʇʨʠ ʵʪʦʤ ʩʝʨʴʸʟʥʳʝ ʠʟʤʝʥʝʥʠʷ ʜʦʣʞʥʳ ʟʘʪʨʘʛʠʚʘʪʴ ʚʩʝ 

ʵʪʘʧʳ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʩʦʙʩʪʚʝʥʥʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦ-

ʮʝʩʩʘ ʚ ʮʝʭʘʭ. ɸ ʣʶʙʳʝ ʫʣʫʯʰʝʥʠʷ ʚ ʫʧʨʘʚʣʝʥʠʠ ʧʨʦʝʢʪʘʤʠ ʩʘʤʠ ʧʦ ʩʝʙʝ ʥʫʞʜʘʪʁʩʷ 

ʚ ʧʨʠʤʝʥʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʘ ʠ ʜʦʣʞʥ r ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʪʦʣʴʢʦ ʚ 

ʩʨʝʜʥʝ- ʠ ʜʦʣʛʦʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ, ʥʘʮʝʣʝʥʥʦʡ ʥʘ ʨʘʜʠʢʘʣʴʥʦʝ ʧʦʚʳʰʝʥʠʝ ʢʦʥʢʫ-

ʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʚʝʨʬʠ. 
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ɺ.ɺ. ɻʣʝʙʦʚ, ʜʦʮʝʥʪ, ʢ.ʬ.-ʤ.ʥ., ʌɻɹʆʋ ɺʆ çɺɻʋɺʊè 

ɺ.ʄ. ɹʣʠʥʦʚ, ʧʨʦʬʝʩʩʦʨ, ʜ.ʪ.ʥ., ʀʄɽʊ ʈɸʅ, 
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603951, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʫʣ. ʅʝʩʪʝʨʦʚʘ, 5 

ʄɽʍɸʅʀɿʄʓ ʉʊʈʋʂʊʋʈʅʆɻʆ ʋʇʈʆʏʅɽʅʀʗ 

ɸɿʆʊʉʆɼɽʈɾɸʑɽʁ ɸʋʉʊɽʅʀʊʅʆʁ ʉʊɸʃʀ  

ʊʀʇɸ 05ʍ22ɸɻ14ʅ7ʄ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʟʦʪʩʦʜʝʨʞʘʱʘʷ ʩʪʘʣʴ, ʤʝʭʘʥʠʟʤ ʫʧʨʦʯʥʝʥʠʷ, ʪʚʝʨʜʦʨʘʩʪʚʦʨʥʦʝ 

ʫʧʨʦʯʥʝʥʠʝ, ʟʝʨʥʦʛʨʘʥʠʯʥʦʝ ʫʧʨʦʯʥʝʥʠʝ, ʘʫʩʪʝʥʠʪ. 

 

ʈʘʩʩʤʦʪʨʝʥʳ ʤʝʭʘʥʠʟʤʳ ʪʚʝʨʜʦʨʘʩʪʚʦʨʥʦʛʦ ʠ ʟʝʨʥʦʛʨʘʥʠʯʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʚʳʩʦʢʦ-

ʧʨʦʯʥʳʭ ʘʫʩʪʝʥʠʪʥʳʭ ʩʪʘʣʝʡ ʘʪʦʤʘʤʠ ʘʟʦʪʘ. ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʳʭ ʠ ʨʘʩʯʝʪʥʳʭ ʟʥʘʯʝʥʠʡ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʜʝʨʞʘ-

ʥʠʷ ʘʟʦʪʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʪʚʝʨʜʦʨʘʩʪʚʦʨʥʦʝ ʫʧʨʦʯʥʝʥʠʝ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʤʝʭʘʥʠʟ-

ʤʦʤ ʧʦʚʳʰʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʩʪʘʣʠ. 

 

ɸʫʩʪʝʥʠʪʥʳʝ ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʠʝ ʩʪʘʣʠ, ʦʙʣʘʜʘʷ ʢʦʤʧʣʝʢʩʦʤ ʚʘʞʥʳʭ ʠ ʧʦʣʝʟʥʳʭ 

ʩʚʦʡʩʪʚ, ʥʘʰʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚʦ ʤʥʦʛʠʭ ʦʪʨʘʩʣʷʭ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ. ɸʫʩʪʝ-

ʥʠʪʥʳʝ ʩʪʘʣʠ ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʢʦʨʨʦʟʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ, ʭʦʨʦʰʫʶ ʞʘʨʦʩʪʦʡʢʦʩʪʴ ʠ 

ʞʘʨʦʧʨʦʯʥʦʩʪʴ, ʧʦʚʳʰʝʥʥʫʶ ʧʣʘʩʪʠʯʥʦʩʪʴ ʠ ʧʘʨʘʤʘʛʥʠʪʥʦʩʪʴ. ʆʜʥʘʢʦ, ʩʫʱʝʩʪʚʝʥ-

ʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʵʪʠʭ ʩʪʘʣʝʡ, ʩʜʝʨʞʠʚʘʶʱʠʤ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ 
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ɺ.ɺ. ɻʣʝʙʦʚ, ɺ.ʄ. ɹʣʠʥʦʚ, ʌ.ʌ. ʈʝʧʠʥ 

ʄʝʭʘʥʠʟʤʳ ʩʪʨʫʢʪʫʨʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʘʟʦʪʩʦʜʝʨʞʘʱʝʡ ʘʫʩʪʝʥʠʪʥʦʡ ʩʪʘʣʠ ʪʠʧʘ » 

 80 

ʚʳʩʦʢʦʥʘʛʨʫʞʝʥʥʳʭ ʜʝʪʘʣʝʡ ʠ ʢʦʥʩʪʨʫʢʮʠʡ, ʷʚʣʷʝʪʩʷ ʥʝʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ ʧʨʝʜʝʣʘ 

ʪʝʢʫʯʝʩʪʠ (ů0,2 < 600 ʄʧʘ). ʈʘʟʚʠʪʠʝ ʮʝʣʦʛʦ ʨʷʜʘ ʦʪʨʘʩʣʝʡ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʘʰʠʥʦʩʪʨʦ-

ʝʥʠʷ (ʪʨʘʥʩʧʦʨʪʥʦʛʦ, ʩʫʜʦʚʦʛʦ, ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʠ ʪ.ʜ.) ʥʘʩʪʦʷʪʝʣʴʥʦ ʪʨʝʙʫʝʪ ʩʦʟʜʘʥʠʷ 

ʠ ʚʥʝʜʨʝʥʠʷ ʚʳʩʦʢʦʧʨʦʯʥʳʭ, ʚʷʟʢʠʭ, ʧʣʘʩʪʠʯʥʳʭ, ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʠʭ ʠ ʧʘʨʘʤʘʛ-

ʥʠʪʥʳʭ ʩʪʘʣʝʡ. ɿʘʜʘʯʘ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʪʘʢʠʭ ʩʪʘʣʝʡ ʷʚʣʷʝʪʩʷ 

ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʠ [1]. 

ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʧʨʦʯʥʦʩʪʠ ʘʫʩʪʝʥʠʪʥʳʭ ʥʝʨʞʘ-

ʚʝʶʱʠʭ ʩʪʘʣʝʡ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʤʝʭʘʥʠʟʤʘ ʪʚʝʨʜʦʨʘʩʪʚʦʨʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʧʫʪʝʤ 

ʫʚʝʣʠʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʘʟʦʪʘ, ʯʪʦ ʚʦʟʤʦʞʥʦ ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʧʦʜʙʦʨʝ ʩʭʝʤʳ 

ʣʝʛʠʨʦʚʘʥʠʷ ʩʪʘʣʠ. 

ɺ ʨʘʙʦʪʝ [2] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʨʘʩʪʚʦʨʝʥʠʠ ʚ ʞʝʣʝʟʝ ʘʪʦʤʦʚ ʟʘʤʝʱʝʥʠʷ ʧʨʦʠʩʭʦ-

ʜʠʪ ʫʧʨʦʯʥʝʥʠʝ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ, ʧʨʠʯʝʤ ʚʝʣʠʯʠʥʘ ʫʧʨʦʯʥʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʨʷʜʘ ʬʘʢ-

ʪʦʨʦʚ: ʚʦ-ʧʝʨʚʳʭ, ʦʪ ʩʪʝʧʝʥʠ ʨʘʟʣʠʯʠʷ ʨʘʟʤʝʨʦʚ ʘʪʦʤʦʚ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʨʘʩʪʚʦʨʝʥʥʦʛʦ 

ʣʝʛʠʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ; ʚʦ-ʚʪʦʨʳʭ, ʦʪ ʩʪʝʧʝʥʠ ʚʦʟʤʫʱʝʥʠʷ ʠʩʭʦʜʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʫʶ ʦʮʝʥʠʚʘʶʪ ʧʦ ʨʘʟʥʠʮʝ ʤʦʜʫʣʝʡ ʩʜʚʠʛʘ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʨʘʩʪʚʦ-

ʨʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ. ɺ ʨʘʩʪʚʦʨʘʭ ʟʘʤʝʱʝʥʠʷ ʘʪʦʤʳ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʚʳʟʳʚʘʶʪ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʩʠʤʤʝʪʨʠʯʥʳʝ ʠʩʢʘʞʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʦʤʫ ʵʬʬʝʢʪʫ ʫʧʨʦʯʥʝʥʠʷ. 

ɺ ʨʘʩʪʚʦʨʘʭ ʚʥʝʜʨʝʥʠʷ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ ʨʘʩʪʚʦʨʝʥʠʠ C ʠ N ʚ Ŭ- ʠ ɔ- ʞʝ-

ʣʝʟʝ ʧʨʦʠʩʭʦʜʠʪ ʘʩʠʤʤʝʪʨʠʯʥʦʝ ʠʩʢʘʞʝʥʠʝ ʨʝʰʝʪʢʠ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʝʝ ʟʥʘʯʠʪʝʣʴʥʦ 

ʙʦʣʴʰʠʡ ʵʬʬʝʢʪ ʫʧʨʦʯʥʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʩʪʚʦʨʦʤ ʟʘʤʝʱʝʥʠʷ. ʀʟʚʝʩʪʥʦ, ʯʪʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʪʦʤʘ ʚʥʝʜʨʝʥʠʷ ʩ ʜʠʩʣʦʢʘʮʠʝʡ ʯʝʨʝʟ ʚʦʟʤʫʱʝʥʠʝ ʦʙʲʸʤʘ ʦʙʳʯʥʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʩʠʣʴʥʝʝ, ʯʝʤ ʘʪʦʤʘ ʟʘʤʝʱʝʥʠʷ [3]. 

ʅʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʠʟ ʢʦʪʦʨʦʡ ʚʠʜʥʦ, ʯʪʦ ʵʬʬʝʢʪ ʫʧʨʦʯʥʝʥʠʷ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ 

ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʚʥʝʜʨʝʥʠʷ ~ ʚ 10 ʨʘʟ ʚʳʰʝ, ʯʝʤ ʚ ʩʣʫʯʘʝ ʨʘʩʪʚʦʨʘ ʟʘʤʝʱʝʥʠʷ [2]. 

 
 ȹ ů0,2 ,ʄʇʘ 

 
ʉʦʜʝʨʞʘʥʠʝ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, % (ʤʘʩ.) 

ʈʠʩ. 1. ʋʧʨʦʯʥʝʥʠʝ ʘʫʩʪʝʥʠʪʥʳʭ ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʠʭ ʩʪʘʣʝʡ  

ʧʨʠ ʚʚʝʜʝʥʠʠ ʵʣʝʤʝʥʪʦʚ ʚʥʝʜʨʝʥʠʷ (1), ʬʝʨʨʠʪʦʦʙʨʘʟʫʶʱʠʭ (2)  

ʠ ʘʫʩʪʝʥʠʪʦʦʙʨʘʟʫʶʱʠʭ (3) ʵʣʝʤʝʥʪʦʚ ʟʘʤʝʱʝʥʠʷ. 

ɺ ʨʘʙʦʪʘʭ [4, 5] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʘʟʦʪ ʚ ʥʝʨʞʘʚʝʶʱʠʭ ʩʪʘʣʷʭ ʧʦʥʠʞʘʝʪ ʵʥʝʨʛʠʶ ʜʝ-

ʬʝʢʪʘ ʫʧʘʢʦʚʢʠ ( ɔʜ.ʫ. ), ʪʦʛʜʘ ʢʘʢ ʫʛʣʝʨʦʜ ʝʸ ʧʦʚʳʰʘʝʪ. ʀʟʚʝʩʪʥʦ [6, 7], ʯʪʦ ʵʥʝʨʛʠʷ 

ʜʝʬʝʢʪʦʚ ʫʧʘʢʦʚʢʠ ʪʝʩʥʦ ʩʚʷʟʘʥʘ ʩ ʭʘʨʘʢʪʝʨʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʜʠʩʣʦʢʘʮʠʡ. ʅʘʧʨʠʤʝʨ, ʥʠʟʢʘʷ ɔʜ.ʫ. ʧʨʠʚʦʜʠʪ ʢ ʨʘʩʱʝʧʣʝʥʠʶ ʜʠʩʣʦʢʘʮʠʡ, ʘ, ʢʘʢ ʠʟ-

ʚʝʩʪʥʦ, ʜʣʷ ʪʘʢʠʭ ʜʠʩʣʦʢʘʮʠʡ ʧʦʧʝʨʝʯʥʦʝ ʩʢʦʣʴʞʝʥʠʝ ʟʘʪʨʫʜʥʝʥʦ. ɺ ʨʝʟʫʣʴʪʘʪʝ, 

ʫʤʝʥʴʰʝʥʠʝ ʵʥʝʨʛʠʠ ʜʝʬʝʢʪʦʚ ʫʧʘʢʦʚʢʠ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʧʣʘʥʘʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʜʠʩʣʦʢʘʮʠʡ. ʀ ʥʘʦʙʦʨʦʪ, ʚ ʤʝʪʘʣʣʘʭ ʩ ʚʳʩʦʢʦʡ ɔʜ.ʫ., ʙʣʘʛʦʜʘʨʷ ʪʦʤʫ, ʯʪʦ ʜʠʩʣʦʢʘʮʠʠ 

ʥʝ ʨʘʩʱʝʧʣʝʥʳ, ʬʦʨʤʠʨʫʝʪʩʷ ʷʯʝʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ. 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 52, 2017 ʛ. 
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ɽʱʝ ʦʜʥʠʤ ʧʫʪʝʤ ʧʦʚʳʰʝʥʠʷ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʘʫʩʪʝʥʠʪʥʦʛʦ ʪʚʝʨʜʦʛʦ ʨʘʩ-

ʪʚʦʨʘ ʷʚʣʷʝʪʩʷ ʠʟʤʝʣʴʯʝʥʠʝ ʟʝʨʥʘ [4]. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚʣʠʷʥʠʝ ʨʘʟʤʝʨʘ ʟʝʨʥʘ ʥʘ ʧʨʝʜʝʣ 

ʪʝʢʫʯʝʩʪʠ ʦʧʠʩʳʚʘʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ ʍʦʣʣʘ-ʇʝʪʯʘ:  

ůʟʝʨ = ky xd-1/2 ; 

ʛʜʝ:  

ůʟʝʨ ï ʟʝʨʥʦʛʨʘʥʠʯʥʳʡ ʚʢʣʘʜ ʚ ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ, ʄʇʘ;  

ky ï ʢʦʵʬʬʠʮʠʝʥʪ ʟʝʨʥʦʛʨʘʥʠʯʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ, ʄʧʘ ʭ ʤʤ1/2;  

d ï ʩʨʝʜʥʠʡ ʜʠʘʤʝʪʨ ʣʠʥʝʡʥʦʛʦ ʩʝʯʝʥʠʷ ʟʝʨʥʘ, ʤʤ. 

 

ɺ [8] ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʩʣʝʜʫʶʱʝʝ ʚʣʠʷʥʠʝ ʘʟʦʪʘ ʥʘ ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ: ʩʫʤʤʘʨʥʳʡ 

ʚʢʣʘʜ ʘʟʦʪʘ ʚ ů0,2 ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʯʘʩʪʝʡ, ʦʜʥʘ ʠʟ ʢʦʪʦʨʳʭ ï ʪʚʝʨʜʦʨʘʩʪʚʦʨʥʦʝ ʫʧʨʦʯ-

ʥʝʥʠʝ,; ʜʨʫʛʘʷ ʩʚʷʟʘʥʘ ʩ ʟʩʨʥʦʛʨʘʥʠʯʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʫʧʨʦʯʥʝʥʠʷ, ʯʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ 

ʩʫʱʝʩʪʚʝʥʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ky ʚ ʫʨʘʚʥʝʥʠʠ ʍʦʣʣʘ-ʇʝʪʯʘ ʩ ʨʦʩʪʦʤ ʢʦʥ-

ʮʝʥʪʨʘʮʠʠ ʘʟʦʪʘ. 

ʆʜʥʘʢʦ ʚ [8] ʦʩʪʘʝʪʩʷ ʥʝʚʳʷʩʥʝʥʥʳʤ, ʧʦʯʝʤʫ ʘʟʦʪ ʦʢʘʟʳʚʘʝʪ ʪʘʢʦʝ ʚʣʠʷʥʠʝ ʥʘ ʢʦ-

ʵʬʬʠʮʠʝʥʪ ʟʝʨʥʦʛʨʘʥʠʯʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ky. 

ʉʦʛʣʘʩʥʦ [9,10] ʫʚʝʣʠʯʝʥʠʝ ʟʝʨʥʦʛʨʘʥʠʯʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʥʝ ʩʚʷʟʘʥʦ ʩ ʩʝʛʨʝʛʘʮʠ-

ʝʡ ʘʪʦʤʦʚ ʘʟʦʪʘ ʧʦ ʛʨʘʥʠʮʘʤ ʟʝʨʝʥ, ʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʘʪʦʤʦʚ ʘʟʦʪʘ ʩ 

ʜʠʩʣʦʢʘʮʠʷʤʠ ʚʥʫʪʨʠ ʟʝʨʥʘ. 

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʚʢʣʘʜʦʚ: 

ʦʜʠʥ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ ʘʪʝʨʤʠʯʝʩʢʠʤ ů0,2 
ʘʪʝʨ , ʘ ʚʪʦʨʦʡ ï ů0,2 

ʪʝʨʤ , ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ 

ʪʝʨʤʠʯʝʩʢʠ ʘʢʪʠʚʠʨʫʝʤʳʤ ʧʨʦʮʝʩʩʦʤ, ʦʙʫʩʣʦʚʣʝʥʥʳʤ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ 

ʧʨʦʮʝʩʩʘ ʧʨʝʦʜʦʣʝʥʠʷ ʧʨʝʧʷʪʩʪʚʠʡ ʜʚʠʞʫʱʠʤʠʩʷ ʜʠʩʣʦʢʘʮʠʷʤʠ [11]. 

ů0,2 = ů0,2 
ʘʪʝʨ + ů0,2 

ʪʝʨʤ ; 

 

ʈʠʩ. 2. ʉʭʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʜʠʩʣʦʢʘʮʠʝʡ ʠ ʨʘʩʪʚʦʨʝʥʥʳʤʠ ʘʪʦʤʘʤʠ:  

ʘ ï ʜʝʡʩʪʚʫʶʱʠʝ ʧʨʝʧʷʪʩʪʚʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʦʨʠʝʡ ʄʦʪʪʘ-ʅʘʙʘʨʨʦ;  

ʙ ï ʧʨʝʜʝʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʜʠʩʣʦʢʘʮʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʦʨʠʝʡ  

ʌʣʝʡʰʝʨʘ-ʌʨʠʜʝʣʷ; ʩ ï ʩʢʦʧʣʝʥʠʝ ʧʨʠʪʷʛʠʚʘʶʱʠʭ ʧʨʝʧʷʪʩʪʚʠʡ ʰʠʨʠʥʦʡ 2w  

ʠ ʜʚʠʞʝʥʠʝ ʣʠʥʠʠ ʜʠʩʣʦʢʘʮʠʠ ʚ ʪʝʦʨʠʠ ʃʘʙʫʰʘ ʩ ʜʦʧʦʣʥʝʥʠʝʤ ʅʘʙʘʨʨʦ [11]. 

ʉʠʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ f0 , ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʣʠʥʠʶ ʜʠʩʣʦʢʘʮʠʠ ʦʪ ʦʜʥʦʛʦ ʧʨʝʧʷʪ-

ʩʪʚʠʷ, ʥʘʩʪʦʣʴʢʦ ʤʘʣʘ, ʯʪʦ ʫʛʦʣ ɗ, ʥʘ ʢʦʪʦʨʳʡ ʠʟʤʝʥʷʝʪʩʷ ʥʘʧʨʘʚʣʝʥʠʝ ʜʠʩʣʦʢʘʮʠʠ ʠʟ-



ɺ.ɺ. ɻʣʝʙʦʚ, ɺ.ʄ. ɹʣʠʥʦʚ, ʌ.ʌ. ʈʝʧʠʥ 
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ʟʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ 1: ɗ = f0/T ç1, ʛʜʝ T ʥʘʧʨʷʞʝʥʠʝ ʣʠʥʠʠ ʜʠʩʣʦʢʘ-

ʮʠʠ. ʄʦʪʪ ʠ ʅʘʙʘʨʨʦ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʩʨʝʜʥʝʝ ʚʥʫʪʨʝʥʥʝʝ ʧʦʣʝ ʥʘʧʨʷʞʝʥʠʡ ů, ʩʦ-

ʟʜʘʚʘʝʤʦʝ ʚʥʝʜʨʝʥʥʳʤʠ ʘʪʦʤʘʤʠ, ʠʤʝʝʪ ʥʝʢʦʪʦʨʫʶ ʭʘʨʘʢʪʝʨʥʫʶ ʜʣʠʥʫ ʚʦʣʥʳ ɚ (ʈʠʩ. 

2ʘ). ʂʦʛʜʘ ɗ ç1, ʣʠʥʠʷ ʜʠʩʣʦʢʘʮʠʠ ʥʝ ʤʦʞʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʵʪʦʤʫ ʧʦʣʶ ʥʘʧʨʷʞʝʥʠʡ 

ʠ, ʧʦʵʪʦʤʫ ʩʨʝʜʥʷʷ ʚʝʣʠʯʠʥʘ ů0 ʜʝʡʩʪʚʫʝʪ ʥʘ Lè ɚ. ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʦʪʢʣʦʥʝʥʠʷ ůL ʦʪ 

ʩʨʝʜʥʝʛʦ ʧʦʣʷ ʥʘʧʨʷʞʝʥʠʡ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ çʵʬʬʝʢʪʠʚʥʳʝ ʧʨʝʧʷʪʩʪʚʠʷè ʠ ʚʝʣʠ-

ʯʠʥʘ L ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ ʣʠʥʠʠ ʜʠʩʣʦʢʘʮʠʠ ʩ ʵʬʬʝʢʪʠʚʥʳʤʠ ʧʨʝʧʷʪʩʪʚʠʷ-

ʤʠ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʨʠʚʦʜʷʪ ʢ ʩʣʝʜʫʶʱʝʡ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʧʨʷʞʝʥʠʷ ʩʜʚʠʛʘ Űʩ , 

ʢʦʪʦʨʦʝ ʥʫʞʥʦ ʧʨʠʣʦʞʠʪʴ, ʯʪʦʙʳ ʧʨʝʦʜʦʣʝʪʴ ʩʢʦʧʣʝʥʠʝ ʘʪʦʤʦʚ ʚʥʝʜʨʝʥʠʷ ʘʪʦʤʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʩat : 

Űʩ ~ ů0 
4/3 ʩat 

11/9 T-1/3log ʩat : 

ʅʘ ʧʨʘʢʪʠʢʝ ʪʘʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʦʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ. ʅʝʜʦʩʪʘʪʦʢ ʪʝʦʨʠʠ ʄʦʪʪʘ-ʅʘʙʘʨʨʦ, ʢʘʢ ʧʦʢʘʟʘʣ 

ʃʘʙʫʰ, ʩʚʷʟʘʥ ʩ ʥʝʦʙʦʩʥʦʚʘʥʥʳʤ ʚʳʙʦʨʦʤ ʜʠʥʳ ʚʦʣʥʳ ɚ ʠ ʤʝʪʦʜʦʤ ʨʘʩʯʝʪʘ ʩʨʝʜʥʝʛʦ 

ʦʪʢʣʦʥʝʥʠʷ ʚʝʣʠʯʠʥʳ ůL ʚʥʫʪʨʝʥʥʝʛʦ ʧʦʣʷ ʥʘʧʨʷʞʝʥʠʡ. 

ʉʫʪʴ ʪʝʦʨʠʠ ʌʣʝʡʰʝʨʘ-ʌʨʠʜʝʣʷ ʩʦʩʪʦʠʪ ʚ ʘʥʘʣʠʟʝ ʩʢʦʣʴʞʝʥʠʷ ʜʠʩʣʦʢʘʮʠʠ ʯʝʨʝʟ 

ʩʢʦʧʣʝʥʠʝ ʚʥʝʜʨʝʥʥʳʭ ʘʪʦʤʦʚ (ʨʠʩ. 2 ʙ), ʧʨʠʯʝʤ ʦʥʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʪʦʯʝʯʥʳʝ 

ʧʨʝʧʷʪʩʪʚʠʷ. ʉʨʝʜʥʝʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤʠ ʧʨʝʧʷʪʩʪʚʠʷʤʠ L . ɺ ʢʨʠ-

ʪʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ ʨʘʚʝʥʩʪʚʦ ʚʥʝʰʥʝʛʦ ʠ ʚʥʫʪʨʝʥʥʝʛʦ ʥʘʧʨʷʞʝʥʠʡ ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ 

ʜʠʩʣʦʢʘʮʠʶ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ: Űb å f0 / L , ʛʜʝ b ʚʝʢʪʦʨ ɹʶʨʛʝʨʩʘ. ʋʩʣʦʚʠʝʤ ʢʨʠʪʠʯʝ-

ʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʢʦʛʜʘ ʧʨʦʠʩʭʦʜʠʪ ʦʪʨʳʚ ʜʠʩʣʦʢʘʮʠʠ ʦʪ ʧʨʝʧʷʪʩʪʚʠʡ ʷʚʣʷʝʪʩʷ F å 1/c 

. ʀʟ ʬʦʨʤʫʣʳ ʜʣʷ ʩʠʣʳ T, ʜʝʡʩʪʚʫʶʱʝʡ ʧʦ ʣʠʥʠʠ ʜʠʩʣʦʢʘʮʠʠ, ʧʦʣʫʯʘʝʤ F = L3 Űb /2 T, 

ʠ ʫʯʠʪʳʚʘʷ ʫʩʣʦʚʠʝ Űb å f0 / L ʧʦʣʫʯʘʝʤ ʫʨʘʚʥʝʥʠʝ  

Űc b = f03/2 c1/2 (2T)-1/2 . 

ʅʝʩʤʦʪʨʷ ʥʘ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ, ʜʘʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʦʧʠʩʳʚʘʝʪ 

ʜʘʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʊʝʦʨʠʷ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʃʘʙʫʰʝʤ, ʷʚʣʷʝʪʩʷ ʤʦʜʠʬʠʢʘʮʠʝʡ ʪʝʦʨʠʠ ʄʦʪʪʘ-ʅʘʙʘʨʨʦ 

(ʈʠʩ. 2ʚ). ʃʘʙʫʰ ʧʨʝʜʣʦʞʠʣ ʙʦʣʝʝ ʪʦʯʥʳʡ ʨʘʩʯʝʪ ʩʨʝʜʥʝʛʦ ʦʪʢʣʦʥʝʥʠʷ ʚʝʣʠʯʠʥʳ ůL 

ʚʥʫʪʨʝʥʥʝʛʦ ʧʦʣʷ ʥʘʧʨʷʞʝʥʠʡ, ʩ ʫʯʝʪʦʤ ʚʣʠʷʥʠʷ ʙʣʠʞʘʡʰʠʭ ʘʪʦʤʥʳʭ ʧʣʦʩʢʦʩʪʝʡ, 

ʧʨʠʤʳʢʘʶʱʠʭ ʢ ʧʣʦʩʢʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ. ʆʥ ʪʘʢʞʝ ʧʦʣʫʯʠʣ ʙʦʣʝʝ ʥʘʜʝʞʥʦʝ ʚʳʨʘʞʝ-

ʥʠʝ ʜʣʷ ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʠʥʳ ʚʦʣʥʳ ɚ ʚʥʫʪʨʝʥʥʝʛʦ ʧʦʣʷ ʥʘʧʨʷʞʝʥʠʡ (ɚ = nBw ), ʛʜʝ B ï 

ʯʠʩʣʦ å1.  

ʃʘʙʫʰ ʧʨʝʜʣʦʞʠʣ ʩʣʝʜʫʶʱʝʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʢʨʠʪʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʩʜʚʠʛʘ: 

Űc b = A'Ŀ f04/3 c2/3w1/3T-1/3 ; 

ʛʜʝ A' ʯʠʩʣʦ å 1.  

 

ʊʘʢʦʝ ʠʟʤʝʥʝʥʠʝ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥ-

ʪʨʘʮʠʠ ʪʘʢʞʝ ʥʘʙʣʶʜʘʣʦʩʴ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ. ʇʨʠ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʤ ʘʥʘʣʠʟʝ ʫʧʨʦʯʥʝʥʠʷ 

ʪʘʢʞʝ ʚʘʞʝʥ ʫʯʝʪ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʨʘʟʤʝʨʦʚ ʘʪʦʤʦʚ ʠ ʤʦʜʫʣʝʡ ʫʧʨʫʛʦʩʪʠ. ʉʠʣʘ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʷ f0 ʚ ʫʨʘʚʥʝʥʠʷʭ (3.2) ʠ (3.3) ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʧʘʨʘʤʝʪʨʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ŮL , ʘ ŮL 
2=ɖ2 +D2 ŭ2 , ʛʜʝ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʤʦʜʫʣʝʡ ʠ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʨʘʟʤʝʨʦʚ ʦʧʨʝʜʝʣʷ-

ʶʪʩʷ ʤʦʜʫʣʝʤ ʩʜʚʠʛʘ G, ʧʘʨʘʤʝʪʨʦʤ ʨʝʰʝʪʢʠ a ʠ ʢʦʥʮʝʥʪʨʘʮʠʝʡ c. ɖ = (1/G)(dG/dc) ʠ 

ŭ = (1/a)da/dc). D ʧʦʩʪʦʷʥʥʘʷ å 20. 

ʆʜʥʘʢʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʦʪʤʝʯʘʝʪʩʷ ʣʠʥʝʡʥʘʷ ʟʘʚʠʩʠ-

ʤʦʩʪʴ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʘʟʦʪʘ, ʯʪʦ ʟʘʩʪʘʚʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ ʚʣʠʷʥʠʝ 

ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʘʪʝʨʤʠʯʝʩʢʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ů0,2 , ʢʨʦʤʝ ʨʘʟʤʝʨʥʦʛʦ ʥʝʩʦʦʪʚʝʪ-

ʩʪʚʠʷ ʠ ʨʘʟʣʠʯʠʷ ʤʦʜʫʣʝʡ ʫʧʨʫʛʦʩʪʠ. ɺ ʩʦʦʪʚʝʩʪʚʠʠ ʩ [11] ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʚʢʣʘʜ ʘʟʦʪʘ ʚ ʫʚʝʣʠʯʝʥʠʝ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ ʦʙʫʩʣʦʚʣʝʥ ʫʧʦʨʷʜʦʯʝʥʥʳʤ ʨʘʩʧʦʣʦʞʝ-

ʥʠʝʤ ʘʪʦʤʦʚ ʘʟʦʪʘ ʠ ʙʣʠʞʥʠʤ ʧʦʨʷʜʢʦʤ ʚ ʨʘʩʧʦʣʦʞʝʥʠʠ ʘʪʦʤʦʚ ʟʘʤʝʱʝʥʠʷ (Cr). 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 52, 2017 ʛ. 
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ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʪʝʨʤʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ů0,2 ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʫʱʝ-

ʩʪʚʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ ʘʫʩʪʝʥʠʪʥʳʭ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʩʪʘʣʝʡ ʥʘʙʣʶ-

ʜʘʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ 500Üʂ ʠ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ ʢʦʤ-

ʥʘʪʥʦʡ (ʨʠʩ. 3) [11]. ʇʨʠ ʵʪʦʤ ʘʥʦʤʘʣʴʥʳʡ ʵʬʬʝʢʪ ʫʧʨʦʯʥʝʥʠʷ ʧʨʠ ʧʦʥʠʞʝʥʥʳʭ ʪʝʤ-

ʧʝʨʘʪʫʨʘʭ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʴʶ ʠ ʧʨʦʯʥʦʩʪʴʶ, ʝʩʣʠ 

ʩʦʜʝʨʞʘʥʠʝ ʘʟʦʪʘ ʥʝ ʧʨʝʚʳʰʘʝʪ ʢʨʠʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ. ʇʦʵʪʦʤʫ ʘʫʩʪʝʥʠʪʥʳʝ ʘʟʦʪ-

ʩʦʜʝʨʞʘʱʠʝ ʩʪʘʣʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʭʦʨʦʰʠʡ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ ʜʣʷ 

ʢʨʠʦʛʝʥʥʦʡ ʪʝʭʥʠʢʠ. 

 

 

ʈʠʩ. 3. ɺʣʠʷʥʠʝ ʘʟʦʪʘ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʝʜʝʣʘ 

 ʪʝʢʫʯʝʩʪʠ ʘʫʩʪʝʥʠʪʥʳʭ ʩʪʘʣʝʡ 03ʍ21ʅ10 (N ~ 0,27%)  

ʠ 05ʍ26ʅ32ʄ3 (ʩ N ~ 0,045% ʠ N ~ 0,35%) [11]. 

ʉʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʘʟʦʪʘ ʥʘ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʝ ʫʧʨʦʯʥʝʥʠʝ ʘʫʩʪʝʥʠʪʥʳʭ 

ʩʪʘʣʝʡ ʩʚʷʟʘʥʦ ʩ ʝʛʦ ʚʣʠʷʥʠʝʤ ʥʘ ʵʥʝʨʛʠʶ ʜʝʬʝʢʪʘ ʫʧʘʢʦʚʢʠ ʧʨʠ ʧʦʥʠʞʝʥʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [11] ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʘʟʦʪʘ ʚ ʩʪʘʣʠ ʫʚʝʣʠʯʠʚʘʝʪ ʯʠʩʣʦ ʩʚʦʙʦʜʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʠ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʧʣʦʪʥʦʩʪʠ ʩʦʩʪʦʷʥʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʌʝʨʤʠ, ʧʨʠʯʝʤ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʣʦʪʥʦʩʪʴ ʩʦʩʪʦʷʥʠʡ ʨʘʩʪʝʪ. ʕʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʩʥʠʞʝʥʠʝ ʵʥʝʨʛʠʠ ʜʝʬʝʢʪʘ ʫʧʘʢʦʚʢʠ 

[12],ʯʪʦ ʦʙʣʝʛʯʘʝʪ ʧʨʦʮʝʩʩ ʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. ʇʦʵʪʦʤʫ ʯʝʤ ʚʳʰʝ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʚʦ-

ʙʦʜʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʚ ʩʪʘʣʠ, ʪʝʤ ʩʠʣʴʥʝʝ ʟʘʚʠʩʠʤʦʩʪʴ ʵʥʝʨʛʠʠ ʜʝʬʝʢʪʘ ʫʧʘʢʦʚʢʠ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʪ.ʝ. ʙʦʣʝʝ ʨʝʟʢʦ ʚʳʷʚʣʷʝʪʩʷ ʧʘʜʝʥʠʝ ɔʜ.ʫ. ʧʨʠ ʩʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ. 

ɿʝʨʥʦʛʨʘʥʠʯʥʦʝ ʫʧʨʦʯʥʝʥʠʝ ʘʫʩʪʝʥʠʪʥʳʭ ʩʪʘʣʝʡ ʩ ʘʟʦʪʦʤ ʦʙʳʯʥʦ ʚʳʨʘʞʘʝʪʩʷ ʢʘʢ 

ʫʚʝʣʠʯʝʥʠʝ ky ʚ ʩʦʦʪʥʦʰʝʥʠʠ ʍʦʣʣʘ-ʇʝʪʯʘ, ʧʨʠʯʝʤ ky ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʧʝʨʝʥʦʩ ʩʢʦʣʴʞʝ-

ʥʠʷ ʜʠʩʣʦʢʘʮʠʡ ʯʝʨʝʟ ʛʨʘʥʠʮʫ ʟʝʨʥʘ. ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʘʟʦʪʘ ʚ ʩʦʩʪʘʚʝ ʩʪʘ-

ʣʠ, ʫʧʨʦʯʥʷʶʱʠʡ ʵʬʬʝʢʪ ʛʨʘʥʠʮ ʟʝʨʝʥ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʅʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ ʚ [11] ʫʪʚʝʨʞʜʘʝʪʩʷ, ʯʪʦ ʩʚʷʟʴ ʘʪʦʤʦʚ ʘʟʦʪʘ ʩ ʜʠʩʣʦʢʘʮʠʷʤʠ ʩʠʣʴʥʝʝ, ʯʝʤ ʩ 

ʘʪʦʤʘʤʠ ʫʛʣʝʨʦʜʘ, ʧʨʠʯʝʤ ʟʘʢʨʝʧʣʝʥʠʝ ʜʠʩʣʦʢʘʮʠʡ ʘʪʦʤʘʤʠ ʘʟʦʪʘ ʫʩʠʣʠʚʘʝʪʩʷ ʩ ʨʦ-

ʩʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʟʦʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʚʢʣʘʜ ʘʟʦʪʘ 

ʚ ʤʝʭʘʥʠʟʤ ʟʝʨʥʦʛʨʘʥʠʯʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʩʠʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʷ ʘʪʦʤʦʚ ʘʟʦʪʘ ʩ ʜʠʩʣʦʢʘʮʠʷʤʠ, ʙʣʦʢʠʨʫʶʱʠʤʠ ʠʩʪʦʯʥʠʢʠ ʜʠʩʣʦʢʘʮʠʡ, ʢʦʪʦʨʳʝ 

ʜʦʣʞʥʳ ʠʥʠʮʠʠʨʦʚʘʪʴ ʚ ʩʦʩʝʜʥʠʭ ʟʝʨʥʘʭ ʧʝʨʝʥʦʩ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʦʪ ʟʝʨʥʘ 

ʢ ʟʝʨʥʫ. ɼʣʷ ʨʘʟʙʣʦʢʠʨʦʚʢʠ ʠʩʪʦʯʥʠʢʦʚ ʜʠʩʣʦʢʘʮʠʡ ʪʨʝʙʫʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʧʨʠʣʦʞʝʥ-

ʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. 

ʉ ʫʯʝʪʦʤ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ [13] ʥʘʤʠ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʦʮʝʥʢʘ ʚʢʣʘʜʦʚ 

ʪʚʝʨʜʦʨʘʩʪʚʦʨʥʦʛʦ ʠ ʟʝʨʥʦʛʨʘʥʠʯʥʦʛʦ ʤʝʭʘʥʠʟʤʦʚ ʫʧʨʦʯʥʝʥʠʷ ʜʣʷ ʩʪʘʣʠ ʪʠʧʘ 

05ʍ22ɸɻ14ʅ7ʄ. ʇʨʠ ʨʘʩʯʝʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʨʘʙʦʪʳ 

[14], ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʚʠʜʝ ʪʘʙʣʠʮ 1, 2. 



ɺ.ɺ. ɻʣʝʙʦʚ, ɺ.ʄ. ɹʣʠʥʦʚ, ʌ.ʌ. ʈʝʧʠʥ 
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ʊʘʙʣʠʮʘ 1 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʦʧʳʪʥʳʭ ʧʣʘʚʦʢ ʩʪʘʣʝʡ ʪʠʧʘ 05ʍ22ɸɻ14ʅ7ʄ  

ʅʦʤʝʨ 

ʧʣʘʚʢʠ 

ʉʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʦʚ, ʤʘʩʩ.% 

C N Cr Mn Ni Mo V Si 

5 0,070 0,64 23,1 11,9 4,90 0,80 0,25 0,45 

7 0,070 0,74 24,3 14,2 8,20 0,80 0,27 0,10 

8 0,060 0,38 18,9 11,8 7,67 1,00 0,21 0,33 

9 0,070 0,57 18,7 12,4 6,90 1,00 0,30 0,15 

10 0,075 0,55 19,2 11,0 7,70 0,83 0,85 0,20 

11 0,070 0,73 20,2 11,0 7,50 0,83 1,34 0,25 

12 0,050 0,61 21,6 13,1 7,30 0,73 0,40 0,23 

ʊʘʙʣʠʮʘ 2 

ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʧʳʪʥʳʭ ʧʣʘʚʦʢ ʩʪʘʣʝʡ ʪʠʧʘ 05ʍ22ɸɻ14ʅ7ʄ  

ʅʦʤʝʨ 

ʧʣʘʚʢʠ 

N, ʤʘʩʩ.% ůʚ, ʄʇʘ ů0,2, ʄʇʘ ŭ,% ɣ, % KCV, 

ʄɼʞ/ʤ2 

5 0,64 1013 612 46,8 63,0 2,28 

7 0,74 1047 646 41,4 44,8 0,96 

8 0,38 876 515 50,5 70,4 3,22 

9 0,57 1015 617 41,5 58,6 2,02 

10 0,55 969 693 38,0 63,5 2,10 

11 0,73 1001 692 36,1 53,8 1,18 

12 0,61 998 625 46,0 54,5 0,99 

 

ʈʘʩʯʝʪ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ ʠ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʩʪʘʣʠ ʚʳʧʦʣʥʷʣʠ ʧʦ ʩʣʝʜʫʶʱʠʤ 

ʩʦʦʪʥʦʰʝʥʠʷʤ [13]: 

ů0,2 = ů0 + ʂůĿʉN ; 

ʛʜʝ ů0 = 255 ʄʧʘ; ʂů = 495 ʄʧʘ/%; 

 

ůʚ = ů0 + ʂůĿʉN ; 

ʛʜʝ ů0 = 525 ʄʧʘ; ʂů = 785 ʄʧʘ/%; 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 4 ʠ 5. 

 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 52, 2017 ʛ. 
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ʈʠʩ. 4. ɺʣʠʷʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʘʟʦʪʘ ʥʘ ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ ʩʪʘʣʠ ʪʠʧʘ 05ʍ22ɸɻ14ʅ7ʄ 

 (ʨʷʜ 1 ï ʵʢʩʧʝʨʠʤʝʥʪ. ʜʘʥʥʳʝ ʠʟ ʪʘʙʣ. 2; ʨʷʜ 2 ï ʨʘʩʯʝʪ). 

 

ʈʠʩ. 5. ɺʣʠʷʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʘʟʦʪʘ ʥʘ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʩʪʘʣʠ ʪʠʧʘ 05ʍ22ɸɻ14ʅ7ʄ 

(ʨʷʜ 1 ï ʵʢʩʧʝʨʠʤʝʥʪ. ʜʘʥʥʳʝ ʠʟ ʪʘʙʣ. 2; ʨʷʜ 2 ï ʨʘʩʯʝʪ). 

ʊʘʢʞʝ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʦʮʝʥʢʘ ʟʝʨʥʦʛʨʘʥʠʯʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʟʦʪʘ ʚ ʩʪʘʣʠ ʩʦʛʣʘʩʥʦ [13]: 

Ky = Ky
0 + KCN ; 

ʛʜʝ Ky
0 ï 25 ʄʇʘĿʤʤ1/2 ; 

K = 11,7 ʄʇʘĿʤʤ1/2 . 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ Ky ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʘʟʦʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 6. 

ɸʥʘʣʠʟʠʨʫʷ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʚ 

ʘʫʩʪʝʥʠʪʥʳʭ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʩʪʘʣʷʭ ʦʩʥʦʚʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʫʧʨʦʯʥʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʪʚʝʨʜʦʨʘʩʪʚʦʨʥʳʡ ʤʝʭʘʥʠʟʤ, ʪ.ʢ. ʫʛʦʣ ʥʘʢʣʦʥʘ ʢʨʠʚʳʭ ʥʘ ʨʠʩ. 4,5 ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ, 

ʯʝʤ ʥʘ ʨʠʩ. 6. ʊʘʥʛʝʥʩ ʫʛʣʘ ʥʘʢʣʦʥʘ ʢʨʠʚʳʭ ʥʘ ʨʠʩ.4,5 ʩʦʩʪʘʚʣʷʝʪ ~ 490ï780, ʘ ʥʘ ʨʠʩ. 

6 ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ ~ 12. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʳʚʦʜ ʦ ʧʨʝʦʙʣʘʜʘʶʱʝʤ ʚʢʣʘʜʝ ʚ 

ʫʧʨʦʯʥʝʥʠʝ ʘʟʦʪʩʦʜʝʨʞʘʱʝʡ ʩʪʘʣʠ ʪʚʝʨʜʦʨʘʩʪʚʦʨʥʦʛʦ ʤʝʭʘʥʠʟʤʘ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʚʳʚʦʜʘʤʠ ʨʘʙʦʪ [11,13]. 



ɺ.ɺ. ɻʣʝʙʦʚ, ɺ.ʄ. ɹʣʠʥʦʚ, ʌ.ʌ. ʈʝʧʠʥ 
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ʈʠʩ. 6. ɺʣʠʷʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʘʟʦʪʘ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ ʟʝʨʥʦʛʨʘʥʠʯʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ 
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OF THE TYPE 05ʍ22ɸɻ14ʅ7ʄ 

V.V. Glebov, V.M. Blinov, F.F. Repin 
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ening grain boundaries, austenite. 

 

The mechanisms of solid-solution and grain-boundary hardening of high-strength austenitic 

steels by nitrogen atoms are considered. The experimental and calculated values of the 

strength characteristics are compared with the nitrogen content. It is shown that solid-

solution hardening is the main mechanism for increasing the strength of steel. 

ʉʪʘʪʴʷ ʧʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ 19.06.2017 ʛ. 
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ɽ.ʆ. ɻʦʨʙʘʯʝʥʢʦ, ʘʩʧʠʨʘʥʪ, çɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʤʦʨʩʢʦʛʦ ʠ ʨʝʯʥʦʛʦ 

ʬʣʦʪʘ ʠʤ. ʘʜʤʠʨʘʣʘ ʉ.ʆ. ʄʘʢʘʨʦʚʘè  

ʖ.ʅ. ʎʚʝʪʢʦʚ1, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ, ʟʘʚ. ʢʘʬʝʜʨʦʡ, çɻʋʄʈʌ ʠʤ. ʘʜʤ. ʉ.ʆ. ʄʘʢʘʨʦʚʘè  

198035, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʫʣ. ɼʚʠʥʩʢʘʷ, 5/7  

ʇʈʆɻʅʆɿʀʈʆɺɸʅʀɽ ʀʅʂʋɹɸʎʀʆʅʅʆɻʆ ʇɽʈʀʆɼɸ 

ʂɸɺʀʊɸʎʀʆʅʅʆɻʆ ʀɿʅɸʐʀɺɸʅʀʗ ʃʆʇɸʉʊɽʁ  

ɻʈɽɹʅʓʍ ɺʀʅʊʆɺ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ  

ʄɽʊʆɼɸ ʀɿʄɽʈɽʅʀʗ ʇʈʆʌʀʃʗ ʇʆɺɽʈʍʅʆʉʊʀ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʂʘʚʠʪʘʮʠʦʥʥʦʝ ʠʟʥʘʰʠʚʘʥʠʝ, ʛʨʝʙʥʦʡ ʚʠʥʪ, ʠʥʢʫʙʘʮʠʦʥʥʥʳʡ ʧʝʨʠʦʜ, 

ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ ʧʨʦʬʠʣʷ.  

 

ʇʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ʚʳʩʦʪʳ ʥʝʨʦʚʥʦʩʪʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʣʦʧʘʩʪʝʡ ʛʨʝʙʥʦʛʦ ʚʠʥʪʘ ʚ 

ʦʯʘʛʝ ʢʘʚʠʪʘʮʠʦʥʥʦʛʦ ʠʟʥʦʩʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʦʯʘʛʝ ʧʨʠ ʜʚʠʞʝʥʠʠ ʦʪ ʝʛʦ ʮʝʥʪʨʘ 

ʤʦʞʥʦ ʥʘʡʪʠ ʪʦʯʢʫ, ʩʦʩʪʦʷʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʢʦʪʦʨʦʡ ʚ ʤʦʤʝʥʪ ʦʩʤʦʪʨʘ ʜʚʠʞʠʪʝ-

ʣʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʢʦʥʯʘʥʠʶ ʠʥʢʫʙʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ; ʵʪʘ ʪʦʯʢʘ ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ 

ʛʨʘʥʠʮʝ ʟʦʥʳ ʥʘʢʣʸʧʘ ʠ ʟʦʥʳ ʦʪʜʝʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ. ʇʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʧʨʦʛʥʦʟʠ-

ʨʦʚʘʥʠʷ ʠʥʢʫʙʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʟʥʘʯʝʥʠʷ ʚʳʩʦʪʳ ʥʝ-

ʨʦʚʥʦʩʪʝʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʦʢʦʥʯʘʥʠʶ ʠʥʢʫʙʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʧʨʠ ʢʘʚʠʪʘʮʠʦʥ-

ʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ.  

ɺʚʝʜʝʥʠʝ  

ʂʘʚʠʪʘʮʠʦʥʥʦʝ ʠʟʥʘʰʠʚʘʥʠʝ ʣʦʧʘʩʪʝʡ ʛʨʝʙʥʳʭ ʚʠʥʪʦʚ (ɻɺ) ï ʦʜʥʘ ʠʟ ʩʘʤʳʭ ʨʘʩ-

ʧʨʦʩʪʨʘʥʸʥʥʳʭ ʧʨʠʯʠʥ ʨʝʤʦʥʪʘ ʩʫʜʦʚʳʭ ʜʚʠʞʠʪʝʣʝʡ. ʆʩʦʙʝʥʥʦʩʪʴ ʷʚʣʝʥʠʷ ʢʘʚʠʪʘ-

ʮʠʠ ɻɺ ʚ ʪʦʤ, ʯʪʦ, ʝʩʣʠ ʧʨʠ ʚʨʘʱʝʥʠʠ ʚʠʥʪʘ ʚʦʟʥʠʢʘʝʪ ʢʘʚʠʪʘʮʠʷ, ʪʦ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʣʫʯʘʝʚ ʦʥʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʢʘʚʠʪʘʮʠʦʥʥʳʤ ʠʟʥʘʰʠʚʘʥʠʝʤ (ʢʘʚʠʪʘʮʠʦʥʥʦʡ ʵʨʦʟʠʝʡ) 

ʣʦʧʘʩʪʝʡ. ʆʩʥʦʚʥʘʷ ʧʨʠʯʠʥʘ ʚʳʩʦʢʦʡ ʵʨʦʟʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢʘʚʠʪʘʮʠʠ ʩʫʜʦʚʳʭ 

ʜʚʠʞʠʪʝʣʝʡ ï ʝʸ ʥʝʩʪʘʮʠʦʥʘʨʥʳʡ ʭʘʨʘʢʪʝʨ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʛʨʝʙʥʦʡ ʚʠʥʪ ʨʘʙʦʪʘʝʪ ʟʘ 

ʢʦʨʧʫʩʦʤ ʩʫʜʥʘ, ʠ ʩʢʦʨʦʩʪʴ ʚʦʟʥʠʢʘʶʱʝʛʦ ʚʩʣʝʜʩʪʚʠʝ ʜʚʠʞʝʥʠʷ ʩʫʜʥʘ ʧʦʧʫʪʥʦʛʦ ʧʦ-

ʪʦʢʘ ʥʝʦʜʠʥʘʢʦʚʘ ʧʦ ʧʣʦʱʘʜʠ ʜʠʩʢʘ ʚʠʥʪʘ: ʨʘʟʤʝʨ ʢʘʚʠʪʘʮʠʦʥʥʦʡ ʢʘʚʝʨʥʳ ʧʨʠ ʚʨʘ-

ʱʝʥʠʠ ʣʦʧʘʩʪʠ ʧʝʨʠʦʜʠʯʝʩʢʠ ʠʟʤʝʥʷʝʪʩʷ ï ʢʘʚʝʨʥʘ ʚʟʨʳʚʥʳʤ ʦʙʨʘʟʦʤ ʚʦʟʥʠʢʘʝʪ, 

                                                           
1 ʇʝʨʝʧʠʩʢʫ ʚʝʩʪʠ ʩ ʵʪʠʤ ʘʚʪʦʨʦʤ: ʘʜʨʝʩ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʯʪʳ ï yuritsvet@mail.ru  
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ʢʦʛʜʘ ʣʦʧʘʩʪʴ ʥʘʭʦʜʠʪʩʷ ʚ ʧʦʣʦʞʝʥʠʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʫʛʣʫ ʘʪʘʢʠ, 

ʠ ʩʭʣʦʧʳʚʘʝʪʩʷ ʧʦʣʥʦʩʪʴʶ ʠʣʠ ʯʘʩʪʠʯʥʦ, ʢʦʛʜʘ ʣʦʧʘʩʪʴ ʧʦʚʝʨʥʸʪʩʷ ʚ ʧʦʣʦʞʝʥʠʝ ʤʠ-

ʥʠʤʘʣʴʥʦʛʦ ʫʛʣʘ ʥʘʙʝʛʘʥʠʷ ʧʦʪʦʢʘ [1]. ʇʨʠ ʩʭʣʦʧʳʚʘʥʠʠ ʢʘʚʝʨʥʳ ʚʦʜʘ ʩ ʙʦʣʴʰʦʡ 

ʩʢʦʨʦʩʪʴʶ ʟʘʧʦʣʥʷʝʪ ʧʘʨʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʢʘʚʝʨʥʳ ʠ ʫʜʘʨʷʝʪ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʣʦʧʘ-

ʩʪʠ ʩ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ ɻɺ.  

ʂʘʚʠʪʘʮʠʦʥʥʳʡ ʠʟʥʦʩ ʣʦʧʘʩʪʝʡ ʠʤʝʝʪ ʚʳʨʘʞʝʥʥʳʡ ʣʦʢʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ, ʧʨʠ ʵʪʦʤ 

ʦʯʘʛʠ ʠʟʥʦʩʘ ʠʤʝʶʪ ʨʚʘʥʫʶ ʛʫʙʯʘʪʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. ʇʣʦʱʘʜʴ ʦʯʘʛʦʚ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʣʫʯʘʝʚ ʥʝ ʧʨʝʚʳʰʘʝʪ ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʮʝʥʪʦʚ ʦʪ ʧʣʦʱʘʜʠ ʣʦʧʘʩʪʠ, ʦʜʥʘʢʦ, ʝʩʣʠ ʦʥʠ 

ʚʦʟʥʠʢʘʶʪ ʚ ʢʦʨʥʝʚʳʭ ʩʝʯʝʥʠʷʭ ʣʦʧʘʩʪʝʡ, ʢʘʢ ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʚʠʥʪʘʭ ʩʫʜʦʚ ʥʘ 

ʧʦʜʚʦʜʥʳʭ ʢʨʳʣʴʷʭ, ʪʦ ʪʘʢʠʝ ʦʯʘʛʠ ʩʥʠʞʘʶʪ ʧʨʦʯʥʦʩʪʴ ʣʦʧʘʩʪʠ, ʫʚʝʣʠʯʠʚʘʷ ʚʝʨʦʷʪ-

ʥʦʩʪʴ ʝʸ ʦʙʨʳʚʘ ʧʨʠ ʜʚʠʞʝʥʠʠ ʩʫʜʥʘ, ʝʩʣʠ ʞʝ ʦʥʠ ʚʦʟʥʠʢʘʶʪ ʚ ʢʦʥʮʝʚʳʭ ʩʝʯʝʥʠʷʭ 

ʣʦʧʘʩʪʝʡ, ʢʘʢ ʵʪʦ ʠʤʝʝʪ ʤʝʩʪʦ ʥʘ ʚʠʥʪʘʭ ʚʦʜʦʠʟʤʝʱʘʶʱʠʭ ʩʫʜʦʚ, ʪʦ ʩʥʠʞʘʶʪ ʂʇɼ 

ʜʚʠʞʠʪʝʣʷ. 

ʆʩʦʙʝʥʥʦʩʪʴ ʢʘʚʠʪʘʮʠʦʥʥʦʛʦ ʠʟʥʘʰʠʚʘʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ï ʥʘʣʠʯʠʝ 

ʠʥʢʫʙʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ, ʪ. ʝ. ʥʘʯʘʣʴʥʦʛʦ ʧʝʨʠʦʜʘ, ʢʦʛʜʘ ʧʦʪʝʨʠ ʤʘʩʩʳ ʧʨʘʢʪʠʯʝʩʢʠ 

ʦʪʩʫʪʩʪʚʫʶʪ. ɺ ʪʝʯʝʥʠʝ ʠʥʢʫʙʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʧʨʦʠʩʭʦʜʠʪ ʥʘʢʣʸʧ ï ʫʧʨʦʯʥʝʥʠʝ 

ʤʝʪʘʣʣʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʦʪ ʫʜʘʨʦʚ ʢʘʧʝʣʴ ʠ ʩʪʨʫʡ ʞʠʜʢʦ-

ʩʪʠ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʠʥʢʫʙʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʢʘʚʠʪʘʮʠʦʥʥʦʛʦ ʠʟʥʘʰʠʚʘʥʠʷ ʣʦ-

ʧʘʩʪʝʡ ɻɺ ʤʦʨʩʢʠʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ ʥʝʩʢʦʣʴʢʦ ʪʳʩʷʯ ʯʘʩʦʚ ʨʘʙʦ-

ʪʳ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʘʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʠʥʢʫʙʘ-

ʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ; ʧʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʠʥʢʫʙʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ, ʤʦʞʥʦ ʧʨʦʠʟʚʝ-

ʩʪʠ ʦʮʝʥʢʫ ʤʝʞʨʝʤʦʥʪʥʳʭ ʧʝʨʠʦʜʦʚ ɻɺ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʸʥʥʳʭ ʘʚʪʦʨʘʤʠ, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʡ 

ʧʨʦʛʥʦʟʥʦʡ ʦʮʝʥʢʠ ʠʥʢʫʙʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ, ʢʘʢ ʧʨʠ ʠʟʥʘʰʠʚʘʥʠʠ ʥʘʪʫʨʥʦʛʦ ʦʙʦʨʫ-

ʜʦʚʘʥʠʷ, ʪʘʢ ʠ ʧʨʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʧʳʪʘʥʠʷʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʢʘʚʠʪʘʮʠʦʥʥʳʡ ʠʟʥʦʩ, 

ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʝʥ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʧʨʦʬʠʣʷ ʧʦʚʝʨʭʥʦʩʪʠ [2]. ɺʳʩʦʪʘ ʥʝʨʦʚʥʦʩʪʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʧʨʝʜʝʣʘʭ ʠʥʢʫʙʘʮʠʦʥʦʛʦ ʧʝʨʠʦʜʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʣʠʥʝʡʥʦ ʩ ʫʚʝʣʠʯʝʥʠ-

ʝʤ ʚʨʝʤʝʥʠ ʢʘʚʠʪʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʧʨʠ ʵʪʦʤ ʟʥʘʯʝʥʠʝ ʩʨʝʜʥʝʛʦ ʘʨʠʬʤʝʪʠʯʝʩʢʦ-

ʛʦ ʦʪʢʣʦʥʝʥʠʷ ʧʨʦʬʠʣʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʦʢʦʥʯʘʥʠʶ ʠʥʢʫʙʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ, ʷʚʣʷ-

ʝʪʩʷ ʚʝʣʠʯʠʥʦʡ ʧʦʩʪʦʷʥʥʦʡ ʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʢʘʚʠʪʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡ-

ʩʪʚʠʷ ʧʨʠ ʢʘʚʠʪʘʮʠʦʥʥʦʤ ʠʟʥʘʰʠʚʘʥʠʠ ʚ ʦʧʨʝʜʝʣʸʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʪ. ʝ. ʥʘ ʢʦʥʢʨʝʪʥʦʤ 

ʦʙʦʨʫʜʦʚʘʥʠʠ ʠʣʠ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʝ. ʆʪʤʝʯʝʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ 

ʧʨʦʬʠʣʷ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʢʘʚʠʪʘʮʠʦʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʠʥʢʫʙʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʢʘʚʠʪʘʮʠʦʥʥʦʛʦ ʠʟ-

ʥʘʰʠʚʘʥʠʷ ʠ ʜʚʠʞʠʪʝʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʫʜʦʚ. ʆʜʥʘʢʦ ʜʣʷ ʵʪʦʛʦ ʥʘ 

ʛʨʝʙʥʳʭ ʚʠʥʪʘʭ ʥʘʜʦ ʫʤʝʪʴ ʦʮʝʥʠʚʘʪʴ ʚʳʩʦʪʫ ʥʝʨʦʚʥʦʩʪʝʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʦʢʦʥ-

ʯʘʥʠʶ ʠʥʢʫʙʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ. 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠʥʢʫʙʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ 

ʢʘʚʠʪʘʮʠʦʥʥʦʛʦ ʠʟʥʘʰʠʚʘʥʠʷ ɻɺ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʠʟʤʝʨʝʥʠʠ ʚʳʩʦʪʳ ʥʝʨʦʚʥʦʩʪʝʡ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʣʦʧʘʩʪʝʡ ʚ ʟʦʥʝ ʢʘʚʠʪʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ.  

ʄʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʡ 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʫʤʝʪʴ ʦʧʨʝʜʝʣʷʪʴ 

ʟʥʘʯʝʥʠʝ ʚʳʩʦʪʳ ʥʝʨʦʚʥʦʩʪʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʦʢʦʥʯʘʥʠʶ ʠʥʢʫʙʘʮʠ-

ʦʥʥʦʛʦ ʧʝʨʠʦʜʘ, ʩ ʪʝʤ, ʯʪʦʙʳ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʦ ʟʥʘʯʝʥʠʝ ʚ ʧʨʦʮʝʜʫʨʝ ʧʨʦʛʥʦʟʠʨʦʚʘ-

ʥʠʷ. ʆʜʥʘʢʦ ʟʥʘʯʝʥʠʝ ʫʢʘʟʘʥʥʦʡ ʚʳʩʦʪʳ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʣʠʰʴ ʚ ʩʣʫʯʘʝ ʫʩʧʝʰʥʦʛʦ 

ʨʝʰʝʥʠ ̫ʜʚʫʭ ʧʨʦʙʣʝʤ, ʧʨʠʯʠʥʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʦʪʦʨʳʭ ʚ ʩʣʝʜʫʶʱʝʤ. 

ɺʦ-ʧʝʨʚʳʭ, ʜʝʪʘʣʴʥʳʡ ʦʩʤʦʪʨ ʜʚʠʞʠʪʝʣʷ ʤʦʨʩʢʦʛʦ ʩʫʜʥʘ ʤʦʞʥʦ ʧʨʦʠʟʚʝʩʪʠ 

ʪʦʣʴʢʦ ʚʦ ʚʨʝʤʷ ʝʛʦ ʜʦʢʦʚʘʥʠʷ, ʪ. ʝ. ʥʝ ʯʘʱʝ ʦʜʥʦʛʦ ʨʘʟʘ ʚ 2ï3 ʛʦʜʘ, ʪʦʛʜʘ ʢʘʢ ʜʣʷ 

ʦʮʝʥʢʠ ʚʳʩʦʪʳ ʥʝʨʦʚʥʦʩʪʝʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʦʢʦʥʯʘʥʠʶ ʠʥʢʫʙʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ, 

ʥʘʜʦ ʨʘʩʧʦʣʘʛʘʪʴ ʟʘʚʠʩʠʤʦʩʪʴʶ ʚʳʩʦʪʳ ʥʝʨʦʚʥʦʩʪʝʡ ʦʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʢʘʚʠʪʘ-

ʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ.  

ɺʦ-ʚʪʦʨʳʭ, ʧʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ, ʨʘʟʤʝʨ ʢʘʚʠʪʘʮʠʦʥʥʦʡ ʟʦʥʳ, ʚʦʟʥʠʢʘʶ-

ʱʝʡ ʥʘ ʣʦʧʘʩʪʷʭ ʧʨʠ ʨʘʙʦʪʝ ɻɺ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʟʤʝʨʘ ʛʨʝʙʥʦʛʦ ʚʠʥ-



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 52, 2017 ʛ. 

ʈʘʟʜʝʣ IV. ʉʫʜʦʩʪʨʦʝʥʠʝ, ʩʫʜʦʨʝʤʦʥʪ ʠ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʫʜʥʘ 
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ʪʘ, ʘ ʧʦʵʪʦʤʫ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʨʘʟʤʝʨ ʢʘʧʝʣʴ ʠ ʩʪʨʫʡ, ʫʜʘʨʷʶʱʠʭ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʟʤʝʨʘ ʛʨʝʙʥʦʛʦ ʚʠʥʪʘ 

ʚʦʟʨʘʩʪʘʝʪ ʚʳʩʦʪʘ ʥʝʨʦʚʥʦʩʪʝʡ ʚ ʦʯʘʛʝ ʢʘʚʠʪʘʮʠʦʥʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ. ʇʦʵʪʦʤʫ, ʝʩʣʠ 

ʜʣʷ ʥʝʙʦʣʴʰʠʭ ɻɺ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʚʳʩʦʪʳ ʥʝʨʦʚʥʦʩʪʝʡ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʙʳʯʥʳʡ 

ʧʨʦʬʠʣʦʛʨʘʬ, ʧʨʠʤʝʥʷʝʤʳʡ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʰʝʨʦʭʦʚʘʪʦʩʪʠ, ʪʦ ʜʣʷ ʢʨʫʧʥʳʭ ʜʚʠʞʠʪʝ-

ʣʝʡ ʜʠʘʧʘʟʦʥʘ ʠʟʤʝʨʝʥʠʡ, ʦʙʝʩʧʝʯʠʚʘʝʤʦʛʦ ʧʨʦʤʳʰʣʝʥʥʦ ʚʳʧʫʩʢʘʝʤʳʤʠ ʧʨʦʬʠʣʦ-

ʛʨʘʬʘʤʠ, ʙʫʜʝʪ ʥʝʜʦʩʪʘʪʦʯʥʦ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʣʷ ʙʦʣʴʰʠʭ ʤʦʨʩʢʠʭ ʩʫʜʦʚ ʥʝʦʙʭʦ-

ʜʠʤʦ ʦʪʨʘʙʦʪʘʪʴ ʤʝʪʦʜʠʢʫ ʦʮʝʥʢʠ ʚʳʩʦʪʳ ʥʝʨʦʚʥʦʩʪʝʡ ʚ ʦʯʘʛʝ ʢʘʚʠʪʘʮʠʦʥʥʦʛʦ ʠʟʥʦ-

ʩʘ ʥʘ ɻɺ. 

ʇʨʠ ʨʝʰʝʥʠʠ ʧʝʨʚʦʡ ʧʨʦʙʣʝʤʳ ʨʘʩʩʫʞʜʘʣʠ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɸʥʘʣʠʟ ʨʘʡʦʥʦʚ 

ʢʘʚʠʪʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʣʦʧʘʩʪʷʭ ʥʘʪʫʨʥʳʭ ɻɺ ʧʦʟʚʦʣʷʝʪ ʨʘʟʙʠʪʴ ʵʪʠ ʨʘʡʦʥʳ 

ʥʘ ʪʨʠ ʟʦʥʳ; ʜʚʝ ʠʟ ʥʠʭ ʨʘʩʧʦʣʦʞʝʥʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʦʯʘʛʝ ʢʘʚʠʪʘʮʠʦʥʥʦʛʦ ʨʘʟ-

ʨʫʰʝʥʠʷ (ʨʠʩ. 1): ʟʦʥʘ B ï ʟʦʥʘ ʥʘʢʣʸʧʘ: ʦʥʘ ʨʘʩʧʦʣʦʞʝʥʘ ʤʝʞʜʫ ʢʦʥʪʫʨʘʤʠ abcd ʠ 

aËbËcËdË; ʠ ʟʦʥʘ ʉ ï ʟʦʥʘ ʦʪʜʝʣʠʚʰʝʛʦʩʷ ʤʘʪʝʨʠʘʣʘ, ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʚ ʧʨʝʜʝʣʘʭ ʢʦʥʪʫʨʘ 

ʠ aËbËcËdË. ɺʦʢʨʫʛ ʦʯʘʛʘ ʨʘʩʧʦʣʦʞʝʥʘ ʧʨʠʤʳʢʘʶʱʘʷ ʢ ʥʝʤʫ ʪʨʝʪʴʷ ʟʦʥʘ ɸ, ʚ ʵʪʦʡ ʟʦʥʝ 

ʫʯʘʩʪʢʠ ʠʩʭʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʯʝʨʝʜʫʶʪʩʷ ʩ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ 

ʥʝʧʝʨʝʢʨʳʚʘʶʱʠʤʠʩʷ ʚʤʷʪʠʥʘʤʠ ʦʪ ʫʜʘʨʦʚ ʩʪʨʫʡ ʠ ʢʘʧʝʣʴ. ʆʯʘʛ ʢʘʚʠʪʘʮʠʦʥʥʦʛʦ 

ʠʟʥʦʩʘ ʬʦʨʤʠʨʫʝʪʩʷ ʥʘ ʫʯʘʩʪʢʝ, ʵʥʝʨʛʠʷ E ʢʘʚʠʪʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʢʦʪʦʨʳʡ 

ʧʨʝʚʳʰʘʝʪ ʟʥʘʯʝʥʠʝ ʵʥʝʨʛʠʠ Eʪ, ʚʳʟʳʚʘʶʱʝʡ ʧʣʘʩʪʠʯʝʩʢʫʶ ʜʝʬʦʨʤʘʮʠʶ ʧʦʚʝʨʭʥʦ-

ʩʪʠ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʠʥʢʫʙʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʷʚʣʷʝʪʩʷ ʥʝʧʨʝʨʳʚʥʦʡ ʦʜʥʦʟʥʘʯ-

ʥʦʡ ʬʫʥʢʮʠʝʡ ʵʥʝʨʛʠʠ ʢʘʚʠʪʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʣʦʧʘʩʪʠ. ɺ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʵʥʝʨʛʠʷ E ʢʘʚʠʪʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʷʚʣʷʝʪʩʷ ʥʝʧʨʝʨʳʚʥʦʡ ʬʫʥʢʮʠʝʡ ʢʦ-

ʦʨʜʠʥʘʪʳ x ʪʦʯʢʠ ʦʯʘʛʘ (ʟʘ ʥʘʯʘʣʦ ʢʦʦʨʜʠʥʘʪ ʤʦʞʥʦ ʧʨʠʷʪʴ ʫʩʣʦʚʥʳʡ ʮʝʥʪʨ ʦʯʘʛʘ). ɸ 

ʟʥʘʯʠʪ, ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʠʥʢʫʙʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʚ ʦʧʨʝʜʝʣʸʥʥʦʡ ʪʦʯʢʝ ʦʯʘʛʘ 

ʵʨʦʟʠʠ ʷʚʣʷʝʪʩʷ ʥʝʧʨʝʨʳʚʥʦʡ ʬʫʥʢʮʠʝʡ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ. ʇʦʵʪʦʤʫ ʚ ʦʯʘʛʝ ʧʨʠ ʜʚʠ-

ʞʝʥʠʠ ʦʪ ʝʛʦ ʮʝʥʪʨʘ ʤʦʞʥʦ ʥʘʡʪʠ ʪʦʯʢʫ, ʩʦʩʪʦʷʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʢʦʪʦʨʦʡ ʚ ʤʦʤʝʥʪ 

ʦʩʤʦʪʨʘ ɻɺ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʢʦʥʯʘʥʠʶ ʠʥʢʫʙʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ. ʕʪʘ ʪʦʯʢʘ ʥʘʭʦʜʠʪʩʷ ʥʘ 

ʛʨʘʥʠʮʝ ʤʝʞʜʫ ʟʦʥʦʡ ʥʘʢʣʸʧʘ ʠ ʟʦʥʦʡ ʦʪʜʝʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ (ʪʦʯʢʠ aË ʠ cË ʥʘ ʨʠʩ. 1). 
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ʈʠʩ. 1. ʉʭʝʤʘ ʦʯʘʛʘ ʢʘʚʠʪʘʮʠʦʥʥʦʛʦ ʠʟʥʦʩʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʣʦʧʘʩʪʠ 



ɽ.ʆ. ɻʦʨʙʘʯʝʥʢʦ, ʖ.ʅ. ʎʚʝʪʢʦʚ 
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ɼʣʷ ʨʝʰʝʥʠʷ ʚʪʦʨʦʡ ʧʨʦʙʣʝʤʳ, ʪ. ʝ. ʦʪʨʘʙʦʪʢʠ ʩʦʙʩʪʚʝʥʥʦ ʤʝʪʦʜʠʢʠ ʠʟʤʝʨʝʥʠʡ 

ʥʘ ʚʠʥʪʘʭ ʩʨʘʚʥʠʪʝʣʴʥʦ ʙʦʣʴʰʠʭ ʜʠʘʤʝʪʨʦʚ, ʚʳʙʨʘʣʠ ɻɺ ʪʝʧʣʦʭʦʜʘ çɸʨʠʝʩè ï ʯʝʪʳ-

ʨʸʭʣʦʧʘʩʪʥʦʡ ʚʠʥʪ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʰʘʛʘ ʜʠʘʤʝʪʨʦʤ 2765 ʤʤ. ʃʦʧʘʩʪʠ ɻɺ ʙʳʣʠ ʦʪʣʠʪʳ 

ʚ ʌʈɻ ʠʟ ʤʘʨʛʘʥʮʦʚʦ-ʘʣʶʤʠʥʠʝʚʦʡ ʙʨʦʥʟʳ (Al  ï 8,2 %; Mn ï 8,8 %; Fe ï 3,3 %; Ni ï 

1,8 %; Cu ï ʦʩʥʦʚʘ). ʈʘʡʦʥʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʯʘʛʦʚ ʠʟʥʦʩʘ ʥʘ ʣʦʧʘʩʪʷʭ ɻɺ ʪʝʧʣʦʭʦʜʘ 

çɸʨʠʝʩè ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 2 (ʘ). 

ɼʣʷ ʠʟʤʝʨʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʛʣʫʙʠʥʦʤʝʨ 1 ʥʘ ʙʘʟʝ ʠʥʜʠʢʘʪʦʨʥʦʡ ʛʦʣʦʚʢʠ 2 ʩ ʮʝ-

ʥʦʡ ʜʝʣʝʥʠʷ 0,01 ʤʤ (ʨʠʩ. 3). ɼʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʣʫʙʠʥʦʤʝʨʘ ʚʜʦʣʴ ʦʯʘʛʘ ʧʦ ʦʙʝ ʝʛʦ 

ʩʪʦʨʦʥʳ ʫʢʣʘʜʳʚʘʣʠ ʥʘʧʨʘʚʣʷʶʱʠʝ 3 ï ʧʨʫʪʢʠ ʢʨʫʛʣʦʛʦ ʩʝʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʢʨʝʧʠʣʠʩʴ 

ʢ ʣʦʧʘʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʧʣʘʩʪʠʣʠʥʘ (ʨʠʩ. 2, ʙ). ɻʠʙʢʦʩʪʴ ʥʘʧʨʘʚ-

ʣʷʶʱʠʭ ʧʦʟʚʦʣʷʣʘ ʠʤ çʧʦʚʪʦʨʷʪʴè ʥʦʤʠʥʘʣʴʥʳʡ ʧʨʦʬʠʣʴ ʧʦʚʝʨʭʥʦʩʪʠ, ʪʘʢ ʯʪʦ ʧʨʦ-

ʩʚʝʪ ʤʝʞʜʫ ʥʘʧʨʘʚʣʷʶʱʠʤʠ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ ʣʦʧʘʩʪʠ ʦʪʩʫʪʩʪʚʦʚʘʣ. ʀʟʤʝʨʝʥʠʷ ʥʝ-

ʨʦʚʥʦʩʪʝʡ ʚ ʨʘʡʦʥʝ ʦʯʘʛʘ ʠʟʥʦʩʘ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʥʘ ʜʚʫʭ ʣʦʧʘʩʪʷʭ (ˉ2 ʠ ˉ3) ʧʦ ʨʘʟ-

ʣʠʯʥʳʤ ʩʭʝʤʘʤ ʜʚʠʞʝʥʠʷ ʛʣʫʙʠʥʦʤʝʨʘ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʛʣʫʙʠʥʦʤʝʨʘ ʧʦ ʥʘʧʨʘʚʣʷ-

ʶʱʠʤ (ʨʠʩ. 3). ʇʨʠ ʵʪʦʤ ʧʦ ʧʦʣʦʞʝʥʠʶ ʩʪʨʝʣʢʠ ʠʥʜʠʢʘʪʦʨʥʦʡ ʛʦʣʦʚʢʠ ʬʠʢʩʠʨʦʚʘʣʠ 

ʫʩʣʦʚʥʫʶ ʛʣʫʙʠʥʫ ʦʯʘʛʘ, ʪ. ʝ. ʟʥʘʯʝʥʠʝ ʛʣʫʙʠʥʳ ʙʝʟ ʫʯʸʪʘ ʧʦʧʨʘʚʢʠ ʥʘ ʥʫʣʴ. 
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ʈʠʩ. 2. ʈʘʡʦʥ ʨʘʩʧʦʣʦʞʝʥʠʷ (ʘ) ʠ ʚʠʜ (ʙ) ʦʯʘʛʦʚ ʢʘʚʠʪʘʮʠʦʥʥʦʛʦ ʠʟʥʦʩʘ  

ʥʘ ʥʘʛʥʝʪʘʪʝʣʴʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʣʦʧʘʩʪʝʡ ʪʝʧʣʦʭʦʜʘ çɸʨʠʝʩè 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ 

ʉʥʘʯʘʣʘ ʥʘ ʣʦʧʘʩʪʠ ˉ3 ʧʨʦʚʝʣʠ ʠʟʤʝʨʝʥʠʷ ʛʣʫʙʠʥʳ ʦʯʘʛʘ ʠʟʥʦʩʘ ʧʨʠ ʰʘʛʦʚʦʤ  

(ʩ ʰʘʛʦʤ ʦʢʦʣʦ 2 ʤʤ) ʧʝʨʝʤʝʱʝʥʠʠ ʛʣʫʙʠʥʦʤʝʨʘ ʧʦ ʥʘʧʨʘʚʣʷʶʱʠʤ 3 ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʦʩʠ 0x (ʩʤ. ʩʪʨʝʣʢʫ 4 ʥʘ ʨʠʩ. 3). ʈʝʛʠʩʪʨʘʮʠʶ ʫʩʣʦʚʥʦʡ ʛʣʫʙʠʥʳ ʦʯʘʛʘ ʧʨʦʠʟʚʦʜʠʣʠ ʥʘ 

ʢʘʞʜʦʤ ʰʘʛʝ ʚ ʪʦʯʢʘʭ i ï 1, i, i + 1 ʠ ʪ. ʜ. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʫʩʣʦʚʥʦʡ ʛʣʫʙʠʥʳ h 

ʦʯʘʛʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ L ʜʦ ʫʩʣʦʚʥʦʛʦ ʮʝʥʪʨʘ ʦʯʘʛʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩ. 4.  

ɸʥʘʣʠʟ ʟʘʚʠʩʠʤʦʩʪʠ h(L) ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ ʪʦ ʤʝʩʪʦ ʚ ʦʯʘʛʝ, ʢʘʚʠʪʘʮʠʦʥʥʦʝ ʚʦʟ-

ʜʝʡʩʪʚʠʝ ʥʘ ʢʦʪʦʨʦʝ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʦʢʦʥʯʘʥʠʶ ʠʥʢʫʙʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ. ʂʘʢ ʚʠʜʥʦ 

ʠʟ ʨʠʩ. 4, ʚʩʝ ʪʦʯʢʠ ʩʛʨʫʧʧʠʨʦʚʘʣʠʩʴ ʧʦ ʪʨʸʤ ʟʦʥʘʤ ɸ, B ʠ C, ʦʧʠʩʘʥʠʝ ʢʦʪʦʨʳʭ ʜʘʥʦ 

ʚʳʰʝ. ʇʨʠʟʥʘʢʦʤ ʛʨʘʥʠʮʳ ʤʝʞʜʫ ʟʦʥʘʤʠ A ʠ B ʩʣʫʞʠʪ ʥʘʤʝʪʠʚʰʠʡʩʷ ʧʝʨʝʣʦʤ ʚ ʟʘ-

ʚʠʩʠʤʦʩʪʠ h(L) ʠ ʫʚʝʣʠʯʠʚʰʠʡʩʷ ʨʘʟʙʨʦʩ ʪʦʯʝʢ ʚ ʟʦʥʝ ʥʘʢʣʸʧʘ, ʘ ʤʝʞʜʫ ʟʦʥʘʤʠ B ʠ C 

ï ʫʚʝʣʠʯʠʚʰʠʡʩʷ ʫʛʦʣ ʥʘʢʣʦʥʘ. ʆʢʦʥʯʘʥʠʶ ʠʥʢʫʙʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʚʝʨʪʠʢʘʣʴʥʘʷ ʣʠʥʠʷ ï ʛʨʘʥʠʮʘ ʤʝʞʜʫ ʟʦʥʘʤʠ B ʠ C; ʥʘ ʵʪʦʡ ʛʨʘʥʠʮʝ ʠ ʥʘʜʦ ʦʧʨʝʜʝ-

ʣʷʪʴ ʚʳʩʦʪʫ ʥʝʨʦʚʥʦʩʪʝʡ ʧʨʦʬʠʣʷ.  

 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 52, 2017 ʛ. 

ʈʘʟʜʝʣ IV. ʉʫʜʦʩʪʨʦʝʥʠʝ, ʩʫʜʦʨʝʤʦʥʪ ʠ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʫʜʥʘ 
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ʈʠʩ. 4. ɿʘʚʠʩʠʤʦʩʪʴ ʫʩʣʦʚʥʦʡ ʛʣʫʙʠʥʳ ʦʯʘʛʘ ʢʘʚʠʪʘʮʠʦʥʥʦʛʦ  

ʠʟʥʦʩʘ ʥʘ ʣʦʧʘʩʪʠ ˉ3 ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʫʩʣʦʚʥʦʛʦ ʮʝʥʪʨʘ ʦʯʘʛʘ 



ɽ.ʆ. ɻʦʨʙʘʯʝʥʢʦ, ʖ.ʅ. ʎʚʝʪʢʦʚ 

ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʠʥʢʫʙʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʢʘʚʠʪʘʮʠʦʥʥʦʛʦ ʠʟʥʘʰʠʚʘʥʠʷ ʣʦʧʘʩʪʝʡ ʛʨʝʙʥʳʭ » 

 92 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ, ʧʨʦʚʝʜʸʥʥʳʭ ʥʘ ʣʦʧʘʩʪʠ ˉ3, ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ 

ʧʨʦʚʝʩʪʠ ʙʦʣʝʝ ʧʦʜʨʦʙʥʳʝ ʠʟʤʝʨʝʥʠʷ ʥʘ ʜʨʫʛʦʡ ʣʦʧʘʩʪʠ (ˉ2) ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʠʤʝʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʧʨʠ ʜʚʠʞʝʥʠʠ ʚʜʦʣʴ ʣʠʥʠʠ 0x ʚʳʯʠʩʣʠʪʴ ʩʨʝʜʥʝʝ ʘʨʠʬ-

ʤʝʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ ʧʨʦʬʠʣʷ ï ʘʥʘʣʦʛ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ Ra, ʠʩʧʦʣʴʟʫʝʤʦ-

ʛʦ ʧʨʠ ʦʮʝʥʢʝ ʰʝʨʦʭʦʚʘʪʦʩʪʠ. ɼʣʷ ʵʪʦʛʦ ʚ ʢʘʞʜʦʡ i-ʡ ʪʦʯʢʝ (ʧʦ ʣʠʥʠʠ 0x) ʛʣʫʙʠʥʦʤʝʨ 

ʧʝʨʝʤʝʱʘʣʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʣʠʥʠʠ 0x ʧʦ ʦʩʠ yyË. ʅʘ ʢʘʞʜʦʤ ʦʪʨʝʟ-

ʢʝ yyË ʬʠʢʩʠʨʦʚʘʣʦʩʴ 15ï20 ʫʩʣʦʚʥʳʭ ʟʥʘʯʝʥʠʡ ʛʣʫʙʠʥ ʧʨʦʬʠʣʷ ʚ ʪʦʯʢʘʭ k, k+1 ʠ ʪ. ʜ. 

(ʩʤ. ʨʠʩ. 3), ʠ ʜʣʷ ʢʘʞʜʦʡ i-ʡ ʪʦʯʢʠ ʚʳʯʠʩʣʷʣʠ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʫʩʣʦʚʥʦʡ ʛʣʫʙʠʥʳ: 

 

ʛʜʝ n =15é20. 

ʉʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ ʧʨʦʬʠʣʷ ʥʘ i-ʤ ʰʘʛʝ (ʩʤ. ʨʠʩ. 3) ʧʨʠ ʠʟʤʝ-

ʨʝʥʠʷʭ ʥʘ ʣʦʧʘʩʪʠ ˉ2 ʚʳʯʠʩʣʷʣʦʩʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 5, ʭʘʨʘʢʪʝʨ ʟʘʚʠʩʠʤʦʩʪʠ hʩʨ(L), ʧʦʩʪʨʦʝʥʥʦʡ ʜʣʷ ʦʯʘʛʘ ʠʟʥʦʩʘ ʥʘ 

ʣʦʧʘʩʪʠ ˉ2, ʘʥʘʣʦʛʠʯʝʥ ʟʘʚʠʩʠʤʦʩʪʠ h(L), ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʥʝʝ ʥʘ ʨʠʩ. 4, ʦʜʥʘʢʦ, 

ʪʘʢ ʢʘʢ ʟʥʘʯʝʥʠʝ hʩʨ ʦʧʨʝʜʝʣʷʣʠ ʢʘʢ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ 15ï20 ʟʥʘʯʝʥʠʡ, ʪʦ ʥʘ 

ʨʠʩ. 5 ʠʤʝʝʪ ʤʝʩʪʦ ʤʝʥʴʰʠʡ ʨʘʟʙʨʦʩ ʪʦʯʝʢ. ʂʘʢ ʠ ʩʣʝʜʦʚʘʣʦ ʦʞʠʜʘʪʴ, ʨʘʟʙʨʦʩ ʪʦʯʝʢ ʚ 

ʟʦʥʝ ɸ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ, ʠ ʟʘʚʠʩʠʤʦʩʪʴ ʥʘ ʵʪʦʤ ʫʯʘʩʪʢʝ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʩʯʠ-

ʪʘʪʴ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ, ʝʩʣʠ ʙʳ ʥʝ ʥʝʙʦʣʴʰʦʡ çʛʦʨʙè ʚʳʩʦʪʦʡ 0,3ï0,4 ʤʤ, ʧʦʷʚʣʝʥʠʝ 

ʢʦʪʦʨʦʛʦ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʧʨʠ ʧʨʠʙʣʠʞʝʥʠʠ ʢ ʟʦʥʝ B (ʨʠʩ. 2 ʙ) 

ʫʯʘʩʪʢʠ ʩ ʙʦʣʴʰʝʡ ʧʣʦʪʥʦʩʪʴʶ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚʤʷʪʠʥ ʦʪ ʫʜʘʨʦʚ ʞʠʜʢʦʩʪʠ ʯʝʨʝʜʫʶʪʩʷ 

ʩ ʫʯʘʩʪʢʘʤʠ, ʥʘ ʢʦʪʦʨʳʭ ʨʘʩʧʦʣʦʞʝʥʠʝ ʚʤʷʪʠʥ ʙʦʣʝʝ ʨʘʟʨʝʞʝʥʥʦʝ. ʊʦ, ʯʪʦ ʵʪʦ ʪʘʢ, 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʘʥʘʣʦʛʠʯʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʚ ʟʦʥʝ ɸ ʟʥʘʯʝʥʠʷ Ra (ʨʠʩ. 6): ʫʤʝʥʴʰʝʥʠ-

ʝʤ ʟʥʘʯʝʥʠʷ hʩʨ ʧʨʠ ʜʚʠʞʝʥʠʠ ʧʦ ʦʩʠ ʘʙʩʮʠʩʩ, ʯʪʦ ʦʟʥʘʯʘʝʪ ʫʤʝʥʴʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ 

ʚʤʷʪʠʥ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʦʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝʤ Ra, ʠ ʥʘʦʙʦʨʦʪ. ʆʩ-

ʥʦʚʥʳʤ ʧʨʠʟʥʘʢʦʤ ʧʝʨʝʭʦʜʘ ʦʜʥʦʡ ʟʦʥʳ ʚ ʜʨʫʛʫʶ, ʥʘʨʷʜʫ ʩ ʠʟʤʝʥʷʶʱʠʤʩʷ ʫʛʣʦʤ 

ʥʘʢʣʦʥʘ ʟʘʚʠʩʠʤʦʩʪʠ, ʷʚʣʷʝʪʩʷ ʫʚʝʣʠʯʠʚʘʶʱʠʡʩʷ ʨʘʟʙʨʦʩ ʪʦʯʝʢ: ʚ ʟʦʥʝ ɸ ʨʘʟʙʨʦʩ ï 

ʤʠʥʠʤʘʣʴʥʳʡ, ʘ ʚ ʟʦʥʝ ʉ ï ʤʘʢʩʠʤʘʣʴʥʳʡ, ʪʘʢ ʢʘʢ ʥʘ ʨʘʟʙʨʦʩ ʪʦʯʝʢ ʚ ʟʦʥʝ ʉ ʦʩʥʦʚʥʦʝ 

ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʩʣʫʯʘʡʥʳʡ ʭʘʨʘʢʪʝʨ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʝʣʴʝʬʘ ʧʨʠ ʦʪʜʝʣʝʥʠʠ ʯʘʩʪʠʮ 

ʠʟʥʦʩʘ. 

ʅʘ ʛʨʘʬʠʢʝ Ra(L) ʧʝʨʝʭʦʜ ʦʪ ʫʯʘʩʪʢʘ A ʢ ʫʯʘʩʪʢʫ B, ʘ ʟʘʪʝʤ ʦʪ B ʢ ʉ ʩʦʧʨʦʚʦʞʜʘ-

ʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʠʟʤʝʥʝʥʠʝʤ ʫʛʣʘ ʥʘʢʣʦʥʘ ʫʯʘʩʪʢʦʚ ʢ ʦʩʷʤ ʢʦʦʨʜʠʥʘʪ ʠ ʠʟʤʝʥʝʥʠʝʤ 

ʩʪʝʧʝʥʠ ʨʘʟʙʨʦʩʘ ʪʦʯʝʢ, ʥʦ ʪʘʢʞʝ ʠ ʨʘʟʨʳʚʘʤʠ ʥʘ ʟʘʚʠʩʠʤʦʩʪʠ (ʨʠʩ. 6). ʋʯʘʩʪʦʢ, ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʡ ʟʦʥʝ ʉ ʠʤʝʝʪ ʥʘʠʙʦʣʴʰʠʡ ʨʘʟʙʨʦʩ ʠ ʨʘʩʧʦʣʦʞʝʥ ʛʦʨʠʟʦʥʪʘʣʴʥʦ. ʕʪʦ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʥʘ ʢʘʚʠʪʘʮʠʦʥʥʦʝ ʠʟʥʘʰʠʚʘʥʠʝ 

[3]: ʚʳʭʦʜ ʧʨʦʮʝʩʩʘ ʢʘʚʠʪʘʮʠʦʥʥʦʛʦ ʠʟʥʘʰʠʚʘʥʠʷ ʥʘ ʩʪʘʜʠʶ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ 

ʠʟʥʘʰʠʚʘʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚʳʩʦʪʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʰʝʨʦʭʦʚʘʪʦʩʪʠ (ʦʥ ʧʝʨʝ-

ʩʪʘʸʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ) ʠ ʢ ʫʚʝʣʠʯʝʥʠʶ ʨʘʟʙʨʦʩʘ ʝʛʦ ʟʥʘʯʝʥʠʡ.  

ʆʢʦʥʯʘʥʠʶ ʠʥʢʫʙʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ, ʩʫʜʷ ʧʦ ʛʨʘʬʠʢʫ Ra(L), ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦ-

ʚʘʪʴ ʟʥʘʯʝʥʠʝ (Ra)ʠʥʢ = 0,8 ʤʤ. ʕʪʦ ʟʥʘʯʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʦʯʢʝ ʧʝʨʝʩʝʯʝʥʠʷ ʚʝʨʪʠ-

ʢʘʣʴʥʦʡ ʣʠʥʠʠ ï ʛʨʘʥʠʮʳ ʤʝʞʜʫ ʟʦʥʘʤʠ B ʠ C ï ʠ ʫʯʘʩʪʢʘ B. ɿʥʘʥʠʝ ʟʥʘʯʝʥʠʷ (Ra)ʠʥʢ 
ʧʦʟʚʦʣʠʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʠʥʢʫʙʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʢʘʚʠʪʘʮʠʦʥ-

ʥʦʛʦ ʠʟʥʘʰʠʚʘʥʠʷ ʨʘʟʥʳʭ ʫʯʘʩʪʢʦʚ ʢʘʚʠʪʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ.  

 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 52, 2017 ʛ. 

ʈʘʟʜʝʣ IV. ʉʫʜʦʩʪʨʦʝʥʠʝ, ʩʫʜʦʨʝʤʦʥʪ ʠ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʫʜʥʘ 
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ʈʠʩ. 5. ɿʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʫʩʣʦʚʥʦʡ ʛʣʫʙʠʥʳ ʦʯʘʛʘ  

ʢʘʚʠʪʘʮʠʦʥʥʦʛʦ ʠʟʥʘʰʠʚʘʥʠʷ ʥʘ ʣʦʧʘʩʪʠ ˉ2 ʦʪ ʨʘʩʩʪʦʷʥʠʷ  

ʜʦ ʫʩʣʦʚʥʦʛʦ ʮʝʥʪʨʘ ʦʯʘʛʘ ʢʘʚʠʪʘʮʠʦʥʥʦʛʦ ʠʟʥʘʰʠʚʘʥʠʷ 

ʇʦʢʘʞʝʤ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʦʮʝʜʫʨʫ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʠʥ-

ʢʫʙʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʜʣʷ ʫʯʘʩʪʢʘ ʚ ʟʦʥʝ ʥʘʢʣʸʧʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 60 ʤʤ 

ʦʪ ʫʩʣʦʚʥʦʛʦ ʮʝʥʪʨʘ ʦʯʘʛʘ. ʕʪʦʡ ʢʦʦʨʜʠʥʘʪʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ Ra å 0,45 

ʤʤ (ʨʠʩ. 6). ʇʨʠ ʧʨʝʜʳʜʫʱʝʤ ʜʦʢʦʚʘʥʠʠ ʦʯʘʛʦʚ ʢʘʚʠʪʘʮʠʦʥʥʦʛʦ ʠʟʥʦʩʘ ʦʙʥʘʨʫʞʝʥʦ 

ʥʝ ʙʳʣʦ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ ɻɺ ʧʦʩʣʝ ʧʨʝʜʳʜʫʱʝʛʦ ʜʦʢʦʚʘʥʠʷ t = 

10 000 ʯ. ʀʩʭʦʜʥʦʝ (ʪ. ʝ. ʧʨʠ t = 0) ʟʥʘʯʝʥʠʝ Ra ʜʣʷ ɻɺ ʚʳʩʰʝʛʦ ʢʣʘʩʩʘ ʧʦ ɻʆʉʊ 8054-

81 ʜʦʣʞʥʦ ʩʦʩʪʘʚʣʷʪʴ ʥʝ ʙʦʣʝʝ 1,25 ʤʢʤ, ʪ. ʝ. ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʚʳʩʦʪʦʡ 

ʥʝʨʦʚʥʦʩʪʝʡ ʧʨʦʬʠʣʷ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʩʣʝ ʢʘʚʠʪʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʠʩʭʦʜʥʦʝ ʟʥʘ-

ʯʝʥʠʝ Ra å 0. 

