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 11 

ʋɼʂ 519. 853.4 

 
ʂ.ɸ. ɹʘʨʢʘʣʦʚ, ʢ.ʬ.-ʤ.ʥ., ʜʦʮʝʥʪ ʌɻɸʆʋ ɺʆ çʅʅɻʋ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦè 

ɸ.ɸ. ɻʝʪʤʘʥʩʢʘʷ, ʘʩʩʠʩʪʝʥʪ ʌɻɸʆʋ ɺʆ çʅʅɻʋ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦè 

ʈ.ɸ. ʀʩʨʘʬʠʣʦʚ, ʘʩʧʠʨʘʥʪ ʌɻɸʆʋ ɺʆ çʅʅɻʋ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦè 

603950, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʧʨ. ɻʘʛʘʨʠʥʘ, 23  

ʇʈʀʄɽʅɽʅʀɽ ɸɼɸʇʊʀɺʅʆʁ ʉʍɽʄʓ  

ʈɽɼʋʂʎʀʀ ʈɸɿʄɽʈʅʆʉʊʀ ɼʃʗ ɿɸɼɸʏ 

ʄʅʆɻʆʕʂʉʊʈɽʄɸʃʔʅʆʁ ʆʇʊʀʄʀɿɸʎʀʀ  

ʉ ʅɽʃʀʅɽʁʅʓʄʀ ʆɻʈɸʅʀʏɽʅʀʗʄʀ
1
 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʥʦʛʦʵʢʩʪʨʝʤʘʣʴʥʳʝ ʟʘʜʘʯʠ, ʛʣʦʙʘʣʴʥʳʡ ʦʧʪʠʤʫʤ, ʥʝʣʠʥʝʡʥʳʝ ʦʛʨʘ-

ʥʠʯʝʥʠʷ, ʚʣʦʞʝʥʥʘʷ ʦʧʪʠʤʠʟʘʮʠʷ, ʠʥʜʝʢʩʥʳʡ ʤʝʪʦʜ 

 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʥʦʚʳʡ ʘʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ ʤʥʦʛʦʤʝʨʥʳʭ ʤʥʦʛʦʵʢʩʪʨʝʤʘʣʴʥʳʭ ʟʘʜʘʯ 

ʦʧʪʠʤʠʟʘʮʠʠ ʩʦ ʩʣʦʞʥʳʤʠ ʥʝʣʠʥʝʡʥʳʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ. ɸʣʛʦʨʠʪʤ ʦʩʥʦʚʘʥ ʥʘ 

ʘʜʘʧʪʠʚʥʦʡ ʩʭʝʤʝ ʨʝʜʫʮʠʨʦʚʘʥʠʷ ʤʥʦʛʦʤʝʨʥʦʡ ʟʘʜʘʯʠ ʢ ʩʠʩʪʝʤʝ ʟʘʜʘʯ ʤʝʥʴʰʝʡ 

ʨʘʟʤʝʨʥʦʩʪʠ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʠʥʜʝʢʩʥʳʤ ʤʝʪʦʜʦʤ ʫʯʝʪʘ ʦʛʨʘʥʠʯʝʥʠʡ, ʥʝ ʪʨʝʙʫʶʱʠʤ 

ʚ ʦʪʣʠʯʠʝ ʦʪ ʤʝʪʦʜʘ ʰʪʨʘʬʥʳʭ ʬʫʥʢʮʠʡ ʧʦʜʙʦʨʘ ʢʘʢʠʭ-ʣʠʙʦ ʥʘʩʪʨʦʝʯʥʳʭ ʢʦʵʬ-

ʬʠʮʠʝʥʪʦʚ ʠ ʚʳʯʠʩʣʝʥʠʷ ʚʩʝʭ ʦʛʨʘʥʠʯʝʥʠʡ. ɼʘʝʪʩʷ ʦʧʠʩʘʥʠʝ ʦʙʱʝʡ ʩʭʝʤʳ ʘʣʛʦʨʠʪ-

ʤʘ. ʇʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʪʦʜʘ. 

 

ɿʘʜʘʯʠ ʤʥʦʛʦʵʢʩʪʨʝʤʘʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʪʳʩʢʘʥʠʝʤ ʛʣʦʙʘʣʴʥʦʛʦ 

ʦʧʪʠʤʫʤʘ ʤʥʦʛʦʵʢʩʪʨʝʤʘʣʴʥʳʭ ʬʫʥʢʮʠʡ (ʠʤʝʶʱʠʭ ʥʝʩʢʦʣʴʢʦ ʣʦʢʘʣʴʥʳʭ ʦʧʪʠʤʫ-

ʤʦʚ), ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʣʘʩʩ ʩʣʦʞʥʳʭ ʤʦʜʝʣʝʡ ʧʨʠʥʷʪʠʷ ʨʘʮʠʦʥʘʣʴʥʳʭ ʨʝʰʝʥʠʡ, 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʘʢʪʫʘʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʷʭ (ʦʧʪʠʤʘʣʴʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʦʙʲ-

ʝʢʪʦʚ ʠ ʧʨʦʮʝʩʩʦʚ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ, ʥʘʩʪʨʦʡʢʘ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʝʡ ʚ ʥʘʫʯʥʳʭ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷʭ, ʦʧʪʠʤʘʣʴʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʠ ʪ.ʧ.). ʆʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ, ʦʙʫʩʣʘʚʣʠ-

ʚʘʶʱʠʤ ʩʣʦʞʥʦʩʪʴ ʟʘʜʘʯ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ, ʷʚʣʷʝʪʩʷ ʠʭ ʨʘʟʤʝʨʥʦʩʪʴ, ʧʦʩʢʦʣʴʢʫ ʚ ʦʙ-

ʱʝʤ ʩʣʫʯʘʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʟʘʪʨʘʪʳ, ʪʨʝʙʫʝʤʳʝ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʩ ʟʘʜʘʥʥʦʡ ʪʦʯ-

ʥʦʩʪʴʶ, ʨʘʩʪʫʪ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʩ ʨʦʩʪʦʤ ʨʘʟʤʝʨʥʦʩʪʠ [1]. ɼʨʫʛʠʤ ʬʘʢʪʦʨʦʤ ʩʣʦʞʥʦ-

ʩʪʠ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʥʝʣʠʥʝʡʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ, ʬʦʨʤʠʨʫʶʱʠʭ ʦʙʣʘʩʪʠ ʧʦʠʩʢʘ ʩʣʦʞ-

ʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ (ʥʝʚʳʧʫʢʣʳʝ, ʥʝʦʜʥʦʩʚʷʟʥʳʝ, ʚ ʪ.ʯ. ʥʝʩʚʷʟʥʳʝ).  

ɺʩʣʝʜʩʪʚʠʝ ʰʠʨʦʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʢʣʘʩʩʦʚ ʤʥʦʛʦʵʢʩʪʨʝʤʘʣʴʥʳʭ ʟʘʜʘʯ ʠ ʠʭ 

ʩʚʦʡʩʪʚ ʧʨʝʜʣʦʞʝʥʦ ʥʝʩʢʦʣʴʢʦ ʧʦʜʭʦʜʦʚ ʢ ʧʦʩʪʨʦʝʥʠʶ ʘʣʛʦʨʠʪʤʦʚ ʠʭ ʨʝʰʝʥʠʷ. ʊʝʦ-

ʨʝʪʠʯʝʩʢʠ ʙʝʟʫʧʨʝʯʥʳʤ ʷʚʣʷʝʪʩʷ ʧʦʜʭʦʜ ʢ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʶ ʘʣʛʦʨʠʪʤʦʚ ʢʘʢ ʦʧʪʠ-

ʤʘʣʴʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʧʨʦʮʝʜʫʨʳ ʚ ʨʘʤʢʘʭ ʦʧʨʝʜʝʣʝʥʥʦʡ ʤʦʜʝʣʠ ʦʧʪʠʤʠʟʘʮʠʦʥ-

ʥʦʡ ʟʘʜʘʯʠ [2, 3]. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚʳʩʦʢʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʩʣʦʞʥʦʩʪʴ ʧʦʜʭʦʜʘ ʧʦʟʚʦʣʠ-

ʣʘ ʧʦʩʪʨʦʠʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʤʝʪʦʜʳ ʣʠʰʴ ʚ ʥʝʙʦʣʴʰʦʤ ʯʠʩʣʝ ʩʣʫʯʘʝʚ, ʚ ʦʩʥʦʚʥʦʤ, ʜʣʷ 

ʟʘʜʘʯ ʦʜʥʦʤʝʨʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ. ɹʦʣʝʝ ʧʣʦʜʦʪʚʦʨʥʳʤ ʦʢʘʟʘʣʦʩʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʥ-

ʮʠʧʘ ʦʜʥʦʰʘʛʦʚʦʡ ʦʧʪʠʤʘʣʴʥʦʩʪʠ [2, 4], ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʤʝʪʦʜʳ 

ʦʧʪʠʤʠʟʘʮʠʠ ʚ ʨʘʤʢʘʭ ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʝʡ ʦʧʪʠʤʠʟʠʨʫʝʤʦʡ ʬʫʥʢʮʠʠ [1, 2, 4ï7]. ʆʜ-

ʥʘʢʦ ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʙʦʣʴʰʠʥʩʪʚʦ ʤʝʪʦʜʦʚ ʙʳʣʦ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʨʝʰʝʥʠʷ ʦʜʥʦ-

ʤʝʨʥʳʭ ʟʘʜʘʯ. 

ɼʨʫʛʠʤ ʧʦʧʫʣʷʨʥʳʤ ʩʧʦʩʦʙʦʤ ʨʝʰʝʥʠʷ ʤʥʦʛʦʵʢʩʪʨʝʤʘʣʴʥʳʭ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ ʧʨʠ-

ʤʝʥʝʥʠʝ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʤʥʦʛʦʩʪʘʨʪʦʚʳʭ ʩʭʝʤ [8ï10], ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪ ʪʦʪ ʧʨʦ-

ʩʪʦʡ ʬʘʢʪ, ʯʪʦ ʛʣʦʙʘʣʴʥʳʡ ʤʠʥʠʤʫʤ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʣʦʢʘʣʴʥʳʭ. ɺ ʵʪʠʭ ʩʭʝʤʘʭ ʚ 

ʦʙʣʘʩʪʠ ʧʦʠʩʢʘ ʨʘʟʤʝʱʘʝʪʩʷ ʥʝʢʦʪʦʨʘʷ ʩʝʪʢʘ ʥʘʯʘʣʴʥʳʭ ʪʦʯʝʢ, ʠʟ ʢʦʪʦʨʳʭ ʩʪʘʨʪʫʶʪ 

                                                           
1 ʉʪʘʪʴʷ ʧʦʜʛʦʪʦʚʣʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʅʘʫʯʥʦʛʦ ʌʦʥʜʘ, ʧʨʦʝʢʪ 

ˉ15-11-30022 çɻʣʦʙʘʣʴʥʘʷ ʦʧʪʠʤʠʟʘʮʠʷ, ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʥʳʝ ʚʳʯʠʩʣʝʥʠʷ ʠ ʧʨʠʣʦʞʝʥʠʷè. 
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ʤʝʪʦʜʳ ʧʦʠʩʢʘ ʣʦʢʘʣʴʥʦʛʦ ʵʢʩʪʨʝʤʫʤʘ, ʘ ʟʘʪʝʤ ʚʳʙʠʨʘʝʪʩʷ ʥʘʠʤʝʥʴʰʠʡ ʠʟ ʥʘʡʜʝʥ-

ʥʳʭ ʵʢʩʪʨʝʤʫʤʦʚ. ʕʪʦʪ ʧʦʜʭʦʜ ʚʧʦʣʥʝ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʝʥ ʜʣʷ ʟʘʜʘʯ ʩ ʥʝʙʦʣʴʰʠʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʣʦʢʘʣʴʥʳʭ ʤʠʥʠʤʫʤʦʚ, ʠʤʝʶʱʠʭ ʰʠʨʦʢʠʝ ʦʙʣʘʩʪʠ ʧʨʠʪʷʞʝʥʠʷ, ʥʦ ʜʣʷ 

ʟʘʜʘʯ ʩ ʩʫʱʝʩʪʚʝʥʥʦʡ ʤʥʦʛʦʵʢʩʪʨʝʤʘʣʴʥʦʩʪʴʶ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʟʢʦ ʧʘʜʘʝʪ [11]. 

ʄʥʦʛʠʝ ʤʝʪʦʜʳ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʠʩʢʘ ʦʩʥʦʚʘʥʳ ʥʘ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʠʢʘʭ ʨʘʟʙʠʝʥʠʷ 

ʦʙʣʘʩʪʠ ʧʦʠʩʢʘ ʥʘ ʩʠʩʪʝʤʫ ʧʦʜʦʙʣʘʩʪʝʡ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʚʳʙʦʨʘ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢ-

ʪʠʚʥʦʡ ʧʦʜʦʙʣʘʩʪʠ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʦʯʝʨʝʜʥʦʛʦ ʠʩʧʳʪʘʥʠʷ (ʚʳʯʠʩʣʝʥʠʷ ʮʝʣʝʚʦʡ 

ʬʫʥʢʮʠʠ). ʊʘʢʦʡ ʧʦʜʭʦʜ, ʦʙʱʘʷ ʩʭʝʤʘ ʢʦʪʦʨʦʛʦ ʚʧʝʨʚʳʝ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʜʣʷ ʦʜʥʦ-

ʤʝʨʥʳʭ ʟʘʜʘʯ ʚ ʨʘʙʦʪʝ [12] (ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʘʷ ʩʭʝʤʘ), ʚʧʦʩʣʝʜʩʪʚʠʠ ʙʳʣ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥ ʥʘ ʤʥʦʛʦʤʝʨʥʳʡ ʩʣʫʯʘʡ [13] ʠ ʨʘʟʚʠʪ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʭʝʤ ʨʘʟʙʠʝʥʠʷ ʚ ʨʘʙʦ-

ʪʘʭ [14, 15].  

ʅʘʢʦʥʝʮ, ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʦʚ ʤʥʦʛʦʤʝʨʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪ-

ʩʷ ʧʦʜʭʦʜ, ʩʚʷʟʘʥʥʳʡ ʩ ʨʝʜʫʢʮʠʝʡ ʤʥʦʛʦʤʝʨʥʦʡ ʟʘʜʘʯʠ ʢ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʦʜʥʦʤʝʨʥʦʡ 

ʠʣʠ ʩʠʩʪʝʤʝ ʦʜʥʦʤʝʨʥʳʭ ʧʦʜʟʘʜʘʯ ʠ ʧʦʩʣʝʜʫʶʱʠʤ ʨʝʰʝʥʠʝʤ ʦʜʥʦʤʝʨʥʳʭ ʟʘʜʘʯ ʵʬ-

ʬʝʢʪʠʚʥʳʤʠ ʤʝʪʦʜʘʤʠ ʦʧʪʠʤʠʟʘʮʠʠ ʬʫʥʢʮʠʡ ʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ. ʀʩʧʦʣʴʟʫʶʪʩʷ ʜʚʝ 

ʪʘʢʠʭ ʩʭʝʤʳ: ʨʝʜʫʢʮʠʷ ʥʘ ʦʩʥʦʚʝ ʢʨʠʚʳʭ, ʟʘʧʦʣʥʷʶʱʠʭ ʧʨʦʩʪʨʘʥʩʪʚʦ (ʢʨʠʚʳʭ ʇʝʘʥʦ) 

[1, 2, 16, 17], ʠ ʩʭʝʤʘ ʨʝʢʫʨʩʠʚʥʦʡ ʚʣʦʞʝʥʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ (ʤʥʦʛʦʰʘʛʦʚʘʷ ʨʝʜʫʢʮʠʷ 

ʨʘʟʤʝʨʥʦʩʪʠ) [1, 2, 17, 18]. ɺ ʩʪʘʪʴʝ [19] ʧʨʝʜʣʦʞʝʥʘ ʘʜʘʧʪʠʚʥʘʷ ʩʭʝʤʘ ʨʝʜʫʢʮʠʠ, 

ʦʙʦʙʱʘʶʱʘʷ ʢʣʘʩʩʠʯʝʩʢʫʶ ʤʥʦʛʦʰʘʛʦʚʫʶ ʩʭʝʤʫ, ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʶʱʘʷ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʴ ʦʧʪʠʤʠʟʘʮʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʘʟʦʚʳʤ ʧʨʦʪʦʪʠʧʦʤ [20] ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ 

ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʙʝʟ ʦʛʨʘʥʠʯʝʥʠʡ.  

ɺ ʦʪʥʦʰʝʥʠʠ ʫʯʝʪʘ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʚʳʙʦʨ ʧʘʨʘʤʝʪʨʦʚ, ʬʦʨʤʠʨʫʶʱʠʭ ʦʙʣʘʩʪʴ 

ʧʦʠʩʢʘ ʦʧʪʠʤʫʤʘ, ʢʣʘʩʩʠʯʝʩʢʠʤ ʧʦʜʭʦʜʦʤ ʷʚʣʷʝʪʩʷ ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʤʝʪʦʜʝ 

ʰʪʨʘʬʥʳʭ ʬʫʥʢʮʠʡ [21, 22], ʩʚʦʜʷʱʠʡ ʟʘʜʘʯʫ ʩ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʢ ʟʘʜʘʯʝ ʙʝʟ ʦʛʨʘʥʠ-

ʯʝʥʠʡ (ʠʣʠ ʩ ʧʨʦʩʪʝʡʰʠʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ). ʆʜʥʘʢʦ ʵʪʦʪ ʤʝʪʦʜ ʪʨʝʙʫʝʪ ʧʦʜʙʦʨʘ ʥʝʢʦ-

ʪʦʨʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʢʦʥʩʪʘʥʪʳ ʰʪʨʘʬʘ, ʠ ʧʨʠ ʥʝʜʦʩʪʘʪʦʯʥʦʤ ʟʥʘʯʝʥʠʠ 

ʢʦʥʩʪʘʥʪʳ ʨʝʰʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦʪʝʨʷʥʦ, ʘ ʧʨʠ ʟʘʚʳʰʝʥʥʦʤ ʟʥʘʯʝʥʠʠ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʯʠʩʣʦ ʠʩʧʳʪʘʥʠʡ. ɸʣʴʪʝʨʥʘʪʠʚʦʡ ʤʝʪʦʜʫ ʰʪʨʘʬʥʳʭ ʬʫʥʢʮʠʡ ʤʦʞʝʪ 

ʩʣʫʞʠʪʴ ʠʥʜʝʢʩʥʳʡ ʤʝʪʦʜ [1, 17, 23, 24], ʥʝ ʠʤʝʶʱʠʡ ʥʘʩʪʨʦʝʯʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠ 

ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʵʢʦʥʦʤʥʳʡ ʟʘ ʩʯʝʪ ʪʦʛʦ, ʯʪʦ ʥʝ ʪʨʝʙʫʝʪ ʚʳʯʠʩʣʝʥʠʷ ʚʩʝʭ ʦʛʨʘʥʠ-

ʯʝʥʠʡ ʚ ʧʨʦʮʝʩʩʝ ʧʦʠʩʢʘ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʥʦʚʳʡ ʘʣʛʦʨʠʪʤ ʤʥʦʛʦʤʝʨʥʦʡ ʛʣʦʙʘʣʴʥʦʡ ʦʧʪʠʤʠ-

ʟʘʮʠʠ, ʦʙʦʙʱʘʶʱʠʡ ʘʜʘʧʪʠʚʥʫʶ ʩʭʝʤʫ ʨʝʜʫʢʮʠʠ ʥʘ ʟʘʜʘʯʠ ʩ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʟʘ ʩʯʝʪ 

ʩʦʯʝʪʘʥʠʷ ʩ ʠʥʜʝʢʩʥʳʤ ʤʝʪʦʜʦʤ ʫʯʝʪʘ ʦʛʨʘʥʠʯʝʥʠʡ. ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʠ-

ʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ ʰʪʨʘʬʥʳʭ ʬʫʥʢʮʠʡ. 

ɸʜʘʧʪʠʚʥʘʷ ʩʭʝʤʘ ʨʝʜʫʢʮʠʠ ʨʘʟʤʝʨʥʦʩʪʠ 

ʈʘʩʩʤʦʪʨʠʤ ʟʘʜʘʯʫ ʤʥʦʛʦʤʝʨʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʚ ʬʦʨʤʫʣʠʨʦʚʢʝ ʟʘʜʘʯʠ ʥʝʣʠʥʝʡ-

ʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ: 

nRXxx ÌÍ­F min,)( ,  (1) 

}1,0)(:{ qixHxX
i

¢¢¢gÍ= ,  (2) 

}:{
iii

n xRxH b¢¢aÍ=   (3) 

ʚ ʢʦʪʦʨʦʡ ʪʨʝʙʫʝʪʩʷ ʚ ʜʦʧʫʩʪʠʤʦʡ ʦʙʣʘʩʪʠ X, ʦʧʨʝʜʝʣʷʝʤʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ (2) ʠ 
ʢʦʦʨʜʠʥʘʪʥʳʤʠ (3) ʦʛʨʘʥʠʯʝʥʠʷʤʠ, ʥʘʡʪʠ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ 

)(xF  (ʛʣʦʙʘʣʴʥʳʡ ʤʠʥʠʤʫʤ) ʠ ʢʦʦʨʜʠʥʘʪʳ ʵʪʦʛʦ ʟʥʘʯʝʥʠʷ (ʛʣʦʙʘʣʴʥʳʡ ʤʠʥʠʤʘʡ-

ʟʝʨ). 

ɺʚʝʜʝʤ ʦʙʦʟʥʘʯʝʥʠʝ )()(
1

xx
m

F=g
+

 ʠ ʧʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʚʩʝ ʬʫʥʢʮʠʠ ʧʦʩʪʘʥʦʚ-



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 54, 2018 ʛ. 
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ʢʠ (1)ï(3) ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʫʩʣʦʚʠʶ ʃʠʧʰʠʮʘ ʚ ʦʙʣʘʩʪʠ H (ʢʘʞʜʘʷ ʩʦ ʩʚʦʝʡ ʢʦʥʩʪʘʥ-

ʪʦʡ), ʪ.ʝ. 

,11,,,)()( +¢¢Í¡¡¡"¡¡-¡¢¡¡g-¡g miHxxxxLxx
iii

   (4) 

ʛʜʝ ʚʝʣʠʯʠʥʳ ,11,0 +¢¢> miL
i

 ʷʚʣʷʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤʠ (ʢʦʥʩʪʘʥʪʳ ʃʠʧʰʠʮʘ). 

ʈʘʩʩʤʦʪʨʠʤ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʟʘʜʘʯʠ (1)ï(3), ʢʦʛʜʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ 

ʦʪʩʫʪʩʪʚʫʶʪ (HX= ), ʠ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ [2, 18] 

).(minminmin)(min
],[],[],[ 222111

xx
NNNxxxXx
F=F

baÍbaÍbaÍÍ
2   (5) 

ɺʚʝʜʝʤ ʩʝʤʝʡʩʪʚʦ ʨʝʜʫʮʠʨʦʚʘʥʥʳʭ ʬʫʥʢʮʠʡ ,1),( nj
jj

¢¢xF  ʛʜʝ 

),,(
1 jj

xx 2=x , ʧʦʣʦʞʠʚ ʚʥʘʯʘʣʝ  

)()( xx
n

F¹F . (6) 

ɿʘʪʝʤ ʦʧʨʝʜʝʣʠʤ ʬʫʥʢʮʠʠ ʩʝʤʝʡʩʪʚʘ ʨʝʢʫʨʨʝʥʪʥʦ ʢʘʢ 

.11),(min)(
11

],[ 111

-¢¢xF=xF
++

baÍ +++

nj
jj

x
jj

jjj

 (7) 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ (5)ï(7)  

),(min)(min
11

],[ 111

xx
baxXx
F=F

ÍÍ
 

ʦʪʢʫʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʨʝʰʝʥʠʝ ʤʥʦʛʦʤʝʨʥʦʡ ʟʘʜʘʯʠ (1) ʤʦʞʥʦ ʟʘʤʝʥʠʪʴ ʨʝʰʝʥʠʝʤ ʦʜ-

ʥʦʤʝʨʥʦʡ ʟʘʜʘʯʠ 

],[min,)(
11111
baÍ­F xx .  (8) 

ʆʜʥʘʢʦ ʨʝʰʝʥʠʝ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʳʯʠʩʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʬʫʥʢʮʠʠ 

)(
11

xF . ʂʘʞʜʦʝ ʪʘʢʦʝ ʚʳʯʠʩʣʝʥʠʝ ʚ ʪʦʯʢʝ ],[
111
baÍx  ʩʦʩʪʦʠʪ ʚ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ 

],[min,),(
222212
baÍ­F xxx ,  (9) 

ʢʦʪʦʨʘʷ ʚʩʣʝʜʩʪʚʠʝ ʬʠʢʩʘʮʠʠ 1x  ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʦʜʥʦʤʝʨʥʦʡ. ɺʳʯʠʩʣʝʥʠʝ ʬʫʥʢʮʠʠ 

2
F  ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʪʨʝʙʫʝʪ ʦʜʥʦʤʝʨʥʦʡ ʤʠʥʠʤʠʟʘʮʠʠ ʬʫʥʢʮʠʠ 3

F  ʠ ʪ.ʜ. ʚʧʣʦʪʴ ʜʦ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

],[min,),(
1 nnnNnn

xx baÍ­xF
-

,  (10) 

ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʚʝʢʪʦʨʝ 
1-

x
n
, ʪ.ʝ. ʪʘʢʞʝ ʟʘʜʘʯʠ ʦʜʥʦʤʝʨʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ, ʚ ʢʦʪʦ-

ʨʦʡ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʝʡ ʩʦʛʣʘʩʥʦ (6) ʷʚʣʷʝʪʩʷ ʟʘʜʘʥʥʘʷ ʮʝʣʝʚʘʷ ʬʫʥʢʮʠʷ ʤʥʦʛʦʤʝʨʥʦʡ 

ʟʘʜʘʯʠ ),(
1 nn

x
-
xF . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʦʪʥʦʰʝʥʠʝ (5) ʧʦʨʦʞʜʘʝʪ ʩʝʤʝʡʩʪʚʦ ʩʚʷʟʘʥʥʳʭ ʦʜʥʦʤʝʨʥʳʭ 

ʧʦʜʟʘʜʘʯ ʚʠʜʘ 

nixx
iiiiii

¢¢baÍ­xF
-

1],,[min,),(
1

,   (11) 

ʨʝʰʝʥʠʝ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ ʘʣʛʦʨʠʪʤʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʤʥʦʛʦʰʘʛʦʚʦʡ ʨʝʜʫʢʮʠʠ 

ʨʘʟʤʝʨʥʦʩʪʠ. 

ʈʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʧʦʜʟʘʜʘʯ (11) ʤʦʞʝʪ ʙʳʪʴ ʦʨʛʘʥʠʟʦʚʘʥʦ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ. 

ʅʘʧʨʠʤʝʨ, ʚ ʩʭʝʤʘʭ [1, 2, 18, 25] ʧʦʜʟʘʜʘʯʠ (11) ʨʝʰʘʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʝʨʘʨʭʠ-

ʯʝʩʢʠʤ ʧʦʨʷʜʢʦʤ ʧʦʨʦʞʜʝʥʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʝ ʠʥʬʦʨʤʘʮʠʠ ʚ ʧʨʦʮʝʩʩʝ ʤʥʦʛʦ-



ʂ.ɸ. ɹʘʨʢʘʣʦʚ, ɸ.ɸ. ɻʝʪʤʘʥʩʢʘʷ, ʈ.ɸ. ʀʩʨʘʬʠʣʦʚ 

ʇʨʠʤʝʥʝʥʠʝ ʘʜʘʧʪʠʚʥʦʡ ʩʭʝʤʳ ʨʝʜʫʢʮʠʠ ʨʘʟʤʝʨʥʦʩʪʠ ʜʣʷ ʟʘʜʘʯ ʤʥʦʛʦʵʢʩʪʨʝʤʘʣʴʥʦʡ » 
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ʤʝʨʥʦʛʦ ʧʦʠʩʢʘ. ɼʨʫʛʦʡ ʧʦʜʭʦʜ ʧʨʝʜʣʘʛʘʝʪ ʘʜʘʧʪʠʚʥʘʷ ʩʭʝʤʘ ʨʝʜʫʢʮʠʠ [19, 20], ʚ ʢʦ-

ʪʦʨʦʡ ʚʩʝ ʟʘʜʘʯʠ ʩʝʤʝʡʩʪʚʘ (11) ʫʯʠʪʳʚʘʶʪʩʷ ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʤʥʦʛʦʤʝʨʥʦʡ ʠʪʝʨʘ-

ʮʠʠ ʧʦʠʩʢʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʧʦʣʥʦ ʫʯʠʪʳʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʤʥʦʛʦʤʝʨʥʦʡ ʟʘʜʘʯʝ 

ʠ ʟʘ ʩʯʝʪ ʵʪʦʛʦ ʫʩʢʦʨʷʪʴ ʧʨʦʮʝʩʩ ʨʝʰʝʥʠʷ. ɼʝʪʘʣʴʥʦʝ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ 

ʘʜʘʧʪʠʚʥʦʡ ʩʭʝʤʳ ʧʨʠʚʝʜʝʥʦ ʚ ʨʘʙʦʪʝ [19], ʘ ʟʜʝʩʴ ʤʳ ʜʘʜʠʤ ʢʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ ʝʝ 

ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ɺ ʘʜʘʧʪʠʚʥʦʡ ʩʭʝʤʝ ʢʘʞʜʦʡ ʧʦʜʟʘʜʘʯʝ (11) ʧʨʠʩʚʘʠʚʘʝʪʩʷ ʥʝʢʦʪʦʨʦʝ ʯʠʩʣʦʚʦʝ 

ʟʥʘʯʝʥʠʝ, ʥʘʟʳʚʘʝʤʦʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʵʪʦʡ ʟʘʜʘʯʠ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʯʝʤ ʚʳʰʝ ʟʥʘʯʝ-

ʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʪʝʤ ʙʦʣʝʝ çʧʝʨʩʧʝʢʪʠʚʥʦʡè ʷʚʣʷʝʪʩʷ ʧʦʜʟʘʜʘʯʘ ʜʣʷ ʧʨʦʜʦʣʞʝʥʠʷ 

ʚʳʯʠʩʣʝʥʠʡ, ʠ ʧʦʵʪʦʤʫ ʥʘ ʢʘʞʜʦʡ ʤʥʦʛʦʤʝʨʥʦʡ ʠʪʝʨʘʮʠʠ ʚʳʙʠʨʘʝʪʩʷ ʧʦʜʟʘʜʘʯʘ ʩ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʚ ʥʝʡ ʦʯʝʨʝʜʥʦʛʦ ʦʜʥʦʤʝʨʥʦʛʦ ʠʩʧʳ-

ʪʘʥʠʷ (ʚʳʯʠʩʣʝʥʠʷ ʟʥʘʯʝʥʠʷ ʦʜʥʦʤʝʨʥʦʡ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ). ʕʪʦ ʠʩʧʳʪʘʥʠʝ ʣʠʙʦ ʚʳ-

ʯʠʩʣʷʝʪ ʟʥʘʯʝʥʠʝ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ )(xF  (ʝʩʣʠ ʚʳʙʨʘʥʥʘʷ çʣʫʯʰʘʷè ʧʦʜʟʘʜʘʯʘ ʧʨʠ-

ʥʘʜʣʝʞʘʣʘ ʫʨʦʚʥʶ nj = ), ʣʠʙʦ ʧʦʨʦʞʜʘʝʪ ʥʦʚʳʝ ʦʜʥʦʤʝʨʥʳʝ ʧʦʜʟʘʜʘʯʠ ʩʦʛʣʘʩʥʦ (7) 

ʧʨʠ 1-¢nj . ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʥʦʚʳʝ ʧʦʨʦʞʜʝʥʥʳʝ ʟʘʜʘʯʠ ʜʦʙʘʚʣʷʶʪʩʷ ʢ ʪʝʢʫ-

ʱʝʤʫ ʩʝʤʝʡʩʪʚʫ (11), ʚʳʯʠʩʣʷʶʪʩʷ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʧʨʦʮʝʩʩ ʧʦʚʪʦʨʷʝʪʩʷ. ɿʘʚʝʨ-

ʰʝʥʠʝ ʤʥʦʛʦʤʝʨʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ, ʢʦʛʜʘ ʚ ʢʦʨʥʝʚʦʡ ʟʘʜʘʯʝ (8) ʚʳʧʦʣʥʷ-

ʝʪʩʷ ʫʩʣʦʚʠʝ ʦʩʪʘʥʦʚʢʠ ʘʣʛʦʨʠʪʤʘ, ʨʝʰʘʶʱʝʛʦ ʵʪʫ ʟʘʜʘʯʫ. 

ʂʣʶʯʝʚʳʤ ʤʦʤʝʥʪʦʤ ʩʭʝʤʳ ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʜʫʨʘ ʥʘʟʥʘʯʝʥʠʷ ʧʦʜʟʘʜʘʯʘʤ ʠʭ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢ. ʆʜʠʥ ʠʟ ʚʦʟʤʦʞʥʳʭ ʧʦʜʭʦʜʦʚ ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ. ʈʘʩʩʤʦʪʨʠʤ ʢʣʘʩʩ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʦʜʥʦʤʝʨʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ [12, 26] ʠ ʧʨʠʤʝʥʠʤ ʦʜʠʥ ʠʟ ʤʝ-

ʪʦʜʦʚ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯ (11). ʍʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ ʚ ʧʨʦʮʝʩ-

ʩʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʬʦʨʤʠʨʫʶʪ ʨʘʟʙʠʝʥʠʝ ʦʙʣʘʩʪʠ ʧʦʠʩʢʘ ʥʘ ʩʠʩʪʝʤʫ ʠʥʪʝʨʚʘʣʦʚ ʠ ʚʚʦ-

ʜʷʪ ʦʮʝʥʢʠ, ʥʘʟʳʚʘʝʤʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠʥʪʝʨʚʘʣʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʧʣʘʥʠʨʦʚʘ-

ʥʠʷ ʧʦʠʩʢʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚ ʢʘʯʝʩʪʚʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʜʟʘʜʘʯʠ ʤʦʞʥʦ ʚʟʷʪʴ ʤʘʢʩʠ-

ʤʘʣʴʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʠʥʪʝʨʚʘʣʦʚ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʚ ʜʘʥʥʦʡ ʟʘʜʘʯʝ.  

ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥ [19] ʜʣʷ ʘʜʘʧʪʠʚʥʦʡ 

ʩʭʝʤʳ ʨʝʜʫʢʮʠʠ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʘʣʛʦʨʠʪʤʦʤ ʛʣʦʙʘʣʴ-

ʥʦʛʦ ʧʦʠʩʢʘ [1, 2], ʘ ʪʘʢʞʝ (ʩʤ. [20]) ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʘʣʛʦʨʠʪʤʦʤ ʇʠʷʚʩʢʦʛʦ [5]. 

ʋʯʝʪ ʦʛʨʘʥʠʯʝʥʠʡ ʚ ʤʥʦʛʦʰʘʛʦʚʦʡ ʩʭʝʤʝ 

ʈʘʩʩʤʦʪʨʠʤ ʪʝʧʝʨʴ ʦʙʱʫʶ ʟʘʜʘʯʫ (1)ï(3) ʩ ʥʝʣʠʥʝʡʥʳʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ (2). ʀʩ-

ʧʦʣʴʟʫʷ ʤʝʪʦʜ ʰʪʨʘʬʥʳʭ ʬʫʥʢʮʠʡ [21, 22], ʩʚʝʜʝʤ ʜʘʥʥʫʶ ʟʘʜʘʯʫ ʢ ʟʘʜʘʯʝ ʩ ʢʦʦʨʜʠ-

ʥʘʪʥʳʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʚʚʝʜʝʤ ʬʫʥʢʮʠʶ ʰʪʨʘʬʘ ,),( DxxP Í  ʪʘʢʫʶ, 

ʯʪʦ 0)( =xP , ʢʦʛʜʘ ,XxÍ  ʠ 0)( >xP , ʝʩʣʠ XxÎ , ʘ ʟʘʪʝʤ ʨʘʩʩʤʦʪʨʠʤ ʟʘʜʘʯʫ  

n

C
RHxx ÌÍ­Y min,)( ,  (12) 

ʚ ʢʦʪʦʨʦʡ ʜʦʧʫʩʪʠʤʘʷ ʦʙʣʘʩʪʴ H  ʷʚʣʷʝʪʩʷ ʛʠʧʝʨʧʘʨʘʣʣʝʣʝʧʠʧʝʜʦʤ (3), ʘ 

),()()( xCPxx
C

+F=Y     (13)  

ʛʜʝ ʢʦʥʩʪʘʥʪʘ 0>C  (ʰʪʨʘʬʥʘʷ ʢʦʥʩʪʘʥʪʘ) ʷʚʣʷʝʪʩʷ ʧʘʨʘʤʝʪʨʦʤ ʤʝʪʦʜʘ.  

ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʥʳʝ ʩʧʦʩʦʙʳ ʧʦʩʪʨʦʝʥʠʷ ʬʫʥʢʮʠʡ ʰʪʨʘʬʘ )(xP , ʥʘʧʨʠʤʝʨ, ʚ ʢʘ-

ʯʝʩʪʚʝ ʪʘʢʦʡ ʬʫʥʢʮʠʠ ʤʦʞʥʦ ʚʟʷʪʴ ʬʫʥʢʮʠʶ 

)}.(,),(;0max{)(
1

xxxP
m
gg= 2   (14) 

ɿʘʤʝʪʠʤ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʣʠʧʰʠʮʝʚʦʩʪʠ (4) ʬʫʥʢʮʠʷ (14), ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ 

ʬʫʥʢʮʠʷ (13) ʪʘʢʞʝ ʙʫʜʫʪ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʫʩʣʦʚʠʶ ʃʠʧʰʠʮʘ. 

ʇʨʠ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ʢʦʥʩʪʘʥʪʳ ʰʪʨʘʬʘ C  ʟʘʜʘʯʠ (1) ʠ (12) ʩʪʘʥʦ-

ʚʷʪʩʷ ʵʢʚʠʚʘʣʝʥʪʥʳʤʠ ʚ ʪʦʤ ʩʤʳʩʣʝ, ʯʪʦ ʠʭ ʨʝʰʝʥʠʷ ʩʦʚʧʘʜʘʶʪ. ʂ ʩʦʞʘʣʝʥʠʶ, ʚʳʙʦʨ 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 54, 2018 ʛ. 

ʈʘʟʜʝʣ I. ʀʥʬʦʨʤʘʪʠʢʘ, ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʠ ʠ ʨʘʜʠʦʣʦʢʘʮʠʷ 
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ʧʘʨʘʤʝʪʨʘ C  ʩʦʧʨʷʞʝʥ ʩ ʪʨʫʜʥʦʩʪʷʤʠ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʤ ʟʥʘʯʝ-

ʥʠʠ ʧʘʨʘʤʝʪʨʘ ʨʝʰʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦʪʝʨʷʥʦ, ʘ ʧʨʠ ʟʘʚʳʰʝʥʥʦʤ ʟʥʘʯʝʥʠʠ ʧʘʨʘʤʝʪʨʘ 

ʤʝʪʦʜʳ ʦʧʪʠʤʠʟʘʮʠʠ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʤʝʜʣʷʶʪ ʩʭʦʜʠʤʦʩʪʴ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʨʝʜʧʦʣʘʛʘʷ 

ʜʦʩʪʘʪʦʯʥʦʩʪʴ ʢʦʥʩʪʘʥʪʳ ʰʪʨʘʬʘ, ʤʦʞʥʦ ʪʝʧʝʨʴ ʚʤʝʩʪʦ ʟʘʜʘʯʠ (1) ʩ ʦʛʨʘʥʠʯʝʥʠʷʤʠ 

(2) ʨʝʰʘʪʴ ʩ ʧʦʤʦʱʴʶ ʤʥʦʛʦʰʘʛʦʚʦʡ ʩʭʝʤʳ ʟʘʜʘʯʫ ʙʝʟ ʦʛʨʘʥʠʯʝʥʠʡ (12). ʂʘʢ ʧʦʢʘʟʘ-

ʥʦ ʚ [2], ʧʨʠ ʥʘʣʠʯʠʠ ʣʠʧʰʠʮʝʚʦʩʪʠ (4) ʚʩʝ ʮʝʣʝʚʳʝ ʬʫʥʢʮʠʠ ʦʜʥʦʤʝʨʥʳʭ ʧʦʜʟʘʜʘʯ 

ʪʘʢʞʝ ʙʫʜʫʪ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʫʩʣʦʚʠʶ ʃʠʧʰʠʮʘ, ʧʦʵʪʦʤʫ ʜʣʷ ʠʭ ʨʝʰʝʥʠʷ ʤʦʞʥʦ ʧʨʠ-

ʤʝʥʷʪʴ ʵʬʬʝʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʣʠʧʰʠʮʝʚʦʡ ʦʜʥʦʤʝʨʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ, ʥʘʧʨʠʤʝʨ, ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ [1, 2] ʠʣʠ ʤʝʪʦʜ ʤʠʥʦʨʘʥʪ [5]. 

ʇʨʠʥʮʠʧʠʘʣʴʥʦ ʠʥʦʡ ʧʦʜʭʦʜ ʢ ʫʯʝʪʫ ʦʛʨʘʥʠʯʝʥʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʠʥʜʝʢʩʥʦʤ ʤʝ-

ʪʦʜʝ [1, 23, 24]. 

ʆʧʨʝʜʝʣʝʥʠʝ 1. ʀʥʜʝʢʩʦʤ ʪʦʯʢʠ XxÍ  ʥʘʟʳʚʘʝʪʩʷ ʥʦʤʝʨ )(xpp=  ʧʝʨʚʦʛʦ ʥʘ-

ʨʫʰʝʥʥʦʛʦ ʦʛʨʘʥʠʯʝʥʠʷ. ɽʩʣʠ ʚ ʪʦʯʢʝ XxÍ  ʚʩʝ ʦʛʨʘʥʠʯʝʥʠʷ ʚʳʧʦʣʥʝʥʳ, ʪʦ 

1+=qp .  

ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʜʣʷ ʪʦʯʢʠ x ʩ ʠʥʜʝʢʩʦʤ p = 1 ʩʧʨʘʚʝʜʣʠʚʦ ʥʝʨʘʚʝʥʩʪʚʦ 

,0)(1 >xg
 
ʜʣʷ ʪʦʯʢʠ x  ʩ ʠʥʜʝʢʩʦʤ qp¢  ʚʳʧʦʣʥʷʶʪʩʷ ʥʝʨʘʚʝʥʩʪʚʘ 

,0)(,11,0)( >g-¢¢¢g xpix
pi

  (15) 

ʘ ʧʨʠ 1+=qp  ʤʳ ʠʤʝʝʤ  

.1,0)( pix
i

¢¢¢g  (16) 

ʆʧʨʝʜʝʣʝʥʠʝ 2. ʀʥʜʝʢʩʥʦʡ ʰʪʨʘʬʥʦʡ ʬʫʥʢʮʠʝʡ ʥʘʟʳʚʘʝʪʩʷ ʬʫʥʢʮʠʷ  

í
ì
ë

+=

¢¢g
=

.1,0

,)(1),(
)(

)(

qp

qxpx
xI

xp
  (17) 

ʛʜʝ )(xp  ï ʠʥʜʝʢʩ ʪʦʯʢʠ x .  

 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚʩʣʝʜʩʪʚʠʝ ʆʧʨʝʜʝʣʝʥʠʷ 1 ʬʫʥʢʮʠʷ )(xI  ʧʦʣʦʞʠʪʝʣʴʥʘ ʚ ʦʙʣʘʩʪʠ 

H ʠ ʨʘʚʥʘ ʥʫʣʶ ʚ ʜʦʧʫʩʪʠʤʦʡ ʦʙʣʘʩʪʠ X. 

ʆʧʨʝʜʝʣʝʥʠʝ 3. ʀʥʜʝʢʩʥʦʡ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʝʡ ʥʘʟʳʚʘʝʪʩʷ ʬʫʥʢʮʠʷ 

í
ì
ë

+=F-F

¢¢
=Y

.1,)(

,)(1,)(
)(

* qpx

qxpxI
x

I
 , (18) 

ʛʜʝ 
*F  ï ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ )(xF  ʚ ʦʙʣʘʩʪʠ X.  

 

ɼʘʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʦʙʦʙʱʘʝʪ ʥʘ ʤʥʦʛʦʤʝʨʥʳʡ ʩʣʫʯʘʡ ʧʦʥʷʪʠʝ ʠʥʜʝʢʩʥʦʡ ʬʫʥʢ-

ʮʠʠ, ʚʚʝʜʝʥʥʦʝ ʚ [23] ʜʣʷ ʦʜʥʦʤʝʨʥʳʭ ʟʘʜʘʯ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ (18) ʚ ʦʙʣʘʩʪʠ H ʨʘʚʥʦ ʥʫʣʶ ʠ 

ʜʦʩʪʠʛʘʝʪʩʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʪʦʯʢʝ ʛʣʦʙʘʣʴʥʦʛʦ ʤʠʥʠʤʫʤʘ ʬʫʥʢʮʠʠ )(xF  ʚ ʦʙʣʘʩʪʠ X. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʠʥʜʝʢʩʥʘʷ ʮʝʣʝʚʘʷ ʬʫʥʢʮʠʷ (18) ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʬʫʥʢ-

ʮʠʠ (13) ʩ ʢʣʘʩʩʠʯʝʩʢʠʤ ʰʪʨʘʬʦʤ )(xP , ʧʦʩʢʦʣʴʢʫ ʚ ʥʝʜʦʧʫʩʪʠʤʦʡ ʦʙʣʘʩʪʠ ʥʝ ʥʫʞ-

ʥʦ ʚʳʯʠʩʣʷʪʴ ʟʥʘʯʝʥʠʷ ʠʩʭʦʜʥʦʡ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ )(xF . ɹʦʣʝʝ ʪʦʛʦ, ʚ ʪʦʯʢʝ ʩ ʠʥʜʝʢ-

ʩʦʤ qp<  ʟʥʘʯʝʥʠʷ ʦʛʨʘʥʠʯʝʥʠʡ )(xig ʩ ʥʦʤʝʨʘʤʠ pi >  ʪʘʢʞʝ ʥʝ ʪʨʝʙʫʶʪʩʷ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʚ ʟʘʜʘʯʝ (12) ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʚʳʯʠʩʣʷʶʪʩʷ ʚʩʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘʨʷʜʫ ʩ ʮʝʣʝ-

ʚʦʡ ʬʫʥʢʮʠʝʡ. 



ʂ.ɸ. ɹʘʨʢʘʣʦʚ, ɸ.ɸ. ɻʝʪʤʘʥʩʢʘʷ, ʈ.ɸ. ʀʩʨʘʬʠʣʦʚ 

ʇʨʠʤʝʥʝʥʠʝ ʘʜʘʧʪʠʚʥʦʡ ʩʭʝʤʳ ʨʝʜʫʢʮʠʠ ʨʘʟʤʝʨʥʦʩʪʠ ʜʣʷ ʟʘʜʘʯ ʤʥʦʛʦʵʢʩʪʨʝʤʘʣʴʥʦʡ » 
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ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʶʪʩʷ ʠ ʠʩʩʣʝʜʫʶʪʩʷ ʜʚʘ ʧʦʜʭʦʜʘ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ (1)ï

(3), ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʘʜʘʧʪʠʚʥʦʡ ʩʭʝʤʝ ʨʝʜʫʢʮʠʠ ʨʘʟʤʝʨʥʦʩʪʠ. ɺ ʧʝʨʚʦʤ ʠʟ ʥʠʭ ʘʜʘʧ-

ʪʠʚʥʘʷ ʩʭʝʤʘ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ (12), ʘ ʜʣʷ ʨʝʰʝʥʠʷ ʦʜʥʦʤʝʨʥʳʭ ʧʦʜ-

ʟʘʜʘʯ (11) ʠʩʧʦʣʴʟʫʶʪʩʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʠʩ-

ʢʘ [1, 2] (ʥʘʟʦʚʝʤ ʵʪʦʪ ʤʥʦʛʦʤʝʨʥʳʡ ʤʝʪʦʜ ʘʣʛʦʨʠʪʤʦʤ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʠʩʢʘ ʩ ʢʣʘʩʩʠ-

ʯʝʩʢʠʤ ʰʪʨʘʬʦʤ ï ʩʦʢʨʘʱʝʥʥʦ ɸɻʇ-ʂʐ), ʘ ʪʘʢʞʝ ʤʦʜʠʬʠʢʘʮʠʷ ʠʟʚʝʩʪʥʦʛʦ ʘʣʛʦʨʠʪ-

ʤʘ ʛʣʦʙʘʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ï ʤʝʪʦʜʘ ʣʦʤʘʥʳʭ ʇʠʷʚʩʢʦʛʦ [5] (ʩʦʢʨʘʱʝʥʥʦ ʄʃ-ʂʐ), 

ʚ ʢʦʪʦʨʦʤ ʢʦʥʩʪʘʥʪʘ ʃʠʧʰʠʮʘ ʦʮʝʥʠʚʘʣʘʩʴ ʘʜʘʧʪʠʚʥʦ ʩʦʛʣʘʩʥʦ ʦʮʝʥʢʝ ʤʝʪʦʜʘ [1, 2]. 

ɺʪʦʨʦʡ ʧʦʜʭʦʜ ʧʨʠʤʝʥʷʝʪ ʘʜʘʧʪʠʚʥʫʶ ʩʭʝʤʫ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ  

n

I
RHxx ÌÍ­Y min,)( ,  (19) 

ʛʜʝ ʨʝʰʝʥʠʝ ʦʜʥʦʤʝʨʥʳʭ ʧʦʜʟʘʜʘʯ (11) ʨʝʘʣʠʟʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʠʥʜʝʢʩʥʦʛʦ ʘʣʛʦ-

ʨʠʪʤʘ ʦʜʥʦʤʝʨʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ [1, 17] (ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʤʥʦʛʦʤʝʨʥʳʡ ʤʝʪʦʜ ʥʘʟʦ-

ʚʝʤ ʘʣʛʦʨʠʪʤʦʤ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʠʩʢʘ ʩ ʠʥʜʝʢʩʥʦʡ ʬʫʢʮʠʝʡ ï ʜʣʷ ʢʨʘʪʢʦʩʪʠ ɸɻʇ-ʀʌ).  

ʉʨʘʚʥʝʥʠʝ ʤʝʪʦʜʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʪʝʩʪʦʚʦʤ ʢʣʘʩʩʝ ʤʥʦʛʦʵʢʩʪʨʝʤʘʣʴʥʳʭ ʬʫʥʢ-

ʮʠʡ ʩ ʥʝʣʠʥʝʡʥʳʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ Emmental-GKLS [27], ʦʩʥʦʚʘʥʥʦʤ ʥʘ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʝʤʦʤ ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʠʩʢʘ ʢʣʘʩʩʝ GKLS [28] ʩ ʣʠʧ-

ʰʠʮʝʚʳʤʠ ʮʝʣʝʚʳʤʠ ʬʫʥʢʮʠʷʤʠ. ʅʝʣʠʥʝʡʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʢʣʘʩʩʘ Emmental-GKLS 

ʧʦʨʦʞʜʘʶʪ ʜʦʧʫʩʪʠʤʳʝ ʦʙʣʘʩʪʠ ʩʣʦʞʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʥʝʦʜʥʦ-

ʩʚʷʟʥʳʤʠ. ʇʨʠ ʵʪʦʤ ʛʣʦʙʘʣʴʥʳʡ ʤʠʥʠʤʫʤ ʬʫʥʢʮʠʡ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʚʩʝʛʜʘ ʨʘʩʧʦʣʘʛʘ-

ʝʪʩʷ ʥʘ ʛʨʘʥʠʮʝ ʜʦʧʫʩʪʠʤʦʡ ʦʙʣʘʩʪʠ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʣʦʞʥʷʝʪ ʝʛʦ ʧʦʠʩʢ. 

ʇʨʠʤʝʨ ʬʫʥʢʮʠʠ ʢʣʘʩʩʘ Emmental-GKLS ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ. 1. ʅʘ ʵʪʦʤ ʨʠʩʫʥʢʝ ʧʦ-

ʢʘʟʘʥʳ ʣʠʥʠʠ ʫʨʦʚʥʷ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ, ʘ ʥʝʜʦʧʫʩʪʠʤʘʷ ʦʙʣʘʩʪʴ, ʦʧʨʝʜʝʣʷʝʤʘʷ 10 

ʥʝʣʠʥʝʡʥʳʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ, ʧʦʤʝʯʝʥʘ ʪʝʤʥʳʤ ʮʚʝʪʦʤ. ʈʘʩʧʦʣʦʞʝʥʠʝ ʛʣʦʙʘʣʴʥʦʛʦ 

ʤʠʥʠʤʫʤʘ ʦʪʤʝʯʝʥʦ ʪʝʤʥʳʤ ʢʨʝʩʪʠʢʦʤ.  

 

 

ʈʠʩ. 1. ʃʠʥʠʠ ʫʨʦʚʥʷ ʠ ʜʦʧʫʩʪʠʤʘʷ ʦʙʣʘʩʪʴ ʬʫʥʢʮʠʠ 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʢʘʞʜʳʤ ʠʟ ʤʝʪʦʜʦʚ ʤʠʥʠʤʠʟʠʨʦʚʘʣʦʩʴ 100 ʜʚʫʭʤʝʨʥʳʭ ʬʫʥʢʮʠʡ 

ʢʣʘʩʩʘ Emmental-GKLS ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: 

ï 10 ʣʦʢʘʣʴʥʳʭ ʤʠʥʠʤʫʤʦʚ, 

ï 10 ʦʛʨʘʥʠʯʝʥʠʡ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʧʪʠʤʠʟʘʮʠʠ ʚʳʙʦʨʢʠ ʦʮʝʥʠʚʘʣʦʩʴ ʩʨʝʜʥʝʝ ʯʠʩʣʦ K ʠʩʧʳʪʘʥʠʡ 

(ʢʦʣʠʯʝʩʪʚʦ ʚʳʙʨʘʥʥʳʭ ʤʝʪʦʜʦʤ ʪʦʯʝʢ ʚ ʦʙʣʘʩʪʠ H, ʚ ʢʦʪʦʨʳʭ ʦʮʝʥʠʚʘʣʠʩʴ ʟʥʘʯʝʥʠʷ 

ʦʛʨʘʥʠʯʝʥʠʡ ʠ, ʚʦʟʤʦʞʥʦ, ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ), ʩʨʝʜʥʝʝ ʯʠʩʣʦ Q ʚʳʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ 

ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ ʠ ʬʫʥʢʮʠʡ ʦʛʨʘʥʠʯʝʥʠʡ, ʘ ʪʘʢʞʝ ʢʦʣʠʯʝʩʪʚʦ N ʥʘʡʜʝʥʥʳʭ c ʟʘʜʘʥ-



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 54, 2018 ʛ. 

ʈʘʟʜʝʣ I. ʀʥʬʦʨʤʘʪʠʢʘ, ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʠ ʠ ʨʘʜʠʦʣʦʢʘʮʠʷ 
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ʥʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ 0>d  ʛʣʦʙʘʣʴʥʳʭ ʤʠʥʠʤʫʤʦʚ. ʉʯʠʪʘʣʦʩʴ, ʯʪʦ ʛʣʦʙʘʣʴʥʳʡ ʤʠʥʠ-

ʤʫʤ ʥʘʡʜʝʥ, ʝʩʣʠ ʢʦʦʨʜʠʥʘʪʳ ʣʫʯʰʝʡ ʥʘʡʜʝʥʥʦʡ ʤʝʪʦʜʦʤ ʜʦʧʫʩʪʠʤʦʡ ʪʦʯʢʠ ʥʘʭʦʜʠ-

ʣʠʩʴ ʚ d-ʦʢʨʝʩʪʥʦʩʪʠ ʛʣʦʙʘʣʴʥʦʛʦ ʫʩʣʦʚʥʦʛʦ ʤʠʥʠʤʫʤʘ ʧʨʠ 02.0=d .  

ɿʘʤʝʪʠʤ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʰʪʨʘʬʥʳʭ ʬʫʥʢʮʠʡ ʚ ʢʘ-

ʞʜʦʡ ʪʦʯʢʝ ʠʩʧʳʪʘʥʠʷ ʚʳʯʠʩʣʷʶʪʩʷ ʚʩʝ ʦʛʨʘʥʠʯʝʥʠʷ ʠ ʮʝʣʝʚʘʷ ʬʫʥʢʮʠʷ, ʧʦʵʪʦʤʫ 

11*=KQ , ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʩʣʫʯʘʝ ʠʥʜʝʢʩʥʦʛʦ ʤʝʪʦʜʘ ʚʩʝ ʦʛʨʘʥʠʯʝʥʠʷ ʠ ʮʝʣʝʚʘʷ 

ʬʫʥʢʮʠʷ ʚʳʯʠʩʣʷʶʪʩʷ ʪʦʣʴʢʦ ʚ ʪʦʯʢʘʭ ʠʩʧʳʪʘʥʠʡ, ʨʘʟʤʝʱʝʥʥʳʭ ʚ ʜʦʧʫʩʪʠʤʦʡ ʦʙʣʘʩ-

ʪʠ X, ʘ ʚʥʝ ʵʪʦʡ ʦʙʣʘʩʪʠ ʚʳʯʠʩʣʷʝʪʩʷ ʪʦʣʴʢʦ ʯʘʩʪʴ ʦʛʨʘʥʠʯʝʥʠʡ (ʜʦ ʧʝʨʚʦʛʦ ʥʘʨʫʰʝʥ-

ʥʦʛʦ).  

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʣʷ ʤʝʪʦʜʘ ɸɻʇ-ʀʌ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʩʦʯʝʪʘʥʠʠ ʘʜʘʧ-

ʪʠʚʥʦʡ ʩʭʝʤʳ ʨʝʜʫʢʮʠʠ ʠ ʠʥʜʝʢʩʥʦʛʦ ʤʝʪʦʜʘ ʧʨʠ ʟʥʘʯʝʥʠʠ ʧʘʨʘʤʝʪʨʘ ʥʘʜʝʞʥʦʩʪʠ 

2=r  ʠ ʪʦʯʥʦʩʪʠ ʧʦʠʩʢʘ 01.0=e  ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1 

ʈʝʟʫʣʴʪʘʪʳ ʤʝʪʦʜʘ ɸɻʇ-ʀʌ 

K Q N 

922 7268 100 

 

ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ɸɻʇ-ʂʐ, ʩʦʯʝʪʘʶʱʝʛʦ ʘʜʘʧʪʠʚʥʫʶ ʩʭʝʤʫ ʠ ʢʣʘʩʩʠʯʝʩʢʠʡ 

ʰʪʨʘʬ (13), (14) ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʢʦʥʩʪʘʥʪʳ ʰʪʨʘʬʘ C ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʘʣʛʦ-

ʨʠʪʤʘ ʦʜʥʦʤʝʨʥʦʛʦ ʧʦʠʩʢʘ 5=r (ʧʘʨʘʤʝʪʨ ʥʘʜʝʞʥʦʩʪʠ) ʠ ʪʦʯʥʦʩʪʠ 01.0=e  ʧʨʠʚʝʣʦ 

ʢ ʧʦʣʫʯʝʥʠʶ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʊʘʙʣʠʮʝ 2. 

 ʊʘʙʣʠʮʘ 2 

ʈʝʟʫʣʴʪʘʪʳ ʤʝʪʦʜʘ ɸɻʇ-ʂʐ 

ʉ K N 

10 2055 21 

20 2225 62 

50 3267 86 

100 6130 98 

200 9301 100 

 
ɸʥʘʣʦʛʠʯʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʢʦʥʩʪʘʥʪʳ ʰʪʨʘʬʘ ʚ ʩʣʫʯʘʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʘ ʄʃ-ʂʐ ʩ ʪʝʤʠ ʞʝ ʟʥʘʯʝʥʠʷʤʠ ʧʘʨʘʤʝʪʨʦʚ ʥʘʜʝʞʥʦʩʪʠ 

5=r  ʠ ʪʦʯʥʦʩʪʠ 01.0=e  ʧʨʠʚʝʣ ʢ ʩʣʝʜʫʶʱʠʤ ʨʝʟʫʣʴʪʘʪʘʤ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪʩʷ ʚ 

ʪʘʙʣʠʮʝ 3. 

ʊʘʙʣʠʮʘ 3 

ʈʝʟʫʣʴʪʘʪʳ ʤʝʪʦʜʘ ʄʃ-ʂʐ 

ʉ K N 

10 4791 19 

20 4993 61 

50 9730 85 

100 13558 96 

200 15612 97 

 

ʇʦ ʠʪʦʛʘʤ ʨʘʩʯʝʪʦʚ ʩʨʘʚʥʠʤ ʯʠʩʣʦ ʠʩʧʳʪʘʥʠʡ 922
1
=K  ʠ ʢʦʣʠʯʝʩʪʚʦ ʚʳʯʠʩʣʝʥʠʡ 

ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ ʠ ʦʛʨʘʥʠʯʝʥʠʡ 7268
1
=Q  ʜʣʷ ɸɻʇ-ʀʌ ʠ ʘʥʘʣʦʛʠʯʥʳʝ ʚʝʣʠʯʠʥʳ 



ʂ.ɸ. ɹʘʨʢʘʣʦʚ, ɸ.ɸ. ɻʝʪʤʘʥʩʢʘʷ, ʈ.ɸ. ʀʩʨʘʬʠʣʦʚ 

ʇʨʠʤʝʥʝʥʠʝ ʘʜʘʧʪʠʚʥʦʡ ʩʭʝʤʳ ʨʝʜʫʢʮʠʠ ʨʘʟʤʝʨʥʦʩʪʠ ʜʣʷ ʟʘʜʘʯ ʤʥʦʛʦʵʢʩʪʨʝʤʘʣʴʥʦʡ » 
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9301
2
=K  ʠ 102311119301

2
=*=Q  ʜʣʷ ɸɻʇ-ʂʐ ʜʣʷ 200=C  (ʢʦʛʜʘ ʙʳʣʠ ʨʝʰʝʥʳ 

ʚʩʝ ʟʘʜʘʯʠ). ʆʪʥʦʰʝʥʠʷ 10/
12
ºKK  ʠ 14/

12
ºQQ  ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴ-

ʰʫʶ ɻʢʦʥʦʤʠʯʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ ɸɻʇ-ʀʌ. 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʩʨʝʜʠ ʤʝʪʦʜʦʚ, ʠʩʧʦʣʴʟʫʶʱʠʭ 

ʢʣʘʩʩʠʯʝʩʢʫʶ ʰʪʨʘʬʥʫʶ ʬʫʥʢʮʠʶ (ɸɻʇ-ʂʐ ʠ ʄʃ-ʂʐ) ʧʨʠʤʝʥʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥ-

ʥʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʝʪʦʜʦʤ ʣʦ-

ʤʘʥʳʭ, ʧʦʩʢʦʣʴʢʫ ɸɻʇ-ʂʐ ʨʝʰʘʝʪ ʚʩʝ ʟʘʜʘʯʠ ʟʘ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝʝ ʯʠʩʣʦ ʠʩʧʳ-

ʪʘʥʠʡ. ʆʜʥʘʢʦ ʥʘʠʙʦʣʴʰʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʘʜʘʧʪʠʚʥʳʡ ʠʥʜʝʢʩʥʳʡ 

ʘʣʛʦʨʠʪʤ ɸɻʇ-ʀʌ, ʢʦʪʦʨʳʡ ʟʘʪʨʘʪʠʣ ʥʘ ʨʝʰʝʥʠʝ ʚʩʝʭ ʟʘʜʘʯ ʥʘ ʧʦʨʷʜʦʢ ʤʝʥʴʰʝ ʠʩ-

ʧʳʪʘʥʠʡ ʠ ʚʳʯʠʩʣʝʥʠʡ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ ʠ ʦʛʨʘʥʠʯʝʥʠʡ. 

ʇʦʩʢʦʣʴʢʫ ʘʜʘʧʪʠʚʥʘʷ ʩʭʝʤʘ ʦʙʣʘʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʧʘʨʘʣʣʝʣʠʟʤʘ, 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʧʘʨʘʣʣʝʣʴ-

ʥʦʡ ʚʝʨʩʠʠ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ ʠ ʧʨʦʚʝʜʝʥʠʝ ʘʧʨʦʙʘʮʠʠ ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ ʩʫʧʝʨ-

ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʠʩʪʝʤʘʭ.  
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APPLICATION OF THE A DAPTIVE DIMENSIONALI TY 

REDUCTION SCHEME TO PROBLEMS OF MULTIEXT REMAL 

OPTIMIZATION WITH NO NLINEAR CONSTRAINTS  

K.A. Barkalov, A.A. Getmanskaya, R.A. Israphilov 

Key words: multiextremal problems, global optimum, nonlinear constraints, nested optimiza-

tion, index method. 

 

A new method for solving the multidimensional multiextremal optimization problems with 

complicated nonlinear constraints is proposed. The algorithm is based on the adaptive 

scheme of reducing a multidimensional problem to a system of problems with lesser dimen-

sion combined with the index method for the constraint satisfaction which unlike the penalty 

function method does not require any coefficient adjustment and computation of all the con-

straints. A general scheme of the algorithm is described. Results of simulation experiments 

demonstrating the efficiency of the algorithm proposed are given. 

ʉʪʘʪʴʷ ʧʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ 27.11.2017 ʛ. 

 

 

 



ʊ.ɺ. ɻʦʨʜʷʩʢʠʥʘ, ʃ.ʉ. ɻʨʦʰʝʚʘ 
ʈʝʘʣʠʟʘʮʠʷ ʩʠʥʭʨʦʥʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʠʛʥʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ TMS320C5510 
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ʋɼʂ 519.876.5  

 
ʊ.ɺ. ɻʦʨʜʷʩʢʠʥʘ, ʜʦʮʝʥʪ, ʢ.ʬ-ʤ.ʥ., ʌɻɹʆʋ ɺʆ çɺɻʋɺʊè 

ʃ.ʉ. ɻʨʦʰʝʚʘ, ʜʦʮʝʥʪ, ʢ.ʪ.ʥ., ʌɻɹʆʋ ɺʆ çɺɻʋɺʊè 

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

ʈɽɸʃʀɿɸʎʀʗ ʉʀʅʍʈʆʅʅʆɻʆ ɼɽʊɽʂʊʆʈɸ  

ʉ ʇʈʀʄɽʅɽʅʀɽʄ ʉʀɻʅɸʃʔʅʆɻʆ  

ʇʈʆʎɽʉʉʆʈɸ TMS320C5510 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʮʠʬʨʦʚʦʡ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʡ ʩʠʛʥʘʣ, ʮʠʬʨʦʚʦʝ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ, ʩʠʛ-

ʥʘʣʴʥʳʡ ʧʨʦʮʝʩʩʦʨ. 

 

ʇʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʮʠʬʨʦʚʳʭ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʩʠʥʭʨʦʥ-

ʥʳʤ ʜʝʪʝʢʪʦʨʦʤ, ʨʝʘʣʠʟʦʚʘʥʥʳʤ ʥʘ ʩʠʛʥʘʣʴʥʦʤ ʧʨʦʮʝʩʩʦʨʝ TMS320C5510 . 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʳʧʫʩʢʥʠʢ ʚʫʟʘ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 25.05.03 çʊʝʭʥʠʯʝʩʢʘʷ ʵʢʩ-

ʧʣʫʘʪʘʮʠʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʨʘʜʠʦʦʙʦʨʫʜʦʚʘʥʠʷè, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʬʝʜʝ-

ʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʩʪʘʥʜʘʨʪʘ, ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʧʨʦʬʝʩʩʠʦ-

ʥʘʣʴʥʳʤʠ ʢʦʤʧʝʪʝʥʮʠʷʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ (ʇʂ-26): ʩʧʦʩʦʙʥʦʩʪʴʶ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʧʣʘʥʳ, 

ʧʨʦʛʨʘʤʤʳ ʠ ʤʝʪʦʜʠʢʠ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʙʲʝʢʪʦʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʠʩʢʘ ʠ ʘʥʘʣʠʟʘ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʦʙʲʝʢʪʘʤ 

ʠʩʩʣʝʜʦʚʘʥʠʡ.  

ʇʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ ʫ ʩʪʫʜʝʥʪʦʚ ʩʦʩʪʦʠʪ ʚ 

ʧʦʵʪʘʧʥʦʤ ʠʟʫʯʝʥʠʠ ʤʦʜʝʣʝʡ ʦʙʲʝʢʪʦʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ï ʦʪ ʪʝʦʨʝʪʠ-

ʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ ʦʩʥʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʦʜʝʣʠ ʜʦ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ Matlab ʠ ʥʘʪʫʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʧʧʘʨʘʪʥʦ-

ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (ɸʇʂ) DSK-5510.  

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʨʘʩʩʤʦʪʨʠʤ ʨʘʜʠʦʪʝʭʥʠʯʝ-

ʩʢʠʡ ʢʘʥʘʣ ʩʚʷʟʠ. ʆʙʱʝʧʨʠʥʷʪʘʷ ʩʪʨʫʢʪʫʨʘ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʦʛʦ ʢʘʥʘʣʘ ʩʚʷʟʠ ʧʨʝʜ-

ʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. [1] ʆʩʪʘʥʦʚʠʤʩʷ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʦʮʝʩʩʘ ʜʝʪʝʢ-

ʪʠʨʦʚʘʥʠʷ ʮʠʬʨʦʚʦʛʦ ʨʘʜʠʦʩʠʛʥʘʣʘ ʥʘ ʧʨʠʝʤʥʦʡ ʩʪʦʨʦʥʝ ʢʘʥʘʣʘ ʩʚʷʟʠ.  

 

 

ʈʠʩ. 1. ʋʧʨʦʱʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʦʛʦ ʢʘʥʘʣʘ ʩʚʷʟʠ 

ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ. ʇʨʠʥʷʪʳʡ ʨʘʜʠʦʩʠʛʥʘʣ (ʥʘʧʨʠʤʝʨ, ʘʤʧʣʠʪʫʜʥʦ-

ʤʦʜʫʣʠʨʦʚʘʥʥʳʡ ʩʠʛʥʘʣ, ʨʠʩ. 2) ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʯʘʩʪʦʪʥʦ-ʠʟʙʠʨʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ 

(ʧʦʣʦʩʦʚʦʛʦ ʬʠʣʴʪʨʘ) ʧʦʩʪʫʧʘʝʪ ʥʘ ʩʠʥʭʨʦʥʥʳʡ ʮʠʬʨʦʚʦʡ ʜʝʪʝʢʪʦʨ. ʇʨʠ ʧʨʠʝʤʝ ʨʘ-

ʜʠʦʩʠʛʥʘʣʘ ʠʟʚʝʩʪʥʦʡ ʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʯʘʩʪʦʪʘ ɤn ʥʝʩʫʱʝʛʦ ʩʠʛʥʘʣʘ, ʧʦ ʵʪʦʤʫ ʧʘʨʘ-

ʤʝʪʨʫ ʥʝʦʙʭʦʜʠʤʦ ʚʦʩʩʪʘʥʦʚʠʪʴ ʧʝʨʝʜʘʚʘʝʤʦʝ ʥʠʟʢʦʯʘʩʪʦʪʥʦʝ ʩʦʦʙʱʝʥʠʝ (ʫʧʨʘʚ-

ʣʷʶʱʠʡ ʩʠʛʥʘʣ) ʯʘʩʪʦʪʳ ɤʫ.  
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ʈʠʩ. 2. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ɸʄ-ʩʠʛʥʘʣʘ  

ʥʘ ʧʝʨʝʜʘʶʱʝʡ ʩʪʦʨʦʥʝ ʢʘʥʘʣʘ ʩʚʷʟʠ 

ʇʨʦʮʝʩʩ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʚ ʮʠʬʨʦʚʳʭ ʩʠʩʪʝʤʘʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʜʚʘ ʵʪʘʧʘ: 

1) ʩʧʝʢʪʨ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʫʤʥʦʞʘʝʪʩʷ ʥʘ ʛʘʨʤʦʥʠʢʫ, ʨʘʩʧʦʣʦʞʝʥʥʫʶ ʥʘ ʯʘʩʪʦʪʝ 

ʥʝʩʫʱʝʛʦ ʢʦʣʝʙʘʥʠʷ, ʯʪʦ ʧʨʝʦʙʨʘʟʫʝʪ ʝʛʦ ʩʧʝʢʪʨ ʢʘʢ ʚʥʠʟ, ʪʘʢ ʠ ʚʚʝʨʭ ʧʦ ʜʠʘʧʘʟʦʥʫ, 

ʯʪʦ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʷʤʠ. 

, 

 

2) ʫʧʨʘʚʣʷʶʱʠʡ ʩʠʛʥʘʣ ʚʳʜʝʣʷʝʪʩʷ ʮʠʬʨʦʚʳʤ ʥʠʟʢʦʯʘʩʪʦʪʥʳʤ ʬʠʣʴʪʨʦʤ (ʌʅʏ). 

ʅʘ ʨʠʩ. 3 ʧʨʠʚʝʜʝʥʳ ʩʧʝʢʪʨ ʠ ʦʩʮʠʣʣʦʛʨʘʤʤʘ ʩʠʛʥʘʣʘ ʜʝʪʝʢʪʦʨʘ ʧʦʩʣʝ ʧʝʨʚʦʛʦ 

ʵʪʘʧʘ (ʫʤʥʦʞʝʥʠʷ ʥʘ ʥʝʩʫʱʠʡ ʩʠʛʥʘʣ) ʠ ʧʦʩʣʝ ʚʪʦʨʦʛʦ ʵʪʘʧʘ (ʚʳʜʝʣʝʥʠʝ ʫʧʨʘʚʣʷʶʱʝ-

ʛʦ ʩʠʛʥʘʣʘ ʬʠʣʴʪʨʦʤ ʥʠʟʢʦʡ ʯʘʩʪʦʪʳ).  

ʇʨʘʚʠʣʴʥʳʡ ʚʳʙʦʨ ʧʘʨʘʤʝʪʨʦʚ ʬʠʣʴʪʨʘ ʥʠʟʢʦʡ ʯʘʩʪʦʪʳ (ʯʘʩʪʦʪʳ ʜʠʩʢʨʝʪʠʟʘʮʠʠ 

fʜʠʩʢʨ. ʠ ʯʘʩʪʦʪʳ ʩʨʝʟʘ) ʧʦʟʚʦʣʷʝʪ çʧʦʜʘʚʠʪʴè ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʛʘʨʤʦʥʠʢʠ, ʦʩʪʘʚʠʚ 

ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʥʠʟʢʦʯʘʩʪʦʪʥʳʡ ʫʧʨʘʚʣʷʶʱʠʡ ʩʠʛʥʘʣ. ʇʨʠʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʮʠʬʨʦʚʦʛʦ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ɸʄ-ʩʠʛʥʘʣʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʦʣʫʯʝʥʠʝ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʩʦʦʙʱʝʥʠʷ ʥʘ 

ʧʨʠʝʤʥʦʡ ʩʪʦʨʦʥʝ ʢʘʥʘʣʘ ʩʚʷʟʠ ʙʝʟ ʠʩʢʘʞʝʥʠʡ. 
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ʈʠʩ. 3. ʉʧʝʢʪʨʘʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʠʛʥʘʣʘ  

ʥʘ ʚʳʭʦʜʝ ʜʝʪʝʢʪʦʨʘ: ɤʩ ï ʯʘʩʪʦʪʘ ʩʨʝʟʘ ʌʅʏ 

ɼʘʣʴʥʝʡʰʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʮʠʬʨʦʚʦʛʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʚ ʩʨʝʜʝ Matlab ʧʨʦʚʦʜʠʤ ʩ 

ʫʯʝʪʦʤ ʧʘʨʘʤʝʪʨʦʚ ʢʦʜʝʢʘ ɸʇʂ DSK-5510. ʏʘʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʢʦʜʝʢʘ ʨʘʚʥʘ 48 

ʢɻʮ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʮʠʬʨʦʚʳʚʘʪʴ ʘʥʘʣʦʛʦʚʳʝ ʩʠʛʥʘʣʳ ʟʚʫʢʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ ʯʘʩʪʦʪ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʪʝʦʨʝʤʳ ɺ.ɸ. ʂʦʪʝʣʴʥʠʢʦʚʘ (fʜʠʩʢʨ. ² 2fʚʝʨʭʥ., ʛʜʝ fʚʝʨʭʥ. ï 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʯʘʩʪʦʪʘ ʚ ʩʧʝʢʪʨʝ ʧʨʝʦʙʨʘʟʫʝʤʦʛʦ ʩʠʛʥʘʣʘ). 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʩʠʥʭʨʦʥʥʦʛʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʩʪʫʜʝʥ-

ʪʘʤ ʨʘʩʩʯʠʪʘʪʴ ʧʘʨʘʤʝʪʨʳ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ ʚ ʢʘʥʘʣʝ ʩʚʷʟʠ. 

ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ Matlab. [2,3]. ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʦʛʦ 

ʢʘʥʘʣʘ ʚ Matlab (ʨʠʩ. 4.), ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ ʩʠʛʥʘʣʦʚ: ʠʩʪʦʯʥʠʢ 

ʩʦʦʙʱʝʥʠʡ ʬʦʨʤʠʨʫʝʪ ʛʘʨʤʦʥʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʩ ʫʧʨʘʚʣʷʶʱʝʡ ʯʘʩʪʦʪʦʡ 400 ɻʮ, ʟʘ-

ʜʘʶʱʠʡ ʛʝʥʝʨʘʪʦʨ ʬʦʨʤʠʨʫʝʪ ʛʘʨʤʦʥʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʩ ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʦʡ 6 ʢɻʮ, ʤʦ-

ʜʫʣʷʪʦʨ ʬʦʨʤʠʨʫʶʪ ʨʘʜʠʦʩʠʛʥʘʣ ʩ ʦʜʥʦʪʦʥʘʣʴʥʦʡ ʘʤʧʣʠʪʫʜʥʦʡ ʤʦʜʫʣʷʮʠʝʡ, ʯʘʩʪʦʪʘ 

ʜʠʩʢʨʝʪʠʟʘʮʠʠ 48 ʢɻʮ; ʨʝʛʠʩʪʨʠʨʫʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ ï ʦʩʮʠʣʣʦʛʨʘʬ ʠ ʘʥʘʣʠʟʘʪʦʨ ʩʧʝʢ-

ʪʨʘ [4, 5]. 

 

 

ʈʠʩ. 4. ʀʩʩʣʝʜʫʝʤʳʡ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʡ ʢʘʥʘʣ ʩʚʷʟʠ ʩ ʘʤʧʣʠʪʫʜʥʦʡ ʤʦʜʫʣʷʮʠʝʡ 

ʉʧʝʢʪʨ ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ɸʄ-ʩʠʛʥʘʣʘ ʨʘʩʧʦʣʦʞʝʥ ʚ ʟʚʫʢʦʚʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ, 

ʥʦ ʷʚʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʟʢʦʧʦʣʦʩʥʳʤ (ʰʠʨʠʥʘ ʩʧʝʢʪʨʘ 800 ɻʮ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ 

ʯʘʩʪʦʪʳ ʥʝʩʫʱʝʛʦ ʩʠʛʥʘʣʘ 6000 ɻʮ) ʠ ʝʛʦ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʤʦʜʝʣʴ ʧʨʠ ʠʟʫʯʝ-

ʥʠʠ ʧʨʦʮʝʩʩʦʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʢʘʥʘʣʝ ʩʚʷʟʠ (ʨʠʩ. 4).  
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ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʠʛʥʘʣʘ ʚ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʦʤ 

ʢʘʥʘʣʝ ʩʚʷʟʠ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 5ï7. 

 

 
 

 

ʈʠʩ. 5. ʆʩʮʠʣʣʦʛʨʘʤʤʳ ʩʠʛʥʘʣʘ ʚ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʦʤ ʢʘʥʘʣʝ ʩʚʷʟʠ  

ʅʘ ʧʨʘʚʦʤ ʨʠʩʫʥʢʝ ʧʨʠʚʝʜʝʥʳ ʦʩʮʠʣʣʦʛʨʘʤʤʳ ʚ ʧʝʨʝʜʘʶʱʝʤ ʫʩʪʨʦʡʩʪʚʝ (ʚʝʨʭ-

ʥʠʡ ʛʨʘʬʠʢ ï ʫʧʨʘʚʣʷʶʱʠʡ ʩʠʛʥʘʣ ʥʘ ʚʭʦʜʝ ʤʦʜʫʣʷʪʦʨʘ, ʩʣʝʜʫʶʱʠʡ ʛʨʘʬʠʢ ï ɸʄ-

ʩʠʛʥʘʣ ʥʘ ʚʳʭʦʜʝ ʤʦʜʫʣʷʪʦʨʘ, ʥʠʞʝ ï ɸʄ-ʩʠʛʥʘʣ ʧʦʩʣʝ ʫʩʠʣʠʪʝʣʷ, ʥʠʞʥʠʡ ʛʨʘʬʠʢ ï 

ʩʠʛʥʘʣ ʥʘ ʚʳʭʦʜʝ ʧʝʨʝʜʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʦʩʣʝ ʧʦʣʦʩʦʚʦʛʦ ʬʠʣʴʪʨʘ). ʅʘ ʣʝʚʦʤ ʨʠ-

ʩʫʥʢʝ ʧʨʠʚʝʜʝʥʳ ʦʩʮʠʣʣʦʛʨʘʤʤʳ ʚ ʧʨʠʝʤʥʦʤ ʫʩʪʨʦʡʩʪʚʝ (ʚʝʨʭʥʠʡ ʛʨʘʬʠʢ ï ʚʭʦʜʥʦʡ 

ʩʠʛʥʘʣ, ʩʣʝʜʫʶʱʠʡ ʛʨʘʬʠʢ ï ɸʄ-ʩʠʛʥʘʣ ʥʘ ʚʳʭʦʜʝ ʧʦʣʦʩʦʚʦʛʦ ʬʠʣʴʪʨʘ - ʚʭʦʜʥʦʡ 

ʯʘʩʪʦʪʥʦ-ʠʟʙʠʨʘʪʝʣʴʥʦʡ ʮʝʧʠ, ʥʠʞʝ ï ʫʧʨʘʚʣʷʶʱʠʡ ʩʠʛʥʘʣ ʧʦʩʣʝ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ, 

ʥʠʞʥʠʡ ʛʨʘʬʠʢ ï ʩʠʛʥʘʣ ʥʘ ʚʳʭʦʜʝ ʧʨʠʝʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʦʩʣʝ ʫʩʠʣʠʪʝʣʷ). 
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ʈʠʩ. 6. ʉʧʝʢʪʨʳ ʫʧʨʘʚʣʷʶʱʝʛʦ ʠ ʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʩʠʛʥʘʣʦʚ  

ʚ ʧʝʨʝʜʘʶʱʝʤ ʫʩʪʨʦʡʩʪʚʝ 

ʈʝʟʫʣʴʪʘʪʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʣʥʦʩʪʴʶ ʧʦʜʪʚʝʨʞʜʘʶʪ ʪʝʦʨʝʪʠʯʝ-

ʩʢʠʡ ʨʘʩʯʝʪ, ʪʦ ʝʩʪʴ ʥʘ ʚʳʭʦʜʝ ʩʠʥʭʨʦʥʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʩʬʦʨʤʠʨʦʚʘʥ ʩʠʛʥʘʣ ʩ ʯʘʩʪʦʪʦʡ 

400 ɻʮ (ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʛʘʨʤʦʥʠʢʠ ʥʘ ʯʘʩʪʦʪʝ 2fʥʝʩ ʦʩʣʘʙʣʝʥʳ ʬʠʣʴʪʨʦʤ ʥʠʟʢʦʡ ʯʘʩ-

ʪʦʪʳ ʥʘ 20 ʜɹ). 

ʇʨʦʚʝʜʝʥʠʝ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʘ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴ-

ʥʦʩʪʠ (ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʦʛʦ ʢʘʥʘʣʘ ʩʚʷʟʠ) ʧʦʟʚʦʣʷʝʪ ʩʪʫʜʝʥʪʘʤ ʠʩʩʣʝʜʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʩʠʛʥʘʣʦʚ ʠ ʫʩʪʨʦʡʩʪʚ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʚ ʨʘʟʥʳʭ ʜʠʘʧʘʟʦʥʘʭ 

ʯʘʩʪʦʪ. [6] 
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ʈʠʩ. 7. ʉʧʝʢʪʨʳ ʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʠ ʜʝʪʝʢʪʠʨʦʚʘʥʥʦʛʦ ʩʠʛʥʘʣʦʚ  

ʚ ʧʨʠʝʤʥʦʤ ʫʩʪʨʦʡʩʪʚʝ  

ʅʘʪʫʨʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ï ʨʝʘʣʠʟʘʮʠʷ ʩʠʥʭʨʦʥʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʜʝʪʝʢʪʦʨʘ ʥʘ ʮʠʬ-

ʨʦʚʦʤ ʩʠʛʥʘʣʴʥʦʤ ʧʨʦʮʝʩʩʦʨʝ TMS320C5510. ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʩʠʥʭʨʦʥʥʦʛʦ ʮʠʬʨʦʚʦʛʦ 

ʜʝʪʝʢʪʦʨʘ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ɸʇʂ DSK-5510 ʩ ʯʘʩʪʦʪʦʡ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʢʦʜʝʢʘ 48 ʢɻʮ. [7, 

8] ʇʘʨʘʤʝʪʨʳ ʚʭʦʜʥʦʛʦ ɸʄ-ʩʠʛʥʘʣʘ: ʯʘʩʪʦʪʘ ʥʝʩʫʱʝʛʦ ʢʦʣʝʙʘʥʠʷ 6 ʢɻʮ, ʯʘʩʪʦʪʘ 

ʫʧʨʘʚʣʷʶʱʝʛʦ ʢʦʣʝʙʘʥʠʷ 400 ɻʮ ʟʘʜʘʶʪʩʷ ʚʥʝʰʥʠʤ ʛʝʥʝʨʘʪʦʨʦʤ GFG-8255A. 

ɺ ʩʪʨʫʢʪʫʨʝ ʜʝʪʝʢʪʦʨʘ ʧʨʦʛʨʘʤʤʥʳʤ ʩʧʦʩʦʙʦʤ ʨʝʘʣʠʟʦʚʘʥʳ: 

ï ʫʤʥʦʞʠʪʝʣʴ ɸʄ-ʩʠʛʥʘʣʘ ʥʘ ʥʝʩʫʱʝʝ ʢʦʣʝʙʘʥʠʝ  

ï ʮʠʬʨʦʚʦʡ ʥʝʨʝʢʫʨʩʠʚʥʳʡ ʬʠʣʴʪʨ ʥʠʟʢʦʡ ʯʘʩʪʦʪʳ, ʚʳʜʝʣʷʶʱʠʡ ʠʟ ʩʧʝʢʪʨʘ ʧʨʦ-

ʠʟʚʝʜʝʥʠʷ ʧʝʨʝʜʘʚʘʝʤʦʝ ʥʠʟʢʦʯʘʩʪʦʪʥʦʝ ʩʦʦʙʱʝʥʠʝ.  

ʇʝʨʝʜʘʯʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 8. 
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ʈʠʩ. 8. ʅʘʧʨʘʚʣʝʥʠʷ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

 ʧʦʪʦʢʦʚ ʚ ɸʇʂ DSK-5510  

ʌʦʪʦ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ (ʈʠʩ. 9. ) 

 

 

ʈʠʩ. 9. ʃʘʙʦʨʘʪʦʨʥʘʷ ʫʩʪʘʥʦʚʢʘ ʨʝʘʣʠʟʘʮʠʠ ʩʠʥʭʨʦʥʥʦʛʦ 

ʜʝʪʝʢʪʦʨʘ ʥʘ DSK5510 

ɸʄ-ʩʠʛʥʘʣ ʩ ʛʝʥʝʨʘʪʦʨʘ GFG-8255A ʧʦʜʘʝʪʩʷ ʥʘ ɸʇʂ DSK5510 ʠ ʧʦʩʪʫʧʘʝʪ ʥʘ 

ʚʭʦʜ ʢʦʜʝʢʘ AIC23 (ʈʠʩ. 10). ɺ ʢʦʜʝʢʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʜʠʩʢʨʝʪʠʟʘʮʠʷ ʩʠʛʥʘʣʘ ʩ ʯʘʩʪʦ-

ʪʦʡ 48 ʢɻʮ ʠ ʧʝʨʝʜʘʯʘ ʝʛʦ ʚ ʮʠʬʨʦʚʦʤ ʚʠʜʝ ʧʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤʫ ʢʘʥʘʣʫ ʩʚʷʟʠ ʥʘ 

ʩʠʛʥʘʣʴʥʳʡ ʧʨʦʮʝʩʩʦʨ TMS320C5510. 
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ʈʠʩ. 10. ʆʩʮʠʣʣʦʛʨʘʤʤʘ ʠ ʩʧʝʢʪʨ ɸʄ-ʩʠʛʥʘʣʘ ʥʘ ʚʭʦʜʝ ʜʝʪʝʢʪʦʨʘ 

ʋʧʨʘʚʣʷʶʱʘʷ ʧʨʦʛʨʘʤʤʘ ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʨʠʝʤ ʦʪʩʯʝʪʥʳʭ ʟʥʘʯʝʥʠʡ, ʟʘʪʝʤ ʚʳʧʦʣ-

ʥʷʝʪ ʧʨʦʛʨʘʤʤʥʫʶ ʩʠʥʭʨʦʥʠʟʘʮʠʶ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʩ ʧʨʦʛʨʘʤʤʥʦ- ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʤ 

ʥʝʩʫʱʠʤ ʢʦʣʝʙʘʥʠʝʤ (ʩ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʩʠʥʭʨʦʥʥʦʛʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ), ʟʘʪʝʤ ʚʳ-

ʧʦʣʥʷʝʪʩʷ ʦʧʝʨʘʮʠʷ ʫʤʥʦʞʝʥʠʷ ʩʠʛʥʘʣʦʚ ʠ ʨʝʟʫʣʴʪʠʨʫʶʱʠʡ ʩʠʛʥʘʣ (ʨʠʩ. 11) ʧʦʜʘʝʪʩʷ 

ʥʘ ʮʠʬʨʦʚʦʡ ʥʝʨʝʢʫʨʩʠʚʥʳʡ ʬʠʣʴʪʨ ʥʠʟʢʦʡ ʯʘʩʪʦʪʳ (fʩʨʝʟʘ Ó fʫʧʨ).  
 

 

 

ʈʠʩ. 11. ʆʩʮʠʣʣʦʛʨʘʤʤʘ ʠ ʩʧʝʢʪʨ ʧʨʦʠʟʚʝʜʝʥʠʷ ɸʄ  

ʠ ʥʝʩʫʱʝʛʦ ʩʠʛʥʘʣʦʚ ʚ ʜʝʪʝʢʪʦʨʝ 



ʊ.ɺ. ɻʦʨʜʷʩʢʠʥʘ, ʃ.ʉ. ɻʨʦʰʝʚʘ 
ʈʝʘʣʠʟʘʮʠʷ ʩʠʥʭʨʦʥʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʠʛʥʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ TMS320C5510 

 28 

ʅʘ ʚʳʭʦʜʝ ʮʠʬʨʦʚʦʛʦ ʬʠʣʴʪʨʘ ʬʦʨʤʠʨʫʝʪʩʷ ʥʠʟʢʦʯʘʩʪʦʪʥʦʝ ʧʝʨʝʜʘʚʘʝʤʦʝ ʩʦʦʙ-

ʱʝʥʠʝ, ʢʦʪʦʨʦʝ ʚʳʜʘʝʪʩʷ ʥʘ ʚʳʭʦʜʥʦʡ ʢʘʥʘʣ ʢʦʜʝʢʘ AIC23 ʠ ʧʦʩʪʫʧʘʝʪ ʥʘ ʦʩʮʠʣʣʦ-

ʛʨʘʬ PCS-500 (ʨʠʩ. 12). 

 

 

 

ʈʠʩ. 12. ʆʩʮʠʣʣʦʛʨʘʤʤʘ ʠ ʩʧʝʢʪʨ ʜʝʪʝʢʪʠʨʦʚʘʥʥʦʛʦ  

ʩʠʛʥʘʣʘ ʥʘ ʚʳʭʦʜʝ ʜʝʪʝʢʪʦʨʘ 

ʅʘʪʫʨʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ ʨʝʘʣʠʟʘʮʠʠ ʩʠʥʭʨʦʥʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʚ ʨʝʘʣʴʥʦʡ ʮʠʬʨʦ-

ʚʦʡ ʩʠʩʪʝʤʝ ï ɸʇʂ DSK-5510 ʧʦʟʚʦʣʷʝʪ ʩʪʫʜʝʥʪʘʤ ʧʨʠʦʙʨʝʩʪʠ ʧʨʘʢʪʠʯʝʩʢʠʝ ʥʘʚʳʢʠ 

ʩʠʥʪʝʟʘ ʮʠʬʨʦʚʳʭ ʫʩʪʨʦʡʩʪʚ. 

ʇʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʠʛʥʘʣʘ ʚ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʦʤ 

ʢʘʥʘʣʝ ʩʚʷʟʠ ʧʦʟʚʦʣʷʝʪ ʫʛʣʫʙʠʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʨʘʜʠʦ-

ʪʝʭʥʠʯʝʩʢʠʭ ʮʝʧʝʡ ʠ ʩʠʛʥʘʣʦʚ. ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʚʥʝʜʨʝʥʳ ʚ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ ʧʨʠ ʠʟʫʯʝʥʠʠ ʜʠʩʮʠʧʣʠʥ çʈʘʜʠʦʪʝʭʥʠʯʝʩʢʠʝ ʮʝʧʠ ʠ 

ʩʠʛʥʘʣʳè ʠ çʇʨʠʢʣʘʜʥʳʝ ʟʘʜʘʯʠ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚè. 
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IMPLEMENTATION OF A SYNCHRONOUS DETECTOR  

WITH THE USE OF THE SIGNAL PROCESSOR TMS320C5510 

T.V. Gordyaskina, L.S. Grosheva 

Keywords: digital radio signal, digital detection, signal processor. 

 

The authors carry out an analysis of digital radio signals detection by a synchronous detec-

tor, with the use of a signal processor TMS320C5510 . 

ʉʪʘʪʴʷ ʧʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ 25.12.2017 ʛ. 
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ɽ.ɺ. ʇʨʦʡʜʘʢʦʚʘ, ʢ. ʬ.-ʤ. ʥ., ʜʦʮʝʥʪ ʀʥʩʪʠʪʫʪʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ  

ʤʘʪʝʤʘʪʠʢʠ ʠ ʤʝʭʘʥʠʢʠ ʌɻɸʆʋ ɺʆ çʅʅɻʋ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦè 

ɸ.ɸ. ʈʳʙʘʢʦʚʘ, ʤʘʛʠʩʪʨʘʥʪ ʀʥʩʪʠʪʫʪʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ  

ʤʘʪʝʤʘʪʠʢʠ ʠ ʤʝʭʘʥʠʢʠ ʌɻɸʆʋ ɺʆ çʅʅɻʋ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦè 

603950, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʧʨ. ɻʘʛʘʨʠʥʘ, 23 

ɸɼɸʇʊʀɺʅɸʗ ʉʀʉʊɽʄɸ ʋʇʈɸɺʃɽʅʀʗ ʊʈɸʅʉʇʆʈʊʆʄ  

ʉ ɸʃɻʆʈʀʊʄʆʄ ʇʈʆʇʋʉʂɸ ʆʏɽʈɽɼɽʁ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʜʘʧʪʠʚʥʘʷ ʫʧʨʘʚʣʷʶʱʘʷ ʩʠʩʪʝʤʘ, ʘʣʛʦʨʠʪʤ ʧʨʦʧʫʩʢʘ ʦʯʝʨʝʜʝʡ, 

ʢʦʥʬʣʠʢʪʥʳʝ ʧʦʪʦʢʠ ʪʨʝʙʦʚʘʥʠʡ, ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 

 

ɺ ʩʪʘʪʴʝ ʠʟʫʯʘʝʪʩʷ ʘʜʘʧʪʠʚʥʘ ̫ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʢʦʥʬʣʠʢʪʥʳʤʠ ʪʨʘʥʩʧʦʨʪʥʳʤʠ 

ʧʦʪʦʢʘʤʠ ʥʘ ʦʩʥʦʚʝ ʘʣʛʦʨʠʪʤʘ ʧʨʦʧʫʩʢʘ ʦʯʝʨʝʜʝʡ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠ-

ʪʠʯʝʩʢʠ, ʘ ʪʘʢʞʝ ʯʠʩʣʝʥʥʦ, ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

ʪʘʢʞʝ ʨʝʰʘʝʪʩʷ ʟʘʜʘʯʘ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʘʜʘʧʪʠʚʥʦʛʦ ʘʣʛʦʨʠʪʤʘ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʥʘ ʬʠʟʠʯʝʩʢʦʤ ʫʨʦʚʥʝ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʫʧʨʘʚʣʷʶʱʘʷ ʩʠʩʪʝʤʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʩ  ʜʚʫʤʷ 

ʥʝʟʘʚʠʩʠʤʳʤʠ ʠ ʢʦʥʬʣʠʢʪʥʳʤʠ ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʧʦʪʦʢʘʤʠ ʇ1, ʇ2 ʥʘ ʧʝʨʝʩʝʯʝʥʠʠ ʤʘ-

ʛʠʩʪʨʘʣʝʡ. ʆʙʩʣʫʞʠʚʘʥʠʝ ʤʘʰʠʥ (ʪʨʝʙʦʚʘʥʠʡ, ʟʘʷʚʦʢ) ʠʟ ʢʦʥʬʣʠʢʪʥʳʭ ʧʦʪʦʢʦʚ ʧʨʦ-

ʠʩʭʦʜʠʪ ʚ ʥʝʧʝʨʝʩʝʢʘʶʱʠʝʩʷ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ. ʇʦʜ ʦʙʩʣʫʞʠʚʘʥʠʝʤ ʤʘʰʠʥ ʧʦ-

ʥʠʤʘʝʪʩʷ ʠʭ ʧʝʨʝʝʟʜ ʯʝʨʝʟ ʧʝʨʝʢʨʝʩʪʦʢ. ʇʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʚʳʭʦʜʥʳʝ ʧʦʪʦʢʠ ʇ1 ʠ ʇ2 

ʷʚʣʷʶʪʩʷ ʧʨʦʩʪʝʡʰʠʤʠ (ʇʫʘʩʩʦʥʦʚʩʢʠʤʠ) ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʷʤʠ l1 ʠ l2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʦʜ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʧʦʪʦʢʘ lj, j = 1, 2 ʙʫʜʝʤ ʧʦʥʠʤʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʤʘʰʠʥ, ʧʦʩʪʫ-

ʧʘʶʱʠʭ ʥʘ ʧʝʨʝʢʨʝʩʪʦʢ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ. ʆʯʝʨʝʜʠ ʧʦ ʧʦʪʦʢʘʤ ʨʘʟʨʝʰʝʥʳ ʥʝʦʛʨʘ-

ʥʠʯʝʥʥʳʝ. ʉʤʝʥʘ ʩʦʩʪʦʷʥʠʡ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ (ʩʚʝʪʦʬʦʨʘ) ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʦʛʣʘʩʥʦ ʘʜʘʧʪʠʚʥʦʤʫ ʘʣʛʦʨʠʪʤʫ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʝʤʫ ʧʨʦʧʫʩʢ 

ʦʯʝʨʝʜʝʡ, ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʚ ʧʝʨʠʦʜ ʜʝʡʩʪʚʠʷ ʟʘʧʨʝʱʘʶʱʝʛʦ ʩʠʛʥʘʣʘ ʩʚʝʪʦʬʦʨʘ [1]. 

http://www.ti.com/product/TMS320C5515/technicaldocuments
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ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʘ ʥʘ ʧʝʨʝʢʨʝʩʪʢʝ ʧʦ ʢʘʞʜʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ 

ʜʚʘ ʪʠʧʘ ʜʝʪʝʢʪʦʨʦʚ: D1 ʠ D2. ɼʝʪʝʢʪʦʨʳ ʪʠʧʘ D1 ʨʘʩʧʦʣʘʛʘʶʪ ʥʘ ʧʦʜʲʝʟʜʝ ʢ ʧʝʨʝʢʨʝ-

ʩʪʢʫ (ʨʠʩ. 1), ʦʥʠ ʩʯʠʪʳʚʘʶʪ ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʳʝ ʥʦʤʝʨʘ ʘʚʪʦʤʦʙʠʣʝʡ (ʥʘʧʨʠʤʝʨ, 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʨʝʛʠʩʪʨʘʮʠʦʥʥʳʝ ʥʦʤʝʨʘ) ʚ ʤʦʤʝʥʪ ʧʨʦʝʟʜʘ ʠ ʚʥʦʩʷʪ ʠʭ ʚ ʧʘʤʷʪʴ. 

ɼʝʪʝʢʪʦʨʳ ʪʠʧʘ D2 ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʫʯʝʪʘ ʘʚʪʦʤʦʙʠʣʝʡ, ʧʦʢʠʜʘʶʱʠʭ ʧʝʨʝʢʨʝʩʪʦʢ, ʠ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʛʨʘʥʠʮʝ ʧʝʨʝʢʨʝʩʪʢʘ.  

ʈʘʙʦʪʘ ʘʜʘʧʪʠʚʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʦʛʣʘʩʥʦ ʦʧʠʩʘʥʥʳʤ ʥʠʞʝ ʰʘʛʘʤ.   

ʐʘʛ 1. ɺʦ ʚʨʝʤʷ ʨʘʙʦʪʳ ʢʨʘʩʥʦʡ ʬʘʟʳ ʩʚʝʪʦʬʦʨʘ ʜʝʪʝʢʪʦʨʳ ʪʠʧʘ D1 ʩʯʠʪʳʚʘʶʪ 

ʥʦʤʝʨʘ ʧʨʦʝʭʘʚʰʠʭ ʯʝʨʝʟ ʥʠʭ ʘʚʪʦʤʦʙʠʣʝʡ ʠ ʬʠʢʩʠʨʫʶʪ ʠʭ ʚ ʩʧʠʩʦʢ (ʨʠʩ. 1). ɺ ʠʪʦʛʝ 

ʬʦʨʤʠʨʫʶʪʩʷ ʦʯʝʨʝʜʠ l1, l2 ʧʦ ʧʝʨʚʦʤʫ ʠ ʚʪʦʨʦʤʫ ʧʦʪʦʢʘʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠʯʝʤ 

1 1 3l l l¡ ¡= +  ʠ 2 2 4l l l¡ ¡= +, ʛʜʝ 1 2 3 4, , ,l l l l¡ ¡ ¡ ¡ ï ʦʯʝʨʝʜʠ ʧʦ ʢʘʞʜʦʤʫ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʜʣʷ 

ʢʘʞʜʦʡ ʠʟ ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʜʦʨʦʛ. 

ʐʘʛ 2. ɺ ʤʦʤʝʥʪ, ʢʦʛʜʘ ʟʘʛʦʨʘʝʪʩʷ ʟʝʣʝʥʳʡ ʩʚʝʪ, ʜʝʪʝʢʪʦʨ D1 ʧʨʝʢʨʘʱʘʝʪ ʟʘʧʠʩʳ-

ʚʘʪʴ ʥʦʤʝʨʘ ʚ ʩʧʠʩʦʢ, ʘ ʜʝʪʝʢʪʦʨ D2 ʥʘʯʠʥʘʝʪ ʫʜʘʣʷʪʴ ʠʟ ʩʧʠʩʢʘ ʥʦʤʝʨʘ ʘʚʪʦʤʦʙʠʣʝʡ 

ʧʨʦʝʟʞʘʶʱʠʭ ʯʝʨʝʟ ʥʝʛʦ ʠ ʧʦʢʠʜʘʶʱʠʭ ʧʝʨʝʢʨʝʩʪʦʢ. 

ʐʘʛ 3. ɺ ʤʦʤʝʥʪ, ʢʦʛʜʘ ʧʦʩʣʝʜʥʠʡ ʠʟ ʘʚʪʦʤʦʙʠʣʝʡ ʧʨʦʝʟʞʘʝʪ ʯʝʨʝʟ ʜʝʪʝʢʪʦʨ D2 ʠ 

ʩʧʠʩʦʢ ʩʪʘʥʦʚʠʪʩʷ ʧʫʩʪʳʤ, ʩʚʝʪʦʬʦʨ ʧʝʨʝʢʣʶʯʘʝʪʩʷ ʥʘ ʢʨʘʩʥʫʶ ʬʘʟʫ, ʪ.ʝ. ʟʘʧʨʝʱʝʥʦ 

ʦʙʩʣʫʞʠʚʘʥʠʝ ʜʘʥʥʦʛʦ ʧʦʪʦʢʘ ʠ ʧʝʨʝʭʦʜʠʪ ʚ ʥʘʯʘʣʦ ʮʠʢʣʘ (ʰʘʛ 1 ʜʣʷ ʢʦʥʬʣʠʢʪʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʪʦʢʘ). ʕʪʦ ʞʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʩʨʘʙʘʪʳʚʘʝʪ ʫʩʪʘʥʦʚʣʝʥʥʦʝ 

ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʤʘʢʩʠʤʘʣʴʥʫʶ ʜʣʠʪʝʣʴʥʦʩʪʴ ʦʙʩʣʫʞʠʚʘʶʱʝʡ ʬʘʟʳ ʜʣʷ ʜʘʥʥʦʛʦ ʥʘ-

ʧʨʘʚʣʝʥʠʷ, ʨʘʚʥʦʝ max
jT ,  j = 1, 2. 

ɽʩʣʠ ʫʢʘʟʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʧʝʨʝʭʦʜʠʪ ʚ ʨʝʞʠʤ, ʧʨʠ ʢʦʪʦʨʦʤ ʜʣʠʪʝʣʴʥʦʩʪʴ ʨʘʟʨʝ-

ʰʘʶʱʝʛʦ ʩʠʛʥʘʣʘ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʦ ʧʦʪʦʢʘʤ ʨʝʛʫʣʷʨʥʦ ʧʨʠʥʠʤʘʝʪ ʟʥʘ-

ʯʝʥʠʝ, ʨʘʚʥʦʝ max
jT , j = 1, 2, ʪʦ, ʬʘʢʪʠʯʝʩʢʠ, ʦʥ ʧʝʨʝʩʪʘʝʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʢʘʢ ʘʜʘʧ-

ʪʠʚʥʳʡ ʠ ʥʘʯʠʥʘʝʪ ʨʘʙʦʪʘʪʴ ʢʘʢ ʧʨʦʩʪʝʡʰʠʡ ʮʠʢʣʠʯʝʩʢʠʡ ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʨʠʪʤʦʤ.  

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫʢʘʟʘʥʥʳʡ ʘʜʘʧʪʠʚʥʳʡ ʘʣʛʦʨʠʪʤ ʫʞʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʥʩʧʦʨʪʦʤ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʌ. 
 

 

ʈʠʩ. 1. ʈʘʙʦʪʘ ʘʜʘʧʪʠʚʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʚ ʜʠʥʘʤʠʢʝ 

ʇʦʩʪʨʦʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ  

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʢʦʥ-

ʬʣʠʢʪʥʳʤʠ ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʧʦʪʦʢʘʤʠ ʧʨʠʤʝʥʷʣʩʷ ʢʠʙʝʨʥʝʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ [2]. ʉʦ-

ʛʣʘʩʥʦ ʦʩʥʦʚʥʳʤ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʤ ʧʦʣʦʞʝʥʠʷʤ ʢʠʙʝʨʥʝʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ, ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤʳ ʠʟʫʯʘʣʠʩʴ ʚ ʜʠʩʢʨʝʪʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ Űi, i = 0, 1, é ʧʝʨʝʢʣʶ-

ʯʝʥʠʡ ʩʦʩʪʦʷʥʠʡ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʠʣʠ ʥʘ ʢʘʞʜʦʤ ʠʟ ʧʨʦʤʝʞʫʪʢʦʚ [Űi, Űi + 1). ʉʭʝʤʘ 

ʠʩʩʣʝʜʫʝʤʦʡ ʫʧʨʘʚʣʷʶʱʝʡ ʩʠʩʪʝʤʳ, ʧʦʩʪʨʦʝʥʥʘʷ ʩʦʛʣʘʩʥʦ ʢʠʙʝʨʥʝʪʠʯʝʩʢʦʤʫ ʧʦʜʭʦ-

ʜʫ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2. 

 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 54, 2018 ʛ. 
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ʈʠʩ. 2. ʉʭʝʤʘ ʘʜʘʧʪʠʚʥʦʡ ʫʧʨʘʚʣʷʶʱʝʡ ʩʠʩʪʝʤʳ  

ɺ ʩʭʝʤʝ ʚʳʜʝʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʙʣʦʢʠ: 

ï ʚʭʦʜʥʳʝ ʧʦʪʦʢʠ ʇ1, ʇ2 ʧʝʨʚʠʯʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ï ʚʭʦʜʥʳʝ ʧʦʣʶʩʳ ʧʝʨʚʦʛʦ ʪʠʧʘ; 

ï ʧʦʪʦʢʠ ʥʘʩʳʱʝʥʠʷ ʇ1
ǋ
, ʇ
ǋ
2 (ʚʠʨʪʫʘʣʴʥʳʝ ʚʳʭʦʜʥʳʝ ʧʦʪʦʢʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʩʠʩ-

ʪʝʤʝ ʧʨʠ ʝʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʟʘʛʨʫʟʢʝ ʠ ʵʬʬʝʢʪʠʚʥʦʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ, ʭʘʨʘʢʪʝʨʠʟʫ-

ʶʪ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʩʠʩʪʝʤʳ) ï ʚʭʦʜʥʳʝ ʧʦʣʶʩʳ ʚʪʦʨʦʛʦ ʪʠʧʘ; 

ï ʥʘʢʦʧʠʪʝʣʠ ʆ1, ʆ2 ʦʯʝʨʝʜʝʡ ʧʦ ʚʭʦʜʥʳʤ ʧʦʪʦʢʘʤ ï ʚʥʝʰʥʷʷ ʧʘʤʷʪʴ; 

ï ʫʩʪʨʦʡʩʪʚʘ ŭ1, ŭ2 ʧʦ ʦʨʛʘʥʠʟʘʮʠʠ ʜʠʩʮʠʧʣʠʥʳ ʦʯʝʨʝʜʝʡ ʚ ʥʘʢʦʧʠʪʝʣʷʭ ʠʣʠ ʩʪʨʘ-

ʪʝʛʠʠ ʤʝʭʘʥʠʟʤʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ï ʙʣʦʢ ʧʦ ʧʝʨʝʨʘʙʦʪʢʝ ʠʥʬʦʨʤʘʮʠʠ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ; 

ï ʦʙʩʣʫʞʠʚʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ ʩ ʜʚʫʤʷ ʩʦʩʪʦʷʥʠʷʤʠ ɻ
(1)

, ɻ
(2)

 ï ʚʥʫʪʨʝʥʥʷʷ ʧʘʤʷʪʴ; 

ï ʘʜʘʧʪʠʚʥʳʡ ʘʣʛʦʨʠʪʤ ʩʤʝʥʳ ʩʦʩʪʦʷʥʠʡ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ï ʙʣʦʢ ʧʦ 

ʧʝʨʝʨʘʙʦʪʢʝ ʠʥʬʦʨʤʘʮʠʠ ʚʥʫʪʨʝʥʥʝʡ ʧʘʤʷʪʠ; 

ï ʚʳʭʦʜʥʳʝ ʧʦʪʦʢʠ ʇ 1, ʇ 2, ʦʙʩʣʫʞʝʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ï ʚʳʭʦʜʥʳʝ ʧʦʣʶʩʘ. 

ɼʣʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʙʣʦʢʦʚ ʩʭʝʤʳ ʫʧʨʘʚʣʷʶʱʝʡ ʩʠʩʪʝʤʳ ʦʧʨʝʜʝʣʠʤ 

ʥʘ ʥʝʢʦʪʦʨʦʤ ʚʝʨʦʷʪʥʦʩʪʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ (ɋ, ƾ, P(Å)) ʧʨʠ j = 1, 2 ʠ i = 0, 1,é ʩʣʝ-

ʜʫʶʱʠʝ ʩʣʫʯʘʡʥʳʝ ʚʝʣʠʯʠʥʳ ʠ ʵʣʝʤʝʥʪʳ: 

1) 
,j ih  ï ʯʠʩʣʦ ʟʘʷʚʦʢ ʧʦʪʦʢʘ ʇj, ʧʨʠʰʝʜʰʠʭ ʟʘ ʚʨʝʤʷ [Űi, Űi + 1) ʢʘʞʜʘʷ ʜʠʩʢʨʝʪʥʘʷ 

ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ ɖj,i ʧʨʠʥʠʤʘʝʪ ʩʚʦʠ ʟʥʘʯʝʥʠʷ ʠʟ ʤʥʦʞʝʩʪʚʘ ʍ = {0, 1, é}; 

2) kj,i ï ʜʣʠʥʘ ʦʯʝʨʝʜʠ ʧʦ ʧʦʪʦʢʫ ʇj ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ Űi, kj,i ʷʚʣʷʝʪʩʷ ʜʠʩʢʨʝʪʥʦʡ 

ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʦʡ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʠʟ ʤʥʦʞʝʩʪʚʘ ʍ; 

3) 
,j ix  ï ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ ʯʠʩʣʦ ʟʘʷʚʦʢ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ ʦʙʩʣʫʞʝʥʦ ʟʘ 

ʚʨʝʤʷ [Űi, Űi + 1) ʠʟ ʦʯʝʨʝʜʠ ʧʦʪʦʢʘ ʇj; ʣʶʙʘʷ ʜʠʩʢʨʝʪʥʘʷ ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ ,j ix  ʧʨʠ-

ʥʠʤʘʝʪ ʟʥʘʯʝʥʠʷ ʠʟ ʤʥʦʞʝʩʪʚʘ {0, jl¡}, ʛʜʝ jl¡ ï ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ ʯʠʩʣʦ ʤʘʰʠʥ 

ʧʦʪʦʢʘ ʇj, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʧʨʦʝʭʘʪʴ ʟʘ ʚʨʝʤʷ ʨʘʙʦʪʳ ʩʠʛʥʘʣʘ ɻ
(2j)

 ʠ jl¡= [ɛjĀTj
max

]; 

4) 
,j ix  ï ʯʠʩʣʦ ʨʝʘʣʴʥʦ ʦʙʩʣʫʞʝʥʥʳʭ ʟʘʷʚʦʢ ʧʦ ʧʦʪʦʢʫ ʇj ʟʘ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ  

[Űi, Űi + 1), ,j ix  ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʷ ʠʟ ʤʥʦʞʝʩʪʚʘ {0, 1,é, jl¡} ; 

5) ɻi ï ʩʦʩʪʦʷʥʠʝ ʩʚʝʪʦʬʦʨʘ ʥʘ ʧʨʦʤʝʞʫʪʢʝ [Űi, Űi + 1)  ʢʘʞʜʳʡ ʠʟ ʩʣʫʯʘʡʥʳʭ ʵʣʝ-

ʤʝʥʪʦʚ ɻi ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʷ ʠʟ ʥʘʙʦʨʘ ɻ = {ɻ
(1)

, ɻ
(2)

}.  ɿʜʝʩʴ ɻ
(1)

 ï ʵʪʦ çʟʝʣʝʥʳʡè ʩʚʝʪ 

ʜʣʷ ʧʦʪʦʢʘ ʇ1, ʚ ʜʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʨʘʟʨʝʰʘʝʪʩʷ ʧʨʦʝʟʜ ʘʚʪʦʤʦʙʠʣʝʡ ʪʦʣʴʢʦ ʠʟ ʧʝʨʚʦ-

ʛʦ ʧʦʪʦʢʘ ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʦʙʩʣʫʞʠʚʘʥʠʷ ɛ1; ɻ
(2)

 ï ʵʪʦ çʟʝʣʝʥʳʡè ʩʚʝʪ ʜʣʷ ʧʦʪʦʢʘ ʇ2, 

ʚ ʜʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʦʝʟʞʘʶʪ ʘʚʪʦʤʦʙʠʣʠ ʪʦʣʴʢʦ ʠʟ ʚʪʦʨʦʛʦ ʧʦʪʦʢʘ ʩ ʠʥʪʝʥʩʠʚʥʦ-

ʩʪʴʶ ʦʙʩʣʫʞʠʚʘʥʠʷ ɛ2. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʦʙʩʣʫʞʠʚʘʥʠʷ ɛj ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʣʠʯʝʩʪʚʫ 

ʤʘʰʠʥ, ʚʳʝʟʞʘʶʱʠʭ ʩ ʧʝʨʝʢʨʝʩʪʢʘ ʧʦ ʧʦʪʦʢʫ ʇj ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ. 



ɽ.ɺ. ʇʨʦʡʜʘʢʦʚʘ, ɸ.ɸ. ʈʳʙʘʢʦʚʘ 
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ʊʘʢ ʢʘʢ ʚʭʦʜʥʳʝ ʧʦʪʦʢʠ ʇ1 ʠ ʇ2 ʩʯʠʪʘʝʤ ʧʫʘʩʩʦʥʦʚʩʢʠʤʠ ʩ ʧʘʨʘʤʝʪʨʘʤʠ l1 ʠ l2 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʪʦ ʜʣʷ ʯʠʩʣʘ ʤʘʰʠʥ, ʧʦʜʭʦʜʷʱʠʭ ʢ ʩʪʦʧ - ʣʠʥʠʠ ʧʦ ʚʩʪʨʝʯʥʦʤʫ ʠ ʧʦ-

ʧʫʪʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ ʩʧʨʘʚʝʜʣʠʚʳ ʩʦʦʪʥʦʰʝʥʠʷ: 

P(ɖj,i = uj | ɻi = ɻ
(r)

) = (ɚjTr)
u
(uj!)

ï1
exp{ïɚjTr}= ( , )j j ru Tj ,  j = 1, 2. 

ɼʣʷ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ ,j ix  ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚʳʨʦʞʜʝʥʥʦʝ ʫʩʣʦʚʥʦʝ ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʝ ʚʠʜʘ ( ) ( )

,( ) ( , )r r

j i j i j jv ɻ ɻ v ɻx bR = = = , j = 1, 2,  ʛʜʝ 

( )
1,   ʧʨʠ   , ; 

( , )
0,   ʚ ʦʩʪʘʣʴʥʳʭ  ʩʣʫʯʘʷʭ.

j jr

j j

v l r j
v ɻb

¡= =ë
=ì
í  

ʉʪʨʘʪʝʛʠʷ ʤʝʭʘʥʠʟʤʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʬʦʨʤʘʣʠʟʫʝʪ ʨʘʙʦʪʫ ʵʣʝʤʝʥʪʦʚ ŭ1, ŭ2, é, ŭm ʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ, ʢʦʪʦʨʘʷ ʧʦ ʦʯʝʨʝʜʠ, ʧʦʪʦʢʫ ʥʘʩʳ-

ʱʝʥʠʷ ʠ ʧʦʪʦʢʫ ʟʘʷʚʦʢ ʫʢʘʟʳʚʘʝʪ, ʩʢʦʣʴʢʦ ʪʨʝʙʦʚʘʥʠʡ ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʦʙʩʣʫʞʠʣʦʩʴ.  

ɼʣʷ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ 
,j ix  ʩʧʨʘʚʝʜʣʠʚʦ ʩʦʦʪʥʦʰʝʥʠʝ: 

, ,min{ , }j i j j ilx k¡= . 

ʇʝʨʝʢʣʶʯʝʥʠʝ ʠʟ ʩʦʩʪʦʷʥʠʷ ɻ
(1)

  ʚ ʩʦʩʪʦʷʥʠʝ ɻ
(2)

 ʧʨʦʠʩʭʦʜʠʪ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʚʩʝ ʘʚ-

ʪʦʤʦʙʠʣʠ ʠʟ ʥʘʢʦʧʠʚʰʝʡʩʷ ʦʯʝʨʝʜʠ ʧʨʦʝʭʘʣʠ ʧʝʨʝʢʨʝʩʪʦʢ (ʧʨʠ ʵʪʦʤ ʘʚʪʦʤʦʙʠʣʠ, 

ʧʦʜʲʝʭʘʚʰʠʝ ʟʘ ʧʝʨʠʦʜ çʟʝʣʝʥʦʛʦè ʩʠʛʥʘʣʘ, ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ) ʣʠʙʦ ʝʩʣʠ ʧʨʝʚʳʰʝʥʦ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ T1
max

.  

ɺʚʝʜʝʤ ʚ ʨʘʩʩʤʦʪʨʝʥʠʝ ʬʫʥʢʮʠʶ U(ɻ
(r)

, w1, v1, w2, v2) ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

U(ɻ
(r)

, w1, v1, w2, v2) 

(1)

2 2

(1)

2 2 2 2

(2)

1 1

(2)

1 1 1 1

,   ʧʨʠ   2, 0;

,   ʧʨʠ   2, 0, ; 

,   ʧʨʠ   1, 0;

,   ʧʨʠ   1, 0, .

ɻ r w v

ɻ r w v v l

ɻ r w v

ɻ r w v v l

ë = - =
î

¡= - > =î
=ì

= - =î
î ¡= - > =í

 

 

ʊʦʛʜʘ ʟʘʚʠʩʠʤʦʩʪʴ ɻi + 1 ʦʪ ɻi ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʝʢʫʨʨʝʥʪʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ 

1 1, 2, 1, 2,( , , , , )i i i i i iɻ U ɻk k x x+ = , i = 0, 1,é 

ʆʯʝʨʝʜʴ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ Űi + 1 ʙʫʜʝʪ ʩʢʣʘʜʳʚʘʪʴʩʷ ʠʟ ʦʯʝʨʝʜʠ ʚ ʤʦʤʝʥʪ Űi, ʧʣʶʩ 

ʟʘʷʚʢʠ, ʧʨʠʰʝʜʰʠʝ ʟʘ ʠʥʪʝʨʚʘʣ [Űi, Űi + 1), ʠ ʤʠʥʫʩ ʪʝ, ʢʦʪʦʨʳʝ ʦʙʩʣʫʞʠʣʠʩʴ ʥʘ ʵʪʦʤ 

ʠʥʪʝʨʚʘʣʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ ,j ik  ʧʨʠ i =  0, 1, é,  j = 1, 2, ʙʫ-

ʜʝʪ ʩʧʨʘʚʝʜʣʠʚʦ: 

, 1 , , , , , , , , ,min{ , } max{ , }j i j i j i j i j i j i j j i j i j i j j il lk k h x k h k k h h+
¡ ¡= + - = + - = + -.

 

ʉʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤʳ ʧʦ ʧʦʪʦʢʫ ʇj ʥʘ ʧʨʦʤʝʞʫʪʢʝʚʨʝʤʝʥʠ [Űi, Űi + 1) ʙʫʜʝʤ ʭʘʨʘʢʪʝ-

ʨʠʟʦʚʘʪʴ ʧʷʪʠʤʝʨʥʳʤ ʩʣʫʯʘʡʥʳʤ ʚʝʢʪʦʨʦʤ 
1, 2, 1, 1 2, 1( , , , , )i i i i iɻk k x x- -

. ʉʯʠʪʘʝʤ, ʯʪʦ ʚ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t0 ʟʘʜʘʥʦ ʥʘʯʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʣʷ ʚʝʢʪʦʨʘ 

0 1,0 2,0 1, 1 2, 1( , , , , )ɻ k k x x- -
. ʊʦʛʜʘ ʧʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʫʝʤʦʡ ʘʜʘʧʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʦʧʠʩʳʚʘ-

ʝʪʩʷ ʩʣʫʯʘʡʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ 
1, 2, 1, 1 2, 1{( , , , , ); 0,1,...}i i i i iɻ ik k x x- - = . ɼʣʷ ʧʦʣʫ-

ʯʝʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʙʳʣʠ ʜʦʢʘʟʘʥʳ ʥʝʢʦʪʦʨʳʝ ʫʪʚʝʨʞʜʝʥʠʷ. 

ʋʪʚʝʨʞʜʝʥʠʝ 1.  

ɼʣʷ ʧʷʪʠʤʝʨʥʦʡ ʩʣʫʯʘʡʥʦʡ ʚʝʢʪʦʨʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

1, 2, 1, 1 2, 1{( , , , , ); 0,1,...}i i i i iɻ ik k x x- - =  

ʩʧʨʘʚʝʜʣʠʚʦ ʩʣʝʜʫʶʱʝʝ ʨʝʢʫʨʨʝʥʪʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ: 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 54, 2018 ʛ. 
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1 1, 1 2, 1 1, 2,

1, 2, 1, 2, 1, 1, 1 1, 2, 2, 2 2, 1 1, 2 2,

( , , , , )

( ( , , , , ),max{ , },max{ , },min{ , },min{ , }).

i i i i i

i i i i i i i i i i i i i

ɻ

U ɻ l l l l

k k x x

k k x x k h h k h h k k

+ + + =

¡ ¡ ¡ ¡= + - + -
 

ʋʪʚʝʨʞʜʝʥʠʝ 2 

ʇʨʠ ʟʘʜʘʥʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʥʘʯʘʣʴʥʦʛʦ ʚʝʢʪʦʨʘ 
0 1,0 2,0 1, 1 2, 1( , , , , )ɻ k k x x- -

 ʩʣʫʯʘʡ-

ʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 
1, 2, 1, 1 2, 1{( , , , , ); 0,1,...}i i i i iɻ ik k x x- - =  ʷʚʣʷʝʪʩʷ ʤʘʨʢʦʚʩʢʦʡ. 

ʀʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʙʳʣ ʧʦʩʪʘʚʣʝʥ ʢʠʙʝʨʥʝʪʠʯʝʩʢʠʡ 

ʵʢʩʧʝʨʠʤʝʥʪ: ʩʦʟʜʘʥʘ ʧʨʦʛʨʘʤʤʘ, ʷʚʣʷʶʱʘʷʩʷ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʴʶ ʠʟʫʯʘʝʤʦʡ 

ʘʜʘʧʪʠʚʥʦʡ ʫʧʨʘʚʣʷʶʱʝʡ ʩʠʩʪʝʤʳ [3]. ʎʝʣʴ ʩʦʟʜʘʥʠʷ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ï ʧʦʣʫ-

ʯʝʥʠʝ ʯʠʩʣʝʥʥʳʭ ʦʮʝʥʦʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʠ ʝʸ ʦʧʪʠʤʠʟʘ-

ʮʠʷ ʧʦ ʥʝʢʦʪʦʨʦʤʫ ʚʳʙʨʘʥʥʦʤʫ ʢʨʠʪʝʨʠʶ. ʀʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ 

ʚʳʷʚʠʪʴ ʦʙʣʘʩʪʠ, ʚ ʢʦʪʦʨʳʭ ʘʜʘʧʪʠʚʥʳʡ ʘʣʛʦʨʠʪʤ ʚʳʨʦʞʜʘʝʪʩʷ ʚ ʘʣʛʦʨʠʪʤ ʩ ʬʠʢʩʠ-

ʨʦʚʘʥʥʳʤ ʨʠʪʤʦʤ (ʧʨʦʩʪʝʡʰʠʡ ʮʠʢʣʠʯʝʩʢʠʡ), ʪʦ ʝʩʪʴ ʢʦʛʜʘ ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʦʩʪʦʷʥʠʡ 

ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʩʪʘʥʦʚʷʪʩʷ ʨʘʚʥʳʤʠ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʚʝʣʠʯʠʥʝ max
jT ,  

j = 1, 2.   

ɺ ʥʘʯʘʣʝ ʨʘʙʦʪʳ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʟʘʜʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʚʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ:  

ï ʢʦʣʠʯʝʩʪʚʦ ʮʠʢʣʦʚ, ʢʦʪʦʨʦʝ ʜʦʣʞʥʘ ʩʦʚʝʨʰʠʪʴ ʩʠʩʪʝʤʘ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʨʝʟʫʣʴ-

ʪʘʪʦʚ; 

ï ʦʙʱʝʝ ʚʨʝʤʷ ʨʘʙʦʪʳ ʟʝʣʸʥʦʛʦ ʩʠʛʥʘʣʘ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʧʦʪʦʢʦʚ max
jT , j = 1,2 

(ʩʝʢ.); 

ï ʠʥʪʝʥʩʠʚʥʦʩʪʠ  lj, j = 1, 2 ʧʦʩʪʫʧʣʝʥʠʷ  ʟʘʚ̫ʦʢ ʧʦ ʧʦʪʦʢʘʤ (ʪʨʝʙʦʚʘʥʠʡ/ʩʝʢ); 

ï ʠʥʪʝʥʩʠʚʥʦʩʪʠ  ɛj,   j = 1, 2 ʦʙʩʣʫʞʠʚʘʥʠʷ ʟʘʚ̫ʦʢ ʧʦ ʧʦʪʦʢʘʤ (ʪʨʝʙʦʚʘʥʠʡ/ʩʝʢ). 

ʇʦ ʠʪʦʛʘʤ ʨʘʙʦʪʳ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ, ʚʳʚʦʜʷʪʩʷ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ: 

ï ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʦʞʠʜʘʥʠʷ ʥʘʯʘʣʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʟʘʷʚʢʠ ʧʦ ʧʦʪʦʢʘʤ Mj j = 

1,2 (ʩʝʢ.); 

ï ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʦʞʠʜʘʥʠʷ ʥʘʯʘʣʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʪʨʝʙʦʚʘʥʠʷ 

1 1 2 2

1 2

M Ml l
g

l l

+
=

+

 (cʝʢ.); 

ï ʦʪʥʦʰʝʥʠʝ 100%ʦʪʥ
q

t
Q
= Ö ,  

ʛʜʝ q ï ʢʦʣʠʯʝʩʪʚʦ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʚ ʢʦʪʦʨʳʭ ʜʣʠʪʝʣʴʥʦʩʪʴ ʟʝʣʝʥʦʛʦ ʩʚʝʪʘ ʧʦ ʦʙʦʠʤ 

ʥʘʧʨʘʚʣʝʥʠʷʤ ʧʨʠʥʷʣʘ ʟʥʘʯʝʥʠʝ max
jT , j = 1, 2, ʘ  

Q ï ʢʦʣʠʯʝʩʪʚʦ ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ.  

 

ʉ ʧʦʤʦʱʴʶ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʨʝʰʘʣʘʩʴ ʟʘʜʘʯʘ ʦʧʪʠʤʠʟʘʮʠʠ ʘʜʘʧʪʠʚʥʦʛʦ ʘʣ-

ʛʦʨʠʪʤʘ ʧʦ ʢʨʠʪʝʨʠʶ ming­ . ʌʨʘʛʤʝʥʪʳ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ  l1, l2, T1
max

, T2
max

 ʠ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʷʭ ʦʙʩʣʫʞʠʚʘ-

ʥʠʷ ɛ1 = ɛ1 = 1,2 ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 1ï3. 
 

ʊʘʙʣʠʮʘ 1 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʠ l1 = 0,1,  l2 = 0,1, T1
max = 45 ʠ T2

max = 50 

l1 0,5 0,5 0,5 0,4 0,4 0,4 0,4 0,3 0,3 0,3 0,2 0,2 0,1 

l2 0,5 0,2 0,1 0,4 0,3 0,2 0,1 0,3 0,2 0,1 0,2 0,1 0,1 

g 42,39 35,44 29,65 36,16 31,47 25,91 16,71 26,05 22,48 20,54 18,11 14,63 11,58 



ɽ.ɺ. ʇʨʦʡʜʘʢʦʚʘ, ɸ.ɸ. ʈʳʙʘʢʦʚʘ 
ɸʜʘʧʪʠʚʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʥʩʧʦʨʪʦʤ ʩ ʘʣʛʦʨʠʪʤʦʤ ʧʨʦʧʫʩʢʘ ʦʯʝʨʝʜʝʡ 
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ʊʘʙʣʠʮʘ 2 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʠ l1 = 0,1, l2 = 0,1, T1
max = 35 ʠ T2

max = 30 

l1 0,5 0,5 0,5 0,4 0,4 0,4 0,4 0,3 0,3 0,3 0,2 0,2 0,1 

l2 0,5 0,2 0,1 0,4 0,3 0,2 0,1 0,3 0,2 0,1 0,2 0,1 0,1 

g 51,76 37,54 35,47 41,21 38,96 37,24 31,37 32,19 22,48 29,27 18,11 16,55 14,67 

ʊʘʙʣʠʮʘ 3 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʠ l1 = 0,4, l2 = 0,1 T1
max = 65 ʠ T2

max = 60 

l1 0,5 0,5 0,5 0,4 0,4 0,4 0,4 0,3 0,3 0,3 0,2 0,2 0,1 

l2 0,5 0,2 0,1 0,4 0,3 0,2 0,1 0,3 0,2 0,1 0,2 0,1 0,1 

g 82,71 74,7 68,72 74,17 75,55 69,66 49.45 71,32 68,16 59,83 65,46 58,84 56,79 

 

ʀʟ ʪʘʙʣʠʮ 1ï3 ʩʣʝʜʫʝʪ, ʯʪʦ ʜʣʷ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ l1 = 0,1, l2 = 0,1 ʧʨʠ T1
max

 = 45 ʠ 

T2
max

 = 50 ʥʘʠʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʦʞʠʜʘʥʠʷ ʥʘʯʘʣʘ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʧʨʦʠʟʚʦʣʴʥʦʡ ʟʘʷʚʢʠ ʙʫʜʝʪ ʨʘʚʥʦ ɔ = 11,58; ʘʥʘʣʦʛʠʯʥʦ ʜʣʷ l1 = 0,1,  l2 = 0,1 ʧʨʠ T1
max

 

= 35 ʠ T2
max

 = 30 ʟʥʘʯʝʥʠʝ ɔ = 14,67, ʘ ʜʣʷ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ l1 = 0,4, l2 = 0,1 ʧʨʠ ʟʥʘʯʝ-

ʥʠʷʭ T1
max

 = 65 ʠ T2
max

 = 60 ʥʘʠʤʝʥʴʰʝʝ ɔ = 49,45.  

ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʥʝʢʦʪʦʨʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʠʣʣʶʩʪʨʠʨʫʶʱʠʝ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʰʝ-

ʥʠʷ  tʦʪʥ  ʦʪ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ.  
 

ɺ ʪʘʙʣʠʮʘʭ 4ï6 ʧʨʠʥʷʪʘ ʩʣʝʜʫʶʱʘʷ ʰʢʘʣʘ: 

  ʚ 0 ï 30%  ʩʣʫʯʘʝʚ ʘʣʛʦʨʠʪʤ ʨʝʘʣʠʟʫʝʪ ʩʚʦʶ ʘʜʘʧʪʠʚʥʫʶ ʬʫʥʢʮʠʠ; 
 

  ʚ 31 ï 50% ʩʣʫʯʘʝʚ ʘʣʛʦʨʠʪʤ ʚʳʨʦʞʜʘʝʪʩʷ ʚ ʧʨʦʩʪʝʡʰʠʡ ʮʠʢʣʠʯʝʩʢʠʡ; 
 

  ʚ 51 ï 80% ʩʣʫʯʘʝʚ ʘʣʛʦʨʠʪʤ ʚʳʨʦʞʜʘʝʪʩʷ ʚ ʧʨʦʩʪʝʡʰʠʡ ʮʠʢʣʠʯʝʩʢʠʡ; 
 

  ʚ 81 ï 100% ʩʣʫʯʘʝʚ ʘʣʛʦʨʠʪʤ ʨʘʙʦʪʘʝʪ ʢʘʢ ʧʨʦʩʪʝʡʰʠʡ ʮʠʢʣʠʯʝʩʢʠʡ. 

ʊʘʙʣʠʮʘ 4 

ɿʥʘʯʝʥʠʷ tʦʪʥ ʧʨʠ T1
max = 25 ʠ T2

max = 3 ʠ ʨʘʟʣʠʯʥʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʷʭ l1, l2  

l1 

 l2 
0,1 0,15 0,2 0,25 0,3 0,35 0,4 0,45 0,5 

0,05 53,50% 70,50% 88,00% 74,50% 88,00% 77,00% 73,00% 74,50% 69,00% 

0,1 53,50% 80,50% 91,00% 90,00% 88,00% 77,00% 73,00% 74,50% 69,00% 

0,15 76,50% 70,50% 88,00% 74,50% 77,00% 93,50% 88,00% 95,50% 92,50% 

0,2 84,50% 78,00% 88,00% 84,50% 95,00% 98,00% 97,00% 96,50% 93,50% 

0,25 91,50% 87,00% 89,50% 96,50% 97,50% 96,50% 93,50% 99,00% 93,50% 

0,3 78,00% 89,50% 93,50% 96,00% 96,50% 99,00% 99,00% 97,50% 96,50% 

0,35 89,50% 89,50% 91,50% 95,50% 99,00% 97,50% 95,50% 96,50% 99,00% 

0,4 87,00% 95,50% 92,50% 96,00% 98,50% 98,00% 96,50% 95,50% 95,00% 

0,45 79,50% 99,00% 95,00% 98,00% 95,50% 98,00% 99,00% 100,0% 100,0% 

0,5 89,50% 96,50% 96,50% 99,00% 99,00% 96,50% 98,00% 100,0% 100,0% 

 

ʊʘʙʣʠʮʘ 4 ʦʪʨʘʞʘʝʪ ʩʠʪʫʘʮʠʶ, ʢʦʛʜʘ ʚ ʧʨʝʦʙʣʘʜʘʶʱʝʤ ʯʠʩʣʝ ʩʣʫʯʘʝʚ ʘʜʘʧʪʠʚʥʳʡ 

ʘʣʛʦʨʠʪʤ ʪʝʨʷʝʪ ʩʚʦʶ ʬʫʥʢʮʠʶ ʠ ʚʳʨʦʞʜʘʝʪʩʷ ʚ ʮʠʢʣʠʯʝʩʢʠʡ ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʨʠʪ-

ʤʦʤ. 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 54, 2018 ʛ. 

ʈʘʟʜʝʣ I. ʀʥʬʦʨʤʘʪʠʢʘ, ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʠ ʠ ʨʘʜʠʦʣʦʢʘʮʠʷ 
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ʊʘʙʣʠʮʘ 5 

ɿʥʘʯʝʥʠʷ tʦʪʥ ʧʨʠ T1
max = 60 ʠ T2

max = 50 ʠ ʨʘʟʣʠʯʥʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʷʭ l1, l2  

l1 

 l2 
0,1 0,15 0,2 0,25 0,3 0,35 0,4 0,45 0,5 

0,1 5,00% 11,47% 15,00% 18,00% 24,50% 35,45% 34,00% 23,78% 24,00% 

0,15 21,26% 33,50% 41,39% 37,50% 38,50% 47,00% 61,00% 36,14% 26,15% 

0,2 28,00% 51,20% 48,96% 48,50% 39,45% 58,21% 79,12% 47,75% 28,45% 

0,25 42,93% 47,50% 53,12% 53,96% 61,14% 75,50% 75,01% 68,41% 52,19% 

0,3 48,52% 54,00% 56,21% 54,00% 63,12% 81,23% 94,00% 71,39% 79,27% 

0,35 52,00% 56,50% 57,49% 63,20% 66,00% 77,50% 83,20% 78,12% 83,00% 

0,4 47,62% 59,30% 58,60% 58,00% 69,45% 74,22% 88,10% 90,00% 91,12% 

0,45 50,28% 61,30% 66,31% 67,00% 69,20% 87,45% 82,45% 90,14% 91,78% 

0,5 59,36% 62,40% 69,76% 71,45% 76,14% 79,64% 86,12% 91,47% 96,14% 

 

ʀʟ ʪʘʙʣʠʮʳ 5 ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʫʢʘʟʘʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʘʜʘʧʪʠʚʥʳʡ ʘʣʛʦʨʠʪʤ ʩʦʭʨʘ-

ʥʷʝʪ ʩʚʦʶ ʬʫʥʢʮʠʶ ʧʨʠʤʝʨʥʦ ʚ ʧʦʣʦʚʠʥʝ ʩʣʫʯʘʝʚ. 

ʊʘʙʣʠʮʘ 6 

ɿʥʘʯʝʥʠʷ tʦʪʥ ʧʨʠ T1
max = 90 ʠ T2

max = 100 ʠ ʨʘʟʣʠʯʥʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʷʭ l1, l2  

l1 

l2 
0,1 0,15 0,2 0,25 0,3 0,35 0,4 0,45 0,5 

0,1 0,00% 0,00% 0,00% 1,50% 0,50% 4,00% 6,50% 6,00% 13,00% 

0,15 0,00% 0,00% 0,00% 1,00% 2,00% 5,50% 6,00% 13,00% 10,00% 

0,2 0,00% 0,00% 0,00% 1,00% 4,50% 3,50% 8,00% 13,00% 10,50% 

0,25 1,00% 0,50% 1,00% 3,50% 3,50% 5,00% 8,00% 15,00% 19,00% 

0,3 5,50% 7,50% 3,00% 8,00% 8,00% 12,00% 17,00% 16,50% 22,50% 

0,35 6,50% 14,50% 10,50% 18,50% 13,50% 17,00% 20,50% 25,50% 30,00% 

0,4 12,00% 14,00% 12,50% 20,50% 23,50% 21,00% 31,00% 32,50% 40,00% 

0,45 24,00% 20,00% 24,00% 25,00% 24,00% 37,50% 35,50% 51,50% 52,00% 

0,5 27,50% 20,005 28,00% 29,50% 38,00% 47,00% 45,50% 52,50% 51,50% 

 

ʊʘʙʣʠʮʘ 6 ʠʣʣʶʩʪʨʠʨʫʝʪ ʩʠʪʫʘʮʠʶ, ʛʜʝ ʧʨʘʢʪʠʯʝʩʢʠ ʚ 100% ʩʣʫʯʘʝʚ  ʘʣʛʦʨʠʪʤ 

ʚʳʧʦʣʥʷʝʪ ʩʚʦʶ ʘʜʘʧʪʠʚʥʫʶ ʬʫʥʢʮʠʶ. 
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The article deals with the adaptive control system of conflicting traffic flows based on the al-

gorithm of passing queues. The study is carried out analytically, as well as numerically, by 

means of the simulation method, the problem of optimization of the considered adaptive al-

gorithm is also solved. 
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ʀ.ʅ. ʃʫʯʢʦʚ, ʘʩʧʠʨʘʥʪ ʌɻɹʆʋ ɺʆ çɺɻʋɺʊè 

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

ʂʆʅʎɽʇʎʀʗ ʃʀʉʊʆɻʀɹʆʏʅʆʁ ʄɸʐʀʅʓ  

ʉ ʏʇʋ ʅʆɺʆɻʆ ʇʆʂʆʃɽʅʀʗ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʨʧʫʩʦʦʙʨʘʙʘʪʳʚʘʶʱʠʡ ʮʝʭ; ʛʠʙʢʘ ʣʠʩʪʦʚ; ʣʠʩʪʦʛʠʙʦʯʥʦʝ ʦʙʦʨʫ-

ʜʦʚʘʥʠʝ. 

 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʣʦʞʝʥʘ ʢʦʥʮʝʧʮʠʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʦʛʦ ʣʠʩʪʦʛʠʙʦʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʜʣʷ ʟʘʛʦʪʦʚʠʪʝʣʴʥʳʭ ʮʝʭʦʚ ʩʫʜʦʩʪʨʦʠʪʝʣʴʥʳʭ ʚʝʨʬʝʡ. ʇʨʠʚʝʜʝʥʳ ʝʛʦ ʩʭʝʤʘ ʠ ʦʧʠʩʘ-

ʥʠʝ. 

