
 
 

 

 
ʅɸʋʏʅɸʗ ʆʇʆʈɸ 

ɺʆʈʆʅɽɾʉʂʆʁ ʆɹʃɸʉʊʀ 
 

 
ʉ ɹ ʆ ʈ ʅ ʀ ʂ ʊ ʈ ʋ ɼ ʆ ɺ 

ʧʦʙʝʜʠʪʝʣʝʡ ʢʦʥʢʫʨʩʘ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ 

ʩʪʫʜʝʥʪʦʚ ʠ ʘʩʧʠʨʘʥʪʦʚ ɺɻʊʋ ʧʦ ʧʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ 

ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ 
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ʄʀʅʀʉʊɽʈʉʊɺʆ ʅɸʋʂʀ ʀ ɺʓʉʐɽɻʆ ʆɹʈɸɿʆɺɸʅʀʗ 

ʈʆʉʉʀʁʉʂʆʁ ʌɽɼɽʈɸʎʀʀ 
 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 
 

çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

 

 

 

 

 

 

 

ʅɸʋʏʅɸʗ ʆʇʆʈɸ 

ɺʆʈʆʅɽɾʉʂʆʁ ʆɹʃɸʉʊʀ 
 

 

ʉɹ ʆ ʈ ʅ ʀ ʂ  ʊ ʈ ʋ ɼ ʆ ɺ 

ʧʦʙʝʜʠʪʝʣʝʡ ʢʦʥʢʫʨʩʘ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ 

ʩʪʫʜʝʥʪʦʚ ʠ ʘʩʧʠʨʘʥʪʦʚ ɺɻʊʋ ʧʦ ʧʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ 

ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ  
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ʋɼʂ 001(06) 

ɹɹʂ 74ʷ4 

        ʅ345 
 

 
 
ʅ345 

ʅʘʫʯʥʘʷ ʦʧʦʨʘ ɺʦʨʦʥʝʞʩʢʦʡ ʦʙʣʘʩʪʠ: ʩʙʦʨʥʠʢ ʪʨʫʜʦʚ ʧʦʙʝʜʠʪʝʣʝʡ ʢʦʥʢʫʨʩʘ ʥʘʫʯʥʦ-
ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʩʪʫʜʝʥʪʦʚ ʠ ʘʩʧʠʨʘʥʪʦʚ ɺɻʊʋ ʧʦ ʧʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ 
ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʕʣʝʢʪʨʦʥ. ʪʝʢʩʪʦʚʳʝ ʠ ʛʨʘʬ. ʜʘʥʥʳʝ 
(8,6 ʄʙ). ï ɺʦʨʦʥʝʞ: ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨ-
ʩʠʪʝʪè, 2020. ï 1 ʵʣʝʢʪʨʦʥ. ʦʧʪ. ʜʠʩʢ (CD-ROM): ʮʚ. ï ʉʠʩʪʝʤ. ʪʨʝʙʦʚʘʥʠʷ: ʇʂ 500 ʠ ʚʳʰʝ; 
256 ʄʙ ʆɿʋ; Windows XP; SVGA c ʨʘʟʨʝʰʝʥʠʝʤ 1024Ĭ768; ɸdobe Acrobat; CD-ROM 
ʜʠʩʢʦʚʦʜ; ʤʳʰʴ. ï ɿʘʛʣ. ʩ ʵʢʨʘʥʘ. 
 

ISBN 978-5-7731-0861-0 
 

ɺ ʩʙʦʨʥʠʢʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʨʫʜʳ ʧʦʙʝʜʠʪʝʣʝʡ ʢʦʥʢʫʨʩʘ ʥʘ ʣʫʯʰʫʶ ʥʘʫʯʥʫʶ ʨʘʙʦʪʫ ʩʪʫʜʝʥʪʦʚ    
ʠ ʘʩʧʠʨʘʥʪʦʚ ɺɻʊʋ ʧʦ ʧʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ çʅʘʫʯʥʘʷ ʦʧʦʨʘ 
ɺʦʨʦʥʝʞʩʢʦʡ ʦʙʣʘʩʪʠè. 