1. ʅʘʥʝʩʸʤ ʜʚʝ ʪʦʯʢʠ ʥʘ ʛʨʘʬʠʢ Ra ï t: ʧʝʨʚʫʶ ʪʦʯʢʫ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ t = 0 ʠ Ra = 0, 

ʠ ʚʪʦʨʫʶ ï t = 10 000 ʯ ʠ Ra å 0,45 ʤʤ (ʨʠʩ. 7); 

2. ʇʨʦʚʝʜʸʤ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʣʠʥʠʶ 1, ʯʝʨʝʟ ʟʥʘʯʝʥʠʝ (Ra)ʠʥʢ = 0,8 ʤʤ, ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʝʝ ʦʢʦʥʯʘʥʠʶ ʠʥʢʫʙʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ; 

3. ʇʨʦʚʝʜʸʤ ʯʝʨʝʟ ʜʚʝ ʪʦʯʢʠ, ʥʘʥʝʩʸʥʥʳʝ ʥʘ ʛʨʘʬʠʢ, ʣʠʥʠʶ 2 ʜʦ ʧʝʨʝʩʝʯʝʥʠʷ ʩ 

ʣʠʥʠʝʡ 1; 

4. ʆʧʫʩʪʠʤ ʠʟ ʪʦʯʢʠ ʧʝʨʝʩʝʯʝʥʠʷ ʣʠʥʠʡ 1 ʠ 2 ʧʝʨʧʝʥʜʠʢʫʣʷʨ ʢ ʦʩʠ ʘʙʩʮʠʩʩ. ɿʥʘ-

ʯʝʥʠʝ, ʦʪʩʝʢʘʝʤʦʝ ʧʝʨʧʝʥʜʠʢʫʣʷʨʦʤ ʥʘ ʩʦʠ ʘʙʩʮʠʩʩ, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʦʜʦʣʞʠʪʝʣʴ-

ʥʦʩʪʴ ʠʥʢʫʙʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʜʣʷ ʫʯʘʩʪʢʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 60 ʤʤ ʦʪ 

ʫʩʣʦʚʥʦʛʦ ʮʝʥʪʨʘ ʦʯʘʛʘ, ʨʘʚʝʥ ʧʨʠʤʝʨʥʦ 17 500 ʯ. 

ʊʘʢ ʢʘʢ ʟʥʘʯʝʥʠʝ (Ra)ʠʥʢ ʠ ʧʦʣʦʞʝʥʠʝ ʪʦʯʢʠ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʣʠʥʠʠ 2 ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩ ʦʧʨʝʜʝʣʸʥʥʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ (ʩʤ. ʨʠʩ. 6), ʪʦ ʰʪʨʠʭʧʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ ʥʘ ʨʠʩ. 7 ʧʦ-

ʢʘʟʳʚʘʶʪ ʰʠʨʠʥʫ ʜʦʚʝʨʠʪʝʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ, ʚ ʢʦʪʦʨʳʡ ʧʦʧʘʜʘʶʪ ʧʨʦʛʥʦʟʥʳʝ ʟʥʘʯʝ-

ʥʠʷ. ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʟʥʘʯʝʥʠʝ ʠʥʢʫʙʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ tʠʥʢ = 17 500 ʯ ʠʤʝ-

ʝʪ ʧʦʛʨʝʰʥʦʩʪʴ Ñ5000 ʯ ʩ ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʦʢʦʣʦ 70 % ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, 

ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʧʦʜʯʠʥʷʝʪʩʷ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ. 

ʇʦ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʦʠʟʚʦʜʠʪʴ ʦʮʝʥʢʫ ʦʞʠʜʘʝʤʦʡ ʧʨʦ-

ʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʠʥʢʫʙʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʧʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʟʦʥ ʢʘʚʠʪʘʮʠʦʥʥʦʛʦ ʚʦʟ-

ʜʝʡʩʪʚʠʷ (ʟʦʥ ʥʘʢʣʸʧʘ) ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʣʦʧʘʩʪʝʡ ʧʨʠ ʦʩʤʦʪʨʝ ɻɺ ʚʦ ʚʨʝʤʷ ʦʯʝʨʝʜʥʦʛʦ 

ʜʦʢʦʚʘʥʠʷ ʩʫʜʥʘ.  



ɽ.ʆ. ɻʦʨʙʘʯʝʥʢʦ, ʖ.ʅ. ʎʚʝʪʢʦʚ 

ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʠʥʢʫʙʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʢʘʚʠʪʘʮʠʦʥʥʦʛʦ ʠʟʥʘʰʠʚʘʥʠʷ ʣʦʧʘʩʪʝʡ ʛʨʝʙʥʳʭ » 
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ʈʠʩ. 6. ɿʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʛʦ ʘʨʠʬʤʝʪʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʚʳʩʦʪʳ  

ʥʝʨʦʚʥʦʩʪʝʡ ʧʨʦʬʠʣʷ ʦʯʘʛʘ ʢʘʚʠʪʘʮʠʦʥʥʦʛʦ ʠʟʥʘʰʠʚʘʥʠʷ ʥʘ ʣʦʧʘʩʪʠ ˉ2  

ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʫʩʣʦʚʥʦʛʦ ʮʝʥʪʨʘ ʦʯʘʛʘ ʢʘʚʠʪʘʮʠʦʥʥʦʛʦ ʠʟʥʘʰʠʚʘʥʠʷ 
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ʈʠʩ. 7. ʉʭʝʤʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʠʥʢʫʙʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ 

ɿʘʢʣʶʯʝʥʠʝ 

ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʷ ʩʨʝʜʥʝʛʦ ʘʨʠʬʤʝʪʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝ-

ʥʠʷ ʧʨʦʬʠʣʷ (Ra)ʠʥʢ ʧʦʚʝʨʭʥʦʩʪʠ ɻɺ ʤʦʨʩʢʠʭ ʩʫʜʦʚ, ʢʦʪʦʨʦʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʢʦʥʯʘʥʠʶ 

ʠʥʢʫʙʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ. ʄʝʪʦʜʠʢʘ ʦʩʥʦʚʘʥʘ ʥʘ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʧʨʦʜʦʣʞʠʪʝʣʴ-



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 52, 2017 ʛ. 

ʈʘʟʜʝʣ IV. ʉʫʜʦʩʪʨʦʝʥʠʝ, ʩʫʜʦʨʝʤʦʥʪ ʠ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʫʜʥʘ 
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ʥʦʩʪʴ ʠʥʢʫʙʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʚ ʦʧʨʝʜʝʣʸʥʥʦʡ ʪʦʯʢʝ ʦʯʘʛʘ ʵʨʦʟʠʠ ʷʚʣʷʝʪʩʷ ʥʝʧʨʝ-

ʨʳʚʥʦʡ ʬʫʥʢʮʠʝʡ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʦʯʘʛʝ ʧʨʠ ʜʚʠʞʝʥʠʠ ʦʪ ʝʛʦ ʮʝʥ-

ʪʨʘ ʤʦʞʥʦ ʥʘʡʪʠ ʪʦʯʢʫ, ʩʦʩʪʦʷʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʢʦʪʦʨʦʡ ʚ ʤʦʤʝʥʪ ʦʩʤʦʪʨʘ ɻɺ ʩʦʦʪ-

ʚʝʪʩʪʚʫʝʪ ʦʢʦʥʯʘʥʠʶ ʠʥʢʫʙʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ; ʵʪʘ ʪʦʯʢʘ ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʛʨʘʥʠʮʝ 

ʟʦʥʳ ʥʘʢʣʸʧʘ ʠ ʟʦʥʳ ʦʪʜʝʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ. 

ʇʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʠʥʢʫʙʘʮʠʦʥʥʦʛʦ ʧʝ-

ʨʠʦʜʘ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʟʥʘʯʝʥʠʷ (Ra)ʠʥʢ. ʄʝʪʦʜʠʢʘ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʜʚʫʭ 

ʦʙʥʘʨʫʞʝʥʥʳʭ ʨʘʥʝʝ ʦʩʦʙʝʥʥʦʩʪʷʭ ʠʟʤʝʥʝʥʠʷ ʚʳʩʦʪʳ ʥʝʨʦʚʥʦʩʪʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ 

ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʢʘʚʠʪʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ: 1) ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʟʥʘʯʝʥʠʷ (Ra)ʠʥʢ ʜʣʷ 

ʢʦʥʢʨʝʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʢʘʚʠʪʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʢʦʥʢʨʝʪʥʦʤ 

ʫʩʪʨʦʡʩʪʚʝ ʠ 2) ʣʠʥʝʡʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʟʘʚʠʩʠʤʦʩʪʠ Ra(t) ʚ ʧʨʝʜʝʣʘʭ ʠʥʢʫʙʘʮʠʦʥʥʦʛʦ 

ʧʝʨʠʦʜʘ.  
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PREDICTION OF THE IN CUBATION PERIOD  

IN CAVITATION WEAR O F SHIP PROPELLER BLA DES  

USING THE SURFACE PROFILE MEASUREMENTS  

E.O. Gorbachenko, Yu.N. Tsvetkov 

Key words: cavitation wear, screw propeller, incubation period, arithmetic mean deviation 

of the assessed profile.  

 

The measurements of the height of asperities were carried out within the zone of cavitation 

wear on the ship propeller blades. It is shown that in moving from the center of the cavitation 

wear zone it is possible to find the point where the surface condition corresponds to incuba-

tion period termination. This point is situated on the boundary between the cold hardening 

zone and the zone of material removal. The procedure is developed to predict the incubation 

period duration, based on the use of the asperity height value corresponding to the end of the 

incubation period in cavitation attack on the surface. 

ʉʪʘʪʴʷ ʧʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ 14.06.2017 ʛ. 
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ɸ.ɸ. ʂʝʩʣʝʨ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʌɻɹʆʋ ɺʆ çɺɻʋɺʊè 

603951, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʫʣ. ʅʝʩʪʝʨʦʚʘ, 5 

ʆ ʌʆʈʄɽ ʆʇʈɽɼɽʃɽʅʀʗ  

ʍʆɼʆɺʓʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʉʋɼʅɸ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʫʜʥʦ, ʛʨʝʙʥʦʡ ʚʠʥʪ, ʛʣʘʚʥʳʡ ʜʚʠʛʘʪʝʣʴ, ʨʘʩʯʝʪʥʳʝ ʜʠʘʛʨʘʤʤʳ, ʭʦ-

ʜʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʮʝʩʩ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʩʯʝʪʥʳʭ ʜʠʘʛʨʘʤʤ ʧʦ ʛʨʝʙʥʳʤ ʚʠʥʪʘʤ ʠ 

ʚʦʟʤʦʞʥʦʩʪʴ ʝʛʦ ʫʧʨʦʱʝʥʠʷ ʟʘ ʩʯʝʪ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʜʠʘʛʨʘʤʤ. ʆʙʦʩʥʦʚʳʚʘʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʫʤʝʥʴʰʝʥʠʷ ʨʘʩʯʝʪʦʚ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʢʨʠʚʳʭ ʜʝʡʩʪʚʠʷ ʚʠʥʪʘ, ʘ ʪʘʢ-

ʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʦʣʫʯʝʥʠʷ ʛʨʘʥʠʯʥʦʡ ʣʠʥʠʠ ʨʘʙʦʯʝʡ ʟʦʥʳ ʥʘ ʧʦʣʝ ʢʨʠ-

ʚʳʭ ʜʝʡʩʪʚʠʡ ʚʠʥʪʘ ʧʦ ʤʦʱʥʦʩʪʠ ʠ ʥʘ ʧʦʣʝ ʢʨʠʚʳʭ ʜʝʡʩʪʚʠʷ ʧʦ ʫʧʦʨʫ. 

 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʧʦ ʨʘʩʯʝʪʫ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʛʨʝʙʥʳʭ ʚʠʥʪʦʚ ʚʦʜʦʠʟʤʝ-

ʱʘʶʱʠʭ ʩʫʜʦʚ ʠʟʣʦʞʝʥʳ ʚ ʈʫʢʦʚʦʜʩʪʚʝ [1], ʢʦʪʦʨʦʝ ʚʢʣʶʯʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʣʦʞʝʥʠʷ 

ʘʣʴʙʦʤ ʨʘʩʯʝʪʥʳʭ ʜʠʘʛʨʘʤʤ ʧʦ ʛʨʝʙʥʳʤ ʚʠʥʪʘʤ. 

ʈʘʩʯʝʪ ʭʦʜʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʫʜʦʚ, ʚʳʧʦʣʥʷʝʤʳʡ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ, ʚʢʣʶʯʘ-

ʝʪ ʦʧʨʝʜʝʣʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩʠʣʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ ʩʫʜʥʘ, ʩʠʣʳ ʫʧʦʨʘ, ʨʘʟ-

ʚʠʚʘʝʤʦʡ ʚʠʥʪʦʤ (ʚʠʥʪʘʤʠ), ʤʦʱʥʦʩʪʠ, ʧʦʪʨʝʙʣʷʝʤʦʡ ʚʠʥʪʦʤ ʦʪ ʛʣʘʚʥʦʛʦ ʜʚʠʛʘʪʝʣʷ, 

ʠ ʦʛʨʘʥʠʯʠʪʝʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦ ʤʦʱʥʦʩʪʠ ʧʦʩʣʝʜʥʝʛʦ. ɺ ʢʘʯʝʩʪʚʝ ʛʣʘʚʥʦʛʦ ʜʚʠʛʘ-

ʪʝʣʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʠʥʠʤʘʝʪʩʷ ʜʠʟʝʣʴʥʳʡ ʜʚʠʛʘʪʝʣʴ, ʘ ʧʝʨʝʜʘʯʘ ʦʪ ʥʝʛʦ ʥʘ ʚʠʥʪ ʚʨʘ-

ʱʘʶʱʝʛʦ ʤʦʤʝʥʪʘ (ʤʦʱʥʦʩʪʠ) ï ʩ ʧʦʤʦʱʴʶ ʛʨʝʙʥʦʛʦ ʚʘʣʘ. ɺ ʪʘʢʦʡ ʧʦʩʪʘʥʦʚʢʝ ʨʘʟ-

ʨʘʙʦʪʘʥʳ, ʥʘʧʨʠʤʝʨ, ʤʝʪʦʜʠʯʝʩʢʠʝ ʫʢʘʟʘʥʠʷ [2] ʢ ʚʳʧʦʣʥʝʥʠʶ ʢʫʨʩʦʚʦʡ ʨʘʙʦʪʳ ʧʦ 

ʜʠʩʮʠʧʣʠʥʝ çʊʝʦʨʠʷ ʠ ʫʩʪʨʦʡʩʪʚʦ ʩʫʜʦʚè ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 180403 çʕʢʩʧʣʫʘʪʘʮʠʷ 

ʩʫʜʦʚʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢè. 

ʆʧʳʪ ʨʘʙʦʪʳ ʘʚʪʦʨʘ ʩʦ ʩʪʫʜʝʥʪʘʤʠ ʚ ʯʘʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʦʪʤʝʯʝʥʥʦʡ ʢʫʨʩʦʚʦʡ ʨʘ-

ʙʦʪʳ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʣʦʞʠʪʴ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʟʜʝʩʴ ʥʦʚʳʝ ʤʝʪʦʜʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ. 

ɸ. ʈʘʩʯʝʪʳ ʧʦ ʛʨʝʙʥʳʤ ʚʠʥʪʘʤ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ 
/

optd
K (ʦʧʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʧʦʨʘ ï ʜʠʘʤʝʪʨʘ) ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

//

optn
n  

(ʦʧʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʱʥʦʩʪʠ ï ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ). ʇʦ ʠʟʚʝʩʪʥʦʤʫ 

ʟʥʘʯʝʥʠʶ 
/

optd
K  ʠʣʠ 

//

optn
n  ʦʧʨʝʜʝʣʷʶʪ çʪʦʯʢʫè ʥʘ ʧʦʣʝ ʨʘʩʯʝʪʥʦʡ ʜʠʘʛʨʘʤʤʳ, ʘ ʟʘʪʝʤ, ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʪʦʢ ʢʨʠʚʳʭ (ʟʘʚʠʩʠʤʦʩʪʝʡ), ʧʦ çʪʦʯʢʝè ʥʘʭʦʜʷʪ ʟʥʘʯʝʥʠʷ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦʡ ʧʦʩʪʫʧʠ (lp), ʰʘʛʦʚʦʛʦ ʦʪʥʦʰʝʥʠʷ (H/D) ʠ ʢ.ʧ.ʜ. (hp). ʊʘʢʠʝ ʦʧʝʨʘʮʠʠ ʩʪʫʜʝʥ-

ʪʳ ʚʳʧʦʣʥʷʶʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʦʩʪʫʧʥʳʭ ʜʠʘʛʨʘʤʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʈʫʢʦʚʦʜʩʪʚʝ 

[1]. ʕʪʠ ʜʠʘʛʨʘʤʤʳ ʚʝʩʴʤʘ ʥʘʩʳʱʝʥʳ ʩʝʤʝʡʩʪʚʘʤʠ ʢʨʠʚʳʭ ʠ, ʚ ʩʠʣʫ ʤʘʩʰʪʘʙʘ ʠʭ ʚʳ-

ʧʦʣʥʝʥʠʷ, ʦʙʣʘʜʘʶʪ ʩʣʘʙʦʡ çʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶè. ʇʦ ʵʪʠʤ ʧʨʠʯʠʥʘʤ ʦʧʨʝ-

ʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ lp, H/D, hp ʪʨʝʙʫʝʪ ʧʦʚʳʰʝʥʥʦʛʦ ʚʥʠʤʘʥʠʷ, ʚʨʝʤʝʥʠ ʠ ʥʝʨʝʜʢʦ ʩʦ-

ʧʨʦʚʦʞʜʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʥʝʪʦʯʥʦʩʪʷʤʠ. 

ʉ ʫʯʝʪʦʤ ʦʪʤʝʯʝʥʥʦʛʦ, ʥʘ ʦʩʥʦʚʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʈʫʢʦʚʦʜʩʪʚʝ [1] ʜʠʘʛʨʘʤʤ, 

ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʜʠʘʛʨʘʤʤʳ [3], ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʚʝʩʴʤʘ ʧʨʦʩʪʦ 

ʠ ʩ ʥʝʦʙʭʦʜʠʤʦʡ ʪʦʯʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʪʴ ʟʥʘʯʝʥʠʷ lp, H/D ʠ hp ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 
/

optd
K  ʠ 

//

optn
n  (ʩʤ. ʨʠʩʫʥʦʢ 1). 

 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 52, 2017 ʛ. 
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ʘ) 

 
ʙ) 

ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʠ H/D, hʢ, lʝ ʦʪ 
/

optdK  (ʘ) ʠ ʟʘʚʠʩʠʤʦʩʪʠ lʝ , H/D,  

hʢ ʦʪ 
optnK¡¡(ʙ) ʜʣʷ ʩʝʨʠʠ ʚʠʥʪʦʚ ʚ ʥʘʩʘʜʢʝ ʩ z = 4, q = 0,58, b = 1,12 

ɿʜʝʩʴ ʟʘʤʝʪʠʤ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʠʘʛʨʘʤʤ ʠʟ [1] ʚ ʜʨʫʛʠʭ ʩʣʫʯʘʷʭ ʚʳʧʦʣʥʝʥʠʷ 

ʨʘʩʯʝʪʦʚ ʥʝ ʚʳʟʳʚʘʝʪ ʩʣʦʞʥʦʩʪʝʡ.  

ɹ. ʇʦʢʘʟʘʪʝʣʠ ʨʘʙʦʪʳ ʚʠʥʪʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʚ ʚʠʜʝ ʜʚʫʭ ʩʝʤʝʡʩʪʚ ʢʨʠʚʳʭ: 

ʘ) ʟʘʚʠʩʠʤʦʩʪʷʤʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤʠ ʠʟʤʝʥʝʥʠʝ ʩʫʤʤʘʨʥʦʛʦ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʦ-

ʨʘ ʚʠʥʪʦʚ ï ʭÖʊʝ (ʛʜʝ ʭ ï ʢʦʣʠʯʝʩʪʚʦ ʚʠʥʪʦʚ ʠ ʊʝ ï ʩʠʣʘ ʫʧʦʨʘ) ʦʪ ʩʢʦʨʦʩʪʠ ʭʦʜʘ ʩʫʜʥʘ 

(v) ʧʨʠ ʧʦʩʪʦʷʥʥʳʭ ʯʘʩʪʦʪʘʭ ʚʨʘʱʝʥʠʷ ʛʨʝʙʥʦʛʦ ʚʘʣʘ (ni, ʤʠʥ-1) (ʩʤ. ʨʠʩʫʥʦʢ 2, ʚʝʨʭ-

ʥʠʡ ʢʚʘʜʨʘʥʪ); ʠʭ ʥʘʟʳʚʘʶʪ ï çʢʨʠʚʳʝ ʜʝʡʩʪʚʠʷ ʚʠʥʪʦʚ ʧʦ ʫʧʦʨʫè; 

ʙ) ʟʘʚʠʩʠʤʦʩʪʷʤʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤʠ ʠʟʤʝʥʝʥʠʝ ʤʦʱʥʦʩʪʠ (ʈʝ) ʦʪʙʠʨʘʝʤʦʡ ʚʠʥ-

ʪʦʤ ʦʪ ʛʣʘʚʥʦʛʦ ʜʚʠʛʘʪʝʣʷ (ʩʤ. ʨʠʩʫʥʦʢ 2, ʥʠʞʥʠʡ ʢʚʘʜʨʘʥʪ); ʠʭ ʥʘʟʳʚʘʶʪ ï çʢʨʠʚʳʝ 

ʜʝʡʩʪʚʠʷ ʚʠʥʪʘ ʧʦ ʤʦʱʥʦʩʪʠè. 
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ʈʠʩ. 2. ʍʦʜʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʫʜʥʘ 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [1] ʨʘʩʯʝʪ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʙʦʪʳ ʚʠʥʪʘ ʚʳʧʦʣʥʷʝʪʩʷ ʜʣʷ ʧʦʣʥʦʛʦ 

ʜʠʘʧʘʟʦʥʘ ʟʥʘʯʝʥʠʡ ʝʛʦ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʦʩʪʫʧʠ (lʨ) ʧʦ ʨʘʩʯʝʪʥʦʡ ʜʠʘʛʨʘʤʤʝ. ʇʨʠ 

ʵʪʦʤ ʚ ʧʨʦʮʝʩʩʝ ʨʘʩʯʝʪʘ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠʥʷʪʦʛʦ ʜʚʠʛʘʪʝʣʷ ʦʙʝʩʧʝʯʠʪʴ 

ʚʠʥʪ ʥʝʦʙʭʦʜʠʤʦʡ ʤʦʱʥʦʩʪʴʶ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʙʦʪʳ ʚʠʥʪʘ (ʚʠʥ-

ʪʦʚ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2 ʚ ʚʠʜʝ ʜʚʫʭ ʩʝʤʝʡʩʪʚ ʢʨʠʚʳʭ ʧʨʠ ni = const; ʵʪʠ ʢʨʠ-

ʚʳʝ ʚʢʣʶʯʘʶʪ ʫʯʘʩʪʢʠ, ʚʳʧʦʣʥʝʥʥʳʝ ʰʪʨʠʭʦʚʦʡ ʣʠʥʠʝʡ. 

ʉʦʛʣʘʩʥʦ [1] ʥʘ ʧʦʣʝ ʢʨʠʚʳʭ ʜʝʡʩʪʚʠʷ ʚʠʥʪʘ ʧʦ ʤʦʱʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʚʳʜʝʣʠʪʴ 

ʟʦʥʫ ʨʝʞʠʤʦʚ, ʧʨʠ ʢʦʪʦʨʳʭ ʨʘʙʦʪʘ ʚʠʥʪʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʜʚʠʛʘʪʝʣʝʤ; ʢʘʢ ʩʣʝʜʩʪʚʠʝ ï 

ʪʘʢʞʝ ʚʳʜʝʣʷʝʪʩʷ ʟʦʥʘ ʨʘʙʦʯʠʭ ʨʝʞʠʤʦʚ ʥʘ ʧʦʣʝ ʢʨʠʚʳʭ ʜʝʡʩʪʚʠʷ ʚʠʥʪʦʚ ʧʦ ʫʧʦʨʫ. 

ɼʣ̫ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʛʨʘʥʠʯʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʚʠʛʘʪʝʣʷ (ʨʠʩʫʥʦʢ 3), ʢʦʪʦ-

ʨʘʷ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [1], ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʤʝʥʪʘ ʜʚʠʛʘ-

ʪʝʣʷ ʦʪ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʛʨʝʙʥʦʛʦ ʚʘʣʘ (nʚ). ɿʘʪʝʤ, ʧʫʪʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʘʩʯʝʪʦʚ, 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʟʥʘʯʝʥʠʷ ʤʦʱʥʦʩʪʠ ʠ ʩʫʤʤʘʨʥʦʛʦ ʫʧʦʨʘ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʥʘ ʛʨʘʬʠ-

ʢʝ (ʨʠʩʫʥʦʢ 2) ʥʘʥʝʩʪʠ ʪʦʯʢʠ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʦʛʨʘʥʠʯʠʪʝʣʴʥʳʭ ʢʨʠʚʳʭ (ʘ ʠ ʘ/) ʨʘʙʦ-

ʯʠʭ ʟʦʥ. ʇʨʠ ʵʪʦʤ ʫʯʘʩʪʢʠ ʢʨʠʚʳʭ ʜʝʡʩʪʚʠʷ ʚʠʥʪʘ, ʠʟʦʙʨʘʞʝʥʥʳʝ ʰʪʨʠʭʦʚʦʡ ʣʠʥʠʝʡ, 

ʦʢʘʟʳʚʘʶʪʩʷ ʟʘ ʧʨʝʜʝʣʘʤʠ ʨʘʙʦʯʝʡ ʟʦʥʳ. ʆʧʠʩʘʥʥʳʡ ʧʦʜʭʦʜ ʧʦ ʚʳʜʝʣʝʥʠʶ ʨʘʙʦʯʠʭ 

ʟʦʥ (ʧʦ ʧʦʩʪʨʦʝʥʠʶ ʦʛʨʘʥʠʯʠʪʝʣʴʥʳʭ ʢʨʠʚʳʭ ʘ ʠ ʘ¡) ʥʘ ʛʨʘʬʠʢʝ ʢʨʠʚʳʭ ʜʝʡʩʪʚʠʷ 

ʚʠʥʪʘ, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʘ, ʠʟʣʠʰʥʝ ʥʘʩʳʱʝʥ ʨʘʩʯʝʪʘʤʠ, ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʢʦʪʦʨʳʭ 

çʪʝʨʷʝʪʩʷ ʠʟ ʚʠʜʘè ʦʛʨʘʥʠʯʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʚʠʛʘʪʝʣʷ. 

ʀʥʦʡ ʤʝʪʦʜ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʛʨʘ-

ʥʠʯʠʪʝʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʚʠʛʘʪʝʣʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝ ʝʛʦ ʤʦʱʥʦʩʪʠ ʜʣʷ ʨʷʜʘ 

ʧʨʠʥʷʪʳʭ ʟʥʘʯʝʥʠʡ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʚʠʥʪʘ (ʥʘ ʨʠʩʫʥʢʝ 3, ʥʘʧʨʠʤʝʨ, ʤʦʱʥʦʩʪʠ P0, 

P1, P2, P3), ʚ ʪʦʤ ʯʠʩʣʝ ï ʧʨʠ ʥʦʤʠʥʘʣʴʥʦʡ ʯʘʩʪʦʪʝ (no). ʂʘʞʜʦʝ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝ-

ʥʠʡ ʤʦʱʥʦʩʪʠ ʦʪʤʝʯʘʝʪʩʷ ʥʘ ʰʢʘʣʝ ʈʝ ʨʠʩʫʥʢʘ 2 ʠ ʟʘʪʝʤ ʧʨʦʚʦʜʠʪʩʷ ʛʦʨʠʟʦʥʪʘʣʴ ʜʦ 

ʧʝʨʝʩʝʯʝʥʠʷ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ (ʧʨʠ ʪʘʢʦʤ ʞʝ ʟʥʘʯʝʥʠʠ ni) ʢʨʠʚʦʡ ʜʝʡʩʪʚʠʷ ʚʠʥʪʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʣʦʞʝʥʠʝ ʪʦʯʝʢ ʦʛʨʘʥʠʯʠʪʝʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʚʠ-

ʛʘʪʝʣʷ ʥʘ ʧʦʣʝ ʢʨʠʚʳʭ ʜʝʡʩʪʚʠʷ ʚʠʥʪʘ ʧʦ ʤʦʱʥʦʩʪʠ (ʢʨʠʚʘʷ (ʘ) ʥʘ ʨʠʩʫʥʢʝ 2), ʪ.ʝ. ï 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʣʦʞʝʥʠʝ ʛʨʘʥʠʯʥʦʡ ʢʨʠʚʦʡ ʨʘʙʦʯʝʡ ʟʦʥʳ ʵʪʦʛʦ ʧʦʣʷ. 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 52, 2017 ʛ. 

ʈʘʟʜʝʣ IV. ʉʫʜʦʩʪʨʦʝʥʠʝ, ʩʫʜʦʨʝʤʦʥʪ ʠ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʫʜʥʘ 

 

 99 

 

ʈʠʩ. 3. ʆʛʨʘʥʠʯʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʛʣʘʚʥʦʛʦ ʜʚʠʛʘʪʝʣʷ 

ɻʨʘʥʠʯʥʘʷ ʣʠʥʠʷ ʨʘʙʦʯʝʡ ʟʦʥʳ ʧʦʣʷ ʢʨʠʚʳʭ ʜʝʡʩʪʚʠʷ ʚʠʥʪʘ (ʚʠʥʪʦʚ) ʧʦ ʫʧʦʨʫ (ʘ/) 

ʩʪʨʦʠʪʩʷ ʧʦ ʪʦʯʢʘʤ, ʧʦʣʦʞʝʥʠʝ ʢʦʪʦʨʳʭ ʥʘʭʦʜʠʪʩʷ ʧʫʪʝʤ ʧʨʦʝʮʠʨʦʚʘʥʠʷ ʪʦʯʝʢ ʢʨʠ-

ʚʦʡ (ʘ) (ʩʤ. ʨʠʩʫʥʦʢ 2). ɺ ʠʪʦʛʝ, ʧʫʪʝʤ ʛʨʘʬʠʯʝʩʢʠʭ ʧʦʩʪʨʦʝʥʠʡ, ʥʘ ʛʨʘʬʠʢʝ ʭʦʜʦʚʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʫʜʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʣʦʞʝʥʠʝ ʛʨʘʥʠʯʥʳʭ ʣʠʥʠʡ (ʘ) ʠ (ʘ¡). 

ʈʘʩʩʤʦʪʨʝʥʥʳʡ ʤʝʪʦʜ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʷʜʘ ʟʥʘʯʝʥʠʡ ʤʦʱʥʦʩʪʠ Pn, 

ʩʥʷʪʳʭ ʩ ʦʛʨʘʥʠʯʠʪʝʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʚʠʛʘʪʝʣʷ (ʨʠʩʫʥʦʢ 3). ɿʥʘʯʝʥʠʷ Pn ʮʝʣʝ-

ʩʦʦʙʨʘʟʥʦ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘ ʵʪʘʧʝ ʨʘʩʯʝʪʘ ʢʨʠʚʳʭ ʜʝʡʩʪʚʠʷ ʚʠʥʪʘ ʧʨʠ ʧʦʩʪʦʷʥ-

ʥʳʭ ʯʘʩʪʦʪʘʭ ʝʛʦ ʚʨʘʱʝʥʠʷ (ʩʤ. ʪʘʙʣʠʮʫ 3.5 [2]). 

ɺʳʧʦʣʥʷʷ ʪʘʢʦʡ ʨʘʩʯʝʪ, ʥʝʦʙʭʦʜʠʤʦ, ʥʘʨʷʜʫ ʩʦ ʟʥʘʯʝʥʠʝʤ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʚʠʥ-

ʪʘ (ni = const) ʫʢʘʟʘʪʴ (çʜʣʷ ʩʚʝʜʝʥʠʷè) ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʵʪʦʡ ʯʘʩʪʦʪʝ ʟʥʘʯʝʥʠʝ Pn. ɺ 

ʧʨʦʮʝʩʩʝ ʨʘʩʯʝʪʘ, ʚʥʘʯʘʣʝ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʦʱʥʦʩʪʴ (ʈʝ), ʦʪʙʠʨʘʝʤʘʷ ʚʠʥʪʦʤ ʦʪ ʜʚʠʛʘ-

ʪʝʣʷ; ʵʪʫ ʤʦʱʥʦʩʪʴ ʩʣʝʜʫʝʪ ʩʦʧʦʩʪʘʚʠʪʴ ʩ ʤʦʱʥʦʩʪʴʶ Pn. ʇʨʠ Pn Ó Pe ʜʚʠʛʘʪʝʣʴ ʦʙʝʩ-

ʧʝʯʠʚʘʝʪ ʨʘʙʦʪʫ ʚʠʥʪʘ, ʚ ʜʨʫʛʠʭ ʩʣʫʯʘʷʭ ï ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ. ʈʘʩʯʝʪ ʢʨʠʚʦʡ ʜʝʡʩʪʚʠʷ 

ʧʨʠ ʥʝʢʦʪʦʨʦʡ ni = const ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʥʘʯʠʥʘʪʴ ʩ ʨʝʞʠʤʘ ʤʘʢʩʠʤʘʣʴʥʦʡ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦʡ ʧʦʩʪʫʧʠ (
max

pl ) ʚʠʥʪʘ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʠʥʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ Pe; ʧʦ ʤʝʨʝ 

ʫʤʝʥʴʰʝʥʠʷ lʨ ʤʦʱʥʦʩʪʴ (Pe) ʚʦʟʨʘʩʪʘʝʪ. ʈʘʩʯʝʪ ʧʨʠ ʥʝʢʦʪʦʨʦʤ ni = const ʟʘʢʘʥʯʠʚʘ-

ʝʪʩʷ ʚ ʩʣʫʯʘʝ ʥʘʩʪʫʧʣʝʥʠʷ ʫʩʣʦʚʠʷ (Pe ï Pn = min), ʪ.ʝ. ʢʦʛʜʘ ʧʦʣʫʯʘʝʤ ʧʝʨʚʫʶ ʪʦʯʢʫ 

ʢʨʠʚʦʡ ʜʝʡʩʪʚʠʷ ʚʠʥʪʘ ʚ ʟʦʥʝ ʥʝʨʘʙʦʯʠʭ ʨʝʞʠʤʦʚ. ɿʘ ʩʯʝʪ ʵʪʦʛʦ ʫʤʝʥʴʰʘʝʪʩʷ ʦʙʲʝʤ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʨʘʙʦʪʳ. 

ʉʦʛʣʘʩʥʦ ʧʨʝʜʣʘʛʘʝʤʦʤʫ ʧʦʜʭʦʜʫ, ʨʘʩʯʝʪ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʙʦʪʳ ʚʠʥʪʘ ʠ ʦʧʨʝʜʝʣʝ-

ʥʠʝ ʟʥʘʯʝʥʠʡ ʤʦʱʥʦʩʪʠ ʜʚʠʛʘʪʝʣʷ ʧʦ ʝʛʦ ʦʛʨʘʥʠʯʠʪʝʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʜʦʣʞʥʳ 

ʚʳʧʦʣʥʷʪʴʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʨʷʜʘ ʯʘʩʪʦʪ ʚʨʘʱʝʥʠʷ ʚʠʥʪʘ. ʀʩʭʦ-

ʜʷ ʠʟ ʘʥʘʣʠʟʘ ʭʦʜʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʷʜʘ ʚʦʜʦʠʟʤʝʱʘʶʱʠʭ ʧʘʩʩʘʞʠʨʩʢʠʭ ʠ ʛʨʫʟʦ-

ʚʳʭ ʩʫʜʦʚ ʚʥʫʪʨʝʥʥʝʛʦ ʠ ʩʤʝʰʘʥʥʦʛʦ (ʨʝʢʘ-ʤʦʨʝ) ʧʣʘʚʘʥʠʷ, ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʩʣʝʜʫʶ-

ʱʠʡ ʨʷʜ ʧʨʘʢʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʯʘʩʪʦʪ ʚʨʘʱʝʥʠʷ ʚʠʥʪʘ: n0; 0,95n0; 0,9n0; 0,85n0; 0,8n0; 

0,75n0; 0,70n0, ʛʜʝ n0 ï ʥʦʤʠʥʘʣʴʥʘʷ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʚʠʥʪʘ. 
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The process of using the calculation diagrams for propeller screws and the possibility of 

simplifying it by means of auxiliary diagrams are considered. The possibility of decreasing 

calculations in determining the action curves of a screw is proved, as well as the possibility 

of graphically obtaining the boundary line of the working zone on the field of the screw ac-

tion curves in terms of power and on the field of action curves by focusing 

ʉʪʘʪʴʷ ʧʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ 01.06.2017 ʛ. 
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ɽ.ʇ. ʈʦʥʥʦʚ, ʧʨʦʬʝʩʩʦʨ, ʜ.ʪ.ʥ., ʟʘʚ. ʢʘʬ. ʌɻɹʆʋ ɺʆ çɺɻʋɺʊè 

603951, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʫʣ. ʅʝʩʪʝʨʦʚʘ, 5 

ʄɸʊɽʄɸʊʀʏɽʉʂɸʗ ʄʆɼɽʃʔ ʆʇʊʀʄʀɿɸʎʀʀ 

ʇɸʉʉɸɾʀʈʉʂʀʍ ʉʋɼʆɺ ʇʈʀɻʆʈʆɼʅʆɻʆ ʀ ʄɽʉʊʅʆɻʆ 

ʉʆʆɹʑɽʅʀʗ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʘʩʩʘʞʠʨʩʢʦʝ ʩʫʜʥʦ, ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʦʧʪʠʤʠʟʘʮʠʷ, ʢʨʠʪʝ-

ʨʠʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʦʚʳʩʠʣʩʷ ʠʥʪʝʨʝʩ ʢ çʤʘʣʳʤè ʨʝʯʥʳʤ ʧʘʩʩʘʞʠʨʩʢʠʤ ʩʫʜʘʤ. ʆʩʦ-

ʙʝʥʥʦ ʵʪʦ ʢʘʩʘʝʪʩʷ ʪʝʭ ʨʘʡʦʥʦʚ ʩʪʨʘʥʳ, ʛʜʝ ʠʤʝʶʪʩʷ ʧʨʦʪʷʞʝʥʥʳʝ ʚʥʫʪʨʝʥʥʠʝ 

ʚʦʜʥʳʝ ʧʫʪʠ ʠ ʚ ʢʦʪʦʨʳʭ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʨʘʟʚʠʪʠʠ ʧʘʩʩʘʞʠʨʩʢʠʭ ʧʝʨʝʚʦʟʦʢ ʠʛʨʘʝʪ 

ʚʦʜʥʳʡ ʪʨʘʥʩʧʦʨʪ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʝʪʦʜʠʢʘ ʦʧʪʠʤʠʟʘʮʠʠ ʚʳʙʦʨʘ ʦʩʥʦʚʥʳʭ ʵʣʝ-

ʤʝʥʪʦʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘʢʠʭ ʩʫʜʦʚ ʥʘ ʥʘʯʘʣʴʥʳʭ ʩʪʘʜʠʷʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩ ʧʨʠ-

ʤʝʥʝʥʠʝʤ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ 

ʪʨʫʜʦʝʤʢʦʩʪʴ ʧʨʦʝʢʪʥʳʭ ʨʘʙʦʪ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʙʦʨ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʚ 

ʧʨʘʢʪʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʚʘʨʠʘʥʪʘ. 

 

ʇʨʦʮʝʩʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʫʜʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʣʦʞʥʳʤ ʠʪʝʨʘʮʠʦʥʥʳʤ ʧʨʦʮʝʩ-

ʩʦʤ, ʮʝʣʴʶ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʨʷʜ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʨʠʙʣʠʞʝʥʠʡ ʢ ʭʘʨʘʢʪʝʨʠʩʪʠ-

ʢʘʤ, ʦʧʨʝʜʝʣʝʥʥʳʤ ʪʝʭʥʠʯʝʩʢʠʤ ʟʘʜʘʥʠʝʤ. ʂʘʞʜʳʡ ʠʟ ʵʪʘʧʦʚ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʝʢʪʘ, 

ʥʘʯʠʥʘʷ ʩ ʧʦʜʛʦʪʦʚʢʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʘʜʘʥʠʷ, ʟʘʚʝʨʰʘʝʪʩʷ ʚʳʙʦʨʦʤ ʦʩʥʦʚʥʦʡ ʢʦʥʮʝʧ-

ʮʠʠ, ʨʝʟʫʣʴʪʘʪʦʤ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʳʭ ʚʘ-

ʨʠʘʥʪʦʚ, ʦʪʚʝʯʘʶʱʠʡ ʚʩʝʤ ʟʘʜʘʥʥʳʤ ʦʛʨʘʥʠʯʝʥʠʷʤ. 

ʅʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʘʩʩʘʞʠʨʩʢʠʭ ʩʫʜʦʚ, ʠʩʧʦʣʴ-

ʟʫʶʪʩʷ ʩʘʤʳʝ ʧʨʦʩʪʳʝ ʟʘʚʠʩʠʤʦʩʪʠ [1, 2, 6]. ʅʦ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʵʪʦʛʦ ʦʢʘʟʳʚʘʝʪʩʷ 

ʥʝʜʦʩʪʘʪʦʯʥʳʤ, ʯʪʦʙʳ ʦʪʨʘʟʠʪʴ ʚʩʶ ʩʣʦʞʥʦʩʪʴ ʨʝʘʣʴʥʦʛʦ ʦʙʲʝʢʪʘ, ʢʦʪʦʨʳʤ ʷʚʣʷʝʪʩʷ 

ʩʫʜʥʦ. ɺ ʵʪʦ ʞʝ ʚʨʝʤʷ ʜʝʪʘʣʴʥʳʝ ʥʝʣʠʥʝʡʥʳʝ ʤʝʪʦʜʠʢʠ ʥʝ ʧʦʜʭʦʜʷʪ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘ-

ʜʘʯ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʳʩʦʢʦʡ ʪʨʫʜʦʝʤʢʦʩʪʠ ʠ ʥʝ-

ʜʦʩʪʘʪʦʯʥʦʩʪʠ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʠʭ ʧʨʠʤʝʥʝʥʠʷ. ʆʜʥʘʢʦ ʚ ʧʨʦʮʝʩʩʝ ʩʦʟʜʘʥʠʷ 

ʦʙʨʘʟʘ ʙʫʜʫʱʝʛʦ ʩʫʜʥʘ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʕɺʄ ʧʦʷʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʨʘʙʦʪʘʪʴ ʜʦʩʪʘʪʦʯʥʦ ʧʦʜʨʦʙʥʫʶ ʤʝʪʦʜʠʢʫ, ʚ ʪʦʞʝ ʚʨʝʤʷ ʧʨʠʩʧʦʩʦʙ-



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 52, 2017 ʛ. 
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ʣʝʥʥʫʶ ʢ ʟʘʜʘʯʘʤ ʢʦʥʮʝʧʪʫʘʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʜʘʥ-

ʥʦʡ ʨʘʙʦʪʝ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʪʘʢ ʥʘʟʳʚʘʝʤʳʤ çʤʘʣʳʤè ʧʘʩʩʘʞʠʨʩʢʠʭ ʩʫʜʘʤ. 

ʉʦʚʦʢʫʧʥʦʩʪʴ ʟʘʜʘʯ ʧʨʦʝʢʪʥʦʛʦ ʘʥʘʣʠʟʘ ʵʣʝʤʝʥʪʦʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʫʜʥʘ ʤʦʞʥʦ 

ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʦʩʥʦʚʥʳʝ ï ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʫʶ ʠ ʦʧʪʠʤʠʟʘʮʠʦʥʥʫʶ. ʉʦʜʝʨʞʘʥʠʝ 

ʧʝʨʚʦʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʙʦʨʝ ʠ ʨʘʟʨʘʙʦʪʢʝ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʩʚʷʟʳʚʘʶʱʠʭ ʠʩʢʦʤʳʝ ʵʣʝ-

ʤʝʥʪʳ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʩʫʜʥʘ ʩ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʤʠ ʪʝʭʥʠʯʝ-

ʩʢʠʤ ʟʘʜʘʥʠʝʤ (ʠʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ) ʠ ʥʦʨʤʘʪʠʚʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ. ʈʝʰʝʥʠʝ ʦʩʥʦʚ-

ʥʳʭ ʚʦʧʨʦʩʦʚ ʩʚʷʟʠ ʵʣʝʤʝʥʪʦʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʩʫʜʥʘ ʧʨʠʚʝʜʝʥʦ ʚ [4, 

5, 7, 8]. 

ʈʝʰʝʥʠʝ ʚʪʦʨʦʡ ʠʟ ʥʠʭ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʝʰʝʥʠʠ ʚʥʫʪʨʝʥʥʝʡ ʟʘʜʘʯʠ ʧʨʦʝʢʪʠʨʦʚʘ-

ʥʠʷ ʩʫʜʥʘ [3] ï ʦʧʪʠʤʠʟʘʮʠʠ ʝʛʦ ʵʣʝʤʝʥʪʦʚ ʧʨʠ ʠʟʚʝʩʪʥʳʭ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʪʝʭʥʠʯʝ-

ʩʢʦʛʦ ʟʘʜʘʥʠʷ (ʚʝʢʪʦʨ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ),...,,( 21 nzzzZ ). ʆʩʥʦʚʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠ-

ʢʘʤʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʘʜʘʥʠʷ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ çʤʘʣʳʤè ʧʘʩʩʘʞʠʨʩʢʠʤ 

ʩʫʜʘʤ ʷʚʣʷʶʪʩʷ: ʢʦʣʠʯʝʩʪʚʦ ʧʘʩʩʘʞʠʨʦʚ, ʥʝʦʙʭʦʜʠʤʘʷ ʩʢʦʨʦʩʪʴ ʩʫʜʥʘ, ʭʘʨʘʢʪʝʨʠʩʪʠ-

ʢʠ ʣʠʥʠʠ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʫʨʦʚʝʥʴ ʤʦʨʝʭʦʜʥʦʩʪʠ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʫʢʘʟʘʥʳ ʠ ʠʥʳʝ, ʤʝ-

ʥʝʝ ʟʥʘʯʠʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʘ ʪʘʢʞʝ ʥʦʨʤʘʪʠʚʥʳʝ ʚʝʣʠʯʠʥʳ ),...,( 21 iyyyY . 

ʅʘ ʦʩʥʦʚʝ ʠʤʝʶʱʝʛʦʩʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʘʜʘʥʠʷ, ʧʨʠʤʝʥʷʷ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʨʝ-

ʰʝʥʠʶ ʩʠʩʪʝʤʳ ʦʩʥʦʚʥʳʭ ʫʨʘʚʥʝʥʠʡ ʪʝʦʨʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʫʜʦʚ (ʧʣʘʚʫʯʝʩʪʠ, ʭʦʜ-

ʢʦʩʪʠ, ʦʩʪʦʡʯʠʚʦʩʪʠ ʠ ʧʨʦʯ.) ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʧʨʦʝʢʪʦʚ, ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʝ ʢʘʞʜʦʤʫ ʠʟ ʚʘʨʴʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ. ʀʩʢʦʤʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ʷʚʣʷʶʪʩʷ 

ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ ʚʘʨʴʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ )x,....,x,(xX i21= , ʦʧʨʝʜʝʣʷʶʱʠʝ 

ʵʣʝʤʝʥʪʳ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʫʜʥʘ, ʧʨʠ ʢʦʪʦʨʳʭ ʢʨʠʪʝʨʠʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʠ ʜʦʩʪʠʛʘʝʪ ʵʢʩʪʨʝʤʫʤʘmin(max))( = ZY;X;fF  ʠ ʚʳʧʦʣʥʷʶʪʩʷ ʦʛʨʘʥʠʯʝʥʠʷ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʚʠʜʝ ʩʪʨʦʛʠʭ ʨʘʚʝʥʩʪʚ ʠʣʠ ʚ ʚʠʜʝ ʥʝʨʘʚʝʥʩʪʚ 

( ) 0;; =ZYXq
s , 1SsÍ  

( ) 0;; >ZYXq
s , 2SsÍ , 

ʧʨʠ ʵʪʦʤ ʟʥʘʯʝʥʠʷ ʚʘʨʴʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʦʣʞʥʳ ʣʝʞʘʪʴ ʚ ʜʦʧʫʩʪʠʤʳʭ ʧʨʝʜʝʣʘʭ  

maxmin

iii
xxx ¢¢ . 

ʉʠʩʪʝʤʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʚ ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʡ ʟʘʜʘʯʝ ʧʨʦʝʢʪʠʨʦʚʘ-

ʥʠʷ çʤʘʣʦʛʦè ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʩʫʜʥʘ, ʚʳʨʘʞʘʝʪ ʩʣʝʜʫʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷ: 

ï ʫʨʘʚʥʝʥʠʝ ʙʘʣʘʥʩʘ ʤʘʩʩ [4, 5] 

);();( ZXPZXD
iä= , (1) 

);( ZXD  ï ʤʘʩʩʘ ʩʫʜʥʘ, ʪ; 

);( ZXP
i  ï ʤʘʩʩʘ ʦʪʜʝʣʴʥʳʭ ʩʪʘʪʝʡ ʥʘʛʨʫʟʢʠ ʤʘʩʩ, ʪ. 

ï ʫʨʘʚʥʝʥʠʝ ʤʘʩʩ ʠ ʧʣʘʚʫʯʝʩʪʠ ʩʫʜʥʘ [6] 

);;();( ZYXVZXD
iäÖr= , (2) 

r ï ʧʣʦʪʥʦʩʪʴ ʚʦʜʳ, 
3

/ʤʪ ; 

iV  ï ʦʙʲʝʤʥʦʝ ʚʦʜʦʠʟʤʝʱʝʥʠʝ, 
3
ʤ . 

 

ï ʫʨʘʚʥʝʥʠʝ ʭʦʜʢʦʩʪʠ [7] 



ɽ.ɺ. ʂʫʧʘʣʴʮʝʚʘ, ɽ.ʇ. ʈʦʥʥʦʚ 
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ʚʨ
hÖhÖh

Ö
=

vZ)R(X;
Z)(X;N

e
, (3) 

e
N  ï ʪʨʝʙʫʝʤʘʷ ʤʦʱʥʦʩʪʴ ʩʫʜʦʚʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ, ʢɺʪ; 

R  ï ʧʦʣʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʚʠʞʝʥʠʶ ʩʫʜʥʘ, ʢʅ; 

v  ï ʩʢʦʨʦʩʪʴ ʭʦʜʘ ʩʫʜʥʘ, ʩʤ/ ; 

h ï ʧʨʦʧʫʣʴʩʠʚʥʳʡ ʂʇɼ; 

ʚʨhh ,  ï ʂʇɼ ʨʝʚʫʢʪʦʨʘ ʠ ʚʘʣʘ 

ï ʫʨʘʚʥʝʥʠʝ ʧʘʩʩʘʞʠʨʦʚʤʝʩʪʠʤʦʩʪʠ [8]  

);;(
ʧʘʩʩʧʘʩʩ

ZYXSS
ʬʘʢʪi

²ä ,  (4) 

ʧʘʩʩ

iS  ï ʧʣʦʱʘʜʴ i-ʪʦʡ ʧʘʣʫʙʳ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ 

ʧʘʩʩʘʞʠʨʦʚ, 
2
ʤ ; 

ʧʘʩʩ

ʬʘʢʪS  ï ʧʣʦʱʘʜʴ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʟʘʜʘʥʥʦʛʦ ʯʠʩʣʘ ʧʘʩʩʘʞʠʨʦʚ, 
2
ʤ . 

ï ʫʩʣʦʚʠʝ ʤʠʥʠʤʘʣʴʥʦʛʦ ʥʘʜʚʦʜʥʦʛʦ ʙʦʨʪʘ [9] 

ʥʙ

min
);;();();;( HZYXtZXTZYXʅ

ʧ
²+- ,  (5) 

ʅ ï ʨʘʩʯʝʪʥʘʷ ʚʳʩʦʪʘ ʙʦʨʪʘ, ʤ; 

T  ï ʨʘʩʯʝʪʥʘʷ ʦʩʘʜʢʘ, ʤ; 
ʥʙ

H min  ï ʤʠʥʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ ʚʳʩʦʪʘ ʥʘʜʚʦʜʥʦʛʦ ʙʦʨʪʘ, ʤ; 

ʧt ï ʪʦʣʱʠʥʘ ʥʘʩʪʠʣʘ ʧʘʣʫʙʳ, ʤ. 

 

ï ʫʩʣʦʚʠʝ ʦʙʝʩʧʝʯʝʥʠʷ ʦʩʪʦʡʯʠʚʦʩʪʠ [9] 

min

00
);( hZXh ² ,  (6) 

0h ï ʨʘʩʯʝʪʥʘʷ ʤʘʣʘʷ ʤʝʪʘʮʝʥʪʨʠʯʝʩʢʘʷ ʚʳʩʦʪʘʤ; 

min

0h ï ʤʠʥʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ ʤʘʣʘʷ ʤʝʪʘʮʝʥʪʨʠʯʝʩʢʘʷ ʚʳʩʦʪʘ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʇʨʘ-

ʚʠʣʘʤʠ ʈʈʈ [9], ʤ; 

 

ï ʪʨʝʙʦʚʘʥʠʝ ʢ ʥʘʠʙʦʣʴʰʝʡ ʦʩʘʜʢʝ [2] 

ʊɻZXʊ D-<);( ,  (7) 

ʊ ï ʨʘʩʯʝʪʥʘʷ ʦʩʘʜʢʘ ʩʫʜʥʘ, ʤ; 

ɻ ï ʛʘʨʘʥʪʠʨʦʚʘʥʥʘʷ ʛʣʫʙʠʥʘ ʩʫʜʦʚʦʛʦ ʭʦʜʘ, ʤ; 

ʊD  ï ʟʘʧʘʩ ʚʦʜʳ ʧʦʜ ʜʥʠʱʝʤ, ʤ. 

 

ʋʨʘʚʥʝʥʠʷ (1)ï(7),ʧʦ ʩʫʪʠ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʩʫʜʥʘ. ʆʪ 

ʫʨʦʚʥʷ ʝʝ ʘʜʝʢʚʘʪʥʦʩʪʠ ʟʘʚʠʩʠʪ ʢʦʨʨʝʢʪʥʦʩʪʴ ʟʘʜʘʯʠ ʘʥʘʣʠʟʘ ʵʣʝʤʝʥʪʦʚ ʠ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʩʫʜʥʘ. ɼʣʷ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʝʝ ʧʨʠʤʝʥʠʤʦʩʪʠ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʪʝʩʪʦʚʳʝ ʨʘʩʯʝʪʳ 

ʰʠʨʦʢʦʛʦ ʨʷʜʘ çʤʘʣʳʭè ʧʘʩʩʘʞʠʨʩʢʠʭ ʩʫʜʦʚ ʨʘʟʣʠʯʥʳʭ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʢʦʥʩʪʨʫʢ-

ʪʠʚʥʳʭ ʪʠʧʦʚ. ʈʘʩʩʯʠʪʳʚʘʣʠʩʴ ʵʣʝʤʝʥʪʳ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʫʜʦʚ ʧʘʩʩʘʞʠʨʦʚʤʝʩʪʠ-

ʤʦʩʪʴʶ ʦʪ 50 ʜʦ 300 ʯʝʣ., ʩʢʦʨʦʩʪʴʶ ʭʦʜʘ ʦʪ 12 ʜʦ 24 ʢʤ/ʯ. ʅʘ ʛʠʩʪʦʛʨʘʤʤʝ ʨʠʩ. 1 

ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ʩʨʝʜʥʠʭ ʢʚʘʜʨʘʪʠʯʥʳʭ ʦʪʢʣʦʥʝʥʠʡ, ʚʳʯʠʩʣʝʥʥʳʭ ʢʘʢ ʢʚʘʜʨʘʪ-

ʥʳʡ ʢʦʨʝʥʴ ʠʟ ʩʨʝʜʥʝʛʦ ʘʨʠʬʤʝʪʠʯʝʩʢʦʛʦ ʚʩʝʭ ʢʚʘʜʨʘʪʦʚ ʨʘʟʥʦʩʪʝʡ ʤʝʞʜʫ ʨʘʩʩʤʘʪʨʠ-



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 52, 2017 ʛ. 

ʈʘʟʜʝʣ IV. ʉʫʜʦʩʪʨʦʝʥʠʝ, ʩʫʜʦʨʝʤʦʥʪ ʠ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʫʜʥʘ 
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ʚʘʝʤʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ʠ ʠʭ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ. ɸʥʘʣʠʟ ʧʨʦʠʟʚʦʜʠʣʩʷ ʜʣʷ ʜʚʝʥʘʜʮʘʪʠ 

ʩʫʜʦʚ ʨʘʟʣʠʯʥʳʭ ʘʨʭʠʪʝʢʪʫʨʥʦ- ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʪʠʧʦʚ ʧʦ ʩʣʝʜʫʶʱʠʤ ʧʘʨʘʤʝʪʨʘʤ: 

ʨʘʩʯʝʪʥʘʷ ʜʣʠʥʘ ʠ ʰʠʨʠʥʘ ʩʫʜʥʘ, ʧʦʣʥʦʝ ʚʦʜʦʠʟʤʝʱʝʥʠʝ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʝʤʫ 

ʦʩʘʜʢʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʦʙʱʝʡ ʧʦʣʥʦʪʳ, ʚʳʩʦʪʘ ʙʦʨʪʘ ʠ ʤʦʱʥʦʩʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʫʩʪʘʥʦʚʢʠ. 

ů=7,4

ů=2,6

=̀4,5

=̀2,9

=̀7,3

=̀1,6

=̀5,8

=̀3,6

=̀6,6 =̀6,4

=̀9,8

=̀4,9

ͨͪΦммуͨͪΦрмрͨͪΦфорͨͪΦтулͨͪΦфрлолͨͪΦ˾рм̏ͨͪΦумлулͨͪΦ˨-055 ͨͪΦнолнлͨͪΦфрмллͨͪΦолмфͨͪΦ˴-80

 

ʈʠʩ. 1. ʈʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʘʜʝʢʚʘʪʥʦʩʪʠ ʨʘʩʯʝʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ  

çʤʘʣʦʛʦè ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʩʫʜʥʘ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʚʳʧʦʣʥʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʦ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʩʨʝʜʥʝʛʦ ʢʚʘʜʨʘ-

ʪʠʯʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ů ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 1,5é9,8%, ʯʪʦ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʚʧʦʣʥʝ 

ʜʦʧʫʩʪʠʤʳʤ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʨʠ ʨʘʩʯʝʪʝ 

ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʧʘʨʘʤʝʪʨʦʚ ʩʫʜʥʘ ʥʘ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘ-

ʥʠʷ. 

ʊʘʢ ʢʘʢ ʚʝʢʪʦʨ )x,....,x,(xX i21=  ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʤʥʦʞʝʩʪʚʦ ʚʘʨʠʘʥʪʦʚ ʧʨʦ-

ʝʢʪʦʚ ʩʫʜʦʚ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʨʝʰʝʥʠʶ ʫʨʘʚʥʝʥʠʡ (1)-(7) ʚʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ ʦʧʨʝʜʝ-

ʣʝʥʠ ̫ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ, ʩ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʚʘʨʠʘʥʪʘ ʧʨʦʝʢʪʘ. ɺ 

ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʝʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʦʧʪʠʤʘʣʴʥʦʩʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʚʘʨʠʘʥʪʘ ʩʫʜʥʘ, 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʜʥʦʛʦ ʠʟ ʧʦʢʘʟʘʪʝʣʝʡ, ʩʦʧʦʩʪʘʚʣʷʶ-

ʱʠʭ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, ʚʳʨʘʞʝʥʥʳʡ ʚ ʩʦʦʪʥʦʰʝʥʠʠ ʜʦʭʦʜʘ ʦʪ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʩʫʜʥʘ ʩ ʟʘʪʨʘʪʘʤʠ ʥʘ ʧʦʩʪʨʦʡʢʫ ʩʫʜʥʘ ʠ ʪʝʢʫʱʠʤʠ ʟʘʪʨʘʪʘʤʠ ʥʘ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʶ. 

ʊʘʢʠʤʠ ʢʨʠʪʝʨʠʷʤʠ, ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤʫ ʪʠʧʫ ʩʫʜʦʚ, ʧʨʠʥʷʪʳ: 

ï ʢʨʠʪʝʨʠʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚ ʚʠʜʝ ʩʨʦʢʘ ʦʢʫʧʘ-

ʝʤʦʩʪʠ ʢʘʧʠʪʘʣʦʚʣʦʞʝʥʠʡ  

P

K
ʊ
ʦʢ
= , (8) 

ʛʜʝ K  ï ʢʘʧʠʪʘʣʴʥʳʝ ʚʣʦʞʝʥʠʷ ʥʘ ʩʦʟʜʘʥʠʝ ʩʫʜʥʘ, ʪʳʩ. ʨʫʙ.; 

P  ï ʧʨʠʙʳʣʴ ʦʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʫʜʥʘ, ʪʳʩ. ʨʫʙ. 

ï ʫʜʝʣʴʥʘʷ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʧʝʨʝʚʦʟʢʠ ʦʜʥʦʛʦ ʧʘʩʩʘʞʠʨʘ  

ʩʫʪ

ʵʢʧʣ

ʩʫʪ

ʧʘʩʩ
ln

R
ʉ

Ö
= , (9) 

ʛʜʝ R  ï ʩʫʤʤʘʨʥʳʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ, ʪʳʩ. ʨʫʙ.; 
ʩʫʪ

ʧʘʩʩn  ï ʢʦʣʠʯʝʩʪʚʦ ʧʘʩʩʘʞʠʨʦʚ, ʧʝʨʝʚʝʟʝʥʥʳʭ ʟʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʝʨʠʦʜ, ʯʝʣ.; 

ʩʫʪ

ʵʢʧʣl  ï ʩʫʤʤʘʨʥʘʷ ʜʣʠʥʘ ʣʠʥʠʠ ʧʝʨʝʚʦʟʢʠ ʟʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʝʨʠʦʜ, ʢʤ; 

ï ʧʨʠʙʳʣʴ ʦʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʫʜʥʘ. 

ɺ ʤʦʜʝʣʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʘʩ-

ʭʦʜʳ ʩʫʜʥʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʚʠʜʝ ʩʫʤʤʳ ʠʟʚʝʩʪʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʠ ʧʦʩʪʦʷʥʥʳʭ ʩʦ-



ɽ.ɺ. ʂʫʧʘʣʴʮʝʚʘ, ɽ.ʇ. ʈʦʥʥʦʚ 
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ʩʪʘʚʣʷʶʱʠʭ. ʉʪʨʦʠʪʝʣʴʥʘʷ ʩʪʦʠʤʦʩʪʴ ʩʫʜʥʘ ʥʘʭʦʜʠʪʩʷ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ ʩʪʦʠʤʦʩʪʠ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʦʩʥʦʚʥʦʡ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʟʘʨʘʙʦʪʥʦʡ ʧʣʘʪʳ, ʪʨʘʥʩ-

ʧʦʨʪʥʦ-ʟʘʛʦʪʦʚʠʪʝʣʴʥʳʭ ʨʘʩʭʦʜʦʚ, ʝʜʠʥʦʛʦ ʩʦʮʠʘʣʴʥʦʛʦ ʥʘʣʦʛʘ, ʦʙʱʝʧʨʦʠʟʚʦʜʩʪʚʝʥ-

ʥʳʭ, ʦʙʱʝʭʦʟʷʡʩʪʚʝʥʥʳʭ ʨʘʩʭʦʜʦʚ ʥʘ ʧʦʜʛʦʪʦʚʢʫ ʠ ʦʩʚʦʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʨʦʯʠʭ. 

ʇʨʠ ʨʘʩʯʝʪʝ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʙʦʪʳ ʩʫʜʥʘ ʥʘ ʣʠʥʠʠ ʫʯʠʪʳʚʘʶʪʩʷ: ʟʘʜʘʥʥʳʡ ʧʝʨʠʦʜ 

ʥʘʚʠʛʘʮʠʠ ʠ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʣʠʥʠʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɺʨʝʤʷ ʢʨʫʛʦʚʦʛʦ ʨʝʡʩʘ ʨʘʩʩʯʠʪʳʚʘ-

ʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʧʨʝʜʝʣʷʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʘʨʰʨʫʪʘ (ʥʘʯʘʣʦ ʠ ʦʢʦʥʯʘʥʠʝ ʨʘ-

ʙʦʯʝʛʦ ʜʥʷ, ʩʨʝʜʥʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʝʚʦʟʠʤʳʭ ʧʘʩʩʘʞʠʨʦʚ ʠ ʧʨʦʯ.), ʭʦʜʦʚʦʛʦ ʚʨʝʤʝʥʠ, 

ʤʘʥʝʚʨʦʚ, ʦʞʠʜʘʥʠʷ, ʩʪʦʷʥʢʠ 

q

kn
tttt ʧʘʩʩʧʘʩʩ

ʦʞʤʭʧʫʪ

''
2

2
ÖÖ

+++Ö= ,  (10) 

ʛʜʝ 
ʭt  ï ʭʦʜʦʚʦʝ ʚʨʝʤʷ, ʯʘʩ; 

ʭʤ tt Ö= 1,0 ï ʚʨʝʤʷ ʤʘʥʝʚʨʦʚ ʩʫʜʥʘ, ʯʘʩ; 

ʦʞt  ï ʚʨʝʤʷ ʦʞʠʜʘʥʠʷ ʚ ʢʦʥʝʯʥʦʤ ʧʫʥʢʪʝ, ʯʘʩ; 

'

ʧʘʩʩn  ï ʩʨʝʜʥʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʘʩʩʘʞʠʨʦʚ, ʧʝʨʝʚʦʟʠʤʳʭ ʟʘ ʨʝʡʩ, ʯʝʣ.; 

'

ʧʘʩʩk  ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʟʘʛʨʫʟʢʫ ʩʫʜʥʘ; 

q  ï ʥʦʨʤʘ ʚʨʝʤʝʥʠ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʥʘ ʧʦʩʘʜʢʫ/ ʚʳʩʘʜʢʫ ʦʜʥʦʛʦ ʧʘʩʩʘʞʠʨʘ, ʯʝʣ/ ʯʘʩ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʜʘʚʘʝʤʳʭ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʚ ʢʘʯʝʩʪʚʝ ʚʘʨʴʠʨʫʝʤʳʭ ʧʘʨʘ-

ʤʝʪʨʦʚ (ʢʦʤʧʦʥʝʥʪʦʚ ʚʝʢʪʦʨʘ X) ʧʨʠʥʠʤʘʶʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʦʙʱʝʡ ʧʦʣʥʦʪʳ ʢʦʨʧʫ-
ʩʘ ʩʫʜʥʘ ʣʠʙʦ ʢʦʣʠʯʝʩʪʚʦ ʧʘʩʩʘʞʠʨʦʚ ʚ ʦʜʥʦʤ ʧʦʧʝʨʝʯʥʦʤ ʨʷʜʫ. 

ʅʘ ʦʩʥʦʚʝ ʠʟʣʦʞʝʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩʫʜʥʘ ʠ ʨʘʩʯʝʪʘ ʝʛʦ ʪʝʭʥʠʢʦ- ʵʢʦ-

ʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʟʨʘʙʦʪʘʥ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ ʚ ʩʨʝʜʝ VBA (Visual-

BasicforApplication), ʧʦʟʚʦʣʷʶʱʠʡ ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʵʣʝ-

ʤʝʥʪʳ çʤʘʣʦʛʦè ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʩʫʜʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʘʨʭʠʪʝʢʪʫʨʥʦ- ʢʦʥʩʪʨʫʢʪʠʚ-

ʥʦʛʦ ʪʠʧʘ ʧʨʠ ʟʘʜʘʥʥʦʡ ʧʘʩʩʘʞʠʨʦʚʤʝʩʪʠʤʦʩʪʠ ʠ ʩʢʦʨʦʩʪʠ ʭʦʜʘ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʧʦʟʚʦʣʷʝʪ ʥʘʨʷʜʫ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʦʧʪʠʤʘʣʴʥʳʭ ʛʣʘʚ-

ʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʫʜʦʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʪʠʧʘ, ʚʳʧʦʣʥʠʚ ʯʠʩʣʝʥʥʳʡ 

ʵʢʩʧʝʨʠʤʝʥʪ, ʠʩʩʣʝʜʦʚʘʪʴ ʚʣʠʷʥʠʝ ʚʘʨʴʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʨʘʟʣʠʯʥʳʝ ʵʢʦʥʦʤʠ-

ʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ (ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʧʝʨʝʚʦʟʦʢ, ʩʨʦʢ ʦʢʫʧʘʝʤʦʩʪʠ, ʧʨʠʙʳʣʠ, ʢʨʠʪʝʨʠʡ 

ʧʨʠʚʝʜʝʥʥʳʭ ʟʘʪʨʘʪ), ʯʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʧʨʝʜʝʣʝʥʥʳʡ ʠʥʪʝʨʝʩ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʚ 

ʫʩʣʦʚʠʷʭ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ʥʘ ʩʪʘʜʠʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘ-

ʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʪʘʢʠʭ ʨʝʰʝʥʠʡ ʥʘ ʨʠʩ. 2ï3 ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝ-

ʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʙʱʝʡ ʧʦʣʥʦʪʳ ʠ ʢʦʣʠʯʝʩʪʚʘ ʧʘʩʩʘʞʠʨʦʚ ʚ ʦʜʥʦʤ ʧʦʧʝʨʝʯʥʦʤ ʨʷ-

ʜʫ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʩʢʦʨʦʩʪʝʡ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʯʠʩʣʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳ-

ʣʦ ʧʨʠʥʷʪʦ:  

ï ɸʂʊ III (ʧʘʩʩʘʞʠʨʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʪʦʣʴʢʦ ʚ ʪʨʶʤʝ); 

ï ʢʦʣʠʯʝʩʪʚʦ ʧʘʩʩʘʞʠʨʦʚ 80 ʯʝʣ.; 

ï ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʙʱʝʡ ʧʦʣʥʦʪʳ ʩʫʜʥʘ ʚ ʧʨʝʜʝʣʘʭ 0,45 Ò ŭ Ò 0,7; 

ï ʜʣʠʥʘ ʣʠʥʠʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 20=ʵʢʩʧʣl  ʢʤ. 

ʇʨʠ ʨʘʩʯʝʪʝ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠʭ ʘʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ ʦʪʥʝʩʝʥʳ ʢ ʤʠ-

ʥʠʤʘʣʴʥʦʡ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʧʝʨʝʚʦʟʢʠ, ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʨʠʙʳʣʠ ʦʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʥʦʨ-

ʤʘʪʠʚʥʦʤʫ ʩʨʦʢʫ ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʝʯʥʳʭ ʧʘʩʩʘʞʠʨʩʢʠʭ ʩʫʜʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 52, 2017 ʛ. 

ʈʘʟʜʝʣ IV. ʉʫʜʦʩʪʨʦʝʥʠʝ, ʩʫʜʦʨʝʤʦʥʪ ʠ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʫʜʥʘ 
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ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ  

çʤʘʣʦʛʦè ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʩʫʜʥʘ ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʯʠʩʣʘ ʧʘʩʩʘʞʠʨʩʢʠʭ ʢʨʝʩʝʣ  

ʚ ʦʜʥʦʤ ʧʘʩʩʘʞʠʨʩʢʦʤ ʨʷʜʫ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʩʢʦʨʦʩʪʝʡ ʧʨʠ ŭ=0,55  

ʈʘʩʩʤʘʪʨʠʚʘʷ ʟʘʜʘʯʫ ʦʙʦʩʥʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʛʦ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʙʱʝʡ 

ʧʦʣʥʦʪʳ ʢʦʨʧʫʩʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʩʢʦʨʦʩʪʠ ʩʫʜʥʘ, ʘʥʘʣʠʟ 

ʠʟʤʝʥʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʤʦʞʥʦ ʧʨʦʠʟʚʝʩʪʠ ʧʦ ʛʨʘʬʠʢʘʤ ʨʠʩ. 3. 

 

ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ  

çʤʘʣʦʛʦè ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʩʫʜʥʘ ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʙʱʝʡ ʧʦʣʥʦʪʳ  

ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʩʢʦʨʦʩʪʠ ʧʨʠ nʨ=6. 

ɸʥʘʣʠʟʠʨʫʷ ʧʦʣʫʯʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʩ ʫʚʝʣʠʯʝ-

ʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʙʱʝʡ ʧʦʣʥʦʪʳ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʩʫʜʥʘ ʫʭʫʜʰʘʶʪʩʷ, 

ʯʪʦ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʚʦʟʨʘʩʪʘʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ ʩʫʜʥʘ, ʤʦʱʥʦʩʪʠ 

ʉʕʋ, ʤʘʩʩʳ ʪʦʧʣʠʚʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʚʦʜʦʠʟʤʝʱʝʥʠʷ ʩʫʜʥʘ, ʩʪʨʦʠʪʝʣʴʥʦʡ ʩʪʦ-

ʠʤʦʩʪʠ ʠ ʧʝʨʝʤʝʥʥʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʘʩʭʦʜʦʚ. ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʠʤʝʪʴ ʚ ʚʠʜʫ, 

ʯʪʦ ʜʣʠʥʘ ʠ ʰʠʨʠʥʘ ʩʫʜʥʘ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʙʱʝʡ ʧʦʣʥʦʪʳ ʥʝ ʟʘʚʠʩʷʪ, ʘ ʦʧʨʝʜʝʣʷ-

ʶʪʩʷ ʫʩʣʦʚʠʷʤʠ ʧʘʩʩʘʞʠʨʦʚʤʝʩʪʠʤʦʩʪʠ. ɿʥʘʯʠʪʝʣʴʥʦʝ ʚʦʟʨʘʩʪʘʥʠʝ ʩʨʦʢʘ ʦʢʫʧʘʝʤʦ-

v=18ʢʤ/ʯ 

v=16ʢʤ/ʯ 

v=14ʢʤ/ʯ 

v=12ʢʤ/ʯ 



ɽ.ɺ. ʂʫʧʘʣʴʮʝʚʘ, ɽ.ʇ. ʈʦʥʥʦʚ 
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ʩʪʠ ʩʫʜʥʘ ʧʨʠ ʟʥʘʯʝʥʠʷʭ ŭ>0,65 ʩʚʷʟʘʥʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʥʝʦʙʭʦʜʠʤʦʡ 

ʤʦʱʥʦʩʪʠ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ, ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʘʩʭʦʜʦʚ. 

ɼʣʷ ʩʫʜʦʚ II ɸʂʊ (ʧʘʩʩʘʞʠʨʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʪʨʶʤʝ ʠ ʥʘ ʪʝʥʪʦʚʦʡ ʧʘʣʫʙʝ) ʭʘ-

ʨʘʢʪʝʨ ʦʪʤʝʯʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʩʦʭʨʘʥʷʝʪʩʷ, ʥʦ ʠʤ ʩʚʦʡʩʪʚʝʥʥʳ ʙʦʣʝʝ ʥʠʟʢʠʝ ʧʦʢʘ-

ʟʘʪʝʣʠ ʫʚʝʣʠʯʝʥʠʷ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʠ ʩʨʦʢʦʚ ʦʢʫʧʘʝʤʦʩʪʠ, ʯʪʦ ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ ʙʦʣʝʝ 

ʦʧʪʠʤʘʣʴʥʳʤ ʢʦʤʧʦʥʦʚʦʯʥʳʤ ʨʝʰʝʥʠʝʤ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʠʤʝʨʥʦ ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ 

ʛʣʘʚʥʳʭ ʨʘʟʤʝʨʝʥʠʷʭ ʨʘʟʤʝʱʘʝʪʩʷ, ʟʘ ʩʯʝʪ ʚʪʦʨʦʡ ʧʘʣʫʙʳ, ʙʦʣʴʰʝʝ ʯʠʩʣʦ ʧʘʩʩʘʞʠ-

ʨʦʚ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʧʦʢʘʟʘʪʝʣʠ ʜʦʭʦʜʘ. 

ʇʨʠʚʝʜʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʜʣʷ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ ʩʫʜʥʘ ʥʘ ʟʘʜʘʥʥʦʡ ʣʠʥʠʠ 

ʩ ʥʝʦʛʨʘʥʠʯʝʥʥʳʤ ʧʘʩʩʘʞʠʨʦʧʦʪʦʢʦʤ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʠ ʚʥʫʪʨʝʥ-

ʥʝʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʨʝʰʝʥʠʷ 

ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ ʜʣʷ ʜʨʫʛʠʭ, ʙʦʣʝʝ ʧʨʠʙʣʠʞʝʥʥʳʭ ʢ ʨʝʘʣʴʥʦʩʪʠ 

ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ï ʥʘʧʨʠʤʝʨ, ʜʣʷ ʤʘʨʰʨʫʪʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʫʯʘʩʪ-

ʢʦʚ, ʣʠʙʦ ʜʣʷ ʩʦʚʦʢʫʧʥʦʩʪʠ ʣʠʥʠʡ, ʧʘʩʩʘʞʠʨʦʧʦʪʦʢ ʥʘ ʢʦʪʦʨʳʭ, ʥʘʚʠʛʘʮʠʦʥʥʳʡ ʧʝ-

ʨʠʦʜ, ʛʘʙʘʨʠʪʳ ʩʫʜʦʚʦʛʦ ʭʦʜʘ ʠ ʨʘʟʨʷʜ ʚʦʜʥʦʛʦ ʧʫʪʠ ʨʘʟʣʠʯʥʳ. ʊʘʢʘʷ ʧʦʩʪʘʥʦʚʢʘ ʧʨʠ-

ʙʣʠʞʘʝʪʩʷ ʢ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʟʘʜʘʯʝ ʚʥʝʰʥʝʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ [3], ʧʨʠ ʨʝʰʝʥʠʠ ʢʦʪʦʨʦʡ 

ʦʧʪʠʤʠʟʠʨʫʶʪʩʷ ʩʢʦʨʦʩʪʴ ʭʦʜʘ, ʧʘʩʩʘʞʠʨʦʚʤʝʩʪʠʤʦʩʪʴ, ʯʠʩʣʦ ʦʜʥʦʪʠʧʥʳʭ ʩʫʜʦʚ. 
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MATHEMATICAL MODEL O F OPTIMIZATION  

THE INLAND PASSENGER VESSELS 

E.V. Kupaltseva, E.P. Ronnov  

Key words: passenger ship, mathematical model, optimization, criterion of economic effi-

ciency. 

 

The recent increased interest in çsmallè river passenger vessels. This is especially true of 

those areas into the country, where there are extensive inland waterways, where an im-

portant role in the development of passenger transport is water transport. Method optimiza-

tion selection of key elements and characteristics for such vessels in the early stages of de-

sign is considered. Computer programming is applied, which greatly reduces the complexity 

of design work and provides a selection of the most efficient, practical option. 

ʉʪʘʪʴʷ ʧʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ 26.04.2017 ʛ. 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 52, 2017 ʛ. 

ʈʘʟʜʝʣ IV. ʉʫʜʦʩʪʨʦʝʥʠʝ, ʩʫʜʦʨʝʤʦʥʪ ʠ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʫʜʥʘ 
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ɼ.ʉ. ʄʠʟʛʠʨʝʚ, ʜ.ʪ.ʥ., ʜʦʮʝʥʪ ʌɻɹʆʋ ɺʆ çɺɻʋɺʊè 

ɸ.ʉ. ʂʫʨʥʠʢʦʚ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ, ʟʘʚ. ʢʘʬʝʜʨʦʡ ʌɻɹʆʋ ɺʆ çɺɻʋɺʊè 

603951, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʫʣ. ʅʝʩʪʝʨʦʚʘ, 5 

ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ ʄɽʊɸʅʊɽʅʂɸ  

ʂɸʂ ʕʃɽʄɽʅʊɸ ʉʋɼʆɺʆʁ ʉʀʉʊɽʄʓ ʉʂʇʆ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʪʘʥʪʝʥʢʠ, ʙʠʦʛʘʟ, ʙʠʦʛʘʟʦʚʳʝ ʫʩʪʘʥʦʚʢʠ, ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯ-

ʥʠʢʠ ʵʥʝʨʛʠʠ, ʩʫʜʦʚʳʝ ʩʠʩʪʝʤʳ, ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ. 

 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʫʱʝʩʪʚʫʶʱʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʤʝʪʘʥʪʝʥʢʦʚ ʙʠʦʛʘʟʦʚʳʭ 

ʫʩʪʘʥʦʚʦʢ ʜʣʷ ʘʥʘʵʨʦʙʥʦʛʦ ʩʙʨʘʞʠʚʘʥʠʷ ʦʩʘʜʢʦʚ ʩʪʦʯʥʳʭ ʚʦʜ ʠ ʧʠʱʝʚʳʭ ʦʪʭʦʜʦʚ, 

ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʧʨʠʤʝʥʝʥʠʷ, ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ, ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ 

ʧʨʠʤʝʥʝʥʠʷ ʥʘ ʩʫʜʘʭ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ (ʉʂʇʆ). 

1. ʆʙʱʠʝ ʧʦʣʦʞʝʥʠʷ 

ʅʝʛʘʪʠʚʥʦʤʫ ʘʥʪʨʦʧʦʛʝʥʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʧʦʜʚʝʨʞʝʥʳ ʚʩʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʙʠʦ-

ʩʬʝʨʳ ï ʧʦʯʚʘ, ʘʪʤʦʩʬʝʨʘ ʠ ʛʠʜʨʦʩʬʝʨʘ ʩ ʧʨʦʞʠʚʘʶʱʠʤʠ ʚ ʥʠʭ ʬʣʦʨʦʡ ʠ ʬʘʫʥʦʡ.  

ɿʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʦʢʘʟʳʚʘʝʤʳʝ ʢʦʥʢʨʝʪʥʳʤ ʩʫʜʥʦʤ, ʥʝ ʧʦʩʪʦʷʥʥʳ 

ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʢʘʞʜʦʡ ʠʟ ʛʨʫʧʧ ʬʘʢʪʦʨʦʚ, ʚʦ ʤʥʦʛʦʤ ʦʥʠ ʦʧʨʝʜʝʣʷʶʪ-

ʩʷ ʥʘʟʥʘʯʝʥʠʝʤ, ʨʝʞʠʤʦʤ ʨʘʙʦʪʳ, ʪʝʭʥʠʯʝʩʢʠʤ ʩʦʩʪʦʷʥʠʝʤ ʠ ʩʨʦʢʦʤ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʜʘʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ [1]. 

ʇʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʫʜʥʘ ʥʘ ʝʛʦ ʙʦʨʪʫ ʥʝʧʨʝʨʳʚʥʦ ʦʙʨʘʟʫʝʪʩʷ ʮʝʣʳʡ ʨʷʜ ʨʘʟʥʦʦʙ-

ʨʘʟʥʳʭ ʦʪʭʦʜʦʚ, ʧʦʜʣʝʞʘʱʠʭ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʠ ʫʜʘʣʝʥʠʶ [2]. ɺʠʜʳ ʦʪʭʦʜʦʚ ʩʚʷʟʘʥʳ ʩ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʨʘʙʦʪʳ, ʥʘʟʥʘʯʝʥʠʝʤ ʩʫʜʥʘ ʠ ʚʳʟʚʘʥʳ ʛʨʫʟʦʤ, ʧʘʩʩʘʞʠʨʘʤʠ, ʣʠʙʦ 

ʵʢʩʧʣʫʘʪʘʮʠʝʡ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʨʝʜʩʪʚʘ. 

ʅʘ ʬʣʦʪʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʘ ʩʧʦʩʦʙʘ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʦʪ-

ʭʦʜʦʚ [3]: 

1. ʅʘʢʦʧʣʝʥʠʝ ʦʪʭʦʜʦʚ ʧʦ ʚʠʜʘʤ ʠ ʠʭ ʧʦʩʣʝʜʫʶʱʘʷ ʩʜʘʯʘ ʥʘ ʙʝʨʝʛʦʚʳʝ ʧʨʝʜʧʨʠʷ-

ʪʠʷ ʧʝʨʝʨʘʙʦʪʢʠ ʠ ʫʪʠʣʠʟʘʮʠʠ. 

2. ʇʝʨʝʨʘʙʦʪʢʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʩʫʜʥʝ ʧʨʠ ʧʦʤʦʱʠ ʩʧʝʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤ 

ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ (ʉɺ) ʠ ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʭ ʚʦʜ (ʅɺ), ʘ ʪʘʢʞʝ ʠʥʩʠʥʝʨʘʪʦʨʦʚ. 

ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʚʪʦʨʦʛʦ ʩʧʦʩʦʙʘ ʷʚʣʷʶʪʩʷ: ʧʦʚʳʰʝʥʠʝ ʘʚʪʦʥʦʤʥʦʩʪʠ ʧʣʘʚʘʥʠʷ, 

ʩʦʢʨʘʱʝʥʠʝ ʧʨʦʩʪʦʝʚ ʚʩʣʝʜʩʪʚʠʝ ʦʧʝʨʘʮʠʡ ʧʝʨʝʜʘʯʠ ʦʪʭʦʜʦʚ ʥʘ ʩʪʘʮʠʦʥʘʨʥʳʝ ʙʝʨʝ-

ʛʦʚʳʝ ʩʦʦʨʫʞʝʥʠʷ ʠʣʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʩʫʜʘ ʪʠʧʘ çʆʉè, ʩʥʠʞʝʥʠʝ ʦʙʲʝʤʦʚ ʥʘʢʦʧʠ-

ʪʝʣʴʥʳʭ ʝʤʢʦʩʪʝʡ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʘʢʠʭ ʩʫʜʦʚ. ʀʟ ʥʝʜʦʩʪʘʪ-

ʢʦʚ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ: ʩʣʦʞʥʦʩʪʴ ʠ ʜʦʨʦʛʦʚʠʟʥʫ ʫʢʘʟʘʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʝʦʙʭʦʜʠ-

ʤʦʩʪʴ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ, ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʵʥʝʨʛʠʠ. 

ʉʧʝʮʠʘʣʴʥʳʝ ʩʨʝʜʩʪʚʘ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʩʫʜʦʚʳʭ ʦʪʭʦʜʦʚ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪ ʩʣʝʜʫʶ-

ʱʠʤ ʦʙʨʘʟʦʤ. 

1. ʉʫʜʦʚʳʝ ʩʨʝʜʩʪʚʘ: ʩʪʘʥʮʠʠ ʦʯʠʩʪʢʠ ʠ ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʷ ʉɺ (ʉʆʉɺ), ʩʪʘʥʮʠʠ 

ʦʯʠʩʪʢʠ ʅɺ (ʉʆʅɺ), ʩʠʩʪʝʤʳ ʜʣʷ ʩʙʦʨʘ, ʭʨʘʥʝʥʠʷ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʩʫʜʦʚʦʛʦ ʤʫʩʦʨʘ, 

ʩʠʩʪʝʤʳ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ. 

2. ɺʥʝʩʫʜʦʚʳʝ ʩʨʝʜʩʪʚʘ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʚʭʦʜʷʪ: ʩʫʜʘ-ʩʙʦʨʱʠʢʠ, ʩʧʝʮ. ʧʨʠʯʘʣʳ, 

ʩʪʘʥʮʠʠ ʦʯʠʩʪʢʠ ʅɺ, ʙʘʨʞʠ-ʘʤʙʘʨʳ, ʩʫʜʘ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ (ʉʂʇʆ).  

ɼʣʷ ʨʷʜʘ ʩʨʝʜʥʠʭ ʠ ʤʘʣʳʭ ʨʝʯʥʳʭ ʩʫʜʦʚ ʫʩʪʘʥʦʚʢʘ ʧʝʨʝʯʠʩʣʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʥʘ ʙʦʨʪʫ ʥʝʚʦʟʤʦʞʥʘ. ʉʚʷʟʘʥʦ ʵʪʦ ʩ ʪʝʤ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʘ ʦʙʨʘʟʫʶʱʠʭʩʷ ʦʪʭʦʜʦʚ ʤʘʣʳ, 

ʤʘʩʩʘ ʠ ʛʘʙʘʨʠʪʳ ʫʩʪʘʥʦʚʦʢ ʟʥʘʯʠʪʝʣʴʥʳ, ʦʙʦʨʫʜʦʚʘʥʠʝ ʠʤʝʝʪ ʚʳʩʦʢʦʝ ʵʥʝʨʛʦʧʦʪʨʝʙ-

ʣʝʥʠʝ ʠ ʩʪʦʠʤʦʩʪʴ, ʪʨʝʙʫʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʶ, ʦʙʩʣʫ-

ʞʠʚʘʥʠʝ, ʨʝʤʦʥʪ ʠ ʪ.ʧ. 



ɼ.ʉ. ʄʠʟʛʠʨʝʚ, ɸ.ʉ. ʂʫʨʥʠʢʦʚ 
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ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʨʝʯʥʳʭ ʩʫʜʦʚ ʨʘʮʠʦʥʘʣʝʥ ʪʦʣʴʢʦ ʧʝʨʚʳʡ ʩʧʦʩʦʙ (ʨʘʟʜʝʣʴʥʦʝ 

ʥʘʢʦʧʣʝʥʠʝ ʦʪʭʦʜʦʚ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʧʝʨʝʜʘʯʝʡ ʥʘ ʧʝʨʝʨʘʙʦʪʢʫ ʥʘ ʙʝʨʝʛ). ʆʜʥʘʢʦ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʝʛʦ ʜʦʩʪʦʠʥʩʪʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ ʩʣʝʜʫʝʪ, ʯʪʦ ʠ ʦʥ ʥʝ ʦʧʪʠʤʘʣʝʥ. 

ʆʙʲʷʩʥʷʝʪʩʷ ʵʪʦ ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ. ʅʝʦʙʭʦʜʠʤʘ ʧʦʩʪʦʷʥʥʦ ʜʝʡʩʪʚʫʶʱʘʷ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʪʨʝʙʫʝʪ ʧʦʩʪʦʷʥʥʳʭ ʢʘʧʠʪʘʣʦʚʣʦʞʝʥʠʡ ʥʘ ʝʝ 

ʵʢʩʧʣʫʘʪʘʮʠʶ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʩʠʩʪʝʤʘ ʞʝʩʪʢʦ ʧʨʠʚʷʟʘʥʘ ʢ ʛʝʦʛʨʘʬʠʠ ʙʝʨʝʛʦʚʳʭ 

ʦʙʲʝʢʪʦʚ, ʠʤʝʝʪ ʧʦʩʪʦʷʥʥʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʥʝ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩ ʚʘʨʴʠʨʫʶʱʝʡʩʷ ʩʠʪʫʘʮʠʝʡ ʥʘ ʩʫʜʦʭʦʜʥʦʤ ʫʯʘʩʪʢʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʨʘʮʠʦʥʘʣʴʥʳʭ ʨʝʰʝʥʠʡ ʧʨʦʙʣʝʤʳ ʩʫʜʦʚʳʭ 

ʦʪʭʦʜʦʚ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʚʪʦʥʦʤʥʳʭ ʩʦʚʨʝʤʝʥʥʳʭ ʉʂʇʆ. ʀʭ ʧʨʠʤʝʥʝ-

ʥʠʝ ʫʩʪʨʘʥʠʪ ʦʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ ʜʝʡʩʪʚʫʶʱʝʡ ʚ ʈʦʩʩʠʠ ʩʠʩʪʝʤʳ ʢʦʤʧʣʝʢʩʥʦʛʦ ʦʙ-

ʩʣʫʞʠʚʘʥʠʷ ʬʣʦʪʘ (ʂʆʌ): ʧʨʠʜʘʩʪ ʤʦʙʠʣʴʥʦʩʪʴ, ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʩʣʫʞʠʚʘʥʠʷ ʣʶʙʦʛʦ 

ʩʫʜʦʭʦʜʥʦʛʦ ʫʯʘʩʪʢʘ, ʦʙʝʩʧʝʯʠʪ ʥʘʠʙʦʣʴʰʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʨʘʟʤʝʱʝʥʠʝ ʥʘ ʘʢʚʘʪʦ-

ʨʠʠ ʥʝ ʪʨʝʙʫʝʪ ʚʳʧʦʣʥʝʥʠʷ ʢʘʧʠʪʘʣʴʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʙʦʪ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʳ 

ʢʘʧʠʪʘʣʦʚʣʦʞʝʥʠʷ ʥʘ ʧʦʩʪʨʦʡʢʫ ʠ ʵʢʩʧʣʫʘʪʘʮʠʶ. ʉʠʩʪʝʤʳ ʧʝʨʝʨʘʙʦʪʢʠ ʧʦ ʚʠʜʘʤ ʦʪ-

ʭʦʜʦʚ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʢʦʤʧʣʝʢʩʳ, ʯʪʦ ʦʙʝʩʧʝʯʠʪ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʦʯʠʩʪʢʠ, ʧʦʟʚʦʣʠʪ 

ʦʪʚʝʪʠʪʴ ʩʫʱʝʩʪʚʫʶʱʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʧʨʠʨʦʜʦʦʭʨʘʥʥʦʛʦ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ. ʂʨʦʤʝ 

ʪʦʛʦ, ʦʪʢʨʳʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʚʩʝʛʦ ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʛʦ ʢʦʤ-

ʧʣʝʢʩʘ ʝʜʠʥʦʛʦ ʦʢʠʩʣʠʪʝʣʷ ï ʦʟʦʥʘ (ʚ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ 

(ɸʆʊôs). 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤ ʉʂʇʆ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʣʠ ʙʳ ʥʝ ʧʝʨʝʨʘʙʦʪʢʫ, ʘ ʫʪʠʣʠ-

ʟʘʮʠʶ ʦʪʭʦʜʦʚ. ʅʝʬʪʝʰʣʘʤʳ, ʰʣʘʤʳ ʉɺ ʠ ʅɺ, ʘ ʪʘʢʞʝ ʩʫʭʦʡ ʤʫʩʦʨ ʨʘʮʠʦʥʘʣʴʥʦ ʧʝ-

ʨʝʨʘʙʘʪʳʚʘʪʴ ʩʞʠʛʘʥʠʝʤ. ɽʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʠʦʛʘʟʘ - ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ 

ʚʠʜʘ ʪʦʧʣʠʚʘ ʛʝʥʝʨʠʨʫʝʤʦʛʦ ʠʟ ʧʠʱʝʚʳʭ ʦʪʭʦʜʦʚ ʠ ʦʩʘʜʢʘ ʉɺ. ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥ-

ʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʦʣʫʯʘʝʤʫʶ ʪʝʧʣʦʪʫ ʤʦʞʥʦ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʥʫʞʜ ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʩʫʜʦʚʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ (ʉʕʋ) ʠ ʪ.ʧ., ʘ ʠʟʙʳʪʦʯʥʘʷ ʵʥʝʨʛʠʷ 

ʤʦʞʝʪ ʧʝʨʝʜʘʚʘʪʴʩʷ ʚʥʝʰʥʠʤ (ʥʘʧʨʠʤʝʨ, ʙʝʨʝʛʦʚʳʤ) ʧʦʪʨʝʙʠʪʝʣʷʤ. ʇʨʠ ʦʩʫʱʝʩʪʚʣʝ-

ʥʠʠ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʉʂʇʆ ʙʫʜʝʪ ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʳʡ ʦʙʲʝʤ 

ʥʝʧʝʨʝʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʫʩʦʨʘ ʠ ʩʫʭʦʡ ʟʦʣʴʥʳʡ ʦʩʪʘʪʦʢ, ʢʦʪʦʨʳʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʩʜʘʶʪ-

ʩʷ ʥʘ ʙʝʨʝʛʦʚʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʧʝʨʝʨʘʙʦʪʢʠ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʛʦ ʢʦʤʧʣʝʢʩʘ ʉʂʇʆ ʜʦʣʞʥʳ ʨʝʘʣʠ-

ʟʦʚʳʚʘʪʴ ʮʝʣʳʡ ʨʷʜ ʪʨʝʙʦʚʘʥʠʡ: ʛʣʫʙʠʥʘ ʦʯʠʩʪʢʠ ʠ ʦʙʨʘʙʦʪʢʠ ʩʨʝʜ, ʧʦʣʫʯʝʥʠʝ ʧʦ-

ʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʭ ʠʣʠ ʞʝ ʧʦʣʝʟʥʳʭ ʧʦʙʦʯʥʳʭ ʚʝʱʝʩʪʚ, ʥʘʣʠʯʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭ-

ʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʧʝʨʩʧʝʢʪʠʚ ʜʘʣʴʥʝʡ-

ʰʝʛʦ ʨʘʟʚʠʪʠʷ ʠ ʪ.ʜ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʦʩʪʠʯʴ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʵʬʬʝʢʪʘ ʚ ʵʢʦʥʦ-

ʤʠʯʝʩʢʦʤ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʤ ʘʩʧʝʢʪʘʭ ʚʦʟʤʦʞʥʦ ʣʠʰʴ ʧʨʠ ʢʦʤʧʣʝʢʩʥʦʤ ʨʝʰʝʥʠʠ ʧʨʦ-

ʙʣʝʤʳ ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ ʤʝʪʦʜʘʤʠ ʠ ʧʨʠʝʤʘʤʠ. 