 

ʆʙʰʠʚʢʘ ʢʦʨʧʫʩʦʚ ʩʦʚʨʝʤʝʥʥʳʭ ʩʫʜʦʚ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʜʦ 85% ʢʨʠʚʦʣʠʥʝʡʥʳʭ 

ʣʠʩʪʦʚ: ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ, ʢʦʥʠʯʝʩʢʠʭ, ʧʘʨʫʩʦʚʠʜʥʳʭ, ʩʝʜʣʦʦʙʨʘʟʥʳʭ ʠ ʪ.ʜ. ʇʦʵʪʦʤʫ 

ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʵʣʝʤʝʥʪʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʣʠʩʪʦʚʳʭ 

ʢʦʨʧʫʩʥʳʭ ʜʝʪʘʣʝʡ ʷʚʣʷʝʪʩʷ ʠʤʝʥʥʦ ʠʭ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʝ. ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʛʠʙʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʣʦʞʥʦʩʪʴʶ ʧʨʠʤʝʥʷʝʤʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʫʥʠ-

ʢʘʣʴʥʦʩʪʴʶ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʛʠʙʦʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʚʣʠʷʥʠʝʤ 

ʢʘʯʝʩʪʚʘ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʜʝʪʘʣʝʡ ʥʘ ʪʨʫʜʦʸʤʢʦʩʪʴ ʠ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʧʦʩʣʝʜʫʶʱʠʭ 

ʩʙʦʨʦʯʥʳʭ ʨʘʙʦʪ, ʘ ʪʘʢʞʝ ʥʘ ʥʘʜʸʞʥʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʭ ʢʦʨʧʫʩ-

ʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. 

ɼʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʛʥʫʪʳʭ ʵʣʝʤʝʥʪʦʚ ʦʙʰʠʚʢʠ ʦʙʳʯʥʦ ʧʨʠʤʝʥʷʶʪ ʩʚʦʙʦʜʥʫʶ ʛʠʙ-

ʢʫ, ʢʦʪʦʨʘʷ ʦʩʥʦʚʘʥʘ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʦʤ ʠʟʛʠʙʝ ʦʪʜʝʣʴʥʳʭ 

ʫʯʘʩʪʢʦʚ ʟʘʛʦʪʦʚʦʢ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʠʭ ʠʣʠ ʚʥʫʪʨʝʥʥʠʭ ʫʩʠʣʠʡ. ʇʨʠ ʵʪʦʤ ʙʦʣʴ-

ʰʘʷ ʯʘʩʪʴ ʤʦʱʥʦʩʪʠ (ʜʦ 90 %) ʪʨʘʪʠʪʩʷ ʥʘ ʫʧʨʫʛʦʝ ʧʦʩʣʝʜʝʡʩʪʚʠʝ [1]: ʧʨʫʞʠʥʝʥʠʝ ʠ 

ʩʦʟʜʘʥʠʝ ʧʦʣʷ ʚʟʘʠʤʥʦ ʫʨʘʚʥʦʚʝʰʝʥʥʳʭ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʧʦ ʚʩʝʤ ʧʦʧʝʨʝʯ-

ʥʳʤ ʩʝʯʝʥʠʷʤ, ʧʦʜʚʝʨʛʥʫʪʳʤ ʠʟʛʠʙʫ. ɺʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʧʦʪʨʝʙʣʷʝʤʦʡ ʤʦʱʥʦʩʪʠ 

ʧʨʠʚʦʜʷʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʡ ʬʦʥʜʦ-, ʤʝʪʘʣʦ- ʠ ʵʥʝʨʛʦʸʤʢʦʩʪʠ ʧʨʠʤʝʥʷʝʤʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʛʠʙʢʠ. 

ʅʘʨʷʜʫ ʩʦ ʩʚʦʙʦʜʥʦʡ ʛʠʙʢʦʡ ʚ ʩʫʜʦʩʪʨʦʝʥʠʠ ʥʘʢʦʧʣʝʥ ʥʝʢʦʪʦʨʳʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ 

ʦʧʳʪ ʛʠʙʢʠ ʜʝʪʘʣʝʡ ʤʝʪʦʜʘʤʠ ʤʠʥʠʩʠʣʦʚʦʛʦ ʙʝʩʰʪʘʤʧʦʚʦʛʦ ʨʦʪʘʮʠʦʥʥʦ-ʣʦʢʘʣʴʥʦʛʦ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ [2, 3]. ʕʥʝʨʛʠʷ ʟʜʝʩʴ ʟʘʪʨʘʯʠʚʘʝʪʩʷ ʥʘ ʧʣʘʩʪʠʯʝʩʢʦʝ ʜʝʬʦʨʤʠʨʦʚʘʥʠʝ 

ʟʘʛʦʪʦʚʢʠ ʪʦʣʴʢʦ ʚ ʦʯʘʛʝ ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ ʠ ʧʦʯʪʠ ʥʝ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʘ 

ʫʧʨʫʛʦʝ ʜʝʬʦʨʤʠʨʦʚʘʥʠʝ ʚ ʩʦʩʝʜʥʠʭ ʫʯʘʩʪʢʘʭ ʣʠʩʪʘ. ɹʣʘʛʦʜʘʨʷ ʣʦʢʘʣʴʥʦʤʫ ʭʘʨʘʢʪʝʨʫ 

ʥʘʛʨʫʞʝʥʠʷ ʜʝʬʦʨʤʘʮʠʠ ʩʦʩʨʝʜʦʪʘʯʠʚʘʶʪʩʷ ʚ ʦʛʨʘʥʠʯʝʥʥʦʡ ʦʙʣʘʩʪʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥ-

ʥʦ ʧʦʜ ʥʘʞʠʤʥʳʤ ʨʦʣʠʢʦʤ. ʇʨʠ ʵʪʦʤ ʟʘʪʨʘʯʠʚʘʝʤʳʝ ʥʘ ʛʠʙʢʫ ʫʩʠʣʠʷ ʩʥʠʞʘʶʪʩʷ ʚ 

15ï20 ʨʘʟ, ʦʙʣʝʛʯʘʝʪʩʷ ʢʦʥʩʪʨʫʢʮʠʷ ʛʠʙʦʯʥʦʡ ʤʘʰʠʥʳ, ʩʥʠʞʘʝʪʩʷ ʝʸ ʫʩʪʘʥʦʚʣʝʥʥʘʷ 

ʤʦʱʥʦʩʪʴ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʘ ʤʝʪʘʣʣʦʸʤʢʦʩʪʴ ʦʩʥʘʩʪʢʠ ʩʥʠʞʘʝʪ-

ʩʷ ʜʦ 100 ʨʘʟ. ʅʝʤʘʣʦʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʠ ʪʦ, ʯʪʦ ʚʥʫʪʨʝʥʥʷʷ ʩʪʨʫʢʪʫʨʘ ʤʝʪʘʣʣʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ, ʥʘʧʨʠʤʝʨ, ʩ ʛʠʙʢʦʡ ʥʘ ʧʨʝʩʩʘʭ, ʦʩʪʘʸʪʩʷ ʙʦʣʝʝ ʦʜʥʦʨʦʜʥʦʡ ʠ ʫʤʝʥʴʰʘʶʪ-

ʩʷ ʦʩʪʘʪʦʯʥʳʝ ʥʘʧʨʷʞʝʥʠʷ. ʕʪʦ ʜʝʣʘʝʪ ʛʥʫʪʳʝ ʣʠʩʪʳ ʙʦʣʝʝ ʧʦʜʘʪʣʠʚʳʤʠ ʧʨʠ ʧʦʩʣʝ-

ʜʫʶʱʠʭ ʩʙʦʨʦʯʥʳʭ ʨʘʙʦʪʘʭ [1]. 

ɺʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʠ ʚʳʙʨʘʥʥʳʡ ʩʧʦʩʦʙ ʛʠʙʢʠ. ɺ ʢʦʨʧʫʩʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ 

ʮʝʭʘʭ ʚʝʨʬʝʡ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ çʭʦʣʦʜʥʘʷè ʛʠʙʢʘ ʙʝʟ ʥʘʛʨʝʚʘ 

ʟʘʛʦʪʦʚʢʠ. ʆʛʨʘʥʠʯʝʥʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠ çʛʦʨʷʯʘʷè ʛʠʙʢʘ ʩ ʦʙʱʠʤ ʥʘʛʨʝʚʦʤ ʚʩʝʡ ʟʘʛʦ-

ʪʦʚʢʠ, ʘ ʪʘʢʞʝ ʛʠʙʢʘ ʤʝʩʪʥʳʤʠ ʥʘʛʨʝʚʘʤʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʨʧʫʩʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʮʝʭʘʭ ʜʣʷ ʛʠʙʢʠ ʧʨʠʤʝ-

ʥʷʶʪ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʣʠʩʪʦʛʠʙʦʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʢʦʪʦʨʦʛʦ ʦʩ-

ʥʦʚʘʥ ʥʘ ʦʜʥʦʤ ʠʣʠ ʢʦʤʙʠʥʘʮʠʠ ʥʝʩʢʦʣʴʢʠʭ ʠʟ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʧʨʠʥʮʠʧʦʚ. ʆʩʥʦʚ-

ʥʳʤʠ ʪʠʧʘʤʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ [1ï3]: 



ʀ.ʅ. ʃʫʯʢʦʚ 
ʂʦʥʮʝʧʮʠʷ ʣʠʩʪʦʛʠʙʦʯʥʦʡ ʤʘʰʠʥʳ ʩ ʯʧʫ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ 
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1) ʣʠʩʪʦʛʠʙʦʯʥʳʝ ʚʘʣʴʮʳ; 

2) ʢʦʥʩʦʣʴʥʳʝ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʧʨʝʩʩʳ; 

3) ʧʦʨʪʘʣʴʥʳʝ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʧʨʝʩʩʳ (ʚ ʪʦʤ ʯʠʩʣʝ ʤʥʦʛʦʧʣʫʥʞʝʨʥʳʝ); 

4) ʢʨʦʤʢʦʛʠʙʦʯʥʳʝ ʧʨʝʩʩʳ; 

5) ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʠʙʦʯʥʦ-ʧʨʘʚʠʣʴʥʳʝ ʩʪʘʥʢʠ; 

6) ʤʘʰʠʥʳ ʩ ʨʦʪʘʮʠʦʥʥʦ-ʣʦʢʘʣʴʥʳʤ ʧʨʠʥʮʠʧʦʤ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ; 

7) ʩʪʝʥʜʳ ʜʣʷ ʛʠʙʢʠ ʤʝʩʪʥʳʤʠ ʥʘʛʨʝʚʘʤʠ. 

ɺ ʩʚʷʟʠ ʩ ʦʙʱʝʤʠʨʦʚʳʤʠ ʪʝʥʜʝʥʮʠʷʤʠ ʥʘ ʨʘʩʰʠʨʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʏʇʋ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʧʨʠ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʠ ʜʝʪʘʣʝʡ, ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʙʦʨʫʜʦʚʘʥʠʝ, 

ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʣʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʚʩʝʭ ʛʠʙʦʯʥʳʭ ʦʧʝʨʘʮʠʡ. ʕʪʦ 

ʧʦʟʚʦʣʠʪ ʨʦʙʦʪʠʟʠʨʦʚʘʪʴ ʛʠʙʢʫ ʜʝʪʘʣʝʡ, ʧʫʪʸʤ ʩʦʟʜʘʥʠʷ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢ-

ʩʦʚ (ʈʊʂ) ʠ ʛʠʙʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʜʫʣʝʡ (ɻʇʄ), ʘ ʥʘ ʠʭ ʦʩʥʦʚʝ ʘʚʪʦʤʘʪʠʟʠʨʦ-

ʚʘʥʥʳʭ ʛʠʙʦʯʥʳʭ ʫʯʘʩʪʢʦʚ (ɻɸʋ). ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʘʢʦʡ ʨʘʙʦʪʳ ʧʦʜʯʸʨʢʠʚʘʝʪ ʥʝʦʙʭʦ-

ʜʠʤʦʩʪʴ ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʌʝʜʝʨʘʣʴʥʦʛʦ ʟʘʢʦʥʘ ʦ ʪʝʭʥʠʯʝʩʢʦʤ ʨʝʛʫʣʠʨʦʚʘʥʠʠ 

ʠ ʩʪʘʥʜʘʨʪʦʚ ʚ ʦʙʣʘʩʪʠ ʤʝʥʝʜʞʤʝʥʪʘ ʢʘʯʝʩʪʚʘ ʩʝʨʠʠ ISO 9000 ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʝ-

ʥʝʜʞʤʝʥʪʘ ʩʝʨʠʠ ISO 14000. 

ɸʥʘʣʠʟ ʧʨʠʤʝʥʷʶʱʝʛʦʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʚʝʨʬʷʭ ʣʠʩʪʦʛʠ-

ʙʦʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ: 1) ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʩʪʘ-

ʥʦʯʥʦʛʦ ʠ ʤʘʰʠʥʥʦʛʦ ʧʘʨʢʘ ʫʩʪʘʨʝʣʘ ʥʝ ʪʦʣʴʢʦ ʬʠʟʠʯʝʩʢʠ, ʥʦ ʠ ʤʦʨʘʣʴʥʦ; 2) ʦʙʦʨʫ-

ʜʦʚʘʥʠʶ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʝʤʫ ʥʘ ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʘʭ, ʧʨʠʩʫʱʠ ʦʧʨʝ-

ʜʝʣʸʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʳʨʘʞʘʶʱʠʝʩʷ ʚ ʧʘʨʘʜʦʢʩʘʣʴʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦ-

ʩʪʷʭ (ʣʠʙʦ ʚʳʩʦʢʠʝ ʬʦʥʜʦ- ʠ ʵʥʝʨʛʦʸʤʢʦʩʪʴ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʨʦʩʪʦʪʝ ʢʦʥʩʪʨʫʢʮʠʠ 

ʤʘʰʠʥʳ ʠ ʫʧʨʘʚʣʝʥʠʠ ʧʨʦʮʝʩʩʦʤ ʛʠʙʢʠ, ʣʠʙʦ, ʥʘʧʨʦʪʠʚ, ʥʠʟʢʠʝ ʬʦʥʜʦ- ʠ ʵʥʝʨʛʦʸʤ-

ʢʦʩʪʴ ʧʨʠ ʚʳʩʦʢʦʡ ʩʣʦʞʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ). ʊʦ ʝʩʪʴ, ʘʢʪʫʘʣʴʥʳʤ ʷʚ-

ʣʷʝʪʩʷ ʚʦʧʨʦʩ ʩʦʟʜʘʥʠʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʦʛʦ ʛʠʙʦʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚ ʢʦʪʦʨʦʤ 

ʩʦʚʤʝʱʘʣʠʩʴ ʙʳ ʜʦʩʪʦʠʥʩʪʚʘ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʠ ʫʞʝ ʭʦʨʦʰʦ ʩʝʙʷ ʟʘʨʝʢʦʤʝʥʜʦʚʘʚʰʝ-

ʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʦ ʥʝ ʠʤʝʣʦ ʧʨʠʩʫʱʠʭ ʝʤʫ ʥʝʜʦʩʪʘʪʢʦʚ. 

ʅʘ ʩʨʝʜʥʝ- ʠ ʤʘʣʦʪʦʥʥʘʞʥʳʭ ʩʫʜʘʭ (ʠʤʝʥʥʦ ʪʘʢʠʝ ʩʫʜʘ ʩʦʩʪʘʚʣʷʶʪ ʦʩʥʦʚʫ ʦʪʝʯʝ-

ʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʬʣʦʪʘ) ʦʙʰʠʚʢʫ, ʢʘʢ ʧʨʘʚʠʣʦ, ʢʦʥʩʪʨʫʠʨʫʶʪ ʠʟ ʣʠʩʪʦʚ ʪʦʣ-

ʱʠʥʦʡ ʥʝ ʙʦʣʝʝ 10ï12 ʤʤ [4; 5]. ʇʨʠʤʝʨʥʦ ʪʘʢʦʡ ʞʝ ʜʠʘʧʘʟʦʥ ʪʦʣʱʠʥ ʨʘʩʩʤʘʪʨʠʚʘʝʪ-

ʩʷ ʠ ʟʘʨʫʙʝʞʥʳʤʠ ʘʚʪʦʨʘʤʠ, ʥʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʘʭ [6ï10]. ʇʦʵʪʦʤʫ ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʣʠʩ-

ʪʦʛʠʙʦʯʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩʣʝʜʫʝʪ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʜʣʷ ʜʠʘʧʘʟʦʥʘ 

ʪʦʣʱʠʥ ʜʦ 12 ʤʤ. 

ʅʠʞʝ ʠʟʣʘʛʘʝʪʩʷ ʢʦʥʮʝʧʮʠʷ ʪʘʢʦʡ ʣʠʩʪʦʛʠʙʦʯʥʦʡ ʤʘʰʠʥʳ ʩ ʏʇʋ ʜʣʷ ʙʝʩʰʘʙʣʦʥ-

ʥʦʛʦ ʠ ʙʝʩʰʪʘʤʧʦʚʦʛʦ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʣʠʩʪʦʚʳʭ ʜʝʪʘʣʝʡ ʩʣʦʞʥʦʡ ʬʦʨʤʳ ʠʟ ʫʛʣʝ-

ʨʦʜʠʩʪʳʭ ʠ ʥʠʟʢʦʣʝʛʠʨʦʚʘʥʥʳʭ ʩʪʘʣʝʡ ʨʘʟʣʠʯʥʳʭ ʤʘʨʦʢ. ʂʦʥʮʝʧʮʠʷ ʤʘʰʠʥʳ ʧʨʝʜ-

ʧʦʣʘʛʘʝʪ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ, ʩʦʯʝʪʘʶʱʠʡ ʜʦʩʪʦʠʥʩʪʚʘ ʩʚʦʙʦʜʥʦʡ 

ʤʠʥʠʩʠʣʦʚʦʡ ʙʝʩʰʪʘʤʧʦʚʦʡ ʛʠʙʢʠ ʥʘ ʤʥʦʛʦʧʣʫʥʞʝʨʥʦʤ ʧʨʝʩʩʝ ʠ ʛʠʙʢʠ ʣʦʢʘʣʴʥʳʤʠ 

ʥʘʛʨʝʚʘʤʠ. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʤʘʰʠʥʳ ʧʦʷʩʥʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

ʀʟʦʙʨʘʞʸʥʥʘʷ ʣʠʩʪʦʛʠʙʦʯʥʘʷ ʤʘʰʠʥʘ-ʘʚʪʦʤʘʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʝʢʮʠʦʥʠʨʦ-

ʚʘʥʥʫʶ ʩʪʘʣʴʥʫʶ ʧʣʘʪʬʦʨʤʫ ʙʦʣʴʰʦʡ ʞʸʩʪʢʦʩʪʠ ʩ ʚʩʪʨʦʝʥʥʳʤʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘʤʠ ʠ 

ʚʝʨʪʠʢʘʣʴʥʦ-ʧʦʜʚʠʞʥʳʤʠ ʮʠʣʠʥʜʨʠʯʝʩʢʠʤʠ ʩʝʢʮʠʷʤʠ (ʧʣʫʥʞʝʨʘʤʠ) ʩʦ ʩʬʝʨʠʯʝʩʢʠ-

ʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ. ɺ ʩʬʝʨʠʯʝʩʢʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʫʥʞʝʨʦʚ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʚʩʪʨʦʝʥʳ ʫʜʝʨʞʠʚʘʶʱʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʳ ʙʦʣʴʰʦʡ ʜʝʨʞʘʱʝʡ ʩʠʣʳ ʩ ʫʩʪ-

ʨʦʡʩʪʚʘʤʠ ʜʣʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʥʘʛʨʝʚʘ ʪʦʢʘʤʠ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʳ 

(ʊɺʏ) ʣʦʢʘʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʨʘʟʤʝʱʘʝʤʦʛʦ ʥʘ ʵʪʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʠʟʛʠʙʘʝʤʦʛʦ ʣʠʩʪʘ. 

ʉʭʝʤʘ ʧʣʫʥʞʝʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 

ʉʬʝʨʠʯʝʩʢʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʧʣʫʥʞʝʨʘ ʧʦʟʚʦʣʷʝʪ ʠʟʛʠʙʘʪʴ ʤʝʪʘʣʣ ʙʝʟ 

ʧʦʚʨʝʞʜʝʥʠʷ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ. ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʠʟʣʠʰʥʠʭ ʜʝʬʦʨʤʘʮʠʡ ʧʨʠ 

ʩʣʦʞʥʳʭ ʠʟʛʠʙʘʭ ʧʨʠʤʝʥʸʥ ʣʦʢʘʣʴʥʳʡ ʥʘʛʨʝʚ ʊɺʏ. ʃʦʢʘʣʠʟʘʮʠʷ ʫʯʘʩʪʢʦʚ ʥʘʛʨʝʚʘ ʧʦ 

ʣʠʩʪʫ ʠ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʜʦʣʞʥʳ ʦʧʨʝʜʝʣʷʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʘʨʢʠ ʤʘʪʝʨʠʘʣʘ, ʬʦʨ-

ʤʳ, ʨʘʟʤʝʨʦʚ ʠ ʢʨʠʚʠʟʥʳ ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʭ ʜʝʪʘʣʝʡ. ʊʝʭʥʦʣʦʛʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʩʪ-

ʥʳʭ ʥʘʛʨʝʚʦʚ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʘ, ʥʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [5]. 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 54, 2018 ʛ. 
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ʈʠʩ. 1. ʂʦʥʮʝʧʪʫʘʣʴʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʣʠʩʪʦʛʠʙʦʯʥʦʡ ʤʘʰʠʥʳ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ: 

1 ï ʦʩʥʦʚʘʥʠʝ (ʧʦʣ ʮʝʭʘ); 2 ï ʩʝʢʮʠʦʥʠʨʦʚʘʥʥʘʷ ʩʪʘʣʴʥʘʷ ʧʣʘʪʬʦʨʤʘ ʙʦʣʴʰʦʡ  

ʞʸʩʪʢʦʩʪʠ ʩʦ ʚʩʪʨʦʝʥʥʳʤʠ ʧʨʠʚʦʜʥʳʤʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘʤʠ; 3 ï ʚʝʨʪʠʢʘʣʴʥʦ- 

ʧʦʜʚʠʞʥʳʝ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʩʝʢʮʠʠ ʩʦ ʚʩʪʨʦʝʥʥʳʤʠ ʫʜʝʨʞʠʚʘʶʱʠʤʠ  

ʵʣʝʢʪʨʦʤʘʛʥʠʪʘʤʠ; 4 ï ʠʟʛʠʙʘʝʤʳʡ ʣʠʩʪ; 5 ï ʧʫʣʴʪ ʫʧʨʘʚʣʝʥʠʷ 

 

ʈʠʩ. 2. ʉʭʝʤʘ ʚʝʨʪʠʢʘʣʴʥʦ-ʧʦʜʚʠʞʥʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʝʢʮʠʠ:  

1 ï ʩʝʢʮʠʦʥʠʨʦʚʘʥʥʘʷ ʩʪʘʣʴʥʘʷ ʧʣʘʪʬʦʨʤʘ ʙʦʣʴʰʦʡ ʞʸʩʪʢʦʩʪʠ;  

2 ï ʥʘʧʨʘʚʣʷʶʱʠʡ ʩʪʘʢʘʥ; 3 ï ʚʝʨʪʠʢʘʣʴʥʦ-ʧʦʜʚʠʞʥʘʷ ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ  

ʩʝʢʮʠʷ; 4 ï ʫʜʝʨʞʠʚʘʶʱʘʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʰʘʡʙʘ; 5 ï ʠʥʜʫʢʪʦʨ ʊɺʏ;  

6 ï ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʧʨʠʧʦʜʥʠʤʘʶʱʝʝ ʩʝʢʮʠʶ;  

7 ï ʧʨʠʚʦʜʥʦʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪ 

ɺʝʨʪʠʢʘʣʴʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʧʣʫʥʞʝʨʘʤ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʨʠʚʦʜʥʳʝ ʵʣʝʢʪʨʦʤʘʛʥʠ-

ʪʳ, ʚʩʪʨʦʝʥʥʳʝ ʚ ʩʝʢʮʠʦʥʠʨʦʚʘʥʥʫʶ ʧʣʘʩʪʠʥʫ, ʨʘʩʧʦʣʦʞʝʥʥʫʶ ʧʦʜ ʥʠʤʠ ʠ ʚʤʦʥʪʠ-

ʨʦʚʘʥʥʫʶ ʚ ʧʦʣ ʮʝʭʘ (ʢʘʢ ʚʘʨʠʘʥʪ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʧʨʠʚʦʜ). ɺ 

ʢʘʯʝʩʪʚʝ ʥʘʧʨʘʚʣʷʶʱʠʭ ʧʨʠʤʝʥʝʥʳ ʦʪʨʝʟʢʠ ʪʦʣʩʪʦʩʪʝʥʥʳʭ ʩʪʘʣʴʥʳʭ ʪʨʫʙ, ʚʝʨʪʠ-

ʢʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʠ ʞʸʩʪʢʦ ʟʘʢʨʝʧʣʸʥʥʳʭ ʢ ʧʣʘʩʪʠʥʝ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʳʜʚʠ-

ʥʫʪʴ ʦʪʜʝʣʴʥʳʡ ʧʣʫʥʞʝʨ ʧʦʜ ʥʠʤ ʫʤʝʥʴʰʘʶʪ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʠ ʫʚʝʣʠʯʠʚʘʶʪ ʝʛʦ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʧʫʩʪʠʪʴ ʧʣʫʥʞʝʨ, 

ʥʘʧʨʦʪʠʚ, ʫʤʝʥʴʰʘʶʪ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ ʧʦʣʷ ʠ ʫʚʝʣʠʯʠʚʘʶʪ ʧʦʣʦʞʠʪʝʣʴʥʳʡ. ʊʝʤ 

ʩʘʤʳʤ ʤʦʞʥʦ ʧʨʠʜʘʚʘʪʴ ʠʟʛʠʙʘʝʤʦʤʫ ʣʠʩʪʫ ʣʶʙʫʶ ʧʦʛʠʙʴ (ʩʤ. ʨʠʩʫʥʦʢ 3). 

ʋʧʨʘʚʣʝʥʠʝ ʤʘʰʠʥʦʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʜʠʩʪʘʥʮʠʦʥʥʦ ʧʦ ʟʘʜʘʥʥʦʡ ʧʨʦʛʨʘʤʤʝ. ʈʘʟ-

ʨʘʙʦʪʢʘ ʫʧʨʘʚʣʷʶʱʠʭ ʧʨʦʛʨʘʤʤ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʚ ʦʜʥʦʡ ʠʟ ʩʨʝʜ, ʨʝʘʣʠʟʫʶ-

ʱʠʭ ʧʨʠʥʮʠʧ ʩʢʚʦʟʥʦʛʦ CAD/CAM/CAE ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʢʦʨʧʫʩʥʳʭ ʜʝʪʘʣʝʡ ʠ ʫʧʨʘʚ-
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ʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʫʩʧʝʰʥʦ ʤʦʛʫʪ 

ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʧʨʦʛʨʘʤʤʥʳʝ ʢʦʤʧʣʝʢʩʳ ʥʘ ʧʣʘʪʬʦʨʤʘʭ CATIA, DELMIA , AVEVA , 

GPSS/W, GSPT, Vissim, ʈʀʊʄ-ʉʫʜʥʦ ʠ ʜʨ. ʇʨʦʤʳʰʣʝʥʥʳʡ ʢʦʤʧʴʶʪʝʨ ʩ ʠʥʪʫʠʪʠʚʥʦ 

ʧʦʥʷʪʥʳʤ ʠʥʪʝʨʬʝʡʩʦʤ ʠ ʧʫʣʴʪʦʤ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ ʚʚʦʜʘ ʫʧʨʘʚʣʷʶʱʠʭ ʧʨʦʛʨʘʤʤ ʠ ʠʭ 

ʦʧʝʨʘʪʠʚʥʦʡ ʢʦʨʨʝʢʪʠʨʦʚʢʠ (ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ) ʨʘʟʤʝʱʘʝʪʩʷ ʥʘ ʚʳʥʦʩʥʦʡ ʢʦʥʩʦʣʠ. 

 

ʈʠʩ. 3. ʉʭʝʤʘ ʤʠʥʠʩʠʣʦʚʦʡ ʙʝʩʰʪʘʤʧʦʚʦʡ ʛʠʙʢʠ ʣʠʩʪʘ ʜʚʦʷʢʦʡ ʢʨʠʚʠʟʥʳ  

ʥʘ ʛʠʙʦʯʥʦʡ ʤʘʰʠʥʝ ʩ ʏʇʋ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ (ʩʠʩʪʝʤʘ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ  

ʠ ʢʦʥʪʨʦʣʷ ʬʦʨʤʳ ʜʝʪʘʣʠ ʫʩʣʦʚʥʦ ʥʝ ʧʦʢʘʟʘʥʳ) 

ʇʦʜʘʯʘ ʣʠʩʪʘ ʥʘ ʛʠʙʢʫ ʠ ʝʛʦ ʫʢʣʘʜʢʘ ʥʘ ʦʙʨʘʟʫʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʰʠʥʳ ʤʦʞʝʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʨʦʙʦʪʦʤ-ʤʘʥʠʧʫʣʷʪʦʨʦʤ, ʦʙʦʨʫʜʦʚʘʥʥʦʤ ʪʨʘʚʝʨʩʦʡ ʩ ʵʣʝʢʪʨʦʤʘʛʥʠʪ-

ʥʳʤʠ ʟʘʭʚʘʪʘʤʠ, ʠʣʠ ʩ ʧʦʤʦʱʴʶ ʪʝʣʝʞʝʢ-ʤʘʥʠʧʫʣʷʪʦʨʦʚ. ʆʥʠ ʞʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴʩʷ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʟʘʛʦʪʦʚʢʠ ʚ ʧʨʦʮʝʩʩʝ ʛʠʙʢʠ. ʇʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ ʣʠʩʪʘ ʥʘ ʦʙ-

ʨʘʟʫʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦʣʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʩ ʪʦʯʥʦʩʪʴʶ ʥʝ ʤʝʥʝʝ Ñ2,5 ʤʤ. ʊʦʯ-

ʥʦʩʪʴ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʚʩʪʨʦʝʥʥʦʡ ʣʘʟʝʨʥʦ-

ʘʢʫʩʪʠʯʝʩʢʦʡ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ (ʥʘʧʨʠʤʝʨ, ʃɸʀʉ), ʢʦʪʦʨʘʷ, ʢʨʦʤʝ ʪʦʛʦ, ʦʙʝʩ-

ʧʝʯʠʚʘʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʬʦʨʤʳ ʩʦʛʥʫʪʦʡ ʜʝʪʘʣʠ. 

ʆʧʠʩʘʥʥʘʷ ʣʠʩʪʦʛʠʙʦʯʥʘʷ ʤʘʰʠʥʘ-ʘʚʪʦʤʘʪ ʟʘʥʠʤʘʝʪ ʤʠʥʠʤʫʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ 

ʧʣʦʱʘʜʠ, ʥʝ ʪʨʝʙʫʝʪ ʟʘʛʣʫʙʣʝʥʠʷ ʬʫʥʜʘʤʝʥʪʘ ʠ ʩʧʝʮʠʘʣʴʥʦʡ ʰʪʘʤʧʦʚʦʡ ʦʩʥʘʩʪʢʠ, ʥʝ 

ʪʨʝʙʫʝʪ ʩʧʝʮʠʘʣʴʥʦʡ ʧʝʨʝʥʘʣʘʜʢʠ ʬʦʨʤʦʦʙʨʘʟʫʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜ ʥʦʚʫʶ ʢʦʥʬʠ-

ʛʫʨʘʮʠʶ ʜʝʪʘʣʠ, ʫʧʨʘʚʣʷʝʪʩʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʦʡ ʏʇʋ, ʧʦʵʪʦʤʫ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʪʦʯʥʳʡ ʨʘʩʯʸʪ ʩʭʝʤʳ ʧʨʠʣʦʞʝʥʠʷ ʫʩʠʣʠʡ ʠ ʠʭ ʚʝʣʠʯʠʥʫ, ʘ ʪʘʢ ʞʝ ʢʦʥʪʨʦʣʴ ʬʦʨʤʳ 

ʩʦʛʥʫʪʦʡ ʜʝʪʘʣʠ. ʉʦʙʩʪʚʝʥʥʦ ʧʨʦʮʝʩʩ ʛʠʙʢʠ ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦ-

ʩʪʴʶ ʠ ʪʦʯʥʦʩʪʴʶ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʠʥʥʦʚʘʮʠʦʥʥʦʝ ʨʝʰʝʥʠʝ ʣʠʩʪʦʛʠʙʦʯʥʦʛʦ ʦʙʦʨʫ-

ʜʦʚʘʥʠʷ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʤʦʞʝʪ ʩʦʩʪʘʚʠʪʴ ʘʣʴʪʝʨʥʘʪʠʚʫ ʢʘʢ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʝʤʫ 

ʤʦʨʘʣʴʥʦ ʠ ʬʠʟʠʯʝʩʢʠ ʫʩʪʘʨʝʚʰʝʤʫ ʦʙʦʨʫʜʦʚʘʥʠʶ, ʪʘʢ ʠ ʚʥʦʚʴ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʤʫ. 

ɼʣʷ ʪʦʣʱʠʥ ʜʦ 10ï12 ʤʤ ʦʥʦ ʷʚʣʷʝʪʩʷ ʜʘʞʝ ʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʣʫʯʰʠʤʠ ʩʦʚʨʝʤʝʥʥʳʤʠ ʦʙʨʘʟʮʘʤʠ ʧʦ ʨʷʜʫ ʦʩʥʦʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ (ʬʦʥʜʦ- ʠ ʤʘʪʝ-

ʨʠʘʣʦʸʤʢʦʩʪʴ, ʪʨʫʜʦʸʤʢʦʩʪʴ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʝʤʘʷ ʪʦʯʥʦʩʪʴ ʜʝʪʘʣʝʡ ʠ ʜʨ.). 
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THE CONCEPT OF SHEET BENDING MACHINE  

WITH NC OF NEW GENERATION  

I .N. Luchkov 

Key words: hull processing shop; sheets bending; sheet bending equipment. 

 

The article suggests the concept of a fundamentally new sheet-bending equipment for the 

procurement departments of shipyards. Its scheme and description are given. 

ʉʪʘʪʴʷ ʧʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ 15.01.2018 ʛ. 

 

 

 

ʋɼʂ 629.5.081.4 

 
ɼ.ɺ. ʈʳʞʦʚ, ʤʘʛʠʩʪʨʘʥʪ ʌɻɹʆʋ ɺʆ çɺɻʋɺʊè 
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ʈɸɿʈɸɹʆʊʂɸ ʄɽʊʆɼɸ ʉʈɸʑʀɺɸʅʀʗ  

ʂʆʈɸɹɽʃʔʅʓʍ ʉʋʇɽʈɹʃʆʂʆɺ ʅɸ ʇʃɸɺʋ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʫʧʝʨʙʣʦʢʠ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʨʧʫʩʘ ʥʘ ʧʣʘʚʫ 

 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʭʘʨʘʢʪʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʳʢʦʚʢʠ ʥʘ ʧʣʘʚʫ ʩʫʧʝʨʙʣʦ-

ʢʦʚ ʢʦʨʧʫʩʦʚ ʩʫʜʦʚ ʧʦʩʣʝ ʨʘʟʜʝʣʴʥʦʛʦ ʠʭ ʩʧʫʩʢʘ ʥʘ ʚʦʜʫ. ʆʙʦʩʥʦʚʳʚʘʝʪʩʷ ʥʦʚʳʡ ʤʝʪʦʜ 

ʩʪʳʢʦʚʢʠ ʩʫʧʝʨʙʣʦʢʦʚ ʥʘ ʧʣʘʚʫ. 

 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʢʦʨʧʫʩʦʚ ʩʫʜʦʚ ʥʘ ʧʣʘʚʫ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʠʥʞʝʥʝʨʥʦʡ ʠ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ, ʪʨʝʙʫʶʱʝʡ ʚʳʩʦʢʦʡ ʢʚʘʣʠʬʠʢʘʮʠʠ ʩʫʜʦʩʪʨʦʠʪʝʣʝʡ. ʇʨʝʜʚʘʨʠ-

ʪʝʣʴʥʦ ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʩʙʦʨʦʯʥʳʝ ʝʜʠʥʠʮʳ ʠʤʝʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʤʘʩʩʫ ʠ ʛʘʙʘʨʠʪʳ, 

ʩʣʦʞʥʫʶ ʛʝʦʤʝʪʨʠʶ ʠ ʤʘʣʫʶ ʞʸʩʪʢʦʩʪʴ. ɺ ʧʨʘʢʪʠʢʝ ʩʫʜʦʩʪʨʦʝʥʠʷ ʜʘʥʥʘʷ ʟʘʜʘʯʘ ʨʝ-

ʰʘʝʪʩʷ ʜʣʷ ʢʘʞʜʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʩʣʫʯʘʷ, ʘ ʚʘʨʠʘʥʪʳ ʝʸ ʨʝʰʝʥʠʷ ʦʪʣʠʯʘʶʪʩʷ ʙʦʣʴʰʠʤ 

ʨʘʟʥʦʦʙʨʘʟʠʝʤ. 

ʆʩʥʦʚʥʦʝ ʨʘʟʣʠʯʠʝ ʩʨʘʱʠʚʘʥʠʷ ʙʣʦʢʦʚ ʥʘ ʧʣʘʚʫ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʥʘʣʦʛʠʯʥʦʡ 

ʦʧʝʨʘʮʠʝʡ ʥʘ ʩʪʘʧʝʣʝ ʩʚʦʜʠʪʩʷ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʪʦʯʥʦʛʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʩʚʝʜʝʥʠʷ 

ʙʣʦʢʦʚ ʚ ʫʩʣʦʚʠʷʭ ʦʪʩʫʪʩʪʚʠʷ ʞʸʩʪʢʦʛʦ ʦʩʥʦʚʘʥʠʷ ʠ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʭ ʪʨʝʙʦʚʘʥʠʡ 

ʢ ʪʦʯʥʦʩʪʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʩʙʦʨʦʯʥʳʭ ʨʘʙʦʪ. ʇʦʵʪʦʤʫ ʚʝʩʴʤʘ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ 

ʦʙʝʩʧʝʯʝʥʠʝ ʪʨʝʙʫʝʤʦʡ ʧʦʩʘʜʢʠ ʙʣʦʢʘ ʥʘ ʧʣʘʚʫ ʧʦ ʢʨʝʥʫ ʠ ʜʠʬʬʝʨʝʥʪʫ ʠ ʝʛʦ ʚʝʩʦʚʦʡ 



ɼ.ɺ. ʈʳʞʦʚ, ɽ.ɻ. ɹʫʨʤʠʩʪʨʦʚ 
ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʩʨʘʱʠʚʘʥʠʷ ʢʦʨʘʙʝʣʴʥʳʭ ʩʫʧʝʨʙʣʦʢʦʚ ʥʘ ʧʣʘʚʫ 

 44 

ʥʘʛʨʫʟʢʠ. ʀʩʭʦʜʷ ʠʟ ʠʟʣʦʞʝʥʥʦʛʦ, ʩʪʳʢʦʚʢʘ ʙʣʦʢʦʚ ʥʘ ʧʣʘʚʫ ʜʦʣʞʥʘ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʚ 

ʩʧʦʢʦʡʥʫʶ, ʪʠʭʫʶ ʧʦʛʦʜʫ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʚʦʣʥʝʥʠʷ ʘʢʚʘʪʦʨʠʠ. ʕʪʦ ʥʘʢʣʘʜʳʚʘʝʪ ʦʧ-

ʨʝʜʝʣʸʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʩʨʦʢʠ ʚʳʧʦʣʥʝʥʠʷ ʩʙʦʨʦʯʥʳʭ ʨʘʙʦʪ ʚʚʠʜʫ ʧʣʦʭʦ ʧʨʦʛʥʦ-

ʟʠʨʫʝʤʦʛʦ ʠʟʤʝʥʝʥʠʷ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ ʚ ʤʝʩʪʝ ʧʨʦʚʝʜʝʥʠʷ ʩʪʳʢʦʚʦʯʥʳʭ ʨʘʙʦʪ(ʥʘ 

ʜʦʩʪʨʦʝʯʥʦʡ ʙʘʟʝ) [1, 2]. 

ʆʪʤʝʯʝʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʦʛʨʘʥʠʯʝʥʠʷ ʩʦʟʜʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʧʨʠ 

ʩʙʦʨʢʝ ʩʫʧʝʨʙʣʦʢʦʚ ʥʘ ʧʣʘʚʫ ʥʝʩʢʦʣʴʢʠʭ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʮʝʥʪʨʠʨʫʶʱʠʭ 

ʫʩʪʨʦʡʩʪʚ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʙʦʨʢʠ ʢʦʨʧʫʩʘ ʠʟ ʙʣʦʢʦʚ ʥʘ ʩʪʘʧʝʣʝ, ʢʦʛʜʘ ʜʦʩʪʘʪʦʯʥʦ ʦʜʥʦ-

ʛʦ ʮʝʥʪʨʠʨʫʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ (ʎʋ) ʚ ɼʇ ʠʣʠ ʩʧʝʮʠʘʣʴʥʳʭ ʥʘʧʨʘʚʣʷʶʱʠʭ (ʧʦʣʦʟʴʝʚ). 

ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʎʋ ʧʦʢʘʟʘʥ ʥʘ ʧʨʠʚʝʜʝʥʥʳʭ ʥʘ ʨʠʩ. 1 ʬʨʘʛʤʝʥʪʘʭ ʘʥʠʤʘʮʠʦʥʥʦʛʦ 

ʨʦʣʠʢʘ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʘ ʩʨʘʱʠʚʘʥʠʷ ʙʣʦʢʦʚ ʥʘ ʧʣʘʚʫ [3]. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʘʚʪʦʨʘʤʠ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʪʝʭʥʦʣʦʛʠʷ ʩʨʘʱʠʚʘʥʠʷ ʢʦʨʘʙʝʣʴʥʳʭ ʩʫ-

ʧʝʨʙʣʦʢʦʚ ʥʘ ʧʣʘʚʫ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʮʝʥʪʨʠʨʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʫʶ 

ʦʩʥʦʚʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʘʙʦʪ: 

ʘ) ʫʩʪʘʥʦʚʢʘ ʙʘʟʦʚʦʛʦ ʙʣʦʢʘ (ʩʫʧʝʨʙʣʦʢʘ, ʢ ʢʦʪʦʨʦʤʫ ʩʪʳʢʫʶʪʩʷ ʚʩʝ ʧʦʩʣʝʜʫʶʱʠʝ 

ʩʫʧʝʨʙʣʦʢʠ) ʚ ʘʢʚʘʪʦʨʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʰʪʘʪʥʳʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʰʚʘʨʪʦʚʥʳʭ 

ʫʩʪʨʦʡʩʪʚ; 

ʙ) ʧʦʜʛʦʪʦʚʢʘ ʙʘʟʦʚʦʛʦ ʙʣʦʢʘ ʢ ʩʪʳʢʦʚʢʝ (ʫʜʠʬʬʝʨʝʥʪʦʚʢʘ ʠ ʫʢʨʝʥʝʥʠʝ, ʧʨʦʙʠʚʢʘ 

ʢʦʥʪʨʦʣʴʥʳʭ ʠ ʙʘʟʦʚʳʭ ʣʠʥʠʡ, ʧʨʦʚʝʨʢʘ ʧʣʦʩʢʦʩʪʝʡ ʚʠʟʠʨʦʚʘʥʠʷ ʠ ʮʝʥʪʨʫʶʱʠʭ ʫʩʪ-

ʨʦʡʩʪʚ, ʧʨʠʚʘʨʢʘ, ʚʳʚʝʰʠʚʘʥʠʝ ʢʨʘʥʮʝʚ ʩʦ ʩʪʦʨʦʥʳ ʤʦʥʪʘʞʥʳʭ ʪʦʨʮʦʚ ʠ ʜʨ.). 

 

  

ʈʠʩ. 1. ʌʨʘʛʤʝʥʪʳ ʘʥʠʤʘʮʠʦʥʥʦʛʦ ʨʦʣʠʢʘ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʦʜʝʣʠ  

ʧʨʦʮʝʩʩʘ ʩʨʘʱʠʚʘʥʠʷ ʙʣʦʢʦʚ ʥʘ ʧʣʘʚʫ 

ʂʦʥʩʪʨʫʢʪʠʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʳʢʫʝʤʳʭ ʩʫʧʝʨʙʣʦʢʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʦʟʚʦʣʷʶʪ 

ʧʨʦʠʟʚʦʜʠʪʴ ʫʜʠʬʬʝʨʝʥʪʦʚʢʫ ʠ ʫʢʨʝʥʝʥʠʝ ʧʫʪʸʤ ʧʨʠʸʤʘ ʞʠʜʢʦʛʦ ʙʘʣʣʘʩʪʘ ʚ ʰʪʘʪʥʳʝ 

ʙʘʣʣʘʩʪʥʳʝ ʮʠʩʪʝʨʥʳ. ʆʜʥʘʢʦ ʫʜʠʬʬʝʨʝʥʪʦʚʢʘ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʤʦʞʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ 

ʪʦʣʴʢʦ ʧʫʪʸʤ ʧʨʠʸʤʘ ʪʚʸʨʜʦʛʦ ʙʘʣʣʘʩʪʘ, ʥʘʧʨʠʤʝʨ, ʱʝʙʥʷ ʠʣʠ ʧʝʩʢʘ ʥʘ ʧʘʣʫʙʫ ʙʣʦʢʘ ʩ 

ʧʝʨʝʤʝʱʝʥʠʝʤ ʝʛʦ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʙʫʣʴʜʦʟʝʨʦʤ. ʆʪʢʣʦʥʝʥʠʷ ʧʦʣʦʞʝʥʠʷ 

ʙʘʟʦʚʦʛʦ ʤʦʜʫʣʷ ʧʦ ʢʨʝʥʫ ʠ ʜʠʬʬʝʨʝʥʪʫ ʦʪ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʥʝ ʜʦʣʞʥʳ ʧʨʝ-

ʚʳʰʘʪʴ 0,5 ʛʨʘʜ. ɺʩʝ ʦʪʢʣʦʥʝʥʠʷ ʜʦʣʞʥʳ ʬʠʢʩʠʨʦʚʘʪʴʩʷ ʢʦʥʪʨʦʣʴʥʳʤʠ ʟʘʤʝʨʘʤʠ [4]. 

ʇʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ ʩʙʦʨʦʯʥʳʭ ʦʧʝʨʘʮʠʡ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʩʭʝʤʫ ʫʩʪʘʥʦʚ-

ʢʠ ʎʋ ʠ ʧʨʦʯʝʡ ʩʙʦʨʦʯʥʦʡ ʦʩʥʘʩʪʢʠ. ʕʣʝʤʝʥʪʳ ʩʦʙʩʪʚʝʥʥʦ ʎʋ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʫʩʪʘ-

ʥʘʚʣʠʚʘʶʪʩʷ ʥʘ ʩʧʝʮʠʘʣʴʥʦ ʧʦʜʛʦʪʦʚʣʝʥʥʳʝ ʬʫʥʜʘʤʝʥʪʳ ʥʘ ʧʘʣʫʙʳ ʩʪʳʢʫʝʤʳʭ ʙʣʦ-

ʢʦʚ ʥʘ ʵʣʝʢʪʨʦʧʨʠʭʚʘʪʢʠ. 

ʚ) ʚʳʧʦʣʥʝʥʠʝ ʫʢʘʟʘʥʥʳʭʚʳʰʝ ʨʘʙʦʪ ʥʘ ʩʪʳʢʫʝʤʦʤ ʩʤʝʞʥʦʤ ʙʣʦʢʝ. ʇʨʝʜʚʘʨʠ-

ʪʝʣʴʥʦʝ ʫʢʨʝʥʝʥʠʝ ʠ ʫʜʠʬʬʝʨʝʥʪʦʚʢʘ ʩʤʝʞʥʦʛʦ ʙʣʦʢʘ ʜʦʣʞʥʳ ʚʳʧʦʣʥʷʪʴʩʷ ʩ ʪʦʯʥʦ-

ʩʪʴʶ ʥʝ ʤʝʥʝʝ 2 ʛʨʘʜ; 

ʛ) ʫʩʪʘʥʦʚʢʘ ʩ ʧʦʤʦʱʴʶ ʙʫʢʩʠʨʦʚ-ʪʦʣʢʘʯʝʡ ʩʤʝʞʥʦʛʦ ʙʣʦʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʘʟʦʚʦ-

ʛʦ ʥʘ ʨʘʩʩʪʦʷʥʠʠ (20é25) ʤ; 

ʜ) ʟʘʢʨʝʧʣʝʥʠʝ ʢʦʥʮʘ ʙʫʢʩʠʨʥʦʛʦ ʪʨʦʩʘ ʦʪ ʣʝʙʸʜʢʠ (ʠʣʠ ʰʧʠʣʷ) ʥʘ ʮʝʥʪʨʫʶʱʝʤ 

ʩʪʝʨʞʥʝ ʎʋ ˉ1 ʩʪʳʢʫʝʤʦʛʦ ʙʣʦʢʘ ʩ ʟʘʚʝʜʝʥʠʝʤ ʪʨʦʩʘ ʯʝʨʝʟ ʮʝʥʪʨʫʶʱʝʝ ʦʪʚʝʨʩʪʠʝ 

ʎʋ ˉ1 ʙʘʟʦʚʦʛʦ ʙʣʦʢʘ; 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 54, 2018 ʛ. 
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ʝ) ʙʫʢʩʠʨʦʚʢʘ ʩʪʳʢʫʝʤʦʛʦ ʙʣʦʢʘ ʩ ʧʦʤʦʱʴʶ ʣʝʙʸʜʢʠ (ʰʧʠʣʷ) ʜʦ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞ-

ʜʫ ʙʣʦʢʘʤʠ (0,5...1,0) ʤ; 

ʸ) ʟʘʚʝʜʝʥʠʝ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʙʫʭʘ ʥʘ ʧʘʣʫʙʝ, ʧʣʘʪʬʦʨʤʘʭ, ʙʦʨʪʘʭ ʠ ʧʨʦʜʦʣʴ-

ʥʳʭ ʧʝʨʝʙʦʨʢʘʭ ʩʪʳʢʫʝʤʳʭ ʙʣʦʢʦʚ ʪʘʣʨʝʧʦʚ; 

ʞ) ʦʢʦʥʯʘʪʝʣʴʥʦʝ ʫʢʨʝʥʝʥʠʝ ʠ ʫʜʠʬʬʝʨʝʥʪʦʚʢʘ ʩʤʝʞʥʦʛʦ ʙʣʦʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʘ-

ʟʦʚʦʛʦ. ɿʘ ʙʘʟʦʚʫʶ ʧʣʦʩʢʦʩʪʴ ʧʨʠ ʵʪʦʤ ʜʦʣʞʥʘ ʧʨʠʥʠʤʘʪʴʩʷ ʧʣʦʩʢʦʩʪʴ ʛʣʘʚʥʦʡ ʧʘʣʫ-

ʙʳ ʣʠʙʦ ʧʣʘʪʬʦʨʤ ʙʘʟʦʚʦʛʦ ʙʣʦʢʘ. ɼʦʧʫʩʢʘʝʤʳʝ ʦʪʢʣʦʥʝʥʠʷ ʧʦ ʠʟʣʦʤʫ (ʠʟ-ʟʘ ʜʦʧʫʩ-

ʢʦʚ ʥʘ ʜʠʬʬʝʨʝʥʪ) ʜʦʣʞʥʳ ʩʦʩʪʘʚʣʷʪʴ ʥʝ ʙʦʣʝʝ 0,5 ʛʨʘʜ.; ʧʦ ʩʤʝʱʝʥʠʶ ʚ ʚʝʨʪʠʢʘʣʴ-

ʥʦʡ ʧʣʦʩʢʦʩʪʠ (ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʘʣʫʙʳ ʙʘʟʦʚʦʛʦ ʙʣʦʢʘ) ï ʥʝ ʙʦʣʝʝ 5 ʤʤ; 

ʟ) ʧʨʦʙʠʚʢʘ ʦʩʝʚʦʡ ʣʠʥʠʠ ʚ ɼʇ ʦʧʪʠʯʝʩʢʠʤ ʠʣʠ ʣʘʟʝʨʥʳʤ ʚʠʟʠʨʦʤ; 

ʠ) ʢʦʥʪʨʦʣʴʥʘʷ ʧʨʦʚʝʨʢʘ ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʪʳʢʫʝʤʳʭ ʙʣʦʢʦʚ ʧʦ ʧʦʣʦʞʝ-

ʥʠʶ ʮʝʥʪʨʦʚ ʎʋ ˉ1 ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ ʧʘʣʫʙʳ; 

ʡ) ʚʳʙʠʨʘʥʠʝ ʢʨʘʥʮʝʚ ʧʦ ʚʩʝʤʫ ʩʪʳʢʫʝʤʦʤʫ ʢʦʥʪʫʨʫ; 

ʢ) ʜʦʚʦʜʦʯʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ (ʩʠʥʭʨʦʥʥʦ ʧʦ ʧʨʘʚʦʤʫ ʠ ʣʝʚʦʤʫ ʙʦʨʪʘʤ) ʩ ʧʦʤʦʱʴʶ 

ʣʝʙʸʜʢʠ ʠ ʪʘʣʨʝʧʦʚ ʩʤʝʞʥʦʛʦ ʙʣʦʢʘ ʩ ʙʘʟʦʚʳʤ ʜʦ ʥʘʯʘʣʘ ʚʭʦʜʘ ʮʝʥʪʨʠʨʫʶʱʝʛʦ 

ʩʪʝʨʞʥʷ ʎʋ ˉ1, ʚ ʮʝʥʪʨʫʶʱʝʝ ʢʦʥʫʩʥʦʝ ʦʪʚʝʨʩʪʠʝ (ʢʦʥʪʘʢʪʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʚʩʝʭ 

ʮʝʥʪʨʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʜʦʣʞʥʳ ʙʳʪʴ ʦʙʠʣʴʥʦ ʩʤʘʟʘʥʳ ʣʠʪʦʣʦʤ); 

ʣ) ʢʦʥʪʨʦʣʴʥʘʷ ʧʨʦʚʝʨʢʘ ʚʟʘʠʤʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʙʣʦʢʦʚ ʧʦ ʮʝʥʪʨʘʤ ʮʝʥʪʨʫʶʱʠʭ 

ʫʩʪʨʦʡʩʪʚ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʜʦʚʦʜʦʯʥʦʝ ʚʟʘʠʤʥʦʝ ʫʢʨʝʥʝʥʠʝ ʠ ʫʜʠʬʬʝʨʝʥʪʦʚʢʘ 

ʙʣʦʢʦʚ; 

ʤ) ʜʦʚʦʜʦʯʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ (ʩʠʥʭʨʦʥʥʦ ʧʦ ʧʨʘʚʦʤʫ ʠ ʣʝʚʦʤʫ ʙʦʨʪʘʤ) ʩ ʧʦʤʦʱʴʶ 

ʣʝʙʸʜʢʠ ʠ ʪʘʣʨʝʧʦʚ ʩʪʳʢʫʝʤʦʛʦ ʙʣʦʢʘ ʩ ʙʘʟʦʚʳʤ ʜʦ ʥʘʯʘʣʘ ʚʭʦʜʘ ʮʝʥʪʨʠʨʫʶʱʠʭ 

ʩʪʝʨʞʥʝʡ ʎʋ ˉ2 ʠ ˉ3 (ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʘ ʛʣʘʚʥʦʡ ʧʘʣʫʙʝ ʧʦ ʧʨʘʚʦʤʫ ʠ ʣʝʚʦʤʫ 

ʙʦʨʪʫ) ʚ ʦʪʚʝʪʥʳʝ ʮʝʥʪʨʫʶʱʠʝ ʦʪʚʝʨʩʪʠʷ. ʎʝʥʪʨʫʶʱʠʡ ʩʪʝʨʞʝʥʴ ʎʋ ˉ1 ʧʨʠ ʵʪʦʤ 

ʜʦʣʞʝʥ ʧʦʣʥʦʩʪʴʶ ʠ ʧʣʦʪʥʦ ʚʦʡʪʠ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʮʝʥʪʨʫʶʱʝʝ ʦʪʚʝʨʩʪʠʝ; 

ʥ) ʢʦʥʪʨʦʣʴʥʘʷ ʧʨʦʚʝʨʢʘ ʚʟʘʠʤʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʙʣʦʢʦʚ ʧʦ ʮʝʥʪʨʘʤ ʮʝʥʪʨʫʶʱʠʭ 

ʫʩʪʨʦʡʩʪʚ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʜʦʚʦʜʦʯʥʦʝ ʚʟʘʠʤʥʦʝ ʫʢʨʝʥʝʥʠʝ ʠ ʫʜʠʬʬʝʨʝʥʪʦʚʢʘ 

ʙʣʦʢʦʚ; 

ʦ) ʜʦʚʦʜʦʯʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ (ʩʠʥʭʨʦʥʥʦ ʧʦ ʧʨʘʚʦʤʫ ʠ ʣʝʚʦʤʫ ʙʦʨʪʘʤ) ʩ ʧʦʤʦʱʴʶ 

ʣʝʙʸʜʢʠ ʠ ʪʘʣʨʝʧʦʚ ʩʪʳʢʫʝʤʦʛʦ ʙʣʦʢʘ ʩ ʙʘʟʦʚʳʤ. ʎʝʥʪʨʫʶʱʠʝ ʩʪʝʨʞʥʠ ʎʋ ˉ2 ʠ ˉ3 

ʧʨʠ ʵʪʦʤ ʜʦʣʞʥʳ ʧʦʣʥʦʩʪʴʶ ʠ ʧʣʦʪʥʦ ʚʦʡʪʠ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʮʝʥʪʨʫʶʱʠʝ ʦʪʚʝʨ-

ʩʪʠʷ; 

ʧ) ʢʦʥʪʨʦʣʴʥʘʷ ʧʨʦʚʝʨʢʘ ʚʟʘʠʤʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʙʣʦʢʦʚ ʧʦ ʮʝʥʪʨʘʤ ʮʝʥʪʨʫʶʱʠʭ 

ʫʩʪʨʦʡʩʪʚ; 

ʨ) ʜʦʚʦʜʦʯʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ (ʩʠʥʭʨʦʥʥʦ ʧʦ ʧʨʘʚʦʤʫ ʠ ʣʝʚʦʤʫ ʙʦʨʪʘʤ) ʩ ʧʦʤʦʱʴʶ 

ʣʝʙʸʜʢʠ ʠ ʪʘʣʨʝʧʦʚ ʩʪʳʢʫʝʤʦʛʦ ʙʣʦʢʘ ʩ ʙʘʟʦʚʳʤ ʜʦ ʚʟʘʠʤʥʦʛʦ ʢʘʩʘʥʠʷ ʤʦʥʪʘʞʥʳʭ 

ʢʨʦʤʦʢ ʙʣʦʢʦʚ (ʩʤ. ʨʠʩ. 2); 

 

 

ʈʠʩ. 2. çʉʪʷʞʢʘè ʙʣʦʢʦʚ ʪʘʣʨʝʧʘʤʠ 



ɼ.ɺ. ʈʳʞʦʚ, ɽ.ɻ. ɹʫʨʤʠʩʪʨʦʚ 
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ʩ) ʢʦʥʪʨʦʣʴʥʘʷ ʧʨʦʚʝʨʢʘ ʟʘʟʦʨʦʚ ʤʝʞʜʫ ʤʦʥʪʘʞʥʳʤʠ ʢʨʦʤʢʘʤʠ ʙʣʦʢʦʚ ʧʦ ʚʩʝʤʫ 

ʤʦʥʪʘʞʥʦʤʫ ʢʦʥʪʫʨʫ. ɿʘʟʦʨʳ ʥʝ ʜʦʣʞʥʳ ʧʨʝʚʳʰʘʪʴ 2 ʤʤ; 

ʪ) ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʚʝʣʠʯʠʥʳ ʚʳʷʚʣʝʥʥʳʭ ʟʘʟʦʨʦʚ ʧʨʝʚʳʰʘʶʪ ʜʦʧʫʩʢʘʝʤʳʝ ï ʧʨʠ-

ʯʝʨʯʠʚʘʥʠʝ ʤʦʥʪʘʞʥʦʡ ʢʨʦʤʢʠ ʩ ʧʨʠʧʫʩʢʦʤ, ʦʪʚʝʜʝʥʠʝ ʩ ʧʦʤʦʱʴʶ ʪʘʣʨʝʧʦʚ ʩʪʳʢʫʝ-

ʤʦʛʦ ʙʣʦʢʘ ʥʘ ʨʘʩʩʪʦʷʥʠʝ, ʫʜʦʙʥʦʝ ʜʣʷ ʧʦʜʨʝʟʢʠ ʠ ʨʘʟʜʝʣʢʠ ʢʨʦʤʦʢ ʧʦʜ ʩʚʘʨʢʫ, ʥʦ ʥʝ 

ʙʦʣʝʝ 300 ʤʤ, ʧʦʜʨʝʟʢʘ ʠ ʨʘʟʜʝʣʢʘ ʢʨʦʤʦʢ, ʧʦʚʪʦʨʥʦʝ ʩʪʳʢʦʚʘʥʠʝ ʙʣʦʢʦʚ ʚ ʧʦʩʣʝʜʦ-

ʚʘʪʝʣʴʥʦʩʪʠ, ʦʧʠʩʘʥʥʦʡ ʚ ʧʫʥʢʪʘʭ ʥ) ï ʩ). ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʫʢʘʟʘʥʥʳʝ ʦʧʝʨʘʮʠʠ 

ʧʦʚʪʦʨʠʪʴ ʜʦ ʧʦʣʫʯʝʥʠʷ ʪʨʝʙʫʝʤʳʭ ʟʘʟʦʨʦʚ; 

ʫ) ʜʠʬʬʝʨʝʥʪʦʚʘʥʠʝ ʩʤʝʞʥʦʛʦ ʙʣʦʢʘ ʧʫʪʸʤ ʧʨʠʸʤʘ ʙʘʣʣʘʩʪʘ ʜʦ ʧʦʣʫʯʝʥʠʷ ʚ ʨʘʡ-

ʦʥʘʭ ʤʦʥʪʘʞʥʳʭ ʩʪʳʢʦʚ ʧʦ ʙʦʨʪʘʤ ʢʣʠʥʦʚʠʜʥʦʛʦ ʟʘʟʦʨʘ ʤʝʞʜʫ ʙʣʦʢʘʤʠ ʩ ʚʝʣʠʯʠʥʦʡ 

ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʥʝ ʙʦʣʝʝ 10 ʤʤ; 

ʬ) ʫʩʪʘʥʦʚʢʘ ʨʘʩʧʦʨʥʳʭ ʢʣʠʥʴʝʚ ʚ ʟʘʟʦʨ ʤʝʞʜʫ ʙʣʦʢʘʤʠ ʧʦ ʣʠʥʠʠ ʧʘʣʫʙʳ ʠ ʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʠʭ çʟʘʢʫʩʦʚè ʚ ʢʣʠʥʦʚʠʜʥʳʡ ʟʘʟʦʨ ʤʝʞʜʫ ʙʦʨʪʘʤʠ ʩʪʳʢʫʝʤʳʭ ʙʣʦʢʦʚ; 

ʭ) ʫʩʪʘʥʦʚʢʘ ʠ ʧʨʠʚʘʨʢʘ ʚ ʨʘʡʦʥʝ ʤʦʥʪʘʞʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʚʥʫʪʨʝʥʥʝʡ ʩʪʦʨʦʥʳ 

ʙʣʦʢʦʚ ʩʙʦʨʦʯʥʳʭ ʛʨʝʙʸʥʦʢ; 

ʮ) ʦʢʦʥʯʘʪʝʣʴʥʘʷ ʧʨʦʚʝʨʢʘ ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʙʣʦʢʦʚ, ʟʘʯʠʩʪʢʘ ʤʦʥʪʘʞʥʳʭ 

ʢʨʦʤʦʢ ʠ ʠʭ ʩʜʘʯʘ ʧʦʜ ʩʚʘʨʢʫ (ʨʠʩ. 3); 

 

 

ʈʠʩ. 3. ʋʩʪʘʥʦʚʢʘ ʛʨʝʙʝʥʦʢ ʠ ʩʚʘʨʢʘ ʙʣʦʢʦʚ ʤʝʞʜʫ ʩʦʙʦʡ 

ʯ) ʩʚʘʨʢʘ ʤʦʥʪʘʞʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʩʥʠʟʫ-ʚʚʝʨʭ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʝ-

ʩʢʦʣʴʢʠʤʠ ʩʚʘʨʱʠʢʘʤʠ ʧʦ ʚʩʝʤ ʩʪʳʢʫʝʤʳʤ ʚʝʨʪʠʢʘʣʴʥʳʤ ʤʦʥʪʘʞʥʳʤ ʢʨʦʤʢʘʤ. ʇʦ 

ʤʝʨʝ ʩʚʘʨʢʠ ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʠʨʘʪʴ ʠ ʧʝʨʝʩʪʘʚʣʷʪʴ ʚʳʰʝ ʧʦ ʩʪʳʢʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

çʟʘʢʫʩʳè, ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦʜʪʷʛʠʚʘʷ ʜʨʫʛ ʢ ʜʨʫʛʫ ʩ ʧʦʤʦʱʴʶ ʪʘʣʨʝʧʦʚ ʚʝʨʭʥʠʝ ʢʨʦʤ-

ʢʠ ʩʪʳʢʫʝʤʳʭ ʙʣʦʢʦʚ; 

ʰ) ʩʚʘʨʢʘ ʤʦʥʪʘʞʥʳʭ ʢʨʦʤʦʢ ʧʦ ʧʣʘʪʬʦʨʤʘʤ ʠ ʧʘʣʫʙʘʤ; 

ʱ) ʫʩʪʘʥʦʚʢʘ ʠ ʩʚʘʨʢʘ ʟʘʙʦʡʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʦʜʦʣʴʥʦʛʦ ʥʘʙʦʨʘ (ʢʠʣʴʩʦʥʦʚ, ʢʘʨ-

ʣʠʥʛʩʦʚ, ʩʪʨʠʥʛʝʨʦʚ) ʚ ʨʘʡʦʥʝ ʤʦʥʪʘʞʥʳʭ ʩʪʳʢʘ; 

ʵ) ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʠʭ ʠʩʧʳʪʘʥʠʷ ʥʘ ʚʦʜʦʥʝʧʨʦʥʠʮʘʝ-

ʤʦʩʪʴ; 

ʶ) ʢʦʥʪʨʦʣʴ ʢʠʣʝʚʦʡ ʣʠʥʠʠ ʠ ʢʦʥʪʨʦʣʴʥʳʝ ʦʙʤʝʨʳ ʩʦʙʨʘʥʥʦʛʦ ʢʦʨʧʫʩʘ ʩʫʜʥʘ. 

ʉʚʘʨʢʘ ʙʣʦʢʦʚ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦ ʧ.ʧ. ʯ) ʠ ʰ) ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ: 

1) ʩʚʘʨʢʘ ʥʝʟʘʚʘʨʝʥʥʳʭ ʧʨʠ ʩʙʦʨʢʝ ʙʣʦʢʦʚ ʫʯʘʩʪʢʦʚ ʧʘʟʦʚ ʦʙʰʠʚʢʠ; 

2) ʫʩʪʘʥʦʚʢʘ ʢʝʨʘʤʠʯʝʩʢʠʭ ʧʦʜʢʣʘʜʦʢ ʥʘ ʤʦʥʪʘʞʥʳʝ ʩʪʳʢʠ ʩ ʚʥʫʪʨʝʥʥʝʡ ʩʪʦʨʦʥʳ 

ʙʣʦʢʦʚ; 

3) ʩʚʘʨʢʘ ʚʝʨʪʠʢʘʣʴʥʳʭ, ʘ ʟʘʪʝʤ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʤʦʥʪʘʞʥʳʭ ʩʪʳʢʦʚ ʧʦ ʦʙʰʠʚʢʝ, 

ʧʣʘʪʬʦʨʤʘʤ ʠ ʧʘʣʫʙʘʤ; 

4) ʧʨʠʚʘʨʢʘ ʟʘʙʦʡʥʳʭ ʙʘʣʦʢ ʧʨʦʜʦʣʴʥʦʛʦ ʥʘʙʦʨʘ ʢ ʦʙʰʠʚʢʝ; 

5) ʩʚʘʨʢʘ ʩʪʝʥʦʢ ʟʘʙʦʡʥʳʭ ʙʘʣʦʢ ʥʘʙʦʨʘ ʤʝʞʜʫ ʩʦʙʦʡ; 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 54, 2018 ʛ. 
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6) ʩʚʘʨʢʘ ʧʦʣʦʢ ʟʘʙʦʡʥʳʭ ʙʘʣʦʢ ʤʝʞʜʫ ʩʦʙʦʡ; 

7) ʫʜʘʣʝʥʠʝ ʚʨʝʤʝʥʥʳʭ ʢʨʝʧʣʝʥʠʡ. 

ʅʘ ʧʨʘʢʪʠʢʝ, ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʨʘʙʦʯʝʡ ʪʝʭʥʦʣʦʛʠʠ ʩʨʘʱʠʚʘʥʠʷ ʙʣʦʢʦʚ, ʢʨʦʤʝ ʧʝʨʝ-

ʯʠʩʣʝʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʨʘʙʦʪ ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʴʟʦʚʘʪʴʩʷ ʆʉʊ 5.9542-72, ʯ. 3, 

ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʤ ʩʪʘʧʝʣʴʥʫʶ ʩʙʦʨʢʫ ʩʫʜʦʚ [5], [6]. 

ʅʘ ʚʩʝʭ ʵʪʘʧʘʭ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʷʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠ-

ʨʦʚʘʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʦʛʦ ʇʆ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ çʧʦʜʛʦʥʦʯʥʳʭè ʨʘʙʦʪ 

[7], [8], [9]. 

ɼʦʧʫʩʢʘʝʤʳʝ ʦʪʢʣʦʥʝʥʠʷ ʨʘʟʤʝʨʦʚ ʜʣʷ ʠʜʝʥʪʠʯʥʳʭ ʪʦʯʝʢ ʯʘʩʪʝʡ ʢʦʨʧʫʩʘ ʦʪ ʧʨʦ-

ʝʢʪʥʳʭ ʟʥʘʯʝʥʠʡ ʧʦʩʣʝ ʩʨʘʱʠʚʘʥʠʷ ʚʩʝʭ ʙʣʦʢʦʚ ʥʝ ʜʦʣʞʥʳ ʧʨʝʚʳʰʘʪʴ ʫʢʘʟʘʥʥʳʭ ʚ 

ʆʉʊ 5.9613-75: ʧʦ ʧʦʣʫʰʠʨʦʪʝ ʜʣʷ ʩʢʫʣ ʠ ʩʢʨʫʛʣʸʥʥʦʛʦ ʰʠʨʩʪʨʝʢʘ ï 2 ʤʤ, ʜʣʷ ʙʦʨʪʦʚ 

ï 5 ʤʤ, ʧʦ ʚʳʩʦʪʝ ʜʣʷ ʚʝʨʭʥʝʡ ʧʘʣʫʙʳ ʫ ʙʦʨʪʦʚʳʭ ʢʨʦʤʦʢ ï 2 ʤʤ ʠ ʜʣʷ ʚʝʨʭʥʝʡ ʧʘʣʫ-

ʙʳ ʫ ɼʇ ï 3 ʤʤ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʨʘʱʠʚʘʥʠʷ ʢʦʨʧʫʩʘ ʚ ʟʘʜʘʥʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʟ-

ʤʝʨʘʭ ʢʨʦʤʢʠ ʤʦʥʪʘʞʥʦʛʦ ʩʪʳʢʘ ʢʘʞʜʦʛʦ ʙʣʦʢʘ ʜʦʣʞʥʳ ʠʤʝʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʠ-

ʧʫʩʢ ʥʝ ʤʝʥʝʝ 20 ʤʤ, ʫʜʘʣʷʝʤʳʡ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʢʨʦʤʦʢ ʢ ʩʪʳʢʦʚʘʥʠʶ. ʉʪʷʛʠʚʘʶʱʠʝ, 

ʮʝʥʪʨʠʨʫʶʱʠʝ ʠ ʬʠʢʩʠʨʫʶʱʠʝ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʜʦʣʞʥʳ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʢʦʤ-

ʧʣʝʢʩ ʪʷʛʦʚʳʭ ʩʨʝʜʩʪʚ ʠ ʧʨʠʩʧʦʩʦʙʣʝʥʠʡ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʩʦʚʤʝʱʝʥʠʷ ʥʘ ʧʣʘʚʫ 

ʢʨʦʤʦʢ ʠ ʩʢʨʝʧʣʝʥʠʷ ʤʝʞʜʫ ʩʦʙʦʡ ʩʪʳʢʫʝʤʳʭ ʙʣʦʢʦʚ. ɼʣʷ ʩʪʷʛʠʚʘʥʠʷ ʙʣʦʢʦʚ ʜʦʣʞʥʳ 

ʧʨʠʤʝʥʷʪʴʩʷ ʣʝʙʸʜʢʠ, ʛʨʫʟʦʧʦʜʲʸʤʥʦʩʪʴʶ (3é5) ʪ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʝ ʥʘ ʧʘʣʫʙʝ, ʘ 

ʪʘʢʞʝ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʜʦʤʢʨʘʪʳ-ʩʪʷʞʢʠ ʩ ʨʘʟʚʠʚʘʝʤʳʤ ʫʩʠʣʠʝʤ ʥʝ ʤʝʥʝʝ (5é20) ʪ. 

ʠʣʠ ʚʠʥʪʦʚʳʝ ʪʘʣʨʝʧʳ ʩ ʨʘʟʚʠʚʘʝʤʳʤ ʫʩʠʣʠʝʤ (5é10) ʪ. ɼʣʷ ʬʠʢʩʘʮʠʠ ʤʦʥʪʘʞʥʳʭ 

ʢʨʦʤʦʢ ʩ ʟʘʜʘʥʥʳʤ ʤʦʥʪʘʞʥʳʤ ʟʘʟʦʨʦʤ ʜʦʣʞʥʳ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʬʠʢʩʠʨʫʶʱʠʝ ʟʘʤʢʠ, 

ʨʘʩʧʦʣʘʛʘʝʤʳʝ ʫ ʢʨʦʤʦʢ ʤʦʥʪʘʞʥʦʛʦ ʩʪʳʢʘ ʚ ʥʘʜʚʦʜʥʦʡ ʯʘʩʪʠ ʢʦʨʧʫʩʘ. 
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DEVELOPMENT OF METHO DS  

FOR SPLICING SHIP SUPERBLOCKS AFLOAT  

D.V. Ryzhov, E.G. Burmistrov 

Keywords: superblocks, formation of the hull afloat 

 

Features of docking of large blocks of vessels hulls after separate launching into water are 

considered. A new method of docking the superblocks afloat is being developed. 

ʉʪʘʪʴʷ ʧʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ 29.11.2017 ʛ. 
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ɸ.ʀ. ʌʠʣʠʧʧʦʚʘ, ʤʘʛʠʩʪʨʘʥʪ ʌɻɹʆʋ ɺʆ çɺɻʋɺʊè  

ʅ.ʐ. ʃʷʧʠʥʘ, ʢ.ʭ.ʥ., ʜʦʮʝʥʪ ʌɻɹʆʋ ɺʆ çɺɻʋɺʊè 

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

ʆʇʈɽɼɽʃɽʅʀɽ ɿɸɺʀʉʀʄʆʉʊʀ ɼʆʃʀ  

ɼʈɽɺɽʉʅʓʍ ʄɸʊɽʈʀɸʃʆɺ ʆʊ ɺʆɼʆʀɿʄɽʑɽʅʀʗ  

ʉʋɼʅɸ ʇʆʈʆɾʅɪʄ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʫʜʥʦ, ʜʨʝʚʝʩʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʤʘʩʩʦʚʘʷ ʜʦʣʷ, ʚʦʜʦʠʟʤʝʱʝʥʠʝ ʩʫʜʥʘ 

ʧʦʨʦʞʥʝʤ, ʟʘʚʠʩʠʤʦʩʪʴ, ʦʪʭʦʜʳ.  

 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʜʦʣʠ ʜʨʝʚʝʩʠʥʳ ʚ 

ʩʦʩʪʘʚʝ ʩʫʜʦʚ. ɺʳʧʦʣʥʝʥ ʩʙʦʨ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʧʦ ʧʨʦʝʢʪʘʤ ʩʫʜʦʚ ʨʘʟʣʠʯʥʳʭ 

ʢʘʪʝʛʦʨʠʡ. ʇʨʦʚʝʜʝʥʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʜʨʝʚʝʩʠʥʳ ʚ ʩʦʩʪʘʚʝ 

ʢʦʨʧʫʩʘ ʠ ʥʘʜʩʪʨʦʡʢʠ ʩʫʜʥʘ. ʆʧʨʝʜʝʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʜʦʣʠ ʜʨʝʚʝʩʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʪ 

ʚʦʜʦʠʟʤʝʱʝʥʠʷ ʩʫʜʥʘ ʧʦʨʦʞʥʝʤ.  

 

ʉʦʟʜʘʥʠʝ ʩʨʝʜʩʪʚ ʜʣʷ ʧʝʨʝʜʚʠʞʝʥʠʷ ʧʦ ʚʦʜʝ ʚʝʜʸʪ ʩʚʦʶ ʠʩʪʦʨʠʶ ʩ ʜʨʝʚʥʝʡʰʠʭ 

ʚʨʝʤʸʥ. ɺʧʝʨʚʳʝ ʪʘʢʠʝ ʩʨʝʜʩʪʚʘ ʧʦʷʚʠʣʠʩʴ ʥʝ ʧʦʟʜʥʝʝ ʧʝʨʠʦʜʘ ʢ ʥʝʦʣʠʪʫ (ʥʦʚʳʡ ʢʘ-

ʤʝʥʥʳʡ ʚʝʢ), ʢʦʛʜʘ ʫʞʝ ʙʳʣʠ ʩʦʟʜʘʥʳ ʢʘʤʝʥʥʳʝ ʦʨʫʜʠʷ ʪʨʫʜʘ ʠ ʯʝʣʦʚʝʢ ʧʦʣʫʯʠʣ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʦʙʨʘʙʘʪʳʚʘʪʴ ʜʝʨʝʚʦ ï ʥʘʠʙʦʣʝʝ ʜʨʝʚʥʠʡ ʩʪʨʦʠʪʝʣʴʥʳʡ ʤʘʪʝʨʠʘʣ ï ʪʳʩʷʯʝ-

ʣʝʪʠʷʤʠ ʩʣʫʞʠʚʰʠʡ ʯʝʣʦʚʝʢʫ ʜʣʷ ʧʦʩʪʨʦʡʢʠ ʩʫʜʦʚ [1]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʫʯʸʪʝ ʪʦʣʴʢʦ ʈʦʩʩʠʡʩʢʦʛʦ ʈʝʯʥʦʛʦ ʈʝʛʠʩʪʨʘ ʩʦʩʪʦʠʪ ʦʢʦʣʦ 

22,5 ʪʳʩ. ʩʫʜʦʚ ʨʘʟʥʳʭ ʪʠʧʦʚ ʠ ʢʣʘʩʩʦʚ: ʥʘʣʠʚʥʳʝ, ʩʫʭʦʛʨʫʟʥʳʝ, ʧʘʩʩʘʞʠʨʩʢʠʝ ʩʫʜʘ, 

ʩʫʜʘ ʩʤʝʰʘʥʥʦʛʦ (ʨʝʢʘ-ʤʦʨʝ) ʧʣʘʚʘʥʠʷ. ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʘʥʥʳʭ ʩʫʜʦʚ ʤʦʨʘʣʴʥʦ 

ʠ ʬʠʟʠʯʝʩʢʠ ʫʩʪʘʨʝʣʦ ʠ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʥʘ ʧʦʜʜʝʨʞʘʥʠʝ ʪʨʝʙʫʝʤʦʛʦ ʜʣʷ 

ʙʝʟʘʚʘʨʠʡʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʆʜʥʘʢʦ, ʨʦʩʪ ʩʪʝʧʝʥʠ ʠʟʥʦʩʘ ʠ 

ʚʦʟʨʘʩʪʘ ʩʫʜʦʚ ʪʨʝʙʫʝʪ ʚʩʸ ʚʦʟʨʘʩʪʘʶʱʠʭ ʟʘʪʨʘʪ ʥʘ ʧʦʜʜʝʨʞʘʥʠʝ ʠʭ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ. ɺ ʢʘʢʦʡ-ʪʦ ʤʦʤʝʥʪ ʦʥʠ ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʩʦʧʦʩʪʘʚʠʤʳʤʠ ʩ ʧʨʠʙʳʣʴʶ ʦʪ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʘʥʥʦʛʦ ʩʫʜʥʘ. ʇʝʨʝʜ ʩʫʜʦʚʣʘʜʝʣʴʮʝʤ ʥʝʠʟʙʝʞʥʦ ʚʩʪʘʸʪ ʚʦʧʨʦʩ ʚʳʙʦʨʘ: 

ʣʠʙʦ ʜʘʣʴʥʝʡʰʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʩʫʜʥʘ ʧʦʩʣʝ ʢʘʧʠʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʘ (ʯʘʩʪʦ ʩʦʧʨʷʞʸʥ-

ʥʦʛʦ ʩ ʧʝʨʝʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʤʦʜʝʨʥʠʟʘʮʠʝʡ ʠʣʠ ʨʝʥʦʚʘʮʠʝʡ), ʣʠʙʦ ʚʳʚʝʜʝʥʠʝ ʩʫʜʥʘ ʠʟ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʭʦʣʦʜʥʳʡ ʦʪʩʪʦʡ ʠʣʠ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ çʮʠʚʠʣʠʟʦʚʘʥʥʦʡè ʫʪʠʣʠʟʘ-

ʮʠʠ [2, 3]. ʍʦʣʦʜʥʳʡ ʦʪʩʪʦʡ ʜʣʷ ʪʘʢʠʭ ʩʫʜʦʚ ʦʙʳʯʥʦ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʦʥʠ ʧʝʨʝ-

ʭʦʜʷʪ ʚ ʨʘʟʨʷʜ çʙʨʦʰʝʥʥʳʭè ʩʫʜʦʚ. ʊʝʨʷʷ ʩʚʦʶ ʧʣʘʚʫʯʝʩʪʴ, ʥʘʭʦʜʷʩʴ ʚ ʟʘʪʦʧʣʝʥʥʦʤ 

ʠʣʠ ʧʦʣʫʟʘʪʦʧʣʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʦʥʠ ʟʘʭʣʘʤʣʷʶʪ ʙʝʨʝʛʦʚʫʶ ʣʠʥʠʶ ʚʦʜʦʸʤʦʚ ʠ ʟʘʚʦ-

ʜʩʢʠʭ ʘʢʚʘʪʦʨʠʡ, ʩʦʟʜʘʶʪ ʫʛʨʦʟʫ ʜʣʷ ʙʝʟʦʧʘʩʥʦʛʦ ʩʫʜʦʭʦʜʩʪʚʘ [4]. 

ɺ ʈʌ ʩʝʛʦʜʥʷ ʵʢʩʧʣʫʘʪʠʨʫʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʫʜʦʚ, ʫʞʝ ʚʳʨʘʙʦʪʘʚʰʠʭ 

ʩʚʦʡ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʡ ʨʝʩʫʨʩ, ʣʠʙʦ ʙʣʠʟʢʠʭ ʢ ʵʪʦʤʫ ʧʦʨʦʛʫ. ʇʦ ʦʮʝʥʢʝ ʩʧʝʮʠʘʣʠ-

ʩʪʦʚ: çʉʝʡʯʘʩ ʩʨʝʜʥʠʡ ʚʦʟʨʘʩʪ ʛʨʫʟʦʚʦʛʦ ʬʣʦʪʘ ʚ ʈʦʩʩʠʠ ï 32 ʛʦʜʘ, ʧʘʩʩʘʞʠʨʩʢʦʛʦ ï 

33 ʛʦʜʘ, ʢʨʫʠʟʥʦʛʦ ï 41 ʛʦʜ. ɹʦʣʝʝ 75 % ʩʘʤʦʭʦʜʥʳʭ ʛʨʫʟʦʚʳʭ ʩʫʜʦʚ ʠ ʙʫʢʩʠʨʦʚ ʠʤʝ-

ʶʪ ʚʦʟʨʘʩʪ ʩʚʳʰʝ 25 ʣʝʪ. ɺ ʧʦʩʣʝʜʥʠʝ ʧʷʪʴ ʣʝʪ ʚʳʚʦʜ ʠʟ ʵʢʩʧʣʫʘʪʘʮʠʠ ʛʨʫʟʦʚʦʛʦ ʬʣʦ-

ʪʘ ʧʨʝʚʳʰʘʣʦ ʚʚʦʜ ʥʦʚʳʭ ʩʫʜʦʚ ʚ 20 ʨʘʟ. ʇʦ ʵʢʩʧʝʨʪʥʦʡ ʦʮʝʥʢʝ, ʜʦ 2030 ʛʦʜʘ ʚʣʘ-

ʜʝʣʴʮʘʤ ʧʨʠʜʸʪʩʷ ʧʦʩʪʘʚʠʪʴ ʥʘ ʧʨʠʢʦʣ 534 ʩʫʜʥʘ, ʠʟ ʥʠʭ ʚ ʝʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʩʪʨʘʥʳ 

ï 416 ʩʫʜʦʚ, ʧʦ ɸʤʫʨʩʢʦʤʫ ʙʘʩʩʝʡʥʫ ï 21 ʩʫʜʥʦ, ʧʦ ɽʥʠʩʝʡʩʢʦʤʫ ï 23 ʩʫʜʥʘ, ʧʦ ʂʫ-

ʙʘʥʩʢʦʤʫ ʙʘʩʩʝʡʥʫ ï 12 ʩʫʜʦʚ, ʧʦ ʃʝʥʩʢʦʤʫ ï 9, ʧʦ ʆʙʠ ï 46, ʧʦ ʉʝʚʝʨʥʦʡ ɼʚʠʥʝ ʠ 

ʇʝʯʦʨʩʢʦʤʫ ʙʘʩʩʝʡʥʘʤ ï 7è. ʕʪʦ ʜʦʩʪʘʪʦʯʥʦ ʜʦʣʛʠʡ ʧʝʨʠʦʜ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʥʝʢʦʛʜʘ 

ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʝ ʩʫʜʘ, ʙʳʣʠ ʩʧʠʩʘʥʳ ʠ ʧʦʜʚʝʨʛʥʫʪʳ ʫʪʠʣʠʟʘʮʠʠ [5]. 

ʇʦʜ ʪʝʨʤʠʥʦʤ çʫʪʠʣʠʟʘʮʠʷè ʧʦʥʠʤʘʶʪ ʵʪʘʧʳ, ʚʢʣʶʯʘʶʱʠʝ: ʨʘʟʨʘʙʦʪʢʫ ʜʦʢʫʤʝʥ-

ʪʘʮʠʠ ʜʣʷ ʝʝ ʧʨʦʚʝʜʝʥʠʷ; ʜʝʤʦʥʪʘʞ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʫʩʪʨʦʡʩʪʚ; ʨʘʟʜʝʣʢʘ ʩʫʜʥʘ ʥʘ 

ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʝ ʵʣʝʤʝʥʪʳ; ʚʳʜʝʣʝʥʠʝ ʠʟ ʦʙʱʝʡ ʤʘʩʩʳ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʢʦʤʧʦ-



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 54, 2018 ʛ. 
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ʥʝʥʪʘ; ʧʝʨʝʨʘʙʦʪʢʘ ʢʘʙʝʣʝʡ, ʧʦʢʨʳʪʠʡ; ʟʘʭʦʨʦʥʝʥʠʝ ʥʝ ʫʪʠʣʠʟʠʨʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʯʘʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ [6, 7]. 

ʈʘʟʜʝʣʴʥʳʡ ʩʙʦʨ ʦʪʭʦʜʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʨʘʟʜʝʣʢʝ ʩʫʜʥʘ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʣʠʰʴ ʜʣʷ ʤʝʪʘʣʣʦʩʦʜʝʨʞʘʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ [8]. ɼʨʝʚʝʩʥʳʝ ʞʝ ʤʘʪʝ-

ʨʠʘʣʳ ʯʘʱʝ ʚʩʝʛʦ ʧʦʧʘʜʘʶʪ ʚ ʯʠʩʣʦ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʪʭʦʜʦʚ, ʥʝ ʧʦʜʚʝʨʛʘʶʱʠʭʩʷ 

ʩʝʧʘʨʘʮʠʠ ʠ ʚʳʚʦʟʠʤʳʭ ʩ ʧʨʝʜʧʨʠʷʪʠʡ ʜʣʷ ʟʘʭʦʨʦʥʝʥʠʷ ʟʘ ʦʧʨʝʜʝʣʝʥʥʫʶ ʧʣʘʪʫ. ʍʦʪʷ 

ʠʤʝʥʥʦ ʠʭ ʤʦʞʥʦ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʚʪʦʨʠʯʥʦʛʦ ʩʳʨʴʷ [9].  

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʮʝʥʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʟʫʶʱʠʭʩʷ ʜʨʝʚʝʩʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ 

ʨʘʟʜʝʣʢʝ ʩʫʜʦʚ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʢʘʪʝʛʦʨʠʡ ʩʫʜʦʚ ʩ ʨʘʟʣʠʯ-

ʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʜʨʝʚʝʩʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ɼʣʷ ʘʥʘʣʠʟʘ ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʣʝʜʫʶʱʠʝ 

ʢʘʪʝʛʦʨʠʠ ʩʫʜʦʚ: ʧʘʩʩʘʞʠʨʩʢʠʝ ʩʫʜʘ, ʪʘʥʢʝʨʳ, ʩʫʭʦʛʨʫʟʥʳʝ ʪʝʧʣʦʭʦʜʳ. 

ɼʣʷ ʢʘʞʜʦʡ ʛʨʫʧʧʳ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʩʫʜʘ, ʠʤʝʶʱʠʝ ʚ ʧʨʦʝʢʪʥʳʭ ʤʘʪʝʨʠʘʣʘʭ 

ʚʝʩʦʚʫʶ ʥʘʛʨʫʟʢʫ ʧʦ ʜʝʨʝʚʫ. ʊʘʢʞʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʪʘʪʠʩʪʠʢʠ ʙʳʣʠ ʚʳʧʠʩʘʥʳ ʩʣʝ-

ʜʫʶʱʠʝ ʜʘʥʥʳʝ: ʜʣʠʥʘ, ʰʠʨʠʥʘ ʠ ʚʳʩʦʪʘ ʩʫʜʥʘ, ʘ ʪʘʢʞʝ ʚʦʜʦʠʟʤʝʱʝʥʠʝ ʩʫʜʥʘ ʧʦ-

ʨʦʞʥʸʤ.  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ Microsoft Excel, ʙʳʣʠ 

ʧʦʩʪʨʦʝʥʳ ʛʨʘʬʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʦʣʠ ʜʨʝʚʝʩʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʪ ʚʦʜʦʠʟʤʝʱʝʥʠʷ 

ʩʫʜʥʘ ʧʦʨʦʞʥʝʤ. ʅʘ ʛʨʘʬʠʢʘʭ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʩʫʜʦʚ ʧʦʣʫʯʝʥʳ ʘʧʧʨʦʢʩʠʤʠ-

ʨʫʶʱʠʝ ʢʨʠʚʳʝ ʠ ʠʭ ʫʨʘʚʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʙʦʣʝʝ ʥʘʛʣʷʜʥʦ ʫʚʠʜʝʪʴ 

ʵʪʠ ʟʘʚʠʩʠʤʦʩʪʠ.  

ʆʮʝʥʢʫ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʜʨʝʚʝʩʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʠʟʚʦʜʠʣʠ ʦʪʜʝʣʴʥʦ ʜʣʷ ʢʘʞʜʦʡ 

ʢʘʪʝʛʦʨʠʠ ʩʫʜʦʚ. 

ʇʘʩʩʘʞʠʨʩʢʠʝ ʩʫʜʘ. ɼʣʷ ʦʮʝʥʢʠ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʜʨʝʚʝʩʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʨʘʟ-

ʜʝʣʢʝ ʧʘʩʩʘʞʠʨʩʢʠʭ ʩʫʜʦʚ ʙʳʣʦ ʦʪʦʙʨʘʥʦ 12 ʩʫʜʦʚ ʠʤʝʶʱʠʭ ʚ ʧʨʦʝʢʪʥʳʭ ʜʘʥʥʳʭ 

ʚʝʩʦʚʫʶ ʥʘʛʨʫʟʢʫ ʧʦ ʜʝʨʝʚʫ [10, 12, 13, 14, 15, 16, 17]. ɺʩʝ ʧʨʦʝʢʪʥʳʝ ʩʚʝʜʝʥʠʷ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.  

ʊʘʙʣʠʮʘ 1 

ʉʚʦʜʥʘʷ ʪʘʙʣʠʮʘ ʤʘʩʩʳ ʜʨʝʚʝʩʥʳʭ ʤʘʪʝʨʠʘʣʦʚ  

ʠ ʛʣʘʚʥʳʭ ʨʘʟʤʝʨʝʥʠʡ ʧʘʩʩʘʞʠʨʩʢʠʭ ʩʫʜʦʚ 

ˉ ʇʨʦʝʢʪ 

ʩʫʜʥʘ 

ʄʘʩʩʘ ʜʨʝʚʝʩ-

ʥʳʭ ʤʘʪʝʨʠʘ-

ʣʦʚ, ʄɼ, ʪ 

ɼʣʠʥʘ 

ʩʫʜʥʘ, 

L, ʤ 

ʐʠʨʠʥʘ 

ʩʫʜʥʘ, 

ɺ, ʤ 

ɺʳʩʦʪʘ 

ʩʫʜʥʘ, 

ʅ, ʤ 

ɺʦʜʦʠʟʤʝ-

ʱʝʥʠʝ ʧʦ-

ʨʦʞʥʸʤ, D, ʪ 

ɼʦʣʷ ʜʝʨʝʚʘ, 

 

1 ˉ ʈ132 6,66 32,8 2,5 2,7 125,3 5,32 

2 ˉ 81 6,10 33 6 2,6 120 5,09 

3 ˉ 1570 18,42 40,6 6,7 2,5 151,8 12,13 

4 ˉ 1630 18,48 40,6 6,7 2,5 151,8 12,17 

5 ˉ ʈ104 3,57 41 4,6 3,18 81,1 4,40 

6 ˉ 2044 0,35 10,5 3,52 1 8,69 4,03 

7 ˉ ʈ118 1,81 19 4,75 1,3 35,75 5,06 

8 ˉ 17091 0,54 21 3,6 2,6 13,5 4,00 

9 ˉ 14200 0,67 23,8 4 3 16,8 3,99 

10 ˉ1746 1,24 25,8 6,5 5,5 24,4 5,08 

11 ˉ 352 1,04 27,44 4,4 3,2 20,4 5,10 

12 ˉ ʈ69 1,14 30,4 3,65 1,4 38,25 2,98 

 
ɺ ʧʨʦʛʨʘʤʤʝ Microsoft Excel ʧʦʩʪʨʦʝʥʘ ʛʨʘʬʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʜʦʣʠ ʜʨʝʚʝʩʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʦʪ ʚʦʜʦʠʟʤʝʱʝʥʠʷ ʩʫʜʥʘ ʧʦʨʦʞʥʝʤ (ʨʠʩ. 1). ʅʘ ʛʨʘʬʠʢʝ ʧʦʢʘʟʘʥʘ ʘʧʧʨʦʢ-

ʩʠʤʠʨʫʶʱʘʷ ʢʨʠʚʘʷ, ʦʪʦʙʨʘʞʘʶʱʘʷ ʧʨʠʥʷʪʫʶ ʥʘʤʠ ʩʪʝʧʝʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ 

ʜʦʣʝʡ ʜʨʝʚʝʩʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʚʦʜʦʠʟʤʝʱʝʥʠʝʤ ʩʫʜʥʘ ʧʦʨʦʞʥʝʤ ʜʣʷ ʧʘʩʩʘʞʠʨʩʢʠʭ 

ʩʫʜʦʚ, ʘ ʪʘʢʞʝ ʫʨʘʚʥʝʥʠʝ ʵʪʦʡ ʢʨʠʚʦʡ. 



ɸ.ʀ. ʌʠʣʠʧʧʦʚʘ, ʅ.ʐ. ʃʷʧʠʥʘ 
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ʇʦʜʩʪʘʚʠʚ ʚ ʫʨʘʚʥʝʥʠʝ y = 1,9088 x
0,2695

, ʚʤʝʩʪʦ x ʚʦʜʦʠʟʤʝʱʝʥʠʝ ʩʫʜʥʘ ʧʦʨʦʞʥʸʤ 

D (ʠʟ ʪʘʙʣʠʮʳ 1) ʧʦʣʫʯʠʤ ʧʨʠʤʝʨʥʦʝ ʟʥʘʯʝʥʠʝ ʜʦʣʠ ʜʨʝʚʝʩʥʳʭ ʦʪʭʦʜʦʚ ʚ ʩʦʩʪʘʚʝ ʨʘʟ-

ʜʝʣʳʚʘʝʤʦʛʦ ʩʫʜʥʘ.  

 
ʈʠʩ. 1. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʜʦʣʠ ʜʨʝʚʝʩʥʳʭ ʤʘʪʝʨʠʘʣʦʚ  

ʦʪ ʚʦʜʦʠʟʤʝʱʝʥʠʷ ʩʫʜʥʘ ʧʦʨʦʞʥʸʤ (ʧʘʩʩʘʞʠʨʩʢʠʝ ʩʫʜʘ) 

ʊʘʥʢʝʨʳ. ɼʣʷ ʦʮʝʥʢʠ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʜʨʝʚʝʩʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʨʘʟʜʝʣʢʝ ʪʘʥʢʝʨʦʚ 

ʙʳʣʦ ʦʪʦʙʨʘʥʦ 14 ʩʫʜʦʚ ʠʤʝʶʱʠʭ ʚ ʧʨʦʝʢʪʥʳʭ ʜʘʥʥʳʭ ʚʝʩʦʚʫʶ ʥʘʛʨʫʟʢʫ ʧʦ ʜʝʨʝʚʫ 

[11, 12, 13, 14, 15, 16, 17]. ɺʩʝ ʧʨʦʝʢʪʥʳʝ ʩʚʝʜʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.  

ʊʘʙʣʠʮʘ 2 

ʉʚʦʜʥʘʷ ʪʘʙʣʠʮʘ ʤʘʩʩʳ ʜʨʝʚʝʩʥʳʭ ʤʘʪʝʨʠʘʣʦʚ  

ʠ ʛʣʘʚʥʳʭ ʨʘʟʤʝʨʝʥʠʡ ʪʘʥʢʝʨʦʚ 

ˉ 

 

ʇʨʦʝʢʪ 

ʩʫʜʥʘ 

ʄʘʩʩʘ ʜʨʝ-

ʚʝʩʥʳʭ ʤʘʪʝ-

ʨʠʘʣʦʚ, ʄɼ, ʪ 

ɼʣʠʥʘ 

ʩʫʜʥʘ, 

L, ʤ 

ʐʠʨʠʥʘ 

ʩʫʜʥʘ, 

ɺ, ʤ 

ɺʳʩʦʪʘ 

ʩʫʜʥʘ, 

ʅ, ʤ 

ɺʦʜʦʠʟʤʝ-

ʱʝʥʠʝ ʧʦ-

ʨʦʞʥʸʤ, D, ʪ 

ɼʦʣʷ ʜʝʨʝʚʘ, 

 

1 ˉ 587 43,9 107,5 13,4 4,8 1000 4,39 

2 ˉ 576ʊ 21,6 107,2 13 4,8 820 2,63 

3 ˉ 81180 9,88 83 12 3,5 843 1,17 

4 ˉ 1754ɹ 17,68 86,14 12,5 3,2 441 4,01 

5 ˉ 866ʄ 17,46 62 9,2 2,8 289,4 6,03 

6 ˉ 866 16,5 62 9,2 2,4 254,7 6,48 

7 ˉ ʈ42 19,18 62 9,2 2,8 336 5,71 

8 ˉ 550 43,9 128,6 16,5 5,5 1368 3,21 

9 ˉ 1577 44,3 128,6 16,5 5,5 1502 2,95 

10 ˉ ʈ77 20,9 105 14,8 4,4 938 2,23 

11 ˉ ʈ42ʄ 17,67 63,7 9,2 2,6 797,8 2,22 

12 ˉ 1754ɸ 14,41 85,14 12,5 2,5 441 3,27 

13 ˉ 1754 15,9 85 12,5 2,5 441 3,61 

14 ˉ ʈ135 13,03 56 9,2 2,1 271,6 4,79 

 

5,32 
5,09 

12,13 

12,17 
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4 3,99 

5,08 5,1 

2,98 

y = 1,9088x0,2695 
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ɺʦʜʦʠʟʤʝʱʝʥʠʝ ʩʫʜʥʘ ʧʦʨʦʞʥʸʤ, ʪ 
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ɺ ʧʨʦʛʨʘʤʤʝ Microsoft Excel ʧʦʩʪʨʦʝʥʘ ʛʨʘʬʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʜʦʣʠ ʜʨʝʚʝʩʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʦʪ ʚʦʜʦʠʟʤʝʱʝʥʠʷ ʩʫʜʥʘ ʧʦʨʦʞʥʝʤ (ʨʠʩ. 2). ʅʘ ʛʨʘʬʠʢʝ ʧʦʢʘʟʘʥʘ ʘʧʧʨʦʢ-

ʩʠʤʠʨʫʶʱʘʷ ʢʨʠʚʘʷ, ʦʪʦʙʨʘʞʘʶʱʘʷ ʧʨʠʥʷʪʫʶ ʥʘʤʠ ʩʪʝʧʝʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ 

ʜʦʣʝʡ ʜʨʝʚʝʩʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʚʦʜʦʠʟʤʝʱʝʥʠʝʤ ʩʫʜʥʘ ʧʦʨʦʞʥʝʤ ʜʣʷ ʪʘʥʢʝʨʦʚ, ʘ ʪʘʢ-

ʞʝ ʫʨʘʚʥʝʥʠʝ ʵʪʦʡ ʢʨʠʚʦʡ. 

ʇʦʜʩʪʘʚʠʚ ʚ ʫʨʘʚʥʝʥʠʝ y = 97,447 x
-0,522

, ʚʤʝʩʪʦ x ʚʦʜʦʠʟʤʝʱʝʥʠʝ ʩʫʜʥʘ ʧʦʨʦʞʥʸʤ 

D (ʠʟ ʪʘʙʣʠʮʳ 2) ʧʦʣʫʯʠʤ ʧʨʠʤʝʨʥʦʝ ʟʥʘʯʝʥʠʝ ʜʦʣʠ ʜʨʝʚʝʩʥʳʭ ʦʪʭʦʜʦʚ, ʦʞʠʜʘʝʤʳʭ 

ʧʨʠ ʫʪʠʣʠʟʘʮʠʠ ʩʫʜʦʚ.  

 

 

ʈʠʩ. 2. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʜʦʣʠ ʜʨʝʚʝʩʥʳʭ ʤʘʪʝʨʠʘʣʦʚ  

ʦʪ ʚʦʜʦʠʟʤʝʱʝʥʠʷ ʩʫʜʥʘ ʧʦʨʦʞʥʸʤ (ʪʘʥʢʝʨʳ) 

ʉʫʭʦʛʨʫʟʥʳʝ ʪʝʧʣʦʭʦʜʳ. ɼʣʷ ʦʮʝʥʢʠ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʜʨʝʚʝʩʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ 

ʨʘʟʜʝʣʢʝ ʩʫʭʦʛʨʫʟʥʳʭ ʪʝʧʣʦʭʦʜʦʚ ʙʳʣʦ ʦʪʦʙʨʘʥʦ 38 ʩʫʜʦʚ ʠʤʝʶʱʠʭ ʚ ʧʨʦʝʢʪʥʳʭ 

ʜʘʥʥʳʭ ʚʝʩʦʚʫʶ ʥʘʛʨʫʟʢʫ ʧʦ ʜʝʨʝʚʫ [11, 12, 13, 14, 15, 16, 17]. ɺʩʝ ʧʨʦʝʢʪʥʳʝ ʩʚʝʜʝ-

ʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.  

ʊʘʙʣʠʮʘ 3 

ʉʚʦʜʥʘʷ ʪʘʙʣʠʮʘ ʤʘʩʩʳ ʜʨʝʚʝʩʥʳʭ ʤʘʪʝʨʠʘʣʦʚ  

ʠ ʛʣʘʚʥʳʭ ʨʘʟʤʝʨʝʥʠʡ ʩʫʭʦʛʨʫʟʥʳʭ ʪʝʧʣʦʭʦʜʦʚ 

ˉ ʇʨʦʝʢʪ  

ʩʫʜʥʘ 

ʄʘʩʩʘ ʜʨʝ-

ʚʝʩʥʳʭ ʤʘ-

ʪʝʨʠʘʣʦʚ 

ʄɼ, ʪ 

ɼʣʠʥʘ 

ʩʫʜʥʘ, 

L, ʤ 

ʐʠʨʠʥʘ 

ʩʫʜʥʘ, 

ɺ, ʤ 

ɺʳʩʦʪʘ 

ʩʫʜʥʘ, 

ʅ, ʤ 

ɺʦʜʦʠʟʤʝ-

ʱʝʥʠʝ ʧʦ-

ʨʦʞʥʸʤ, 

D, ʪ 

ɼʦʣʷ ʜʝʨʝʚʘ, 

 

1 ˉ 1743.1 1,09 105 14,8 5 1190 0,1 

2 ˉ 1743 1 105 14,8 5 1040 0,1 

3 ˉ ʈ32.3.2 30,30 108,6 14,8 4,3 1135 2,66 

4 ˉ ʈ32ɹʋ 29,96 108,6 14,8 4,3 1120 2,68 

5 ˉ 2-95ɸ 32,43 110 13 5,5 1212 2,68 

6 ˉ 2-95ɸ/R 36,44 110 13 5,5 1362 2,53 

7 ˉ 791 30,5 110,15 13 5,5 1140 2,68 

8 ˉ ʈ32 10,93 96,6 14,8 4,3 918 1,19 

4,39 

2,63 

1,17 

4,01 
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ɺʦʜʦʠʟʤʝʱʝʥʠʝ ʩʫʜʥʘ ʧʦʨʦʞʥʸʤ, ʪ 
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ˉ ʇʨʦʝʢʪ  

ʩʫʜʥʘ 

ʄʘʩʩʘ ʜʨʝ-

ʚʝʩʥʳʭ ʤʘ-

ʪʝʨʠʘʣʦʚ 

ʄɼ, ʪ 

ɼʣʠʥʘ 

ʩʫʜʥʘ, 

L, ʤ 

ʐʠʨʠʥʘ 

ʩʫʜʥʘ, 

ɺ, ʤ 

ɺʳʩʦʪʘ 

ʩʫʜʥʘ, 

ʅ, ʤ 

ɺʦʜʦʠʟʤʝ-

ʱʝʥʠʝ ʧʦ-

ʨʦʞʥʸʤ, 

D, ʪ 

ɼʦʣʷ ʜʝʨʝʚʘ, 

 

9 ˉ ʈ32ɸ 20,86 96,6 14,8 4,3 925 2,26 

10 ˉ 21-88 40,84 100 12,2 4,9 1212 3,37 

11 ˉ ʈ25ɹ 15,93 96 12,5 3,4 606 2,63 

12 ˉ ʈ19 10,42 93 12 4,4 674 1,55 

13 ˉ ʈ97ʀ 15,8 90 15 2,8 641,9 2,46 

14 ˉ ʈ97ʊ 15,8 90 15 2,8 601 2,63 

15 ˉ ʈ97 9,83 90 15 2,8 570 1,73 

16 ˉ 576 11 90 13 4,8 667,4 1,65 

17 ˉ 11 54,2 90 13 4,8 1386 3,91 

18 ˉ ʈ25 10,24 85 12,5 3,4 447 2,29 

19 ˉ ʈ25ɸ 10,3 85 12,5 3,4 481 2,14 

20 ˉ 936 20,27 83,7 11 4 459 4,42 

21 ˉ ʈ168 17,99 83 12 3,5 722 2,49 

22 ˉ 559ɹ 8,58 79,9 15 2,8 402 2,13 

23 ˉ ʊʋ-3100ɸ 35,1 76 11 3,5 531 6,61 

24 ˉ 573 36,6 75 11 3,5 813 4,50 

25 ˉ 829 19,4 71,8 11,5 3 426 4,55 

26 ˉ 27-410 31,37 66,5 8,16 2,5 252 12,45 

27 ˉ ʈ40 16,75 65 14 2 260 6,44 

28 ˉ 276 31,37 64,8 8,16 2,6 300 10,46 

29 ˉ 414ɸ 15,3 63,6 10 2 306 5,00 

30 ˉ 414ʅ 17,8 63,14 10 2 217 8,20 

31 ˉ 414ɹ 17,8 62,2 10 2 241 7,39 

32 ˉ 765ɸ 41,4 62 9,2 2,4 225 18,40 

33 ˉ 765ʨʬ 42,8 62 9,2 2,8 249,5 17,15 

34 ˉ 2036 12,3 85 12,5 3,4 415 2,96 

35 ˉ ʈ86ɸ 11,39 78 15 2 424 2,69 

36 ˉ 81110 10,39 78 15 2 459 2,26 

37 ˉ 912ɺ 11,70 61,5 9 2,2 274,4 4,26 

38 ˉ 272ʊ 10,25 65,2 14 2 239,3 4,28 

 

ɺ ʧʨʦʛʨʘʤʤʝ Microsoft Excel ʧʦʩʪʨʦʝʥʘ ʛʨʘʬʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʜʦʣʠ ʜʨʝʚʝʩʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʦʪ ʚʦʜʦʠʟʤʝʱʝʥʠʷ ʩʫʜʥʘ ʧʦʨʦʞʥʝʤ (ʨʠʩ. 3). ʅʘ ʛʨʘʬʠʢʝ ʧʦʢʘʟʘʥʘ ʘʧʧʨʦʢ-

ʩʠʤʠʨʫʶʱʘʷ ʢʨʠʚʘʷ, ʦʪʦʙʨʘʞʘʶʱʘʷ ʧʨʠʥʷʪʫʶ ʥʘʤʠ ʩʪʝʧʝʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ 

ʜʦʣʝʡ ʜʨʝʚʝʩʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʚʦʜʦʠʟʤʝʱʝʥʠʝʤ ʩʫʜʥʘ ʧʦʨʦʞʥʝʤ ʜʣʷ ʩʫʭʦʛʨʫʟʥʳʭ 

ʪʝʧʣʦʭʦʜʦʚ, ʘ ʪʘʢʞʝ ʫʨʘʚʥʝʥʠʝ ʵʪʦʡ ʢʨʠʚʦʡ. 

ʇʦʜʩʪʘʚʠʚ ʚ ʫʨʘʚʥʝʥʠʝ y = 2467,9 x
-1,064

, ʚʤʝʩʪʦ x ʚʦʜʦʠʟʤʝʱʝʥʠʝ ʩʫʜʥʘ ʧʦʨʦʞʥʸʤ 

D (ʠʟ ʪʘʙʣʠʮʳ 3) ʧʦʣʫʯʠʤ ʧʨʠʤʝʨʥʦʝ ʟʥʘʯʝʥʠʝ ʜʦʣʠ ʜʨʝʚʝʩʥʳʭ ʦʪʭʦʜʦʚ, ʦʞʠʜʘʝʤʳʭ 

ʧʨʠ ʫʪʠʣʠʟʘʮʠʠ ʩʫʜʦʚ.  
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ʈʠʩ. 3. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʜʦʣʠ ʜʨʝʚʝʩʥʳʭ ʤʘʪʝʨʠʘʣʦʚ  

ʦʪ ʚʦʜʦʠʟʤʝʱʝʥʠʷ ʩʫʜʥʘ ʧʦʨʦʞʥʸʤ (ʩʫʭʦʛʨʫʟʥʳʝ ʪʝʧʣʦʭʦʜʳ) 

ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʧʨʦʝʢʪʥʳʭ ʩʚʝʜʝʥʠʡ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʩʫʜʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʚ ʪʘʙʣʠʮʝ 4. 

ʊʘʙʣʠʮʘ 4 

ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʤʘʩʩʳ ʜʨʝʚʝʩʥʳʭ ʤʘʪʝʨʠʘʣʦʚ  

ʠ ʛʣʘʚʥʳʭ ʨʘʟʤʝʨʝʥʠʡ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʩʫʜʦʚ 

ˉ ʊʠʧ ʩʫʜʥʘ ʄʘʩʩʘ ʜʨʝʚʝʩ-

ʥʳʭ ʤʘʪʝʨʠʘ-

ʣʦʚ, ʄɼ, ʪ 

ɼʣʠʥʘ 

ʩʫʜʥʘ, 

L, ʤ 

ʐʠʨʠʥʘ 

ʩʫʜʥʘ, 

ɺ, ʤ 

ɺʳʩʦʪʘ 

ʩʫʜʥʘ, 

ʅ, ʤ 

ɺʦʜʦʠʟʤʝ-

ʱʝʥʠʝ ʧʦ-

ʨʦʞʥʸʤ, D, ʪ 

ɼʦʣʷ ʜʝʨʝʚʘ, 

 

1 ʇʘʩʩʘʞʠʨʩʢʠʝ 

ʩʫʜʘ 

5,00 28,83 4,74 2,62 65,65 5,78 

2 ʊʘʥʢʝʨʳ 20,88 87,30 12,12 3,53 695,96 3,76 

3 ʉʫʭʦʛʨʫʟʥʳʝ 

ʪʝʧʣʦʭʦʜʳ 

20,96 84,36 12,53 3,46 645,88 4,34 

 

ɼʘʥʥʳʡ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʠʪ ʚ ʧʦʩʣʝʜʩʪʚʠʝ ʫʤʝʥʴʰʠʪʴ ʪʨʫʜʦʝʤʢʦʩʪʴ 

ʨʘʩʯʝʪʘ ʦʙʨʘʟʦʚʘʥʠʷ ʦʪʭʦʜʦʚ ʧʨʠ ʫʪʠʣʠʟʘʮʠʠ ʩʫʜʦʚ ʧʦʜʦʙʥʳʭ ʧʨʦʝʢʪʦʚ, ʫ ʢʦʪʦʨʳʭ ʧʦ 

ʨʘʟʥʳʤ ʧʨʠʯʠʥʘʤ ʦʪʩʫʪʩʪʚʫʝʪ ʧʨʦʝʢʪʥʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ. ɽʩʣʠ ʩʨʝʜʠ ʙʨʦʰʝʥʥʳʭ ʠʣʠ 

ʧʦʜʛʦʪʘʚʣʠʚʘʝʤʳʭ ʢ ʩʧʠʩʘʥʠʶ ʩʫʜʦʚ ʧʦʜʦʙʥʳʝ ʧʨʦʝʢʪʳ ʦʪʩʫʪʩʪʚʫʶʪ, ʪʦ ʚʦʩʧʦʣʴʟʦ-

ʚʘʚʰʠʩʴ ʫʨʘʚʥʝʥʠʷʤʠ ʧʦʣʫʯʝʥʥʳʭ ʢʨʠʚʳʭ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʜʨʝʚʝʩʥʳʭ ʤʘ-

ʪʝʨʠʘʣʦʚ, ʦʞʠʜʘʝʤʳʭ ʧʨʠ ʨʘʟʜʝʣʢʝ ʩʫʜʥʘ. ʕʪʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʩʪʘʨʳʭ ʩʫʜʦʚ, ʧʦʩʢʦʣʴʢʫ 

ʧʨʦʝʢʪʥʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ, ʧʦʩʣʝ 40 ʣʝʪ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʤʦʞʝʪ ʙʳʪʴ ʫʪʝʨʷʥʘ ʠʣʠ ʧʨʠʰʣʘ 

ʚ ʥʝʛʦʜʥʦʩʪʴ.  

ʅʘ ʥʘʰ ʚʟʛʣʷʜ, ʧʦʜʦʙʥʳʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʤʘʩʩʦʚʫʶ ʜʦʣʶ ʜʨʝʚʝʩʥʳʭ ʤʘ-

ʪʝʨʠʘʣʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʫʪʠʣʠʟʘʮʠʠ ʜʨʫʛʠʭ ʢʘʪʝʛʦʨʠʡ ʩʫʜʦʚ.  
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In the article the questions of the development of methodology of determining the share of 

wood in the ship composition. The collection of information data on the projects of various 

categories ships was carried out. A statistical study of the amount of wood in the hull and 

http://refoteka.ru/r-93459.html
http://dro.dur.ac.uk/%2010411/
http://dro.dur.ac.uk/%2010411/
http://dro.dur.ac.uk/%2010411/
https://www.questia.com/read/104294600/disposal-options-for-ships
https://www.questia.com/read/104294600/disposal-options-for-ships
http://www.imo.org/includes/blastData.asp/doc_id=7420/%20Developments.pdf
http://www.imo.org/includes/blastData.asp/doc_id=7420/%20Developments.pdf
https://sibac.info/journal/student/18/87157


ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 54, 2018 ʛ. 

ʈʘʟʜʝʣ II . ʉʫʜʦʩʪʨʦʝʥʠʝ, ʩʫʜʦʨʝʤʦʥʪ ʠ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʫʜʥʘ 

 

 55 

superstructure is made. The dependence of the share of wood-based materials from the dis-

placement of the empty vessel is defined. 

ʉʪʘʪʴʷ ʧʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ 26.12.2017 ʛ. 
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ʟʫʶʱʠʭ ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʟʘʤʝʱʝʥʠʶ 

ʠʥʳʭ ʥʘ 30% [1]. ɼʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʦʩʥʦʚʘʥʳ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʠʣ 

ʚʝʪʨʘ, ʚʦʜʳ, ʟʝʤʣʠ ʠ ʩʦʣʥʮʘ. ʂ ʧʦʜʦʙʥʳʤ ʫʩʪʨʦʡʩʪʚʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʚʝʪʨʦʚʳʝ ʪʫʨ-

ʙʠʥʳ, ʩʦʣʥʝʯʥʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ (ʉʕʉ), ʩʦʣʥʝʯʥʳʝ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

(ʌʕʉ), ʛʝʦʪʝʨʤʘʣʴʥʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ (ɻʝʦʕʉ), ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʠ (ɻʕʉ) ʠ ʧʨʠ-

ʣʠʚʥʳʝ ʪʫʨʙʠʥʳ (ʇʊ). ʊʘʢʞʝ ʥʘʤʝʪʠʣʘʩʴ ʪʝʥʜʝʥʮʠʷ ʧʨʠʤʝʥʝʥʠʷ ʚʦʜʦʨʦʜʘ ʚ ʵʥʝʨʛʝʪʠ-

ʢʝ. ʕʢʩʧʝʨʪʘʤʠ ʦʞʠʜʘʝʪʩʷ, ʯʪʦ ʯʝʨʝʟ 10ï15 ʣʝʪ ʚʦʜʦʨʦʜ ʚ ʪʝʭʥʠʯʝʩʢʠ ʨʘʟʚʠʪʳʭ ʩʪʨʘ-

ʥʘʭ ʥʘʯʥʝʪ ʘʢʪʠʚʥʦ ʚʳʪʝʩʥʷʪʴ ʠ ʧʦʩʪʝʧʝʥʥʦ ʚʳʪʝʩʥʠʪ ʦʨʛʘʥʠʯʝʩʢʠʝ ʵʥʝʨʛʦʥʦʩʠʪʝʣʠ ʩ 

ʨʳʥʢʘ ʵʥʝʨʛʠʠ [2]. 

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʠʟ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʥʘʭʦʜʠʪʩʷ ʥʘ ʥʘ-

ʯʘʣʴʥʳʭ ʵʪʘʧʘʭ ʨʘʟʚʠʪʠʷ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʩʫʜʦʩʪʨʦʝʥʠʶ. 

ʆʮʝʥʢʘ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʵʥʝʨʛʦʩʙʝʨʝ-

ʞʝʥʠʷ ʟʘ ʩʯʝʪ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʚ ʩʫʜʦʩʪʨʦʝʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ 

ʪʘʙʣ. 1, ʛʜʝ ʤʘʢʩʠʤʘʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 10 ʙʘʣʣʘʤ [3]. 

ʊʘʙʣʠʮʘ 1 

ʆʮʝʥʢʘ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʤʝʪʦʜʦʚ  

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʥʘ ʩʫʜʘʭ  

ʄʝʪʦʜʳ ʵʥʝʨʛʦʧʦ-

ʪʨʝʙʣʝʥʠʷ 

ɿʘʚʝʨʰʝʥʥʦʩʪʴ 

ʪʝʭʥʦʣʦʛʠʠ 

ʇʨʦʩʪʦʪʘ ʚ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʠ 

ʇʦʪʝʥʮʠʘʣ ʚ 

ʨʘʟʨʘʙʦʪʢʝ 

ʆʢʫʧʘʝ-

ʤʦʩʪʴ 

ʀʪʦʛʦ 

ɺʝʪʝʨ 6 10 10 6 32 

ɺʦʣʥʝʥʠʝ 3 3 1 1 8 

ʉʦʣʥʝʯʥʘʷ ʵʥʝʨʛʠʷ 5 8 7 6 26 

ɹʝʨʝʛʦʚʦʝ ʦʙʝʩʧʝʯʝ-

ʥʠʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʝʡ 

6 10 1 1 18 
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ʀʟ ʫʢʘʟʘʥʥʦʡ ʚʳʰʝ ʪʘʙʣʠʮʳ ʚʠʜʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʤʝʪʦʜʘʤʠ ʩʥʠ-

ʞʝʥʠʷ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʥʘ ʩʫʜʘʭ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʣ ʚʝʪʨʘ ʠ ʩʦʣʥʮʘ.  

ɺʝʪʝʨ. ɼʘʥʥʳʡ ʚʠʜ ʩʫʜʦʚʦʡ ʜʚʠʞʫʱʝʡ ʩʠʣʳ ʠʤʝʝʪ ʜʦʩʪʘʪʦʯʥʦ ʜʦʣʛʫʶ ʠʩʪʦʨʠʶ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʦʩʪʘ: ʥʘʯʠʥʘʷ ʦʪ ʧʘʨʫʩʥʳʭ ʩʫʜʦʚ, ʟʘʢʘʥʯʠʚʘʷ ʩʫʜʘʤʠ ʩ ʨʘʟʤʝʱʝʥ-

ʥʳʤʠ ʥʘ ʙʦʨʪʫ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘʤʠ (ɺɻ). 

ɻʦʣʣʘʥʜʩʢʘʷ ʢʦʤʧʘʥʠʷ Dykstra ʨʘʟʨʘʙʦʪʘʣʘ ʩʚʦʡ ʚʘʨʠʘʥʪ ʩʫʭʦʛʨʫʟʘ Ecoliner ʩ ʚʦʟ-

ʤʦʞʥʦʩʪʴʶ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʟʘʛʨʫʞʘʪʴ ʠ ʚʳʛʨʫʞʘʪʴ ʛʨʫʟʳ, ʪʘʢ ʢʘʢ ʤʘʯʪʳ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʢʨʘʥʦʚ. ʇʨʦʝʢʪʠʨʦʚʱʠʢʠ Dykstra ʟʘʷʚʣʷʶʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʘʨʫʩʥʦʛʦ ʜʚʠʞʝʥʠʷʠ ʥʘ ʜʨʫʛʠʭ ʪʠʧʘʭ ʩʫʜʦʚ, ʪʘʢʠʭ ʢʘʢ ʪʘʥʢʝʨʳ, ʙʘʣ-

ʢʝʨʳ ʠ ʪʷʞʝʣʳʝ ʛʨʫʟʦʚʳʝ ʩʫʜʘ [4].  

 

 

ʈʠʩ. 1. ʉʫʭʦʛʨʫʟ Ecoliner 

ʈʘʟʨʘʙʦʪʘʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʦʥʩʪʨʫʢʮʠʡ ɺɻ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʨʠʝʥʪʘʮʠʠ 

ʦʩʠ ʚʨʘʱʝʥʠʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʘʧʨʘʚʣʝʥʠʶ ʧʦʪʦʢʘ ɺɻʢʣʘʩʩʠʬʠʮʠʨʫʶʪ ʥʘ ʢʦʥʩʪʨʫʢ-

ʮʠʠ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʴʶ ʚʨʘʱʝʥʠʷ. ɺɻ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʴʶ 

ʚʨʘʱʝʥʠʷ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʢʦʥʩʪʨʫʢʮʠʠ ʩ ʧʘʨʘʣʣʝʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚʝʪʨʦʚʦʛʦ 

ʧʦʪʦʢʘ ʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚʝʪʨʘ (ʧʦʜʦʙʥʳʝ ʚʦʜʷʥʦʤʫ ʢʦʣʝʩʫ). 

ʊʘʢʞʝ ʩʫʜʘ ʩ ɺɻ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʥʘ ʩʫʜʘ, ʜʚʠʞʫʱʠʝʩʷ ʟʘ ʩʯʝʪ ʛʝʥʝʨʘʮʠʠ ʵʥʝʨ-

ʛʠʠ, ʧʦʣʫʯʝʥʥʦʡ ʟʘ ʩʯʝʪ ʩʠʣʳ ʚʝʪʨʘ ʠ ʩʫʜʘ, ʜʚʠʞʫʱʠʝʩʷ ʟʘ ʩʯʝʪ ʩʠʣʳ ʚʝʪʨʘ, ʦʙʨʘʟʫʶ-

ʱʝʡʩʷ ʟʘ ʩʯʝʪ ʜʚʠʞʝʥʠʷ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷ. 

ʅʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʩʫʜʘ ʩ ɺɻ ʚʪʦʨʦʛʦ ʪʠʧʘ ʩ ʚʝʨʪʠʢʘʣʴʥʦʡ 

ʦʩʴʶ ʚʨʘʱʝʥʠʷ, ʢ ʢʦʪʦʨʳʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʨʦʪʦʨʥʳʝ. ʕʪʠ ʩʫʜʘ ʠʤʝʶʪ ʦʩʦʙʦʝ ʫʩʪʨʦʡ-

ʩʪʚʦ ʨʦʪʦʨ (ʚ ʚʠʜʝ ʚʨʘʱʘʶʱʠʭʩʷ ʙʘʰʝʥ), ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʨʘʮʠʦʥʘʣʴʥʦ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴ ʦʩʥʦʚʥʫʶ ʵʥʝʨʛʠʶ ʜʣʷ ʠʭ ʜʚʠʞʝʥʠʷ. ɼʘʥʥʳʝ ʚʠʜʳ ʩʫʜʦʚ ʤʦʛʫʪ ʠʤʝʪʴ ʥʘ ʙʦʨʪʫ ʦʪ 

ʦʜʥʦʛʦ ʜʦ ʯʝʪʳʨʸʭ ʫʩʪʨʦʡʩʪʚ, ʢʦʪʦʨʳʝ ʚʨʘʱʘʶʪʩʷ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤ ʜʚʠʛʘʪʝʣʝʤ.  

ʇʨʠʤʝʨʦʤ ʜʘʥʥʦʛʦ ʪʠʧʘ ʩʫʜʦʚ ʷʚʣʷʝʪʩʷ ʛʨʫʟʦʚʦʝ ʩʫʜʥʦ ɻʝʨʤʘʥʩʢʦʛʦ ʢʦʤʤʝʨʯʝ-

ʩʢʦʛʦ ʬʣʦʪʘ çE-SHIP 1è. ʉʫʜʥʦ çE-SHIP 1è ʠʤʝʝʪ ʚʦʜʦʠʟʤʝʱʝʥʠʝ 12 970 ʪʦʥʥ ʧʨʠ 

ʜʣʠʥʝ ʢʦʨʧʫʩʘ 130 ʤ. ʅʘ ʚʝʨʭʥʝʡ ʧʘʣʫʙʝ ʨʘʟʤʝʱʝʥʳ ʯʝʪʳʨʝ ʨʦʪʦʨʘ ʪʠʧʘ çflettnerè 

ʚʳʩʦʪʦʡ 27 ʤʝʪʨʦʚ ʠ ʜʠʘʤʝʪʨʦʤ 4 ʤʝʪʨʘ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʢʦʤʧʘ-

ʥʠʷ-ʦʧʝʨʘʪʦʨ çEnerconè ʟʘʬʠʢʩʠʨʦʚʘʣʘ ʵʢʦʥʦʤʠʶ ʪʦʧʣʠʚʘ 15% (ʚʤʝʩʪʦ ʨʘʥʝʝ ʧʣʘʥʠ-

ʨʫʝʤʳʭ 40% ʧʨʠ ʩʢʦʨʦʩʪʠ ʚ 16 ʫʟʣʦʚ) [5].  

ʈʦʪʦʨʥʳʝ ʩʫʜʘ ʤʦʛʫʪ ʣʘʚʠʨʦʚʘʪʴ ʠ ʭʦʜʠʪʴ ʚʩʝʤʠ ʢʫʨʩʘʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʝʪʨʘ. 

ʆʜʥʘʢʦ ʦʥʠ ʠʤʝʶʪ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ: 

ï ʨʘʟʤʝʱʝʥʠʝ ʥʘ ʙʦʨʪʫ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʜʣʷ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ; 

ï ʟʘʧʘʩ ʪʦʧʣʠʚʘ; 

ï ʩʫʜʥʦ ʜʦʣʞʥʦ ʣʘʚʠʨʦʚʘʪʴ ʧʨʠ ʜʚʠʞʝʥʠʠ ʥʝ ʪʦʣʴʢʦ ʧʨʦʪʠʚ ʚʝʪʨʘ, ʥʦ ʠ ʧʨʠ ʧʦ-

ʧʫʪʥʳʭ ʚʝʪʨʘʭ. 

http://www.gdnp.nl/
http://www.gdnp.nl/
http://korabley.net/news/2009-07-04-288


ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 54, 2018 ʛ. 
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ʈʠʩ. 2. ɻʨʫʟʦʚʦʝ ʩʫʜʥʦ çE-SHIP 1è 

ʉʘʤʦʝ ʥʝʦʙʳʯʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʩʠʣʳ ʚʝʪʨʘ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʥʘ ʢʦʥʪʝʡʥʝʨʦʚʦʟʝ 

MS Beluga Skysails ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʪʷʛʦʡ ʚ ʚʠʜʝ ʚʦʟʜʫʰʥʦʛʦ ʟʤʝʷ, ʩ ʧʣʦʱʘʜʴʶ ʢʘʡ-

ʪʘ 160 ʤ
2
 ʧʨʠ ʜʣʠʥʝ ʩʫʜʥʘ 132 ʤʝʪʨʘ. ʇʦ ʟʘʚʝʨʝʥʠʷʤ ʫʧʨʘʚʣʷʶʱʘʷ ʢʦʤʧʘʥʠʷʩʦʦʙʱʘʝʪ 

ʦʙ ʵʢʦʥʦʤʠʠ ʪʦʧʣʠʚʘ ʥʘ (10ï12)% (ʚʤʝʩʪʦ ʨʘʥʝʝ ʧʣʘʥʠʨʫʝʤʳʭ (20ï30)%). ʈʫʢʦʚʦ-

ʜʩʪʚʦ ʢʦʤʧʘʥʠʠ SkySails GmbH ʟʘʷʚʣʷʝʪ ʦ ʧʣʘʥʘʭ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʫʜʥʘ ʜʦ 320 ʤ
2
, ʯʪʦ, 

ʧʦ ʠʭ ʤʥʝʥʠʶ, ʧʦʟʚʦʣʠʪ ʩʵʢʦʥʦʤʠʪʴ ʦʢʦʣʦ 30% ʪʦʧʣʠʚʘ. SkySails ʫʪʚʝʨʞʜʘʝʪ, ʯʪʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʝʝ ʪʝʭʥʦʣʦʛʠʠ ʚʦ ʚʩʝʤ ʤʠʨʝ ʩʤʦʞʝʪ ʩʦʢʨʘʪʠʪʴ ʚʳʙʨʦʩʳ ʫʛʣʝʢʠʩʣʦʛʦ 

ʛʘʟʘ ʙʦʣʝʝ ʯʝʤ ʥʘ 146 ʤʠʣʣʠʦʥʦʚ ʪʦʥʥ (ʦʢʦʣʦ 0,6% ʦʪ ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʚʳʙʨʦʩʦʚ CO2 ʚ 

ʤʠʨʝ). SkySails ʦʮʝʥʠʚʘʝʪ ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʨʳʥʦʢ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʚʦʝʡ ʩʠʩʪʝʤʦʡ ʦʢʦʣʦ 

40 000 ʩʫʜʦʚ [6]. 

 

 

ʈʠʩ. 3. ʂʦʥʪʝʡʥʝʨʦʚʦʟ MS Beluga Skysails 

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝ ʩʢʘʟʘʥʥʦʛʦ, ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʚʥʝʜʨʝʥʠʝ ʜʘʥʥʦʛʦ ʘʣʴʪʝʨʥʘ-

ʪʠʚʥʦʛʦ ʤʝʪʦʜʘ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʥʘ ʩʫʜʘʭ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʥʦʩʪʴʶ ʦʪʢʘʟʘʪʴʩʷ ʦʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʦʧʣʠʚʘ, ʥʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʝʛʦ ʵʢʦʥʦʤʠʠ ʚ ʩʨʝʜʥʝʤ ʜʦ 15%. 

ʉʦʣʥʮʝ. ʅʘ ʩʫʜʘʭ ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ ʩʚʦʙʦʜʥʦʛʦ ʥʝ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʧʘʣʫʙʥʦʛʦ ʧʨʦ-

ʩʪʨʘʥʩʪʚʘ, ʢʦʪʦʨʦʝ ʙʦʣʝʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʨʘʟʤʝ-

ʱʝʥʠʠ ʥʘ ʥʝʤ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ (ʉʇ). ʅʦ ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ çʩʦʣʥʝʯʥʘʷ ʧʦʣʝʟʥʘʷ ʧʣʦ-

ʱʘʜʴè ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʩʫʜʥʘ, ʝʛʦ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ, ʨʘʟʤʝʱʝʥʠʷ ʨʫʙʢʠ, ʢʦʥ-

ʩʪʨʫʢʮʠʠ ʥʘʜʩʪʨʦʡʢʠ ʠ ʪ.ʜ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʢʦʣʠʯʝʩʪʚʦ ʠ ʨʘʟʤʝʨ ʉʇ, ʘ ʟʥʘʯʠʪ ʠ ʢʦʣʠ-

ʯʝʩʪʚʦ ʧʦʣʫʯʝʥʥʦʡ ʠʤʠ ʵʥʝʨʛʠʠ, ʪʘʢʞʝ ʠʥʜʠʚʠʜʫʘʣʴʥʦ. ʅʝʤʘʣʦʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ 
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ʨʘʟʤʝʱʝʥʠʷ ʉʇ ʷʚʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ, ʪʘʢ ʢʘʢ ʚ ʨʘʟʥʳʭ ʰʠʨʦʪʘʭ 

ʢʦʣʠʯʝʩʪʚʦ ʩʦʣʥʝʯʥʳʭ ʜʥʝʡ ʨʘʟʣʠʯʥʦ.  

ʋʯʠʪʳʚʘʷ ʚʳʰʝʩʢʘʟʘʥʥʦʝ, ʦʧʨʝʜʝʣʠʤ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʡ ʪʠʧ ʉʇ ʜʣʷ ʨʘʟʤʝ-

ʱʝʥʠʷ ʥʘ ʩʫʜʘʭ [3, 7, 8]. 

ʄʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʉʇ (ʄʂʉʇ). ɼʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʄʂʉʇ ʠʩʧʦʣʴʟʫʶʪ ʦʯʠ-

ʱʝʥʥʳʡ ʢʨʝʤʥʠʡ. ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʘ ʠ ʙʳʩʪʨʦʛʦ ʦʭʣʘʞʜʝʥʠʷ (ʩ 1400Áʉ) 

ʝʛʦ ʨʘʟʜʝʣʷʶʪ ʥʘ ʪʦʥʢʠʝ ʧʣʘʩʪʠʥʳ ʪʦʣʱʠʥʦʡ ʜʦ 300 ʤʢʤ, ʢʦʪʦʨʳʝ ʩʦʝʜʠʥʷʶʪʩʷ ʤʝʞ-

ʜʫ ʩʦʙʦʡ ʪʦʥʢʦʡ ʩʝʪʢʦʡ ʠʟ ʵʣʝʢʪʨʦʜʦʚ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚʩʝ ʟʝʨʥʘ 

ʝʛʦ ʢʨʠʩʪʘʣʣʦʚ ʧʘʨʘʣʣʝʣʴʥʳ, ʘ ʩʘʤʠ ʢʨʠʩʪʘʣʣʳ ʥʘʧʨʘʚʣʝʥʳ ʚ ʦʜʥʫ ʩʪʦʨʦʥʫ. ʄʂʉʇ 

ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʨʘʙʦʪʳ. ʂʇɼ ʩʦʩʪʘʚʣʷʝʪ 22%. ɺ ʩʚ̫-

ʟʠ ʩ ʪʨʫʜʦʝʤʢʦʩʪʴʶ ʠ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʧʨʦʠʟʚʦʜʩʪʚʘ ʄʂʉʇ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʩʝʙʝ-

ʩʪʦʠʤʦʩʪʴ. ʎʚʝʪ ʧʘʥʝʣʝʡ ï ʯʝʨʥʳʡ. 

 

 

ʈʠʩ. 4. ʊʠʧʳ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ 

ʇʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʉʇ (ʇʂʉʇ). ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʣʠʢʨʠʩʪʘʣʣʦʚ, ʢʨʝʤʥʠʝʚʫʶ 

ʩʫʙʩʪʘʥʮʠʶ ʤʝʜʣʝʥʥʦ ʦʭʣʘʞʜʘʶʪ (ʩ (800ï1000)Áʉ), ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʩʪʦʠ-

ʤʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʉʇ ʜʘʥʥʦʛʦ ʪʠʧʘ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʄʂʉʇ. ʇʦʣʠʢʨʠʩʪʘʣʣʳ çʩʤʦʪ-

ʨʷʪè ʚ ʨʘʟʥʳʝ ʩʪʦʨʦʥʳ, ʘ ʚ ʩʝʨʝʜʠʥʝ ʢʘʞʜʦʛʦ ʢʨʠʩʪʘʣʣʘ ʟʝʨʥʘ ʨʘʩʧʦʣʦʞʝʥʳ ʥʝ ʧʘʨʘʣ-

ʣʝʣʴʥʦ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʪʘʙʠʣʴʥʦʡ ʨʘʙʦʪʝ ʠ ʚ ʧʘʩʤʫʨʥʫʶ ʧʦʛʦʜʫ. ʂʇɼ ï 18%. ʎʚʝʪ 

ʧʘʥʝʣʝʡ ï ʪʝʤʥʦ-ʩʠʥʠʡ. 

ɸʤʦʨʬʥʳʝ ʉʇ (ɸʉʇ). ɸʉʇ ʦʪʥʦʩʷʪʩʷ ʢ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʤʫ ʪʠʧʫ, ʪʘʢ ʢʘʢ ʦʥʠ ʩʦ-

ʚʤʝʱʘʶʪ ʚ ʩʝʙʝ ʢʨʝʤʥʠʝʚʳʡ (ʤʘʪʝʨʠʘʣ ʠʟʛʦʪʦʚʣʝʥʠʷ) ʠ ʧʣʝʥʦʯʥʳʡ ʪʠʧ ʧʘʥʝʣʝʡ (ʪʝʭ-

ʥʦʣʦʛʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ). ʄʘʪʝʨʠʘʣʦʤ ʠʟʛʦʪʦʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʩʠʣʘʥ (ʢʨʝʤʥʝʚʦʜʦʨʦʜ), 

ʢʦʪʦʨʳʡ ʥʘʥʦʩʷʪ ʥʘ ʧʦʜʣʦʞʢʫ ʚʥʫʪʨʠ ʉʇ. ʂʇɼ ï 5%. ɼʘʥʥʳʡ ʪʠʧ ʧʘʥʝʣʝʡ ʭʦʨʦʰʦ 

ʨʘʙʦʪʘʝʪ ʚ ʧʘʩʤʫʨʥʫʶ ʧʦʛʦʜʫ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʧʘʥʝʣʷʤʠ. ʉʇ ʦʙʣʘ-

ʜʘʝʪ ʚʳʩʦʢʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʣʘʩʪʠʯʥʦʩʪʴʶ (ʩʛʠʙʘʥʠʝ ʥʝ ʧʨʠʚʦʜʷʪ ʢ ʧʦʚʨʝʞʜʝʥʠʶ 

ʤʘʪʝʨʠʘʣʘ ʠ ʧʘʜʝʥʠʶ ʝʛʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ), ʤʘʣʦʡ ʪʦʣʱʠʥʦʡ (ʦʢʦʣʦ 1 ʤʢʤ), ʚʳʩʦ-

ʢʠʤ ʫʨʦʚʥʝʤ ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ (ʄʂʉʇ ʠ ʇʂʉʇ ʥʠʞʝ ʚ 20 ʨʘʟ). 

ʉʇ ʥʘ ʦʩʥʦʚʝ ʪʝʣʣʫʨʠʜʘ ʢʘʜʤʠʷ (ʉʇʊʂ). ʉʇʂʊ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʠʤ ʫʨʦʚ-

ʥʝʤ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʷ, ʪʘʢ ʢʘʢ ʦʩʥʦʚʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʠʟʛʦʪʦʚʣʝʥʠʷ ʉʇ ʷʚʣʷʝʪʩʷ ʢʘʜ-

ʤʠʡ, ʦʙʣʘʜʘʶʱʠʡ ʜʘʥʥʳʤ ʩʚʦʡʩʪʚʦʤ. ʉʘʤ ʤʘʪʝʨʠʘʣ ʦʯʝʥʴ ʷʜʦʚʠʪ, ʥʦ ʫʨʦʚʝʥʴ ʢʘʜʤʠʷ, 

ʢʦʪʦʨʳʡ ʫʭʦʜʠʪ ʚ ʘʪʤʦʩʬʝʨʫ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʣʠʰʢʦʤ ʥʠʟʦʢ, ʯʪʦʙʳ ʥʘʥʝʩʪʠ ʚʨʝʜ 

ʟʜʦʨʦʚʴʶ ʯʝʣʦʚʝʢʘ. ʂʇɼ ï 10%. ʉʪʦʠʤʦʩʪʴʧʦʣʫʯʝʥʠʷ 1 ʢɺʪ ʤʦʱʥʦʩʪʠ ʉʇʊʂ ʦʢʘʟʘ-

ʣʘʩʴ ʥʘ (20ï30)% ʥʠʞʝ, ʯʝʤ ʫ ʢʨʝʤʥʠʝʚʳʭ ʉʇ. 

ʉʇ ʥʘ ʦʩʥʦʚʝ ʩʝʣʝʥʠʜʘ ʤʝʜʠ-ʠʥʜʠʷ (ʉʇʉʄʀ). ɺ ʜʘʥʥʦʤ ʪʠʧʝ ʉʇ ʠʩʧʦʣʴʟʫʶʪ ʚ 

ʢʘʯʝʩʪʚʝ ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʪʘʢʠʝ ʤʘʪʝʨʠʘʣʳ ʢʘʢ ʤʝʜʴ, ʠʥʜʠʡ ʠ 

ʉʦʣʥʝʯʥʳʝ ʧʘʥʝʣʠ 

ʂʨʝʤʥʠʝʚʳʝ ʇʣʝʥʦʯʥʳʝ 
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ʩʝʣʝʥ. ʂʇɼ ʩʦʩʪʘʚʣʷʝʪ 20%. ʅʝʢʦʪʦʨʳʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʟʘʤʝʥʷʶʪ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝ-

ʩʪʚʦ ʵʣʝʤʝʥʪʦʚ ʩ ʠʥʜʠʝʤ ʛʘʣʣʠʝʤ, ʪʘʢ ʢʘʢ ʧʝʨʚʳʡ ʵʣʝʤʝʥʪ ʚʦʩʪʨʝʙʦʚʘʥ ʧʨʠ ʧʨʦʠʟʚʦʜ-

ʩʪʚʝ ʧʣʦʩʢʠʭ ʤʦʥʠʪʦʨʦʚ, ʘ ʛʘʣʣʠʡ ʠʤʝʝʪ ʥʝʩʢʦʣʴʢʦ ʧʦʭʦʞʠʝ ʩʚʦʡʩʪʚʘ. ʆʜʥʘʢʦ ʂʇɼ 

ʧʘʥʝʣʠ ʩ ʪʘʢʠʤ ʵʣʝʤʝʥʪʦʤ ʩʪʘʥʦʚʠʪʩʷ ʤʝʥʴʰʝ. 

