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ɽ.ɺ. ʈʳʞʦʚ, ʘʩʧʠʨʘʥʪ ʌɻɹʆʋ ɺʆ çʅɻʇʋ ʠʤ. ʂ. ʄʠʥʠʥʘè 

ʅ.ɸ. ʄʘʣʳʰʝʚʘ, ʤʘʛʠʩʪʨʘʥʪ ʌɻɹʆʋ ɺʆ çʅɻʇʋ ʠʤ. ʂ. ʄʠʥʠʥʘè 

603950, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʫʣ. ʋʣʴʷʥʦʚʘ, 1. 

ʃɸʅɼʐɸʌʊʅɸʗ ʆɹʋʉʃʆɺʃɽʅʅʆʉʊʔ ɼʀʅɸʄʀʂʀ 

ʈʋʉʃʆɺʆʁ ʉɽʊʀ ʕʃɽʄɽʅʊɸʈʅʓʍ ɺʆɼʆʊʆʂʆɺ  

ʅɸ ʊɽʈʈʀʊʆʈʀʀ ɹɸʉʉɽʁʅɸ ʨ. ʀɾʄɸ  

ʅʀɾɽɻʆʈʆɼʉʂʆʁ ʆɹʃɸʉʊʀ ɺ ʇɽʈʀʆɼ 2001ï2017 ʛʛ.1 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʣʘʥʜʰʘʬʪ, ʵʣʝʤʝʥʪʘʨʥʳʡ ʚʦʜʦʪʦʢ, ʚʦʜʦʩʙʦʨʥʳʡ ʙʘʩʩʝʡʥ ʨ. ʀʞʤʘ, 
ʜʠʥʘʤʠʢʘ ʨʫʩʣʦʚʦʡ ʩʝʪʠ, ʅʠʞʝʛʦʨʦʜʩʢʘʷ ʦʙʣʘʩʪʴ. 
 
ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʘ ʘʚʪʦʨʩʢʘʷ ʩʭʝʤʘ ʣʘʥʜʰʘʬʪʥʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ ʪʝʨʨʠʪʦʨʠʠ ʚʦ-
ʜʦʩʙʦʨʥʦʛʦ ʙʘʩʩʝʡʥʘ ʨ. ʀʞʤʘ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʜʠʥʘʤʠʢʠ ʨʫʩʣʦʚʦʡ 
ʩʝʪʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʚʦʜʦʪʦʢʦʚ, ʧʨʦʚʝʜʸʥʥʦʛʦ ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʢʘʨʪ 
ʠ ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ ʟʘ ʧʝʨʠʦʜ 2001ï2017 ʛʛ., ʘ ʪʘʢʞʝ ʧʦʣʝʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʤʝ-

ʩʪʥʦʩʪʠ. ʋʩʪʘʥʦʚʣʝʥ ʬʘʢʪ ʧʨʦʛʨʝʩʩʘ ʨʫʩʣʦʚʦʡ ʩʝʪʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʚʦʜʦʪʦʢʦʚ ʥʘ ʩʝ-
ʚʝʨʝ ʙʘʩʩʝʡʥʘ ï ʪʘʤ, ʛʜʝ ʥʘ ʵʣʶʚʠʘʣʴʥʳʭ ʩʫʛʣʠʥʢʘʭ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʮʝʩʩ ʘʢʪʠʚʥʦʛʦ ʟʘ-
ʨʘʩʪʘʥʠʷ ʣʝʩʦʤ ʦʧʦʣʠʡ ʚʦʢʨʫʛ ʚʳʤʝʨʰʠʭ ʠʣʠ ʚʳʤʠʨʘʶʱʠʭ ʜʝʨʝʚʝʥʴ ʠ ʩʸʣ. ɺ ʶʞʥʦʡ 
ʯʘʩʪʠ ʙʘʩʩʝʡʥʘ, ʥʘʠʙʦʣʝʝ ʛʫʩʪʦ ʥʘʩʝʣʸʥʥʦʡ ʠ ʭʦʟʷʡʩʪʚʝʥʥʦ ʦʩʚʦʝʥʥʦʡ, ʥʘʙʣʶʜʘʝʪʩʷ 
ʧʨʦʮʝʩʩ ʩʦʢʨʘʱʝʥʠʷ ʧʨʦʪʷʞʸʥʥʦʩʪʠ ʧʦʩʪʦʷʥʥʳʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʚʦʜʦʪʦʢʦʚ. ɺʳʷʚʣʝʥʘ 
ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʘʟʚʠʪʠʷ ʩʝʪʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʚʦʜʦʪʦʢʦʚ 
ʣʘʥʜʰʘʬʪʥʳʤʠ ʫʩʣʦʚʠʷʤʠ.  

 

ɺʦʣʛʘ ï ʢʨʫʧʥʝʡʰʘʷ ʨʝʢʘ ʝʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʈʦʩʩʠʠ, ʠʤʝʶʱʘʷ ʦʛʨʦʤʥʦʝ ʵʢʦʥʦ-

ʤʠʯʝʩʢʦʝ, ʩʦʮʠʘʣʴʥʦʝ, ʵʢʦʣʦʛʠʯʝʩʢʦʝ, ʢʫʣʴʪʫʨʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʞʠʟʥʠ ʩʪʨʘʥʳ. ɺʦʧʨʦ-

ʩʘʤʠ ʩʦʩʪʦʷʥʠʷ ʠ ʧʨʦʛʥʦʟʘ ʨʘʟʚʠʪʠʷ ɺʦʣʛʠ ʟʘʥʠʤʘʶʪʩʷ ʢʦʣʣʝʢʪʠʚʳ ʫʯʸʥʳʭ ʰʠʨʦʢʦʛʦ 

ʢʨʫʛʘ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʩʦʩʪʦʷʥʠʝ ʨʝʢʠ ʥʝʚʦʟʤʦʞʥʦ ʦʮʝʥʠʪʴ ʙʝʟ ʢʦʤ-

ʧʣʝʢʩʥʦʛʦ ʠʟʫʯʝʥʠʷ ʝʸ ʚʦʜʦʩʙʦʨʥʦʛʦ ʙʘʩʩʝʡʥʘ. ʉ ʮʝʣʴʶ ʘʥʘʣʠʟʘ ʠ ʦʮʝʥʢʠ ʵʢʦʣʦʛʠʯʝ-

ʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ɺʦʣʛʠ ʚ ʧʨʝʜʝʣʘʭ ʅʠʞʝʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠ ʥʘʯʠʥʘʷ ʩ 2016 ʛ. ʜʝʡʩʪʚʫ-

ʝʪ ʛʨʘʥʪʦʚʳʡ ʧʨʦʝʢʪ ʈʫʩʩʢʦʛʦ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘ çʕʢʩʧʝʜʠʮʠʷ ʇʣʘʚʫʯʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ɺʦʣʞʩʢʦʛʦ ʙʘʩʩʝʡʥʘè.  

ɺ 2017 ʛ. ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʨʘʙʦʪʳ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʜʠ-

ʥʘʤʠʢʠ ʨʫʩʣʦʚʦʡ ʩʝʪʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʚʦʜʦʪʦʢʦʚ ʚ ʧʨʝʜʝʣʘʭ ʙʘʩʩʝʡʥʘ ʨ. ʀʞʤʘ. ɼʘʥʥʘʷ 
ʪʝʨʨʠʪʦʨʠʷ ʙʳʣʘ ʚʳʙʨʘʥʘ ʥʘʤʠ ʢʘʢ ʵʪʘʣʦʥʥʳʡ ʫʯʘʩʪʦʢ ʣʝʩʥʦʡ ʟʦʥʳ ʅʠʞʝʛʦʨʦʜʩʢʦʛʦ 

ʟʘʚʦʣʞʴʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ ʤʠʥʠʤʘʣʴʥʦʡ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʩʪʴʶ.  

ɺ 2016 ʛ. ʚ ʨʘʤʢʘʭ ʛʨʘʥʪʦʚʦʛʦ ʧʨʦʝʢʪʘ ʈɻʆ çʕʢʩʧʝʜʠʮʠʷ ʇʣʘʚʫʯʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ɺʦʣʞʩʢʦʛʦ ʙʘʩʩʝʡʥʘè ʘʥʘʣʦʛʠʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʨʫʩʣʦʚʦʡ ʩʝʪʠ ʵʣʝʤʝʥʪʘʨ-

ʥʳʭ ʚʦʜʦʪʦʢʦʚ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʥʘʤʠ ʚ ʧʨʝʜʝʣʘʭ ʣʝʩʦʩʪʝʧʥʦʡ ʟʦʥʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ɺʦʣʞʩʢʦʛʦ ʧʨʘʚʦʙʝʨʝʞʴʷ ʅʠʞʝʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠ ʚ ʧʨʝʜʝʣʘʭ ʚʦʜʦʩʙʦʨʥʦʛʦ ʙʘʩʩʝʡʥʘ 

ʨ. ʉʫʥʜʦʚʠʢ [1]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʜʠʥʘʤʠʢʫ ʨʫʩʣʦʚʦʡ ʩʝʪʠ ʵʣʝʤʝʥ-

ʪʘʨʥʳʭ ʚʦʜʦʪʦʢʦʚ ʚ ʙʘʩʩʝʡʥʘʭ ʨʝʢ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʨʘʟʥʳʭ ʧʨʠʨʦʜʥʳʭ ʟʦʥʘʭ, ʤʦʞʥʦ 

ʚʳʥʝʩʪʠ ʩʫʞʜʝʥʠʝ ʦ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʨʘʟʚʠʪʠʷ ʧʨʠʪʦʢʦʚ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʚ ʅʠʞʝʛʦ-

                                                        
1 ʉʪʘʪʴʷ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ɺʆʆ çʈʫʩʩʢʦʝ ʛʝʦʛʨʘʬʠʯʝʩʢʦʝ ʦʙʱʝʩʪʚʦè ʕʢʩ-

ʧʝʜʠʮʠʷ çʇʣʘʚʫʯʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ɺʦʣʞʩʢʦʛʦ ʙʘʩʩʝʡʥʘè. 



ɸ.ɽ. ɸʩʪʘʰʠʥ, ʉ.ɸ. ʉʦʪʢʠʥʘ, ɸ.ɺ. ʉʘʤʦʡʣʦʚ, ɽ.ɺ. ʈʳʞʦʚ, ʅ.ɸ. ʄʘʣʳʰʝʚʘ 
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ʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠ ʠ ʜʨʫʛʠʭ ʨʝʛʠʦʥʘʭ ʚʦʣʞʩʢʦʛʦ ʙʘʩʩʝʡʥʘ, ʣʝʞʘʱʠʭ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʧʨʠʨʦʜʥʳʭ ʟʦʥʘʭ.  
ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʦʩʪʦʷʥʠʷ, ʜʠʥʘʤʠʢʠ ʠ ʬʘʢʪʦʨʦʚ ʨʘʟʚʠʪʠʷ (ʠʣʠ 

ʜʝʛʨʘʜʘʮʠʠ) ʨʫʩʣʦʚʦʡ ʩʝʪʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʚʦʜʦʪʦʢʦʚ ʚ ʧʨʝʜʝʣʘʭ ʚʦʜʦʩʙʦʨʥʦʛʦ ʙʘʩʩʝʡ-

ʥʘ ʨ. ʀʞʤʘ ʢʘʢ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʡ ʪʝʨʨʠʪʦʨʠʠ, ʦʪʨʘʞʘʶʱʝʡ ʣʘʥʜʰʘʬʪʥʫʶ ʩʧʝʮʠʬʠʢʫ 

ʣʝʩʥʦʡ ʟʦʥʳ ʅʠʞʝʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠ ʚ ʫʩʣʦʚʠʷʭ ʤʠʥʠʤʘʣʴʥʦʛʦ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟ-

ʜʝʡʩʪʚʠʷ. 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

ï ʧʨʦʚʝʜʝʥʠʝ ʢʦʤʧʣʝʢʩʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʩʪʦʷʥʠʷ ʠ ʜʠʥʘʤʠʢʠ ʨʫʩʣʦʚʦʡ ʩʝʪʠ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʚʦʜʦʪʦʢʦʚ ʚ ʫʩʣʦʚʠʷʭ ʤʠʥʠʤʘʣʴʥʦʛʦ ʜʣʷ ʣʝʩʥʦʡ ʟʦʥʳ ɺʦʣʞʩʢʦʛʦ ʙʘʩ-

ʩʝʡʥʘ ʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʧʨʠʤʝʨʝ ʚʦʜʦʩʙʦʨʥʦʛʦ ʙʘʩʩʝʡʥʘ ʨ. ʀʞʤʘ;  

ï ʚʳʷʚʣʝʥʠʝ ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʚʝʢʪʦʨ ʨʘʟʚʠʪʠʷ ʨʫʩʣʦʚʦʡ ʩʝʪʠ ʵʣʝʤʝʥʪʘʨ-

ʥʳʭ ʚʦʜʦʪʦʢʦʚ (ʜʝʛʨʘʜʘʮʠʷ, ʩʪʘʛʥʘʮʠʷ ʠʣʠ ʨʘʟʚʠʪʠʝ). 

ʕʣʝʤʝʥʪʘʨʥʳʝ ʚʦʜʦʪʦʢʠ, ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʈ. ʍʦʨʪʦʥʘ [2] ï ʚʦʜʦʪʦʢʠ 1-ʛʦ ʧʦʨʷʜʢʘ 

ï ʥʝʙʦʣʴʰʠʝ ʚʦʜʦʪʦʢʠ, ʥʝ ʠʤʝʶʱʠʝ ʧʨʠʪʦʢʦʚ. ʇʦʨʷʜʦʢ ʨʝʢʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ ʝʜʠʥʠ-

ʮʫ ʧʨʠ ʩʣʠʷʥʠʠ ʦʜʥʦʧʦʨʷʜʢʦʚʳʭ ʚʦʜʦʪʦʢʦʚ. ʇʨʠ ʵʪʦʤ ʚʧʘʜʝʥʠʝ ʢʘʞʜʦʛʦ ʧʨʠʪʦʢʘ 

ʤʝʥʴʰʝʛʦ ʧʦʨʷʜʢʘ ʚʦ ʚʥʠʤʘʥʠʝ ʥʝ ʧʨʠʥʠʤʘʝʪʩʷ.  

ʕʣʝʤʝʥʪʘʨʥʳʝ ʚʦʜʦʪʦʢʠ ʯʨʝʟʚʳʯʘʡʥʦ ʯʫʪʢʦ ʨʝʘʛʠʨʫʶʪ ʥʘ ʠʟʤʝʥʝʥʠʷ ʚʥʝʰʥʝʡ 
ʩʨʝʜʳ, ʠ ʧʦʪʦʤʫ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʨʝʢʨʘʩʥʳʡ ʠʥʜʠʢʘʪʦʨ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʨʝʯʥʦʡ ʩʝʪʠ ʠ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʝʣʘʪʴ ʘʨʛʫʤʝʥʪʠʨʦʚʘʥʥʳʡ ʢʨʘʪʢʦʩʨʦʯʥʳʡ ʧʨʦʛʥʦʟ 

ʨʘʟʚʠʪʠʷ ʨʝʢ, ʯʪʦ ʦʯʝʥʴ ʚʘʞʥʦ ʜʣʷ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʧʨʠʥʷʪʠʷ ʤʝʨ ʧʦ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ 

ʥʝʛʘʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʬʘʢʪʦʨʦʚ ʜʠʥʘʤʠʢʠ ʨʝʯʥʦʡ ʩʝʪʠ ʚ ʜʘʥʥʳʭ 

ʣʘʥʜʰʘʬʪʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʜʠʥʘʤʠʢʠ ʨʫʩʣʦʚʦʡ ʩʝʪʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʚʦʜʦʪʦʢʦʚ ʤʦʞʥʦ ʚʳ-

ʥʝʩʪʠ ʩʫʞʜʝʥʠʝ ʦ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʨʘʟʚʠʪʠʷ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʧʨʠʪʦʢʦʚ ɺʦʣʛʠ ʠ, ʩʣʝʜʦ-

ʚʘʪʝʣʴʥʦ, ʦʙʲʝʢʪʠʚʥʦ ʦʮʝʥʠʚʘʪʴ ʝʸ ʩʦʩʪʦʷʥʠʝ, ʦʧʨʝʜʝʣʷʪʴ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʛʠʜ-

ʨʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɺʦʣʛʠ, ʩʪʨʦʠʪʴ ʧʨʦʛʥʦʟʳ ʩʦʩʪʦʷʥʠʷ ʨʝʢʠ ʚ ʙʫʜʫʱʝʤ.  

ʕʣʝʤʝʥʪʘʨʥʳʝ ʚʦʜʦʪʦʢʠ ʷʚʣʷʶʪʩʷ ʛʝʦʛʨʘʬʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ ʣʦʢʘʣʴʥʦʛʦ ʫʨʦʚ-

ʥʷ, ʦʪʨʘʞʘʶʪ ʠʟʤʝʥʝʥʠʷ ʩʨʝʜʳ ʥʘ ʫʨʦʚʥʝ ʫʨʦʯʠʱ ʠ ʣʘʥʜʰʘʬʪʦʚ, ʧʦʵʪʦʤʫ ʜʣʷ ʫʩʪʘ-
ʥʦʚʣʝʥʠʷ ʜʠʥʘʤʠʢʠ ʠ ʬʘʢʪʦʨʦʚ, ʝʸ ʦʧʨʝʜʝʣʷʶʱʠʭ, ʥʘʙʣʶʜʝʥʠʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʦʚʦ-

ʜʠʪʴ ʩ ʫʯʸʪʦʤ ʣʘʥʜʰʘʬʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʪʝʨʨʠʪʦʨʠʠ, ʦʧʠʨʘʷʩʴ ʥʘ ʩʭʝʤʳ ʬʠʟʠʢʦ-

ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ, ʚʳʧʦʣʥʝʥʥʳʝ ʥʘ ʫʨʦʚʥʝ ʣʘʥʜʰʘʬʪʦʚ.  

ɻʠʧʦʪʝʟʘ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ʃʘʥʜʰʘʬʪʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʦʧʨʝʜʝʣʷʶʪ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʠʥʘʤʠ-

ʢʠ ʧʨʦʪʷʞʸʥʥʦʩʪʠ ʨʫʩʣʦʚʦʡ ʩʝʪʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʚʦʜʦʪʦʢʦʚ, ʠ ʜʘʞʝ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ 

ʙʘʩʩʝʡʥʘ ʤʘʣʦʡ ʨʝʢʠ ʧʦʢʘʟʘʪʝʣʠ ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʪʴʩʷ ʚ ʨʘʟʥʳʭ ʣʘʥʜʰʘʬʪʘʭ. 

ɼʣʷ ʪʝʨʨʠʪʦʨʠʠ ʅʠʞʝʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠ ʧʦʜʨʦʙʥʳʝ ʣʘʥʜʰʘʬʪʥʳʝ ʢʘʨʪʳ ʩʦʟʜʘʥʳ 

ʧʦʢʘ ʣʠʰʴ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʪʝʨʨʠʪʦʨʠʡ, ʧʦʵʪʦʤʫ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ 

ʥʘʤʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʫʩʪʘʥʦʚʣʝʥʠʝ ʣʘʥʜʰʘʬʪʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʪʝʨʨʠʪʦʨʠʠ ʩ ʪʝʤ, ʯʪʦʙʳ ʚ ʜʘʣʴʥʝʡʰʝʤ ʫʩʪʘʥʦʚʠʪʴ ʥʘʣʠʯʠʝ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʜʠʥʘʤʠʢʠ ʨʫʩʣʦʚʦʡ ʩʝʪʠ ʧʨʠʪʦʢʦʚ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʦʪ ʣʘʥʜʰʘʬʪʥʳʭ ʫʩ-

ʣʦʚʠʡ ʠ ʚʳʷʩʥʠʪʴ ʩʪʝʧʝʥʴ ʝʸ ʠʥʪʝʥʩʠʚʥʦʩʪʠ.  

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ.  

ɺ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ ʣʘʥʜʰʘʬʪʥʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ ʪʝʨʨʠʪʦʨʠʠ ʙʘʩʩʝʡʥʘ ʨ. 

ʀʞʤʘ ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ: ʦʧʠʩʘʪʝʣʴʥʳʡ, ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʡ, ɻʀʉ-

ʘʥʘʣʠʟ, ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʳ ʠ ʬʦʥʜʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ, ʵʢʩʧʝʜʠʮʠʦʥʥʳʡ, 

ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʢʦʤʧʣʝʢʩʥʦʛʦ ʬʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ (ʣʘʥʜʰʘʬʪʥʦ-

ʛʦ) ʘʥʘʣʠʟʘ, ʩʨʘʚʥʠʪʝʣʴʥʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʡ, ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ, ʛʝʦʛʨʘ-
ʬʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɹʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʨʪʳ: ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʝ ʤʘʩʰʪʘʙʘ 

1:50 000 [3] ʠ 1:100 000 [4], ʧʦʯʚʝʥʥʳʝ ʤʘʩʰʪʘʙʘ 1:400 000 [5], ʜʦʯʝʪʚʝʨʪʠʯʥʳʭ [6] ʠ 

ʯʝʪʚʝʨʪʠʯʥʳʭ [7] ʦʪʣʦʞʝʥʠʡ ʤʘʩʰʪʘʙʘ 1:200 000, ʩʧʫʪʥʠʢʦʚʳʝ ʩʥʠʤʢʠ [8]. ʉ ʮʝʣʴʶ 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 53, 2017 ʛ. 
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ʫʩʪʘʥʦʚʣʝʥʠʷ ʣʘʥʜʰʘʬʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʙʘʩʩʝʡʥʘ ʨ. ʀʞʤʘ ʚ 2016 ʛ. ʘʚʪʦʨʘʤʠ ʙʳʣʠ ʚʳ-

ʧʦʣʥʝʥʳ ʣʘʥʜʰʘʬʪʥʳʝ ʦʧʠʩʘʥʠʷ ʥʘ 40 ʢʣʶʯʝʚʳʭ ʪʦʯʢʘʭ, ʚ 2017 ʛ. ʙʳʣ ʧʨʦʚʝʜʸʥ ʮʠʢʣ 
ʧʦʣʝʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʛʦ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʦʧʠʩʘʥʠʝ ʫʨʦʯʠʱ ʥʘ 131 

ʢʣʶʯʝʚʦʡ ʪʦʯʢʝ (ʠʟ ʥʠʭ 29 ʪʦʯʝʢ ï ʚ ʠʩʪʦʢʘʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʚʦʜʦʪʦʢʦʚ) ʩ ʮʝʣʴʶ ʦʧʨʝ-

ʜʝʣʝʥʠʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʣʘʥʜʰʘʬʪʦʚ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʠʩʪʦʢʦʚ ʵʣʝ-

ʤʝʥʪʘʨʥʳʭ ʚʦʜʦʪʦʢʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ʈʝʢʘ ʀʞʤʘ ʷʚʣʷʝʪʩʷ ʧʨʠʪʦʢʦʤ ʨ. ɺʦʣʛʘ 4 ʧʦʨʷʜʢʘ (ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʭʝʤʦʡ ʈ. 

ʍʦʨʪʦʥʘ [2]).  

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʢʘʨʪ ʠ ʜʘʥʥʳʭ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ 

ʩ ʧʦʤʦʱʴʶ ɻʀʉ ʥʘʤʠ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʦʩʥʦʚʥʳʝ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʚʦʜʦʩʙʦʨʥʦʛʦ ʙʘʩʩʝʡʥʘ: ʧʣʦʱʘʜʴ 788,41 ʢʤĮ, ʜʣʠʥʘ 88,5 ʢʤ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʰʠʨʠʥʘ 

47,2 ʢʤ. ɹʘʩʩʝʡʥ ʨ. ʀʞʤʘ ʨʘʩʧʦʣʦʞʝʥ ʚ ʶʞʥʦʡ ʯʘʩʪʠ ɿʘʚʦʣʞʩʢʦʡ ʨʫʜʠʤʝʥʪʘʨʥʦʡ 

ʩʥʠʞʝʥʥʦʡ ʚʦʟʚʳʰʝʥʥʦʩʪʠ, ʩʘʤʘ ʨ. ʀʞʤʘ ʙʝʨʸʪ ʥʘʯʘʣʦ ʥʘ ʶʞʥʳʭ ʦʪʨʦʛʘʭ ʐʘʭʫʥʩʢʠʭ 

ʫʚʘʣʦʚ [9]. ʊʝʨʨʠʪʦʨʠʷ ʙʘʩʩʝʡʥʘ ʨ. ʀʞʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʦʜʥʦ-ʣʝʜʥʠʢʦʚʫʶ ʨʘʚ-

ʥʠʥʫ, ʥʘ ʩʝʚʝʨʝ ʧʦʣʦʛʦʭʦʣʤʠʩʪʫʶ, ʧʝʨʝʭʦʜʷʱʫʶ ʚ ʧʣʦʩʢʫʶ ʥʠʟʤʝʥʥʦʩʪʴ, ʧʦʩʪʝʧʝʥʥʦ 

ʩʧʫʩʢʘʶʱʫʶʩʷ ʥʘ ʶʛʝ ʚ ʩʪʦʨʦʥʫ ʨ. ʋʩʪʘ. ɸʙʩʦʣʶʪʥʳʝ ʦʪʤʝʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʧʦʣʦ-

ʞʝʥʳ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 169,0 ʤ ʥʘ ʩʝʚʝʨʝ ʙʘʩʩʝʡʥʘ ʜʦ 73,3 ʤ ʥʘ ʶʛʝ (ʤʝʞʝʥʥʳʡ ʫʨʦʚʝʥʴ 
ʚʦʜʳ ʚ ʫʩʪʴʝ ʨ. ʀʞʤʘ). ɹʘʩʩʝʡʥ ʠʤʝʝʪ ʚʳʪʷʥʫʪʫʶ ʩ ʩʝʚʝʨʘ ʥʘ ʶʛ ʪʨʘʧʝʮʠʝʚʠʜʥʫʶ 

ʬʦʨʤʫ.  

ʃʠʪʦʛʝʥʥʘʷ ʦʩʥʦʚʘ ʜʦʚʦʣʴʥʦ ʧʝʩʪʨʘ. ʅʘ ʶʛʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʦʪʣʦʞʝʥʠʷ ʚʷʪʩʢʦʛʦ 

ʛʦʨʠʟʦʥʪʘ ʪʘʪʘʨʩʢʦʛʦ ʷʨʫʩʘ ʚʝʨʭʥʝʡ ʧʝʨʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʛʣʠʥʘʤʠ ʠ ʘʣʝʚʨʦʣʠʪʘʤʠ 

ʩ ʧʨʦʩʣʦʷʤʠ ʧʝʩʯʘʥʠʢʦʚ, ʧʝʩʢʦʚ, ʢʦʥʛʣʦʤʝʨʘʪʦʚ. ʉʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʝ ʧʣʦʱʘʜʠ 

ʠʤʝʶʪ ʧʦʣʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʝʨʭʥʝʶʨʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʢʝʣʣʦʚʝʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ, ʧʨʝʜ-

ʩʪʘʚʣʝʥʥʳʝ ʛʣʠʥʘʤʠ ʩ ʧʨʦʩʣʦʷʤʠ ʘʣʝʚʨʠʪʦʚ ʠ ʧʝʩʢʦʚ. ʅʘ ʶʛʝ ʞʝ ʪʝʨʨʠʪʦʨʠʶ ʚʦʜʦ-

ʩʙʦʨʥʦʛʦ ʙʘʩʩʝʡʥʘ ʧʝʨʝʩʝʢʘʝʪ ʵʨʦʟʠʦʥʥʳʡ ʚʨʝʟ ʩʫʙʰʠʨʦʪʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ, ʟʘʧʦʣ-

ʥʝʥʥʳʡ ʧʦʟʜʥʝʥʝʦʛʝʥʦʚʳʤʠ (ʧʣʠʦʮʝʥʦʚʳʤʠ) ʦʪʣʦʞʝʥʠʷʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʧʝʩʢʘ-

ʤʠ ʩ ʧʨʦʩʣʦʷʤʠ ʛʣʠʥ, ʘʣʝʚʨʠʪʦʚ, ʛʨʘʚʠʷ. ʉʨʝʜʥʷʷ ʠ ʩʝʚʝʨʥʘʷ ʯʘʩʪʠ ʪʝʨʨʠʪʦʨʠʠ ʚʦʜʦ-

ʩʙʦʨʥʦʛʦ ʙʘʩʩʝʡʥʘ ʨ. ʀʞʤʘ ʟʘʥʷʪʳ ʦʪʣʦʞʝʥʠʷʤʠ ʠʥʜʩʢʦʛʦ ʷʨʫʩʘ ʥʠʞʥʝʛʦ ʪʨʠʘʩʘ, 
ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʛʣʠʥʘʤʠ, ʧʝʩʢʘʤʠ, ʧʝʩʯʘʥʠʢʘʤʠ ʠ ʢʦʥʛʣʦʤʝʨʘʪʘʤʠ [6].  

ʏʝʪʚʝʨʪʠʯʥʳʝ ʦʪʣʦʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʣʶʚʠʘʣʴʥʦ-ʜʝʣʚʁʠʘʣʴʥʳʤʠ ʩʫʛʣʠʥʢʘʤʠ 

ʠ ʧʝʩʢʘʤʠ ʥʘ ʩʝʚʝʨʝ ʙʘʩʩʝʡʥʘ, ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʪʝʨʨʠʪʦʨʠʠ ʟʘʥʷʪʘ ʘʣʣʶʚʠʘʣʴʥʦ-

ʬʣʶʚʠʦʛʣʷʮʠʘʣʴʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ. ɼʠʩʧʝʨʩʥʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʘʣʶʩʪʨʠʥʥʳʝ ʦʪʣʦ-

ʞʝʥʠʷ; ʥʘ ʧʦʡʤʘʭ ʨʝʢ ï ʘʣʣʶʚʠʡ ʛʦʣʦʮʝʥʦʚʦʛʦ ʚʦʟʨʘʩʪʘ [7].  

ʇʦ ʩʨʝʜʥʝʤʫ ʢʦʣʠʯʝʩʪʚʫ ʦʩʘʜʢʦʚ ʙʘʩʩʝʡʥ ʨ. ʀʞʤʘ ʦʪʥʦʩʠʪʩʷ ʢ ʟʦʥʝ ʜʦʩʪʘʪʦʯʥʦʛʦ 

ʫʚʣʘʞʥʝʥʠʷ, ʢʦʵʬʬʠʮʠʝʥʪ ʫʚʣʘʞʥʝʥʠʷ ʧʦʨʷʜʢʘ 1,2 [10].  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʸʥʥʦʛʦ ɻʀʉ-ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘ-

ʥʠʷ ʧʨʦʪʷʞʸʥʥʦʩʪʴ ʨ. ʀʞʤʘ ʩʦʩʪʘʚʣʷʝʪ 83 ʢʤ. ʆʩʥʦʚʥʳʤʠ ʨʝʢʘʤʠ ʷʚʣʷʶʪʩʷ ʀʞʤʘ, 

ʉʝʥʛʘ, ʂʘʪʘʡ, ʆʪʤʷʛʘ.  

ʇʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥ ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʤʠ ʧʦʯʚʘʤʠ, ʩʨʝʜʥʝ- ʠ ʣʝʛʢʦ-

ʩʫʛʣʠʥʠʩʪʳʤʠ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʙʘʩʩʝʡʥʘ, ʩʫʧʝʩʯʘʥʳʤʠ ʠ ʧʝʩʯʘʥʳʤʠ ï ʚ ʮʝʥʪʨʘʣʴʥʦʡ 
ʠ ʶʞʥʦʡ [11].  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʭʝʤʘʤʠ ʙʦʪʘʥʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ ʅʠʞʝʛʦ-

ʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠ, ʧʨʝʜʣʦʞʝʥʥʳʤʠ ɼ.ʉ. ɸʚʝʨʢʠʝʚʳʤ (1954 ʛ.) [12], ʠ ɺ.ʇ. ɺʦʨʦʪʥʠʢʦ-

ʚʳʤ ʠ ɸ.ɸ. ʐʝʩʪʘʢʦʚʦʡ (2008 ʛ.) [13], ʙʘʩʩʝʡʥ ʨ. ʀʞʤʘ ʣʝʞʠʪ ʚ ʨʘʡʦʥʝ ʪʝʤʥʦʭʚʦʡʥʳʭ 

ʣʝʩʦʚ, ʩʝʚʝʨʥʘʷ ʠ ʮʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʠ ʙʘʩʩʝʡʥʘ ï ʚ ʋʨʝʥʩʢʦ-ʐʘʭʫʥʩʢʦʤ ʝʣʦʚʦ-

ʧʠʭʪʦʚʦʤ ʧʦʜʨʘʡʦʥʝ, ʶʞʥʘʷ ʯʘʩʪʴ ï ʚ ɺʝʪʣʫʞʩʢʦ-ʋʩʪʘʥʩʢʦʤ ʙʦʨʦʚʦʤ ʧʦʜʨʘʡʦʥʝ. 

ʉʦʚʨʝʤʝʥʥʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘʨʫʰʝʥʥʳʤʠ ʧʠʭʪʦʚʦ-ʝʣʦʚʳʤʠ, ʝʣʦ-

ʚʳʤʠ ʠ ʩʦʩʥʦʚʳʤʠ ʣʝʩʘʤʠ [15]. ʇʣʦʱʘʜʴ ʧʦʢʨʳʪʳʭ ʣʝʩʦʤ ʟʝʤʝʣʴ 690,8 ʢʤ2. ʃʝʩʠ-

ʩʪʦʩʪʴ ʪʝʨʨʠʪʦʨʠʠ ʙʘʩʩʝʡʥʘ ʨ. ʀʞʤʘ ʩʦʩʪʘʚʣʷʝʪ 88%.  

ɺ ʧʨʦʮʝʩʩʝ ʣʘʥʜʰʘʬʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʙʘʩʩʝʡʥʘ ʨ. ʀʞʤʘ ʤʳ ʦʧʠ-

ʨʘʣʠʩʴ ʥʘ ʩʪʨʫʢʪʫʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʫʶ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʣʘʥʜʰʘʬʪʦʚ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʚʦ-
ʜʦʩʙʦʨʥʦʛʦ ʙʘʩʩʝʡʥʘ ʥʘʤʠ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʦʟʟʨʝʥʠʷʤʠ ʌ.ʅ. ʄʠʣʴʢʦʚʘ (1984) [15], 



ɸ.ɽ. ɸʩʪʘʰʠʥ, ʉ.ɸ. ʉʦʪʢʠʥʘ, ɸ.ɺ. ʉʘʤʦʡʣʦʚ, ɽ.ɺ. ʈʳʞʦʚ, ʅ.ɸ. ʄʘʣʳʰʝʚʘ 
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ʚʳʜʝʣʝʥʳ ʣʝʩʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʣʘʥʜʰʘʬʪʳ (ʣʝʩʠʩʪʦʩʪʴ ʪʝʨʨʠʪʦʨʠʠ ʙʦʣʝʝ 50%) ʠ ʦʜʠʥ 

ʘʛʨʦʣʝʩʦʣʘʥʜʰʘʬʪ (ʣʝʩʠʩʪʦʩʪʴ 25ï50%). ɸʛʨʦʣʘʥʜʰʘʬʪʳ (ʣʝʩʠʩʪʦʩʪʴ ʤʝʥʝʝ 25%) ʚ 
ʙʘʩʩʝʡʥʝ ʨ. ʀʞʤʘ ʦʪʩʫʪʩʪʚʫʶʪ (ʪʘʙʣ. 1, ʢʘʨʪʦʩʭʝʤʘ 1). 

ʃʘʥʜʰʘʬʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʙʘʩʩʝʡʥʘ ʨ. ʀʞʤʘ ʦʩʥʦʚʘʥʳ ʥʘ ʨʝ-

ʟʫʣʴʪʘʪʘʭ ʘʥʘʣʠʟʘ ʪʝʤʘʪʠʯʝʩʢʠʭ ʢʘʨʪ, ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʩʧʝʮʠʘʣʴʥʦʡ ʣʠʪʝʨʘʪʫ-

ʨʳ, ʜʘʥʥʳʭ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ ʠ ʧʦʣʝʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (2016ï2017 

ʛʛ.), ʦʙʦʙʱʸʥʥʳʭ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ 

Quantum GIS, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʜʝʪʘʣʠʟʠʨʦʚʘʪʴ ʩʭʝʤʫ ʣʘʥʜʰʘʬʪʥʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ 

ʙʘʩʩʝʡʥʘ ʨ. ʀʞʤʘ ʜʦ ʫʨʦʚʥʷ ʣʘʥʜʰʘʬʪʦʚ. ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʣʘʥʜʰʘʬʪʥʦʛʦ ʨʘʡʦʥʠ-

ʨʦʚʘʥʠʷ ʤʳ ʦʧʠʨʘʣʠʩʴ ʥʘ ʩʭʝʤʳ, ʧʨʝʜʣʦʞʝʥʥʳʝ ɸ.ɻ. ʀʩʘʯʝʥʢʦ [16, c. 208; 17, ʩ. 298], ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʪʦʨʳʤʠ ʙʘʩʩʝʡʥ ʨ. ʀʞʤʘ ʥʘʭʦʜʠʪʩʷ ʚ ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʦʤ ʙʦʨʝ-

ʘʣʴʥʦʤ ʶʞʥʦʪʘʸʞʥʦʤ ʨʝʛʠʦʥʝ, ʂʘʤʩʢʦ-ʄʝʱʝʨʩʢʦʡ ʣʘʥʜʰʘʬʪʥʦʡ ʦʙʣʘʩʪʠ. ɺ ʩʦʦʪʚʝʪʩʪ-

ʚʠʠ ʩʦ ʩʭʝʤʦʡ ʣʘʥʜʰʘʬʪʥʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ ʅʠʞʝʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠ ʌ.ʄ. ɹʘʢʘʥʠʥʦʡ 

ʠ ʩʦʘʚʪʦʨʦʚ [18], ʙʘʩʩʝʡʥ ʨ. ʀʞʤʘ ʨʘʩʧʦʣʦʞʝʥ ʚ ʧʨʝʜʝʣʘʭ ʋʥʞʝʥʩʢʦ-ɺʝʪʣʫʞʩʢʦʡ 
ʧʨʦʚʠʥʮʠʠ, ɺʝʪʣʫʞʩʢʦ-ʋʩʪʘʥʩʢʦʛʦ ʨʘʡʦʥʘ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʙʘʩʩʝʡʥʘ ʨ. ʀʞʤʘ ʥʘʤʠ 

ʚʳʜʝʣʝʥʦ 7 ʣʘʥʜʰʘʬʪʦʚ (ʪʘʙʣ. 1, ʢʘʨʪʦʩʭʝʤʘ 1).  

ʊʘʙʣʠʮʘ 1 

ʃʘʥʜʰʘʬʪʥʘʷ ʩʪʨʫʢʪʫʨʘ ʪʝʨʨʠʪʦʨʠʠ ʙʘʩʩʝʡʥʘ ʨ. ʀʞʤʘ 

(ʥʘ ʦʩʥʦʚʝ ʩʭʝʤ ɸ.ɻ. ʀʩʘʯʝʥʢʦ, 2004 ʠ ʌ.ʄ. ɹʘʢʘʥʠʥʦʡ, 2003) 

ɿʦʥʘ: ʖʞʥʦ-ʪʘʸʞʥʘʷ  

ʆʙʣʘʩʪʴ: ʂʘʤʩʢʦ-ʄʝʱʝʨʩʢʘʷ 

ʇʨʦʚʠʥʮʠʷ: ʋʥʞʝʥʩʢʦ-ɺʝʪʣʫʞʩʢʘʷ 

ʈʘʡʦʥ: ɺʝʪʣʫʞʩʢʦ-ʋʩʪʘʥʩʢʠʡ 

ʃʘʥʜʰʘʬʪʳ: 
1. ɺʦʜʦʨʘʟʜʝʣʴʥʳʡ ʧʦʣʦʛʦʚʦʣʥʠʩʪʳʡ ʘʛʨʦʣʝʩʦʣʘʥʜʰʘʬʪ ʥʘ ʩʫʛʣʠʥʢʘʭ 
2. ʃʝʩʦʣʘʥʜʰʘʬʪ ʚʦʜʥʦʣʝʜʥʠʢʦʚʦʡ ʚʦʜʦʨʘʟʜʝʣʴʥʦʡ ʚʦʣʥʠʩʪʦ-ʭʦʣʤʠʩʪʦʡ ʩʠʣʴʥʦ ʨʘʩʯʣʝʥʸʥʥʦʡ 
ʨʘʚʥʠʥʳ 
3. ʃʝʩʦʣʘʥʜʰʘʬʪ ʧʘʣʶʩʪʨʠʥʥʦ-ʘʣʣʶʚʠʘʣʴʥʦ-ʬʣʶʚʠʦʛʣʷʮʠʘʣʴʥʦʡ ʧʦʣʦʛʦʭʦʣʤʠʩʪʦʡ ʥʘʢʣʦʥʥʦʡ 
ʥʝʦʜʥʦʨʦʜʥʦ ʜʨʝʥʠʨʦʚʘʥʥʦʡ ʨʘʚʥʠʥʳ, ʦʩʣʦʞʥʸʥʥʦʡ ʙʦʣʦʪʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ 
4. ʃʝʩʦʣʘʥʜʰʘʬʪ ʧʘʣʶʩʪʨʠʥʥʦ-ʘʣʣʶʚʠʘʣʴʥʦ-ʬʣʶʚʠʦʛʣʷʮʠʘʣʴʥʦʡ ʧʦʣʦʛʦʥʘʢʣʦʥʥʦʡ ʩʳʨʦʡ 

ʨʘʚʥʠʥʳ 
5. ʃʝʩʦʣʘʥʜʰʘʬʪ ʧʦʣʦʛʦʚʦʣʥʠʩʪʦʡ ʨʘʚʥʠʥʳ ʥʘ ʩʫʛʣʠʥʢʘʭ 
6. ʇʨʠʜʦʣʠʥʥʳʡ ʣʝʩʦʣʘʥʜʰʘʬʪ ʧʦʣʦʛʦʥʘʢʣʦʥʥʦʡ ʤʦʨʝʥʥʦʡ ʨʘʚʥʠʥʳ 
7. ʃʝʩʦʣʘʥʜʰʘʬʪ ʜʦʣʠʥ ʤʘʣʳʭ ʨʝʢ 

 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʛʠʧʦʪʝʟʦʡ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʵʣʝʤʝʥʪʘʨʥʳʝ ʚʦʜʦʪʦʢʠ, ʙʫʜʫʯʠ ʢʦʤ-

ʧʦʥʝʥʪʦʤ ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʦʡ ʩʝʪʠ ʣʦʢʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ, ʠʩʧʳʪʳʚʘʶʪ ʩʠʣʴʥʦʝ ʚʣʠʷ-

ʥʠʝ ʤʝʩʪʥʳʭ ʣʘʥʜʰʘʬʪʥʳʭ ʫʩʣʦʚʠʡ ʠ ʦʪʨʘʞʘʶʪ ʠʟʤʝʥʝʥʠʷ ʣʘʥʜʰʘʬʪʥʳʭ ʫʩʣʦʚʠʡ ʚ 

ʪʝʯʝʥʠʝ ʢʦʨʦʪʢʠʭ ʧʨʦʤʝʞʫʪʢʦʚ ʚʨʝʤʝʥʠ.  

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʬʘʢʪʘ ʜʠʥʘʤʠʢʠ ʨʫʩʣʦʚʦʡ ʩʝʪʠ ʧʦʩʪʦʷʥʥʳʭ ʚʦʜʦʪʦʢʦʚ, ʷʚ-
ʣʷʶʱʠʭʩʷ ʧʨʠʪʦʢʘʤʠ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ, ʥʘʤʠ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʪʦʧʦʛʨʘʬʠʯʝ-

ʩʢʠʝ ʢʘʨʪʳ, ʦʪʨʘʞʘʶʱʠʝ ʩʦʩʪʦʷʥʠʝ ʤʝʩʪʥʦʩʪʠ ʥʘ 2001 ʛ. (ʤʘʩʰʪʘʙ 1:50 000), ʘ ʪʘʢʞʝ 

ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʧʦʣʝʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʤʝʞʝʥʥʳʡ ʧʝʨʠʦʜ 2017 ʛ. ʩ ʮʝʣʴʶ ʫʩʪʘʥʦʚ-

ʣʝʥʠʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʠʩʪʦʢʦʚ ʧʦʩʪʦʷʥʥʳʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʚʦʜʦʪʦʢʦʚ. ʌʠʢ-

ʩʘʮʠʷ ʧʦʣʦʞʝʥʠʷ ʠʩʪʦʢʘ ʧʦʩʪʦʷʥʥʦʛʦ ʚʦʜʦʪʦʢʘ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʩ ʧʦʤʦʱʴʶ GPS-

ʥʘʚʠʛʘʪʦʨʦʚ Garmin GPSmap 62s ʠ Garmin Etrex 20x. ɿʘʪʝʤ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʝʚʳʭ ʥʘ-

ʙʣʶʜʝʥʠʡ ʟʘʥʦʩʠʣʠʩʴ ʚ ɻʀʉ ʧʨʦʝʢʪ, ʨʫʩʣʦ ʚʦʜʦʪʦʢʘ ʚʳʯʝʨʯʠʚʘʣʦʩʴ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʦʚʨʝʤʝʥʥʳʤ ʧʦʣʦʞʝʥʠʝʤ 

ʧʦʩʪʦʷʥʥʦʛʦ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʚʦʜʦʪʦʢʘ ʠ ʧʦʣʦʞʝʥʠʝʤ ʚʦʜʦʪʦʢʘ, ʦʙʦʟʥʘʯʝʥʥʦʛʦ ʥʘ ʢʘʨʪʝ 

2001 ʛ. ʦʪʨʘʞʘʝʪ ʜʠʥʘʤʠʢʫ ʨʫʩʣʦʚʦʡ ʩʝʪʠ. 
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ʈʠʩ. 1. ʃʘʥʜʰʘʬʪʥʘʷ ʩʪʨʫʢʪʫʨʘ ʪʝʨʨʠʪʦʨʠʠ ʚʦʜʦʩʙʦʨʥʦʛʦ ʙʘʩʩʝʡʥʘ ʨ. ʀʞʤʘ  
ʠ ʜʠʥʘʤʠʢʘ ʨʫʩʣʦʚʦʡ ʩʝʪʠ ʧʦʩʪʦʷʥʥʳʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʚʦʜʦʪʦʢʦʚ 

ʇʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 2001 ʛ. (ʤʘʪʝʨʠʘʣʳ ʧʦʣʫʯʝʥʳ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ɻʀʉ-ʘʥʘʣʠʟʘ ʪʦʧʦ-

ʛʨʘʬʠʯʝʩʢʠʭ ʢʘʨʪ ɻɻʎ [15]) ʧʨʦʪʷʞʸʥʥʦʩʪʴ ʨʫʩʣʦʚʦʡ ʩʝʪʠ ʧʦʩʪʦʷʥʥʳʭ ʚʦʜʦʪʦʢʦʚ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʙʘʩʩʝʡʥʘ ʨ. ʀʞʤʘ ʩʦʩʪʘʚʣʷʣʘ 306,3 ʢʤ; ʛʫʩʪʦʪʘ ʨʝʯʥʦʡ ʩʝʪʠ ï 0,39 ʢʤ/ʢʤĮ. 

ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʧʦʣʝʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʤʠ ʙʳʣʦ ʦʙʩʣʝʜʦʚʘʥʦ 29 ʢʣʶʯʝʚʳʭ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʚʦʜʦʪʦʢʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʨʘʟʥʳʭ ʣʘʥʜʰʘʬʪʘʭ. ʋʩʪʘʥʦʚʣʝʥʦ ʧʦʣʦ-

ʞʝʥʠʝ ʠʩʪʦʢʦʚ ʧʦʩʪʦʷʥʥʳʭ ʚʦʜʦʪʦʢʦʚ ʧʦ ʩʦʩʪʦʷʥʠʶ ʥʘ ʤʝʞʝʥʥʳʡ ʧʝʨʠʦʜ 2017 ʛ. ʈʝ-

ʟʫʣʴʪʘʪʳ ʥʘʙʣʶʜʝʥʠʡ ʙʳʣʠ ʟʘʥʝʩʝʥʳ ʚ ɻʀʉ-ʧʨʦʝʢʪ, ʧʦʩʣʝ ʯʝʛʦ ʙʳʣʘ ʨʘʩʩʯʠʪʘʥʘ ʜʠ-
ʥʘʤʠʢʘ ʧʨʦʪʷʞʸʥʥʦʩʪʠ ʨʫʩʣʦʚʦʡ ʩʝʪʠ ʧʦʩʪʦʷʥʥʳʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʚʦʜʦʪʦʢʦʚ (ʪʘʙʣ. 2).  



ɸ.ɽ. ɸʩʪʘʰʠʥ, ʉ.ɸ. ʉʦʪʢʠʥʘ, ɸ.ɺ. ʉʘʤʦʡʣʦʚ, ɽ.ɺ. ʈʳʞʦʚ, ʅ.ɸ. ʄʘʣʳʰʝʚʘ 
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ʊʘʙʣʠʮʘ 2 

ɼʠʥʘʤʠʢʘ ʨʫʩʣʦʚʦʡ ʩʝʪʠ ʧʦʩʪʦʷʥʥʳʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʚʦʜʦʪʦʢʦʚ ʚ ʧʝʨʠʦʜ 2001ï2017 ʛʛ. 

ʃʘʥʜʰʘʬʪ ʂʦʣʠʯʝʩʪʚʦ 

ʘʥʘʣʠʟʠʨʫʝʤʳʭ 
ʢʣʶʯʝʚʳʭ ʧʦ-
ʩʪʦʷʥʥʳʭ ʵʣʝ-
ʤʝʥʪʘʨʥʳʭ 
ʚʦʜʦʪʦʢʦʚ ʚ 
ʣʘʥʜʰʘʬʪʝ 

ʉʫʤʤʘʨʥʘʷ 

ʧʨʦʪʷʞʸʥʥʦʩʪʴ 
ʨʫʩʣʦʚʦʡ ʩʝʪʠ 
ʢʣʶʯʝʚʳʭ 
ʧʦʩʪʦʷʥʥʳʭ 
ʵʣʝʤʝʥʪʘʨʥʳʭ 
ʚʦʜʦʪʦʢʦʚ ʚ 
2001 ʛ. 

ʉʫʤʤʘʨʥʘʷ 

ʧʨʦʪʷʞʸʥʥʦʩʪʴ 
ʨʫʩʣʦʚʦʡ ʩʝʪʠ 
ʢʣʶʯʝʚʳʭ 
ʧʦʩʪʦʷʥʥʳʭ 
ʵʣʝʤʝʥʪʘʨʥʳʭ 
ʚʦʜʦʪʦʢʦʚ ʚ 
2017 ʛ. 

ɼʠʥʘʤʠ-

ʢʘ, ʢʤ 

ɼʠʥʘʤʠʢʘ, % 

1. ɺʦʜʦʨʘʟʜʝʣʴʥʳʡ 
ʧʦʣʦʛʦʚʦʣʥʠʩʪʳʡ 
ʘʛʨʦʣʝʩʦʣʘʥʜʰʘʬʪ 

ʥʘ ʩʫʛʣʠʥʢʘʭ 

5 362 ʤ 4 100 ʤ +3 738 ʤ ɺʦʟʥʠʢʥʦʚʝʥʠʝ 
ʥʦʚʳʭ ʚʦʜʦʪʦ-
ʢʦʚ ʠʣʠ ʧʝʨʝ-

ʭʦʜ ʧʝʨʝʩʳ-
ʭʘʶʱʠʭ ʚʦʜʦ-
ʪʦʢʦʚ ʚ ʨʝʞʠʤ 
ʧʦʩʪʦʷʥʥʳʭ 
1 032,6 

2. ʃʝʩʦʣʘʥʜʰʘʬʪ 
ʚʦʜʥʦʣʝʜʥʠʢʦʚʦʡ 
ʚʦʜʦʨʘʟʜʝʣʴʥʦʡ ʚʦʣ-
ʥʠʩʪʦ-ʭʦʣʤʠʩʪʦʡ 
ʩʠʣʴʥʦ ʨʘʩʯʣʝʥʸʥʥʦʡ 

ʨʘʚʥʠʥʳ 

10 5 490 ʤ 11 335 ʤ +6 374 ʤ 
-529 ʤ 

106,5  

3. ʃʝʩʦʣʘʥʜʰʘʬʪ 

ʧʘʣʶʩʪʨʠʥʥʦ-
ʘʣʣʶʚʠʘʣʴʥʦ-
ʬʣʶʚʠʦʛʣʷʮʠʘʣʴʥʦʡ 
ʧʦʣʦʛʦʭʦʣʤʠʩʪʦʡ 
ʥʘʢʣʦʥʥʦʡ ʥʝʦʜʥʦ-
ʨʦʜʥʦ ʜʨʝʥʠʨʦʚʘʥ-
ʥʦʡ ʨʘʚʥʠʥʳ, ʦʩ-
ʣʦʞʥʸʥʥʦʡ ʙʦʣʦʪ-

ʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ 

4 710 ʤ 3 666 ʤ +2 956 ʤ 416 

4. ʃʝʩʦʣʘʥʜʰʘʬʪ 
ʧʘʣʶʩʪʨʠʥʥʦ-

ʘʣʣʶʚʠʘʣʴʥʦ-
ʬʣʶʚʠʦʛʣʷʮʠʘʣʴʥʦʡ 
ʧʦʣʦʛʦʥʘʢʣʦʥʥʦʡ 
ʩʳʨʦʡ ʨʘʚʥʠʥʳ 

1 2793 ʤ 1886 ʤ -907 ʤ -32,5 

5. ʃʝʩʦʣʘʥʜʰʘʬʪ 
ʧʦʣʦʛʦʚʦʣʥʠʩʪʦʡ 
ʨʘʚʥʠʥʳ ʥʘ ʩʫʛʣʠʥ-
ʢʘʭ 

4 6583 ʤ 1613 ʤ -5283 ʤ 
+313 ʤ 

-75,5 
ʀʩʯʝʟʥʦʚʝʥʠʝ 
ʢʘʢ ʚʨʝʤʝʥʥʳʭ 
ʚʦʜʦʪʦʢʦʚ, ʪʘʢ 
ʠ ʧʦʩʪʦʷʥʥʳʭ 
ʚʦʜʦʪʦʢʦʚ ʧʝʨ-

ʚʦʛʦ ʠ ʚʪʦʨʦʛʦ 
ʧʦʨʷʜʢʦʚ 

6. ʇʨʠʜʦʣʠʥʥʳʡ 
ʣʝʩʦʣʘʥʜʰʘʬʪ ʧʦʣʦ-
ʛʦʥʘʢʣʦʥʥʦʡ ʤʦʨʝʥ-
ʥʦʡ ʨʘʚʥʠʥʳ 

2 4670 ʤ 4670 ʤ 0 0 

7. ʃʝʩʦʣʘʥʜʰʘʬʪ 
ʜʦʣʠʥ ʤʘʣʳʭ ʨʝʢ 

3 4860 ʤ 4247 ʤ -613 ʤ -12 
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ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʸʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1. ɼʘʞʝ ʚʥʫʪʨʠ ʪʘʢʦʡ ʮʝʣʦʩʪʥʦʡ ʧʨʠʨʦʜʥʦ-ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʢʘʢ ʚʦʜʦ-
ʩʙʦʨʥʳʡ ʙʘʩʩʝʡʥ ʤʘʣʦʡ ʨʝʢʠ, ʧʨʦʮʝʩʩʳ ʜʠʥʘʤʠʢʠ ʨʫʩʣʦʚʦʡ ʩʝʪʠ ʧʦʩʪʦʷʥʥʳʭ ʵʣʝʤʝʥ-

ʪʘʨʥʳʭ ʚʦʜʦʪʦʢʦʚ ʚ ʨʘʟʥʳʭ ʣʘʥʜʰʘʬʪʘʭ ʤʦʛʫʪ ʠʤʝʪʴ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʥʘʧʨʘʚʣʝʥʥʳʡ 

ʚʝʢʪʦʨ ʨʘʟʚʠʪʠʷ. 

2. ʄʘʢʩʠʤʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʜʠʥʘʤʠʢʠ ʩʚʦʡʩʪʚʝʥʥʳ ʣʘʥʜʰʘʬʪʘʤ ʩ 

ʚʳʩʦʢʠʤʠ ʪʝʤʧʘʤʠ ʫʚʝʣʠʯʝʥʠʷ ʣʝʩʠʩʪʦʩʪʠ, ʚ ʙʘʩʩʝʡʥʝ ʨ. ʀʞʤʘ ʵʪʦ ɺʦʜʦʨʘʟʜʝʣʴʥʳʡ 

ʧʦʣʦʛʦʚʦʣʥʠʩʪʳʡ ʘʛʨʦʣʝʩʦʣʘʥʜʰʘʬʪ ʥʘ ʩʫʛʣʠʥʢʘʭ ï ʪʝʨʨʠʪʦʨʠʷ, ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʧʦ-

ʩʣʝʜʥʠʭ ʚʝʢʦʚ ʧʦʜʚʝʨʛʰʘʷʩʷ ʠʥʪʝʥʩʠʚʥʦʤʫ ʭʦʟʷʡʩʪʚʝʥʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ. ʅʘ ʵʣʶʚʠ-

ʘʣʴʥʦ-ʜʝʣʶʚʠʘʣʴʥʳʭ ʩʫʛʣʠʥʢʘʭ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʩʨʘʚʥʠʪʝʣʴʥʦ ʧʣʦʜʦʨʦʜʥʳʝ ʜʝʨʥʦʚʦ-

ʧʦʜʟʦʣʠʩʪʳʝ ʩʣʘʙʦʦʧʦʜʟʦʣʝʥʥʳʝ ʧʦʯʚʳ, ʣʝʩʘ ʙʳʣʠ ʩʚʝʜʝʥʳ, ʨʘʩʯʠʱʝʥʥʳʝ ʧʨʦʩʪʨʘʥʩʪ-

ʚʘ ʚʝʢʘʤʠ ʨʘʩʧʘʭʠʚʘʣʠʩʴ, ʨʫʩʣʦʚʘʷ ʩʝʪʴ ʵʣʝʤʝʥʪʘʨʥʳʭ ʚʦʜʦʪʦʢʦʚ ʩʦʢʨʘʱʘʣʘʩʴ. ʉ ʨʘʩʧʘ-

ʜʦʤ ʉʦʚʝʪʩʢʦʛʦ ʉʦʶʟʘ ʥʘʩʪʫʧʠʣ ʛʣʫʙʦʢʠʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ, ʩʦʮʠʘʣʴʥʳʡ ʠ ʜʝʤʦʛʨʘʬʠʯʝ-

ʩʢʠʡ ʢʨʠʟʠʩ, ʯʠʩʣʝʥʥʦʩʪʴ ʥʘʩʝʣʝʥʠʷ (ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ï ʚ ʪʨʫʜʦʩʧʦʩʦʙʥʦʤ ʚʦʟʨʘʩʪʝ) ʚ 
ʩʸʣʘʭ ʠ ʜʝʨʝʚʥʷʭ ʣʝʩʥʦʡ ʟʦʥʳ ʅʠʞʝʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠ ʩʪʨʝʤʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʣʘʩʴ, ʤʥʦ-

ʛʠʝ ʠʟ ʥʠʭ ʚʳʤʝʨʣʠ [18]. ʈʘʩʧʘʰʢʘ ʦʧʦʣʠʡ ʙʳʣʘ ʧʨʝʢʨʘʱʝʥʘ, ʥʘʯʘʣʩʷ ʧʨʦʮʝʩʩ ʟʘʣʝʩʝʥʠʷ 

ʪʝʨʨʠʪʦʨʠʡ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʩʦʢʨʘʱʝʥʠʶ ʵʨʦʟʠʠ ʧʦʯʚ ʠ ʧʦʩʪʫʧʣʝʥʠʷ ʪʚʸʨʜʦʛʦ ʩʪʦʢʘ 

ʚ ʨʫʩʣʘ ʚʦʜʦʪʦʢʦʚ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʠ ʧʦʚʳʰʝʥʠʶ ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ï ʩ ʜʨʫʛʦʡ. 

ʕʪʠ ʧʨʦʮʝʩʩʳ ʧʨʠʚʝʣʠ ʢ ʨʘʟʚʠʪʠʶ ʨʫʩʣʦʚʦʡ ʩʝʪʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʚʦʜʦʪʦʢʦʚ. 

3. ʄʘʢʩʠʤʘʣʴʥʦ ʟʘʩʝʣʸʥʥʳʡ (12 ʯʝʣ./ʢʤ2) ʃʝʩʦʣʘʥʜʰʘʬʪ ʧʦʣʦʛʦʚʦʣʥʠʩʪʦʡ ʨʘʚʥʠ-

ʥʳ ʥʘ ʩʫʛʣʠʥʢʘʭ ʥʘ ʶʛʝ ʚʦʜʦʩʙʦʨʥʦʛʦ ʙʘʩʩʝʡʥʘ ʨ. ʀʞʤʘ ʠʩʧʳʪʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʘʥʪʨʦʧʦʛʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ï ʨʘʩʧʘʰʢʘ ʟʝʤʝʣʴ, ʚʳʧʘʩ ʩʢʦʪʘ ʠ ʧʨ., ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦ-

ʥʠʞʝʥʠʶ ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʠ ʫʩʠʣʝʥʠʶ ʧʦʩʪʫʧʣʝʥʠʷ ʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ 

ʨʫʩʣʘ ʵʣʝʤʝʥʪʘʨʥʳʭ ʚʦʜʦʪʦʢʦʚ ʠ ʚʣʝʯʸʪ ʟʘ ʩʦʙʦʡ ʜʝʛʨʘʜʘʮʠʶ ʠʭ ʨʫʩʣʦʚʦʡ ʩʝʪʠ. ʆʪ-

ʤʝʯʝʥ ʩʣʫʯʘʡ ʩʦʢʨʘʱʝʥʠʷ ʨʫʩʣʘ ʚʦʜʦʪʦʢʘ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ. 
4. ʈʝʣʴʝʬ ʷʚʣʷʝʪʩʷ ʩʠʣʴʥʳʤ ʬʘʢʪʦʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʨʘʟʚʠʪʠʝ ʨʫʩʣʦʚʦʡ ʩʝʪʠ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʚʦʜʦʪʦʢʦʚ ʚ ʧʨʝʜʝʣʘʭ ɺʦʜʦʨʘʟʜʝʣʴʥʦʛʦ ʧʦʣʦʛʦʚʦʣʥʠʩʪʦʛʦ ʘʛʨʦʣʝʩʦ-

ʣʘʥʜʰʘʬʪʘ ʥʘ ʩʫʛʣʠʥʢʘʭ ʠ ʩʦʢʨʘʱʝʥʠʝ ï ʚ ʧʨʝʜʝʣʘʭ ʃʝʩʦʣʘʥʜʰʘʬʪʘ ʧʦʣʦʛʦʚʦʣʥʠʩʪʦʡ 

ʨʘʚʥʠʥʳ ʥʘ ʩʫʛʣʠʥʢʘʭ. ʅʘ ʩʝʚʝʨʝ ʙʘʩʩʝʡʥʘ ʠʤʝʝʪ ʤʝʩʪʦ ʩʠʣʴʥʦ ʧʝʨʝʩʝʯʸʥʥʳʡ ʨʝʣʴʝʬ, 

ʘʤʧʣʠʪʫʜʘ ʘʙʩʦʣʶʪʥʳʭ ʚʳʩʦʪ ʩʦʩʪʘʚʣʷʝʪ 65,4 ʤ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʪʨʘʥʩʧʦʨ-

ʪʠʨʫʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʚʦʜʦʪʦʢʦʚ, ʩʧʦʩʦʙʥʳʭ ʚʳʥʦʩʠʪʴ ʦʙʣʦʤʦʯʥʳʡ ʤʘʪʝʨʠʘʣ ʠʟ 

ʨʫʩʝʣ. ʅʘ ʶʛʝ ʞʝ ʘʤʧʣʠʪʫʜʘ ʘʙʩʦʣʶʪʥʳʭ ʚʳʩʦʪ ʧʦʯʪʠ ʚʪʨʦʝ ʤʝʥʴʰʝ ï 24 ʤ, ʪʨʘʥʩʧʦʨ-

ʪʠʨʫʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʚʦʜʦʪʦʢʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʘʢʢʫʤʫʣʷʮʠʠ 

ʪʚʸʨʜʦʛʦ ʩʪʦʢʘ ʚ ʨʫʩʣʘʭ, ʧʨʠʚʦʜʷʱʝʡ ʢ ʠʭ ʟʘʠʣʝʥʠʶ ʠ, ʚ ʢʦʥʝʯʥʦʤ ʩʯʸʪʝ, ʩʦʢʨʘʱʝʥʠʶ 

ʨʫʩʣʦʚʦʡ ʩʝʪʠ.  

5. ʎʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ ʙʘʩʩʝʡʥʘ ï ʣʝʩʥʘʷ ï ʥʝ ʠʤʝʝʪ ʷʨʢʦ ʚʳʨʘʞʝʥʥʦʛʦ ʚʝʢʪʦʨʘ ʜʠ-

ʥʘʤʠʢʠ ʨʫʩʣʦʚʦʡ ʩʝʪʠ, ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʢʘʢ ʩʣʫʯʘʠ ʩʦʢʨʘʱʝʥʠʷ, ʪʘʢ ʠ ʨʘʟʚʠʪʠʷ ʚʦʜʦʪʦ-
ʢʦʚ, ʥʦ ʜʠʥʘʤʠʢʘ ʥʝʟʥʘʯʠʪʝʣʴʥʘ, ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʣʠʙʦ ʤʝʩʪʥʳʤʠ ʧʨʠʯʠʥʘʤʠ (ʥʘʧʨʠ-

ʤʝʨ, ʙʣʠʟʦʩʪʴʶ ʠʩʪʦʢʘ ʢ ʚʳʨʫʙʢʝ), ʣʠʙʦ ʥʝʪʦʯʥʳʤ ʦʪʦʙʨʘʞʝʥʠʝʤ ʠʩʪʦʢʦʚ ʚʦʜʦʪʦʢʦʚ 

ʥʘ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʢʘʨʪʘʭ 2001 ʛ. ï ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ʥʘ 50ï100 ʤ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʦʙʱʝʩʪʚʝʥʥʦʡ ʦʨ-

ʛʘʥʠʟʘʮʠʠ çʈʫʩʩʢʦʝ ʛʝʦʛʨʘʬʠʯʝʩʢʦʝ ʦʙʱʝʩʪʚʦè (ʈɻʆ) ʚ ʨʘʤʢʘʭ ʛʨʘʥʪʦʚʦʛʦ ʧʨʦʝʢʪʘ 

ʈɻʆ çʕʢʩʧʝʜʠʮʠʷ çʇʣʘʚʫʯʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ɺʦʣʞʩʢʦʛʦ ʙʘʩʩʝʡʥʘè (ɼʦʛʦʚʦʨ ˉ 04/2017-

ʈ) ʠ ʈʌʌʀ (ʇʨʦʝʢʪ 15-45-02690). 
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The article presents the author's landscape zoning scheme of  the territory of the Izhma river 
drainage basin. The results of the analysis of the dynamics of the channel network elemen-
tary streams are done on materials of topographic maps and satellite imagery for the period 

2001ï2017 years, and also on the results of the field research. The fact of progress of the 
channel network of elementary streams in the northern part of the basin is stated , where on 
the eluvial loam the active process of overgrowing fields by forests around extinct or endan-
gered villages occurs. In the southern part of the basin, the most densely populated and eco-
nomically developed, there is a process of shrinking regular elementary streams. The deter-
minism of the intensity of a network development of elementary streams by landscape condi-
tions is revealed. 
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ʂʆʅʎɽʇʎʀʀ ʀ ɸʃɻʆʈʀʊʄʓ ʈɽʐɽʅʀʗ 

ʄʅʆɻʆʂʈʀʊɽʈʀɸʃʔʅʓʍ ʄʆɼʀʌʀʂɸʎʀʁ  

ɿɸɼɸʏʀ ʆ ʅɸɿʅɸʏɽʅʀʗʍ1 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʟʘʜʘʯʘ ʦ ʥʘʟʥʘʯʝʥʠʷʭ, ʣʠʥʝʡʥʘʷ ʩʚʝʨʪʢʘ ʢʨʠʪʝʨʠʝʚ, ʣʝʢʩʠʢʦʛʨʘʬʠʯʝ-
ʩʢʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ, ʦʙʣʘʩʪʴ ʢʦʤʧʨʦʤʠʩʩʦʚ, ʧʘʨʝʪʦ-ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʰʝʥʠʷ, ʤʥʦʛʦʢʨʠ-

ʪʝʨʠʘʣʴʥʦʝ ʜʠʥʘʤʠʯʝʩʢʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ. 
 
ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʦʥʮʝʧʮʠʠ, ʩʭʝʤʳ ʠ ʘʣʛʦʨʠʪʤʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦ ʥʘʟʥʘʯʝʥʠʷʭ ʧʨʠ 
ʥʘʣʠʯʠʠ ʥʝʩʢʦʣʴʢʠʭ ʢʨʠʪʝʨʠʝʚ ʦʮʝʥʢʠ ʨʝʰʝʥʠʡ. ʇʨʠʚʦʜʷʪʩʷ ʧʨʠʤʝʨʳ ʯʠʩʣʝʥʥʦʡ ʨʝʘʣʠ-
ʟʘʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʦʜʭʦʜʦʚ. ʀʟʣʘʛʘʶʪʩʷ ʥʦʚʳʝ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʤʥʦʛʦʢʨʠʪʝʨʠ-
ʘʣʴʥʳʝ ʩʭʝʤʳ ʢʦʤʧʨʦʤʠʩʩʘ ʧʦʜʭʦʜʳ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯ ʦ ʥʘʟʥʘʯʝʥʠʷʭ, ʠʟʥʘʯʘʣʴʥʦ ʬʦʨ-
ʤʫʣʠʨʫʝʤʳʤ ʢʘʢ ʤʘʢʩʠʤʠʥʥʳʝ (ʤʠʥʠʤʘʢʩʥʳʝ). 

 

ɺʚʝʜʝʥʠʝ. ʂʣʘʩʩʠʯʝʩʢʦʡ ʟʘʜʘʯʝ ʦ ʥʘʟʥʘʯʝʥʠʷʭ (ʂɿʅ), ʚʧʝʨʚʳʝ ʚʚʝʜʝʥʥʦʡ ʚ ʥʘʫʯ-

ʥʳʡ ʦʙʦʨʦʪ ʚ ʨʘʙʦʪʝ [1], ʠ ʝʸ ʨʘʟʣʠʯʥʳʤ ʤʦʜʠʬʠʢʘʮʠʷʤ ʧʦʩʚʷʱʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦ-

ʣʠʯʝʩʪʚʦ ʨʘʙʦʪ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ (ʩʤ., ʥʘʧʨʠʤʝʨ, [2ï4]). 

ɸʣʛʦʨʠʪʤʳ ʨʝʰʝʥʠʷ ʵʪʠʭ ʟʘʜʘʯ ʠʤʝʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʨʠʢʣʘʜʥʦʝ ʟʥʘʯʝʥʠʝ ʢʘʢ ʦʩʥʦʚʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʮʠʬʨʦʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʦʜʜʝʨʞʢʠ ʠʥ-

ʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʣʦʛʠʩʪʠʢʦʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ 

ʚʥʫʪʨʝʥʥʝʤ ʚʦʜʥʦʤ ʪʨʘʥʩʧʦʨʪʝ [5]. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʦʚ ʫʢʘʞʝʤ ʥʘ ʟʘʜʘʯʠ ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʷ ʩʢʦʨʦʩʪʥʳʭ ʧʘʩʩʘʞʠʨʩʢʠʭ ʩʫʜʦʚ ʧʦ ʧʨʠʛʦʨʦʜʥʳʤ ʠ ʨʝʛʠʦʥʘʣʴʥʳʤ ʤʘʨʰʨʫʪʘʤ, 

ʨʘʩʩʪʘʥʦʚʢʠ ʛʨʫʟʦʚʳʭ ʩʫʜʦʚ ʧʦ ʣʠʥʠʷʤ, ʨʝʘʣʠʟʘʮʠʠ ʧʣʘʥʦʚ ʤʘʩʩʦʚʦʡ ʜʦʩʪʘʚʢʠ ʧʦʪʨʝ-

ʙʠʪʝʣʷʤ ʥʝʨʫʜʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [6] ʠʟ ʨʘʡʦʥʦʚ ʤʘʩʩʦʚʦʡ ʨʫʩʣʦʚʦʡ ʜʦʙʳ-
ʯʠ [7]. 

ʉʧʝʮʠʘʣʴʥʦ ʦʪʤʝʪʠʤ ʪʘʢʞʝ ʤʠʥʠʤʘʢʩʥʳʝ (ʤʘʢʩʠʤʠʥʥʳʝ) ʟʘʜʘʯʠ ʦ ʥʘʟʥʘʯʝʥʠʷʭ 

(ʩʤ., ʥʘʧʨʠʤʝʨ [8]), ʠʤʝʶʱʠʝ ʜʦʩʪʘʪʦʯʥʦ ʦʙʰʠʨʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʪʨʘʥʩ-

ʧʦʨʪʥʦʡ ʣʦʛʠʩʪʠʢʠ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʨʘʩʩʤʦʪʨʝʥʠʶ ʟʘʜʘʯ ʦ ʥʘʟʥʘʯʝʥʠʷʭ ʚ 

ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʳʭ ʧʦʩʪʘʥʦʚʢʘʭ. ʉʨʝʜʠ ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʘʪʠʢʝ ʦʪʤʝ-

ʪʠʤ ʨʘʙʦʪʳ [9-13]. 

ɺ ʩʣʝʜʫʶʱʝʤ ʟʘ ʚʚʝʜʝʥʠʝʤ, ʧʝʨʚʦʤ ʨʘʟʜʝʣʝ ʩʪʘʪʴʠ ʚʦʜʠʪʩʷ ʦʙʱʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘ-

ʜʘʯʠ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ, ʨʘʟʲʷʩʥʷʶʪʩʷ ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʝʸ ʦʙʱʝʡ ʪʝʦ-

ʨʠʠ ʙʘʟʦʚʳʝ ʧʦʥʷʪʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʪʘʢʠʝ, ʢʘʢ ʵʬʬʝʢʪʠʚʥʘʷ ʦʮʝʥʢʘ ʠ ʧʘʨʝʪʦ-

ʦʧʪʠʤʘʣʴʥʦʝ ʨʝʰʝʥʠʝ, ʧʨʠʚʦʜʠʪʩʷ ʠʭ ʠʣʣʶʩʪʨʠʨʫʶʱʠʡ ʯʠʩʣʝʥʥʳʡ ʧʨʠʤʝʨ. 
ɺʦ ʚʪʦʨʦʤ ʨʘʟʜʝʣʝ ʨʘʟʲʷʩʥʷʝʪʩʷ ʩʤʳʩʣ ʢʦʤʧʨʦʤʠʩʩʥʦʛʦ ʧʦʜʭʦʜʘ, ʦʧʠʩʳʚʘʶʪʩʷ 

ʜʚʝ ʥʘʠʙʦʣʝʝ ʫʧʦʪʨʝʙʠʪʝʣʴʥʳʝ ʩʭʝʤʳ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ (ʣʠʥʝʡʥʘʷ ʩʚʝʨʪʢʘ ʢʨʠʪʝʨʠʝʚ ʠ 

ʣʝʢʩʠʢʦʛʨʘʬʠʯʝʩʢʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ ʢʨʠʪʝʨʠʝʚ) ʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʟʤʦʞʥʳʝ ʪʝʭʥʦ-

ʣʦʛʠʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʩ ʧʦʟʠʮʠʡ ʫʯʘʩʪʠʷ ʚ ʝʸ ʨʝ-

ʰʝʥʠʠ ʣʠʮʘ, ʧʨʠʥʠʤʘʶʱʝʛʦ ʨʝʰʝʥʠʷ (ʃʇʈ). 

                                                        
1 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ˉ 15-07-

03141. 
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ʊʨʝʪʠʡ ʨʘʟʜʝʣ ʧʦʩʚʷʱʝʥ ʦʧʠʩʘʥʠʶ ʘʣʛʦʨʠʪʤʦʚ ʨʝʘʣʠʟʘʮʠʠ ʜʚʫʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ 

ʩʭʝʤ ʢʦʤʧʨʦʤʠʩʩʘ ʠ ʘʣʛʦʨʠʪʤʘ ʧʦʩʪʨʦʝʥʠʷ ʤʥʦʞʝʩʪʚ ʵʬʬʝʢʪʠʚʥʳʭ ʦʮʝʥʦʢ. 

1. ʆʙʱʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ,  

ʢʦʥʮʝʧʮʠʠ ʵʬʬʝʢʪʠʚʥʦʡ ʦʮʝʥʢʠ ʠ ʧʘʨʝʪʦ-ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ 

ɿʘʜʘʯʘ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʩ m ʢʨʠʪʝʨʠʷʤʠ 

ʂ1(x), ʂ2(x), é , ʂm(x) (1) 

ʚ ʦʙʱʝʤ ʚʠʜʝ ʟʘʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

DÍx
max(ʂ1(x), ʂ2(x), é , ʂm(x)) (2) 

(ʚ ʩʣʫʯʘʝ ʥʘʣʠʯʠʷ ʤʠʥʠʤʠʟʠʨʫʝʤʳʭ ʢʨʠʪʝʨʠʝʚ ʢʘʞʜʳʡ ʠʟ ʥʠʭ ʫʤʥʦʞʝʥʠʝʤ ʥʘ 

ʤʠʥʫʩ ʝʜʠʥʠʮʫ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʤʘʢʩʠʤʠʟʠʨʫʝʤʳʡ). 

ʂʨʠʪʝʨʠʘʣʴʥʘʷ ʚʝʢʪʦʨ-ʬʫʥʢʮʠʷ K(x) = (ʂ1(x), ʂ2(x), é , ʂm(x)) ʦʪʦʙʨʘʞʘʝʪ ʦʙʣʘʩʪʴ 

ʜʦʧʫʩʪʠʤʳʭ ʨʝʰʝʥʠʡ D ʚ ʤʥʦʞʝʩʪʚʦ 

DK = {K | K(x) = (K1(x), K2(x), é , Km(x)) ʧʨʠ ʥʝʢʦʪʦʨʦʤ x Í D}  

ʠʟ m-ʤʝʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʢʨʠʪʝʨʠʝʚ. 
ʕʣʝʤʝʥʪʳ ʤʥʦʞʝʩʪʚʘ DK ʠʤʝʥʫʶʪʩʷ ʦʮʝʥʢʘʤʠ (ʚʝʢʪʦʨʘʤʠ-ʦʮʝʥʢʘʤʠ). ʂʘʞʜʘʷ 

ʦʮʝʥʢʘ K(x) ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʧʦʨʦʞʜʘʶʱʝʝ ʝʝ ʨʝʰʝʥʠʝ x. ɼʚʘ ʨʝʰʝʥʠʷ ʵʢʚʠʚʘʣʝʥʪʥʳ, 

ʝʩʣʠ ʠʭ ʦʮʝʥʢʠ ʦʜʠʥʘʢʦʚʳ. 

ʇʫʩʪʴ Q - ʧʨʦʠʟʚʦʣʴʥʦʝ ʤʥʦʞʝʩʪʚʦ ʚʝʢʪʦʨʦʚ-ʦʮʝʥʦʢ ʟʘʜʘʯʠ (2). ʆʮʝʥʢʘ w = (w1, 
w2, é, wm) ʠʟ Q ʥʘʟʳʚʘʝʪʩʷ ʥʝʜʦʤʠʥʠʨʫʝʤʦʡ ʚ Q, ʝʩʣʠ ʚ ʵʪʦʤ ʤʥʦʞʝʩʪʚʝ ʥʝ ʥʘʡʜʝʪʩʷ 

ʦʮʝʥʢʠ w¡ = (w¡1, w¡2, é , w¡m) ʪʘʢʦʡ, ʯʪʦ 

w¡i ² wi, mi ,1 = , (3) 

ʧʨʠʯʝʤ ʭʦʪʷ ʙʳ ʦʜʥʦ ʠʟ ʥʝʨʘʚʝʥʩʪʚ (3) ʚʳʧʦʣʥʷʝʪʩʷ ʢʘʢ ʩʪʨʦʛʦʝ. 

ʅʝʜʦʤʠʥʠʨʫʝʤʳʝ ʚ ʤʥʦʞʝʩʪʚʝ DK ʦʮʝʥʢʠ ʠʤʝʥʫʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤʠ (ʧʦ ʇʘʨʝʪʦ) 

[13]. ʆʙʨʘʪʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʂï1 ʧʦʜʤʥʦʞʝʩʪʚʘ E ʚʩʝʭ ʵʬʬʝʢʪʠʚʥʳʭ ʦʮʝʥʦʢ ʚ ʦʙʣʘʩʪʴ 

D ʦʧʨʝʜʝʣʷʝʪ ʧʦʣʥʫʶ ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʘʨʝʪʦ-ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʰʝʥʠʡ ʟʘʜʘʯʠ (2). 

ʈʝʰʝʥʠʝ x, x Í D ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʜʘʯʠ ʧʘʨʝʪʦ-ʦʧʪʠʤʘʣʴʥʦ ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦ-

ʛʜʘ, ʢʦʛʜʘ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʜʨʫʛʦʛʦ ʜʦʧʫʩʪʠʤʦʛʦ ʨʝʰʝʥʠʷ x¡, ʧʝʨʝʭʦʜ ʢ ʢʦʪʦʨʦʤʫ ʫʣʫʯ-
ʰʘʝʪ ʟʥʘʯʝʥʠʝ, ʧʦ ʤʝʥʴʰʝʡ ʤʝʨʝ, ʦʜʥʦʛʦ ʢʨʠʪʝʨʠʷ ʠʟ ʩʦʚʦʢʫʧʥʦʩʪʠ (1), ʥʝ ʫʭʫʜʰʘʷ 

ʟʥʘʯʝʥʠʡ ʦʩʪʘʣʴʥʳʭ ʝʸ ʢʨʠʪʝʨʠʝʚ. 

ɺʳʙʦʨ ʥʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ (2) ʩʣʝʜʫʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʠʟ ʧʦʜ-

ʤʥʦʞʝʩʪʚʘ ʧʘʨʝʪʦ-ʦʧʪʠʤʘʣʴʥʳʭ. 

ʆʙʱʘʷ ʪʝʭʥʦʣʦʛʠʷ ʨʝʰʝʥʠʷ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʡ ʟʘʜʘʯʠ (2) ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦ-

ʩʪʨʦʝʥʠʠ ʧʦʜʤʥʦʞʝʩʪʚʘ ʚʩʝʭ ʵʬʬʝʢʪʠʚʥʳʭ ʦʮʝʥʦʢ E ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ 

ʚʦʟʤʦʞʥʦʩʪʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦ ʣʶʙʦʡ ʧʨʠʥʘʜʣʝʞʘʱʝʡ ʧʦʜʤʥʦʞʝʩʪʚʫ E ʦʮʝʥʢʝ ʧʘ-
ʨʝʪʦ-ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ, ʝʝ ʧʦʨʦʞʜʘʶʱʝʛʦ. ʇʨʠ ʵʪʦʤ ʃʇʈ ʧʦʣʫʯʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʚʳʙʨʘʪʴ ʣʶʙʦʡ ʮʝʣʝʩʦʦʙʨʘʟʥʳʡ ʚʘʨʠʘʥʪ, ʠʤʝʷ ʧʦʣʫʯʝʥʥʳʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ 

ʧʦʣʥʳʡ ʥʘʙʦʨ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʠ ʫʯʝʩʪʴ ʠʥʳʝ ʥʝʬʦʨʤʘʣʠʟʦʚʘʥʥʳʝ ʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʠʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ. 

ɼʣʷ ʧʦʷʩʥʝʥʠʷ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ ʨʘʩʩʤʦʪʨʠʤ ʜʠʩʢʨʝʪʥʫʶ ʟʘʜʘʯʫ ʩ ʜʚʫʤʷ ʥʝʟʘʚʠ-

ʩʠʤʳʤʠ ʢʨʠʪʝʨʠʷʤʠ ʦʮʝʥʢʠ, ʚ ʢʦʪʦʨʦʡ ʤʥʦʞʝʩʪʚʦ ʜʦʧʫʩʪʠʤʳʭ ʨʝʰʝʥʠʡ D ʢʦʥʝʯʥʦ. 

ʉ ʮʝʣʴʶ ʧʦʩʪʨʦʝʥʠʷ ʧʦʜʤʥʦʞʝʩʪʚʘ E ʚʳʧʦʣʥʷʝʤ ʧʨʦʮʝʜʫʨʫ ʫʧʦʨʷʜʦʯʝʥʠʷ ʩʦʚʦ-

ʢʫʧʥʦʩʪʠ ʦʮʝʥʦʢ DK ʧʦ ʫʙʳʚʘʥʠʶ ʟʥʘʯʝʥʠʡ ʧʝʨʚʦʡ ʢʦʦʨʜʠʥʘʪʳ, ʘ ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ 

ʟʥʘʯʝʥʠʷʭ ʧʝʨʚʦʡ ʢʦʦʨʜʠʥʘʪʳ ï ʧʦ ʫʙʳʚʘʥʠʶ ʟʥʘʯʝʥʠʡ ʚʪʦʨʦʡ ʢʦʦʨʜʠʥʘʪʳ. ɺ ʨʝʟʫʣʴ-

ʪʘʪʝ ʧʦʣʫʯʘʝʤ ʩʧʠʩʦʢ S1. 
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ʇʝʨʚʫʶ ʦʮʝʥʢʫ ʩʧʠʩʢʘ S1 ʚʢʣʶʯʘʝʤ ʚ ʩʧʠʩʦʢ S2. ʂʘʞʜʫʶ ʧʦʩʣʝʜʫʶʱʫʶ ʦʮʝʥʢʫ 

(aj, bj) ʠʟ ʩʧʠʩʢʘ S1 ʚʢʣʶʯʘʝʤ ʚ ʩʧʠʩʦʢ S2 ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʚʳʧʦʣʥʷʶʪʩʷ ʜʚʘ 
ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʷ: 

aj < ai, ʠ bj > bi, 

ʛʜʝ (aj, bj) ï ʧʦʩʣʝʜʥʷʷ ʠʟ ʨʘʥʝʝ ʚʢʣʶʯʝʥʥʳʭ ʚ ʩʧʠʩʦʢ S2 ʦʮʝʥʦʢ. ʉʦʩʪʘʚʣʝʥʥʳʡ ʚ ʠʪʦʛʝ 

ʩʧʠʩʦʢ S2 ʩʦʚʧʘʜʘʝʪ ʩ ʠʩʢʦʤʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʵʬʬʝʢʪʠʚʥʳʭ ʦʮʝʥʦʢ E. 

 

ʇʨʠʤʝʨ 1. ʅʘʡʪʠ ʧʦʣʥʫʶ ʩʦʚʦʢʫʧʥʦʩʪʴ ʵʬʬʝʢʪʠʚʥʳʭ ʦʮʝʥʦʢ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʠʤ ʧʘʨʝʪʦ-ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʰʝʥʠʡ ʚ ʙʠʢʨʠʪʝʨʠʘʣʴʥʦʡ ʟʘʜʘʯʝ ʦ ʥʘʟʥʘʯʝʥʠʷʭ (ɹʂʅɿ) (2) 

ʩ ʣʠʥʝʡʥʳʤʠ ʢʨʠʪʝʨʠʷʤʠ ʦʮʝʥʢʠ ʂ1(x) =ä=

3

1 )(i iixa  ʠ ʂ2(x) = ,
3

1 )(ä=i iixb  ʦʧʨʝʜʝʣʷʝ-

ʤr ʤʠ ʤʘʪʨʠʮʘʤʠ A ʠ B ʚʠʜʘ 

A = 

æ
æ
æ

ç

å

ö
ö
ö

÷

õ

1030

15105

0510
 ʠ B = 

æ
æ
æ

ç

å

ö
ö
ö

÷

õ

51015

555

15105
. (4) 

ɺʳʧʦʣʥʠʚ ʧʝʨʝʙʦʨ ʚʦʟʤʦʞʥʳʭ ʢʦʤʙʠʥʘʮʠʡ ʟʥʘʯʝʥʠʡ ʢʨʠʪʝʨʠʝʚ ʂ1(x) ʠ ʂ2(x), ʧʦ-

ʣʫʯʘʝʤ ʩʣʝʜʫʶʱʫʶ ʧʦʣʥʫʶ ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʘʨʝʪʦ-ʦʧʪʠʤʘʣʴʥʳʭ ʥʘʟʥʘʯʝʥʠʡ: 

(x(1) = 1, x(2) = 2, x(3) =3), (x(1) = 1, x(2) = 3, x(3) = 2), (x(1) = 2, x(2) = 1, x(3) = 3), 

(x(1) = 2, x(2) = 3, x(3) = 1), (x(1) = 3, x(2) = 1, x(3) = 2), (x(1) = 3, x(2) = 2, x(3) = 1). 

ʕʪʠʤʠ ʥʘʟʥʘʯʝʥʠʷʤʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦʨʦʞʜʘʶʪʩʷ ʦʙʨʘʟʫʶʱʠʝ ʧʦʜʤʥʦʞʝʩʪʚʦ E 

ʵʬʬʝʢʪʠʚʥʳʝ ʦʮʝʥʢʠ (30, 15), (28, 20), (20, 20), (20, 30), (8, 30), (10, 35). 

2. ʂʦʥʮʝʧʮʠʷ ʢʦʤʧʨʦʤʠʩʩʘ ʤʝʞʜʫ ʢʨʠʪʝʨʠʷʤʠ 

ʇʨʠʥʮʠʧʠʘʣʴʥʦ ʠʥʦʡ ʧʦʜʭʦʜ ʢ ʨʝʰʝʥʠʶ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʡ ʟʘʜʘʯʠ (2) ʦʩʥʦʚʘʥ 

ʥʘ ʢʦʥʮʝʧʮʠʠ ʢʦʤʧʨʦʤʠʩʩʘ ʤʝʞʜʫ ʢʨʠʪʝʨʠʷʤʠ ʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʠʥʷʪʠʠ ʪʦʡ ʠʣʠ 

ʠʥʦʡ ʝʛʦ ʩʭʝʤʳ. 

ʂʘʞʜʘʷ ʩʭʝʤʘ ʢʦʤʧʨʦʤʠʩʩʘ ʩʚʦʜʠʪ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ (2) ʢ ʦʜʥʦʡ ʠʣʠ ʥʝʩʢʦʣʴʢʠʤ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʝʰʘʝʤʳʤ ʟʘʜʘʯʘʤ ʦʜʥʦʢʨʠʪʝʨʠʘʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ. ʇʨʠ ʵʪʦʤ ʚʦʟ-
ʤʦʞʥʳ ʪʨʠ ʚʘʨʠʘʥʪʘ ʜʝʡʩʪʚʠʡ ʃʇʈ. 

ʇʝʨʚʳʡ ʚʘʨʠʘʥʪ, ʧʨʝʜʧʦʣʘʛʘʷ ʫʯʘʩʪʠʝ ʃʇʈ ʚ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ (2) ʣʠʰʴ ʥʘ ʥʘʯʘʣʴ-

ʥʦʤ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤ ʵʪʘʧʝ, ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʙʦʨʝ ʠʤ ʩʭʝʤʳ ʢʦʤʧʨʦʤʠʩʩʘ ʠ ʚ ʩʣʫʯʘ-

ʷʭ, ʢʦʛʜʘ ʵʪʦ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʩʭʝʤʦʡ ʢʦʤʧʨʦʤʠʩʩʘ, - ʚ ʫʢʘʟʘʥʠʠ ʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ 
ʝy ʧʘʨʘʤʝʪʨʦʚ. 

ɺʪʦʨʦʡ ʚʘʨʠʘʥʪ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʨʠʚʣʝʯʝʥʠʝ ʃʇʈ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʫʢʘʟʘʥʠʡ, ʟʘʚʠ-

ʩʷʱʠʭ ʦʪ ʦʮʝʥʢʠ ʧʦʣʫʯʝʥʥʳʭ ʚ ʧʨʦʮʝʩʩʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ (2) ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʨʝʟʫʣʴ-

ʪʘʪʦʚ. 

ʊʨʝʪʠʡ ʚʘʨʠʘʥʪ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʘʢʪʠʚʥʦʝ ʫʯʘʩʪʠʝ ʃʇʈ ʚ ʤʥʦʛʦʢʨʘʪʥʦʤ ʨʝʰʝʥʠʠ 

ʟʘʜʘʯʠ (2) ʩ ʚʦʟʤʦʞʥʦʩʪʴ ʁʥʘʧʨʘʚʣʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠ ̫ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʩʭʝʤʳ 

ʢʦʤʧʨʦʤʠʩʩʘ (ʠʣʠ ʩʘʤʦʡ ʩʭʝʤʳ ʢʦʤʧʨʦʤʠʩʩʘ) ʧʦʩʣʝ ʢʘʞʜʦʛʦ ʚʳʧʦʣʥʝʥʥʦʛʦ ʮʠʢʣʘ 

ʨʝʰʝʥʠʷ. 

ʆʙʱʝʝ ʯʠʩʣʦ ʩʭʝʤ ʢʦʤʧʨʦʤʠʩʩʘ ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʦ, ʨʷʜ ʠʟ ʥʠʭ ʠʟʣʦʞʝʥ ʚ [14ï16]. 
ʅʠʞʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʜʚʝ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʫʧʦʪʨʝʙʣʷʝʤʳʝ ʩʭʝʤʳ. 

2.1. ɸʜʜʠʪʠʚʥʘʷ ʩʚʝʨʪʢʘ ʢʨʠʪʝʨʠʝʚ (ɸʉʂ). ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ɸʉʂ ʟʘʜʘʯʘ ʤʥʦʛʦ-

ʢʨʠʪʝʨʠʘʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʩ m ʢʨʠʪʝʨʠʷʤʠ ʟʘʤʝʥʷʝʪʩʷ ʦʜʥʦʢʨʠʪʝʨʠʘʣʴʥʦʡ ʟʘʜʘʯʝʡ 

ʚʠʜʘ 

DÍx
max(ɚ1ʂ1(x) + ɚ2ʂ2(x) +é+ ɚmʂm(x)). (5) 



ɼ.ʀ. ʂʦʛʘʥ, ʖ.ʉ. ʌʝʜʦʩʝʥʢʦ, ɼ.ɸ. ʍʘʥʜʫʨʠʥ 
ʂʦʥʮʝʧʮʠʠ ʠ ʘʣʛʦʨʠʪʤʳ ʨʝʰʝʥʠʷ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ ʟʘʜʘʯʠ ʦ ʥʘʟʥʘʯʝʥʠʷʭ 
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ʇʨʠ ʵʪʦʤ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʥʘʟʥʘʯʘʝʤʳʝ ʃʇʈ ʠ ʬʠʢʩʠʨʫʶʱʠʝ ʢʦʤʧʨʦʤʠʩʩ ʤʝʞʜʫ 

ʢʨʠʪʝʨʠʷʤʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʚʝʨʪʢʠ ɚi, mi ,1 =  ʧʦʣʦʞʠʪʝʣʴʥʳ. 

ʇʦʩʢʦʣʴʢʫ ʟʘʜʘʯʘ, ʧʦʣʫʯʘʝʤʘʷ ʠʟ ʧʨʦʠʟʚʦʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʡ ʧʦʩʪʘʥʦʚʢʠ ʫʤ-

ʥʦʞʝʥʠʝʤ ʢʨʠʪʝʨʠʷ ʥʘ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʢʦʥʩʪʘʥʪʫ, ʠʤʝʝʪ ʪʦ ʞʝ ʤʥʦʞʝʩʪʚʦ ʨʝʰʝʥʠʡ, 

ʯʪʦ ʠ ʠʩʭʦʜʥʘʷ, ʪʦ ʚʩʝʛʜʘ ʩʫʱʝʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʛʨʘʥʠʯʠʪʴ ʩʦʚʦʢʫʧʥʦʩʪʴ ʟʥʘʯʝʥʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʚʝʨʪʢʠ ʫʩʣʦʚʠʷʤʠ 

ɚi Í(0, 1), mi ,1 = ; ɚ1 + ɚ2 + é+ɚm = 1. (6) 

ʂʦʵʬʬʠʮʠʝʥʪʳ ɚi, mi ,1 =  ʥʘʟʳʚʘʶʪ ʚʝʩʦʚʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʠʣʠ ʚʝʩʘʤʠ ʩʦ-

ʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʨʠʪʝʨʠʝʚ: ʯʝʤ ʙʦʣʴʰʝ ʟʥʘʯʝʥʠʝ ɚi, ʪʝʤ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʨʝʰʝʥʠʝ 

ʟʘʜʘʯʠ (2) ʦʨʠʝʥʪʠʨʦʚʘʥʦ ʥʘ ʫʯʝʪ ʢʨʠʪʝʨʠʷ ʂi(x), mi ,1 = . 

ɽʩʣʠ ʧʨʠ m = 2 ʚʝʩ ʧʝʨʚʦʛʦ ʢʨʠʪʝʨʠʷ ʦʙʦʟʥʘʯʠʪʴ ʯʝʨʝʟ ɚ, ʪʦ ʩ ʫʯʝʪʦʤ (6) ʚʝʩ ʚʪʦ-

ʨʦʛʦ ʢʨʠʪʝʨʠʷ ʧʦʣʫʯʘʝʤ ʚ ʚʠʜʝ ʨʘʟʥʦʩʪʠ 1 - ɚ. 
ʄʝʪʦʜʦʤ ʦʪ ʧʨʦʪʠʚʥʦʛʦ ʣʝʛʢʦ ʜʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʧʨʠ ʣʶʙʦʤ ʥʘʙʦʨʝ ʚʝʩʦʚʳʭ ʢʦ-

ʵʬʬʠʮʠʝʥʪʦʚ ʦʧʪʠʤʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ (5) ʷʚʣʷʝʪʩʷ ʧʘʨʝʪʦ-ʦʧʪʠʤʘʣʴʥʳʤ ʚ ʟʘʜʘʯʝ 

(2). 

ɺʘʨʴʠʨʫʷ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ɸʉʂ ʧʨʠ ʩʦʙʣʶʜʝʥʠʠ ʫʩʣʦʚʠʡ (6) ʠ ʨʝʰʘʷ 
ʚʦʟʥʠʢʘʶʱʠʝ ʦʜʥʦʢʨʠʪʝʨʠʘʣʴʥʳʝ ʟʘʜʘʯʠ, ʧʦʣʫʯʘʝʤ, ʚʦʦʙʱʝ ʛʦʚʦʨʷ, ʨʘʟʣʠʯʥʳʝ ʧʘʨʝ-

ʪʦ-ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʰʝʥʠʷ ʠ ʧʦʨʦʞʜʘʝʤʳʝ ʠʤʠ ʵʬʬʝʢʪʠʚʥʳʝ ʦʮʝʥʢʠ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʠʤʝʶʪʩʷ ʟʘʜʘʯʠ, ʚ ʢʦʪʦʨʳʭ ʥʝ ʚʩʷʢʫʶ ʵʬʬʝʢʪʠʚʥʫʶ ʦʮʝʥʢʫ ʠ ʥʝ 

ʚʩʷʢʦʝ ʧʘʨʝʪʦ-ʦʧʪʠʤʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʨʝʘʣʠʟʘʮʠʝʡ ʣʠʥʝʡʥʦʡ ʩʚʝʨʪʢʠ 

ʢʨʠʪʝʨʠʝʚ (ʩʤ., ʥʘʧʨʠʤʝʨ, [10]). ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦʤ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ 

ʨʝʟʫʣʴʪʘʪ ʉ. ʂʘʨʣʠʥʘ [17], ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʩʣʝʜʫʶʱʝʤ. 

ɽʩʣʠ ʚ ʟʘʜʘʯʝ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʤʥʦʞʝʩʪʚʦ ʜʦʧʫʩʪʠʤʳʭ ʨʝʰʝʥʠʡ 

ʚʳʧʫʢʣʦ, ʘ ʚʩʝ ʢʨʠʪʝʨʠʘʣʴʥʳʝ ʬʫʥʢʮʠʠ ʚʦʛʥʫʪʳ, ʤʝʪʦʜʦʤ ɸʉʂ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ 

ʣʶʙʘʷ ʵʬʬʝʢʪʠʚʥʘʷ ʦʮʝʥʢʘ. 

2.2. ʃʝʢʩʠʢʦʛʨʘʬʠʯʝʩʢʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ ʢʨʠʪʝʨʠʝʚ (ʃʋʂ). ʉʦʛʣʘʩʥʦ ʜʘʥʥʦʤʫ 

ʧʨʠʥʮʠʧʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, ʚ ʢʦʪʦʨʦʡ ʢʨʠʪʝʨʠʠ ʧʝʨʝʯʠʩʣʝʥʳ ʚ ʟʘʧʠʩʠ ʢʨʠʪʝʨʠ-
ʘʣʴʥʦʡ ʚʝʢʪʦʨ-ʬʫʥʢʮʠʠ K(x) = (ʂ1(x), ʂ2(x), é , ʂm(x)), ʦʧʨʝʜʝʣʷʝʪ ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʫʶ 

ʟʥʘʯʠʤʦʩʪʴ: ʢʘʞʜʳʡ ʧʨʝʜʰʝʩʪʚʫʶʱʠʡ ʢʨʠʪʝʨʠʡ ʥʝʩʨʘʚʥʝʥʥʦ ʚʘʞʥʝʝ ʣʶʙʦʛʦ ʠʟ ʩʣʝ-

ʜʫʶʱʠʭ ʟʘ ʥʠʤ. 

ʇʦʩʪʨʦʝʥʠʝ ʨʝʰʝʥʠʷ, ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʛʣʘʩʥʦ ʃʋʂ ʚʠʜʘ ʂ1(x), ʂ2(x), é , ʂm(x), 

ʚʳʧʦʣʥʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʨʝʰʘʝʪʩʷ ʟʘʜʘʯʘ ʧʦʩʪʨʦʝʥʠʷ ʤʥʦʞʝʩʪʚʘ D1 ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʰʝ-

ʥʠʡ ʩ ʝʜʠʥʩʪʚʝʥʥʳʤ ʢʨʠʪʝʨʠʝʤ ʂ1(x). ɽʩʣʠ ʵʪʦ ʤʥʦʞʝʩʪʚʦ ʩʦʜʝʨʞʠʪ ʝʜʠʥʩʪʚʝʥʥʳʡ 

ʵʣʝʤʝʥʪ, ʪʦ ʵʪʦʪ ʵʣʝʤʝʥʪ ʠ ̫ʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤ ʨʝʰʝʥʠʝʤ ʠʩʭʦʜʥʦʡ ʤʥʦʛʦʢʨʠʪʝʨʠ-

ʘʣʴʥʦʡ ʟʘʜʘʯʠ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʧʝʨʝʭʦʜʠʤ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ 

1

max
DxÍ

K2(x) (7) 

ʇʫʩʪʴ D2 ī ʤʥʦʞʝʩʪʚʦ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʰʝʥʠʡ ʟʘʜʘʯʠ (7). ɽʩʣʠ D2 ʩʦʩʪʦʠʪ ʠʟ ʦʜʥʦ-

ʛʦ ʵʣʝʤʝʥʪʘ, ʪʦ ʵʪʦʪ ʵʣʝʤʝʥʪ ï ʝʜʠʥʩʪʚʝʥʥʦʝ ʦʧʪʠʤʘʣʴʥʦʝ ʧʦ ʧʨʠʥʮʠʧʫ ʃʋʂ ʨʝʰʝʥʠʝ 

ʠʩʭʦʜʥʦʡ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʡ ʟʘʜʘʯʠ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʘʥʘʣʦʛʠʯʥʦ ʧʨʝʜʳʜʫʱʝʤʫ 

ʨʝʰʘʝʪʩʷ ʟʘʜʘʯʘ ʤʘʢʩʠʤʠʟʘʮʠʠ ʟʥʘʯʝʥʠʷ ʢʨʠʪʝʨʠʷ K3(x) ʧʨʠ ʫʩʣʦʚʠʠ ʭÍD2, ʠ ʪ.ʜ. 
ʄʘʢʩʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʝʰʘʝʤʳʭ ʦʜʥʦʢʨʠʪʝʨʠʘʣʴʥʳʭ ʟʘʜʘʯ ʨʘʚʥʦ 

m. ɽʩʣʠ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ (2) ʦʧʨʝʜʝʣʠʣʦʩʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʠʷ ʤʝʥʴʰʝʛʦ ʯʠʩʣʘ 

ʵʪʘʧʦʚ, ʪʦ ʦʥʦ ʝʜʠʥʩʪʚʝʥʥʦ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʧʨʠ ʠʤʝʶʱʝʤʩʷ ʣʝʢʩʠʢʦʛʨʘʬʠʯʝ-

ʩʢʦʤ ʫʧʦʨʷʜʦʯʝʥʠʠ ʢʨʠʪʝʨʠʝʚ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʰʝʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʙʦʣʝʝ ʦʜʥʦʛʦ ʠ ʚ 

ʪʘʢʦʤ ʩʣʫʯʘʝ ʚʩʝ ʦʥʠ ʵʢʚʠʚʘʣʝʥʪʥʳ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʚ m-ʢʨʠʪʝʨʠʘʣʴʥʦʡ ʟʘʜʘʯʝ ʠʤʝʶʪʩʷ m! ʨʘʟʣʠʯʥʳʭ ʩʭʝʤ ʣʝʢʩʠʢʦʛʨʘ-
ʬʠʯʝʩʢʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ ʢʨʠʪʝʨʠʝʚ. ʈʝʰʝʥʠʷ, ʧʦʣʫʯʘʝʤʳʝ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʵʪʠʭ ʩʭʝʤ, 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 53, 2017 ʛ. 
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ʷʚʣʷʶʪʩʷ ʢʨʘʡʥʠʤʠ. ʅʘʠʙʦʣʴʰʝʝ ʯʠʩʣʦ ʢʨʘʡʥʠʭ ʧʦʧʘʨʥʦ ʥʝʵʢʚʠʚʘʣʝʥʪʥʳʭ ʨʝʰʝʥʠʡ 

ʟʘʜʘʯʠ (2) ʨʘʚʥʦ m!; ʧʨʠ ʵʪʦʤ ʢʘʞʜʦʝ ʢʨʘʡʥʝʝ ʨʝʰʝʥʠʝ, ʩʦʛʣʘʩʥʦ ʝʛʦ ʦʧʨʝʜʝʣʝʥʠʶ, 
ʚ̫ʣʷʝʪʩʷ ʧʘʨʝʪʦ-ʦʧʪʠʤʘʣʴʥʳʤ. 

3. ɸʣʛʦʨʠʪʤʳ ʨʝʘʣʠʟʘʮʠʠ ʩʭʝʤ ʢʦʤʧʨʦʤʠʩʩʘ  

ʠ ʧʦʩʪʨʦʝʥʠʷ ʤʥʦʞʝʩʪʚ ʵʬʬʝʢʪʠʚʥʳʭ ʦʮʝʥʦʢ 

ʂʘʢ ʦʯʝʚʠʜʥʦ, ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ɸʉʂ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʢʣʘʩʩʠʯʝ-

ʩʢʦʡ ʟʘʜʘʯʠ ʦ ʥʘʟʥʘʯʝʥʠʷʭ 

max(ä=

n

i
iia

1
)(

1
p ,ä=

n

i
iia

1
)(

2
p , é , ä=

n

i
ii

ma
1

)(p ), 

ʦʧʨʝʜʝʣʷʝʤʦʡ ʥʘʙʦʨʦʤ (nxn)-ʤʘʪʨʠʮ ɸ1 = {ʘ1
ij},  ɸ

2 = {ʘ2
ij},  é , ɸm = {ʘm

ij}, ʘ ʚʝʩʘ ʢʨʠ-

ʪʝʨʠʝʚ ä=

n

i
iia

1
)(

1
p ,ä=

n

i
iia

1
)(

2
p , é , ä=

n

i
ii

ma
1

)(p  ʧʨʠ ʵʪʦʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʟʥʘʯʝʥʠʷʤʠ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ɚ1, ɚ2 é , ɚm ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʣʝʜʫʝʪ ʨʝʰʠʪʴ ʦʜʥʦʢʨʠʪʝʨʠʘʣʴʥʫʶ 

ʂɿʅ, ʦʧʨʝʜʝʣʷʝʤʫʶ ʤʘʪʨʠʮʝʡ ɸ = ɚ1ɸ
1 + ɚ2ɸ

2 + é + ɚmɸ
m. 

ɼʣʷ ʣʶʙʦʡ ʟʘʜʘʯʠ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʡ ʜʠʩʢʨʝʪʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʢʘʞʜʘʷ ʢʨʘʡʥʷʷ 
ʦʮʝʥʢʘ ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥʘ ʧʫʪʝʤ ʨʝʰʝʥʠʷ ʦʜʥʦʢʨʠʪʝʨʠʘʣʴʥʦʡ ʟʘʜʘʯʠ, ʧʦʣʫʯʘʝʤʦʡ 

ʠʟ ʠʩʭʦʜʥʦʡ ʧʨʠʤʝʥʝʥʠʝʤ ɸʉʂ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʦʙʨʘʟʦʤ ʧʦʜʦʙʨʘʥʥʳʤʠ ʢʦʵʬʬʠ-

ʮʠʝʥʪʘʤʠ. 