ʄʘʪʝʨʠʘʣʳ ʩʙʦʨʥʠʢʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʘʫʯʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ çʅʦʚʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʧʦʢʨʳʪʠʷè, 

çʈʝʩʫʨʩʦ- ʠ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠè, çʕʣʝʢʪʨʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʨʦʙʦʪʦʪʝʭʥʠʢʘè, çʄʘʰʠ-

ʥʦʩʪʨʦʝʥʠʝè, ʘ ʪʘʢʞʝ ʧʝʨʝʯʥʶ ʢʨʠʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʫʪʚʝʨʞʜʝʥʥʦʤʫ 

ʇʨʝʟʠʜʝʥʪʦʤ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 
ʉʙʦʨʥʠʢ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʥʘʫʯʥʳʭ ʠ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʨʘʙʦʪʥʠʢʦʚ, ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ, ʘʩʧʠʨʘʥʪʦʚ, 

ʤʘʛʠʩʪʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ ʩ ʮʝʣʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ ʠ ʫʯʝʙʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ.                           
ɺ ʠʟʜʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʘʚʪʦʨʩʢʠʝ ʨʠʩʫʥʢʠ ʠ ʠʣʣʶʩʪʨʘʮʠʠ, ʚʟʷʪʳʝ ʠʟ ʦʪʢʨʳʪʳʭ ʠʩʪʦʯʥʠʢʦʚ 
ʀʥʪʝʨʥʝʪʘ. 

ʋɼʂ 001(06) 

ɹɹʂ 74ʷ4 
ʈʝʜʘʢʮʠʦʥʥʘʷ ʢʦʣʣʝʛʠʷ: 

ʀ. ɻ. ɼʨʦʟʜʦʚ    ï ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ. ï ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʨʝʜʘʢʪʦʨ, 
ɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ; 

ɼ. ɸ. ʂʦʥʦʚʘʣʦʚ       ï ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ ï ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʩʝʢʨʝʪʘʨʴ, 
ɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ; 

ɺ. ʀ. ʈʷʞʩʢʠʭ           ï ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ., 
ɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ; 

ʉ. ʄ. ʇʘʩʤʫʨʥʦʚ      ï ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ., 
ɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ; 

ɺ. ɸ. ʅʝʙʦʣʴʩʠʥ       ï ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ., 
ɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ; 

ɸ. ɺ. ɹʫʨʢʦʚʩʢʠʡ      ï ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮ., 
ɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ; 

ɼ. ɺ. ʇʘʥʬʠʣʦʚ         ï ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮ., 
ɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ; 

ʉ. ɸ. ʗʨʝʤʝʥʢʦ         ï ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮ., 
ɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ; 

ɸ. ɽ. ɽʥʠʥ                 ï ʢʘʥʜ. ʘʨʭʠʪʝʢʪʫʨʳ, ʧʨʦʬ., 
ɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ; 

ʉ. ɸ. ɹʘʨʢʘʣʦʚ          ï ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ., 
ɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ; 

ɸ. ɺ. ɽʨʝʤʠʥ            ï ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮ., 
ɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 
 

ʀʟʜʘʝʪʩʷ ʧʦ ʨʝʰʝʥʠʶ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʚʝʪʘ 

ɺʦʨʦʥʝʞʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

 
 

ISBN 978-5-7731-0861-0 É ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 
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ʇʈɽɼʀʉʃʆɺʀɽ 

 

ɺ ʮʝʣʷʭ ʨʝʘʣʠʟʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ, ʧʨʦʝʢʪʥʦ-

ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʠ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʦʬʝʩʩʦʨʩʢʦ-ʧʨʝʧʦʜʘʚʘʪʝʣʴ-

ʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ, ʧʨʦʧʘʛʘʥʜʳ ʥʘʫʯʥʳʭ 

ʜʦʩʪʠʞʝʥʠʡ ɺʦʨʦʥʝʞʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠ 

ʧʦʜʚʝʜʝʥʠʷ ʠʪʦʛʦʚ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʝʞʝʛʦʜʥʦ ʧʨʦʚʦʜʷʪʩʷ çɼʥʠ ʥʘʫʢʠ ɺɻʊʋè ʚʢʣʶʯʘʶʱʠʝ ʤʝʨʦʧʨʠʷʪʠʷ: 

- ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʫʶ ʢʦʥʬʝʨʝʥʮʠʶ ʧʨʦʬʝʩʩʦʨʩʢʦ-ʧʨʝʧʦʜʘʚʘʪʝʣʴʩʢʦʛʦ 

ʩʦʩʪʘʚʘ, ʩʦʪʨʫʜʥʠʢʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ; 

- ʨʝʛʠʦʥʘʣʴʥʳʡ ʢʦʥʢʫʨʩ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʩʪʫʜʝʥʪʦʚ ʠ 

ʘʩʧʠʨʘʥʪʦʚ ʧʦ ʧʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ; 

- ʚʳʩʪʘʚʢʫ-ʢʦʥʢʫʨʩ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʜʦʩʪʠʞʝʥʠʡ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥ-

ʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ. 