ʇʦʣʠʤʝʨʥʳʝ ʩʦʣʥʝʯʥʳʝ ʧʘʥʝʣʠ (ʇʉʇ). ɺ ʢʘʯʝʩʪʚʝ ʧʨʦʚʦʜʥʠʢʦʚ ʚʳʩʪʫʧʘʶʪ ʧʦʣʠ-

ʬʝʥʠʣʝʥ, ʬʫʨʝʣʣʝʥʳ ʠ ʬʪʘʣʦʮʠʘʥʠʥ ʤʝʜʠ. ʊʦʣʱʠʥʘ ʧʣʝʥʢʠ ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 100 ʥʤ. 

ʂʇɼ ï 5%. ʅʦ ʜʘʥʥʳʡ ʚʠʜ ʙʘʪʘʨʝʡ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʪʘʢʠʭ 

ʢʘʢ ʥʠʟʢʘʷ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʉʇ, ʣʝʛʢʦʩʪʴ, ʦʪʩʫʪʩʪʚʠʝ ʚʨʝʜʥʳʭ ʚʳʙʨʦʩʦʚ ʚ ʘʪʤʦʩʬʝʨʫ, 

ʚʳʩʦʢʘʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʵʣʘʩʪʠʯʥʦʩʪʴ ʠ ʵʢʦʣʦʛʠʯʥʦʩʪʴ. 

ʇʨʠʤʝʨʦʤ ʧʨʠʤʝʥʝʥʠʷ ʩʫʜʦʚ ʩ ʉʇ ʷʚʣʷʝʪʩʷ ʘʚʪʦʚʦʟ çAuriga Leaderè, ʧʨʝʜʥʘʟʥʘ-

ʯʝʥʥʳʡ ʜʣʷ ʧʝʨʝʚʦʟʢʠ ʘʚʪʦʤʦʙʠʣʝʡ Toyota. ʅʘ ʚʝʨʭʥʝʡ ʧʘʣʫʙʝ 200-ʤʝʪʨʦʚʦʛʦ ʩʫʜʥʘ 

ʙʳʣʦ ʨʘʟʤʝʱʝʥʦ 328 ʉʇ, ʢʦʪʦʨʳʝ ʧʦʢʨʳʚʘʶʪ 7% ʦʪ ʦʙʱʝʛʦ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ. ʇʦ-

ʣʫʯʝʥʥʘʷ ʵʥʝʨʛʠʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʣʷ ʦʩʚʝʱʝʥʠʷ ʢʘʶʪ ʠ ʟʘʧʫʩʢʘ ʨʷʜʘ ʪʝʭʥʠʯʝʩʢʠʭ 

ʧʨʠʙʦʨʦʚ ʠ ʫʩʪʨʦʡʩʪʚ. ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʫʩʪʘʥʦʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʥʝʜʦʩʪʘʪʢʠ, 

ʘ ʠʤʝʥʥʦ: ʪʨʫʜʥʦʩʪʠ ʩ ʛʝʥʝʨʘʮʠʝʡ ʠ ʥʘʢʦʧʣʝʥʠʝʤ ʵʥʝʨʛʠʠ ʚ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʧʦʛʦʜ-

ʥʳʭ ʫʩʣʦʚʠʷʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚ ʭʦʜʝ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʫʜʥʦ ʦʩʥʘʩʪʠʣʠ ʥʦʚʦʡ ʩʠʩʪʝʤʦʡ 

ʛʠʙʨʠʜʥʦʛʦ ʧʠʪʘʥʠʷ, ʠ ʜʚʠʛʘʪʝʣʴ ʘʜʘʧʪʠʨʦʚʘʣʠ ʧʦʜ ʪʦʧʣʠʚʦ ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʩʝʨʳ [8]. 

 

 
a) 

 
ʙ) 

ʈʠʩ. 5. ɸʚʪʦʚʦʟ çAuriga Leaderè (a);  

ʩʦʣʥʝʯʥʳʝ ʧʘʥʝʣʠ ʥʘ ʙʦʨʪʫ çAuriga Leaderè (ʙ) 



ɽ.ɸ. ʏʝʨʝʧʢʦʚʘ, ʅ.ʀ. ʂʰʪʘʣʪʥʳʡ 
ʇʨʠʤʝʥʝʥʠʝ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʚ ʩʫʜʦʩʪʨʦʝʥʠʠ 
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ʇʨʦʚʝʜʝʤ ʘʥʘʣʠʟ ʩʨʝʜʥʝʡ ʩʪʦʠʤʦʩʪʠ ʉʇ ʩ ʫʯʝʪʦʤ ʮʝʥʳ ʟʘ 1 ɺʪ ʧʨʦʠʟʚʦʜʠʤʦʡ 

ʤʦʱʥʦʩʪʠ ʚ ʨʫʙʣʷʭ [9ï12]. ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 6. 
 

 

ʈʠʩ. 6. ʉʨʝʜʥʷʷ ʩʪʦʠʤʦʩʪʴ ʉʇ ʩ ʫʯʝʪʦʤ ʮʝʥʳ ʟʘ 1 ɺʪ  

ʧʨʦʠʟʚʦʜʠʤʦʡ ʤʦʱʥʦʩʪʠ ʚ ʨʫʙʣʷʭ 

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝ ʠʟʣʦʞʝʥʥʦʛʦ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʜʣʷ ʩʫʜʦʩʪʨʦʝʥʠʷ ʥʘʠʙʦ-

ʣʝʝ ʧʨʠʝʤʣʝʤʳʤʠ ʷʚʣʷʶʪʩʷ ʧʣʝʥʦʯʥʳʝ ʉʇ. ʅʝ ʩʪʦʠʪ ʫʧʫʩʢʘʪʴ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʩʫʜʘ ʚ 

ʭʦʜʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʩʪʦʷʥʥʦ ʠʩʧʳʪʳʚʘʶʪ ʧʨʦʜʦʣʴʥʳʡ ʠ ʧʦʧʝʨʝʯʥʳʡ ʠʟʛʠʙ, ʧʦʵʪʦʤʫ 

ʥʝʤʘʣʦʚʘʞʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʠ ʚʳʙʦʨʝ ʉʇ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʵʣʘʩʪʠʯʥʦʩʪʠ, ʢʦʪʦʨʳʤ ʦʙʣʘʜʘʝʪ ʇʉʇ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʝ ʦʜʥʦʛʦ ʠʟ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ 

ʧʦʣʫʯʝʥʠʷ ʵʥʝʨʛʠʠ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪʩʷ ʟʘ ʩʯʝʪ ʥʝ ʩʪʘʙʠʣʴʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩ-

ʣʦʚʠʡ ʚ ʨʘʟʥʳʭ ʨʝʛʠʦʥʘʭ ʧʣʘʥʝʪʳ. ʅʘʠʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʨʝʰʝ-

ʥʠʝʤ ʚ ʩʫʜʦʩʪʨʦʝʥʠʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʫʜʦʚʳʭ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʩʠʩ-

ʪʝʤ (ʉʂʉ) ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ: ɺɻ + ʉʇ. 

ʅʘ ʨʠʩ. 7 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʉʂʉ ʩ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʧʦʜʢʣʶʯʝʥʠʝʤ ʛʝʥʝʨʠ-

ʨʫʶʱʠʭ ʫʩʪʘʥʦʚʦʢ ʢ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʩʝʪʠ ʦʙʲʝʢʪʘ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ. ɺʩʝ ʦʩʥʦʚ-

ʥʳʝ ʬʫʥʢʮʠʠ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʠ ʫʧʨʘʚʣʝʥʠʶ ʧʦʪʦʢʘʤʠ ʵʥʝʨʛʠʠ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʉʂʉ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʫʬʝʨʥʳʡ ʥʘʢʦʧʠʪʝʣʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ (ɹʅʕ), ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ ʠʟ 

ʜʚʫʥʘʧʨʘʚʣʝʥʥʦʛʦ ʠʤʧʫʣʴʩʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʠ ʙʣʦʢʘ ʘʢʢʫʤʫʣʷʪʦʨʥʳʭ ʙʘʪʘʨʝʡ. 

 

 

ʈʠʩ. 7. ʉʫʜʦʚʘʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ: 1 ï ʫʧʨʘʚʣʷʝʤʳʡ ʚʳʧʨʷʤʠʪʝʣʴ;  

2, 4 ï ʢʦʥʚʝʨʪʦʨ ʥʘʧʨʷʞʝʥʠʷ; 3 ï ʠhʥʘ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ 220/380ɺ, 50ɻʮ;  

5 ï ʜʚʫʥʘʧʨʘʚʣʝʥʥʳʡ ʠʤʧʫʣʴʩʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ; 6 ï ʠʥʚʝʨʪʦʨ ʥʘʧʨʷʞʝʥʠʷ 
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ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 54, 2018 ʛ. 

ʈʘʟʜʝʣ II . ʉʫʜʦʩʪʨʦʝʥʠʝ, ʩʫʜʦʨʝʤʦʥʪ ʠ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʫʜʥʘ 
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ɼʦʩʪʦʠʥʩʪʚʦʤ ʧʨʝʜʣʘʛʘʝʤʦʡ ʉʂʉ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʩʠʩʪʝʤʳ ɹʅʕ ʤʦʛʫʪ ʙʳʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʝʥʳ: ʧʨʠ ʚʚʝʜʝʥʠʠ ʚ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝ-

ʥʠʷ ʚʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ ʦ ʪʝʢʫʱʠʭ ʩʢʦʨʦʩʪʷʭ ʚʝʪʨʘ ʩ ɺɻ ʠ ʚʝʣʠʯʠʥʝ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘ-

ʮʠʠ ʩ ʉʇ. ʊʘʢʞʝ ʤʦʞʥʦ ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʫʩʪʘʥʦʚʢʫ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʦʜʫʣʝʡ, ʢʦʪʦʨʳʝ 

ʧʦʟʚʦʣʷʪ ʧʦʣʫʯʘʪʴ ʠ ʦʙʨʘʙʘʪʳʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʫʩʣʦʚʠʷʭ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʩ 

ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʨʘʩʩʯʠʪʘʪʴ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʦʧʪʠʤʘʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ ʪʝʢʫʱʠʭ ʥʘʛʨʫʟʦʢ ʜʣʷ ʢʘʞʜʦʛʦ ʛʝʥʝʨʠʨʫʶʱʝʛʦ ʘʛʨʝʛʘʪʘ ʠʩʭʦʜʷ ʠʟ ʧʨʠʥʮʠʧʘ 

ʤʘʢʩʠʤʫʤʘ ʦʪʙʦʨʘ ʤʦʱʥʦʩʪʠ, ʠ ʚʳʙʠʨʘʪʴ ʫʧʨʘʚʣʷʶʱʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʜʣʷ ʢʘʞʜʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʛʝʥʝʨʠʨʫʶʱʝʛʦ ʠʩʪʦʯʥʠʢʘ. 

ʉʦʟʜʘʥʠʝ ʠ ʚʥʝʜʨʝʥʠʝ ʧʦʜʦʙʥʦʡ ʩʠʩʪʝʤʳ ʦʙʝʩʧʝʯʠʪ ʧʦʚʳʰʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʉʂʉ ʟʘ ʩʯʝʪ: 

ï ʩʥʠʞʝʥʠʷ ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʥʘ ʚʳʨʘʙʦʪʢʫ 1 ʢɺʪȚʯ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ; 

ï ʫʚʝʣʠʯʝʥʠʝ ʨʝʩʫʨʩʘ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʦʚ; 

ï ʩʥʠʞʝʥʠʷ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʚʳʨʘʙʘʪʳʚʘʝʤʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʦʙʝʩʧʝʯʠʚʘʝʤʦʛʦ 

ʫʤʝʥʴʰʝʥʠʝ ʦʙʱʝʩʫʜʦʚʦʛʦ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ; 

ï ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʥʘʜʝʞʥʦʩʪʠ ʩʫʜʦʚʦʛʦ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʝʤʦʛʦ 

ʨʝʟʝʨʚʦʤ ʛʝʥʝʨʠʨʫʝʤʳʭ ʤʦʱʥʦʩʪʝʡ. 

ɿʘʨʫʙʝʞʥʳʡ ʦʧʳʪ ʛʦʚʦʨʠʪ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ 

ʚʦʟʤʦʞʥʦ ʠ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʜʦ 20%, ʯʪʦ ʪʘʢ ʞʝ ʚʝʜʝʪ ʢ ʩʥʠ-

ʞʝʥʠʶ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ, ʩʥʠʞʝʥʠʶ ʚʨʝʜʥʳʭ ʚʳʙʨʦʩʦʚ, ʪʝʤ ʩʘʤʳʤ ʢ ʫʣʫʯʰʝ-

ʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ. 
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THE USE OF RENEWABLE  ENERGY SOURCES  

IN THE SHIPBUILDING INDUSTRY 

E.A. Cherepkova, N.I. Kshaltniy 

Keywords: alternative energy sources, sailing ships, wind generator, rotary ships, solar 

panels.  

 

The use of the alternative renewable energy sources in the shipbuilding industry is consid-

ered. The foreign experience of the use of ships using the wind and sun forces is given. The 

types of solar panels are given. 
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ʋɼʂ 368.1 

 
ʆ.ʃ. ɼʦʤʥʠʥʘ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʌɻɹʆʋ ɺʆ çɺɻʋɺʊè 

ʉ.ɽ. ʆʚʯʝʥʢʦʚʘ, ʩʪʫʜʝʥʪʢʘ ʌɻɹʆʋ ɺʆ çɺɻʋɺʊè 

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

ɸʅɸʃʀɿ ʈɸɿɺʀʊʀʗ ʉʊʈɸʍʆɺʆɻʆ ʈʓʅʂɸ ʇʌʆ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʝʛʠʦʥʘʣʴʥʳʡ ʩʪʨʘʭʦʚʦʡ ʨʳʥʦʢ, ʇʨʠʚʦʣʞʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʦʢʨʫʛ, 

ʩʪʨʘʭʦʚʘʥʠʝ 

 

ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥ ʘʥʘʣʠʟ ʩʦʩʪʦʷʥʠʷ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʩʪʨʘʭʦʚʦʛʦ ʨʳʥʢʘ ʥʘ ʧʨʠʤʝʨʝ 

ʇʨʠʚʦʣʞʩʢʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʦʢʨʫʛʘ, ʧʦʢʘʟʘʥʳ ʦʩʥʦʚʥʳʝ ʪʝʥʜʝʥʮʠʠ ʠ ʦʪʣʠʯʠʪʝʣʴʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʝʛʦ ʨʘʟʚʠʪʠʷ ʦʪ ʩʪʨʘʭʦʚʦʛʦ ʨʳʥʢʘ ʈʌ. 

 

ʉʪʨʘʭʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʬʠʥʘʥʩʦʚʦʛʦ ʨʳʥʢʘ ʈʦʩʩʠʠ. ʇʨʠ ʵʪʦʤ ʨʝʛʠʦʥʳ ʥʘ-

ʰʝʡ ʩʪʨʘʥʳ ʠʤʝʶʪ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ, ʯʪʦ ʚʣʠʷʝʪ 

ʥʘ ʨʘʟʚʠʪʠʝ ʠ ʩʪʨʘʭʦʚʦʛʦ ʨʳʥʢʘ. ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʘʥʘʣʠʟʫ ʩʪʨʘʭʦʚʦʛʦ ʨʳʥʢʘ 

ʇʨʠʚʦʣʞʩʢʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʦʢʨʫʛʘ (ʜʘʣʝʝ ʇʌʆ). ɽʝ ʮʝʣʴʶ ʷʚʣʷʝʪʩʷ ʜʘʪʴ ʢʨʘʪʢʫʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʜʘʥʥʦʛʦ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʨʳʥʢʘ, ʚʳʷʚʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʟʚʠʪʠʷ ʩʪʨʘʭʦ-

ʚʘʥʠʷ ʚ ʜʘʥʥʦʤ ʨʝʛʠʦʥʝ. ʋʜʝʣʝʥʦ ʚ ʥʝʡ ʚʥʠʤʘʥʠʝ ʠ ʅʠʞʝʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠ ʢʘʢ ʯʘʩʪʠ 

ʇʌʆ. 

ʆʩʥʦʚʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤʠ ʨʘʟʚʠʪʠʝ ʩʪʨʘʭʦʚʘʥʠʷ ʨʝʛʠʦʥʘ ʷʚ-

ʣʷʶʪʩʷ ʩʪʨʘʭʦʚʳʝ ʧʨʝʤʠʠ (ʉʇ), ʩʪʨʘʭʦʚʳʝ ʚʳʧʣʘʪʳ (ʉɺ) ʠ ʫʨʦʚʝʥʴ ʚʳʧʣʘʪ [1,2]. ɼʠ-

ʥʘʤʠʢʘ ʩʪʨʘʭʦʚʳʭ ʧʨʝʤʠʡ ʧʦ ʇʌʆ ʚ ʦʪʨʘʩʣʝʚʦʤ ʨʘʟʨʝʟʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣ. 1, ʘ 

ʩʪʨʫʢʪʫʨʘ ʩʪʨʘʭʦʚʳʭ ʧʨʝʤʠʡ ʠ ʩʪʨʘʭʦʚʳʭ ʚʳʧʣʘʪ ʚ ʪʘʙʣ. 2. 

ʊʘʙʣʠʮʘ 1 

ɼʠʥʘʤʠʢʘ ʩʪʨʘʭʦʚʳʭ ʧʨʝʤʠʡ ʧʦ ʇʌʆ ʟʘ 2014ï2016 ʛʦʜ r 

(ʩʦʩʪʘʚʣʝʥʦ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ 3) 

 2014 2015 2016 

ʉʪʨʘʭʦʚʳʝ 

ʧʨʝʤʠʠ, ʨʫʙ. 

ʉʪʨʘʭʦʚʳʝ 

ʧʨʝʤʠʠ, ʨʫʙ. 

ʊʝʤʧʳ ʠʟ-

ʤʝʥʝʥʠʷ, % 

ʉʪʨʘʭʦʚʳʝ 

ʧʨʝʤʠʠ, ʨʫʙ. 

ʊʝʤʧʳ ʠʟ-

ʤʝʥʝʥʠʷ, % 

ɼʦʙʨʦʚʦʣʴʥʦʝ ʩʪʨʘʭʦʚʘ-

ʥʠʝ, ʚʩʝʛʦ 

91 526 878 78 827 845 ï13,87 92 919 377 17,88 

ʉʪʨʘʭʦʚʘʥʠʝ ʞʠʟʥʠ 14 973 939 17 426 560 16,38 26 553 552 52,37 

ʉʪʨʘʭʦʚʘʥʠʝ ʦʪ ʥʝʩʯʘʩʪ-

ʥʳʭ ʩʣʫʯʘʝʚ ʠ ʙʦʣʝʟʥʝʡ 

14 896 471 11 253 303 ï24,46 14 817 730 31,67 

ʄʝʜʠʮʠʥʩʢʦʝ ʩʪʨʘʭʦʚʘ-

ʥʠʝ 

9 404 485 9 632 867 2,43 9 657 067 0,25 

ʉʪʨʘʭʦʚʘʥʠʝ ʠʤʫʱʝʩʪʚʘ 48 094 853 37 238 437 ï22,57 36 382 322 ï2,30 

ʉʪʨʘʭʦʚʘʥʠʝ ʛʨʘʞʜʘʥ-

ʩʢʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ 

2 152 724 2 235 243 3,83 4 329 303 93,68 

ʉʪʨʘʭʦʚʘʥʠʝ ʬʠʥʘʥʩʦ-

ʚʳʭ ʠ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴ-

ʩʢʠʭ ʨʠʩʢʦʚ 

22 557 803 22 261 191 ï1,31 1 179 403 ï94,70 

ʆʙʷʟʘʪʝʣʴʥʦʝ ʩʪʨʘʭʦʚʘ-

ʥʠʝ 

28 591 177 40 878 865 42,98 44 320 464 8,42 

ʆʉɸɻʆ 27 363 819 39 798 645 45,44 43 072 989 8,23 

ɼʦʙʨʦʚʦʣʴʥʦʝ ʠ ʦʙʷʟʘ-

ʪʝʣʴʥʦʝ ʩʪʨʘʭʦʚʘʥʠʝ 

120 780 815 120 386 920 ï0,33 137 239 841 14,00 
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ʊʘʙʣʠʮʘ 2 

ʉʪʨʫʢʪʫʨʘ ʩʪʨʘʭʦʚʳʭ ʧʨʝʤʠʡ ʠ ʚʳʧʣʘʪ ʧʦ ʇʌʆ ʟʘ 2014ï2016 ʛʦʜʳ  

 2014 2015 2016 

ʜʦʣʷ 

ʉʇ, % 

ʜʦʣʷ ʉɺ, 

% 

ʜʦʣʷ 

ʉʇ, % 

ʜʦʣʷ 

ʉɺ, % 

ʜʦʣʷ ʉʇ, 

% 

ʜʦʣʷ 

ʉɺ, % 

ɼʦʙʨʦʚʦʣʴʥʦʝ ʩʪʨʘʭʦʚʘʥʠʝ, 

ʚʩʝʛʦ 

75,78 69,96 65,48 59,62 67,71 37,52 

ʉʪʨʘʭʦʚʘʥʠʝ ʞʠʟʥʠ 12,40 5,28 14,48 7,22 19,35 7,71 

ʉʪʨʘʭʦʚʘʥʠʝ ʦʪ ʥʝʩʯʘʩʪʥʳʭ 

ʩʣʫʯʘʝʚ ʠ ʙʦʣʝʟʥʝʡ 

12,33 2,89 9,35 2,71 10,80 2,73 

ʄʝʜʠʮʠʥʩʢʦʝ ʩʪʨʘʭʦʚʘʥʠʝ 7,79 12,24 8,00 12,39 7,04 11,29 

ʉʪʨʘʭʦʚʘʥʠʝ ʠʤʫʱʝʩʪʚʘ 39,82 47,00 30,93 35,69 26,51 22,67 

ʉʪʨʘʭʦʚʘʥʠʝ ʛʨʘʞʜʘʥʩʢʦʡ 

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ 

1,78 2,37 1,86 1,51 3,15 0,82 

ʉʪʨʘʭʦʚʘʥʠʝ ʬʠʥʘʥʩʦʚʳʭ ʠ 

ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʢʠʭ ʨʠʩʢʦʚ 

18,68 0,19 18,49 25,78 0,86 0,10 

ʆʙʷʟʘʪʝʣʴʥʦʝ ʩʪʨʘʭʦʚʘʥʠʝ 23,67 29,93 33,96 40,10 32,29 54,68 

ʆʉɸɻʆ 22,66 29,73 33,06 40,02 31,39 54,37 

ɼʦʙʨʦʚʦʣʴʥʦʝ ʠ ʦʙʷʟʘʪʝʣʴʥʦʝ 

ʩʪʨʘʭʦʚʘʥʠʝ 

100 100 100 100 100 100 

 

ɸʥʘʣʠʟʠʨʫʷ ʜʘʥʥʳʝ ʩʪʘʪʠʩʪʠʢʠ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 2016 ʛʦʜ ʦʢʘʟʘʣʩʷ ʙʣʘʛʦʧʦ-

ʣʫʯʥʳʤ ʜʣʷ ʩʪʨʘʭʦʚʳʭ ʢʦʤʧʘʥʠʡ, ʪʘʢ ʢʘʢ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʝʜʳʜʫʱʠʤ ʛʦʜʦʤ ʥʘ-

ʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʦʙʲʝʤʦʚ ʩʪʨʘʭʦʚʳʭ ʧʨʝʤʠʡ ʧʨʘʢʪʠʯʝʩʢʠʝ ʧʦ ʚʩʝʤ ʚʠʜʘʤ ʩʪʨʘʭʦʚʘʥʠʷ. 

ʆʩʦʙʝʥʥʦ ʚʳʩʦʢʠʡ ʨʦʩʪ ʧʨʝʤʠʡ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʩʪʨʘʭʦʚʘʥʠʠ ʛʨʘʞʜʘʥʩʢʦʡ ʦʪʚʝʪʩʪʚʝʥ-

ʥʦʩʪʠ (93,6%), ʚ ʩʪʨʘʭʦʚʘʥʠʠ ʞʠʟʥʠ (52,4%) ʠ ʚ ʩʪʨʘʭʦʚʘʥʠʠ ʦʪ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʠ 

ʙʦʣʝʟʥʝʡ (31,7%).  

ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʪʨʝʭ ʣʝʪ ʩʪʨʫʢʪʫʨʘ ʩʪʨʘʭʦʚʳʭ ʧʨʝʤʠʡ ʦʩʪʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟ-

ʤʝʥʥʦʡ. ʆʩʥʦʚʥʘʷ ʜʦʣʷ ʩʪʨʘʭʦʚʳʭ ʧʨʝʤʠʡ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʜʦʙʨʦʚʦʣʴʥʳʝ ʚʠʜʳ ʩʪʨʘʭʦ-

ʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʟʘ ʧʦʩʣʝʜʥʠʝ ʪʨʠ ʛʦʜʘ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʜʦʣʠ 

ʩʪʨʘʭʦʚʳʭ ʧʨʝʤʠʡ ʧʦ ʜʦʙʨʦʚʦʣʴʥʦʤʫ ʩʪʨʘʭʦʚʘʥʠʶ (ʩ 75,8% ʜʦ 67,7%). ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʜʦʣʷ ʩʪʨʘʭʦʚʳʭ ʚʳʧʣʘʪ ʨʝʟʢʦ ʩʦʢʨʘʪʠʣʘʩʴ ʟʘ ʵʪʦʪ ʞʝ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ʩ 69,9% ʜʦ 

37,5%. ʇʨʠʯʠʥʦʡ ʜʘʥʥʳʭ ʠʟʤʝʥʝʥʠʡ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʧʦʩʣʫʞʠʣ ʨʦʩʪ ʩʪʨʘʭʦʚʳʭ ʚʳʧʣʘʪ 

ʧʦ ʆʉɸɻʆ. ʉʨʝʜʠ ʜʦʙʨʦʚʦʣʴʥʳʭ ʚʠʜʦʚ ʩʪʨʘʭʦʚʘʥʠʷ ʚ ʇʌʆ ʥʘʠʙʦʣʴʰʘʷ ʜʦʣʷ ʩʪʨʘʭʦ-

ʚʳʭ ʧʨʝʤʠʡ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʩʪʨʘʭʦʚʘʥʠʝ ʠʤʫʱʝʩʪʚʘ (22,7% ʦʪ ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʧʨʝʤʠʡ 

ʧʦ ʜʦʙʨʦʚʦʣʴʥʦʤʫ ʠ ʦʙʷʟʘʪʝʣʴʥʦʤʫ ʩʪʨʘʭʦʚʘʥʠʶ).  

ʈʘʟʤʝʨ ʩʪʨʘʭʦʚʳʭ ʚʳʧʣʘʪ ʚ ʇʌʆ, ʠʭ ʫʨʦʚʝʥʴ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʜʠʥʘʤʠʢʝ ʟʘ 2014ï

2016 ʛʦʜʳ ʚ ʪʘʙʣ. 3. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣ. 3, ʠʟʤʝʥʠʣʦʩʴ ʠ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʪʝʤʧʘʤʠ ʨʦʩʪʘ ʩʪʨʘʭʦʚʳʭ 

ʧʨʝʤʠʡ ʠ ʩʪʨʘʭʦʚʳʭ ʚʳʧʣʘʪ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʨʝʟʢʠʡ ʨʦʩʪ ʟʘ ʧʦʩʣʝʜʥʠʝ 3 ʛʦʜʘ ʫʙʳ-

ʪʦʯʥʦʩʪʠ ʆʉɸɻʆ (ʩ 65,3% ʚ 2014 ʛʦʜʫ ʜʦ 80,9% ʚ 2016 ʛʦʜʫ), ʯʪʦ ʚʳʟʳʚʘʝʪ ʨʷʜ ʦʧʘ-

ʩʝʥʠʡ ʦ ʧʝʨʩʧʝʢʪʠʚʘʭ ʨʘʟʚʠʪʠʷ ʜʘʥʥʦʛʦ ʚʠʜʘ ʩʪʨʘʭʦʚʘʥʠʷ. ɿʥʘʯʠʪʝʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʫʙʳʪʦʯʥʦʩʪʠ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʠ ʤʝʜʠʮʠʥʩʢʦʝ ʩʪʨʘʭʦʚʘʥʠʝ (ʥʘ ʫʨʦʚʥʝ 75%).  

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚ ʜʦʙʨʦʚʦʣʴʥʦʤ ʩʪʨʘʭʦʚʘʥʠʠ ʛʨʘʞʜʘʥʩʢʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʠʜʝʪ 

ʷʚʥʘʷ ʪʝʥʜʝʥʮʠʷ ʢ ʩʥʠʞʝʥʠʶ ʫʨʦʚʥʷ ʚʳʧʣʘʪ ʠ ʧʦʪʝʨʷ ʠʥʪʝʨʝʩʘ ʩʦ ʩʪʦʨʦʥʳ ʩʪʨʘʭʦʚʘ-

ʪʝʣʝʡ. ʉʢʦʨʝʝ ʚʩʝʛʦ, ʵʪʦ ʚʳʟʚʘʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʣʠʤʠʪʦʚ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʧʦ ʆʉɸɻʆ. 

ʉʪʨʘʭʦʚʘʥʠʝ ʠʤʫʱʝʩʪʚʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʨʫʧʥʝʡʰʠʭ ʩʝʛʤʝʥʪʦʚ ʜʦʙʨʦʚʦʣʴʥʦʛʦ 

ʩʪʨʘʭʦʚʘʥʠʷ, ʪʘʢ ʢʘʢ ʚ 2014 ʛʦʜʫ ʥʘ ʝʛʦ ʜʦʣʶ ʚ ʩʦʚʦʢʫʧʥʳʭ ʩʪʨʘʭʦʚʳʭ ʧʨʝʤʠʷʭ ʧʨʠ-

ʭʦʜʠʪʩʷ 39,82%. ɺ ʧʦʩʣʝʜʫʶʱʠʝ ʛʦʜʳ ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʩʪʨʘʭʦʚʳʭ ʧʨʝ-

ʤʠʡ ʩ 48,09 ʤʣʨʜ. ʨʫʙ. ʚ 2014 ʛʦʜʫ ʜʦ 36,38 ʤʣʨʜ. ʨʫʙ. ʚ 2016 ʛʦʜʫ. ɺʝʨʦʷʪʥʝʝ ʚʩʝʛʦ, 

ʯʪʦ ʜʘʥʥʘʷ ʪʝʥʜʝʥʮʠʷ ʩʚʷʟʘʥʘ ʩ ʜʝʤʧʠʥʛʦʤ ʩʪʨʘʭʦʚʳʭ ʢʦʤʧʘʥʠʡ ʥʘ ʬʦʥʝ ʞʠʣʠʱʥʦʛʦ 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 54, 2018 ʛ. 
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ʢʨʠʟʠʩʘ. ɺʩʣʝʜ ʟʘ ʫʤʝʥʴʰʝʥʠʝʤ ʩʦʙʠʨʘʝʤʳʭ ʧʨʝʤʠʡ ʧʦ ʩʪʨʘʭʦʚʘʥʠʶ ʠʤʫʱʝʩʪʚʘ ʥʘ-

ʙʣʶʜʘʝʪʩʷ ʠ ʫʤʝʥʴʰʝʥʠʝ ʩʪʨʘʭʦʚʳʭ ʚʳʧʣʘʪ. ʉʦʢʨʘʱʘʝʪʩʷ ʧʦ ʩʪʨʘʭʦʚʘʥʠʶ ʠʤʫʱʝʩʪʚʫ 

ʠ ʫʨʦʚʝʥʴ ʚʳʧʣʘʪ ʩ 58,7% ʚ 2014 ʛʦʜʫ ʜʦ 39,9% ï ʚ 2016. 

ʊʘʙʣʠʮʘ 3 

ʉʪʨʫʢʪʫʨʘ ʠ ʜʠʥʘʤʠʢʘ ʩʪʨʘʭʦʚʳʭ ʚʳʧʣʘʪ ʧʦ ʇʌʆ  

(ʩʦʩʪʘʚʣʝʥʦ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ 3)  

  2014 2015 2016 

ʉʪʨʘʭʦʚʳʝ 

ʚʳʧʣʘʪʳ, 

ʨʫʙ. 

ʋʨʦʚʝʥʴ 

ʚʳʧʣʘʪ, 

% 

ʉʪʨʘʭʦʚʳʝ 

ʚʳʧʣʘʪʳ, 

ʨʫʙ. 

ʋʨʦʚʝʥʴ 

ʚʳʧʣʘʪ, 

% 

ʉʪʨʘʭʦʚʳʝ 

ʚʳʧʣʘʪʳ, 

ʨʫʙ. 

ʋʨʦʚʝʥʴ 

ʚʳʧʣʘʪ, 

% 

ɼʦʙʨʦʚʦʣʴʥʦʝ ʩʪʨʘʭʦʚʘʥʠʝ, 

ʚʩʝʛʦ 

42 042 741 45,93 37 294 323 47,31 24 044 006 25,88 

ʉʪʨʘʭʦʚʘʥʠʝ ʞʠʟʥʠ 3 171 604 21,18 4 514 845 25,91 4 942 489 18,61 

ʉʪʨʘʭʦʚʘʥʠʝ ʦʪ ʅʉ  

ʠ ʙʦʣʝʟʥʝʡ 

1 736 156 11,65 1 696 130 15,07 1 749 131 11,80 

ʄʝʜʠʮʠʥʩʢʦʝ ʩʪʨʘʭʦʚʘʥʠʝ 7 355 145 78,21 7 748 069 80,43 7 234 708 74,92 

ʉʪʨʘʭʦʚʘʥʠʝ ʠʤʫʱʝʩʪʚʘ 28 245 852 58,73 22 325 541 59,95 14 528 232 39,93 

ʉʪʨʘʭʦʚʘʥʠʝ ɻʆ 1 421 401 66,03 943 560 42,21 527 723 12,19 

ʉʪʨʘʭʦʚʘʥʠʝ ʬʠʥʘʥʩʦʚʳʭ ʠ 

ʧʨʝʜʧʨ. ʨʠʩʢʦʚ 

112 583 0,50 16 128 780 72,45 61 723 5,23 

ʆʙʷʟʘʪʝʣʴʥʦʝ ʩʪʨʘʭʦʚʘʥʠʝ 17 983 448 62,90 25 083 266 61,36 35 044 216 79,07 

ʆʉɸɻʆ 17 868 126 65,30 25 032 646 62,90 34 847 848 80,90 

ɼʦʙʨʦʚʦʣʴʥʦʝ ʠ ʦʙʷʟʘʪʝʣʴ-

ʥʦʝ ʩʪʨʘʭʦʚʘʥʠʝ 

60 093 424 49,75 62 552 431 51,96 64 088 222 46,70 

 

ɽʩʣʠ ʩʨʘʚʥʠʚʘʪʴ ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʩʪʨʘʭʦʚʘʥʠʷ (ʪʘʙʣ. 4) ʚ ʈʌ ʠ ʇʌʆ, ʪʦ ʤʦʞʥʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʦʣʴʰʘʷ ʜʦʣʷ ʩʪʨʘʭʦʚʘʥʠʷ ʚ ʈʌ, ʢʘʢ ʠ ʚ ʇʌʆ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʜʦʙʨʦ-

ʚʦʣʴʥʦʝ ʩʪʨʘʭʦʚʘʥʠʝ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚ ʇʌʆ ʜʦʣʷ ʧʨʝʤʠʡ ʧʦ ʜʦʙʨʦʚʦʣʴʥʦʤʫ ʩʪʨʘʭʦʚʘ-

ʥʠʶ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʪʫʧʘʝʪ ʦʙʱʝʨʦʩʩʠʡʩʢʦʤʫ (67,7% ʧʦ ʇʌʆ ʧʨʦʪʠʚ 83,4% ʚ ʮʝʣʦʤ 

ʧʦ ʈʌ). ʅʘʙʣʶʜʘʶʱʘʷʩʷ ʜʠʩʧʨʦʧʦʨʮʠʷ ʤʝʞʜʫ ʜʦʙʨʦʚʦʣʴʥʳʤ ʠ ʦʙʷʟʘʪʝʣʴʥʳʤ ʩʪʨʘʭʦ-

ʚʘʥʠʝʤ ʚʳʟʚʘʥʘ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʩʥʠʞʝʥʠʝʤ ʨʝʘʣʴʥʳʭ ʜʦʭʦʜʦʚ ʥʘʩʝʣʝʥʠʷ ʚ ʦʢʨʫʛʝ ʥʘ 

ʬʦʥʝ ʨʦʩʪʘ ʩʪʦʠʤʦʩʪʠ ʆʉɸɻʆ ʠ ʫʚʝʣʠʯʝʥʠʝʤ ʧʦ ʥʝʤʫ ʣʠʤʠʪʦʚ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ. ɺ 

ʪʦʞʝ ʚʨʝʤʷ ʧʨʝʚʳʰʝʥʠʝ ʜʦʣʠ ʩʪʨʘʭʦʚʳʭ ʧʨʝʤʠʡ ʧʦ ʆʉɸɻʆ ʚ ʇʌʆ ʥʘʜ ʦʙʱʝʨʦʩʩʠʡ-

ʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʦʯʪʠ ʚ ʜʚʘ ʨʘʟʘ ʥʘ ʬʦʥʝ ʨʦʩʪʘ ʫʙʳʪʦʯʥʦʩʪʠ ʜʘʥʥʦʛʦ ʚʠʜʘ ʩʪʨʘ-

ʭʦʚʘʥʠʷ ʤʦʞʝʪ ʛʦʚʦʨʠʪʴ ʦ ʨʦʩʪʝ ʤʦʰʝʥʥʠʯʝʩʪʚʘ ʚ ʜʘʥʥʦʤ ʚʠʜʝ ʩʪʨʘʭʦʚʘʥʠʷ.  

ʄʠʥʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʪʨʘʭʦʚʳʭ ʧʨʝʤʠʡ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʜʦʣʶ ʩʪʨʘʭʦʚʘʥʠʷ 

ʬʠʥʘʥʩʦʚʳʭ ʠ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʢʠʭ ʨʠʩʢʦʚ ʚ ʇʌʆ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʟʥʘ-

ʯʠʪʝʣʴʥʘʷ ʨʘʟʥʠʮʘ ʚ ʜʠʥʘʤʠʢʝ ʨʦʩʪʘ ʤʝʜʠʮʠʥʩʢʦʛʦ ʩʪʨʘʭʦʚʘʥʠʷ ʚ ʇʌʆ ʠ ʈʌ (0,25% ʚ 

ʇʌʆ ʧʨʦʪʠʚ ʧʦʯʪʠ 7% ʧʦ ʈʦʩʩʠʠ). 

ɸʥʘʣʠʟʠʨʫʷ ʩʙʦʨʳ ʩʪʨʘʭʦʚʳʭ ʧʨʝʤʠʡ, ʩʦʙʠʨʘʝʤʳʝ ʚ ʨʝʛʠʦʥʘʭ, ʢʦʪʦʨʳʝ ʚʭʦʜʷʪ ʚ 

ʇʌʆ (ʪʘʙʣ. 5), ʤʦʞʥʦ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʩʣʝʜʫʶʱʠʝ ʪʝʥʜʝʥʮʠʠ. ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ 

14 ʨʝʛʠʦʥʦʚ, ʢʦʪʦʨʳʝ ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʇʌʆ, ʨʘʟʣʠʯʥʳ ʧʦ ʦʙʲʝʤʫ ʩʦʙʠʨʘʝʤʳʭ ʩʪʨʘʭʦ-

ʚʳʭ ʧʨʝʤʠʡ. ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʧʷʪʝʨʢʫ ʣʠʜʝʨʦʚ ʧʦ ʦʙʲʝʤʫ ʩʦʙʠʨʘʝʤʳʭ ʩʪʨʘʭʦʚʳʭ 

ʧʨʝʤʠʡ: ʈʝʩʧʫʙʣʠʢʘ ʊʘʪʘʨʩʪʘʥ (19%), ʉʘʤʘʨʩʢʘʷ ʦʙʣʘʩʪʴ (15%), ʅʠʞʝʛʦʨʦʜʩʢʘʷ ʦʙ-

ʣʘʩʪʴ (12%), ʈʝʩʧʫʙʣʠʢʘ ɹʘʰʢʦʨʪʦʩʪʘʥ (11%), ʇʝʨʤʩʢʠʡ ʢʨʘʡ (10%). ɺ ʮʝʣʦʤ, ʩʪʨʫʢ-

ʪʫʨʘ ʨʳʥʢʘ ʩʪʨʘʭʦʚʘʥʠʷ ʚ ʨʝʛʠʦʥʘʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʦʢʨʫʛʘ ʜʦʩʪʘʪʦʯʥʦ ʩʪʘʙʠʣʴʥʘ. 

ʇʦ ʚʩʝʤ ʨʝʛʠʦʥʘʤ ʇʌʆ ʥʘʙʣʶʜʘʝʪʩʷ ʧʣʘʚʥʘʷ ʜʠʥʘʤʠʢʘ ʩʙʦʨʘ ʩʪʨʘʭʦʚʳʭ ʧʨʝʤʠʡ.  

 



ʆ.ʃ. ɼʦʤʥʠʥʘ, ʉ.ɽ. ʆʚʯʝʥʢʦʚʘ 
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ʊʘʙʣʠʮʘ 4 

ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ ʩʪʨʫʢʪʫʨʝ ʩʪʨʘʭʦʚʳʭ ʧʨʝʤʠʡ  

ʚ ʇʨʠʚʦʣʞʩʢʦʤ ʬʝʜʝʨʘʣʴʥʦʤ ʦʢʨʫʛʝ ʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ  

(ʩʦʩʪʘʚʣʝʥʦ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ 3) 

  ʈʌ ʇʌʆ 

ʉʪʨʘʭʦʚʘʷ 

ʧʨʝʤʠʷ, ʨʫʙ. 

ɼʦʣʷ, 

% 

ʊʝʤʧ ʠʟʤʝ-

ʥʝʥʠʷ, % 

ʉʪʨʘʭʦʚʘʷ 

ʧʨʝʤʠʷ, ʨʫʙ. 

ɼʦʣʷ, 

% 

ʊʝʤʧ ʠʟʤʝ-

ʥʝʥʠʷ, % 

ɼʦʙʨʦʚʦʣʴʥʦʝ ʩʪʨʘʭʦʚʘ-

ʥʠʝ, ʚʩʝʛʦ 

1 180 631 588 83,44 15,32 92 919 377 67,71 17,88 

ʉʪʨʘʭʦʚʘʥʠʝ ʞʠʟʥʠ 215 740 164 15,25 66,32 26 553 552 19,35 52,37 

ʉʪʨʘʭʦʚʘʥʠʝ ʦʪ ʥʝʩʯʘʩʪ-

ʥʳʭ ʩʣʫʯʘʝʚ ʠ ʙʦʣʝʟʥʝʡ 

10 7990 780 7,63 33,50 14 817 730 10,80 31,67 

ʄʝʜʠʮʠʥʩʢʦʝ ʩʪʨʘʭʦʚʘ-

ʥʠʝ 

137 816 419 9,74 6,87 9 657 067 7,04 0,25 

ʉʪʨʘʭʦʚʘʥʠʝ ʠʤʫʱʝʩʪʚʘ 459 851 300 32,50 22,72 36 382 322 26,51 ï2,30 

ʉʪʨʘʭʦʚʘʥʠʝ ʛʨʘʞʜʘʥ-

ʩʢʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ 

241 287 847 17,05 7,41 4 329 303 3,15 93,68 

ʉʪʨʘʭʦʚʘʥʠʝ ʬʠʥʘʥʩʦ-

ʚʳʭ ʠ ʧʨʝʜʧʨʠʥʠʤʘ-

ʪʝʣʴʩʢʠʭ ʨʠʩʢʦʚ 

30 233 953 2,14 36,09 1 179 403 0,86 ï94,70 

ʆʙʷʟʘʪʝʣʴʥʦʝ ʩʪʨʘʭʦʚʘ-

ʥʠʝ 

17 945 078 1,27 ï1,20 44 320 464 32,29 8,42 

ʆʉɸɻʆ 234 368 827 16,56 7,17 43 072 989 31,39 8,23 

ɼʦʙʨʦʚʦʣʴʥʦʝ ʠ ʦʙʷʟʘ-

ʪʝʣʴʥʦʝ ʩʪʨʘʭʦʚʘʥʠʝ 

1 415 000 415 100,0 35,80 137 239 841 100,0 14,00 

ʊʘʙʣʠʮʘ 5 

ʉʪʨʫʢʪʫʨʘ ʠ ʜʠʥʘʤʠʢʘ ʩʪʨʘʭʦʚʳʭ ʧʨʝʤʠʡ ʚ ʇʌʆ  

(ʩʦʩʪʘʚʣʝʥʦ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ 3) 

 ʈʝʛʠʦʥ ʉʇ, ʨʫʙ. ɼʦʣʷ ʉʇ,% 

2014 2015 2016 2014 2015 2016 

1 ʈʝʩʧʫʙʣʠʢʘ  

ɹʘʰʢʦʨʪʦʩʪʘʥ 

13 616 838 13 809 333 16 666 377 11,27 11,47 12,14 

2 ʂʠʨʦʚʩʢʘʷ ʦʙʣʘʩʪʴ 3 964 189 4 145 655 4 601 075 3,28 3,44 3,35 

3 ʈʝʩʧʫʙʣʠʢʘ ʄʘʨʠʡ ʕʣ 1 820 269 2 070 137 2 273 278 1,51 1,72 1,66 

4 ʈʝʩʧʫʙʣʠʢʘ ʄʦʨʜʦʚʠʷ 1 936 014 2 115 840 2 361 076 1,60 1,76 1,72 

5 ʅʠʞʝʛʦʨʦʜʩʢʘʷ ʦʙʣʘʩʪʴ 15 024 508 15 382 057 17 121 804 12,44 12,78 12,48 

6 ʆʨʝʥʙʫʨʛʩʢʘʷ ʦʙʣʘʩʪʴ 6 760 263 6 430 791 7 041 816 5,60 5,34 5,13 

7 ʇʝʥʟʝʥʩʢʘʷ ʦʙʣʘʩʪʴ 3 458 816 3 627 578 4 172 859 2,86 3,01 3,04 

8 ʇʝʨʤʩʢʠʡ ʢʨʘʡ 10 711 926 11 256 917 13 013 214 8,87 9,35 9,48 

9 ʉʘʤʘʨʩʢʘʷ ʦʙʣʘʩʪʴ 19 286 640 16 637 336 20 102 560 15,97 13,82 14,65 

10 ʉʘʨʘʪʦʚʩʢʘʷ ʦʙʣʘʩʪʴ 7 799 488 7 011 444 7 948 691 6,46 5,82 5,79 

11 ʈʝʩʧʫʙʣʠʢʘ ʊʘʪʘʨʩʪʘʥ 23 161 702 23 940 391 25 746 165 19,18 19,89 18,76 

12 ʋʜʤʫʨʪʩʢʘʷ ʈʝʩʧʫʙʣʠʢʘ 5 282 349 5 716 678 6 404 886 4,37 4,75 4,67 

13 ʋʣʴʷʥʦʚʩʢʘʷ ʦʙʣʘʩʪʴ 4 162 124 4 395 454 5 517 933 3,45 3,65 4,02 

14 ʏʫʚʘʰʩʢʘʷ ʈʝʩʧʫʙʣʠʢʘ 3 795 689 3 847 309 4 268 107 3,14 3,20 3,11 

 ɺʩʝʛʦ ʧʦ ʇʌʆ 120 780 815 120 386 920 137 239 841 100,0 100,0 100,0 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 54, 2018 ʛ. 
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ʊʘʙʣʠʮʘ 6 

ʆʪʜʝʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʨʘʟʚʠʪʠʷ ʩʪʨʘʭʦʚʦʛʦ ʨʳʥʢʘ ʚ ʇʌʆ  

(ʩʦʩʪʘʚʣʝʥʦ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ 4,5,6,7) 

ˉ 

ʧʧ 

ʈʝʛʠʦʥ ʂʦʣʠʯʝʩʪʚʦ  

ʨʝʛʠʦʥʘʣʴʥʳʭ 

ʩʪʨʘʭʦʚʱʠʢʦʚ  

ʉʨʝʜʥʝʜʫ-

ʰʝʚʳʝ ʜʦʭʦ-

ʜʳ ʥʘʩʝʣʝ-

ʥʠʷ, ʨʫʙ. 

ʏʠʩʣʝʥ-

ʥʦʩʪʴ ʥʘʩʝ-

ʣʝʥʠʷ, ʯʝʣ. 

ʉʪʨʘʭʦʚʘʷ ʧʨʝ-

ʤʠʷ ʥʘ ʜʫʰʫ 

ʥʘʩʝʣʝʥʠʷ, ʪʳʩ. 

ʨʫʙ./ʯʝʣ 2015 2017 

1 ʈʝʩʧʫʙʣʠʢʘ ɹʘʰʢʦʨʪʦʩʪʘʥ 2 1 28 141 4 066 972 4,098 

2 ʂʠʨʦʚʩʢʘʷ ʦʙʣʘʩʪʴ   21 202 1 291 684 3,562 

3 ʈʝʩʧʫʙʣʠʢʘ ʄʘʨʠʡ ʕʣ   18 243 684 684 3,320 

4 ʈʝʩʧʫʙʣʠʢʘ ʄʦʨʜʦʚʠʷ  1 17 774 808 541 2,920 

5 ʅʠʞʝʛʦʨʦʜʩʢʘʷ ʦʙʣʘʩʪʴ 1 1 30 406 3 247 713 5,272 

6 ʆʨʝʥʙʫʨʛʩʢʘʷ ʦʙʣʘʩʪʴ   22 238 1 989 589 3,539 

7 ʇʝʥʟʝʥʩʢʘʷ ʦʙʣʘʩʪʴ   21 679 1 341 526 3,111 

8 ʇʝʨʤʩʢʠʡ ʢʨʘʡ  1 28 726 2 632 097 4,944 

9 ʉʘʤʘʨʩʢʘʷ ʦʙʣʘʩʪʴ 6 6 26 488 3 203 679 6,275 

10 ʉʘʨʘʪʦʚʩʢʘʷ ʦʙʣʘʩʪʴ 2 1 19 434 2 479 260 3,206 

11 ʈʝʩʧʫʙʣʠʢʘ ʊʘʪʘʨʩʪʘʥ 15 12 32 813 3 885 253 6,627 

12 ʋʜʤʫʨʪʩʢʘʷ ʈʝʩʧʫʙʣʠʢʘ 1 1 23 895 1 516 826 4,223 

13 ʋʣʴʷʥʦʚʩʢʘʷ ʦʙʣʘʩʪʴ 2 2 21 985 1 252 887 4,404 

14 ʏʫʚʘʰʩʢʘʷ ʈʝʩʧʫʙʣʠʢʘ 3 2 17 747 1 235 863 3,454 

 ɺʩʝʛʦ ʧʦ ʇʌʆ 32 28 25 732,85 29636574 4,631 

 ʇʦ ʈʌ   30 738 146 804 372 9,639 

 
ʇʨʦʘʥʘʣʠʟʠʨʫʝʤ ʢʦʣʠʯʝʩʪʚʦ ʨʝʛʠʦʥʘʣʴʥʳʭ ʩʪʨʘʭʦʚʳʭ ʢʦʤʧʘʥʠʡ, ʨʘʙʦʪʘʶʱʠʭ ʚ 

ʇʌʆ (ʪʘʙʣ. 6). ɿʘ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʩ 2015 ʧʦ 2017 ʛʦʜ rʥʘʙʣʶʜʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ 

ʩʥʠʞʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʩʪʨʘʭʦʚʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʨʝʩʧʫʙʣʠʢʠ ɹʘʰʢʦʨʪʦ-

ʩʪʘʥ, ʊʘʪʘʨʩʪʘʥ ʠ ʏʫʚʘʰʩʢʦʡ ʨʝʩʧʫʙʣʠʢʠ. ʆʜʥʘʢʦ, ʚ ʨʝʩʧʫʙʣʠʢʝ ʄʦʨʜʦʚʠʷ ʠ ʇʝʨʤ-

ʩʢʦʤ ʢʨʘʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʜʠʥʘʤʠʢʘ. ʆʩʥʦʚʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʪʨʘʭʦʚʳʭ 

ʦʨʛʘʥʠʟʘʮʠʡ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʨʝʩʧʫʙʣʠʢʫ ʊʘʪʘʨʩʪʘʥ ʠ ʉʘʤʘʨʩʢʫʶ ʦʙʣʘʩʪʴ. ɺ ʮʝʣʦʤ, 

ʝʩʣʠ ʚ 2015 ʛʦʜʫ ʥʘ ʨʳʥʢʝ ʇʌʆ ʨʘʙʦʪʘʣʦ 32 ʨʝʛʠʦʥʘʣʴʥʳʭ ʩʪʨʘʭʦʚʳʭ ʢʦʤʧʘʥʠʡ, ʪʦ ʢ 

2017 ʛʦʜʫ ʠʭ ʦʩʪʘʣʦʩʴ 28. 

ʇʦ ʧʦʢʘʟʘʪʝʣʶ ʩʪʨʘʭʦʚʦʡ ʧʨʝʤʠʠ ʥʘ ʜʫʰʫ ʥʘʩʝʣʝʥʠʷ ʚʠʜʥʦ, ʯʪʦ ʚ ʮʝʣʦʤ ʧʦ ʇʌʆ 

ʦʥ ʩʦʩʪʘʚʣʷʝʪ ʣʠʰʴ 4 631 ʨʫʙ./ʯʝʣʦʚʝʢʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʮʝʣʦʤ ʧʦ ʈʦʩʩʠʠ ʵʪʦʪ ʧʦʢʘ-

ʟʘʪʝʣʴ ʨʘʚʝʥ 9 639 ʨʫʙ/ʯʝʣ., ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʥʝʜʦʩʪʘʪʦʯʥʦʤ ʧʨʦʥʠʢʥʦʚʝʥʠʠ ʩʪʨʘʭʦʚʘʥʠʷ 

ʥʘ ʨʳʥʦʢ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʦʢʨʫʛʝ. ʃʠʜʠʨʫʶʪ ʚ ʥʝʤ ʪʘʢʠʝ ʨʝʛʠʦʥʳ ʢʘʢ ʨʝʩʧʫʙʣʠʢʘ 

ʊʘʪʘʨʩʪʘʥ (6 627 ʨʫʙ), ʉʘʤʘʨʩʢʘʷ ʦʙʣʘʩʪʴ (6 627 ʨʫʙ.), ʅʠʞʝʛʦʨʦʜʩʢʘʷ ʦʙʣʘʩʪʴ 

(5 272 ʨʫʙ.), ʇʝʨʤʩʢʠʡ ʢʨʘʡ (4 944 ʨʫʙ.). ʆʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʥʠʟʢʦʛʦ ʧʨʦʥʠʢʥʦʚʝʥʠʷ 

ʩʪʨʘʭʦʚʘʥʠʷ ʚ ʇʌʆ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʥʠʟʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʩʨʝʜʥʝʜʫʰʝʚʳʭ ʜʦʭʦʜʦʚ ʥʘʩʝ-

ʣʝʥʠʷ (ʚ ʩʨʝʜʥʝʤ 25 732 ʨʫʙ. ʚ ʇʌʆ ʧʨʦʪʠʚ 30 738 ʨʫʙ. ʚ ʩʨʝʜʥʝʤ ʧʦ ʈʦʩʩʠʠ). ɺ ʪʝʭ 

ʞʝ ʨʝʛʠʦʥʘʭ, ʛʜʝ ʩʨʝʜʥʝʜʫʰʝʚʳʝ ʜʦʭʦʜʳ ʧʦʚʳʰʝ ʠ ʧʨʠʙʣʠʞʘʶʪʩʷ ʢ ʦʙʱʝʨʦʩʩʠʡʩʢʠʤ 

(ʪʘʢʠʝ ʢʘʢ ʨʝʩʧʫʙʣʠʢʘ ʊʘʪʘʨʩʪʘʥ, ʅʠʞʝʛʦʨʦʜʩʢʘʷ ʦʙʣʘʩʪʴ, ʇʝʨʤʩʢʠʡ ʢʨʘʡ, ʨʝʩʧʫʙʣʠʢʘ 

ɹʘʰʢʦʨʪʦʩʪʘʥ) ʠ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʩʪʨʘʭʦʚʘʥʠʷ ʪʦʞʝ ʚʳʰʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʜʳʪʦʞʠʚʘʷ ʩʢʘʟʘʥʥʦʝ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ:  

ï ʇʌʆ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʨʘʟʚʠʪʳʤ ʨʳʥʢʦʤ ʩʪʨʘʭʦʚʘʥʠʷ, ʪʘʢ ʢʘʢ ʦʥ ʟʘʥʠʤʘʝʪ 

ʚʪʦʨʦʝ ʤʝʩʪʦ ʧʦʩʣʝ ʎʝʥʪʨʘʣʴʥʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʦʢʨʫʛʘ ʧʦ ʦʙʲʝʤʫ ʩʦʙʠʨʘʝʤʳʭ ʧʨʝ-

ʤʠʡ;   

ï ʥʘ ʜʠʥʘʤʠʢʫ ʩʪʨʘʭʦʚʦʛʦ ʨʳʥʢʘ ʦʢʘʟʘʣʠ ʚʣʠʷʥʠʝ ʪʘʢʠʝ ʬʘʢʪʦʨʳ, ʢʘʢ ʩʦʮʠʘʣʴʥʦ-

ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʨʝʛʠʦʥʘ ʠ ʧʦʢʘʟʘʪʝʣʠ ʫʨʦʚʥʷ ʞʠʟʥʠ ʥʘʩʝʣʝʥʠʷ; 



ʆ.ʃ. ɼʦʤʥʠʥʘ, ʉ.ɽ. ʆʚʯʝʥʢʦʚʘ 
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ï ʜʣʷ ʨʘʟʚʠʪʠʷ ʩʪʨʘʭʦʚʘʥʠʷ ʚ ʨʝʛʠʦʥʝ ʩʪʨʘʭʦʚʳʤ ʢʦʤʧʘʥʠʷʤ ʥʝʦʙʭʦʜʠʤʦ ʠʟʳʩʢʠ-

ʚʘʪʴ ʧʫʪʠ ʫʜʝʰʝʚʣʝʥʠʷ ʩʪʨʘʭʦʚʳʭ ʧʦʣʠʩʦʚ (ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʬʨʘʥʰʠʟ, ʢʦʨʦʙʦʯʥʳʭ 

ʧʨʦʜʫʢʪʦʚ, ʨʘʟʚʠʪʠʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ ʠ ʜʨ.) ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʘʪʳʚʘʪʴ 

ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʚʳʷʚʣʝʥʠʶ ʠ ʙʦʨʴʙʝ ʩʦ ʩʪʨʘʭʦʚʳʤ ʤʦʰʝʥʥʠʯʝʩʪʚʦʤ. 
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603155, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʫʣ. ɹ. ʇʝʯʝʨʩʢʘʷ, 51 

ɸʅɸʃʀʊʀʏɽʉʂʀʁ ʆɹɿʆʈ ʈʓʅʂɸ ʂʆʄʄɽʈʏɽʉʂʆʁ 

ʅɽɼɺʀɾʀʄʆʉʊʀ ɺ ʕʂʆʅʆʄʀʂɽ ʉʌɽʈʓ ʋʉʃʋɻ:  

ʈɽɻʀʆʅɸʃʔʅʓʁ ɸʉʇɽʂʊ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʨʝʥʜʘ, ʚʘʢʘʥʪʥʦʩʪʴ ʧʦʤʝʱʝʥʠʡ, ʜʦʭʦʜʥʦʩʪʴ ʦʙʲʝʢʪʦʚ, ʠʥʚʝʩʪʠʨʦ-

ʚʘʥʠʝ ʚ ʥʝʜʚʠʞʠʤʦʩʪʴ, ʢʦʤʤʝʨʯʝʩʢʘʷ ʥʝʜʚʠʞʠʤʦʩʪʴ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʩʢʣʘʜʩʢʘʷ ʥʝ-

ʜʚʠʞʠʤʦʩʪʴ, ʩʧʨʦʩ ʥʘ ʥʝʜʚʠʞʠʤʦʩʪʴ.  

 

ʇʨʦʚʝʜʝʥʥʘʷ ʘʚʪʦʨʘʤʠ ʦʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ ʵʢʦʥʦʤʠʢʠ ʨʝʛʠʦʥʘ ʯʝʨʝʟ ʧʨʠʟʤʫ ʩʦʩʪʦʷʥʠʷ 

ʨʳʥʢʘ ʘʨʝʥʜʳ ʠ ʧʨʦʜʘʞʠ ʢʦʤʤʝʨʯʝʩʢʦʡ ʥʝʜʚʠʞʠʤʦʩʪʠ ʷʚʣʷʝʪʩʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʚ 

ʤʠʨʝ ʠ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʪʝʩʥʫʶ ʚʟʘʠʤʦʩʚʷʟʴ ʧʦʢʘʟʘʪʝʣʝʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʨʳʥʢʝ ʩ ʧʦʢʘ-

ʟʘʪʝʣʷʤʠ ʦʢʫʧʘʝʤʦʩʪʠ ʙʠʟʥʝʩʘ, ʜʦʭʦʜʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʡ, ʨʘʩʰʠʨʝʥʠʷ ʨʘʙʦʯʠʭ ʤʝʩʪ 
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ʠ ʪ.ʜ. ɺ ʩʪʘʪʴʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʙʲʝʢʪʳ ʥʝʜʚʠʞʠʤʦʩʪʠ ʟʘʥʠʤʘʶʪ ʦʩʦʙʦʝ ʤʝʩʪʦ ʚ 

ʣʶʙʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ, ʚ ʪ.ʯ. ʠʩʭʦʜʷ ʠʟ ʫʩʨʝʜʥʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʟʘʥʷʪʦʩʪʠ 

ʘʨʝʥʜʫʝʤʳʭ ʦʬʠʩʥʳʭ ʧʦʤʝʱʝʥʠʡ, ʜʠʥʘʤʠʢʠ ʨʦʩʪʘ ʠʣʠ ʩʥʠʞʝʥʠʷ ʘʨʝʥʜʥʳʭ ʩʪʘʚʦʢ, 

ʩʧʝʮʠʘʣʠʩʪʳ ʩʫʜʷʪ ʦʙ ʦʙʱʝʤ ʵʢʦʥʦʤʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ ʨʝʛʠʦʥʘ ʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ 

ʠʥʚʝʩʪʠʨʦʚʘʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʦʝʢʪʳ ʨʘʟʚʠʪʠʷ ʥʝʜʚʠʞʠʤʦʩʪʠ. 

1. ɺʚʝʜʝʥʠʝ 

ɸʨʝʥʜʘ ʢʦʤʤʝʨʯʝʩʢʦʡ ʥʝʜʚʠʞʠʤʦʩʪʠ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʠʥʜʠʢʘʪʦʨʦʤ ʥʝ 

ʪʦʣʴʢʦ ʜʣʷ ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʨʘʟʚʠʪʠʷ ʨʳʥʢʘ, ʥʦ ʠ ʵʢʦʥʦʤʠʢʠ ʚ ʮʝʣʦʤ, ʘ ʠʤʝʥʥʦ ï ʨr -

ʥʦʯʥʳʭ ʦʪʥʦʰʝʥʠʡ ʠ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʨʝʛʠʦʥʘ ʠ ʩʪʨʘʥʳ [1]. 

ʀʩʭʦʜʷ ʠʟ ʫʩʨʝʜʥʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʟʘʥʷʪʦʩʪʠ ʘʨʝʥʜʫʝʤʳʭ ʦʬʠʩʥʳʭ ʧʦʤʝʱʝʥʠʡ, 

ʜʠʥʘʤʠʢʠ ʨʦʩʪʘ ʠʣʠ ʩʥʠʞʝʥʠʷ ʮʝʥ ʥʘ ʘʨʝʥʜʫ ʦʬʠʩʥʳʭ ʧʦʤʝʱʝʥʠʡ, ʩʫʜʷʪ ʦʙ ʦʙʱʝʤ 

ʵʢʦʥʦʤʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ ʨʝʛʠʦʥʘ ʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʠʥʚʝʩʪʠʨʦʚʘʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪ-

ʚʫʶʱʠʝ ʧʨʦʝʢʪʳ ʨʘʟʚʠʪʠʷ ʥʝʜʚʠʞʠʤʦʩʪʠ. 

ʇʨʠ ʟʘʥʷʪʦʩʪʠ ʧʦʤʝʱʝʥʠʡ ʩʚʳʰʝ 90ï95% ʠʥʚʝʩʪʠʮʠʦʥʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʩʯʠʪʘʝʪʩʷ 

ʚʝʩʴʤʘ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ï ʵʢʦʥʦʤʠʢʘ ʥʘ ʧʦʜʲʝʤʝ [2]. ʉʨʝʜʥʝʛʦʜʦʚʘʷ ʟʘʥʷʪʦʩʪʴ ʥʘ ʫʨʦʚ-

ʥʝ ʧʦʢʘʟʘʪʝʣʝʡ ʤʝʥʝʝ 75ï80% ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦʙ ʦʙʱʝʤ ʵʢʦʥʦʤʠʯʝʩʢʦʤ 

ʩʧʘʜʝ, ʯʪʦ ʠ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʨʳʥʦʢ ʢʦʤʤʝʨʯʝʩʢʦʡ ʥʝʜʚʠʞʠʤʦʩʪʠ ʅʠʞʥʝʛʦ ʅʦʚʛʦʨʦʜʘ. 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʯʘʱʝ ʚʩʝʛʦ ʧʫʙʣʠʢʫʝʤʳʝ ʚ ʟʘʧʘʜʥʳʭ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʠ 

ʩʧʝʮʠʘʣʴʥʳʭ ʠʟʜʘʥʠʷʭ ʜʣʷ ʦʧʠʩʘʥʠʷ ʩʦʩʪʦʷʥʠʷ ʥʘ ʨʳʥʢʘʭ ʥʝʜʚʠʞʠʤʦʩʪʠ ʢʨʫʧʥʝʡʰʠʭ 

ʛʦʨʦʜʦʚ ʤʠʨʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʜʝʨʞʘʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʪʘʚʢʘʭ ʘʨʝʥʜʥʦʡ ʧʣʘʪʳ (Rents) ʠ 

ʧʦʢʘʟʘʪʝʣʷʭ ʜʦʭʦʜʥʦʩʪʠ (Yields) [3]. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʨʦʩʩʠʡʩʢʘʷ ʩʪʘʪʠʩʪʠʢʘ ʥʝ 

ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʧʦʜʦʙʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʠ ʦʩʥʦʚʳʚʘʝʪʩʷ ʪʦʣʴʢʦ ʥʘ 

ʧʦʢʘʟʘʪʝʣʷʭ ʘʨʝʥʜʥʦʡ ʧʣʘʪʳ, ʙʦʣʝʝ ʪʦʛʦ, ʩʪʘʪʠʩʪʠʢʘ ʫʯʠʪʳʚʘʝʪ ʪʦʣʴʢʦ ʮʝʥʫ, ʢʦʪʦʨʘʷ 

ʚʳʩʪʘʚʣʝʥʘ ʥʘ ʘʢʪʠʚʥʦʝ ʧʨʝʜʣʦʞʝʥʠʝ, ʠ ʥʝ ʫʯʠʪʳʚʘʝʪ ʬʘʢʪʠʯʝʩʢʫʶ ʮʝʥʫ ʩʜʝʣʢʠ, ʯʪʦ 

ʜʝʣʘʝʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʥʝʜʦʩʪʘʪʦʯʥʦ ʦʙʲʝʢʪʠʚʥʳʤʠ.  

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʘʥʘʣʠʟʠʨʫʷ ʜʘʥʥʳʝ ʧʦ ʮʝʥʘʤ ʥʘ ʘʨʝʥʜʫ ʠ ʧʨʦʜʘʞʫ ʢʦʤʤʝʨʯʝʩʢʦʡ 

ʥʝʜʚʠʞʠʤʦʩʪʠ, ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʩʠʪʫʘʮʠʶ ʥʘ 5ï10 % ʣʫʯʰʝ, ʯʝʤ ʠʤʝʶʱʘʷʩʷ ʠʥʬʦʨʤʘ-

ʮʠʷ ʦ ʧʦʜʪʚʝʨʞʜʝʥʥʳʭ (ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʦʰʝʜʰʠʭ) ʩʜʝʣʢʘʭ [4]. 

2. ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɸʥʘʣʠʟʠʨʫʷ ʜʠʥʘʤʠʢʫ ʨʳʥʢʘ ʥʘ ʦʩʥʦʚʝ ʧʝʨʚʠʯʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʪʤʝʯʘʝʤ, ʯʪʦ ʚ 

3 ʢʚʘʨʪʘʣʝ 2017 ʛʦʜʘ ʯʠʩʣʦ ʦʙʲʝʢʪʦʚ ʢʦʤʤʝʨʯʝʩʢʦʡ ʥʝʜʚʠʞʠʤʦʩʪʠ, ʧʨʝʜʣʘʛʘʝʤʳʭ ʢ 

ʘʨʝʥʜʝ ʚ ʅʠʞʥʝʤ ʅʦʚʛʦʨʦʜʝ, ʩʥʠʟʠʣʦʩʴ ʥʘ 7,6% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʳʜʫʱʠʤ ʢʚʘʨʪʘ-

ʣʦʤ. ʅʘʠʙʦʣʝʝ ʟʘʤʝʪʥʦ ʩʦʢʨʘʪʠʣʦʩʴ ʯʠʩʣʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʩʢʣʘʜʩʢʠʭ ʦʙʲʝʢʪʦʚ (ʥʘ 

11,9%), ʪʦʛʜʘ ʢʘʢ ʯʠʩʣʦ ʧʦʤʝʱʝʥʠʡ ʬʦʨʤʘʪʘ çstreet retailè ʩʦʢʨʘʪʠʣʦʩʴ ʚʩʝʛʦ ʥʘ 2,8% 

[4, 5].  

ʇʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 1 ʦʢʪʷʙʨʷ 2017 ʛʦʜʘ ʚ ʩʪʨʫʢʪʫʨʝ ʧʨʝʜʣʦʞʝʥʠʷ ʢʦʤʤʝʨʯʝʩʢʦʡ ʥʝ-

ʜʚʠʞʠʤʦʩʪʠ ʙʦʣʝʝ ʧʦʣʦʚʠʥʳ (52%) ʩʦʩʪʘʚʣʷʶʪ ʦʬʠʩʥʳʝ ʧʦʤʝʱʝʥʠʷ, ʟʘ ʥʠʤʠ ʩʣʝʜʫʶʪ 

ʦʙʲʝʢʪʳ çstreet retailè ï ʟʘ 3 ʤʝʩʷʮʘ ʠʭ ʜʦʣʷ ʚʳʨʦʩʣʘ ʜʦ 32%. ʅʘ ʠʥʜʫʩʪʨʠʘʣʴʥʫʶ ʥʝ-

ʜʚʠʞʠʤʦʩʪʴ ʧʨʠʭʦʜʠʪʩʷ 16% ʧʨʝʜʣʦʞʝʥʠʡ ʦʙ ʘʨʝʥʜʝ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʦʙʲʝʢʪʦʚ ʬʦʨʤʘʪʘ çstreet retailè, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʥʠʞʝʛʦʨʦʜʩʢʦʤ 

ʨʳʥʢʝ, ʨʘʩʧʦʣʦʞʝʥʦ ʚ ɺʝʨʭʥʝʡ ʯʘʩʪʠ ʛʦʨʦʜʘ (59%), ʚ ʪʦʤ ʯʠʩʣʝ 35% ï ʚ ʅʠʞʝʛʦʨʦʜ-

ʩʢʦʤ ʨʘʡʦʥʝ. ɺʪʦʨʫʶ ʧʦʟʠʮʠʶ ʟʘʥʠʤʘʝʪ ʉʦʚʝʪʩʢʠʡ ʨʘʡʦʥ ʩ ʧʦʢʘʟʘʪʝʣʝʤ ï 17%. ʅʘ 

ʪʨʝʪʴʝʤ ʤʝʩʪʝ ï ɸʚʪʦʟʘʚʦʜʩʢʠʡ ʨʘʡʦʥ, ʝʛʦ ʫʜʝʣʴʥʳʡ ʚʝʩ ʚ ʦʙʱʝʤ ʦʙʲʝʤʝ ʧʨʝʜʣʦʞʝʥʠʷ 

ʨʘʚʝʥ 13%. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʳʷʚʣʝʥʘ ʩʣʝʜʫʶʱʘʷ ʩʪʨʫʢʪʫʨʘ ʧʦʤʝʱʝʥʠʡ ʧʦ ʧʣʦʱʘ-

ʜʠ (ʨʠʩ. 1): 



ʆ.ʉ. ʂʨʘʡʥʦʚʘ, ʆ.ɸ. ʉʫʭʘʥʦʚʘ 

ɸʥʘʣʠʪʠʯʝʩʢʠʡ ʦʙʟʦʨ ʨʳʥʢʘ ʢʦʤʤʝʨʯʝʩʢʦʡ ʥʝʜʚʠʞʠʤʦʩʪʠ ʚ ʵʢʦʥʦʤʠʢʝ ʩʬʝʨʳ ʫʩʣʫʛ: » 
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ʈʠʩ. 1. ɼʦʣʷ ʥʝʜʚʠʞʠʤʦʩʪʠ ʧʦ ʨʘʟʤʝʨʫ ʧʣʦʱʘʜʝʡ ʚ ʬʦʨʤʘʪʝ çstreet retailè ʚ 2017 ʛ. 

 (ʩʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ ʧʦ ʤʘʪʝʨʠʘʣʘʤ [4]) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟ ʨʠʩ. 1 ʚʠʜʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʫʶ ʜʦʣʶ ʪʦʨʛʦʚʳʭ ʧʦʤʝʱʝʥʠʡ 

(38%) ʩʦʩʪʘʚʣʷʶʪ ʧʦʤʝʱʝʥʠʷ ʧʣʦʱʘʜʴʶ ʥʝ ʙʦʣʝʝ 100 ʢʚ. ʤ, ʥʘ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʝ ʞʝ 

ʧʦʤʝʱʝʥʠʷ, ʧʣʦʱʘʜʴʶ ʙʦʣʝʝ 500 ʢʚ. ʤ, ʧʨʠʭʦʜʠʪʩʷ 13% ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ ʦʙʲʝʢʪʦʚ. ɺ 

ʜʠʥʘʤʠʢʝ ʩʨʝʜʥʷʷ ʧʣʦʱʘʜʴ ʧʦʤʝʱʝʥʠʡ ʬʦʨʤʘʪʘ çstreet retailè ʚ 3 ʢʚʘʨʪʘʣʝ 2017 ʛʦʜʘ 

ʚʦʟʨʦʩʣʘ ʥʘ 10 ʢʚ. ʤ ʠ ʩʦʩʪʘʚʠʣʘ 140 ʢʚ. ʤ. 

ʅʘ ʨʳʥʢʝ ʦʬʠʩʥʳʭ ʧʦʤʝʱʝʥʠʡ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʝʥʘ çʚʝʨʭʥʷʷ ʯʘʩʪʴè 

ʛʦʨʦʜʘ ï ʥʘ ʥʝʝ ʧʨʠʭʦʜʠʪʩʷ 70% ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ ʦʙʲʝʢʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ 45% ʦʬʠʩʦʚ 

ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʅʠʞʝʛʦʨʦʜʩʢʦʤ ʨʘʡʦʥʝ. ʅʘ ʉʦʚʝʪʩʢʠʡ ʨʘʡʦʥ ʧʨʠʭʦʜʠʪʩʷ 17% ʦʬʠʩʦʚ. 

ʋʜʝʣʴʥʳʡ ʚʝʩ ʢʘʞʜʦʛʦ ʠʟ ʜʨʫʛʠʭ ʨʘʡʦʥʦʚ ʥʝ ʧʨʝʚʳʰʘʝʪ 9%. 

ʇʣʦʱʘʜʴ 46% ʧʦʤʝʱʝʥʠʡ ʩʦʩʪʘʚʣʷʝʪ ʜʦ 100 ʢʚ. ʤ, ʵʪʘ ʜʦʣʷ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ 

ʨʦʩʪ ʥʘ 6 ʧ.ʧ., ʪʦʛʜʘ ʢʘʢ ʜʦʣʷ ʧʦʤʝʱʝʥʠʡ ʩ ʧʣʦʱʘʜʴʶ ʦʪ 100 ʜʦ 250 ʢʚ. ʤ ʚʦʟʨʦʩʣʘ ʥʘ 

2 ʧ.ʧ. ʜʦ ʫʨʦʚʥʷ ʚ 29%. ʋʚʝʣʠʯʠʣʩʷ ʠ ʫʜʝʣʴʥʳʡ ʚʝʩ ʧʦʤʝʱʝʥʠʡ ʧʣʦʱʘʜʴʶ ʦʪ 250 ʜʦ 

500 ʢʚ. ʤ ï ʩ 10% ʜʦ 13% (ʨʠʩ. 2). ʕʪʘ ʪʝʥʜʝʥʮʠʷ ʥʘʰʣʘ ʦʪʨʘʞʝʥʠʝ ʠ ʚ ʨʦʩʪʝ ʩʨʝʜʥʝʡ 

ʧʣʦʱʘʜʠ ʧʨʝʜʣʘʛʘʝʤʳʭ ʚ ʘʨʝʥʜʫ ʦʬʠʩʦʚ ʚ ʅʠʞʥʝʤ ʅʦʚʛʦʨʦʜʝ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʦ ʩʦ-

ʩʪʦʷʥʠʶ ʥʘ 1 ʦʢʪʷʙʨʷ 2017 ʛ. ʦʥʘ ʩʦʩʪʘʚʠʣʘ 116 ʢʚ. ʤ, ʯʪʦ ʥʘ 22 ʢʚ. ʤ ʚʳʰʝ, ʯʝʤ ʚʦ 2 

ʢʚʘʨʪʘʣʝ. 

 

 

ʈʠʩ. 2. ɼʦʣʷ ʦʬʠʩʥʦʡ ʥʝʜʚʠʞʠʤʦʩʪʠ ʧʦ ʨʘʟʤʝʨʫ ʧʣʦʱʘʜʝʡ ʚ 2017 ʛ. 

(ʩʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ ʧʦ ʤʘʪʝʨʠʘʣʘʤ [4]) 

ɼʣʷ ʨʳʥʢʘ ʠʥʜʫʩʪʨʠʘʣʴʥʦʡ ʥʝʜʚʠʞʠʤʦʩʪʠ ʭʘʨʘʢʪʝʨʥʘ ʦʙʨʘʪʥʘʷ ʩʝʛʤʝʥʪʘʤ ʦʬʠʩ-

ʥʦʡ ʠ ʪʦʨʛʦʚʦʡ ʥʝʜʚʠʞʠʤʦʩʪʠ ʩʠʪʫʘʮʠʷ ï ʟʜʝʩʴ ʥʘ çʚʝʨʭʥʶʶ ʯʘʩʪʴè ʛʦʨʦʜʘ ʧʨʠʭʦ-

ʜʠʪʩʷ ʣʠʰʴ ʪʨʝʪʴ ʧʨʝʜʣʦʞʝʥʠʷ (33%). ɺ çʥʠʞʥʝʡ ʯʘʩʪʠè ʛʦʨʦʜʘ ʥʘʠʙʦʣʝʝ ʧʨʝʜʩʪʘʚ-

ʣʝʥʳ ʉʦʨʤʦʚʩʢʠʡ (21%) ʠ ʂʘʥʘʚʠʥʩʢʠʡ (17% ʦʙʲʝʢʪʦʚ) ʨʘʡʦʥʳ.  

ʆʢʦʣʦ ʪʨʝʪʠ ʧʨʝʜʣʦʞʝʥʠʷ (32%) ʩʦʩʪʘʚʣʷʶʪ ʥʝʙʦʣʴʰʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʩʢʣʘʜ-

ʩʢʠʝ ʦʙʲʝʢʪʳ ʧʣʦʱʘʜʴʶ ʜʦ 250 ʢʚ ʤ., ʧʨʠʯʝʤ ʥʘ ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʩʢʣʘʜʳ ʧʣʦʱʘʜʴʶ 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 54, 2018 ʛ. 

ʈʘʟʜʝʣ III . ʌʠʥʘʥʩʦʚʳʝ ʠ ʫʯʝʪʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʩʦʚʨʝʤʝʥʥʦʡ ʵʢʦʥʦʤʠʢʠ 
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ʙʦʣʝʝ 500 ʢʚ. ʤ ʧʨʠʭʦʜʠʪʩʷ 46% ʧʨʝʜʣʦʞʝʥʠʷ. ʇʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 1 ʦʢʪʷʙʨʷ 2017 ʛʦʜʘ 

ʩʨʝʜʥʷʷ ʧʣʦʱʘʜʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʩʢʣʘʜʩʢʠʭ ʧʦʤʝʱʝʥʠʡ ʚ ʅʠʞʥʝʤ ʅʦʚʛʦʨʦʜʝ ʩʦ-

ʩʪʘʚʣʷʣʘ 400 ʢʚ. ʤ, ʪʦʛʜʘ ʢʘʢ ʚ ʦʙʣʘʩʪʠ ʵʪʦ ʟʥʘʯʝʥʠʝ ʚ 2,5 ʨʘʟʘ ʚʳʰʝ ï 1000 ʢʚ. ʤ. 

ɼʝʤʦʥʩʪʨʠʨʫʝʤʘʷ ʜʠʥʘʤʠʢʘ ʧʦʟʚʦʣʷʝʪ ʛʦʚʦʨʠʪʴ ʦ ʪʦʤ, ʯʪʦ ʦʪʩʫʪʩʪʚʠʝ ʥʦʚʳʭ 

ʢʨʫʧʥʳʭ ʦʙʲʝʢʪʦʚ ʥʘ ʨʳʥʢʝ ʢʦʤʤʝʨʯʝʩʢʦʡ ʥʝʜʚʠʞʠʤʦʩʪʠ ʅʠʞʥʝʛʦ ʅʦʚʛʦʨʦʜʘ ʧʨʠ 

ʫʩʣʦʚʠʠ ʚʦʟʨʦʩʰʝʡ ʘʢʪʠʚʥʦʩʪʠ ʘʨʝʥʜʘʪʦʨʦʚ ʧʨʠʚʝʣʦ ʚ 3 ʢʚʘʨʪʘʣʝ 2017 ʛʦʜʘ ʢ ʩʦʢʨʘ-

ʱʝʥʠʶ ʦʙʲʝʤʦʚ ʧʨʝʜʣʦʞʝʥʠʷ ʠ ʩʥʠʞʝʥʠʶ ʫʨʦʚʥʷ ʚʘʢʘʥʪʥʦʩʪʠ ʧʦʤʝʱʝʥʠʡ. ɺ ʩʝʛʤʝʥ-

ʪʝ çstreet retailè ʦʥ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 30%, ʜʣʷ ʦʬʠʩʦʚ ï ʦʢʦʣʦ 25%, ʘ ʚ ʩʝʛʤʝʥʪʝ ʠʥʜʫ-

ʩʪʨʠʘʣʴʥʦʡ ʥʝʜʚʠʞʠʤʦʩʪʠ ʨʘʚʝʥ 30% [4]. 

ʅʘʠʙʦʣʴʰʠʤ ʩʧʨʦʩʦʤ ʚ ʤʠʥʫʚʰʝʤ ʢʚʘʨʪʘʣʝ ʧʦʣʴʟʦʚʘʣʠʩʴ ʫ ʘʨʝʥʜʘʪʦʨʦʚ ʦʬʠʩʥʳʝ 

ʧʦʤʝʱʝʥʠʷ ï ʥʘ ʥʠʭ ʧʨʠʭʦʜʠʣʦʩʴ ʙʦʣʝʝ ʧʦʣʦʚʠʥʳ ʟʘʧʨʦʩʦʚ (52%). ɼʦʣʷ ʪʦʨʛʦʚʳʭ 

ʧʦʤʝʱʝʥʠʡ ʬʦʨʤʘʪʘ çstreet retailè ʚ 3 ʢʚʘʨʪʘʣʝ ʩʥʠʟʠʣʘʩʴ ʩ 39 ʜʦ 28%, ʘ ʩʢʣʘʜʦʚ ï ʩ 

24% ʜʦ 20% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʨʠ ʘʥʘʣʠʟʝ ʩʧʨʦʩʘ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʚ ʩʝʛʤʝʥʪʝ çstreet retailè ʥʘʠʙʦʣʴʰʫʶ ʘʢʪʠʚ-

ʥʦʩʪʴ ʧʨʦʷʚʣʷʶʪ ʧʨʦʜʫʢʪʦʚʳʝ ʦʧʝʨʘʪʦʨʳ. ʉʘʤʳʤʠ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤʠ ʧʦʤʝʱʝʥʠʷʤʠ 

ʜʣʷ ʥʠʭ ʷʚʣʷʶʪʩʷ ʦʙʲʝʢʪʳ ʧʣʦʱʘʜʴʶ ʜʦ 200 ʢʚ. ʤ. ʉʪʘʙʠʣʴʥʳʡ ʩʧʨʦʩ ʬʦʨʤʠʨʫʶʪ ʠ 

ʧʨʝʜʧʨʠʷʪʠʷ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʧʠʪʘʥʠʷ, ʧʨʠʯʝʤ ʵʢʩʧʝʨʪʳ ʦʪʤʝʯʘʶʪ ʨʦʩʪ ʯʠʩʣʘ ʥʦʚʳʭ 

ʟʘʚʝʜʝʥʠʡ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʩʨʝʜʥʠʤ ʯʝʢʦʤ. ɺ ʮʝʣʦʤ ʧʦ ʩʝʛʤʝʥʪʫ 2/3 ʟʘʧʨʦʩʦʚ ʘʨʝʥʜʘ-

ʪʦʨʦʚ ʧʨʠʭʦʜʠʣʦʩʴ ʥʘ ʧʦʤʝʱʝʥʠʷ ʧʣʦʱʘʜʴʶ ʜʦ 100 ʢʚ. ʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ çʚʝʨʭʥʝʡ 

ʯʘʩʪʠè ʛʦʨʦʜʘ. 

ʈʳʥʦʢ ʦʬʠʩʥʳʭ ʧʦʤʝʱʝʥʠʡ ʚ ʅʠʞʥʝʤ ʅʦʚʛʦʨʦʜʝ ʪʘʢʞʝ ʥʝ ʧʦʧʦʣʥʠʣʩʷ ʥʦʚʳʤʠ 

ʦʙʲʝʢʪʘʤʠ. ʇʨʠ ʵʪʦʤ ʠʥʪʝʨʝʩ ʩʦ ʩʪʦʨʦʥʳ ʘʨʝʥʜʘʪʦʨʦʚ ʢ ʵʪʦʤʫ ʩʝʛʤʝʥʪʫ ʟʘʤʝʪʥʦ ʚʳ-

ʨʦʩ, ʦʬʠʩʥʳʡ ʨʳʥʦʢ ʧʦʩʪʝʧʝʥʥʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ. ʅʘʠʙʦʣʴʰʠʤ ʩʧʨʦʩʦʤ ʚ 3 ʢʚʘʨʪʘ-

ʣʝ 2017 ʛʦʜʘ ʧʦʣʴʟʦʚʘʣʠʩʴ ʥʝʜʦʨʦʛʠʝ ʦʬʠʩʳ ʢʣʘʩʩʘ B ʠ ʉ, ʯʪʦ ʢʘʩʘʝʪʩʷ ʥʘʠʙʦʣʝʝ ʚʦʩ-

ʪʨʝʙʦʚʘʥʥʦʛʦ ʨʘʟʤʝʨʘ ʦʬʠʩʦʚ, ʪʦ 42% ʘʨʝʥʜʘʪʦʨʦʚ ʠʥʪʝʨʝʩʦʚʘʣʠ ʧʦʤʝʱʝʥʠʷ ʧʣʦʱʘ-

ʜʴʁ ʦʪ 100 ʜʦ 250 ʢʚ. ʤ. 

ʉʧʨʦʩ ʥʘ ʨʳʥʢʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʩʢʣʘʜʩʢʦʡ ʥʝʜʚʠʞʠʤʦʩʪʠ ʚ 3 ʢʚʘʨʪʘʣʝ 2017 ʛʦʜʘ 

ʦʩʪʘʚʘʣʩʷ ʩʪʘʙʠʣʴʥʳʤ. ʊʨʘʜʠʮʠʦʥʥʦ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʵʪʦʤ ʩʝʛʤʝʥʪʝ 

ʧʨʦʷʚʣʷʶʪ ʨʠʪʝʡʣʝʨʳ (ʙʦʣʝʝ 50% ʚ ʩʪʨʫʢʪʫʨʝ ʩʧʨʦʩʘ), ʜʠʩʪʨʠʙʴʶʪʦʨʩʢʠʝ ʠ ʧʨʦʠʟʚʦʜ-

ʩʪʚʝʥʥʳʝ ʢʦʤʧʘʥʠʠ (15ï20%). ɹʦʣʝʝ ʧʦʣʦʚʠʥʳ ʘʨʝʥʜʘʪʦʨʦʚ (58%) ʠʥʪʝʨʝʩʦʚʘʣʠ ʧʦ-

ʤʝʱʝʥʠʷ ʧʣʦʱʘʜʴʶ ʙʦʣʝʝ 500 ʢʚ. ʤ. ʆʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʦʤʝʱʝʥʠʷʤ: ʨʦʚʥʳʡ 

ʧʦʣ, ʧʦʪʦʣʢʠ ʥʝ ʤʝʥʝʝ 6 ʤ, ʥʘʣʠʯʠʝ ʘʚʪʦʨʘʤʧʳ. 

ʅʘ ʨʳʥʢʝ ʠʥʚʝʩʪʠʮʠʡ ʚ ʢʦʤʤʝʨʯʝʩʢʫʶ ʥʝʜʚʠʞʠʤʦʩʪʴ ʚ 3 ʢʚʘʨʪʘʣʝ 2017 ʛʦʜʘ ʧʦ-

ʟʠʪʠʚʥʳʝ ʪʝʥʜʝʥʮʠʠ ʙʳʣʠ ʥʝʩʢʦʣʴʢʦ ʟʘʥʠʞʝʥʳ ʦʧʘʩʝʥʠʷʤʠ ʠʥʚʝʩʪʦʨʦʚ ʚʩʣʝʜʩʪʚʠʝ 

ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʚ ʙʘʥʢʦʚʩʢʦʤ ʩʝʢʪʦʨʝ. 

ʇʨʦʜʦʣʞʘʷ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʦʙʨʘʪʠʤʩʷ ʢ ʦʙʱʝʨʦʩʩʠʡʩʢʦʡ ʩʪʘʪʠʩʪʠʢʝ [6, 7, 8, 9]. 

ʊʘʢ, ʚ ʮʝʣʦʤ ʟʘ 9 ʤʝʩʷʮʝʚ 2017 ʛʦʜʘ ʧʦ ʜʘʥʥʳʤ Colliers International ʦʙʲʝʤ ʠʥʚʝʩʪʠʮʠ-

ʦʥʥʳʭ ʩʜʝʣʦʢ ʥʘ ʨʦʩʩʠʡʩʢʦʤ ʨʳʥʢʝ ʥʝʜʚʠʞʠʤʦʩʪʠ ʩʦʩʪʘʚʠʣ 2,7 ʤʣʨʜ. ʜʦʣʣ. ʅʘʠ-

ʙʦʣʴʰʝʝ ʯʠʩʣʦ ʩʜʝʣʦʢ ʙʳʣʦ ʟʘʢʣʶʯʝʥʦ ʚ ʩʝʛʤʝʥʪʝ ʪʦʨʛʦʚʦʡ ʥʝʜʚʠʞʠʤʦʩʪʠ (37%). ʅʘ 

ʦʬʠʩʳ ʧʨʠʰʝʣʩʷ 31% ʩʧʨʦʩʘ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʄʦʩʢʚʫ ʠ ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛ ʩʫʤʤʘʨʥʦ ʧʨʠʰʣʦʩʴ 93% ʦʪ ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʩʜʝʣʦʢ, ʪʦʛʜʘ ʢʘʢ ʥʘ ʨʝʛʠʦʥʳ ï 

ʚʩʝʛʦ 7%. ʉʦʛʣʘʩʥʦ ʧʨʦʛʥʦʟʫ Colliers International ʧʦ ʠʪʦʛʘʤ 2017 ʛʦʜʘ ʦʙʱʠʡ ʦʙʲʝʤ 

ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʩʜʝʣʦʢ ʩʦʩʪʘʚʠʪ ʦʢʦʣʦ 4,5 ʤʣʨʜ. ʜʦʣʣ. [5]. 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʅʠʞʥʝʛʦ ʅʦʚʛʦʨʦʜʘ, ʪʦ ʚ 3 ʢʚʘʨʪʘʣʝ 2017 ʛʦʜʘ ʙʳʣ ʟʘʬʠʢʩʠʨʦʚʘʥ 

ʨʦʩʪ ʯʠʩʣʘ ʟʘʧʨʦʩʦʚ ʥʘ ʧʦʢʫʧʢʫ ʢʦʤʤʝʨʯʝʩʢʦʡ ʥʝʜʚʠʞʠʤʦʩʪʠ ʥʘ 22% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʨʝʜʳʜʫʱʠʤ ʢʚʘʨʪʘʣʦʤ. ʇʨʠ ʵʪʦʤ ʩʦʦʪʥʦʰʝʥʠʝ ʠʥʪʝʨʝʩʘ ʧʦʢʫʧʘʪʝʣʝʡ ʢ ʨʘʟʣʠʯʥʳʤ 

ʩʝʛʤʝʥʪʘʤ ʨʳʥʢʘ ʙʣʠʟʢʦ ʢ ʦʙʱʝʨʦʩʩʠʡʩʢʦʤʫ: 38% ʟʘʧʨʦʩʦʚ ʧʨʠʭʦʜʠʣʦʩʴ ʥʘ ʪʦʨʛʦʚʳʝ 

ʧʦʤʝʱʝʥʠʷ, 31% ï ʥʘ ʦʬʠʩʥʫʶ ʥʝʜʚʠʞʠʤʦʩʪʴ. ʂʘʢ ʠ ʦʞʠʜʘʣʦʩʴ, ʚ 3 ʢʚʘʨʪʘʣʝ 2017 

ʛʦʜʘ ʥʘ ʨʳʥʢʝ ʢʦʤʤʝʨʯʝʩʢʦʡ ʥʝʜʚʠʞʠʤʦʩʪʠ ʅʠʞʥʝʛʦ ʅʦʚʛʦʨʦʜʘ ʧʨʦʜʦʣʞʠʣʦʩʴ ʦʞʠʚ-

ʣʝʥʠʝ. ʈʦʩʪ ʘʨʝʥʜʥʳʭ ʩʪʘʚʦʢ ʙʳʣ ʟʘʬʠʢʩʠʨʦʚʘʥ ʚ ʩʝʛʤʝʥʪʝ ʪʦʨʛʦʚʦʡ ʠ ʩʢʣʘʜʩʢʦʡ ʥʝ-

ʜʚʠʞʠʤʦʩʪʠ, ʢʦʤʤʝʨʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʜʣʷ ʘʨʝʥʜʳ ʦʬʠʩʥʳʭ ʧʦʤʝʱʝʥʠʡ ʥʝ ʠʟʤʝʥʠʣʠʩʴ. 

ɺʩʣʝʜ ʟʘ ʨʦʩʪʦʤ ʩʧʨʦʩʘ ʩʦ ʩʪʦʨʦʥʳ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʘʨʝʥʜʘʪʦʨʦʚ ʩʪʘʣʠ ʨʘʩʪʠ ʠ 

ʩʪʘʚʢʠ ʥʘ ʘʨʝʥʜʫ ʧʦʤʝʱʝʥʠʡ ʬʦʨʤʘʪʘ çstreet retailè, ʩʣʝʜʫʶ ʢʣʘʩʩʠʯʝʩʢʠʤ ʵʢʦʥʦʤʠʯʝ-
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ʩʢʠʤ ʟʘʢʦʥʘʤ. ɺ 3 ʢʚʘʨʪʘʣʝ 2017 ʛʦʜʘ ʩʨʝʜʥʷʷ ʩʪʘʚʢʘ ʫʚʝʣʠʯʠʣʘʩʴ ʥʘ 2,9%, ʩʦʩʪʘʚʠʚ 

691 ʨʫʙ. ʟʘ 1 ʢʚ. ʤ. ɺʦʟʨʦʩʣʦ ʠ ʯʠʩʣʦ ʧʦʤʝʱʝʥʠʡ, ʧʨʝʜʣʘʛʘʝʤʳʭ ʢ ʘʨʝʥʜʝ ʧʦ ʩʪʘʚʢʝ ʦʪ 

500 ʜʦ 750 ʨʫʙ. ï ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʥʦ ʩʦʩʪʘʚʣʷʝʪ 31% [4]. 

ʇʦʯʪʠ ʯʝʪʚʝʨʪʴ ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ ʧʦʤʝʱʝʥʠʡ ʬʦʨʤʘʪʘ çstreet retailè ʧʨʠʭʦʜʠʪʩʷ ʥʘ 

ʦʙʲʝʢʪʳ ʩʦ ʩʪʘʚʢʦʡ ʦʪ 750 ʜʦ 1000 ʨʫʙ. 

ʇʦ ʨʘʡʦʥʘʤ ʛʦʨʦʜʘ ʨʦʩʪ ʩʪʦʠʤʦʩʪʠ ʘʨʝʥʜʳ ʧʨʦʠʩʭʦʜʠʣ ʥʝʨʘʚʥʦʤʝʨʥʦ: ʥʘʠʙʦʣʴ-

ʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʚ ʃʝʥʠʥʩʢʦʤ, ʇʨʠʦʢʩʢʦʤ ʠ ʉʦʨʤʦʚʩʢʦʤ ʨʘʡ-

ʦʥʘʭ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʨʘʡʦʥ ʧʦ-ʧʨʝʞʥʝʤʫ ʦʩʪʘʝʪʩʷ ʩʘʤʳʤ ʜʦʨʦʛʠʤ ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʘʨʝʥʜʳ ʪʦʨʛʦʚʦʡ ʥʝʜʚʠʞʠʤʦʩʪʠ. ʉʨʝʜʥʷʷ ʘʨʝʥʜʥʘʷ ʩʪʘʚʢʘ ʟʜʝʩʴ ʩʦʩʪʘʚ-

ʣʷʝʪ 750 ʨʫʙ. ʟʘ 1 ʢʚ .ʤ. ɿʘ ʥʠʤ ʩʣʝʜʫʶʪ ɸʚʪʦʟʘʚʦʜʩʢʠʡ ʠ ʇʨʠʦʢʩʢʠʡ ʨʘʡʦʥʳ ʩ ʧʦʢʘʟʘ-

ʪʝʣʷʤʠ 714 ʨʫʙ. ʟʘ 1 ʢʚ. ʤ ʠ 711 ʨʫʙ. ʟʘ 1 ʢʚ. ʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʝʰʝʚʣʝ ʚʩʝʛʦ ʪʦʨʛʦ-

ʚʳʝ ʧʦʤʝʱʝʥʠʷ ʤʦʞʥʦ ʘʨʝʥʜʦʚʘʪʴ ʚ ʄʦʩʢʦʚʩʢʦʤ ʨʘʡʦʥʝ (511 ʨʫʙ. ʟʘ 1 ʢʚ. ʤ). 

ʉʪʦʠʤʦʩʪʴ ʧʦʢʫʧʢʠ ʧʦʤʝʱʝʥʠʡ ʬʦʨʤʘʪʘ çstreet retailè ʚ 3 ʢʚʘʨʪʘʣʝ ʪʘʢʞʝ ʚʦʟʨʦʩʣʘ 

ʠ ʩʦʩʪʘʚʠʣʘ 70 295 ʨʫʙ. ʇʨʠʨʦʩʪ ʩʦʩʪʘʚʠʣ 3,9%. ɼʦʭʦʜʥʦʩʪʴ ʦʙʲʝʢʪʦʚ çstreet retailè ʟʘ 

ʠʩʪʝʢʰʠʝ 3 ʤʝʩʷʮʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʣʘʩʴ ï ʩ 11,9% ʜʦ 11,8%. ʉʨʝʜʥʠʡ ʩʨʦʢ ʚʦʟ-

ʚʨʘʪʘ ʠʥʚʝʩʪʠʮʠʡ ʩʦʩʪʘʚʣʷʝʪ 8,5 ʣʝʪ. 

ʀʪʦʛʠ 3 ʢʚʘʨʪʘʣʘ 2917 ʛʦʜʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʧʨʦʜʦʣʞʘʶʱʝʡʩʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʥʘ 

ʨʳʥʢʝ ʦʬʠʩʥʦʡ ʥʝʜʚʠʞʠʤʦʩʪʠ. ɸʨʝʥʜʥʘʷ ʩʪʘʚʢʘ ʟʘ 3 ʤʝʩʷʮʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʠ-

ʣʘʩʴ, ʩʦʩʪʘʚʠʚ 561 ʨʫʙ. ʟʘ 1 ʢʚ. ʇʨʠ ʵʪʦʤ ʜʦʣʷ ʧʦʤʝʱʝʥʠʡ, ʠʤʝʶʱʠʭʩʷ ʥʘ ʨʳʥʢʝ ʧʦ 

ʩʪʘʚʢʘʤ ʦʪ 500 ʜʦ 750 ʨʫʙ., ʚʦʟʨʦʩʣʘ ʥʘ 2 ʧ.ʧ. ʜʦ ʫʨʦʚʥʷ ʚ 44%. 

ʉʪʦʠʤʦʩʪʴ ʘʨʝʥʜʳ ʧʦ ʨʘʡʦʥʘʤ ʛʦʨʦʜʘ ʠʟʤʝʥʷʣʘʩʴ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʦ: ʚ ʃʝʥʠʥʩʢʦʤ 

ʠ ɸʚʪʦʟʘʚʦʜʩʢʦʤ ʨʘʡʦʥʘʭ ʙʳʣ ʦʪʤʝʯʝʥ ʨʦʩʪ, ʚ ʄʦʩʢʦʚʩʢʦʤ ʠ ʉʦʚʝʪʩʢʦʤ, ʥʘʧʨʦʪʠʚ, 

ʩʥʠʞʝʥʠʝ. ʆʜʥʘʢʦ, ʚ ʮʝʣʦʤ, ʩʠʪʫʘʮʠʷ ʥʝ ʠʟʤʝʥʠʣʘʩʴ: ʩʘʤʳʝ ʜʦʨʦʛʠʝ ʦʬʠʩʳ ʧʨʝʜʣʘʛʘ-

ʶʪʩʷ ʚ ʅʠʞʝʛʦʨʦʜʩʢʦʤ ʨʘʡʦʥʝ (ʚ ʩʨʝʜʥʝʤ, ʧʦ 600 ʨʫʙ. ʟʘ 1 ʢʚ.ʤ), ʘ ʩʘʤʳʝ ʜʝʰʝʚʳʝ 

ʤʦʞʥʦ ʘʨʝʥʜʦʚʘʪʴ ʚ ʄʦʩʢʦʚʩʢʦʤ ʨʘʡʦʥʝ (ʚ ʩʨʝʜʥʝʤ, 466 ʨʫʙ. ʟʘ 1 ʢʚ. ʤ). 

ʇʨʠʦʙʨʝʩʪʠ 1 ʢʚ. ʤ ʦʬʠʩʥʳʭ ʧʦʤʝʱʝʥʠʡ ʤʦʞʥʦ ʟʘ 66 250 ʨʫʙ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʦ-

ʭʦʜʥʦʩʪʴ ʦʬʠʩʥʦʡ ʥʝʜʚʠʞʠʤʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 10,2%, ʘ ʩʨʦʢ ʦʢʫʧʘʝʤʦʩʪʠ ï 9,8 ʛʦʜʘ. 

ɺ 3 ʢʚʘʨʪʘʣʝ 2017 ʛʦʜʘ ʙʳʣ ʟʘʬʠʢʩʠʨʦʚʘʥ ʩʢʘʯʦʢ ʘʨʝʥʜʥʳʭ ʩʪʘʚʦʢ ʥʘ ʨʳʥʢʝ ʧʨʦ-

ʠʟʚʦʜʩʪʚʝʥʥʦ-ʩʢʣʘʜʩʢʦʡ ʥʝʜʚʠʞʠʤʦʩʪʠ ï ʟʘ 3 ʤʝʩʷʮʘ ʦʥʠ ʚʳʨʦʩʣʠ ʥʘ 5,5% ʜʦ ʫʨʦʚʥʷ 

ʚ 249 ʨʫʙ. ʟʘ 1 ʢʚ. ʤ. ʇʨʠ ʵʪʦʤ ʩʪʘʚʢʠ ʟʘʚʠʩʷʪ ʦʪ ʢʣʘʩʩʘ ʧʦʤʝʱʝʥʠʡ: ʜʣʷ ʦʙʲʝʢʪʦʚ 

ʢʣʘʩʩʘ ɸ ʦʥʠ ʩʦʩʪʘʚʣʷʶʪ ʦʪ 265 ʨʫʙ. ʟʘ 1 ʢʚ. ʤ, ʜʣʷ ʢʣʘʩʩʘ B ï ʦʪ 190 ʨʫʙ. 

ɺ ʅʠʞʥʝʤ ʅʦʚʛʦʨʦʜʝ 60% ʧʦʤʝʱʝʥʠʡ ʧʨʝʜʣʘʛʘʶʪʩʷ ʧʦ ʩʪʘʚʢʝ ʦʪ 100 ʜʦ 250 ʢʚ.ʤ. 

ɺ ʦʙʣʘʩʪʠ ʠʥʜʫʩʪʨʠʘʣʴʥʘʷ ʥʝʜʚʠʞʠʤʦʩʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʜʝʰʝʚʣʝ ï ʩʨʝʜʥʷʷ ʩʪʘʚʢʘ 

ʘʨʝʥʜʳ ʟʜʝʩʴ ʨʘʚʥʘ 150 ʨʫʙ. ʟʘ 1 ʢʚ. ʤ. ʆʜʥʘʢʦ, ʟʘ ʧʦʩʣʝʜʥʠʝ 3 ʤʝʩʷʮʘ ʦʥʘ ʚʦʟʨʦʩʣʘ ʥʘ 

30 ʨʫʙ. ʉʘʤʳʝ ʜʦʨʦʛʠʝ ʩʢʣʘʜʳ ʨʘʩʧʦʣʦʞʝʥʳ ʚ çʚʝʨʭʥʝʡ ʯʘʩʪʠè ʛʦʨʦʜʘ ï ʅʠʞʝʛʦʨʦʜ-

ʩʢʦʤ ʠ ʉʦʚʝʪʩʢʦʤ ʨʘʡʦʥʘʭ (ʚ ʩʨʝʜʥʝʤ, 300 ʨʫʙ. ʟʘ 1 ʢʚ. ʤ). ʉʘʤʳʝ ʙʶʜʞʝʪʥʳʝ ʧʦʤʝ-

ʱʝʥʠʷ ʥʘʭʦʜʷʪʩʷ ʚ ʉʦʨʤʦʚʩʢʦʤ ʨʘʡʦʥʝ (200 ʨʫʙ. ʟʘ 1 ʢʚ. ʤ). ʅʝʩʤʦʪʨʷ ʥʘ ʨʦʩʪ ʘʨʝʥʜ-

ʥʳʭ ʩʪʘʚʦʢ, ʩʨʝʜʥʷʷ ʩʪʦʠʤʦʩʪʴ ʧʦʢʫʧʢʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʩʢʣʘʜʩʢʦʡ ʥʝʜʚʠʞʠʤʦʩʪʠ ʚ 

3 ʢʚʘʨʪʘʣʝ ʩʥʠʟʠʣʘʩʴ ʥʘ 5,2% ʠ ʩʦʩʪʘʚʠʣʘ 18 960 ʨʫʙ. ɺ ʦʙʣʘʩʪʠ ʦʥʘ ʥʝ ʧʨʝʚʳʰʘʝʪ 

14 400 ʨʫʙ.  

ɹʣʘʛʦʜʘʨʷ ʩʥʠʞʝʥʠʶ ʩʪʦʠʤʦʩʪʠ ʧʦʢʫʧʢʠ ʩʢʣʘʜʩʢʦʡ ʥʝʜʚʠʞʠʤʦʩʪʠ ʠ ʨʦʩʪʫ ʘʨʝʥʜ-

ʥʳʭ ʩʪʘʚʦʢ, ʜʦʭʦʜʥʦʩʪʴ ʠʥʜʫʩʪʨʠʘʣʴʥʦʡ ʥʝʜʚʠʞʠʤʦʩʪʠ ʚ 3 ʢʚʘʨʪʘʣʝ ʚʦʟʨʦʩʣʘ ʩ 14,2% 

ʜʦ 15,8%, ʘ ʩʨʦʢ ʦʢʫʧʘʝʤʦʩʪʠ ʩʦʢʨʘʪʠʣʩʷ ʜʦ 6,3 ʛʦʜʘ. 

3. ʈʝʟʫʣʴʪʘʪʳ 

ʅʘʤʝʪʠʚʰʘʷʩʷ ʚ ʢʦʥʮʝ I ʧʦʣʫʛʦʜʠʷ 2017 ʛʦʜʘ ʪʝʥʜʝʥʮʠʷ ʢ ʦʞʠʚʣʝʥʠʶ ʥʘ ʨʳʥʢʝ 

ʢʦʤʤʝʨʯʝʩʢʦʡ ʥʝʜʚʠʞʠʤʦʩʪʠ ʚ 3 ʢʚʘʨʪʘʣʝ ʧʦʣʫʯʠʣʘ ʩʚʦʝ ʨʘʟʚʠʪʠʝ. ʈʦʩʪ ʩʧʨʦʩʘ ʩʧʦ-

ʩʦʙʩʪʚʦʚʘʣ ʩʦʢʨʘʱʝʥʠʶ ʫʨʦʚʥʷ ʚʘʢʘʥʪʥʦʩʪʠ ʢʦʤʤʝʨʯʝʩʢʠʭ ʧʦʤʝʱʝʥʠʡ, ʘ ʪʘʢʞʝ ʫʚʝ-

ʣʠʯʝʥʠʶ ʩʨʝʜʥʠʭ ʘʨʝʥʜʥʳʭ ʩʪʘʚʦʢ [10]. 

ɺ ʩʝʛʤʝʥʪʝ ʪʦʨʛʦʚʳʭ ʧʦʤʝʱʝʥʠʡ çstreet retailè ʧʨʦʛʥʦʟʠʨʫʝʪʩʷ ʜʘʣʴʥʝʡʰʝʝ ʩʥʠ-

ʞʝʥʠʝ ʜʦʣʠ ʥʝʟʘʥʷʪʳʭ ʧʦʤʝʱʝʥʠʡ ʥʘ 2ï3% ʜʦ ʢʦʥʮʘ ʛʦʜʘ. ʉʦʢʨʘʱʝʥʠʶ ʩʚʦʙʦʜʥʳʭ 

ʧʣʦʱʘʜʝʡ ʙʫʜʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʨʦʜʫʢʪʦʚʳʝ ʦʧʝʨʘʪʦʨʳ, ʘ ʪʘʢʞʝ ʧʨʝʜʧʨʠʷʪʠʷ ʦʙʱʝ-



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 54, 2018 ʛ. 
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ʩʪʚʝʥʥʦʛʦ ʧʠʪʘʥʠʷ. ɸʨʝʥʜʥʳʝ ʩʪʘʚʢʠ ʚ ʩʝʛʤʝʥʪʝ çstreet retailè ʚ 4 ʢʚʘʨʪʘʣʝ 2017 ʛʦʜʘ 

ʤʦʛʫʪ ʜʦʩʪʠʛʥʫʪʴ 700 ʨʫʙ. ʟʘ 1 ʢʚ. ʤ.  

ʅʘ ʨʳʥʢʝ ʦʬʠʩʥʳʭ ʧʦʤʝʱʝʥʠʡ ʅʠʞʥʝʛʦ ʅʦʚʛʦʨʦʜʘ ʜʦ ʢʦʥʮʘ ʛʦʜʘ ʪʘʢʞʝ ʧʨʦʛʥʦ-

ʟʠʨʫʝʪʩʷ ʨʦʩʪ ʩʧʨʦʩʘ, ʧʦʩʢʦʣʴʢʫ 4 ʢʚʘʨʪʘʣ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʪʘʙʠʣʴʥʦ ʚʳʩʦʢʦʡ ʘʢʪʠʚ-

ʥʦʩʪʴʶ ʚ ʯʘʩʪʠ ʟʘʢʣʶʯʝʥʠʷ ʩʜʝʣʦʢ ʧʦ ʘʨʝʥʜʝ ʠ ʧʦʢʫʧʢʝ ʦʬʠʩʦʚ. ʉʪʘʚʢʠ ʘʨʝʥʜʳ ʧʨʠ 

ʵʪʦʤ ʤʦʛʫʪ ʚʳʨʘʩʪʠ ʥʘ 1ï2% ʜʦ ʫʨʦʚʥʷ ʚ 570 ʨʫʙ. ʟʘ 1 ʢʚ. ʤ. 

ʅʘ ʨʳʥʢʝ ʩʢʣʘʜʩʢʦʡ ʥʝʜʚʠʞʠʤʦʩʪʠ ʚʚʦʜ ʥʦʚʳʭ ʦʙʲʝʢʪʦʚ ʦʞʠʜʘʝʪʩʷ ʣʠʰʴ ʚ 2018 

ʛʦʜʫ ï ʢ ʠʶʥʶ ʜʦʣʞʥʘ ʙʳʪʴ ʩʜʘʥʘ ʧʝʨʚʘʷ ʦʯʝʨʝʜʴ ʪʦʨʛʦʚʦ-ʣʦʛʠʩʪʠʯʝʩʢʦʛʦ ʧʘʨʢʘ ʥʘ 

ʄʦʩʢʦʚʩʢʦʤ ʰʦʩʩʝ. ɼʦ ʢʦʥʮʘ 2017 ʛʦʜʘ ʠ ʧʨʝʜʣʦʞʝʥʠʝ, ʠ ʩʧʨʦʩ, ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ, ʙʫ-

ʜʫʪ ʩʪʘʙʠʣʴʥʳ. ɼʦʣʷ ʚʘʢʘʥʪʥʳʭ ʦʙʲʝʢʪʦʚ ʜʦ ʢʦʥʮʘ ʛʦʜʘ, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, ʥʝ ʠʟʤʝ-

ʥʠʪʩʷ, ʘ ʘʨʝʥʜʥʳʝ ʩʪʘʚʢʠ ʩʦʭʨʘʥʷʪʩʷ ʥʘ ʫʨʦʚʥʝ 240ï250 ʨʫʙ. ʟʘ 1 ʢʚ.ʤ. 

4. ʆʙʩʫʞʜʝʥʠʝ  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʦʙʦʙʱʝʥʥʦʡ ʘʚʪʦʨʘʤʠ ʘʥʘʣʠʪʠʢʠ ʨʳʥʦʢ ʜʝʤʦʥʩʪʨʠ-

ʨʫʝʪ ʦʞʠʚʣʝʥʠʝ ʚ ʩʝʛʤʝʥʪʝ ʢʦʤʤʝʨʯʝʩʢʦʡ ʥʝʜʚʠʞʠʤʦʩʪʠ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴ-

ʥʤr ʠʥʜʠʢʘʪʦʨʦʤ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʧʦʣʦʞʝʥʠʷ ʨʝʛʠʦʥʘ. ʊʨʘʜʠʮʠʦʥʥʦ ʘʢʪʠʚʠʟʘʮʠʷ 

ʙʠʟʥʝʩʘ ʠ ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʨʝʛʠʦʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʘʢʪʠʚʠ-

ʟʘʮʠʝʡ ʥʘ ʨʳʥʢʝ ʦʬʠʩʥʦʡ ʠ ʩʢʣʘʜʩʢʦʡ ʥʝʜʚʠʞʠʤʦʩʪʠ, ʧʦʚʳʰʝʥʠʝʤ ʩʧʨʦʩʘ, ʟʘʧʦʣʥʷʝ-

ʤʦʩʪʠ ʠ ʩʪʘʚʦʢ ʘʨʝʥʜʥʦʡ ʧʣʘʪʳ ʥʘ ʧʝʨʚʦʢʣʘʩʩʥʳʝ ʦʬʠʩʥʳʝ ʧʦʤʝʱʝʥʠʷ [11]. ʆʜʥʘʢʦ 

ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩʝʡʯʘʩ ʚʦʩʪʨʝʙʦʚʘʥʳ ʙʶʜʞʝʪʥʳʝ ʦʬʠʩʳ, ʯʪʦ 

ʥʝ ʧʦʟʚʦʣʷʝʪ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʛʦʚʦʨʠʪʴ ʦ ʟʘʧʦʣʥʷʝʤʦʩʪʠ ʦʬʠʩʦʚ. ʇʨʠ ʵʪʦʤ ʘʨʝʥʜʥʳʝ 

ʩʪʘʚʢʠ ʥʘ çʵʣʠʪʥʳʝ ʦʬʠʩʳè, ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʚʰʠʩʴ ʚ 2014ï2015 ʛʦʜʘʭ, ʪʘʢ ʠ ʥʝ 

ʦʙʦʟʥʘʯʠʣʠ ʩʪʨʝʤʠʪʝʣʴʥʦʛʦ ʧʦʜʲʝʤʘ ʚ 2017 ʛ. 

5. ɿʘʢʣʶʯʝʥʠʝ  

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ ʨʝʛʠʦʥʘ ʩʪʠʤʫʣʠʨʫʝʪʩʷ ʥʦ-

ʚʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʦʬʠʩʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʚʩʣʝʜ ʟʘ ʥʠʤʠ ï ʩʣʫʞʙ ʩʦ-

ʚʨʝʤʝʥʥʦʛʦ ʩʝʨʚʠʩʘ (ʚ ʪʦʤ ʯʠʩʣʝ, ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʭ, ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠ-

ʦʥʥʳʭ ʮʝʥʪʨʦʚ ʠ ʪʝʭʥʦʧʘʨʢʦʚ), ʪʦʨʛʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʮʝʥʪʨʦʚ ʜʦʩʫʛʘ ʠ ʪ.ʜ. [12, 13]. 

ʊʘʢʠʝ ʧʨʦʮʝʩʩʳ ʩʝʛʦʜʥʷ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʢʨʫʧʥʝʡʰʠʭ ʪʨʘʜʠʮʠʦʥʥʳʭ ʠ ʥʦʚʳʭ ʮʝʥ-

ʪʨʦʚ ʜʝʣʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʢʘʢ, ʥʘʧʨʠʤʝʨ: ʝʚʨʦʧʝʡʩʢʠʭ ʩʪʦʣʠʮ, ʚ ʪʦʤ ʯʠʩʣʝ ʄʦʩʢʚʳ ʠ 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ, ʙʫʨʥʦ ʧʨʦʛʨʝʩʩʠʨʫʶʱʠʭ ʤʝʛʘʧʦʣʠʩʦʚ ʖʛʦ-ɺʦʩʪʦʯʥʦʡ ɸʟʠʠ, ʂʠ-

ʪʘʷ ʠ ʀʥʜʠʠ [12]. ɺ ʅʠʞʥʝʤ ʅʦʚʛʦʨʦʜʝ ʵʪʠ ʧʨʦʮʝʩʩʳ ʪʘʢ ʞʝ ʠʤʝʶʪ ʤʝʩʪʦ ʙʳʪʴ, ʦʜʥʘ-

ʢʦ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʙʳʣʠ ʥʘʯʘʪʳ ʝʱʝ ʜʦ ʢʨʠʟʠʩʘ. 

ʆʙʲʝʢʪʳ ʥʝʜʚʠʞʠʤʦʩʪʠ ʟʘʥʠʤʘʶʪ ʦʩʦʙʦʝ ʤʝʩʪʦ ʚ ʣʶʙʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ, 

ʧʦʩʢʦʣʴʢʫ ʩ ʥʠʤʠ ʧʨʷʤʦ ʠʣʠ ʢʦʩʚʝʥʥʦ ʩʚʷʟʘʥʳ ʩʦʮʠʘʣʴʥʳʝ ʠʥʪʝʨʝʩʳ ʣʶʜʝʡ ʠ ʭʦʟʷʡ-

ʩʪʚʝʥʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʩʫʙʲʝʢʪʦʚ. ʅʝʜʚʠʞʠʤʦʩʪʴ ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʝʩʪʝʩʪʚʝʥʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʙʘʟʠʩʘ, ʥʘ ʢʦʪʦʨʦʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴ ʣʶʜʝʡ ʠ 

ʩʦʩʪʘʚʣʷʝʪ ʦʩʥʦʚʫ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʙʦʛʘʪʩʪʚʘ ʩʪʨʘʥʳ. 
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The authorsô regional economy state estimation through the prism of commercial real estate 

renting and selling market condition is common in the world and demonstrates the close cor-

relation between the activity indicators in the market and the business return rates as well as 

the enterprises profitability , jobs expansion, etc.In the article it is shown that the real estate 

objects occupy a special place in any economic system considering the rented office premises 

average rates , the growth dynamics or rental rates reduction.Thus,one can judge about the 

region general economic state and the corresponding real estate development projects in-

vestment feasibility. 
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ʄ.ɸ. ɸʙʜʫʣʘʪʠʧʦʚ, ʨʫʢʦʚʦʜʠʪʝʣʴ ʌɻɹʋ çɸʄʇ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷè 

414016, ʛ. ɸʩʪʨʘʭʘʥʴ, ʫʣ. ʂʘʧʠʪʘʥʘ ʂʨʘʩʥʦʚʘ, 31  

ɺ.ʄ. ʀʚʘʥʦʚ, ʟʘʚ. ʢʘʬʝʜʨʦʡ, ʢ.ʪ.ʥ. ʌɻɹʆʋ ɺʆ çɺɻʋɺʊè 

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

ʕʂʆʅʆʄʀʂʆ-ʄɸʊɽʄɸʊʀʏɽʉʂɸʗ ʄʆɼɽʃʔ  

ʊɽʂʋʑɽɻʆ ʇʃɸʅʀʈʆɺɸʅʀʗ ʃɽɼʆʂʆʃʔʅʓʍ ʇʈʆɺʆɼʆʂ  

ɺ ʄʆʈʉʂʆʄ ɹɸʉʉɽʁʅɽ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʜʝʣʴ, ʪʝʢʫʱʝʝ ʧʣʘʥʠʨʦʚʘʥʠʝ, ʣʝʜʦʢʦʣʴʥʘʷ ʧʨʦʚʦʜʢʘ, ʢʘʨʘʚʘʥ, ʦʧ-

ʪʠʤʠʟʘʮʠʷ. 

 

ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʘ ʵʢʦʥʦʤʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʪʝʢʫʱʝʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʣʝ-

ʜʦʢʦʣʴʥʳʭ ʧʨʦʚʦʜʦʢ ʚ ʤʦʨʩʢʦʤ ʙʘʩʩʝʡʥʝ ʠ ʧʦʢʘʟʘʥʘ ʝʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʥʘ ʫʩʣʦʚ-

ʥʦʤ ʧʨʠʤʝʨʝ. ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʮʝʣʝʚʳʭ ʬʫʥʢʮʠʷʭ, ʦʪ-

ʤʝʯʝʥʳ ʦʙʱʥʦʩʪʴ ʠ ʦʪʣʠʯʠʷ ʚ ʧʣʘʥʘʭ ʣʝʜʦʚʳʭ ʧʨʦʚʦʜʦʢ ʧʨʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʦ ʵʢʦʥʦʤʠ-

ʯʝʩʢʠʤ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʢʨʠʪʝʨʠʷʤ. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ 6 ʤʦʨʩʢʠʭ ʙʘʩʩʝʡʥʘʭ, ʥʝ ʩʯʠʪʘʷ ʉʝʚʝʨʥʦʛʦ ʤʦʨʩʢʦʛʦ ʧʫʪʠ, 

ʩʫʱʝʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʣʝʜʦʢʦʣʴʥʳʭ ʧʨʦʚʦʜʢʘʭ ʢʘʨʘʚʘʥʦʚ ʩʫʜʦʚ. ʆʜʥʘʢʦ ʚʦʧʨʦ-

ʩʳ ʧʣʘʥʠʨʦʚʘʥʠʷ ʦʨʛʘʥʠʟʘʮʠʠ ʣʝʜʦʢʦʣʴʥʳʭ ʧʨʦʚʦʜʦʢ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʥʝ ʩʪʘ-

ʣʠ ʧʨʝʜʤʝʪʦʤ ʪʱʘʪʝʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʫʯʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʠʤʝʥʥʦ 

ʦʪ ʵʬʬʝʢʪʠʚʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʪʳ ʬʣʦʪʘ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 

ʟʘʚʠʩʠʪ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʦʪʨʘʩʣʠ ʩ ʧʦʟʠʮʠʠ ʙʠʟʥʝʩ-ʢʣʠʝʥʪʫʨʳ. ʅʝ ʩʣʫʯʘʡʥʦ, ʦʜʥʦʡ 

ʠʟ ʧʨʠʯʠʥ ʥʠʟʢʦʡ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʥʘʟʳʚʘʶʪ ʦʛʨʘʥʠʯʝʥ-

ʥʦʩʪʴ ʧʝʨʠʦʜʘ ʝʛʦ ʨʘʙʦʪʳ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ [1, 2]. 

ɺ ʯʘʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ ʣʝʜʦʢʦʣʴʥʳʭ ʧʨʦʚʦʜʦʢ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʥʠʤʘʶʪʩʷ ʨʝ-

ʰʝʥʠʷ ʥʘ ʜʚʫʭ ʫʨʦʚʥʷʭ: 

ï ʩʪʨʘʪʝʛʠʯʝʩʢʦʤ, ʢʦʛʜʘ ʥʘ 1ï2 ʛʦʜʘ ʌʝʜʝʨʘʣʴʥʳʤ ʘʛʝʥʪʩʪʚʦʤ çʈʦʩʤʦʨʨʝʯʬʣʦʪè 

ʬʦʨʤʠʨʫʝʪʩʷ ʩʧʝʮʠʘʣʴʥʘʷ ʢʦʤʠʩʩʠʷ, ʢʦʪʦʨʘʷ ʨʘʟʨʘʙʘʪʳʚʘʝʪ ʇʣʘʥ ʨʘʩʩʪʘʥʦʚʢʠ ʣʝʜʦ-

ʢʦʣʦʚ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ, ʛʜʝ ʧʦ ʢʘʞʜʦʤʫ ʙʘʩʩʝʡʥʫ ʫʢʘʟʳʚʘʶʪʩʷ ʢʦʦʨʜʠʥʘʪʳ ʤʝʩʪ ʩʙʦʨʘ 

ʩʫʜʦʚ ʚ ʢʘʨʘʚʘʥʳ, ʘ ʪʘʢʞʝ ʢʦʣʠʯʝʩʪʚʦ, ʪʠʧ ʣʝʜʦʢʦʣʦʚ ʠ ʫʩʣʦʚʠʷ ʠʭ ʨʘʙʦʪʳ (ʥʘ ʧʦʩʪʦ-

ʷʥʥʦʡ ʦʩʥʦʚʝ, ʚ ʘʨʝʥʜʝ ʠ ʪ.ʧ.); 

ï ʦʧʝʨʘʪʠʚʥʦʤ, ʢʦʛʜʘ ʧʨʠʢʘʟʘʤʠ ʢʘʧʠʪʘʥʦʚ ʤʦʨʩʢʠʭ ʧʦʨʪʦʚ ʩʦʟʜʘʶʪʩʷ ʢʦʤʠʩʩʠʠ 

ʧʦ ʣʝʜʦʢʦʣʴʥʳʤ ʧʨʦʚʦʜʢʘʤ, ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪ ʰʪʘʙʳ ʣʝʜʦʢʦʣʴʥʳʭ ʧʨʦʚʦʜʦʢ, 

ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʝ ʩ ʤʦʤʝʥʪʘ ʥʘʩʪʫʧʣʝʥʠʠ ʧʝʨʚʳʭ ʧʨʠʟʥʘʢʦʤ ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʜʦ 

ʟʘʚʝʨʰʝʥʠʷ ʥʘʭʦʞʜʝʥʠʷ ʣʴʜʦʚ ʚ ʘʢʚʘʪʦʨʠʠ ʤʦʨʩʢʠʭ ʙʘʩʩʝʡʥʦʚ. 

ʆʜʥʘʢʦ ʫʨʦʚʝʥʴ ʪʝʢʫʱʝʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʡ ʧʦ ʩʚʦʝʡ ʩʫʪʠ ʜʦʣʞʝʥ ʫʚʷʟʘʪʴ 

ʦʧʝʨʘʪʠʚʥʳʝ ʨʝʰʝʥʠʷ ʩʦ ʩʪʨʘʪʝʛʠʯʝʩʢʠʤʠ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʬʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫ-

ʝʪ. ɸ ʦ ʪʦʤ, ʯʪʦ ʪʘʢʘʷ ʫʚʷʟʢʘ ʥʝʦʙʭʦʜʠʤʘ, ʛʦʚʦʨʠʪ ʪʦ, ʯʪʦ ʟʘ 1ï2 ʛʦʜʘ ʚʧʝʨʝʜ ʧʨʘʢʪʠ-

ʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ ʭʦʪʷ ʙʳ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʙʦʪʳ ʣʝʜʦʢʦ-

ʣʦʚ ʚ ʢʦʥʢʨʝʪʥʦʤ ʤʦʨʩʢʦʤ ʙʘʩʩʝʡʥʝ. ʇʨʝʜʩʢʘʟʘʪʴ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʩʪʝʧʝʥʴʶ ʚʝʨʦʷʪʥʦ-

ʩʪʠ ʣʝʜʦʚʳʝ ʫʩʣʦʚʠʷ ʠ ʢʦʣʠʯʝʩʪʚʦ ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʭ ʢ ʣʝʜʦʢʦʣʴʥʦʡ ʧʨʦʚʦʜʢʝ ʩʫʜʦʚ 

ʚʦʟʤʦʞʥʦ ʥʝ ʨʘʥʝʝ, ʯʝʤ ʟʘ 1ï2 ʤʝʩʷʮʘ ʜʦ ʥʘʯʘʣʘ ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʷ. ʀʤʝʥʥʦ ʚ ʵʪʦʪ ʧʝ-

ʨʠʦʜ ʠ ʜʦʣʞʝʥ ʨʘʟʨʘʙʘʪʳʚʘʪʴʩʷ ʪʝʢʫʱʠʡ ʧʣʘʥ ʣʝʜʦʢʦʣʴʥʳʭ ʧʨʦʚʦʜʦʢ ʩʫʜʦʚ ʚ ʤʦʨ-

ʩʢʦʤ ʙʘʩʩʝʡʥʝ. ʅʘ ʥʘʰ ʚʟʛʣʷʜ, ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʦʪʩʫʪʩʪʚʠʷ ʪʘʢʦʛʦ ʧʣʘʥʘ ʷʚʣʷʝʪʩʷ ʥʝ-

ʜʦʩʪʘʪʦʯʥʦʩʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʪʦʜʠʯʝʩʢʠʭ ʨʘʟʨʘʙʦʪʦʢ. 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʨʘʟʨʘʙʦʪʢʘ ʪʘʢʦʛʦ ʧʣʘʥʘ ʮʝʣʝʩʦʦʙʨʘʟʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠ-

ʝʤ ʢʦʤʧʴʶʪʝʨʦʚ ʥʘ ʦʩʥʦʚʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʢʦʥʦʤʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ  

[3ï5]. ʆʜʠʥ ʠʟ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ ʪʘʢʦʡ ʤʦʜʝʣʠ ʧʨʠʚʝʜʝʥ ʥʠʞʝ.  



ʄ.ɸ. ɸʙʜʫʣʘʪʠʧʦʚ, ɺ.ʄ. ʀʚʘʥʦʚ 

ʕʢʦʥʦʤʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʪʝʢʫʱʝʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʣʝʜʦʢʦʣʴʥʳʭ ʧʨʦʚʦʜʦʢ ʚ» 
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ʇʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʵʢʦʥʦʤʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʨʠʥʷʪʳ ʩʣʝʜʫʶʱʠʝ ʦʙʦ-

ʟʥʘʯʝʥʠʷ: 

i ï ʠʥʜʝʢʩ ʪʠʧʘ ʣʝʜʦʢʦʣʘ, I Í I; 

j ï ʠʥʜʝʢʩ ʨʝʡʩʘ ʣʝʜʦʢʦʣʘ ʠʟ ʦʜʥʦʛʦ ʧʫʥʢʪʘ ʤʦʨʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʚ ʜʨʫʛʦʡ, jÍJ; 

l ï ʠʥʜʝʢʩ ʧʫʥʢʪʘ (ʧʦʨʪʘ), lÍL; 

z ï ʠʥʜʝʢʩ ʢʘʨʘʚʘʥʘ ʩʫʜʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʢʦʣʠʯʝʩʪʚʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʚʦʜʠʤʳʭ ʩʫ-

ʜʦʚ ʟʘ ʦʜʠʥ ʨʝʡʩ, zÍZ; 

ʭijlz ï ʢʦʣʠʯʝʩʪʚʦ ʦʪʧʨʘʚʣʝʥʠʡ ʣʝʜʦʢʦʣʦʚ i-ʛʦ ʪʠʧʘ ʚ j-ʳʡ ʨʝʡʩ ʠʟ l-ʧʫʥʢʪʘ ʩ z-ʳʤ ʢʘʨʘ-

ʚʘʥʦʤ ʩʫʜʦʚ, ʝʜ.; 

gijlz ï ʢʦʣʠʯʝʩʪʚʦ ʛʨʫʟʦʚʳʭ ʩʫʜʦʚ ʩ ʣʝʜʦʢʦʣʦʤ i-ʛʦ ʪʠʧʘ ʥʘ j-ʦʤ ʨʝʡʩʝ, ʦʪʧʨʘʚʣʷʝʤʳʭ ʠʟ 

l-ʧʫʥʢʪʘ ʚ ʩʦʩʪʘʚʝ z-ʛʦ ʢʘʨʘʚʘʥʘ, ʝʜ.; 

Gjl  ï ʢʦʣʠʯʝʩʪʚʦ ʛʨʫʟʦʚʳʭ ʩʫʜʦʚ, ʢʦʪʦʨʦʝ ʥʝʦʙʭʦʜʠʤʦ ʦʪʧʨʘʚʠʪʴ ʠʟ l-ʛʦ ʧʫʥʢʪʘ ʚ j-ʳʡ 

ʨʝʡʩ, ʝʜ.; 

ï ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʣʝʜʦʢʦʣʘʭ i-ʛʦ ʪʠʧʘ ʥʘ ʦʜʥʦ ʦʪʧʨʘʚʣʝʥʠʝ ʥʘ j-ʦʤ ʨʝʡʩʝ, ʦʪʧʨʘʚ-

ʣʷʝʤʳʭ ʠʟ l-ʧʫʥʢʪʘ ʩ z-ʳʤ ʢʘʨʘʚʘʥʦʤ ʩʫʜʦʚ; ʩʫʜʦ-ʩʫʪʢʠ; ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʥʘ ʦʩʥʦ-

ʚʘʥʠʠ ʩʫʤʤʳ ʚʨʝʤʝʥʠ ʨʝʡʩʘ ʩ ʫʯʝʪʦʤ ʤʠʥʠʤʘʣʴʥʦ-ʥʝʦʙʭʦʜʠʤʳʭ ʥʘʯʘʣʴʥʦ-

ʢʦʥʝʯʥʳʭ ʦʧʝʨʘʮʠʡ ʠ ʚʨʝʤʝʥʠ ʦʞʠʜʘʥʠʷ ʣʝʜʦʢʦʣʦʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʘʨʘʚʘʥʘ; 

Fi ï ʥʘʣʠʯʠʝ ʣʝʜʦʢʦʣʦʚ i-ʛʦ ʪʠʧʘ, ʩʫʜʦ-ʩʫʪʢʠ; 

 ï ʧʘʨʘʤʝʪʨ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʦʪʧʨʘʚʣʝʥʠʝ ʣʝʜʦʢʦʣʦʚ i-ʛʦ ʪʠʧʘ ʚ j-ʳʡ ʨʝʡʩ 

ʠʟ l-ʧʫʥʢʪʘ ʩ z-ʳʤ ʢʘʨʘʚʘʥʦʤ ʩʫʜʦʚ; 

 ï ʧʘʨʘʤʝʪʨ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʧʨʠʙʳʪʠʝ ʣʝʜʦʢʦʣʦʚ i-ʛʦ ʪʠʧʘ ʧʦ ʟʘʚʝʨʰʝ-

ʥʠʠ ʚ j-ʛʦ ʨʝʡʩʘ ʚ l-ʧʫʥʢʪ ʩ z-ʳʤ ʢʘʨʘʚʘʥʦʤ ʩʫʜʦʚ; 

 ï ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ ʣʝʜʦʢʦʣʦʚ i-ʛʦ ʪʠʧʘ ʟʘ 1 ʦʪʧʨʘʚʣʝʥʠʝ ʥʘ j-ʤ ʨʝʡʩʝ 

ʠʟ l-ʛʦ ʧʫʥʢʪʘ ʩ z-ʳʤ ʢʘʨʘʚʘʥʦʤ ʩʫʜʦʚ, ʨʫʙ. 

 

ɺ ʧʨʠʥʷʪʳʭ ʦʙʦʟʥʘʯʝʥʠʷʤ ʵʢʦʥʦʤʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘ-

ʚʠʛʘʮʠʦʥʥʦʛʦ ʧʣʘʥʘ ʣʝʜʦʢʦʣʴʥʦʡ ʧʨʦʚʦʜʢʠ ʩʫʜʦʚ ʠʤʝʝʪ ʚʠʜ: 

ʬʫʥʢʮʠʷ ʮʝʣʠ: ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ ʣʝʜʦʢʦʣʦʚ ʥʘ ʣʝʜʦʚʳʝ ʧʨʦʚʦʜʢʠ 

ʜʦʣʞʥʳ ʩʪʨʝʤʠʪʴʩʷ ʢ ʤʠʥʠʤʫʤʫ: 

 

(1) 

ʧʨʠ ʦʛʨʘʥʠʯʝʥʠʷʭ: 

1. ʅʝʦʙʭʦʜʠʤʦ ʟʘ ʧʣʘʥʦʚʳʡ ʧʝʨʠʦʜ ʦʪʧʨʘʚʠʪʴ ʚʩʝ ʛʨʫʟʦʚʳʝ ʩʫʜʘ ʚ j-ʳʝ ʨʝʡʩʳ ʠʟ l-

ʳʭ ʧʫʥʢʪʦʚ ʤʦʨʩʢʦʛʦ ʙʘʩʩʝʡʥʘ: 

 
(2) 

2. ʇʦʪʨʝʙʥʦʩʪʴ ʚ ʩʫʜʘʭ i-ʛʦ ʪʠʧʘ ʜʣʷ ʦʩʚʦʝʥʠʷ ʟʘʜʘʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʣʝʜʦʚʳʭ ʧʨʦ-

ʚʦʜʦʢ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ ʠʭ ʥʘʣʠʯʠʝ: 

 

(3) 

3. ʉʫʤʤʘ ʚʳʭʦʜʷʱʠʭ ʠʟ l-ʛʦ ʧʫʥʢʪʘ ʣʝʜʦʢʦʣʦʚ ʠ ʧʨʠʭʦʜʷʱʠʭ ʚ ʥʝʛʦ ʚ ʮʝʣʦʤ ʟʘ 

ʧʣʘʥʦʚʳʡ ʧʝʨʠʦʜ ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʚʥʘ ʥʫʣʶ: 

 

(4) 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 54, 2018 ʛ. 

ʈʘʟʜʝʣ IV. ʕʢʦʥʦʤʠʢʘ, ʣʦʛʠʩʪʠʢʘ ʠ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʪʨʘʥʩʧʦʨʪʝ 
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5. ʇʝʨʝʤʝʥʥʳʝ ʜʦʣʞʥʳ ʙʳʪʴ ʙʦʣʴʰʝ ʥʫʣʷ: 

 ʧʨʠ ʫʩʣʦʚʠʠ i  (5) 

ʈʘʩʩʤʦʪʨʠʤ ʚʦʟʤʦʞʥʦʩʪʠ ʤʦʜʝʣʠ ʥʘ ʩʣʝʜʫʶʱʝʤ ʛʠʧʦʪʝʪʠʯʝʩʢʦʤ ʧʨʠʤʝʨʝ. 

ʇʨʠʤʝʨ. ʅʝʦʙʭʦʜʠʤʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʧʣʘʥ ʣʝʜʦʢʦʣʴʥʳʭ ʧʨʦʚʦʜʦʢ ʧʨʠ ʥʘʣʠʯʠʠ ʚ 

ʫʩʣʦʚʥʦʤ ʤʦʨʩʢʦʤ ʙʘʩʩʝʡʥʝ ʜʚʫʭ ʣʝʜʦʢʦʣʦʚ ʨʘʟʥʳʭ ʪʠʧʦʚ: ʣʝʜʦʢʦʣ 1 ï ʤʝʥʝʝ ʤʦʱ-

ʥʳʡ, ʣʝʜʦʢʦʣ 2 ï ʙʦʣʝʝ ʤʦʱʥʳʡ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠʤʝʶʱʠʡ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʵʢʩʧʣʫʘ-

ʪʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ. ɺ ʤʦʨʩʢʦʤ ʙʘʩʩʝʡʥʝ ʠʤʝʶʪʩʷ ʜʚʘ ʧʦʨʪʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ ʚ ʧʫʥʢʪʘʭ ɹ ʠ ɺ, ʚ ʢʦʪʦʨʳʝ (ʠʟ ʢʦʪʦʨʳʭ) ʚ ʪʦʯʢʫ ʯʠʩʪʦʡ ʚʦʜʳ ʤʦʨʩʢʦʡ ʘʢʚʘ-

ʪʦʨʠʠ (ʧʫʥʢʪ ɸ) ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʣʝʜʦʢʦʣʴʥʘʷ ʧʨʦʚʦʜʢʘ ʢʘʨʘʚʘʥʦʚ ʩʫʜʦʚ. ʇʨʦʜʦʣʞʠ-

ʪʝʣʴʥʦʩʪʴ ʧʝʨʠʦʜʘ ʣʝʜʦʢʦʣʴʥʳʭ ʧʨʦʚʦʜʦʢ ʩʫʜʦʚ ʧʨʠʥʷʪʘ 5 ʤʝʩʷʮʝʚ: ʩ ʧʷʪʥʘʜʮʘʪʦʛʦ 

ʥʦʷʙʨʷ ʪʝʢʫʱʝʛʦ ʛʦʜʘ ʧʦ 15 ʘʧʨʝʣʷ ʩʣʝʜʫʶʱʝʛʦ ʛʦʜʘ, ʠʣʠ 120 ʢʘʣʝʥʜʘʨʥʳʭ ʜʥʝʡ. 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʨʝʡʩʦʚ ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣʠʮʝ 1. ɺ ʵʪʦʡ ʞʝ ʪʘʙʣʠʮʝ ʫʢʘʟʘʥʦ 

ʧʣʘʥʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʫʜʦʚ, ʧʦʜʣʝʞʘʱʠʭ ʣʝʜʦʢʦʣʴʥʦʡ ʧʨʦʚʦʜʢʝ ʠ ʧʫʥʢʪʘ ɸ ʚ ʧʦʨʪʳ ɹ 

ʠ ɺ ʠ ʚʳʚʦʜʫ ʠʟ ʧʦʨʪʦʚ ʚ ʪʦʯʢʫ ʯʠʩʪʦʡ ʚʦʜʳ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʯʘʩʪʴ ʠʟ ʥʠʭ ʙʫʜʝʪ ʧʝ-

ʨʝʜʠʩʣʦʮʠʨʦʚʘʥʘ ʧʦʩʣʝ ʚʳʛʨʫʟʢʠ ʚ ʦʜʥʦʤ ʧʦʨʪʫ ʧʦʜ ʧʦʛʨʫʟʢʫ ʚ ʜʨʫʛʦʡ ʧʦʨʪ.  