ʊʝʭʥʦʣʦʛʠʷ ʫʪʠʣʠʟʘʮʠʠ ʦʩʘʜʢʘ ʉɺ ʠ ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ ʧʠʱʝʚʳʭ ʦʪʭʦʜʦʚ ʦʙʦʟʥʘʯʝ-

ʥʘ ʥʘ ʨʠʩ. 1. 

ɺ ʉʆʉɺ ʧʝʨʝʨʘʙʦʪʢʘ ʉɺ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʥʝʩʢʦʣʴʢʦ ʩʪʘʜʠʡ. ʅʘ ʧʝʨʚʦʡ ʚʳʧʦʣ-

ʥʷʝʪʩʷ ʠʭ ʦʪʩʪʘʠʚʘʥʠʝ ʠ ʫʩʨʝʜʥʝʥʠʝ ʦʩʘʞʜʝʥʠʝʤ ʬʨʘʢʮʠʡ ʉɺ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ 

ʪʷʞʝʩʪʠ. ʂʦʣʠʯʝʩʪʚʦ ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ (ɺɺ) ʚ ʉɺ ʧʦʩʣʝ ʦʪʩʪʦʡʥʠʢʦʚ ʚʘʨʴʠʨʫʝʪʩʷ 

ʚ ʧʨʝʜʝʣʘʭ (8é15) ʤʛ/ʜʤ3 [4]. ɼʘʣʝʝ ʦʩʘʜʦʢ ʉɺ, ʧʦʣʫʯʝʥʥʳʡ ʥʘ ʧʨʝʜʳʜʫʱʝʡ ʩʪʘʜʠʠ, 

ʦʪʜʝʣʷʝʪʩʷ ʯʘʩʪʠʯʥʦ, ʦʙʝʟʚʦʞʠʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʮʝʥʪʨʠʬʫʛʦʚʘʥʠʷ. ʕʪʘ ʩʪʘʜʠʷ ʦʧʨʝ-

ʜʝʣʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʩʫʙʩʪʨʘʪ, ʧʦʩʪʫʧʘʶʱʠʡ ʥʘ ʘʥʘʵʨʦʙʥʦʝ ʩʙʨʘʞʠʚʘʥʠʝ, ʜʦʣʞʝʥ ʠʤʝʪʴ 

ʫʨʦʚʝʥʴ ʚʣʘʞʥʦʩʪʠ (88é92)%. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ ʧʠʱʝʚʳʭ ʦʪʭʦʜʦʚ ʩʦʩʪʦʠʪ ʠʟ ʩʦʨʪʠ-

ʨʦʚʢʠ, ʠʟʤʝʣʴʯʝʥʠʷ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʪʘʢʞʝ ʧʦʩʨʝʜʩʪʚʦʤ ʘʥʘʵʨʦʙʥʦʛʦ ʩʙʨʘʞʠʚʘʥʠʷ. ʀʟ 

ʥʘʢʦʧʠʪʝʣʴʥʦʡ ʝʤʢʦʩʪʠ ʦʪʭʦʜʳ ʟʜʝʩʴ ʧʦʜʘʶʪʩʷ ʥʘ ʩʦʨʪʠʨʦʚʦʯʥʳʡ ʩʪʦʣ, ʛʜʝ ʧʨʦʠʩʭʦ-

ʜʠʪ ʩʝʧʘʨʘʮʠʷ ʢʨʫʧʥʳʭ ʢʦʩʪʝʡ ʠ ʧʨʦʯʠʭ ʥʝʧʦʜʜʘʶʱʠʝʩʷ ʩʙʨʘʞʠʚʘʥʠʶ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʥʘʧʨʘʚʣʷʝʤʳʭ ʜʘʣʝʝ ʥʘ ʩʪʘʥʮʠʶ ʩʦʨʪʠʨʦʚʢʠ ʤʫʩʦʨʘ. 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 52, 2017 ʛ. 
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ʈʠʩ. 1. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʧʝʨʝʨʘʙʦʪʢʠ ʦʩʘʜʢʘ ʉɺ 

ʠ ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ ʧʠʱʝʚʳʭ ʦʪʭʦʜʦʚ 

ʇʦʩʣʝ ʠʟʤʝʣʴʯʠʪʝʣʷ ʨʘʟʤʝʣʴʯʝʥʥʳʝ ʦʪʭʦʜʳ ʩʤʝʰʠʚʘʶʪʩʷ ʩ ʧʦʜʛʦʪʦʚʣʝʥʥʳʤ 

ʦʩʘʜʢʦʤ ʉɺ ʠ ʥʘʧʨʘʚʣʷʶʪʩʷ ʯʝʨʝʟ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʢʘʚʠʪʘʪʦʨ ʚ ʤʝʪʘʥʪʝʥʢ, ʛʜʝ 

ʦʨʛʘʥʠʯʝʩʢʠʡ ʩʫʙʩʪʨʘʪ ʩʙʨʘʞʠʚʘʝʪʩʷ ʚ ʘʥʘʵʨʦʙʥʳʭ ʫʩʣʦʚʠʷʭ ʛʝʥʝʨʠʨʫʷ ʛʦʨʶʯʠʡ ʙʠʦ-

ʛʘʟ, ʜʘʣʝʝ ʩʞʠʛʘʝʤʳʡ ʚ ʢʦʪʣʦʘʛʨʝʛʘʪʝ. ɺ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʤ ʢʘʚʠʪʘʪʦʨʝ ʦʩʫʱʝʩʪʚʣʷ-

ʝʪʩʷ ʫʩʨʝʜʥʝʥʠʝ ʠ ʛʦʤʦʛʝʥʠʟʘʮʠʷ ʩʫʙʩʪʨʘʪʘ, ʘ ʪʘʢʞʝ ʧʝʨʚʠʯʥʦʝ ʝʛʦ ʨʘʟʣʦʞʝʥʠʝ ʟʘ ʩʯʝʪ 

ʭʠʤʠʯʝʩʢʦʛʦ ʛʠʜʨʦʣʠʟʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʜʦʙʘʚʣʷʝʤʳʭ ʨʝʘʛʝʥʪʦʚ.  

ʇʦʙʦʯʥʳʤ ʧʨʦʜʫʢʪʦʤ ʧʨʦʮʝʩʩʘ ʩʙʨʘʞʠʚʘʥʠʷ ʚʳʩʪʫʧʘʝʪ ʩʪʦʢ, ʥʘʧʨʘʚʣʷʝʤʳʡ ʥʘ 

ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʝ ʦʙʝʟʚʦʞʠʚʘʥʠʝ. ʊʚʝʨʜʳʝ ʝʛʦ ʩʦʩʪʘʚʣʷʶʱʠʝ ʪʘʢʞʝ ʧʦʜʣʝʞʘʪ ʩʞʠʛʘ-

ʥʠʶ ʚ ʢʦʪʣʦʘʛʨʝʛʘʪʝ, ʞʠʜʢʠʝ - ʧʝʨʝʜʘʶʪʩʷ ʥʘ ʦʯʠʩʪʢʫ ʚ ʉʆʉʅɺ. 

ʉʫʱʝʩʪʚʝʥʥʳʤ ʩʚʦʡʩʪʚʦʤ ʦʩʘʜʢʦʚ ʉɺ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʧʝʨʝʨʘʙʦʪ-

ʢʠ, ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʢʠ ï ʜʦ (65é75) %, ʢʦʪʦʨʘʷ ʪʘʢʞʝ ʫʩʧʝʰʥʦ 

ʧʝʨʝʨʘʙʘʪʳʚʘʝʪʩʷ ʢʘʢ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʘʵʨʦʙʥʦʤ, ʪʘʢ ʠ ʘʥʘʵʨʦʙʥʦʛʦ ʧʨʦʮʝʩʩʦʚ [5]. 

ʋʩʪʘʥʦʚʢʠ, ʨʝʘʣʠʟʫʶʱʠʝ ʘʵʨʦʙʥʫʶ ʪʝʭʥʦʣʦʛʠʶ, ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʧʨʦʩʪʳ ʠ ʜʝʰʝʚʳ 

ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʦʜʥʘʢʦ, ʦʪʣʠʯʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝʤ ʠ ʤʘʩʩʦʛʘʙʘ-

ʨʠʪʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ [5], ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘ ʉʂʇʆ ʨʘʮʠʦʥʘʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʥʘʵ-

ʨʦʙʥʦʛʦ ʩʙʨʘʞʠʚʘʥʠʷ, ʢʘʢ ʵʢʦʥʦʤʠʯʝʩʢʠ ʙʦʣʝʝ ʚʳʛʦʜʥʦʛʦ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʦʛʦ.  

ʉʙʨʘʞʠʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʟʘʢʨʳʪʳʭ ʛʝʨʤʝʪʠʯʥʳʭ ʝʤʢʦʩʪʷʭ ï ʤʝʪʘʥʪʝʥʢʘʭ. ɺ 

ʧʨʦʮʝʩʩʝ ʧʨʦʪʝʢʘʥʠʠ ʨʝʘʢʮʠʠ ʰʣʘʤ ʉɺ ʦʙʝʟʟʘʨʘʞʠʚʘʝʪʩʷ ʠ ʚʳʜʝʣʷʝʪʩʷ ʧʦʣʝʟʥʦʝ ʚʝ-

ʱʝʩʪʚʦ ï ʤʝʪʘʥ [5]. ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʩʙʨʘʞʠʚʘʥʠʷ 

ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʪʝʨʤʦʬʠʣʴʥʦʛʦ ʠʣʠ ʤʝʟʦʬʠʣʴʥʦʛʦ ʧʨʦʮʝʩʩʦʚ. 

 

 

ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʩʙʨʘʞʠʚʘʥʠʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 



ɼ.ʉ. ʄʠʟʛʠʨʝʚ, ɸ.ʉ. ʂʫʨʥʠʢʦʚ 
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ʈʘʮʠʦʥʘʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʨʤʦʬʠʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʧʨʦʠʩʭʦʜʷʱʝʛʦ ʧʨʠ ʪʝʤʧʝ-

ʨʘʪʫʨʝ (50é60)ʉ̄, ʩ ʧʨʠʥʫʜʠʪʝʣʴʥʳʤ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʩʫʙʩʪʨʘʪʘ, ʘ ʪʘʢʞʝ ʥʝʧʨʝʨʳʚ-

ʥʳʤ ʧʦʜʚʦʜʦʤ ʩʚʝʞʝʛʦ ʦʩʘʜʢʘ ʠ ʦʪʚʦʜʦʤ ʩʪʦʢʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʠ ʧʦ-

ʚʳʩʠʪʴ ʩʢʦʨʦʩʪʴ ʧʝʨʝʨʘʙʦʪʢʠ, ʩʥʠʟʠʪʴ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʠ ʦʙʝʩʧʝʯʠʪʴ ʫʩʪʘʥʦʚʣʝʥʥʦʝ 

ʛʘʟʦʚʳʜʝʣʝʥʠʝ. ɽʱʝ ʦʜʥʠʤ ʚʘʞʥʳʤ ʜʦʩʪʦʠʥʩʪʚʦʤ ʪʝʨʤʦʬʠʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ 

ʜʦʩʪʠʞʝʥʠʝ ʧʦʣʥʦʡ ʜʝʛʝʣʴʤʠʥʪʠʟʘʮʠʷ ʦʩʘʜʢʘ ʉɺ, ʯʪʦ ʥʝ ʪʨʝʙʫʝʪ ʧʨʦʚʦʜʠʪʴ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʦʛʦ ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʷ ʩʪʦʢʘ.  

ɺ ʧʨʦʮʝʩʩʝ ʙʨʦʞʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʧʘʜ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʦʩʘʜʢʘ ʩ ʚʳʜʝʣʝ-

ʥʠʝʤ ʞʠʜʢʠʭ ʠ ʛʘʟʦʦʙʨʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʠʟʤʝʥʝʥʠʶ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʩʙʨʦʞʝʥʥʦʡ ʩʤʝʩʠ. ʆʙʱʠʡ ʦʙʲʝʤ ʩʙʨʘʞʠʚʘʝʤʦʡ ʩʤʝʩʠ ʧʦʩʪʦʷ-

ʥʝʥ, ʪʘʢ ʢʘʢ ʢʦʣʠʯʝʩʪʚʦ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ʚʩʣʝʜʩʪʚʠʝ ʝʛʦ ʨʘʩʧʘʜʘ ʫʤʝʥʴʰʘʝʪʩʷ, ʘ 

ʚʣʘʞʥʦʩʪʴ ʩʤʝʩʠ ʨʘʩʪʝʪ. ʈʘʩʪʝʪ ʠ ʟʦʣʴʥʦʩʪʴ, ʧʦʩʢʦʣʴʢʫ ʟʦʣʴʥʘʷ ʯʘʩʪʴ ʦʩʘʜʢʘ ʦʩʪʘʝʪʩʷ 

ʥʝʠʟʤʝʥʥʦʡ, ʘ ʢʦʣʠʯʝʩʪʚʦ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ʩʥʠʞʘʝʪʩʷ. 

ʆʙʨʘʟʫʶʱʠʡʩʷ ʧʨʠ ʘʥʘʵʨʦʙʥʦʤ ʩʙʨʘʞʠʚʘʥʠʠ ʙʠʦʛʘʟ ʩʦʩʪʘʚʣʷʶʪ ʤʝʪʘʥ 

(60é67)%, ʫʛʦʣʴʥʘʷ ʢʠʩʣʦʪʘ (30é33) %, ʚʦʜʦʨʦʜ (1é2) %, ʘʟʦʪ (ʦʢʦʣʦ 0,5%). ʉʦ-

ʜʝʨʞʘʥʠʝ ʤʝʪʘʥʘ ʚ ʛʘʟʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʩʧʘʜʦʤ ʞʠʨʦʚ ʠ ʙʝʣʢʦʚ, ʧʦʩʪʫʧʘʶʱʠʭ ʩ ʠʩ-

ʭʦʜʥʳʤ ʩʫʙʩʪʨʘʪʦʤ [4]. 

2. ʂʦʥʩʪʨʫʢʮʠʷ ʤʝʪʘʥʪʝʥʢʘ 

ʈʘʟʚʠʪʠʝ ʘʥʘʵʨʦʙʥʦʡ ʪʝʭʥʠʢʠ ʚʳʟʚʘʥʦ ʧʦʪʨʝʙʥʦʩʪʴʶ ʚ ʵʬʬʝʢʪʠʚʥʳʭ ʘʧʧʘʨʘʪʘʭ, 

ʦʪʣʠʯʘʶʱʠʝʩʷ ʥʠʟʢʠʤʠ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ, ʥʘʜʝʞʥʳʭ ʚ ʨʘʙʦʪʝ, ʦʙʝʩ-

ʧʝʯʠʚʘʶʱʠʭ ʤʘʣʳʝ ʢʘʧʠʪʘʣʴʥʳʝ, ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ. ʀʟ-

ʚʝʩʪʥʳ ʩʪʘʥʮʠʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʘʞʜʦʛʦ ʠʟ ʫʢʘʟʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʘ ʪʘʢʞʝ ʤʥʦʛʦʩʪʫ-

ʧʝʥʯʘʪʳʝ [5, 6, 7, 8, 9, 10]. ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʩʫʜʦʚʳʤ ʫʩʣʦʚʠʷʤ ʚʦʟʤʦʞʥʘ ʨʝʘʣʠʟʘʮʠʷ 

ʪʦʣʴʢʦ UASB ʠ AMBR ʨʝʘʢʪʦʨʦʚ, ʧʨʠʯʝʤ ʧʦʩʣʝʜʥʠʝ ʪʨʝʙʫʶʪ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʨʘʩʭʦʜ-

ʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ï ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʝʤʙʨʘʥ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʘʧʨʠʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʘʚʪʦʨʳ ʩʦʚʤʝʩʪʥʦ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ ʆʆʆ çʄʀʇ çʕʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʝ 

ʪʝʭʥʦʣʦʛʠʠè ʨʘʟʨʘʙʦʪʘʣʠ ʛʠʙʨʠʜʥʫʶ ʩʫʜʦʚʫʶ ʫʩʪʘʥʦʚʢʫ (ʨʠʩ. 3), ʥʦʚʠʟʥʘ ʢʦʪʦʨʦʡ 

ʟʘʱʠʱʝʥʘ ʧʘʪʝʥʪʦʤ ʈʌ ˉ 136282 U1 [11]. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʫʩʢʦʨʝʥʠʝ ʧʨʦʮʝʩ-

ʩʦʚ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ ʟʘ ʩʯʝʪ: 

- ʨʘʟʜʝʣʝʥʠʷ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʥʘ ʩʪʘʜʠʠ ʭʠʤʠʯʝʩʢʦʛʦ ʛʠʜʨʦʣʠʟʘ, ʧʨʝʜʚʘʨʠʪʝʣʴ-

ʥʦʛʦ ʠ ʦʩʥʦʚʥʦʛʦ ʘʥʘʵʨʦʙʥʦʛʦ ʩʙʨʘʞʠʚʘʥʠʷ, ʯʪʦ ʜʘʝʪ ʨʘʚʥʦʤʝʨʥʳʡ ʚʳʭʦʜ ʛʘʟʘ ʠ ʩʥʠ-

ʞʘʝʪ ʰʦʢʦʚʦʝ ʚʣʠʷʥʠʝ ʥʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ;  

- ʟʘʢʨʝʧʣʝʥʠʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʥʘ ʥʘʩʳʧʥʦʡ ʟʘʛʨʫʟʢʝ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʩʢʦʨʝ-

ʥʠʶ ʠʭ ʨʦʩʪʘ ʠ ʨʘʟʤʥʦʞʝʥʠʷ, ʫʤʝʥʴʰʘʝʪ ʠʭ ʚʳʥʦʩ ʠ ʛʠʙʝʣʴ ʧʨʠ ʥʘʛʨʝʚʝ ʠ ʮʠʨʢʫʣʷ-

ʮʠʠ, ʧʦʚʳʰʘʝʪ ʚʳʭʦʜ ʛʘʟʘ;  

- ʫʩʢʦʨʝʥʥʳʡ ʚʳʭʦʜ ʥʘ ʨʘʙʦʯʠʡ ʨʝʞʠʤ ʠ ʝʛʦ ʩʪʘʙʠʣʠʟʘʮʠʷ ʟʘ ʩʯʝʪ ʜʦʙʘʚʣʝʥʠʷ 

ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʩʫʙʩʪʨʘʪʘ ʥʘ ʣʶʙʦʡ ʩʪʘʜʠʠ ʧʨʦʮʝʩʩʘ; 

- ʨʘʩʰʠʨʷʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʤʘʩʩʦʛʘʙʘ-

ʨʠʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ; 

- ʫʤʝʥʴʰʘʶʪʩʷ ʩʪʨʦʠʪʝʣʴʥʳʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʟʘʪʨʘʪʳ ʟʘ ʩʯʝʪ ʦʪʢʘʟʘ ʦʪ ʨʘʩ-

ʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʩʥʠʞʝʥʠʷ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʧʫʪʝʤ ʨʘʮʠʦʥʘʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ, ʠʩʢʣʶʯʝʥʠʷ ʠʟ ʢʦʥʩʪʨʫʢʮʠʠ ʜʚʠʞʫʱʠʭʩʷ ʜʝʪʘʣʝʡ; 

- ʧʦʚʳʰʘʝʪʩʷ ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ ʟʘ ʩʯʝʪ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʠ ʦʪ-

ʩʫʪʩʪʚʠʷ ʧʦʜʚʠʞʥʳʭ ʵʣʝʤʝʥʪʦʚ. 
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ʈʠʩ. 3. ʉʭʝʤʘ ʤʝʪʘʥʪʝʥʢʘ: 1 ï ʚʳʩʦʢʦʥʘʧʦʨʥʳʡ ʥʘʩʦʩ; 2 ï ʢʘʚʠʪʘʪʦʨ  

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ; 3 ï ʪʝʧʣʦʦʙʤʝʥʥʳʡ ʘʧʧʘʨʘʪ; 4 ï ʥʘʩʦʩ ʮʠʨʢʫʣʷʮʠʦʥʥʳʡ;  

5 ï ʟʘʛʨʫʟʦʯʥʦʝ ʫʩʪʨʦʡʩʪʚʦ; 6 ï ʬʠʣʴʪʨ-ʚʣʘʛʦʦʪʜʝʣʠʪʝʣʴ; 7 ï ʢʣʘʧʘʥ  

ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʳʡ; 8 ï ʢʦʣʧʘʢ ʛʘʟʦʚʳʡ; 9 ï ʢʘʤʝʨʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ  

ʩʙʨʘʞʠʚʘʥʠʷ; 10 ï ʦʩʥʦʚʥʘʷ ʢʘʤʝʨʘ ʤʝʪʘʥʦʚʦʛʦ ʩʙʨʘʞʠʚʘʥʠʷ; 11 ï ʢʦʣʴʮʦ  

ʨʘʟʜʝʣʠʪʝʣʴʥʦʝ; 12 ï ʥʘʩʳʧʥʘʷ ʟʘʛʨʫʟʢʘ; 13 ï ʥʠʞʥʷʷ ʢʘʤʝʨʘ 

3. ʈʘʩʯʝʪ ʤʝʪʘʥʪʝʥʢʘ 

ʉ ʫʯʝʪʦʤ ʨʘʥʝʝ ʚʳʧʦʣʥʝʥʥʦʡ ʄʠʟʛʠʨʝʚʳʤ ɼ.ʉ. ʨʘʙʦʪʳ [12] ʧʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʤʫ 

ʘʥʘʣʠʟʫ ʢʦʣʠʯʝʩʪʚ ʠ ʩʦʩʪʘʚʘ ʦʪʭʦʜʦʚ ʥʘ ʩʫʜʦʭʦʜʥʦʤ ʫʯʘʩʪʢʝ ʚ ʨʘʡʦʥʝ ʛ. ʅ.ʅʦʚʛʦʨʦʜʘ, 

ʨʘʩʯʝʪʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʪʘʥʮʠʠ ʩʦʩʪʘʚʠʪ, ʤ3/ʯ: 

max
3,01,0

ʉʄʉɺɹ
QQQ Ö+Ö= , (1) 

ʛʜʝ Qʉɺ ï ʨʘʩʭʦʜ ʉɺ, ʧʨʠʥʠʤʘʝʤʳʭ ʉʂʇʆ ʥʘ ʧʝʨʝʨʘʙʦʪʢʫ, ʤ3/ʯ; 

Qʉʄmax ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʤʘʩʩʘ ʩʫʭʠʭ ʧʨʠʥʠʤʘʝʤʳʭ ʦʪʭʦʜʦʚ, ʪ/ʯ. 

 

ʆʙʲʝʤ ʤʝʪʘʥʪʝʥʢʘ ʦʧʨʝʜʝʣʷʝʤ ʧʦ ʧʝʨʠʦʜʫ ʟʘʜʝʨʞʢʠ [13], t, ʩʫʪ: 

mt
k/100=t , (2) 

ʛʜʝ kmt ï ʢʦʵʬʬʠʮʠʝʥʪ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʚʣʘʞʥʦʩʪʠ ʦʩʘʜʢʘ, ʩʫʪʦʯʥʦʡ ʜʦʟʳ ʟʘʛʨʫʟʢʠ ʠ 

ʥʘʣʠʯʠʷ ʚ ʉɺ ʇɸɺ ʨʘʟʣʠʯʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. 

 

ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚ ʩʫʜʦʚʳʭ ʉɺ ʚ ʦʩʥʦʚʥʦʤ ʧʨʠʩʫʪʩʪʚʫʶʪ ʘʥʠʦʥʥʳʝ 

ʇɸɺ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ [13]: 

)100(

10
lim

muddt

mt
dC

ɼ
k

-
= , (3) 

ʛʜʝ ʉdt ï ʩʦʜʝʨʞʘʥʠʝ ʇɸɺ ʚ ʦʩʘʜʢʝ, ʤʛ/ʛ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ʦʩʘʜʢʘ [13], ʉdt = 5 ʤʛ/ʛ (ʧʨʠ 

ʠʩʭʦʜʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʇɸɺ ʚ ʉɺ 5 ʤʛ/ʣ); 
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dmud ï ʚʣʘʞʥʦʩʪʴ ʟʘʛʨʫʞʘʝʤʦʛʦ ʦʩʘʜʢʘ, %. ɿʥʘʯʝʥʠʝ dmud ʧʨʠʥʠʤʘʝʪʩʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʠʩʧʳʪʘʥʠʡ ʢʦʥʢʨʝʪʥʦʡ ʩʭʝʤʳ ʙʣʦʢʘ ʧʦʜʛʦʪʦʚʢʠ ʦʩʘʜʢʘ ʉʆʉʅɺ; 

ɼlim ï ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ ʟʘʛʨʫʟʢʘ ʇɸɺ ʚ ʨʘʙʦʯʠʡ ʦʙʲʝʤ ʤʝʪʘʥʪʝʥʢʘ ʚ ʩʫʪʢʠ, ʧʨʠ-

ʥʠʤʘʝʤ ɼlim = 65 ʛ/ʤ3 ʜʣʷ ʘʥʠʦʥʥʳʭ ʇɸɺ ʚ ʍɹʉɺ [13]. 

 

ʇʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʫʨʘʚʥʝʥʠʝ (3) ʧʨʠʤʝʪ ʚʠʜ: 

mud

mt
d

k
-

=
100

130
, (4) 

ʇʨʠʚʝʜʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʝ ʫʯʠʪʳʚʘʶʪ ʚʣʠʷʥʠʷ ʥʘ ʧʨʦʮʝʩʩ ʤʝʪʘʥʦʛʝʥʝʟʘ ʧʨʝʜ-

ʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʦʩʘʜʢʘ, ʜʣʷ ʯʝʛʦ ʚ ʬʦʨʤʫʣʫ (2) ʚʚʦʜʠʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʢʦʨʝ-

ʥʠʷ kʫ [14]; ʪʦʛʜʘ ʧʨʝʦʙʨʘʟʫʷ ʩ ʫʯʝʪʦʤ (4), ʧʦʣʫʯʠʤ:  

( )
ʫmud

kd Ö-Ö=t 100769,0 , (5) 

ʊʨʝʙʫʝʤʳʡ ʦʙʲʝʤ ʤʝʪʘʥʪʝʥʢʘ ʩʦʩʪʘʚʠʪ [6], ʤ3: 

tÖÖ=
ɹʄʊ

QV 24 . (6) 

ʆʙʲʝʤ ʛʨʘʥʫʣʠʨʦʚʘʥʥʦʡ ʟʘʛʨʫʟʢʠ ʜʣʷ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʤʝʪʘʥʦʛʝʥʦʚ ʧʨʠʥʠʤʘʝʤ ʧʦ 

[14] ʨʘʚʥʳʤ 18% ʨʘʙʦʯʝʛʦ ʦʙʲʝʤʘ ʤʝʪʘʥʪʝʥʢʘ. 

ʆʧʨʝʜʝʣʷʝʤ ʦʙʲʝʤ ʨʘʙʦʯʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʤʝʪʘʥʪʝʥʢʘ ʩ ʫʯʝʪʦʤ ʫʨʘʚʥʝʥʠʡ (1), (5), ʤ3: 

)3,01,0()100(778,21
maxCʄʉɺmudʫʄʊ

QQdkV Ö+ÖÖ-ÖÖ=  (7) 

ʈʘʩʧʘʜ ʙʝʟʟʦʣʴʥʦʛʦ ʚʝʱʝʩʪʚʘ ʟʘʛʨʫʞʘʝʤʦʛʦ ʦʩʘʜʢʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʦʟʳ ʟʘʛʨʫʟ-

ʢʠ ʙʫʜʝʪ ʨʘʚʝʥ: 

mtdr
kkRR Ö-=

lim
, (8) 

ʛʜʝ kd ï ʢʦʵʬʬʠʮʠʝʥʪ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʚʣʘʞʥʦʩʪʠ ʦʩʘʜʢʘ ʠ ʧʨʠʥʠʤʘʝʤʳʡ ʧʦ ʠʩʪʦʯʥʠʢʫ 

[13] kd = 0,1. 

Rlim - ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ ʩʙʨʘʞʠʚʘʥʠʝ ʙʝʟʟʦʣʴʥʦʛʦ ʚʝʱʝʩʪʚʘ ʦʩʘʜʢʘ, %. ɼʣʷ ʩʤʝ-

ʩʠ ʍɹʉɺ ʠ ʍʌʉɺ Rlim = 53% [13]. 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʬʦʨʤʫʣʳ (8) ʧʦʣʫʯʠʤ:  

mud

r
d

R
-

-=
100

13
53  (9) 

ʈʘʩʭʦʜ ʦʩʪʘʪʢʘ ʧʦ ʩʫʭʦʤʫ ʚʝʱʝʩʪʚʫ ʩʦʩʪʘʚʠʪ, ʢʛ/ʯ: 

,
100

100

1000
maxʉʄʇʆ

ʇʆ

ʉɺ

ʇ

ʩʫʭ
Qk

d
Q

kʕʉ
Q ÖÖ

-
+Ö

ÖÖ
=  (10) 

ʛʜʝ ʉ ï ʥʘʯʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ɺɺ, ʛ/ʤ3. ʂʦʥʢʨʝʪʥʦʝ ʟʥʘʯʝʥʠʝ ʉ ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ [12]; 

ʕ ï ʵʬʬʝʢʪ ʟʘʜʝʨʞʘʥʠʷ ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ ʧʨʠ ʧʝʨʚʠʯʥʦʤ ʦʪʩʪʦʝ. ʉ ʮʝʣʴʶ ʧʦʚʳ-

ʰʝʥʠʷ ʚʳʭʦʜʘ ʛʘʟʘ ʧʨʠʤʝʤ ʕ = 0,8. ɼʣʷ ʵʪʦʛʦ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʝ ʥʝʦʙʭʦʜʠ-

ʤʦ ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʫʩʪʨʦʡʩʪʚʦ, ʧʦʚʳʰʘʶʱʝʝ ʢʦʥʮʝʥʪʨʘʮʠʶ ɺɺ (ʮʝʥʪʨʠʬʫʛʫ ʠʣʠ 

ʛʠʜʨʦʮʠʢʣʦʥ); 

kʇ ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʘ ʦʩʘʜʢʘ ʟʘ ʩʯʝʪ ʢʨʫʧʥʳʭ ɺɺ, ʥʝ 

ʫʣʘʚʣʠʚʘʝʤʳʭ ʧʨʠ ʦʪʙʦʨʝ ʧʨʦʙ, kʇ = 1,15 [13]; 

dʇʆ ï ʚʣʘʞʥʦʩʪʴ ʧʠʱʝʚʳʭ ʦʪʭʦʜʦʚ, %. dʇʆ = (60é70)% ʚ ʚʝʩʝʥʥʠʡ ʧʝʨʠʦʜ, dʇʆ = 

(70é80)% ʣʝʪʦʤ ʠ ʦʩʝʥʴʶ. ɺ ʩʚʷʟʠ ʩ ʧʦʥʠʞʝʥʥʳʤ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʝʤ ʥʘ ʩʫʜʘʭ 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 52, 2017 ʛ. 
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dʇʆ = 65% [15]. 

 

ʇʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ ʟʥʘʯʝʥʠʡ ʚ ʚʳʨʘʞʝʥʠʝ (10) ʧʦʣʫʯʠʤ, ʢʛ/ʯ: 

max

4
105,01092,0

CMʉɺʩʫʭ
QQCQ Ö+ÖÖÖ=

-
, (11) 

ʄʘʩʩʘ ʨʘʩʧʘʚʰʝʛʦʩʷ ʙʝʟʟʦʣʴʥʦʛʦ ʚʝʱʝʩʪʚʘ ʦʩʘʜʢʘ ʩʦʩʪʘʚʠʪ [13], ʢʛ/ʯ: 

100

rʩʫʭ

ʨʩ

RQ
m

Ö
=  (12) 

ʇʨʝʦʙʨʘʟʫʝʤ (12)ʩ ʫʯʝʪʦʤ (9), (11), ʚʳʨʘʞʝʥʠʝ ʧʨʠʤʝʪ ʚʠʜ, ʢʛ/ʯ: 

).105,01092,0()
100

13,0
53,0(

max

4

CMʉɺ

mud

ʨʩ
QQC

d
m Ö+ÖÖÖÖ

-
-=

-
 (13) 

ɺʳʭʦʜ ʙʠʦʛʘʟʘ ʩʦʩʪʘʚʣʷʝʪ 1 ʛ ʥʘ 1 ʛ ʨʘʩʧʘʚʰʝʛʦʩʷ ʚʝʱʝʩʪʚʘ ʙʝʟʟʦʣʴʥʦʛʦ ʦʩʘʜʢʘ 

(ʦʙʲʝʤʥʳʡ ʚʝʩ ʛʘʟʘ 1 ʢʛ/ʤ3) [13]. 

ʉʫʪʦʯʥʳʡ ʦʙʲʝʤ ʛʝʥʝʨʠʨʫʝʤʦʛʦ ʛʘʟʘ ʩʦʩʪʘʚʠʪ (ʤ3/ʩʫʪ): 

ʨʩʛ
mQ Ö=24 , (14) 

ʉ ʫʯʝʪʦʤ ʫʨʘʚʥʝʥʠʷ (13), ʤ3/ʩʫʪ: 

).105,01092,0()
100

12,3
72,12(

max

6

CMʉɺ

mud

ʛ
QQC

d
Q Ö+ÖÖÖÖ

-
-=

-
 (15) 

ʄʘʩʩʘ ʥʝʨʘʩʧʘʚʰʝʛʦʩʷ ʙʝʟʟʦʣʴʥʦʛʦ ʦʩʪʘʪʢʘ (ʦʙʝʟʚʦʞʝʥʥʦʛʦ ʩʪʦʢʘ), ʢʛ/ʯ: 

.
100

)100(
rʩʫʭ

ʥʩ

RQ
m

-Ö
=  (16) 

ʇʨʝʦʙʨʘʟʫʝʤ ʚʳʨʘʞʝʥʠʝ (16) ʩ ʫʯʝʪʦʤ ʬʦʨʤʫʣ (9) ʠ (11): 

).
100

13,0
47,0()105,01092,0(

max

6

mud

CMʉɺʥʩ
d

QQCm
-

-ÖÖ+ÖÖÖ=
-

 (17) 

ʅʝʨʘʩʧʘʚʰʠʡʩʷ ʦʩʘʜʦʢ - ʩʪʦʢ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʪʘʢʞʝ ʫʪʠʣʠʟʠʨʦʚʘʪʴ ʚ ʢʦʪʣʦʘʛʨʝʛʘ-

ʪʝ.  

ʊʝʧʣʦʚʦʡ ʙʘʣʘʥʩ ʤʝʪʘʥʪʝʥʢʘ ʦʧʠʩʳʚʘʝʪʩʷ ʩʠʩʪʝʤʦʡ ʫʨʘʚʥʝʥʠʡ ʧʦʪʝʨʴ ʪʝʧʣʦʪʳ 

[14], ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʝʝ ʨʘʩʭʦʜʦʤ ʥʘ: 

ʘ) ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ ʜʣʷ ʧʦʜʦʛʨʝʚʘ ʩʚʝʞʝʡ ʧʦʨʮʠʠ ʦʩʘʜʢʘ [15], ʢɺʪ/ʯ: 

ʆʉɺʆʉɺʄʊɹʆʉɺ
cTTQQ Ö-ÖÖ= )(001,0 , (18) 

ʛʜʝ Tʄʊ ï ʨʘʩʯʝʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʤʝʪʘʥʪʝʥʢʝ, ʉ̄. ʉ ʫʯʝʪʦʤ ʨʘʥʝʝ ʦʙʦʩʥʦʚʘʥʥʦʡ ʪʝʭ-

ʥʦʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ Tʄʊ = 55 ̄ʉ; 

ʊʆʉɺ - ʪʝʤʧʝʨʘʪʫʨʘ ʦʩʘʜʢʘ, ʧʦʩʪʫʧʘʶʱʝʛʦ ʚ ʤʝʪʘʥʪʝʥʢ, ʉ̄. ʉ ʫʯʝʪʦʤ ʦʙʨʘʙʦʪʢʠ ʚ ʛʠʜ-

ʨʦʜʠʥʘʤʠʯʝʩʢʦʤ ʢʘʚʠʪʘʪʦʨʝ ʊʆʉɺ = 25 ̄ʉ; 

ʩʆʉɺ - ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʦʩʘʜʢʘ, ʢɼʞ/(ʢʛĿʉ̄). ʩʆʉɺ = 4,2 ʢɼʞ/(ʢʛĿʉ̄) [15]. 

 

ʇʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩ ʫʯʝʪʦʤ (1) ʧʦʣʫʯʠʤ, ʢɺʪ/ʯ: 

max
0378,00126,0

ʉʄʉɺʆʉɺ
QQQ Ö+Ö= ; (19) 

ʙ) ʪʝʧʣʦʚʳʝ ʧʦʪʝʨʠ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʯʝʨʝʟ ʦʛʨʘʞʜʝʥʠʷ [15], ʢɺʪ/ʯ: 



ɼ.ʉ. ʄʠʟʛʠʨʝʚ, ɸ.ʉ. ʂʫʨʥʠʢʦʚ 
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)(001,0
ʦʢʨʄʊʄʊʦʢʨ
ʊʊkFQ -Ö= , (20) 

ʛʜʝ k - ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʢ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ɺʪ/(ʤ2Ŀʉ̄); 

Fʄʊ ï ʧʣʦʱʘʜʴ ʦʛʨʘʞʜʘʶʱʠʭ ʩʪʝʥʦʢ ʤʝʪʘʥʪʝʥʢʘ, ʤ2; 

ʊʦʢʨ - ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʉ̄. ʇʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʫʜʥʘ ʚ ʫʤʝʨʝʥʥʦʤ ʢʣʠ-

ʤʘʪʠʯʝʩʢʦʤ ʧʦʷʩʝ ʊʦʢʨ = 20 ̄ʉ [14]. 

 

ʇʨʠʤʝʥʷʷ ʩʚʘʨʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʤʝʪʘʥʪʝʥʢʦʚ ʠʟ ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʠʭ ʩʪʘʣʝʡ ʩ ʥʝ-

ʛʦʨʶʯʝʡ ʪʝʧʣʦʠʟʦʣʷʮʠʝʡ ʠʟ ʤʠʥʝʨʘʣʴʥʦʡ ʚʘʪʳ ʪʦʣʱʠʥʦʡ D = 0,1 ʤ ʠ ʟʘʱʠʪʥʳʤ ʢʦʞʫ-

ʭʦʤ ʠʟ ʦʮʠʥʢʦʚʘʥʥʦʡ ʩʪʘʣʠ k = 0,314 ɺʪ/(ʤ2Ŀ̄ʉ) [15]. 

ʇʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (20) ʧʦʣʫʯʠʤ: 

ʄʊʦʢʨ
FQ Ö= 011,0 ; (21) 

ʚ) ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ ʩ ʫʭʦʜʷʱʠʤ ʙʠʦʛʘʟʦʤ. 

ʉʦʛʣʘʩʥʦ ʘʚʪʦʨʘʤ [15] ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʤʝʪʘʥʪʝʥʢʦʚ ʜʘʥʥʳʡ ʧʦʪʦʢ ʩʦ-

ʩʪʘʚʣʷʝʪ ʤʝʥʝʝ 5% ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ, ʧʦʵʪʦʤʫ ʠʤ ʧʨʝʥʝʙʨʝʛʘʶʪ. ʅʘ ʉʂʇʆ ʙʝʟ 

ʥʘʢʦʧʣʝʥʠʷ ʛʘʟʘ ʜʘʥʥʳʡ ʧʦʪʦʢ ʮʝʣʠʢʦʤ ʧʝʨʝʭʦʜʠʪ ʚ ʪʝʧʣʦʚʦʡ ʙʘʣʘʥʩ ʢʦʪʣʦʘʛʨʝʛʘʪʘ ʚ 

ʯʘʩʪʠ ʧʦʜʛʦʪʦʚʢʠ ʪʦʧʣʠʚʘ. ʕʪʦ ʤʠʥʠʤʠʟʠʨʫʝʪ ʪʝʧʣʦʚʳʝ ʧʦʪʝʨʠ, ʧʦʚʳʰʘʝʪ ʢ.ʧ.ʜ. ʩʠ-

ʩʪʝʤʳ ʠ ʫʧʨʦʱʘʝʪ ʨʘʩʯʝʪ. 

4. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʘʥʪʝʥʢʘ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ ʩʣʝʜʫʶ-

ʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʤʝʪʘʥʪʝʥʢʘ: 

ʘ) ʚʳʷʩʥʝʥʠʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ; 

ʙ) ʤʠʥʠʤʘʣʴʥʦ ʥʝʦʙʭʦʜʠʤʫʶ ʢʨʘʪʥʦʩʪʴ ʮʠʨʢʫʣʷʮʠʠ ʦʩʘʜʢʘ ʂɹ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʦ-

ʛʣʘʩʦʚʘʥʠʷ ʪʝʧʣʦʚʦʛʦ ʠ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʦʚ, ʘ ʪʘʢʞʝ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʢʦʨʢʦʦʙ-

ʨʘʟʦʚʘʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʬʘʟ; 

ʚ) ʚʣʠʷʥʠʝ ʦʙʨʘʙʦʪʢʠ ʩʚʝʞʝʛʦ ʦʩʘʜʢʘ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʢʘʚʠʪʘʮʠʝʡ ʠ ʭʠʤʠʯʝʩʢʠʤ 

ʛʠʜʨʦʣʠʟʦʤ ʥʘ ʧʨʦʮʝʩʩ ʘʥʘʵʨʦʙʥʦʛʦ ʩʙʨʘʞʠʚʘʥʠʷ (ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʢʦʨʝʥʠʷ kʫ); 

ʛ) ʦʧʨʝʜʝʣʝʥʠʝ ʜʦʟʳ ʨʝʘʛʝʥʪʘ ʜʣʷ ʭʠʤʠʯʝʩʢʦʛʦ ʛʠʜʨʦʣʠʟʘ qʨʝʘʛ, ʢʛ/ʤ3 ʚ ʫʩʣʦʚʠʷʭ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʢʘʚʠʪʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʦʩʘʜʢʘ.  

ɺʦ ʠʟʙʝʞʘʥʠʝ ʚʣʠʷʥʠʷ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʢʘʞʜʦʛʦ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʦʤʫ ʚʨʝʤʝʥʠ ʢʦʥʪʘʢʪʘ: ʚ ʢʘʚʠʪʘʪʦʨʝ ï ʥʝ 

ʤʝʥʝʝ 10 ʩ; ʚ ʤʝʪʘʥʪʝʥʢʝ - ʧʦ ʨʘʩʯʝʪʥʦʤʫ ʧʝʨʠʦʜʫ ʟʘʜʝʨʞʢʠ, ʥʦ ʥʝ ʤʝʥʝʝ 3 ʩʫʪ. 

ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʢʘʟʘʥʥʳʤʠ ʟʘʜʘʯʘʤʠ ʙʳʣ ʨʘʟ-

ʨʘʙʦʪʘʥ ʩʧʝʮʠʘʣʴʥʳʡ ʩʪʝʥʜ. ʅʘ ʥʝʤ ʠʤʠʪʠʨʫʝʪʩʷ ʨʘʙʦʪʘ ʙʠʦʛʘʟʦʚʦʡ ʫʩʪʘʥʦʚʢʠ, ʧʨʝʜ-

ʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩ ʠʟ ʤʝʪʘʥʪʝʥʢʘ ʠ ʦʙʩʣʫʞʠʚʘʶʱʠʭ ʝʛʦ ʩʠʩʪʝʤ. ʇʨʠ ʩʦʟʜʘ-

ʥʠʠ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʩʭʝʤʳ ʠ ʩʪʝʥʜʘ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʘʚʪʦʨʳ ʦʨʠʝʥʪʠʨʦʚʘʣʠʩʴ ʥʘ ʧʨʦ-

ʜʫʢʮʠʶ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʠ ʠʤʧʦʨʪʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʦʜʦʙʨʝʥʥʫʶ ʈʈʈ ʠ ʠʩʧʦʣʴʟʫʝ-

ʤʫʶ ʚ ʩʫʜʦʚʳʭ ʩʠʩʪʝʤʘʭ. 

ɺʥʝʰʥʠʡ ʚʠʜ ʩʪʝʥʜʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 4. ʊʝʭʥʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʩʪʝʥʜʘ ʚ ʭʦʜʝ 

ʧʨʦʚʝʜʝʥʠʷ ʦʧʳʪʦʚ ʧʦʜʜʝʨʞʠʚʘʣʠʩʴ ʥʘ ʫʨʦʚʥʝ, ʧʦʣʫʯʝʥʥʦʤ ʧʨʠ ʝʛʦ ʥʘʣʘʜʢʝ ʧʝʨʝʜ 

ʠʩʧʳʪʘʥʠʷʤʠ. 
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ʈʠʩ. 4. ɺʥʝʰʥʠʡ ʚʠʜ ʩʪʝʥʜʘ ʙʠʦʛʘʟʦʚʦʡ ʫʩʪʘʥʦʚʢʠ ʜʦ ʤʦʥʪʘʞʘ  

ʪʝʧʣʦʠʟʦʣʷʮʠʠ, ʢʘʙʝʣʴʥʳʭ ʪʨʘʩʩ ʠ ʛʘʟʦʭʦʜʘ: 1 ï ʢʣʘʧʘʥ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʳʡ;  

2 ï ʩʯʝʪʯʠʢ ʛʘʟʘ; 3 ï ʫʩʪʨʦʡʩʪʚʦ ʟʘʛʨʫʟʦʯʥʦʝ; 4 ï ʤʝʪʘʥʪʝʥʢ;  

5(1)é5(5) ï ʪʝʨʤʦʤʝʪʨ; 6 ï ʙʘʢ ʨʘʩʰʠʨʠʪʝʣʴʥʳʡ; 7 ï ʢʦʪʝʣ ʚʦʜʦʛʨʝʡʥʳʡ  

ʛʘʟʦʚʳʡ; 8(1)é8(2) ï ʪʝʨʤʦʩʪʘʪ; 9(1)é9(2) ï ʥʘʩʦʩ ʮʠʨʢʫʣʷʮʠʦʥʥʳʡ;  

10 ï ʘʧʧʘʨʘʪ ʪʝʧʣʦʦʙʤʝʥʥʳʡ; 11(1)é11(4) ï ʢʣʘʧʘʥ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ;  

12 - ʥʘʛʨʝʚʘʪʝʣʴ ʚʦʜʦʛʨʝʡʥʳʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ; 13 ï ʨʘʩʭʦʜʦʤʝʨ; 14 ï ʨʘʤʘ;  

15(1)é15(3) ï ʤʘʥʦʤʝʪʨ; 16 ï ʱʠʪ ʧʠʪʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ; 17 ï ʨʝʣʝ ʜʘʚʣʝʥʠʷ;  

18 ï ʚʦʟʜʫʭʦʦʪʚʦʜʯʠʢ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ; 19 ï ʟʘʛʨʫʟʦʯʥʘʷ ʝʤʢʦʩʪʴ ʦʩʘʜʢʘ;  

20 ï ʢʘʚʠʪʘʪʦʨ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ; 21 ï ʥʘʩʦʩ ʚʳʩʦʢʦʥʘʧʦʨʥʳʡ 

ɿʘʜʘʯʘ ʧʝʨʚʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ - ʚʳʷʩʥʝʥʠʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʤʝʪʘʥʪʝʥʢʘ ʧʨʝʜ-

ʣʦʞʝʥʥʦʡ ʘʚʪʦʨʘʤʠ ʢʦʥʩʪʨʫʢʮʠʠ. 

ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʤʝʩʴ ʦʩʘʜʢʘ ʍɹʉɺ ʩ ʪ/ʭ 

ʆʊ 1505ʩ ʧʠʱʝʚʳʤʠ ʦʪʭʦʜʘʤʠ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 10:1. 

ʀʩʧʳʪʘʥʠʷ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʧʘʨʘʤʝʪʨʘʭ: ʨʝʞʠʤ ʩʙʨʘʞʠʚʘʥʠʷ ï 

ʪʝʨʤʦʬʠʣʴʥʳʡ (Tʄʊ = 55 ʉ̄, ʊʆʉɺ = 25 ʉ̄); ʜʘʚʣʝʥʠʝ ʧʝʨʝʜ ʢʘʚʠʪʘʪʦʨʦʤ - 500 ʢʇʘ, 

ʨʘʩʭʦʜ ʥʝʦʙʨʘʙʦʪʘʥʥʦʛʦ ʦʩʘʜʢʘ ʦʙʝʩʧʝʯʠʚʘʣʩʷ ʚʳʩʦʢʦʥʘʧʦʨʥʳʤ ʥʘʩʦʩʦʤ ʠ ʩʦʩʪʘʚʣʷʣ 

1,0 ʤ3/ʯ, ʨʘʩʭʦʜ ʮʠʨʢʫʣʠʨʫʶʱʝʛʦ ʦʩʘʜʢʘ Qɹ = 0,005 ʤ3/ʯ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 5. 
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ʘ) 

 
ʙ) 

ʈʠʩ. 5. ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ (ʘ) ʠ ʚʳʭʦʜ ʛʘʟʘ (ʙ)  

ʧʨʠ ʙʘʟʦʚʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʤʝʪʘʥʪʝʥʢʘ 

ʊʝʤʧʝʨʘʪʫʨʳ: Tʛ ï ʚ ʛʘʟʦʚʦʤ ʢʦʣʧʘʢʝ; Tʄʊ ï ʚ ʢʘʤʝʨʝ ʤʝʪʘʥʪʝʥʢʘ; ʊʆʉɺ ï ʧʦʨʮʠʠ 

ʩʚʝʞʝʛʦ ʦʩʘʜʢʘ; ʊʦʢʨ - ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ; ʊ11 ï ʛʨʝʶʱʝʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʥʘ ʚʭʦʜʝ ʚ 

ʊɸ; ʊ12 ï ʛʨʝʶʱʝʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʥʘ ʚʳʭʦʜʝ ʠʟ ʊɸ; ʊ21 ï ʥʘʛʨʝʚʘʝʤʦʛʦ ʦʩʘʜʢʘ ʥʘ 

ʚʭʦʜʝ ʚ ʊɸ; ʊ22 ï ʥʘʛʨʝʚʘʝʤʦʛʦ ʦʩʘʜʢʘ ʥʘ ʚʳʭʦʜʝ ʠʟ ʊɸ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʜʦʢʘʟʳʚʘʶʪ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʨʘʟʜʝʣʝʥʠʷ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʥʘ 

ʩʪʘʜʠʠ ʠ ʵʬʬʝʢʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʦʩʘʜʢʘ ʢʘʚʠʪʘʮʠʝʡ, ʪ.ʢ. ʩʠʩʪʝʤʘ ʦʙʝʩʧʝ-

ʯʠʚʘʝʪ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʫʞʝ ʥʘ (13é14) ʩʫʪ, ʚʤʝʩʪʦ ʨʝʢʦʤʝʥʜʫʝʤʳʭ 

(18...22) ʩʫʪ. 

ɺʦ ʚʪʦʨʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʚʳʷʚʠʪʴ ʤʠʥʠʤʘʣʴʥʦ ʥʝʦʙʭʦʜʠʤʫʶ 

ʢʨʘʪʥʦʩʪʴ ʮʠʨʢʫʣʷʮʠʠ ʙʠʦʤʘʩʩʳ ʂɹ. ʇʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʧʨʦʠʩʭʦʜʠʪ ʚʳʩʚʦʙʦʞʜʝʥʠʝ 

ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʙʠʦʛʘʟʘ, ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʨʘʟʜʝʣʝʥʠʷ ʞʠʜʢʦʡ ʠ ʪʚʝʨʜʦʡ ʬʘʟ, ʚʳʨʘʚʥʠ-

ʚʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʨʘʙʦʯʝʡ ʢʘʤʝʨʝ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʧʫʣʷʮʠʠ ʙʘʢʪʝʨʠʡ. ʂʨʦʤʝ ʪʦ-

ʛʦ, ʦʧʪʠʤʘʣʴʥʦʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʩʳʨʴʷ ʧʦʚʳʰʘʝʪ ʚʳʭʦʜ ʙʠʦʛʘʟʘ ʜʦ 50%.  

ʂʨʘʪʥʦʩʪʴ ʮʠʨʢʫʣʷʮʠʠ ʂɹ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʚʳʨʘʞʝʥʠʶ, ʩʫʪ-1: 

ʂɹ = 24ÖQɹʦ /Vʄʊ, (22) 

ʛʜʝ Qɹʦ ï ʨʘʩʭʦʜ ʮʠʨʢʫʣʠʨʫʶʱʝʛʦ ʦʩʘʜʢʘ, ʤ3/ʯ. 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 52, 2017 ʛ. 
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ʕʢʩʧʝʨʠʤʝʥʪʳ ʚʳʧʦʣʥʝʥʳ ʧʨʠ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʩ ʚʳʜʝʨʞʢʦʡ 3 

ʩʫʪ. ʥʘ ʢʘʞʜʦʤ ʦʧʳʪʥʦʤ ʨʝʞʠʤʝ. ʈʝʟʫʣʴʪʘʪʳ ʦʧʳʪʦʚ ʩʚʝʜʝʥʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ, ʠʟʦʙʨʘ-

ʞʝʥʥʳʝ ʥʘ ʨʠʩ. 6. 

 

 
ʘ) 

 
ʙ) 

ʈʠʩ. 6. ɿʘʚʠʩʠʤʦʩʪʴ ʚʳʭʦʜʘ ʙʠʦʛʘʟʘ ʦʪ ʨʘʩʭʦʜʘ ʮʠʨʢʫʣʠʨʫʶʱʝʛʦ ʦʩʘʜʢʘ (ʘ) 

ʠ ʢʨʘʪʥʦʩʪʠ ʮʠʨʢʫʣʷʮʠʠ (ʙ) 

ʄʠʥʠʤʘʣʴʥʦ ʥʝʦʙʭʦʜʠʤʘʷ ʢʨʘʪʥʦʩʪʴ ʮʠʨʢʫʣʷʮʠʠ ʦʩʘʜʢʘ ʂɹ ʜʣʷ ʜʘʥʥʦʡ ʢʦʥʩʪʨʫʢ-

ʮʠʠ ʤʝʪʘʥʪʝʥʢʘ ʩʦʩʪʘʚʣʷʝʪ 0,18, ʯʪʦ ʪʘʢʞʝ ʥʘʭʦʜʠʪʩʷ ʚ ʨʝʢʦʤʝʥʜʦʚʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ 

(0,14é0,28) ʩʫʪ-1. 

ɺ ʪʨʝʪʴʝʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʚʣʠʷʥʠʷ ʥʘ ʧʨʦʮʝʩʩ ʘʥʘʵ-

ʨʦʙʥʦʛʦ ʩʙʨʘʞʠʚʘʥʠʷ ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʦʩʘʜʢʘ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʢʘʚʠʪʘʮʠʝʡ ʠ 

ʭʠʤʠʯʝʩʢʠʤ ʛʠʜʨʦʣʠʟʦʤ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʝ ʜʦʟʳ ʨʝʘʛʝʥʪʘ.  

ʂʦʵʬʬʠʮʠʝʥʪ ʫʩʢʦʨʝʥʠʷ ʧʨʦʮʝʩʩʘ ʩʙʨʘʞʠʚʘʥʠʷ, ʜʦʩʪʠʛʘʝʤʦʛʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʦʙʨʘʙʦʪʢʦʡ ʩʫʙʩʪʨʘʪʘ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʚʳʨʘʞʝʥʠʶ: 

kʫ = t/t0 (23) 

ʛʜʝ t0 ï ʧʝʨʠʦʜ ʟʘʜʝʨʞʢʠ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʛʠʜʨʦʣʠʟʘ, ʩʫʪ. 

 

ʇʦ ʘʧʨʠʦʨʥʳʤ ʜʘʥʥʳʤ [8, 9, 10, 13, 14] ʦʙʨʘʙʦʪʢʘ ʦʩʘʜʢʦʚ ʨʝʘʛʝʥʪʘʤʠ HCl, HNO3, 

H3PO4 ʦʙʣʝʛʯʘʝʪ ʚʳʜʝʣʝʥʠʝ ʬʝʨʤʝʥʪʦʚ ʠ ʧʦʚʳʰʘʝʪ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʘʭʘʨʦʚ. ɺʚʝʜʝʥʠʝ 

NaOH, KOH, Ca(OH)2 ʩʥʠʞʘʝʪ ʩʪʝʧʝʥʴ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʙʠʦʤʘʩʩʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʦ-

ʩʪʫ ʜʦʩʪʫʧʥʦʩʪʠ ʫʛʣʝʚʦʜʦʚ, ʫʩʠʣʠʚʘʝʪ ʘʢʪʠʚʥʦʩʪʴ ʧʦʣʠʩʘʭʘʨʠʜʦʚ. ʉʨʝʜʠ ʧʝʨʝʯʠʩʣʝʥ-
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ʥʳʭ ʨʝʘʛʝʥʪʦʚ ʥʘʠʙʦʣʝʝ ʜʦʩʪʫʧʥʳʤʠ ʠ ʥʘʠʤʝʥʝʝ ʦʧʘʩʥʳʤʠ ʷʚʣʷʶʪʩʷ HCl ʠ NaOH. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʥʘ ʙʘʢʪʝʨʠʠ ʩʠʣʴʥʦ ʚʣʠʷʝʪ ʫʨʦʚʝʥʴ ʨʅ ʠ ʠʭ ʘʢʪʠʚʥʦʩʪʴ ʜʦʩʪʠ-

ʛʘʝʪ ʤʘʢʩʠʤʫʤʘ ʚ ʜʠʘʧʘʟʦʥʝ (6,8é7,2) [6, 14]. ʆʪʤʝʯʝʥʥʦʝ ʚʳʰʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʛʨʘ-

ʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 7. 

 

 
ʘ) 

 
ʙ) 

ʈʠʩ. 7. ɺʳʭʦʜ ʙʠʦʛʘʟʘ ʧʨʠ ʩʦʚʤʝʩʪʥʦʡ ʦʙʨʘʙʦʪʢʝ ʦʩʘʜʢʘ ʢʘʚʠʪʘʮʠʝʡ  

ʠ ʢʠʩʣʦʪʥʳʤ (ʘ) ʠʣʠ ʱʝʣʦʯʥʳʤ (ʙ) ʛʠʜʨʦʣʠʟʦʤ:  

1 ï ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ ʨʝʘʛʝʥʪʦʚ; 2 - 0,05 ʄ HCl (qʨʝʘʛ = 4,795 ʢʛ/ʤ3, kʫ = 0,923);  

3 - 0,1 ʄ HCl (qʨʝʘʛ = 9,615 ʢʛ/ʤ3, kʫ = 0,846); 4 - 0,15 ʄ HCl (qʨʝʘʛ = 14,411 ʢʛ/ʤ3,  

kʫ = 0,923); 5 - 0,2 ʄ HCl (qʨʝʘʛ = 19,207 ʢʛ/ʤ3, kʫ = 1);  

6 - 0,15 ʄ NaOH (qʨʝʘʛ = 6,012 ʢʛ/ʤ3, kʫ = 0,846); 7 - 0,20 ʄ NaOH (qʨʝʘʛ = 8,000 ʢʛ/ʤ3,  

kʫ = 0,769); 8 - 0,25 ʄ NaOH (qʨʝʘʛ = 10,000 ʢʛ/ʤ3, kʫ = 0,692);  

9 - 0,30 ʄ NaOH (qʨʝʘʛ = 12,000 ʢʛ/ʤ3, kʫ = 0,769);  

10 - 0,35 ʄ NaOH (qʨʝʘʛ = 14,000 ʢʛ/ʤ3, kʫ = 0,923). 

ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩʣʝʜʫʝʪ, ʯʪʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʝʥʠʝ ʨʘʩʪʚʦʨʘ 

0,1ʄ NaOH (qʨʝʘʛ = 10 ʢʛ/ʤ3, kʫ = 0,692) ʩʦʚʤʝʩʪʥʦ ʩ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʢʘʚʠʪʘʮʠʝʡ, 

ʯʪʦ ʧʦʚʳʰʘʝʪ ʚʳʭʦʜ ʙʠʦʛʘʟʘ ʥʘ 18 %. ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ NaOH ʫʞʝ ʠʩ-

ʧʦʣʴʟʫʝʪʩʷ ʥʘ ʩʫʜʘʭ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʚʦʜʳ ʉʕʋ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʞʝ ʧʨʝʜʫʩʤʦʪʨʝʥʳ 

ʫʩʣʦʚʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʝʛʦ ʦʙʨʘʱʝʥʠʝ ʠ ʩʢʣʘʜʠʨʦʚʘʥʠʝ. ʂ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʪʘʢʞʝ 

ʦʪʥʦʩʠʪʩʷ ʧʦʩʪʘʚʢʘ ʚ ʪʚʝʨʜʦʤ ʛʨʘʥʫʣʠʨʦʚʘʥʥʦʤ ʚʠʜʝ, ʦʙʣʝʛʯʘʶʱʘʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ 

ʠ ʭʨʘʥʝʥʠʝ. 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 52, 2017 ʛ. 

ʈʘʟʜʝʣ IV. ʉʫʜʦʩʪʨʦʝʥʠʝ, ʩʫʜʦʨʝʤʦʥʪ ʠ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʫʜʥʘ 
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5. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʙʠʦʛʘʟʦʚʦʡ ʫʩʪʘʥʦʚʢʠ 

ʀʪʘʢ, ʧʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ ʠʩʢʦʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʚʳʨʘʞʝʥʠʷ (1)é(23) ʠ ʠʭ ʧʨʝʦʙ-

ʨʘʟʦʚʘʥʠʷ ʧʦʣʫʯʠʤ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʙʠʦʛʘʟʦʚʦʡ ʫʩʪʘʥʦʚʢʠ. 
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ɿʘʢʣʶʯʝʥʠʝ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʢʘʟʘʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʙʠʦ-

ʛʘʟʦʚʦʡ ʫʩʪʘʥʦʚʢʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʦʩʘʜʢʘ ʢʘʚʠʪʘʮʠʝʡ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʪʝʨʤʦʬʠʣʴʥʳʡ ʨʝʞʠʤ ʫʞʝ ʥʘ (13é14) ʩʫʪ. ʵʢʩʧʣʫʘʪʘʮʠʠ. ɺʳʷʚʣʝʥʘ 

ʤʠʥʠʤʘʣʴʥʦ ʥʝʦʙʭʦʜʠʤʘʷ ʢʨʘʪʥʦʩʪʴ ʮʠʨʢʫʣʷʮʠʠ ʦʩʘʜʢʘ ʂɹ = 0,18 ʩʫʪ-1. ɼʦʢʘʟʘʥʘ ʮʝ-

ʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʩʦʚʤʝʩʪʥʦʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʙʠʦʤʘʩʩʳ ʛʠʜʨʦʜʠʥʘʤʠʯʝ-

ʩʢʦʡ ʢʘʚʠʪʘʮʠʝʡ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʛʠʜʨʦʣʠʟʘ ʨʘʩʪʚʦʨʦʤ 0,1ʄ NaOH (ʜʦʟʘ ʨʝʘʛʝʥʪʘ 

qʨʝʘʛ = 10 ʢʛ/ʤ3), ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʢʦʨʝʥʠʷ kʫ = 0,692 ʠ ʧʦʚʳʰʘʶʱʝʛʦ 

ʚʳʭʦʜ ʙʠʦʛʘʟʘ ʜʦ 18 % ʧʨʠ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʧʝʨʝʤʝʰʠʚʘʥʠʷ. ʇʨʝʜʣʦʞʝʥʘ ʤʘ-

ʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʙʠʦʛʘʟʦʚʦʡ ʫʩʪʘʥʦʚʢʠ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʘʥʪʝʥʢʦʚ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʥʝ ʪʦʣʴʢʦ ʥʘ 

ʉʂʇʆ, ʥʦ ʠ ʥʘ ʜʨʫʛʠʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚʘʭ ʠʥʞʝʥʝʨʥʦʡ ʟʘʱʠʪʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝ-

ʜʳ (ʙʘʨʞʠ-ʘʤʙʘʨʳ, ʩʧʝʮ. ʧʨʠʯʘʣʳ ʠ ʪ.ʧ. ʩʦʦʨʫʞʝʥʠʷ), ʚʳʧʦʣʥʷʶʱʠʭ ʦʧʝʨʘʮʠʠ ʩʦ 

ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʦʙʲʝʤʘʤʠ ʉɺ ʚ ʮʝʣʷʭ ʧʦʣʫʯʝʥʠʷ ʪʝʧʣʦʚʦʡ, ʘ ʚʧʦʩʣʝʜʩʪʚʠʠ ʠ ʵʣʝʢʪʨʠ-

ʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʠʭ ʨʝʩʫʨʩʦʚ ʜʣʷ ʠʭ ʩʦʙʩʪʚʝʥʥʳʭ ʥʫʞʜ. ʕʪʦ ʧʦʟʚʦ-

ʣʠʪ ʦʙʝʩʧʝʯʠʪʴ ʨʝʰʝʥʠʝ ʥʝ ʪʦʣʴʢʦ ʪʝʭʥʠʯʝʩʢʠʭ, ʥʦ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʚʳʟʚʘʥ-

ʥʳʭ ʟʘʪʨʘʪʘʤʠ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʦʙʩʣʫʞʠʚʘʥʠʠ ʧʦʜʦʙʥʳʭ ʦʙʲʝʢʪʦʚ. 
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ʨʘʩʯʸʪ ʤʘʩʩʳ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʦʨʧʫʩʘ, ʧʦʜʨʦʙʥʳʡ ʨʘʩʯʸʪ ʭʦʜʢʦʩʪʠ ʩʫʜʥʘ. ʇʨʠʚʝʜʸʥ 

ʫʧʨʦʱʸʥʥʳʡ ʛʨʘʬʠʯʝʩʢʠʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʛʣʘʚʥʳʭ ʨʘʟʤʝʨʝʥʠʡ ʥʘ ʫʩʣʦʚʥʦʡ ʣʠʥʠʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. 

 

ʅʘ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʫʜʥʘ ʩʪʦʠʪ ʚʘʞʥʝʡʰʘʷ ʟʘʜʘʯʘ ï 

ʦʧʨʝʜʝʣʠʪʴ ʛʣʘʚʥʳʝ ʨʘʟʤʝʨʝʥʠʷ (ɻʈ), ʢʦʪʦʨʳʝ ʙʳ ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʫʜʦʚʣʝʪʚʦʨʷʣʠ 

ʚʩʝʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ ʩʫʜʥʫ. ɻʈ ʜʦʣʞʥʳ ʙʳʪʴ ʦʧʪʠʤʘʣʴʥʳʤʠ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʛʦ ʟʘʢʘʟʯʠʢʦʤ ʧʦʢʘʟʘʪʝʣʷ (ʢʨʠʪʝʨʠʷ ʩʨʘʚʥʝʥʠʷ), ʘ ʪʘʢʞʝ ʜʦʣʞʥʳ 

ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʤʠʥʠʤʘʣʴʥʳʤ ʥʘʚʠʛʘʮʠʦʥʥʳʤ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʢʨʠʪʝʨʠʷʤ . 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʬʦʨʤʫʣʠʨʦʚʢʘ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ ʩʫʜʥʘ ʚ ʦʙʱʝʤ ʚʠʜʝ ʤʦʞʝʪ 

ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ 
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ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ (1) ʪʨʝʙʫʝʪ ʜʦʩʪʘʪʦʯʥʦ ʢʦʨʨʝʢʪʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩʫʜ-
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ʇʝʨʚʦʝ ʫʨʘʚʥʝʥʠʝ ʙʘʣʘʥʩʘ ʤʘʩʩ ʦʧʨʝʜʝʣʷʝʪ ʚʦʜʦʠʟʤʝʱʝʥʠʝ ʩʫʜʥʘ ʧʦʨʦʞʥʸʤ ʚ ʚʠ-

ʜʝ ʩʫʤʤʳ ʤʘʩʩ ʨʘʟʜʝʣʦʚ Pm. ʄʘʩʩʘ ʨʘʟʜʝʣʦʚ, ʢʨʦʤʝ ʤʘʩʩʳ ʨʘʟʜʝʣʘ ʢʦʨʧʫʩ P1, ʦʧʨʝʜʝ-
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ʣʷʝʪʩʷ ʧʦ ʟʘʚʠʩʠʤʦʩʪʷʤ, ʧʦʣʫʯʝʥʥʳʤ ʥʘ ʦʩʥʦʚʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʥʘʛʨʫʟʢʠ 

ʤʘʩʩ ʩʦʚʨʝʤʝʥʥʳʭ ʥʝʬʪʝʥʘʣʠʚʥʳʭ ʪʘʥʢʝʨʦʚ [1]. 

ʄʘʩʩʘ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʦʨʧʫʩʘ P1,1, ʩʦʩʪʘʚʣʷʶʱʝʛʦ ʦʩʥʦʚʥʫʶ ʜʦʣʶ ʚ ʩʦʙʩʪʚʝʥʥʦʡ 

ʤʘʩʩʝ ʩʫʜʥʘ, ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʨʷʤʳʤ ʨʘʩʯʸʪʦʤ ʤʘʩʩʳ Pk ʝʛʦ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢ-

ʮʠʡ. ʕʪʦ ʨʝʘʣʠʟʦʚʳʚʘʣʦʩʴ ʧʫʪʸʤ ʨʘʟʨʘʙʦʪʢʠ ʤʘʪ. ʤʦʜʝʣʠ ʬʦʨʤʳ ʢʦʨʧʫʩʘ, ʢʦʥʩʪʨʫʢ-

ʪʠʚʥʦʛʦ ʤʠʜʝʣʴ ʰʧʘʥʛʦʫʪʘ ʠ ʩʭʝʤʳ ʥʘʙʦʨʘ ʢʦʨʧʫʩʘ [3]. ʆʧʨʝʜʝʣʷʝʤʳʝ ʨʘʟʤʝʨʳ ʙʘʣʦʢ 

ʥʘʙʦʨʘ ʠ ʣʠʩʪʦʚ ʦʙʰʠʚʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ʄʦʨʩʢʦʛʦ ʠ ʈʝʯʥʦʛʦ ʨʝʛʠʩʪʨʦʚ 

(ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʩʫʜʥʘ) ʜʣʷ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʠ ʦʢʦʥʝʯʥʦʩʪʝʡ. ʇʨʠ 

ʧʨʦʚʝʨʢʝ ʦʙʱʝʡ ʧʨʦʯʥʦʩʪʠ ʧʦ ʜʦʧʫʩʢʘʝʤʳʤ ʥʘʧʨʷʞʝʥʠʷʤ s ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʚʷʟʠ 

ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʙʨʫʩʘ ʢʦʨʨʝʢʪʠʨʫʶʪʩʷ. 

ʆʩʦʙʝʥʥʦʩʪʴ ʤʦʜʝʣʠ ʭʦʜʢʦʩʪʠ [2] ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʦʥʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʨʘʟʨʘʙʦ-

ʪʘʥʥʫʶ ʤʝʪʦʜʠʢʫ ʨʘʩʯʸʪʘ ʦʩʪʘʪʦʯʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʫʯʠʪʳʚʘʶʱʫʶ ʩʧʝʮʠʬʠʢʫ ʦʙ-

ʚʦʜʦʚ ʥʝʬʪʝʥʘʣʠʚʥʳʭ ʪʘʥʢʝʨʦʚ. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʚʠʞʠʪʝʣʷ Dʚ, lp, 

ʨʘʟʚʠʚʘʝʤʳʡ ʫʧʦʨ Pe, ʤʦʱʥʦʩʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ N ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʘʛʨʘʤʤʳ ʙʝʟʨʘʟʤʝʨʥʳʭ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
2

,' KK
ʧ

, 

hʚ. 

ʊʘʢʠʝ ʢʘʯʝʩʪʚʘ ʢʘʢ ʦʩʪʦʡʯʠʚʦʩʪʴ, ʚʤʝʩʪʠʤʦʩʪʴ ʠ ʥʝʧʦʪʦʧʣʷʝʤʦʩʪʴ ʨʘʩʩʯʠʪʳʚʘʶʪ-

ʩʷ ʧʦ ʧʨʠʥʷʪʳʤ ʤʝʪʦʜʠʢʘʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʠʨʪʫʘʣʴʥʦʡ ʤʦʜʝʣʠ ʬʦʨʤʳ ʢʦʨʧʫʩʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʚ ʟʘʜʘʯʝ 1 ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʝʣʠʯʠʥʘ ʧʨʠʙʳ-

ʣʠ ʢʘʢ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʧʦʣʫʯʘʝʤʳʤʠ ʜʦʭʦʜʘʤʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʨʘʩʭʦʜʘʤʠ, ʨʘʩ-

ʩʯʠʪʳʚʘʝʤʳʤ ʧʦ ʦʙʱʝʧʨʠʥʷʪʳʤ ʤʝʪʦʜʠʢʘʤ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʚ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʢʘʟʘʪʝʣʴ ʫʜʝʣʴʥʳʭ ʧʨʠʚʝʜʸʥʥʳʭ ʟʘʪʨʘʪ. 

ʆʛʨʘʥʠʯʝʥʠʷ ʚ ʚʠʜʝ ʩʪʨʦʛʠʭ ʨʘʚʝʥʩʪʚ ʟʘʜʘʯʠ (1) ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʨʠ ʨʝʰʝʥʠʠ 

ʫʨʘʚʥʝʥʠʷ ʤʘʩʩ ʠ ʧʣʘʚʫʯʝʩʪʠ, ʫʨʘʚʥʝʥʠʷ ʭʦʜʢʦʩʪʠ. ʆʛʨʘʥʠʯʝʥʠʷ ʚʪʦʨʦʛʦ ʚʠʜʘ ʚ ʚʠʜʝ 

ʥʝʨʘʚʝʥʩʪʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʨʠ ʦʮʝʥʢʝ ʦʙʱʝʡ ʧʨʦʯʥʦʩʪʠ, ʚʤʝʩʪʠʤʦʩʪʠ, ʦʩʪʦʡʯʠʚʦʩʪʠ, 

ʥʝʧʦʪʦʧʣʷʝʤʦʩʪʠ, ʤʠʥʠʤʘʣʴʥʦʡ ʚʳʩʦʪʳ ʥʘʜʚʦʜʥʦʛʦ ʙʦʨʪʘ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʘʷ ʟʘʜʘʯʘ ʦʧʪʠʤʠʟʘʮʠʠ 

ʛʣʘʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʪʘʥʢʝʨʘ ʨʝʘʣʠʟʦʚʘʥʳ ʥʘ ʙʘʟʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʘʣʛʦʨʠʪʤʘ ʚ ʚʠʜʝ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʚʦʟʤʦʞʥʳʝ ʚʘʨʠʘʥʪʳ ʨʝʰʘʝʤʳʭ 

ʟʘʜʘʯ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʝʨʝʯʥʷ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠ ʨʘʟʣʠʯʥʳʭ ʩʦʯʝʪʘʥʠʡ ʚʘʨʴʠʨʫʝ-

ʤʳʭ ʚʝʣʠʯʠʥ. 

ʊʘʙʣʠʮʘ 1 

ɺʘʨʠʘʥʪʳ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ 

ˉ  

ʟʘʜʘʯʠ 

ɿʘʜʘʥʥʳʝ ʚʝʣʠʯʠʥʳ ɺʘʨʴʠʨʫʝʤʳʝ ʧʘʨʘʤʝʪʨʳ ʀʩʢʦʤʳʝ ʚʝʣʠʯʠʥʳ 

1 v, P, ɟ, lʵʢʩʧʣ ŭ, L, B D, L, B, T, ŭ, H, N 

2 v, P, ɟ, lʵʢʩʧʣ ŭ, l=L/B, t=T/B  D,L,B,T, ŭ, H, N  

3 v, P, ɟ, lʵʢʩʧʣ ŭ, L, t=T/B D,L,B,T, ŭ, H, N 

4 v, ɟ, lʵʢʩʧʣ ŭ, L, B, T  D,ʈmax, L,B,T, ŭ,H, N 

5 N, P, ɟ, lʵʢʩʧʣ ŭ, L, B D, L, B, T, ŭ, H, v 

6 N, P, ɟ, lʵʢʩʧʣ ŭ, l=L/B, t=T/B  D,L,B,T, ŭ, H, v  

7 N, P, ɟ, lʵʢʩʧʣ ŭ, L, t=T/B D,L,B,T,ŭ ,H, v 

8 N, ɟ, lʵʢʩʧʣ ŭ, L, B, T  D,ʈmax, L,B,T, ŭ,H, v 

ʛʜʝ D ï ʤʘʩʩʘ ʩʫʜʥʘ; L,B,T,H ï ʛʣʘʚʥʳʝ ʨʘʟʤʝʨʝʥʠʷ; ŭ ï ʢʦʵʬʬʠʮʠʝʥʪ ʦʙʱʝʡ ʧʦʣʥʦʪʳ;  

N ï ʤʦʱʥʦʩʪʴ; ʈmax ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʛʨʫʟʦʧʦʜʲʸʤʥʦʩʪʴ; P ï ʛʨʫʟʦʧʦʜʲʸʤʥʦʩʪʴ; ɟ ï ʧʣʦʪ-

ʥʦʩʪʴ ʛʨʫʟʘ; v ð ɝɖɚɜɚɝɞɨ ɡɚɐɌ; lʵʢʩʧʣ ï ʜʣʠʥʘ ʣʠʥʠʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

 

ʉʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʨʘʩʯʸʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʟʣʦʞʝʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢ-

ʩʘ ʧʦʟʚʦʣʠʣʠ ʨʝʰʠʪʴ ʨʷʜ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʟʘʜʘʯ, ʘ ʠʤʝʥʥʦ: ʫʩʪʘʥʦʚʠʪʴ ʚʣʠʷʥʠʝ ʠʟ-



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 52, 2017 ʛ. 

ʈʘʟʜʝʣ IV. ʉʫʜʦʩʪʨʦʝʥʠʝ, ʩʫʜʦʨʝʤʦʥʪ ʠ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʫʜʥʘ 
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ʤʝʥʝʥʠʷ ʜʣʠʥʳ, ʰʠʨʠʥʳ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʣʥʦʪʳ ʥʘ ʦʧʪʠʤʘʣʴʥʦʩʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝ-

ʤʦʛʦ ʪʠʧʘ ʪʘʥʢʝʨʦʚ, ʦʙʦʩʥʦʚʘʪʴ ʨʘʮʠʦʥʘʣʴʥʳʝ ʦʙʣʘʩʪʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʫʜʥʘ ʥʘ ʜʚʝ 

ʦʩʘʜʢʠ, ʥʦʩʦʚʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʥʘʜʩʪʨʦʡʢʠ, ʚʘʣʴʥʦʩʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ. 

ʇʨʠʢʣʘʜʥʦʝ ʟʥʘʯʝʥʠʝ ʜʘʥʥʦʡ ʟʘʜʘʯʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʚ ʪʦʤ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʧʨʦ-

ʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʧʦʟʚʦʣʷʝʪ ʜʣʷ ʟʘʜʘʥʥʳʭ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ (ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʣʠʥʠʠ, ʛʨʫʟʦʧʦʪʦʢʘ, ʩʢʦʨʦʩʪʠ ʠʣʠ ʤʦʱʥʦʩʪʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ, ʛʨʫʟʦʧʦʜʲʸʤ-

ʥʦʩʪʠ ʠ ʪ.ʜ.) ʥʘʭʦʜʠʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʪʘʥʢʝʨʘ. ʆʜʥʘʢʦ ʜʦʩʪʫʧʥʦʩʪʴ ʢ ʧʨʦ-

ʛʨʘʤʤʝ ʚʩʝʛʜʘ ʠʤʝʝʪ ʪʝ ʠʣʠ ʠʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʦʩʦʙʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ ʨʝʰʝʥʠʷ ʦʧʝʨʘ-

ʪʠʚʥʳʭ ʟʘʜʘʯ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʝʜʣʘʛʘʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʛʨʘʬʠʢ (ʨʠʩ. 1), ʧʦʩʪʨʦʝʥ-

ʥʳʡ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʨʘʩʯʸʪʦʚ, ʚʳʧʦʣʥʝʥʥʳʭ ʧʦ ʥʘʟʚʘʥʥʦʡ ʧʨʦʛʨʘʤʤʝ. ʅʘ 

ʨʠʩʫʥʢʝ ʧʨʠʚʝʜʝʥʳ ʩʚʷʟʘʥʥʳʝ ʤʝʞʜʫ ʩʦʙʦʡ ʦʧʪʠʤʘʣʴʥʳʝ ʛʣʘʚʥʳʝ ʨʘʟʤʝʨʝʥʠʷ ʪʘʥʢʝʨʘ 

ʟʘʜʘʥʥʦʡ ʛʨʫʟʦʧʦʜʲʸʤʥʦʩʪʠ ʠ ʩʢʦʨʦʩʪʠ ʭʦʜʘ ʧʨʠ ʝʛʦ ʨʘʙʦʪʝ ʥʘ ʥʝʢʦʪʦʨʦʡ ʦʩʨʝʜʥʸʥ-

ʥʦʡ ʣʠʥʠʠ. 

 

 

ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʛʣʘʚʥʳʭ ʨʘʟʤʝʨʝʥʠʡ ʦʪ ʛʨʫʟʦʧʦʜʲʸʤʥʦʩʪʠ  

ʠ ʩʢʦʨʦʩʪʠ ʭʦʜʘ ʥʘ ʫʩʣʦʚʥʦʡ ʣʠʥʠʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʉʪʨʝʣʢʘʤʠ ʥʘ ʨʠʩʫʥʢʝ ʧʦʢʘʟʘʥʘ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʠʩʢʦʤʳʭ ʚʝ-

ʣʠʯʠʥ. 

ɿʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʣʥʦʪʳ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʥʠʤʘʪʴ ʤʘʢʩʠ-

ʤʘʣʴʥʦ ʙʣʠʟʢʠʤ ʢ 0,9, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʠʙʦʣʴʰʝʛʦ ʚʦʜʦʠʟʤʝʱʝʥʠʷ ʧʨʠ ʤʝʥʴʰʠʭ 

ʛʣʘʚʥʳʭ ʨʘʟʤʝʨʝʥʠʷʭ. 

ʇʦ ʧʨʠʚʝʜʸʥʥʦʤʫ ʨʠʩʫʥʢʫ ʤʦʞʥʦ ʨʝʰʘʪʴ ʥʝ ʪʦʣʴʢʦ ʟʘʜʘʯʫ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʤʝʨʦʚ 

ʩʫʜʥʘ ʧʦ ʟʘʜʘʥʥʦʡ ʛʨʫʟʦʧʦʜʲʸʤʥʦʩʪʠ, ʥʦ ʠ ʦʙʨʘʪʥʫʶ, ʢʦʛʜʘ ʥʝʦʙʭʦʜʠʤʦ ʩʧʨʦʝʢʪʠʨʦ-

ʚʘʪʴ ʪʘʢ ʥʘʟʳʚʘʝʤʦʝ ʩʫʜʥʦ ʢʣʘʩʩʘ çʤʘʢʩè. 



ɽ.ʇ. ʈʦʥʥʦʚ, ʖ.ɸ. ʂʦʯʥʝʚ 
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ʀʟ ʘʥʘʣʠʟʘ ʛʨʘʬʠʢ ʚʠʜʥʦ, ʯʪʦ ʫʞʝ ʧʨʠ ʛʨʫʟʦʧʦʜʲʸʤʥʦʩʪʠ ʪʘʥʢʝʨʘ ʙʦʣʴʰʝ 1000 ʪ, 

ʝʛʦ ʦʩʘʜʢʘ ʧʨʝʚʳʰʘʝʪ 3,5 ʤ. ɼʣʷ ʩʫʜʥʘ ʩʤʝʰʘʥʥʦʛʦ (ʨʝʢʘ-ʤʦʨʝ) ʧʣʘʚʘʥʠʷ, ʧʨʠ ʥʘʣʠ-

ʯʠʠ ʩʫʱʝʩʪʚʝʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʧʦ ʛʣʫʙʠʥʝ ʩʫʜʦʚʦʛʦ ʭʦʜʘ, ʪʘʢʘʷ ʦʩʘʜʢʘ ʥʝʜʦʧʫʩʪʠʤʘ 

ʠ ʪʨʝʙʫʝʪʩʷ ʝʸ ʩʥʠʞʝʥʠʝ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʚʣʝʯʸʪ ʠʟʤʝʥʝʥʠʝ ʜʣʠʥʳ, ʰʠʨʠʥʳ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʣʥʦʪʳ ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʦʛʨʘʥʠʯʝʥʠʡ. 

ɿʘʚʠʩʠʤʦʩʪʴ ʛʣʘʚʥʳʭ ʨʘʟʤʝʨʝʥʠʡ ʦʪ ʦʛʨʘʥʠʯʝʥʥʦʡ ʦʩʘʜʢʠ ʜʣʷ ʨʷʜʘ ʛʨʫʟʦʧʦʜʲʸʤ-

ʥʦʩʪʝʡ, ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʭ ʫ ʤʘʣʳʭ ʪʘʥʢʝʨʦʚ ʩʤʝʰʘʥʥʦʛʦ (ʨʝʢʘ-ʤʦʨʝ) ʧʣʘʚʘʥʠʷ, 

ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣʠʮʝ 2. 

ʊʘʙʣʠʮʘ 2 

ʆʧʪʠʤʘʣʴʥʳʝ ʛʣʘʚʥʳʝ ʨʘʟʤʝʨʝʥʠʷ ʪʘʥʢʝʨʦʚ  

ʧʨʠ ʥʘʣʠʯʠʠ ʦʛʨʘʥʠʯʝʥʠʡ ʧʦ ʦʩʘʜʢʝ 

P 3000 4000 5000 

Tmax 2,5 3 3,5 4 4,5 3 3,5 4 4,5 5 3,5 4 4,5 5 

v=18,6 ʢʤ/ʯ 

L ï 110 110 95 95 ï 120 115 110 110 ï 135 125 125 

B ï 16 15 15,4 15,4 ï 15,4 16 16 16 ï 15,6 16,4 16,4 

T ï 2,993 3,46 3,8 3,8 ï 3,49 3,87 4,03 4,03 ï 3,96 4,17 4,17 

d ï 0,91 0,83 0,83 0,83 ï 0,87 0,84 0,83 0,83 ï 0,86 0,83 0,83 

N ï 1124 1148 1124 1124 ï 1148 1124 1236 1236 ï 1124 1236 1236 

D ï 4913 4857 4730 4730 ï 5751 6131 6034 6034 ï 7351 7273 7273 

 

ʆʩʘʜʢʘ ʩʫʜʥʘ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʛʘʙʘʨʠʪʦʚ ʩʫʜʦʚʦʛʦ ʭʦʜʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ ʥʝʢʦʪʦ-

ʨʦʡ ʚʝʣʠʯʠʥʳ, ʨʘʚʥʦʡ ʦʩʘʜʢʝ ʪʘʥʢʝʨʘ ʥʘ çʫʩʣʦʚʥʦʡè ʣʠʥʠʠ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʢʦʪʦʨʘʷ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʨʠʩʫʥʢʫ 1. ɼʣʠʥʘ, ʰʠʨʠʥʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʦʙʱʝʡ ʧʦʣʥʦʪʳ ʪʘʥʢʝʨʘ 

ʧʦʩʪʝʧʝʥʥʦ ʫʤʝʥʴʰʘʶʪʩʷ ʜʦ ʦʧʪʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ. 

ʇʨʠʚʝʜʸʥʥʳʡ ʘʣʛʦʨʠʪʤ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʛʣʘʚʥʳʝ ʨʘʟʤʝʨʝʥʠʷ, ʢ ʢʦʪʦʨʳʤ ʥʝʦʙ-

ʭʦʜʠʤʦ ʩʪʨʝʤʠʪʴʩʷ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʪʘʥʢʝʨʘ ʩʤʝʰʘʥʥʦʛʦ (ʨʝʢʘ-ʤʦʨʝ) ʧʣʘʚʘʥʠʷ. 

ʅʘʠʙʦʣʝʝ ʙʣʠʟʢʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʢ ʛʨʘʬʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʪʨʘʥʩ-

ʧʦʨʪʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʫʜʥʘ, ʩʥʠʟʠʚ ʠʟʜʝʨʞʢʠ ʧʨʠ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʠ. 
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The mathematical model of optimization of the main dimensions of the tanker of mixed (riv-

er-sea) navigation. A feature of the model is the direct calculation of the mass of the metal 
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termining the main dimensions for conventional line operation. 
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ɺʓɹʆʈ ʆʉʅʆɺʅʓʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʉʋɼʅɸ 

ʕʂʆʃʆɻʀʏɽʉʂʆɻʆ ʅɸɿʅɸʏɽʅʀʗ ʂɸʂ ʕʃɽʄɽʅʊɸ  

ɺʅɽʉʋɼʆɺʆʁ ʇʈʀʈʆɼʆʆʍʈɸʅʅʆʁ ʊɽʍʅʆʃʆɻʀʀ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʥʝʩʫʜʦʚʘʷ ʦʯʠʩʪʢʘ, ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʜʦʝʤʦʚ, ʩʫʜʦʚʳʝ 

ʦʪʭʦʜʳ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʫʜʦʚ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ 

 

ʆʜʥʠʤ ʠʟ ʘʩʧʝʢʪʦʚ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʷʚʣʷʝʪʩʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʩʫʜʦʚ. ɼʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʜʦʝʤʦʚ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʥʳʝ ʩʧʦʩʦʙʳ ʦʙʨʘʙʦʪʢʠ ʩʫʜʦ-

ʚʳʭ ʦʪʭʦʜʦʚ. ʆʜʥʠʤ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʚʥʝʩʫʜʦʚʳʭ ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʭ 

ʩʨʝʜʩʪʚ, ʚʢʣʶʯʘʶʱʠʭ ʩʫʜʘ-ʩʙʦʨʱʠʢʠ ʠ ʩʫʜʘ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ 

(ʉʂʇʆ). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʪʩʫʪʩʪʚʫʝʪ ʤʝʪʦʜʠʢʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʪʘʢʠʭ ʩʫʜʦʚ, 

ʫʯʠʪʳʚʘʶʱʘʷ ʦʩʦʙʝʥʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʤʦʡ ʪʝʭʥʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠ, ʘ ʪʘʢʞʝ ʠʥʪʝʥʩʠʚ-

ʥʦʩʪʴ ʩʫʜʦʭʦʜʩʪʚʘ ʚ ʨʘʡʦʥʝ ʧʣʘʚʘʥʠʷ. 

 

ʆʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʫʜʦʚ ʷʚ-

ʣʷʶʪʩʷ ʩʪʦʯʥʳʝ (ʉɺ), ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʝ (ʅɺ) ʚʦʜʳ ʠ ʤʫʩʦʨ. 

ʇʨʝʜʦʪʚʨʘʱʝʥʠʝ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʜʥʦʡ ʩʨʝʜʳ ʫʢʘʟʘʥʥʳʤʠ ʚʠʜʘʤʠ ʦʪʭʦʜʦʚ ʧʨʝʜʫ-

ʩʤʘʪʨʠʚʘʝʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʳʤʠ ʠ ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʠʯʝʩʢʠʤʠ ʜʦʢʫ-

ʤʝʥʪʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ɺʦʜʥʳʡ ʢʦʜʝʢʩ ʈʌ, ʂʦʜʝʢʩ ʚʥʫʪʨʝʥʥʝʛʦ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʈʌ, 

ʉʘʥʠʪʘʨʥʳʝ ʧʨʘʚʠʣʘ ʠ ʥʦʨʤʳ, ʇʨʘʚʠʣʘ ʈʦʩʩʠʡʩʢʦʛʦ ʈʝʯʥʦʛʦ ʈʝʛʠʩʪʨʘ, ʇʨʘʚʠʣʘ ʄʦʨ-

ʩʢʦʛʦ ʈʝʛʠʩʪʨʘ ʉʫʜʦʭʦʜʩʪʚʘ ʠ ʜʨ. 

ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʩʧʦʩʦʙʘ ʠʟʙʘʚʣʝʥʠʷʦʪ ʦʙʨʘʟʫʶʱʠʭʩʷ ʥʘ ʩʫʜʥʝ ʟʘʛʨʷʟ-

ʥʝʥʠʡ: ʦʙʨʘʙʦʪʢʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʙʦʨʪʫ ʩʫʜʥʘ ʠ ʧʝʨʝʜʘʯʘ ʥʘ ʚʥʝʩʫʜʦʚʳʝ ʧʨʠʨʦ-

ʜʦʦʭʨʘʥʥʳʝ ʩʨʝʜʩʪʚʘ. 

ʇʝʨʚʳʡ ʩʧʦʩʦʙ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʩʧʝʮʠʘʣʴʥʳʭ ʩʫʜʦʚʳʭ ʩʠʩʪʝʤ ʜʣʷ 

ʦʯʠʩʪʢʠ ʩʪʦʯʥʦʡ ʠ ʥʝʬʪʝʩʦʜʝʨʞʘʱʝʡ ʚʦʜʳ, ʘ ʪʘʢʞʝ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʤʫʩʦʨʘ 

(ʠʥʩʠʥʝʨʘʪʦʨʦʚ, ʫʩʪʘʥʦʚʦʢ ʜʣʷ ʧʨʝʩʩʦʚʘʥʠʷ ʠ ʠʟʤʝʣʴʯʝʥʠʷ). ɼʦʩʪʦʠʥʩʪʚʘʤʠ ʵʪʦʛʦ 

ʩʧʦʩʦʙʘ ʷʚʣʷʶʪʩʷ ʙʦʣʴʰʘʷ ʘʚʪʦʥʦʤʥʦʩʪʴ ʧʣʘʚʘʥʠʷ ʩʫʜʥʘ ʧʦ ʫʩʣʦʚʠʷʤ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ, ʩʦʢʨʘʱʝʥʠʝ ʧʨʦʩʪʦʝʚ, ʤʠʥʠʤʘʣʴʥʳʝ ʦʙʲʝʤʳ ʥʘʢʦʧʠʪʝʣʴʥʳʭ ʝʤʢʦʩʪʝʡ, 

ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʫʜʦʚ, ʠʤʝʶʱʠʭ ʥʘ ʙʦʨʪʫ ʧʨʠʨʦʜʦ-

ʦʭʨʘʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʦʪʥʦʩʷʪʩʷ ʩʣʦʞʥʦʩʪʴ ʠ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ 

ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʵʥʝʨʛʠʠ ʠ ʨʘʩʭʦʜʥʳʭ ʤʘʪʝ-

ʨʠʘʣʦʚ. ɼʘʥʥʳʡ ʩʧʦʩʦʙ ʧʦʣʫʯʠʣ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʤʦʨʩʢʠʭ ʩʫʜʘʭ 

ʠ ʩʫʜʘʭ ʩʤʝʰʘʥʥʦʛʦ (çʨʝʢʘ-ʤʦʨʝè) ʧʣʘʚʘʥʠʷ [1].  

ɺʳʙʦʨ ʦʧʪʠʤʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤ ʦʯʠʩʪʢʠ ʟʘʛʨʷʟʥʝʥʠʡ ʩ ʩʫʜʦʚ ï ʜʦʩʪʘ-

ʪʦʯʥʦ ʩʣʦʞʥʘʷ ʟʘʜʘʯʘ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʰʠʨʦʢʠʤ ʠʥʪʝʨʚʘʣʦʤ ʚʘʨʴʠʨʦʚʘʥʠʷ ʥʘʯʘʣʴʥʳʭ 
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ʢʦʥʮʝʥʪʨʘʮʠʡ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʩʫʜʦʚʳʭ ʅɺ ʠ ʉɺ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʠʤʠ ʪʨʝʙʦʚʘ-

ʥʠʷʤʠ, ʧʨʝʜʲʷʚʣʷʝʤʳʤʠ ʢ ʢʘʯʝʩʪʚʫ ʦʯʠʱʝʥʥʦʡ ʚʦʜʳ, ʩʙʨʘʩʳʚʘʝʤʦʡ ʚ ʚʦʜʦʝʤ. 

ɺ ʩʫʜʦʚʳʭ ʫʩʪʘʥʦʚʢʘʭ ʜʣʷ ʦʯʠʩʪʢʠ ʠ ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʷ ʩʪʦʯʥʳʭ ʚʦʜ (ʆʆʉɺ) 

ʥʘʰʣʠ ʧʨʠʤʝʥʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʝ, ʭʠʤʠʯʝʩʢʠʝ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ, ʬʠʟʠʯʝʩʢʠʝ, ʙʠʦ-

ʭʠʤʠʯʝʩʢʠʝ ʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʤʝʪʦʜʳ ʦʯʠʩʪʢʠ. ʇʨʠ ʦʯʠʩʪʢʝ ʉɺ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ: 

ï ʦʪʩʪʘʠʚʘʥʠʝ (ʩʝʜʠʤʝʥʪʘʮʠʷ); 

ï ʬʠʣʴʪʨʘʮʠʷ; 

ï ʢʦʘʛʫʣʷʮʠʷ; 

ï ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʝ; 

ï ʬʣʦʪʘʮʠʷ. 