ɺ ʩʙʦʨʥʠʢʝ çʅʘʫʯʥʘʷ ʦʧʦʨʘ ɺʦʨʦʥʝʞʩʢʦʡ ʦʙʣʘʩʪʠè ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʨʫʜʳ 

ʧʦʙʝʜʠʪʝʣʝʡ ʢʦʥʢʫʨʩʘ ʥʘ ʣʫʯʰʫʶ ʥʘʫʯʥʫʶ ʨʘʙʦʪʫ ʩʪʫʜʝʥʪʦʚ ʠ ʘʩʧʠʨʘʥʪʦʚ 

ɺɻʊʋ ʧʦ ʧʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ. 
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ʋɼʂ 72.092 
 

ʐʂʆʃɸ ɺ çʅɽʐʂʆʃɽè 

(ʇʆ ʀʊʆɻɸʄ ʋʏɸʉʊʀʗ ɺ ʂʆʅʂʋʈʉʅʆʄ ʇʈʆɽʂʊɽ)  

 

ɽ. ɸ. ʂʫʣʘʢʦʚʘ
1
, ɺ. ɺ. ɾʫʨʘʚʣʝʚʘ
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ʉʪʫʜʝʥʪ ʛʨ. ɹʘʨʭ-162, valeriavlx@yandex.ru                                   

 
3
ɼʦʮʝʥʪ ʢʘʬʝʜʨʳ ʪʝʦʨʠʠ ʠ ʧʨʘʢʪʠʢʠ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, 

natali.sem@mail.ru                                                                                 
4
ɼʦʮʝʥʪ ʢʘʬʝʜʨʳ ʪʝʦʨʠʠ ʠ ʧʨʘʢʪʠʢʠ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, 

sulnat@bk.ru                                                                                             

 ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ɺ ʫʩʣʦʚʠʷʭ ʢʦʥʢʫʨʩʘ UNSCHOOL COPENHAGEN ʙʳʣʦ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʧʨʦʝʢʪ 

çʐʢʦʣʳ ʙʫʜʫʱʝʛʦè, ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ ʦʪʚʝʯʘʪʴ ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʠ ʥʦʨʤʘʤ, ʘ ʪʘʢʞʝ 

ʧʨʝʜʣʘʛʘʝʤʳʝ ʨʝʰʝʥʠʷ ʜʦʣʞʥʳ ʥʦʩʠʪʴ ʥʦʚʘʪʦʨʩʢʠʡ ʭʘʨʘʢʪʝʨ. ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʥʘʜ ʧʨʦʝʢʪʦʤ 

ʤʳ ʨʘʟʨʘʙʦʪʘʣʠ ʥʝʩʢʦʣʴʢʦ ʥʘʧʨʘʚʣʝʥʠʡ ʢʦʥʮʝʧʮʠʠ, ʢʦʪʦʨʳʝ ʤʝʥʷʶʪ ʧʨʠʚʳʯʥʳʡ ʦʙʣʠʢ 

ʟʜʘʥʠʷ ʰʢʦʣʳ, ʘ ʪʘʢʞʝ ʤʦʛʣʠ ʙʳ ʫʣʫʯʰʠʪʴ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʠ ʩʜʝʣʘʪʴ ʝʛʦ ʙʦʣʝʝ 

ʠʥʪʝʨʝʩʥʳʤ ʜʣʷ ʜʝʪʝʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʫʯʨʝʞʜʝʥʠʷ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʤʝʞʧʨʝʜʤʝʪʥʳʝ 

ʩʚʷʟʠ, ʟʦʥʠʨʦʚʘʥʠʝ. 