ʊʘʙʣʠʮʘ 1 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʨʝʡʩʦʚ ʣʝʜʦʢʦʣʦʚ ʚʦ ʣʴʜʘʭ  

ʊʠʧ ʣʝʜʦʢʦʣʘ ʈʝʡʩʳ 

ʠʟ ɸ ʚ ɹ ʠʟ ɸ ʚ ɺ ʠʟ ɺ ʚ ɸ ʠʟ ɹ ʚ ɸ ʠʟ ɺ ʚ ɹ ʠʟ ɹ ʚ ɺ 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʨʝʡʩʦʚ 

ʣʝʜʦʢʦʣʘ 1, ʩʫʪ. 

0,75 1,10 1,05 0,70 0,50 0,55 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʨʝʡʩʦʚ 

ʣʝʜʦʢʦʣʘ 2, ʩʫʪ. 

0,70 1,00 0,95 0,65 0,45 0,5 

ʇʣʘʥ ʦʪʧʨʘʚʣʝʥʠʷ ʛʨʫʟʦʚʳʭ 

ʩʫʜʦʚ, ʝʜ. 

70 450 12 432 24 82 

 

ɺ ʢʘʨʘʚʘʥʝ ʤʦʞʝʪ ʙʳʪʴ ʦʪ 1 ʜʦ 5 ʛʨʫʟʦʚʳʭ ʩʫʜʦʚ. ʊʘʢʞʝ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʧʝʨʝʜʚʠʞʝʥʠʷ ʣʝʜʦʢʦʣʦʚ ʤʝʞʜʫ ʧʫʥʢʪʘʤʠ ɸ, ɹ, ʠ ɺ ʙʝʟ ʢʘʨʘʚʘʥʘ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʠʥʷʪʳʭ ʟʥʘʯʝʥʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʚʝʜʝʥʥʦʡ ʵʢʦʥʦʤʠʢʦ-

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ ʙʳʣʘ ʩʬʦʨʤʠʨʦʚʘʥʘ ʤʘʪʨʠʮʘ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʩʠʤʧʣʝʢʩ-

ʤʝʪʦʜʦʤ. ʈʝʟʫʣʴʪʘʪʳ ʨʝʰʝʥʠʷ ʚ Excel ʧʦʩʨʝʜʩʪʚʦʤ ʬʫʥʢʮʠʠ çʇʦʠʩʢ ʨʝʰʝʥʠʷè ʧʦʢʘ-

ʟʘʣʠ, ʯʪʦ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʣʘʥʘ ʦʪʧʨʘʚʣʝʥʠʷ ʛʨʫʟʦʚʳʭ ʩʫʜʦʚ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ 

215 ʣʝʜʦʢʦʣʴʥʳʭ ʧʨʦʚʦʜʦʢ ʧʣʶʩ ʦʜʠʥ ʨʝʡʩ ʣʝʜʦʢʦʣʘ 2 ʠʟ ʧʫʥʢʪʘ ɺ ʚ ʧʫʥʢʪ ɸ ʙʝʟ ʢʘ-

ʨʘʚʘʥʘ ʩʫʜʦʚ. ʇʨʠ ʵʪʦʤ ʚ ʩʨʝʜʥʝʤ ʚ ʢʘʨʘʚʘʥʝ ʜʦʣʞʥʦ ʙʳʪʴ 4,97 ʝʜʠʥʠʮ ʩʫʜʦʚ, ʘ ʩʨʝʜ-

ʥʝʝ ʚʨʝʤʷ ʦʞʠʜʘʥʠʷ ʣʝʜʦʢʦʣʴʥʦʡ ʧʨʦʚʦʜʢʠ ʦʜʥʠʤ ʩʫʜʥʦʤ ʩʦʩʪʘʚʠʪ 1,41 ʩʫʪ. ɺʨʝʤʷ 

ʦʞʠʜʘʥʠʷ ʢʦʥʢʨʝʪʥʳʤ ʩʫʜʥʦʤ ʣʝʜʦʢʦʣʴʥʳʭ ʧʨʦʚʦʜʦʢ (ʨʘʩʩʯʠʪʳʚʘʣʦʩʴ ʧʦ ʬʦʨ-

ʤʫʣʝ: 

, (6) 

ʛʜʝ:  ï ʤʦʤʝʥʪ ʧʨʠʙʳʪʠʷ ʛʨʫʟʦʚʦʛʦ ʩʫʜʥʘ ʚ l-ʳʡ ʧʫʥʢʪ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʦʪʧʨʘʚ-

ʣʝʥʠʷ ʚ j-ʳʡ ʨʝʡʩ ʚ ʩʦʩʪʘʚʝ z-ʛʦ ʢʘʨʘʚʘʥʘ ʩʫʜʦʚ ʩ i-ʳʤ ʣʝʜʦʢʦʣʦʤ, ʩʫʪ.; 

 ï ʤʦʤʝʥʪ ʦʪʧʨʘʚʣʝʥʠʷ i-ʛʦ ʣʝʜʦʢʦʣʘ ʠʟ l-ʛʦ ʧʫʥʢʪʘ ʚ j-ʳʡ ʨʝʡʩ ʩ z-ʳʤ ʢʘʨʘʚʘʥʦʤ 

ʩʫʜʦʚ, ʩʫʪ. 

 

ʋʩʨʝʜʥʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʨʘʟʤʝʨʦʚ ʢʘʨʘʚʘʥʦʚ ʠ ʚʨʝʤʝʥʠ ʦʞʠʜʘʥʠʷ ʩʫʜʘʤʠ ʧʦ ʥʘ-

ʧʨʘʚʣʝʥʠʷʤ ʜʚʠʞʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

 



ʄ.ɸ. ɸʙʜʫʣʘʪʠʧʦʚ, ɺ.ʄ. ʀʚʘʥʦʚ 

ʕʢʦʥʦʤʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʪʝʢʫʱʝʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʣʝʜʦʢʦʣʴʥʳʭ ʧʨʦʚʦʜʦʢ ʚ» 
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ʊʘʙʣʠʮʘ 2  

ʋʩʨʝʜʥʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʣʝʜʦʚʳʭ ʧʨʦʚʦʜʦʢ ʧʦ ʨʝʡʩʘʤ ʣʝʜʦʢʦʣʦʚ  

ʩ ʢʘʨʘʚʘʥʘʤʠ ʩʫʜʦʚ (ʚʘʨʠʘʥʪ 1) 

ʇʦʢʘʟʘʪʝʣʠ ʈʝʡʩʳ 

ʠʟ ɸ ʚ ɹ ʠʟ ɸ ʚ ɺ ʠʟ ɹ ʚ ɺ ʠʟ ɺ ʚ ɸ ʠʟ ɺ ʚ ɹ ʠʟ ɹ ʚ ɸ 

ʉʨʝʜʥʝʝ ʢʦʣʠʯʝʩʪʚʦ ʩʫʜʦʚ ʚ 

ʢʘʨʘʚʘʥʝ, ʝʜ. 

5,0 5,0 4,0 5,0 4,4 5,0 

ʉʨʝʜʥʝʝ ʚʨʝʤʷ ʦʞʠʜʘʥʠʷ ʣʝ-

ʜʦʢʦʣʴʥʦʡ ʧʨʦʚʦʜʢʠ ʦʜʥʠʤ 

ʩʫʜʥʦʤ ʚ ʥʘʯʘʣʴʥʦʤ ʧʫʥʢʪʝ 

ʨʝʡʩʘ, ʩʫʪ. 

3,47 0,57 22,5 0,54 10,94 2,92 

 

ɼʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʣʝʜʦʢʦʣʴʥʳʭ ʧʨʦʚʦʜʦʢ ʧʦʪʨʝʙʫʝʪʩʷ ʨʘʙʦʪʘ ʣʝʜʦʢʦʣʘ 1 ʚ ʪʝʯʝʥʠʝ 

ʚʩʝʛʦ ʧʣʘʥʦʚʦʛʦ ʧʝʨʠʦʜʘ ʠ ʣʝʜʦʢʦʣʘ 2 ʚ ʪʝʯʝʥʠʝ 73,6% ʧʣʘʥʦʚʦʛʦ ʧʝʨʠʦʜʘ.  

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʣʝʜʦʢʦʣʴʥʳʭ ʧʨʦʚʦʜʦʢ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʥʠʤʘʪʴ 

ʚʦ ʚʥʠʤʘʥʠʝ ʥʝ ʪʦʣʴʢʦ ʵʬʬʝʢʪʠʚʥʫʶ ʨʘʙʦʪʫ ʣʝʜʦʢʦʣʴʥʦʛʦ ʬʣʦʪʘ, ʥʦ ʠ ʫʯʠʪʳʚʘʪʴ ʧʦ-

ʪʨʝʙʥʦʩʪʠ ʚ ʩʦʢʨʘʱʝʥʠʠ ʨʘʩʭʦʜʦʚ ʧʦ ʬʣʦʪʫ ʢʘʢ ʟʘ ʚʨʝʤʷ ʩʘʤʠʭ ʣʝʜʦʢʦʣʴʥʳʭ ʧʨʦʚʦ-

ʜʦʢ, ʪʘʢ ʠ ʟʘ ʚʨʝʤʷ ʠʭ ʦʞʠʜʘʥʠʷ. ʇʦʵʪʦʤʫ ʘʚʪʦʨʘʤʠ ʙʳʣ ʚʳʧʦʣʥʝʥ ʚʪʦʨʦʡ ʚʘʨʠʘʥʪ 

ʨʘʩʯʝʪʘ, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʠ ʮʝʣʠ ʚʳʩʪʫʧʘʣʠ ʩʫʤʤʘʨʥʳʝ ʨʘʩʭʦʜʳ ʧʦ ʣʝʜʦʢʦʣʴʥʦ-

ʤʫ ʠ ʛʨʫʟʦʚʦʤʫ ʬʣʦʪʫ: 

 

(7) 

ʛʜʝ  ï ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ ʧʦ ʛʨʫʟʦʚʳʤ ʩʫʜʘʤ ʟʘ ʚʨʝʤʷ ʠʭ ʣʝʜʦʢʦʣʴʥʦʡ 

ʧʨʦʚʦʜʢʠ ʠ ʦʞʠʜʘʥʠʷ ʧʨʠ ʜʚʠʞʝʥʠʠ ʟʘ i-ʳʤ ʣʝʜʦʢʦʣʦʤ ʟʘ j-ʳʡ ʨʝʡʩ ʠʟ l-ʛʦ ʧʫʥʢʪʘ 

ʚ ʩʦʩʪʘʚʝ z-ʛʦ ʢʘʨʘʚʘʥʘ, ʨʫʙ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʦ ʚʪʦʨʦʤʫ ʚʘʨʠʘʥʪʫ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʣʘʥʦʚʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ (ʩʤ. ʪʘʙʣ. 1) ʘʥʘʣʦʛʠʯʥʦ ʧʝʨʚʦʤʫ ʚʘʨʠʘʥʪʫ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ 215 

ʣʝʜʦʢʦʣʴʥʳʭ ʧʨʦʚʦʜʦʢ ʧʣʶʩ ʜʚʘ ʨʝʡʩʘ ʣʝʜʦʢʦʣʦʚ ʙʝʟ ʢʘʨʘʚʘʥʘ ʩʫʜʦʚ: ʣʝʜʦʢʦʣʘ 1 ʠʟ 

ʧʫʥʢʪʘ ɺ ʚ ʧʫʥʢʪ ɸ ʠ ʣʝʜʦʢʦʣʘ 2 ʠʟ ʧʫʥʢʪʘ ɺ ʚ ʧʫʥʢʪ ɸ. ɺ ʩʨʝʜʥʝʤ ʚ ʢʘʨʘʚʘʥʝ ʜʦʣʞʥʦ 

ʙʳʪʴ 4,97 ʝʜʠʥʠʮ ʩʫʜʦʚ, ʥʦ ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʦʞʠʜʘʥʠʷ ʣʝʜʦʢʦʣʴʥʦʡ ʧʨʦʚʦʜʢʠ ʦʜʥʠʤ 

ʩʫʜʥʦʤ ʩʦʩʪʘʚʠʪ 1,39 ʩʫʪ. ʋʩʨʝʜʥʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʨʘʟʤʝʨʦʚ ʢʘʨʘʚʘʥʦʚ ʠ ʚʨʝʤʝʥʠ ʦʞʠ-

ʜʘʥʠʷ ʩʫʜʘʤʠ ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ ʜʚʠʞʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 3. ʀʟ ʥʝʝ ʩʣʝʜʫʝʪ, ʯʪʦ 

ʣʠʰʴ ʥʘ ʨʝʡʩʝ ʠʟ ʧʫʥʢʪʘ ɺ ʚ ʧʫʥʢʪ ɹ ʧʨʦʠʟʦʰʣʠ ʠʟʤʝʥʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʳʜʫ-

ʱʠʤ ʚʘʨʠʘʥʪʦʤ ʧʣʘʥʘ. ʇʨʠ ʵʪʦʤ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʣʝʜʦʢʦʣʘʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʘʩʭʦ-

ʜr  ʧʦ ʥʠʤ ʥʝ ʠʟʤʝʥʠʣʠʩʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʳʜʫʱʠʤ ʚʘʨʠʘʥʪʦʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʨʘʩ-

ʭʦʜʳ ʧʦ ʩʫʜʘʤ ʩʥʠʟʠʣʠʩʴ ʥʘ 1,1%.  

ʊʘʙʣʠʮʘ 3 

ʋʩʨʝʜʥʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʣʝʜʦʚʳʭ ʧʨʦʚʦʜʦʢ ʧʦ ʨʝʡʩʘʤ ʣʝʜʦʢʦʣʦʚ  

ʩ ʢʘʨʘʚʘʥʘʤʠ ʩʫʜʦʚ (ʚʘʨʠʘʥʪ 2) 

ʇʦʢʘʟʘʪʝʣʠ ʈʝʡʩʳ 

ʠʟ ɸ ʚ ɹ ʠʟ ɸ ʚ ɺ ʠʟ ɹ ʚ ɺ ʠʟ ɺ ʚ ɸ ʠʟ ɺ ʚ ɹ ʠʟ ɹ ʚ ɸ 

ʉʨʝʜʥʝʝ ʢʦʣʠʯʝʩʪʚʦ ʩʫʜʦʚ ʚ 

ʢʘʨʘʚʘʥʝ, ʝʜ. 

5,0 5,0 4,0 5,0 5,0 5,0 

ʉʨʝʜʥʝʝ ʚʨʝʤʷ ʦʞʠʜʘʥʠʷ ʣʝʜʦ-

ʢʦʣʴʥʦʡ ʧʨʦʚʦʜʢʠ ʦʜʥʠʤ ʩʫʜ-

ʥʦʤ ʚ ʥʘʯʘʣʴʥʦʤ ʧʫʥʢʪʝ ʨʝʡʩʘ, 

ʩʫʪ. 

3,47 0,57 22,5 0,54 10,0 2,92 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 54, 2018 ʛ. 

ʈʘʟʜʝʣ IV. ʕʢʦʥʦʤʠʢʘ, ʣʦʛʠʩʪʠʢʘ ʠ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʪʨʘʥʩʧʦʨʪʝ 
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ʇʦʩʢʦʣʴʢʫ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʬʫʥʢʮʠʠ ʮʝʣʠ ʥʝ ʧʨʦʠʟʦʰʣʦ ʩʫʱʝʩʪʚʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ 

ʚ ʧʣʘʥʝ ʣʝʜʦʢʦʣʴʥʳʭ ʧʨʦʚʦʜʦʢ, ʪʦ ʘʚʪʦʨʘʤʠ ʩʪʘʪʴʠ ʙʳʣʦ ʨʝʰʝʥʦ ʚ ʬʦʨʤʫʣʝ (3) ʚʤʝʩʪʦ 

ʟʥʘʢʘ ʥʝʨʘʚʝʥʩʪʚʘ ʧʦʩʪʘʚʠʪʴ ʟʥʘʢ ʨʘʚʝʥʩʪʚʘ, ʪ.ʝ. ʫʩʣʦʚʠʝ 2 ʤʦʜʝʣʠ ʧʨʠʤʝʪ ʚʠʜ ï ʧʦ-

ʪʨʝʙʥʦʩʪʴ ʚ ʩʫʜʘʭ i-ʛʦ ʪʠʧʘ ʜʣʷ ʦʩʚʦʝʥʠʷ ʟʘʜʘʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʣʝʜʦʚʳʭ ʧʨʦʚʦʜʦʢ 

ʜʦʣʞʥʘ ʪʦʯʥʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʠʭ ʥʘʣʠʯʠʶ: 

 

(8) 

ʇʨʠʯʠʥʦʡ ʚʥʝʩʝʥʠʷ ʜʘʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʩʚʷʟʘʥʘ ʩ ʪʝʤ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦʤ, ʯʪʦ ʚ ʩʦ-

ʦʪʚʝʪʩʪʚʠʠ ʩ ʧʣʘʥʦʤ ʣʝʜʦʢʦʣʴʥʳʭ ʧʨʦʚʦʜʦʢ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʤ ʥʘ ʫʨʦʚʥʝ ʌɸ çʈʦʩ-

ʤʦʨʨʝʯʬʣʦʪè, ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʘʷ ʛʦʪʦʚʥʦʩʪʴ ʣʝʜʦʢʦʣʦʚ ʢ ʨʘʙʦʪʝ ʚ ʪʝʯʝʥʠʝ 

ʚʩʝʛʦ ʧʣʘʥʦʚʦʛʦ ʧʝʨʠʦʜʘ. ɺ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʠ ʮʝʣʠ ʘʥʘʣʦʛʠʯʥʦ ʧʨʝʜʳʜʫʱʝʤʫ ʚʘʨʠʘʥ-

ʪʫ ʙʳʣʠ ʧʨʠʥʷʪʳ ʩʫʤʤʘʨʥʳʝ ʨʘʩʭʦʜʳ ʧʦ ʣʝʜʦʢʦʣʴʥʦʤʫ ʠ ʛʨʫʟʦʚʦʤʫ ʬʣʦʪʫ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʣʝʜʦʢʦʣʴʥʳʭ ʧʨʦʚʦʜʢʘʭ ʢʘʨʘʚʘ-

ʥʦʚ ʩʫʜʦʚ ʩʦʩʪʘʚʣʷʝʪ 215 ʨʝʡʩʦʚ. ʅʦ ʧʨʠ ʵʪʦʤ ʨʝʟʢʦ ʚʳʨʦʩʣʦ ʯʠʩʣʦ ʨʝʡʩʦʚ ʣʝʜʦʢʦʣʦʚ 

ʙʝʟ ʢʘʨʘʚʘʥʦʚ, ʘ ʠʤʝʥʥʦ ʣʝʜʦʢʦʣʘ 2 ʠʟ ʧʫʥʢʪʘ ɸ ʚ ʧʫʥʢʪ ɺ ï 15 ʨʝʡʩʦʚ, ʠʟ ʧʫʥʢʪʘ ɹ ʚ 

ʧʫʥʢʪ ɸ ï 16 ʨʝʡʩʦʚ, ʠʟ ʧʫʥʢʪʘ ɺ ʚ ʧʫʥʢʪ ɺ ï 17 ʨʝʡʩʦʚ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʩʨʝʜʥʝʛʦ ʢʦʣʠ-

ʯʝʩʪʚʘ ʩʫʜʦʚ ʚ ʢʘʨʘʚʘʥʝ ʠ ʚʨʝʤʝʥʠ ʦʞʠʜʘʥʠʷ ʛʨʫʟʦʚʳʤʠ ʩʫʜʘʤʠ ʣʝʜʦʢʦʣʴʥʦʡ ʧʨʦʚʦʜ-

ʢʠ, ʪʦ ʟʜʝʩʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʳʜʫʱʠʤ ʚʘʨʠʘʥʪʦʤ ʠʟʤʝʥʝʥʠʡ ʥʝʪ. ʈʘʩʭʦʜʳ ʧʦ ʣʝʜʦ-

ʢʦʣʘʤ ʚʳʨʦʩʣʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʚʳʤ ʠ ʚʪʦʨʳʤ ʚʘʨʠʘʥʪʘʤʠ ï ʥʘ 6,9%, ʘ ʨʘʩʭʦʜʳ ʧʦ 

ʛʨʫʟʦʚʳʤ ʩʫʜʘʤ ʟʘ ʚʨʝʤʷ ʠʭ ʧʨʦʚʦʜʢʠ ʠ ʦʞʠʜʘʥʠʷ ʩʪʘʣʠ ʙʦʣʴʰʝ ʥʘ 4,4% ʧʦ ʦʪʥʦʰʝ-

ʥʠʶ ʢʦ ʚʪʦʨʦʤʫ ʚʘʨʠʘʥʪʫ ʠ ʥʘ 3,2% ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʝʨʚʦʤʫ. 

ɺ ʩʣʝʜʫʶʱʝʤ, ʯʝʪʚʝʨʪʦʤ ʚʘʨʠʘʥʪʝ ʨʘʩʯʝʪʦʚ ʘʚʪʦʨʳ ʨʝʰʠʣʠ ʚʟʷʪʴ ʚ ʢʘʯʝʩʪʚʝ 

ʬʫʥʢʮʠʠ ʮʝʣʠ ʤʠʥʠʤʠʟʘʮʠʶ ʦʙʱʝʛʦ ʚʨʝʤʝʥʠ ʦʞʠʜʘʥʠʷ ʛʨʫʟʦʚʳʤʠ ʩʫʜʘʤʠ: 

 

(9) 

ʇʨʠ ʵʪʦʤ ʩʦʭʨʘʥʝʥʦ ʫʩʣʦʚʠʝ ʦʙʷʟʘʪʝʣʴʥʦʩʪʠ ʨʘʙʦʪʳ ʜʚʫʭ ʣʝʜʦʢʦʣʦʚ ʚ ʪʝʯʝʥʠʝ 

ʚʩʝʛʦ ʧʣʘʥʦʚʦʛʦ ʧʝʨʠʦʜʘ ʣʝʜʦʢʦʣʴʥʳʭ ʧʨʦʚʦʜʦʢ.  

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʘʥʥʳʡ ʚʘʨʠʘʥʪ ʧʣʘʥʘ ʧʦʣʥʦʩʪʴʶ ʧʦʚʪʦʨʷʝʪ 

ʧʨʝʜʳʜʫʱʠʡ ʢʘʢ ʚ ʯʘʩʪʠ ʯʠʩʣʘ ʧʨʦʚʦʜʦʢ, ʨʝʡʩʦʚ ʣʝʜʦʢʦʣʦʚ ʙʝʟ ʢʘʨʘʚʘʥʦʚ ʩʫʜʦʚ, ʪʘʢ ʠ 

ʚ ʯʘʩʪʠ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ ʢʘʨʘʚʘʥʦʚ ʠ ʚʨʝʤʝʥʠ ʦʞʠʜʘʥʠʷ ʩʫʜʘʤʠ ʣʝʜʦʢʦʣʴʥʳʭ ʧʨʦʚʦ-

ʜʦʢ. ɸʥʘʣʦʛʠʯʥʘ ʩʠʪʫʘʮʠʷ ʠ ʚ ʯʘʩʪʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ï ʦʥʠ ʧʦʣʥʦʩʪʴʶ 

ʠʜʝʥʪʠʯʥʳ ʧʨʝʜʳʜʫʱʝʤʫ ʚʘʨʠʘʥʪʫ ʨʘʩʯʝʪʦʚ. 

ʀ, ʥʘʢʦʥʝʮ, ʘʚʪʦʨʳ ʨʝʰʠʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʝʱʝ ʦʜʠʥ ʚʦʟʤʦʞʥʳʡ ʚʘʨʠʘʥʪ ʨʘʩ-

ʯʝʪʦʚ, ʢʦʛʜʘ ʚ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʠ ʮʝʣʠ ʧʨʠʥʠʤʘʝʪʩʷ ʤʘʢʩʠʤʠʟʘʮʠʷ ʢʦʣʠʯʝʩʪʚʘ ʣʝʜʦ-

ʢʦʣʴʥʳʭ ʧʨʦʚʦʜʦʢ:  

 

(10) 

ʧʨʠ ʫʩʣʦʚʠʠ ʥʘʭʦʞʜʝʥʠʷ ʜʚʫʭ ʣʝʜʦʢʦʣʦʚ ʚ ʨʘʙʦʪʝ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʧʣʘʥʦʚʦʛʦ ʧʝ-

ʨʠʦʜʘ. ʈʘʩʩʫʞʜʝʥʠʷ ʚ ʯʘʩʪʠ ʘʢʪʫʘʣʴʥʦʩʪʠ ʵʪʦʛʦ ʚʘʨʠʘʥʪʘ ʩʚʦʜʠʣʠʩʴ ʢ ʪʦʤʫ, ʯʪʦ ʣʝʜʦ-

ʢʦʣʳ ʬʘʢʪʠʯʝʩʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʫʩʣʫʛʠ ʧʦ ʣʝʜʦʢʦʣʴʥʳʤ ʧʨʦʚʦʜʢʘʤ ʛʨʫʟʦʚʳʤ ʩʫʜʘʤ, 

ʧʦʵʪʦʤʫ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʝ ʦʙʩʣʫʞʠʚʘʥʠʷ ʢʦʣʠʯʝʩʪʚʦ ʧʨʝʜʩʪʘʚ-

ʣʷʝʤʳʭ ʫʩʣʫʛ ʞʝʣʘʪʝʣʴʥʦ ʥʘʨʘʱʠʚʘʪʴ [6]. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʵʪʦʤ, ʧʷʪʦʤ ʚʘʨʠʘʥʪʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ 271 

ʨʝʡʩ ʣʝʜʦʢʦʣʦʚ ʠ ʚʩʝ ʩ ʢʘʨʘʚʘʥʘʤʠ ʩʫʜʦʚ. ʇʨʠ ʵʪʦʤ ʚ ʢʘʨʘʚʘʥʝ ʚ ʩʨʝʜʥʝʤ ʤʦʞʝʪ ʥʘʭʦ-

ʜʠʪʴʩʷ 3,95 ʩʫʜʦʚ, ʘ ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʦʞʠʜʘʥʠʷ ʦʜʥʠʤ ʩʫʜʥʦʤ ʣʝʜʦʢʦʣʴʥʦʡ ʧʨʦʚʦʜʢʠ 

ʩʦʩʪʘʚʠʪ 1,84 ʩʫʪ. ʀʟʤʝʥʷʪʩʷ ʪʘʢʞʝ ʠ ʨʘʟʤʝʨʳ ʢʘʨʘʚʘʥʦʚ ʩʫʜʦʚ ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ ʜʚʠ-

ʞʝʥʠʷ ʠ ʚʨʝʤʷ ʦʞʠʜʘʥʠʷ ʛʨʫʟʦʚʳʤʠ ʩʫʜʘʤʠ ʚ ʧʫʥʢʪʘʭ ʦʪʧʨʘʚʣʝʥʠʷ (ʩʤ. ʪʘʙʣʠʮʫ 4). 



ʄ.ɸ. ɸʙʜʫʣʘʪʠʧʦʚ, ɺ.ʄ. ʀʚʘʥʦʚ 
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ʊʘʙʣʠʮʘ 4 

ʋʩʨʝʜʥʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʣʝʜʦʚʳʭ ʧʨʦʚʦʜʦʢ ʧʦ ʨʝʡʩʘʤ ʣʝʜʦʢʦʣʦʚ  

ʩ ʢʘʨʘʚʘʥʘʤʠ ʩʫʜʦʚ (ʚʘʨʠʘʥʪ 5) 

ʇʦʢʘʟʘʪʝʣʠ ʈʝʡʩʳ 

ʠʟ ɸ ʚ ɹ ʠʟ ɸ ʚ ɺ ʠʟ ɹ ʚ ɺ ʠʟ ɺ ʚ ɸ ʠʟ ɺ ʚ ɹ ʠʟ ɹ ʚ ɸ 

ʉʨʝʜʥʝʝ ʢʦʣʠʯʝʩʪʚʦ ʩʫʜʦʚ ʚ 

ʢʘʨʘʚʘʥʝ, ʝʜ. 

2,2 5,0 1,0 5,0 1,5 2,3 

ʉʨʝʜʥʝʝ ʚʨʝʤʷ ʦʞʠʜʘʥʠʷ ʣʝʜʦ-

ʢʦʣʴʥʦʡ ʧʨʦʚʦʜʢʠ ʦʜʥʠʤ ʩʫʜ-

ʥʦʤ ʚ ʥʘʯʘʣʴʥʦʤ ʧʫʥʢʪʝ ʨʝʡʩʘ, 

ʩʫʪ. 

4,5 0,57 40,0 0,54 15,6 3,76 

 

ɺ ʯʘʩʪʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʝʩʣʠ ʧʦ ʣʝʜʦʢʦʣʘʤ ʩʠʪʫʘ-

ʮʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 3 ʠ 4 ʚʘʨʠʘʥʪʘʤʠ ʥʝ ʠʟʤʝʥʠʣʘʩʴ, ʪʦ ʨʘʩʭʦʜʳ ʧʦ ʛʨʫʟʦʚʳʤ ʪʝʧʣʦ-

ʭʦʜʘʤ ʚʳʨʦʩʣʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʤ ʚ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ ʚʪʦʨʳʤ 

ʚʘʨʠʘʥʪʦʤ ʥʘ 28,4%. 

ʇʦʜʚʦʜʷ ʠʪʦʛ ʧʨʠʚʝʜʝʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʚʳʙʦʨ ʢʨʠʪʝʨʠʷ 

ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʪʝʢʫʱʝʛʦ ʧʣʘʥʘ ʩʚʷʟʘʥ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʬʘʢʪʦʨʦʚ ʚʣʠʷʥʠʷ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʚʳʰʝ ʤʘʪʝʨʠʘʣʘ ʩʣʝʜʫʝʪ, ʯʪʦ 

ʧʨʦʩʪʦʝ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʨʝʡʩʦʚ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʦʙʨʘʪʥʦʤʫ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʞʠʜʘʝ-

ʤʦʛʦ ʨʝʟʫʣʴʪʘʪʫ. ʀʣʣʶʩʪʨʘʮʠʝʡ ʧʦʩʣʝʜʥʝʛʦ ʪʝʟʠʩʘ ʷʚʣʷʝʪʩʷ ʚʘʨʠʘʥʪ ʨʘʩʯʝʪʦʚ ʧʦʜ ʥʦ-

ʤʝʨʦʤ ʧʷʪʴ, ʛʜʝ, ʢʘʟʘʣʦʩʴ ʙʳ, ʤʦʞʥʦ ʙʳʣʦ ʦʞʠʜʘʪʴ ʫʣʫʯʰʝʥʠʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʛʨʫʟʦ-

ʚʦʛʦ ʬʣʦʪʘ, ʘ ʚʤʝʩʪʦ ʵʪʦʛʦ, ʧʦʢʘʟʘʪʝʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʢ ʣʝʜʦʢʦʣʦʚ, ʪʘʢ ʠ ʛʨʫʟʦʚʳʭ 

ʩʫʜʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʫʭʫʜʰʠʣʠʩʴ. 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʧʝʨʚʳʭ ʯʝʪʳʨʝʭ ʚʘʨʠʘʥʪʦʚ ʨʘʩʯʝʪʦʚ, ʪʦ ʦʥʠ ʚʦ ʤʥʦʛʦʤ ʧʦʟʚʦʣʠʣʠ 

ʧʦʣʫʯʠʪʴ ʘʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʭʦʪʷ ʚ ʚʘʨʠʘʥʪʘʭ 3 ʠ 4 ʢʦʣʠʯʝʩʪʚʦ ʨʝʡʩʦʚ ʣʝʜʦʢʦ-

ʣʦʚ ʙʝʟ ʢʘʨʘʚʘʥʦʚ ʩʫʜʦʚ ʚ ʫʩʣʦʚʠʷʭ ʧʨʘʢʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʯʨʝʟʤʝʨʥʦ 

ʙʦʣʴʰʠʤ. ʆʜʥʘʢʦ ʵʪʦʪ ʬʘʢʪʦʨ ʨʝʘʣʴʥʦ ʦʪʨʝʛʫʣʠʨʦʚʘʪʴ ʟʘ ʩʯʝʪ ʚʚʝʜʝʥʠʷ ʩʦʦʪʚʝʪʩʪ-

ʚʫʶʱʠʭ ʦʛʨʘʥʠʯʝʥʠʡ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶ ʦ ʪʦʤ, 

ʯʪʦ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʣʘʥʘ ʣʝʜʦʢʦʣʴʥʳʭ ʧʨʦʚʦʜʦʢ ʧʨʠ ʨʘʩʯʝʪʝ ʧʦ ʵʢʦʥʦʤʠʯʝʩʢʦ-

ʤʫ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤʫ ʢʨʠʪʝʨʠʶ ʧʨʠʤʝʨʥʦ ʘʥʘʣʦʛʠʯʥʳ. 

ʅʘ ʥʘʰ ʚʟʛʣʷʜ, ʦʩʥʦʚʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʚʳʧʦʣʥʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʞʥʦ ʩʯʠ-

ʪʘʪʴ ʪʦ, ʯʪʦ ʧʨʠʚʝʜʝʥʥʘʷ ʚʳʰʝ ʵʢʦʥʦʤʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʘ, 

ʪ.ʝ. ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʰʝʥʠʷ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʣʘʥʘ ʣʝʜʦʢʦʣʴʥʳʭ 

ʧʨʦʚʦʜʦʢ ʩʫʜʦʚ ʚ ʤʦʨʩʢʦʤ ʙʘʩʩʝʡʥʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʪʝʢʫʱʠʭ ʧʣʘʥʦʚ 

ʣʝʜʦʢʦʣʴʥʳʭ ʧʨʦʚʦʜʦʢ ʩʫʜʦʚ ʫ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ çʧʨʦʠʛʨʘʪʴè 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ ʨʝʰʝʥʠʡ ʠ ʚʳʙʨʘʪʴ ʥʘʠʙʦʣʝʝ ʧʨʠʝʤ-

ʣʝʤʳʝ ʠʟ ʥʠʭ. ʊʝʤ ʙʦʣʝʝ, ʯʪʦ ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʦʞʠʜʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʡ ʨʦʩʪ ʦʙʲʝʤʦʚ 

ʧʝʨʝʚʦʟʦʢ ʚʦʜʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ [7ï9]. 

ʂ ʩʢʘʟʘʥʥʦʤʫ ʤʦʞʥʦ ʜʦʙʘʚʠʪʴ, ʯʪʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʮʠʧʘʤʠ ʥʝʧʨʝʨʳʚʥʦʛʦ 

ʧʣʘʥʠʨʦʚʘʥʠʷ [10] ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʥʝ ʦʛʨʘʥʠʯʠʚʘʪʴʩʷ ʦʜʥʠʤ ʚʘʨʠʘʥʪʦʤ ʧʣʘʥʘ ʚ ʤʦ-

ʤʝʥʪ ʥʘʯʘʣʘ ʣʝʜʦʚʳʭ ʧʨʦʚʦʜʦʢ, ʘ ʧʨʦʚʦʜʠʪʴ ʪʘʢʠʝ ʨʘʩʯʝʪʳ ʯʝʨʝʟ ʦʧʨʝʜʝʣʝʥʥʳʝ ʠʥ-

ʪʝʨʚʘʣʳ ʚʨʝʤʝʥʠ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʨʘʥʝʝ ʧʨʠʥʷ-

ʪʳʭ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʥʘʧʨʠʤʝʨ, ʠʟʤʝʥʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʷ, ʠʣʠ ʠʥʪʝʨ-

ʚʘʣʘ ʧʦʩʪʫʧʣʝʥʠʷ ʩʫʜʦʚ ʚ ʧʫʥʢʪʳ ʦʪʧʨʘʚʣʝʥʠʷ ʚ ʨʝʡʩ (ʥʘʧʨʠʤʝʨ, ʪʘʢ ʥʘʟʳʚʘʝʤʦʝ 

çʟʘʣʧʦʚʦʝè ʧʦʩʪʫʧʣʝʥʠʝ ʩʫʜʦʚ, ʢʦʛʜʘ ʩʫʜʘ ʤʦʛʫʪ ʧʦʩʪʫʧʘʪʴ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ ʩ ʛʦʨʘʟ-

ʜʦ ʤʝʥʴʰʠʤ ʠʥʪʝʨʚʘʣʦʤ, ʯʝʤ ʵʪʦ ʧʨʦʠʩʭʦʜʠʣʦ ʨʘʥʝʝ). 
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ECONOMIC -MATHEMATICAL MODEL  

OF CURRENT PLANNING OF ICEBREAKING CONDU CTINGS 

IN THE SEA BASIN  

ʄ.ɸ. Abdulatipov, V.M. Ivanov 

Key words: model, current planning, icebreaking conducting, caravan, optimization. 

 

The article presents the economic-mathematical model of the current planning of icebreaking 

conductings in the sea basin and shows its working capacity on an example. The results of 

calculations for various objective functions are given, generality and differences in the plans 

of ice conductings by optimization of economic and technological criteria are marked out. 

ʉʪʘʪʴʷ ʧʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ 05.12.2017 ʛ. 
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ɸ.ɺ. ɹʨʳʟʛʘʣʦʚ, ʘʩʧʠʨʘʥʪ ʌɻɹʆʋ ɺʆ ɺɻʋɺʊ 

ʖ.ʅ. ʋʨʪʤʠʥʮʝʚ, ʧʨʦʬʝʩʩʦʨ ʌɻɹʆʋ ɺʆ çɺɻʋɺʊè 

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

ʉʆɺʈɽʄɽʅʅʓɽ ʌʆʈʄʓ ʆʈɻɸʅʀɿɸʎʀʀ ʈɸɹʆʊʓ  

ʈɽʏʅʆɻʆ ʌʃʆʊɸ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʝʯʥʳʝ ʧʝʨʝʚʦʟʢʠ, ʦʨʛʘʥʠʟʘʮʠʷ ʨʘʙʦʪʳ ʬʣʦʪʘ, ʬʦʨʤʳ ʩʫʜʦʭʦʜʩʪʚʘ 

 

ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʘʥʘʣʠʟʫ ʩʦʚʨʝʤʝʥʥʳʭ ʬʦʨʤ ʦʨʛʘʥʠʟʘʮʠʠ ʧʝʨʝʚʦʟʦʢ ʠ ʩʫʜʦʭʦʜʩʪʚʘ 

ʥʘ ʚʥʫʪʨʝʥʥʝʤ ʚʦʜʥʦʤ ʪʨʘʥʩʧʦʨʪʝ. ʇʦʢʘʟʘʥʳ ʧʨʦʠʟʦʰʝʜʰʠʝ ʥʘ ʨʫʙʝʞʝ ʜʚʘʜʮʘʪʦʛʦ ʠ 

ʜʚʘʜʮʘʪʴ ʧʝʨʚʦʛʦ ʚʝʢʦʚ ʠʟʤʝʥʝʥʠʷ ʫʩʣʦʚʠʡ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʨʝʯʥʳʭ ʧʝʨʝʚʦʟʦʢ ʠ ʩʧʦʩʦʙʳ 

ʘʜʘʧʪʘʮʠʠ ʢ ʥʠʤ ʬʦʨʤ ʩʫʜʦʭʦʜʩʪʚʘ. 

 

ʈʘʮʠʦʥʘʣʴʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʧʝʨʝʚʦʟʦʢ ʚʩʝʛʜʘ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʩʫ-

ʜʦʭʦʜʥʦʡ ʢʦʤʧʘʥʠʠ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʬʣʦʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʫʝʪ ʩ ʜʨʫʛʠʤʠ ʦʙʲʝʢʪʘʤʠ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ ʠ ʚʥʝʰʥʝʡ ʩʨʝʜʳ (ʧʦʨʪʘʤʠ, 

ʰʣʶʟʘʤʠ, ʩʫʜʦʨʝʤʦʥʪʥʳʤʠ ʙʘʟʘʤʠ, ʛʨʫʟʦʦʪʧʨʘʚʠʪʝʣʷʤʠ, ʛʨʫʟʦʧʦʣʫʯʘʪʝʣʷʤʠ, ʩʤʝʞ-

ʥʳʤʠ ʚʠʜʘʤʠ ʪʨʘʥʩʧʦʨʪʘ ʠ ʪ.ʜ.), ʨʘʙʦʪʘ ʬʣʦʪʘ ʜʦʣʞʥʘ ʙʳʪʴ ʩʦʛʣʘʩʦʚʘʥʘ ʩ ʨʘʙʦʪʦʡ 

ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ. 

ʊʠʧʦʚʳʝ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʧʦʜʭʦʜʳ, ʚʝʜʫʱʠʝ ʢ ʜʦʩʪʠʞʝʥʠʶ ʩʦʛʣʘʩʦʚʘʥʥʦʡ ʨʘʙʦ-

ʪʳ ʬʣʦʪʘ ʠ ʫʯʘʩʪʥʠʢʦʚ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʦʙʳʯʥʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʬʦʨʤʳ 

ʦʨʛʘʥʠʟʘʮʠʠ ʧʝʨʝʚʦʟʦʢ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʥʫʪʨʝʥʥʠʡ ʚʦʜʥʳʡ ʪʨʘʥʩʧʦʨʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʙʩʣʫʞʠʚʘʝʪ 

ʧʝʨʝʚʦʟʢʠ ʤʘʩʩʦʚʳʭ ʛʨʫʟʦʚ, ʯʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʤʥʦʛʦʢʨʘʪʥʦʝ ʦʪʧʨʘʚʣʝʥʠʝ ʩʫʜʦʚ ʠʟ 

ʧʫʥʢʪʦʚ ʧʦʛʨʫʟʢʠ. ʕʪʦ ʨʘʩʰʠʨʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʫʩʪʦʡʯʠʚʳʭ ʦʨʛʘʥʠʟʘʮʠ-

ʦʥʥʳʭ ʬʦʨʤ ʨʘʙʦʪʳ ʬʣʦʪʘ. 

ʅʘ ʨʝʯʥʦʤ ʪʨʘʥʩʧʦʨʪʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʘʷ ʥʘʫʢʘ ʪʨʘʜʠʮʠʦʥʥʦ ʚʳʜʝʣʷʝʪ ʜʚʝ ʙʘʟʦ-

ʚʳʝ (ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʝ) ʬʦʨʤʳ ʦʨʛʘʥʠʟʘʮʠʠ ʧʝʨʝʚʦʟʦʢ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʨʛʘʥʠ-

ʟʘʮʠʠ ʨʘʙʦʪʳ ʬʣʦʪʘ ʢʘʢ ʛʣʘʚʥʦʛʦ ʟʚʝʥʘ ʚ ʧʝʨʝʚʦʟʦʯʥʦʤ ʧʨʦʮʝʩʩʝ ï ʣʠʥʝʡʥʫʶ ʠ ʨʝʡʩʦ-

ʚʫʶ [1]. ʇʨʠ ʵʪʦʤ ʧʦʜ ʣʠʥʝʡʥʦʡ ʬʦʨʤʦʡ ʧʦʥʠʤʘʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʨʝʛʫʣʷʨʥʦʛʦ ʠ ʨʠʪ-

ʤʠʯʥʦʛʦ ʜʚʠʞʝʥʠʷ ʦʜʥʦʪʠʧʥʳʭ ʩʫʜʦʚ ʤʝʞʜʫ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʧʫʥʢʪʘʤʠ ʜʣʷ ʦʩʚʦʝʥʠʷ 

ʢʦʥʢʨʝʪʥʦʛʦ ʛʨʫʟʦʧʦʪʦʢʘ, ʘ ʧʦʜ ʨʝʡʩʦʚʦʡ ï ʦʩʚʦʝʥʠʝ ʧʝʨʝʚʦʟʦʢ ʩʫʜʘʤʠ ʣʶʙʦʛʦ ʪʠʧʘ ʠ 

ʙʝʟ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʨʝʛʫʣʷʨʥʦʩʪʠ. 

ʃʠʥʝʡʥʘʷ ʬʦʨʤʘ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʧʨʠʥʮʠʧ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʦʪʚʝʪʩʪʚʠʷ ʪʠʧʘ 

ʩʫʜʥʘ ʠ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ. ʆʥʘ ʩʦʟʜʘʝʪ ʪʘʢʞʝ ʭʦʨʦʰʫʶ ʦʨʛʘʥʠʟʘʮʠʦʥʥʫʶ ʦʩʥʦʚʫ ʜʣʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʫʯʘʩʪʥʠʢʦʚ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʥʦ ʪʨʝʙʫʝʪ ʥʘʣʠʯʠʷ ʤʦʱʥʳʭ ʠ 

ʫʩʪʦʡʯʠʚʳʭ ʛʨʫʟʦʧʦʪʦʢʦʚ. ʈʝʡʩʦʚʘʷ ʬʦʨʤʘ ʦʪʣʠʯʘʝʪʩʷ ʙʦʣʴʰʦʡ ʛʠʙʢʦʩʪʴʶ ʠ ʧʨʠʤʝ-

ʥʷʝʪʩʷ ʜʣʷ ʦʩʚʦʝʥʠʷ ʤʘʣʳʭ, ʥʝʫʩʪʦʡʯʠʚʳʭ ʛʨʫʟʦʧʦʪʦʢʦʚ, ʦʜʥʘʢʦ ʪʨʝʙʫʝʪ ʧʦʩʪʦʷʥʥʳʭ 

ʨʝʛʫʣʠʨʦʚʦʯʥʳʭ ʨʝʰʝʥʠʡ ʠ ʧʨʠʚʦʜʠʪ ʢ ʘʨʠʪʤʠʯʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʆʩʥʦʚʥʳʝ ʥʘʫʯʥʳʝ ʧʨʦʨʘʙʦʪʢʠ ʚ ʦʙʣʘʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʪʳ ʬʣʦʪʘ ʧʨʦʚʦʜʠʣʠʩʴ 

ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʜʣʷ ʫʩʣʦʚʠʡ ʧʣʘʥʦʚʦʡ ʵʢʦʥʦʤʠʢʠ, ʧʨʠ ʢʦʪʦʨʦʡ 

ʧʘʨʘʤʝʪʨʳ ʨʘʙʦʪʳ ʪʨʘʥʩʧʦʨʪʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʙʲʝʤʳ ʧʝʨʝʚʦʟʦʢ ʛʨʫʟʦʚ ʥʘ ʧʨʝʜʩʪʦʷʱʫʶ 

ʥʘʚʠʛʘʮʠʶ ʙʳʣʠ ʟʘʨʘʥʝʝ ʠʟʚʝʩʪʥʳ ʩ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ [1, 2, 3]. 

ʋʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʝʯʥʦʛʦ ʬʣʦʪʘ ʚ ʧʦʩʣʝʜʥʠʝ ʜʚʘ ʜʝʩʷʪʠʣʝʪʠʷ ʩʫʱʝʩʪʚʝʥʥʦ 

ʠʟʤʝʥʠʣʠʩʴ, ʚ ʪʦʤ ʯʠʩʣʝ: 

ï ʠʟʤʝʥʠʣʠʩʴ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʚ ʩʪʨʘʥʝ: ʥʘ ʩʤʝʥʫ ʛʦʩʫʜʘʨʩʪ-

ʚʝʥʥʦ-ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʡ ʩʠʩʪʝʤʝ ʭʦʟʷʡʩʪʚʦʚʘʥʠʷ ʧʨʠʰʣʘ ʨʳʥʦʯʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ 

ʵʢʦʥʦʤʠʢʘ; 

ï ʵʢʦʥʦʤʠʢʘ ʩʪʨʘʥʳ ʧʝʨʠʦʜʠʯʝʩʢʠ ʠʩʧʳʪʳʚʘʝʪ ʧʦʜʲʝʤʳ ʠ ʩʧʘʜʳ, ʩʚʦʡʩʪʚʝʥʥʳʝ 

ʨʳʥʦʯʥʦʡ ʵʢʦʥʦʤʠʢʝ; 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 54, 2018 ʛ. 
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ï ʩʧʨʦʩ ʥʘ ʧʨʦʜʫʢʮʠʶ ʦʪʜʝʣʴʥʳʭ ʦʪʨʘʩʣʝʡ ʵʢʦʥʦʤʠʢʠ ʠ ʦʪʜʝʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ 

ʧʦʜʚʝʨʞʝʥ ʢʦʣʝʙʘʥʠʷʤ; 

ï ʭʦʟʷʡʩʪʚʝʥʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʩʪʘʣʠ ʥʝʫʩʪʦʡʯʠʚʳʤʠ; 

ï ʠʩʯʝʟʣʘ ʩʠʩʪʝʤʘ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʧʣʘʥʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʝʨʝʚʦʟʦʢ ʤʝʞʜʫ 

ʚʠʜʘʤʠ ʪʨʘʥʩʧʦʨʪʘ ʠ ʧʝʨʝʚʦʟʯʠʢʘʤʠ; 

ï ʚʦʟʥʠʢʣʘ ʚʳʨʘʞʝʥʥʘʷ ʢʦʥʢʫʨʝʥʪʥʘʷ ʩʨʝʜʘ, ʧʨʠʯʝʤ ʢʦʥʢʫʨʝʥʮʠʷ ʧʨʦʷʚʣʷʝʪʩʷ ʢʘʢ 

ʤʝʞʜʫ ʩʫʜʦʭʦʜʥʳʤʠ ʢʦʤʧʘʥʠʷʤʠ, ʪʘʢ ʠ ʩ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʩʤʝʞʥʳʭ ʚʠʜʦʚ ʪʨʘʥʩʧʦʨʪʘ. 

ɺ ʪʝʯʝʥʠʝ ʫʢʘʟʘʥʥʦʛʦ ʧʝʨʠʦʜʘ ʥʘ ʨʝʯʥʦʤ ʪʨʘʥʩʧʦʨʪʝ ʟʘʤʝʪʥʦ ʫʧʘʣʠ ʦʙʲʝʤʳ ʧʝʨʝ-

ʚʦʟʦʢ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʫʤʝʥʴʰʠʣʘʩʴ ʜʦʣʷ ʤʦʱʥʳʭ ʠ ʫʩʪʦʡʯʠʚʳʭ ʛʨʫʟʦʧʦʪʦʢʦʚ. ʇʨʠ 

ʵʪʦʤ ʦʨʛʘʥʠʟʘʮʠʷ ʯʝʪʢʦ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʠ ʩʪʘʙʠʣʴʥʳʭ ʛʨʫʟʦʚʳʭ ʣʠʥʠʡ ʯʘʩʪʦ ʙʳ-

ʚʘʝʪ ʥʝʚʦʟʤʦʞʥʘ ʠʣʠ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʘ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʬʣʦʪʘ ʟʘʩʪʘʚʠʣʠ ʩʫʜʦʭʦʜʥʳʝ ʢʦʤʧʘʥʠʠ ʚʳ-

ʨʘʙʦʪʘʪʴ ʬʦʨʤʫ ʩʫʜʦʭʦʜʩʪʚʘ, ʷʚʣʷʶʱʫʶʩʷ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʤʝʞʜʫ ʣʠʥʝʡʥʦʡ ʠ ʨʝʡʩʦ-

ʚʦʡ. ʉʫʪʴ ʝʸ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʦʧʨʝʜʝʣʝʥʥʘʷ ʛʨʫʧʧʘ ʬʣʦʪʘ ʟʘʢʨʝʧʣʷʝʪʩʷ ʥʝ ʟʘ ʢʦʥ-

ʢʨʝʪʥʳʤ ʢʦʣʴʮʝʚʳʤ ʤʘʨʰʨʫʪʦʤ, ʦʭʚʘʪʳʚʘʶʱʠʤ ʦʜʠʥ ʠʣʠ ʜʚʘ (ʠʥʦʛʜʘ ʪʨʠ) ʛʨʫʟʦʧʦ-

ʪʦʢʘ, ʘ ʟʘ ʛʨʫʧʧʦʡ ʛʨʫʟʦʧʦʪʦʢʦʚ (ʪʨʠ, ʯʝʪʳʨʝ ʠ ʙʦʣʝʝ). ʊʘʢʘʷ ʬʦʨʤʘ ʧʦʟʚʦʣʷʝʪ ʩʦʯʝ-

ʪʘʪʴ ʵʣʝʤʝʥʪ ʧʣʘʥʦʤʝʨʥʦʩʪʠ ʠ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʨʦʮʝʩʩʘ (ʜʣʷ ʢʘʞʜʦʡ 

ʛʨʫʧʧʳ ʬʣʦʪʘ ʥʘ ʦʩʥʦʚʘʥʠʠ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʩʬʝʨʘ 

ʝʸ ʨʘʙʦʪʳ) ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʫʜʦʚ ʤʝʞʜʫ ʛʨʫʟʦʧʦʪʦ-

ʢʘʤʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʦʙʲʝʤʦʚ ʧʨʝʜʲʷʚʣʝʥʠʷ ʛʨʫʟʦʚ. ʇʦʜʦʙʥʫʶ ʬʦʨʤʫ ʩʫʜʦʭʦʜʩʪʚʘ ʥʘ 

ʤʦʨʩʢʦʤ ʪʨʘʥʩʧʦʨʪʝ ʥʘʟʳʚʘʶʪ çʨʘʙʦʪʘ ʩʫʜʦʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʨʝʡʩʘʤʠè [6, 7]. ɺ 

ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘ ʨʝʯʥʦʤ ʪʨʘʥʩʧʦʨʪʝ ʪʘʢʘʷ ʬʦʨʤʘ ʩʪʘʥʦʚʠʪʩʷ ʧʨʝʦʙʣʘʜʘʶʱʝʡ. 

ʉʫʪʴ ʜʘʥʥʦʡ ʬʦʨʤʳ ʦʨʛʘʥʠʟʘʮʠʠ ʧʝʨʝʚʦʟʦʢ ʩʦʩʪʦʠʪ ʚ ʦʩʚʦʝʥʠʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʦ-

ʚʦʢʫʧʥʦʩʪʠ ʛʨʫʟʦʧʦʪʦʢʦʚ ʛʨʫʧʧʦʡ ʦʜʥʦʪʠʧʥʳʭ ʩʫʜʦʚ (ʟʘʢʨʝʧʣʝʥʠʝ ʛʨʫʧʧʳ ʬʣʦʪʘ ʟʘ 

ʛʨʫʧʧʦʡ ʛʨʫʟʦʧʦʪʦʢʦʚ). ʇʨʠ ʵʪʦʤ ʚ ʪʝʯʝʥʠʝ ʥʘʚʠʛʘʮʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʤʥʦʛʦʢʨʘʪʥʦʝ 

ʦʪʧʨʘʚʣʝʥʠʝ ʩʫʜʦʚ ʧʦ ʢʘʞʜʦʤʫ ʛʨʫʟʦʧʦʪʦʢʫ, ʥʦ ʙʝʟ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʨʝʛʫʣʷʨʥʦʩʪʠ (ʙʝʟ 

ʧʦʩʪʦʷʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʦʪʧʨʘʚʣʝʥʠʷ).  

ʊʘʢʘʷ ʬʦʨʤʘ ʧʦʣʫʯʠʣʘ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘ ʨʝʯʥʦʤ ʪʨʘʥʩʧʦʨʪʝ ʥʝ ʪʦʣʴʢʦ 

ʚʩʣʝʜʩʪʚʠʝ ʫʤʝʥʴʰʝʥʠʷ ʤʦʱʥʦʩʪʠ ʛʨʫʟʦʧʦʪʦʢʦʚ, ʥʦ ʠ ʠʟ-ʟʘ ʥʝʫʩʪʦʡʯʠʚʦʛʦ ʭʘʨʘʢʪʝʨʘ 

ʤʥʦʛʠʭ ʠʟ ʥʠʭ. ʉʝʛʦʜʥʷ ʧʨʠ ʟʘʢʣʶʯʝʥʠʠ ʜʦʛʦʚʦʨʦʚ ʥʘ ʧʝʨʝʚʦʟʢʫ ʛʨʫʟʦʚ ʤʝʞʜʫ ʩʫʜʦ-

ʭʦʜʥʳʤʠ ʢʦʤʧʘʥʠʷʤʠ ʠ ʛʨʫʟʦʚʣʘʜʝʣʴʮʘʤʠ ʯʘʩʪʦ ʥʝ ʫʢʘʟʳʚʘʝʪʩʷ ʦʙʲʝʤ ʧʝʨʝʚʦʟʦʢ, ʦʥ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʩʦʛʣʘʰʝʥʠʷʤʠ ʚ ʪʝʯʝʥʠʝ ʥʘʚʠʛʘʮʠʠ ʠ ʧʦʜʚʝʨʞʝʥ ʟʥʘ-

ʯʠʪʝʣʴʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʧʦ ʢʘʣʝʥʜʘʨʥʳʤ ʧʝʨʠʦʜʘʤ. ɺ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʤʝʥʝʜʞʝʨʘʤ ʩʫ-

ʜʦʭʦʜʥʳʭ ʢʦʤʧʘʥʠʡ ʧʨʠʭʦʜʠʪʩʷ ʚ ʨʘʤʢʘʭ ʦʧʝʨʘʪʠʚʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ çʧʝʨʝʙʨʘʩʳ-

ʚʘʪʴè ʬʣʦʪ ʤʝʞʜʫ ʛʨʫʟʦʧʦʪʦʢʘʤʠ (ʚ ʨʘʤʢʘʭ ʦʧʨʝʜʝʣʝʥʥʦʡ ʛʨʫʧʧʳ ʛʨʫʟʦʧʦʪʦʢʦʚ). 

ɼʘʥʥʘʷ ʬʦʨʤʘ ʩʫʜʦʭʦʜʩʪʚʘ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʦʡ ʢ ʢʦʣʝʙʘʥʠʷʤ ʦʙʲʝʤʦʚ ʛʨʫʟʦ-

ʧʦʪʦʢʦʚ, ʯʝʤ ʣʠʥʝʡʥʘʷ.  

ʇʨʠʟʥʘʢʘʤʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʬʦʨʤʳ ʩʫʜʦʭʦʜʩʪʚʘ ʷʚʣʷʶʪʩʷ: 

ï ʥʘʣʠʯʠʝ ʦʧʨʝʜʝʣʝʥʥʦʡ ʛʨʫʧʧʳ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦ ʢʦʨʨʝʩʧʦʥʜʠʨʫʶʱʠʭ ʛʨʫʟʦʧʦʪʦ-

ʢʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʦʩʚʦʝʥʳ ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ ʬʣʦʪʦʤ; 

ï ʛʨʫʟʳ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʚ ʪʝʯʝʥʠʝ ʚʩʝʡ ʥʘʚʠʛʘʮʠʠ ʠʣʠ ʙʦʣʴʰʝʡ ʝʝ ʯʘʩʪʠ; 

ï ʥʘ ʧʝʨʝʚʦʟʢʘʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʜʥʦʪʠʧʥʳʝ ʩʫʜʘ; 

ï ʤʥʦʛʦʢʨʘʪʥʦʝ ʦʪʧʨʘʚʣʝʥʠʝ ʩʫʜʦʚ ʧʦ ʢʘʞʜʦʤʫ ʛʨʫʟʦʧʦʪʦʢʫ, ʥʦ ʙʝʟ ʧʦʩʪʦʷʥʥʦʛʦ 

ʠʥʪʝʨʚʘʣʘ ʦʪʧʨʘʚʣʝʥʠʷ; 

ï ʥʘʣʠʯʠʝ ʪʠʧʦʚʳʭ ʩʭʝʤ (ʤʘʨʰʨʫʪʦʚ) ʜʚʠʞʝʥʠʷ ʬʣʦʪʘ (ʥʘʣʠʯʠʝ ʦʛʨʘʥʠʯʝʥʥʦʛʦ 

ʯʠʩʣʘ ʚʘʨʠʘʥʪʦʚ ʧʝʨʝʭʦʜʘ ʩʫʜʦʚ ʤʝʞʜʫ ʛʨʫʟʦʧʦʪʦʢʘʤʠ). 

ɺ ʫʩʣʦʚʠʷʭ ʧʣʘʥʦʚʦʡ ʵʢʦʥʦʤʠʢʠ ʠ ʜʦʩʪʘʪʦʯʥʦ ʩʪʘʙʠʣʴʥʳʭ ʛʨʫʟʦʧʦʪʦʢʦʚ ʦʪʝʯʝʩʪ-

ʚʝʥʥʳʤʠ ʫʯʝʥʳʤʠ-ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʠʢʘʤʠ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʣʦʩʴ ʣʠʥʝʡʥʦʤʫ 

ʩʫʜʦʭʦʜʩʪʚʫ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʙʳʣʠ ʚʝʩʴʤʘ ʛʣʫʙʦʢʦ ʠ ʚʩʝʩʪʦʨʦʥʥʝ ʧʨʦʨʘʙʦʪʘʥʳ ʝʛʦ ʪʝʦ-

ʨʝʪʠʯʝʩʢʠʝ ʠ ʤʝʪʦʜʠʯʝʩʢʠʝ ʦʩʥʦʚʳ [1, 2, 3, 6]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʦʟʥʠʢʣʘ ʧʦʪʨʝʙ-

ʥʦʩʪʴ ʚ ʩʦʟʜʘʥʠʠ ʧʦʜʦʙʥʳʭ ʦʩʥʦʚ ʠ ʜʣʷ ʜʨʫʛʠʭ ʬʦʨʤ ʩʫʜʦʭʦʜʩʪʚʘ.  

ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʚʦʧʨʦʩʦʚ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʷʚʣʷʝʪ-

ʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʦʮʝʥʦʢ (ʢʨʠʪʝʨʠʝʚ), ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʣʘ ʙʳ ʨʘʟʜʝʣʠʪʴ ʩʧʦ-
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ʩʦʙʳ ʦʩʚʦʝʥʠʷ ʧʝʨʝʚʦʟʦʢ ʥʘ ʪʠʧʦʚʳʝ ʬʦʨʤʳ ʩʫʜʦʭʦʜʩʪʚʘ. ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ 

ʦʧʨʝʜʝʣʝʥʥʦʝ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʧʦʥʷʪʠʷʤʠ çʬʦʨʤʘ ʦʨʛʘʥʠʟʘʮʠʠ ʧʝʨʝʚʦʟʦʢè ʠ çʬʦʨʤʘ 

ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʪʳ ʬʣʦʪʘè. ʇʝʨʚʘʷ ʠʟ ʥʠʭ ʟʘʪʨʘʛʠʚʘʝʪ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʠʥʪʝʨʝʩʳ ʛʨʫ-

ʟʦʦʪʧʨʘʚʠʪʝʣʷ ï ʜʣʷ ʥʝʛʦ ʚʘʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʩʦʛʣʘʩʦʚʘʥʥʫʶ ʩ ʥʠʤ ʧʦʜʘʯʫ ʩʫʜʦʚ (ʩʦ-

ʛʣʘʩʦʚʘʥʠʝ ʧʦ ʚʨʝʤʝʥʠ ʧʦʜʘʯʠ ʠ ʪʠʧʘʤ ʩʫʜʦʚ), ʚʪʦʨʘʷ ï ʠʥʪʝʨʝʩʳ ʩʫʜʦʚʣʘʜʝʣʴʮʘ, ʢʦ-

ʪʦʨʳʡ ʜʦʣʞʝʥ ʩʬʦʨʤʠʨʦʚʘʪʴ ʧʣʘʥ ʨʘʙʦʪʳ ʩʚʦʠʭ ʩʫʜʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʚʳʧʦʣʥʝʥʠʝ 

ʜʦʛʦʚʦʨʦʚ ʥʘ ʧʝʨʝʚʦʟʢʫ ʠ ʨʘʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʬʣʦʪʘ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʬʦʨʤʳ ʦʨʛʘʥʠʟʘʮʠʠ ʧʝʨʝʚʦʟʦʢ (ʥʘ ʢʦʥʢʨʝʪʥʦʤ ʛʨʫʟʦʧʦʪʦʢʝ) ʥʝ-

ʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʘʢ: 

ï ʧʝʨʠʦʜ ʧʨʝʜʲʷʚʣʝʥʠʷ ʛʨʫʟʘ (ʚʨʝʤʷ ʤʝʞʜʫ ʧʝʨʚʳʤ ʠ ʧʦʩʣʝʜʥʠʤ ʦʪʧʨʘʚʣʝʥʠʷʤʠ 

ʩʫʜʦʚ ʥʘ ʛʨʫʟʦʧʦʪʦʢʝ); 

ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʝʨʝʚʦʟʦʢ ʧʦ ʢʘʣʝʥʜʘʨʥʳʤ ʧʝʨʠʦʜʘʤ; 

ï ʢʦʵʬʬʠʮʠʝʥʪ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʧʝʨʝʚʦʟʦʢ ʧʦ ʚʨʝʤʝʥʠ; 

ï ʢʦʣʠʯʝʩʪʚʦ ʦʪʧʨʘʚʣʝʥʠʡ ʟʘ ʧʝʨʠʦʜ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʝʨʝʚʦʟʦʢ; 

ï ʩʨʝʜʥʠʡ ʠʥʪʝʨʚʘʣ ʦʪʧʨʘʚʣʝʥʠʷ(ʩ ʜʠʬʬʝʨʝʥʮʠʘʮʠʝʡ ʧʦ ʢʘʣʝʥʜʘʨʥʳʤ ʧʝʨʠʦʜʘʤ); 

ï ʩʪʝʧʝʥʴ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠʥʪʝʨʚʘʣʘ ʦʪʧʨʘʚʣʝʥʠʷ; 

ï ʪʠʧʳ ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʫʜʦʚ; 

ï ʩʪʝʧʝʥʴ ʦʜʥʦʨʦʜʥʦʩʪʠ ʬʣʦʪʘ ʥʘ ʧʝʨʝʚʦʟʢʘʭ; 

ï ʩʪʝʧʝʥʴ ʩʪʘʙʠʣʴʥʦʩʪʠ ʦʙʲʝʤʦʚ ʛʨʫʟʦʚʳʭ ʦʪʧʨʘʚʦʢ; 

ï ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʝʚʦʟʯʠʢʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʦʩʚʦʝʥʠʠ ʛʨʫʟʦʧʦʪʦʢʘ; 

ï ʥʘʣʠʯʠʝ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʜʦʤʠʥʠʨʫʶʱʝʛʦ ʧʝʨʝʚʦʟʯʠʢʘ. 

ɼʣʷ ʦʮʝʥʢʠ ʬʦʨʤʦʨʛʘʥʠʟʘʮʠʷ ʨʘʙʦʪʳ ʬʣʦʪʘ ʩʣʝʜʫʝʪ ʧʦʣʫʯʠʪʴ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʩʣʝʜʫʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

ï ʧʝʨʝʯʝʥʴ ʛʨʫʟʦʧʦʪʦʢʦʚ, ʦʩʚʘʠʚʘʝʤʳʭ ʩʫʜʘʤʠ ʢʘʞʜʦʛʦ ʪʠʧʘ; 

ï ʧʝʨʝʯʝʥʴ ʛʨʫʟʦʧʦʪʦʢʦʚ, ʦʩʚʦʝʥʥʳʭ ʢʘʞʜʳʤ ʩʫʜʥʦʤ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʪʠʧʘ; 

ï ʩʪʝʧʝʥʴ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʦʩʪʘʚʘ ʛʨʫʟʦʧʦʪʦʢʦʚ (ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʛʨʫʟʦʧʦʪʦʢʦʚ) ʜʣʷ 

ʢʘʞʜʦʛʦ ʩʫʜʥʘ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʪʠʧʘ; 

ï ʥʘʣʠʯʠʝ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʢʨʫʛʦʚʳʭ ʨʝʡʩʦʚ (ʠʣʠ ʦʙʦʨʦʪʦʚ) ʜʣʷ ʩʫʜʦʚ ʦʧʨʝʜʝʣʝʥ-

ʥʦʛʦ ʪʠʧʘ ʠ ʢʘʞʜʦʛʦ ʩʫʜʥʘ; 

ï ʧʦʢʘʟʘʪʝʣʴ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʭʝʤ ʨʘʙʦʪʳ ʢʘʞʜʦʛʦ ʩʫʜʥʘ; 

ï ʧʦʢʘʟʘʪʝʣʴ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʭʝʤ ʨʘʙʦʪʳ ʩʫʜʦʚ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʪʠʧʘ (ʠʣʠ ʦʪʜʝʣʴ-

ʥʳʭ ʛʨʫʧʧ ʬʣʦʪʘ ʚ ʨʘʤʢʘʭ ʩʫʜʦʚ ʦʜʥʦʛʦ ʪʠʧʘ). 

ʀʩʪʦʯʥʠʢʘʤʠ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʬʦʨʤ ʦʨʛʘʥʠʟʘʮʠʠ ʧʝʨʝʚʦʟʦʢ ʠ 

ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʪʳ ʬʣʦʪʘ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʤʘʩʩʠʚʳ ʩʫʜʦʭʦʜʥʳʭ 

ʢʦʤʧʘʥʠʡ, ʘ ʪʘʢʞʝ ɸʜʤʠʥʠʩʪʨʘʮʠʡ ʙʘʩʩʝʡʥʦʚ ʚʥʫʪʨʝʥʥʠʭ ʚʦʜʥʳʭ ʧʫʪʝʡ, ʢʦʪʦʨʳʝ ʚ 

ʨʘʤʢʘʭ ʩʚʦʝʡ ʫʩʪʘʚʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʩʫʱʝʩʪʚʣʷʶʪ ʢʦʥʪʨʦʣʴ ʟʘ ʜʚʠʞʝʥʠʝʤ ʚʩʝʭ ʩʫ-

ʜʦʚ ʚ ʨʘʤʢʘʭ ʧʦʜʚʝʜʦʤʩʪʚʝʥʥʳʭ ʙʘʩʩʝʡʥʦʚ. 

ʇʨʦʚʝʜʝʥʠʝ ʪʘʢʦʛʦ ʘʥʘʣʠʟʘ ʧʦʟʚʦʣʠʪ ʙʦʣʝʝ ʯʝʪʢʦ ʚʳʷʚʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʩʦʚʨʝʤʝʥ-

ʥʳʭ ʬʦʨʤ ʩʫʜʦʭʦʜʩʪʚʘ, ʦʧʨʝʜʝʣʠʪʴ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʜʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʩʬʝʨʝ 

ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʢʦʥʢʨʝʪʠʟʠʨʦʚʘʪʴ ʩʠʩʪʝʤʫ ʦʮʝʥʦʢ (ʢʨʠʪʝʨʠʝʚ) ʜʣʷ 

ʪʠʧʠʟʘʮʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʬʦʨʤ. 
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MODERN FORMS OF ORGANIZATION   

OF WORK OF THE RIVER  FLEET  

A.V. Bryzgalov, Y.N. Urtmincev 

Keywords: river transportation, organization of the fleet operation, forms of navigation 

 

The work is devoted to the analysis of modern forms of transportations and navigation in in-

land water transport. The changes in the conditions for the implementation of river transpor-

tations and ways of adapting to them at the turn of the twentieth and twenty-first centuries 

are shown. 
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ʇɽʈʉʇɽʂʊʀɺʓ ʈɸɿɺʀʊʀʗ ʈʆʉʉʀʁʉʂʆ-ʂʀʊɸʁʉʂʆɻʆ 

ʊʆʈɻʆɺʆɻʆ ʉʆʊʈʋɼʅʀʏɽʉʊɺɸ ɺ ʉʀʉʊɽʄɽ  

ʊʈɸʅʉʇʆʈʊʅʓʍ ʂʆʈʀɼʆʈʆɺ (ʊʂ) 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʨʘʥʩʧʦʨʪʥʳʡ ʢʦʨʠʜʦʨ, ʪʦʨʛʦʚʳʡ ʦʙʦʨʦʪ, ʩʪʨʘʪʝʛʠʷ ʨʘʟʚʠʪʠʷ, 

ɽʚʨʘʟʠʡʩʢʠʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʩʦʶʟ (ɽɸʕʉ), ʐʘʥʭʘʡʩʢʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ 

(ʐʆʉ), ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ. 

 

ʉʪʨʘʪʝʛʠʝʡ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʈʦʩʩʠʠ ʥʘ ʧʝʨʠʦʜ ʜʦ 2020 ʛ. ʩʪʘʚʠʪ-

ʩʷ ʟʘʜʘʯʘ ʫʢʨʝʧʣʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʩʦ ʩʪʨʘʥʘʤʠ ɸʟʠʘʪʩʢʦ-

ʊʠʭʦʦʢʝʘʥʩʢʦʛʦ ʨʝʛʠʦʥʘ ʠ ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩ ʂʠʪʘʝʤ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʘʚʪʦʨʘ-

ʤʠ ʩʪʘʪʴʠ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʠ ʜʘʝʪʩʷ ʦʮʝʥʢʘ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʚʘʨʠʘʥʪʦʚ ʨʘʟʚʠʪʠʷ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ ʚ ʩʠʩʪʝʤʝ ʢʦʨʠʜʦʨʦʚ ɺʦʩʪʦʢ-ɿʘʧʘʜ-ɺʦʩʪʦʢ. ʈʘʩʩʤʘʪ-

ʨʠʚʘʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʫʭʦʧʫʪʥʳʭ ʠ ʤʦʨʩʢʠʭ ʪʨʘʥʩʧʦʨʪ-

ʥʳʭ ʤʘʛʠʩʪʨʘʣʝʡ (ʊʨʘʥʩʩʠʙ; ɹɸʄ; ʖʞʥʳʡ ʤʦʨʩʢʦʡ ʧʫʪʴ), ʘ ʪʘʢʞʝ ʤʘʨʰʨʫʪʳ çʅʦ-

ʚʦʛʦ ʐʝʣʢʦʚʦʛʦ ʧʫʪʠ (ʅʐʇ)è ʠ ʉʝʚʝʨʥʳʡ ʤʦʨʩʢʦʡ ʧʫʪʴ(ʉʄʇ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʝʣʘ-

ʝʪʩʷ ʚʳʚʦʜ ʦ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʨʘʟʚʠʪʠʷ ʉʝʚʝʨʥʦʛʦ ʤʦʨʩʢʦʛʦ ʧʫʪʠ (ʉʄʇ). 

 

ʆʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʠ ʧʦʣʠʪʠʯʝʩʢʠʝ ʨʝʘʣʠʠ ʩʝʛʦʜʥʷʰʥʝʛʦ ʜʥʷ ʪʨʝʙʫ-

ʶʪ ʧʦ-ʥʦʚʦʤʫ ʧʦʩʤʦʪʨʝʪʴ ʥʘ ɸʟʠʘʪʩʢʦ-ʊʠʭʦʦʢʝʘʥʩʢʠʡ ʨʝʛʠʦʥ (ɸʊʈ) ʢʘʢ ʥʘ ʧʝʨʩʧʝʢ-

ʪʠʚʥʳʡ ʠʩʪʦʯʥʠʢ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʦʩʪʘ. ʊʨʘʥʩʬʦʨʤʘʮʠʷ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʚʥʝʰʥʝʪʦʨʛʦʚʳʭ ʩʚʷʟʝʡ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʭʘʨʘʢʪʝʨ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʥʘ ʣʠʥʠʠ ʂʠʪʘʡ-ʈʦʩʩʠʷ-ɽʚʨʦʧʘ. ʆʪʩʶʜʘ ʚʳʪʝʢʘʝʪ ʤʠʩʩʠʷ ʈʦʩʩʠʠ ï 

ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʦʡ çʩʚʷʟʢʦʡè, ʘʢʪʠʚʥʳʤ ʧʦʩʨʝʜʥʠʢʦʤ ʤʝʞʜʫ ɽʚʨʦʧʦʡ ʠ ɸʊʈ. ɺ ʪʘʢʦʡ 



ɺ.ʀ. ɾʤʘʯʠʥʩʢʠʡ, ʋ ʉʷʥʲʶʡ 

ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʨʦʩʩʠʡʩʢʦ-ʢʠʪʘʡʩʢʦʛʦ ʪʦʨʛʦʚʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʚ ʩʠʩʪʝʤʝ» 
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ʩʪʨʘʪʝʛʠʯʝʩʢʦʡ ʧʦʩʪʘʥʦʚʢʝ ʜʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʟʘʪʨʘʛʠʚʘʝʪ ʜʚʫʭʩʪʦ-

ʨʦʥʥʠʝ ʠʥʪʝʨʝʩʳ ʈʦʩʩʠʠ ʠ ʂʠʪʘʷ. 

ʕʢʦʥʦʤʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʂʠʪʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʛʦ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʪʨʘʪʝʛʠʝʡ, ʦʜʥʠʤ 

ʠʟ ʢʣʶʯʝʚʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʦʚʳʭ ʛʣʦʙʘʣʴʥʳʭ ʪʨʘʥʩ-

ʧʦʨʪʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ ʥʘ ʣʠʥʠʠ ʂʠʪʘʡ-ɽʚʨʦʧʘ. ʀ ʵʪʦ ʥʝ ʩʣʫʯʘʡʥʦ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦ-

ʜʳ ʩʪʨʘʥʳ ɽʉ ʟʘʥʠʤʘʶʪ ʚʝʜʫʱʝʝ ʤʝʩʪʦ ʩʨʝʜʠ ʧʘʨʪʥʝʨʦʚ ʂʅʈ. ʂʠʪʘʡ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʟʘʥʠʤʘʝʪ 2-ʝ ʤʝʩʪʦ ʩʨʝʜʠ ʧʘʨʪʥʝʨʦʚ ɽʉ. ʆʙʦʨʦʪ ʜʚʫʭʩʪʦʨʦʥʥʝʡ ʪʦʨʛʦʚʣʠ ʢ 2015 ʛʦʜʫ 

ʩʦʩʪʘʚʠʣ ʛʠʛʘʥʪʩʢʫʶ ʩʫʤʤʫ ï 600 ʤʣʨʜ. ʜʦʣʣ. ʀʤʝʥʥʦ ʚ ʩʠʣʫ ʵʪʠʭ ʧʨʠʯʠʥ ʂʠʪʘʡ ʚ 

2013 ʛ. ʠʥʠʮʠʠʨʦʚʘʣ ʨʘʟʨʘʙʦʪʢʫ ʥʦʚʦʛʦ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʘ çʕʢʦʥʦʤʠʯʝʩʢʠʡ 

ʧʦʷʩ ʐʝʣʢʦʚʦʛʦ ʧʫʪʠ (ʕʇʐʇ)è, ʛʣʘʚʥʘʷ ʠʜʝʷ ʢʦʪʦʨʦʛʦ ʩʦʩʪʦʠʪ ʚ ʩʦʟʜʘʥʠʠ ʩʢʚʦʟʥʦʡ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʤʘʛʠʩʪʨʘʣʠ ʦʪ ʊʠʭʦʛʦ ʦʢʝʘʥʘ ʜʦ ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ, ʚʢʣʶʯʘʷ ʠ ʈʦʩʩʠʶ.  

ʈʝʘʣʠʟʘʮʠʷ ʧʨʦʝʢʪʘ ʫʞʝ ʥʘʯʘʣʘʩʴ. ʂʠʪʘʡ ʛʦʪʦʚ ʚʣʦʞʠʪʴ ʚ ʧʨʦʛʨʘʤʤʫ çʆʜʠʥ ʧʦʷʩ 

ï ʦʜʠʥ ʧʫʪʴè ʜʦ 40 ʤʣʨʜ. ʜʦʣʣ. ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ, ʧʦʨʪʦʚ ʠ ʜʨʫʛʠʭ 

ʦʙʲʝʢʪʦʚ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʇʦ ʧʨʦʛʥʦʟʥʳʤ ʦʮʝʥʢʘʤ ʚ ʨʘʤʢʘʭ ʵʪʦʛʦ 

ʛʨʘʥʜʠʦʟʥʦʛʦ ʧʨʦʝʢʪʘ ʦʞʠʜʘʝʪʩʷ ʜʦʚʝʩʪʠ ʪʦʚʘʨʦʦʙʦʨʦʪ ʜʦ 21 ʪʨʣʥ. ʜʦʣʣ. ʚ ʛʦʜ. ʅʦʚʳʡ 

çʐʝʣʢʦʚʳʡ ʧʫʪʴè ʙʫʜʝʪ ʦʭʚʘʪʳʚʘʪʴ ʨʝʛʠʦʥʳ ʎʝʥʪʨʘʣʴʥʦʡ ʠ ɿʘʧʘʜʥʦʡ ɸʟʠʠ, ʢʦʪʦʨʳʝ 

ʝʱʝ ʦʩʪʘʶʪʩʷ ʚʥʝ ʧʦʪʦʢʦʚ ʵʢʩʧʦʨʪʥʳʭ ʪʦʚʘʨʦʚ ʠ ʢʘʧʠʪʘʣʦʚ ʂʅʈ. ʇʨʦʝʢʪ çʅʦʚʳʡ 

ʐʝʣʢʦʚʳʡ ʧʫʪʴè, ʢʨʦʤʝ ʤʝʞʜʫʥʘʨʦʜʥʳʭ, ʧʨʠʟʚʘʥ ʨʝʰʘʪʴ ʠ ʟʘʜʘʯʠ ʚʥʫʪʨʝʥʥʝʛʦ ʨʘʟ-

ʚʠʪʠʷ ʩʪʨʘʥʳ. ɺʦ-ʧʝʨʚʳʭ, ʨʝʯʴ ʠʜʝʪ ʦʙ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʝʢʪʘ, ʩʚʷ-

ʟʘʥʥʦʡ ʩ ʚʳʩʦʢʦʡ ʜʦʭʦʜʥʦʩʪʴʶ ʠ ʜʦʣʛʦʩʨʦʯʥʦʩʪʴʶ. ɺʦ-ʚʪʦʨʳʭ, ʧʨʦʝʢʪ ʙʫʜʝʪ ʩʧʦʩʦʙ-

ʩʪʚʦʚʘʪʴ ʨʘʟʚʠʪʠʶ ʨʝʛʠʦʥʦʚ ɿʘʧʘʜʥʦʛʦ ʂʠʪʘʷ ʠ ʧʨʝʦʜʦʣʝʥʠʶ ʚʳʩʦʢʦʡ ʘʩʠʤʤʝʪʨʠʠ ʚ 

ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʤ ʨʘʟʚʠʪʠʠ ʨʝʛʠʦʥʦʚ. ɺ-ʪʨʝʪʴʠʭ, ʚʳʛʦʜʥʦʩʪʴ ʧʨʦʝʢʪʘ ʜʣʷ 

ʂʠʪʘʷ ʩʚʷʟʘʥʘ ʩ ʩʦʢʨʘʱʝʥʠʝʤ ʟʘʪʨʘʪ ʥʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ (ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʤʦʨʩʢʠʤ 

ʤʘʨʰʨʫʪʦʤ). 

ʍʘʨʘʢʪʝʨʠʟʫʷ ʜʚʫʭʩʪʦʨʦʥʥʠʝ ʦʪʥʦʰʝʥʠʷ ʈʦʩʩʠʠ ʠ ʂʠʪʘʷ, ʩʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, 

ʯʪʦ ʩ ʤʦʤʝʥʪʘ ʧʦʜʧʠʩʘʥʠʷ ʚ 2001 ʛ. ʜʦʛʦʚʦʨʘ ʦ ʜʦʙʨʦʩʦʩʝʜʩʪʚʝ, ʜʨʫʞʙʝ ʠ ʩʦʪʨʫʜʥʠʯʝ-

ʩʪʚʝ ʧʨʦʮʝʩʩ ʚʟʘʠʤʥʦʛʦ ʜʦʚʝʨʠʷ ʠ ʨʘʟʚʠʪʠʷ ʧʨʠʦʙʨʝʪʘʝʪ ʚʩʝ ʙʦʣʴʰʫʶ ʠ ʙʦʣʴʰʫʶ ʟʥʘ-

ʯʠʤʦʩʪʴ. ʅʘ ʬʦʥʝ ʨʦʩʪʘ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʠ ʢʦʥʬʨʦʥʪʘʮʠʠ ʈʦʩʩʠʠ ʠ ɿʘʧʘʜʘ ʨʦʩʩʠʡʩʢʦ-

ʢʠʪʘʡʩʢʦʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʨʘʟʚʠʚʘʝʪʩʷ ʚʦ ʚʩʝʭ ʤʝʞʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʩʬʝʨʘʭ (ʚʥʝʰʥʝ-

ʧʦʣʠʪʠʯʝʩʢʦʡ, ʵʢʦʥʦʤʠʯʝʩʢʦʡ, ʚʦʝʥʥʦʡ ʠ ʜʨ.); ʦʙʱʠʤ ʧʨʠʟʥʘʢʦʤ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʩʪʘʣ 

ʪʨʝʥʜ ʧʦʜ ʥʘʟʚʘʥʠʝʤ çʧʦʚʦʨʦʪ ʥʘ ɺʦʩʪʦʢè. 

ʆʜʥʦʡ ʠʟ ʩʘʤʳʭ ʩʣʦʞʥʳʭ ʩʬʝʨ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʤʝʞʜʫ ʈʦʩʩʠʝʡ ʠ ʂʅʈ ʙʳʣʘ ʠ ʦʩ-

ʪʘʝʪʩʷ ʩʬʝʨʘ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʧʨʦʙʣʝʤʦʡ 

ʥʝʩʦʧʦʩʪʘʚʠʤʦʩʪʠ ʪʦʨʛʦʚʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʜʚʫʭ ʩʪʨʘʥ. ɺɺʇ ʂʠʪʘʷ ʚ 

2015 ʛ. ʚ 10 ʨʘʟ ʙʳʣ ʚʳʰʝ ɺɺʇ ʈʦʩʩʠʠ. ʊʦʨʛʦʚʳʡ ʦʙʦʨʦʪ ʈʦʩʩʠʠ ʩʦʩʪʘʚʠʣ ʚʩʝʛʦ ʦʢʦʣʦ 

3% ʚʥʝʰʥʝʡ ʪʦʨʛʦʚʣʠ ʂʠʪʘʷ. ʇʦ ʪʦʚʘʨʦʦʙʦʨʦʪʫ ʈʦʩʩʠʷ ʟʘʥʠʤʘʝʪ 16 ʤʝʩʪʦ ʩʨʝʜʠ ʪʦʨ-

ʛʦʚʳʭ ʧʘʨʪʥʝʨʦʚ ʂʅʈ. ʇʦʢʘʟʘʪʝʣʴʥʘ ʚ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ ʜʠʥʘʤʠʢʘ ʪʦʚʘʨʦʦʙʦʨʦʪʘ ʤʝʞ-

ʜʫ ʜʚʫʤʷ ʩʪʨʘʥʘʤʠ. ɺ ʧʝʨʠʦʜ ʩ 2011 ʧʦ 2014 ʛʛ. ʥʘʙʣʶʜʘʣʘʩʴ ʚ ʮʝʣʦʤ ʧʦʟʠʪʠʚʥʘʷ, ʥʦ 

ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʪʠʚʦʨʝʯʠʚʘʷ ʢʘʨʪʠʥʘ. ɺ 2011 ʛ. ʪʦʚʘʨʦʦʙʦʨʦʪ ʜʦʩʪʠʛ 79 ʤʣʨʜ. ʜʦʣʣ., ʯʪʦ 

ʥʘ 42% ʙʦʣʴʰʝ 2010 ʛ. ɺ 2012 ʛ. ʦʙʲʝʤ ʪʦʚʘʨʦʦʙʦʨʦʪʘ ʩʦʩʪʘʚʠʣ 88 ʤʣʨʜ. ʜʦʣʣ., ʩ ʧʨʠ-

ʨʦʩʪʦʤ ʚ 11%. ɺ 2013 ʛ. ʧʨʦʠʟʦʰʣʦ ʨʝʟʢʦʝ ʟʘʤʝʜʣʝʥʠʝ ʪʝʤʧʦʚ ʨʦʩʪʘ: ʧʨʠʨʦʩʪ ï 1,1%, ʘ 

ʦʙʲʝʤ ʪʦʚʘʨʦʦʙʦʨʦʪʘ ï 89,2 ʤʣʨʜ. ʜʦʣʣ. ʆʩʦʙʦʛʦ ʙʝʩʧʦʢʦʡʩʪʚʘ ʵʪʦ ʥʝ ʚʳʟʚʘʣʦ, ʪ.ʢ. ʚ 

2014 ʛ. ʧʨʠʨʦʩʪ ʩʦʩʪʘʚʠʣ 6.8%, ʘ ʪʦʚʘʨʦʦʙʦʨʦʪ ʜʦʩʪʠʛ 95 ʤʣʨʜ. ʜʦʣʣ. ʇʦ ʥʝʢʦʪʦʨʳʤ 

ʧʨʦʛʥʦʟʘʤ ʚ 2015 ʛ. ʪʦʚʘʨʦʦʙʦʨʦʪ ʜʦʣʞʝʥ ʙʳʣ ʧʨʝʚʳʩʠʪʴ 100 ʤʣʨʜ. ʜʦʣʣ. ʅʦ ʦʞʠʜʘʥʠʝ 

ʥʝ ʦʧʨʘʚʜʘʣʠʩʴ ï ʪʦʚʘʨʦʦʙʦʨʦʪ ʩʦʢʨʘʪʠʣʩʷ ʥʘ 28,6% ʠ ʩʦʩʪʘʚʠʣ 68 ʤʣʨʜ. ʜʦʣʣ. (ʚ ʪ.ʯ. 

ʵʢʩʧʦʨʪ ʈʦʩʩʠʠ ʚ ʂʅʈ ï 33 ʤʣʨʜ. ʜʦʣʣ.(-20%), ʠʤʧʦʨʪ ʠʟ ʂʅʈ ï 35 ʤʣʨʜ. ʜʦʣʣ.(-35%). 

ʉʧʨʘʚʝʜʣʠʚʦʩʪʠ ʨʘʜʠ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʟʘʤʝʜʣʝʥʠʝ ʜʠʥʘʤʠʢʠ ʪʦʨʛʦʚʣʠ ʚ 

2015 ʛ. ʂʅʈ ʚ ʮʝʣʦʤ, ʠ ʚ ʪʦʨʛʦʚʣʝ ʩ ʈʦʩʩʠʝʡ ʚ ʯʘʩʪʥʦʩʪʠ, ʩʚʷʟʘʥʦ ʩ ʠʟʚʝʩʪʥʳʤʠ ʦʙʲʝʢ-

ʪʠʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ: 

1. ɿʘʤʝʜʣʝʥʠʝ ʪʝʤʧʦʚ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʦʩʪʘ ʈʦʩʩʠʠ ʠ ʂʅʈ; 

2. ʇʘʜʝʥʠʝʤ ʤʠʨʦʚʳʭ ʮʝʥ ʥʘ ʵʥʝʨʛʦʥʦʩʠʪʝʣʠ ʠ ʩʳʨʴʝʚʳʝ ʪʦʚʘʨʳ, ʢʦʪʦʨʳʝ ʩʦʩʪʘʚ-

ʣʷʶʪ ʙʦʣʝʝ 70% ʨʦʩʩʠʡʩʢʦʛʦ ʵʢʩʧʦʨʪʘ ʚ ʂʠʪʘʡ; 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 54, 2018 ʛ. 
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3. ʈʝʟʢʠʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʢʫʨʩʘ ʨʫʙʣʷ ʢ ʜʦʣʣʘʨʫ, ʝʚʨʦ ʠ ʶʘʥʶ ʠ ʩʥʠʞʝʥʠʝʤ ʧʦʢʫ-

ʧʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʨʦʩʩʠʡʩʢʠʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʢʠʪʘʡʩʢʦʡ ʧʨʦʜʫʢʮʠʠ; 

4. ɺʚʝʜʝʥʠʝʤ ʟʘʧʘʜʥʳʤʠ ʩʪʨʘʥʘʤʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʘʥʢʮʠʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʈʦʩ-

ʩʠʠ, ʫʭʫʜʰʝʥʠʝʤ ʚʥʝʰʥʝʪʦʨʛʦʚʳʭ ʫʩʣʦʚʠʡ ʥʘ ʤʠʨʦʚʦʤ ʨʳʥʢʝ, ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʬʠ-

ʥʘʥʩʦʚʦʛʦ ʨʳʥʢʘ ʠ ʜʨ. 

5. ʉʦʢʨʘʱʝʥʠʝʤ ʚʥʝʰʥʝʪʦʨʛʦʚʦʛʦ ʦʙʦʨʦʪʘ ʂʠʪʘʷ ʥʘ 316,64 ʤʣʨʜ. ʜʦʣʣ. ʠʣʠ ʥʘ 8% 

(ʚ ʪ. ʯ. ʵʢʩʧʦʨʪ ʥʘ 2,8%, ʠʤʧʦʨʪ ʥʘ 14,1%). 

ʊʝʨʨʠʪʦʨʠʷ ʈʦʩʩʠʠ, ʩʦʝʜʠʥʷʶʱʘʷ ɿʘʧʘʜ ʠ ɺʦʩʪʦʢ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʪʨʘʥʟʠʪʥʦʡ 

ʘʨʪʝʨʠʝʡ ʜʣʷ ʩʫʭʦʧʫʪʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦ- ʣʦʛʠʯʝʩʢʦʛʦ ʢʦʨʠʜʦʨʘ. ʆʜʥʘʢʦ ʚʦʧʨʦʩ ʦ ʪʦʤ, 

ʢʘʢ ʨʝʘʣʠʟʘʮʠʷ ʧʨʦʝʢʪʘ çʅʦʚʳʡ ʐʝʣʢʦʚʳʡ ʧʫʪʴè ʧʦʚʣʠʷʝʪ ʥʘ ʨʦʩʩʠʡʩʢʦ-ʢʠʪʘʡʩʢʦʝ 

ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʦʩʪʘʝʪʩʷ ʦʪʢʨʳʪʳʤ ʠ ʩʣʦʞʥʳʤ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʦʩʣʝ ʨʘʩʧʘʜʘ ʉʦʚʝʪʩʢʦʛʦ ʉʦʶʟʘ, ʂʠʪʘʡ, ʨʝʘʣʠʟʫʷ ʠʥʪʝʛʨʘʮʠʦʥʥʳʡ 

ʧʨʦʮʝʩʩ, ʩʦʟʜʘʣ ʐʘʥʭʘʡʩʢʫʶ ʦʨʛʘʥʠʟʘʮʠʶ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ (ʐʆʉ). ʈʦʩʩʠʷ, ʩʪʨʝʤʷʩʴ 

ʩʦʭʨʘʥʠʪʴ ʧʦʟʠʮʠʠ ʚ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ, ʩʬʦʨʤʠʨʦʚʘʣʦ ɽʚʨʦʧʝʡʩʢʠʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ 

ʩʦʶʟ (ɽɸʕʉ). ʇʦʩʢʦʣʴʢʫ ʫ ɽɸʕʉ ʙʦʣʴʰʝ ʰʘʥʩʦʚ ʥʘ ʧʝʨʩʧʝʢʪʠʚʫ, ʂʠʪʘʡ ʧʨʝʜʣʦʞʠʣ 

ʦʙʲʝʜʠʥʠʪʴ ʚ ʙʫʜʫʱʝʤ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʧʦʷʩ ʠ ɽɸʕʉ, ʩʦʟʜʘʚ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ 

ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɽʚʨʘʟʠʠ. 

ʇʨʠ ʧʦʜʢʣʶʯʝʥʠʠ ʈʦʩʩʠʠ ʢ ʧʨʦʝʢʪʫ çʅʦʚʳʡ ʐʝʣʢʦʚʳʡ ʧʫʪʴè ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, 

ʯʪʦ ʧʫʪʴ ʧʨʦʡʜʝʪ ʧʦ ʉʨʝʜʥʝʤʫ, ʖʞʥʦʤʫ ʋʨʘʣʫ ʠ ʩʝʚʝʨʥʳʤ ʪʝʨʨʠʪʦʨʠʷʤ ʩ ʚʦʟʤʦʞ-

ʥʳʤ ʧʨʦʜʣʝʥʠʝʤ ʜʦ ʂʘʟʘʭʩʪʘʥʘ. ʕʪʦ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʙʳ ʫʚʝʣʠʯʝʥʠʶ ʪʦʨʛʦʚʳʭ ʦʙʦʨʦ-

ʪʦʚ ʠ ʨʘʟʚʠʪʠʶ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʈʦʩʩʠʠ. ʆʜʥʘʢʦ ʂʠʪʘʝʤ 

ʚ ʢʘʯʝʩʪʚʝ ʛʘʟʦʚʦʛʦ ʚʘʨʠʘʥʪʘ ʧʨʠʥʷʪ ʤʘʨʰʨʫʪ ʯʝʨʝʟ ʂʘʟʘʭʩʪʘʥ-ɸʟʝʨʙʘʡʜʞʘʥ, ɻʨʫʟʠʶ-

ʊʫʨʮʠʶ. ɼʨʫʛʘʷ ʪʨʘʩʩʘ ʐʝʣʢʦʚʦʛʦ ʧʫʪʠ ʧʨʦʡʜʝʪ ʯʝʨʝʟ ʀʨʘʥ. ʄʘʨʰʨʫʪ ʧʦ ʪʝʨʨʠʪʦʨʠ-

ʷʤ ʂʘʟʘʭʩʪʘʥ-ʈʦʩʩʠʷ-ɹʝʣʦʨʫʩʩʠʷ ʝʱʝ ʦʙʩʫʞʜʘʝʪʩʷ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʦʥ ʥʘʠʙʦʣʝʝ 

ʚʳʛʦʜʝʥ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʩʤʦʪʨʷ ʥʘ ʙʣʠʟʦʩʪʴ ʧʦʣʠʪʠʯʝʩʢʠʭ ʠʥʪʝʨʝʩʦʚ ʜʚʫʭ ʩʪʨʘʥ, ʚ ʵʢʦ-

ʥʦʤʠʯʝʩʢʠʭ ʦʪʥʦʰʝʥʠʷʭ ʩʦʭʨʘʥʷʶʪʩʷ ʩʜʝʨʞʠʚʘʶʱʠʝ ʬʘʢʪʦʨʳ ʨʘʟʚʠʪʠʷ: ʯʨʝʟʤʝʨʥʘʷ 

ʦʩʪʦʨʦʞʥʦʩʪʴ, ʩʣʦʞʥʳʡ ʠʥʚʝʩʪʠʮʠʦʥʥʳʡ ʢʣʠʤʘʪ, ʥʝʛʠʙʢʦʩʪʴ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ, ʚʳʩʦ-

ʢʠʝ ʩʪʘʚʢʠ ʥʘʣʦʛʦʦʙʣʦʞʝʥʠʷ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʝ ʧʨʦʙʣʝʤʳ ʚ ʩʦʟʜʘ-

ʥʠʠ ʩʦʚʤʝʩʪʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. 

ʄʘʩʰʪʘʙʳ ʪʦʚʘʨʦʦʙʦʨʦʪʘ ʤʝʞʜʫ ʂʠʪʘʝʤ ʠ ɽʚʨʦʧʦʡ (ʯʝʨʝʟ ʈʦʩʩʠʶ) ʚ ʧʝʨʩʧʝʢʪʠʚʝ 

ʤʦʛʫʪ ʜʦʩʪʠʛʥʫʪʴ ʛʠʛʘʥʪʩʢʠʭ ʨʘʟʤʝʨʦʚ. ʕʪʦ ʧʦʪʨʝʙʫʝʪ ʦʛʨʦʤʥʳʭ ʠʥʚʝʩʪʠʮʠʡ, ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʴ ʢʦʪʦʨʳʭ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʠ ʦʪ ʛʝʦʛʨʘʬʠʠ ʤʘʨʰʨʫʪʦʚ ʪʦʚʘʨʥʳʭ ʧʦʪʦʢʦʚ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʥʦʚʥʳʝ ʪʦʚʘʨʥʳʝ ʧʦʪʦʢʠ ʠʟ ʂʠʪʘʷ ʚ ɽʚʨʦʧʫ ʠʜʫʪ ʤʦʨʩʢʠʤ 

ʧʫʪʝʤ, ʢʦʪʦʨʳʡ ʙʝʨʝʪ ʥʘʯʘʣʦ ʚ ʛʦʨʦʜʝ ʎʶʘʥʴʯʞʦʫ (ʧʨʦʚʠʥʮʠʷ ʌʫʟʮʷʥʴ). ɼʘʣʝʝ ʤʘʨ-

ʰʨʫʪ ʩʣʝʜʫʝʪ ʯʝʨʝʟ ʧʦʨʪʳ ʶʞʥʦʢʠʪʘʡʩʢʠʭ ʛʦʨʦʜʦʚ, ʄʘʣʘʢʢʩʢʠʡ ʧʨʦʣʠʚ ʠ ʚʳʭʦʜʠʪ ʚ 

ʀʥʜʠʡʩʢʠʡ ʦʢʝʘʥ. ʇʦ ʧʫʪʠ ʩʣʝʜʦʚʘʥʠʷ ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʪʦʨʛʦʚʳʭ ʧʫʥʢʪʘʭ: ʀʥʜʠʠ 

(ʂʘʣʴʢʫʪʪʝ); ʐʨʠ-ʃʘʥʢʠ (ʂʦʣʦʤʙʦ); ʄʘʣʴʜʠʚʘʭ; ʂʝʥʠʠ (ʅʘʡʨʦʙʠ). ɼʘʣʝʝ ʤʘʨʰʨʫʪ 

ʧʨʦʜʦʣʞʘʝʪʩʷ ʧʦ ʂʨʘʩʥʦʤʫ ʤʦʨʶ, ʯʝʨʝʟ ʉʫʵʮʢʠʡ ʢʘʥʘʣ, ɻʨʝʮʠʶ (ɸʬʠʥʳ), ʀʪʘʣʠʷ 

(ɺʝʥʝʮʠʷ) ʠ ʚʳʭʦʜʠʪ ʥʘ ʩʫʭʦʧʫʪʥʳʡ ʐʝʣʢʦʚʳʡ ʧʫʪʴ (ʩʤ. ʨʠʩ. 1). 

ʆʜʥʘʢʦ, ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʪʦʚʘʨʦʦʙʦʨʦʪʘ ʯʝʨʝʟ ʖʞʥʳʡ ʤʦʨʩʢʦʡ ʧʫʪʴ ʜʦʩʪʘ-

ʪʦʯʥʦ ʧʨʦʙʣʝʤʘʪʠʯʥʳ. ʈʝʯʴ ʠʜʝʪ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʦ ʙʦʣʴʰʦʡ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʵʪʦʛʦ ʧʫʪʠ. 

ʇʨʠ ʥʘʨʘʩʪʘʶʱʝʡ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʩʢʦʨʝʥʠʷ ʜʦʩʪʘʚʢʠ ʨʷʜʘ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ 

ʪʦʚʘʨʦʚ ʧʦʪʨʝʙʠʪʝʣʷʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʦʛʦ ʤʘʨʰʨʫʪʘ ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʦʛʨʘʥʠʯʝ-

ʥʠʷ. ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʫʯʠʪʳʚʘʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʨʷʜʘ ʫʛʨʦʟ ʚ 

ʚʠʜʝ ʚʦʟʤʦʞʥʳʭ ʧʨʝʧʷʪʩʪʚʠʡ ʩʦ ʩʪʦʨʦʥʳ ʉʐɸ, ʤʦʥʦʧʦʣʠʟʘʮʠʠ ʤʦʨʩʢʠʭ ʧʝʨʝʚʦʟʦʢ 

ʟʘʧʘʜʥʳʤʠ ʪʨʘʥʩʥʘʮʠʦʥʘʣʴʥʳʤʠ ʧʝʨʝʚʦʟʯʠʢʘʤʠ, ʨʦʩʪʘ ʪʘʨʠʬʦʚ ʥʘ ʤʦʨʩʢʫʶ ʪʦʨʛʦʚ-

ʣʶ, ʫʩʠʣʝʥʠʷ ʢʦʥʢʫʨʝʥʮʠʠ ʥʘ ʪʨʘʥʟʠʪʥʦʤ ʢʦʥʪʝʡʥʝʨʥʦʤ ʨʳʥʢʝ ʠ ʜʨ. ɺʩʝ ʵʪʦ ʚʳʥʫʞ-

ʜʘʝʪ ʂʠʪʘʡ ʠʩʢʘʪʴ ʠ ʨʘʟʚʠʚʘʪʴ ʪʨʘʥʩʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ ʩʫʭʦʧʫʪʥʳʝ ʤʘʨʰʨʫʪʳ ʪʨʘʥ-

ʟʠʪʥʳʭ ʧʝʨʝʚʦʟʦʢ ʚ ʢʦʥʪʝʡʥʝʨʥʦʤ ʠʩʧʦʣʥʝʥʠʠ ʥʘ ʣʠʥʠʠ ɺʦʩʪʦʢ-ɿʘʧʘʜ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʯʝʨʝʟ ʈʦʩʩʠʶ. 
 



ɺ.ʀ. ɾʤʘʯʠʥʩʢʠʡ, ʋ ʉʷʥʲʶʡ 

ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʨʦʩʩʠʡʩʢʦ-ʢʠʪʘʡʩʢʦʛʦ ʪʦʨʛʦʚʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʚ ʩʠʩʪʝʤʝ» 
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ʈʠʩ. 1. ʖʞʥʳʡ ʤʦʨʩʢʦʡ ʧʫʪʴ ʠʟ ʂʠʪʘʷ ʚ ɽʚʨʦʧʫ 

ʆʜʥʠʤ ʠʟ ʩʪʘʙʠʣʴʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʢʦʨʠʜʦʨʦʚ ʥʘ ʣʠʥʠʠ ɺʦʩʪʦʢ-ɿʘʧʘʜ-ɺʦʩʪʦʢ 

ʷʚʣʷʝʪʩʷ ʊʨʘʥʩʩʠʙʠʨʩʢʘʷ ʞʝʣʝʟʥʦʜʦʨʦʞʥʘʷ ʤʘʛʠʩʪʨʘʣʴ (ʊʨʘʥʩʩʠʙ). ʊʨʘʥʟʠʪʥʳʝ ʧʝʨʝ-

ʚʦʟʢʠ ʪʦʚʘʨʦʚ ʚ 41-ʜʶʡʤʦʚʳʭ ʢʦʥʪʝʡʥʝʨʘʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ 12ï15 ʜʥʝʡ ʥʘ ʨʘʩʩʪʦ̫ -

ʥʠʝ 9ï11 ʪʳʩ. ʢʤ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʖʞʥʳʤ ʤʦʨʩʢʠʤ ʧʫʪʝʤ ʵʢʦʥʦʤʠʷ ʚʨʝʤʝʥʠ ʩʦʩʪʘʚ-

ʣʷʝʪ 30 ʜʥʝʡ. 

ɺ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩʣʦʞʠʣʦʩʴ ʥʝʩʢʦʣʴʢʦ ʤʘʨʰʨʫʪʦʚ 

ʜʦʩʪʘʚʢʠ ʪʦʚʘʨʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ. ʂ ʧʨʠʤʝʨʫ: 

1. ɻʫʘʥʯʞʦʫ-ʄʦʩʢʚʘ. ʇʨʦʪʷʞʝʥʥʦʩʪʴ ʤʘʨʰʨʫʪʘ ʩʦʩʪʘʚʣʷʝʪ 11500 ʢʤ. ʇʨʠ ʩʨʦʢʘʭ 

ʜʦʩʪʘʚʢʠ 14ï15 ʜʥʝʡ. ʆʪʧʨʘʚʢʘ ʢʦʥʪʝʡʥʝʨʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʝʞʝʥʝʜʝʣʴʥʦ. ʀʟ ʂʠʪʘʷ ʚ 

ʈʦʩʩʠʶ ʵʢʩʧʦʨʪʠʨʫʶʪʩʷ ʪʦʚʘʨʳ ʧʦʚʩʝʜʥʝʚʥʦʛʦ ʩʧʨʦʩʘ (ʙʳʪʦʚʘʷ ʪʝʭʥʠʢʘ, ʦʙʦʨʫʜʦʚʘ-

ʥʠʝ, ʦʜʝʞʜʘ ʠ ʪ. ʜ.). ʀʤʧʦʨʪ ʚ ʂʠʪʘʡ ʚ ʦʩʥʦʚʥʦʤ ʧʨʦʜʫʢʪʳ ʧʠʪʘʥʠʷ 

2. ʎʠʥʜʘʦ-ʄʦʩʢʚʘ (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ). ʄʘʨʰʨʫʪ ʙʝʨʝʪ ʥʘʯʘʣʦ ʚ ʎʠʥʜʘʦ (ʧʨʦʚʠʥ-

ʮʠʷ ʐʘʥʴʜʫʥ), ʯʝʨʝʟ ʄʘʥʴʯʞʫʨʠʶ ʚ ʄʦʩʢʚʫ, ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʦʢʦʣʦ 8000 ʢʤ, ʚʨʝʤʷ 

ʜʦʩʪʘʚʢʠ 20ï22 ʜʥʷ. 

ɺ ʎʠʥʜʘʦ ʧʦʩʪʨʦʝʥ ʧʝʨʚʳʡ ʧʨʠʙʨʝʞʥʳʡ ʤʫʣʴʪʠʤʦʜʘʣʴʥʳʡ ʪʨʘʥʩʧʦʨʪʥʳʡ ʮʝʥʪʨ 

ʪʘʤʦʞʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʩ ʧʦʜʨʘʟʜʝʣʝʥʠʷʤʠ ʚ ʧʦʨʪʘʭ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ, ʄʦʥʛʦʣʠʠ. ʉ 

ʦʪʢʨʳʪʠʝʤ ʪʘʤʦʞʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʠ ʨʘʩʰʠʨʝʥʠʝʤ ʪʦʨʛʦʚʳʭ ʦʪʥʦʰʝʥʠʡ ʩ ɽʚʨʦʧʦʡ ʟʘ-

ʤʝʪʥʦ ʨʘʩʰʠʨʠʣʘʩʴ ʩʝʪʴ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʢʘʥʘʣʦʚ ʚ ʗʧʦʥʠʠ ʠ ʖʞʥʦʡ ʂʦʨʝʠ; 

3. ɹʘʦʜʠʥ-ʄʦʩʢʚʘ-ʄʠʥʩʢ. ʆʪʢʨʳʪʠʝ ʵʪʦʛʦ ʤʘʨʰʨʫʪʘ ʛʨʫʟʦʚʳʭ ʧʝʨʝʚʦʟʦʢ ʧʦʟʚʦ-

ʣʠʣʦ ʦʙʝʩʧʝʯʠʪʴ ʧʨʷʤʦʡ ʜʦʩʪʫʧ ʉʝʚʝʨʥʦʛʦ ʂʠʪʘʷ ʢ ʩʫʭʦʧʫʪʥʦʤʫ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʢʦ-

ʨʠʜʦʨʫ ɺʦʩʪʦʢ-ɿʘʧʘʜ. ʇʨʦʪʷʞʝʥʥʦʩʪʴ ʤʘʨʰʨʫʪʘ ʦʢʦʣʦ 9500 ʢʤ, ʩʨʦʢ ʜʦʩʪʘʚʢʠ ʛʨʫʟʦʚ 

12ï14 ʜʥʝʡ. ʆʩʥʦʚʥʳʤʠ ʦʪʧʨʘʚʠʪʝʣʷʤʠ ʛʨʫʟʦʚ ʷʚʣʷʶʪʩʷ ʧʨʝʜʧʨʠʷʪʠʷ ʨʝʛʠʦʥʘ ʇʝʢʠʥ-

ʊʷʥʴʠʟʠʥʴ-ʍʵʙʦʡ, ʢʦʪʦʨʳʝ ʵʢʩʧʦʨʪʠʨʫʶʪ ʚ ʈʦʩʩʠʶ ʠʟʜʝʣʠʷ ʠʟ ʧʣʘʩʪʤʘʩʩʳ, ʘʚʪʦʤʦ-

ʙʠʣʠ, ʨʝʟʠʥʫ, ʘʢʩʝʩʩʫʘʨʳ, ʦʜʝʞʜʫ, ʤʝʭʘ, ʙʳʪʦʚʫʶ ʪʝʭʥʠʢʫ ʠ ʜʨʫʛʠʝ ʧʨʝʜʤʝʪʳ ʧʝʨʚʦʡ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ. 

4. ʍʘʨʙʠʥ-ʈʦʩʩʠʷ ï ʤʘʨʰʨʫʪ, ʩʚʷʟʳʚʘʶʱʠʡ ʩʝʚʝʨʥʳʝ ʧʨʦʚʠʥʮʠʠ ʂʠʪʘʷ (ʍʵʡʣʫʥʠ-

ʟʷʥ) ʩ ʨʝʛʠʦʥʘʤʠ ʈʦʩʩʠʠ. ʇʨʦʙʝʛ ʦʪ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʩʪʘʥʮʠʠ ʍʘʨʙʠʥ-ʉʷʥʬʘʥ ʚ 6578 

ʢʤ. ʇʦ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʝ ɹʠʥʴʯʞʦʫ ʜʦ ʧʦʨʪʘ ʄʘʥʴʯʞʫʨʠʠ, ʘ ʟʘʪʝʤ ʧʦ ʊʨʘʥʩʩʠʙʫ 5574 

ʢʤ. ʜʦ ʩʪʘʥʮʠʠ ɹʠʣʝʣʘʥ ʟʘʥʠʤʘʝʪ 10ï12 ʜʥʝʡ. ʄʘʨʰʨʫʪ ʍʘʨʙʠʥ-ʈʦʩʩʠʷ ʷʚʣʷʝʪʩʷ ʦʜ-

ʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʵʢʦʥʦʤʠʯʥʳʭ ʚ ʢʦʨʠʜʦʨʝ ɺʦʩʪʦʢ-ɿʘʧʘʜ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʥʝʩʤʦʪʨʷ ʥʘ ʥʝʢʦʪʦʨʳʝ ʪʨʘʜʠʮʠʠ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʠʣʫ ʥʝ-

ʨʘʟʚʠʪʦʩʪʠ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʵʢʦʥʦʤʠ-

ʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʨʘʤʢʘʭ ʊʨʘʥʩʩʠʙʘ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʦʜʦʣʝʪʴ ʨʷʜ ʩʝʨʴʝʟʥʳʭ 

ʧʨʝʧʷʪʩʪʚʠʡ ʥʘ ʧʫʪʠ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ ʤʘʛʠʩʪʨʘʣʠ. ʈʝʯʴ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʠʜʝʪ ʦ 

ʧʝʨʝʭʦʜʝ ʦʪ ʦʪʜʝʣʴʥʳʭ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʦʙʣʘʩʪʝʡ ʢ ʚʩʝʩʪʦʨʦʥʥʝʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ, ʦʪ 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 54, 2018 ʛ. 

ʈʘʟʜʝʣ IV. ʕʢʦʥʦʤʠʢʘ, ʣʦʛʠʩʪʠʢʘ ʠ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʪʨʘʥʩʧʦʨʪʝ 

 

 93 

ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʥʘ ʤʝʞʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʢ ʨʝʛʠʦʥʘʣʴʥʦʤʫ ʠ ʤʫʥʠʮʠʧʘʣʴʥʦʤʫ ʫʨʦʚʥʶ, 

ʦʪ ʪʦʨʛʦʚʣʠ ʵʥʝʨʛʦʥʦʩʠʪʝʣʷʤʠ ʠ ʧʦʣʝʟʥʳʤʠ ʠʩʢʦʧʘʝʤʳʤʠ ʢ ʵʢʩʧʦʨʪʫ ʧʨʦʜʫʢʮʠʠ ʧʝ-

ʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʦʪʨʘʩʣʝʡ, ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʩʬʝʨʳ ʫʩʣʫʛ. ʄʝʜʣʝʥʥʦ ʨʘʟʚʠʚʘʝʪʩʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚ ʦʙʣʘʩʪʠ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʉʦʭʨʘʥʷʶʪ ʩʣʦʞʥʳʡ ʭʘʨʘʢʪʝʨ ʪʘʤʦʞʝʥ-

ʥʳʝ ʠ ʣʦʛʠʩʪʠʯʝʩʢʠʝ ʧʨʦʮʝʜʫʨʳ, ʢʦʪʦʨʳʝ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ɺʩʝʤʠʨʥʦʡ 

ʪʦʨʛʦʚʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʪʘʤʦʞʝʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʢʦʤʤʝʨʯʝʩʢʠʤ ʟʘʪʨʘʪʘʤ. ʊʘʢ, ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʵʢʩʧʦʨʪʘ ʦʜʥʦʛʦ ʢʦʥ-

ʪʝʡʥʝʨʘ ʚ ʈʦʩʩʠʠ ʩʦʩʪʘʚʣʷʝʪ 2400 ʜʦʣʣ. ʘ ʠʤʧʦʨʪʘ 2600 ʜʦʣʣ., ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʂʠʪʘʝ 

ʦʢʦʣʦ 800 ʜʦʣʣ.  

ʈʘʩʰʠʨʷʶʱʠʝʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚ ʦʙʣʘʩʪʠ ʦʙʨʘʙʘʪʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ 

ʚ ʩʬʝʨʝ ʚʳʩʦʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʩʜʝʨʞʠʚʘʶʪʩʷ ʨʘʟʣʠʯʠʷʤʠ ʚ ʩʪʘʥʜʘʨʪʘʭ ʈʦʩʩʠʠ ʠ ʂʅʈ, 

ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʦʜʦʣʝʪʴ ʧʫʪʝʤ ʫʩʢʦʨʝʥʠʷ ʧʨʦʮʝʩʩʘ ʫʥʠʬʠʢʘʮʠʠ ʩʪʘʥʜʘʨʪʦʚ. 

ʉʦʪʨʫʜʥʠʯʝʩʪʚʦ ʩʪʦʨʦʥ ʚ ʠʥʚʝʩʪʠʮʠʦʥʥʦ-ʬʠʥʘʥʩʦʚʦʡ ʩʬʝʨʝ ʥʘʭʦʜʠʪʩʷ ʚ ʟʘʯʘʪʦʯ-

ʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʵʪʦ ʚ ʪʦ ʚʨʝʤʷ, ʢʦʛʜʘ ʧʨʝʜʧʨʠʷʪʠʷ ʥʫʞʜʘʶʪʩʷ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʩ-

ʪʦʯʥʠʢʘʭ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ. ʂ ʧʨʠʤʝʨʫ, ʦʙʱʠʡ ʩʫʤʤʘʨʥʳʡ ʦʙʲʝʤ ʚʟʘʠʤʥʳʭ ʠʥʚʝʩʪʠ-

ʮʠʡ ʚ 2015 ʛ. ʩʦʩʪʘʚʠʣ 9,6 ʤʣʨʜ. ʜʦʣʣ. ʀʟ ʥʠʭ 8,7 ʤʣʨʜ. ʜʦʣʣ. ʩʦ ʩʪʦʨʦʥʳ ʂʠʪʘʷ ʠ ʣʠʰʴ 

0.9 ʤʣʨʜ. ʜʦʣʣ. ʩʦ ʩʪʦʨʦʥʳ ʈʦʩʩʠʠ. ʌʠʥʘʥʩʦʚʳʝ ʩʘʥʢʮʠʠ ʨʷʜʘ ʟʘʧʘʜʥʳʭ ʩʪʨʘʥ ʚ ʦʪʥʦ-

ʰʝʥʠʠ ʈʦʩʩʠʠ, ʨʝʟʢʦʝ ʧʦʚʳʰʝʥʠʝ ʚʦʣʘʪʠʣʴʥʦʩʪʠ ʨʦʩʩʠʡʩʢʦʡ ʚʘʣʶʪʳ ʦʢʘʟʳʚʘʶʪ ʥʝʛʘ-

ʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʨʦʩʩʠʡʩʢʦ-ʢʠʪʘʡʩʢʦʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʚ ʬʠʥʘʥʩʦʚʦʡ ʩʬʝʨʝ. 

ʋʢʘʟʘʥʥʳʝ ʚʳʰʝ ʬʘʢʪʦʨʳ ʦʛʨʘʥʠʯʠʚʘʶʪ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʟʚʠʪʠʷ 

ʊʨʘʥʩʩʠʙʠʨʩʢʦʡ ʤʘʛʠʩʪʨʘʣʠ. ʀʤʝʥʥʦ ʚ ʩʚʷʟʠ ʩ ʵʪʠʤʠ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘʤʠ ʥʘ ʇʝʪʝʨʙʫʨʛ-

ʩʢʦʤ ʵʢʦʥʦʤʠʯʝʩʢʦʤ ʬʦʨʫʤʝ ʚ 2013 ʛ. ʙʳʣ ʟʘʷʚʣʝʥ ʧʨʦʝʢʪ ʤʦʜʝʨʥʠʟʘʮʠʠ ʊʨʘʥʩʩʠʙʠʨ-

ʩʢʦʡ ʠ ɹʘʡʢʘʣʦ-ɸʤʫʨʩʢʦʡ ʤʘʛʠʩʪʨʘʣʝʡ, ʮʝʣʴʶ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʨʘʟʚʠʪʠʝ ʪʨʘʥʩʧʦʨʪ-

ʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʤʘʛʠʩʪʨʘʣʝʡ, ʨʘʩʰʠʨʝʥʠʝ ʚʥʝʰʥʝ ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʩʚʷʟʝʡ ʠ ʫʢʨʝʧʣʝʥʠʝ ʩʪʘʪʫʩʘ ʈʦʩʩʠʠ ʚ ɸʟʠʘʪʩʢʦ-ʊʠʭʦʦʢʝʘʥʩʢʦʤ ʨʝʛʠʦʥʝ. 

ʅʘ ʨʝʘʣʠʟʘʮʠʶ ʧʨʦʝʢʪʘ ʧʣʘʥʠʨʫʝʪʩʷ ʥʘʧʨʘʚʠʪʴ 562 ʤʣʨʜ. ʨʫʙ. (ʚ ʪ. ʯ. 302 ʤʣʨʜ. 

ʨʫʙ. ʟʘ ʩʯʝʪ ʩʨʝʜʩʪʚ ʆɸʆ çʈɾɼè, 150 ʤʣʨʜ. ʨʫʙ. ʟʘ ʩʯʝʪ ʌʦʥʜʘ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʙʣʘʛʦ-

ʩʦʩʪʦʷʥʠʷ ʠ 110 ʤʣʨʜ. ʨʫʙ. ʟʘ ʩʯʝʪ ʩʨʝʜʩʪʚ ʬʝʜʝʨʘʣʴʥʦʛʦ ʙʶʜʞʝʪʘ ʈʌ. 

ɹʫʨʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʧʦʜʲʝʤ ʚ ʂʠʪʘʝ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʠ ʦʛʨʘʥʠʯʝʥʥʳʝ ʚʦʟ-

ʤʦʞʥʦʩʪʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʦʨʛʦʚʳʭ ʧʫʪʝʡ (ʧʦ ʩʫʰʝ ï çʊʨʘʥʩʩʠʙè ʠ ʧʦ ʤʦʨʶ ʖʞʥʳʡ 

ʤʦʨʩʢʦʡ ʧʫʪʴ) ʧʨʠʚʝʣʠ ʢ ʨʝʘʥʠʤʘʮʠʠ ʐʝʣʢʦʚʦʛʦ ʧʫʪʠ. ɺ ʥʘʯʘʣʝ 2014 ʛ. ʛʣʘʚʘ ʂʅʈ ʉʠ 

ʎʟʠʥʴʧʠʥ ʧʨʝʜʩʪʘʚʠʣ ʧʨʦʝʢʪ çʅʦʚʦʛʦ ʐʝʣʢʦʚʦʛʦ ʧʫʪʠè (ʅʐʇ), ʢʦʪʦʨʳʡ ʧʨʝʜʫʩʤʘʪ-

ʨʠʚʘʝʪ ʩʦʟʜʘʥʠʝ ʛʠʛʘʥʪʩʢʦʛʦ ʝʜʠʥʦʛʦ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʧʦʷʩʘ, ʚʢʣʶʯʘʷ ʤʥʦʛʦʯʠʩʣʝʥ-

ʥʳʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʝ ʦʙʲʝʢʪʳ ʚ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ, ʈʦʩʩʠʠ, ɹʝʣʦʨʫʩʩʠʠ, ɽʚʨʦʧʝ. 

ʀʥʠʮʠʘʪʠʚʘ ʂʠʪʘʷ ʥʦʩʠʪ ʠʥʪʝʛʨʘʮʠʦʥʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʦʩʥʦʚʳʚʘʝʪʩʷ: ʚʦ-ʧʝʨʚʳʭ, ʥʘ 

ʦʙʲʝʜʠʥʝʥʠʠ ʤʥʦʛʠʭ ʩʪʨʘʥ ɸʟʠʠ ʠ ɽʚʨʦʧʳ; ʚʦ-ʚʪʦʨʳʭ, ʩʦʟʜʘʥʠʝ ʝʜʠʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫ-

ʨʳ; ʚ-ʪʨʝʪʴʠʭ, ʧʦʣʠʪʠʯʝʩʢʦʡ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ; ʚ-ʯʝʪʚʝʨʪʳʭ, ʥʘ ʨʘʟʚʠʪʳʭ ʪʦʨʛʦʚʳʭ ʚʟʘʠ-

ʤʦʩʚʷʟʷʭ; ʚ-ʧʷʪʳʭ, ʥʘ ʚʘʞʥʳʭ ʬʠʥʘʥʩʦʚʳʭ ʧʦʪʦʢʘʭ. ɹʘʟʦʚʳʤ ʚʘʨʠʘʥʪʦʤ ʅʦʚʦʛʦ ʐʝʣ-

ʢʦʚʦʛʦ ʧʫʪʠ  ʩʪʘʣ ʤʘʨʰʨʫʪ ʯʝʨʝʟ ʂʘʟʘʭʩʪʘʥ, ʢʦʪʦʨʳʡ ʩʦʝʜʠʥʷʝʪ ʂʠʪʘʡ ʩʦ ʩʪʨʘʥʘʤʠ ɹʘʣ-

ʪʠʠ ʠ ɽʚʨʦʧʳ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʊʨʘʥʩʩʠʙʠʨʩʢʦʡ ʤʘʛʠʩʪʨʘʣʴʶ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʤʘʨʰʨʫʪʘ 

ʯʝʨʝʟ ʂʘʟʘʭʩʪʘʥ ʢʦʨʦʯʝ ʥʘ 2,8 ʪʳʩ. ʢʤ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʂʠʪʘʡ ʧʨʦʚʦʜʠʪ ʫʩʢʦʨʝʥʥʫʶ 

ʤʦʜʝʨʥʠʟʘʮʠʶ ʵʪʦʛʦ ʤʘʨʰʨʫʪʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʲʝʤ ʧʦʩʪʘʚʦʢ ʛʨʫʟʦʚ ʯʝʨʝʟ ʂʘʟʘʭʩʪʘʥ 

ʚʦʟʨʦʩ ʩ 15,2 ʤʣʥ. ʪʦʥʥ ʚ 2011 ʛ. ʜʦ 24,5 ʤʣʥ. ʪʦʥʥ ʚ 2015 ʛ. ʋʯʠʪʳʚʘʷ ʧʦʪʝʥʮʠʘʣʴʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʵʪʦʛʦ ʤʘʨʰʨʫʪʘ, ʝʛʦ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ (ʨʠʩ. 2). 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʝʩʣʠ ʨʘʥʝʝ ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʛʨʫʟʦʚ ʠʟ ʩʪʨʘʥ ʎʝʥʪʨʘʣʴʥʦʡ ʠ ɺʦʩʪʦʯ-

ʥʦʡ ɸʟʠʠ ʧʝʨʝʚʦʟʠʣʘʩʴ ʯʝʨʝʟ ʊʨʘʥʩʩʠʙ, ʪʦ ʪʝʧʝʨʴ ʫʞʝ ʧʦʣʦʚʠʥʘ ʪʦʚʘʨʦʚ ʠʜʝʪ ʯʝʨʝʟ 

ʂʘʟʘʭʩʪʘʥ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʦʙʲʝʤʳ ʧʝʨʝʚʦʟʦʢ ʯʝʨʝʟ ʪʨʘʥʩʢʠʪʘʡʩʢʫʶ ʤʘʛʠʩʪʨʘʣʴ 

ʚʦʟʨʘʩʪʫʪ ʩ ʚʚʝʜʝʥʠʝʤ ʚ ʧʦʛʨʘʥʠʯʥʦʤ ɼʦʩʪʳʢʝ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ 

ʰʠʨʠʥʳ ʠʩʧʦʣʴʟʫʝʤʦʡ ʢʦʣʝʠ Talgo RD (ʩ ʢʠʪʘʡʩʢʦʡ ʢʦʣʝʠ 1435 ʤʤ ʥʘ ʨʦʩʩʠʡʩʢʫʶ 

1520 ʤʤ).ɺ ʧʝʨʚʦʝ ʧʦʣʫʛʦʜʠʝ 2017 ʛ. ʢʦʣʠʯʝʩʪʚʦ ʨʝʡʩʦʚ ʠʟ ʂʠʪʘʷ ʚ ɽʚʨʦʧʫ ʫʚʝʣʠʯʠ-

ʣʦʩʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 2016 ʛ. ʥʘ 612 (158%). 
 



ɺ.ʀ. ɾʤʘʯʠʥʩʢʠʡ, ʋ ʉʷʥʲʶʡ 
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ʈʠʩ. 2. ʉʭʝʤʘ ʊʨʘʥʩʩʠʙʠʨʩʢʦʡ ʠ ʊʨʘʥʩʘʟʠʘʪʩʢʦʡ ʤʘʛʠʩʪʨʘʣʝʡ ɺʦʩʪʦʢ-ɿʘʧʘʜ 

ʆʩʥʦʚʥʳʤʠ ʤʘʨʰʨʫʪʘʤʠ ʅʦʚʦʛʦ ʐʝʣʢʦʚʦʛʦ ʧʫʪʠ ʯʝʨʝʟ ʂʘʟʘʭʩʪʘʥ ʷʚʣʷʶʪʩʷ: 

1. ʏʫʥʮʠʥ-ɼʫʡʩʙʫʨʛ ʯʝʨʝʟ ʂʘʟʘʭʩʪʘʥ, ʈʦʩʩʠʶ, ɹʝʣʘʨʫʩʴ, ʇʦʣʴʰʫ ʚ ɻʝʨʤʘʥʠʶ. 

ʇʨʦʪʷʞʝʥʥʦʩʪʴ ʤʘʨʰʨʫʪʘ ʩʦʩʪʘʚʣʷʝʪ 11 000 ʢʤ. ʩʨʦʢ ʜʦʩʪʘʚʢʠ 15 ʜʥʝʡ. ʉʦʛʣʘʩʥʦ ʪʘ-

ʤʦʞʝʥʥʦʡ ʩʪʘʪʠʩʪʠʢʝ ʢʦʣʠʯʝʩʪʚʦ ʨʝʡʩʦʚ ʠʟ ʏʫʥʮʠʥʘ ʠ ʚ ʏʫʥʮʠʥ ʩʦʩʪʘʚʠʣʦ ʦʢʦʣʦ 45% 

ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ ʝʚʨʦʧʝʡʩʢʠʭ ʨʝʡʩʦʚ, ʘ ʩʪʦʠʤʦʩʪʴ ʧʝʨʝʚʦʟʦʢ ï 85% 

ʦʪ ʦʙʱʝʡ ʩʪʦʠʤʦʩʪʠ ʨʝʡʩʦʚ ɽʉ-ʂʠʪʘʡ; 

2. ʏʵʥʜʫïʃʦʜʟʴ ʯʝʨʝʟ ʂʘʟʘʭʩʪʘʥ, ʈʦʩʩʠʶ, ɹʝʣʘʨʫʩʴ ʚ ʇʦʣʴʰʫ. ʇʨʦʪʷʞʝʥʥʦʩʪʴ ʣʠ-

ʥʠʠ 9965 ʢʤ. ʨʝʡʩ ʟʘʥʠʤʘʝʪ 14 ʜʥʝʡ. ʄʘʨʰʨʫʪ ʦʪʢʨʳʣʩʷ ʚ 2013 ʛʦʜʫ ʜʣʷ ʧʝʨʝʚʦʟʢʠ 

ʣʦʢʘʣʴʥʦʡ ʧʨʦʜʫʢʮʠʠ JT-ʢʣʘʩʩʘ ʠ ʜʨʫʛʠʝ ʵʢʩʧʦʨʪʥʳʝ ʪʦʚʘʨʳ. ɽʞʝʛʦʜʥʘʷ ʦʪʧʨʘʚʢʘ 

ʪʦʚʘʨʦʚ ʩʦʩʪʘʚʣʷʝʪ 50ï60 ʨʝʡʩʦʚ; 

3. ʏʞɻ ʥʯʞʦʫ-ɻʘʤʙʫʨʛ ʯʝʨʝʟ ʂʘʟʘʭʩʪʘʥ, ʈʦʩʩʠʶ, ɹʝʣʘʨʫʩʴ, ʇʦʣʴʰʫ ʚ ɻʝʨʤʘʥʠʶ. 

ʇʨʦʪʷʞʝʥʥʦʩʪʴ ï 10245 ʢʤ. ʧʨʦʙʝʛ ʟʘʥʠʤʘʝʪ 15 ʜʥʝʡ. ʆʩʥʦʚʥʳʤʠ ʵʢʩʧʦʨʪʝʨʘʤʠ ʪʦʚʘ-

ʨʦʚ ʷʚʣʷʶʪʩʷ ʧʨʝʜʧʨʠʷʪʠʷ ʢʠʪʘʡʩʢʠʭ ʧʨʦʚʠʥʮʠʡ ʍʵʥʘʥʴ, ʐʘʥʴʜʫʥ, ʏʞʵʯʟʷʥ, ɼʫʯʟʷʥʴ 

ʠ ʜʨʫʛʠʝ ʛʦʨʦʜʘ ʚʦʩʪʦʯʥʦʛʦ ʂʠʪʘʷ. ʅʦʤʝʥʢʣʘʪʫʨʘ ʪʦʚʘʨʦʚ ʚʢʣʶʯʘʝʪ: ʦʜʝʞʜʫ, ʢʘʥʮʪʦ-

ʚʘʨʳ, ʰʠʥʳ, ʠʟʜʝʣʠʷ ʨʫʯʥʦʡ ʨʘʙʦʪʳ ʠ ʜʨ. ɺ 2014 ï ʧʝʨʚʳʡ ʛʦʜ ʨʘʙʦʪʳ ʣʠʥʠʠ ʙʳʣʦ 

ʦʪʧʨʘʚʣʝʥʦ 92 ʨʝʡʩʘ ʩ 42 600 ʪʦʥʥʘʤʠ ʛʨʫʟʘ, ʩʪʦʠʤʦʩʪʴʶ 405 ʤʣʥ. ʜʦʣʣ. 

4. ʀʫ-ʄʘʜʨʠʜ ʤʘʨʰʨʫʪ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʥʦʚʫʶ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʟʦʥʫ ʐʝʣʢʦʚʦʛʦ 

ʧʫʪʠ ʦʪ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʩʪʘʥʮʠʠ ʀʫ (ʂʠʪʘʡ) ʯʝʨʝʟ ʉʠʥʴʮʟʷʥ ïɸʨʘ, ʗʤʘʛʫʪʠ ʠ ʜʘʣʝʝ 

ʯʝʨʝʟ ʂʘʟʘʭʩʪʘʥ, ʈʦʩʩʠʶ, ɹʝʣʘʨʫʩʴ, ʇʦʣʴʰʫ, ɻʝʨʤʘʥʠʶ, ʌʨʘʥʮʠʶ ʚ ʀʩʧʘʥʠʶ. ʇʨʦʪʷ-

ʞʝʥʥʦʩʪʴ ʤʘʨʰʨʫʪʘ 13 052 ʢʤ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʨʝʡʩʘ ʦʢʦʣʦ 21 ʜʥʷ. ʕʪʦ ʦʜʠʥ ʠʟ ʩʘʤʳʭ 

ʜʣʠʥʥʳʭ ʤʘʨʰʨʫʪʦʚ, ʢʦʪʦʨʳʡ ʦʙʩʣʫʞʠʚʘʝʪ 8 ʩʪʨʘʥ ɽʚʨʦʧʳ ʠ 6 ʧʨʦʚʠʥʮʠʡ (ʘʚʪʦʥʦʤ-

ʥʳʭ ʨʘʡʦʥʦʚ) ʂʠʪʘʷ (ʏʞʵʮʟʷʥʴ, ɸʥʴʭʦʡ, ʍʵʥʘʥʴ, ʐʵʥʴʩʠ, ɻʘʥʴʩʫ, ɸʣʘʰʘʥʴʢʦʫ). ʆʪ-

ʢʨʳʪʠʝ ʵʪʦʛʦ ʤʘʨʰʨʫʪʘ ʧʦʜʜʝʨʞʠʚʘʣʠ ʤʝʩʪʥʳʝ ʦʨʛʘʥʳ ʢʠʪʘʡʩʢʠʭ ʧʨʦʚʠʥʮʠʡ, ʩʫʙʩʠ-

ʜʠʨʦʚʘʚ ʥʘʯʘʣʴʥʳʡ ʵʪʘʧ ʨʘʙʦʪʳ ʠ ʦʙʝʩʧʝʯʠʚʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʦʩʣʝʜʫʶʱʝʡ ʜʝʷʪʝʣʴ-

ʥʦʩʪʠ. 

5. ʋʭʘʥʴ-ʏʝʭʠʷ ʦʜʠʥ ʠʟ ʧʝʨʚʳʭ ʤʘʨʰʨʫʪʦʚ, ʩʦʝʜʠʥʷʶʱʠʭ ʂʠʪʘʡ ʩʦ ʩʪʨʘʥʘʤʠ 

ʎʝʥʪʨʘʣʴʥʦʡ ɽʚʨʦʧʳ ʯʝʨʝʟ ʂʘʟʘʭʩʪʘʥ, ʈʦʩʩʠʶ, ɹʝʣʘʨʫʩʴ, ʇʦʣʴʰʫ ʚ ʏʝʭʦʩʣʦʚʘʢʠʶ. 

ʇʨʦʪʷʞʝʥʥʦʩʪʴ ʤʘʨʰʨʫʪʘ 10700ʢʤ. ʚʨʝʤʷ ʨʝʡʩʘ 15 ʜʥʝʡ. ʆʩʥʦʚʥʦʡ ʘʩʩʦʨʪʠʤʝʥʪ ʪʦʚʘ-

ʨʦʚ ʩʦʩʪʘʚʣʷʶʪ ʥʦʫʪʙʫʢʠ, ʙʳʪʦʚʘʷ ʵʣʝʢʪʨʦʥʠʢʘ ʠ ʜʨʫʛʠʝ ʪʦʚʘʨʳ ʜʣʠʪʝʣʴʥʦʛʦ ʧʦʣʴʟʦ-

ʚʘʥʠʷ. 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʪʦʨʛʦʚʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʤʝʞʜʫ ʈʦʩʩʠʝʡ ʠ 

ʂʠʪʘʝʤ, ʘʚʪʦʨʳ ʧʨʠʭʦʜʷʪ ʢ ʩʣʝʜʫʶʱʠʤ ʚʳʚʦʜʘʤ: 

ï ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʩʣʦʞʠʣʘʩʴ ʫʩʪʦʡʯʠʚʘʷ ʪʝʥʜʝʥʮʠʷ ʫʢʨʝʧʣʝʥʠʷ ʨʦʩʩʠʡʩʢʦ-

ʢʠʪʘʡʩʢʠʭ ʦʪʥʦʰʝʥʠʡ ʠ ʚʟʘʠʤʥʦʛʦ ʜʦʚʝʨʠʷ. ʂʠʪʘʡ ʩʪʘʥʦʚʠʪʩʷ ʢʣʶʯʝʚʳʤ ʚʥʝʰʥʝʵʢʦ-

ʥʦʤʠʯʝʩʢʠʤ ʧʘʨʪʥʝʨʦʤ ʈʦʩʩʠʠ ʥʘ ʙʣʠʞʘʡʰʫʶ ʠ ʙʦʣʝʝ ʦʪʜʘʣʝʥʥʫʶ ʧʝʨʩʧʝʢʪʠʚʫ. ʕʪʦ 

ʧʦʟʚʦʣʠʣʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʳʡ ʧʣʘʮʜʘʨʤ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʩʦʪʨʫʜʥʠʯʝ-

ʩʪʚʘ ʩ ʂʅʈ; 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 54, 2018 ʛ. 

ʈʘʟʜʝʣ IV. ʕʢʦʥʦʤʠʢʘ, ʣʦʛʠʩʪʠʢʘ ʠ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʪʨʘʥʩʧʦʨʪʝ 

 

 95 

ï ʈʦʩʩʠʷ ʧʦʩʪʝʧʝʥʥʦ ʧʝʨʝʤʝʱʘʝʪ ʚʝʢʪʦʨ ʪʦʨʛʦʚʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ 

ʩ ɿʘʧʘʜʘ ʥʘ ɺʦʩʪʦʢ, ʨʘʟʚʠʚʘʷ ʪʦʨʛʦʚʳʝ ʦʪʥʦʰʝʥʠʷ ʩ ʜʠʥʘʤʠʯʥʦ ʨʘʟʚʠʚʘʶʱʠʤʠʩʷ 

ʩʪʨʘʥʘʤʠ ɸʟʠʘʪʩʢʦ-ʊʠʭʦʦʢʝʘʥʩʢʦʛʦ ʨʝʛʠʦʥʘ; 

ï ɺʘʞʥʳʤ ʟʚʝʥʦʤ ʨʘʟʚʠʪʠʷ ʪʦʨʛʦʚʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʤʝʞʜʫ ʜʚʫʤʷ ʩʪʨʘʥʘʤʠ ʚʩʝ 

ʙʦʣʝʝ ʠ ʙʦʣʝʝ ʩʪʘʥʦʚʠʪʩʷ ʪʨʘʥʩʧʦʨʪʥʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʪʦʚʘʨʦʦʙʤʝʥʘ. ʆʩʦʙʘʷ 

ʨʦʣʴ ʚ ʵʪʦʤ ʜʝʣʝ ʧʨʠʥʘʜʣʝʞʠʪ ʢʠʪʘʡʩʢʦʤʫ ʧʨʦʝʢʪʫ çʅʦʚʳʡ ʐʝʣʢʦʚʳʡ ʧʫʪʴè ʢʦʪʦʨʳʡ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʫʩʢʦʨʝʥʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʭ ʦʙʲʝʢʪʦʚ ʥʦʚʦʡ 

ʩʢʚʦʟʥʦʡ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʦʛʦ ʢʦʨʠʜʦʨʘ ʂʠʪʘʡ-ɽʚʨʦʧʘ; 

ï ʈʦʩʩʠʷ ʚ ʧʨʦʛʨʘʤʤʝ çʦʜʠʥ ʧʦʷʩ - ʦʜʠʥ ʧʫʪʴè ʚʳʩʪʫʧʘʝʪ ʪʦʣʴʢʦ ʢʘʢ ʩʦʫʯʘʩʪʥʠʢ, 

ʧʦʩʪʘʚʱʠʢ ʩʳʨʴʷ, ʪʨʘʥʟʠʪʝʨ. ʇʦʟʠʪʠʚʥʦ ʦʮʝʥʠʚʘʷ ʩʪʨʝʤʣʝʥʠʝ ʂʠʪʘʷ ʢ ʠʥʪʝʛʨʘʮʠʠ, 

ʈʦʩʩʠʷ ʧʦʜʜʝʨʞʠʚʘʝʪ ʢʠʪʘʡʩʢʠʡ ʧʨʦʝʢʪ, ʥʦ ʠʤʝʝʪ ʤʘʣʦ ʚʳʛʦʜ ʦʪ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ; 

ï ɺ ʫʩʣʦʚʠʷʭ ʜʠʥʘʤʠʯʥʦ ʤʝʥʷʶʱʝʡʩʷ ʧʦʣʠʪʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʠ ʢʦʥʲʶʥʢʪʫʨʳ 

ʤʠʨʦʚʳʭ ʨʳʥʢʦʚ, ʤʝʥʷʶʪʩʷ ʠ ʚʝʢʪʦʨʳ ʚʥʝʰʥʝʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʈʦʩʩʠʠ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʵʪʦ ʦʪʢʨʳʚʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʥʥʦʚʘʮʠʦʥ-

ʥʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʫʩʪʦʷʚʰʠʭʩʷ ʩʚʷʟʝʡ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ï ʠʤʝʁʪ ʤʝʩʪʦ ʥʝʛʘ-

ʪʠʚʥʳʝ ʬʘʢʪʦʨʳ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʥʘ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʈʦʩʩʠʷ ʠ ʂʠʪʘʡ: ʢ ʥʦʚʦʤʫ ʢʘʯʝ-

ʩʪʚʫ ʜʚʫʭʩʪʦʨʦʥʥʠʭ ʦʪʥʦʰʝʥʠʡè, ʧʨʦʰʝʜʰʝʡ ʚ ʤʘʝ 2016 ʛʦʜʘ, ʨʦʩʩʠʡʩʢʠʤʠ ʠ ʢʠʪʘʡ-

ʩʢʠʤʠ ʧʘʨʪʥʝʨʘʤʠ ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʢ 2020 ʛ. ʫʚʝʣʠʯʠʪʴ ʪʦʨʛʦʚʳʡ ʦʙʦʨʦʪ ʧʦʯʪʠ 

ʚ 4 ʨʘʟʘ (ʜʦ 200 ʤʣʨʜ. ʜʦʣʣ.). ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʡ ʟʘʜʘʯʠ ʈʦʩʩʠʠ ʥʫʞʥʳ ʥʦʚʳʝ ʠʥʥʦ-

ʚʘʮʠʦʥʥʳʝ ʧʨʦʝʢʪʳ. 

ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʧʨʦʝʢʪʦʚ, ʚ ʩʣʦʞʠʚʰʠʭʩʷ ʫʩʣʦʚʠʷʭ ʧʦʣʘʛʘʝʤ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ 

ʨʘʩʩʤʦʪʨʝʪʴ ʉʝʚʝʨʥʳʡ ʤʦʨʩʢʦʡ ʧʫʪʴ (ʉʄʇ) ʢʘʢ ʝʚʨʦ-ʘʟʠʘʪʩʢʠʡ ʪʨʘʥʩʧʦʨʪʥʦ-

ʣʦʛʠʩʪʠʯʝʩʢʠʡ ʢʦʨʠʜʦʨ, ʩʚʷʟʳʚʘʶʱʠʡ ʛʦʩʫʜʘʨʩʪʚʘ ɽʉ ʠ ɸʟʠʘʪʩʢʦ-ʊʠʭʦʦʢʝʘʥʩʢʦʛʦ 

ʨʝʛʠʦʥʘ ʩ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʚ ʜʦʣʛʦʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ ʉʄʇ ʤʦʞʝʪ ʩʪʘʪʴ ʧʨʠʚʣʝʢʘ-

ʪʝʣʴʥʳʤ ʢʘʢ ʜʣʷ ʪʨʘʥʟʠʪʥʳʭ, ʪʘʢ ʠ ʚʥʫʪʨʝʥʥʠʭ ʧʝʨʝʚʦʟʦʢ. ʀʥʪʝʨʝʩ ʢ ʉʄʇ ʦʙʲʷʩʥʷʝʪ-

ʩʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʪʝʤ, ʯʪʦ ʦʥ ʧʦʯʪʠ ʚ ʜʚʘ ʨʘʟʘ ʢʦʨʦʯʝ ʖʞʥʦʛʦ ʤʦʨʩʢʦʛʦ ʧʫʪʠ: ʦʪ 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ ʜʦ ɺʣʘʜʠʚʦʩʪʦʢʘ ʧʦ ʉʄʇ 14 280 ʢʤ. ʯʝʨʝʟ ʉʫʵʮʢʠʡ ʢʘʥʘʣ 

22 200 ʢʤ. ʘ ʚʦʢʨʫʛ ʤʳʩʘ ɼʦʙʨʦʡ ʅʘʜʝʞʜʳ 29 400 ʢʤ. ʆʙʟʦʨʥʘʷ ʩʭʝʤʘ ʉʄʇ Rotterdam 

ï Dalian ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ 3. 

 

 

ʈʠʩ. 3. ʆʙʟʦʨʥʘʷ ʩʭʝʤʘ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʦʛʦ  

ʢʦʨʠʜʦʨʘ ɺʦʩʪʦʢ-ɿʘʧʘʜ 

ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʩʥʦʚʥʳʝ ʢʦʥʢʫʨʝʥʪʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʉʄʇ ï 

ʩʦʢʨʘʱʝʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʨʝʡʩʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʘʩʭʦʜʦʚ. 

ʇʦ ʦʮʝʥʢʘʤ ʘʥʘʣʠʪʠʢʦʚ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʨʦʛʥʦʟʥʳʡ ʦʙʲʝʤ ʪʦʣʴʢʦ ʚʥʫʪʨʝʥʥʠʭ ʧʝ-

ʨʝʚʦʟʦʢ ʧʦ ʉʄʇ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ 10ï15 ʤʣʥ. ʪʦʥʥ. ʆʩʥʦʚʥʳʤʠ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ 

ʉʄʇ ʚ ʈʦʩʩʠʠ ʩʝʛʦʜʥʷ ʷʚʣʷʶʪʩʷ çʅʦʨʠʣʴʩʢʠʡ ʥʠʢʝʣʴè, çɻʘʟʧʨʦʤè, çʈʦʩʥʝʬʪʴè, 



ɺ.ʀ. ɾʤʘʯʠʥʩʢʠʡ, ʋ ʉʷʥʲʶʡ 

ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʨʦʩʩʠʡʩʢʦ-ʢʠʪʘʡʩʢʦʛʦ ʪʦʨʛʦʚʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʚ ʩʠʩʪʝʤʝ» 
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çʈʦʩʰʝʣʴʬè, çʃʫʢʦʡʣè ʠ ʜʨʫʛʠʝ ʢʨʫʧʥʳʝ ʢʦʤʧʘʥʠʠ. ɸʨʢʪʠʢʘ ʚ ʜʦʣʛʦʩʨʦʯʥʦʡ ʧʝʨ-

ʩʧʝʢʪʠʚʝ ʤʦʞʝʪ ʩʪʘʪʴ ʤʦʱʥʦʡ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ ʙʘʟʦʡ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʈʦʩʩʠʠ. 

ʋʯʠʪʳʚʘʷ ʵʪʦ, ʨʘʟʚʠʪʠʝ ʉʄʇ ʢʘʢ ʝʚʨʦ-ʘʟʠʘʪʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʨʠʜʦʨʘ ʜʦʣʞʥʦ 

ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʢʘʢ ʥʘ ʥʘʮʠʦʥʘʣʴʥʦʤ, ʪʘʢ ʠ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʫʨʦʚʥʝ. 

 

 

ʈʠʩ. 4. ʉʭʝʤʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʉʄʇ ʧʦ ʦʙʩʣʫʞʠʚʘʥʠʶ ʧʦʨʪʦʚ ɸʨʢʪʠʯʝʩʢʦʡ ʟʦʥʳ ʈʌ 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʇʨʘʚʠʪʝʣʴʩʪʚʦ ʈʌ ʧʨʝʜʧʨʠʥʷ-

ʣʦ ʨʷʜ ʢʦʥʢʨʝʪʥʳʭ ʰʘʛʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʫʣʫʯʰʝʥʠʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʦʛʦ ʦʙʝʩʧʝʯʝ-

ʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʉʄʇ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʝʥʠʷ ʝʛʦ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ ʜʣʷ ʠʥʦʩʪʨʘʥʥʳʭ 

ʩʫʜʦʚʣʘʜʝʣʴʮʝʚ. ɼʦʩʪʘʪʦʯʥʦ ʥʘʧʦʤʥʠʪʴ ʦ ʪʦʤ, ʯʪʦ ʧʨʠʥʷʪʘ ʧʨʦʛʨʘʤʤʘ çʉʦʮʠʘʣʴʥʦ-

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ɸʨʢʪʠʯʝʩʢʦʡ ʟʦʥʳ ʈʌè. ʅʘ ʝʝ ʨʝʘʣʠʟʘʮʠʶ ʚ ʧʝʨʠʦʜ 2015ï

2020 ʛʛ. ʚʳʜʝʣʝʥʦ 625 ʤʣʨʜ. ʨʫʙ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʤʘʨʪʝ 2013 ʛ., ʧʦʩʣʝ ʜʣʠʪʝʣʴʥʦʛʦ ʧʝʨʝʨʳʚʘ, ʚʥʦʚʴ ʚʦʩʩʦʟʜʘʥʘ ɸʜ-

ʤʠʥʠʩʪʨʘʮʠʷ ʉʄʇ ʚ ʮʝʣʷʭ ʦʨʛʘʥʠʟʘʮʠʠ ʧʣʘʚʘʥʠʷ ʩʫʜʦʚ, ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʤʦʨʝʧʣʘʚʘʥʠʷ ʠ ʟʘʱʠʪʳ ʤʦʨʩʢʦʡ ʩʨʝʜʳ. 

ʉʚʦʝʚʨʝʤʝʥʥʦ ʧʨʠʥʷʪʘ ʠ ʘʢʪʠʚʥʦ ʨʝʘʣʠʟʫʝʪʩʷ ʮʝʣʝʚʘʷ ʧʨʦʛʨʘʤʤʘ ʨʘʟʚʠʪʠʷ ʘʪʦʤ-

ʥʦʛʦ ʣʝʜʦʢʦʣʴʥʦʛʦ ʬʣʦʪʘ. ɼʦ ʧʦʩʣʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʚ ʘʢʚʘʪʦʨʠʷʭ ʉʄʇ ʜʝʡʩʪʚʦʚʘʣʦ 10 

ʣʠʥʝʡʥʳʭ, 6 ʘʪʦʤʥʳʭ ʠ 4 ʜʠʟʝʣʴʥʳʭ ʣʝʜʦʢʦʣʘ. ʆʜʥʘʢʦ ʪʝʭʥʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʤʥʦʛʠʭ ʠʟ ʥʠʭ ʙʳʣʠ ʠʩʯʝʨʧʘʥʳ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʚ 2016 ʛ. ʩʦ ʩʪʘʧʝʣʝʡ ɹʘʣʪʠʡʩʢʦʛʦ 

ʟʘʚʦʜʘ ʩʦʰʝʣ ʧʝʨʚʝʥʝʮ, ʣʝʜʦʢʦʣ çɸʨʢʪʠʢʘè, ʢʦʪʦʨʳʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʙʦʪʘʝʪ ʥʘ 

ʗʤʘʣʝ. ɺ ʢʦʥʮʝ ʩʝʥʪʷʙʨʷ 2017 ʛ. ʩʧʫʱʝʥ ʥʘ ʚʦʜʫ ʩʘʤʳʡ ʤʦʱʥʳʡ ʚ ʤʠʨʝ ʷʜʝʨʥʳʡ ʣʝ-

ʜʦʢʦʣ çʉʠʙʠʨʴè, ʜʣʠʥʦʡ 173 ʤʝʪʨʘ, ʩ ʜʚʫʤʷ ʨʝʘʢʪʦʨʘʤʠ ʈʀʊʄ-200 ʧʦ 175 ʄʚʪ, ʠ ʘʚ-

ʪʦʥʦʤʥʦʩʪʴʶ ʧʣʘʚʘʥʠʷ 7 ʣʝʪ. ʂʦʨʘʙʣʠ ʵʪʦʛʦ ʧʨʦʝʢʪʘ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʎʂɹ ʠʤ. ʂʨʳʣʦ-

ʚʘ ʩʧʦʩʦʙʥʳ ʩʧʨʘʚʠʪʴʩʷ ʩ 3-ʭ ʤʝʪʨʦʚʳʤ ʣʴʜʦʤ ʠ ʦʙʝʩʧʝʯʠʪʴ ʣʝʜʦʚʫʶ ʧʨʦʚʦʜʢʫ ʛʨʫʟʦ-

ʚʳʭ ʩʫʜʦʚ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʛʦʜʘ. ʅʘʯʘʪʦ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʪʨʝʪʴʝʛʦ ʩʫʜʥʘ ʵʪʦʛʦ ʧʨʦʝʢʪʘ ï 

ʣʝʜʦʢʦʣ çʋʨʘʣè. ɽʛʦ ʧʦʩʪʨʦʡʢʫ ʧʣʘʥʠʨʫʝʪʩʷ ʟʘʚʝʨʰʠʪʴ ʚ 2021 ʛʦʜʫ. 

ʆʜʥʦʚʨʝʤʝʥʥʦ, ʚ ʨʘʤʢʘʭ ʨʘʟʚʠʪʠʷ ʉʄʇ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝ ʝʱʝ ʦʜʥʦʡ 

ʩʪʨʘʪʝʛʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ï ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʧʦʣʥʦʮʝʥʥʦʡ ʣʠʥʝʡʢʠ ʩʨʝʜʥʠʭ ʠ ʢʨʫʧʥʦʪʦʥ-

ʥʘʞʥʳʭ ʩʫʜʦʚ ʠ ʤʦʨʩʢʦʡ ʪʝʭʥʠʢʠ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʥʘ ʩʫʜʦʩʪʨʦʠʪʝʣʴʥʦʤ ʢʦʤʧʣʝʢʩʝ 

(ʉʉʂ) çɿʚʝʟʜʘè (ʇʨʠʤʦʨʴʝ) ʟʘʣʦʞʝʥʳ 4 ʪʘʥʢʝʨʘ ʫʩʠʣʝʥʥʦʛʦ ʣʝʜʦʚʦʛʦ ʢʣʘʩʩʘ ʜʝʜʚʝʡ-

ʪʦʤ 70 ʪʳʩ. ʪʦʥʥ. ɿʘʢʣʶʯʝʥʦ ʩʦʛʣʘʰʝʥʠʝ ʩ ʢʦʨʝʡʩʢʦʡ ʢʦʤʧʘʥʠʝʡ Samsung Heavy In-

dustries CO. Ltd ʥʘ ʩʦʚʤʝʩʪʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʘʨʢʪʠʯʝʩʢʠʭ ʯʝʣʥʦʯʥʳʭ ʪʘʥʢʝʨʦʚ ʜʝʜ-

ʚʝʡʪʦʤ ʦʪ 42 ʜʦ 120 ʪʳʩ. ʪʦʥʥ ʜʣʷ ʧʝʨʝʚʦʟʢʠ ʥʝʬʪʠ ʠ ʩʞʠʞʝʥʥʦʛʦ ʛʘʟʘ, ʘ ʪʘʢʞʝ ʩʪʨʦʠ-

ʪʝʣʴʩʪʚʦ ʙʫʨʦʚʳʭ ʧʣʘʪʬʦʨʤ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʫʨʦʚʥʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʉʄʇ ʧʦʣʘʛʘʝʤ 

ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʨʘʩʩʤʦʪʨʝʪʴ: 

ɺʦ-ʧʝʨʚʳʭ, ʫʩʣʦʚʠʷ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʭʦʜʘ ʩʫʜʦʚ ʚʩʝʭ ʬʣʦʪʦʚ ʧʦ ʉʄʇ ʠ ʦʪʢʨʳʪʦʩʪʴ 

ʧʦʨʪʦʚ. ʋʩʪʘʥʦʚʠʪʴ ʪʘʢʞʝ ʦʜʠʥʘʢʦʚʳʡ ʜʣʷ ʚʩʝʭ ʧʦʨʷʜʦʢ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʫʩʣʫʛ; 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 54, 2018 ʛ. 

ʈʘʟʜʝʣ IV. ʕʢʦʥʦʤʠʢʘ, ʣʦʛʠʩʪʠʢʘ ʠ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʪʨʘʥʩʧʦʨʪʝ 

 

 97 

ɺʦ-ʚʪʦʨʳʭ, ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʚʚʝʜʝʥʠʷ ʥʦʚʦʡ ʩʠʩʪʝʤʳ ʪʘʨʠʬʦʚ ʥʘ ʧʝʨʝʚʦʟʢʠ ʧʦ 

ʉʄʇ ʪʨʘʥʟʠʪʥʳʭ ʠ ʵʢʩʧʦʨʪʥʦ-ʠʤʧʦʨʪʥʳʭ ʛʨʫʟʦʚʳʭ ʠ  ʥʘ ʦʧʣʘʪʫ ʫʩʣʫʛ ʧʨʠ ʦʙʱʝʤ ʠʭ 

ʩʥʠʞʝʥʠʠ. ʕʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪ ʮʝʥʦʚʫʶ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʤʘʨ-

ʰʨʫʪʦʚ; 

ɺ-ʪʨʝʪʴʠʭ, ʚʦʟʤʦʞʥʦʩʪʴ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʫʧʨʦʱʝʥʠʷ ʪʘʤʦʞʝʥʥʳʭ, ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʠ 

ʧʨʦʮʝʜʫʨ ʜʣʷ ʜʦʧʫʩʢʘ ʩʫʜʦʚ ʥʘ ʪʨʘʩʩʫ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʠʭ ʧʣʘʚʘʥʠʷ. 

ɺ-ʯʝʪʚʝʨʪʳʭ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʧʦʠʩʢʦʚʦ-ʩʧʘʩʘʪʝʣʴʥʦʡ ʩʣʫʞʙʳ. 

ɹʳʩʪʨʦʛʦ ʨʝʘʛʠʨʦʚʘʥʠʷ, ʩʧʦʩʦʙʥʦʡ ʦʢʘʟʘʪʴ ʧʦʤʦʱʴ ʚ ʣʶʙʦʡ ʪʦʯʢʝ ʉʄʇ. 

ɺʳʧʦʣʥʝʥʠʝ ʧʨʠʥʷʪʳʭ ʧʨʦʛʨʘʤʤ ʠ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʨʝʢʦʤʝʥʜʘʮʠʡ ʙʫʜʝʪ ʩʧʦʩʦʙ-

ʩʪʚʦʚʘʪʴ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʨʘʟʚʠʪʠʶ ʉʄʇ ʢʘʢ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʝʚʨʦ-ʘʨʢʪʠʯʝʩʢʦʛʦ 

ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʦʛʦ ʢʦʨʠʜʦʨʘ. 

ʆʮʝʥʠʚʘʷ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʨʦʩʩʠʡʩʢʦ-ʢʠʪʘʡʩʢʦʛʦ ʪʦʨʛʦʚʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ 

ʚ ʩʠʩʪʝʤʝ ʪʨʘʥʩʧʦʨʪʥʳʭ ʢʦʨʠʜʦʨʦʚ çɺʦʩʪʦʢ-ɿʘʧʘʜ-ɺʦʩʪʦʢè, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʧʨʝʞʜʝ 

ʚʩʝʛʦ, ʧʦʟʠʪʠʚʥʳʡ ʭʘʨʘʢʪʝʨ ʩʪʨʘʪʝʛʠʠ ʫʩʢʦʨʝʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʩʦʙʩʪʚʝʥʥʦʡ ʠʥʬʨʘ-

ʩʪʨʫʢʪʫʨʳ ʢʘʢ ʩʫʭʦʧʫʪʥʦʡ, ʪʘʢ ʠ ʤʦʨʩʢʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʝʪʠ ʈʦʩʩʠʠ. ʇʦʜʢʣʶʯʝʥʠʝ 

ʈʦʩʩʠʠ ʢ ʧʨʦʝʢʪʫ çʅʦʚʦʛʦ ʐʝʣʢʦʚʦʛʦ ʧʫʪʠè ʟʘʚʠʩʠʪ ʦʪ ʩʪʝʧʝʥʠ ʨʘʟʚʠʪʦʩʪʠ ʠʥʬʨʘ-

ʩʪʨʫʢʪʫʨʳ ʠ ʪʝʤʧʦʚ ʤʦʜʝʨʥʠʟʘʮʠʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʤʘʛʠʩʪʨʘʣʝʡ ʊʨʘʥʩʩʠʙʘ ʠ ɹɸ-

ʄʘ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʙʳ ʚ ʙʫʜʫʱʝʤ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʧʨʦʝʢʪ ʩʢʦʨʦʩʪʥʦʡ ʞʝʣʝʟʥʦʜʦʨʦʞ-

ʥʦʡ ʤʘʛʠʩʪʨʘʣʠ çʄʦʩʢʚʘ-ʇʝʢʠʥè. 

ɼʣʷ ʂʠʪʘʷ ʥʘʠʙʦʣʝʝ ʚʳʛʦʜʥʦ ʥʘʧʨʘʚʣʝʥʠʝ çʂʘʟʘʭʩʪʘʥ-ʈʦʩʩʠʷ-ɹʝʣʦʨʫʩʩʠʷè, ʚ ʨʝʘ-

ʣʠʟʘʮʠʠ ʢʦʪʦʨʦʛʦ ʂʠʪʘʡ ʫʞʝ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʦʜʚʠʥʫʣʩʷ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʠ ʜʨʫʛʠʝ 

ʪʨʘʩʩʳ ʅʦʚʦʛʦ ʐʝʣʢʦʚʦʛʦ ʧʫʪʠ (ʯʝʨʝʟ ʀʨʘʥ-ɸʟʝʨʙʘʡʜʞʘʥ-ʊʫʨʮʠʶ, ʯʝʨʝʟ ʂʨʳʤ, ʋʢ-

ʨʘʠʥʫ ʠ ʜʨ.). 

ʆʜʥʠʤ ʠʟ ʨʝʟʝʨʚʥʳʭ ʚʘʨʠʘʥʪʦʚ, ʦʙʲʝʜʠʥʷʶʱʠʭ ɿʘʧʘʜ ʠ ɺʦʩʪʦʢ, ʷʚʣʷʝʪʩʷ ʪʨʘʥ-

ʟʠʪʥʘʷ ʤʘʛʠʩʪʨʘʣʴ ʉʝʚʝʨʥʦʛʦ ʤʦʨʩʢʦʛʦ ʧʫʪʠ (ʉʄʇ), ʧʨʝʠʤʫʱʝʩʪʚʘ ʢʦʪʦʨʦʛʦ ʠʟʚʝʩʪ-

ʥʳ. 
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There is a task to strengthen economic cooperation with the countries of the Asia-Pacific re-
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ɺ.ʀ. ɾʤʘʯʠʥʩʢʠʡ, ʋ ʉʷʥʲʶʡ 
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gion and çfirst of allè with China. It is a strategy of socio-economic development of Russia 

for the period up to 2020. To solve this problem, the authors of the article analyzed and 

evaluated alternative options for the development of transport communications in the East-

West-East corridor system. The prospects for the development of existing land and sea 

transport highways (Transsib, BAM, South Sea Route), as well as the routes of the New Silk 

Road (NSR) and the Northern Sea Route (NSR) are considered. As a result, a conclusion is 

made about the prospects for the development of the Northern Sea Route (NSR). 

ʉʪʘʪʴʷ ʧʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ 05.02.2018 ʛ. 

 

 

 

ʋɼʂ 338.24 

 
ʅ.ɺ. ʄʦʨʜʦʚʯʝʥʢʦʚ, ʜʦʢʪʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʌɻɹʆʋ ɺʆ çɺɻʋɺʊè 

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

ɺ.ʄ. ʇʦʣʷʢʦʚ, ʢʘʥʜʠʜʘʪ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʌɻɹʆʋ ɺʆ çʅɻʀʕʋè 

606340, ʅʠʞʝʛʦʨʦʜʩʢʘʷ ʦʙʣʘʩʪʴ, ʛ. ʂʥʷʛʠʥʠʥʦ, ʫʣ. ʆʢʪʷʙʨʴʩʢʘʷ, 22ʘ 

ʆʇʓʊ ʈɸɿɺʀʊʀʗ ʀ ʉʆɺɽʈʐɽʅʉʊɺʆɺɸʅʀʗ 

ʉɽʈʊʀʌʀʂɸʎʀʀ ɺ ɻɽʈʄɸʅʀʀ:  

ʀʅʌʈɸʉʊʈʋʂʊʋʈʅʓʁ ɸʉʇɽʂʊ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʢʢʨʝʜʠʪʘʮʠʷ, ʘʢʨʦʥʠʤ, ʢʦʥʚʝʥʮʠʷ, ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ, ʢʦʥ-

ʪʨʦʣʴ, ʣʦʛʦʪʠʧ, ʤʘʨʢʝʪʠʥʛ, ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ, ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʨʳʥʦʢ, ʤʝ-

ʥʝʜʞʤʝʥʪ, ʤʦʜʠʬʠʢʘʮʠʷ, ʥʝʤʝʮʢʘʷ ʢʫʣʴʪʫʨʘ, ʦʭʨʘʥʘ ʪʦʚʘʨʥʳʭ ʟʥʘʢʦʚ, ʧʨʦʜʫʢʮʠʷ, 

ʩʝʨʪʠʬʠʢʘʮʠʷ, ʩʠʥʜʠʢʘʪʠʚʥʳʡ ʵʬʬʝʢʪ, ʩʪʘʥʜʘʨʪʠʟʘʮʠʷ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʘʫʜʠʪ, 

ʪʦʚʘʨ, ʫʩʣʫʛʘ, ʬʠʣʦʩʦʬʠʷ ʤʳʰʣʝʥʠʷ, ʵʢʩʧʝʨʪ, ʵʢʩʧʝʨʪʠʟʘ ʢʘʯʝʩʪʚʘ. 

 

ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʵʢʦʥʦʤʠʢʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʥʪʝʛʨʘ-

ʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʦʙʫʩʣʦʚʣʝʥʘ ʚʳʧʦʣʥʝʥʠʝʤ ʪʨʝʙʦʚʘʥʠʡ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʩʠʩʪʝʤʳ 

ʢʘʯʝʩʪʚʘ. ʎʝʣʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʟʫʯʝʥʠʠ ʦʧʳʪʘ ʠ ʧʨʦʮʝʩʩʘ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʩʝʨʪʠʬʠʢʘʮʠʠ ʚ ɻʝʨʤʘʥʠʠ ʧʨʠ ʨʝʰʝʥʠʠ ʛʣʦʙʘʣʴʥʳʭ ʠ ʧʨʠʦʨʠʪʝʪʥʳʭ ʠʥʬʨʘʩʪʨʫʢʪʫʨ-

ʥʳʭ ʧʨʦʙʣʝʤ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʨʝʩʫʨʩʘ ʧʦ ʩʦʩʪʦʷʥʠʶ ʫʨʦʚʥʷ 

ʩʝʨʪʠʬʠʢʘʮʠʠ ʚ ɻʝʨʤʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʨʝʩʫʨʩ ʀʥʪʝʨʥʝʪʘ ʥʘʨʷʜʫ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ 

ʤʝʪʦʜʘʤʠ (ʘʥʘʣʠʟ, ʩʠʥʪʝʟ, ʦʙʦʙʱʝʥʠʝ); ʚ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʝʪʦʜ ʵʬʬʝʢʪʠʚʥʦ-

ʩʪʠ, ʤʝʪʦʜ ʩʨʘʚʥʝʥʠʷ ʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ. ɺ ʨʘʙʦʪʝ ʚʳʷʚʣʝʥʘ ʟʥʘʯʠ-

ʪʝʣʴʥʘʷ ʨʦʣʴ ʛʦʩʫʜʘʨʩʪʚʘ ʚ ʧʦʚʳʰʝʥʠʠ ʟʥʘʯʠʤʦʩʪʠ ʩʝʨʪʠʬʠʢʘʮʠʦʥʥʳʭ ʤʝʨ, ʧʦʚʳʰʝ-

ʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʠʥʩʪʠʪʫʪʘ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʚ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʦʡ 

ʵʢʦʥʦʤʠʢʝ ʥʘ ʤʝʟʦʫʨʦʚʥʝ. ʈʘʩʰʠʨʝʥ ʜʠʜʘʢʪʠʯʝʩʢʠʡ ʧʝʨʝʯʝʥʴ ʢʦʤʧʦʥʝʥʪʦʚ, ʚʭʦʜʷʱʠʭ ʚ 

ʥʝʦʙʭʦʜʠʤʳʡ çʧʫʣè ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʡ ʩʝʨʪʠʬʠʢʘʮʠʠ: ʤʘʨʢʝʪʠʥʛ, ʤʝʥʝʜʞʤʝʥʪ 

(ʄɺɸ), ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʘʫʜʠʪ ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʣʠʥʛ, ʠʥʞʠʥʠʨʠʥʛ ʠ ʨʝʠʥ-

ʞʠʥʠʨʠʥʛ, ʯʝʣʦʚʝʯʝʩʢʠʡ (ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ) ʢʘʧʠʪʘʣ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʪʦʛʦ ʧʦʜ-

ʭʦʜʘ ʥʘʙʣʶʜʘʝʪʩʷ ʩʠʥʜʠʢʘʪʠʚʥʳʡ ʵʬʬʝʢʪ, ʧʦʚʳʰʘʝʪʩʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʙʦʨʫ-

ʜʦʚʘʥʠʷ, ʪʨʫʜʘ ʠ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ ʛʨʘʞʜʘʥ ʚ ʫʩʣʦʚʠʷʭ ʛʣʦʙʘʣʠʟʘʮʠʠ ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦ-

ʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʵʢʦʥʦʤʠʢʠ ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʥʘ ʤʝʟʦʫʨʦʚʥʝ. ʆʧʳʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʨʘʪʝʛʠʠ ʩʝʨʪʠʬʠʢʘʮʠʠ ʚ 

ɻʝʨʤʘʥʠʠ ʧʦʟʚʦʣʷʝʪ ʬʦʨʤʠʨʦʚʘʪʴ ʦʪʝʯʝʩʪʚʝʥʥʳʡ ʚʝʢʪʦʨ ʠʥʩʪʠʪʫʪʘ ʩʝʨʪʠʬʠʢʘʮʠʠ 

ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʪʦʚʘʨʦʚ, ʨʘʙʦʪ, ʫʩʣʫʛ, ʧʦʚʳ-

ʰʝʥʥʦʛʦ ʚʥʠʤʘʥʠʷ ʢ ʧʦʜʛʦʪʦʚʢʝ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʦʙʣʘʩʪʠ 

ʨʝʰʝʥʠʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʭ ʧʨʦʙʣʝʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʩʫʨʩʘ ʩʝʨʪʠʬʠʢʘʮʠʠ ʠ 

ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ. 

 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 54, 2018 ʛ. 

ʈʘʟʜʝʣ IV. ʕʢʦʥʦʤʠʢʘ, ʣʦʛʠʩʪʠʢʘ ʠ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʪʨʘʥʩʧʦʨʪʝ 
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ʊʝʨʤʠʥ çʩʝʨʪʠʬʠʢʘʮʠʷè ʧʨʦʠʩʭʦʜʠʪ ʦʪ ʣʘʪʠʥʩʢʦʛʦ ʧʨʠʣʘʛʘʪʝʣʴʥʦʛʦ çcertus, a, 

umè (ʚʝʨʥʳʡ, ʠʟʚʝʩʪʥʳʡ, ʥʝ ʧʦʜʣʝʞʘʱʠʡ ʩʦʤʥʝʥʠʶ), ʠ ʣʘʪʠʥʩʢʦʛʦ ʛʣʘʛʦʣʘ çfacereè 

(ʜʝʣʘʪʴ) [1], [2]. 

ʉʦʛʣʘʩʥʦ ɺʠʢʠʧʝʜʠʠ ʩʝʨʪʠʬʠʢʘʮʠʷ ï ʵʪʦ ʬʦʨʤʘ ʦʩʫʱʝʩʪʚʣʷʝʤʦʛʦ ʦʨʛʘʥʦʤ ʧʦ 

ʩʝʨʪʠʬʠʢʘʮʠʠ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʠʷ ʦʙʲʝʢʪʦʚ ʪʨʝʙʦʚʘʥʠʷʤ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʛ-

ʣʘʤʝʥʪʦʚ, ʧʦʣʦʞʝʥʠʷʤ ʩʪʘʥʜʘʨʪʦʚ, ʩʚʦʜʦʚ ʧʨʘʚʠʣ ʠʣʠ ʫʩʣʦʚʠʷʤ ʜʦʛʦʚʦʨʦʚ. ʇʦʜ ʩʝʨ-

ʪʠʬʠʢʘʮʠʝʡ ʧʦʥʠʤʘʝʪʩʷ ʪʘʢʞʝ ʩʘʤʘ ʧʨʦʮʝʜʫʨʘ ʧʦʣʫʯʝʥʠʷ ʩʝʨʪʠʬʠʢʘʪʘ. [3], [4], [5] 

ʊʝʨʤʠʥ çʩʝʨʪʠʬʠʢʘʮʠʷè ʚʧʝʨʚʳʝ ʙʳʣ ʩʬʦʨʤʫʣʠʨʦʚʘʥ ʠ ʦʧʨʝʜʝʣʝʥ ʂʦʤʠʪʝʪʦʤ ʧʦ 

ʚʦʧʨʦʩʘʤ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ (ʉɽʈʊʀʂʆ) ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘ-

ʮʠʠ ʀʉʆ ʠ ʚ 1982 ʛ. ʚʢʣʶʯʝʥ ʚ ʈʫʢʦʚʦʜʩʪʚʦ ˉ 2 ʀʉʆ (ʀʉʆ/ʄʕʂ2) çʆʙʱʠʝ ʪʝʨʤʠʥʳ 

ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ, ʩʝʨʪʠʬʠʢʘʮʠʠ ʠ ʘʢʢʨʝʜʠʪʘʮʠʠ ʠʩʧʳʪʘʪʝʣʴ-

ʥʳʭ ʣʘʙʦʨʘʪʦʨʠʡè. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʜʦʢʫʤʝʥʪʦʤ ʩʝʨʪʠʬʠʢʘʮʠʷ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʜʝʡʩʪʚʠʝ, ʢʦʪʦʨʦʝ ʧʦʩʨʝʜʩʪʚʦʤ ʩʝʨʪʠʬʠʢʘʪʘ ʩʦʦʪʚʝʪʩʪʚʠʷ ʠʣʠ ʟʥʘʢʘ 

ʩʦʦʪʚʝʪʩʪʚʠʷ ʫʜʦʩʪʦʚʝʨʷʝʪ, ʯʪʦ ʠʟʜʝʣʠʝ ʠʣʠ ʫʩʣʫʛʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʧʨʝʜʝʣʝʥʥʳʤ 

ʩʪʘʥʜʘʨʪʘʤ ʠʣʠ ʜʨʫʛʠʤ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʳʤ ʘʢʪʘʤ ʠ ʜʦʢʫʤʝʥʪʘʤ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝ-

ʤʷ ʧʦʜ ʩʝʨʪʠʬʠʢʘʮʠʝʡ ʧʦʥʠʤʘʝʪʩʷ ʜʝʡʩʪʚʠʝ ʪʨʝʪʴʝʡ ʩʪʦʨʦʥʳ, ʜʦʢʘʟʳʚʘʶʱʝʝ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʘʷ ʫʚʝʨʝʥʥʦʩʪʴ ʚ ʪʦʤ, ʯʪʦ ʥʘʜʣʝʞʘʱʠʤ ʦʙʨʘʟʦʤ ʠʜʝʥʪʠʬʠ-

ʮʠʨʦʚʘʥʥʘʷ ʧʨʦʜʫʢʮʠʷ, ʧʨʦʮʝʩʩ ʠʣʠ ʫʩʣʫʛʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʥʢʨʝʪʥʦʤʫ ʩʪʘʥʜʘʨʪʫ ʠʣʠ 

ʜʨʫʛʦʤʫ ʥʦʨʤʘʪʠʚʥʦʤʫ ʜʦʢʫʤʝʥʪʫ.  

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʚʠʜʦʚ ʩʝʨʪʠʬʠʢʘʮʠʠ ʷʚʣʷʝʪʩʷ ʩʝʨʪʠʬʠʢʘʮʠʷ ʠʟʜʝʣʠʡ (ʪʦʚʘ-

ʨʦʚ) ʠʣʠ ʫʩʣʫʛ. [1] ɺ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʘʚʪʦʨʳ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʨʘʩʩʤʦʪʨʝʥʠʝʤ ʚʦʧʨʦ-

ʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʪʦʣʴʢʦ ʩ ʵʪʠʤ ʚʠʜʦʤ ʩʝʨʪʠʬʠʢʘʮʠʠ. 

ɻʦʣʦʚʥʳʤ ʨʘʟʨʘʙʦʪʯʠʢʦʤ ʩʪʘʥʜʘʨʪʦʚ ʚ ɻʝʨʤʘʥʠʠ ʷʚʣʷʝʪʩʷ ʅʝʤʝʮʢʠʡ ʠʥʩʪʠʪʫʪ ʧʦ 

ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ (DIN ï ʥʝʤ. Deutsches Institut f¿r Normung). [6], [7] ʕʪʘ ʦʨʛʘʥʠʟʘʮʠʷ 

ʙʳʣʘ ʦʩʥʦʚʘʥʘ 22 ʜʝʢʘʙʨʷ 1917 ʛʦʜʘ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʦʥʘ ʥʘʟʳʚʘʣʘʩɹ ʂʦʤʠʪʝʪʦʤ ʧʦ 

ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʥʝʤʝʮʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ (NADI  ï ʥʝʤ. Normenausschuss der 

deutschen Industrie), ʘ ʚ 1926 ʛʦʜʫ ʙʳʣʘ ʧʝʨʝʠʤʝʥʦʚʘʥʘ ʚ ʅʝʤʝʮʢʠʡ ʢʦʤʠʪʝʪ ʧʦ ʩʪʘʥ-

ʜʘʨʪʠʟʘʮʠʠ (DNA, ʥʝʤ. Deutscher Normenausschuss). ʅʦʚʦʝ ʥʘʟʚʘʥʠʝ ʧʦʜʯʝʨʢʠʚʘʣʦ, 

ʯʪʦ ʩʬʝʨʘ ʜʝʡʩʪʚʠʷ ʢʦʤʠʪʝʪʘ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʥʘ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ. ʉ 1975 

ʛʦʜʘ ʦʨʛʘʥʠʟʘʮʠʷ ʥʦʩʠʪ ʩʦʚʨʝʤʝʥʥʦʝ ʥʘʟʚʘʥʠʝ [8]. ɺ ʵʪʦʤ ʞʝ ʛʦʜʫ ʙʳʣʦ ʧʦʜʧʠʩʘʥʦ 

ʩʦʛʣʘʰʝʥʠʝ ʠʥʩʪʠʪʫʪʘ ʩ ʧʨʘʚʠʪʝʣʴʩʪʚʦʤ ʌʈɻ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʪʦʨʳʤ DIN ʩʪʘʣ 

ʥʘʮʠʦʥʘʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʠ ʧʦʣʫʯʠʣ ʧʨʘʚʦ ʧʨʝʜʩʪʘʚʣʷʪʴ ʠʥʪʝ-

ʨʝʩʳ ɻʝʨʤʘʥʠʠ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʨʳʥʢʝ ʪʦʚʘʨʦʚ ʠ ʫʩʣʫʛ. 

 

 

ʈʠʩ. 1. ʃʦʛʦʪʠʧ DIN 

ɸʢʨʦʥʠʤ DIN, ʢʦʪʦʨʳʡ ʩʣʫʞʠʪ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʥʝʤʝʮʢʠʭ ʩʪʘʥʜʘʨʪʦʚ, ʯʘʩʪʦ ʥʝ-

ʢʦʨʨʝʢʪʥʦ ʨʘʩʰʠʬʨʦʚʳʚʘʝʪʩʷ ʢʘʢ Deutsche Industrienorm (ʩʤ., ʥʘʧʨʠʤʝʨ, [9]).  

ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ DIN ʩʦʩʪʦʠʪ ʚ ʨʘʟʨʘʙʦʪʢʝ ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘ-

ʮʠʠ (ʩʪʘʥʜʘʨʪʳ, ʪʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, ʧʨʘʚʠʣʘ ʠ ʪ. ʧ.). ɼʣʷ ʵʪʦʛʦ ʠʥʩʪʠʪʫʪ ʦʨʛʘʥʠʟʫʝʪ 

ʨʘʙʦʪʫ 26 ʪʳʩ. ʵʢʩʧʝʨʪʦʚ ʠʟ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʝʡ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ. ʏʣʝʥʘʤʠ DIN ʷʚ-

ʣʷʶʪʩʷ ʧʨʝʜʧʨʠʷʪʠʷ, ʩʦʶʟʳ, ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ, ʪʦʨʛʦʚʳʝ ʬʠʨʤʳ ʠ ʥʘʫʯ-

ʥʳʝ ʠʥʩʪʠʪʫʪʳ.  

ɹʣʘʛʦʜʘʨʷ ʠʥʪʝʥʩʠʚʥʦʡ ʨʘʙʦʪʝ ʥʝʤʝʮʢʠʭ ʵʢʩʧʝʨʪʦʚ ʚ ʩʬʝʨʝ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʩʪʘʥ-

ʜʘʨʪʠʟʘʮʠʠ ʠ ʥʦʨʤʠʨʦʚʘʥʠʷ DIN ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʙʱʝʧʨʠʟʥʘʥʥʳʭ ʤʠʨʦʚʳʭ ʣʠʜʝ-

ʨʦʚ ʚ ʦʙʣʘʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʩʪʘʥʜʘʨʪʦʚ ʠ ʜʨʫʛʠʭ ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʠʭ ʜʦʢʫʤʝʥʪʦʚ. ɺ ʩʦʩʪʘʚ DIN ʚʭʦʜʷʪ ʚ ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ 74 ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ 

http://dic.academic.ru/dic.nsf/ruwiki/3095
http://dic.academic.ru/dic.nsf/ruwiki/708435
http://dic.academic.ru/dic.nsf/ruwiki/6255
http://dic.academic.ru/dic.nsf/ruwiki/2333
https://ru.wikipedia.org/wiki/%D0%90%D0%BA%D1%80%D0%BE%D0%BD%D0%B8%D0%BC
https://ru.wikipedia.org/wiki/%D0%A1%D1%82%D0%B0%D0%BD%D0%B4%D0%B0%D1%80%D1%82
https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D1%85%D0%BD%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B5_%D1%83%D1%81%D0%BB%D0%BE%D0%B2%D0%B8%D1%8F
https://commons.wikimedia.org/wiki/File:DIN-Logo.svg?uselang=ru
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ʥʦʨʤʘʪʠʚʥʳʭ ʢʦʤʠʪʝʪʘ, ʟʘʥʠʤʘʶʱʠʭʩʷ ʨʘʟʨʘʙʦʪʢʦʡ ʥʦʚʳʭ ʠ ʤʦʜʝʨʥʠʟʘʮʠʝʡ ʩʫʱʝʩʪ-

ʚʫʶʱʠʭ ʩʪʘʥʜʘʨʪʦʚ ʠ ʜʨʫʛʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʘ ʪʘʢʞʝ ʩʝʨʪʠʬʠʢʘʮʠʝʡ ʪʦʚʘʨʦʚ ʠ ʫʩʣʫʛ. 

ʉʪʘʥʜʘʨʪʳ, ʠʟʜʘʚʘʝʤʳʝ ɽʚʨʦʧʝʡʩʢʠʤ ʢʦʤʠʪʝʪʦʤ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ (CEN ï ʘʥʛʣ. 

European Committee for Standardization), ʠʤʝʶʪ ʦʙʦʟʥʘʯʝʥʠʝ EN [10]. ʏʘʩʪʦ ʟʘ ʦʩʥʦʚʫ 

ʵʪʠʭ ʩʪʘʥʜʘʨʪʦʚ ʧʨʠʥʠʤʘʶʪ ʩʪʘʥʜʘʨʪʳ ISO (ʠʣʠ ʜʨʫʛʠʭ ʦʨʛʘʥʠʟʘʮʠʡ). ɺ ʤʠʨʦʚʦʡ ʠ 

ʝʚʨʦʧʝʡʩʢʦʡ ʧʨʘʢʪʠʢʝ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʚʦʡʥʦʝ ʠʣʠ ʪʨʦʡʥʦʝ ʦʙʦʟʥʘʯʝʥʠʝ, 

ʥʘʧʨʠʤʝʨ, DIN EN, DIN EN ISO ʠ ʪ. ʜ. ʅʠʞʝ ʧʨʠʚʦʜʷʪʩʷ ʧʨʠʤʝʨʳ ʩʪʘʥʜʘʨʪʦʚ, ʚ ʩʦ-

ʩʪʘʚ ʥʘʟʚʘʥʠʷ ʢʦʪʦʨʳʭ ʚʭʦʜʠʪ ʘʙʙʨʝʚʠʘʪʫʨʘ DIN: 

DIN ï ʩʪʘʥʜʘʨʪ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʥʘʮʠʦʥʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʠʣʠ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʩʪʘʥʜʘʨʪʘ; 

DIN EN ï ʥʝʤʝʮʢʦʝ ʠʟʜʘʥʠʝ ʝʚʨʦʧʝʡʩʢʦʛʦ ʩʪʘʥʜʘʨʪʘ (ʥʘ ʥʝʤʝʮʢʦʤ ʷʟʳʢʝ); 

DIN ISO ï ʩʪʘʥʜʘʨʪ ISO, ʧʨʠʥʷʪʳʡ ʚ ɻʝʨʤʘʥʠʠ ʢʘʢ ʥʘʮʠʦʥʘʣʴʥʳʡ ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ 

ʠʟʤʝʥʝʥʠʡ; 

DIN EN ISO ï ʩʪʘʥʜʘʨʪ, ʢʦʪʦʨʳʡ ʩʦʚʤʝʩʪʥʦ ʨʘʟʨʘʙʦʪʘʣʠ ʠ ʠʟʜʘʣʠ ISO ʠ ɽʚʨʦʧʝʡ-

ʩʢʠʡ ʢʦʤʠʪʝʪ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ (CEN); 

DIN IEC ï ʜʝʡʩʪʚʫʶʱʠʡ ʚ ɻʝʨʤʘʥʠʠ ʩʪʘʥʜʘʨʪ ɽʚʨʦʧʝʡʩʢʦʡ ʢʦʤʠʩʩʠʠ ʧʦ ʵʣʝʢʪʨʦ-

ʪʝʭʥʠʢʝ (IEC ï ʘʥʛʣ. International Electrotechnical Commission; ʪʦ ʞʝ, ʯʪʦ ʄʕʂ ï ʨʫʩ. 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʘʷ ʢʦʤʠʩʩʠʷ). 

 

 

ʈʠʩ. 2. ʃʦʛʦʪʠʧ IEC 

IEC ï ʵʪʦ ʜʦʙʨʦʚʦʣʴʥʘʷ ʥʝʧʨʘʚʠʪʝʣʴʩʪʚʝʥʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ, ʩʦʟʜʘʥʥʘʷ ʚ 1906 ʛʦʜʫ. 

ʇʨʘʢʪʠʯʝʩʢʦʡ ʩʬʝʨʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʵʪʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʩʪʘʥʜʘʨʪʠʟʘʮʠʷ ʬʠʟʠ-

ʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. [11] ʅʘʨ̫-

ʜʫ ʩ ʵʪʠʤ ʚʥʠʤʘʥʠʝ IEC ʥʘʧʨʘʚʣʝʥʦ ʪʘʢʞʝ ʥʘ ʵʣʝʢʪʨʦʠʟʤʝʨʝʥʠʷ, ʪʝʩʪʠʨʦʚʘʥʠʝ, ʫʪʠʣʠ-

ʟʘʮʠʶ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʚʳʰʝʥʘʟʚʘʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺ ʩʦʩʪʘʚ IEC ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝ-

ʤʷ ʚʭʦʜʷʪ ʙʦʣʝʝ 50 ʥʘʮʠʦʥʘʣʴʥʳʭ ʢʦʤʠʪʝʪʦʚ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʡ ʚ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʭ ʦʪʨʘʩʣʷʭ ʠʟ ʨʘʟʥʳʭ ʩʪʨʘʥ. 

ʉ 1951 ʛʦʜʘ DIN ʷʚʣʷʝʪʩʷ ʯʣʝʥʦʤ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘ-

ʮʠʠ ISO (ʘʥʛʣ. International Organization for Standardization), [12]  ʟʘʥʠʤʘʶʱʝʡʩʷ ʚr -

ʧʫʩʢʦʤ ʩʪʘʥʜʘʨʪʦʚ. ISO ʙʳʣʘ  ʩʦʟʜʘʥʘ ʚ 1946 ʛʦʜʫ ʜʚʘʜʮʘʪʴʶ ʧʷʪʴʶ ʥʘʮʠʦʥʘʣʴʥʳʤʠ 

ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ, ʥʘ ʦʩʥʦʚʝ ʜʚʫʭ ʦʨʛʘʥʠʟʘʮʠʡ ï ISA (ʘʥʛʣ. Interna-

tional Federation of the National Standardizing Associations), ʫʯʨʝʞʜʸʥʥʦʡ ʚ ʅʴ-ʁʁʦʨʢʝ 

ʚ 1926 ʛʦʜʫ ʠ ʨʘʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʚ 1942 ʛʦʜʫ, ʠ UNSCC (ʘʥʛʣ. United Nations Stand-

ards Coordinating Committee), ʫʯʨʝʞʜʸʥʥʦʡ ʚ 1944 ʛʦʜʫ.  

 

 

ʈʠʩ. 3. ʕʤʙʣʝʤʘ ISO 
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ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 54, 2018 ʛ. 

ʈʘʟʜʝʣ IV. ʕʢʦʥʦʤʠʢʘ, ʣʦʛʠʩʪʠʢʘ ʠ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʪʨʘʥʩʧʦʨʪʝ 
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ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʩʣʝʜʫʶʱʠʡ ʠʥʪʝʨʝʩʥʳʡ ʬʘʢʪ: ʧʨʠ ʚʳʙʦʨʝ ʘʙʙʨʝʚʠʘʪʫʨʳ ʜʣʷ 

ʥʘʟʚʘʥʠʷ ʦʨʛʘʥʠʟʘʮʠʠ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʛʨʝʯʝʩʢʦʝ ʩʣʦʚʦ ɘůɞɠ (ʠʩʦʩ ʠʣʠ ʠʟʦʩ) ï çʨʘʚ-

ʥʳʡè, [13], ʧʦʵʪʦʤʫ ʥʘ ʚʩʝʭ ʷʟʳʢʘʭ ʤʠʨʘ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʧʦ ʩʪʘʥʜʘʨʪʠ-

ʟʘʮʠʠ ʠʤʝʝʪ ʢʨʘʪʢʦʝ ʥʘʟʚʘʥʠʝ çʠʩʦè. 

ʉʬʝʨʘ ʜʝʷʪʝʣʴʥʦʩʪʠ ʀʉʆ ʢʘʩʘʝʪʩʷ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʚʦ ʚʩʝʭ ʦʙʣʘʩʪʷʭ, ʢʨʦʤʝ ʵʣʝʢ-

ʪʨʦʪʝʭʥʠʢʠ ʠ ʵʣʝʢʪʨʦʥʠʢʠ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʢʦʤʧʝʪʝʥʮʠʠ ɽʚʨʦʧʝʡʩʢʦʡ ʢʦʤʠʩʩʠʠ ʧʦ 

ʵʣʝʢʪʨʦʪʝʭʥʠʢʝ IEC (ʩʤ. ʚʳʰʝ). 

ʂʨʦʤʝ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ, ʀʉʆ ʟʘʥʠʤʘʝʪʩʷ ʧʨʦʙʣʝʤʘʤʠ ʩʝʨʪʠʬʠʢʘʮʠʠ. ʀʉʆ ʦʧʨʝ-

ʜʝʣʷʝʪ ʩʚʦʠ ʟʘʜʘʯʠ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʩʦʜʝʡʩʪʚʠʝ ʨʘʟʚʠʪʠʶ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʠ 

ʩʤʝʞʥʳʭ ʚʠʜʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʤʠʨʝ ʩ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʦʙʤʝʥʘ 

ʪʦʚʘʨʘʤʠ ʠ ʫʩʣʫʛʘʤʠ, ʘ ʪʘʢʞʝ ʨʘʟʚʠʪʠʷ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ, ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʦʡ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʦʙʣʘʩʪʷʭ. ʆʬʠʮʠʘʣʴʥʳʤʠ ʷʟʳʢʘʤʠ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ 

ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʀʉʆ ʷʚʣʷʶʪʩʷ ʘʥʛʣʠʡʩʢʠʡ, ʬʨʘʥ-

ʮʫʟʩʢʠʡ ʠ ʨʫʩʩʢʠʡ. 

ɺ ʩʦʩʪʘʚ ʧʨʘʚʦʚʦʡ ʙʘʟ rʩʝʨʪʠʬʠʢʘʮʠʠ ʚ ɻʝʨʤʘʥʠʠ ʚʢʣʶʯʝʥʳ ʟʘʢʦʥʳ ʚ ʦʙʣʘʩʪʠ 

ʦʭʨʘʥʳ ʟʜʦʨʦʚʴʷ ʠ ʞʠʟʥʠ ʥʘʩʝʣʝʥʠʷ, ʟʘʱʠʪʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʨʫʜʘ, 

ʵʢʦʥʦʤʠʠ ʨʝʩʫʨʩʦʚ, ʟʘʱʠʪʳ ʠʥʪʝʨʝʩʦʚ ʧʦʪʨʝʙʠʪʝʣʝʡ. ʉ 1990 ʛ. ʚ ʩʪʨʘʥʝ ʜʝʡʩʪʚʫʝʪ 

ʟʘʢʦʥ ʦʙ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʟʘ ʠʟʛʦʪʦʚʣʝʥʠʝ ʥʝʜʦʙʨʦʢʘʯʝʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʢʦʪʦʨʳʡ 

ʛʘʨʤʦʥʠʟʠʨʦʚʘʥ ʩ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘʤʠ ʩʪʨʘʥ-ʯʣʝʥʦʚ ɽʉ ʠ ʩʣʫʞʠʪ ʧʨʘʚʦʚʦʡ ʙʘʟʦʡ ʜʣʷ 

ʩʝʨʪʠʬʠʢʘʮʠʠ ʚ ʨʘʤʢʘʭ ʝʜʠʥʦʛʦ ʝʚʨʦʧʝʡʩʢʦʛʦ ʨʳʥʢʘ. ɼʝʡʩʪʚʫʶʱʠʡ ʟʘʢʦʥ ʨʘʩʧʨʦ-

ʩʪʨʘʥʷʝʪʩʷ ʥʘ ʜʦʚʦʣʴʥʦ ʰʠʨʦʢʠʡ ʧʝʨʝʯʝʥʴ ʪʦʚʘʨʦʚ ï ʦʪ ʠʛʨʫʰʝʢ ʜʦ ʥʝʢʦʪʦʨʳʭ ʚʠʜʦʚ 

ʥʝʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʦʛʦ ʠ ʩʧʝʮʠʘʣʴʥʦʛʦ (ʫʥʠʢʘʣʴʥʦʛʦ) ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʇʦ ʜʘʥʥʳʤ ɻʝʨʤʘʥʩʢʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʮʝʥʪʨʘ ɻɸʊʊ/ɺʊʆ, ʆʙʱʝʥʘʮʠʦʥʘʣʴ-

ʥʘʷ ʩʠʩʪʝʤʘ ʩʝʨʪʠʬʠʢʘʮʠʠ ʚ ʩʪʨʘʥʝ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʝʩʢʦʣʴʢʦ ʩʠʩʪʝʤ ʩʝʨʪʠʬʠʢʘʮʠʠ. 

ʇʦʪʨʝʙʥʦʩʪʠ ʛʝʨʤʘʥʩʢʦʡ ʵʢʦʥʦʤʠʢʠ ʥʘ 80-90% ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʩʣʝʜʫʶʱʠʝ ʩʠʩʪʝʤʳ, 

ʩʦʩʪʘʚʣʷʶʱʠʝ ʦʙʱʝʥʘʮʠʦʥʘʣʴʥʫʶ:  

ɸ ï ʩʠʩʪʝʤʘ ʩʝʨʪʠʬʠʢʘʮʠʠ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʨʝʛʣʘʤʝʥʪʘʤ; 

A1 ï ʩʠʩʪʝʤʘ ʩʝʨʪʠʬʠʢʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʠʷ ʩʪʘʥʜʘʨʪʘʤ DIN; 

A2 ï ʩʠʩʪʝʤʘ ʩʝʨʪʠʬʠʢʘʮʠʠ VDE; 

A3 ï ʩʠʩʪʝʤʘ ʩʝʨʪʠʬʠʢʘʮʠʠ DVGW; 

B ï ʩʠʩʪʝʤʘ ʩʝʨʪʠʬʠʢʘʮʠʠ ɻʝʨʤʘʥʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʛʘʨʘʥʪʠʠ ʢʘʯʝʩʪʚʘ ʠ ʤʘʨʢʠʨʦʚ-

ʢʠ RAL; 

C ï ʩʠʩʪʝʤʘ ʩʝʨʪʠʬʠʢʘʮʠʠ ʥʘ ʟʥʘʢ GS ʧʨʦʤʳʰʣʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ; 

D ï ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ ʠ ʥʘʜʟʦʨʘ ʟʘ ʩʦʦʪʚʝʪʩʪʚʠʝʤ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʬʝ-

ʜʝʨʘʣʴʥʳʤ ʥʦʨʤʘʤ; 

E ï ʩʠʩʪʝʤʘ ʩʝʨʪʠʬʠʢʘʮʠʠ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ, ʤʝʨ ʠ ʵʪʘʣʦʥʦʚ; 

F ï ʩʠʩʪʝʤʘ ʩʝʨʪʠʬʠʢʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʠʷ ʨʘʟʜʝʣʫ 24 ɻʝʨʤʘʥʩʢʦʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ. 

ʉʠʩʪʝʤʘ ɸ1 ʦʭʚʘʪʳʚʘʝʪ ʚʩʝ ʚʠʜʳ ʠʟʜʝʣʠʡ, ʥʘ ʢʦʪʦʨʳʝ ʫʩʪʘʥʦʚʣʝʥʳ ʪʨʝʙʦʚʘʥʠʷ ʚ 

ʩʪʘʥʜʘʨʪʘʭ DIN. ʈʫʢʦʚʦʜʠʪ ʝʶ ɻʝʨʤʘʥʩʢʠʡ ʠʥʩʪʠʪʫʪ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ. ʉʠʩʪʝʤʘ ʷʚʣ̫-

ʝʪʩʷ ʜʦʙʨʦʚʦʣʴʥʦʡ. ʂ ʥʝʡ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʳʡ ʜʦʩʪʫʧ ʛʝʨʤʘʥʩʢʠʝ ʠ ʟʘʨʫʙʝʞʥʳʝ ʦʨʛʘ-

ʥʠʟʘʮʠʠ, ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʝ ʚ ʩʝʨʪʠʬʠʢʘʮʠʠ ʩʚʦʝʡ ʧʨʦʜʫʢʮʠʠ. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʳʝ ʨʘ-

ʙʦʪʳ ʧʦ ʩʝʨʪʠʬʠʢʘʮʠʠ ʚ ʵʪʦʡ ʩʠʩʪʝʤʝ ʦʩʫʱʝʩʪʚʣʷʝʪ ʆʙʱʝʩʪʚʦ ʧʦ ʦʮʝʥʢʝ ʩʦʦʪʚʝʪʩʪ-

ʚʠʷ DIN CERTCO, ʢʦʪʦʨʦʝ ʫʯʘʩʪʚʫʝʪ ʚ ʥʝʩʢʦʣʴʢʠʭ ʩʦʛʣʘʰʝʥʠʷʭ ʧʦ ʩʝʨʪʠʬʠʢʘʮʠʠ ʚ 

ʨʘʤʢʘʭ ɽʉ ʠ ʩʦʪʨʫʜʥʠʯʘʝʪ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ. ʀʟʜʝʣʠʷ, ʠʩʧʳʪʘʥʥʳʝ 

ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʪʨʝʙʦʚʘʥʠʷʤ ʩʪʘʥʜʘʨʪʦʚ DIN, ʤʘʨʢʠʨʫʶʪʩʷ ʣʦʛʦʪʠʧʦʤ DIN 

GEPR¦FT (çʠʩʧʳʪʘʥʦ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʪʨʝʙʦʚʘʥʠʷʤ DINè) (ʨʠʩ. 3).  

 

https://ru.wikipedia.org/wiki/%D0%90%D0%BD%D0%B3%D0%BB%D0%B8%D0%B9%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA
https://ru.wikipedia.org/wiki/%D0%A4%D1%80%D0%B0%D0%BD%D1%86%D1%83%D0%B7%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA
https://ru.wikipedia.org/wiki/%D0%A4%D1%80%D0%B0%D0%BD%D1%86%D1%83%D0%B7%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA
https://ru.wikipedia.org/wiki/%D0%A0%D1%83%D1%81%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA
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ʈʠʩ. 3. ɿʥʘʢ ʩʦʦʪʚʝʪʩʪʚʠʷ ʪʨʝʙʦʚʘʥʠʷʤ DIN 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʟʥʘʢʘ DIN ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʥʩʧʝʢʮʠʦʥʥʳʤ ʢʦʥʪʨʦʣʝʤ. ʕʪʦʪ ʟʥʘʢ, 

ʚʚʝʜʝʥʥʳʡ ʩ 1972 ʛ. ʚ ʜʦʧʦʣʥʝʥʠʝ ʢ ʫʥʘʩʣʝʜʦʚʘʥʥʦʤʫ ʝʱʝ ʦʪ ʜʦʚʦʝʥʥʦʡ ɻʝʨʤʘʥʠʠ ʠ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʤʫ ʚʦ ʚʩʝʭ ʩʪʨʘʥʘʭ, ʧʦʜʧʠʩʘʚʰʠʭ ʄʘʜʨʠʜʩʢʫʶ ʤʝʞʜʫʥʘʨʦʜʥʫʶ 

ʢʦʥʚʝʥʮʠʶ ʦ ʪʦʨʛʦʚʳʭ ʟʥʘʢʘʭ, ʟʥʘʢʫ DIN, ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʪʦʣʴʢʦ ʜʣʷ ʤʘʨʢʠ-

ʨʦʚʢʠ ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʠʟʜʝʣʠʡ. 

ɽʩʣʠ ʧʨʦʚʝʩʪʠ ʵʢʩʢʫʨʩ ʚ ʠʩʪʦʨʠʶ, ʪʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠʥʷʪʦʝ ʚ 1891 ʛ. ʚ 

ʄʘʜʨʠʜʝ ʉʦʛʣʘʰʝʥʠʝ ʦ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʪʦʚʘʨʥʳʭ ʟʥʘʢʦʚ ʦʪʢʨʳʣʦ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʝʜʠʥʦʛʦ ʪʦʚʘʨʥʦʛʦ ʟʥʘʢʘ ʜʣʷ ʥʘʮʠʦʥʘʣʴʥʦʡ ʠ ʤʝʞʜʫʥʘʨʦʜ-

ʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʧʨʠʟʥʘʚʘʪʴʩʷ ʚʩʝʤʠ ʩʪʨʘʥʘʤʠ-ʫʯʘʩʪʥʠʮʘʤʠ. 

ʄʘʜʨʠʜʩʢʦʝ ʩʦʛʣʘʰʝʥʠʝ (ʥʝʤʝʮʢʦʝ ʥʘʟʚʘʥʠʝ Madrider Abkommen) ï ʵʪʦ ʜʦʛʦʚʦʨ 

ʥʘ ʫʨʦʚʥʝ ʤʝʞʧʨʘʚʠʪʝʣʴʩʪʚʝʥʥʳʭ ʩʦʛʣʘʰʝʥʠʡ ʨʷʜʘ ʩʪʨʘʥ; ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤʠ 

ʩʦʛʣʘʰʝʥʠʷʤʠ ʥʘʮʠʦʥʘʣʴʥʳʝ ʪʦʚʘʨʥʳʝ ʟʥʘʢʠ ʚ ʚʠʜʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʙʨʝʥʜʦʚ ʧʦʣʴ-

ʟʫʶʪʩʷ ʧʦʜʜʝʨʞʢʦʡ ʠ ʩʦʜʝʡʩʪʚʠʝʤ ʩʪʨʘʥ-ʫʯʘʩʪʥʠʮ ʘʩʩʦʮʠʘʮʠʠ, ʪʨʘʥʩʬʦʨʤʠʨʫʶʪʩʷ ʜʦ 

ʫʨʦʚʥʷ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩʠʩʪʝʤʳ ʩʝʨʪʠʬʠʢʘʮʠʠ ʢʘʯʝʩʪʚʘ (IR ï ʥʝʤ. 

international registriert). [14],. [15], [16] ʕʪʠ ʤʝʞʧʨʘʚʠʪʝʣʴʩʪʚʝʥʥʳʝ ʩʦʛʣʘʰʝʥʠʷ ʚ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʦʪ ʧʦʣʠʪʠʯʝʩʢʦʡ ʢʦʥʲʶʥʢʪʫʨʳ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʚ ɽʉ ʥʝʦʜʥʦʢʨʘʪ-

ʥʦ (ʚ 1900, 1911, 1925, 1934 ʠ 1957 ʛʦʜʘʭ) ʧʦʜʚʝʨʛʘʣʠʩʴ ʨʝʚʠʟʠʠ (ʠʥʚʝʥʪʘʨʠʟʘʮʠʠ). 

ʂʘʨʜʠʥʘʣʴʥʳʡ ʧʝʨʝʩʤʦʪʨ ʤʘʜʨʠʜʩʢʠʭ ʩʦʛʣʘʰʝʥʠʡ ʧʨʦʠʟʦʰʝʣ ʚ 1967 ʛʦʜʫ ʚ ʩʪʦʣʠʮʝ 

ʐʚʝʮʠʠ ʉʪʦʢʛʦʣʴʤʝ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʷʟʳʢʦʤ ʦʙʱʝʥʠʷ ʚ ʄʘʜ-

ʨʠʜʩʢʦʡ ʧʨʘʚʦʚʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʩʦʛʣʘʩʥʦ ʩʪ. 6 ʄʘʜʨʠʜʩʢʦʛʦ ʩʦʛʣʘʰʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʬʨʘʥʮʫʟʩʢʠʡ ʷʟʳʢ, ʦʜʥʘʢʦ, ʚ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ ʟʘʷʚʢʠ ʤʦʛʫʪ ʙʳʪʴ ʦʬʦʨʤʣʝʥʳ ʥʘ 

ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʝ. ʕʪʦʪ ʣʠʙʝʨʘʣʴʥʦ-ʜʝʤʦʢʨʘʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʦʬʦʨʤʣʝʥʠʶ ʜʦʛʦʚʦʨʘ 

ʦ ʨʝʛʠʩʪʨʘʮʠʠ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʭ ʪʦʚʘʨʥʳʭ ʟʥʘʢʦʚ ʥʘʧʨʘʚʣʝʥ ʥʘ ʧʨʝʦʜʦʣʝʥʠʝ ʘʚʪʘʨ-

ʢʠʠ ï ʧʨʠʥʮʠʧʘ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʛʦ ʭʝʜʞʠʨʦʚʘʥʠʷ (ʦʭʨʘʥʳ) ʪʦʚʘʨʥʳʭ ʟʥʘʢʦʚ. [19]. 

ʄʘʜʨʠʜʩʢʦʝ ʩʦʛʣʘʰʝʥʠʝ ʙʳʣʦ ʟʘʢʣʶʯʝʥʦ ʧʦʜ ʵʛʠʜʦʡ ɺʆʀʉ (WIPO) ï . ɺʩʝʤʠʨ-

ʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ (WIPO ï ʘʥʛʣ. World Intellectual 

Property Organization), [10].ʦʩʥʦʚʘʥʥʦʡ ʚ 1893 ʛʦʜʫ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ, ʢʦ-

ʪʦʨʘʷ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʷʚʣʷʝʪʩʷ ʦʪʚʝʪʩʪʚʝʥʥʦʡ ʟʘ ʩʦʙʣʶʜʝʥʠʝ ʦʩʥʦʚʥʳʭ ʤʝʞʜʫʥʘʨʦʜ-

ʥʳʭ ʩʦʛʣʘʰʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ (ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʇʘ-

ʨʠʞʩʢʦʡ ʂʦʥʚʝʥʮʠʠ ʦʙ ʦʭʨʘʥʝ ʧʨʦʤʳʰʣʝʥʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʦʪ 20 ʤʘʨʪʘ 1883 ʛʦʜʘ ʠ 

ɹʝʨʥʩʢʦʡ ʂʦʥʚʝʥʮʠʠ ʦʙ ʦʭʨʘʥʝ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠ ʭʫʜʦʞʝʩʪʚʝʥʥʳʭ ʧʨʦʠʟʚʝʜʝʥʠʡ, ʧʨʠ-

ʥʷʪʦʡ 9 ʩʝʥʪʷʙʨʷ 1886 ʛʦʜʘ). ʉ 1974 ʛʦʜʘ ɺʆʀʉ ʪʘʢʞʝ ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʠ ʩʧʝʮʠʘʣʠ-

ʟʠʨʦʚʘʥʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʆʆʅ, ʟʘʥʠʤʘʶʱʝʛʦʩʷ ʚʦʧʨʦʩʘʤʠ ʪʚʦʨʯʝʩʪʚʘ ʠ ʠʥʪʝʣʣʝʢʪʫ-

ʘʣʴʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʯʣʝʥʘʤʠ ɺʆʀʉ ʷʚʣʷʶʪʩʷ 188 ʩʪʨʘʥ ʤʠʨʘ 

(ʙʦʣʝʝ 90%). [19] ʐʪʘʙ-ʢʚʘʨʪʠʨʘ ɺʆʀʉ ʥʘʭʦʜʠʪʩʷ ʚ ɾʝʥʝʚʝ. ʈʝʛʠʩʪʨʘʮʠʦʥʥʳʝ ʩʙʦʨʳ 

ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʚ ʰʚʝʡʮʘʨʩʢʠʭ ʬʨʘʥʢʘʭ. ɺ 2007 ʛʦʜʫ ʚ ɺʆʀʉ ʙʳʣʦ ʧʦʜʘʥʦ 38 471 

ʟʘʷʚʦʢ ʥʘ ʨʝʛʠʩʪʨʘʮʠʶ ʪʦʚʘʨʥʳʭ ʟʥʘʢʦʚ. ʅʘ ʨʠʩ. 4 ʧʨʝʜʩʪʘʚʣʝʥʘ ʵʤʙʣʝʤʘ ʵʪʦʡ ʤʝʞʜʫ-

ʥʘʨʦʜʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ. 
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ʈʠʩ. 4. ʕʤʙʣʝʤʘ ɺʆʀʉ 

ʀʥʩʧʝʢʮʠʦʥʥʳʡ ʥʘʜʟʦʨ ʟʘ ʩʦʙʣʶʜʝʥʠʝʤ ʟʘʢʦʥʦʚ ʧʦ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʨʫʜʘ ʠ ʟʘʢʦʥʘ ʦ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘʭʦʜʠʪʩʷ ʚ ʚʝʜʝʥʠʠ ʦʪʜʝʣʦʚ ʧʨʦʠʟʚʦʜʩʪ-

ʚʝʥʥʦʛʦ ʥʘʜʟʦʨʘ ʤʠʥʠʩʪʝʨʩʪʚ ʪʨʫʜʘ ʠ ʩʦʮʠʘʣʴʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʚʩʝʭ ʬʝʜʝʨʘʣʴʥʳʭ 

ʟʝʤʝʣʴ. ʀʥʩʧʝʢʮʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ ʤʘʢʩʠʤʘʣʴʥʦ ʟʘʪʨʫʜʥʠʪʴ ʘʢʪʠʚʥʦʝ ʧʨʠ-

ʤʝʥʝʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʢʦʪʦʨʦʝ ʥʝ ʧʨʦʰʣʦ ʩʝʨʪʠʬʠʢʘʮʠʦʥʥʳʝ ʠʩʧʳʪʘʥʠʷ. ʊʝʭʥʠʯʝ-

ʩʢʫʶ (ʠʥʞʠʥʠʨʠʥʛʦʚʫʶ) ʠʥʩʧʝʢʮʠʶ ʦʩʫʱʝʩʪʚʣʷʶʪ ʘʩʩʦʮʠʘʮʠʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʠʟ-

ʛʦʪʦʚʠʪʝʣʝʡ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʚʦʟʤʦʞʥʳʭ ʥʝʩʯʘʩʪʥʳʭ 

ʩʣʫʯʘʝʚ, ʟʘ ʩʪʨʘʭʦʚʘʥʠʝ ʠ ʧʝʨʝʩʪʨʘʭʦʚʘʥʠʝ, ʘ ʪʘʢʞʝ ʚʦʟʤʝʱʝʥʠʝ ʫʱʝʨʙʘ ʨʘʙʦʪʥʠʢʘʤ 

ʧʨʝʜʧʨʠʷʪʠʡ. ɺ ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʦʙʷʟʘʥʥʦʩʪʠ ʚʭʦʜʷʪ ʨʘʟʨʘʙʦʪʢʘ ʠ ʨʝʪʨʘʥʩʣʷʮʠʷ 

ʪʨʝʙʦʚʘʥʠʡ ʧʦ ʙʝʟʦʧʘʩʥʦʩʪʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ɸʩʩʦʮʠʘʮʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʪʨʘʩʣʝʚʦʡ ʩʧʝʮʠʘʣʠʟʘʮʠʠ ʦʨʛʘʥʠʟʫʶʪ ʧʨʦʚʝʨʢʠ ʥʘ 

ʠʜʝʥʪʠʯʥʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʫʯʠʪʳʚʘʷ ʧʨʠ ʵʪʦʤ ʟʘʧʨʦʩʳ ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʭ ʧʨʝʜ-

ʧʨʠʷʪʠʡ (ʬʠʨʤ) ʠʣʠ ʦʬʦʨʤʣʷʷ ʨʝʢʣʘʤʘʮʠʠ ʥʘ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʥʦʨʤʘʤ ʩʝʨʪʠʬʠʢʘʮʠʠ 

ʢʘʯʝʩʪʚʘ, ʚʳʷʚʣʝʥʥʳʭ ʚ ʭʦʜʝ ʪʝʭʥʠʯʝʩʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʥʝʨʛʦʫʩʪʘʥʦʚʦʢ ʠʣʠ ʩʧʝʮʠ-

ʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʪʝʭʥʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʠ ʵʢʩʧʝʨʪʠʟʫ ʦʩʫʱʝʩʪʚʣʷʶʪ 

ʚʳʩʦʢʦʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʠʥʩʧʝʢʪʦʨʳ-ʘʥʘʣʠʪʠʢʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʣʫʯʠʣʘ ʰʠ-

ʨʦʢʫʶ ʠʟʚʝʩʪʥʦʩʪʴ ʛʨʫʧʧʘ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʵʢʩʧʝʨʪʦʚ ʧʦ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʤʳʰʣʝʥ-

ʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ GBG (ʥʝʤ. Gewerbliche Berufsgenossenschaften ï ʇʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ 

ʦʨʛʘʥʠʟʘʮʠʷ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ). 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʧʦʜʩʠʩʪʝʤʳ ɸ2, ʪʦ ʦʥʘ ʚ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʤ ʪʠʪʫʣʴʥʦʤ çʩʧʠʩʢʝè 

ʦʪʥʦʩʠʪʩʷ ʢ ʉʦʶʟʫ ʥʝʤʝʮʢʠʭ ʵʣʝʢʪʨʦʪʝʭʥʠʢʦʚ (ʥʝʤ. ʘʙʙʨʝʚʠʘʪʫʨʘ VDE ï Verband 

Deutscher Elektrotechniker), ʧʦʜʜʝʨʞʠʚʘʝʤʦʤʫ ʧʨʦʬʠʣʴʥʳʤ ʀʥʩʪʠʪʫʪʦʤ ʠʩʧʳʪʘʥʠʡ ʠ 

ʩʝʨʪʠʬʠʢʘʮʠʠ (ʥʝʤ. ʘʙʙʨʝʚʠʘʪʫʨʘ PZI, ʢʦʪʦʨʘʷ ʨʘʩʰʠʬʨʦʚʳʚʘʝʪʩʷ ʢʘʢ Pr¿f- und 

Zertifizierungsinstitut). ɺ ʵʪʦʪ ʧʝʨʝʯʝʥʴ ʩʝʨʪʠʬʠʢʘʮʠʦʥʥʦʡ ʛʨʫʧʧʳ ʚʢʣʶʯʝʥʳ ʚʩʝ ʚʠʜʳ 

(ʤʦʜʠʬʠʢʘʮʠʠ) ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʦʥʥʳʭ ʧʨʠʙʦʨʦʚ, ʪʝʭʥʠʯʝʩʢʘʷ ʵʢʩʧʣʫʘʪʘ-

ʮʠʷ ʢʦʪʦʨʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʧʨʘʚʠʣʘʤ VDE, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʧʦ ʨʝʛʣʘʤʝʥ-

ʪʘʤ ʢʘʯʝʩʪʚʘ DIN, ʘ ʩ 1980 ʛʦʜʘ ʥʘ ʠʩʧʳʪʘʪʝʣʴʥʳʭ ʩʪʝʥʜʘʭ ʠʟʜʝʣʠʷ ʧʨʦʚʝʨʷʶʪʩʷ ʥʘ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʪʨʝʙʦʚʘʥʠʷʤ ʩʪʘʥʜʘʨʪʦʚ ʄʕʂ (IEC).. ʇʨʦʮʝʜʫʨʘ ʩʝʨʪʠʬʠʢʘʮʠʠ ʚ  ʨʘʤ-

ʢʘʭ ʧʦʜʩʠʩʪʝʤʳ A2, ʧʦ ʘʥʘʣʦʛʠʠ ʩ ɸ1, ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ ʦʙʷʟʘʪʝʣʴʥʦʡ, ʪʘʢ ʜʦʙʨʦʚʦʣʴ-

ʥʦʡ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʚʦʜʘ ʟʘʢʦʥʦʚ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʥʘ ʧʨʘʚʦʚʦʡ ʦʩʥʦʚʝ ʨʝʛʣʘʤʝʥ-

ʪʠʨʦʚʘʥʠʶ ʥʝʦʙʭʦʜʠʤʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʦʪʜʝʣʴʥʦ ʚʟʷʪʦʤʫ ʪʦʚʘʨʥʦʤʫ ʠʟʜʝʣʠʶ. ʇʦʜ-

ʩʠʩʪʝʤʘ VDE ʷʚʣʷʝʪʩʷ ʚʦʩʪʨʝʙʦʚʘʥʥʦʡ ʚ ʤʠʨʝ. ʇʦʜʪʚʝʨʞʜʝʥʠʝʤ ʵʪʦʤʫ ʩʣʫʞʠʪ ʪʦʪ 

ʬʘʢʪ, ʯʪʦ ʦʥʘ ʷʚʣʷʝʪʩʷ ʫʯʘʩʪʥʠʢʦʤ ʝʚʨʦʧʝʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʤʥʦʛʦʩʪʦʨʦʥʥʠʭ 

ʩʦʛʣʘʰʝʥʠʡ ʦ ʚʟʘʠʤʥʦʤ ʧʨʠʟʥʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʡ ʠ ʩʠʩʪʝʤ ʩʝʨʪʠʬʠʢʘʮʠʠ, 

ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʫʩʧʝʰʥʦʛʦ ʨʝʪʨʘʥʩʣʠʨʦʚʘʥʠʷ ʟʥʘʢʦʚ ʩʦʦʪʚʝʪʩʪʚʠʷ 

ʩʠʩʪʝʤʳ VDE ʟʘ ʨʫʙʝʞʦʤ. ʕʪʠ ʟʥʘʢʠ ʩʦʦʪʚʝʪʩʪʚʠʷ ʧʨʦʰʣʠ ʨʝʛʠʩʪʨʘʮʠʶ ʧʦ ʢʨʠʪʝʨʠʶ 

ʢʘʯʝʩʪʚʘ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʪʨʘʥ ʤʠʨʘ. 

ʉʠʩʪʝʤʘ A3 ï ʵʪʦ ʩʠʩʪʝʤʘ ʩʝʨʪʠʬʠʢʘʮʠʠ ɸʩʩʦʮʠʘʮʠʠ ʬʠʨʤ ʧʦ ʛʘʟʦ- ʠ ʚʦʜʦʩʥʘʙ-

ʞʝʥʠʶ ɻʝʨʤʘʥʠʠ DVGW (ʥʝʤ. Deutscher Verein des Gas- und Wasserfaches; ʦʬʠʮʠʘʣʴ-

ʥʦʝ ʘʥʛʣ. ʩʦʦʪʚʝʪʩʪʚʠʝ ï The German Technical and Scientific Association for Gas and 

Water). ɻʘʟʦʚʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʚ ɻʝʨʤʘʥʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɿʘʢʦʥʦʤ çʆʙ ʦʙʝʩʧʝʯʝʥʠʠ 



ʅ.ɺ. ʄʦʨʜʦʚʯʝʥʢʦʚ, ɺ.ʄ. ʇʦʣʷʢʦʚ 
ʆʧʳʪ ʨʘʟʚʠʪʠʷ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʝʨʪʠʬʠʢʘʮʠʠ ʚ ɻʝʨʤʘʥʠʠ: ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʡ ʘʩʧʝʢʪ 
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ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚè ʧʦʜʣʝʞʠʪ ʦʙʷʟʘʪʝʣʴʥʦʡ ʩʝʨʪʠʬʠʢʘʮʠʠ ʥʘ ʩʦʦʪ-

ʚʝʪʩʪʚʠʝ ʩʪʘʥʜʘʨʪʘʤ DIN. ʅʝʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʦʝ ʛʘʟʦʚʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʤʝʩʪʥʳʝ ʛʘʟʦ-

ʚʳʝ ʢʦʤʧʘʥʠʠ ʦʪʢʘʟʳʚʘʶʪʩʷ ʧʦʜʢʣʶʯʘʪʴ ʢ ʩʠʩʪʝʤʝ ʝʜʠʥʦʛʦ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʛʘʟʦ-

ʩʥʘʙʞʝʥʠʷ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʪʨʝʙʦʚʘʥʠʡ ʢ ʛʘʟʦʚʦʤʫ ʦʙʦʨʫʜʦʚʘʥʠʶ ʚ ɻʝʨʤʘʥʠʠ ʷʚʣʷʝʪʩʷ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʪʦʤʫ ʪʠʧʫ (ʤʦʜʠʬʠʢʘʮʠʠ) ʛʘʟʘ, ʢʦʪʦʨʳʡ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʢʦʥʢʨʝʪʥʦʡ ʦʙ-

ʣʘʩʪʠ ʩʪʨʘʥʳ, ʯʪʦ ʫʯʠʪʳʚʘʶʪ ʧʨʝʜʧʨʠʷʪʠʷ-ʠʟʛʦʪʦʚʠʪʝʣʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ɺ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʤ ʧʝʨʝʯʥʝ ʩʫʱʝʩʪʚʫʝʪ ʩʪʨʦʢʘ çʧʨʦʯʠʝ ʚʠʜʳ ʪʦʚʘʨʦʚè, ʦʪʥʦ-

ʩʷʱʘʷʩʷ ʢ ʛʘʟʦʚʦʡ ʩʬʝʨʝ ʵʢʦʥʦʤʠʢʠ, ʢ ʩʠʩʪʝʤʝ ʚʦʜʦʩʥʘʙʞʝʥʠʷ, ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʧʠʪʴʝ-

ʚʦʡ ʚʦʜʳ (ʇʇɺ). ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʩʝʨʪʠʬʠʢʘʮʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʜʦʙʨʦʚʦʣʴʥʦʡ 

ʦʩʥʦʚʝ, ʧʦʪʨʝʙʠʪʝʣʠ ʠ ʧʦʢʫʧʘʪʝʣʠ ʧʨʝʜʧʦʯʠʪʘʶʪ ʧʨʠʦʙʨʝʪʘʪʴ ʧʨʝʜʣʘʛʘʝʤʳʝ ʠʟʜʝʣʠʷ, 

ʠʤʝʶʱʠʝ ʩʝʨʪʠʬʠʢʘʪ ʢʘʯʝʩʪʚʘ (ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʳʝ ʪʦʚʘʨʳ). 

ɺ ʨʝʡʪʠʥʛʝ ʩʠʩʪʝʤʳ ʢʘʯʝʩʪʚʘ ʚʳʩʦʢʫʶ ʩʪʨʦʯʢʫ ʟʘʥʠʤʘʝʪ ʛʨʫʧʧʘ ɺ, ʥʘʟʳʚʘʝʤʘʷ 

ʩʠʩʪʝʤʦʡ RAL (ʥʝʤ. ReichsausschuÇ f¿r Lieferbedingungen und G¿tesicherung). ʉʦʚʨʝ-

ʤʝʥʥʳʤ ʥʝʤʝʮʢʠʤ ʤʝʥʝʜʞʤʝʥʪʦʤ ʢʘʯʝʩʪʚʘ ʟʘʥʠʤʘʝʪʩʷ ɻʝʨʤʘʥʩʢʠʡ ʠʥʩʪʠʪʫʪ ʛʘʨʘʥ-

ʪʠʠ ʢʘʯʝʩʪʚʘ ʠ ʤʘʨʢʠʨʦʚʢʠ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ ʚʭʦʜʠʪ ʦʢʦʣʦ 150 ʧʦʜʨʘʟʜʝʣʝʥʠʡ, ʟʘʥʠ-

ʤʘʶʱʠʭʩʷ ʚʦʧʨʦʩʘʤʠ ʩʝʨʪʠʬʠʢʘʮʠʠ ʢʘʯʝʩʪʚʘ, ɺ ʵʪʦʤ ʧʨʦʮʝʩʩʝ ʛʦʩʧʦʜʩʪʚʫʝʪ ʧʨʠʥʮʠʧ 

ʫʟʢʦʡ ʩʧʝʮʠʘʣʠʟʘʮʠʠ: ʢʘʞʜʦʝ ʧʨʝʜʧʨʠʷʪʠʝ ʠʣʠ ʩʪʨʫʢʪʫʨʥʦʝ ʧʦʜʨʘʟʜʝʣʝʥʠʝ ʦʩʫʱʝʩʪʚ-

ʣʷʝʪ ʩʚʦʶ ʤʠʩʩʠʶ ʚ ʦʪʥʦʰʝʥʠʠ ʦʪʜʝʣʴʥʦ ʚʟʷʪʦʛʦ ʚʠʜʘ ʠʟʜʝʣʠʷ. ʂ ʯʠʩʣʫ ʧʨʠʦʨʠʪʝʪ-

ʥʳʭ ʚʠʜʦʚ ʧʨʦʜʫʢʮʠʠ ʚ ʩʬʝʨʝ ʚʣʠʷʥʠʷ ʩʠʩʪʝʤʳ RAL ʦʪʥʦʩʷʪʩʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ 

ʪʦʚʘʨʳ ʠ ʩʪʨʦʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ [20]. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚ ʩʠʩʪʝʤʝ ʧʨʦʚʦʜʷʪ ʜʦʙ-

ʨʦʚʦʣʴʥʫʶ ʩʝʨʪʠʬʠʢʘʮʠʶ, ʝʝ ʧʨʘʚʠʣʘ ʦʩʥʦʚʘʥʳ ʥʘ ʩʪʘʥʜʘʨʪʘʭ DIN. RAL ï ʯʣʝʥ ʝʚʨʦ-

ʧʝʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʧʦ ʠʩʧʳʪʘʥʠʷʤ ʠ ʩʝʨʪʠʬʠʢʘʮʠʠ ʠ ʫʯʘʩʪʥʠʢ 

ʩʦʛʣʘʰʝʥʠʡ ʦ ʚʟʘʠʤʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʠʟʥʘʥʠʶ ʩʝʨʪʠʬʠʢʘʪʦʚ 

RAL ʟʘ ʨʫʙʝʞʦʤ. 

ʉʠʩʪʝʤʘ C ï ʵʪʦ ʩʠʩʪʝʤʘ ʩʝʨʪʠʬʠʢʘʮʠʠ, ʢʦʪʦʨʘʷ ʧʦʜʪʚʝʨʞʜʘʝʪ ʩʦʦʪʚʝʪʩʪʚʠʝ ʠʟʜʝ-

ʣʠʡ ʪʨʝʙʦʚʘʥʠʷʤ ɿʘʢʦʥʘ ʦ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʦʙʦʨʦʚ GSG (ʥʝʤ. Gerªtesicherheitsgesetz; c 

2004 ʛ. ʟʘʤʝʥʝʥ ʥʘ GPSG ï ʥʝʤ. Gerªte- und Produktsicherheitsgesetz ï ɿʘʢʦʥ ʦ ʙʝʟʦʧʘʩ-

ʥʦʩʪʠ ʧʨʠʙʦʨʦʚ ʠ ʧʨʦʜʫʢʪʦʚ) [21], ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʤʘʨʢʠʨʦʚʢʦʡ ʟʥʘʢʦʤ GS (ʥʝʤ. 

gepr¿fte Sicherheit ï ʙʫʢʚ. çʠʩʧʳʪʘʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴè). ɺ ɻʝʨʤʘʥʠʠ ʜʝʡʩʪʚʫʝʪ ʦʢʦʣʦ 

100 ʦʬʠʮʠʘʣʴʥʳʭ ʧʨʘʚʠʪʝʣʴʩʪʚʝʥʥʳʭ ʦʨʛʘʥʦʚ ʧʦ ʩʝʨʪʠʬʠʢʘʮʠʠ, ʢʦʪʦʨʳʝ ʧʨʦʚʦʜʷʪ 

ʠʩʧʳʪʘʥʠʷ ʧʨʠʙʦʨʦʚ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʟʥʘʢʫ GS. ʉʠʩʪʝʤʘ ʥʦʩʠʪ ʜʦʙʨʦʚʦʣʴʥʳʡ ʭʘʨʘʢ-

ʪʝʨ; ʦʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʢʦʤʧʣʝʢʩʥʘʷ ʩʠʩʪʝʤʘ ʩʝʨʪʠʬʠʢʘʮʠʠ ʚʳʩʪʨʘʠʚʘʝʪʩʷ ʥʘ 

ʜʦʙʨʦʚʦʣʴʥʦʡ ʦʩʥʦʚʝ, ʠʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʷʪʩʷ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʪʨʝʙʦʚʘʥʠʷʤ ʩʪʘʥʜʘʨʪʦʚ 

DIN, ʘ ʪʘʢʞʝ ʪʝʭʥʠʯʝʩʢʠʤ ʧʨʘʚʠʣʘʤ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʦʙʱʝʧʨʠʟʥʘʥʥʳʤʠ ʠ ʚʥʝʩʝʥʳ 

ʚ ʩʧʝʮʠʘʣʴʥʳʡ ʩʝʨʪʠʬʠʢʘʮʠʦʥʥʳʡ ʧʝʨʝʯʝʥʴ (ʨʝʝʩʪʨ). 

ɿʥʘʢʦʤ, ʠʟʦʙʨʘʞʝʥʥʳʤ ʥʘ ʨʠʩ. 5, ʦʪʤʝʯʘʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩʪʘʥʜʘʨʪʘʤ ʠ ʪʝʭʥʠʯʝ-

ʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʩʣʝʜʫʶʱʠʭ ʚʠʜʦʚ ʧʨʦʜʫʢʮʠʠ: 

 

 

ʈʠʩ. 5. 

ï ʫʩʪʘʥʦʚʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ; 

ï ʘʧʧʘʨʘʪʫʨʳ ʙʳʪʦʚʦʛʦ ʥʘʟʥʘʯʝʥʠʷ; 

ï ʦʩʚʝʪʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ; 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 54, 2018 ʛ. 

ʈʘʟʜʝʣ IV. ʕʢʦʥʦʤʠʢʘ, ʣʦʛʠʩʪʠʢʘ ʠ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʪʨʘʥʩʧʦʨʪʝ 
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ï ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʥʝʨʛʦʙʝʟʦʧʘʩʥʦʩʪʠ; 

ï ʨʘʜʠʦ- ʠ ʪʝʣʝʚʠʟʠʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʥʘʜʝʞʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʉʄʀ. 

ʅʘ ʨʠʩ. 6 ʠʟʦʙʨʘʞʝʥ ʟʥʘʢ, ʢʦʪʦʨʳʡ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʪʨʝʙʦʚʘʥʠʷʤ ʩʪʘʥ-

ʜʘʨʪʦʚ ʢʘʙʝʣʝʡ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʰʥʫʨʦʚ. 

 

ʈʠʩ. 6. 

ɿʥʘʢʦʤ, ʢʦʪʦʨʳʡ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 7, ʦʪʤʝʯʘʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʠʝ ʪʨʝʙʦʚʘʥʠʷʤ ʩʪʘʥ-

ʜʘʨʪʦʚ ʧʨʠ ʧʦʜʘʚʣʝʥʠʠ (ʬʠʣʴʪʨʘʮʠʠ) ʨʘʜʠʦʧʦʤʝʭ. 

 

 

ʈʠʩ. 7. 

ɿʥʘʢ, ʠʟʦʙʨʘʞʝʥʥʳʡ ʥʘ ʨʠʩ. 8, ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʤʘʨʢʠʨʦʚʢʠ ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

 

 

ʈʠʩ. 8. 

ɺʤʝʩʪʝ ʩ ʪʝʤ ʌʝʜʝʨʘʣʴʥʦʝ ʤʠʥʠʩʪʝʨʩʪʚʦ ʧʦ ʪʨʫʜʫ ʠ ʩʦʮʠʘʣʴʥʦʤʫ ʦʙʝʩʧʝʯʝʥʠʶ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʠʥʩʧʝʢʮʠʦʥʥʦʤʫ ʢʦʥʪʨʦʣʶ, ʦʧʨʝʜʝʣʷʝʪ ʠʩʧʳʪʘʪʝʣʴʥʳʝ 

ʮʝʥʪʨʳ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʧʨʘʚʦ ʤʘʨʢʠʨʦʚʘʪʴ ʩʧʝʮʠʘʣʴʥʳʝ ʧʨʠʙʦʨʳ (ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜ-

ʩʪʚʘ ʪʨʫʜʘ) ʟʥʘʢʦʤ GS, ʠ ʚʤʝʥʷʝʪ ʚ ʦʙʷʟʘʥʥʦʩʪʴ ʠʩʧʳʪʘʪʝʣʴʥʳʤ ʮʝʥʪʨʘʤ ʦʙʝʩʧʝʯʠ-

ʚʘʪʴ ʩʚʦʙʦʜʥʳʡ ʜʦʩʪʫʧ ʢ ʩʠʩʪʝʤʝ ʟʘʨʫʙʝʞʥʳʭ ʟʘʷʚʠʪʝʣʝʡ (ʧʨʠʝʤ ʟʘʷʚʦʢ ʥʘ ʚʥʝʰʥʠʡ 

ʢʦʥʪʨʦʣʴ ï ʵʢʩʧʝʨʪʠʟʫ ʠ ʪʝʭʥʠʯʝʩʢʫʶ ʜʠʘʛʥʦʩʪʠʢʫ). 

ʉʠʩʪʝʤʘ D ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʨʝʜʳʜʫʱʠʭ ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʦʡ ʠ ʢʘʩʘʝʪʩʷ ʧʨʦʜʫʢʮʠʠ 

ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʦʬʠʣʷ, ʥʘ ʢʦʪʦʨʫʶ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʝ ʧʨʝʜʧʠʩʘʥʠʷ 

ʠ ʨʘʩʧʦʨʷʞʝʥʠʷ. ʂʘʢ ʧʨʘʚʠʣʦ, ʵʪʦ ʨʘʩʧʦʨʷʞʝʥʠʷ ʦʨʛʘʥʦʚ ʫʧʨʘʚʣʝʥʠʷ ʬʝʜʝʨʘʣʴʥʳʭ 

ʟʝʤʝʣʴ. ʆʙʱʝʝ ʨʫʢʦʚʦʜʩʪʚʦ ʩʠʩʪʝʤʦʡ ʥʘʭʦʜʠʪʩʷ ʚ ʚʝʜʝʥʠʠ ɻʝʨʤʘʥʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ 

ʩʪʨʦʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ (DIBT ï ʥʝʤ. Deutsches Institut f¿r Bautechnik), ʘ ʦʩʥʦʚʥʳʤʠ 

ʥʦʨʤʘʪʠʚʥʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ  ʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ ʩʪʘʥʜʘʨʪʳ DIN. 

ʉʠʩʪʝʤʘ ʩʝʨʪʠʬʠʢʘʮʠʠ ɽ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʚ ʧʨʝʜʝʣʘʭ ʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʪʨʝʙʦʚʘʥʠʡ 

ʥʝʤʝʮʢʦʡ ʤʝʪʨʦʣʦʛʠʠ ʥʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ. 



ʅ.ɺ. ʄʦʨʜʦʚʯʝʥʢʦʚ, ɺ.ʄ. ʇʦʣʷʢʦʚ 
ʆʧʳʪ ʨʘʟʚʠʪʠʷ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʝʨʪʠʬʠʢʘʮʠʠ ʚ ɻʝʨʤʘʥʠʠ: ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʡ ʘʩʧʝʢʪ 
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ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ çʟʘʢʦʥʦʜʘʪʝʣʷ ʤʦʜè ʚ ʩʬʝʨʝ ʤʝʪʨʦʣʦʛʠʠ ʥʘ ʬʝʜʝʨʘʣʴʥʦʤ 

ʫʨʦʚʥʝ ʚʳʩʪʫʧʘʝʪ ʌʝʜʝʨʘʣʴʥʳʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ. ʅʘʨʷʜʫ ʩ ʵʪʠʤ, ʚ ʬʝ-

ʜʝʨʘʣʴʥʳʭ ʟʝʤʣʷʭ ʩʫʱʝʩʪʚʫʶʪ ʩʧʝʮʠʘʣʴʥʳʝ ʘʢʢʨʝʜʠʪʘʮʠʦʥʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ ï ʮʝʥ-

ʪʨʳ, ʤʠʩʩʠʝʡ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʪʝʭʥʠʯʝʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʢʦʥʪʨʦʣʴ-

ʥʳʭ (ʢʦʥʪʨʦʣʣʠʥʛʦʚʳʭ) ʠʩʧʳʪʘʥʠʡ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ ʚ ʧʦʣʥʦʤ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ɿʘʢʦʥʦʤ ʦ ʧʦʚʝʨʢʝ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ. ʕʪʦ ʢʘʩʘʝʪʩʷ ʧʨʠʙʦʨʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʵʣʝʢ-

ʪʨʠʯʝʩʪʚʝ, ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ, ʛʘʟʝ (ʚ ʪʦʤ ʯʠʩʣʝ ʦʟʦʥʝ), ʚʦʜʝ, ʠ ʩʨʝʜʩʪʚ ʪʨʫʜʘ, ʚʢʣʶʯʘʷ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ, ʟʘʧʠʪʘʥʥʳʝ ʥʘ ʙʘʪʘʨʝʷʭ, ʜʠʦʜʘʭ ʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʨʝʟʠʩʪʦʨʘʭ, 

ʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʳʝ ʧʦʜʩʪʘʥʮʠʠ, ʷʚʣʷʶʱʠʝʩʷ ʵʥʝʨʛʦʥʦʩʠʪʝʣʷʤʠ ʜʣʷ ʢʨʫʧʥʳʭ ʧʦʪʨʝ-

ʙʠʪʝʣʝʡ. ɺ ʩʠʩʪʝʤʝ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʟʥʘʢʦʚ ʩʦʦʪʚʝʪʩʪʚʠʷ, ʚʳʜʘʚʘʝʤʳʭ ʨʘʟʣʠʯ-

ʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ; ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʵʪʠʭ ʟʥʘʢʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣ. 1. 

ʊʘʙʣʠʮʘ 1 

ʉʠʩʪʝʤʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʟʥʘʢʦʚ ʩʦʦʪʚʝʪʩʪʚʠʷ ʚ ɻʝʨʤʘʥʠʠ 

ˉ 

ʧ/ʧ 

ɿʥʘʢ ʩʦʦʪʚʝʪʩʪʚʠʷ ʅʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʘʷ ʩʪʨʫʢʪʫʨʘ  

ʧʦ ʚʳʜʘʯʝ ʟʥʘʢʦʚ ʩʦʦʪʚʝʪʩʪʚʠʷ 

1. ɿʥʘʢ ʦ ʜʦʧʫʩʢʝ ʌʝʜʝʨʘʣʴʥʳʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ (ʌʌʊʀ) 

2. ɿʥʘʢ ʧʦʚʝʨʢʠ ʉʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʘʷ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʦ ʧʦ-

ʚʝʨʢʝ ʧʨʠ ʌʌʊʀ 

3. ʋʜʦʩʪʦʚʝʨʷʶʱʠʡ ʟʥʘʢ ʀʩʧʳʪʘʪʝʣʴʥʳʝ ʮʝʥʪʨʳ, ʘʢʢʨʝʜʠʪʦʚʘʥʥʳʝ ʥʘ ʬʝʜʝʨʘʣʴʥʦʤ 

ʫʨʦʚʥʝ 

 

ʌʝʜʝʨʘʣʴʥʳʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʩʧʦʣʴʟʫʝʪ ʨʝʢʦʤʝʥʜʘʮʠʠ ʄʝʞʜʫʥʘ-

ʨʦʜʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦʡ ʤʝʪʨʦʣʦʛʠʠ (ʄʆɿʄ), ʩʦʟʜʘʥʥʦʡ ʚ 1956 ʛʦʜʫ ʠ 

ʟʘʥʠʤʘʶʱʝʡʩʷ ʨʘʟʨʘʙʦʪʢʦʡ ʦʙʱʠʭ ʚʦʧʨʦʩʦʚ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦʡ ʤʝʪʨʦʣʦʛʠʠ. ʆʬʠʮʠ-

ʘʣʴʥʘʷ ʘʙʙʨʝʚʠʘʪʫʨʘ ʥʘʟʚʘʥʠʷ ʵʪʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ï OIML (ʬʨ. Organisation Internatio-

nale de M®trologie L®gale). [22] ʆʙʷʟʘʪʝʣʴʥʳʤʠ ʜʣʷ ʠʩʧʦʣʥʝʥʠʷ ʚ ʨʘʤʢʘʭ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʵʪʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʷʚʣʷʶʪʩʷ ʪʘʢʞʝ ʜʠʨʝʢʪʠʚʳ ɽʉ. 

ʉʠʩʪʝʤʘ F ʟʘʥʠʤʘʝʪʩʷ ʩʝʨʪʠʬʠʢʘʮʠʝʡ ʧʘʨʦʚʳʭ ʢʦʪʣʦʚ, ʙʘʣʣʦʥʦʚ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝ-

ʥʠʷ, ʩʨʝʜʩʪʚ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʛʦʨʶʯʠʭ ʞʠʜʢʦʩʪʝʡ, ʚʟʨʳʚʦʟʘʱʠʱʝʥʥʦʛʦ ʵʣʝʢʪʨʦʦʙʦ-

ʨʫʜʦʚʘʥʠʷ, ʧʦʜʲʝʤʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ ʫʩʪʨʦʡʩʪʚ. ʉʦʛʣʘʩʥʦ ʨʘʩʧʦʨʷʞʝʥʠʶ ʌʝʜʝʨʘʣʴʥʦ-

ʛʦ ʧʨʘʚʠʪʝʣʴʩʪʚʘ ʫʩʪʘʥʦʚʣʝʥ ʩʪʨʦʛʠʡ ʨʝʞʠʤ ʠʥʩʧʝʢʮʠʦʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʟʘ ʫʢʘʟʘʥʥʳʤʠ 

ʪʦʚʘʨʘʤʠ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʝʥʳ ʢʘʢ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʝ: ʩʦʦʪʚʝʪʩʪʚʠʝ ʫʩʪʘʥʦʚʣʝʥ-

ʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʧʨʦʚʝʨʷʝʪʩʷ ʜʦ ʥʘʯʘʣʘ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʧʝʨʠʦʜʠʯʝʩʢʠ ʚ ʧʨʦʮʝʩʩʝ ʪʝʭ-

ʥʠʯʝʩʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʤʠ ʚʝʜʦʤʩʪʚʝʥʥʳʤʠ ʧʨʘ-

ʚʠʣʘʤʠ (ʩʧʝʮʠʘʣʴʥʳʤʠ ʥʦʨʤʘʪʠʚʘʤʠ). 

ʇʨʘʢʪʠʯʝʩʢʫʶ ʨʘʙʦʪʫ ʧʦ ʩʝʨʪʠʬʠʢʘʮʠʠ ʩʠʩʪʝʤ ʢʘʯʝʩʪʚʘ ʚ ɻʝʨʤʘʥʠʠ ʚʝʜʝʪ ʆʙʱʝ-

ʩʪʚʦ ʧʦ ʩʝʨʪʠʬʠʢʘʮʠʠ ʩʠʩʪʝʤ ʢʘʯʝʩʪʚʘ DQS (ʘʥʛʣ. Document Quality System; ʥʝʤ. ʥʘ-

ʟʚʘʥʠʝ ï Deutsche Gesellschaft zur Zertifizierung von Managementsystemen), ʩʦʟʜʘʥʥʦʝ 

ʝʱʝ ʜʦ ʚʚʦʜʘ ʚ ʜʝʡʩʪʚʠʝ ʩʪʘʥʜʘʨʪʦʚ ʀʉʆ-9000. ʕʪʦ ʥʝʢʦʤʤʝʨʯʝʩʢʘʷ ʦʨʛʘʥʠʟʘʮʠʷ, 

ʢʦʪʦʨʘʷ ʦʩʫʱʝʩʪʚʣʷʝʪ ʦʮʝʥʢʫ ʩʠʩʪʝʤ ʢʘʯʝʩʪʚʘ ʠ ʚʳʜʘʝʪ ʩʝʨʪʠʬʠʢʘʪ ʠ ʣʠʮʝʥʟʠʶ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʟʥʘʢʘ ʩʦʦʪʚʝʪʩʪʚʠʷ, ʘʢʢʨʝʜʠʪʫʝʪ ʦʨʛʘʥʠʟʘʮʠʠ ʥʘ ʧʨʘʚʦ ʧʨʦʚʝʜʝʥʠʷ 

ʩʝʨʪʠʬʠʢʘʮʠʠ ʩʠʩʪʝʤ ʢʘʯʝʩʪʚʘ ʦʪ ʠʤʝʥʠ DQS, ʦʙʫʯʘʝʪ ʣʠʥʝʡʥʳʭ ʠʥʩʧʝʢʪʦʨʦʚ, ʧʨʝʜ-

ʩʪʘʚʣʷʝʪ ʌʈɻ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʦʨʛʘʥʠʟʘʮʠʷʭ ʚ ʨʘʤʢʘʭ ʩʚʦʝʡ ʢʦʤʧʝʪʝʥʮʠʠ. 

ɺ DQS ʘʢʢʨʝʜʠʪʦʚʘʥʳ ʢʦʤʤʝʨʯʝʩʢʠʝ ʦʨʛʘʥʠʟʘʮʠʠ, ʢʦʪʦʨʳʝ ʧʦʣʫʯʘʶʪ ʙʣʘʛʦʜʘʨʷ 

ʵʪʦʤʫ ʧʨʘʚʦ ʥʘ ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʦ ʩʝʨʪʠʬʠʢʘʮʠʠ ʩʠʩʪʝʤ ʢʘʯʝʩʪʚʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʘʚʦ 

ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʩʝʨʪʠʬʠʢʘʮʠʠ ʧʦʣʫʯʠʣʠ ʛʝʨʤʘʥʩʢʠʝ ʦʙʱʝʩʪʚʘ ʠ ʵʢʩʧʝʨʪʳ ʧʦ ʪʝʭʥʠʯʝ-

ʩʢʦʤʫ ʥʘʜʟʦʨʫ TU (ʥʝʤ. technische ¦berwachung) ʚ ʨʘʟʥʳʭ ʬʝʜʝʨʘʣʴʥʳʭ ʟʝʤʣʷʭ. ʉ 

1989 ʛ. ʨʘʙʦʪʳ ʧʦ ʩʝʨʪʠʬʠʢʘʮʠʠ ʩʠʩʪʝʤ ʢʘʯʝʩʪʚʘ ʨʝʛʣʘʤʝʥʪʠʨʫʝʪ TU CERT ï ʦʬʠʮʠ-

ʘʣʴʥʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʘʷ ʥʘ ʝʚʨʦʧʝʡʩʢʦʤ ʫʨʦʚʥʝ ʦʨʛʘʥʠʟʘʮʠʷ, ʜʝʷʪʝʣʴʥʦʩʪʴ ʢʦʪʦʨʦʡ 

ʦʩʥʦʚʘʥʘ ʥʘ ʩʪʘʥʜʘʨʪʘʭ ʀʉʆ-9000. 

ʈʘʙʦʪʘʤʠ ʧʦ ʘʢʢʨʝʜʠʪʘʮʠʠ ʚ ɻʝʨʤʘʥʠʠ ʨʫʢʦʚʦʜʠʪ ʅʝʤʝʮʢʠʡ ʩʦʚʝʪ ʧʦ ʘʢʢʨʝʜʠʪʘ-



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 54, 2018 ʛ. 

ʈʘʟʜʝʣ IV. ʕʢʦʥʦʤʠʢʘ, ʣʦʛʠʩʪʠʢʘ ʠ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʪʨʘʥʩʧʦʨʪʝ 
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ʮʠʠ DAR (ʥʝʤ. Deutscher Akkreditierungsrat), ʢʦʪʦʨʳʡ ʟʘʥʠʤʘʝʪʩʷ ʘʢʢʨʝʜʠʪʘʮʠʝʡ ʚ 

ʨʝʛʣʘʤʝʥʪʠʨʫʝʤʳʭ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦʤ ʦʙʣʘʩʪʷʭ. ɺ ʥʝʨʝʛʣʘʤʝʥʪʠʨʫʝʤʦʡ ʩʬʝʨʝ ʵʪʠ 

ʬʫʥʢʮʠʠ ʚʤʝʥʷʶʪʩʷ ʚ ʦʙʷʟʘʥʥʦʩʪʴ ɻʦʣʦʚʥʦʤʫ ʦʙʱʝʩʪʚʫ ʧʦ ʘʢʢʨʝʜʠʪʘʮʠʠ TGA (ʥʝʤ. 

Trªgergemeinschaft f¿r Akkreditierung). ʕʪʘ ʦʨʛʘʥʠʟʘʮʠʷ ʙʳʣʘ ʩʦʟʜʘʥʘ ʚ 1990 ʛʦʜʫ ʚ 

ʂ±ʣʴʥʝ; ʚ 2000 ʛʦʜʫ ʨʝʟʠʜʝʥʮʠʷ ʦʨʛʘʥʠʟʘʮʠʠ ʧʝʨʝʥʝʩʝʥʘ ʚʦ ʌʨʘʥʢʬʫʨʪ-ʥʘ-ʄʘʡʥʝ. ʉ 

2005 ʛʦʜʘ ʦʙʱʝʩʪʚʦ ʥʦʩʠʪ ʦʬʠʮʠʘʣʴʥʦʝ ʥʘʟʚʘʥʠʝ TGA ï Trªgergemeinschaft f¿r Akkre-

ditierung ï German Association for Accreditition GmbH [23]. ɸʢʢʨʝʜʠʪʘʮʠʷ ʠʩʧʳʪʘʪʝʣʴ-

ʥʳʭ ʣʘʙʦʨʘʪʦʨʠʡ, ʩʪʝʥʜʦʚ ʠ ʦʨʛʘʥʦʚ ʧʦ ʩʝʨʪʠʬʠʢʘʮʠʠ ʧʨʦʚʦʜʠʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʝʚʨʦʧʝʡʩʢʠʤʠ ʩʪʘʥʜʘʨʪʘʤʠ EN ʩʝʨʠʠ 45000. 

ʅʘʨʷʜʫ ʩ ʩʝʨʪʠʬʠʢʘʮʠʝʡ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʝʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ 

ʪʦʚʘʨʦʚ ʠ ʫʩʣʫʛ, ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, ʣʠʥʛʚʠʩʪʠʯʝʩʢʘʷ ʙʝʟʦ-

ʧʘʩʥʦʩʪʴ, ʘ ʠʤʝʥʥʦ ʧʨʦʪʝʢʮʠʦʥʠʩʪʩʢʠʝ ʤʝʨʳ ʧʦ ʟʘʱʠʪʝ ʥʝʤʝʮʢʦʛʦ ʷʟʳʢʘ ʦʪ ʯʨʝʟʤʝʨ-

ʥʦʛʦ (ʟʘʧʨʝʜʝʣʴʥʦʛʦ) ʚʣʠʷʥʠʷ ʘʥʛʣʦ-ʘʤʝʨʠʢʘʥʠʟʤʦʚ, ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʠ ʫʥʠʢʘʣʴʥʦʩʪʠ 

ʪʝʭʥʠʯʝʩʢʦʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʩʦʟʜʘʶʱʠʭ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʡ 

ʛʝʨʤʘʥʩʢʠʡ ʙʨʝʥʜ ʥʝ ʪʦʣʴʢʦ ʝʚʨʦʧʝʡʩʢʦʛʦ, ʥʦ ʠ ʤʠʨʦʚʦʛʦ ʫʨʦʚʥʷ. [24, ʩ. 56] 

ʀʩʧʦʣʴʟʦʚʘʥʥʘʷ ʛʝʨʤʘʥʩʢʘʷ ʤʦʜʝʣʴ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʠ ʩʝʨʪʠʬʠʢʘʮʠʠ ʙʳʣʘ ʘʧʨʦ-

ʙʠʨʦʚʘʥʘ ʥʘ ʨʷʜʝ ʥʠʞʝʛʦʨʦʜʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʥʘʧʨʠʤʝʨ, ʚʥʝʜʨʝʥʘ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ 

ʩʪʘʥʜʘʨʪʘ ʛʨʘʜʦʦʙʨʘʟʫʶʱʝʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʤʠʨʦʚʦʛʦ ʫʨʦʚʥʷ çʇʆ çɿʘʚʦʜ çʂʨʘʩʥʦʝ 

ʉʦʨʤʦʚʦè ʚ ʜʦʧʝʨʝʩʪʨʦʝʯʥʳʡ ʧʝʨʠʦʜ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʩʫʙʲʝʢʪʫ ʭʦʟʷʡʩʪʚʦʚʘʥʠʷ ʮʝʥ-

ʪʨʘʣʠʟʦʚʘʥʥʦʡ ʵʢʦʥʦʤʠʢʠ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʨʳʥʦʯʥʳʤ ʫʩʣʦʚʠʷʤ. ʇʦʣʝʟʥʦʩʪʴ ʥʝʤʝʮ-

ʢʦʡ ʬʠʣʦʩʦʬʠʠ ʩʝʨʪʠʬʠʢʘʮʠʠ ʤʦʞʥʦ ʨʝʪʨʘʥʩʣʠʨʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʥʘ ʦʪʜʝʣʴʥʦ ʚʟʷʪʳʝ 

ʧʨʝʜʧʨʠʷʪʠʷ ʚʩʝʭ ʬʦʨʤ ʩʦʙʩʪʚʝʥʥʦʩʪʠ, ʥʦ ʠ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴ ʝʝ ʥʘ ʤʝʟʦʫʨʦʚʥʝ ʠ ʥʘ 

ʩʪʨʘʥʫ ʚ ʮʝʣʦʤ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʆʧʳʪ ɻʝʨʤʘʥʠʠ ʧʦ ʩʦʟʜʘʥʠʶ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʦʩʥʦʚ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ, ʩʝʨʪʠʬʠʢʘ-

ʮʠʠ ʠ ʤʝʪʨʦʣʦʛʠʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʵʪʦ ʥʝ ʪʦʣʴʢʦ ʚʘʞʥʝʡʰʠʝ ʦʨʛʘʥʠʟʘʮʠʦʥ-

ʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤʳ ʠ ʠʥʩʪʨʫʤʝʥʪʘʨʠʠ ʢʘʯʝʩʪʚʘ ʪʦʚʘʨʦʚ ʠ ʫʩʣʫʛ, ʥʦ ʠ ʯʘʩʪʴ 

ʥʝʤʝʮʢʦʡ ʢʫʣʴʪʫʨʳ, ʬʠʣʦʩʦʬʠʷ ʠʭ ʨʘʙʦʪʳ ʥʘ ʦʙʱʝʩʪʚʦ ʠ ʜʣʷ ʙʣʘʛʘ ʦʙʱʝʩʪʚʘ. 

ʄʥʦʛʦʯʠʩʣʝʥʥʘʷ ʢʦʤʘʥʜʘ (ʥʝʤ. die Mannschaft) ʥʝʤʝʮʢʠʭ ʵʢʩʧʝʨʪʦʚ, ʩʦʩʪʘʚʣʷʶ-

ʘɦʷ ʧʨʠʤʝʨʥʦ 26 000 ʯʝʣʦʚʝʢ, ʘʢʪʠʚʥʦ ʫʯʘʩʪʚʫʝʪ ʚ ʩʪʘʥʦʚʣʝʥʠʠ ʠ ʨʘʟʚʠʪʠʠ ʩʪʘʥʜʘʨ-

ʪʠʟʘʮʠʠ ʥʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ, ʩʦʟʜʘʚʘʷ ʬʫʥʜʘʤʝʥʪ ʜʣʷ ʙʫʜʫʱʠʭ ʠʥʥʦʚʘʮʠʦʥ-

ʥʳʭ (ʢʦʤʧʴʶʪʝʨʥʳʭ) ʪʝʭʥʦʣʦʛʠʡ, ʮʠʬʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ ʠ ʩʦʮʠʘʣʴʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫ-

ʨʳ. ʉʪʘʥʜʘʨʪʳ ʢʘʯʝʩʪʚʘ ʩʦʟʜʘʶʪ ʪʘʢʞʝ ʨʝʘʣʴʥʳʝ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʦʛʦ ʘʫʜʠʪʘ, ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ, ʠʥʚʝʩʪʠʮʠʦʥʥʦʛʦ ʧʦʜʭʦʜʘ ʚ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʚ ʫʩʣʦʚʠʷʭ ʛʣʦʙʘʣʠʟʘʮʠʠ ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʙʠʟʥʝʩʘ 

ʠ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʘ, ʧʦʚʳʰʘʷ ʠʭ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʦʠʟʚʦ-

ʜʠʪʝʣʴʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʪʨʫʜʘ ʠ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ ʛʨʘʞʜʘʥ. 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʝʚʨʦʧʝʡʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝ ʨʳʥʦʯʥʦʛʦ ʪʠʧʘ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ ʥʘ 

ʨʳʥʢʝ ʪʦʚʘʨʦʚ ʠ ʫʩʣʫʛ ʧʦʜʪʚʝʨʞʜʘʝʪ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʧʨʦʜʫʢʮʠʷ ʠ ʫʩʣʫʛʠ ʦʙʣʘʜʘʶʪ ʧʦ-

ʪʨʝʙʠʪʝʣʴʥʦʡ ʩʪʦʠʤʦʩʪʴʶ, ʧʨʝʜʧʦʯʪʝʥʠʝʤ ʩʦ ʩʪʦʨʦʥʳ ʧʦʢʫʧʘʪʝʣʝʡ ʪʦʚʘʨʦʚ ʠ ʧʦʪʨʝ-

ʙʠʪʝʣʝʡ ʫʩʣʫʛ. ʉʪʘʥʜʘʨʪʠʟʘʮʠʷ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʘ ʩʝʙʷ ʢʘʢ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʝ ʪʝʭʥʠʯʝ-

ʩʢʦʝ ʨʝʰʝʥʠʝ ʪʨʝʙʫʶʱʝʝ ʧʦʩʪʦʷʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ: ʦʪ ʫʟʢʦʡ ʩʧʝ-

ʮʠʘʣʠʟʘʮʠʠ ʤʠʥʠ-ʤʘʨʢʝʪʘ ʜʦ çɻ ʬʬʝʢʪʘ ʤʘʩʰʪʘʙʘè ʪʨʘʥʩʥʘʮʠʦʥʘʣʴʥʳʭ ʢʦʤʧʘʥʠʡ 

(ʢʦʨʧʦʨʘʮʠʡ) (ʊʅʂ). ʂʘʢ ʤʦʜʝʣʴ ʩʘʤʦʫʧʨʘʚʣʝʥʠʷ (ʩʘʤʦʤʝʥʝʜʞʤʝʥʪʘ) ʚ ʧʨʦʤʳʰʣʝʥ-

ʥʦʩʪʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʷ ʨʘʙʦʪʘʝʪ ʧʦ ʧʨʠʥʮʠʧʫ, ʢʦʪʦʨʳʡ ʚ ʫʩʣʦʚʠʷʭ ʜʝʬʠʮʠʪʘ ʧʨʦʠʟʚʦʜ-

ʩʪʚʝʥʥʳʭ ʨʝʩʫʨʩʦʚ, ʚ ʪ.ʯ. ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʢʘʜʨʦʚ, ʚʦ ʤʥʦʛʠʭ ʦʪʨʘʩʣʷʭ ʪʝʭʥʠʢʠ ʠ 

ʪʝʭʥʦʣʦʛʠʡ ʷʚʣʷʝʪʩʷ ʵʢʦʥʦʤʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʳʤ ʨʝʟʝʨʚʦʤ ʠʥʞʠʥʠʨʠʥʛʘ ʠ ʨʝʠʥʞʠ-

ʥʠʨʠʥʛʘ, ʯʪʦ ʩʦʟʜʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʯʝʣʦʚʝʯʝʩʢʦʛʦ (ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ) 

ʢʘʧʠʪʘʣʘ, ʷʚʣʷʷʩʴ çʤʘʷʢʦʤè ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʝʚʨʦʧʝʡʩʢʦʡ ʩʠʩʪʝʤʳ ʢʘʯʝʩʪʚʘ ʩʦʚʨʝ-

ʤʝʥʥʦʛʦ ʛʣʦʙʘʣʴʥʦʛʦ ʤʠʨʘ, ʩʚʦʝʛʦ ʨʦʜʘ ʩʪʠʤʫʣʠʨʫʶʱʠʤ ʤʦʜʝʨʘʪʦʨʦʤ ʠʥʪʝʛʨʘʮʠʦʥ-

ʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʫʯʠʪʳʚʘʶʱʠʭ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʭʨʘʥʝʥʠʷ ʢʫʣʴʪʫʨʥʦʡ ʠʜʝʥʪʠʯʥʦʩʪʠ 

(ʧʨʝʝʤʩʪʚʝʥʥʦʩʪʠ) ʚʩʝʭ ʝʛʦ ʫʯʘʩʪʥʠʢʦʚ. 



ʅ.ɺ. ʄʦʨʜʦʚʯʝʥʢʦʚ, ɺ.ʄ. ʇʦʣʷʢʦʚ 
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ʇʨʠ ʵʪʦʤ ʩʪʘʥʜʘʨʪʳ ʬʦʨʤʠʨʫʶʪ ʧʦʥʷʪʥʳʝ ʜʣʷ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʨʘʟʣʠʯʥʳʭ ʢʫʣʴʪʫʨ 

çʧʨʘʚʠʣʘ ʠʛʨʳè ʦʪʜʝʣʴʥʦ ʚʟʷʪʦʡ ʩʪʨʘʥʳ, ʩʦʟʜʘʚʘʷ ʩʠʥʜʠʢʘʪʠʚʥʳʡ ʵʬʬʝʢʪ ʚ ʩʣʫʯʘʝ ʠʭ 

ʫʩʧʝʰʥʦʡ (ʩʣʘʞʝʥʥʦʡ) ʢʦʦʨʜʠʥʘʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɺ ʫʩʣʦʚʠʷʭ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʨʳʥʢʘ ʪʝʭʥʠʯʝʩʢʠʝ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʩʪʨʘʪʝʛʠʠ ʷʚʣʷʶʪʩʷ 

ʫʩʧʝʰʥʳʤʠ, ʪ.ʢ. ʛʘʨʤʦʥʠʟʠʨʦʚʘʥʥʳʝ ʩʪʘʥʜʘʨʪʳ ʩʦʟʜʘʶʪ ʨʝʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʨʘʩ-

ʰʠʨʝʥʥʦʛʦ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʪʦʚʘʨʦʚ ʠ ʫʩʣʫʛ, ʫʧʨʦʱʝʥʠʷ ʠ ʫʥʠʬʠʢʘʮʠʠ ʩʜʝʣʦʢ ʚ ʝʚ-

ʨʦʧʝʡʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʙʠʟʥʝʩʘ ʠ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʘʥʜʘʨʪʠʟʘʮʠʷ ʠʛʨʘʝʪ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʫʶ ʨʦʣʴ ʚ ʨʘʟʚʠʪʠʠ ɽʚʨʦ-

ʧʳ ʢʘʢ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʭ ʪʝʭʥʦʣʦʛʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ çʧʣʦʘɦ-

ʜʦʢè ʤʠʨʘ. ʉʣʝʜʫʷ ʵʪʦʤʫ çʚʝʢʪʦʨʫè, ʈʦʩʩʠʷ, ʦʙʣʘʜʘʶʱʘʷ ʥʝ ʪʦʣʴʢʦ ʢʦʣʦʩʩʘʣʴʥʳʤʠ 

ʧʨʠʨʦʜʥʳʤʠ ʨʝʩʫʨʩʘʤʠ, ʥʦ ʠ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʯʝʣʦʚʝʯʝʩʢʠʤʠ ʨʝʩʫʨʩʘʤʠ (IQ, ʠʥʪʝʣ-

ʣʝʢʪʫʘʣʴʥʦʛʦ ʢʘʧʠʪʘʣʘ), ʠʩʧʦʣʴʟʫʷ ʧʦʣʝʟʥʳʡ ʦʧʳʪ ɻʝʨʤʘʥʠʠ, ʛʘʨʘʥʪʠʨʦʚʘʥʥʦ ʦʙʝʩʧʝ-

ʯʠʪ ʩʝʙʝ ʢʦʥʢʫʨʝʥʪʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʣʠʜʠʨʫʶʱʠʝ ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʠʝ ʧʦʟʠʮʠʠ ʥʘ ʤʝ-

ʞʜʫʥʘʨʦʜʥʦʤ ʨʳʥʢʝ ʪʨʫʜʘ. 

ʋʩʧʝʭ ʢʦʤʧʣʝʢʩʥʦʡ ʩʠʩʪʝʤʳ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ ʩʪʘʪʴʠ, ʤʦʞʝʪ 

ʙʳʪʴ ʜʦʩʪʠʛʥʫʪ ʥʘ ʦʩʥʦʚʝ ʫʢʨʝʧʣʝʥʠʷ ʦʙʷʟʘʪʝʣʴʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʝʝ ʬʫʥʢʮʠʦʥʠʨʦ-

ʚʘʥʠʷ: ʤʘʨʢʝʪʠʥʛʦʤ, ʤʝʥʝʜʞʤʝʥʪʦʤ, ʚ ʪ.ʯ. ʚ ʨʘʤʢʘʭ MBA ï ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʧʨʦʛʨʘʤ-

ʤʳ ʧʦʜʛʦʪʦʚʢʠ ʚʳʩʦʢʦʢʣʘʩʩʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ-ʤʝʥʝʜʞʝʨʦʚ (ʘʥʛʣ. MBA ï Master of 

Business Administration ï ʤʘʛʠʩʪʨ ʜʝʣʦʚʦʛʦ ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʷ), ʠʥʞʠʥʠʨʠʥʛʦʤ, ʨʝ-

ʠʥʞʠʥʠʨʠʥʛʦʤ, ʠʥʥʦʚʘʮʠʷʤʠ ʠ ʠʥʚʝʩʪʠʮʠʷʤʠ, ʢʦʥʪʨʦʣʣʠʥʛʦʤ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʘʫ-

ʜʠʪʦʤ, ʣʠʥʛʚʠʩʪʠʢʦʡ, ʯʝʣʦʚʝʯʝʩʢʠʤ ʢʘʧʠʪʘʣʦʤ ʠ ʜʨ. 

ʆʧʳʪ ɻʝʨʤʘʥʠʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʠ ʦ ʪʦʤ, ʯʪʦ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʵʬʬʝʢʪʠʚʥʦʡ ʠʥ-

ʬʨʘʩʪʨʫʢʪʫʨʥʦʡ ʧʦʣʠʪʠʢʠ ʦʙʝʩʧʝʯʝʥʠʷ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ 

ʛʣʦʙʘʣʠʟʘʮʠʠ ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʠ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʠʟʙʨʘʪʴ ʮʝʥʪʨʦʩʪʨʝʤʠʪʝʣʴʥʳʡ, ʘ ʥʝ ʮʝʥʪʨʦʙʝʞʥʳʡ ʩʮʝʥʘʨʠʡ ʧʨʠ ʩʦʟʜʘʥʠʠ ʜʦʩʪʦʡʥʳʭ 

ʧʨʝʜʧʦʩʳʣʦʢ ʛʘʨʘʥʪʠʨʦʚʘʥʠʷ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ; ʪʝʭʥʠʯʝʩʢʘʷ ʧʦʣʠʪʠʢʘ ʜʦʣʞʥʘ 

ʙʳʪʴ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʡ, ʠ ʪʦʛʜʘ ʥʘʮʠʦʥʘʣʴʥʘʷ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʧʦʟʚʦʣʠʪ ʧʦʚʳ-

ʩʠʪʴ ʨʝʡʪʠʥʛ ʨʝʛʠʦʥʦʚ ʠ ʩʪʨʘʥʳ ʚ ʮʝʣʦʤ. [25, ʩ. 48] 
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EXPERIENCE OF DEVELO PMENT AND IMPROVEMEN T  

OF CERTIFICATION IN GERMANY:  

INFRASTRUCTURE ASPECT 

N.V. Mordovchenkov, V.M. Poljakov 

Keywords: accreditation, acronym, convention, competitiveness, control, logo, marketing, 

international organization, international market, management, modification, German cul-

ture, trademark protection, products, certification, syndication, standardization, technologi-

cal audit, product, service, philosophy of thinking, expert, quality examination. 

 

At the present stage of development of innovative economy the need for integration processes 

is conditioned by the fulfillment of the international quality system requiremen. The aim of 

the work is to study the experience and the process of improving certification in Germany in 

solving global and priority infrastructure problems. Based on the analysis of the information 

resource on the status of the certification level in Germany, the Internet resource was used 

along with traditional methods (analysis, synthesis, generalization); the method of efficiency, 

the method of comparison and the integrated systems approach are used in the work. The 

work reveals the significant role of the state in increasing the importance of certification 

measures, increasing the efficiency and quality of the institution of standardization in the in-

stitutional economy at the meso level. The didactic list of components included in the neces-

sary çpoolè of competitive certification is expanded: marketing, management (MBA), tech-

nological audit and strategic controlling, engineering and reengineering, human (intellectu-

al) capital. Using this approach, there is a syndicative effect, the productivity of equipment, 

labor and the quality of life of citizens in the context of globalization and state regulation of 

the technological economy and the transformation of intellectual infrastructure at the meso 

level is increasing. The experience of forming a certification strategy in Germany allows us 

to form the domestic vector of the certification and standardization institute in terms of im-

proving the quality of goods, works, services, and increased attention to training highly qual-

ified specialists in the field of solving infrastructure problems using the certification and 

standardization resource. 

ʉʪʘʪʴʷ ʧʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ 13.12.2017 ʛ. 
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ɸ.ʖ. ʇʣʘʪʦʚ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ ʌɻɹʆʋ ɺʆ çɺɻʋɺʊè 

ʖ.ʀ. ʇʣʘʪʦʚ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ ʌɻɹʆʋ ɺʆ çɺɻʋɺʊè 

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

ʆ ʉʆɺʈɽʄɽʅʅʓʍ ʄɽʊʆɼɸʍ ɹʀɿʅɽʉ-ʇʃɸʅʀʈʆɺɸʅʀʗ 

ʈɸɹʆʊʓ ʈɽʏʅʆɻʆ ʌʃʆʊɸ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʣʘʥʠʨʦʚʘʥʠʝ ʨʘʙʦʪʳ ʬʣʦʪʘ, ʚʳʯʠʩʣʝʥʠʝ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ, ʧʦʪʨʝʙ-

ʥʦʩʪʴ ʚʦ ʬʣʦʪʝ, ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʟʘʪʨʘʪʳ 

 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʪʨʝʙʥʦʩʪʠ ʚʦ ʬʣʦʪʝ, ʘ ʪʘʢʞʝ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʘʩʭʦʜʦʚ ʧʨʠ ʧʝʨʝʚʦʟʢʘʭ ʛʨʫʟʦʚ ʩ ʫʯʸʪʦʤ ʫʩʣʦʚʠʡ ʧʣʘʚʘʥʠʷ ʠ ʪʝʭ-

ʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʫʜʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʦʩʪʳʝ ʤʝʪʦʜʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʥʘ-

ʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʥʘ ʧʨʘʢʪʠʢʝ, ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʦʛʨʝʰʥʦʩʪʷʤ. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʧʦʜʭʦʜʳ ʢ ʙʠʟʥʝʩ-ʧʣʘʥʠʨʦʚʘʥʠʶ 

ʨʘʙʦʪʳ ʬʣʦʪʘ. ʆʜʥʘʢʦ ʦʙʱʠʤʠ ʜʣʷ ʚʩʝʭ ʧʦʜʭʦʜʦʚ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʥʝʜʦʩʪʘʪʢʠ: 

1. ʆʪʩʫʪʩʪʚʠʝ ʦʙʦʩʥʦʚʘʥʥʳʭ ʨʝʟʝʨʚʦʚ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʧʦʪʨʝʙʥʦʩʪʠ ʚʦ ʬʣʦʪʝ, 

ʠʟʤʝʥʷʶʱʠʭʩʷ ʧʦ ʧʝʨʠʦʜʘʤ ʥʘʚʠʛʘʮʠʠ, ʚʦʜʥʳʤ ʧʫʪʷʤ, ʪʠʧʘʤ ʩʫʜʦʚ ʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʜʨʫʛʠʭ ʫʩʣʦʚʠʡ. 

2. ʆʪʩʫʪʩʪʚʠʝ ʫʯʸʪʘ ʚʣʠʷʥʠʷ ʥʘ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʫʩʣʦʚʠʡ ʧʣʘʚʘʥʠʷ ʠ ʟʘʛʨʫʟʢʠ ʩʫ-

ʜʦʚ, ʩʢʦʨʦʩʪʝʡ ʜʚʠʞʝʥʠʷ, ʩʦʦʪʥʦʰʝʥʠʷ ʭʦʜʦʚʦʛʦ ʠ ʩʪʦʷʥʦʯʥʦʛʦ ʚʨʝʤʝʥʠ ʥʘ ʨʘʟʣʠʯ-

ʥʳʭ ʛʨʫʟʦʧʦʪʦʢʘʭ. 

3. ʅʝʫʯʝʪ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʦʥʢʨʝʪʥʳʭ ʨʝʡʩʦʚ ʩʫʜʦʚ ʧʨʠ ʨʘʩʯʝʪʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 

ʨʘʩʭʦʜʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʫʩʣʦʚʠʡ ʦʧʣʘʪʳ ʪʨʫʜʘ, ʦʩʦʙʝʥʥʦʩʪʝʡ ʛʨʫʟʦʚ ʠ ʜʨ. 

ʕʪʠ ʥʝʜʦʩʪʘʪʢʠ ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʶʪ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ ʢʘʢ ʧʦʪʨʝʙʥʦʩʪʠ ʚʦ ʬʣʦʪʝ, 

ʪʘʢ ʠ ʚʝʣʠʯʠʥʳ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʘʩʭʦʜʦʚ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʢʣʘʜʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ (ʀʊ) ʜʣʷ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʨʘʙʦʪʳ ʬʣʦʪʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʩʫʜʦʭʦʜʥʳʤ ʢʦʤʧʘʥʠʷʤ ʙʦʣʴʰʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʢʘʢ ʜʣʷ 

ʧʦʚʳhʝʥʠʷ ʪʦʯʥʦʩʪʠ ʨʘʩʯʝʪʦʚ, ʪʘʢ ʠ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʘʩʭʦʜʦʚ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʀʊ ʜʣʷ ʙʠʟʥʝʩ-ʧʣʘʥʠʨʦʚʘʥʠʷ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ, ʢʘʢ ʧʨʘʚʠ-

ʣʦ, ʵʣʝʢʪʨʦʥʥʳʤʠ ʪʘʙʣʠʮʘʤʠ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ 

ʦʙʦʩʥʦʚʘʥʠʷ ʚʳʧʦʣʥʷʶʪʩʷ ʧʦ ʧʨʦʩʪʝʡʰʠʤ ʟʘʚʠʩʠʤʦʩʪʷʤ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʝʱʸ ʚ 40-ʭ ʛʦʜʘʭ [1], ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

)1(
ʨʝʟʢʨ

kʯtʌ += , (1) 

ʢʨʩʪʩʪʭʭ
)( mʩtctʕ += , (2) 

ʛʜʝ ʌ ï ʧʦʪʨʝʙʥʦʩʪʴ ʚʦ ʬʣʦʪʝ ʜʣʷ ʦʪʜʝʣʴʥʦʛʦ ʫʯʘʩʪʢʘ ʨʘʙʦʪʳ, ʝʜ. ʩʫʜʦʚ;  

ʯ ï ʯʘʩʪʦʪʘ ʦʪʧʨʘʚʣʝʥʠʷ ʩʫʜʦʚ, ʝʜ. ʚ ʩʫʪ.;  

ʢʨ
t  ï ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʢʨʫʛʦʚʦʛʦ ʨʝʡʩʘ ʩʫʜʥʘ (ʩʦʩʪʘʚʘ), ʩʫʪ.;  

ʨʝʟ
k  ï ʢʦʵʬʬʠʮʠʝʥʪ ʨʝʟʝʨʚʘ (ʥʘʢʣʘʜʥʦʛʦ) ʚʨʝʤʝʥʠ ʚ ʨʘʟʤʝʨʝ 5ï7%;  

ʕ ï ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ ʟʘ ʧʣʘʥʦʚʦʝ ʯʠʩʣʦ ʢʨʫʛʦʚʳʭ ʨʝʡʩʦʚ, ʨʫʙ.;  

ʭt , ʩʪt  ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʭʦʜʦʚʦʛʦ ʠ ʩʪʦʷʥʦʯʥʦʛʦ ʚʨʝʤʝʥʠ ʚ ʩʦ-

ʩʪʘʚʝ ʢʨʫʛʦʚʦʛʦ ʨʝʡʩʘ, ʩʫʪ.;  

ʭc , ʩʪc  ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʫʪʦʯʥʳʝ ʨʘʩʭʦʜʳ ʩʫʜʥʘ ʚ ʭʦʜʫ ʠ ʥʘ ʩʪʦʷʥʢʝ, ʨʫʙ. ʚ ʩʫʪ;  

ʢʨ
m  ï ʯʠʩʣʦ ʢʨʫʛʦʚʳʭ ʨʝʡʩʦʚ ʦʜʥʦʛʦ ʩʫʜʥʘ ʠʣʠ ʛʨʫʧʧʳ ʦʜʥʦʪʠʧʥʳʭ ʩʫʜʦʚ. 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 54, 2018 ʛ. 

ʈʘʟʜʝʣ IV. ʕʢʦʥʦʤʠʢʘ, ʣʦʛʠʩʪʠʢʘ ʠ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʪʨʘʥʩʧʦʨʪʝ 
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ʊʘʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʘʞʝ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʧʣʘʥʦ-

ʚʦʡ ʵʢʦʥʦʤʠʢʠ ʩʥʠʞʘʣʠ ʘʜʝʢʚʘʪʥʦʩʪʴ ʧʣʘʥʠʨʦʚʘʥʠʷ. ʅʘʧʨʠʤʝʨ, ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʩʫʜʘʭ ʚ 

(1) ʧʨʠʥʠʤʘʝʪʩʷ ʥʝʮʝʣʦʯʠʩʣʝʥʥʦʡ ʚʝʣʠʯʠʥʦʡ, ʘ ʩʨʝʜʥʝʩʫʪʦʯʥʳʝ ʨʘʩʭʦʜʳ ʚ (2) ʦʧʨʝ-

ʜʝʣ̫ʁ ʪʩʷ ʥʘ ʦʩʥʦʚʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʠʣʠ ʧʣʘʥʦʚʳʭ ʜʘʥʥʳʭ ʧʫʪʝʤ ʜʝʣʝʥʠʷ ʛʦʜʦʚʳʭ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʘʩʭʦʜʦʚ ʥʘ ʩʨʝʜʥʠʡ ʧʝʨʠʦʜ ʨʘʙʦʪʳ ʩʫʜʦʚ. 

ɼʣʷ ʩʥʠʞʝʥʠʷ ʥʝʘʜʝʢʚʘʪʥʦʩʪʠ ʧʨʝʜʣʘʛʘʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ. ʅʘʧʨʠʤʝʨ, 

ʜʣʷ ʫʯʸʪʘ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʟʘʢʣʘʜʳʚʘʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʝ-

ʟʝʨʚʘ, ʧʦʜʦʙʥʦ ʪʦʤʫ, ʢʘʢ ʵʪʦ ʩʜʝʣʘʥʦ ʚ ʬʦʨʤʫʣʝ (1). ʆʜʥʘʢʦ ʚʩʝ ʵʪʠ ʫʣʫʯʰʝʥʠʷ ʥʝ ʧʨʠ-

ʚʦʜʠʣʠ ʢ ʢʘʯʝʩʪʚʝʥʥʳʤ ʫʣʫʯʰʝʥʠʷʤ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʘʝʤʳʭ ʧʦ ʬʦʨʤʫʣʘʤ (1) ʠ (2). 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʨʠʚʦʜʠʪ ʢ ʧʨʠʥʮʠʧʠʘʣʴʥʦ 

ʥʝʚʝʨʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ. ʕʪʦ ʩʚʷʟʘʥʦ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘʤʠ. ɺʦ-ʧʝʨʚʳʭ, 

ʨʝʟʢʦ ʠʟʤʝʥʠʣʦʩʴ ʩʦʦʪʥʦʰʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʩʪʘʪʝʡ ʨʘʩʭʦʜʦʚ. ʊʘʢ, ʨʘʩʭʦʜʳ ʥʘ ʪʦʧʣʠʚʦ 

ʠ ʩʤʘʟʢʫ ʚ ʪʦ ʚʨʝʤʷ, ʢʦʛʜʘ ʨʘʟʨʘʙʘʪʳʚʘʣʠʩʴ ʟʘʚʠʩʠʤʦʩʪʠ ʪʠʧʘ (1) ʠ (2), ʩʦʩʪʘʚʣʷʣʠ ʦʪ 

18% ʜʦ 24%. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ çʪʦʧʣʠʚʥʘʷè ʜʦʣʷ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 40 ʜʦ 60% ʦʪ ʦʙʱʠʭ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʘʩʭʦʜʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʡʦʥʦʚ ʧʣʘʚʘʥʠʷ ʩʫʜʦʚ. ʄʝʞʜʫ ʪʝʤ ʚ 

ʬʦʨʤʫʣʝ (2) ʟʘʚʠʩʠʤʦʩʪʴ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʦʪ ʭʦʜʦʚʦʛʦ ʚʨʝʤʝʥʠ ʧʦʣʥʦʩʪʴʶ ʦʪʩʫʪʩʪʚʫʝʪ. 

ʕʪʘ ʟʘʚʠʩʠʤʦʩʪʴ, ʦʜʥʘʢʦ, ʚʣʠʷʝʪ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʟʘʪʨʘʪʳ ʦʯʝʥʴ ʩʫʱʝʩʪʚʝʥ-

ʥʦ, ʯʪʦ ʤʦʞʥʦ ʚʠʜʝʪʴ ʠʟ ʨʠʩ. 1. 

 

 

ʈʠʩ. 1. ɿʘʪʨʘʪʳ ʥʘ ʪʦʧʣʠʚʦ (ʩʧʣʦʰʥʘʷ) ʠ ʧʨʦʯʠʝ ʧʨʷʤʳʝ ʟʘʪʨʘʪʳ ʚ ʭʦʜʫ 

ʜʣʷ ʩʫʜʥʘ ʧʨʦʝʢʪʘ ˉ 507ɹ ʥʘ ʢʨʫʛʦʚʦʤ ʨʝʡʩʝ ɸʩʪʨʘʭʘʥʴ-ʅ.ʅʦʚʛʦʨʦʜ 

ɺʦ-ʚʪʦʨʳʭ, ʨʝʟʢʦ ʚʦʟʨʦʩʣʠ ʧʨʦʯʠʝ ʧʨʷʤʳʝ ʨʘʩʭʦʜʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʧʣʘʪʦʡ ʧʦʨʪʦ-

ʚʳʭ ʠ ʢʘʥʘʣʴʥʳʭ ʩʙʦʨʦʚ ʠ ʩʙʦʨʦʚ ʟʘ ʧʨʦʭʦʞʜʝʥʠʝ ʚʥʫʪʨʝʥʥʠʭ ʚʦʜʥʳʭ ʧʫʪʝʡ (ɺɺʇ), 

ʢʦʪʦʨʳʝ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʷʪ ʥʝ ʦʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʚʨʝʤʝʥʠ ʨʝʡʩʘ, ʘ ʦʪ ʧʫʥʢʪʦʚ 

ʦʪʧʨʘʚʣʝʥʠʷ ʠ ʥʘʟʥʘʯʝʥʠʷ ʠ ʨʘʡʦʥʘ ʧʣʘʚʘʥʠʷ. ʕʪʠ ʨʘʩʭʦʜʳ ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ ʜʦ 20%. 