ʇʦ ʤʝʪʦʜʫ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ ʨʘʙʦʪʘʶʪ ʫʩʪʘʥʦʚʢʠ ʪʠʧʘ çHL-CONTè (ɻʝʨ-

ʤʘʥʠʷ). ɹʠʦʭʠʤʠʯʝʩʢʠʡ ʤʝʪʦʜ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʫʩʪʘʥʦʚʢʘʭ 

çɹʠʦ-ʂʦʤʧʘʢʪè (ɻʝʨʤʘʥʠʷ), çʉʊʇè (ʌʠʥʣʷʥʜʠʷ). ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʡ ʤʝʪʦʜ 

ʦʯʠʩʪʢʠ ʉɺ ʥʘ ʩʫʜʘʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʯʘʱʝ ïʥʘʧʨʠʤʝʨ, ʫʩʪʘʥʦʚʢʠ ʪʠʧʘ çʉʊʆʂè ʠ 

çʕʆʉè (ʈʦʩʩʠʷ). 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʦʯʠʩʪʢʠ ʩʫʜʦʚʳʭ ʅɺ ʷʚʣʷʶʪʩʷ: 

ï ʬʣʦʪʘʮʠʷ; 

ï ʬʠʣʴʪʨʦʚʘʥʠʝ; 

ï ʢʦʘʛʫʣʷʮʠʷ; 

ï ʘʜʩʦʨʙʮʠʷ; 

ï ʦʪʩʪʘʠʚʘʥʠʝ. 

ʂʨʦʤʝ ʪʦʛʦ, ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʨʝʢʦʤʝʥʜʦʚʘʥʳ ʢ ʧʨʠʤʝʥʝʥʠʶ ʪʘʢʠʝ ʤʝʪʦʜʳ, ʢʘʢ 

ʦʢʠʩʣʝʥʠʝ ʦʩʪʘʪʦʯʥʳʭ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʦʟʦʥʦʤ, ʦʯʠʩʪʢʘ ʚ ʧʦʣʝ ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ, 

ʢʘʚʠʪʘʮʠʦʥʥʘʷ ʦʯʠʩʪʢʘ [1] ʠ ʜʨ. 

ʅʘ ʩʫʜʥʝ ʜʣʷ ʦʯʠʩʪʢʠ ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʭ ʚʦʜ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʝʧʘʨʘʪʦʨʳ çʌʨʘʤʘ-

ʨʠʥè (ɻʝʨʤʘʥʠʷ), çɸʢʚʘʤʘʨʠʥè (ʐʚʝʮʠʷ), çRWOè (ɻʝʨʤʘʥʠʷ), çʉʊʆʂè (ʈʦʩʩʠʷ). 

ɺʳʙʦʨ ʩʫʜʦʚʦʛʦ ʚʦʜʦʦʯʠʩʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʘʥʘʣʠʟʘ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩ ʫʯʝʪʦʤ ʢʦʥʢʨʝʪʥʳʭ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚ, ʟʘʚʠʩʷʱʠʭ ʦʪ ʪʠʧʘ ʠ ʧʨʦʝʢʪʘ ʩʫʜʥʘ, ʨʘʡʦʥʘ ʧʣʘʚʘʥʠʷ, ʪʨʝʙʦʚʘʥʠʡ ʟʘ-

ʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʠ ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ [2]. ɼʣʷ ʩʫʜʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ 

(ʦʯʠʩʪʢʠ) ʉɺ, ʅɺ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʫʩʣʦʚʠʷ ʩʙʨʦʩʘ ʵʪʠʭ ʚʦʜ ʚ ʚʦʜʦʝʤ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʳʭ ʥʦʨʤ (ʉʘʥʠʪʘʨʥʳʝ ʧʨʘʚʠʣʘ ʠ ʥʦʨʤʳ, ʇʨʘ-

ʚʠʣʘ ʈʦʩʩʠʡʩʢʦʛʦ ʈʝʯʥʦʛʦ ʈʝʛʠʩʪʨʘ ʠ ʜʨ.). ʉʂʇʆ, ʘ ʪʘʢʞʝ ʩʪʘʥʮʠʠ ʜʣʷ ʦʯʠʩʪʢʠ ʉɺ 

ʠʣʠ ʅɺ ʤʦʛʫʪ ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴʩʷ ʚ ʨʘʡʦʥʘʭ ʚʦʜʥʳʭ ʧʫʪʝʡ, ʛʜʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʪʝʧʝʥʠ 

ʦʯʠʩʪʢʠ ʚʦʜ ʟʥʘʯʠʪʝʣʴʥʦ ʞʝʩʪʯʝ, ʯʝʤ ʜʣʷ ʦʙʳʯʥʳʭ (ʥʝʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ) ʩʫʜʦʚ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʥʘ ʨ. ɺʦʣʛʘ ʦʪʩʫʪʩʪʚʫʶʪ ʫʯʘʩʪʢʠ ʚʦʜʥʦʛʦ ʧʫʪʠ, ʥʘ ʢʦʪʦʨʳʭ ʜʦʧʫʩʢʘʝʪʩʷ 

ʩʙʨʘʩʳʚʘʪʴ ʜʘʞʝ ʦʯʠʱʝʥʥʳʝ ʩʪʦʯʥʳʝ ʚʦʜʳ [3, 4]. ʇʦʵʪʦʤʫ ʪʨʝʙʦʚʘʥʠʷ ʢ ʚʦʜʦʦʯʠʩʪ-

ʥʦʤʫ ʦʙʦʨʫʜʦʚʘʥʠʶ ʩʫʜʦʚ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʪʘʢʞʝ ʧʦʚʳʰʘʶʪʩʷ [5], ʯʪʦ 

ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʯʠʩʪʢʠ ʉɺ ʠ ʅɺ. 

ɺʥʝʩʫʜʦʚʘʷ ʦʯʠʩʪʢʘ ʩʪʦʯʥʳʭ ʠ ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʭ ʚʦʜ ʦʪ ʟʘʛʨʷʟʥʝʥʠʡ ʦʩʫʱʝʩʪʚʣʷ-

ʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʣʝʢʩʘ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʥʘ ʦʪʜʝʣʴʥʳʭ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʷʭ 

ï ʧʣʘʚʫʯʠʭ ʠʣʠ ʙʝʨʝʛʦʚʳʭ. ʂ ʚʥʝʩʫʜʦʚʳʤ ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʤ ʪʝʭʥʠʯʝʩʢʠʤ ʩʨʝʜʩʪʚʘʤ 

ʦʪʥʦʩʷʪ ʮʝʣʳʡ ʢʦʤʧʣʝʢʩ ʩʨʝʜʩʪʚ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʙʦʨ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ, ʚʨʝ-

ʤʝʥʥʦʝ ʭʨʘʥʝʥʠʝ ʠ ʦʯʠʩʪʢʫ ʚʦʜʳ ʦʪ ʟʘʛʨʷʟʥʝʥʠʡ[2, 6, 7]. 

ɸʥʘʣʠʟ ʦʧʳʪʘ ʦʙʨʘʱʝʥʠʷ ʩ ʩʫʜʦʚʳʤʠ ʦʪʭʦʜʘʤʠ ʠʥʦʩʪʨʘʥʥʳʭ ʛʦʩʫʜʘʨʩʪʚ ʧʦʢʘʟʳ-

ʚʘʝʪ, ʯʪʦ ʟʘ ʨʫʙʝʞʦʤ ʦʪʜʘʝʪʩʷ ʧʨʝʜʧʦʯʪʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʩʫʜʦʚ-ʩʙʦʨʱʠʢʦʚ ʟʘʛʨʷʟ-

ʥʝʥʠʡ. ʉʙʦʨ ʩʫʜʦʚʳʭ ʦʪʭʦʜʦʚ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʠʥʦʩʪʨʘʥʥʳʭ ʧʦʨʪʦʚ ʚʳʧʦʣʥʷʶʪ ʥʝ-

ʩʢʦʣʴʢʦ ʢʦʤʧʘʥʠʡ-ʦʧʝʨʘʪʦʨʦʚ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʩʙʦʨʘ ʠ ʫʪʠʣʠ-

ʟʘʮʠʠ ʩʫʜʦʚʳʭ ʦʪʭʦʜʦʚ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʫʢʦʚʦʜʩʪʚʦ ʧʦʨʪʘ ʟʘʢʣʶʯʘʝʪ ʜʦʛʦʚʦ-

ʨʳ ʥʘ ʫʪʠʣʠʟʘʮʠʶ ʦʪʭʦʜʦʚ ʩ ʢʦʤʧʘʥʠʷʤʠ-ʦʧʝʨʘʪʦʨʘʤʠ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʦʛʣʘʩʦʚʘʚ 

ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʝʜʘʚʘʝʤʳʭ ʩʫʜʦʚʳʭ ʦʪʭʦʜʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʝ ʩʫʜʦʚʳʝ ʦʪʭʦʜʳ, ʧʦ-

ʩʪʫʧʘʶʱʠʝ ʚ ʧʦʨʪ, ʜʝʣʷʪʩʷ ʤʝʞʜʫ ʢʦʤʧʘʥʠʷʤʠ-ʦʧʝʨʘʪʦʨʘʤʠ, ʦʪʚʝʯʘʶʱʠʤʠ ʟʘ ʩʚʦʡ 

http://enviropark.ru/course/view.php?id=17&MoodleSession=978b1245778e433ebc63fc126a6641d7
http://enviropark.ru/course/category.php?id=3
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çʫʯʘʩʪʦʢè. ʗʨʢʠʤ ʧʨʠʤʝʨʦʤ ʵʬʬʝʢʪʠʚʥʦʡ ʫʪʠʣʠʟʘʮʠʠ ʦʪʭʦʜʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩʫʜʦ-

ʚʳʭ, ʷʚʣʷʝʪʩʷ ʐʚʝʮʠʷ. ʉʝʛʦʜʥʷ ʐʚʝʮʠʷ ʧʝʨʝʨʘʙʘʪʳʚʘʝʪ ʦʢʦʣʦ 99% ʚʩʝʭ ʦʪʭʦʜʦʚ. ʕʪʘ 

ʩʪʨʘʥʘ ʩʪʘʣʘ ʥʘʩʪʦʣʴʢʦ ʭʦʨʦʰʦ ʦʙʨʘʱʘʪʴʩʷ ʩ ʦʪʭʦʜʘʤʠ, ʯʪʦ ʚʳʥʫʞʜʝʥʘ ʠʤʧʦʨʪʠʨʦ-

ʚʘʪʴ 700 ʪʳʩ. ʪʦʥʥ ʤʫʩʦʨʘ ʠʟ ʩʦʩʝʜʥʠʭ ʩʪʨʘʥ, ʯʪʦʙʳ ʧʦʣʫʯʘʪʴ ʠʟ ʥʝʝ ʵʥʝʨʛʠʶ ʜʣʷ ʩʚʦ-

ʠʭ ʥʫʞʜ [8]. 

ʇʝʨʝʜʘʯʘ ʟʘʛʨʷʟʥʝʥʠʡ ʩ ʩʫʜʦʚ ʥʘ ʚʥʝʩʫʜʦʚʳʝ ʦʯʠʩʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ ʤʦʞʝʪ ʦʩʫ-

ʱʝʩʪʚʣʷʪʴʩʷ ʧʦ ʜʚʫʤ ʦʩʥʦʚʥʳʤ ʚʘʨʠʘʥʪʘʤ: ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʦʯʠʩʪʥʦʝ ʩʦʦʨʫʞʝʥʠʝ 

ʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʟʚʝʥʘ ï ʩʫʜʥʘ-ʩʙʦʨʱʠʢʘ ʠʣʠ ʩʫʜʥʘ-ʥʘʢʦʧʠʪʝʣʷ 

[7]. 

ʅʘ ʚʥʫʪʨʝʥʥʠʭ ʚʦʜʥʳʭ ʧʫʪʷʭ ʈʌ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʚʘʨʠʘʥʪʦʤ ʧʨʝʜʦʪ-

ʚʨʘʱʝʥʠʷ ʟʘʛʨʷʟʥʝʥʠʷ ʛʠʜʨʦʩʬʝʨʳ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʩʫʜʦʚ-ʩʙʦʨʱʠʢʦʚ ʜʣʷ ʩʙʦʨʘ 

ʩʫʜʦʚʳʭ ʉɺ, ʅɺ ʠ ʤʫʩʦʨʘ ʠ ʠʭ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʥʘ ʙʝʨʝʛʦʚʳʝ ʦʯʠʩʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ 

ʠʣʠ ʩʫʜʘ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ (ʉʂʇʆ) ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʦʯʠʩʪʢʠ [2].  

ʇʝʨʝʜʘʯʫ ʟʘʛʨʷʟʥʝʥʠʡ ʩ ʩʫʜʦʚ ʥʘ ʙʝʨʝʛʦʚʳʝ ʦʯʠʩʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʶʪ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʩʢʘʧʣʠʚʘʶʱʠʝʩʷ ʚ ʩʙʦʨʥʳʭ ʮʠʩʪʝʨʥʘʭ ʉɺ, ʅɺ ʠ ʤʫʩʦʨ ʧʝʨʝʜʘ-

ʶʪ ʥʘ ʩʫʜʥʦ-ʩʙʦʨʱʠʢ, ʢʦʪʦʨʳʡ ʦʙʦʨʫʜʦʚʘʥ ʩʧʝʮʠʘʣʴʥʳʤʠ ʝʤʢʦʩʪʷʤʠ ʠ ʩʠʩʪʝʤʘʤʠ 

ʚʘʢʫʫʤʥʦʛʦ ʧʨʠʝʤʘ, ʧʦʟʚʦʣʷʶʱʠʤʠ ʧʨʠʥʠʤʘʪʴ ʟʘʛʨʷʟʥʝʥʠʷ ʩ ʦʙʩʣʫʞʠʚʘʝʤʳʭ ʩʫʜʦʚ. 

ʇʦʩʣʝ ʟʘʧʦʣʥʝʥʠʷ ʥʘʢʦʧʠʪʝʣʴʥʳʭ ʝʤʢʦʩʪʝʡ ʩʫʜʥʦ-ʩʙʦʨʱʠʢ ʥʘʧʨʘʚʣʷʝʪʩʷ ʢ ʙʣʠʞʘʡ-

ʰʝʤʫ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʤʫ ʧʨʠʯʘʣʫ ʠʣʠ ʉʂʇʆ, ʛʜʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʝʜʘʯʘ ʟʘʛʨʷʟ-

ʥʝʥʠʡ ʥʘ ʙʝʨʝʛʦʚʳʝ ʦʯʠʩʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ ʠʣʠ ʉʂʇʆ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʵʪʦʤ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʟʘʛʨʷʟʥʝʥʠʡ ʥʘ ʙʝʨʝʛʦʚʳʝ ʦʯʠʩʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ 

ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʠʩʪʝʤʳ çʩʫʜʥʦ-ʩʙʦʨʱʠʢ ï ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ ʧʨʠʯʘʣè, 

ʫʜʘʣʝʥʥʦʩʪʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʠʯʘʣʦʚ ʦʪ ʤʝʩʪʘ ʜʠʩʣʦʢʘʮʠʠ ʩʫʜʥʘ. ʆʙʲʝʤʳ ʧʝ-

ʨʝʚʦʟʠʤʳʭ ʩʫʜʘʤʠ-ʩʙʦʨʱʠʢʘʤʠ ʅɺ, ʉɺ ʠ ʤʫʩʦʨʘ ʟʘʚʠʩʷʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʝ-

ʤʳʭ ʩʫʜʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʥʦʚʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʫʜʦʚ-ʩʙʦʨʱʠʢʦʚ ʙʫʜʫʪ 

ʷʚʣʷʪʴʩʷ: 

ï ʚʤʝʩʪʠʤʦʩʪʴ ʝʤʢʦʩʪʝʡ ʧʦ ʨʘʟʥʳʤ ʚʠʜʘʤ ʦʪʭʦʜʦʚ; 

ï ʩʢʦʨʦʩʪʴ ʭʦʜʘ; 

ï ʘʚʪʦʥʦʤʥʦʩʪʴ ʧʣʘʚʘʥʠʷ; 

ï ʢʣʘʩʩ ʩʫʜʥʘ; 

ï ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʠʩʪʝʤ ʧʝʨʝʢʘʯʢʠ ʦʪʭʦʜʦʚ ʥʘ ʙʝʨʝʛ. 

ʇʨʝʠʤʫʱʝʩʪʚʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʫʜʦʚ-ʩʙʦʨʱʠʢʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙ-

ʩʣʫʞʠʚʘʪʴ ʩʫʜʘ, ʩʪʦʷʱʠʝ ʥʘ ʨʝʡʜʝ; ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʦʜʭʦʜ ʢ ʩʫʜʘʤ, ʜʣʷ ʢʦʪʦʨʳʭ ʧʦʜʭʦʜ 

ʢ ʙʝʨʝʛʫ ʥʝʜʦʩʪʫʧʝʥ; ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ ʧʨʠʝʤʘ ʦʪʭʦʜʦʚ ʠ ʛʨʫʟʦʚʳʭ ʦʧʝʨʘ-

ʮʠʡ [9]. 

ɺ ʧʝʨʠʦʜ ʠʥʪʝʥʩʠʚʥʦʡ ʥʘʚʠʛʘʮʠʠ, ʢʦʛʜʘ ʚ ʧʦʨʪʘʭ ʥʘʭʦʜʠʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʧʘʩʩʘʞʠʨʩʢʠʭ ʩʫʜʦʚ, ʩʦʙʨʘʪʴ ʚʝʩʴ ʦʙʲʝʤ ʩʢʘʧʣʠʚʘʶʱʠʭʩʷ ʥʘ ʥʠʭ ʟʘʛʨʷʟʥʝʥʠʡ ʩ ʧʦ-

ʤʦʱʴʶ ʩʫʜʦʚ-ʩʙʦʨʱʠʢʦʚ ʧʨʦʙʣʝʤʘʪʠʯʥʦ. ʂ ʪʦʤʫ ʞʝ ʦʙʲʝʤʳ ʩʙʦʨʥʳʭ ʮʠʩʪʝʨʥ ʩʦʚʨʝ-

ʤʝʥʥʳʭ ʧʘʩʩʘʞʠʨʩʢʠʭ ʩʫʜʦʚ ʯʘʩʪʦ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʧʨʝʚʳʰʘʶʪ ʘʥʘʣʦʛʠʯʥʳʝ ʦʙʲʝʤʳ, 

ʠʤʝʶʱʠʝʩʷ ʥʘ ʩʫʜʘʭ-ʩʙʦʨʱʠʢʘʭ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʙʘʩʩʝʡʥʳ ʚʥʫʪ-

ʨʝʥʥʠʭ ʚʦʜʥʳʭ ʧʫʪʝʡ ʥʘʰʝʡ ʩʪʨʘʥʳ ʠʤʝʶʪ ʥʝʜʦʩʪʘʪʦʯʥʦ ʨʘʟʚʠʪʫʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ 

ʧʦ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʠʝʤʘ, ʩʜʘʯʠ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʧʝʨʝʨʘʙʦʪʢʝ ʩʫʜʦʚʳʭ ʦʪʭʦʜʦʚ. ʇʨʠʯʝʤ, 

ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢ ʩʦʢʨʘʱʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʫʩʪʨʦʡʩʪʚ ʜʣʷ 

ʧʨʠʝʤʘ ʦʪʭʦʜʦʚ ʩ ʩʫʜʦʚ. ʈʝʰʝʥʠʝʤ ʜʘʥʥʳʭ ʧʨʦʙʣʝʤ ʤʦʞʝʪ ʩʪʘʪʴ ʧʨʠʤʝʥʝʥʠʝ ʉʂʇʆ. 

ʇʨʠ ʵʪʦʤ ʯʘʩʪʴ ʩʫʜʦʚ ʙʫʜʫʪ ʩʜʘʚʘʪʴ ʦʪʭʦʜʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʉʂʇʆ, ʜʨʫʛʠʝ ï ʥʘ 

ʩʫʜʘ-ʩʙʦʨʱʠʢʠ [6]. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠʤʝʥʝʥʠʝ ʉʂʇʆ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʥʘ ʨʝʢʘʭ ʉʠʙʠʨʠ ʠ 

ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ, ʛʜʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʚʥʝʩʫʜʦʚʳʤʠ ʧʫʥʢʪʘʤʠ ʜʣʷ ʧʨʠʝʤʘ ʉɺ, ʅɺ 

ʠ ʤʫʩʦʨʘ ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʦ [10]. 

ʆʩʥʦʚʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʉʂʇʆ ʙʫʜʫʪ ʷʚʣʷʪʴʩʷ: 

ï ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʦ ʅɺ, ʉɺ ʠ ʤʫʩʦʨʫ; 

ï ʪʝʭʥʦʣʦʛʠʷ ʦʙʨʘʙʦʪʢʠ ʟʘʛʨʷʟʥʝʥʠʡ; 

ï ʢʣʘʩʩ ʩʫʜʥʘ; 

ï ʘʚʪʦʥʦʤʥʦʩʪʴ ʧʣʘʚʘʥʠʷ; 



ɺ.ʃ. ʕʪʠʥ, ʉ.ɺ. ɺʘʩʴʢʠʥ, ʄ.ʉ. ɼʤʠʪʨʠʝʚʘ 
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ï ʩʢʦʨʦʩʪʴ ʭʦʜʘ. 

ɼʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʚʥʝʩʫʜʦʚʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʠ ʧʨʘ-

ʚʠʣʴʥʦ ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ ʩʫʜʥʦ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ (ʩʫʜʥʦ-ʩʙʦʨʱʠʢ ʠʣʠ ʉʂʇʆ) 

ʩ ʫʯʝʪʦʤ ʨʘʡʦʥʘ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʪʘʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʫʜʥʘ, ʢʘʢ 

ʚʤʝʩʪʠʤʦʩʪʴ ʧʦ ʨʘʟʣʠʯʥʳʤ ʚʠʜʘʤ ʦʪʭʦʜʦʚ ʠʣʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠʭ ʧʝʨʝʨʘʙʦʪʢʠ, 

ʪʨʝʙʫʝʤʘʷ ʩʪʝʧʝʥʴ ʦʯʠʩʪʢʠ, ʢʣʘʩʩ ʩʫʜʥʘ, ʩʢʦʨʦʩʪʴ ʭʦʜʘ, ʘʚʪʦʥʦʤʥʦʩʪʴ ʧʣʘʚʘʥʠʷ. ʇʨʠ 

ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʥʘʣʠʯʠʠ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʙʝʨʝʛʦʚʳʭ 

ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ ʪʝʭʥʦʣʦʛʠʠ ʚʥʝ-

ʩʫʜʦʚʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ. 

ʈʘʟʤʝʨʳ ʩʫʜʥʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʠʟʚʝʩʪʥʦʡ ʤʘʩʩʝ ʝʛʦ D. ʄʘʩʩʦʚʦʝ ʚʦʜʦʠʟʤʝ-

ʱʝʥʠʝ ʩʫʜʥʘ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʠʟʚʝʩʪʥʦʤʫ ʫʨʘʚʥʝʥʠʶ ʤʘʩʩ [11]: 

D = ɆPi + ɆPj,  (1) 

ʛʜʝ D ï ʤʘʩʩʘ ʩʫʜʥʘ, ʪ; 

ɆPi ï ʤʘʩʩʳ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʵʣʝʤʝʥʪʦʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʩʫʜʥʘ (ʤʘʩʩʘ 

ʢʦʨʧʫʩʘ, ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ, ʪʦʧʣʠʚʘ ʠ ʩʤʘʟʦʢ ʠ ʜʨ.); 

ɆPj ï ʤʘʩʩʳ, ʥʝ ʟʘʚʠʩʷʱʠʝ ʦʪ ʵʣʝʤʝʥʪʦʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʩʫʜʥʘ. 

 

ʉʦʩʪʘʚʣʷʶʱʠʝ Pj ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʘʩʩʫ ʧʝʨʝʚʦʟʠʤʦʛʦ ʛʨʫʟʘ, ʨʘʟʣʠʯʥʳʭ ʟʘʧʘ-

ʩʦʚ, ʵʢʠʧʘʞʘ ï ʪʦ ʝʩʪʴ ʚʩʝʛʦ ʪʦʛʦ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʥʷʪʦ ʩ ʩʫʜʥʘ ʣʠʙʦ ʧʨʠʥʷʪʦ ʥʘ ʥʝʛʦ 

ʙʝʟ ʥʘʨʫʰʝʥʠʷ ʝʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʮʝʣʦʩʪʥʦʩʪʠ. ʉʫʤʤʫ ʵʪʠʭ ʤʘʩʩ ʥʘʟʳʚʘʶʪ ʯʠʩʪʳʤ 

ʜʝʜʚʝʡʪʦʤ DW0 [11]. 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʫʜʥʘ ʢʦʤʧʦʥʝʥʪʳ Pi ʦʧʨʝʜʝʣʷʶʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ: 

ʢʘʢ ʬʫʥʢʮʠʠ ʚʦʜʦʠʟʤʝʱʝʥʠʷ ʠʣʠ ʛʣʘʚʥʳʭ ʨʘʟʤʝʨʝʥʠʡ, ʚ ʬʦʨʤʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʪʠ-

ʣʠʟʘʮʠʠ ʚʦʜʦʠʟʤʝʱʝʥʠʷ, ʩ ʧʦʤʦʱʴʶ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʅʦʨʤʘʥʘ, ʘ ʪʘʢʞʝ ʜʠʬʬʝʨʝʥʮʠ-

ʘʣʴʥʳʤ ʩʧʦʩʦʙʦʤ. ɺʝʣʠʯʠʥʳ Pj ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʩʫʜʥʘ ʠ 

ʩʯʠʪʘʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤʠ ʜʣʷ ʣʶʙʦʛʦ ʚʘʨʠʘʥʪʘ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʩʫʜʥʘ, ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʝʛʦ ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ ʠʩʭʦʜʥʳʤ ʜʘʥʥʳʤ, ʪ.ʝ. ʟʘʜʘʥʠʶ ʥʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ. 

ɼʣʷ ʩʫʜʦʚ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʪʘʢʠʭ ʢʘʢ ʉʂʇʆ, ʩʫʜʘ ʜʣʷ ʩʙʦʨʘ ʠ ʧʝʨʝʨʘ-

ʙʦʪʢʠ ʩʪʦʯʥʳʭ ʠ ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʭ ʚʦʜ, ʟʥʘʯʠʪʝʣʴʥʫʶ ʜʦʣʶ ʚ ʥʘʛʨʫʟʢʝ ʤʘʩʩ ʙʫʜʝʪ 

ʠʤʝʪʴ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʝ ʚʦʜʦʦʯʠʩʪʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʢʘʢ ʦʜʠʥ ʠʟ ʵʣʝʤʝʥʪʦʚ Pi, ʚʝ-

ʣʠʯʠʥʘ ʢʦʪʦʨʦʛʦ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʠʩʪʝʤ ʦʯʠʩʪʢʠ ʠʩʧʦʣʴʟʫʝʤʦʡ 

ʚ ʥʠʭ ʪʝʭʥʦʣʦʛʠʠ. ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʟʘʚʠʩʠʪ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʩʫʜʦʭʦʜʩʪʚʘ ʚ ʨʘʡʦʥʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʫʜʥʘ. 

ɼʣʷ ʩʫʜʦʚ-ʩʙʦʨʱʠʢʦʚ ʦʪʭʦʜʦʚ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʝʢʪʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʘʚʠʣʴʥʦ ʟʘ-

ʜʘʪʴ ʪʘʢʫʶ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ, ʢʘʢ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴ, ʚʭʦʜʷʱʫʶ ʚ ʜʝʜʚʝʡʪ ʩʫʜʥʘ [9] ʠ 

ʟʘʚʠʩʷʱʫʶ ʦʪ ʪʠʧʘ ʠ ʢʦʣʠʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʝʤʳʭ ʩʙʦʨʱʠʢʦʤ ʩʫʜʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʚʷ-

ʟʠ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʫʜʥʘ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʩ ʚʠʜʦʤ ʠ ʢʦʣʠʯʝʩʪʚʦʤ 

ʧʦʜʣʝʞʘʱʠʭ ʦʙʨʘʙʦʪʢʝ ʩʫʜʦʚʳʭ ʦʪʭʦʜʦʚ, ʟʘʚʠʩʷʱʠʭ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʪ ʠʥʪʝʥʩʠʚʥʦ-

ʩʪʠ ʩʫʜʦʭʦʜʩʪʚʘ ʚ ʨʘʡʦʥʝ ʵʢʩʧʣʫʘʪʘʮʠʠ. 
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THE CHOICE OF THE MA IN CHARACTERISTICS  

OF THE SHIP ECOLOGIC AL PURPOSE AS PART  

OF OUT-OF-SHIP ENVIR ONMENTAL TECHNOLOGIE S 

V.L. Etin, S.V. Vasôkin, M.S. Dmitrieva 

Keywords: out-of-ship treatment, prevention of water pollution, ship wastes, ship design for 

ecological purpose 

 

One aspect of water pollution is the operation of ships. To prevent contamination of water 

bodies use different ways of treating ship generated waste. One of them is the use of out-of-

ship environmental assets, including ships-collectors and the ships integrated waste. Cur-

rently there is no methods of designing such vessels, taking into account the features used in 

environmental equipment and technology, as well as the intensity of traffic in the area of op-

eration. 

ʉʪʘʪʴʷ ʧʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ 31.05.2017 ʛ. 
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ɻ.ɺ. ɺʝʩʝʣʦʚ, ʜ.ʵ.ʥ., ʧʨʦʬʝʩʩʦʨ ʌɻɹʆʋ ɺʆ çɺɻʋɺʊè 

ɺ.ʄ. ʀʚʘʥʦʚ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʌɻɹʆʋ ɺʆ çɺɻʋɺʊè 

ɺ.ʀ. ʄʠʥʝʝʚ, ʜ.ʵ.ʥ., ʧʨʦʬʝʩʩʦʨ ʌɻɹʆʋ ɺʆ çɺɻʋɺʊè 

603951, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʫʣ. ʅʝʩʪʝʨʦʚʘ, 5 

ʇʈʆɹʃɽʄʓ ʀ ʄɽʍɸʅʀɿʄ ʈɽɸʃʀɿɸʎʀʀ  

ɺʅɽɼʈɽʅʀʗ ɻɸɿʆʄʆʊʆʈʅʆɻʆ ʊʆʇʃʀɺɸ  

ʅɸ ɺʆɼʅʆʄ ʊʈɸʅʉʇʆʈʊɽ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʠʨʦʜʥʳʡ ʛʘʟ, ʛʘʟʦʤʦʪʦʨʥʦʝ ʪʦʧʣʠʚʦ, ʚʦʜʥʳʡ ʪʨʘʥʩʧʦʨʪ, ʢʦʥʢʫ-

ʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ: ʤʠʨʦʚʦʡ ʦʧʳʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʥʘ ʪʨʘʥʩ-

ʧʦʨʪʝ, ʤʝʨʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʠ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʨʳʥʢʘ ʛʘʟʦʤʦʪʦʨʥʦʛʦ 

ʪʦʧʣʠʚʘ ʚ ʤʠʨʝ, ʧʨʦʙʣʝʤʳ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʨʝʯʥʦʤ ʪʨʘʥʩʧʦʨʪʝ 

 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʛʣʦʙʘʣʠʟʘʮʠʠ ʵʢʦʥʦʤʠʢ ʤʠʨʘ ʙʦʨʴʙʘ ʥʝ ʪʦʣʴʢʦ ʟʘ ʧʨʠ-

ʨʦʜʥʳʝ ʨʝʩʫʨʩʳ, ʟʘ ʨʳʥʢʠ ʩʙʳʪʘ ʧʨʦʜʫʢʮʠʠ, ʥʦ ʠ ʟʘ ʨʳʥʦʢ ʪʨʘʥʩʧʦʨʪʥʳʭ ʫʩʣʫʛ ʧʨʦ-

ʠʩʭʦʜʠʪ ʚ ʦʩʪʨʦʡ ʢʦʥʢʫʨʝʥʪʥʦʡ ʙʦʨʴʙʝ ʤʝʞʜʫ ʚʝʜʫʱʠʤʠ ʪʨʘʥʩʥʘʮʠʦʥʘʣʴʥʳʤʠ ʢʦʤ-

ʧʘʥʠʷʤʠ ʩ ʘʢʪʠʚʥʳʤ ʫʯʘʩʪʠʝʤ ʢʨʫʧʥʝʡʰʠʭ ʚʳʩʦʢʦʨʘʟʚʠʪʳʭ ʛʦʩʫʜʘʨʩʪʚ ʤʠʨʘ [1, 2]. 

ʆʧʨʝʜʝʣʷʶʱʘʷ ʨʦʣʴ ʚ ʧʨʦʜʚʠʞʝʥʠʠ ʧʨʦʜʫʢʮʠʠ ʥʘ ʤʠʨʦʚʳʝ ʨʳʥʢʠ ʠʛʨʘʝʪ ʪʨʘʥʩ-

ʧʦʨʪ; ʦʪ ʝʛʦ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʟʘʚʠʩʠʪ, ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ, ʮʝʥʘ ʧʨʦʜʫʢʮʠʠ ʥʘ ʤʠʨʦʚʳʭ 

ʨʳʥʢʘʭ, ʦʩʦʙʝʥʥʦ ʦʪ ʨʘʙʦʪʳ ʤʦʨʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʢʦʪʦʨʳʡ ʚʳʧʦʣʥʷʝʪ ʦʩʥʦʚʥʦʡ ʦʙʲ-

ʝʤ ʤʝʞʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʛʨʫʟʦʚʳʭ ʧʝʨʝʚʦʟʦʢ [3, 4, 5]. 

ʇʦ ʪʘʢʦʤʫ ʧʦʢʘʟʘʪʝʣʶ, ʢʘʢ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʧʝʨʝʚʦʟʦʢ, ʈʦʩʩʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʪʫʧʘ-

ʝʪ ʥʘʠʙʦʣʝʝ ʨʘʟʚʠʪʳʤ ʩʪʨʘʥʘʤ ʤʠʨʘ. ɼʦʣʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʠʟʜʝʨʞʝʢ ʚ ʚʘʣʦʚʦʤ ʚʥʫʪ-

ʨʝʥʥʝʤ ʧʨʦʜʫʢʪʝ ʈʦʩʩʠʠ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 20%, ʪʦʛʜʘ ʢʘʢ ʚ ɹʨʘʟʠʣʠʠ ʠ ʀʥʜʠʠ ï 

14%, ʉʐɸ ï 9%, ʗʧʦʥʠʠ ʠ ɻʝʨʤʘʥʠʠ ï 8% [6]. 

ʊʨʘʥʩʧʦʨʪʥʦʡ ʩʪʨʘʪʝʛʠʝʡ ʈʌ ʥʘ ʧʝʨʠʦʜ ʜʦ 2030 ʛʦʜʘ ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʦʩʥʦʚ-

ʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ ʈʦʩʩʠʠ ʧʨʝʜʫʩʤʦʪʨʝʥʦ 

ʩʥʠʞʝʥʠʝ ʪʨʘʥʩʧʦʨʪʥʳʭ ʠʟʜʝʨʞʝʢ ʠ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʨʘʟʚʠʪʠʷ ʪʨʘʥʩ-

ʧʦʨʪʥʦʡ ʦʪʨʘʩʣʠ. 

ʅʘʩʪʦʷʪʝʣʴʥʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʘʟʦʤʦʪʦʨʥʦʛʦ ʪʦʧʣʠʚʘ ʥʘ ʤʦʨʩʢʠʭ 

ʩʫʜʘʭ ʦʙʫʩʣʦʚʣʝʥʘ ʫʞʝʩʪʦʯʝʥʠʝʤ ʪʨʝʙʦʚʘʥʠʡ ʢ ʩʦʜʝʨʞʘʥʠʶ ʚʳʙʨʦʩʦʚ ʦʢʩʠʜʦʚ ʩʝʨʳ ʠ 

ʘʟʦʪʘ ʚ ʨʘʡʦʥʘʭ ɹʘʣʪʠʡʩʢʦʛʦ ʠ ʉʝʚʝʨʥʦʛʦ ʤʦʨʝʡ, ʧʨʠʙʨʝʞʥʳʭ ʚʦʜ ʉʐɸ ʠ ʂʘʥʘʜʳ, 

ʂʘʨʠʙʩʢʦʛʦ ʠ ʉʨʝʜʠʟʝʤʥʦʛʦ ʤʦʨʝʡ, ʘ ʪʘʢʞʝ ʧʦʙʝʨʝʞʴʷ ʗʧʦʥʠʠ ʠ ʜʨ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʛʨʫʟʦʚʳʭ ʩʫʜʦʚ ʨʝʯʥʦʛʦ ʬʣʦʪʘ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʛʘʟʦʤʦʪʦʨʥʦʤ 

ʪʦʧʣʠʚʝ, ʚ ʈʦʩʩʠʠ ʥʝʪ. ʆʜʥʘʢʦ çɿʝʣʝʥʦʜʦʣʴʩʢʠʡ ʟʘʚʦʜ ʠʤ. ɻʦʨʴʢʦʛʦè ʧʨʠʩʪʫʧʠʣ ʢ ʧʦ-

ʩʪʨʦʡʢʝ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʩʫʜʥʘ, ʥʘ ʢʦʪʦʨʦʤ ʧʣʘʥʠʨʫʝʪʩʷ ʠʟʥʘʯʘʣʴʥʦ ʫʩʪʘʥʦʚʠʪʴ ʜʚʠʛʘ-

ʪʝʣʠ, ʨʘʙʦʪʘʶʱʠʝ ʥʘ ʉʇɻ. 

ʇʦ ʥʘʰʠʤ ʨʘʩʯʝʪʘʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʪʦʧʣʠʚʘ ʥʘ ʛʨʫʟʦʚʳʭ ʩʫʜʘʭ ʪʠ-

ʧʘ çɺʦʣʛʦ-ɼʦʥè ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴʶ 5000ï5500 ʪ. ʧʦʟʚʦʣʠʪ ʩʥʠʟʠʪʴ ʩʝʙʝʩʪʦʠʤʦʩʪʴ 

ʧʝʨʝʚʦʟʦʢ ʥʘ 20ï22%. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʛʘʟʦʤʦʪʦʨʥʦʛʦ ʪʦʧʣʠʚʘ ʚ ʤʠʨʝ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʙʦʣʝʝ ʯʝʤ ʚ 80 

ʩʪʨʘʥʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ, ʪʘʢʠʭ ʢʘʢ ʀʨʘʥ, ʇʘʢʠʩʪʘʥ, ɹʨʘʟʠʣʠʷ, ʉʐɸ, ʀʪʘʣʠʷ, ɻʝʨʤʘʥʠʷ ʠ 

ʪ.ʜ. ʇʘʨʢ ʘʚʪʦʤʦʙʠʣʝʡ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʢʦʤʧʨʠʤʠʨʦʚʘʥʥʦʤ ʧʨʠʨʦʜʥʦʤ ʛʘʟʝ, ʚ ʤʠʨʝ 

ʥʘʩʯʠʪʳʚʘʝʪ ʙʦʣʝʝ 22 ʤʣʥ. ʘʚʪʦʤʦʙʠʣʝʡ (ʨʠʩ. 1) ʠ ʝʞʝʛʦʜʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 25ï

39%. ɿʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʩʫʤʤʘʨʥʳʡ ʤʠʨʦʚʦʡ ʩʧʨʦʩ ʥʘ ʩʞʠʞʝʥʥʳʡ ʧʨʠʨʦʜʥʳʡ ʛʘʟ ʚ 

ʩʨʝʜʥʝʤ ʫʚʝʣʠʯʠʚʘʣʩʷ ʥʘ 7,6% ʚ ʛʦʜ ʠ ʢ 2030 ʛʦʜʫ ʧʨʦʛʥʦʟʠʨʫʝʪʩʷ ʨʦʩʪ ʙʦʣʝʝ ʯʝʤ ʚ 2 

ʨʘʟʘ [7]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʚ ʢʘʯʝʩʪʚʝ ʩʫʜʦʚʦʛʦ ʪʦʧʣʠʚʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʥʦ-



ɻ.ɺ. ɺʝʩʝʣʦʚ, ɺ.ʄ. ʀʚʘʥʦʚ, ɺ.ʀ. ʄʠʥʝʝʚ 
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ʩʪʴʶ ʠʩʢʣʶʯʠʪʴ ʚʳʙʨʦʩʳ ʩʝʨʳ, ʫʤʝʥʴʰʠʪʴ ʚʳʙʨʦʩʳ ʦʢʠʩʠ ʘʟʦʪʘ ʚ ʜʚʘ ʨʘʟʘ, ʜʠʦʢʩʠʜʘ 

ʫʛʣʝʨʦʜʘ ʚ 2ï3 ʨʘʟʘ, ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʚ 10 ʨʘʟ ʠ ʜʨ., ʪʦ ʝʩʪʴ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʧʨʦ-

ʙʣʝʤʘ ʨʝʰʘʝʪʩʷ ʢʘʨʜʠʥʘʣʴʥʦ [8]. 

 

 

ʈʠʩ. 1. ʉʧʨʦʩ ʥʘ ʂʇɻ ʠ ʉʇɻ ʠ ʧʘʨʢ ʘʚʪʦʤʦʙʠʣʝʡ ʥʘ ʛʘʟʦʚʦʤ ʪʦʧʣʠʚʝ ʚ ʤʠʨʝ1 

ʇʝʨʝʚʦʜ ʪʨʘʥʩʧʦʨʪʘ ʥʘ ʛʘʟʦʤʦʪʦʨʥʦʝ ʪʦʧʣʠʚʦ, ʢʘʢ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʤʠʨʦʚʦʡ ʦʧʳʪ, 

ʷʚʣʷʝʪʩʷ ʧʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟ-

ʦʧʘʩʥʦʩʪʠ ʩʪʨʘʥʳ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʙʝʟ ʤʝʨ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʠ ʩʪʠʤʫʣʠʨʦʚʘ-

ʥʠʷ ʨʝʰʝʥʠʝ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. ʅʝʢʦʪʦʨʳʝ ʤʝʨʦʧʨʠʷ-

ʪʠʷ, ʧʨʦʚʦʜʠʤʳʝ ʚ ʩʪʨʘʥʘʭ ʤʠʨʘ, ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1 [9]. 

ʊʘʙʣʠʮʘ 1 

ʄʝʨʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʠ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ  

ʛʘʟʦʤʦʪʦʨʥʦʛʦ ʪʦʧʣʠʚʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʪʨʘʥʘʭ 

ɻʦʩʫʜʘʨʩʪʚʦ ʄʝʨʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʠ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ  

ʇʘʢʠʩʪʘʥ ɿʘʧʨʝʪ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʶ ʜʠʟʝʣʴʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʚ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢ-

ʪʘʭ ʠ ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʭ ʟʦʥʘʭ; 

ʃʴʛʦʪʥʳʝ ʢʨʝʜʠʪʳ ʥʘ ʧʝʨʝʦʙʦʨʫʜʦʚʘʥʠʝ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʥʘ ʧʨʠʨʦʜʥʳʡ 

ʛʘʟ 

ʀʨʘʥ ʇʨʝʜʦʩʪʘʚʣʝʥʠʝ ʪʨʘʥʩʧʦʨʪʥʳʤ ʧʨʝʜʧʨʠʷʪʠʷʤ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʧʨʠʨʦʜʥʳʡ ʛʘʟ 

ʚ ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʛʦ ʧʨʘʚʘ ʥʘ ʧʦʣʫʯʝʥʠʝ ʤʫʥʠʮʠʧʘʣʴʥʦʛʦ 

ʟʘʢʘʟʘ; 

ʆʩʚʦʙʦʞʜʝʥʠʝ ʠʤʧʦʨʪʥʦʛʦ ʛʘʟʦʟʘʧʨʘʚʦʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʪ ʪʘʤʦʞʝʥʥʳʭ 

ʧʦʰʣʠʥ 

ʀʪʘʣʠʷ ɿʘʧʨʝʪ ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʟʘʧʨʘʚʦʯʥʳʭ ʩʪʘʥʮʠʡ ʙʝʟ ʙʣʦʢʘ ʟʘʧʨʘʚʢʠ ʛʘʟʦʤ; 

ʇʨʝʜʦʩʪʘʚʣʝʥʠʝ ʪʨʘʥʩʧʦʨʪʥʳʤ ʧʨʝʜʧʨʠʷʪʠʷʤ, ʠʩʧʦʣʴʟʫʶʱʠʤ ʛʘʟʦʚʦʝ ʪʦʧʣʠ-

ʚʦ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʛʦ ʧʨʘʚʘ ʥʘ ʧʦʣʫʯʝʥʠʝ ʤʫʥʠʮʠʧʘʣʴʥʦʛʦ ʟʘʢʘʟʘ; 

ɺʳʧʣʘʪʘ ʩʫʙʩʠʜʠʡ ʥʘ ʧʝʨʝʦʙʦʨʫʜʦʚʘʥʠʝ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʥʘ ʛʘʟ 

ʂʠʪʘʡ ɿʘʧʨʝʪ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʶ ʜʠʟʝʣʴʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʚ ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʭ 

ʟʦʥʘʭ; 

ʉʐɸ ʈʘʟʨʝʰʝʥʠʝ ʥʘ ʚʲʝʟʜ ʚ ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʝ ʟʦʥʳ ʜʣʷ ʪʨʘʥʩʧʦʨʪʘ ʥʘ ʛʘʟʝ 

                                                           
1 http://www.gazpronin.ru/GlobalNGVMarkt20150108.html 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 52, 2017 ʛ. 
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ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʘʢʪʫʘʣʴʥʦʩʪʴ ʚʦʧʨʦʩʘ ʦ ʧʝʨʝʭʦʜʝ ʥʘ ʛʘʟʦʚʳʝ ʚʠʜʳ ʪʦʧʣʠʚʘ 

ʦʧʨʝʜʝʣʝʥʘ ʚ ʫʢʘʟʘʭ ʇʨʝʟʠʜʝʥʪʘ ʈʌ, ʧʦʩʣʘʥʠʷʭ ʇʨʝʟʠʜʝʥʪʘ ʈʌ ʌʝʜʝʨʘʣʴʥʦʤʫ ʩʦʙʨʘ-

ʥʠʶ ʈʌ, ʇʨʦʛʥʦʟʝ ʜʦʣʛʦʩʨʦʯʥʦʛʦ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʈʌ ʥʘ ʧʝʨʠʦʜ 

ʜʦ 2030 ʛʦʜʘ, ʊʨʘʥʩʧʦʨʪʥʦʡ ʩʪʨʘʪʝʛʠʠ ʈʌ ʥʘ ʧʝʨʠʦʜ ʜʦ 2030 ʛʦʜʘ, ʉʪʨʘʪʝʛʠʠ ʨʘʟʚʠʪʠʷ 

ʚʥʫʪʨʝʥʥʝʛʦ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʥʘ ʧʝʨʠʦʜ ʜʦ 2030 ʛʦʜʘ, ʕʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʪʨʘʪʝʛʠʠ 

ʈʦʩʩʠʠ ʥʘ ʧʝʨʠʦʜ ʜʦ 2030 ʛʦʜʘ, ʉʪʨʘʪʝʛʠʠ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʈʌ ʥʘ ʧʝʨʠʦʜ ʜʦ 

2020 ʛʦʜʘ ʠ ʜʨ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʥʘ ʧʫʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʘʟʦʤʦʪʦʨʥʦʛʦ ʪʦʧʣʠʚʘ ʚ ʈʦʩʩʠʠ ʠʤʝʝʪʩʷ 

ʝʱʝ ʤʥʦʞʝʩʪʚʦ ʧʨʝʛʨʘʜ ʠ ʥʝʨʝʰʝʥʥʳʭ ʚʦʧʨʦʩʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʧʝʨʝʭʦʜʘ ʨʝʯʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ ʥʘ ʛʘʟʦʤʦʪʦʨʥʦʝ ʪʦʧʣʠʚʦ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʥʝʦʙʭʦʜʠʤʦ: 

1. ʈʘʟʨʘʙʦʪʘʪʴ ʤʝʭʘʥʠʟʤʳ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʜʣʷ ʩʫʜʦʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʠ 

ʩʫʜʦʭʦʜʥʳʭ ʢʦʤʧʘʥʠʡ, ʩʪʨʦʷʱʠʭ ʠ ʠʩʧʦʣʴʟʫʶʱʠʭ ʩʫʜʘ ʥʘ ʛʘʟʦʤʦʪʦʨʥʦʤ ʪʦʧʣʠʚʝ; 

2. ʉʦʟʜʘʪʴ ʫʩʣʦʚʠʷ ʜʣʷ ʨʘʟʚʠʪʠʷ ʟʘʧʨʘʚʦʯʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʛʘʟʦʤʦʪʦʨʥʳʤ 

ʪʦʧʣʠʚʦʤ ʥʘ ʚʥʫʪʨʝʥʥʠʭ ʚʦʜʥʳʭ ʧʫʪʷʭ; 

3. ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʡ ʙʘʟʳ ʚ ʩʬʝʨʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʘʟʦʚʦʛʦ 

ʪʦʧʣʠʚʘ ʥʘ ʨʝʯʥʦʤ ʪʨʘʥʩʧʦʨʪʝ; 

4. ʇʨʝʜʫʩʤʦʪʨʝʪʴ ʚ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʷʭ ʈʦʩʤʦʨʨʝʯʬʣʦʪʘ ʧʨʦʛʨʘʤʤʳ ʧʦʜʛʦʪʦʚʢʠ 

ʠ ʧʝʨʝʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. 

ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʘʟʦʚʦʛʦ ʪʦʧʣʠʚʘ ʷʚʣʷʝʪʩʷ 

ʧʝʨʝʚʦʜ ʥʘ ʛʘʟʦʤʦʪʦʨʥʦʝ ʪʦʧʣʠʚʦ ʩʫʜʦʚ ʨʝʯʥʦʛʦ ʬʣʦʪʘ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʜʣʷ ʟʘʧʨʘʚ-

ʢʠ ʵʪʠʭ ʩʫʜʦʚ ʪʦʧʣʠʚʦʤ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʛʦʨʦʜʩʢʘʷ ʛʘʟʦʚʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʨʝʯʥʳʝ ʧʦʨʪʳ ʚ ɺʦʣʞʩʢʦ-ʂʘʤʩʢʦʤ ʙʘʩʩʝʡʥʝ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʨʘʩ-

ʩʪʦʷʥʠʠ ʧʦʨʷʜʢʘ 300ï400 ʢʤ, ʘ ʵʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʙʦʣʴʰʠʭ ʝʤʢʦʩʪʝʡ ʜʣʷ ʛʘʟʦʚʦʛʦ ʪʦʧʣʠ-

ʚʘ ʥʘ ʩʫʜʥʝ ʥʝ ʧʦʪʨʝʙʫʝʪʩʷ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʨʘʙʦʪʝ ʥʘ ʩʞʠʞʝʥʥʦʤ ʛʘʟʝ, ʧʦʩʢʦʣʴʢʫ ʦʥ 

ʟʘʥʠʤʘʝʪ ʚ 2,5ï3 ʨʘʟʘ ʤʝʥʴʰʝ ʤʝʩʪʘ.  

ʇʨʦʙʣʝʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʪʦʧʣʠʚʘ ʥʘ ʨʝʯʥʦʤ ʪʨʘʥʩʧʦʨʪʝ, ʥʘ ʥʘʰ 

ʚʟʛʣʷʜ, ʩʣʝʜʫʝʪ ʥʘʯʠʥʘʪʴ ʩ ʩʦʟʜʘʥʠʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʚ ɺʦʣʞʩʢʦ-ʂʘʤʩʢʦʤ ʙʘʩʩʝʡʥʝ: 

ʙʘʟ ʩʥʘʙʞʝʥʠʷ ʩʫʜʦʚ ʛʘʟʦʦʙʨʘʟʥʳʤ ʪʦʧʣʠʚʦʤ, ʦʙʫʯʝʥʠʷ ʙʝʨʝʛʦʚʦʛʦ ʠ ʧʣʘʚʘʶʱʝʛʦ 

ʧʝʨʩʦʥʘʣʘ ʪʝʭʥʠʢʝ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʙʦʨʴʙʳ ʩ ʦʛʥʝʤ, ʨʘʟʨʘʙʦʪʢʠ ʧʨʘʚʠʣ ʧʨʦʧʫʩʢʘ ʩʫʜʦʚ 

ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʰʣʶʟʦʚʘʥʠʷ ʠ ʪ.ʜ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʦʨʛʘʥʠʟʘʮʠʠ ʩʥʘʙʞʝʥʠʷ ʩʫʜʦʚ ʚ ʙʘʩʩʝʡʥʝ ʛʘʟʦʦʙʨʘʟʥʳʤ ʪʦʧʣʠʚʦʤ 

ʥʫʞʥʘ ʥʦʚʘʷ ʩʪʨʫʢʪʫʨʘ ï çɻʘʟʨʝʯʬʣʦʪʩʥʘʙè ʩ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʬʠʥʘʥʩʠʨʦʚʘʥʠʝʤ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʳ ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʬʣʦʪʘ ʪʦʧʣʠʚʦʤ, ʨʘʟʨʘʙʦʪʢʠ ʧʨʘ-

ʚʠʣ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʥʘʙʞʝʥʠʷ ʩʫʜʦʚ, ʦʙʫʯʝʥʠʷ ʧʝʨʩʦʥʘʣʘ ʩ ʧʨʠʚʣʝʯʝʥʠʝ ʩʧʝʮʠʘʣʠʩʪʦʚ 

ɻʘʟʧʨʦʤʘ, ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ ʪʨʘʥʩʧʦʨʪʘ ʠ ʥʘʜʟʦʨʥʳʭ ʦʨʛʘʥʦʚ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦ-

ʟʜʘʥʠʷ ʥʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʩʚʷʟʘʥʘ ʩ ʪʝʤ, ʯʪʦ ʩʝʛʦʜʥʷ ʚ ɺʦʣʞʩʢʦ-ʂʘʤʩʢʦʤ ʙʘʩʩʝʡʥʝ ʚʤʝ-

ʩʪʦ 4 ʢʨʫʧʥʳʭ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʩʫʜʦʭʦʜʥʳʭ ʢʦʤʧʘʥʠʡ ʚʦʟʥʠʢʣʦ ʩʚʳʰʝ 200 ʧʨʝʜʧʨʠ-

ʷʪʠʡ; ʠʟ ʥʠʭ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʠʤʝʝʪ ʦʪ 1 ʜʦ 2 ʩʫʜʦʚ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ. 

ʂʨʦʤʝ ʪʦʛʦ, ʩʦʛʣʘʩʥʦ ʩʪʘʪʠʩʪʠʢʝ [10], ʙʦʣʝʝ 36% ʧʨʝʜʧʨʠʷʪʠʡ ʨʝʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ 

ʫʙʳʪʦʯʥʳ. ʌʘʢʪʠʯʝʩʢʠ ʢʦʣʠʯʝʩʪʚʦ ʫʙʳʪʦʯʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ. ʇʦ-

ʵʪʦʤʫ ʪʦʣʴʢʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʠʪ ʨʝʘʣʠʟʦʚʘʪʴ ʧʝʨʝʭʦʜ ʨʝʯʥʦ-

ʛʦ ʪʨʘʥʩʧʦʨʪʘ ʥʘ ʘʣʴʪʝʨʥʘʪʠʚʥʦʝ ʪʦʧʣʠʚʦ. ʇʝʨʝʭʦʜ ʥʘ ʛʘʟʦʤʦʪʦʨʥʦʝ ʪʦʧʣʠʚʦ ʧʦʟʚʦʣʠʪ 

ʠʟʙʝʞʘʪʴ ʫʙʳʪʦʯʥʦʩʪʠ ʩʫʜʦʭʦʜʥʳʭ ʢʦʤʧʘʥʠʡ, ʧʦʚʳʩʠʪʴ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ 

ʧʨʝʜʧʨʠʷʪʠʡ ʨʝʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʚ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʝ ʈʦʩʩʠʠ ʠ ʚ ʤʠʨʝ. 
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PROBLEMS AND MECHANI SM FOR REALIZING  

THE INTRODUCTION OF GAS ENGINE FUEL  

ON AN AQUEOUS TRANS-PORT 

G.V. Veselov, V.M. Ivanov, V.I. Mineev 
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The article examines: the world experience in the use of natural gas on the trans-port, 

measures of state support and stimulation of the market of gas-powered fuel in the world, 

problems and prospects for its use in river transport. 

ʉʪʘʪʴʷ ʧʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ 06.03.2017 ʛ. 

 

 

 

ʋɼʂ 336.1 

 
ɸ.ɺ. ɺʦʨʦʙʴʝʚ, ʜ.ʵ.ʥ., ʧʨʦʬʝʩʩʦʨ ʌɻɹʆʋ ɺʆ çɺɻʋɺʊè 

ɽ.ɺ. ʋʧʘʜʳʰʝʚʘ, ʘʩʧʠʨʘʥʪ ʌɻɹʆʋ ɺʆ çɺɻʋɺʊè 

603951, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʫʣ. ʅʝʩʪʝʨʦʚʘ, 5 

ɸʅɸʃʀɿ ʉʋʑʅʆʉʊʀ ʀ ɿʅɸʏʀʄʆʉʊʀ  

ɹʖɼɾɽʊʅʆɻʆ ʇʃɸʅʀʈʆɺɸʅʀʗ ʀ ʇʈʆɻʅʆɿʀʈʆɺɸʅʀʗ  

ɺ ʉʆɺʈɽʄɽʅʅʓʍ ʕʂʆʅʆʄʀʏɽʉʂʀʍ ʋʉʃʆɺʀʗʍ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʣʘʥ, ʧʨʦʛʥʦʟ, ʧʣʘʥʠʨʦʚʘʥʠʝ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ, ʙʶʜʞʝʪ, ʙʶʜʞʝʪʥʦʝ 

ʧʣʘʥʠʨʦʚʘʥʠʝ, ʙʶʜʞʝʪʥʦʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ, ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ. 

 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʥʷʪʠʡ çʧʣʘʥè ʠ çʧʨʦʛʥʦʟè, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʦʪʝ-

ʯʝʩʪʚʝʥʥʦʡ ʠ ʟʘʨʫʙʝʞʥʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ, ʠʩʩʣʝʜʦʚʘʥʳ ʥʶʘʥʩʳ ʠ ʨʘʟʣʠʯʠʷ 

ʧʨʠʚʝʜʝʥʥʳʭ ʦʧʨʝʜʝʣʝʥʠʡ, ʚʳʚʝʜʝʥʳ ʥʦʚʳʝ ʦʧʨʝʜʝʣʝʥʠʷ ʙʶʜʞʝʪʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ 

ʙʶʜʞʝʪʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʘʜʘʧʪʠʨʦʚʘʥʥʳʝ ʢ ʩʦʚʨʝʤʝʥʥʳʤ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʫʩʣʦ-
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ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 52, 2017 ʛ. 
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ʚʠʷʤ, ʦʙʦʩʥʦʚʘʥʘ ʟʥʘʯʠʤʦʩʪʴ ʪʦʯʥʦʩʪʠ ʙʶʜʞʝʪʥʳʭ ʧʣʘʥʦʚ ʠ ʧʨʦʛʥʦʟʦʚ ʜʣʷ ʧʨʦʚʝʜʝ-

ʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʙʶʜʞʝʪʥʦʡ ʠ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʧʦʣʠʪʠʢʠ ʪʝʨʨʠʪʦʨʠʡ. 

 

ʈʦʣʴ ʠ ʤʝʩʪʦ ʙʶʜʞʝʪʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʙʶʜʞʝʪʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʚ ʩʠʩʪʝ-

ʤʝ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʭ ʪʝʩʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʠ ʪʝʤ 

ʬʘʢʪʦʤ, ʯʪʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʢʦʥʮʝʧʪʫʘʣʴʥʦʡ ʙʘʟʦʡ ʜʣʷ ʧʨʦʨʘʙʦʪʢʠ, ʧʦʜʛʦ-

ʪʦʚʢʠ, ʘʥʘʣʠʟʘ ʠ ʫʪʚʝʨʞʜʝʥʠʷ ʧʣʘʥʦʚʳʭ ʨʝʰʝʥʠʡ. ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʦʧʨʝʜʝʣʷʝʪ 

ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʚʳʨʘʙʦʪʢʠ ʢʦʥʢʨʝʪʥʳʭ ʧʣʘʥʦʚ, ʫʯʠʪʳʚʘʶʱʠʭ 

ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʠʪʫʘʮʠʡ, ʚ ʢʦʪʦʨʳʭ ʦʥʠ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ, ʠ ʚ ʪʝʭ, ʚ ʢʦ-

ʪʦʨʳʭ ʦʥʠ ʙʫʜʫʪ ʜʝʡʩʪʚʦʚʘʪʴ: ʙʣʠʞʘʡʰʘʷ ʧʝʨʩʧʝʢʪʠʚʘ, ʩʨʝʜʥʝʩʨʦʯʥʘʷ ʧʝʨʩʧʝʢʪʠʚʘ ʠ 

ʦʪʜʘʣʝʥʥʦʝ ʙʫʜʫʱʝʝ. 

ɹʶʜʞʝʪʥʦʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʩʪʨʦʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʜʦʭʦʜʦʚ ʠ 

ʨʘʩʭʦʜʦʚ ʙʶʜʞʝʪʘ ʠ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ ʠʭ ʨʘʟʚʠʪʠʷ ʚ ʙʫʜʫʱʝʤ, ʚʧʠʩʳʚʘʶʱʠʭʩʷ ʚ 

ʨʘʤʢʠ ʪʝʢʫʱʝʡ ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʠ ʩʦʮʠʘʣʴʥʦʡ ʧʦʣʠʪʠʢʠ ʛʦʩʫʜʘʨʩʪʚʘ, 

ʪʝʨʨʠʪʦʨʠʠ, ʤʫʥʠʮʠʧʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. ʇʨʦʛʥʦʟʳ ʚʳʩʪʫʧʘʶʪ ʩʚʦʝʦʙʨʘʟʥʦʡ ʧʦʜ-

ʣʦʞʢʦʡ ʜʣʷ ʧʨʦʮʝʩʩʘ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʧʣʘʥʦʚ, ʧʨʦʢʣʘʜʳʚʘʶʱʠʭ ʧʝʨʩʧʝʢʪʠʚʥʳʡ 

ʤʘʨʰʨʫʪ ʜʚʠʞʝʥʠʷ ʥʘʮʠʦʥʘʣʴʥʦʡ ʵʢʦʥʦʤʠʢʠ ʚ ʙʳʩʪʨʦ ʤʝʥʷʶʱʝʡʩʷ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʚʥʝʰʥʝʡ ʩʨʝʜʝ. 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʦʧʨʝʜʝʣʝʥʠʡ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʧʣʘʥʦʚ.  

ʊʘʢ, ʀ.ɺ. ɹʝʩʪʫʞʝʚ-ʃʘʜʘ ʩʯʠʪʘʝʪ, ʯʪʦ çʧʣʘʥ ï ʨʝʰʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʠʩʪʝʤʳ ʤʝ-

ʨʦʧʨʠʷʪʠʡ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʠʡ ʧʦʨʷʜʦʢ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, ʩʨʦʢʠ ʠ ʩʨʝʜʩʪʚʘ ʚʳ-

ʧʦʣʥʝʥʠʷè, ʘ ʧʣʘʥʠʨʦʚʘʥʠʝ, ʩʦʛʣʘʩʥʦ ʝʛʦ ʦʧʨʝʜʝʣʝʥʠʷ, ï ʵʪʦ çʧʨʦʝʢʮʠʷ ʚ ʙʫʜʫʱʝʝ 

ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʨʝʜʫʩʪʘʥʦʚʣʝʥʥʦʡ ʮʝʣʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥ-

ʥʳʭ ʩʨʝʜʩʪʚʘʭ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʙʫʜʫʱʝʤ ʚ ʜʠʨʝʢʪʠʚʳ ʜʣʷ ʮʝʣʝʥʘʧʨʘʚ-

ʣʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠè [1ï13,14].  

ɼʨʫʛʘʷ ʛʨʫʧʧʘ ʩʦʚʝʪʩʢʠʭ ʵʢʦʥʦʤʠʩʪʦʚ, ʦʧʨʝʜʝʣʷʷ ʩʫʱʥʦʩʪʴ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʧʨʦ-

ʛʥʦʟʠʨʦʚʘʥʠʷ, ʧʨʠʜʝʨʞʠʚʘʝʪʩʷ ʪʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʯʪʦ çʩʣʝʜʫʝʪ ʨʘʟʣʠʯʘʪʴ ʧʨʦʛʥʦʟ, 

ʬʦʨʤʫʣʠʨʦʚʘʥʠʝ ʮʝʣʠ ʠ ʧʣʘʥʠʨʦʚʘʥʠʝè. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʘʥʥʦʡ ʣʦʛʠʢʦʡ, ʧʨʦʮʝʩʩ 

ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʚʥʘʯʘʣʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ 

ʢʘʢ ʦʧʨʝʜʝʣʝʥʠʝ ʘʣʴʪʝʨʥʘʪʠʚ ʨʘʟʚʠʪʠʷ ʚ ʰʠʨʦʢʦʤ ʩʤʳʩʣʝ; ʟʘʪʝʤ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʠ ʚ 

ʩʚʷʟʠ ʩ ʜʨʫʛʠʤʠ ʩʚʝʜʝʥʠʷʤʠ, ʪʨʝʙʦʚʘʥʠʷʤʠ ʠ ʚʟʘʠʤʦʩʚʷʟʷʤʠ ʚ ʩʠʩʪʝʤʝ ʚʩʝʛʦ ʦʙʱʝ-

ʩʪʚʘ ʧʨʦʚʦʜʠʪʩʷ ʬʦʨʤʫʣʠʨʦʚʘʥʠʝ ʮʝʣʠ ʩ ʧʦʤʦʱʴʶ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʦʨʠʝʥʪʠʨʦʚʦʯʥʳʭ 

ʟʥʘʯʝʥʠʡ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʦʛʦ ʨʘʟ-

ʚʠʪʠʷ ʵʢʦʥʦʤʠʢʠ, ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ. ʀ ʥʘ ʦʩʥʦʚʝ ʚʩʝʛʦ ʵʪʦʛʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪ-

ʢʘ ʠ ʦʢʦʥʯʘʪʝʣʴʥʳʡ ʚʳʙʦʨ ʧʫʪʝʡ ʠ ʩʨʝʜʩʪʚ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ, ʪ. ʝ. ʧʣʘʥʠʨʦʚʘʥʠʝè [2ï

10].  

ɽʱʝ ʦʜʥʘ ʛʨʫʧʧʘ ʩʦʚʝʪʩʢʠʭ ʵʢʦʥʦʤʠʩʪʦʚ ʦʧʨʝʜʝʣʷʝʪ ʧʨʦʛʥʦʟ ʢʘʢ çʚʳʩʢʘʟʳʚʘʥʠʝ, 

ʬʠʢʩʠʨʫʶʱʝʝ ʚ ʪʝʨʤʠʥʘʭ ʢʘʢʦʡ-ʣʠʙʦ ʷʟʳʢʦʚʦʡ ʩʠʩʪʝʤʳ ʥʝʥʘʙʣʶʜʘʝʤʦʝ ʩʦʙʳʪʠʝ ʠ 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʝ ʩʣʝʜʫʶʱʠʤ ʫʩʣʦʚʠʷʤ: 

ï ʚ ʤʦʤʝʥʪ ʚʳʩʢʘʟʳʚʘʥʠʷ ʥʝʣʴʟʷ ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʝʛʦ ʠʩʪʠʥʥʦʩʪʴ ʠʣʠ ʣʦʞ-

ʥʦʩʪʴ; 

ï ʵʪʦ ʚʳʩʢʘʟʳʚʘʥʠʝ ʩʦʜʝʨʞʠʪ ʫʢʘʟʘʥʠʝ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʠʣʠ ʚʨʝʤʝʥʥʦʡ ʠʥ-

ʪʝʨʚʘʣ (ʢʦʥʝʯʥʳʡ), ʚʥʫʪʨʠ ʢʦʪʦʨʦʛʦ ʧʨʦʠʟʦʡʜʝʪ ʧʨʦʛʥʦʟʠʨʫʝʤʦʝ ʩʦʙʳʪʠʝ; 

ï ʚ ʤʦʤʝʥʪ ʚʳʩʢʘʟʳʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʧʦʣʘʛʘʪʴ ʩʧʦʩʦʙʘʤʠ: ʘ) ʧʨʦʚʝʨʢʠ ʤʝʪʦʜʘ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ; ʙ) ʘʧʨʠʦʨʥʦʡ ʦʮʝʥʢʠ ʚʝʨʦʷʪʥʦʩʪʠ ʧʦʷʚʣʝʥʠʷ ʧʨʦʛʥʦʟʠʨʫʝʤʦʛʦ ʩʦ-

ʙʳʪʠʷ; ʚ) ʧʨʦʚʝʨʢʠ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʨʦʛʥʦʟʠʨʫʝʤʦʛʦ ʩʦʙʳʪʠʷè [3ï8, 9]. 

ʋʯʝʥʳʝ ɸ.ɺ. ɺʦʨʦʙʴʝʚ ʠ ɺ.ɽ. ʃʝʦʥʪʴʝʚ ʧʨʠʚʦʜʷʪ ʩʣʝʜʫʶʱʝʝ ʦʧʨʝʜʝʣʝʥʠʝ ʬʠʥʘʥ-

ʩʦʚʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ: çʬʠʥʘʥʩʦʚʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ð ʚʠʜ ʫʧʨʘʚʣʝʥʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦ-

ʩʪʠ ʤʝʥʝʜʞʤʝʥʪʘ ʧʨʝʜʧʨʠʷʪʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʩʠʩʪʝʤʳ ʬʠʥʘʥʩʦʚʳʭ 

ʧʣʘʥʦʚ ʧʦ ʦʪʜʝʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʝʛʦ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʨʝʘʣʠʟʘʮʠʶ 

ʬʠʥʘʥʩʦʚʦʡ ʩʪʨʘʪʝʛʠʠ ʥʘ ʧʨʝʜʩʪʦʷʱʠʡ ʧʝʨʠʦʜè, ʧʨʠ ʵʪʦʤ ʬʠʥʘʥʩʦʚʳʡ ʧʣʘʥ ʦʧʨʝʜʝ-

ʣʝʥ ʢʘʢ çʦʙʦʙʱʝʥʥʳʡ ʧʣʘʥʦʚʳʡ ʜʦʢʫʤʝʥʪ, ʦʪʨʘʞʘʶʱʠʡ ʧʦʩʪʫʧʣʝʥʠʝ ʠ ʨʘʩʭʦʜʦʚʘʥʠʝ 



ɸ.ɺ. ɺʦʨʦʙʴʝʚ, ɽ.ɺ.ʋʧʘʜʳʰʝʚʘ 
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ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ ʥʘ ʪʝʢʫʱʠʡ (ʜʦ ʦʜʥʦʛʦ ʛʦʜʘ) ʠ ʜʦʣʛʦʩʨʦʯʥʳʡ (ʩʚʳʰʝ ʦʜʥʦʛʦ ʛʦʜʘ) 

ʧʝʨʠʦʜʳè [4ï154]. 

ʈʷʜ ʫʯʝʥʳʭ-ʵʢʦʥʦʤʠʩʪʦʚ ʧʨʠʜʝʨʞʠʚʘʝʪʩʷ ʤʥʝʥʠʷ ʦ ʪʦʤ, ʯʪʦ ʧʨʦʛʥʦʟ ʷʚʣʷʝʪʩʷ 

ʮʝʣʴʥʳʤ ʪʝʤʘʪʠʯʝʩʢʠʤ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʩʦ ʩʚʦʝʡ ʣʦʛʠʢʦʡ, ʤʝʪʦʜʠʢʦʡ, ʚʢʣʶʯʘʶʱʠʤ ʠ 

ʢʘʯʝʩʪʚʝʥʥʳʡ, ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ, ʠʤʝʶʱʠʤ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʝ ʥʘʫʯʥʦʝ ʟʥʘʯʝ-

ʥʠʝ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʦʢʦʥʯʘʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʟʨʘʙʦʪʢʠ ʧʣʘʥʘ [1ï14, 15].  

ʐʝʚʯʝʥʢʦ ɼ.ʂ., ʀ ʏʝʙʫʥʠʥ ʇ.ʂ., ʵʢʦʥʦʤʠʩʪʳ ʠʟ ɺʣʘʜʠʚʦʩʪʦʢʘ, ʩʯʠʪʘʶʪ, ʯʪʦ 

çʇʣʘʥ-ʧʨʦʛʥʦʟ ï ʵʪʦ ʧʨʦʛʨʘʤʤʘ ʜʝʡʩʪʚʠʡ ʢʦʣʣʝʢʪʠʚʦʚ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʦʨʛʘʥʠʟʘʮʠʡ ʚ 

ʙʣʠʞʘʡʰʝʤ ʙʫʜʫʱʝʤ ʠ ʪʨʝʙʫʝʤʳʝ ʜʣʷ ʝʝ ʚʳʧʦʣʥʝʥʠʷ ʪʨʫʜʦʚʳʝ, ʤʘʪʝʨʠʘʣʴʥʦ-

ʪʝʭʥʠʯʝʩʢʠʝ, ʬʠʥʘʥʩʦʚʳʝ ʠ ʜʨʫʛʠʝ ʨʝʩʫʨʩʳè [5ï39]. ɼʘʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦ ʩʫʪʠ ʚʝʨ-

ʥʦʝ, ʦʜʥʘʢʦ, ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦ ʩʦʩʪʘʚʠʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʪʦʯ-

ʥʳʡ ʧʨʦʛʥʦʟ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʧʦʩʢʦʣʴʢʫ ʝʩʣʠ ʚ ʫʩʣʦʚʠʷʭ ʧʣʘʥʦʚʦʡ 

ʵʢʦʥʦʤʠʢʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʧʨʝʜʧʨʠʷʪʠʡ ʟʘʢʣʘʜʳʚʘʣʠʩʴ ʚ ʵʢʦ-

ʥʦʤʠʯʝʩʢʦʝ ʠ ʙʶʜʞʝʪʥʦʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʠ ʯʝʪʢʦ ʧʨʦʩʣʝʞʠʚʘʣʦʩʴ ʚʳʧʦʣʥʝʥʠʝ ʧʣʘ-

ʥʘ (ʧʨʦʛʥʦʟʘ), ʣʠʙʦ ʦʪʢʣʦʥʝʥʠʷ, ʘ ʪʘʢʞʝ ʚʠʜʥʳ ʙʳʣʠ ʧʨʠʯʠʥʳ ʦʪʢʣʦʥʝʥʠʷ, ʟʘʚʠʩʷʱʠʝ 

ʥʘʧʨʷʤʫʶ ʦʪ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʢʘʟʘ, ʪʦ ʚ ʩʦ-

ʚʨʝʤʝʥʥʳʭ ʨʳʥʦʯʥʳʭ ʫʩʣʦʚʠʷʭ ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʨʝʜʧʨʠʷʪʠʡ ʥʝ ʥʘʩʪʦʣʴʢʦ ʟʘʚʠʩʠʪ ʦʪ 

ʛʦʩʫʜʘʨʩʪʚʘ, ʥʘʩʢʦʣʴʢʦ ʯʫʪʢʦ ʨʝʘʛʠʨʫʝʪ ʥʘ ʜʝʷʪʝʣʴʥʦʩʪʴ ʠ ʬʠʥʘʥʩʦʚʦʝ ʩʦʩʪʦʷʥʠʝ 

ʢʦʥʪʨʘʛʝʥʪʦʚ, ʚʚʠʜʫ ʯʝʛʦ ʟʘʯʘʩʪʫʶ ʦʧʪʠʤʠʩʪʠʯʝʩʢʠʝ ʣʠʙʦ ʨʝʘʣʠʩʪʠʯʝʩʢʠʝ ʧʣʘʥʳ 

(ʧʨʦʛʥʦʟʳ) ʧʨʝʜʧʨʠʷʪʠʡ ʥʝ ʚʳʧʦʣʥʷʶʪʩʷ ʚ ʩʠʣʫ ʨʷʜʘ ʦʙʲʝʢʪʠʚʥʳʭ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ 

ʧʨʦʩʪʦ ʥʝʚʦʟʤʦʞʥʦ ʫʯʝʩʪʴ ʧʨʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ 

ʢʘʯʝʩʪʚʝ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʙʶʜʞʝʪʥʳʭ ʧʨʦʛʥʦʟʦʚ. 

ɸʤʝʨʠʢʘʥʩʢʠʡ ʵʢʦʥʦʤʠʩʪ ʂ.ɼ. ʃʴʶʠʩ, ʧʦʜ ʧʨʦʛʥʦʟʦʤ ʧʦʥʠʤʘʝʪ çʨʝʟʫʣʴʪʘʪ ʵʢʩ-

ʪʨʘʧʦʣʷʮʠʠ ʧʨʦʰʣʦʛʦ ʚ ʙʫʜʫʱʝʝè ʠ ʩʯʠʪʘʝʪ, ʯʪʦ çʧʨʦʛʥʦʟʳ ʩʪʨʦʷʪʩʷ ʥʘ ʦʩʥʦʚʝ ʥʝʢʦ-

ʪʦʨʳʭ ʦʙʲʝʢʪʠʚʥʳʭ ʧʨʘʚʠʣ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʡ ʠ ʜʝʡ-

ʩʪʚʠʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʦʛʥʦʟʘè [6ï11]. ʇʨʠʚʝʜʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ 

ʥʝʩʦʚʝʨʰʝʥʥʦ ʪʝʤ, ʯʪʦ ʧʨʦʩʪʘʷ ʦʙʲʝʢʪʠʚʥʘʷ ʵʢʩʪʨʘʧʦʣʷʮʠʷ ʟʥʘʯʝʥʠʡ ʧʨʦʰʣʳʭ ʧʝʨʠ-

ʦʜʦʚ ʥʘ ʧʨʝʜʩʪʦʷʱʠʝ ʧʝʨʠʦʜʳ ʥʝ ʫʯʠʪʳʚʘʝʪ ʤʥʦʞʝʩʪʚʦ ʬʘʢʪʦʨʦʚ, ʠʟʤʝʥʷʶʱʠʭʩʷ ʩ 

ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ. ɺ ʩʣʫʯʘʝ ʩʦʩʪʘʚʣʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʠ ʙʶʜʞʝʪʥʦʛʦ ʧʨʦʛʥʦʟʦʚ 

ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ, ʢ ʧʨʠʤʝʨʫ, ʠʟʤʝʥʝʥʠʝ ʢʨʝʜʠʪʥʦ-ʜʝʥʝʞʥʦʡ ʧʦʣʠʪʠʢʠ ʛʦʩʫʜʘʨʩʪʚʘ, 

ʠʟʤʝʥʝʥʠʝ ʥʘʣʦʛʦʚʦʡ ʧʦʣʠʪʠʢʠ, ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʶʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 

ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʙʠʟʥʝʩʘ, ʦʪ ʧʣʘʪʝʞʝʩʧʦʩʦʙʥʦʩʪʠ ʠ ʥʘʨʘʱʠʚʘʥʠʷ ʥʘʣʦʛʦ-

ʚʦʡ ʙʘʟʳ ʢʦʪʦʨʦʛʦ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʧʦʧʦʣʥʷʝʤʦʩʪʴ ʥʘʣʦʛʦʚʳʤʠ ʜʦʭʦʜʘʤʠ ʙʶʜʞʝ-

ʪʦʚ. ʊʘʢʞʝ ʝʞʝʛʦʜʥʦ ʟʘʢʦʥʘʤʠ ʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʙʶʜʞʝʪʝ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʦʨʤʘ-

ʪʠʚʳ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʩʪʫʧʠʚʰʠʭ ʥʘʣʦʛʦʚ ʚ ʙʶʜʞʝʪʳ ʜʨʫʛʠʭ ʫʨʦʚʥʝʡ. ʂʨʦʤʝ 

ʪʦʛʦ, ʧʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʧʨʦʛʥʦʟʘ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʪʝʨʨʠʪʦʨʠʠ 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʮʠʢʣʠʯʥʦʩʪʴ ʨʘʟʚʠʪʠʷ ʵʢʦʥʦʤʠʢʠ. ʊʘʢ, ʝʩʣʠ ʧʦ ʧʦʢʘʟʘʪʝʣʶ 

ʦʙʲʝʤʘ ʦʪʛʨʫʞʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʠ ʬʦʥʜʫ ʦʧʣʘʪʳ ʪʨʫʜʘ ʧʨʦʛʥʦʟ ʤʦʞʝʪ ʙʳʪʴ ʧʦʩʪʨʦʝʥ 

ʤʝʪʦʜʦʤ ʵʢʩʪʨʘʧʦʣʷʮʠʠ, ʪʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʲʝʤʘ ʠʥʚʝʩʪʠʨʫʝʤʳʭ ʚ ʦʩʥʦʚʥʳʝ ʬʦʥʜʳ 

ʩʨʝʜʩʪʚ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʬʘʢʪʦʨ ʮʠʢʣʠʯʥʦʩʪʠ. ʇʦʢʘʟʘʪʝʣʴ ʧʨʠʙʳʣʠ ʪʘʢʞʝ ʟʘʚʠ-

ʩʠʪ ʦʪ ʤʥʦʞʝʩʪʚʘ ʬʘʢʪʦʨʦʚ ʠ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʩʧʨʦʛʥʦʟʠʨʦʚʘʥ ʧʨʦʩʪʳʤ ʵʢʩʪʨʘʧʦʣʠʨʦ-

ʚʘʥʠʝʤ. 

ʊʘʢʞʝ ʚ ʥʘʫʯʥʳʭ ʪʨʫʜʘʭ ʨʦʩʩʠʡʩʢʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʜʘʥʦ ʙʦʣʝʝ ʦʙʱʝʝ ʦʧʨʝʜʝʣʝ-

ʥʠʝ ʙʶʜʞʝʪʥʦʛʦ ʧʨʦʛʥʦʟʘ ʢʘʢ ʩʠʩʪʝʤʳ ʘʨʛʫʤʝʥʪʠʨʦʚʘʥʥʳʭ ʠ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʥʘʫʯ-

ʥʦ-ʦʙʦʩʥʦʚʘʥʥʳʭ ʦʮʝʥʦʢ ʚʦʟʤʦʞʥʳʭ ʧʫʪʝʡ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʟʚʠʪʠʷ ʙʶʜʞʝʪʘ ʠ ʥʝʦʙ-

ʭʦʜʠʤʳʭ ʜʣʷ ʠʭ ʜʦʩʪʠʞʝʥʠʷ ʧʦʣʠʪʠʯʝʩʢʠʭ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ, ʵʢʦʥʦʤʠʯʝʩʢʠʭ, ʬʠ-

ʥʘʥʩʦʚʳʭ ʠ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʳʭ ʤʝʨ. 

ʎʝʣʴ ʙʶʜʞʝʪʥʳʭ ʧʨʦʛʥʦʟʦʚ ʚ ʫʧʨʝʞʜʘʶʱʝʤ ʨʝʞʠʤʝ ʚʨʝʤʝʥʠ ï ʧʦʤʦʯʴ ʦʨʛʘʥʘʤ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʠ ʤʫʥʠʮʠʧʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʚʳʨʘʙʦʪʘʪʴ ʥʝʦʙʭʦ-

ʜʠʤʳʝ ʨʝʰʝʥʠʷ ʧʦ ʨʝʛʫʣʠʨʦʚʘʥʠʶ ʵʢʦʥʦʤʠʯʝʩʢʠʭ, ʬʠʥʘʥʩʦʚʳʭ ʠ ʩʦʮʠʘʣʴʥʳʭ ʧʨʦ-

ʮʝʩʩʦʚ, ʢʦʪʦʨʳʝ ʚ ʙʫʜʫʱʝʤ ʙʫʜʫʪ ʠʩʧʳʪʳʚʘʪʴ ʥʘ ʩʝʙʝ ʚʣʠʷʥʠʝ ʚʥʦʚʴ ʦʪʢʨʳʪʳʭ ʪʝʥ-

ʜʝʥʮʠʡ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ; ʜʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʘʜʘʧʪʠʨʦʚʘʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʜʝʷ-



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 52, 2017 ʛ. 
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ʪʝʣʴʥʦʩʪʴ ʦʨʛʘʥʦʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʚʣʘʩʪʠ ʠ ʤʝʩʪʥʦʛʦ ʩʘʤʦʫʧʨʘʚʣʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥ-

ʥʦ ʧʨʦʛʥʦʟʠʨʫʝʤʳʤ ʠʟʤʝʥʝʥʠʷʤ.  

ʀʟʫʯʠʚ ʚʩʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʧʨʝʜ-

ʩʪʘʚʣʷʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʫʪʦʯʥʠʪʴ ʦʧʨʝʜʝʣʝʥʠʷ, ʦʨʠʝʥʪʠʨʫʷ ʠʭ ʥʘ ʩʦʚʨʝʤʝʥʥʫʶ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʴ. 

ʇʣʘʥʠʨʦʚʘʥʠʝ ï ʧʨʦʮʝʩʩ ʨʘʩʩʪʘʥʦʚʢʠ ʚ ʦʙʦʟʨʠʤʦʤ ʙʫʜʫʱʝʤ ʮʝʣʝʡ, ʜʦʩʪʠʞʝʥʠʝ 

ʢʦʪʦʨʳʭ ʪʨʝʙʫʝʪ ʚʳʧʦʣʥʝʥʠʷ ʨʷʜʘ ʤʝʨʦʧʨʠʷʪʠʡ ʠ ʦʙʫʩʣʦʚʣʝʥʦ ʨʘʟʚʠʪʠʝʤ ʚʥʫʪʨʝʥʥʠʭ 

ʠ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ, ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʧʨʦʛʥʦʟʦʤ. 

ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ï ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʤʦʜʝʣʝʡ ʜʘʣʴʥʝʡʰʝʛʦ ʧʦʚʝʜʝʥʠʷ (ʩʦʩʪʦʷ-

ʥʠʷ, ʨʘʟʚʠʪʠʷ) ʦʙʲʝʢʪʘ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʵʢʩʪʨʘʧʦʣʷʮʠʠ ʟʥʘʯʝʥʠʡ ʚʥʫʪʨʝʥʥʠʭ (ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʧʦʩʪʦʷʥʥʳʭ) ʬʘʢʪʦʨʦʚ ʦʙʲʝʢʪʘ ʩ ʫʯʝʪʦʤ ʠʟʤʝʥʝʥʠʷ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ, ʦʢʘʟʳ-

ʚʘʶʱʠʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʦʙʲʝʢʪ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠ ʙʶʜʞʝʪʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʦ ʢʘʢ ʧʨʦʮʝʩʩ 

ʨʘʩʩʪʘʥʦʚʢʠ ʚ ʦʙʦʟʨʠʤʦʤ ʙʫʜʫʱʝʤ ʮʝʣʝʡ ʚʳʧʦʣʥʝʥʠʷ ʙʶʜʞʝʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʧʨʝʜ-

ʧʦʣʘʛʘʶʱʠʭ ʚʳʧʦʣʥʝʥʠʝ ʧʣʘʥʘ ʧʦ ʜʦʭʦʜʥʦʡ ʯʘʩʪʠ ʙʶʜʞʝʪʘ ʩ ʦʙʷʟʘʪʝʣʴʥʳʤ ʚʳʧʦʣ-

ʥʝʥʠʝʤ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʚʩʝʭ ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʭ ʚ ʨʘʩʭʦʜʥʦʡ ʯʘʩʪʠ ʙʶʜʞʝʪʘ ʩʪʘʪʝʡ, 

ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ ʩʦʮʠʘʣʴʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʨʘʟʚʠʪʠʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʝʨʨʠʪʦʨʠʠ. 

ɹʶʜʞʝʪʥʦʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ï ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʤʦʜʝʣʠ (ʤʦʜʝʣʝʡ) ʙʶʜʞʝʪʘ 

ʪʝʨʨʠʪʦʨʠʠ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʵʢʩʪʨʘʧʦʣʷʮʠʠ ʟʥʘʯʝʥʠʡ ʥʝʦʙʭʦʜʠʤʳʭ ʨʘʩʭʦʜʦʚ ʙʶʜʞʝʪʘ 

ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʩʦʮʠʘʣʴʥʦʡ ʩʬʝʨʳ ʩ ʫʯʝʪʦʤ ʩʦʩʪʦʷʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʜʦʭʦʜʥʦʡ ʯʘʩʪʠ 

ʙʶʜʞʝʪʘ, ʥʘʧʦʣʥʷʝʤʦʩʪʴ ʢʦʪʦʨʦʡ ʠ ʠʩʪʦʯʥʠʢʠ ʧʦʧʦʣʥʝʥʠʷ ʟʘʚʠʩʷʪ ʦʪ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ 

ʨʘʟʚʠʪʠʷ ʪʝʨʨʠʪʦʨʠʠ. ɹʶʜʞʝʪʥʳʡ ʧʨʦʛʥʦʟ ʩʪʨʦʠʪʩʷ ʥʘ ʧʨʦʛʥʦʟʝ ʩʦʮʠʘʣʴʥʦ-

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʝʨʨʠʪʦʨʠʠ. 

ʇʦʩʢʦʣʴʢʫ ʧʨʦʮʝʩʩ ʙʶʜʞʝʪʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʥʦʩʠʪ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ, ʩʣʝʜʫʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʝʩʥʦʡ ʚʟʘʠʤʦʩʚʷʟʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʨʦʛʥʦʟʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʚʦ-

ʜʠʤʦʡ ʙʶʜʞʝʪʥʦʡ ʧʦʣʠʪʠʢʠ, ʢʦʪʦʨʘʷ ʟʘʚʠʩʠʪ ʦʪ ʩʠʩʪʝʤʳ ʫʯʠʪʳʚʘʝʤʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠ 

ʚʳʙʨʘʥʥʦʡ ʤʝʪʦʜʦʣʦʛʠʠ ʙʶʜʞʝʪʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʙʶʜʞʝʪʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ 

ʦʪ ʪʦʯʥʦʩʪʠ ʩʦʩʪʘʚʣʷʝʤʳʭ ʧʨʦʛʥʦʟʦʚ ʠ ʧʣʘʥʦʚ, ʢʦʪʦʨʘʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ 

ʚʳʙʨʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʩʠʩʪʝʤʳ ʫʯʠʪʳʚʘʝʤʳʭ ʧʦʢʘ-

ʟʘʪʝʣʝʡ [9ï11]. ʇʨʠ ʵʪʦʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʦʪʨʘʞʘʝʪ 

ʥʝ ʪʦʣʴʢʦ ʩʪʝʧʝʥʴ ʪʦʯʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʛʥʦʟʦʚ ʠ ʧʣʘʥʦʚ, ʥʦ ʠ ʫʨʦʚʝʥʴ ʜʦʩʪʠʞʝ-

ʥʠʷ ʟʘʧʣʘʥʠʨʦʚʘʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ, ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʠʣʠ ʩʦʮʠʘʣʴʥʦʛʦ ʵʬʬʝʢʪʘ. ʆʜʥʘ-

ʢʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʤʝʥʥʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʦʯʥʦʩʪʴ ʧʣʘʥʠʨʦʚʘʥʠʷ (ʧʨʦʛʥʦʟʠʨʦ-

ʚʘʥʠʷ) ʙʶʜʞʝʪʥʳʭ ʜʦʭʦʜʦʚ ʚʳʩʪʫʧʘʝʪ ʛʘʨʘʥʪʦʤ ʚʳʧʦʣʥʝʥʠʷ ʦʨʛʘʥʘʤʠ ʚʣʘʩʪʠ ʩʦʮʠ-

ʘʣʴʥʳʭ ʦʙʷʟʘʪʝʣʴʩʪʚ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʩʦʮʠ-

ʘʣʴʥʦʛʦ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ, ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʠ ʫʨʦʚʝʥʴ ʞʠʟʥʠ ʥʘʩʝʣʝʥʠʷ, ʘ 

ʪʘʢʞʝ ʩʪʨʦʠʪʴ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʙʶʜʞʝʪʥʳʝ ʧʣʘʥʳ ʧʦ ʨʘʟʚʠʪʠʶ ʪʝʨʨʠʪʦʨʠʡ, ʚ ʪʦʤ ʯʠʩ-

ʣʝ, ʩ ʫʯʝʪʦʤ ʫʯʘʩʪʠʷ ʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʧʨʦʛʨʘʤʤʘʭ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʠʚʣʝʯʝʥʠʷ ʥʘ 

ʪʝʨʨʠʪʦʨʠʶ ʬʝʜʝʨʘʣʴʥʳʭ ʠʥʚʝʩʪʠʮʠʡ. 
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The article deals with the definitions of çplanè and çforecastè, which had been given in do-

mestic and foreign economic literature, the nuances and differences of this definitions have 

been issued, and new definitions of budget planning and budget forecasting, adapted to mod-

ern economic conditions, have been given, the importance of budget plans and forecasts ac-

curacy for effective budget, social and economic policy has been justified. 
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ɸʅɸʃʀɿ ʇʈʀʏʀʅ ɺʆɿʅʀʂʅʆɺɽʅʀʗ  

ʀ ʋʇʈɸɺʃɽʅʀɽ ɼɽɹʀʊʆʈʉʂʆʁ ɿɸɼʆʃɾɽʅʅʆʉʊʔʖ:  
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ʪʝʤʝ; ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʨʠʯʠʥʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʧʨʦʙʣʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʜʝʙʠʪʦʨʩʢʦʡ ʟʘ-

ʜʦʣʞʝʥʥʦʩʪʴʶ ʚ ʈʦʩʩʠʠ ʠ ʟʘ ʨʫʙʝʞʦʤ  

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʵʢʦʥʦʤʠʢʘ ʈʦʩʩʠʠ ʧʝʨʝʞʠʚʘʝʪ ʩʣʦʞʥʳʝ ʚʨʝʤʝʥʘ. ʇʦʣʠʪʠ-

ʯʝʩʢʘʷ ʥʘʧʨʷʞʝʥʥʦʩʪʴ, ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʦ ʚʳʨʘʞʝʥʥʘʷ ʚ ʩʘʥʢʮʠʷʭ ʥʘ ʩʨʝʜʩʪʚʘ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ, ʚ ʚʘʣʶʪʥʳʭ ʚʦʡʥʘʭ, ʩʠʣʴʥʦ ʧʦʜʦʨʚʘʣʠ ʧʨʠʚʳʯʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʫʢʣʘʜ. 