ʇʫʩʪʴ ʤʘʪʨʠʮʳ ɸ ʠ ɺ ʨʘʟʤʝʨʥʦʩʪʠ nxn ʦʧʨʝʜʝʣʷʶʪ ɹʂʅɿ Z ʩ ʣʝʢʩʠʢʦʛʨʘʬʠʯʝʩʢʠ 

ʫʧʦʨʷʜʦʯʝʥʥʳʤʠ ʢʨʠʪʝʨʠʷʤʠ ä= p

n

i iia
1 )(  (ʚʝʜʫʱʠʡ ʢʨʠʪʝʨʠʡ) ʠ ä= p

n

i iib
1 )( .ʏʝʨʝʟ p 

ʦʙʦʟʥʘʯʠʤ ʯʠʩʣʦ, ʥʘ ʝʜʠʥʠʮʫ ʙʦʣʴʰʝʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʤʘʪʨʠʮʳ ɺ. ʈʝʰʠʚ 

ʂɿʅ, ʦʧʨʝʜʝʣʷʝʤʫʶ ʤʘʪʨʠʮʝʡ pnɸ + ɺ, ʥʘʡʜʝʤ ʥʘʟʥʘʯʝʥʠʝ, ʦʧʪʠʤʘʣʴʥʦʝ ʚ ʟʘʜʘʯʝ Z. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʫʚʝʣʠʯʝʥʠʝ ʩʫʤʤʳ ʚʳʙʨʘʥʥʳʭ ʥʘʟʥʘʯʝʥʠʝʤ ʵʣʝʤʝʥʪʦʚ ʤʘʪʨʠʮʳ ɸ ʥʘ 

ʝʜʠʥʠʮʫ ʚʥʦʩʠʪ ʚ ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ ʂɿʅ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʤʘʪʨʠʮʝʡ pnɸ + ɺ, ʙʦʣʴʰʫʶ 

ʚʝʣʠʯʠʥʫ, ʯʝʤ ʩʫʤʤʘ ʚʩʝʭ, ʦʭʚʘʪʳʚʘʝʤʳʭ ʥʘʟʥʘʯʝʥʠʝʤ ʵʣʝʤʝʥʪʦʚ ʤʘʪʨʠʮʳ ɺ. 

ʀʟʣʦʞʝʥʥʘʷ ʩʭʝʤʘ ʣʝʛʢʦ ʤʦʜʠʬʠʮʠʨʫʝʪʩʷ ʜʣʷ ʩʣʫʯʘʷ, ʢʦʛʜʘ ʩʣʝʜʫʝʪ ʨʝʰʠʪʴ ʟʘʜʘ-
ʯʫ ʩ m ʣʝʢʩʠʢʦʛʨʘʬʠʯʝʩʢʠ ʫʧʦʨʷʜʦʯʝʥʥʳʤʠ ʢʨʠʪʝʨʠʷʤʠ 

ä=

n

i
iia

1
)(

1
p , ä=

n

i
iia

1
)(

2
p , é , ä=

n

i
ii

ma
1

)(p . 

ɼʣʷ ʟʘʧʠʩʠ ʨʝʢʫʨʨʝʥʪʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʩʯʝʪ ʧʦ ʢʦʪʦʨʳʤ ʦʧʨʝʜʝʣʷʝʪ ʚ ʠʪʦʛʝ ʧʦʣʥʦʝ ʤʥʦʞʝʩʪʚʦ ʵʬʬʝʢʪʠʚ-

ʥʳʭ ʚ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʝ ʦʮʝʥʦʢ, ʩʣʝʜʫʝʪ ʚʚʝʩʪʠ ʜʚʝ ʥʦʚʳʝ ʦʧʝʨʘʮʠʠ - Ä ʠ eff. ʈʝʟʫʣʴ-

ʪʘʪ ʚʳʧʦʣʥʝʥʠʝ ʵʪʠʭ ʦʧʝʨʘʮʠʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ. 
ʇʫʩʪʴ x ï ʚʝʢʪʦʨ, ʘ Y ï ʢʦʥʝʯʥʦʝ ʤʥʦʞʝʩʪʚʦ ʪʦʡ ʞʝ, ʯʪʦ ʠ ʚʝʢʪʦʨ x ʨʘʟʤʝʨʥʦʩʪʠ. 

ʏʝʨʝʟ YÄx  (ʠʣʠ YÄx) ʦʙʦʟʥʘʯʘʝʤ ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʩʝʭ ʚʝʢʪʦʨʦʚ v, ʧʨʝʜʩʪʘʚʠʤʳʭ ʚ 

ʚʠʜʝ v = x + y, ʛʜʝ .YÍy
 

ɼʣʷ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʤʥʦʞʝʩʪʚʘ m-ʤʝʨʥʳʭ ʚʝʢʪʦʨʦʚ-ʦʮʝʥʦʢ M ʯʝʨʝʟ effM ʦʙʦʟʥʘʯʘ-

ʝʤ ʧʦʜʤʥʦʞʝʩʪʚʦ ʚʩʝʭ ʧʨʠʥʘʜʣʝʞʘʱʠʭ M ʠ ʥʝʜʦʤʠʥʠʨʫʝʤʳʭ ʚ M ʚʝʢʪʦʨʦʚ. 
ʇʝʨʝʡʜʝʤ ʢ ʧʨʦʙʣʝʤʝ ʧʦʩʪʨʦʝʥʠʷ ʧʦʣʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʵʬʬʝʢʪʠʚʥʳʭ ʦʮʝʥʦʢ ʜʣʷ 

ʙʠʢʨʠʪʝʨʠʘʣʴʥʦʡ ʟʘʜʘʯʠ ʦ ʥʘʟʥʘʯʝʥʠʷʭ ʩ ʜʚʫʤʷ ʤʘʢʩʠʤʠʟʠʨʫʝʤʳʤʠ ʢʨʠʪʝʨʠʷʤʠ 

ä=

n

i
iia

1
)(

1
p ʠ ä=

n

i
iia

1
)(

2
p . ʕʪʫ ʟʘʜʘʯʫ ʙʫʜʝʤ ʦʙʦʟʥʘʯʘʪʴ ʩʠʤʚʦʣʦʤ Z, ʯʝʨʝʟ E(Z) ʦʙʦ-

ʟʥʘʯʠʤ ʠʩʢʦʤʦʝ ʤʥʦʞʝʩʪʚʦ ʵʬʬʝʢʪʠʚʥʳʭ ʚ Z ʦʮʝʥʦʢ. 

ʏʝʨʝʟ Z(Wq), ʛʜʝ qÍ{1, 2, é , n}, ʘ Wq ï ʧʨʦʠʟʚʦʣʴʥʦʝ q-ʵʣʝʤʝʥʪʥʦʝ ʧʦʜʤʥʦʞʝʩʪʚʦ 
ʩʦʚʦʢʫʧʥʦʩʪʠ {1, 2, é , n}, ʦʙʦʟʥʘʯʠʤ ʯʘʩʪʥʫʶ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ Z ʟʘʜʘʯʫ, ʚ ʢʦʪʦʨʦʡ 

ʤʝʞʜʫ ʠʩʧʦʣʥʠʪʝʣʷʤʠ {1, 2, é , q} ʩʣʝʜʫʝʪ ʨʘʩʧʨʝʜʝʣʠʪʴ ʩʦʚʦʢʫʧʥʦʩʪʴ ʨʘʙʦʪ, ʠʥʜʝʢ-

ʩʳ ʢʦʪʦʨʳʭ ʧʝʨʝʯʠʩʣʝʥʳ ʚ Wq. 



ɼ.ʀ. ʂʦʛʘʥ, ʖ.ʉ. ʌʝʜʦʩʝʥʢʦ, ɼ.ɸ. ʍʘʥʜʫʨʠʥ 
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ʇʦʣʥʫʶ ʩʦʚʦʢʫʧʥʦʩʪʴ ʵʬʬʝʢʪʠʚʥʳʭ ʚ Z(Wq) ʦʮʝʥʦʢ ʦʙʦʟʥʘʯʠʤ E(Wq). ɺ ʩʠʣʫ ʚʚʝ-

ʜʝʥʥʳʭ ʚʳʰʝ ʦʙʦʟʥʘʯʝʥʠʡ Wn = {1, 2, é , n}, ʘ E({1, 2, é , n})  ʩʦʚʧʘʜʘʝʪ ʩ ʦʪʳʩʢʠ-
ʚʘʝʤʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴʶ E(Z). 

ʇʫʩʪʴ q = 1 ʠ W1 = { j}. ʊʦʛʜʘ, ʢʘʢ ʦʯʝʚʠʜʥʦ, ʚʳʧʦʣʥʷʝʪʩʷ ʨʘʚʝʥʩʪʚʦ 

E({ j}) = {( a1
1j, a

2
1j)}.  (8) 

ʇʫʩʪʴ ʪʝʧʝʨʴ q = 2 ʠ W2 = { i, j}.  ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʠʤʝʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʜʚʝ ʚʦʟʤʦʞ-

ʥʦʩʪʠ: ʘ) ʠʩʧʦʣʥʠʪʝʣʶ 2 ʧʨʝʜʧʠʩʘʪʴ ʨʘʙʦʪʫ ʩ ʠʥʜʝʢʩʦʤ i; ʙ) ʠʩʧʦʣʥʠʪʝʣʶ 2 ʧʨʝʜʧʠ-

ʩʘʪʴ ʨʘʙʦʪʫ ʩ ʠʥʜʝʢʩʦʤ j. ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʧʝʨʚʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʥʠʪʝʣʴ 2 ʧʦʣʫʯʘ-

ʝʪ ʨʘʙʦʪʫ, ʢʦʪʦʨʘʷ ʧʦ ʜʚʫʤ ʠʤʝʶʱʠʤʩʷ ʢʨʠʪʝʨʠʷʤ ʦʮʝʥʠʚʘʝʪʩʷ ʚʝʢʪʦʨʦʤ (a1
2i, a

2
2i); ʚ 

ʪʦ ʞʝ ʚʨʝʤʷ ʜʣʷ ʠʩʧʦʣʥʠʪʝʣʷ 1 ʦʩʪʘʝʪʩʷ ʪʦʣʴʢʦ ʦʜʠʥ ʚʘʨʠʘʥʪ, ʚʝʢʪʦʨʥʘʷ ʦʮʝʥʢʘ ʢʦʪʦ-

ʨʦʛʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ (a1
1j, a

2
1j). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʚʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʢʨʝʧʣʝʥʠʷ ʨʘʙʦʪ ʩ ʠʥʜʝʢʩʘʤʠ i ʠ j ʟʘ ʠʩ-

ʧʦʣʥʠʪʝʣʷʤʠ 1 ʠ 2 ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʝʢʪʦʨʦʤ-ʦʮʝʥʢʦʡ (a1
2i + a1

1j, a
2
2i + a2

1j). 

ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʚʪʦʨʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʥʠʪʝʣʴ 2 ʧʦʣʫʯʘʝʪ ʨʘʙʦʪʫ, ʢʦʪʦʨʘʷ ʧʦ 
ʜʚʫʤ ʠʤʝʶʱʠʤʩʷ ʢʨʠʪʝʨʠʷʤ ʦʮʝʥʠʚʘʝʪʩʷ ʚʝʢʪʦʨʦʤ (a1

2j, a
2
2j); ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʜʣʷ ʠʩ-

ʧʦʣʥʠʪʝʣʷ 1 ʦʩʪʘʝʪʩʷ ʪʦʣʴʢʦ ʦʜʠʥ ʚʘʨʠʘʥʪ, ʚʝʢʪʦʨʥʘʷ ʦʮʝʥʢʘ ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʧʘʨʦʡ (a1
1i, a

2
1i). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʪʦʨʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʢʨʝʧʣʝʥʠʷ ʨʘʙʦʪ ʩ ʠʥʜʝʢʩʘʤʠ i ʠ j ʟʘ ʠʩ-

ʧʦʣʥʠʪʝʣʷʤʠ 1 ʠ 2 ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʝʢʪʦʨʦʤ-ʦʮʝʥʢʦʡ (a1
2j + a1

1i, a
2
2j + a2

1i). 

ɼʣʷ ʦʪʳʩʢʘʥʠʷ E({ i, j}) ʠʟ ʩʦʚʦʢʫʧʥʦʩʪʠ ʚʝʢʪʦʨʦʚ { (a1
2i + a1

1j, a
2
2i + a2

1j), (a
1
2j + a1

1i, 

a2
2j + a2

1i)} ʥʘʜʦ ʚʳʜʝʣʠʪʴ ʥʝʜʦʤʠʥʠʨʫʝʤʳʝ. ʄʦʞʝʪ ʦʢʘʟʘʪʴʩʷ, ʯʪʦ ʥʝʜʦʤʠʥʠʨʫʝʤʳʤ 

ʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʦʜʠʥ ʠʟ ʵʪʠʭ ʚʝʢʪʦʨʦʚ, ʥʦ ʚʦʟʤʦʞʥʦ, ʯʪʦ ʦʙʘ ʚʝʢʪʦʨʘ ʥʝ ʜʦʤʠʥʠʨʫʶʪ 

ʜʨʫʛ ʜʨʫʛʘ. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʩʦʚʦʢʫʧʥʦʩʪʠ E(Wq) ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʧʨʦ-

ʮʝʩʩ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʙʦʪ ʤʝʞʜʫ ʠʩʧʦʣʥʠʪʝʣʷʤʠ ʨʝʘʣʠʟʫʝʪʩʷ ʧʦʰʘʛʦʚʦ (ʥʘ ʧʝʨʚʦʤ 
ʰʘʛʝ ʨʘʙʦʪʫ ʧʦʣʫʯʘʝʪ ʠʩʧʦʣʥʠʪʝʣʴ 1, ʥʘ ʚʪʦʨʦʤ ʰʘʛʝ ï ʠʩʧʦʣʥʠʪʝʣʴ 2 ʠ ʪ. ʜ.); ʝʩʣʠ ʥʘ 

ʰʘʛʝ q ʜʣʷ ʠʩʧʦʣʥʠʪʝʣʷ q ʦʩʪʘʣʘʩʴ ʪʦʣʴʢʦ ʨʘʙʦʪʘ ʩ ʠʥʜʝʢʩʦʤ i (iÍWq), ʪʦ ʥʘ ʧʨʝʜʳ-

ʜʫʱʠʭ ʰʘʛʘʭ ʤʝʞʜʫ ʠʩʧʦʣʥʠʪʝʣʷʤʠ 1, 2, é , qï1 ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʨʘʙʦʪʳ ʤʥʦʞʝʩʪʚʘ 

Wq/{ i} . 

ɹʫʜʝʤ ʩʯʠʪʘʪʴ (ʠ ʵʪʦ ʦʙʦʙʱʝʥʠʝ ʧʨʠʥʮʠʧʘ ɹʝʣʣʤʘʥʘ ʥʘ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʳʡ 

ʩʣʫʯʘʡ (ʩʤ., ʥʘʧʨʠʤʝʨ, [11]), ʯʪʦ ʫʢʘʟʘʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʩʧʦʣʥʠʪʝʣʝʡ 1, 2, é , qï1 

ʤʝʞʜʫ ʨʘʙʦʪʘʤʠ ʤʥʦʞʝʩʪʚʘ Wq/{ i}  ʦʧʪʠʤʘʣʴʥʦ ʧʦ ʇʘʨʝʪʦ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʦʤ ʧʝʨʚʳʭ q ï 1 ʰʘʛʦʚ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʣʶʙʘʷ ʦʮʝʥʢʘ ʠʟ 

ʩʦʚʦʢʫʧʥʦʩʪʠ E(Wq/{ i} ). ɺ ʠʪʦʛʝ ʧʦʣʫʯʘʝʤ 

[ ].),(}){\()( ,
2

,
1

îý

î
ü
û

îí
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ì
ë

Ä=
Í
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qWi

iqiqq
aaiWEeffqWE  (9) 

ʌʦʨʤʫʣʳ (8) ʠ (9) ï ʩʫʪʴ ʨʝʢʫʨʨʝʥʪʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠ-

ʨʦʚʘʥʠʷ ʜʣʷ ʨʝʰʝʥʠʷ ʙʠʢʨʠʪʝʨʠʘʣʴʥʦʡ ʟʘʜʘʯʠ ʦ ʥʘʟʥʘʯʝʥʠʷʭ ʩ ʜʚʫʤʷ ʘʜʜʠʪʠʚʥʳʤʠ 

ʤʘʢʩʠʤʠʟʠʨʫʝʤʳʤʠ ʢʨʠʪʝʨʠʷʤʠ. 

ʇʨʠʤʝʨ 2. ʄʝʪʦʜʦʤ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʜʣʷ ɹʂɿʅ Z, ʦʧʨʝʜʝʣʷʝʤʦʡ 

ʤʘʪʨʠʮʘʤʠ (3), ʧʦʩʪʨʦʠʪʴ ʧʦʣʥʫʶ ʩʦʚʦʢʫʧʥʦʩʪʴ ʵʬʬʝʢʪʠʚʥʳʭ ʦʮʝʥʦʢ E(Z) ʠ ʜʣʷ ʢʘʞ-

ʜʦʡ ʠʟ ʥʠʭ ʫʢʘʟʘʪʴ ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʝʝ ʧʘʨʝʪʦ-ʦʧʪʠʤʘʣʴʥʦʝ ʨʝʰʝʥʠʝ. 

ʇʦʣʴʟʫʷʩʴ (8), ʧʦʣʫʯʘʝʤ ɽ{1})  = (10, 5), ɽ({ 2})  = (5, 10), ɽ({ 3})  = (0,15); ʜʘʣʴʥʝʡ-
ʰʠʝ ʚʳʯʠʩʣʝʥʠʷ ʚʳʧʦʣʥʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (9). 

ʅʠʞʝ ʚ ʟʘʧʠʩʠ ʢʘʞʜʦʛʦ ʦʯʝʨʝʜʥʦʛʦ ʤʥʦʞʝʩʪʚʘ E(Wq) ʧʦʩʣʝ ʢʘʞʜʦʡ ʦʮʝʥʢʠ ʯʝʨʝʟ 

ʪʠʨʝ ʚ ʢʚʘʜʨʘʪʥʳʭ ʩʢʦʙʢʘʭ ʟʘʧʠʩʳʚʘʝʪʩʷ ʥʦʤʝʨ ʨʘʙʦʪʳ ʠʟ Wi, ʢʦʪʦʨʘʷ ʜʣʷ ʦʙʝʩʧʝʯʝ-

ʥʠʷ ʵʪʦʡ ʦʮʝʥʢʠ ʜʦʣʞʥʘ ʙʳʪʴ ʟʘʢʨʝʧʣʝʥʘ ʟʘ ʠʩʧʦʣʥʠʪʝʣʝʤ i: 

ɽ({ 1, 2})  = eff{ɽ({ 2})  Ä (5, 5), ɽ({ 1})  Ä (10, 5)} = 
eff{(10, 15), (20, 10)} = {(10, 15) ï [1], (20, 10) ï [2]};  
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ɽ({1, 3}) = eff{ɽ({3}) Ä (5,5), ɽ({1})  Ä (15 5)} = eff{(5, 20), (25, 10)} = 
{(5, 20) ï [1], (20, 10) ï [3]};  

ɽ({ 2, 3})  = eff{ɽ({ 3})  Ä (10, 5), ɽ({ 2}) Ä (15, 5)} = eff{(10, 20), (20, 15)} = 
{(10, 20) ï [2], (20, 15) ï [3]};  

ɽ({ 1, 2, 3})  = eff{ɽ{ 2, 3})  Ä (0, 15), ɽ({ 1, 3})  Ä (3, 10), ɽ({ 1, 2})  Ä (10, 5)} = 
{(10, 35) ï [1], (20, 30) ï [1]; (28, 20) ï [2], (30, 15) ï [3]}.  

ɺ ʠʪʦʛʝ ʠʤʝʝʤ E(Z) = {(10, 35), (20, 30), (28, 20), (30, 15)}. 
ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʃʇʈ ʚ ʢʘʯʝʩʪʚʝ ʧʦʜʣʝʞʘʱʝʡ ʨʝʘʣʠʟʘʮʠʠ ʚʳʙʨʘʥʘ ʦʮʝʥʢʘ (10, 

35). ʇʦʩʢʦʣʴʢʫ ʚ ʩʦʚʦʢʫʧʥʦʩʪ ɹɽ({ 1, 2, 3}) ʦʮʝʥʢʘ (10, 35) ʚʧʠʩʘʥʘ ʩ ʥʦʤʝʨʦʤ 1, ʪʦ ʚ 

ʂɿʅ ʜʣʷ ʧʝʨʚʳʭ ʜʚʫʭ ʠʩʧʦʣʥʠʪʝʣʝʡ ʦʩʪʘʶʪʩʷ ʧʝʨʚʘʷ ʠ ʚʪʦʨʘʷ ʨʘʙʦʪʳ, ʠ ʦʥʠ ʜʦʣʞʥʳ 

ʦʙʝʩʧʝʯʠʪʴ ʚʝʢʪʦʨʥʫʶ ʦʮʝʥʢʫ (10, 35) ï (0, 15) = (10, 20). ʆʮʝʥʢʘ (10, 20) ʚ ʤʥʦʞʝʩʪʚʝ 

ɽ({ 2, 3}) ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʠʤʝʝʪʩʷ, ʠ ʯʝʨʝʟ ʪʠʨʝ ʥʘʧʨʦʪʠʚ ʥʝʝ ʚ ʢʚʘʜʨʘʪʥʳʭ ʩʢʦʙʢʘʭ ʟʘ-

ʧʠʩʘʥʦ ʯʠʩʣʦ 2. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʠʩʧʦʣʥʠʪʝʣʴ 2 ʜʦʣʞʝʥ ʙʳʪʴ ʥʘʟʥʘʯʝʥ ʥʘ ʨʘʙʦʪʫ 2. 

ɼʣʷ ʠʩʧʦʣʥʠʪʝʣʷ 1 ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʦʩʪʘʝʪʩʷ ʪʦʣʴʢʦ ʨʘʙʦʪʘ 3. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʩʪʨʦʝʥʥʦʝ ʧʘʨʝʪʦ-ʦʧʪʠʤʘʣʴʥʦʝ ʥʘʟʥʘʯʝʥʠʝ, ʧʦʨʦʞʜʘʶʱʝʝ ʚʳ-

ʙʨʘʥʥʫʶ ʦʮʝʥʢʫ (10, 35), ʠʤʝʝʪ ʚʠʜ p(1) = 3, p(2) = 2, p(3) = 1. 
ʀʜʝʥʪʠʯʥʳʤ ʦʙʨʘʟʦʤ ʩʪʨʦʷʪʩʷ ʥʘʟʥʘʯʝʥʠʷ, ʧʦʨʦʞʜʘʶʱʠʝ ʦʩʪʘʣʴʥʳʝ ʦʮʝʥʢʠ 

ʤʥʦʞʝʩʪʚʘ E(Z). 

ɺ ʧʨʠʤʝʨʘʭ 1ʠ 2ʧʦʣʥʳʤ ʧʝʨʝʙʦʨʦʤ ʚʩʝʭ ʠʤʝʶʱʠʭʩʷ ʚʘʨʠʘʥʪʦʚ ʠ ʤʝʪʦʜʦʤ ʜʠʥʘ-

ʤʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʨʝʰʘʣʘʩʴ ʦʜʥʘ ʠ ʪʘ ʞʝ ʟʘʜʘʯʘ. ʇʝʨʚʦʝ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ 
ʨʝʰʝʥʠʡ ʦʢʘʟʘʣʦʩʴ ʥʘʤʥʦʛʦ ʧʨʦʱʝ, ʥʦ ʧʦʣʥʳʡ ʧʝʨʝʙʦʨ ʵʬʬʝʢʪʠʚʝʥ ʣʠʰʴ ʧʨʠ ʤʘʣʳʭ 

ʟʥʘʯʝʥʠʷ ʨʘʟʤʝʨʥʦʩʪʠ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ. ɼʣʷ ʟʘʜʘʯʠ ʦ ʥʘʟʥʘʯʝʥʠʷʭ ʩ n ʠʩʧʦʣʥʠʪʝʣʷʤʠ 

ʯʠʩʣʦ ʚʘʨʠʘʥʪʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʙʦʪ ʨʘʚʥʦ (n!). ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʨʝʰʝʥʠʝ ɹʂʅɿ ʪʦʡ ʞʝ 

ʨʘʟʤʝʨʥʦʩʪʠ ʪʨʝʙʫʝʪ ʧʦʩʪʨʦʝʥʠʷ ʤʥʦʞʝʩʪʚ E(Wq) ʚ ʦʙʱʝʤ ʢʦʣʠʯʝʩʪʚʝ 2
n. ʇʦʵʪʦʤʫ 

ʫʞʝ ʧʨʠ çʩʨʝʜʥʠʭè ʨʘʟʤʝʨʥʦʩʪʷʭ ʟʘʜʘʯ ʤʝʪʦʜ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʦʢʘ-

ʟʳʚʘʝʪʩʷ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʩʪʨʦʝʥʠʝ ʧʦʣʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʵʬʬʝʢʪʠʚʥʳʭ ʦʮʝʥʦʢ ʚ 

ɹʂʅɿ - ʧʨʦʙʣʝʤʘ ʪʨʫʜʥʦʨʝʰʘʝʤʘʷ. ɺ [10] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʦʙʣʝʤʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦ 
ʟʘʜʘʶʱʠʤ ɹʂɿʅ ʤʘʪʨʠʮʘʤ ɸ1, ɸ2 ʠ ʥʘʪʫʨʘʣʴʥʳʤ ʢʦʥʩʪʘʥʪʘʤ ʉ1, ʉ2, ʩʫʱʝʩʪʚʫʝʪ ʣʠ 

ʥʘʟʥʘʯʝʥʠʝ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʧʝʨʚʦʤʫ ʠ ʚʪʦʨʦʤʫ ʢʨʠʪʝʨʠʷʤ ʟʥʘʯʝʥʠʷ 

ʥʝ ʤʝʥʴʰʠʝ ʉ1 ʠ ʉ2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʪʥʦʩʠʪʩʷ ʢ ʯʠʩʣʫ NP- ʪʨʫʜʥʳʭ [18]. 

4. ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʧʦʩʪʘʥʦʚʢʠ ʤʘʢʩʠʤʠʥʥʦʡ  

ʠ ʤʠʥʠʤʘʢʩʥʦʡ ʟʘʜʘʯ ʦ ʥʘʟʥʘʯʝʥʠʷ 

ʉʯʠʪʘʝʤ, ʯʪʦ ʚ ʂɿʅ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʥʝʢʦʪʦʨʦʡ ʤʘʪʨʠʮʝʡ ɸ, ʠʣʠ ʟʘʜʘʯʝ ʦ ʥʘʟʥʘʯʝ-

ʥʠʷʭ ʩ ʤʘʢʩʠʤʠʥʥʳʤ (ʤʠʥʠʤʘʢʩʥʳʤ) ʢʨʠʪʝʨʠʝʤ ʢʘʯʝʩʪʚʦ ʥʘʟʥʘʯʝʥʠʷ  ́ʜʣʷ ʢʘʞʜʦʛʦ 

ʫʯʘʩʪʥʠʢʘ i ʦʮʝʥʠʚʘʝʪʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʢʨʠʪʝʨʠʝʤ ʂi( )́ = aip(i ): ʥʘʟʥʘʯʝʥʠʝ  ́ʜʣʷ 
ʫʯʘʩʪʥʠʢʘ i ʪʝʤ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ, ʯʝʤ ʙʦʣʴʰʝ ʟʥʘʯʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʨʠʪʝʨʠʷ, 

i = 1, n  ʆʪʳʩʢʘʚ ʦʧʪʠʤʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ʂɿʅ, ʧʦʣʫʯʘʝʤ ʥʘʟʥʘʯʝʥʠʝ, ʢʦʪʦʨʦʝ ʦʜʥʦʚʨʝ-

ʤʝʥʥʦ ʷʚʣʷʝʪʩʷ ʧʘʨʝʪʦ-ʦʧʪʠʤʘʣʴʥʳʤ ʧʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʢʨʠʪʝʨʠʝʚ ʂi( )́, i = 1, n; ʜʘʥ-

ʥʳʡ ʬʘʢʪ ʣʝʛʢʦ ʜʦʢʘʟʳʚʘʝʪʩʷ ʤʝʪʦʜʦʤ ʦʪ ʧʨʦʪʠʚʥʦʛʦ. 
ʀʥʘʷ ʩʠʪʫʘʮʠʷ ʠʤʝʝʪ ʤʝʩʪʦ ʜʣʷ ʟʘʜʘʯ ʩ ʤʘʢʩʠʤʠʥʥʳʤ (ʤʠʥʠʤʘʢʩʥʳʤ) ʢʨʠʪʝʨʠʝʤ. 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʟʘʜʘʯʝ ʦ ʥʘʟʥʘʯʝʥʠʷʭ ʩ ʤʘʢʩʠʤʠʥʥʳʤ ʢʨʠʪʝʨʠʝʤ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʤʘʪ-
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ʦʧʪʠʤʘʣʴʥʳ ʢʘʢ ʥʘʟʥʘʯʝʥʠʝ 1́, ʛʜʝ 1́(1) = 3, ˊ1(2) = 2, ˊ1(3) = 1, ʪʘʢ ʠ ʥʘʟʥʘʯʝʥʠʝ 2́, 

ʛʜʝ 2́(1) = 2, ˊ2(2) = 3, ˊ2(3) = 1; ʧʨʠ ʵʪʦʤ ʥʘʟʥʘʯʝʥʠʝ 2́ ʧʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʠʥʜʠʚʠʜʫ-
ʘʣʴʥʳʭ ʢʨʠʪʝʨʠʝʚ ʧʘʨʝʪʦ-ʦʧʪʠʤʘʣʴʥʦ, ʘ ʥʘʟʥʘʯʝʥʠʝ 1́ ʪʘʢʦʚʳʤ ʥʝ ʷʚʣʷʝʪʩʷ. 

ʉʭʝʤʘ ʣʝʢʩʠʢʦʛʨʘʬʠʯʝʩʢʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ ʢʨʠʪʝʨʠʝʚ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʤʝʥʠʪʴ 

ʢʦʥʮʝʧʮʠʠ ʤʠʥʠʤʘʢʩʥʦʡ ʠ ʤʘʢʩʠʤʠʥʥʦʡ ʟʘʜʘʯ ʦ ʥʘʟʥʘʯʝʥʠʷʭ (ʩʤ. [4, 11]) ʙʦʣʝʝ ʪʦʥ-

ʢʠʤʠ, ʦʧʨʘʚʜʘʥʥʳʤʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʤʝʶʱʠʭʩʷ ʧʨʠʣʦʞʝʥʠʡ ʢʦʥʩʪʨʫʢʮʠʷʤʠ, ʦʙʝʩʧʝ-

ʯʠʚʘʶʱʠʤʠ ʧʘʨʝʪʦ-ʦʧʪʠʤʘʣʴʥʦʩʪʴ ʧʦʣʫʯʘʝʤʦʛʦ ʨʝʰʝʥʠʷ. 

ʇʫʩʪʴ ɸ = {ʘij} ï nʭn-ʤʘʪʨʠʮʘ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʤʘʢʩʠʤʠʥʥʫʶ ʟʘʜʘʯʫ ʦ ʥʘʟʥʘʯʝʥʠʷʭ. 

ʇʦʣʦʞʠʤ, ʯʪʦ ʝʝ ʵʣʝʤʝʥʪʳ ʧʨʠʥʠʤʘʶʪ ʟʥʘʯʝʥʠʷ ʠʟ ʤʥʦʞʝʩʪʚʘ {ʨ1, ʨ2, é , ʨk}, ʚ ʢʦʪʦ-

ʨʦʤ ʨi -1 < ʨi, ki ,2= . ɺʚʝʜʝʤ ʚ ʨʘʩʩʤʦʪʨʝʥʠʝ ʤʘʪʨʠʮʫ ɺ(ɸ) = {bij}, ʛʜʝ bij = t ʪʦʛʜʘ ʠ 

ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʘij = ʨt. ʇʦʩʪʨʦʝʥʥʫʶ ʤʘʪʨʠʮʫ ɺ(ɸ) ʜʣʷ ɸ ʙʫʜʝʤ ʠʤʝʥʦʚʘʪʴ ʤʘʪʨʠ-

ʮʝʡ ʩʪʫʧʝʥʝʡ. ɺ ʢʘʯʝʩʪʚʝ ʠʣʣʶʩʪʨʘʮʠʠ ʦʪʤʝʪʠʤ, ʯʪʦ ʚ ʚʳʰʝ ʧʨʠʚʝʜʝʥʥʦʡ ʤʘʪʨʠʮʝ 

(10) ʨʘʚʥʳʝ ʥʫʣʶ ʵʣʝʤʝʥʪʳ ʥʘʭʦʜʷʪʩʷ ʥʘ ʧʝʨʚʦʡ ʩʪʫʧʝʥʠ; ʨʘʚʥʳʝ ʝʜʠʥʠʮʝ ʵʣʝʤʝʥʪʳ 

ʥʘʭʦʜʷʪʩʷ ʥʘ ʚʪʦʨʦʡ ʩʪʫʧʝʥʠ; ʨʘʚʥʳʡ ʜʚʫʤ ʵʣʝʤʝʥʪ - ʥʘ ʪʨʝʪʴʝʡ ʩʪʫʧʝʥʠ; ʵʣʝʤʝʥʪʳ, 
ʨʘʚʥʳʝ ʯʝʪʳʨʝʤ, ʩʝʤʠ ʠ ʚʦʩʴʤʠ ï ʥʘ ʯʝʪʚʝʨʪʦʡ, ʧʷʪʦʡ ʠ ʰʝʩʪʦʡ ʩʪʫʧʝʥʷʭ ʩʦʦʪʚʝʪʩʪ-

ʚʝʥʥʦ. 

ʈʝʰʘʷ ʦʧʨʝʜʝʣʷʝʤʫʶ ʤʘʪʨʠʮʝʡ ɸ ʤʘʢʩʠʤʠʥʥʫʶ ʟʘʜʘʯʫ ʦ ʥʘʟʥʘʯʝʥʠʷʭ, ʤʳ ʬʘʢʪʠ-

ʯʝʩʢʠ ʠʱʝʤ ʥʘʟʥʘʯʝʥʠʝ ,́ ʧʨʠ ʢʦʪʦʨʦʤ ʤʠʥʠʤʘʣʴʥʦʝ ʠʟ ʯʠʩʝʣ )(iiap , i = 1, 2, é , n 

ʥʘʭʦʜʠʪʩʷ ʥʘ ʚʦʟʤʦʞʥʦ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʪʫʧʝʥʠ. ʂʘʢ ʦʯʝʚʠʜʥʦ, ʜʣʷ ʤʘʪʨʠʮʳ ɸ ʨʘʟʤʝʨ-

ʥʦʩʪʠ n ʦʙʱʝʝ ʯʠʩʣʦ ʩʪʫʧʝʥʝʡ k ʥʝ ʤʦʞʝʪ ʧʨʝʚʳʩʠʪʴ ʚʝʣʠʯʠʥʳ n2. 

ʏʝʨʝʟ W(ɸ, )́ = (W1(ɸ, )́, W2(ɸ, )́, é , Wk(ɸ, )́) ʦʙʦʟʥʘʯʠʤ k-ʤʝʨʥʳʡ ʚʝʢʪʦʨ, t-ʷ 

ʢʦʦʨʜʠʥʘʪʘ ʢʦʪʦʨʦʛʦ ʦʟʥʘʯʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ ʠʟ ʩʧʠʩʢʘ {ʘ1p(1), ʘ2p(2), é , ʘnp(n)}, 
ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʩʪʫʧʝʥʠ ʩ ʥʦʤʝʨʦʤ t ʤʘʪʨʠʮʳ ɺ(ɸ). ʅʘʟʥʘʯʝʥʠʝ  ́ʥʘʟʦʚʝʤ ʘʙʩʦʣʶʪʥʦ 

maxmin-ʦʧʪʠʤʘʣʴʥʳʤ, ʝʩʣʠ ʦʥʦ ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝʤ ʟʘʜʘʯʠ 

min(W1(ɸ, ́ ), W2(ɸ, ́ ), é , Wk-1(ɸ, ́ )) (11) 

ʧʨʠ ʫʢʘʟʘʥʥʦʤ ʣʝʢʩʠʢʦʛʨʘʬʠʯʝʩʢʦʤ ʫʧʦʨʷʜʦʯʝʥʠʠ ʢʨʠʪʝʨʠʝʚ Wt(ɸ, )́, t = 1, 2, é , k. 

ʈʝʰʘʷ ʟʘʜʘʯʫ (11), ʦʧʨʝʜʝʣʷʝʤ ʥʘʟʥʘʯʝʥʠʝ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʯʠʩʣʦʤ ʠʩʧʦʣʥʠʪʝʣʝʡ, 

ʧʦʣʫʯʠʚʰʠʭ ʨʘʙʦʪʳ, ʦʮʝʥʢʠ ʢʦʪʦʨʳʭ ʜʣʷ ʵʪʠʭ ʠʩʧʦʣʥʠʪʝʣʝʡ ʣʝʞʘʪ ʥʘ ʩʘʤʦʡ ʥʠʟʢʦʡ 

ʩʪʫʧʝʥʠ. ɽʩʣʠ ʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʪʘʢʦʝ ʥʘʟʥʘʯʝʥʠʝ ʥʝ ʝʜʠʥʩʪʚʝʥʥʦ, ʜʘʣʝʝ ʦʪʳʩʢʠʚʘʝʤ 

ʩʨʝʜʠ ʥʘʟʥʘʯʝʥʠʡ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʧʦʢʘʟʘʪʝʣʷ W1(ɸ, )́ ʪʦ, ʢʦʪʦʨʦʝ ʤʠʥʠʤʠ-

ʟʠʨʫʝʪ ʯʠʩʣʦ ʧʦʣʫʯʠʚʰʠʭ ʨʘʙʦʪʳ ʠʩʧʦʣʥʠʪʝʣʝʡ, ʦʮʝʥʢʠ ʢʦʪʦʨʳʭ ʣʝʞʘʪ ʥʘ ʩʣʝʜʫʶ-

ʱʝʡ ʧʦ ʚʳʩʦʪʝ ʩʪʫʧʝʥʠ ʠ ʪ. ʜ. 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚ ʟʘʜʘʯʝ (11) ʥʘʟʥʘʯʝʥʠʷ ʚʚʦʜʠʤ ʚ ʨʘʩʩʤʦʪʨʝʥʠʝ 

nʭn-ʤʘʪʨʠʮʳ ɽt = {et
ij} ʩ ʙʫʣʝʚʦʟʥʘʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ: et

ij = 1, ʝʩʣʠ ʵʣʝʤʝʥʪ ʘij ʤʘʪʨʠ-

ʮʳ ɸ ʥʘʭʦʜʠʪʩʷ ʥʘ ʩʪʫʧʝʥʠ ʩ ʥʦʤʝʨʦʤ ʥʝ ʥʠʞʝ t, t = 2, 3, é, k. ɼʘʣʝʝ ʩʦʩʪʘʚʣʷʝʤ ʤʘʪ-
ʨʠʮʫ  

ɸs = n2(k-2)ɽ2 + n2(k-3)ɽ3+ é + n2ɽk-1 + ɽk. 

ʈʝʰʠʚ ʂɿʅ, ʦʧʨʝʜʝʣʷʝʤʫʶ ʤʘʪʨʠʮʝʡ ɸů, ʧʦʣʫʯʘʝʤ ʥʘʟʥʘʯʝʥʠʝ, ʦʧʪʠʤʘʣʴʥʦʝ ʚ ʟʘ-

ʜʘʯʝ (11) ʩ ʣʝʢʩʠʢʦʛʨʘʬʠʯʝʩʢʠ ʫʧʦʨʷʜʦʯʝʥʥʳʤʠ ʢʨʠʪʝʨʠʷʤʠ. ɼʘʥʥʳʡ ʬʘʢʪ ʣʝʛʢʦ ʫʩ-

ʪʘʥʘʚʣʠʚʘʝʪʩʷ ʤʝʪʦʜʦʤ ʦʪ ʧʨʦʪʠʚʥʦʛʦ. 

ʇʨʠʤʝʨ 3. ʇʫʩʪʴ ʟʘʜʘʯʘ ʦ ʥʘʟʥʘʯʝʥʠʷʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʘʪʨʠʮʝʡ A ʚʠʜʘ 
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ʇʨʠ ʚʚʝʜʝʥʥʦʤ ʤʘʢʩʠʤʠʥʥʦʤ ʢʨʠʪʝʨʠʠ ʥʘʟʥʘʯʝʥʠʝ ,́ ʛʜʝ ˊ(1) = 6, ˊ(2) = 5, ˊ(3) = 

4, ˊ(4) = 3, ˊ(5) = 2, ˊ(6) = 1, ʦʪʥʦʩʠʪʩʷ ʢ ʯʠʩʣʫ ʦʧʪʠʤʘʣʴʥʳʭ; ʦʥʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʚʥʦʝ 
ʝʜʠʥʠʮʝ ʟʥʘʯʝʥʠʝ ʵʪʦʛʦ ʢʨʠʪʝʨʠʷ. ɼʨʫʛʠʤ ʦʧʪʠʤʘʣʴʥʳʤ ʥʘʟʥʘʯʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ˊô, ʛʜʝ 

ˊô(1) = 1, ˊô(2) = 2, ˊô(3) = 3, ˊô(4) = 4, ˊô(5) = 5, ˊô(6) = 6. ʂʘʢ ʦʯʝʚʠʜʥʦ, ʵʪʦ ʥʘʟʥʘʯʝ-

ʥʠʝ ʷʚʥʦ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʡ, ʦʥʦ ʷʚʣʷʝʪʩʷ ʘʙʩʦʣʶʪʥʦ maxmin-ʦʧʪʠʤʘʣʴʥʳʤ. ʃʝʛʢʦ 

ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʠʤʝʥʥʦ ʥʘʟʥʘʯʝʥʠʝ ˊô ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤ ʚ ʂɿʅ ʩ ʤʘʪʨʠʮʝʡ ɸů, 

ʦʧʨʝʜʝʣʷʝʤʦʡ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʢʘʢ 
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ɽʩʣʠ ʚʤʝʩʪʦ ʟʘʜʘʯʠ (11) ʨʝʰʘʪʴ ʟʘʜʘʯʫ 

max(Wk(ɸ, ́ ), Wk-1(ɸ, ́ ), é , W2(ɸ, ́ )) (12) 

ʪʘʢʞʝ ʩ ʦʧʨʝʜʝʣʷʝʤʳʤ ʧʦʨʷʜʢʦʤ ʧʝʨʝʯʠʩʣʝʥʠʷ ʢʨʠʪʝʨʠʝʚ ʠʭ ʣʝʢʩʠʢʦʛʨʘʬʠʯʝʩʢʠʤ 

ʫʧʦʨʷʜʦʯʝʥʠʝʤ, ʪʦ ʤʳ ʦʪʳʩʢʠʚʘʝʤ ʥʘʟʥʘʯʝʥʠʝ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʯʠʩʣʦʤ ʠʩʧʦʣʥʠʪʝʣʝʡ, 

ʧʦʣʫʯʠʚʰʠʭ ʨʘʙʦʪʳ, ʦʮʝʥʢʠ ʢʦʪʦʨʳʭ ʜʣʷ ʵʪʠʭ ʠʩʧʦʣʥʠʪʝʣʝʡ ʣʝʞʘʪ ʥʘ ʩʘʤʦʡ ʚʳʩʦʢʦʡ 

ʩʪʫʧʝʥʠ. ɽʩʣʠ ʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʪʘʢʦʝ ʥʘʟʥʘʯʝʥʠʝ ʥʝ ʝʜʠʥʩʪʚʝʥʥʦ, ʜʘʣʝʝ ʠʱʝʤ ʩʨʝʜʠ 

ʥʘʟʥʘʯʝʥʠʡ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʧʦʢʘʟʘʪʝʣʷ W1(ɸ, )́ ʪʦ, ʢʦʪʦʨʦʝ ʤʘʢʩʠʤʠʟʠʨʫ-

ʝʪ ʯʠʩʣʦ ʠʩʧʦʣʥʠʪʝʣʝʡ, ʧʦʣʫʯʠʚʰʠʭ ʨʘʙʦʪʳ, ʦʮʝʥʢʠ ʢʦʪʦʨʳʭ ʜʣʷ ʵʪʠʭ ʠʩʧʦʣʥʠʪʝʣʝʡ 

ʣʝʞʘʪ ʥʘ ʩʪʫʧʝʥʴ ʥʠʞʝ ʠ ʪ. ʜ. 

ɼʣʷ ʧʨʦʠʟʚʦʣʴʥʦʡ ʤʘʪʨʠʮʳ ʯʠʩʣʝʥʥʳʭ ʦʮʝʥʦʢ ʨʝʰʝʥʠʷ ʟʘʜʘʯ (11) ʠ (12) ʩ ʫʢʘʟʘʥ-

ʥʳʤʠ ʣʝʢʩʠʢʦʛʨʘʬʠʯʝʩʢʠʤʠ ʫʧʦʨʷʜʦʯʝʥʠʷʤʠ ʢʨʠʪʝʨʠʝʚ, ʚʦʦʙʱʝ ʛʦʚʦʨʷ, ʥʝ ʩʦʚʧʘʜʘ-

ʶʪ. ʇʨʠʤʝʨʦʤ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʤʘʪʨʠʮʘ 
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ʃʝʛʢʦ ʚʠʜʝʪʴ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʳʤ ʚ ʟʘʜʘʯʝ ʪʠʧʘ (11) ʜʣʷ ʵʪʦʡ ʤʘʪʨʠʮʳ ʷʚʣʷʝʪʩʷ ʥʘ-

ʟʥʘʯʝʥʠʝ *́, ʢʦʪʦʨʦʝ ʠʩʧʦʣʥʠʪʝʣʶ 3 ʧʨʝʜʧʠʩʳʚʘʝʪ ʧʝʨʚʫʶ ʨʘʙʦʪʫ, ʘ ʠʩʧʦʣʥʠʪʝʣʷʤ 2 

ʠ 1 ʪʨʝʪʴʶ ʠ ʚʪʦʨʫʶ ʨʘʙʦʪʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
ʆʧʪʠʤʘʣʴʥʳʤ ʚ ʟʘʜʘʯʝ ʪʠʧʘ (12) ʜʣʷ ʵʪʦʡ ʞʝ ʤʘʪʨʠʮʳ ʷʚʣʷʝʪʩʷ ʥʘʟʥʘʯʝʥʠʝ *́*, 

ʢʦʪʦʨʦʝ ʠʩʧʦʣʥʠʪʝʣʶ 1 ʧʨʝʜʧʠʩʳʚʘʝʪ ʪʨʝʪʴʶ ʨʘʙʦʪʫ, ʘ ʠʩʧʦʣʥʠʪʝʣʷʤ 2 ʠ 3 ʚʪʦʨʫʶ ʠ 

ʧʝʨʚʫʶ ʨʘʙʦʪʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʂʘʢ ʥʘʟʥʘʯʝʥʠʝ *́, ʪʘʢ ʠ ʥʘʟʥʘʯʝʥʠʝ *́* ʷʚʣʷʶʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤʠ ʚ ʩʪʘʥʜʘʨʪʥʦʡ 

ʤʘʢʩʠʤʠʥʥʦʡ ʟʘʜʘʯʝ ʦ ʥʘʟʥʘʯʝʥʠʷʭ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʤʘʪʨʠʮʝʡ ɸʦ. 

ɿʘʜʘʯʠ (11) ʠ (12) ʨʘʩʩʤʦʪʨʠʤ ʪʘʢʞʝ ʧʨʠ ʤʘʪʨʠʮʝ ʦʮʝʥʦʢ 

ɸʦʦ= .
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ɿʜʝʩʴ ʦʧʪʠʤʘʣʴʥʳʤ ʚ ʟʘʜʘʯʝ ʪʠʧʘ (11) ʦʢʘʟʳʚʘʝʪʩʷ ʥʘʟʥʘʯʝʥʠʝ *́, ʢʦʪʦʨʦʝ ʠʩʧʦʣ-

ʥʠʪʝʣʶ 2 ʧʨʝʜʧʠʩʳʚʘʝʪ ʚʪʦʨʫʶ ʨʘʙʦʪʫ, ʘ ʠʩʧʦʣʥʠʪʝʣʶ 1 ï ʧʝʨʚʫʶ ʨʘʙʦʪʫ. 

ʆʧʪʠʤʘʣʴʥʳʤ ʚ ʟʘʜʘʯʝ ʪʠʧʘ (12) ʦʢʘʟʳʚʘʝʪʩʷ ʥʘʟʥʘʯʝʥʠʝ *́*, ʢʦʪʦʨʦʝ ʠʩʧʦʣʥʠʪʝ-

ʣʶ 1 ʧʨʝʜʧʠʩʳʚʘʝʪ ʚʪʦʨʫʶ ʨʘʙʦʪʫ, ʘ ʠʩʧʦʣʥʠʪʝʣʶ 2 ï ʧʝʨʚʫʶ ʨʘʙʦʪʫ. ʇʨʠ ʵʪʦʤ ʪʦʣʴ-

ʢʦ ʥʘʟʥʘʯʝʥʠʝ *́ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤ ʚ ʩʪʘʥʜʘʨʪʥʦʡ ʤʘʢʩʠʤʠʥʥʦʡ ʟʘʜʘʯʝ ʦ ʥʘʟʥʘ-
ʯʝʥʠʷʭ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʤʘʪʨʠʮʝʡ ɸʦʦ. 
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ʋʪʚʝʨʞʜʝʥʠʝ 1. ɼʣʷ ʣʶʙʦʡ ʤʘʪʨʠʮʳ ʦʮʝʥʦʢ ɸ ʘʙʩʦʣʶʪʥʦ maxmin-ʦʧʪʠʤʘʣʴʥʦʝ 

ʥʘʟʥʘʯʝʥʠʝ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤ ʚ ʩʪʘʥʜʘʨʪʥʦʡ ʤʘʢʩʠʤʠʥʥʦʡ ʟʘʜʘʯʝ ʦ ʥʘʟʥʘʯʝʥʠʷʭ, 
ʦʧʨʝʜʝʣʷʝʤʦʡ ʪʦʡ ʞʝ ʤʘʪʨʠʮʝʡ. 

ɼʘʥʥʦʝ ʫʪʚʝʨʞʜʝʥʠʝ ʷʚʣʷʝʪʩʷ ʧʨʷʤʳʤ ʩʣʝʜʩʪʚʠʝʤ ʦʧʨʝʜʝʣʝʥʠʡ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʨʝʰʝʥʠʷ ʤʘʢʩʠʤʠʥʥʦʡ ʟʘʜʘʯʠ ʦ ʥʘʟʥʘʯʝʥʠʷʭ ʠ ʘʙʩʦʣʶʪʥʦ maxmin-ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʘ-

ʟʥʘʯʝʥʠʷ. 

ʋʪʚʝʨʞʜʝʥʠʝ 2. ɽʩʣʠ ʚ ʩʪʘʥʜʘʨʪʥʦʡ ʤʘʢʩʠʤʠʥʥʦʡ ʟʘʜʘʯʝ ʦ ʥʘʟʥʘʯʝʥʠʷʭ, ʦʧʨʝʜʝ-

ʣʷʝʤʦʡ ʥʝʢʦʪʦʨʦʡ ʤʘʪʨʠʮʝʡ ɸ, ʠʤʝʝʪʩʷ ʪʦʣʴʢʦ ʦʜʥʦ ʨʝʰʝʥʠʝ, ʪʦ ʵʪʦ ʞʝ ʨʝʰʝʥʠʝ ʷʚʣʷ-

ʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʘʙʩʦʣʶʪʥʦ maxmin-ʦʧʪʠʤʘʣʴʥʳʤ ʥʘʟʥʘʯʝʥʠʝʤ ʚ ʟʘʜʘʯʝ, ʦʧʨʝʜʝ-

ʣʷʝʤʦʡ ʤʘʪʨʠʮʝʡ ɸ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʝʩʣʠ ʧʨʠ ʟʘʜʘʥʥʦʡ ʤʘʪʨʠʮʝ ɸ ʩʫʱʝʩʪʚʦʚʘʣʦ ʜʨʫʛʦʝ ʘʙʩʦʣʶʪʥʦ 

maxmin-ʦʧʪʠʤʘʣʴʥʦʝ ʥʘʟʥʘʯʝʥʠʝ, ʦʥʦ ʷʚʣʷʣʦʩʴ ʙʳ ʪʘʢʞʝ ʦʧʪʠʤʘʣʴʥʳʤ ʨʝʰʝʥʠʝʤ 

ʤʘʢʩʠʤʠʥʥʦʡ ʟʘʜʘʯʝ ʦ ʥʘʟʥʘʯʝʥʠʷʭ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʪʦʡ ʞʝ ʤʘʪʨʠʮʝʡ ɸ. 

ʇʘʨʝʪʦ-ʦʧʪʠʤʘʣʴʥʦʩʪʴ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦ ʥʘʟʥʘʯʝʥʠʷʭ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʤʘʪʨʠʮʝʡ ɸ, 
ʛʜʝ ʦʩʥʦʚʥʳʤ ʷʚʣʷʝʪʩʷ ʤʘʢʩʠʤʠʥʥʳʡ ʢʨʠʪʝʨʠʡ, ʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʠ ʜʨʫʛʠʤ ʩʧʦʩʦ-

ʙʦʤ - ʚʚʝʜʝʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʨʠʪʝʨʠʷ ʚʠʜʘ 

.max
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʚʚʦʜʠʪʩʷ ʟʘʜʘʯʘ ʩ ʜʚʫʤʷ ʣʝʢʩʠʢʦʛʨʘʬʠʯʝʩʢʠ ʫʧʦʨʷʜʦʯʝʥʥʳʤʠ 
ʢʨʠʪʝʨʠʷʤʠ 
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i iiii aa  (13) 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ (13) ʦʪʥʦʩʠʪʩʷ ʢ ʯʠʩʣʫ ʤʘʢʩʠʤʠʥʥʳʭ ʜʣʷ ʦʧʨʝʜʝʣʷʝʤʦʡ ʤʘʪʨʠʮʝʡ 

ɸ ʟʘʜʘʯʠ ʦ ʥʘʟʥʘʯʝʥʠʷʭ; ʦʥʦ ʞʝ ʧʘʨʝʪʦ-ʦʧʪʠʤʘʣʴʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʠʥʜʠ-

ʚʠʜʫʘʣʴʥʳʭ ʢʨʠʪʝʨʠʝʚ ʂi( )́, i = .,1 n  

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ (13) ʥʝ ʚʩʝʛʜʘ ʘʙʩʦʣʶʪʥʦ maxmin-ʦʧʪʠʤʘʣʴʥʦ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʫʩʪʴ 
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ʂʘʢ ʣʝʛʢʦ ʚʠʜʝʪʴ, ʨʝʰʠʚ ʟʘʜʘʯʫ (13) ʤʳ ʧʦʣʫʯʘʝʤ ʥʘʟʥʘʯʝʥʠʝ *́, ʛʜʝ *́(1) = 2, 
*́(2) = 3, ˊ(3) = 1, ʥʦ ʘʙʩʦʣʶʪʥʦ maxmin-ʦʧʪʠʤʘʣʴʥʳʤ ʚ ʵʪʦʡ ʟʘʜʘʯʝ ʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ 

ʥʘʟʥʘʯʝʥʠʝ *́*, ʛʜʝ *́* (1) = 3, ˊ**(2) = 2, ˊ** (3) = 1. 

ɿʘʢʣʶʯʝʥʠʝ. ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚ ʧʨʝʜʳʜʫʱʝʡ ʩʪʘʪʴʝ ʘʚʪʦʨʦʚ [8], ʜʣʷ ʙʦʣʝʝ ʧʦʣ-

ʥʦʛʦ ʫʯʝʪʘ ʦʩʦʙʝʥʥʦʩʪʝʡ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʠʪʫʘʮʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ 

ʩʢʣʘʜʩʢʦʡ ʠ ʪʨʘʥʩʧʦʨʪʥʦʡ ʣʦʛʠʩʪʠʢʝ, ʚ ʢʦʤʧʴʶʪʝʨʥʳʝ ʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʚʢʣʶʯʘʪʴ ʠʥʩʪʨʫʤʝʥʪʳ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ. ʈʘʩ-

ʩʤʦʪʨʝʥʥʳʝ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʠ ʤʝʪʦʜʳ ʩʣʫʞʘʪ ʦʩʥʦʚʦʡ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʨʝʰʝʥʠʷ ʨʷʜʘ ʪʠʧʦʚʳʭ ʟʘʜʘʯ, ʚʦʟʥʠʢʘʶʱʠʭ ʦʧʝʨʘ-

ʪʠʚʥʦʤ ʧʣʘʥʠʨʦʚʘʥʠʠ ʠ ʫʧʨʘʚʣʝʥʠʠ ʧʨʦʮʝʩʩʘʤʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʪʠʧʘ. 
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CONCEPTS AND ALGORIT HMS  

FOR SOLVING  MULTI -CRITERIA MODIFICATIO NS  

OF THE ASSIGNMENT PROBLEM  

D.I. Kogan, Yu.S. Fedosenko, D.A. Handurin 

Keywords: assignment problems, linear scalarization lexicographic method, area of com-
promises, effective estimates, pareto-optimal solutions, multicriteria dynamic programming. 
 
Concepts, schemes and algorithms for solving assignment problems with several solution es-
timating criteria are considered. Examples of numerical implementation of the considered 

approaches are given. New approaches to assignment problems, initially formulated as 
maximin (minimax), using multi-criteria compromise schemes, are described. In addition, the 
minimax problem of the distribution of the pairs of heterogeneous tasks between agents is 
studied. 

ʉʪʘʪʴʷ ʧʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ 18.10.2017 ʛ. 
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ʋɼʂ 519.21 + 519.71 

 
ɽ.ɺ. ʇʨʦʡʜʘʢʦʚʘ, ʜʦʮʝʥʪ ʀʀʊʄʄ, ʢ. ʬ.-ʤ. ʥ., 

ɸ.ɸ. ʈʝʰʝʪʦʚʘ, ʤʘʛʠʩʪʨʘʥʪ ʧʝʨʚʦʛʦ ʢʫʨʩʘ ʀʀʊʄʄ  
ʌɻɸʆʋ ɺʆ çʅʅɻʋ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦè 

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

ʀʉʉʃɽɼʆɺɸʅʀɽ ʉʀʉʊɽʄʓ ʄɸʉʉʆɺʆɻʆ ʆɹʉʃʋɾʀɺɸʅʀʗ 

ʉ ɸɼɸʇʊʀɺʅʓʄ ɸʃɻʆʈʀʊʄʆʄ ʇʆʀʉʂɸ  

ʈɸɿʈʓɺɸ ɺ ʇʆʊʆʂɽ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʜʘʧʪʠʚʥʳʡ ʘʣʛʦʨʠʪʤ, ʢʦʥʬʣʠʢʪʥʳʝ ʧʦʪʦʢʠ ʪʨʝʙʦʚʘʥʠʡ, ʢʠʙʝʨʥʝ-

ʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ, ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ.  
 
ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʘʜʘʧʪʠʚʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʥʩʧʦʨʪʦʤ ʩ 
ʘʣʛʦʨʠʪʤʦʤ ʧʦʠʩʢʘ ʨʘʟʨʳʚʘ ʚ ʧʦʪʦʢʝ. ʇʨʦʚʦʜʠʪʩʷ ʝʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʠ ʯʠʩʣʝʥʥʦʝ ʠʩ-
ʩʣʝʜʦʚʘʥʠʝ ʩ ʧʦʤʦʱʴʶ ʢʠʙʝʨʥʝʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ. 

ʌʠʟʠʯʝʩʢʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʉʝʛʦʜʥʷ ʚʩʝ ʙʦʣʴʰʫ  ʁʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʟʘʜʘʯʘ ʦʨʛʘʥʠʟʘʮʠʠ ʜʦʨʦʞʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ʚ ʢʨʫʧʥʳʭ ʛʦʨʦʜʘʭ. ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʫʩʪʨʦʡʩʪʚ 

ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʥʩʧʦʨʪʦʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʨʝʘʣʠʟʫʶʱʠʝ ʩʣʦʞʥʳʝ ʘʜʘʧʪʠʚʥʳʝ ʘʣʛʦ-

ʨʠʪʤʳ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʟʫʯʘʝʪʩʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʜʚʫʤʷ ʥʝʟʘʚʠʩʠʤʳʤʠ ʠ ʢʦʥ-

ʬʣʠʢʪʥʳʤʠ ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʧʦʪʦʢʘʤʠ ʇ1, ʇ2 ʥʘ ʧʝʨʝʩʝʯʝʥʠʠ ʤʘʛʠʩʪʨʘʣʝʡ (ʨʠʩ. 1). 

 

 

ʈʠʩ. 1. ʄʦʜʝʣʴ ʧʝʨʝʢʨʝʩʪʢʘ 

ʇʦʪʦʢʠ ʘʚʪʦʤʦʙʠʣʝʡ (ʪʨʝʙʦʚʘʥʠʡ, ʟʘʷʚʦʢ) ʇ1, ʇ2 ʷʚʣʷʶʪʩʷ ʢʦʥʬʣʠʢʪʥʳʤʠ, ʪʦ ʝʩʪʴ 

ʠʭ ʦʙʩʣʫʞʠʚʘʥʠʝ (ʧʨʦʝʟʜ ʯʝʨʝʟ ʧʝʨʝʢʨʝʩʪʦʢ) ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʪʦʣʴʢʦ ʚ ʥʝʧʝʨʝʩʝ-

ʢʘʶʱʠʝʩʷ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ. ʆʙʩʣʫʞʠʚʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ (ʩʚʝʪʦʬʦʨ) ʠʤʝʝʪ ʜʚʘ 

ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʦʷʥʠʷ ɻ(1), ɻ(2), ʛʜʝ ɻ(1) ï ʩʦʩʪʦʷʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʦʧʫʩʢʘʝʪʩʷ ʪʦʣʴʢʦ 

ʧʦʪʦʢ ʇ1; ɻ
(2) ï ʩʦʩʪʦʷʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʦʧʫʩʢʘʝʪʩʷ ʪʦʣʴʢʦ ʧʦʪʦʢ ʇ2. ʇʝʨʝʢʣʶʯʝʥʠʝ 

ʩʦʩʪʦʷʥʠʡ ɻ(1), ɻ(2) ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʦʛʣʘʩʥʦ ʘʜʘʧʪʠʚʥʦʤʫ ʘʣʛʦʨʠʪʤʫ. ɼʘʥʥʳʡ ʘʣʛʦ-

ʨʠʪʤ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʫʯʝʪʝ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʧʨʠʙʳʚʘʶʱʠʤʠ ʢ ʧʝʨʝʢʨʝʩʪʢʫ ʘʚʪʦʤʦʙʠʣʷ-

ʤʠ, ʜʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʜʠʥ ʨʝʛʠʩʪʨʠʨʫʶʱʠʡ ʜʝʪʝʢʪʦʨ. ʈʘʙʦʪʘ ʘʣʛʦʨʠʪʤʘ ʦʩʫʱʝ-

ʩʪʚʣʷʝʪʩʷ ʧʦ ʰʘʛʘʤ, ʩʦʛʣʘʩʥʦ ʙʣʦʢ-ʩʭʝʤʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩ. 2. 

ʐʘʛ 1. ɿʘʜʘʶʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʡ (Tmax) ʠ ʤʠʥʠʤʘʣʴʥʳʡ (Tmin) ʧʝʨʠʦʜ ʮʠʢʣʘ ʨʘʙʦʪʳ 

ʩʚʝʪʦʬʦʨʘ ʠ ʚʨʝʤʷ ʩʜʚʠʛʘ ʬʘʟʳ (Tʩʜʚʠʛʘ). 

ʐʘʛ 2. ɿʘʜʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʡ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʘʚʪʦʤʦʙʠʣʷʤʠ Tint. 

ʐʘʛ 3. ʉ ʧʦʤʦʱʴʶ ʨʝʛʠʩʪʨʠʨʫʶʱʝʛʦ ʜʝʪʝʢʪʦʨʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʝʘʣʴʥʳʡ ʠʥʪʝʨʚʘʣ 

ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʧʨʠʙʳʚʘʶʱʠʤʠ ʘʚʪʦʤʦʙʠʣʷʤʠ. 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 53, 2017 ʛ. 
ʈʘʟʜʝʣ II. ʀʥʬʦʨʤʘʪʠʢʘ, ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʠ ʠ ʨʘʜʠʦʣʦʢʘʮʠʷ 
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ʐʘʛ 4. ʇʨʦʚʝʨʷʝʪʩʷ ʫʩʣʦʚʠʝ ʥʘ ʧʝʨʝʢʣʶʯʝʥʠʝ ʩʠʛʥʘʣʘ ʩʚʝʪʦʬʦʨʘ: ʝʩʣʠ ʠʥʪʝʨʚʘʣ 

ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʘʚʪʦʤʦʙʠʣʷʤʠ ʤʝʥʴʰʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝʥʠ tint, ʪʦ ʚʨʝʤʷ 
ʨʘʙʦʪʳ ʩʚʝʪʦʬʦʨʘ, ʠʟʥʘʯʘʣʴʥʦ ʨʘʚʥʦʝ Tmin, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ ʚʨʝʤʷ ʩʜʚʠʛʘ Tʩʜʚʠʛʘ, ʥʦ 

ʥʝ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʴʰʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ Tmax. ɽʩʣʠ ʞʝ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ 

tint ʙʦʣʴʰʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ, ʪʦ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʢʣʶʯʝʥʠʝ ʥʘ ʢʨʘʩʥʳʡ ʩʠʛʥʘʣ 

ʩʚʝʪʦʬʦʨʘ ʠ ʧʝʨʝʭʦʜ ʢ ʦʙʩʣʫʞʠʚʘʥʠʶ ʢʦʥʬʣʠʢʪʥʦʛʦ ʧʦʪʦʢʘ. 

 

 

ʈʠʩ. 2. ɹʣʦʢ-ʩʭʝʤʘ ʨʘʙʦʪʳ ʘʜʘʧʪʠʚʥʦʛʦ ʘʣʛʦʨʠʪʤʘ 

ɼʘʥʥʳʡ ʘʜʘʧʪʠʚʥʳʡ ʘʣʛʦʨʠʪʤ ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʫʶ ʨʘʙʦʪʫ ʩʚʝʪʦʬʦʨʘ ʜʣʷ 

ʩʠʪʫʘʮʠʡ, ʢʦʛʜʘ ʚ ʧʦʪʦʢʝ ʪʨʘʥʩʧʦʨʪʘ ʝʩʪʴ ʨʘʟʨʳʚʳ. ɽʩʣʠ ʞʝ ʧʦʪʦʢ ʣʠʰʝʥ ʷʚʥʳʭ ʨʘʟ-

ʨʳʚʦʚ, ʪʦ ʘʣʛʦʨʠʪʤ ʧʝʨʝʭʦʜʠʪ ʚ ʨʝʞʠʤ, ʧʨʠ ʢʦʪʦʨʦʤ ʜʣʠʪʝʣʴʥʦʩʪʴ ʨʘʟʨʝʰʘʶʱʠʭ ʩʠʛ-

ʥʘʣʦʚ ʩʚʝʪʦʬʦʨʘ ʙʫʜʝʪ ʦʜʠʥʘʢʦʚʦʡ ʠ ʨʘʚʥʦʡ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʫʩʪʘʥʦʚʣʝʥʥʦʤʫ ʚʨʝʤʝʥʠ 
Tmax. ʊʦ ʝʩʪʴ ʘʜʘʧʪʠʚʥʳʡ ʘʣʛʦʨʠʪʤ ʚʳʨʦʞʜʘʝʪʩʷ ʚ ʮʠʢʣʠʯʝʩʢʠʡ, ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤ 

ʨʠʪʤʦʤ. ʇʨʠ ʪʘʢʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ 

ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʧʝʨʝʢʨʝʩʪʢʦʤ ʬʘʢʪʠʯʝʩʢʠ ʧʝʨʝʩʪʘʝʪ ʙʳʪʴ çʘʜʘʧʪʠʚʥʦʡè ʠ ʤʦʞʝʪ 

ʙʳʪʴ ʟʘʤʝʥʝʥʘ ʧʨʦʩʪʝʡʰʠʤ ʩʚʝʪʦʬʦʨʦʤ ʩ ʮʠʢʣʠʯʝʩʢʠʤ ʨʝʞʠʤʦʤ ʨʘʙʦʪʳ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʘʥʘʣʦʛʠʯʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʧʦʪʦʢʘʤʠ ʫʞʝ 

ʨʝʘʣʠʟʦʚʘʥʘ [1]. ʅʘʰʝʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʝʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʠ ʯʠʩʣʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ, 

ʚ ʪʦʤ ʯʠʩʣʝ ʚʳʷʚʣʝʥʠʝ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ, ʧʨʠ ʢʦʪʦʨʳʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ 

ʘʜʘʧʪʠʚʥʳʡ ʘʣʛʦʨʠʪʤ ʚʳʨʦʞʜʘʝʪʩʷ ʚ ʮʠʢʣʠʯʝʩʢʠʡ ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʨʠʪʤʦʤ [2]. 

ɸʥʘʣʠʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʠʩʪʝʤʳ 

ɸʥʘʣʠʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʘʜʘʧʪʠʚʥʦʡ ʫʧʨʘʚʣʷʶʱʝʡ ʩʠʩʪʝʤʳ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 

ʜʣʷ ʚʳʨʦʞʜʝʥʥʦʛʦ ʩʣʫʯʘʷ, ʢʦʛʜʘ ʚʨʝʤʝʥʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʢʘʞʜʦʛʦ ʠʟ ʧʦʪʦʢʦʚ ʧʦʩʪʦʷʥ-

ʥʳ ʠ ʨʘʚʥʳ ʟʘʜʘʥʥʦʤʫ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʤʫ ʟʥʘʯʝʥʠʶ Tmax. ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʘ-
ʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩʠʩʪʝʤʳ ʧʨʠʤʝʥʷʣʩʷ ʢʠʙʝʨʥʝʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ [3]. ʉʦʛʣʘʩʥʦ 

ʦʩʥʦʚʥʳʤ ʧʦʣʦʞʝʥʠʷʤ ʢʠʙʝʨʥʝʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ, ʩʠʩʪʝʤʘ ʥʘʙʣʶʜʘʣʘʩʴ ʚ ʜʠʩʢʨʝʪ-

ʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ti, i = 0, 1, é. ɿʜʝʩʴ ʤʦʤʝʥʪʳ ti ʩʦʚʧʘʜʘʣʠ ʩ ʧʝʨʝʢʣʶʯʝʥʠʝʤ 
ʩʦʩʪʦʷʥʠʡ ʩʚʝʪʦʬʦʨʘ [4].  

ɺʚʝʜʝʤ ʥʘ ʥʝʢʦʪʦʨʦʤ ʚʝʨʦʷʪʥʦʩʪʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ (W, À, ʈ(Ö)) ʧʨʠ i = 0, 1, é ʩʣʝ-
ʜʫʶʱʠʝ ʩʣʫʯʘʡʥʳʝ ʚʝʣʠʯʠʥʳ ʠ ʵʣʝʤʝʥʪʳ: 

1) ʩʣʫʯʘʡʥʳʡ ʵʣʝʤʝʥʪ ɻi ï ʩʦʩʪʦʷʥʠʝ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʦʧʠʩʳʚʘʝʪ 

ʚʥʫʪʨʝʥʥʶʶ ʧʘʤʷʪʴ ʫʧʨʘʚʣʷʶʱʝʡ ʩʠʩʪʝʤʳ; 



ɽ.ɺ. ʇʨʦʡʜʘʢʦʚʘ, ɸ.ɸ. ʈʝʰʝʪʦʚʘ 
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2) ʩʣʫʯʘʡʥʳʝ ʚʝʣʠʯʠʥʳ h1,i, h2,i ï ʢʦʣʠʯʝʩʪʚʦ ʟʘʷʚʦʢ ʧʦʪʦʢʘ ʇ1, ʇ2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʧʦʩʪʫʧʠʚʰʠʭ ʟʘ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ [ti; ti + 1), ʟʘʜʘʶʪ ʚʭʦʜʥʳʝ ʧʦʣʶʩʘ ʧʝʨʚʦʛʦ ʪʠʧʘ; 

3) ʩʣʫʯʘʡʥʳʝ ʚʝʣʠʯʠʥʳ x1,i, x2,i ï ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ ʯʠʩʣʦ ʪʨʝʙʦʚʘʥʠʡ, ʢʦ-

ʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ ʦʙʩʣʫʞʝʥʦ ʠʟ ʦʯʝʨʝʜʠ ʧʦʪʦʢʘ ʇ1, ʇ2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʟʘ [ti; ti  + 1) (ʧʦ-
ʪʦʢʠ ʥʘʩʳʱʝʥʠʷ [5]), ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʚʭʦʜʥʳʝ ʧʦʣʶʩʘ ʚʪʦʨʦʛʦ ʪʠʧʘ ʫʧʨʘʚʣʷʶʱʝʡ ʩʠʩ-

ʪʝʤʳ; 

4) ʩʣʫʯʘʡʥʳʝ ʚʝʣʠʯʠʥʳ Þ1,i, Þ2,i ï ʜʣʠʥʳ ʦʯʝʨʝʜʝʡ ʧʦ ʧʦʪʦʢʘʤ ʇ1, ʇ2 ʩʦʦʪʚʝʪʩʪ-

ʚʝʥʥʦ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ti, ʦʧʠʩʳʚʘʶʪ ʚʥʝʰʥʶʶ ʧʘʤʷʪʴ ʫʧʨʘʚʣʷʶʱʝʡ ʩʠʩʪʝʤʳ; 

5) ʩʣʫʯʘʡʥʳʝ ʚʝʣʠʯʠʥʳ z1,i, z2,i ï ʯʠʩʣʦ ʨʝʘʣʴʥʦ ʦʙʩʣʫʞʝʥʥʳʭ ʟʘʷʚʦʢ ʧʦʪʦʢʦʚ ʇ1, 

ʇ2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʟʘ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ [ti; ti  + 1), ʟʘʜʘʶʪ ʚʳʭʦʜʥʳʝ ʧʦʣʶʩʘ ʩʠʩʪʝ-
ʤ .r 

ɺʭʦʜʥʳʝ ʧʦʪʦʢʠ ʩʯʠʪʘʝʤ ʇʫʘʩʩʦʥʦʚʩʢʠʤʠ, ʧʦʵʪʦʤʫ ʜʣʷ hj,i ʧʨʠ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ 
ʩʣʝʜʫʶʱʠʝ ʫʩʣʦʚʥʳʝ ʚʝʨʦʷʪʥʦʩʪʠ:  

( ) 1
,( | ) ( ) ( !) exp( )r u

j i i j r j ru u -R h = G =G = l T -l T,
 

ʛʜʝ u Í X, j = 1, 2, r = 1, 2. 
 

ɼʣʷ ʘʣʛʦʨʠʪʤʘ ʧʝʨʝʢʣʶʯʝʥʠʷ ʩʦʩʪʦʷʥʠʡ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʦʧʨʝʜʝʣʠʤ 

ʬʫʥʢʮʠʶ ( )

1 2( , , )rU w wG :  

(1)

2( )

1 2 ( 1)

1

,     ʧʨʠ 2, 0;
( , , )

,  ʧʨʠ 1, 0.

r

r

r w
U w w

r w+

ëG = >î
G =ì

G = >îí  

ʊʦʛʜʘ ʩʦʩʪʦʷʥʠʝ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʚ ʩʣʝʜʫʶʱʠʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʙʫ-

ʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʢʘʢ 

ɻi + 1 = U(ɻi, Þ1,i, Þ2,i), i = 0, 1, é 

ɼʣʷ ʯʠʩʣʘ ʨʝʘʣʴʥʦ ʦʙʩʣʫʞʝʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʧʦ ʧʦʪʦʢʘʤ ʚʳʧʦʣʥʷʝʪʩʷ ʩʣʝʜʫʶʱʝʝ: 

zj,i = min{Þj,i + hj,i, xj,i}, j = 1, 2 ʠ i = 0, 1, é 

ɼʣʷ ʦʯʝʨʝʜʝʡ ʧʦ ʧʦʪʦʢʘʤ ʩʧʨʘʚʝʜʣʠʚʦ ʩʦʦʪʥʦʰʝʥʠʝ:  

Þj,i + 1 = max{0, Þj,i + hj,i ï xj,i} , j = 1, 2 ʠ i = 0, 1, é 

ʉʦʩʪʦʷʥʠʝ ʠʩʩʣʝʜʫʝʤʦʡ ʘʜʘʧʪʠʚʥʦʡ ʫʧʨʘʚʣʷʶʱʝʡ ʩʠʩʪʝʤʳ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ti 
ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʝʢʪʦʨʦʤ (ɻi, Þ1,i, Þ2,i), ʢʫʜʘ ʚʭʦʜʷʪ ʩʦʩʪʦʷʥʠʝ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʫʩʪ-

ʨʦʡʩʪʚʘ ʠ ʦʯʝʨʝʜʠ ʧʦ ʧʦʪʦʢʘʤ ʇ1, ʇ2. ʇʦʚʝʜʝʥʠʝ ʩʠʩʪʝʤʳ ʦʧʠʩʳʚʘʝʪʩʷ ʩʣʫʯʘʡʥʦʡ 

ʪʨʝʭʤʝʨʥʦʡ ʚʝʢʪʦʨʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʁ{(ɻi, Þ1,i, Þ2,i); i = 0, 1, é}. ɼʣʷ ʧʦʣʫʯʝʥ-

ʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʦʢʘʟʘʥʳ ʥʝʢʦʪʦʨʳʝ ʫʪʚʝʨʞʜʝʥʠʷ. 

ʋʪʚʝʨʞʜʝʥʠʝ 1. ʇʨʠ ʟʘʜʘʥʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʥʘʯʘʣʴʥʦʛʦ ʚʝʢʪʦʨʘ (ɻ0, Þ1,0, Þ2,0) 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ {(ɻi, Þ1,i, Þ2,i); i = 0, 1, é} ʷʚʣʷʝʪʩʷ ʤʘʨʢʦʚʩʢʦʡ. 

ʋʪʚʝʨʞʜʝʥʠʝ 2. ɼʣʷ ʚʝʢʪʦʨʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ {(ɻi, Þ1,i, Þ2,i); i = 0, 1, é} 

ʩʧʨʘʚʝʜʣʠʚʦ ʩʣʝʜʫʶʱʝʝ ʨʝʢʫʨʨʝʥʪʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ: 

(ɻi+1, Þ1,i+1, Þ2,i+1) = (U(ɻi, Þ1,i, Þ2,i), max{0, Þ1,i + h1,i ï x1,i}, max{0, Þ2,i + h2,i ï x2,i}).  

ʂʠʙʝʨʥʝʪʠʯʝʩʢʠʡ ʵʢʩʧʝʨʠʤʝʥʪ 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʠʩʩʣʝʜʦʚʘʥʠʝʤ, ʙʳʣ ʧʦʩʪʘʚʣʝʥ ʢʠʙʝʨʥʝʪʠʯʝʩʢʠʡ 

ʵʢʩʧʝʨʠʤʝʥʪ: ʩʦʟʜʘʥʘ ʧʨʦʛʨʘʤʤʘ, ʷʚʣʷʶʱʘʷʩʷ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʴʶ ʠʟʫʯʘʝʤʦʡ 

ʘʜʘʧʪʠʚʥʦʡ ʫʧʨʘʚʣʷʶʱʝʡ ʩʠʩʪʝʤʳ.  
ɺʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ: 

ï l1, l2 (ʪʨʝʙʦʚʘʥʠʡ ʚ ʩʝʢʫʥʜʫ) ï ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʭʦʜʥʳʭ ʧʦʪʦʢʦʚ; 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 53, 2017 ʛ. 
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ï tint1, tint2 (ʩʝʢʫʥʜ) ï ʤʘʢʩʠʤʘʣʴʥʳʡ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʤʘʰʠʥʘʤʠ ʧʦ ʧʝʨʚʦ-

ʤʫ, ʚʪʦʨʦʤʫ ʧʦʪʦʢʫ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 
ï Tmin1, Tmin2 (ʩʝʢʫʥʜ) ï ʤʠʥʠʤʘʣʴʥʳʝ ʜʣʠʪʝʣʴʥʦʩʪʠ ʨʘʟʨʝʰʘʶʱʠʭ ʩʠʛʥʘʣʦʚ ʧʦ 

ʧʝʨʚʦʤʫ, ʚʪʦʨʦʤʫ ʧʦʪʦʢʫ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 

ï Tmax1, Tmax2 (ʩʝʢʫʥʜ) ï ʤʘʢʩʠʤʘʣʴʥʳʝ ʜʣʠʪʝʣʴʥʦʩʪʠ ʨʘʟʨʝʰʘʶʱʠʭ ʩʠʛʥʘʣʦʚ ʧʦ 

ʧʝʨʚʦʤʫ, ʚʪʦʨʦʤʫ ʧʦʪʦʢʫ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ;  

ï Tʩʜʚʠʛʘ (ʩʝʢʫʥʜ) ï ʠʟʤʝʥʝʥʠʝ ʜʣʠʪʝʣʴʥʦʩʪʠ ʨʘʟʨʝʰʘʶʱʝʛʦ ʩʠʛʥʘʣʘ ʧʦ ʧʦʪʦʢʘʤ. 

ɺʳʭʦʜʥʳʝ ʜʘʥʥʳʝ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ: 

ï ʦʮʝʥʢʠ Mg1 ʠ Mg2 ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʦʞʠʜʘʥʠʷ ʥʘʯʘʣʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʟʘʷʚʢʠ ʧʦ 
ʧʝʨʚʦʤʫ ʠ ʚʪʦʨʦʤʫ ʧʦʪʦʢʫ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 

ï ʦʮʝʥʢʘ g* ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʦʞʠʜʘʥʠʷ ʥʘʯʘʣʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʨʦʠʟʚʦʣʴʥʦʡ ʟʘʚ̫-

ʢʠ, ʛʜʝ *

1 1 2 2 1 2( ) ( )g = lMg +l Mg l +l; 

ï ʢʦʵʬʬʠʮʠʝʥʪ max

ʦʪʥ

N
k

N
= , ʛʜʝ 

maxN  ï ʢʦʣʠʯʝʩʪʚʦ ʮʠʢʣʦʚ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʫʩʪ-

ʨʦʡʩʪʚʘ, ʚ ʪʝʯʝʥʠʠ ʢʦʪʦʨʳʭ ʜʣʠʪʝʣʴʥʦʩʪʴ ʟʝʣʝʥʦʛʦ ʩʚʝʪʘ ʧʦ ʧʝʨʚʦʤʫ ʠ ʚʪʦʨʦʤʫ ʧʦʪʦ-

ʢʘʤ ʙʳʣʠ ʨʘʚʥʘ Tmax1 ʠ Tmax2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ N ï ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʮʠʢʣʦʚ.  

ʂʦʵʬʬʠʮʠʝʥʪ 
ʦʪʥk  ʤʦʞʝʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʩʣʝʜʫʝʤʦʛʦ ʘʜʘʧʪʠʚ-

ʥʦʛʦ ʘʣʛʦʨʠʪʤʘ. ʉʯʠʪʘʝʤ, ʯʪʦ ʧʨʠ ʟʥʘʯʝʥʠʠ 
ʦʪʥ 0,8k >  ʘʣʛʦʨʠʪʤ ʪʝʨʷʝʪ ʩʚʦʶ ʬʫʥʢ-

ʮʠ,ʁ ʧʦʩʢʦʣʴʢʫ ʬʘʢʪʠʯʝʩʢʠ ʧʝʨʝʩʪʘʝʪ ʷʚʣʷʪʴʩʷ ʘʜʘʧʪʠʚʥʳʤ ʠ ʦʩʥʦʚʥʦʝ ʚʨʝʤʷ ʨʘʙʦʪʘ-

ʝʪ ʢʘʢ ʧʨʦʩʪʝʡʰʠʡ ʮʠʢʣʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʨʠʪʤʦʤ. 

ʇʨʠ ʧʦʣʫʯʝʥʠʠ ʯʠʩʣʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʧʨʠʚʦʜʠʣʘʩʴ ʢ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʦʤʫ (ʙʣʠʟʢʦʤʫ ʢ ʩʪʘʮʠʦʥʘʨʥʦʤʫ) ʨʝʞʠʤʫ ʬʫʥʢʮʠʦʥʠ-

ʨʦʚʘʥʠʷ [6]. ɼʣʷ ʵʪʦʛʦ, ʧʨʠ ʟʘʜʘʥʥʦʤ ʟʥʘʯʝʥʠʠ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʦʜʥʦʚʨʝʤʝʥʥʦ 
ʥʘʙʣʶʜʘʣʠʩʴ ʜʚʝ ʩʠʩʪʝʤʳ. ʅʘʯʘʣʴʥʳʝ ʦʯʝʨʝʜʠ ʚ ʦʜʥʦʡ ʠʟ ʢʦʪʦʨʳʭ ʙʳʣʠ ʨʘʚʥʳ ʥʫʣʶ, 

ʘ ʚ ʜʨʫʛʦʡ ï ʦʪʣʠʯʥʳ ʦʪ ʥʫʣʷ. ʅʘ ʢʘʞʜʦʤ ʰʘʛʝ ʚʳʯʠʩʣʷʣʠʩʴ ʟʥʘʯʝʥʠʷ ʦʮʝʥʦʢ ʩʨʝʜʥʝʛʦ 

ʚʨʝʤʝʥʠ ʦʞʠʜʘʥʠʷ ʥʘʯʘʣʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʟʘʷʚʢʠ ʧʦ ʧʦʪʦʢʘʤ ʚ ʩʠʩʪʝʤʘʭ c ʥʫʣʝʚʳʤʠ ʠ 

ʥʝʥʫʣʝʚʳʤʠ ʦʯʝʨʝʜʷʤʠ 
0

,j iM  ʠ 
1

,j iM , j = 1, 2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɿʘʪʝʤ ʚʳʯʠʩʣʷʣʠʩʴ 

ʦʮʝʥʢʠ ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʦʞʠʜʘʥʠʷ ʥʘʯʘʣʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʨʦʠʟʚʦʣʴʥʦʡ ʤʘʰʠʥʳ ʚ 

ʦʙʝʠʭ ʩʠʩʪʝʤʘʭ 
0

ig ʠ 
1

ig. ʉʯʠʪʘʣʠ, ʯʪʦ ʩʠʩʪʝʤʘ ʜʦʩʪʠʛʣʘ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʝʞʠʤʘ, 

ʝʩʣʠ ʚʳʧʦʣʥʷʣʦʩʴ 
0 1 0

i i ig -g <dg, ʪʦ ʝʩʪʴ ʟʥʘʯʝʥʠʷ ʦʮʝʥʢʠ ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʦʞʠʜʘ-

ʥʠʷ ʥʘʯʘʣʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʪʨʝʙʦʚʘʥʠʷ ʩʪʘʣʠ ʦʪʣʠʯʘʪʴʩʷ ʥʝ ʙʦʣʝʝ, ʯʝʤ 

ʥʘ ʟʘʜʘʥʥʫʶ ʤʘʣʫʶ ʚʝʣʠʯʠʥʫ d. ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʟʥʘʯʝʥʠʝ d = 
0,05. 

ʏʠʩʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʳʷʚʣʷʣʠʩʴ ʦʙʣʘʩʪʠ, ʚ ʢʦʪʦʨʳʭ 

ʘʜʘʧʪʠʚʥʳʡ ʘʣʛʦʨʠʪʤ ʚʳʨʦʞʜʘʣʩʷ ʚ ʮʠʢʣʠʯʝʩʢʠʡ ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʨʠʪʤʦʤ. ɼʘʥʥʳʝ 

ʦʙʣʘʩʪʠ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʷʪ ʦʪ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ, ʚ ʪʦʤ 

ʯʠʩʣʝ, ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʚʭʦʜʥʳʭ ʧʦʪʦʢʦʚ. ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʬʨʘʛʤʝʥʪʳ ʨʝʟʫʣʴʪʘʪʦʚ 

ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʘ 
ʦʪʥk , ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ. 

ʀʟ ʨʠʩ. 3 ʩʣʝʜʫʝʪ, ʯʪʦ ʘʜʘʧʪʠʚʥʳʡ ʘʣʛʦʨʠʪʤ ʩʦʭʨʘʥʷʝʪ ʩʚʦʶ ʬʫʥʢʮʠʶ ʧʨʘʢʪʠʯʝ-

ʩʢʠ ʚʦ ʚʩʝʭ ʧʨʠʚʝʜʝʥʥʳʭ ʩʣʫʯʘʷʭ. ʈʠʩ. 4 ʠʣʣʶʩʪʨʠʨʫʝʪ ʩʠʪʫʘʮʠʶ, ʛʜʝ ʘʣʛʦʨʠʪʤ ʚʳ-

ʧʦʣʥʷʝʪ ʩʚʦʶ ʘʜʘʧʪʠʚʥʫʶ ʬʫʥʢʮʠʶ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ ʧʦʣʦʚʠʥʝ ʩʣʫʯʘʝʚ. ʅʘ ʨʠʩ. 5 ʚ 

ʧʨʝʦʙʣʘʜʘʶʱʝʤ ʯʠʩʣʝ ʩʣʫʯʘʝʚ ʘʜʘʧʪʠʚʥʳʡ ʘʣʛʦʨʠʪʤ ʪʝʨʷʝʪ ʩʚʦʶ ʬʫʥʢʮʠʶ ʠ ʚʳʨʦʞ-

ʜʘʝʪʩʷ ʚ ʧʨʦʩʪʝʡʰʠʡ ʮʠʢʣʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʨʠʪʤʦʤ. 
 



ɽ.ɺ. ʇʨʦʡʜʘʢʦʚʘ, ɸ.ɸ. ʈʝʰʝʪʦʚʘ 
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ʈʠʩ. 3. ɿʥʘʯʝʥʠʷ ʦʪʥk  ʧʨʠ Tmin1 = 10, ʊmax1 = 50, Tmin2 = 10, Tmax2 = 60, tint1 = 15, tint2 = 10 

 

ʈʠʩ. 4. ɿʥʘʯʝʥʠʷ ʦʪʥk  ʧʨʠ Tmin1 = 10, ʊmax1 = 90, Tmin2 = 10, Tmax2 = 110, tint1 = 10, tint2 = 10 

 

ʈʠʩ. 5. ɿʥʘʯʝʥʠʷ 
ʦʪʥk  ʧʨʠ Tmin1 = 20, ʊmax1 = 35, Tmin2 = 20, Tmax2 = 45, tint1 = 20, tint2 = 20 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʭʦʜʝ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʜʘʧʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʥʩʧʦʨ-

ʪʦʤ ʩ ʘʣʛʦʨʠʪʤʦʤ ʧʦʠʩʢʘ ʨʘʟʨʳʚʘ ʚ ʧʦʪʦʢʝ, ʩ ʧʦʤʦʱʴʶ ʢʠʙʝʨʥʝʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ 

ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʠʩʪʝʤʳ ʚ ʚʠʜʝ ʩʣʫʯʘʡʥʦʡ ʚʝʢʪʦʨʥʦʡ ʧʦʩʣʝ-



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 53, 2017 ʛ. 
ʈʘʟʜʝʣ II. ʀʥʬʦʨʤʘʪʠʢʘ, ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʠ ʠ ʨʘʜʠʦʣʦʢʘʮʠʷ 
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ʜʦʚʘʪʝʣʴʥʦʩʪʠ. ɼʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʙʣʘʜʘʝʪ ʩʚʦʡʩʪʚʦʤ 

ʤʘʨʢʦʚʦʩʪʠ.  
ʊʘʢʞʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʯʠʩʣʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʩ ʧʦʤʦʱʴʶ ʧʦʩʪʨʦʝʥʥʦʡ 

ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ. ʇʦʣʫʯʝʥʥrʝ ʯʠʩʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʦʙ-

ʣʘʩʪʴ, ʚ ʢʦʪʦʨʦʡ ʘʜʘʧʪʠʚʥʳʡ ʘʣʛʦʨʠʪʤ ʚʳʨʦʞʜʘʝʪʩʷ ʚ ʮʠʢʣʠʯʝʩʢʠʡ, ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤ 

ʨʠʪʤʦʤ. 
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RESEARCH OF THE SYSTEM WITH ADAPTIVE ALGORI THM  

OF SEARCH FOR A BREAK IN THE FLOW  

E.V. Proidakova, A.A. Reshetova  

Keywords: adaptive algorithm, conflict flows of demands, cybernetic approach, simulation 
modeling. 
 
In this paper an analytical study of an adaptive transport control system with an algorithm 
for searching for a discontinuity in a flow is considered. A cybernetic experiment was put in 
place and a simulation model was constructed. A numerical study of the adaptive system was 
carried out. 

ʉʪʘʪʴʷ ʧʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ 19.10.2017 ʛ. 
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ɸ.ɺ. ʉʦʣʦʚʴʝʚ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʌɻɹʆʋ ɺʆ çɺɻʋɺʊè  

603950, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʅʝʩʪʝʨʦʚʘ, 5 

ʇʈʀʅʎʀʇʓ ɺɿɸʀʄʆɼɽʁʉʊɺʀʗ ʉʋɼʆɺʆɼʀʊɽʃʗ  

ʉ ɽɼʀʅʆʁ ʎɽʃɽʆʈʀɽʅʊʀʈʆɺɸʅʅʆʁ ʉʀʉʊɽʄʆʁ 

ʋʇʈɸɺʃɽʅʀʗ ʉʋɼʆɺʆʁ ʕʅɽʈɻɽʊʀʏɽʉʂʆʁ ʋʉʊɸʅʆɺʂʆʁ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʩʫʜʦʚʘʷ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʫʩ-
ʪʘʥʦʚʢʘ, ʝʜʠʥʦʝ ʮʠʬʨʦʚʦʝ ʨʝʰʝʥʠʝ, ʩʮʝʥʘʨʠʡ ʫʧʨʘʚʣʝʥʠʷ. 
 
ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʫʜʦʚʦʜʠʪʝʣʷ ʩ ʝʜʠʥʦʡ ʮʝʣʝʦʨʠʝʥ-
ʪʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ (ɽʎʉʋ) ʩʫʜʦʚʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʦʡ (ʉʕʋ). 
ʇʨʠʚʝʜʝʥ ʧʝʨʝʯʝʥʴ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʩʚʦʡʩʪʚ ʫʧʨʘʚʣʷʝʤʳʭ ʦʙʲʝʢʪʦʚ ʉʕʋ. ʆʧʠʩʘʥʳ 
ʧʨʠʥʮʠʧʳ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʠʥʪʝʨʬʝʡʩʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʤ ʥʘʠ-
ʣʫʯʰʝʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʫʜʦʚʦʜʠʪʝʣʷ ʩ ʩʠʩʪʝʤʦʡ ɽʎʉʋ ʉʕʋ. ʇʨʝʜʣʦʞʝʥʘ ʢʦʥʮʝʧʮʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʩʫʜʦʚʦʜʠʪʝʣʝʤ ʧʨʠ ʣʶʙʦʤ ʠʟ ʚʳʧʦʣ-
ʥʷʝʤʳʭ ʩʮʝʥʘʨʠʝʚ ɽʎʉʋ ʠʣʠ ʨʫʯʥʦʤ ʫʧʨʘʚʣʝʥʠʠ ʦʙʲʝʢʪʘʤʠ ʉʕʋ. 

 

ʆʩʥʘʱʝʥʠʝ ʩʫʜʦʚ ʩʦʚʨʝʤʝʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʫʧʨʘʚʣʝʥʠʷ, ʠʩʧʦʣʴʟʫʶʱʠʤʠ ʜʦʩ-

ʪʠʞʝʥʠʷ ʢʠʙʝʨʥʝʪʠʢʠ, ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʵʣʝʤʝʥʪʳ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʧʦʟʚʦʣʷ-

ʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʝ ʢʘʢ ʩʭʝʤʥʳʝ, ʪʘʢ ʠ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ 
ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʩʦʚʦʢʫʧʥʦʩʪʷʤʠ ʦʙʲʝʢʪʦʚ [1]ï[2]. ʇʨʝʜʣʦʞʝʥʥʘʷ 

ʢʦʥʮʝʧʮʠʷ ʮʠʬʨʦʚʦʛʦ ʨʝʰʝʥʠʷ (ʨʠʩ. 1) ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʝʜʠʥʫʶ ʮʝʣʝʦʨʠʝʥʪʠ-

ʨʦʚʘʥʥʫʶ ʩʠʩʪʝʤʫ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ (ɽʎʉʋ) ʩʫʜʦʚʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩ-

ʪʘʥʦʚʢʦʡ (ʉʕʋ), ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʫʶ ʚʦʩʝʤʴ çʩʮʝʥʘʨʠʝʚè ʫʧʨʘʚʣʝʥʠʷ [3]:  

ï çʩʮʝʥʘʨʠʡ 1è ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʛʣʘʚʥʳʭ ʜʚʠʛʘʪʝʣʝʡ; 

ï çʩʮʝʥʘʨʠʡ 2è ï ʥʦʤʠʥʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʛʣʘʚʥʳʭ ʜʚʠʛʘʪʝʣʝʡ; 

ï çʩʮʝʥʘʨʠʡ 3è ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʉʕʋ; 

ï çʩʮʝʥʘʨʠʡ 4è ï ʤʠʥʠʤʘʣʴʥʘʷ ʠʣʠ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʘʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʩʫʜʥʘ; 

ï çʩʮʝʥʘʨʠʡ 5è ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ; 

ï çʩʮʝʥʘʨʠʡ 6è ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʦʣʛʦʚʝʯʥʦʩʪʴ; 

ï çʩʮʝʥʘʨʠʡ 7è ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʝʭʥʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ; 

ï çʩʮʝʥʘʨʠʡ 8è ï ʤʘʥʝʚʨʦʚʳʡ ʨʝʞʠʤ. 
ʆʜʥʦʡ ʠʟ ʟʘʜʘʯ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʡ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘ-

ʥʠʷ ɽʎʉʋ ʉʕʋ, ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʧʨʠʥʮʠʧʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʫʜʦʚʦʜʠʪʝʣʷ ʩ ʥʝʡ, 

ʧʦʩʢʦʣʴʢʫ ʦʪ ʠʥʪʝʨʬʝʡʩʘ ʩʠʩʪʝʤʳ ʠ ʝʸ ʬʫʥʢʮʠʦʥʘʣʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʟʘʚʠʩʷʪ ʚʦʟ-

ʤʦʞʥʦʩʪʠ ʜʦʩʪʠʞʝʥʠʝ ʮʝʣʝʡ ʫʧʨʘʚʣʝʥʠʷ.   

ɼʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʣʥʦʮʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʫʜʦʚʦʜʠʪʝʣʷ ʩ ɽʎʉʋ ʉʕʋ ʵʪʘ 

ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʠʤʝʪʴ ʠʥʪʝʨʬʝʡʩ, ʚʳʧʦʣʥʝʥʥʳʡ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʠʥʬʦʨʤʘʮʠʷ ʦ 

ʩʦʩʪʦʷʥʠʠ ʩʠʩʪʝʤʳ, ʥʘʧʨʘʚʣʷʝʤʘʷ ʚ ʨʫʣʝʚʫʶ ʨʫʙʢʫ, ʦʪʦʙʨʘʞʘʣʘ ʩʘʤʳʝ ʩʫʱʝʩʪʚʝʥʥʳʝ 

ʩʚʦʡʩʪʚʘ ʫʧʨʘʚʣʷʝʤʳʭ ʦʙʲʝʢʪʦʚ ʉʕʋ, ʘ ʦʨʛʘʥʳ ʫʧʨʘʚʣʝʥʠʷ ʧʦʟʚʦʣʷʣʠ ʩʫʜʦʚʦʜʠʪʝʣʶ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʫʪʝʚʳʭ ʫʩʣʦʚʠʡ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʪʦʪ ʠʣʠ ʠʥʦʡ ʩʮʝʥʘʨʠʡ ʫʧʨʘʚʣʝʥʠʷ. 
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ɸ.ɺ. ʉʦʣʦʚʴʝʚ 

ʇʨʠʥʮʠʧʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʫʜʦʚʦʜʠʪʝʣʷ ʩ ʝʜʠʥʦʡ ʮʝʣʝʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʦʡ » 
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ɽʎʉʋ ʦʩʫʱʝʩʪʚʣʷʝʪ ʫʧʨʘʚʣʝʥʠʝ ʦʙʲʝʢʪʘʤʠ ʉʕʋ ʫʢʘʟʘʥʥʳʤʠ ʚ ʪʘʙʣʠʮʝ 1. ɺʳʜʝ-

ʣʠʤ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʝ ʩʚʦʡʩʪʚʘ ʫʧʨʘʚʣʷʝʤʳʭ ʦʙʲʝʢʪʦʚ ʉʕʋ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ 
ʦʪʦʙʨʘʞʘʪʴ ʥʘ ʤʦʥʠʪʦʨʝ ʮʝʥʪʨʘʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ ʫʧʨʘʚʣʝʥʠʷ I-ʛʦ ʫʨʦʚʥʷ, ʨʘʩʧʦʣʦ-

ʞʝʥʥʦʛʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʧʦʩʪʫ ʫʧʨʘʚʣʝʥʠʷ ʩʫʜʥʦʤ ʚ ʨʫʣʝʚʦʡ ʨʫʙʢʝ. ɼʣʷ ʫʜʦʙʩʪʚʘ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠʚʝʜʝʤ ʩʚʦʡʩʪʚʘ ʚ ʪʘʙʣʠʯʥʦʡ ʬʦʨʤʝ (ʪʘʙʣʠʮʘ 1). 

ʊʘʙʣʠʮʘ 1 

ʉʚʦʡʩʪʚʘ ʫʧʨʘʚʣʷʝʤʳʭ ʦʙʲʝʢʪʦʚ ʉʕʋ ʦʪʦʙʨʘʞʘʝʤʳʝ ʥʘ ʧʦʩʪʫ ʫʧʨʘʚʣʝʥʠʷ ʩʫʜʥʦʤ 

 ̄ ʆʙʲʝʢʪʳ ʉʕʋ ʉʚʦʡʩʪʚʘ ʦʙʲʝʢʪʘ ʉʕʋ ʦʪʦʙʨʘʞʘʝʤʳʝ ʥʘ 
ʧʦʩʪʫ ʫʧʨʘʚʣʝʥʠʷ ʩʫʜʥʦʤ 

ɺʠʜ ʦʪʦʙʨʘ-
ʞʝʥʠʷ ʠʥ-
ʬʦʨʤʘʮʠʠ 

1 ɻʣʘʚʥʳʝ/ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ 
ɼɺʉ 

ʏʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ ni, ʤʠʥ
ï1 ʘʥʘʣʦʛʦʚʳʡ 

ʂʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʄʢʨi ʥʘ ʬʣʘʥʮʝ ʜʚʠʛʘʪʝʣʷ, 
ʢʅĀʤ (ʤʦʱʥʦʩʪʴ, ʢɺʪ) 

ʮʠʬʨʦʚʦʡ 

ʈʘʩʭʦʜ ʪʦʧʣʠʚʘ Gʊi, ʢʛ/ʯ ʮʠʬʨʦʚʦʡ 

ʊʝʤʧʝʨʘʪʫʨʘ ʚʳʧʫʩʢʥʳʭ ʛʘʟʦʚ ʧʦ ʮʠʣʠʥʜʨʘʤ 

tʛi, ̄ ʉ 

ʮʠʬʨʦʚʦʡ 

ɼʘʚʣʝʥʠʝ ʥʘʜʜʫʚʘ pki, ʄʇʘ ʮʠʬʨʦʚʦʡ 

ɼʘʚʣʝʥʠʝ ʤʘʩʣʘ pʤi ʮʠʬʨʦʚʦʡ 

ʉʠʩʪʝʤʘ ʥʝʡʪʨʘʣʠʟʘʮʠʠ (ʦʯʠʩʪʢʠ) ʚʳʧʫʩʢ-
ʥʳʭ ʛʘʟʦʚ ʛʣʘʚʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʚʢʣ./ʚʳʢʣ. 

ʪʝʢʩʪʦʚʳʡ 

ʇʨʦʛʨʘʤʤʘ ʩʦʦʪʚʝʪʩʪʚʠʷ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ 
ʛʣʘʚʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʛʣʫʙʠʥʝ ʩʫʜʦʚʦʛʦ ʭʦʜʘ 
ʚʢʣ./ʚʳʢʣ. 

ʪʝʢʩʪʦʚʳʡ 

ʇʨʦʛʨʘʤʤʘ ʧʦʠʩʢʘ ʵʢʦʥʦʤʠʯʥʦʛʦ ʩʦʯʝʪʘʥʠʷ 
ʢʦʣʠʯʝʩʪʚʘ ʨʘʙʦʪʘʶʱʠʭ ʛʣʘʚʥʳʭ ʜʚʠʛʘʪʝʣʝʡ 
ʠ ʠʭ ʤʦʱʥʦʩʪʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʧʦʣʥʝʥʠʷ 

ʛʨʘʬʠʢʘ ʜʚʠʞʝʥʠʷ ʚʢʣ./ʚʳʢʣ.  

ʪʝʢʩʪʦʚʳʡ 

2 ʈʝʚʝʨʩ-ʨʝʜʫʢʪʦʨʥʘʷ ʧʝʨʝʜʘʯʘ ʏʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʛʨʝʙʥʦʛʦ ʚʘʣʘ nʛʚi ʘʥʘʣʦʛʦʚʳʡ 

3 ɼʚʠʞʠʪʝʣʠ ʉʢʦʨʦʩʪʴ ʩʫʜʥʘ w, ʢʤ/ʯ ʮʠʬʨʦʚʦʡ 

4 ʕʣʝʢʪʨʦ-
ʩʪʘʥʮʠʷ 

ɻʝʥʝʨʘʪʦʨʳ/ 
ʚʘʣʦʛʝʥʝʨʘʪʦʨʳ 

ʅʘʧʨʷʞʝʥʠʝ Ui, ɺ ʮʠʬʨʦʚʦʡ 

ʊʦʢ I i, ɸ 

ʏʘʩʪʦʪʘ ʪʦʢʘ ni, ɻʮ 

5 ʆʙʱʝʩʫ-
ʜʦʚʳʝ ʩʠʩ-
ʪʝʤʳ 

ʆʩʫʰʠʪʝʣʴʥʘʷ ʅʘʩʦʩ ʚʢʣ./ʚʳʢʣ. ʪʝʢʩʪʦʚʳʡ 

ʅʘʧʦʨ ʅʦʩi ʥʘʩʦʩʘ, ʤ. ʚʦʜ.ʩʪ. ʮʠʬʨʦʚʦʡ 

ʇʦʜʘʯʘ Qʦʩi ʥʘʩʦʩʘ, ʤ
3/ʯ 

ɹʘʣʣʘʩʪʥʘʷ ʅʘʩʦʩ ʚʢʣ./ʚʳʢʣ. ʪʝʢʩʪʦʚʳʡ 

ʅʘʧʦʨ ʅʙi ʥʘʩʦʩʘ, ʤ. ʚʦʜ. ʩʪ. ʮʠʬʨʦʚʦʡ 

ʇʦʜʘʯʘ Qʙi ʥʘʩʦʩʘ, ʤ
3/ʯ 

ɻʘʟʦʚʳʧʫʩʢʥʘʷ ʉʠʩʪʝʤʘ ʥʝʡʪʨʘʣʠʟʘʮʠʠ (ʦʯʠʩʪʢʠ) ʚʳʧʫʩʢ-

ʥʳʭ ʛʘʟʦʚ ʛʣʘʚʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʚʢʣ./ʚʳʢʣ. 

ʪʝʢʩʪʦʚʳʡ 

ʇʦʣʦʞʝʥʠʝ ʧʝʨʝʧʫʩʢʥʳʭ ʟʘʩʣʦʥʦʢ ʪʝʢʩʪʦʚʳʡ 

ɺʝʥʪʠʣʷʮʠʦʥʥʘʷ - - 

ʊʦʧʣʠʚʥʘʷ ʇʨʘʚʠʣʴʥʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʘʚʪʦʤʘʪʠʢʠ ʪʝʢʩʪʦʚʳʡ 

ʄʘʩʣʷʥʘʷ ʇʨʘʚʠʣʴʥʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʘʚʪʦʤʘʪʠʢʠ ʪʝʢʩʪʦʚʳʡ 

ʉʞʘʪʦʛʦ ʚʦʟʜʫʭʘ ʂʦʤʧʨʝʩʩʦʨ ʚʢʣ./ʚʳʢʣ. ʪʝʢʩʪʦʚʳʡ 
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 ̄ ʆʙʲʝʢʪʳ ʉʕʋ ʉʚʦʡʩʪʚʘ ʦʙʲʝʢʪʘ ʉʕʋ ʦʪʦʙʨʘʞʘʝʤʳʝ ʥʘ 
ʧʦʩʪʫ ʫʧʨʘʚʣʝʥʠʷ ʩʫʜʥʦʤ 

ɺʠʜ ʦʪʦʙʨʘ-
ʞʝʥʠʷ ʠʥ-
ʬʦʨʤʘʮʠʠ 

ɼʘʚʣʝʥʠʝ ʨʩʞʚi ʚ ʙʘʣʣʦʥʘʭ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ ʮʠʬʨʦʚʦʡ 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ Qʩʞʚi ʢʦʤʧʨʝʩʩʦʨʘ, ʤ
3/ʯ ʮʠʬʨʦʚʦʡ 

ɺʦʜʦʪʫʰʝʥʠʷ ʅʘʩʦʩ ʚʢʣ./ʚʳʢʣ. ʪʝʢʩʪʦʚʳʡ 

ʇʦʜʘʯʘ Qʚʪʧi ʧʦʞʘʨʥʦʛʦ ʥʘʩʦʩʘ ʮʠʬʨʦʚʦʡ 

ɼʘʚʣʝʥʠʝ ʨʧʦʞ ʚ ʧʦʞʘʨʥʦʡ ʤʘʛʠʩʪʨʘʣʠ ʮʠʬʨʦʚʦʡ 

ɻʘʟʦʚʦʛʦ ʧʦʞʘ-
ʨʦʪʫʰʝʥʠʷ 

ʇʨʘʚʠʣʴʥʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʘʚʪʦʤʘʪʠʢʠ ʪʝʢʩʪʦʚʳʡ 

ɸʵʨʦʟʦʣʴʥʦʛʦ 
ʧʦʞʘʨʦʪʫʰʝʥʠʷ 

ʇʝʥʦʪʫʰʝʥʠʷ 

ʀʥʘʷ ʩʠʩʪʝʤʘ 
ʧʦʞʘʨʦʪʫʰʝʥʠʷ 

6 ʉʠʩʪʝʤʘ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ 
ʚʦʟʜʫʭʘ ʠ ʦʪʦʧʣʝʥʠʷ 

ʉʠʩʪʝʤʘ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ 
ʚʢʣ./ʚʳʢʣ. 