ɺ-ʪʨʝʪʴʠʭ, ʚʝʣʠʯʠʥʘ ʨʝʟʝʨʚʘ ʚ ʫʩʣʦʚʠʷʭ ʧʣʘʥʦʚʦʡ ʵʢʦʥʦʤʠʢʠ ʙʳʣʘ ʥʝʟʥʘʯʠʪʝʣʴ-

ʥʦʡ ï 5ï7%. ɺ ʥʘʩʪʦʷʱʝʝ ʞʝ ʚʨʝʤʷ ʨʝʟʝʨʚ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 20% ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʥʦʨʤʘʪʠʚʘʤ ʭʦʜʦʚʦʛʦ ʠ ʩʪʦʷʥʦʯʥʦʛʦ ʚʨʝʤʝʥʠ (ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʵʪʦʪ ʨʝʟʝʨʚ ʥʘʤʥʦ-

ʛʦ ʙʦʣʴʰʝ, ʪʘʢ ʢʘʢ ʚ ʩʘʤʠʭ ʥʦʨʤʘʪʠʚʘʭ ʪʘʢʞʝ ʟʘʣʦʞʝʥ ʨʝʟʝʨʚ). 

ɺ-ʯʝʪʚʝʨʪʳʭ, ʨʘʩʯʝʪ rʧʦʪʨʝʙʥʦʩʪʠ ʚʦ ʬʣʦʪʝ ʠ ʨʘʩʭʦʜʦʚ ʙʳʣʠ ʤʘʣʦ ʩʚʷʟʘʥ rʤʝʞʜʫ 

ʩʦʙʦʡ, ʯʪʦ ʜʣʷ ʙʠʟʥʝʩ-ʧʣʘʥʠʨʦʚʘʥʠʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʥʝʧʨʠʝʤʣʝʤʳʤ, ʘ 

ʚʳʨʘʞʝʥʠʝ (2) ʩʪʘʥʦʚʠʪʩʷ ʧʨʦʩʪʦ ʥʝʚʝʨʥʳʤ. 

ɼʣʷ ʦʮʝʥʢʠ ʧʦʛʨʝʰʥʦʩʪʠ ʚʳʯʠʩʣʝʥʠʡ ʧʦ ʬʦʨʤʫʣʝ (2) ʨʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʡ ʫʩ-

ʣʦʚʥʳʡ ʢʨʫʛʦʚʦʡ ʨʝʡʩ ʦʪ ɸʩʪʨʘʭʘʥʠ ʜʦ ʅ.ʅʦʚʛʦʨʦʜʘ, ʚʳʧʦʣʥʷʝʤʳʡ ʩʫʜʥʦʤ ʧʨʦʝʢʪʘ 

ˉ 507ɹ, ʩʤ. ʨʠʩ. 2. 



ɸ.ʖ. ʇʣʘʪʦʚ, ʖ.ʀ. ʇʣʘʪʦʚ 
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ʈʠʩ. 2. ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʟʘʪʨʘʪʳ ʚ ʭʦʜʫ  

ʜʣʷ ʩʫʜʥʘ ʧʨʦʝʢʪʘ ˉ 507ɹ ʥʘ ʢʨʫʛʦʚʦʤ ʨʝʡʩʝ ɸʩʪʨʘʭʘʥʴ-ʅ.ʅʦʚʛʦʨʦʜ 

ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʮʝʥʘ ʪʦʧʣʠʚʘ ʩʦʩʪʘʚʣʷʝʪ 40 ʪʳʩ. ʨʫʙ. ʟʘ ʪʦʥʥʫ, ʧʨʦʯʠʝ ʟʘʪʨʘʪʳ 

ï 200 ʪʳʩ. ʨʫʙ. ʚ ʩʫʪʢʠ, ʩʙʦʨʳ ʟʘ ʧʨʦʭʦʞʜʝʥʠʝ ɺɺʇ ï 1,4 ʨʫʙ. ʟʘ ʢʤ ʧʫʪʠ ʠ 1 ʪʳʩ. ʤ. 

ʢʫʙ. ʤʦʜʫʣʷ ʩʫʜʥʘ, ʘ ʧʦʨʪʦʚʳʝ ʩʙʦʨʳ ï 174 ʪʳʩ. ʨʫʙ. ʟʘ ʟʘʭʦʜ. 

ʄʠʥʠʤʘʣʴʥʦʝ ʭʦʜʦʚʦʝ ʚʨʝʤʷ, ʨʘʩʩʯʠʪʘʥʥʦʝ ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠ ʧʨʦʧʫʣʴʩʠʚʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ, ʨʘʚʥʷʝʪʩʷ 245 ʯ, ʘ ʩʪʦʷʥʦʯʥʦʝ ʚʨʝʤʷ, ʚʢʣʶʯʘʷ ʰʣʶʟʦʚʘʥʠʝ, ʧʨʠʥʠʤʘʝʪʩʷ 

ʨʘʚʥʳʤ 76,7 ʯ. ʇʨʠ ʵʪʦʤ ʨʘʩʭʦʜʳ ʚ ʧʫʪʠ ʩʦʩʪʘʚʷʪ 4548 ʪʳʩ. ʨʫʙ., ʘ ʥʘ ʩʪʦʷʥʢʘʭ ï 

813 ʪʳʩ. ʨʫʙ. ʀʪʦʛʦ ʨʘʩʭʦʜʳ ʟʘ ʢʨʫʛʦʚʦʡ ʨʝʡʩ ʨʘʚʥʳ 5361 ʪʳʩ. ʨʫʙ. 

ʀʟ ʵʪʠʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʫʜʝʣʴʥʳʝ ʨʘʩʭʦʜʳ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʨʘʚʥʳ:  

ʭc =18,6 ʪʳʩ. ʨʫʙ./ʯ,, ʩʪc =10,6 ʪʳʩ. ʨʫʙ./ʯ. 

ɽʩʣʠ ʚʨʝʤʷ ʨʝʡʩʘ ʫʚʝʣʠʯʠʪʩʷ ʟʘ ʩʯʸʪ ʩʥʠʞʝʥʠʷ ʩʢʦʨʦʩʪʠ ʥʘ ʧʨʷʤʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

ʜʦ 303 ʯʘʩʦʚ, ʪʦ ʨʘʩʭʦʜʳ ʚ ʭʦʜʫ ʙʫʜʫʪ ʩʦʩʪʘʚʣʷʪʴ 3994 ʪʳʩ. ʨʫʙ. ʊʦ ʝʩʪʴ, ʦʙʱʠʝ ʨʘʩ-

ʭʦʜʳ ʩʦʩʪʘʚʷʪ 4807 ʪʳʩ. ʨʫʙ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʦ ʬʦʨʤʫʣʝ (2) ʨʘʩʭʦʜʳ ʧʦʣʫʯʘʪʩʷ ʨʘʚ-

ʥʳʤʠ 6437 ʪʳʩ. ʨʫʙ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʭʦʜʦʚʦʛʦ ʚʨʝʤʝʥʠ ʥʘ 30% ʜʣʷ ʧʨʷʤʦʛʦ ʥʘʧʨʘʚʣʝ-

ʥʠʷ ʬʦʨʤʫʣʘ (2) ʠʤʝʝʪ ʧʦʛʨʝʰʥʦʩʪʴ 32%. 

ɺ ʧʨʘʢʪʠʢʝ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʉʐɸ ʠ ɽʚʨʦʧʳ ʚ ʧʣʘʥʦʚʳʭ ʨʘʩʯʸʪʘʭ ʧʨʠʤʝʥʷʶʪ-

ʩʷ ʨʘʟʣʠʯʥʳʝ ʨʝʛʨʝʩʩʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ [2, 3, 4]. ʅʘʧʨʠʤʝʨ, ʚ [2] ʩʫʪʦʯʥʳʡ ʨʘʩʭʦʜ 

ʪʦʧʣʠʚʘ ʪʦʣʢʘʯʝʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴʶ ʦʪ ʤʦʱʥʦʩʪʠ eN  ʛʣʘʚʥʳʭ ʜʚʠʛʘʪʝʣʝʡ 

1,24127

ʩʫʪ
 0,07743

e
NB = . ɺ [3] ʠ [4] ʨʝʛʨʝʩʩʠʠ ʚʳʚʦʜʷʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʝʜʚʝʡʪʘ. 

ʆʜʥʘʢʦ ʷʩʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʥʝ ʙʫʜʝʪ ʠʤʝʪʴ ʢʨʠʪʠʯʝʩʢʠʭ ʧʦ-

ʛʨʝʰʥʦʩʪʝʡ ʪʦʣʴʢʦ ʧʨʠ ʩʪʘʙʠʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʧʝʨʝʚʦʟʦʢ ʠ ʙʣʠʟʢʠʭ ʧʦ ʢʦʥʩʪʨʫʢʮʠʠ 

ʩʫʜʘʭ. ʉʣʘʙʳʤ ʤʝʩʪʦʤ ʚʩʝʭ ʪʘʢʠʭ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʩʭʦʜʘ 

ʪʦʧʣʠʚʘ ʦʪ ʩʢʦʨʦʩʪʠ, ʘ ʪʘʢʞʝ ʦʪ ʫʩʣʦʚʠʡ ʧʣʘʚʘʥʠʷ. 

ɿʘʚʠʩʠʤʦʩʪʴ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʦʪ ʩʢʦʨʦʩʪʠ ʪʘʢʞʝ ʧʳʪʘʶʪʩʷ ʫʯʝʩʪʴ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʩʪʳʭ ʨʝʛʨʝʩʩʠʡ. ʅʘʧʨʠʤʝʨ, ʚ [5] ʜʣʷ ʨʘʩʯʸʪʘ ʩʫʪʦʯʥʦʛʦ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʙʘʣʢʝʨʘ 

ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʝʛʦ ʯʝʨʝʟ ʧʘʥʘʤʩʢʠʡ ʢʘʥʘʣ ʠʩʧʦʣʴʟʫʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ 

vB -7

ʩʫʪ
10*1,4946= , ʛʜʝ v  ï ʩʫʪʦʯʥʘʷ ʩʢʦʨʦʩʪʴ (ʢʤ/ʩʫʪ). 

ɺ [6] ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʥʪʝʨʧʦʣʠʨʦʚʘʪʴ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʧʦ ʪʨʸʤ ʪʦʯʢʘʤ ʜʚʫʤʷ ʣʠʥʝʡ-

ʥʳʤʠ ʬʫʥʢʮʠʷʤʠ. ʆʩʥʦʚʘʥʠʝʤ ʵʪʦʤʫ ʧʦʜʭʦʜʫ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʠʤʝʥʥʦ ʪʘʢʠʝ ʦʪʨʳ-

ʚʦʯʥʳʝ ʜʘʥʥʳʝ ʠʤʝʶʪʩʷ ʚ ʩʫʜʦʚʳʭ ʢʦʤʧʘʥʠʷʭ. ɸʥʘʣʦʛʠʯʥʳʡ ʧʦʜʭʦʜ ʩ ʙʦʣʴʰʠʤ ʯʠʩ-



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 54, 2018 ʛ. 

ʈʘʟʜʝʣ IV. ʕʢʦʥʦʤʠʢʘ, ʣʦʛʠʩʪʠʢʘ ʠ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʪʨʘʥʩʧʦʨʪʝ 
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ʣʦʤ ʪʦʯʝʢ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ [7] ʪʘʢʞʝ ʠʟ ʩʦʦʙʨʘʞʝʥʠʡ ʧʨʦʩʪʦʪʳ ʠ ʧʨʘʢʪʠʯʥʦʩʪʠ. ɺ [8] ʠ 

[9] ʧʨʝʜʣʘʛʘʶʪʩʷ ʧʦʢʘʟʘʪʝʣʴʥʳʝ ʨʝʛʨʝʩʩʠʦʥʥʳʝ ʤʦʜʝʣʠ. ʆʯʝʥʴ ʤʥʦʛʠʝ ʘʚʪʦʨʳ ʧʨʝʜ-

ʣʘʛʘʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʫʙʠʯʝʩʢʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʯʘʩʦʚʦʛʦ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʦʪ ʩʢʦʨʦʩʪʠ 

(ʩʤ. ʦʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ ʚ [10]). 

ʆʜʥʘʢʦ ʠ ʚ ʵʪʠʭ ʩʧʦʩʦʙʘʭ ʚ ʦʩʥʦʚʝ ʣʝʞʘʪ ʨʝʛʨʝʩʩʠʠ, ʢʦʪʦʨʳʝ ʟʥʘʯʠʪʝʣʴʥʦ ʦʛʨʘʥʠ-

ʯʠʚʘʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ ʤʝʪʦʜʦʚ ʜʣʷ ʧʣʘʥʠʨʦʚʘʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʦʧʠʩʘʥʥʳʭ ʨʝʛʨʝʩʩʠʷʭ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ ʫʩʣʦʚʠʷ ʧʣʘʚʘʥʠʷ: 

ʛʣʫʙʠʥʳ, ʪʝʯʝʥʠʷ, ʩʪʝʩʥʸʥʥʦʩʪʴ ʚʦʜʥʦʛʦ ʧʫʪʠ ʠ ʪ.ʜ. 

ʇʨʠʤʝʥʝʥʠʝ ʩʧʝʮʠʘʣʴʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʷʚʥʦ ʤʦʜʝʣʠʨʫʶʱʠʭ ʧʨʦ-

ʧʫʣʴʩʠʚʥʳʡ ʢʦʤʧʣʝʢʩ ʠ ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʩʦʚʨʝʤʝʥʥʳʭ ʀʊ, ʧʦ ʥʘʰʝʤʫ ʤʥʝ-

ʥʠʶ, ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʧʦʟʚʦʣʠʪ ʫʩʪʨʘʥʠʪʴ ʦʧʠʩʘʥʥʳʝ ʧʨʦʙʣʝʤʳ. ɼʣʷ ʵʪʦʛʦ ʨʘʩʯʸ-

ʪʳ ʧʨʠ ʙʠʟʥʝʩ-ʧʣʘʥʠʨʦʚʘʥʠʠ ʜʦʣʞʥʳ ʧʨʦʚʦʜʠʪʴʩʷ ʧʦ ʩʣʝʜʫʶʱʝʡ ʩʭʝʤʝ. 

ʈʘʩʯʝʪʳ ʦʩʫʱʝʩʪʚʣʷʪʁʩʷ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʣʷ ʣʶʙʦʛʦ ʛʦʨʠʟʦʥʪʘ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʠ ʩ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʥʘʚʠʛʘʮʠʠ. 

ʇʦʪʨʝʙʥʦʩʪ ɹʚʦ ʬʣʦʪʝ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʦʪʜʝʣʴʥʳʤ ʛʨʫʟʦʧʦʪʦʢʘʤ, ʚʠʜʘʤ ʧʝʨʝʚʦʟʦʢ 

(ʨʝʢʘ, ʤʦʨʝ, ʨʝʢʘ-ʤʦʨʝ), ʪʠʧʘʤ ʩʫʜʦʚ ʠ ʠʭ ʩʧʝʮʠʘʣʠʟʘʮʠʠ, ʬʨʘʭʪʦʚʘʪʝʣʷʤ, ʧʨʠʯʸʤ ʧʦ-

ʪʨʝʙʥʦʩʪʴ ʚʦ ʬʣʦʪʝ ʜʦʣʞʥʘ ʠʩʯʠʩʣʷʪʴʩʷ ʮʝʣʳʤ ʯʠʩʣʦʤ ʝʜʠʥʠʮ. 

ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʥʘ ʣʶʙʦʡ ʧʝʨʠʦʜ ʧʦ ʢʘʞʜʦʤʫ ʩʫʜʥʫ 

ʠ ʩʫʤʤʠʨʫʶʪʩʷ ʧʦ ʚʩʝʤ ʨʝʡʩʘʤ, ʚʢʣʶʯʘʷ ʚʨʝʤʷ ʩʣʝʜʦʚʘʥʠʷ ʩʫʜʦʚ ʚ ʧʫʥʢʪʳ ʧʝʨʚʦʡ 

ʧʦʛʨʫʟʢʠ, ʟʠʤʥʝʛʦ ʦʪʩʪʦʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʫʩʪʨʘʥʠʪʴ ʨʝʟʝʨʚʠʨʦʚʘʥʠʝ ʥʘ ʵʪʠ ʦʧʝʨʘʮʠʠ. 

ɼʨʫʛʠʝ ʞʝ ʨʝʟʝʨʚʳ ʚʨʝʤʝʥʠ ʟʘʜʘʶʪʩʷ ʢʘʢ ʥʘʢʣʘʜʥʦʝ ʚʨʝʤʷ ʧʦ ʢʘʞʜʦʤʫ ʨʝʡʩʫ ʚ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʦʪ ʧʝʨʠʦʜʘ ʥʘʚʠʛʘʮʠʠ ʠ ʨʘʡʦʥʘ ʧʣʘʚʘʥʠʷ ʦʪʜʝʣʴʥʦ ʧʦ ʭʦʜʦʚʳʤ ʦʧʝʨʘʮʠʷʤ, 

ʛʨʫʟʦʚʳʤ ʨʘʙʦʪʘʤ, ʰʣʶʟʦʚʘʥʠʶ, ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʢʘʥʘʣʦʚ ʠ ʜʨʫʛʠʤ ʟʘʪʨʫʜʥʠʪʝʣʴ-

ʥʳʤ ʫʯʘʩʪʢʘʤ ʚʦʜʥʳʭ ʧʫʪʝʡ. 

ʉʭʝʤʘ ʨʘʩʯʝʪʦʚ ʤʦʞʝʪ ʩʦʩʪʦʷʪʴ ʦʪ ʯʝʪʳʨʝʭ ʜʦ ʜʚʫʭ ʵʪʘʧʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʷ 

ʢʨʫʧʥʳʭ ʠ ʥʝʙʦʣʴʰʠʭ ʩʫʜʦʭʦʜʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʘʩʩʪʘʥʦʚʢʘ ʩʫʜʦʚ ʧʦ ʜʦʛʦʚʦʨʥʳʤ ʠʣʠ ʧʨʦʛʥʦʟʥʳʤ 

ʛʨʫʟʦʧʦʪʦʢʘʤ. ʂʘʢʠʤʠ ʤʝʪʦʜʘʤʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʘʩʩʪʘʥʦʚʢʘ ʩʫʜʦʚ, ʧʨʠʥʮʠʧʠʘʣʴʥʦ-

ʛʦ ʟʥʘʯʝʥʠʷ ʥʝ ʠʤʝʝʪ. ʇʨʠ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʪʦʣʴʢʦ ʦʜʥʦʛʦ ʛʨʫʟʦʧʦʪʦʢʘ ʠʣʠ ʦʜʥʦʛʦ ʪʠʧʘ 

ʩʫʜʥʘ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʤʝʣʢʠʭ ʢʦʤʧʘʥʠʡ, ʚ ʧʝʨʚʦʤ ʵʪʘʧʝ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ. 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʧʦ ʢʘʞʜʦʤʫ ʛʨʫʟʦʧʦʪʦʢʫ ʠ ʧʝʨʠʦʜʫ ʦʧʨʝʜʝʣʷʶʪʩʷ ʤʦʤʝʥʪʳ ʚʚʦʜʘ 

ʠ ʚʳʚʦʜʘ ʩʫʜʦʚ ʠʟ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ ʜʦ ʧʫʥʢʪʘ ʧʝʨʚʦʡ ʧʦʛʨʫʟʢʠ ʠ ʧʫʥʢʪʘ 

ʚʳʚʦʜʘ ʧʦʩʣʝ ʧʦʩʣʝʜʥʝʛʦ ʨʝʡʩʘ, ʚʨʝʤʷ ʢʨʫʛʦʚʦʛʦ ʨʝʡʩʘ ʩ ʫʯʝʪʦʤ ʧʨʦʛʥʦʟʠʨʫʝʤʳʭ ʫʩ-

ʣʦʚʠʡ ʧʣʘʚʘʥʠʷ ʩʫʜʦʚ ʧʦ ʩʣʝʜʫʶʱʝʡ ʤʦʜʝʣʠ: 

max
ʢʨ

­
D+

-

tt

CQF
, (3) 

( )
3ʢʨ21

cttcBcC +D++= , (4) 

ʛʜʝ 
ʢʨ

t  ï ʚʨʝʤʷ ʢʨʫʛʦʚʦʛʦ ʨʝʡʩʘ, ʯʘʩ;  

Dt ï ʩʫʤʤʘ ʨʝʟʝʨʚʥʦʛʦ ʚʨʝʤʝʥʠ ʧʦ ʢʘʞʜʦʡ ʦʧʝʨʘʮʠʠ, ʯʘʩ;  

Q ï ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʘʷ ʟʘʛʨʫʟʢʘ ʩʫʜʥʘ, ʪ;  

F ï ʬʨʘʭʪʦʚʘʷ ʩʪʘʚʢʘ, ʨʫʙ./ʪ;  

C ï ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʟʘʪʨʘʪʳ, ʨʫʙ.;  

B ï ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ, ʢʛ;  

c1 ï ʮʝʥʘ ʪʦʧʣʠʚʘ, ʨʫʙ., ʢʛ;  

c2 ï çʘʨʝʥʜʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪè, ʨʫʙ./ʯʘʩ;  

c3 ï ʧʨʦʯʠʝ ʨʘʩʭʦʜʳ, ʨʫʙ. 

 



ɸ.ʖ. ʇʣʘʪʦʚ, ʖ.ʀ. ʇʣʘʪʦʚ 
ʆ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʘʭ ʙʠʟʥʝʩ-ʧʣʘʥʠʨʦʚʘʥʠʷ ʨʘʙʦʪʳ ʨʝʯʥʦʛʦ ʬʣʦʪʘ 
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ɺʨʝʤʷ ʢʨʫʛʦʚʦʛʦ ʨʝʡʩʘ, ʢʘʢ ʦʙʳʯʥʦ, ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʚʨʝʤʝʥʠ ʭʦʜʘ 
ʭt  ʠ ʚʨʝʤʝʥʠ 

ʩʪʦʷʥʦʢ ʩt , ʚʢʣʶʯʘʷ ʰʣʶʟʦʚʘʥʠʝ: 
ʩʭʢʨ

ttt += . 

ɸʨʝʥʜʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ 
2c  ï ʵʪʦ ʘʥʘʣʦʛ ʪʘʡʤ-ʯʘʨʪʝʨʥʦʛʦ ʵʢʚʠʚʘʣʝʥʪʘ, ʚʢʣʶ-

ʯʘʶʝɦʛʦ ʚʩʝ ʟʘʪʨʘʪʳ ʧʦ ʩʫʜʥʫ (ʩʦʩʪʘʚʫ) ʠʣʠ ʪʠʧʫ ʥʘ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ ʵʢʩʧʣʫʘʪʘʮʠʠ, 

ʢʨʦʤʝ ʨʘʩʭʦʜʦʚ ʥʘ ʪʦʧʣʠʚʦ ʠ ʩʤʘʟʢʫ, ʩʙʦʨʦʚ ʟʘ ʧʨʦʭʦʞʜʝʥʠʝ ɺɺʇ, ʧʦʨʪʦʚʳʭ ʠ ʢʘ-

ʥʘʣʴʥʳʭ ʩʙʦʨʦʚ ʠ ʦʧʣʘʪʳ ʫʩʣʫʛ ʟʘ ʂʆʌ. 

ɺ ʧʨʦʯʠʝ ʨʘʩʭʦʜʳ 3c  ʚʭʦʜʷʪ: ʧʦʨʪʦʚʳʝ ʠ ʢʘʥʘʣʴʥʳʝ ʩʙʦʨʳ, ʧʣʘʪʘ ʟʘ ʧʨʦʭʦʞʜʝʥʠʝ 

ɺɺʇ, ʦʧʣʘʪʘ ʫʩʣʫʛ ʟʘ ʂʆʌ, ʚʳʯʠʩʣʝʥʥʳʝ ʩʪʨʦʛʦ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʢʨʫʛʦʚʦʛʦ 

ʨʝʡʩʘ [11]. ʂʨʦʤʝ ʪʦʛʦ, ʚ 3c  ʤʦʛʫʪ ʙʳʪʴ ʚʢʣʶʯʝʥʳ ʟʘʪʨʘʪʳ ʥʘ ʩʤʝʥʫ ʜʠʩʣʦʢʘʮʠʠ (ʧʦ-

ʨʦʞʥʠʡ ʨʝʡʩ) ʩʫʜʥʘ, ʝʩʣʠ ʪʘʢʦʚʘʷ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʠʩʭʦʜʷ ʠʟ ʨʘʩʩʪʘʥʦʚʢʠ ʩʫʜʦʚ. 

ʉʫʱʝʩʪʚʝʥʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ ʘʣʛʦʨʠʪʤ ʚʳʯʠʩʣʝ-

ʥʠʷ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ. ʇʦʩʢʦʣʴʢʫ ʚʨʝʤʷ ʨʝʡʩʘ ʚʘʨʴʠʨʫʝʪʩʷ, ʪʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢʠʝ-

ʥʠʙʫʜʴ ʥʦʨʤʳ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʥʝʚʦʟʤʦʞʥʦ. ʇʦʵʪʦʤʫ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʚʳʯʠʩʣʷʝʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʳʭ ʤʦʜʝʣʝʡ ʧʨʦʧʫʣʴʩʠʚʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʫʯʠʪʳʚʘʶʱʠʭ ʨʝʘʣʴʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʢʦʨʧʫʩʘ, ʜʚʠʞʠʪʝʣʝʡ ʠ ʛʣʘʚʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʢʦʥʢʨʝʪʥʦʛʦ ʩʫʜʥʘ ʠ ʧʨʦʛʥʦʟ-

ʥʳʝ ʫʩʣʦʚʠʷ ʧʣʘʚʘʥʠʷ [12]. ʂʨʦʤʝ ʵʪʦʛʦ, ʜʣʷ ʪʘʥʢʝʨʥʦʛʦ ʬʣʦʪʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʧʝʮʠ-

ʘʣʴʥʳʝ ʨʘʩʯʸʪʥʳʝ ʘʣʛʦʨʠʪʤʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʥʘ ʧʦʜʦʛʨʝʚ ʚʷʟʢʠʭ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ. 

ɼʣʷ ʨʘʩʯʸʪʘ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʥʘ ʛʣʘʚʥʳʝ ʜʚʠʛʘʪʝʣʠ ʚʦʜʥʳʡ ʧʫʪʴ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ 

ʵʣʝʤʝʥʪʘʨʥʳʝ ʫʯʘʩʪʢʠ, ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʭʦʜʦʚʦʝ ʚʨʝʤʷ k
t ʠ ʩʦ-

ʦʪʚʝʪʩʪʚʫʶʱʠʡ ʝʤʫ ʯʘʩʦʚʦʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ k
g . ʕʪʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʨʝ-

ʰʝʥʠʷ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʡ ʟʘʜʘʯʠ: 

min
1

­=ä
=

N

k

kk
tgB , (5) 

ʧʨʠ ʦʛʨʘʥʠʯʝʥʠʷʭ: 

ä
=

=
N

k

k
tt

1

ʭ
, 

maxmin

kkk
ttt ¢¢ , (6) 

ʧʨʠʯʝʤ ʤʠʥʠʤʘʣʴʥʦʝ 
min

k
t  ʠ ʤʘʢʩʠʤʘʣʴʥʦʝ 

max

k
t  ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ ʜʣʷ ʢʘʞʜʦʛʦ ʫʯʘʩʪʢʘ 

ʚʳʯʠʩʣʷʶʪʩʷ ʧʦ ʦʛʨʘʥʠʯʠʪʝʣʴʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʛʣʘʚʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʦʛʨʘʥʠʯʝʥʠ-

ʷʤ ʧʦ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʨʦʩʘʜʢʝ ʩʫʜʦʚ, ʘ ʪʘʢʞʝ ʫʩʣʦʚʠʷʤ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʠ ʤʠʥʠʤʘʣʴʥʦʡ 

ʫʩʪʦʡʯʠʚʦʡ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ʜʚʠʛʘʪʝʣʷ. 

ʇʦʩʣʝ ʧʨʦʚʝʜʸʥʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʚʦʟʤʦʞʥʦ ʵʢʩʧʝʨʪʥʦʝ ʠʣʠ ʤʦʜʝʣʴʥʦʝ (ʩ ʧʦʤʦʱʴʶ 

ʤʘʰʠʥʥʦʡ ʠʤʠʪʘʮʠʠ) ʫʪʦʯʥʝʥʠʝ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ ʩʪʦʷʥʦʯʥʳʭ ʦʧʝʨʘʮʠʡ, ʨʝʟʝʨʚʦʚ 

ʥʘʢʣʘʜʥʦʛʦ ʚʨʝʤʝʥʠ ʥʘ ʦʪʜʝʣʴʥʳʝ ʦʧʝʨʘʮʠʠ, ʧʦʩʣʝ ʯʝʛʦ ʚʳʯʠʩʣʝʥʠʷ ʧʦʚʪʦʨʷʪʁʩʷ. 

ʅʘ ʪʨʝʪʴʝʤ ʵʪʘʧʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ ʠ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ 

ʧʦʢʘʟʘʪʝʣʠ ʧʦ ʦʙʲʝʤʘʤ ʧʝʨʝʚʦʟʠʤʦʛʦ ʛʨʫʟʘ, ʚʨʝʤʝʥʥʳʤ ʟʘʪʨʘʪʘʤ ʢʘʢ ʧʦ ʦʪʜʝʣʴʥʳʤ 

ʛʨʫʟʦʧʦʪʦʢʘʤ, ʪʠʧʘʤ ʩʫʜʦʚ, ʪʘʢ ʠ ʚ ʮʝʣʦʤ ʧʦ ʚʩʝʤ ʧʝʨʝʚʦʟʢʘʤ. 

ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ ʩʫʤʤʘ ʨʘʩʭʦʜʦʚ ʧʦ ʚʩʝʤ ʩʫʜʘʤ ʠ 

ʚʩʝʤ ʨʝʡʩʘʤ ʟʘ ʧʝʨʠʦʜ. ʇʨʠ ʵʪʦʤ ʜʦʙʘʚʣʷʶʪʩʷ ʨʘʩʭʦʜʳ ʥʘ ʩʤʘʟʢʫ, ʢʦʪʦʨʳʝ ʚʳʯʠʩʣʷ-

ʶʪʩʷ ʯʝʨʝʟ ʢʦʵʬʬʠʮʠʝʥʪ ʦʪ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ. ʇʦʪʨʝʙʥʦʩʪʴ ʚ ʩʫʜʘʭ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʦʙʳʯʥʳʤ ʩʧʦʩʦʙʦʤ: 

ʦʪ

ʢʨ
)(

t

tt

Q

G
ʌ

D+
= , (7) 

ʛʜʝ G ï ʦʙʲʸʤ ʧʝʨʝʚʦʟʦʢ, ʪ. 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 54, 2018 ʛ. 

ʈʘʟʜʝʣ IV. ʕʢʦʥʦʤʠʢʘ, ʣʦʛʠʩʪʠʢʘ ʠ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʪʨʘʥʩʧʦʨʪʝ 
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ɽʩʣʠ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʩʫʜʘʭ ʤʝʥʴʰʝ ʚʝʣʠʯʠʥʳ ʨʘʙʦʯʝʛʦ ʷʜʨʘ ʬʣʦʪʘ 
ʨʘʙ
ʌ , ʪʦ ʜʣʷ ʦʩ-

ʪʘʚʰʠʭʩʷ ʚʥʝ ʧʝʨʝʚʦʟʦʢ ʩʫʜʦʚ ʌʌ -
ʨʘʙ

 ʨʘʩʭʦʜʳ ʩʯʠʪʘʶʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (4) ʦʪʜʝʣʴʥʦ 

ʩ ʫʯʸʪʦʤ ʪʦʣʴʢʦ ʚʝʣʠʯʠʥʳ 
2c . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʚʝʜʸʥʥʳʝ ʩʭʝʤʳ ʠ ʤʦʜʝʣʠ ʷʚʣʷʶʪʩʷ ʫʜʦʙʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ 

ʥʝ ʪʦʣʴʢʦ ʙʦʣʝʝ ʪʦʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʘʩʭʦʜʦʚ ʥʘ ɻʪʘʧʝ ʦʙʦʩʥʦʚʘ-

ʥʠʷ ʧʣʘʥʘ ʨʘʙʦʪʳ ʬʣʦʪʘ, ʥʦ ʪʘʢʞʝ ʠ ʤʘʢʩʠʤʠʟʘʮʠʠ ʧʨʠʙʳʣʠ. ʆʧʠʩʘʥʥʳʝ ʤʦʜʝʣʠ ʤʥʦ-

ʛʦ ʣʝʪ ʧʨʠʤʝʥʷʣʠʩʴ ʚ ʢʦʤʧʘʥʠʠ çɺʦʣʛʦʪʘʥʢʝʨè, ʧʦʵʪʦʤʫ ʠʭ ʧʨʘʢʪʠʯʥʦʩʪʴ ʠ ʨʝʘʣʠʟʫʝ-

ʤʦʩʪʴ ʫʞʝ ʥʝʦʜʥʦʢʨʘʪʥʦ ʜʦʢʘʟʘʥʘ. 
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THE MODERN METHODS O F BUSINESS PLANNING  

OF RIVER FLEET  

A.Y. Platov, J.I. Platov 

Keywords: planning of fleet operating, calculation of fuel consumption, fleet requirements, 

operating costs 

 

This article proposes a method for determining the requirements for the fleet, as well as op-

erating costs for the transport of goods, taking into account the conditions of navigation and 

technical parameters of ships. It is shown that simple methods are used at the present mo-

ment for practice can lead to significant errors. 

ʉʪʘʪʴʷ ʧʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ 14.02.2018 ʛ. 
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ɸ.ʀ. ʊʝʣʝʛʠʥ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ, ʌɻɹʆʋ ɺʆ çɺɻʋɺʊè 

ɽ.ɺ. ʌʨʦʣʦʚʘ, ʤʘʛʠʩʪʨʘʥʪ ʌɻɹʆʋ ɺʆ çɺɻʋɺʊè 

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

ɸʅɸʃʀɿ ʉʊɸʅɼɸʈʊʅʆʉʊʀ ʈɽʏʅʓʍ ʇɽʉʂʆɺ, 

ɼʆɹʓɺɸɽʄʓʍ ʀ ʇʆʉʊɸɺʃʗɽʄʓʍ  

ɺʆʃɾʉʂʀʄʀ ʇʆʈʊɸʄʀ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʝʯʥʳʝ ʧʦʨʪʳ, ʥʝʨʫʜʥʳʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ. 

 

ʇʨʦʠʟʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʨʝʯʥʦʛʦ ʧʝʩʢʘ, ʜʦʙʳʚʘʝʤʦʛʦ ʚʦʣʞʩʢʠʤʠ 

ʧʦʨʪʘʤʠ, ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʳʭ ʦʪʨʘʩʣʝʚʳʤʠ ʊʋ-212 ʠ ʩʪʨʦʠʪʝʣʴʥʳʤ ɻʆʉʊ 8736. 

ʉʜʝʣʘʥʳ ʚʳʚʦʜʳ ʦ ʥʝʩʦʦʪʚʝʪʩʪʚʠʠ ʜʦʙʳʚʘʝʤʳʭ ʧʦʨʪʘʤʠ ʨʝʯʥʳʭ ʧʝʩʢʦʚ ʪʨʝʙʦʚʘʥʠʷʤ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʠ ʩʜʝʣʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʦʚʳʰʝʥʠʶ ʠʭ ʢʘʯʝʩʪʚʘ. 

 

ɺʦʣʞʩʢʠʝ ʧʦʨʪʳ ʜʦʙʳʚʘʶʪ ʥʘ ʚʥʫʪʨʝʥʥʠʭ ʚʦʜʥʳʭ ʧʫʪʷʭ ʨʝʯʥʦʡ ʧʝʩʦʢ ʠ ʧʦʩʪʘʚ-

ʣʷʶʪ ʝʛʦ ʩʪʨʦʠʪʝʣʴʥʳʤ ʧʨʝʜʧʨʠʷʪʠʷʤ, ʧʨʠʯʝʤ ʧʦ ʊʋ-212 ɼʝʧʘʨʪʘʤʝʥʪʘ ʨʝʯʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ ʄʠʥʪʨʘʥʩʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʤʠ ʚ ʄʠʥʩʪʨʦʝ 

ʈʦʩʩʠʠ (ɺʅʀʇʉʪʨʦʡʩʳʨʴʝ) ʢʘʢ ʊʋ 5711-005-00283227-95 [1]. ʆʜʥʘʢʦ ʧʦʢʘʟʘʪʝʣʠ ʢʘ-

ʯʝʩʪʚʘ ʵʪʦʛʦ ʨʝʯʥʦʛʦ ʧʝʩʢʘ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ʪʨʝʙʦʚʘʥʠʡ ɻʆʉʊ 8736-2014 çʇʝʩʦʢ 

ʜʣʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʙʦʪè [2], ʯʪʦ, ʚʦ-ʧʝʨʚʳʭ, ʫʤʝʥʴʰʘʝʪ ʝʛʦ ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴ, ʘ ʚʦ-

ʚʪʦʨʳʭ, ʩʥʠʞʘʝʪ ʢʘʯʝʩʪʚʦ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʜʦʨʦʛ. 

ʇʨʠʚʝʜʝʤ ʧʦʢʘʟʘʪʝʣʠ ʜʦʙʳʚʘʝʤʳʭ ʨʝʯʥʳʭ ʧʝʩʢʦʚ ʚ ʚʦʣʞʩʢʠʭ ʧʦʨʪʘʭ ʧʦ ʊʋ-212 

(ʪʘʙʣʠʮʘ 1) ʠ ʠʭ ʩʦʦʪʚʝʪʩʪʚʠʝ ɻʆʉʊ 8736 (ʪʘʙʣʠʮʳ 2 ʠ 3) [3], ʟʘʪʝʤ ʜʘʜʠʤ ʘʥʘʣʠʟ. 

ʊʘʙʣʠʮʘ 1 

ɿʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʥʝʩʦʨʪʠʨʦʚʘʥʥʦʛʦ ʧʝʩʢʘ,  

ʜʦʙʳʚʘʝʤʦʛʦ ʨʝʯʥʳʤʠ ʧʦʨʪʘʤʠ ɺʦʣʞʩʢʦʛʦ ʙʘʩʩʝʡʥʘ (ʧʦ ʊʋ-212) 

ʅʘʠʤʝʥʦʚʘʥʠʝ  

ʚʦʣʞʩʢʠʭ ʨʝʯʥʳʭ  

ʧʦʨʪʦʚ 

ʄʦʜʫʣʴ 

ʢʨʫʧʥʦʩʪʠ 

ʧʝʩʢʘ, ʫʩʣ. 

ʝʜ.,  

ʥʝ ʥʠʞʝ 

ʂʦʣʠʯʝʩʪʚʦ, % ʧʦ ʤʘʩʩʝ, ʥʝ ʙʦʣʝʝ 

ɿʝʨʝʥ ʛʨʘʚʠʷ 

ʨʘʟʤʝʨʦʤ 

ʙʦʣʝʝ 5 ʤʤ 

ʧʳʣʝʚʠʜʥʳʭ ʠ ʛʣʠʥʠʩʪʳʭ 

ʯʘʩʪʠʮ 

ʆʨʛʘʥʠ-

ʯʝʩʢʠʭ 

ʧʨʠʤʝʩʝʡ ʚʩʝʛʦ ʚ ʪʦʤ ʯʠʩʣʝ  

ʚ ʢʦʤʢʘʭ 

1. ʗʨʦʩʣʘʚʩʢʠʡ, ʉʘʨʘ-

ʪʦʚʩʢʠʡ 

1,0 10,0 3,0 0,5 0,5 

2. ʂʠʥʝʰʝʤʩʢʠʡ, ɺʦʣ-

ʛʦʛʨʘʜʩʢʠʡ 

1,5 10,0 1,2 0,5 0,5 

3. ʅʠʞʝʛʦʨʦʜʩʢʠʡ: 

ʠʟ ʨʫʩʣʘ ʨ. ɺʦʣʛʘ 

ʠʟ ʨʫʩʣʘ ʨ. ʆʢʘ 

 

1,3 

1,0 

 

10,0 

10,0 

 

2,0 

2,0 

 

0,5 

0,5 

 

0,5 

0,5 

4. ʂʘʟʘʥʩʢʠʡ, ʊʦʣʴʷʪ-

ʪʠʥʩʢʠʡ 

1,0 10,0 4,0 0,5 0,5 

5. ʉʘʤʘʨʩʢʠʡ, ʏʝʙʦʢ-

ʩʘʨʩʢʠʡ 

1,0 10,0 5,0 0,5 0,5 

6. ʋʣʴʷʥʦʚʩʢʠʡ 1,0 10,0 3,0 0,5 0,5 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 1, ʚʦ ʚʩʝʭ 10 ʚʦʣʞʩʢʠʭ ʧʦʨʪʘʭ ʜʦʙʳʚʘʝʤʳʡ ʨʝʯʥʦʡ ʧʝʩʦʢ ʧʦ 

ʧʦʢʘʟʘʪʝʣʷʤ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚ: ʤʦʜʫʣʴ ʢʨʫʧʥʦʩʪʠ 1,0ï1,5; ʟʝʨʝʥ ʛʨʘʚʠʷ ʨʘʟʤʝʨʘʤʠ 

ʙʦʣʝʝ 5 ʤʤ ʩʦʜʝʨʞʠʪʩʷ 10%; ʧʳʣʝʚʠʜʥʳʭ ʠ ʛʣʠʥʠʩʪʳʭ ʯʘʩʪʠʮ ʠʤʝʝʪʩʷ ʦʪ 1,2% (ʂʠ-



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 54, 2018 ʛ. 

ʈʘʟʜʝʣ IV. ʕʢʦʥʦʤʠʢʘ, ʣʦʛʠʩʪʠʢʘ ʠ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʪʨʘʥʩʧʦʨʪʝ 
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ʥʝʰʝʤʩʢʠʡ ʠ ɺʦʣʛʦʛʨʘʜʩʢʠʡ ʧʦʨʪʳ) ʜʦ 5% (ʉʘʤʘʨʩʢʠʡ ʠ ʏʝʙʦʢʩʘʨʩʢʠʡ ʧʦʨʪʳ); ʦʨʛʘ-

ʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ ʚ ʥʝʤ 0,5%. 

ʊʘʙʣʠʮʘ 2 

ʊʨʝʙʦʚʘʥʠʷ ʢ ʩʪʨʦʠʪʝʣʴʥʦʤʫ ʧʝʩʢʫ ʧʦ ɻʆʉʊ 8736 

ɻʨʫʧʧʘ ʧʝʩʢʘ ʄʦʜʫʣʴ 

ʢʨʫʧʥʦʩʪʠ 

ʇʦʣʥʳʡ ʦʩʪʘʪʦʢ ʥʘ ʩʠʪʝ 

 ˉ063, % ʧʦ ʤʘʩʩʝ 

ʆʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʆʯʝʥʴ ʤʝʣʢʠʡ 1,0ï1,5 ʜʦ 10 ɿʘʧʦʣʥʠʪʝʣʠ ʜʣʷ ʩʪʨʦʠʪʝʣʴʥʳʭ  

ʨʘʩʪʚʦʨʦʚ 

ʄʝʣʢʠʡ  1,5ï2,0 10ï30 ɿʘʧʦʣʥʠʪʝʣʠ ʜʣʷ ʙʝʪʦʥʦʚ ʠ ʩʪʨʦʠʪʝʣʴ-

ʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʫʩʪʨʦʡʩʪ-

ʚʘ ʜʦʨʦʞʥʳʭ ʦʜʝʞʜ 

ʉʨʝʜʥʠʡ  2,0ï2,5 30ï45 ʊʦ ʞʝ 

ʂʨʫʧʥʳʡ  2,5ï3,0 45ï65 ʊʦ ʞʝ 

ʇʦʚʳʰʝʥʥʦʡ 

ʢʨʫʧʥʦʩʪʠ 

3,0ï3,5 65ï75 ɿʘʧʦʣʥʠʪʝʣʠ ʜʣʷ ʙʝʪʦʥʦʚ, ʤʘʪʝʨʠʘʣʳ ʜʣʷ 

ʫʩʪʨʦʡʩʪʚʘ ʜʦʨʦʞʥʳʭ ʦʜʝʞʜ 

ʇʨʠʤʝʯʘʥʠʝ: ɽʩʣʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʛʨʫʧʧʳ ʧʝʩʢʘ ʦʥ ʦʪʚʝʯʘʝʪ ʧʦ ʤʦʜʫʣʶ ʢʨʫʧʥʦʩʪʠ ʦʜʥʦʡ 

ʛʨʫʧʧʝ, ʘ ʧʦ ʧʦʣʥʦʤʫ ʦʩʪʘʪʢʫ ʥʘ ʩʠʪʝ ˉ063 ï ʜʨʫʛʦʡ, ʪʦ ʦʧʨʝʜʝʣʝʥʠʝ ʛʨʫʧʧʳ ʧʨʦʚʦʜʷʪ ʧʦ ʤʦ-

ʜʫʣʶ ʢʨʫʧʥʦʩʪʠ. 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 2, ʩʪʘʥʜʘʨʪʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʜʣʷ ʚʩʝʭ ʧʷʪʠ ʛʨʫʧʧ ʩʪʨʦʠʪʝʣʴ-

ʥʦʛʦ ʧʝʩʢʘ ʦʜʠʥʘʢʦʚʳʝ, ʠʭ ʚʩʝʛʦ ʜʚʘ (ʤʦʜʫʣʴ ʢʨʫʧʥʦʩʪʠ ʠ ʧʦʣʥʳʡ ʦʩʪʘʪʦʢ ʥʘ ʩʠʪʝ 

ˉ063, %), ʦʜʥʘʢʦ ʠʭ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʢʘʞʜʦʡ ʛʨʫʧʧʳ ʩʚʦʠ. 

ʊʘʙʣʠʮʘ 3 

ɼʦʧʫʩʪʠʤʳʝ ʧʨʠʤʝʩʠ ʚ ʧʝʩʢʝ ʧʦ ɻʆʉʊ 8736, ʚ % ʧʦ ʤʘʩʩʝ 

ɺʠʜ ʧʝʩʢʘ ʇʨʦʭʦʜ ʯʝʨʝʟ 

ʩʠʪʦ ˉ016 (ʘ) 

ʇʳʣʝʚʠʜʥʳʝ ʠ 

ʛʣʠʥʠʩʪʳʝ  

ʯʘʩʪʠʮʳ (ʙ) 

ɻʨʘʚʠʡ  

(ʟʝʨʥʘ ʩʚʳʰʝ 

5 ʠ 10 ʤʤ) (ʩ) 

ʉʪʘʥʜʘʨʪʥʳʡ 

ʧʝʩʦʢ (ʝ) 

1. ʇʨʠʨʦʜʥʳʡ ʧʝʩʦʢ ʤʝʣʢʠʡ ʠ 

ʦʯʝʥʴ ʤʝʣʢʠʡ 

15 5 10 70 

2. ʆʙʦʛʘʱʝʥʥʳʡ ʧʝʩʦʢ ʤʝʣ-

ʢʠʡ 

10 3 5 82 

3. ʇʨʠʨʦʜʥʳʡ ʧʝʩʦʢ ʩʨʝʜʥʠʡ, 

ʧʦʚʳʰʝʥʥʦʡ ʢʨʫʧʥʦʩʪʠ ʠ 

ʢʨʫʧʥʳʡ 

10 3 10 77 

4. ʆʙʦʛʘʱʝʥʥʳʡ ʧʝʩʦʢ ʩʨʝʜ-

ʥʠʡ, ʧʦʚʳʰʝʥʥʦʡ ʢʨʫʧʥʦʩʪʠ 

ʠ ʢʨʫʧʥʳʡ 

5 2 5 88 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ 3 ʩʦʩʪʘʚ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʝʩʢʘ ʧʨʠʨʦʜʥʦʛʦ ʠ ʦʙʦ-

ʛʘʱʝʥʥʦʛʦ ʧʦ ɻʆʉʊ 8736 ʧʨʝʜʩʪʘʚʠʤ ʚ ʚʠʜʝ ʜʚʫʭ ʛʨʘʬʠʢʦʚ: ʨʠʩ. 1 ï ʩʦʩʪʘʚ ʧʝʩʢʘ 

ʧʨʠʨʦʜʥʦʛʦ ʤʝʣʢʦʛʦ ʠ ʦʯʝʥʴ ʤʝʣʢʦʛʦ, ʩʦʩʪʘʚ ʧʝʩʢʘ ʤʝʣʢʦʛʦ ʦʙʦʛʘʱʝʥʥʦʛʦ; ʨʠʩ. 2 ï 

ʩʦʩʪʘʚ ʧʝʩʢʘ ʧʨʠʨʦʜʥʦʛʦ, ʩʨʝʜʥʝʛʦ, ʧʦʚʳʰʝʥʥʦʡ ʢʨʫʧʥʦʩʪʠ ʠ ʢʨʫʧʥʦʛʦ ʠ ʩʦʩʪʘʚ ʧʝʩʢʘ 

ʦʙʦʛʘʱʝʥʥʦʛʦ ʩʨʝʜʥʝʛʦ, ʧʦʚʳʰʝʥʥʦʡ ʢʨʫʧʥʦʩʪʠ ʠ ʢʨʫʧʥʦʛʦ. 

 



ɸ.ʀ. ʊʝʣʝʛʠʥ, ɽ.ɺ. ʌʨʦʣʦʚʘ 
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ʈʠʩ. 1. ʉʦʩʪʘʚ ʧʝʩʢʘ ʤʝʣʢʦʛʦ ʠ ʦʯʝʥʴ ʤʝʣʢʦʛʦ ʧʦ ɻʆʉʊ 8736,  

ʚ % ʧʦ ʤʘʩʩʝ 

 

ʈʠʩ. 2. ʉʦʩʪʘʚ ʧʝʩʢʘ ʩʨʝʜʥʝʛʦ, ʧʦʚʳʰʝʥʥʦʡ ʢʨʫʧʥʦʩʪʠ  

ʠ ʢʨʫʧʥʦʛʦ ʧʦ ɻʆʉʊ 8736, ʚ % ʧʦ ʤʘʩʩʝ 

ʉʨʘʚʥʠʚʘʷ ʨʝʯʥʳʝ ʧʝʩʢʠ, ʜʦʙʳʚʘʝʤʳʝ ʚʦʣʞʩʢʠʤʠ ʧʦʨʪʘʤʠ (ʧʦ ʊʋ-212) ʩ ʪʨʝʙʦʚʘ-

ʥʠʷʤʠ ɻʆʉʊ 8736, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ. 

1. ʇʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʨʝʯʥʦʛʦ ʧʝʩʢʘ, ʜʦʙʳʚʘʝʤʦʛʦ ʧʦ ʊʋ-212, ʥʝ ʘʜʝʢʚʘʪʥʳ ʧʦ-

ʢʘʟʘʪʝʣʷʤ ʪʨʝʙʦʚʘʥʠʡ ʧʦ ɻʆʉʊ 8736: ʚ ɻʆʉʊ 8736 ʜʘʥʳ ʛʨʘʥʠʮʳ ʤʦʜʫʣʷ ʢʨʫʧʥʦʩʪʠ 

ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚʠʜʦʚ ʧʝʩʢʦʚ (ʢ ʧʨʠʤʝʨʫ, ʦʯʝʥʴ ʤʝʣʢʠʡ ʧʝʩʦʢ ï ʚ ʛʨʘʥʠʮʘʭ ʦʪ 

1,0 ʜʦ 1,5, ʤʝʣʢʠʡ ʧʝʩʦʢ ï ʚ ʛʨʘʥʠʮʘʭ ʦʪ 1,5 ʜʦ 2,0), ʘ ʚ ʊʋ-212 ʤʦʜʫʣʴ ʢʨʫʧʥʦʩʪʠ ʫʢʘ-

ʟʳʚʘʝʪʩʷ ʥʝ ʥʠʞʝ ʢʘʢʦʛʦ-ʪʦ ʟʥʘʯʝʥʠʷ, ʢ ʧʨʠʤʝʨʫ: ʗʨʦʩʣʘʚʩʢʠʡ ʠ ʉʘʨʘʪʦʚʩʢʠʡ ʧʦʨʪʳ ï 

ʥʝ ʥʠʞʝ 1,0; ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʧʦʨʪ: ʠʟ ʨʫʩʣʘ ʨ. ɺʦʣʛʠ ï ʥʝ ʥʠʞʝ 1,3, ʠʟ ʨʫʩʣʘ ʨ. ʆʢʠ ï 

ʥʝ ʥʠʞʝ 1,0. 

2. ʈʘʟʤʝʨ ʧʨʦʭʦʜʘ ʯʝʨʝʟ ʥʘʠʤʝʥʴʰʝʝ ʩʠʪʦ ˉ016 ʯʝʪʢʦ ʨʝʛʣʘʤʝʥʪʠʨʫʝʪʩʷ ɻʆʉʊ 

8736: ʜʣʷ ʤʝʣʢʦʛʦ ʠ ʦʯʝʥʴ ʤʝʣʢʦʛʦ ʧʝʩʢʘ ï 15%; ʦʙʦʛʘʱʝʥʥʦʛʦ ʤʝʣʢʦʛʦ ï 10%; ʜʣʷ 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 54, 2018 ʛ. 

ʈʘʟʜʝʣ IV. ʕʢʦʥʦʤʠʢʘ, ʣʦʛʠʩʪʠʢʘ ʠ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʪʨʘʥʩʧʦʨʪʝ 
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ʧʨʠʨʦʜʥʦʛʦ ʧʝʩʢʘ ʩʨʝʜʥʝʛʦ, ʧʦʚʳʰʝʥʥʦʡ ʢʨʫʧʥʦʩʪʠ ʠ ʢʨʫʧʥʦʛʦ ï 10%; ʜʣʷ ʦʙʦʛʘʱʝʥ-

ʥʦʛʦ ʧʝʩʢʘ ʩʨʝʜʥʝʛʦ, ʧʦʚʳʰʝʥʥʦʡ ʢʨʫʧʥʦʩʪʠ ʠ ʢʨʫʧʥʦʛʦ ï 5%. 

ɺ ʊʋ-212 ʚʦʦʙʱʝ ʦʪʩʫʪʩʪʚʫʝʪ ʵʪʦʪ ʚʘʞʥʝʡʰʠʡ ʧʦʢʘʟʘʪʝʣʴ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʢʘ-

ʯʝʩʪʚʦ ʧʝʩʢʘ. 

3. ʂʦʣʠʯʝʩʪʚʦ ʛʨʘʚʠʷ (ʟʝʨʥʘ ʩʚʳʰʝ 5 ʠ 10 ʤʤ) ʧʦ ʊʋ-212 ʚʦ ʚʩʝʭ ʨʝʯʥʳʭ ʧʝʩʢʘʭ, 

ʜʦʙʳʚʘʝʤʳʭ ʧʦʨʪʘʤʠ ʚ ɺʦʣʞʩʢʦʤ ʙʘʩʩʝʡʥʝ, ʨʝʛʣʘʤʝʥʪʠʨʫʝʪʩʷ 10%. 

ʇʦ ɻʆʉʊ 8736 ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʝʥ ʜʣʷ ʜʚʫʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʧʝʩʢʘ: 

ʜʣʷ ʧʨʠʨʦʜʥʳʭ ʧʝʩʢʦʚ ï 10% (ʟʜʝʩʴ ʠʤʝʝʪʩʷ ʩʦʚʧʘʜʝʥʠʝ ʧʦ ʊʋ-212), ʘ ʜʣʷ ʦʙʦʛʘʱʝʥ-

ʥʳʭ ʧʝʩʢʦʚ ï ʚ ʜʚʘ ʨʘʟʘ ʤʝʥʴʰʝ ï 5%. 

4. ʇʳʣʝʚʠʜʥʳʝ ʠ ʛʣʠʥʠʩʪʳʝ ʯʘʩʪʠʮʳ ʚ ʩʦʩʪʘʚʝ ʧʝʩʢʘ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʳ: ʧʦ ʊʋ-

212 ï ʦʪ 1,2% (ʂʠʥʝʰʝʤʩʢʠʡ ʠ ɺʦʣʛʦʛʨʘʜʩʢʠʡ ʧʦʨʪʳ) ʜʦ 5,0% (ʉʘʤʘʨʩʢʠʡ ʠ ʏʝʙʦʢ-

ʩʘʨʩʢʠʡ ʧʦʨʪʳ); ʧʦ ɻʆʉʊ 8736 ï ʦʪ 2% ï ʜʣʷ ʦʙʦʛʘʱʝʥʥʳʭ ʧʝʩʢʦʚ ʩʨʝʜʥʠʭ, ʧʦʚʳʰʝʥ-

ʥʦʡ ʢʨʫʧʥʦʩʪʠ ʠ ʢʨʫʧʥʳʭ, ʜʦ 5% ï ʜʣʷ ʧʨʠʨʦʜʥʳʭ ʧʝʩʢʦʚ ʤʝʣʢʠʭ ʠ ʦʯʝʥʴ ʤʝʣʢʠʭ. 

5. ʇʦ ʊʋ-212 (ʪʘʙʣʠʮʘ 1) ʚ ʨʝʯʥʳʭ ʧʝʩʢʘʭ ʜʦʧʫʩʢʘʶʪʩʷ ʦʨʛʘʥʠʯʝʩʢʠʝ ʧʨʠʤʝʩʠ ʚ 

ʨʘʟʤʝʨʝ 0,5% ʜʣʷ ʚʩʝʭ ʚʦʣʞʩʢʠʭ ʧʦʨʪʦʚ. ʇʦ ɻʆʉʊ 8736 (ʪʘʙʣʠʮʘ 3, ʨʠʩ. 1ï2) ʦʨʛʘʥʠ-

ʯʝʩʢʠʝ ʧʨʠʤʝʩʠ ʥʝ ʜʦʧʫʩʢʘʶʪʩʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʦʙʳʚʘʝʤʳʝ ʚ ɺʦʣʞʩʢʦʤ ʙʘʩʩʝʡʥʝ ʧʦʨʪʘʤʠ ʨʝʯʥʳʝ ʧʝʩʢʠ ʥʝ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʪ ʩʪʘʥʜʘʨʪʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ (ɻʆʉʊ 8736. ʇʝʩʦʢ ʜʣʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʙʦʪ). 

ɹʦʣʝʝ ʪʦʛʦ, ʩʘʤʠ ʨʝʯʥʳʝ ʧʦʨʪʳ ʥʝ ʷʚʣʷʶʪʩʷ ʩ 1990-ʭ ʛʦʜʦʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤʠ ʧʨʝʜ-

ʧʨʠʷʪʠʷʤʠ, ʦʥʠ ʧʨʠʚʘʪʠʟʠʨʦʚʘʥʳ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʳ, ʚ ʦʩʥʦʚʥʦʤ, ʚ ʦʪʢʨʳʪʳʝ ʘʢʮʠʦ-

ʥʝʨʥʳʝ ʦʙʱʝʩʪʚʘ, ʪ.ʝ. ʩʪʘʣʠ ʯʘʩʪʥʳʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʊʋ-212 ʚ ʨr -

ʥʦʯʥʳʭ ʫʩʣʦʚʠʷʭ ʨʘʙʦʪʳ ʧʦʨʪʦʚ ʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʠʭ ʶʨʠʜʠʯʝʩʢʦʛʦ ʩʪʘʪʫʩʘ ʜʦʣʞʥʳ 

ʧʨʠʤʝʥʷʪʴʩʷ, ʪ.ʢ. ʦʥʠ ʙʳʣʠ ʧʨʠʥʷʪʳ ʜʣʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʚ ʩʦʮʠʘʣʠ-

ʩʪʠʯʝʩʢʦʡ ʵʢʦʥʦʤʠʢʝ. 

ʆʜʥʘʢʦ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʠʥʜʫʩʪʨʠʠ ʚʩʝ ʙʦʣʝʝ ʦʩʪʨʦ ʚʩʪʘʶʪ ʚʦʧʨʦʩʳ ʧʦʚʳʰʝʥʠʷ 

ʢʘʯʝʩʪʚʘ ʠʩʭʦʜʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʚ 

ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ, ʢ ʧʨʠʤʝʨʫ, ʜʦʨʦʞʥʳʭ ʦʜʝʞʜ. 

ʇʦʵʪʦʤʫ ʚ ɺʦʣʞʩʢʦʤ ʙʘʩʩʝʡʥʝ, ʢʘʢ ʠ ʚ ʜʨʫʛʠʭ ʨʝʯʥʳʭ ʙʘʩʩʝʡʥʘʭ ʈʦʩʩʠʠ, ʥʝʦʙʭʦ-

ʜʠʤʦ ʧʨʦʚʝʩʪʠ ʠʥʚʝʥʪʘʨʠʟʘʮʠʶ ʠʤʝʶʱʠʭʩʷ ʢʘʨʴʝʨʦʚ, ʛʜʝ ʜʦʙʳʚʘʶʪʩʷ ʠ ʤʦʛʫʪ ʜʦʙʳ-

ʚʘʪʴʩʷ ʨʝʯʥʳʝ ʧʝʩʢʠ, ʠ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʪʴ ʚ ʥʘʮʠʦʥʘʣʴʥʳʭ ʩʪʘʥʜʘʨʪʘʭ ʠʣʠ ʪʝʭʥʠʯʝ-

ʩʢʠʭ ʫʩʣʦʚʠʷʭ ʩʪʘʥʜʘʨʪʥʳʝ ʧʦʢʘʟʘʪʝʣʠ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʙʳʪʴ ʦʙʷʟʘʪʝʣʴʥʳʤʠ ʧʨʠ 

ʠʟʳʩʢʘʥʠʠ ʠ ʨʘʟʨʘʙʦʪʢʝ ʢʘʨʴʝʨʦʚ, ʜʣʷ ʜʦʙʳʯʠ ʤʘʪʝʨʠʘʣʦʚ ʪʨʝʙʫʝʤʦʛʦ ʢʘʯʝʩʪʚʘ. ɽʩʣʠ 

ʧʝʩʢʠ ʥʝ ʦʪʚʝʯʘʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ʩʪʘʥʜʘʨʪʥʦʛʦ ʢʘʯʝʩʪʚʘ, ʜʦʣʞʥʳ ʧʨʠʤʝʥʷʪʴʩʷ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʝ ʦʙʦʛʘʪʠʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʠ ʜʨʫʛʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʧʨʦʠʟʚʦʜʠʪʴ ʧʝʩʢʠ ʥʝʦʙʭʦʜʠʤʦʛʦ ʩʪʘʥʜʘʨʪʥʦʛʦ ʢʘʯʝʩʪʚʘ ï ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʧʨʠ-

ʤʝʥʝʥʠʷ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʠʥʜʫʩʪʨʠʠ, ʜʦʨʦʞʥʳʭ ʨʘʙʦʪʘʭ ʠ ʜʨ. 
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The quality parameters of the river sand produced by the Volga ports regulated by the indus-

try TU-212 and construction GOST 8736 are compared. The conclusions about the incon-

sistency of the river sands produced by the ports to the requirements of construction organi-

zations are drawn and recommendations on improving their quality are made. 

ʉʪʘʪʴʷ ʧʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ 18.04.2017 ʛ. 
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ʂ.ʀ. ɿʘʩʦʨʠʥʘ, ʊʨʘʥʩʧʦʨʪʥʘʷ ʢʦʤʧʘʥʠʷ çʂʀʊè 
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ʅɸʋʏʅʆ-ʄɽʊʆɼʀʏɽʉʂʀʁ ʇʆɼʍʆɼ  

ʂ ɺʓɹʆʈʋ ɸɺʊʆʊʈɸʅʉʇʆʈʊʅʓʍ ʉʈɽɼʉʊɺ  

ɺ ʆʇɽʈɸʊʀɺʅʓʍ ʋʉʃʆɺʀʗʍ  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦ, ʦʧʝʨʘʪʠʚʥʳʝ ʫʩʣʦʚʠʷ, ʤʝʪʦʜ ʚʳʙʦʨʘ. 

 

ɺ ʩʪʘʪʴʝ ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ ʤʝʪʦʜʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʧʨʠʥʷʪʠʶ ʚ ʦʧʝʨʘʪʠʚʥʳʭ ʫʩʣʦʚʠʷʭ 

ʨʝʰʝʥʠʡ ʧʦ ʚʳʙʦʨʫ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ (ʝʛʦ ʪʠʧʘ, ʤʦʜʝʣʠ) ʚ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʢʦʤʧʘʥʠʷʭ, ʪʨʘʥʩʧʦʨʪʥʳʭ ʠ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʩʣʫʞʙʘʭ ʥʝʪʨʘʥʩʧʦʨʪʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ. 

 

ɺʳʙʦʨ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʷʚʣʷʝʪʩʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʟʘʜʘʯʝʡ 

ʨʘʙʦʪʥʠʢʦʚ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʩʣʫʞʙ. ʆʥʘ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʧʦ ʠʭ ʪʠʧʫ, 

ʤʘʨʢʝ ʠ ʤʦʜʝʣʠ.  

ʊʘʢʘʷ ʟʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʚ ʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ. ɺʦʟʤʦʞʥʳʝ ʚʘʨʠʘʥʪʳ ʫʩʣʦʚʠʡ ʧʨʠʥʷ-

ʪʠʷ ʨʝʰʝʥʠʷ ʧʦ ʚʳʙʦʨʫ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʪʨʝʙʫʶʱʠʭ ʫʯʝʪʘ ʨʘʟʥʦʛʦ ʥʘʙʦʨʘ ʬʘʢ-

ʪʦʨʦʚ, ʩʚʦʜʷʪʩʷ ʢ ʰʝʩʪʠ ʦʩʥʦʚʥʳʤ: 

1. ɺ ʦʧʝʨʘʪʠʚʥʳʭ ʫʩʣʦʚʠʷʭ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʟʘʢʘʟʘ ʥʘ ʧʝʨʝʚʦʟʢʫ ʠʟ ʠʤʝʶʱʠʭʩʷ ʥʘ 

ʧʨʝʜʧʨʠʷʪʠʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ; 

2. ɺ ʦʧʝʨʘʪʠʚʥʳʭ ʫʩʣʦʚʠʷʭ ʪʨʘʥʩʧʦʨʪʥʳʤ ʦʧʝʨʘʪʦʨʦʤ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʟʘʢʘʟʘ ʥʘ 

ʧʝʨʝʚʦʟʢʫ ʠʟ ʠʤʝʶʱʠʭʩʷ ʫ ʧʘʨʪʥʝʨʦʚ (ʪʨʘʥʩʧʦʨʪʥʳʭ ʢʦʤʧʘʥʠʡ) ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʩʨʝʜʩʪʚ; 

3. ʇʨʠ ʧʦʧʦʣʥʝʥʠʠ ʧʘʨʢʘ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʪʨʘʥʩʧʦʨʪʥʦʡ ʢʦʤʧʘʥʠʠ; 

4. ʇʨʠ ʧʦʧʦʣʥʝʥʠʠ ʧʘʨʢʘ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʥʝʪʨʘʥʩʧʦʨʪʥʦʡ ʢʦʤʧʘʥʠʠ; 

5. ʇʨʠ ʧʨʠʦʙʨʝʪʝʥʠʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʩ ʧʨʦʙʝʛʦʤ [1, 2]; 

6. ʇʨʠ ʩʦʟʜʘʥʠʠ ʧʘʨʢʘ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ [3]. 

ʆʩʥʦʚʥʳʤʠ ʫʢʨʫʧʥʝʥʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʚʣʠʷʶʱʠʤʠ ʥʘ ʚʳʙʦʨ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʩʨʝʜʩʪʚ ʷʚʣʷʶʪʩʷ: 

1) ʩʧʦʩʦʙʥʦʩʪʴ ʚʳʧʦʣʥʠʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝʤʫʶ ʧʝʨʝʚʦʟʢʫ: 

ï ʩʧʦʩʦʙʥʦʩʪʴ ʧʝʨʝʚʦʟʠʪʴ ʪʨʝʙʫʝʤʳʝ ʛʨʫʟʳ; 

ï ʩʧʦʩʦʙʥʦʩʪʴ ʜʦʩʪʘʚʣʷʪʴ ʛʨʫʟ ʚ ʪʦʯʢʠ ʦʙʩʣʫʞʠʚʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ (ʧʨʦʚʝʨʢʘ ʥʘ 

ʧʨʦʭʦʜʠʤʦʩʪʴ ʧʦ ʩʝʪʠ ʜʦʨʦʛ, ʛʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ); 

2) ʩʧʦʩʦʙʥʦʩʪʴ ʦʙʝʩʧʝʯʠʪʴ ʪʨʝʙʫʝʤʦʝ ʢʘʯʝʩʪʚʦ ʧʝʨʝʚʦʟʢʠ 

ï ʚʨʝʤʷ ʜʦʩʪʘʚʢʠ; 

ï ʯʘʩʪʦʪʘ ʦʪʧʨʘʚʣʝʥʠʡ ʛʨʫʟʦʚ; 

ï ʥʘʜʝʞʥʦʩʪʴ ʩʦʙʣʶʜʝʥʠʷ ʛʨʘʬʠʢʘ ʜʦʩʪʘʚʢʠ; 

ï ʨʠʩʢ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʪʝʨʴ ʠ ʧʦʨʯʠ ʛʨʫʟʘ; 

https://maps.google.com/?q=603058,+%D0%B3.%D0%9D%D0%B8%D0%B6%D0%BD%D0%B8%D0%B9+%D0%9D%D0%BE%D0%B2%D0%B3%D0%BE%D1%80%D0%BE%D0%B4,+%D1%83%D0%BB.+%D0%A8%D0%B5%D0%BA%D1%81%D0%BF%D0%B8%D1%80%D0%B0,+%D0%B4.1&entry=gmail&source=g


ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 54, 2018 ʛ. 

ʈʘʟʜʝʣ IV. ʕʢʦʥʦʤʠʢʘ, ʣʦʛʠʩʪʠʢʘ ʠ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʪʨʘʥʩʧʦʨʪʝ 
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3) ʠʟʜʝʨʞʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʦʡ; 

4) ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʴ ʢ ʚʝʜʝʥʠʶ ʧʝʨʝʛʨʫʟʦʯʥʳʭ ʨʘʙʦʪ ʚ ʧʫʥʢʪʘʭ ʛʨʫʟʦʚʦʛʦ ʦʙ-

ʩʣʫʞʠʚʘʥʠʷ; 

5) ʠʥʚʝʩʪʠʮʠʦʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ; 

6) ʜʦʩʪʫʧʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʢ ʚʳʙʦʨʫ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʤʦʞʥʦ 

ʧʦʜʨʘʟʜʝʣʠʪʴ ʥʘ ʵʚʨʠʩʪʠʯʝʩʢʠʝ, ʪʦʯʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ, ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʠ ʢʦʤʙʠʥʠ-

ʨʦʚʘʥʥʳʝ. ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʤʝʪʦʜʦʚ ʧʨʝʜʥʘʟʥʘʯʝʥʘ 

ʜʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʧʘʨʢʘ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʠ ʦʙʦʩʥʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʥʦʚʳʭ ʤʦʜʝ-

ʣʝʡ ʘʚʪʦʤʦʙʠʣʝʡ.  

ɺʳʙʦʨ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʘʨʠʘʥʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʧʨʠ-

ʤʝʥʠʪʝʣʴʥʦ ʢ ʢʦʥʢʨʝʪʥʳʤ ʫʩʣʦʚʠʷʤ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩ ʫʯʝʪʦʤ ʨʝʘʣʴʥʳʭ ʦʙʲʝʤʦʚ ʧʝʨʝ-

ʚʦʟʦʢ ʠ ʩʣʦʞʠʚʰʝʡʩʷ ʩʪʨʫʢʪʫʨʳ ʧʘʨʢʘ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʨʘʟʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʩʫʪʴ 

ʢʦʪʦʨʳʭ ʩʚʦʜʠʪʩʷ ʢ ʩʨʘʚʥʝʥʠʶ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʨʘʟʥʳʭ ʪʠʧʦʚ 

ʠ ʤʦʜʝʣʝʡ ʤʝʞʜʫ ʩʦʙʦʡ ʚ ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʦʧʠʩʘʥʥʳʭ ʚ ʫʯʝʙʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʤʝʪʦʜʦʚ [3, 4, 5, 6, 7] ʧʨʝʜʫʩʤʘʪ-

ʨʠʚʘʝʪ ʩʨʘʚʥʝʥʠʝ ʠ ʚʳʙʦʨ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦ ʦʪʜʝʣʴʥʳʤ, ʯʘʩʪʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ 

ʝʛʦ ʨʘʙʦʪʳ: ʧʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʧʦ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʢʨʝʪʥʳʭ 

ʪʝʭʥʠʢʦ-ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ (ʥʦʤʠʥʘʣʴʥʦʡ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ, ʢʦʵʬʬʠʮʠ-

ʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ, ʜʣʠʥʳ ʝʟʜʢʠ ʩ ʛʨʫʟʦʤ, ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʷ ʧʨʦʙʝʛʘ, ʪʝʭʥʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʠ, ʧʨʦʩʪʦʝʚ ʧʦʜ ʧʦʛʨʫʟʦʯʥʦ-ʨʘʟʛʨʫʟʦʯʥʳʤʠ 

ʦʧʝʨʘʮʠʷʤʠ). ɼʣʷ ʨʝʰʝʥʠʷ ʪʘʢʠʭ ʟʘʜʘʯ ʪʨʝʙʫʝʪʩʷ ʚʳʧʦʣʥʷʪʴ ʤʥʦʞʝʩʪʚʦ ʨʘʩʯʝʪʦʚ ʧʦ 

ʦʧʨʝʜʝʣʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʧʝʨʝʚʦʟʦʢ ʜʣʷ ʤʥʦʛʠʭ ʪʠʧʦʚ ʠ 

ʤʦʜʝʣʝʡ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ. ʊʘʢʦʡ ʤʝʪʦʜʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫ-

ʯʠʪʴ ʜʦʩʪʦʚʝʨʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʥʦ ʩʣʦʞʥʦʩʪʴ ʧʦʜʛʦʪʦʚʢʠ ʠʩʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʛʨʦ-

ʤʦʟʜʢʦʩʪʴ ʨʘʩʯʝʪʦʚ ʠ ʪʨʫʜʦʝʤʢʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʛʨʘʬʠʯʝʩʢʠʭ ʨʘʙʦʪ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ-

ʧʨʠʝʤʣʝʤʳ ʥʘ ʫʨʦʚʥʝ ʩʧʝʮʠʘʣʠʩʪʦʚ ɸʊʇ [8]. 

ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʜʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʧʦ ʜʘʥʥʦʡ ʟʘʜʘʯʝ ʚ ʦʧʝʨʘʪʠʚʥʳʭ ʫʩʣʦʚʠʷʭ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦʯʪʠ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʵʚʨʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ.  

ʕʚʨʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʨʝʘʣʠʟʫʶʪʩʷ ʨʷʜʦʤ ʵʢʩʧʝʨʪʦʚ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʝʨʝ-

ʙʦʨ ʚʘʨʠʘʥʪʦʚ ʧʫʪʝʤ ʧʨʦʙ ʠ ʦʰʠʙʦʢ, ʪʦ ʝʩʪʴ ʚʳʨʘʙʦʪʢʫ ʠ ʦʮʝʥʢʫ ʧʫʪʝʤ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦʛʦ ʜʦʙʘʚʣʝʥʠʷ ʠʣʠ ʠʩʢʣʶʯʝʥʠʷ ʢʨʠʪʝʨʠʝʚ ʦʪʙʦʨʘ.  

ʇʨʠʥʷʪʦʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʨʝʰʝʥʠʝ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʫʨʦʚʥʷ ʢʦʤʧʝ-

ʪʝʥʪʥʦʩʪʠ ʵʢʩʧʝʨʪʘ. ʇʨʠ ʵʪʦʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ 

ʩʨʝʜʩʪʚ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ ʩʦʦʪʚʝʪʩʪʚʠʷ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ ʠ ʛʨʫʟʦʚʤʝʩʪʠʤʦʩʪʠ 

ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ, ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʢʘʯʝʩʪʚ ʢʦʥʢʨʝʪʥʳʤ ʫʩʣʦʚʠʷʤ ʵʢʩʧʣʫʘ-

ʪʘʮʠʠ. ʕʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʥʘʫʯʥʦ-ʦʙʦʩʥʦʚʘʥʥʦʛʦ ʧʦʜʭʦ-

ʜʘ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ, ʥʝ ʙʘʟʠʨʫʶʱʝʛʦʩʷ ʪʦʣʴʢʦ ʥʘ ʫʨʦʚʥʝ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ 

ʢɻʩʧʝʨʪʘ. 

ʉ ʫʯʝʪʦʤ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ ʘʚʪʦʨʘʤʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʥʠʞʝʩʣʝʜʫʶʱʠʡ ʘʣʛʦʨʠʪʤ ʚʳ-

ʙʦʨʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʪʨʘʥʩʧʦʨʪʥʳʤ ʦʧʝʨʘʪʦʨʦʤ ʚ ʦʧʝʨʘʪʠʚʥʦʡ ʨʘʙʦʪʝ: 

1. ʉʦʛʣʘʩʦʚʘʥʠʝ ʫʩʣʦʚʠʡ ʧʝʨʝʚʦʟʦʢ ʩ ʧʦʪʨʝʙʠʪʝʣʝʤ 

1.1. ʆʧʨʝʜʝʣʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʨʫʟʘ 

1.2. ʆʧʨʝʜʝʣʝʥʠʝ ʛʝʦʛʨʘʬʠʠ ʧʝʨʝʚʦʟʦʢ (ʤʘʨʰʨʫʪʘ ʧʝʨʝʚʦʟʢʠ) 

1.3. ʆʧʨʝʜʝʣʝʥʠʝ ʦʙʲʝʤʦʚ ʠ ʪʨʝʙʦʚʘʥʠʡ ʧʦ ʧʘʨʪʠʦʥʥʦʩʪʠ ʠ ʨʝʛʫʣʷʨʥʦʩʪʠ 

1.4. ʆʧʨʝʜʝʣʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʢ ʚʨʝʤʝʥʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʧʝʨʝʚʦʟʢʠ: ʩʨʦʢʘʤ ʦʪʛʨʫʟ-

ʢʠ; ʩʨʦʢʘʤ ʜʦʩʪʘʚʢʠ; ʚʘʞʥʦʩʪʠ ʜʦʩʪʘʚʢʠ ʚ ʩʨʦʢ  

1.5. ʊʨʝʙʦʚʘʥʠ ̫ʢ ʧʦʛʨʫʟʢʝ ʠ ʚʳʛʨʫʟʢʝ 

1.6. ʅʝʦʙʭʦʜʠʤʦʩʪ ɹʜʦʩʤʦʪʨʘ ʛʨʫʟʘ ʚ ʧʫʪʠ (ʥʘʧʨʠʤʝʨ, ʥʘ ʉɺʍ) 



ɺ.ɺ. ʎʚʝʨʦʚ, ʂ.ʀ. ɿʘʩʦʨʠʥʘ 
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 122 

2. ʆʧʨʝʜʝʣʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʠ ʦʛʨʘʥʠʯʝʥʠʡ ʢ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʩʨʝʜʩʪʚʫ ʨʘʩʩʤʘʪʨʠ-

ʚʘʝʤʦʡ ʧʝʨʝʚʦʟʢʠ: 

2.1. ʇʦ ʨʦʜʫ ʛʨʫʟʘ (ʝʛʦ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʧʣʦʪʥʦʩʪʴ, ʪʠʧ ʠ ʬʦʨʤʘ ʪʘʨʳ) ʧʦʜ-

ʙʠʨʘʶʪ ʪʠʧ ʢʫʟʦʚʘ (ʙʦʨʪʦʚʘʷ ʧʣʘʪʬʦʨʤʘ, ʮʠʩʪʝʨʥʘ, ʬʫʨʛʦʥ ʠ ʜʨ.) ʠ ʝʛʦ ʚʤʝʩʪʠʤʦʩʪʴ.  

2.2. ʇʦ ʛʝʦʛʨʘʬʠʠ ʧʝʨʝʚʦʟʦʢ (ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ) ï ʦʧʨʝʜʝʣʷʪʩʷ ʪʨʝʙʫʝʤʳʡ 

ʚʠʜ ʠʩʧʦʣʥʝʥʠʷ (ʜʣʷ ʭʦʣʦʜʥʦʛʦ ʢʣʠʤʘʪʘ, ʜʣʷ ʫʤʝʨʝʥʥʦʛʦ ʢʣʠʤʘʪʘ, ʜʣʷ ʪʨʦʧʠʯʝʩʢʦʛʦ 

ʢʣʠʤʘʪʘ). 

2.3. ɺʠʜʫ ʧʝʨʝʚʦʟʦʢ (ʤʝʩʪʥʳʝ, ʤʝʞʜʫʛʦʨʦʜʥʠʝ, ʤʝʞʜʫʥʘʨʦʜʥʳʝ) ï ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʵʢʦʣʦʛʠʠ, ʧʦʪʨʝʙʥʦʩʪʴ ʥʘʣʠʯʠʷ ʩʧʘʣʴʥʦʛʦ ʤʝʩʪʘ 

2.4. ʇʦ ʜʦʨʦʞʥʳʤ ʫʩʣʦʚʠʷʤ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʧʫʪʠ ï ʥʘʛʨʫʟʢʘ ʥʘ ʦʩʠ, ʧʦʣʥʘʷ ʤʘʩʩʘ, 

ʛʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ, ʧʨʦʭʦʜʠʤʦʩʪʴ 

2.5. ʇʦ ʜʦʨʦʞʥʳʤ ʫʩʣʦʚʠʷʤ ʪʝʨʤʠʥʘʣʦʚ ï ʥʘʛʨʫʟʢʘ ʥʘ ʦʩʠ, ʧʦʣʥʘʷ ʤʘʩʩʘ, ʛʘʙʘʨʠʪ-

ʥʳʝ ʨʘʟʤʝʨʳ, ʚʦʟʤʦʞʥʦʩʪʴ ʤʘʥʝʚʨʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʧʨʠʮʝʧʦʤ 

2.6. ʇʦ ʫʩʣʦʚʠʷʤ ʧʝʨʝʛʨʫʟʦʯʥʳʭ ʨʘʙʦʪ ï ʧʦʛʨʫʟʦʯʥʘʷ ʚʳʩʦʪʘ ʢʫʟʦʚʘ; ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʛʨʫʟʢʠ-ʨʘʟʛʨʫʟʢʠ ʩ ʦʜʥʦʡ, ʜʚʫʭ, ʪʨʝʭ ʩʪʦʨʦʥ ʠ ʩʚʝʨʭʫ; ʨʘʟʤʝʨʳ, ʨʘʩʧʦʣʦʞʝʥʠʝ ʠ 

ʫʩʪʨʦʡʩʪʚʦ ʜʚʝʨʝʡ ʢʫʟʦʚʦʚ-ʬʫʨʛʦʥʦʚ; ʥʘʣʠʯʠʝ ʫʩʪʨʦʡʩʪʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʫʩʢʦʨʝʥʠʝ 

ʧʦʛʨʫʟʢʠ-ʨʘʟʛʨʫʟʢʠ ʠʣʠ ʩʥʠʞʝʥʠʝ ʝʝ ʪʨʫʜʦʝʤʢʦʩʪʠ (ʣʝʛʢʠʝ ʢʨʘʥʳ, ʧʦʜʲʝʤʥʳʝ ʤʝʭʘ-

ʥʠʟʤʳ, ʛʨʫʟʦʧʦʜʲʝʤʥʳʝ ʙʦʨʪʘ ʠ ʪ. ʜ.) ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʭ ʜʝʡʩʪʚʠʷ; ʚʦʟʤʦʞʥʦʩʪʠ ʤʝ-

ʭʘʥʠʟʠʨʦʚʘʥʥʦʡ ʨʘʟʛʨʫʟʢʠ ʥʘʧʦʣʴʥʳʤʠ ʧʝʨʝʛʨʫʟʦʯʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ 

2.7. ʆʙʲʝʤ ʠ ʧʘʨʪʠʦʥʥʦʩʪʴ ʧʝʨʝʚʦʟʦʢ ï ʦʧʨʝʜʝʣʷʶʪ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴ ʠ ʩʧʝʮʠʘ-

ʣʠʟʘʮʠʶ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ. ʇʨʠ ʧʝʨʝʚʦʟʢʝ ʤʝʣʢʦʧʘʨʪʠʦʥʥʳʭ ʛʨʫʟʦʚ ʧʨʠʤʝʥʷʶʪʩʷ 

ʘʚʪʦʤʦʙʠʣʠ ʤʘʣʦʡ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ, ʘ ʧʨʠ ʙʦʣʴʰʦʤ ʠ ʧʦʩʪʦʷʥʥʦʤ ʛʨʫʟʦʧʦʪʦʢʝ ï 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʠ ʙʦʣʴʰʝʛʨʫʟʥʳʝ ʘʚʪʦʤʦʙʠʣʠ. ʆʧʨʝʜʝʣʷʝʪʩʷ 

ʤʠʥʠʤʘʣʴʥʘʷ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴ ʠ ʚʤʝʩʪʠʤʦʩʪʴ. 

2.8. ʇʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʜʦʩʪʘʚʢʠ ʧʝʨʝʚʦʟʢʠ ï ʪʷʛʦʚʦ-ʩʢʦʨʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ. 

2.9. ʇʦ ʧʨʝʜʝʣʴʥʦʤʫ ʩʨʦʢʫ ʧʦʜʘʯʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʧʦʜ ʧʦʛʨʫʟʢʫ ï ʦʧʨʝ-

ʜʝʣʷʝʪʩʷ ʚʨʝʤʷ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʧʦʜʘʯʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʥʘ ʪʝʨʤʠʥʘʣ ʧʦ-

ʛʨʫʟʢʠ.  

2.10. ʌʦʨʤʠʨʦʚʘʥʠʝ ʦʙʱʠʭ ʪʨʝʙʦʚʘʥʠʡ ʠ ʦʛʨʘʥʠʯʝʥʠʡ ʢ ʪʨʝʙʫʝʤʦʤʫ ʜʣʷ ʧʝʨʝʚʦʟ-

ʢʠ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʩʨʝʜʩʪʚʫ (ʩʤ. ʪʘʙʣ. 1). 

ʊʘʙʣʠʮʘ 1 

ʋʯʠʪʳʚʘʝʤʳʝ ʬʘʢʪʦʨʳ ʧʨʠ ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʷ ʦ ʪʨʘʥʩʧʦʨʪʥʦʤ ʩʨʝʜʩʪʚʝ  

ʜʣʷ ʧʝʨʝʚʦʟʢʠ ʛʨʫʟʘ ʚ ʦʧʝʨʘʪʠʚʥʳʭ ʫʩʣʦʚʠʷʭ  

ʇʨʠʥʠʤʘʝʤʳʝ ʨʝʰʝʥʠʷ ʧʦ 

ʪʨʘʥʩʧʦʨʪʥʳʤ ʩʨʝʜʩʪʚʘʤ 

ɺʣʠʷʶʱʠʝ ʬʘʢʪʦʨʳ 

ʊʠʧ ʢʫʟʦʚʘ ʨʦʜ ʛʨʫʟʘ;ʫʩʣʦʚʠʷ ʧʦʛʨʫʟʢʠ ʠ ʨʘʟʛʨʫʟʢʠ;ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʩʤʦʪʨʘ 

ʛʨʫʟʘ ʚ ʪʨʘʥʩʧʦʨʪʥʦʤ ʩʨʝʜʩʪʚʝ 

ʉʧʝʮʠʘʣʠʟʘʮʠʷ ʨʦʜ ʛʨʫʟʘ; ʚʠʜ ʧʝʨʝʚʦʟʦʢ;ʜʘʣʴʥʦʩʪʴ ʧʝʨʝʚʦʟʢʠ 

ɻʨʫʟʦʚʤʝʩʪʠʤʦʩʪʴ 

ɻʨʫʟʦʧʦʜʴʝʤʥʦʩʪʴ 

ʦʙʲʝʤ ʧʝʨʝʚʦʟʦʢ; ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʛʨʫʟʘ;ʧʘʨʪʠʦʥʥʦʩʪʴ;ʧʝʨʠʦʜʠʯʥʦʩʪʴ 

ɻʘʙʘʨʠʪʳ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʩʨʝʜʩʪʚʘ 

ʜʦʨʦʞʥʳʝ ʫʩʣʦʚʠʷ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʧʫʪʠ;ʛʘʙʨʠʪʥʳʝ ʜʦʨʦʞʥʳʝ 

ʫʩʣʦʚʠʷ ʪʝʨʤʠʥʘʣʦʚ  

ɺʥʫʪʨʝʥʥʠʝ ʛʘʙʘʨʠʪʳ ʢʫʟʦʚʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʛʨʫʟʘ;ʧʘʨʪʠʦʥʥʦʩʪʴ;ʧʝʨʠʦʜʠʯʥʦʩʪʴ 

ʉʧʝʮʠʘʣʴʥʦʝʦʙʦʨʫʜʦʚʘʥʠʝ 

ʤʝʩʪʘ ʚʦʜʠʪʝʣʷ 

ʜʘʣʴʥʦʩʪʴ ʧʝʨʝʚʦʟʦʢ;ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ;ʚʨʝʤʷ ʛʦʜʘ 

ʉʧʝʮʠʘʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ 

ʢʫʟʦʚʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʛʨʫʟʘ;ʫʩʣʦʚʠʷ ʧʦʛʨʫʟʢʠ ʠ ʨʘʟʛʨʫʟʢʠ 

ʊʷʛʦʚʦ-ʩʢʦʨʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʛʨʫʟʘ;ʪʨʝʙʦʚʘʥʠʷ ʧʦ 

ʩʨʦʯʥʦʩʪʠʜʦʩʪʘʚʢʠ;ʜʦʨʦʞʥʳʝ ʫʩʣʦʚʠʷ 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 54, 2018 ʛ. 

ʈʘʟʜʝʣ IV. ʕʢʦʥʦʤʠʢʘ, ʣʦʛʠʩʪʠʢʘ ʠ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʪʨʘʥʩʧʦʨʪʝ 
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ʇʨʠʥʠʤʘʝʤʳʝ ʨʝʰʝʥʠʷ ʧʦ 

ʪʨʘʥʩʧʦʨʪʥʳʤ ʩʨʝʜʩʪʚʘʤ 

ɺʣʠʷʶʱʠʝ ʬʘʢʪʦʨʳ 

ʅʘʜʝʞʥʦʩʪʴ ʜʦʨʦʞʥʳʝ ʫʩʣʦʚʠʷ;ʚʘʞʥʦʩʪʴ ʜʦʩʪʘʚʢʠ ʚ ʦʛʦʚʦʨʝʥʥʳʡ ʩʨʦʢ; 

ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʪʨʘʥʩʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ; ʢʚʘʣʠʬʠʢʘʮʠʷ 

ʚʦʜʠʪʝʣʷ 

ɿʘʧʘʩ ʭʦʜʘ ʜʘʣʴʥʦʩʪʴ ʧʝʨʝʚʦʟʦʢ;ʤʘʢʩʠʤʘʣʴʥʳʡ ʟʘʧʘʩ ʪʦʧʣʠʚʘ ʠ 

ʚʦʟʤʦʞʥʦʩʪʠ ʝʛʦ ʜʦʟʘʧʨʘʚʢʠ ʚ ʧʫʪʠ 

ʇʨʦʭʦʜʠʤʦʩʪʴ ʜʦʨʦʞʥʳʝ ʫʩʣʦʚʠʷ 

ʄʘʥʝʚʨʝʥʥʦʩʪʴ ʜʦʨʦʞʥʳʝ ʫʩʣʦʚʠʷ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʧʫʪʠ;ʛʘʙʨʠʪʥʳʝ ʜʦʨʦʞʥʳʝ 

ʫʩʣʦʚʠʷ ʪʝʨʤʠʥʘʣʦʚ  

ʅʘʛʨʫʟʢʘ ʥʘ ʦʩʠ ʜʦʧʫʩʪʠʤʳʝ ʥʘʛʨʫʟʢʠ ʥʘ ʜʦʨʦʞʥʦʝ ʧʦʣʦʪʥʦ; ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ 

ʧʫʪʠ;ʜʦʧʫʩʪʠʤʳʝ ʥʘʛʨʫʟʢʠ ʥʘ ʜʦʨʦʞʥʦʝ ʥʘ ʪʝʨʤʠʥʘʣʘʭ 

ʇʦʣʥʘʷ ʤʘʩʩʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʩʨʝʜʩʪʚʘ 

ʜʦʨʦʞʥʳʝ ʫʩʣʦʚʠʷ 

ʕʢʦʥʦʤʠʯʥʦʩʪʴ ʥʦʨʤʘʪʠʚʥʳ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ (ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʦʙʩʪʚʝʥʥʳʭ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ);ʩʪʦʠʤʦʩʪʴ ʫʩʣʫʛʠ ï ʧʝʨʝʚʦʟʢʠ (ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʩʪʦʨʥʥʠʭ ʦʨʛʘʥʠʟʘʮʠʡ) 

 

1. ʆʪʙʦʨ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ ʨʘʩʧʦʣʘʛʘʝʤʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʚʩʝʤ ʪʨʝʙʦʚʘʥʠʷʤ ʠ ʦʛʨʘʥʠʯʝʥʠʷʤ. 

2. ʇʨʠʥʷʪʠʝ ʨʝʰʝʥʠʷ ʧʦ ʢʨʠʪʝʨʠʶ ʠ ʤʝʪʦʜʫ ʦʮʝʥʢʠ ʦʪʦʙʨʘʥʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʩʨʝʜʩʪʚ (ʩʤ. ʨʝʢʦʤʝʥʜʘʮʠʠ ʚ ʪʘʙʣ. 2). 

3. ʆʙʦʩʥʦʚʘʥʠʝ ʚʳʙʦʨʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʠʟ ʦʪʦʙʨʘʥʥʳʭ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ ʧʦ 

ʚʳʙʨʘʥʥʦʤʫ ʤʝʪʦʜʫ (ʥʘ ʦʩʥʦʚʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʨʘʩʯʝʪʦʚ, ʥʘʧʨʠʤʝʨ, (ʚ ʰʠʨʦʢʦ-

ʜʦʩʪʫʧʥʦʤ Excel). 

ʊʘʙʣʠʮʘ 2 

ʈʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʤʝʪʦʜʘʤ ʚʳʙʦʨʘ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ  

ʠʟ ʦʪʦʙʨʘʥʥʳʭ ʧʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ ʚ ʦʧʝʨʘʪʠʚʥʳʭ ʫʩʣʦʚʠʷʭ 

ʋʩʣʦʚʠʷ  

ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʷ 

ʂʨʠʪʝʨʠʡ ʦʮʝʥʢʠ ʄʝʪʦʜ ʈʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʨʠʤʝʥʝʥʠʶ 

ʀʟ ʧʘʨʢʘ  

ʩʦʙʩʪʚʝʥʥʳʭ 

ʩʨʝʜʩʪʚ 

ʅʦʨʤʘʪʠʚʥʳʡ 

ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ 

(ʣ/100 ʢʤ) 

ʉʨʘʚʥʝʥʠʷ ʫʨʦʚ-

ʥ ̫ʧʦʢʘʟʘʪʝʣʝʡ  

ʇʨʠʤʝʥʷʝʪʩʷ, ʢʦʛʜʘ ʧʝʨʝʚʦʟʠʤʦʝ ʢʦʣʠʯʝ-

ʩʪʚʦ ʛʨʫʟʘ ʟʘ ʨʝʡʩ ʥʝ ʦʪʣʠʯʘʝʪʩʷ 

ʉʝʙʝʩʪʦʠʤʦʩʪʴ 

(ʨʫʙ./ʢʤ; ʨʫʙ./ʯ) 

ʉʨʘʚʥʝʥʠʷ ʫʨʦʚ-

ʥ ̫ʧʦʢʘʟʘʪʝʣʝʡ  

ʇʨʠʤʝʥʷʝʪʩʷ, ʢʦʛʜʘ ʧʝʨʝʚʦʟʠʤʦʝ ʢʦʣʠʯʝ-

ʩʪʚʦ ʛʨʫʟʘ ʟʘ ʨʝʡʩ ʥʝ ʦʪʣʠʯʘʝʪʩʷ 

ʉʝʙʝʩʪʦʠʤʦʩʪʴ 

(ʨʫʙ./ʪĀʢʤ;ʨʫʙ./ʪ) 

ʉʨʘʚʥʝʥʠʷ ʫʨʦʚ-

ʥ ̫ʧʦʢʘʟʘʪʝʣʝʡ 

ʇʨʠʤʝʥʷʝʪʩʷ, ʢʦʛʜʘ ʧʝʨʝʚʦʟʠʤʦʝ ʢʦʣʠʯʝ-

ʩʪʚʦ ʛʨʫʟʘ ʟʘ ʨʝʡʩ ʦʪʣʠʯʘʝʪʩʷ 

ʇʨʦʠʟʚʦʜʠʪʝʣʴ-

ʥʦʩʪʴ, ʪĀʢʤ 

ʉʨʘʚʥʝʥʠʷ ʫʨʦʚ-

ʥ ̫ʧʦʢʘʟʘʪʝʣʝʡ 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʢʘʯʝ-

ʩʪʚʝ ʢʨʠʪʝʨʠʷ ʧʨʠ ʚʳʙʦʨʝ ʪʠʧʘ ʢʫʟʦʚʘ 

ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʦʜʥʦʡ ʤʘʨʢʠ ʠ ʦʜʥʦ-

ʛʦ ʢʣʘʩʩʘ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ, ʝʩʣʠ ʪʠʧ 

ʢʫʟʦʚʘ ʚʣʠʷʝʪ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʥʝ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ 

ʩʪʦʠʤʦʩʪʥʳʭ ʧʦʢʘʟʘʪʝʣʷʭ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ 

ʥʘ ʟʘʪʨʘʪʘʭ ʦʪ ʥʝ ʩʦʭʨʘʥʥʦʩʪʠ ʧʝʨʝʚʦʟʦʢ. 

ʄʦʞʥʦ ʪʘʢʞʝ ʩʨʘʚʥʠʚʘʪʴ ʦʜʠʥʦʯʥʳʡ 

ʘʚʪʦʤʦʙʠʣʴ ʩ ʘʚʪʦʧʦʝʟʜʦʤ ʥʘ ʝʛʦ ʙʘʟʝ [8] 

ʈʘʩʩʪʦʷʥʠʝ ʧʝʨʝ-

ʚʦʟʢʠ, ʢʤ 

ʄʝʪʦʜ ʨʘʚʥʦʮʝʥ-

ʥʦʡ ʜʣʠʥʳ ʝʟʜʢʠ 

ʩ ʛʨʫʟʦʤ ʧʦ ʟʘ-

ʪʨʘʪʘʤ 

ʇʨʠʤʝʥʷʝʪʩʷ, ʢʦʛʜʘ ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʧʝʨʝ-

ʚʦʟʢʠ ʜʦʤʠʥʠʨʫʝʪ ʥʘʜ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʦʩʚʦʝʥʠʷ (ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ) ʜʣʷ 

ʫʩʣʦʚʠʡ, ʢʦʛʜʘ ʧʝʨʝʚʦʟʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ 



ɺ.ɺ. ʎʚʝʨʦʚ, ʂ.ʀ. ɿʘʩʦʨʠʥʘ 
ʅʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʚʳʙʦʨʫ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʚ ʦʧʝʨʘʪʠʚʥʳʭ ʫʩʣʦʚʠʷʭ 
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ʋʩʣʦʚʠʷ  

ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʷ 

ʂʨʠʪʝʨʠʡ ʦʮʝʥʢʠ ʄʝʪʦʜ ʈʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʨʠʤʝʥʝʥʠʶ 

ʛʨʫʟʘ ʟʘ ʨʝʡʩ ʦʪʣʠʯʘʝʪʩʷ, ʠ ʧʨʠ ʩʨʘʚʥʝ-

ʥʠʠ ʙʦʨʪʦʚʳʭ ʤʘʰʠʥ ʩ ʩʘʤʦʧʦʛʨʫʟʯʠʢʘ-

ʤʠ (ʠʣʠ ʩʘʤʦʩʚʘʣʘʤʠ) [8] 

ʈʘʩʩʪʦʷʥʠʝ ʧʝʨʝ-

ʚʦʟʢʠ, ʢʤ 

ʄʝʪʦʜ ʨʘʚʥʦʮʝʥ-

ʥʦʡ ʜʣʠʥʳ ʝʟʜʢʠ 

ʩ ʛʨʫʟʦʤ ʧʦ ʧʨʦ-

ʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʇʨʠʤʝʥʷʝʪʩʷ, ʢʦʛʜʘ ʚʳʙʦʨ ʥʝ ʩʢʘʟʳʚʘʝʪ-

ʩʷ ʥʘ ʩʪʦʠʤʦʩʪʥʳʭ ʧʦʢʘʟʘʪʝʣʷʭ ʧʝʨʝʚʦʟ-

ʢʠ, ʘ ʧʝʨʝʚʦʟʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʛʨʫʟʘ ʟʘ 

ʨʝʡʩ ʦʪʣʠʯʘʝʪʩʷ ʠ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʙʦʨʪʦ-

ʚʳʭ ʤʘʰʠʥ ʩ ʩʘʤʦʧʦʛʨʫʟʯʠʢʘʤʠ (ʠʣʠ 

ʩʘʤʦʩʚʘʣʘʤʠ) [8] 

ʀʟ ʪʨʘʥʩ-

ʧʦʨʪʥʳʭ 

ʩʨʝʜʩʪʚ ʩʪʦ-

ʨʦʥʥʠʭ ʦʨʛʘ-

ʥʠʟʘʮʠʡ 

ʉʪʦʠʤʦʩʪʴ ʫʩʣʫʛ 

(ʨʫʙ./ʯʘʩ ʠʣʠ 

ʨʫʙ./ʢʤ) 

ʉʨʘʚʥʝʥʠʷ ʫʨʦʚ-

ʥʷ ʧʦʢʘʟʘʪʝʣʝʡ  

ʇʨʠʤʝʥʷʝʪʩʷ, ʢʦʛʜʘ ʧʝʨʝʚʦʟʠʤʦʝ ʢʦʣʠʯʝ-

ʩʪʚʦ ʛʨʫʟʘ ʟʘ ʨʝʡʩ ʥʝ ʦʪʣʠʯʘʝʪʩʷ 

ʉʪʦʠʤʦʩʪʴ ʫʩʣʫʛ 

(ʨʫʙ./ʪĀʢʤ) 

ʉʨʘʚʥʝʥʠʷ ʫʨʦʚ-

ʥʷ ʧʦʢʘʟʘʪʝʣʝʡ 

ʇʨʠʤʝʥʷʝʪʩʷ, ʢʦʛʜʘ ʧʝʨʝʚʦʟʠʤʦʝ ʢʦʣʠʯʝ-

ʩʪʚʦ ʛʨʫʟʘ ʟʘ ʨʝʡʩ ʦʪʣʠʯʘʝʪʩʷ 

ʀʟ ʩʦʙʩʪʚʝʥ-

ʥʳʭ ʪʨʘʥʩ-

ʧʦʨʪʥʳʭ 

ʩʨʝʜʩʪʚ ʠ 

ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʩʨʝʜʩʪʚ ʧʘʨʪ-

ʥʝʨʦʚ  

ʉʪʦʠʤʦʩʪʴ ʠ ʧʦʣ-

ʥʘʷ ʩʝʙʝʩʪʦʠʤʦʩʪʴ 

(ʨʫʙ./ʢʤ; ʨʫʙ./ʯ) 

ʉʨʘʚʥʝʥʠʷ ʫʨʦʚ-

ʥʷ ʧʦʢʘʟʘʪʝʣʝʡ 

ʇʨʠʤʝʥʷʝʪʩʷ, ʢʦʛʜʘ ʧʝʨʝʚʦʟʠʤʦʝ ʢʦʣʠʯʝ-

ʩʪʚʦ ʛʨʫʟʘ ʟʘ ʨʝʡʩ ʥʝ ʦʪʣʠʯʘʝʪʩʷ 

ʉʪʦʠʤʦʩʪʴ ʠ ʧʦʣ-

ʥʘʷ ʩʝʙʝʩʪʦʠʤʦʩʪʴ 

(ʨʫʙ./ʪĀʢʤ) 

ʉʨʘʚʥʝʥʠʷ ʫʨʦʚ-

ʥʷ ʧʦʢʘʟʘʪʝʣʝʡ 

ʇʨʠʤʝʥʷʝʪʩʷ, ʢʦʛʜʘ ʧʝʨʝʚʦʟʠʤʦʝ ʢʦʣʠʯʝ-

ʩʪʚʦ ʛʨʫʟʘ ʟʘ ʨʝʡʩ ʦʪʣʠʯʘʝʪʩʷ 

 

ɹʘʟʘ ʜʘʥʥʳʭ ʨʘʩʧʦʣʘʛʘʝʤʳʭ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ 

ʪʨʘʥʩʧʦʨʪʥʳʤ ʦʧʝʨʘʪʦʨʦʤ ʠʣʠ ʜʠʩʧʝʪʯʝʨʦʤ ʧʦ ʩʪʨʫʢʪʫʨʝ ʠʥʬʦʨʤʘʮʠʠ ʚ ʢʦʥʢʨʝʪʥʳʭ 

ʦʨʛʘʥʠʟʘʮʠʷʭ ʤʦʞʝʪ ʦʪʣʠʯʘʪʴʩʷ, ʯʪʦ ʩʚʷʟʘʥʦ ʩʦ ʩʣʦʞʠʚʰʝʡʩʷ ʩʪʨʫʢʪʫʨʦʡ ʧʝʨʝʚʦʟʦʢ.  

ɸʚʪʦʤʘʪʠʯʝʩʢʘʷ ʩʦʨʪʠʨʦʚʢʘ ʪʘʢʦʡ ʙʘʟʳ ʜʘʥʥʳʭ ʧʦ ʟʥʘʯʠʤʳʤ ʢʨʠʪʝʨʠʷʤ (ʥʘʧʨʠ-

ʤʝʨ, ʚ Excel) ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʦʪʦʙʨʘʪʴ ʚʦʟʤʦʞʥʳʝ ʚʘʨʠʘʥʪʳ ʘʚʪʦʤʦʙʠʣʝʡ. 

ɸʧʨʦʙʘʮʠʷ ʧʨʠʚʝʜʝʥʥʦʛʦ ʤʝʪʦʜʘ ʚ ʨʘʤʢʘʭ ʪʨʘʥʩʧʦʨʪʥʦʡ ʢʦʤʧʘʥʠʠ çʂʀʊè ʧʦʢʘ-

ʟʘʣʘ: 

ï ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʥʷʪʠʷ ʦʙʦʩʥʦʚʘʥʥʦʛʦ ʨʝʰʝʥʠʷ ʧʦ ʚʳʙʦʨʫ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʩʨʝʜʩʪʚ ʚ ʦʧʝʨʘʪʠʚʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʥʦʡ ʢʦʤʧʘʥʠʠ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʨʝʰʝʥʠʷ 

ʜʘʥʥʦʡ ʟʘʜʘʯʠ; 

ï ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʥʠʟʢʫʶ ʪʨʫʜʦʝʤʢʦʩʪʴ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ; 

ï ʥʝʢʦʪʦʨʳʝ ʩʣʦʞʥʦʩʪʠ ʩ ʧʦʣʫʯʝʥʠʝʤ ʥʝʦʙʭʦʜʠʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʧʝʨʘʪʠʚʥʳʭ 

ʜʦʨʦʞʥʳʭ ʫʩʣʦʚʠʷʭ; 

ï ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʟʘʪʨʘʪ ʚʨʝʤʝʥʠ ʥʘ ʧʦʜʜʝʨʞʘʥʠʝ ʙʘʟʳ ʜʘʥʥʳʭ ʧʦ ʪʨʘʥʩʧʦʨʪʥʳʤ 

ʩʨʝʜʩʪʚʘʤ ʚ ʘʢʪʫʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ.  

ɺ ʮʝʣʦʤ, ʘʧʨʦʙʘʮʠʷ ʤʝʪʦʜʘ ʧʦʢʘʟʘʣʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʝʛʦ ʧʨʠʤʝ-

ʥʝʥʠʷ ʚ ʦʧʝʨʘʪʠʚʥʳʭ ʫʩʣʦʚʠʷʭ ʚʳʙʦʨʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʜʣʷ ʧʝʨʝʚʦʟʢʠ ʛʨʫʟʦʚ.  
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SCIENTIFIC AND METHO DICAL APPROACH TO TH E CHOICE 

OF MOTOR VEHICLES IN  OPERATIONAL CONDITIO NS  

V.V. Tsverov, K.I. Zasorina 

Keywords: vehicle, operational conditions, the method of choice. 

 

The article substantiates methodological approach to the adoption of the operational condi-

tions of the decisions on choice of vehicle (type, model) of transportation, transportation and 

logistic services of transport organizations. 

ʉʪʘʪʴʷ ʧʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ 13.06.2017 ʛ. 
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(ʄɻʋ ʠʤ. ʘʜʤʠʨʘʣʘ ɻ.ʀ. ʅʝʚʝʣʴʩʢʦʛʦ) 

690003, ʛ. ɺʣʘʜʠʚʦʩʪʦʢ, ʫʣ. ɺʝʨʭʥʝʧʦʨʪʦʚʘʷ, 50ʘ 

ɹʃʆʂ-ʇɸʂɽʊʅʓʁ ʉʇʆʉʆɹ ʇʆɻʈʋɿʂʀ  

ʇʀʃʆʄɸʊɽʈʀɸʃʆɺ ʅɸ ʇɸʃʋɹʋ ʉʋɼʅɸ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʭʥʦʣʦʛʠʷ, ʧʘʢʝʪʠʨʦʚʘʥʥʳʝ ʛʨʫʟʳ, ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʩʤʝʱʘʝʤʦʩʪʠ, 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʤʦʨʩʢʠʝ ʧʝʨʝʚʦʟʢʠ 

 

ʇʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʡ, ʙʝʟʦʧʘʩʥʦʡ ʬʠʢ-

ʩʘʮʠʠ ʛʨʫʟʘ ʚʥʫʪʨʠ ʧʘʢʝʪʘ ʧʨʠ ʤʦʨʩʢʦʡ ʧʝʨʝʚʦʟʢʝ, ʘ ʪʘʢʞʝ ʨʝʰʝʥʘ ʧʨʦʙʣʝʤʘ ʩʤʝʱʝ-

ʥʠʷ ʧʘʢʝʪʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ ʥʘ ʦʧʝʨʘʮʠʷʭ ʟʘʩʪʨʦʧʢʠ ʠ ʧʦʜʲʝʤʘ ʠʭ ʥʘ ʧʘʣʫʙʫ. 

ɺʳʷʚʣʝʥʳ ʥʝʜʦʩʪʘʪʢʠ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʜʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ, ʦʢʘʟʳʚʘʶ-

ʱʠʝ ʚʣʠʷʥʠʝ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʫʜʥʘ. ʇʨʝʜʣʦʞʝʥʥʘʷ ʩʭʝʤʘ ʢʨʝʧʣʝʥʠʷ 

ʧʦʟʚʦʣʷʝʪ ʬʦʨʤʠʨʦʚʘʪʴ ʫʢʨʫʧʥʝʥʥʳʝ ʛʨʫʟʦʚʳʝ ʝʜʠʥʠʮʳ ʠʟ ʯʝʪʳʨʝʭ ʧʘʢʝʪʦʚ, ʯʪʦ ʨʝ-

ʰʘʝʪ ʧʨʦʙʣʝʤʫ ʩʤʝʱʝʥʠʷ ʧʘʢʝʪʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ ʥʘ ʦʧʝʨʘʮʠʷʭ ʟʘʩʪʨʦʧʢʠ ʠ 

ʧʦʜʲʝʤʘ ʥʘ ʧʘʣʫʙʫ ʛʨʫʟʘ, ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʛʨʫʟʦʚʳʭ ʦʧʝʨʘʮʠʡ ʚ ʧʦʨʪʫ.  

ɺʚʝʜʝʥʠʝ 

ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʚʦʧʨʦʩʫ, ʩʚʷʟʘʥʥʦʤʫ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʢʨʝʧʣʝ-

ʥʠʷ ʩʤʝʱʘʶʱʠʭʩʷ ʛʨʫʟʦʚ [1]. ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʘ-

ʢʝʪʠʨʦʚʘʥʥʳʝ ʛʨʫʟʳ. ɺʳʙʦʨ ʜʘʥʥʦʛʦ ʛʨʫʟʘ, ʩʢʣʦʥʥʦʛʦ ʢ ʩʤʝʱʝʥʠʶ, ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, 

ʯʪʦ ʠʟ ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʟʘʛʦʪʦʚʣʷʝʤʦʡ ʜʨʝʚʝʩʠʥʳ ʚ ʩʪʨʘʥʝ ʦʢʦʣʦ ʧʦʣʦʚʠʥʳ ʪʨʘʥʩʧʦʨ-

ʪʠʨʫʝʪʩʷ ʚʦʜʥʳʤ ʧʫʪʝʤ [2, 3]. ɺ ʩʪʘʪʴʝ [4, ʩ. 146] ʨʘʩʩʤʦʪʨʝʥʳ ʦʙʲʝʢʪʠʚʥʳʝ ʧʨʠʯʠʥʳ, 

ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʝ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ ʥʝʦʙʨʘʙʦʪʘʥʥʦʡ ʜʨʝʚʝʩʠʥʳ ʠ ʧʠʣʦʤʘʪʝʨʠʘʣʦʚ ʧʦ 

ʉʠʙʠʨʩʢʠʤ ʨʝʢʘʤ. ʆʙʲʝʤʳ ʜʨʝʚʝʩʠʥʳ, ʜʦʙʳʚʘʝʤʳʝ ʠ ʧʝʨʝʚʦʟʠʤʳʝ ʚ ɽʥʠʩʝʡʩʢʦʤ ʙʘʩ-

ʩʝʡʥʝ, ʟʘʥʠʤʘʶʪ ʪʨʝʪʴʝ ʤʝʩʪʦ ʩʨʝʜʠ ʚʩʝʭ ʛʨʫʟʦʧʦʪʦʢʦʚ ʜʘʥʥʦʛʦ ʨʝʛʠʦʥʘ (ʠʭ ʜʦʣʷ ʦʙʲ-

ʝʤʘ ʩʦʩʪʘʚʣʷʝʪ 10,2 % [4]). ɹʦʣʴʰʠʝ ʦʙʲʝʤʳ ʛʨʫʟʦʧʦʪʦʢʘ ʩʚʷʟʘʥʳ ʩ ʥʘʣʠʯʠʝʤ ʢʨʫʧ-

ʥʳʭ ʜʝʨʝʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʥʘ ʙʝʨʝʛʘʭ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʨʝʢʠ ɸʥʛʘʨʳ. 

ʇʨʠ ʵʪʦʤ ʦʩʥʦʚʥʘʷ ʪʨʘʥʩʧʦʨʪʥʘʷ ʮʝʧʴ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʫʯʘʩʪʢʦʚ: ʙʫʢʩʠʨʦʚʢʘ ʢʨʫʛʣʦʛʦ 

ʣʝʩʘ ʚ ʧʣʦʪʘʭ ʜʦ ʧʨʝʜʧʨʠʷʪʠʡ ʃʝʩʦʩʠʙʠʨʩʢʘ; ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʥʘ ʩʫʜʘʭ ʦʙʨʘʙʦʪʘʥʥʦʡ 

ʜʨʝʚʝʩʠʥʳ ʚ ʚʠʜʝ ʧʠʣʦʤʘʪʝʨʠʘʣʦʚ ʜʦ ʂʨʘʩʥʦʷʨʩʢʘ.  

ʇʨʠʚʝʜʝʥʥʳʝ ʬʘʢʪʳ ʛʦʚʦʨʷʪ ʦ ʜʦʩʪʘʪʦʯʥʳʭ ʦʙʲʝʤʘʭ ʛʨʫʟʦʧʦʪʦʢʦʚ ʧʘʢʝʪʠʨʦʚʘʥ-

ʥʳʭ ʛʨʫʟʦʚ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʦʜʭʦʜʦʚ ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʛʨʫʟʦʯʥʦ-ʨʘʟʛʨʫʟʦʯʥʳʭ ʨʘʙʦʪ ʜʘʥʥʦʛʦ ʚʠʜʘ ʛʨʫʟʘ, ʧʦʚʳ-

ʰʘʶʱʠʭ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʯʘʣʦʚ ʠ ʢʨʘʥʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʧʦʨʪʫ, ʘ 

ʪʘʢʞʝ ʙʝʟʦʧʘʩʥʦʩʪʴ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʛʨʫʟʘ ʥʘ ʧʘʣʫʙʝ ʩʫʜʥʘ ʦʩʦʙʝʥʥʦ ʚ ʰʪʦʨʤʦʚʳʭ 

ʫʩʣʦʚʠʷʭ ʧʣʘʚʘʥʠʷ [5ï8]. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʦ ʩʠʭ ʧʦʨ ʚ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʠʭ ʩʭʝʤʘʭ ʧʦʛʨʫʟʢʠ ʠ ʢʨʝʧʣʝʥʠʠ ʧʘʢʝʪʠʨʦʚʘʥʥʳʭ ʛʨʫʟʦʚ ʥʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʬʦʨʤʠʨʦʚʘʪʴ ʫʢʨʫʧ-

ʥʝʥʥʳʝ ʛʨʫʟʦʚʳʝ ʝʜʠʥʠʮʳ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʣʠ-

ʥʠʡ [9ï11].  

ʂʨʫʛ ʚʦʧʨʦʩʦʚ ʧʦ ʧʦʚʳʰʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʝʨʝʚʦʟʦʢ ʣʝʩʥʳʭ 

ʛʨʫʟʦʚ ʥʘ ʤʦʨʩʢʦʤ ʪʨʘʥʩʧʦʨʪʝ ʚʝʩʴʤʘ ʦʙʰʠʨʝʥ, ʠ ʚʳʙʦʨ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʧʦ-

ʩʦʙʘ ʜʦʩʪʘʚʢʠ ʛʨʫʟʦʚ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʤʥʦʛʦʧʣʘʥʦʚʦʡ ʟʘʜʘʯʝʡ. ʅʝʢʦʪʦʨʳʝ ʧʦʜʭʦ-

ʜʳ ʢ ʝʝ ʨʝʰʝʥʠʶ ʦʪʨʘʞʝʥʳ ʚ ʩʪʘʪʴʷʭ [12ï17]. ʇʨʠ ʵʪʦʤ ʦʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘ-

ʧʨʘʚʣʝʥʠʡ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʝʨʝʚʦʟʢʠ ʩʤʝʱʘʶʱʠʭʩʷ ʛʨʫʟʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʘʢʝʪʠ-



ʅ.ʄ. ɸʥʦʩʦʚ, ʊ.ɽ. ʄʘʣʠʢʦʚʘ, ɸ.ʖ. ʉʪʨʝʣʢʦʚ 
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ʨʦʚʘʥʥʳʭ, ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʭr ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʩʨʝʜʩʪʚ ʠ 

ʩʧʦʩʦʙʦʚ ʠʭ ʢʨʝʧʣʝʥʠʷ ʥʘ ʪʨʘʥʩʧʦʨʪʥʦʤ ʩʨʝʜʩʪʚʝ [18ï20]. 

ʄʝʪʦʜʳ ʠ ʤʘʪʝʨʠʘʣʳ  

ʆʜʥʦʡ ʠʟ ʧʨʦʙʣʝʤ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʛʨʫʟʘ ʚ ʧʘʢʝʪʝ ʷʚʣʷʝʪʩʷ ʩʢʣʦʥʥʦʩʪʴ ʢ ʨʘʟʨʫ-

ʰʝʥʠʶ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʩʝʯʝʥʠʷ ʧʦʩʣʝʜʥʝʛʦ ʫʞʝ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʛʨʫʟʦʚʳʭ ʨʘʙʦʪ ʚ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʫʟʣʘʭ. ʇʨʦʮʝʩʩ ʨʘʟʨʫʰʝʥʠʷ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʬʦʨʤʳ ʧʘʢʝʪʘ ʠʟʫʯʘʣʩʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ [21ï23], ʘ ʪʘʢʞʝ ʧʨʠ ʚʳʧʦʣʥʝ-

ʥʠʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠ ʥʘʪʫʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘ-

ʥʠʡ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʝ ʬʠʢʩʠʨʫʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ ï ʦʜʠʥʘʨʥʳʝ 

ʠ ʩʜʚʦʝʥʥʳʝ ʙʘʰʤʘʢʠ. ʆʜʠʥʘʨʥʳʝ ʢʨʝʧʝʞʥʳʝ ʙʘʰʤʘʢʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʧʦ ʯʝʪʳʨʝʤ 

ʫʛʣʘʤ ʬʦʨʤʠʨʫʝʤʦʛʦ ʧʘʢʝʪʘ ʠ ʞʝʩʪʢʦ ʬʠʢʩʠʨʫʶʪ ʛʨʫʟ ʚʥʫʪʨʠ ʧʦʩʣʝʜʥʝʛʦ ʩ ʧʦʤʦʱʴʶ 

ʢʨʝʧʝʞʥʳʭ ʣʝʥʪ [24]. ʇʨʝʜʣʦʞʝʥʥʳʡ ʩʧʦʩʦʙ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʘʢʝʪʦʚ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ 

ʩʦʟʜʘʚʘʪʴ ʫʢʨʫʧʥʝʥʥʳʝ ʛʨʫʟʦʚʳʝ ʝʜʠʥʠʮʳ ʩ ʧʦʤʦʱʴʶ ʦʜʠʥʘʨʥʳʭ ʠ ʩʜʚʦʝʥʥʳʭ ʢʨʝ-

ʧʝʞʥʳʭ ʙʘʰʤʘʢʦʚ, ʯʪʦ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʤʝʱʝʥʠʷ ʩʘʤʠʭ ʛʨʫʟʦʚʳʭ ʝʜʠ-

ʥʠʮ (ʧʘʢʝʪʦʚ) ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ ʠ ʧʦʟʚʦʣʷʝʪ ʧʨʠ ʛʨʫʟʦʚʳʭ ʨʘʙʦʪʘʭ ʦʩʫʱʝʩʪʚ-

ʣʷʪʴ ʟʘʩʪʨʦʧʢʫ ʠ ʧʦʜʲʝʤ ʥʘ ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʨʘʟʫ ʯʝʪʳʨʝʭ ʞʝ-

ʩʪʢʦ ʩʢʨʝʧʣʝʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʧʘʢʝʪʦʚ (ʙʣʦʢ-ʧʘʢʝʪʦʚ).  

ʊʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ (Technical Solution) 

ɹʣʦʢ-ʧʘʢʝʪʥʳʡ ʩʧʦʩʦʙ ʧʦʛʨʫʟʢʠ ʧʠʣʦʤʘʪʝʨʠʘʣʦʚ ʥʘ ʧʘʣʫʙʫ ʩʫʜʥʘ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʫʢʨʫʧʥʝʥʥʳʭ ʛʨʫʟʦʚʳʭ ʝʜʠʥʠʮ ʠʟ ʯʝʪʳʨʝʭ ʧʘʢʝʪʦʚ ʥʘ 

ʦʪʜʝʣʴʥʦʡ ʧʣʦʱʘʜʢʝ. ʆʧʝʨʘʮʠʠ ʧʦ ʬʦʨʤʠʨʦʚʘʥʠʶ ʙʣʦʢ-ʧʘʢʝʪʦʚ ʚʳʧʦʣʥʷʶʪ ʚ ʜʚʘ 

ʵʪʘʧʘ: 

1) ʬʦʨʤʠʨʦʚʘʥʠʝ ʙʣʦʢ-ʧʘʢʝʪʦʚ ʠʟ ʜʚʫʭ ʦʪʜʝʣʴʥʳʭ ʧʘʢʝʪʦʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 1ʧ-4ʧ 

ʠ 2ʧ-3ʧ (ʨʠʩ. 1ʩ); 

2) ʬʦʨʤʠʨʦʚʘʥʠʝ ʙʣʦʢ-ʧʘʢʝʪʘ ʠʟ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʩʜʚʦʝʥʥʳʭ 

ʙʣʦʢ-ʧʘʢʝʪʦʚ.  

ɼʣʷ ʬʠʢʩʘʮʠʠ ʧʘʢʝʪʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ ʚ ʙʣʦʢʝ ʠʩʧʦʣʴʟʫʶʪ ʦʜʠʥʘʨʥʳʝ 

(ʨʠʩ. 1ʘ) ʠ ʩʜʚʦʝʥʥʳʝ ʙʘʰʤʘʢʠ (ʨʠʩ. 1ʙ), ʘ ʪʘʢʞʝ ʢʨʝʧʝʞʥʳʝ ʣʝʥʪ r4.  

 

 

ʈʠʩ. 1. ʌʦʨʤʠʨʦʚʘʥʠʝ ʙʣʦʢ-ʧʘʢʝʪʘ  ʠʟ ʯʝʪʳʨʝʭ ʧʘʢʝʪʦʚ: ʘ) ʬʠʢʩʠʨʫʶʱʠʡ ʙʘʰʤʘʢ,  

ʙ) ʩʜʚʦʝʥʥʳʡ ʬʠʢʩʠʨʫʶʱʠʡ ʙʘʰʤʘʢ, ʩ) ʙʣʦʢ-ʧʘʢʝʪ (ʚʠʜ ʧʦ ʰʠʨʠʥʝ) 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʥʘ ʩʝʧʘʨʘʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ ʚʧʣʦʪʥʫʶ ʜʨʫʛ ʢ ʜʨʫʛʫ ʨʘʟʤʝʱʘʶʪ 

ʜʚʘ ʦʪʜʝʣʴʥʳʭ ʧʘʢʝʪʘ 1ʧ ʠ 4ʧ (ʨʠʩ. c) ʠ ʚʳʧʦʣʥʷʶʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʧʝʨʘʮʠʡ ʜʣʷ 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 54, 2018 ʛ. 
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ʬʠʢʩʘʮʠʠ ʥʠʞʥʝʡ ʩʪʦʨʦʥʳ ʬʦʨʤʠʨʫʝʤʦʛʦ ʙʣʦʢʘ. ʉʦ ʩʪʦʨʦʥʳ ʧʨʠʣʝʛʘʥʠʷ ʧʘʢʝʪʦʚ ʫʩ-

ʪʘʥʘʚʣʠʚʘʶʪ ʩʜʚʦʝʥʥʳʝ ʙʘʰʤʘʢʠ 18, ʘ ʧʦ ʥʠʞʥʠʤ ʥʘʨʫʞʥʳʤ ʫʛʣʘʤ ʙʣʦʢʘ ï ʦʜʠʥʘʨ-

ʥʳʝ ʙʘʰʤʘʢʠ 2. ʇʨʠ ʵʪʦʤ ʜʦʙʠʚʘʶʪʩʷ ʪʘʢʦʛʦ ʧʦʣʦʞʝʥʠʷ ʬʠʢʩʠʨʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ, 

ʯʪʦ ʙʳ ʚʥʫʪʨʝʥʥʠʝ ʫʛʣʳ ʧʘʢʝʪʦʚ ʚʧʣʦʪʥʫʶ ʧʨʠʣʝʛʘʣʠ ʢ ʩʪʝʥʢʘʤ ʩʜʚʦʝʥʥʳʭ ʙʘʰʤʘʢʦʚ 

3 ʠ 19 (ʨʠʩ. 1ʙ), ʘ ʥʘʨʫʞʥʳʝ ʫʛʣʳ ï ʢ ʩʪʝʥʢʘʤ 3 ʦʜʠʥʘʨʥʳʭ ʙʘʰʤʘʢʦʚ (ʨʠʩ. 1ʘ). 

ʇʦʩʣʝ ʫʩʪʘʥʦʚʢʠ ʢʨʝʧʝʞʥʳʭ ʫʩʪʨʦʡʩʪʚ ʥʘ ʰʪʘʪʥʳʝ ʤʝʩʪʘ ʦʩʫʱʝʩʪʚʣʷʶʪ ʦʧʝʨʘʮʠʠ 

ʧʦ ʟʘʚʦʜʢʝ ʢʨʝʧʝʞʥʳʭ ʣʝʥʪ ʧʦ ʰʠʨʠʥʝ ʧʘʢʝʪʘ, ʘ ʟʘʪʝʤ ʠ ʧʦ ʝʛʦ ʜʣʠʥʝ. ɼʣʷ ʵʪʦʛʦ ʚ 

ʢʘʞʜʦʝ ʚʥʝʰʥʝʝ ʢʝʧʝʞʥʦʝ ʦʪʚʝʨʩʪʠʝ 9, ʨʘʩʧʦʣʦʞʝʥʥʦʝ ʚ ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʪʝʥʢʘʭ 3, 

ʢʘʞʜʦʛʦ ʠʟ ʜʚʫʭ ʥʠʞʥʠʭ ʨʘʜʦʤ ʨʘʩʧʦʣʦʞʝʥʳʭ ʦʜʠʥʘʨʥʦʛʦ ʠ ʩʜʚʦʝʥʥʦʛʦ ʙʘʰʤʘʢʦʚ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 2 ʠ 18, ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʟʘʚʦʜʷʪ ʢʨʝʧʝʞʥʫʶ ʣʝʥʪʫ 4 (ʨʠʩ. 1ʩ) ʜʣʷ ʜʘʣʴ-

ʥʝʡʰʝʡ ʬʠʢʩʘʮʠʠ ʛʨʫʟʘ ʚ ʧʘʢʝʪʝ ʧʦ ʝʛʦ ʰʠʨʠʥʝ. ɿʘʪʝʤ ʪʘʢʞʝ ʚʦ ʚʥʝʰʥʠʝ ʢʨʝʧʝʞʥʳʝ 

ʦʪʚʝʨʩʪʠʷ 9, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʪʝʥʢʘʭ 3, ʥʠʞʥʠʭ ʨʷʜʦʤ ʨʘʩʧʦʣʦʞʝʥ-

ʥʳʭ ʜʚʫʭ ʦʜʠʥʘʨʥʳʭ ʙʘʰʤʘʢʦʚ 2 ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʟʘʚʦʜʷʪ ʢʨʝʧʝʞʥʫʶ ʣʝʥʪʫ 4 (ʥʝ ʧʦʢʘ-

ʟʘʥʦ) ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʬʠʢʩʘʮʠʠ ʧʘʢʝʪʘ ʧʦ ʝʛʦ ʜʣʠʥʝ. ɿʘʚʝʜʝʥʥʳʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʚʩʝ 

ʢʨʝʧʝʞʥʳʝ ʣʝʥʪʳ 4 ʩʢʨʝʧʣʷʶʪ ʟʘʞʠʤʦʤ  ʚʪʫʛʫʶ, ʠʩʧʦʣʴʟʫʷ ʜʣʷ ʵʪʦʛʦ ʩʧʝʮʫʩʪʨʦʡʩʪʚʦ, 

ʥʘʧʨʠʤʝʨ ʧʥʝʚʤʦ-ʤʘʰʠʥʢʫ. 

ɼʘʣʝʝ ʘʥʘʣʦʛʠʯʥʦ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʬʠʢʩʠʨʫʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ (ʙʘʰʤʘʢʠ 2 ʠ ʩʜʚʦʝʥ-

ʥʳʝ ʙʘʰʤʘʢʠ 18) ʧʦ ʚʝʨʭʥʠʤ ʫʛʣʘʤ ʵʪʠʭ ʞʝ ʧʘʢʝʪʦʚ ʪʘʢ, ʯʪʦʙʳ ʩʪʝʥʢʠ ʙʘʰʤʘʢʦʚ 

ʧʣʦʪʥʦ ʧʨʠʣʝʛʘʣʠ ʢ ʫʛʣʘʤ ʧʘʢʝʪʘ.  

ʇʦʩʣʝ ʫʩʪʘʥʦʚʢʠ ʢʨʝʧʝʞʥʳʭ ʫʩʪʨʦʡʩʪʚ ʥʘ ʰʪʘʪʥʳʝ ʤʝʩʪʘ ʦʩʫʱʝʩʪʚʣʷʶʪ ʦʧʝʨʘʮʠʠ 

ʧʦ ʟʘʚʦʜʢʝ ʢʨʝʧʝʞʥʳʭ ʣʝʥʪ ʜʣʷ ʬʠʢʩʘʮʠʠ ʩʜʚʦʝʥʥʦʛʦ ʧʘʢʝʪʘ ʩʚʝʨʭʫ. ɼʣʷ ʵʪʦʛʦ ʚ ʢʘʞ-

ʜʦʝ ʚʥʝʰʥʝʝ ʩʢʚʦʟʥʦʝ ʦʪʚʝʨʩʪʠʝ 9, ʨʘʩʧʦʣʦʞʝʥʥʦʝ ʚ ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʪʝʥʢʘʭ 3, ʢʘʞʜʦʛʦ 

ʠʟ ʜʚʫʭ ʚʝʨʭʥʠʭ ʨʷʜʦʤ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʙʘʰʤʘʢʦʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 2, 18 ʠ 2, ʧʦ ʰʠʨʠ-

ʥʝ ʧʘʢʝʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʟʘʚʦʜʷʪ ʢʨʝʧʝʞʥʫʶ ʣʝʥʪʫ 4. ɿʘʚʝʜʝʥʥʳʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʚʩʝ 

ʢʨʝʧʝʞʥʳʝ ʣʝʥʪ r4 ʦʙʪʷʛʠʚʘʶʪ ʚʪʫʛʫʶ ʠ ʩʢʨʝʧʣʷʶʪ ʟʘʞʠʤʦʤ.  

ʇʦʩʣʝ ʵʪʦʛʦ ʜʣʷ ʬʠʢʩʘʮʠʠ ʙʦʢʦʚʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʬʦʨʤʠʨʫʝʤʦʛʦ ʙʣʦʢʘ (ʨʠʩ. 1ʩ) 

ʚʝʨʪʠʢʘʣʴʥʦ ʟʘʚʦʜʷʪ ʢʨʝʧʝʞʥʫʶ ʣʝʥʪʫ 4 ʚ ʥʠʞʥʝʝ ʢʨʝʧʝʞʥʦʝ ʦʪʚʝʨʩʪʠʝ 6 ʢʘʞʜʦʛʦ 

ʚʝʨʭʥʝʛʦ ʦʜʠʥʘʨʥʦʛʦ ʠ ʩʜʚʦʝʥʥʦʛʦ ʙʘʰʤʘʢʦʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 2 ʠ 18, ʠ ʚ ʚʝʨʭʥʝʝ ʢʨʝ-

ʧʝʞʥʦʝ ʦʪʚʝʨʩʪʠʝ 7 ʢʘʞʜʦʛʦ ʩʦʩʝʜʥʝʛʦ ʩ ʥʠʤ ʥʠʞʥʝʛʦ ʙʘʰʤʘʢʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʜʠ-

ʥʘʨʥʦʛʦ 2 ʠ ʩʜʚʦʝʥʥʦʛʦ 18. ɿʘʚʝʜʝʥʥʳʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʚʩʝ ʢʨʝʧʝʞʥʳʝ ʣʝʥʪ r4 ʦʙʪʷʛʠ-

ʚʘʶʪ ʚʪʫʛʫʶ ʠ ʩʢʨʝʧʣʷʶʪ ʟʘʞʠʤʦʤ. ʅʘ ʵʪʦʤ ʵʪʘʧ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʣʦʢ-ʧʘʢʝʪʘ ʠʟ ʜʚʫʭ 

ʦʪʜʝʣʴʥʳʭ ʧʘʢʝʪʦʚ ʟʘʚʝʨʰʘʝʪʩʷ.  

ʉʬʦʨʤʠʨʦʚʘʥʥʳʝ ʩʜʚʦʝʥʥʳʝ ʙʣʦʢ-ʧʘʢʝʪʳ 1ʧ-4ʧ ʠ 2ʧ-3ʧ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʜʨʫʛ ʥʘ 

ʜʨʫʛʘ (ʨʠʩ. 1ʩ). ɿʘʚʦʜʷʪ ʩʨʘʚʥʠʪʝʣʴʥʦ ʢʦʨʦʪʢʫʶ ʢʨʝʧʝʞʥʫʶ ʣʝʥʪʫ 4 ʠ ʩʦʝʜʠʥʷʶʪ ʤʝ-

ʞʜʫ ʩʦʙʦʡ ʧʨʦʪʠʚʦʣʝʞʘʱʠʝ ʥʠʞʥʠʝ 6 ʠ ʚʝʨʭʥʠʝ 7 ʢʨʝʧʝʞʥʳʝ ʦʪʚʝʨʩʪʠʷ ʧʘʨ ʩʦʩʝʜʥʠʭ 

ʙʘʰʤʘʢʦʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 2 ʠ 18, ʥʠʞʥʝʛʦ ʠ ʚʝʨʭʥʝʛʦ ʨʷʜʘ. ɺʩʝ ʢʨʝʧʝʞʥʳʝ ʣʝʥʪ r4 

ʦʙʪʷʛʠʚʘʶʪ ʚʪʫʛʫʶ ʠ ʩʢʨʝʧʣʷʶʪ ʟʘʞʠʤʦʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʥʳʭ ʚ ʫʢʘʟʘʥʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʧʝʨʘʮʠʡ ʧʦʣʫʯʘʝʤ ʙʣʦʢ-ʧʘʢʝʪ ʠʟ ʯʝʪʳʨʝʭ ʦʪʜʝʣʴʥʳʭ ʞʝʩʪʢʦ 

ʩʢʨʝʧʣʝʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʧʘʢʝʪʦʚ.  

ʇʨʠ ʧʦʛʨʫʟʢʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘʩʪʨʦʧʢʘ ʠ ʧʦʜʲʝʤ ʥʘ ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦ (ʩʫʜ-

ʥʦ, ʘʚʪʦʤʦʙʠʣʴ ʠʣʠ ʚʘʛʦʥ) ʫʢʨʫʧʥʝʥʥʳʭ ʛʨʫʟʦʚʳʭ ʝʜʠʥʠʮ (ʯʝʪʳʨʝʭ ʧʘʢʝʪʦʚ ʦʜʥʦʚʨʝ-

ʤʝʥʥʦ), ʠʟ ʢʦʪʦʨʳʭ ʟʘʪʝʤ ʬʦʨʤʠʨʫʶʪ ʰʪʘʙʝʣʴ, ʥʘʧʨʠʤʝʨ, ʥʘ ʣʶʢʦʚʳʭ ʢʨʳʰʢʘʭ ʠ ʧʘʣʫʙʝ 

ʩʫʜʥʘ [25]. 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʩʧʦʩʦʙ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʢʨʫʧʥʝʥʥʳʭ ʛʨʫʟʦʚʳʭ ʝʜʠʥʠʮ ʙʣʘʛʦʜʘʨʷ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʦʙʪʷʛʠʚʘʶʱʠʭ ʩʨʝʜʩʪʚ, ʘ ʪʘʢʞʝ ʦʜʠʥʘʨʥʳʭ ʠ ʩʜʚʦʝʥʥʳʭ ʬʠʢʩʠʨʫʶʱʠʭ 

ʙʘʰʤʘʢʦʚ ʧʦʚʳʰʘʝʪ ʙʝʟʦʧʘʩʥʦʩʪʴ ʪʨʫʜʘ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʛʨʫʟʦʚʳʭ ʦʧʝʨʘʮʠʡ ʚ ʧʦʨʪʫ 

(ʟʘ ʩʯʝʪ ʠʩʢʣʶʯʝʥʠʷ ʩʤʝʱʝʥʠʷ ʠ ʚʳʧʘʜʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʧʘʢʝʪʦʚ ʠʟ ʙʣʦʢʘ).  

ɹʣʦʢ-ʧʘʢʝʪʥʳʡ ʩʧʦʩʦʙ ʧʦʛʨʫʟʢʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʩʣʝʜʫʶʱʠʝ ʣʦʛʠʩʪʠʯʝʩʢʠʝ ʧʨʝ-

ʠʤʫʱʝʩʪʚʘ ʚ ʮʝʧʠ ʧʦʩʪʘʚʢʠ ʪʦʚʘʨʦʚ: ʧʦʚʳʰʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ-

ʯʘʣʦʚ ʠ ʢʨʘʥʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ; ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʫʜʘ ʢʘʢ ʚ ʧʦʨ-

ʪʫ, ʪʘʢ ʠ ʚ ʩʪʳʢʦʚʦʯʥʳʭ ʫʟʣʘʭ ʧʨʠ ʩʤʝʥʝ ʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʥʘ ʜʨʫʛʦʝ ʚ 



ʅ.ʄ. ɸʥʦʩʦʚ, ʊ.ɽ. ʄʘʣʠʢʦʚʘ, ɸ.ʖ. ʉʪʨʝʣʢʦʚ 
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ʫʩʣʦʚʠʷʭ ʩʤʝʰʘʥʥʦʡ ʧʝʨʝʚʦʟʢʠ; ʩʦʢʨʘʱʘʝʪʩʷ ʚʨʝʤʷ ʧʨʦʩʪʦʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʚ 

ʧʦʨʪʫ ʧʦʜ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʦʧʝʨʘʮʠʷʤʠ ʠ ʚ ʦʞʠʜʘʥʠʠ ʧʦʜʘʯʠ ʥʘ ʧʨʠʯʘʣ. ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʝʨʝʚʦʟʢʠ ʣʝʩʥʳʭ ʛʨʫʟʦʚ ʷʚʣʷʝʪʩʷ ʙʦʣʴ-

ʰʘʷ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʫʪʠ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʩʤʝʥʳ ʥʝʩʢʦʣʴʢʠʭ ʚʠʜʦʚ 

ʪʨʘʥʩʧʦʨʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʙʣʦʢ-ʧʘʢʝʪʥʦʛʦ ʩʧʦʩʦʙʘ 

ʧʝʨʝʚʘʣʢʠ ʣʝʩʥʦʛʦ ʛʨʫʟʘ ʩʪʘʥʦʚʷʪʩʷ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʳʤʠ. 
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BUNCH-OF-PACKAGES METHOD  

FOR LOADING SAWN TIM BER ON DECK 

N.M. ɸnosov, T.E. Malikova, A.Yu. Strelkov, 

Key words: technology, packaged goods, shifting control, operational safety, sea transporta-

tion 

 

A new solution to the problem of providing for a reliable and safe securing the goods inside 

a package when shipped by sea has been proposed, and also a problem of package shifting 

against each other during slinging and lifting on deck operations has been solved. Same 

drawbacks when carrying out such operations have been found out. The proposed securing 

design would allow for forming larger unit loads made of four packages thus solving the 

problem of package shifting against each other when carrying out slinging and lifting goods 

on deck operations, reducing the time consumed by cargo operations in port.  
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ɺ.ɸ. ʃʦʙʘʥʦʚ, ʧʨʦʬʝʩʩʦʨ, ʜʦʮʝʥʪ, ʜ.ʪ.ʥ., ʌɻɹʆʋ ɺʆ çɺɻʋɺʊè 

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

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʉʋɼʆɺʓʍ ɼɺʀɾʀʊɽʃɽʁ  

ɺ CAD ʀ CAE ʉʀʉʊɽʄɸʍ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʚʠʞʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ, ʛʨʝʙʥʦʡ ʚʠʥʪ, CAD-ʩʠʩʪʝʤʘ, CAE-ʩʠʩʪʝ-

ʤʘ, ʢʦʥʝʯʥʦʵʣʝʤʝʥʪʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 

 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʣʦʞʝʥ ʧʦʜʭʦʜ ʧʦ ʫʩʢʦʨʝʥʥʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʛʝʦʤʝʪʨʠʠ ʣʦʧʘʩʪʝʡ 

ʛʨʝʙʥʳʭ ʚʠʥʪʦʚ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ MATHCAD-ʩʨʝʜʳ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʬʦʨʤʠ-

ʨʦʚʘʥʠʷ ʚʠʥʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʢʦʥʪʫʨʘ ʣʦʧʘʩʪʠ ʣʶʙʦʡ ʩʣʦʞʥʦʩʪʠ. ʆʪʨʘʙʦʪʘʥʘ 

ʧʨʦʮʝʜʫʨʘ ʵʢʩʧʦʨʪʘ ʜʘʥʥʳʭ ʚ CAE-ʩʠʩʪʝʤʫ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʦʩʪʨʦʝʥʠʷ ʪʨʸʭʤʝʨ-

ʥʦʡ ʤʦʜʝʣʠ ʚʠʥʪʘ ʠ ʨʝʘʣʠʟʘʮʠʠ ʯʠʩʣʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ɺʚʝʜʝʥʠʝ 

ɺ ʢʨʫʛ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʠʥʪʝʨʝʩʦʚ ʘʚʪʦʨʘ ʚʭʦʜʷʪ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʦ-

ʛʥʦʟʦʤ ʣʝʜʦʚʳʭ ʢʘʯʝʩʪʚ ʩʫʜʦʚ ʚʥʫʪʨʝʥʥʝʛʦ ʠ ʩʤʝʰʘʥʥʦʛʦ ʨʝʢʘ-ʤʦʨʝ ʧʣʘʚʘʥʠʷ. ʇʨʠ 

ʵʪʦʤ ʦʮʝʥʢʠ ʧʨʦʧʫʣʴʩʠʚʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʜʚʠʞʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʫʜʥʘ ʚ ʣʝʜʦʚʳʭ 

ʫʩʣʦʚʠʷʭ ʦʩʪʘʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ ʢʘʢ ʚ ʟʘʜʘʯʘʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʭʘ-

ʨʘʢʪʝʨʘ, ʪʘʢ ʠ ʧʨʠ ʦʙʝʩʧʝʯʝʥʠʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʫʜʦʭʦʜʩʪʚʘ. 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʨʘʟʨʘʙʦʪʘʥ ʠ ʘʧʨʦʙʠʨʦʚʘʥ ʨʷʜ ʤʝʪʦʜʠʢ ʨʘʩʯʸʪʘ ʛʠʜʨʦʜʠ-

ʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʫʜʦʚʳʭ ʜʚʠʞʠʪʝʣʝʡ ʚ ʯʠʩʪʦʡ ʚʦʜʝ [1ï3]. ʇʦʚʝʨʝʥʥʳʝ ʥʘ-

ʢʦʧʣʝʥʥʳʤ ʵʤʧʠʨʠʯʝʩʢʠʤ ʤʘʪʝʨʠʘʣʦʤ, ʦʥʠ ʜʘʶʪ ʥʘʜʸʞʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʜʠʘʧʘʟʦʥʝ 

ʠʟʤʝʥʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʚʠʞʠʪʝʣʝʡ ʠ ʫʩʣʦʚʠʡ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʆʜʥʘ-

ʢʦ ʧʦʧʳʪʢʠ ʵʢʩʪʨʘʧʦʣʷʮʠʠ ʵʪʠʭ ʤʝʪʦʜʠʢ ʥʘ ʢʦʤʧʣʝʢʩʳ ʠʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦ-

ʙʝʥʥʦʩʪʝʡ (ʜʨʫʛʘʷ ʬʦʨʤʘ ʣʦʧʘʩʪʝʡ, ʠʭ ʢʦʣʠʯʝʩʪʚʦ, ʚʠʜ ʚʠʥʪʦʚʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ) ʠʣʠ 

ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʯʝʡ ʩʨʝʜʳ (ʥʘʣʠʯʠʝ ʜʠʩʧʝʨʩʥʳʭ, ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʳʭ ʪʝʣ ʚ ʚʦʜʝ) ʜʘ-

ʶʪ ʥʝʢʦʨʨʝʢʪʥʳʝ ʦʮʝʥʢʠ, ʚʧʣʦʪʴ ʜʦ ʠʭ ʥʝʧʨʠʝʤʣʝʤʦʩʪʠ. 