ʇʦʧʳʪʢʠ ʚʳʨʦʚʥʷʪʴ ʩʠʪʫʘʮʠʶ ʚ 2016 ʛʦʜʫ ʟʘ ʩʯʝʪ ʧʦʣʠʪʠʢʠ çʪʫʰʝʥʠʷ ʧʦʞʘʨʦʚè ʥʝ 

ʜʘʣʠ ʩʫʱʝʩʪʚʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʦʩʪʘʣʠʩʴ ʥʘ ʧʨʝʞ-

ʥʝʤ ʫʨʦʚʥʝ, ʠ ʵʪʦ ʧʨʦʠʟʦʰʣʦ ʥʝ ʟʘ ʩʯʝʪ ʧʦʜʥʷʪʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʘ ʟʘ ʩʯʝʪ ʩʨʝʜʩʪʚ ʨʝ-

ʟʝʨʚʥʦʛʦ ʬʦʥʜʘ [1]. ɺ 2017 ʛʦʜʫ ʨʝʰʝʥʦ ʧʨʦʚʝʩʪʠ ʧʦʣʠʪʠʢʫ ʘʜʘʧʪʘʮʠʠ, ʢʦʪʦʨʘʷ ʟʘ-

ʢʣʶʯʘʝʪʩʷ ʚ ʨʝʩʪʨʫʢʪʫʨʠʟʘʮʠʠ ʵʢʦʥʦʤʠʢʠ ʩʳʨʴʝʚʦʡ ʜʝʨʞʘʚʳ ʠ ʧʦʜʩʪʨʦʡʢʠ ʝʝ ʧʦʜ 

ʩʦʚʨʝʤʝʥʥʳʝ ʨʝʘʣʠʠ. ʇʦʢʘ ʠʟʤʝʥʝʥʠʡ ʧʦ-ʧʨʝʞʥʝʤʫ ʥʝ ʧʨʦʠʟʦʰʣʦ, ʚʝʣʠʯʠʥʘ ʙʶʜʞʝʪ-

ʥʳʭ ʦʙʷʟʘʪʝʣʴʩʪʚ ʥʝʩʧʦʩʦʙʥʘ ʫʩʪʨʘʥʠʪʴ ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʠʝ ʜʠʩʙʘʣʘʥʩʳ, ʘ ʩʫʤʤʘ 

ʨʝʟʝʨʚʘ ʥʘʩʪʦʣʴʢʦ ʠʩʪʦʱʝʥʘ, ʯʪʦ ʩʝʛʦʜʥʷ ʨʠʩʢʠ ʧʨʠ ʥʘʩʪʫʧʣʝʥʠʠ ʥʝ ʙʣʘʛʦʧʨʠʷʪʥʳʭ 

ʩʮʝʥʘʨʠʝʚ ʤʘʢʩʠʤʘʣʴʥʳ [2]. ʇʨʝʜʧʨʠʷʪʠʷʤ, ʪʘʢ ʞʝ, ʧʨʠʭʦʜʠʪʩʷ ʧʨʦʭʦʜʠʪʴ ʦʯʝʥʴ ʙʦ-

ʣʝʟʥʝʥʥʳʡ ʧʫʪʴ ʘʜʘʧʪʘʮʠʠ ʢ ʩʦʚʨʝʤʝʥʥʳʤ ʫʩʣʦʚʠʷʤ ʚʝʜʝʥʠʷ ʙʠʟʥʝʩʘ. ʆʜʥʠ ʨʝʰʘʶʪ 

ʵʪʦʪ ʚʦʧʨʦʩ ʧʫʪʝʤ ʩʣʠʷʥʠʷ ʠ ʩʦʟʜʘʥʠʷ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʦʙʲʝʜʠʥʝʥʠʡ, ʜʨʫʛʠʝ ʧʨʦʚʦʜʷʪ 

ʨʝʙʨʝʥʜʠʥʛ ʠʣʠ ʨʝʠʥʞʠʥʠʨʠʥʛ, ʘ ʪʨʝʪʴʠʤ ʠ ʚʦʚʩʝ ʧʨʠʰʣʦʩʴ ʫʡʪʠ ʩ ʨʳʥʢʘ. ɺ ʮʝʣʦʤ, 

ʩʝʛʦʜʥʷ, ʪʨʫʜʥʦ ʥʘʡʪʠ ʧʨʝʜʧʨʠʷʪʠʝ, ʧʦʢʘʟʘʪʝʣʠ ʧʣʘʪʝʞʝʩʧʦʩʦʙʥʦʩʪʠ ʢʦʪʦʨʦʛʦ ʫʢʣʘ-

ʜʳʚʘʶʪʩʷ ʚ ʥʦʨʤʳ, ʚ ʯʘʩʪʥʦʩʪʠ ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʩʝʨʴʝʟʥʝʡʰʠʭ ʧʨʦʙʣʝʤ ʚ ʫʧʨʘʚ-

ʣʝʥʠʠ ʜʝʙʠʪʦʨʩʢʦʡ ʟʘʜʦʣʞʝʥʥʦʩʪʴʶ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʨʘʟʦʙʨʘʪʴʩʷ ʚ ʧʨʦʙʣʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ ʜʝʙʠʪʦʨʩʢʦʡ ʟʘʜʦʣʞʝʥʥʦ-

ʩʪʴʶ, ʥʝʦʙʭʦʜʠʤʦ ʚʳʷʚʠʪʴ ʧʨʠʯʠʥʳ ʠ ʬʘʢʪʦʨʳ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʶ.  

ʇʨʠʯʠʥʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʜʝʙʠʪʦʨʩʢʦʡ ʟʘʜʦʣʞʝʥʥʦʩʪʠ ʫʩʣʦʚʥʦ ʤʦʞʥʦ ʛʨʫʧʧʠʨʦ-

ʚʘʪʴ, ʢʘʢ ʦʙʲʝʢʪʠʚʥʳʝ ʠ ʩʫʙʲʝʢʪʠʚʥʳʝ.  

ʂ ʦʙʲʝʢʪʠʚʥʳʤ ʦʪʥʦʩʷʪʩʷ ʧʨʠʯʠʥʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʘʣʠʯʠʝʤ ʫ ʦʨʛʘʥʠʟʘʮʠʠ ʦʧʨʝʜʝ-

ʣʝʥʥʦʛʦ ʢʨʫʛʘ ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʨʘʚʦʦʪʥʦʰʝʥʠʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʝʶ 

ʩʚʦʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʆʨʛʘʥʠʟʘʮʠʷ ʚʩʪʫʧʘʝʪ ʚ ʜʦʛʦʚʦʨʥʳʝ ʦʪʥʦʰʝʥʠʷ ʩ ʢʦʥʪʨʘʛʝʥʪʘʤʠ, 

ʠ ʩʦʛʣʘʩʥʦ ʠʭ ʧʦʣʦʞʝʥʠʷʤ, ʤʦʤʝʥʪ ʧʝʨʝʭʦʜʘ ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʠʟ ʦʜʥʠʭ ʨʫʢ ʚ ʜʨʫʛʠʝ, ʠ 

ʤʦʤʝʥʪ ʦʧʣʘʪʳ ʥʝ ʩʦʚʧʘʜʘʶʪ ʧʦ ʚʨʝʤʝʥʠ, ʪʝʤ ʩʘʤʳʤ, ʦʙʨʘʟʫʷ ʜʝʙʠʪʦʨʩʢʫʶ ʟʘʜʦʣ-

ʞʝʥʥʦʩʪʴ [3].  

ʂ ʩʫʙʲʝʢʪʠʚʥʳʤ ʦʪʥʦʩʷʪʩʷ ʧʨʠʯʠʥʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʬʠʥʘʥʩʦʚʦʡ ʜʠʩ-

ʮʠʧʣʠʥʳ, ʥʝʯʝʪʢʦʩʪʴʶ ʢʨʠʪʝʨʠʝʚ ʜʦʩʪʦʚʝʨʥʦʩʪʠ, ʠ ʣʦʷʣʴʥʦʩʪʠ ʜʦʣʞʥʠʢʦʚ ʚ ʦʪʥʦʰʝ-

ʥʠʷʭ ʩ ʢʨʝʜʠʪʦʨʘʤʠ [4]. 

ʌʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʨʦʩʪ ʩʦʤʥʠʪʝʣʴʥʦʡ ʜʝʙʠʪʦʨʩʢʦʡ ʟʘʜʦʣʞʝʥʥʦʩʪʠ: 

ï ʆʙʱʝʵʢʦʥʦʤʠʯʝʩʢʠʡ ʩʧʘʜ, ʧʘʜʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ï ʅʝʜʦʩʪʫʧʥʦʩʪʴ ʢʨʝʜʠʪʦʚ. 

ï ʆʪʩʫʪʩʪʚʠʝ ʫ ʛʦʩʫʜʘʨʩʪʚʘ ʵʬʬʝʢʪʠʚʥʳʭ ʨʳʯʘʛʦʚ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʨʳʥʦʯʥʳʝ ʮʝ-

ʥʳ. 

ï ʋʤʝʥʴʰʝʥʠʝ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʥʘʢʦʧʣʝʥʠʡ ʠ ʠʥʳʭ ʦʩʪʘʪʢʦʚ ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ. 

ʆʩʥʦʚʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ ʚ ʫʧʨʘʚʣʝʥʠʠ ʜʝʙʠʪʦʨʩʢʦʡ ʟʘʜʦʣʞʝʥʥʦʩʪʴʶ ʥʘ ʩʦʚʨʝ-

ʤʝʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʈʦʩʩʠʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ: [5] 

ï ʅʝʜʦʩʪʘʪʦʯʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʧʦʩʦʙʥʦʩʪʷʭ ʜʝʙʠʪʦʨʦʚ ʧʦʛʘʰʘʪʴ ʦʙʷʟʘʪʝʣʴ-

ʩʪʚʘ ʚ ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʩʨʦʢ. 

ï ʆʪʩʫʪʩʪʚʠʝ ʨʝʛʣʘʤʝʥʪʘ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʧʦ ʨʘʙʦʪʝ ʩ ʧʨʦʩʨʦʯʝʥʥʦʡ ʜʝʙʠʪʦʨʩʢʦʡ 

ʟʘʜʦʣʞʝʥʥʦʩʪʴʶ. 

ï ʆʪʩʫʪʩʪʚʠʝ ʜʘʥʥʳʭ ʦ ʨʦʩʪʝ ʟʘʪʨʘʪ, ʩʚʷʟʘʥʥʳʭ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʟʤʝʨʘ ʜʝʙʠʪʦʨ-

ʩʢʦʡ ʟʘʜʦʣʞʝʥʥʦʩʪʠ ʠ ʚʨʝʤʝʥʝʤ ʝʝ ʦʙʦʨʘʯʠʚʘʝʤʦʩʪʠ. 

ï ɺ ʜʦʣʞʥʦʡ ʩʪʝʧʝʥʠ ʥʝ ʧʨʦʚʦʜʷʪʩʷ ʦʮʝʥʢʘ ʢʨʝʜʠʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʦʢʫʧʘʪʝʣʝʡ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʨʝʜʠʪʦʚʘʥʠʷ. 

ï ʌʫʥʢʮʠʠ ʩʙʦʨʘ ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ, ʘʥʘʣʠʟʘ ʜʝʙʠʪʦʨʩʢʦʡ ʟʘʜʦʣʞʝʥʥʦʩʪʠ ʠ ʧʨʠ-

ʥʷʪʠʷ ʨʝʰʝʥʠʷ ʦ ʧʨʝʜʦʩʪʘʚʣʝʥʠʠ ʢʨʝʜʠʪʘ, ʨʘʩʧʨʝʜʝʣʝʥʳ ʤʝʞʜʫ ʨʘʟʥʳʤʠ ʧʦʜʨʘʟʜʝʣʝ-

ʥʠʷʤʠ. ʆʪʩʫʪʩʪʚʫʶʪ ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʣʠʮʘ ʟʘ ʢʘʞʜʳʡ ʵʪʘʧ. 



ʅ.ɸ. ʄʘʨʢʦʚʘ, ʀ.ɼ. ʇʦʧʘʥʜʦʧʫʣʦ 
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ï ʅʝʩʦʚʝʨʰʝʥʩʪʚʦ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʠ ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʳ ʚ ʯʘʩʪʠ ʚʦʩʪʨʝʙʦʚʘʥʠʷ. 

ɺ ʈʦʩʩʠʠ ʦʪʩʫʪʩʪʚʫʶʪ ʩʧʝʮʠʘʣʴʥʳʝ ʚʝʢʩʝʣʴʥʳʝ ʩʫʜʳ, ʚʩʝ ʩʧʦʨʳ ʨʝʰʘʶʪʩʷ ʚ ʦʙʱʝʤ 

ʧʦʨʷʜʢʝ ʚ ʘʨʙʠʪʨʘʞʥʦʤ ʩʫʜʝ. 

ʆʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʚʷʟʘʥʳ ʩ ʧʨʦʩʨʦʯʝʥʥʦʡ ʜʝʙʠʪʦʨʩʢʦʡ ʟʘʜʦʣ-

ʞʝʥʥʦʩʪʴʶ, ʠ ʪʨʫʜʥʦʩʪʴʶ ʝʝ ʚʦʩʪʨʝʙʦʚʘʥʠʷ. ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʘ ʠ 

ʜʠʥʘʤʠʢʘ ʜʝʙʠʪʦʨʩʢʦʡ ʟʘʜʦʣʞʝʥʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʡ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʧʦ ʚʩʝʤ 

ʚʠʜʘʤ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʩ ʜʝʪʘʣʠʟʘʮʠʝʡ ʧʦ ʦʢʨʫʛʘʤ ʠ ʛʦʨʦʜʘʤ ʬʝʜʝʨʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ [6]. 

ʊʘʙʣʠʮʘ 1 

ʉʪʨʫʢʪʫʨʘ ʠ ʜʠʥʘʤʠʢʘ ʜʝʙʠʪʦʨʩʢʦʡ ʟʘʜʦʣʞʝʥʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʡ  

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʧʦ ʚʩʝʤ ʚʠʜʘʤ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʊʝʨʨʠʪʦʨʠʠ ʅʘ 31 

ʜʝʢʘʙʨʷ 

 2014 ʛ. 

ʅʘ 31 

ʜʝʢʘʙʨʷ 

 2015 ʛ. 

ʅʘ 31 

ʜʝʢʘʙʨʷ  

2016 ʛ. 

ʆʪʢʣʦʥʝʥʠʝ ɺʣʠʷʥʠʝ 

ʩʪʨʫʢʪʫʨ-

ʥʳʭ ʩʜʚʠ-

ʛʦʚ, % ʤʣʥ. 

ʨʫʙ. 

ʫʜ. 

ʚʝʩ,

% 

ʤʣʥ. 

ʨʫʙ. 

ʫʜ. 

ʚʝʩ,

% 

ʤʣʥ. 

ʨʫʙ. 

ʫʜ. 

ʚʝʩ,

% 

ʘʙʩʦʣʶʪʥʦʝ, 

ʤʣʥ. ʨʫʙ. 

ʦʪʥʦʩʠ-

ʪʝʣʴʥʦʝ, % 

2015 2016 2015 2016 2015 2016 

ʎʝʥʪʨʘʣʴʥʳʡ 

ʬʝʜʝʨʘʣʴʥʳʡ 

ʦʢʨʫʛ 

15358 50,7 17810 51,4 19415 51,5 2452 1 605 16,0 9,0 8,1 4,6 

ʉʝʚʝʨʦ-

ɿʘʧʘʜʥʳʡ 

ʬʝʜʝʨʘʣʴʥʳʡ 

ʦʢʨʫʛ 

3525 11,6 4190 12,1 4565 12,1 665 376 18,9 9,0 2,2 1,1 

ʛ. ʉʝʚʘʩʪʦʧʦʣʴ 0 0,0 5 0,0 12 0,0 5 7 - 138,2 0,0 0,0 

ʖʞʥʳʡ  

ʬʝʜʝʨʘʣʴʥʳʡ 

ʦʢʨʫʛ  

1 309 4,3 1527 4,4 0 0,0 218 -1527 16,7 - 0,7 -4,4 

ʉʝʚʝʨʦ-

ʂʘʚʢʘʟʩʢʠʡ 

ʬʝʜʝʨʘʣʴʥʳʡ 

ʦʢʨʫʛ 

315 1,0 416 1,2 399 1,1 101 -17 32,1 -4,1 0,3 0,0 

ʇʨʠʚʦʣʞʩʢʠʡ 

ʬʝʜʝʨʘʣʴʥʳʡ 

ʦʢʨʫʛ 

3789 12,5 3828 11,0 4208 11,2 38 381 1,0 9,9 0,1 1,1 

ʋʨʘʣʴʩʢʠʡ 

ʬʝʜʝʨʘʣʴʥʳʡ 

ʦʢʨʫʛ 

3196 10,6 3580 10,3 3860 10,2 383 280 12,0 7,8 1,3 0,8 

ʉʠʙʠʨʩʢʠʡ 

ʬʝʜʝʨʘʣʴʥʳʡ 

ʦʢʨʫʛ 

1 921 6,3 2 243 6,5 2294 6,1 322 51 16,8 2,3 1,1 0,1 

ɼʘʣʴʥʝʚʦ-

ʩʪʦʯʥʳʡ ʬʝ-

ʜʝʨʘʣʴʥʳʡ 

ʦʢʨʫʛ 

883 2,9 1048 3,0 1265 3,4 165 217 18,7 20,7 0,5 0,6 

ʂʨʳʤʩʢʠʡ 

ʬʝʜʝʨʘʣʴʥʳʡ 

ʦʢʨʫʛ 

0 0 41 0,1 0 0 41 -41 - - 0,1 -0,1 

ʈʦʩʩʠʡʩʢʘʷ 

ʌʝʜʝʨʘʮʠʷ 

30296 100 34682 100 37667 100 4387 2985 14,5 8,6 14,5 8,6 

 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 52, 2017 ʛ. 
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ʅʘʠʙʦʣʴʰʝʝ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʚ ʛʦʨʦʜʝ ʬʝʜʝʨʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʉʝʚʘʩʪʦʧʦʣʝ, ʪʝʤʧ ʧʨʠʨʦʩʪʘ ʩʦʩʪʘʚʠʣ 138,15%. ʆʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʡ ʧʦʢʘ-

ʟʘʪʝʣʴ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʤ ʬʝʜʝʨʘʣʴʥʦʤ ʦʢʨʫʛʝ 20,7%. ʆʪʨʠʮʘʪʝʣʴʥʫʶ 

ʜʠʥʘʤʠʢʫ ʧʦʢʘʟʘʣ ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʦʢʨʫʛ, ʜʝʙʠʪʦʨʩʢʘʷ ʟʘʜʦʣʞʝʥ-

ʥʦʩʪʴ ʩʦʢʨʘʪʠʣʘʩʴ ʥʘ 17 ʤʣʥ. ʨʫʙ. ʠʣʠ ʥʘ 4,07%. ʇʨʠʨʦʩʪ ʜʝʙʠʪʦʨʩʢʦʡ ʟʘʜʦʣʞʝʥʥʦʩʪʠ 

ʦʨʛʘʥʠʟʘʮʠʡ ʚ ʮʝʣʦʤ ʧʦ ʈʦʩʩʠʠ ʫʚʝʣʠʯʠʣʩʷ ʥʝ ʟʥʘʯʠʪʝʣʴʥʦ, ʚʩʝʛʦ 8,61%. ʎʝʥʪʨʘʣʴ-

ʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʦʢʨʫʛ ʚʥʝʩ ʥʘʠʙʦʣʴʰʠʡ ʚʢʣʘʜ ʚ ʩʪʨʫʢʪʫʨʥʳʡ ʩʜʚʠʛ, ʟʘ ʩʯʝʪ ʜʝʙʠ-

ʪʦʨʩʢʦʡ ʟʘʜʦʣʞʝʥʥʦʩʪʠ ʚ ʨʘʟʤʝʨʝ 1605 ʤʣʥ .ʨʫʙ. ɺ ʩʦʚʦʢʫʧʥʦʩʪʠ, ʩʣʦʞʠʚʰʘʷʩʷ ʜʠʥʘ-

ʤʠʢʘ ʛʦʚʦʨʠʪ ʦ ʨʦʩʪʝ ʦʙʲʝʤʦʚ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʜʫʢʮʠʠ, ʦʜʥʘʢʦ ʥʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ ʫʨʦ-

ʚʝʥʴ ʢʘʯʝʩʪʚʘ ʜʝʙʠʪʦʨʩʢʦʡ ʟʘʜʦʣʞʝʥʥʦʩʪʠ. 

ɺ ʪʘʙʣʠʮʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʠʥʘʤʠʢʘ ʧʨʦʩʨʦʯʝʥʥʦʡ ʜʝʙʠʪʦʨʩʢʦʡ ʟʘʜʦʣʞʝʥʥʦʩʪʠ 

ʦʨʛʘʥʠʟʘʮʠʡ ʈʦʩʩʠʡʩʢʦʡ ʬʝʜʝʨʘʮʠʠ ʧʦ ʚʩʝʤ ʚʠʜʘʤ ʜʝʷʪʝʣʴʥʦʩʪʠ [7]. 

ʊʘʙʣʠʮʘ 2 

ʉʪʨʫʢʪʫʨʘ ʠ ʜʠʥʘʤʠʢʘ ʧʨʦʩʨʦʯʝʥʥʦʡ ʜʝʙʠʪʦʨʩʢʦʡ ʟʘʜʦʣʞʝʥʥʦʩʪʠ  

ʦʨʛʘʥʠʟʘʮʠʡ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʧʦ ʚʩʝʤ ʚʠʜʘʤ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʊʝʨʨʠʪʦʨʠʠ ʅʘ 31  

ʜʝʢʘʙʨʷ 

2014 ʛ. 

ʅʘ 31  

ʜʝʢʘʙʨʷ 

2015 ʛ. 

ʅʘ 31  

ʜʝʢʘʙʨʷ 

2016 ʛ. 

ʆʪʢʣʦʥʝʥʠʝ ʚʣʠʷʥʠʝ 

ʩʪʨʫʢʪʫʨʥʳʭ 

ʩʜʚʠʛʦʚ, % 

ʤʣʥ. 

ʨʫʙ. 

ʫʜ. 

ʚʝʩ,% 

ʤʣʥ. 

ʨʫʙ. 

ʫʜ. 

ʚʝʩ, 

% 

ʤʣʥ. 

ʨʫʙ. 

ʫʜ. 

ʚʝʩ,

% 

ʘʙʩʦʣʶʪʥʦʝ, 

ʤʣʥ. ʨʫʙ. 

ʦʪʥʦʩʠʪʝʣʴ-

ʥʦʝ, % 

2015 2016 2015 2016 2015 2016 

ʎʝʥʪʨʘʣʴʥʳʡ 

ʬʝʜʝʨʘʣʴʥʳʡ 

ʦʢʨʫʛ 

891 45,0 919 37,9 1019 41,4 29 100 3,2 10,9 1,4 4,1 

ʉʝʚʝʨʦ-

ɿʘʧʘʜʥʳʡ 

ʬʝʜʝʨʘʣʴʥʳʡ 

ʦʢʨʫʛ 

153 7,7 246 10,1 282 11,4 93 36 61,3 14,4 4,7 1,5 

ʛ. ʉʝʚʘʩʪʦ-

ʧʦʣʴ 

0 0,0 1 0,0 1 0,0 1 1 - 86,1 0,0 0,0 

ʖʞʥʳʡ ʬʝ-

ʜʝʨʘʣʴʥʳʡ 

ʦʢʨʫʛ  

80 4,0 97 4,0 58 2,4 17 -39 21,8 -39,9 0,9 -1,6 

ʉʝʚʝʨʦ-

ʂʘʚʢʘʟʩʢʠʡ 

ʬʝʜʝʨʘʣʴʥʳʡ 

ʦʢʨʫʛ 

45 2,3 58 2,4 290 11,8 13 232 28,7 396,5 0,7 9,6 

ʇʨʠʚʦʣʞʩʢʠʡ 

ʬʝʜʝʨʘʣʴʥʳʡ 

ʦʢʨʫʛ 

307 15,5 353 14,6 345 14,0 46 -8 14,9 -2,4 2,3 -0,3 

ʋʨʘʣʴʩʢʠʡ 

ʬʝʜʝʨʘʣʴʥʳʡ 

ʦʢʨʫʛ 

232 11,7 400 16,5 230 9,3 168 -171 72,6 -42,6 8,5 -7,0 

ʉʠʙʠʨʩʢʠʡ 

ʬʝʜʝʨʘʣʴʥʳʡ 

ʦʢʨʫʛ 

204 10,3 281 11,6 0 0 77 -281 37,6 - 3,9 -11,6 

ɼʘʣʴʥʝʚʦ-

ʩʪʦʯʥʳʡ ʬʝ-

ʜʝʨʘʣʴʥʳʡ 

ʦʢʨʫʛ 

0 0 0 0 0 0 0 0 - - 0,0 - 

ʂʨʳʤʩʢʠʡ 

ʬʝʜʝʨʘʣʴʥʳʡ 

0 0 4 0,17 0 0 4 -4 - - 0,2 -0,2 



ʅ.ɸ. ʄʘʨʢʦʚʘ, ʀ.ɼ. ʇʦʧʘʥʜʦʧʫʣʦ 
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ʦʢʨʫʛ 

ʈʦʩʩʠʡʩʢʘʷ 

ʌʝʜʝʨʘʮʠʷ 

1 978 100 2 426 100 2 465 100 448 40 22,7 1,6 22,7 1,6 

 

ʅʘʠʙʦʣʴʰʠʡ ʨʦʩʪ ʧʨʦʩʨʦʯʝʥʥʦʡ ʜʝʙʠʪʦʨʩʢʦʡ ʟʘʜʦʣʞʝʥʥʦʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʉʝ-

ʚʝʨʦ-ʂʘʚʢʘʟʩʢʦʤ ʬʝʜʝʨʘʣʴʥʦʤ ʦʢʨʫʛʝ, 232 ʤʣʥ. ʨʫʙ., ʠʣʠ ʧʨʠʨʦʩʪ ʚ ʨʘʟʤʝʨʝ 396,53%. 

ɼʘʥʥʳʡ ʦʢʨʫʛ ʚʥʝʩ ʠ ʩʘʤʳʡ ʢʨʫʧʥʳʡ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʩʪʨʫʢʪʫʨʥʳʡ ʩʜʚʠʛ, 

9,56%. ʇʦʜʦʙʥʘʷ ʜʠʥʘʤʠʢʘ ʦʙʲʷʩʥʷʝʪ ʩʥʠʞʝʥʠʝ ʜʝʣʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʅʝ ʤʝʥʝʝ ʥʝʛʘ-

ʪʠʚʥʘʷ ʪʝʥʜʝʥʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʉʝʚʘʩʪʦʧʦʣʝ, ʧʨʠʨʦʩʪ 86,06%. ʇʦʣʦʞʠʪʝʣʴʥʫʶ ʜʠ-

ʥʘʤʠʢʫ ʧʦʢʘʟʘʣʠ ʋʨʘʣʴʩʢʠʡ ʠ ʖʞʥʳʡ ʬʝʜʝʨʘʣʴʥʳʝ ʦʢʨʫʛʘ, ʩʥʠʞʝʥʠʝ ʩʦʩʪʘʚʠʣʦ 

42,61% ʠ 39,91% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʮʝʣʦʤ ʧʦ ʈʦʩʩʠʠ ʧʨʦʮʝʥʪ ʧʨʦʩʨʦʯʝʥʥʦʡ ʜʝʙʠʪʦʨ-

ʩʢʦʡ ʟʘʜʦʣʞʝʥʥʦʩʪʠ ʥʝ ʪʘʢ ʚʝʣʠʢ,1,64%. ʇʦʜʦʙʥʳʡ ʨʝʟʫʣʴʪʘʪ ʥʝʣʴʟʷ ʥʘʟʚʘʪʴ ʧʦʣʦʞʠ-

ʪʝʣʴʥʳʤ, ʪʘʢ ʢʘʢ ʦʯʝʥʴ ʚʝʣʠʢʠ ʧʝʨʝʢʦʩʳ ʧʦ ʦʢʨʫʛʘʤ, ʘ ʧʨʠ ʫʛʣʫʙʣʝʥʠʠ ʠʟʫʯʝʥʠʷ ʧʦ 

ʤʝʥʴʰʠʤ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʤ ʝʜʠʥʠʮʘʤ ʠ ʦʪʨʘʩʣʷʤ, ʜʠʩʙʘʣʘʥʩ ʙʫʜʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʝʱʝ 

ʙʦʣʝʝ ʷʩʥʦ. 

ɼʣʷ ʥʘʠʙʦʣʴʰʝʡ ʥʘʛʣʷʜʥʦʩʪʠ, ʚ ʪʘʙʣʠʮʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʫʜʝʣʴʥʳʝ ʚʝʩʘ ʧʨʦʩʨʦ-

ʯʝʥʥʦʡ ʜʝʙʠʪʦʨʩʢʦʡ ʟʘʜʦʣʞʝʥʥʦʩʪʠ ʚ ʩʦʚʦʢʫʧʥʦʡ. 

ʊʘʙʣʠʮʘ 3. 

ɼʠʥʘʤʠʢʘ ʧʦʢʘʟʘʪʝʣʝʡ ʫʜʝʣʴʥʦʛʦ ʚʝʩʘ ʧʨʦʩʨʦʯʝʥʥʦʡ ʜʝʙʠʪʦʨʩʢʦʡ  

ʟʘʜʦʣʞʝʥʥʦʩʪʠ ʚ ʩʦʚʦʢʫʧʥʦʡ ʜʝʙʠʪʦʨʩʢʦʡ ʟʘʜʦʣʞʝʥʥʦʩʪʠ, % 

ʊʝʨʨʠʪʦʨʠʠ ʋʜʝʣʴʥʳʡ ʚʝʩ ʧʨʦʩʨʦʯʝʥʥʦʡ  

ʜʝʙʠʪʦʨʩʢʦʡ ʟʘʜʦʣʞʝʥʥʦʩʪʠ ʚ ʝʝ 

ʩʦʚʦʢʫʧʥʦʡ ʚʝʣʠʯʠʥʝ 

ɸʙʩʦʣʶʪʥʦʝ  

ʦʪʢʣʦʥʝʥʠʝ, % 

2014 2015 2016 

2015 2016 

ʎʝʥʪʨʘʣʴʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ 

ʦʢʨʫʛ 

5,80 5,16 5,25 -0,64 0,09 

ʉʝʚʝʨʦ-ɿʘʧʘʜʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ 

ʦʢʨʫʛ 

4,33 5,87 6,17 1,54 0,30 

ʛ. ʉʝʚʘʩʪʦʧʦʣʴ - 11,69 9,13 11,69 -2,56 

ʖʞʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʦʢʨʫʛ  6,08 6,35 - 0,27 -6,35 

ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʠʡ ʬʝʜʝʨʘʣʴ-

ʥʳʡ ʦʢʨʫʛ 

14,43 14,07 72,80 -0,37 58,73 

ʇʨʠʚʦʣʞʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ 

ʦʢʨʫʛ 

8,11 9,23 8,19 1,12 -1,03 

ʋʨʘʣʴʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʦʢʨʫʛ 7,26 11,19 5,96 3,93 -5,23 

ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʦʢʨʫʛ 10,63 12,53 0 1,90 -12,53 

ɼʘʣʴʥʝʚʦʩʪʦʯʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ 

ʦʢʨʫʛ 

0 0 0 0,00 0 

ʂʨʳʤʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʦʢʨʫʛ - 9,77 - 9,77 -9,77 

ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 6,53 6,99 6,55 0,47 -0,45 

 

ʀʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʥʝʛʘʪʠʚʥʘʷ ʜʠʥʘʤʠʢʘ 

ʧʨʠʥʘʜʣʝʞʠʪ ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʦʤʫ ʦʢʨʫʛʫ, ʟʘ ʧʦʩʣʝʜʥʠʡ ʛʦʜ ʫʜʝʣʴʥʳʡ ʚʝʩ ʧʨʦʩʨʦʯʝʥ-

ʥʦʡ ʟʘʜʦʣʞʝʥʥʦʩʪʠ ʩʦʩʪʘʚʠʣ 72,8%, ʵʪʦ 58,73 ʧ.ʧ. ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʨʝʜʳʜʫʱʝʤʫ ʛʦ-

ʜʫ. ʅʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʘʷ ʦʙʩʪʘʥʦʚʢʘ ʚ ʉʠʙʠʨʩʢʦʤ, ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʤ, ʂʨʳʤʩʢʦʤ ʠ 

ʖʞʥʦʤ ʦʢʨʫʛʘʭ. ʅʝ ʢʨʠʪʠʯʥʳʤʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʩʠʪʫʘʮʠʠ ʎʝʥʪʨʘʣʴʥʦʤ, ʉʝʚʝʨʦ-

ɿʘʧʘʜʥʦʤ ʠ ʇʨʠʚʦʣʞʩʢʦʤ ʦʢʨʫʛʘʭ. ʋʜʝʣʴʥʳʡ ʚʝʩ ʧʨʦʩʨʦʯʝʥʥʦʡ ʜʝʙʠʪʦʨʩʢʦʡ ʟʘʜʦʣ-

ʞʝʥʥʦʩʪʠ ʚ ʥʠʭ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 5,25% ʜʦ 8,19%, ʘ ʦʪʢʣʦʥʝʥʠʷ ʧʦ ʛʦʜʘʤ ʤʠʥʠʤʘʣʴʥʳ. 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 52, 2017 ʛ. 
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ʆʜʥʘʢʦ ʫ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʝʩʪʴ ʥʝʛʘʪʠʚʥʳʡ ʤʦʤʝʥʪ, ʪʘʢ ʢʘʢ ʪʝʤʧʳ ʧʨʠʨʦʩʪʘ ʜʝʙʠʪʦʨ-

ʩʢʦʡ ʟʘʜʦʣʞʝʥʥʦʩʪʠ ʦʪʩʪʘʶʪ ʦʪ ʪʝʤʧʦʚ ʧʨʦʩʨʦʯʝʥʥʦʡ ʝʝ ʯʘʩʪʠ. 

ʇʦ ʠʪʦʛʘʤ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ, ʣʦʛʠʯʝʩʢʠʤ ʟʘʢʣʶʯʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʭʦʪʷ 

ʫʨʦʚʝʥʴ ʜʝʣʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ ʨʘʩʪʝʪ, ʠʤʝʶʱʠʝʩʷ ʧʨʦʙʣʝʤʳ ʚ ʫʧʨʘʚʣʝʥʠʠ ʜʝʙʠʪʦʨʩʢʦʡ 

ʟʘʜʦʣʞʝʥʥʦʩʪʴʶ ʧʦʨʪʷʪ ʩʣʦʞʠʚʰʫʶʩʷ ʪʝʥʜʝʥʮʠʶ, ʩʥʠʞʘʷ ʝʝ ʢʘʯʝʩʪʚʦ ʟʘ ʩʯʝʪ ʧʨʦ-

ʩʨʦʯʝʥʥʳʭ ʜʦʣʛʦʚ. 

ʈʝʟʶʤʠʨʫʷ ʚʩʝ ʚʳʰʝ ʩʢʘʟʘʥʥʦʝ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʧʨʝʜʧʨʠʷʪʠʷʤ ʈʦʩʩʠʠ, ʩʝʛʦ-

ʜʥʷ, ʦʯʝʥʴ ʪʨʫʜʥʦ ʧʦʜʩʪʨʘʠʚʘʪʴʩʷ ʧʦʜ ʩʦʚʨʝʤʝʥʥʳʝ ʫʩʣʦʚʠʷ ʚʝʜʝʥʠʷ ʙʠʟʥʝʩʘ. ɼʘʚʣʝ-

ʥʠʝ ʠʜʝʪ ʩʦ ʩʪʦʨʦʥʳ ʧʦʣʠʪʠʢʠ, ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʬʝʨʳ. ʇʨʝʜʧʨʠʷʪʠʷ ʥʝ 

ʤʦʛʫʪ ʩʦʭʨʘʥʷʪʴ ʩʚʦʶ ʧʣʘʪʝʞʝʩʧʦʩʦʙʥʦʩʪʴ, ʠ ʚʘʞʥʦʡ ʧʨʠʯʠʥʦʡ ʵʪʦʤʫ, ʥʝʜʦʩʪʘʪʦʯ-

ʥʦʩʪʴ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʜʝʙʠʪʦʨʩʢʦʡ ʟʘʜʦʣʞʝʥʥʦʩʪʴʶ. ɺʦʟʥʠʢʥʦʚʝʥʠʝ 

ʜʝʙʠʪʦʨʩʢʦʡ ʟʘʜʦʣʞʝʥʥʦʩʪʠ ʦʙʲʝʢʪʠʚʥʦ, ʠ ʩʚʷʟʘʥʦ ʩ ʨʘʟʥʠʮʝʡ ʚʦ ʚʨʝʤʝʥʠ ʨʝʘʣʠʟʘʮʠʠ 

ʠ ʦʧʣʘʪʳ, ʦʜʥʘʢʦ ʨʷʜ ʩʫʙʲʝʢʪʠʚʥʳʭ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʦʪʩʫʪʩʪʚʠʝ ʬʠʥʘʥʩʦʚʦʡ ʜʠʩ-

ʮʠʧʣʠʥʳ, ʤʦʞʝʪ ʧʦʥʠʟʠʪʴ ʝʝ ʢʘʯʝʩʪʚʦ. ʆʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʧʨʝʜʧʨʠʷʪʠʡ ʷʚʣʷʝʪʩʷ 

ʠʤʝʥʥʦ ʧʨʦʩʨʦʯʝʥʥʘʷ ʜʝʙʠʪʦʨʩʢʘʷ ʟʘʜʦʣʞʝʥʥʦʩʪʴ, ʠ ʪʨʫʜʥʦʩʪʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʩ ʝʝ 

ʫʧʨʘʚʣʝʥʠʝʤ. ʇʦʜʪʚʝʨʞʜʝʥʠʝʤ ʵʪʦʤʫ ʩʣʫʞʠʪ ʩʦʚʨʝʤʝʥʥʘʷ ʩʪʘʪʠʩʪʠʢʘ. ɺ ʮʝʣʦʤ ʧʦ 

ʈʦʩʩʠʠ ʪʝʤʧ ʨʦʩʪʘ ʧʨʦʩʨʦʯʝʥʥʦʡ ʜʝʙʠʪʦʨʩʢʦʡ ʟʘʜʦʣʞʝʥʥʦʩʪʠ ʥʝ ʚʝʣʠʢ, ʦʜʥʘʢʦ ʦʯʝʥʴ 

ʩʠʣʴʥʳ ʧʝʨʝʢʦʩʳ ʧʦ ʦʢʨʫʛʘʤ, ʘ ʧʨʠ ʫʛʣʫʙʣʝʥʠʠ ʠʟʫʯʝʥʠʷ ʧʦ ʤʝʥʴʰʠʤ ʪʝʨʨʠʪʦʨʠʘʣʴ-

ʥʳʤ ʝʜʠʥʠʮʘʤ ʠ ʦʪʨʘʩʣʷʤ, ʜʠʩʙʘʣʘʥʩ ʙʫʜʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʝʱʝ ʙʦʣʝʝ ʷʩʥʦ. ʇʨʝʜʧʨʠʷ-

ʪʠʷ ʩʪʘʨʘʶʪʩʷ ʥʘʨʘʱʠʚʘʪʴ ʦʙʲʝʤʳ ʨʝʘʣʠʟʘʮʠʠ, ʥʦ ʚʤʝʩʪʝ ʩ ʵʪʠʤ ʨʘʩʪʫʪ ʪʝʤʧʳ ʧʨʦ-

ʩʨʦʯʝʥʥʦʡ ʜʝʙʠʪʦʨʩʢʦʡ ʟʘʜʦʣʞʝʥʥʦʩʪʠ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʩʠʣʝʥʠʷ ʤʝʨ 

ʧʦ ʝʝ ʫʧʨʘʚʣʝʥʠʶ. 

ʇʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʫʧʨʘʚʣʝʥʠʝʤ ʜʝʙʠʪʦʨʩʢʦʡ ʟʘʜʦʣʞʝʥʥʦʩʪʴʶ ʩʚʦʡʩʪʚʝʥʥʳ 

ʚʩʝʤ ʩʪʨʘʥʘʤ ʤʠʨʘ, ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʨʦʚʥʷ ʠʭ ʨʘʟʚʠʪʠʷ. ɹʦʣʴʰʠʥʩʪʚʦ ʠʥʩʪʨʫʤʝʥ-

ʪʦʚ, ʢʦʪʦʨʳʝ ʩʝʡʯʘʩ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʨʦʩʩʠʡʩʢʦʡ ʧʨʘʢʪʠʢʝ, ʙʳʣʠ ʟʘʠʤʩʪʚʦʚʘʥʳ ʠʟ 

ʩʪʨʘʥ ʩ ʨʘʟʚʠʪʦʡ ʨʳʥʦʯʥʦʡ ʵʢʦʥʦʤʠʢʦʡ, ʉʐɸ ʠ ɽʚʨʦʧʳ. ʂ ʪʘʢʠʤ ʠʥʩʪʨʫʤʝʥʪʘʤ 

ʫʧʨʘʚʣʝʥʠʷ ʜʝʙʠʪʦʨʩʢʦʡ ʟʘʜʦʣʞʝʥʥʦʩʪʠ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʬʘʢʪʦʨʠʥʛ, ʠ ʫʯʝʪ ʚʝʢʩʝʣʝʡ. 

ʆʜʥʘʢʦ, ʚ ʈʦʩʩʠʠ, ʧʦʜʦʙʥʳʝ ʤʝʪʦʜʳ ʝʱʝ ʧʣʦʭʦ ʧʨʠʞʠʣʠʩʴ, ʠ ʩʝʡʯʘʩ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʪʦʣʴʢʦ ʢʨʫʧʥʳʤʠ ʢʦʤʧʘʥʠʷʤʠ, ʧʨʠ ʵʪʦʤ ʥʝ ʨʘʩʢʨʳʚʘʝʪʩʷ ʚʝʩʴ ʧʦʪʝʥʮʠʘʣ ʚʦʟʤʦʞʥʦ-

ʩʪʝʡ, ʧʨʝʜʣʘʛʘʝʤʳʭ ʚ ʟʘʧʘʜʥʳʭ ʩʪʨʘʥʘʭ.  

ɺ ɽʚʨʦʧʝ ʚʳʜʝʣʷʶʪ ʜʚʘ ʧʨʦʜʫʢʪʘ ʫʧʨʘʚʣʝʥʠʷ ʜʝʙʠʪʦʨʩʢʦʡ ʟʘʜʦʣʞʝʥʥʦʩʪʴʶ: ʬʘʢ-

ʪʦʨʠʥʛ ʠ ʜʠʩʢʦʥʪʠʨʦʚʘʥʠʝ ʩʯʝʪʘ-ʬʘʢʪʫʨʳ (invoice discounting) [8]. 

ʈʘʟʚʠʪʠʝ ʬʘʢʪʦʨʠʥʛʘ ʙʝʨʝʪ ʩʚʦʝ ʥʘʯʘʣʦ ʚ ɸʥʛʣʠʠ ʚ 14 ʚʝʢʝ, ʚʦ ʚʨʝʤʝʥʘ ʨʘʩʮʚʝʪʘ 

ʪʝʢʩʪʠʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʌʘʢʪʦʨʳ ʙʳʣʠ ʩʚʷʟʫʶʱʠʤ ʟʚʝʥʦʤ ʤʝʞʜʫ ʧʨʦʠʟʚʦʜʠ-

ʪʝʣʝʤ ʠ ʨʳʥʢʦʤ ʩʙʳʪʘ, ʪʘʢ ʢʘʢ ʧʦʩʣʝʜʥʠʝ ʙʳʣʠ ʩʠʣʴʥʦ ʦʪʜʘʣʝʥʳ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ɺ ʪʦ 

ʚʨʝʤʷ, ʬʘʢʪʦʨ ʚʳʧʦʣʥʷʣ ʮʝʣʳʡ ʨʷʜ ʬʫʥʢʮʠʡ: ʦʥ ʜʦʣʞʝʥ ʙʳʣ ʠʟʫʯʘʪʴ ʨʳʥʦʢ ʠ ʦʩʫ-

ʱʝʩʪʚʣʷʪʴ ʧʦʩʪʦʷʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ, ʟʥʘʪʴ ʤʝʩʪʥʦʝ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦ ʠ ʦʙʳʯʘʠ, ʥʘʭʦ-

ʜʠʪʴ ʧʣʘʪʝʞʝʩʧʦʩʦʙʥʳʭ ʧʦʢʫʧʘʪʝʣʝʡ, ʦʩʫʱʝʩʪʚʣʷʪʴ ʭʨʘʥʝʥʠʝ, ʩʙʳʪ ʠ ʠʥʢʘʩʩʠʨʦʚʘʥʠʝ 

ʚʳʨʫʯʢʠ [9]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʬʘʢʪʦʨ ʧʝʨʝʩʪʘʣ ʠʛʨʘʪʴ ʨʦʣʴ ʜʠʩʪʨʠʙʴʶʪʝʨʘ, ʘ 

ʦʩʪʘʣʴʥʳʝ ʬʫʥʢʮʠʠ ʚʭʦʜʷʪ ʚ ʧʘʢʝʪ ʫʩʣʫʛ ʜʦ ʩʠʭ ʧʦʨ.  

ʇʦʜʲʝʤ ʬʘʢʪʦʨʠʥʛʘ ʚ ʉʐɸ ʥʘʯʠʥʘʝʪʩʷ ʚ ʜʚʘʜʮʘʪʦʤ ʚʝʢʝ. ʌʘʢʪʦʨʠʥʛʦʚʳʝ ʢʦʤʧʘ-

ʥʠʠ ʙʳʣʠ ʘʛʝʥʪʘʤʠ ʘʥʛʣʠʡʩʢʠʭ ʠ ʥʝʤʝʮʢʠʭ ʧʦʩʪʘʚʱʠʢʦʚ ʪʝʢʩʪʠʣʷ. ʄʝʩʪʥʳʤ ʧʨʦʠʟʚʦ-

ʜʠʪʝʣʷʤ ʪʘʢ ʞʝ ʙʳʣʠ ʥʝʦʙʭʦʜʠʤʳ ʫʩʣʫʛʠ, ʪʘʢ ʢʘʢ ʥʘʩʝʣʝʥʥʳʝ ʧʫʥʢʪʳ ʚ ɸʤʝʨʠʢʝ 

ʥʘʭʦʜʠʣʠʩʴ ʥʘ ʙʦʣʴʰʠʭ ʨʘʩʩʪʦʷʥʠʷʭ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʥʝ ʛʦʚʦʨʷ ʦ ʨʘʟʥʠʮʘʭ ʚ ʟʘʢʦʥʦʜʘ-

ʪʝʣʴʩʪʚʘʭ ʰʪʘʪʦʚ. ɿʘ ʨʠʩʢʠ ʥʝʫʧʣʘʪʳ ʜʝʙʠʪʦʨʘ ʧʦ ʩʚʦʠʤ ʦʙʷʟʘʪʝʣʴʩʪʚʘʤ, ʬʘʢʪʦʨʠʥʛʦ-

ʚʳʝ ʢʦʤʧʘʥʠʠ ʚʟʠʤʘʣʠ ʢʦʤʠʩʩʠʦʥʥʦʝ ʚʦʟʥʘʛʨʘʞʜʝʥʠʝ [10]. 

ɺ ɽʚʨʦʧʝ ʨʘʟʚʠʪʠʝ ʬʘʢʪʦʨʠʥʛʘ ʥʘʯʠʥʘʝʪʩʷ ʩ ʧʷʪʠʜʝʩʷʪʳʭ ʛʦʜʦʚ ʜʚʘʜʮʘʪʦʛʦ ʚʝʢʘ. 

ɼʘʥʥʘʷ ʪʝʥʜʝʥʮʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʨʦʩʪʦʤ ʧʦʧʫʣʷʨʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʩʩʨʦʯʢʠ, ʚ ʩʚʷ-

ʟʠ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʫʩʪʦʡʯʠʚʦʛʦ ʨʳʥʢʘ ʧʦʢʫʧʘʪʝʣʷ, ʛʜʝ ʦʥ ʜʠʢʪʫʝʪ ʫʩʣʦʚʠʷ. ʂʦʤʤʝʨ-

ʯʝʩʢʠʡ ʢʨʝʜʠʪ ʙʳʣ ʝʜʠʥʩʪʚʝʥʥʳʤ ʚʳʭʦʜʦʤ ʜʣʷ ʧʦʢʫʧʘʪʝʣʷ, ʫ ʢʦʪʦʨʦʛʦ ʭʨʦʥʠʯʝʩʢʠ ʥʝ 

ʭʚʘʪʘʣʦ ʜʝʥʝʛ ʥʘ ʪʦ ʯʪʦʙʳ ʨʘʩʧʣʘʪʠʪʴʩʷ ʩʨʘʟʫ, ʘ ʢʨʝʜʠʪ ʙʳʣ ʜʦʨʦʛʦʡ ʠ ʪʨʫʜʥʦʡ ʚ 

ʦʬʦʨʤʣʝʥʠʠ ʘʣʴʪʝʨʥʘʪʠʚʦʡ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ ʪʨʫʜʥʦʩʪʠ ʩ ʥʝʜʦʩʪʘʪʢʦʤ ʦʙʦʨʦʪ-

ʥʳʭ ʩʨʝʜʩʪʚ ʠʩʧʳʪʳʚʘʣʠ ʠ ʧʦʩʪʘʚʱʠʢʠ, ʠ ʠʤʝʥʥʦ ʚ ʵʪʦʪ ʤʦʤʝʥʪ ʧʦʷʚʣʝʥʠʝ ʬʘʢʪʦʨʠʥ-
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ʛʦʚʳʭ ʢʦʤʧʘʥʠʡ ʩʤʦʛʣʦ ʨʝʰʠʪʴ ʚʦʟʥʠʢʰʫʶ ʧʨʦʙʣʝʤʫ. ʉ ʧʦʷʚʣʝʥʠʝʤ ʫʩʣʫʛ ʜʘʥʥʦʛʦ 

ʨʦʜʘ, ʚʳʨʦʩʣʠ ʢʘʢ ʦʙʲʝʤʳ ʧʨʦʜʘʞ ʧʦʩʪʘʚʱʠʢʦʚ, ʪʘʢ ʠ ʩʧʨʦʩ ʥʘ ʠʭ ʧʨʦʜʫʢʮʠʶ [10].  

ɺ ʩʝʨʝʜʠʥʝ ʜʚʘʜʮʘʪʦʛʦ ʚʝʢʘ ʥʘʯʘʣ ʨʘʟʚʠʚʘʪʴʩʷ ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʬʘʢʪʦʨʠʥʛ. ʇʝʨʚʘʷ 

ʬʘʢʪʦʨʠʥʛʦʚʘʷ ʘʩʩʦʮʠʘʮʠʷ ʧʦʷʚʠʣʘʩʴ ʚ 1960 ʛʦʜʫ, ʩʝʛʦʜʥʷ, ʦʥʘ ʦʙʲʝʜʠʥʷʝʪ 41 ʩʪʨʘʥʫ 

ʠ ʙʦʣʝʝ ʰʝʩʪʠʜʝʩʷʪʠ ʢʦʤʧʘʥʠʡ ʧʦ ʚʩʝʤʫ ʤʠʨʫ. ɺ 1968 ʛʦʜʫ ʙʳʣʘ ʦʨʛʘʥʠʟʦʚʘʥʘ ʢʨʫʧ-

ʥʝʡʰʘʷ ʬʘʢʪʦʨʠʥʛʦʚʘʷ ʘʩʩʦʮʠʘʮʠʷ Factors Chain Internationals, ʢʦʪʦʨʘʷ ʚ ʩʚʦʝʤ ʩʦʩʪʘ-

ʚʝ ʩʝʛʦʜʥʷ ʥʘʩʯʠʪʳʚʘʝʪ 90 ʩʪʨʘʥ ʠ 400 ʢʦʤʧʘʥʠʡ [11]. ɺʩʝ ʘʩʩʦʮʠʘʮʠʠ ʨʘʟʨʘʙʘʪʳʚʘʣʠ 

ʩʠʩʪʝʤʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʝʨʝʜʘʯʠ, ʜʣʷ ʤʘʥʝʚʨʝʥʥʦʩʪʠ ʚ ʦʮʝʥʢʝ ʧʣʘʪʝʞʝʩʧʦʩʦʙʥʦ-

ʩʪʠ ʜʝʙʠʪʦʨʦʚ. ɼʠʥʘʤʠʢʘ ʤʠʨʦʚʳʭ ʦʙʲʝʤʦʚ ʬʘʢʪʦʨʠʥʛʦʚʳʭ ʦʧʝʨʘʮʠʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 1 [12]. 

 

 

ʈʠʩ. 1. ɼʠʥʘʤʠʢʘ ʦʙʱʝʛʦ ʤʠʨʦʚʦʛʦ ʦʙʲʝʤʘ ʬʘʢʪʦʨʠʥʛʦʚʳʭ  

ʦʧʝʨʘʮʠʡ, ʤʣʥ. ʝʚʨʦ. 

ʀʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʦʡ ʜʠʥʘʤʠʢʠ, ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʫʚʝʨʝʥʥʳʡ ʪʨʝʥʜ ʫʚʝʣʠʯʝʥʠʷ 

ʦʙʲʝʤʦʚ ʬʘʢʪʦʨʠʥʛʦʚʳʭ ʦʧʝʨʘʮʠʡ. ʅʘ 2016 ʛʦʜ, ʥʘʠʙʦʣʴʰʘʷ ʜʦʣʷ, ʦʢʦʣʦ 600 ʤʣʨʜ. 

ʝʚʨʦ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ɸʟʠʘʪʩʢʦ-ʊʠʭʦʦʢʝʘʥʩʢʠʡ ʨʝʛʠʦʥ. ʇʦ ʨʝʡʪʠʥʛʫ ʩʪʨʘʥ, ʣʠʜʠʨʫʶ-

ʱʫʶ ʧʦʟʠʮʠʶ ʟʘʥʠʤʘʝʪ ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ, 377 ʤʣʨʜ. ʝʚʨʦ, ʚʪʦʨʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ ʂʠ-

ʪʘʡ 353 ʤʣʨʜ. ʝʚʨʦ, ʥʘ ʪʨʝʪʴʝʤ ʤʝʩʪʝ ʌʨʘʥʮʠʷ 248 ʤʣʨʜ. ʝʚʨʦ.  

ʀʩʪʦʨʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʘʢʪʦʨʠʥʛʘ, ʢʘʢ ʠʥʩʪʨʫʤʝʥʪʘ ʫʧʨʘʚʣʝʥʠʷ ʜʝʙʠʪʦʨʩʢʦʡ ʟʘ-

ʜʦʣʞʝʥʥʦʩʪʴʶ, ʚ ʈʦʩʩʠʠ, ʥʘʩʯʠʪʳʚʘʝʪ ʥʝ ʙʦʣʝʝ ʜʚʘʜʮʘʪʠ ʣʝʪ. ɺ 1988 ʛʦʜʫ ʇʨʦʤ-

ʩʪʨʦʡʙʘʥʢ ʠ ɾʠʣʩʦʮʙʘʥʢ ʩʦʚʤʝʩʪʥʦ ʧʨʝʜʧʨʠʥʷʣʠ ʧʦʧʳʪʢʠ ʚʥʝʜʨʝʥʠʷ ʬʘʢʪʦʨʠʥʛʘ ʚ 

ʦʪʝʯʝʩʪʚʝʥʥʫʶ ʧʨʘʢʪʠʢʫ [13]. ʆʜʥʘʢʦ ʠʥʩʪʨʫʤʝʥʪ ʠʤʝʣ ʥʘʙʦʨ ʬʫʥʢʮʠʡ, ʦʪʣʠʯʘʶʱʠʡ-

ʩʷ ʦʪ ʤʠʨʦʚʳʭ ʩʪʘʥʜʘʨʪʦʚ, ʠ ʦʪ ʩʦʚʨʝʤʝʥʥʦʛʦ ʈʦʩʩʠʡʩʢʦʛʦ ʧʨʦʜʫʢʪʘ. ɺ ʦʩʥʦʚʥʦʤ ʢ 

ʬʘʢʪʦʨʫ ʧʝʨʝʜʘʚʘʣʘʩʴ ʚ ʫʧʨʘʚʣʝʥʠʝ ʪʦʣʴʢʦ ʧʨʦʩʨʦʯʝʥʥʘʷ ʜʝʙʠʪʦʨʩʢʘʷ ʟʘʜʦʣʞʝʥʥʦʩʪʴ, 

ʧʨʠ ʵʪʦʤ ʧʦʢʫʧʘʪʝʣʷ ʢʨʝʜʠʪʦʚʘʣʠ, ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʥ ʤʦʛ ʨʘʩʧʣʘʪʠʪʴʩʷ ʩ ʧʦʩʪʘʚʱʠ-

ʢʦʤ. ʉʘʤ ʠʥʩʪʨʫʤʝʥʪ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʥʝ ʩʠʩʪʝʤʘʪʠʯʥʦ. ɼʠʥʘʤʠʢʘ, ʦʪʨʘʞʘʶʱʘʷ ʩʦʚʨʝ-

ʤʝʥʥʫʶ ʪʝʥʜʝʥʮʠʶ ʨʳʥʢʘ ʬʘʢʪʦʨʠʥʛʦʚʳʭ ʫʩʣʫʛ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2 [12]. 

 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 52, 2017 ʛ. 
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ʈʠʩ. 2. ʆʙʲʝʤ ʬʘʢʪʦʨʠʥʛʦʚʳʭ ʦʧʝʨʘʮʠʡ ʚ ʈʦʩʩʠʠ, ʤʣʥ. ʨʫʙ. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʜʠʥʘʤʠʢʫ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʚ ʈʦʩʩʠʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʬʘʢʪʦ-

ʨʠʥʛʦʚʳʝ ʦʧʝʨʘʮʠʡ ʥʝ ʧʦʣʴʟʫʶʪʩʷ ʚʳʩʦʢʠʤ ʩʧʨʦʩʦʤ. ʀʟ ʛʦʜʘ ʚ ʛʦʜ, ʥʘʙʣʶʜʘʝʪʩʷ ʩʠ-

ʪʫʘʮʠʷ ʩʪʘʛʥʘʮʠʠ, ʧʨʠ ʦʯʝʥʴ ʥʠʟʢʦʤ ʫʨʦʚʥʝ ʦʙʲʝʤʦʚ. ʅʘ 2016 ʛʦʜ ʈʦʩʩʠʷ ʟʘʥʠʤʘʝʪ 

ʣʠʰʴ ʜʚʘʜʮʘʪʫʶ ʩʪʨʦʯʢʫ ʚ ʨʝʡʪʠʥʛʝ ʩʪʨʘʥ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʜʘʥʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʬʘʢʪʦʨʠʥʛ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʠʩʩʠʦʥʥʦ-ʧʦʩʨʝʜʥʠʯʝʩ-

ʢʫʶ ʫʩʣʫʛʫ, ʦʢʘʟʳʚʘʝʤʫʶ ʙʘʥʢʦʤ ʠʣʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ ʢʣʠʝʥʪʫ, 

ʶʨʠʜʠʯʝʩʢʦʤʫ ʣʠʮʫ.  

ʌʘʢʪʦʨʠʥʛ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʨʷʜ ʫʩʣʫʛ [14]: 

ï ʂʨʝʜʠʪʦʚʘʥʠʝ ʩʙʳʪʘ. 

ï ʇʨʠʥʷʪʠʝ ʨʠʩʢʘ ʥʝʧʣʘʪʝʞʘ. 

ï ɹʫʭʛʘʣʪʝʨʩʢʠʡ ʫʯʝʪ ʜʝʙʠʪʦʨʦʚ. 

ï ʂʦʥʪʨʦʣʴ ʠ ʠʥʢʘʩʩʘʮʠʷ ʟʘʜʦʣʞʝʥʥʦʩʪʠ. 

ï ɺʝʜʝʥʠʝ ʩʪʘʪʠʩʪʠʢʠ ʧʨʦʜʘʞ. 

ʋʯʘʩʪʥʠʢʘʤʠ ʬʘʢʪʦʨʠʥʛʦʚʦʡ ʩʜʝʣʢʠ ʷʚʣʷʶʪʩʷ: ʙʘʥʢ-ʬʘʢʪʦʨ ʠʣʠ ʬʘʢʪʦʨʠʥʛʦʚʘʷ 

ʢʦʤʧʘʥʠʷ, ʧʝʨʚʦʥʘʯʘʣʴʥʳʡ ʢʨʝʜʠʪʦʨ, ʜʝʙʠʪʦʨ. 

ʂʣʘʩʩʠʯʝʩʢʦʡ ʧʨʦʮʝʜʫʨʦʡ ʬʘʢʪʦʨʠʥʛʘ ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʧʦʢʫʧʢʫ ʜʦʣʛʘ ɹʘʥʢʦʤ-

ʬʘʢʪʦʨʦʤ, ʠʣʠ ʬʘʢʪʦʨʠʥʛʦʚʦʡ ʢʦʤʧʘʥʠʝʡ, ʩ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʚʳʧʣʘʪʦʡ ʚ ʨʘʟʤʝʨʝ 70%-

80% ʦʪ ʩʫʤʤʳ ʟʘʜʦʣʞʝʥʥʦʩʪʠ. ʇʦ ʠʩʪʝʯʝʥʠʠ ʩʨʦʢʘ ʟʘʜʦʣʞʝʥʥʦʩʪʠ, ʜʝʙʠʪʦʨ ʨʘʩʧʣʘ-

ʯʠʚʘʝʪʩʷ ʩ ʬʘʢʪʦʨʦʤ, ʠ ʪʦʪ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʝʨʝʯʠʩʣʷʝʪ ʦʩʪʘʚʰʫʶʩʷ ʩʫʤʤʫ ʜʦʣʛʘ ʢʣʠ-

ʝʥʪʫ, ʟʘ ʚʳʯʝʪʦʤ ʧʨʦʮʝʥʪʦʚ, ʚ ʨʘʟʤʝʨʝ ʜʦ 2,5%. 

ʇʦ ʤʝʩʪʫ ʧʨʦʚʝʜʝʥʠʷ ʩʜʝʣʢʠ ʬʘʢʪʦʨʠʥʛʦʚʳʝ ʦʧʝʨʘʮʠʠ ʤʦʞʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ: 

ʚʥʫʪʨʝʥʥʠʝ ʠ ʚʥʝʰʥʠʝ. ɺʥʫʪʨʝʥʥʠʤʠ ʩʯʠʪʘʶʪʩʷ ʦʧʝʨʘʮʠʠ, ʧʦ ʢʦʪʦʨʦʡ ʚʩʝ ʩʪʦʨʦʥʳ 

ʜʦʛʦʚʦʨʘ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʡ ʩʪʨʘʥʳ. ɺʥʝʰʥʠʡ, ʠʣʠ ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʬʘʢʪʦ-

ʨʠʥʛ, ʧʦʜʨʘʟʫʤʝʚʘʝʪ, ʯʪʦ ʫʯʘʩʪʥʠʢʠ ʜʦʛʦʚʦʨʘ ʥʘʭʦʜʷʪʩʷ ʚ ʨʘʟʥʳʭ ʩʪʨʘʥʘʭ [15]. 

ʇʦ ʩʪʝʧʝʥʠ ʦʪʢʨʳʪʦʩʪʠ ʦʧʝʨʘʮʠʡ ʨʘʟʣʠʯʘʶʪ: ʦʪʢʨʳʪʳʡ ʠ ʟʘʢʨʳʪʳʡ ʬʘʢʪʦʨʠʥʛ. 

ʇʨʠ ʦʪʢʨʳʪʦʤ ʬʘʢʪʦʨʠʥʛʝ ʜʝʙʠʪʦʨ ʫʚʝʜʦʤʣʝʥ ʦ ʪʦʤ, ʯʪʦ ʚ ʩʜʝʣʢʝ ʫʯʘʩʪʚʫʝʪ ʬʘʢʪʦʨ, ʠ 

ʚʳʧʣʘʯʠʚʘʝʪ ʜʦʣʛ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʝʤʫ. ʇʨʠ ʟʘʢʨʳʪʦʤ ʬʘʢʪʦʨʠʥʛʝ, ʠʥʬʦʨʤʘʮʠʷ ʦ ʧʝ-

ʨʝʜʘʯʝ ʜʝʙʠʪʦʨʩʢʦʡ ʟʘʜʦʣʞʝʥʥʦʩʪʠ ʥʝ ʨʘʟʛʣʘʰʘʝʪʩʷ, ʠ ʜʝʙʠʪʦʨ ʦʧʣʘʯʠʚʘʝʪ ʜʦʣʛ ʧʦ-

ʩʪʘʚʱʠʢʫ, ʘ ʫ ʪʦʛʦ ʙʝʟ ʘʢʮʝʧʪʘ ʩʧʠʩʳʚʘʝʪʩʷ ʦʛʦʚʦʨʝʥʥʘʷ ʩʫʤʤʘ ʚ ʧʦʣʴʟʫ ʬʘʢʪʦʨʘ [16]. 

ʇʦ ʥʘʣʠʯʠʶ ʧʨʘʚʘ ʦʙʨʘʪʥʦʛʦ ʪʨʝʙʦʚʘʥʠʷ ʨʘʟʜʝʣʷʶʪʩʷ: ʩ ʧʨʘʚʦʤ ʨʝʛʨʝʩʩʘ, ʙʝʟ ʧʨʘ-

ʚʘ ʨʝʛʨʝʩʩʘ. ʇʨʘʚʦ ʨʝʛʨʝʩʩʘ ʧʦʜʨʘʟʫʤʝʚʘʝʪ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʥʝʫʧʣʘʪʳ ʜʝʙʠʪʦʨʦʤ ʜʦʣʛʘ, 

ʬʘʢʪʦʨ ʠʤʝʝʪ ʧʨʘʚʦ ʪʨʝʙʦʚʘʪʴ ʩ ʢʣʠʝʥʪʘ, ʦʛʦʚʦʨʝʥʥʫʶ ʚ ʜʦʛʦʚʦʨʝ ʩʫʤʤʫ. ʆʢʦʣʦ 60% 

ʬʘʢʪʦʨʠʥʛʦʚʳʭ ʦʧʝʨʘʮʠʡ ʚ ʈʦʩʩʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʨʘʚʦʤ ʨʝʛʨʝʩʩʘ. ʆʪʩʫʪʩʪʚʠʝ 

ʧʨʘʚʘ ʨʝʛʨʝʩʩʘ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʬʘʢʪʦʨ ʙʝʨʝʪ ʥʘ ʩʝʙʷ ʚʩʝ ʨʠʩʢʠ ʧʦ ʥʝʫʧʣʘʪʝ ʜʝʙʠʪʦ-

ʨʦʤ ʧʦ ʩʚʦʠʤ ʦʙʷʟʘʪʝʣʴʩʪʚʘʤ [17]. 

ʇʦ ʦʙʲʝʤʫ ʫʩʣʫʛ ʨʘʟʣʠʯʘʶʪ ʪʨʘʜʠʮʠʦʥʥʳʡ, ʠ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʬʘʢʪʦʨʠʥʛ. ʊʨʘʜʠ-

ʮʠʦʥʥʳʡ ʬʘʢʪʦʨʠʥʛ ʧʨʝʜʣʘʛʘʝʪ ʪʦʣʴʢʦ ʦʩʥʦʚʥʳʝ ʫʩʣʫʛʠ, ʚʢʣʶʯʘʶʱʠʝ ʩʙʦʨ, ʩʪʨʘʭʦ-
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ʚʘʥʠʝ, ʠ ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ ʜʝʙʠʪʦʨʩʢʦʡ ʟʘʜʦʣʞʝʥʥʦʩʪʠ. ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʬʘʢʪʦʨʠʥʛ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ, ʧʨʦʚʝʨʝʥʥʳʤ ʢʣʠʝʥʪʘʤ. ʇʨʝʜʧʦʣʘʛʘʝʪ ʧʦʣʥʫʶ 

ʟʘʱʠʪʫ ʠʥʪʝʨʝʩʦʚ ʢʣʠʝʥʪʦʚ, ʟʘʱʠʪʫ ʠʭ ʦʪ ʧʦʷʚʣʝʥʠʷ ʩʦʤʥʠʪʝʣʴʥʳʭ ʜʦʣʛʦʚ, ʛʘʨʘʥʪʠ-

ʨʦʚʘʥʠʝ ʧʨʠʪʦʢʘ ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ, ʫʧʨʘʚʣʝʥʠʝ ʢʨʝʜʠʪʦʤ, ʫʯʝʪ ʨʝʘʣʠʟʘʮʠʠ, ʢʨʝʜʠʪʦ-

ʚʘʥʠʝ ʚ ʬʦʨʤʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʧʣʘʪʳ [18]. 

ʌʘʢʪʦʨʠʥʛ ʚʳʧʦʣʥʷʝʪ ʨʷʜ ʬʫʥʢʮʠʡ. ʆʩʥʦʚʥʘʷ ʬʫʥʢʮʠʷ ʟʘʢʣʶʯʝʥʘ ʚ ʧʦʣʫʯʝʥʠʠ 

ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ ʩʨʘʟʫ ʧʦʩʣʝ ʦʪʛʨʫʟʢʠ, ʯʪʦ ʩʥʠʞʘʝʪ ʜʝʬʠʮʠʪ ʦʙʦʨʦʪʥʳʭ ʩʨʝʜʩʪʚ, ʙʝʟ 

ʨʦʩʪʘ ʢʨʝʜʠʪʦʨʩʢʦʡ ʟʘʜʦʣʞʝʥʥʦʩʪʠ. ʌʫʥʢʮʠʷ ʦʮʝʥʢʠ ʧʣʘʪʝʞʝʩʧʦʩʦʙʥʦʩʪʠ; ʙʦʣʝʝ 

ʧʨʠʤʝʥʠʤʘ ʚ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʝ, ʚ ʩʪʨʘʥʘʭ ʩ ʨʘʟʚʠʪʦʡ ʨʳʥʦʯʥʦʡ ʵʢʦʥʦʤʠʢʦʡ 

ʩʫʱʝʩʪʚʫʝʪ ʤʦʱʥʘʷ ʩʠʩʪʝʤʘ ʚ ʣʠʮʝ ʨʝʡʪʠʥʛʦʚʳʭ ʘʛʝʥʪʩʪʚ. ɺ ʩʪʨʘʥʘʭ ʩ ʪʨʘʥʩʬʦʨʤʠ-

ʨʫʶʱʝʡʩʷ ʵʢʦʥʦʤʠʢʦʡ ʬʘʢʪʦʨʫ ʥʝʦʙʭʦʜʠʤʦ ʩʦʙʠʨʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʣʘʪʝʞʥʦʡ ʜʠʩ-

ʮʠʧʣʠʥʝ ʦʨʛʘʥʠʟʘʮʠʠ. ʊʘʢ ʞʝ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʬʫʥʢʮʠʠ ʩʪʨʘʭʦʚʘʥʠʷ ʠ ʩʪʠʤʫʣʠʨʦʚʘ-

ʥʠʷ ʫʩʢʦʨʝʥʠʷ ʦʙʦʨʘʯʠʚʘʝʤʦʩʪʠ ʩʨʝʜʩʪʚ ʧʦʩʪʘʚʱʠʢʘ [10]. 

ʉʫʱʝʩʪʚʫʝʪ ʨʷʜ ʤʠʥʫʩʦʚ, ʢʦʪʦʨʳʝ ʧʦʷʚʣʷʶʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʘʢʪʦʨʠʥʛʘ. 

ʌʘʢʪʠʯʝʩʢʠ ʪʝʨʷʝʪʩʷ ʢʦʥʪʨʦʣʴ ʥʘʜ ʢʣʠʝʥʪʘʤʠ, ʪʝʨʷʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ, ʦʨʛʘʥʠʟʘʮʠʠ 

ʧʨʠʭʦʜʠʪʩʷ ʥʝʩʪʠ ʦʧʨʝʜʝʣʝʥʥʳʝ ʫʙʳʪʢʠ ʠʟ-ʟʘ ʢʦʤʠʩʩʠʠ. 

ɼʠʩʢʦʥʪʠʨʦʚʘʥʠʝ ʩʯʝʪʘ-ʬʘʢʪʫʨʳ ï ʵʪʦ, ʩʚʦʝʛʦ ʨʦʜʘ, ʢʨʝʜʠʪ ʧʦʜ ʟʘʣʦʛ ʜʝʙʠʪʦʨʩʢʦʡ 

ʟʘʜʦʣʞʝʥʥʦʩʪʠ. ʏʘʩʪʦ ʜʘʥʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʧʫʪʘʶʪ ʩ ʬʘʢʪʦʨʠʥʛʦʤ ʩ ʧʨʘʚʦʤ ʨʝʛʨʝʩʩʘ, 

ʥʦ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʝ ʧʦ ʢʘʞʜʦʡ ʦʪʜʝʣʴʥʦʡ ʧʦ-

ʩʪʘʚʢʝ, ʘ ʧʦ ʚʩʝʤʫ ʩʘʣʴʜʦ [19]. 

ʂ ʨʷʜʫ ʦʪʣʠʯʠʡ ʜʠʩʢʦʥʪʠʨʦʚʘʥʠʷ ʩʯʝʪʘ-ʬʘʢʪʫʨʳ ʦʪ ʬʘʢʪʦʨʠʥʛʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: 

ï ɹʦʣʝʝ ʥʠʟʢʫʶ ʩʪʘʚʢʫ ʢʦʤʠʩʩʠʠ, ʜʦ 1%, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ ʩʫʤʤʳ ʦʧʝ-

ʨʘʮʠʠ. 

ï ʂʦʤʧʘʥʠʷ, ʦʩʫʱʝʩʪʚʣʷʶʱʘʷ ʫʩʣʫʛʫ, ʥʝ ʫʧʨʘʚʣʷʝʪ ʜʝʙʠʪʦʨʩʢʦʡ ʟʘʜʦʣʞʝʥʥʦʩʪʴʶ. 

ï ɺʩʝ ʨʠʩʢʠ ʥʝ ʧʦʜʚʝʨʞʝʥʳ ʩʪʨʘʭʦʚʘʥʠʶ. 

ï ʇʨʠ ʦʪʢʨʳʪʠʠ ʣʠʤʠʪʦʚ, ʠʟʫʯʘʝʪʩʷ ʩʘʤ ʢʣʠʝʥʪ, ʘ ʥʝ ʜʝʙʠʪʦʨʳ. 

ï ɺʩʝ ʩʜʝʣʢʠ ʧʨʦʠʩʭʦʜʷʪ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦ. 

ɺ ʟʘʨʫʙʝʞʥʦʡ ʧʨʘʢʪʠʢʝ, ʚʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʥʘʟʳʚʘʶʪ ʢʦʤʤʝʨʯʝ-

ʩʢʠʤ ʬʠʥʘʥʩʠʨʦʚʘʥʠʝʤ. ʀʭ ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʦʪʣʠʯʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʜʭʦʜʘʭ ʢ ʦʮʝʥ-

ʢʝ ʢʣʠʝʥʪʦʚ, ʘ ʠʤʝʥʥʦ, ʦʮʝʥʠʚʘʝʪʩʷ ʥʠ ʩʢʦʣʴʢʦ ʬʠʥʘʥʩʦʚʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʚ ʜʠʥʘʤʠʢʝ 

ʟʘ ʧʨʦʰʣʳʝ ʛʦʜʳ, ʩʢʦʣʴʢʦ ʪʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ʘʢʪʠʚʦʚ. ʂʦʤʤʝʨʯʝʩʢʦʝ ʬʠʥʘʥʩʠʨʦʚʘ-

ʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʜ ʨʘʟʣʠʯʥʳʝ ʣʠʢʚʠʜʥʳʝ ʘʢʪʠʚʳ. 

ɽʱʝ ʦʜʥʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʫʧʨʘʚʣʝʥʠʷ ʜʝʙʠʪʦʨʩʢʦʡ ʟʘʜʦʣʞʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʨʝ-

ʚʝʨʩʠʚʥʳʡ ʬʘʢʪʦʨʠʥʛ. ɻʣʘʚʥʳʤ ʝʛʦ ʦʪʣʠʯʠʝʤ ʷʚʣʷʝʪʩʷ ʠʥʠʮʠʘʪʠʚʘ ʚ ʩʜʝʣʢʝ ʩʦ ʩʪʦʨʦ-

ʥʳ ʧʦʢʫʧʘʪʝʣʷ, ʢʘʢ ʥʘʠʙʦʣʝʝ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʦʡ ʩʪʦʨʦʥʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʥ ʧʦʣʫʯʘʝʪ 

ʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʫʶ ʦʪʩʨʦʯʢʫ ʧʣʘʪʝʞʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʟʘʢʫ-

ʧʦʢ [16]. 

ʊʘʢ ʞʝ, ʥʝʣʴʟʷ ʥʝ ʫʧʦʤʷʥʫʪʴ ʦ ʧʨʝʜʧʦʩʪʘʚʦʯʥʦʤ ʬʘʢʪʦʨʠʥʛʝ. ɼʘʥʥʳʡ ʠʥʩʪʨʫʤʝʥʪ 

ʧʦʣʝʟʝʥ, ʢʦʛʜʘ ʫ ʢʦʤʧʘʥʠʠ ʝʩʪʴ ʟʘʢʘʟ, ʥʦ ʥʝ ʜʦʩʪʘʪʦʯʥʦ ʩʨʝʜʩʪʚ ʥʘ ʝʛʦ ʨʝʘʣʠʟʘʮʠʶ. 

ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʬʘʢʪʦʨ ʬʠʥʘʥʩʠʨʫʝʪ ʝʱʝ ʥʝ ʩʫʱʝʩʪʚʫʶʱʫʶ, ʙʫʜʫʱʫʶ ʜʝʙʠʪʦʨ-

ʩʢʫʶ ʟʘʜʦʣʞʝʥʥʦʩʪʴ [20]. 

ɺ ʉʐɸ, ɿʘʧʘʜʥʦʡ ɽʚʨʦʧʝ ʠ ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ, ʦʩʥʦʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʟʘʱʠʪʳ ʦʪ 

ʧʨʦʩʨʦʯʝʥʥʦʡ ʠʣʠ ʩʦʤʥʠʪʝʣʴʥʦʡ ʜʝʙʠʪʦʨʩʢʦʡ ʟʘʜʦʣʞʝʥʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʢʨʝʜʠʪʥʦʝ 

ʩʪʨʘʭʦʚʘʥʠʝ. ɺ ʈʦʩʩʠʠ ʜʘʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʥʝ ʨʘʟʚʠʪʦ, ʠʤ ʟʘʥʠʤʘʝʪʩʷ ʚʩʝʛʦ ʥʝʩʢʦʣʴʢʦ 

ʢʦʤʧʘʥʠʡ, ʧʨʠ ʵʪʦʤ ʩʚʦʠ ʨʠʩʢʠ, ʟʘ ʥʝʠʤʝʥʠʝʤ ʦʧʳʪʘ, ʦʥʠ ʧʝʨʝʩʪʨʘʭʦʚʳʚʘʶʪ ʚ ʟʘʨʫ-

ʙʝʞʥʳʭ ʢʦʤʧʘʥʠʷʭ. ʊʘʢ ʞʝ, ʦʯʝʥʴ ʩʝʨʴʝʟʥʳʤ ʷʚʣʷʝʪʩʷ ʚʤʝʰʘʪʝʣʴʩʪʚʦ ʛʦʩʫʜʘʨʩʪʚʘ ʚ 

ʘʥʪʠʢʨʠʟʠʩʥʫʶ ʧʦʣʠʪʠʢʫ. ʇʨʘʢʪʠʢʘ ɺʝʥʛʨʠʠ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʦʙʤʝʥ ʜʦʣʛʦʚ ʧʨʝʜ-

ʧʨʠʷʪʠʷ ʥʘ ʜʦʣʛʦʩʨʦʯʥʳʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʦʙʣʠʛʘʮʠʠ. ɹʝʟʥʘʜʝʞʥʳʝ ʜʦʣʛʠ ʤʦʞʥʦ 

ʦʙʤʝʥʷʪʴ ʥʘ 50% ʦʪ ʥʦʤʠʥʘʣʘ, ʘ ʜʦʣʛʠ ʧʨʝʜʧʨʠʷʪʠʡ, ʥʘʤʝʯʝʥʥʳʭ ʢ ʧʨʠʚʘʪʠʟʘʮʠʠ ʧʦ 

ʥʦʤʠʥʘʣʴʥʦʡ ʩʪʦʠʤʦʩʪʠ [9]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʚ ʟʘʨʫʙʝʞʥʦʡ ʧʨʘʢʪʠʢʝ ʧʨʠʤʝʥʷʝʪʩʷ ʦʛʨʦʤʥʦʝ 

ʤʥʦʞʝʩʪʚʦ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʜʝʙʠʪʦʨʩʢʦʡ ʟʘʜʦʣʞʝʥʥʦʩʪʴʶ. ʕʪʦʤʫ ʩʧʦ-

ʩʦʙʩʪʚʫʝʪ ʥʘʣʠʯʠʝ ʨʘʟʚʠʪʳʭ ʨʝʡʪʠʥʛʦʚʳʭ ʘʛʝʥʪʩʪʚ, ʠ ʥʘʣʠʯʠʝ ʩʠʣʴʥʦʡ ʬʠʥʘʥʩʦʚʦʡ 
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ʜʠʩʮʠʧʣʠʥʳ. ɺ ʈʦʩʩʠʡʩʢʦʡ ʧʨʘʢʪʠʢʝ, ʧʦʜʦʙʥʳʝ ʤʝʪʦʜʳ ʫʧʨʘʚʣʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ, ʥʦ 

ʚ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʢʨʫʧʥʳʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ, ʠ ʩʧʝʢʪʨ ʠʥʩʪʨʫʤʝʥʪʦʚ ʦʯʝʥʴ ʦʛʨʘʥʠʯʝʥ, 

ʚ ʩʚʷʟʠ ʩ ʙʦʣʴʰʠʤʠ ʨʠʩʢʘʤʠ ʠ ʦʪʩʫʪʩʪʚʠʝʤ ʢʫʣʴʪʫʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʳʭ ʠʥʩʪʨʫ-

ʤʝʥʪʦʚ. ʅʝʨʘʟʚʠʪʦʩʪʴ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ, ʤʦʰʝʥʥʠʯʝʩʪʚʦ ʠ çʩʝʨʳʝ ʩʭʝʤʳè ʨʦʞʜʘʶʪ 

ʥʝʜʦʚʝʨʠʝ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʝʡ ʢ ʵʪʠʤ ʧʨʦʜʫʢʪʘʤ. 

ʅʘʠʙʦʣʝʝ ʛʠʙʢʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʧʨʦʜʘʞ ʠ ʫʩʢʦʨʝʥʠʷ ʦʧʣʘʪʳ ʚ 

ʨʦʩʩʠʡʩʢʦʡ ʧʨʘʢʪʠʢʝ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʷʚʣʷʶʪʩʷ ʩʢʠʜʢʠ. ʇʨʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʠ ʩʢʠʜʢʠ 

ʥʫʞʥʦ ʫʯʠʪʳʚʘʪʴ ʚʳʛʦʜʳ ʦʙʝʠʭ ʩʪʦʨʦʥ, ʧʨʦʜʘʚʮʫ ʥʝʦʙʭʦʜʠʤʦ ʯʪʦʙʳ ʵʢʦʥʦʤʠʯʝʩʢʠʡ 

ʵʬʬʝʢʪ ʦʪ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʦʙʦʨʦʪʥʳʭ ʩʨʝʜʩʪʚ ʧʦʢʨʳʚʘʣ ʩʫʤʤʫ ʩʢʠʜʢʠ, ʠ ʜʘʚʘʣ ʧʦʣʦ-

ʞʠʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ, ʘ ʜʠʩʪʨʠʙʴʶʪʝʨʫ ʜʦʣʞʥʘ ʙʳʪʴ ʧʨʠʚʣʝʢʘʪʝʣʴʥʘ ʩʫʤʤʘ ʩʢʠʜʢʠ ʩʦ 

ʩʪʦʨʦʥʳ ʚʳʛʦʜʥʦʩʪʠ ʚ ʘʣʴʪʝʨʥʘʪʠʚʝ ʚʟʷʪʠʷ ʢʨʝʜʠʪʘ ʚ ʙʘʥʢʝ [21]. ɻʣʘʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʪʦʛʦ, ʯʪʦ ʧʨʦʚʝʜʝʥʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʩʦ ʩʢʠʜʢʘʤʠ ʙʳʣʠ ʧʨʦʜʫʢʪʠʚʥʳ, ʵʪʦ: ʫʚʝʣʠʯʝʥʠʝ 

ʦʙʦʨʦʪʘ ʜʝʙʠʪʦʨʩʢʦʡ ʟʘʜʦʣʞʝʥʥʦʩʪʠ, ʩʥʠʞʝʥʠʝ ʧʝʨʠʦʜʘ ʝʝ ʦʙʦʨʦʪʘ, ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ 

ʫʤʝʥʴʰʝʥʠʝ ʦʧʝʨʘʮʠʦʥʥʦʛʦ ʠ ʬʠʥʘʥʩʦʚʦʛʦ ʮʠʢʣʦʚ [22]. 

ʆʯʝʥʴ ʚʘʞʥʦʡ ʧʨʦʙʣʝʤʦʡ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʡ, ʧʨʦʠʟʚʦʜʷʱʠʭ ʠ ʨʝʘʣʠʟʫʶʱʠʭ ʧʨʦ-

ʜʫʢʮʠʶ ʩ ʜʣʠʪʝʣʴʥʳʤ ʩʨʦʢʦʤ ʭʨʘʥʝʥʠʷ, ʷʚʣʷʝʪʩʷ ʠʤʝʥʥʦ ʜʣʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ ʜʝʙʠ-

ʪʦʨʩʢʦʡ ʟʘʜʦʣʞʝʥʥʦʩʪʠ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʜʝʙʠʪʦʨʩʢʦʡ ʟʘʜʦʣʞʝʥʥʦʩʪʠ ʚʳʟʚʘʥʦ ʦʙʲʝʢ-

ʪʠʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ, ʦʜʥʘʢʦ ʝʝ ʥʘʣʠʯʠʝ ʠ ʥʠʟʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʦʙʦʨʘʯʠʚʘʝʤʦʩʪʠ ʫʭʫʜ-

ʰʘʪʁ ʬʠʥʘʥʩʦʚʳʝ ʧʦʢʘʟʘʪʝʣʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʣʶʙʦʡ ʦʨʛʘʥʠʟʘʮʠʠ. ʀʤʝʷ ʦʙʦʨʘʯʠʚʘʝ-

ʤʦʩʪʴ ʜʝʙʠʪʦʨʩʢʦʡ ʟʘʜʦʣʞʝʥʥʦʩʪʠ ʚ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʙʦʣʝʝ 260 ʜʥʝʡ, 

ʪʘʢʠʝ ʦʨʛʘʥʠʟʘʮʠʠ ʢʘʞʜʳʡ ʛʦʜ ʩʪʘʚʷʪ ʮʝʣʴ ʩʦʢʨʘʪʠʪʴ ʝʛʦ ʭʦʪʷ ʙʳ ʥʘ ʥʝʩʢʦʣʴʢʦ ʜʥʝʡ. 

ʆʩʥʦʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʫʩʢʦʨʝʥʠʷ ʦʧʣʘʪʳ ʜʣʷ ʘʥʘʣʦʛʠʯʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʤʳ ʩʯʠʪʘ-

ʝʤ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʫʶ ʩʠʩʪʝʤʫ ʩʢʠʜʦʢ, ʢʦʪʦʨʘʷ ʦʩʥʦʚʘʥʘ ʥʘ ʦʙʲʝʤʘʭ ʠ ʩʨʦʢʘʭ ʨʝʘ-

ʣʠʟʘʮʠʠ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʩʦʭʨʘʥʠʪʴ ʪʝʢʫʱʫʶ ʪʝʥʜʝʥʮʠʶ ʢ ʩʦʢʨʘʱʝʥʠʶ ʜʝʙʠʪʦʨʩʢʦʡ 

ʟʘʜʦʣʞʝʥʥʦʩʪʠ, ʤʦʜʝʨʥʠʟʠʨʫʝʤ ʩʠʩʪʝʤʫ ʩʢʠʜʦʢ ʧʫʪʝʤ ʘʜʘʧʪʘʮʠʠ ʠʭ ʢ ʚʦʟʤʦʞʥʦʩʪʷʤ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʛʨʫʧʧ ʧʦʢʫʧʘʪʝʣʝʡ.  

ʉʦʟʜʘʜʠʤ ʤʦʜʝʣʴ, ʚ ʢʦʪʦʨʦʡ ʦʪʨʘʟʠʤ ʚʩʝʤ ʚʦʟʤʦʞʥʳʝ ʚʘʨʠʘʥʪʳ ʨʘʟʚʠʪʠʷ ʩʦʙʳ-

ʪʠʡ. ɼʣʷ ʵʪʦʛʦ ʨʘʩʩʤʦʪʨʠʤ ʚʘʨʠʘʥʪʳ, ʢʦʛʜʘ ʢʦʥʪʨʘʛʝʥʪ ʧʦʣʴʟʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ 

ʫʩʣʦʚʠʷʤʠ, ʢʦʛʜʘ ʦʥ ʦʪ ʥʠʭ ʦʪʢʘʟʳʚʘʝʪʩʷ, ʘ ʪʘʢ ʞʝ ʫʩʪʘʥʦʚʠʤ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʩʢʠʜʢʠ. 

ɺʦ-ʧʝʨʚʳʭ, ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ ʞʝʣʘʪʝʣʴʥʳʝ ʩʨʦʢʠ ʧʦʣʫʯʝʥʠʷ ʩʫʤʤʳ ʜʦʣʛʘ. 

ʊʘʢ ʢʘʢ ʜʘʥʥʦʝ ʧʨʝʜʣʦʞʝʥʠʝ ʙʦʣʝʝ ʦʨʠʝʥʪʠʨʦʚʘʥʦ ʥʘ ʩʨʝʜʥʠʭ ʧʦ ʨʘʟʤʝʨʘʤ ʟʘʢʫʧʦʢ 

ʜʝʙʠʪʦʨʦʚ, ʪʦ ʟʘʜʘʜʠʤ ʧʣʘʥʢʫ ʥʘ ʫʨʦʚʥʝ 220 ʜʥʝʡ, ʘ ʚ ʩʣʫʯʘʝ ʦʪʢʘʟʘ ʦʪ ʜʦʧʦʣʥʠʪʝʣʴ-

ʥʦʡ ʦʧʮʠʠ ʥʫʞʥʦ ʙʫʜʝʪ ʧʨʦʠʟʚʝʩʪʠ ʦʧʣʘʪʫ ʚ ʪʝʯʝʥʠʝ 280 ʜʥʝʡ, ʩʪʘʥʜʘʨʪʥʦ ʧʦ ʜʦʛʦʚʦ-

ʨʫ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʙʦʣʝʝ ʯʝʪʢʦ ʨʘʩʩʪʘʚʠʪʴ ʛʨʘʥʠʮʳ ʧʨʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʠ ʩʨʝʜʥʠʭ ʠ 

ʢʨʫʧʥʳʭ ʜʝʙʠʪʦʨʦʚ, ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʫʩʣʦʚʠʷ ʧʦ ʩʨʦʢʘʤ ʜʣʷ ʥʠʭ ʩʪʘʚʷʪʩʷ ʧʨʘʢʪʠʯʝ-

ʩʢʠ ʦʜʠʥʘʢʦʚʦ. 

ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʧʨʦʠʟʚʝʜʝʤ ʨʘʩʯʝʪ ʠ ʦʙʦʩʥʦʚʘʥʠʝ ʩʢʠʜʢʠ. ɼʣʷ ʵʪʦʛʦ ʨʘʩʩʯʠʪʘ-

ʝʤ ʵʬʬʝʢʪ ʦʪ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʦʙʦʨʦʪʥʳʭ ʩʨʝʜʩʪʚ ʥʘ ʧʣʘʥʦʚʳʡ 2017 ʛʦʜ, ʠ ʩʨʘʚʥʠʤ 

ʧʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʩ ʩʫʤʤʦʡ ʩʢʠʜʢʠ ʦʪ ʚʳʨʫʯʢʠ ʧʨʠ ʰʘʛʝ ʚ ʧʦʣ ʧʨʦʮʝʥʪʘ. ʈʝʟʫʣʴ-

ʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 4 ʠ ʪʘʙʣʠʮʝ 5. 

ʊʘʙʣʠʮʘ 4 

ʇʣʘʥʦʚʳʝ ʧʦʢʘʟʘʪʝʣʠ ʜʝʙʠʪʦʨʩʢʦʡ ʟʘʜʦʣʞʝʥʥʦʩʪʠ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʢʠʜʢʠ  

ʚ ʦʨʛʘʥʠʟʘʮʠʠ, ʧʨʦʠʟʚʦʜʷʱʝʡ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʝ ʧʨʝʧʘʨʘʪʳ ʠ ʤʘʪʝʨʠʘʣʳ 

ʇʦʢʘʟʘʪʝʣʴ ʇʣʘʥʦʚʳʝ ʟʥʘʯʝʥʠʷ ʥʘ 2017 ʛ., ʚʘʨʠʘʥʪ ʙʝʟ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ 

1. ʉʨʝʜʥʝʛʦʜʦʚʘʷ ʚʝʣʠʯʠʥʘ ʜʝʙʠʪʦʨʩʢʦʡ ʟʘʜʦʣ-

ʞʝʥʥʦʩʪʠ, ʪʳʩ. ʨʫʙ. 

24102892,26 

2. ʂʦʵʬʬʠʮʠʝʥʪ ʦʙʦʨʘʯʠʚʘʝʤʦʩʪʠ ʜʝʙʠʪʦʨʩʢʦʡ 

ʟʘʜʦʣʞʝʥʥʦʩʪʠ, ʦʙʦʨʦʪʳ 

1,43 

3. ʇʝʨʠʦʜ ʦʙʦʨʦʪʘ ʜʝʙʠʪʦʨʩʢʦʡ ʟʘʜʦʣʞʝʥʥʦʩʪʠ, 

ʜʥʠ 

254,80 



ʅ.ɸ. ʄʘʨʢʦʚʘ, ʀ.ɼ. ʇʦʧʘʥʜʦʧʫʣʦ 
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4. ʕʬʬʝʢʪ, ʪʳʩ. ʨʫʙ. -1 343 628,02 

ʊʘʙʣʠʮʘ 5 

ɺʝʣʠʯʠʥʘ ʩʢʠʜʢʠ 

ʉʢʠʜʢʘ,% ʉʫʤʤʘ, ʪʳʩ. ʨʫʙ. 

1 345278,06 

1,5 517917,09 

2 690556,13 

2,5 863195,16 

3 1035834,19 

3,5 1208473,22 

4 1381112,25 

4,5 1553751,28 

5 1726390,32 

ʇʦʩʢʦʣʴʢʫ ʚʝʣʠʯʠʥʘ ʵʬʬʝʢʪʘ ʩʦʩʪʘʚʣʷʝʪ 1343628,02 ʪʳʩ. ʨʫʙ., ʘ ʢʨʠʪʠʯʝʩʢʦʝ ʟʥʘ-

ʯʝʥʠʝ ʧʨʠ ʟʘʜʘʥʥʦʤ ʰʘʛʝ 1208473,22 ʪʳʩ. ʨʫʙ., ʤʳ ʤʦʞʝʤ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʦʨʛʘʥʠʟʘʮʠʷ 

ʤʦʞʝʪ ʧʦʟʚʦʣʠʪʴ ʩʝʙʝ ʨʘʙʦʪʘʪʴ ʩʦ ʩʢʠʜʢʦʡ ʧʨʠʤʝʨʥʦ ʜʦ 3,5%. ʇʨʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʠ 

ʩʢʠʜʢʠ ʥʫʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʠʥʪʝʨʝʩʳ ʦʙʝʠʭ ʩʪʦʨʦʥ. ɽʝ ʚʝʣʠʯʠʥʘ ʜʦʣʞʥʘ ʠʤʝʪʴ ʧʨʷʤʫʶ 

ʩʚʷʟʴ ʩ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʦʪʩʨʦʯʢʠ, ʘ ʪʘʢ ʞʝ ʦʥʘ ʜʦʣʞʥʘ ʧʨʝʜʩʪʘʚʣʷʪʴ ʚʳʛʦʜʥʫʶ 

ʘʣʴʪʝʨʥʘʪʠʚʫ ʧʦʣʫʯʝʥʠʶ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʢʨʝʜʠʪʘ ʚ ʙʘʥʢʝ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʛʦʜʥʦʩʪʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʩʢʠʜʢʠ, ʜʘʣʝʝ ʉʚ, ʢʣʘʩʩʠʯʝʩʢʠ ʠʩ-

ʧʦʣʴʟʫʶ ʬʦʨʤʫʣʫ [23]: 

ʉʚ = 
Ϸ ̒̋̉̅̋̉

Ϸ̒̋̉̅̋̉
 ³ 
ˑ̎ ̘̉̎̆̏̐̌́̆̎̎̏̄̏ ̋̑̆̅̉̓́  ̃̆̑̉̏̅ ̒̋̉̅̋̉

 ³ 100 

ɼʘʥʥʘʷ ʬʦʨʤʫʣʘ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʘʪʴ ʧʨʠʙʣʠʞʝʥʥʦʝ ʛʦʜʦʚʦʝ ʟʥʘʯʝʥʠʝ ʧʨʦʮʝʥʪ-

ʥʳʭ ʠʟʜʝʨʞʝʢ ʧʨʠ ʧʦʣʴʟʦʚʘʥʠʠ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʢʨʝʜʠʪʘ, ʠ ʜʘʣʝʝ ʩʨʘʚʥʠʪʴ ʝʝ ʩ ʙʘʥʢʦʚ-

ʩʢʠʤʠ ʧʨʦʮʝʥʪʥʳʤʠ ʩʪʘʚʢʘʤʠ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʚʝʨʭʥʷʷ ʧʣʘʥʢʘ 

ʩʢʠʜʢʠ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʧʨʦʜʘʚʮʘ, ʘ ʪʝʧʝʨʴ ʦʧʨʝʜʝʣʠʤ ʥʠʞʥʶʶ ʧʣʘʥ-

ʢʫ, ʥʘʯʠʥʘʷ ʩ ʢʦʪʦʨʦʡ ʧʦʣʴʟʦʚʘʪʴʩʷ ʩʢʠʜʢʦʡ ʙʫʜʝʪ ʚʳʛʦʜʥʦ ʠ ʧʦʢʫʧʘʪʝʣʶ. ɼʣʷ ʵʪʦʛʦ 

ʪʘʢ ʞʝ ʚʦʟʴʤʝʤ ʰʘʛ ʚ ʧʦʣ ʧʨʦʮʝʥʪʘ, ʥʘʯʠʥʘʷ ʩʦ ʩʢʠʜʢʠ ʚ 1%, ʠ ʟʘʢʘʥʯʠʚʘʷ ʚʝʣʠʯʠʥʦʡ 

4,5%. ʄʝʨʦʧʨʠʷʪʠʝ ʨʘʩʩʯʠʪʘʥʦ ʙʦʣʴʰʝʡ ʯʘʩʪʴʶ ʥʘ ʧʦʢʫʧʘʪʝʣʝʡ ʈʌ ʠ ʥʘ ʠʥʦʩʪʨʘʥʥʳʭ 

ʜʝʙʠʪʦʨʦʚ, ʚʝʣʠʯʠʥʘ ʟʘʜʦʣʞʝʥʥʦʩʪʠ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʩʨʝʜʥʝʡ ʧʦ ʨʘʟʤʝʨʘʤ, ʧʦʵʪʦʤʫ 

ʧʝʨʠʦʜ ʩʢʠʜʢʠ ʙʫʜʝʪ ʩʦʩʪʘʚʣʷʪʴ 220 ʜʥʝʡ, ʘ ʜʥʠ ʥʝʦʧʣʘʯʝʥʥʦʛʦ ʢʨʝʜʠʪʘ 280 ʜʥʝʡ. ʈʝ-

ʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 6. 