ʪʝʢʩʪʦʚʳʡ 

7 ɸʚʪʦʥʦʤʥʳʝ ʢʦʪʣʳ ɸʚʪʦʥʦʤʥʳʝ ʢʦʪʣʳ ʚʢʣ./ʚʳʢʣ. ʪʝʢʩʪʦʚʳʡ 

8 ʋʪʠʣʠʟʘʪʦʨʳ ʪʝʧʣʦʪʳ ʚʳʧʫ-
ʩʢʥʳʭ ʛʘʟʦʚ 

ʋʪʠʣʠʟʘʮʠʦʥʥʳʝ ʢʦʪʣʳ ʚʢʣ./ʚʳʢʣ. ʪʝʢʩʪʦʚʳʡ 

9 ʇʦʜʨʫʣʠʚʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ ʇʦʜʨʫʣʠʚʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ ʚʢʣ./ʚʳʢʣ. ʪʝʢʩʪʦʚʳʡ 

 

ʇʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 1 ʩʚʦʡʩʪʚʘ ʤʦʛʫʪ ʙʳʪʴ ʠʟʦʙʨʘʞʝʥʳ ʥʘ ʦʜʥʦʤ ʚʠʜʝʦʢʘʜʨʝ 

ʤʦʥʠʪʦʨʘ ʚ ʚʠʜʝ ʤʥʝʤʦʩʭʝʤʳ ʉʕʋ. ʇʦʩʢʦʣʴʢʫ ʦʙʲʝʢʪʦʚ ʉʕʋ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ, ʘ 

ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ɽʎʉʋ ʥʘ ʧʦʨʷʜʦʢ ʙʦʣʴʰʝ, ʪʦ ʧʦʤʠʤʦ ʫʢʘʟʘʥʥʳʭ ʩʚʦʡʩʪʚ 
ʦʙʲʝʢʪʦʚ ʉʕʋ ʩʠʩʪʝʤʘ ʠʥʜʠʢʘʮʠʠ ʜʦʣʞʥʘ ʦʪʦʙʨʘʞʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʳʙʨʘʥʥʦʤ 

ʩʮʝʥʘʨʠʠ ʫʧʨʘʚʣʝʥʠʷ, ʛʝʥʝʨʠʨʦʚʘʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʦʦʙʱʝʥʠʷ ʚ ʩʣʫʯʘʝ ʥʝʩʦʦʪʚʝʪ-

ʩʪʚʠʷ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʦʙʲʝʢʪʦʚ ʉʕʋ ʚʳʧʦʣʥʷʝʤʦʤʫ ʩʮʝʥʘʨʠʶ, ʘ ʪʘʢʞʝ ʧʦ ʟʘʧʨʦʩʫ 

ʩʫʜʦʚʦʜʠʪʝʣʷ ʚʳʜʘʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʦʙʲʝʢʪʦʚ ʉʕʋ ʠ ʠʭ ʥʘʩʪʨʦʡ-

ʢʘʭ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʦʪʜʝʣʴʥʳʭ ʚʠʜʝʦʢʘʜʨʘʭ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʩʦʚʨʝʤʝʥʥʳʭ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʩʫʜʦ-

ʚʳʤʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʨʝʜʩʪʚʘʤʠ [4, 5, 6, 7] ʘʚʪʦʨ ʩʬʦʨʤʫʣʠʨʦʚʘʣ ʩʣʝʜʫʶʱʠʝ ʧʨʠʥʮʠ-

ʧʳ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʠʥʪʝʨʬʝʡʩʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʤ ʥʘʠʣʫʯʰʝʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʫʜʦʚʦʜʠʪʝʣʷ ʩ ɽʎʉʋ ʉʕʋ: 

1) ɺʚʝʜʝʥʠʝ ʚ ʜʝʡʩʪʚʠʝ (ʟʘʧʫʩʢ) ʩʫʜʦʚʦʜʠʪʝʣʝʤ ʦʜʥʦʛʦ ʠʟ ʚʦʩʴʤʠ ʩʮʝʥʘʨʠʝʚ ʦʩʫ-

ʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʜʠʩʢʨʝʪʥʦʛʦ ʧʝʨʝʢʣʶʯʘʪʝʣʷ ʫʧʨʘʚʣʝʥʠʷ, ʩʚʷʟʘʥʥʦʛʦ ʧʨʦ-
ʛʨʘʤʤʥʦ ʪʦʣʴʢʦ ʩ ʢʦʤʧʴʶʪʝʨʦʤ I-ʛʦ ʫʨʦʚʥʷ. ʇʝʨʝʢʣʶʯʘʪʝʣʴ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʧʫʣʴʪʝ 

ʫʧʨʘʚʣʝʥʠʷ ʩʫʜʥʦʤ. 

2) ʉʠʩʪʝʤʘ ʠʥʜʠʢʘʮʠʠ ʦʪʦʙʨʘʞʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʳʙʨʘʥʥʦʤ ʩʮʝʥʘʨʠʠ ʫʧʨʘʚʣʝ-

ʥʠʷ. 

3) ʉʠʩʪʝʤʘ ʠʥʜʠʢʘʮʠʠ ʦʪʦʙʨʘʞʘʝʪ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʝ ʩʚʦʡʩʪʚʘ ʦʙʲʝʢʪʦʚ ʉʕʋ ʧʨʠ-

ʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 1. 

4) ɺ ʩʣʫʯʘʝ ʦʪʢʣʦʥʝʥʠʷ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʠʣʠ ʥʘʩʪʨʦʝʢ ʫʧʨʘʚʣʝʥʠʷ ʦʙʲʝʢʪʦʚ ʉʕʋ 

ʦʪ ʚʳʙʨʘʥʥʦʛʦ ʩʮʝʥʘʨʠʷ, ʜʦʣʞʥʦ ʧʨʦʠʩʭʦʜʠʪʴ ʩʨʘʙʘʪʳʚʘʥʠʝ ʩʠʩʪʝʤʳ ʦʧʦʚʝʱʝʥʠʷ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʥʘ ʤʦʥʠʪʦʨ I-ʦʛʦ ʫʨʦʚʥʷ ʜʦʣʞʥʘ ʚʳʚʦʜʠʪʴʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʪʦʤ, ʧʦ 

ʢʘʢʦʤʫ ʧʘʨʘʤʝʪʨʫ ʠ ʢʘʢʦʛʦ ʦʙʲʝʢʪʘ ʧʨʦʠʟʦʰʣʦ ʦʪʢʣʦʥʝʥʠʝ. 

5) ʇʦ ʟʘʧʨʦʩʫ ʩʫʜʦʚʦʜʠʪʝʣʷ ʩʠʩʪʝʤʘ ʠʥʜʠʢʘʮʠʠ ʦʪʦʙʨʘʞʘʝʪ ʥʘ ʦʪʜʝʣʴʥʳʭ ʚʠʜʝʦ-

ʢʘʜʨʘʭ ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʦʙʲʝʢʪʦʚ ʉʕʋ ʠ ʠʭ ʥʘʩʪʨʦʡʢʘʭ ʫʧʨʘʚʣʝʥʠʷ. 
6) ʉʠʩʪʝʤʘ ʠʥʜʠʢʘʮʠʠ ʧʦ ʟʘʧʨʦʩʫ ʩʫʜʦʚʦʜʠʪʝʣʷ ʜʦʣʞʥʘ ʦʪʦʙʨʘʞʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴ-

ʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʘʭ ʦʙʲʝʢʪʦʚ ʉʕʋ ʥʘ ʦʪʜʝʣʴʥʳʭ ʚʠʜʝʦ-

ʢʘʜʨʘʭ, ʧʝʨʝʜʘʚʘʝʤʫʶ ʦʪ ʜʘʪʯʠʢʦʚ ʩʦʩʪʦʷʥʠʷ. 



ɸ.ɺ. ʉʦʣʦʚʴʝʚ 
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7) ʇʨʦʠʟʚʦʜʠʪʴ ʦʙʨʘʙʦʪʢʫ ʠʥʬʦʨʤʘʮʠʠ ʚ ʨʝʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ ʩʫʜʘʭ ʦʩʫʱʝʩʪʚʣʝʥ ʧʝʨʝʭʦʜ ʦʪ ʦʪʜʝʣʴʥʳʭ 
ʫʩʪʨʦʡʩʪʚ ʠ ʧʨʦʩʪʳʭ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʩʠʩ-

ʪʝʤ, ʚ ʢʦʤʧʣʝʢʩʝ ʨʝʰʘʶʱʠʭ ʟʘʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ ʩʫʜʦʚʳʤʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʨʝʜʩʪʚʘʤʠ. 

ʆʜʥʦʡ ʠʟ ʪʘʢʠʭ ʩʫʜʦʚʳʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʥʥʳʡ ʢʦʤʧʣʝʢʩ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ: 

ʥʘʚʠʛʘʮʠʠ, ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʩʪʦʣʢʥʦʚʝʥʠʡ, ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ, ʦʙʝʩʧʝʯʝʥʠʝ 

ʙʝʟʦʧʘʩʥʦʩʪʠ, ʨʘʜʠʦʩʚʷʟʠ, ʢʦʥʪʨʦʣʷ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʠ ʨʷʜʘ ʜʨʫʛʠʭ. ʊʘʢʠʝ ʵʣʝʢ-

ʪʨʦʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʧʦʣʫʯʠʣʠ ʥʘʟʚʘʥʠʝ ï ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʭʦʜʦʚʦʛʦ ʤʦʩʪʠ-

ʢʘ (ʀʉʄ). ʀʉʄ ʩʦʚʤʝʩʪʥʦ ʩ ʩʫʜʦʚʦʜʠʪʝʣʝʤ ʦʙʨʘʟʫʝʪ ʵʨʛʘʪʠʯʝʩʢʫʶ (ʯʝʣʦʚʝʢʦ-

ʤʘʰʠʥʥʫʶ) ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ ʩʫʜʥʘ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʝʛʦ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʇʨʠ ʵʪʦʤ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʛʣʘʚʥʘʷ ʨʦʣʴ ʀʉʄ ʩʦʩʪʦʠʪ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʦʜ-

ʜʝʨʞʢʝ ʨʝʰʝʥʠʡ ʩʫʜʦʚʦʜʠʪʝʣʷ ï ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʝʛʦ ʩʚʦʝʚʨʝʤʝʥʥʳʤʠ, ʜʦʩʪʘʪʦʯʥʳʤʠ ʠ 

ʣʝʛʢʦ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʳʤʠ ʜʘʥʥʳʤʠ, ʥʝʦʙʭʦʜʠʤʳʤʠ ʜʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. 

ɺ ʵʪʦʡ ʩʚʷʟʠ ʦʜʥʦʡ ʠʟ ʬʫʥʢʮʠʡ ɽʎʉʋ ʉʕʋ ʷʚʣʷʝʪʩʷ ʨʝʘʣʠʟʘʮʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 
ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʩʫʜʦʚʦʜʠʪʝʣʝʤ ʧʨʠ ʣʶʙʦʤ ʠʟ ʚʳʧʦʣʥʷʝʤʳʭ ʩʮʝʥʘʨʠʝʚ 

ʠʣʠ ʨʫʯʥʦʤ ʫʧʨʘʚʣʝʥʠʠ ʦʙʲʝʢʪʘʤʠ ʉʕʋ ʚ ʩʣʝʜʫʶʱʠʭ ʩʣʫʯʘʷʭ: 

ï ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ɻɼ ʛʣʫʙʠʥʝ ʩʫʜʦʚʦʛʦ ʭʦʜʘ; 

ï ʥʝʩʦʙʣʶʜʝʥʠʷ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʨʝʞʠʤ ʜʚʠʞʝʥʠʷ ʥʘ ʜʘʥʥʦʤ ʫʯʘʩʪʢʝ ʧʣʝʩʘ, ʥʘ-

ʢʣʘʜʳʚʘʝʤʳʭ ʤʝʩʪʥʳʤʠ ʧʨʘʚʠʣʘʤʠ ʧʣʘʚʘʥʠʷ ʠ çʟʘʰʠʪʳʭè ʚ ʧʘʤʷʪʴ ʢʦʤʧʴʶʪʝʨʘ ʩʠʩ-

ʪʝʤʳ ʦʪʦʙʨʘʞʝʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʢʘʨʪ ʠ ʠʥʬʦʨʤʘʮʠʠ; 

ï ʥʝʵʢʦʥʦʤʠʯʥʦʛʦ ʩʦʯʝʪʘʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʨʘʙʦʪʘʶʱʠʭ ɻɼ ʠ ʠʭ ʤʦʱʥʦʩʪʠ; 

ï ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ 

(ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʩʫʜʥʦʤ ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʭ ʟʦʥ, ʛʠʜʨʦʫʟʣʦʚ, ʛʦʨʦʜʦʚ ʠ ʢʨʫʧʥʳʭ 

ʩʝʣʴʩʢʠʭ ʧʦʩʝʣʝʥʠʡ). ʉʫʜʦʚʦʜʠʪʝʣʴ, ʠʩʧʦʣʴʟʫʷ ʜʘʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʦʢʨʫʞʘʶʱʝʡ ʦʙʩʪʘʥʦʚʢʠ, ʤʦʞʝʪ ʟʘʜʘʪʴ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʡ ʜʣʷ ʪʝʢʫʱʝʛʦ ʤʦʤʝʥʪʘ 
ʚʨʝʤʝʥʠ ʩʮʝʥʘʨʠʡ ʠʣʠ ʧʝʨʝʡʪʠ ʥʘ ʨʫʯʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʠ ʠʟʤʝʥʠʪʴ ʨʝʞʠʤʳ ʨʘʙʦʪʳ 

ʦʙʲʝʢʪʦʚ ʉʕʋ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ ɽʎʉʋ.  

ʇʨʠ ʵʪʦʤ ɽʎʉʋ ʙʝʟ ʟʘʧʫʩʢʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʮʝʥʘʨʠʷ ʥʝ ʤʦʞʝʪ ʩʘʤʦʩʪʦʷʪʝʣʴ-

ʥʦ ʠʟʤʝʥʷʪʴ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʦʙʲʝʢʪʦʚ ʉʕʋ ʠ ʜʦʣʞʥʘ ʙʳʪʴ ʚʳʧʦʣʥʝʥʘ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʯʪʦʙʳ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʚʳʧʦʣʥʷʝʤʦʛʦ ʩʮʝʥʘʨʠʷ ʩʫʜʦʚʦʜʠʪʝʣʴ ʠʤʝʣ ʚʦʟʤʦʞʥʦʩʪʴ ʚ ʣʶ-

ʙʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʧʝʨʝʡʪʠ ʥʘ ʨʫʯʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʛʣʘʚʥʳʤʠ/ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤʠ 

ʜʚʠʛʘʪʝʣʷʤʠ, ʜʚʠʞʠʪʝʣʷʤʠ ʠ ʨʝʚʝʨʩ-ʨʝʜʫʢʪʦʨʥʳʤʠ ʧʝʨʝʜʘʯʘʤʠ. ʇʦʩʣʝ ʧʝʨʝʭʦʜʘ ʥʘ 

ʨʫʯʥʦʡ ʨʝʞʠʤ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ ʚʦʟʚʨʘʱʝʥʠʷ ʢ ʪʝʢʫʱʝʤʫ ʩʮʝʥʘʨʠʶ ʫʧʨʘʚʣʝʥʠʷ ʪʨʝʙʫ-

ʝʪʩʷ ʝʛʦ ʧʝʨʝʟʘʧʫʩʢ ʠʣʠ ï ʚ ʩʣʫʯʘʝ ʚʳʙʦʨʘ ʥʦʚʦʛʦ ʩʮʝʥʘʨʠʷ ï ʝʛʦ ʟʘʧʫʩʢ. 
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PRINCIPLES OF INTERA CTION OF THE NAVIGAT OR  

WITH A UNIFIED TARGE T-ORIENTED MANAGEMENT  

SYSTEM OF MARINE POW ER PLANT  

A.V. Solovyov 

Key words: automatic control system, ship power plant, a single digital solution, the control 

scenario. 
 
In the article the questions of interaction of the navigator with a unified target-oriented 
management system of a ship power plant is considered . The article presents a list of the 
most important properties of managed objects of ship power plant. It describes the principles 
that should be implemented in the interface for better interaction of the vessel with a unified 
target-oriented management system of a ship power plant. The concept of information sup-
port of decision-making by the navigator in any of the executed scenarios or manual control 

facilities of ship power plant is offered by the author.  

ʉʪʘʪʴʷ ʧʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ 30.09.2017 ʛ. 
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Shipbuilding, ship repair,  
and ecological safety  of the ship  
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ɽ.ʄ. ɻʨʘʤʫʟʦʚ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ ʀʊʉ, ʌɻɹʆʋ ɺʆ çʅɻʊʋ ʠʤ. ʈ.ɽ. ɸʣʝʢʩʝʝʚʘè 

ʖ.ɸ. ʄʦʩʢʚʠʯʝʚʘ, ʘʩʩʠʩʪʝʥʪ ʀʊʉ, ʌɻɹʆʋ ɺʆ çʅɻʊʋ ʠʤ. ʈ.ɽ. ɸʣʝʢʩʝʝʚʘè 
603950, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʫʣ. ʄʠʥʠʥʘ, 24 

ʉʆʇʈʆʊʀɺʃɽʅʀɽ ʄɽʃʂʆɹʀʊʆɻʆ ʃʔɼɸ  

ʇʈʀ ɼɺʀɾɽʅʀʀ ʃɽɼʆʂʆʃʔʅʓʍ ʇʃɸʊʌʆʈʄ  

ʅɸ ɺʆɿɼʋʐʅʆʁ ʇʆɼʋʐʂɽ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʣʢʦʙʠʪʳʡ ʣʝʜ, ʣʝʜʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʙʣʦʤʢʦʚ 
ʣʴʜʘ, ʣʝʜʦʚʳʝ ʫʩʣʦʚʠʷ, ʣʝʜʦʢʦʣʴʥʘʷ ʧʣʘʪʬʦʨʤʘ ʥʘ ʚʦʟʜʫʰʥʦʡ ʧʦʜʫʰʢʝ. 

 
ʇʨʠʚʦʜʠʪʩʷ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʩʧʦʩʦʙ ʨʘʩʯʝʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʝʣʢʦʙʠʪʦʛʦ ʣʴʜʘ ʧʨʠ 
ʜʚʠʞʝʥʠʠ ʣʝʜʦʢʦʣʴʥʳʭ ʧʣʘʪʬʦʨʤ ʥʘ ʚʦʟʜʫʰʥʦʡ ʧʦʜʫʰʢʝ. ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʷ ʨʘʩ-
ʯʝʪʦʚ ʩ ʜʘʥʥʳʤʠ ʤʦʜʝʣʴʥʳʭ ʠ ʥʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʧʦʢʘʟʘʣʠ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʫʶ 
ʩʭʦʜʠʤʦʩʪʴ. 

 

ɼʚʠʞʝʥʠʝ ʣʝʜʦʢʦʣʴʥʳʭ ʧʣʘʪʬʦʨʤ ʥʘ ʚʦʟʜʫʰʥʦʡ ʧʦʜʫʰʢʝ (ʃʇɺʇ) ʤʦʞʝʪ ʧʨʦʭʦ-

ʜʠʪʴ ʚ ʩʧʣʦʰʥʳʭ ʣʴʜʘʭ, ʚ ʙʠʪʳʭ ʣʴʜʘʭ ʠ ʥʘ ʯʠʩʪʦʡ ʚʦʜʝ. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʪʘʢʠʭ ʧʣʘʪʬʦʨʤ ʷʚʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʚʦʟʜʫʭʘ ʚ ʚʦʟ-

ʜʫʰʥʦʡ ʧʦʜʫʰʢʝ (ɺʇ) (5ï12 ʢʇʘ), ʥʠʟʢʠʝ ʨʘʩʭʦʜʳ ʚʦʟʜʫʭʘ (1ï1,5 ʤ3/ʩ ʥʘ 1 ʤ ʧʝʨʠ-

ʤʝʪʨʘ) ʠ ʥʝʚʳʩʦʢʠʝ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ (ʜʦ 12 ʢʤ/ʯ) [2]. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʃʇɺʇ ʩʦ ʣʴʜʦʤ ʧʨʦʠʩʭʦʜʠʪ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʤʝʞʜʫ ʛʠʙʢʠʤ ʦʛ-

ʨʘʞʜʝʥʠʝʤ (ɻʆ) ʠ ʦʢʨʫʞʘʶʱʝʡ ʚʦʜʦ-ʣʝʜʦʚʦʡ ʩʨʝʜʦʡ. 

ɹʠʪʳʡ ʣʝʜ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʚʠʜʝ ʧʣʘʚʘʶʱʠʭ ʤʘʩʩ ʧʦʩʪʦʷʥʥʦʡ ʪʦʣʱʠʥʳ. 

ʋʧʨʫʛʠʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʣʴʜʠʥ ʙʫʜʝʤ ʧʨʝʥʝʙʨʝʛʘʪʴ. ʉʧʣʦʯʝʥʥʦʩʪʴ ʙʠʪʦʛʦ ʣʴʜʘ ʦʙʦ-

ʟʥʘʯʠʤ S ʠ, ʩʣʝʜʫʷ ɼ.ɽ. ʍʝʡʩʠʥʫ [9], ʚʚʝʜʝʤ ʬʫʥʢʮʠʶ ʩʧʣʦʯʝʥʥʦʩʪʠ 

)0,1...2,0;1,0;0( =SS , ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʩʧʣʦʯʝʥʥʦʩʪʠ ʣʴʜʘ ʦʪ 0 ʜʦ 10 ʙʘʣʣʦʚ.  

ɺ ʨʘʟʨʝʞʝʥʥʳʭ ʙʠʪʳʭ ʣʴʜʘʭ )6040( ,,S ·= ʜʣʠʥʘ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʙʝʛʘ ʣʴʜʠʥʳ 

ʤʦʞʝʪ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʥʫʣʷ. ʋ ʩʧʣʦʯʝʥʥʳʭ ʙʠʪʳʭ ʣʴʜʦʚ ʪʘʢʦʛʦ ʧʨʦʙʝʛʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʟʥʘʯʠʪʝʣʴʥʳʝ ʫʩʠʣʠʷ ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʧʨʠʪʘʧʣʠʚʘʥʠʠ ʠ ʧʦʚʦʨʦʪʝ ʣʴʜʠʥ 

ʠ ʠʭ ʪʨʝʥʠʷ ʦ ɻʆ. 

ʇʨʠ ʜʚʠʞʝʥʠʠ ʃʇɺʇ ʚ ʢʨʫʧʥʦʙʠʪʳʭ ʣʴʜʘʭ ʟʥʘʯʠʪʝʣʴʥʳʭ ʨʘʟʤʝʨʦʚ ʚʟʘʠʤʦʜʝʡʩʪ-

ʚʠʝ ʤʦʞʝʪ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʠʟʛʠʙʦʤ ʠ ʨʘʟʨʫʰʝʥʠʝʤ ʦʪʜʝʣʴʥʳʭ ʣʴʜʠʥ ʠ ʪʘʢʦʝ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʝ ʚ ʩʪʘʪʴʝ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ. 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ, 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʠ ʣʝʜʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ. ɸʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʦʩʪʘʚʣʷʶʱʠʝ (ʠʤ-

ʧʫʣʴʩʥʦʝ ʠ ʚʦʟʜʫʰʥʦʝ) ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟʚʝʩʪʥʳʤʠ ʩʧʦʩʦʙʘʤʠ [1] ʠ ʚʚʠʜʫ ʠʭ ʤʘʣʦʩʪʠ 
ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʩʪʘʣʴʥʳʤʠ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ. 

ɻʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʠ ʦʩʦʙʝʥʥʦ ʣʝʜʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʭʝʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ɺʇ (ɸɼʉ). ɸʤʬʠʙʠʡʥʳʝ ʩʦʚʨʝʤʝʥʥʳʝ ʉɺʇ 

ʠʤʝʶʪ ʢʘʤʝʨʥʫʶ ʩʭʝʤʫ ʬʦʨʤʠʨʦʚʘʥʠʷ ɺʇ ʠ ʜʝʣʷʪʩʷ ʥʘ ʨʝʩʠʚʝʨʥʳʝ ʠ ʙʝʟʨʝʩʠʚʝʨʥʳʝ. 

ʈʝʩʠʚʝʨʥʘʷ ɸɼʉ, ʥʝʩʤʦʪʨʷ ʥʘ ʥʝʢʦʪʦʨʳʝ ʥʝʜʦʩʪʘʪʢʠ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʫʜʦʚʣʝʪʚʦ-

ʨʷʝʪ ʪʨʝʙʦʚʘʥʠʷʤ, ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ ʩʢʦʨʦʩʪʥʳʤ ʉɺʇ. ʆʜʥʘʢʦ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ 

ʃʇɺʇ, ʢʦʛʜʘ ʪʨʝʙʦʚʘʥʠʷ ʩʦʭʨʘʥʝʥʠʷ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʢʘʯʝʩʪʚ 

ʩʫʜʥʘ ʥʘ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ (ʥʘʧʨʠʤʝʨ, ʤʝʨʳ ʧʦ ʠʟʙʝʞʘʥʠʶ ʟʘʤʳʚʘʥʠʷ ʥʦʩʦʚʳʭ ʵʣʝ-

ʤʝʥʪʦʚ ɻʆ) ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʯʝʟʘʶʪ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ɸɼʉ ʜʘʥʥʦʛʦ ʪʠʧʘ ʩʪʘʥʦʚʠʪʩʷ ʥʝ-

ʦʧʨʘʚʜʘʥʥʳʤ ʧʦ ʩʣʝʜʫʶʱʠʤ ʧʨʠʯʠʥʘʤ: 

ï ʚʳʩʦʢʘʷ ʪʨʫʜʦʝʤʢʦʩʪʴ ʠ ʩʪʦʠʤʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ɻʆ, 
ï ʥʠʟʢʘʷ ʨʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʴ ɻʆ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʜʚʠʞʝʥʠʠ ʚ ʣʝʜʦʚʳʭ ʫʩʣʦʚʠʷʭ, 



ɽ.ʄ. ɻʨʘʤʫʟʦʚ, ʖ.ɸ. ʄʦʩʢʚʠʯʝʚʘ 
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ï ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʦʜʦʣʝʥʠʷ ʧʨʝʧʷʪʩʪʚʠʡ, ʠʤʝʶʱʠʭ ʚʳʩʦʪʫ ʙʦʣʴʰʫʶ, ʯʝʤ ʚʳ-

ʩʦʪʘ ʥʘʚʝʩʥʳʭ ʵʣʝʤʝʥʪʦʚ, 
ɸʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘ ʃʇɺʇ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʙʝʟʨʝʩʠʚʝʨʥʫʶ 

ʩʭʝʤʫ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʦʧʳʪʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʧʦʩʪʨʦʡʢʠ ʩʦʚʨʝʤʝʥʥʳʭ ʃʇɺʇ 

(ʢʘʥʘʜʩʢʠʭ, ʬʠʥʩʢʠʭ, ʘʥʛʣʠʡʩʢʠʭ, ʘʤʝʨʠʢʘʥʩʢʠʭ, ʦʪʝʯʝʩʪʚʝʥʥʳʭ). 

ɺʘʞʥʳʤ ʤʦʤʝʥʪʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ɸɼʉ ʃʇɺʇ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʦʩʪʦʡʯʠʚʦ-

ʩʪʠ ʙʝʟ ʩʝʢʮʠʦʥʠʨʦʚʘʥʠʷ ɺʇ ï ʷʚʥʦ ʥʝʞʝʣʘʪʝʣʴʥʦʝ ʧʨʠ ʜʚʠʞʝʥʠʠ ʚ ʣʝʜʦʚʳʭ ʫʩʣʦʚʠ-

ʷʭ. ɼʣʷ ʧʨʠʤʝʨʘ ʥʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥʘ ʩʭʝʤʘ ʧʨʦʜʦʣʴʥʦʛʦ ʩʝʯʝʥʠʷ ʃʇɺʇ çʊʦʨʦʩè (ʧʨʦ-

ʝʢʪ ʃʇɺʇ-107 ʇ), ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʦʡ ʅɻʊʋ ʠ ʎʂɹ çɺʳʤʧʝʣè ʠ ʧʦʩʪʨʦʝʥʥʦʡ ʥʘ ʆʢ-

ʪʷʙʨʴʩʢʦʤ ʩʫʜʦʩʪʨʦʠʪʝʣʴʥʦ-ʩʫʜʦʨʝʤʦʥʪʥʦʤ ʟʘʚʦʜʝ. ɺʩʝʩʪʦʨʦʥʥʠʝ ʠʩʧʳʪʘʥʠʷ ʵʪʦʡ 

ʧʣʘʪʬʦʨʤʳ ʧʦʢʘʟʘʣʠ ʜʦʩʪʘʪʦʯʥʫʶ ʦʩʪʦʡʯʠʚʦʩʪʴ ʙʝʟ ʩʝʢʮʠʦʥʠʨʦʚʘʥʠʷ ɺʇ. 

 

ʈʠʩ. 1. ʉʭʝʤʘ ʧʨʦʜʦʣʴʥʦʛʦ ʩʝʯʝʥʠʷ ʃʇɺʇ çʊʦʨʦʩè 
(ʧʨʦʝʢʪ ʃʇɺʇ-107 ʇ) 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʧʨʠ ʧʘʨʝʥʠʠ ʉɺʇ ʥʘʜ ʚʦʜʦʡ, ʧʦʚʝʨʭʥʦʩʪʴ ʚʦʜʳ ʜʝʬʦʨʤʠʨʫʝʪʩʷ, ʘ 

ʚʠʜ ʵʪʦʡ ʜʝʬʦʨʤʘʮʠʠ ʟʘʚʠʩʠʪ ʦʪ ʜʘʚʣʝʥʠʷ ʚ ɺʇ (ʈʚʧ), ʨʘʟʤʝʨʦʚ ɺʇ ʠ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝ-

ʥʠʷ. ʅʘ ʨʠʩ. 2 ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʠʚʝʜʝʥ ʧʨʦʬʠʣʴ [1, 10] ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʡ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʚʦʜʳ. 

 

 

ʈʠʩ. 2. ɹʝʟʨʘʟʤʝʨʥʳʡ ʧʨʦʬʠʣʴ ʚʦʣʥʳ ʧʨʠ ʜʚʠʞʝʥʠʠ ʃʇɺʇ  

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʠʩʝʣ ʌʨʫʜʘ( ) ɺʇɺ PWgWgLɡFr r=Ö=   



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 53, 2017 ʛ. 
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ʇʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʭ ʩʢʦʨʦʩʪʷʭ ʜʚʠʞʝʥʠʷ ( )4,0<= gLFr u  ʛʣʫʙʠʥʘ ʚʦʟ-

ʜʫʰʥʦʡ ʚʧʘʜʠʥʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ ,gPh
ɺɺʇɺʇ
r=  ʛʜʝ ɺ

rï ʧʣʦʪʥʦʩʪʴ ʚʦ-

ʜʳ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʫʜʥʦ ʩʠʜʠʪ ʢʘʢ ʙʳ ʚ çʷʤʝè ʠ ʙʠʪʳʡ ʣʝʜ ʧʨʠ ʜʚʠʞʝʥʠʠ ʙʫʜʝʪ ʦʙʪʝ-

ʢʘʪʴ ɻʆ ʦʙʨʘʟʫʷ ʣʝʜʦʚʫʶ ʨʫʙʘʰʢʫ. 

ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʙʠʪʦʛʦ ʣʴʜʘ ʧʨʠ ʜʚʠʞʝʥʠʠ ʩʫʜʦʚ ʟʘʪʨʫʜʥʷʝʪʩʷ ʠ 

ʪʝʤ, ʯʪʦ ʦʙʣʦʤʢʠ ʣʴʜʘ ʥʝ ʠʤʝʶʪ ʧʨʘʚʠʣʴʥʳʭ ʬʦʨʤ ʠ ʨʘʟʤʝʨʦʚ ʣʴʜʠʥ ʚ ʧʣʘʥʝ. ʀʤʝʶ-

ʱʠʝʩʷ ʧʨʠʝʤʳ ʨʘʩʯʝʪʦʚ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʝʣʢʦʙʠʪʦʛʦ ʣʴʜʘ ʜʣʷ ʦʙʳʯʥʳʭ ʩʫʜʦʚ ʣʝʜʦʚʦ-

ʛʦ ʧʣʘʚʘʥʠʷ ʦʩʥʦʚʘʥʳ ʥʘ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ [2, 5, 7] ʠ ʥʝ ʚʧʦʣʥʝ ʢʦʥʢʨʝʪʥʳʭ 

ʧʘʨʘʤʝʪʨʘʭ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʣʴʜʠʥ. ʆʯʝʚʠʜʥʦ, ʟʜʝʩʴ ʪʨʝʙʫʶʪʩʷ ʤʝʪʦʜʳ ʩʪʘ-

ʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʢʦʪʦʨʳʝ ʧʦʢʘ ʥʝʣʴʟʷ ʧʨʠʟʥʘʪʴ ʚʧʦʣʥʝ ʨʘʟʨʘʙʦʪʘʥʥʳʤʠ. 
ɹʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʣʝʜʦʚʳʭ ʫʩʣʦʚʠʡ, ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʩʚʦʡʩʪʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʙʠʪʳʭ ʣʴʜʦʚ ʜʝʣʘʶʪ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳʤ ʪʦʯʥʦ ʠ ʦʧʨʝʜʝʣʝʥʥʦ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʤʥʦʛʦ-

ʯʠʩʣʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʥʘʪʫʨʥʫʶ ʣʝʜʦʚʫʶ ʦʙʩʪʘʥʦʚʢʫ (ʚ ʪʦʤ ʯʠʩʣʝ 

ʪʦʣʱʠʥʫ, ʬʦʨʤʫ ʠ ʨʘʟʤʝʨʳ ʣʴʜʠʥ, ʠʭ ʩʧʣʦʯʝʥʥʦʩʪʴ). 

ʇʦʵʪʦʤʫ ʚ ʩʪʘʪʴʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʠʙʣʠʞʝʥʥʦ ʤʦʜʝʣʠʨʦʚʘʪʴ ʜʚʠʞʝʥʠʝ ʃʇɺʇ ʚ ʥʝ-

ʢʦʪʦʨʦʡ ʫʩʣʦʚʥʦʡ ʩʨʝʜʝ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

(ʪʦʣʱʠʥʘ ʣʴʜʘ h, ʧʣʦʪʥʦʩʪʴ ʣʴʜʘ ,
ʃ
r  ʩʨʝʜʥʠʝ ʨʘʟʤʝʨʳ ʦʪʜʝʣʴʥʳʭ ʣʴʜʠʥ ʚ ʧʣʘʥʝ ʘ, 

ʩʧʣʦʯʝʥʥʦʩʪʴ, ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʣʴʜʘ ʦ ɻʆ f). ɼʣʷ ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʙʫʜʝʤ ʩʯʠʪʘʪʴ, 
ʯʪʦ ʣʴʜʠʥʳ ʠʤʝʶʪ ʬʦʨʤʫ ʢʚʘʜʨʘʪʘ ʩʦ ʩʪʦʨʦʥʦʡ ʘ. ʇʨʠʯʝʤ, ʝʩʣʠ ʙʠʪʳʡ ʣʝʜ ʦʙʨʘʟʦʚʘʣ-

ʩʷ ʦʪ ʜʝʬʦʨʤʘʮʠʡ ʠʟʛʠʙʘ (ʥʘʧʨʠʤʝʨ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʣʝʜʦʢʦʣʘ), ʪʦ ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ 

ʣʴʜʠʥ ʚ ʧʣʘʥʝ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ ʘ = (4 õ 6)h [2, 5, 7]. 

ʈʘʩʩʤʦʪʨʠʤ ʜʚʠʞʝʥʠʝ ʃʇɺʇ ʚ ʧʦʣʝ ʤʝʣʢʦʙʠʪʦʛʦ ʣʴʜʘ ʜʝʩʷʪʠʙʘʣʣʴʥʦʡ ʩʧʣʦʯʝʥ-

ʥʦʩʪʠ. ʉʭʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʣʴʜʘ ʩ ɻʆ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 3. 

 

 

ʈʠʩ. 3. ʉʭʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʙʣʦʤʢʦʚ ʣʴʜʘ ʩ ɻʆ 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʦʙʣʦʤʢʦʚ ʣʴʜʘ ʧʨʠ ʜʚʠʞʝʥʠʠ ʃʇɺʇ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ: 

ɼɻɼʉʊɺʇ
RRRR

/
++=   (1) 

ʛʜʝ Rʉʊ ï ʩʪʘʪʠʯʝʩʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ, ʩʚʷʟʘʥʥʘʷ ʩ ʧʣʘʚʫʯʝʩʪʴʶ ʣʴʜʠʥ ʠ ʪʨʝʥʠʝʤ ʣʴʜʘ ʦ 

ɻʆ, ʢʅ; 

ɼ
R ï ʜʠʥʘʤʠʯʝʩʢʘʷ (ʠʥʝʨʮʠʦʥʥʘʷ) ʩʦʩʪʘʚʣʷʶʱʘʷ ʦʙʣʦʤʢʦʚ, ʢʅ; 

ɼɻ
R

/
ï ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ, ʢʅ. 

 

ʅʘ ʵʣʝʤʝʥʪ ɻʆ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʝʡ ʩ ʦʙʣʦʤʢʘʤʠ ʣʴʜʘ wd  ʜʝʡʩʪʚʫʝʪ ʥʦʨʤʘʣʴʥʦʝ 

ʜʘʚʣʝʥʠʝ dN  ʠ ʢʘʩʘʪʝʣʴʥʦʝ ʫʩʠʣʠʝ ,dF  ʚʳʟʚʘʥʥʦʝ ʪʨʝʥʠʝʤ ɻʆ ʦ ʣʝʜ. 

ʇʨʠʤʝʥʷʷ ʧʨʠʥʮʠʧ ʩʫʧʝʨʧʦʟʠʮʠʠ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ [5]: 



ɽ.ʄ. ɻʨʘʤʫʟʦʚ, ʖ.ɸ. ʄʦʩʢʚʠʯʝʚʘ 
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ɼɻɼʉʊ
dNdNdNdN

/
++=  (2) 

ʇʨʠ ʵʪʦʤ ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʪʨʝʥʠʝ ʣʴʜʘ ʦ ʧʦʚʝʨʭʥʦʩʪʴ ɻʆ ʧʦʜʯʠʥʷʝʪʩʷ ʟʘʢʦʥʫ 

ʂʫʣʦʥʘ-ɸʤʦʥʪʦʥʘ, ʪ.ʝ., ,fdNdF=  ʛʜʝ f ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʣʴʜʘ ʦ ʧʦʚʝʨʭʥʦʩʪʴ 

ɻʆ. 

ʇʨʠ ʧʨʠʪʘʧʣʠʚʘʥʠʠ ʣʴʜʘ ʚʦʟʥʠʢʘʝʪ ʩʠʣʘ ʧʣʘʚʫʯʝʩʪʠ, ʢʦʪʦʨʘʷ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠ-

ʜʝ: 

wr-r= ghddZ
ʃɺ
)(   (3) 

ʛʜʝ 
ʃ
r  ï ʧʣʦʪʥʦʩʪʴ ʣʴʜʘ, ʪ/ʤ3; 

g  ï ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ, g= 9,81 ʤ/ʩ2. 

 
ʅʦʨʤʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʠ ʩʠʣʘ ʪʨʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʪʘʢ: 

;
)Ĕ,Ĕcos(

)(

)Ĕ,Ĕcos( zn

ghd

zn

dZ
dN ʃɺ

ʉʊ

wr-r
==  

)Ĕ,Ĕcos(

)(

)Ĕ,Ĕcos( zn

ghd

zn

dZ
ffdNdF ʃɺ

wr-r
===  (4) 

ʉʠʣʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʪ ʩʪʘʪʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʣʴʜʘ:  

)Ĕ,Ĕcos()Ĕ,Ĕcos( xdFxndNdR
ʉʊʉʊ

t+=   (5) 

ʈʘʟʜʝʣʠʤ ʩʪʘʪʠʯʝʩʢʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦ ʧʨʠʟʥʘʢʫ ʚʟʘʠʤʦʜʝʡʩʪ-

ʚʠʷ ʩ ʨʘʟʥʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʥʘ ʩʣʝʜʫʶʱʠʝ ʩʦʩʪʘʚʣʷʶʱʠʝ:  ʉʦʩʪʘʚ-

ʣʷʶʱʘʷ ʦʙʨʘʟʫʝʪʩʷ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʣʴʜʘ ʥʘ ʥʦʩʦʚʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ɻʆ,  ï ʥʘ 

ʥʠʞʥʠʝ ʢʨʦʤʢʠ ɻʆ ʧʦ ʝʛʦ ʧʝʨʠʤʝʪʨʫ ʠ  ï ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʣʴʜʘ ʥʘ ʙʦʢʦʚʳʝ ʥʘ-

ʢʣʦʥʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ɻʆ ʚ ʨʘʡʦʥʝ ʂɺʃ.  

wù
ú

ø
é
ê

è t
+r-r= ñ

w

d
zn

x
f

zn

xn
ghR

ʃɺʉʊ
)Ĕ,Ĕcos(

)Ĕ,Ĕcos(

)Ĕ,Ĕcos(

)Ĕ,Ĕcos(
)(    (6) 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʬʦʨʤ ɻʆ (ʩ ʧʦʩʪʦʷʥʥʳʤ ʫʛʣʦʤ ʥʘʢʣʦʥʘ ɻʆ ʢ 

ʛʦʨʠʟʦʥʪʫ ï ɔ ʠ ʧʦʯʪʠ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʬʦʨʤʳ ɻʆ ʚ ʧʣʘʥʝ):  

gr
==w

*

*

sing

PB
lB

ɺ

ɺʇɺʇ

ɺʇɺʇ    (7) 

ʛʜʝ  ï ʰʠʨʠʥʘ ɻʆ ʚ ʨʘʡʦʥʝ ʂɺʃ, ʤ. 

 

ʉ ʫʯʝʪʦʤ (7) ʧʦʣʫʯʠʤ: 

öö
÷

õ
ææ
ç

å t
+

gr

r-r
=¡

*

)Ĕ,Ĕcos(

)Ĕ,Ĕcos(

)Ĕ,Ĕcos(

)Ĕ,Ĕcos(

sin

)(

zn

x
f

zn

xnPhB
R

ɺ

ɺʇɺʇʃɺ

ʉʊ    (8) 

ʉ ʦʰʠʙʢʦʡ ʚ ʙʝʟʦʧʘʩʥʫʶ ʩʪʦʨʦʥʫ  ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʫʩʣʦʚʠʷ ʧʨʦʭʦʞʜʝʥʠʷ ʧʦʜ 

ʥʠʞʥʝʡ ʢʨʦʤʢʦʡ ɻʆ ʦʜʥʦʛʦ ʨʷʜʘ ʣʴʜʠʥ ʠ ʚʦʟʥʠʢʘʶʱʝʛʦ ʦʪ ʵʪʦʛʦ ʪʨʝʥʠʷ, ʘ  ʦʧʨʝ-

ʜʝʣʷʝʪʩʷ ʦʪ ʥʦʨʤʘʣʴʥʦʛʦ ʢʦʥʪʘʢʪʥʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʥʘʢʣʦʥʥʳʝ ʙʦʨʪʦʚʳʝ ʧʦʚʝʨʭʥʦʩʪʠ 

ɻʆ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʪʨʝʥʠʷ. 

.,, ʉʊʉʊʉʊ RRR ¡¡¡¡¡¡

ʉʊR¡ ʉʊR¡¡

ʉʊR ¡¡¡

*

ɺʇB

ʉʊR¡¡

ʉʊR ¡¡¡



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 53, 2017 ʛ. 
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g
r-r=¡¡¡

+r-r=¡¡

**

**

cos
)(2

)()(2

ɺʇ
ʃɺʉʊ

ɺʇɺʇʃɺʉʊ

L
ghafR

BLghafR

  (9) 

ʛʜʝ ï ʜʣʠʥʘ ʠ ʰʠʨʠʥʘ ɺʇ ʥʘ ʥʠʞʥʝʡ ʢʨʦʤʢʝ ɻʆ, ʤ; 

 ï ʜʣʠʥʘ ɻʆ ʚ ʨʘʡʦʥʝ ʂɺʃ, ʤ.  

ʉʊʉʊʉʊʉʊ
RRRR ¡¡¡+¡¡+¡=    (10)  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʦʨʤʘʣʴʥʦʡ ʠʥʝʨʮʠʦʥʥʦʡ ʩʠʣʳ ʧʨʠʤʝʥʠʤ ʟʘʢʦʥ ʦʙ ʠʟʤʝʥʝʥʠʠ 

ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ, ʥʝ ʥʘʨʫʰʘʷ ʦʙʱʥʦʩʪʠ ʧʦʜʭʦʜʘ, ʙʫʜʝʤ 

ʩʯʠʪʘʪʴ, ʯʪʦ ʣʴʜʠʥʳ ʠʤʝʶʪ ʚ ʧʣʘʥʝ ʬʦʨʤʫ ʢʚʘʜʨʘʪʘ ʩʦ ʩʪʦʨʦʥʦʡ ʘ ʠ ʪʦʣʱʠʥʦʡ h.  

ʀʟʤʝʥʝʥʠʝ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʵʣʝʤʝʥʪʘ ʣʴʜʘ ʚ ʤʦʤʝʥʪ ʢʦʥʪʘʢʪʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʥʦʨʤʘʣʴʥʦʡ ʩʠʣʳ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ:  

12
kkddN

g
-=h   (11) 

ʛʜʝ ï ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʣʴʜʠʥʳ ʚ ʢʦʥʝʯʥʳʡ ʠ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʩ 

ʫʯʝʪʦʤ ʧʨʠʩʦʝʜʠʥʝʥʥʦʡ ʤʘʩʩʳ ʚʦʜʳ, ʢʅ; 

ï ʧʝʨʝʤʝʱʝʥʠʝ ʣʴʜʠʥʳ ʚʜʦʣʴ ʥʦʨʤʘʣʠ, ʤ. 

ʀʩʧʦʣʴʟʫʷ ʢʦʥʝʯʥʳʝ ʨʘʟʤʝʨʳ ʣʴʜʠʥʳ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ:  

)Ĕ,Ĕcos()Ĕ,Ĕcos( xnaxndxd º=h    (12) 

ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʧʨʠ ʜʚʠʞʝʥʠʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ N ʩʦ ʩʪʦʨʦʥʳ ɻʆ ʣʴʜʠʥʘ 

ʙʫʜʝʪ ʧʦʚʦʨʘʯʠʚʘʪʴʩʷ ʚʦʢʨʫʛ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʦʧʝʨʝʯʥʦʡ ʦʩʠ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ çʥʝ-

ʧʦʜʚʠʞʥʫʶè ʪʦʯʢʫ ɸ (ʦʩʴ ʰʘʨʥʠʨʘ). 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʠʥʝʨʮʠʦʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʦʙʣʦʤʢʦʚ ʣʴʜʘ ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ 

ʥʘʠʙʦʣʴʰʠʝ ʫʩʢʦʨʝʥʠʷ ʦʙʣʦʤʢʠ ʧʦʣʫʯʘʶʪ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʦʪ ʢʦʥʪʘʢʪʥʳʭ ʫʩʠ-

ʣʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʤʝʞʜʫ ʦʙʣʦʤʢʘʤʠ ʣʴʜʘ ʠ ɻʆ [5]. 

ʂʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʟʘʧʠʰʝʪʩʷ ʚ ʚʠʜʝ:  

)(
2

2

1

2

212
w-w

D+
=-

yy
II

kk    (13) 

ʛʜʝ ï ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʤʘʩʩʳ ʣʝʜʷʥʦʡ ʧʣʘʩʪʠʥʳ ʧʨʠ ʝʝ ʚʨʘʱʝʥʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʦʧʝʨʝʯʥʦʡ ʦʩʠ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ çʥʝʧʦʜʚʠʞʥʫʶè ʪʦʯʢʫ ɸ ï ʦʩʴ 

ʰʘʨʥʠʨʘ, ʪʤ2  

2

22

3

1

412
ma

mama
I

y
=+=    (14) 

m ï ʤʘʩʩʘ ʣʴʜʠʥʳ, ,2ham
ʃ
r=  ʪ; 

55
l=D

y
I ï ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʧʨʠʩʦʝʜʠʥʝʥʥʦʡ ʤʘʩʩʳ ʚʦʜʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʡ ʞʝ ʦʩʠ, ʪʤ2; 

2,1
w ï ʫʛʣʦʚʳʝ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʣʴʜʠʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʡ ʞʝ ʦʩʠ ʚ ʥʘʯʘʣʝ ʠ ʚ ʢʦʥʮʝ 

ʜʚʠʞʝʥʠʷ, ʩ-1. 

 

ɽʩʣʠ ʧʨʠʨʘʱʝʥʠʝ ʩʢʦʨʦʩʪʠ ʣʴʜʠʥʳ ʧʨʦʠʩʭʦʜʠʪ ʩʢʘʯʢʦʦʙʨʘʟʥʦ ʦʪ ʥʫʣʷ ʜʦ ʩʢʦʨʦ-

ʩʪʠ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʩʢʦʨʦʩʪʴʶ ʩʫʜʥʘ, ʪʦʛʜʘ: 

;0
1
=u

ʅ  );Ĕ,Ĕcos(
2

xn
ʅ
u=u  

**

ɺʇɺʇBL ,
**

ɺʇL

gdN

12,kk

hd

yI



ɽ.ʄ. ɻʨʘʤʫʟʦʚ, ʖ.ɸ. ʄʦʩʢʚʠʯʝʚʘ 
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;0
1
=w   

a

xn )Ĕ,Ĕcos(
2

u
=w   (15) 

ʇʨʠʩʦʝʜʠʥʝʥʥʳʡ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʤʘʩʩʳ ʚʦʜʳ ʧʦʣʫʯʠʤ, ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜ ʧʣʦʩʢʠʭ 

ʩʝʯʝʥʠʡ, ʘ ʧʨʠʩʦʝʜʠʥʝʥʥʫʶ ʤʘʩʩʫ ʧʣʘʩʪʠʥʳ ʜʣʠʥʦʡ ʘ, ʨʘʚʥʦʡ 
ɺ

a
pr=l

4

2

33
 [6]. 

( ) ( )
B

La
dxx

B
LI

a

a

ɺ

y 1

2/

2/

5

2

33155
48
m

pr
=lml=D ñ

-

   (16) 

ʛʜʝ: ( ) BLl
B

L /4,0

1
1 --=m ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʧʨʦʜʦʣʴʥʦʝ ʨʘʩʪʝʢʘʥʠʝ ʞʠʜ-

ʢʦʩʪʠ ʧʨʠ ʚʨʘʱʝʥʠʠ ʧʣʘʩʪʠʥʳ. 

 

ʇʨʠ ʫʜʘʣʝʥʠʠ ʧʣʘʩʪʠʥʳ 1==l
B

L  ʧʨʠʤʝʤ 32,0
1
=m  [6].  

ʂʨʦʤʝ ʵʪʦʛʦ, ʥʘʜʦ ʫʯʝʩʪʴ ʫʚʝʣʠʯʝʥʠʝ ʧʨʠʩʦʝʜʠʥʝʥʥʦʛʦ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ ʧʨʠ 

ʚʨʘʱʝʥʠʠ ʧʣʘʩʪʠʥʳ ʥʝ ʚʦʢʨʫʛ ʮʝʥʪʨʘʣʴʥʦʡ, ʘ ʚʦʢʨʫʛ ʩʤʝʱʝʥʥʦʡ ʦʩʠ, ʧʨʦʭʦʜʷʱʝʡ 

ʯʝʨʝʟ ʪʦʯʢʫ ɸ. ʕʪʦ ʫʚʝʣʠʯʝʥʠʝ ʧʨʠʤʝʤ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ 

ʣʝʜʷʥʦʡ ʧʣʘʩʪʠʥʳ ʩ ʧʦʤʦʱʴʶ ʢʦʵʬʬʠʮʠʝʥʪʘ c =3; (c= yAy II / ). 

ʇʦʜʩʪʘʚʣʷʷ ʚ (14) (15, 16), ʧʦʣʫʯʠʤ: 

)Ĕ,Ĕcos(6
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ɺʳʨʘʞʝʥʠʝ (17) ʥʘʜʦ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʧʦ ʰʠʨʠʥʝ ɻʆ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʥʘ ʵʪʦʡ ʰʠʨʠ-
ʥʝ ʫʢʣʘʜʳʚʘʝʪʩʷ B/a ʣʝʜʷʥʳʭ ʧʣʘʩʪʠʥ, ʦʢʦʥʯʘʪʝʣʴʥʦ ʧʦʣʫʯʠʤ: 

6

)Ĕ,Ĕcos(
16

21 xnB
a

h

dN
ɺʇ

ɺ

ʃ

g

*uö
÷

õ
æ
ç

å cmpr
+r

=    (18) 

ɼʠʥʘʤʠʯʝʩʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ  
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ʆʮʝʥʠʪʴ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʠ ʜʚʠʞʝʥʠʠ ʃʇɺʇ ʚ ʙʠʪʳʭ ʣʴʜʘʭ 

ʧʨʠ ʤʘʣʳʭ ʩʢʦʨʦʩʪʷʭ, ʢʦʛʜʘ ʥʝʪ ʵʢʨʘʥʠʨʫʶʱʝʛʦ ʵʬʬʝʢʪʘ ʙʠʪʦʛʦ ʣʴʜʘ ʥʘ ʚʦʣʥʦʚʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʫʷ [4]: 
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Fr  ï ʯʠʩʣʦ ʌʨʫʜʘ ʧʦ ʚʦʜʦʠʟʤʝʱʝʥʠʶ; 

D ï ʚʦʜʦʠʟʤʝʱʝʥʠʝ ʩʫʜʥʘ, ʪ. 
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ʇʨʠʚʝʜʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʃʇɺʇ ʧʨʠ ʜʚʠʞʝ-

ʥʠʠ ʚ ʤʝʣʢʦʙʠʪʳʭ ʣʴʜʘʭ ʜʝʩʷʪʠʙʘʣʣʴʥʦʡ ʩʧʣʦʯʝʥʥʦʩʪʠ. 
ʇʨʠ ʜʚʠʞʝʥʠʠ ʚʦ ʣʴʜʘʭ ʤʝʥʴʰʝʡ ʩʧʣʦʯʝʥʥʦʩʪʠ, ʢʦʛʜʘ ʚʦʟʤʦʞʝʥ ʩʚʦʙʦʜʥʳʡ ʧʨʦ-

ʙʝʛ ʣʴʜʠʥ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ, ʚʦʟʤʦʞʥʳ ʠʩʢʘʞʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ɻʆ ʩʦ ʣʴʜʦʤ. 

ʆʜʥʘʢʦ ʤʦʞʥʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʩʚʦʙʦʜʥʦʝ ʜʚʠʞʝʥʠʝ ʣʴʜʠʥ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʝʨʝʤʝʱʝʥʠʷ 

ʩʫʜʥʘ ʧʨʠʚʝʜʝʪ ʢ ʫʧʣʦʪʥʝʥʠʶ ʙʠʪʦʛʦ ʣʴʜʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠʙʣʠʞʝʥʥʦ ʤʦʞʥʦ ʩʯʠ-

ʪʘʪʴ, ʯʪʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʙʠʪʦʛʦ ʣʴʜʘ ʦʧʨʝʜʝʣʠʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

( )
ɼɻɼʉʊɹʃ

RSRRR
/

++=   (21) 

ʛʜʝ S  ï ʬʫʥʢʮʠʷ ʩʧʣʦʯʝʥʥʦʩʪʠ ).0,1...1,0;0( =S   

 

ʅʘ ʨʠʩ. 4, 5, 6 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʦ ʧʨʠʚʝʜʝʥʥʳʤ ʟʘʚʠʩʠʤʦʩʪʷʤ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʪʦʯʢʠ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ. ɺ ʨʘʩʯʝʪʘʭ ʧʨʠʥʠʤʘʣʦʩʴ: ʧʣʦʪʥʦʩʪʴ ʣʴʜʘ ï 

ʃ
r= 0,9 ʪ/ʤ3, ʚʦʜʳ ɺ

r  = 1,0 ʪ/ʤ3, ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ɻʆ ʦ ʣʝʜ f = 0,10. ʍʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʩʫʜʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 
 

 

ʈʠʩ. 4. ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʠ ʜʚʠʞʝʥʠʠ ʚ ʙʠʪʦʤ ʣʴʜʫ  
ʪʦʣʱʠʥʦʡ 35ï40 ʩʤ ʃʇɺʇ-ɺʇ-1 

 

ʈʠʩ. 5. ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʠ ʜʚʠʞʝʥʠʠ ʚ ʙʠʪʦʤ ʣʴʜʫ  
ʪʦʣʱʠʥʦʡ 40 ʩʤ ʃʇɺʇ-107-ʇ 
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ɽ.ʄ. ɻʨʘʤʫʟʦʚ, ʖ.ɸ. ʄʦʩʢʚʠʯʝʚʘ 
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ʪʦʯʢʘʤʠ  ʦʙʦʟʥʘʯʝʥʳ ʜʘʥʥʳʝ ʠʩʧʳʪʘʥʠʡ; 

ʨʘʩʯʝʪʳ 

ʈʠʩ. 6. ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʠ ʜʚʠʞʝʥʠʠ ʚ ʙʠʪʦʤ ʣʴʜʫ ʪʦʣʱʠʥʦʡ  
35ï40 ʩʤ ʧʦʣʫʥʘʪʫʨʥʦʡ ʃʇɺʇ 

ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʠ ʠʩʧʳʪʘʥʠʡ ʧʦʢʘʟʘʣʦ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʫʶ ʩʭʦ-

ʜʠʤʦʩʪʴ. 

ʊʘʙʣʠʮʘ 1.  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʃʇɺʇ 

ˉʧ/ʧ 
 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 
 

ʅʘʠʤʝʥʦʚʘʥʠʝ  

Lʚʧ, ʤ Bʚʧ, ʤ D, ʪ Pʚʧ, ʢʇʘ ʀʩʪʦʯʥʠʢ 

1 ʃʇɺʇ-ɺʇ-1 18,0 8,5 60 4,6 8 

2 ʃʇɺʇ-107-ʇ 17,0 20,0 260 7,75 3 

3 ʇʦʣʫʥʘʪʫʨʥʘʷ ʤʦʜʝʣʴ 

ʃʇɺʇ 

  38,7 4,5 ɸʢʪ ʠʩʧʳʪʘʥʠʡ 
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ICE CAKE RESISTANCE AT THE MOVEMENT  

OF ICEBREAKING AIR C USHION PLATFORMS  

E.M. Gramzow, Y.A. Moskvicheva 

Keywords: ice cake, ice resistance, the resistance of the ice fragments, ice conditions, ice-
breaking platform on an air cushion. 
 
The analytical calculation method of resistance of ice cake at the movement of icebreaking 
air cushion platforms is given in this article. The results of the comparison of calculations 
with data model and field tests showed satisfactory convergence. 

ʉʪʘʪʴʷ ʧʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ 05.10.2017 ʛ. 
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ɽ.ɺ. ʂʫʧʘʣʴʮʝʚʘ, ʘʩʧʠʨʘʥʪ ʌɻɹʆʋ ɺʆ çɺɻʋɺʊè 

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

ʆʉʆɹɽʅʅʆʉʊʀ ʄɸʊɽʄɸʊʀʏɽʉʂʆʁ ʄʆɼɽʃʀ  

çʄɸʃʆɻʆè ʇɸʉʉɸɾʀʈʉʂʆɻʆ ʉʋɼʅɸ  

ʉ ɸɺʊʆʅʆʄʅʆʁ ʕʃɽʂʊʈʀʏɽʉʂʆʁ ɻʈɽɹʅʆʁ ʋʉʊɸʅʆɺʂʆʁ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʧʨʠʚʦʜ, ʥʝʪʠʧʦʚʳʝ ʠʩʪʦʯʥʠʢʠ 
ʵʥʝʨʛʠʠ, ʧʘʩʩʘʞʠʨʩʢʦʝ ʩʫʜʥʘ, ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ. 

 
ʄʘʪʝʨʠʘʣʳ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʦʪʨʘʞʘʶʪ ʩʧʝʮʠʬʠʢʫ ʨʘʟʨʘʙʦʪʢʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦ-
ʜʝʣʠ ʩʫʜʥʘ ʩ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʫʜʦʚʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 
ʫʩʪʘʥʦʚʢʦʡ. ʆʧʨʝʜʝʣʷʶʱʝʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 
ʷʚʣʷʶʪʩʷ ʪʘʢʠʝ ʩʦʩʪʘʚʣʷʶʱʠʝ, ʢʘʢ ʧʦʪʨʝʙʥʘʷ ʤʦʱʥʦʩʪʴ, ʤʘʩʩʦʚʦ- ʛʘʙʘʨʠʪʥʳʝ ʭʘ-
ʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʤʝʱʝʥʠʷ ʚʩʝʛʦ ʢʦʤʧʣʝʢʩʘ ʥʝʦʙʭʦʜʠʤʦʛʦ ʦʙʦʨʫʜʦʚʘ-
ʥʠʷ. 
 

ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʠ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʦʙʩʪʘʥʦʚʢʘ ʚ ʤʠʨʝ ʜʘʣʘ ʥʦʚʳʡ ʪʦʣʯʦʢ ʜʣʷ ʨʘʟʚʠ-
ʪʠʷ ʠ ʤʘʩʩʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʩ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ ʠ ʵʣʝʢʪʨʠ-

ʯʝʩʢʠʤ ʧʨʠʚʦʜʦʤ. ɺ ʘʚʪʦʤʦʙʠʣʝ- ʠ ʘʚʪʦʙʫʩʦʩʪʨʦʝʥʠʠ ʛʠʙʨʠʜʠʟʘʮʠʷ (ʢʦʛʜʘ ʥʘ ʨʘʟʣʠʯ-

ʥʳʭ ʨʝʞʠʤʘʭ ʜʚʠʞʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ ʜʚʠʛʘʪʝʣʠ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ (ɼɺʉ) ʪʘʢ 

ʠ ʠʥʳʝ ʠʩʪʦʯʥʠʢʠ ʧʠʪʘʥʠʷ) ʧʨʠʦʙʨʝʣʘ ʩʚʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʩʰʪʘʙʥʳʡ ʭʘʨʘʢʪʝʨ. ʉ 

ʤʦʤʝʥʪʘ ʚʳʭʦʜʘ ʧʝʨʚʦʛʦ ʤʘʩʩʦʚʦʛʦ ʛʠʙʨʠʜʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷ (Toyota Prius, 1997 ʛ.) ʠ ʜʦ 

ʥʘʰʠʭ ʜʥʝʡ ʠʥʪʝʨʝʩ ʢ çʟʝʣʝʥʳʤè ʪʝʭʥʦʣʦʛʠʷʤ ʥʘ ʪʨʘʥʩʧʦʨʪʝ ʨʘʩʪʝʪ. ʉʫʜʦʩʪʨʦʝʥʠʝ ï 

ʦʙʣʘʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʩʝʨʚʘʪʠʚʥʘʷ, ʦʜʥʘʢʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ 

ʧʨʠʚʦʜʘ ʜʚʠʞʠʪʝʣʷ ʚʦʦʜʫʰʝʚʣʷʝʪ ʚʩʝ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʝʢʪʠʨʦʚʱʠʢʦʚ ʠ ʩʫʜʦ-

ʩʪʨʦʠʪʝʣʝʡ. 

ʇʨʦʛʨʝʩʩ ʚ çʟʝʣʝʥʳʭè ʪʝʭʥʦʣʦʛʠʷʭ ʚ ʩʫʜʦʩʪʨʦʝʥʠʠ ʦʙʫʩʣʦʚʣʝʥ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʤʝʨʝ ʧʦʚʳʰʝʥʠʝʤ ʪʨʝʙʦʚʘʥʠʡ ʢ ʚʳʙʨʦʩʘʤ ʠ ʨʘʩʪʫʱʠʤʠ ʮʝʥʘʤʠ ʥʘ ʪʦʧʣʠʚʦ. ɺ ʥʘ-
ʩʪʦʷʱʝʝ ʚʨʝʤʷ ʟʘʨʫʙʝʞʥʳʤʠ ʩʫʜʦʩʪʨʦʠʪʝʣʷʤʠ ʚʦʧʣʦʱʝʥʳ ʚ ʞʠʟʥʴ ʩʫʜʘ, ʢʘʢ ʩ ʢʦʤʙʠ-

ʥʠʨʦʚʘʥʥʳʤ ʧʨʠʚʦʜʦʤ, ʪʘʢ ʠ ʩ ʧʦʣʥʦʩʪʴʶ ʵʣʝʢʪʨʠʯʝʩʢʠʤ. ʇʦʩʣʝʜʥʠʝ ʷʚʣʷʶʪʩʷ, ʥʘ 

ʥʘʰ ʚʟʛʣʷʜ, ʚʝʩʴʤʘ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʨʝʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʚ ʈʦʩʩʠʠ. ʈʘʟʚʠʪʠʝ ʨʳʥ-

ʢʘ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ ʠ ʪʝʭʥʠʯʝʩʢʠʡ ʧʨʦʛʨʝʩʩ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʘʢʢʫʤʫʣʷʪʦʨʦʚ, ʩʧʦʩʦʙ-

ʩʪʚʫʶʪ ʨʝʘʣʠʟʘʮʠʠ ʩʤʝʣʳʭ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʦʝʢʪʦʚ. 

ʀʩʧʦʣʴʟʫʝʤʳʡ ʚ ʧʨʘʢʪʠʢʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩʫʜʦʚ ʪʝʨʤʠʥ çʩʫʜʘ ʩ ʢʦʤʙʠʥʠʨʦʚʘʥ-
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ʥʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʨʠʚʦʜʦʤè (ʂʕʋ) ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʢʦʤʙʠ-

ʥʘʮʠʡ, ʢʦʛʜʘ ʚ ʢʘʯʝʩʪʚʝ ʛʣʘʚʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʠʡ, ʢʦʪʦʨʳʡ 
ʧʦʣʫʯʘʝʪ ʵʥʝʨʛʠʶ ʦʪ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʘ (ɼɻ) ʠ ʘʢʢʫʤʫʣʷʪʦʨ-

ʥʭr ʙʘʪʘʨʝʡ (ɸʂɹ), ʣʠʙʦ ʪʦʣʴʢʦ ʦʪ ɸʂɹ, ʚʦʜʦʨʦʜʥʳʭ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʧʨʦʯ. 

ɿʘʯʘʩʪʫʶ ʚ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʚ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ, ʦʙʝʩʧʝ-

ʯʠʚʘʶʱʠʭ ʧʠʪʘʥʠʝ ɸʂɹ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʦʣʥʝʯʥʳʝ ʙʘʪʘʨʝʠ. 

ɸʧʨʠʦʨʠ ʤʦʞʥʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʚʦʧʨʦʩ ʧʨʠʤʝʥʝʥʠʷ ʥʝʪʠʧʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ 

ʤʦʞʝʪ ʙʳʪʴ ʘʢʪʫʘʣʝʥ ʜʣʷ çʤʘʣʳʭè ʧʘʩʩʘʞʠʨʩʢʠʭ ʩʫʜʦʚ ʤʝʩʪʥʦʛʦ ʠ ʚʥʫʪʨʠʛʦʨʦʜʩʢʦʛʦ 

ʩʦʦʙʱʝʥʠʷ. 

ʆʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʪʘʢʠʭ ʩʫʜʦʚ ʷʚʣʷʝʪʩʷ ʦʙʦʩʥʦʚʘʥʠʝ ʩʬʝʨ 

ʠ ʫʩʣʦʚʠʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʠ ʘʚʪʦʥʦʤʥʳʭ ʥʝʪʠʧʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʵʥʝʨʛʠʠ ʜʣʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʛʨʝʙʥʳʭ ʫʩʪʘʥʦʚʦʢ. 

ʈʝʰʝʥʠʝ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʤʘʪʝʤʘ-

ʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩʫʜʥʘ, ʢʦʪʦʨʘʷ, ʧʨʠ ʨʘʩʯʝʪʝ ʩ ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝ-
ʨʠʩʪʠʢ, ʵʣʝʤʝʥʪʦʚ, ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʢʨʠʪʝʨʠʝʚ ʜʦʣʞʥʘ ʫʯʠʪʳʚʘʪʴ ʦʩʥʦʚ-

ʥʳʝ ʘʩʧʝʢʪʳ ʩʦʟʜʘʥʠʷ ʠ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʩʫʜʥʘ, ʠʩʧʦʣʴʟʫʶʱʝʛʦ ʥʝʪʠʧʦʚʦʡ ʢʦʤ-

ʧʣʝʢʩ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ: 

ï ʇʨʦʝʢʪʥʳʡ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʜʝʣʠʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʜʫʨʦʚʥʝʡ.  

ɿʘʜʘʯʠ ʧʝʨʚʦʛʦ ʩʚʦʜʷʪʩʷ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʵʣʝʤʝʥʪʦʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʫʜʥʘ ʠ ʩʦ-

ʩʪʘʚʘ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠʣʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ 

ʚʠʜʦʚ ʵʥʝʨʛʠʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʠʪʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʜʚʠʛʘʪʝʣʷ (ʕɼ). ʅʘ ʜʘʥʥʦʤ 

ʫʨʦʚʥʝ ʪʘʢʞʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʳʝ ʤʘʩʩʦʚʦ-ʛʘʙʘʨʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʢʦʤʧʣʝʢʩʘ. 

ʅʘ ʚʪʦʨʦʤ ʫʨʦʚʥʝ ʫʯʠʪʳʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʩʫʜ-

ʥʘ.  
ɿʘʜʘʯʠ ʪʨʝʪʴʝʛʦ ʫʨʦʚʥʷ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʟʤʝʱʝʥʠʷ 

ʚʩʝʡ ʥʦʤʝʥʢʣʘʪʫʨʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʧʦʤʝʱʝʥʠʷʭ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʫʜʥʘ ʠ 

ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʢʦʨʨʝʢʪʠʨʦʚʢʝ ʝʛʦ ʛʣʘʚʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ï ʕʢʦʥʦʤʠʯʝʩʢʠʡ. ɼʘʥʥʳʡ ʘʩʧʝʢʪ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʦʪʨʘʞʘʝʪ ʦʮʝʥʢʫ ʩʪʨʦʠ-

ʪʝʣʴʥʦʡ ʩʪʦʠʤʦʩʪʠ ʩʫʜʥʘ (ʩ ʫʯʝʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʫʩʪʘʥʦʚʢʠ ʥʝʦʙʭʦʜʠʤʦʛʦ ʦʙʦʨʫʜʦ-

ʚʘʥʠʷ) ʠ ʠʟʤʝʥʷʶʱʠʭʩʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʘʩʭʦʜʦʚ. 

ï ʕʢʦʣʦʛʠʯʝʩʢʠʡ. ʅʘ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʟʘʜʘʯʘ ʩʚʦʜʠʪʩʷ ʢ 

ʫʯʝʪʫ ʫʤʝʥʴʰʝʥʠʷ ʚʳʙʨʦʩʦʚ ʚ ʘʪʤʦʩʬʝʨʫ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʙʦʪʦʡ ʪʝʧʣʦʚʳʭ ʜʚʠʛʘʪʝ-

ʣʝʡ, ʠ ʚʣʠʷʥʠʝ ʝʛʦ ʥʘ ʵʢʦʥʦʤʠʢʫ ʩʫʜʥʘ. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ çʤʘʣʦʛʦè ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʩʫʜʥʘ ʩ ʘʚʪʦ-

ʥʦʤʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʛʨʝʙʥʦʡ ʫʩʪʘʥʦʚʢʦʡ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ 
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ʛʜʝ L, B, H ï ʛʣʘʚʥʳʝ ʨʘʟʤʝʨʝʥʠʷ ʩʫʜʥʘ, ʤ;  

n ï ʧʘʩʩʘʞʠʨʦʚʤʝʩʪʠʤʦʩʪʴ ʩʫʜʥʘ, ʯʝʣ;  

D ï ʛʨʫʟʦʚʦʝ ʚʦʜʦʠʟʤʝʱʝʥʠʝ ʩʫʜʥʘ, ʪ;  

iP  ï ʤʘʩʩʘ ʦʪʜʝʣʴʥʳʭ ʩʪʘʪʝʡ ʥʘʛʨʫʟʢʠ ʤʘʩʩ, ʪ;  

r ï ʧʣʦʪʥʦʩʪʴ ʚʦʜʳ, m / ʤ3;  

iV  ï ʦʙʲʝʤʥʦʝ ʚʦʜʦʠʟʤʝʱʝʥʠʝ, ʤ
3;  

Pe ï ʫʧʦʨ ʜʚʠʞʠʪʝʣʷ;  

R ï ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʦʜʳ ʜʚʠʞʝʥʠʶ ʩʫʜʥʘ;  

n ï ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʛʨʝʙʥʦʛʦ ʚʘʣʘ;  

v ï ʩʢʦʨʦʩʪʴ ʭʦʜʘ;  

t ï ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʩʘʩʳʚʘʥʠʷ;  
X ï ʚʝʢʪʦʨ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʫʜʥʘ;  

Dɺ ï ʜʠʘʤʝʪʨ ʛʨʝʙʥʦʛʦ ʚʠʥʪʘ;  

ɚʨ ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʩʪʫʧʴ;  

ɖʧ ï ʧʨʦʧʫʣʴʩʠʚʥʳʡ ʂʇɼ;  

ɖʚ ï ʂʇɼ ʚʘʣʘ;  

ɖʨ ï ʂʇɼ ʨʝʜʫʢʪʦʨʘ;  

ɣ ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʧʫʪʥʦʛʦ ʧʦʪʦʢʘ;  
ʧʘʩʩ

i
S  ï ʧʣʦʱʘʜʴ i-ʦʡ ʧʘʣʫʙʳ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʧʘʩ-

ʩʘʞʠʨʦʚ, ʤ
2;  

ʧʘʩʩ

ʬʘʢʪS  ï ʧʣʦʱʘʜʴ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʟʘʜʘʥʥʦʛʦ ʯʠʩʣʘ ʧʘʩʩʘʞʠʨʦʚ, ʤ
2;  

ʥʙHmin  ï ʤʠʥʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ ʚʳʩʦʪʘ ʥʘʜʚʦʜʥʦʛʦ ʙʦʨʪʘ, ʤ;  

ʧt  ï ʪʦʣʱʠʥʘ ʥʘʩʪʠʣʘ ʧʘʣʫʙʳ, ʤ;  

0
h  ï ʨʘʩʯʝʪʥʘʷ ʤʘʣʘʷ ʤʝʪʘʮʝʥʪʨʠʯʝʩʢʘʷ ʚʳʩʦʪʘ, ʤ;  

min

0
h  ï ʤʠʥʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ ʤʘʣʘʷ ʤʝʪʘʮʝʥʪʨʠʯʝʩʢʘʷ ʚʳʩʦʪʘ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʇʨʘ-

ʚʠʣʘʤʠ ʈʈʈ, ʤ;  

ɻ ï ʛʘʨʘʥʪʠʨʦʚʘʥʥʘʷ ʛʣʫʙʠʥʘ ʩʫʜʦʚʦʛʦ ʭʦʜʘ, ʤ;  

ʊD  ï ʟʘʧʘʩ ʚʦʜʳ ʧʦʜ ʜʥʠʱʝʤ, ʤ;  



ɽ.ɺ. ʂʫʧʘʣʴʮʝʚʘ 
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k ï ʢʦʣʠʯʝʩʪʚʦ ʝʜʠʥʠʮ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚʳʨʘʙʘʪʳʚʘʶʱʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ;  

k
N  ï ʤʦʱʥʦʩʪʴ ʢʘʞʜʦʛʦ ʠʟ ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ ʩ ʫʯʝʪʦʤ ʧʦʪʝʨʴ ʚ ʩʠʩʪʝʤʝ;  

N ï ʤʦʱʥʦʩʪʴ ʩʫʜʦʚʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʜʚʠʞʝʥʠʝ ʩʫʜ-

ʥʘ ʩ ʟʘʜʘʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʠ ʚʥʫʪʨʝʥʥʠʝ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ; 

ä ɸʂɹ
ʉ  ï ʩʫʤʤʘʨʥʘʷ ʝʤʢʦʩʪʴ ɸʂɹ, ɸĀʯ;  

ɸʂɹ
U  ï ʥʘʧʨʷʞʝʥʠʝ ʦʩʥʦʚʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ, ɺ;  

);( ZXʉ
ʉɹ

 ï ʪʦʢ, ʚʳʨʘʙʘʪʳʚʘʝʤʳʡ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʥʘ ʩʫʜʥʝ ʩʦʣʥʝʯʥʳʤʠ ʙʘʪʘʨʝʷʤʠ, 

ɸĀʯ;  

ɋ ï ʩʫʤʤʘʨʥʘʷ ʸʤʢʦʩʪʴ, ʧʦʣʫʯʘʝʤʘʷ ʧʨʠ ʧʦʜʟʘʨʷʜʢʝ ʚʦ ʚʨʝʤʷ ʩʪʦʷʥʢʠ ʩʫʜʥʘ;  

ä
ʵʣ

ij
n  ï ʢʦʣʠʯʝʩʪʚʦ ʙʘʪʘʨʝʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʥʝʦʙʭʦʜʠʤʦʝ ʥʘʧʨʷʞʝʥʠʝ ʩʝʪʠ ʠ ʧʦ-

ʪʨʝʙʥʫʶ ʸʤʢʦʩʪʴ ʜʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʩʫʜʥʘ ʩ ʟʘʜʘʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʚ ʪʝʯʝ-

ʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘʤʠ ʨʝʡʩʘ, ʚʨʝʤʝʥʠ;  

i ï ʢʦʣʠʯʝʩʪʚʦ ʙʘʪʘʨʝʡ, ʩʦʝʜʠʥʝʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ;  

j ï ʢʦʣʠʯʝʩʪʚʦ ʙʘʪʘʨʝʡ, ʩʦʝʜʠʥʝʥʥʳʭ ʧʘʨʘʣʣʝʣʴʥʦ;  

ä ʵʣ

ʉɹ
S  ï ʩʫʤʤʘʨʥʘʷ ʧʣʦʱʘʜʴ ʩʦʣʥʝʯʥʳʭ ʤʦʜʫʣʝʡ;  

ʇʅS  ï ʧʣʦʱʘʜʴ ʧʘʣʫʙʳ ʥʘʜʩʪʨʦʡʢʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʛʝʣʠʦʤʘʩʩʠʚʘ;  

ʄʇ
V  ï ʩʫʤʤʘʨʥʳʡ ʦʙʲʝʤ ʧʦʤʝʱʝʥʠʡ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʚʩʝʛʦ ʢʦʤ-

ʧʣʝʢʩʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʫʯʝʪʦʤ ʪʨʝʙʦʚʘʥʠʡ ʢ ʤʠʥʠʤʘʣʴʥʳʤ ʨʘʟʤʝʨʘʤ ʧʣʦʱʘʜʦʢ 

ʜʣʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʠʥʩʪʨʫʢʮʠʷʤ;  
m ï ʢʦʣʠʯʝʩʪʚʦ ʝʜʠʥʠʮ ʧʨʦʯʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ;  

km
V  ï ʩʫʤʤʘʨʥʳʡ ʦʙʲʝʤ ʢʦʤʧʣʝʢʩʘ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

 

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (1) ʦʧʨʝʜʝʣʷʝʪ ʵʣʝʤʝʥʪʳ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʫʜʥʘ, ʠʭ ʨʝʰʝʥʠʝ 

ʧʨʠʚʝʜʝʥʦ ʚ [1]. ʆʩʦʙʝʥʥʦʩʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩʫʜʥʘ ʩ ɸʕɻʋ ʩʚʷʟʘʥʘ ʩ ʦʪʨʘ-

ʞʝʥʥʳʤʠ ʚ ʥʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠʩʪʦʯʥʠʢʦʚ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʨʘʙʦʪʫ ʛʨʝʙʥʦʛʦ ʕɼ. 

ɺʳʨʘʞʝʥʠʷ (2) ʦʧʨʝʜʝʣʷʶʪ ʥʝʦʙʭʦʜʠʤʫʶ ʤʦʱʥʦʩʪʴ, ʤʘʩʩʦʚʦ- ʛʘʙʘʨʠʪʥʳʝ ʭʘʨʘʢ-
ʪʝʨʠʩʪʠʢʠ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʤʝʱʝʥʠʷ ʦʩʥʦʚʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʫʜʦʚʦʡ ʵʥʝʨʛʝʪʠʯʝ-

ʩʢʦʡ ʫʩʪʘʥʦʚʢʠ ʩʫʜʥʘ. ʉʠʩʪʝʤʘ ʦʧʠʩʳʚʘʝʪ ʪʨʝʙʦʚʘʥʠʷ ʢ ʜʦʩʪʘʪʦʯʥʦʡ ʸʤʢʦʩʪʠ ʘʢʢʫʤʫ-

ʣʷʪʦʨʥʳʭ ʙʘʪʘʨʝʡ ʠ ʢʦʣʠʯʝʩʪʚʫ ʠʭ ʵʣʝʤʝʥʪʦʚ, ʫʩʣʦʚʠʝ ʨʘʟʤʝʱʝʥʠʷ ʤʦʜʫʣʝʡ ʩʦʣʥʝʯ-

ʥʳʭ ʙʘʪʘʨʝʡ ʠ ʢʦʤʧʣʝʢʩʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʢʦʨʧʫʩʝ ʩʫʜʥʘ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠ-

ʪʳʚʘʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʠ ʨʝʰʝʥʠʠ ʦʙʱʝʧʨʦʝʢʪʥʳʭ 

ʫʨʘʚʥʝʥʠʡ. 

ʊʨʝʪʴʷ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʦʪʨʘʞʘʝʪ ʨʘʩʯʝʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʢʨʠʪʝ-

ʨʠʝʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ.  

ʉʪʨʫʢʪʫʨʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ɸʕɻʋ. ʅʘ ʨʠʩ. 1 ʠ 2 ʧʨʠ-

ʚʝʜʝʥʳ ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ ʩʭʝʤʳ ɸʕɻʋ [2]. ʀʩʪʦʯʥʠʢʦʤ ʵʥʝʨʛʠʠ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʷʚ-

ʣʷʶʪʩʷ ɸʂɹ, ʥʦ ʚ ʧʝʨʚʦʡ ʩʭʝʤʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʘʨʘʣʣʝʣʴʥʦʡ ʨʘʙʦ-
ʪʳ ɸʂɹ ʠ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʘ. ʂʘʢ ʚʘʨʠʘʥʪ, ʧʦʩʣʝʜʥʠʡ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʪʦʣʴʢʦ 

ʜʣʷ ʟʘʨʷʜʢʠ ʙʘʪʘʨʝʡ. 

ɼ ï ʜʠʟʝʣʴʥʳʡ ʜʚʠʛʘʪʝʣʴ; ɻ ï ʛʝʥʝʨʘʪʦʨ; ɸʂɹ ï ʘʢʢʫʤʫʣʷʪʦʨʥʳʝ ʙʘʪʘʨʝʠ; ʌ ï ʬʦ-

ʪʦʵʣʝʤʝʥʪʳ; ɺ ï ʚʳʧʨʷʤʠʪʝʣʴ; ʂʅ ï ʢʦʥʪʨʦʣʣʝʨ ʥʘʛʨʫʟʢʠ; ʂʈ ï ʢʦʥʪʨʦʣʣʝʨ ʨʝʞʠʤʘ; 

ʀ ï ʠʥʚʝʨʪʦʨ; ɻʈʑ ï ʛʣʘʚʥʳʡ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʡ ʱʠʪ; ʕɼ ï ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʜʚʠʛʘ-

ʪʝʣʴ; ʈ ï ʨʝʜʫʢʪʦʨ; ʊ ï ʪʨʘʥʩʬʦʨʤʘʪʦʨ. 
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ʈʠʩ. 1. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ (ʂʕʋ) 

 

ʈʠʩ. 2. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ (ʕʕʋ) 

ʇʦʜʟʘʜʘʯʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʧʨʦʝʢʪʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ, ʩʚʷʟʘʥʘ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ 

ʩʦʩʪʘʚʘ ʥʝʦʙʭʦʜʠʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʝʞʠʤʦʚ ʩʫʜʥʘ, ʯʪʦ ʩʫʱʝʩʪ-

ʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʩʫʜʦʚʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʧʨʦʧʫʣʴʩʠʚʥʦʡ ʫʩʪʘʥʦʚʢʠ ʠ ʦʙʫʩʣʘʚʣʠ-
ʚʘʝʪ ʝʝ ʢʦʤʧʣʝʢʪʘʮʠʶ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʠʭ ʪʠʧʳ: 

ï ʂʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ʫʩʪʘʥʦʚʢʘ ï ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨ, ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʜʚʠʛʘʪʝʣʴ, ʘʢ-

ʢʫʤʫʣʷʪʦʨʥʳʝ ʙʘʪʘʨʝʠ, ʩʦʣʥʝʯʥʳʝ ʙʘʪʘʨʝʠ ʠ ʙʣʦʢ ʩʠʣʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʠ.  

ï ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʫʩʪʘʥʦʚʢʘ ï ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʜʚʠʛʘʪʝʣʴ, ʘʢʢʫʤʫʣʷʪʦʨʥʳʝ ʙʘʪʘʨʝʠ, 

ʩʦʣʥʝʯʥʳʝ ʙʘʪʘʨʝʠ ʠ ʙʣʦʢ ʩʠʣʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʠ. 

ʄʘʩʩʘ ʪʝʧʣʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥʘ, ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜʠʢʫ, ʠʟʣʦʞʝʥ-

ʥʫʶ ʚ [3]. ʈʘʩʯʝʪ ʤʘʩʩʳ ʕɼ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥ ʧʦ ʟʘʚʠʩʠʤʦʩʪʷʤ, ʧʦʣʫʯʝʥʥʳʤ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʢʘʪʘʣʦʛʦʚ. ʊʘʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʘʛʨʝʛʘʪʦʚ 

ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1. 

ʊʘʙʣʠʮʘ 1 

ʄʘʩʩʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ 

ʏʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ, ʦʙ/ʤʠʥ ʄʘʩʩʘ, ʪ 

3000 330 10)54( -Ö+Ö=
ʥʦʤ

Nm  

1500 315 10)95( -Ö+Ö=
ʥʦʤ

Nm  

1000 310 10)8,46( -Ö+Ö=
ʥʦʤ

Nm  

ʆ ï ʦʪʝʯʝʩʪʚʝʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ; 
ʥʦʤ

N  ï ʥʦʤʠʥʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʕɼ, ʢɺʪ
 

 

ʈʘʩʯʝʪ ʤʘʩʩʦʚʦ-ʛʘʙʘʨʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʣʝʤʝʥʪʦʚ ʘʢʢʫʤʫʣʷʪʦʨʥʳʭ ʙʘʪʘʨʝʡ 



ɽ.ɺ. ʂʫʧʘʣʴʮʝʚʘ 

ʆʩʦʙʝʥʥʦʩʪʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ çʤʘʣʦʛʦè ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʩʫʜʥʘ ʩ ʘʚʪʦʥʦʤʥʦʡ» 
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ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʘʩʩʯʠʪʘʥʥʦʡ ʥʝʦʙʭʦʜʠʤʦʡ ʝʤʢʦʩʪʠ ʜʣʷ ʟʘʜʘʥʥʦʛʦ ʚʨʝʤʝ-

ʥʠ ʜʚʠʞʝʥʠʷ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʪʷʛʝ. ʉʫʤʤʘʨʥʘʷ ʸʤʢʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 
ʦʪ ʟʘʜʘʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʩʝʪʠ ʠ ʥʝʦʙʭʦʜʠʤʦʡ ʩʫʤʤʘʨʥʦʡ ʤʦʱʥʦʩʪʠ ʩʫʜʥʘ, ʢʦʪʦʨʘʷ 

ʥʘʭʦʜʠʪʩʷ ʧʦ ʤʝʪʦʜʠʢʝ, ʧʨʠʚʝʜʝʥʥʦʡ ʚ ʨʘʙʦʪʝ [4]. 

ʏʠʩʣʦ ʵʣʝʤʝʥʪʦʚ ʙʘʪʘʨʝʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʥʝʦʙʭʦʜʠʤʦʝ ʥʘʧʨʷʞʝʥʠʝ ʩʝʪʠ, ʚʳ-

ʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

ʵʣ

ɸʂɹ

ʵʣ
U

U
n = , (1) 

ʵʣ
n  ï ʯʠʩʣʦ ʷʯʝʝʢ, ʩʦʝʜʠʥʝʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ, ʩʦʛʣʘʩʥʦ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ; 

ɸʂɹ
U  ï ʥʘʧʨʷʞʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ, ɺ; 

ʵʣ
U  ï ʩʨʝʜʥʝʝ ʥʘʧʨʷʞʝʥʠʝ ʦʜʥʦʛʦ ʵʣʝʤʝʥʪʘ, ɺ. 

 

ʄʦʱʥʦʩʪʴ, ʦʪʜʘʚʘʝʤʘʷ ɸʂɹ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

( )

ʩ

ʕʉe

ɸʂɹ

NP
P

h

+
= , (2) 

ʛʜʝ e
P  ï ʧʦʪʨʝʙʥʘʷ ʤʦʱʥʦʩʪʴ ʚʠʥʪʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʜʚʠʞʝʥʠʷ ʩʫʜʥʘ ʩ ʟʘʜʘʥʥʦʡ ʩʢʦ-

ʨʦʩʪʴʶ, ʢɺʪ; 

ʕʉ
N  ï ʨʘʩʯʝʪʥʘʷ ʤʦʱʥʦʩʪʴ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ, ʢɺʪ; 

ʩ
h  ï ʩʫʤʤʘʨʥʳʡ ʂʇɼ ʩʠʩʪʝʤʳ. 

 

ɪʤʢʦʩʪʴ ʙʘʪʘʨʝʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ 

ʨɸʂɹ

ɸʂɹ

hU

P
ʉ

Ö

Ö
=

1000
, (3) 

ʨ
h  ï ʦʧʫʩʪʠʤʘʷ ʛʣʫʙʠʥʘ ʨʘʟʨʷʜʘ ɸʂɹ; 

ʉ ï ʸʤʢʦʩʪʴ ʙʘʪʘʨʝʡ, ɸĀʯ. 

 

ɺʨʝʤʷ ʨʘʙʦʪʳ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʜʚʠʛʘʪʝʣʷ ʦʪ ʘʢʢʫʤʫʣʷʪʦʨʥʳʭ ʙʘʪʘʨʝʡ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʚʳʨʘʞʝʥʠʝʤ 

e

ʨɸʂɹ

ʈ
P

hUʉ
t

ÖÖ
= .  (4) 

ɼʣʷ ʂʕʋ ʜʦʣʷ ʵʥʝʨʛʠʠ, ʧʨʠʭʦʜʷʱʘʷʩʷ ʥʘ ʦʩʥʦʚʥʳʝ ʠʩʪʦʯʥʠʢʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ, ʷʚʣʷʝʪʩʷ ʟʘʜʘʥʥʦʡ ʚʝʣʠʯʠʥʦʡ. ʇʨʠ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʜʦʣʝʡ ʵʥʝʨʛʠʠ ʤʝʞʜʫ ɼɻ ʠ 

ɸʂɹ ʩʪʦʠʪ ʨʫʢʦʚʦʜʩʪʚʦʚʘʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʧʘʨʘʤʝʪʨʘʤʠ ʨʝʡʩʘ (ʧʨʝʜʧʦʣʘʛʘʝʤʦʝ ʚʨʝʤʷ 

ʨʘʙʦʪʳ ʩʫʜʥʘ ʥʘ ɸʂɹ), ʥʦ ʠ ʪʝʤ, ʯʪʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʤʦʱʥʦʩʪʠ ʛʝʥʝʨʘʪʦʨʘ ʥʝʦʙʭʦ-

ʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʵʥʝʨʛʠʠ ʜʣʷ ʨʘʙʦʪʳ ʩʫʜʥʘ ʚ ʪʝʢʫʱʝʤ ʵʢʩʧʣʫʘʪʘʮʠʦʥ-

ʥʦʤ ʨʝʞʠʤʝ ʩ ʫʯʝʪʦʤ ʧʦʪʝʨʴ. 

ɼʣʷ ʨʘʩʯʝʪʘ ʤʘʩʩʦʚʦ-ʛʘʙʘʨʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɸʂɹ, ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʦʩʦ-
ʙʝʥʥʦʩʪʠ ʠʭ ʢʦʥʩʪʨʫʢʮʠʠ, ʘ ʪʘʢ ʞʝ ʠ ʟʥʘʯʠʪʝʣʴʥʫʶ ʜʦʣʶ ʤʘʩʩʳ, ʚʦ ʠʟʙʝʞʘʥʠʝ ʙʦʣʴ-

ʰʠʭ ʧʦʛʨʝʰʥʦʩʪʝʡ, ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʙʨʘʪʴ ʜʣʷ ʢʦʥ-

ʢʨʝʪʥʦʛʦ ʧʨʦʠʟʚʦʜʠʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʨʳʥʢʘ ʨʘʟ-

ʥʦʦʙʨʘʟʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʨʘʩʯʝʪ ʚʳʧʦʣʥʷʝʪʩʷ 

ʜʣʷ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʭ ʠʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʘʨʠʘʥʪʦʚ ʣʠʪʠʡ- ʠʦʥʥʳʭ ʙʘʪʘʨʝʡ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʘʙʣ. 2. 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 53, 2017 ʛ. 
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ʊʘʙʣʠʮʘ 2 

ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɸʂɹ 

ʊʠʧ ʦʙʦʨʫʜʦʚʘʥʠʷ ʊʠʧ ʊʝʭʥʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʄʘʩʩʘ, 

ʢʛ 

U, ɺ C, ɸĀʯ L, ʤ B, ʤ H, ʤ 

ɸʂɹ (Li-ion) LTïLYP200 3,2 200,00 0,16 0,12 0,34 9,95 

LTïLYP240 3,2 240,00 0,16 0,12 0,34 9,95 

LTïLYP300 3,2 300,00 0,17 0,16 0,34 14,80 

LTïLYP380 3,2 380,00 0,17 0,16 0,34 14,80 

LTïLYP700 3,2 700,00 0,29 0,16 0,34 26,50 

LTïLYP770 3,2 770,00 0,29 0,16 0,34 26,50 

 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ ʩʫʜʥʘ ʚʦ ʤʥʦʛʦʤ ʦʙʫʩʣʦʚʣʝʥʘ ʧʦʢʘʟʘʪʝʣʷʤʠ ʠʥʩʦʣʷʮʠʠ 
ʜʣʷ ʨʝʛʠʦʥʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʫʜʥʘ ʚ ʧʝʨʠʦʜ ʚʩʝʡ ʥʘʚʠʛʘʮʠʠ [5]. ʉʫʤʤʘʨʥʘʷ ʤʦʱʥʦʩʪʴ 

ʤʦʜʫʣʝʡ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʧʘʣʫʙʝ ʥʘʜʩʪʨʦʡʢʠ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

ʉɹ

ʉɹ

ʵʣʉɹʠʥʩ

ʉɹ
k

nPE
P Ö

l

ÖÖ
=

)(
, (5) 

ʛʜʝ ʉɹk  ï ʧʦʧʨʘʚʦʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʂʇɼ ʩʠʩʪʝʤʳ ʠ ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ 

ʙʘʪʘʨʝʡ; 

ʉɹ
P  ï ʤʦʱʥʦʩʪʴ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʦʜʫʣ,̫ ɺʪ. ʆʧʨʝʜʝʣʷʝʪʩʷ ʪʝʭʥʠʯʝʩʢʠʤʠ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʘʤʠ; 
ʉɹ

ʵʣn  ï ʢʦʣʠʯʝʩʪʚʦ ʤʦʜʫʣʝʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʧʘʣʫʙʝ ʥʘʜʩʪʨʦʡʢʠ; 

ʠʥʩ
E  ï ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʠʥʩʦʣʷʮʠʠ ʟʘ ʪʝʢʫʱʠʡ ʧʝʨʠʦʜ ʜʣʷ ʟʘʜʘʥʥʦʛʦ ʨʝʛʠʦʥʘ ʵʢʩ-

ʧʣʫʘʪʘʮʠʠ ʩʫʜʥʘ (ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʧʣʦʱʘʜʢʘ), 2/ʤʯɺʪÖ ; 

l ï ʤʦʱʥʦʩʪʴ ʠʥʩʦʣʷʮʠʠ ʥʘ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʦʜʥʦʤ ʢʚʘʜʨʘʪʥʦʤ ʤʝʪʨʝ, 
2/1000 ʤɺʪ . 

 

ɸʥʘʣʦʛʠʯʥʦ ɸʂɹ ʤʘʩʩʦʚʦ-ʛʘʙʘʨʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʦʪʦʵʣʝʤʝʥʪʦʚ ʨʘʩʩʯʠʪʳ-

ʚʘʶʪʩʷ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʩʤ. ʪʘʙʣ. 3). 

ʊʘʙʣʠʮʘ 3 

ʄʘʩʩʦʚʦ-ʛʘʙʘʨʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ. 

ʊʠʧ ʦʙʦʨʫʜʦʚʘʥʠʷ ʊʠʧ ʊʝʭʥʠʯʝʩʢʠʝ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʄʘʩʩʘ, 
ʢʛ 

U, ɺ P, ʢɺʪ L, ʤ B, ʤ H, ʤ 

ʌʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʵʣʝʤʝʥʪʳ 

ʊʉʄ-160ɸ 23 0,165 1,468 0,663 40 12,1 

ʊʉʄ-160ɺ 44 0,165 1,468 0,663 40 12,1 

ʊʉʄ-170ɸ 23 0,175 1,468 0,663 40 12,1 

ʊʉʄ-170ɺ 46 0,175 1,468 0,663 40 12,1 

ʊʉʄ-200ɸ 23 0,198 1,580 0,815 40 15,4 

ʊʉʄ-200B 43 0,198 1,580 0,815 40 15,4 

ʊʉʄ-230ɸ 23 0,230 1,338 0,988 40 17,4 

ʊʉʄ-230ɺ 49 0,230 1,338 0,988 40 17,4 



ɽ.ɺ. ʂʫʧʘʣʴʮʝʚʘ 

ʆʩʦʙʝʥʥʦʩʪʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ çʤʘʣʦʛʦè ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʩʫʜʥʘ ʩ ʘʚʪʦʥʦʤʥʦʡ» 
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ʊʠʧ ʦʙʦʨʫʜʦʚʘʥʠʷ ʊʠʧ ʊʝʭʥʠʯʝʩʢʠʝ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʄʘʩʩʘ, 
ʢʛ 

U, ɺ P, ʢɺʪ L, ʤ B, ʤ H, ʤ 

ʊʉʄ-270ɸ 38 0,270 1,633 0,996 40 18,5 

ʊʉʄ-280ɸ 40 0,280 1,633 0,996 40 18,5 

ʊʉʄ-290ɸ 41 0,290 1,633 0,996 40 18,5 

 

ɺ ʩʣʫʯʘʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʫʜʦʚʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ ʨʘʙʦʪʫ ʩʫʜʥʘ ʦʙʝʩʧʝ-

ʯʠʚʘʝʪ ʦʜʠʥ ʛʣʘʚʥʳʡ ʜʚʠʛʘʪʝʣʴ ï ʵʣʝʢʪʨʠʯʝʩʢʠʡ. ɼʣʷ ʂʕʋ ʧʨʠ ʜʘʥʥʦʤ ʧʦʜʭʦʜʝ ʤʦʞ-

ʥʦ ʫʢʨʫʧʥʝʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʝʞʠʤʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʨʘʙʦ-

ʪʫ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ: 

ï ʅʘʯʘʣʦ ʜʚʠʞʝʥʠʷ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʦʜ-

ʥʦʚʨʝʤʝʥʥʫʶ ʧʦʜʘʯʫ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʦʪ ɸʂɹ ʠ ɼɻ. 

ï ʈʝʞʠʤ ʦʞʠʜʘʥʠʷ. ɼʘʥʥʳʡ ʨʝʞʠʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʧʝʨʠʦʜ ʩʪʦʷʥʢʠ ʥʘ ʦʩʪʘʥʦʚʦʯ-

ʥʦʤ ʧʫʥʢʪʝ. ʇʨʠ ʵʪʦʤ ʨʝʞʠʤʝ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨ ʨʘʙʦʪʘʝʪ ʜʣʷ ʧʠʪʘʥʠʷ ʩʫʜʦʚʦʡ ʵʣʝʢ-
ʪʨʦʩʝʪʠ ʠ ʟʘʨʷʜʢʠ ʙʘʪʘʨʝʡ. ʊʘʢ ʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʨʝʞʠʤʘ ʚʦʟʤʦʞʥʦ ʜʣ̫ ʧʨʠ-

ʚʝʜʝʥʠ ̫ʚ ʜʝʡʩʪʚʠʝ ʕɼ ʠ ʜʚʠʞʝʥʠʷ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʵʥʝʨʛʠʠ ɸʂɹ. 

ï ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʨʝʞʠʤ. ɺ ʜʘʥʥʦʤ ʨʝʞʠʤʝ ʩʫʜʥʦ ʜʚʠʞʝʪʩʷ ʩ ʢʨʝʡʩʝʨʩʢʦʡ ʩʢʦʨʦ-

ʩʪʴʶ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʩ ʧʦʤʦʱʴʶ ʕɼ. ʇʨʠ ʵʪʦʤ ʧʦʩʪʦʷʥʥʦ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʫʨʦʚʝʥʴ 

ʟʘʨʷʜʘ ʙʘʪʘʨʝʡ. 

ï ʋʩʢʦʨʝʥʠʝ. ʈʝʞʠʤ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʜʚʠʞʝʥʠʷ (ʚ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ) ʩ ʤʘʢ-

ʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴ.ʁ ʕʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʳʩʦʢʦʡ ʜʠʥʘʤʠʢʝ ʠ ʙʳʩʪʨʦʤʫ ʨʘʟʛʦʥʫ. 

ʕʣʝʢʪʨʦʧʠʪʘʥʠʝ ʧʦʜʘʝʪʩʷ ʢʘʢ ʥʘ ʚʠʥʪ, ʪʘʢ ʠ ʥʘ ʧʦʪʨʝʙʠʪʝʣʝʡ. 

ï ɹʝʨʝʛʦʚʦʡ ʨʝʞʠʤ. ɼʘʥʥʳʡ ʨʝʞʠʤ ʠʩʧʦʣʴʟʫʝʪʩʷ, ʢʦʛʜʘ ʩʫʜʥʦ ʚ ʧʦʨʪʫ ʜʣʷ ʧʦʜ-

ʢʣʶʯʝʥʠʷ ʢ ʙʝʨʝʛʦʚʦʤʫ ʧʠʪʘʥʠʶ ʜʣʷ ʟʘʨʷʜʢʠ ɸʂɹ. 
ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʧʨʝʜʝʣʠʪʴ ʚʨʝʤʷ ʨʘʙʦʪʳ ʩʫʜʥʘ ʩ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝʤ ʢʦʥʢʨʝʪʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ ʠ ʨʘʩʩʯʠʪʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʦʙʨʘʟʦʤ 

ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʪʦʤ ʠʣʠ ʠʥʦʤ ʪʠʧʝ ʵʥʝʨʛʠʠ. 

ɼʣʠʥʘ ʦʪʩʝʢʘ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʟʘʚʠʩʠʤʦʩʪʷʤ 

ʚ ʬʫʥʢʮʠʠ ʦʪ ʤʦʱʥʦʩʪʠ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ ʧʦ ʤʝʪʦʜʠʢʝ, ʠʟʣʦʞʝʥʥʦʡ ʚ [6]. ɿʘʜʘʯʫ 

ʜʦʧʫʩʪʠʤʦʩʪʠ ʫʩʪʘʥʦʚʢʠ ʚ ʨʘʩʩʯʠʪʘʥʥʦʤ ʤʘʰʠʥʥʦʤ ʧʦʤʝʱʝʥʠʠ ʚʩʝʡ ʥʦʤʝʥʢʣʘʪʫʨʳ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ 

( ) '

1

)( hSShblV
ɼʆʇʆɹ

k

i

iiiʄʇ
Ö++ÖÖ²ä

=

, (6) 

ʛʜʝ 'hBLV
ʤʄʇ
ÖÖ=  ï ʦʙʲʝʤ ʄʇ ʙʝʟ ʫʯʝʪʘ ʥʘʙʦʨʘ, ʠʟʦʣʷʮʠʠ ʠ ʟʘʰʠʚʢʠ; 

ʄʇ
L  ï ʜʣʠʥʘ ʤʘʰʠʥʥʦʛʦ ʧʦʤʝʱʝʥʠʷ, ʦʧʨʝʜʝʣʝʥʥʘʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʦʱʥʦʩʪʠ ʉʕʋ; 

k  ï ʢʦʣʠʯʝʩʪʚʦ ʝʜʠʥʠʮ ʦʩʥʦʚʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

)(
iii

hbl ÖÖ  ï ʜʣʠʥʘ, ʰʠʨʠʥʘ ʠ ʚʳʩʦʪʘ i-ʛʦ ʦʩʥʦʚʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

ʆɹ
S  ï ʧʣʦʱʘʜʴ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

ɼʆʇS  ï ʧʣʦʱʘʜʴ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʠʤʝʶʱʝʛʦ ʨʘʟʤʝʨʳ ʤʥʦʛʦ ʤʝʥʴʰʠʝ, ʯʝʤ ʦʩʥʦʚʥʦʝ; 
'h  ï ʚʳʩʦʪʘ ʚ ʄʇ ʙʝʟ ʫʯʝʪʘ ʥʘʙʦʨʘ, ʠʟʦʣʷʮʠʠ ʠ ʟʘʰʠʚʢʠ. 

 

ʇʨʠ ʨʝʰʝʥʠʠ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʦʩʥʦʚʥʦʛʦ ʦʙʦʨʫ-

ʜʦʚʘʥʠʷ ʧʨʠʥʠʤʘʶʪʩʷ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʟʘʚʠʩʠʤʦʩʪʷʤ ʠ ʨʘʩʯʝʪʥʳʤ ʜʘʥʥʳʤ (ʦʙʲ-

ʝʤ ʪʦʧʣʠʚʥʳʭ, ʤʘʩʣʷʥʳʭ ʠ ʥʝʬʪʝʩʙʦʨʥʳʭ ʮʠʩʪʝʨʥ ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʩʨʝʜ-

ʥʝʥʥʳʤʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʜʘʥʥʦʡ ʘʚʪʦʥʦʤʥʦʩʪʠ ʧʣʘʚʘʥʠʷ). 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 53, 2017 ʛ. 
ʈʘʟʜʝʣ III . ʉʫʜʦʩʪʨʦʝʥʠʝ, ʩʫʜʦʨʝʤʦʥʪ ʠ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʫʜʥʘ 
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ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʣʦʱʘʜʝʡ ʜʣʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ 

(ʰʠʨʠʥʘ ʧʨʦʭʦʜʦʚ) ʨʝʛʣʘʤʝʥʪʠʨʫʶʪʩʷ ʇʨʘʚʠʣʘʤʠ ʈʈʈ, ʪʨʝʙʦʚʘʥʠʷʤʠ ʪʝʭʥʠʢʠ ʙʝʟʦ-
ʧʘʩʥʦʩʪʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʠʥʩʪʨʫʢʮʠʷʤʠ. ʅʘ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʧʨʦʝʢʪʠ-

ʨʦʚʘʥʠʷ ʜʘʥʥʘʷ ʚʝʣʠʯʠʥʘ ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʦʡ 

)6,02(
ʄʇʧʨʆɹ

LbkS Ö+ÖÖ= , (7) 

ʛʜʝ ʧʨb  ï ʤʠʥʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ ʰʠʨʠʥʘ ʧʨʦʭʦʜʘ ʚ ʄʇ. 

 

ʇʣʦʱʘʜʴ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 
ɼʆʇ

S  ʧʨʠʥʠʤʘʝʪʩʷ ʥʘ 

ʦʩʥʦʚʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʚ ʨʘʟʤʝʨʝ 10% ʦʪ ʦʙʱʝʡ ʧʣʦʱʘʜʠ ʄʇ. 
ʅʘʠʙʦʣʴʰʠʡ ʦʙʲʝʤ ʚ ʦʙʱʝʡ ʥʦʤʝʥʢʣʘʪʫʨʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʥʝʪʠ-

ʧʦʚʳʭ ʉʕʋ ʟʘʥʠʤʘʶʪ ɸʂɹ. ʀʭ ʨʘʩʧʦʣʘʛʘʶʪ ʚ ʦʪʜʝʣʴʥʦʤ ʦʪʩʝʢʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʧʦʜ 

ʧʘʩʩʘʞʠʨʩʢʠʤ ʩʘʣʦʥʦʤ ʩ ʜʦʩʪʫʧʦʤ ʯʝʨʝʟ ʣʶʢʠ ʧʣʘʪʬʦʨʤʳ. ɼʦʩʪʘʪʦʯʥʦʩʪʴ ʦʙʲʝʤʘ 

ʦʪʩʝʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ 

'''' )( hSBLV ɸʂɹ

ʆɹcɸʂɹ
Ö+Ö² , (8) 

ʛʜʝ '

c
L  ï ʜʣʠʥʘ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʩʘʣʦʥʘ ʙʝʟ ʫʯʝʪʘ ʥʘʙʦʨʘ ʠ ʠʟʦʣʷʮʠʠ; 

'B  ï ʰʠʨʠʥʘ ʩʫʜʥʘ ʙʝʟ ʫʯʝʪʘ ʟʘʰʠʚʢʠ ʠ ʠʟʦʣʷʮʠʠ; 
ɸʂɹ

ʆɹ
S  ï ʧʣʦʱʘʜʴ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʦʪʩʝʢʘ ɸʂɹ; 

''h  ï ʚʳʩʦʪʘ ʚ ʧʦʤʝʱʝʥʠʠ ʙʝʟ ʫʯʝʪʘ ʥʘʙʦʨʘ, ʠʟʦʣʷʮʠʠ ʠ ʟʘʰʠʚʢʠ. 