ʇʦʩʣʝʜʥʝʝ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʦʪʥʦʩʠʪʩʷ ʢ ʣʝʜʦʚʳʤ ʫʩʣʦʚʠʷʤ. ɺʦʜʦʣʝʜʷʥʘʷ ʩʨʝʜʘ ʥʘ-

ʢʣʘʜʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʠ ʪʨʫʜʥʦʧʨʝʜʩʢʘʟʫʝʤʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʢʠʥʝʤʘʪʠʢʫ ʠ ʜʠʥʘ-

ʤʠʢʫ ʛʨʝʙʥʳʭ ʚʠʥʪʦʚ. ʉʝʡʯʘʩ ʤʦʞʥʦ ʜʦʩʪʦʚʝʨʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʧʨʦ-

ʛʥʦʟ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʫʜʦʚʳʭ ʜʚʠʞʠʪʝʣʝʡ ʚ ʣʝʜʦʚʳʭ ʫʩʣʦʚʠʷʭ ʩʦ-

ʭʨʘʥʷʝʪʩʷ ʥʘ ʢʨʘʡʥʝ ʥʠʟʢʦʤ ʫʨʦʚʥʝ ʦʧʨʘʚʜʳʚʘʝʤʦʩʪʠ (ʦʩʦʙʝʥʥʦ ʚ ʢʨʘʪʢʦʩʨʦʯʥʳʭ ʟʘ-

ʜʘʯʘʭ ʙʝʟʦʧʘʩʥʦʩʪʠ) [4]. ʆʪʩʫʪʩʪʚʠʝ ʘʜʝʢʚʘʪʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʝʪʦʜʠʢ ʧʨʠ ʥʝʚʦʟ-

ʤʦʞʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʥʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʩʫʜʦʚ ʚʳʥʫʞʜʘʝʪ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʨʠʙʝ-

ʛʘʪʴ ʢ ʤʦʜʝʣʴʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʘʤ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ. 

ʈʝʘʣʴʥʦʤʫ ʣʝʜʦʚʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ (ʚ ʣʝʜʦʚʳʭ ʦʧʳʪʦʚʳʭ ʙʘʩʩʝʡʥʘʭ) ʩʚʦʡʩʪʚʝʥ-

ʥʳ ʥʝʜʦʩʪʘʪʢʠ, ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʥʝʩʦʚʝʨʰʝʥʩʪʚʦ ʤʦʜʝʣʴʥʦʛʦ 

ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ, ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʩʦʙʣʶʜʝʥʠʷ ʧʦʣʥʦʛʦ ʧʦʜʦʙʠʷ ʤʦʜʝʣʠ ʠ ʥʘʪʫʨʳ, 

ʨʘʟʣʠʯʥʳʝ ʜʦʧʫʱʝʥʠʷ ʠ ʦʛʨʘʥʠʯʝʥʠʷ ʤʝʪʦʜʠʢ ʧʝʨʝʩʯʸʪʘ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʤʦʜʝʣʠ ʥʘ ʥʘ-

ʪʫʨʫ, ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʜʝʣʝʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʣʝʜʦʚʳʭ ʥʘʛʨʫʟʦʢ. ʇʨʠʤʝʥʠ-

ʪʝʣʴʥʦ ʢ ʵʢʩʧʝʨʠʤʝʥʪʘʤ ʩ ʜʚʠʞʠʪʝʣʷʤʠ ʵʪʦ ʫʩʫʛʫʙʣʷʝʪʩʷ ʧʦʚʳʰʝʥʥʦʡ ʩʣʦʞʥʦʩʪʴʶ ʠʭ 

ʠʟʛʦʪʦʚʣʝʥʠʷ, ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʨʝʘʣʠʟʘʮʠʠ ʦʧʳʪʦʚ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʚʦʟʤʦʞʥʳʡ ʜʠʘ-

ʧʘʟʦʥ ʚʘʨʴʠʨʦʚʘʥʠʷ ʬʘʢʪʦʨʦʚ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʟʥʘʥʥʦʡ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʨʝʘʣʴʥʳʤ ʣʝʜʦʚʳʤ ʵʢʩʧʝʨʠʤʝʥʪʘʤ 

ʚʳʩʪʫʧʘʝʪ ʚʠʨʪʫʘʣʴʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʨʝʘʣʠʟʫʝʤʦʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ 

CAE-ʩʠʩʪʝʤ [5ï8]. ʆʥʦ ʣʠʰʝʥʦ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʨʝʘʣʴ-

ʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʘ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʧʦʣʫʯʝʥʠʷ 

ʜʦʩʪʦʚʝʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʠʩʩʣʝʜʫʝʤʦʤ ʣʝʜʦʚʦʤ ʧʨʦʮʝʩʩʝ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 54, 2018 ʛ. 

ʈʘʟʜʝʣ V. ʕʢʩʧʣʫʘʪʘʮʠʷ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʩʫʜʦʚʦʞʜʝʥʠʝ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʫʜʦʭʦʜʩʪʚʘ 
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ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʛʨʘʥʠʯʝʥʠʝʤ CAE-ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʝʛʦ ʙʦʣʴ-

ʰʘʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʨʝʩʫʨʩʦʟʘʪʨʘʪʥʦʩʪʴ, ʯʪʦ ʪʨʝʙʫʝʪ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʠ ʨʝ-

ʩʫʨʩʦʸʤʢʠʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʥʝʜʦʩʪʘʪʢʘ ʧʦʜʘʚʣʷʶʱʝʛʦ ʙʦʣʴʰʠʥʩʪʚʘ ʧʦʜʦʙʥʳʭ 

ʩʠʩʪʝʤ ʩʣʝʜʫʝʪ ʫʢʘʟʘʪʴ ʥʘ ʥʠʟʢʫʶ ʩʪʝʧʝʥʴ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦ-ʛʝʦʤʝʪʨʠ-

ʯʝʩʢʦʛʦ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʪʨʸʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʲʝʢ-

ʪʦʚ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʘʚʪʦʨʩʢʠʝ ʧʦʪʨʝʙʥʦʩʪʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʪʨʝʙʫʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʚʥʝʰʥʠʭ ʧʨʦʛʨʘʤʤʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʢʦʨʷʶʱʠʭ ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʛʝʦ-

ʤʝʪʨʠʠ ʤʦʜʝʣʝʡ ʜʣʷ CAE-ʩʠʩʪʝʤ. ʅʠʞʝ ʵʪʦ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʦ ʥʘ ʧʨʠʤʝʨʝ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʷ ʩʠʩʪʝʤʳ MATHCAD ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʢʦʥʪʫʨʘ ʣʦʧʘʩʪʠ ʛʨʝʙʥʦʛʦ ʚʠʥʪʘ [9, 10]. 

ɺʳʙʦʨ ʜʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʙʝʟʫʩʣʦʚʥʦ, ʩʫʙʲʝʢʪʠʚʝʥ ʠ ʦʙʫʩʣʦʚʣʝʥ ʪʦʣʴ-

ʢʦ çʭʦʨʦʰʝʡ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʡ ʧʨʘʢʪʠʢʦʡè ʨʝʰʝʥʠʷ ʘʚʪʦʨʩʢʠʭ ʟʘʜʘʯ. 

ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʦʛʦʚʦʨʠʪʴʩʷ, ʯʪʦ ʧʦʜʭʦʜ ʧʨʝʜʣʦʞʝʥʥʳʡ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʚ 

ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʦʪʥʦʩʠʪʩʷ ʢ ʩʣʫʯʘʷʤ ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ ʦ ʨʘʩʯʸʪʥʦ-

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʚʠʥʪʘ, ʯʪʦ ʜʦʧʫʩʢʘʝʪ ʥʝʢʦʪʦʨʫʶ çʧʨʦʠʟʚʦʣʴʥʦʩʪʴè ʚ 

ʦʧʠʩʘʥʠʠ ʝʛʦ ʛʝʦʤʝʪʨʠʠ. ʇʨʠ ʥʘʣʠʯʠʠ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʯʝʨʪʝʞʘ ʜʚʠʞʠʪʝʣʷ ʝʛʦ çʪʦʯ-

ʥʫʶè ʤʦʜʝʣʴ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʬʦʨʤʠʨʦʚʘʪʴ ʚ CAD-ʩʠʩʪʝʤʘʭ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ 

ʫʨʦʚʥʷ. 

ʄʝʪʦʜʠʢʘ ʨʘʩʯʸʪʘ ʚ ʩʠʩʪʝʤʝ MATHCAD  

ʆʩʥʦʚʫ ʣʦʧʘʩʪʠ ʛʨʝʙʥʦʛʦ ʚʠʥʪʘ ʩʦʩʪʘʚʣʷʝʪ ʚʠʥʪʦʚʘʷ ʧʦʚʝʨʭʥʦʩʪʴ. ʇʦʩʣʝʜʥʷʷ ʦʙ-

ʨʘʟʦʚʘʥʘ ʧʦʩʪʫʧʘʪʝʣʴʥʦ-ʚʨʘʱʘʪʝʣʴʥʳʤ ʜʚʠʞʝʥʠʝʤ ʧʣʦʩʢʦʡ ʢʨʠʚʦʡ (ʦʙʨʘʟʫʶʱʝʡ ʚʠʥ-

ʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ) ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʢʦʪʦʨʦʡ ʦʩʠ (ʥʘʧʨʘʚʣʷʶʱʝʡ). ɼʚʠʞʝʥʠʝ ʤʦʞʝʪ 

ʙʳʪʴ ʥʝʨʘʚʥʦʤʝʨʥʳʤ, ʜʦʧʫʩʪʠʤʳ ʜʝʬʦʨʤʘʮʠʠ ʦʙʨʘʟʫʶʱʝʡ. ʊʨʘʜʠʮʠʦʥʥʦ ʫʨʘʚʥʝʥʠʝ 

ʚʠʥʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠʥʷʪʦ ʟʘʧʠʩʳʚʘʪʴ ʚ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʤ ʚʠʜʝ: 

 (1) 

ʛʜʝ ï ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʢʦʦʨʜʠʥʘʪ X, Y, Z ʩʦʦʪʚʝʪʩʪ-

ʚʝʥʥʦ (ʨʠʩ. 1); 

r ï ʧʨʦʝʢʮʠʷ ʥʘ ʧʣʦʩʢʦʩʪʴ XOY ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʪʝʢʫʱʝʡ ʪʦʯʢʠ ʧʦʚʝʨʭʥʦʩʪʠ (ʪʝʢʫʱʝʡ 

ʪʦʯʢʠ ʦʙʨʘʟʫʶʱʝʡ) ʜʦ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ (ʨʠʩ. 1); 

q  ï ʫʛʦʣ ʤʝʞʜʫ ʦʩʴʶ  X ʠ ʧʨʦʝʢʮʠʝʡ ʥʘ ʧʣʦʩʢʦʩʪʴ XOY ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʪʝʢʫʱʝʡ ʪʦʯʢʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʜʦ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ (ʪʝʢʫʱʠʡ ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʦʙʨʘʟʫʶʱʝʡ, ʨʠʩ. 1). 

 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʯʘʩʪʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʬʫʥʢʮʠʠ ʵʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝ ʷʚʣʷʶʪʩʷ 

ʧʦʩʪʦʷʥʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ, ʯʪʦ ʩʠʣʴʥʦ ʠʩʢʘʞʘʝʪ ʧʦʚʝʨʭʥʦʩʪʴ ʫʞʝ ʥʘ ʧʝʨʚʦʤ ʚʠʪʢʝ. 

ʇʦʵʪʦʤʫ ʣʦʧʘʩʪʴ ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ çʥʫʣʝʚʦʛʦè ʧʦʣʦʞʝʥʠʷ ʦʙʨʘʟʫʶʱʝʡ (ʧʦ 

ʫʛʣʫ). 

ʆʩʥʦʚʥʳʤʠ ʨʘʩʯʸʪʥʦ-ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚʠʥʪʘ ʷʚʣʷʶʪʩʷ ʝʛʦ ʨʘʜʠʫʩ, 

ʰʘʛ, ʜʠʩʢʦʚʦʝ ʦʪʥʦʰʝʥʠʝ, ʢʦʣʠʯʝʩʪʚʦ ʠ ʬʦʨʤʘ ʣʦʧʘʩʪʝʡ, ʫʛʦʣ ʥʘʢʣʦʥʘ çʥʫʣʝʚʦʛʦè 

ʧʦʣʦʞʝʥʠʷ ʦʙʨʘʟʫʶʱʝʡ ʢ ʧʣʦʩʢʦʩʪʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʦʩʠ ʚʨʘʱʝʥʠʷ ʚʠʥʪʘ (ʫʛʦʣ 

ʥʘʢʣʦʥʘ ʦʙʨʘʟʫʶʱʝʡ, ʝʩʣʠ ʦʥʘ ʚʳʨʦʞʜʝʥʘ ʚ ʦʪʨʝʟʦʢ ʧʨʷʤʦʡ), ʨʘʜʠʫʩ ʩʪʫʧʠʮʳ. ʐʘʛ 

ʚʠʥʪʘ ʠ ʫʛʦʣ ʥʘʢʣʦʥʘ ʦʙʨʘʟʫʶʱʝʡ (ʠʣʠ ʝʸ ʬʦʨʤʘ) ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʫʨʘʚʥʝʥʠʝʤ ʚʠʥʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (1). ʐʘʛ ʤʦʞʝʪ ʙʳʪʴ ʧʦʩʪʦʷʥʥʳʤ, ʨʘʜʠʘʣʴʥʦ ʧʝ-

ʨʝʤʝʥʥʳʤ, ʘʢʩʠʘʣʴʥʦ ʧʝʨʝʤʝʥʥʳʤ ʠ ʨʘʜʠʘʣʴʥʦ-ʘʢʩʠʘʣʴʥʦ ʧʝʨʝʤʝʥʥʳʤ. ɺ ʧʦʜʘʚʣʷʶ-

ʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʩʫʜʦʚʳʭ ʜʚʠʞʠʪʝʣʝʡ ʠʩʧʦʣʴʟʫʶʪ ʜʚʘ ʧʝʨʚʳʭ ʚʠʜʘ ʚʠʥʪʦʚʳʭ ʧʦ-

ʚʝʨʭʥʦʩʪʝʡ. ɺʩʸ ʤʥʦʛʦʦʙʨʘʟʠʝ ʬʦʨʤ ʣʦʧʘʩʪʝʡ ʛʨʝʙʥʳʭ ʚʠʥʪʦʚ ʤʦʞʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦ-

ʚʘʪʴ ʧʦ ʜʚʫʤ ʧʨʠʟʥʘʢʘʤ: ʩʠʤʤʝʪʨʠʯʥʳʝ ʠ ʥʝʩʠʤʤʝʪʨʠʯʥʳʝ. ɺ ʢʣʘʩʩʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫ-

ʨʝ ʧʦʩʣʝʜʥʠʝ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ çʩʘʙʣʝʚʠʜʥʳʤʠè, ʦʜʥʘʢʦ ʵʪʦʪ ʪʝʨʤʠʥ ʚ ʙʦʣʴʰʝʡ ʩʪʝ-

ʧʝʥʠ ʧʨʠʤʝʥʠʤ ʢ ʣʦʧʘʩʪʷʤ ʩ ʚʳʧʫʢʣʦʡ ʚʭʦʜʷʱʝʡ ʠ ʚʦʛʥʫʪʦʡ ʚʳʭʦʜʷʱʝʡ ʢʨʦʤʢʦʡ. 
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ʈʠʩ. 1. ɺʠʥʪʦʚʘʷ ʧʦʚʝʨʭʥʦʩʪʴ, ʨʝʘʣʠʟʦʚʘʥʥʘʷ ʚ ʩʨʝʜʝ MATHCAD 

ɸʚʪʦʨʩʢʠʡ ʦʧʳʪ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʠʥʪʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʝ ʚ ʥʘʩʪʦʷ-

ʱʝʝ ʚʨʝʤʷ ʬʦʨʤʳ ʢʦʥʪʫʨʦʚ ʣʦʧʘʩʪʝʡ ʜʦʧʫʩʪʠʤʦ ʦʧʠʩʳʚʘʪʴ ʣʠʥʠʝʡ ʧʝʨʝʩʝʯʝʥʠʷ ʚʠʥ-

ʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʈʠʩ. 2, ʧʦʚʝʨʭʥʦʩʪʴ 1) ʩ ʜʚʫʤʷ ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʮʠʣʠʥʜʨʠʯʝʩʢʠʤʠ 

ʧʦʚʝʨʭʥʦʩʪʷʤʠ (ʠʭ ʦʙʨʘʟʫʶʱʠʝ ʧʘʨʘʣʣʝʣʴʥʳ ʦʩʠ ʚʨʘʱʝʥʠʷ ʚʠʥʪʘ, ʦʩʠ Z, ʨʠʩ. 2). 

 

 

ʈʠʩ. 2. ʌʦʨʤʠʨʦʚʘʥʠʝ ʢʦʥʪʫʨʘ ʣʦʧʘʩʪʠ ʚ ʩʨʝʜʝ MATHCAD 

ʇʨʠ ʵʪʦʤ ʧʝʨʚʳʡ ʮʠʣʠʥʜʨ ʩ ʥʘʧʨʘʚʣʷʶʱʝʡ ʚ ʚʠʜʝ ʦʢʨʫʞʥʦʩʪʠ ʠʤʠʪʠʨʫʝʪ ʩʪʫʧʠ-

ʮʫ (ʨʠʩ. 2, ʧʦʚʝʨʭʥʦʩʪʴ 4) ʩ ʚʠʥʪʦʚʦʡ ʣʠʥʠʝʡ ʧʝʨʝʩʝʯʝʥʠʷ 3 (ʨʠʩ. 2). 

ʅʘʧʨʘʚʣʷʶʱʘʷ ʚʪʦʨʦʛʦ ʮʠʣʠʥʜʨʘ (ʨʠʩ. 2, ʧʦʚʝʨʭʥʦʩʪʴ 2) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦ-

ʩʪʳʢʦʚʘʥʥʳʝ ʚʝʪʚʠ ʜʚʫʭ ʵʣʣʠʧʩʦʚ. ʎʝʥʪʨʳ ʵʪʠʭ ʵʣʣʠʧʩʦʚ ʩʦʚʧʘʜʘʶʪ ʠ ʩʤʝʱʝʥʳ ʧʦ 

ʦʩʠ X ʥʘ ʚʝʣʠʯʠʥʫ ʥʝ ʙʦʣʝʝ ʨʘʜʠʫʩʘ ʚʠʥʪʘ. ʉʫʤʤʘ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʧʦʣʫʦʩʝʡ ʵʣʣʠʧʩʦʚ 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 54, 2018 ʛ. 
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(ʚʜʦʣʴ ʦʩʠ X) ʨʘʚʥʘ ʨʘʜʠʫʩʫ ʚʠʥʪʘ. ɺʝʨʪʠʢʘʣʴʥʘʷ ʧʦʣʫʦʩʴ ʵʣʣʠʧʩʦʚ (ʚʜʦʣʴ ʦʩʠ Y) ï 

ʦʙʱʘʷ. ɺʘʨʴʠʨʫʷ ʩʦʦʪʥʦʰʝʥʠʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʧʦʣʫʦʩʝʡ ʠ ʚʝʣʠʯʠʥʫ ʚʝʨʪʠʢʘʣʴʥʦʡ 

ʧʦʣʫʦʩʠ ʵʣʣʠʧʩʦʚ ʤʦʞʥʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʫʶ ʬʦʨʤʫ ʣʦʧʘʩʪʠ, ʪʘʢ ʢʘʢ 

ʣʠʥʠʷ ʧʝʨʝʩʝʯʝʥʠʷ 5 (ʨʠʩ. 2) ʵʪʦʛʦ ʮʠʣʠʥʜʨʘ ʩ ʚʠʥʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʙʫʜʝʪ ʧʨʝʜ-

ʩʪʘʚʣʷʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʩʢʦʤʳʡ ʢʦʥʪʫʨ. 

ʇʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʚʠʥʪʦʚʦʡ ʣʠʥʠʠ ʥʘ ʩʪʫʧʠʮʝ ʟʘʧʠʰʝʪʩʷ: 

 (2) 

ʛʜʝ  ï ʧʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ ʢʦʦʨʜʠʥʘʪʳ  ʚʠʥʪʦʚʦʡ ʣʠʥʠʠ: 

, (3) 

ʛʜʝ  ï ʨʘʜʠʫʩ ʩʪʫʧʠʮʳ; 

 ï ʧʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ ʢʦʦʨʜʠʥʘʪʳ  ʚʠʥʪʦʚʦʡ ʣʠʥʠʠ: 

, (4) 

 ï ʧʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ ʢʦʦʨʜʠʥʘʪʳ  ʚʠʥʪʦʚʦʡ ʣʠʥʠʠ. 

 

ʂʦʦʨʜʠʥʘʪʘ  ʚʠʥʪʦʚʦʡ ʣʠʥʠʠ ʟʘʜʘʸʪʩʷ ʧʦʩʣʝʜʥʠʤ ʫʨʘʚʥʝʥʠʝʤ ʚʠʥʪʦʚʦʡ ʧʦʚʝʨʭ-

ʥʦʩʪʠ (1) ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʟʥʘʯʝʥʠʠ ʧʘʨʘʤʝʪʨʘ . ʇʨʠ ʵʪʦʤ ʘʧʧʣʠʢʘʪʘ ʚʠʥʪʦ-

ʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʠʩʳʚʘʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʸ ʚʠʜʘ. ɼʣʷ ʨʷʜʘ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʥʘʠ-

ʙʦʣʝʝ ʚʝʨʦʷʪʥʳʭ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʣʦʧʘʩʪʝʡ ʩʫʜʦʚʳʭ ʜʚʠʞʠʪʝʣʝʡ ʥʠʞʝ ʧʨʠʚʝʜʝʥʳ 

ʫʨʘʚʥʝʥʠʷ ʘʧʧʣʠʢʘʪ ʧʨʠ çʥʫʣʝʚʦʤè ʩʦʩʪʦʷʥʠʠ ʦʙʨʘʟʫʶʱʝʡ ʚ ʚʠʜʝ ʦʪʨʝʟʢʘ ʧʨʷʤʦʡ. 

ɼʣʷ ʚʠʥʪʦʚ ʧʦʩʪʦʷʥʥʦʛʦ ʰʘʛʘ: 

 (5) 

ʛʜʝ  ï ʰʘʛ ʚʠʥʪʘ; 

 ï ʫʛʦʣ ʥʘʢʣʦʥʘ ʦʙʨʘʟʫʶʱʝʡ. 

 

ɼʣʷ ʚʠʥʪʦʚ ʨʘʜʠʘʣʴʥʦ ʧʝʨʝʤʝʥʥʦʛʦ ʰʘʛʘ: 

 (6) 

ʛʜʝ  ï ʰʘʛ ʚʠʥʪʘ, ʢʘʢ ʬʫʥʢʮʠʷ ʧʘʨʘʤʝʪʨʘ . 

 

ɼʣʷ ʚʠʥʪʦʚ ʘʢʩʠʘʣʴʥʦ ʧʝʨʝʤʝʥʥʦʛʦ ʰʘʛʘ: 

 , (7) 

ʛʜʝ  ï ʘʧʧʣʠʢʘʪʘ ʚʠʥʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʘʢ ʬʫʥʢʮʠʷ ʧʘʨʘʤʝʪʨʘ . 

 

ɼʣʷ ʚʠʥʪʦʚ ʨʘʜʠʘʣʴʥʦ-ʘʢʩʠʘʣʴʥʦ ʧʝʨʝʤʝʥʥʦʛʦ ʰʘʛʘ: 

 (8) 

ɿʘʚʠʩʠʤʦʩʪʠ  ʠ  ʦʙʳʯʥʦ ʬʦʨʤʠʨʫʶʪʩʷ ʧʦ ʵʤʧʠʨʠʯʝʩʢʠʤ ʜʘʥʥʳʤ, ʘ ʚ 

ʬʫʥʢʮʠʷʭ (6ï8) ʫʜʦʙʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʩʧʣʘʡʥ ʠʥʪʝʨʧʦʣʷʮʠʶ. ʇʨʠʤʝʨ ʪʘʢʦʡ ʘʧʧʨʦʢ-

ʩʠʤʘʮʠʠ ʩʨʝʜʩʪʚʘʤʠ MATHCAD ʧʨʠʚʝʜʸʥ ʥʘ ʨʠʩ. 3. 
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ʈʠʩ. 3. ʌʦʨʤʠʨʦʚʘʥʠʝ ʢʨʠʚʦʡ ʨʘʜʠʘʣʴʥʦ ʧʝʨʝʤʝʥʥʦʛʦ ʰʘʛʘ ʚ ʩʨʝʜʝ MATHCAD 

ʇʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʢʦʥʪʫʨʘ ʣʦʧʘʩʪʠ ʟʘʧʠʰʝʪʩʷ: 

 (9) 

ʛʜʝ  ï ʧʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ ʢʦʦʨʜʠʥʘʪʳ  ʢʦʥʪʫʨʘ ʣʦʧʘʩʪʠ: 

, (10) 

ʛʜʝ  ï ʫʨʘʚʥʝʥʠʝ ʥʘʧʨʘʚʣʷʶʱʝʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 2 (ʈʠʩ. 2) ʚ ʧʦʣʷʨ-

ʥʦʤ ʚʠʜʝ. 

 

ɿʘʚʠʩʠʤʦʩʪʴ  ʬʦʨʤʠʨʫʝʪʩʷ ʩʨʝʜʩʪʚʘʤʠ MATHCAD ʠʟ ʚʝʪʚʝʡ ʜʚʫʭ ʵʣʣʠʧʩʦʚ 

(ʈʠʩ. 4): 

 (11) 

 (12) 

ʛʜʝ  ï ʚʝʨʪʠʢʘʣʴʥʘʷ (ʦʙʱʘʷ) ʧʦʣʫʦʩʴ ʵʣʣʠʧʩʦʚ; 

 ï ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʧʦʣʫʦʩʠ ʵʣʣʠʧʩʦʚ ʧʨʠ ʫʩʣʦʚʠʠ: 

, (13) 

ʛʜʝ  ï ʨʘʜʠʫʩ ʚʠʥʪʘ. 

 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 54, 2018 ʛ. 
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ʈʠʩ. 4. ʌʦʨʤʠʨʦʚʘʥʠʝ ʥʘʧʨʘʚʣʷʶʱʝʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ  

ʧʦʚʝʨʭʥʦʩʪʠ 2 ʚ ʩʨʝʜʝ MATHCAD 

 ï ʧʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ ʢʦʦʨʜʠʥʘʪʳ  ʢʦʥʪʫʨʘ ʣʦʧʘʩʪʠ: 

 (14) 

 ï ʧʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ ʢʦʦʨʜʠʥʘʪʳ  ʢʦʥʪʫʨʘ ʣʦʧʘʩʪʠ. 

 

ʂʦʥʪʨʦʣʴ ʜʠʩʢʦʚʦʛʦ ʦʪʥʦʰʝʥʠʷ ʚʠʥʪʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 (15) 

ʛʜʝ  ï ʢʦʣʠʯʝʩʪʚʦ ʣʦʧʘʩʪʝʡ; 

Ap ï ʧʣʦʱʘʜʴ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʣʦʧʘʩʪʠ (ʚʳʰʝ çʥʫʣʝʚʦʛʦè ʧʦʣʦʞʝʥʠʷ ʦʙʨʘʟʫʶʱʝʡ) [11]: 

 (16) 

ʛʜʝ  ï ʚʝʨʭʥʠʡ ʧʨʝʜʝʣ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦ ʫʛʣʫ ʧʦʚʦʨʦʪʘ ʦʙʨʘʟʫʶʱʝʡ, ʦʧʨʝʜʝʣʷʝʤʳʡ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʩʨʝʜʩʪʚʘʤʠ MATHCAD ʫʨʘʚʥʝʥʠʷ: 

 (17) 

 ï ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʬʫʥʢʮʠʠ, ʦʧʨʝʜʝʣʷʝʤʳʝ [11]: 

 (18) 

 (19) 
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(20) 

An. ï ʧʣʦʱʘʜʴ ʥʠʞʥʝʡ ʯʘʩʪʠ ʣʦʧʘʩʪʠ (ʥʠʞʝ çʥʫʣʝʚʦʛʦè ʧʦʣʦʞʝʥʠʷ ʦʙʨʘʟʫʶʱʝʡ), ʨʘʩ-

ʩʯʠʪʳʚʘʝʤʘʷ ʘʥʘʣʦʛʠʯʥʦ Ap, ʥʦ ʜʣʷ ʬʫʥʢʮʠʡ (11) ʠ (12), ʦʧʠʩʳʚʘʶʱʠʭ ʜʘʥʥʫʶ 

ʯʘʩʪʴ ʢʦʥʪʫʨʘ ʣʦʧʘʩʪʠ. 

 

ɽʩʣʠ ʣʦʧʘʩʪʴ ʩʠʤʤʝʪʨʠʯʥʘ, ʪʦ Ap = An. ɿʥʘʢ çʤʠʥʫʩè ʚ ʯʠʩʣʠʪʝʣʝ ʟʘʚʠʩʠʤʦʩʪʠ (15) 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʷʚʥʦ çʩʘʙʣʝʚʠʜʥʳʭè ʣʦʧʘʩʪʝʡ, ʫ ʢʦʪʦʨʳʭ ʚʭʦʜʷʱʘʷ ʢʨʦʤʢʘ ʚʳʧʫʢ-

ʣʘʷ, ʘ ʚʳʭʦʜʷʱʘʷ ï ʚʦʛʥʫʪʘʷ. 

ʕʢʩʧʦʨʪ ʢʦʥʪʫʨʘ ʣʦʧʘʩʪʠ ʚ CAE-ʩʠʩʪʝʤʫ 

ɸʜʝʢʚʘʪʥʦʝ ʨʝʰʝʥʠʝ ʤʥʦʞʝʩʪʚʘ ʘʚʪʦʨʩʢʠʭ ʟʘʜʘʯ ʩʚʷʟʘʥʦ ʩ ʚʠʨʪʫʘʣʴʥʳʤ ʤʦʜʝʣʠ-

ʨʦʚʘʥʠʝʤ ʚ CAE-ʩʠʩʪʝʤʝ LS-DYNA [12]. MATHCAD ʣʠʰʝʥʘ ʚʦʟʤʦʞʥʦʩʪʠ ʵʢʩʧʦʨʪʠ-

ʨʦʚʘʪʴ ʩʚʦʠ ʪʨʸʭʤʝʨʥʳʝ ʤʦʜʝʣʠ ʚ ʩʨʝʜʫ LS-DYNA ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʚʠʜʝ ʧʦʚʝʨʭʥʦ-

ʩʪʝʡ ʠʣʠ ʣʠʥʠʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʛʝʦʤʝʪʨʠʠ ʠ ʢʦʥʝʯʥʦʵʣʝʤʝʥʪʥʦʡ ʩʝʪʢʠ 

ʦʙʲʝʢʪʦʚ. ɺʦ ʚʥʝʰʥʠʝ ʧʨʠʣʦʞʝʥʠʷ MATHCAD ʤʦʞʝʪ ʧʝʨʝʜʘʚʘʪʴ ʪʦʣʴʢʦ ʜʠʩʢʨʝʪʥʳʝ 

ʬʘʡʣʳ. 

ʇʦʵʪʦʤʫ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʵʢʩʧʦʨʪʘ ʩʨʝʜʩʪʚʘʤʠ MATHCAD ʧʨʦʠʟʚʦʜʠʪʩʷ ʜʠʩʢʨʝ-

ʪʠʟʘʮʠʷ ʟʘʚʠʩʠʤʦʩʪʝʡ (2) ʠ (9) ʧʦ ʧʘʨʘʤʝʪʨʫ q. ʐʘʛ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʚʳʙʠʨʘʝʪʩʷ ʠʩʭʦʜʷ 

ʠʟ ʪʨʝʙʦʚʘʥʠʡ ʢ ʪʦʯʥʦʩʪʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʦʧʠʩʘʥʠʷ ʢʦʥʪʫʨʘ ʚ CAE-ʤʦʜʝʣʠ ʠ ʩʪʝʧʝʥʠ 

ʢʨʠʚʠʟʥʳ ʝʛʦ ʣʠʥʠʡ. ʐʘʛ ʤʦʞʝʪ ʢʦʣʝʙʘʪʴʩʷ ʚ ʧʨʝʜʝʣʘʭ 0,01ï0,1. ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʠʩʢʨʝ-

ʪʠʟʘʮʠʠ ʬʦʨʤʠʨʫʝʪʩʷ ʜʚʫʤʝʨʥʘʷ ʤʘʪʨʠʮʘ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ ʪʦʯʝʢ, ʦʧʠʩʳʚʘʶʱʠʭ ʢʦʥ-

ʪʫʨ. 

ʉʣʝʜʫʶʱʠʡ ʵʪʘʧ ʵʢʩʧʦʨʪʘ ʦʙʫʩʣʦʚʣʝʥ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʩʦʙʣʶʜʝʥʠʷ ʚ ʩʬʦʨʤʠʨʦ-

ʚʘʥʥʦʡ ʤʘʪʨʠʮʝ ʥʫʞʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʘʨʘʤʝʪʨʦʚ (ʘʨʛʫʤʝʥʪʦʚ). ɸʚʪʦʨʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʜʣʷ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʢʘʨʪʘ ç*NODEè LS-DYNA [5, 12]. ʆʥʘ ʪʨʝʙʫʝʪ ʥʘʣʠʯʠʷ ʚ ʤʘʪʨʠ-

ʮʝ ʰʝʩʪʠ ʩʪʦʣʙʮʦʚ: ʥʦʤʝʨ ʪʦʯʢʠ, ʢʦʦʨʜʠʥʘʪʘ X, ʢʦʦʨʜʠʥʘʪʘ Y, ʢʦʦʨʜʠʥʘʪʘ Z, ʧʘʨʘʤʝʪʨ 

ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʧʝʨʝʤʝʱʝʥʠʝ ʪʦʯʢʠ, ʧʘʨʘʤʝʪʨ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʚʨʘʱʝʥʠʝ ʪʦʯʢʠ. ɼʚʘ 

ʧʦʩʣʝʜʥʠʭ ʩʪʦʣʙʮʘ ʥʘ ʵʪʘʧʝ ʧʝʨʝʜʘʯʠ ʜʦʧʫʩʪʠʤʦ ʦʙʥʫʣʠʪʴ. 

ʅʘ ʪʨʝʪʴʝʤ ʵʪʘʧʝ ʩʬʦʨʤʠʨʦʚʘʥʥʘʷ ʠ ʜʦʧʦʣʥʝʥʥʘʷ ʤʘʪʨʠʮʘ ʩʦʭʨʘʥʷʝʪʩʷ 

MATHCAD-ʢʦʤʘʥʜʦʡ çWRITECSVè ʚ ʪʝʢʩʪʦʚʦʤ ʬʘʡʣʝ. ʇʨʝʜʧʦʯʪʠʪʝʣʴʥʦʩʪʴ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʷ ʜʘʥʥʦʡ ʢʦʤʘʥʜʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʯʠʩʣʘ ʚ ʬʘʡʣʝ ʟʘʧʠʩʳʚʘʶʪʩʷ ʯʝʨʝʟ 

ʟʘʧʷʪʫʶ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ çʥʝʬʦʨʤʘʪʠʨʦʚʘʥʥʦʤʫè ʚʚʦʜʫ ʜʘʥʥʳʭ ʚ LS-DYNA. 

ʅʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ ʵʪʘʧʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʩʦʟʜʘʥʥʦʛʦ ʬʘʡʣʘ ʩ ʮʝ-

ʣʴʶ ʧʨʠʚʝʜʝʥʠʷ ʝʛʦ ʢ ʩʠʥʪʘʢʩʠʩʫ, ʫʩʪʘʥʦʚʣʝʥʥʦʤʫ ʚ LS-DYNA. ʇʨʠ ʵʪʦʤ ʪʨʝʙʫʝʪʩʷ 

ʟʘʜʘʥʠʝ ʜʚʫʭ ʦʙʷʟʘʪʝʣʴʥʳʭ ʢʘʨʪ (ç*PARTè ʠ ç*NODEè), ʠʜʝʥʪʠʬʠʮʠʨʫʶʱʠʭ ʥʘʙʦʨ 

ʜʘʥʥʳʭ ʢʘʢ ʩʪʨʫʢʪʫʨʥʫʶ ʝʜʠʥʠʮʫ ʤʦʜʝʣʠ ʚ LS-DYNA. 

ʇʦʩʣʝ ʧʨʦʮʝʜʫʨʳ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʬʘʡʣ ʤʦʞʥʦ ʠʤʧʦʨʪʠʨʦʚʘʪʴ ʚ ʧʨʝʧʨʦʮʝʩʩʦʨ  

LS-DYNA ʠ ʩʪʨʦʠʪʴ ʢʦʥʝʯʥʦʵʣʝʤʝʥʪʥʫʶ ʤʦʜʝʣʴ ʣʦʧʘʩʪʠ. ʇʨʠ ʵʪʦʤ ʧʦ ʪʦʯʢʘʤ ʬʦʨ-

ʤʠʨʫʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʸʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʩʧʣʘʡʥʦʚ, ʢʦ-

ʧʠʨʫʶʱʠʭ MATHCAD-ʢʦʥʪʫʨ ʣʦʧʘʩʪʠ, ʧʦ ʢʦʪʦʨʳʤ ʧʨʦʠʟʚʦʜʠʪʩʷ ʢʦʥʝʯʥʦʵʣʝʤʝʥʪʥʦʝ 

ʨʘʟʙʠʝʥʠʝ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʨʠʤʝʨʳ ʧʦʩʪʨʦʝʥʥʳʭ ʣʦʧʘʩʪʝʡ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ ʢʦʥʪʫ-

ʨʦʚ ʠ ʚʠʥʪʦʚʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 5. 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 54, 2018 ʛ. 

ʈʘʟʜʝʣ V. ʕʢʩʧʣʫʘʪʘʮʠʷ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʩʫʜʦʚʦʞʜʝʥʠʝ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʫʜʦʭʦʜʩʪʚʘ 
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ʈʠʩ. 5. ʇʨʠʤʝʨʳ ʣʦʧʘʩʪʝʡ (ʘ ï ʩʠʤʤʝʪʨʠʯʥʳʡ ʢʦʥʪʫʨ, ʚʠʥʪʦʚʘʷ ʧʦʚʝʨʭʥʦʩʪʴ  

ʧʦʩʪʦʷʥʥʦʛʦ ʰʘʛʘ; ʙ ï ʥʝʩʠʤʤʝʪʨʠʯʥʳʡ ʢʦʥʪʫʨ, ʚʠʥʪʦʚʘʷ ʧʦʚʝʨʭʥʦʩʪʴ  

ʧʦʩʪʦʷʥʥʦʛʦ ʰʘʛʘ; ʚ ï çʩʘʙʣʝʚʠʜʥʳʡè ʢʦʥʪʫʨ, ʚʠʥʪʦʚʘʷ ʧʦʚʝʨʭʥʦʩʪʴ  

ʨʘʜʠʘʣʴʥʦ ʧʝʨʝʤʝʥʥʦʛʦ ʰʘʛʘ ʩ ʫʛʣʦʤ ʥʘʢʣʦʥʘ ʦʙʨʘʟʫʶʱʝʡ) 

ɺʳʚʦʜʳ 

1. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠ ʨʝʰʝʥʠʠ ʨʷʜʘ ʪʝʭʥʠʯʝʩʢʠʭ ʟʘʜʘʯ ʧʨʠʟʥʘʥʥʦʡ ʘʣʴʪʝʨʥʘ-

ʪʠʚʦʡ ʨʝʘʣʴʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʘʤ ʚʳʩʪʫʧʘʝʪ ʚʠʨʪʫʘʣʴʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʨʝʘʣʠʟʫʝʤʦʝ 

ʩ ʧʨʠʤʝʥʝʥʠʝʤ CAE-ʩʠʩʪʝʤ. 

2. ɺ ʢʘʯʝʩʪʚʝ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦʜʘʚʣʷʶʱʝʛʦ ʙʦʣʴʰʠʥʩʪʚʘ ʧʦʜʦʙ-

ʥʳʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦ-ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʪʨʸʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʲʝʢʪʦʚ. 

3. ʉʦʚʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ CAE- ʠ CAD-ʩʠʩʪʝʤ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʧʨʦʠʟ-

ʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʧʦʜʛʦʪʦʚʢʠ ʤʦʜʝʣʠ ʥʘ ʵʪʘʧʝ ʧʨʝʧʨʦʮʝʩʩʠʥʛʘ. 
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MODELING OF SHIP PROPELLERS  

IN CAD AND CAE SYSTEMS 

V.A. Lobanov 

Keywords: propeller complex, propeller, CAD-system, CAE-system, finite element modeling. 

 

The approach to accelerated modeling of blade geometry of propellers is suggested in the ar-

ticle. With the use of the MATHCAD-medium, a technique has been developed for the for-

mation of a helical surface and a blade contour of any complexity. The procedure of export-

ing data to the CAE system of the subsequent construction of a three-dimensional propeller 

model and realization of a numerical experiment is worked out. 

ʉʪʘʪʴʷ ʧʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ 11.01.2018 ʛ. 
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ʄ.ɻ. ʉʠʥʠʮʳʥ, ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʌɻɹʆʋ ɺʆ çʉɻʋɺʊè 

630099, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʫʣ. ʑʝʪʠʥʢʠʥʘ, 33 

ʄɽʊʆɼʀʂɸ ʆɹʆʉʅʆɺɸʅʀʗ ʉʀʉʊɽʄʓ  

ɿɸɺʆɿɸ ɻʈʋɿʆɺ ʅɸ ʄɸʃʓɽ ʈɽʂʀ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʉʠʩʪʝʤʘ, ʩʠʩʪʝʤʘ ʦʨʛʘʥʠʟʘʮʠʠ ʟʘʚʦʟʘ ʛʨʫʟʦʚ ʥʘ ʤʘʣʳʝ ʨʝʢʠ, ʤʘʣʳʝ 

ʨʝʢʠ, ʙʦʢʦʚʳʝ ʨʝʢʠ, ʧʨʠʯʘʣʴʥʳʝ ʩʦʦʨʫʞʝʥʠʷ, ʧʝʨʝʛʨʫʟʦʯʥʘʷ ʪʝʭʥʠʢʘ, ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ 

ʩʢʣʘʜʳ 

 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʘ ʤʦʜʝʣʴ ʩʠʩʪʝʤʳ ʦʨʛʘʥʠʟʘʮʠʠ ʟʘʚʦʟʘ ʛʨʫʟʦʚ ʥʘ ʤʘʣʳʝ ʨʝʢʠ. 

ʊʘʢʞʝ ʩʦʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʤʝʥʪʦʚ ʚʦʜʥʦʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ ʧʦ 

ʜʦʩʪʘʚʢʝ ʛʨʫʟʦʚ. ʆʧʠʩʘʥʘ ʘʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. ʉʦ-

ʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʦʙʦʩʥʦʚʘʥʠʷ ʩʠʩʪʝʤʳ  ʟʘʚʦʟʘ ʛʨʫʟʦʚ 

ʥʘ ʤʘʣʳʝ ʨʝʢʠ. 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʙʣʝʤʳ ʨʘʮʠʦʥʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʟʘʚʦʟʘ ʛʨʫʟʦʚ ʥʘ ʤʘʣʳʝ ʨʝʢʠ ʠ 

ʧʨʠʪʦʢʠ ʥʝ ʚʳʟʳʚʘʝʪ ʩʦʤʥʝʥʠʷ, ʫʯʠʪʳʚʘʷ ʠʭ ʟʥʘʯʠʤʦʩʪʴ ʚ ʨʝʛʠʦʥʘʣʴʥʦʡ ʵʢʦʥʦʤʠʢʝ ʠ 

ʪʨʘʥʩʧʦʨʪʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ ʦʪʜʝʣʴʥʳʭ ʨʝʛʠʦʥʦʚ. ʄʝʪʦʜʦʣʦʛʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʪʦʡ 

ʧʨʦʙʣʝʤʳ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʦʙʱʝʡ ʪʝʦʨʠʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʩʠʩʪʝʤ, ʘ ʪʘʢʞʝ 

ʦʪʨʘʩʣʝʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ [1]. ʇʨʠ ʵʪʦʤ ʨʝʘʣʠʟʫʶʪʩʷ ʧʨʠʥʮʠʧʳ ʥʘʫʯʥʦʡ ʦʙʦʩʥʦʚʘʥ-

ʥʦʩʪʠ, ʢʦʤʧʣʝʢʩʥʦʩʪʠ ʠ ʧʦʵʪʘʧʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ [2]. 

ʉ ʧʦʟʠʮʠʠ ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ ʦʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʩʠʩʪʝʤʘ ʦʨʛʘʥʠʟʘʮʠʠ ʟʘʚʦ-

ʟʘ ʛʨʫʟʦʚ ʥʘ ʤʘʣʳʝ ʨʝʢʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʚʦʜʥʦʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩ-

ʪʝʤʳ ʜʦʩʪʘʚʢʠ ʛʨʫʟʦʚ, ʩʦʚʦʢʫʧʥʦʩʪʴ ʢʦʪʦʨʳʭ ʦʙʨʘʟʫʝʪ ʙʘʩʩʝʡʥʦʚʫʶ (ʨʝʛʠʦʥʘʣʴʥʫʶ) 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 54, 2018 ʛ. 

ʈʘʟʜʝʣ V. ʕʢʩʧʣʫʘʪʘʮʠʷ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʩʫʜʦʚʦʞʜʝʥʠʝ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʫʜʦʭʦʜʩʪʚʘ 
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ʚʦʜʥʦʪʨʘʥʩʧʦʨʪʥʫʶ ʩʠʩʪʝʤʫ. ʇʦʩʣʝʜʥʷʷ ʧʨʠ ʩʚʦʝʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʠ ʨʘʟʚʠʪʠʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʜʨʫʛʠʤʠ ʚʠʜʘʤʠ ʪʨʘʥʩʧʦʨʪʘ ʚ ʩʠʩʪʝʤʝ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʩʣʫʞʠʚʘ-

ʥʠʷ ʵʢʦʥʦʤʠʢʠ, ʙʠʟʥʝʩʘ, ʥʘʩʝʣʝʥʠʷ ʠ ʦʩʚʦʝʥʠʷ ʥʦʚʳʭ ʪʝʨʨʠʪʦʨʠʡ, ʢʘʢ ʠʥʬʨʘʩʪʨʫʢ-

ʪʫʨʥʘʷ ʦʪʨʘʩʣʴ. 

ʕʣʝʤʝʥʪʘʤʠ ʚʦʜʥʦʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ ʜʦʩʪʘʚʢʠ ʛʨʫʟʦʚ ʷʚʣʷʶʪʩʷ: ʪʨʘʥʩʧʦʨʪ-

ʥʳʡ ʬʣʦʪ, ʧʨʠʯʘʣʴʥʳʝ ʩʦʦʨʫʞʝʥʠʷ, ʧʝʨʝʛʨʫʟʦʯʥʘʷ ʪʝʭʥʠʢʘ, ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʩʢʣʘʜʳ, 

ʨʝʡʜʳ ʠ ʠʭ ʦʙʦʨʫʜʦʚʘʥʠʝ (ʨʠʩ. 1) [7]. ʂʦʦʨʜʠʥʘʮʠʶ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠ ̫ʦʩʫʱʝʩʪʚʣʷʝʪ 

ʩʠʩʪʝʤʘ ʦʨʛʘʥʠʟʘʮʠʠ ʜʦʩʪʘʚʢʠ (ʟʘʚʦʟʘ) ʛʨʫʟʦʚ [4]. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ 

ʟʜʝʩʴ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʚʭʦʜ (ʩʦʩʪʘʚ ʧʝʨʝʚʦʟʦʢ ʠ ʛʨʫʟʦʚʳʝ ʧʦʪʦʢʠ) ʠ ʚʳʭʦʜ (ʜʦʩ-

ʪʘʚʢʘ ʛʨʫʟʘ ʧʦʪʨʝʙʠʪʝʣʷʤ). ʉʠʩʪʝʤʘ ʦʨʛʘʥʠʟʘʮʠʠ ʜʦʩʪʘʚʢʠ (ʟʘʚʦʟʘ) ʛʨʫʟʦʚ ʩʦʩʪʦʠʪ ʠʟ 

ʬʦʨʤ ʦʨʛʘʥʠʟʘʮʠʠ ʜʚʠʞʝʥʠʷ ʬʣʦʪʘ, ʵʣʝʤʝʥʪʦʚ ʛʨʘʬʠʢʘ ʜʚʠʞʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʬʣʦʪʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʧʦʣʥʷʶʪʩʷ ʟʘʜʘʯʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʚʦʟʣʘʛʘʝʤʳʝ ʥʘ 

ʚʦʜʥʦʪʨʘʥʩʧʦʨʪʥʫʶ ʩʠʩʪʝʤʫ ʜʦʩʪʘʚʢʠ ʛʨʫʟʦʚ [6]. 

 

 

ʈʠʩ. 1. ʉʭʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʤʝʥʪʦʚ ʚʦʜʥʦʪʨʘʥʩʧʦʨʪʥʦʡ  

ʩʠʩʪʝʤʳ ʜʦʩʪʘʚʢʠ ʛʨʫʟʦʚ 

ʉ ʧʦʟʠʮʠʡ ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ ʧʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜʠʯʝʩʢʠʡ 

ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʦʙʦʩʥʦʚʘʥʠʷ ʨʘʮʠʦʥʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʜʦʩʪʘʚʢʠ (ʟʘʚʦʟʘ) ʛʨʫʟʦʚ, ʢʦʪʦ-

ʨʳʡ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʢʦʤʧʣʝʢʩ ʧʦʵʪʘʧʥʦ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ: 

1. ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʧʝʨʝʚʦʟʦʢ, ʧʝʨʩʧʝʢʪʠʚ ʠʭ ʨʘʟʚʠʪʠʷ, ʚʳʜʝʣʝʥʠʝ ʛʨʫʟʦ-

ʧʦʪʦʢʦʚ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ. 

2. ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʝʡ ʦʨʛʘʥʠʟʘʮʠʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩ ʫʯʝʪʦʤ ʩʦʦʪʚʝʪ-

ʩʪʚʠʷ ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʪʨʝʙʦʚʘʥʠʡ. 

3. ʋʩʪʘʥʦʚʣʝʥʠʝ ʚʦʟʤʦʞʥʳʭ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʚʘʨʠʘʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʠʜʦʚ ʠ 

ʪʠʧʦʚ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʦʨʛʘʥʠʟʘʮʠʠ ʠʭ ʨʘʙʦʪʳ. 

4. ʅʦʨʤʠʨʦʚʘʥʠʝ ʨʘʙʦʪʳ ʬʣʦʪʘ. 

5. ʈʘʩʯʝʪ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʠʯʝ-

ʩʢʠʭ ʩʨʝʜʩʪʚ ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʠʭ ʨʘʙʦʪ. 

6. ʆʧʨʝʜʝʣʝʥʠʝ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚʘʭ ʠ ʝʤʢʦʩʪ̫ʭ ʩʢʣʘʜʦʚ ʜʣʷ 

ʭʨʘʥʝʥʠʷ ʛʨʫʟʦʚ. 

7. ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʠʪʦʛʦʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦ ʥʘʤʝʯʝʥʥʳʤ ʚʘʨʠʘʥʪʘʤ ʠ 

ʚʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʦ ʧʨʠʥʷʪʦʤʫ ʢʨʠʪʝʨʠʶ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ [2]. 

ʉʠʩʪʝʤʘ  

ʦʨʛʘʥʠʟʘʮʠʠ 

ʟʘʚʦʟʘ ʛʨʫʟʦʚ  

ʥʘ ʤʘʣʳʝ ʨʝʢʠ 

ʉʦʩʪʘʚ ʧʝʨʝʚʦʟʦʢ ʛʨʫʟʦʚ  

ʥʘ ʤʘʣʳʝ ʨʝʢʠ 

ɼʦʩʪʘʚʢʘ ʛʨʫʟʦʚ  

ʧʦʪʨʝʙʠʪʝʣʷʤ 

ʌʣʦʪ 

ʈʝʡʜʳ ʠ ʠʭ  

ʦʙʦʨʫʜʦʚʘʥʠʝ 

ʇʨʠʯʘʣʴʥʳʝ ʩʦʦʨʫʞʝʥʠʷ, 

ʧʝʨʝʛʨʫʟʦʯʥʘʷ ʪʝʭʥʠʢʘ, 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʩʢʣʘʜʳ 

ɺʦʜʥʳʝ ʧʫʪʠ ʠ ʩʫʜʦ-

ʭʦʜʥʘʷ ʦʙʩʪʘʥʦʚʢʘ 



ʄ.ɻ. ʉʠʥʠʮʳʥ 
ʄʝʪʦʜʠʢʘ ʦʙʦʩʥʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʟʘʚʦʟʘ ʛʨʫʟʦʚ ʥʘ ʤʘʣʳʝ ʨʝʢʠ 
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ʂʦʤʧʣʝʢʩ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʟʘʜʘʯ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʙʣʝʤʫ ʨʘʮʠʦʥʘʣʠʟʘʮʠʠ 

ʩʠʩʪʝʤʳ ʦʨʛʘʥʠʟʘʮʠʠ ʟʘʚʦʟʘ ʛʨʫʟʦʚ ʥʘ ʤʘʣʳʝ ʨʝʢʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʦʥʘ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʢ ʵʣʝʤʝʥʪ ʩʠʩʪʝʤʳ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ï ʧʨʦʙʣʝʤʳ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʙʘʩʩʝʡʥʦʚʦʡ (ʨʝʛʠʦʥʘʣʴʥʦʡ) ʚʦʜʥʦʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ, ʥʘʜʝʞʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦ-

ʩʪʠ ʝʝ ʨʘʟʚʠʪʠʷ. ʂʣʶʯʝʚʳʝ ʟʘʜʘʯʠ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ï ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʫʥʢʮʠʦ-

ʥʠʨʦʚʘʥʠʷ ʨʝʛʠʦʥʘʣʴʥʦʡ (ʙʘʩʩʝʡʥʦʚʦʡ) ʚʦʜʥʦʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ, ʫʯʘʩʪʠʝ ʨʝʯʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʥʫʪʨʝʥʥʠʭ ʚʦʜʥʳʭ ʧʫʪʝʡ ʚ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʨʦʝʢʪʘʭ ʨʘʟ-

ʚʠʪʠʷ ʠ ʦʩʚʦʝʥʠʷ ʥʦʚʳʭ ʪʝʨʨʠʪʦʨʠʡ. ʏʘʩʪʥʘʷ ʟʘʜʘʯʘ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ï ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ 

ʨʘʟʚʠʪʠʝ ʩʠʩʪʝʤ ʜʦʩʪʘʚʢʠ ʛʨʫʟʦʚ ʠ ʠʭ ʟʘʚʦʟ ʥʘ ʤʘʣʳʝ ʨʝʢʠ ʠ ʧʨʠʪʦʢʠ. ʇʨʠ ʵʪʦʤ ʥʝʦʙ-

ʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʵʪʦʡ ʢʘʪʝʛʦʨʠʠ ʚʥʫʪʨʝʥʥʠʭ ʚʦʜʥʳʭ ʧʫʪʝʡ. ʇʦ ʦʙʱʝʡ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʵʪʦ VI, VII  ʢʣʘʩʩʳ ʩ ʫʩʣʦʚʥʳʤ ʦʙʦʟʥʘʯʝʥʠʝʤ ʠʭ ʢʘʢ çʤʘʣʳʝ ʨʝʢʠè. 

ʂʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʝ ʧʨʠʥʮʠʧʳ ʟʜʝʩʴ: ʤʠʥʠʤʘʣʴʥʳʝ ʠʣʠ ʥʦʨʤʠʨʫʝʤʳʝ ʛʣʫʙʠʥʳ, ʥʝ 

ʧʨʝʚʳʰʘʶʱʠʝ 100õ120 ʩʤ, ʚʥʦʚʴ ʦʩʚʘʠʚʘʝʤʳʝ ʫʯʘʩʪʢʠ ʚʦʜʥʳʭ ʧʫʪʝʡ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʚ ʧʝʨʠʦʜ ʧʦʣʥʦʚʦʜʴʷ.  

ʅʝʜʦʩʪʘʪʢʠ ʧʦʥʷʪʠʡʥʦʛʦ ʘʧʧʘʨʘʪʘ ʠ ʨʘʩʰʠʨʝʥʠʝ ʠʩʩʣʝʜʫʝʤʦʡ ʢʘʪʝʛʦʨʠʠ ʚʥʫʪʨʝʥ-

ʥʠʭ ʚʦʜʥʳʭ ʧʫʪʝʡ ʥʘ ʧʨʠʪʦʢʠ ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʨʤʠʥ çʤʘʣʳʝ ʨʝʢʠè ʙʦʣʝʝ 

ʰʠʨʦʢʦ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʪʚʝʨʞʜʝʥʥʳʤ ʧʝʨʝʯʥʝʤ ʚʥʫʪʨʝʥʥʠʭ ʚʦʜʥʳʭ ʧʫʪʝʡ ʢ ʵʪʦʡ 

ʢʘʪʝʛʦʨʠʠ ʦʪʥʦʩʷʪʩʷ ʚʝʨʭʦʚʴʷ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʨʝʢ, ʧʨʠʪʦʢʠ ʚ ʮʝʣʦʤ ʠ ʦʪʜʝʣʴʥʳʝ ʠʭ 

ʫʯʘʩʪʢʠ [8]. 

ɺ 1987 ʛʦʜʫ ʄʠʥʠʩʪʝʨʩʪʚʦ ʨʝʯʥʦʛʦ ʬʣʦʪʘ ʫʪʚʝʨʜʠʣʦ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʚ ʅʦʚʦʩʠʙʠʨ-

ʩʢʦʤ ʠʥʩʪʠʪʫʪʝ ʠʥʞʝʥʝʨʦʚ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʤʝʪʦʜʠʯʝʩʢʠʝ ʫʢʘʟʘʥʠʷ ʧʦ ʦʪʥʝʩʝʥʠʶ 

ʚʥʫʪʨʝʥʥʠʭ ʚʦʜʥʳʭ ʧʫʪʝʡ ʢ ʤʘʣʳʤ ʨʝʢʘʤ ʠ ʧʦ ʩʫʜʘʤ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʬʣʦʪʘ ʜʣʷ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʵʪʠʭ ʨʝʢʘʭ. ʆʪʥʝʩʝʥʠʝ ʚʥʫʪʨʝʥʥʠʭ ʚʦʜʥʳʭ ʧʫʪʝʡ ʢ ʤʘʣʳʤ ʨʝʢʘʤ ʧʨʦ-

ʠʟʚʦʜʠʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʦ ʛʘʙʘʨʠʪʘʤ ʧʫʪʠ: ʛʣʫʙʠʥʝ, ʰʠʨʠʥʝ ʠ ʨʘʜʠʫʩʫ ʟʘʢʨʫʛʣʝʥʠʷ 

ʩʫʜʦʚʦʛʦ ʭʦʜʘ ʚ ʤʝʞʝʥʥʳʡ ʧʝʨʠʦʜ ʥʘʚʠʛʘʮʠʠ [5]. 

ʄʘʣʘʷ ʨʝʢʘ ï ʵʪʦ ʚʦʜʥʳʡ ʧʫʪʴ, ʚʨʝʤʝʥʥʦ ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʩʫʜʦʭʦʜʩʪʚʘ, ʯʘʱʝ 

ʚʩʝʛʦ ʩ ʵʢʩʪʨʝʤʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʧʣʘʚʘʥʠʷ. ʊʘʢʞʝ ʢ ʤʘʣʳʤ ʨʝʢʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ 

ʨʝʢʠ ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʝ ʚ ʪʝʯʝʥʠʝ ʚʩʝʡ ʥʘʚʠʛʘʮʠʠ, ʥʦ ʠʤʝʶʱʠʝ ʭʦʪʷ ʙʳ ʦʜʥʦ ʦʛʨʘʥʠ-

ʯʝʥʠʝ ʠ ʪʘʙʣʠʮʳ 1. 

ʊʘʙʣʠʮʘ 1 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʘʙʘʨʠʪʦʚ ʩʫʜʦʚʦʛʦ ʭʦʜʘ, ʧʦ ʢʦʪʦʨʳʤ  

ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʨʝʢʠ ʢ ʢʘʪʝʛʦʨʠʠ ʤʘʣʳʝ ʨʝʢʠ 

ɻʘʙʘʨʠʪʳ ʩʫʜʦʚʦʛʦ ʭʦʜʘ ɿʥʘʯʝʥʠʝ 

ɻʣʫʙʠʥʘ ¢ 1,30 ʤ 

ʐʠʨʠʥʘ  ʥʘ ʩʚʦʙʦʜʥʳʭ ʨʝʢʘʭ ¢ 30 ʤ 

ʐʠʨʠʥʘ ʥʘ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʢʘʥʘʣʘʭ ¢ 14 ʤ 

ʈʘʜʠʫʩ ʟʘʢʨʫʛʣʝʥʠʷ ¢ 150ʤ 

 

ʕʪʠ ʧʨʠʥʮʠʧʳ ʧʦʣʦʞʝʥʳ ʚ ʦʩʥʦʚʫ ʘʚʪʦʨʩʢʦʡ ʤʦʜʝʣʠ ʩʠʩʪʝʤʳ ʟʘʚʦʟʘ ʛʨʫʟʦʚ ʥʘ ʤʘ-

ʣʳʝ ʨʝʢʠ. ɺ ʥʝʡ ʤʘʣʳʝ ʨʝʢʠ ʜʝʣʷʪʩʷ ʥʘ 2 ʢʣʘʩʩʘ: 1) ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʝ ʚʩʶ ʥʘʚʠʛʘʮʠʶ ʩ 

ʚʳʜʝʣʝʥʠʝʤ ʧʦʣʥʦʚʦʜʥʦʛʦ ʠ ʤʝʞʝʥʥʦʛʦ ʧʝʨʠʦʜʦʚ; 2) ʚʨʝʤʝʥʥʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʩʫʜʦ-

ʭʦʜʩʪʚʘ (ʧʦʣʥʦʚʦʜʥʳʡ ʧʝʨʠʦʜ). ɼʣʷ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ ʚʦʟʤʦʞʥʳ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ 

ʩʠʩʪʝʤʳ ʦʨʛʘʥʠʟʘʮʠʠ ʧʝʨʝʚʦʟʦʢ ʠ ʜʚʠʞʝʥʠʷ ʬʣʦʪʘ (ʛʨʘʬʠʢ ʜʚʠʞʝʥʠʷ ʬʣʦʪʘ) [8].  

ʊʠʧʦʚʘʷ (ʢʣʘʩʩʠʯʝʩʢʘʷ) ʩʠʩʪʝʤʘ ʪʘʢʦʛʦ ʨʦʜʘ ʩʦʜʝʨʞʠʪ ʨʘʟʥʳʝ ʬʦʨʤʳ ʦʨʛʘʥʠʟʘʮʠʠ 

ʜʚʠʞʝʥʠʷ ʬʣʦʪʘ, ʩʠʩʪʝʤʳ ʪʛ̫ʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʬʦʨʤʳ ʟʘʢʨʝʧʣʝʥʠʷ ʪʷʛʠ ʟʘ ʪʦʥʥʘ-

ʞʝʤ, ʩʦʛʣʘʩʦʚʘʥʠʝ ʨʘʙʦʪʳ ʪʷʛʠ ʠ ʪʦʥʥʘʞʘ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʛʨʫʟʦʚʳʭ ʣʠʥʠʡ, ʨʘʟʨʘʙʦʪʢʫ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʛʨʘʬʠʢʘ ʜʚʠʞʝʥʠʷ: ʧʣʘʥʘ ʦʩʚʦʝʥʠʷ ʛʨʫʟʦʚʳʭ ʧʦʪʦʢʦʚ, ʧʣʘʥʘ ʧʦʨʪʦʚʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ, ʧʣʘʥʘ ʪʷʛʦʚʦʛʦ ʠ ʧʫʪʝʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʥʝʩʘʤʦʭʦʜʥʳʭ ʛʨʫʟʦʚʳʭ ʩʫ-

ʜʦʚ. ʇʨʠʚʝʜʝʥʥʳʡ ʧʝʨʝʯʝʥʴ ʘʪʨʠʙʫʪʦʚ ʩʠʩʪʝʤʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʘʟʥʦʦʙʨʘʟʠʠ ʚʦʟ-

ʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ ʠʭ ʩʦʯʝʪʘʥʠʡ ʥʘ ʧʨʘʢʪʠʢʝ [8]. 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 54, 2018 ʛ. 

ʈʘʟʜʝʣ V. ʕʢʩʧʣʫʘʪʘʮʠʷ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʩʫʜʦʚʦʞʜʝʥʠʝ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʫʜʦʭʦʜʩʪʚʘ 
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ʇʨʦʙʣʝʤʘ ʦʙʦʩʥʦʚʘʥʠʷ ʨʘʮʠʦʥʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʦʨʛʘʥʠʟʘʮʠʠ ʟʘʚʦʟʘ ʛʨʫʟʦʚ ʥʘ ʤʘ-

ʣʳʝ ʨʝʢʠ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʘ ʠ ʩʦʜʝʨʞʠʪ ʢʦʤʧʣʝʢʩ ʟʘʜʘʯ, ʧʝʨʝʯʝʥʴ ʢʦʪʦʨʳʭ ʦʙʫʩʣʦʚ-

ʣʝʥ ʩʦʜʝʨʞʘʥʠʝʤ ʩʘʤʦʡ ʩʠʩʪʝʤʳ. ɺ ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʠʯʝʩʢʦʡ ʦʩʥʦʚʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʠʥʷʪ ʧʨʦʮʝʜʫʨʥʳʡ ʧʦʜʭʦʜ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦï

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ. ʇʨʝʜʣʦʞʝʥʘ ʘʚʪʦʨʩʢʘʷ ʤʦʜʝʣʴ ʧʨʦʮʝʜʫʨʳ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ʢʦʤʧʣʝʢʩʘ ʟʘʜʘʯ, ʢʦʪʦʨʘʷ ʥʘʯʠʥʘʝʪʩʷ ʩ ʫʩʪʘʥʦʚʣʝʥʠʷ ʢʣʘʩʩʘ ʢʦʥ-

ʢʨʝʪʥʦʛʦ ʧʨʠʪʦʢʘ ʣʠʙʦ ʤʘʣʦʡ ʨʝʢʠ. ɼʘʣʴʥʝʡʰʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ʦʧʠʩʘʥʘ ʚ ʤʦʜʝʣʠ (ʨʠʩ. 2). 

 

 

ʈʠʩ. 2. ʄʦʜʝʣʴ ʧʦʜʛʦʪʦʚʢʠ ʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʧʦ ʦʙʦʩʥʦʚʘʥʠʶ ʩʠʩʪʝʤʳ ʟʘʚʦʟʘ ʛʨʫʟʦʚ 



ʄ.ɻ. ʉʠʥʠʮʳʥ 
ʄʝʪʦʜʠʢʘ ʦʙʦʩʥʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʟʘʚʦʟʘ ʛʨʫʟʦʚ ʥʘ ʤʘʣʳʝ ʨʝʢʠ 
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ʇʨʠ ʟʘʚʦʟʝ ʛʨʫʟʦʚ ʥʘ ʤʘʣʳʝ ʨʝʢʠ ʧʝʨʚʦʛʦ ʢʣʘʩʩʘ ʤʦʛʫʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ ʣʠʥʝʡ-

ʥʘʷ ʠ ʨʝʡʩʦʚʘʷ ʬʦʨʤʳ ʜʚʠʞʝʥʠʷ ʬʣʦʪʘ, ʘ ʪʘʢʞʝ ʠʭ ʩʦʯʝʪʘʥʠʝ ʧʦ ʧʝʨʠʦʜʘʤ ʥʘʚʠʛʘʮʠʠ. 

ʕʪʦ ʟʘʚʠʩʠʪ ʦʪ ʥʘʣʠʯʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʝʜʧʦʩʳʣʦʢ. ɼʣʷ ʣʠʥʝʡʥʦʡ ʬʦʨʤʳ ʭʘʨʘʢ-

ʪʝʨʥʳ ʤʦʱʥʳʝ ʫʩʪʦʡʯʠʚʳʝ ʛʨʫʟʦʚʳʝ ʧʦʪʦʢʠ, ʨʝʛʫʣʷʨʥʦʝ ʜʚʠʞʝʥʠʝ ʠ ʨʠʪʤʠʯʥʦʝ ʦʪ-

ʧʨʘʚʣʝʥʠʝ ʩʫʜʦʚ ʠ ʩʦʩʪʘʚʦʚ, ʜʣʷ ʨʝʡʩʦʚʦʡ ï ʥʝʩʪʘʙʠʣʴʥʳʝ ʤʝʣʢʦʧʘʨʪʠʦʥʥʳʝ ʛʨʫʟʦʧʦ-

ʪʦʢʠ, ʥʝ ʨʝʛʫʣʷʨʥʦʝ  ʦʪʧʨʘʚʣʝʥʠʝ ʩʫʜʦʚ ʠ ʩʦʩʪʘʚʦʚ. ʅʘ ʧʨʠʪʦʢʘʭ ʠ ʤʘʣʳʭ ʨʝʢʘʭ ʚʪʦʨʦ-

ʛʦ ʢʣʘʩʩʘ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʨʝʡʩʦʚʘʷ ʬʦʨʤʘ, ʘ ʪʘʢʞʝ ʝʸ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ï ʵʢʩʧʝʜʠ-

ʮʠʦʥʥʳʡ ʟʘʚʦʟ. 

ʇʨʠ ʵʢʩʧʝʜʠʮʠʦʥʥʦʤ ʟʘʚʦʟʝ ʬʦʨʤʠʨʫʝʪʩʷ ʢʘʨʘʚʘʥ ʩʫʜʦʚ, ʘ ʚ ʧʫʥʢʪʘʭ ʙʦʢʦʚʳʭ ʠ 

ʤʘʣʳʭ ʨʝʢ ʦʨʛʘʥʠʟʦʚʳʚʘʶʪʩʷ ʚʨʝʤʝʥʥʳʝ ʧʨʠʩʪʘʥʠ. ɿʘʚʦʟ ʛʨʫʟʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ 

ʪʝʯʝʥʠʝ ʢʦʨʦʪʢʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ, ʢʦʪʦʨʳʡ ʯʘʱʝ ʚʩʝʛʦ ʥʝ ʧʨʝʚʳʰʘʝʪ 30 ʩʫʪʦʢ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʣʘʥʘ ʦʩʚʦʝʥʠʷ ʛʨʫʟʦʧʦʪʦʢʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʨʫʛʘʷ ʬʦʨʤʘ ʦʨʛʘʥʠʟʘʮʠʠ 

ʜʚʠʞʝʥʠʷ ʬʣʦʪʘ ï ʢʘʣʝʥʜʘʨʥʳʡ ʛʨʘʬʠʢ ʦʪʧʨʘʚʣʝʥʠʷ ʠ ʧʨʠʙʳʪʠʷ ʩʫʜʦʚ ʠ ʩʦʩʪʘʚʦʚ ʣʠ-

ʙʦ ʜʚʠʞʝʥʠʷ ʢʘʨʘʚʘʥʘ [8]. 

ʈʝʰʝʥʠʝ ʟʘʜʘʯ ʦʨʛʘʥʠʟʘʮʠʠ ʪʷʛʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʜʣʷ ʦʙʦʠʭ 

ʢʣʘʩʩʦʚ, ʧʨʠ ʵʪʦʤ ʧʨʠʦʨʠʪʝʪ ʦʪʜʘʝʪʩʷ ʟʘʢʨʝʧʣʝʥʠʶ ʪʷʛʠ ʟʘ ʪʦʥʥʘʞʸʤ ʥʘ ʢʨʫʛʦʚʳʝ 

ʨʝʡʩʳ ʠ ʩʦʛʣʘʩʦʚʘʥʠʶ ʠʭ ʨʘʙʦʪʳ [8]. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʝʪʦʜʠʢʘ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʥʘʧʨʘʚʣʝʥʘ: 

ï ʥʘ ʦʧʪʠʤʠʟʘʮʠʶ ʨʘʙʦʪʳ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʧʝʨʝʚʦʟʢʠ ʠ ʧʝʨʝʛʨʫʟʢʠ ʛʨʫʟʦʚ; 

ï ʥʘ ʦʙʦʩʥʦʚʘʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʩʭʝʤ ʩʧʦʩʦʙʦʚ ʧʝʨʝʚʦʟʢʠ; 

ï ʥʘ ʨʘʮʠʦʥʘʣʠʟʘʮʠʶ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʦʮʝʩʩʦʚ ʜʦʩʪʘʚʢʠ ʛʨʫʟʦʚ ʚ ʧʫʥʢʪʳ ʥʘʟʥʘʯʝ-

ʥʠʷ. 

ʇʦʠʩʢ ʨʝʰʝʥʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʵʪʘʧʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʟʫʯʘʝʤʦʡ ʧʨʦʙʣʝ-

ʤʳ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʫʶʪʩʷ ʫʩʣʦʚʠʷ ʠ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʟʘʚʦʟʘ ʛʨʫʟʦʚ ʥʘ ʙʦʢʦʚʳʝ ʠ ʤʘʣʳʝ ʨʝʢʠ. ʅʘ ʚʪʦʨʦʤ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʧʨʝʜʧʦʩʳʣʢʠ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʟʘʚʦʟʘ ʛʨʫʟʦʚ. ʂʦʥʢʨʝʪʥʳʝ ʟʘʜʘʯʠ ʠʩʩʣʝʜʫʝʤʦʡ ʧʨʦʙʣʝ-

ʤʳ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʦʧʠʩʘʥʳ ʚ ʩʭʝʤʝ ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ 

ʜʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʟʘʚʦʟʘ ʛʨʫʟʦʚ ʥʘ ʤʘʣʳʝ ʨʝʢʠ (ʨʠʩ. 3, ʧʦʟʠʮʠʠ ʩ ʧʝʨʚʦʡ ʧʦ 

ʯʝʪʚʝʨʪʫʶ). ʅʘ ʟʘʚʝʨʰʘʶʱʝʤ ʵʪʘʧʝ ʥʝʦʙʭʦʜʠʤʦ ʫʪʦʯʥʠʪʴ ʧʨʝʜʧʦʩʳʣʢʠ ʠ ʤʝʪʦʜʠʯʝ-

ʩʢʠʝ ʧʨʠʥʮʠʧʳ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜʦ-

ʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ, ʯʝʤ ʠ ʷʚʣʷʝʪʩʷ ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʤʝʪʦʜʠʢʘ. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʠ ʦʙʦʩʥʦʚʘʥʥʦʩʪʴ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦïʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʚʦ 

ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʫʨʦʚʥʷ ʠʭ ʧʦʜʛʦʪʦʚʢʠ ʩ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʙʦʨʘ, ʦʙʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟʘ ʠʥʬʦʨʤʘʮʠʠ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ ʚ ʨʘʤʢʘʭ ʘʚʪʦʨʩʢʦʡ ʤʝʪʦʜʠʢʠ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʧʨʦʮʝʜʫʨʘ ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʡ ʧʦ ʦʙʦʩʥʦʚʘʥʠʶ ʩʠʩʪʝʤʳ ʦʨʛʘʥʠʟʘʮʠʠ ʟʘʚʦʟʘ ʛʨʫʟʦʚ ʥʘ ʤʘʣʳʝ ʨʝʢʠ (ʨʠʩ. 2), 

ʢʦʪʦʨʘʷ ʥʘʯʠʥʘʝʪʩʷ ʩ ʘʥʘʣʠʟʘ ʫʩʣʦʚʠʡ ʩʫʜʦʭʦʜʩʪʚʘ, ʵʢʩʧʣʫʘʪʘʮʠʠ ʬʣʦʪʘ ʚ ʨʘʤʢʘʭ ʭʦ-

ʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʫʜʦʭʦʜʥʦʡ ʢʦʤʧʘʥʠʠ ʠ ʝʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚ ʧʦʨʪʘʭ ʠ 

ʧʫʥʢʪʘʭ ʝʛʦ ʦʙʨʘʙʦʪʢʠ [3].  

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʦʩʦʙʦ ʩʣʦʞʥʳʝ ʫʩʣʦʚʠʷ ʩʫʜʦʭʦʜʩʪʚʘ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʬʣʦʪʘ 

ʚ ʧʫʥʢʪʘʭ ʝʛʦ ʦʙʨʘʙʦʪʢʠ ʥʘ ʧʨʠʪʦʢʘʭ ʠ ʤʘʣʳʭ ʨʝʢʘʭ. ɿʜʝʩʴ ʛʘʙʘʨʠʪʳ ʩʫʜʦʚʦʛʦ ʭʦʜʘ 

ʦʛʨʘʥʠʯʝʥʳ ʠ ʥʝ ʥʦʨʤʠʨʫʶʪʩʷ. 

ɺ ʝʩʪʝʩʪʚʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʛʣʫʙʠʥʘ ʥʘ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʤʦʞʝʪ ʩʥʠʞʘʪʴʩʷ ʜʦ 

40ï60 ʩʤ, ʰʠʨʠʥʘ 10ï12 ʤ, ʨʘʜʠʫʩ ʟʘʢʨʫʛʣʝʥʠʷ 50ï60 ʤ, ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ ʥʘ 

ʦʪʜʝʣʴʥʳʭ ʨʝʢʘʭ ʠ ʧʨʠʪʦʢʘʭ ʦʛʨʘʥʠʯʝʥ 15ï20 ʩʫʪʢʘʤʠ, ʚʳʩʦʢʠʡ ʩʢʦʨʦʩʪʥʦʡ ʨʝʞʠʤ 

ʟʘʪʨʫʜʥʷʝʪ ʧʨʦʭʦʞʜʝʥʠʝ ʪʘʢʠʭ ʫʯʘʩʪʢʦʚ ʚʦʜʦʠʟʤʝʱʘʶʱʠʤʠ ʩʫʜʘʤʠ. ʇʫʥʢʪʳ ʧʨʠʙʳ-

ʪʠʷ ʦʙʨʘʙʦʪʢʠ ʬʣʦʪʘ ʯʘʱʝ ʚʩʝʛʦ ʥʝ ʠʤʝʶʪ ʧʨʠʯʘʣʴʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʩʨʝʜʩʪʚ ʤʝʭʘʥʠ-

ʟʘʮʠʠ ʠ ʩʢʣʘʜʦʚ. ʊʨʘʥʩʧʦʨʪʥʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʨʘʟʚʠʪʘ ʩʣʘʙʦ. ʆʪʩʫʪʩʪʚʫʝʪ ʩʫʜʦʨʝ-

ʤʦʥʪʥʘʷ ʙʘʟʘ, ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʘʷ ʥʘ ʦʪʩʪʦʝ ʠ ʨʝʤʦʥʪʝ ʬʣʦʪʘ ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘ ʤʘʣʳʭ ʨʝʢʘʭ [8].  

 ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʫʯʠʪʳʚʘʶʪʩʷ ʫʩʣʦʚʠʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʝʭʥʠʯʝʩʢʠʤ ʩʨʝʜʩʪʚʘʤ 

ʧʝʨʝʛʨʫʟʢʠ ʠ ʧʝʨʝʚʦʟʢʠ ʛʨʫʟʦʚ [8]. ɿʘʪʝʤ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʚʦʟʤʦʞʥʳʝ ʘʣʴʪʝʨʥʘʪʠʚ-



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 54, 2018 ʛ. 
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ʥʳʝ ʩʭʝʤʳ ʠ ʩʧʦʩʦʙʳ ʧʝʨʝʚʦʟʦʢ ʛʨʫʟʦʚ, ʘ ʪʘʢʞʝ ʠʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ, ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʝ ʵʪʠʤ ʪʨʝʙʦʚʘʥʠʷʤ. ʇʨʦʮʝʜʫʨʘ ʧʦʠʩʢʘ ʨʝʰʝʥʠʷ ʟʘʚʝʨʰʘʝʪʩʷ ʨʘʩʯʝʪʦʤ ʵʢʩ-

ʧʣʫʘʪʘʮʠʦʥʥʳʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʠʭ ʘʥʘʣʠʟʦʤ ʠ ʚʳʙʦʨʦʤ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʚʘʨʠʘʥʪʘ [8]. 

 

 

ʈʠʩ. 3. ʉʭʝʤʘ ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ  

ʜʣ̫ ʦʙʦʩʥʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʟʘʚʦʟʘ ʛʨʫʟʦʚ ʥʘ ʤʘʣʳʝ ʨʝʢʠ 

ɼʘʞʝ ʧʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʧʦ ʚʦʧʨʦʩʫ ʦ ʢʦʤʤʝʨʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʫʜʦʭʦʜʥʦʡ ʢʦʤʧʘʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʝ ʟʘʢʘʥʯʠʚʘʝʪʩʷ. ʇʨʠ ʨʘʩʩʤʦʪ-

ʨʝʥʠʠ ʩʠʩʪʝʤʳ ʟʘʚʦʟʘ ʛʨʫʟʦʚ ʥʘ ʙʦʢʦʚʳʝ ʨʝʢʠ ʢʘʢ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʵʢʦʥʦʤʠʢʠ, ʤʦʞʥʦ 

ʚʳʷʚʠʪʴ ʨʷʜ ʧʨʠʥʮʠʧʦʚ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʳʤ ʜʦʩʪʠʛʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ 

(ʨʠʩ. 2). 
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ʈʠʩ. 4. ʇʨʠʥʮʠʧʳ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤʳ ʟʘʚʦʟʘ ʛʨʫʟʦʚ ʥʘ ʤʘʣʳʝ ʨʝʢʠ 

ʆʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤʳ ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥʘ ʢʘʢ ʩʦ ʩʪʦʨʦʥʳ ʧʝʨʝ-

ʚʦʟʯʠʢʘ, ʪʘʢ ʠ ʩʦ ʩʪʦʨʦʥʳ ʧʦʪʨʝʙʠʪʝʣʷ ʫʩʣʫʛ. ʈʝʰʠʪʴ ʜʘʥʥʳʝ ʧʨʦʪʠʚʦʨʝʯʠʷ ʧʦʜʭʦʜʦʚ 

ʤʦʞʥʦ ʧʨʠ ʧʦʤʦʱʠ ʙʘʣʘʥʩʘ ʠʥʪʝʨʝʩʦʚ. ʉʦ ʩʪʦʨʦʥʳ ʧʝʨʝʚʦʟʯʠʢʦʚ ʠ ʩʫʜʦʚʣʘʜʝʣʴʮʝʚ 

ʜʦʣʞʥʘ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʘ ʩʣʘʞʝʥʥʘʷ ʠ ʙʝʩʧʝʨʝʙʦʡʥʘʷ ʨʘʙʦʪʘ ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʬʠʥʘʥ-

ʩʦʚʳʤ ʨʝʟʫʣʴʪʘʪʦʤ. ɼʣʷ ʧʦʪʨʝʙʠʪʝʣʝʡ ʥʝʦʙʭʦʜʠʤʦ ʢʘʯʝʩʪʚʝʥʥʦʝ ʦʢʘʟʘʥʠʝ ʪʨʘʥʩʧʦʨʪ-

ʥʳʭ ʫʩʣʫʛ ʧʦ ʦʧʪʠʤʘʣʴʥʳʤ ʩʪʦʠʤʦʩʪʥʳʤ ʠ ʚʨʝʤʝʥʥʳʤ ʨʘʤʢʘʤ. ʂʦʤʧʣʝʢʩʥʦʝ ʨʝʝh-

ʥʠʝ ʠ ʥʘʫʯʥʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʦ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ 

ʘʚʪʦʨʩʢʦʡ ʤʝʪʦʜʠʢʠ. 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʠ ʠʭ ʩʦʩʪʘʚ ʧʨʠʚʝʜʝʥʳ ʥʘ ʩʭʝʤʝ ʨʘʟʨʘʙʦʪʢʠ ʠ 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ (ʨʠʩ 3). ʇʨʠ ʵʪʦʤ ʧʝʨʚʳʝ ʪʨʠ ʙʣʦʢʘ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʠʟʫʯʝʥʠʝ ʠ ʘʥʘ-

ʣʠʟ ʧʦʪʨʝʙʠʪʝʣʝʡ ʪʨʘʥʩʧʦʨʪʥʳʭ ʫʩʣʫʛ. ɿʜʝʩʴ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ ʦʙʱʠʭ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠ ʪʝʥʜʝʥʮʠʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʨʝʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʚ ʦʙʩʣʫʞʠʚʘʝ-

ʤʦʤ ʨʝʛʠʦʥʝ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʦʩʪʘʚʢʠ ʛʨʫʟʦʚ, ʩʪʨʫʢʪʫʨʘ 

ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʛʨʫʟʦʧʦʪʦʢʦʚ. 

ʆʮʝʥʢʫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤʳ ʟʘʚʦʟʘ ʛʨʫʟʦʚ ʥʘ ʤʘʣʳʝ ʨʝʢʠ ʧʨʝʜʣʦʞʝʥʦ ʦʩʫʱʝ-

ʩʪʚʣʷʪʴ ʧʨʠ ʧʦʤʦʱʠ ʩʠʩʪʝʤʳ ʧʦʢʘʟʘʪʝʣʝʡ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʝʣʠʯʠʥʳ 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʜʝʷʪʝʣʴʥʦʩʪʴ ʩʫʙʲʝʢʪʦʚ ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ. ɺ ʯʠʩʣʦ 

ʧʦʢʘʟʘʪʝʣʝʡ ʚʭʦʜʠʪ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʠ ʙʶʜʞʝʪʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʱʝʩʪ-

ʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ.  

ʀʟ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʘʚʪʦʨʦʤ ʤʝʪʦʜʠʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʧʦ ʦʮʝʥʢʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʟʘʚʦʟʘ ʛʨʫʟʦʚ ʥʘ 

ʤʘʣʳʝ ʨʝʢʠ. ʅʘʫʯʥʘʷ ʟʥʘʯʠʤʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʠʩʪʝʤʥʦʩʪʠ ʠ ʢʦʤʧʣʝʢʩʥʦʩʪʠ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ ʧʨʦʙʣʝʤʳ ʥʘ ʦʩʥʦʚʝ ʯʝʛʦ ʠ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʧʝʨʝʯʝʥʴ ʟʘʜʘʯ ʠ ʘʣʛʦʨʠʪʤ ʠʭ ʨʝ-

ʰʝʥʠʷ. ʕʣʝʤʝʥʪʘʤʠ ʥʘʫʯʥʦʡ ʥʦʚʠʟʥʳ ʷʚʣʷʶʪʩʷ: ʤʦʜʝʣʴ ʦʨʛʘʥʠʟʘʮʠʠ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʠ ʘʣʛʦʨʠʪʤ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʟʘʚʦʟʘ ʛʨʫʟʦʚ ʚ ʧʫʥʢʪʳ 

ʤʘʣʳʭ ʨʝʢ.  
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METHOD OF SUBSTANTIA TION OF THE  RATIONAL SYSTEM 

OF ORGANIZING THE DELIV ERY  

OF GOODS TO SMALL RI VERS 

M.G. Sinitsin 

Keywords: the system, the system of organizing the delivery of goods to small rivers, small 

rivers, side rivers, berthing facilities, reloading machinery, equipment and warehouses. 

 

The model of organization of cargo delivery to small rivers is considered in the article. The 

scheme of interaction of elements of a water transport system of cargo delivery is also made. 

The relevance of this system in modern conditions is stated. The scheme of development and 

adoption of decisions on the justification of the system of organizing the delivery of goods to 

small rivers is developed. 
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ʆɹɿʆʈ ʉʆɺʈɽʄɽʅʅʓʍ ʉʇʆʉʆɹʆɺ  

ɸɺʊʆʄɸʊʀʏɽʉʂʆɻʆ ʋʇʈɸɺʃɽʅʀʗ  

ʉʋɼʆɺʓʍ ʕʅɽʈɻɽʊʀʏɽʉʂʀʍ ʋʉʊɸʅʆɺʆʂ  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʯʝʪʢʘʷ ʣʦʛʠʢʘ, ʦʙʨʘʪʥʘʷ ʩʚʷʟʴ, ʇʀ-ʨʝʛʫʣʷʪʦʨ, ʩʫʜʦʚʦʡ ʢʦʪʝʣ, 

ʪʝʦʨʠʷ ʫʧʨʘʚʣʝʥʠʷ 

 

ʇʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʳ ʩʧʦʩʦʙʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʠʪʘʥʠʷ ʢʦʪʣʦʚ ʚ ʩʫʜʦʚʦʡ ʵʥʝʨʛʝʪʠ-

ʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʝ. ɼʘʥʳ ʦʪʣʠʯʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʦʜʥʦʠʤʧʫʣʴʩʥʦʛʦ, ʜʚʫʭʠʤʧʫʣʴʩʥʦʛʦ 

ʠ ʪʨʝʭʠʤʧʫʣʴʩʥʦʛʦ ʨʝʛʫʣʷʪʦʨʦʚ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʫʧʨʘʚʣʝʥʠʶ ʧʠʪʘʥʠʝʤ ʛʣʘʚʥʳʭ ʢʦʪ-

ʣʦʚ. ɼʘʥʳ ʧʦʷʩʥʝʥʠʷ ʧʦ ʧʨʠʥʮʠʧʘʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʢʦʪʣʦʚ. ʉ ʮʝʣʴʶ 

ʦʧʪʠʤʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʚʥʝʜʨʠʪʴ ʩʠʩʪʝʤʫ ʩ ʨʝʛʫʣʷʪʦʨʦʤ ʥʝʯʝʪʢʦʡ 

ʣʦʛʠʢʠ ʚʤʝʩʪʦ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʇʀ-ʨʝʛʫʣʷʪʦʨʘ. 

 

ʉʦʚʨʝʤʝʥʥʦʝ ʤʦʨʩʢʦʝ ʩʫʜʥʦ ʦʩʥʘʱʝʥʦ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʨʘʟʣʠʯʥʳʭ ʧʦ ʥʘ-

ʟʥʘʯʝʥʠʶ ʘʛʨʝʛʘʪʦʚ, ʤʝʭʘʥʠʟʤʦʚ, ʧʨʠʙʦʨʦʚ ʠ ʫʩʪʨʦʡʩʪʚ, ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩʦʩʪʘʚʣʷʶ-

ʱʠʭ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʩʫʜʥʘ. ɹʝʟʦʧʘʩʥʦʩʪʴ, ʥʘʜʝʞʥʦʩʪʴ ʠ ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʧʨʦʮʝʩ-

ʩʘ ʫʧʨʘʚʣʝʥʠʷ ʩʫʜʥʦʤ ʟʘʚʠʩʷʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʫʜʦʚʦʛʦ ʦʙʦʨʫ-

ʜʦʚʘʥʠʷ, ʥʦ ʠ ʦʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʠ ʢʘʯʝʩʪʚʘ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʷ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ ʩʦ ʩʨʝʜʩʪʚʘʤʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. ɸʚʪʦʤʘʪʠʯʝ-

ʩʢʠʡ ʢʦʥʪʨʦʣʴ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʝʡ ʯʘʩʪʴʶ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʪ.ʢ. 

ʜʣʷ ʩʚʦʝʚʨʝʤʝʥʥʦʡ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʧʨʦʮʝʩʩʘ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʧʦʣʘʛʘʪʴ ʠʥʬʦʨʤʘʮʠʝʡ ʦ 

ʝʛʦ ʧʨʦʪʝʢʘʥʠʠ. ʈʦʣʴ ʯʝʣʦʚʝʢʘ ʧʨʠ ʵʪʦʤ ʧʨʘʢʪʠʯʝʩʢʠ ʩʚʦʜʠʪʩʷ ʢ ʦʮʝʥʢʝ ʠʥʬʦʨʤʘʮʠʠ 

ʠ ʚʳʜʘʯʝ ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ [1]. ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠ, ʷʚʣʷʶʱʠʝʩʷ ʚʘʞ-

ʥʳʤ ʵʣʝʤʝʥʪʦʤ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʫʜʥʘ, ʪʨʝʙʫʶʪ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʚʭʦʜʷʱʠʤ ʚ ʠʭ ʩʦʩʪʘʚ ʦʙʦʨʫʜʦʚʘʥʠʝʤ. ʊʘʢʦʝ ʫʧʨʘʚʣʝʥʠʝ ʤʦʞʥʦ ʦʩʫʱʝʩʪ-

ʚʠʪʴ ʪʦʣʴʢʦ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʜʝʡʩʪʚʫʶʱʠʤʠ ʩʨʝʜʩʪʚʘʤʠ, ʢʦʪʦʨʳʝ ʧʨʘʚʠʣʴʥʦ ʨʘʩʩʯʠʪʘ-

ʥʳ ʠ ʧʦʜʦʙʨʘʥʳ, ʭʦʨʦʰʦ ʠʟʛʦʪʦʚʣʝʥʳ, ʩʤʦʥʪʠʨʦʚʘʥʳ ʠ ʥʘʣʘʞʝʥʳ ʥʘ ʩʫʜʥʝ [2]. 

ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʩʫʜʥʫ ʨʘʟʣʠʯʘʶʪ ʯʘʩʪʠʯʥʫʶ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʠ ʢʦʤʧʣʝʢʩʥʫʶ. 

ʏʘʩʪʠʯʥʘʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʨʘʙʦʪʳ ʦʪʜʝʣʴʥʳʭ ʩʫʜʦʚʳʭ 

ʤʝʭʘʥʠʟʤʦʚ ʠ ʫʩʪʨʦʡʩʪʚ, ʥʘʧʨʠʤʝʨ, ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʫʧʨʘʚʣʝʥʠʷ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʨʘ-

ʙʦʪʳ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʦʚ, ʧʘʨʦʚʳʭ ʢʦʪʣʦʚ, ʧʨʠʤʝʥʝʥʠʝ ʘʚʪʦʨʫʣʝʚʳʭ, ʫʜʝʨʞʠʚʘʶʱʠʭ 

ʩʫʜʥʦ ʥʘ ʟʘʜʘʥʥʦʤ ʢʫʨʩʝ ʠ ʪ.ʜ. ʏʘʩʪʠʯʥʘʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʚ ʪʦʤ ʠʣʠ ʠʥʦʤ ʦʙʲʝʤʝ ʦʩʫ-

ʱʝʩʪʚʣʝʥʘ ʥʘ ʙʦʣʴʰʠʥʩʪʚʝ ʜʝʡʩʪʚʫʶʱʠʭ ʩʫʜʦʚ. ʆʜʥʘʢʦ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʷʚʣʷ-

ʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʢʦʤʧʣʝʢʩʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʧʨʠ ʢʦʪʦʨʦʡ ʘʚʪʦʤʘʪʠʟʠʨʫʶʪʩʷ ʚʩʝ 

ʧʨʦʮʝʩʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʘʙʦʪʦʡ ʩʫʜʥʘ. ʆʥʘ ʧʦʣʫʯʠʣʘ ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ ʥʘ ʩʫʜʘʭ ʪʦʣʴ-

ʢʦ ʧʦʩʣʝʜʥʠʝ ʧʷʪʴ-ʰʝʩʪʴ ʣʝʪ ʚ ʩʚʷʟʠ ʩ ʨʘʟʚʠʪʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʆʩʥʦʚʥʦʝ 

ʥʘʧʨʘʚʣʝʥʠʝ ʢʦʤʧʣʝʢʩʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩʫʜʦʚ ʚ ʥʘʩʪʦʷʱʠʡ ʧʝʨʠʦʜ ï ʚʥʝʜʨʝʥʠʝ ʘʚ-

ʪʦʤʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʫʩʪʘʥʦʚʢʦʡ ʩ ʭʦʜʦʚʦʛʦ ʤʦʩʪʠʢʘ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʧʦʩʪʦʷʥʥʦʡ ʚʘʭʪʳ ʚ ʤʘʰʠʥʥʦʤ ʦʪʜʝ-

ʣʝʥʠʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʘʭ ʧʝʨʝʜʘʝʪʩʷ ʚ 

ʝʜʠʥʳʡ ʮʝʥʪʨ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʦʧʝʨʘʪʠʚʥʳʭ ʜʝʡʩʪʚʠʡ ʚ ʩʣʫʯʘʝ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ 

ʵʣʝʤʝʥʪʘ ʩʠʩʪʝʤʳ ʉʕʋ. 

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʩʫʜʦʚʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ (ʉʕʋ) ʦʙʝʩʧʝ-

ʯʠʚʘʝʪ [3]: 

ï ʇʦʚʳʰʝʥʠʝ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʫʩʪʘʥʦʚʦʢ ʥʘ ʚʩʝʭ ʩʪʘʪʠʯʝʩʢʠʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ; 

ï ʇʦʚʳʰʝʥʠʝ ʤʘʥʝʚʨʝʥʥʦʩʪʠ ʫʩʪʘʥʦʚʦʢ ʠ ʩʫʜʥʘ; 

ï ʅʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʦʢ; 
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ï ʋʣʫʯʰʝʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʫʩʪʘʥʦʚʦʢ ʠ ʫʩʣʦʚʠʡ ʪʨʫʜʘ ʧʝʨʩʦʥʘʣʘ; 

ï ʉʦʢʨʘʱʝʥʠʝ ʯʠʩʣʝʥʥʦʩʪʠ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ. 

ɿʘ ʧʦʩʣʝʜʥʠʝ 20 ʣʝʪ ʪʝʦʨʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʠʣʘ 

ʩʚʦʠ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠ.̫ ɺʥʝʜʨʷʶʪʩʷ ʚʩʝ ʙʦʣʝʝ ʥʦʚʳʝ ʩʧʦʩʦʙʳ 

ʫʧʨʘʚʣʝʥʠʷ ʚʳʭʦʜʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʠʩʪʝʤ [4]. ɼʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚʳʭʦʜʥʳʭ ʧʘʨʘ-

ʤʝʪʨʦʚ ʉʕʋ ʧʨʠʤʝʥʷʶʪʩʷ ʢʘʢ ʪʨʘʜʠʮʠʦʥʥʳʝ ʇʀ-ʨʝʛʫʣʷʪʦʨʳ, ʪʘʢ ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʘʣ-

ʛʦʨʠʪʤʳ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ (Fuzzy Logic) [5]. 

ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʧʠʪʘʥʠʷ ʢʦʪʣʦʚ  

ʉʕʋ ʚʢʣʶʯʘʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʦʨʤʘʣʴ-

ʥʳʝ ʫʩʣʦʚʠʷ ʝʝ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʕʪʦ ʦʧʨʝʜʝʣʷʝʪ ʢʦʤʧʣʝʢʩ ʵʥʝʨʛʦʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʦʙʦ-

ʨʫʜʦʚʘʥʠʷ, ʚʭʦʜʷʱʝʛʦ ʚ ʝʝ ʩʦʩʪʘʚ ʠ ʪʨʝʙʫʶʱʝʛʦ ʜʣʷ ʥʠʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʨʝʜʩʪʚ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ. ʂ ʯʠʩʣʫ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʪʥʦʩʷʪʩʷ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʠ 

ʫʪʠʣʠʟʘʮʠʦʥʥʳʝ ʢʦʪʣʳ, ʢʦʪʦʨʳʝ ʧʦ ʫʩʣʦʚʠʷʤ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʨʝʙʫʶʪ ʦʩʥʘʱʝʥʠʷ ʠʭ 

ʩʨʝʜʩʪʚʘʤʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤʠʩʷ ʙʦʣʴʰʦʡ ʩʣʦʞʥʦʩʪʴʶ. ʆʩʦʙʦʝ ʤʝʩʪʦ 

ʟʘʥʠʤʘʶʪ ʛʣʘʚʥʳʝ ʢʦʪʣʳ, ʩʭʝʤʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʢʦʪʦʨʳʭ ʚʳʧʦʣʥʷʶʪ ʙʦʣʴʰʦʡ ʢʦʤ-

ʧʣʝʢʩ ʟʘʜʘʯ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤʠ ʠ ʫʪʠʣʠʟʘʮʠʦʥʥʳʤʠ ʢʦʪʣʘʤʠ [2].  

ɸʚʪʦʤʘʪʠʢʘ ʛʣʘʚʥʳʭ ʢʦʪʣʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʟʘʜʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘ-

ʪʫʨʳ, ʠʟʤʝʥʝʥʠʝ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʚʦʟʥʠʢʘʶʱʠʭ ʚʦʟʤʫʱʘʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ, 

ʚʳʟʚʘʥʥʳʭ ʠʟʤʝʥʝʥʠʝʤ ʥʘʛʨʫʟʢʠ. ʅʘʛʨʫʟʢʫ ʦʧʨʝʜʝʣʷʝʪ ʨʘʩʭʦʜ ʧʘʨʘ ʥʘ ʛʣʘʚʥʳʡ ʜʚʠʛʘ-

ʪʝʣʴ. ɽʛʦ ʢʦʣʝʙʘʥʠʷ ʧʨʠʚʦʜʷʪ ʢ ʦʪʢʣʦʥʝʥʠʷʤ ʫʨʦʚʥʷ, ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʢʦʪʣʝ. 

ʉʠʩʪʝʤʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʢʦʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʨʘʙʦʪʘʶʪ ʢʘʢ ʥʝʟʘʚʠʩʠʤʳʝ. ʊʘʢ, 

ʢʦʥʪʫʨ ʧʠʪʘʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʜʘʯʫ ʚʦʜʳ ʚ ʢʦʪʝʣ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩ-

ʩʦʤ ʛʦʨʝʥʠʷ, ʘ ʦʙʘ ʦʥʠ ʥʝ ʩʚʷʟʘʥʳ ʩ ʧʦʜʜʝʨʞʘʥʠʝʤ ʧʦʩʪʦʷʥʩʪʚʘ ʪʝʤʧʝʨʘʪʫʨʳ ʧʝʨʝʛʨʝ-

ʪʦʛʦ ʧʘʨʘ. ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʧʠʪʘʥʠʷ ʢʦʪʣʘ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʦ ʥʘ ʪʨʝʭ ʧʨʠʥʮʠʧʘʭ: 

ʦʜʥʦ-, ʜʚʫʭ- ʠ ʪʨʝʭʠʤʧʫʣʴʩʥʦʝ. 

ʇʦʜʜʝʨʞʘʥʠʝ ʫʨʦʚʥʷ ʚ ʢʦʪʣʝ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʨʝʜʝʣʘʭ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʦʙʝʩʧʝʯʝ-

ʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʨʘʙʦʪʳ ʉʕʋ. ɺ ʛʣʘʚʥʳʭ ʩʫʜʦʚʳʭ ʢʦʪʣʘʭ ʩ ʝʩʪʝʩʪʚʝʥʥʦʡ ʮʠʨʢʫʣʷʮʠʝʡ 

ʜʦʧʫʩʪʠʤʳʝ ʦʪʢʣʦʥʝʥʠʷ ʫʨʦʚʥʷ ʚʦʜʳ ʦʪ ʟʘʜʘʥʥʦʡ ʚʝʣʠʯʠʥʳ ʜʦʣʞʥʳ ʩʦʩʪʘʚʣʷʪʴ ʥʝ 

ʙʦʣʝʝ 100 ʤʤ [2]. ʉʠʩʪʝʤʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʠʪʘʥʠʷ ʢʦʪʣʦʚ ʚʦʜʦʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʩʪʦʷʪ 

ʠʟ ʜʚʫʭ ʢʦʥʪʫʨʦʚ ʨʝʛʫʣʠʨʦʚʘʥʠʷ: ʫʨʦʚʥʷ ʚʦʜʳ ʚ ʧʘʨʦʚʦʜʷʥʦʤ ʢʦʣʣʝʢʪʦʨʝ ʠ ʜʘʚʣʝʥʠʷ ʚ 

ʥʘʧʦʨʥʦʤ ʪʨʫʙʦʧʨʦʚʦʜʝ ʧʠʪʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ. ɸʚʪʦʤʘʪʠʯʝʩʢʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʫʨʦʚʥʷ 

ʚʦʜʳ ʚ ʢʦʪʣʘʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʩʪʝʧʝʥʠ ʦʪʢʨʳʪʠʷ ʧʠʪʘʪʝʣʴʥʦʛʦ ʢʣʘʧʘʥʘ. 

ʆʜʥʘʢʦ ʨʘʩʭʦʜ ʧʠʪʘʪʝʣʴʥʦʡ ʚʦʜʳ ʚ ʢʦʪʝʣ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʘʢʞʝ ʨʘʟʥʦʩʪʴʶ ʜʘʚʣʝʥʠʡ ʜʦ 

ʠ ʧʦʩʣʝ ʧʠʪʘʪʝʣʴʥʦʛʦ ʢʣʘʧʘʥʘ ʢʦʪʣʘ, ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʡ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʫʪʝʤ ʨʝʛʫʣʠ-

ʨʦʚʘʥʠʷ ʜʘʚʣʝʥʠʷ ʚ ʧʦʜʚʦʜʷʱʝʤ ʚʦʜʫ ʥʘʧʦʨʥʦʤ ʪʨʫʙʦʧʨʦʚʦʜʝ. ɼʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪ-

ʚʘ ʢʦʥʪʫʨʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʫʨʦʚʥʷ ʚʦʜʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʦʥʩʪʨʫʢʮʠʝʡ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ 

ʦʨʛʘʥʘ ʨʝʛʫʣʷʪʦʨʘ ʫʨʦʚʥʷ, ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʪʨʝʙʦʚʘʥʠʷʤ ʥʘʜʝʞʥʦʩʪʠ. 

ʇʦʩʢʦʣʴʢʫ ʢʦʪʝʣ ʥʝ ʦʙʣʘʜʘʝʪ ʩʚʦʡʩʪʚʦʤ ʩʘʤʦʚʳʨʘʚʥʠʚʘʥʠʷ ʧʦ ʫʨʦʚʥʶ, ʜʣʷ ʦʙʝʩ-

ʧʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʦʮʝʩʩʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʨʠʤʝʥʷʶʪ ʨʝʛʫʣʷʪʦʨʳ ʩʦ ʩʪʘʙʠʣʠʟʠ-

ʨʫʶʱʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʚ ʚʠʜʝ ʛʠʙʢʠʭ ʠ ʞʝʩʪʢʠʭ ʦʙʨʘʪʥʳʭ ʩʚʷʟʝʡ. ɼʣʷ ʩʫʜʦʚʳʭ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʢʦʪʣʦʚ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪ ʦʜʥʦʠʤʧʫʣʴʩʥʳʝ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʝ (ʇ) 

ʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ-ʠʥʪʝʛʨʘʣʴʥʳʝ (ʇʀ) ʨʝʛʫʣʷʪʦʨʳ, ʘ ʜʣʷ ʛʣʘʚʥʳʭ ï ʜʚʫʭʠʤʧʫʣʴʩʥʳʝ 

ʇ-ʨʝʛʫʣʷʪʦʨʳ ʠ ʨʝʛʫʣʷʪʦʨʳ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʠʤʧʫʣʴʩʦʤ ʧʦ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ 

ʜʘʚʣʝʥʠʷ ʧʘʨʘ [2]. 

ʈʝʛʫʣʠʨʫʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʦʜʥʦʠʤʧʫʣʴʩʥʦʛʦ ʇ-ʨʝʛʫʣʷʪʦʨʘ ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʩʦʦʪ-

ʚʝʪʩʪʚʠʠ ʩ ʩʠʛʥʘʣʦʤ ʧʦ ʦʪʢʣʦʥʝʥʠʶ ʫʨʦʚʥʷ ʚʦʜʳ ʚ ʢʦʪʣʝ ʦʪ ʟʘʜʘʥʥʦʛʦ. ʇʨʦʮʝʩʩ ʨʝʛʫ-

ʣʠʨʦʚʘʥʠʷ ʫʨʦʚʥʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʜʥʦʠʤʧʫʣʴʩʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʥʘ ʤʘʥʝʚʨʘʭ ʭʘʨʘʢ-

ʪʝʨʠʟʫʝʪʩʷ ʙʦʣʴʰʠʤ ʧʝʨʝʨʝʛʫʣʠʨʦʚʘʥʠʝʤ, ʧʨʠ ʢʦʪʦʨʦʤ ʫʨʦʚʝʥʴ ʤʦʞʝʪ ʚʳʡʪʠ ʟʘ ʧʨʝ-

ʜʝʣʳ ʚʠʜʠʤʦʩʪʠ ʚʦʜʦʫʢʘʟʘʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ. ʇʨʠ ʵʪʦʤ ʚʦʟʥʠʢʘʝʪ ʦʧʘʩʥʦʩʪʴ ʧʝʨʝʞʦʛʘ 

ʪʨʫʙ ʢʦʪʣʘ ʠʣʠ ʟʘʙʨʦʩʘ ʚʦʜʳ ʚ ʧʘʨʦʧʝʨʝʛʨʝʚʘʪʝʣʴ ʠ ʧʨʦʪʦʯʥʫʶ ʯʘʩʪʴ ʪʫʨʙʠʥʳ. 

ʆʜʥʦʠʤʧʫʣʴʩʥʳʝ ʇʀ-ʨʝʛʫʣʷʪʦʨʳ ʦʩʫʱʝʩʪʚʣʷʶʪ ʨʝʛʫʣʠʨʫʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʠʩ-

ʧʦʣʴʟʫʷ ʠʥʬʦʨʤʘʮʠʶ ʧʦ ʦʪʢʣʦʥʝʥʠʶ ʫʨʦʚʥʷ ʚʦʜʳ ʚ ʢʦʪʣʝ, ʥʦ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʪʘʪʠʯʝ-
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ʩʢʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʩ ʥʫʣʝʚʦʡ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴʶ. ʈʝʛʫʣʷʪʦʨʳ ʩ ʛʠʙʢʦʡ ʦʙʨʘʪʥʦʡ 

ʩʚʷʟʴʶ ʩʣʦʞʥʝʝ, ʯʝʤ ʩ ʞʝʩʪʢʦʡ, ʘ ʪʘʢʞʝ ʤʝʥʝʝ ʥʘʜʝʞʥʳ. ʇʨʠʤʝʥʷʝʤʳʝ ʜʣʷ ʚʳʩʦʢʦʥʘ-

ʧʨʷʞʝʥʥʳʭ ʢʦʪʣʦʚ ʩ ʤʘʣʳʤ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʚʦʜʦʩʦʜʝʨʞʘʥʠʝʤ ʜʚʫʭʠʤʧʫʣʴʩʥʳʝ ʨʝʛʫ-

ʣʷʪʦʨʳ ʦʩʫʱʝʩʪʚʣʷʶʪ ʨʝʛʫʣʠʨʫʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʠʩʧʦʣʴʟʫʷ ʠʥʬʦʨʤʘʮʠʶ ʥʝ ʪʦʣʴʢʦ 

ʧʦ ʦʪʢʣʦʥʝʥʠʶ ʫʨʦʚʥʷ ʚʦʜʳ ʚ ʢʦʪʣʝ, ʥʦ ʠ ʧʦ ʨʘʩʭʦʜʫ ʧʘʨʘ ʠʟ ʥʝʛʦ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʫʨʦʚʥʷ ʚʦʜʳ ʚ ʢʦʪʣʝ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʦʪʢʣʦʥʝʥʠʷʤʠ ʦʪ ʟʘʜʘʥʥʦ-

ʛʦ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʪʨʝʭʠʤʧʫʣʴʩʥʳʝ ʨʝʛʫʣʷʪʦʨʳ. ʆʥʠ ʧʦʣʫʯʘʶʪ ʠʤʧʫʣʴʩʳ ʥʝ ʪʦʣʴʢʦ ʧʦ 

ʫʨʦʚʥʶ ʚʦʜʳ ʠ ʨʘʩʭʦʜʫ ʧʘʨʘ, ʥʦ ʠ ʧʦ ʨʘʩʭʦʜʫ ʚʦʜʳ ʚ ʢʦʪʝʣ [2]. ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʠʤ-

ʧʫʣʴʩʘ ʧʦ ʨʘʩʭʦʜʫ ʚʦʜʳ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ. ɺ ʜʠʥʘʤʠʢʝ ʦʪʢʣʦʥʝʥʠʝ 

ʫʨʦʚʥʷ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʟʘʚʠʩʠʪ ʚ ʦʩʥʦʚʥʦʤ ʦʪ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚ ʢʦʪʣʝ, 

ʦʧʨʝʜʝʣʷʝʤʦʡ ʝʛʦ ʧʘʨʦʚʦʡ ʥʘʛʨʫʟʢʦʡ. ʇʦʵʪʦʤʫ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʠʤʧʫʣʴʩ ʧʦ ʩʢʦʨʦʩʪʠ 

ʠʟʤʝʥʝʥʠʷ ʜʘʚʣʝʥʠʷ ʧʘʨʘ, ʦʪʣʠʯʥʳʡ ʦʪ ʥʫʣʷ ʚ ʧʝʨʝʭʦʜʥʳʭ ʨʝʞʠʤʘʭ, ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʫʣʫʯʰʝʥʠʶ ʜʠʥʘʤʠʢʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʫʤʝʥʴʰʘʷ ʧʝʨʚʦʥʘʯʘʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʫʨʦʚʥʷ. 

ɺ ʩʠʩʪʝʤʝ ʇʀ-ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʫʨʦʚʥʷ ʚʦʜʳ ʚ ʢʦʪʣʝ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʠʤʧʫʣʴʩʦʤ ʧʦ 

ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʜʘʚʣʝʥʠʷ ʧʘʨʘ ʚ ʢʘʯʝʩʪʚʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʡ ʵʥʝʨʛʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʩʞʘʪʳʡ ʚʦʟʜʫʭ. 

ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʢʦʪʣʘ ʚʳʧʦʣʥʷʝʪʩʷ ʥʝʧʨʝʨʳʚʥʳʤ, ʧʦʟʠʮʠʦʥʥʳʤ 

ʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ [2]. ʅʝʧʨʝʨʳʚʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʠʩʧʦʣʴʟʫʶʪ ʚ ʢʦʪʣʘʭ ʙʦʣʴʰʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʚ ʢʦʪʣʘʭ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʘʨʦʤ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨ, ʜʣʷ 

ʫʩʪʦʡʯʠʚʦʡ ʨʘʙʦʪʳ ʢʦʪʦʨʦʛʦ ʜʘʚʣʝʥʠʝ ʧʘʨʘ ʜʦʣʞʥʦ ʧʦʜʜʝʨʞʠʚʘʪʴʩʷ ʧʦʩʪʦʷʥʥʳʤ. 

ʇʨʠʤʝʥʷʝʤʳʝ ʧʨʠ ʵʪʦʤ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʝ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʛʣʘʚ-

ʥʳʭ ʢʦʪʣʦʚ. ʇʦʟʠʮʠʦʥʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʠʩʧʦʣʴʟʫʶʪ ʚ ʢʦʪʣʘʭ, ʧʨʦʠʟʚʦʜʷʱʠʭ ʧʘʨ ʜʣʷ 

ʦʙʱʝʩʫʜʦʚʳʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʥʫʞʜ ʩʫʜʥʘ, ʛʜʝ ʜʦʧʫʩʪʠʤʦ ʠʟʤʝʥʝʥʠʝ ʜʘʚʣʝʥʠʷ 

ʧʘʨʘ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ. ɺ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʚʝʨʭʥʝʛʦ 

ʟʘʜʘʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʧʘʨʘ ʚ ʢʦʪʣʝ ʩʠʩʪʝʤʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʨʝʢʨʘʱʘʝʪ ʧʨʦʮʝʩʩ ʪʦʧʣʠ-

ʚʦʩʞʠʛʘʥʠʷ, ʠ ʦʪʙʦʨ ʧʘʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʪʝʧʣʦʪʳ, ʘʢʢʫʤʫʣʠʨʦʚʘʥʥʦʡ ʚ ʧʘʨʦ-

ʚʦʜʷʥʦʤ ʦʙʲʝʤʝ ʢʦʪʣʘ, ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʜʘʚʣʝʥʠʝ ʧʘʨʘ ʚ ʢʦʪʣʝ ʥʝ ʜʦʩʪʠʛʥʝʪ ʥʠʞʥʝʛʦ 

ʟʘʜʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ. ʇʦʩʣʝ ʵʪʦʛʦ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʫʩʢ ʢʦʪʣʘ ʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʝʛʦ ʨʘʙʦʪʫ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʜʘʚʣʝʥʠʝ ʧʘʨʘ ʥʝ ʜʦʩʪʠʛʥʝʪ ʚʝʨʭʥʝʛʦ ʟʘʜʘʥ-

ʥʦʛʦ ʟʥʘʯʝʥʠʷ. ʇʦʟʠʮʠʦʥʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʢʦʪʣʦʚ, 

ʦʙʣʘʜʘʶʱʠʭ ʙʦʣʴʰʦʡ ʘʢʢʫʤʫʣʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, ʧʦʟʚʦʣʷʶʱʝʡ ʦʛʨʘʥʠʯʠʪʴ 

ʯʘʩʪʦʪʫ ʚʢʣʶʯʝʥʠʡ ʠ ʚʳʢʣʶʯʝʥʠʡ ʢʦʪʣʘ. ʊʘʢʦʡ 2-ʧʦʟʠʮʠʦʥʥʳʡ ʧʨʠʥʮʠʧ ʧʦʩʪʨʦʝʥʠʷ 

ʩʭʝʤʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʘʟʳʚʘʶʪ ʪʘʢʞʝ ʧʨʠʥʮʠʧʦʤ çʚʢʣʶʯʝʥʦ-ʚʳʢʣʶʯʝʥʦè, ʘ ʨʝʘʣʠ-

ʟʫʁʱʫʶ ʝʛʦ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʦʙʳʯʥʦ ʚʳʧʦʣʥʷʶʪ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʩʨʝʜʩʪʚ ʜʠʩʢʨʝʪʥʦʛʦ ʪʠʧʘ. ʂʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ ʧʦʟʠʮʠ-

ʦʥʥʳʡ ʠ ʥʝʧʨʝʨʳʚʥʳʡ ʧʨʠʥʮʠʧʳ. ʊʘʢʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʳʤ ʠ 

ʥʘʭʦʜʠʪ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʢʦʪʣʦʚ ʩ ʤʘʣʳʤ ʚʦʜʦʩʦʜʝʨʞʘʥʠʝʤ. 

ʇʨʠʤʝʥʝʥʠʝ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ ʚ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ ʢʦʪʣʦʚ 

ɸʣʛʦʨʠʪʤʳ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ (Fuzzy Logic) ʷʚʣʷʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʤ ʧʦʜʭʦʜʦʤ ʚ ʪʝʦ-

ʨʠʠ ʫʧʨʘʚʣʝʥʠʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ ʘʣʛʦʨʠʪʤʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʨʝʛʫ-

ʣʠʨʦʚʘʥʠʷ ʠ ʥʘʜʝʞʥʦʩʪʴ, ʧʨʠ ʵʪʦʤ ʦʙʝʩʧʝʯʠʪʴ ʥʠʟʢʫʶ ʩʪʦʠʤʦʩʪʴ ʧʨʠ ʚʳʩʦʢʦʤ ʙʳʩʪʨʦ-

ʜʝʡʩʪʚʠʠ ʩʠʩʪʝʤʳ ʥʘ ʚʦʟʥʠʢʘʶʱʠʝ ʚʦʟʤʫʱʝʥʠʷ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ [5].  

ʆʩʥʦʚʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ʧʨʠʤʝʥʷʝʤʦʛʦ ʚ ʩʠʩʪʝʤʝ ʨʝʛʫʣʷʪʦʨʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʙʝʩʧʝ-

ʯʝʥʠʠ ʩʪʘʙʠʣʴʥʦʛʦ ʚʳʭʦʜʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʙʣʠʟʢʦʛʦ ʢ ʞʝʣʘʝʤʦʤʫ, ʥʘʩʢʦʣʴʢʦ ʵʪʦ ʧʨʘʢ-

ʪʠʯʝʩʢʠ ʚʦʟʤʦʞʥʦ [6]. ɺʩʝ ʨʝʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ ʧʨʦʷʚʣʷʶʪ ʥʝ-

ʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʇʀ-ʢʦʥʪʨʦʣʣʝʨʳ ʥʝ ʚʩʝʛʜʘ ʩʧʦʩʦʙʥʳ ʦʙʝʩʧʝʯʠʪʴ 

ʭʦʨʦʰʠʝ ʠ ʪʦʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʢʦʥʪʨʦʣʣʝʨʳ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ ʤʦʛʫʪ 

ʙʳʪʴ ʭʦʨʦʰʝʡ ʘʣʴʪʝʨʥʘʪʠʚʦʡ. ʇʨʠ ʵʪʦʤ ʧʨʦʝʢʪʠʨʦʚʱʠʢʠ ʤʦʛʫʪ ʩʦʢʨʘʪʠʪʴ ʟʘʪʨʘʪʳ ʥʘ 

ʨʘʟʨʘʙʦʪʢʫ ʧʨʠ ʦʙʝʩʧʝʯʝʥʠʠ ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʠʩ-

ʪʝʤʳ [7]. ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʟʘʜʘʯʝ ʢʦʥʪʨʦʣʷ ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʠ ʚ ʢʦʪʣʝ, ʢʦʥʪʨʦʣʣʝʨ 

ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʠʪʴ ʦʰʠʙʢʫ ʧʝʨʝʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʦ ʩʨʘʚ-

ʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤ ʇʀ-ʨʝʛʫʣʷʪʦʨʦʤ [8]. 



ɸ.ʀ. ɽʧʠʭʠʥ 
ʆʙʟʦʨ ʩʦʚʨʝʤʝʥʥʳʭ ʩʧʦʩʦʙʦʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩʫʜʦʚʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ 
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ʅʝʯʝʪʢʦʝ ʫʧʨʘʚʣʝʥʠʝ ʦʢʘʟʳʚʘʝʪʩʷ ʦʩʦʙʝʥʥʦ ʧʦʣʝʟʥʳʤ, ʢʦʛʜʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʧʨʦʮʝʩʩʳ ʷʚʣʷʶʪʩʷ ʩʣʠʰʢʦʤ ʩʣʦʞʥʳʤʠ ʜʣʷ ʘʥʘʣʠʟʘ ʩ ʧʦʤʦʱʴʶ ʦʙʱʝʧʨʠʥʷʪʳʭ ʢʦʣʠ-

ʯʝʩʪʚʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠʣʠ ʢʦʛʜʘ ʜʦʩʪʫʧʥʳʝ ʠʩʪʦʯʥʠʢʠ ʠʥʬʦʨʤʘʮʠʠ ʠʥʪʝʨʧʨʝʪʠʨʫʶʪʩʷ 

ʢʘʯʝʩʪʚʝʥʥʦ, ʥʝʪʦʯʥʦ ʠʣʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦ. ʅʘʣʠʯʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʦʪʨʘʞʝ-

ʥʠʷ ʥʝʯʝʪʢʦʩʪʠ ʠʩʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʧʦʩʪʨʦʠʪʴ ʤʦʜʝʣʴ, ʘʜʝʢʚʘʪʥʫʶ ʨʝ-

ʘʣʴʥʦʩʪʠ.  

ɼʣʷ ʦʩʦʙʦ ʩʣʦʞʥʳʭ ʟʘʜʘʯ ʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʝʥʠʝ ʛʠʙʨʠʜʥʦʡ ʩʠʩʪʝʤʳ, ʩʦʯʝʪʘʶʱʝʡ 

ʚ ʩʝʙʝ ʦʙʘ ʪʠʧʘ ʨʝʛʫʣʷʪʦʨʦʚ. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ.1. 

 

 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʛʠʙʨʠʜʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ɺʳʚʦʜʳ 

ʇʨʦʚʝʜʝʥ ʦʙʟʦʨ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʫʧʨʘʚʣʝʥʠʷ ʩʫʜʦʚʳʤʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʫʩ-

ʪʘʥʦʚʢʘʤʠ ʠ ʩʫʜʦʚʳʤʠ ʢʦʪʝʣʴʥʳʤʠ ʫʩʪʘʥʦʚʢʘʤʠ ʚ ʯʘʩʪʥʦʩʪʠ. ʉʦʚʨʝʤʝʥʥʳʝ ʫʩʪʘʥʦʚʢʠ 

ʪʨʝʙʫʶʪ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ. ɼʘʥʥʘʷ ʟʘʜʘʯʘ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩʥʦʡ ʠ ʫʯʠ-

ʪʳʚʘʝʪ ʤʥʦʞʝʩʪʚʦ ʬʘʢʪʦʨʦʚ. ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʜʠʮʠʦʥʥʳʝ ʇʀ-

ʨʝʛʫʣʷʪʦʨʳ ʷʚʣʷʶʪʩʷ ʥʘʜʝʞʥʳʤ ʠ ʧʨʦʚʝʨʝʥʥʳʤ ʩʧʦʩʦʙʦʤ ʢʦʥʪʨʦʣʷ ʪʨʝʙʫʝʤʳʭ ʧʘʨʘ-

ʤʝʪʨʦʚ. ʆʜʥʘʢʦ, ʚ ʩʚʷʟʠ ʩ ʨʘʟʚʠʪʠʝʤ ʪʝʦʨʠʠ ʫʧʨʘʚʣʝʥʠʷ ʘʣʛʦʨʠʪʤʳ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ 

ʪʘʢʞʝ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʷʜʝ ʟʘʜʘʯ. ɺ ʩʪʘʪʴʝ ʙʳʣʠ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʠʥ-

ʮʠʧʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʠʪʘʥʠʷ ʩʫʜʦʚʳʭ ʢʦʪʣʦʚ. ʂʦʥʪʨʦʣʣʝʨʳ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ ʤʦʛʫʪ 

ʙʳʪʴ ʭʦʨʦʰʝʡ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʇʀ-ʢʦʥʪʨʦʣʣʝʨʘʤ, ʦʜʥʘʢʦ ʥʝʦʙʭʦʜʠʤʦ ʩʦʦʪʥʦʩʠʪʴ ʟʘ-

ʪʨʘʪʳ ʥʘ ʨʝʘʣʠʟʘʮʠʶ ʪʘʢʠʭ ʩʠʩʪʝʤ. 
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THE REVIEW  OF MODERN METHODS  

OF AUTOMATIC CONTROL  OF SHIP POWER PLANTS 

A.I. Epikhin 

Keywords: fuzzy logic, feedback, PI-controller, ship boiler, control theory. 

 

Methods of regulating the supply of boilers in a ship power plant are considered in detail. 

The distinctive properties of single-pulse, two-pulse and three-pulse regulators are applied 

to the power control of the main boilers. Explanations are given on the principles of regula-

tion of auxiliary boilers. In order to optimize the system, a fuzzy logic controller is intro-

duced instead of the traditional PI controller . 

ʉʪʘʪʴʷ ʧʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ 12.02.2018 ʛ. 
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ɸ.ɺ. ʉʦʣʦʚʴʸʚ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʌɻɹʆʋ ɺʆ çɺɻʋɺʊè,  

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

ɼʀɸɻʅʆʉʊʀʈʆɺɸʅʀɽ ʀ ʇʈʆɻʅʆɿʀʈʆɺɸʅʀɽ 

ʊɽʍʅʀʏɽʉʂʆɻʆ ʉʆʉʊʆʗʅʀʗ ʆɹʒɽʂʊʆɺ  

ʉʋɼʆɺʆʁ ʕʅɽʈɻɽʊʀʏɽʉʂʆʁ ʋʉʊɸʅʆɺʂʀ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʤʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʴ, ʪʝʭʥʠʯʝʩʢʘʷ ʜʠʘʛʥʦʩʪʠʢʘ, ʩʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ, 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ  

 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʢʦʤʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʴ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʪʝʭʥʠ-

ʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʦʚ ʩʫʜʦʚʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ (ʉʕʋ), ʧʦʣʫʯʝʥʥʘʷ 

ʤʝʪʦʜʦʤ ʩʠʩʪʝʤʥʦʛʦ ʩʠʥʪʝʟʘ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʢʦʤʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʴ ʜʠʘʛʥʦʩʪʠʨʦʚʘ-

ʥʠʷ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʯʠʩʣʝʥʥʫʶ ʦʮʝʥʢʫ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʦʚ ʉʕʋ ʠ 

ʉʕʋ ʚ ʮʝʣʦʤ, ʫʩʪʘʥʦʚʠʪʴ ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʦʙʲʝʢʪʘ ʉʕʋ, 

ʘ ʪʘʢʞʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʜʠʥʘʤʠʢʫ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʵʪʠʭ ʦʙʲʝʢʪʦʚ ʚʦ ʚʨʝʤʝʥʠ 

ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʧʨʝʜʧʦʩʳʣʦʢ ʠ ʫʩʣʦʚʠʡ, ʩʣʝʜʩʪʚʠʝʤ ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʝʥ ʧʦʪʝʥʮʠʘʣʴʥʳʡ 

ʦʪʢʘʟ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚ ʤʦʜʝʣʠ ʬʫʥʢʮʠʡ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʪʝʭʥʠ-

ʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʨʘʟʨʘʙʦʪʘʥʳ ʙʣʦʢ-ʩʭʝʤʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʣʛʦʨʠʪʤʦʚ. ɸʣʛʦ-

ʨʠʪʤ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʩʦʩʪʦʷʥʠʝ çʛʦʜʝʥ-ʥʝʛʦʜʝʥè ʩ ʫʢʘʟʘʥʠ-

ʝʤ ʥʝʛʦʜʥʦʛʦ ʦʙʲʝʢʪʘ ʠ ʝʛʦ ʧʘʨʘʤʝʪʨʦʚ ʠ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʵʢʩʧʝʨʪʘ 

ʈʝʯʥʦʛʦ ʈʝʛʠʩʪʨʘ ʧʨʠ ʦʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʥʠʠ ʩʫʜʦʚ. ɼʣʷ ʬʫʥʢʮʠʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥ ʘʣʛʦʨʠʪʤ, ʧʦʟʚʦʣʷʶʱʠʡ ʨʘʩʩʯʠʪʘʪʴ ʚʨʝʤʷ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʤ 

ʩʦʩʪʦʷʥʠʝʤ ʦʙʲʝʢʪʘ çʙʨʘʢʦʚʦʯʥʦʛʦè ʟʥʘʯʝʥʠʷ, ʯʪʦ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘ-

ʯʝʥʠʝ, ʧʦʩʢʦʣʴʢʫ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʩʨʦʢʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘ-

ʥʠʷ ʠ ʨʝʤʦʥʪʘ ʦʙʲʝʢʪʦʚ ʉʕʋ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʤʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʴ ʜʠʘʛʥʦʩʪʠʨʦʚʘ-

ʥʠʷ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʢʦʥʪʨʦʣʴ ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʧʦʜʩʠʩʪʝʤʘʭ ʦʙʲ-



ɸ.ɺ. ʉʦʣʦʚʴʸʚ 
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ʝʢʪʦʚ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʫʧʨʝʞʜʘʶʱʝʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʦʟʤʦʞʥʦʤ ʦʪʢʣʦʥʝʥʠʠ ʧʦʢʘ-

ʟʘʪʝʣʝʡ ʧʨʦʮʝʩʩʦʚ ʦʪ ʟʘʜʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʚ ʩʚʷʟʠ ʩ ʧʦʷʚʣʝʥʠʝʤ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʚ ʢʘʢʦʡ-

ʣʠʙʦ ʧʦʜʩʠʩʪʝʤʝ. 

ɺʚʝʜʝʥʠʝ 

ʆʜʥʦʡ ʠʟ ʚʘʞʥʳʭ ʧʨʝʜʧʦʩʳʣʦʢ ʦʙʝʩʧʝʯʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʣʘʚʘʥʠʷ 

ʷʚʣʷʝʪʩʷ ʪʝʭʥʠʯʝʩʢʘʷ ʜʠʘʛʥʦʩʪʠʢʘ ʩʫʜʦʚʳʭ ʜʠʟʝʣʝʡ (ʛʣʘʚʥʳʭ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ) ʠ 

ʜʨʫʛʠʭ ʦʙʲʝʢʪʦʚ ʉʕʋ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

[1ï3] ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʫʩʪʘʥʦʚʢʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ 

ʢʦʤʧʣʝʢʩʦʚ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʜʣʷ ɼɺʉ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʤʦʱʥʦʩʪʠ, ʧʨʠʤʝʥʷʝʤʳʭ 

ʥʘ ʤʦʨʩʢʠʭ ʩʫʜʘʭ, ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʥʘ ʨʝʯʥʳʭ ʠ ʩʤʝʰʘʥʥʳʭ (ʨʝʢʘ-ʤʦʨʝ) ʧʣʘʚʘʥʠʷ ʩʫʜʘʭ 

ʪʘʢʠʝ ʩʠʩʪʝʤʳ ʥʝ ʧʨʠʤʝʥʷʣʠʩʴ. ʊʝʭʥʠʯʝʩʢʘʷ ʜʠʘʛʥʦʩʪʠʢʘ ʥʘ ʩʫʜʘʭ ʩ ʢʣʘʩʩʦʤ ʈʝʯʥʦʛʦ 

ʈʝʛʠʩʪʨʘ ʩʚʦʜʠʪʩʷ ʢ ʩʥʷʪʠʶ ʠʥʜʠʢʘʪʦʨʥʳʭ ʜʠʘʛʨʘʤʤ, ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʦʤʫ ʢʦʥʪʨʦʣʶ ʠ 

ʟʘʪʝʤ ʨʫʯʥʦʡ ʦʙʨʘʙʦʪʢʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩʫʜʦʚʳʤʠ ʤʝʭʘʥʠʢʘʤʠ ʠʣʠ ʪʝʧʣʦ-

ʪʝʭʥʠʯʝʩʢʠʤʠ ʧʘʨʪʠʷʤʠ. ʉʦʚʨʝʤʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʜʝʣ ʥʘ ʚʥʫʪʨʝʥʥʝʤ ʚʦʜʥʦʤ ʪʨʘʥʩ-

ʧʦʨʪʝ ʪʨʝʙʫʝʪ ʧʝʨʝʩʤʦʪʨʘ ʧʦʜʭʦʜʦʚ ʚ ʦʙʣʘʩʪʠ ʙʝʟʨʘʟʙʦʨʥʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʜʠʘʛʥʦʩʪʠ-

ʢʠ, ʘ ʠʤʝʥʥʦ ï ʚ ʝʝ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʪʝʭʥʠʯʝʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʩʫʜʦʚʳʭ 

ʜʚʠʛʘʪʝʣʝʡ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʜʨʫʛʠʭ ʤʝʥʝʝ ʩʣʦʞʥʳʭ ʦʙʲʝʢʪʦʚ ʉʕʋ ʨʝʯʥʳʭ ʩʫʜʦʚ 

ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ, ʧʦʩʢʦʣʴʢʫ, ʩʦʚʨʝʤʝʥʥʳʝ ʵʣʝʢʪʨʦʥʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

[4ï6] ʧʦʟʚʦʣʷʶʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʥʝʧʨʝʨʳʚʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʪʝʭʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, 

ʪ. ʝ. ʩʙʦʨ ʠ ʦʙʨʘʙʦʪʢʫ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʣʫʯʝʥʥʦʡ ʦʪ ʜʘʪʯʠʢʦʚ ʨʝʛʫʣʠʨʫʝʤʳʭ ʚʝʣʠʯʠʥ ʠ 

ʧʨʦʮʝʩʩʦʚ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʟʘʜʘʯʘ ʫʩʪʘʥʦʚʢʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʢʦʤ-

ʧʣʝʢʩʦʚ ʩʪʘʥʦʚʠʪʩʷ ʥʝʘʢʪʫʘʣʴʥʦʡ, ʪ. ʢ. ʠʥʬʦʨʤʘʮʠʷ, ʧʦʣʫʯʝʥʥʘʷ ʦʪ ʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩ-

ʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʛʘʪʝʣʝʤ ʠ ʜʨʫʛʠʤʠ ʦʙʲʝʢʪʘʤʠ ʉʕʋ ʤʦʞʝʪ ʦʙʨʘʙʘʪʳʚʘʪʴʩʷ ʮʝʥ-

ʪʨʘʣʴʥʳʤ ʢʦʤʧʴʶʪʝʨʦʤ ʫʧʨʘʚʣʝʥʠʷ ʠʣʠ ʢʦʤʧʴʶʪʝʨʦʤ ʤʘʰʠʥʥʦʛʦ ʦʪʜʝʣʝʥʠʷ ʚ ʮʝʣʷʭ 

ʫʧʨʘʚʣʝʥʠʷ ʠ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʚʩʝʡ ʉʕʋ [7ï8], ʘ ʥʝ ʪʦʣʴʢʦ ʝʝ ʦʪʜʝʣʴʥʳʭ ʦʙʲʝʢʪʦʚ. 

ʇʨʠ ʵʪʦʤ ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʚ ʪʝʭʥʠʯʝʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʝ ʩʪʘʥʦʚʠʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʢʦʤ-

ʧʴʶʪʝʨʥʦʡ ʤʦʜʝʣʠ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʊʉ) ʉʕʋ, ʧʦʟʚʦʣʷʶ-

ʱʝʡ ʧʦʣʫʯʠʪʴ ʯʠʩʣʝʥʥʫʶ ʦʮʝʥʢʫ ʊʉ ʦʙʲʝʢʪʦʚ ʉʕʋ ʠ ʉʕʋ ʚ ʮʝʣʦʤ, ʫʩʪʘʥʦʚʠʪʴ çʛʦʜ-

ʥʦʝ-ʥʝʛʦʜʥʦʝè ʊʉ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʦʙʲʝʢʪʘ ʉʕʋ, ʘ ʪʘʢʞʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʜʠʥʘ-

ʤʠʢʫ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʵʪʠʭ ʦʙʲʝʢʪʦʚ ʚʦ ʚʨʝʤʝʥʠ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʧʨʝʜʧʦʩʳʣʦʢ ʠ 

ʫʩʣʦʚʠʡ, ʩʣʝʜʩʪʚʠʝʤ ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʝʥ ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʦʪʢʘʟ. ɿʥʘʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦ-

ʩʪʝʡ ʠʟʤʝʥʝʥʠʷ ʊʉ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ, ʧʦʩʢʦʣʴʢʫ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝ-

ʜʝʣʷʪʴ ʥʝ ʪʦʣʴʢʦ ʦʧʪʠʤʘʣʴʥʳʝ ʩʨʦʢʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ, ʥʦ ʠ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʠʭ ʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʡ ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩʫʜʦʚ [9].  

ʂʦʤʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʴ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ 

ʃʶʙʦʡ ʦʙʲʝʢʪ ʉʕʋ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʪʝʭʥʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ, ʧʨʝʜʩʪʘʚ-

ʣʷʶʱʫʶ ʫʧʦʨʷʜʦʯʝʥʥʫʶ ʩʦʚʦʢʫʧʥʦʩʪʴ ʥʝʢʦʪʦʨʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʦʚʤʝʩʪʥʦ ʜʝʡʩʪʚʫʶ-

ʱʠʭ ʵʣʝʤʝʥʪʦʚ (ʘʛʨʝʛʘʪʦʚ, ʫʟʣʦʚ, ʜʝʪʘʣʝʡ) ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʥʫʶ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʥ-

ʥʳʭ ʬʫʥʢʮʠʡ [10ï11]. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ ʩ ʮʝʣʴʶ ʥʘʠʙʦʣʝʝ ʜʦʩʪʦʚʝʨ-

ʥʦʛʦ ʦʧʠʩʘʥʠʷ ʩʠʩʪʝʤʳ (ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʉʕʋ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʝʸ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷ-

ʥʠʷ) ʩʠʩʪʝʤʘ ʫʩʣʦʚʥʦ çʨʘʩʯʣʝʥʷʝʪʩʷè ʥʘ ʧʦʜʩʠʩʪʝʤʳ (ʩʦʩʪʘʚʥʳʝ ʯʘʩʪʠ) ʨʘʟʣʠʯʥʳʭ 

ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ, ʧʨʠʯʝʤ, ʯʝʤ ʥʠʞʝ ʫʨʦʚʝʥʴ ʧʦʜʩʠʩʪʝʤʳ, ʪʝʤ ʧʨʦʱʝ ʚʭʦʜʷʱʠʝ 

ʚ ʥʝʛʦ ʩʪʨʫʢʪʫʨʥʳʝ ʯʘʩʪʠ ʠ ʥʘʦʙʦʨʦʪ. ʇʨʠʥʷʪʦʝ ʚ ʨʘʙʦʪʝ ʨʘʟʙʠʝʥʠʝ ʥʘ ʧʦʜʩʠʩʪʝʤʳ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 1. ʉʭʝʤʘ ʨʠʩ. 1 ʥʝ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʦʪʜʝʣʴʥʳʝ ʦʙʲʝʢʪʳ ʉʕʋ ʠ 

ʥʝʢʦʪʦʨʳʝ ʵʣʝʤʝʥʪʳ ʚʳʜʝʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ, ʥʘʧʨʠʤʝʨ, ʪʝʧʣʦʦʙʤʝʥʥʳʝ ʘʧʧʘʨʘʪʳ ʠ 

ʩʦʩʫʜʳ ʧʦʜ ʜʘʚʣʝʥʠʝʤ, ʭʦʣʦʜʠʣʴʥʳʝ ʫʩʪʘʥʦʚʢʠ, ʙʳʪʦʚʳʝ ʥʘʛʨʝʚʘʪʝʣʴʥʳʝ ʫʩʪʘʥʦʚʢʠ, 

ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʜʨ. ʕʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʫʩʪʘʥʦʚʢʘ (ʕʕʋ) ʬʦʨʤʘʣʴʥʦ ʥʝ 

ʷʚʣʷʝʪʩʷ ʦʙʲʝʢʪʦʤ ʉʕʋ, ʦʜʥʘʢʦ ʘʚʪʦʨ ʧʦʩʯʠʪʘʣ ʥʝʦʙʭʦʜʠʤʳʤ ʚʢʣʶʯʠʪʴ ʦʩʥʦʚʥʳʝ 

ʵʣʝʤʝʥʪʳ ʕʕʋ ʚ ʩʪʨʫʢʪʫʨʫ ʦʙʲʝʢʪʦʚ, ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʢʦʪʦʨʳʭ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ 

ʩʦʙʩʪʚʝʥʥʦʤ ʦʧʳʪʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʕʕʋ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʝʦʪʜʝʣʠʤʳʤ ʦʪ ʘʥʘʣʠʟʘ ʪʝʭ-



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 54, 2018 ʛ. 
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ʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʉʕʋ. ʕʪʠʤ, ʚ ʯʘʩʪʥʦʩʪʠ, ʦʙʲʷʩʥʷʝʪʩʷ, ʧʦʯʝʤʫ ʥʝ ʧʦʧʘʣʠ ʚ ʯʠʩʣʦ 

ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʦʙʲʝʢʪʦʚ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʤʘʰʠʥʳ ʠ ʧʨʠʚʦʜʳ, ʘʢʢʫʤʫʣʷʪʦʨʳ ʠ ʜʨ. ʚʘʞ-

ʥʳʝ ʵʣʝʤʝʥʪʳ ʕʕʋ. 

 

 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʉʕʋ ʩ ʨʘʥʞʠʨʦʚʘʥʠʝʤ ʝʝ ʦʙʲʝʢʪʦʚ ʧʦ ʫʨʦʚʥʷʤ IïIV 

ʊʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʉʕʋ (ʯʠʩʣʝʥʥʘʷ ʦʮʝʥʢʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʚʦʡʩʪʚʘ ʉʕʋ) 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʤʝʪʦʜʦʤ ʩʠʩʪʝʤʥʦʛʦ ʩʠʥʪʝʟʘ, ʢʦʪʦʨʳʡ ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʤʦʞʝʪ ʙʳʪʴ 

ʨʝʘʣʠʟʦʚʘʥ ʧʫʪʝʤ çʩʚʝʨʪʢʠè ʥʘ ʢʘʞʜʦʤ ʠʝʨʘʨʭʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ 

ʦʮʝʥʦʢ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʥʘʟʳʚʘʝʤʳʭ ʚ ʜʘʣʴʥʝʡʰʝʤ ʫʨʦʚʥʷʤʠ ʦʮʝʥʦʢ, ʩʪʨʫʢ-

ʪʫʨʥʳʭ ʯʘʩʪʝʡ ʧʦʜʩʠʩʪʝʤʳ ʙʦʣʝʝ ʥʠʟʢʦʛʦ ʫʨʦʚʥʷ. 

ʂʦʤʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʴ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʉʕʋ ʜʦʣʞʥʘ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ 

ʧʦʩʪʨʦʝʥʠʷ, ʢʦʥʝʯʥʦʡ ʮʝʣʴʶ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ (ʢʨʠʪʝʨʠ-

ʝʚ) ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʊʉɼɺʉ, ʊʉʈʈʇ, ʊʉʄ, ʊʉʇɺ, ʊʉɼɺɾ, ʊʉʕʕʋ, ʊʉʉʉ, ʊʉɸʂ, 

ʊʉʋʂ, 

ʛʜʝ ʊʉɼɺʉ ï ʧʦʢʘʟʘʪʝʣʴ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ɼɺʉ; 

ʊʉʈʈʇ ï ʧʦʢʘʟʘʪʝʣʴ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʈʈʇ; 

ʊʉʄ ï ʧʦʢʘʟʘʪʝʣʴ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʫʬʪ ʤʝʞʜʫ ʜʚʠʛʘʪʝʣʝʤ ʠ ʨʝʜʫʢʪʦʨʦʤ ʠ 



ɸ.ɺ. ʉʦʣʦʚʴʸʚ 

ɼʠʘʛʥʦʩʪʠʨʦʚʘʥʠʝ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʦʚ ʩʫʜʦʚʦʡ » 

 

 160 

ʤʫʬʪ ʚʘʣʦʧʨʦʚʦʜʘ (ʄ); 

ʊʉʇɺ ï ʧʦʢʘʟʘʪʝʣʴ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʘʣʦʧʨʦʚʦʜʘ (ʜʣʷ ʮʝʣʝʡ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ 

ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʚʘʣʦʧʨʦʚʦʜʘ ʦʮʝʥʠʚʘʝʪʩʷ ʧʦ ʪʝʭʥʠʯʝʩʢʦʤʫ ʩʦʩʪʦʷʥʠʶ ʝʛʦ 

ʧʦʜʰʠʧʥʠʢʦʚ (ʇɺ)); 

ʊʉɼɺɾ ï ʧʦʢʘʟʘʪʝʣʴ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʜʚʠʞʠʪʝʣʝʡ (ɼɺɾ); 

ʊʉʕʕʋ ï ʧʦʢʘʟʘʪʝʣʴ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ (ʕʕʋ); 

ʊʉʉʉ ï ʧʦʢʘʟʘʪʝʣʴ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʫʜʦʚʳʭ ʩʠʩʪʝʤ (ʉʉ); 

ʊʉɸʂ ï ʧʦʢʘʟʘʪʝʣʴ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʘʚʪʦʥʦʤʥʳʭ ʢʦʪʣʦʚ (ɸʂ); 

ʊʉʋʂ ï ʧʦʢʘʟʘʪʝʣʴ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʫʪʠʣʠʟʘʪʦʨʦʚ ʪʝʧʣʦʪʳ ʚʳʧʫʩʢʥʳʭ ʛʘʟʦʚ 

(ʋʂ). 

 

ʂʘʞʜʳʡ ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʬʫʥʢʮʠʠ ʯʘʩʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʪʝʭʥʠʯʝ-

ʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʜʩʠʩʪʝʤ ʦʙʲʝʢʪʘ.  

ʂʘʞʜʳʡ ʯʘʩʪʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʛʨʫʧʧʳ ʧʘʨʘʤʝʪ-

ʨʦʚ, ʪ. ʝ. ʟʘʚʠʩʠʪ ʦʪ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʯʠʩʣʘ ʢʨʠʪʝʨʠʝʚ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʥʘʤʠ ʨʘʩʩʤʘʪʨʠʚʘ-

ʝʪʩʷ ʟʘʜʘʯʘ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ, ʦʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʨʝʰʝʥʠʷ ʢʦʪʦʨʦʡ ʷʚʣʷ-

ʝʪʩʷ ʩʚʝʜʝʥʠʝ ʤʥʦʞʝʩʪʚʘ ʢʨʠʪʝʨʠʝʚ ʢ ʦʜʥʦʤʫ (ʩʚʝʨʪʢʘ ʢʨʠʪʝʨʠʝʚ). ʇʦʩʢʦʣʴʢʫ ʚʩʝ ʧʘ-

ʨʘʤʝʪʨʳ, ʦʪ ʢʦʪʦʨʳʭ ʟʘʚʠʩʷʪ ʯʘʩʪʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʠʤʝʶʪ 

ʩʚʦʶ ʚʘʞʥʦʩʪʴ (ʚʝʩ), ʪʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʚʝʨʪʢʦʡ, ʫʯʠʪʳʚʘʶʱʝʡ ʵʪʫ 

ʚʘʞʥʦʩʪʴ. ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʦʡ ʩʪʨʘʪʝʛʠʝʡ 

ʩʚʝʨʪʢʠ ʯʘʩʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʪʦʨʦʡ ʮʝʣʝʚʘʷ ʬʫʥʢʮʠʷ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʨʦʠʟʚʝʜʝʥʠʝʤ ʯʘʩʪʥʳʭ ʢʨʠʪʝʨʠʝʚ, ʚʝʩ ʢʘʞʜʦʛʦ ʠʟ ʢʦʪʦʨʳʭ ʨʘʥʞʠʨʦ-

ʚʘʥ ʩ ʧʦʤʦʱʴʶ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʧʨʝʜʩʪʘʚʣʷʝʤʳʭ ʚ ʚʠʜʝ ʧʦʢʘʟʘʪʝʣʝʡ ʩʪʝʧʝʥʠ 

ʯʘʩʪʥʳʭ ʢʨʠʪʝʨʠʝʚ. 

ʊʘʢ, ʦʙʦʙʱʝʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ɼɺʉ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ: 

ʊʉɼɺʉ= , (1) 

ʛʜʝ b1éb9 ï ʚʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʫʯʠʪʳʚʘʶʱʠʝ ʚʣʠʷʥʠʝ ʯʘʩʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʏʇ 

ʥʘ ʦʙʦʙʱʝʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʊʉɼɺʉ (ʠʭ ʚʝʩʦʤʦʩʪʴ);  

ʏʇ ï ʯʘʩʪʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ɼɺʉ ʧʦ ʵʬʬʝʢʪʠʚʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ 

(ʕʇ), ʨʘʙʦʯʝʤʫ ʧʨʦʮʝʩʩʫ (ʈʇ), ʩʠʩʪʝʤʝ ʪʦʧʣʠʚʦʧʦʜʘʯʠ (ʉʊ), ʮʠʣʠʥʜʨʦ-ʧʦʨʰʥʝ-

ʚʦʡ ʛʨʫʧʧʝ (ʎʇɻ), ʢʦʣʝʥʯʘʪʦʤʫ ʚʘʣʫ (ʂɺ), ʩʠʩʪʝʤʘʤ ʩʤʘʟʳʚʘʥʠʷ ʠ ʦʭʣʘʞʜʝʥʠʷ 

(ʉʉʆ), ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ (ʉʋ), ʪʫʨʙʦʥʘʛʥʝʪʘʪʝʣʶ (ʊʅ), ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʘʤ (ʕʂ). 

 

ʐʢʘʣʠʨʦʚʘʥʠʝ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʙ-

ʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʧʨʦʩʘ ʵʢʩʧʝʨʪʦʚ. ʅʘ ʦʩʠ ʘʙʩʮʠʩʩ ʚʩʝʭ 

ʛʨʘʬʠʢʦʚ ʰʢʘʣʠʨʦʚʘʥʠʷ ʦʪʢʣʘʜʳʚʘʣʦʩʴ ʦʪʥʦʰʝʥʠʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʢ ʝʛʦ ʥʦʨʤʠ-

ʨʦʚʘʥʥʦʤʫ ʟʥʘʯʝʥʠʶ, ʢʦʪʦʨʦʝ ʚʳʙʠʨʘʣʦʩʴ ʣʠʙʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʦʨʤʘʤʠ, ʫʢʘʟʘʥʥʳ-

ʤʠ ʚ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʘʭ, ʥʘʧʨʠʤʝʨ, ʚ ʇʨʘʚʠʣʘʭ ʈʝʯʥʦʛʦ ʈʝʛʠʩʪʨʘ, ʣʠʙʦ ʧʦ ʫʢʘ-

ʟʘʥʠʷʤ ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʥʘ ʦʙʲʝʢʪ ʉʕʋ.  

ʇʦ ʦʩʠ ʦʨʜʠʥʘʪ ʚʩʝʭ ʛʨʘʬʠʢʦʚ ʰʢʘʣʠʨʦʚʘʥʠʷ ʦʪʢʣʘʜʳʚʘʣʠʩʴ ʰʢʘʣʠʨʦʚʘʥʥʳʝ ʟʥʘ-

ʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ ʥʫʣʷ ʜʦ ʟʥʘʯʝʥʠʡ ʙʦʣʴʰʝ ʝʜʠʥʠʮʳ. ɿʥʘʯʝʥʠʶ 1,0 ʥʘ 

ʦʩʠ ʘʙʩʮʠʩʩ ʥʘ ʚʩʝʭ ʛʨʘʬʠʢʘʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʰʢʘʣʠʨʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ 1,0 ï ʪʨʝʙʫʝʤʦʝ 

ʟʥʘʯʝʥʠʝ ʰʢʘʣʠʨʦʚʘʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʥʘ ʥʦʤʠʥʘʣʴʥʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʦʙʲʝʢʪʘ ʉʕʋ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʛʦʜʥʦʤʫ ʪʝʭʥʠʯʝʩʢʦʤʫ ʩʦʩʪʦʷʥʠʶ. ʐʢʘʣʠʨʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʧʘʨʘ-

ʤʝʪʨʘ ʙʦʣʴʰʝ ʝʜʠʥʠʮʳ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʙʣʘʛʦʧʨʠʷʪʥʳʤ ʜʣʷ ʦʙʲʝʢʪʘ ʉʕʋ ʫʩʣʦʚʠʷʤ ʨʘ-

ʙʦʪʳ ʧʨʠ ʛʦʜʥʦʤ ʝʛʦ ʩʦʩʪʦʷʥʠʠ; ʰʢʘʣʠʨʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʤʝʥʴʰʝ ʝʜʠʥʠʮʳ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʭʫʜʰʝʥʠʶ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ ʦʙʲʝʢʪʘ, ʯʪʦ ʠ ʦʪʨʘʞʘʝʪ ʰʢʘʣʠʨʦʚʘʥʥʦʝ 

ʟʥʘʯʝʥʠʝ ʜʘʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʉʪʨʝʤʣʝʥʠʝ ʰʢʘʣʠʨʦʚʘʥʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʢ ʥʫʣʶ ʩʠʤʚʦʣʠʟʠʨʫʝʪ ʫʭʫʜʰʝʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʙʲ-

ʝʢʪʘ ʉʕʋ ʚʧʣʦʪʴ ʜʦ ʥʝʛʦʜʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʦʪʢʘʟʘ.  



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 54, 2018 ʛ. 

ʈʘʟʜʝʣ VI. ʕʢʩʧʣʫʘʪʘʮʠʷ ʩʫʜʦʚʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

 

 161 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʧʨʦʩʘ ʵʢʩʧʝʨʪʦʚ ʦʧʨʝʜʝʣʷʣʠʩʴ ʨʘʥʞʠʨʦʚʘʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʪʝʭ-

ʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʩʝʭ ʚʳʜʝʣʝʥʥʳʭ (ʫʯʠʪʳʚʘʝʤʳʭ) ʦʙʲʝʢʪʦʚ ʉʕʋ. ɺ ʢʘʯʝʩʪʚʝ 

ʧʨʠʤʝʨʘ ʧʨʠʚʝʜʝʤ ʦʧʠʩʘʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʊʉ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʕʕʋ, ʢʦʪʦʨʳʡ 

ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ ʬʫʥʢʮʠʠ: 

ʊʉʕʕʋ= , 

ʛʜʝ ʏʇɻ, ʏʇʂ, ʏʇʈʑ ï ʯʘʩʪʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʕʕʋ ʩʦʦʪʚʝʪʩʪ-

ʚʝʥʥʦ ʛʝʥʝʨʘʪʦʨʦʚ/ʚʘʣʦʛʝʥʝʨʘʪʦʨʦʚ (ɻ), ʢʘʙʝʣʴʥʳʭ ʪʨʘʩʩ (ʂ), ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ 

ʱʠʪʦʚ (ʈʑ); 

b13éb15 ï ʚʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʫʯʠʪʳʚʘʶʱʠʝ ʚʣʠʷʥʠʝ ʏʇ ʥʘ ʦʙʦʙʱʝʥʥʳʡ ʧʦʢʘʟʘ-

ʪʝʣʴ ʊʉʕʕʋ. 

 

ʏʘʩʪʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʬʫʥʢʮʠʡ: 

ʏʇɻ =  ; 

ʏʇʂ =  ; 

ʏʇʈʑ =  , 

ʛʜʝ X52 » X61 ï ʰʢʘʣʠʨʦʚʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʕʕʋ, 

ʷʚʣʷʶʱʠʭʩʷ ʬʫʥʢʮʠʝʡ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 

a52 » a61 ï ʚʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʫʯʠʪʳʚʘʶʱʠʝ ʚʣʠʷʥʠʝ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪ-

ʨʦʚ ʥʘ ʯʘʩʪʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʕʕʋ. 

 

ʐʢʘʣʠʨʦʚʘʥʠʝ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʙ-

ʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʦʧʨʦʩʘ ʵʢʩʧʝʨʪʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʦʩʦʚ ʵʢʩʧʝʨʪʦʚ ʩ ʨʘʥʞʠʨʦʚʘʥʠʝʤ 

ʧʦʢʘʟʘʪʝʣʝʡ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1. 

ʊʘʙʣʠʮʘ 1 

ʈʘʥʞʠʨʦʚʘʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʕʕʋ 

 ̄ ʏʇ ʂʦʥʪʨʦʣʠʨʫʝʤʳʡ  

ʧʘʨʘʤʝʪʨ 

ʆʙʦ-

ʟʥʘ-

ʯʝʥʠʝ 

ʐʢʘʣʠʨʦ-

ʚʘʥʥʳʡ ʧʦʢʘ-

ʟʘʪʝʣʴ ʊʉ  

ʚ ʧʦʨʷʜʢʝ 

ʚʘʞʥʦʩʪʠ ʜʣʷ 

ʢʘʞʜʦʛʦ ʏʇ 

ʆʪʥʦʰʝ-

ʥʠʝ  

Xi/Xi+1 

ʘi ʆʪʥʦ-

ʰʝʥʠʝ 

ʏʇ ʧʦ 

ʫʨʦʚʥʷʤ 

bi 

1 ʏʇɻ ʅʘʧʨʷʞʝʥʠʝ Ui, ɺ ʭ52 ʍ52 X52/X53= 

= 1,00 

ʘ52= 

=0,163820 

ʏʇɻ/ 

ʏʇʂ= 

=1,20 

b13= 

=0,395605 

ʊʦʢ I i, ɸ ʭ53 ʍ53 X53/X54= 

= 1,00 

ʘ53= 

=0,163820 

ʏʘʩʪʦʪʘ ʪʦʢʘ ni, ɻʮ ʭ54 ʍ54 X54/X55= 

= 1,00 

ʘ54= 

=0,163820 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʠʟʦ-

ʣʷʮʠʠ wʛi, ʄʆʤ 

ʭ55 ʍ55 X55/X56= 

= 1,30 

ʘ55= 

=0,163820 

ʊʝʤʧʝʨʘʪʫʨʘ tʩʪʦi 

ʩʪʘʪʦʨʥʦʡ ʦʙʤʦʪʢʠ, 

ʉ̄ 

ʭ56 ʍ56 X56/X57= 

= 1,10 

ʘ56= 

=0,126015 

ʊʝʤʧʝʨʘʪʫʨʘ tʧʛi 
ʧʦʜʰʠʧʥʠʢʦʚ, ʉ̄ 

ʭ57 ʍ57 X57/X58= 

= 1,10 

ʘ57= 

=0,114560 

ɺʠʙʨʘʮʠʷ (ʚʠʙʨʦʩʢʦ-

ʨʦʩʪʴ vʛʝʥi, ʤʤ/ʩ) ʛʝ-

ʥʝʨʘʪʦʨʘ 

ʭ58 ʍ58  ʘ58= 

=0,104145 



ɸ.ɺ. ʉʦʣʦʚʴʸʚ 
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 ̄ ʏʇ ʂʦʥʪʨʦʣʠʨʫʝʤʳʡ  

ʧʘʨʘʤʝʪʨ 

ʆʙʦ-

ʟʥʘ-

ʯʝʥʠʝ 

ʐʢʘʣʠʨʦ-

ʚʘʥʥʳʡ ʧʦʢʘ-

ʟʘʪʝʣʴ ʊʉ  

ʚ ʧʦʨʷʜʢʝ 

ʚʘʞʥʦʩʪʠ ʜʣʷ 

ʢʘʞʜʦʛʦ ʏʇ 

ʆʪʥʦʰʝ-

ʥʠʝ  

Xi/Xi+1 

ʘi ʆʪʥʦ-

ʰʝʥʠʝ 

ʏʇ ʧʦ 

ʫʨʦʚʥʷʤ 

bi 

2 ʏʇʂ ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʠʟʦ-

ʣʷʮʠʠ wʢʪi, ʄʆʤ 

x59 ʍ59  ʘ59= 

=1,000000 

ʏʇʂ/ 

ʏʇʈʑ= 

=1,20 

b14= 

=0,329670 

3 ʏʇʈʑ ʈʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʷ ʘʢʪʠʚʥʦʡ 

ʠ ʨʝʘʢʪʠʚʥʦʡ ʥʘʛʨʫʟ-

ʢʠ ʧʘʨʘʣʣʝʣʴʥʦ ʨʘʙʦ-

ʪʘʶʱʠʭ ʛʝʥʝʨʘʪʦʨʦʚ 

x60 ʍ60 ʍ60/ʍ61=  

= 1,26 

ʘ60= 

=0,557522 

 b15= 

=0,274725 

ʇʨʘʚʠʣʴʥʦʝ ʬʫʥʢ-

ʮʠʦʥʠʨʦʚʘʥʠʝ ʘʚʪʦ-

ʤʘʪʠʢʠ 

x61 ʍ61  ʘ61= 

=0,442478 

 

ɻʨʘʬʠʢʠ ʰʢʘʣʠʨʦʚʘʥʠʷ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʤʠ ʫʨʘʚʥʝʥʠʷʤ ʜʣʷ ʦʧʨʝʜʝ-

ʣʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ X52 » X61 : 

ʍ52=1 ï100Ā(Z-1) 
2
; ʍ53= Z

ï16
; X54=  1ï100Ā(Zï1) 

2
;

[ ]

( )

3

55

2

55

 0,5 1,5 0;1

1;  

ʍ Z

ʍ Z-

ë = - Ö +î
ì

= ¤îí

;  

ʍ56= Z
ï16

; ʍ57= Z
ï16

; ʍ58= Z
ï4

; 
[ ]

( )

3

59

2

59

 0,5 1,5 0;1

1;  

ʍ Z

ʍ Z-

ë = - Ö +î
ì

= ¤îí

;  

[ ]

( )

60

60

 0 ʧʨʠ Z = 0;1

1 ʧʨʠ Z = 1;  

ʍ

ʍ

ë =î
ì

= ¤îí

; 
[ ]

( )

61

61

 0 ʧʨʠ Z = 0;1

1 ʧʨʠ Z = 1;  

ʍ

ʍ

ë =î
ì

= ¤îí

, 

ʛʜʝ Z ï ʦʪʥʦʰʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ ʢ ʥʦʤʠʥʘʣʴʥʦʤʫ 

ʟʥʘʯʝʥʠʶ, ʘ ʜʣʷ ʍ55, ʍ59 ï ʢ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʇʨʘʚʠʣʘʤʠ ʈʝʯʥʦʛʦ ʈʝʛʠʩʪʨʘ ʥʦʨʤʘʤ. 

 

ʇʦʣʫʯʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʦ-

ʜʝʣʠ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʉʕʋ, ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʚʢʣʶʯʘʪʴ ʚ 

ʩʝʙʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʤʦʜʝʣʠ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʩʝʭ ʧʨʠʥʷʪʳʭ ʢ 

ʨʘʩʩʤʦʪʨʝʥʠʶ ʚ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʦʙʲʝʢʪʦʚ (ʵʣʝʤʝʥʪʦʚ) ʉʕʋ. ʄʳ ʥʘʟʳʚʘʝʤ 

ʪʘʢʫʶ ʤʦʜʝʣʴ ʢʦʤʧʴʶʪʝʨʥʦʡ, ʧʦʪʦʤʫ ʯʪʦ ʝʝ ʨʝʘʣʠʟʘʮʠʷ ʚ ʩʚʷʟʠ ʩ ʛʨʦʤʦʟʜʢʦʩʪʴʶ ʤʘ-

ʪʝʤʘʪʠʯʝʩʢʠʭ ʧʦʩʪʨʦʝʥʠʡ ʚʦʟʤʦʞʥʘ ʪʦʣʴʢʦ ʚ ʚʠʜʝ ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʢʦʤʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʴ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʉʕʋ 

ʜʦʣʞʥʘ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʤʦʜʝʣʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʊʉɼɺʉ, ʊʉʈʈʇ, ʊʉʄ, ʊʉʇɺ, ʊʉɼɺɾ, ʊʉʕʕʋ, ʊʉʉʉ, ʊʉɸʂ, ʊʉʋʂ. ʊʦʛʜʘ ʯʠʩʣʝʥʥʘʷ 

ʦʮʝʥʢʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʉʕʋ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʩ ʧʦʤʦʱʴʶ ʩʣʝʜʫʶʱʝʡ 

ʤʦʜʝʣʠ: 

ʊʉʉʕʋ = , (2) 

ʛʜʝ ʊʉʉʕʋ ï ʦʙʦʙʱʝʥʥʳʡ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʉʕʋ; 

c1 » c9 ï ʚʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʫʯʠʪʳʚʘʶʱʠʝ ʚʣʠʷʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʦʙʲʝʢʪʦʚ ʉʕʋ ʥʘ ʦʙʦʙʱʝʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ. ʕʪʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʣʫʯʝʥʳ ʧʦ ʤʝʪʦ-

ʜʠʢʝ, ʘʥʘʣʦʛʠʯʥʦʡ ʦʧʠʩʘʥʥʦʡ ʚʳʰʝ. 

 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 54, 2018 ʛ. 
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ʈʘʥʞʠʨʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʩ ʫʯʝʪʦʤ ʧʨʠʥʷʪʦʡ ʚ ʨʘʙʦʪʝ ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʦʡ ʉʕʋ ʩ 

ʨʘʟʙʠʝʥʠʝʤ ʥʘ ʧʦʜʩʠʩʪʝʤʳ. 

ʆʙʨʘʙʦʪʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʧʨʦʩʦʚ ʵʢʩʧʝʨʪʦʚ ʩ ʨʘʥʞʠʨʦʚʘʥʠʝʤ ʧʦʢʘʟʘʪʝʣʝʡ ʪʝʭ-

ʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʩʣʝ ʠʭ ʩʪʘʥʜʘʨʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣ. 2. 

ʇʦʜʩʪʘʚʣʷʷ ʚ ʫʨʘʚʥʝʥʠʝ (2) ʚʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʠʟ ʪʘʙʣ. 2, ʧʦʣʫʯʠʤ ʢʦʣʠʯʝʩʪ-

ʚʝʥʥʫʶ ʤʦʜʝʣʴ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʉʕʋ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

ʊʉʉʕʋ = (3) 

=  

ɺʩʝ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʨʘʩʯʝʪʘ ʯʘʩʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʦʢʘʟʘʪʝʣʝʡ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʦʚ ʉʕʋ ʊʉɼɺʉ, ʊʉʈʈʇ, ʊʉʄ, ʊʉʇɺ, ʊʉɼɺɾ, 

ʊʉʕʕʋ, ʊʉʉʉ, ʊʉɸʂ, ʊʉʋʂ, ʩʘʤʠ ʤʦʜʝʣʠ ʦʙʲʝʢʪʦʚ ʉʕʋ (çʩʚʝʨʪʢʠè ʯʘʩʪʥʳʭ ʧʦʢʘʟʘʪʝ-

ʣʝʡ), ʤʦʜʝʣʴ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʉʕʋ (3) ʦʙʨʘʟʦʚʘʣʠ ʤʘʪʝʤʘʪʠʯʝ-

ʩʢʫʶ ʤʦʜʝʣʴ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʉʕʋ, ʨʝʘʣʠʟʦʚʘʥʥʫʶ 

ʘʚʪʦʨʦʤ ʚ ʚʠʜʝ ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ ʜʣʷ MS Excel. ɺʳʙʦʨ ʧʣʘʪʬʦʨʤʳ ʦʙʲʷʩʥʷ-

ʝʪʩʷ ʪʝʤ, ʯʪʦ ʟʘʧʠʩʘʥʥʳʝ ʚ MS Excel ʧʨʦʛʨʘʤʤʥʳʝ ʢʦʜʳ ʥʘ ʷʟʳʢʝ Visual Basic ʚʤʝʩʪʝ 

ʩ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʩʘʤʦʡ ʩʨʝʜʳ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʪʴ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ, ʚʝʩʴʤʘ 

ʫʜʦʙʥʳʡ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʯʠʩʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʝʤ, ʯʪʦ ʦʥ ʧʦʟʚʦʣʷʝʪ ʤʛʥʦʚʝʥʥʦ 

ʧʦʣʫʯʘʪʴ ʨʝʟʫʣʴʪʘʪ (ʟʥʘʯʝʥʠʷ ʯʘʩʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʧʦʢʘʟʘʪʝʣʝʡ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷ-

ʥʠʷ ʦʙʲʝʢʪʦʚ ʉʕʋ ʠ ʉʕʋ ʚ ʮʝʣʦʤ) ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʟʥʘʯʝʥʠʷ ʣʶʙʦʛʦ ʠʟ ʢʦʥʪʨʦʣʠʨʫʝ-

ʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʛʨʘʤʤʦʡ. ʕʪʦ ʩʚʦʡʩʪʚʦ ʵʣʝʢ-

ʪʨʦʥʥʳʭ ʪʘʙʣʠʮ MS Excel ʧʦʟʚʦʣʷʝʪ ʩʯʠʪʘʪʴ ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʢʦʤʧʴʶʪʝʨʥʫʶ ʤʦʜʝʣʴ 

ʢʘʣʴʢʫʣʷʪʦʨʦʤ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʦʚ ʉʕʋ ʠ ʉʕʋ ʚ ʮʝʣʦʤ (ʜʘʣʝʝ ï ʢʘʣɹ-

ʢʫʣʷʪʦʨ). ɺʳʭʦʜʥʳʝ ʬʦʨʤʳ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʯʠʩʣʝʥʠʷ ʊʉɼɺʉ ʠ ʊʉʉʕʋ ʩ ʧʦʤʦʱʴʶ ʢʘʣʴ-

ʢʫʣʷʪʦʨʘ ʚ ʚʠʜʝ ʵʣʝʢʪʨʦʥʥʳʭ ʪʘʙʣʠʮ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʩʢʨʠʥʰʦʪʘʭ ʨʠʩ. 2 ʠ 3.  

 

 

ʈʠʩ. 2. ʇʨʠʤʝʨ ʚʳʭʦʜʥʦʡ ʬʦʨʤʳ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʊʉʉʕʋ  

ʩ ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʢʘʣʴʢʫʣʷʪʦʨʘ 

ʊʘʙʣʠʮʘ 2 

ʈʘʥʞʠʨʦʚʘʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʦʚ ʉʕʋ 

ʆʙʦʙʱʝʥʥʳʡ ʧʦʢʘʟʘ-

ʪʝʣʴ ʪʝʭʥʠʯʝʩʢʦʛʦ  

ʩʦʩʪʦʷʥʠʷ ʉʕʋ 

ʇʦʢʘʟʘʪʝʣʠ ʪʝʭʥʠ-

ʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʦʙʲʝʢʪʦʚ ʉʕʋ 

ʆʪʥʦʰʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ 

ʊʉ ʧʦ ʫʨʦʚʥʷʤ 

ʩi 

ʊʉʉʕʋ ʊʉɼɺʉ ʊʉɼɺʉ/ʊʉʈʈʇ=1,10 ʩ1=0,157795 

ʊʉʈʈʇ ʊʉʈʈʇ/ʊʉʄ=1,09 ʩ2=0,143451 

ʊʉʄ ʊʉʄ/ʊʉʇɺ=1,00 ʩ3=0,136606 

ʊʉʇɺ ʊʉʇɺ/ʊʉɼɺɾ=1,00 ʩ4=0,136606 

ʊʉɼɺɾ ʊʉɼɺɾ/ʊʉʕʕʋ=1,26 ʩ5=0,136606 



ɸ.ɺ. ʉʦʣʦʚʴʸʚ 

ɼʠʘʛʥʦʩʪʠʨʦʚʘʥʠʝ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʦʚ ʩʫʜʦʚʦʡ » 
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ʆʙʦʙʱʝʥʥʳʡ ʧʦʢʘʟʘ-

ʪʝʣʴ ʪʝʭʥʠʯʝʩʢʦʛʦ  

ʩʦʩʪʦʷʥʠʷ ʉʕʋ 

ʇʦʢʘʟʘʪʝʣʠ ʪʝʭʥʠ-

ʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʦʙʲʝʢʪʦʚ ʉʕʋ 

ʆʪʥʦʰʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ 

ʊʉ ʧʦ ʫʨʦʚʥʷʤ 

ʩi 

ʊʉʕʕʋ ʊʉʕʕʋ/ʊʉʉʉ=1,17 ʩ6=0,104449 

ʊʉʉʉ ʊʉʉʉ/ʊʉɸʂ=1,62 ʩ7=0,089273 

ʊʉɸʂ ʊʉɸʂ/ʊʉʋʂ=1,00 ʩ8=0,055107 

ʊʉʋʂ  ʩ9=0,055107 

 

 

ʈʠʩ. 3. ʇʨʠʤʝʨ ʚʳʭʦʜʥʦʡ ʬʦʨʤʳ ʨʘʩʯʝʪʘ ʊʉɼɺʉ ʩ ʧʦʤʦʱʴʶ  

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʢʘʣʴʢʫʣʷʪʦʨʘ  



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 54, 2018 ʛ. 
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ʋʢʘʞʝʤ, ʯʪʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʧʨʘʚʠʣ ʈʝʯʥʦʛʦ ʈʝʛʠʩʪʨʘ ʥʝʛʦʜʥʦʝ 

ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʣʶʙʦʛʦ ʦʙʲʝʢʪʘ ʉʕʋ ʦʟʥʘʯʘʝʪ ʥʝʛʦʜʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷ-

ʥʠʝ ʚʩʝʡ ʉʕʋ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʟʜʝʣʠʪʴ ʧʨʦʮʝʜʫʨʫ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷ-

ʥʠʷ ʦʙʲʝʢʪʦʚ ʉʕʋ ʠ ʉʕʋ ʚ ʮʝʣʦʤ ʥʘ ʜʚʝ ʥʝʟʘʚʠʩʠʤʳʝ ʯʘʩʪʠ. ʆʜʥʘ ʯʘʩʪʴ ʨʘʩʩʤʘʪʨʠ-

ʚʘʝʤʦʡ ʧʨʦʮʝʜʫʨʳ ʠʤʝʝʪ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʩʪʦʷʥʠʷ çʛʦʜʝʥ ï ʥʝʛʦʜʝʥè ʩ ʫʢʘʟʘʥʠ-

ʝʤ ʥʝʛʦʜʥʦʛʦ ʦʙʲʝʢʪʘ ʠ ʝʛʦ ʧʘʨʘʤʝʪʨʦʚ. ʕʪʘ ʯʘʩʪʴ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ 

ʵʢʩʧʝʨʪʘ ʈʝʯʥʦʛʦ ʈʝʛʠʩʪʨʘ ʧʨʠ ʦʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʥʠʠ ʩʫʜʦʚ, ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʷʝʪ ʥʘ ʥʝ-

ʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ, ʟʘʪʨʘʯʠʚʘʝʤʦʝ ʥʘ ʦʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʥʠʝ, ʧʨʠ ʟʥʘ-

ʯʠʪʝʣʴʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʢʘʯʝʩʪʚʘ ʧʨʦʚʝʨʦʢ. ɼʣʷ ʧʨʘʚʠʣʴʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʵʪʦʡ 

ʯʘʩʪʠ ʧʨʦʮʝʜʫʨʳ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʦʚ ʉʕʋ ʠ ʉʕʋ ʚ ʮʝʣʦʤ 

ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ çʙʨʘʢʦʚʦʯʥʳʝè ʟʥʘʯʝʥʠʷ ʊʉ ʢʘʞʜʦʛʦ ʦʙʲʝʢʪʘ ʉʕʋ, ʪʦ ʝʩʪʴ 

ʟʥʘʯʝʥʠʷ ʊʉ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʚʳʭʦʜʫ ʭʦʪʷ ʙʳ ʦʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʟʘ ʛʨʘʥʠʮʳ ʜʠʘʧʘ-

ʟʦʥʘ ʜʦʧʫʩʢʘʝʤʳʭ ʟʥʘʯʝʥʠʡ. çɹʨʘʢʦʚʦʯʥʳʝè ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ çʟʘʰʠʚʘʶʪʩʷè ʚ 

ʢʦʤʧʴʶʪʝʨʥʫʶ ʤʦʜʝʣʴ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʉʕʋ (ʢʘʣʴʢʫʣʷʪʦʨ ʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʯʘʩʪʴʶ 

ʵʪʦʡ ʤʦʜʝʣʠ), ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʵʪʘ ʤʦʜʝʣʴ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʛʦʜʥʦʝ ʠʣʠ ʥʝʛʦʜʥʦʝ ʪʝʭʥʠʯʝ-

ʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʦʙʲʝʢʪʘ ʉʕʋ.  

ʎʝʣʴ ʜʨʫʛʦʡ ʯʘʩʪʠ ʧʨʦʮʝʜʫʨʳ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʨʘʩʩʤʘʪʨʠ-

ʚʘʝʤʳʭ ʦʙʲʝʢʪʦʚ ʩʦʩʪʦʠʪ ʚ ʧʦʣʫʯʝʥʠʠ ʟʥʘʯʝʥʠʡ ʧʦʢʘʟʘʪʝʣʝʡ ʊʉ ʦʙʲʝʢʪʦʚ ʉʕʋ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʜʠʥʘʤʠʢʠ ʠʟʤʝʥʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʵʪʠʭ ʦʙʲʝʢʪʦʚ ʚʦ 

ʚʨʝʤʝʥʠ ʠ ʚʳʷʚʣʝʥʠʷ ʧʨʝʜʧʦʩʳʣʦʢ ʠ ʫʩʣʦʚʠʡ, ʩʣʝʜʩʪʚʠʝʤ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʙʳʪʴ ʧʦ-

ʪʝʥʮʠʘʣʴʥʳʡ ʦʪʢʘʟ. ʕʪʦ ʠ ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʩʝʚʦʟʤʦʞʥʳʭ ʵʢʩʧʣʫʘʪʘʮʠ-

ʦʥʥʳʭ ʩʠʪʫʘʮʠʡ, ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʨʘʟʚʠʪʠʷ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʦʙʲʝʢʪʦʚ ʉʕʋ ʚʦ ʚʨʝ-

ʤʝʥʠ ʚʧʣʦʪʴ ʜʦ ʦʪʢʘʟʘ ʚ ʛʨʘʥʠʮʘʭ ʫʩʪʘʥʦʚʣʝʥʥʳʭ çʙʨʘʢʦʚʦʯʥʳʭè ʟʥʘʯʝʥʠʡ. ʇʦʩʣʝʜ-

ʥʝʝ ʚʦʟʤʦʞʥʦ ʧʦ ʤʝʨʝ ʥʘʢʦʧʣʝʥʠʷ ʜʘʥʥʳʭ ʦʙʩʣʝʜʦʚʘʥʠʡ ʚʦ ʚʨʝʤʝʥʠ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ çʙʨʘʢʦʚʦʯʥʦʛʦè ʟʥʘʯʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ɼɺʉ ʧʨʦʚʦ-

ʜʠʣʦʩʴ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩ ʧʦʤʦʱʴʶ ʢʘʣʴʢʫʣʷʪʦʨʘ ʧʫʪʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ 

ʟʥʘʯʝʥʠʡ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʛʨʘʥʠʮʘʭ ʜʠʘʧʘʟʦʥʘ ʜʦʧʫʩʢʘʝʤʳʭ ʟʥʘʯʝʥʠʡ, 

ʧʨʠ ʵʪʦʤ ʟʥʘʯʝʥʠʝ ʦʜʥʦʛʦ ʠʟ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠʥʠʤʘʣʦʩʴ ʥʘ ʛʨʘʥʠʮʝ ʫʢʘʟʘʥʥʦʛʦ ʜʠʘʧʘ-

ʟʦʥʘ, ʘ ʦʩʪʘʣʴʥʳʝ ʧʨʠʥʠʤʘʣʠʩʴ ʩ ʥʦʤʠʥʘʣʴʥʳʤʠ (ʧʘʩʧʦʨʪʥʳʤʠ) ʛʦʜʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʠʪʫʘʮʠʡ ʠʟʤʝʥʝʥʠʷ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʦ ʩʚʦ-

ʠʭ ʧʨʝʜʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ çʙʨʘʢʦʚʦʯʥʦʛʦè ʟʥʘʯʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ɼɺʉ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣ. 3. ɻʨʘʥʠʮʳ ʜʠʘʧʘʟʦʥʘ ʜʦʧʫʩʢʘʝʤʳʭ ʟʥʘʯʝʥʠʡ ʧʨʠʥʷʪʳ 

ʩ ʫʯʝʪʦʤ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ɼɺʉ ʠ ʧʨʘʚʠʣʘʤʠ ʈʝʯʥʦʛʦ ʈʝʛʠʩʪʨʘ ʥʦʨʤ. 

ɺ ʪʘʙʣʠʮʫ ʟʘʥʝʩʝʥʳ ʥʘʠʙʦʣʴʰʠʝ ʠʟ ʨʘʩʩʯʠʪʘʥʥʳʭ çʙʨʘʢʦʚʦʯʥʳʭè ʟʥʘʯʝʥʠʡ ʏʇ ʠ ʩʦ-

ʦʪʚʝʪʩʪʚʫʶʱʝʝ ʠʤ ʟʥʘʯʝʥʠʝ ʊʉɼɺʉ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʯʘʩʪʥʳʝ ʧʦʢʘʟʘʪʝʣʠ, ʚʭʦʜʷʱʠʝ ʚ ʊʉɼɺʉ ʠʤʝʶʪ ʚʳ-

ʩʦʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʦʪʢʣʦʥʝʥʠʶ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ. ʅʘʧʨʠʤʝʨ, ʧʨʠ 

ʩʥʠʞʝʥʠʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʮʠʢʣʘ pmaxi ʥʘ 10 % (ʧʨʝʜʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ) ʰʢʘʣʠ-

ʨʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ ʩʥʠʞʘʝʪʩʷ ʜʦ 0,071179, ʘ ʟʥʘʯʝʥʠʝ 

ʏʇʈʇ ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʳʤ 0,578837 (ʜʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦʣʫʯʝʥʦ ʧʨʠ ʦʪʢʣʦʥʝʥʠʠ ʪʦʣʴʢʦ 

ʦʜʥʦʛʦ ʠʟ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʜʦ ʩʚʦʝʛʦ ʧʨʝʜʝʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ). ʇʨʠ ʵʪʦʤ 

ʊʉɼɺʉ = 0,935006, ʪ.ʝ. ʧʨʦʠʟʦʰʣʦ ʝʛʦ ʩʥʠʞʝʥʠʝ ʥʘ 7 %. ʅʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʦ ʧʨʠ ʦʪʢʣʦʥʝʥʠʠ ʦʪ ʥʦʤʠʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚʩʝʛʦ ʣʠʰʴ ʦʜ-

ʥʦʛʦ ʠʟ 36 ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʘ ʧʦʩʢʦʣʴʢʫ ʤʥʦʛʠʝ ʧʘʨʘʤʝʪʨʳ ʚʟʘʠʤʦʩʚʷʟʘ-

ʥʳ (ʥʘʧʨʠʤʝʨ, ʜʘʚʣʝʥʠʝ ʥʘʜʜʫʚʘ ʠ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʪʫʨʙʦʥʘʛʥʝʪʘʪʝʣʷ, ʜʘʚʣʝ-

ʥʠʝ ʚʧʨʳʩʢʠʚʘʥʠʷ ʪʦʧʣʠʚʘ ʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʮʠʢʣʘ ʠ ʪ. ʧ.), ʪʦ ʦʙʦʙʱʝʥʥʳʡ 

ʧʦʢʘʟʘʪʝʣʴ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʊʉɼɺʉ ʙʫʜʝʪ ʝʱʝ ʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ ʚʦʟʥʠʢʘʁ-

ʱʠʤ ʦʪʢʣʦʥʝʥʠʷʤ ʚ ʨʘʙʦʪʝ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʢʦʤʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʴ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʭʥʠ-

ʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʢʦʥʪʨʦʣʴ ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʧʦʜ-

ʩʠʩʪʝʤʘʭ ɼɺʉ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʫʧʨʝʞʜʘʶʱʝʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʦʟʤʦʞʥʦʤ ʦʪʢʣʦʥʝ-

ʥʠʠ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʮʝʩʩʦʚ ʦʪ ʟʘʜʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʚ ʩʚʷʟʠ ʩ ʧʦʷʚʣʝʥʠʝʤ ʥʝʠʩʧʨʘʚʥʦ-

ʩʪʠ ʚ ʢʘʢʦʡ-ʣʠʙʦ ʧʦʜʩʠʩʪʝʤʝ ɼɺʉ.  

 



ɸ.ɺ. ʉʦʣʦʚʴʸʚ 
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ʊʘʙʣʠʮʘ 3 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ çʙʨʘʢʦʚʦʯʥʳʭè ʟʥʘʯʝʥʠʡ  

ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ɼɺʉ 

ɿ
ʥ
ʘ
ʯ
ʝ
ʥ
ʠ
ʝ
 
ç
ʙ
ʨ
ʘ
ʢ
ʦ
ʚ
ʦ
ʯ
ʥ
ʦ
ʛ
ʦ
è
 
ʏ
ʇ

 

ʏʇʕʇ 0,558716 1 1 1 1 1 1 1 1 

ʏʇʈʇ 1 0,578837 1 1 1 1 1 1 1 

ʏʇʉʊ 1 1 0,556959 1 1 1 1 1 1 

ʏʇʎʇɻ 1 1 1 0,423131 1 1 1 1 1 

ʏʇʂɺ 1 1 1 1 0,466507 1 1 1 1 

ʏʇʉʉʆ 1 1 1 1 1 0,418357 1 1 1 

ʏʇʉʋ 1 1 1 1 1 1 0,435275 1 1 

ʏʇʊʅ 1 1 1 1 1 1 1 0,418479 1 

ʏʇʕʂ 1 1 1 1 1 1 1 1 0,420811 

ɿʥʘʯʝʥʠʝ 

çʙʨʘʢʦʚʦʯ-

ʥʦʛʦè ʊʉɼɺʉ 

0,919036 0,935006 0,930588 0,89968 0,910537 0,909565 0,924968 0,921561 0,943673 

ʅʘʠʙʦʣʴʰʝʝ 

ʟʥʘʯʝʥʠʝ 

çʙʨʘʢʦʚʦʯ-

ʥʦʛʦè ʊʉɼɺʉ 

0,943673 

 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʘʣʛʦʨʠʪʤʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʢʦʤʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʴ ʜʠʘʛʥʦʩʪʠ-

ʨʦʚʘʥʠʷ ʉʕʋ (ʵʪʦ ʤʦʜʝʣʴ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʠ ʢʘʣʴʢʫʣʷʪʦʨ) ʧʨʦʠʟʚʦʜʠʪ ʩʨʘʚʥʝʥʠʝ ʪʝ-

ʢʫʱʝʛʦ ʟʥʘʯʝʥʠʷ ʊʉɼɺʉ ʩ çʙʨʘʢʦʚʦʯʥʳʤè ʟʥʘʯʝʥʠʝʤ, çʟʘʰʠʪʳʤè ʚ ʤʦʜʝʣʴ. ʇʨʠ ʜʦʩ-

ʪʠʞʝʥʠʠ ʊʉɼɺʉ çʙʨʘʢʦʚʦʯʥʦʛʦè ʟʥʘʯʝʥʠʷ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʏʇ ʠ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʣʶʙʦʡ 

ʠʟ ʪʝʢʫʱʠʭ ʏʇ ʩʪʘʥʦʚʠʪʴʩʷ ʤʝʥʴʰʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ çʙʨʘʢʦʚʦʯʥʦʛʦè ʟʥʘʯʝʥʠʷ ʠʟ 

ʪʘʙʣ. 3 ʠʣʠ ʨʘʚʥʳʤ ʝʤʫ, ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʦʜʝʣʴʶ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʝʛʦʜʥʦʝ ʪʝʭʥʠʯʝ-

ʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ɼɺʉ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʩʝʡ ʉʕʋ. 

ʅʘ ʨʠʩ. 4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʬʫʥʢʮʠʠ ʊʉɼɺʉ=f(ʏʇʕʇ, ʏʇʈʇ, ʏʇʉʊ, ʏʇʎʇɻ, ʏʇʂɺ, ʏʇʉʉʆ, 

ʏʇʉʋ, ʏʇʊʅ, ʏʇʕʂ) ʜʣʷ çʙʨʘʢʦʚʦʯʥʳʭè, ʧʘʩʧʦʨʪʥʳʭ (ʥʦʤʠʥʘʣʴʥʳʭ) ʠ ʪʝʢʫʱʠʭ ʟʥʘʯʝ-

ʥʠʡ ʏʇ.  

ʇʦʣʫʯʝʥʥʳʡ ʦʙʦʙʱʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʧʦʢʘʟʘʪʝʣʴ ʊʉɼɺʉ ʙʫʜʝʪ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ 

ʧʣʦʱʘʜʠ ʧʦʜ ʢʨʠʚʦʡ, ʧʦʣʫʯʝʥʥʦʡ ʧʫʪʝʤ ʩʦʝʜʠʥʝʥʠʷ ʪʦʯʝʢ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʟʥʘʯʝ-

ʥʠʷ ʏʇ. ɼʘʥʥʦʝ ʩʚʦʡʩʪʚʦ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʦʪʩʣʝʞʠʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʠʟʤʝʥʝ-

ʥʠʷ ʊʉɼɺʉ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʨʠʙʣʠʞʝʥʠʷ ʧʨʝʜʝʣʴʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ɼɺʉ, ʧʨʠ ʢʦʪʦʨʦʤ ʜʣʷ ɼɺʉ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʝʛʦʜʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ. ʇʨʠ 

ʜʦʩʪʠʞʝʥʠʠ ʚʩʝʭ ʏʇ çʙʨʘʢʦʚʦʯʥʳʭè ʟʥʘʯʝʥʠʡ ʊʉɼɺʉ=0,479287, ʪ. ʝ. ɼɺʉ ʠʤʝʝʪ 

ʛʦʜʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʧʨʠ ʟʥʘʯʝʥʠʠ ʢʘʞʜʦʛʦ ʏʇ ʚʳʰʝ çʙʨʘʢʦʚʦʯʥʦʛʦè ʠ 

ʊʉɼɺʉ > 0,479287. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʟʥʘʯʝʥʠʝ ʊʉɼɺʉ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʦʜʝʣʴʶ ʜʠʘʛʥʦʩʪʠ-

ʨʦʚʘʥʠʷ ʜʣʷ ʢʘʞʜʦʛʦ ɼɺʉ, ʧʨʠ ʵʪʦʤ ʚ ʨʘʩʯʝʪ ʚʢʣʶʯʘʶʪʩʷ (ʫʯʠʪʳʚʘʶʪʩʷ) ʥʘʠʙʦʣʝʝ 

çʭʫʜʰʠʝè ʟʥʘʯʝʥʠʷ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʝʩʣʠ ʜʚʠʛʘʪʝʣʴ ʠʤʝ-

ʝʪ 6 ʮʠʣʠʥʜʨʦʚ, ʪʦ ʚ ʨʘʩʯʝʪ ʊʉɼɺʉ ʧʦʧʘʜʫʪ ʥʘʠʙʦʣʝʝ ʥʠʟʢʠʝ ʰʢʘʣʠʨʦʚʘʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʣʶʙʦʛʦ ʠʟ 6-ʪʠ ʮʠʣʠʥʜʨʦʚ. 

 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 54, 2018 ʛ. 
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ʈʠʩ. 4. ʌʫʥʢʮʠʠ ʊʉɼɺʉ=f(ʏʇʕʇ, ʏʇʈʇ, ʏʇʉʊ, ʏʇʎʇɻ, ʏʇʂɺ, ʏʇʉʉʆ, ʏʇʉʋ, ʏʇʊʅ, ʏʇʕʂ)  

ʜʣʷ çʙʨʘʢʦʚʦʯʥʳʭè, ʧʘʩʧʦʨʪʥʳʭ (ʥʦʤʠʥʘʣʴʥʳʭ)  

ʠ ʪʝʢʫʱʠʭ ʟʥʘʯʝʥʠʡ ʏʇ 

ʉ ʧʦʤʦʱʴʶ ʢʘʣʴʢʫʣʷʪʦʨʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʦʚ ʉʕʋ ʦʧʨʝʜʝʣʝʥʳ 

çʙʨʘʢʦʚʦʯʥʳʝè ʟʥʘʯʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʩʝʭ ʚʳʜʝʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʉʕʋ, ʘ 

ʪʘʢʞʝ ʉʕʋ ʚ ʮʝʣʦʤ, ʯʪʦ ʠʣʣʶʩʪʨʠʨʫʝʪ ʨʠʩ. 5 

 

 

ʈʠʩ. 5. ʌʫʥʢʮʠʠ ʊʉʉʕʋ =f(ʊʉɼɺʉ, ʊʉʈʈʇ, ʊʉʄ, ʊʉʇɺ, ʊʉɼɺɾ, ʊʉʕʕʋ, ʊʉʉʉ, ʊʉɸʂ, ʊʉʋʂ)  

ʜʣʷ çʙʨʘʢʦʚʦʯʥʳʭè, ʧʘʩʧʦʨʪʥʳʭ (ʥʦʤʠʥʘʣʴʥʳʭ)  

ʠ ʪʝʢʫʱʠʭ ʟʥʘʯʝʥʠʡ ʦʙʲʝʢʪʦʚ ʉʕʋ 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʧʨʦʚʝʜʝʥʥʳʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʘʚʪʦʨ 

ʨʘʟʨʘʙʦʪʘʣ ʘʣʛʦʨʠʪʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʦʜʝʣʠ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʦʚ ʉʕʋ. ʋʢʦʨʦʯʝʥʥʘʷ ʙʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʧʨʝʜʩʪʘʚ-

ʣʝʥʘ ʥʘ ʨʠʩ. 6. ʇʨʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʙʣʦʢʘ ʘʥʘʣʠʟʘ ʪʝʢʫʱʝʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷ-

ʥʠʷ ʦʙʲʝʢʪʦʚ ʉʕʋ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʨʘʚʥʝʥʠʝ ʨʘʩʩʯʠʪʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʢʘʣʴʢʫʣʷʪʦʨʘ 

ʟʥʘʯʝʥʠʡ ʊʉ ʦʙʲʝʢʪʦʚ ʉʕʋ ʩ çʙʨʘʢʦʚʦʯʥʳʤʠè ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʩʪʦʷʥʠʝ çʛʦʜʝʥ ï 

ʥʝʛʦʜʝʥè ʩ ʫʢʘʟʘʥʠʝʤ ʥʝʛʦʜʥʦʛʦ ʦʙʲʝʢʪʘ ʠ ʝʛʦ ʧʘʨʘʤʝʪʨʦʚ.  



ɸ.ɺ. ʉʦʣʦʚʴʸʚ 

ɼʠʘʛʥʦʩʪʠʨʦʚʘʥʠʝ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʦʚ ʩʫʜʦʚʦʡ » 
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ʎʝʣʴʶ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʙʣʦʢʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢ-

ʪʦʚ ʉʕʋ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʚʨʝʤʝʥʠ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʊʉ i-ʛʦ ʦʙʲʝʢʪʘ ʉʕʋ çʙʨʘʢʦ-

ʚʦʯʥʦʛʦè ʟʥʘʯʝʥʠʷ, ʪ. ʝ. ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʝʨʠʦʜʘ çʛʦʜʥʦʛʦè ʩʦ-

ʩʪʦʷʥʠʷ. 

 

 

ʈʠʩ. 6. ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʦʤʧʴʶʪʝʨʥʦʡ  

ʤʦʜʝʣʠ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʦʚ ʉʕʋ 

 

ɹʣʦʢ ʰʢʘʣʠʨʦʚʘʥʠʷ ʠ ʛʨʫʧʧʠʨʦʚʢʠ ʜʠʘʛ-

ʥʦʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

 i-ʛʦ ʦʙʲʝʢʪʘ ʉʕʋ 

ʅʘʯʘʣʦ 

ɹʣʦʢ ʬʦʨʤʠʨʦʚʘʥʠʝ ʯʘʩʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʪʝʭ-

ʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ i-ʛʦ ʦʙʲʝʢʪʘ ʉʕʋ 

ʂʘʣʴʢʫʣʷʪʦʨ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦ-

ʩʪʦʷʥʠʷ i-ʛʦ ʦʙʲʝʢʪʘ ʉʕʋ 

ʆʧʨʝʜʝʣʝʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

i-ʦʛʦ ʦʙʲʝʢʪʘ ʉʕʋ (ʛʦʜʥʦʝ/ʥʝʛʦʜʥʦʝ) 

ʈʘʩʰʠʬʨʦʚʢʘ ʧʨʠʯʠʥʳ ʥʝʛʦʜʥʦʛʦ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ i-ʛʦ 

ʦʙʲʝʢʪʘ ʉʕʋ 

 
ɹʣʦʢ ʨʘʩʯʝʪʘ ʠ ʘʥʘʣʠʟʘ ʩʢʦʨʦʩʪʠ ʠʟ-

ʤʝʥʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ i-ʛʦ ʦʙʲʝʢʪʘ ʉʕʋ 

ɹʣʦʢ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ  

ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ  

i-ʛʦ ʦʙʲʝʢʪʘ ʉʕʋ 

ʆʧʨʦʩ ʜʘʪʯʠʢʦʚ ʠ ʧʦʣʫʯʝʥʠʝ  

ʟʥʘʯʝʥʠʡ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ  

ʧʘʨʘʤʝʪʨʦʚ i-ʛʦ ʦʙʲʝʢʪʘ ʉʕʋ 

ɹʣʦʢ ʘʥʘʣʠʟʘ ʪʝʢʫʱʝʛʦ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʦʙʲʝʢʪʦʚ ʉʕʋ 

 

ʂʦʥʝʮ 

ɹʣʦʢ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʦʙʲʝʢʪʦʚ ʉʕʋ  
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ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʦʚ ʉʕʋ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 7. ʅʘ ʧʝʨʚʦʤ ʰʘʛʝ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʨʦʠʟʚʦ-

ʜʠʪʩʷ ʩʨʘʚʥʝʥʠʝ ʪʝʢʫʱʝʛʦ ʟʥʘʯʝʥʠʷ ʊʉ i-ʛʦ ʦʙʲʝʢʪʘ ʉʕʋ ʩ çʙʨʘʢʦʚʦʯʥʳʤè. 

ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʟʥʘʯʝʥʠʝ ʊʉ i-ʛʦ ʦʙʲʝʢʪʘ ʉʕʋ ʙʦʣʴʰʝ çʙʨʘʢʦʚʦʯʥʦʛʦè, ʧʨʦʠʟʚʦ-

ʜʠʪʩʷ ʚʳʯʠʩʣʝʥʠʝ ʪʝʢʫʱʝʡ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʊʉ ʧʦ ʬʦʨʤʫʣʝ: 

_ 1 _

ʠʟʤ_ _

TC TCi n i n

i n

m

V
t

--
=  ,  (4)  

ʛʜʝ ʠʟʤ_ _i nV  ï ʪʝʢʫʱʘʷ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʊʉ i-ʛʦ ʦʙʲʝʢʪʘ ʉʕʋ;  

tm ï ʚʨʝʤʷ ʤʝʞʜʫ ʠʟʤʝʨʝʥʠʷʤʠ; 

TCi_n-1 ï ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ i-ʛʦ ʦʙʲʝʢʪʘ ʉʕʋ ʧʨʠ ʧʨʝʜʳʜʫʱʝʤ ʠʟʤʝʨʝʥʠʠ; 

TCi_n ï ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ i-ʛʦ ʦʙʲʝʢʪʘ ʉʕʋ ʧʨʠ ʪʝʢʫʱʝʤ ʠʟʤʝʨʝʥʠʠ; 

n ï ʥʦʤʝʨ ʠʟʤʝʨʝʥʠʷ. 

ɽʩʣʠ n < 2, ʪʦ 
ʠʟʤ_ _ 1_ʩʨ ʠʟʤ_ _i n i nV V+ = , 

ʛʜʝ Vʠʟʤ_i_n+1_ʩʨ ï ʧʨʦʛʥʦʟʠʨʫʝʤʘʷ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʧʨʠ ʧʦʤʦʱʠ ʘʣʛʦʨʠʪʤʘ ʵʢʩʧʦ-

ʥʝʥʮʠʘʣʴʥʦʛʦ ʩʛʣʘʞʠʚʘʥʠʷ. 

 

ɼʘʣʝʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʘʩʯʝʪ ʚʨʝʤʝʥʠ ʜʦʩʪʠʞʝʥʠʷ çʙʨʘʢʦʚʘʯʥʦʛʦè ʟʥʘʯʝʥʠʷ: 

_

_ʙʨʘʢ

ʠʟʤ_ _ 1_ʩʨ

TC TCi n i_ʙʨʘʢ

i

i n

t
V +

-
= , (5) 

ʛʜʝ ti_ʙʨʘʢ ï ʧʨʦʛʥʦʟʠʨʫʝʤʦʝ ʚʨʝʤʷ, ʟʘ ʢʦʪʦʨʦʝ ʊʉ i-ʛʦ ʦʙʲʝʢʪʘ ʤʦʞʝʪ ʜʦʩʪʠʛʥʫʪʴ çʙʨʘ-

ʢʦʚʦʯʥʦʛʦè ʩʦʩʪʦʷʥʠʷ ʧʨʠ ʠʟʤ_ _ 1_ʩʨi n+V ; 

ʊʉ i_ʙʨʘʢ ï ʟʥʘʯʝʥʠʝ çʙʨʘʢʦʚʦʯʥʦʛʦè ʊʉ i-ʛʦ ʦʙʲʝʢʪʘ; 

TCi_n ï ʪʝʢʫʱʝʝ ʟʥʘʯʝʥʠʝ ʊʉ i-ʛʦ ʦʙʲʝʢʪʘ. 

 

ɽʩʣʠ n ² 2, ʪʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʚ ɹʣʦʢ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʙʣʦʢ-ʩʭʝʤʘ ʢʦʪʦ-

ʨʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 8. 

ʇʨʦʠʟʚʦʜʠʪʩʷ ʚʳʯʠʩʣʝʥʠʝ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʊʉ i-ʛʦ ʦʙʲʝʢʪʘ:  

ʠʟʤ_ _1 ʠʟʤ_ _2 ʠʟʤ_ _

ʠʟʤ_ _ _ʩʨ

i i i n

i n

V V V
V

n

+ + +
=

, (6) 

ʛʜʝ ï ʪʝʢʫʱʘʷ ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʊʉ i-ʛʦ ʦʙʲʝʢʪʘ; 

Vʠʟʤ_i_1, Vʠʟʤ_i_2, é, Vʠʟʤ_i_n ï ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʊʉ i-ʛʦ ʦʙʲʝʢʪʘ ʚ ʧʨʝʜʳʜʫʱʠʝ ʧʝʨʠʦʜʳ; 

n ï ʢʦʣʠʯʝʩʪʚʦ ʠʟʤʝʨʝʥʠʡ.  

 

ɼʘʣʝʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚʳʯʠʩʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʛʣʘʞʠʚʘʥʠʷ ai_n ʩʢʦʨʦʩʪʠ ʠʟʤʝ-

ʥʝʥʠʷ ʊʉ i-ʛʦ ʦʙʲʝʢʪʘ: 

_ 1 _

_ 2

ʊʉ ʊʉi n i n

i n

mt
a

--
= , (7) 

ʛʜʝ tm ï ʚʨʝʤʷ ʤʝʞʜʫ ʠʟʤʝʨʝʥʠʷʤʠ; 

TCi_n-1 ï ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ i-ʛʦ ʦʙʲʝʢʪʘ ʉʕʋ ʧʨʠ ʧʨʝʜʳʜʫʱʝʤ ʠʟʤʝʨʝʥʠʠ; 

TCi_n ï ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ i-ʛʦ ʦʙʲʝʢʪʘ ʉʕʋ ʧʨʠ ʪʝʢʫʱʝʤ ʠʟʤʝʨʝʥʠʠ. 

ʠʟʤ_ _ _ʩʨi nV



ɸ.ɺ. ʉʦʣʦʚʴʸʚ 

ɼʠʘʛʥʦʩʪʠʨʦʚʘʥʠʝ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʦʚ ʩʫʜʦʚʦʡ » 
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ʈʠʩ. 7. ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ  

ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʦʚ ʉʕʋ 
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ʈʠʩ. 8. ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʢʦʨʦʩʪʠ  

ʠʟʤʝʥʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʦʚ ʉʕʋ 

ʆʪʤʝʪʠʤ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʩʛʣʘʞʠʚʘʥʠʷ ai_n ʷʚʣʷʝʪʩʷ çʧʣʘʚʘʶʱʝʡè ʚʝʣʠʯʠʥʦʡ, 

ʢʦʪʦʨʘʷ ʟʘʚʠʩʠʪ ʦʪ ʫʩʢʦʨʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ i-ʛʦ ʦʙʲʝʢʪʘ ʉʕʋ ʠ 

ʤʦʞʝʪ ʠʟʤʝʥʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0 ʜʦ 1. 

ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ i-ʛʦ ʦʙʲ-

ʝʢʪʘ ʉʕʋ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

,  (8) 

ʇʦʣʫʯʝʥʥʘʷ ʩʧʨʦʛʥʦʟʠʨʦʚʘʥʥʘʷ ʩʢʦʨʦʩʪʴ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʪʦʯʥʦ ʨʘʩʩʯʠʪʘʪʴ ʚʨʝʤʷ 

ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʊʉ i-ʛʦ ʦʙʲʝʢʪʘ çʙʨʘʢʦʚʦʯʥʦʛʦè ʟʥʘʯʝʥʠʷ: 

ʙʨʘʢ

ʙʨʘʢ

ʠʟʤ_ _ +1_ʩʨ

TC TCi_n i_

i_

i n

t
V

-
= ,  (9) 

ʇʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ti_ʙʨʘʢ ʧʦʟʚʦʣʠʪ ʵʢʠʧʘʞʫ/ʩʫʜʦʚʣʘʜʝʣʴʮʫ ʦʧʨʝʜʝʣʷʪʴ ʦʧʪʠ-

ʤʘʣʴʥʳʝ ʩʨʦʢʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ ʦʙʲʝʢʪʦʚ ʉʕʋ ʠ ʦʪʩʣʝʞʠʚʘʪʴ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʧʦʣʫʯʝʥʥʦʛʦ ʚʨʝʤʝʥʠ ʨʘʩʯʝʪʥʦʤʫ ʩʨʦʢʫ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʦ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ ʦʙʲʝʢʪʦʚ ʉʕʋ. ʇʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʚʨʝʤʝʥʠ ti_ʙʨʘʢ ʚ ʢʦʤʧʴʶ-

ʪʝʨʥʦʡ ʤʦʜʝʣʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʢ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʶ ʊʉ ʩʣʝʜʫʶʱʝʛʦ ʦʙʲʝʢʪʘ 

ʉʕʋ. ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩ. 8 ʙʣʦʢ-ʩʭʝʤʝ k ï ʯʠʩʣʦ ʦʙʲʝʢʪʦʚ ʉʕʋ. 

ʇʨʠ ʥʝʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʷ TCi_n > ʊʉi_ʙʨʘʢ (TCi_n ï ʟʥʘʯʝʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦ-

ʩʪʦʷʥʠʷ i-ʛʦ ʦʙʲʝʢʪʘ ʉʕʋ ʧʨʠ ʪʝʢʫʱʝʤ ʠʟʤʝʨʝʥʠʠ, ʊʉ i_ʙʨʘʢ ï ʟʥʘʯʝʥʠʝ çʙʨʘʢʦʚʦʯʥʦ-

ʛʦè ʊʉ i-ʛʦ ʦʙʲʝʢʪʘ) ʢʦʤʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʴ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʚʳʚʝʜʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʜʦʩʪʠʞʝʥʠʠ ʊʉi çʙʨʘʢʦʚʦʯʥʦʛʦè ʟʥʘʯʝʥʠʷ ʠ ʘʢʪʠʚʠʨʫʝʪʩʷ ʧʦʜʧʨʦʛʨʘʤʤʘ ʘʥʘʣʠʟʘ ʩʢʦ-

ʠʟʤ_ _ 1_ʩʨ ʠʟʤ_ _ _ʩʨ _n ʠʟʤ_ _ ʠʟʤ_ _ _ʩʨ( )i n i n i i n i nV V V Va+ = + +

ʅʘʯʘʣʦ 

ɺʳʯʠʩʣʝʥʠʝ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ  

ʠʟʤʝʥʝʥʠʷ ʊʉ i-ʛʦ ʦʙʲʝʢʪʘ  

ʠʟʤ_ _1 ʠʟʤ_ _2 ʠʟʤ_ _

ʠʟʤ_ _ _ʩʨ

i i i n

i n

V V V
V

n

+ + +
=

 

ʂʦʥʝʮ 

ɺʳʯʠʩʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʛʣʘʞʠʚʘʥʠʷ  

ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʊʉ i-ʛʦ ʦʙʲʝʢʪʘ  

_ 1 _

_ 2

ʊʉ ʊʉi n i n

i n

mt
a

--
=

 

ɺʳʯʠʩʣʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚ ʩʣʝʜʫʶʱʠʡ  

ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʊʉ i-ʛʦ ʦʙʲʝʢʪʘ  

ʠʟʤ_ _ 1_ʩʨ ʠʟʤ_ _ _ʩʨ _n ʠʟʤ_ _ ʠʟʤ_ _ _ʩʨ( )i n i n i i n i nV V V Va+ = + +
 



ɸ.ɺ. ʉʦʣʦʚʴʸʚ 

ɼʠʘʛʥʦʩʪʠʨʦʚʘʥʠʝ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʦʚ ʩʫʜʦʚʦʡ » 
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ʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ i-ʛʦ ʦʙʲʝʢʪʘ ʉʕʋ. ʆʪʤʝʪʠʤ, ʯʪʦ ʘʥʘʣʠʟ ʩʢʦʨʦ-

ʩʪʠ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ ʧʨʦʮʝʜʫʨʳ ʧʨʦʛʥʦ-

ʟʠʨʦʚʘʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʧʦʟʚʦʣʷʝʪ ʚʦ-ʧʝʨʚʳʭ, ʥʘʩʪʨʦʠʪʴ ʤʦʜʝʣʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠʣʠ 

ʧʨʠ ʙʦʣʝʝ ʨʘʟʚʠʪʦʤ ʘʣʛʦʨʠʪʤʝ ʚʳʙʨʘʪʴ ʤʦʜʝʣʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠʟ ʟʘʨʘʥʝʝ ʧʨʝʜʫ-

ʩʤʦʪʨʝʥʥʦʛʦ ʥʘʙʦʨʘ (ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʝ ʩʛʣʘʞʠʚʘʥʠʝ, ʨʝʛʨʝʩʩʠʦʥʥʦʝ ʦʮʝʥʠʚʘʥʠʝ, ʮʝ-

ʧʠ ʄʘʨʢʦʚʘ, ʧʝʨʝʜʘʪʦʯʥʳʝ ʬʫʥʢʮʠʠ ʠ ʪ. ʜ.), ʘ ʚʦ-ʚʪʦʨʳʭ ʦʮʝʥʠʪʴ, ʧʦ ʢʘʢʦʤʫ ʠʟ ʏʇ 

ʚʦʟʤʦʞʝʥ ʦʪʢʘʟ ʚ ʛʨʘʥʠʮʘʭ ʫʩʪʘʥʦʚʣʝʥʥʳʭ çʙʨʘʢʦʚʦʯʥʳʭè ʟʥʘʯʝʥʠʡ. ɹʣʦʢ-ʩʭʝʤʘ ʘʣ-

ʛʦʨʠʪʤʘ ʘʥʘʣʠʟʘ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʏʇ i-ʛʦ ʦʙʲʝʢʪʘ ʉʕʋ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 9. 

ʅʘ ʧʝʨʚʦʤ ʰʘʛʝ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʨʘʚʥʝʥʠʝ ʪʝʢʫʱʝʛʦ ʟʥʘʯʝʥʠʷ  

j-ʛʦ ʏʇ i-ʛʦ ʦʙʲʝʢʪʘ ʉʕʋ(ʏʇji) ʩ çʙʨʘʢʦʚʦʯʥʳʤè (ʏʇji_ʙʨʘʢ). ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʟʥʘʯʝʥʠʝ 

ʏʇji ʤʝʥʴʰʝ ʏʇji_ʙʨʘʢ, ʪʦ ʧʨʦʠʩʭʦʜʠʪ ʚʳʚʦʜ ʜʘʥʥʳʭ ʦ çʥʝʛʦʜʥʦʤè ʊʉ i-ʛʦ ʦʙʲʝʢʪʘ ʉʕʋ 

ʧʦ ʏʇji ʠ ʚʳʧʦʣʥʷʝʪʩʷ ʧʝʨʝʭʦʜ ʢ ʦʮʝʥʢʝ ʩʣʝʜʫʶʱʝʛʦ ʏʇ ʜʘʥʥʦʛʦ ʦʙʲʝʢʪʘ ʉʕʋ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʝʨʝʙʠʨʘʶʪʩʷ ʚʩʝ ʯʘʩʪʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʞʜʦʛʦ ʦʙʲʝʢʪʘ ʉʕʋ ʠ ʩʨʘʚʥʠʚʘʶʪʩʷ 

ʩ ʠʭ çʙʨʘʢʦʚʦʯʥʳʤʠè ʟʥʘʯʝʥʠʷʤʠ.  

ɽʩʣʠ ʫʩʣʦʚʠʝ ʏʇji_n > ʏʇji_ʙʨʘʢ ʚʳʧʦʣʥʷʝʪʩʷ, ʪʦ ʧʨʠ ʚʳʙʨʘʥʥʦʡ ʤʦʜʝʣʠ ʧʨʦʛʥʦʟʠ-

ʨʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚʳʯʠʩʣʝʥʠʝ ʪʝʢʫʱʝʡ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʏʇji ʧʦ ʬʦʨʤʫʣʝ: 

, (10)

 

ʛʜʝ ʠʟʤ_ʏʇ _ji nV  ï ʪʝʢʫʱʘʷ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʏʇji ;

 tm ï ʚʨʝʤʷ ʤʝʞʜʫ ʠʟʤʝʨʝʥʠʷʤʠ;  

ʏʇji_n-1 ï ʟʥʘʯʝʥʠʝ ʏʇji ʧʨʠ ʧʨʝʜʳʜʫʱʝʤ ʠʟʤʝʨʝʥʠʠ; 

ʏʇji  _n ï ʪʝʢʫʱʝʝ ʟʥʘʯʝʥʠʝ ʏʇji; 

n ï ʥʦʤʝʨ ʠʟʤʝʨʝʥʠʷ. 

ɽʩʣʠ n<2 ʪʦ 
ʠʟʤ_ʏʇ _ 1_ʩʨ ʠʟʤ_ʏʇ _ji jin nV V+ = , 

ʛʜʝ Vʠʟʤ_ʏʇij_n+1_ʩʨ ï ʧʨʦʛʥʦʟʠʨʫʝʤʘʷ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʧʨʠ ʧʦʤʦʱʠ ʘʣʛʦʨʠʪʤʘ ʵʢʩ-

ʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʩʛʣʘʞʠʚʘʥʠʷ. 

 

ʇʨʦʠʟʚʦʜʠʪʩʷ ʚʳʯʠʩʣʝʥʠʝ ʚʨʝʤʝʥʠ ʜʦ ʜʦʩʪʠʞʝʥʠʷ çʙʨʘʢʦʚʘʯʥʦʛʦè ʟʥʘʯʝʥʠʷ: 

_ ʙʨʘʢ

ʏʇ _ʙʨʘʢ

ʠʟʤ_ʏʇ _ 1_ʩʨ

ʏʇ ʏʇ

ji

ji

ji n ji_

n

t
V +

-
= ,  (11) 

ʛʜʝ 
ʏʇ _ʙʨʘʢji

t  ï ʚʨʝʤʷ ʜʦ ʜʦʩʪʠʞʝʥʠʷ j-ʛʦ ʏʇ i-ʛʦ ʦʙʲʝʢʪʘ ʉʕʋ; 

ʏʇji_n  ï ʪʝʢʫʱʝʝ ʟʥʘʯʝʥʠʝ j-ʛʦ ʏʇ i-ʛʦ ʦʙʲʝʢʪʘ ʉʕʋ; 

ʏʇji  _ʙʨʘʢ  ï çʙʨʘʢʦʚʦʯʥʦʝè ʟʥʘʯʝʥʠʝ j-ʛʦ ʏʇ i-ʛʦ ʦʙʲʝʢʪʘ ʉʕʋ. 

 

ɺ ʩʣʫʯʘʝ ʝʩʣʠ n²2, ʪʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʚ ɹʣʦʢ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʙʣʦʢ-

ʩʭʝʤʘ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 10.  

 

_ 1 _

ʠʟʤ_ʏʇ _

ʏʇ ʏʇ

ji

ji n ji n

n

m

V
t

--
=



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 54, 2018 ʛ. 
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ʈʠʩ. 9. ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʘʥʘʣʠʟʘ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ  

ʏʇ i-ʛʦ ʦʙʲʝʢʪʘ ʉʕʋ 

 



ɸ.ɺ. ʉʦʣʦʚʴʸʚ 

ɼʠʘʛʥʦʩʪʠʨʦʚʘʥʠʝ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʦʚ ʩʫʜʦʚʦʡ » 
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ʈʠʩ. 10. ɹʣʦʢ-ʩʭʝʤʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʢʦʨʦʩʪʠ  

ʠʟʤʝʥʝʥʠʷ ʏʇ i-ʛʦ ʦʙʲʝʢʪʘ ʉʕʋ 

ʇʨʦʠʟʚʦʜʠʪʩʷ ʚʳʯʠʩʣʝʥʠʝ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ j-ʛʦ ʏʇ i-ʛʦ ʦʙʲʝʢʪʘ ʉʕʋ: 

ʠʟʤ_ʏʇ _1 ʠʟʤ_ʏʇ _2 ʠʟʤ_ʏʇ _

ʠʟʤ_ʏʇ _ _ʩʨ

ij ij ij

ij

n

n

V V V
V

n

+ + +
= ,   (12) 

ʛʜʝ ʠʟʤ_ _ _ʩʨijʏʇ nV  ï ʪʝʢʫʱʘʷ ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ j-ʛʦ ʏʇ i-ʛʦ ʦʙʲʝʢʪʘ ʉʕʋ; 

Vʠʟʤ_ʏʇij_1, Vʠʟʤ_ ʏʇij _2, é, Vʠʟʤ_ʏʇij_n ï ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ j-ʛʦ ʏʇ i-ʛʦ ʦʙʲʝʢʪʘ ʉʕʋ ʚ ʧʨʝ-

ʜʳʜʫʱʠʝ ʧʝʨʠʦʜʳ; 

n ï ʢʦʣʠʯʝʩʪʚʦ ʠʟʤʝʨʝʥʠʡ.  

 

ɼʘʣʝʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚʳʯʠʩʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʛʣʘʞʠʚʘʥʠʷ aij_n ʩʢʦʨʦʩʪʠ ʠʟʤʝ-

ʥʝʥʠʷ j-ʛʦ ʏʇ i-ʛʦ ʦʙʲʝʢʪʘ ʉʕʋ: 

_ 1 _

_ 2

ʏʇ ʏʇij n ij n

ij n

mt
a

--
= ,  (13) 

ʛʜʝ ʏʇji_n-1 ï ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ j-ʛʦ ʏʇ i-ʛʦ ʦʙʲʝʢʪʘ ʉʕʋ ʧʨʠ ʧʨʝʜʳʜʫʱʝʤ ʠʟʤʝ-

ʨʝʥʠʠ; 

ʏʇji  _n ï ʪʝʢʫʱʝʝ ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ j-ʛʦ ʏʇ i-ʛʦ ʦʙʲʝʢʪʘ ʉʕʋ ; 

 

ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ j-ʛʦ ʏʇ i-

ʛʦ ʦʙʲʝʢʪʘ ʉʕʋ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

ʠʟʤ_ʏʇ _ 1_ʩʨ ʠʟʤ_ʏʇ _ _ʩʨ _ ʠʟʤ_ʏʇ _ ʠʟʤ_ʏʇ _ _ʩʨ( )
ij ij ij ijn n ij n n nV V V Va+ = + + , (14) 

ʅʘʯʘʣʦ 

ɺʳʯʠʩʣʝʥʠʝ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʏʇji  

ʠʟʤ_ʏʇ _1 ʠʟʤ_ʏʇ _2 ʠʟʤ_ʏʇ _

ʠʟʤ_ʏʇ _ _ʩʨ

ij ij ij

ij

n

n

V V V
V

n

+ + +
=  

ʂʦʥʝʮ 

ɺʳʯʠʩʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʛʣʘʞʠʚʘʥʠʷ  

ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʏʇji 

_ 1 _

_ 2

ʏʇ ʏʇij n ij n

ij n

mt
a

--
=  

ɺʳʯʠʩʣʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚ ʩʣʝʜʫʶʱʠʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʏʇji 

ʠʟʤ_ʏʇ _ 1_ʩʨ ʠʟʤ_ʏʇ _ _ʩʨ _ ʠʟʤ_ʏʇ _ ʠʟʤ_ʏʇ _ _ʩʨ( )
ij ij ij ijn n ij n n nV V V Va+ = + +  
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ʇʦʣʫʯʝʥʥʘʷ ʧʨʦʛʥʦʟʠʨʫʝʤʘʷ ʩʢʦʨʦʩʪʴ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʪʦʯʥʦ ʨʘʩʩʯʠʪʘʪʴ ʚʨʝʤʷ ʜʦ 

ʜʦʩʪʠʞʝʥʠʷ j-ʛʦ ʏʇ i-ʛʦ ʦʙʲʝʢʪʘ ʉʕʋ çʙʨʘʢʦʚʦʯʥʦʛʦè ʟʥʘʯʝʥʠʷ: 

_ ʙʨʘʢ

ʏʇ _ʙʨʘʢ

ʠʟʤ_ʏʇ _ 1_ʩʨ

ʏʇ ʏʇ

ji

ji

ji n ji_

n

t
V +

-
= ,  (15) 

ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʨʘʩʯʝʪ ʚʩʝʭ 
ʏʇ _ʙʨʘʢji

t ʜʣʷ ʢʘʞʜʦʛʦ ʦʙʲʝʢʪʘ 

ʉʕʋ, ʧʦ ʢʦʪʦʨʦʤʫ ʧʨʦʠʟʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʏʇ. 

ɺ ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʘʣʛʦʨʠʪʤʝ ʟʘʣʦʞʝʥʘ ʬʫʥʢʮʠʷ ʩʝʣʝʢʮʠʠ, ʧʦʟʚʦʣʷʶʱʘʷ ʠʟ ʚʩʝʭ 

ʨʘʩʩʯʠʪʘʥʥʳʭ 
ʏʇ _ʙʨʘʢji

t ʦʧʨʝʜʝʣʠʪʴ ʥʘʠʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ ʚʨʝʤʝʥʠ , 

ʢʦʪʦʨʦʝ ʠ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʨʘʩʯʝʪʥʳʤ ʚʨʝʤʝʥʝʤ, ʧʦ ʠʩʪʝʯʝʥʠʶ ʢʦʪʦʨʦʛʦ, ʚʦʟʤʦʞʝʥ 

ʦʪʢʘʟ i-ʛʦ ʦʙʲʝʢʪʘ ʉʕʋ ʚ ʛʨʘʥʠʮʘʭ ʫʩʪʘʥʦʚʣʝʥʥʳʭ çʙʨʘʢʦʚʦʯʥʳʭè ʟʥʘʯʝʥʠʡ ʜʣʷ ʏʇ.  

ʇʦʣʫʯʝʥʥʦʝ ʏʇ _ʙʨʘʢ_ji mint  ʧʦʟʚʦʣʠʪ ʵʢʠʧʘʞʫ/ʩʫʜʦʚʣʘʜʝʣʴʮʫ ʦʧʨʝʜʝʣʷʪʴ ʦʧʪʠ-

ʤʘʣʴʥʳʝ ʩʨʦʢʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ ʦʙʲʝʢʪʦʚ ʉʕʋ. 

ɹʝʟʫʩʣʦʚʥʦ, ʣʦʛʠʯʝʩʢʠʤ ʧʨʦʜʦʣʞʝʥʠʝʤ ʘʣʛʦʨʠʪʤʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʦʤʧʴʶ-

ʪʝʨʥʦʡ ʤʦʜʝʣʠ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʦʚ ʉʕʋ ʙʫʜʝʪ ʬʦʨ-

ʤʠʨʦʚʘʥʠʝ ʙʘʟʳ ʜʘʥʥʳʭ ʦʙ ʦʙʲʝʢʪʝ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ʧʦʷʚʠʪʴʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʦ-

ʜʠʪʴ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʠʟʤʝʥʝʥʠʷ ʊʉ ʦʙʲʝʢʪʘ ʥʘ ʨʘʟʥʳʭ ʵʪʘʧʘʭ ʝʛʦ ʞʠʟʥʝʥʥʦʛʦ 

ʮʠʢʣʘ, ʥʘʧʨʠʤʝʨ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ, ʚʦ ʚʨʝʤʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʦ ʠ ʧʦʩʣʝ ʢʘʧʠʪʘʣʴʥʦʛʦ 

ʨʝʤʦʥʪʘ. ʊʘʢʦʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʠʪ ʦʮʝʥʠʚʘʪʴ ʢʘʯʝʩʪʚʦ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʙʲʝʢʪʘ, ʢʘʯʝʩʪʚʦ 

ʧʨʦʚʦʜʠʤʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʦʙʩʣʫʞʠʚʘʥʠʡ ʠ ʨʝʤʦʥʪʦʚ. ʅʘʠʙʦʣʝʝ ʚʘʞʥʦʡ ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʬʫʥʢʮʠʝʡ ʪʘʢʦʛʦ ʘʥʘʣʠʟʘ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʧʨʝʜʦʪʚʨʘʱʘʪʴ 

ʚʦʟʤʦʞʥʳʝ ʥʝʛʘʪʠʚʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʦʪʢʣʦʥʝʥʠʷ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʨʘʥ-

ʥʝʡ ʩʪʘʜʠʠ ʨʘʟʚʠʪʠʷ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʦʙʲʝʢʪʘ ʉʕʋ, ʯʪʦ ʧʦʚʳʩʠʪ ʪʝʭʥʠʯʝʩʢʫʶ ʙʝʟʦ-

ʧʘʩʥʦʩʪʴ ʧʣʘʚʘʥʠʷ.  
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DIAGNOSTICS AND PREDICTION  OF THE TECHNICAL  STATE 

OF THE FACILITIES OF TH E SHIP POWER PLANT 

A.V. Solovev  

Key words: computer model, technical diagnostics, system analysis, technical state predic-

tion 

 

This paper proposes a computer model of the diagnostics of the technical state of the facili-

ties of the ship power plant (SPP), obtained by the method of system synthesis. Developed 

computer model of the diagnostics allows to get a numeric assessment of the technical state 

of the facilities of SPP and SPP in general, to establish the technical state of the appropriate 

facility of SPP, and to analyze the dynamics of the changes of the state of these facilities in 

time to identify the prerequisites and conditions, because of which potential failure can oc-

cur. For the implementation in the model the functions of the diagnostics and prediction of 

the technical state of the block-schemes of the corresponding algorithms have been devel-

oped. Algorithm of the diagnostics allowing to determine the state of çgo-no-goè with indica-

tion of the improper facility and its parameters is an essential means of the River Register 

expert in the inspection of vessels. For the prediction the algorithm allowing to calculate the 

time of reaching the technical state of the defective facility is presented, which is of great 

practical importance as it will allow to determine the optimal timing of maintenance and re-

pair of the facilities of the SPP. 

It is shown that a computer model of diagnostics allows to monitor the current processes in 

the subsystems of the facilities aiming to obtain the anticipatory information about possible 

deviation indicators of the processes from the given values because of the failure in some 

subsystem. 

ʉʪʘʪʴʷ ʧʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ 25.02.2018 ʛ. 
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603951, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʫʣ. ʅʝʩʪʝʨʦʚʘ, 5 

ʀʉʇʓʊɸʅʀʗ ɼɺʀɻɸʊɽʃʗ 6L275 RRII/PN  

ʅɸ ʍʆʃʆʉʊʆʄ ʍʆɼʋ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʩʧʳʪʘʥʠʷ ʜʠʟʝʣʝʡ, ʚʠʥʪʦʚʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʥʘʛʨʫʟʦʯʥʦʝ ʫʩʪʨʦʡ-

ʩʪʚʦ, ʠʥʜʠʢʘʪʦʨʥʘʷ ʜʠʘʛʨʘʤʤʘ, ʨʘʙʦʯʠʡ ʧʨʦʮʝʩʩ ʜʠʟʝʣʷ, ʚʨʝʜʥʳʝ ʚʳʙʨʦʩʳ ʩ ʦʪʨʘʙʦ-

ʪʘʚʰʠʤʠ ʛʘʟʘʤʠ 

 

ʈʘʩʩʤʦʪʨʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʜʠʟʝʣʷ 6L275 RrII/PN (6 ʏʈʅ 27,5/36) ʥʘ ʩʪʝʥʜʝ 

ʣʘʙʦʨʘʪʦʨʠʠ ʩʫʜʦʚʳʭ ɼɺʉ ʙʝʟ ʥʘʛʨʫʟʢʠ. ʎʝʣʴʶ ʠʩʧʳʪʘʥʠʡ ʷʚʣʷʣʘʩʴ ʧʨʦʚʝʨʢʘ ʪʝʭʥʠ-

ʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʜʚʠʛʘʪʝʣʷ ʠ ʢʦʤʧʣʝʢʩʘ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺ ʭʦʜʝ ʠʩ-



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 54, 2018 ʛ. 
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ʧʳʪʘʥʠʡ ʧʦʣʫʯʝʥʳ ʠʥʜʠʢʘʪʦʨʥʳʝ ʜʠʘʛʨʘʤʤʳ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʚ ʢʘʞʜʦʤ ʮʠʣʠʥʜʨʝ ʠ 

ʜʘʥʥʳʝ ʧʦ ʚʳʙʨʦʩʘʤ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʚ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʘʭ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳ-

ʪʘʥʠʡ ʚʳʧʦʣʥʝʥʘ ʦʮʝʥʢʘ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʂʇɼ ʜʚʠʛʘʪʝʣʷ ʠ ʧʨʦʚʝʜʝʥʘ ʨʝʛʫʣʠʨʦʚʢʘ ʜʚʠ-

ʛʘʪʝʣʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʦʚʪʦʨʥʳʤ ʢʦʥʪʨʦʣʝʤ. 

 

ɺʚʝʜʝʥʠʝ  

ʊʨʘʥʩʧʦʨʪʥʳʝ ʫʯʝʙʥʳʝ ʟʘʚʝʜʝʥʠʷ, ʛʦʪʦʚʷʱʠʝ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʦʙʣʘʩʪʠ ʧʨʦʝʢʪʠʨʦ-

ʚʘʥʠʷ, ʨʝʤʦʥʪʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ɼɺʉ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʩʥʘʱʝʥʳ ʦʜʥʠʤ ʠʣʠ ʥʝʩʢʦʣʴʢʠʤʠ 

ʜʚʠʛʘʪʝʣʷʤʠ, ʠʩʧʦʣʴʟʫʶʱʠʤʠʩʷ ʚ ʢʘʯʝʩʪʚʝ ʥʘʛʣʷʜʥʳʭ ʧʦʩʦʙʠʡ. ʂʘʢ ʦʪʤʝʯʝʥʦ ʚ ʨʘʙʦ-

ʪʝ [1], ʢ ʩʦʞʘʣʝʥʠʶ, ʪʦʣʴʢʦ ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʠʤʝʶʱʝʛʦʩʷ ʧʘʨʢʘ ɼɺʉ ʦʩʥʘʱʘʝʪʩʷ 

ʥʘʛʨʫʟʦʯʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʦʠʤʦʩʪʴʶ ʜʘʥʥʳʭ ʘʛ-

ʨʝʛʘʪʦʚ ʠ ʦʛʨʘʥʠʯʝʥʥʳʤ ʠʭ ʧʨʝʜʣʦʞʝʥʠʝʤ ʥʘ ʨʳʥʢʝ. ɺ ʨʘʙʦʪʝ [1] ʦʧʠʩʘʥ ʧʨʦʮʝʩʩ ʩʦʟ-

ʜʘʥʠʷ ʥʘʛʨʫʟʦʯʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ï ʛʠʜʨʦʪʦʨʤʦʟʘ ï ʩʚʦʠʤʠ ʩʠʣʘʤʠ ʠʟ ʜʦʩʪʫʧʥʳʭ ʤʘʪʝ-

ʨʠʘʣʦʚ, ʥʦ ʪʘʢʦʡ ʧʨʠʤʝʨ ʩʢʦʨʝʝ ʠʩʢʣʶʯʝʥʠʝ, ʥʝʞʝʣʠ ʧʨʘʚʠʣʦ. ʅʦ ʜʘʞʝ ʙʝʟ ʥʘʛʨʫʟʦʯ-

ʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ (ʠʣʠ ʩ ʥʝʨʘʙʦʪʘʶʱʠʤ ʥʘʛʨʫʟʦʯʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ) ʜʚʠʛʘʪʝʣʴ ʦʩʪʘʝʪʩʷ 

ʠʥʪʝʨʝʩʥʳʤ ʦʙʲʝʢʪʦʤ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʠʩʧʳʪʘʥʠʡ. ʈʝʞʠʤ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ ʪʨʘʜʠʮʠʦʥʥʦ ʦʪʦʙʨʘʞʘ-

ʝʪʩʷ ʥʘ ʜʠʘʛʨʘʤʤʝ çʤʦʱʥʦʩʪʴ P ï ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ nè (ʨʠʩ. 1). ʉʝ-

ʤʝʡʩʪʚʦ ʪʦʯʝʢ ʥʘ ʵʪʦʡ ʜʠʘʛʨʘʤʤʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʨʘʙʦʪʝ ʜʚʠʛʘʪʝʣʷ ʧʨʠ ʢʘʢʠʭ-ʣʠʙʦ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʅʘʧʨʠʤʝʨ, ʠʟʤʝʥʝʥʠʝ 

ʤʦʱʥʦʩʪʠ ʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ ʧʨʠ ʨʘʙʦʪʝ ʥʘ ʛʨʝʙʥʦʡ ʚʠʥʪ ʬʠʢʩʠ-

ʨʦʚʘʥʥʦʛʦ ʰʘʛʘ ʦʙʨʘʟʫʝʪ ʚʠʥʪʦʚʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ (ʣʠʥʠʷ 1 ʥʘ ʨʠʩ. 1), ʨʘʙʦʪʘ ʧʨʠ 

ʧʦʩʪʦʷʥʥʦʡ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ ʥʘ ʧʨʠʚʦʜ ʛʝʥʝʨʘʪʦʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʥʘʛʨʫʟʦʯʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ (ʣʠʥʠʷ 2 ʥʘ ʨʠʩ. 1). 

 

 

ʈʠʩ. 1. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʚʠʛʘʪʝʣʷ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠ ̫

ʅʘʠʙʦʣʴʰʝʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʚʘʨʠʘʥʪʦʚ ʥʘʛʨʫʞʝʥʠ ̫ʜʚʠʛʘʪʝʣʷ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʠʥʪ 

ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʰʘʛʘ ʠ ʛʠʜʨʦʪʦʨʤʦʟ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʙʣʘʩʪʴ ʜʦʧʫʩʪʠʤʳʭ ʨʝʞʠʤʦʚ ʥʘ 

ʜʠʘʛʨʘʤʤʝ P - n ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʩʚʝʨʭʫ çʪʷʞʝʣʦʡè ʚʠʥʪʦʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ (ʜʦ ʜʦʩ-

ʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ) ʠ, ʚ ʦʙʣʘʩʪʠ ʙʦʣʴʰʠʭ ʯʘʩʪʦʪ ʚʨʘʱʝʥʠʷ, 

ʣʠʥʠʝʡ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ. ʅʠʞʥʝʡ ʛʨʘʥʠʮʝʡ ʷʚʣʷʝʪʩʷ ʚʠʥʪʦʚʘʷ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʘ ʥʫʣʝʚʦʛʦ ʫʧʦʨʘ, ʧʦʢʘʟʳʚʘʶʱʘʷ ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʦʱʥʦʩʪʠ ʠ ʯʘʩʪʦʪʳ ʚʨʘ-

ʱʝʥʠʷ ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ ʧʨʠ ʪʘʢʦʤ ʨʘʟʚʦʨʦʪʝ ʣʦʧʘʩʪʝʡ ʚʠʥʪʘ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʰʘʛʘ, 

ʢʦʛʜʘ ʚʠʥʪ ʥʝ ʩʦʟʜʘʝʪ ʫʧʦʨ, ʘ ʚʩʷ ʤʦʱʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʧʨʝʦʜʦʣʝʥʠʝ 

ʩʠʣ ʪʨʝʥʠʷ. ɸʥʘʣʦʛʠʯʥʦ ʙʫʜʝʪ ʧʨʦʭʦʜʠʪʴ çʚʠʥʪʦʚʘʷè ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ 

ï ʟʘʚʠʩʠʤʦʩʪʴ ʤʦʱʥʦʩʪʠ ʜʚʠʛʘʪʝʣʷ ʦʪ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ ʧʨʠ ʦʪʩʫʪ-

ʩʪʚʠʠ ʥʘʛʨʫʟʢʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʵʬʬʝʢʪʠʚʥʘʷ (ʪʦʨʤʦʟʥʘʷ) ʤʦʱʥʦʩʪʴ Pe ʨʘʚʥʘ ʥʫʣʶ, ʘ 
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ʚʩʷ ʨʘʟʚʠʚʘʝʤʘʷ ʜʚʠʛʘʪʝʣʝʤ ʠʥʜʠʢʘʪʦʨʥʘʷ ʤʦʱʥʦʩʪʴ Pi ʙʫʜʝʪ ʨʘʚʥʘ ʤʦʱʥʦʩʪʠ ʤʝʭʘ-

ʥʠʯʝʩʢʠʭ ʧʦʪʝʨʴ Pʤʧ: 

ʆʪʥʦʰʝʥʠʝ 
i

e

P
P

ʥʘʟʳʚʘʝʪʩʷ ʤʝʭʘʥʠʯʝʩʢʠʤ ʂʇɼ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʜʦʣʶ ʤʦʱʥʦ-

ʩʪʠ, ʟʘʪʨʘʯʝʥʥʦʡ ʥʘ ʧʨʝʦʜʦʣʝʥʠʝ ʩʠʣ ʪʨʝʥʠʷ ʚ ʩʘʤʦʤ ʜʚʠʛʘʪʝʣʝ, ʪʦ ʝʩʪʴ ʩʪʝʧʝʥʴ ʝʛʦ 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʘ. ʇʨʠʥʷʚ, ʯʪʦ ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʟʘʚʠʩʷʪ ʪʦʣʴʢʦ ʦʪ 

ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ ʠ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʚʝʣʠʯʠʥʳ ʵʬʬʝʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ 

ʠ, ʟʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʦʪ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʧʨʠ ʨʘʙʦʪʝ ʧʦ ʥʦ-

ʤʠʥʘʣʴʥʦʡ ʚʠʥʪʦʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ, ʦʧʨʝʜʝʣʠʚ ʠʥʜʠʢʘʪʦʨʥʫʶ ʤʦʱʥʦʩʪʴ, ʤʦʞʥʦ 

ʦʮʝʥʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʂʇɼ hm ʦʪ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ 

ʜʚʠʛʘʪʝʣʷ: 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʩʧʳʪʘʥʠʷ ʜʚʠʛʘʪʝʣʷ ʙʝʟ ʥʘʛʨʫʟʦʯʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, 

ʦʧʨʝʜʝʣʷʷ ʠʥʜʠʢʘʪʦʨʥʫʶ ʤʦʱʥʦʩʪʴ Pi ʜʣʷ ʨʷʜʘ ʯʘʩʪʦʪ ʚʨʘʱʝʥʠʷ ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ n, 

ʤʳ ʤʦʞʝʤ ʧʦʩʪʨʦʠʪʴ çʚʠʥʪʦʚʫʶè ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʠ ʦʮʝʥʠʪʴ ʚʝʣʠʯʠʥʫ 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʂʇɼ ʜʚʠʛʘʪʝʣʷ ʥʘ ʢʘʞʜʦʤ ʠʟ ʨʝʞʠʤʦʚ.  

ʀʩʧʳʪʘʪʝʣʴʥʳʡ ʩʪʝʥʜ ʠ ʠʟʤʝʨʠʪʝʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. ɼʚʠʛʘʪʝʣʴ 6L275 RrII/PN 

(ʜʘʣʝʝ 6L275), ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʉɼɺʉ, ʠʟʥʘʯʘʣʴʥʦ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʩʫʜʘʭ ʚ ʢʘʯʝʩʪʚʝ ʛʣʘʚʥʦʛʦ ʜʚʠʛʘʪʝʣʷ, ʦ ʯʝʤ ʢʨʘʩʥʦʨʝʯʠʚʦ ʩʚʠʜʝ-

ʪʝʣʴʩʪʚʫʶʪ ʙʫʢʚʳ Rr ʚ ʦʙʦʟʥʘʯʝʥʠʠ ʜʚʠʛʘʪʝʣʷ ï ʨʝʚʝʨʩʠʚʥʳʡ, ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʫʯʥʦ-

ʛʦ ʨʝʚʝʨʩʘ. ɺ ʢʘʯʝʩʪʚʝ ʩʪʝʥʜʦʚʦʛʦ ʥʘʛʨʫʟʦʯʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʦʯʝʥʴ ʜʘʚʥʦ (ʧʦ ʢʨʘʡʥʝʡ 

ʤʝʨʝ, ʧʦ ʤʝʨʢʘʤ ʦʜʥʦʛʦ ʠʟ ʘʚʪʦʨʦʚ ʩʪʘʪʴʠ) ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʛʝʥʝʨʘʪʦʨ ʧʝʨʝʤʝʥʥʦʛʦ 

ʪʦʢʘ, ʚʳʜʘʶʱʠʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʥʘ ʥʘʛʨʝʚʘʪʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ. ʋʪʨʘʪʘ ʥʘʛʨʝʚʘʪʝʣʴ-

ʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ 90-ʝ ʛʦʜʳ ʧʨʠʚʝʣʘ ʢ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʥʘʛʨʫʞʝʥʠʷ ʧʨʠʚʦʜʥʦʛʦ ʜʚʠʛʘ-

ʪʝʣʷ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʝʛʦ ʧʦʣʥʦʡ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ. 

ʊʘʢ ʢʘʢ ʜʠʟʝʣʴ 6L275 ʦʩʥʘʱʝʥ ʠʥʜʠʢʘʪʦʨʥʳʤʠ ʢʨʘʥʘʤʠ, ʪʦ ʦʧʨʝʜʝʣʝʥʠʝ ʠʥʜʠʢʘ-

ʪʦʨʥʦʡ ʤʦʱʥʦʩʪʠ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʧʣʘʥʠʤʝʪʨʠʨʦʚʘʥʠʝʤ ʠʥʜʠʢʘʪʦʨʥʳʭ ʜʠʘʛʨʘʤʤ ʩ 

ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ Depas Handy 4.0H, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʣʘʙʦʨʘʪʦʨʠʝʡ 

çʄʦʥʠʪʦʨʠʥʛ ʉɼɺʉè [2] ʆʜʝʩʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʤʦʨʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ʉʠʩʪʝʤʘ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʤʘʣʦʠʥʝʨʮʠʦʥʥʳʡ ʜʘʪʯʠʢ ʜʘʚʣʝʥʠʷ ʚ ʨʘʙʦʯʝʤ ʮʠʣʠʥʜʨʝ (ʫʩʪʘʥʘʚʣʠ-

ʚʘʝʪʩʷ ʥʘ ʠʥʜʠʢʘʪʦʨʥʳʡ ʢʨʘʥ ʜʚʠʛʘʪʝʣʷ) ʠ ʚʠʙʨʦʜʘʪʯʠʢ ʩ ʤʘʛʥʠʪʥʳʤ ʢʨʝʧʣʝʥʠʝʤ, 

ʫʣʘʚʣʠʚʘʶʱʠʡ ʚʠʙʨʦʠʤʧʫʣʴʩʳ ʜʚʠʞʝʥʠʷ ʜʝʪʘʣʝʡ ʪʦʧʣʠʚʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʠ ʛʘʟʦʨʘʩ-

ʧʨʝʜʝʣʠʪʝʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʩʪʘ ʫʩʪʘʥʦʚʢʠ). ʇʦ ʢʘʞʜʦʤʫ ʮʠʣʠʥ-

ʜʨʫ ʟʘ ʦʜʠʥ ʟʘʤʝʨ ʟʘʧʠʩʳʚʘʝʪʩʷ ʪʨʠ ʮʠʢʣʘ ʩ ʥʘʣʦʞʝʥʥʳʤʠ ʚʠʙʨʦʠʤʧʫʣʴʩʘʤʠ ʚʧʨʳʩʢʘ 

ʪʦʧʣʠʚʘ ʠ ʦʪʢʨʳʪʠʷ-ʟʘʢʨʳʪʠʷ ʢʣʘʧʘʥʦʚ. ʇʨʦʚʝʨʢʘ ʠ ʧʦʜʜʝʨʞʘʥʠʝ ʚ ʨʘʙʦʯʝʤ ʩʦʩʪʦʷ-

ʥʠʠ ʩʠʩʪʝʤʳ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʪʦʞʝ ʷʚʣʷʣʠʩʴ ʦʜʥʦʡ ʠʟ ʮʝʣʝʡ ʠʩʧʳʪʘʥʠʡ. 

ʂʦʥʪʨʦʣʴ ʩʦʩʪʘʚʘ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ ʧʨʦʚʦʜʠʣʩʷ ʩ ʧʦʤʦʱʴʶ ʛʘʟʦʘʥʘʣʠʟʘʪʦʨʘ 

ɼɸɻ-510 ʄɺ, ʢʦʪʦʨʳʡ ʟʘʧʠʩʳʚʘʣ ʪʝʤʧʝʨʘʪʫʨʫ ʠ ʩʦʜʝʨʞʘʥʠʝ O2, ʘ ʪʘʢʞʝ ʚʨʝʜʥʳʭ ʚʝ-

ʱʝʩʪʚ CO, NO, NO2, CxHy ʢʘʞʜʳʝ 30 ʩ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ. ɿʘʙʦʨ ʧʨʦʙʳ ʦʩʫʱʝ-

ʩʪʚʣʷʣʩʷ ʠʟ ʚʳʧʫʩʢʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʧʦʨʷʜʢʘ ʰʝʩʪʠ ʜʠʘʤʝʪʨʦʚ ʪʨʫʙʳ 

ʦʪ ʚʳʧʫʩʢʥʦʛʦ ʬʣʘʥʮʘ ʜʠʟʝʣʷ. ʋʩʪʘʥʦʚʢʘ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ ʧʨʦʠʟ-

ʚʦʜʠʣʘʩʴ ʧʦ ʰʪʘʪʥʦʤʫ ʪʘʭʦʤʝʪʨʫ ʩ ʢʦʥʪʨʦʣʝʤ ʧʦ ʧʝʨʝʥʦʩʥʦʤʫ ʪʘʭʦʤʝʪʨʫ ɸʂʀʇ-

9202, ʟʘʢʨʝʧʣʝʥʥʦʤʫ ʥʘ ʩʪʨʫʙʮʠʥʝ. ʂʦʥʪʨʦʣʴ ʧʘʨʘʤʝʪʨʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʦʩʫʱʝ-

ʩʪʚʣʷʣʩʷ ʧʦ ʪʝʨʤʦʛʠʛʨʦʙʘʨʦʤʝʪʨʫ testo 622. ʀʟʤʝʨʝʥʠʝ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʧʨʦʠʟʚʦʜʠ-

ʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʰʪʠʭʧʨʦʙʝʨʘ ʩ ʦʙʲʝʤʦʤ ʢʦʥʪʨʦʣʴʥʦʛʦ ʙʘʢʘ 1580 ʤʣ. ɺ ʩʠʣʫ ʤʘʣʦʛʦ 

ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʠʟʤʝʨʝʥʠʝ ʥʘ ʦʜʥʦʤ ʨʝʞʠʤʝ ʟʘʥʠʤʘʣʦ ʦʢʦʣʦ 15 ʤʠʥ. ʠ ʥʝ ʧʦʚʪʦʨʷ-

ʣʦʩʴ, ʧʦʵʪʦʤʫ ʨʝʟʫʣʴʪʘʪʳ ʟʘʤʝʨʦʚ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʤʦʞʥʦ ʧʨʠʥʠʤʘʪʴ ʣʠʰʴ ʢʘʢ ʦʨʠ-

ʝʥʪʠʨʦʚʦʯʥʳʝ. 

ʈʝʞʠʤʳ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʤʦʞʥʦ ʙʳʣʦ ʚʦʩ-

ʧʦʣʴʟʦʚʘʪʴʩʷ ʬʦʨʤʫʣʦʡ (1) ʧʨʠ ʠʟʚʝʩʪʥʳʭ ʟʥʘʯʝʥʠʷʭ ʵʬʬʝʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ, ʥʘ ʠʩ-



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 54, 2018 ʛ. 

ʈʘʟʜʝʣ VI. ʕʢʩʧʣʫʘʪʘʮʠʷ ʩʫʜʦʚʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 
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ʧʳʪʘʥʠʷʭ ʜʚʠʛʘʪʝʣʷ ʥʘʟʥʘʯʘʣʘʩʴ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ, ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʘʷ 0,5, 0,75 ʠ 1,0 Pe ʥʘ ʥʦʤʠʥʘʣʴʥʦʡ ʚʠʥʪʦʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ (ʪʘʙʣʠʮʘ 1). ʊʦ ʝʩʪʴ, 

ʟʘʤʝʨʳ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʧʨʠ ʯʘʩʪʦʪʘʭ ʚʨʘʱʝʥʠʷ ʢʦʣʝʥʯʘ-

ʪʦʛʦ ʚʘʣʘ n = 397, 454, 500 ʤʠʥ
-1
, ʥʘʯʠʥʘʷ ʩ ʥʘʠʤʝʥʴʰʝʡ. 

ʊʘʙʣʠʮʘ 1 

 ʈʝʞʠʤʳ ʨʘʙʦʪʳ ʜʠʟʝʣʷ 6L275 ʧʦ ʚʠʥʪʦʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ 

ʆʪʥ.  

ʤʦʱʥʦʩʪʴ 

ʏʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ 

ʂɺ, ʤʠʥ-1 

ʕʬʬʝʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ 

ʧʦ ʚʠʥʪʦʚʦʡ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʝ, ʢɺʪ 

ʂʨʫʪʷʱʠʡ ʤʦ-

ʤʝʥʪ, ʢʅĀʤ 

ʆʪʥ. ʢʨʫʪʷ-

ʱʠʡ ʤʦʤʝʥʪ 

1 500 405,0 48,6 1,000 

0,75 454 303,8 40,1 0,825 

0,5 397 202,5 30,6 0,630 

 

ʇʦʩʣʝ ʚʳʭʦʜʘ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʯʘʩʪʦʪʫ ʚʨʘʱʝʥʠʷ ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ ʜʚʠʛʘʪʝʣʴ 

ʧʨʦʛʨʝʚʘʣʩʷ. ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʧʨʦʛʨʝʚ ʜʚʠʛʘʪʝʣʷ ʙʝʟ ʥʘʛʨʫʟʢʠ ʧʨʦʠʩʭʦʜʠʪ ʦʯʝʥʴ 

ʤʝʜʣʝʥʥʦ. ʄʳ ʩʯʠʪʘʣʠ ʜʚʠʛʘʪʝʣʴ ʧʨʦʛʨʝʪʳʤ ʠ ʧʨʦʠʟʚʦʜʠʣʠ ʚʩʝ ʠʟʤʝʨʝʥʠʷ ʚ ʪʦʤ ʚʨʝ-

ʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ, ʚ ʢʦʪʦʨʦʤ ʪʝʤʧʝʨʘʪʫʨʘ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ ʧʦ ʟʘʧʠʩʠ ʛʘʟʦʘʥʘʣʠʟʘ-

ʪʦʨʘ ʠʟʤʝʥʷʣʘʩʴ ʥʝ ʙʦʣʝʝ ʯʝʤ ʥʘ 5ʉ̄. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ: 

ɸʥʘʣʠʟ ʠʥʜʠʢʘʪʦʨʥʳʭ ʜʠʘʛʨʘʤʤ ʠ ʚʠʙʨʦʜʠʘʛʨʘʤʤ. ʀʥʜʠʢʘʪʦʨʥʳʝ ʜʠʘʛʨʘʤʤʳ ʠ 

ʚʠʙʨʦʜʠʘʛʨʘʤʤʳ (ʨʠʩ. 2), ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʧʨʦʪʝʢʘʥʠʝ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʚ ʢʘʞʜʦʤ 

ʮʠʣʠʥʜʨʝ. ɺ ʭʦʜʝ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʩʨʘʟʫ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʦʪʩʫʪʩʪʚʠʝ ʧʦʜʘʯʠ ʪʦʧʣʠʚʘ 

ʚʦ ʚʪʦʨʦʡ ʮʠʣʠʥʜʨ ʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʦʱʥʦʩʪʠ ʧʦ ʮʠʣʠʥʜʨʘʤ ʜʚʠʛʘʪʝʣʷ ʚ ʧʦʣʴʟʫ 

ʰʝʩʪʦʛʦ ʮʠʣʠʥʜʨʘ. ɺ ʥʝʤ ʦʜʥʦʤ ʤʦʱʥʦʩʪʴ ʥʘ ʢʘʞʜʦʤ ʠʟ ʨʝʞʠʤʦʚ ʙʳʣʘ ʧʨʠʤʝʨʥʦ 

ʨʘʚʥʘ ʩʫʤʤʘʨʥʦʡ ʤʦʱʥʦʩʪʠ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʮʠʣʠʥʜʨʦʚ. ʆʜʥʘʢʦ, ʝʩʣʠ ʧʝʨʚʳʡ ʬʘʢʪ 

ʦʜʥʦʟʥʘʯʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʪʦʧʣʠʚʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʚʪʦʨʦʛʦ ʮʠʣʠʥʜ-

ʨʘ, ʪʦ ʦ ʢʘʯʝʩʪʚʝ ʨʝʛʫʣʠʨʦʚʢʠ ʜʚʠʛʘʪʝʣʷ ʤʦʞʥʦ ʩʢʘʟʘʪʴ ʣʠʰʴ ʧʦʣʫʯʠʚ ʘʥʘʣʦʛʠʯʥʳʝ 

ʜʠʘʛʨʘʤʤʳ ʜʚʠʛʘʪʝʣʷ ʧʦʜ ʥʘʛʨʫʟʢʦʡ, ʙʣʠʟʢʦʡ ʢ ʥʦʤʠʥʘʣʴʥʦʡ. ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʤʦʞʥʦ 

ʣʠʰʴ ʦʪʤʝʪʠʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʳʝ ʟʥʘʯʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚ ʮʠʣʠʥʜʨʝ ʚ ʢʦʥʮʝ ʩʞʘ-

ʪʠʷ pc (ʤʘʢʩʠʤʘʣʴʥʦʝ ʘʙʩʦʣʶʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʨʝʜʥʝʛʦ 2,78%) ʠ ʜʘʚʣʝ-

ʥʠʷ ʚ ʥʘʯʘʣʝ ʚʠʜʠʤʦʛʦ ʩʛʦʨʘʥʠʷ pcô (ʤʘʢʩʠʤʘʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ 1,7%). ʉʣʝʜʫʝʪ ʦʪʤʝ-

ʪʠʪʴ, ʯʪʦ ʚ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʤ ʢʦʤʧʣʝʢʩʝ Depas Handy ʨʝʘʣʠʟʦʚʘʥ ʤʝʪʦʜ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ɺʄʊ [3], ʠ ʜʘʚʣʝʥʠʝ ʚ ʢʦʥʮʝ ʩʞʘʪʠʷ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʨʘʩ-

ʯʝʪʥʳʤ ʩʧʦʩʦʙʦʤ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʠʥʜʠʮʠʨʦʚʘʥʠʷ ʧʨʠ ʚʳʢʣʶʯʝʥʥʦʡ ʧʦʜʘʯʝ ʪʦʧ-

ʣʠʚʘ. ɺʠʙʨʦʜʘʪʯʠʢ PS-20 ʢʦʤʧʣʝʢʩ Depas Handy ʨʘʟʤʝʱʘʣʩʷ ʥʘ ʮʠʣʠʥʜʨʦʚʦʡ ʢʨʳʰʢʝ 

ʦʢʦʣʦ ʬʦʨʩʫʥʢʠ. ʊʘʢʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʜʘʪʯʠʢʘ ʥʘ ʜʠʟʝʣʷʭ ʜʘʥʥʦʛʦ ʪʠʧʘ ʧʦʟʚʦʣʷʝʪ ʟʘ-

ʧʠʩʘʪʴ ʥʝ ʪʦʣʴʢʦ ʚʠʙʨʦʩʠʛʥʘʣ, ʚʳʟʳʚʘʝʤʳʡ ʧʦʜʲʝʤʦʤ ʠ ʧʦʩʘʜʢʦʡ ʬʦʨʩʫʥʦʯʥʦʡ ʠʛʣʳ, 

ʪʝʤ ʩʘʤʳʤ ʦʧʨʝʜʝʣʠʪʴ ʤʦʤʝʥʪ ʥʘʯʘʣʘ ʠ ʦʢʦʥʯʘʥʠʷ ʧʦʜʘʯʠ ʪʦʧʣʠʚʘ ʚ ʨʘʙʦʯʠʡ ʮʠ-

ʣʠʥʜʨ, ʥʦ ʠ ʚʠʙʨʦʠʤʧʫʣʴʩ ʦʪ ʧʦʩʘʜʢʠ ʚʧʫʩʢʥʦʛʦ ʠ ʚʳʧʫʩʢʥʦʛʦ ʢʣʘʧʘʥʦʚ ʚ ʤʦʤʝʥʪ 

ʟʘʢʨʳʪʠʷ. 

ɸʥʘʣʠʟ ʚʠʙʨʦʜʠʘʛʨʘʤʤ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʟʘʢʨʳʪʠʝ ʚʳʧʫʩʢʥʦʛʦ ʢʣʘʧʘʥʘ ʧʨʦʠʩʭʦʜʠʪ 

ʧʨʠ 54,6é61,5  ̄ʧ.ʢ.ʚ. ʧʦʩʣʝ ɺʄʊ (ʧʨʠ ʧʘʩʧʦʨʪʥʳʭ 60 ̄ʧ.ʢ.ʚ.), ʘ ʟʘʢʨʳʪʠʝ ʚʧʫʩʢʥʦʛʦ ï 

ʧʨʠ 28,1é34,0  ̄ʧ.ʢ.ʚ. ʧʦʩʣʝ ʅʄʊ (ʧʨʠ ʧʘʩʧʦʨʪʥʳʭ 30 ̄ʧ.ʢ.ʚ.). ʊʦ ʝʩʪʴ, ʜʚʠʛʘʪʝʣʴ ʥʫ-

ʞʜʘʝʪʩʷ, ʢʘʢ ʤʠʥʠʤʫʤ, ʚ ʧʨʦʚʝʨʢʝ ʪʝʧʣʦʚʳʭ ʟʘʟʦʨʦʚ ʚ ʛʘʟʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʤ ʤʝʭʘ-

ʥʠʟʤʝ. ʊʘʢʞʝ, ʘʥʘʣʠʟʠʨʫʷ ʚʠʙʨʦʜʠʘʛʨʘʤʤʳ ʚʧʨʳʩʢʘ, ʦʪʤʝʪʠʤ, ʯʪʦ ʚ 6-ʤ ʮʠʣʠʥʜʨʝ 

ʚʝʩʴʤʘ ʚʝʨʦʷʪʝʥ ʧʦʜʚʧʨʳʩʢ ʪʦʧʣʠʚʘ ʚʩʣʝʜʩʪʚʠʝ ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʫʩʠʣʠʷ ʟʘʪʷʞʢʠ ʧʨʫ-

ʞʠʥʳ ʬʦʨʩʫʥʢʠ. 



ʆ.ʇ. ʐʫʨʘʝʚ, ɸ.ɻ. ʏʠʯʫʨʠʥ, ʅ.ʖ. ɹʝʣʦʚ 
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ʇʨʠ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʠ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʢʦʤʧʣʝʢʩʦʤ Depas ʚʦʟʤʦʞʝʥ ʘʥʘʣʠʟ 

ʝʱʝ ʦʜʥʦʛʦ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ ï ʜʘʚʣʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʨʘʩʰʠʨʝʥʠʷ ʧʨʠ ʧʦ-

ʣʦʞʝʥʠʠ ʢʨʠʚʦʰʠʧʘ ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ 36 ̄ʧ.ʢ.ʚ. ʧʦʩʣʝ ɺʄʊ, ʦʙʳʯʥʦ ʦʙʦʟʥʘʯʘʝʤʦʛʦ 

ʢʘʢ p36 ʠʣʠ pexp. ʕʪʦʪ ʧʘʨʘʤʝʪʨ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʚʳʜʝʣʠʚʰʝʡʩʷ ʧʨʠ 

ʩʛʦʨʘʥʠʠ ʪʦʧʣʠʚʘ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʡ ʚ ʤʝʭʘʥʠʯʝʩʢʫʶ ʨʘʙʦʪʫ. ʉʨʘʚʥʠʚʘʷ ʵʪʦʪ ʧʘʨʘ-

ʤʝʪʨ ʧʦ ʮʠʣʠʥʜʨʘʤ, ʣʝʛʢʦ ʧʦʥʷʪʴ, ʧʦʯʝʤʫ ʧʨʠ ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʥʳʭ ʤʘʢʩʠʤʘʣʴʥʳʭ 

ʜʘʚʣʝʥʠʷʭ ʮʠʢʣʘ (ʨʘʟʙʨʦʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʨʝʜʥʝʛʦ ʥʝ ʙʦʣʴʰʝ 5%, ʥʝ ʩʯʠʪʘʷ ʥʝʨʘʙʦ-

ʪʘʶʱʠʡ 2-ʡ ʮʠʣʠʥʜʨ) ʤʦʱʥʦʩʪʴ 6-ʛʦ ʮʠʣʠʥʜʨʘ ʦʢʘʟʘʣʘʩʴ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ ʦʩʪʘʣʴ-

ʥʳʭ.  

ɸʥʘʣʠʟ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ. ʅʘ ʭʦʣʦʩʪʦʤ ʭʦʜʫ ʜʠʟʝʣʴ ʨʘʙʦʪʘʝʪ ʩ ʦʯʝʥʴ ʙʦʣʴʰʠʤ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʠʟʙʳʪʢʘ ʚʦʟʜʫʭʘ, ʩʣʝʜʩʪʚʠʝʤ ʯʝʛʦ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʠ-

ʩʣʦʨʦʜʘ ʚ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʘʭ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʥʦ ʩʦʩʪʘʚʣʷʣʦ 19,3é19,5%, ʯʪʦ 

ʣʠʰʴ ʥʝʤʥʦʛʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 20,9é21,0 % ʚ ʘʪʤʦʩʬʝʨʝ (ʩʤ. ʧʨʘʚʳʡ ʢʨʘʡ ʛʨʘʬʠʢʘ ʥʘ 

ʨʠʩ. 3). 

 

 

ʈʠʩ. 3. ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ 

ʇʝʨʠʦʜ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʧʨʦʛʨʝʚʘ ʜʚʠʛʘʪʝʣʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʚʳʰʝʥʥʳʤ ʩʦ-

ʜʝʨʞʘʥʠʝʤ CO ʚ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʘʭ. ʇʦ ʤʝʨʝ ʧʨʦʛʨʝʚʘ ʜʚʠʛʘʪʝʣʷ ʩʦʜʝʨʞʘʥʠʝ ʉʆ 

ʩʥʠʞʘʣʦʩʴ, ʠ ʚ ʢʦʥʮʝ ʧʝʨʠʦʜʘ ʨʘʙʦʪʳ, ʥʘ 397 ʤʠʥ
-1
, ʥʘʙʣʶʜʘʣʩʷ ʤʠʥʠʤʫʤ. ʋʚʝʣʠʯʝ-

ʥʠʝ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ 

ʉʆ ʚ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʘʭ (ʨʠʩ. 3 ʠ ʪʘʙʣʠʮʘ 2). 
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ʊʘʙʣʠʮʘ 2 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʩʦʩʪʘʚʘ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ 

ʇʘʨʘʤʝʪʨ ʈʘʟʤʝʨʥʦʩʪʴ ʈʝʞʠʤ 

397 ʤʠʥ-1 454 ʤʠʥ-1 500 ʤʠʥ-1 

ʂʦʥʮʝʥʪʨʘʮʠʷ NO (ʠʟʤʝʨʝʥʥʘʷ) ʤʣʥ-1 67 65 57 

ʂʦʥʮʝʥʪʨʘʮʠʷ NO2 (ʠʟʤʝʨʝʥʥʘʷ) ʤʣʥ-1 36,5 41,7 43,1 

ʂʦʥʮʝʥʪʨʘʮʠʷ NOx (ʧʨʠʚʝʜʝʥʥʘʷ) ʤʣʥ-1 139 141 130 

ʂʦʥʮʝʥʪʨʘʮʠʷ NO (ʪʨʘʥʩʬʦʨʤʘʮʠʷ) ʤʣʥ-1 18 18 17 

ʂʦʥʮʝʥʪʨʘʮʠʷ NO2 (ʪʨʘʥʩʬʦʨʤʘʮʠʷ) ʤʣʥ-1 111 113 104 

ʂʦʥʮʝʥʪʨʘʮʠʷ CO ʤʣʥ-1 235 256 295 

ʂʦʥʮʝʥʪʨʘʮʠʷ CO2 % 1,2 1,2 1,2 

ʂʦʥʮʝʥʪʨʘʮʠʷ O2 % 19,4 19,4 19,4 

ʂʦʥʮʝʥʪʨʘʮʠʷ CH ʤʣʥ-1 ʄʝʥʴʰʝ ʧʨʝʜʝʣʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʜʘʪʯʠʢʘ 

 

ʆʢʩʠʜʳ ʘʟʦʪʘ NO ʠ NO2, ʦʙʳʯʥʦ ʦʙʦʟʥʘʯʘʝʤʳʝ ʢʘʢ NOx, ʛʘʟʦʘʥʘʣʠʟʘʪʦʨʦʤ ɼɸɻ-

510 ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ. ʂʦʥʮʝʥʪʨʘʮʠʷ NO ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʥʘʛʨʫʟʢʠ ʩʣʘ-

ʙʦ ʩʥʠʞʘʣʘʩʴ, ʘ ʢʦʥʮʝʥʪʨʘʮʠʷ NO2 ʧʦ ʤʝʨʝ ʧʨʦʛʨʝʚʘ ʜʚʠʛʘʪʝʣʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠ-

ʯʠʚʘʣʘʩʴ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʧʝʨʚʠʯʥʦʛʦ NO2, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʮʠʣʠʥʜ-

ʨʝ, ʚʧʦʣʥʝ ʩʦʧʦʩʪʘʚʠʤʘ ʩʦ ʟʥʘʯʝʥʠʷʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʜʨʫʛʠʭ ʜʚʠʛʘʪʝ-

ʣʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʦʜ ʥʘʛʨʫʟʢʦʡ [1, 4]. ʂʦʥʮʝʥʪʨʘʮʠʷ NO, ʥʘʧʨʦʪʠʚ, ʙʳʣʘ ʩʫʱʝʩʪ-

ʚʝʥʥʦ ʥʠʞʝ ʟʥʘʯʝʥʠʡ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ ʜʠʟʝʣʝʡ ʧʦʢʦʣʝʥʠʷ, ʢ ʢʦ-

ʪʦʨʦʤʫ ʧʨʠʥʘʜʣʝʞʠʪ ʠʩʧʳʪʳʚʘʝʤʳʡ ʜʚʠʛʘʪʝʣʴ. ʋʢʘʟʘʥʥʳʡ ʬʘʢʪ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ 

ʦʢʩʠʜʳ ʘʟʦʪʘ NO ʘʢʪʠʚʥʦ ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʰʝ 1500 C̄, ʘ ʥʘ ʭʦʣʦʩʪʦʤ 

ʭʦʜʫ ʪʘʢʦʡ ʫʨʦʚʝʥʴ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦʩʪʠʛʘʣʩʷ ʣʠʰʴ ʚ ʪʝʯʝʥʠʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ 

ʮʠʢʣʘ. ʉ ʫʯʝʪʦʤ ʜʘʣʴʥʝʡʰʝʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ NO ʚ NO2, ʠʪʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ ʵʤʠʩʩʠʠ 

ʦʢʩʠʜʦʚ ʘʟʦʪʘ NOx, ʧʨʠʚʝʜʝʥʥʦʝ ʢ ʢʦʥʮʝʥʪʨʘʮʠʠ NO2 ʥʘʭʦʜʠʣʦʩʴ ʚ ʜʠʘʧʘʟʦʥʝ 

104é113 ʤʣʥ
-1
, ʘ ʫʜʝʣʴʥʳʡ ʚʳʙʨʦʩ, ʧʨʠʚʝʜʝʥʥʳʡ ʢ ʠʥʜʠʢʘʪʦʨʥʦʡ ʤʦʱʥʦʩʪʠ, ʩʦʩʪʘ-

ʚʠʣ ʦʪ 8.60 ʜʦ 7.54 ʛ/ʢɺʪ Ā ʯ. ʊʦ ʝʩʪʴ, ʨʘʙʦʪʘ ʙʝʟ ʥʘʛʨʫʟʢʠ ʥʘ ʚʩʝʭ ʯʘʩʪʦʪʘʭ ʚʨʘʱʝʥʠʷ 

ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ ʥʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʚʳʭʦʜʫ ʢʦʥʮʝʥʪʨʘʮʠʠ NOʭ ʚ ʦʪʨʘʙʦʪʘʚʰʠʭ 

ʛʘʟʘʭ ʠʩʧʳʪʳʚʘʝʤʦʛʦ ʜʚʠʛʘʪʝʣʷ ʟʘ ʨʘʟʨʝʰʝʥʥʳʝ ʥʘʮʠʦʥʘʣʴʥʳʤʠ ʩʪʘʥʜʘʨʪʘʤʠ [5] ʨʘʤ-

ʢʠ (ʨʠʩ. 4). 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ CxHy ʚ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʘʭ ʥʘʭʦʜʠʣʘʩʴ ʥʘ ʧʦʨʦʛʝ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʜʘʪʯʠʢʘ ʛʘʟʦʘʥʘʣʠʟʘʪʦʨʘ ʠ ʜʘʣʝʝ ʥʝ ʘʥʘʣʠʟʠʨʦʚʘʣʘʩʴ. 

ʋʜʝʣʴʥʳʝ ʚʳʙʨʦʩʳ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʥʘ ʢʘʞʜʦʤ ʠʟ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʨʝʞʠʤʦʚ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 3. 

ʊʘʙʣʠʮʘ 3 

ʋʜʝʣɹʥʳʝ ʚʳʙʨʦʩʳ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ, ʛ/(ʢɺʪ Ā ʯ) 

ɺʨʝʜʥʳʡ ʢʦʤʧʦʥʝʥʪ ʈʝʞʠʤ 

397 ʤʠʥ-1 454 ʤʠʥ-1 500 ʤʠʥ-1 

NOx ʚ ʧʨʠʚʝʜʝʥʠʠ ʢ NO2 8,60 8,31 7,54 

ʉO 11,1 11,5 13,0 

ʉʅ ʚ ʧʨʠʚʝʜʝʥʠʠ ʢ CH1.85 ʄʝʥʴʰʝ ʧʨʝʜʝʣʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʜʘʪʯʠʢʘ 

 



ʆ.ʇ. ʐʫʨʘʝʚ, ɸ.ɻ. ʏʠʯʫʨʠʥ, ʅ.ʖ. ɹʝʣʦʚ 
ʀʩʧʳʪʘʥʠʷ ʜʚʠʛʘʪʝʣʷ 6L275 RrII/PN ʥʘ ʭʦʣʦʩʪʦʤ ʭʦʜʫ 
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ʈʠʩ. 4. ʉʦʦʪʚʝʪʩʪʚʠʝ ʫʜʝʣʴʥʦʛʦ ʚʳʙʨʦʩʘ NOx  

ʜʝʡʩʪʚʫʶʱʠʤ ʚ ʈʦʩʩʠʠ ʥʦʨʤʘʪʠʚʘʤ 

ʆʮʝʥʢʘ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʂʇɼ. ɺʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʬʦʨʤʫʣʦʡ (1) ʦʮʝʥʠʤ ʟʥʘʯʝʥʠʷ 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʂʇɼ ʥʘ ʢʘʞʜʦʡ ʠʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʯʘʩʪʦʪ ʚʨʘʱʝʥʠʷ ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ. 

ʕʬʬʝʢʪʠʚʥʫʶ ʤʦʱʥʦʩʪʴ ʧʨʠ ʢʘʞʜʦʡ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ ʚʦʟʴʤʝʤ ʧʦ ʥʦʨʤʘʣʴʥʦʡ ʚʠʥ-

ʪʦʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ. 

ʊʘʙʣʠʮʘ 4 

ʆʮʝʥʢʘ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʂʇɼ 

ʏʘʩʪʦʪʘ 

ʚʨʘʱʝʥʠʷ 

ʢʦʣʝʥʯʘʪʦʛʦ 

ʚʘʣʘ, ʤʠʥ-1 

ʕʬʬʝʢʪʠʚʥʘʷ ʤʦʱ-

ʥʦʩʪʴ ʧʦ ʥʦʨʤʘʣʴʥʦʡ 

ʚʠʥʪʦʚʦʡ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʝ, ʢɺʪ 

ʀʥʜʠʢʘʪʦʨʥʘʷ ʤʦʱ-

ʥʦʩʪʴ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ 

= ʤʦʱʥʦʩʪʴ ʤʝʭʘʥʠʯʝ-

ʩʢʠʭ ʧʦʪʝʨʴ, ʢɺʪ 

ʀʥʜʠʢʘʪʦʨʥʘʷ ʤʦʱ-

ʥʦʩʪʴ ʧʨʠ ʨʘʙʦʪʝ ʧʦ 

ʚʠʥʪʦʚʦʡ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʝ, ʢɺʪ 

ʄʝʭʘʥʠ-

ʯʝʩʢʠʡ 

ʂʇɼ 

400 207,6 29,0 236,6 0,877 

450 295,7 34,4 330,1 0,896 

500 405 38,7 443,7 0,913 

 

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ, ʧʦʤʠʤʦ ʦʪʨʘʙʦʪʢʠ ʥʘʚʳʢʦʚ ʠʭ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʧʨʦʚʝ-

ʜʝʥʠʷ (ʘ ʪʘʢʞʝ ʧʨʦʚʝʨʢʠ ʠ ʧʦʜʜʝʨʞʘʥʠʷ ʚ ʨʘʙʦʯʝʤ ʩʦʩʪʦʷʥʠʠ ʧʨʠʙʦʨʥʦʛʦ ʦʙʝʩʧʝʯʝ-

ʥʠʷ), ʚʧʦʣʥʝ ʤʦʛʫʪ ʙʳʪʴ ʪʝʤʦʡ ʧʦʟʥʘʚʘʪʝʣʴʥʳʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʟʘʥʷʪʠʡ ʩʦ ʩʪʫʜʝʥʪʘʤʠ 

ʚ ʨʘʤʢʘʭ ʜʠʩʮʠʧʣʠʥ çʉʫʜʦʚʳʝ ʜʚʠʛʘʪʝʣʠ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷè ʠ çʕʢʩʧʣʫʘʪʘʮʠʷ 

ʩʫʜʦʚʳʭ ʜʠʟʝʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢè. 

ʈʝʛʫʣʠʨʦʚʢʘ ʜʚʠʛʘʪʝʣʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʡ. ʈʝʟʫʣʴʪʘʪʳ ʧʝʨʚʦʡ ʩʝʨʠʠ ʠʩ-

ʧʳʪʘʥʠʡ ʧʦʢʘʟʘʣʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʝʛʫʣʠʨʦʚʢʠ ʜʚʠʛʘʪʝʣʷ. ʆʥʘ ʢʘʩʘʣʘʩʴ, ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ, ʚʳʷʩʥʝʥʠʷ ʧʨʠʯʠʥʳ ʦʪʩʫʪʩʪʚʠʷ ʧʦʜʘʯʠ ʪʦʧʣʠʚʘ ʚʦ 2-ʡ ʮʠʣʠʥʜʨ. ʈʝʚʠʟʠʷ 

ʨʘʩʧʳʣʠʪʝʣʷ ʬʦʨʩʫʥʢʠ ʥʘ ʩʪʝʥʜʝ ʧʦʢʘʟʘʣʘ ʝʝ ʠʩʧʨʘʚʥʦʩʪʴ. ɺʧʨʳʩʢ ʪʦʧʣʠʚʘ ʥʝ ʦʩʫʱʝ-

ʩʪʚʣʷʣʩʷ ʠʟ-ʟʘ ʨʘʟʚʦʨʦʪʘ ʧʣʫʥʞʝʨʘ ʊʅɺɼ ʚ ʧʦʣʦʞʝʥʠʝ ʥʫʣʝʚʦʡ ʧʦʜʘʯʠ ʥʘ ʤʘʣʳʭ ʥʘ-



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 54, 2018 ʛ. 

ʈʘʟʜʝʣ VI. ʕʢʩʧʣʫʘʪʘʮʠʷ ʩʫʜʦʚʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 
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ʛʨʫʟʢʘʭ. ɹʳʣʘ ʚʳʧʦʣʥʝʥʘ ʢʦʨʨʝʢʮʠʷ ʧʦʣʦʞʝʥʠʷ ʪʦʧʣʠʚʥʦʡ ʨʝʡʢʠ ʵʪʦʛʦ ʮʠʣʠʥʜʨʘ ʥʘ 

ʜʚʘ ʜʝʣʝʥʠʷ ʚ ʩʪʦʨʦʥʫ ʙʦʣʴʰʠʭ ʮʠʢʣʦʚʳʭ ʧʦʜʘʯ. ɺʳʧʦʣʥʝʥʥʦʝ ʧʦʩʣʝ ʨʝʛʫʣʠʨʦʚʢʠ 

ʠʥʜʠʮʠʨʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ, ʭʦʪʷ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʦʱʥʦʩʪʠ ʝʱʝ ʥʝ 

ʫʜʘʣʦʩʴ ʜʦʩʪʠʯʴ, ʧʨʠʯʠʥʘ çʚʳʧʘʜʝʥʠʷè 2-ʛʦ ʮʠʣʠʥʜʨʘ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʧʨʘʚʠʣʴʥʦ ï 

ʧʦʩʣʝ ʨʝʛʫʣʠʨʦʚʢʠ ʧʦʣʦʞʝʥʠʷ ʧʣʫʥʞʝʨʘ ʚ ʮʠʣʠʥʜʨʝ ʧʦʷʚʠʣʠʩʴ ʚʩʧʳʰʢʠ ʪʦʧʣʠʚʘ, ʘ 

ʠʥʜʠʢʘʪʦʨʥʘʷ ʮʠʣʠʥʜʨʦʚʘʷ ʤʦʱʥʦʩʪʴ ʩʦʩʪʘʚʠʣʘ 1.2 ʢɺʪ. ʉʫʤʤʘʨʥʘʷ ʠʥʜʠʢʘʪʦʨʥʘʷ 

ʤʦʱʥʦʩʪʴ ʩʦʩʪʘʚʠʣʘ 39.0 ʢɺʪ ʧʨʠ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ n = 500 ʤʠʥ
-1
, 

ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʭʦʨʦʰʝʡ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʡ (ʨʘʟʣʠʯʠʝ ʠʥʜʠʢʘ-

ʪʦʨʥʦʡ ʤʦʱʥʦʩʪʠ ʚ ʜʚʫʭ ʠʩʧʳʪʘʥʠʷʭ ʤʝʥʝʝ 1%). 

ɺʳʚʦʜʳ: 

1. ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʜʘʞʝ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘʛʨʫʟʦʯʥʦ-

ʛʦ ʫʩʪʨʦʡʩʪʚʘ ʚʦʟʤʦʞʥʦ ʧʨʦʚʝʜʝʥʠʝ ʩʦʜʝʨʞʘʪʝʣʴʥʳʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ, ʩʚʷʟʘʥʥʳʭ 

ʩ ʠʟʤʝʨʝʥʠʝʤ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʜʠʟʝʣʷ ʠ ʠʭ ʧʦʩʣʝʜʫʶʱʠʤ ʘʥʘʣʠʟʦʤ. 

2. ʇʨʠʤʝʥʝʥʠʝ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Depas ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʣʷʪʴ ʥʝʠʩʧʨʘʚʥʦ-

ʩʪʠ ʪʦʧʣʠʚʥʦʡ ʘʧʧʘʨʘʪʫʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʨʘʙʦʯʠʡ ʧʨʦʮʝʩʩ, ʜʘʞʝ ʥʘ ʜʚʠʛʘʪʝʣʷʭ, ʨʘʙʦ-

ʪʘʶʱʠʭ ʙʝʟ ʥʘʛʨʫʟʢʠ. 

3. ɺʳʧʦʣʥʝʥʥʘʷ ʨʝʛʫʣʠʨʦʚʢʘ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ 

ʧʦ ʠʥʜʠʢʘʪʦʨʥʳʤ ʜʠʘʛʨʘʤʤʘʤ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʢʦʥʪʨʦʣʝʤ ʧʦʜʪʚʝʨʜʠʣʘ ʧʨʘʚʠʣʴʥʦʩʪʴ 

ʧʝʨʚʦʥʘʯʘʣʴʥʳʭ ʚʳʚʦʜʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʪʦʧʣʠʚʥʦʡ ʘʧʧʘʨʘʪʫ-

ʨʳ ʜʚʠʛʘʪʝʣʷ ʠ ʤʝʭʘʥʠʟʤʘ ʛʘʟʦʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʚʠʛʘʪʝʣʷ. 
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The results of the testing of the internal-combustion engine 6L275 RrII/PN without load 

holding on the stand in the laboratory have been presented. The purpose of the testing was to 

check the technical state of the internal combustion engine and the measuring equipment. 

While testing we obtained the indicated diagrams of the working process in each cylinder 

and the data on the emissions of the harmful substances in the exhaust gases. According to 

the testing results the mechanical efficiency of the internal-combustion engine has been esti-

mated and the adjustment of the engine with the subsequent repeated control has been con-

ducted. 
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