ʊʘʙʣʠʮʘ 6 

ɺʳʛʦʜʥʦʩʪʴ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʩʢʠʜʢʠ 

ɸʣʴʪʝʨʥʘʪʠʚʘ ʢʨʝʜʠʪʫ ʚ ʙʘʥʢʝ, % ʉʢʠʜʢʘ,% 

6 1 

9 1,5 

12 2 

16 2,5 

19 3 

22 3,5 

25 4 

29 4,5 
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ʉʦʛʣʘʩʥʦ ʦʬʠʮʠʘʣʴʥʦʡ ʩʪʘʪʠʩʪʠʢʠ, ʠʥʜʝʢʩ ʧʦ ʢʨʝʜʠʪʘʤ ʩʨʝʜʥʝʛʦ ʙʠʟʥʝʩʘ ʥʘ ʩʝʛʦ-

ʜʥʷʰʥʠʡ ʜʝʥʴ ʢʦʣʝʙʣʝʪʩʷ ʚ ʨʘʡʦʥʝ ʟʥʘʯʝʥʠʷ 16,77%. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʢʫʧʘʪʝʣʶ ʚʳ-

ʛʦʜʥʝʝ ʟʘʧʣʘʪʠʪʴ ʨʘʥʴʰʝ, ʚ ʪʝʯʝʥʠʝ 220 ʜʥʝʡ, ʝʩʣʠ ʩʢʠʜʢʘ ʧʨʝʚʳʰʘʝʪ 3ï3,5%. ʇʦʩʣʝ 

ʪʦʛʦ ʢʘʢ ʚʝʣʠʯʠʥʘ ʩʢʠʜʢʠ ʦʙʦʩʥʦʚʘʥʘ ʧʨʦʠʟʚʝʜʝʤ ʨʘʩʯʝʪʳ ʧʣʘʥʦʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ. ʇʦ ʜʘʥʥʳʤ ʘʥʘʣʠʟʘ ʩʪʨʫʢʪʫʨʳ ʜʝʙʠʪʦʨʩʢʦʡ ʟʘʜʦʣʞʝʥʥʦʩʪʠ ʚʳʜʚʠʛʘʝʪʩʷ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʩʢʠʜʢʦʡ ʚʦʩʧʦʣʴʟʫʶʪʩʷ ʪʦʣʴʢʦ ʩʨʝʜʥʠʝ ʠʥʦʩʪʨʘʥʥʳʝ ʠ ʨʦʩʩʠʡ-

ʩʢʠʝ ʜʝʙʠʪʦʨʳ. ʀʥʦʩʪʨʘʥʥʳʝ ʜʝʙʠʪʦʨʳ ʠʩʧʦʣʴʟʫʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʫʩʣʦʚʠʝ ʚ ʨʘʟʤʝ-

ʨʝ 10% ʦʪ ʚʝʣʠʯʠʥʳ ʛʦʜʦʚʦʡ ʩʫʤʤʳ ʟʘʢʘʟʦʚ, ʘ ʨʦʩʩʠʡʩʢʠʝ ʚ ʨʘʟʤʝʨʝ 20%. ʈʘʩʯʝʪ ʧʨʦ-

ʚʝʜʝʤ ʚ ʜʠʘʧʘʟʦʥʝ 3ï3,5% ʩʢʠʜʢʠ, ʩ ʰʘʛʦʤ ʚ ʧʦʣ ʧʨʦʮʝʥʪʘ, ʘ ʪʘʢ ʞʝ ʫʯʪʝʤ ʠʟʤʝʥʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʩʪʫʧʣʝʥʠʡ ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ. ʇʨʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʠ ʩʢʠʜʢʠ ʚ 3%, 

3,5%, ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʩʪʫʧʣʝʥʠʡ ʦʪ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʜʫʢʮʠʠ ʙʫʜʫʪ ʨʘʚʥʳ 1,05, 1,08 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʘʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʳʚʝʜʝʥʳ ʵʢʩʧʝʨʪʥʳʤ ʧʫʪʝʤ, ʢʦʣʣʝʛʠʘʣʴʥʦ 

ʬʠʥʘʥʩʦʚʳʤ ʠ ʢʦʤʤʝʨʯʝʩʢʠʤ ʦʪʜʝʣʘʤʠ, ʠ ʧʨʠʤʝʥʷʶʪʩʷ ʥʘ ʧʨʘʢʪʠʢʝ ʧʨʠ ʨʘʙʦʪʝ ʩ 

ʢʦʥʪʨʘʛʝʥʪʘʤʠ. ʂʦʥʝʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʦ ʨʘʟʣʠʯʥʳʤ ʚʘʨʠʘʥʪʦʚ ʧʨʝʜʦʩʪʘʚʣʝ-

ʥʠʷ ʩʢʠʜʢʠ ʠ ʦʪʢʘʟʘ ʦʪ ʥʝʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 7. 
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ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʝʜʧʨʠʷʪʠ-

ʝʤ ʩʢʠʜʢʠ, ʚ ʣʶʙʦʤ ʠʟ ʧʨʝʜʣʦʞʝʥʥʳʭ ʚʘʨʠʘʥʪʦʚ, ʙʫʜʝʪ ʜʦʩʪʠʛʥʫʪ ʧʦʣʦʞʠʪʝʣʴʥʳʡ 

ʨʝʟʫʣʴʪʘʪ. ʅʘ 2017 ʛʦʜ ʚ ʧʣʘʥʝ ʟʘʣʦʞʝʥʦ ʩʦʢʨʘʱʝʥʠʝ ʧʝʨʠʦʜʘ ʦʙʦʨʦʪʘ ʜʝʙʠʪʦʨʩʢʦʡ 

ʟʘʜʦʣʞʝʥʥʦʩʪʠ ʧʨʠʤʝʨʥʦ ʥʘ 14 ʜʥʝʡ. ʆʜʥʘʢʦ ʧʨʠʤʝʥʝʥʠʝ ʩʢʠʜʢʠ ʩʧʦʩʦʙʥʦ ʨʘʟʜʚʠ-

ʥʫʪʴ ʵʪʠ ʛʨʘʥʠʮʳ ʜʦ 25 ʜʥʝʡ. ʅʘʠʙʦʣʝʝ ʦʱʫʪʠʤʳʡ ʨʝʟʫʣʴʪʘʪ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʧʨʝʜʦ-

ʩʪʘʚʣʝʥʠʠ ʩʢʠʜʢʠ ʠʤʝʥʥʦ ʚ 3,5%. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʧʝʨʠʦʜ ʦʙʦʨʦʪʘ ʜʝʙʠʪʦʨʩʢʦʡ ʟʘ-

ʜʦʣʞʝʥʥʦʩʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪʩʷ ʧʦʯʪʠ ʥʘ 11 ʜʥʝʡ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʠʤ ʧʦ-

ʢʘʟʘʪʝʣʝʤ ʜʣʷ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ, ʘ ʩ ʜʨʫʛʦʡ, ʢʦʥʪʨʘʛʝʥʪʫ ʙʫʜʝʪ ʚʳʛʦʜʥʝʝ 

ʩʦʛʣʘʩʠʪʴʩʷ ʩ ʫʩʣʦʚʠʷʤʠ, ʯʝʤ ʧʣʘʪʠʪʴ ʜʦʨʦʛʦʩʪʦʷʱʠʡ ʢʨʝʜʠʪ ʚ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʫʶʱʠʭ 

60 ʜʥʝʡ, ʧʦʜ 22%. ʕʬʬʝʢʪ ʦʪ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʩʦʩʪʘʚʠʪ 2390791,77 ʪʳʩ. ʨʫʙ., ʯʪʦ 

ʙʦʣʴʰʝ ʨʝʟʫʣʴʪʘʪʘ ʙʝʟ ʩʢʠʜʢʠ ʧʦʯʪʠ ʥʘ 50 ʧʨʦʮʝʥʪʥʳʭ ʧʫʥʢʪʘ ʠ ʝʛʦ ʚʝʣʠʯʠʥʘ ʙʫʜʝʪ 

ʚʳʰʝ ʜʘʞʝ ʩ ʫʯʝʪʦʤ ʧʦʢʨʳʪʠʷ ʩʢʠʜʢʠ. ɺʦʟʚʨʘʱʝʥʥʳʝ ʩʨʝʜʩʪʚʘ ʧʨʝʜʧʨʠʷʪʠʝ ʩʤʦʞʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʜʘʣʴʥʝʡʰʝʤ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʝʤʦʚ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ, ʯʪʦ 

ʫʚʝʣʠʯʠʪ ʚʳʨʫʯʢʫ ʠ ʧʨʠʙʳʣʴ, ʠʣʠ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʦʩʪʘʪʢʘ ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ, ʜʣʷ 

ʫʣʫʯʰʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʘʙʩʦʣʶʪʥʦʡ ʣʠʢʚʠʜʥʦʩʪʠ, ʠ ʪʘʢ ʜʘʣʝʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʢʫ-

ʱʝʡ ʩʠʪʫʘʮʠʝʡ ʥʘ ʨʳʥʢʝ.  

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʥʠʝ ʩʥʠʞʝʥʠʷ ʧʝʨʠʦʜʘ ʦʙʦʨʦʪʘ 

ʜʝʙʠʪʦʨʩʢʦʡ ʟʘʜʦʣʞʝʥʥʦʩʪʠ ʫʩʪʘʥʦʚʠʤ ʝʛʦ ʩʚʷʟʴ ʩ ʚʝʣʠʯʠʥʘʤʠ ʦʧʝʨʘʮʠʦʥʥʦʛʦ ʠ ʬʠ-

ʥʘʥʩʦʚʦʛʦ ʮʠʢʣʦʚ.  

ʉʥʠʞʝʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʦʧʝʨʘʮʠʦʥʥʦʛʦ ʠ ʬʠʥʘʥʩʦʚʦʛʦ ʮʠʢʣʦʚ ʚ ʜʠʥʘʤʠʢʝ 

ʷʚʣʷʝʪʩʷ ʧʦʢʘʟʘʪʝʣʝʤ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʪʝʥʜʝʥʮʠʠ. ʌʠʥʘʥʩʦʚʳʡ ʮʠʢʣ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦ-

ʙʦʡ ʧʝʨʠʦʜ ʦʙʦʨʦʪʘ ʯʠʩʪʳʭ ʦʙʦʨʦʪʥʳʭ ʘʢʪʠʚʦʚ. ʏʝʤ ʤʝʥʴʰʝ ʬʠʥʘʥʩʦʚʳʡ ʮʠʢʣ, ʪʝʤ 

ʚʳʰʝ ʧʣʘʪʝʞʝʩʧʦʩʦʙʥʦʩʪʴ ʧʨʝʜʧʨʠʷʪʠʷ, ʠ ʥʠʞʝ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʦʙʦ-

ʨʦʪʥʳʭ ʘʢʪʠʚʘʭ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʪʝʢʫʱʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʊʘʙʣʠʮʘ 8 

ʀʟʤʝʥʝʥʠʝ ʦʧʝʨʘʮʠʦʥʥʦʛʦ ʠ ʬʠʥʘʥʩʦʚʦʛʦ ʮʠʢʣʦʚ  

ʇʦʢʘʟʘʪʝʣʴ 2016 ʇʣʘʥʦʚʳʝ ʟʥʘʯʝʥʠʷ  

ʥʘ 2017 ʛ. 

ʆʪʢʣʦʥʝʥʠʝ ʧʣʘʥʦʚʳʭ ʚʘʨʠʘʥʪʦʚ  

ʦʪ ʧʨʝʜʳʜʫʱʝʛʦ ʧʝʨʠʦʜʘ 

ʚʘʨʠʘʥʪ 

ʙʝʟ 

ʠʩʧʦʣʴ-
ʟʦʚʘʥʠʷ 

ʜʦʧʦʣ-

ʥʠʪʝʣʴ-
ʥʳʭ 

ʫʩʣʦʚʠʡ 

 ʚʘʨʠʘʥʪ 

ʩ ʠʩ-

ʧʦʣʴʟʦ-
ʚʘʥʠʝʤ 

ʩʢʠʜʢʠ 

3% 

ʚʘʨʠʘʥʪ ʩ 

ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝʤ 
ʩʢʠʜʢʠ 

3,5% 

ʙʝʟ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʷ ʜʦʧʦʣ-

ʥʠʪʝʣʴʥʳʭ 
ʫʩʣʦʚʠʡ 

ʩʢʠʜʢʘ 3% ʩʢʠʜʢʘ 3,5% 

ʘʙʩʦ-
ʣʶʪ-

ʥʦʝ 

ʦʪʥʦ-
ʩʠ-

ʪʝʣʴ-

ʥʦʝ, % 

ʘʙʩʦ-
ʣʶʪ-

ʥʦʝ 

ʦʪʥʦʩʠ-
ʪʝʣʴʥʦʝ, 

% 

ʘʙʩʦ-
ʣʶʪ-

ʥʦʝ 

ʦʪʥʦʩʠ-
ʪʝʣʴ-

ʥʦʝ, % 

ʇʝʨʠʦʜ ʦʙʦ-

ʨʦʪʘ ʜʝʙʠʪʦʨ-

ʩʢʦʡ ʟʘʜʦʣ-

ʞʝʥʥʦʩʪʠ, ʜʥʠ 

269 254,80 247,89 243,56 -14,2 -5,28 -21,1 -7,85 -25,4 -9,46 

ʇʝʨʠʦʜ ʦʙʦ-

ʨʦʪʘ ʢʨʝʜʠ-

ʪʦʨʩʢʦʡ  

ʟʘʜʦʣʞʝʥʥʦ-

ʩʪʠ, ʜʥʠ 

130,7 130,7 130,7 130,7 0 0 0 0 0 0 

ʇʨʦʠʟʚʦʜ-

ʩʪʚʝʥʥʳʡ 

ʮʠʢʣ, ʜʥʠ 

64,98 64,98 64,98 64,98 0 0 0 0 0 0 

ʆʧʝʨʘʮʠʦʥ-

ʥʳʡ ʮʠʢʣ, ʜʥʠ 

333,98 319,78 312,87 308,54 -14,2 -4,25 -21,1 -6,32 -25,4 -7,62 

ʌʠʥʘʥʩʦʚʳʡ 

ʮʠʢʣ ʜʥʠ 

203,28 189,08 182,17 177,84 -14,2 -6,99 -21,1 -10,38 -25,4 -12,51 



ʅ.ɸ. ʄʘʨʢʦʚʘ, ʀ.ɼ. ʇʦʧʘʥʜʦʧʫʣʦ 
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ɺ ʪʘʙʣʠʮʝ 8 ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʝʣʠʯʠʥʳ ʦʧʝʨʘʮʠʦʥʥʦʛʦ ʠ ʬʠʥʘʥʩʦʚʦʛʦ ʮʠʢʣʦʚ ʚ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʦʪ ʚʘʨʠʘʥʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʫʩʣʦʚʠʷ, ʠʣʠ ʥʝʠʩʧʦʣʴʟʦʚʘ-

ʥʠʷ ʩʢʠʜʢʠ.  

ʀʩʭʦʜʷ ʠʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ, ʦʜʥʦʟʥʘʯʥʦ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ 

ʥʘ ʮʠʢʣʳ ʦʢʘʟʳʚʘʝʪ ʧʝʨʠʦʜ ʦʙʦʨʦʪʘ ʜʝʙʠʪʦʨʩʢʦʡ ʟʘʜʦʣʞʝʥʥʦʩʪʠ. ʇʨʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʠ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʠʜʢʠ ʥʘʙʣʶʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ, ʠ ʥʫʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʩʥʠʞʝʥʠʝ ʜʘʞʝ 

ʥʘ ʥʝʩʢʦʣʴʢʦ ʜʥʝʡ ʚ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ ʷʚʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ. ʇʣʘʥʢʦʡ ʜʦ-

ʢʨʠʟʠʩʥʳʭ ʚʝʣʠʯʠʥ ʜʣʷ ʦʧʝʨʘʮʠʦʥʥʦʛʦ ʠ ʬʠʥʘʥʩʦʚʦʛʦ ʙʳʣʠ 310 ʠ 180 ʜʥʝʡ, ʠ ʙʣʘʛʦ-

ʜʘʨʷ ʜʘʥʥʳʤ ʤʝʨʦʧʨʠʷʪʠʷʤ ʧʦʷʚʠʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʦʟʚʨʘʱʝʥʠʷ ʧʨʝʞʥʠʭ ʧʦʟʠʮʠʡ. 

ʆʙʦʩʪʨʝʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ, ʧʦʣʠʪʠʯʝʩʢʠʭ ʦʪʥʦʰʝʥʠʡ, ʩʥʠʞʝʥʠʝ ʧʣʘʪʝʞʝ-

ʩʧʦʩʦʙʥʦʩʪʠ ʜʝʙʠʪʦʨʦʚ, ʧʨʠ ʥʠʟʢʦʡ ʣʠʢʚʠʜʥʦʩʪʠ ʪʦʚʘʨʦʚ ʠ ʞʝʩʪʢʦʡ ʢʦʥʢʫʨʝʥʮʠʠ 

ʪʨʝʙʫʝʪ ʙʦʣʝʝ ʧʝʜʘʥʪʠʯʥʦʛʦ, ʦʩʪʦʨʦʞʥʦʛʦ ʧʦʜʭʦʜʘ ʚ ʢʨʝʜʠʪʥʦʡ ʧʦʣʠʪʠʢʝ, ʚ ʩʦʯʝʪʘʥʠʠ 

ʩ ʛʨʘʤʦʪʥʳʤ ʩʪʠʤʫʣʠʨʦʚʘʥʠʝʤ ʧʦʩʪʫʧʣʝʥʠʷ ʧʣʘʪʝʞʝʡ. 

ɺ ʟʘʢʣʶʯʝʥʠʠ ʭʦʪʝʣʦʩʴ ʙʳ ʩʢʘʟʘʪʴ, ʯʪʦ ʜʝʙʠʪʦʨʩʢʘʷ ʟʘʜʦʣʞʝʥʥʦʩʪʴ ï ʵʪʦ ʩʫʤʤʘ 

ʜʦʣʛʘ ʧʦʢʫʧʘʪʝʣʝʡ ʟʘ ʧʨʦʜʫʢʮʠʶ, ʢʦʪʦʨʘʷ ʦʙʨʘʟʫʝʪʩʷ ʚʦ ʚʨʝʤʷ ʨʝʘʣʠʟʘʮʠʠ, ʠ ʧʨʝʚʨʘ-

ʱʘʝʪʩʷ ʚ ʜʝʥʝʞʥʳʝ ʩʨʝʜʩʪʚʘ ʧʦ ʠʩʪʝʯʝʥʠʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʩʨʦʢʘ ʠ ʦʩʥʦʚʥʦʡ ʦʙʲʝʢʪ 

ʫʧʨʘʚʣʝʥʠʷ ï ʜʦʣʛʠ ʟʘ ʪʦʚʘʨʳ ʠ ʫʩʣʫʛʠ. ɼʝʙʠʪʦʨʩʢʘʷ ʟʘʜʦʣʞʝʥʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʚʘʞ-

ʥʝʡʰʝʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚʳʨʫʯʢʠ, ʠʤʝʥʥʦ ʦʪ ʥʝʝ ʟʘʚʠʩʠʪ ʜʦʩʪʘʪʦʯʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʷʝ-

ʤʳʭ ʚʦ ʚʨʝʤʝʥʠ ʩʨʝʜʩʪʚ, ʜʣʷ ʧʦʢʨʳʪʠʷ ʦʙʷʟʘʪʝʣʴʩʪʚ. ʇʨʝʜʧʨʠʷʪʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʩʪʨʝʤʷʪʩʷ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʫʨʦʚʝʥʴ ʜʝʙʠʪʦʨʩʢʦʡ ʟʘʜʦʣʞʝʥʥʦʩʪʠ, ʦʜʥʘʢʦ, ʨʦʩʪ ʧʦʢʘʟʘ-

ʪʝʣʷ ʙʫʜʝʪ ʦʧʨʘʚʜʘʥ, ʧʨʠ ʫʩʣʦʚʠʠ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʩ ʦʩʪʘʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʦʙʦʨʦʪ-

ʥʳʭ ʩʨʝʜʩʪʚ, ʧʦʢʘʟʘʪʝʣʝʤ ʚʳʨʫʯʢʠ, ʢʨʝʜʠʪʦʨʩʢʦʡ ʟʘʜʦʣʞʝʥʥʦʩʪʠ. ʉʝʛʦʜʥʷ, ʩ ʫʩʠʣʝʥʠ-

ʝʤ ʚʣʠʷʥʠʷ ʧʦʣʠʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʵʢʦʥʦʤʠʢʫ ʈʦʩʩʠʠ, ʥʘʧʨʷʞʝʥʠʝʤ ʢʦʥʲʶʥʢʪʫ-

ʨʳ, ʧʨʝʜʧʨʠʷʪʠʷʤ ʪʨʫʜʥʦ ʩʦʭʨʘʥʷʪʴ ʩʚʦʶ ʬʠʥʘʥʩʦʚʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʧʣʘʪʝʞʝʩʧʦ-

ʩʦʙʥʦʩʪʴ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʦʙʦʩʪʨʷʶʪʩʷ ʧʨʦʙʣʝʤʳ, ʢʘʩʘʶʱʠʝʩʷ ʧʨʦʩʨʦʯʝʥʥʦʡ ʠ ʩʦʤʥʠ-

ʪʝʣʴʥʦʡ ʜʝʙʠʪʦʨʩʢʦʡ ʟʘʜʦʣʞʝʥʥʦʩʪʝʡ. ʆʬʠʮʠʘʣʴʥʘʷ ʩʪʘʪʠʩʪʠʢʘ ʢʦʥʩʪʘʪʠʨʫʝʪ ʥʠʟʢʠʝ 

ʪʝʤʧʳ ʨʦʩʪʘ ʧʨʦʩʨʦʯʝʥʥʦʡ ʟʘʜʦʣʞʝʥʥʦʩʪʠ, ʦʜʥʘʢʦ ʦʯʝʥʴ ʩʠʣʴʥʳ ʧʝʨʝʢʦʩʳ ʧʦ ʦʢʨʫ-

ʛʘʤ, ʠ ʫʜʝʣʴʥʳʡ ʚʝʩ ʧʨʦʩʨʦʯʝʥʥʳʭ ʜʦʣʛʦʚ ʚ ʦʙʱʝʡ ʤʘʩʩʝ ʜʦʩʪʠʛʘʝʪ ʢʨʠʪʠʯʝʩʢʠʭ ʟʥʘ-

ʯʝʥʠʡ [24ï25]. ʇʨʠ ʫʛʣʫʙʣʝʥʠʠ ʠʟʫʯʝʥʠʷ ʧʦ ʤʝʥʴʰʠʤ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʤ ʝʜʠʥʠʮʘʤ ʠ 

ʦʪʨʘʩʣʷʤ, ʜʠʩʙʘʣʘʥʩ ʙʫʜʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʝʱʝ ʙʦʣʝʝ ʷʩʥʦ. ʇʨʝʜʧʨʠʷʪʠʷ ʩʪʘʨʘʶʪʩʷ 
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ɸ.ʆ. ʅʠʯʠʧʦʨʫʢ 

ʕʚʦʣʶʮʠʷ ʥʦʤʝʥʢʣʘʪʫʨʳ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʧʝʨʝʚʦʟʦʢ ʛʨʫʟʦʚ ʥʘ ʨʘʟʣʠʯʥʳʭ ʚʠʜʘʭ»  
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ʋɼʂ 656.624.3 

 
ɸ.ʆ. ʅʠʯʠʧʦʨʫʢ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʌɻɹʆʋ ɺʆ çɺɻʋɺʊè 

603951, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʫʣ. ʅʝʩʪʝʨʦʚʘ, 5 

ʕɺʆʃʖʎʀʗ ʅʆʄɽʅʂʃɸʊʋʈʓ ʇʆʂɸɿɸʊɽʃɽʁ ʂɸʏɽʉʊɺɸ 

ʇɽʈɽɺʆɿʆʂ ɻʈʋɿʆɺ ʅɸ ʈɸɿʃʀʏʅʓʍ ɺʀɼɸʍ ʊʈɸʅʉʇʆʈʊɸ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʨʫʟʦʚʳʝ ʧʝʨʝʚʦʟʢʠ, ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ. 

 

ʈʘʩʩʤʦʪʨʝʥʘ ʩʣʦʞʠʚʰʘʷʩʷ ʩʪʨʫʢʪʫʨʘ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʧʨʦ-

ʜʫʢʮʠʠ ʠ ʧʝʨʝʚʦʟʦʢ ʛʨʫʟʦʚ, ʘ ʪʘʢʞʝ ʩʦʚʨʝʤʝʥʥʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʫʯʝʥʳʭ ʠ ʥʦʨʤʘʪʠʚʥʦ-

ʧʨʘʚʦʚʳʭ ʜʦʢʫʤʝʥʪʦʚ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. ʉʜʝʣʘʥʳ ʚʳʚʦʜʳ ʦʙ ʦʧʪʠʤʘʣʴʥʦʤ ʧʝʨʝʯʥʝ ʧʦ-

ʢʘʟʘʪʝʣʝʡ, ʜʦʩʪʘʪʦʯʥʳʭ ʜʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʧʝʨʝʚʦʟʢʠ ʛʨʫʟʦʚ.  

 

ɺ ʫʩʣʦʚʠʷʭ ʧʣʘʥʦʚʦʡ ʵʢʦʥʦʤʠʢʠ ʦʩʦʙʳʤ ʦʧʨʝʜʝʣʷʶʱʠʤ ʩʪʘʪʫʩʦʤ ʧʦʣʴʟʦʚʘʣʠʩʴ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʥʦʨʤʘʪʠʚʥʳʝ ʜʦʢʫʤʝʥʪʳ. ʊʘʢ, ʚ 1970 ʛ. ʚʚʝʜʝʥ ʚ ʜʝʡʩʪʚʠʝ ɻʆʉʊ 

15467 çʋʧʨʘʚʣʝʥʠʝ ʢʘʯʝʩʪʚʦʤ ʧʨʦʜʫʢʮʠʠ. ʆʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ. ʊʝʨʤʠʥʳ ʠ ʦʧʨʝʜʝʣʝ-

ʥʠʷè [1]. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ ʧʦʜ ʢʘʯʝʩʪʚʦʤ ʧʨʦʜʫʢʮʠʠ ʧʦʥʠʤʘʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʩʚʦʡʩʪʚ ʧʨʦʜʫʢʮʠʠ, ʦʙʫʩʣʦʚʣʠʚʘʶʱʠʭ ʝʝ ʧʨʠʛʦʜʥʦʩʪʴ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʝʝ ʥʘʟʥʘʯʝʥʠʝʤ, ʘ ʧʦʢʘʟʘʪʝʣʷʤʠ ʢʘʯʝʩʪʚʘ ʷʚʣʷʶʪʩʷ ʢʦ-

ʣʠʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʩʚʦʡʩʪʚ ʧʨʦʜʫʢʮʠʠ, ʚʭʦʜʷʱʠʭ ʚ 

ʝʝ ʢʘʯʝʩʪʚʦ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʦʧʨʝʜʝʣʝʥʥʳʤ ʫʩʣʦʚʠʷʤ ʝʝ ʩʦʟʜʘʥʠʷ 

ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʣʠ ʧʦʪʨʝʙʣʝʥʠʷ. 

ɺ ʩʪʘʥʜʘʨʪʝ ʚʳʜʝʣʷʶʪʩʷ ʯʝʪʳʨʝ ʚʠʜʘ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ: ʝʜʠʥʠʯʥʳʝ, ʢʦʤ-

ʧʣʝʢʩʥʳʝ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʠ ʠʥʪʝʛʨʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ. 

ɽʜʠʥʠʯʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʦʜʥʦ ʠʟ ʧʨʦʩʪʳʭ ʩʚʦʡʩʪʚ ʧʨʦʜʫʢʮʠʠ, ʢʦʤ-

ʧʣʝʢʩʥʳʝ ï ʥʝʩʢʦʣʴʢʦ ʧʨʦʩʪʳʭ ʠʣʠ ʦʜʥʦ ʩʣʦʞʥʦʝ. ʆʧʨʝʜʝʣʷʶʱʠʤ ʷʚʣʷʝʪʩʷ ʧʦʢʘʟʘ-

ʪʝʣʴ, ʧʦ ʢʦʪʦʨʦʤʫ ʧʨʠʥʠʤʘʝʪʩʷ ʨʝʰʝʥʠʝ ʦʮʝʥʠʚʘʪʴ ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ, ʥʘʭʦʜʠʪʩʷ ʦʥ 

ʥʘ ʦʩʥʦʚʘʥʠʠ ʦʮʝʥʢʠ ʝʜʠʥʠʯʥʳʭ ʠʣʠ ʢʦʤʧʣʝʢʩʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʩ ʫʯʝʪʦʤ ʠʭ 

ʚʝʩʦʤʦʩʪʠ. ʂʦʤʧʣʝʢʩʥʳʡ ʦʧʨʝʜʝʣʷʶʱʠʡ ʧʦʢʘʟʘʪʝʣʴ ʪʘʢʞʝ ʥʘʟʳʚʘʝʪʩʷ ʦʙʦʙʱʝʥʥʳʤ. 

ʀʥʪʝʛʨʘʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʢʘʯʝʩʪʚʘ, ʷʚʣʷʶʱʠʡʩʷ ʯʘʩʪʥʳʤ ʩʣʫʯʘʝʤ ʢʦʤʧʣʝʢʩʥʦʛʦ, 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ ʩʫʤʤʘʨʥʦʛʦ ʧʦʣʝʟʥʦʛʦ ʵʬʬʝʢʪʘ ʦʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʣʠ ʧʦ-

ʪʨʝʙʣʝʥʠʷ ʧʨʦʜʫʢʮʠʠ ʠ ʩʫʤʤʘʨʥʳʭ ʟʘʪʨʘʪ ʥʘ ʝʸ ʩʦʟʜʘʥʠʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʶ ʠʣʠ ʧʦʪʨʝʙ-

ʣʝʥʠʝ. ʆʙʨʘʪʥʘʷ ʠʥʪʝʛʨʘʣʴʥʦʤʫ ʧʦʢʘʟʘʪʝʣʶ ʚʝʣʠʯʠʥʘ ï ʫʜʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʝʜʠʥʠʮʫ 

ʵʬʬʝʢʪʘ.  

ɼʣʷ ʙʦʣʴʰʝʡ ʥʘʛʣʷʜʥʦʩʪʠ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʠʭ ʚʟʘʠʤʦʩʚʷʟʴ ʧʨʝʜʩʪʘ-

ʚʠʤ ʥʘ ʨʠʩ. 1. 

 

 

ʈʠʩ. 1. ʆʙʱʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʠ ʚʟʘʠʤʦʩʚʷʟʴ ʧʦʢʘʟʘʪʝʣʝʡ  

ʢʘʯʝʩʪʚʘ ʧʦ ɻʆʉʊ 15467 

ʅʘ ʧʨʘʢʪʠʢʝ, ʦʜʥʘʢʦ, ʯʘʩʪʦ ʧʦʜ ʠʥʪʝʛʨʘʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʧʦʥʠʤʘʝʪʩʷ ʢʦʤʧʣʝʢʩ-

ʥʳʡ ʧʦʢʘʟʘʪʝʣʴ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʩʫʤʤʠʨʦʚʘʥʠʝʤ ʧʨʦʠʟʚʝʜʝʥʠʡ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘ ʠʭ ʚʝʩʦ-



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 52, 2017 ʛ. 

ʈʘʟʜʝʣ VI. ʕʢʦʥʦʤʠʢʘ, ʣʦʛʠʩʪʠʢʘ ʠ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʪʨʘʥʩʧʦʨʪʝ 
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ʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʯʪʦ ʧʦ ɻʆʉʊ 15467 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʧʨʝʜʝʣʷʶʱʝʤʫ ʧʦʢʘʟʘʪʝʣʶ 

ʢʘʯʝʩʪʚʘ. ʅʘ ʪʨʘʥʩʧʦʨʪʝ ʧʨʠʤʝʨʦʤ ʢʦʤʧʣʝʢʩʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʷʚʣʷʶʪʩʷ ʩʢʦʨʦʩʪʴ ʠ 

ʩʦʭʨʘʥʥʦʩʪʴ ʜʦʩʪʘʚʢʠ ʛʨʫʟʦʚ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʛʨʫʟʦʚʳʭ ʨʘʙʦʪʳ, ʘ ʠʥʪʝʛʨʘʣʴʥʳʭ ï ʧʨʠ-

ʙʳʣʴ, ʦʪʥʝʩʝʥʥʘʷ ʢ ʪʦʥʥʘʞʝ-ʩʫʪʢʘʤ ʬʣʦʪʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʧʝʨʝʛʨʫʟʢʠ 

1 ʪ ʛʨʫʟʘ ʠ ʜʨ.  

ɺ ʧʦʩʣʝʜʫʶʱʠʡ ʧʝʨʠʦʜ ʧʨʠʚʝʜʝʥʥʘʷ ʚʳʰʝ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ 

ʧʨʠʤʝʥʷʝʪʩʷ ʥʘ ʚʩʝʭ ʚʠʜʘʭ ʪʨʘʥʩʧʦʨʪʘ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʤʦʜʠʬʠʢʘʮʠʝʡ.  

ʊʘʢ, ʥʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʤ ʪʨʘʥʩʧʦʨʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʨʠ ʧʦʥʷʪʠʷ ʢʘʯʝʩʪʚʘ: 

ʧʨʦʩʪʦʝ, ʩʣʦʞʥʦʝ ʠ ʠʥʪʝʛʨʘʣʴʥʦʝ [2]. ʇʨʠ ʵʪʦʤ ʧʨʦʩʪʦʝ ʠ ʩʣʦʞʥʦʝ ʢʘʯʝʩʪʚʦ ʭʘʨʘʢʪʝ-

ʨʠʟʫʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʜʥʠʤ ʠʣʠ ʚʩʝʤʠ ʥʘʪʫʨʘʣʴʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʠʣʠ ʩʚʦʡ-

ʩʪʚʘʤʠ ʧʨʠ ʘʙʩʪʨʘʛʠʨʦʚʘʥʠʠ ʦʪ ʩʪʦʠʤʦʩʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʢʦʪʦʨʳʝ ʫʯʠʪʳʚʘʶʪʩʷ 

ʪʦʣʴʢʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʢʘʯʝʩʪʚʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʠʥʪʝʛʨʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʦʪʜʝʣʴʥʘʷ ʛʨʫʧʧʘ, ʘ ʥʝ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ 

ʩʣʦʞʥʳʭ (ʢʦʤʧʣʝʢʩʥʳʭ) ʧʦʢʘʟʘʪʝʣʝʡ.  

ʉʨʝʜʠ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʚʳʜʝʣʷʶʪ ʝʜʠʥʠʯʥʳʝ, 

ʢʦʤʧʣʝʢʩʥʳʝ ʠ ʠʥʪʝʛʨʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʩ ʪʨʘʢʪʦʚʢʦʡ, ʩʭʦʞʝʡ ʩ ʦʧʨʝʜʝʣʝʥʠʷʤʠ, ʜʘʥ-

ʥʳʤʠ ʚ ɻʆʉʊ 15467 [3ï5]. 

ʅʘ ʨʝʯʥʦʤ ʪʨʘʥʩʧʦʨʪʝ ʩʫʱʝʩʪʚʦʚʘʚʰʘʷ ʚ ʪʦ ʚʨʝʤʷ ʦʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʧʝʨʝʚʦʟʦʢ ʛʨʫ-

ʟʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʨʦʢʘʤʠ ʜʦʩʪʘʚʢʠ ʛʨʫʟʘ, ʩʦʭʨʘʥʥʦʩʪʴʶ ʠʭ ʧʝʨʝʚʦʟʦʢ, ʦʙʝʩʧʝʯʠ-

ʚʘʶʱʝʡ ʜʦʩʪʘʚʢʫ ʟʘʜʘʥʥʦʡ ʧʘʨʪʠʠ ʛʨʫʟʘ (ʟʘ ʚʳʯʝʪʦʤ ʝʩʪʝʩʪʚʝʥʥʦʡ ʫʙʳʣʠ) [5ï7]. 

ʅʘ ʤʦʨʩʢʦʤ ʪʨʘʥʩʧʦʨʪʝ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ, ʚʳʧʦʣʥʝʥʥʦʤ ʚ 1984 ʛ. ʇʘʥʠʙʨʘʪʮʝʤ ʅ.ɸ. 

[4], ʫʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʦʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʪʨʘʥʩʧʦʨʪʘ ʜʦʣʞʥʘ ʧʨʦʠʟʚʦʜʠʪʴʩʷ 

ʩʦʧʦʩʪʘʚʣʝʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʥʘ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʩ ʪʝʤ ʚʳʠʛʨʳʰʝʤ, 

ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʧʨʠ ʝʝ ʧʦʪʨʝʙʣʝʥʠʠ. ʆʜʥʘʢʦ ʧʨʠ ʠʤʝʚʰʠʭʩʷ ʚ ʪʦ ʚʨʝ-

ʤʷ ʦʛʨʘʥʠʯʝʥʠʷʭ ʚ ʧʦʣʫʯʝʥʠʠ ʩʚʝʜʝʥʠʡ ʦ ʚʳʠʛʨʳʰʝ ʛʨʫʟʦʚʣʘʜʝʣʴʮʝʚ ʦʪ ʧʦʚʳʰʝʥʠʷ 

ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ ʪʨʘʥʩʧʦʨʪʘ ʅ.ɸ. ʇʘʥʠʙʨʘʪʝʮ ʧʨʠʰʝʣ ʢ ʚʳʚʦʜʫ ʦ ʥʝʚʦʟʤʦʞʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʙʳʣʦ ʩʜʝʣʘʥʦ ʧʨʝʜʣʦʞʝʥʠʝ ʦʮʝʥʠ-

ʚʘʪʴ ʪʦʣʴʢʦ ʚʝʨʦʷʪʥʳʝ ʫʙʳʪʢʠ ʢʣʠʝʥʪʫʨʳ ʪʨʘʥʩʧʦʨʪʘ ʦʪ ʥʝʩʦʭʨʘʥʥʦʩʪʠ ʛʨʫʟʦʚ ʧʨʠ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ. ʆʙʦʟʥʘʯʝʥʥʘʷ ʧʦʟʠʮʠʷ ʫʯʝʥʳʭ ʤʦʨʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʩʦ ʚʨʝʤʝʥʝʤ 

ʥʝ ʠʟʤʝʥʠʣʘʩʴ. ʊʘʢ, ʚ ʙʦʣʝʝ ʧʦʟʜʥʝʡ ʨʘʙʦʪʝ ɺʠʥʥʠʢʦʚʘ ɺ.ɺ. [8] ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ, ʯʪʦ 

ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ ʤʦʨʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʚʢʣʶʯʘʝʪ ʚʨʝʤʷ ʜʦʩʪʘʚʢʠ ʛʨʫʟʦʚ, ʠʭ ʩʦ-

ʭʨʘʥʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʩʘʤʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. 

ɺ 1996 ʛ. ʚ ʜʦʧʦʣʥʝʥʠʝ ʢ ʦʙʱʝʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʧʨʠʤʝʥʠʤʦʡ ʢ ʣʶʙʦʡ ʧʨʦʜʫʢʮʠʠ 

(ʪʦʚʘʨʫ, ʫʩʣʫʛʝ), ʙʳʣʘ ʨʝʢʦʤʝʥʜʦʚʘʥʘ ʥʦʤʝʥʢʣʘʪʫʨʘ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʛʨʫʟʦʚʳʭ 

ʧʝʨʝʚʦʟʦʢ, ʫʩʪʘʥʦʚʣʝʥʥʘʷ ɻʆʉʊ ʈ 51005-96 çʋʩʣʫʛʠ ʪʨʘʥʩʧʦʨʪʥʳʝ. ɻʨʫʟʦʚʳʝ ʧʝʨʝ-

ʚʦʟʢʠ. ʅʦʤʝʥʢʣʘʪʫʨʘ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘè [9]. ʇʨʠ ʵʪʦʤ ʦʩʦʙʦ ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ, ʯʪʦ 

ʠʩʭʦʜʥʘʷ ʥʦʤʝʥʢʣʘʪʫʨʘ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʜʦʣʞʥʘ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʩ ʫʯʝʪʦʤ ʧʦ-

ʪʨʝʙʥʦʩʪʝʡ ʧʦʪʨʝʙʠʪʝʣʝʡ, ʪʨʝʙʦʚʘʥʠʡ ʦʪʨʘʩʣʝʚʳʭ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ, ʩʪʘʥʜʘʨ-

ʪʦʚ ʠ ʤʝʪʦʜʠʢ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʪʨʘʥʩʧʦʨʪʝ ʢʦʥʢʨʝʪʥʦʛʦ ʚʠʜʘ. ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ 

ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ ʠʩʭʦʜʥʦʡ ʥʦʤʝʥʢʣʘʪʫʨʳ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʵʢʩʧʝʨʪʥʳʡ ʤʝʪʦʜ. 

ɼʣʷ ʣʫʯʰʝʛʦ ʚʦʩʧʨʠʷʪʠʷ ʧʨʝʜʩʪʘʚʠʤ ʨʝʢʦʤʝʥʜʫʝʤʫʶ ʥʦʤʝʥʢʣʘʪʫʨʫ ʧʦʢʘʟʘʪʝʣʝʡ 

ʥʘ ʨʠʩ. 2. ɻʆʉʊ ʨʝʛʣʘʤʝʥʪʠʨʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʨʝʭ ʦʩʥʦʚʥʳʭ ʛʨʫʧʧ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘ-

ʯʝʩʪʚʘ: ʩʚʦʝʚʨʝʤʝʥʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʧʝʨʝʚʦʟʢʠ, ʩʦʭʨʘʥʥʦʩʪʠ ʧʝʨʝʚʦʟʠʤʳʭ ʛʨʫʟʦʚ, 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ. ʇʝʨʚʳʝ ʜʚʝ ʛʨʫʧʧʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʝʜʠʥʠʯʥʳʭ ʠ ʢʦʤʧʣʝʢʩʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʪʨʝʪʴʷ ï ʠʥʪʝʛʨʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ. 

 



ɸ.ʆ. ʅʠʯʠʧʦʨʫʢ 

ʕʚʦʣʶʮʠʷ ʥʦʤʝʥʢʣʘʪʫʨʳ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʧʝʨʝʚʦʟʦʢ ʛʨʫʟʦʚ ʥʘ ʨʘʟʣʠʯʥʳʭ ʚʠʜʘʭ»  
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ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 52, 2017 ʛ. 

ʈʘʟʜʝʣ VI. ʕʢʦʥʦʤʠʢʘ, ʣʦʛʠʩʪʠʢʘ ʠ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʪʨʘʥʩʧʦʨʪʝ 
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ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʝʡʩʪʚʫʶʱʠʝ ʦʪʨʘʩʣʝʚʳʝ ʥʦʨʤʘʪʠʚʥʳʝ ʜʦʢʫʤʝʥʪʳ (ʧʨʘʚʠ-

ʣʘ ʧʝʨʝʚʦʟʢʠ ʛʨʫʟʦʚ, ʪʨʘʥʩʧʦʨʪʥʳʝ ʢʦʜʝʢʩʳ ʠ ʫʩʪʘʚʳ) ʥʘ ʚʩʝʭ ʚʠʜʘʭ ʪʨʘʥʩʧʦʨʪʘ ʨʝ-

ʛʣʘʤʝʥʪʠʨʫʶʪ ʦʧʨʝʜʝʣʝʥʠʝ ʩʨʦʢʦʚ ʜʦʩʪʘʚʢʠ, ʧʨʠʤʝʥʝʥʠʝ ʥʦʨʤ ʝʩʪʝʩʪʚʝʥʥʦʡ ʫʙʳʣʠ, ʘ 

ʪʘʢʞʝ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʥʝʩʦʙʣʶʜʝʥʠʝ ʩʨʦʢʦʚ ʜʦʩʪʘʚʢʠ ʠ ʥʝʩʦʭʨʘʥʥʦʩʪʴ ʛʨʫʟʘ [10ï

16], ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ɻʆʉʊ ʈ 51005 ʠ ʨʝʢʦʤʝʥʜʫʝʤʳʤ ʦʩʥʦʚʥʳʤ ʛʨʫʧʧʘʤ ʧʦʢʘʟʘʪʝ-

ʣʝʡ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ ʥʘ ʩʚʦʝʚʨʝʤʝʥʥʦʩʪʴ ʠ ʩʦʭʨʘʥʥʦʩʪʴ ʧʝʨʝʚʦʟʢʠ. 

ʇʨʠ ʵʪʦʤ ʚʦ ʤʥʦʞʝʩʪʚʝ ʨʘʙʦʪ [2ï8] ʩʧʨʘʚʝʜʣʠʚʦ ʦʪʤʝʯʘʣʦʩʴ, ʯʪʦ ʢʘʯʝʩʪʚʦ ʧʨʦ-

ʜʫʢʮʠʠ ʪʨʘʥʩʧʦʨʪʘ ʜʦʣʞʥʦ ʦʮʝʥʠʚʘʪʴʩʷ ʩ ʧʦʟʠʮʠʡ ʛʨʫʟʦʚʣʘʜʝʣʴʮʝʚ ʠ ʥʘʨʦʜʥʦʛʦ ʭʦ-

ʟʷʡʩʪʚʘ. ʆʜʥʘʢʦ ʚ ʧʝʨʠʦʜ ʚʳʧʦʣʥʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʨʘʙʦʪ ʢ ʧʝʨʝʚʦʟʢʘʤ ʧʨʝʜʲʷʚʣʷʣʠʩʴ 

ʪʨʝʙʦʚʘʥʠʷ ʪʦʣʴʢʦ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʩʚʦʝʚʨʝʤʝʥʥʦʡ, ʩʦʭʨʘʥʥʦʡ ʜʦʩʪʘʚʢʠ ʛʨʫʟʘ ʧʨʠ 

ʤʠʥʠʤʘʣʴʥʳʭ ʥʘʨʦʜʥʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʟʘʪʨʘʪʘʭ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʨʠʤʝʥʷʣʠʩʴ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩʣʦʞʠʚʰʠʝʩʷ ʦʙʱʝʤʠʨʦʚʳʝ ʪʝʥʜʝʥʮʠʠ, ʠʟʤʝʥʝʥʠʷ ʚ ʦʪʨʘʩʣʝʚʦʡ 

ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʝ, ʚʥʦʚʴ ʧʨʠʥʷʪʳʝ ʧʨʦʛʨʘʤʤʳ ʨʘʟʚʠʪʠʷ ʪʨʘʥʩʧʦʨʪʘ ʩʪʨʘʥʳ, ʫʚʝʣʠʯʝ-

ʥʠʝ ʠ ʫʞʝʩʪʦʯʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʢʣʠʝʥʪʫʨʳ ʫʢʘʟʳʚʘʶʪ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʩʰʠʨʝʥʠʷ 

ʩʫʱʝʩʪʚʫʶʱʝʡ ʥʦʤʝʥʢʣʘʪʫʨʳ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ. 

ɺ ʧʨʦʚʦʜʠʤʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʩʪʘʣʘ ʧʨʦʩʤʘʪʨʠʚʘʪʴʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʮʝʥʢʠ ʢʘ-

ʯʝʩʪʚʘ ʨʘʙʦʪʳ ʪʨʘʥʩʧʦʨʪʘ ʩ ʧʦʟʠʮʠʡ ʩʦʙʣʶʜʝʥʠʷ ʠʥʪʝʨʝʩʦʚ ʢʣʠʝʥʪʫʨʳ, ʦʙʩʣʫʞʠʚʘʝ-

ʤʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʘ ʪʘʢʞʝ ʩ ʫʯʝʪʦʤ ʩʦʮʠʘʣʴʥʦ-ʦʙʱʝʩʪʚʝʥʥʦʡ ʟʥʘʯʠʤʦʩʪʠ ʪʨʘʥʩʧʦʨʪʘ. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʨʘʙʦʪʘʭ ɺ.ɻ. ɻʘʣʘʙʫʨʜʳ, ɹ.ʄ. ʃʘʧʠʜʫʩʘ, ɺ.ɸ. ʇʝʨʩʠʘʥʦʚʘ [2, 17] 

ʫʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʢʨʦʤʝ ʪʨʘʜʠʮʠʦʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʩʦʙʣʶʜʝʥʠʷ ʩʨʦʢʦʚ ʜʦʩʪʘʚʢʠ ʠ ʩʦ-

ʭʨʘʥʥʦʩʪʠ ʛʨʫʟʦʚ ʚʘʞʥʳʤ ʪʨʘʥʩʧʦʨʪʥʳʤ ʢʘʯʝʩʪʚʝʥʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʷʚʣʷʝʪʩʷ ʫʨʦʚʝʥʴ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʝʨʝʚʦʟʦʢ. ʆʙʨʘʱʘʝʪʩʷ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʝʢʘʯʝʩʪʚʝʥʥʦ-

ʛʦ ʠ ʥʝʧʦʣʥʦʛʦ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʧʦʪʨʝʙʥʦʩʪʝʡ ʚ ʧʝʨʝʚʦʟʢʘʭ ʚʦʟʥʠʢʘʝʪ ʵʢʦʥʦʤʠʯʝʩʢʠʡ, 

ʩʦʮʠʘʣʴʥʳʡ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʫʱʝʨʙ, ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ ʥʝ ʪʦʣʴʢʦ ʧʦʪʝʨʠ ʠʟ-ʟʘ ʥʝ-

ʩʚʦʝʚʨʝʤʝʥʥʦʩʪʠ ʠ ʥʝʩʦʭʨʘʥʥʦʩʪʠ ʜʦʩʪʘʚʢʠ ʛʨʫʟʦʚ, ʥʦ ʠ ʧʦʪʝʨʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʫʭʫʜʰʝ-

ʥʠʝʤ ʫʩʣʦʚʠʡ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʨʫʜʘ, ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʝʩʦʭʨʘʥʥʳʭ ʧʝʨʝ-

ʚʦʟʦʢ ʥʘ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ, ʨʘʙʦʪʥʠʢʦʚ ʪʨʘʥʩʧʦʨʪʘ ʠ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

ʅʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʤ ʪʨʘʥʩʧʦʨʪʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʅ.ʇ. 

ʊʝʨʝʰʠʥʦʡ, ɹ.ʄ. ʃʘʧʠʜʫʩʦʤ, ʄ.ʌ. ʊʨʠʭʫʥʢʦʚʳʤ [2] ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʧʦʢʘʟʘʪʝʣʠ 

ʢʘʯʝʩʪʚʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʟʜʝʣʠʪʴ ʥʘ ʯʝʪʳʨʝ ʧʦʜʩʠʩʪʝʤʳ:  

ï ʢʘʯʝʩʪʚʦ ʨʘʙʦʪʳ ʪʨʘʥʩʧʦʨʪʘ ʠ ʝʛʦ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʜʨʘʟʜʝ-

ʣʝʥʠʡ ï ʦʮʝʥʠʚʘʝʪʩʷ ʧʨʦʩʪʳʤʠ ʠ ʩʣʦʞʥʳʤʠ ʥʘʪʫʨʘʣʴʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʢʘʯʝʩʪʚʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ; 

ï ʢʘʯʝʩʪʚʦ ʧʝʨʝʚʦʟʦʢ (ʧʨʦʜʫʢʮʠʠ) ʪʨʘʥʩʧʦʨʪʘ ï ʦʮʝʥʠʚʘʝʪʩʷ ʚʨʝʤʝʥʝʤ, ʩʢʦʨʦʩʪʴʶ 

ʜʦʩʪʘʚʢʠ ʛʨʫʟʦʚ ʠ ʩʪʝʧʝʥʴʶ ʠʭ ʩʦʭʨʘʥʥʦʩʪʠ; 

ï ʢʘʯʝʩʪʚʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʥʘʩʝʣʝʥʠʷ ï ʦʧʨʝʜʝʣʷʝʪ-

ʩʷ ʩʦʧʦʩʪʘʚʣʝʥʠʝʤ ʧʣʘʥʦʚʦʛʦ ʠ ʬʘʢʪʠʯʝʩʢʠ ʚʳʧʦʣʥʝʥʥʦʛʦ ʦʙʲʝʤʦʚ ʧʝʨʝʚʦʟʦʢ ʛʨʫʟʦʚ, 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʥʘʭʦʜʠʪʩʷ ʫʨʦʚʝʥʴ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʧʦʪʨʝʙʥʦʩʪʝʡ ʚ ʛʨʫʟʦʚʳʭ ʧʝʨʝ-

ʚʦʟʢʘʭ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʝʛʦ ʦʪʨʘʩʣʝʡ, ʦʙʲʝʜʠʥʝʥʠʡ ʠ ʧʨʝʜʧʨʠʷʪʠʡ;  

ï ʢʘʯʝʩʪʚʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʩʪʨʘʥʳ ʠ (ʠʣʠ) ʨʝʛʠʦʥʦʚ, ʜʣʷ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʢʦʪʦʨʦʛʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʛʫʩʪʦʪʳ ʩʝʪʠ ʠ ʝʸ ʧʝʨʝ-

ʚʦʟʦʯʥʦʡ ʤʦʱʥʦʩʪʠ. 

ʅʘ ʨʝʯʥʦʤ ʪʨʘʥʩʧʦʨʪʝ ɺ.ʅ. ʂʦʩʪʨʦʚ, ɸ.ʀ. ʊʝʣʝʛʠʥ, ɺ.ɺ. ʎʚʝʨʦʚ ʠ ʜʨ. [5, 18ï20] 

ʧʦʜʯʝʨʢʠʚʘʶʪ, ʯʪʦ ʧʦʪʨʝʙʠʪʝʣʝʡ ʩ ʧʦʟʠʮʠʡ ʣʦʛʠʩʪʠʢʠ ʪʦʚʘʨʦʜʚʠʞʝʥʠʷ ʠ ʪʝʦʨʠʠ 

ʪʨʘʥʩʧʦʨʪʘ ʠʥʪʝʨʝʩʫʶʪ ʩʣʝʜʫʶʱʠʝ ʤʦʤʝʥʪʳ: ʩʚʦʝʚʨʝʤʝʥʥʘʷ ʠ ʥʘʜʝʞʥʘʷ ʜʦʩʪʘʚʢʘ 

ʛʨʫʟʦʚ; ʛʦʪʦʚʥʦʩʪʴ ʧʦʩʪʘʚʱʠʢʦʚ ʪʦʚʘʨʦʚ ʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʫʩʣʫʛ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʵʢʩ-

ʪʨʝʥʥʳʝ ʥʫʞʜʳ ʢʣʠʝʥʪʘ; ʙʝʨʝʞʥʦʝ ʦʙʨʘʱʝʥʠʝ ʩ ʪʦʚʘʨʦʤ ʧʨʠ ʧʦʛʨʫʟʦʯʥʦ-ʨʘʟʛʨʫʟʦʯ-

ʥʳʭ ʨʘʙʦʪʘʭ ʠ ʧʝʨʝʚʦʟʢʝ; ʨʘʟʫʤʥʳʝ ʠʟʜʝʨʞʢʠ ʜʦʩʪʘʚʢʠ ʛʨʫʟʦʚ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʩʥʦʚʥʳʤʠ ʢʨʠʪʝʨʠʷʤʠ, ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʛʨʫʟʦʦʪʧʨʘʚʠʪʝʣʷʤʠ 

ʧʨʠ ʦʮʝʥʢʝ ʚʠʜʦʚ ʪʨʘʥʩʧʦʨʪʘ ʠ ʩʭʝʤ ʜʦʩʪʘʚʢʠ, ʷʚʣʷʶʪʩʷ: ʟʘʪʨʘʪʳ ʥʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ, 

ʚʨʝʤʷ ʧʝʨʝʚʦʟʢʠ, ʩʦʭʨʘʥʥʦʩʪʴ ʛʨʫʟʘ, ʯʘʩʪʦʪʘ ʦʪʧʨʘʚʣʝʥʠʷ ʧʝʨʝʚʦʟʦʯʥʦʛʦ ʩʨʝʜʩʪʚʘ, 



ɸ.ʆ. ʅʠʯʠʧʦʨʫʢ 
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ʥʘʜʝʞʥʦʩʪʴ ʩʦʙʣʶʜʝʥʠʷ ʛʨʘʬʠʢʘ, ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʪʨʘʥʩʧʦʨʪʘ, ʜʦʩʪʫʧʥʦʩʪʴ ʚ ʛʝʦʛʨʘ-

ʬʠʯʝʩʢʦʤ ʧʣʘʥʝ, ʢʫʣʴʪʫʨʘ ʦʙʩʣʫʞʠʚʘʥʠʷ. 

ʆʩʦʙʦ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʠʩʭʦʜʷ ʠʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʯʝʪʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʪʨʝʙʦʚʘ-

ʥʠʡ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʨʠʪʝʨʠʠ ʵʢʦʣʦʛʠʯʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʅʘ ʘʚʪʦʤʦʙʠʣʴʥʦʤ ʪʨʘʥʩʧʦʨʪʝ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʦʙʨʘʱʘʝʪʩʷ ʥʘ ʪʨʝʙʦʚʘʥʠʷ 

ʩʚʦʝʚʨʝʤʝʥʥʦʩʪʠ ʜʦʩʪʘʚʢʠ, ʩʦʭʨʘʥʥʦʩʪʠ ʛʨʫʟʘ, ʧʨʠʝʤʣʝʤʫʶ ʩʪʦʠʤʦʩʪʴ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʫʩʣʫʛ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʝʨʝʚʦʟʦʢ ʠ ʟʘʱʠʪʫ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʢʘʢ ʦʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘ-

ʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʧʦʪʨʝʙʠʪʝʣʷʤʠ ʢ ʫʩʣʫʛʘʤ ʪʨʘʥʩʧʦʨʪʘ [21]. 

ɺ ʩʪʘʥʜʘʨʪʘʭ, ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʭ ʜʝʷʪʝʣʴʥʦʩʪʴ ʵʢʩʧʝʜʠʪʦʨʦʚ ʠ ʦʢʘʟʘʥʠʝ ʠʤʠ 

ʫʩʣʫʛ (ʚ ʪʦʤ ʯʠʩʣʝ ʧʦ ʦʙʦʩʥʦʚʘʥʠʶ, ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʦʙʝʩʧʝʯʝʥʠʶ ʜʦʩʪʘʚʢʠ ʛʨʫʟʘ ʚ ʠʥ-

ʪʝʨʝʩʘʭ ʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢʣʠʝʥʪʘ-ʛʨʫʟʦʚʣʘʜʝʣʴʮʘ), ï ɻʆʉʊ ʈ 52298-

2004 çʋʩʣʫʛʠ ʪʨʘʥʩʧʦʨʪʥʦ-ʵʢʩʧʝʜʠʪʦʨʩʢʠʝ. ʆʙʱʠʝ ʪʨʝʙʦʚʘʥʠʷè [22] ʠ ɻʆʉʊ ʈ 51133-

98 çʕʢʩʧʝʜʠʪʦʨʩʢʠʝ ʫʩʣʫʛʠ ʥʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʤ ʪʨʘʥʩʧʦʨʪʝ. ʆʙʱʠʝ ʪʨʝʙʦʚʘʥʠʷè 

[23], ʩʨʝʜʠ ʦʩʥʦʚʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʤ ʵʢʩʧʝʜʠʪʦʨʦʤ ʫʩʣʫʛʘʤ ʤʦʞʥʦ 

ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ, ʠʤʝʶʱʠʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʦʪʥʦʰʝʥʠʝ ʢ ʦʮʝʥʢʝ ʢʘʯʝʩʪʚʘ 

ʪʨʘʥʩʧʦʨʪʥʦ-ʵʢʩʧʝʜʠʪʦʨʩʢʠʭ ʫʩʣʫʛ: ʢʦʤʧʣʝʢʩʥʦʩʪʴ, ʪʦʯʥʦʩʪʴ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦʩʪʴ ʠʩ-

ʧʦʣʥʝʥʠʷ, ʙʝʟʦʧʘʩʥʦʩʪʴ, ʦʙʝʩʧʝʯʝʥʠʝ ʩʦʭʨʘʥʥʦʩʪʠ ʛʨʫʟʘ, ʵʪʠʯʥʦʩʪʴ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ 

ʧʝʨʩʦʥʘʣʘ, ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ. ʅʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʤ ʪʨʘʥʩʧʦʨʪʝ ʪʘʢʞʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʫʢʘʟʘʥʳ ʪʨʝʙʦʚʘʥʠʷ ʵʢʦʣʦʛʠʯʥʦʩʪʠ ʠ ʵʩʪʝʪʠʯʥʦʩʪʠ ʫʩʣʦʚʠʡ ʦʙʩʣʫʞʠʚʘʥʠʷ. 

ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʠʤ ʩʠʩʪʝʤʘʤ ʚ ʨʘʙʦʪʝ [24] ʫʢʘʟʘʥʦ, ʯʪʦ 

ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʊʃʉ ʷʚʣʷʝʪʩʷ ʙʝʟʦʧʘʩ-

ʥʦʩʪʴ, ʧʨʠʯʝʤ ʨʝʯʴ ʠʜʝʪ ʥʝ ʪʦʣʴʢʦ ʦʙ ʵʢʦʣʦʛʠʯʝʩʢʦʡ, ʪʝʭʥʦʛʝʥʥʦʡ, ʚʦʝʥʥʦʡ ʙʝʟʦʧʘʩ-

ʥʦʩʪʠ, ʥʦ ʠ ʦ ʟʘʱʠʪʝ ʦʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʩʣʝʜʩʪʚʠʡ ʚ ʨʘʙʦʪʝ ʧʨʝʜʧʨʠʷʪʠʡ ʠʣʠ ʧʨʦ-

ʮʝʩʩʦʚ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʙʝʣʦʨʫʩʩʢʠʭ ʫʯʝʥʳʭ [25, 26] ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʚʳʙʦʨʝ ʚʠʜʘ ʪʨʘʥʩ-

ʧʦʨʪʘ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʧʨʠʥʠʤʘʶʪʩʷ ʚʦ ʚʥʠʤʘʥʠʝ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʢʘʢ ʥʘʜʝʞʥʦʩʪʴ 

ʩʦʙʣʶʜʝʥʠʷ ʛʨʘʬʠʢʘ ʧʦʩʪʘʚʢʠ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʠ ʩʪʦʠʤʦʩʪʴ ʜʦʩʪʘʚʢʠ, ʘ ʧʨʠ ʦʮʝʥ-

ʢʝ ʥʘʜʝʞʥʦʩʪʠ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʩʭʝʤ ʜʦʩʪʘʚʢʠ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʷʚʣʷʶʪ-

ʩʷ: ʩʚʦʝʚʨʝʤʝʥʥʦʩʪʴ ʠ ʩʦʭʨʘʥʥʦʩʪʴ ʛʨʫʟʦʚ; ʩʦʚʤʝʩʪʠʤʦʩʪʴ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʘʷ ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʠʤ, ʪʝʭʥʠʯʝʩʢʠʤ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ; ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʚʠʞʝʥʠʷ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʘʷ; ʠʤʠʜʞ, ʨʝʧʫʪʘʮʠʷ ʫʯʘʩʪʥʠʢʦʚ ʩʭʝʤʳ ʜʦʩʪʘʚʢʠ. 

ʊʘʤ ʞʝ ʧʨʠʚʦʜʷʪʩʷ ʵʢʩʧʝʨʪʥʳʝ ʜʘʥʥʳʝ ʦ ʨʘʥʞʠʨʦʚʘʥʠʠ ʧʦʢʘʟʘʪʝʣʝʡ ʟʘʨʫʙʝʞʥʳ-

ʤʠ ʛʨʫʟʦʚʣʘʜʝʣʴʮʘʤʠ ʠ ʵʢʩʧʝʜʠʪʦʨʘʤʠ ʧʨʠ ʚʳʙʦʨʝ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʩʭʝʤʳ ʜʦʩʪʘʚʢʠ 

(ʪʘʙʣʠʮʘ 1). 

ʊʘʙʣʠʮʘ 1 

ʈʘʥʞʠʨʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʚʳʙʦʨʘ ʧʝʨʝʚʦʟʯʠʢʦʚ ʟʘ ʨʫʙʝʞʦʤ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʈʘʥʛ ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʈʘʥʛ 

ʅʘʜʝʞʥʦʩʪʴ ʩʦʙʣʶʜʝʥʠʷ ʩʨʦʢʦʚ 

ʜʦʩʪʘʚʢʠ 

1 ʂʚʘʣʠʬʠʢʘʮʠʷ ʧʝʨʩʦʥʘʣʘ 7 

ʊʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʠʝ ʠʟ-

ʜʝʨʞʢʠ 

2 ɻʠʙʢʦʩʪʴ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʩʭʝʤ 

ʜʦʩʪʘʚʢʠ 

8 

ʆʙʱʝʝ ʚʨʝʤʷ ʜʦʩʪʘʚʢʠ çʦʪ ʜʚʝʨʠ ʜʦ 

ʜʚʝʨʠè 

3 ʇʨʦʮʝʜʫʨʘ ʟʘʷʚʢʠ (ʟʘʢʘʟʘ ʪʨʘʥʩ-

ʧʦʨʪʠʨʦʚʢʠ) 

9 

ʉʪʘʙʠʣʴʥʦʩʪʴ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ 

ʫʩʣʫʛ 

4 ʉʝʨʚʠʩ çʥʘ ʣʠʥʠʠè (ʢʦʤʧʣʝʢʩ-

ʥʦʩʪʴ) 

10 

ʇʦʪʝʨʠ ʠ ʭʠʱʝʥʠʷ ʛʨʫʟʘ (ʩʦʭʨʘʥ-

ʥʦʩʪʴ ʛʨʫʟʘ) 

5 ɻʠʙʢʦʩʪʴ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʫʩʣʫʛ 11 

ʕʢʩʧʝʜʠʨʦʚʘʥʠʝ ʦʪʧʨʘʚʦʢ (ʠʥʬʦʨ-

ʤʘʪʠʚʥʦʩʪʴ) 

6   

 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 52, 2017 ʛ. 
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ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʛʣʘʚʥʳʤʠ ʧʦ ʨʘʥʛʫ ʷʚʣʷʶʪʩʷ ʧʦʢʘʟʘʪʝʣʠ, ʢʦʪʦʨʳʝ, ʚ 

ʦʩʥʦʚʥʦʤ, ʠ ʧʨʠʤʝʥʷʶʪʩʷ ʥʘ ʪʨʘʥʩʧʦʨʪʝ. 

ɺ ʨʘʙʦʪʝ [20] ʫʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʧʦʢʘʟʘʪʝʣʠ ʵʢʦʣʦʛʠʯʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʈʌ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ, ʦʜʥʘʢʦ ʘʥʘʣʠʟ ʟʘʨʫʙʝʞʥʦʛʦ ʦʧʳʪʘ ʧʦʢʘʟʳʚʘʝʪ ʦ ʧʨʦʷʚ-

ʣʝʥʠʠ ʠʥʪʝʨʝʩʘ ʢ ʥʠʤ ʩʦ ʩʪʦʨʦʥʳ ʪʨʘʥʩʧʦʨʪʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʩʣʦ-

ʞʠʚʰʝʡʩʷ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʧʦʣʠʪʠʢʦʡ ʛʦʩʫʜʘʨʩʪʚʘ. ʅʘʧʨʠʤʝʨ, ʧʨʝʜʧʨʠʷʪʠʷ, ʦʙʩʣʫʞʠ-

ʚʘʶʱʠʝ ʧʝʨʝʚʦʟʢʠ ʟʘʚʦʜʘ ʢʦʤʧʘʥʠʠ Heineken Den Bosch ʚ ɻʦʣʣʘʥʜʠʠ, ʦʪʯʠʪʳʚʘʶʪʩʷ 

ʧʝʨʝʜ ʟʘʚʦʜʦʤ ʧʦ ʨʷʜʫ ʧʦʢʘʟʘʪʝʣʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʟʘ ʵʢʦʣʦʛʠʯʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ. ɺ 

ʪʦʤ ʞʝ ʠʩʪʦʯʥʠʢʝ ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʨʘʥʞʠʨʦʚʘʥʠʷ ʢʨʠʪʝʨʠʝʚ ʚʳʙʦʨʘ ʚʠʜʘ ʪʨʘʥʩʧʦʨʪʘ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʦʚ ʧʝʨʝʚʦʟʢʠ çʦʪ ʜʚʝʨʠ ʜʦ ʜʚʝʨʠè ʠ çʪʦʯʥʦ 

ʚ ʩʨʦʢè (ʪʘʙʣʠʮʘ 2). 

ʊʘʙʣʠʮʘ 2 

ʈʘʥʞʠʨʦʚʘʥʠʝ ʢʨʠʪʝʨʠʝʚ ʚʳʙʦʨʘ ʚʠʜʘ ʪʨʘʥʩʧʦʨʪʘ  

ʩ ʧʦʟʠʮʠʡ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʧʝʨʝʚʦʟʢʠ 

ʂʨʠʪʝʨʠʠ ʇʨʠʥʮʠʧʳ ʧʝʨʝʚʦʟʢʠ ʄʘʢʩʠʤʘʣʴʥʘʷ ʦʮʝʥʢʘ  

ʚ ʙʘʣʣʘʭ 

ʉʪʦʠʤʦʩʪʴ ʧʝʨʝʚʦʟʢʠ ʛʨʫʟʘ çʦʪ ʜʚʝʨʠ ʜʦ ʜʚʝʨʠè 25 

çʪʦʯʥʦ ʚ ʩʨʦʢè 25 

ɿʘʜʘʥʥʦʝ ʚʨʝʤʷ ʧʝʨʝʚʦʟʢʠ çʦʪ ʜʚʝʨʠ ʜʦ ʜʚʝʨʠè 20 

çʪʦʯʥʦ ʚ ʩʨʦʢè 20 

ʉʦʭʨʘʥʥʦʩʪʴ ʛʨʫʟʘ çʦʪ ʜʚʝʨʠ ʜʦ ʜʚʝʨʠè 15 

çʪʦʯʥʦ ʚ ʩʨʦʢè 15 

ʏʘʩʪʦʪʘ ʦʪʧʨʘʚʣʝʥʠʷ ʧʝʨʝʚʦʟʦʯʥʦ-

ʛʦ ʩʨʝʜʩʪʚʘ 

çʦʪ ʜʚʝʨʠ ʜʦ ʜʚʝʨʠè 5 

çʪʦʯʥʦ ʚ ʩʨʦʢè 10 

ʅʘʜʝʞʥʦʩʪʴ ʩʦʙʣʶʜʝʥʠʷ ʛʨʘʬʠʢʘ çʦʪ ʜʚʝʨʠ ʜʦ ʜʚʝʨʠè 5 

çʪʦʯʥʦ ʚ ʩʨʦʢè 10 

ʋʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʪʨʘʥʩʧʦʨʪʘ çʦʪ ʜʚʝʨʠ ʜʦ ʜʚʝʨʠè 10 

çʪʦʯʥʦ ʚ ʩʨʦʢè 5 

ɼʦʩʪʫʧʥʦʩʪʴ ʚ ʛʝʦʛʨʘʬʠʯʝʩʢʦʤ 

ʧʣʘʥʝ 

çʦʪ ʜʚʝʨʠ ʜʦ ʜʚʝʨʠè 5 

çʪʦʯʥʦ ʚ ʩʨʦʢè 5 

ʂʫʣʴʪʫʨʘ ʦʙʩʣʫʞʠʚʘʥʠʷ çʦʪ ʜʚʝʨʠ ʜʦ ʜʚʝʨʠè 5 

çʪʦʯʥʦ ʚ ʩʨʦʢè 3 

ʕʢʦʣʦʛʠʯʥʦʩʪʴ ʪʨʘʥʩʧʦʨʪʘ çʦʪ ʜʚʝʨʠ ʜʦ ʜʚʝʨʠè 5 

çʪʦʯʥʦ ʚ ʩʨʦʢè 4 

ɹʝʟʦʧʘʩʥʦʩʪʴ ʪʨʘʥʩʧʦʨʪʘ çʦʪ ʜʚʝʨʠ ʜʦ ʜʚʝʨʠè 5 

çʪʦʯʥʦ ʚ ʩʨʦʢè 3 

ɺʩʝʛʦ çʦʪ ʜʚʝʨʠ ʜʦ ʜʚʝʨʠè 100 

çʪʦʯʥʦ ʚ ʩʨʦʢè 100 

 

ʂʨʠʪʝʨʠʠ ʧʦ ʩʪʦʠʤʦʩʪʠ, ʚʨʝʤʝʥʠ ʠ ʩʦʭʨʘʥʥʦʩʪʠ ʧʝʨʝʚʦʟʢʠ ʠʟ ʩʪʘ ʙʘʣʣʦʚ ʩʦʩʪʘʚ-

ʣʷʶʪ 70ï80, ʘ ʚʤʝʩʪʝ ʩ ʵʢʦʣʦʛʠʯʥʦʩʪʴʶ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴʶ ï 80ï87. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʧʝʨʝʚʦʟʦʢ ʛʨʫʟʦʚ ʧʦʢʘʟʘʪʝʣʝʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʜʘʥʥʳʤ ʢʨʠʪʝʨʠʷʤ (ʪʨʘʜʠʮʠʦʥʥʦ ʠʩʧʦʣʴʟʫʝʤʳʤ ʥʘ ʚʩʝʭ ʚʠʜʘʭ ʪʨʘʥʩʧʦʨʪʘ ʠ ʥʦʚʳʤ, 

ʚʢʣʶʯʘʝʤʳʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʩʦʚʨʝʤʝʥʥʦʡ ʦʪʨʘʩʣʝʚʦʡ ʥʦʨʤʘʪʠʚʥʦʡ 

ʙʘʟʳ, ʧʨʦʚʦʜʠʤʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʣʠʪʠʢʦʡ ʠ ʦʙʱʝʤʠʨʦʚʳʤʠ ʪʝʥʜʝʥʮʠʷʤʠ), ʧʦʟ-

ʚʦʣʷʝʪ ʦʭʚʘʪʳʚʘʪʴ ʠ ʫʯʠʪʳʚʘʪʴ 80ï87% ʪʨʝʙʦʚʘʥʠʡ ʧʦʪʨʝʙʠʪʝʣʝʡ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʫʩʣʫʛ. 



ɸ.ʆ. ʅʠʯʠʧʦʨʫʢ 
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ʋʩʠʣʝʥʠʝ ʚʥʠʤʘʥʠʷ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʦʙʝʩʧʝʯʝʥʠʶ 

ʙʝʟʦʧʘʩʥʦʩʪʠ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ) ʚ ʦʙʣʘʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʩʨʝʜʩʪʚ, ʪʝʨʤʠʥʘʣʦʚ, ʦʩʫʱʝʩʪʚʣʝʥʠʶ ʧʝʨʝʚʦʟʦʢ ʠ ʧʝʨʝʛʨʫʟʦʯʥʳʭ ʨʘʙʦʪ ʩʚʷʟʘʥʳ ʩ 

ʧʨʠʥʷʪʠʝʤ ʟʘʢʦʥʦʚ çʆ ʪʝʭʥʠʯʝʩʢʦʤ ʨʝʛʫʣʠʨʦʚʘʥʠʠè ʠ çʆ ʪʨʘʥʩʧʦʨʪʥʦʡ ʙʝʟʦʧʘʩʥʦ-

ʩʪʠè [27, 28], ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʛʣʘʤʝʥʪʦʚ ʧʦ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʨʘʟʣʠʯʥʳʭ ʚʠʜʘʭ ʪʨʘʥʩ-

ʧʦʨʪʘ [29ï32] ʠ ʚʥʝʩʝʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʟʤʝʥʝʥʠʡ ʚ ʦʪʨʘʩʣʝʚʳʝ ʥʦʨʤʘʪʠʚʥʳʝ 

ʜʦʢʫʤʝʥʪʳ [10, 11]. 

ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʮʝʣʝʚʳʝ ʫʩʪʘʥʦʚʢʠ çʊʨʘʥʩʧʦʨʪʥʦʡ ʩʪʨʘʪʝʛʠʠ ʈʦʩ-

ʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʥʘ ʧʝʨʠʦʜ ʜʦ 2030 ʛʦʜʘè [33], ʧʨʠʥʷʪʦʡ ʚ 2008 ʛ. ʚ ʯʠʩʣʝ ʢʦʪʦʨʳʭ: 

ï ʦʙʝʩʧʝʯʝʥʠʝ ʜʦʩʪʫʧʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʫʩʣʫʛ ʚ ʦʙʣʘ-

ʩʪʠ ʛʨʫʟʦʚʳʭ ʧʝʨʝʚʦʟʦʢ ʥʘ ʫʨʦʚʥʝ ʧʦʪʨʝʙʥʦʩʪʝʡ ʨʘʟʚʠʪʠʷ ʵʢʦʥʦʤʠʢʠ ʩʪʨʘʥʳ; 

ï ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ; 

ï ʩʥʠʞʝʥʠʝ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝ-

ʜʫ; 

ï ʢʦʥʢʫʨʝʥʪʥʳʡ ʫʨʦʚʝʥʴ ʫʜʝʣʴʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʠʟʜʝʨʞʝʢ ʚ ʢʦʥʝʯʥʦʡ ʮʝʥʝ ʧʨʦ-

ʜʫʢʮʠʠ; 

ï ʧʦʚʳʰʝʥʠʝ ʢʦʤʤʝʨʯʝʩʢʦʡ ʩʢʦʨʦʩʪʠ ʠ ʨʠʪʤʠʯʥʦʩʪʠ ʧʨʦʜʚʠʞʝʥʠʷ ʧʘʨʪʠʡ ʪʦʚʘ-

ʨʦʚ ʠ ʜʨ. 

ʊʨʘʥʩʧʦʨʪʥʦʡ ʩʪʨʘʪʝʛʠʝʡ ʦʪʤʝʯʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʧʦʵʪʘʧʥʦʛʦ 

ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʪʨʘʥʩʧʦʨʪʥʳʭ ʫʩʣʫʛ, ʧʦʚʳʰʝʥʠʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʝʨʝ-

ʚʦʟʯʠʢʦʚ ʧʨʠ ʟʘʜʘʥʥʳʭ ʫʨʦʚʥʷʭ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʵʢʦʣʦʛʠʯʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʘ. ʇʨʝʜʫ-

ʩʤʦʪʨʝʥʦ ʫʩʠʣʝʥʠʝ ʚʥʠʤʘʥʠʷ ʛʦʩʫʜʘʨʩʪʚʘ ʢ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʬʘʢʪʦʨʘʤ ʠ ʧʦʜʯʝʨʢʠʚʘʝʪ-

ʩʷ, ʯʪʦ ʧʦʜʜʝʨʞʘʥʠʝ ʥʠʟʢʦʡ ʜʦʣʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʠʟʜʝʨʞʝʢ ʚ ʩʪʦʠʤʦʩʪʠ ʧʨʦʜʫʢʮʠʠ ʧʨʠ 

ʩʦʙʣʶʜʝʥʠʠ ʞʝʩʪʢʠʭ ʥʦʨʤ ʧʦ ʵʢʦʣʦʛʠʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʤʠʨʦʚʳʭ 

ʪʝʥʜʝʥʮʠʡ ʚ ʨʘʟʚʠʪʠʠ ʪʨʘʥʩʧʦʨʪʘ. ʆʙʦʟʥʘʯʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪ-

ʨʦʚ ʠ ʩʪʘʥʜʘʨʪʦʚ ʢʘʯʝʩʪʚʘ, ʨʘʟʚʠʪʠʷ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʡ ʙʘʟʳ ʚ ʩʬʝʨʝ ʦʢʘʟʘʥʠʷ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʫʩʣʫʛ (ʙʝʟʦʧʘʩʥʦʩʪʴ, ʵʢʦʣʦʛʠʯʥʦʩʪʴ, ʢʘʯʝʩʪʚʦ ʪʨʘʥʩʧʦʨʪʥʳʭ ʫʩʣʫʛ), 

ʨʦʩʪʘ ʦʙʲʝʤʘ ʤʫʣʴʪʠʤʦʜʘʣʴʥʳʭ (ʩʤʝʰʘʥʥʳʭ) ʧʝʨʝʚʦʟʦʢ ʩ ʫʯʘʩʪʠʝʤ ʚʥʫʪʨʝʥʥʝʛʦ ʚʦʜ-

ʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ (ɺɺʊ). 

ɺ ʧʨʠʥʷʪʦʡ ʚ 2016 ʛ. çʉʪʨʘʪʝʛʠʠ ʨʘʟʚʠʪʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʈʦʩ-

ʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʥʘ ʧʝʨʠʦʜ ʜʦ 2030 ʛʦʜʘè [34] ʩʨʝʜʠ ʦʩʥʦʚʥʳʭ ʮʝʣʝʡ ʨʘʟʚʠʪʠʷ 

ʚʥʫʪʨʝʥʥʝʛʦ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʈʌ ʪʘʢʞʝ ʫʢʘʟʘʥʳ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʠ ʜʦʩʪʫʧʥʦ-

ʩʪʠ ʫʩʣʫʛ ʜʣʷ ʛʨʫʟʦʚʣʘʜʝʣʴʮʝʚ, ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʵʢʦʣʦʛʠʯʥʦʩʪʠ ɺɺʊ. 

ʇʣʘʥʠʨʫʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʪʨʘʥʩʧʦʨʪʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʩʥʠʞʝʥʠʝ ʦʙʲʝʤʦʚ ʚʳʙʨʦ-

ʩʦʚ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ, ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ ʦʨʛʘʥʠʟʘʮʠʡ ɺɺʊ ʢ ʚʥʝʜʨʝʥʠʶ ʩʠʩʪʝʤ ʵʢʦʣʦ-

ʛʠʯʝʩʢʦʛʦ ʤʝʥʝʜʞʤʝʥʪʘ [35]. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʵʢʦʣʦʛʠʯʥʦʩʪʠ ʠ ʵʥʝʨ-

ʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʝʨʝʚʦʟʦʢ ʥʘ ɺɺʊ ʥʝʦʙʭʦʜʠʤʘ ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʳ ʤʦʜʝʨʥʠʟʘʮʠʠ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ɺɺʊ ʧʦ ʩʥʠʞʝʥʠʶ ʝʝ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝ-

ʜʫ, ʦʙʝʩʧʝʯʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʬʣʦʪʘ. ʆʜʥʦʡ ʠʟ ʦʩ-

ʥʦʚʥʳʭ ʟʘʜʘʯ ʧʦʚʳʰʝʥʠʷ ʜʦʩʪʫʧʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʫʩʣʫʛ ɺɺʊ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʫʩʣʦ-

ʚʠʡ ʜʣʷ ʧʝʨʝʢʣʶʯʝʥʠʷ ʛʨʫʟʦʧʦʪʦʢʦʚ ʩ ʧʝʨʝʛʨʫʞʝʥʥʳʭ ʫʯʘʩʪʢʦʚ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ 

ʥʘ ɺɺʊ. 
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ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 52, 2017 ʛ. 
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ʩʦʚ ʚ ʩʬʝʨʘʭ ʵʢʦʥʦʤʠʢʠ, ʦʙʦʨʦʥʳ, ʥʘʮʠʦʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʥʘʫʢʠ, ʦʙʨʘʟʦʚʘʥʠʷ, 

ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ, ʩʦʮʠʘʣʴʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʜʨ. [1].  

ɺ ʦʪʨʘʩʣʠ ʞʝ ʨʝʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʥʝʩʤʦʪʨʷ ʥʘ ʦʛʨʦʤʥʳʡ ʧʨʦʛʨʝʩʩ ʚ ʦʙʣʘʩʪʠ ʚʳ-

ʯʠʩʣʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ ʠ ʩʨʝʜʩʪʚ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ, ʫʨʦʚʝʥʴ ʨʘʟʨʘʙʦʪʢʠ ʠ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʷ ʀʊ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʦʚʨʝʤʝʥʥʳʤ ʫʩʣʦʚʠʷʤ, ʩʥʠʞʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʢʦʥ-

ʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʨʝʯʥʳʭ ʧʝʨʝʚʦʟʦʢ ʛʨʫʟʦʚ. ʕʪʦ ʥʝ ʦʪʥʦʩʠʪʩʷ ʢ ʧʨʠʤʝʥʝʥʠʶ ʚ ʪʦʡ 

ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʀʊ, ʪʘʢʠʭ, ʢʘʢ ʪʨʘʥʟʘʢʮʠʦʥʥʳʭ (ʘʚʪʦʤʘʪʠʟʘʮʠʷ 

ʬʫʥʢʮʠʡ ʫʯʸʪʘ ʠ ʢʦʥʪʨʦʣʷ) ʠ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ (ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʚʷʟʴ ʵʣʝʤʝʥʪʦʚ ʧʨʦ-

ʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦʩʨʝʜʩʪʚʦʤ ʩʝʪʠ ʀʥʪʝʨʥʝʪ, ʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤ ʥʘʚʠʛʘʮʠʠ 

ɻʃʆʅɸʉʉ ʠ GPS, ʩʧʫʪʥʠʢʦʚʳʭ ʠ ʩʦʪʦʚʳʭ ʩʠʩʪʝʤ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ). ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʨʝʯʴ ʠʜʝʪ ʦ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʀʊ, ʢʦʪʦʨʳʝ ʦʧʪʠʤʠʟʠʨʫʶʪ ʧʨʦʠʟʚʦʜ-

ʩʪʚʝʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʷʚʣʷʶʪʩʷ ʫʥʠʢʘʣʴʥʳʤʠ ʜʣʷ ʦʪʨʘʩʣʠ ʠ ʥʘʮʝʣʝʥʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʥʘ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʫʜʦʭʦʜʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. 

ʇʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ ʩʪʘʪʴʠ, ʚʩʶ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʦʩʚʷʪʠʚʰʠʭ 

ʨʘʟʨʘʙʦʪʢʝ ʠ ʚʥʝʜʨʝʥʠʶ ʦʪʨʘʩʣʝʚʳʭ ʀʊ, ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʩʣʘʙʦʛʦ ʚʥʝʜʨʝʥʠʷ ʘʥʘʣʠ-

ʪʠʯʝʩʢʠʭ ʀʊ ʚ ʧʨʘʢʪʠʢʫ ʫʧʨʘʚʣʝʥʠʷ ʨʝʯʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʩʜʝʨ-

ʞʠʚʘʶʱʠʤ ʬʘʢʪʦʨʦʤ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ, ʷʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʘ ʦʪ-

ʩʫʪʩʪʚʠʷ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʦʙʦʩʥʦʚʘʥʥʦʩʪʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʠʭ 

ʥʝʜʦʦʮʝʥʢʘ. ʕʪʘ ʥʝʜʦʦʮʝʥʢʘ ʷʚʣʷʝʪʩʷ, ʚ ʪʦʤ ʯʠʩʣʝ, ʩʣʝʜʩʪʚʠʝʤ ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʧʨʦ-

ʬʝʩʩʠʦʥʘʣʠʟʤʘ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʪʦʧ-ʤʝʥʝʜʞʝʨʦʚ, ʢʦʪʦʨʳʝ ʦʮʝʥʠʚʘʶʪ ʜʝʥʝʞʥʳʝ ʧʦʪʦ-

ʢʠ ʙʝʟ ʦʮʝʥʢʠ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʳ ʥʝ ʤʦʞʝʤ ʧʨʠʚʝʩʪʠ ʧʨʠʤʝʨʳ 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʨʘʙʦʪʦʡ ʬʣʦʪʘ ʠ ʧʝʨʝʚʦʟʢʘʤʠ ʟʘ ʩʯʝʪ ʧʨʠʤʝ-

ʥʝʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʀʊ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʦʚʝʪʩʢʦʛʦ ʧʨʦʰʣʦʛʦ, ʭʦʪʷ ʚʦʟʤʦʞʥʦʩʪʠ ʵʪʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ ʙʦʣʴʰʠʝ.  

ʆʙʦʙʱʝʥʠʝ ʠ ʠʟʣʦʞʝʥʠʝ ʥʝʢʦʪʦʨʳʭ ʤʝʪʦʜʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʢ ʦʮʝʥʢʝ ʀʊ ʚ ʜʘʥ-

ʥʦʡ ʩʪʘʪʴʝ ʙʫʜʝʪ ʩʦʜʝʡʩʪʚʦʚʘʪʴ ʠʭ ʧʨʠʤʝʥʝʥʠʶ ʚ ʧʨʘʢʪʠʢʝ ʫʧʨʘʚʣʝʥʠʷ ʨʘʙʦʪʦʡ ʬʣʦʪʘ 

ʠ ʧʦʚʳʰʝʥʠʶ ʢʦʥʢʫʨʝʥʪʥʦʩʪʠ ʨʝʯʥʳʭ ʧʝʨʝʚʦʟʦʢ ʛʨʫʟʦʚ. 

ɺʩʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʧʦʜʭʦʜʦʚ ʢ ʦʮʝʥʢʝ ʀʊ, ʠʟʚʝʩʪʥʳʭ ʚ ʣʠʪʝʨʘʪʫʨʝ ʠ ʠʥʪʝʨʥʝʪ-

ʠʩʪʦʯʥʠʢʘʭ [2,3,4,5,6], ʧʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʤʦʞʥʦ ʩʚʝʩʪʠ ʢ ʜʚʫʤ ʫʢʨʫʧʥʝʥʥʳʤ ʠ ʨʘʩ-

ʧʨʦʩʪʨʘʥʸʥʥʳʤ ʧʦʜʭʦʜʘʤ.  

ʇʨʠ ʧʝʨʚʦʤ ʧʦʜʭʦʜʝ (ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ) ʦʮʝʥʢʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʪʦʣʴʢʦ ʟʘʪʨʘʪʘʤʠ, 

ʧʦʩʢʦʣʴʢʫ ʠʭ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʩ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʴʶ ʪʦʯʥʦʩʪʠ. ɺ ʦʩʥʦʚʥʦʤ ʵʪʦ 

ʦʪʥʦʩʠʪʩʷ ʢ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʀʊ. ʇʨʠ ʵʪʦʤ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʦʥʠ ʢʘʢ-ʪʦ ʢʦʩʚʝʥʥʦ 

ʚʣʠʷʶʪ ʥʘ ʚʳʨʫʯʢʫ, ʫʣʫʯʰʘʷ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ, ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʠ ʪʘʢ ʜʘʣʝʝ, 

ʧʦʚʳʰʘʷ ʪʝʤ ʩʘʤʳʤ ʛʫʜʚʠʣʣ (ʠʤʠʜʞ) ʧʨʝʜʧʨʠʷʪʠʷ, ʪʦ ʝʩʪʴ, ʧʦʚʳʰʘʷ ʨʳʥʦʯʥʫʶ ʩʪʦ-

ʠʤʦʩʪʴ ʧʨʝʜʧʨʠʷʪʠʷ. ʅʦ ʥʘʧʨʷʤʫʶ ʧʦʩʯʠʪʘʪʴ ʠʭ ʚʢʣʘʜ ʢʘʢʠʤ-ʣʠʙʦ ʩʧʦʩʦʙʦʤ ʥʝ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. ʇʦʵʪʦʤʫ ʜʣʷ ʪʘʢʠʭ ʧʨʦʝʢʪʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʚʦʢʫʧʥʘʷ ʩʪʦʠ-

ʤʦʩʪʴ ʚʣʘʜʝʥʠʷ, ʚ ʢʦʪʦʨʫʶ ʚʢʣʶʯʘʶʪʩʷ ʟʘʪʨʘʪʳ ʥʘ ʧʨʠʦʙʨʝʪʝʥʠʝ, ʫʩʪʘʥʦʚʢʫ, 

ʥʘʩʪʨʦʡʢʫ (ʝʜʠʥʦʚʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ) ʠ ʨʘʩʭʦʜʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʵʢʩʧʣʫʘʪʘʮʠʝʡ ʦʙʦʨʫʜʦ-

ʚʘʥʠʷ, ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʦʙʨʘʙʦʪʢʦʡ ʠʥʬʦʨʤʘʮʠʠ (ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʘʩ-

ʭʦʜʳ). ɺʩʝ ʟʘʪʨʘʪʳ ʠ ʨʘʩʭʦʜʳ ʩʫʤʤʠʨʫʶʪʩʷ ʟʘ ʚʝʩʴ ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ ʠ ʜʦʣʞʥʳ ʜʠʩ-

ʢʦʥʪʠʨʦʚʘʪʴʩʷ [7]. ʆʜʥʘʢʦ, ʚ ʣʶʙʦʤ ʩʣʫʯʘʝ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʜʘʝʪ ʚʝʣʠʯʠʥʫ ʩʪʦʠʤʦʩʪʠ, 

ʥʦ ʥʝ ʧʦʢʘʟʳʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʝʢʪʦʚ ʀʊ. ɺ ʣʫʯʰʝʤ ʩʣʫʯʘʝ ʦʥ ʧʦʤʦʛʘʝʪ ʚʳʙʨʘʪʴ 

ʧʨʦʝʢʪ, ʥʘʠʣʫʯʰʠʡ ʧʦ ʥʘʠʤʝʥʴʰʠʤ ʟʘʪʨʘʪʘʤ, ʝʩʣʠ ʠʤʝʶʪʩʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ.  

ɺʦ ʚʪʦʨʦʤ ʧʦʜʭʦʜʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʀʊ ʦʮʝʥʠʚʘʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ ʟʘʪʨʘʪ ʠ ʨʝ-

ʟʫʣʴʪʘʪʦʚ ʧʨʦʝʢʪʘ. ʇʦʜ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦʥʠʤʘʝʪʩʷ ʵʬʬʝʢʪ ʠʣʠ ʜʦʭʦʜ (ʵʢʦʥʦʤʠʷ), ʢʦʪʦ-

ʨʳʡ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʝʭʥʦʣʦʛʠʠ.  

ʆʧʨʝʜʝʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʘ, ʪʦ ʝʩʪʴ, ʜʦʭʦʜʥʦʡ ʯʘʩʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʨʘʡʥʝ 

ʩʣʦʞʥʫʶ ʧʨʦʙʣʝʤʫ. ɻʠʧʦʪʝʪʠʯʝʩʢʠ ʜʣʷ ʵʪʦʛʦ ʥʫʞʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʝʩʪʠ ʜʚʝ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ: ʩ ʚʥʝʜʨʝʥʥʳʤʠ ʀʊ ʠ ʙʝʟ ʥʠʭ, ʯʪʦ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ. 

ɻʣʘʚʥʘʷ ʪʨʫʜʥʦʩʪʴ ʟʜʝʩʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʪʘʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʥʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥ-

ʥʦ, ʘ ʦʧʦʩʨʝʜʦʚʘʥʥʦ ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʘ ʢʦʥʝʯʥʳʝ ʬʠʥʘʥʩʦʚʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ.  