 

ɸʢʢʫʤʫʣʷʪʦʨʥʳʝ ʙʘʪʘʨʝʠ ʦʙʣʘʜʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʘʩʩʦʡ. ɼʣʷ ʠʟʙʝʛʘʥʠʷ ʧʨʦʙʣʝʤ 

ʩ ʮʝʥʪʨʦʚʢʦʡ ʩʫʜʥʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʘʩʧʦʣʘʛʘʪʴ ʠʭ ʩʠʤʤʝʪʨʠʯʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ɼʇ. 

ʊʦʛʜʘ ʧʣʦʱʘʜʴ ʦʙʩʣʫʞʠʚʘʥʠʷ ʩ ʫʯʝʪʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʟʘʟʦʨʦʚ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ 

ʚʠʜʝ  

6,0' +Ö=
cʧʨ

ɸʂɹ

ʆɹ
LbS  (9) 

ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʫʩʣʦʚʠʷ (6), (8) ʥʝ ʚʳʧʦʣʥʷʶʪʩʷ, ʜʣʠʥʳ ʦʪʩʝʢʦʚ, ʜʦʩʪʘʪʦʯʥʳʭ ʜʣʷ 

ʨʘʟʤʝʱʝʥʠʷ ʟʘʜʘʥʥʦʡ ʥʦʤʝʥʢʣʘʪʫʨʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ, ʠʩʭʦʜʷ ʠʟ ʵʪʠʭ 
ʫʩʣʦʚʠʡ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʰʠʨʠʥʳ ʠ ʚʳʩʦʪʳ ʙʦʨʪʘ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʣʠʷʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʪʠʧʘ ʉʕʋ ʥʘ ʵʢʦʥʦʤʠʯʝ-

ʩʢʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʚ ʦʙʱʝʤ ʘʣʛʦʨʠʪʤʝ ʦʧʪʠʤʠʟʘʮʠʠ ʩʫʜʥʘ ʟʘʜʘʯʘ ʩʚʦʜʠʪʩʷ ʢ ʜʚʫʤ 

ʢʦʤʧʦʥʝʥʪʘʤ: ʚ ʦʪʥʦʰʝʥʠʠ ʩʪʨʦʠʪʝʣʴʥʦʡ ʩʪʦʠʤʦʩʪʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʘʩʭʦʜʦʚ 

ʩʫʜʥʘ.  

ʇʝʨʚʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʚ ʦʙʱʝʡ ʟʘʜʘʯʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʨʝʘʣʴʥʦʛʦ 

ʮʝʥʦʦʙʦʨʘʟʦʚʘʥʠʷ ʥʘ ʫʩʪʘʥʘʚʣʠʚʘʝʤʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ 

ʩʣʦʞʥʦʩʪʴ ʤʦʥʪʘʞʘ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚ ʢʦʪʦʨʦʤ ʫʯʘʩʪʚʫʝʪ ʙʦʣʝʝ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦ-

ʚʘʥʥʳʡ ʧʝʨʩʦʥʘʣ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʵʪʦʪ ʘʩʧʝʢʪ ʨʝʘʣʠʟʫʝʪʩʷ ʫʚʝʣʠʯʝʥʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ 

ʪʨʫʜʦʝʤʢʦʩʪʠ. 

ɺʪʦʨʫʶ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʦʧʨʝʜʝʣʷʶʪ ʥʝ ʪʦʣʴʢʦ ʩʫʤʤʘʨʥʳʝ ʵʥʝʨʛʦ-
ʟʘʪʨʘʪʳ ʩʫʜʥʘ, ʥʦ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʧʣʘʪʘ ʟʘ ʟʘʛʨʷʟʥʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɿʘʪʨʘʪʳ 

ʧʨʠ ʵʪʦʤ ʬʦʨʤʫʣʠʨʫʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʩʫʤʤʘʨʥʦ ʥʝʦʙʭʦʜʠʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʵʥʝʨʛʦʨʝʩʫʨ-

ʩʦʚ ʠ ʚʨʝʤʝʥʠ, ʚ ʪʝʯʝʥʠʠ ʢʦʪʦʨʦʛʦ ʨʘʙʦʪʘʝʪ ʩʫʜʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ 

ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ 

iii
ctPW ÖÖ=ä  (10) 

Pi   ï ʤʦʱʥʦʩʪʴ i-ʛʦ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ, ʢɺʪ; 

ti   ï ʚʨʝʤʷ ʨʘʙʦʪʳ ʩʫʜʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ i-ʛʦ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ; 
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ci   ï ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʵʥʝʨʛʦʨʝʩʫʨʘ. 

 
ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʩʫʤʤʘʨʥʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʘʩʭʦʜʦʚ ʢʘʞʜʘʷ ʠʟ ʩʦʩʪʘʚʣʷʶ-

ʱʠʭ ʬʦʨʤʫʣʳ (10) ʫʯʠʪʳʚʘʝʪ ʩʪʦʠʤʦʩʪʴ ʢʘʞʜʦʛʦ ʪʠʧʘ ʨʝʩʫʨʩʘ, ʠʟʨʘʩʭʦʜʦʚʘʥʥʦʛʦ ʟʘ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʪʠʧʘ ʉʕʋ ʥʘ ʵʢʦʣʦʛʠʶ ʥʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘ-

ʥʠʷ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʩʚʦʜʠʪʩʷ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʧʨʝʜʧʦʣʘʛʘʝʤʳʭ 

ʚʳʙʨʦʩʦʚ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʫ ʟʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʝʨʠʦʜ ʨʘʙʦʪʳ. 

ʈʘʩʯʝʪ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʩʨʝʜʥʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦ ʦʙʱʝʧʨʠʥʷʪʳʤ 

ʤʝʪʦʜʠʢʘʤ ʜʣʷ ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʨʝʯʥʳʭ ʩʫʜʦʚ [7]. 

ɺʩʝ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʟʘʜʘʯ ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʠʭ ʨʝʰʝ-

ʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʘʤʢʘʭ ʚʝʨʦʷʪʥʦʩʪʥʦ-ʥʝʦʧʨʝʜʝʣʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ (ʧʨʦʜʦʣʞʠʪʝʣʴ-

ʥʦʩʪʴ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʛʦ ʨʝʞʠʤʘ, ʜʘʥʥʳʝ ʦ ʥʝʦʙʭʦʜʠʤʦʤ ʢʦʣʠʯʝʩʪʚʝ 

ʢʦʥʢʨʝʪʥʦʛʦ ʪʠʧʘ ʵʥʝʨʛʠʠ). ʋʢʘʟʘʥʥʳʝ ʬʘʢʪʦʨʳ ʦʧʨʝʜʝʣʷʶʪ ʥʝʢʦʪʦʨʫʶ ʫʩʣʦʚʥʦʩʪʴ 
ʧʦʣʫʯʘʝʤʳʭ ʨʝʰʝʥʠʡ, ʣʠʰʴ ʧʨʠʙʣʠʞʝʥʥʳʭ ʢ ʨʝʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʫʜ-

ʥʘ. 

ʆʧʨʝʜʝʣʠʚ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʦʩʦʙʝʥʥʦʩʪʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠ ʨʘʟʨʘʙʦʪʘʚ ʥʘ ʝʝ 

ʦʩʥʦʚʝ ʘʣʛʦʨʠʪʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʫʜʥʘ ʩ ʥʝʪʨʘʜʠʮʠʦʥʥʦʡ ʉʕʋ ʤʦʞʥʦ, ʚʳʧʦʣʥʠʚ 

ʯʠʩʣʝʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ, ʫʩʪʘʥʦʚʠʪʴ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʠʭ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʷ: ʧʘʩʩʘʞʠʨʦʚʤʝʩʪʠʤʦʩʪʴ, ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʢʦʨʦʩʪʠ, ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʣʠʥʠʠ ʵʢʩ-

ʧʣʫʘʪʘʮʠʠ ʠ ʧʨʦʯ. 
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THE PARTICULARITY OF MAT HEMATICAL MODELS  

OF çSMALL è PASSENGER VESSELS WITH HYBRID  

OR ALL - ELECTRIC POWER PLANT  

E.V. Kupaltseva 

Key words: hybrid and all- electric power plant, non-standard energy sources, passenger 
vessel, mathematical model 
 
This article reflects specifics of developing a mathematical model of  the vessel with the hy-
brid or all-electric power plant. Such components as the required power, mass - dimensional 
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characteristics and the ability to embed all necessary equipment are the defining feature of 
developed mathematical model.  

ʉʪʘʪʴʷ ʧʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ 11.10.2017 ʛ. 
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ʢʦʥʩʪʨʫʢʮʠʠ, ʩʬʝʨʳ ʵʢʩʧʣʫʘʪʘʮʠʠ 
 
ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʝʥʜʝʥʮʠʠ ʩʦʟʜʘʥʠʷ ʵʢʨʘʥʦʧʣʘʥʦʚ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʠ ʧʝʨ-
ʩʧʝʢʪʠʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʝ ʈʦʩʩʠʠ 
 

ʀʩʪʦʨʠʯʝʩʢʠ ʩʣʦʞʠʣʦʩʴ ʪʘʢ, ʯʪʦ ʤʦʨʩʢʦʡ ʠ ʨʝʯʥʦʡ ʪʨʘʥʩʧʦʨʪ ʚ ʈʦʩʩʠʠ ʠʛʨʘʶʪ 

ʚʘʞʥʫʶ ʨʦʣʴ. ɺ ʩʘʤʦʤ ʜʝʣʝ, ʩ ʉʝʚʝʨʘ ʠ ɺʦʩʪʦʢʘ ʦʛʨʦʤʥʫʶ ʪʝʨʨʠʪʦʨʠʶ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ʦʢʨʫʞʘʝʪ ʤʥʦʞʝʩʪʚʦ ʤʦʨʝʡ ʉʝʚʝʨʥʦʛʦ ʣʝʜʦʚʠʪʦʛʦ ʠ ʊʠʭʦʛʦ ʦʢʝʘʥʦʚ. ʉ 

ʢʘʞʜʳʤ ʛʦʜʦʤ ʚʩʝ ʟʥʘʯʠʤʝʝ ʩʪʘʥʦʚʠʪʩʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʉʝʚʝʨʥʦʛʦ ʤʦʨʩʢʦʛʦ ʧʫʪʠ. ʇʨʦ-

ʪʷʞʝʥʥʦʩʪʴ ʩʫʜʦʭʦʜʥʳʭ ʚʥʫʪʨʝʥʥʠʭ ʚʦʜʥʳʭ ʧʫʪʝʡ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 101,8 ʪʳʩ. ʢʤ, ʯʪʦ 

ʩʦʟʜʘʝʪ ʧʨʦʯʥʫʶ ʙʘʟʫ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʝʨʝʚʦʟʦʢ ʨʘʟʣʠʯʥʳʭ ʛʨʫʟʦʚ. ʅʘ ʤʥʦʛʠʭ 

ʨʝʢʘʭ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʧʝʨʝʚʦʟʢʠ ʧʘʩʩʘʞʠʨʦʚ. ʅʘʧʨʠʤʝʨ, ʚ 80-ʝ ʛʦʜʳ XX ʚʝʢʘ ʥʘ ʨʝʯ-

ʥʳʭ ʩʫʜʘʭ ʝʞʝʛʦʜʥʦ ʧʝʨʝʚʦʟʠʣʦʩʴ ʦʢʦʣʦ 100 ʤʣʥ. ʯʝʣʦʚʝʢ, ʠʟ ʢʦʪʦʨʳʭ ʙʦʣʝʝ ʯʝʪʚʝʨʪʠ 

ï ʥʘ ʩʢʦʨʦʩʪʥʳʭ ʪʝʧʣʦʭʦʜʘʭ. ʄʘʢʩʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʧʘʩʩʘʞʠʨʩʢʠʭ ʧʝʨʝʚʦʟʦʢ ʙʳʣ 

ʜʦʩʪʠʛʥʫʪ ʚ 1975 ʛʦʜʫ, ʢʦʛʜʘ ʙʳʣʦ ʧʝʨʝʚʝʟʝʥʦ 123,8 ʤʣʥ. ʯʝʣʦʚʝʢ. ɺ 1990 ʛʦʜʫ ʦʙʲʝʤʳ 

ʧʘʩʩʘʞʠʨʩʢʠʭ ʧʝʨʝʚʦʟʦʢ ʨʝʟʢʦ ʩʥʠʟʠʣʠʩʴ. ʕʪʦ ʧʨʦʠʟʦʰʣʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʧʦ ʧʨʠʯʠʥʝ 
ʨʝʟʢʦʛʦ ʨʦʩʪʘ ʮʝʥ ʥʘ ʵʥʝʨʛʦʥʦʩʠʪʝʣʠ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʦʚʳʰʝʥʠʷ ʩʪʦʠʤʦʩʪʠ ʧʨʦʝʟʜʘ 

ʥʘ ʚʩʝʭ ʚʠʜʘʭ ʪʨʘʥʩʧʦʨʪʘ [1]. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʚ 90-ʝ ʛʦʜʳ XX ʚʝʢʘ ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʘʜʝʥʠʝ ʧʣʘʪʝʞʝʩʧʦʩʦʙʥʦʩʪʠ 

ʥʘʩʝʣʝʥʠʷ ʠ ʦʛʨʘʥʠʯʝʥʠʝ ʨʘʟʤʝʨʦʚ ʧʦʜʜʝʨʞʢʠ ʧʘʩʩʘʞʠʨʩʢʠʭ ʧʝʨʝʚʦʟʦʢ ʤʝʩʪʥʳʤʠ 

ʘʜʤʠʥʠʩʪʨʘʮʠʷʤʠ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʟʘʢʨʳʪʠʶ ʤʥʦʛʠʭ ʩʢʦʨʦʩʪʥʳʭ ʣʠʥʠʡ ʠ ʤʘʩʩʦʚʦʤʫ 

ʚʳʚʝʜʝʥʠʶ ʠʟ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʝʚʦʩʪʨʝʙʦʚʘʥʥʦʛʦ ʬʣʦʪʘ. 

ɸʥʘʣʠʟ ʦʙʲʝʤʦʚ ʧʘʩʩʘʞʠʨʩʢʠʭ ʧʝʨʝʚʦʟʦʢ ʨʘʟʣʠʯʥʳʤʠ ʚʠʜʘʤʠ ʪʨʘʥʩʧʦʨʪʘ ʧʦʢʘʟʳ-

ʚʘʝʪ, ʯʪʦ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʥʘʤʝʪʠʣʘʩʴ ʥʝʛʘʪʠʚʥʘʷ ʪʝʥʜʝʥʮʠʷ ʧʦʩʪʝʧʝʥ-

ʥʦʛʦ ʚʳʪʝʩʥʝʥʠʷ ʨʝʯʥʦʛʦ ʬʣʦʪʘ ʠʟ ʩʠʩʪʝʤʳ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʥʘʩʝʣʝʥʠʷ. 

ʅʘʠʙʦʣʴʰʠʤ ʩʧʨʦʩʦʤ ʧʦʣʴʟʫʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʪʫʨʠʩʪʠʯʝʩʢʠʝ ʧʦʝʟʜʢʠ [2]. 
ʅʝʩʤʦʪʨʷ ʥʘ ʩʣʦʞʥʫʶ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʩʠʪʫʘʮʠʶ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʈʦʩʩʠʠ 

ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʩʠʩʪʝʤʘ ʩʢʦʨʦʩʪʥʳʭ ʧʝʨʝʚʦʟʦʢ ʧʘʩʩʘʞʠʨʦʚ. ʆʩʦʙʝʥʥʦ ʚʘʞʥʦ ʝʝ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʚ ʨʘʡʦʥʘʭ ʉʠʙʠʨʠ ʠ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ, ʛʜʝ ʩʢʦʨʦʩʪʥʳʝ ʩʫʜʘ, ʧʦ ʩʫʪʠ, ʷʚ-
ʣʷʶʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʩʨʝʜʩʪʚʦʤ ʩʦʦʙʱʝʥʠʷ ʤʝʞʜʫ ʥʘʩʝʣʝʥʥʳʤʠ ʧʫʥʢʪʘʤʠ. ʕʪʦ ʦʙ-

ʩʪʦʷʪʝʣʴʩʪʚʦ ʚ ʫʩʣʦʚʠʷʭ ʩʪʨʝʤʠʪʝʣʴʥʦʛʦ ʤʦʨʘʣʴʥʦʛʦ ʠ ʬʠʟʠʯʝʩʢʦʛʦ ʩʪʘʨʝʥʠʷ ʵʢʩ-

ʧʣʫʘʪʠʨʫʝʤʳʭ ʩʢʦʨʦʩʪʥʳʭ ʩʫʜʦʚ ʪʨʝʙʫʝʪ ʦʪ  ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʦʨʛʘʥʦʚ ʫʜʝʣʷʪʴ ʙʦʣʴ-



ɺ.ʀ. ʃʶʙʠʤʦʚ, ɸ.ɸ. ɻʘʢʢʝʣʴ, ɺ.ʀ. ɹʘʨʳʰʝʚ 

ɸʥʘʣʠʟ ʪʝʥʜʝʥʮʠʡ ʨʘʟʚʠʪʠʷ ʵʢʨʘʥʦʧʣʘʥʦʚ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʪʨʘʥʩʧʦʨʪʥʦʡ» 
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ʰʝ ʚʥʠʤʘʥʠʷ ʨʘʟʚʠʪʠʶ ʪʨʘʥʩʧʦʨʪʥʦʡ ʦʪʨʘʩʣʠ, ʧʦʩʪʨʦʡʢʝ ʥʦʚʳʭ ʩʫʜʦʚ. ʉʣʝʜʦʚʘʪʝʣʴ-

ʥʦ, ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʘʢʪʫʘʣʴʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʩʫʜʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ 
ʨʘʩʰʠʨʠʪʴ ʩʬʝʨʫ ʧʨʠʤʝʥʝʥʠʷ ʨʝʯʥʦʛʦ ʬʣʦʪʘ, ʩʧʦʩʦʙʥʦʛʦ ʫʩʧʝʰʥʦ ʢʦʥʢʫʨʠʨʦʚʘʪʴ ʩ 

ʜʨʫʛʠʤʠ ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ [8]. 
ʅʘ ʤʦʨʩʢʦʤ ʠ ʨʝʯʥʦʤ ʬʣʦʪʝ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʫʜʘ ʩ 

ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʧʨʠʥʮʠʧʘʤʠ ʧʦʜʜʝʨʞʘʥʠʷ (ʉɼʇʇ): ʩʫʜʘ ʥʘ ʧʦʜʚʦʜʥʳʭ ʢʨʳʣʴʷʭ 

(ʉʇʂ), ʘʤʬʠʙʠʡʥʳʝ ʠ ʩʢʝʛʦʚʳʝ ʩʫʜʘ ʥʘ ʚʦʟʜʫʰʥʦʡ ʧʦʜʫʰʢʝ (ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ɸʉɺʇ ʠ 

ʉʉɺʇ), ʩʫʜʘ ʥʘ ʚʦʟʜʫʰʥʦʡ ʢʘʚʝʨʥʝ (ʉɺʂ) ʠ ʵʢʨʘʥʦʧʣʘʥʳ (ʕʇ). ʂʘʞʜʳʡ ʠʟ ʫʧʦʤʷʥʫ-

ʪʳʭ ʪʠʧʦʚ ʩʢʦʨʦʩʪʥʳʭ ʩʫʜʦʚ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʤʝʶʱʠʭʩʷ ʧʨʝʠʤʫʱʝʩʪʚ, ʜʦʣʞʝʥ ʟʘ-

ʥʠʤʘʪʴ ʩʚʦʶ ʪʨʘʥʩʧʦʨʪʥʫʶ ʥʠʰʫ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ʈʦʩʩʠʠ ʚʩʸ ʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʩʦʟʜʘʥʠʶ ʪʨʘʥʩ-

ʧʦʨʪʥʳʭ ʕʇ. ʎʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʧʦʩʪʨʦʡʢʠ ʕʇ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʷʜʦʤ 

ʚʘʞʥʳʭ ʬʘʢʪʦʨʦʚ. ɺʦ-ʧʝʨʚʳʭ, ʦʥʠ ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʠ ʤʦʛʫʪ ʙʳʪʴ ʥʘ ʚʦʜʥʳʭ 

ʪʨʘʩʩʘʭ ʵʬʬʝʢʪʠʚʥʝʝ ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʉʇʂ, ʉɺʇ ʠ ʜʨ. ɺʦ-ʚʪʦʨʳʭ, ʵʪʠ ʩʫʜʘ ʦʙʣʘʜʘ-

ʶʪ ʨʷʜʦʤ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ (ʦʪʩʫʪʩʪʚʠʝ ʢʦʥʪʘʢʪʘ ʩ ʵʢʨʘʥʦʤ, ʘʤʬʠʙʠʡ-
ʥʦʩʪʴ, ʢʦʤʬʦʨʪʘʙʝʣʴʥʦʩʪʴ ʧʦʝʟʜʢʠ ʥʘ ʤʘʣʳʭ ʚʳʩʦʪʘʭ ʠ ʪ.ʜ.), ʦʪʢʨʳʚʘʶʱʠʭ ʰʠʨʦʢʠʝ 

ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʇʨʠʤʝʥʝʥʠʝ ʕʇ ʧʨʠʚʣʝʢʘʝʪ ʠʥʪʝʨʝʩ ʤʠʨʦʚʳʭ 

ʩʫʜʦʭʦʜʥʳʭ ʢʦʤʧʘʥʠʡ ʚʦʟʤʦʞʥʦʩʪʴʶ ʢʘʯʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʝʨʝʚʦ-

ʟʦʢ ʥʘ ʨʝʯʥʳʭ ʠ ʤʦʨʩʢʠʭ ʪʨʘʩʩʘʭ. 

ɺʝʜʫʱʘʷ ʨʦʣʴ ʚ ʩʦʟʜʘʥʠʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʕʇ ʧʨʠʥʘʜʣʝʞʠʪ ʎʂɹ ʧʦ ʉʇʂ, ʢʦʪʦʨʳʤ 

ʨʫʢʦʚʦʜʠʣ ʚʳʜʘʶʱʠʡʩʷ ʢʦʥʩʪʨʫʢʪʦʨ ʩʢʦʨʦʩʪʥʳʭ ʩʫʜʦʚ, ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ ʈ.ɽ. 

ɸʣʝʢʩʝʝʚ. ʂ ʠʜʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ ʢʨʳʣʘ ʜʣʷ ʫʚʝ-

ʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʩʫʜʦʚ ʈ.ɽ. ɸʣʝʢʩʝʝʚ ʧʨʠʰʝʣ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʧʦʥʷʣ, ʯʪʦ ʠʟ-ʟʘ ʢʘʚʠ-

ʪʘʮʠʠ ʛʨʝʙʥʳʭ ʚʠʥʪʦʚ ʠ ʧʦʜʚʦʜʥʳʭ ʢʨʳʣʴʝʚ ʥʘ ʉʇʂ ʩʢʦʨʦʩʪʠ ʙʦʣʴʰʝ 100ï120ʢʤ/ʯ 

ʜʦʙʠʪʴʩʷ ʥʝʚʦʟʤʦʞʥʦ. ɺ ʢʘʯʝʩʪʚʝ ʧʝʨʚʦʛʦ ʰʘʛʘ ʚ ʨʝʘʣʠʟʘʮʠʠ ʥʦʚʦʡ ʠʜʝʠ ʈ.ɽ. ɸʣʝʢ-

ʩʝʝʚʳʤ ʚ 1960 ʛ. ʙʳʣ ʧʦʩʪʨʦʝʥ ʧʠʣʦʪʠʨʫʝʤʳʡ ʕʇ ʉʄ-1. ʇʨʠʥʷʪʘʷ ʥʘ ʥʝʤ ʘʵʨʦʜʠʥʘ-

ʤʠʯʝʩʢʘʷ ʢʦʤʧʦʥʦʚʢʘ (ɸɻɼʂ) çʪʘʥʜʝʤè ʚʦ ʤʥʦʛʦʤ ʥʘʧʦʤʠʥʘʣʘ ʢʨʳʣʴʝʚʫʶ ʩʭʝʤʫ 
ʉʇʂ çʄʝʪʝʦʨè. ɼʣʠʥʘ ʕʇ ʩʦʩʪʘʚʣʷʣʘ 20 ʤ, ʨʘʟʤʘʭ ʢʨʳʣʘ 10,3 ʤ, ʚʳʩʦʪʘ 1,53 ʤ, 

ʚʟʣʝʪʥʘʷ ʤʘʩʩʘ 2,83 ʪ. ʊʫʨʙʦʨʝʘʢʪʠʚʥʳʡ ʜʚʠʛʘʪʝʣʴ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʩʚʝʨʭʫ ʬʶʟʝʣʷʞʘ. 

ɿʘ ʬʶʟʝʣʷʞʝʤ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʚʝʨʪʠʢʘʣʴʥʦʝ ʦʧʝʨʝʥʠʝ ʩ ʨʫʣʝʤ. ʕʢʠʧʘʞ ʩʦʩʪʦʷʣ ʠʟ 

ʪʨʝʭ ʯʝʣʦʚʝʢ. ʇʝʨʚʳʡ ʧʦʣʝʪ ʕʇ ʉʄ-1 ʩʦʩʪʦʷʣʩʷ 22 ʠʶʣʷ 1961 ʛ. ɽʛʦ ʧʠʣʦʪʠʨʦʚʘʣ ʈ.ɽ. 

ɸʣʝʢʩʝʝʚ. ɺʩʝʩʪʦʨʦʥʥʠʝ ʠʩʧʳʪʘʥʠʷ ʩʫʜʥʘ ʧʨʦʚʦʜʠʣʠʩʴ ʣʝʪʦʤ ʠ ʟʠʤʦʡ ʥʘʜʦ ʣʴʜʦʤ ʠ 

ʩʥʝʛʦʤ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʧʦʣʝʪʘ ʕʇ ʩʦʩʪʘʚʠʣʘ ʦʢʦʣʦ 200 ʢʤ/ʯ. 

ʉ ʫʯʝʪʦʤ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʯʝʨʝʟ ʛʦʜ ʙʳʣ ʧʦʩʪʨʦʝʥ ʕʇ ʉʄ-2. ʅʦʚʦʝ ʩʫʜʥʦ 

ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʝʨʚʦʛʦ ʠʤʝʣʦ ʦʜʥʦ ʥʝʩʫʱʝʝ ʢʨʳʣʦ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʩʪʘʙʠʣʠʟʘʪʦʨ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʜʦʣʴʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʘ ʚʩʝʭ ʨʝʞʠʤʘʭ ʜʚʠʞʝʥʠʷ. ʅʘ ʕʇ ʉʄ-2 

ʚʧʝʨʚʳʝ ʚ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʠʜʝʷ ʧʦʜʜʫʚʘ ʚʦʟʜʫʰʥʦʡ ʩʪʨʫʠ ʦʪ ʛʘ-

ʟʦʪʫʨʙʠʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʚ ʥʦʩʦʚʦʡ ʦʢʦʥʝʯʥʦʩʪʠ, ʧʦʜ ʢʨʳʣʦ ʩ ʮʝʣʴʶ 
ʫʣʫʯʰʝʥʠʷ ʚʟʣʝʪʥʦ-ʧʦʩʘʜʦʯʥʳʭ ʢʘʯʝʩʪʚ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʚʣʠʷʥʠʝ ʧʦʜʜʫʚʘ ʧʨʠ ʢʦʤʧʦ-

ʥʦʚʢʝ çʪʘʥʜʝʤè ʩʦʟʜʘʣʦ ʦʧʨʝʜʝʣʝʥʥʳʝ ʪʨʫʜʥʦʩʪʠ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʧʨʦʜʦʣʴʥʦʡ ʫʩʪʦʡʯʠ-

ʚʦʩʪʠ ʕʇ. ʈʝʰʝʥʠʝ ʵʪʠʭ ʧʨʦʙʣʝʤ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʩ ʚʳʥʦʩʦʤ ʢʦʨʤʦʚʦʛʦ ʢʨʳʣʘ ʠʟ 

ʟʦʥʳ ʚʣʠʷʥʠʷ ʥʦʩʦʚʦʛʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʥʦʚʘʷ ɸɻɼʂ ʕʇ, ʧʦʣʫʯʠʚʰʘʷ 

ʥʘʟʚʘʥʠʝ çʩʘʤʦʣʝʪʥʘʷè. ɺ 1962 ʛ. ʥʘ ʙʘʟʝ ʥʦʚʦʡ ʢʦʤʧʦʥʦʚʢʠ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʩʘʤʦʭʦʜ-

ʥʘʷ ʤʦʜʝʣʴ ʕʇ ʉʄ-2 (ʚ ʜʘʣʴʥʝʡʰʝʤ ʉʄ-2ʇ). 

ʈʝʟʫʣʴʪʘʪʳ ʚʩʝʩʪʦʨʦʥʥʠʭ ʠʩʧʳʪʘʥʠʡ ʕʇ ʉʄ-2ʇ ʠ ʝʛʦ ʧʦʩʣʝʜʦʚʘʪʝʣʝʡ ʧʦʩʣʫʞʠʣʠ 

ʦʩʥʦʚʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʨʫʧʥʝʡʰʝʛʦ ʚ ʤʠʨʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʕʇ ʂʄ (ʢʦʨʘʙʣʴ-

ʤʘʢʝʪ). ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʝʢʪʘ ʵʪʦʛʦ ʩʫʜʥʘ ʟʘʚʝʨʰʠʣʘʩʴ ʚ 1964 ʛ., ʘ ʧʝʨʚʳʡ ʧʦʣʝʪ ʩʦʩʪʦ-

ʷʣʩʷ 18 ʦʢʪʷʙʨʷ 1966 ʛ. ʥʘ ʂʘʩʧʠʡʩʢʦʤ ʤʦʨʝ ʚ ʨʘʡʦʥʝ ʛʦʨʦʜʘ ʂʘʩʧʠʡʩʢ. ɼʣʠʥʘ ʕʇ ʂʄ 

ʩʦʩʪʘʚʠʣʘ 98 ʤ, ʨʘʟʤʘʭ ʢʨʳʣʴʝʚ 37,8 ʤ, ʚʳʩʦʪʘ 21,8 ʤ. ɺʦ ʚʨʝʤʷ ʠʩʧʳʪʘʥʠʡ ʩ ʧʦʣʝʪʥʦʡ 

ʤʘʩʩʦʡ 544 ʪ ʕʇ ʧʦʢʘʟʘʣ ʩʢʦʨʦʩʪʴ 550 ʢʤ/ʯ. ɸʤʝʨʠʢʘʥʩʢʠʝ ʩʧʝʮʠʘʣʠʩʪʳ ʥʘʟʚʘʣʠ ʥʦ-
ʚʳʡ ʕʇ ï çʂʘʩʧʠʡʩʢʠʡ ʤʦʥʩʪʨè. ɼʠʥʘʤʠʢʘ ʨʘʟʚʠʪʠʷ ʕʇ ʦʪ ʉʄ-1 ʜʦ ʂʄ ʧʨʠʚʝʜʝʥʘ ʥʘ 

ʨʠʩ. 1 [8]. 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 53, 2017 ʛ. 
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ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʕʇ ʂʄ ʧʦʟʚʦʣʠʣʠ ʧʦʣʫʯʠʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʜʘʥʥʳʝ ʜʣʷ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʝʨʠʠ ʕʇ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ (çʉʪʨʠʞè, çʆʨʣʝʥʦʢè, çʃʫʥʴè). 
ʉ 1974 ʛ. ʚ ʎʂɹ ʧʦ ʉʇʂ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʈ.ɽ. ɸʣʝʢʩʝʝʚʘ ʥʘʯʘʣʠʩʴ ʠʩʩʣʝʜʦʚʘ-

ʪʝʣʴʩʢʠʝ ʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ɸɻɼʂ ʕʇ ʚʪʦʨʦʛʦ ʧʦʢʦʣʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʧʦʚʳ-

ʰʝʥʠʝ ʤʦʨʝʭʦʜʥʦʩʪʠ ʠ ʜʘʣʴʥʦʩʪʠ ʧʣʘʚʘʥʠʷ. ʈʝʟʫʣʴʪʘʪʦʤ ʵʪʠʭ ʨʘʙʦʪ ʩʪʘʣʦ ʩʦʟʜʘʥʠʝ 

ʥʦʚʦʡ ɸɻɼʂ, ʠʩʧʳʪʘʥʥʦʡ ʥʘ ʩʘʤʦʭʦʜʥʳʭ ʤʦʜʝʣʷʭ. ɹʳʣ ʩʧʨʦʝʢʪʠʨʦʚʘʥ ʠ ʧʦʩʪʨʦʝʥ 8-

ʤʝʩʪʥʳʡ ʕʇ çɺʦʣʛʘ-2è. ɺ ʜʘʣʴʥʝʡʰʝʤ ʝʛʦ ʛʦʣʦʚʥʘʷ ʩʝʨʠʷ ʩʦʩʪʘʚʠʣʘ 9 ʝʜʠʥʠʮ (ʨʠʩ. 2). 

 

2,83ʪ

3,2ʪ

4,8ʪ

8,1ʪ

500ʪ

V=190ʢʤ/ʯ

V=240ʢʤ/ʯ

V=300ʢʤ/ʯ

V=300ʢʤ/ʯ

V=450ʢʤ/ʯ

ʉʄ-1

1961ʛ

ʉʄ-2

1962ʛ

ʉʄ-4 

1964ʛ.
ʉʄ-8

1965ʛ.

ʂʄ

1967-69ʛ.

 

ʈʠʩ. 1. ɼʠʥʘʤʠʢʘ ʨʘʟʚʠʪʠʷ ʵʢʨʘʥʦʧʣʘʥʦʚ ʦʪ ʉʄ-1 ʜʦ ʂʄ 

 

ʈʠʩ. 2. ʕʢʨʘʥʦʧʣʘʥ çɺʦʣʛʘ-2è 

ʉ ʫʯʝʪʦʤ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ ʦʧʳʪʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʦʚʳʭ 

ʩʫʜʦʚ ʚ ʎʂɹ ʧʦ ʉʇʂ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʧʨʦʝʢʪʥʳʝ ʨʘʟʨʘʙʦʪʢʠ ʤʦʨʩʢʠʭ ʠ ʨʝʯʥʳʭ ʕʇ 

ʧʘʩʩʘʞʠʨʦʚʤʝʩʪʠʤʦʩʪʴʶ ʜʦ 250 ʯʝʣʦʚʝʢ ʠ ʩʢʦʨʦʩʪʴʶ ʜʚʠʞʝʥʠʷ 120ï280 ʢʤ/ʯ. 

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʨʘʟʨʘʙʦʪʢʠ ʧʘʩʩʘʞʠʨʩʢʠʭ ʕʇ ʧʦʣʫʯʠʣʠ ʚ ʉʠʙʠʨʩʢʠʭ ʧʘʨʦʭʦʜʩʪ-

ʚʘʭ, ʛʜʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʥʘʩʝʣʝʥʥʳʤʠ ʧʫʥʢʪʘʤʠ ʙʦʣʴʰʠʝ ʠ ʪʨʝʙʫʝʪʩʷ ʧʦʚʳʰʝʥʥʘʷ 

ʩʢʦʨʦʩʪʴ ʜʦʩʪʘʚʢʠ ʧʘʩʩʘʞʠʨʦʚ. ɺ 1991 ʛ. ʧʦ ʟʘʢʘʟʫ ʃʝʥʩʢʦʛʦ ʦʙʲʝʜʠʥʝʥʥʦʛʦ ʨʝʯʥʦʛʦ 

ʧʘʨʦʭʦʜʩʪʚʘ ʎʂɹ ʧʦ ʉʇʂ ʨʘʟʨʘʙʦʪʘʣʦ ʵʩʢʠʟʥʳʝ ʧʨʦʝʢʪʳ ʕʇ ʢʣʘʩʩʘ ç\ʆ 2,0è çɺʠ-



ɺ.ʀ. ʃʶʙʠʤʦʚ, ɸ.ɸ. ɻʘʢʢʝʣʴ, ɺ.ʀ. ɹʘʨʳʰʝʚ 

ɸʥʘʣʠʟ ʪʝʥʜʝʥʮʠʡ ʨʘʟʚʠʪʠʷ ʵʢʨʘʥʦʧʣʘʥʦʚ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʪʨʘʥʩʧʦʨʪʥʦʡ» 
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ʣʶʡè (ʩ ʧʘʩʩʘʞʠʨʦʚʤʝʩʪʠʤʦʩʪʴʶ 80 ʯʝʣ.), çɸʣʜʘʥè (50 ʯʝʣ.) ʠ çèɺʠʪʠʤè (30 ʯʝʣ.) ʩʦ 

ʩʢʦʨʦʩʪʷʤʠ 150ï250 ʢʤ/ʯ ʠ ʜʘʣʴʥʦʩʪʴʶ ʧʣʘʚʘʥʠʷ 1000ï2000 ʢʤ. ʆʜʥʘʢʦ ʢʨʠʟʠʩʥʳʝ 
ʷʚʣʝʥʠʷ 90-ʭ ʛʦʜʦʚ ʥʝ ʧʦʟʚʦʣʠʣʠ ʨʝʯʥʠʢʘʤ ʃʝʥʳ ʨʝʘʣʠʟʦʚʘʪʴ ʧʣʘʥʳ ʧʦʩʪʨʦʡʢʠ ʥʦʚʳʭ 

ʩʫʜʦʚ [6]. 

ʂʨʦʤʝ ʎʂɹ ʧʦ ʉʇʂ, ʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʕʇ ʚʝʣʠ ʠ ʜʨʫʛʠʝ ʦʨʛʘʥʠʟʘʮʠʠ ʚ ʈʦʩʩʠʠ 

ʠ ʟʘ ʨʫʙʝʞʦʤ. ʇʦʚʳʰʝʥʥʳʡ ʠʥʪʝʨʝʩ ʢ ʕʇ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʂʠʪʘʝ, ɻʝʨʤʘʥʠʠ, ɸʚʩʪʨʘʣʠʠ, 

ʜʨʫʛʠʭ ʩʪʨʘʥʘʭ. ʇʨʠʚʝʜʝʤ ʧʨʠʤʝʨʳ ʧʦʩʪʨʦʝʥʥʳʭ ʧʘʩʩʘʞʠʨʩʢʠʭ ʕʇ ʚ ʈʦʩʩʠʠ. ʃʝʪʦʤ 

2013 ʛ. ʦʙʲʝʜʠʥʝʥʠʝ çʆʨʠʦʥè ʟʘʚʝʨʰʠʣʦ ʧʨʠʝʤʦ-ʩʜʘʪʦʯʥʳʝ ʠʩʧʳʪʘʥʠʷ ʕʇ çʉʪʝʨʭ-10è, 

ʧʦʩʪʨʦʝʥʥʦʛʦ ʧʦ ʟʘʜʘʥʠʶ ʄʠʥʧʨʦʤʪʦʨʛʘ ʈʌ. ɺ 2014 ʛ. ʵʪʦ ʧʨʝʜʧʨʠʷʪʠʝ ʧʨʦʚʝʣʦ ʠʩ-

ʧʳʪʘʥʠʷ 20-ʤʝʩʪʥʦʛʦ ʕʇ çʆʨʠʦʥ-20è, ʚʟʣʝʪʥʘʷ ʤʘʩʩʘ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʠʣʘ 10 ʪ. ɺ ʵʪʦʤ 

ʞʝ ʛʦʜʫ ʢʦʤʧʘʥʠʷ çʅʝʙʦïʄʦʨʝè ʥʘ ʨʝʢʝ ʃʝʥʘ ʧʨʦʚʝʣʦ ʧʝʨʚʳʝ ʠʩʧʳʪʘʥʠʷ ʕʇ çɹʫʨʝ-

ʚʝʩʪʥʠʢ-24è. ɺʤʝʩʪʝ ʩ ʪʝʤ ʩʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʩʦʟʜʘʥʠʝ ʪʨʘʥʩʧʦʨʪʥʳʭ ʕʇ ʥʦʩʷʪ ʚ 

ʦʩʥʦʚʥʦʤ ʠʥʠʮʠʘʪʠʚʥʳʡ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. ɹʦʣʴʰʠʥʩʪʚʦ ʧʦʩʪʨʦʝʥʥʳʭ 

ʕʇ ʥʝ ʦʪʚʝʯʘʝʪ ʚʳʩʦʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ. ʈʘʟ-

ʨʘʙʦʪʢʘ ʥʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʕʇ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʧʨʦʜʦʣʞʘʝʪʩʷ [3]. 
ɿʘʩʣʫʞʠʚʘʶʪ ʚʥʠʤʘʥʠʷ ʧʨʦʝʢʪʥʳʝ ʨʘʟʨʘʙʦʪʢʠ ʤʘʩʰʪʘʙʥʦʛʦ ʨʷʜʘ ʨʝʯʥʳʭ ʠ ʤʦʨ-

ʩʢʠʭ ʕʇ, ʚʳʧʦʣʥʝʥʥʳʝ ʇʂɹ ʩʫʜʦʭʦʜʥʦʡ ʢʦʤʧʘʥʠʠ çʕʣʠʝʥè [8]. ʊʝʭʥʠʢʦ-
ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʩʥʦʚʥʳʭ ʧʘʩʩʘʞʠʨʩʢʠʭ ʕʇ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 

ʊʘʙʣʠʮʘ 

ʊʝʭʥʠʢʦ-ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʘʩʩʘʞʠʨʩʢʠʭ ʵʢʨʘʥʦʧʣʘʥʦʚ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʅʘʟʚʘʥʠʷ ʩʫʜʦʚ 

ʂʕʇ7ʊ ʇʕ-12 ʄʇʕ-40 ʄʇʕ-120 

ʉʪʘʜʠʷ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʝʢʪʘ 
 
ʇʘʩʩʘʞʠʨʦʚʤʝʩʪʠʤʦʩʪʴ, 
ʯʝʣ. 
ɻʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʝʥʠʷ, ʤ: 

ï ʜʣʠʥʘ 
ï ʰʠʨʠʥʘ 
ï ʚʳʩʦʪʘ 

ɺʟʣʝʪʥʘʷ ʤʘʩʩʘ, ʪ 
ʊʠʧ ʜʚʠʛʘʪʝʣʷ, ʢʦʣʠʯʝʩʪʚʦ ʠ 
ʤʦʱʥʦʩʪʴ, ʣ.ʩ. 
ʉʢʦʨʦʩʪʴ, ʢʤ/ʯ 
ɺʳʩʦʪʘ ʢʨʝʡʩʝʨʩʢʦʛʦ ʧʦʣʝ-

ʪʘ, ʤ 
ʄʦʨʝʭʦʜʥʦʩʪʴ 
(ʚʟʣʝʪ/ʧʦʩʘʜʢʘ) hʚ, ʤ 
ɼʘʣʴʥʦʩʪʴ, ʢʤ 
ʕʢʠʧʘʞ, ʯʝʣ. 
ʉʪʨʦʠʪʝʣʴʥʘʷ ʩʪʦʠʤʦʩʪʴ 
ʦʙʨʘʟʮʘ, ʤʣʥ. ʨʫʙ. 
ʉʪʨʦʠʪʝʣʴʥʘʷ ʩʪʦʠʤʦʩʪʴ 
ʩʝʨʠʡʥʦʛʦ ʦʙʨʘʟʮʘ (60 ʝʜ.), 

ʤʣʥ. ʨʫʙ. 

ʊʝʭʥʦ-
ʨʘʙʦʯʠʡ 

 
6ï8 

 

12,9 
8,5 
3,0 

2,9ï3,0 

1³ʄ601D 

1³720 

190ï200 
0,5ï2,0 

 
 

0,6ï0,8 

400 
1 
51 
 

30 

ʕʩʢʠʟʥʳʡ 
 
 

12ï14 
 

15,4 
10,0 
3,7 
4,8 
ɺʂ-800 

1³800 

200ï210 
0,5ï2,5 

 
 

0,8ï1,0 
800 
2 

120 
 

70,5 

ʊʝʭʥʠʯʝʩʢʠʡ 
 
 

30ï40 
 

26,3 
16,2 
6,0 

15,25 
ɺʂ-2500 

1³2400 

230ï240 
0,5ï3,5 

 
 

0,8ï1,25 
1000 

3 
366 

 
309 

ʊʝʭʧʨʝʜʣʦʞʝʥʠʝ 
 
 

90ï120 
 

41,8 
24,0 
8,3 
55,0 

2³ɼ437ʊ 

2³7500 

350 
1,0ï5,0 

 
 

1,25ï5,0 

1200 
4 

780 
 

610 

 

ɺ ʦʩʥʦʚʫ ʥʦʚʳʭ ʕʇ ʧʦʣʦʞʝʥʘ ɸɻɼʂ çʩʦʩʪʘʚʥʦʝ ʢʨʳʣʦè, ʩ ʜʚʫʭʢʠʣʝʚʳʤ ʚʝʨʪʠ-
ʢʘʣʴʥʳʤ ʠ ʚʳʩʦʢʦʧʦʜʥʷʪʳʤ ʦʧʝʨʝʥʠʝʤ. ʇʨʠʥʷʪʘʷ ʢʦʤʧʦʥʦʚʢʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʠʝ 

ʚʟʣʝʪʥʳʝ ʠ ʧʦʣʝʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʕʇ. ʀʟ ʫʧʦʤʷʥʫʪʦʛʦ ʤʘʩʰʪʘʙʥʦʛʦ ʨʷʜʘ ʚʳʧʦʣ-

ʥʝʥ ʠ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʧʨʦʨʘʙʦʪʘʥ ʤʦʨʩʢʦʡ ʕʇ ï ʄʇʕ-40 (ʨʠʩ. 3). ʇʘʩʩʘʞʠʨʩʢʠʡ ʕʇ 

ʩʧʨʦʝʢʪʠʨʦʚʘʥ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʧʝʨʝʦʙʦʨʫʜʦʚʘʥ ʚ ʩʫʜʥʦ ʙʠʟʥʝʩ-ʢʣʘʩʩʘ, 

ʩʣʫʞʝʙʥʦ-ʨʘʟʲʝʟʜʥʦʝ ʠʣʠ ʧʘʪʨʫʣʴʥʦʝ. ʆʥ ʠʤʝʝʪ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʝʨʝʚʦʟʢʠ 

ʧʘʩʩʘʞʠʨʦʚ ʠ ʪʫʨʠʩʪʦʚ. 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 53, 2017 ʛ. 
ʈʘʟʜʝʣ III . ʉʫʜʦʩʪʨʦʝʥʠʝ, ʩʫʜʦʨʝʤʦʥʪ ʠ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʫʜʥʘ 
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ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʨʘʩʯʝʪʳ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʕʇ çʄʇʕ-

40è ʠ ʉʇʂ çɺʦʩʭʦʜ-2è ʠ çʄʝʪʝʦʨè ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʕʇ ʧʨʝʚʦʩʭʦʜʠʪ ʢʦʥ-
ʢʫʨʝʥʪʦʚ ʧʦ ʢʨʝʡʩʝʨʩʢʦʡ ʩʢʦʨʦʩʪʠ, ʧʨʦʚʦʟʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʟʘ ʛʦʜ ʠ ʪʦʧʣʠʚʥʦʡ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʠ [7]. 
ɸʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʕʇ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʢʘʯʝʩʪʚ, ʧʦʟʚʦʣʷʶ-

ʱʠʭ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʠʪʴ ʩʬʝʨʳ ʧʨʠʤʝʥʝʥʠʷ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʦʩʦʙʝʥʥʦ ʚ ʨʝ-

ʛʠʦʥʘʭ ʉʠʙʠʨʠ ʠ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʦʨʘʟʤʝʨʦʚ ʪʨʘʥʩʧʦʨʪʥʳʝ 

ʕʇ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʛʨʫʧʧʳ: ʨʝʯʥʳʝ ʪʘʢʩʠ ʠ ʵʢʩʧʨʝʩʩʳ ï ʥʘ 10ï30 ʤʝʩʪ ʠʣʠ ʥʘ 

1ï3 ʪ ʛʨʫʟʘ; ʤʦʨʩʢʠʝ ʵʢʩʧʨʝʩʩʳ ï ʥʘ 40ï150 ʤʝʩʪ ʠʣʠ 4ï20 ʪ ʛʨʫʟʘ; ʤʦʨʩʢʠʝ ʧʘʨʦʤʳ ï 

ʥʘ 200ï500 ʤʝʩʪ ʠʣʠ 20ï60 ʪ ʛʨʫʟʘ. 

 

 

ʈʠʩ. 3. ʄʦʨʩʢʦʡ ʧʘʩʩʘʞʠʨʩʢʠʡ ʵʢʨʘʥʦʧʣʘʥ ʄʇʕ-40. ɹʘʟʦʚʳʡ ʚʘʨʠʘʥʪ 

ʆʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʕʇ ʜʦʣʞʥʘ ʦʧʨʝʜʝʣʷʪʴʩʷ ʩ ʫʯʝʪʦʤ ʠʭ ʩʢʦʨʦ-

ʩʪʥʳʭ ʠ ʤʦʨʝʭʦʜʥʳʭ ʢʘʯʝʩʪʚ. ʆʥʠ ʤʦʛʫʪ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʧʘʩ-
ʩʘʞʠʨʩʢʠʭ ʩʫʜʦʚ ʥʘ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʨʝʢʘʭ ʉʠʙʠʨʠ ʠ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ, ʪʨʘʩʩʘʭ ɹʘʣ-

ʪʠʡʩʢʦʛʦ, ʏʝʨʥʦʛʦ ʠ ʗʧʦʥʩʢʦʛʦ ʤʦʨʝʡ, ʛʜʝ ʚʨʝʤʷ ʨʝʡʩʘ ʤʝʞʜʫ ʥʘʩʝʣʝʥʥʳʤʠ ʧʫʥʢʪʘʤʠ 

ʥʝ ʧʨʝʚʳʰʘʝʪ 3ï4 ʯ. ɺ ʢʘʯʝʩʪʚʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʣʠʥʠʡ ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʣʠʥʠʠ 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ ï ʍʝʣʴʩʠʥʢʠ (ʧʨʦʪʷʞʝʥʥʦʩʪʴ 304 ʢʤ), ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ ï ʉʪʦʢʛʦʣʴʤ 

(800 ʢʤ) ʠ ʜʨʫʛʠʝ ʥʘ ɹʘʣʪʠʡʩʢʦʤ ʤʦʨʝ [2]. ʕʇ ʠ ʜʨʫʛʠʝ ʩʢʦʨʦʩʪʥʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ 
ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʧʝʨʝʚʦʟʢʠ ʧʘʩʩʘʞʠʨʦʚ ʠ ʪʫʨʠʩʪʦʚ ʥʘ ʤʦʨ-

ʩʢʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʝ çʕʢʨʘʥʦʬʣʦʪïʇʨʠʤʦʨʴʝè ʚ ʘʢʚʘʪʦʨʠʷʭ ɸʤʫʨʩʢʦʛʦ ʠ ʋʩ-

ʩʫʨʠʡʩʢʦʛʦ ʟʘʣʠʚʦʚ. ʂ ʩʣʦʚʫ, ʢʦʤʧʘʥʠʝʡ çʉʦʶʟʤʦʨʪʨʘʥʩè ʨʘʟʨʘʙʦʪʘʥʳ ʧʨʦʝʢʪʳ ʩʢʦ-

ʨʦʩʪʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʠʩʪʝʤ ʜʣʷ ʧʨʠʙʨʝʞʥʳʭ ʘʢʚʘʪʦʨʠʡ ʇʨʠʤʦʨʩʢʦʛʦ ʢʨʘʷ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʕʇ çʀʚʦʣʛʘè ʠ çʅʘʚʠʛʘʪʦʨè [9]. 
ʂʘʢ ʫʧʦʤʠʥʘʣʦʩʴ ʨʘʥʝʝ, ʙʦʣʴʰʦʡ ʧʦʪʝʥʮʠʘʣ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʘʩʩʘʞʠʨʩʢʠʭ ʕʇ 

ʠʤʝʝʪʩʷ ʥʘ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʨʝʢʘʭ ʗʢʫʪʠʠ. ʅʘʧʦʤʥʠʤ, ʦʙʱʘʷ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʩʫʜʦʭʦʜ-

ʥʳʭ ʧʫʪʝʡ ʨʝʢ ʗʢʫʪʠʠ ʩʦʩʪʘʚʣʷʝʪ 21,8 ʪʳʩ. ʢʤ, ʠʟ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʣʠʰʴ 0,6 ʪʳʩ. 

ʢʤ. ɺʳʩʦʢʦʩʢʦʨʦʩʪʥʳʝ ʩʫʜʘ ʤʦʛʫʪ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʥʘ ʨʝʢʝ ʃʝʥʘ ʠ ʝʝ ʧʨʠʪʦʢʘʭ ï 
ʨʝʢʘʭ ʆʣʝʢʤʘ, ɸʣʜʘʥ, ɺʠʣʶʡ ʠ ɺʠʪʠʤ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʛʣʘʚʥʫʶ ʚʦʜʥʫʶ ʪʨʘʥʩʧʦʨʪʥʫʶ 

ʩʠʩʪʝʤʫ ʈʝʩʧʫʙʣʠʢʠ ʉɸʍɸ (ʗʢʫʪʠʷ). 

ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʥʦʚʳʝ ʥʘʚʠʛʘʮʠʦʥʥʳʝ ʢʘʯʝʩʪʚʘ ʕʇ (ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝ-

ʥʠʷ, ʘʤʬʠʙʠʡʥʦʩʪʴ ʠ ʪ.ʜ.) ʧʦʟʚʦʣʷʝʪ ʥʘʡʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʦʚʳʭ ʩʫʜʦʚ ʥʘ ʧʘʩʩʘʞʠʨ-

ʩʢʠʭ ʧʝʨʝʚʦʟʢʘʭ ʚ ɸʨʢʪʠʢʝ ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʢʨʫʛʣʦʛʦʜʠʯʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʇʦʜʚʦʜʷ ʠʪʦʛ ʠʟʣʦʞʝʥʥʦʤʫ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʕʇ ʚ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʝ ʈʦʩʩʠʠ. ɺ ʠʭ ʯʠʩʣʝ ï ʩʦʟʜʘʥʠʝ ʕʇ ʜʣʷ ʤʘ-



ɺ.ʀ. ʃʶʙʠʤʦʚ, ɸ.ɸ. ɻʘʢʢʝʣʴ, ɺ.ʀ. ɹʘʨʳʰʝʚ 
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ʛʠʩʪʨʘʣʴʥʳʭ ʨʝʢ ʉʠʙʠʨʠ ʠ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ, ʤʦʨʩʢʠʭ ʩʫʜʦʚ ʜʣʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʨʠ-

ʙʨʝʞʥʳʭ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ʠ ʩʫʜʦʚ ʜʣʷ ʨʘʙʦʪʳ ʚ ʨʘʡʦʥʘʭ ɸʨʢʪʠʢʠ. ɺ ʘʚʛʫʩʪʝ 
2016 ʛ. ʇʂɹ ʩʫʜʦʭʦʜʥʦʡ ʢʦʤʧʘʥʠʠ çʕʣʠʝʥè ʙʳʣʘ ʧʦʜʛʦʪʦʚʣʝʥʘ ʠ ʥʘʧʨʘʚʣʝʥʘ ʚ ʄʠʥ-

ʧʨʦʤʪʦʨʛ ʈʌ çʇʨʦʛʨʘʤʤʘ ʩʦʟʜʘʥʠʷ ʵʢʨʘʥʦʧʣʘʥʦʚ ʪʠʧʘ çʩʦʩʪʘʚʥʦʝ ʢʨʳʣʦè ʥʘ ʙʘʟʝ ʕʇ 

çʆʨʠʦʥ-40è. ʊʦʣʴʢʦ ʧʨʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʜʜʝʨʞʢʝ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ ʘʢʪʫʘʣʴʥʘʷ 

ʟʘʜʘʯʘ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʕʇ [5]. 
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ANALYSIS OF WIG SHIP  DEVELOPMENT AND OUTL OOK  

OF THEIR USE IN RUSSIAN TRANSPORT SYSTEM 

V.I. Lyubimov, A.A. Gakkel, V.I. Baryshev 

Key words: transport system, high-speed vessels, WIG ship, construction features, operation 
spheres 
 
The article considers the trends of creating WIG ships in our country and promising direc-
tions for their use in the transport system of Russia 

ʉʪʘʪʴʷ ʧʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ 25.09.2017 ʛ. 
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ɺ.ʉ. ʅʘʫʤʦʚ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ ʌɻɹʆʋ ɺʆ çɺɻʋɺʊè 

ɸ.ɽ. ʇʣʘʩʪʠʥʠʥ, ʜ.ʪ.ʥ., ʜʦʮʝʥʪ ʌɻɹʆʋ ɺʆ çɺɻʋɺʊè 
603951, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʫʣ. ʅʝʩʪʝʨʦʚʘ, 5 

ʆʇʈɽɼɽʃɽʅʀɽ ɺɽʈʆʗʊʅʓʍ ʈɸʁʆʅʆɺ ʈɸɿʃʀɺʆɺ  

ʅɽʌʊʀ ɺ ʎʀʄʃʗʅʉʂʆʄ ɺʆɼʆʍʈɸʅʀʃʀʑɽ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʨʘʥʩʧʦʨʪʥʦʝ ʧʨʦʠʩʰʝʩʪʚʠʝ, ʫʯʘʩʪʦʢ ʘʚʘʨʠʡʥʦʩʪʠ, ʪʨʘʥʩʧʦʨʪʥʳʝ 
ʩʫʜʘ, ʨʘʟʣʠʚ ʥʝʬʪʠ, ʎʠʤʣʷʥʩʢʦʝ ʚʦʜʦʭʨʘʥʠʣʠʱʝ 
 
ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʜʠʩ-

ʣʦʢʘʮʠʠ ʦʯʘʛʦʚ ʘʚʘʨʠʡʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʫʜʦʚ ʚ ʎʠʤʣʷʥʩʢʦʤ ʚʦʜʦʭʨʘʥʠʣʠʱʝ. ʆʧ-
ʨʝʜʝʣʝʥʳ ʬʘʢʪʠʯʝʩʢʠʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʛʨʘʥʠʮʳ ʫʯʘʩʪʢʦʚ ʘʚʘʨʠʡʥʦʩʪʠ. ʋʩʪʘʥʦʚʣʝ-
ʥʦ ʩʦʚʧʘʜʝʥʠʝ ʢʦʦʨʜʠʥʘʪ ʩʪʘʮʠʦʥʘʨʥʳʭ ʠ ʧʝʨʝʜʚʠʞʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʨʘʟʣʠʚʦʚ ʥʝʬʪʠ. 
ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʣʘʥʘ ʧʦ ʧʨʝʜʫʧʨʝʞʜʝʥʠʶ ʠ 
ʣʠʢʚʠʜʘʮʠʠ ʨʘʟʣʠʚʦʚ ʥʝʬʪʠ ʚ ɺʦʣʛʦ-ɼʦʥʩʢʦʤ ʙʘʩʩʝʡʥʝ ʚʥʫʪʨʝʥʥʠʭ ʚʦʜʥʳʭ ʧʫʪʝʡ. 

 

ɺ ʩʚʷʟʠ ʩ ʫʪʚʝʨʞʜʝʥʠʝʤ ʇʦʣʦʞʝʥʠʷ ʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʧʦʜʩʠʩʪʝʤʝ ʦʨʛʘʥʠʟʘʮʠʠ 

ʨʘʙʦʪ ʧʦ ʧʨʝʜʫʧʨʝʞʜʝʥʠʶ ʠ ʣʠʢʚʠʜʘʮʠʠ ʨʘʟʣʠʚʦʚ ʥʝʬʪʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʥʘ ʚʥʫʪ-

ʨʝʥʥʠʭ ʚʦʜʥʳʭ ʧʫʪʷʭ ʩ ʩʫʜʦʚ ʠ ʦʙʲʝʢʪʦʚ ʤʦʨʩʢʦʛʦ ʠ ʨʝʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʝʜʠʥʦʡ ʛʦʩʫ-

ʜʘʨʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʳ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʠ ʣʠʢʚʠʜʘʮʠʠ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ (ʧʨʠʢʘʟ 

ʤʠʥʠʩʪʝʨʩʪʚʘ ʪʨʘʥʩʧʦʨʪʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʪ 5 ʬʝʚʨʘʣʷ 2016 ʛʦʜʘ ˉ 19) ʘʜʤʠ-

ʥʠʩʪʨʘʮʠʠ ʙʘʩʩʝʡʥʦʚ ʚʥʫʪʨʝʥʥʠʭ ʚʦʜʥʳʭ ʧʫʪʝʡ ʧʨʠʩʪʫʧʠʣʠ ʢ ʨʘʟʨʘʙʦʪʢʝ ʧʣʘʥʦʚ ʧʦ 

ʧʨʝʜʫʧʨʝʞʜʝʥʠʶ ʠ ʣʠʢʚʠʜʘʮʠʠ ʘʚʘʨʠʡʥʳʭ ʨʘʟʣʠʚʦʚ ʥʝʬʪʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ (ʚ ʜʘʣʴ-
ʥʝʡʰʝʤ ʙʘʩʩʝʡʥʦʚʳʝ ʧʣʘʥʳ). ʅʘ ʦʩʥʦʚʘʥʠʠ ʟʘʢʣʶʯʝʥʥʳʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʢʦʥʪʨʘʢ-

ʪʦʚ ɺʦʣʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪ ʨʘʟʨʘ-

ʙʦʪʢʫ, ʩʦʛʣʘʩʦʚʘʥʠʝ ʠ ʤʝʪʦʜʠʯʝʩʢʦʝ ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʧʨʦʝʢʪʦʚ ʙʘʩʩʝʡʥʦʚʳʭ ʧʣʘʥʦʚ ʚ 

ɸʤʫʨʩʢʦʤ, ɹʘʡʢʘʣʦ-ɸʥʛʘʨʩʢʦʤ, ʂʘʤʩʢʦʤ, ʄʦʩʢʦʚʩʢʦʤ, ʃʝʥʩʢʦʤ, ɺʦʣʞʩʢʦʤ ʠ ɺʦʣʛʦ-

ɼʦʥʩʢʦʤ ʙʘʩʩʝʡʥʘʭ ʚʥʫʪʨʝʥʥʠʭ ʚʦʜʥʳʭ ʧʫʪʝʡ. 

ʆʩʥʦʚʦʡ ʧʣʘʥʦʚ ʷʚʣʷʝʪʩʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʠ ʘʥʘʣʠʟ ʧʦʩʣʝʜʩʪʚʠʡ ʨʘʟʣʠʚʦʚ ʥʝʬʪʠ 

ʦʪ ʩʪʘʮʠʦʥʘʨʥʳʭ ʠ ʧʝʨʝʜʚʠʞʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ, ʦʧʨʝʜʝʣʝʥʠʝ 

ʤʝʩʪ ʜʠʩʣʦʢʘʮʠʠ ʢʦʪʦʨʳʭ ʚʳʟʳʚʘʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʪʨʫʜʥʦʩʪʠ ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʛʦ 

ʭʘʨʘʢʪʝʨʘ: ʫʯʝʪ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚʦʟʥʠʢʥʦʚʝʥʠʷ, ʨʘʟʚʠʪʠʷ ʠ ʚʦʟʜʝʡʩʪʚʠʷ 

ʧʦʨʘʞʘʶʱʠʭ ʬʘʢʪʦʨʦʚ [1ï3]; ʦʙʰʠʨʥʘʷ ʛʝʦʛʨʘʬʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʚʦʟʤʦʞʥʳʭ ʠʩ-

ʪʦʯʥʠʢʦʚ ʨʘʟʣʠʚʦʚ ʥʝʬʪʠ [4ï6]; ʨʘʟʥʦʦʙʨʘʟʠʝ ʪʠʧʦʚ ʚʥʫʪʨʝʥʥʠʭ ʚʦʜʥʳʭ ʧʫʪʝʡ [7ï9] ʠ 
ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ [10ï12]. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʚʝʨʦʷʪʥʳʭ ʨʘʡʦʥʦʚ ʨʘʟʣʠʚʦʚ ʥʝʬʪʠ 

ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʘʚʘʨʠʡʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʫʜʦʚ (ʥʘ ʧʨʠʤʝʨʝ ʎʠʤʣʷʥʩʢʦʛʦ ʚʦʜʦ-

ʭʨʘʥʠʣʠʱʘ). 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʭ ʤʝʩʪ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʩʣʝʜʫʶʱʠʝ 

ʧʨʠʯʠʥʳ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʧʨʦʠʩʰʝʩʪʚʠʶ ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʢ ʨʘʟʣʠʚʫ 

ʥʝʬʪʠ [13ï14]: 

ï ʥʘʚʠʛʘʮʠʦʥʥʳʝ ʦʧʘʩʥʦʩʪʠ ʥʘ ʧʫʪʠ ʜʚʠʞʝʥʠʷ ʩʫʜʦʚ: ʧʦʩʪʦʷʥʥʳʝ (ʛʘʙʘʨʠʪʥʳʝ 

ʨʘʟʤʝʨʳ ʩʫʜʦʚʦʛʦ ʧʫʪʠ, ʩʪʝʩʥʝʥʥʳʝ ʜʣʷ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʭʦʜʘ ʩʫʜʦʚ; ʟʥʘʯʠʪʝʣʴʥʘʷ ʠʟ-

ʚʠʣʠʩʪʦʩʪʴ ʨʫʩʣʘ; ʧʝʨʝʢʘʪʳ) ʠ ʚʨʝʤʝʥʥʳʝ (ʟʥʘʯʠʪʝʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʫʨʦʚʥʝʡ ʚʦʜʳ, 

ʪʝʯʝʥʠʷ ʠ ʪ.ʜ.); 

ï ʜʚʫʭʩʪʦʨʦʥʥʝʝ ʜʚʠʞʝʥʠʝ ʩʫʜʦʚ; 
ï ʥʝʠʩʧʨʘʚʥʦʩʪʴ ʧʫʪʠ ʠ ʩʫʜʦʭʦʜʥʦʡ ʦʙʩʪʘʥʦʚʢʠ; 

ï ʦʰʠʙʢʠ ʚ ʫʧʨʘʚʣʝʥʠʠ ʩʫʜʘʤʠ; 

ï ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʢʚʘʣʠʬʠʢʘʮʠʷ ʩʫʜʦʚʦʜʠʪʝʣʝʡ; 

ï ʦʰʠʙʦʯʥʳʝ ʨʘʩʧʦʨʷʞʝʥʠʷ ʙʝʨʝʛʦʚʳʭ ʨʘʙʦʪʥʠʢʦʚ, ʦʪʜʘʚʘʝʤʳʝ ʩʫʜʦʚʦʜʠʪʝʣʷʤ; 



ɺ.ʉ. ʅʘʫʤʦʚ, ɸ.ɽ. ʇʣʘʩʪʠʥʠʥ 
ʆʧʨʝʜʝʣʝʥʠʝ ʚʝʨʦʷʪʥʳʭ ʨʘʡʦʥʦʚ ʨʘʟʣʠʚʦʚ ʥʝʬʪʠ ʚ ʎʠʤʣʷʥʩʢʦʤ ʚʦʜʦʭʨʘʥʠʣʠʱʝ  
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ï ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʫʜʥʘ; 

ï ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ ʛʠʜʨʦʤʝʪʝʦʫʩʣʦʚʠʷ (ʚʝʪʝʨ, ʚʦʣʥʝʥʠʝ, ʦʛʨʘʥʠʯʝʥʥʘʷ ʚʠʜʠ-
ʤʦʩʪʴ); 

ï ʚʳʭʦʜ ʠʟ ʩʪʨʦʷ ʤʝʭʘʥʠʟʤʦʚ, ʦʩʦʙʝʥʥʦʩʪʠ ʚʠʥʪʦ-ʨʫʣʝʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʜʨ. 

ʅʘ ʚʥʫʪʨʝʥʥʠʭ ʚʦʜʥʳʭ ʧʫʪʷʭ ʦʩʥʦʚʥʳʤʠ ʚʠʜʘʤʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʦʠʩʰʝʩʪʚʠʡ, 

ʧʨʠʚʦʜʷʱʠʭ ʢ ʨʘʟʣʠʚʫ ʥʝʬʪʠ ʷʚʣʷʶʪʩʷ: 

1) ʩʪʦʣʢʥʦʚʝʥʠʷ ʜʚʠʞʫʱʠʭʩʷ ʥʘʚʩʪʨʝʯʫ ʜʨʫʛ ʜʨʫʛʫ ʩʫʜʦʚ (ʙʫʢʩʠʨʫʝʤʳʭ ʩʦʩʪʘ-

ʚʦʚ); ʫʜʘʨʳ ʠ ʥʘʚʘʣʳ ʥʘ ʧʦʜʚʦʜʥʳʝ ʠ ʥʘʜʚʦʜʥʳʝ ʧʨʝʧʷʪʩʪʚʠʷ, ʩʪʦʷʱʠʝ ʩʫʜʘ, ʥʘ ʙʝʨʝ-

ʛʦʚʳʝ ʩʦʦʨʫʞʝʥʠʷ (ʤʦʩʪʦʚʳʝ ʦʧʦʨʳ, ʚʦʨʦʪʘ ʰʣʶʟʦʚ ʠ ʜʨ.); 

2) ʧʦʩʘʜʢʘ ʥʘ ʤʝʣʴ [13]. 

ɼʘʥʥʳʝ ʧʦ ʪʨʘʥʩʧʦʨʪʥʳʤ ʧʨʦʠʩʰʝʩʪʚʠʷʤ ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʖʞʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʤʦʨʩʢʦʛʦ ʠ ʨʝʯʥʦʛʦ ʥʘʜʟʦʨʘ (ʖʞʥʦʝ ʋɻʄʈʅ ʈʦʩʊʨʘʥʩʅʘʜʟʦʨʘ ï 

ʧʠʩʴʤʦ ˉ 2127 ʦʪ 24.09.2014 ʛ.). 

ʇʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʟʘ ʧʝʨʠʦʜ ʩ 2001 ʧʦ 2014 ʛʦʜʳ ʚ ʎʠʤʣʷʥʩʢʦʤ ʚʦʜʦ-
ʭʨʘʥʠʣʠʱʝ ʧʨʦʠʟʦʰʣʦ 17 ʘʚʘʨʠʡʥʳʭ ʩʣʫʯʘʝʚ, ʩʚʝʜʝʥʠʷ ʦ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙ-

ʣʠʮʘʭ 1, 2. 

ʊʘʙʣʠʮʘ 1 

ʉʚʝʜʝʥʠʷ ʦʙ ʘʚʘʨʠʡʥʳʭ ʩʣʫʯʘʷʭ ʚ ʎʠʤʣʷʥʩʢʦʤ ʚʦʜʦʭʨʘʥʠʣʠʱʝ 

ˉ ʧ/ʧ ɻʦʜʳ ʎʠʤʣʷʥʩʢʦʝ ʚʦʜʦʭʨʘʥʠʣʠʱʝ 

ɺʩʝʛʦ ʊʘʥʢʝʨʳ ʉʫʭʦʛʨʫʟʳ 

1 2001 2 0 2 

2 2002 2 1 1 

3 2003 3 1 2 

4 2004 1 0 1 

5 2005 0 0 0 

6 2006 0 0 0 

7 2007 1 1 0 

8 2008 0 0 0 

9 2009 0 0 0 

10 2010 1 1 0 

11 2011 3 1 2 

12 2012 0 0 0 

13 2013 2 0 2 

14 2014 2 2 0 

ʀʪʦʛʦ 17 7 10 

 

ɸʣʛʦʨʠʪʤ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʨʘʟ-

ʣʠʚʦʚ ʥʝʬʪʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʥʘ ʚʥʫʪʨʝʥʥʠʭ ʚʦʜʥʳʭ ʧʫʪʷʭ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʫʜʦʚ 

[1] ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʵʪʘʧʦʚ, ʩʭʝʤʘʪʠʯʥʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩ. 1. 

ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ 2 ʧʦʩʪʨʦʝʥʘ ʜʠʘʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʧʨʦʠʩʰʝʩʪʚʠʡ ʚ ʎʠʤʣʷʥʩʢʦʤ ʚʦʜʦʭʨʘʥʠʣʠʱʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩ. 2. 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʣʦʪʥʦʩʪʴ ʘʚʘʨʠʡʥʦʩʪʠ ʚ ʎʠʤʣʷʥʩʢʦʤ ʚʦʜʦ-
ʭʨʘʥʠʣʠʱʝ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʩʨʘʚʥʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʩ ʫʩʨʝʜʥʝʥʥʦʡ ʧʣʦʪʥʦ-

ʩʪʴʶ ʘʚʘʨʠʡʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʦʠʩʰʝʩʪʚʠʡ ʥʘ ʢʘʞʜʦʤ ʢʠʣʦʤʝʪʨʝ ʚʦʜʦʭʨʘʥʠʣʠʱʘ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʠʢʦʡ [1] ʧʣʦʪʥʦʩʪʴ ʘʚʘʨʠʡʥʦʩʪʠ ʎʠʤʣʷʥʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠ-

ʣʠʱʘ ʩʦʩʪʘʚʠʣʘ 0,094 (ʚ ʎʠʤʣʷʥʩʢʦʤ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʟʘ 14 ʥʘʚʠʛʘʮʠʡ ʧʨʦʠʟʦʰʣʦ  

N = 17 ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʦʠʩʰʝʩʪʚʠʡ, ʦʙʱʘʷ ʜʣʠʥʘ ʫʯʘʩʪʢʘ L = 181 ʢʤ) 

ɼʘʣʝʝ ʚʳʧʦʣʥʝʥʦ ʫʩʨʝʜʥʝʥʠʝ ʟʥʘʯʝʥʠʡ ʧʣʦʪʥʦʩʪʠ ʘʚʘʨʠʡʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʥʳʭ 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 53, 2017 ʛ. 
ʈʘʟʜʝʣ III . ʉʫʜʦʩʪʨʦʝʥʠʝ, ʩʫʜʦʨʝʤʦʥʪ ʠ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʫʜʥʘ 
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ʧʨʦʠʩʰʝʩʪʚʠʡ ʥʘ ʢʘʞʜʦʤ ʢʠʣʦʤʝʪʨʝ ʨʝʢʠ ʤʝʪʦʜʦʤ ʩʛʣʘʞʠʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʷʪʠʯʣʝʥʥʦʡ ʩʢʦʣʴʟʷʱʝʡ ʩʨʝʜʥʝʡ [1]. ɺʳʙʦʨ ʠʥʪʝʨʚʘʣʘ ʫʩʨʝʜʥʝʥʠʷ ʚ 5 ʢʤ ʧʦʟʚʦʣʠʣ 
ʩʛʣʘʜʠʪʴ ʙʝʩʧʦʨʷʜʦʯʥʳʝ ʢʦʣʝʙʘʥʠʷ ʫʨʦʚʥʝʡ ʚ ʨʷʜʫ, ʯʪʦ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʠʥʪʝʨʚʘʣʝ 

ʚ 3 ʢʤ, ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʵʪʦʪ ʠʥʪʝʨʚʘʣ ʩʦʭʨʘʥʷʝʪ ʚʩʝ ʚʦʣʥʳ, ʥʝʢʦʪʦʨʳʝ ʠʟ ʢʦʪʦʨʳʭ 

ʪʝʨʷʶʪʩʷ ʧʨʠ ʠʥʪʝʨʚʘʣʝ ʚ 7 ʢʤ. 

ɼʠʘʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʫʩʨʝʜʥʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʧʣʦʪʥʦʩʪʠ ʘʚʘʨʠʡʥʦʩʪʠ ʪʨʘʥʩ-

ʧʦʨʪʥʳʭ ʧʨʦʠʩʰʝʩʪʚʠʡ ʥʘ ʢʘʞʜʦʤ ʢʠʣʦʤʝʪʨʝ ʎʠʤʣʷʥʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʧʨʝʜʩʪʘʚ-

ʣʝʥʘ ʥʘ ʨʠʩ. 3. 

ʊʘʙʣʠʮʘ 2 

ɸʥʘʣʠʟ ʘʚʘʨʠʡʥʦʩʪʠ ʚ ʎʠʤʣʷʥʩʢʦʤ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʟʘ ʧʝʨʠʦʜ ʩ 2001 ʧʦ 2014 ʛʛ. 

 ̄ ʄʝʩʪʦ ʘʚʘʨʠʠ, 
ʢʤ 

ɼʘʪʘ ɺʠʜ ʘʚʘʨʠʠ ʋʯʘʩʪʥʠʢʠ ʘʚʘʨʠʠ 

1 2708 11.09.2007 ʇʦʩʘʜʢʘ ʥʘ ʤʝʣʴ ʪ/ʭ çʂʘʧʠʪʘʥ ʊʠʤʦʬʝʝʚè 

2 2708 02.05.2003 ʇʦʩʘʜʢʘ ʥʘ ʤʝʣʴ ʪ/ʭ çɺʝʩʴʝʛʦʥʩʢè 

3 2720 06.10.2003 ʇʦʩʘʜʢʘ ʥʘ ʤʝʣʴ ʪ/ʭ çɹʘʨʤʠʥè 

4 2720 10.10.2002 ʇʦʩʘʜʢʘ ʥʘ ʤʝʣʴ ʪ/ʭ çʃʝʥʘʥʝʬʪʴ-2050è 

5 2720 17.09.2004 ʇʦʩʘʜʢʘ ʥʘ ʤʝʣʴ ʪ/ʭ çʇʣʝʩè 

6 2724.4 25.06.2014 ʇʦʩʘʜʢʘ ʥʘ ʤʝʣʴ ʪ/ʭ çʄʠʜʚʦʣʛʘ-1è 

7 2724,5 12.09.2001 ʇʦʩʘʜʢʘ ʥʘ ʤʝʣʴ ʪ/ʭ çɼʤʠʪʨʦʚè 

8 2727,6 30.09.2001 ʇʦʩʘʜʢʘ ʥʘ ʤʝʣʴ ʪ/ʭ çʆʊɸ-862è ʩ ʙʘʨʞʦʡ ç3757è 

9 2736 20.11.2011 ʇʦʩʘʜʢʘ ʥʘ ʤʝʣʴ ʪ/ʭ çʏʝʨʥʦʤʦʨʩʢè 

10 2737 15.08.2003 ʉʪʦʣʢʥʦʚʝʥʠʝ ʪ/ʭ çɺʦʣʛʦʥʝʬʪʴ-251è ʩ ʪ/ʭ çɻʘʣʬ 
ʊʨʝʡʜʝʨè 

11 2842 29.11.2013 ɿʘʪʦʧʣʝʥʠʝ ʩʫʜʦʚ ʅʝʩʘʤʦʭʦʜʥʳʝ ʙʘʨʞʠ çɺɼ-1252è, 
çɺɼ-1255ʇè 

12 2757 06.10.2011 ʇʦʩʘʜʢʘ ʥʘ ʤʝʣʴ ʪ/ʭ çɺʦʣʛʦʥʝʬʪʴ-143è 

13 2759 10.10.2011 ʇʦʩʘʜʢʘ ʥʘ ʤʝʣʴ ʪ/ʭ çɺʦʣʛʦʜʦʥ-205è 

14 2864 23.07.2014 ɺʟʨʳʚ, ʧʦʞʘʨ ʪ/ʭ çʂʘʩʧʠʘʥʉʪʨʠʤè 

15 2770 09.09.2013 ɿʘʪʦʧʣʝʥʠʝ ʩʫʜʦʚ ʂʘʪʝʨ ʄʉʇ ï ʨʳʙʦʣʦʚʥʦʝ ʩʫʜʥʦ  
ç18-69è 

16 2787 26.10.2002 ʇʦʩʘʜʢʘ ʥʘ ʤʝʣʴ ʪ/ʭ çɿʘʢʘʤʩʢè 

17 2788 06.11.2010 ʋʜʘʨ ʪ/ʭ çʆʤʩʢʠʡ-102è ʪʦʣʢʘʝʤʳʡ ʩʦʩʪʘʚ 
ʪ/ʭ çʀʨʘʢʣè ʩ ʥʝʬʪʝʥʘʣʠʚʥʦʡ ʙʘʨʞʝʡ 
çɸʨʪʝʤʠʜʘè 

 

ʇʦʩʣʝ ʫʩʨʝʜʥʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʘʛʨʘʤʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʘʚʘ-

ʨʠʡʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʦʠʩʰʝʩʪʚʠʡ ʚʳʷʚʣʝʥʳ ʛʨʘʥʠʮʳ ʫʯʘʩʪʢʦʚ ʧʦʚʳʰʝʥʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʦʠʩʰʝʩʪʚʠʡ ʎʠʤʣʷʥʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʧʨʠ ʢʨʠʪʠ-

ʯʝʩʢʦʤ ʟʥʘʯʝʥʠʠ ʧʣʦʪʥʦʩʪʠ ʘʚʘʨʠʡʥʦʩʪʠ ʨʘʚʥʦʡ 0,094. 

ʅʘ ʧʦʩʣʝʜʥʝʤ ʵʪʘʧʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʛʨʘʤʤʳ STATISTICA 8.0. ʦʧʨʝʜʝʣʝʥʳ 

ʦʯʘʛʠ ʘʚʘʨʠʡʥʦʩʪʠ ʫʯʘʩʪʢʦʚ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʦʠʩʰʝʩʪʚʠʡ ʠ ʬʘʢʪʠʯʝ-

ʩʢʠʝ ʛʨʘʥʠʮʳ ʫʯʘʩʪʢʦʚ ʘʚʘʨʠʡʥʦʩʪʠ. ʌʘʢʪʠʯʝʩʢʠʝ ʛʨʘʥʠʮʳ ʫʯʘʩʪʢʘ ʘʚʘʨʠʡʥʦʩʪʠ ʦʧ-

ʨʝʜʝʣʷʣʠʩʴ ʢʘʢ ʛʨʘʥʠʮʳ ʜʦʚʝʨʠʪʝʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ, ʚ ʢʦʪʦʨʳʡ ʧʦʧʘʜʘʝʪ ʪʨʘʥʩʧʦʨʪʥʦʝ 

ʧʨʦʠʩʰʝʩʪʚʠʝ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ 95%. 
ʆʯʘʛ ʘʚʘʨʠʡʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʩʝʨʝʜʠʥʦʡ (ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʡ ʘʨʠʬʤʝʪʠʯʝʩʢʦʡ ʩʨʝʜ-

ʥʝʡ) ʫʯʘʩʪʢʘ ʘʚʘʨʠʡʥʦʩʪʠ (ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʦʠʩʰʝʩʪʚʠʡ), ʬʠʟʠʯʝʩʢʠʡ 

ʩʤʳʩʣ, ʢʦʪʦʨʦʛʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʚʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʧʨʦʠʩʰʝʩʪʚʠʷ ʜʦ ʠ ʧʦʩʣʝ ʦʯʘʛʘ ʘʚʘʨʠʡʥʦʩʪʠ [1]. 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʦʯʘʛʦʚ ʘʚʘʨʠʡʥʦʩʪʠ, ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʬʘʢʪʠʯʝʩʢʠʭ ʛʨʘ-
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ʥʠʮ ʫʯʘʩʪʢʦʚ ʘʚʘʨʠʡʥʦʩʪʠ ʎʠʤʣʷʥʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ (2691ï2871 ʢʤ) ʧʨʝʜʩʪʘʚʣʝ-

ʥʳ ʚ ʪʘʙʣʠʮʘʭ 3 ʠ 4. 
ʅʘ ʨʠʩ. 4. ʧʦʢʘʟʘʥʳ ʦʯʘʛʠ ʘʚʘʨʠʡʥʦʩʪʠ ʥʘ ʧʨʠʧʣʦʪʠʥʥʦʤ ʫʯʘʩʪʢʝ ʎʠʤʣʷʥʩʢʦʛʦ 

ʚʦʜʦʭʨʘʥʠʣʠʱʘ. 

 

 

ʈʠʩ. 1. ʄʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʫʯʘʩʪʢʦʚ ʘʚʘʨʠʡʥʦʩʪʠ 

 

ʈʠʩ. 2. ɼʠʘʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʦʠʩʰʝʩʪʚʠʡ  
ʚ ʎʠʤʣʷʥʩʢʦʤ ʚʦʜʦʭʨʘʥʠʣʠʱʝ 

1. ʉʙʦʨ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʪʨʘʥʩʧʦʨʪʥʳʤ ʧʨʦʠʩʰʝʩʪʚʠʷʤ 

2. ʈʘʟʜʝʣʝʥʠʝ ʚʩʝʛʦ ʚʦʜʥʦʛʦ ʧʫʪʠ ʥʘ ʭʘʨʘʢʪʝʨʥʳʝ ʫʯʘʩʪʢʠ 

3. ʆʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʘʚʘʨʠʡʥʦʩʪʠ ʥʘ ʭʘʨʘʢʪʝʨʥʳʭ ʫʯʘʩʪʢʘʭ 

4. ʋʩʨʝʜʥʝʥʠʝ ʟʥʘʯʝʥʠʡ ʧʣʦʪʥʦʩʪʠ ʘʚʘʨʠʡʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʥʳʭ  

ʧʨʦʠʩʰʝʩʪʚʠʡ ʥʘ ʢʘʞʜʦʤ ʢʠʣʦʤʝʪʨʝ ʚʦʜʥʦʛʦ ʧʫʪʠ 

5. ʆʧʨʝʜʝʣʝʥʠʝ ʛʨʘʥʠʮ ʫʯʘʩʪʢʦʚ ʢʦʥʮʝʥʪʨʘʮʠʠ  

ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʦʠʩʰʝʩʪʚʠʡ 

6. ʆʧʨʝʜʝʣʝʥʠʝ ʬʘʢʪʠʯʝʩʢʠʭ ʛʨʘʥʠʮ ʫʯʘʩʪʢʦʚ ʘʚʘʨʠʡʥʦʩʪʠ 

7. ʆʧʨʝʜʝʣʝʥʠʝ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʠʩʪʦʯʥʠʢʦʚ ʨʘʟʣʠʚʘ 
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ʈʠʩ. 3. ɼʠʘʛʨʘʤʤʘ ʫʩʨʝʜʥʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʧʣʦʪʥʦʩʪʠ ʘʚʘʨʠʡʥʦʩʪʠ  
ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʦʠʩʰʝʩʪʚʠʡ ʚ ʎʠʤʣʷʥʩʢʦʤ ʚʦʜʦʭʨʘʥʠʣʠʱʝ 

ʊʘʙʣʠʮʘ 3 

ʋʯʘʩʪʢʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʦʠʩʰʝʩʪʚʠʡ 

 ̄ ɼʠʩʣʦʢʘʮʠʷ ʫʯʘʩʪʢʘ, ʢʠʣʦʤʝʪʨʳ ʎʠʤʣʷʥ-
ʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ 

ʇʨʦʪʷʞʝʥʥʦʩʪʴ ʫʯʘʩʪ-
ʢʘ, ʢʤ 

ʂʦʣʠʯʝʩʪʚʦ ʩʣʫ-
ʯʘʝʚ 

1 2706ï2710 5 2 

2 2718ï2729 12 6 

3 2734ï2739 6 2 

4 2755ï2761 7 2 

5 2768ï2772 5 1 

6 2785ï2790 6 2 

7 2840ï2844 5 1 

8 2862ï2866 5 1 

ʊʘʙʣʠʮʘ 4 

ɻʨʘʥʠʮʳ ʫʯʘʩʪʢʦʚ ʘʚʘʨʠʡʥʦʩʪʠ 

 ̄ ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʛʨʘʥʠʮʘ ʫʯʘʩʪ-
ʢʘ ʘʚʘʨʠʡʥʦʩʪʠ, ʢʤ  

ʎʠʤʣʷʥʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ 

ʌʘʢʪʠʯʝʩʢʘʷ ʛʨʘʥʠʮʘ ʫʯʘʩʪʢʘ 
ʘʚʘʨʠʡʥʦʩʪʠ, ʢʤ  

ʎʠʤʣʷʥʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ 

ʆʯʘʛ ʘʚʘʨʠʡʥʦʩʪʠ, ʢʤ 
ʎʠʤʣʷʥʩʢʦʛʦ  
ʚʦʜʦʭʨʘʥʠʣʠʱʘ 

1 2706ï2710 2706,4ï2710,6 2708,5 

2 2718ï2729 2719,9ï2726,1 2732,0 

3 2734ï2739 2730,6ï2743,4 2737,0 

4 2755ï2761 2745,8ï2771,2 2758,5 

5 2768ï2772 2770,0ï2771,0 2770,5 

6 2785ï2790 2781,6ï2794,3 2788,0 

7 2840ï2844 2842,0ï2843,0 2842,5 

8 2862ï2866 2864,0ï2865,0 2864,5 
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ʈʠʩ. 4. ʆʯʘʛʠ ʘʚʘʨʠʡʥʦʩʪʠ ʥʘ ʧʨʠʧʣʦʪʠʥʥʦʤ ʫʯʘʩʪʢʝ  
ʎʠʤʣʷʥʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ 

ɿʘʢʣʶʯʝʥʠʝ 

1) ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʷʚʣʝʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ 8 ʦʯʘʛʦʚ 

ʘʚʘʨʠʡʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʫʜʦʚ ʚ ʎʠʤʣʷʥʩʢʦʤ ʚʦʜʦʭʨʘʥʠʣʠʱʝ. 

2) ʀʟ 8 ʦʯʘʛʦʚ ʘʚʘʨʠʡʥʦʩʪʠ ʦʩʦʙʫʶ ʦʧʘʩʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʶʪ 2 ʦʯʘʛʘ, ʨʘʟʣʠʚ r

ʥʝʬʪʠ ʚ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʦʢʘʟʘʪʴ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʎʠʤʣʷʥʩʢʫʶ ʛʠʜʨʦʵʣʝʢ-

ʪʨʦʩʪʘʥʮʠʶ ʠ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʝ ʩʦʦʨʫʞʝʥʠʷ ʈʦʩʪʦʚʩʢʦʡ ʘʪʦʤʥʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ: 

ï ʦʯʘʛ ʘʚʘʨʠʡʥʦʩʪʠ 2842,5 ʢʤ; 

ï ʦʯʘʛ ʘʚʘʨʠʡʥʦʩʪʠ 2864,5 ʢʤ. 

3) ɺʘʞʥʳʤ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʥʘʙʣʶʜʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʧʦʣʥʦʝ ʩʦʚʧʘʜʝʥʠʝ ʢʦʦʨʜʠʥʘʪ 

ʦʯʘʛʘ ʘʚʘʨʠʡʥʦʩʪʠ 2864,5 ʢʤ ʠ ʨʝʡʜʘ ʥʝʬʪʝʥʘʣʠʚʥʳʭ ʩʫʜʦʚ (ʩʤ. ʨʠʩ. 4). 

4) ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʣʘʥʘ ʧʦ ʧʨʝʜʫʧʨʝʞʜʝ-
ʥʠʶ ʠ ʣʠʢʚʠʜʘʮʠʠ ʨʘʟʣʠʚʦʚ ʥʝʬʪʠ ɺʦʣʛʦ-ɼʦʥʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʚʥʫʪʨʝʥʥʠʭ ʚʦʜʥʳʭ ʧʫ-

ʪʝʡ. 
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The article presents the results of statistic studies on the determination of dislocations of cen-
ters of transport vessels accidents in the Tsimlyansk reservoir. The actual and theoretical 

boundaries of accident areas are determined. The coincidence of coordinates of stationary 
and mobile sources of oil spills is defined. The research results have been used in the devel-
oping of a plan for the prevention and elimination of oil spills in the Volga-Don basin of in-
land waterways. 
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ʥʠʷ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʩʫʜʦʚʳʭ ʩʠʩʪʝʤ ʥʘ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ. 
ʇʨʝʜʩʪʘʚʣʝʥʳ ʧʫʪʠ ʨʝʰʝʥʠʷ ʚʦʧʨʦʩʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʤʦʥʪʘʞʘ ʩʫʜʦʚʳʭ ʪʨʫʙʦʧʨʦʚʦ-
ʜʦʚ ʙʝʟ ʩʥʷʪʠʷ ʨʘʟʤʝʨʦʚ ʧʦ ʤʝʩʪʫ. ʇʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʤ-
ʧʝʥʩʘʮʠʠ ʦʪʢʣʦʥʝʥʠʡ ʚ ʜʚʘ ʵʪʘʧʘ: ʦʧʨʝʜʝʣʝʥʠʝ ʦʙʣʘʩʪʠ ʢʦʤʧʝʥʩʘʮʠʦʥʥʳʭ ʚʦʟʤʦʞʥʦ-
ʩʪʝʡ ʠ ʟʘʤʝʨʳ ʬʘʢʪʠʯʝʩʢʠʭ ʦʪʢʣʦʥʝʥʠʡ ʪʨʘʩʩ ʪʨʫʙʦʧʨʦʚʦʜʦʚ. ʇʦʜʪʚʝʨʞʜʝʥʳ ʢʦʥ-
ʮʝʧʪʫʘʣʴʥʳʝ ʦʩʥʦʚʳ ʢʦʤʧʝʥʩʘʮʠʠ ʩʫʤʤʘʨʥʳʭ ʦʪʢʣʦʥʝʥʠʡ ʧʝʨʝʤʝʱʝʥʠʝʤ ʪʨʘʩʩ ʪʨʫ-
ʙʦʧʨʦʚʦʜʦʚ ʠ ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʢʦʤʧʝʥʩʘʮʠʠ ʦʪʢʣʦʥʝʥʠʡ ʪʨʘʩʩ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʟʘʠʤʥʦ ʧʘʨʘʣʣʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʩ ʩʦʝʜʠʥʝʥʠʷʤʠ ʪʨʫʙ ʠ ʜʦʧʦʣʥʠʪʝʣʴ-
ʥʳʤʠ ʧʨʠʧʫʩʢʘʤʠ. 

ɺʚʝʜʝʥʠʝ 

ɺ ʨʘʙʦʪʘʭ [1ï5] ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʦʧʨʝ-

ʜʝʣʝʥʠʷ ʨʘʩʯʸʪʥʦʡ ʦʙʣʘʩʪʠ ʢʦʤʧʝʥʩʘʮʠʠ ʠ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʧʨʠʛʦʥʷʝʤʳʭ ʫʯʘʩʪ-
ʢʦʚ ʩ ʧʨʠʧʫʩʢʘʤʠ ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʧʦʣʦʞʝʥʠʡ ʚ ʨʘʤʢʘʭ ʛʠʧʦʪʝʟʳ ʦ ʚʟʘʠʤʦ-

ʩʚʷʟʠ ʢʦʥʬʠʛʫʨʘʮʠʠ ʠ ʢʦʤʧʝʥʩʘʮʠʦʥʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʨʦʝʢʪʥʦʡ ʪʨʘʩʩʠʨʦʚʢʠ ʪʨʫ-

ʙʦʧʨʦʚʦʜʦʚ.  

ʎʝʣʴʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʚʳʰʝʠʟʣʦʞʝʥ-

ʥʦʡ ʛʠʧʦʪʝʟʳ ʠ ʧʨʦʚʝʨʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʦʧʠʩʘʥʠʡ ʢʦʤʧʝʥʩʘʮʠʦʥʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʪʨʘʩʩ ʪʨʫʙʦʧʨʦʚʦʜʦʚ. 

ʆʩʥʦʚʥʳʤʠ ʟʘʜʘʯʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ: 

1. ɸʥʘʣʠʟ ʪʨʘʩʩ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʩʫʜʦʚʳʭ ʩʠʩʪʝʤ. 

2. ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʤʧʝʥʩʘʮʠʦʥʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʪʨʘʩʩ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʠ, ʧʨʠ ʥʝ-

ʦʙʭʦʜʠʤʦʩʪʠ, ʧʨʠʛʦʥʷʝʤʳʭ ʫʯʘʩʪʢʦʚ ʩ ʧʨʠʧʫʩʢʘʤʠ ʧʨʠʛʦʥʷʝʤʦʡ ʪʨʫʙʳ ʠ ʧʨʝʜʣʦʞʝ-

ʥʠʝ ʤʝʪʦʜʦʚ ʢʦʤʧʝʥʩʘʮʠʠ ʦʪʢʣʦʥʝʥʠʡ ʚʦ ʚʩʝʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. 

3. ʋʩʧʝʰʥʳʡ ʤʦʥʪʘʞ ʪʨʘʩʩ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʠʟ ʪʨʫʙ, ʠʟʛʦʪʦʚʣʷʝʤʳʭ ʧʦ ʧʨʦʝʢʪʥʳʤ 
ʨʘʟʤʝʨʘʤ. 

ʆʧʠʩʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʟʘʚʦʜʝ çDamen-SongCamè, 

ɺʴʝʪʥʘʤ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʤʦʥʪʘʞʝ ʪʨʘʩʩ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʩʫʜʦʚʳʭ ʩʠʩʪʝʤ ʥʘ ʩʫ-

ʜʘʭ ʪʠʧʘ çDamen Platform Supply Vessel 3300 CDè, ʠʟʦʙʨʘʞʝʥʥʦʛʦ ʥʘ ʨʠʩʫʥʢʝ 1. 

ʉʫʜʥʦ ʵʪʦʛʦ ʪʠʧʘ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʫʨʦʚʳʭ ʧʣʘʪʬʦʨʤ. ʊʘʢʠʝ ʩʫʜʘ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʩʥʘʙʞʝʥʠʷ ʧʣʘʪʬʦʨʤ ʚʦʜʦʡ ʠ ʪʦʧʣʠʚʦʤ, ʜʣʷ ʧʝʨʝʚʦʟʢʠ ʨʝʬʨʠʞʝʨʘ-

ʪʦʨʥʳʭ ʢʦʥʪʝʡʥʝʨʦʚ, ʨʘʟʣʠʯʥʳʭ ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʭʠʤʠʢʘʪʦʚ, ʩʳʧʫʯʠʭ ʠ ʞʠʜ-

ʢʠʭ ʛʨʫʟʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʫʨʦʚʳʭ ʧʣʘʪʬʦʨʤ, ʘ ʪʘʢʞʝ ʜʣʷ ʪʨʘʥʩʧʦʨ-

ʪʠʨʦʚʢʠ ʵʢʠʧʘʞʝʡ, ʵʚʘʢʫʘʮʠʠ ʣʶʜʝʡ, ʩʙʦʨʘ ʟʘʛʨʷʟʥʝʥʥʳʭ ʥʝʬʪʝʧʨʦʜʫʢʪʘʤʠ ʚʦʜ. 

 

 

ʈʠʩ. 1. ʇʨʦʝʢʪ ʩʫʜʦʚ ʪʠʧʘ çDamen Platform Supply Vessel 3300 CDè 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʜʚʘ ʵʪʘʧʘ: ʜʦ ʤʦʥʪʘʞʘ ʠ ʧʨʠ 

ʤʦʥʪʘʞʝ ʪʨʘʩʩ ʪʨʫʙʦʧʨʦʚʦʜʦʚ. ʇʝʨʚʳʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʵʪʘʧ ʧʨʦʚʦʜʠʣʩʷ ʧʨʠ ʨʘʟ-



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 53, 2017 ʛ. 
ʈʘʟʜʝʣ III . ʉʫʜʦʩʪʨʦʝʥʠʝ, ʩʫʜʦʨʝʤʦʥʪ ʠ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʫʜʥʘ 
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ʨʘʙʦʪʢʝ ʯʝʨʪʝʞʝʡ ʪʨʫʙʦʧʨʦʚʦʜʥʳʭ ʩʫʜʦʚʳʭ ʩʠʩʪʝʤ. ɹʳʣ ʨʘʟʨʘʙʦʪʘʥ ʩʣʝʜʫʶʱʠʡ ʧʦ-

ʨʷʜʦʢ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ: 
ï ʚʳʙʦʨ ʪʨʘʩʩ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʠ ʧʦʜʛʦʪʦʚʢʘ ʜʘʥʥʳʭ.  

ï ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʢʦʤʧʝʥʩʘʮʠʠ ʪʨʘʩʩ ʪʨʫʙʦʧʨʦʚʦʜʦʚ. 

ï ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʠʛʦʥʷʝʤʦʛʦ ʫʯʘʩʪʢʘ ʩ ʥʘʟʥʘʯʘʝʤʳʤ ʧʨʠʧʫʩʢʦʤ. 

ï ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʯʝʨʪʝʞʝʡ ʠʟʤʝʥʝʥʠʝʤ ʨʘʟʤʝʨʦʚ ʧʨʠʛʦʥʷʝʤʳʭ ʫʯʘʩʪʢʦʚ ʧʨʠʧʫʩ-

ʢʘʤʠ. 

ï ʠʟʛʦʪʦʚʣʝʥʠʝ ʪʨʫʙ ʪʨʘʩʩ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʧʦ ʧʨʦʝʢʪʘʤ, ʙʝʟ ʫʪʦʯʥʝʥʠʷ ʨʘʟʤʝʨʦʚ ʧʦ 

ʤʝʩʪʫ 

ɺʪʦʨʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʵʪʘʧ ʧʨʦʚʦʜʠʣʩʷ ʧʨʠ ʩʙʦʨʢʝ ʪʨʘʩʩ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʩʫ-

ʜʦʚʳʭ ʩʠʩʪʝʤ ʠ ʚʳʧʦʣʥʠʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʨʘʙʦʪʳ: 

ï ʟʘʤʝʨʳ ʬʘʢʪʠʯʝʩʢʠʭ ʦʪʢʣʦʥʝʥʠʡ ʪʨʘʩʩ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʩʨʘʚʥʝʥʠʝ ʬʘʢʪʠʯʝʩʢʠʭ 

ʦʪʢʣʦʥʝʥʠʡ ʠ ʨʘʩʯʸʪʥʦʡ ʦʙʣʘʩʪʠ ʢʦʤʧʝʥʩʘʮʠʠ ʩ ʫʯʝʪʦʤ ʟʥʘʯʝʥʠʡ ʥʘʟʥʘʯʘʝʤʳʭ ʧʨʠ-

ʧʫʩʢʦʚ. 
ï ʤʦʥʪʘʞ ʪʨʘʩʩ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʠ ʚʳʧʦʣʥʝʥʠʝ ʧʦʨʷʜʢʘ ʢʦʤʧʝʥʩʘʮʠʠ ʦʪʢʣʦʥʝʥʠʡ. 

ï ʟʘʤʝʨʳ ʣʠʰʥʠʭ ʦʙʨʝʟʘʝʤʳʭ ʧʨʠʧʫʩʢʦʚ. 

ï ʧʨʠʛʦʥʢʘ ʪʨʘʩʩ ʪʨʫʙʦʧʨʦʚʦʜʦʚ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʤʧʝʥʩʘʮʠʦʥʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʪʨʘʩʩ ʪʨʫʙʦʧʨʦʚʦʜʦʚ 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʧʦʣʦʞʝʥʠʡ [1] ʩʦʩʪʘʚʣʝʥʘ ʤʝʪʦʜʠʢʘ 

ʨʘʩʯʸʪʦʚ ʦʙʣʘʩʪʠ ʢʦʤʧʝʥʩʘʮʠʠ ʪʨʘʩʩ ʪʨʫʙʦʧʨʦʚʦʜʦʚ. ʈʘʩʯʸʪ ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʙʘʟʝ ʧʨʦ-

ʛʨʘʤʤʥʳʭ ʩʨʝʜ PTC MathCad ʠ Maple. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʯʝʪʦʚ ʧʨʠʚʝʜʝʥʘ ʪʨʘʩʩʘ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʩʫʜʦʚʦʡ ʚʦʜʷʥʦʡ ʧʨʦʪʠʚʦʧʦʞʘʨʥʦʡ ʩʠʩʪʝʤʳ (ʨʠʩ. 2). 

 

 

ʈʠʩ. 2. ʈʘʩʯʸʪʥʘʷ ʪʨʘʩʩʘ 

ʈʘʩʯʝʪʥʘʷ ʪʨʘʩʩʘ ʩʦʩʪʦʠʪ ʠʟ 7 ʪʨʫʙ, ʢʦʦʨʜʠʥʘʪʥʳʝ ʨʘʟʤʝʨʳ ʧʦʢʘʟʘʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1 

ʂʦʦʨʜʠʥʘʪʥʳʝ ʨʘʟʤʝʨʳ ʨʘʩʯʸʪʥʦʡ ʪʨʘʩʩʳ  

ˉ ʪʦʯʝʢ X(FORE) Y(PS) Z(UP) 

1 0 0 0 

2 1800 0 0 

3 1800 -2000 0 



ɾ.ɺ. ʅʛʦ, ʂ.ʅ. ʉʘʭʥʦ 
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ˉ ʪʦʯʝʢ X(FORE) Y(PS) Z(UP) 

4 2310 -2000 0 

5 2797 -2000 0 

6 2956 -2000 0 

7 2956 -3990 0 

8 2956 -3990 159 

9 2956 -3990 477 

10 4956 -3990 477 

11 6711 -3990 477 

12 6711 -3990 1057 

13 6711 -3990 2691 

14 6711 -3990 3014 

15 8869 -3990 3014 

16 9021 -3990 3166 

17 9021 -3340 3166 

 

ʅʦʤʝʨʘ ʪʦʯʝʢ ʩʚʦʙʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ: 1, 4, 5, 8, 10, 12, 13, 17. ʊʦʯʢʠ 4 ʠ 5 ʨʘʩʧʦ-

ʣʦʞʝʥʳ ʥʘ ʦʜʥʦʤ ʧʨʷʤʦʤ ʫʯʘʩʪʢʝ ʪʨʘʩʩʳ ʠ ʨʘʚʥʦʟʥʘʯʥʳ ʧʨʠ ʚʳʙʦʨʝ ʤʝʩʪ ʚʨʘʱʝʥʠʷ, 

ʧʦʵʪʦʤʫ, ʯʪʦʙʳ ʥʝ ʜʫʙʣʠʨʦʚʘʪʴ ʨʘʩʯʸʪ, ʚ ʢʘʯʝʩʪʚʝ ʪʦʯʢʠ ʩʚʦʙʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚʳ-
ʙʠʨʘʝʤ ʪʦʣʴʢʦ ʦʜʥʫ ʪʦʯʢʫ 4. ɸʥʘʣʦʛʠʯʥʦ ʜʣʷ ʪʦʯʝʢ 12 ʠ 13. ʆʢʦʥʯʘʪʝʣʴʥʦ ʦʧʨʝʜʝʣʷʝʤ 

ʥʦʤʝʨʘ ʪʦʯʝʢ ʩʚʦʙʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ: s={1, 4, 8, 10, 12, 17}. 

ɼʘʣʝʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʨʠʪʴ ʧʘʨʘʣʣʝʣʴʥʦʩʪʴ ʫʯʘʩʪʢʦʚ ʪʨʘʩʩʳ. ɼʣʷ ʵʪʦʛʦ ʥʘʡʜʸʤ 

ʚʝʢʪʦʨʳ ʧʨʷʤʳʭ ʫʯʘʩʪʢʦʚ, ʢʦʪʦʨʳʝ ʥʘʯʠʥʘʶʪʩʷ ʩ ʪʦʯʝʢ ʩʚʦʙʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʦʧʨʝʜʝʣʝʥʳ ʯʝʪʳʨʝ ʧʘʨʳ ʧʘʨʘʣʣʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ: 1-2 ʠ 5-5, 1-2 ʠ 10-11, 4-5 

ʠ 10-11, 8-9 ʠ 12-13. 

ʊʘʢ ʢʘʢ ʪʦʯʢʘ 10 ʣʝʞʠʪ ʤʝʞʜʫ ʜʚʫʤʷ ʧʘʨʘʤʠ ʧʘʨʘʣʣʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ 8-9 ʠ 12-13, 

ʚʨʘʱʝʥʠʝ ʪʨʘʩʩʳ ʚ ʤʝʩʪʝ ʩʚʦʙʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ˉ 10 ʙʫʜʝʪ ʥʘʨʫʰʘʪʴ ʧʘʨʘʣʣʝʣʴ-

ʥʦʩʪʴ ʧʘʨʳ ʧʘʨʘʣʣʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ 8-9 ʠ 12-13. ɸ ʪʘʢʞʝ ʚʨʘʱʝʥʠʷ ʧʘʨ 1-2 ʠ 5-6, 1-2 ʠ 

10-11, 5-6 ʠ 10-11 ʩʦʚʤʝʩʪʥʦ ʢʦʤʧʝʥʩʠʨʫʶʪ ʦʪʢʣʦʥʝʥʠʝ ʚ ʥʘʧʨʘʚʣʝʥʠʠ Z, ʘ ʚʨʘʱʝʥʠʝ 

ʧʘʨʳ 8-9 ʠ 12-13 ʢʦʤʧʝʥʩʠʨʫʝʪ ʦʪʢʣʦʥʝʥʠʝ ʚ ʥʘʧʨʘʚʣʝʥʠʠ Y. ʇʦʵʪʦʤʫ ʜʣʷ ʵʪʦʡ ʪʨʘʩ-
ʩʳ ʤʦʞʥʦ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʝʨʝʤʝʱʝʥʠʝ ʪʨʘʩʩʳ ʚ ʤʝʩʪʝ ʩʚʦʙʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ˉ 

10. ʊ.ʝ. ʩʘʤʳʤʠ ʦʧʪʠʤʘʣʴʥʳʤʠ ʧʘʨʘʤʠ ʧʘʨʘʣʣʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʙʫʜʫʪ: 1-2 ʠ 5-6, 8-9 ʠ 

12-13. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʦʧʠʩʘʥʠʡ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʚ [1] ʦʧʨʝʜʝʣʷʝʤ ʨʘʩʯʸʪ-

ʥʳʝ ʧʘʨʘʤʝʪʨʳ ʦʢʨʫʞʥʦʩʪʝʡ, ʧʦʣʫʯʝʥʥʳʭ ʚʨʘʱʝʥʠʝʤ ʪʨʫʙ ʩ ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʫʯʘʩʪʢʘ-

ʤʠ. ʈʝʟʫʣʴʪʘʪ ʨʘʩʯʸʪʘ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 2. ɺʨʘʱʝʥʠʝ ʵʪʠʭ ʧʘʨ ʧʘʨʘʣʣʝʣʴʥʳʭ ʫʯʘʩʪ-

ʢʦʚ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʦʙʨʘʟʫʝʪ ʜʫʛʠ 1, 2, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʦʙʣʘʩ-

ʪʠ ʢʦʤʧʝʥʩʘʮʠʠ. 

