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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 » 

 24 

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. 

ʉʪʘʪʴʷ ʧʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ 16.06.2017 ʛ. 
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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. 

 

 

 

https://www.l-3avionics.com/products/esis/models.aspx
http://www.aviationunion.ru/Files/%20Nom_9_OAO%20_UKBP.pdf
http://www.aviationunion.ru/Files/%20Nom_9_OAO%20_UKBP.pdf
https://www.thalesgroup.com/sites/default/files/asset/document/IESI%20%20Helico%202010.pdf
https://www.thalesgroup.com/sites/default/files/asset/document/IESI%20%20Helico%202010.pdf


ɺ.ɺ. ʇʝʪʨʫʥʠʥ, ʉ.ʄ. ʅʝʝʚʠʥ, ʉ.ɸ. ɼʫʰʝʚ, ʀ.ɺ. ʄʘʣʠʥʦʚʩʢʠʡ, ɺ.ɺ. ɹʘʥʢʨʫʪʝʥʢʦ» 

ʉʠʩʪʝʤʘ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʧʦʜʜʝʨʞʢʠ ʠʟʜʝʣʠʡ ʈʋ. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ » 

 40 

ʋɼʂ 004.4:621.039.566 

 
ɺ.ɺ. ʇʝʪʨʫʥʠʥ, ʧʝʨʚʳʡ ʟʘʤʝʩʪʠʪʝʣʴ ʜʠʨʝʢʪʦʨʘ-ʛʝʥʝʨʘʣʴʥʦʛʦ ʢʦʥʩʪʨʫʢʪʦʨʘ, ʜ.ʪ.ʥ., 

ʉ.ʄ. ʅʝʝʚʠʥ, ʟʘʤʝʩʪʠʪʝʣʴ ʜʠʨʝʢʪʦʨʘ-ʛʝʥʝʨʘʣʴʥʦʛʦ ʢʦʥʩʪʨʫʢʪʦʨʘ,  

ʉ.ɸ. ɼʫʰʝʚ, ʟʘʤʝʩʪʠʪʝʣʴ ʛʣʘʚʥʦʛʦ ʢʦʥʩʪʨʫʢʪʦʨʘ, ʢ.ʪ.ʥ.,  

ʀ.ɺ. ʄʘʣʠʥʦʚʩʢʠʡ, ʥʘʯʘʣʴʥʠʢ ʧʦʜʨʘʟʜʝʣʝʥʠʷ,  

ɺ.ɺ. ɹʘʥʢʨʫʪʝʥʢʦ, ʛʣʘʚʥʳʡ ʩʧʝʮʠʘʣʠʩʪ, ʢ.ʪ.ʥ., 

ʀ.ʅ. ʆʥʠʱʫʢ, ʥʘʯʘʣʴʥʠʢ ʧʦʜʨʘʟʜʝʣʝʥʠʷ,  
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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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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. 