ʖ.ʀ. ʇʣʘʪʦʚ, ʄ.ɺ. ʅʠʢʫʣʠʥʘ 
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ʆʜʥʘʢʦ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʥʘ ʧʨʘʢʪʠʢʝ, ʠʩʭʦʜʷ ʠʟ ʢʦʥʢʨʝʪʥʦʛʦ ʚʘʨʠʘʥʪʘ ʀʊ, ʚʦʟ-

ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʨʝʟʫʣʴʪʘʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʷʤʦ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ [2,8]. ʕʪʦʪ ʨʝ-

ʟʫʣʴʪʘʪ ʣʝʛʯʝ ʦʧʨʝʜʝʣʠʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʧʨʠ ʥʘʣʠʯʠʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠʭ ʨʝʛʣʘʤʝʥʪʦʚ, ʤʝʪʦʜʠʢ, ʩʪʘʥʜʘʨʪʦʚ, ʥʦʨʤʘʪʠʚʦʚ ʦʧʝʨʘʮʠʡ, ʠʥʩʪʨʫʢʮʠʡ, ʘʥʘʣʦʛʦʚ 

ʧʨʠʤʝʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʉʶʜʘ ʞʝ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʠ ʫʧʨʘʚʣʝʥʯʝʩʢʠʝ 

ʵʬʬʝʢʪʳ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʧʦʢʘʟʘʪʝʣʠ ʚʳʩʚʦʙʦʞʜʝʥʠʷ (ʨʘʟʛʨʫʟʢʠ) ʩʦʪʨʫʜʥʠʢʦʚ ʦʪ 

ʚr ʧʦʣʥʝʥʠʷ ʨʫʪʠʥʥʳʭ ʦʧʝʨʘʮʠʡ, ʫʩʢʦʨʝʥʠʝ ʧʦʜʛʦʪʦʚʢʠ ʦʪʯʝʪʦʚ ʠ ʫʚʝʣʠʯʝʥʠʝ ʠʭ ʜʦ-

ʩʪʦʚʝʨʥʦʩʪʠ, ʦʧʪʠʤʠʟʘʮʠʷ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʜʨʫʛʠʝ, ʧʦʣʫʯʝʥʥʳʝ ʦʪ ʚʥʝ-

ʜʨʝʥʠʷ ʀʊ. ʕʪʠ ʬʘʢʪʦʨʳ ʤʦʛʫʪ ʧʨʦʷʚʣʷʪʴʩʷ ʦʪʜʝʣʴʥʦ ʠʣʠ ʩʦʚʤʝʩʪʥʦ. ʇʨʠ ʵʪʦʤ ʨʝ-

ʟʫʣʴʪʘʪʳ ʜʦʣʞʥʳ ʦʧʨʝʜʝʣʷʪʴʩʷ ʟʘ ʚʝʩʴ ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ (ʧʨʦʛʥʦʟʥʳʡ ʧʝʨʠʦʜ) ʜʝʡ-

ʩʪʚʠʷ ʪʝʭʥʦʣʦʛʠʠ ʠ ʜʠʩʢʦʥʪʠʨʦʚʘʪʴʩʷ. 

ʉ ʫʯʝʪʦʤ ʠʟʣʦʞʝʥʥʦʛʦ, ʥʘʤʠ ʧʨʝʜʣʘʛʘʶʪʩʷ ʜʚʘ ʥʘʧʨʘʚʣʝʥʠʷ ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʀʊ, ʦʪʨʘʞʘʶʱʠʝ ʥʝʢʦʪʦʨʳʝ ʬʘʢʪʦʨʳ ʧʨʦʷʚʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠ-

ʤʝʥʠʪʝʣʴʥʦ ʢ ʨʝʯʥʦʤʫ ʪʨʘʥʩʧʦʨʪʫ ʠ ʩʚʷʟʘʥʥʳʝ ʩ ʦʧʪʠʤʠʟʘʮʠʝʡ ʨʝʩʫʨʩʦʚ ʠ ʵʢʦʥʦʤʠʝʡ 

ʚʨʝʤʝʥʠ (ʢ ʢʦʪʦʨʦʡ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʚʝʜʝʪ ʣʶʙʘʷ ʵʢʦʥʦʤʠʷ).  

ʆʧʪʠʤʠʟʘʮʠʷ ʨʝʩʫʨʩʦʚ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩʚʦʜʠʪʩʷ ʢ ʚʳʙʦʨʫ ʨʘʮʠʦʥʘʣʴʥʳʭ 

ʪʠʧʦʚ ʩʫʜʦʚ, ʨʘʩʩʪʘʥʦʚʢʝ ʠʭ ʧʦ ʫʯʘʩʪʢʘʤ ʨʘʙʦʪʳ, ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʬʣʦʪʘ, ʩʥʠʞʝʥʠʶ ʨʘʩʭʦʜʦʚ ʥʘ ʪʦʧʣʠʚʦ ʠ ʩʤʘʟʢʫ ʠ ʜʨʫʛʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʦʧʪʠʤʠʟʘʮʠʠ. 

ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʨʝʟʫʣʴʪʘʪ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  
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ʛʜʝ 
ʊP  ï ʨʝʟʫʣʴʪʘʪ ʧʦ ʦʪʜʝʣʴʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʪʝʯʝʥʠʝ ʧʨʦʛʥʦʟʥʦʛʦ 

ʧʝʨʠʦʜʘ ʊ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʦʧʪʠʤʠʟʘʮʠʠ, ʪʳʩ. ʨʫʙ.; 

t, tʥ, tʢ ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʪʝʢʫʱʠʡ, ʥʘʯʘʣʴʥʳʡ ʠ ʢʦʥʝʯʥʳʡ ʛʦʜʳ ʧʨʦʛʥʦʟʥʦʛʦ ʧʝʨʠʦʜʘ; 

ʩʨʜï ʩʨʝʜʥʷʷ ʜʦʭʦʜʥʘʷ ʩʪʘʚʢʘ ʧʦ ʦʪʜʝʣʴʥʦʤʫ ʚʠʜʫ ʜʝʷʪʝʣʴʥʦʩʪʠ (ʥʘʧʨʠʤʝʨ, ʟʘ ʧʝ-

ʨʝʚʦʟʢʫ ʦʜʥʦʡ ʪʦʥʥʳ ʛʨʫʟʘ) ʠʣʠ ʚʳʨʫʯʢʘ ʦʪ ʧʨʦʜʘʞʠ ʦʜʥʦʡ ʝʜʠʥʠʮʳ ʧʨʦʜʫʢ-

ʮʠʠ ʠʣʠ ʦʢʘʟʘʥʠʷ ʫʩʣʫʛ, ʨʫʙ. ʟʘ ʦʧʨʝʜʝʣʝʥʥʫʶ ʝʜ. ʠʟʤʝʨʝʥʠʷ;  
ʜʧ

t QQ , ï ʦʙʲʸʤ ʨʘʙʦʪ ʠʣʠ ʫʩʣʫʛ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʩʣʝ ʠ ʜʦ ʚʥʝʜʨʝʥʠʷ ʀʊ ʚ ʢʘʞ-

ʜʦʤ ʧʨʦʛʥʦʟʥʦʤ ʛʦʜʫ, ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʪʳʩ. ʝʜ. ʠʟʤʝʨʝʥʠʷ; 
ʧ

t

ʜ
ss , ï ʩʨʝʜʥʷʷ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʦʜʥʦʡ ʝʜʠʥʠʮʳ ʨʘʙʦʪ ʠʣʠ ʫʩʣʫʛ ʧʦ ʧʨʷʤʳʤ ʟʘʪʨʘʪʘʤ 

(ʟʘʚʠʩʷʱʠʤ ʦʪ ʦʙʲʝʤʘ ʨʘʙʦʪ), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʦ ʠ ʧʦʩʣʝ ʚʥʝʜʨʝʥʠʷ ʀʊ ʚ ʢʘʞʜʦʤ 

ʧʨʦʛʥʦʟʥʦʤ ʛʦʜʫ, ʨʫʙ. ʥʘ ʦʧʨʝʜʝʣʝʥʥʫʶ ʝʜ. ʠʟʤʝʨʝʥʠʷ; 

taï ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʩʢʦʥʪʠʨʦʚʘʥʠʷ, ʜʦʣʠ ʝʜ.:  

t
d

t

-
+=a )1( , (1) 

ʛʜʝ d ï ʥʦʨʤʘ ʜʠʩʢʦʥʪʘ, ʜʦʣʠ ʝʜ. 

 

ʆʙʲʸʤ ʨʘʙʦʪ (ʫʩʣʫʛ) ʠ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʧʦʩʣʝ ʚʥʝʜʨʝʥʠʷ ʀʊ ʧʦ ʢʘʞʜʦʤʫ ʧʨʦ-

ʛʥʦʟʥʦʤʫ ʛʦʜʫ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʚʳʨʘʞʝʥʠʷʤ: 

q

ʜʧ

t
JQQ = , (2) 

ʧ

t

s

ʜ

ʧ

t
Q

JR
s = , (3) 

ʛʜʝ 
sq JJ ,  ï ʠʥʜʝʢʩʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʝʤʘ ʨʘʙʦʪ ʠʣʠ ʫʩʣʫʛ ʠ ʫʤʝʥʴʰʝ-

ʥʠ̫ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʘʩʭʦʜʦʚ ʧʦʩʣʝ ʚʥʝʜʨʝʥʠʷ ʀʊ, ʜʦʣʠ ʝʜ.; 
ʜ

R ï ʧʨʷʤʳʝ ʨʘʩʭʦʜʳ (ʟʘʚʠʩʷʱʠʝ ʦʪ ʦʙʲʸʤʘ ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʙʦʪ) ʜʦ ʚʥʝʜʨʝʥʠʷ ʀʊ, 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 52, 2017 ʛ. 
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ʪʳʩ. ʨʫʙ.  

 

ʀʥʜʝʢʩʳ ʤʦʛʫʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʴʥʳʭ ʠ ʥʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʡ. ɺ 

ʩʣʫʯʘʝ ʤʦʜʝʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ ʦʥʠ ʥʘʭʦʜʪ̫ʩʷ ʥʘ ʦʩʥʦʚʝ ʘʜʝʢʚʘʪʥʦʛʦ ʢʦʥʪʨʦʣʴʥʦʛʦ 

ʧʨʠʤʝʨʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʨʝʰʝʥʠʷ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ. ɿʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʚ ʜʚʫʭ 

ʚʘʨʠʘʥʪʘʭ: ʙʝʟ ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʩ ʦʧʪʠʤʠʟʘʮʠʝʡ, ʘ ʠʥʜʝʢʩ rʥʘʭʦʜʪ̫ʩʷ ʢʘʢ ʦʪʥʦʰʝʥʠʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʦ ʪʦʤʫ ʠʣʠ ʠʥʦʤʫ ʧʦʢʘʟʘʪʝʣʶ. ʅʘʪʫʨʥʳʝ ʠʩʧʳʪʘʥʠʷ ʧʨʝʜʧʦʣʘʛʘʶʪ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʬʘʢʪʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʧʨʘʢʪʠʢʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝ-

ʥʠ̫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʦʜʝʣʝʡ. ʇʨʠ ʵʪʦʤ ʠʥʜʝʢʩ rʨʘʩʩʯʠʪʳʚʘʪʁʩʷ ʠʩʭʦʜʷ ʠʟ ʥʘʠʙʦ-

ʣʝʝ ʚʝʨʦʷʪʥʳʭ (ʜʦʩʪʠʞʠʤʳʭ) ʵʬʬʝʢʪʦʚ. ʊʘʢ, ʵʢʦʥʦʤʠʷ ʨʘʩʭʦʜʦʚ ʦʪ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʡ-

ʩʦʚʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʥʦʨʤʠʨʦʚʘʥʠʷ, ʨʘʩʩʯʠʪʘʥʥʘ ̫ʥʝʟʘʚʠʩʠʤʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ, ʤʦ-

ʞʝʪ ʧʨʝʚʦʩʭʦʜʠʪʴ 8% ʠ ʜʦʭʦʜʠʪʴ ʜʦ 15% [8].  

ɽʩʣʠ ʦʧʨʝʜʝʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʘ ʦʧʪʠʤʠʟʘʮʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʧʦ ʦʜʥʦʤʫ ʧʘ-

ʨʘʤʝʪʨʫ, ʥʘʧʨʠʤʝʨ, ʵʢʦʥʦʤʠʠ ʥʘʪʫʨʘʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʠ ʩʤʘʟʢʠ, ʪʦ ʵʬʬʝʢʪ ʤʦ-

ʞʝʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥ ʧʦ ʚʳʨʘʞʝʥʠʶ: 

,)(
ʢ

ʥ

t

t

ʜ

ttʵʊ

t

ʎGIJP aÖ= ä  (4) 

ʛʜʝ 
ʊP  ï ʨʝʟʫʣʴʪʘʪ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʠ ʩʤʘʟʢʠ ʚ ʪʝʯʝʥʠʝ ʧʨʦʛʥʦʟʥʦʛʦ ʧʝ-

ʨʠʦʜʘ, ʪʳʩ. ʨʫʙ.; 
ʜ

tG ï ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʚ ʙʘʟʦʚʦʤ ʛʦʜʫ ʜʦ ʚʥʝʜʨʝʥʠʷ ʀʊ, ʪʳʩ. ʪ; 

tI ï ʠʥʜʝʢʩ ʠʟʤʝʥʝʥʠʷ ʥʘʪʫʨʘʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʚ ʢʘʞʜʦʤ ʛʦʜʫ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʧʣʘʥʠʨʫʝʤʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʨʘʙʦʪʳ; 

ʎ ï ʮʝʥʘ ʪʦʧʣʠʚʘ ʚ ʙʘʟʦʚʦʤ ʛʦʜʫ (ʚ ʪʝʢʫʱʠʭ ʮʝʥʘʭ), ʨʫʙ.; 

ʵJ ï ʠʥʜʝʢʩ ʠʟʤʝʥʝʥʠʷ (ʵʢʦʥʦʤʠʠ) ʥʘʪʫʨʘʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʚ ʢʘʞʜʦʤ ʛʦʜʫ ʚ 

ʩʚʷʟʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʀʊ. 

 

ʂʨʦʤʝ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʩʫʨʩʦʚ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʵʢʦʥʦʤʠʷ ʤʦʞʝʪ ʙʳʪʴ ʜʦ-

ʩʪʠʛʥʫʪʘ ʟʘ ʩʯʝʪ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʫʧʨʘʚʣʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ï ʵʢʦʥʦʤʠʠ ʫʧʨʘʚʣʝʥʯʝ-

ʩʢʦʛʦ ʪʨʫʜʘ, ʩʦʢʨʘʱʝʥʠʷ ʦʙʦʨʦʪʥʳʭ ʩʨʝʜʩʪʚ. 

ʕʢʦʥʦʤʠʷ ʫʧʨʘʚʣʝʥʯʝʩʢʦʛʦ ʪʨʫʜʘ ʜʦʩʪʠʛʘʝʪʩʷ ʩʦʢʨʘʱʝʥʠʝʤ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ 

ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʫʧʨʘʚʣʝʥʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ ʨʘʟʣʠʯʥʳʭ ʩʪʨʫʢʪʫʨ-

ʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʷʭ, ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʠ ʜʨʫʛʠʭ ʦʨʛʘʥʘʭ, ʠ ʤʦʞʝʪ 

ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʘ ʧʦ ʚʳʨʘʞʝʥʠʶ:  

,))((
ʢ

ʥ

tʯʛ

t

ʧ

t

ʜ

tʊ
ʆTttP

t

a=ä -  (5) 

ʛʜʝ ʈʊ ï ʨʝʟʫʣʴʪʘʪ ʵʢʦʥʦʤʠʠ ʫʧʨʘʚʣʝʥʯʝʩʢʦʛʦ ʪʨʫʜʘ ʟʘ ʧʨʦʛʥʦʟʥʳʡ ʧʝʨʠʦʜ, ʪʳʩ. ʨʫʙ.; 

T ï ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʨʦʛʥʦʟʥʦʛʦ (ʧʣʘʥʠʨʫʝʤʦʛʦ) ʧʝʨʠʦʜʘ (ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ) ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʷ ʀʊ, ʣʝʪ;  
ʧ

t

ʜ

t tt , ï ʟʘʪʨʘʪʳ ʚʨʝʤʝʥʠ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʦʧʝʨʘʮʠʡ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ, ʜʦ ʠ ʧʦʩʣʝ ʚʥʝʜʨʝʥʠʷ ʀʊ, ʯ; 

ʊʛ ï ʧʣʘʥʠʨʫʝʤʦʝ ʯʠʩʣʦ ʜʥʝʡ ʚ ʢʘʞʜʦʤ ʛʦʜʫ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʙʨʘʙʦʪʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, 

ʜʥ.; 

ʆʯ ï ʩʨʝʜʥʝʯʘʩʦʚʘʷ ʟʘʨʘʙʦʪʥʘʷ ʧʣʘʪʘ ʦʧʝʨʘʪʦʨʘ, ʟʘʥʷʪʦʛʦ ʥʘ ʦʙʨʘʙʦʪʢʝ ʠʥʬʦʨʤʘʮʠʠ, ʩ 

ʧʨʝʤʠʘʣʴʥʳʤʠ ʠ ʚʩʝʤʠ ʥʘʯʠʩʣʝʥʠʷʤʠ ʥʘ ʟʘʨʘʙʦʪʥʫʶ ʧʣʘʪʫ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʝʡ-

ʩʪʚʫʶʱʠʤ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦʤ, ʪʳʩ. ʨʫʙ. 

 



ʖ.ʀ. ʇʣʘʪʦʚ, ʄ.ɺ. ʅʠʢʫʣʠʥʘ 
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ʀʩʪʦʯʥʠʢʘʤʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʀʊ ʤʦʛʫʪ ʙʳʪʴ ʠ ʜʨʫʛʠʝ ʥʘʧʨʘʚʣʝ-

ʥʠʷ. ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʜʣʷ ʪʨʘʥʩʧʦʨʪʘ ʷʚʣʷʝʪʩʷ ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ 

ʭʨʘʥʝʥʠʷ ʛʨʫʟʦʚ ʥʘ ʩʢʣʘʜʘʭ, ʩʦʢʨʘʱʝʥʠʝ ʦʙʦʨʦʪʥʳʭ ʩʨʝʜʩʪʚ ʧʨʠ ʧʝʨʝʚʦʟʢʝ ʛʨʫʟʦʚ. 

ʕʢʦʥʦʤʠʷ ʦʙʦʨʦʪʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ ʨʘʟʥʳʭ ʫʩʣʦʚʠʡ ʧʨʠʤʝʥʝʥʠʷ ʀʊ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩ-

ʩʯʠʪʘʥʘ, ʥʘʧʨʠʤʝʨ, ʧʦ ʚʳʨʘʞʝʥʠʷʤ (6,7,8,9):  

,))1(((
ʢ

ʥ

365
t

t

t

ʨʟʟʊ

t
c

kʎQP a+=ä
D

 (6) 

ʛʜʝ ʈʊ ï ʨʝʟʫʣʴʪʘʪ ʵʢʦʥʦʤʠʠ ʦʙʦʨʦʪʥʳʭ ʩʨʝʜʩʪʚ ʟʘ ʩʯʝʪ ʩʦʢʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ ʭʨʘʥʝʥʠʷ 

ʟʘʧʘʩʦʚ ʤʘʪʝʨʠʘʣʦʚ ʠ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ ʥʘ ʩʢʣʘʜʘʭ ʚ ʪʝʯʝʥʠʝ ʧʨʦʛʥʦʟʥʦʛʦ ʧʝʨʠ-

ʦʜʘ, ʪʳʩ. ʨʫʙ.; 

Qʟ ï ʦʙʲʝʤ ʟʘʧʘʩʦʚ ʤʘʪʝʨʠʘʣʦʚ, ʩʳʨʴʷ, ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ ʠ ʪʘʢ ʜʘʣʝʝ ʥʘ ʩʢʣʘʜʘʭ 

ʭʨʘʥʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩ ʫʯʝʪʦʤ ʩʪʨʘʭʦʚʳʭ ʟʘ-

ʧʘʩʦʚ, ʰʪ. (ʪ, ʜʨ. ʝʜ. ʠʟʤʝʨʝʥʠʷ); 

kʨ ï ʛʦʜʦʚʘʷ ʢʨʝʜʠʪʥʘʷ ʩʪʘʚʢʘ, ʧʨʠʥʷʪʘʷ ʜʣʷ ʨʘʩʯʝʪʥʦʛʦ ʛʦʜʘ, ʜʦʣʠ ʝʜ.; 

Dtc ï ʩʦʢʨʘʱʝʥʠʝ ʟʘʪʨʘʪ ʚʨʝʤʝʥʠ ʥʘ ʭʨʘʥʝʥʠʝ ʧʨʦʜʫʢʮʠʠ, ʩʳʨʴʷ, ʤʘʪʝʨʠʘʣʦʚ, ʥʘ 

ʧʝʨʝʚʦʟʢʫ ʛʨʫʟʦʚ ʠ ʪʘʢ ʜʘʣʝʝ, ʧʦʩʣʝ ʚʥʝʜʨʝʥʠʷ ʀʊ, ʜʥ.; 

ʎʟ ï ʮʝʥʘ ʝʜʠʥʠʮʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʟʘʧʘʩʘ, ʪʳʩ. ʨʫʙ. 

,)((
ʢ

ʥ

t

t

ʟʟʊ

t

ʎQP aD=ä  (7) 

ʛʜʝ ʈʊ ï ʨʝʟʫʣʴʪʘʪ ʵʢʦʥʦʤʠʠ ʦʙʦʨʦʪʥʳʭ ʩʨʝʜʩʪʚ ʟʘ ʩʯʝʪ ʩʦʢʨʘʱʝʥʠʷ ʚʝʣʠʯʠʥʳ ʩʘʤʠʭ 

ʟʘʧʘʩʦʚ, ʚ ʮʝʣʦʤ ʛʨʫʟʦʚ ʧʨʠ ʠʭ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʠ ʭʨʘʥʝʥʠʠ ʥʘ ʩʢʣʘʜʘʭ ʚ ʪʝʯʝʥʠʝ 

ʧʨʦʛʥʦʟʥʦʛʦ ʧʝʨʠʦʜʘ, ʪʳʩ. ʨʫʙ.;  

DQʟ ï ʦʙʲʝʤ ʩʦʢʨʘʱʝʥʠʷ ʟʘʧʘʩʦʚ ʤʘʪʝʨʠʘʣʦʚ, ʩʳʨʴʷ, ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ ʥʘ ʩʢʣʘ-

ʜʘʭ ʭʨʘʥʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩ ʫʯʝʪʦʤ ʩʪʨʘʭʦ-

ʚʳʭ ʟʘʧʘʩʦʚ, ʠ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ, ʰʪ. (ʪ, ʜʨ. ʝʜ. ʠʟʤʝʨʝʥʠʷ). 

,)((
ʢ

ʥ

t

t

ʮʩʊ

t

tʨP aD=ä  (8) 

ʛʜʝ ʈʊ ï ʨʝʟʫʣʴʪʘʪ ʵʢʦʥʦʤʠʠ ʦʙʦʨʦʪʥʳʭ ʩʨʝʜʩʪʚ ʟʘ ʩʯʝʪ ʩʦʢʨʘʱʝʥʠʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦ-

ʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʮʠʢʣʘ ʚ ʪʝʯʝʥʠʝ ʧʨʦʛʥʦʟʥʦʛʦ ʧʝʨʠʦʜʘ, ʪʳʩ. ʨʫʙ.; 

ʨʩ ï ʧʣʘʥʦʚʳʝ ʩʨʝʜʥʝʩʫʪʦʯʥʳʝ ʨʘʩʭʦʜʳ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʨʦʜʫʢʮʠʠ, ʦʧʨʝʜʝʣʷʝʤʳʝ 

ʧʦ ʥʦʨʤʘʪʠʚʘʤ ʠʣʠ ʩʤʝʪʝ ʨʘʩʭʦʜʦʚ, ʪʳʩ. ʨʫʙ./ʩʫʪ.; 

Dtʮ ï ʩʫʤʤʘʨʥʦʝ ʩʦʢʨʘʱʝʥʠʝ ʩʨʝʜʥʝʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʮʠʢʣʘ 

ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ, ʩʫʪ. 
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a-=ä  (9) 

ʛʜʝ ʈʊ ï ʨʝʟʫʣʴʪʘʪ ʵʢʦʥʦʤʠʠ ʦʙʦʨʦʪʥʦʛʦ ʢʘʧʠʪʘʣʘ (ʩʨʝʜʩʪʚ) ʟʘ ʩʯʝʪ ʩʦʢʨʘʱʝʥʠʷ ʩʨʝʜ-

ʥʝʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʦʜʥʦʛʦ ʜʝʥʝʞʥʦʛʦ ʦʙʦʨʦʪʘ ʧʦ ʦʪʜʝʣʴʥʦʤʫ i-ʤʫ ʥʘʧʨʘʚʣʝ-

ʥʠʶ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʪʝʯʝʥʠʝ ʧʨʦʛʥʦʟʥʦʛʦ ʧʝʨʠʦʜʘ, ʪʳʩ. ʨʫʙ.; 
i

tɼ  ï ʧʨʦʛʥʦʟʠʨʫʝʤʳʝ ʜʦʭʦʜʳ ʦʪ i-ʛʦ ʚʠʜʘ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠʣʠ ʚʳʨʫʯʢʘ ʦʪ ʧʨʦʜʘʞʠ 

ʧʨʦʜʫʢʮʠʠ ʚ ʢʘʞʜʦʤ t-ʤ ʧʨʦʛʥʦʟʥʦʤ ʛʦʜʫ, ʪʳʩ. ʨʫʙ.;  

ʊʜ, ʊʧ ï ʚʨʝʤʷ ʩʨʝʜʥʝʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʦʜʥʦʛʦ ʦʙʦʨʦʪʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʦ ʠ ʧʦ-

ʩʣʝ ʚʥʝʜʨʝʥʠʷ ʀʊ, ʜʥ. 

 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 52, 2017 ʛ. 

ʈʘʟʜʝʣ VI. ʕʢʦʥʦʤʠʢʘ, ʣʦʛʠʩʪʠʢʘ ʠ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʪʨʘʥʩʧʦʨʪʝ 
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ʆʧʨʝʜʝʣʝʥʠʝ ʟʘʪʨʘʪʥʦʡ ʯʘʩʪʠ ʀʊ ʥʝ ʚʳʟʳʚʘʝʪ ʦʩʦʙʳʭ ʟʘʪʨʫʜʥʝʥʠʡ. ʆʥʘ ʩʫʱʝ-

ʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʀʊ, ʠʭ ʜʦʩʪʫʧʥʦʩʪʠ ʠ ʮʝʥʳ ʥʘ ʨʳʥʢʝ, ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʷ ʪʠʧʦʚʦʡ ʠʣʠ ʩʦʙʩʪʚʝʥʥʦʡ ʫʥʠʢʘʣʴʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ. 

ʕʪʠ ʟʘʪʨʘʪʳ ʜʝʣʷʪʩʷ ʥʘ ʝʜʠʥʦʚʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪ rʠ ʨʘʩʭʦʜ rʥʘ ʵʢʩʧʣʫʘʪʘʮʠʶ ʟʘ ʚʝʩʴ 

ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʀʊ. 

ʂ ʦʩʥʦʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʝʜʠʥʦʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ ʦʪʥʦʩʪ̫ʩʷ ʩʣʝʜʫʶʱʠʝ: 

ï ʩʪʦʠʤʦʩʪʴ ʧʨʠʦʙʨʝʪʝʥʠʷ ʠ ʧʦʜʜʝʨʞʢʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝ-

ʥʠʷ (ʇʆ), ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʚ ʪʨʝʙʫʝʤʦʤ ʨʝʞʠʤʝ; 

ï ʩʪʦʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʘ (ʚʢʣʶʯʘʷ ʨʘʟʨʘʙʦʪʢʫ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʟʘʜʘʥʠʷ, ʵʩʢʠʟʥʦʛʦ ʧʨʦʝʢʪʘ ʠ ʪʘʢ ʜʘʣʝʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʀʊ); 

ï ʩʪʦʠʤʦʩʪ ɹʨʘʟʨʘʙʦʪʢʠ ʨʘʙʦʯʝʛʦ ʧʨʦʝʢʪʘ (ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ) ʠ ʝʛʦ ʧʦʜ-

ʜʝʨʞʢʘ ʧʦʩʪʘʚʱʠʢʦʤ; 

ï ʩʪʦʠʤʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʇʆ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʚʝʩʴ ʮʠʢʣ ʩʦʟʜʘʥʠʷ ʧʨʦʜʫʢʪʘ. 

ɽʜʠʥʦʚʨʝʤʝʥʥʳʝ (ʢʘʧʠʪʘʣʴʥʳʝ) ʟʘʪʨʘʪʳ ʧʦ ʢʦʤʧʣʝʢʩʫ ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʧʨʦʛʨʘʤʤ-

ʥʳʭ ʩʨʝʜʩʪʚ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʚʳʨʘʞʝʥʠʶ: 

,)(
ʢ

ʥ

t

t

n

i

m

j

jtitʊ

t

PKɿ a+=ää ä  (10) 

ʛʜʝ ɿʊ ï ʝʜʠʥʦʚʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʀʊ, ʥʝʦʙʭʦʜʠʤʳʝ ʢʘʢ ʚ ʥʘʯʘʣʴ-

ʥʳʡ ʧʝʨʠʦʜ, ʪʘʢ ʠ ʚʢʣʘʜʳʚʘʝʤʳʝ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʪʝʯʝʥʠʝ ʧʨʦʛʥʦʟʥʦʛʦ 

ʧʝʨʠʦʜʘ, ʪʳʩ. ʨʫʙ.; 

Kit ï ʩʪʦʠʤʦʩʪʴ i-ʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ, ʩʨʝʜʩʪʚ ʩʚʷʟʠ ʠ ʪʘʢ 

ʜʘʣʝʝ), ʧʨʠʦʙʨʝʪʘʝʤʦʛʦ ʢʘʢ ʚ ʥʘʯʘʣʴʥʳʡ ʧʝʨʠʦʜ, ʪʘʢ ʠ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʚ t-ʤ ʛʦʜʫ ʚ ʪʝʯʝʥʠʝ ʧʨʦʛʥʦʟʥʦʛʦ ʧʝʨʠʦʜʘ, ʪʳʩ. ʨʫʙ.; 

Pjt ï ʝʜʠʥʦʚʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʠʣʠ ʧʨʠʦʙʨʝʪʝʥʠʝ j-ʛʦ ʚʠʜʘ ʦʙʝʩʧʝʯʝ-

ʥʠʷ ʚ t-ʤ ʛʦʜʫ (ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʘʜʘʥʠʷ, ʪʝʭʥʠʯʝʩʢʦʛʦ ʠ ʨʘʙʦʯʝʛʦ ʧʨʦʝʢʪʦʚ, ʦʪ-

ʜʝʣʴʥʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʪʘʢ ʜʘʣʝʝ ʚ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʦʪ ʩʧʝʮʠʬʠʢʠ ʀʊ), ʪʳʩ. ʨʫʙ. 

 

ɽʩʣʠ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʪʦ ʧʝʨʚʦʝ 

ʩʣʘʛʘʝʤʦʝ ʚ ʚʳʨʘʞʝʥʠʠ (10) ʙʫʜʝʪ ʦʪʩʫʪʩʪʚʦʚʘʪʴ. 

ɺ ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʠ ̫ʥʘ ʨʳʥʢʝ ʠʣʠ ʨʘʟʨʘʙʦʪʢʠ ʫʥʠʢʘʣʴʥʦʛʦ ʜʦʛʦʚʦʨʥʦʛʦ ʇʆ ʦʧʨʝ-

ʜʝʣʝʥʠʝ ʝʜʠʥʦʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ, ʧʨʠʚʝʜʝʥʥʳʤ ʚ [4].  

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʧʨʦʝʢʪʘ, ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ 

ʚ ʩʦʩʪʘʚ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʘʩʭʦʜʦʚ ʤʦʛʫʪ ʚʭʦʜʠʪʴ ʩʣʝʜʫʶʱʠʝ ʩʪʘʪʴʠ: ʘʤʦʨʪʠʟʘʮʠʷ 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʠ ʇʆ; ʟʘʨʘʙʦʪʥʘʷ ʧʣʘʪʘ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʦʟʥʠʢʘ-

ʶʱʘʷ ʚ ʩʚʷʟʠ ʩ ʵʢʩʧʣʫʘʪʘʮʠʝʡ ʀʊ; ʦʪʯʠʩʣʝʥʠʷ ʥʘ ʩʦʮʠʘʣʴʥʦʝ ʩʪʨʘʭʦʚʘʥʠʝ; ʨʘʩʭʦʜʳ ʥʘ 

ʧʦʪʨʝʙʣʝʥʠʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ; ʨʘʩʭʦʜʳ ʥʘ ʨʝʤʦʥʪ ʦʙʦʨʫʜʦʚʘʥʠʷ; ʜʨʫʛʠʝ ʧʨʦʯʠʝ ʥʝ 

ʫʧʦʤʷʥʫʪʳʝ ʨʘʩʭʦʜʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʢʦʥʢʨʝʪʥʦʡ ʀʊ (ʥʘʧʨʠʤʝʨ, ʨʘʩ-

ʭʦʜʳ ʥʘ ʘʨʝʥʜʫ ʠʣʠ ʩʦʜʝʨʞʘʥʠʝ ʧʦʤʝʱʝʥʠʡ, ʨʘʩʭʦʜʳ ʥʘ ʤʘʪʝʨʠʘʣʳ ʠ ʪʘʢ ʜʘʣʝʝ), 

ʥʘʢʣʘʜʥʳʝ ʨʘʩʭʦʜʳ (ʥʝ ʙʦʣʝʝ 15%). 

ʆʪʜʝʣʴʥʳʝ ʩʪʘʪʴʠ ʨʘʩʭʦʜʦʚ, ʢʦʪʦʨʳʝ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʨʷʤʦ ʠ ʥʝʧʦ-

ʩʨʝʜʩʪʚʝʥʥʦ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʠʩʭʦʜʷ ʠʟ ʨʝʢʦʤʝʥʜʘʮʠʡ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ [2], ʢʦʪʦ-

ʨʳʝ, ʧʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʥʝ ʫʩʪʘʨʝʣʠ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ.  

ɺ ʮʝʣʦʤ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ ʟʘ ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ ʀʊ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʚʳ-

ʨʘʞʝʥʠʶ: 

,)(
ʢ

ʥ

t

t

k

i

itʊ

t

ʩʉ a=ää  (11) 

ʛʜʝ ʉʊ ï ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʀʊ ʚ ʪʝʯʝʥʠʝ ʧʨʦʛʥʦʟʥʦʛʦ ʧʝ-

ʨʠʦʜʘ, ʪʳʩ. ʨʫʙ.; 



ʖ.ʀ. ʇʣʘʪʦʚ, ʄ.ɺ. ʅʠʢʫʣʠʥʘ 

ʆʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʨʝʯʥʦʤ ʪʨʘʥʩʧʦʨʪʝ  
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ʩit ï ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʀʊ ʧʦ i-ʡ ʩʪʘʪʴʝ ʧʦ ʢʘʞʜʦʤʫ t-ʤʫ 

ʛʦʜʫ ʧʨʦʛʥʦʟʥʦʛʦ ʧʝʨʠʦʜʘ, ʪʳʩ. ʨʫʙ. 

ɻʦʜʦʚʳʝ ʘʤʦʨʪʠʟʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ ʧʦ ʦʙʦʨʫʜʦʚʘʥʠʶ ʦ

ʘtʩ  ʠ ʇʆ ʧ
ʘtʩ  ʨʘʩʩʯʠʪʳʚʘʪʁ-

ʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦ ʚʳʨʘʞʝʥʠʷʤ, ʪʳʩ. ʨʫʙ.: 

,  ,
ʧ

ʩʨ

m

j

jt

ʧ

ʘtʦ

ʩʨ

n

i

it

ʦ

ʘt
ʊ

P

ʩ
ʊ

K

ʩ

ää
==  (12) 

ʛʜʝ ʦ
ʩʨʊ  ï ʩʨʝʜʥʷʷ ʥʦʨʤʘʪʠʚʥʘʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʝʭʥʠʯʝʩʢʠʭ 

ʩʨʝʜʩʪʚ, ʣʝʪ; 
ʧ

ʩʨʊ  ï ʩʨʝʜʥʷʷ ʥʦʨʤʘʪʠʚʥʘʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ ʇʆ (ʝʩʣʠ ʇʆ ʧʦʢʫʧʥʦʝ 

ʠ ʣʠʮʝʥʟʠʦʥʥʦʝ ʠ ʚʟʷʪʦ ʥʘ ʙʘʣʘʥʩ ʧʨʝʜʧʨʠʷʪʠʷ), ʣʝʪ. 

 

ɽʩʣʠ ʜʣʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʀʊ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʚʦʜʠʪʴ ʥʦʚʳʝ ʰʪʘʪʥʳʝ 

ʝʜʠʥʠʮʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʜʣʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʪʦ ʵʪʦ ʜʦʣʞʥʦ ʙʳʪʴ 

ʦʙʦʩʥʦʚʘʥʦ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʧʝʮʠʘʣʠʩʪʘʭ ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ ʚ 

ʩʣʫʯʘʝ ʫʚʝʣʠʯʝʥʠʷ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʟʘʥʷʪʦʩʪʴʶ ʩʧʝʮʠʘʣʠʩʪʦʚ ʥʘ ʨʝʰʝ-

ʥʠʠ ʥʦʚʳʭ ʟʘʜʘʯ ʠ ʪʘʢ ʜʘʣʝʝ. ʕʪʦ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʫʚʝʣʠʯʝʥʠʝ ʯʘʩʪʠʯʥʦʡ ʟʘʥʷʪʦʩʪʠ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ.  

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʛʦʜʦʚʳʝ ʨʘʩʭʦʜʳ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʬʦʥʜʘ ʟʘʨʘʙʦʪʥʦʡ ʧʣʘʪʳ ʩʬt ʨʘʩ-

ʩʯʠʪʳʚʘʶʪʩʷ ʧʦ ʚʳʨʘʞʝʥʠʶ, ʪʳʩ. ʨʫʙ.: 

),1( Y+=
ʟʤʬt
ʅnmʌʩ  (13) 

ʛʜʝ n ï ʯʠʩʣʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʦʙ-

ʩʣʫʞʠʚʘʥʠʷ ʀʊ, ʯʝʣ.; 

m ï ʯʠʩʣʦ ʤʝʩʷʮʝʚ ʚ ʛʦʜʫ, ʚ ʢʦʪʦʨʳʭ ʵʢʩʧʣʫʘʪʠʨʫʝʪʩʷ ʀʊ, ʤʝʩ. (ʥʘʧʨʠʤʝʨ, ʪʦʣʴʢʦ ʚ 

ʥʘʚʠʛʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ); 

ʌʤ ï ʤʝʩʷʯʥʳʡ ʬʦʥʜ ʟʘʨʘʙʦʪʥʦʡ ʧʣʘʪʳ ʦʜʥʦʛʦ ʩʧʝʮʠʘʣʠʩʪʘ, ʪʳʩ. ʨʫʙ./ʤʝʩ.; 

ʅʟ ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʦʪʯʠʩʣʝʥʠʷ ʥʘ ʦʪʧʫʩʢʘ, ʩʦʮʠʘʣʴʥʳʝ ʥʫʞʜʳ, ʧʨʝʤʠ-

ʘʣʴʥʳʝ, ʢʦʤʘʥʜʠʨʦʚʦʯʥʳʝ ʠ ʧʨʦʯʠʝ ʨʘʩʭʦʜ,r ʝʜ.; 

Y ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʜʨʫʛʠʝ ʨʘʩʭʦʜʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʵʢʩʧʣʫʘʪʘʮʠʝʡ ʇʆ  

(ʟʘʪʨʘʪʳ ʥʘ ʩʦʧʨʦʚʦʞʜʝʥʠʝ, ʜʦʨʘʙʦʪʢʫ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʪʘʢ ʜʘʣʝʝ),  

ʜʦʣʠ ʝʜ. 

 

ɻʦʜʦʚʳʝ ʨʘʩʭʦʜʳ ʥʘ ʧʦʪʨʝʙʣʝʥʠʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʩɻt ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʚʳʨʘʞʝ-

ʥʠʶ, ʪʳʩ. ʨʫʙ.: 

3
1024
-

b=
ʵʨʵʵt
ʮʊNʩ , (14) 

ʛʜʝ N  ɻï ʤʦʱʥʦʩʪʴ ʠʩʧʦʣʴʟʫʝʤʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʢɺʪ; 

ʊʨ ï ʩʨʝʜʥʝʝ ʯʠʩʣʦ ʨʘʙʦʯʠʭ ʜʥʝʡ ʚ ʛʦʜʫ, ʜʥ.; 

ʮɻ ï ʩʪʦʠʤʦʩʪʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʨʫʙ./ʢɺʪ-ʯʘʩ; 

b ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʜʦʣʶ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʦʪʥʦʩʷʱʝʡʩʷ ʢ ʜʘʥʥʦʡ ʀʊ, 

ʜʦʣʠ ʝʜ. 

 

ʂʨʦʤʝ ʦʪʤʝʯʝʥʥʳʭ ʚʳʰʝ, ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʧʨʦʯʠʝ ʨʘʩʭʦʜ,r ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ-

ʩʷ ʨʘʟʥʳʤʠ ʤʝʪʦʜʘʤʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʩʧʝʮʠʬʠʢʠ. ʂ ʪʘʢʠʤ ʨʘʩʭʦʜʘʤ ʦʪʥʦʩʷʪʩʷ 

ʨʘʩʭʦʜʳ, ʩʚʷʟʘʥʥʳʝ, ʥʘʧʨʠʤʝʨ, ʩ ʧʝʨʝʜʘʯʝʡ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʩʫʜʘ ʠ ʩ ʩʫʜʦʚ. ʊʘʢʠʝ ʨʘʩ-

ʭʦʜʳ ʟʘʚʠʩʷʪ ʦʪ ʭʘʨʘʢʪʝʨʘ ʠʩʧʦʣʴʟʫʝʤʦʡ ʪʨʘʥʟʘʢʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. ʅʝʢʦʪʦʨʳʝ 

ʪʨʘʥʟʘʢʮʠʦʥʥʳʝ ʀʊ ʦʧʣʘʯʠʚʘʶʪʩʷ ʧʨʝʜʧʨʠʷʪʠʝʤ ʚ ʬʦʨʤʝ ʘʙʦʥʝʥʪʩʢʦʡ ʧʣʘʪʳ ʠʣʠ 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 52, 2017 ʛ. 

ʈʘʟʜʝʣ VI. ʕʢʦʥʦʤʠʢʘ, ʣʦʛʠʩʪʠʢʘ ʠ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʪʨʘʥʩʧʦʨʪʝ 
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ʚʭʦʜʷʪ ʚ ʩʪʦʠʤʦʩʪʴ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, (ʥʝ ʟʘʚʠʩʪ̫ ʦʪ ʪʨʘʬʠʢʘ ʠ ʦʙʲʝʤʦʚ ʠʥʬʦʨʤʘ-

ʮʠʠ) ʠ ʧʦʵʪʦʤʫ ʵʪʠ ʨʘʩʭʦʜʳ ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ ʚʦʚʩʝ ʣʠʙʦ ʦʧʦʩʨʝʜʦʚʘʥʥʦ ʫʯʠʪʳʚʘʶʪʩʷ 

ʚ ʨʘʩʧʨʝʜʝʣʷʝʤʳʭ ʨʘʩʭʦʜʘʭ. ɽʩʣʠ ʨʘʩʭʦʜʳ ʟʘʚʠʩʷʪ ʦʪ ʪʨʘʬʠʢʘ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʠ çʀʅʄɸʈʉɸʊè, ʪʦ ʦʥʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʚʳʨʘʞʝʥʠʶ: 

3
10
-

=
iʧʠt

Iʮʩ , (15) 

ʛʜʝ ʩʧʠt ï ʛʦʜʦʚʳʝ ʨʘʩʭʦʜʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʝʨʝʜʘʯʝʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʷ ʀʊ, ʪʳʩ. ʨʫʙ.; 

I ï ʛʦʜʦʚʦʡ ʦʙʲʝʤ ʠʥʬʦʨʤʘʮʠʠ, ʯʠʩʣʦ ʩʠʤʚʦʣʦʚ (ʤʦʞʥʦ ʣʝʛʢʦ ʨʘʩʩʯʠʪʘʪʴ ʧʦ ʯʠʩʣʫ 

ʦʙʲʝʢʪʦʚ, ʥʘʧʨʠʤʝʨ, ʩʫʜʦʚ ʠ ʝʞʝʜʥʝʚʥʳʤ ʩʪʘʥʜʘʨʪʥʳʤ ʧʦʨʮʠʷʤ ʧʝʨʝʜʘʚʘʝʤʳʭ 

ʜʘʥʥʳʭ); 

ʮi ï ʩʪʦʠʤʦʩʪʴ ʧʝʨʝʜʘʯʠ ʦʜʥʦʛʦ ʩʠʤʚʦʣʘ, ʨʫʙ./ʩʠʤʚʦʣ. 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠ ʟʘʪʨʘʪʘʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦʢʘʟʘʪʝʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʀʊ: ʩʦʚʦ-

ʢʫʧʥʘʷ ʩʪʦʠʤʦʩʪʴ ʚʣʘʜʝʥʠʷ, ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʩʨʦʢ ʦʢʫʧʘʝʤʦ-

ʩʪʠ ʝʜʠʥʦʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ ʠ ʜʨʫʛʠʝ ʧʦʢʘʟʘʪʝʣʠ [5,6,7]. ʅʘ ʦʩʥʦʚʝ ʠʟʚʝʩʪʥʳʭ ʤʝʪʦʜʠʢ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʧʨʦʝʢʪʦʚ [7], ʥʘʤʠ ʧʨʝʜʣʘ-

ʛʘʝʪʩʷ ʫʧʨʦʱʸʥʥʘʷ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʵʪʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʫʯʠʪʳʚʘʶʱʘʷ ʩʧʝʮʠʬʠʢʫ 

ʀʊ.  

ɼʠʩʢʦʥʪʠʨʦʚʘʥʥʘʷ ʩʦʚʦʢʫʧʥʘʷ ʩʪʦʠʤʦʩʪʴ ʚʣʘʜʝʥʠʷ ʉʉɺd ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʚʳʨʘ-

ʞʝʥʠʶ, ʪʳʩ. ʨʫʙ.: 

ʊʊd
ʉɿʉʉɺ += . (16) 

ʕʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʀʊ ʕʊ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʚʳʨʘʞʝʥʠʶ, 

ʪʳʩ. ʨʫʙ.: 

ʧ

ʊ

ʦ

ʊʊʧʨʊʊʊʊ
ɸɸɿʅʀʉʈʕ ++----= )1)(( ,  (17) 

ʛʜʝ ʀʊ ï ʥʘʣʦʛ ʥʘ ʠʤʫʱʝʩʪʚʦ ʟʘ ʧʨʦʛʥʦʟʥʳʡ ʧʝʨʠʦʜ, ʪʳʩ. ʨʫʙ.; 

ʅʧʨ ï ʥʘʣʦʛ ʥʘ ʧʨʠʙʳʣʴ, ʜʦʣʠ ʝʜ.; 
ʧ

ʊ

ʦ

ʊ ɸɸ,  ï ʘʤʦʨʪʠʟʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ ʧʦ ʦʙʦʨʫʜʦʚʘʥʠʶ ʠ ʇʆ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʟʘ ʧʨʦ-

ʛʥʦʟʥʳʡ ʧʝʨʠʦʜ, ʪʳʩ. ʨʫʙ. 

 

ʅʘʣʦʛ ʥʘ ʠʤʫʱʝʩʪʚʦ ʟʘ ʧʨʦʛʥʦʟʥʳʡ ʧʝʨʠʦʜ ʚ ʩʨʝʜʥʝʤ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʚʳʨʘʞʝ-

ʥʠʶ: 

)()))5,0
2

(((
ʦ

ʩʨʠ
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ä
ä ,  (18) 

ʛʜʝ ʅʠ ï ʩʪʘʚʢʘ ʥʘʣʦʛʘ ʥʘ ʠʤʫʱʝʩʪʚʦ, ʜʦʣʠ ʝʜ.; 

)(
ʦ

ʩʨʊɸ  ï ʝʜʠʥʠʯʥʳʡ ʘʥʥʫʠʪʝʪ, ʨʘʩʩʯʠʪʘʥʥʳʡ ʠʩʭʦʜʷ ʠʟ ʩʨʝʜʥʝʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦ-

ʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʜʦʣʠ ʝʜ.: 
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ɺʝʣʠʯʠʥʳ ʘʤʦʨʪʠʟʘʮʠʠ ʧ

ʊ

ʦ

ʊ ɸɸ,  ʫʧʨʦʱʝʥʥʦ ʨʘʩʩʯʠʪʳʚʘʪʁʩʷ ʧʦ ʚʳʨʘʞʝʥʠʷʤ: 
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ʛʜʝ )(
ʧ

ʩʨʊɸ  ï ʝʜʠʥʠʯʥʳʡ ʘʥʥʫʠʪʝʪ, ʨʘʩʩʯʠʪʘʥʥʳʡ ʠʩʭʦʜʷ ʠʟ ʩʨʝʜʥʝʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦ-



ʖ.ʀ. ʇʣʘʪʦʚ, ʄ.ɺ. ʅʠʢʫʣʠʥʘ 

ʆʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʨʝʯʥʦʤ ʪʨʘʥʩʧʦʨʪʝ  
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ʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʇʆ, ʜʦʣʠ ʝʜ., ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʘʥʘʣʦʛʠʯʥʦ )(
ʦ

ʩʨʊɸ . 

ʉʨʦʢʠ ʦʢʫʧʘʝʤʦʩʪʠ ʥʝʜʠʩʢʦʥʪʠʨʦʚʘʥʥʳʡ 
ʥ

ʦʢʊ  ʠ ʜʠʩʢʦʥʪʠʨʦʚʘʥʥʳʡ 
ʜ

ʦʢʊ  ʦʧʨʝʜʝ-

ʣʷʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦ ʚʳʨʘʞʝʥʠʷʤ, ʣʝʪ: 
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ɿ
ʊ , (21) 

ʛʜʝ t ï ʦʟʥʘʯʘʝʪ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʝʣʠʯʠʥʳ ʷʚʣʷʶʪʩʷ ʩʨʝʜʥʝʛʦʜʦʚʳʤʠ;  
ʦ

tʀ ï ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʥʘʣʦʛ ʥʘ ʠʤʫʱʝʩʪʚʦ, ʪʳʩ. ʨʫʙ. (ʩʯʠʪʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (18) ʙʝʟ 

ʫʤʥʦʞʝʥʠʷ ʥʘ ʝʜʠʥʠʯʥʳʡ ʘʥʥʫʠʪʝʪ); 
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ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʟʣʦʞʝʥʥʳʭ ʧʦʜʭʦʜʦʚ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʀʊ ʠ ʦʩʦ-

ʙʝʥʥʦ ʠʭ ʦʙʩʫʞʜʝʥʠʝ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʙʫʜʝʪ ʩʦʜʝʡʩʪʚʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʧʨʘʚʠʣʴʥʦʡ ʠʭ 

ʦʮʝʥʢʝ, ʥʦ ʠ ʨʘʩʰʠʨʝʥʠʶ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʧʨʘʢʪʠʢʝ.  

ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʦʮʝʥʢʘ ʀʊ ʜʦʣʞʥʘ ʙʳʪʴ ʧʨʘʚʠʣʦʤ, ʘ ʥʝ ʠʩʢʣʶʯʝʥʠʝʤ. ɹʦ-

ʣʝʝ ʪʦʛʦ, ʪʝʥʜʝʥʮʠʷ ʪʘʢʦʚʘ, ʯʪʦ ʟʘʪʨʘʪʳ ʥʘ ʀʊ ʥʝ ʩʧʠʩʳʚʘʶʪʩʷ, ʢʘʢ ʜʝʥʴʛʠ, ʠʟʨʘʩʭʦ-

ʜʦʚʘʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʘ ʫʯʠʪʳʚʘʶʪʩʷ ʚʦ 

ʚʥʦʚʴ ʩʦʟʜʘʥʥʳʭ ʧʨʦʜʫʢʪʘʭ (ʦʙʲʝʢʪʘʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ), ʪʦ ʝʩʪʴ, ʩʯʠ-

ʪʘʶʪʩʷ, ʢʘʢ ʠʥʚʝʩʪʠʮʠʠ [1]. 

ʀʟʣʦʞʝʥʥʳʝ ʥʘʤʠ ʧʦʜʭʦʜʳ ʥʝ ʝʩʪʴ ʠʩʪʠʥʘ ʚ ʧʦʩʣʝʜʥʝʡ ʠʥʩʪʘʥʮʠʠ, ʥʦ, ʧʦ-ʥʘʰʝʤʫ 

ʤʥʝʥʠʶ, ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʦʪʧʨʘʚʥʦʡ ʪʦʯʢʦʡ ʜʘʣʴʥʝʡʰʝʛʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʤʝʪʦʜʦʚ 

ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʀʊ ʥʘ ʨʝʯʥʦʤ ʪʨʘʥʩʧʦʨʪʝ. 
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ESTIMATION OF EFFICI ENCY OF INFORMATION 

TECHNOLOGIES ON INLA ND SHIPPING 
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The article discusses the problem of weak introduction of analytical information technologies 

in the practice of shipping companies, which optimize production processes and aimed at in-

creasing the efficiency of shipping enterprises, outlines some innovative methodological ap-

proaches to assessing the efficiency of information technology at inland shipping. 

ʉʪʘʪʴʷ ʧʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ 15.03.2017 ʛ. 

 

 

 

ʋɼʂ 656.62 

 
ɸ.ʀ. ʊʝʣʝʛʠʥ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ, ʌɻɹʆʋ ɺʆ çɺɻʋɺʊè 

ɽ.ɺ. ʌʨʦʣʦʚʘ, ʤʘʛʠʩʪʨʘʥʪ, ʌɻɹʆʋ ɺʆ çɺɻʋɺʊè 

603951, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʫʣ. ʅʝʩʪʝʨʦʚʘ, 5. 

ʂʆʅʎɽʇʎʀʗ ʆɹɽʉʇɽʏɽʅʀʗ ʇʆʉʊɸɺʂʀ ʇʆʊʈɽɹʀʊɽʃʗʄ 

ʉʊɸʅɼɸʈʊʅʆɻʆ ʈɽʏʅʆɻʆ ʇɽʉʂɸ, ɼʆɹʓɺɸɽʄʆɻʆ  

ʀ ʊʈɸʅʉʇʆʈʊʀʈʋɽʄʆɻʆ ɺʆʃɾʉʂʀʄʀ ʇʆʈʊɸʄʀ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʨʫʟʦʚʳʝ ʧʝʨʝʚʦʟʢʠ, ʨʝʯʥʦʡ ʪʨʘʥʩʧʦʨʪ, ʥʝʨʫʜʥʳʝ ʩʪʨʦʠʪʝʣʴʥʳʝ 

ʤʘʪʝʨʠʘʣʳ. 

 

ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ ʧʦʜʛʦʪʦʚʢʠ ʢ ʜʦʙʳʯʝ ʠ ʜʦʙʳʯʠ ʥʝʨʫʜʥʳʭ ʩʪʨʦʡʤʘʪʝ-

ʨʠʘʣʦʚ ʥʘ ʨʝʯʥʦʤ ʪʨʘʥʩʧʦʨʪʝ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʩʭʝʤʘ, ʫʯʠʪʳʚʘʶʱʘʷ ʜʦʙʳʯʫ ʠ ʧʦʣʫ-

ʯʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʊʋ-212 ʠ ɻʆʉʊ 8736. ʇʨʝʜʣʦʞʝʥʳ ʘʥʘʣʠʪʠʯʝ-

ʩʢʠʝ ʤʦʜʝʣʠ ʧʦʩʪʘʚʢʠ ʥʝʨʫʜʥʳʭ ʩʪʨʦʡʤʘʪʝʨʠʘʣʦʚ ʩ ʫʯʝʪʦʤ ʪʨʝʙʫʝʤʦʛʦ ʧʦʪʨʝʙʠʪʝ-

ʣʤ̫ʠ ʢʘʯʝʩʪʚʘ, ʩʪʨʫʢʪʫʨʳ ʧʦʩʪʘʚʣʷʝʤʳʭ ʩʪʘʥʜʘʨʪʥʳʭ ʧʝʩʢʘ ʠ ʛʨʘʚʠʷ. 

 

ʈʝʯʥʳʝ ʧʦʨʪʳ, ʜʦʙʳʚʘʶʱʠʝ ʥʘ ʚʥʫʪʨʝʥʥʠʭ ʚʦʜʥʳʭ ʧʫʪʷʭ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ʠ ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʠʝ ʧʦʪʨʝʙʠʪʝʣʷʤ ʨʝʯʥʦʡ ʧʝʩʦʢ, ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʤʥʦʛʦʦʙʨʘʟʥʳʝ 

ʟʘʧʨʦʩʳ ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʧʦ ʝʛʦ ʢʘʯʝʩʪʚʝʥʥʦʤʫ ʩʦʩʪʘʚʫ, ʯʪʦ, ʩʦʦʪʚʝʪʩʪʚʝʥ-

ʥʦ, ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʢʘʯʝʩʪʚʝ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ ʠ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʨʘʙʦʪ. ʊʘʢ, ʢ ʧʨʠʤʝʨʫ, ʥʘʠʙʦʣʝʝ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʚʦʡʩʪʚʘ ʙʝʪʦʥʘ ʦʢʘʟʳʚʘ-

ʶʪ ʟʘʧʦʣʥʠʪʝʣʠ, ʥʝ ʦʪʚʝʯʘʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʧʦ ʛʨʘʥʫ-

ʣʦʤʝʪʨʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʠ ʥʘʣʠʯʠʶ ʟʘʩʦʨʷʶʱʠʭ ʧʨʠʤʝʩʝʡ [1]. ɼʦʢʘʟʘʥʦ, ʯʪʦ ʥʘ ʢʘʞ-

ʜʳʡ ʧʨʦʮʝʥʪ ʟʘʧʳʣʝʥʥʦʩʪʠ (ʥʘʣʠʯʠʷ ʧʳʣʝʚʠʜʥʳʭ ʠ ʛʣʠʥʠʩʪʳʭ ʯʘʩʪʠʮ) ʨʘʩʭʦʜ ʮʝʤʝʥ-

ʪʘ ʚʦʟʨʘʩʪʘʝʪ ʦʪ 1 ʜʦ 1,5%. ʇʨʠʤʝʥʝʥʠʝ ʩʪʘʥʜʘʨʪʥʳʭ ʥʝʨʫʜʥʳʭ ʟʘʧʦʣʥʠʪʝʣʝʡ ʧʦʟʚʦ-

ʣʷʝʪ ʩʥʠʟʠʪʴ ʨʘʩʭʦʜ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʮʝʤʝʥʪʘ ʚ ʙʝʪʦʥʝ ʜʦ 15% ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʧʦʚʳ-

ʩʠʪʴ ʢʘʯʝʩʪʚʦ ʩʪʨʦʠʪʝʣʴʥʳʭ ʠʟʜʝʣʠʡ [2]. 

ʌʘʢʪʠʯʝʩʢʠ, ʨʝʯʥʳʝ ʧʦʨʪʳ ʜʦ ʩʠʭ ʧʦʨ ʜʦʙʳʚʘʶʪ ʠ ʧʦʩʪʘʚʣʷʶʪ ʨʝʯʥʳʝ ʧʝʩʢʠ ʧʦ 

ʦʪʨʘʩʣʝʚʳʤ ʊʋ-212 ʙʳʚʰʝʛʦ ɼʝʧʘʨʪʘʤʝʥʪʘ ʨʝʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʄʠʥʪʨʘʥʩʘ, ʢʦʪʦʨʦʛʦ, 

ʚʦ-ʧʝʨʚʳʭ, ʫʞʝ ʥʝʪ ʙʦʣʴʰʝ 26 ʣʝʪ, ʚʦ-ʚʪʦʨʳʭ, ʪʨʝʙʦʚʘʥʠʷ ʵʪʠʭ ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ 

ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ʪʨʝʙʦʚʘʥʠʡ ʜʝʡʩʪʚʫʶʱʠʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʩʪʘʥʜʘʨʪʦʚ [3]. 

ʊʋ-212 ʧʦ ʙʦʣʴʰʠʥʩʪʚʫ ʧʦʢʘʟʘʪʝʣʝʡ ʫʩʪʫʧʘʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ 

ʩʪʘʥʜʘʨʪʦʚ, ʧʦʵʪʦʤʫ ʬʘʢʪʠʯʝʩʢʦʝ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʜʦʙʳʚʘʝʤʦʛʦ ʨʝʯʥʦʛʦ ʧʝʩʢʘ 

ʤʦʞʝʪ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʦ ʧʫʪʝʤ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʨʝʰʝʥʠʶ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ï ʦʪ 

ʫʣʫʯʰʝʥʠʷ ʛʝʦʣʦʛʦʨʘʟʚʝʜʢʠ ʜʦ ʚʥʝʜʨʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʦʙʦʛʘʱʝʥʠʷ ʠ ʬʨʘʢ-

ʮʠʦʥʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ ʧʨʠʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɸʚʪʦʨʘʤʠ ʚ ʤʦʥʦʛʨʘʬʠʠ [4] ʚʳʷʩʥʝʥʦ ʠ ʜʦʢʘʟʘʥʦ, ʯʪʦ, ʚ ʯʘʩʪʥʦʩʪʠ, ʜʦʙʳʚʘʝʤʳʝ 

ʚʦʣʞʩʢʠʤʠ ʨʝʯʥʳʤʠ ʧʦʨʪʘʤʠ ʧʝʩʢʠ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʤ ʪʨʝʙʦʚʘʥʠ-

ʷʤ ɻʆʉʊ 8736, ʢʦʪʦʨʳʝ ʚ ʦʙʱʝʤ ʚʠʜʝ ʩʚʦʜʷʪʩʷ ʢ ʩʣʝʜʫʶʱʠʤ [1]: 
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ʘ) ʧʝʩʦʢ ʜʦʣʞʝʥ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʤʠʥʝʨʘʣʴʥʦ-ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʠʩ-

ʢʣʶʯʘʶʱʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʚʨʝʜʥʳʭ ʧʨʠʤʝʩʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʝʨʫ, ʩʫʣʴʬʘʪʳ, ʩʣʶʜʳ, 

ʫʛʦʣʴ, ʘʧʘʪʠʪʳ ʠ ʜʨ.; 

ʙ) ʧʦʚʝʨʭʥʦʩʪʴ ʟʝʨʝʥ ʧʝʩʢʘ ʜʦʣʞʥʘ ʙʳʪʴ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʘ ʧʦ ʛʝʥʝʪʠʯʝʩʢʦʤʫ ʪʠ-

ʧʫ ʧʦʨʦʜ ʠ ʠʭ ʬʦʨʤʝ; 

ʚ) ʧʝʩʦʢ ʜʦʣʞʝʥ ʧʦʩʪʘʚʣʷʪʴʩʷ ʧʦ ʟʝʨʥʦʚʦʤʫ ʩʦʩʪʘʚʫ ʠ ʤʦʜʫʣʶ ʢʨʫʧʥʦʩʪʠ ʦʧʨʝʜʝ-

ʣʝʥʥʳʭ ʬʨʘʢʮʠʡ ï ʤʝʣʢʠʡ, ʦʯʝʥʴ ʤʝʣʢʠʡ, ʩʨʝʜʥʝʡ ʢʨʫʧʥʦʩʪʠ ʠ ʢʨʫʧʥʳʡ, ʯʪʦ ʭʘʨʘʢʪʝ-

ʨʠʟʫʝʪʩʷ ʤʦʜʫʣʝʤ ʢʨʫʧʥʦʩʪʠ ʠ ʧʦʣʥʳʤ ʦʩʪʘʪʢʦʤ ʥʘ ʩʠʪʝ ˉ063 (ʧʨʠ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ); 

ʛ) ʜʦʧʫʩʢʘʶʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʠʤʝʩʠ ʚ ʧʝʩʢʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʛʦ ʚʠʜʘ: 

ï ʧʨʠʨʦʜʥʳʡ ʧʝʩʦʢ ʤʝʣʢʠʡ ʠ ʦʯʝʥʴ ʤʝʣʢʠʡ: ʧʳʣʝʚʠʜʥʳʭ ʠ ʛʣʠʥʠʩʪʳʭ ʯʘʩʪʠʮ ï 

5%, ʛʨʘʚʠʷ (ʟʝʨʝʥ ʩʚʳʰʝ 5 ʠ 10 ʤʤ) ï 10%; 

ï ʦʙʦʛʘʱʝʥʥʳʡ ʧʝʩʦʢ ʤʝʣʢʠʡ: ʧʳʣʝʚʠʜʥʳʭ ʠ ʛʣʠʥʠʩʪʳʭ ʯʘʩʪʠʮ ï 3%, ʛʨʘʚʠʷ (ʟʝ-

ʨʝʥ ʩʚʳʰʝ 5 ʠ 10 ʤʤ) ï 5%; 

ï ʧʨʠʨʦʜʥʳʡ ʧʝʩʦʢ ʩʨʝʜʥʠʡ, ʧʦʚʳʰʝʥʥʦʡ ʢʨʫʧʥʦʩʪʠ ʠ ʢʨʫʧʥʳʡ: ʧʳʣʝʚʠʜʥʳʭ ʠ 

ʛʣʠʥʠʩʪʳʭ ʯʘʩʪʠʮ ï 3%, ʛʨʘʚʠʷ (ʟʝʨʝʥ ʩʚʳʰʝ 5 ʠ 10 ʤʤ) ï 10%; 

ï ʦʙʦʛʘʱʝʥʥʳʡ ʧʝʩʦʢ ʩʨʝʜʥʠʡ, ʧʦʚʳʰʝʥʥʦʡ ʢʨʫʧʥʦʩʪʠ ʠ ʢʨʫʧʥʳʡ: ʧʳʣʝʚʠʜʥʳʭ ʠ 

ʛʣʠʥʠʩʪʳʭ ʯʘʩʪʠʮ ï 2%, ʛʨʘʚʠʷ (ʟʝʨʝʥ ʩʚʳʰʝ 5 ʠ 10 ʤʤ) ï 5%; 

ʜ) ʧʝʩʦʢ ʥʝ ʜʦʣʞʝʥ ʩʦʜʝʨʞʘʪʴ ʦʨʛʘʥʠʯʝʩʢʠʝ ʧʨʠʤʝʩʠ, ʭʦʪʷ ʦʥʠ ʠʤʝʶʪʩʷ ʚʦ ʚʩʝʭ 

ʜʦʙʳʚʘʝʤʳʭ ʨʝʯʥʳʭ ʧʝʩʢʘʭ, ʜʦʧʫʩʢʘʶʪʩʷ ʊʋ-212, ʢ ʧʨʠʤʝʨʫ, ʚ ʧʝʩʢʘʭ ʚʦʣʞʩʢʠʭ ʧʦʨ-

ʪʦʚ ï ʜʦ 0,5% [3]. 

ʊʨʝʙʦʚʘʥʠʷ ʧʦ ʧʫʥʢʪʘʤ çʘè ʠ çʙè ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴʩʷ ʟʘ ʩʯʝʪ ʧʨʦʚʝʜʝʥʠʷ 

ʠʟʳʩʢʘʪʝʣʴʥʳʭ ʨʘʙʦʪ, ʚ ʢʦʪʦʨʳʝ ʚʭʦʜʷʪ ʛʝʦʜʝʟʠʯʝʩʢʠʝ, ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʝ, ʧʨʦʤʝʨʥʳʝ, 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ, ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʠ ʜʨʫʛʠʝ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʳʝ ʠʭ ʚʠʜʳ [4]. 

ʊʝʭʥʠʯʝʩʢʠʝ ʟʘʜʘʥʠʷ ʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʝ ʨʘʙʦʪʳ ʚ ʨʫʩʣʝ ʨʝ-

ʢʠ ʜʦʣʞʥʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʦʛʣʘʩʦʚʳʚʘʪʴʩʷ ʩ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤʠ ʘʜʤʠʥʠʩʪʨʘʮʠʷʤʠ 

ʚʦʜʥʳʭ ʙʘʩʩʝʡʥʦʚ, ʦʨʛʘʥʘʤʠ ʩʘʥʠʪʘʨʥʦʛʦ, ʨʳʙʥʦʛʦ ʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʥʘʜʟʦʨʘ ʠ ʢʦʥ-

ʪʨʦʣʷ, ʘ ʥʘ ʧʦʡʤʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ï ʩ ʟʝʤʣʝʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʠ ʤʝʩʪʥʳʤʠ ʦʨʛʘʥʘ-

ʤʠ ʚʣʘʩʪʠ. 

ɻʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʝ ʨʘʙʦʪʳ ʥʘ ʩʫʜʦʭʦʜʥʳʭ ʨʝʢʘʭ ʜʣʷ ʧʦʠʩʢʘ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʧʝʩʢʘ ʦʙʳʯʥʦ ʚʳʧʦʣʥʷʶʪ ʟʘ ʧʨʝʜʝʣʘʤʠ ʩʫʜʦʭʦʜʥʳʭ ʧʫʪʝʡ, ʰʠʨʠʥʘ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝ-

ʣʷʝʪʩʷ ʧʦʣʦʞʝʥʠʷʤʠ ʙʫʝʚ ʠ ʙʘʢʝʥʦʚ, ʘ ʧʨʠ ʠʭ ʦʪʩʫʪʩʪʚʠʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʫʯʘʩʪʢʝ 

ï ʦʙʳʯʥʦ ʥʘ ʥʘʠʙʦʣʴʰʝʡ ʰʠʨʠʥʝ ʩʫʜʦʚʦʛʦ ʭʦʜʘ ʠʣʠ ʥʘ ʩʤʝʞʥʳʭ ʫʯʘʩʪʢʘʭ, ʟʘ ʧʨʝʜʝ-

ʣʘʤʠ ʵʪʠʭ ʟʥʘʢʦʚ [5]. 

ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʨʘʟʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʴ ʨʫʩʣʦʚʦʡ ʯʘʩʪʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʜʦʣʞʥʘ 

ʙʳʪʴ ʦʯʠʱʝʥʘ ʦʪ ʛʣʠʥ, ʩʫʛʣʠʥʢʦʚ, ʤʝʣʢʠʭ ʧʝʩʢʦʚ ʠ ʜʨʫʛʠʭ ʥʝʢʦʥʜʠʮʠʦʥʥʳʭ ʧʦʨʦʜ. 

ɺʝʩʴ ʚʩʢʨʳʰʥʦʡ ʛʨʫʥʪ ʥʘ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʧʣʦʱʘʜʠ, ʣʝʩ ʠ ʢʫʩʪʘʨʥʠʢ, ʢʘʤʥʠ ʠ ʚʘʣʫ-

ʥʳ ʜʦʣʞʥʳ ʙʳʪʴ ʫʜʘʣʝʥʳ ʥʘ ʥʝʟʘʪʘʧʣʠʚʘʝʤʳʝ ʫʯʘʩʪʢʠ ʜʦ ʥʘʩʪʫʧʣʝʥʠʷ ʧʘʚʦʜʢʘ. 

ɺʳʜʘʯʘ ʩʧʝʮʠʘʣʴʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ (ʣʠʮʝʥʟʠʠ) ʥʘ ʧʨʘʚʦ ʧʦʣʴʟʦʚʘʥʠʷ ʥʝʜʨʘʤʠ ʩ ʮʝ-

ʣʴʶ ʜʦʙʳʯʠ ʥʝʨʫʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʅʉʄ) ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʣʝ ʦʬʦʨʤʣʝʥʠʷ ʛʦʨʥʦʛʦ, 

ʟʝʤʝʣʴʥʦʛʦ ʦʪʚʦʜʘ ʠ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ (ʧʨʦʝʢʪʘ) ʦʩʚʦʝʥʠʷ ʤʝʩʪʦ-

ʨʦʞʜʝʥʠʷ ʧʦʣʝʟʥʦʛʦ ʠʩʢʦʧʘʝʤʦʛʦ. ɿʘʢʣʶʯʘʝʤʦʝ ʧʨʠ ʵʪʦʤ ʣʠʮʝʥʟʠʦʥʥʦʝ ʩʦʛʣʘʰʝʥʠʝ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʦʙʷʟʘʪʝʣʴʥʳʝ ʧʦʣʦʞʝʥʠʷ: ʩʨʦʢ ʜʝʡʩʪʚʠʷ ʣʠʮʝʥʟʠʠ, ʥʘʯʘ-

ʣʘ ʠ ʦʢʦʥʯʘʥʠʷ ʨʘʙʦʪ; ʫʩʣʦʚʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʭʨʘʥʦʡ ʥʝʜʨ; ʫʩʣʦʚʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʭʨʘ-

ʥʦʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ; ʩʦʛʣʘʩʦʚʘʥʥʳʡ ʫʨʦʚʝʥʴ ʜʦʙʳʯʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ, ʘ ʪʘʢʞʝ 

ʩʦʛʣʘʰʝʥʠʝ ʦ ʝʛʦ ʜʦʣʝʚʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ; ʩʦʛʣʘʰʝʥʠʝ ʦ ʧʨʘʚʘʭ ʥʘ ʛʝʦʣʦʛʠʯʝʩʢʫʶ 

ʠʥʬʦʨʤʘʮʠʶ, ʧʦʣʫʯʘʝʤʫʶ ʚ ʧʨʦʮʝʩʩʝ ʧʦʣʴʟʦʚʘʥʠʷ ʥʝʜʨʘʤʠ; ʦʙʲʝʤʳ ʠ ʚʠʜʳ ʩʙʨʘʩʳ-

ʚʘʝʤʳʭ ʚ ʥʝʜʨʘ ʦʪʭʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ; ʩʦʛʣʘʰʝʥʠʝ ʦ 

ʩʧʦʩʦʙʘʭ ʠʟʤʝʨʝʥʠʷ ʦʙʲʝʤʦʚ ʜʦʙʳʯʠ ʧʦʣʝʟʥʦʛʦ ʠʩʢʦʧʘʝʤʦʛʦ; ʩʦʛʣʘʰʝʥʠʝ ʦ ʧʨʝʜʦ-

ʩʪʘʚʣʝʥʠʠ ʝʞʝʛʦʜʥʳʭ ʦʪʯʝʪʦʚ ʦ ʜʦʙʳʯʝ ʅʉʄ; ʫʩʣʦʚʠʷ ʚʳʧʦʣʥʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ 

ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʈʌ (ʩʪʘʥʜʘʨʪʦʚ, ʥʦʨʤ, ʧʨʘʚʠʣ), ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʪʨʝʙʦʚʘʥʠʷ ʧʦ 

ʦʭʨʘʥʝ ʥʝʜʨ ʠ ʦʢʨʫʞʘʶʱʝʡ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ, ʙʝʟʦʧʘʩʥʦʛʦ ʚʝʜʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ; 

ʫʩʣʦʚʠʷ ʧʨʦʜʣʝʥʠʷ ʜʝʡʩʪʚʠʷ ʚʳʜʘʥʥʦʡ ʣʠʮʝʥʟʠʠ ʥʘ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʝ. 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 52, 2017 ʛ. 

ʈʘʟʜʝʣ VI. ʕʢʦʥʦʤʠʢʘ, ʣʦʛʠʩʪʠʢʘ ʠ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʪʨʘʥʩʧʦʨʪʝ 
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ɺ ʦʙʱʝʤ ʚʠʜʝ ʩʭʝʤʘ ʧʦʜʛʦʪʦʚʢʠ ʠ ʨʘʟʨʘʙʦʪʢʠ ʢʦʥʢʨʝʪʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʟʘʜʘʥʥʦʛʦ ʦʙʲʝʤʘ ʠ ʢʘʯʝʩʪʚʘ ʨʝʯʥʦʛʦ ʧʝʩʢʘ ʠ ʜʨʫʛʠʭ ʅʉʄ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩ. 1. 

 

 

ʈʠʩ. 1. ʉʭʝʤʘ ʧʦʜʛʦʪʦʚʢʠ ʢ ʜʦʙʳʯʝ ʠ ʜʦʙʳʯʠ ʨʝʯʥʦʛʦ ʧʝʩʢʘ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʠʚʝʜʝʥʥʦʡ ʩʭʝʤʳ (ʨʠʩ. 1), ʧʝʨʚʳʝ ʪʨʠ ʵʪʘʧʘ ʧʦʜʛʦʪʦʚʢʠ ʢ ʜʦʙʳʯʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʦʙʷʟʘʪʝʣʴʥʦ ʜʦʣʞʥʳ ʧʨʦʚʦʜʠʪʴʩʷ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ, ʙʫʜʝʪ ʧʦʪʦʤ 

ʜʦʙʳʯʘ ʨʝʯʥʦʛʦ ʧʝʩʢʘ ʧʦ ʊʋ-212 ʠʣʠ ʪʨʝʙʦʚʘʥʠʷʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʩʪʘʥʜʘʨʪʦʚ (ʥʘ 

ʩʭʝʤʝ ʵʪʦ- ʩʧʣʦʰʥʳʝ ʣʠʥʠʠ). 

ʅʘ ʯʝʪʚʝʨʪʦʤ ʵʪʘʧʝ ʚʦ ʚʩʝʭ ʚʦʣʞʩʢʠʭ ʧʦʨʪʘʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʡ ʵʪʘʧ 

4.1 (ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ), ʪ.ʝ. ʜʦʙʳʯʘ ʧʝʩʢʘ, ʧʦ ʩʫʪʠ - ʛʨʫʥʪʘ, ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʨʝʜʩʪʚʘʤʠ ï 



ɸ.ʀ. ʊʝʣʝʛʠʥ, ɽ.ɺ. ʌʨʦʣʦʚʘ 

ʂʦʥʮʝʧʮʠʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʩʪʘʚʢʠ ʧʦʪʨʝʙʠʪʝʣʷʤ ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʝʯʥʦʛʦ ʧʝʩʢʘ, ʜʦʙʳʚʘʝʤʦʛʦ»  
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ʟʝʤʣʝʜʦʙʳʚʘʶʱʠʤʠ ʩʥʘʨʷʜʘʤʠ. ɽʩʣʠ ʜʦʙʳʯʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʟ-ʧʦʜ ʚʦʜʳ, ʩʦ ʜʥʘ ʚʦʜʦ-

ʝʤʘ, ʧʦ ʊʋ-212 ʚʳʧʦʣʥʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʦʝ ʦʙʦʛʘʱʝʥʠʝ ʧʝʩʢʘ ï ʯʘʩʪʠʯʥʦʝ ʫʜʘʣʝʥʠʝ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ (4.2), ʧʳʣʝʚʠʜʥʳʭ ʠ ʛʣʠʥʠʩʪʳʭ ʯʘʩʪʠʮ (4.3), ʚʨʝʜʥʳʭ ʧʨʠʤʝ-

ʩʝʡ (ʩʫʣʴʬʘʪʥʳʭ ʠ ʩʫʣʴʬʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ï 4.4). ʆʧʝʨʘʮʠʠ 4.2, 4.3 ʠ 4.4 ʧʦʢʘʟʘʥʳ 

ʧʫʥʢʪʠʨʥʳʤʠ ʣʠʥʠʷʤʠ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʚʳʧʦʣʥʷʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʚʳʝʤʢʠ ʨʝʯʥʦʛʦ ʧʝʩ-

ʢʘ ʠʟ ʣʦʞʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʦʙʳʯʥʦ ʧʦʛʨʫʟʢʠ ʝʛʦ ʚ ʥʝʩʘʤʦʭʦʜʥʳʝ ʩʫʜʘ (ʙʘʨʞʠ-

ʧʣʦʱʘʜʢʠ ʠ ʙʫʥʢʝʨʳ). ʇʨʠ ʫʜʘʣʝʥʠʠ ʥʝʥʫʞʥʳʭ ʯʘʩʪʠʮ ʠ ʚʨʝʜʥʳʭ ʧʨʠʤʝʩʝʡ ʨʝʯʥʦʡ 

ʧʝʩʦʢ ʦʙʦʛʘʱʘʝʪʩʷ, ʥʦ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʥʝ ʩʪʘʥʦʚʠʪʩʷ ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 

ʩʪʘʥʜʘʨʪʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʚ ʯʘʩʪʥʦʩʪʠ, ɻʆʉʊ 8736. ʆʜʥʘʢʦ, ʢʘʢ ʫʢʘʟʘʥʦ ʚʳʰʝ, ʩʪʘʥ-

ʜʘʨʪʥʳʡ ʨʝʯʥʦʡ ʧʝʩʦʢ ʜʦʧʫʩʢʘʝʪ ʥʘʣʠʯʠʝ ʚ ʥʝʤ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʳʣʝʚʠʜ-

ʥʳʭ ʠ ʛʣʠʥʠʩʪʳʭ ʯʘʩʪʠʮ, ʥʦ ʜʦʣʞʥʳ ʧʨʠʥʠʤʘʪʴʩʷ ʚʩʝ ʪʝʭʥʠʯʝʩʢʠʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʤʝʨʳ, ʯʪʦʙʳ ʧʦʣʥʦʩʪʴʶ ʠʩʢʣʶʯʠʪʴ ʦʨʛʘʥʠʯʝʩʢʠʝ ʠ ʚʨʝʜʥʳʝ ʧʨʠʤʝʩʠ (ʩʫʣʴʬʘʪʥʳʝ ʠ 

ʩʫʣʴʬʠʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ). 

ʅʘ ʩʭʝʤʝ ʧʦʢʘʟʘʥ ʧʷʪʳʡ ʵʪʘʧ ï ʧʦʣʫʯʝʥʠʝ ʩʪʘʥʜʘʨʪʥʦʛʦ ʧʝʩʢʘ ʧʦ ɻʆʉʊ 8736, 

ʚʢʣʶʯʘʶʱʠʡ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʜʣʷ ʵʪʦʛʦ ʤʠʥʠʤʘʣʴʥʦ ʯʝʪʳʨʝʭ ʦʧʝʨʘʮʠʡ: 

ʦʪʜʝʣʝʥʠʝ ʦʪ ʤʘʩʩʳ ʧʝʩʢʘ ʛʨʘʚʠʷ (ʨʘʟʤʝʨʳ ʯʘʩʪʠʮ ʩʚʳʰʝ 10 ʤʤ) ï ʦʧʝʨʘʮʠʷ 5.3; ʜʨʦʙ-

ʣʝʥʠʝ ʛʨʘʚʠʷ ʥʘ ʤʝʣʢʠʝ ʯʘʩʪʠʮʳ ʠ ʧʦʣʫʯʝʥʠʝ ʱʝʙʥʷ ʛʨʘʚʠʡʥʦʛʦ ï ʦʧʝʨʘʮʠʷ 5.4; ʨʘʟ-

ʜʝʣʝʥʠʝ ʦʩʪʘʚʰʝʡʩʷ ʤʘʩʩʳ ʧʝʩʢʘ ʧʫʪʝʤ ʧʨʦʩʝʠʚʘʥʠʷ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʠʪʘʭ ʥʘ 

ʜʚʘ ʩʪʘʥʜʘʨʪʥʳʭ ʚʠʜʘ ï ʧʝʩʦʢ ʤʝʣʢʠʡ ʠ ʦʯʝʥʴ ʤʝʣʢʠʡ ï ʦʧʝʨʘʮʠʷ 5.1, ʠ ʧʝʩʦʢ ʩʨʝʜ-

ʥʠʡ, ʢʨʫʧʥʳʡ ʠ ʧʦʚʳʰʝʥʥʦʡ ʢʨʫʧʥʦʩʪʠ ï ʦʧʝʨʘʮʠʷ 5.2. ɺʩʝ ʯʝʪʳʨʝ ʦʧʝʨʘʮʠʠ (5.1ï5.4) 

ʧʦʢʘʟʘʥʳ ʧʫʥʢʪʠʨʦʤ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʨʪʘʤʠ ʧʦʣʥʦʩʪʴʶ ʥʝ ʚʳ-

ʧʦʣʥʷʶʪʩʷ. 

ʆʩʥʦʚʥʳʤ ʪʝʭʥʠʯʝʩʢʠʤ ʩʨʝʜʩʪʚʦʤ ʜʦʙʳʯʠ ʧʝʩʢʘ ʚ ʚʦʣʞʩʢʠʭ ʧʦʨʪʘʭ ʷʚʣʷʝʪʩʷ ʧʣʘ-

ʚʫʯʠʡ ʟʝʤʩʥʘʨʷʜ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʩʧʝʮʠʘʣʴʥʦʝ ʩʫʜʥʦ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʠ ʠʟʚʣʝʯʝʥʠʷ ʛʨʫʥʪʘ ʩʦ ʜʥʘ ʚʦʜʦʝʤʘ, ʧʦʜʲʝʤʘ ʝʛʦ ʥʘʜ ʫʨʦʚʥʝʤ ʚʦʜʳ ʠ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ ʥʘ ʤʝʩʪʦ ʦʪʚʘʣʘ ʠʣʠ ʧʦʛʨʫʟʢʠ ʚ ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦ [5]. 

ɽʩʪʴ ʩʧʝʮʠʘʣʴʥʳʝ ʟʝʤʣʝʩʦʩʳ, ʦʙʦʨʫʜʦʚʘʥʥʳʝ ʜʣʷ ʩʛʫʱʝʥʠʷ ʧʫʣʴʧʳ (ʤʝʭʘʥʠʯʝ-

ʩʢʦʡ ʩʤʝʩʠ ʛʨʫʥʪʘ ʩ ʚʦʜʦʡ), ʦʙʦʛʘʱʝʥʠʷ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʅʉʄ ʧʨʠ ʧʦʤʦʱʠ ʨʘʟʣʠʯ-

ʥʳʭ ʘʧʧʘʨʘʪʦʚ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʨʠʥʮʠʧʘ ʜʝʡʩʪʚʠʷ, ʧʨʝʜʥʘʟʥʘʯʝʥ-

ʥʳʭ ʜʣʷ ʦʪʜʝʣʝʥʠʷ ʤʝʣʢʠʭ, ʥʝʪʦʚʘʨʥʳʭ ʯʘʩʪʠʮ, ʘ ʪʘʢʞʝ ʨʘʟʜʝʣʝʥʠʷ ʥʘ ʬʨʘʢʮʠʠ ʟʘʜʘʥ-

ʥʦʡ ʢʨʫʧʥʦʩʪʠ. ʆʜʥʘʢʦ ʦʥʠ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʨʝʯʥʳʭ ʧʦʨʪʘʭ ʦʙʳʯʥʦ ʜʣʷ ʜʦʙʳʯʠ ʧʝʩʯʘ-

ʥʦ-ʛʨʘʚʠʡʥʦʡ ʩʤʝʩʠ (ʧʦ ʊʋ-212), ʘ ʪʘʢʞʝ ʧʦʣʫʯʝʥʠʷ ʛʨʘʚʠʷ ʧʦ ʵʪʠʤ ʪʝʭʥʠʯʝʩʢʠʤ 

ʫʩʣʦʚʠʷʤ ï ʧʫʪʝʤ ʫʜʘʣʝʥʠʷ ʤʝʣʢʠʭ ʬʨʘʢʮʠʡ ʧʝʩʢʘ ʠ ʥʝʪʦʚʘʨʥʳʭ ʧʨʠʤʝʩʝʡ. 

ʂʦʛʜʘ ʧʨʠʤʝʥʷʝʪʩʷ ʧʣʘʚʫʯʠʡ ʢʨʘʥ ʜʣʷ ʜʦʙʳʯʠ ʧʝʩʢʘ ʚ ʧʦʨʪʘʭ, ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʛʦʨʘʟʜʦ ʧʨʦʱʝ, ʯʝʤ ʟʝʤʩʥʘʨʷʜʘʤʠ, ï ʧʫʪʝʤ ʚʳʛʨʫʟʢʠ ʩʦʜʝʨʞʠʤʦʛʦ 

ʛʨʫʥʪʘ ʠʟ ʛʨʝʡʬʝʨʘ ʚ ʩʪʦʷʱʝʝ ʫ ʙʦʨʪʘ ʥʝʩʘʤʦʭʦʜʥʦʝ ʩʫʜʥʦ. ʇʨʠ ʵʪʦʤ ʦʙʦʛʘʱʝʥʠʝ ʧʝʩ-

ʢʘ ʚʳʤʳʚʘʥʠʝʤ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ, ʧʳʣʝʚʠʜʥʳʭ ʠ ʛʣʠʥʠʩʪʳʭ ʯʘʩʪʠʮ, ʘ ʪʘʢʞʝ 

ʚʨʝʜʥʳʭ ʧʨʠʤʝʩʝʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ, ʯʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʟʝʤʩʥʘʨʷʜʦʚ 

ʜʣʷ ʪʘʢʠʭ ʮʝʣʝʡ. 

ɺ ʩʣʫʯʘʝ ʧʨʷʤʦʡ ʟʘʛʨʫʟʢʠ ʧʝʩʢʘ ʟʝʤʣʝʩʦʩʘʤʠ ʚ ʙʫʥʢʝʨʥʳʝ ʙʘʨʞʠ ʠ ʩʫʜʘ-ʧʣʦʱʘʜʢʠ 

ʥʝʢʦʪʦʨʦʝ ʫʚʝʣʠʯʝʥʠʝ ʤʦʜʫʣʷ ʢʨʫʧʥʦʩʪʠ ʜʦʩʪʠʛʘʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʘʩʪʠʯʥʦʛʦ ʦʪʤʳ-

ʚʘʥʠʷ ʛʣʠʥʳ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ ʦʪ ʟʝʨʝʥ ʧʝʩʢʘ ʚ ʧʨʦʮʝʩʩʝ ʜʚʠʞʝʥʠʷ ʚ ʧʦʪʦʢʝ 

ʧʫʣʴʧʳ ʧʦ ʪʨʫʙʦʧʨʦʚʦʜʫ ʠ ʯʝʨʝʟ ʛʨʫʥʪʦʚʳʡ ʥʘʩʦʩ, ʘ ʪʘʢʞʝ ʚ ʙʫʨʥʦʤ ʚʠʭʨʝʚʦʤ ʜʚʠʞʝ-

ʥʠʠ ʧʦʩʪʫʧʘʶʱʝʡ ʚ ʩʫʜʥʦ ʛʠʜʨʦʩʤʝʩʠ. ʄʝʣʢʠʝ ʯʘʩʪʠʮʳ ʧʨʠ ʵʪʦʤ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝ-

ʨʝ ʫʜʘʣʷʶʪʩʷ ʩ ʚʳʪʝʢʘʶʱʝʡ ʚʦʜʦʡ ʠʟ ʩʫʜʥʘ. 

ɼʣʷ ʟʘʛʨʫʟʢʠ ʚ ʩʫʜʘ ʦʙʝʟʚʦʞʝʥʥʦʛʦ ʧʝʩʢʘ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʥʝʢʦʪʦʨʳʭ ʧʦʨʪʘʭ ʫʩʪʘ-

ʥʦʚʢʠ ʛʣʫʙʦʢʦʛʦ ʩʛʫʱʝʥʠʷ ʧʫʣʴʧʳ (ʋɻʉʇ), ʩʭʝʤʘ ʢʦʪʦʨʳʭ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 2 [4]. 

ʇʫʣʴʧʘ ʦʪ ʛʨʫʥʪʦʚʦʛʦ ʥʘʩʦʩʘ ʧʦʩʪʫʧʘʝʪ ʚ ʛʠʜʨʦʮʠʢʣʦʥ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚ ʚʝʨʭʥʝʡ 

ʯʘʩʪʠ ʫʩʪʘʥʦʚʢʠ. ʂʨʫʧʥʳʝ ʯʘʩʪʠʮʳ ʛʨʫʥʪʘ ʦʪʞʠʤʘʶʪʩʷ ʚ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʜʚʠʞʝʥʠʷ 

ʧʫʣʴʧʳ, ʚʩʣʝʜʩʪʚʠʝ ʪʨʝʥʠʷ ʦ ʧʦʚʝʨʭʥʦʩʪʴ ʪʝʨʷʶʪ ʩʚʦʶ ʩʢʦʨʦʩʪʴ ʠ ʦʧʫʩʢʘʶʪʩʷ ʧʦʜ 

ʩʚʦʝʡ ʪʷʞʝʩʪʴʶ ʚ ʥʠʞʥʶʶ ʯʘʩʪʴ ʫʩʪʘʥʦʚʢʠ ï ʛʨʫʥʪʦʩʙʦʨʥʠʢ. ɺʦʜʘ ʠ ʤʝʣʴʯʘʡʰʠʝ ʯʘ-

ʩʪʠʮʳ ʛʨʫʥʪʘ ʠʟ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʛʠʜʨʦʮʠʢʣʦʥʘ ʚʳʭʦʜʷʪ ʧʦ ʩʣʠʚʥʦʤʫ ʪʨʫʙʦʧʨʦʚʦ-

ʜʫ, ʛʜʝ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʚʠʞʢʘ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʜʘʚʣʝʥʠʝ ʚʥʫʪ-



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 52, 2017 ʛ. 

ʈʘʟʜʝʣ VI. ʕʢʦʥʦʤʠʢʘ, ʣʦʛʠʩʪʠʢʘ ʠ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʪʨʘʥʩʧʦʨʪʝ 
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ʨʠ ʘʧʧʘʨʘʪʘ. ʅʘʢʦʧʠʚʰʠʡʩʷ ʚ ʛʨʫʥʪʦʩʙʦʨʥʠʢʝ ʧʝʩʦʢ ʚʳʞʠʤʘʝʪʩʷ ʵʪʠʤ ʜʘʚʣʝʥʠʝʤ ʯʝ-

ʨʝʟ ʨʝʛʫʣʠʨʫʝʤʫʶ ʟʘʩʣʦʥʢʫ ʧʦ ʧʦʛʨʫʟʦʯʥʦʡ ʪʨʫʙʝ. ʉʣʦʡ ʧʝʩʢʘ, ʧʦʜʜʝʨʞʠʚʘʝʤʳʡ ʚ 

ʛʨʫʥʪʦʩʙʦʨʥʠʢʝ, ʘ ʪʘʢʞʝ ʧʝʩʦʢ, ʟʘʧʦʣʥʷʶʱʠʡ ʧʦ ʚʩʝʡ ʜʣʠʥʝ ʧʦʛʨʫʟʦʯʥʫʶ ʪʨʫʙʫ, ʧʨʝ-

ʧʷʪʩʪʚʫʶʪ ʬʠʣʴʪʨʘʮʠʠ ʚʦʜʳ, ʧʦʵʪʦʤʫ ʥʘ ʚʳʭʦʜʝ ʠʟ ʪʨʫʙʳ ʧʝʩʦʢ ʠʤʝʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʝʙʦʣʴʰʫʶ ʚʣʘʞʥʦʩʪʴ (30ï35%). ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʚʦʟʥʠʢʘʶʱʠʭ ʟʘʢʫʧʦʨʦʢ ʧʦʛʨʫʟʦʯ-

ʥʦʡ ʪʨʫʙʳ ʧʝʩʢʦʤ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʩʧʝʮʠʘʣʴʥʦʝ ʩʦʧʣʦ, ʯʝʨʝʟ ʢʦʪʦʨʦʝ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦ-

ʩʪʠ ʧʦʜʘʶʪ ʥʘʧʦʨʥʫʶ ʚʦʜʫ. 

 

 

ʈʠʩ. 2. ʋʩʪʘʥʦʚʢʘ ʛʣʫʙʦʢʦʛʦ ʩʛʫʱʝʥʠʷ ʧʫʣʴʧʳ 

ɼʣʷ ʦʪʜʝʣʝʥʠʷ ʦʪ ʧʝʩʢʘ ʤʝʣʢʠʭ ʬʨʘʢʮʠʡ ʠ ʜʣʷ ʩʛʫʱʝʥʠʷ ʧʫʣʴʧʳ, ʢʨʦʤʝ ʋɻʉʇ, 

ʧʨʠʤʝʥʷʶʪʩʷ ʪʘʢʞʝ ʛʠʜʨʦʮʠʢʣʦʥʳ ʨʘʟʣʠʯʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʆʪʜʝʣʝʥʠʝ ʦʪ ʧʝʩʢʘ ʤʫʩʦʨʘ, ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ, ʠʣʘ ʠ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʯʘʩʪʠʮ 

ʛʨʘʚʠʷ ʜʦʩʪʠʛʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʙʝʟʥʘʧʦʨʥʳʭ ʢʦʥʠʯʝʩʢʠʭ ʠʣʠ ʜʫʛʦʚʳʭ ʛʠʜʨʦʛʨʦʭʦʪʦʚ. 

ɺ ʵʪʠ ʘʧʧʘʨʘʪʳ ʛʠʜʨʦʩʤʝʩʴ ʧʦʜʘʝʪʩʷ ʧʦ ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʢʨʠʚʦʣʠʥʝʡʥʳʤ ʨʝʰʝʪʯʘʪʳʤ 

ʧʦʚʝʨʭʥʦʩʪʷʤ, ʥʘ ʢʦʪʦʨʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʘʟʜʝʣʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʧʦ ʢʨʫʧʥʦʩʪʠ. 

ʆʙʦʛʘʪʠʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ ʧʨʠʤʝʥʷʶʪ ʥʘ ʟʝʤʣʝʩʦʩʥʳʭ ʩʥʘʨʷʜʘʭ ʜʣʷ ʦʪʜʝʣʝʥʠʷ ʦʪ 

ʜʦʙʳʚʘʝʤʦʛʦ ʧʝʩʢʘ ʧʳʣʝʚʠʜʥʳʭ, ʠʣʠʩʪʳʭ, ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʛʣʠʥʠʩʪʳʭ ʯʘʩʪʠʮ, ʘ ʪʘʢʞʝ 

ʤʝʣʢʠʭ ʝʛʦ ʬʨʘʢʮʠʡ ʠ ʩʛʫʱʝʥʠʷ ʧʫʣʴʧʳ. ʆʙʦʛʘʱʝʥʠʝ ʧʝʩʢʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʘʧʧʘʨʘʪʘʭ 

ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʪʠʧʘ, ʠʤʝʶʱʠʭ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʦʩʴ ʚʨʘʱʝʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʪʤʳʚʘ 

ʤʝʣʢʠʭ ʬʨʘʢʮʠʡ ʧʝʩʢʘ ʠ ʨʘʟʣʠʯʥʳʭ ʧʨʠʤʝʩʝʡ ʥʘ ʦʙʦʛʘʪʠʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʘʭ ʦʙʝʩʧʝʯʠ-

ʚʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʤʦʜʫʣʷ ʢʨʫʧʥʦʩʪʠ ʠ ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʧʝʩʢʘ. 

ɼʣʷ ʧʦʛʨʫʟʢʠ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʧʝʩʢʘ ʚ ʩʫʜʘ ʪʨʝʙʫʝʪʩʷ ʦʩʥʘʱʝʥʠʝ ʟʝʤʩʥʘʨʷʜʘ ʜʦʧʦʣ-

ʥʠʪʝʣʴʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ. ɺ ʥʠʟʢʦʙʦʨʪʥʳʝ ʙʫʥʢʝʨʥʳʝ ʩʫʜʘ ʧʝʩʦʢ ʤʦʞʝʪ ʧʦʜʘʚʘʪʴʩʷ ʠʟ-

ʧʦʜ ʚʠʙʨʦʛʨʦʭʦʪʘ ʩʘʤʦʪʝʢʦʤ ʚ ʚʠʜʝ ʛʠʜʨʦʩʤʝʩʠ. ɼʣʷ ʧʦʛʨʫʟʢʠ ʚ ʩʫʜʘ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝ-

ʥʠʷ ʪʨʝʙʫʝʪʩʷ ʛʨʫʥʪʦʥʘʩʦʩʥʘʷ ʫʩʪʘʥʦʚʢʘ ʩ ʋɻʉʇ. ɼʣʷ ʵʪʦʡ ʞʝ ʮʝʣʠ ʧʨʠʤʝʥʷʝʪʩʷ ʥʦ-

ʨʠʡʥʘʷ ʦʙʝʟʚʦʞʠʚʘʶʱʘʷ ʫʩʪʘʥʦʚʢʘ ʩ ʧʦʛʨʫʟʦʯʥʳʤ ʣʦʪʢʦʤ ʠʣʠ ʪʨʘʥʩʧʦʨʪʝʨʦʤ. ʋʜʘ-

ʣʝʥʠʝ ʤʝʣʴʯʘʡʰʠʭ ʯʘʩʪʠʮ ʧʝʩʢʘ ʠ ʜʨʫʛʠʭ ʚʝʱʝʩʪʚ ʚ ʦʪʚʘʣ ʚʦʟʤʦʞʥʦ ʧʦ ʧʣʘʚʫʯʝʤʫ 

ʛʨʫʥʪʦʧʨʦʚʦʜʫ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʛʨʫʥʪʦʥʘʩʦʩʥʦʡ ʫʩʪʘʥʦʚʢʠ, ʩʤʦʥʪʠʨʦʚʘʥʥʦʡ ʥʝʧʦ-

ʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʟʝʤʩʥʘʨʷʜʝ ʠʣʠ ʥʘ ʦʪʜʝʣʴʥʦʤ ʧʦʥʪʦʥʝ. 



ɸ.ʀ. ʊʝʣʝʛʠʥ, ɽ.ɺ. ʌʨʦʣʦʚʘ 

ʂʦʥʮʝʧʮʠʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʩʪʘʚʢʠ ʧʦʪʨʝʙʠʪʝʣʷʤ ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʝʯʥʦʛʦ ʧʝʩʢʘ, ʜʦʙʳʚʘʝʤʦʛʦ»  
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ʇʦʣʥʦʝ ʩʦʯʝʪʘʥʠʝ ʨʘʙʦʯʠʭ ʫʩʪʨʦʡʩʪʚ ʟʝʤʩʥʘʨʷʜʘ, ʦʙʦʛʘʪʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʩʨʝʜʩʪʚ ʧʦʛʨʫʟʢʠ ʧʝʩʢʘ ʚ ʩʫʜʘ ʠ ʩʨʝʜʩʪʚ ʫʜʘʣʝʥʠʷ ʥʝʪʦʚʘʨʥʳʭ ʬʨʘʢʮʠʡ ʛʨʫʥʪʘ ʦʧʨʝ-

ʜʝʣʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʝʡ ʜʦʙʳʯʠ, ʦʙʦʛʘʱʝʥʠʷ, ʧʦʛʨʫʟʢʠ-ʚʳʛʨʫʟʢʠ, ʘ ʪʘʢʞʝ ʧʝʨʝʚʦʟʢʠ. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʠʩʭʦʜʥʦʛʦ ʛʨʫʥʪʘ, ʫʩʣʦʚʠʡ ʠ ʛʣʫʙʠʥʳ ʝʛʦ ʟʘʣʝʛʘʥʠʷ, ʫʩʣʦʚʠʡ 

ʜʦʩʪʘʚʢʠ ʢ ʤʝʩʪʘʤ ʥʘʟʥʘʯʝʥʠʷ, ʦʩʦʙʳʭ ʪʨʝʙʦʚʘʥʠʡ ʧʦʩʪʘʚʢʠ ʧʦʣʫʯʘʪʝʣʶ, ʦʙʫʩʣʘʚʣʠ-

ʚʘʝʤʳʭ ʜʦʛʦʚʦʨʦʤ ʧʝʨʝʚʦʟʢʠ ʠ ʧʦʩʪʘʚʢʠ, ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʪʦ ʠʣʠ ʠʥʦʝ ʪʝʭʥʠʯʝ-

ʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʭʝʤʳ ʜʦʙʳʯʠ ʧʝʩʢʘ ʠ ʝʛʦ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ. 

ʇʨʠ ʵʪʦʤ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʦʣʞʥʦ ʦʙʝʩʧʝʯʠʚʘʪʴʩʷ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦʝ ʢʦʤʧʣʝʢʩʥʦʝ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʠʟʚʣʝʢʘʝʤʦʛʦ ʩʦ ʜʥʘ ʤʘʪʝʨʠʘʣʘ, ʜʣʷ ʯʝʛʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʥʝʦʙʭʦʜʠʤʦ ʦʪ-

ʜʝʣʷʪʴ ʧʦʣʥʦʩʪʴʶ ʥʘ ʤʝʩʪʝ ʥʝʞʝʣʘʪʝʣʴʥʳʝ ʚʝʱʝʩʪʚʘ ï ʦʨʛʘʥʠʯʝʩʢʠʝ ʧʨʠʤʝʩʠ, ʠʣ, 

ʩʫʣʴʬʘʪʥʳʝ ʠ ʩʫʣʴʬʠʜʥʳʝ ʦʪʣʦʞʝʥʠʷ. ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʩʪʨʝʤʠʪʴʩʷ ʫʙʨʘʪʴ ʚ ʤʘʢʩʠ-

ʤʘʣʴʥʦʡ ʩʪʝʧʝʥʠ ʧʳʣʝʚʠʜʥʳʝ ʠ ʛʣʠʥʠʩʪʳʝ ʯʘʩʪʠʮʳ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʫʜʥʦ ʜʦʣʞʝʥ ʟʘʛʨʫʞʘʪʴʩʷ ʜʦʙʳʚʘʝʤʳʡ ʧʝʩʦʢ ʣʶʙʳʭ ʬʨʘʢʮʠʡ 

(ʦʯʝʥʴ ʤʝʣʢʠʡ, ʤʝʣʢʠʡ, ʩʨʝʜʥʠʡ, ʢʨʫʧʥʳʡ ʠ ʧʦʚʳʰʝʥʥʦʡ ʢʨʫʧʥʦʩʪʠ), ʜʦʩʪʘʚʣʷʪʴʩʷ ʠ 

ʚʳʛʨʫʞʘʪʴʩʷ ʥʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ ʧʨʠʯʘʣ ʧʦʨʪʘ. ʇʦʨʪ ʤʦʞʝʪ ʧʨʠʦʙʨʝʩʪʠ ʩʧʝʮʠ-

ʘʣʴʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠ, ʠʤʝʶʱʠʝ ʚʥʫʪʨʠ ʩʠʪʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʟʤʝʨʦʚ, ʠ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʨʘʟʜʝʣʝʥʠʝ ʧʝʩʢʘ ʥʘ ʜʚʘ ʩʪʘʥʜʘʨʪʥʳʭ ʚʠʜʘ: ʤʝʣʢʠʡ ʠ ʦʯʝʥʴ ʤʝʣʢʠʡ ʧʝ-

ʩʦʢ (ʦʧʝʨʘʮʠʷ 5.1 ʥʘ ʨʠʩ. 1) ʠ ʩʨʝʜʥʠʡ, ʢʨʫʧʥʳʡ ʠ ʧʦʚʳʰʝʥʥʦʡ ʢʨʫʧʥʦʩʪʠ ʧʝʩʦʢ (ʦʧʝ-

ʨʘʮʠʷ 5.2 ʥʘ ʨʠʩ. 1). 

ʆʪʜʝʣʝʥʠʝ ʛʨʘʚʠʷ ʯʘʩʪʠʮ ʨʘʟʤʝʨʘʤʠ ʩʚ. 10 ʤʤ ʠʟ ʩʦʩʪʘʚʘ ʜʦʙʳʚʘʝʤʦʛʦ ʨʝʯʥʦʛʦ 

ʧʝʩʢʘ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ. ʕʪʦ ʧʨʠʤʝʥʷʝʤʳʡ ʚ ʥʝʢʦʪʦʨʳʭ ʧʦʨʪʘʭ 

ʩʧʦʩʦʙ ʫʜʘʣʝʥʠʷ ʛʨʘʚʠʷ ʠʟ ʜʚʠʞʫʱʝʡʩʷ ʧʫʣʴʧʳ, ʧʨʦʧʫʩʢʘʷ ʝʸ ʯʝʨʝʟ ʩʠʪʘ ʨʘʟʤʝʨʦʤ 10 

ʤʤ, ʠ ʫʜʘʣʷʷ ʛʨʘʚʠʡ ʧʦ ʩʧʝʮʠʘʣʴʥʦʤʫ ʣʦʪʢʫ ʚ ʩʫʜʥʦ, ʩʪʦʷʱʝʝ ʫ ʙʦʨʪʘ ʟʝʤʩʥʘʨʷʜʘ (ʫ 

ʜʨʫʛʦʛʦ ʙʦʨʪʘ ʟʝʤʩʥʘʨʷʜʘ ʩʪʦʠʪ ʩʫʜʥʦ, ʚ ʥʝʛʦ ʧʦʩʪʫʧʘʝʪ ʧʝʩʦʢ, ʦʪ ʢʦʪʦʨʦʛʦ ʦʪʜʝʣʝʥ 

ʛʨʘʚʠʡ). ɿʘʪʝʤ ʩʫʜʥʦ ʩ ʛʨʘʚʠʝʤ ʜʦʩʪʘʚʣʷʝʪʩʷ ʥʘ ʧʨʠʯʘʣ ʧʦʨʪʘ, ʚʳʛʨʫʞʘʝʪʩʷ ʥʘ ʩʢʣʘʜ ʠ 

ʛʨʘʚʠʡ ʨʝʘʣʠʟʫʝʪʩʷ ʧʦʪʨʝʙʠʪʝʣʶ ʩ ʫʯʝʪʦʤ ʨʳʥʦʯʥʦʡ ʮʝʥʳ. ɽʩʣʠ ʵʪʦʪ ʩʧʦʩʦʙ ʫʜʘʣʝʥʠʷ 

ʛʨʘʚʠʷ ʠʟ ʧʝʩʢʘ ʧʨʠ ʝʛʦ ʜʦʙʳʯʝ ʥʝ ʧʨʠʤʝʥʷʝʪʩʷ, ʪʦ ʤʦʞʥʦ ʝʛʦ ʠʟʚʣʝʢʘʪʴ ʠʟ ʨʝʯʥʦʛʦ 

ʧʝʩʢʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʧʨʠʯʘʣʝ ʧʦʨʪʘ (ʦʧʝʨʘʮʠʷ 5.3 ʥʘ ʨʠʩ. 1). ɺ ʪʦʤ ʠ ʜʨʫʛʦʤ ʩʣʫ-

ʯʘʝ ʮʝʣʝʩʦʦʙʨʘʟʥʝʝ ʛʨʘʚʠʡ ʜʨʦʙʠʪʴ ʥʘ ʩʪʘʥʜʘʨʪʥʳʝ ʬʨʘʢʮʠʠ ʱʝʙʥʷ, ʧʦʣʫʯʘʪʴ ʱʝʙʝʥʴ 

ʛʨʘʚʠʡʥʳʡ, ʢʦʪʦʨʳʡ ʚʝʩʴʤʘ ʜʦʨʦʛʦ ʩʪʦʠʪ ʥʘ ʨʳʥʢʝ ʥʝʨʫʜʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘ-

ʣʦʚ. 

ʇʷʪʳʡ ʵʪʘʧ ʥʘ ʨʠʩ. 1 ï ʧʦʣʫʯʝʥʠʝ ʩʪʘʥʜʘʨʪʥʦʛʦ ʧʝʩʢʘ (ʧʦ ɻʆʉʊ 8736), ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʤʦʜʝʣʷʤʠ. 

ʈʝʯʥʳʝ ʧʦʨʪʳ ʤʦʛʫʪ ʧʦʩʪʘʚʣʷʪʴ ʨʝʯʥʦʡ ʧʝʩʦʢ ʠ ʱʝʙʝʥʴ ʛʨʘʚʠʡʥʳʡ ʩʪʘʥʜʘʨʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʫʜʦʚʣʝʪʚʦʨʷʷ ʧʦʪʨʝʙʥʦʩʪʠ ʧʦʣʫʯʘʪʝʣʝʡ, ʧʦʚʳʰʘʷ ʩʚʦʶ ʢʦʥʢʫʨʝʥʪʦ-

ʩʧʦʩʦʙʥʦʩʪʴ ʥʘ ʨʳʥʢʝ ʩʪʨʦʡʤʘʪʝʨʠʘʣʦʚ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʦʭʦʜʳ ʦʪ ʵʪʦʡ ʜʝʷʪʝʣʴʥʦ-

ʩʪʠ. 

ʂʘʯʝʩʪʚʦ ʧʦʩʪʘʚʢʠ ʜʘʥʥʳʭ ʩʪʨʦʡʤʘʪʝʨʠʘʣʦʚ ʟʘʚʠʩʠʪ ʦʪ ʮʝʣʦʛʦ ʨʷʜʘ ʬʘʢʪʦʨʦʚ: ʠʩ-

ʭʦʜʥʦʛʦ ʢʘʯʝʩʪʚʘ ʜʦʙʳʚʘʝʤʦʛʦ ʧʝʩʢʘ, ʠʟʤʝʥʷʶʱʝʛʦʩʷ ʚ ʧʨʦʮʝʩʩʝ ʠʟʚʣʝʯʝʥʠʷ ʠʟ ʛʨʫʥ-

ʪʘ, ʦʙʦʛʘʱʝʥʠʷ, ʧʝʨʝʛʨʫʟʢʠ, ʧʝʨʝʚʦʟʢʠ ʩ ʫʯʝʪʦʤ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ 

ʩʨʝʜʩʪʚ ʠ ʩʧʦʩʦʙʦʚ ʚʳʧʦʣʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ. ʕʪʦ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʩʣʝ-

ʜʫʶʱʝʡ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ 
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ʈʇ
KKKKʂfK

ji
 (1) 

ʛʜʝ 
ʀʅʊ

ʈʇK  ï ʚʦʟʤʦʞʥʦʝ ʠʥʪʝʛʨʘʣʴʥʦʝ ʢʘʯʝʩʪʚʦ ʧʦʩʪʘʚʢʠ ʨʝʯʥʦʛʦ ʧʝʩʢʘ ʧʦʪʨʝʙʠʪʝ-

ʣʷʤ; 
ʄɼ

ʈʇi
ʂ  ï ʠʩʭʦʜʥʦʝ ʢʘʯʝʩʪʚʦ ʨʝʯʥʦʛʦ ʧʝʩʢʘ, ʜʦʙʳʚʘʝʤʦʛʦ ʧʦʨʪʦʤ ʚ i-ʦʤ ʢʘʨʴʝʨʝ (ʤʝʩʪʦ-

ʨʦʞʜʝʥʠʠ); 

jʈʇK  ï ʠʟʤʝʥʝʥʠʝ (ʫʣʫʯʰʝʥʠʝ ʠʣʠ ʫʭʫʜʰʝʥʠʝ) ʢʘʯʝʩʪʚʘ ʨʝʯʥʦʛʦ ʧʝʩʢʘ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʠʤʝʥʝʥʠʷ j-ʛʦ ʩʧʦʩʦʙʘ ʜʦʙʳʯʠ ʨʝʯʥʦʛʦ ʧʝʩʢʘ ʠʟ ʛʨʫʥʪʘ (ʤʝʩʪʦʨʦʞʜʝʥʠʷ); 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 52, 2017 ʛ. 
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gʈʇ
K ï ʠʟʤʝʥʝʥʠʝ ʢʘʯʝʩʪʚʘ ʨʝʯʥʦʛʦ ʧʝʩʢʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝʥʠʷ ɔ-ʛʦ ʩʧʦʩʦʙʘ ʝʛʦ 

ʦʙʦʛʘʱʝʥʠʷ; 

aʈʇ
K  ï ʠʟʤʝʥʝʥʠʝ ʢʘʯʝʩʪʚʘ ʨʝʯʥʦʛʦ ʧʝʩʢʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʜʘʣʝʥʠʷ ʠʟ ʥʝʛʦ ʦʨʛʘʥʠʯʝ-

ʩʢʠʭ ʧʨʠʤʝʩʝʡ, ʧʳʣʝʚʠʜʥʳʭ ʠ ʛʣʠʥʠʩʪʳʭ ʯʘʩʪʠʮ; 

dʈʇ
K  ï ʠʟʤʝʥʝʥʠʝ ʢʘʯʝʩʪʚʘ ʨʝʯʥʦʛʦ ʧʝʩʢʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ŭ-ʛʦ ʩʧʦʩʦʙʘ ʪʨʘʥʩʧʦʨʪʠʨʦ-

ʚʘʥʠʷ (ʧʦʛʨʫʟʢʠ ʚ ʩʫʜʥʦ, ʧʝʨʝʚʦʟʢʠ, ʚʳʛʨʫʟʢʠ ʠ ʩʢʣʘʜʠʨʦʚʘʥʠʷ ʚ ʧʦʨʪʫ). 

 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʘʯʝʩʪʚʦ ʨʝʯʥʦʛʦ ʧʝʩʢʘ ʤʦʞʝʪ ʫʣʫʯʰʘʪʴʩʷ ʠʣʠ ʫʭʫʜʰʘʪʴʩʷ ʩ ʤʦ-

ʤʝʥʪʘ ʜʦʙʳʯʠ ʠʟ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʜʦ ʚʳʛʨʫʟʢʠ ʥʘ ʧʨʠʯʘʣ, ʚʧʣʦʪʴ ʜʦ ʚʳʜʘʯʠ ʧʦʣʫʯʘʪʝ-

ʣʶ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʨʝʯʥʦʛʦ ʧʝʩʢʘ, ʦʪʚʝʯʘʶʱʝʛʦ ʪʨʝʙʦʚʘʥʠʷʤ ʧʦʪʨʝʙʠʪʝʣʝʡ ʧʦ ʦʧʨʝ-

ʜʝʣʝʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ, ʤʦʛʫʪ ʙʳʪʴ ʩʦʩʪʘʚʣʝʥʳ ʢʦʥʢʨʝʪʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦ-

ʜʝʣʠ ʠ ʘʣʛʦʨʠʪʤʳ ʠʭ ʨʝʘʣʠʟʘʮʠʠ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ: 

ï ʠʟʫʯʠʪʴ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʝ ʩʚʦʡʩʪʚʘ ʨʝʯʥʦʛʦ ʧʝʩʢʘ, ʢʦʪʦʨʳʡ ʜʦʙʳʚʘʝʪʩʷ ʠʣʠ ʤʦ-

ʞʝʪ ʙʳʪʴ ʜʦʙʳʪ ʩ i-ʛʦ ʢʘʨʴʝʨʘ; 

ï ʦʧʨʝʜʝʣʠʪʴ ʟʘʪʨʘʪʳ ʧʦʨʪʘ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʳʥʦʯʥʫʶ ʩʪʦʠʤʦʩʪʴ ʨʝʯʥʦʛʦ ʧʝʩʢʘ 

ʩ ʫʯʝʪʦʤ ʧʦʩʪʘʚʢʠ ʝʛʦ ʩ ʪʨʝʙʫʝʤʳʤ ʢʘʯʝʩʪʚʦʤ (
ʀʅʊ

ʈʇK ); 

ï ʧʨʘʚʠʣʴʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʝʛʤʝʥʪ ʨʳʥʢʘ ʩʙʳʪʘ ʨʝʯʥʦʛʦ ʧʝʩʢʘ ʩ i-ʛʦ ʢʘʨʴʝʨʘ ʩ 
ʀʅʊ

ʈʇ
K

 
ʢʘʯʝʩʪʚʦʤ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʪʦʠʤʦʩʪʴʶ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʝʛʦ ʧʦʣʥʦʡ ʠ ʨʝʥʪʘʙʝʣʴ-

ʥʦʡ ʨʝʘʣʠʟʘʮʠʠ.
 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʩʪʘʚʢʠ ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʝʯʥʦʛʦ ʧʝʩʢʘ (ʧʦ ɻʆʉʊ 8736), ʥʘ ʨʠʩ. 1 

ʵʪʦ ʧʷʪʳʡ ʵʪʘʧ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʤʝʨʦʧʨʠʷʪʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝ-

ʥʳ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʚʘʨʠʘʥʪʘʤʠ, ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʤʦʜʝʣʷʤʠ ʠ ʘʣʛʦʨʠʪʤʘʤʠ ʠʭ ʨʝʰʝ-

ʥʠʷ. 

ʇʝʨʚʳʡ ʧʨʦʝʢʪʥʳʡ ʚʘʨʠʘʥʪ 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʧʦʨʪʘ ʨʘʟʚʝʨʪʳʚʘʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ, ʩ 

ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʜʦʙʳʪʳʡ ʨʝʯʥʦʡ ʧʝʩʦʢ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʪʨʠ ʚʠʜʘ (ʩʤ. ʨʠʩ. 1): 

ʦʧʝʨʘʮʠʷ 5.1 ï ʧʦʣʫʯʝʥʠʝ ʤʝʣʢʦʛʦ ʠ ʦʯʝʥʴ ʤʝʣʢʦʛʦ ʧʝʩʢʘ (ʤʦʜʫʣʴ ʢʨʫʧʥʦʩʪʠ ʦʪ 1,0  

ʜʦ 2,0); 

ʦʧʝʨʘʮʠʷ 5.2 ï ʧʦʣʫʯʝʥʠʝ ʧʝʩʢʘ ʩʨʝʜʥʝʛʦ, ʢʨʫʧʥʦʛʦ ʠ ʧʦʚʳʰʝʥʥʦʡ ʢʨʫʧʥʦʩʪʠ (ʤʦʜʫʣʴ 

ʢʨʫʧʥʦʩʪʠ ʦʪ 2,0 ʜʦ 3,5); 

ʦʧʝʨʘʮʠʷ 5.3 ï ʦʪʜʝʣʝʥʠʝ ʛʨʘʚʠʷ (ʯʘʩʪʠʮ ʩʚ. 10 ʤʤ) ʦʪ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ ʨʝʯʥʦʛʦ ʧʝʩʢʘ. 

ʊʦʛʜʘ ʤʦʜʝʣʴ ʨʘʟʜʝʣʝʥʠʷ ʧʘʨʪʠʠ ʧʝʩʢʘ ʥʘ ʫʢʘʟʘʥʥʳʝ ʚʳʰʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʤʦʞʝʪ 

ʙʳʪʴ ʚʳʨʘʞʝʥʘ ʢʘʢ 
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ʛʜʝ 
iʈʇG  ï ʤʘʩʩʘ ʨʝʯʥʦʛʦ ʧʝʩʢʘ, ʜʦʙʳʪʦʛʦ ʠʟ i-ʛʦ ʢʘʨʴʝʨʘ, ʚʳʛʨʫʞʝʥʥʦʛʦ ʥʘ ʩʢʣʘʜ 

ʧʦʨʪʘ, ʧʦʜʚʝʨʛʥʫʪʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʥʘ ʜʚʝ ʩʪʘʥʜʘʨʪʥʳʝ ʬʨʘʢʮʠʠ ʧʝʩʢʘ (ʤʝʣʢʠʡ ʠ 

ʢʨʫʧʥʳʡ) ʠ ʛʨʘʚʠʡ, ʪ; 
ʄ

ʈʇi
G  ï ʤʘʩʩʘ ʤʝʣʢʦʛʦ ʧʝʩʢʘ ʧʦʩʣʝ ʦʪʜʝʣʝʥʠʷ ʝʛʦ ʦʪ ʦʙʱʝʡ ʤʘʩʩʳ, ʪ; 

ʉʂ

ʈʇi
G  ï ʤʘʩʩʘ ʩʨʝʜʥʝʛʦ ʠ ʢʨʫʧʥʦʛʦ ʧʝʩʢʘ ʧʦʩʣʝ ʦʪʜʝʣʝʥʠʷ ʝʛʦ ʦʪ ʦʙʱʝʡ ʤʘʩʩʳ, ʪ; 

ɻʈ

ʈʇi
G  ï ʤʘʩʩʘ ʛʨʘʚʠʷ ʧʦʩʣʝ ʦʪʜʝʣʝʥʠʷ ʝʛʦ ʦʪ ʦʙʱʝʡ ʤʘʩʩʳ, ʪ; 

1m , 2m , 3m  ï ʧʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʦʙʱʝʡ ʤʘʩʩʝ ʨʝʯʥʦʛʦ ʧʝʩʢʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʤʝʣʢʠʭ, ʢʨʫʧʥʳʭ ʬʨʘʢʮʠʡ ʠ ʛʨʘʚʠʷ, ʚ ʦʙʱʝʡ ʩʫʤʤʝ ʩʦʩʪʘʚʣʷʶʱʝʝ ʩʪʦ ʧʨʦʮʝʥʪʦʚ. 

 



ɸ.ʀ. ʊʝʣʝʛʠʥ, ɽ.ɺ. ʌʨʦʣʦʚʘ 

ʂʦʥʮʝʧʮʠʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʩʪʘʚʢʠ ʧʦʪʨʝʙʠʪʝʣʷʤ ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʝʯʥʦʛʦ ʧʝʩʢʘ, ʜʦʙʳʚʘʝʤʦʛʦ»  
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ɺʪʦʨʦʡ ʧʨʦʝʢʪʥʳʡ ʚʘʨʠʘʥʪ 

ʆʪʜʝʣʝʥʥʳʡ ʦʪ ʦʙʱʝʡ ʤʘʩʩʳ ʨʝʯʥʦʛʦ ʧʝʩʢʘ ʛʨʘʚʠʡ ʜʨʦʙʠʪʩʷ ʥʘ ʩʪʘʥʜʘʨʪʥʳʝ 

ʬʨʘʢʮʠʠ ʱʝʙʥʷ ʛʨʘʚʠʡʥʦʛʦ (5ï20, 20ï40 ʤʤ ʠ ʜʨ.), ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʪʨʝʙʥʦʩʪʷʤʠ 

ʨʳʥʢʘ ʩʪʨʦʠʪʝʣʴʥʳʭ ʥʝʨʫʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʙʦʣʴʰʦʡ ʧʨʦʯʥʦʩʪʠ. 

ʄʦʜʝʣʴ ʧʦʣʫʯʝʥʠʷ ʱʝʙʥʷ ʛʨʘʚʠʡʥʦʛʦ ʥʫʞʥʳʭ ʩʪʘʥʜʘʨʪʥʳʭ ʬʨʘʢʮʠʡ ʤʦʞʝʪ ʙʳʪʴ 

ʚʳʨʘʞʝʥʘ ʢʘʢ 

=+++++=
nji ʑɻʑɻʑɻʑɻ

ɻʈ

ʈʇ GGGGG ......
21

 

,)......(01,0
21

ɻʈ

ʈʇʑɻ

ɻʈ

ʈʇʑɻ

ɻʈ

ʈʇʑɻ

ɻʈ

ʈʇʑɻ inijii
GmGmGmGm +++++Ö=  (3) 

ʛʜʝ 
nj ʑɻʑɻʑɻʑɻ GGGG ,,,

21
ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʤʘʩʩʘ ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʜʨʦʙʣʝʥʠʷ ʠ ʧʨʦʧʫʩʢʘʥʠʷ ʯʝʨʝʟ ʩʠʪʘ ʨʘʟʥʳʭ ʜʠʘʤʝʪʨʦʚ ʩʪʘʥʜʘʨʪʥʦʛʦ ʱʝʙʥʷ ʛʨʘ-

ʚʠʡʥʦʛʦ (ʬʨʘʢʮʠʷʤʠ 5ï20, 20ï40 ʤʤ ʠ ʜʨ.), ʪ; 

nj ʑɻʑɻʑɻʑɻ mmmm ,,,
21

ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʦʣʷ (ʚ ʧʨʦʮʝʥʪʘʭ) ʱʝʙʥʷ ʛʨʘʚʠʡʥʦʛʦ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʪʘʥʜʘʨʪʥʳʭ ʬʨʘʢʮʠʡ ʚ ʦʙʱʝʡ ʤʘʩʩʝ ʛʨʘʚʠʷ, ʧʨʦʰʝʜʰʝʛʦ ʜʨʦʙʣʝ-

ʥʠʝ ʠ ʨʘʟʜʝʣʝʥʠʝ ʥʘ ʬʨʘʢʮʠʠ, ʚ ʩʫʤʤʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʪʦ ʧʨʦʮʝʥʪʦʚ; 

 

ʆʙʱʘʷ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʪʨʫʢʪʫʨʳ ʧʦʩʪʘʚʣʷʝʤʳʭ ʩʪʘʥʜʘʨʪʥʳʭ ʨʝʯʥʦʛʦ ʧʝʩ-

ʢʘ ʠ ʱʝʙʥʷ ʛʨʘʚʠʡʥʦʛʦ (ʵʪʘʧ V ʧʦ ʨʠʩ. 1) ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ 

+Ö=+++++++=
injiii ʈʇʑɻʑɻʑɻʑɻ

ʉʂ

ʈʇ

ʄ

ʈʇʈʇ GmGGGGGGG 1(01,0......
21

 

.)......(01,0)
212

ɻʈ

ʈʇʑɻ

ɻʈ

ʈʇʑɻ

ɻʈ

ʈʇʑɻ

ɻʈ

ʈʇʑɻʈʇ inijiii
GmGmGmGmGm +++++Ö++ (4) 

ɺʳʙʦʨ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʚʘʨʠʘʥʪʘ ʧʦʣʫʯʝʥʠʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʅʉʄ (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʝʯʥʦʛʦ ʧʝʩʢʘ ʠ ʱʝʙʥʷ ʛʨʘʚʠʡʥʦʛʦ) ʜʦʣʞʥʳ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʩ ʨʘʩʯʝʪʦʤ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʵʪʦʛʦ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ 

ʤʝʨʦʧʨʠʷʪʠʡ, ʩ ʫʯʝʪʦʤ ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʡ, ʤʝʩʪ ʠ ʩʧʦʩʦʙʦʚ ʜʦʙʳʯʠ, ʦʙʦʛʘʱʝʥʠʷ 

ʧʝʩʢʘ, ʜʨʦʙʣʝʥʠʷ ʠ ʩʦʨʪʠʨʦʚʢʠ ʛʨʘʚʠʷ ʩ ʦʙʷʟʘʪʝʣʴʥʦʡ ʨʝʥʪʘʙʝʣʴʥʦʡ ʨʝʘʣʠʟʘʮʠʝʡ ʠʭ 

ʥʘ ʨʳʥʢʝ ʩʙʳʪʘ. ʉʪʘʥʜʘʨʪʥʳʡ ʥʝʨʫʜʥʳʡ ʤʘʪʝʨʠʘʣ ʥʘ ʨʳʥʢʝ ʩʙʳʪʘ ʩʪʦʠʪ ʥʘ 30ï40% 

ʚʳʰʝ, ʯʝʤ ʧʨʦʩʪʦ ʜʦʙʳʪʳʡ ʠʟ ʢʘʨʴʝʨʘ, ʧʦ ʩʫʪʠ, ʛʨʫʥʪ. 
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THE CONCEPT OF ENSURING DELIVERY TO CONS UMERS  

OF THE STANDARD RIVE R SAND EXTRACTED  

AND TRANSPORTED BY THE VOLGA PORTS  

A.I. Telegin, E.V. Frolova 

Keywords: freight transportation, river transport, nonmetallic construction materials. 

 

The main stages of preparation for production and production of nonmetallic building mate-

rials on river transport are considered, the scheme considering production and receipt of 

materials, the corresponding TU-212 and GOST 8736 is formulated. Analytical delivery pat-

terns of nonmetallic building materials taking into account the quality required by consum-

ers, structures of the delivered standard sand and gravel are offered. 

ʉʪʘʪʴʷ ʧʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ 18.04.2017 ʛ. 

 

 

 

ʋɼʂ 656.62.064 

 
ɺ.ɺ. ʎʚʝʨʦʚ, ʜ.ʵ.ʥ., ʜʦʮʝʥʪ, ʌɻɹʆʋ ɺʆ çɺɻʋɺʊè 

ɺ.ɺ. ʉʘʭʘʨʦʚʘ, ʚʝʜʫʱʠʡ ʤʝʥʝʜʞʝʨ, ʆʆʆ çʀʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʨʦʝʢʪʳè 

603951, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʫʣ. ʅʝʩʪʝʨʦʚʘ, 5. 

ʆɹɽʉʇɽʏɽʅʀɽ ʅɸɼɽɾʅʆʉʊʀ ɺʓʇʆʃʅɽʅʀʗ 

ʆɹʗɿɸʊɽʃʔʉʊɺ ʇʈʀ ʋʇʈɸɺʃɽʅʀʀ ɿɸʂɸɿɸʄʀ  

ɺ ʆʈɻɸʅʀɿɸʎʀʀ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʋʧʨʘʚʣʝʥʠʝ ʟʘʢʘʟʘʤʠ, ʣʦʛʠʩʪʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʛʠʙʢʦʩʪʴ, ʩʨʦʢ ʚʳʧʦʣ-

ʥʝʥʠʷ ʟʘʢʘʟʘ, ʩʝʪʝʚʘʷ ʮʝʧʴ ʚʳʧʦʣʥʝʥʠʷ ʟʘʢʘʟʦʚ. 

 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʧʦʜʭʦʜʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʛʠʙʢʠʭ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʩʠʩʪʝʤʘʭ, ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʟʘʢʘʟʘʤʠ ʚ ʧʨʦʝʢʪʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʭ ʦʨ-

ʛʘʥʠʟʘʮʠʷʭ. ɺʳʷʚʣʝʥʳ ʬʘʢʪʦʨʳ ʦʪʢʣʦʥʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ ʟʘʢʘʟʘʤʠ ʠ 

ʧʨʝʜʣʦʞʝʥ ʠʥʩʪʨʫʤʝʥʪ ʦʙʝʩʧʝʯʝʥʠʷ ʩʦʙʣʶʜʝʥʠʷ ʧʣʘʥʦʚʳʭ ʩʨʦʢʦʚ. 

 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʪʨʝʙʦʚʘʥʠʡ, ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʢ ʫʧʨʘʚʣʝʥʠʶ ʟʘʢʘʟʘʤʠ ʧʨʠ ʧʨʦ-

ʝʢʪʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʙʦʪʘʭ, ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ 

ʦʙʷʟʘʪʝʣʴʩʪʚ ʧʦ ʟʘʢʘʟʫ ʧʨʠ ʥʘʣʠʯʠʠ ʨʘʟʣʠʯʥʳʭ ʚʥʝʰʥʠʭ ʠ ʚʥʫʪʨʝʥʥʠʭ ʦʪʢʣʦʥʷʶʱʠʭ 

ʚʦʟʜʝʡʩʪʚʠʡ.  

ʌʘʢʪʦʨʘʤʠ ʚʥʝʰʥʠʭ ʦʪʢʣʦʥʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ ʟʘʢʘʟʘʤʠ ʚ ʧʨʦ-

ʝʢʪʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʷʭ ʤʦʛʫʪ ʙʳʪʴ: 

ï ʦʙʥʦʚʣʝʥʠʝ ʘʩʩʦʨʪʠʤʝʥʪʘ ʟʘʢʘʟʦʚ; 

ï ʥʘʣʠʯʠʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ, ʚʣʝʢʫʱʠʭ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʢʦʨʨʝʢʪʠʨʦʚ-

ʢʠ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚʳʧʦʣʥʝʥʠʷ ʟʘʢʘʟʦʚ; 

ï ʠʟʤʝʥʝʥʠʝ ʨʘʟʤʝʨʦʚ ʟʘʢʘʟʦʚ; 

ï ʥʘʨʫʰʝʥʠʝ ʨʠʪʤʠʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ; 

ï ʩʨʦʯʥʳʝ ʟʘʢʘʟʳ; 

ïʫʚʝʣʠʯʝʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ, ʚʳʧʦʣʥʷʝʤʳʭ ʩʪʦʨʦʥ-

ʥʠʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʦʛʦʚʦʨʥʦʡ ʠʭ ʚʝʣʠʯʠʥʦʡ; 

ï ʥʝ ʚʳʧʦʣʥʝʥʠʝ ʦʙʷʟʘʪʝʣʴʩʪʚ ʩʪʦʨʦʥʥʠʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ, ʫʯʘʩʪʚʫʶʱʠʤʠ ʚ ʧʨʦ-

ʮʝʩʩʝ;  

ï ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ ʧʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ ʠ ʩʪʠʭʠʡʥʳʝ ʙʝʜʩʪʚʠʷ; 



ɺ.ɺ. ʎʚʝʨʦʚ, ɺ.ɺ. ʉʘʭʘʨʦʚʘ 
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ï ʬʦʨʩ-ʤʘʞʦʨʥʳʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʦʣʠʪʠʯʝʩʢʠʤʠ ʨʠʩʢʘʤʠ ʠ ʜʨ. 

ʌʘʢʪʦʨʳ ʚʥʫʪʨʝʥʥʠʭ ʦʪʢʣʦʥʝʥʠʡ ʚ ʣʦʛʠʩʪʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ: 

ï ʩʙʦʠ ʠ ʚʳʭʦʜ ʠʟ ʩʪʨʦʷ ʦʩʥʦʚʥʦʛʦ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

ï ʙʨʘʢ; 

ï ʥʝʚʳʭʦʜ ʥʘ ʨʘʙʦʪʫ ʠʩʧʦʣʥʠʪʝʣʝʡ; 

ï ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʢʚʘʣʠʬʠʢʘʮʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʝʨʩʦʥʘʣʘ; 

ï ʥʝʩʦʙʣʶʜʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʜʠʩʮʠʧʣʠʥʳ ʠ ʪ. ʜ. 

ʂʦʣʠʯʝʩʪʚʦ ʦʪʢʣʦʥʝʥʠʡ ʨʘʩʪʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʥʦʤʝʥʢʣʘʪʫʨʳ ʟʘʢʘʟʦʚ, ʫʤʝʥʴʰʝʥʠ-

ʝʤ ʨʘʟʤʝʨʦʚ ʟʘʢʘʟʦʚ, ʫʚʝʣʠʯʝʥʠʝʤ ʦʙʥʦʚʣʝʥʠʷ ʘʩʩʦʨʪʠʤʝʥʪʘ. 

ʆ ʚʘʞʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʨʦʙʣʝʤʳ ʛʦʚʦʨʠʪ ʪʦ, ʯʪʦ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ 

ʦʪ 40 ʜʦ 60% ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠ ʤʝʥʝʜʞʝʨʳ ʪʨʘʪʷʪ ʥʘ ʫʩʪʨʘʥʝʥʠʝ ʥʘʨʫʰʝʥʠʡ [1, 2]. 

ʇʨʠ ʤʘʩʩʦʚʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʨʝʜʧʨʠʷʪʠʷ ʜʣʷ ʨʝʰʝʥʠʷ ʘʥʘʣʦʛʠʯʥʳʭ ʧʨʦʙʣʝʤ ʧʝ-

ʨʝʭʦʜʷʪ ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʛʠʙʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʩʠʩʪʝʤ. ɻʠʙʢʘʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ 

ʩʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ: ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʯʠʩʣʦʚʳʤ ʧʨʦʛʨʘʤʤʥʳʤ 

ʫʧʨʘʚʣʝʥʠʝʤ, ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ, ʛʠʙʢʠʭ ʧʨʦʠʟʚʦʜ-

ʩʪʚʝʥʥʳʭ ʤʦʜʫʣʝʡ, ʦʪʜʝʣʴʥʳʭ ʝʜʠʥʠʮ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʩʠʩʪʝʤ ʦʙʝʩ-

ʧʝʯʝʥʠʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʛʠʙʢʠʭ ʧʝʨʝʥʘʣʘʞʠʚʘʝʤʳʭ ʩʠʩʪʝʤ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝ-

ʞʠʤʝ ʚ ʪʝʯʝʥʠʝ ʟʘʜʘʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝʥʠ.[4] ʆʧʨʝʜʝʣʝʥʥʳʡ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʪʘʢ-

ʞʝ ʥʘʨʘʙʦʪʘʥ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʩʦʟʜʘʥʠʶ ʠ ʫʧʨʘʚʣʝʥʠʶ ʛʠʙʢʠʤʠ ʮʝʧʷʤʠ ʧʦʩʪʘʚʦʢ [1, 

2, 3, 4, 5, 6]. ɺ ʯʠʩʪʦʤ ʚʠʜʝ ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ ʟʘʢʘʟʘʤʠ ʚ ʦʙʣʘʩʪʠ ʧʨʦ-

ʝʢʪʥʦ-ʩʪʨʦʠʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʝ ʧʨʠʤʝʥʠʤ. ʅʦ, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, ʯʘʩʪʴ ʥʘʨʘ-

ʙʦʪʘʥʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʦʙʝʩʧʝʯʝʥʠʶ ʛʠʙʢʦʩʪʠ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ 

ʩʠʩʪʝʤʘʤʠ ʠ ʧʦʩʪʘʚʢʘʤʠ ʤʦʞʝʪ ʙʳʪʴ ʘʜʘʧʪʠʨʦʚʘʥʘ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʫʧʨʘʚʣʝʥʠʶ ʟʘ-

ʢʘʟʘʤʠ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʦʙʣʘʩʪʠ ʜʝʷʪʝʣʴʥʦʩʪʠ.  

ʉ ʫʯʝʪʦʤ ʩʢʘʟʘʥʥʦʛʦ ʧʨʝʜʣʘʛʘʝʪʩʷ ʛʠʙʢʦʝ ʫʧʨʘʚʣʝʥʠʝ ʟʘʢʘʟʘʤʠ ʚ ʧʨʦʝʢʪʥʦ-

ʩʪʨʦʠʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʷʭ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʯʝʨʝʟ ʨʘʟʨʘʙʦʪʢʫ ʩʪʘʥʜʘʨʪʦʚ ʧʨʝʜʧʨʠʷʪʠʷ 

ʧʦ ʛʠʙʢʦʤʫ ʚʳʧʦʣʥʝʥʠʶ ʟʘʢʘʟʘʤʠ ʚ ʨʘʤʢʘʭ ʛʠʙʢʠʭ ʩʠʩʪʝʤ ʚʳʧʦʣʥʝʥʠʷ ʟʘʢʘʟʦʚ. 
ʇʨʝʜʣʘʛʘʝʤʳʡ ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʦʙʝʩʧʝʯʝʥʠʶ ʛʠʙʢʦʩʪʠ ʧʨʦʮʝʩʩʘ 

ʚʳʧʦʣʥʝʥʠʷ ʟʘʢʘʟʦʚ ʚ ʧʨʦʝʢʪʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʷʭ ʩ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʶ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʦʙʷʟʘʪʝʣʴʩʪʚ ʧʝʨʝʜ ʟʘʢʘʟʯʠʢʦʤ ʚʢʣʶʯʘʝʪ: 

ï ʘʣʛʦʨʠʪʤ ʩʦʟʜʘʥʠʷ ʛʠʙʢʠʭ ʩʠʩʪʝʤ ʚʳʧʦʣʥʝʥʠʷ ʟʘʢʘʟʦʚ (ɻʉɺɿ); 

ï ʦʧʨʝʜʝʣʝʥʠʝ ʚʠʜʦʚ ʛʠʙʢʦʩʪʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʚʳʧʦʣʥʝ-

ʥʠʠ ʟʘʢʘʟʦʚ ʚ ʧʨʦʝʢʪʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʷʭ; 

ï ʩʝʪʝʚʫʶ (ʤʥʦʛʦʚʘʨʠʘʥʪʥʘʷ) ʮʝʧʴ ʚʳʧʦʣʥʝʥʠʷ ʟʘʢʘʟʘ. 

ʇʨʠ ʫʧʨʘʚʣʝʥʠʠ ʟʘʢʘʟʘʤʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʛʠʙʢʦʩʪʠ ʩʠ-

ʩʪʝʤ: 

ï ʛʠʙʢʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ ï ʦʪʨʘʞʘʝʪ ʜʣʠʪʝʣʴʥʦʩʪʴ ʠ ʩʪʦʠʤʦʩʪʴ ʧʝʨʝʭʦʜʘ ʥʘ ʚʳ-

ʧʦʣʥʝʥʠʝ ʦʯʝʨʝʜʥʦʛʦ ʚʠʜʘ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʚ ʧʨʝʜʝʣʘʭ ʟʘʢʨʝʧʣʝʥʥʦʛʦ ʟʘ 

ɻʉɺɿ ʘʩʩʦʨʪʠʤʝʥʪʘ; 

ï ʘʩʩʦʨʪʠʤʝʥʪʥʘʷ ʛʠʙʢʦʩʪʴ ï ʦʪʨʘʞʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ɻʉɺɿ ʢ ʦʙʥʦʚʣʝʥʠʶ ʘʩʩʦʨʪʠ-

ʤʝʥʪʘ ʟʘʢʘʟʦʚ. ɽʝ ʦʩʥʦʚʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʷʚʣʷʶʪʩʷ ʩʨʦʢʠ ʠ ʩʪʦʠʤʦʩʪʴ ʧʦʜʛʦ-

ʪʦʚʢʠ ʢ ʚʳʧʦʣʥʝʥʠʶ ʥʦʚʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʟʘʢʘʟʦʚ; 

ï ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʛʠʙʢʦʩʪʴ ï ʦʪʨʘʞʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ɻʉɺɿ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʣʠʯ-

ʥʳʝ ʚʘʨʠʘʥʪʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʜʣʷ ʩʛʣʘʞʠʚʘʥʠʷ ʚʦʟʤʦʞʥʳʭ ʦʪʢʣʦʥʝʥʠʡ ʦʪ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʛʨʘʬʠʢʘ ʚʳʧʦʣʥʝʥʠʷ ʟʘʢʘʟʦʚ; 

ï ʛʠʙʢʦʩʪʴ ʦʙʲʝʤʦʚ ï ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʩʧʦʩʦʙʥʦʩʪʠ ɻʉɺɿ ʨʘʮʠʦʥʘʣʴʥʦ ʚʳʧʦʣʥʷʪʴ 

ʟʘʢʘʟʳ ʚ ʫʩʣʦʚʠʷʭ ʜʠʥʘʤʠʯʥʦʩʪʠ ʠʭ ʨʘʟʤʝʨʦʚ.  

ʊʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʛʠʙʢʦʩʪʴ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʯʝʨʝʟ ʩʝʪʝʚʳʝ (ʤʥʦʛʦ-

ʚʘʨʠʘʥʪʥʳʝ) ʮʝʧʠ ʚʳʧʦʣʥʝʥʠʷ ʟʘʢʘʟʦʚ. ʕʪʦ ʥʦʚʳʡ ʠʥʩʪʨʫʤʝʥʪ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʧʦʣ-

ʥʝʥʠʷ ʟʘʢʘʟʦʚ ʚ ʩʨʦʢ, ʦʛʦʚʦʨʝʥʥʳʡ ʚ ʜʦʛʦʚʦʨʝ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʮʝʧʴ ʚʳʧʦʣ-

ʥʝʥʠʷ ʟʘʢʘʟʘ (ʎɺɿ), ʜʦʧʦʣʥʝʥʥʫʶ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤʠ ʎɺɿ ʠ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤʠ ʚʘʨʠ-

ʘʥʪʘʤʠ ʚʳʧʦʣʥʝʥʠʷ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʚ ʟʚʝʥʴʷʭ ʎɺɿ. ʆʥʠ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʝʨʝʛʨʫʟʦʢ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʚ ʦʪʜʝʣʴʥʳʭ ʟʚʝʥʴʷʭ ʎɺɿ ʠʟ-ʟʘ ʨʘʟ-



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 52, 2017 ʛ. 
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ʣʠʯʥʳʭ ʩʙʦʝʚ (ʧʦʣʦʤʦʢ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʝʚʳʭʦʜʘ ʨʘʙʦʪʥʠʢʦʚ, ʥʝʚʳʧʦʣʥʝʥʠʷ ʦʙʷʟʘ-

ʪʝʣʴʩʪʚ ʧʘʨʪʥʝʨʘʤʠ, ʬʦʨʩ-ʤʘʞʦʨʘ). ʇʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʝʩʫʨʩʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ ʤʦ-

ʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʧʫʪʝʤ: ʚʳʧʦʣʥʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʜʨʫʛʠ-

ʤʠ ʠʩʧʦʣʥʠʪʝʣʷʤ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ (ʀʃʆ) ʪʦʛʦ ʞʝ ʚʠʜʘ; ʧʝʨʝʜʘʯʠ ʣʦʛʠʩʪʠ-

ʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʥʘ ʀʃʆ ʜʨʫʛʦʛʦ ʚʠʜʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʦʣʥʦʩʪʴʶ ʠʣʠ ʯʘʩʪʠʯʥʦ 

ʤʝʥʷʶʪʩʷ ʤʘʨʰʨʫʪʳ ʧʨʦʜʚʠʞʝʥʠʷ ʤʘʪʝʨʠʘʣʴʥʳʭ, ʬʠʥʘʥʩʦʚʳʭ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʧʦʪʦʢʦʚ; ʠʟʤʝʥʝʥʠʷ ʘʣʛʦʨʠʪʤʘ ʚʳʧʦʣʥʝʥʠʷ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʙʝʟ ʠʟʤʝʥʝʥʠʷ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʀʃʆ. 

ɺʳʙʦʨ ʚʘʨʠʘʥʪʘ ʎɺɿ ʠ ʧʝʨʝʭʦʜ ʩ ʦʜʥʦʛʦ ʚʘʨʠʘʥʪʘ ʥʘ ʜʨʫʛʦʡ ʚ ʧʨʦʮʝʩʩʝ ʫʧʨʘʚʣʝ-

ʥʠʷ ʟʘʢʘʟʘʤʠ ʜʦʣʞʝʥ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʮʝʥʪʨʦʤ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʧʦʩʪʫ-

ʧʘʶʱʝʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʪʝʢʫʱʝʤ ʩʦʩʪʦʷʥʠʠ ʚʳʧʦʣʥʝʥʠʷ ʟʘʢʘʟʦʚ, ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ 

ʦʮʝʥʢʠ ʢʦʪʦʨʦʛʦ ʥʝʦʙʭʦʜʠʤʘ ʨʘʟʨʘʙʦʪʢʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʮʝʣʷʤ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʪʴ ʨʠʪʤʠʯʥʦʩʪʴ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴ-

ʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʟʘʢʘʟʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʜʘʥʥʳʤʠ ʧʨʠʦʨʠʪʝʪʘʤʠ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ 

ɻʉɺɿ ʜʦʣʞʥʘ ʨʘʟʨʘʙʘʪʳʚʘʪʴʩʷ ʧʦʜ ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ ʧʦʪʨʝʙʥʦʩʪʝʡ ʠ ʩʪʨʘʪʝʛʠʠ ʢʦʥ-

ʢʨʝʪʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ. ʇʦʵʪʦʤʫ ʦʥʘ ʩʧʝʮʠʘʣʠʟʠʨʫʝʪʩʷ ʠ ʧʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤʫ ʥʘʟʥʘ-

ʯʝʥʠʶ, ʠ ʧʦ ʩʧʝʢʪʨʫ ʟʘʜʘʯ. 

ɺ ɻʉɺɿ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʦʪʚʦʜʠʪʩʷ ʢʦʦʨʜʠʥʘʮʠʠ ʨʘʙʦʪʳ ʀʃʆ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ: 

ʩʠʥʭʨʦʥʠʟʘʮʠʶ ʘʣʛʦʨʠʪʤʘ ʚʳʧʦʣʥʷʝʤʳʭ ʜʝʡʩʪʚʠʡ; ʩʦʛʣʘʩʦʚʘʥʠʝ ʨʘʙʦʪʳ ʧʘʨʘʣʣʝʣʴʥʦ 

ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʭ ʀʃʆ ʩ ʮʝʣʴʶ ʥʝʜʦʧʫʱʝʥʠʷ ʩʙʦʝʚ ʠ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ; ʦʧʨʝʜʝ-

ʣʝʥʠʝ ʦʯʝʨʝʜʥʦʩʪʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʟʘʷʚʦʢ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚʳʧʦʣ-

ʥʝʥʠʷ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʣʘʥʦʤ. ʇʨʠ ʵʪʦʤ ʮʝʥʪʨ ʫʧʨʘʚʣʝʥʠʷ 

ʜʦʣʞʝʥ ʩʪʨʝʤʠʪʴʩʷ ʦʙʝʩʧʝʯʠʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʣʶʙʳʭ 

ʚʥʝʰʥʠʭ ʠ ʚʥʫʪʨʝʥʥʠʭ ʩʣʫʯʘʡʥʳʭ ʦʪʢʣʦʥʝʥʠʷʭ. 

ʋʧʨʘʚʣʝʥʠʝ ʧʦʪʦʢʦʚʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʧʨʠ ʧʨʦʝʢʪʥʦ-ʩʪʨʦʠʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʫʪʝʤ ʨʘʟʨʘʙʦʪʢʠ ʠ ʨʝʘʣʠʟʘʮʠʠ ʩʝʪʝʚʳʭ ʮʝʧʝʡ ʚʳʧʦʣʥʝ-

ʥʠʷ ʟʘʢʘʟʦʚ. ʆʥʠ ʦʩʦʙʝʥʥʦ ʮʝʣʝʩʦʦʙʨʘʟʥʳ ʚ ɻʉɺɿ ʰʠʨʦʢʠʤ ʘʩʩʦʨʪʠʤʝʥʪʦʤ ʟʘʢʘʟʦʚ. 

ɼʘʥʥʳʝ ʩʠʩʪʝʤʳ ʜʦʣʞʥʳ ʨʘʩʧʦʣʘʛʘʪʴ ʥʝʩʢʦʣʴʢʠʤʠ ʚʠʜʘʤʠ ʀʃʆ ʩ ʯʘʩʪʠʯʥʦ ʩʦʚʧʘʜʘ-

ʶʱʠʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ.  

ɺ ʧʨʦʮʝʩʩʝ ʫʧʨʘʚʣʝʥʠʷ ʟʘʢʘʟʘʤʠ ʧʨʠ ʚʳʙʦʨʝ ʎɺɿ ʨʫʢʦʚʦʜʩʪʚʫʶʪʩʷ ʮʝʣʴʶ ʚʳʨʘʚ-

ʥʠʚʘʥʠʷ ʟʘʛʨʫʟʢʠ ʀʃʆ ʚ ʧʨʝʜʝʣʘʭ ʧʣʘʥʦʚʦʛʦ ʦʙʲʝʤʘ ʟʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʚʨʝʤʝʥʥʦʡ ʧʝ-

ʨʠʦʜ. ʎʝʣʝʩʦʦʙʨʘʟʥʦ ʨʘʟʨʘʙʦʪʘʪʴ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʎɺɿ, ʦʧʠʩʘʥʠʝ ʢʦʪʦʨʳʭ ʩ ʯʝʪ-

ʢʦ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʣʦʛʠʩʪʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʦʣʞʥʦ ʭʨʘʥʠʪʴʩʷ ʚ ʙʘʥʢʝ ʜʘʥʥʳʭ 

ʩʪʘʥʜʘʨʪʘ ʧʨʝʜʧʨʠʷʪʠʷ ʥʘ ʫʧʨʘʚʣʝʥʠʝ ʟʘʢʘʟʘʤʠ. ʕʪʦ ʦʙʝʩʧʝʯʠʪ ɻʉɺɿ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʤʘʥʝʚʨʘ ʠʤʝʶʱʠʤʠʩʷ ʨʝʩʫʨʩʘʤʠ. ʅʘʠʙʦʣʝʝ ʥʘʛʣʷʜʥʳʤ ʠ ʫʜʦʙʥʳʤ ʜʣʷ 

ʘʥʘʣʠʟʘ ʷʚʣʷʝʪʩʷ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʝʪʝʚʦʡ ʮʝʧʠ ʚʳʧʦʣʥʝʥʠʷ ʟʘʢʘʟʦʚ ʚ ʚʠʜʝ ʦʨʠʝʥʪʠʨʦ-

ʚʘʥʥʦʛʦ ʘʮʠʢʣʠʯʝʩʢʦʛʦ ʛʨʘʬʘ (ʩʝʪʠ), ʚ ʢʦʪʦʨʦʤ ʢʘʞʜʘʷ ʚʝʨʰʠʥʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʧʨʝ-

ʜʝʣʝʥʥʦʤʫ ʀʃʆ.  

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʡ ʧʦ ʩʦʟʜʘʥʠʶ ɻʉɺɿ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1. 
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ʈʠʩ. 1. ɸʣʛʦʨʠʪʤ ʩʦʟʜʘʥʠʷ ɻʉɺɿ 

ʇʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʝʪʝʚʳʭ ʮʝʧʝʡ ʚʳʧʦʣʥʝʥʠʷ ʟʘʢʘʟʦʚ  

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʩʪʨʫʤʝʥʪʦʚ ʛʠʙʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʟʘʢʘʟʘʤʠ ʥʘ 

ʨʠʩ. 2. ʧʨʠʚʝʜʝʥʘ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʘʚʪʦʨʘʤʠ ʩʝʪʝʚʘʷ ʮʝʧʴ ʚʳʧʦʣʥʝʥʠʷ ʟʘʢʘʟʦʚ çʋʧʨʘʚ-

ʣʝʥʠʷ ʟʘʢʘʟʘʤʠ ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʦʙʲʝʢʪʦʚ ʙʝʨʝʛʦʫʢʨʝʧʣʝʥʠʷè ʜʣʷ ʧʨʦʝʢʪʥʦ-

ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ɿɸʆ çʇʀʈʉè, ʢʦʪʦʨʘʷ ʟʘʥʠʤʘʝʪʩʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝʤ ʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦʤ ʛʠʜʨʦʩʦʦʨʫʞʝʥʠʡ ʥʘ ʚʦʜʥʦʤ ʪʨʘʥʩʧʦʨʪʝ. 

ʅʘʟʚʘʥʠʝ ʦʧʝʨʘʮʠʡ ʠ ʠʭ ʠʩʧʦʣʥʠʪʝʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʙʦʟʥʘʯʝʥʠʷʤʠ ʥʘ ʨʠʩ. 2 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ.  

 

 
 

ʈʠʩ.2. ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʩʝʪʝʚʦʡ ʮʝʧʠ ʚʳʧʦʣʥʝʥʠʷ ʟʘʢʘʟʦʚ çʋʧʨʘʚʣʝʥʠʷ ʟʘʢʘʟʘʤʠ  

ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʦʙʲʝʢʪʦʚ ʙʝʨʝʛʦʫʢʨʝʧʣʝʥʠʷè ʚ ʚʠʜʝ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ 

 ʘʮʠʢʣʠʯʝʩʢʦʛʦ ʛʨʘʬʘ (ʩʝʪʠ) 
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ɺʳʷʚʣʝʥʠʝ ʧʨʠʯʠʥ ʩʙʦʝʚ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʦʧʝʨʘʮʠʡ ʚ ʟʚʝʥʴʷʭ ʎɺɿ 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʎɺɿ 

ʈʘʟʨʘʙʦʪʢʘ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʚʘʨʠʘʥʪʦʚ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʡ ʚ ʟʚʝʥʴʷʭ ʎɺɿ 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʙʘʥʢʘ ʜʘʥʥʳʭ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʚʘʨʠʘʥʪʦʚ  

ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʡ ʚ ʟʚʝʥʴʷʭ ʎɺɿ 

ʈʘʟʨʘʙʦʪʢʘ ʩʝʪʝʚʦʡ ʮʝʧʠ ʚʳʧʦʣʥʝʥʠʷ ʟʘʢʘʟʦʚ 

ʉʠʪʫʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʝʪʝʚʦʡ ʮʝʧʠ ʚʳʧʦʣʥʝʥʠʷ ʟʘʢʘʟʦʚ 

ʈʘʟʨʘʙʦʪʢʘ ʤʝʨ ʧʦ ʩʥʠʞʝʥʠʶ ʫʨʦʚʥʷ ʩʪʦʭʘʩʪʠʯʥʦʩʪʠ  

ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʦʧʝʨʘʮʠʡ ʚ ʟʚʝʥʴʷʭ ʎɺɿ 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 52, 2017 ʛ. 
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ʊʘʙʣʠʮʘ  

ʌʨʘʛʤʝʥʪ ʙʘʟʳ ʜʘʥʥʳʭ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʚʘʨʠʘʥʪʦʚ ʚʳʧʦʣʥʝʥʠʷ  

ʦʧʝʨʘʮʠʡ ʚ ʩʝʪʝʚʦʡ ʮʝʧʠ ʚʳʧʦʣʥʝʥʠʷ ʟʘʢʘʟʦʚ 

ʅʦʤʝʨ ʚ ʩʝʪʝʚʦʡ ʮʝʧʠ 

ʚʳʧʦʣʥʝʥʠʷ ʟʘʢʘʟʦʚ ʠ 

ʥʘʟʚʘʥʠʝ ʦʧʝʨʘʮʠʠ 

ʀʩʧʦʣʥʠʪʝʣʴ ʚ 

ʙʘʟʦʚʦʡ ʎɺɿ 

ɸʣʴʪʝʨʥʘʪʠʚʥʳʡ 

ʠʩʧʦʣʥʠʪʝʣʴ  

ʉʧʦʩʦʙ ʦʙʝʩʧʝʯʝʥʠʷ  

ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʚʘʨʠʘʥʪʘ 

ʠʩʧʦʣʥʝʥʠʷ 

1 ï ʧʦʜʛʦʪʦʚʢʘ ʪʝʨʨʠʪʦ-

ʨʠʠ 

ʵʢʩʢʘʚʘʪʦʨ ʕʆ 

4124 ɸ, ʬʨʦʥ-

ʪʘʣʴʥʳʡ ʧʦʛʨʫʟ-

ʯʠʢ ʇʂ-33-01-00 

ʵʢʩʢʘʚʘʪʦʨ JCB 220, 

ʬʨʦʥʪʘʣʴʥʳʡ  

ʧʦʛʨʫʟʯʠʢ  

XG 931 H 

ʘʨʝʥʜʘ ʫ ʆʆʆ çʇʨʦʛʨʝʩʩè 

ʠ ʆʆʆ çʉʧʝʮ-ʪʝʭʥʠʢʘè 

2 ï ʨʘʟʨʘʙʦʪʢʘ ʛʨʫʥʪʘ ʠ 

ʫʩʪʨʦʡʩʪʚʦ ʣʠʜʝʨʥʦʡ 

ʪʨʘʥʰʝʠ 

ʵʢʩʢʘʚʘʪʦʨ  

ʕʆ 4124 ɸ 

ʵʢʩʢʘʚʘʪʦʨ  

JCB 220 

ʘʨʝʥʜʘ ʫ ʆʆʆ çʇʨʦʛʨʝʩʩè 

3 ï ʟʘʚʦʟ ʰʧʫʥʪʘ ʥʘ ʦʙʲ-

ʝʢʪ, ʧʦʛʨʫʞʝʥʠʝ ʰʧʫʥʪʘ, 

ʜʦʩʪʘʚʢʘ ʘʥʢʝʨʥʳʭ 

ʫʩʪʨʦʡʩʪʚ, ʜʦʩʪʘʚʢʘ 

ʫʩʪʨʦʡʩʪʚ ʦʙʨʘʪʥʳʭ 

ʬʠʣʴʪʨʦʚ, ʫʩʪʘʥʦʚʢʘ ʦʙ-

ʨʘʪʥʳʭ ʬʠʣʴʪʨʦʚ 

ʩʫʜʥʦ  

ʧʨ. 81109 

ʩʫʜʥʦ 

 ʧʨ. 81218 

ʧʦʢʫʧʢʘ ʩʫʜʥʘ ʩ ʤʝʥʴʰʦʡ 

ʦʩʘʜʢʦʡ  

(ʚʤʝʩʪʦ ʩʫʜʥʘ ʧʨ. 81109 ʩ 

ʦʩʘʜʢʦʡ 1,6-1,88 ʤ ʧʨʠʦʙ-

ʨʝʪʝʥʠʝ ʩʫʜʥʘ ʧʨ. 81218 ʩ 

ʦʩʘʜʢʦʡ 1,1-1,57 ʤ) 

4 ï ʫʩʪʘʥʦʚʢʘ ʘʥʢʝʨʥʳʭ 

ʫʩʪʨʦʡʩʪʚ 

ʛʫʩʝʥʠʯʥʳʡ ʢʨʘʥ 

ɼʕʂ 251 

ʛʫʩʝʥʠʯʥʳʡ ʢʨʘʥ 

ʄʂɻ-25ɹʈ 

ʘʨʝʥʜʘ ʫ ʆʆʆ çɺʠʪʘ 

ʊʨʘʥʩè 

 

ʅʘ ʨʠʩ. 2 ʙʘʟʦʚʳʡ ʚʘʨʠʘʥʪ ʎɺʇ ʦʪʨʘʞʘʝʪʩʷ ʪʦʥʢʠʤʠ ʣʠʥʠʷʤʠ ʤʝʞʜʫ ʦʧʝʨʘʮʠʷʤʠ. 

ɸʣʴʪʝʨʥʘʪʠʚʥʳʝ ʚʘʨʠʘʥʪʳ ʠʩʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʡ ʦʙʦʟʥʘʯʝʥʳ ʦʜʠʥʘʢʦʚʳʤ ʩ ʙʘʟʦʚʳʤ 

ʚʘʨʠʘʥʪʦʤ ʥʦʤʝʨʦʤ ʩ ʧʦʤʝʪʢʦʡ çôè. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 2, ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʚʘʨʠʘʥʪʳ ʚʳʧʦʣʥʝʥʠʷ ʠʤʝʶʪ 13 ʠʟ 20 ʦʧʝʨʘ-

ʮʠʡ ʣʦʛʠʩʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ʕʪʦ ʪʝ ʦʧʝʨʘʮʠʠ, ʧʦ ʢʦʪʦʨʳʤ ʧʨʠ ʘʥʘʣʠʟʝ ʧʨʦʮʝʩʩʘ ʙʳ-

ʣʠ ʚʳʷʚʣʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʩʙʦʝʚ ʠʭ ʚʳʧʦʣʥʝʥʠʷ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʚʘʨʠʘʥʪʳ ʧʦʟʚʦʣʷʶʪ ʚ ʩʣʫʯʘʷʭ ʩʙʦʝʚ (ʥʘ ʧʨʠʤʝʨ 

ʧʦʣʦʤʢʠ) ʙʝʟ ʟʘʜʝʨʞʝʢ ʚ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ ʟʘʢʘʟʘ ʥʘ ʚʨʝʤʷ ʨʝʤʦʥʪʘ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʚʘʨʠʘʥʪ (ʥʘʧʨʠʤʝʨ ʘʨʝʥʜʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʝʭʥʠʢʠ) ʠʟ ʙʘʥʢʘ ʜʘʥ-

ʥʳʭ ʧʦ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤ ʚʘʨʠʘʥʪʘʤ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʡ, ʥʝ ʟʘʪʨʘʯʠʚʘʷ ʚʨʝʤʷ ʥʘ ʧʦ-

ʠʩʢ ʢʦʤʧʘʥʠʡ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʥʝʦʙʭʦʜʠʤʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʧʦ ʧʨʠʝʤʣʝʤʳʤ ʮʝʥʘʤ. ʊʘʢ 

ɿɸʆ çʇʀʈʉè ʚ ʩʣʫʯʘʝ ʧʦʣʦʤʢʠ ʩʦʙʩʪʚʝʥʥʦʛʦ ʵʢʩʢʘʚʘʪʦʨ ʕʆ 4124ɸ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʦʧʝʨʘʮʠʠ çʨʘʟʨʘʙʦʪʢʘ ʛʨʫʥʪʘ ʠ ʫʩʪʨʦʡʩʪʚʦ ʣʠʜʝʨʥʦʡ ʪʨʘʥʰʝʠè ʚʦʟʴʤʝʪ ʚ ʘʨʝʥʜʫ ʵʢʩ-

ʢʘʚʘʪʦʨ JCB 220 ʫ ʢʦʤʧʘʥʠʠ ʆʆʆ çʇʈʆɻʈɽʉʉè.  

ʇʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʝʪʝʚʳʭ ʮʝʧʝʡ ʚʳʧʦʣʥʝʥʠʷ ʟʘʢʘʟʦʚ ʥʝʦʙʭʦʜʠʤʦ ʚʳʜʝʣʷʪʴ ʩʣʫ-

ʯʘʠ, ʢʦʛʜʘ ʚʘʨʠʘʥʪʳ ʪʝʭʥʦʣʦʛʠʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʨʘʚʥʦʮʝʥʥʳ, ʠ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʙʦʣʝʝ 

ʨʘʟʫʤʥʦ ʚʳʜʝʣʠʪʴ ʙʘʟʦʚʳʡ ʠ ʦʙʭʦʜʥʳʝ (ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ) ʚʘʨʠʘʥʪʳ ʎɺɿ. ɺ ʨʝʘʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ ʧʨʠʤʝʥʝʥʠʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʚʘʨʠʘʥʪʦʚ ʎɺɿ ʷʚʣʷʝʪʩʷ ʝʩʪʝʩʪʚʝʥʥʳʤ ʩʨʝʜ-

ʩʪʚʦʤ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʠʪʤʠʯʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʧʣʘʥʘ ʠ ʟʘʢʘʟʦʚ. 

ʇʨʠ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ ʟʘʢʘʟʝ ʫʩʣʦʚʠʷ ʝʛʦ ʠʟʚʝʩʪʥʳ, ʧʦʵʪʦʤʫ ʧʦʜʭʦʜʷʱʠʝ ʘʣʴ-

ʪʝʨʥʘʪʠʚʥʳʝ ʚʘʨʠʘʥʪʳ ʎɺɿ ʤʦʞʥʦ ʙʨʘʪʴ ʠʟ ʙʘʥʢʘ ʜʘʥʥʳʭ, ʩʦʟʜʘʥʥʦʛʦ ʚ ʨʘʤʢʘʭ ʨʘʟ-

ʨʘʙʦʪʢʠ ʩʪʘʥʜʘʨʪʘʧʨʝʜʧʨʠʷʪʠʷ ʥʘ ʫʧʨʘʚʣʝʥʠʝ ʟʘʢʘʟʘʤʠ. 

ɼʣʷ ʩʣʦʞʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʧʨʦʮʝʩʩʝ ʫʧʨʘʚʣʝʥʠʷ ʟʘʢʘʟʘʤʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʩʥʘʯʘʣʘ 

ʩʪʨʦʠʪʴ ʛʨʘʬʠʯʝʩʢʫʶ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʮʝʧʝʡ ʠʟ ʚʳʧʦʣʥʝʥʠʷ. ʇʨʠ ʠʭ ʥʘʣʠʯʠʠ ʩ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʤ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʦʧʠʩʘʥʠʝʤ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚ-

ʣʝʥʠʷ ʦʧʝʨʘʪʠʚʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʤʘʪʨʠʯʥʦʝ ʧʨʝʜʩʪʘʚ-

ʣʝʥʠʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʫʧʨʘʚʣʝʥʠʷ ʚ ʢʨʘʪʯʘʡʰʝʝ ʚʨʝʤʷ ʠ ʧʨʠ 

ʤʠʥʠʤʘʣʴʥʳʭ ʟʘʪʨʘʪʘʭ. 

ɸʚʪʦʨʘʤʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʭʦʜʘ ʧʨʦʮʝʩʩʘ ʚʳʧʦʣʥʝʥʠʷ ʟʘʢʘʟʦʚ ʥʘ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʦʙʲʝʢʪʦʚ ʙʝʨʝʛʦʫʢʨʝʧʣʝʥʠʷ (ʩ ʫʯʝʪʦʤ ʜʝʡʩʪʚʠʷ ʚʥʝʰʥʠʭ ʠ ʚʥʫʪʨʝʥʥʠʭ 

http://nizhniynovgorod.flagma.ru/405922/
http://nizhniynovgorod.flagma.ru/405922/
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ʬʘʢʪʦʨʦʚ ʦʪʢʣʦʥʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʭʦʜ ʚʳʧʦʣʥʝʥʠʷ ʟʘʢʘʟʘ) ʚ ʨʘʤʢʘʭ ʨʘʟʨʘʙʦʪʘʥ-

ʥʦʡ ɻʉɺɿ çʋʧʨʘʚʣʝʥʠʷ ʟʘʢʘʟʘʤʠ ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʦʙʲʝʢʪʦʚ ʙʝʨʝʛʦʫʢʨʝʧʣʝʥʠʷè (ʥʘ 

ʦʩʥʦʚʝ ʙʘʥʢʘ ʜʘʥʥʳʭ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʚʘʨʠʘʥʪʦʚ ʎɺɿ ʠ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʚ 

ʟʚʝʥʴʷʭ ʎɺɿ). ʆʥʦ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʦʩʣʝ ʚʥʝʜʨʝʥʠʷ ɻʉɺɿ ʩʨʦʢ ʚʳʧʦʣʥʝʥʠʷ ʟʘʢʘʟʘ ʟʘ 

ʩʯʝʪ ʩʦʢʨʘʱʝʥʠʷ ʧʨʦʩʪʦʝʚ ʫʤʝʥʴʰʘʝʪʩʷ ʩ 12 ʤʝʩʷʮʝʚ ʜʦ ʧʷʪʠ (ʥʘ ʩʝʤʴ ʤʝʩʷʮʝʚ), ʜʦʭʦ-

ʜʳ ʢʦʤʧʘʥʠʠ ʨʘʩʪʫʪ ʥʘ 25%, ʧʨʠʙʳʣʴ ʢʦʤʧʘʥʠʠ ʚʦʟʨʘʩʪʘʝʪ ʥʘ 23 %.. 

ɺʳʚʦʜʳ: 

ï ʚ ʧʨʦʝʢʪʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʷʭ ʦʙʝʩʧʝʯʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ 

ʦʙʷʟʘʪʝʣʴʩʪʚ ʧʦ ʟʘʢʘʟʘʤ ʧʨʠ ʥʘʣʠʯʠʠ ʨʘʟʣʠʯʥʳʭ ʚʥʝʰʥʠʭ ʠ ʚʥʫʪʨʝʥʥʠʭ ʦʪʢʣʦʥʷʶʱʠʭ 

ʚʦʟʜʝʡʩʪʚʠʡ ʚʦʟʤʦʞʥʦ ʯʝʨʝʟ ʩʦʟʜʘʥʠʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ɻʉɺɿ (ʛʠʙʢʠʭ ʩʠʩʪʝʤ ʚʳʧʦʣ-

ʥʝʥʠʷ ʟʘʢʘʟʦʚ); 

ï ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ ʟʘʢʘʟʘʤʠ ʚ ʧʨʦʝʢʪʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʷʭ ʤʦʛʫʪ ʵʬʬʝʢ-

ʪʠʚʥʦ ʧʨʠʤʝʥʷʪʴʩʷ ʩʝʪʝʚʳʝ ʮʝʧʠ ʚʳʧʦʣʥʝʥʠʷ ʟʘʢʘʟʦʚ. 
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ʇ.ʅ. ʊʦʢʘʨʝʚ 
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ʇ.ʅ. ʊʦʢʘʨʝʚ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʌɻɹʆʋ ɺʆ çɺɻʋɺʊè 

603951, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʫʣ. ʅʝʩʪʝʨʦʚʘ, 5 

ʄɽʊʆɼ ʆʇʈɽɼɽʃɽʅʀʗ ɻʀɼʈʆɼʀʅɸʄʀʏɽʉʂʀʍ  

ʋʉʀʃʀʁ ʅɸ ʂʆʈʇʋʉɽ ʉʋɼʅɸ ʇʈʀ ʇʈʆʀɿɺʆʃʔʅʆʄ 

ʇʃʆʉʂʆʄ ɼɺʀɾɽʅʀʀ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʨʧʫʩ ʩʫʜʥʘ. ʫʛʣʳ ʜʨʝʡʬʘ, ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ, ʧʦʟʠʮʠʦʥʥʳʝ ʠ ʜʝʤʧʬʠ-

ʨʫʶʱʠʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ. 

 

ɺ ʨʘʙʦʪʝ ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʛʠʜʨʦʜʠʥʘʤʠ-

ʯʝʩʢʠʭ ʫʩʠʣʠʡ ʥʘ ʢʦʨʧʫʩʝ ʤʘʥʝʚʨʠʨʫʶʱʝʛʦ ʩʫʜʥʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝ-

ʥʠ ʦʪʩʫʪʩʪʚʫʝʪ ʤʝʪʦʜ, ʧʦʟʚʦʣʷʶʱʠʡ ʚʝʩʪʠ ʨʘʩʯʝʪ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʫʩʠʣʠʡ ʥʘ 

ʢʦʨʧʫʩʝ ʩʫʜʥʘ ʧʨʠ ʧʨʦʠʟʚʦʣʴʥʦʤ ʧʣʦʩʢʦʤ ʜʚʠʞʝʥʠʠ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʠ ʚʳʧʦʣʥʝʥ-

ʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ, ʧʦʟʚʦʣʷʶʱʠʡ ʚʝʩʪʠ ʨʘʩʯʝʪ ʫʢʘʟʘʥʥʳʭ ʫʩʠʣʠʡ ʚʦ 

ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʥʝʥʠʷ ʫʛʣʦʚ ʜʨʝʡʬʘ ʠ ʨʘʜʠʫʩʘ ʧʦʚʦʨʦʪʘ ʮʝʥʪʨʘ ʤʘʩʩ ʩʫʜʥʘ ʚʢʣʶ-

ʯʘʷ ʚʨʘʱʝʥʠʝ ʥʘ ʤʝʩʪʝ.  

 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝ-

ʩʢʠʭ ʫʩʠʣʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʥʘ ʢʦʨʧʫʩʝ ʧʨʠ ʜʚʠʞʝʥʠʠ ʮʝʥʪʨʘ ʤʘʩʩ ʩʫʜʥʘ ʧʦ ʪʨʘʝʢʪʦ-

ʨʠʠ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʨʘʜʠʫʩʘ ʢʨʠʚʠʟʥʳ ʩ ʫʛʣʘʤʠ ʜʨʝʡʬʘ ʦʪ 0 ʜʦ 180 ʛʨʘʜʫʩʦʚ. ʂʘʢ ʠʟ-

ʚʝʩʪʥʦ, ʫʩʠʣʠʷ ʥʝʠʥʝʨʮʠʦʥʥʦʡ ʧʨʠʨʦʜʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʧʦʜʚʦʜʥʫʶ ʯʘʩʪʴ ʢʦʨʧʫʩʘ 

ʩʫʜʥʘ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʦʙʱʠʤ ʬʦʨʤʫʣʘʤ, ʚʳʪʝʢʘʶʱʠʤ ʠʟ ʪʝʦʨʠʠ ʧʦʜʦʙʠʷ: 
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. (1) 

ɿʜʝʩʴ  

ʍɻʩ , Yɻʩ , Mɻʩ  ï ʙʝʟʨʘʟʤʝʨʥʳʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʠʣ ʠ ʤʦʤʝʥʪʘ;  

T  ʠ L  ï ʦʩʘʜʢʘ ʠ ʜʣʠʥʘ ʩʫʜʥʘ ʤ;  

r ï ʧʣʦʪʥʦʩʪʴ ʚʦʜʳ, ʪ/ʤ3; 

v  ï ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʩʫʜʥʘ, ʤ/ʩ.  

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʙʝʟʨʘʟʤʝʨʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʍɻʩ , Yɻʩ , Mɻʩ ʟʘʚʠʩʷʪ ʦʪ ʩʦʦʪʥʦʰʝʥʠʡ ʛʣʘʚʥʳʭ 

ʨʘʟʤʝʨʝʥʠʡ ʩʫʜʥʘ, ʬʦʨʤʳ ʦʙʚʦʜʦʚ ʢʦʨʧʫʩʘ, ʫʛʣʘ ʜʨʝʡʬʘ, ʙʝʟʨʘʟʤʝʨʥʦʡ ʫʛʣʦʚʦʡ ʩʢʦ-

ʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʠ, ʥʘʢʦʥʝʮ, ʦʪ ʯʠʩʝʣ ʌʨʫʜʘ, ʈʝʡʥʦʣʴʜʩʘ ʠ ʉʪʨʫʭʘʣʷ, ʚʣʠʷʥʠʝʤ ʢʦʪʦ-

ʨʳʭ ʧʨʠ ʨʘʩʯʝʪʘʭ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʦʙʳʯʥʦ ʧʨʝʥʝʙʨʝʛʘʶʪ. 

ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʫʢʘʟʘʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʝʨʴʝʟʥʳʝ 

ʟʘʪʨʫʜʥʝʥʠʷ ʜʘʞʝ ʙʝʟ ʫʯʝʪʘ ʚʣʠʷʥʠʷ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʩʠʣʫ ʠʩʢʣʶʯʠʪʝʣʴʥʦʡ 

ʩʣʦʞʥʦʩʪʠ ʛʠʜʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ, ʠʤʝʶʱʠʭ ʤʝʩʪʦ ʧʨʠ ʢʨʠʚʦʣʠʥʝʡʥʦʤ ʜʚʠʞʝ-

ʥʠʠ ʩʫʜʥʘ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʜʦʩʪʘʪʦʯʥʦ ʩʪʨʦʛʫʶ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ 

ʜʚʠʞʝʥʠʷ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ ʚʙʣʠʟʠ ʩʫʜʥʘ. ʇʦʵʪʦʤʫ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʫʩʠʣʠʡ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʜʝʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ ʣʠʙʦ 

ʚ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʨʫʙʝ, ʣʠʙʦ ʚ ʦʧʳʪʦʚʦʤ ʙʘʩʩʝʡʥʝ. ɺ ʩʠʣʫ ʨʷʜʘ ʧʨʠʯʠʥ ʥʘʜʝʞʥʳʝ 
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ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʍɻʩ  ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʪʩʫʪʩʪʚʫʶʪ [1]. ʕʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʜʘʶʪ ʦʩʥʦʚʘʥʠʝ ʣʠʰʴ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʧʨʠ ʢʨʠʚʦʣʠʥʝʡʥʦʤ 

ʜʚʠʞʝʥʠʠ ʵʪʦʪ ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʤʝʥʷʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʠ ʚ ʨʘʩʯʝʪʘʭ ʫʧʨʘʚʣʷʝʤʦʩʪʠ 

ʤʦʞʥʦ ʧʨʠʥʠʤʘʪʴ ʝʛʦ ʧʦʩʪʦʷʥʥʳʤ, ʨʘʚʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʫ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʫʜʥʘ ʥʘ 

ʧʨʷʤʦʤ ʢʫʨʩʝ ʍʇʩ  [2]. 

ʇʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʩʪʨʫʢʪʫʨʳ ʚʳʨʘʞʝʥʠʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ Yɻʩ , 

Mɻʩ ʠʩʧʦʣʴʟʫʝʪʩʷ ʮʠʨʢʫʣʷʮʠʦʥʥʦ-ʦʪʨʳʚʥʘʷ ʪʝʦʨʠʷ ʢʨʳʣʘ ʤʘʣʦʛʦ ʫʜʣʠʥʝʥʠʷ, ʨʘʟʚʠ-

ʪʘʷ ʚ ʨʘʙʦʪʘʭ ʂ.ʂ. ʌʝʜʷʝʚʩʢʦʛʦ ʠ ɻ.ɺ. ʉʦʙʦʣʝʚʘ [3,4]. ʉʦʛʣʘʩʥʦ ʜʘʥʥʦʡ ʪʝʦʨʠʠ ʤʦʞʥʦ 

ʟʘʧʠʩʘʪʴ: 
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, (2) 

ʛʜʝ iʩ ʠ im  ï ʧʦʟʠʮʠʦʥʥʳʝ ʠ ʜʝʤʧʬʠʨʫʶʱʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ 

ʩʠʣʳ ʠ ʤʦʤʝʥʪʘ; 

b ï ʫʛʦʣ ʜʨʝʡʬʘ ʩʫʜʥʘ; 

w ï ʙʝʟʨʘʟʤʝʨʥʘʷ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʩʫʜʥʘ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʪʨʘʞʝʥʦ ʚ ʨʘʙʦʪʘʭ ʄ.ʗ. ɸʣ-

ʬʝʨʴʝʚʘ [5], ʅ.ʀ. ɸʥʠʩʠʤʦʚʦʡ [6], A.M. ɹʘʩʠʥʘ [7], ɸ.ɺ.ɺʘʩʠʣʴʝʚʘ [8], ɸ.ɼ.ɻʦʬʤʘʥʘ ʠ 

ɺ.ʀ.ʂʦʛʘʥʘ [ 9], ɺ.ɻ.ʇʘʚʣʝʥʢʦ [10], ʈ.ʗ.ʇʝʨʰʠʮʘ [11], ʃ.ʄ.ʈʳʞʦʚʘ [12], ɻ.ɺ.ʉʦʙʦʣʝʚʘ 

[2], ʂ.ʂ.ʌʝʜʷʝʚʩʢʦʛʦ [3] ʠ ʮʝʣʦʛʦ ʨʷʜʘ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ [13, 14, 15, 16]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʤʝʝʪʩʷ ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ Yɻʩ  ʠ 

Mɻʩ  ʢʦʨʧʫʩʦʚ ʩʫʜʦʚ ʠ ʪʦʣʢʘʝʤʳʭ ʩʦʩʪʘʚʦʚ. ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ iʩ. ʠ im , ʚʭʦ-

ʜʷʱʠʭ ʚ ʚʳʨʘʞʝʥʠʝ (2) ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʢ ʚ ʛʨʘʬʠʯʝʩʢʦʡ ʬʦʨʤʝ, ʪʘʢ ʠ ʚ ʚʠʜʝ ʘʧʧʨʦʢ-

ʩʠʤʘʮʠʦʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ. ʇʨʠʯʝʤ, ʢʦʣʠʯʝʩʪʚʦ ʯʣʝʥʦʚ iʩ. ʠ im  ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ, ʠ 

ʚʳʙʠʨʘʶʪʩʷ ʦʩʥʦʚʥʳʝ, ʦʧʨʝʜʝʣʷʶʱʠʝ, ʧʦ ʤʥʝʥʠʶ ʠʩʩʣʝʜʦʚʘʪʝʣʷ, ʯʣʝʥʳ. ʕʪʦ, ʧʨʝʞʜʝ 

ʚʩʝʛʦ, ʦʙʫʩʣʦʚʣʝʥʦ ʪʠʧʦʤ ʟʘʜʘʯʠ, ʨʝʰʘʝʤʦʡ ʘʚʪʦʨʘʤʠ ʤʝʪʦʜʘ ʠ ʠʤʝʶʱʠʤʠʩʷ ʚ ʠʭ 

ʨʘʩʧʦʨʷʞʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. 

ɸʥʘʣʠʟ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʫʩʠʣʠʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʧʦ ʩʪʨʫʢʪʫʨʝ ʚʳʨʘʞʝʥʠʷ (2) ʠʤʝʶʪʩʷ ʤʝʪʦʜʳ ʜʣʷ ʨʝʯʥʳʭ ʛʨʫʟʦʚʳʭ ʩʫʜʦʚ [9,10] ʧʘʩ-

ʩʘʞʠʨʩʢʠʭ ʩʫʜʦʚ [17,18], ʪʦʣʢʘʝʤʳʭ ʩʦʩʪʘʚʦʚ [19,20], ʤʦʨʩʢʠʭ ʪʨʘʥʩʧʦʨʪʥʳʭ [11,21] ʠ 

ʨʳʙʦʧʨʦʤʳʩʣʦʚʳʭ ʩʫʜʦʚ [22]. ʇʨʠʯʝʤ ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ ʜʣʷ ʩʫʜʦʚ ʠ ʩʦʩʪʘʚʦʚ ʨʝʯʥʦʛʦ 

ʬʣʦʪʘ ʫʯʠʪʳʚʘʶʪ ʠ ʚʣʠʷʥʠʝ ʦʛʨʘʥʠʯʝʥʥʦʡ ʛʣʫʙʠʥʳ ʬʘʨʚʘʪʝʨʘ. 

ʆʜʥʘʢʦ, ʤʝʪʦʜʳ, ʧʨʝʜʣʦʞʝʥʥʳʝ ʧʦ ʩʪʨʫʢʪʫʨʝ ʚʳʨʘʞʝʥʠʷ (2) ʧʨʠʛʦʜʥʳ ʜʣʷ ʨʘʩʯʝ-

ʪʘ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʩʫʜʥʦʤ ʤʘʥʝʚʨʦʚ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʫʛʣʦʚ ʜʨʝʡʬʘ ʠ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʧʦʚʦʨʦʪʘ (¯¢b 30 , 3,1¢w ). 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʮʠʨʢʫʣʷʮʠʦʥʥʦʛʦ ʠʣʠ ʧʦʟʠʮʠʦʥʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʭʘ-

ʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʙʦʣʴʰʠʤʠ ʫʛʣʘʤʠ ʜʨʝʡʬʘ, ʚ ʩʪʨʫʢʪʫʨʫ ʚʳʨʘʞʝʥʠʡ (2) ʚʚʦʜʷʪʩʷ 

ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ. 

ɺʧʝʨʚʳʝ ʪʘʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩ 

ʫʯʝʪʦʤ ʜʝʤʧʬʠʨʫʶʱʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ɸ.ɺ.ɺʘʩʠʣʴʝʚʳʤ [8]. 

ʉʪʨʫʢʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ [8] ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʍɻʩ , Yɻʩ , Mɻʩ  ʙʳʣʘ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ɻ.ʀ. ɺʘʛʘʥʦʚʳʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʪʦʣʢʘʝʤʳʭ ʩʦʩʪʘʚʦʚ, ʛʜʝ ʧʝʨʝʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʝʜʝʪʩʷ ʩ ʤʝʪʦʜʘ ʃ.ʄ. ʈʳʞʦʚʘ [23], 

ʢʦʪʦʨʳʡ ʧʨʝʜʣʦʞʝʥ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʪʦʣʢʘʝʤʳʭ ʩʦ-

ʩʪʘʚʦʚ. 

ʇʦʜʦʙʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʴʥʳʭ ʠʩ-

ʧʳʪʘʥʠʡ, ʧʨʝʜʣʦʞʝʥʳ ʖ.M. Macʪʫʰʢʠʥʳʤ ʠ ɽ.ʄ. ʐʝʩʪʝʨʥʝʥʢʦ ʜʣʷ ʩʫʜʦʚ ʨʳʙʦʧʨʦ-



ʇ.ʅ. ʊʦʢʘʨʝʚ 
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ʤʳʩʣʦʚʦʛʦ ʬʣʦʪʘ [24], ʉ.ɸ. ɺʘʩʠʣʴʝʚʳʤ ʜʣʷ ʧʘʩʩʘʞʠʨʩʢʠʭ ʩʫʜʦʚ ʨʝʯʥʦʛʦ ʬʣʦʪʘ [25]. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʚʳʰʝ ʤʝʪʦʜʳ, ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʠʚ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʧʨʝʜʝʣʝʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʫʩʠʣʠʡ ʧʨʠ ʨʘʩʯʝʪʝ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ çʩʠʣʴʥʳʭ ʤʘ-

ʥʝʚʨʦʚè, ʥʝ ʧʦʟʚʦʣʷʶʪ ʦʩʫʱʝʩʪʚʠʪʴ ʧʝʨʝʭʦʜ ʢ ʩʣʫʯʘʶ ʮʠʨʢʫʣʷʮʠʦʥʥʦʛʦ ʜʚʠʞʝʥʠʷ 

ʮʝʥʪʨʘ ʤʘʩʩ ʩʫʜʥʘ ʩ ʨʘʜʠʫʩʦʤ ʮʠʨʢʫʣʷʮʠʠ, ʩʪʨʝʤʷʱʠʤʩʷ ʢ ʥʫʣʶ. 

ɽʜʠʥʩʪʚʝʥʥʳʤ ʤʝʪʦʜʦʤ, ʧʦʟʚʦʣʷʶʱʠʤ ʚʝʩʪʠ ʨʘʩʯʝʪ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʫʩʠʣʠʡ 

ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʧʣʦʩʢʦʛʦ ʜʚʠʞʝʥʠʷ ʩʫʜʥʘ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ 

ɸ.ʇ. ʊʫʤʘʰʠʢʘ [21], ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʜʘʥ ʜʨʫʛʦʡ ʩʧʦʩʦʙ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʙʝʟʨʘʟʤʝʨ-

ʥʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ, ʜʦʧʫʩʢʘʶʱʝʡ ʧʨʝʜʝʣʴʥʳʡ ʧʝʨʝʭʦʜ ʢ ʩʣʫʯʘʶ 0=R . ʄʝʪʦʜ 

ɸ.ʇ. ʊʫʤʘʰʠʢʘ ʧʨʝʜʣʦʞʝʥ ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʡ ʤʦʜʝʣʝʡ ʤʦʨʩʢʠʭ ʩʫʜʦʚ 

ʩʝʨʠʠ ʅ.ʀ. ɸʥʠʩʠʤʦʚʦʡ [6]. ʀʩʧʦʣʴʟʫʷ ʘʧʧʨʦʢʩʠʤʘʮʠʦʥʥʳʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʦʧʨʝʜʝ-

ʣʝʥʠʷ Yɻʩ  ʠ Mɻʩ  ʧʨʝʜʣʦʞʝʥʥʳʝ ʀ.ʇ.ʄʝʣʢʦʟʝʨʦʚʦʡ [22], ʟʘʚʠʩʠʤʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʝ 

ɸ.ʇ. ʊʫʤʘʰʠʢʦʤ, ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʨʘʩʯʝʪʝ ʧʘʨʘʤʝʪʨʦʚ ʜʚʠʞʝʥʠʷ ʩʫʜʥʘ ʩ 

ʧʦʤʦʱʴʶ ʕɺʄ. ʅʘ ʨʠʩ. 1ï4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ Yɻʩ  ʠ Mɻʩ  , 

ʨʘʩʩʯʠʪʘʥʥʳʝ ʜʣʷ ʪʝʧʣʦʭʦʜʘ ʪʠʧʘ çɺʦʣʛʦ-ɼʦʥè ʧʦ ʨʘʟʣʠʯʥʳʤ ʤʝʪʦʜʘʤ. ɸʥʘʣʠʟ ʧʦʣʫ-

ʯʝʥʥʳʭ ʢʨʠʚʳʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʤʝʶʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʘʩʭʦʞʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦ ʨʘʟʣʠʯʥʳʤ ʤʝʪʦʜʘʤ. 
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