ʊʘʙʣʠʮʘ 2  

ʇʘʨʘʤʝʪʨʳ ʦʢʨʫʞʥʦʩʪʝʡ, ʧʦʣʫʯʝʥʥʳʭ ʚʨʘʱʝʥʠʝʤ ʧʘʨʘʣʣʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʪʨʘʩʩʳ 

 ̄ ʇʘʨʘ ʧʘʨʘʣʣʝʣʴʥʳʭ 
ʫʯʘʩʪʢʦʚ 

R, ʤʤ 
u  e  

1 1-2 ʠ 4-5 2000 (0; 0; -1) (0; -1; 0) 

2 8-9 ʠ 12-13 3755 (0; 1; 0) (1; 0; 0) 

 
ɼʫʛʘ 1 ʧʝʨʝʤʝʱʘʝʪʩʷ ʧʘʨʘʣʣʝʣʴʥʳʤ ʧʝʨʝʥʦʩʦʤ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʜʫʛʠ 2, ʦʙʨʘʟʫʷ 

ʢʨʠʚʦʣʠʥʝʡʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ S2. ʋʨʘʚʥʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ S2 (ʨʠʩ. 3): 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 53, 2017 ʛ. 
ʈʘʟʜʝʣ III . ʉʫʜʦʩʪʨʦʝʥʠʝ, ʩʫʜʦʨʝʤʦʥʪ ʠ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʫʜʥʘ 
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ʈʠʩ. 3. ʇʦʚʝʨʭʥʦʩʪʴ S2 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʸʪʘ ʦʧʨʝʜʝʣʝʥʳ ʢʦʦʨʜʠʥʘʪʳ ʦʙʣʘʩʪʠ ʢʦʤʧʝʥʩʘʮʠʠ: 

{ 14 0},

{ 327 335},

{ 174 174},

x ʤʤ

y ʤʤ

z ʤʤ

Í - ·

Í - ·

Í - ·
 

ʆʙʣʘʩʪʴ ʢʦʤʧʝʥʩʘʮʠʦʥʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʪʨʘʩʩʳ ʷʚʣʷʝʪʩʷ ʠʟʦʛʥʫʪʦʡ ʧʦʚʝʨʭʥʦ-

ʩʪʴʶ, ʜʘʪy ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʤʧʝʥʩʘʮʠʠ ʦʪʢʣʦʥʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ Y ʠ 

Z. ɿʥʘʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ X ʦʪ ï14 ʜʦ 0 ʤʤ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʢʨʠʚʠʟʥʫ 
ʜʫʛʠ 2. 

ɼʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ ʦʪʢʣʦʥʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʰʠʨʷʪʴ ʦʙʣʘʩʪʴ S2 

ʚ ʥʘʧʨʘʚʣʝʥʠʠ X, ʯʪʦʙʳ ʦʙʣʘʩʪʴ ʢʦʤʧʝʥʩʘʮʠʠ ʩʪʘʣʘ ʦʙʲʸʤʥʦʡ. ʅʝʦʙʭʦʜʠʤʦʝ ʨʘʩʰʠ-

ʨʝʥʠʝ ʦʙʣʘʩʪʠ S2 ʚ ʥʘʧʨʘʚʣʝʥʠʠ X ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘʟʥʘʯʝʥʠʝʤ ʧʨʠʧʫʩʢʘ ʥʘ ʫʯʘʩʪʢʝ 

ʪʨʘʩʩʳ, ʣʝʞʘʱʝʤ ʚ ʥʘʧʨʘʚʣʝʥʠʠ X, ʠ ʜʘʸʪ ʩʘʤʫʶ ʦʧʪʠʤʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʤʦʥʪʘʞʘ 

ʪʨʘʩʩ ʪʨʫʙʦʧʨʦʚʦʜʦʚ. ɼʣʷ ʵʪʦʡ ʪʨʘʩʩʳ ʤʦʞʥʦ ʥʘʟʥʘʯʠʪʴ ʧʨʠʧʫʩʢ ʥʘ ʢʦʥʮʝ ʪʨʫʙ 221-

630L0902.02 ʠʣʠ 221-630L0902.04 ʠʣʠ 221-630L0902.05 ʠ ʤʦʥʪʘʞ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚ-

ʣʷʪʴʩʷ ʩ ʜʚʫʭ ʩʪʦʨʦʥ, ʥʦ ʩʘʤʳʡ ʦʧʪʠʤʘʣʴʥʳʡ ʚʘʨʠʘʥʪ ï ʵʪʦ ʥʘʟʥʘʯʠʪʴ ʧʨʠʧʫʩʢ ʥʘ 

ʢʦʥʮʝʚʦʤ ʫʯʘʩʪʢʝ ʪʨʫʙʳ 221-630L0902.01ʤ ʠ ʤʦʥʪʘʞ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʦ ʩʪʦʨʦʥʳ ʪʨʫʙʳ 

225-630L0902.02. 

ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʠ ʦʙʨʘʙʦʪʘʥʳ 107 

ʪʨʘʩʩ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʩʫʜʦʚʳʭ ʩʠʩʪʝʤ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʘ 10-ʠ ʪʨʘʩʩ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 
ʪʘʙʣʠʮʝ 3. 



ɾ.ɺ. ʅʛʦ, ʂ.ʅ. ʉʘʭʥʦ 
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ʊʘʙʣʠʮʘ 3 

ʊʘʙʣʠʮʘ ʢʦʤʧʝʥʩʘʮʠʦʥʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʪʨʘʩʩ ʪʨʫʙʦʧʨʦʚʦʜʦʚ 

ʆʙʦʟʥʘʯʝʥʠʝ 

ʪʨʘʩʩʳ 

ʂʦʦʨʜʠʥʘʪʳ ʢʦʥʮʘ 

ʪʨʘʩʩʳ, ʤʤ 

ʂʦʣʠʯʝʩʪʚʦ ʧʘʨ  

ʧʘʨʘʣʣʝʣʴʥʳʭ  
ʫʯʘʩʪʢʦʚ 

ʈʘʩʯʝʪʥʘʷ ʦʙʣʘʩʪʴ 

ʢʦʤʧʝʥʩʘʮʠʠ, ʤʤ 

ʅʘʟʥʘʯʝʥʠʝ 

ʧʨʠʧʫʩʢʦʚ, ʤʤ 

1-313L0101 X -3021 3 -165 õ 193 0 

Y 583 -335 õ 321 0 

Z 9082 0 50 

2-313L0116 X 6330 4 -76 õ 16 34 

Y 8624 0 50 

Z 5050 -488 õ 488 0 

3-313L0130 X 1333 2 -136 õ 140 0 

Y 1783 -50 õ 58 0 

Z 4837 0 50 

4-313L0123 X -9649 6 0 100 

Y 5024 -138 õ 116 0 

Z 358 -107 õ 107 0 

5-313L0113 X 16600 2 0  

Y 320 -34 õ 34  

Z 1200 -28 õ 28  

6-313L0121 X -5092 4 0 50 

Y 1905 -109 õ 108 0 

Z 1796 -336 õ 329 0 

7-313L0122 X -5000 2 0 100 

Y 176 -161 õ 156 0 

Z 1335 -86 õ 86 0 

8-313L0128 X 3086 5 -400 õ 387 0 

Y 4270 -891 õ 844 0 

Z 3681 -847 õ 785 0 

9-313L0137 X 1048 4 -526 õ 533 0 

Y 6005 -229 õ 136 0 

Z -3279 -53 õ 53 0 

10-330L1077 X 1520 1 0 50 

Y 3756 0 50 

Z 1200 -22 õ 22 28 

ɿʘʤʝʨʳ ʦʪʢʣʦʥʝʥʠʡ ʪʨʘʩʩ ʪʨʫʙʦʧʨʦʚʦʜʦʚ  

ʠ ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʀʟ 107 ʪʨʘʩʩ ʚʳʙʨʘʥʳ 86 ʪʨʘʩʩ, ʠʤʝʶʱʠʭ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʤʧʝʥʩʘʮʠʠ ʦʪʢʣʦʥʝʥʠʡ 

ʚʨʘʱʝʥʠʝʤ ʧʘʨ ʧʨʷʤʳʭ ʚʟʘʠʤʥʦ ʧʘʨʘʣʣʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʩ ʫʯʸʪʦʤ ʥʘʟʥʘʯʝʥʠʷ ʧʨʠʧʫʩ-

ʢʦʚ. ɺʩʝ ʪʨʫʙʳ ʵʪʠʭ ʪʨʘʩʩ ʠʟʛʦʪʦʚʣʝʥʳ ʧʦ ʧʨʦʝʢʪʥʳʤ ʨʘʟʤʝʨʘʤ ʩ ʥʘʟʥʘʯʝʥʠʝʤ ʧʨʠ-
ʧʫʩʢʦʚ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠ ʦʪʧʨʘʚʣʝʥʳ ʜʣʷ ʤʦʥʪʘʞʘ. 

ʇʦ ʵʪʠʤ ʪʨʘʩʩʘʤ ʧʨʦʚʝʜʝʥʳ ʟʘʤʝʨʳ ʬʘʢʪʠʯʝʩʢʠʭ ʦʪʢʣʦʥʝʥʠʡ ʠ ʟʥʘʯʝʥʠʡ ʣʠʰʥʠʭ 

ʧʨʠʧʫʩʢʦʚ, ʦʙʨʝʟʘʝʤʳʭ ʚ ʧʨʦʮʝʩʩʝ ʤʦʥʪʘʞʘ. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʘʤʝʨʦʚ 

ʠ ʧʦʨʷʜʦʢ ʚʳʧʦʣʥʝʥʠʷ ʤʦʥʪʘʞʘ 9-ʠ ʪʨʘʩʩ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 4. 
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ʊʘʙʣʠʮʘ 4  

ʊʘʙʣʠʮʘ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʆʙʦʟʥʘʯʝʥʠʝ 

ʪʨʘʩʩʳ 

ʌʘʢʪʠʯʝʩʢʠʝ  

ʦʪʢʣʦʥʝʥʠʷ, ʤʤ 

ʈʘʩʯʝʪʥʘʷ ʢʦʤ-

ʧʝʥʩʘʮʠʷ, ʤʤ 

ʅʘʟʥʘʯʝʥʠʝ 

ʧʨʠʧʫʩʢʦʚ, ʤʤ 

ʇʦʨʷʜʦʢ ʤʦʥʪʘʞʘ ʪʨʘʩʩ 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ 

1-313L0101 X -31 -165 õ 193 0 ɺʨʘʱʘʪʴ 7-11 

Y 16 -335 õ 321 0 ɺʨʘʱʘʪʴ 1-7; 11 

Z 42 0 50 ʆʙʨʝʟʘʪʴ ʧʨʠʧʫʩʢ 8 ʤʤ 

2-313L0116 X 25 -76 õ 16 34 ɺʨʘʱʘʪʴ 1-5 ʠ ʦʙʨʝʟʘʪʴ 
ʧʨʠʧʫʩʢ 22 ʤʤ 

Y -13 0 50 ʆʙʨʝʟʘʪʴ ʧʨʠʧʫʩʢ 35 ʤʤ 

Z 28 -488 õ 488 0 ɺʨʘʱʘʪʴ 7; 11; 15 

3-313L0130 X -18 -136 õ 140 0 ɺʨʘʱʘʪʴ 1; 7 

Y -21 -50 õ 58 0 ɺʨʘʱʘʪʴ 1-7 

Z -26 0 50 ʆʙʨʝʟʘʪʴ ʧʨʠʧʫʩʢ 24 ʤʤ 

4-313L0123 X -53 0 100 ʆʙʨʝʟʘʪʴ ʧʨʠʧʫʩʢ 45 ʤʤ 

Y 14 -138 õ 116 0 ɺʨʘʱʘʪʴ 1-4-10 

Z -8 -107 õ 107 0 ɺʨʘʱʘʪʴ 10-14; 16 

6-313L0121 X -24 0 50 ʆʙʨʝʟʘʪʴ ʧʨʠʧʫʩʢ 26 ʤʤ 

Y 25 -109 õ 108 0 ɺʨʘʱʘʪʴ 10 

Z 25 -336 õ 329 0 ɺʨʘʱʘʪʴ 1-7; 7-10 

7-313L0122 X -36 0 100 ʆʙʨʝʟʘʪʴ ʧʨʠʧʫʩʢ 64 ʤʤ 

Y -29 -161 õ 156 0 ɺʨʘʱʘʪʴ 12 

Z 11 -86 õ 86 0 ɺʨʘʱʘʪʴ 8-12 

8-313L0128 X 27 -400 õ 387 0 ɺʨʘʱʘʪʴ 1-16 

Y 18 -891 õ 844 0 ɺʨʘʱʘʪʴ 8-11 

Z -32 -847 õ 785 0 ɺʨʘʱʘʪʴ 6-13 

9-313L0137 X -36 -526 õ 533 0 ɺʨʘʱʘʪʴ 6-8; 1-17; 7 

Y -15 -229 õ 136 0 ɺʨʘʱʘʪʴ 14-17 

Z -10 -53 õ 53 0 ɺʨʘʱʘʪʴ 3-6 

10-330L1077 X 16 0 50 ʆʙʨʝʟʘʪʴ ʧʨʠʧʫʩʢ 34 ʤʤ 

Y -12 0 50 ʆʙʨʝʟʘʪʴ ʧʨʠʧʫʩʢ 38 ʤʤ 

Z 10 -22 õ 22 28 ɺʨʘʱʘʪʴ 1-4 ʠ ʦʙʨʝʟʘʪʴ 
ʧʨʠʧʫʩʢ 28 ʤʤ 

 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʠʤ ʪʨʘʩʩʫ 630L0902 (ʩʤ. ʨʠʩ. 2), ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʜʚʝ 

ʧʘʨʳ ʧʨʷʤʳʭ ʚʟʘʠʤʥʦ ʧʘʨʘʣʣʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ. ʆʙʣʘʩʪʴ ʢʦʤʧʝʥʩʘʮʠʦʥʥʳʭ ʚʦʟʤʦʞʥʦ-

ʩʪʝʡ ʪʨʘʩʩʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʫʨʘʚʥʝʥʠʷʤ: 

2

1 2

1

3755cos( ) 3755

2000cos( ) 3755sin( ) 2000

2000sin( )

x t

y t t

z t

= -

=- + +

=-
 

ʇʨʠ ʬʠʢʩʠʨʦʚʘʥʠʠ ʫʛʣʘ ʚʦʟʤʦʞʥʦʛʦ ʧʦʚʦʨʦʪʘ: 

1 2,
36 36 36 36

t t
p p p p
- ¢ ¢ - ¢ ¢

 

ʦʧʨʝʜʝʣʠʤ ʦʙʣʘʩʪʴ ʢʦʤʧʝʥʩʘʮʠʠ ʚ ʠʥʪʝʨʚʘʣʝ: 
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{ 14 0},

{ 327 335},

{ 174 174},

x ʤʤ

y ʤʤ

z ʤʤ

Í - ·

Í - ·

Í - ·  

ɼʣʷ ʧʦʣʥʦʡ ʢʦʤʧʝʥʩʘʮʠʠ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʦʪʢʣʦʥʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʤʦʥʪʘ-

ʞʝ ʵʪʦʡ ʪʨʘʩʩʳ ʥʝʦʙʭʦʜʠʤʦ ʥʘʟʥʘʯʠʪʴ ʧʨʠʧʫʩʢ 50 ʤʤ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ X [6,7]. ʇʨʦʚʝ-

ʜʝʥ ʟʘʤʝʨ ʬʘʢʪʠʯʝʩʢʠʭ ʦʪʢʣʦʥʝʥʠʡ ʵʪʦʡ ʪʨʘʩʩʳ ʧʦʣʫʯʠʤ: 

35

40

35

x ʤʤ

y ʤʤ

z ʤʤ

D =

D =

D =  

ʋʯʠʪʳʚʘʷ, ʯʪʦ 

y y

z z

=D

=D 

ʩʦʩʪʘʚʠʤ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ 

2

1 2

1

3755cos( ) 3755

2000cos( ) 3755sin( ) 2000 40

2000sin( ) 35

x t

t t

t

= -

- + + =

- =
 

ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ʧʦʣʫʯʠʤ: 

1

2

1

0,6

0,2

o

o

t

t

x ʤʤ

=

=

=-  

ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚʨʘʱʝʥʠʝ ʧʘʨ ʧʘʨʘʣʣʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʚ ʤʝʩʪʘʭ ʩʚʦʙʦʜʥʦʛʦ ʩʦ-

ʝʜʠʥʝʥʠʷ 1-5 ʠ 8-12 (ʩʤ. ʨʠʩ. 2) ʧʦʣʥʦʩʪʴʶ ʢʦʤʧʝʥʩʠʨʫʝʪ ʦʪʢʣʦʥʝʥʠʷ ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ 

Y ʠ Z, ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʝʨʝʤʝʱʘʝʪ ʢʦʥʝʮ ʪʨʘʩʩʳ ʚ ʥʘʧʨʘʚʣʝʥʠʠ X ʥʘ ʨʘʩʩʪʦʷʥʠʝ 0,2 

ʤʤ ʚ ʦʪʨʠʮʘʪʝʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʢʦʦʨʜʠʥʘʪʦʡ ʦʩʠ OX. ʆʢʦʥʯʘʪʝʣʴʥʦ, ʦʪʢʣʦʥʝʥʠʷ 

ʢʦʥʮʘ ʪʨʘʩʩʳ ʧʦʣʥʦʩʪʴʶ ʠʩʢʣʶʯʘʶʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ Y ʠ Z, ʦʩʪʘʸʪʩʷ ʦʪʢʣʦʥʝʥʠʝ ʚ 
ʥʘʧʨʘʚʣʝʥʠʠ X ʥʘ ʨʘʩʩʪʦʷʥʠʠ 34,8 ʤʤ. ʅʝʦʙʭʦʜʠʤʦ ʦʙʨʝʟʘʪʴ ʣʠʰʥʠʡ ʧʨʠʧʫʩʢ 15,2 ʤʤ 

ʚ ʥʘʧʨʘʚʣʝʥʠʠ X ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʧʨʠʛʦʥʷʝʤʦʡ ʪʨʫʙʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʤʝʨʳ ʬʘʢʪʠʯʝʩʢʠʭ ʦʪʢʣʦʥʝʥʠʡ ʠ ʨʝʰʝʥʠʝ ʟʘʜʘʯ ʢʦʤʧʝʥʩʘʮʠʠ 

ʪʨʘʩʩ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʧʦʜʪʚʝʨʞʜʘʶʪ ʛʠʧʦʪʝʟʫ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʨʘʱʝʥʠʷ ʧʘʨ ʧʨʷʤʳʭ 

ʚʟʘʠʤʥʦ ʧʘʨʘʣʣʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʩʫʤʤʘʨʥʳʭ ʦʪʢʣʦʥʝʥʠʡ ʪʨʘʩʩ ʪʨʫ-

ʙʦʧʨʦʚʦʜʦʚ. 

ɿʥʘʢ ʦʪʢʣʦʥʝʥʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚʝʢʪʦʨʘ 
'Aɸ ʦʪ ʪʦʯʢʠ ʪʝʦʨʝʪʠʯʝ-

ʩʢʦʛʦ ʧʦʣʦʞʝʥʠʷ ɸ ʜʦ ʪʦʯʢʠ ʬʘʢʪʠʯʝʩʢʦʛʦ ʧʦʣʦʞʝʥʠʷ ɸ
ô
 ʢʦʥʮʘ ʪʨʘʩʩʳ ʚ ʪʨʸʭʤʝʨʥʦʡ 

ʢʦʦʨʜʠʥʘʪʥʦʡ ʩʠʩʪʝʤʝ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʘʤʝʨʦʚ ʠ ʚʳʧʦʣʥʝʥʠʷ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʧʦʨʷʜ-

ʢʘ ʤʦʥʪʘʞʘ ʪʨʘʩʩʳ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʳ ʥʘ ʯʝʪʳʨʝ ʛʨʫʧʧʳ: 

1) ʪʨʘʩʩʳ, ʦʙʣʘʜʘʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʦʣʥʦʡ ʢʦʤʧʝʥʩʘʮʠʠ ʚʩʝʭ ʦʪʢʣʦʥʝʥʠʡ ʚ 

ʪʨʸʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʚʨʘʱʝʥʠʝʤ ʧʘʨʘʣʣʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ (ʥʝʪ ʧʨʠʛʦʥʷʝʤʳʭ ʪʨʫʙ); 

2) ʪʨʘʩʩʳ, ʦʙʣʘʜʘʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʴʶ ʢʦʤʧʝʥʩʘʮʠʠ ʦʪʢʣʦʥʝʥʠʡ ʚʨʘʱʝʥʠʝʤ ʧʘ-

ʨʘʣʣʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʚ ʜʚʫʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʨʠ-

ʧʫʩʢʘ ʚ ʦʩʪʘʚʰʝʤʩʷ ʥʘʧʨʘʚʣʝʥʠʠ; 
3) ʪʨʘʩʩʳ, ʦʙʣʘʜʘʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʴʶ ʢʦʤʧʝʥʩʘʮʠʠ ʦʪʢʣʦʥʝʥʠʡ ʚʨʘʱʝʥʠʝʤ ʧʘ-

ʨʘʣʣʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʨʠ-

ʧʫʩʢʦʚ ʚ ʜʚʫʭ ʦʩʪʘʚʰʠʭʩʷ ʥʘʧʨʘʚʣʝʥʠʷʭ; 
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4) ʪʨʘʩʩʳ, ʦʙʣʘʜʘʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʴʶ ʢʦʤʧʝʥʩʘʮʠʠ ʦʪʢʣʦʥʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠ-

ʝʤ ʥʘʟʥʘʯʘʝʤʳʭ ʧʨʠʧʫʩʢʦʚ ʚ ʪʨʸʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. 

ɺʳʚʦʜʳ  

ɺ ʧʨʦʮʝʩʩʝ ʧʦʜʛʦʪʦʚʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʧʨʝʜʝʣʝʥʳ ʮʝʣʴ ʠ ʟʘ-

ʜʘʯʠ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʨʘʟʨʘʙʦʪʘʥ ʧʣʘʥ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʧʦʜʛʦʪʦʚʣʝʥʳ ʥʝʦʙʭʦʜʠʤʳʝ ʠʩ-

ʭʦʜʥʳʝ ʜʘʥʥʳʝ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

ï ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʧʦʩʪʘʚʣʝʥʠʝʤ ʬʘʢʪʠʯʝʩʢʠʭ 

ʦʪʢʣʦʥʝʥʠʡ ʠ ʦʙʣʘʩʪʠ ʢʦʤʧʝʥʩʘʮʠʦʥʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩ ʫʯʸʪʦʤ ʥʘʟʥʘʯʘʝʤʳʭ ʧʨʠ-

ʧʫʩʢʦʚ ʧʦʜʪʚʝʨʞʜʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʧʨʦʛʥʦʟʳ ʢʦʤʧʝʥʩʘʮʠʦʥʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʪʨʘʩʩ 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

ï ʫʩʧʝʰʥʳʡ ʤʦʥʪʘʞ ʪʨʘʩʩ, ʪʨʫʙʳ ʢʦʪʦʨʳʭ ʠʟʛʦʪʦʚʣʝʥʳ ʧʦ ʧʨʦʝʢʪʥʳʤ ʨʘʟʤʝʨʘʤ 

ʙʝʟ ʫʪʦʯʥʝʥʠʷ ʨʘʟʤʝʨʦʚ ʧʦ ʤʝʩʪʫ, ʧʦʜʪʚʝʨʞʜʘʝʪ ʢʦʥʮʝʧʪʫʘʣʴʥʳʝ ʦʩʥʦʚʳ ʢʦʤʧʝʥʩʘʮʠʠ 

ʩʫʤʤʘʨʥʳʭ ʦʪʢʣʦʥʝʥʠʡ ʧʝʨʝʤʝʱʝʥʠʝʤ ʪʨʘʩʩ ʪʨʫʙʦʧʨʦʚʦʜʦʚ. 
ï ʨʘʟʨʘʙʦʪʘʥ ʧʦʨʷʜʦʢ ʢʦʤʧʝʥʩʘʮʠʠ ʦʪʢʣʦʥʝʥʠʡ ʪʨʘʩʩ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʩ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝʤ ʚʟʘʠʤʥʦ ʧʘʨʘʣʣʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʩ ʩʦʝʜʠʥʝʥʠʷʤʠ ʪʨʫʙ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ 

ʧʨʠʧʫʩʢʘʤʠ. 

ï ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʟʜʘʥʳ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʠʢʠ 

ʧʦʚʳʰʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʥʘ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 
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EXPERIMENTAL STUDIES  OF COMPENSATION PROSSES  

OF DEVIATIONS OF SHI P SYSTEM PIPELINES 

G.V. Ngo, K.N. Sakhno 

Keywords: pipelines, design, installation, deflection, compensation area. 
 
In the presented paper, the authors consider the problem of improving the manufacturability 
of ship system pipelines at the stage of designing. Solutions of the problem of manufacturing 
and installation of marine pipelines without removing the measurements are presented. Ex-
perimental studies of deviations compensation in two stages have been made: the scoping of 
compensation opportunities and the actual measurements of pipelines deviations. The con-
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ceptual basis of the compensation of total variance by pipelines movement have been con-
firmed and the algorithm for deviations compensation of pipelines with the use of mutually 
parallel sections with joints and additional overmeasures have been developed.  

ʉʪʘʪʴʷ ʧʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ 12.10.2017 ʛ. 
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ɸʅɸʃʀɿ ɺɸʈʀɸʅʊʆɺ ʉʀʉʊɽʄ ʕʃɽʂʊʈʆɼɺʀɾɽʅʀʗ  

ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ʈʆʊʆʈʆɺ ʌʃɽʊʊʅɽʈɸ  

ʇʈʀ ʄʆɼɽʈʅʀɿɸʎʀʀ ʇɸʈʆʄʆɺ ʇʈʆɽʂʊɸ 1809 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʦʪʦʨʳ ʌʣʝʪʪʥʝʨʘ, ʛʨʝʙʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʫʩʪʘʥʦʚʢʘ, ʰʠʨʦʪʥʦ-
ʠʤʧʫʣʴʩʥʘʷ ʤʦʜʫʣʷʮʠʷ, ʩʠʩʪʝʤʳ ʘʢʪʠʚʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʵʢʦʥʦʤʠʷ ʪʦʧʣʠʚʘ, ʚʝʪʨʦʚʳʝ 
ʫʩʣʦʚʠʷ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 
 
ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʯʘʩʪʦ ʧʦʷʚʣʷʶʪʩʷ ʚʝʩʴʤʘ ʥʝʩʪʘʥʜʘʨʪʥʳʝ ʧʦʜʭʦʜʳ ʢ ʨʝʰʝʥʠʶ ʟʘ-
ʜʘʯ ʵʢʦʥʦʤʠʠ ʪʦʧʣʠʚʘ ʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʫʜʦʚʳʭ ʧʨʦʧʫʣʴʩʠʚʥʳʭ ʵʥʝʨʛʝ-

ʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ. ʊʘʢʦʡ ʚʳʚʦʜ ʙʳʣ ʩʜʝʣʘʥ ʚ ʩʚʷʟʠ ʩ ʫʩʧʝʰʥʳʤʠ ʠʩʧʳʪʘʥʠʷʤʠ ʩʧʫ-
ʱʝʥʥʦʛʦ ʚ 2010-ʤ ʛʦʜʫ ʩʫʜʥʘ ʪʠʧʘ çʨʦ-ʨʦè ʧʦʜ ʥʘʟʚʘʥʠʝʤ çE-Ship-1è. ʂʦʥʩʪʨʫʢʮʠʷ ʝʛʦ 
ʥʝʦʙʳʯʥʘ ʪʝʤ, ʯʪʦ ʩ ʮʝʣʴʶ ʵʢʦʥʦʤʠʠ ʵʥʝʨʛʠʠ ʚ ʢʘʯʝʩʪʚʝ ʜʚʠʞʠʪʝʣʝʡ ʧʨʠʤʝʥʷʶʪʩʷ 
ʚʨʘʱʘʶʱʠʝʩʷ ʮʠʣʠʥʜʨʳ, ʧʦʣʫʯʠʚʰʠʝ ʥʘʟʚʘʥʠʝ ʨʦʪʦʨʦʚ ɸʥʪʦʥʘ ʌʣʝʪʪʥʝʨʘ. ɸʚʪʦʨʘ-
ʤʠ ʩʪʘʪʴʠ ʠʟʣʦʞʝʥʳ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʦʙʦʩʥʦʚʘʥʠʷ ʧʨʠʤʝʥʝʥʠʷ ʩʠʩʪʝʤ ʩ ʪʘ-
ʢʠʤʠ ʜʚʠʞʠʪʝʣʷʤʠ ʧʨʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʧʘʨʦʤʘ ʧʨʦʝʢʪʘ 1809. 

 

ɺ [1] ʨʦʪʦʨʳ ʌʣʝʪʪʥʝʨʘ ʦʪʥʝʩʝʥʳ ʢ ʜʚʠʞʠʪʝʣʷʤ ʘʢʪʠʚʥʦʡ ʛʨʫʧʧʳ ʥʘʨʘʚʥʝ ʩ ʧʘʨʫ-

ʩʘʤʠ. ʊʘʢʞʝ ʫʩʪʘʥʦʚʢʠ ʪʘʢʦʛʦ ʨʦʜʘ ʠʟʫʯʘʶʪʩʷ, ʧʨʦʝʢʪʠʨʫʶʪʩʷ ʥʝʢʦʪʦʨʳʤʠ ʠʩʩʣʝʜʦ-

ʚʘʪʝʣʷʤʠ [2, 3] ʠʟ ʌʠʥʣʷʥʜʠʠ, ɻʝʨʤʘʥʠʠ ʜʣʷ ʤʥʦʛʠʭ ʪʠʧʦʚ ʩʫʜʦʚ. ʏʘʱʝ ʚʩʝʛʦ ʦʥʠ ʠʩ-

ʧʦʣʴʟʫʶʪʩʷ ʢʘʢ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ, ʦʜʥʘʢʦ ʧʨʦʠʟʚʝʜʸʥʥʳʤʠ ʨʘʩʯʸʪʘʤʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʘʚʪʦʨʳ ʩʪʘʪʴʠ ʥʝ ʠʩʢʣʶʯʘʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʳʭ ʩʠʩʪʝʤ ʚ ʢʘʯʝʩʪʚʝ 

ʦʩʥʦʚʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʩʫʜʦʚ. 

ʆʜʥʠʤ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪ ʝʚʨʦʧʝʡʩʢʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʠ ʢʦʥʩʪʨʫʢʪʦʨʦʚ ʷʚʣʷʝʪ-

ʩʷ ʩʥʠʞʝʥʠʝ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʚ ʩʨʝʜʥʝʤ ʥʘ 30ï40% ʥʘ ʩʫʜʥʝ çE-Ship-1è (ʈʠʩ. 1ʘ), ʧʦ-

ʩʪʨʦʝʥʥʦʤ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʫʯʘʩʪʠʠ ʩʫʜʦʩʪʨʦʠʪʝʣʴʥʦʡ ʚʝʨʬʠ ʚ ʕʤʜʝʥʝ ʠ ʥʝʤʝʮʢʦʡ 
ʬʠʨʤʳ çEnerconè, ʢʦʪʦʨʘʷ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʠ ʟʘʢʘʟʯʠʢʦʤ ʩʫʜʥʘ [4]. ʕʪʦ ʩʥʠʞʝʥʠʝ ʜʦʩ-

ʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʜʚʠʞʫʱʝʡ ʩʠʣʳ ʵʥʝʨʛʠʠ ʚʝʪʨʘ, ʥʘʙʝʛʘʶʱʝ-

ʛʦ ʥʘ ʚʨʘʱʘʶʱʠʝʩʷ ʮʠʣʠʥʜʨʳ ʚʳʩʦʪʦʡ 27 ʤ ʠ ʜʠʘʤʝʪʨʦʤ 4 ʤ (ʙʝʟ ʫʯʸʪʘ ʩʪʘʙʠʣʠʟʠ-

ʨʫʶʱʠʭ ʰʘʡʙ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠ ʦʧʨʝʜʝʣʸʥʥʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʜʘʥʥʳʭ ʮʠʣʠʥʜ-

ʨʦʚ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʳʡ ʫʧʦʨ, ʪʦʣʢʘʶʱʠʡ ʩʫʜʥʦ ʚʧʝʨʸʜ ʩ ʟʘʜʘʥʥʦʡ ʩʢʦʨʦʩʪʴʶ. 

ʇʝʨʚʳʤ ʞʝ ʩʫʜʥʦʤ, ʦʬʠʮʠʘʣʴʥʦ ʠʩʧʦʣʴʟʫʶʱʠʤ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʵʬʬʝʢʪ ʄʘʛʥʫʩʘ, 

ʙʳʣʦ ʩʫʜʥʦ çɹʫʢʘʫè (ʈʠʩ. 1ʙ) ʥʝʤʝʮʢʦʛʦ ʠʥʞʝʥʝʨʘ ɸʥʪʦʥʘ ʌʣʝʪʪʥʝʨʘ. ɼʚʘ ʮʠʣʠʥʜʨʘ 

ʨʘʩʢʨʫʯʠʚʘʣʠʩʴ ʦʪ ʜʚʠʛʘʪʝʣʝʡ ʤʦʱʥʦʩʪʴʶ 60 ʢɺʪ ʢʘʞʜʳʡ, ʩ ʯʘʩʪʦʪʦʡ 160 ʦʙʦʨʦʪʦʚ ʚ 

ʤʠʥʫʪʫ. ʉʭʝʤʘ ʵʣʝʢʪʨʦʜʚʠʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʡ ʢʣʘʩʩʠʯʝʩʢʫʶ ʩʭʝʤʫ çɺʘʨʜ-

ʃʝʦʥʘʨʜʘè. ʉʫʜʥʦ ʨʘʟʚʠʚʘʣʦ ʭʦʜ ʜʦ 12ï16 ʫʟʣʦʚ. 
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ʘ) 

 

ʙ) 

ʈʠʩ. 1. ʉʫʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʢʪʠʚʥʳʭ ʩʠʩʪʝʤ ʜʚʠʞʝʥʠʷ:  
ʘ) çE-Ship-1è, ʙ) çɹʫʢʘʫè 

ɺ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʧʨʦʠʟʚʝʜʸʥ ʘʥʘʣʠʟ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʜʚʫʭ 

ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʚʘʨʠʘʥʪʦʚ ʤʦʜʝʨʥʠʟʘʮʠʠ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʧʨʦʝʢʪʘ 1809. 

ʊʘʢʦʡ ʧʨʦʝʢʪ ʙr ʣ ʚʳʙʨʘʥ ʥʝʩʣʫʯʘʡʥʦ, ʧʦʪʦʤʫ ʯʪʦ ʠʤʝʝʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʳʝ ʰʠʨʠʥʫ, 

ʜʣʠʥʫ ʠ ʚʳʩʦʪʫ ʙʦʨʪʘ, ʩʭʦʞʠʝ ʩ ʩʫʜʥʦʤ çE-Ship-1è, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʘʝʪ ʜʘʣʴ-

ʥʝʡʰʠʝ ʨʘʩʯʸʪʳ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɹʳʣʦ ʧʨʦʜʦʣʞʝʥʦ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʩʨʘʚʥʝʥʠʝ ʜʚʫʭ ʫʞʝ ʠʟʚʝʩʪʥʳʭ ʠ ʥʘʠ-

ʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʭʝʤ ʵʣʝʢʪʨʦʜʚʠʞʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤ ʘʢʪʠʚʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ʧʦ [7]: 

1) ɺʘʨʠʘʥʪ ʛʨʝʙʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ (ʜʘʣʝʝ ɻʕʋ) ʥʘ ʧʝʨʝʤʝʥʥʦʤ ʪʦʢʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʩ ʰʠʨʦʪʥʦ-ʠʤʧʫʣʴʩʥʦʡ ʤʦʜʫʣʷʮʠʝʡ (ʜʘʣʝʝ ʐʀʄ), 
2) ɺʘʨʠʘʥʪ ɻʕʋ ʜʚʦʡʥʦʛʦ ʨʦʜʘ ʪʦʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʜʫʢʪʠʚʥʦ-ʸʤʢʦʩʪʥʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ (ʜʘʣʝʝ ʀɽʇ) [5]. 

ɺʩʝ ʮʝʥʳ ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʧʦʩʪʘʚʱʠʢʘʤʠ ʪʦʚʘʨʦʚ ʠ ʫʩʣʫʛ ʩ ʧʨʠʚʷʟʢʦʡ ʢ ʤʝʩʪʫ ʤʦ-

ʜʝʨʥʠʟʘʮʠʠ ʩʫʜʥʘ ʧʨʦʝʢʪʘ 1809 (ʪʠʧ çʉʘʭʘʣʠʥè). 

ʇʨʠ ʨʘʩʯʸʪʝ ʛʦʜʦʚʳʭ ʟʘʪʨʘʪ ʟʘʪʨʘʪʳ ʥʘ ʪʦʧʣʠʚʦ ʦʢʘʟʘʣʠʩʴ ʩʥʠʞʝʥʳ ʧʦ ʚʘʨʠʘʥʪʘʤ: 

1) ʉ 1234022 ʜʦ 373672 ʨʫʙʣʝʡ,  

2) ʉ 1234022 ʜʦ 380152 ʨʫʙʣʝʡ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʟʘʪʨʘʪʳ ʥʘ ʪʦʧʣʠʚʦ ʦʢʘʟʘʣʠʩʴ ʩʥʠʞʝʥʥʳʤʠ ʧʦʯʪʠ ʦʜʠʥʘʢʦʚʦ, 

ʦʩʥʦʚʥʦʡ ʫʧʦʨ ʜʝʣʘʣʩʷ ʥʘ ʩʨʘʚʥʝʥʠʝ ʤʦʜʝʨʥʠʟʘʮʠʦʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʠ ʩʪʦʠʤʦʩʪʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦ ʤʝʪʦʜʠʢʝ, ʠʟʣʦʞʝʥʥʦʡ ʚ [7]. ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʛʨʘʬʠ-

ʢʦʚ ʥʘ ʈʠʩ. 2 



ɺ.ʀ. ʉʘʤʫʣʝʝʚ, ʖ.ʇ. ʄʫʭʠʥ, ɺ.ʂ. ʂʘʣʘʯʸʚ 
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ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʤʦʜʝʨʥʠʟʘʮʠʦʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʦʪ ʛʦʜʦʚʳʭ ʨʘʩʭʦʜʦʚ 

ɼʦʭʦʜʳ ʠ ʟʘʪʨʘʪʳ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʝ ʧʦ ʚʘʨʠʘʥʪʘʤ ʤʦʜʝʨʥʠʟʘʮʠʠ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ 

ʚ ʧʨʝʜʳʜʫʱʝʡ ʩʪʘʪʴʝ [6] ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʜʝʩʴ ʚ ʚʠʜʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʦʙʨʘʞʸʥʥʦʡ ʥʘ 

ʈʠʩ. 3. 

 

 

ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ ʜʦʭʦʜʦʚ ʦʪ ʟʘʪʨʘʪ ʧʦ ʚʘʨʠʘʥʪʘʤ ʤʦʜʝʨʥʠʟʘʮʠʠ 

ɼʘʣʝʝ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤʠ ʨʘʩʯʸ-

ʪʘʤʠ: ʨʘʩʯʸʪʘ ʫʧʦʨʘ ʠ ʤʦʤʝʥʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʦʪʦʨʘ, ʨʘʙʦʯʝʡ ʟʦʥʳ ʨʦʪʦʨʘ ʠ ʨʘʩʯʸ-

ʪʦʚ ʜʚʠʛʘʪʝʣʝʡ ʜʚʫʭ ʩʭʝʤ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤ ʘʢʪʠʚʥʦʛʦ ʜʚʠʞʝ-

ʥʠʷ.  

ʄʝʪʦʜʠʢʘ ʨʘʩʯʸʪʘ ʫʧʦʨʘ ʜʣʷ ʨʦʪʦʨʦʚ ʌʣʝʪʪʥʝʨʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʨʘʩʯʸʪ ʫʧʦʨʘ 

ʜʣʷ ʜʚʠʛʘʪʝʣʷ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʠʤʝʥʷʣʩʷ ʢʣʘʩʩʠʯʝʩʢʠʡ ʨʘʩʯʸʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʛʨʝʙʥʦʛʦ ʚʠʥʪʘ ʜʣʷ ʦʜʥʦʚʘʣʴʥʳʭ ʩʫʜʦʚ ʦʙʲʸʤʥʦʛʦ ʚʦʜʦʠʟʤʝʱʝʥʠʷ [8], ʜʘʥʥʳʝ ʢʦʪʦ-

ʨʦʛʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʨʘʩʯʸʪʘʭ ʩʘʤʦʡ ʩʠʩʪʝʤʳ ʘʢʪʠʚʥʦʛʦ ʜʚʠʞʝʥʠʷ ʧʨʠ ʥʦʤʠʥʘʣʴʥʳʭ 

ʚʝʪʨʦ-ʚʦʣʥʦʚʳʭ ʫʩʣʦʚʠʷʭ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʨʘʩʯʸʪʘʤ ʫʧʦʨ ʥʦʤʠʥʘʣʴʥʳʡ ʜʣʷ ʩʫʜʥʘ 

ʧʨʦʝʢʪʘ 1809 ʩʦʩʪʘʚʠʣ 832 ʢʅ ʧʨʠ ʨʘʙʦʪʝ ʦʜʥʦʛʦ ɻʕɼ ʥʘ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʚʠʥʪʘ 

100ï230 ʦʙʦʨʦʪʦʚ ʚ ʤʠʥʫʪʫ. 
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ɿʘʪʝʤ ʜʘʥʥʳʡ ʫʧʦʨ ʬʘʢʪʠʯʝʩʢʠ ʧʝʨʝʥʦʩʠʪʩʷ ʥʘ ʩʠʩʪʝʤʫ ʘʢʪʠʚʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʢʘʢ 

ʬʫʥʢʮʠʷ ʤʦʤʝʥʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ ʩʫʜʥʘ, ʪʘʢ ʢʘʢ ʠʤʝʝʪ ʪʦ ʞʝ ʟʥʘʯʝʥʠʝ ʧʨʠ 
ʥʦʤʠʥʘʣʴʥʳʭ ʚʝʪʨʦ-ʚʦʣʥʦʚʳʭ ʫʩʣʦʚʠʷʭ. 

ɿʘʪʝʤ ʧʦ ʫʞʝ ʠʤʝʶʱʠʤʩʷ ʜʘʥʥʳʤ ʫʧʦʨʘ ʨʘʩʩʯʠʪʳʚʘʣʦʩʴ ʨʘʙʦʯʝʝ ʩʝʯʝʥʠʝ ʨʦʪʦʨʘ 

ʠ ʨʘʟʜʝʣʝʥʠʝ ʝʛʦ ʥʘ 4 ʨʘʚʥʳʭ ʧʦ ʧʣʦʱʘʜʠ ʩʝʯʝʥʠʷ ʩ ʮʝʣʴʶ ʘʛʨʝʛʘʪʠʨʦʚʘʥʠʷ ʠ, ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʩʥʠʞʝʥʠʷ ʤʦʱʥʦʩʪʠ ʧʨʠʚʦʜʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʠ ʩʥʠʞʝʥʠʷ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ 

ʢʨʝʥʷʱʝʛʦ ʤʦʤʝʥʪʘ ʧʨʠ ʩʠʣʴʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʚʝʪʨʘ [9]. ʉʦʛʣʘʩʥʦ ʨʘʩʯʸʪʫ, ʩʝʯʝʥʠʝ 

ʦʜʥʦ ʨʦʪʦʨʘ ʩʦʩʪʘʚʠʣʦ 30³4 ʤ (ʙʝʟ ʫʯʝʪʘ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʭ ʰʘʡʙ). ʂʘʢ ʙʳʣʦ ʠʟʣʦʞʝ-
ʥʦ ʚʳʰʝ, ʨʘʟʤʝʨʳ ʨʘʙʦʯʝʛʦ ʩʝʯʝʥʠʷ ʨʦʪʦʨʦʚ ʌʣʝʪʪʥʝʨʘ ʜʣʷ ʩʫʜʥʘ çE-Ship-1è ʩʦʩʪʘʚ-

ʣʷʶʪ 27³4 ʤ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʩʭʦʜʥʳʭ ʭʦʜʦʚʳʭ ʢʘʯʝʩʪʚʘʭ ʩʨʘʚʥʠʚʘʝʤʳʭ ʩʫʜʦʚ. 
ʇʘʨʘʣʣʝʣʴʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʣʠʩʴ ʨʘʩʯʸʪʳ ʠ ʧʦʜʙʦʨ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʨʠʚʦʜʥʦʛʦ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʦʙʝʠʭ ʩʭʝʤ ʤʦʜʝʨʥʠʟʘʮʠʠ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʩʭʝʤʳ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʩʯʸʪʘ ʠ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʜʣʷ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʄʦʱʥʦʩʪʴ ʥʘ ʚʘʣʫ ʩʦʛʣʘʩʥʦ ʨʘʩʯʸʪʘʤ ʨʘʙʦʯʝʛʦ ʩʝʯʝʥʠʷ ʩʦʩʪʘʚʠʣʘ 250ï300 ʢɺʪ ʥʘ 1 ʠʟ 

4 ʨʦʪʦʨʦʚ. ɺ ʚʘʨʠʘʥʪʝ ˉ1 ʠʤ ʷʚʣʷʣʩʷ ʘʩʠʥʭʨʦʥʥʳʡ ʜʚʠʛʘʪʝʣʴ ʩ ʧʠʪʘʥʠʝʤ ʦʪ ʧʨʝʦʙʨʘ-

ʟʦʚʘʪʝʣʷ ʩ ʐʀʄ. ɺ ʚʘʨʠʘʥʪʝ ˉ2 ʠʤ ʷʚʣʷʣʩʷ ʜʚʠʛʘʪʝʣʴ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʩ ʥʝʟʘʚʠʩʠ-

ʤʳʤ ʚʦʟʙʫʞʜʝʥʠʝʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʀɽʇ. ʈʘʩʯʸʪʳ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʩʦʛʣʘʩʥʦ ʣʠʪʝʨʘ-
ʪʫʨʝ [10, 11]. 

ʅʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʷʚʣʷʶʪʩʷ ʦʪʜʝʣʴʥʳʝ ʨʘʩʯʸʪʳ ʚʝʪʨʦʚʳʭ ʫʩʣʦʚʠʡ ʨʘʡʦʥʘ 

ʨʘʙʦʪʳ ʚʳʰʝʫʢʘʟʘʥʥʦʛʦ ʩʫʜʥʘ. ʆʥʠ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʛʠʜʨʦʤʝ-

ʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʦʯʝʨʢʦʚ ʣʦʮʠʡ ʆʭʦʪʩʢʦʛʦ ʤʦʨʷ, ʊʘʪʘʨʩʢʦʛʦ ʧʨʦʣʠʚʘ [12]. ɺ ʢʘʯʝʩʪʚʝ 

ʧʨʠʤʝʨʘ ʥʘ ʈʠʩ. 4 ʥʘʛʣʷʜʥʦ ʧʦʢʘʟʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠ ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʚʝʪʨʦʚ ʚ ʘʢʚʘʪʦ-

ʨʠʠ ʊʘʪʘʨʩʢʦʛʦ ʧʨʦʣʠʚʘ ʟʘ ʷʥʚʘʨʴ ʤʝʩʷʮ. 

 

 

ʈʠʩ. 4. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʠ ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʚʝʪʨʦʚ ʚ ʘʢʚʘʪʦʨʠʠ  
ʊʘʪʘʨʩʢʦʛʦ ʧʨʦʣʠʚʘ ʟʘ ʷʥʚʘʨʴ ʤʝʩʷʮ 
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ʇʨʠ ʨʘʩʯʸʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʢʣʘʩʩʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ (1) ʦʮʝʥʢʠ ʧʦʚʪʦʨʷʝʤʦʩʪʠ 

ʩʨʝʜʥʝ-ʛʦʜʠʯʥʦʡ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʥʘ ʜʘʥʥʳʭ ʤʘʨʰʨʫʪʘʭ (ʊʘʪʘʨʩʢʠʡ ʧʨʦʣʠʚ: ʧʦʨʪ ɺʘ-
ʥʠʥʦ-ʧʦʨʪ ʍʦʣʤʩʢ) [13].  

ti  (%)= ri / Ri 
.100,  (1) 

ʛʜʝ 

ti ï ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʜʘʥʥʦʡ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ (%) 

r i ï ʠʥʪʝʨʚʘʣ ʥʘʙʣʶʜʝʥʠʷ, 

Ri ï ʢʦʣʠʯʝʩʪʚʦ ʠʥʪʝʨʚʘʣʦʚ. 

 

ʉʦʛʣʘʩʥʦ ʨʘʩʯʸʪʘʤ ʠ ʘʥʘʣʠʟʫ ʜʘʥʥʳʭ ʩʨʝʜʥʝʛʦʜʠʯʥʦʡ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʩ ʚʝʨʦʷʪʥʦ-

ʩʪʴʶ 13% ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʩʨʝʜʥʝʛʦʜʠʯʥʘʷ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʚ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʨʘʡ-

ʦʥʘʭ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʥʠʞʝ 8 ʤ/ʩʝʢ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ ʠʟ ʪʝʦʨʠʠ ʘʵʨʦʜʠʥʘʤʠʢʠ, ʮʠʣʠʥʜʨ, ʚʨʘʱʘʶʱʠʡʩʷ ʚ ʧʦʪʦʢʝ ʚʦʟʜʫʭʘ, 

ʠʤʝʝʪ ʩʠʣʫ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʫʶ ʦʩʥʦʚʥʦʤʫ ʧʦʪʦʢʫ (2) [14]: 

P = S ³ u ³ v ³ 8.1,  (2) 

ʛʜʝ 
ʈ ï ʩʠʣʘ ʚʳʪʘʣʢʠʚʘʶʱʘʷ ʮʠʣʠʥʜʨ ʠʟ ʧʦʪʦʢʘ (ʩʠʣʘ ʪʷʛʠ), 

S ï ʧʣʦʱʘʜʴ ʩʝʯʝʥʠʷ ʮʠʣʠʥʜʨʘ(ʠʤʝʝʪʩʷ ʚʚʠʜʫ ʜʠʘʤʝʪʨ ʫʤʥʦʞʝʥʥʳʡ ʥʘ ʚʳʩʦʪʫ ʮʠʣʠʥ-

ʜʨʘ), 

v ï ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ(ʤ/ʩ), 

u ï ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʮʠʣʠʥʜʨʘ, 

8,1 ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʠʥʷʪʳʡ ʜʣʷ ʧʨʦʜʫʚʦʢ ʮʠʣʠʥʜʨʦʚ ʚ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʨʫʙʝ. 

 

ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʜʘʥʥʦʡ ʬʦʨʤʫʣʳ ʧʨʠ ʨʘʩʯʸʪʘʭ ʘʢʪʠʚʥʳʭ 

ʜʚʠʞʠʪʝʣʝʡ, ʪʘʢʠʭ ʢʘʢ ʨʦʪʦʨʳ ʌʣʝʪʪʥʝʨʘ, ʦʥʘ ʥʝ ʨʘʩʢʨʳʚʘʝʪ ʚʩʝʡ ʧʨʠʨʦʜʳ ʚʦʟʜʝʡʩʪ-

ʚʠʷ ʨʦʪʦʨʘ ʥʘ ʧʨʠʚʦʜ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʘ ʵʣʝʢʪʨʦʧʨʠʚʦʜ. ɺ ʯʘʩʪʥʦʩʪʠ, ʵʪʦ ʦʙʫʩʣʦʚʣʝ-

ʥʦ ʦʪʩʫʪʩʪʚʠʝʤ ʚ ʬʦʨʤʫʣʝ ʧʣʦʪʥʦʩʪʠ ʚʦʟʜʫʭʘ ʠ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʦʡ ʚʦʟʜʝʡʩʪʚʠʷ ʚʝʪ-
ʨʘ ʥʘ ʚʨʘʱʝʥʠʝ. 

ʀʟʚʝʩʪʥʘ ʙʦʣʝʝ ʧʦʜʨʦʙʥʘʷ ʬʦʨʤʫʣʘ (3), ʠʩʢʣʶʯʘʶʱʘʷ ʜʘʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ [15]: 

P= Ct ³ ɟ ³ n ³ V ³ S,  (3) 

ʛʜʝ 

ʈ ï ʩʠʣʘ ʪʷʛʠ, (ʅ) 

Ct ï ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʤʝʥʪʘ, 

n ï ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ (ʦʙ/ʤʠʥ), 

V ï ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ(ʚʦʟʜʫʭʘ, ʤ/ʩ), 

S ï ʧʣʦʱʘʜʴ ʩʝʯʝʥʠʷ. 

 

ʉʦʛʣʘʩʥʦ ʧʨʦʠʟʚʝʜʸʥʥʳʤ ʨʘʩʯʸʪʘʤ, ʬʦʨʤʫʣʘ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʠʪ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ɼʘʣʝʝ ʜʘʥʥʘʷ ʬʦʨʤʫʣʘ ʩʦʙʠʨʘʝʪʩʷ ʚ ʚʠʜʝ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʚ ʩʦʩʪʘʚʝ ʤʦʜʝʣʝʡ 
ɻʕʋ ʜʣʷ ʜʚʫʭ ʚʘʨʠʘʥʪʦʚ ʤʦʜʝʨʥʠʟʘʮʠʠ, ʘ ʠʤʝʥʥʦ: 

1) ɺʘʨʠʘʥʪ ɻʕʋ ʥʘ ʧʝʨʝʤʝʥʥʦʤ ʪʦʢʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ (ʐʀʄ) ʠʥʚʝʨʪʠʨʦʚʘʥʠʷ 

(ʈʠʩ. 6) 

2) ɺʘʨʠʘʥʪ ɻʕʋ ʜʚʦʡʥʦʛʦ ʨʦʜʘ ʪʦʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʀɽʇ [5]. (ʈʠʩ. 7) 

 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 53, 2017 ʛ. 
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ʈʠʩ. 5. ʀʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʨʦʪʦʨʘ ʌʣʝʪʪʥʝʨʘ 

 

ʈʠʩ. 6. ʀʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ɻʕʋ ʥʘ ʧʝʨʝʤʝʥʥʦʤ ʪʦʢʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
 ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʩ ʐʀʄ ʠ ʩʠʩʪʝʤ ʘʢʪʠʚʥʦʛʦ ʜʚʠʞʝʥʠʷ 

 

ʈʠʩ. 7. ʀʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʜʚʦʡʥʦʛʦ ʨʦʜʘ ʪʦʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʀɽʇ  
ʠ ʩʠʩʪʝʤ ʘʢʪʠʚʥʦʛʦ ʜʚʠʞʝʥʠʷ 

ʇʦʩʣʝ ʧʨʦʨʘʙʦʪʢʠ ʦʙʦʠʭ ʠʤʠʪʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʛʨʘ-

ʬʠʢʠ, ʠʟʦʙʨʘʞʝʥʥʳʝ ʥʘ ʨʠʩ. 8 ʠ ʨʠʩ. 9. 
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ʈʠʩ. 8. ɻʨʘʬʠʢʠ ʥʘʧʨʷʞʝʥʠʷ ʩʪʘʪʦʨʘ, ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ,  
ʤʦʤʝʥʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʦʪʦʨʥʦʛʦ ʛʨʝʙʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ (ʈɻʕɼ) ɻʕʋ  

ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʐʀʄ 

 

ʈʠʩ. 9. ɻʨʘʬʠʢʠ ʥʘʧʨʷʞʝʥʠʷ ʩʪʘʪʦʨʘ, ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ,  
ʤʦʤʝʥʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʦʪʦʨʥʦʛʦ ʛʨʝʙʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ (ʈɻʕɼ) ɻʕʋ  

ʜʚʦʡʥʦʛʦ ʨʦʜʘ ʪʦʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʀɽʇ 

ʇʦʩʣʝ ʘʥʘʣʠʟʘ ʛʨʘʬʠʢʦʚ ʦʙʦʠʭ ʤʦʜʝʣʝʡ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʩʣʝʜʫʶʱʝʝ: 

1) ʉʦʛʣʘʩʥʦ ʨʘʩʯʸʪʘʤ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʚʘʨʠʘʥʪ ˉ1 ʧʦʢʘʟʘʣ ʦʪʨʠʮʘ-

ʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ ʚʩʣʝʜʩʪʚʠʝ ʙʦʣʴʰʦʡ ʮʝʥʳ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠ 
ʦʢʫʧʘʝʤʦʩʪʴ ʝʛʦ ʥʠʞʝ, ʯʝʤ ʫ ʚʘʨʠʘʥʪʘ ˉ2, ʛʜʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʣʠʰʴ ʯʘʩʪʠʯʥʘʷ ʤʦ-

ʜʝʨʥʠʟʘʮʠʷ. ɻʦʜʦʚʘʷ ʢɻʦʥʦʤʠʷ ʪʦʧʣʠʚʘ ʩʦʩʪʘʚʠʣʘ ʜʚʝ ʪʨʝʪʠ ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʟʘʪʨʘʯʠʚʘʝʤʦʛʦ ʪʦʧʣʠʚʘ ʜʦ ʤʦʜʝʨʥʠʟʘʮʠʠ; 

2) ʇʨʠ ʚʦʟʤʫʱʘʶʱʝʤ ʚʦʟʜʝʡʩʪʚʠʠ (ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ) ʩʦ ʩʪʦʨʦʥʳ ʨʦʪʦ-

ʨʘ ʥʘʙʣʶʜʘʣʦʩʴ ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ, ʦʙʲʷʩʥʷʶʱʝʝʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʩʠʣʳ 

ʪʨʝʥʠʷ ʚʦʟʜʫʭʘ, ʢʦʪʦʨʦʝ ʬʠʟʠʯʝʩʢʠ ʙʳʣʦ ʦʧʠʩʘʥʦ ʚ [14]. ʇʨʠ ʵʪʦʤ ʪʦʢ ʛʣʘʚʥʦʡ ʮʝʧʠ 

ʚʦʟʨʘʩʪʘʣ ʚ ɻʕʋ ʜʚʦʡʥʦʛʦ ʨʦʜʘ ʪʦʢʘ ʥʘ 80 ɸ, ʚ ɻʕʋ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʥʘ 10ɸ. ʇʘʜʝ-

ʥʠʝ ʦʙʦʨʦʪʦʚ ʧʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʣʦʩʴ ʪʦʣʴʢʦ ʫ ɻʕʋ ʜʚʦʡʥʦʛʦ ʨʦʜʘ ʪʦʢʘ. ʋ ɻʕʋ ʧʝʨʝ-

ʤʝʥʥʦʛʦ ʪʦʢʘ ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʠ ʵʪʦʤ ʫʚʝʣʠʯʝʥʠʝ ʫʨʦʚʥʷ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶ-

ʠɦʭ ʥʘ 10 % ʚ ʚʝʨʭʥʝʤ ʵʢʩʪʨʝʤʫʤʝ; 

3) ʉʨʝʜʠ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʥʝ ʫʯʠʪʳʚʘʝʤʳʭ ʚ ʤʦʜʝʣʠ ʠ ʨʘʩʯʸʪʘʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦ-

ʢʘʟʘʪʝʣʝʡ, ʥʝʦʙʭʦʜʠʤʦ ʚʳʜʝʣʠʪʴ ʨʝʞʠʤ ʨʘʙʦʪʳ ʛʨʝʙʥʦʛʦ ʚʠʥʪʘ ʥʘʟʳʚʘʝʤʳʡ ʪʫʨʙʠʥ-
ʥʳʤ. ɺ ʪʘʢʦʤ ʨʝʞʠʤʝ ʚʠʥʪ ʚʨʘʱʘʝʪʩʷ ʦʪ ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ ʠ ʬʘʢʪʠʯʝʩʢʠ ʥʝ ʩʦʟʜʘʝʪ 

ʥʠ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ, ʥʠ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʫʧʦʨʘ. ʊʘʢʦʡ ʨʝʞʠʤ ʥʘ ʩʫʜʘʭ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʥʠʞʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʩʪʨʝʯʥʦʛʦ ʧʦʪʦʢʘ, ʥʘʙʝʛʘʶʱʝʛʦ ʥʘ ʥʦʩʦ-

ʚʦʡ ʚʠʥʪ. ɺ ʩʣʫʯʘʝ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʘʢʪʠʚʥʦʛʦ ʜʚʠʞʝʥʠʷ ʨʘʩʭʦʜ ʤʦʱʥʦʩʪʠ ʥʘ ʚʨʘʱʝ-



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 53, 2017 ʛ. 
ʈʘʟʜʝʣ III . ʉʫʜʦʩʪʨʦʝʥʠʝ, ʩʫʜʦʨʝʤʦʥʪ ʠ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʫʜʥʘ 
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ʥʠʝ ʦʜʥʦʛʦ ʥʦʩʦʚʦʛʦ ʠ ʦʜʥʦʛʦ ʢʦʨʤʦʚʦʛʦ ʚʠʥʪʘ ʙʫʜʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʢʘʟʳʚʘʪʴʩʷ ʥʘ 

ʨʘʩʭʦʜʝ ʪʦʧʣʠʚʘ; 
4) ʅʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʫʚʝʣʠʯʝʥʠʝ ʚʝʪʨʘ ʷʚʣʷʝʪʩʷ 

ʧʨʠʨʘʱʝʥʠʝʤ ʤʦʤʝʥʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʥʝʢʦʪʦʨʳʤ ʧʨʠʨʘʱʝʥʠʝʤ 

ʫʧʦʨʘ ʠ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʩʫʜʥʘ. ʉʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʧʦʜ ʥʘʛʨʫʟʢʦʡ ʩʥʠʞʘʝʪʩʷ, ʘ ʪʦʢ ʛʣʘʚʥʦʡ ʮʝʧʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 

ɺʳʚʦʜʳ: 

1) ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʜʘʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʚʠʛʘʪʝʣʝʡ ʦʙʝʠʭ ʩʭʝʤ 

ɻʕʋ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʩʠʩʪʝʤ ʘʢʪʠʚʥʦʛʦ ʜʚʠʞʝʥʠʷ ʥʘ ʩʫʜʘʭ ʧʨʦʝʢʪʘ 1809, ʨʝʟʫʣʴʪʘʪʘʭ 
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ʪʦʤ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʘ ʩʫʜʘʭ ʩʠʩʪʝʤ ʘʢʪʠʚʥʦʛʦ ʜʚʠʞʝʥʠʷ ʥʘʠʙʦʣʝʝ ʵʢʦʥʦʤʠ-

ʯʝʩʢʠ ʠ ʪʝʭʥʠʯʝʩʢʠ ʦʧʨʘʚʜʘʥʥʦʡ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʩʭʝʤʳ ɻʕʋ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʀɽʇ. 

2) ʇʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤ ʘʢʪʠʚʥʦʛʦ ʜʚʠʞʝʥʠʷ ʜʘʸʪ ʩʥʠʞʝʥʠʝ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ, ʩʦ-

ʛʣʘʩʥʦ ʨʘʩʯʸʪʘʤ, ʥʘ 30ï40%, ʘ ʩ ʫʯʸʪʦʤ ʮʝʥ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʤʦʥʪʘʞ ʠ ʵʢʩʧʣʫʘʪʘ-

ʮʠʶ, ʜʘʸʪ ʩʥʠʞʝʥʠʝ ʩʨʦʢʘ ʦʢʫʧʘʝʤʦʩʪʠ. 
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Key words: rotors of the Flettner propeller electric installation, pulse width modulation, a 
system of active movement, fuel economy, wind conditions, modeling. 
 
Recently in the periodical literature and the press often appear very unusual, successful ap-
proaches to solving the problems of fuel economy and efficiency for ship propulsion and 
power plants. This conclusion was madden in connection with the successful tests, launched 
in 2010, the year of the vessel type çro-roè under the name çE-Ship-1è. The design is unusu-

al in that for saving energy as propulsion applied rotating cylinder called as Anton Flettner 
rotors. The authors presented a feasibility study of application systems including propulsion 
for example, stated in early articles systems modernization project of the ferry in 1809. 

ʉʪʘʪʴʷ ʧʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ 24.10.2017 ʛ. 
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ɽ.ʖ. ʏʝʙʘʥ, ʜʦʮʝʥʪ, ʢ.ʪ.ʥ. ʌɻɹʆʋ ɺʆ çɺɻʋɺʊè 

ɽ.ɺ. ɺʦʣʦʜʯʝʥʢʦ, ʩʪʫʜʝʥʪ ʌɻɹʆʋ ɺʆ çɺɻʋɺʊè 

ɽ.ʖ. ɹʝʨʜʥʠʢʦʚʘ, ʩʪʫʜʝʥʪ ʌɻɹʆʋ ɺʆ çɺɻʋɺʊè 

ɽ.ʉ. ʉʦʣʠʥʘ, ʩʪʫʜʝʥʪ ʌɻɹʆʋ ɺʆ çɺɻʋɺʊè 
603951, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʫʣ. ʅʝʩʪʝʨʦʚʘ, 5 

ɻʀɼʈʆʕʂʆʃʆɻʀʏɽʉʂʀɽ ʀʉʉʃɽɼʆɺɸʅʀʗ ʋʏɸʉʊʂʆɺ 

ɻʆʈʔʂʆɺʉʂʆɻʆ ʀ ʏɽɹʆʂʉɸʈʉʂʆɻʆ ɺʆɼʆʍʈɸʅʀʃʀʑ  

ʉ ʇʈʀʊʆʂɸʄʀ ɺ ʃɽʊʅʀʁ ʇɽʈʀʆɼ 2017 ɻʆɼɸ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɻʦʨʴʢʦʚʩʢʦʝ ʚʦʜʦʭʨʘʥʠʣʠʱʝ, ʏʝʙʦʢʩʘʨʩʢʦʝ ʚʦʜʦʭʨʘʥʠʣʠʱʝ, ʛʠʜʨʦʭʠ-
ʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʧʨʠʪʦʢʠ, ʟʘʛʨʷʟʥʝʥʠʝ, ʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʩʠʥʝʟʝʣʝʥʳʝ ʚʦʜʦʨʦʩ-
ʣʠ 
 
ʈʘʩʩʤʦʪʨʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʛʠʜʨʦʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʟʝʨʥʦʡ ʯʘʩʪʠ ɻʦʨʴʢʦʚ-
ʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʠ ʥʘ ʫʯʘʩʪʢʝ ʏʝʙʦʢʩʘʨʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ, ʘ ʪʘʢʞʝ ʠʭ ʧʨʠʪʦ-
ʢʦʚ. ʆʪʤʝʯʝʥʦ ʚʣʠʷʥʠʝ ʪʘʢʠʭ ʧʨʠʪʦʢʦʚ ʢʘʢ ʉʘʥʘʭʪʘ ʠ ʊʨʦʮʘ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠ-
ʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʧʦ ʚʝʣʠʯʠʥʝ ɹʇʂ5 ʚ ʚʦʜʝ ɻʦʨʴʢʦʚʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ, ʘ ʪʘʢʞʝ ʨ. 

ʂʝʨʞʝʥʝʮ ʥʘ ʟʘʛʨʷʟʥʝʥʠʝ ʏʝʙʦʢʩʘʨʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ. ɺʣʠʷʥʠʝ ʨ. ʂʫʜʴʤʘ ʦʜʥʦʟʥʘʯ-
ʥʦ ʦʧʨʝʜʝʣʠʪʴ ʥʝ ʫʜʘʣʦʩʴ, ʪ.ʢ., ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʝʱʝ ʜʦ ʚʧʘʜʝʥʠʷ ʝʝ ʚ ʏʝʙʦʢʩʘʨʩʢʦʝ 
ʚʦʜʦʭʨʘʥʠʣʠʱʝ, ʦʥʘ ʩʠʣʴʥʦ ʨʘʟʙʘʚʣʷʝʪʩʷ ʚ ʫʩʪʴʝ ʥʘʧʨʦʪʠʚ ʩ. ʂʘʜʥʠʮʳ. ʋʩʪʘʥʦʚʣʝʥʦ, 
ʯʪʦ ʚʳʥʦʩ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʧʨʠʪʦʢʘʤʠ ʚ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ 
ʦʪ ʩʢʦʨʦʩʪʝʡ ʪʝʯʝʥʠʡ, ʢʘʢ ʚ ʫʩʪʴʝ ʧʨʠʪʦʢʦʚ, ʪʘʢ ʠ ʚ ʩʘʤʦʤ ʚʦʜʦʭʨʘʥʠʣʠʱʝ. ʂʘʢ ʧʦ-
ʢʘʟʘʣʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʧʦ ʩʢʦʨʦʩʪʥʦʤʫ 
ʨʝʞʠʤʫ ʫʯʘʩʪʢʘʭ ɻʦʨʴʢʦʚʩʢʦʛʦ ʠ ʏʝʙʦʢʩʘʨʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱ, ʚʣʠʷʥʠʝ ʧʨʠʪʦʢʦʚ 
ʥʘʠʙʦʣʝʝ ʟʘʤʝʪʥʦ ʧʨʠ ʤʘʣʳʭ ʩʢʦʨʦʩʪʷʭ ʪʝʯʝʥʠʡ ʚ ʚʦʜʦʭʨʘʥʠʣʠʱʝ. 

1. ɺʚʝʜʝʥʠʝ 

ɻʦʨʴʢʦʚʩʢʦʝ ʠ ʏʝʙʦʢʩʘʨʩʢʦʝ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ɺʦʣʞʩʢʦʛʦ ʢʘʩʢʘʜʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʚʳʩʦʢʦʡ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʦʡ ʠ ʩʚʷʟʘʥʥʳʤʠ ʩ ʵʪʠʤ ʪʠʧʠʯʥʳʤʠ ʜʣʷ ʚʦʣʞʩʢʦʛʦ 

ʙʘʩʩʝʡʥʘ ʧʨʦʙʣʝʤʘʤʠ: ʮʚʝʪʝʥʠʝʤ ʪʦʢʩʠʯʥʳʭ ʩʠʥʝʟʝʣʝʥʳʭ ʚʦʜʦʨʦʩʣʝʡ, ʧʨʦʤʳʰʣʝʥ-

ʥʳʤʠ ʩʙʨʦʩʘʤʠ, ʤʘʩʰʪʘʙʥʳʤʠ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʤʠ ʨʘʙʦʪʘʤʠ ʥʘ ʫʯʘʩʪʢʝ ʦʪ ɻʦʨʦʜʮʘ 

ʜʦ ʅʠʞʥʝʛʦ ʅʦʚʛʦʨʦʜʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ɺʦʣʛʠ ʠ ʝʝ ʧʨʠʪʦʢʦʚ 

ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʢʘʯʝʩʪʚʝ ʞʠʟʥʠ ʨʝʛʠʦʥʘ. 
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ʇʦ ʜʘʥʥʳʤ ɺʝʨʭʥʝ-ɺʦʣʞʩʢʦʛʦ ʋɻʄʉ, ʚʦʜʳ ɻʦʨʴʢʦʚʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʧʦʩʣʝʜʥʠʭ ʥʝʩʢʦʣʴʢʠʭ ʣʝʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʢʘʢ ʦʯʝʥʴ ʟʘʛʨʷʟʥʝʥʥʳʝ 
(3 ʢʣʘʩʩ, ʨʘʟʨʷʜ ɹ) ʠ ʛʨʷʟʥʳʝ (4 ʢʣʘʩʩ, ʨʘʟʨʷʜ ɸ); ʏʝʙʦʢʩʘʨʩʢʦʛʦ ï ʢʘʢ ʦʯʝʥʴ ʟʘʛʨʷʟ-

ʥʝʥʥʳʝ (3 ʢʣʘʩʩ, ʨʘʟʨʷʜ ɹ) ʠ ʛʨʷʟʥʳʝ (4 ʢʣʘʩʩ, ʨʘʟʨʷʜ ɸ) [1]. ʉʦʩʪʘʚ ʦʩʥʦʚʥʳʭ ʟʘʛʨʷʟ-

ʥʠʪʝʣʝʡ ɻʦʨʴʢʦʚʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ (ʥʠʞʝ ʏʢʘʣʦʚʩʢʘ) ʚ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʦʩ-

ʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ: ʤʝʜʴ, ʤʘʨʛʘʥʝʮ, ʞʝʣʝʟʦ ʦʙʱʝʝ, ʪʨʫʜʥʦʦʢʠʩʣʷʝʤʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ 

ʚʝʱʝʩʪʚʘ ʧʦ ʚʝʣʠʯʠʥʝ ʭʠʤʠʯʝʩʢʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ (ʍʇʂ), ʣʝʛʢʦʦʢʠʩʣʷʝʤʳʝ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʧʦ ʚʝʣʠʯʠʥʝ ʙʠʦʭʠʤʠʯʝʩʢʦʛʦ ʦʢʠʩʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ (ɹʇʂ5), 

ʘʤʤʦʥʠʡʥʳʡ ʘʟʦʪ, ʘ ʪʘʢʞʝ ʥʝʬʪʝʧʨʦʜʫʢʪʳ. ʅʘ ʨʝʯʥʦʤ ʫʯʘʩʪʢʝ ʦʪ ɻʦʨʦʜʮʘ ʜʦ ʅʠʞʥʝʛʦ 

ʅʦʚʛʦʨʦʜʘ ʚ ʚʦʜʳ ʜʦʙʘʚʣʷʶʪʩʷ ʬʝʥʦʣʳ ʠ ʥʠʪʨʠʪʥʳʡ ʘʟʦʪ. 

ʇʦ ʜʘʥʥʳʤ [2], ʚʦʜʳ ɻʦʨʴʢʦʚʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʩʦʜʝʨʞʘʪ ʤʝʥʴʰʝ ʙʠʦʛʝʥʥʳʭ 

ʚʝʱʝʩʪʚ ï ʘʟʦʪʘ ʠ ʬʦʩʬʦʨʘ, ʯʝʤ ʚʳʰʝʨʘʩʧʦʣʦʞʝʥʥʳʝ ʈʳʙʠʥʩʢʦʝ, ʋʛʣʠʯʩʢʦʝ ʠ ʀʚʘʥʴ-

ʢʦʚʩʢʦʝ ʚʦʜʦʭʨʘʥʠʣʠʱʘ, ʥʦ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʠʤʝʶʪ ʙʦʣʴʰʠʡ ʧʨʦʮʝʥʪ ʥʘʩʳʱʝʥʠʷ ʢʠʩʣʦ-

ʨʦʜʦʤ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʥʘʠʭʫʜʰʠʭ ʫʩʣʦʚʠʷʭ ʜʣʷ çʮʚʝʪʝʥʠʷè ʚʦʜʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫ-
ʛʠʤʠ ʚʦʜʦʭʨʘʥʠʣʠʱʘʤʠ. ʆʜʥʘʢʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʭʣʦʨʦʬʠʣʣʘ ʚ ʚʦʜʦʭʨʘʥʠ-

ʣʠʱʘʭ ɺʦʣʛʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ɻʦʨʴʢʦʚʩʢʦʝ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦ-

ʣʝʝ çʮʚʝʪʫʱʠʭè. ɺ ʏʝʙʦʢʩʘʨʩʢʦʤ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʩʦʜʝʨʞʘʥʠʝ ʙʠʦʛʝʥʦʚ ʩʫʱʝʩʪʚʝʥʥʦ 

ʚʳʰʝ (ʚ 1,5ï2 ʨʘʟʘ), ʘ ʥʘʩʳʱʝʥʠʝ ʚʦʜʳ ʢʠʩʣʦʨʦʜʦʤ, ʥʘʦʙʦʨʦʪ, ʦʢʘʟʳʚʘʝʪʩʷ ʩʘʤʳʤ 

ʥʠʟʢʠʤ ʠʟ ʚʩʝʭ ɺʦʣʞʩʢʠʭ ʚʦʜʦʭʨʘʥʠʣʠʱ, ʯʪʦ ʩʦʟʜʘʝʪ ʥʘʠʣʫʯʰʠʝ ʫʩʣʦʚʠʷ ʜʣʷ çʮʚʝʪʝ-

ʥʠʷè ʚ ʥʝʤ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʪʨʦʬʠʯʝʩʢʠʡ ʩʪʘʪʫʩ (ʫʨʦʚʝʥʴ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʜʫʢʪʠʚ-

ʥʦʩʪʠ) ɻʦʨʴʢʦʚʩʢʦʛʦ ʠ ʏʝʙʦʢʩʘʨʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱ ʦʜʠʥʘʢʦʚ: ʚ 80-ʝ ʛʦʜʳ ʧʨʦʰʣʦʛʦ 

ʚʝʢʘ ʦʙʘ ʦʥʠ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʢʘʢ ʤʝʟʦʪʨʦʬʥʦ-ʵʚʪʨʦʬʥʳʝ, ʘ ʥʘʯʠʥʘʷ ʩ 2000-ʭ ʛʦʜʦʚ 

ʦʙʘ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʢʘʢ ʵʚʪʨʦʬʥʳʝ [2]. ʕʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦ-

ʚʘʪʴ ʦ ʚʣʠʷʥʠʠ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʚʳʩʦʢʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʮʚʝʪʝʥʠʷ ʚʦʜʳ ʚ ɻʦʨʴʢʦʚ-

ʩʢʦʤ ʚʦʜʦʭʨʘʥʠʣʠʱʝ. ʊʘʢʠʤʠ ʬʘʢʪʦʨʘʤʠ ʤʦʛʫʪ ʙʳʪʴ, ʥʘʧʨʠʤʝʨ, ʙʣʘʛʦʧʨʠʷʪʥʳʡ ʪʝʤ-
ʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ, ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚʦʜʦʝʤʘ (ʥʝʙʦʣʴʰʘʷ ʛʣʫʙʠʥʘ, 

ʙʦʣʴʰʘʷ ʧʣʦʱʘʜʴ ʵʧʠʣʠʤʥʠʦʥʘ), ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʘʢʠʭ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʢʘʢ 

ʤʝʜʴ, ʞʝʣʝʟʦ [3,4]. 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʵʚʪʨʦʬʠʨʦʚʘʥʠʷ ʚʦʜʦʝʤʘ ʷʚʣʷʝʪʩʷ ʠʟʤʝʥʝʥʠʝ 

ʚʦʜʦʨʦʜʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʚʦʜʳ ʨʅ. ʅʦʨʤʘʪʠʚʥʳʝ ʟʥʘʯʝʥʠʷ ʵʪʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʜʣʷ ʨʳʙʦ-

ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʚʦʜʦʝʤʦʚ ʩʦʩʪʘʚʣʷʶʪ 6,5ï8,5 ʝʜʠʥʠʮ. ʆʜʥʘʢʦ ʚ ʧʝʨʠʦʜ ʤʘʩʩʦʚʦʛʦ 

çʮʚʝʪʝʥʠʷè ʩʠʥʝʟʝʣʝʥʳʭ ʚʦʜʦʨʦʩʣʝʡ ʚʝʣʠʯʠʥʘ ʨʅ ʚ ʚʦʜʦʝʤʝ ʤʦʞʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʜʦ 

9ï11 ʝʜʠʥʠʮ [5]. ɺʪʦʨʳʤ ʚʘʞʥʳʤ ʜʣʷ ʚʦʜʦʝʤʦʚ ʧʦʢʘʟʘʪʝʣʝʤ ʷʚʣʷʝʪʩʷ ʨʘʩʪʚʦʨʝʥʥʳʡ ʚ 

ʚʦʜʝ ʢʠʩʣʦʨʦʜ, ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʦʛʦ ʚ ʣʝʪʥʠʝ ʤʝʩʷʮʳ, ʩʦʛʣʘʩʥʦ ʇʝʨʝʯʥʶ ʇɼʂ ʨʳʙʦ-

ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʚʦʜʦʝʤʦʚ, ʜʦʣʞʥʦ ʙʳʪʴ ʥʝ ʤʝʥʝʝ 6 ʤʛ/ʣ. ʉʦʜʝʨʞʘʥʠʝ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ 

ʚʦʜʝ ʢʠʩʣʦʨʦʜʘ ʟʘʚʠʩʠʪ ʦʪ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʬʘʢʪʦʨʦʚ, ʝʛʦ ʟʥʘʯʝʥʠʷ ʤʦʛʫʪ ʫʚʝʣʠʯʠ-

ʚʘʪʴʩʷ ʧʨʠ ʩʠʣʴʥʦʤ ʚʦʣʥʝʥʠʠ ʠ ʧʦʩʣʝ ʚʳʧʘʜʝʥʠʷ ʦʙʠʣʴʥʳʭ ʦʩʘʜʢʦʚ, ʘ ʪʘʢʞʝ ʚ ʧʝʨʠʦʜ 
ʠʥʪʝʥʩʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ ʬʠʪʦʧʣʘʥʢʪʦʥʘ (ʚ ʪʦʤ ʯʠʩʣʝ ʩʠʥʝʟʝʣʝʥʳʭ ʚʦʜʦʨʦʩʣʝʡ) [6]. ɺ 

ʪʦ ʞʝ ʚʨʝʤʷ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ çʮʚʝʪʝʥʠʝè ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʤʘʩʩʦʚʳʤ 

ʦʪʤʠʨʘʥʠʝʤ ʢʣʝʪʦʢ ʚʦʜʦʨʦʩʣʝʡ, ʠ ʵʪʦʪ ʧʨʦʮʝʩʩ ʪʨʝʙʫʝʪ ʧʦʪʨʝʙʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʠʟ 

ʚʦʜʳ, ʯʪʦ ʚʤʝʩʪʝ ʩ ʧʦʚʳʰʝʥʠʝʤ ʟʥʘʯʝʥʠʡ ʨʅ ʠ ʚʳʜʝʣʝʥʠʝʤ ʚʦʜʦʨʦʩʣʷʤʠ ʮʠʘʥʦʪʦʢʩʠ-

ʥʦʚ ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʦʨʫ ʨʳʙʳ [5]. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʦʩʪʘʚ ɺʦʣʞʩʢʠʭ ʚʦʜ ʦʢʘʟʳʚʘʝʪ ʨ. ʆʢʘ, 

ʚʦʜʳ ʢʦʪʦʨʦʡ, ʚ ʩʠʣʫ ʧʨʠʨʦʜʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʠʤʝʶʪ ʧʦʚʳʰʝʥʥʫʶ ʤʠʥʝʨʘʣʠʟʘʮʠʶ, 

ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʫʣʴʬʘʪʦʚ, ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʮʚʝʪʥʦʩʪʠ ʠ ʤʫʪʥʦʩʪʠ [2]. ɺ ʩʦʩʪʘʚ 

ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʦʢʩʢʦʡ ʚʦʜʳ ʪʘʢʞʝ ʚʭʦʜʷʪ ʤʝʜʴ, ʥʝʬʪʝʧʨʦʜʫʢʪʳ, ʘʟʦʪ ʥʠʪʨʠʪʥʳʡ, ʮʠʥʢ, 

ʬʝʥʦʣʳ, ʪʨʫʜʥʦʦʢʠʩʣʷʝʤʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ ʧʦ ʚʝʣʠʯʠʥʝ ʍʇʂ [1]. 

ɼʦʩʪʦʚʝʨʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʚʢʣʘʜʝ ʚ ʟʘʛʨʷʟʥʝʥʠʝ ʚʦʜ ɺʦʣʞʩʢʦʛʦ ʢʘʩʢʘʜʘ ʙʦʣʝʝ 
ʤʝʣʢʠʭ ʧʨʠʪʦʢʦʚ, ʪʘʢʠʭ ʢʘʢ ʉʘʥʘʭʪʘ, ʊʨʦʮʘ, ʘ ʪʘʢʞʝ ʂʫʜʴʤʘ ʠ ʂʝʨʞʝʥʝʮ ʥʝʜʦʩʪʘʪʦʯʥʘ 

ʠʣʠ ʦʪʩʫʪʩʪʚʫʝʪ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʠʟʚʝʩʪʥʦ, ʯʪʦ ʢʦʥʪʘʢʪ ʚʦʜʥʳʭ ʤʘʩʩ ʨʘʟʣʠʯʥʦʛʦ ʛʝʥʝ-

ʟʠʩʘ ʧʦʨʦʞʜʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʵʢʦʪʦʥʥʳʭ (ʧʝʨʝʭʦʜʥʳʭ) ʟʦʥ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪ-

ʩʷ ʧʦʚʳʰʝʥʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʚʠʜʦʚʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʩʦʦʙʱʝʩʪʚ 

[2]. ʅʘʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ɻʦʨʴʢʦʚʩʢʦʤ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʥʘʠʙʦʣʝʝ 



ʄ.ɺ. ʉʤʠʨʥʦʚʘ, ɽ.ʖ. ʏʝʙʘʥ, ɽ.ɺ. ɺʦʣʦʜʯʝʥʢʦ, ɽ.ʖ. ɹʝʨʜʥʠʢʦʚʘ, ɽ.ʉ. ʉʦʣʠʥʘ 
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ʠʥʪʝʥʩʠʚʥʦʝ çʮʚʝʪʝʥʠʝè ʥʘʙʣʶʜʘʝʪʩʷ ʠʤʝʥʥʦ ʚ ʫʩʪʴʷʭ ʝʛʦ ʧʨʠʪʦʢʦʚ [7]. ʇʦʵʪʦʤʫ ʠʩ-

ʩʣʝʜʦʚʘʥʠʝ ʚʢʣʘʜʘ ʧʨʠʪʦʢʦʚ ʚ ʛʠʜʨʦʵʢʦʣʦʛʠʯʝʩʢʠʡ ʨʝʞʠʤ ʚʦʜʦʭʨʘʥʠʣʠʱ ʠʤʝʝʪ ʚʘʞ-
ʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʛʫʩʪʦʥʘʩʝʣʝʥʥʳʭ ʨʘʡʦʥʦʚ ɺʝʨʭʥʝʛʦ ʠ ʉʨʝʜʥʝʛʦ ʇʦʚʦʣʞʴʷ.  

2. ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚʦʜʳ ʚ 2017 ʛʦʜʫ ʚʳʧʦʣʥʷʣʠʩʴ ʩ 

ʙʦʨʪʘ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʩʫʜʥʘ ɺɻʋɺʊ çʇʝʪʨ ɸʥʜʨʠʘʥʦʚè ʚ ʭʦʜʝ ʵʢʩʧʝʜʠʮʠ-

ʦʥʥʳʭ ʨʘʙʦʪ ʚ ʨʘʤʢʘʭ ʛʨʘʥʪʦʚʦʛʦ ʧʨʦʝʢʪʘ ʈʫʩʩʢʦʛʦ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘ çʕʢʩ-

ʧʝʜʠʮʠʷ ʇʣʘʚʫʯʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ɺʦʣʞʩʢʦʛʦ ʙʘʩʩʝʡʥʘè. 

ɺ 2017 ʛʦʜʫ ʨʘʡʦʥ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣ ʨʘʩʰʠʨʝʥ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 2016 ʛʦʜʦʤ ʠ ʦʭ-

ʚʘʪʠʣ ʯʘʩʪʴ ɻʦʨʴʢʦʚʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʥʠʞʝ ʛ. ʏʢʘʣʦʚʩʢ ʩ ʧʨʠʪʦʢʘʤʠ ï ʨ. ʉʘʥʘʭʪʘ 

ʠ ʨ. ʊʨʦʮʘ; ʨʝʯʥʦʡ ʫʯʘʩʪʦʢ ʦʪ ɻʦʨʦʜʮʘ ʜʦ ʅʠʞʥʝʛʦ ʅʦʚʛʦʨʦʜʘ, ʚʢʣʶʯʘʷ ʫʩʪʴʝ ʨ. ʆʢʘ, ʘ 

ʪʘʢʞʝ ʏʝʙʦʢʩʘʨʩʢʦʝ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʦʪ ʅʠʞʥʝʛʦ ʅʦʚʛʦʨʦʜʘ ʜʦ ʩ. ʄʘʢʘʨʴʝʚʦ, ʚʢʣʶʯʘʷ 

ʧʨʠʪʦʢʠ ï ʨ. ʂʫʜʴʤʘ ʠ ʨ. ʂʝʨʞʝʥʝʮ (ʨʠʩ. 1). 

ʅʘ ʩʫʜʥʝ ʙʳʣʘ ʦʙʦʨʫʜʦʚʘʥʘ ʭʠʤʠʢʦ-ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʣʘʙʦʨʘʪʦʨʠʷ, ʦʩʥʘʱʝʥʥʘʷ ʥʝ-
ʦʙʭʦʜʠʤʳʤʠ ʧʨʠʙʦʨʘʤʠ, ʤʘʪʝʨʠʘʣʘʤʠ ʠ ʨʝʘʢʪʠʚʘʤʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ 

ʢʘʯʝʩʪʚʘ ʚʦʜʳ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ 2016ʛ [8] ʧʝʨʝʯʝʥʴ ʚʳʧʦʣʥʷʝʤʳʭ ʥʘ ʩʫʜʥʝ ʧʦʢʘʟʘʪʝʣʝʡ 

ʙʳʣ ʜʦʧʦʣʥʝʥ ʪʘʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ, ʢʘʢ ʩʦʜʝʨʞʘʥʠʝ ʪʨʫʜʥʦʦʢʠʩʣʷʝʤʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʚʝɦʝʩʪʚ ʧʦ ʚʝʣʠʯʠʥʝ ʍʇʂ. ɿʘ 4 ʨʝʡʩʘ ʥʘ ʪ/ʭ çʇʝʪʨ ɸʥʜʨʠʘʥʦʚè ʙʳʣ ʧʨʦʡʜʝʥ ʧʫʪʴ 

ʦʢʦʣʦ 750 ʢʤ ʠ ʦʪʦʙʨʘʥʦ ʙʦʣʝʝ 120 ʧʨʦʙ ʚʦʜʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ 13 ʛʠʜʨʦʭʠʤʠʯʝ-

ʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʧʨʠʪʦʢʦʚ ʥʘ ʚʦʜʳ ʚʦʜʦʭʨʘʥʠʣʠʱ ʚ ʢʘʞʜʦʤ ʠʟ ʥʠʭ ʙʳ-

ʣʦ ʦʪʦʙʨʘʥʦ ʥʝ ʤʝʥʝʝ 3-ʭ ʧʨʦʙ ʚʦʜʳ ï ʚ ʫʩʪʴʝ ʠ ʚʳʰʝ ʧʦ ʪʝʯʝʥʠʶ. ʉ ʮʝʣʴʶ ʠʩʢʣʶʯʝ-

ʥʠʷ ʚʣʠʷʥʠʷ ʚʦʜʦʭʨʘʥʠʣʠʱ ʥʘ ʧʨʠʪʦʢʠ, ʧʨʦʙʳ ʚ ʥʠʭ ʦʪʙʠʨʘʣʠʩʴ ʥʘ ʫʯʘʩʪʢʝ ʧʨʠʤʝʨʥʦ 

4ï6 ʢʤ ʦʪ ʫʩʪʴʷ. 

 

 

ʈʠʩ. 1. ʄʘʨʰʨʫʪ ʵʢʩʧʝʜʠʮʠʠ çʇʣʘʚʫʯʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ɺʦʣʞʩʢʦʛʦ ʙʘʩʩʝʡʥʘè ʚ 2017 ʛʦʜʫ. 

3. ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʝʢʦʪʦʨʳʭ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ 
ʧʦʢʘʟʘʪʝʣʝʡ ʚʦʜ ɻʦʨʴʢʦʚʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʩ ʧʨʠʪʦʢʘʤʠ ʠ ʨʝʯʥʦʛʦ ʫʯʘʩʪʢʘ ʦʪ ɻʦ-



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 53, 2017 ʛ. 
ʈʘʟʜʝʣ III . ʉʫʜʦʩʪʨʦʝʥʠʝ, ʩʫʜʦʨʝʤʦʥʪ ʠ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʫʜʥʘ 
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ʨʦʜʮʘ ʜʦ ʅʠʞʥʝʛʦ ʅʦʚʛʦʨʦʜʘ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ 2016 ʠ 2017 ʛ. ɺʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 

ʠʟʤʝʨʝʥʠʡ 2017 ʛʦʜʘ ʷʚʣʷʝʪʩʷ ʧʨʦʭʣʘʜʥʦʝ ʠ ʜʦʞʜʣʠʚʦʝ ʥʘʯʘʣʦ ʣʝʪʘ, ʧʨʘʢʪʠʯʝʩʢʠ 
ʧʦʣʥʳʤ ʦʪʩʫʪʩʪʚʠʝʤ ʩʦʣʥʝʯʥʳʭ ʜʥʝʡ ʠ ʟʘʤʝʜʣʝʥʠʝʤ ʧʨʦʛʨʝʚʘ ʚʦʜʳ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

çʧʠʢ ʮʚʝʪʝʥʠʷè ʚʦʜʦʭʨʘʥʠʣʠʱ ʩʤʝʩʪʠʣʩʷ ʩ ʠʶʣʷ ʥʘ ʘʚʛʫʩʪ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 2, ʘ ʠ ʙ, ʜʣʷ ʚʦʜ ɻʦʨʴʢʦʚʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʭʘʨʘʢʪʝʨʥʳ 

ʧʦʚʳʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʨʅ ʚ ʧʝʨʠʦʜ çʮʚʝʪʝʥʠʷè ʩʠʥʝʟʝʣʝʥʳʭ ʚʦʜʦʨʦʩʣʝʡ ʚ ʠʶʣʝ 2016ʛ 

ʠ ʘʚʛʫʩʪʝ 2017 ʛ. ɺʦʜʳ ʨʝʯʥʦʛʦ ʫʯʘʩʪʢʘ ʦʪ ɻʦʨʦʜʮʘ ʜʦ ʅʠʞʥʝʛʦ ʅʦʚʛʦʨʦʜʘ ʦʙʣʘʜʘʶʪ 

ʩʪʘʙʠʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʨʅ, ʨʘʚʥʳʤʠ 7,5ï7,8. ɺ ʠʶʣʝ 2017 ʛʦʜʘ ʧʨʠʪʦʢʠ ʉʘʥʘʭʪʘ ʠ 

ʊʨʦʮʘ ʥʝ ʦʪʣʠʯʘʣʠʩʴ ʚʝʣʠʯʠʥʦʡ ʨʅ ʦʪ ʚʦʜ ʚʦʜʦʭʨʘʥʠʣʠʱʘ, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʣʷʣʘ 7,5ï

7,6. ɺ ʘʚʛʫʩʪʝ 2017 ʛʦʜʘ ʚʦ ʚʨʝʤʷ çʧʠʢʘ ʮʚʝʪʝʥʠʷè (ʨʠʩ. 2, ʙ) ʟʥʘʯʝʥʠʷ ʨʅ ʚ ɻʦʨʴʢʦʚ-

ʩʢʦʤ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʜʦʩʪʠʛʘʣʠ ʢʨʠʪʠʯʝʩʢʠʭ 9 ʝʜʠʥʠʮ, ʧʨʠ ʵʪʦʤ ʚ ʧʨʠʪʦʢʘʭ ʥʘʙʣʶʜʘ-

ʣʠʩʴ ʟʥʘʯʝʥʠʷ ʨʅ ʜʘʞʝ ʯʫʪʴ ʙʦʣʴʰʠʝ, ʯʝʤ ʚ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʥʘʧʨʦʪʠʚ ʠʭ ʫʩʪʴʷ. ʇʨʠ 

ʵʪʦʤ ʚʠʟʫʘʣʴʥʦ ʥʘʙʣʶʜʘʣʦʩʴ ʙʫʨʥʦʝ çʮʚʝʪʝʥʠʝè ʢʘʢ ʥʘ ʩʘʤʦʤ ʚʦʜʦʭʨʘʥʠʣʠʱʝ, ʪʘʢ ʠ ʚ 

ʧʨʠʪʦʢʘʭ. ʋʨʦʚʝʥʴ ʨʅ ʚʦʜ ʨ. ʆʢʘ ʙʳʣ ʥʝʠʟʤʝʥʥʦ ʚʳʩʦʢʠʤ ʚ ʦʙʘ ʣʝʪʥʠʭ ʧʝʨʠʦʜʘ, ʦʜ-
ʥʘʢʦ ʚʦ ʚʨʝʤʷ çʧʠʢʘ ʮʚʝʪʝʥʠʷè ʥʘʙʣʶʜʘʣʦʩʴ ʧʦʚʳʰʝʥʠʝ ʨʅ ʝʱʝ ʥʘ 0,4ï0,6 ʝʜʠʥʠʮ. 

 

 

ʘ) 

 

ʙ) 
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ʚ) 

 

ʛ) 

 

ʜ) 
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ʝ) 

 
ʞ) 

 
ʟ) 

ʈʠʩ. 2. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚʦʜʳ ʚ ɻʦʨʴʢʦʚ-
ʩʢʦʤ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʠ ʧʨʠʪʦʢʘʭ ʣʝʪʦʤ 2016 ʠ 2017 ʛʦʜʘ: ʘ) ʨʘʩʧʨʝʜʝʣʝ-
ʥʠʝ ʚʦʜʦʨʦʜʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʨʅ ʚ ʠʶʣʝ 2016 ʛ. ʠ ʠʶʣʝ 2017 ʛ; ʙ) ʨʘʩʧʨʝ-
ʜʝʣʝʥʠʝ ʚʦʜʦʨʦʜʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʨʅ ʚ ʘʚʛʫʩʪʝ 2016 ʛ. ʠ ʘʚʛʫʩʪʝ 2017 ʛ;  
ʚ) ʦʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʩʦʣʝʡ ʚ ʠʶʣʝ 2016 ʠ 2017 ʛ.; ʛ) ʦʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ 
ʩʦʣʝʡ ʚ ʘʚʛʫʩʪʝ 2016 ʠ 2017 ʛ.; ʜ) ʩʦʜʝʨʞʘʥʠʝ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ 
ʚ ʠʶʣʝ 2016 ʠ 2017 ʛ.; ʝ) ʩʦʜʝʨʞʘʥʠʝ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʚ ʘʚʛʫʩʪʝ 
2016 ʠ 2017 ʛ.; ʞ) ʩʦʜʝʨʞʘʥʠʝ ʣʝʢʛʦʦʢʠʩʣʷʝʤʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ 

ʧʦ ʚʝʣʠʯʠʥʝ ɹʇʂ5 ʚ ʠʶʣʝ 2016 ʠ 2017 ʛ.; ʟ) ʩʦʜʝʨʞʘʥʠʝ ʣʝʢʛʦʦʢʠʩʣʷʝ-
ʤʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʧʦ ʚʝʣʠʯʠʥʝ ɹʇʂ5 ʚ ʘʚʛʫʩʪʝ 2016 ʠ 2017 ʛ. 
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ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 2, ʚ, ʛ, ʠʟʤʝʥʝʥʠʷ ʩʦʣʝʩʦʜʝʨʞʘʥʠʷ ʚ ʚʦʜʘʭ ɻʦʨʴʢʦʚʩʢʦʛʦ ʚʦʜʦ-

ʭʨʘʥʠʣʠʱʘ ʧʦʜ ʚʣʠʷʥʠʝʤ ʧʨʠʪʦʢʦʚ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ, ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʥʘʙʣʶʜʘʶʪʩʷ ʦʪ-
ʣʠʯʠʷ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʨ. ʆʢʘ ï ʝʝ ʚʦʜʳ ʩʦʜʝʨʞʘʪ ʚ 2,5 ʨʘʟʘ ʙʦʣʴʰʝ ʤʠʥʝʨʘʣʴ-

ʥʳʭ ʚʝʱʝʩʪʚ ʠ, ʢʘʢ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ ʥʠʞʝ, ʦʢʘʟʳʚʘʪʁ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʦʣʝ-

ʚʦʡ ʩʦʩʪʘʚ ʚʦʜ ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʥʠʞʝ ʏʝʙʦʢʩʘʨʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ. 

ʉʦʜʝʨʞʘʥʠʝ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʚ 2017 ʛʦʜʫ ʦʢʘʟʘʣʦʩʴ ʚʳʰʝ, ʯʝʤ ʚ ʧʨʝʜʳ-

ʜʫʱʝʤ, ʥʘ ʚʩʝʭ ʫʯʘʩʪʢʘʭ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʜʦʞʜʣʠʚʳʤ ʠ ʧʨʦʭʣʘʜʥʳʤ ʣʝʪʦʤ 

2017 ʛʦʜʘ. ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ çʧʠʢʫ 

ʮʚʝʪʝʥʠʷè, ʢʦʪʦʨʳʡ ʚ 2016 ʛʦʜʫ ʧʨʠʰʝʣʩʷ ʥʘ ʠʶʣʴ ï ʥʘʯʘʣʦ ʘʚʛʫʩʪʘ, ʘ ʚ 2017 ʛʦʜʫ ï 

ʥʘ ʩʝʨʝʜʠʥʫ ʘʚʛʫʩʪʘ. ʅʘ ʨʠʩ. 2, ʝ ʚʠʜʝʥ çʩʢʘʯʦʢè ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʨʦʜʘ ʚ ɻʦʨʴʢʦʚ-

ʩʢʦʤ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʚ ʘʚʛʫʩʪʝ 2017 ʛʦʜʘ, ʚ ʧʝʨʠʦʜ ʝʛʦ ʙʫʨʥʦʛʦ çʮʚʝʪʝʥʠʷè. ɺʣʠʷʥʠʝ 

ʧʨʠʪʦʢʦʚ ʥʘ ʢʠʩʣʦʨʦʜʥʳʡ ʨʝʞʠʤ ʚʦʜʦʭʨʘʥʠʣʠʱʘ, ʥʝʟʘʤʝʪʥʦʝ ʚ ʧʝʨʠʦʜ ʜʦʞʜʝʡ ʚ ʠʶ-

ʣʝ 2017 ʛ. (ʨʠʩ. 2, ʜ), ʩʪʘʥʦʚʠʪʩʷ ʦʪʯʝʪʣʠʚʦ ʟʘʤʝʪʥʦ ʚ ʘʚʛʫʩʪʝ ʚ ʧʝʨʠʦʜ ʤʘʩʩʦʚʦʛʦ ʨʘʟ-

ʚʠʪʠʷ ʩʠʥʝʟʝʣʝʥʳʭ ʚʦʜʦʨʦʩʣʝʡ. ʂʘʢ ʚʠʜʥʦ ʥʘ ʨʠʩ. 2, ʝ, ʚʦʜʳ ʉʘʥʘʭʪʳ ʠ ʚʦʜʦʭʨʘʥʠʣʠ-
ʱʘ ʥʘʧʨʦʪʠʚ ʵʪʦʛʦ ʧʨʠʪʦʢʘ ʩʠʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʬʦʥʦʚʳʭ ʟʥʘʯʝʥʠʡ ʧʦ ʚʦʜʦʭʨʘʥʠ-

ʣʠʱʫ (ʩʤ. ʥʘʧʨʠʤʝʨ, ʧʫʥʢʪ ʏʢʘʣʦʚʩʢ, ʣʝʚʳʡ ʙʝʨʝʛ). ʉʦʭʨʘʥʷʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢ ʙʦʣʝʝ 

ʚʳʩʦʢʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʢʠʩʣʦʨʦʜʘ ʚ ʚʦʜʘʭ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʠ ʨ. ʆʢʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʨʝʯʥʳʤ ʫʯʘʩʪʢʦʤ ʦʪ ɻʦʨʦʜʮʘ ʜʦ ʅʠʞʥʝʛʦ ʅʦʚʛʦʨʦʜʘ.  

ʇʦʩʪʫʧʣʝʥʠʝ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʦʪ ʧʨʠʪʦʢʦʚ ʚ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʤʦʞʥʦ ʦʮʝ-

ʥʠʪʴ ʧʦ ʦʙʦʙʱʝʥʥʦʤʫ ʧʦʢʘʟʘʪʝʣʶ ʩʦʜʝʨʞʘʥʠʷ ʚ ʚʦʜʝ ʣʝʛʢʦʦʢʠʩʣʷʝʤʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʚʝʱʝʩʪʚ ʧʦ ʚʝʣʠʯʠʥʝ ɹʇʂ5. ʂʘʢ ʚʠʜʥʦ ʥʘ ʨʠʩ. 2, ʞ ʠ ʟ, ʚʦʜʳ ʉʘʥʘʭʪʳ ʠ ʊʨʦʮʳ ʚ ʠʶʣʝ 

2017 ʛ. ʫʚʝʣʠʯʠʚʘʣʠ ʟʥʘʯʝʥʠʷ ɹʇʂ5 ʚʦʜ ʚʦʜʦʭʨʘʥʠʣʠʱʘ. ɺ ʘʚʛʫʩʪʝ 2017 ʛ. ʙʠʦʭʠʤʠʯʝ-

ʩʢʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʢʠʩʣʦʨʦʜʘ ʚ ʵʪʠʭ ʧʨʠʪʦʢʘʭ ʠ ʚ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʥʘʧʨʦʪʠʚ ʥʠʭ ʙʳʣʦ 

ʤʘʢʩʠʤʘʣʴʥʳʤ ʠʟ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʫʯʘʩʪʢʦʚ ʠ ʩʦʩʪʘʚʠʣʦ ʦʢʦʣʦ 1,8 ʇɼʂ. ɺʝʨʦʷʪ-

ʥʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʳʤʠ ʩʢʦʨʦʩʪʷʤʠ ʪʝʯʝʥʠʡ ʥʘ ʜʘʥʥʦʤ ʫʯʘʩʪʢʝ ʚʦʜʦ-
ʭʨʘʥʠʣʠʱʘ (ʤʝʥʝʝ 0,1 ʤ/ʩ ʚ ʤʝʞʝʥʴ) [9] ʠ ʥʘʢʦʧʣʝʥʠʝʤ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʚʦʜʦ-

ʭʨʘʥʠʣʠʱʝ ʥʝʧʦʜʘʣʝʢʫ ʦʪ ʫʩʪʴʷ. 

ɺʣʠʷʥʠʝ ʧʨʠʪʦʢʦʚ ʥʘ ʢʘʯʝʩʪʚʦ ʚʦʜ ʏʝʙʦʢʩʘʨʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʦʮʝʥʠʚʘʣʦʩʴ ʧʦ 

ʘʥʘʣʦʛʠʯʥʦʤʫ ʢʦʤʧʣʝʢʩʫ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ (ʨʠʩ. 3).  

 

 

ʘ) 
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ʙ) 

 
ʚ) 

 
ʛ) 

ʈʠʩ. 3. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚʦʜʳ ʚ ʏʝʙʦʢʩʘʨ-
ʩʢʦʤ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʠ ʧʨʠʪʦʢʘʭ ʂʫʜʴʤʝ ʠ ʂʝʨʞʝʥʮʝ ʚ ʠʶʣʝ ʠ ʩʝʥʪʷʙʨʝ 
2017 ʛ: ʘ) ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʩʦʣʝʡ; ʙ) ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʦ-
ʜʦʨʦʜʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʨʅ; ʚ) ʩʦʜʝʨʞʘʥʠʝ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ; ʛ) ʩʦ-
ʜʝʨʞʘʥʠʝ ʣʝʛʢʦʦʢʠʩʣʷʝʤʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʧʦ ʚʝʣʠʯʠʥʝ ɹʇʂ5. 



ʄ.ɺ. ʉʤʠʨʥʦʚʘ, ɽ.ʖ. ʏʝʙʘʥ, ɽ.ɺ. ɺʦʣʦʜʯʝʥʢʦ, ɽ.ʖ. ɹʝʨʜʥʠʢʦʚʘ, ɽ.ʉ. ʉʦʣʠʥʘ 
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ɺʣʠʷʥʠʝ ʧʨʠʪʦʢʦʚ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʏʝʙʦʢʩʘʨʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʤʦʞʥʦ ʦʮʝʥʠʪʴ 

ʧʦ ʠʟʤʝʥʝʥʠʶ ʩʦʣʝʩʦʜʝʨʞʘʥʠʷ ʚʦʜ ʧʦʩʣʝ ʚʧʘʜʝʥʠʷ ʧʨʠʪʦʢʦʚ. ʊʘʢ, ʚʦʜʳ ʏʝʙʦʢʩʘʨʩʢʦ-
ʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʧʦʩʣʝ ʚʧʘʜʝʥʠʷ ʨ. ʆʢʘ ʩʦʜʝʨʞʘʪ ʚ ʩʨʝʜʥʝʤ 210ï230 ʤʛ/ʣ ʩʦʣʝʡ. 

ɺʦʜʳ ʂʫʜʴʤʳ, ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʢʘʨʩʪʦʚʦʡ ʧʨʠʨʦʜʝ, ʟʘʤʝʪʥʦ ʚʳʜʝʣʷʶʪʩʷ ʚʳʩʦʢʠʤ ʩʦ-

ʣʝʩʦʜʝʨʞʘʥʠʝʤ, ʩʦʩʪʘʚʣʷʶʱʠʤ ʙʦʣʝʝ 600 ʤʛ/ʣ, ʘ ʚ ʣʝʪʥʠʝ ʤʝʩʷʮʳ ʜʦʩʪʠʛʘʶʱʠʤ 700 

ʤʛ/ʣ. ʆʜʥʘʢʦ ʚ ʧʨʦʮʝʩʩʝ ʧʦʣʝʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʚʘʞʥʘʷ ʦʩʦʙʝʥ-

ʥʦʩʪʴ: ʪʝʯʝʥʠʝ ʚ ʨʘʡʦʥʝ ʫʩʪʴʷ ʂʫʜʴʤʳ ʥʘʧʨʘʚʣʝʥʦ ʠʟ ɺʦʣʛʠ ʚ ʂʫʜʴʤʫ, ʘ ʥʝ ʥʘʦʙʦʨʦʪ. 

ɺʦʜʳ ɺʦʣʛʠ ʚʭʦʜʷʪ ʚ ʫʩʪʴʝ ʂʫʜʴʤʳ ʠ ʨʘʟʙʘʚʣʷʶʪ ʝʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʧʦʪʦʢ ʦʪ 

ʫʩʪʴʷ ʂʫʜʴʤʳ ʜʦ ʚʳʭʦʜʘ ʝʝ ʚ ɻʨʷʟʥʦʤ ʟʘʪʦʥʝ ʧʦ ʩʦʣʝʚʦʤʫ ʩʦʩʪʘʚʫ ʙʣʠʟʦʢ ʢ ɺʦʣʞʩʢʠʤ 

ʚʦʜʘʤ. (ʨʠʩ. 3, ʘ). ɺʣʠʷʥʠʷ ʨ. ʂʫʜʴʤʘ ʥʘ ʫʯʘʩʪʦʢ ʏʝʙʦʢʩʘʨʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʥʘ-

ʧʨʦʪʠʚ ɻʨʷʟʥʦʛʦ ʟʘʪʦʥʘ ʥʝ ʦʙʥʘʨʫʞʝʥʦ. ɺʝʨʦʷʪʥʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦ-

ʢʠʤʠ ʩʢʦʨʦʩʪʷʤʠ ʪʝʯʝʥʠʡ ʥʘ ʜʘʥʥʦʤ ʫʯʘʩʪʢʝ ʚʦʜʦʭʨʘʥʠʣʠʱʘ (ʧʦʨʷʜʢʘ 0,6 ʤ/ʩ ʚ ʤʝ-

ʞʝʥʴ) [10], ʠ ʙʳʩʪʨʳʤ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʚʦʜ ʂʫʜʴʤʳ ʩ ɺʦʣʞʩʢʠʤʠ. ʂʝʨʞʝʥʝʮ, ʥʘʧʨʦ-

ʪʠʚ, ʢʘʢ ʠ ʚʩʝ ʧʨʠʪʦʢʠ, ʙʝʨʫʱʠʝ ʥʘʯʘʣʦ ʚ ʟʘʚʦʣʞʩʢʠʭ ʣʝʩʘʭ, ʠʤʝʝʪ ʤʠʥʠʤʘʣʴʥʫʶ ʤʠ-
ʥʝʨʘʣʠʟʘʮʠʶ, ʩʦʩʪʘʚʣʷʶʱʫʶ ʦʢʦʣʦ 50 ʤʛ/ʣ, ʠ ʧʨʠʚʥʦʩʠʪ ʩʚʦʡ ʚʢʣʘʜ ʚ ʨʘʟʙʘʚʣʝʥʠʝ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʚʦʜ ʏʝʙʦʢʩʘʨʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ. ʕʪʦ ʚʣʠʷʥʠʝ ʩʪʘʥʦʚʠʪʩʷ ʟʘ-

ʤʝʪʥʳʤ ʙʣʘʛʦʜʘʨʷ ʩʥʠʟʠʚʰʠʤʩʷ ʩʢʦʨʦʩʪʷʤ ʪʝʯʝʥʠʡ ʥʘ ʵʪʦʤ ʫʯʘʩʪʢʝ ʚʦʜʦʭʨʘʥʠʣʠʱʘ 

(ʦʢʦʣʦ 0,3 ʤ/ʩ ʚ ʤʝʞʝʥʴ) [10]. ʇʦʩʣʝ ʂʝʨʞʝʥʮʘ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʚʦʜʳ ʚ ʏʝʙʦʢʩʘʨʩʢʦʤ 

ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʩʥʠʞʘʝʪʩʷ ʜʦ 110ï120 ʤʛ/ʣ ʫ ʣʝʚʦʛʦ ʙʝʨʝʛʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʫ ʧʨʘʚʦʛʦ 

ʙʝʨʝʛʘ, ʥʘʧʨʦʪʠʚ ʚʧʘʜʝʥʠʷ ʉʫʥʜʦʚʠʢʘ ʚʦʜʳ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʩʦʭʨʘʥʷʶʪ ʢʦʥʮʝʥʪʨʘʮʠʶ 

ʩʦʣʝʡ ʦʢʦʣʦ 150 ʤʛ/ʣ.  

ɿʥʘʯʝʥʠʝ ʚʦʜʦʨʦʜʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʨʅ ʚʦʜʳ ʏʝʙʦʢʩʘʨʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ, ʚʢʣʶ-

ʯʘʷ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʧʨʠʪʦʢʠ, ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʤʘʨʰʨʫʪʘ ʠʟʤʝʨʝʥʠʡ ʩʦʩʪʘʚʣʷʣʦ 

7,7ï8,2. ʆʪʣʠʯʘʣʠʩʴ ʧʦ ʚʝʣʠʯʠʥʝ ʨʅ ʪʦʣʴʢʦ ʚʦʜʳ ʂʝʨʞʝʥʮʘ, ʢʦʪʦʨʳʝ ʠʤʝʣʠ ʟʥʘʯʝʥʠʷ 

ʦʢʦʣʦ 7,0 ʠ ʚ ʠʶʣʝ ʦʢʘʟʳʚʘʣʠ ʚʣʠʷʥʠʝ ʥʘ ʚʦʜʦʨʦʜʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʚʦʜ ʫ ʣʝʚʦʛʦ ʙʝʨʝʛʘ 
ʚʦʜʦʭʨʘʥʠʣʠʱʘ. 

ʂʠʩʣʦʨʦʜʥʳʡ ʨʝʞʠʤ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʏʝʙʦʢʩʘʨʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʚ ʣʝʪʥʠʡ ʧʝ-

ʨʠʦʜ ʩʦʭʨʘʥʷʣʩʷ ʙʣʘʛʦʧʨʠʷʪʥʳʤ. ʉʦʜʝʨʞʘʥʠʝ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʥʘ ʚʩʝʤ ʠʩ-

ʩʣʝʜʦʚʘʥʥʦʤ ʫʯʘʩʪʢʝ ʙʳʣʦ ʚʳʰʝ ʤʠʥʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʛʦ ʟʥʘʯʝʥʠʷ, ʨʘʚʥʦʛʦ 6 ʤʛ/ʣ. 

ʅʘʠʤʝʥʴʰʠʝ ʟʥʘʯʝʥʠʷ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʠʶʣʝ 2017 ʛ. ʚ ʂʝʨ-

ʞʝʥʮʝ ʠ ʫ ʣʝʚʦʛʦ ʙʝʨʝʛʘ ʏʝʙʦʢʩʘʨʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʥʠʞʝ ʚʧʘʜʝʥʠʷ ʂʝʨʞʝʥʮʘ ʠ 

ʩʦʩʪʘʚʠʣʠ ʦʪ 6,43 ʜʦ 6,69 ʤʛ/ʣ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʭʦʨʦʰʠʡ ʢʠʩʣʦʨʦʜʥʳʡ ʨʝʞʠʤ, ʚʦʜʳ ʏʝʙʦʢʩʘʨʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ 

ʠ ʧʨʠʪʦʢʦʚ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʧʝ-

ʨʝʩʯʠʪʘʥʥʳʭ ʥʘ ɹʇʂ5. ɺ ʠʶʣʝ 2017 ʛ. ʧʨʝʚʳʰʝʥʠʝ ʇɼʂ ʧʦ ʵʪʦʤʫ ʧʦʢʘʟʘʪʝʣʶ ʩʦʩʪʘ-

ʚʠʣʦ 1,3ï2,3 ʨʘʟʘ. ʅʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ɹʇʂ5 ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʨ. ʂʫʜʴʤʘ ʚ ʨʘʡʦʥʝ ʣʦ-

ʜʦʯʥʦʡ ʩʪʘʥʮʠʠ ʠ ʥʠʞʝ ɻʨʷʟʥʦʛʦ ʟʘʪʦʥʘ. ʊʘʢʞʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ɹʇʂ5 ʥʘʙʣʶʜʘʣʠʩʴ 
ʚ ʂʝʨʞʝʥʮʝ ʠ ʧʦ ʣʝʚʦʤʫ ʙʝʨʝʛʫ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʥʠʞʝ ʚʧʘʜʝʥʠʷ ʂʝʨʞʝʥʮʘ. ɺ ʩʝʥʪʷʙʨʝ 

ʟʥʘʯʝʥʠʷ ɹʇʂ5 ʩʥʠʟʠʣʠʩʴ ʥʘ ʚʩʝʭ ʫʯʘʩʪʢʘʭ, ʦʜʥʘʢʦ ʚʩʝ ʞʝ ʧʨʝʚʳʰʘʣʠ ʇɼʂ ʚ 1,2ï1,6 

ʨʘʟʘ, ʠ ʪʦʣʴʢʦ ʚ ʂʫʜʴʤʝ ʟʥʘʯʝʥʠʷ ɹʇʂ5 ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʠʣʠʩʴ ʠ ʩʦʩʪʘʚʠʣʠ 1,7 

ʇɼʂ ʚ ʨʘʡʦʥʝ ʣʦʜʦʯʥʦʡ ʩʪʘʥʮʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʚʣʠʷʥʠʝ ʧʨʠʪʦʢʦʚ ʥʘ ʛʠʜʨʦ-

ʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʚʦʜʦʭʨʘʥʠʣʠʱ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʦ ʪʦʣʴʢʦ ʧʨʠ ʟʥʘʯʠʪʝʣʴ-

ʥʦʤ ʦʪʢʣʦʥʝʥʠʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʵʪʠʭ ʧʨʠʪʦʢʦʚ ʦʪ ʩʦʩʪʘʚʘ ʚʦʜ ʚʦʜʦʭʨʘʥʠʣʠʱ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʣʠʷʥʠʝ ʧʨʠʪʦʢʦʚ ʩʦʭʨʘʥʷʝʪʩʷ ʥʘ ʫʯʘʩʪʢʘʭ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʩ ʤʘʣʳ-

ʤʠ ʩʢʦʨʦʩʪʷʤʠ ʪʝʯʝʥʠʡ, ʠ ʚʳʥʦʩ ʧʨʠʤʝʩʝʡ ʧʨʦʠʩʭʦʜʠʪ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʧʝʨʝʭʦʜʥʦʡ 

ʟʦʥʳ, ʚ ʢʦʪʦʨʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʣʘʚʥʦ ʤʝʥʷʶʪʩʷ ʦʪ ʟʥʘʯʝʥʠʡ ʚ ʧʨʠʪʦʢʘʭ ʜʦ ʟʥʘʯʝʥʠʡ ʚ 

ʚʦʜʦʭʨʘʥʠʣʠʱʝ. ʅʘ ʫʯʘʩʪʢʘʭ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʩ ʙʳʩʪʨʳʤ ʪʝʯʝʥʠʝʤ ʚʦʜʳ ʧʨʠʪʦʢʦʚ ʩʨʘ-
ʟʫ ʧʝʨʝʤʝʰʠʚʘʶʪʩʷ ʩ ʚʦʜʘʤʠ ʚʦʜʦʭʨʘʥʠʣʠʱʘ, ʠ ʧʝʨʝʭʦʜʥʘʷ ʟʦʥʘ ʦʢʘʟʳʚʘʝʪʩʷ ʩʣʠʰ-

ʢʦʤ ʤʘʣʦʡ, ʯʪʦʙʳ ʦʙʥʘʨʫʞʠʪʴ ʚʳʥʦʩ ʧʨʠʤʝʩʝʡ ʠʟ ʧʨʠʪʦʢʘ ʚ ʚʦʜʦʭʨʘʥʠʣʠʱʝ. ɼʣʷ ʧʦ-

ʣʫʯʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʛʦ ʦʪʚʝʪʘ ʦ ʚʣʠʷʥʠʠ ʧʨʠʪʦʢʦʚ ʥʘ ʚʦʜʳ ʚʦʜʦʭʨʘʥʠʣʠʱ ʥʝʦʙʭʦʜʠʤʦ 

ʚʳʧʦʣʥʠʪʴ ʧʨʦʬʠʣʠʨʦʚʘʥʠʝ ʪʝʯʝʥʠʡ ʚ ʫʩʪʴʷʭ ʵʪʠʭ ʨʝʢ ʠ ʚ ʚʦʜʦʭʨʘʥʠʣʠʱʘʭ ʥʘʧʨʦʪʠʚ 

ʥʠʭ. 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 53, 2017 ʛ. 
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4. ɺʳʚʦʜʳ 

ï ʧʨʦʚʝʜʝʥʳ ʛʠʜʨʦʵʢʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʶʞʥʦʡ ʯʘʩʪʠ ɻʦʨʴʢʦʚʩʢʦʛʦ ʚʦ-
ʜʦʭʨʘʥʠʣʠʱʘ ʠ ʝʛʦ ʧʨʠʪʦʢʘʭ, ʘ ʪʘʢʞʝ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʏʝʙʦʢʩʘʨʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ 

ʩ ʧʨʠʪʦʢʘʤʠ. ɿʘ 4 ʨʝʡʩʘ ʧʨʦʡʜʝʥ ʧʫʪʴ ʦʢʦʣʦ 750 ʢʤ ʠ ʚʳʧʦʣʥʝʥʦ ʙʦʣʝʝ 1200 ʘʥʘʣʠʟʦʚ; 

ï ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʮʝʣʦʤ, ʙʣʘʛʦʜʘʨʷ ʧʨʦʭʣʘʜʥʦʤʫ ʠ ʜʦʞʜʣʠʚʦʤʫ ʣʝʪʫ, ʢʠʩʣʦ-

ʨʦʜʥʳʡ ʨʝʞʠʤ ʚ ɻʦʨʴʢʦʚʩʢʦʤ ʠ ʏʝʙʦʢʩʘʨʩʢʦʤ ʚʦʜʦʭʨʘʥʠʣʠʱʘʭ ʠ ʠʭ ʧʨʠʪʦʢʘʭ ʦʩʪʘ-

ʚʘʣʩʷ ʙʣʘʛʦʧʨʠʷʪʥʳʤ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʣʝʪʘ, ʘ çʮʚʝʪʝʥʠʝè ʩʠʥʝʟʝʣʸʥʳʭ ʚʦʜʦʨʦʩ-

ʣʝʡ ʥʘʯʘʣʦʩʴ ʪʦʣʴʢʦ ʚ ʘʚʛʫʩʪʝ ʩ ʥʘʩʪʫʧʣʝʥʠʝʤ ʪʝʧʣʦʡ ʠ ʩʦʣʥʝʯʥʦʡ ʧʦʛʦʜʳ; 

ï ʦʪʤʝʯʝʥʦ ʚʣʠʷʥʠʝ ʨʝʢ ʉʘʥʘʭʪʘ ʠ ʊʨʦʮʘ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʧʦ 

ʚʝʣʠʯʠʥʝ ɹʇʂ5 ʚ ʚʦʜʝ ɻʦʨʴʢʦʚʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ, ʘ ʪʘʢʞʝ ʨʝʢʠ ʂʝʨʞʝʥʝʮ ʥʘ ʏʝ-

ʙʦʢʩʘʨʩʢʦʝ ʚʦʜʦʭʨʘʥʠʣʠʱʝ. ɺʣʠʷʥʠʝ ʨ. ʂʫʜʴʤʘ ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʥʝ ʫʜʘʣʦʩʴ, 

ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʚʚʠʜʫ ʝʝ ʩʠʣʴʥʦʛʦ ʨʘʟʙʘʚʣʝʥʠʷ ʚ ʫʩʪʴʝ ʥʘʧʨʦʪʠʚ ʩ. ʂʘʜʥʠʮʳ ʝʱʝ 

ʜʦ ʚʧʘʜʝʥʠʷ ʚ ʏʝʙʦʢʩʘʨʩʢʦʝ ʚʦʜʦʭʨʘʥʠʣʠʱʝ. 

ï ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʫʩʪʘʥʦʚʣʝʥʘ ʩʚʷʟʴ ʤʝʞʜʫ ʚʳʥʦʩʦʤ ʟʘʛʨʷʟʥʝʥʠʡ ʧʨʠʪʦʢʘ-
ʤʠ ʚ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʠ ʩʢʦʨʦʩʪʷʤʠ ʪʝʯʝʥʠʡ ʚ ʫʩʪʴʷʭ ʧʨʠʪʦʢʦʚ ʠ ʚ ʩʘʤʦʤ ʚʦʜʦʭʨʘʥʠ-

ʣʠʱʝ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʚʫʭ ʨʘʟʥʳʭ ʧʦ ʩʢʦʨʦʩʪʥʦʤʫ ʨʝʞʠ-

ʤʫ ʫʯʘʩʪʢʦʚ ɻʦʨʴʢʦʚʩʢʦʛʦ ʠ ʏʝʙʦʢʩʘʨʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱ, ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, 

ʯʪʦ ʚʣʠʷʥʠʝ ʧʨʠʪʦʢʦʚ ʥʘʠʙʦʣʝʝ ʟʘʤʝʪʥʦ ʧʨʠ ʤʘʣʳʭ ʩʢʦʨʦʩʪʷʭ ʪʝʯʝʥʠʡ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ 

ʜʦʩʪʦʚʝʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʣʠʷʥʠʠ ʧʨʠʪʦʢʦʚ ʥʘ ʚʦʜʳ ʚʦʜʦʭʨʘʥʠʣʠʱ ʥʝʦʙʭʦʜʠʤʦ 

ʚʳʧʦʣʥʠʪʴ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦʝ ʧʨʦʬʠʣʠʨʦʚʘʥʠʝ ʪʝʯʝʥʠʡ ʚ ʫʩʪʴʷʭ ʵʪʠʭ ʨʝʢ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʦʙʱʝʩʪʚʝʥʥʦʡ ʦʨ-

ʛʘʥʠʟʘʮʠʠ çʈʫʩʩʢʦʝ ʛʝʦʛʨʘʬʠʯʝʩʢʦʝ ʦʙʱʝʩʪʚʦè (ʈɻʆ) ʚ ʨʘʤʢʘʭ ʛʨʘʥʪʦʚʦʛʦ ʧʨʦʝʢʪʘ 

ʈɻʆ çʕʢʩʧʝʜʠʮʠʷ çʇʣʘʚʫʯʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ɺʦʣʞʩʢʦʛʦ ʙʘʩʩʝʡʥʘè (ɼʦʛʦʚʦʨ ˉ 04/2017-

ʈ) ʠ ʈʌʌʀ (ʇʨʦʝʢʪ 15-45-02690). 
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HYDRO-ECOLOGICAL RESEARCH  OF THE GORKY  

AND CHEBOKSARY RESERVOIRS SITES  

AND THEIR TRIBUTARIE S IN SUMMER OF 2017 
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E.Yu. Berdnikova, E.S. Solina  
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The results of hydro-ecological studies in the lake area of the Gorky reservoir and on the site 
of the Cheboksary reservoir and their tributaries are ʩonsidered. The influence of r. 

Sanakhta and r. Trotsa on the content of organic substances in the value of BOD5 in the wa-
ter of the Gorky reservoir, and the r. Kerzhenets into the Cheboksary reservoir was observed. 
The water of r. Kudma is heavily diluted with the Volga flow, which enter at the mouth of 
r. Kudma opposite Kadnitsy. That is why its influence on the Cheboksary reservoir is not no-
ticeable. It has been defined that the removal of impurities from tributaries to the reservoir 
strongly depends on the flow velocity at the mouth of tributaries and in the reservoir. The 
preliminary results of the study on two different high-speed mode sections of the Gorky and 
Cheboksary reservoirs, showed that the influence of tributaries is most noticeable at low ve-

locities in the reservoir. 

ʉʪʘʪʴʷ ʧʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ 30.10.2017 ʛ. 
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ɽ.ʖ. ʏʝʙʘʥ, ʜʦʮʝʥʪ, ʢ.ʪ.ʥ. ʌɻɹʆʋ ɺʆ çɺɻʋɺʊè 

ʅ.ɽ. ɿʦʪʦʚʘ, ʩʪʫʜʝʥʪʢʘ ʌɻɹʆʋ ɺʆ çɺɻʋɺʊè 

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

ʆʇʊʀʄʀɿɸʎʀʗ ʌʆʈʄʓ ʂʆʈʇʋʉɸ ʂɸʊɽʈɸ  

ʅɸ ʉʆʃʅɽʏʅʓʍ ɹɸʊɸʈɽʗʍ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ 

ʄɽʊʆɼʆɺ ɺʓʏʀʉʃʀʊɽʃʔʅʆʁ ɻʀɼʈʆɼʀʅɸʄʀʂʀ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʛʠʜʨʦʜʠʥʘʤʠʢʘ, ʦʧʪʠʤʠʟʘʮʠʷ ʬʦʨʤʳ ʢʦʨʧʫʩʘ, ʢʦʨʘ-
ʙʝʣʴʥʳʝ ʚʦʣʥʳ, ʚʦʣʥʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʤʦʜʝʣʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ, ʨʘʩʯʝʪʥʘʷ ʩʝʪʢʘ 
 
ɺʳʧʦʣʥʝʥʘ ʧʨʦʨʘʙʦʪʢʘ ʬʦʨʤʳ ʢʦʨʧʫʩʘ ʢʘʪʝʨʘ ʥʘ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʷʭ, ʩ ʮʝʣʴʶ ʦʙʝʩ-
ʧʝʯʝʥʠʷ ʤʠʥʠʤʘʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʅʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ 
ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ NUMECAFineMarineTM ʠʩʩʣʝʜʦʚʘʥʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʘʪʝʨʘ ʩ 
ʜʚʫʤʷ ʚʘʨʠʘʥʪʘʤʠ ʧʦʧʣʘʚʢʦʚ. ʈʘʟʨʘʙʦʪʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʠʭ ʬʦʨʤʝ ʩ ʫʯʝʪʦʤ ʩʢʦ-
ʨʦʩʪʝʡ ʜʚʠʞʝʥʠʷ ʢʘʪʝʨʘ. 

1. ɺʚʝʜʝʥʠʝ 

ɺ 2015 ʛʦʜʫ ʩʪʫʜʝʥʯʝʩʢʠʤ ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʤ ʙʶʨʦ ʌɻɹʆʋ ɺʆ çɺɻʋɺʊè (ʉʂɹ) 
ʙʳʣ ʩʧʨʦʝʢʪʠʨʦʚʘʥ ʢʘʪʝʨ ʥʘ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʷʭ ʜʣʷ ʩʪʫʜʝʥʯʝʩʢʠʭ ʩʦʨʝʚʥʦʚʘʥʠʡ 

çʉʦʣʥʝʯʥʘʷ ʨʝʛʘʪʘè. ɿʘ ʦʩʥʦʚʫ ʢʘʪʝʨʘ ʙʳʣʘ ʚʳʙʨʘʥʘ ʢʦʥʩʪʨʫʢʮʠʷ çʪʨʝʭʪʦʯʝʯʥʳʡ 

ʛʣʠʩʩʝʨè (ʨʠʩ.1). ʀʟʚʝʩʪʥʦ, ʯʪʦ ʪʘʢʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʛʘʪʴ ʚʳʩʦʢʠʭ ʩʢʦ-

ʨʦʩʪʝʡ, ʦʜʥʘʢʦ ʠʤʝʝʪ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʝ ʤʦʨʝʭʦʜʥʳʝ ʢʘʯʝʩʪʚʘ [1,2]. ʇʨʠ ʙʫʢʩʠ-

ʨʦʚʦʯʥʳʭ ʠʩʧʳʪʘʥʠʷʭ ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʢʘʪʝʨʘ ʪʘʢʞʝ ʠʤʝ-

ʝʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʚʦʣʥʦʦʙʨʘʟʦʚʘʥʠʝ ʦʪ ʥʦʩʦʚʳʭ ʧʦʧʣʘʚʢʦʚ ʥʘ 
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ʩʢʦʨʦʩʪʷʭ ʦʢʦʣʦ 15 ʢʤ/ʯ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʣʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʘʪʝʨʘ ʠʟ-ʟʘ ʫʜʘʨʦʚ 

ʚʦʜʳ ʚ ʦʩʥʦʚʥʦʡ ʢʦʨʧʫʩ (ʨʠʩ. 1). ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʪʝʤ, ʯʪʦ ʨʝʞʠʤ 
ʫʩʪʦʡʯʠʚʦʛʦ ʛʣʠʩʩʠʨʦʚʘʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʯʠʩʣʘʭ ʌʨʫʜʘ ʦʪ 3 ʜʦ 5, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʜʣʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʢʘʪʝʨʘ ʯʠʩʣʘ ʌʨʫʜʘ ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 0,7ï1, ʪ.ʝ. ʛʣʠʩʩʠʨʦʚʘ-

ʥʠʷ ʧʨʦʠʩʭʦʜʠʪʴ ʥʝ ʙʫʜʝʪ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʛʣʠʩʩʠʨʫʶʱʠʡ ʢʦʨʧʫʩ ʙʫʜʝʪ ʧʨʠʚʦʜʠʪʴ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢ ʧʦʚʳʰʝʥʠʶ ʤʦʱʥʦʩʪʠ ʜʚʠʛʘʪʝʣʷ. 

ɼʣʷ ʩʫʜʥʘ ʥʘ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʷʭ ʵʪʦ ʧʨʠʚʝʜʝʪ ʢ ʩʥʠʞʝʥʠʶ ʟʘʧʘʩʘ ʭʦʜʘ ʚʚʠʜʫ ʦʛʨʘ-

ʥʠʯʝʥʥʦʡ ʝʤʢʦʩʪʠ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʠ ʤʦʱʥʦʩʪʠ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ. ʈʝʰʝʥʠʝʤ ʜʘʥʥʦʡ 

ʧʨʦʙʣʝʤʳ ʤʦʞʝʪ ʙʳʪʴ ʩʤʝʥʘ ʬʦʨʤʳ ʧʦʧʣʘʚʢʦʚ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʩʢʦʨʦʩʪʥʳʤ ʨʝ-

ʞʠʤʘʤ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʘʪʝʨʘ. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʦ ʟʘʤʝʯʝʥʦ, ʯʪʦ ʢʦʨʤʦʚʳʝ ʦʢʦʥʝʯʥʦʩʪʠ 

ʧʦʧʣʘʚʢʦʚ ʥʝ ʦʤʳʚʘʶʪʩʷ ʚʦʜʦʡ, ʯʪʦ ʜʝʣʘʝʪ ʥʝʚʦʟʤʦʞʥʳʤ ʨʘʟʤʝʱʝʥʠʝ ʚ ʥʠʭ ʛʨʝʙʥʳʭ 

ʚʠʥʪʦʚ, ʢʘʢ ʵʪʦ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

 

 
 

 

ʈʠʩ. 1. ʂʘʪʝʨ ʥʘ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʷʭ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ  
ʛʣʠʩʩʠʨʫʶʱʠʤʠ ʧʦʧʣʘʚʢʘʤʠ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʩʷ ʚʳʙʦʨ ʬʦʨʤʳ ʧʦʧʣʘʚʢʦʚ, ʦʙʝʩʧʝ-

ʯʠʚʘʶʱʠʭ ʤʠʥʠʤʘʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʘʪʝʨʘ ʥʘ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʷʭ. 

ɼʣʷ ʵʪʦʛʦ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʟʘʤʝʥʠʪʴ ʛʣʠʩʩʠʨʫʶʱʠʝ ʧʦʧʣʘʚʢʠ ʥʘ ʚʦʜʦʠʟʤʝʱʘʶ-

ʱʠʝ, ʩ ʢʦʨʤʦʚʦʡ ʯʘʩʪʴʶ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʤʠʥʠʤʘʣʴʥʦʝ ʚʦʣʥʦʦʙʨʘʟʦʚʘʥʠʝ ʠ ʧʣʘʚʥʳʡ 

ʩʭʦʜ ʧʦʪʦʢʘ ʚʦʜʳ ʜʣʷ ʥʦʨʤʘʣʴʥʦʡ ʨʘʙʦʪʳ ʛʨʝʙʥʦʛʦ ʚʠʥʪʘ. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ 

ʨʝʰʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

ï ʦʧʨʝʜʝʣʝʥʦ ʙʫʢʩʠʨʦʚʦʯʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʚʫʭ ʚʘʨʠʘʥʪʦʚ ʢʘʪʝʨʘ ʩ ʨʘʟʥʳʤʠ ʪʠ-
ʧʘʤʠ ʧʦʧʣʘʚʢʦʚ; 
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ï ʚʳʙʨʘʥ ʚʘʨʠʘʥʪ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ; 

ï ʨʘʟʨʘʙʦʪʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʨʘʟʤʝʱʝʥʠʶ ʜʚʠʞʠʪʝʣʴʥʦ-ʨʫʣʝʚʦʛʦ ʢʦʤʧʣʝʢʩʘ; 

2. ʄʝʪʦʜʠʢʘ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʬʦʨʤʳ ʢʦʨʧʫʩʘ ʧʦʧʣʘʚʢʦʚ ʥʘʪʫʨʥʳʭ ʠʣʠ ʤʦ-

ʜʝʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ ʩʚʷʟʘʥʦ ʩ ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʤʘʪʝʨʠʘʣʴʥʳʤʠ ʟʘʪʨʘʪʘʤʠ. ɸʣʴʪʝʨʥʘ-

ʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚʳʯʠʩʣʠʪʝʣʴ-

ʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ (CFD) ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

(ɻɼʍ) ʩʫʜʦʚ ʚ ʭʦʜʝ ʠʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ [3ï5]. ɺ ʚʳʧʦʣʥʝʥʥʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ NUMECA/FineMarineTM, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ʢʦʨʘʙʝʣʴʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ, ʪʘʢʠʭ, ʢʘʢ ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ ʩʫʜʦʚ, 

ʤʘʥʝʚʨʝʥʥʳʭ ʢʘʯʝʩʪʚ ʩʫʜʦʚ ʠ ʨʘʙʦʪʳ ʜʚʠʞʠʪʝʣʝʡ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [6,7] ʧʨʦʮʝʩʩ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʯʝ-

ʪʳʨʝ ʩʪʘʜʠʠ: ʨʘʟʨʘʙʦʪʢʘ ʠ ʠʤʧʦʨʪ ʪʚʝʨʜʦʪʝʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ, ʧʦʩʪʨʦʝʥʠʝ ʨʘʩʯʝʪʥʦʡ 

ʩʝʪʢʠ, ʟʘʜʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʯʠʩʣʝʥʥʦʛʦ ʨʘʩʯʝʪʘ, ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ. 
ʊʚʝʨʜʦʪʝʣʴʥʘʷ ʛʝʦʤʝʪʨʠʷ ʢʘʪʝʨʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʚʘʨʠʘʥʪʘʤʠ ʧʦʧʣʘʚʢʦʚ (ʨʠʩ. 2) ʙʳ-

ʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʧʨʝʜʦʩʪʘʚʣʝʥʘ ʉʂɹ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʚʳʧʦʣʥʷʣʦʩʴ ʜʣʷ ʢʘʪʝʨʘ ʚ ʥʘ-

ʪʫʨʥʫʶ ʚʝʣʠʯʠʥʫ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʚʣʠʷʥʠʷ ʤʘʩʰʪʘʙʥʳʭ ʵʬʬʝʢʪʦʚ. 

 

 
ʘ) 

 
ʙ) 

ʈʠʩ. 2. ʊʚʝʨʜʦʪʝʣʴʥʘʷ ʛʝʦʤʝʪʨʠʷ ʢʘʪʝʨʘ. ʘ) ʩ ʛʣʠʩʩʠʨʫʶʱʠʤʠ ʧʦʧʣʘʚʢʘʤʠ;  
ʙ) ʩ ʚʦʜʦʠʟʤʝʱʘʶʱʠʤʠ ʧʦʧʣʘʚʢʘʤʠ 

ʈʘʟʤʝʨʳ ʨʘʩʯʝʪʥʦʛʦ ʜʦʤʝʥʘ ʚʳʙʠʨʘʣʠʩʴ ʥʘ ʦʩʥʦʚʘʥʠʠ [6,7], ʨʘʟʤʝʱʝʥʠʝ ʛʨʘʥʠʯ-

ʥʳʭ ʫʩʣʦʚʠʡ ʥʘ ʛʨʘʥʷʭ ʜʦʤʝʥʘ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3 ʠ ʚ ʪʘʙʣʠʮʝ 1. 

ʇʦʩʪʨʦʝʥʠʝ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ ʚʳʧʦʣʥʷʣʦʩʴ ʚ ʤʦʜʫʣʝ HEXPRESSTM. ʀʩʧʦʣʴʟʦʚʘ-

ʣʘʩʴ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʘʷ ʩʝʪʢʘ, ʥʘʯʘʣʴʥʳʡ ʨʘʟʤʝʨ ʩʦʩʪʘʚʠʣ (x:y:z): 10:5:6 ʷʯʝʝʢ. ɹʳ-

ʣʦ ʚʳʧʦʣʥʝʥʦ ʠʟʤʝʣʴʯʝʥʠʝ ʩʝʪʢʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʪʦʯʥʦʛʦ ʨʝʰʝʥʠʷ: ʢʦʨʧʫʩ, ʪʨʘ-

ʥʝʮ ʠ ʩʚʦʙʦʜʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ï 8 ʫʨʦʚʝʥʴ ʠʟʤʝʣʴʯʝʥʠʷ, ʢʨʠʚʳʝ ʧʦ ʢʦʨʧʫʩʘʤ ï 7ï8. 

ʈʘʟʨʝʰʝʥʠʝ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʩʦʩʪʘʚʠʣʦ ï 28ï35 ʧʨʠ ʟʘʜʘʥʥʦʤ ʧʘʨʘʤʝʪʨʝ y+=1 [6,7], 

ʪ.ʢ. ʨʝʞʠʤ ʜʚʠʞʝʥʠʷ ʚʦʜʦʠʟʤʝʱʘʶʱʠʡ ʠ ʩʫʱʝʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʙʫʜʫʪ ʠʤʝʪʴ ʩʠʣʳ 

ʪʨʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʠʟʤʝʣʴʯʝʥʳ ʦʙʣʘʩʪʠ ʚ ʨʘʡʦʥʝ ʚʦʣʥʦʚʦʛʦ 
ʩʣʝʜʘ ʦʪ ʧʦʧʣʘʚʢʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʧʦʪʦʢʦʚ. ʆʙʱʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʷʯʝʝʢ ʩʦʩʪʘʚʠʣʦ: ʜʣʷ ʛʣʠʩʩʠʨʫʶʱʝʛʦ ʧʦʧʣʘʚʢʘ ï 7 300 637, ʜʣʷ ʚʦʜʦʠʟʤʝ-

ʱʘʶʱʝʛʦ ʧʦʧʣʘʚʢʘ ï 7 400 000. ɺʠʜ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 4. 
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ʈʠʩ. 3. ʉʭʝʤʘ ʨʘʩʯʝʪʥʦʛʦ ʜʦʤʝʥʘ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ 

ʊʘʙʣʠʮʘ 1 

ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʥʘ ʛʨʘʥʷʭ ʨʘʩʯʝʪʥʦʛʦ ʜʦʤʝʥʘ 

ɻʨʘʥʠ ʊʠʧ ʛʨʘʥʠʯʥʦʛʦ ʫʩʣʦʚʠʷ 

ɺʝʨʭ ʠ ʜʥʦ (Top and bottom) çPrescribed pressureè > çUpdated hydrostatic pressureè 

ɺʳʭʦʜ-ʚʭʦʜ-ʙʦʢʦʚʘʷ ʛʨʘʥʴ  
(Outlet, Side, Inlet) 

çFar fieldè (velocity components equal to zero) 

ʇʣʦʩʢʦʩʪʴ ʩʠʤʤʝʪʨʠʠ (Mirror) çmirrorè (symmetry) 

ʂʦʨʧʫʩ ʢʘʪʝʨʘ all solids ï çWall functionè 

ʇʘʣʫʙʘ çSlipè (zero shear stress) 

 

   

ʈʠʩ. 4. ʆʙʱʠʡ ʚʠʜ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ 

ʊʘʙʣʠʮʘ 2 

ʇʘʨʘʤʝʪʨʳ ʨʘʩʯʝʪʘ 

 ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʠʝ 

1. ɼʣʠʥʘ [ʤ] 5 

2. ʆʩʘʜʢʘ [ʤ] 0.2 

3. ʉʢʦʨʦʩʪʴ [ʤ/ʩ] 1ï5 ʩ ʰʘʛʦʤ 0,5 

4. ʂʦʣʠʯʝʩʪʚʦ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ 1 ï ʜʚʠʞʝʥʠʝ ʚʧʝʨʝʜ 

5. ʇʦʩʪʘʥʦʚʢʘ ʩʪʘʮʠʦʥʘʨʥʘʷ ʟʘʜʘʯʘ 

6. ʉʭʝʤʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʧʦ ʚʨʝʤʝʥʠ: 2 ʧʦʨʷʜʢʘ ʥʘʟʘʜ 
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7. ʄʦʜʝʣʴ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ K-ɤ SST ʤʦʜʝʣʴ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʩ ʧʨʠʩʪʝʥʦʯʥʳʤʠ 

ʬʫʥʢʮʠʷʤʠ 

8. ʈʘʟʛʦʥʥʳʡ ʫʯʘʩʪʦʢ [ʩ] 2ï5 

9. ʇʘʨʘʤʝʪʨʳ ʩʨʝʜʳ:  
 

ʚʦʜʘ (15Á): 
ï ʤʦʣʝʢʫʣʷʨʥʘʷ ʚʷʟʢʦʩʪʴ: 1.138 (ʇʘĀʩ) x 10-3 

ï ʧʣʦʪʥʦʩʪʴ: 999.1026 ʢʛ/ʤ3 

ʚʦʟʜʫʭ (20Á): 
ï ʤʦʣʝʢʫʣʷʨʥʘʷ ʚʷʟʢʦʩʪʴ: 1.85 (ʅĀ ʩ/ʤ2) x 10-5 
ï ʧʣʦʪʥʦʩʪʴ: 1.2 ʢʛ/ʤ3 

3. ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ 

ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʦʜʫʣʴ CFViewTM, ʧʦʟʚʦʣʷʶʱʠʡ ʚʠ-

ʟʫʘʣʠʟʠʨʦʚʘʪʴ ʧʦʪʦʢ ʩ ʧʦʤʦʱʴʶ ʧʦʩʪʨʦʝʥʠʷ ʠʟʦʧʦʚʝʨʭʥʦʩʪʝʡ, ʣʠʥʠʡ ʪʦʢʘ ʠ ʪ.ʜ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ ʙʳʣʦ ʚʳʷʩʥʝʥʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʬʦʨʤʳ ʧʦʧʣʘʚ-

ʢʦʚ ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʚʣʠʷʝʪ ʥʘ ʧʦʪʦʢ ʚ ʢʦʨʤʦʚʦʡ ʯʘʩʪʠ ʢʘʪʝʨʘ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʧʨʠ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʩʢʦʨʦʩʪʠ ʚʳʩʦʪʘ ʚʦʣʥʳ (ʨʠʩ. 5) ʦʪ ʛʣʠʩʩʠʨʫʶʱʝʛʦ ʧʦʧʣʘʚʢʘ ʩʫʱʝ-
ʩʪʚʝʥʥʦ ʚʳʰʝ, ʯʝʤ ʦʪ ʚʦʜʦʠʟʤʝʱʘʶʱʝʛʦ. ʇʨʠ ʵʪʦʤ ʢʦʨʤʦʚʘʷ ʯʘʩʪʴ ʦʩʥʦʚʥʦʛʦ ʢʦʨʧʫ-

ʩʘ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʛʣʠʩʩʠʨʫʶʱʠʤ ʧʦʧʣʘʚʢʦʤ, ʧʨʠ ʩʢʦʨʦʩʪʠ 5 ʤ/ʩ ʧʦʧʘʜʘʝʪ ʥʘ ʧʦ-

ʜʦʰʚʫ ʚʦʣʥ (ʨʠʩ. 6). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʦʣʥʳ ʦʪ ʧʦʧʣʘʚʢʘ ʥʝ ʙʫʜʫʪ ʦʢʘʟʳʚʘʪʴ ʩʫʱʝʩʪʚʝʥ-

ʥʦʛʦ ʚʣʠʷʥʠʷ ʧʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʩʥʦʚʥʦʛʦ ʢʦʨʧʫʩʘ. 

 

 

ʘ) 

 

ʙ) 

ʈʠʩ. 5. ɺʦʣʥʦʚʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʧʨʠ ʜʚʠʞʝʥʠʠ ʢʘʪʝʨʘ ʩʦ ʩʢʦʨʦʩʪʴʶ 5 ʤ/ʩ:  
ʘ) ʛʣʠʩʩʠʨʫʶʱʠʝ ʧʦʧʣʘʚʢʠ; ʙ) ʚʦʜʦʠʟʤʝʱʘʶʱʠʝ ʧʦʧʣʘʚʢʠ 
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ʘ) 

 

 

ʙ) 

ʈʠʩ. 6. ɺʦʣʥʦʚʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʧʨʠ ʜʚʠʞʝʥʠʠ ʢʘʪʝʨʘ ʩʦ ʩʢʦʨʦʩʪʴʶ 5 ʤ/ʩ 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʩ ʫʯʝʪʦʤ ʨʠʩʫʥʢʘ 7 ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʚʦʜʦʠʟʤʝʱʘʶʱʠʡ ʧʦʧʣʘʚʦʢ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʧʦʪʦʢʦʚ ʚ ʢʦʨʤʦʚʦʡ ʯʘʩʪʠ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʣʠ-

ʥʠʠ ʪʦʢʘ ʠ ʬʦʨʤʘ ʚʦʣʥʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʫʚʝʣʠʯʝ-
ʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ ʩʢʦʨʦʩʪʷʭ ʦʢʦʣʦ 5 ʤ/ʩ, ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʢʘʢ ʙʳʣʦ ʟʘʤʝʯʝʥʦ, ʧʨʠ 

ʤʝʥʴʰʠʭ ʩʢʦʨʦʩʪʷʭ ʪʘʢʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. ʈʝʢʦʤʝʥʜʘʮʠʝʡ ʤʦʛʣʦ ʙʳ 

ʙʳʪʴ ʫʚʝʣʠʯʝʥʠʝ ʜʣʠʥʳ ʢʦʨʧʫʩʦʚ ʧʦʧʣʘʚʢʦʚ ʠ ʠʟʤʝʥʝʥʠʝ ʬʦʨʤʳ ʠʭ ʢʦʨʤʦʚʦʡ ʦʢʦ-

ʥʝʯʥʦʩʪʠ. 
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ʘ) 

 

ʙ) 

ʈʠʩ. 7. ɺʦʣʥʦʚʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʣʠʥʠʠ ʪʦʢʘ ʧʨʠ ʩʢʦʨʦʩʪʠ 5 ʤ/ʩ:  
ʘ) ʛʣʠʩʩʠʨʫʶʱʠʝ ʧʦʧʣʘʚʢʠ; ʙ) ʚʦʜʦʠʟʤʝʱʘʶʱʠʝ ʧʦʧʣʘʚʢʠ 

ɸʥʘʣʠʟ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʜʘʚʣʝʥʠʡ, ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʨʧʫʩʘ 

ʢʘʪʝʨʘ, ʧʦʢʘʟʳʚʘʝʪ (ʨʠʩ. 8), ʯʪʦ ʦʙʣʘʩʪʴ ʧʦʚʳʰʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʥʦʩʦʚʦʡ ʯʘʩʪʠ ʛʣʠʩ-

ʩʠʨʫʶʱʝʛʦ ʧʦʧʣʘʚʢʘ (ʨʠʩ. 8ʘ) ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝ, ʠ ʟʥʘʯʝʥʠʝ ʜʘʚʣʝʥʠʷ ʪʘʢʞʝ ʛʦʨʘʟ-

ʜʦ ʙʦʣʴʰʝ, ʯʝʤ ʜʣʷ ʚʦʜʦʠʟʤʝʱʘʶʱʝʛʦ (ʨʠʩ. 8ʙ) ʧʨʠ ʪʦʡ ʞʝ ʩʢʦʨʦʩʪʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʩʣʝʜʫʝʪ ʦʞʠʜʘʪʴ ʧʦʚʳʰʝʥʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʯʪʦ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʥʘ ʨʠʩ. 9, ʛʜʝ 

ʧʦʢʘʟʘʥʳ ʢʨʠʚʳʝ ʙʫʢʩʠʨʦʚʦʯʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʘʪʝʨʘ ʩ ʜʚʫʤʷ ʨʘʟʥʳʤʠ ʪʠʧʘʤʠ ʧʦ-

ʧʣʘʚʢʦʚ. ʀʟ ʨʠʩʫʥʢʘ 9 ʚʠʜʥʦ, ʯʪʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʘʪʝʨʘ ʩ ʚʦʜʦʠʟʤʝʱʘʶʱʠʤʠ ʧʦʧʣʘʚ-

ʢʘʤʠ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ, ʯʝʤ ʜʣʷ ʛʣʠʩʩʠʨʫʶʱʝʛʦ ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʩʢʦʨʦʩʪʝʡ. 

 

 

ʘ) 
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ʙ) 

ʈʠʩ. 8. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ  
ʢʦʨʧʫʩʘ ʢʘʪʝʨʘ: ʘ) ʛʣʠʩʩʠʨʫʶʱʠʝ ʧʦʧʣʘʚʢʠ; ʙ) ʚʦʜʦʠʟʤʝʱʘʶʱʠʝ ʧʦʧʣʘʚʢʠ 

 

ʈʠʩ. 9. ɻʨʘʬʠʢʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʣʷ ʜʚʫʭ ʚʘʨʠʘʥʪʦʚ ʢʘʪʝʨʘ 

4. ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʨʘʙʦʪʝ ʚʳʧʦʣʥʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʢʘʪʝʨʘ ʥʘ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʷʭ 

ʯʠʩʣʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʢʦʨʘʙʝʣʴʥʦʡ ʛʠʜ-

ʨʦʜʠʥʘʤʠʢʠ NUMECAFineMarineTM. ɺ ʭʦʜʝ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʘ 

ʪʚʝʨʜʦʪʝʣʴʥʘʷ ʛʝʦʤʝʪʨʠʷ ʜʚʫʭ ʚʘʨʠʘʥʪʦʚ ʢʘʪʝʨʘ ʩ ʛʣʠʩʩʠʨʫʶʱʠʤʠ ʠ ʚʦʜʦʠʟʤʝʱʘʶ-

ʱʠʤʠ ʧʦʧʣʘʚʢʘʤʠ, ʧʦʩʪʨʦʝʥʘ ʨʘʩʯʝʪʥʘʷ ʦʙʣʘʩʪʴ ʠ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʘʷ ʩʝʪʢʘ ʩ ʫʯʝ-

ʪʦʤ ʨʝʞʠʤʦʚ ʜʚʠʞʝʥʠʷ ʢʘʪʝʨʘ, ʟʘʜʘʥʳ ʧʘʨʘʤʝʪʨʳ ʯʠʩʣʝʥʥʦʛʦ ʨʘʩʯʝʪʘ. ɺʳʧʦʣʥʝʥʦ 

ʩʨʘʚʥʠʪʝʣʴʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʚʠʞʝʥʠʷ ʢʘʪʝʨʘ ʩ ʜʚʫʤʷ ʪʠʧʘʤʠ ʧʦʧʣʘʚʢʦʚ ʠ ʦʧʨʝʜʝ-

ʣʝʥʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝ ʚʦʜʦʠʟʤʝʱʘʶʱʠʭ ʧʦʧʣʘʚʢʦʚ ʧʦʟʚʦʣʠʪ ʩʥʠʟʠʪʴ ʦʙʱʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʘʪʝʨʘ 

ʙʦʣʝʝ ʯʝʤ ʚ ʜʚʘ ʨʘʟʘ ʩ 760ʅ ʜʦ 420ʅ ʧʨʠ ʩʢʦʨʦʩʪʠ 5 ʤ/ʩ ʠ ʦʙʝʩʧʝʯʠʪʴ ʥʝʦʙʭʦʜʠʤʫʶ 
ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʜʚʠʞʠʪʝʣʝʡ. 
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OPTIMIZATION OF SOLA R BOAT HULL  

BY COMPUTER FLUID DY NAMICS  METHODS 

E.Yu. Cheban, N.E. Zotova 

Key words: computer fluid dynamics (CFD), ship hull optimization, ship waves, wave re-
sistance, turbulence models, calculation grid 
 
The study of the hull shape of solar boat has been made to ensure the minimum resistance. 

The numerical methods of NUMECA/FineMarineTM software complex have been used to 
study the resistance of the boat with two floats. Recommendations on their shape considering 
boat speed have been made. 
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ɺ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʦ ʩʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚʠʜʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 
ʨʘʟʤʝʱʝʥʠʷ ʟʦʦʧʣʘʥʢʪʦʮʝʥʦʟʦʚ ʚʝʨʭʥʝʛʦ ʙʴʝʬʘ ʅʠʞʝʛʦʨʦʜʩʢʦʡ ɻʕʉ, ʟʦʥʳ ʨʝʯʥʦʡ 
ʛʠʜʨʘʚʣʠʢʠ ʏʝʙʦʢʩʘʨʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʠ ʫʩʪʴʝʚʦʡ ʦʙʣʘʩʪʠ ʨʝʢʠ ʆʢʠ ʧʦ ʜʘʥʥʳʤ 
ʠʶʣʷ 2017 ʛʦʜʘ. ʅʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʤʥʦʛʦʤʝʨʥʦʛʦ ʚʝʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʠ ʚʳʜʝʣʝʥʳ 
ʩʦʦʙʱʝʩʪʚʘ ʟʦʦʧʣʘʥʢʪʦʥʘ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʚʠʜʦʚʦʡ ʩʪʨʫʢʪʫʨʳ 
ʟʦʦʧʣʘʥʢʪʦʥʘ ʧʦʩʣʝ ʝʛʦ ʧʨʦʭʦʞʜʝʥʠʷ ʯʝʨʝʟ ʘʛʨʝʛʘʪʳ ɻʕʉ. ʅʘ ʦʩʥʦʚʝ ʩʘʧʨʦʙʠʦʣʦʛʠʯʝ-
ʩʢʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʘ ʦʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʚʦʜ ʠʩʩʣʝʜʫʝʤʳʭ ʘʢʚʘʪʦʨʠʡ. 

ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝ ʦʩʣʘʙʝʚʘʝʪ ʠʥʪʝʨʝʩ ʫʯʸʥʳʭ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥ-

ʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ ʟʦʦʧʣʘʥʢʪʦʥʘ ʚʦʜʦʭʨʘʥʠʣʠʱ, ʘ ʪʘʢʞʝ ʠʟʤʝʥʝʥʠʶ ʩʪʨʫʢʪʫʨʥʦ-

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʩʦʦʙʱʝʩʪʚ ʟʦʦʧʣʘʥʢʪʦʥʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʨʠʨʦʜʥʳʭ ʠ 
ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ [1]. 

ʏʝʙʦʢʩʘʨʩʢʦʝ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʷʚʣʷʝʪʩʷ ʧʷʪʦʡ ʩʪʫʧʝʥʴʶ ɺʦʣʞʩʢʦʛʦ ʢʘʩʢʘʜʘ, ʚʭʦ-

ʜʠʪ ʚ ʩʠʩʪʝʤʫ ʚʦʜʦʝʤʦʚ ʉʨʝʜʥʝʡ ɺʦʣʛʠ. ʋʥʠʢʘʣʴʥʦʩʪʴ ʏʝʙʦʢʩʘʨʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ 

ʩʦʩʪʦʠʪ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʝʛʦ ʟʘ ʩʯʸʪ ʜʚʫʭ ʨʘʟʥʦʨʦʜʥʳʭ ʧʦ ʢʦʤʧʣʝʢʩʫ ʛʠʜʨʦʬʠʟʠʯʝ-

ʩʢʠʭ ʠ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʜʥʳʭ ʧʦʪʦʢʦʚ, ʢʦʪʦʨʳʝ ʧʦʩʪʫʧʘʶʪ ʠʟ ɻʦʨɹ-

ʢʦʚʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʠ ʨ. ʆʢʠ. ʇʨʘʚʦʙʝʨʝʞʥʳʡ ʨʝʯʥʦʡ ʫʯʘʩʪʦʢ ʚʦʜʦʭʨʘʥʠʣʠʱʘ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʥʠʞʝ ʚʧʘʜʝʥʠʷ ʨ. ʆʢʠ, ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʟʘʛʨʷʟʥʝʥʥʳʭ ʚ ʧʨʝ-

ʜʝʣʘʭ ʚʩʝʛʦ ɺʦʣʞʩʢʦʛʦ ʢʘʩʢʘʜʘ. ʉ ʤʦʤʝʥʪʘ ʦʙʨʘʟʦʚʘʥʠʷ ʏʝʙʦʢʩʘʨʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠ-

ʱʘ, ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʚ ʨʝʞʠʤʝ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʥʘʧʦʣʥʝʥʠʷ (63 ʤ ʅʇʆ ɹʉ), ʘʢʪʠʚʥʦ 

ʦʙʩʫʞʜʘʝʪʩʷ ʚʦʧʨʦʩ ʦ ʧʦʜʥʷʪʠʠ ʝʛʦ ʫʨʦʚʥʷ, ʯʪʦ ʥʝʠʟʙʝʞʥʦ ʧʨʠʚʝʜʝʪ ʥʝ ʪʦʣʴʢʦ ʢ ʠʟ-

ʤʝʥʝʥʠʶ ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʛʦ ʠ ʛʠʜʨʦʬʠʟʠʯʝʩʢʦʛʦ ʨʝʞʠʤʦʚ ʚʦʜʦʭʨʘʥʠʣʠʱʘ, ʥʦ ʠ ʢ ʩʫ-

ʱʝʩʪʚʝʥʥʳʤ ʠʟʤʝʥʝʥʠʷʤʠ ʚʠʜʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ ʥʘʩʝ-
ʣʷʶʱʠʭ ʝʛʦ ʛʠʜʨʦʙʠʦʮʝʥʦʟʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʝ ʪʝʨʷʝʪ ʘʢʪʫʘʣʴʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʝ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʦʦʙʱʝʩʪʚ ʟʦʦʧʣʘʥʢʪʦʥʘ, ʯʪʦ ʤʦʞʝʪ ʧʦʩʣʫʞʠʪʴ ʭʦʨʦʰʝʡ ʦʩ-

ʥʦʚʦʡ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʦʩʪʦʷʥʠʷ ʵʢʦʩʠʩʪʝʤ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʘ-

ʨʠʘʥʪʘʭ ʝʛʦ ʥʘʧʦʣʥʝʥʠʷ [2]. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʚʦʜʳ ʯʝʨʝʟ ʪʫʨʙʠʥʳ ɻʕʉ ʧʨʦʠʩʭʦʜʠʪ ʛʠʙʝʣʴ 

ʧʣʘʥʢʪʦʥʥʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʯʠʩʣʝʥʥʦʩʪʠ ʢʨʫʧʥʳʭ 

ʚʝʪʚʠʩʪʦʫʩʳʭ ʠ ʚʝʩʣʦʥʦʛʠʭ ʨʘʢʦʦʙʨʘʟʥʳʭ (ʦʩʥʦʚʥʳʭ ʦʨʛʘʥʠʟʤʦʚ-ʬʠʣʴʪʨʘʪʦʨʦʚ, ʩʧʦ-

ʩʦʙʩʪʚʫʶʱʠʭ ʩʘʤʦʦʯʠʱʝʥʠʶ ʚʦʜʦʸʤʦʚ ʠ ʚʦʜʦʪʦʢʦʚ) [2, 3]. ʇʦ ʜʘʥʥʳʤ ʆ.ʇ. ɼʫʙʦʚ-

ʩʢʦʡ ʩ ʩʦʘʚʪʦʨʘʤʠ [4] ʧʨʠ ʪʨʘʥʟʠʪʝ ʯʝʨʝʟ ʘʛʨʝʛʘʪʳ ʚʳʩʦʢʦʥʘʧʦʨʥʦʡ ʧʣʦʪʠʥʳ ʧʨʦʠʩ-

ʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʚ ʥʠʞʥʝʤ ʙʴʝʬʝ ʙʠʦʤʘʩʩʳ ʤʝʨʪʚʳʭ ʦʨʛʘʥʠʟʤʦʚ ʟʦʦʧʣʘʥʢʪʦʥʘ ʚ ʜʚʘ 

ʨʘʟʘ. 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʜʥʦʡ ʠʟ ʦʩʪʨʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʷʚʣʷʝʪʩʷ ʨʘʩʧʨʦʩʪʨʘ-

ʥʝʥʠʝ ʚ ʚʦʜʦʝʤʘʭ ʯʫʞʝʨʦʜʥʳʭ ʚʠʜʦʚ. ʆʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʤʘʩʩʦʚʦʛʦ ʨʘʩʩʝʣʝʥʠʷ ʠʥʚʘ-

ʟʠʡʥʳʭ ʚʠʜʦʚ ʷʚʣʷʝʪʩʷ ʵʚʪʨʦʬʠʨʦʚʘʥʠʝ, ʧʨʠʚʦʜʷʱʝʝ ʢ ʦʩʣʘʙʣʝʥʠʶ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ 

[5]. ʏʫʞʝʨʦʜʥʳʝ ʚʠʜʳ, ʚʩʪʫʧʘʷ ʚ ʢʦʥʪʘʢʪ ʩ ʘʙʦʨʠʛʝʥʥʳʤʠ, ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝ-

ʥʠʪʴ ʩʪʨʫʢʪʫʨʫ ʙʠʦʮʝʥʦʟʦʚ. ɺʩʝʣʝʥʠʝ ʯʫʞʝʨʦʜʥʳʭ ʚʠʜʦʚ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʝʨʴʸʟ-

ʥʳʤ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʧʦʩʣʝʜʩʪʚʠʷʤ [6]. ʇʨʠ ʵʪʦʤ ʚ ʫʩʣʦʚʠʷʭ ʚʦʟʨʘʩ-

ʪʘʶʱʝʡ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʚʦʟʥʠʢʘʝʪ ʦʩʪʨʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʟʫʯʝʥʠʷ ʩʪʨʫʢʪʫ-

ʨʳ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚʩʝʭ ʟʚʝʥʴʝʚ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ [7].  

ɿʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʦʸʤʦʚ ʠ ʚʦʜʦʪʦʢʦʚ ʅʠʞʝʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠ ʠʩʧʳʪʳ-

ʚʘʶʪ ʘʥʪʨʦʧʦʛʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʛʨʷʟʥʝʥʳ. ʂ ʠʭ ʯʠʩʣʫ ʦʪʥʦʩʷʪʩʷ 

ʢʨʫʧʥʳʝ ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ ʅʠʞʝʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠ ï ɻʦʨʴʢʦʚʩʢʦʝ ʠ ʏʝʙʦʢʩʘʨʩʢʦʝ ʚʦ-

ʜʦʭʨʘʥʠʣʠʱʘ, ʘ ʪʘʢʞʝ ʨ. ʆʢʘ. ɻʠʜʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʷʚʣʷʶʪʩʷ ʚʘʞʥʝʡʰʠʤ 
ʵʣʝʤʝʥʪʦʤ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʜʥʦʡ ʩʨʝʜʳ. ɻʠʜʨʦʙʠʦʥʪʳ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʨʝʘʛʠʨʫʶʪ ʥʘ ʫʨʦʚʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ ʚ ʮʝʣʦʤ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʢʦʥʢʨʝʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʟʘʛʨʷʟʥʝʥʠʷ. ɿʦʦʧʣʘʥʢʪʦʥ ʜʦʩʪʘʪʦʯʥʦ ʯʫʪʢʦ ʨʝʘʛʠʨʫʝʪ ʥʘ ʟʘʛʨʷʟʥʝʥʠʝ ʚʦʜʥʳʭ ʵʢʦʩʠ-

ʩʪʝʤ. ɹʣʘʛʦʜʘʨʷ ʤʥʦʞʝʩʪʚʫ ʩʚʷʟʝʡ ʟʦʦʧʣʘʥʢʪʦʥ ʛʣʫʙʦʢʦ ʚʦʚʣʝʯʸʥ ʚ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ 

ʧʨʦʮʝʩʩʦʚ ʠ ʤʝʭʘʥʠʟʤʦʚ, ʬʦʨʤʠʨʫʶʱʠʭ ʘʙʠʦʪʠʯʝʩʢʫʶ ʠ ʙʠʦʪʠʯʝʩʢʫʶ ʩʨʝʜʫ [8]. 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʠʜʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ ʟʦʦʧʣʘʥʢʪʦʥʥʳʭ ʩʦʦʙʱʝʩʪʚ ʚʝʨʭʥʝʛʦ ʙʴʝʬʘ ʅʠʞʝ-



ɻ.ɺ. ʐʫʨʛʘʥʦʚʘ, ɺ.ʉ. ɾʠʭʘʨʝʚ, ɼ.ɽ. ɻʘʚʨʠʣʢʦ, ɼ.ʆ. ɻʦʣʫʙʝʚʘ, ʊ.ɺ. ɿʦʣʦʪʘʨʸʚʘ, ɼ.ʉ. ʈʫʯʢʠʥ 

ʆʩʦʙʝʥʥʦʩʪʠ ʚʠʜʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ ʩʦʦʙʱʝʩʪʚ » 

 118 

ʛʦʨʦʜʩʢʦʡ ɻʕʉ, ʟʦʥʳ ʨʝʯʥʦʡ ʛʠʜʨʘʚʣʠʢʠ ʏʝʙʦʢʩʘʨʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʠ ʫʩʪʴʝʚʦʡ 

ʦʙʣʘʩʪʠ ʨ. ʆʢʠ, ʘ ʪʘʢʞʝ ʦʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʚʦʜ ʥʘ ʦʩʥʦʚʝ ʩʦʦʪʥʦʰʝʥʠʷ ʠʥʜʠʢʘʪʦʨʥʳʭ 
ʚʠʜʦʚ ʟʦʦʧʣʘʥʢʪʦʥʘ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ  

ʄʘʪʝʨʠʘʣʦʤ ʜʣʷ ʨʘʙʦʪʳ ʧʦʩʣʫʞʠʣʠ ʧʨʦʙʳ ʟʦʦʧʣʘʥʢʪʦʥʘ, ʦʪʦʙʨʘʥʥʳʝ ʚ ʠʶʣʝ 2017 

ʛ. ʥʘ ʘʢʚʘʪʦʨʠʠ ʚʝʨʭʥʝʛʦ ʙʴʝʬʘ ʅʠʞʝʛʦʨʦʜʩʢʦʡ ɻʕʉ (ɻʦʨʴʢʦʚʩʢʦʝ ʚʦʜʦʭʨʘʥʠʣʠʱʝ), 
ʟʦʥʳ ʨʝʯʥʦʡ ʛʠʜʨʘʚʣʠʢʠ ʏʝʙʦʢʩʘʨʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʠ ʫʩʪʴʝʚʦʡ ʦʙʣʘʩʪʠ ʨ. ʆʢʠ 

(ʨʠʩ. 1). ʇʨʦʙʳ ʟʦʦʧʣʘʥʢʪʦʥʘ (Rotifera, Cladocera, Copepoda) ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʩ ʙʦʨʪʘ 

ʵʢʩʧʝʜʠʮʠʦʥʥʦʛʦ ʩʫʜʥʘ çʇʸʪʨ ɸʥʜʨʠʘʥʦʚè ʚ ʨʘʤʢʘʭ ʵʢʩʧʝʜʠʮʠʠ çʇʣʘʚʫʯʠʡ ʫʥʠʚʝʨ-

ʩʠʪʝʪ ɺʦʣʞʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ï 2017è ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʪʠ ɼʞʝʜʠ (ʜʠʘʤʝʪʨ ʚʭʦʜʥʦʛʦ 

ʢʦʣʴʮʘ 18 ʩʤ, ʥʝʡʣʦʥʦʚʦʝ ʩʠʪʦ ʩ ʜʠʘʤʝʪʨʦʤ ʷʯʝʠ 82 ʤʢʤ) ʧʫʪʝʤ ʪʦʪʘʣʴʥʳʭ ʣʦʚʦʚ ʦʪ 

ʜʥʘ ʜʦ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʬʠʢʩʠʨʦʚʘʣʠʩʴ 4% ʨʘʩʪʚʦʨʦʤ ʬʦʨʤʘʣʠʥʘ. ʂʘʤʝʨʘʣʴʥʘʷ ʦʙʨʘ-

ʙʦʪʢʘ ʚʳʧʦʣʥʷʣʘʩʴ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʝ [9]. ɼʣʷ ʦʮʝʥʢʠ ʜʦʤʠʥʠʨʦʚʘʥʠʷ ʚʠʜʦʚ 

ʟʦʦʧʣʘʥʢʪʦʥʘ ʚ ʩʦʦʙʱʝʩʪʚʝ ʧʨʠʤʝʥʷʣʩʷ ʠʥʜʝʢʩ ʂʦʚʥʘʮʢʦʛʦ-ʇʘʣʠʷ [10].  

 

 

ʈʠʩ. 1. ʂʘʨʪʘ-ʩʭʝʤʘ ʩʪʘʥʮʠʡ ʦʪʙʦʨʘ ʧʨʦʙ ʟʦʦʧʣʘʥʢʪʦʥʘ ʥʘ ʘʢʚʘʪʦʨʠʠ  
ʚʝʨʭʥʝʛʦ ʙʴʝʬʘ ʅʠʞʝʛʦʨʦʜʩʢʦʡ ɻʕʉ (ʩʪʘʥʮʠʠ ˉ 1ï4), ʟʦʥʳ ʨʝʯʥʦʡ  
ʛʠʜʨʘʚʣʠʢʠ ʏʝʙʦʢʩʘʨʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ (ʩʪʘʥʮʠʠ ˉ5ï11)  

ʠ ʫʩʪʴʝʚʦʡ ʦʙʣʘʩʪʠ ʨ. ʆʢʠ (ʩʪʘʥʮʠʠ ˉ 12ï13) 

ʇʨʦʙʳ ʟʦʦʧʣʘʥʢʪʦʥʘ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘ ʦʩʥʦ-

ʚʝ ʩʭʦʜʩʪʚʘ ʚʠʜʦʚʦʡ ʩʪʨʫʢʪʫʨʳ, ʚ ʢʘʯʝʩʪʚʝ ʤʝʨʳ ʩʭʦʜʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʦʩʠʥʫʩ ʫʛʣʘ 

ʤʝʞʜʫ ʚʝʢʪʦʨʘʤʠ ʚ ʤʥʦʛʦʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʯʠʩʣʝʥʥʦʩʪʝʡ ʚʠʜʦʚ [2,11]. ɼʣʷ ʦʮʝʥ-

ʢʠ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʠʥʜʝʢʩ ʩʘʧʨʦʙʥʦʩʪʠ (Sn) ʇʘʥʪʣʝ ʠ ɹʫʢʢ ʚ ʤʦʜʠʬʠʢʘ-
ʮʠʠ ʉʣʘʜʝʯʝʢʘ [12-14] ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʧʠʩʢʦʚ ʠʥʜʠʢʘʪʦʨʥʳʭ ʚʠʜʦʚ ʟʦʦʧʣʘʥʢʪʦʥʘ 

[15,16]. ʂʣʘʩʩ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʫʩʪʘʥʘʚʣʠʚʘʣʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ɻʆʉʊ 17.1.3.17-82 [17]. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ɺʠʜʦʚʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʤʝʱʝʥʠʝ ʩʦʦʙʱʝʩʪʚ ʟʦʦʧʣʘʥʢʪʦʥʘ. 
ɿʘ ʧʝʨʠʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʘʢʚʘʪʦʨʠʠ ʟʦʥʳ ʨʝʯʥʦʡ ʛʠʜʨʘʚʣʠʢʠ ʏʝʙʦʢʩʘʨʩʢʦʛʦ ʚʦʜʦ-

ʭʨʘʥʠʣʠʱʘ ʠ ʫʩʪʴʝʚʦʡ ʦʙʣʘʩʪʠ ʨ. ʆʢʠ ʙʳʣʦ ʚʳʷʚʣʝʥʦ 84 ʚʠʜʘ ʠ ʧʦʜʚʠʜʘ ʟʦʦʧʣʘʥʢʪʦʥ-

ʥʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʥʘ ʘʢʚʘʪʦʨʠʠ ʚʝʨʭʥʝʛʦ ʙʴʝʬʘ ʅʠʞʝʛʦʨʦʜʩʢʦʡ ɻʕʉ ï 50 ʚʠʜʦʚ. ɺʩʝ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʝ ʚʠʜʳ ʷʚʣʷʣʠʩʴ ʪʠʧʠʯʥʳʤʠ ʜʣʷ ʚʦʜʦʝʤʦʚ ɽʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ 

ʈʦʩʩʠʠ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʜʚʫʭ ʚʠʜʦʚ-ʚʩʝʣʝʥʮʝʚ ï ʢʦʣʦʚʨʘʪʢʠ Kellicottia bostoniensis 

(Rousselet, 1908) ʠ ʚʝʪʚʠʩʪʦʫʩʦʛʦ ʨʘʯʢʘ Diaphanosoma orghidani (Negrea, 1982). 

ʇʦ ʩʭʦʜʩʪʚʫ ʚʠʜʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʦʪʦʙʨʘʥʥʳʝ ʧʨʦʙʳ ʩʛʨʫʧʧʠʨʦʚʘʣʠʩʴ ʚ ʪʨʠ ʢʣʘ-

ʩʪʝʨʘ (ʨʠʩ. 2), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ ʥʘ ʠʩʩʣʝʜʫʝʤʳʭ ʘʢʚʘʪʦʨʠʷʭ ʪʨʠ ʟʦʦʧʣʘʥʢʪʦʥ-

ʥʳʭ ʩʦʦʙʱʝʩʪʚʘ ï ʩʦʦʙʱʝʩʪʚʦ ʚʝʨʭʥʝʛʦ ʙʴʝʬʘ ʅʠʞʝʛʦʨʦʜʩʢʦʡ ɻʕʉ (ʧʨʠʧʣʦʪʠʥʥʦʡ 

ʟʦʥʳ ɻʦʨʴʢʦʚʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ), ʩʦʦʙʱʝʩʪʚʦ çʦʢʩʢʦʛʦè ʧʦʪʦʢʘ ʠ ʩʦʦʙʱʝʩʪʚʦ 

çʚʦʣʞʩʢʦʛʦè ʧʦʪʦʢʘ. 

 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 53, 2017 ʛ. 
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ʈʠʩ. 2. ʈʝʟʫʣʴʪʘʪʳ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʚʠʜʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʟʦʦʧʣʘʥʢʪʦʥʘ  
ʘʢʚʘʪʦʨʠʠ ʚʝʨʭʥʝʛʦ ʙʴʝʬʘ ʅʠʞʝʛʦʨʦʜʩʢʦʡ ɻʕʉ, ʟʦʥʳ ʨʝʯʥʦʡ ʛʠʜʨʘʚʣʠʢʠ  
ʏʝʙʦʢʩʘʨʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʠ ʫʩʪʴʝʚʦʡ ʦʙʣʘʩʪʠ ʨ. ʆʢʠ ʚ ʠʶʣʝ 2017 ʛ. 

ɺ ʩʦʦʙʱʝʩʪʚʝ ʚʝʨʭʥʝʛʦ ʙʴʝʬʘ ʅʠʞʝʛʦʨʦʜʩʢʦʡ ɻʕʉ ʙʳʣʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʦ 50 

ʚʠʜʦʚ (Rotifera ï 20; Cladocera ï 15; Copepoda ï 15) ʟʦʦʧʣʘʥʢʪʦʥʘ. ʂʦʤʧʣʝʢʩ ʚʠʜʦʚ 

ʜʦʤʠʥʘʥʪʦʚ ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘʫʧʣʠʘʣʴʥʳʤʠ (46,8% ʦʪ ʦʙʱʝʡ ʯʠʩʣʝʥʥʦʩʪʠ ʟʦʦ-
ʧʣʘʥʢʪʦʥʘ) ʠ ʢʦʧʝʧʦʜʠʪʥʳʤʠ (22,6% ʦʪ ʦʙʱʝʡ ʯʠʩʣʝʥʥʦʩʪʠ ʟʦʦʧʣʘʥʢʪʦʥʘ) ʩʪʘʜʠʷʤʠ 

ʚʝʩʣʦʥʦʛʠʭ ʨʘʢʦʦʙʨʘʟʥʳʭ. ʉʨʝʜʥʷʷ ʯʠʩʣʝʥʥʦʩʪʴ ʟʦʦʧʣʘʥʢʪʦʥʘ ʩʦʩʪʘʚʣʷʣʘ 38,50Ñ2,16 

ʪʳʩ. ʵʢʟ./ʤ3, ʩʨʝʜʥʷʷ ʙʠʦʤʘʩʩʘ ï 1,92Ñ0,19 ʛ/ʤ3. 

ɺ ʧʨʝʜʝʣʘʭ ʟʦʦʧʣʘʥʢʪʦʮʝʥʦʟʘ çʚʦʣʞʩʢʦʛʦè ʧʦʪʦʢʘ ʙʳʣʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʦ 68 

ʚʠʜʦʚ (Rotifera ï 23; Cladocera ï 26; Copepoda ï 19). ʂʦʤʧʣʝʢʩ ʚʠʜʦʚ-ʜʦʤʠʥʘʥʪʦʚ 

çʚʦʣʞʩʢʦʛʦè ʧʦʪʦʢʘ ʙʳʣ ʙʦʣʝʝ ʦʙʰʠʨʥʳʤ. ɼʦʤʠʥʠʨʫʶʱʝʝ ʧʦʣʦʞʝʥʠʝ ʟʘʥʠʤʘʣʠ ʥʘʫ-

ʧʣʠʘʣʴʥʳʝ ʩʪʘʜʠʠ ʚʝʩʣʦʥʦʛʠʭ ʨʘʢʦʦʙʨʘʟʥʳʭ (21,6% ʦʪ ʦʙʱʝʡ ʯʠʩʣʝʥʥʦʩʪʠ ʟʦʦʧʣʘʥʢ-

ʪʦʥʘ), ʚʝʪʚʠʩʪʦʫʩʳʡ ʨʘʯʦʢ Daphnia galeata (Sars, 1864) (21,9%), ʚʝʩʣʦʥʦʛʠʡ ʨʘʯʦʢ 

Mesocyclops leucarti (Claus, 1857) (13,4%), ʘ ʪʘʢʞʝ ʢʦʧʝʧʦʜʠʪʥʳʝ ʩʪʘʜʠʠ ʚʝʩʣʦʥʦʛʠʭ 

ʨʘʢʦʦʙʨʘʟʥʳʭ (11,5% ʦʪ ʦʙʱʝʡ ʯʠʩʣʝʥʥʦʩʪʠ ʟʦʦʧʣʘʥʢʪʦʥʘ). ʉʨʝʜʥʷʷ ʯʠʩʣʝʥʥʦʩʪʴ 

ʟʦʦʧʣʘʥʢʪʦʥʘ ʩʦʩʪʘʚʣʷʣʘ 15,04Ñ1,39 ʪʳʩ. ʵʢʟ./ʤ3, ʩʨʝʜʥʷʷ ʙʠʦʤʘʩʩʘ ï 0,66Ñ0,07 ʛ/ʤ3. 
ɺ ʮʝʥʦʟʝ çʦʢʩʢʦʛʦè ʧʦʪʦʢʘ ʙʳʣʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʦ 60 ʚʠʜʦʚ (Rotifera ï 28; 

Cladocera ï 23; Copepoda ï 9) ʟʦʦʧʣʘʥʢʪʦʥʘ. ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʣʝʪʥʝʛʦ ʧʝʨʠʦʜʘ ʥʘʙʣʶ-

ʜʝʥʠʷ ʚ çʦʢʩʢʦʤè ʧʦʪʦʢʝ ʜʦʤʠʥʠʨʦʚʘʣ ʪʠʧʠʯʥʳʡ ʧʨʝʜʩʪʘʚʠʪʝʣʴ ʟʦʦʧʣʘʥʢʪʦʥʘ ʨ. ʆʢʠ 

- ʢʦʣʦʚʨʘʪʢʘ Brachionus calyciflorus (Pallas, 1776) (43,0% ʦʪ ʦʙʱʝʡ ʯʠʩʣʝʥʥʦʩʪʠ ʟʦʦ-
ʧʣʘʥʢʪʦʥʘ). ʉʨʝʜʥʷʷ ʯʠʩʣʝʥʥʦʩʪʴ ʟʦʦʧʣʘʥʢʪʦʥʘ ʩʦʩʪʘʚʣʷʣʘ 5,61Ñ1,30 ʪʳʩ. ʵʢʟ./ʤ3, 

ʩʨʝʜʥʷʷ ʙʠʦʤʘʩʩʘ ï 0,07Ñ0,04 ʛ/ʤ3. 

ɿʦʦʧʣʘʥʢʪʦʥ ʚʝʨʭʥʝʛʦ ʠ ʥʠʞʥʝʛʦ ʙʴʝʬʘ ʅʠʞʝʛʦʨʦʜʩʢʦʡ ɻʕʉ  

ɺ ʩʨʝʜʥʝʤ ʯʠʩʣʝʥʥʦʩʪʴ ʠ ʙʠʦʤʘʩʩʘ ʟʦʦʧʣʘʥʢʪʦʥʘ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ ʪʫʨʙʠʥʳ 

ʅʠʞʝʛʦʨʦʜʩʢʦʡ ɻʕʉ ʩʦʢʨʘʱʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʪʨʠ ʨʘʟʘ.  

ɺ ʩʦʩʪʘʚʝ ʟʦʦʧʣʘʥʢʪʦʥʘ ʚʝʨʭʥʝʛʦ ʙʴʝʬʘ ʅʠʞʝʛʦʨʦʜʩʢʦʡ ɻʕʉ ʙʳʣʦ ʠʜʝʥʪʠʬʠʮʠ-

ʨʦʚʘʥʦ 50 ʚʠʜʦʚ. ʂʦʤʧʣʝʢʩ ʚʠʜʦʚ-ʜʦʤʠʥʘʥʪʦʚ ʩʦʩʪʦʷʣ ʠʟ ʥʘʫʧʣʠʘʣʴʥʳʭ ʠ ʢʦʧʝʧʦʜʠʪ-

ʥʳʭ ʩʪʘʜʠʡ ʚʝʩʣʦʥʦʛʠʭ ʨʘʢʦʦʙʨʘʟʥʳʭ, ʘ ʪʘʢʞʝ ʨʘʯʢʘ Daphnia galeata. ʉʨʝʜʠ ʦʩʥʦʚʥʳʭ 

ʛʨʫʧʧ ʧʦ ʯʠʩʣʝʥʥʦʩʪʠ ʧʨʝʦʙʣʘʜʘʣʠ ʨʘʢʦʦʙʨʘʟʥʳʝ (77,9% ʦʪ ʦʙʱʝʡ ʯʠʩʣʝʥʥʦʩʪʠ ʟʦʦ-

ʧʣʘʥʢʪʦʥʘ). ʅʘʠʙʦʣʴʰʝʝ ʯʠʩʣʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʚʠʜʦʚ ʧʨʠʥʘʜʣʝʞʘʣʦ ʢ ʢʦʣʦ-



ɻ.ɺ. ʐʫʨʛʘʥʦʚʘ, ɺ.ʉ. ɾʠʭʘʨʝʚ, ɼ.ɽ. ɻʘʚʨʠʣʢʦ, ɼ.ʆ. ɻʦʣʫʙʝʚʘ, ʊ.ɺ. ɿʦʣʦʪʘʨʸʚʘ, ɼ.ʉ. ʈʫʯʢʠʥ 
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ʚʨʘʪʢʘʤ (20 ʠʟ 50 ʚʠʜʦʚ). ɺ ʩʦʩʪʘʚʝ ʟʦʦʧʣʘʥʢʪʦʥʘ ʥʠʞʥʝʛʦ ʙʴʝʬʘ ʅʠʞʝʛʦʨʦʜʩʢʦʡ ɻʕʉ 

ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ 36 ʚʠʜʦʚ. ʂʦʤʧʣʝʢʩ ʚʠʜʦʚ-ʜʦʤʠʥʘʥʪʦʚ ʦʩʪʘʣʩʷ ʧʨʝʞʥʠʤ, ʦʜʥʘʢʦ ʢ 
ʥʝʤʫ ʧʨʠʩʦʝʜʠʥʠʣʩʷ ʨʘʯʦʢ Mesocyclops leuckarti. ɼʦʤʠʥʠʨʦʚʘʥʠʝ ʢʨʫʧʥʳʭ ʚʝʩʣʦʥʦ-

ʛʠʭ ʨʘʢʦʦʙʨʘʟʥʳʭ ʟʘʤʝʪʥʦ ʩʦʢʨʘʪʠʣʦʩʴ (ʜʦ 55,9% ʦʪ ʦʙʱʝʡ ʯʠʩʣʝʥʥʦʩʪʠ ʟʦʦʧʣʘʥʢʪʦ-

ʥʘ), ʧʨʠ ʵʪʦʤ ʠʤʝʥʥʦ ʚʝʩʣʦʥʦʛʠʝ ʨʘʯʢʠ ʩʪʘʣʠ ʥʘʠʙʦʣʝʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʚ ʵʪʦʤ ʮʝʥʦ-

ʟʝ. ʇʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʟʦʦʧʣʘʥʢʪʦʥʘ ʯʝʨʝʟ ʘʛʨʝʛʘʪʳ ɻʕʉ ʯʠʩʣʝʥʥʦʩʪʴ ʢʨʫʧʥʦʛʦ ʨʘʯʢʘ 

(ʜʦʤʠʥʘʥʪʘ) Daphnia galeata ʩʥʠʟʠʣʘʩʴ ʚ 1,7 ʨʘʟʘ (ʩ 3,84 ʪʳʩ. ʵʢʟ./ʤ3 ʜʦ 2,29 ʪʳʩ. 

ʵʢʟ./ʤ3). ʆʩʥʦʚʥʘʷ ʤʘʩʩʘ ʚʳʙʳʚʰʠʭ ʠʟ ʧʣʘʥʢʪʦʥʘ ʦʨʛʘʥʠʟʤʦʚ ʧʨʠʭʦʜʠʣʘʩʴ ʥʘ ʚʝʩʣʦ-

ʥʦʛʠʭ ʨʘʯʢʦʚ (Copepoda), ʯʠʩʣʝʥʥʦʩʪʴ ʥʘʫʧʣʠʘʣʴʥʳʭ ʠ ʢʦʧʝʧʦʜʠʪʥʳʭ ʩʪʘʜʠʡ, ʢʦʪʦ-

ʨʳʭ ʩʥʠʟʠʣʘʩʴ ʚ 3 ʠ 5 ʨʘʟ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʏʠʩʣʦ ʚʠʜʦʚ ʚ ʚʝʨʭʥʝʤ ʠ ʥʠʞʥʝʤ ʙʴʝʬʝ 

ɻʕʉ ʫʤʝʥʴʰʠʣʦʩʴ ʚ 1,5 ʨʘʟʘ, ʧʨʦʠʟʦʰʣʦ ʩʠʣʴʥʦʝ ʦʙʝʜʥʝʥʠʝ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ ʢʦʣʦ-

ʚʨʘʪʦʢ ʠ ʚʝʪʚʠʩʪʦʫʩʳʭ ʨʘʯʢʦʚ (ʪʘʙʣ. 1). 

ʊʘʙʣʠʮʘ 1 

ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʦʦʧʣʘʥʢʪʦʥʘ ʚʝʨʭʥʝʛʦ  

ʠ ʥʠʞʥʝʛʦ ʙʴʝʬʦʚ ʅʠʞʝʛʦʨʦʜʩʢʦʡ ɻʕʉ ʚ ʠʶʣʝ 2017 ʛ. 

ʇʦʢʘʟʘʪʝʣʴ ʇʨʠʧʣʦʪʠʥʥʳʡ ʧʣʸʩ  
ɻʦʨʴʢʦʚʩʢʦʛʦ ʚʜʭʨ. 

ʏʝʙʦʢʩʘʨʩʢʦʝ ʚʜʭʨ.  
ʥʠʞʝ ʧʣʦʪʠʥʳ ɻʕʉ 

ʏʠʩʣʝʥʥʦʩʪʴ, ʪʳʩ. ʵʢʟ./ʤ3 38,50Ñ2,16 13,99Ñ1,90 

NRotifera, ʪʳʩ. ʵʢʟ./ʤ
3 2,89Ñ0,16 1,89Ñ0,42 

NCladocera, ʪʳʩ. ʵʢʟ./ʤ3 5,59Ñ1,07 4,28Ñ0,29 

NCopepoda, ʪʳʩ. ʵʢʟ./ʤ
3 30,02Ñ1,50 7,82Ñ1,65 

ɹʠʦʤʘʩʩʘ, ʛ/ʤ3 1,92Ñ0,19 0,62Ñ0,11 

BRotifera, ʛ/ʤ
3 0,005Ñ0,001 0,003Ñ0,002 

BCladocera, ʛ/ʤ
3 0,90Ñ0,14 0,46Ñ0,09 

BCopepoda, ʛ/ʤ
3 0,90Ñ0,06 0,15Ñ0,05 

Nspecies 50 36 

NspeciesRotifera 20 11 

NspeciesCladocera 15 10 

NspeciesCopepoda 15 15 

 

ɺʠʜʳ-ʚʩʝʣʝʥʮʳ ʠ ʠʭ ʨʦʣʴ ʚ ʚʠʜʦʚʦʡ ʩʪʨʫʢʪʫʨʝ 

ɺ ʟʦʦʧʣʘʥʢʪʦʥʝ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʘʢʚʘʪʦʨʠʡ ʙʳʣʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʦ ʜʚʘ ʚʠʜʘ-

ʚʩʝʣʝʥʮʘ: ʢʦʣʦʚʨʘʪʢʘ ʩʝʚʝʨʦʘʤʝʨʠʢʘʥʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ Kellicottia bostoniensis ʠ 

ʶʞʥʳʡ ʚʝʪʚʠʩʪʦʫʩʳʡ ʨʘʯʦʢ Diaphanosoma orghidani. ɺʩʪʨʝʯʘʝʤʦʩʪʴ ʠ ʢʦʣʠʯʝʩʪʚʝʥ-

ʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʪʠʭ ʚʠʜʦʚ ʩʠʣʴʥʦ ʨʘʟʣʠʯʘʣʠʩʴ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʦʣʦʚʨʘʪʢʘ K. Bostoniensis ʘʢʪʠʚʥʦ ʨʘʩʩʝʣʷʝʪʩʷ ʚ ʚʦʜʦʸʤʘʭ ʠ 

ʚʦʜʦʪʦʢʘʭ ʈʦʩʩʠʠ. ɺʠʜ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʚ ʆʥʝʞʩʢʦʤ ʠ ʃʘʜʦʞʩʢʦʤ ʦʟʸʨʘʭ, ʚ ʚʦʜʦʸʤʘʭ 

ʠ ʚʦʜʦʪʦʢʘʭ ʙʘʩʩʝʡʥʘ ɺʝʨʭʥʝʡ ʠ ʉʨʝʜʥʝʡ ɺʦʣʛʠ, ʘ ʪʘʢʞʝ ʝʸ ʚʦʜʦʭʨʘʥʠʣʠʱʘʭ: ʀʚʘʥʴ-
ʢʦʚʩʢʦʤ, ʋʛʣʠʯʩʢʦʤ ʠ ʐʝʢʩʥʠʥʩʢʦʤ. ɺ ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ ʢʦʣʦʚʨʘʪʢʘ ʦʙʥʘʨʫʞʝʥʘ 

ʙʦʣʝʝ ʯʝʤ ʚ 40 ʚʦʜʦʸʤʘʭ ʠ ʚʦʜʦʪʦʢʘʭ ʈʦʩʩʠʠ [18]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʥʘʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚ ʅʠʞʝʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠ ʵʪʦʪ ʚʠʜ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʚ 32 ʚʦʜʥʳʭ ʦʙʲʝʢ-

ʪʘʭ (19 ʚʦʜʦʪʦʢʘʭ ʠ 13 ʚʦʜʦʸʤʘʭ) [19]. ɺ ʠʶʣʝ 2017 ʛʦʜʘ ʝʜʠʥʠʯʥʳʝ ʥʘʭʦʜʢʠ K. 

bostoniensis ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʪʦʣʴʢʦ ʚ ʟʦʥʝ ʨʝʯʥʦʡ ʛʠʜʨʘʚʣʠʢʠ ʏʝʙʦʢʩʘʨʩʢʦʛʦ 

ʚʦʜʦʭʨʘʥʠʣʠʱʘ, ʢʘʢ ʚ çʚʦʣʞʩʢʦʤè, ʪʘʢ ʠ ʚ çʦʢʩʢʦʤè ʧʦʪʦʢʘʭ. ʇʨʠ ʵʪʦʤ ʯʠʩʣʝʥʥʦʩʪʴ 

ʚʠʜʘ ʙʳʣʘ ʢʨʘʡʥʝ ʥʠʟʢʦʡ ʚ ʦʙʦʠʭ ʟʦʦʧʣʘʥʢʪʦʮʝʥʦʟʘʭ ʠ ʥʝ ʧʨʝʚʳʰʘʣʘ 22 ʵʢʟ./ʤ3. ɺ 

ʚʝʨʭʥʝʤ ʙʴʝʬʝ ʅʠʞʝʛʦʨʦʜʩʢʦʡ ɻʕʉ ʢʦʣʦʚʨʘʪʢʘ ʥʝ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ. 

ɺʠʜ-ʚʩʝʣʝʥʝʮ Diaphanosoma orghidani ï ʧʝʣʘʛʠʯʝʩʢʠʡ ʨʘʯʦʢ, ʙʳʣ ʚʧʝʨʚʳʝ ʦʧʠʩʘʥ 

ʚ 1982 ʛʦʜʫ ʚ ʦʟʸʨʘʭ ʈʫʤʳʥʠʠ. ɺ ʈʦʩʩʠʠ ʵʪʦʪ ʚʠʜ ʚʧʝʨʚʳʝ ʙʳʣ ʥʘʡʜʝʥ ʅ.ʄ. ʂʦʨʦʚ-



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 53, 2017 ʛ. 
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ʯʠʥʩʢʠʤ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʛ. ʂʘʟʘʥʠ ʚ 1986 ʛʦʜʫ [20]. ɿʘʪʝʤ ʵʪʦʪ ʚʠʜ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʚ 

ʚʦʜʦʸʤʘʭ ʜʝʣʴʪʳ ɺʦʣʛʠ, ʂʨʘʩʥʦʜʘʨʩʢʦʛʦ ʢʨʘʷ ʠ ʉʨʝʜʥʝʡ ɸʟʠʠ. ɺ 2005 ʛʦʜʫ ʚʠʜ ʙʳʣ 
ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥ ʚ ɺʦʣʛʦ-ɹʘʣʪʠʡʩʢʦʡ ʚʦʜʥʦʡ ʩʠʩʪʝʤʝ. ʅʘ 2008 ʛʦʜ ʩʘʤʘʷ ʩʝʚʝʨʥʘʷ 

ʥʘʭʦʜʢʘ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʘ ʚ ʅʦʚʠʥʢʠʥʩʢʦʤ ʚʦʜʦʭʨʘʥʠʣʠʱʝ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʮʝʥʪʨʘʤʠ 

ʨʘʩʩʝʣʝʥʠʷ Diaphanosoma orghidani ʩʣʫʞʠʪ ʉʨʝʜʥʷʷ ɺʦʣʛʘ, ʦʩʦʙʝʥʥʦ ʏʝʙʦʢʩʘʨʩʢʦʝ 

ʚʦʜʦʭʨʘʥʠʣʠʱʝ, ʘ ʥʘ ɺʝʨʭʥʝʡ ɺʦʣʛʝ - ʀʚʘʥʴʢʦʚʩʢʦʝ ʠ ʐʝʢʩʥʠʥʩʢʦʝ ʚʦʜʦʭʨʘʥʠʣʠʱʝ 
[21]. ɺ ʠʶʣʝ 2017 ʛʦʜʘ ʨʘʯʦʢ ʙʳʣ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥ ʚʦ ʚʩʝʭ ʚʳʜʝʣʝʥʥʳʭ ʩʦʦʙʱʝʩʪʚʘʭ 

ʟʦʦʧʣʘʥʢʪʦʥʘ. ʅʘʠʙʦʣʴʰʘʷ ʯʠʩʣʝʥʥʦʩʪʴ ʠʥʚʘʟʠʡʥʦʛʦ ʚʠʜʘ ʙʳʣʘ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʘ ʚ 

ʩʦʦʙʱʝʩʪʚʝ ʚʝʨʭʥʝʛʦ ʙʴʝʬʘ ʅʠʞʝʛʦʨʦʜʩʢʦʡ ɻʕʉ (109,31Ñ42,50 ʵʢʟ./ʤ3),ʥʠʞʝ ʧʣʦʪʠʥʳ 

ʚ ʩʦʦʙʱʝʩʪʚʝ çʚʦʣʞʩʢʦʛʦè ʧʦʪʦʢʘ ʯʠʩʣʝʥʥʦʩʪʴ Diaphanosoma orghidani ʫʤʝʥʴʰʠʣʘʩʴ 

ʜʦ 94,52Ñ22,85 ʵʢʟ./ʤ3. ʅʘʠʤʝʥʴʰʠʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʜʘ-ʚʩʝʣʝʥʮʘ 

ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʚ ʮʝʥʦʟʝ çʦʢʩʢʦʛʦè ʧʦʪʦʢʘ ï 9,80Ñ3,27 ʵʢʟ./ʤ3. 

ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʧʦ ʠʥʜʠʢʘʪʦʨʥʳʤ ʚʠʜʘʤ ʟʦʦʧʣʘʥʢʪʦʥʘ 

ʅʘʰʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʚʠʜʦʚ 

ʟʦʦʧʣʘʥʢʪʦʥʘ (86% ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ ʚʠʜʦʚ) ʷʚʣʷʶʪʩʷ ʠʥʜʠʢʘʪʦʨʥʳʤʠ. ʅʘ ʦʩʥʦʚʝ ʨʘʩ-

ʩʯʠʪʘʥʥʦʛʦ ʠʥʜʝʢʩʘ ʩʘʧʨʦʙʥʦʩʪʠ (Sn) ʚʦʜʳ ʘʢʚʘʪʦʨʠʠ ʚʝʨʭʥʝʛʦ ʙʴʝʬʘ ʅʠʞʝʛʦʨʦʜʩʢʦʡ 

ɻʕʉ ʠ ʫʩʪʴʝʚʦʡ ʦʙʣʘʩʪʠ ʨ. ʆʢʠ (ʩʦʦʙʱʝʩʪʚʦ çʦʢʩʢʦʛʦè ʧʦʪʦʢʘ) ʚ ʧʝʨʠʦʜ ʥʘʰʠʭ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ ʦʮʝʥʠʚʘʣʠʩʴ III  ʢʣʘʩʩʦʤ ʢʘʯʝʩʪʚʘ ʚʦʜ (çʫʤʝʨʝʥʥʦ ʟʘʛʨʷʟʥʸʥʥʳʝè) (ʪʘʙʣ. 

2). ʇʨʠ ʵʪʦʤ, ʟʥʘʯʝʥʠʷ ʠʥʜʝʢʩʘ ʩʘʧʨʦʙʥʦʩʪʠ ʜʣʷ ʚʝʨʭʥʝʛʦ ʙʴʝʬʘ ʅʠʞʝʛʦʨʦʜʩʢʦʡ ɻʕʉ 
ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʥʘ ʥʠʞʥʝʡ ʛʨʘʥʠʮʝ ɓ-ʤʝʟʦʩʘʧʨʦʙʥʦʡ ʟʦʥʳ. 

ʊʘʙʣʠʮʘ 2 

ɿʥʘʯʝʥʠʷ ʠʥʜʝʢʩʘ ʩʘʧʨʦʙʥʦʩʪʠ, ʦʮʝʥʝʥʥʳʝ ʧʦ ʩʦʦʪʥʦʰʝʥʠʷʤ ʯʠʩʣʝʥʥʦʩʪʝʡ  

ʠʥʜʠʢʘʪʦʨʥʳʭ ʚʠʜʦʚ ʟʦʦʧʣʘʥʢʪʦʥʘ, ʠ ʢʣʘʩʩ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʘʢʚʘʪʦʨʠʡ 

(ʚʝʨʭʥʠʡ ʙʴʝʬ ʅʠʞʝʛʦʨʦʜʩʢʦʡ ɻʕʉ, ʟʦʥʳ ʨʝʯʥʦʡ ʛʠʜʨʘʚʣʠʢʠ  

ʏʝʙʦʢʩʘʨʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʠ ʫʩʪʴʝʚʦʡ ʦʙʣʘʩʪʠ ʨ. ʆʢʠ) ʚ ʠʶʣʝ 2017 ʛ. 

ʀʩʩʣʝʜʫʝʤʘʷ ʘʢʚʘʪʦʨʠʷ ʀʥʜʝʢʩ ʩʘʧʨʦʙʥʦ-
ʩʪʠ 

ɿʦʥʘ ʩʘʧʨʦʙʥʦʩʪʠ ʂʣʘʩʩ ʢʘʯʝʩʪʚʘ ʚʦʜ 

ʚʝʨʭʥʠʡ ʙʴʝʬ ʅʠʞʝʛʦ-
ʨʦʜʩʢʦʡ ɻʕʉ 

1,52Ñ0,01 ɓ-ʤʝʟʦʩʘʧʨʦʙʥʘʷ III  (çʫʤʝʨʝʥʥʦ ʟʘʛʨʷʟ-
ʥʸʥʥʳʝè) 

ʟʦʥʘ ʨʝʯʥʦʡ ʛʠʜʨʘʚʣʠʢʠ 
ʏʝʙʦʢʩʘʨʩʢʦʛʦ ʚʜʭʨ. 

1,29Ñ0,03 ʦʣʠʛʦʩʘʧʨʦʙʥʘʷ II (çʯʠʩʪʳʝè) 

ʫʩʪʴʝʚʘʷ ʦʙʣʘʩʪʴ ʨ. ʆʢʠ 1,99Ñ0,15 ɓ-ʤʝʟʦʩʘʧʨʦʙʥʘʷ III  (çʫʤʝʨʝʥʥʦ ʟʘʛʨʷʟ-
ʥʸʥʥʳʝè) 

 

ɺʦʜʳ ʟʦʥʳ ʨʝʯʥʦʡ ʛʠʜʨʘʚʣʠʢʠ ʏʝʙʦʢʩʘʨʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʦʮʝʥʠʚʘʣʠʩʴ II  

ʢʣʘʩʩʦʤ ʢʘʯʝʩʪʚʘ (çʯʠʩʪʳʝè) (ʪʘʙʣ. 2), ʚʩʝ ʟʥʘʯʝʥʠʷ ʠʥʜʝʢʩʘ ʩʘʧʨʦʙʥʦʩʪʠ ʨʘʩʧʦʣʘʛʘ-
ʣʠʩʴ ʚ ʧʨʝʜʝʣʘʭ ʦʣʠʛʦʩʘʧʨʦʙʥʦʡ ʟʦʥʳ. 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ 2017 ʛʦʜʫ ʘʢʚʘʪʦʨʠʶ ʚʝʨʭʥʝʛʦ ʙʴʝʬʘ ʅʠʞʝʛʦʨʦʜʩʢʦʡ ɻʕʉ, ʟʦʥʳ ʨʝʯʥʦʡ ʛʠʜʨʘʚ-

ʣʠʢʠ ʏʝʙʦʢʩʘʨʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʠ ʫʩʪʴʝʚʦʡ ʦʙʣʘʩʪʠ ʨ. ʆʢʠ ʟʘʥʠʤʘʣʠ ʪʨʠ ʩʦʦʙʱʝ-
ʩʪʚʘ ʟʦʦʧʣʘʥʢʪʦʥʘ ʩ ʨʘʟʣʠʯʘʶʱʝʡʩʷ ʚʠʜʦʚʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʭʦʨʦ-

ʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʧʨʝʜʳʜʫʱʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ [1ï2]. ʇʦʢʘʟʘʪʝʣʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ 

ʨʘʟʚʠʪʠʷ ʚʠʜʦʚ-ʚʩʝʣʝʥʮʝʚ Kellicottia bostoniensis ʠ Diaphanosoma orghidani ʙʳʣʠ ʥʠʟ-

ʢʠʤʠ. ʈʘʯʦʢ Diaphanosoma orghidani ʚʧʝʨʚʳʝ ʙʳʣ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ 

ʚʩʝʭ ʩʪʘʥʮʠʷʭ ʦʪʙʦʨʘ ʧʨʦʙ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʫʩʧʝʰʥʦʤ ʨʘʩʩʝʣʝʥʠʠ ʜʘʥʥʦʛʦ 

ʠʥʚʘʟʠʡʥʦʛʦ ʚʠʜʘ. ɸʥʘʣʠʟ ʧʦʢʘʟʘʪʝʣʝʡ ʚʠʜʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʟʦʦʧʣʘʥʢʪʦʥʘ ʚʝʨʭʥʝʛʦ ʠ 

ʥʠʞʥʝʛʦ ʙʴʝʬʘ ʅʠʞʝʛʦʨʦʜʩʢʦʡ ɻʕʉ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʟʦʦʧʣʘʥʢʪʦʥʘ ʯʝ-

ʨʝʟ ʪʫʨʙʠʥʳ ɻʕʉ ʟʥʘʯʝʥʠʷ ʠʭ ʯʠʩʣʝʥʥʦʩʪʠ ʠ ʙʠʦʤʘʩʩʳ ʩʦʢʨʘʱʘʶʪʩʷ. ʇʨʦʠʩʭʦʜʠʪ 

ʩʠʣʴʥʦʝ ʦʙʝʜʥʝʥʠʝ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ ʢʦʣʦʚʨʘʪʦʢ ʠ ʚʝʪʚʠʩʪʦʫʩʳʭ ʨʘʯʢʦʚ, ʢʦʪʦʨʳʝ ʷʚ-

ʣʷʶʪʩʷ ʦʩʥʦʚʥʦʡ ʢʦʨʤʦʚʦʡ ʙʘʟʦʡ ʨʳʙ-ʧʣʘʥʢʪʦʥʦʬʘʛʦʚ, ʘ ʪʘʢʞʝ ʬʠʣʴʪʨʘʪʦʨʘʤʠ ʠ ʩʝ-



ɻ.ɺ. ʐʫʨʛʘʥʦʚʘ, ɺ.ʉ. ɾʠʭʘʨʝʚ, ɼ.ɽ. ɻʘʚʨʠʣʢʦ, ɼ.ʆ. ɻʦʣʫʙʝʚʘ, ʊ.ɺ. ɿʦʣʦʪʘʨʸʚʘ, ɼ.ʉ. ʈʫʯʢʠʥ 
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ʜʠʤʝʥʪʘʪʦʨʘʤʠ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʤʠ ʩʘʤʦʦʯʠʱʝʥʠʶ ʚʦʜʦʸʤʦʚ ʠ ʚʦʜʦʪʦʢʦʚ. ɸʥʘʣʠʟ 

ʚʠʜʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʩʦʦʙʱʝʩʪʚ ʟʦʦʧʣʘʥʢʪʦʥʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʛʣʫʙʦʢʠʭ 
ʥʘʨʫʰʝʥʠʡ ʚ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʘʢʚʘʪʦʨʠʡ. ʉʘʧʨʦʙʠʦʣʦʛʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʘʥʘʣʠʟʝ ʩʦʦʪʥʦʰʝʥʠʡ ʯʠʩʣʝʥʥʦʩʪʝʡ ʠʥʜʠʢʘʪʦʨʥʳʭ ʚʠʜʦʚ ʟʦʦ-

ʧʣʘʥʢʪʦʥʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʚʦʜʳ ʘʢʚʘʪʦʨʠʡ ʦʮʝʥʠʚʘʶʪʩʷ II-III  ʢʣʘʩʩʦʤ ʢʘʯʝʩʪʚʘ (çʯʠʩ-

ʪʳʝè ï çʫʤʝʨʝʥʥʦ ʟʘʛʨʷʟʥʸʥʥʳʝè). 
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The present state of the species structure and spatial distribution of zooplanktonocenoses of 
the upstream of the Nizhny Novgorod hydropower station, the zone of river hydraulics of the 
Cheboksary reservoir and the estuary area of the Oka River according to 2017 data is pre-
sented in the article. On the basis of the method of multivariate vector analysis, zooplankton 
communities were identified. The character of the change in the species structure of zoo-
plankton after its passage through the Nizhny Novgorod hydropower station aggregates is 
analyzed. Based on the saprobiological analysis, the water quality of the investigated water 
areas has been estimated. 
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603951, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʫʣ. ʅʝʩʪʝʨʦʚʘ, 5 

ʈɽɻʋʃʀʈʆɺɸʅʀɽ ɹʋʉʊɽʈʅʆɻʆ ʅɸʉʆʉɸ  

ʇʈʀ ʀɿʅʆʉɽ ʈɸɹʆʏɽɻʆ ʂʆʃɽʉɸ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʫʩʪʝʨʥʳʡ ʥʘʩʦʩ, ʙʝʩʢʘʚʠʪʘʮʠʦʥʥʳʡ ʨʝʞʠʤ, ʪʨʶʤʥʳʡ ʥʘʩʦʩ 

 
ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʙʫʩʪʝʨʥʦʛʦ ʛʨʫʥʪʦʚʦʛʦ ʥʘʩʦʩʘ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʙʝʩʢʘʚʠʪʘʮʠʦʥ-
ʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʪʨʶʤʥʦʛʦ ʥʘʩʦʩʘ. ʅʝʠʟʙʝʞʥʳʡ ʠʟʥʦʩ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ ʙʫʩʪʝʨʥʦʛʦ 

ʥʘʩʦʩʘ ʧʨʠʚʝʜʸʪ ʢ ʩʥʠʞʝʥʠʶ ʝʛʦ ʥʘʧʦʨʘ. ɺ ʜʦʧʫʩʪʠʤʳʭ ʧʨʝʜʝʣʘʭ ʩʥʠʞʝʥʠʷ ʢ.ʧ.ʜ. ʥʘ-
ʩʦʩʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʫʚʝʣʠʯʠʚʘʪʴ ʯʘʩʪʦʪʫ ʚʨʘʱʝʥʠʷ ʙʫʩʪʝʨʥʦʛʦ ʥʘʩʦʩʘ, ʚʦʩʩʪʘʥʘʚʣʠ-
ʚʘʷ ʪʨʝʙʫʝʤʳʡ ʥʘʧʦʨ.  

 

ɺ ʨʘʙʦʪʝ [1] ʠʩʩʣʝʜʦʚʘʥ ʤʝʪʦʜ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ ʦʩʝʚʦʛʦ ʛʨʫʥʪʦʚʦ-

ʛʦ ʥʘʩʦʩʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʰʥʝʢ ʧʝʨʝʤʝʥʥʦʛʦ ʰʘʛʘ. ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʙʫʝʤʳʭ ʜʣʷ ʙʝʩʢʘʚʠʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʦʩʥʦʚʥʦʛʦ ʥʘʩʦʩʘ 

ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ ʤʝʥʴʰʝʡ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʘʩʦʩʦʤ, ʠʤʝʶʱʠʤ ʨʘʙʦ-
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ʯʝʝ ʢʦʣʝʩʦ ʚ ʚʠʜʝ ʰʥʝʢʘ ʧʦʩʪʦʷʥʥʦʛʦ ʰʘʛʘ. ɺʘʞʥʳʤ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʠ ʪʦ, 

ʯʪʦ ʨʘʩʯʸʪʥʦʝ ʟʥʘʯʝʥʠʝ ʢ.ʧ.ʜ. ʙʫʩʪʝʨʥʦʛʦ ʥʘʩʦʩʘ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ.  
ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʛʨʫʥʪʦʚʦʛʦ ʥʘʩʦʩʘ ʝʛʦ ʨʘʙʦʯʠʝ ʦʨʛʘʥʳ ï ʨʘʙʦʯʝʝ ʢʦʣʝʩʦ 

ʠ ʚʳʧʨʘʚʣʷʶʱʠʡ ʘʧʧʘʨʘʪ ï ʧʦʜʚʝʨʛʘʶʪʩʷ ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʤʫ ʠʟʥʘʰʠʚʘʥʠʶ. ʇʨʠ ʵʪʦʤ 

ʤʝʥʷʝʪʩʷ ʚʠʜ ʥʘʧʦʨʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʩʦʩʘ. ʉʥʠʞʝʥʠʝ ʥʘʧʦʨʘ ʙʫʩʪʝʨʥʦʛʦ ʦʩʝʚʦʛʦ 

ʛʨʫʥʪʦʚʦʛʦ ʥʘʩʦʩʘ ʧʨʠʚʝʜʸʪ ʢ ʪʦʤʫ, ʯʪʦ ʧʨʠ ʨʘʩʯʸʪʥʦʡ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ ʦʥ ʥʝ ʦʙʝʩ-

ʧʝʯʠʪ ʪʨʝʙʫʝʤʳʡ ʜʣʷ ʙʝʩʢʘʚʠʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʪʨʶʤʥʦʛʦ ʥʘʩʦʩʘ ʥʘʧʦʨ. ʉʣʝʜʦʚʘ-

ʪʝʣʴʥʦ, ʩʣʝʜʫʝʪ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʦ ʦʧʨʝʜʝʣʸʥʥʳʭ ʟʥʘʯʝʥʠʡ ʫʚʝ-

ʣʠʯʠʚʘʪʴ ʯʘʩʪʦʪʫ ʚʨʘʱʝʥʠʷ ʙʫʩʪʝʨʥʦʛʦ ʥʘʩʦʩʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ ʫʤʝʥʴʰʝ-

ʥʠʷ ʝʛʦ ʥʘʧʦʨʘ, ʥʝ ʜʦʧʫʩʢʘʷ ʨʝʟʢʦʛʦ ʩʥʠʞʝʥʠʷ ʢ.ʧ.ʜ. 

ʇʦʩʪʘʚʣʝʥʥʘʷ ʟʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ï ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʜʘʯʘ 
ʥQ1 ʧʦ ʫʩʣʦʚʠʷʤ ʛʠʜʨʦʪʨʘʥʩʧʦʨʪʘ. 
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ʅʘʧʦʨʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʦʚʤʝʩʪʥʦ ʨʘʙʦʪʘʶʱʠʭ ʦʩʥʦʚʥʦʛʦ ʠ ʙʫʩʪʝʨʥʦʛʦ ʛʨʫʥʪʦ-

ʚʳʭ ʥʘʩʦʩʦʚ ʠʤʝʝʪ ʚʠʜ 
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ʚ
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r
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ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʡ (1) , (2) ʠ (3) ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʦʜʘ-

ʯʠ ʚ ʥʘʧʦʨʥʦʤ ʛʨʫʥʪʦʧʨʦʚʦʜʝ 
HQ
1

 ʦʪ ʧʣʦʪʥʦʩʪʠ ʛʠʜʨʦʩʤʝʩʠ )(
1

r=fQH
. 

ʇʨʠ ʦʛʨʘʥʠʯʝʥʥʦʡ ʚʩʘʩʳʚʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʦʩʥʦʚʥʦʛʦ ʛʨʫʥʪʦʚʦʛʦ ʥʘʩʦʩʘ (ʯʪʦ 

ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʜʦʙʳʚʘʶʱʠʭ ʠ ʜʥʦʫʛʣʫʙʠʪʝʣʴʥʳʭ ʟʝʤʣʝʩʦʩʦʚ) ʥʝʦʙʭʦʜʠʤʦ 

ʦʧʨʝʜʝʣʠʪʴ ʥʘʧʦʨ ʙʫʩʪʝʨʥʦʛʦ ʥʘʩʦʩʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʙʝʩʢʘʚʠʪʘʮʠʦʥʥʳʡ ʨʝʞʠʤ ʨʘ-

ʙʦʪʳ. 

ʋʨʘʚʥʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʩʘʩʳʚʘʶʱʝʛʦ ʛʨʫʥʪʦʧʨʦʚʦʜʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʦʚ 

ʨʘʙʦʪʳ ʟʝʤʣʝʩʦʩʘ: 
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ʆʙʦʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥ ʚ ʚʳʨʘʞʝʥʠʷʭ (1ï12) ʧʨʠʚʝʜʝʥʳ ʚ [2]. 
ʉʦʚʤʝʩʪʥʦʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʡ (10) ʠ (12) ʠʣʠ (11) ʠ (12) ʦʧʨʝʜʝʣʷʝʪ ʟʥʘʯʝʥʠʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʦʜʘʯʠ 1
Q¡, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʦʯʢʝ ʧʝʨʝʩʝʯʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʫʩ-

ʪʝʨʥʦʛʦ ʥʘʩʦʩʘ ʠ ʧʘʨʘʙʦʣʳ ʧʦʜʦʙʠʷ.  

ʅʦʚʘʷ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʥʙn .
¡ ʙʫʩʪʝʨʥʦʛʦ ʥʘʩʦʩʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʪʨʝʙʫʝʤʳʡ ʥʘ-

ʧʦʨ ʥʙH .  ʥʘ ʧʦʜʘʯʝ 
ʥQ1 , ʥʘʭʦʜʠʪʩʷ ʧʦ ʪʝʦʨʠʠ ʧʦʜʦʙʠʷ [3] 
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, ʨʘʩʩʯʠʪʘʥʥʳʝ ʜʣʷ ʟʘʜʘʥʥʳʭ ʨH  ʠ r 

ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʧʨʷʤʫʶ ʣʠʥʠʶ, ʢʦʪʦʨʘʷ ʚ ʨʘʙʦʯʝʤ ʜʠʘʧʘʟʦʥʝ ʧʦʜʘʯ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚ-

ʣʷʪʴ ʥʘʧʦʨʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʙʫʩʪʝʨʥʦʛʦ ʥʘʩʦʩʘ ʧʨʠ ʨʘʙʦʪʝ ʩ ʧʝʨʝʤʝʥʥʦʡ ʯʘʩʪʦʪʦʡ 

ʚʨʘʱʝʥʠʷ. ɽʸ ʫʨʘʚʥʝʥʠʝ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚʳʨʘʞʝʥʠʝʤ 
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K ʢʦʵʬʬʠʮʠʝʥʪ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʢʨʫʪʠʟʥʫ ʨʘʙʦʯʝʛʦ ʫʯʘʩʪʢʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

 

ɺʠʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʫʩʪʝʨʥʦʛʦ ʥʘʩʦʩʘ r= ,),(
..11 ʥʙ

nQfH , ʧʦʩʪʨʦʝʥʥʦʡ ʧʦ ʫʨʘʚ-

ʥʝʥʠʶ (12) ʜʣʷ ʧʦʩʪʦʷʥʥʦʡ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ 
..1 ʥʙ

n  ʠ ʧʣʦʪʥʦʩʪʠ ʚʦʜʦʛʨʫʥʪʦʚʦʡ ʩʤʝ-

ʩʠ r, ʠʤʝʝʪ ʚʠʜ, ʧʦʢʘʟʘʥʥʳʡ ʥʘ ʨʠʩ.1. 
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ʈʠʩ. 1. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʫʩʪʝʨʥʦʛʦ ʛʨʫʥʪʦʚʦʛʦ ʥʘʩʦʩʘ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ )(
1

QfH =¡  ʙʫʩʪʝʨʥʦʛʦ ʥʘʩʦʩʘ ʩ ʧʝʨʝʤʝʥʥʦʡ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ 

(
..3..2..1

,,
ʥʙʥʙʥʙ

nnn ) ʜʣʷ ʟʘʜʘʥʥʦʡ ʛʣʫʙʠʥʳ ʠʟʚʣʝʯʝʥʠʷ ʛʨʫʥʪʘ Hpʠ ʨʘʟʣʠʯʥʳʭ r, ʧʦ-

ʩʪʨʦʝʥʥʘʷ ʧʦ ʫʨʘʚʥʝʥʠʶ (14) ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. 

ʇʨʠ ʠʟʥʦʩʝ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ ʩʥʠʞʝʥʠʝ ʥʘʧʦʨʘ ʥʘ ʚʝʣʠʯʠʥʫ 
..ʥʙ

HD  ʥʘ ʨʘʩʯʸʪʥʦʡ 

ʧʦʜʘʯʝ 
1Q  ʧʨʠʚʝʜʸʪ ʢ ʪʦʤʫ, ʯʪʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘʩʦʩʘ ʧʨʠ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ ..ʥʙn  

ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ ʧʫʥʢʪʠʨʥʦʡ ʣʠʥʠʠ (r= ,),(
..11 ʥʙ

nQfH , ʠʟʥʦʰʝʥʥʦʝ ʨʘʙʦʯʝʝ ʢʦʣʝʩʦ). 

ʇʨʠ ʵʪʦʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʟʥʦʰʝʥʥʦʛʦ ʢʦʣʝʩʘ ʚ ʨʘʙʦʯʝʤ ʜʠʘʧʘʟʦʥʝ ʧʦʜʘʯ ʧʨʦʭʦʜʠʪ 

ʧʨʘʢʪʠʯʝʩʢʠ ʧʘʨʘʣʣʝʣʴʥʦ ʧʨʷʤʦʡ r= ,),(
..11 ʥʙ

nQfH . 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʫʩʪʝʨʥʳʤ ʥʘʩʦʩʦʤ ʪʨʝʙʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ (1..
,QH
ʥʙ
¡¡ ) ʩʣʝʜʫʝʪ 

ʯʝʨʝʟ ʪʦʯʢʫ ʩ ʫʢʘʟʘʥʥʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ʧʨʦʚʝʩʪʠ ʧʘʨʘʙʦʣʫ ʧʦʜʦʙʠʷ, ʫʨʘʚʥʝʥʠʝ ʢʦʪʦ-

ʨʦʡ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫʨʘʚʥʝʥʠʝʤ 
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¡
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ʉʦʚʤʝʩʪʥʦʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (15) ʠ ʫʨʘʚʥʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʩʦʩʘ ʩ ʠʟʥʦ-

ʰʝʥʥʳʤ ʢʦʣʝʩʦʤ 
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ʦʧʨʝʜʝʣʠʪ ʠʭ ʪʦʯʢʫ ʧʝʨʝʩʝʯʝʥʠʷ, ʘʙʩʮʠʩʩʘ ʢʦʪʦʨʦʡ 
1

Q¡¡(ʨʠʩ.1). 

ɿʘʪʝʤ, ʠʩʧʦʣʴʟʫʷ ʪʝʦʨʠʶ ʧʦʜʦʙʠʷ, ʥʘʭʦʜʠʪʩʷ ʥʦʚʘʷ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ..1 ʥʙn
¡

 

..1 ʥʙn
¡

= .
1

..11

Q

nQ
ʥʙ

¡¡

¡

 (17) 

ʈʘʟʥʦʩʪʴ ʤʝʞʜʫ ..1 ʥʙn
¡

 ʠ 
..1 ʥʙ

n  ʦʧʨʝʜʝʣʷʝʪ ʚʝʣʠʯʠʥʫ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ 

ʙʫʩʪʝʨʥʦʛʦ ʥʘʩʦʩʘ ʧʨʠ ʠʟʥʦʩʝ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ ʚ ʟʘʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. 
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BOOSTER THE PUMP REGULATION   

AT THE IMPELLER RUN -OUT 

S.G. Yakovlev 

Keywords: booster pump, cavitation-free operation, bilge pump  
 
The use of a booster pump enables to provide cavitation-free operation of the bilge pump. 
The inevitable run-out of the booster pump impeller will lead to a decrease in its pressure. 
Within acceptable limits of the pump efficiency reduction it is advisable to increase the fre-
quency of the booster pump rotation, restoring the desired pressure. 

ʉʪʘʪʴʷ ʧʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ 31.08.2017 ʛ. 
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ʅ.ʄ. ɻʨʝʯʢʦ, ʢ.ʵ.ʥ., ʜʦʮʝʥʪ ʌɻɹʆʋ ɺʆ çɺɻʋɺʊè 

ɸ.ɸ. ɻʘʛʘʨʢʠʥʘ, ʤʘʛʠʩʪʨʘʥʪ ʌɻɹʆ ʋ ɺʆ çɺɻʋɺʊè 
603951, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʫʣ. ʅʝʩʪʝʨʦʚʘ, 5 

ʉʀʉʊɽʄɸ ɺʅʋʊʈɽʅʅɽɻʆ ʂʆʅʊʈʆʃʗ ʈɸʉʏɽʊʆɺ  

ʉ ʂʆʅʊʈɸɻɽʅʊɸʄʀ ɺ ʆʈɻɸʅʀɿɸʎʀʗʍ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʩʪʝʤʘ ʚʥʫʪʨʝʥʥʝʛʦ ʢʦʥʪʨʦʣʷ, ʜʝʙʠʪʦʨʩʢʘʷ ʟʘʜʦʣʞʝʥʥʦʩʪʴ, ʢʨʝ-
ʜʠʪʦʨʩʢʘʷ ʟʘʜʦʣʞʝʥʥʦʩʪʴ, ʢʦʥʪʨʘʛʝʥʪʳ. 
 
ɺ ʩʪʘʪʴʝ ʧʨʝʜʣʦʞʝʥʘ ʘʚʪʦʨʩʢʘʷ ʤʦʜʝʣʴ ʧʨʦʚʝʜʝʥʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʢʦʥʪʨʦʣʷ ʨʘʩʯʝʪʦʚ 

ʩ ʢʦʥʪʨʘʛʝʥʪʘʤʠ(ʧʦʩʪʘʚʱʠʢʘʤʠ ʠ ʧʦʢʫʧʘʪʝʣʷʤʠ) ʚ ʦʨʛʘʥʠʟʘʮʠʷʭ. ʈʘʟʨʘʙʦʪʘʥʘ ʘʥ-
ʢʝʪʘ ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʩʦʪʨʫʜʥʠʢʦʚ ʙʫʭʛʘʣʪʝʨʠʠ ʦʨʛʘʥʠʟʘʮʠʠ ʧʦ ʧʦʣʫʯʝʥʠʶ ʧʨʝʜʚʘ-
ʨʠʪʝʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʩʦʩʪʦʷʥʠʠ ʨʘʩʯʝʪʦʚ ʩ ʢʦʥʪʨʘʛʝʥʪʘʤʠ 

 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʜʝʷʪʝʣʴʥʦʩʪʴ ʦʨʛʘʥʠʟʘʮʠʡ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʧʦʜʚʝʨ-

ʞʝʥʘ ʚʥʝʰʥʝʤʫ ʨʠʩʢʫ ʠ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ. ɺ ʨʘʤʢʘʭ ʥʘʨʘʩʪʘʶʱʝʡ 

ʢʦʥʢʫʨʝʥʮʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʙʣʝʤʳ ʦʙʝʩʧʝʯʝʥʠʷ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʠ ʩʠʩʪʝʤ ʚʥʫʪʨʝʥʥʝʛʦ ʢʦʥʪʨʦʣʷ (ʉɺʂ) ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ. ʉʪʘʪʴʷ 19 ʌʝʜʝʨʘʣʴʥʦʛʦ 
ʟʘʢʦʥʘ ˉ402-ʌɿ çʆ ʙʫʭʛʘʣʪʝʨʩʢʦʤ ʫʯʸʪʝè ʦʪ 06.12.2011 ʛ. (ʨʝʜ. ʦʪ 23.05.2016 ʛ.), ʫʢʘ-

ʟʳʚʘʝʪ, ʯʪʦ çʵʢʦʥʦʤʠʯʝʩʢʠʡ ʩʫʙʲʝʢʪ ʦʙʷʟʘʥ ʦʨʛʘʥʠʟʦʚʘʪʴ ʠ ʦʩʫʱʝʩʪʚʣʷʪʴ ʚʥʫʪʨʝʥʥʠʡ 

ʢʦʥʪʨʦʣʴ ʩʦʚʝʨʰʘʝʤʳʭ ʬʘʢʪʦʚ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʞʠʟʥʠè [1]. 

ʇʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʥʘʠʙʦʣʝʝ ʪʦʯʥʦ ʧʦʥʠʤʘʥʠʝ ʩʫʪʠ ʚʥʫʪʨʝʥʥʝʛʦ ʢʦʥʪʨʦʣʷ ʦʪʨʘ-

ʞʝʥʦ ʚ ʪʨʘʢʪʦʚʘʥʠʠ ʧʦʥʷʪʠʷ ʛʣʦʩʩʘʨʠʝʤ ʪʝʨʤʠʥʦʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʘʫʜʠ-

ʪʦʨʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʌʝʜʝʨʘʮʠʝʡ ɹʫʭʛʘʣʪʝʨʦʚ: 

çʚʥʫʪʨʝʥʥʠʡ ʢʦʥʪʨʦʣʴ ï ʧʨʦʮʝʩʩ, ʢʦʪʦʨʳʡ ʨʘʟʨʘʙʦʪʘʥ, ʚʥʝʜʨʝʥ ʠ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ 

ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʩʦʙʩʪʚʝʥʥʠʢʘ, ʨʫʢʦʚʦʜʩʪʚʦʤ, ʠ ʜʨʫʛʠʤʠ ʩʦʪʨʫʜʥʠʢʘʤʠ ʩ ʮʝʣʴʶ 

ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʟʫʤʥʦʡ ʫʚʝʨʝʥʥʦʩʪʠ ʚ ʜʦʩʪʠʞʝʥʠʠ ʮʝʣʝʡ ʦʨʛʘʥʠʟʘʮʠʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʬʠʥʘʥʩʦʚʦʡ ʦʪʯʝʪʥʦʩʪʠ, ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʦʧʝʨʘʮʠʡ, 

ʩʦʙʣʶʜʝʥʠʷ ʜʝʡʩʪʚʫʶʱʠʭ ʟʘʢʦʥʦʚ ʠ ʥʦʨʤʘʪʠʚʥʳʭ ʘʢʪʦʚè [2]. ʊʘʢʘʷ ʪʨʘʢʪʦʚʢʘ ʪʝʨʤʠ-

ʥʘ ʧʦʜʯʝʨʢʠʚʘʝʪ ʫʥʠʢʘʣʴʥʦʩʪʴ ʩʦʚʨʝʤʝʥʥʦʡ ʩʠʩʪʝʤʳ ʚʥʫʪʨʝʥʥʝʛʦ ʫʧʨʘʚʣʝʥʠʷ ʢʘʢ 
ʬʘʢʪʦʨʘ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʝʡ, ʧʦʩʪʘʚʣʝʥʥʳʭ ʩʦʙʩʪʚʝʥʥʠʢʘʤʠ. 

ʋʯʠʪʳʚʘʷ ʜʚʘ ʢʣʶʯʝʚʳʭ ʚʦʧʨʦʩʘ ʩʫʱʝʩʪʚʫʶʱʝʡ ʨʳʥʦʯʥʦʡ ʩʠʩʪʝʤʳ: ʢʘʢʦʚʘ ʮʝʥʘ 

ʚʣʦʞʝʥʠʡ ʠ ʢʘʢʘʷ ʙʫʜʝʪ ʦʪ ʵʪʦʛʦ ʧʦʣʴʟʘ, ʥʝʦʙʭʦʜʠʤʦ ʚʳʷʩʥʠʪʴ, ʢʘʢ ʛʨʘʤʦʪʥʦ ʦʨʛʘʥʠ-

ʟʦʚʘʪʴ ʢʦʥʪʨʦʣʴ ʨʘʩʯʝʪʦʚ ʩ ʢʦʥʪʨʘʛʝʥʪʘʤʠ, ʯʪʦʙʳ ʉɺʂ ʤʦʛʣʘ ʥʝ ʪʦʣʴʢʦ ʚʳʷʚʠʪʴ ʥʝ-

ʜʦʩʪʘʪʢʠ ʠ ʥʘʨʫʰʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʨʘʩʯʝʪʦʚ, ʥʦ ʠ ʧʨʝʜʫʧʨʝʜʠʪʴ ʠʭ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʦ-

ʚʘʪʴ ʠʭ ʩʚʦʝʚʨʝʤʝʥʥʦʤʫ ʫʩʪʨʘʥʝʥʠʶ, ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ ʟʘʪʨʘʪʘʭ ʥʘ ʦʨʛʘʥʠʟʘʮʠʶ ʩʠʩ-

ʪʝʤʳ ʚʥʫʪʨʝʥʥʝʛʦ ʢʦʥʪʨʦʣʷ [3]. 

ʅʘ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦʤ ʫʨʦʚʥʝ ʧʦʨʷʜʦʢ ʦʨʛʘʥʠʟʘʮʠʠ ʚʥʫʪʨʝʥʥʝʛʦ ʢʦʥʪʨʦʣʷ ʥʝ ʨʝʛʣʘ-

ʤʝʥʪʠʨʦʚʘʥ, ʧʦʩʢʦʣʴʢʫ ʄʠʥʠʩʪʝʨʩʪʚʦ ʬʠʥʘʥʩʦʚ ʈʦʩʩʠʠ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʥʝ 

ʨʘʟʨʘʙʦʪʘʣ ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʡ, ʢʦʪʦʨʳʝ ʧʣʘʥʠʨʦʚʘʣʦʩʴ ʫʪʚʝʨʜʠʪʴ ʩʨʘʟʫ 

ʧʦʩʣʝ ʧʨʠʥʷʪʠʷ ɿʘʢʦʥʘ ç ʆ ʙʫʭʛʘʣʪʝʨʩʢʦʤ ʫʯʝʪʝè ˉ 402-ʌɿ. ʆʜʥʘʢʦ ʥʝʦʙʭʦʜʠʤʦ ʦʪ-
ʤʝʪʠʪʴ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦʤ ʈʌ ʦ ʙʫʭʛʘʣʪʝʨʩʢʦʤ ʫʯʝʪʝ ʥʝ ʫʩʪʘ-

ʥʦʚʣʝʥʳ ʢʘʢʠʝ-ʣʠʙʦ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʧʦʨʷʜʦʢ, ʩʧʦʩʦʙʳ ʠ ʧʨʦʮʝʜʫʨʳ ʦʩʫʱʝʩʪʚʣʝʥʠʷ 

ʚʥʫʪʨʝʥʥʝʛʦ ʢʦʥʪʨʦʣʷ ʦʨʛʘʥʠʟʘʮʠʡ. 

ʇʦʨʷʜʦʢ ʦʨʛʘʥʠʟʘʮʠʠ ʚʥʫʪʨʝʥʥʝʛʦ ʢʦʥʪʨʦʣʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʘʤʠʤ ʭʦʟʷʡʩʪʚʫʶʱʠʤ 

ʩʫʙʲʝʢʪʦʤ. ɺʥʫʪʨʝʥʥʠʡ ʢʦʥʪʨʦʣʴ ʤʦʞʝʪ ʙʳʪʴ ʦʨʛʘʥʠʟʦʚʘʥ ʧʫʪʝʤ ʩʦʟʜʘʥʠʷ ʦʪʜʝʣʘ 

ʚʥʫʪʨʝʥʥʝʛʦ ʢʦʥʪʨʦʣʷ ʠʣʠ ʘʫʜʠʪʘ, ʨʝʚʠʟʠʦʥʥʦʛʦ ʦʪʜʝʣʘ ʠʣʠ ʧʫʪʝʤ ʘʫʪʩʦʨʩʠʥʛʘ [4].  

ɻʣʘʚʥʳʡ ʧʨʠʥʮʠʧ, ʣʝʞʘʱʠʡ ʚ ʦʩʥʦʚʝ ʉɺʂ: ʨʘʟʫʤʥʦʩʪʴ ʠ ʩʦʧʦʩʪʘʚʠʤʦʩʪʴ ʪʨʫʜʦʟʘ-

ʪʨʘʪ ʧʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʢʦʥʪʨʦʣʷ ʩ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ. ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʩʠʩʪʝ-

ʤʳ ʚʥʫʪʨʝʥʥʝʛʦ ʢʦʥʪʨʦʣʷ ʨʘʩʯʝʪʦʚ ʩ ʢʦʥʪʨʘʛʝʥʪʘʤʠ ʥʝʦʙʭʦʜʠʤʦ ʩʚʦʝʚʨʝʤʝʥʥʦ ʫʯʠ-
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ʪʳʚʘʪʴ ʟʘʪʨʘʪʳ ʥʘ ʰʪʘʪʥʳʭ ʨʘʙʦʪʥʠʢʦʚ, ʢʦʥʩʫʣʴʪʘʥʪʦʚ, ʘʫʪʩʦʨʩʠʥʛ ʠ ʠʩʧʦʣʴʟʫʝʤʳʝ 

ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦʛʦ ʦʙʲʝʤʘ ʢʦʥʪʨʦʣʷ ʟʘ ʨʘʩʯʝʪʘʤʠ ʩ ʧʦʩʪʘʚ-

ʱʠʢʘʤʠ ʠ ʧʦʜʨʷʜʯʠʢʘʤʠ ʧʦ ʪʦʚʘʨʥʦ-ʤʘʪʝʨʠʘʣʴʥʳʤ ʮʝʥʥʦʩʪʷʤ, ʧʨʠʥʷʪʳʤ ʚʳʧʦʣʥʝʥ-

ʥʳʤ ʨʘʙʦʪʘʤ ʠ ʦʢʘʟʘʥʥʳʤ ʫʩʣʫʛʘʤ. 

ʅʘ ʥʘʰ ʚʟʛʣʷʜ, ʢʦʥʪʨʦʣʴ ʨʘʩʯʝʪʦʚ ʩ ʢʦʥʪʨʘʛʝʥʪʘʤʠ ʜʦʣʞʝʥ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʥʝ-

ʧʨʝʨʳʚʥʦ, ʩʧʣʦʰʥʳʤ ʤʝʪʦʜʦʤ, ʠ ʚ ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ: 

1. ʀʥʩʧʝʢʪʠʨʦʚʘʥʠʝ ʥʘʣʠʯʠʷ ʦʙʷʟʘʪʝʣʴʥʳʭ ʨʝʢʚʠʟʠʪʦʚ ʚ ʧʝʨʚʠʯʥʳʭ ʜʦʢʫʤʝʥʪʘʭ 

ʧʦ ʧʨʠʦʙʨʝʪʝʥʠʶ (ʧʨʦʜʘʞʝ) ʊʄʎ ʠ ʧʦʣʫʯʝʥʠʶ (ʦʢʘʟʘʥʠʶ) ʫʩʣʫʛ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ 

ʦʙʦʩʥʦʚʘʥʥʦʩʪʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʨʝʜʠʪʦʨʩʢʦʡ (ʜʝʙʠʪʦʨʩʢʦʡ) ʟʘʜʦʣʞʝʥʥʦʩʪʠ; 
2. ʇʨʦʚʝʨʢʘ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʧʦʛʘʰʝʥʠʷ ʠ ʧʨʘʚʠʣʴʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʚ ʙʫʭʛʘʣʪʝʨ-

ʩʢʦʤ ʫʯʝʪʝ ʢʨʝʜʠʪʦʨʩʢʦʡ (ʜʝʙʠʪʦʨʩʢʦʡ) ʟʘʜʦʣʞʝʥʥʦʩʪʠ; 

3. ʀʥʩʧʝʢʪʠʨʦʚʘʥʠʝ ʜʦʢʫʤʝʥʪʘʣʴʥʦʛʦ ʦʬʦʨʤʣʝʥʠʷ ʠ ʦʪʨʘʞʝʥʠʷ ʥʘ ʩʯʝʪʘʭ ʙʫʭʛʘʣ-

ʪʝʨʩʢʦʛʦ ʫʯʝʪʘ ʧʨʝʜʲʷʚʣʝʥʥʳʭ ʠ ʚʳʩʪʘʚʣʝʥʥʳʭ ʧʨʝʪʝʥʟʠʡ. 

ʄʳ ʩʯʠʪʘʝʤ, ʯʪʦ ʪʘʢʘʷ ʩʪʨʫʢʪʫʨʘ ʧʨʦʚʝʨʢʠ ʧʦʟʚʦʣʠʪ ʧʨʦʩʣʝʜʠʪʴ ʠ ʦʪʨʝʛʫʣʠʨʦʚʘʪʴ 

ʧʨʘʚʠʣʴʥʦʩʪʴ ʦʪʨʘʞʝʥʠʷ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʦʧʝʨʘʮʠʠ ʚ ʙʫʭʛʘʣʪʝʨʩʢʦʤ ʫʯʝʪʝ ʩ ʤʦʤʝʥʪʘ ʝʝ 

ʟʘʨʦʞʜʝʥʠʷ ʠ ʜʦ ʧʦʣʥʦʛʦ ʠʩʧʦʣʥʝʥʠʷ ʜʦʛʦʚʦʨʥʳʭ ʦʙʷʟʘʥʥʦʩʪʝʡ ʤʝʞʜʫ ʢʦʥʪʨʘʛʝʥʪʘ-

ʤʠ. ʇʨʠ ʵʪʦʤ, ʠʩʪʦʯʥʠʢʘʤʠ ʠʥʬʦʨʤʘʮʠʠ ʜʦʣʞʥʳ ʷʚʣʷʪʴʩʷ: ʧʨʠʢʘʟ ʦʨʛʘʥʠʟʘʮʠʠ ʦʙ 

ʫʯʝʪʥʦʡ ʧʦʣʠʪʠʢʝ; ʜʦʛʦʚʦʨʳ ʥʘ ʧʦʩʪʘʚʢʫ ʊʄʎ, ʥʘ ʦʢʘʟʘʥʠʝ ʫʩʣʫʛ, ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʨʘ-

ʙʦʪ; ʥʘʢʣʘʜʥʳʝ ʠ ʞʫʨʥʘʣ ʨʝʛʠʩʪʨʘʮʠʠ ʩʯʝʪʦʚ-ʬʘʢʪʫʨ ʧʦʩʪʘʚʱʠʢʦʚ; ʞʫʨʥʘʣ ʨʝʛʠʩʪʨʘ-

ʮʠʡ ʜʦʚʝʨʝʥʥʦʩʪʝʡ ʥʘ ʧʦʣʫʯʝʥʠʝ ʊʄʎ; ʩʯʝʪʘ-ʬʘʢʪʫʨʳ ʧʦʣʫʯʝʥʥʳʝ ʠ ʚʳʩʪʘʚʣʝʥʥʳʝ; 
ʘʢʪʳ ʩʚʝʨʢʠ ʨʘʩʯʝʪʦʚ ʩ ʢʦʥʪʨʘʛʝʥʪʘʤʠ; ʧʨʦʪʦʢʦʣʳ ʦ ʟʘʯʝʪʝ ʚʟʘʠʤʥʳʭ ʪʨʝʙʦʚʘʥʠʡ; 

ʚʝʢʩʝʣʷ; ʧʣʘʪʝʞʥʳʝ ʧʦʨʫʯʝʥʠʷ ʠ ʚʳʧʠʩʢʠ ʙʘʥʢʘ; ʢʥʠʛʘ ʧʦʢʫʧʦʢ ʠ ʢʥʠʛʘ ʧʨʦʜʘʞ; ʦʙʦ-

ʨʦʪʥʦ ï ʩʘʣʴʜʦʚʳʝ ʚʝʜʦʤʦʩʪʠ ʧʦ ʩʯʝʪʫ 60, 62,76; ɻʣʘʚʥʘʷ ʢʥʠʛʘ. 

ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʫʯʝʪ ʚʝʜʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʢʦʥʪʨʦʣʴʥʦ ï ʚr -

ʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ, ʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ, ʧʦ ʙʦʣʴʰʝʡ ʯʘʩʪʠ, ʯʝʣʦʚʝʯʝʩʢʠʭ ʨʝʩʫʨ-

ʩʦʚ, ʚʘʞʥʳʤ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʧʨʦʚʝʜʝʥʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʩʦʪʨʫʜʥʠʢʦʚ, 

ʟʘʥʷʪʳʭ ʥʘ ʫʯʘʩʪʢʝ ʧʦ ʨʘʙʦʪʝ ʩ ʢʦʥʪʨʘʛʝʥʪʘʤʠ. 

ɸʥʢʝʪʘ ʧʦ ʧʦʣʫʯʝʥʠʶ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʩʦʩʪʦʷʥʠʠ ʨʘʩʯʝʪʦʚ ʥʘ 

ʧʨʝʜʧʨʠʷʪʠʠ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʦʧʨʦʩʳ: 

1. ɺ ʢʘʢʦʡ ʤʦʤʝʥʪ ʧʨʦʠʩʭʦʜʠʪ ʦʧʨʠʭʦʜʦʚʘʥʠʝ ʄʇɿ ʚ ʫʯʝʪʝ? 

2. ʉ ʢʘʢʦʡ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ ʧʨʦʚʦʜʠʪʩʷ ʦʪʧʨʘʚʢʘ ʧʣʘʪʝʞʝʡ ʚ ʙʘʥʢ? 

3. ʋʩʪʘʥʦʚʣʝʥ ʣʠ ʛʨʘʬʠʢ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ ʧʦ ʨʘʩʯʝʪʥʳʤ ʦʧʝʨʘʮʠʷʤ? 
4. ʇʨʦʚʦʜʠʪʩʷ ʣʠ ʠʥʚʝʥʪʘʨʠʟʘʮʠʷ ʨʘʩʯʝʪʦʚ ʠ ʩ ʢʘʢʦʡ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ? 

5. ʉ ʢʘʢʦʡ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʚʝʨʢʘ ʨʘʩʯʝʪʦʚ ʩ ʢʦʥʪʨʘʛʝʥʪʘʤʠ? 

6. ʅʘʟʥʘʯʝʥʦ ʣʠ ʣʠʮʦ, ʦʪʚʝʪʩʪʚʝʥʥʦʝ ʟʘ ʩʦʙʣʶʜʝʥʠʝʤ ʜʦʛʦʚʦʨʥʳʭ ʦʙʷʟʘʪʝʣʴʩʪʚ ʧʦ 

ʩʨʦʢʘʤ ʧʦʩʪʘʚʦʢ ʧʦʢʫʧʘʪʝʣʷʤ (ʠ ʦʪ ʧʦʩʪʘʚʱʠʢʦʚ)? 

7. ʀʤʝʶʪʩʷ ʣʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʦʢʫʤʝʥʪʳ ʥʘ ʧʦʩʪʘʚʢʫ ʠ ʦʪʛʨʫʟʢʫ? 

8. ʅʘʨʫʰʘʶʪʩʷ ʣʠ (ʠ ʢʘʢ ʯʘʩʪʦ) ʩʨʦʢʠ ʧʦʩʪʫʧʣʝʥʠʷ ʨʘʩʯʝʪʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʦʪ ʧʦ-

ʩʪʘʚʱʠʢʦʚ (ʥʘʧʨʠʤʝʨ, ʚʳʩʪʘʚʣʝʥʥʳʭ ʩʯʝʪʦʚ-ʬʘʢʪʫʨʳ)? 

9. ʉʫʱʝʩʪʚʫʝʪ ʣʠ ʢʦʥʪʨʦʣʴ ʩʨʦʢʦʚ ʧʦʛʘʰʝʥʠʷ ʜʝʙʠʪʦʨʩʢʦʡ ʠ ʢʨʝʜʠʪʦʨʩʢʦʡ ʟʘ-

ʜʦʣʞʝʥʥʦʩʪʠ? 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʦʪʚʝʪʳ ʥʘ ʧʦʩʪʘʚʣʝʥʥʳʝ ʚʦʧʨʦʩʳ, ʫ ʚʥʫʪʨʝʥʥʠʭ ʢʦʥʪʨʦʣʝʨʦʚ 

ʙʫʜʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʢʘʯʝʩʪʚʝ ʟʘʜʦʣʞʝʥʥʦʩʪʝʡ ʧʦʢʫʧʘʪʝʣʝʡ ʠ ʧʝʨʝʜ 
ʧʦʩʪʘʚʱʠʢʘʤʠ, ʘ ʪʘʢ ʞʝ ʦʙ ʫʨʦʚʥʝ ʢʦʥʪʨʦʣʷ ʟʘ ʩʦʩʪʦʷʥʠʝʤ ʤʘʪʝʨʠʘʣʴʥʳʭ ʮʝʥʥʦʩʪʝʡ 

ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʮʠʢʣʘ ʠʭ ʜʦʩʪʘʚʢʠ. 

ʆʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ ʚ ʩʦʙʣʶʜʝʥʠʠ ʧʣʘʪʝʞʥʦʡ ʜʠʩʮʠʧʣʠʥʳ ʩ ʧʦʩʪʘʚʱʠʢʘʤʠ ʠ ʧʦ-

ʢʫʧʘʪʝʣʷʤʠ ʤʳ ʩʯʠʪʘʝʤ ʧʦʩʪʦʷʥʥʳʡ ʘʥʘʣʠʟ ʜʦʛʦʚʦʨʥʳʭ ʦʙʷʟʘʪʝʣʴʩʪʚ. ʇʨʠ ʵʪʦʤ, ʥʘ 

ʧʨʝʜʧʨʠʷʪʠʠ ʤʦʞʝʪ ʙʳʪʴ ʦʨʛʘʥʠʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʤʝʨ ʧʦ ʧʦʚʳʰʝʥʠʶ ʦʙʦʨʘʯʠʚʘʝʤʦʩʪʠ 

ʜʝʙʠʪʦʨʩʢʦʡ ʟʘʜʦʣʞʝʥʥʦʩʪʠ ʧʦʢʫʧʘʪʝʣʝʡ, ʥʘʧʨʠʤʝʨ, ʧʫʪʝʤ ʟʘʢʣʶʯʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴ-

ʥʳʭ ʩʦʛʣʘʰʝʥʠʡ ʣʠʙʦ ʨʘʩʰʠʨʝʥʠʷ ʦʩʥʦʚʥʦʛʦ ʜʦʛʦʚʦʨʘ ʧʫʥʢʪʦʤ, ʫʯʠʪʳʚʘʶʱʠʤ 

ʰʪʨʘʬʥʳʝ ʩʘʥʢʮʠʠ ʟʘ ʥʘʨʫʰʝʥʠʝ ʩʨʦʢʦʚ ʦʧʣʘʪʳ ʧʦʩʪʘʚʦʢ. ɼʦʧʫʩʪʠʤʳ ʪʘʢ ʞʝ ʦʙʨʘ-

ʱʝʥʠʷ ʚ ʩʫʜʳ ʩ ʠʩʢʘʤʠ ʢʘʢ ʤʝʨʳ ʧʦ ʩʪʠʤʫʣʠʨʦʚʘʥʠʶ ʠ ʫʩʢʦʨʝʥʠʶ ʧʦʛʘʰʝʥʠʷ ʧʨʦ-

ʩʨʦʯʝʥʥʦʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʣʶʯʝʥʥʳʤ ʜʦʛʦʚʦʨʦʤ ʜʝʙʠʪʦʨʩʢʦʡ ʟʘʜʦʣʞʝʥʥʦʩʪʠ [5].  



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 53, 2017 ʛ. 
ʈʘʟʜʝʣ IV. ʌʠʥʘʥʩʦʚʳʝ ʠ ʫʯʝʪʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʩʦʚʨʝʤʝʥʥʦʡ ʵʢʦʥʦʤʠʢʠ 
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ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʜʘʥʥʳʭ ʤʝʨ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʦʩʪʦʷʥʠʷ ʟʘʜʦʣʞʝʥʥʦʩʪʠ ʧʦʢʫʧʘʪʝʣʝʡ 

ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʧʨʝʜʧʨʠʷʪʠʷ, ʪʘʢ ʢʘʢ ʦʪ ʩʨʦʢʦʚ ʦʙʦʨʘʯʠʚʘʝʤʦʩʪʠ ʜʝʙʠʪʦʨʩʢʦʡ ʟʘʜʦʣ-
ʞʝʥʥʦʩʪʠ ʟʘʚʠʩʠʪ ʧʣʘʪʝʞʝʩʧʦʩʦʙʥʦʩʪʴ ʩʘʤʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ. ʏʝʤ ʚʳʰʝ ʦʙʦʨʘʯʠʚʘʝ-

ʤʦʩʪʴ ʜʝʙʠʪʦʨʩʢʦʡ ʟʘʜʦʣʞʝʥʥʦʩʪʠ (ʥʠʞʝ ʧʝʨʠʦʜ ʦʙʦʨʘʯʠʚʘʝʤʦʩʪʠ ʟʘʜʦʣʞʝʥʥʦʩʪʠ ʚ 

ʜʝʥʝʞʥʳʝ ʩʨʝʜʩʪʚʘ), ʪʝʤ ʚʳʰʝ ʦʙʦʨʘʯʠʚʘʝʤʦʩʪʴ ʢʨʝʜʠʪʦʨʩʢʦʡ ʟʘʜʦʣʞʝʥʥʦʩʪʠ, ʪʝʤ 

ʙʳʩʪʨʝʝ ʧʨʝʜʧʨʠʷʪʠʝ ʧʦʛʘʩʠʪ ʩʚʦʠ ʜʦʣʛʠ ʧʝʨʝʜ ʧʦʩʪʘʚʱʠʢʘʤʠ ʙʝʟ ʨʠʩʢʘ ʧʨʠʚʣʝʯʝʥʠʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ.  

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝ ʠʟʣʦʞʝʥʥʦʛʦ, ʦʩʥʦʚʥʦʡ ʧʦʢʘʟʘʪʝʣʴ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʩʠʩʪʝʤʳ ʚʥʫʪʨʝʥʥʝʛʦ ʢʦʥʪʨʦʣʷ ʟʘ ʩʦʩʪʦʷʥʠʝʤ ʨʘʩʯʝʪʦʚ ʩ ʢʦʥʪʨʘʛʝʥʪʘʤʠ ï ʩʥʠʞʝʥʠʝ 

ʧʦʪʝʨʴ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʧʨʦʩʨʦʯʝʥʥʳʭ, ʩʦʤʥʠʪʝʣʴʥʳʭ ʠ ʙʝʟʥʘʜʝʞʥʳʭ 

ʜʦʣʛʦʚ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʨʫʢʪʫʨʫ ʧʨʦʮʝʩʩʘ ʚʥʫʪʨʝʥʥʝʛʦ ʢʦʥʪʨʦʣʷ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʩʣʝʜʫʶʱʝʡ ʪʘʙʣʠʮʳ: 

ʊʘʙʣʠʮʘ 1 

ʉʠʩʪʝʤʘ ʚʥʫʪʨʝʥʥʝʛʦ ʢʦʥʪʨʦʣʷ ʨʘʩʯʝʪʦʚ ʩ ʢʦʥʪʨʘʛʝʥʪʘʤʠ ʚ ʦʨʛʘʥʠʟʘʮʠʷʭ 

ʕʪʘʧʳ ʦʩʫʱʝʩʪʚ-
ʣʷʝʤʦʛʦ ʢʦʥʪʨʦʣʷ 

ʇʨʦʮʝʜʫʨʳ, ʧʨʦʚʦʜʠʤʳʝ ʥʘ ʵʪʘʧʘʭ 
ʢʦʥʪʨʦʣʷ 

ʀʩʪʦʯʥʠʢʠ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʦʩʫ-
ʱʝʩʪʚʣʝʥʠʷ ʢʦʥʪʨʦʣʷ 

1. ʇʨʦʚʝʨʢʘ ʧʨʘ-
ʚʠʣʴʥʦʩʪʠ ʦʬʦʨʤ-

ʣʝʥʠʷ ʧʝʨʚʠʯʥʳʭ 
ʜʦʢʫʤʝʥʪʦʚ 

- ʀʥʩʧʝʢʪʠʨʦʚʘʥʠʝ ʠ ʧʝʨʝʩʯʝʪ ʯʠ-
ʩʣʦʚʳʭ ʜʘʥʥʳʭ ʚ ʧʝʨʚʠʯʥʳʭ ʜʦʢʫ-

ʤʝʥʪʘʭ ʧʦ ʧʨʦʚʝʨʷʝʤʳʤ ʦʧʝʨʘʮʠʷʤ 
- ʇʨʦʚʝʨʢʘ ʥʘʣʠʯʠʷ ʦʩʥʦʚʥʳʭ ʨʝʢ-
ʚʠʟʠʪʦʚ, ʦʨʠʛʠʥʘʣʦʚ ʧʦʜʧʠʩʝʡ ʠ 
ʧʝʯʘʪʝʡ 

- ʌʦʨʤʳ ʥʝʪʠʧʦʚʳʭ ʧʝʨʚʠʯʥʳʭ 
ʜʦʢʫʤʝʥʪʦʚ, ʫʪʚʝʨʞʜʝʥʥʳʝ ʧʨʠ-

ʢʘʟʦʤ ʦʙ ʫʯʝʪʥʦʡ ʧʦʣʠʪʠʢʝ 
- ʇʝʨʚʠʯʥʳʝ ʜʦʢʫʤʝʥʪʳ ʧʦ ʫʯʝʪʫ 
ʄʇɿ: ʥʘʢʣʘʜʥʳʝ, ʪʨʝʙʦʚʘʥʠʷ, 
ʧʨʠʭʦʜʥʳʝ ʠ ʨʘʩʭʦʜʥʳʝ ʦʨʜʝʨʘ, 
ʣʠʤʠʪʥʦ-ʟʘʙʦʨʥʳʝ ʢʘʨʪʳ ʠ ʪ.ʜ. 

2. ʇʨʦʚʝʨʢʘ ʩʚʦʝ-
ʚʨʝʤʝʥʥʦʛʦ ʧʦʛʘʰʝ-
ʥʠʷ ʠ ʧʨʘʚʠʣʴʥʦʛʦ 
ʦʪʨʘʞʝʥʠʷ ʚ ʙʫʭʛʘʣ-
ʪʝʨʩʢʦʤ ʫʯʝʪʝ ʢʨʝ-

ʜʠʪʦʨʩʢʦʡ (ʜʝʙʠʪʦʨ-
ʩʢʦʡ) ʟʘʜʦʣʞʝʥʥʦ-
ʩʪʠ 

- ʇʨʠ ʧʦʩʪʫʧʣʝʥʠʠ ʪʦʚʘʨʥʦ-
ʤʘʪʝʨʠʘʣʴʥʳʭ ʮʝʥʥʦʩʪʝʡ, ʫʩʪʘʥʘʚ-
ʣʠʚʘʝʪʩʷ, ʷʚʣʷʶʪʩʷ ʣʠ ʵʪʠ ʧʦʩʪʫ-
ʧʠʚʰʠʝ ʮʝʥʥʦʩʪʠ ʦʧʣʘʯʝʥʥʳʤʠ 
- ʇʨʦʚʝʨʢʘ ʬʘʢʪʠʯʝʩʢʦʛʦ ʥʘʣʠʯʠʷ 

ʊʄʎ, ʪ.ʢ. ʦʥʠ ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ ʚ 
ʧʫʪʠ (ʜʝʙʠʪʦʨʩʢʘʷ ʟʘʜʦʣʞʝʥʥʦʩʪʴ) 
- ʀʥʩʧʝʢʪʠʨʦʚʘʥʠʝ ʦʙʦʩʥʦʚʘʥʥʦʩʪʠ 
ʦʪʨʘʞʝʥʠʷ ʥʘ ʩʯʝʪʘʭ ʙʫʭʛʘʣʪʝʨʩʢʦʛʦ 
ʫʯʝʪʘ ʩʫʤʤ ʥʝʠʩʪʨʝʙʦʚʘʥʥʦʡ ʜʝʙʠ-
ʪʦʨʩʢʦʡ ʟʘʜʦʣʞʝʥʥʦʩʪʠ ʧʦ ʜʦʛʦʚʦ-
ʨʘʤ ʩ ʢʦʥʪʨʘʛʝʥʪʘʤʠ, ʩʨʦʢ ʠʩʧʦʣʥʝ-
ʥʠʷ ʦʙʷʟʘʪʝʣʴʩʪʚ ʧʦ ʢʦʪʦʨʳʤ ʧʨʝʚʳ-

ʩʠʣ ʯʝʪʳʨʝ ʤʝʩʷʮʘ ʩʦ ʜʥʷ ʬʘʢʪʠʯʝ-
ʩʢʦʛʦ ʧʦʣʫʯʝʥʠʷ ʠʤʠ ʊʄʎ 

- ɻʨʘʬʠʢ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ 
- ʂʥʠʛʘ ʧʦʢʫʧʦʢ, ʢʥʠʛʘ ʧʨʦʜʘʞ 
- ʂʘʨʪʦʯʢʠ ʩʯʝʪʦʚ, ʦʙʦʨʦʪʥʦ ï 
ʩʘʣʴʜʦʚʳʝ ʚʝʜʦʤʦʩʪʠ ʧʦ ʩʯʝʪʫ 
- ʇʣʘʪʝʞʥʳʝ ʜʦʢʫʤʝʥʪʳ (ɹʘʥʢʦʚ-

ʩʢʠʝ ʚʳʧʠʩʢʠ, ʈʂʆ, ʇʂʆ) 
- ʉʯʝʪʘ-ʬʘʢʪʫʨʳ 
-ɸʢʪʳ ʩʚʝʨʢʠ ʨʘʩʯʝʪʦʚ 
 

3. ʀʥʩʧʝʢʪʠʨʦʚʘʥʠʝ 
ʜʦʢʫʤʝʥʪʘʣʴʥʦʛʦ 
ʦʬʦʨʤʣʝʥʠʷ ʠ ʦʪʨʘ-
ʞʝʥʠʷ ʥʘ ʩʯʝʪʘʭ 
ʙʫʭʛʘʣʪʝʨʩʢʦʛʦ ʫʯʝ-
ʪʘ ʧʨʝʜʲʷʚʣʝʥʥʳʭ ʠ 
ʚʳʩʪʘʚʣʝʥʥʳʭ ʧʨʝ-
ʪʝʥʟʠʡ 

- ʀʟʫʯʝʥʠʝ ʧʝʨʚʠʯʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʠ 
ʫʯʝʪʥʳʭ ʨʝʛʠʩʪʨʦʚ ʧʦ ʩʯ.76 çʈʘʩʯʝ-
ʪʳ ʩ ʨʘʟʥʳʤʠ ʜʝʙʠʪʦʨʘʤʠ ʠ ʢʨʝʜʠ-
ʪʦʨʘʤʠè ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʩʫʤʤ 
ʥʝʜʦʩʪʘʯ ʠ ʧʦʪʝʨʴ ʊʄʎ, ʥʝ ʚʦʟʤʝ-
ʱʝʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʠ ʚ ʫʩʪʘʥʦʚʣʝʥ-
ʥʦʤ ʧʦʨʷʜʢʝ, ʩʢʨʳʚʘʝʤʳʭ ʧʦʜ ʚʠʜʦʤ 
ʨʘʩʯʝʪʦʚ ʧʦ ʧʨʝʪʝʥʟʠʷʤ 

- ʂʘʨʪʦʯʢʠ ʩʯʝʪʦʚ 60, 62, 76 
- ʆʙʦʨʦʪʥʦ ï ʩʘʣʴʜʦʚʘʷ ʚʝʜʦʤʦʩʪʴ 
ʧʦ ʩʯʝʪʫ 76 

 

ʅʘ ʢʘʯʝʩʪʚʦ ʚʥʫʪʨʝʥʥʝʛʦ ʢʦʥʪʨʦʣʷ ʚʣʠʷʶʪ ʠ ʦʪʥʦʰʝʥʠʷ ʩ ʧʝʨʩʦʥʘʣʦʤ. ɽʩʣʠ ʥʘ 

ʧʨʝʜʧʨʠʷʪʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʦʥʪʨʦʣʴ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʦʪʨʫʜʥʠʢʦʚ, ʘ ʪʘʢ ʞʝ ʚʝʜʝʪʩʷ 

ʜʦʣʞʥʘʷ ʨʘʙʦʪʘ ʧʦ ʦʙʫʯʝʥʠʶ ʠ ʨʘʟʚʠʪʠʶ, ʪʦ ʵʪʦ ʛʦʚʦʨʠʪ ʦ ʠʭ ʜʦʩʪʘʪʦʯʥʦʡ ʢʦʤʧʝ-

ʪʝʥʪʥʦʩʪʠ ʜʣʷ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʠʩʧʦʣʥʝʥʠʷ ʩʚʦʠʭ ʦʙʷʟʘʥʥʦʩʪʝʡ, ʯʪʦ ʩʥʠʞʘʝʪ ʚʝ-

ʨʦʷʪʥʦʩʪʴ ʜʦʧʫʱʝʥʠʷ ʩ ʠʭ ʩʪʦʨʦʥʳ ʦʰʠʙʦʢ ʠ ʠʩʢʘʞʝʥʠʡ ʚ ʨʘʙʦʪʝ ʩ ʜʦʢʫʤʝʥʪʘʮʠʝʡ. 



ʅ.ʄ. ɻʨʝʯʢʦ, ɸ.ɸ. ɻʘʛʘʨʢʠʥʘ 
ʉʠʩʪʝʤʘ ʚʥʫʪʨʝʥʥʝʛʦ ʢʦʥʪʨʦʣʷ ʨʘʩʯʝʪʦʚ ʩ ʢʦʥʪʨʘʛʝʥʪʘʤʠ ʚ ʦʨʛʘʥʠʟʘʮʠʷʭ 
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ʅʝ ʟʨʷ ʚʳʜʘʶʱʠʡʩʷ ʘʤʝʨʠʢʘʥʩʢʠʡ ʧʦʣʠʪʠʯʝʩʢʠʡ ʜʝʷʪʝʣʴ, ɹʝʥʜʞʘʤʠʥ ʌʨʘʥʢʣʠʥ, ʟʘ-

ʤʝʪʠʣ: çʅʝ ʥʘʙʣʶʜʘʪʴ ʟʘ ʨʘʙʦʪʥʠʢʘʤʠ ï ʟʥʘʯʠʪ ʦʩʪʘʚʠʪʴ ʠʤ ʦʪʢʨʳʪʳʤ ʩʚʦʡ ʢʦʰʝʣʝʢè. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

[1] ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ çʆ ʙʫʭʛʘʣʪʝʨʩʢʦʤ ʫʯʸʪʝè ˉ402-ʌɿ ʦʪ 06.12.2011 ʛ. (ʨʝʜ. ʦʪ 23.05.2016 ʛ.). 

[2] ʄʝʞʜʫʥʘʨʦʜʥʳʝ ʩʪʘʥʜʘʨʪʳ ʘʫʜʠʪʘ ʠ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ. ʏʘʩʪʴ 1 [ʩʙʦʨʥʠʢ]: ʚ 3ʪ. / ʄʝʞʜʫʥʘ-
ʨʦʜʥʘʷ ʌʝʜʝʨʘʮʠʷ ɹʫʭʛʘʣʪʝʨʦʚ (ʄʌɹ) ï ʂʠʨʦʚ: ʂʠʨʦʚʩʢʘʷ ʦʙʣʘʩʪʥʘʷ ʪʠʧʦʛʨʘʬʠʷ, 2012. ï ʊ. 1. 
[3] ɻʨʝʯʢʦ ʅ.ʄ., ɻʫʨʨ ʀ.ʕ. ʀʩʪʦʨʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʚʥʫʪʨʝʥʥʝʛʦ ʢʦʥʪʨʦ-
ʣʷ ʚ ʈʦʩʩʠʠ // ɺʝʩʪʥʠʢ ɺɻɸɺʊ. ɺʳʧʫʩʢ 42. ï 2015. ï ʉ. 169ï175. 
[4] ɻʫʨʨ ʀ.ʕ., ɸʙʨʘʤʦʚ ɸ.ɸ. ʉʪʨʘʪʝʛʠʯʝʩʢʠʡ ʫʧʨʘʚʣʝʥʯʝʩʢʠʡ ʫʯʝʪ ʠ ʚʥʫʪʨʝʥʥʠʡ ʢʦʥʪʨʦʣʴ ʚ 
ʦʨʛʘʥʠʟʘʮʠʷʭ ʚʥʫʪʨʝʥʥʝʛʦ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ // ɺʝʩʪʥʠʢ ʉʘʤʘʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠ-
ʚʝʨʩʠʪʝʪʘ ʧʫʪʝʡ ʩʦʦʙʱʝʥʠʷ. ɺʳʧʫʩʢ 3. ï 2015. ï ʉ110ï120. 
[5] ɻʘʛʘʨʢʠʥʘ ɸ.ɸ., ɻʨʝʯʢʦ ʅ.ʄ. ʄʝʪʦʜʠʢʘ ʘʥʘʣʠʟʘ ʜʝʙʠʪʦʨʩʢʦʡ ʠ ʢʨʝʜʠʪʦʨʩʢʦʡ ʟʘʜʦʣʞʝʥʥʦʩʪʠ 

ʧʨʠ ʘʫʜʠʪʝ ʙʫʭʛʘʣʪʝʨʩʢʦʡ ʦʪʯʝʪʥʦʩʪʠ // ʕʢʦʥʦʤʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ ʈʦʩʩʠʠ: ʪʝʥʜʝʥʮʠʠ, ʧʝʨʩʧʝʢ-
ʪʠʚʳ. ʉʙʦʨʥʠʢ ʩʪʘʪʝʡ ʧʦ ʤʘʪʝʨʠʘʣʘʤ I ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ ï ʧʨʘʢʪʠʯʝʩʢʦʡ ʩʪʫʜʝʥʯʝʩʢʦʡ 
ʢʦʥʬʝʨʝʥʮʠʠ: ʚ 4 ʪʦʤʘʭ. ï ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝ-
ʥʠ ʂʦʟʴʤʳ ʄʠʥʠʥʘ. ï 2015. ï ʉ. 68ï72. 
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The author's model of internal control of settlements with counterparties (suppliers and buy-
ers) in organizations is presented in the article. The authors have worked out a questionnaire 
to test the accounting staff of the organization to receive a preliminary opinion on the status 

of settlements with counterparties 

ʉʪʘʪʴʷ ʧʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ 30.06.2017 ʛ. 
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ʅ.ɸ. ʄʘʨʢʦʚʘ, ʜʦʮʝʥʪ, ʢ.ʵ.ʥ., ʌɻɹʆʋ ɺʆ çɺɻʋɺʊè  

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

ʋʉʀʃɽʅʀɽ ʈʆʃʀ ɼʆʄʆʍʆɿʗʁʉʊɺ ʂɸʂ ʂʆʅɽʏʅʓʍ 

ʇʆʊʈɽɹʀʊɽʃɽʁ ɺɸʃʆɺʆɻʆ ɺʅʋʊʈɽʅʅɽɻʆ ʇʈʆɼʋʂʊɸ  

ʀ ʀɿʄɽʅɽʅʀɽ ʉʀʉʊɽʄʓ ɻʈʋʇʇ  

ʌʀʅɸʅʉʆɺʓʍ ʆʊʅʆʐɽʅʀʁ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʠʥʘʥʩʳ ʜʦʤʦʭʦʟʷʡʩʪʚ, ʚʘʣʦʚʦʡ ʚʥʫʪʨʝʥʥʠʡ ʧʨʦʜʫʢʪ, ʢʦʥʝʯʥʦʝ ʧʦ-
ʪʨʝʙʣʝʥʠʝ ʜʦʤʘʰʥʠʭ ʭʦʟʷʡʩʪʚ, ʜʝʥʝʞʥʳʝ ʥʘʢʦʧʣʝʥʠʷ ʥʘʩʝʣʝʥʠʷ. 
 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʠʥʘʤʠʢʘ ʧʦʢʘʟʘʪʝʣʷ ʚʘʣʦʚʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʦʜʫʢʪʘ 
ʩʪʨʘʥʳ, ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ; ʘʥʘʣʠʟ ʨʘʩʭʦʜʦʚ 
ʥʘ ʢʦʥʝʯʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʜʦʤʘʰʥʠʭ ʭʦʟʷʡʩʪʚ ʈʦʩʩʠʠ; ʫʩʠʣʝʥʠʝ ʨʦʣʠ ʜʦʤʦʭʦʟʷʡʩʪʚ ʢʘʢ 
ʢʦʥʝʯʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʚʘʣʦʚʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʦʜʫʢʪʘ; ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ ʚʳʜʝʣʝʥʠʝ 
ʪʨʝʭ ʢʣʶʯʝʚʳʭ ʛʨʫʧʧ ʬʠʥʘʥʩʦʚʳʭ ʦʪʥʦʰʝʥʠʡ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʬʠʥʘʥʩʦʚʦʡ ʩʠʩʪʝʤʳ 
ʩʪʨʘʥʳ. 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 53, 2017 ʛ. 
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ʉʦʚʨʝʤʝʥʥʘʷ ʈʦʩʩʠʷ ʧʨʦʰʣʘ ʜʦʚʦʣʴʥʦ ʜʣʠʪʝʣʴʥʳʡ ʧʫʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʢʦʪʦʨʳʡ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʘʨʜʠʥʘʣʴʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʚʩʝʭ ʚʠʜʦʚ ʦʪʥʦʰʝʥʠʡ, ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ 
ʧʨʝʞʜʝ ʚʩʝʛʦ. ʉʪʨʝʤʠʪʝʣʴʥʦʩʪʴ ʦʩʫʱʝʩʪʚʣʷʝʤʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ 

ʦʩʦʟʥʘʥʠʷ ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʦʮʝʩʩʦʚ. ʅʦ ʪʘʢ ʫʩʪʨʦʝʥ ʩʦʚʨʝʤʝʥʥʳʡ ʤʠʨ. ʀ ʨʠʪʤ ʞʠʟʥʠ 

ʫʩʢʦʨʷʝʪ ʚʩʝ ʦʙʱʝʩʪʚʝʥʥʳʝ ʧʨʦʮʝʩʩʳ. ʉʣʦʞʥʦʩʪʴ ʩʠʪʫʘʮʠʠ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʟʘʢʣʶʯʘ-

ʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʣʶʙʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʝʨʝʞʠʚʘʝʪ ʥʝ ʦʜʥʦ ʧʦʢʦʣʝʥʠʝ, ʘ ʧʦʢʦʣʝʥʠʝ 

ʧʝʨʝʞʠʚʘʝʪ ʤʥʦʞʝʩʪʚʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ. ʀ ʪʘʢʘʷ ʩʠʪʫʘʮʠʷ ʙʝʩʩʧʦʨʥʦ ʚʝʜʝʪ ʢ ʩʦʮʠʘʣʴ-

ʥʦʤʫ ʥʘʧʨʷʞʝʥʠʶ ʠ ʩʣʦʞʥʦʩʪʠ ʚʦʩʧʨʠʷʪʠʷ ʣʶʙʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ. ʆʙʱʝʩʪʚʦ ʦʪ ʥʠʭ 

ʫʩʪʘʝʪ. 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʜʣʠʪʝʣʴʥʳʡ ʧʫʪʴ ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʥʘʰʝʡ ʩʪʨʘʥʳ, ʤʳ ʢʘʢ ʠ 

ʤʥʦʛʠʝ ʩʪʨʘʥʳ, ʧʨʦʭʦʜʠʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʵʚʦʣʶʮʠʦʥʥʳʝ ʵʪʘʧʳ  ʨʘʟʚʠʪʠʷ  ʵʢʦʥʦ-

ʤʠʯʝʩʢʦʡ ʞʠʟʥʠ ʦʙʱʝʩʪʚʘ. ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʨʦʩʩʠʡʩʢʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʧʝʨʠʦʜ ʧʦʩʪʨʦʝʥʠʷ ʩʦʮʠʘʣʠʩʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʭʦʟʷʡʩʪʚʦʚʘʥʠʷ. 

ʕʪʦʪ ʧʝʨʠʦʜ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʤʠʨʦʚʦʡ ʵʢʩʧʝʨʠʤʝʥʪ, ʪʘʢ ʢʘʢ ʪʘʢʘʷ ʤʦʜʝʣʴ 
ʭʦʟʷʡʩʪʚʦʚʘʥʠʷ ʩʪʨʦʠʣʘʩʴ ʩ ʥʫʣʷ ʠ ʥʝ ʠʤʝʣʘ ʤʠʨʦʚʳʭ ʘʥʘʣʦʛʦʚ. 

ʂ ʤʦʤʝʥʪʫ ʧʝʨʝʭʦʜʘ ʢ ʨʳʥʦʯʥʦʡ ʵʢʦʥʦʤʠʢʝ ʩʪʨʘʥʘ ʠʤʝʣʘ ʭʦʨʦʰʦ ʨʘʙʦʪʘʶʱʫʶ 

ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʤʦʜʝʣʴ, ʩʦ ʩʚʦʠʤʠ ʧʨʠʥʮʠʧʘʤʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʦʩʦʙʝʥʥʦʩʪʷʤʠ 

ʩʦʟʜʘʥʠʷ, ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʦʥʜʦʚ ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ, ʜʦʚʦʣʴʥʦ ʵʬʬʝʢ-

ʪʠʚʥʦ ʩʧʨʘʚʣʷʣʘʩʴ ʩ ʧʦʩʪʘʚʣʝʥʥʳʤʠ ʟʘʜʘʯʘʤʠ ʧʦʣʠʪʠʯʝʩʢʠʤ ʨʫʢʦʚʦʜʩʪʚʦʤ ʩʪʨʘʥʳ. 

ʉʪʨʝʤʠʪʝʣʴʥʦʩʪʴ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʦʨʦʜʠʣʘ ʨʘʟʨʳʚ ʤʝʞʜʫ ʧʨʘʢ-

ʪʠʢʦʡ ʭʦʟʷʡʩʪʚʦʚʘʥʠʷ ʠ ʥʘʫʯʥʳʤ ʦʙʦʙʱʝʥʠʝʤ ʟʥʘʥʠʡ ʚ ʵʢʦʥʦʤʠʢʝ. ʅʘ ʧʨʦʪʷʞʝʥʠʠ 

ʚʩʝʭ ʜʝʚʷʥʦʩʪʳʭ ʠ ʫʯʝʥʳʝ, ʠ ʧʨʘʢʪʠʢʠ ʨʘʙʦʪʘʣʠ ʩ ʦʛʣʷʜʢʦʡ ʥʘ ʟʘʨʫʙʝʞʥʳʡ ʦʧʳʪ ʭʦ-

ʟʷʡʩʪʚʦʚʘʥʠʷ, ʠ ʧʨʦʰʣʦ ʥʝʤʘʣʦ ʣʝʪ, ʯʪʦʙʳ ʧʦʥʷʪʴ ʩʣʦʞʥʦʩʪʴ ʠʥʪʝʛʨʘʮʠʠ ʤʠʨʦʚʦʛʦ 

ʦʧʳʪʘ ʚ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ ʠ ʦʪʝʯʝʩʪʚʝʥʥʳʤ ʵʢʦʥʦʤʠʩʪʘʤ ʧʨʝʜʩʪʘʚʣʷ-

ʣʘʩʴ ʪʫʤʘʥʥʦ. 
ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʫʞʝ ʥʘʢʦʧʣʝʥ ʜʦʩʪʘʪʦʯʥʳʡ ʦʧʳʪ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʞʠʟʥʠ ʚ ʥʦʚʦʤ ʬʦʨʤʘʪʝ, ʘʥʘʣʠʟ ʢʦʪʦʨʦʛʦ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʦʧʨʝʜʝ-

ʣʝʥʥʳʝ ʚʳʚʦʜʳ ʠ ʦʧʨʝʜʝʣʠʪʴ ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʞʠʟʥʠ ʦʙʱʝʩʪʚʘ. 

ɼʘʥʥʳʝ ʦ ʨʘʟʤʝʨʝ ɺɺʇ ʩʪʨʘʥʳ [1], ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 1, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ 

ʦʙ ʫʩʪʦʡʯʠʚʦʤ ʵʢʦʥʦʤʠʯʝʩʢʦʤ ʨʦʩʪʝ. ʈʘʟʤʝʨ ɺɺʇ ʚ ʘʙʩʦʣʶʪʥʦʤ ʟʥʘʯʝʥʠʠ ʚ 2005 ʛʦʜʫ 

ʫʚʝʣʠʯʠʣʩʷ ʧʦʯʪʠ ʚʪʨʦʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 2000 ʛʦʜʦʤ ʠ ʩʦʩʪʘʚʠʣ 21609,8 ʤʣʨʜ. ʨʫʙ. ʠ 

ʧʨʦʜʦʣʞʘʣ ʨʘʩʪʠ ʚ ʘʥʘʣʠʟʠʨʫʝʤʦʤ ʧʝʨʠʦʜʝ. ʈʦʩʪ ɺɺʇ ʚ 2008ï2010 ʛʦʜʘʭ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 

179,6% ʜʦ 216,6% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 2005 ʛʦʜʦʤ. ʀʩʢʣʶʯʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʧʦʩʪʢʨʠʟʠʩʥʳʡ 

2009 ʛʦʜ: ʨʘʟʤʝʨ ʚʘʣʦʚʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʦʜʫʢʪʘ ʩʦʢʨʘʪʠʣʩʷ ʥʘ 2469,6 ʤʣʨʜ. ʨʫʙ. ʚ ʘʙ-

ʩʦʣʶʪʥʦʤ ʚʳʨʘʞʝʥʠʠ.   

 

 

ʈʠʩ. 1 çɺʘʣʦʚʦʡ ʚʥʫʪʨʝʥʥʠʡ ʧʨʦʜʫʢʪ ʈʦʩʩʠʠ ʚ ʪʝʢʫʱʠʭ ʮʝʥʘʭè 
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ʅ.ɸ. ʄʘʨʢʦʚʘ 

ʋʩʠʣʝʥʠʝ ʨʦʣʠ ʜʦʤʦʭʦʟʷʡʩʪʚ ʢʘʢ ʢʦʥʝʯʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʚʘʣʦʚʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʦʜʫʢʪʘ» 
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ʊʝʥʜʝʥʮʠʷ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʨʦʩʪʘ ʨʘʟʤʝʨʘ ʚʘʣʦʚʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʦʜʫʢʪʘ ʈʦʩʩʠʠ 

ʩʦʭʨʘʥʠʣʘʩʴ ʠ ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʧʝʨʠʦʜʝ. ʊʘʢ ʚ ʧʝʨʠʦʜ ʩ 2011 ʛʦʜʘ ʧʦ 2016 (ʜʘʥʥʳʝ 

ʪʘʙʣʠʮʳ 1) ʧʨʠʨʦʩʪ ʨʘʟʤʝʨʘ ʚʘʣʦʚʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʦʜʫʢʪʘ ʩʦʩʪʘʚʠʣ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʚ ʨʘʟʤʝʨʝ 13,07% ʚ 2012 ʛʦʜʫ ʠ 3,37 % ʚ 2016 ʛʦʜʫ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʳ-

ʜʫʱʠʤ ʧʝʨʠʦʜʦʤ.  

ʊʘʙʣʠʮʘ 1 

ɸʥʘʣʠʟ ʜʠʥʘʤʠʢʠ ʚʘʣʦʚʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʦʜʫʢʪʘ ʈʦʩʩʠʠ  

(ʚ ʪʝʢʫʱʠʭ ʮʝʥʘʭ, ʤʣʨʜ. ʨʫʙ.)  

ɻʦʜʳ ɺɺʇ ʈʦʩʩʠʠ 
 (ʚ ʪʝʢʫʱʠʭ ʮʝʥʘʭ),  
ʤʣʨʜ. ʨʫʙ. 

ɸʙʩ. ʠʟʤʝʥʝʥʠʝ, 
ʤʣʨʜ. ʨʫʙ. 

ʊʝʤʧ ʨʦʩʪʘ, % 

2011 60282,5 13474,0 130,09 

2012 68163,9 7881,4 113,07 

2013 73133,9 4970,0 107,29 

2014 79199,7 6065,8 108,29 

2015 83232,6 4032,9 105,09 

2016 86043,6 2811,0 103,37 

 

ʋʣʫʯʰʝʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʚ ʩʪʨʘʥʝ ʥʝ ʤʦʛʣʦ ʥʝ ʩʢʘʟʘʪʴʩʷ ʥʘ ʠʟʤʝʥʝʥʠʠ  

ʫʨʦʚʥʷ ʞʠʟʥʠ ʥʘʩʝʣʝʥʠʷ ʠ ʥʘ ʠʟʤʝʥʝʥʠʠ ʧʨʦʧʦʨʮʠʡ ʢʦʥʝʯʥʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ɺɺʇ.  

ʀʩʧʦʣʴʟʫʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʌʝʜʝʨʘʣʴʥʦʡ ʩʣʫʞʙʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʪʘʪʠ-

ʩʪʠʢʠ ʦʙ ʵʣʝʤʝʥʪʘʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʘʣʦʚʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʦʜʫʢʪʘ, ʧʨʦʘʥʘʣʠʟʠʨʫʝʤ 

ʩʦʩʪʘʚ ʠ ʩʪʨʫʢʪʫʨʫ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɺɺʇ ʩʪʨʘʥʳ. 

ɼʘʥʥʳʝ ʪʘʙʣʠʮʳ 2 ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʩʣʦʞʠʚʰʠʭʩʷ ʧʨʦʧʦʨʮʠʷʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 
ʚʘʣʦʚʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʦʜʫʢʪʘ ʈʦʩʩʠʠ ʟʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ. ʈʘʩʭʦʜʳ ʥʘ ʢʦʥʝʯʥʦʝ ʧʦ-

ʪʨʝʙʣʝʥʠʝ ʢʦʣʝʙʣʶʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 67,50% ʢ ɺɺʇ ʩʪʨʘʥʳ ʚ 2011 ʛʦʜʫ ʜʦ 71,48 % ʚ 

2013; ʚ 2016 ʛʦʜʫ ʜʦʣʷ ʨʘʩʭʦʜʦʚ ʥʘ ʢʦʥʝʯʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʣʘʩʴ ʠ 

ʜʦʩʪʠʛʣʘ ʟʥʘʯʝʥʠʷ 69,53% ʢ ɺɺʇ ʩʪʨʘʥʳ. ʆʜʥʘʢʦ ʚ ʘʙʩʦʣʶʪʥʦʤ ʚʳʨʘʞʝʥʠʠ ʨʘʩʭʦʜʳ 

ʥʘ ʢʦʥʝʯʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʥʝʫʢʣʦʥʥʦ ʨʘʩʪʫʪ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʧʝ-

ʨʠʦʜʘ ʠ ʫʚʝʣʠʯʠʣʠʩʴ ʩ 40692,2 ʤʣʨʜ. ʨʫʙ. ʚ 2011 ʛʦʜʫ ʜʦ 59822,7 ʤʣʨʜ. ʨʫʙ. ʚ 2016 

ʛʦʜʫ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʦʣʷ ʚʘʣʦʚʦʛʦ ʥʘʢʦʧʣʝʥʠʷ ʥʝ ʧʨʝʚʳʰʘʝʪ 25 % ʢ ɺɺʇ ʩʪʨʘʥʳ ʟʘ 

ʚʝʩʴ ʘʥʘʣʠʟʠʨʫʝʤʳʡ ʧʝʨʠʦʜ ʠ ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʟʘ ʩʯʝʪ ʚʘʣʦʚʦʛʦ ʥʘʢʦʧʣʝʥʠʷ 

ʦʩʥʦʚʥʦʛʦ ʢʘʧʠʪʘʣʘ. ʏʠʩʪʳʡ ʵʢʩʧʦʨʪ ʠʤʝʝʪ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʫʶ ʜʠʥʘʤʠʢʫ; ʝʛʦ ʜʦʣʷ 

ʢʦʣʝʙʣʝʪʩʷ ʦʪ 5% ʜʦ 8 % . 

ʊʘʙʣʠʮʘ 2 

ɸʥʘʣʠʟ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɺɺʇ ʈʦʩʩʠʠ 

 (ʚ ʪʝʢʫʱʠʭ ʮʝʥʘʭ, ʤʣʨʜ. ʨʫʙ.)  

ʇʦʢʘʟʘʪʝʣʠ 2011 2012 2013 2014 2015 2016 

ɺʘʣʦʚʦʡ ʚʥʫʪʨʝʥʥʠʡ ʧʨʦ-

ʜʫʢʪ 

60282,5 68163,9 73133,9 79199,7 83232,6 86043,6 

ʈʘʩʭʦʜʳ ʥʘ ʢʦʥʝʯʥʦʝ ʧʦ-

ʪʨʝʙʣʝʥʠʝ ï ʚʩʝʛʦ: 
ï ʚ % ʢ ɺɺʇ 

 

40692,2 
67,50 

 

46895,8 
68,80 

 

52274,3 
71,48 

 

56510,7 
71,35 

 

58095,0 
69,80 

 

59822,7 
69,53 

ɺʘʣʦʚʦʝ ʥʘʢʦʧʣʝʥʠʝ ï  
ʚʩʝʛʦ: 
ï ʚ % ʢ ɺɺʇ 

 
14735,9 
24,44 

 
16730,2 
24,54 

 
16915,8 
23,13 

 
17614,6 
22,24 

 
18622,1 
22,37 

 
20132,1 
23,40 

ʏʠʩʪʳʡ ʵʢʩʧʦʨʪ ï ʚʩʝʛʦ: 
ï ʚ % ʢ ɺɺʇ 

4854,4 
8,06 

4537,9 
6,66 

3943,8 
5,39 

5074,4 
6,41 

6711,4 
8,05 

4438,5 
5,16 

 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 53, 2017 ʛ. 
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ɺ ʤʘʩʰʪʘʙʘʭ ʩʪʨʘʥʳ ʨʘʩʭʦʜʳ ʥʘ ʢʦʥʝʯʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ɺɺʇ ʬʦʨʤʠʨʫʶʪʩʷ, ʚ ʦʩ-

ʥʦʚʥʦʤ, ʟʘ ʩʯʝʪ ʨʘʩʪʫʱʝʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʜʦʤʘʰʥʠʤʠ ʭʦʟʷʡʩʪʚʘʤʠ. ɺ ʧʝʨʠʦʜ ʵʢʦʥʦʤʠ-
ʯʝʩʢʦʛʦ ʧʦʜʲʝʤʘ ʨʘʟʤʝʨ ʢʦʥʝʯʥʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʜʦʤʘʰʥʠʤʠ ʭʦʟʷʡʩʪʚʘʤʠ ʚ 2012 ʛʦʜʫ 

ʫʚʝʣʠʯʠʣʩʷ ʥʘ 4552,9 ʤʣʨʜ. ʨʫʙ., ʚ 2013 ʛʦʜʫ ï ʥʘ 3972, 8 ʤʣʨʜ. ʨʫʙ.; ʧʨʠʨʦʩʪ ʘʥʘʣʠ-

ʟʠʨʫʝʤʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʚ 2014 ʛʦʜʫ ʩʦʩʪʘʚʠʣ 3550,6 ʤʣʨʜ. ʨʫʙ. (ʜʘʥʥʳʝ ʪʘʙʣʠʮʳ 4). 

ʊʘʙʣʠʮʘ 3 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ɺɺʇ ʈʦʩʩʠʠ ʜʦʤʘʰʥʠʤʠ ʭʦʟʷʡʩʪʚʘʤʠ  

(ʚ ʪʝʢʫʱʠʭ ʮʝʥʘʭ, ʤʣʨʜ. ʨʫʙ.) 

 2011 2012 2013 2014 2015 2016 

ɺɺʇ ʈʌ 60282,5 68163,9 73133,9 79199,7 83232,6 86043,6 

ʨʘʩʭʦʜʳ ʥʘ ʢʦʥʝʯʥʦʝ 
ʧʦʪʨʝʙʣʝʥʠʝ ʜʦʤʘʰʥʠʭ 
ʭʦʟʷʡʩʪʚ, ʚ ʤʣʨʜ. ʨʫʙ. 

29939,5 34492,4 38465,2 42015,8 43242,6 43941,4 

ʨʘʩʭʦʜʳ ʥʘ ʢʦʥʝʯʥʦʝ 
ʧʦʪʨʝʙʣʝʥʠʝ ʜʦʤʘʰʥʠʭ 
ʭʦʟʷʡʩʪʚ ʚ % ʢ ɺɺʇ 

49,66 50,60 52,59 53,05 51,95 51,07 

 

ʇʨʦʘʥʘʣʠʟʠʨʫʝʤ ʠʟʤʝʥʝʥʠʝ ʨʘʩʭʦʜʦʚ ʥʘ ʢʦʥʝʯʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʜʦʤʘʰʥʠʭ ʭʦ-

ʟʷʡʩʪʚ  ʚ ʩʪʨʘʥʝ. ɼʘʥʥʳʝ ʧʨʝʜʩʪʘʚʠʤ ʚ ʚʠʜʝ ʪʘʙʣʠʮʳ: 

ʊʘʙʣʠʮʘ 4 

ɸʥʘʣʠʟ ʨʘʩʭʦʜʦʚ ʥʘ ʢʦʥʝʯʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ  

ʜʦʤʘʰʥʠʭ ʭʦʟʷʡʩʪʚ ʈʦʩʩʠʠ 

ɻʦʜʳ ʈʘʩʭʦʜʳ ʥʘ ʢʦʥʝʯʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ 
ʜʦʤʘʰʥʠʭ ʭʦʟʷʡʩʪʚ, ʚ ʤʣʨʜ. ʨʫʙ. 

ɸʙʩ. ʠʟʤʝʥʝʥʠʝ, 
 ʤʣʨʜ. ʨʫʙ. 

ʊʝʤʧ ʨʦʩʪʘ, % 

2012 34492,4 4552,9 115,20 

2013 38465,2 3972,8 111,52 

2014 42015,8 3550,6 109,23 

2015 43242,6 1226,8 102,92 

2016 43941,4 698,8 101,62 

 
ɸʥʘʣʠʟʠʨʫʷ ʜʘʥʥʳʝ ʪʘʙʣʠʮ 1 ʠ 4 ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʩ 2012 ʧʦ 2014 ʛʦʜʳ ʪʝʤʧʳ 

ʨʦʩʪʘ ʨʘʩʭʦʜʦʚ ʥʘ ʢʦʥʝʯʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʜʦʤʘʰʥʠʭ ʭʦʟʷʡʩʪʚ ʦʧʝʨʝʞʘʶʪ ʪʝʤʧʳ ʨʦʩʪʘ 

ɺɺʇ ʩʪʨʘʥʳ. ɹʝʟʫʩʣʦʚʥʦ, ʩʪʨʫʢʪʫʨʘ ʨʘʩʭʦʜʦʚ ʥʘ ʢʦʥʝʯʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʚ ʜʦʤʘʰʥʠʭ 

ʭʦʟʷʡʩʪʚʘʭ ʧʦ 10-ʪʠ ʧʨʦʮʝʥʪʥʳʤ ʛʨʫʧʧʘʤ ʥʘʩʝʣʝʥʠʷ ʥʝʦʜʥʦʨʦʜʥʘ. ʅʘʠʙʦʣʴʰʠʡ 

ʫʜʝʣʴʥʳʡ ʚʝʩ ʧʦ ʩʦʩʪʘʚʫ ʩʦʩʪʘʚʣʷʶʪ: ʜʦʤʘʰʥʝʝ ʧʠʪʘʥʠʝ, ʞʠʣʠʱʥʦ-ʢʦʤʤʫʥʘʣʴʥʳʝ 

ʫʩʣʫʛʠ ʠ ʪʦʧʣʠʚʦ, ʪʨʘʥʩʧʦʨʪ. ʆʜʥʘʢʦ ʦʙʱʘʷ ʪʝʥʜʝʥʮʠʷ ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʝʤʘ ʢʦʥʝʯʥʦʛʦ 

ʧʦʪʨʝʙʣʝʥʠʷ ʜʦʤʘʰʥʠʤʠ ʭʦʟʷʡʩʪʚʘʤʠ ʛʦʚʦʨʠʪ ʦʙ ʫʣʫʯʰʝʥʠʠ ʫʨʦʚʥʷ ʞʠʟʥʠ ʯʣʝʥʦʚ 

ʜʦʤʘʰʥʝʛʦ ʭʦʟʷʡʩʪʚʘ. ʀʟʤʝʥʠʣʠʩʴ ʪʘʢʞʝ ʧʨʦʧʦʨʮʠʠ ʢʦʥʝʯʥʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ɺɺʇ.  

ɼʘʥʥʳʝ ʪʘʙʣʠʮʳ 3 ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʩʪʨʝʤʠʪʝʣʴʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʜʦʣʠ ʢʦʥʝʯʥʦʛʦ 

ʧʦʪʨʝʙʣʝʥʠʷ ʜʦʤʘʰʥʠʤʠ ʭʦʟʷʡʩʪʚʘʤʠ ʚ ʧʨʦʮʝʥʪʥʦʤ ʦʪʥʦʰʝʥʠʠ ʢ ɺɺʇ ʩ 49,665% ʚ 

2011 ʛʦʜʘ ʜʦ 53,05 % ʚ 2014 ʛʦʜʫ. ʉʢʣʘʜʳʚʘʶʱʘʷʩʷ ʩʠʪʫʘʮʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʥʘ ʥʘʰ 
ʚʟʛʣʷʜ, ʦʙ ʫʩʠʣʝʥʠʷ ʨʦʣʠ ʬʠʥʘʥʩʦʚ ʜʦʤʦʭʦʟʷʡʩʪʚ ʚ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʞʠʟʥʠ ʨʦʩʩʠʡʩʢʦ-

ʛʦ ʦʙʱʝʩʪʚʘ. 

ʈʘʩʪʫʱʝʝ ʢʦʥʝʯʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʜʦʤʘʰʥʠʤʠ ʭʦʟʷʡʩʪʚʘʤʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ  ʫʚʝʣʠ-

ʯʝʥʠʝʤ ʦʙʲʝʤʘ ʜʝʥʝʞʥʳʭ  ʥʘʢʦʧʣʝʥʠʡ ʥʘʩʝʣʝʥʠʷ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʜʘʥʥʳʝ ʪʘʙ-

ʣʠʮʳ 5 [1]. 

 

 

 



ʅ.ɸ. ʄʘʨʢʦʚʘ 
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ʊʘʙʣʠʮʘ 5 

ʆʙʲʝʤ ʠ ʩʦʩʪʘʚ ʜʝʥʝʞʥʳʭ ʥʘʢʦʧʣʝʥʠʡ ʥʘʩʝʣʝʥʠʷ ʥʘ ʥʘʯʘʣʦ ʤʝʩʷʮʘ  

  
  
  

ɺʩʝʛʦ 
ʥʘʢʦʧʣʝʥʠʡ, 
ʤʣʨʜ. 
ʨʫʙʣʝʡ 

ɺ ʪʦʤ ʯʠʩʣʝ 

ʦʩʪʘʪʢʠ ʚʢʣʘʜʦʚ ʦʩʪʘʪʢʠ ʥʘʣʠʯʥʳʭ ʜʝ-
ʥʝʛ 

ʮʝʥʥʳʝ ʙʫʤʘʛʠ 

ʤʣʨʜ. 
ʨʫʙʣʝʡ 

ʚ % ʢ ʦʙʝɦ-
ʤʫ ʦʙʲʝʤʫ 
ʥʘʢʦʧʣʝʥʠʡ 

ʤʣʨʜ. 
ʨʫʙʣʝʡ 

ʚ % ʢ ʦʙʝɦ-
ʤʫ ʦʙʲʝʤʫ  
ʥʘʢʦʧʣʝʥʠʡ 

ʤʣʨʜ. 
ʨʫʙʣʝʡ 

ʚ % ʢ ʦʙʝɦ-
ʤʫ ʦʙʲʝʤʫ 
ʥʘʢʦʧʣʝʥʠʡ 

2016 ʛ. 

ʗʥʚʘʨʴ 24125,8 16347,1 67,7 4265,2 17,7 3513,5 14,6 

ʌʝʚʨʘʣʴ 23547,9 15879,2 67,4 4093,5 17,4 3575,2 15,2 

ʄʘʨʪ 23987,1 16188,4 67,5 4138,4 17,2 3660,3 15,3 

ɸʧʨʝʣʴ 24209,5 16338,7 67,5 4118,0 17,0 3752,8 15,5 

ʄʘʡ 24800,4 16720,0 67,4 4256,4 17,2 3824,0 15,4 

ʀʶʥʴ 24939,4 16846,7 67,6 4216,7 16,9 3876,0 15,5 

ʀʶʣʴ 25319,7 17109,4 67,6 4262,6 16,8 3947,7 15,6 

ɸʚʛʫʩʪ 25563,7 17209,1 67,3 4345,8 17,0 4008,8 15,7 

ʉʝʥʪʷʙʨʴ 25638,3 17235,6 67,2 4340,8 16,9 4061,9 15,9 

ʆʢʪʷʙʨʴ 25759,9 17314,2 67,2 4325,5 16,8 4120,2 16,0 

ʅʦʷʙʨʴ 25866,1 17410,6 67,3 4296,8 16,6 4158,7 16,1 

ɼʝʢʘʙʨʴ 26042,4 17578,6 67,5 4281,9 16,4 4181,9 16,1 

2017 ʛ. 

ʗʥʚʘʨʴ 27423,0 18472,0 67,4 4689,7 17,1 4261,3 15,5 

ʌʝʚʨʘʣʴ 27154,9 18316,2 67,4 4526,7 16,7 4312,0 15,9 

ʄʘʨʪ 27522,3 18547,4 67,4 4611,4 16,8 4363,5 15,8 

ɸʧʨʝʣʴ 27697,4 18627,3 67,3 4639,4 16,7 4430,7 16,0 

ʄʘʡ 28111,8 18825,8 67,0 4815,6 17,1 4470,4 15,9 

ʀʶʥʴ 28262,9 18922,7 67,0 4843,7 17,1 4496,5 15,9 

ʀʶʣʴ 28784,0 19288,0 67,0 4943,6 17,2 4552,4 15,8 

ɸʚʛʫʩʪ 1) 28982,0 19347,4 66,7 5037,5 17,4 4597,1 15,9 

ɼʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʙʝʟ ʫʯʝʪʘ ʚʢʣʘʜʦʚ ʥʘ ʚʘʣʶʪʥʳʭ ʩʯʝʪʘʭ ʠ ʜʝʥʝʞʥʦʡ ʥʘʣʠʯʥʦʩʪʠ ʚ ʠʥʦ-
ʩʪʨʘʥʥʦʡ ʚʘʣʶʪʝ ʫ ʥʘʩʝʣʝʥʠʷ. 

1) ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʜʘʥʥʳʝ. 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 5, ʦʙʲʝʤ ʜʝʥʝʞ-
ʥʳʭ ʥʘʢʦʧʣʝʥʠʡ  ʥʘʩʝʣʝʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʘʙʩʦʣʶʪʥʦʤ ʚʳʨʘʞʝʥʠʠ ʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ, 

ʟʘ ʩʯʝʪ ʨʘʩʪʫʱʠʭ ʚʢʣʘʜʦʚ ʥʘʩʝʣʝʥʠʷ: ʠʭ ʜʦʣʷ ʚ ʘʥʘʣʠʟʠʨʫʝʤʦʤ ʧʝʨʠʦʜʝ ʩʦʩʪʘʚʣʷʝʪ 

66,7ï67,5 %. ɺ ʘʙʩʦʣʶʪʥʦʤ ʚʳʨʘʞʝʥʠʠ ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʠ ʦʩʪʘʪʢʠ ʥʘʣʠʯʥʳʭ 

ʜʝʥʝʛ ʫ ʥʘʩʝʣʝʥʠʷ, ʠ ʚʣʦʞʝʥʠʷ ʚ ʮʝʥʥʳʝ ʙʫʤʘʛʠ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʘʥʘʣʠ-

ʟʠʨʫʝʤʦʛʦ ʧʝʨʠʦʜʘ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʩʪʨʝʤʠʪʝʣʴʥʳʡ ʨʦʩʪ ʚʣʦʞʝʥʠʡ ʥʘʩʝʣʝʥʠʷ ʚ ʮʝʥʥʳʝ 

ʙʫʤʘʛʠ: ʩ 3513,5 ʤʣʨʜ. ʨʫʙ. ʥʘ ʥʘʯʘʣʦ ʷʥʚʘʨʷ 2016 ʛʦʜʘ ʜʦ 4597,1 ʤʣʨʜ. ʨʫʙ. ʥʘ ʥʘʯʘʣʦ 

ʘʚʛʫʩʪʘ 2017 ʛʦʜʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʥʘʛʣʷʜʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʫʩʠʣʝʥʠʠ 

ʨʦʣʠ ʜʦʤʦʭʦʟʷʡʩʪʚ ʢʘʢ ʢʦʥʝʯʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʚʘʣʦʚʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʦʜʫʢʪʘ. 

ʀʩʩʣʝʜʫʷ ʧʨʠʨʦʜʫ ʬʠʥʘʥʩʦʚʳʭ ʦʪʥʦʰʝʥʠʡ ʚ ʦʙʱʝʩʪʚʝ ʥʘ ʨʘʟʥʳʭ ʵʪʘʧʘʭ ʵʢʦʥʦʤʠ-

ʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʩʪʨʘʥʳ ʤʦʞʥʦ ʩʤʝʣʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʬʫʥʜʘʤʝʥʪ ʬʠ-

ʥʘʥʩʦʚʦʡ ʥʘʫʢʠ ʤʳ ʚʟʷʣʠ ʠʟ ʧʨʦʰʣʦʛʦ. ʀ ʵʪʦ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʥʝ ʷʚʣʷʝʪʩʷ ʦʰʠʙʢʦʡ. 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 53, 2017 ʛ. 
ʈʘʟʜʝʣ IV. ʌʠʥʘʥʩʦʚʳʝ ʠ ʫʯʝʪʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʩʦʚʨʝʤʝʥʥʦʡ ʵʢʦʥʦʤʠʢʠ 
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ʆʜʥʘʢʦ ʧʨʦʠʩʭʦʜʷʱʠʝ ʠʟʤʝʥʝʥʠʷ ʥʝ ʤʦʛʣʠ ʥʝ ʥʘʡʪʠ ʩʚʦʝʛʦ ʦʪʨʘʞʝʥʠʷ ʚ ʠʟʤʝʥʝʥʠʠ 

ʚʟʛʣʷʜʦʚ ʚʝʜʫʱʠʭ ʫʯʝʥʳʭ ʵʢʦʥʦʤʠʩʪʦʚ ʠ ʧʨʘʢʪʠʢʦʚ. 
ɺʦʧʨʦʩ ʧʦʩʪʨʦʝʥʠʷ ʬʠʥʘʥʩʦʚʦʡ ʩʠʩʪʝʤʳ ʩʪʨʘʥʳ, ʢʘʟʘʣʦʩʴ ʙʳ, ʫʰʝʣ ʥʘ ʚʪʦʨʦʡ 

ʧʣʘʥ. ʉʘʤʘ ʧʦ ʩʝʙʝ çʬʠʥʘʥʩʦʚʘʷ ʩʠʩʪʝʤʘè ʩʬʦʨʤʠʨʦʚʘʥʘ ʠ ʨʘʟʚʠʚʘʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ 

ʨʘʟʚʠʪʠʷ  ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʞʠʟʥʠ ʦʙʱʝʩʪʚʘ. ʍʦʪʷ, ʢʘʢ ʥʘʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ, ʜʘʥʥʳʡ ʚʦ-

ʧʨʦʩ ʦʩʪʘʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʠ ʚʦʚʨʝʤʷ ʥʝ ʟʘʤʝʯʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʠʟʤʝʥʝʥʠʷ ʬʠʥʘʥʩʦ-

ʚʦʡ ʩʠʩʪʝʤʳ ʩʪʨʘʥʳ ʧʨʠʚʝʜʫʪ, ʢʘʢ ʤʠʥʠʤʫʤ, ʢ ʩʥʠʞʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ  ʬʠʥʘʥʩʦʚʦ-

ʛʦ ʫʧʨʘʚʣʝʥʠʷ  ʚ ʩʪʨʘʥʝ, ʢʘʢ ʤʘʢʩʠʤʫʤ ï ʢ ʦʰʠʙʢʘʤ ʚ ʨʘʩʩʪʘʥʦʚʢʝ ʧʨʠʦʨʠʪʝʪʦʚ ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʠ ʨʝʘʣʠʟʘʮʠʠ  ʬʠʥʘʥʩʦʚʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʧʦʣʠʪʠʢʠ ʩʪʨʘʥʳ. 

ɺ ʨʘʙʦʪʘʭ ʚʝʜʫʱʠʭ ʨʦʩʩʠʡʩʢʠʭ ʫʯʝʥʳʭ, ʪʘʢʠʭ ʢʘʢ ʂʦʚʘʣʝʚ ɺ.ɺ., ʀʚʘʥʦʚʘ ɺ.ɺ., 

ʉʦʢʦʣʦʚʘ ʉ.ɺ., ʈʦʤʘʥʦʚʩʢʦʛʦ ʄ.ɺ., ʇʦʣʷʢʘ ɻ.ɹ., ʇʠʣʠʧʝʥʢʦ ʆ.ʀ., ɺʨʫʙʣʝʚʩʢʦʡ ʆ.ɺ., 

ʉʘʙʘʥʪʠ ɹ.ʄ. ʠ ʜʨʫʛʠʭ, ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʚʦʧʨʦʩ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ ʬʠʥʘʥʩʦʚʦʡ ʩʠʩ-

ʪʝʤʳ ʩʪʨʘʥʳ ʩ ʫʯʝʪʦʤ ʧʨʦʠʩʭʦʜʷʱʠʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʩʝʛʦʜʥʷʰʥʝʛʦ 

ʜʥʷ. ʅʝ ʙʫʜʝʤ ʟʘʪʨʘʛʠʚʘʪʴ ʚ ʮʝʣʦʤ ʬʠʥʘʥʩʦʚʫʶ ʩʠʩʪʝʤʫ ʈʦʩʩʠʠ, ʦʜʥʘʢʦ ʦʪʤʝʪʠʤ, ʯʪʦ 
ʚʩʝ ʩʦʚʨʝʤʝʥʥʳʝ ʫʯʝʥʳʝ ʚʳʜʝʣʷʶʪ çʜʦʤʦʭʦʟʷʡʩʪʚʘè ʢʘʢ ʵʣʝʤʝʥʪ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʩʠʩʪʝʤʳ. 

ʋʯʠʪʳʚʘʷ ʚʳʰʝʫʢʘʟʘʥʥʫʶ ʟʥʘʯʠʤʦʩʪʴ ʬʠʥʘʥʩʦʚ ʜʦʤʦʭʦʟʷʡʩʪʚ, ʥʘʤ ʧʨʝʜʩʪʘʚʣʷ-

ʝʪʩʷ ʚʦʟʤʦʞʥʳʤ, ʙʝʟ ʫʛʣʫʙʣʝʥʥʦʡ ʜʝʪʘʣʠʟʘʮʠʠ, ʚʳʜʝʣʠʪʴ ʪʨʠ ʛʨʫʧʧʳ ʬʠʥʘʥʩʦʚʳʭ 

ʦʪʥʦʰʝʥʠʡ, ʠʤʝʶʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʠʥʘʥʩʦʚʳʭ ʨʝ-

ʩʫʨʩʦʚ, ʝʜʠʥʦʝ ʚʥʫʪʨʠ ʛʨʫʧʧʳ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʥʘʟʥʘʯʝʥʠʝ: ʬʠʥʘʥʩʳ ʭʦʟʷʡʩʪʚʫʶʱʠʭ 

ʩʫʙʲʝʢʪʦʚ; ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʠ ʤʫʥʠʮʠʧʘʣʴʥʳʝ ʬʠʥʘʥʩʳ; ʬʠʥʘʥʩʳ ʜʦʤʘʰʥʠʭ ʭʦ-

ʟʷʡʩʪʚ. ʊʦʛʜʘ ʩʭʝʤʘ ʚʩʝʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʬʠʥʘʥʩʦʚʳʭ ʦʪʥʦʰʝʥʠʡ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ 

(ʨʠʩ. 2) 

 

 

ʈʠʩ. 2 

ɺʳʜʝʣʝʥʠʝ ʪʨʝʭ ʛʨʫʧʧ ʬʠʥʘʥʩʦʚʳʭ ʦʪʥʦʰʝʥʠʡ (ʫʢʘʟʘʥʥʘʷ ʪʝʥʜʝʥʮʠʷ ʙʳʣʘ ʦʧʨʝ-

ʜʝʣʝʥʘ ʘʚʪʦʨʦʤ ʚ ʨʘʙʦʪʝ [2, ʩ. 246]), ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʩʪʨʦʡʥʦ ʚʧʠʩʳʚʘʝʪʩʷ ʚ ʬʦʨʤʠʨʫʝ-

ʤʫʶ ʩʠʩʪʝʤʫ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʟʥʘʥʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʷ ʦʪʜʝʣʴʥʳʤ ʬʠʥʘʥʩʦʚʳʤ ʜʠʩʮʠʧ-

ʣʠʥʘʤ. ʀ ʜʘʞʝ ʪʦʪ ʬʘʢʪ, ʯʪʦ çʬʠʥʘʥʩʳ ʜʦʤʘʰʥʠʭ ʭʦʟʷʡʩʪʚè ï ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʦʚʳʡ 

ʜʣʷ ʨʦʩʩʠʡʩʢʦʡ ʥʘʫʢʠ ʦʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ  ʥʘʭʦʜʠʪʩʷ ʚ ʩʪʘʜʠʠ ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʠʟʫ-
ʯʝʥʠʷ, ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ  ʧʦʜʯʝʨʢʠʚʘʝʪ ʦʙʦʩʦʙʣʝʥʥʦʝ ʚʳʜʝʣʝʥʠʝ ʵʪʦʡ ʛʨʫʧʧʳ ʦʪʥʦ-

ʰʝʥʠʡ; ʩʪʘʚʠʪ ʚʦʧʨʦʩ ʦʙ ʫʛʣʫʙʣʝʥʥʦʤ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ çʬʠʥʘʥʩʦʚ ʜʦʤʘʰʥʠʭ ʭʦ-

ʟʷʡʩʪʚè ʥʘ ʚʩʶ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʭʦʟʷʡʩʪʚʦʚʘʥʠʷ ʩʪʨʘʥʳ. 

ʅʘ ʥʘʰ ʚʟʛʣʷʜ, ʨʘʩʪʫʱʝʝ ʢʦʥʝʯʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʜʦʤʘʰʥʠʭ ʭʦʟʷʡʩʪʚ ʟʘ ʧʦʩʣʝʜʥʠʝ 

ʘʥʘʣʠʟʠʨʫʝʤʳʝ ʛʦʜʳ ʚ ʦʯʝʨʝʜʥʦʡ ʨʘʟ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ 

ʘʢʮʝʥʪʦʚ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʠ ʨʝʘʣʠʟʘʮʠʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʣʠʪʠʢʠ ʈʦʩʩʠʠ; ʫʩʠʣʠʚʘʝʪ ʥʝʦʙ-

ʭʦʜʠʤʦʩʪʴ ʧʦʚʳʰʝʥʠʷ ʬʠʥʘʥʩʦʚʦʡ ʛʨʘʤʦʪʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ. ʇʨʠʷʪʥʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ 

ʪʦʪ ʬʘʢʪ, ʯʪʦ ʚ ʈʦʩʩʠʠ ʚʝʜʝʪʩʷ ʨʘʙʦʪʘ ʧʦ ʚʳʰʝʫʢʘʟʘʥʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ.  

ʊʘʢ, 13 ʘʧʨʝʣʷ 2017 ʛʦʜʘ ʇʨʝʜʩʝʜʘʪʝʣʴ ɹʘʥʢʘ ʈʦʩʩʠʠ ʕ. ʅʘʙʠʫʣʠʥʘ ʠ ʄʠʥʠʩʪʨ 

ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʆ. ɺʘʩʠʣʴʝʚʘ ʧʦʜʧʠʩʘʣʠ ɼʦʨʦʞʥʫʶ ʢʘʨʪʫ ʤʝʨʦʧʨʠʷʪʠʡ ʦ ʚʢʣʶ-

ʉʦʚʦʢʫʧʥʦʩʪʴ  

ʬʠʥʘʥʩʦʚʳʭ  

ʦʪʥʦʰʝʥʠʡ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʠ ʤʫʥʠʮʠʧʘʣʴʥʳʝ ʬʠʥʘʥʩʳ 

ʌʠʥʘʥʩʳ ʭʦʟʷʡʩʪʚʫʶʱʠʭ ʩʫʙʲʝʢʪʦʚ ʌʠʥʘʥʩʳ ʜʦʤʘʰʥʠʭ ʭʦʟʷʡʩʪʚ 



ʅ.ɸ. ʄʘʨʢʦʚʘ 

ʋʩʠʣʝʥʠʝ ʨʦʣʠ ʜʦʤʦʭʦʟʷʡʩʪʚ ʢʘʢ ʢʦʥʝʯʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʚʘʣʦʚʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʦʜʫʢʪʘ» 
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ʯʝʥʠʠ ʬʠʥʘʥʩʦʚʦʡ ʛʨʘʤʦʪʥʦʩʪʠ ʚ ʧʨʦʛʨʘʤʤʳ ʨʦʩʩʠʡʩʢʠʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʘ-

ʮʠʡ. ʎʝʨʝʤʦʥʠʷ ʧʦʜʧʠʩʘʥʠʷ ɼʦʨʦʞʥʦʡ ʢʘʨʪʳ ʩʦʩʪʦʷʣʘʩʴ ʥʘ IV ʄʦʩʢʦʚʩʢʦʤ ʤʝʞʜʫ-

ʥʘʨʦʜʥʦʤ ʩʘʣʦʥʝ ʦʙʨʘʟʦʚʘʥʠʷ. 

ʉʦʛʣʘʩʥʦ ʜʦʢʫʤʝʥʪʫ, ʧʦʜʛʦʪʦʚʣʝʥʥʦʤʫ ʤʝʞʚʝʜʦʤʩʪʚʝʥʥʦʡ ʨʘʙʦʯʝʡ ʛʨʫʧʧʦʡ, ʚ 

2017ï2018 ʛʦʜʘʭ ʙʫʜʫʪ ʨʘʟʨʘʙʦʪʘʥʳ ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ ʧʨʝʧʦʜʘʚʘʥʠʶ ʦʩʥʦʚ ʬʠʥʘʥʩʦ-

ʚʦʡ ʛʨʘʤʦʪʥʦʩʪʠ ʚ ʜʦʰʢʦʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʷʭ, ʚʥʝʩʝʥʳ ʠʟʤʝʥʝʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʧʨʦʛʨʘʤʤʳ ʥʘʯʘʣʴʥʦʛʦ, ʦʩʥʦʚʥʦʛʦ, ʩʨʝʜʥʝʛʦ, ʩʨʝʜʥʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʠ ʚʳʩʰʝʛʦ 
ʦʙʨʘʟʦʚʘʥʠʷ, ʧʦʜʛʦʪʦʚʣʝʥʳ ʤʝʪʦʜʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʥʘ ʚʩʝʭ 

ʫʨʦʚʥʷʭ 

ʊʘʢʦʡ ʩʮʝʥʘʨʠʡ ʩʦʙʳʪʠʡ ʚ ʦʯʝʨʝʜʥʦʡ ʨʘʟ ʜʦʢʘʟʳʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʙʦʩʦʙʣʝʥ-

ʥʦʛʦ ʚʳʜʝʣʝʥʠʷ çʬʠʥʘʥʩʦʚ ʜʦʤʘʰʥʠʭ ʭʦʟʷʡʩʪʚè ʚ ʦʪʜʝʣʴʥʫʶ ʩʬʝʨʫ ʬʠʥʘʥʩʦʚʳʭ ʦʪ-

ʥʦʰʝʥʠʡ ʚ ʩʪʨʘʥʝ  ʠ ʠʭ ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʠʟʫʯʝʥʠʷ.  
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STRENGTHENING  THE ROLE OF HOUSEHOL DS  

AS THE GROSS DOMESTIC PRODUCT FINAL CONSUMERS  

AND THE CHANGE IN TH E SYSTEM  
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The article deals with the  gross domestic product dynamics, the analysis of its use composi-
tion and structure; analysis of households final consumption expenditure  in Russia; 
strengthening the role of households as the gross domestic product final consumers; it justi-
fies the allocation of three key groups of financial relations when building the financial sys-

tem of the country 
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ɺ.ʅ. ɹʫʪʯʝʥʢʦ, ʢʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ,  

ʌɻɹʆʋ ɺʆ çɺɻʋɺʊè 

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

ʆ ʅɽʂʆʊʆʈʓʍ ɺʆʇʈʆʉɸʍ ʇʈʀʄɽʅɽʅʀʗ  

ʅɸʃʆɻʆɺʆʁ ʉʊɸɺʂʀ ʅɼʉ 0 ʇʈʆʎɽʅʊʆɺ 

ʊʈɸʅʉʇʆʈʊʅʓʄʀ ʂʆʄʇɸʅʀʗʄʀ ɺ ʆʊʅʆʐɽʅʀʀ 

ʄɽɾɼʋʅɸʈʆɼʅʓʍ ɻʈʋɿʆʇɽʈɽɺʆɿʆʂ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʘʣʦʛ ʥʘ ʜʦʙʘʚʣʝʥʥʫʶ ʩʪʦʠʤʦʩʪʴ, ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʛʨʫʟʦʧʝʨʝʚʦʟʢʠ, 
ʥʫʣʝʚʘʷ ʩʪʘʚʢʘ, ʵʢʩʧʦʨʪ. 
 
ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʦʪʥʝʩʝʥʠʷ ʛʨʫʟʦʧʝʨʝʚʦʟʦʢ ʢ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʚ 
ʮʝʣʷʭ ʧʨʠʤʝʥʝʥʠʷ ʥʫʣʝʚʦʡ ʩʪʘʚʢʠ ʅɼʉ, ʧʨʠʚʦʜʷʪʩʷ ʥʘʣʦʛʦʚʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʫ ʛʨʫʟʦʚʣʘ-
ʜʝʣʴʮʝʚ ʚ ʚʠʜʝ ʦʪʢʘʟʘ ʚ ʥʘʣʦʛʦʚʳʭ ʚʳʯʝʪʘʭ ʅɼʉ ʚ ʩʣʫʯʘʝ ʥʝʧʨʘʚʠʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 

ʩʪʘʪʫʩʘ ʛʨʫʟʦʧʝʨʝʚʦʟʢʠ, ʜʘʝʪʩʷ ʢʨʠʪʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʧʨʝʜʩʪʦʷʱʠʤ ʠʟʤʝʥʝʥʠʷʤ ʚ ʥʘ-
ʣʦʛʦʚʦʝ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦ. 

 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʥʘʣʦʛʠ ʩʨʝʜʠ ʧʨʦʯʠʭ ʚʳʧʦʣʥʷʶʪ ʩʪʠʤʫʣʠʨʫʶʱʫʶ ʬʫʥʢʮʠʶ. ʉ ʧʦ-

ʤʦʱʴʶ ʵʪʦʡ ʬʫʥʢʮʠʠ ʛʦʩʫʜʘʨʩʪʚʦ ʩʪʠʤʫʣʠʨʫʝʪ ʨʘʟʚʠʪʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ, 
ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʨʘʙʦʯʠʭ ʤʝʩʪ, ʢʘʧʠʪʘʣʴʥʳʝ ʚʣʦʞʝʥʠʷ ʚ ʨʘʩʰʠʨʝʥʠʝ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ ʠ ʪ.ʧ. 

ʇʨʠʤʝʥʝʥʠʝ ʥʫʣʝʚʦʡ ʩʪʘʚʢʠ ʧʦ ʥʘʣʦʛʫ ʥʘ ʜʦʙʘʚʣʝʥʥʫʶ ʩʪʦʠʤʦʩʪʴ (ʜʘʣʝʝ ï ʅɼʉ) 

ʧʨʠ ʵʢʩʧʦʨʪʥʳʭ ʦʧʝʨʘʮʠʷʭ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʫʩʠʣʝʥʠʝ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʨʦʩʩʠʡ-

ʩʢʠʭ ʪʦʚʘʨʦʚ ʥʘ ʤʠʨʦʚʦʤ ʨʳʥʢʝ, ʧʦʩʢʦʣʴʢʫ ʧʦ ʦʙʱʝʤʫ ʧʨʘʚʠʣʫ ʅɼʉ ʚʟʠʤʘʝʪʩʷ ʚ 

ʩʪʨʘʥʝ ʥʘʟʥʘʯʝʥʠʷ [1]. ɺ ʵʪʦʡ ʩʚʷʟʠ, ʢʘʢ ʦʪʤʝʪʠʣ ʂʦʥʩʪʠʪʫʮʠʦʥʥʳʡ ʩʫʜ ʈʌ ʚ ʩʚʦʝʤ 

ʦʧʨʝʜʝʣʝʥʠʠ ʦʪ 19.01.2005 ˉ 41-ʆ, ʝʩʣʠ ʵʢʩʧʦʨʪʠʨʫʝʤʳʝ ʪʦʚʘʨʳ ʦʙʣʘʛʘʶʪʩʷ ʧʦ ʥʘʣʦ-

ʛʦʚʦʡ ʩʪʘʚʢʝ ʅɼʉ 0 ʧʨʦʮʝʥʪʦʚ, ʪʦ ʠ ʨʝʘʣʠʟʘʮʠʷ ʨʘʙʦʪ ʠ ʫʩʣʫʛ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʭ ʧʨʦʠʟ-

ʚʦʜʩʪʚʦʤ ʠ ʨʝʘʣʠʟʘʮʠʝʡ, ʪʘʢʞʝ ʦʙʣʘʛʘʝʪʩʷ ʧʦ ʥʘʣʦʛʦʚʦʡ ʩʪʘʚʢʝ 0 ʧʨʦʮʝʥʪʦʚ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʦʩʩʠʡʩʢʠʤ ʥʘʣʦʛʦʚʳʤ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦʤ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ 

ʧʨʠʤʝʥʝʥʠʝ ʩʪʘʚʢʠ 0 % ʧʦ ʅɼʉ ʚ ʦʪʥʦʰʝʥʠʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʛʨʫʟʦʧʝʨʝʚʦʟʦʢ. ʇʦ-

ʩʢʦʣʴʢʫ ʚ ʫʩʣʦʚʠʷʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʘʥʢʮʠʡ ʧʨʦʪʠʚ ʈʦʩʩʠʠ ʚʦʟʨʘʩʪʘʝʪ ʨʦʣʴ ʦʪʝʯʝʩʪ-
ʚʝʥʥʳʭ ʧʝʨʝʚʦʟʯʠʢʦʚ, ʚʦʧʨʦʩ ʧʨʘʚʦʧʨʠʤʝʥʠʪʝʣʴʥʦʡ ʧʨʘʢʪʠʢʠ ʩʪʘʚʢʠ 0 % ʠʤʝʝʪ ʚʘʞ-

ʥʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʚ ʨʘʙʦʪʝ ʨʦʩʩʠʡʩʢʠʭ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʧʨʦʚʘʡʜʝʨʦʚ[2]. 

ɼʦ 2011 ʛʦʜʘ ʚ ʅʘʣʦʛʦʚʦʤ ʢʦʜʝʢʩʝ ʈʌ (ʜʘʣʝʝ ï ʅʂ ʈʌ) ʩʦʜʝʨʞʘʣʦʩʴ ʧʦʣʦʞʝʥʠʝ ʦ 

ʧʨʠʤʝʥʝʥʠʠ ʩʪʘʚʢʠ 0% ʚ ʦʪʥʦʰʝʥʠʠ ʨʘʙʦʪ (ʫʩʣʫʛ), ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʥʳʭ ʩ 

ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʠ ʨʝʘʣʠʟʘʮʠʝʡ ʪʦʚʘʨʦʚ, ʚʳʚʝʟʝʥʥʳʭ ʚ ʪʘʤʦʞʝʥʥʦʤ ʨʝʞʠʤʝ ʵʢʩʧʦʨʪʘ, ʘ 

ʪʘʢʞʝ ʪʦʚʘʨʦʚ, ʧʦʤʝʱʝʥʥʳʭ ʧʦʜ ʪʘʤʦʞʝʥʥʳʡ ʨʝʞʠʤ ʩʚʦʙʦʜʥʦʡ ʪʘʤʦʞʝʥʥʦʡ ʟʦʥʳ 

(ʧʧ. 2 ʧ. 1 ʩʪ. 164 ʅʂ ʈʌ)[3]. 

ʂ ʪʘʢʠʤ ʨʘʙʦʪʘʤ ʠ ʫʩʣʫʛʘʤ ʦʪʥʦʩʠʣʠʩʴ ʨʘʙʦʪʳ (ʫʩʣʫʛʠ) ʧʦ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʩʦʧʨʦ-

ʚʦʞʜʝʥʠʶ ʧʝʨʝʚʦʟʦʢ, ʧʝʨʝʚʦʟʢʝ ʠʣʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ, ʦʨʛʘʥʠʟʘʮʠʠ, ʩʦʧʨʦʚʦʞʜʝʥʠʶ, 

ʧʦʛʨʫʟʢʝ ʠ ʧʝʨʝʛʨʫʟʢʝ ʚʳʚʦʟʠʤʳʭ ʟʘ ʧʨʝʜʝʣʳ ʪʝʨʨʠʪʦʨʠʠ ʈʌ ʠʣʠ ʚʚʦʟʠʤʳʭ ʥʘ ʪʝʨʨʠ-

ʪʦʨʠʶ ʈʌ ʪʦʚʘʨʦʚ, ʚʳʧʦʣʥʷʝʤʳʝ (ʦʢʘʟʳʚʘʝʤʳʝ) ʨʦʩʩʠʡʩʢʠʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʠʣʠ 
ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʷʤʠ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʨʦʩʩʠʡʩʢʠʭ ʧʝʨʝʚʦʟʯʠʢʦʚ ʥʘ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʤ ʪʨʘʥʩʧʦʨʪʝ), ʠ ʠʥʳʝ ʧʦʜʦʙʥʳʝ ʨʘʙʦʪʳ (ʫʩʣʫʛʠ), ʘ ʪʘʢʞʝ ʥʘ ʨʘʙʦʪʳ 

(ʫʩʣʫʛʠ) ʧʦ ʧʝʨʝʨʘʙʦʪʢʝ ʪʦʚʘʨʦʚ, ʧʦʤʝʱʝʥʥʳʭ ʧʦʜ ʪʘʤʦʞʝʥʥʳʡ ʨʝʞʠʤ ʧʝʨʝʨʘʙʦʪʢʠ 



ʆ.ɺ. ʈʫʩʘʢʦʚʘ, ɺ.ʅ. ɹʫʪʯʝʥʢʦ 

ʆ ʥʝʢʦʪʦʨʳʭ ʚʦʧʨʦʩʘʭ ʧʨʠʤʝʥʝʥʠʷ ʥʘʣʦʛʦʚʦʡ ʩʪʘʚʢʠ ʅɼʉ 0 ʧʨʦʮʝʥʪʦʚ ʪʨʘʥʩʧʦʨʪʥʳʤʠ» 
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ʥʘ ʪʘʤʦʞʝʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʥʫʣʝʚʘʷ ʩʪʘʚʢʘ ʜʝʡʩʪʚʦʚʘʣʘ ʚ ʦʪʥʦʰʝʥʠʠ 

ʧʝʨʝʚʦʟʦʢ ʪʦʣʴʢʦ ʵʢʩʧʦʨʪʥʦʛʦ ʪʦʚʘʨʘ. 

ʅʘʯʠʥʘʷ ʩ 2011 ʛʦʜʘ ʜʘʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʫʪʨʘʪʠʣʦ ʩʠʣʫ, ʥʦ ʚʟʘʤʝʥ ʧʨʠʤʝʥʝʥʠʝ ʥʫ-

ʣʝʚʦʡ ʩʪʘʚʢʠ ʙʳʣʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ ʫʞʝ ʥʘ ʙʦʣʝʝ ʰʠʨʦʢʠʡ ʧʝʨʝʯʝʥʴ ʨʘʙʦʪ (ʫʩʣʫʛ), ʩʚʷ-

ʟʘʥʥʳʭ ʥʝ ʪʦʣʴʢʦ ʩ ʵʢʩʧʦʨʪʦʤ, ʥʦ ʠ ʠʤʧʦʨʪʦʤ ʪʦʚʘʨʦʚ. 

ʊʘʢ, ʥʘʣʦʛʦʚʳʤ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦʤ ʈʦʩʩʠʠ ʩ 2011 ʛʦʜʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʤʝ-

ʥʝʥʠʝ ʥʫʣʝʚʦʡ ʩʪʘʚʢʠ ʧʦ ʅɼʉ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʫʩʣʫʛ ʧʦ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʧʝʨʝʚʦʟʢʝ 
ʪʦʚʘʨʦʚ (ʧʧ. 2.1 ʧ. 1 ʩʪ. 164 ʅʂ ʈʌ). ʇʨʠ ʵʪʦʤ ʧʦʜ ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ ʧʝʨʝʚʦʟʢʘʤʠ ʪʦ-

ʚʘʨʦʚ ʧʦʥʠʤʘʶʪʩʷ ʧʝʨʝʚʦʟʢʠ ʪʦʚʘʨʦʚ ʤʦʨʩʢʠʤʠ, ʨʝʯʥʳʤʠ ʩʫʜʘʤʠ, ʩʫʜʘʤʠ ʩʤʝʰʘʥʥʦ-

ʛʦ (ʨʝʢʘ ï ʤʦʨʝ) ʧʣʘʚʘʥʠʷ, ʚʦʟʜʫʰʥʳʤʠ ʩʫʜʘʤʠ, ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ ʠ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ, ʧʨʠ ʢʦʪʦʨʳʭ ʧʫʥʢʪ ʦʪʧʨʘʚʣʝʥʠʷ ʠʣʠ ʧʫʥʢʪ ʥʘʟʥʘʯʝ-

ʥʠʷ ʪʦʚʘʨʦʚ ʨʘʩʧʦʣʦʞʝʥ ʟʘ ʧʨʝʜʝʣʘʤʠ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ʀʥʳʤʠ 

ʩʣʦʚʘʤʠ, ʠʤʝʝʪʩʷ ʚ ʚʠʜʫ ʧʝʨʝʚʦʟʢʘ ʪʦʚʘʨʦʚ ʢʘʢ ʟʘ ʧʨʝʜʝʣʳ ʈʌ (ʵʢʩʧʦʨʪ), ʪʘʢ ʠ ʚʚʦʟ ʥʘ 

ʪʝʨʨʠʪʦʨʠʶ ʈʌ (ʠʤʧʦʨʪ). 

ɺ ʦʪʥʦʰʝʥʠʠ ʨʘʙʦʪ (ʫʩʣʫʛ), ʚʳʧʦʣʥʷʝʤʳʭ ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʚʥʫʪʨʝʥʥʝʛʦ ʚʦʜʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ, ʧʦ ʧʝʨʝʚʦʟʢʝ ʪʦʣʴʢʦ ʵʢʩʧʦʨʪʠʨʫʝʤʳʭ ʪʦʚʘʨʦʚ ʚ ʧʨʝʜʝʣʘʭ ʪʝʨʨʠʪʦʨʠʠ ʈʌ 

ʠʟ ʧʫʥʢʪʘ ʦʪʧʨʘʚʣʝʥʠʷ ʜʦ ʧʫʥʢʪʘ ʚʳʛʨʫʟʢʠ ʠʣʠ ʧʝʨʝʛʨʫʟʢʠ ʥʘ ʤʦʨʩʢʠʝ ʩʫʜʘ ʧʧ. 2.8 ʧ. 

1 ʩʪ. 164 ʅʂ ʈʌ ʪʘʢʞʝ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʥʫʣʝʚʘʷ ʩʪʘʚʢʘ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʦʩʩʠʡʩʢʦʝ ʥʘʣʦʛʦʚʦʝ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʧʨʠʤʝ-

ʥʝʥʠʝ ʥʫʣʝʚʦʡ ʩʪʘʚʢʠ ʅɼʉ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʵʢʩʧʦʨʪʝʨʦʚ ʪʦʚʘʨʦʚ, ʥʦ ʠ ʜʣʷ ʧʝʨʝʚʦʟʯʠʢʦʚ 

ʵʢʩʧʦʨʪʥʳʭ ʠ ʠʤʧʦʨʪʥʳʭ ʪʦʚʘʨʦʚ ʧʨʠ ʫʩʣʦʚʠʠ ʜʦʢʫʤʝʥʪʘʣʴʥʦʛʦ ʧʦʜʪʚʝʨʞʜʝʥʠʷ 

ʦʙʦʩʥʦʚʘʥʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʥʫʣʝʚʦʡ ʩʪʘʚʢʠ ʧʫʪʝʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚ ʥʘʣʦʛʦʚʳʡ ʦʨʛʘʥ 

ʜʦʢʫʤʝʥʪʦʚ, ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʭ ʩʪ. 165 ʅʂ ʈʌ. 

ʋʯʠʪʳʚʘʷ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʝ ʤʘʩʰʪʘʙʳ ʥʘʰʝʡ ʩʪʨʘʥʳ, ʨʝʜʢʦ ʢʘʢʘʷ ʧʝʨʝʚʦʟʢʘ ʵʢʩ-

ʧʦʨʪʥʦʛʦ ʠʣʠ ʠʤʧʦʨʪʥʦʛʦ ʪʦʚʘʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʦʣʴʢʦ ʦʜʥʦʛʦ 

ʚʠʜʘ ʪʨʘʥʩʧʦʨʪʘ. ʅʘ ʧʨʘʢʪʠʢʝ ʵʢʩʧʦʨʪʥʦ-ʠʤʧʦʨʪʥʳʡ ʪʦʚʘʨ ʧʝʨʝʚʦʟʠʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʠʭ 

ʚʠʜʘʭ ʪʨʘʥʩʧʦʨʪʘ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʵʢʩʧʦʨʪʝ ʪʦʚʘʨ ʘʚʪʦʪʨʘʥʩʧʦʨʪʦʤ ʜʦʩʪʘʚʣʷʝʪʩʷ ʜʦ 

ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ, ʜʘʣʝʝ ï ʧʦ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʝ ʜʦ ʛʨʫʟʦʚʦʛʦ ʨʝʯʥʦʛʦ ʧʦʨʪʘ, ʜʘʣʝʝ ï ʧʦ 

ʨʝʢʝ ʜʦ ʤʦʨʩʢʦʛʦ ʧʦʨʪʘ ʠ ʫʞʝ ʧʦ ʤʦʨʶ ʟʘ ʛʨʘʥʠʮʫ ʈʌ. 

ɺʩʢʦʨʝ ʧʦʩʣʝ ʧʦʷʚʣʝʥʠʷ ʜʘʥʥʳʭ ʥʦʨʤ ʚ ʥʘʣʦʛʦʚʦʤ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʝ ʩʨʘʟʫ ʚʦʟʥʠʢ 
ʚʦʧʨʦʩ: ʧʨʠʤʝʥʷʪʴ ʥʫʣʝʚʫʶ ʩʪʘʚʢʫ ʧʦ ʅɼʉ ʧʦ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʧʝʨʝʚʦʟʢʘʤ ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩ ʧʧ. 2.1 ʠ 2.8 ʧ. 1 ʩʪ. 164 ʅʂ ʈʌ ʜʦʣʞʥʘ ʪʦʣʴʢʦ, ʥʘʧʨʠʤʝʨ,ʩʫʜʦʭʦʜʥʘʷ ʢʦʤʧʘ-

ʥʠʷ, ʦʩʫʱʝʩʪʚʣʷʶʱʘʷ ʤʦʨʩʢʫʶ ʧʝʨʝʚʦʟʢʫ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʩʝʢʘʷ ʛʨʘʥʠʮʫ ʈʌ, 

ʠʣʠ ʚʩʝ ʫʯʘʩʪʥʠʢʠ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʧʝʨʝʚʦʟʢʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʦ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ, 

ʜʦʣʞʥʳ ʦʙʣʘʛʘʪʴ ʩʚʦʠ ʦʧʝʨʘʮʠʠ ʧʦ ʩʪʘʚʢʝ 0 ʧʨʦʮʝʥʪʦʚ? 

ʇʦʟʠʮʠʷ ʄʠʥʬʠʥʘ ʈʦʩʩʠʠ ʧʦ ʵʪʦʤʫ ʚʦʧʨʦʩʫ ʙʳʣʘ ʥʝʦʜʥʦʟʥʘʯʥʦʡ. ɺ 2006 ʛʦʜʫ ʚ 

ʧʠʩʴʤʝ ʦʪ 24.05.2006  ̄ 03-04-08/108 ʬʠʥʘʥʩʦʚʦʝ ʚʝʜʦʤʩʪʚʦ ʩʯʠʪʘʣʦ, ʯʪʦ ʥʫʣʝʚʘʷ 

ʩʪʘʚʢʘ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʦʪʥʦʰʝʥʠʠ ʚʩʝʡ ʩʪʦʠʤʦʩʪʠ ʧʝʨʝʚʦʟʢʠ ʦʪ ʧʫʥʢʪʘ ʦʪʧʨʘʚʣʝʥʠʷ, 

ʥʘʭʦʜʷʱʝʛʦʩʷ ʟʘ ʧʨʝʜʝʣʘʤʠ ʪʝʨʨʠʪʦʨʠʠ ʈʌ, ʜʦ ʧʫʥʢʪʘ ʥʘʟʥʘʯʝʥʠʷ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʈʌ. ʇʨʘʚʜʘ, ʚ ʵʪʦʤ ʧʠʩʴʤʝ ʄʠʥʬʠʥ ʥʝ ʘʢʮʝʥʪʠʨʦʚʘʣ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦʤ, 

ʩʢʦʣʴʢʠʤʠ ʚʠʜʘʤʠ ʪʨʘʥʩʧʦʨʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʜʘʥʥʘʷ ʧʝʨʝʚʦʟʢʘ. ɸʥʘʣʦʛʠʯʥʘʷ ʪʦʯʢʘ 
ʟʨʝʥʠʷ ʧʨʠʩʫʪʩʪʚʫʝʪ ʠ ʚ ʧʠʩʴʤʝ ʄʠʥʬʠʥʘ ʈʌ ʦʪ 18.03.2011  ̄03-07-08/73. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʄʠʥʬʠʥ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʠ ʧʨʦʪʠʚʦʧʦʣʦʞ-

ʥʳʡ ʚʟʛʣʷʜ ʥʘ ʜʘʥʥʫʶ ʩʠʪʫʘʮʠʶ. ɼʦʣʛʦʝ ʚʨʝʤʷ ʧʦʟʠʮʠʷ ʄʠʥʬʠʥʘ ʈʦʩʩʠʠ ʟʘʢʣʶʯʘ-

ʣʘʩʴ ʚ ʪʦʤ, ʯʪʦ ʚ ʦʪʥʦʰʝʥʠʠ ʫʩʣʫʛ ʧʦ ʧʝʨʝʚʦʟʢʝ ʵʢʩʧʦʨʪʥʦ-ʠʤʧʦʨʪʥʦʛʦ ʪʦʚʘʨʘ ʤʝʞʜʫ 

ʧʫʥʢʪʘʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʌ, ʥʫʣʝʚʘʷ ʩʪʘʚʢʘ ʥʘʣʦʛʘ ʥʝ ʧʨʠʤʝʥʷʝʪʩʷ 

(ʧʠʩʴʤʘ ʄʠʥʬʠʥʘ ʈʌ ʦʪ 02.08.2011 ˉ 03-07-15/72, ʦʪ 21.05.2012 ˉ 03-07-15/49, ʦʪ 

11.12.2012 ̄  03-07-14/114, ʦʪ 01.07.2013 ˉ 03-07-08/25077 ʠ ʜʨ.). 

ɺ ʘʨʙʠʪʨʘʞʥʳʭ ʩʫʜʘʭ ʜʘʥʥʳʡ ʚʦʧʨʦʩ ʪʘʢʞʝ ʨʝʰʘʣʩʷ ʧʦ-ʨʘʟʥʦʤʫ, ʩʫʜʝʙʥʘʷ ʧʨʘʢ-

ʪʠʢʘ ʥʝ ʠʤʝʣʘ ʦʜʥʦʟʥʘʯʥʦʛʦ ʨʝʰʝʥʠʷ ʧʦ ʵʪʦʤʫ ʚʦʧʨʦʩʫ. ʏʘʩʪʴ ʘʨʙʠʪʨʘʞʥʳʭ ʩʫʜʦʚ 

ʧʨʠʜʝʨʞʠʚʘʣʘʩʴ ʪʦʛʦ ʞʝ ʤʥʝʥʠʷ, ʯʪʦ ʠ ʄʠʥʬʠʥ ʈʦʩʩʠʠ, ʠ ʧʦʜʭʦʜʠʣʘ ʢ ʨʝʰʝʥʠʶ ʵʪʦʡ 

ʧʨʦʙʣʝʤʳ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʬʘʢʪʠʯʝʩʢʦʛʦ ʧʨʦʭʦʞʜʝʥʠʷ ʛʨʫʟʘ ï ʝʩʣʠ ʢʘʢʦʡ-ʪʦ ʪʨʘʥʩʧʦʨʪ 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 53, 2017 ʛ. 
ʈʘʟʜʝʣ IV. ʌʠʥʘʥʩʦʚʳʝ ʠ ʫʯʝʪʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʩʦʚʨʝʤʝʥʥʦʡ ʵʢʦʥʦʤʠʢʠ 
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ʦʩʫʱʝʩʪʚʣʷʣ ʩʚʦʶ ʯʘʩʪʴ ʧʝʨʝʚʦʟʢʠ ʵʢʩʧʦʨʪʥʦ-ʠʤʧʦʨʪʥʦʛʦ ʪʦʚʘʨʘ ʪʦʣʴʢʦ ʧʦ ʪʝʨʨʠʪʦ-

ʨʠʠ ʈʦʩʩʠʠ, ʪʦ ʩʫʜʳ ʧʨʠʟʥʘʚʘʣʠ ʧʨʘʚʦʤʝʨʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʩʪʘʚʢʠ ʅɼʉ 18 %. 
ʅʘʧʨʠʤʝʨ, çʉʫʜʦʭʦʜʥʘʷ ʢʦʤʧʘʥʠʷ çɺʦʣʞʩʢʦʝ ʧʘʨʦʭʦʜʩʪʚʦèè (ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦ-

ʨʦʜ) ʧʝʨʝʚʦʟʠʣʘ ʠʤʧʦʨʪʥʳʡ ʛʨʫʟ ʠʟ ʧʦʨʪʘ ɸʟʦʚ ʚ ʧʦʨʪ ɹʘʣʘʢʦʚʦ, ʪʦ ʝʩʪʴ ʤʝʞʜʫ ʜʚʫʤʷ 

ʧʫʥʢʪʘʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʌ. ɸʨʙʠʪʨʘʞʥʳʡ ʩʫʜ ʧʦʩʯʠʪʘʣ, ʯʪʦ ʜʘʥ-

ʥʘʷ ʧʝʨʝʚʦʟʢʘ ʥʝ ʷʚʣʷʝʪʩʷ ʤʝʞʜʫʥʘʨʦʜʥʦʡ, ʧʦʵʪʦʤʫ ʢ ʥʝʡ ʥʝ ʧʨʠʤʝʥʠʤ ʧʧ. 2.1 ʧ. 1 ʩʪ. 

164 ʅʂ ʈʌ, ʥʦ ʠ ʧʧ. 2.8 ʧ. 1 ʩʪ. 164 ʅʂ ʈʌ ʚ ʜʘʥʥʦʡ ʩʠʪʫʘʮʠʠ ʪʘʢʞʝ ʥʝ ʨʘʙʦʪʘʝʪ, ʧʦ-

ʪʦʤʫ ʯʪʦ ʪʦʚʘʨ ʠʤʧʦʨʪʥʳʡ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, çʉʫʜʦʭʦʜʥʘʷ ʢʦʤʧʘʥʠʷ çɺʦʣʞʩʢʦʝ ʧʘʨʦ-

ʭʦʜʩʪʚʦè ʥʝ ʠʤʝʝʪ ʧʨʘʚʘ ʥʘ ʥʫʣʝʚʫʶ ʩʪʘʚʢʫ ʅɼʉ (ʇʦʩʪʘʥʦʚʣʝʥʠʝ ʌɸʉ ʄʦʩʢʦʚʩʢʦʛʦ 

ʦʢʨʫʛʘ ʦʪ 20.09.2013 ʧʦ ʜʝʣʫ ˉ ɸ40-133844/12-140-932, ʦʩʪʘʚʣʝʥʦ ʚ ʩʠʣʝ ʆʧʨʝʜʝʣʝ-

ʥʠʝʤ ɺɸʉ ʈʌ ʦʪ 27.01.2014 ˉ ɺɸʉ-19167/13). 

ɺ ʵʪʦ ʞʝ ʚʨʝʤʷ ʩʫʜʳ ʚʳʥʦʩʠʣʠ ʨʝʰʝʥʠʷ ʚ ʧʦʣʴʟʫ ʧʨʠʤʝʥʝʥʠʷ ʩʪʘʚʢʠ 0 ʧʨʦʮʝʥʪʦʚ 

ʠ ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʧʫʥʢʪ ʦʪʧʨʘʚʣʝʥʠʷ ʠ ʧʫʥʢʪ ʥʘʟʥʘʯʝʥʠʷ ʥʘʭʦʜʷʪʩʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʈʌ (ʧʦʩʪʘʥʦʚʣʝʥʠʝ ʌɸʉ ɺʦʩʪʦʯʥʦ-ʉʠʙʠʨʩʢʦʛʦ ʦʢʨʫʛʘ ʦʪ 21.08.2012 ʧʦ ʜʝʣʫ ˉ ɸ19-
963/2012, ʦʩʪʘʚʣʝʥʦ ʚ ʩʠʣʝ ʆʧʨʝʜʝʣʝʥʠʝʤ ɺɸʉ ʈʌ ʦʪ 26.02.2013 ˉ ɺɸʉ-17115/12). 

ʅʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʚ ʪʨʘʢʪʦʚʢʝ ʥʘʣʦʛʦʚʦʛʦ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʧʦ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʝ 

ʧʦʪʨʝʙʦʚʘʣʘ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʚʳʩʰʝʡ ʩʫʜʝʙʥʦʡ ʠʥʩʪʘʥʮʠʠ. ɺ 2014 ʛʦʜʫ ʇʣʝʥʫʤ ɺɸʉ 

ʈʌ ʚʳʩʢʘʟʘʣ ʧʦ ʵʪʦʤʫ ʧʦʚʦʜʫ ʩʚʦʝ ʘʚʪʦʨʠʪʝʪʥʦʝ ʤʥʝʥʠʝ, ʘ ʠʤʝʥʥʦ, ʚ ʧ. 18 ʇʦʩʪʘʥʦʚ-

ʣʝʥʠʷ ʇʣʝʥʫʤʘ ɺɸʉ ʈʌ ʦʪ 30.05.2014 ˉ 33 ʨʘʟʲʷʩʥʷʝʪʩʷ ʧʦʨʷʜʦʢ ʧʨʠʤʝʥʝʥʠʷ ʧʧ. 2.1 

ʧ. 1 ʩʪ. 164 ʅʂ ʈʌ. ʇʨʠ ʵʪʦʤ ʫʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʘʨʙʠʪʨʘʞʥʳʤ ʩʫʜʘʤ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠ-

ʪʳʚʘʪʴ, ʯʪʦ ʦʢʘʟʘʥʠʝ ʫʩʣʫʛ ʧʦ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʧʝʨʝʚʦʟʢʝ ʪʦʚʘʨʦʚ ʥʝʩʢʦʣʴʢʠʤʠ ʣʠʮʘ-

ʤʠ (ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʴ ʣʠʮ ʥʘ ʩʪʦʨʦʥʝ ʠʩʧʦʣʥʠʪʝʣʷ ʠʣʠ ʧʨʠʚʣʝʯʝʥʠʝ ʦʩʥʦʚʥʳʤ ʠʩʧʦʣ-

ʥʠʪʝʣʝʤ ʪʨʝʪʴʠʭ ʣʠʮ (ʩʫʙʠʩʧʦʣʥʠʪʝʣʝʡ)) ʩʘʤʦ ʧʦ ʩʝʙʝ ʥʝ ʧʨʝʧʷʪʩʪʚʫʝʪ ʧʨʠʤʝʥʝʥʠʶ 

ʥʘʣʦʛʦʚʦʡ ʩʪʘʚʢʠ 0 ʧʨʦʮʝʥʪʦʚ ʚʩʝʤʠ ʫʯʘʩʪʚʦʚʘʚʰʠʤʠ ʚ ʦʢʘʟʘʥʠʠ ʫʩʣʫʛ ʣʠʮʘʤʠ. ɺ 

ʩʚʷʟʠ ʩ ʯʝʤ ʥʘʣʦʛʦʚʫʶ ʩʪʘʚʢʫ 0 ʧʨʦʮʝʥʪʦʚ ʜʦʣʞʥʳ ʧʨʠʤʝʥʷʪʴ ʪʘʢʞʝ ʧʝʨʝʚʦʟʯʠʢʠ, 
ʦʢʘʟʳʚʘʶʱʠʝ ʫʩʣʫʛʠ ʧʦ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʧʝʨʝʚʦʟʢʝ ʪʦʚʘʨʦʚ ʥʘ ʦʪʜʝʣʴʥʳʭ ʵʪʘʧʘʭ ʧʝ-

ʨʝʚʦʟʢʠ ʠ ʣʠʮʘ, ʧʨʠʚʣʝʯʝʥʥʳʝ ʵʢʩʧʝʜʠʪʦʨʦʤ ʜʣʷ ʦʢʘʟʘʥʠʷ ʦʪʜʝʣʴʥʳʭ ʪʨʘʥʩʧʦʨʪʥʦ-

ʵʢʩʧʝʜʠʮʠʦʥʥʳʭ ʫʩʣʫʛ. 

ʇʣʝʥʫʤ ɺɸʉ ʈʌ ʪʘʢʞʝ ʦʪʤʝʪʠʣ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʥʫʣʝʚʦʡ ʩʪʘʚʢʠ ʚ ʦʪʥʦʰʝʥʠʠ 

ʪʨʘʥʩʧʦʨʪʥʦ-ʵʢʩʧʝʜʠʮʠʦʥʥʳʭ ʫʩʣʫʛ, ʦʢʘʟʳʚʘʝʤʳʭ ʧʨʠ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʧʝʨʝʚʦʟʢʝ ʪʦ-

ʚʘʨʦʚ, ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʪʦʛʦ, ʚʳʩʪʫʧʘʝʪ ʦʨʛʘʥʠʟʘʪʦʨʦʤ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʧʝʨʝʚʦʟʢʠ ʩʘʤ 

ʵʢʩʧʝʜʠʪʦʨ, ʟʘʢʘʟʯʠʢ ʪʨʘʥʩʧʦʨʪʥʦ-ʵʢʩʧʝʜʠʮʠʦʥʥʳʭ ʫʩʣʫʛ ʣʠʙʦ ʠʥʦʝ ʣʠʮʦ. 

ɽʩʪʝʩʪʚʝʥʥʦ, ʄʠʥʬʠʥ ʈʦʩʩʠʠ ʧʦʜʜʝʨʞʘʣ ʧʦʟʠʮʠʶ ʇʣʝʥʫʤʘ ɺɸʉ ʈʌ (ʧʠʩʴʤʦ ʦʪ 

17.10.2014 ˉ03-07-08/52436). 

ʇʦʩʣʝʦʧʫʙʣʠʢʦʚʘʥʠʷ ʚʳʰʝʫʢʘʟʘʥʥʦʛʦ ʧʦʩʪʘʥʦʚʣʝʥʠʷ ʇʣʝʥʫʤʘ ɺɸʉ ʈʌ, ʩʫʜʝʙ-

ʥʦʡ ʧʨʘʢʪʠʢʝ ʙʳʣʦ ʧʨʠʜʘʥʦ ʝʜʠʥʦʦʙʨʘʟʠʝ, ʯʪʦ ʧʦʚʣʝʢʣʦ ʟʘ ʩʦʙʦʡ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ 

ʦʪʢʘʟʳ ʥʘʣʦʛʦʚʳʭ ʦʨʛʘʥʦʚ ʚ ʚʳʯʝʪʘʭ ʅɼʉ ʦʨʛʘʥʠʟʘʮʠʷʤ, ʵʢʩʧʦʨʪʠʨʫʶʱʠʤ ʠʣʠ ʠʤ-
ʧʦʨʪʠʨʫʶʱʠʤ ʩʚʦʡ ʪʦʚʘʨ, ʚ ʯʘʩʪʠ ʧʝʨʝʚʦʟʦʢ.ʅʘʧʨʠʤʝʨ,ʧʦʩʪʘʥʦʚʣʝʥʠʝ ɸʨʙʠʪʨʘʞʥʦʛʦ 

ʩʫʜʘ ʋʨʘʣʴʩʢʦʛʦ ʦʢʨʫʛʘ ʦʪ 13.05.2015 ̄  ʌ09-2566/15 ʧʦ ʜʝʣʫ  ̄ɸ60-34868/2014, ʧʦ-

ʩʪʘʥʦʚʣʝʥʠʝ ɸʨʙʠʪʨʘʞʥʦʛʦ ʩʫʜʘ ɺʦʩʪʦʯʥʦ-ʉʠʙʠʨʩʢʦʛʦ ʦʢʨʫʛʘ ʦʪ 04.06.2015  ̄ʌ02-

1262/2015, ʌ02-1612/2015 ʧʦ ʜʝʣʫ  ̄ ɸ19-9978/2014 (ʆʧʨʝʜʝʣʝʥʠʝʤ ɺʉ ʈʌ ʦʪ 

27.08.2015 ̄  302-ʂɻ15-9847 ʦʪʢʘʟʘʥʦ ʚ ʧʝʨʝʜʘʯʝ ʜʘʥʥʦʛʦ ʜʝʣʘ ʚ ʉʫʜʝʙʥʫʶ ʢʦʣʣʝʛʠʶ 

ʧʦ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʩʧʦʨʘʤ ɺʉ ʈʌ ʜʣʷ ʧʝʨʝʩʤʦʪʨʘ ʚ ʧʦʨʷʜʢʝ ʢʘʩʩʘʮʠʦʥʥʦʛʦ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ), ʦʧʨʝʜʝʣʝʥʠʝ ɺʉ ʈʌ ʦʪ 04.08.2016  ̄307-ʂɻ16-8743 ʧʦ ʜʝʣʫ  ̄ɸ56-51251/2015 

ʠ ʜʨ. 

ʂʘʢ ʫʢʘʟʳʚʘʶʪ ʘʨʙʠʪʨʘʞʥʳʝ ʩʫʜʳ, ʥʘʣʦʛʦʚʘʷ ʩʪʘʚʢʘ ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʟʘ-

ʢʦʥʦʤ ʵʣʝʤʝʥʪʦʤ ʥʘʣʦʛʦʦʙʣʦʞʝʥʠʷ, ʦʙʷʟʘʪʝʣʴʥʳʤ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚʩʝʤʠ ʥʘʣʦʛʦʧʣʘ-

ʪʝʣʴʱʠʢʘʤʠ.ʅʘʣʦʛʦʧʣʘʪʝʣʴʱʠʢ ʥʝ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴ ʥʘʣʦʛʦʚʫʶ ʩʪʘʚʢʫ ʧʦ ʩʚʦʝʤʫ ʞʝ-
ʣʘʥʠʶ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʯʝʪʘ-ʬʘʢʪʫʨʳ ʥʘ ʦʢʘʟʘʥʥʳʝ ʫʩʣʫʛʠ, ʚʳʩʪʘʚʣʝʥʥʳʝ ʵʢʩʧʝʜʠ-

ʪʦʨʘʤʠ (ʧʝʨʝʚʦʟʯʠʢʘʤʠ) ʧʦ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʧʝʨʝʚʦʟʢʘʤ ʠ ʩʦʜʝʨʞʘʱʠʝ ʥʝʥʘʜʣʝʞʘ-

ʱʫʶ ʥʘʣʦʛʦʚʫʶ ʩʪʘʚʢʫ ʥʘʣʦʛʘ 18 %, ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ʩʪ. 169 ʅʂ ʈʌ ʠ 

ʥʝ ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʧʨʠʥʷʪʠʷ ʩʫʤʤʳ ʅɼʉ ʢ ʚʳʯʝʪʫ ʫ ʵʢʩʧʦʨʪʝʨʘ ʠʣʠ 

ʠʤʧʦʨʪʝʨʘ. 



ʆ.ɺ. ʈʫʩʘʢʦʚʘ, ɺ.ʅ. ɹʫʪʯʝʥʢʦ 

ʆ ʥʝʢʦʪʦʨʳʭ ʚʦʧʨʦʩʘʭ ʧʨʠʤʝʥʝʥʠʷ ʥʘʣʦʛʦʚʦʡ ʩʪʘʚʢʠ ʅɼʉ 0 ʧʨʦʮʝʥʪʦʚ ʪʨʘʥʩʧʦʨʪʥʳʤʠ» 
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ʇʨʠʯʝʤ ʧʝʨʝʚʦʟʯʠʢʠ, ʦʩʫʱʝʩʪʚʣʷʷ ʧʝʨʝʚʦʟʢʫ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʧʦ ʪʝʨʨʠʪʦʨʠʠ ʈʌ ʠ 

ʚʳʩʪʘʚʣʷʷ ʩʯʝʪʘ-ʬʘʢʪʫʨʳ ʩ ʥʘʣʦʛʦʚʦʡ ʩʪʘʚʢʦʡ 18%, ʤʦʛʣʠ ʧʨʦʩʪʦ ʥʝ ʟʥʘʪʴ, ʯʪʦ ʦʥʠ 

ʫʯʘʩʪʚʫʶʪ ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʧʝʨʝʚʦʟʢʝ, ʝʩʣʠ ʠʤ ʦʙ ʵʪʦʤ ʥʝ ʩʦʦʙʱʠʣ ʵʢʩʧʝʜʠʪʦʨ. ʇʦ-

ʵʪʦʤʫ ʧʝʨʝʚʦʟʯʠʢʠ ʜʦʣʞʥʳ ʩʘʤʠ ʚʳʷʩʥʷʪʴʤʝʩʪʦʥʘʭʦʞʜʝʥʠʝ ʢʦʥʝʯʥʦʛʦ ʧʫʥʢʪʘ ʥʘʟʥʘ-

ʯʝʥʠʷ. ʀ ʝʩʣʠ ʵʪʦ ʦʢʘʞʝʪʩʷ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʧʝʨʝʚʦʟʢʦʡ, ʦʙʣʘʛʘʝʤʦʡ ʧʦ ʩʪʘʚʢʝ 0 %, ʪʦ 

ʧʝʨʝʚʦʟʯʠʢ ʜʦʣʞʝʥ ʧʦʜʛʦʪʦʚʠʪʴ ʧʘʢʝʪ ʜʦʢʫʤʝʥʪʦʚ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʭ ʧʨʘʚʦʤʝʨʥʦʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʥʫʣʝʚʦʡ ʩʪʘʚʢʠ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪ. 165 ʅʂ ʈʌ. 
ʆʨʛʘʥʠʟʘʮʠʷ, ʵʢʩʧʦʨʪʠʨʫʶʱʘʷ ʪʦʚʘʨʳ, ʢʦʪʦʨʦʡ ʦʪʢʘʟʘʣʠ ʚ ʥʘʣʦʛʦʚʳʭ ʚʳʯʝʪʘʭ 

ʅɼʉ ʧʦ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʧʝʨʝʚʦʟʢʘʤ, ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴ ʦʪ ʵʢʩʧʝʜʠʪʦʨʘ (ʧʝʨʝʚʦʟʯʠ-

ʢʘ) ʠʩʧʨʘʚʣʝʥʠʷ ʩʯʝʪʘ-ʬʘʢʪʫʨʳ ʚ ʯʘʩʪʠ ʥʘʣʦʛʦʚʦʡ ʩʪʘʚʢʠ ʩ 18 ʥʘ 0 % 

ʠ,ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʙʫʜʝʪ ʠʤʝʪʴ ʧʨʘʚʦ ʥʘ ʚʟʳʩʢʘʥʠʝ ʵʪʦʛʦ ʥʘʣʦʛʘ ʩ ʵʢʩʧʝʜʠʪʦʨʘ (ʧʝʨʝ-

ʚʦʟʯʠʢʘ). ʊʘʢ, ʆʆʆ çʈʝʛʠʦʥʘʣʴʥʳʡ ʙʠʟʥʝʩè ʚ ʩʫʜʝʙʥʦʤ ʧʦʨʷʜʢʝ ʜʦʙʠʣʦʩʴ ʚʟʳʩʢʘʥʠʷ 

ʩ ʆɸʆ çʈɾɼè ʚʟʳʩʢʘʥʠʷ ʥʝʦʩʥʦʚʘʪʝʣʴʥʦʛʦ ʦʙʦʛʘʱʝʥʠʷ ʚ ʩʚʷʟʠ ʩ ʟʘʚʳʰʝʥʠʝʤ ʮʝʥʳ 

ʟʘ ʦʢʘʟʘʥʥʳʝ ʫʩʣʫʛʠ ʥʘ ʩʫʤʤʫ ʅɼʉ, ʧʦʩʢʦʣʴʢʫ ʩʫʤʤʘ ʅɼʉ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʦʪʚʝʪʯʠʢʦʤ 

ʠ ʫʧʣʘʯʝʥʥʘʷ ʠʩʪʮʦʤ ʧʦ ʥʘʣʦʛʦʚʦʡ ʩʪʘʚʢʝ 18%, ʥʝ ʧʨʝʜʫʩʤʦʪʨʝʥʥʦʡ ʟʘʢʦʥʦʤ, ʷʚʣʷʝʪ-

ʩʷ ʠʟʣʠʰʥʝ ʫʧʣʘʯʝʥʥʦʡ, ʧʦʵʪʦʤʫ ʧʦʜʣʝʞʠʪ ʚʟʳʩʢʘʥʠʶ ʩ ʦʪʚʝʪʯʠʢʘ (ʇʦʩʪʘʥʦʚʣʝʥʠʝ 

ʌɸʉ ɺʦʩʪʦʯʥʦ-ʉʠʙʠʨʩʢʦʛʦ ʦʢʨʫʛʘ ʦʪ 20.06.2014 ʧʦ ʜʝʣʫ  ̄ɸ19-13095/2012). ɸʥʘʣʦ-

ʛʠʯʥʳʡ ʠʩʢ ʚ ʧʦʣʴʟʫ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʷ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʪʘʢʞʝ ʌɸʉ 
ɺʦʩʪʦʯʥʦ-ʉʠʙʠʨʩʢʦʛʦ ʦʢʨʫʛʘ (ʇʦʩʪʘʥʦʚʣʝʥʠʝ ʦʪ 30.04.2010 ʧʦ ʜʝʣʫ  ̄ ɸ33-

10208/2009). 

ʅʦ ʵʪʦ ʩʢʦʨʝʝ ʠʩʢʣʶʯʝʥʠʝ, ʥʝʞʝʣʠ ʧʨʘʚʠʣʦ. ʇʦʪʦʤʫ ʯʪʦ ʠʩʧʦʣʥʠʪʝʣʴ ʫʩʣʫʛʠ 

(ʵʢʩʧʝʜʠʪʦʨ ʠʣʠ ʧʝʨʝʚʦʟʯʠʢ) ʩʦʛʣʘʩʥʦ ʩʪ.165 ʅʂ ʈʌ ʦʙʷʟʘʥ ʜʦʢʫʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨ-

ʜʠʪʴ ʩʚʦʝ ʧʨʘʚʦ ʥʘ ʧʨʠʤʝʥʝʥʠʝ ʥʫʣʝʚʦʡ ʩʪʘʚʢʠ. ʇʨʠʯʝʤ ʥʘ ʵʪʦ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʦʪʚʦ-

ʜʠʪʩʷ 180 ʢʘʣʝʥʜʘʨʥʳʭ ʜʥʝʡ ʩ ʜʘʪʳ ʧʨʦʩʪʘʚʣʝʥʠʷ ʪʘʤʦʞʝʥʥʳʤʠ ʦʨʛʘʥʘʤʠ ʦʪʤʝʪʢʠ ʥʘ 

ʪʦʚʘʨʦʩʦʧʨʦʚʦʜʠʪʝʣʴʥʳʭ ʜʦʢʫʤʝʥʪʘʭ.  

ɺʤʝʩʪʝ ʩ ʪʝʤ ʅʂ ʈʌ ʧʨʝʜʫʩʤʦʪʨʝʥʦ, ʯʪʦ, ʝʩʣʠ ʥʘʣʦʛʦʧʣʘʪʝʣʴʱʠʢ ʥʝ ʧʨʝʜʩʪʘʚʠʣ 

ʧʘʢʝʪ ʜʦʢʫʤʝʥʪʦʚ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʭ ʥʫʣʝʚʫʶ ʩʪʘʚʢʫ ʚ ʪʝʯʝʥʠʝ 180 ʢʘʣʝʥʜʘʨʥʳʭ ʜʥʝʡ 

ʩ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʜʘʪʳ, ʪʦ ʥʘ 181-ʡ ʜʝʥʴ ʦʥ ʜʦʣʞʝʥ ʥʘʯʠʩʣʠʪʴ ʅɼʉ ʧʦ ʩʪʘʚʢʝ 18%. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʭʦʜʷ ʠʟ ʧʦʣʦʞʝʥʠʡ ʥʘʣʦʛʦʚʦʛʦ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ, ʩʬʦʨʤʠʨʦ-

ʚʘʚʰʝʡʩʷ ʩʫʜʝʙʥʦʡ ʧʨʘʢʪʠʢʠ, ʩʢʣʘʜʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʧʘʨʘʜʦʢʩʘʣʴʥʘʷ ʩʠʪʫʘʮʠʷ: 
ʵʢʩʧʝʜʠʪʦʨ (ʧʝʨʝʚʦʟʯʠʢ), ʩʯʠʪʘʷ ʧʝʨʝʚʦʟʢʫ ʥʘ ʦʪʜʝʣʴʥʦʤ ʵʪʘʧʝ, ʧʨʦʭʦʜʷʱʝʤ ʧʦ ʪʝʨ-

ʨʠʪʦʨʠʠ ʈʌ, ʦʙʣʘʛʘʝʤʦʡ ʧʦ ʩʪʘʚʢʝ 18 %, ʠʣʠ ʥʝ ʠʤʝʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʜʪʚʝʨʜʠʪʴ ʜʦʢʫ-

ʤʝʥʪʘʣʴʥʦ ʥʫʣʝʚʫʶ ʩʪʘʚʢʫ, ʚʳʩʪʘʚʣʷʝʪ ʩʯʝʪ-ʬʘʢʪʫʨʫ ʩ ʅɼʉ; ʝʛʦ ʟʘʢʘʟʯʠʢʫ ï ʚʣʘʜʝʣʴ-

ʮʫ ʪʦʚʘʨʘ ʥʘʣʦʛʦʚʳʝ ʦʨʛʘʥʳ ʦʪʢʘʟʳʚʘʶʪ ʚ ʥʘʣʦʛʦʚʦʤ ʚʳʯʝʪʝ ʥʘ ʦʩʥʦʚʘʥʠʠ ʥʝʚʦʟʤʦʞ-

ʥʦʩʪʠ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʥʘʣʦʛʦʚʦʡ ʩʪʘʚʢʠ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʥʘʤʠ ʩʠʪʫʘʮʠʠ ʥʘʨʫʰʘʝʪʩʷ ʧʨʠʥʮʠʧ çʟʝʨʢʘʣʴ-

ʥʦʩʪʠè, ʧʨʠʩʫʱʠʡ ʅɼʉ ʢʘʢ ʢʦʩʚʝʥʥʦʤʫ ʥʘʣʦʛʫ, ʪʘʢ ʢʘʢ ʧʝʨʝʚʦʟʯʠʢ (ʵʢʩʧʝʜʠʪʦʨ) ʥʘ-

ʯʠʩʣʷʝʪ ʠ ʫʧʣʘʯʠʚʘʝʪ ʅɼʉ, ʘ ʧʦʢʫʧʘʪʝʣʴ ʣʠʰʘʝʪʩʷ ʧʨʘʚʘ ʥʘ ʚʳʯʝʪ. 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ, ʧʨʦʙʣʝʤʘ ʧʨʠʤʝʥʝʥʠʷ ʩʪʘʚʢʠ 0 ʧʨʦʮʝʥʪʦʚ ʧʨʠ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʧʝʨʝʚʦʟʢʘʭ ʪʨʝʙʫʝʪ ʩʢʦʨʝʡʰʝʛʦ ʨʘʟʨʝʰʝʥʠʷ.ʀʤʝʥʥʦ ʚ ʵʪʠʭ ʮʝʣʷʭ 

ʜʝʧʘʨʪʘʤʝʥʪʦʤ ʥʘʣʦʛʦʚʦʡ ʠ ʪʘʤʦʞʝʥʥʦʡ ʧʦʣʠʪʠʢʠ ʄʠʥʬʠʥʘ ʈʦʩʩʠʠ ʚ ʠʶʣʝ 2016 ʛʦʜʘ 
ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʟʘʢʦʥʦʧʨʦʝʢʪ çʆ ʚʥʝʩʝʥʠʠ ʠʟʤʝʥʝʥʠʡ ʚ ʩʪʘʪʴʶ 164 ʯʘʩʪʠ ʚʪʦʨʦʡ ʅʘ-

ʣʦʛʦʚʦʛʦ ʢʦʜʝʢʩʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ ʯʘʩʪʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʥʘʣʦʛʦʧʣʘʪʝʣʴʱʠ-

ʢʘʤ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʤ ʵʢʩʧʦʨʪʥʳʝ ʦʧʝʨʘʮʠʠ, ʚʦʟʤʦʞʥʦʩʪʠ ʥʝ ʧʨʠʤʝʥʷʪʴ ʩʪʘʚʢʫ ʥʘʣʦ-

ʛʘ ʥʘ ʜʦʙʘʚʣʝʥʥʫʶ ʩʪʦʠʤʦʩʪʴ ʚ ʨʘʟʤʝʨʝ 0 ʧʨʦʮʝʥʪʦʚè, ʢʦʪʦʨʳʡ ʚ ʘʧʨʝʣʝ 2017 ʛʦʜʘ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʜʫʤʘ ʧʨʠʥʷʣʘ ʚ ʧʝʨʚʦʤ ʯʪʝʥʠʠ. 

ɼʘʥʥʳʤ ʟʘʢʦʥʦʧʨʦʝʢʪʦʤ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʚʚʝʩʪʠ ʜʦʙʨʦʚʦʣʴʥʦʩʪʴ ʚ ʧʨʠʤʝʥʝʥʠʠ 

ʩʪʘʚʢʠ ʅɼʉ ʚ ʨʘʟʤʝʨʝ 0 % ʧʨʠ ʵʢʩʧʦʨʪʝ ʪʦʚʘʨʦʚ, ʘ ʪʘʢʞʝ ʚʳʧʦʣʥʝʥʠʠ ʨʘʙʦʪ (ʦʢʘʟʘʥʠʠ 

ʫʩʣʫʛ), ʩʚʷʟʘʥʥʳʭ ʩ ʧʝʨʝʚʦʟʢʦʡ (ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʦʡ) ʪʘʢʠʭ ʪʦʚʘʨʦʚ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʟʘ-

ʷʚʣʝʥʠʷ ʥʘʣʦʛʦʧʣʘʪʝʣʴʱʠʢʘ. 

ʅʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ, ʧʨʦʙʣʝʤʳ, ʧʦʜʥʷʪʳʝ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ, ʙʫʜʫʪ ʨʝʰʝʥʳ, ʢʘʢ ʪʦʣʴ-

ʢʦ ʵʪʦʪ ʟʘʢʦʥʦʧʨʦʝʢʪ ʙʫʜʝʪ ʧʨʠʥʷʪ ʚ ʦʢʦʥʯʘʪʝʣʴʥʦʤ ʯʪʝʥʠʠ: ʧʝʨʝʚʦʟʯʠʢ, ʦʩʫʱʝʩʪʚ-

ʣʷʶʱʠʡ ʧʝʨʝʚʦʟʢʫ ʵʢʩʧʦʨʪʥʦʛʦ ʪʦʚʘʨʘ, ʯʪʦʙʳ ʥʝ ʣʦʤʘʪʴ ʛʦʣʦʚʫ ʠ ʚʳʷʩʥʷʪʴ ʢʘʢʦʡ ʢʦ-



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 53, 2017 ʛ. 
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ʥʝʯʥʳʡ ʧʫʥʢʪ ʥʘʟʥʘʯʝʥʠʷ ʫ ʵʪʦʛʦ ʪʦʚʘʨʘ, ʥʝ ʩʦʙʠʨʘʪʴ ʧʘʢʝʪ ʜʦʢʫʤʝʥʪʦʚ, ʧʦʜʪʚʝʨ-

ʞʜʘʶʱʠʭ ʥʫʣʝʚʫʶ ʩʪʘʚʢʫ, ʧʨʦʩʪʦ ʧʦʜʘʩʪ ʟʘʷʚʣʝʥʠʝ ʚ ʩʚʦʶ ʠʥʩʧʝʢʮʠʶ ʦʙ ʦʪʢʘʟʝ ʦʪ 
ʧʨʠʤʝʥʝʥʠʷ ʩʪʘʚʢʠ 0 %, ʠ ʚʣʘʜʝʣʝʮ ʵʢʩʧʦʨʪʠʨʫʝʤʦʛʦ ʪʦʚʘʨʘ ʥʝ ʙʫʜʝʪ ʣʠʰʝʥ ʥʘʣʦʛʦ-

ʚʦʛʦ ʚʳʯʝʪʘ ʧʦ ʅɼʉ ʚ ʯʘʩʪʠ ʧʝʨʝʚʦʟʢʠ. 

ɺʩʝ ʵʪʦ ʚʝʨʥʦ ʚ ʦʪʥʦʰʝʥʠʠ ʵʢʩʧʦʨʪʠʨʫʝʤʳʭ ʪʦʚʘʨʦʚ, ʥʦ ʚ ʟʘʢʦʥʦʧʨʦʝʢʪʝ, ʢ ʩʦʞʘ-

ʣʝʥʠʶ, ʥʠʯʝʛʦ ʥʝ ʛʦʚʦʨʠʪʩʷ ʦ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʧʝʨʝʚʦʟʢʘʭ ʚ ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʪʦ 

ʝʩʪʴ ʠʤʧʦʨʪʠʨʫʝʤʳʭ ʪʦʚʘʨʦʚ. 

ʀʟ ʯʝʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʦʙʣʝʤʘ ʦʪʢʘʟʘ ʠʤʧʦʨʪʝʨʘʤ ʚ ʥʘʣʦʛʦʚʳʭ ʚʳʯʝʪʘʭ ʅɼʉ, ʩʚʷ-

ʟʘʥʥʳʭ ʩ ʦʧʣʘʪʦʡ ʟʘ ʧʝʨʝʚʦʟʢʫ ʠʤʧʦʨʪʥʦʛʦ ʪʦʚʘʨʘ ʩ ʫʯʝʪʦʤ ʩʪʘʚʢʠ ʅɼʉ 18 %, ʦʩʪʘʝʪ-

ʩʷ ʥʝʨʝʰʝʥʥʦʡ. ɺʳʭʦʜ ʠʟ ʵʪʦʡ ʩʠʪʫʘʮʠʠ ʚʠʜʠʪʩʷ ʪʦʣʴʢʦ ʚ ʪʦʤ, ʯʪʦʙʳ ʵʢʩʧʝʜʠʪʦʨʳ 

(ʧʝʨʝʚʦʟʯʠʢʠ) ʙʦʣʝʝ ʪʱʘʪʝʣʴʥʦ ʧʦʜʭʦʜʠʣʠ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʩʪʘʪʫʩʘ ʧʝʨʝʚʦʟʢʠ, ʠ, ʝʩʣʠ 

ʦʥʘ ʦʢʘʞʝʪʩʷ ʤʝʞʜʫʥʘʨʦʜʥʦʡ, ʧʨʝʜʩʪʘʚʣʷʣʠ ʚ ʥʘʣʦʛʦʚʫʶ ʠʥʩʧʝʢʮʠʶ ʧʘʢʝʪ ʜʦʢʫʤʝʥ-

ʪʦʚ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʭ ʥʫʣʝʚʫʶ ʩʪʘʚʢʫ ʅɼʉ. 

ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʠʤʧʦʨʪʝʨʳ ʜʦʣʞʥʳ ʙʳʪʴ ʛʦʪʦʚʳ ʢ ʪʦʤʫ, ʯʪʦ ʥʘʣʦʛʦʚʳʝ ʦʨʛʘ-
ʥʳ ʤʦʛʫʪ ʦʪʢʘʟʘʪʴ ʚ ʥʘʣʦʛʦʚʳʭ ʚʳʯʝʪʘʭ ʅɼʉ ʚ ʯʘʩʪʠ ʩʪʦʠʤʦʩʪʠ ʧʝʨʝʚʦʟʢʠ, ʯʪʦ ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ ʧʦʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʚʟʳʩʢʘʥʠʝ ʩ ʧʝʨʝʚʦʟʯʠʢʘ ʩʫʤʤʳ ʅɼʉ ʢʘʢ ʥʝʦʙʦʩʥʦʚʘʥʥʦʛʦ 

ʦʙʦʛʘʱʝʥʠʷ. 
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SOME ISSUES OF THE 0 PER CENT VAT RATE AP PLICATION 

BY TRANSPORT COMPANI ES IN REGARD  

TO INTERNATIONAL CAR GO TRANSPORTATION  

O.V. Rusakova, V.N. Butchenko  

Key words: value added tax, international cargo transportation, zero rate, export.  
 
The article considers the problem of assigning cargo transportation as the international one 
in order to apply the zero rate of VAT. The authors present the tax consequences of the cargo 
owners in the form of the VAT tax deductions refusal in case of incorrect determination of 
the cargo transportation status. The article provides a critical appraisal of the upcoming 
changes in tax legislation. 
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ʅ.ʄ. ɸʥʦʩʦʚ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, 

ʄʦʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʘʜʤ. ɻ.ʀ. ʅʝʚʝʣʴʩʢʦʛʦ 
ʂ.ɸ. ʊʘʨʙʝʝʚ, ʘʩʧʠʨʘʥʪ, 

ʄʦʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʘʜʤ. ɻ.ʀ. ʅʝʚʝʣʴʩʢʦʛʦ 

690003, ʛ. ɺʣʘʜʠʚʦʩʪʦʢ, ʫʣ. ɺʝʨʭʥʝʧʦʨʪʦʚʘʷ, 50 ʘ. 

ɸ.ʉ. ʐʧʘʢ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ɼʘʣʴʥʝʚʦʩʪʦʯʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

690003, ʛ. ɺʣʘʜʠʚʦʩʪʦʢ, ʂʘʤʧʫʩ ɼɺʌʋ ʦ. ʈʫʩʩʢʠʡ, ʢʦʨ. G, 22 ʫʨʦʚʝʥʴ 5, ʢʦʤ. G 525. 

ʆʈɻɸʅʀɿɸʎʀʗ ʀʅʌʆʈʄɸʎʀʆʅʅʆɻʆ ʆɹʄɽʅɸ  

ʇʈʀ ʊʈɸʅʉʇʆʈʊʀʈʆɺʂɽ ʆʇɸʉʅʓʍ ɻʈʋɿʆɺ  

ɺ ʎɽʇʀ ʇʆʉʊɸɺʂʀ ʊʆɺɸʈʆɺ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʤʝʰʘʥʥʘʷ ʧʝʨʝʚʦʟʢʘ, ʦʧʘʩʥʳʡ ʛʨʫʟ, ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ, ʘʚʘʨʠʡʥʘʷ 
ʩʠʪʫʘʮʠʷ. 
 

ɺ ʩʪʘʪʴʝ ʚʳʧʦʣʥʝʥ ʦʙʟʦʨ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʷ ʧʝʨʝʚʦʟʦʢ ʦʧʘʩʥʳʭ ʛʨʫʟʦʚ ʥʘ 
ʨʘʟʣʠʯʥʳʭ ʚʠʜʘʭ ʪʨʘʥʩʧʦʨʪʘ ʠ ʦʧʨʝʜʝʣʝʥʳ ʫʩʣʦʚʠʷ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩ-
ʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ, ʦʙʨʘʙʦʪʢʠ ʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʧʦ-
ʟʚʦʣʷʶʱʘʷ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʣʝʞʝʥʠʝ ʟʘ ʦʧʘʩʥʳʤʠ ʛʨʫʟʘʤʠ ʚ 
ʫʩʣʦʚʠʷʭ ʤʦʨʩʢʠʭ ʢʦʥʪʝʡʥʝʨʥʳʭ ʧʝʨʝʚʦʟʦʢ. ʆʩʥʦʚʥʳʤʠ ʟʘʜʘʯʘʤʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʩʠʩ-
ʪʝʤʳ ʷʚʣʷʶʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʩʦʭʨʘʥʥʦʩʪʠ ʛʨʫʟʘ, ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʧʦʞʘʨʘ, ʧʦʚʳʰʝʥʠʝ 
ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʦʧʘʩʥʳʭ ʛʨʫʟʦʚ ʚ ʢʦʥʪʝʡʥʝʨʘʭ ʠ ʩʥʠʞʝʥʠʷ ʧʦʩʣʝʜ-
ʩʪʚʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʘʚʘʨʠʷʭ. 

 
ʇʨʠʤʦʨʩʢʠʡ ʢʨʘʡ ʷʚʣʷʝʪʩʷ ʢʨʫʧʥʝʡʰʠʤ ʪʨʘʥʩʧʦʨʪʥʳʤ ʫʟʣʦʤ, ʯʝʨʝʟ ʢʦʪʦʨʳʡ ʧʨʦ-

ʭʦʜʷʪ ʤʦʨʩʢʠʝ, ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʝ, ʘʚʪʦʤʦʙʠʣʴʥʳʝ ʠ ʘʚʠʘʮʠʦʥʥʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʧʦ-

ʪʦʢʠ. ɺ ʩʠʣʫ ʦʪʜʘʣʝʥʥʦʩʪʠ ʦʪ ʮʝʥʪʨʘʣʴʥʳʭ ʨʘʡʦʥʦʚ ʈʦʩʩʠʠ ʠ ʙʣʠʟʢʦʛʦ ʩʦʩʝʜʩʪʚʘ ʩʦ 

ʩʪʨʘʥʘʤʠ ɸʟʠʘʪʩʢʦ-ʊʠʭʦʦʢʝʘʥʩʢʦʛʦ ʨʝʛʠʦʥʘ ʪʨʘʥʩʧʦʨʪ ʟʘʥʠʤʘʝʪ ʦʩʦʙʦʝ ʤʝʩʪʦ ʚ ʵʢʦ-

ʥʦʤʠʢʝ ʢʨʘʷ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ 

ʙʦʣʴʰʠʥʩʪʚʘ ʭʦʟʷʡʩʪʚʫʶʱʠʭ ʩʫʙʲʝʢʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʠʥʘʤʠʢʫ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʨʘʟ-

ʚʠʪʠʷ [1]. ʆʩʥʦʚʥʳʝ ʦʙʲʝʤʳ ʛʝʥʝʨʘʣʴʥʳʭ ʛʨʫʟʦʚ ʠʟ ʩʪʨʘʥ ɸʟʠʘʪʩʢʦ-ʊʠʭʦʦʢʝʘʥʩʢʦʛʦ 

ʨʝʛʠʦʥʘ ʚ ʇʨʠʤʦʨʩʢʠʡ ʢʨʘʡ ʜʦʩʪʘʚʣʷʶʪʩʷ ʚ ʢʦʥʪʝʡʥʝʨʘʭ ʤʦʨʩʢʠʤ ʠ ʞʝʣʝʟʥʦʜʦʨʦʞ-

ʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʧʝʨʝʚʦʟʢʠ ʩ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝʤ ʵʪʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʮʝʣʦʩʪʥʦʩʪʠ ʠ ʩʦ-

ʭʨʘʥʥʦʩʪʠ ʛʨʫʟʘ ʚ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʦʛʨʘʥʠʯʝʥʠʝ ʥʝʩʘʥʢ-
ʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʛʨʫʟʫ ʟʘ ʩʯʝʪ ʦʧʣʦʤʙʠʨʦʚʘʥʠʷ ʜʚʝʨʝʡ ʢʦʥʪʝʡʥʝʨʘ, ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʧʝʨʝʚʦʟʢʠ ʩʙʦʨʥʳʭ ʛʨʫʟʦʚ ʦʜʥʠʤ ʠʣʠ ʥʝʩʢʦʣʴʢʠʤʠ ʚʠʜʘʤʠ ʪʨʘʥʩʧʦʨʪʘ ʙʝʟ ʠʭ 

ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʧʝʨʝʛʨʫʟʢʠ.  

ʆʜʥʘʢʦ ʜʣʠʪʝʣʴʥʘʷ ʧʝʨʝʚʦʟʢʘ ʛʨʫʟʘ ʚ ʟʘʢʨʳʪʦʤ ʢʦʥʪʝʡʥʝʨʝ ʤʦʞʝʪ ʪʘʠʪʴ ʚ ʩʝʙʝ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʨʠʩʢʠ, ʢʘʢ ʜʣʷ ʩʘʤʦʛʦ ʛʨʫʟʘ, ʪʘʢ ʠ ʜʣʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ. ɺ ʩʪʘʪʴʝ 

[2] ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʠʩʢʠ ʩʚʷʟʘʥʥʳʝ ʩ ʧʝʨʝʚʦʟʢʦʡ ʦʧʘʩʥʳʭ ʛʨʫʟʦʚ ʩʢʣʦʥʥʳʭ ʢ ʩʘʤʦ-

ʚʦʟʛʦʨʘʥʠʶ, ʘ ʪʘʢʞʝ ʧʨʠʯʠʥʳ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʦʧʘʩʥʦʡ ʩʠʪʫʘʮʠʠ. çʅʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʦʯʪʠ ʙʝʟ ʚʥʠʤʘʥʠʷ ʦʩʪʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʩʘʤʦʛʦ ʛʨʫʟʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʧʨʦʮʝʩʩʝ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʚ ʟʘʢʨʳʪʳʭ ʢʦʥʪʝʡʥʝʨʘʭ. 

ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʧʦʞʘʨʘ ʥʘ ʪʨʘʥʩʧʦʨʪʥʦʤ ʩʨʝʜʩʪʚʝ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʧʝʨʝʚʦʟʢʝ ʦʧʘʩʥʳʭ 

ʛʨʫʟʦʚ ʤʦʨʝʤ, ʧʨʠʚʦʜʠʪ ʢ ʩʝʨʴʝʟʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ [2, ʩ. 74]è. çɻʨʫʟ, ʟʘʛʨʫʞʝʥʥʳʡ ʚ 

ʢʦʥʪʝʡʥʝʨ, ʠʩʧʳʪʳʚʘʝʪ ʫʩʢʦʨʝʥʠʝ ʧʨʠ ʧʦʛʨʫʟʢʝ/ʚʳʛʨʫʟʢʝ, ʧʦʜʚʝʨʛʘʝʪʩʷ ʚʠʙʨʘʮʠʠ ʥʘ 
ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʠ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛʘʭ, ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʤʦʨʝʤ ʠʩʧʳʪʳʚʘʝʪ ʥʘʛʨʫʟ-

ʢʫ ʦʪ ʢʘʯʢʠ, ʧʦʜʚʝʨʛʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʝʨʝʧʘʜʘʤ ʪʝʤʧʝʨʘʪʫʨ ʚ ʫʩʣʦʚʠʷʭ ʧʝʨʝʚʦʟʢʠ 

ʚ ʨʘʟʣʠʯʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. ɺʠʙʨʘʮʠʷ ʠ ʫʜʘʨʳ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʯʠʥʦʡ ʚʦʟʛʦ-

ʨʘʥʠʷ ʛʨʫʟʘ, ʝʩʣʠ ʦʥ ʥʝʧʨʘʚʠʣʴʥʦ ʟʘʢʨʝʧʣʝʥ ʠ ʦʪʜʝʣʴʥʳʝ ʝʛʦ ʯʘʩʪʠ ʪʨʫʪʩʷ ʜʨʫʛ ʦ ʜʨʫ-
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ʛʘ ʠʣʠ ʦ ʩʪʝʥʢʠ ʢʦʥʪʝʡʥʝʨʘ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʭ çʚʨʘʛʦʚè ʛʨʫʟʘ ʷʚʣʷʝʪʩʷ ʩʦʣ-

ʥʝʯʥʘʷ ʨʘʜʠʘʮʠʷ: ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʞʘʨʘ ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʢʦʥʪʝʡʥʝʨʦʚ ʚ 

ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ. ʄʦʞʝʪ ʙʳʪʴ, ʠʤʝʥʥʦ ʧʦ 

ʵʪʦʡ ʧʨʠʯʠʥʝ ʧʦʞʘʨʳ ʥʘ ʢʦʥʪʝʡʥʝʨʦʚʦʟʘʭ ʧʨʦʠʩʭʦʜʷʪ ʚ ʪʝʧʣʳʭ ʤʦʨʷʭ [2, ʩ. 75]è. ʀʩ-

ʭʦʜʷ ʠʟ ʧʦʩʣʝʜʥʝʡ ʮʠʪʘʪʳ, ʩʣʝʜʫʝʪ, ʯʪʦ ʚʦʧʨʦʩʳ ʦʙʝʩʧʝʯʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦ-

ʧʘʩʥʦʩʪʠ ʩʫʜʥʘ [3, 4] ʧʨʠ ʧʝʨʝʚʦʟʢʝ ʛʨʫʟʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʩʢʣʦʥʥʳʭ ʢ ʩʤʝʱʝʥʠʶ, ʜʦʣʞ-

ʥʳ ʧʦʩʪʦʷʥʥʦ ʥʘʭʦʜʠʪʴʩʷ ʚ ʧʦʣʝ ʟʨʝʥʠʷ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʨʘʟʨʘʙʘʪʳʚʘʶʱʠʭ ʥʦʚʳʝ ʪʝʭ-
ʥʦʣʦʛʠʠ ʫʢʣʘʜʢʠ ʠ ʢʨʝʧʣʝʥʠʷ ʪʘʢʦʛʦ ʨʦʜʘ ʛʨʫʟʦʚ [5, 6, 7, 8]. 

ɸʥʘʣʠʟ ʘʚʘʨʠʡʥʳʭ ʧʨʦʠʩʰʝʩʪʚʠʡ ʥʘ ʢʦʥʪʝʡʥʝʨʦʚʦʟʘʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ 

ʧʨʠʯʠʥʘʤʠ ʧʦʞʘʨʘ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʘʷ ʩʚʷʟʴ ʬʘʢʪʦʨʦʚ: ʦʪʩʫʪʩʪʚʠʝ ʥʘʜ-

ʣʝʞʘʱʝʡ ʤʘʨʢʠʨʦʚʢʠ ʥʘ ʢʦʥʪʝʡʥʝʨʝ, ʥʝʜʦʩʪʘʪʦʯʥʳʡ ʢʦʥʪʨʦʣʴ ʩʦʩʪʦʷʥʠʷ ʛʨʫʟʘ ʧʨʠ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʠ ʙʝʩʧʝʯʥʦʩʪʴ ʵʢʠʧʘʞʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʙʨʝʞʥʦʤʫ ʦʙʨʘʱʝʥʠʶ ʩ 

ʦʧʘʩʥʳʤ ʛʨʫʟʦʤ ʠʣʠ ʥʝʚʝʨʥʦʤʫ ʨʘʩʧʦʣʦʞʝʥʠʶ ʝʛʦ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʨʫʛʠʤ ʛʨʫʟʘʤ [9, 

10]. ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʦʜʦʙʥʳʭ ʧʨʦʠʩʰʝʩʪʚʠʡ ʜʦʣʞʥʘ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʤʝʨʘ ʘʜ-

ʤʠʥʠʩʪʨʘʪʠʚʥʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʟʘ ʥʝʜʦʩʪʦʚʝʨʥʦʝ ʜʝʢʣʘʨʠʨʦʚʘʥʠʝ ʩʦʜʝʨʞʠʤʦʛʦ 

ʢʦʥʪʝʡʥʝʨʘ, ʥʘʣʘʞʝʥʘ ʩʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʛʨʫʟʘ ʚ ʧʨʦʮʝʩʩʝ ʪʨʘʥʩʧʦʨʪʠ-

ʨʦʚʢʠ ʠ ʛʨʫʟʦʚʳʭ ʨʘʙʦʪʘʭ, ʘ ʪʘʢʞʝ ʥʘʥʝʩʝʥʠʝ ʥʘ ʢʦʥʪʝʡʥʝʨ ʦʙʷʟʘʪʝʣʴʥʦʡ ʤʘʨʢʠʨʦʚʢʠ, 

ʩʦʜʝʨʞʘʱʝʡ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʝʨʝʚʦʟʠʤʦʤ ʛʨʫʟʝ. ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ, ʥʘ-
ʧʨʘʚʣʝʥʥʳʝ ʥʘ ʧʦʚʳʰʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʛʨʫʟʦʚ ʚ ʩʤʝʰʘʥʥʳʭ ʧʝʨʝ-

ʚʦʟʢʘʭ, ʥʘʰʣʠ ʩʚʦʝ ʦʪʨʘʞʝʥʠʝ ʚ ʩʪʘʪʴʷʭ [11, 12]. 

ʀʩʩʣʝʜʦʚʘʥʠʝʤ ʧʨʦʙʣʝʤ ʩʚʷʟʘʥʥʳʭ ʩ ʦʨʛʘʥʠʟʘʮʠʝʡ ʧʝʨʝʚʦʟʦʢ ʦʧʘʩʥʳʭ ʛʨʫʟʦʚ ʙʝʟ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ 

ʩʘʤʳʭ ʨʘʟʥʳʭ ʧʦʟʠʮʠʡ ʟʘʥʠʤʘʣʠʩʴ ʢʘʢ ʟʘʧʘʜʥʳʝ, ʪʘʢ ʠ ʨʦʩʩʠʡʩʢʠʝ ʫʯʝʥʳʝ. ʇʨʦʙʣʝʤʘ 

ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʠ ʣʠʢʚʠʜʘʮʠʠ ʘʚʘʨʠʡʥʳʭ ʩʙʨʦʩʦʚ ʵʢʦʣʦʛʠʯʝʩʢʠ ʦʧʘʩʥʳʭ ʩʫʭʠʭ ʠ 

(ʠʣʠ) ʞʠʜʢʠʭ ʛʨʫʟʦʚ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʥʝʬʪʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʩʫʜʦʚ (ʧʨʠ ʜʚʠʞʝʥʠʠ ʩʫʜʥʘ ʠʣʠ ʚ ʧʨʦʮʝʩʩʝ ʛʨʫʟʦʚʳʭ ʦʧʝʨʘʮʠʡ) ʨʘʩʩʤʦʪʨʝʥʘ ʚ ʨʘʙʦʪʝ 

[13] ʘʚʪʦʨʩʢʦʛʦ ʢʦʣʣʝʢʪʠʚʘ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʧʨʦʬʝʩʩʦʨʘ ɺ.ʉ. ʅʘʫʤʦʚʘ. ɺ ʩʪʘʪʴʝ [14] 

ʧʨʝʜʣʦʞʝʥ ʦʜʠʥ ʠʟ ʚʘʨʠʘʥʪʦʚ ʩʠʩʪʝʤʳ ʩʣʝʞʝʥʠʷ ʟʘ ʠʤʧʦʨʪʥʳʤʠ ʛʨʫʟʦʧʦʪʦʢʘʤʠ, 

ʦʬʦʨʤʣʷʝʤʳʤʠ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʠʥʬʦʨʤʠʨʦʚʘʥʠʷ ʪʘʤʦʞʝʥʥʳʭ ʦʨʛʘ-

ʥʦʚ ʤʦʨʩʢʦʛʦ ʧʫʥʢʪʘ ʧʨʦʧʫʩʢʘ. ʂʘʢ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʧʨʝʜʣʦʞʝʥʥʘʷ ʩʠʩʪʝʤʘ ʨʘʩʧʨʦ-
ʩʪʨʘʥʷʝʪʩʷ ʠ ʥʘ ʦʧʘʩʥʳʝ ʛʨʫʟʳ ʠʤʧʦʨʪʥʦ-ʵʢʩʧʦʨʪʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ, ʪʘʢ ʢʘʢ ʧʦ ʜʘʥʥʦʡ 

ʢʘʪʝʛʦʨʠʠ ʛʨʫʟʦʚ ʪʘʤʦʞʝʥʥʳʝ ʦʨʛʘʥʳ ʦʩʫʱʝʩʪʚʣʷʶʪ ʜʦʢʫʤʝʥʪʘʣʴʥʳʡ ʢʦʥʪʨʦʣʴ, ʩʦ-

ʛʣʘʩʥʦ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʩʪʘʪʴʠ [15, ʩ. 331].  

ɺ ʩʪʘʪʴʝ [16] ʠʩʩʣʝʜʦʚʘʥʘ ʧʨʦʙʣʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʛʨʫʟʦʚ, ʧʝʨʝʚʦ-

ʟʠʤʳʭ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ, ʘ ʪʘʢʞʝ ʨʘʙʦʪʘʶʱʝʛʦ ʩ ʥʠʤ ʧʝʨʩʦʥʘʣʘ. ɺ ʥʝʡ 

ʦʪʤʝʯʝʥʦ, ʯʪʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʪʨʝʙʫʝʪʩʷ ʨʝʰʠʪʴ ʜʚʝ ʛʨʫʧʧʳ ʟʘʜʘʯ: ʧʨʦʨʘʙʦʪʢʘ ʪʝʭ-

ʥʠʯʝʩʢʠʭ ʘʩʧʝʢʪʦʚ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʙʲʝʢʪʘʭ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʦʧʨʝʜʝʣʝʥʠʝ 

ʩʧʦʩʦʙʦʚ ʦʙʨʘʙʦʪʢʠ ʠ ʧʝʨʝʜʘʯʠ ʵʪʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʠʩʪʝʤʫ ʙʝʟʦʧʘʩʥʦʩʪʠ. ɺʳʧʦʣʥʝʥʘ 

ʦʮʝʥʢʘ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʨʘʜʠʦʯʘʩʪʦʪʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

RFID ʚ ʧʨʦʮʝʩʩʝ ʨʝʰʝʥʠʷ ʧʝʨʚʦʡ ʛʨʫʧʧʳ ʟʘʜʘʯ, ʘ ʪʘʢʞʝ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʪʝʭʥʦʣʦʛʠʠ ʙʝʩʧʨʦʚʦʜʥʦʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ZigBee ʜʣʷ ʨʝʰʝʥʠʷ ʚʪʦʨʦʡ ʛʨʫʧʧʳ ʟʘʜʘʯ. 
ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʦʭʨʘʥʥʦʩʪʠ ʛʨʫʟʘ ʧʨʠ ʝʛʦ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʘʚʪʦʪʨʘʥʩʧʦʨʪʦʤ, 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʦʞʘʨʘ ʠ ʧʦʚʳʰʝʥʠʷ ʚʩʝʩʪʦʨʦʥʥʝʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʩʥʠʞʝʥʠʷ ʧʦ-

ʩʣʝʜʩʪʚʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʧʦ ʧʨʠʯʠʥʝ ɼʊʇ, ʚ ʩʪʘʪʴʝ [17] ʙʳʣ ʧʨʝʜ-

ʣʦʞʝʥ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʡ ʢʦʤʧʣʝʢʩ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝ-

ʤʝʥʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʦʧʦʚʝʱʝʥʠʝ ʦʙ ʘʚʘʨʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʝʞʫʨʥʳʝ ʩʣʫʞʙʳ. ɺ 

ʦʩʥʦʚʝ ʧʨʝʜʣʦʞʝʥʥʦʡ ʩʠʩʪʝʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʥʘʙʦʨʳ ʜʘʪʯʠʢʦʚ, ʩʦʩʪʘʚ ʢʦʪʦ-

ʨʳʭ ʠʟʤʝʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʦʧʘʩʥʦʛʦ ʛʨʫʟʘ [17, ʩ. 94].  

ʇʨʠʚʝʜʝʥʥʳʡ ʢʨʘʪʢʠʡ ʦʙʟʦʨ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʧʨʦʙʣʝʤʝ ʦʨʛʘʥʠʟʘʮʠʝʡ ʧʝʨʝʚʦ-

ʟʦʢ ʦʧʘʩʥʳʭ ʛʨʫʟʦʚ, ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʜʣʷ ʢʘʞʜʦʛʦ ʚʠʜʘ ʪʨʘʥʩʧʦʨʪʘ ʨʘʩ-

ʩʤʘʪʨʠʚʘʶʪʩʷ ʠ ʨʝʰʘʶʪʩʷ ʪʦʣʴʢʦ ʠʭ ʣʦʢʘʣʴʥʳʝ ʟʘʜʘʯʠ ʙʝʟ ʫʯʝʪʘ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʫʩ-

ʣʦʚʠʡ ʧʝʨʝʚʦʟʢʠ ʚ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʟʚʝʥʴʷʭ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʮʝʧʠ ʚ ʫʩʣʦʚʠʷʭ ʩʤʝʰʘʥ-

ʥʦʡ ʧʝʨʝʚʦʟʢʠ. ʆʜʥʘʢʦ ʘʚʘʨʠʡʥʘʷ ʩʠʪʫʘʮʠʷ ʤʦʞʝʪ ʥʘʯʘʪʴ ʨʘʟʚʠʚʘʪʴʩʷ, ʥʘʧʨʠʤʝʨ, ʥʘ 
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ʫʯʘʩʪʢʝ ʧʝʨʝʚʦʟʢʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ, ʘ ʩʚʦʝʛʦ ʢʨʠʪʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

(ʘʚʘʨʠʡʥʦʝ ʧʨʦʠʩʰʝʩʪʚʠʝ) ʜʦʩʪʠʛʥʫʪʴ ʫʞʝ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʤʦʨʝʤ. ʂʨʦʤʝ ʪʦʛʦ, 
ʧʨʝʜʣʦʞʝʥʥʳʝ ʚ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʨʘʙʦʪʘʭ ʩʠʩʪʝʤʳ ʥʘʧʨʘʚʣʝʥʳ ʚ ʦʩʥʦʚʥʦʤ ʥʘ 

ʦʧʦʚʝʱʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʣʫʞʙ ʦ ʬʘʢʪʝ ʠ ʤʝʩʪʝ ʫʞʝ ʧʨʦʠʟʦʰʝʜʰʝʡ ʘʚʘʨʠʠ, ʘ 

ʪʘʢʞʝ ʧʨʝʜʦʪʚʨʘʱʝʥʠʠ ʝʝ ʧʦʩʣʝʜʩʪʚʠʡ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʥʝʦʙʭʦ-

ʜʠʤʦʩʪʠ ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤʳ, ʧʦʟʚʦʣʷʶʱʝʡ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʦʩʪʦʷʥʠʝ ʛʨʫʟʘ ʚʥʫʪʨʠ 

ʢʦʥʪʝʡʥʝʨʘ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʩʤʝʰʘʥʥʦʡ ʧʝʨʝʚʦʟʢʠ.  

ʊʝʭʥʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʙʲʝʢʪʘʭ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʦʧʨʝʜʝ-

ʣʝʥʠʝ ʩʧʦʩʦʙʦʚ ʦʙʨʘʙʦʪʢʠ ʠ ʧʝʨʝʜʘʯʠ ʵʪʦʡ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʛʨʫʟʦʚʦʡ ʢʦʤʧʴʶʪʝʨ 

ʰʪʫʨʤʘʥʩʢʦʡ ʨʫʙʢʠ, ʘ ʪʘʢʞʝ ʚ ʫʜʘʣʝʥʥʫʶ ʨʝʟʝʨʚʥʫʶ ʙʘʟʫ ʜʘʥʥʳʭ ʩʫʜʦʚʣʘʜʝʣʴʮʘ ʙʳ-

ʣʠ ʦʙʩʫʞʜʝʥʳ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ [18]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʩʫʞʜʝʥʠʷ ʜʦʢʣʘ-

ʜʘ, ʙʳʣʘ ʟʘʪʨʦʥʫʪʘ ʧʨʦʙʣʝʤʘ ʦʨʛʘʥʠʟʘʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʜʣʷ ʚʩʝʭ ʫʯʘʩʪ-

ʢʦʚ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʮʝʧʠ. ʅʘʰʠ ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ ʦʨʛʘʥʠʟʘʮʠʠ ʪʘʢʦʛʦ ʦʙʤʝʥʘ ʠʟʣʦʞʝʥʳ 

ʚ ʵʪʦʡ ʩʪʘʪʴʝ.  
ʇʨʝʜʣʦʞʝʥʥʘʷ ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ ʩʦʩʪʦʷʥʠʷ ʛʨʫʟʘ ʚʥʫʪʨʠ ʟʘʢʨʳʪʦʛʦ, ʦʧʣʦʤʙʠʨʦ-

ʚʘʥʥʦʛʦ ʢʦʥʪʝʡʥʝʨʘ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜ-

ʩʪʚʘ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʛʨʫʟʦʚʳʭ ʦʧʝʨʘʮʠʡ ʚ ʩʪʳʢʦʚʦʯʥʳʭ ʫʟʣʘʭ ʮʝʧʠ ʧʦʩʪʘʚʢʠ ʪʦʚʘʨʦʚ 

ʧʨʠ ʧʝʨʝʛʨʫʟʢʝ ʩ ʦʜʥʦʛʦ ʚʠʜʘ ʪʨʘʥʩʧʦʨʪʘ ʥʘ ʜʨʫʛʦʡ. ʆʥʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ: 

1) ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʦʧʦʚʝʱʝʥʠʷ ʦ ʚʦʟʛʦʨʘʥʠʠ ʪʚʝʨʜʳʭ ʠ ʞʠʜʢʠʭ ʛʦʨʶʯʠʭ, ʘ ʪʘʢʞʝ 

ʣʝʛʢʦʚʦʩʧʣʘʤʝʥʷʶʱʠʭʩʷ ʚʝʱʝʩʪʚ; 

2) ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʦʧʦʚʝʱʝʥʠʷ ʦ ʧʦʚʳʰʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʞʘʨʦ ʠ ʚʟʨʳʚʦʦʧʘʩ-

ʥʳʭ ʛʘʟʦʚ ʚ ʢʦʥʪʝʡʥʝʨʝ; 

3) ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʚʝʥʪʠʣʷʮʠʠ ʦʧʘʩʥʦʛʦ ʛʨʫʟʘ ʧʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ; 

4) ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʦʧʦʚʝʱʝʥʠʷ ʦ ʧʦʩʪʫʧʣʝʥʠʠ ʚʦʜʳ ʚʥʫʪʨʴ ʢʦʥʪʝʡʥʝʨʘ; 

5) ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʦʧʦʚʝʱʝʥʠʷ ʦ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ ʚʥʫʪʨʠ 
ʢʦʥʪʝʡʥʝʨ; 

6) ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʦʧʦʚʝʱʝʥʠʷ ʦ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʤ ʧʨʦʥʠʢʥʦʚʝʥʠʠ ʚ ʢʦʥʪʝʡʥʝʨ; 

7) ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ ʠ ʬʦʪʦʬʠʢʩʘʮʠʠ ʦʙʩʪʘʥʦʚʢʠ ʚʥʫʪʨʠ ʢʦʥʪʝʡʥʝʨʘ ʧʨʠ ʝʛʦ ʟʘ-

ʛʨʫʟʢʝ; 

8) ʧʦʣʫʯʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʚ ʧʨʦʛʨʘʤʤʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʟʘʛʨʫʟʢʠ, ʨʘʩ-

ʯʝʪʘ ʦʩʪʦʡʯʠʚʦʩʪʠ ʩʫʜʥʘ; 

9) ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʢʘʞʜʦʛʦ ʢʦʥʪʝʡʥʝʨʘ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ; 

10) ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʝʨʝʜʘʯʠ ʚʩʝʭ ʥʫʞʥʳʭ ʜʘʥʥʳʭ ʥʘ ʣʶʙʦʡ ʢʦʤʧʴʶʪʝʨ (ʥʘ-

ʧʨʠʤʝʨ, ʉʂʎ ) ʧʦ ʩʦʛʣʘʩʦʚʘʥʠʶ ʩ ʘʜʤʠʥʠʩʪʨʘʮʠʝʡ ʩʫʜʥʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʧʨʝʜʣʦʞʝʥʦ ʦʩʥʘʩʪʠʪʴ ʢʦʥʪʝʡʥʝʨ ʥʘʙʦ-

ʨʦʤ ʜʘʪʯʠʢʦʚ ʠ ʫʩʪʨʦʡʩʪʚ (ʨʠʩ. 1) [18]. 
 

  
ʘ ʙ ʚ ʛ 

 
ʜ ʝ 

ʈʠʩ. 1. ʆʩʥʘʱʝʥʠʝ ʢʦʥʪʝʡʥʝʨʘ: ʘ ï IP ʢʘʤʝʨʘ; ʙ ï ʵʣʝʢʪʨʦʥʥʦʝ ʟʘʧʦʨʥʦʝ  
ʫʩʪʨʦʡʩʪʚʦ; ʚ ï ʩʠʩʪʝʤʘ ʘʚʪʦʥʦʤʥʦʛʦ ʧʦʞʘʨʦʪʫʰʝʥʠʷ; ʛ ï ʛʘʟʦʘʥʘʣʠʟʘʪʦʨ;  

ʜ ï ʜʘʪʯʠʢ ʟʘʪʦʧʣʝʥʠʷ; ʝ ï ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ 
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ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʣʥʦʛʦ ʢʦʥʪʨʦʣʷ ʥʘʜ ʩʦʩʪʦʷʥʠʝʤ ʛʨʫʟʘ ʥʝʦʙʭʦʜʠʤʦ ʥʝʧʨʝʨʳʚʥʦ 

ʧʦʣʫʯʘʪʴ ʜʘʥʥʳʝ ʩ ʫʩʪʨʦʡʩʪʚ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚ ʢʦʥʪʝʡʥʝʨʝ, ʥʘ ʚʩʝʤ ʧʫʪʠ ʩʣʝʜʦʚʘʥʠʷ, 

ʢʘʢ ʧʦ ʤʦʨʶ, ʪʘʢ ʠ ʧʦ ʩʫʰʝ. ʂʘʞʜʳʡ ʠʟ ʵʪʠʭ ʫʯʘʩʪʢʦʚ (ʤʦʨʩʢʦʡ ʠ ʥʘʟʝʤʥʳʡ) ʪʨʝʙʫʝʪ 

ʩʚʦʝʛʦ ʩʧʦʩʦʙʘ ʜʦʩʪʘʚʢʠ ʠʥʬʦʨʤʘʮʠʠ ʩ ʜʘʪʯʠʢʦʚ ʥʘ ʙʝʨʝʛʦʚʫʶ ʙʘʟʫ ʜʘʥʥʳʭ ʠ/ʠʣʠ ʥʘ 

ʩʫʜʦʚʦʡ ʢʦʤʧʴʶʪʝʨ. ʇʨʠ ʵʪʦʤ ʪʨʝʙʫʝʪʩʷ ʦʨʛʘʥʠʟʦʚʘʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʧʦʜʩʠʩʪʝʤʳ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʜʣʷ ʪʨʝʭ ʚʨʝʤʝʥʥʳʭ ʵʪʘʧʦʚ: ʥʘʟʝʤʥʘʷ ʧʝʨʝʚʦʟʢʘ, ʛʨʫʟʦʚʳʝ ʦʧʝʨʘʮʠʡ 

ʚ ʧʦʨʪʫ ʠ ʤʦʨʩʢʦʡ ʧʝʨʝʭʦʜ. 
ʇʦʜʩʠʩʪʝʤʘ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʩ ʜʘʪʯʠʢʦʚ ʚʦ ʚʨʝʤʷ ʥʘʟʝʤʥʦʡ ʧʝʨʝʚʦʟʢʠ ʢʦʥʪʝʡʥʝ-

ʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2.  
 

 

ʈʠʩ. 2. ʉʭʝʤʘ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʩ ʜʘʪʯʠʢʦʚ ʩ ʧʦʤʦʱʴʶ GSM 

ʇʦʩʣʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʳʥʢʘ ʚʩʝʚʦʟʤʦʞʥʳʭ ʫʩʪʨʦʡʩʪʚ ʩʙʦʨʘ ʠ ʙʝʩʧʨʦʚʦʜʥʦʡ ʧʝʨʝ-

ʜʘʯʠ ʜʘʥʥʳʭ, ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʳʤ ʚʘʨʠʘʥʪʦʤ ʷʚʣʷʝʪʩʷ GSM- ʤʦʜʝʤ. 

ɺʳʙʦʨ ʜʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʦʙʫʩʣʦʚʣʝʥ ʝʛʦ ʢʦʤʧʘʢʪʥʦʩʪʴʶ, ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʘʟʤʝʱʝ-

ʥʠʷ ʘʥʪʝʥʥʳ ʥʘ ʢʦʥʪʝʡʥʝʨʝ ʠ ʰʠʨʦʢʦʡ ʦʙʣʘʩʪʴʶ ʧʦʢʨʳʪʠʷ ʩʝʪʠ GSM. 

ɺ ʢʘʯʝʩʪʚʝ ʢʘʥʘʣʘ ʩʚʷʟʠ ʠʩʧʦʣʴʟʫʝʪʩʷ GSM-ʢʘʥʘʣ ʚ ʨʝʞʠʤʝ CSD (çʤʦʜʝʤ-
ʤʦʜʝʤè). ɼʘʥʥʳʡ ʢʘʥʘʣ ʚʳʙʨʘʥ ʚ ʩʠʣʫ ʧʨʝʠʤʫʱʝʩʪʚ: 

1) ʥʘʜʝʞʥʦʩʪʴ ï ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʝ ʚʨʝʤʷ ʜʦʩʪʘʚʢʠ (ʜʘʥʥʳʡ ʨʝʞʠʤ 

ʠʤʝʝʪ ʧʨʠʦʨʠʪʝʪ ʚ ʩʝʪʠ GSM); 

2) ʧʨʦʩʪʦʪʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʥʘʩʪʨʦʡʢʠ; 

3) ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʧʝʨʝʜʘʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ɼʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʢʘʥʘʣʘ ʥʘ SIM-ʢʘʨʪʘʭ ʩʦʪʦʚʦʛʦ ʦʧʝʨʘʪʦʨʘ ʧʦʜʢʣʶʯʝʥʘ ʙʝʩʧʣʘʪ-

ʥʘʷ ʫʩʣʫʛʘ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠ ʬʘʢʩʦʚ. ʇʦʜʢʣʶʯʝʥʠʝ ʤʦʜʝʤʘ ʥʘ ʦʙʲʝʢʪʝ ʢ ʙʣʦʢʫ ʩʙʦʨʘ 

ʜʘʥʥʳʭ ʩ ʜʘʪʯʠʢʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʠʥʪʝʨʬʝʡʩʫ RS-485. 

ʏʝʨʝʟ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʠʣʠ ʟʘʧʨʦʩʫ ʦʧʝʨʘʪʦʨʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʧʨʦʛʨʘʤʤʦʡ, ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʘ ʇʂ, ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʦʧʨʦʩ ʧʦʜʢʣʶ-

ʯʝʥʥʳʭ ʯʝʨʝʟ ʤʦʜʝʤ ʜʘʪʯʠʢʦʚ ʠ ʫʩʪʨʦʡʩʪʚ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʦʡ ʩʯʠʪʘʥʥʦʡ ʠʥ-
ʬʦʨʤʘʮʠʠ. ʆʧʨʦʩ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʫʪʝʤ ʜʦʟʚʦʥʘ ʤʦʜʝʤʘ ʠʟ ʎʝʥʪʨʘ ʥʘ ʫʜʘʣʝʥʥʳʝ ʤʦʜʝ-

ʤʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʨʝʞʠʤʝ ʘʚʪʦʧʦʜʲʝʤʘ ʪʨʫʙʢʠ. ʇʦʩʣʝ ʧʦʜʲʝʤʘ ʪʨʫʙʢʠ ʫʜʘʣʝʥʥʳʤ 

ʤʦʜʝʤʦʤ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʨʦʟʨʘʯʥʳʡ ʢʘʥʘʣ ʩʚʷʟʠ ʤʝʞʜʫ ʵʣʝʢʪʨʦʩʯʝʪʯʠʢʦʤ ʠ ʇʆ 

(ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ) ʚ ʎʝʥʪʨʝ ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʦʝ ʧʨʦʠʟʚʦʜʠʪ ʩʯʠʪʳ-

ʚʘʥʠʝ ʜʘʥʥʳʭ. 

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʫʩʪʘʥʦʚʣʝʥʥʦʝ ʥʘ ʢʦʤʧʴʶʪʝʨ ʚ ʮʝʥʪʨʝ, ʧʦʤʠʤʦ ʦʩʥʦʚ-

ʥʦʡ ʬʫʥʢʮʠʠ (ʢʦʥʪʨʦʣʴ ʟʘ ʩʦʩʪʦʷʥʠʝʤ ʛʨʫʟʘ ï ʥʝʦʙʭʦʜʠʤʳʝ ʨʘʩʯʝʪʳ, ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʦʪʯʝʪʦʚ, ʚʝʜʝʥʠʝ ʘʨʭʠʚʦʚ ʠ ʪ.ʜ.) ʚʳʧʦʣʥʷʝʪ ʫʧʨʘʚʣʝʥʠʝ ʤʦʜʝʤʦʤ (ʜʦʟʚʦʥ ʜʦ ʫʜʘʣʝʥʥʦ-

ʛʦ ʤʦʜʝʤʘ, ʨʘʟʨʳʚ ʩʦʝʜʠʥʝʥʠʷ ʠ ʪ.ʜ.). 

ʇʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʩ ʜʘʪʯʠʢʦʚ ʥʘ ʩʫʜʦʚʦʡ ʢʦʤʧʴʶʪʝʨ ʚʦ ʚʨʝʤʷ ʛʨʫʟʦʚʳʭ ʦʧʝʨʘʮʠʡ 

ʦʨʛʘʥʠʟʦʚʘʥʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ.  

ɼʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʧʝʨʝʜʘʯʠ ʫʞʝ ʩʦʙʨʘʥʥʦʡ ʩ ʜʘʪʯʠʢʦʚ ʢʘʞʜʦʛʦ ʢʦʥʪʝʡ-
ʥʝʨʘ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʧʨʝʜʳʜʫʱʠʭ ʫʯʘʩʪʢʘʭ ʧʫʪʠ (ʥʘʟʝʤʥʘʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ) ʧʨʝʜʣʘ-



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 53, 2017 ʛ. 
ʈʘʟʜʝʣ V. ʕʢʦʥʦʤʠʢʘ, ʣʦʛʠʩʪʠʢʘ ʠ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʪʨʘʥʩʧʦʨʪʝ 
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ʛʘʝʪʩʷ ʤʘʨʢʠʨʦʚʘʪʴ ʢʦʥʪʝʡʥʝʨʳ QR-ʢʦʜʘʤʠ. ʇʨʝʜʧʦʣʘʛʘʝʤʳʝ ʤʝʩʪʘ ʨʘʩʧʦʣʦʞʝʥʠʷ 

QR- ʢʦʜʦʚ (ʦʩʥʦʚʥʦʛʦ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 3.  
ʆʩʥʦʚʥʦʡ ʢʦʜ ʥʘʥʦʩʠʪʩʷ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʢʦʥʪʝʡʥʝʨʘ ʠ ʩʣʫʞʠʪ ʜʣʷ ʩʯʠʪʳʚʘʥʠʷ 

ʩʧʝʮʠʘʣʴʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʥʘ ʪʝʣʝʞʢʝ ʢʦʟʣʦʚʦʛʦ ʢʨʘʥʘ (ʨʠʩ. 4). 

ɺʩʧʦʤʦʛʘʪʝʣʴʥʳʝ QR-ʢʦʜʳ ʥʘʥʝʩʝʥʳ ʥʘ ʚʥʝʰʥʠʭ ʩʪʝʥʢʘʭ, ʥʘ ʫʨʦʚʥʝ ʯʝʣʦʚʝʯʝʩʢʠʭ 

ʛʣʘʟ, ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʠʥʬʦʨʤʘʮʠʶ ʩ ʜʘʪʯʠʢʦʚ ʩ ʧʦʤʦʱʴʶ ʧʝʨʝʥʦʩʥʦʛʦ ʩʯʠʪʳʚʘʶʱʝʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʤʦʛ ʧʦʣʫʯʠʪʴ ʣʶʙʦʡ ʫʧʦʣʥʦʤʦʯʝʥʥʳʡ ʩʦʪʨʫʜʥʠʢ. 

 

 

ʈʠʩ. 3. ʂʦʥʪʝʡʥʝʨ ʩ ʥʘʥʝʩʝʥʥʳʤʠ QR-ʢʦʜʘʤʠ  

 

ʈʠʩ. 4: ʈʘʟʤʝʱʝʥʠʝ ʩʯʠʪʳʚʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʆʯʝʚʠʜʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ QR-ʢʦʜʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʰʪʨʠʭ-
ʢʦʜʘ, ʥʝʩʝʪ ʚ ʩʝʙʝ ʥʝ ʧʨʦʩʪʦ ʪʝʢʩʪʦʚʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʘ ʛʠʧʝʨʩʩʳʣʢʠ. ʂʦʣʠʯʝʩʪʚʦ ʠʥ-

ʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩ ʧʦʤʦʱʴʶ ʛʠʧʝʨʩʩʳʣʢʠ, ʦʛʨʘʥʠʯʝʥʦ ʣʠʰʴ ʦʙʲʸ-

ʤʦʤ ʧʘʤʷʪʠ ʩʝʨʚʝʨʘ.  

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʛʨʫʟʦʚʳʭ ʨʘʙʦʪ ʚ ʧʦʨʪʫ ʠʥʬʦʨʤʘʮʠʷ ʩ ʜʘʪʯʠʢʦʚ, ʜʦʩʪʫʧ ʢ ʢʦʪʦ-

ʨʦʡ ʦʪʢʨʳʚʘʝʪʩʷ ʧʦ ʤʝʨʝ ʩʯʠʪʳʚʘʥʠʷ QR-ʢʦʜʦʚ (ʪ.ʝ. ʧʦ ʤʝʨʝ ʟʘʛʨʫʟʢʠ ʢʦʥʪʝʡʥʝʨʦʚ ʥʘ 

ʩʫʜʥʦ) ʨʝʛʫʣʷʨʥʦ ʦʪʧʨʘʚʣʷʝʪʩʷ ʥʘ ʩʝʨʚʝʨ (ʨʠʩ. 5). ʇʦʣʫʯʠʚ ʫʥʠʢʘʣʴʥʫʶ ʛʠʧʝʨʩʩʳʣʢʫ, 

ʩʯʠʪʳʚʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ, ʨʘʩʧʦʣʦʞʝʥʥʦʝ ʥʘ ʪʝʣʝʞʢʝ ʢʦʟʣʦʚʦʛʦ ʢʨʘʥʘ, ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʦʪʩʳʣʘʝʪ ʩʩʳʣʢʫ ʥʘ ʩʫʜʦʚʦʡ ʢʦʤʧʴʶʪʝʨ, ʠʩʧʦʣʴʟʫʷ ʩʫʜʦʚʫʶ ʩʝʪʴ Wi-Fi. ʉʫʜʦʚʦʡ ʢʦʤ-

ʧʴʶʪʝʨ, ʠʩʧʦʣʴʟʫʷ ʩʧʝʮʠʘʣʴʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʧʨʦʭʦʜʠʪ ʧʦ ʩʩʳʣʢʝ ʠ ʧʦ-



ʅ.ʄ. ɸʥʦʩʦʚ, ʂ.ɸ. ʊʘʨʙʝʝʚ, ɸ.ʉ. ʐʧʘʢ 
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ʣʫʯʘʝʪ ʜʦʩʪʫʧ ʢʦ ʚʩʝʡ ʥʝʦʙʭʦʜʠʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʛʨʫʟʝ ʚ ʢʦʥʢʨʝʪʥʦʤ ʢʦʥʪʝʡʥʝʨʝ, 

ʚʢʣʶʯʘʷ ʜʘʥʥʳʝ ʩ ʜʘʪʯʠʢʦʚ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʫʞʝ ʩʦʙʨʘʥʳ ʠ ʧʝʨʝʜʘʥʳ ʥʘ ʙʝʨʝʛʦʚʫʶ 

ʙʘʟʫ ʜʘʥʥʳʭ ʯʝʨʝʟ GSM- ʩʝʪʴ ʥʘ ʧʨʝʜʳʜʫʱʝʤ ʵʪʘʧʝ ʧʝʨʝʤʝʱʝʥʠʷ ʛʨʫʟʘ. ʇʦʩʣʝ ʧʦʣʫ-

ʯʝʥʠʷ ʜʘʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʟʘʥʦʩʠʪʩʷ ʚ ʧʨʦʛʨʘʤʤʫ ʤʦʥʠʪʦʨʠʥʛʘ ʛʨʫʟʘ, 

ʵʣʝʢʪʨʦʥʥʳʡ ʛʨʫʟʦʚʦʡ ʧʣʘʥ ʠ ʜʨʫʛʫʶ ʜʦʢʫʤʝʥʪʘʮʠʶ. ʕʣʝʢʪʨʦʥʥʳʡ ʛʨʫʟʦʚʦʡ ʧʣʘʥ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʚʩʶ ʥʝʦʙʭʦʜʠʤʫʶ ʠʥʬʦʨʤʘʮʠʶ ʧʦ ʢʦʥʢʨʝʪʥʦʤʫ ʢʦʥʪʝʡʥʝʨʫ ʠ ʚʩʝ 

ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʦʙ ʦʧʘʩʥʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʜʘʪʯʠʢʦʚ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʠʥʬʦʨʤʘʮʠʷ ʦ 
ʚʝʩʝ ʢʦʥʪʝʡʥʝʨʘ, ʝʛʦ ʨʘʟʤʝʨʘʭ ʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʥʘ ʩʫʜʥʝ, ʙʫʜʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʟʘʥʦ-

ʩʠʪʴʩʷ ʚ ʧʨʦʛʨʘʤʤʫ ʟʘʛʨʫʟʢʠ, ʢʦʪʦʨʘʷ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʨʘʩʩʯʠʪʳʚʘʝʪ ʦʩʪʦʡʯʠʚʦʩʪʴ 

ʩʫʜʥʘ, ʦʩʘʜʢʫ ʠ ʧʨʦʯʠʝ ʧʘʨʘʤʝʪʨʳ. 

 

 

ʈʠʩ. 5. ɹʣʦʢ ʩʭʝʤʘ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʩ ʜʘʪʯʠʢʦʚ ʚʦ ʚʨʝʤʷ ʛʨʫʟʦʚʦʡ ʦʧʝʨʘʮʠʠ 

ʇʝʨʝʜʘʯʘ ʠʥʬʦʨʤʘʮʠʠ ʩ ʜʘʪʯʠʢʦʚ ʥʘ ʩʫʜʦʚʦʡ ʢʦʤʧʴʶʪʝʨ ʠ ʙʝʨʝʛʦʚʫʶ ʙʘʟʫ ʜʘʥ-

ʥʳʭ ʚʦ ʚʨʝʤʷ ʤʦʨʩʢʦʛʦ ʧʝʨʝʭʦʜʘ. 

ʇʦʩʢʦʣʴʢʫ GSM ʩʝʪʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʙʣʘʩʪʴ ʧʦʢʨʳʪʠʷ ʟʘ ʩʯʝʪ ʥʘʟʝʤʥʳʭ ʩʪʘʥʮʠʡ, 

ʧʦʣʫʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʩ ʜʘʪʯʠʢʦʚ ʵʪʠʤ ʩʧʦʩʦʙʦʤ ʚ ʤʦʨʝ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞ-

ʥʳʤ. ʇʦʵʪʦʤʫ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʭʝʤʘ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʩ ʩʝʥʩʦʨʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ 

ʢʦʥʪʝʡʥʝʨʘʭ, ʥʘ ʩʫʜʦʚʦʡ ʢʦʤʧʴʶʪʝʨ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ ʢʘʙʝʣʴ- ʪʨʘʩʩ (ʨʠʩ. 6). 

ɹʝʨʝʛʦʚʘʷ ʙʘʟʘ ʜʘʥʥʳʭ GSM ʩʝʪʴ 

Wi-Fi ʨʦʫʪʝʨ 

LAN 

ʉʫʜʦʚʦʡ 

ʢʦʤʧʴʶʪʝʨ 

ɻʨʫʟʦʚʦʡ ʧʣʘʥ 

ʇʨʦʛʨʘʤʤʘ ʟʘʛʨʫʟʢʠ  

ʠ ʤʦʥʠʪʦʨʠʥʛʘ 

ʧʘʨʘʤʝʪʨʦʚ ʜʘʪʯʠʢʦʚ 

ʆʬʦʨʤʣʝʥʠʝ 

 ʜʦʢʫʤʝʥʪʦʚ 

ɻʘʟʦʘʥʘʣʠʟʘʪʦʨ 

ɼʘʪʯʠʢ ʟʘʪʦʧʣʝʥʠʷ 

ɿʘʧʦʨʥʦʝ ʫʩʪʨʦʡʩʪʚʦ 

ɼʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʳ 

ʠ ʚʣʘʞʥʦʩʪʠ 

IP ʢʘʤʝʨʘ 

ʉʠʩʪʝʤʘ  

ʧʦʞʘʨʦʪʫʰʝʥʠʷ 

ʂʦʥʪʝʡʥʝʨ ʩ 

QR-ʢʦʜʦʤ 

WWW... 

ʉʯʠʪʳʚʘʶʱʝʝ 

ʫʩʪʨʦʡʩʪʚʦ 

  