 

ʈʘʟʨʘʙʘʪʳʚʘʷ ʧʨʦʝʢʪ ʟʜʘʥʠʷ ʜʣʷ ʜʝʪʝʡ, ʘʨʭʠʪʝʢʪʦʨʫ ʥʝʦʙʭʦʜʠʤʦ 

ʧʦʩʪʘʚʠʪʴ ʩʝʙʷ ʥʘ ʠʭ ʤʝʩʪʦ, ʚʩʧʦʤʥʠʪʴ, ʯʪʦ ʥʨʘʚʠʣʦʩʴ ʥʘʤ ʩʘʤʠʤ ʚ ʰʢʦʣʝ,                    

ʠ ʢʘʢʠʝ ʙʳʣʠ ʥʝʜʦʩʪʘʪʢʠ. ʏʝʣʦʚʝʯʝʩʪʚʦ ʫʞʝ ʜʘʚʥʦ ʰʘʛʥʫʣʦ ʚ ʪʦ ʚʨʝʤʷ, ʢʦʛʜʘ 

ʪʠʧʦʚʳʝ ʟʜʘʥʠʷ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʢʫʣʴʪʦʚʳʝ ʧʦʩʪʨʦʡʢʠ, ʢʦʛʜʘ ʦʙʳʯʥʘʷ ʨʘʡʦʥʥʘʷ 

ʰʢʦʣʘ ʤʦʞʝʪ ʩʪʘʪʴ ʤʝʩʪʦʤ ʧʨʠʪʷʞʝʥʠʷ. ʊʘʢʞʝ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʩʫʱʝʩʪʚʫʝʪ 

ʧʨʦʙʣʝʤʘ ʧʦʪʝʨʠ ʠʥʪʝʨʝʩʘ ʢ ʰʢʦʣʝ, ʢʘʢ ʩʦ ʩʪʦʨʦʥʳ ʜʝʪʝʡ, ʪʘʢ ʠ ʩʦ ʩʪʦʨʦʥʳ 

ʤʥʦʛʠʭ ʨʦʜʠʪʝʣʝʡ. ʇʦʯʪʠ ʫ ʢʘʞʜʦʛʦ ʰʢʦʣʴʥʠʢʘ ʝʩʪʴ ʛʘʜʞʝʪʳ ʩʦ ʚʩʝʡ ʠʥʬʦʨʤʘ-

ʮʠʝʡ ʤʠʨʘ, ʘ ʥʝʢʦʪʦʨʳʝ ʚʟʨʦʩʣʳʝ ʩʯʠʪʘʶʪ, ʯʪʦ ʚ ʩʠʣʘʭ ʠ ʩʘʤʠ ʜʘʪʴ ʩʚʦʝʤʫ 

ʨʝʙʝʥʢʫ ʟʥʘʥʠʷ. ʊʘʢʠʝ ʤʝʪʦʜʳ ʦʙʫʯʝʥʠʷ ʠʤʝʶʪ ʤʝʩʪʦ ʙʳʪʴ, ʥʦ  ʠʥʬʦʨʤʘʮʠʷ 

ʤʦʞʝʪ ʙʳʪʴ ʥʝ ʚʩʝʛʜʘ ʧʦʣʥʦʡ ʠ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʥʦʡ. ʇʦʵʪʦʤʫ ʩʦʟʜʘʥʠʝ 

ʧʨʦʝʢʪʘ ʰʢʦʣʳ ï ʟʘʜʘʯʘ ʘʨʭʠʚʘʞʥʘʷ. ʇʨʠʤʝʥʝʥʠʝʤ ʥʦʚʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʪʫʪ ʥʝ ʦʙʦʡʪʠʩʴ, ʠʥʥʦʚʘʮʠʠ ʚ ʪʘʢʦʤ ʦʙʲʝʢʪʝ ʜʦʣʞʥʳ ʙʳʪʴ ʛʦʨʘʟʜʦ 

ʛʣʫʙʞʝ. ʌʦʨʤʘ ʟʜʘʥʠʷ ʠ ʝʛʦ ʚʥʫʪʨʝʥʥʷʷ ʦʨʛʘʥʠʟʘʮʠʷ ʜʦʣʞʥʳ ʧʦʚʣʠʷʪʴ ʥʘ 

ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʚʝʨʥʫʪʴ ʠʥʪʝʨʝʩ ʨʝʙʝʥʢʘ ʢ ʰʢʦʣʝ.  

ʊʝʨʨʠʪʦʨʠʷ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʢʦʥʢʫʨʩʥʳʤ ʟʘʜʘʥʠʝʤ, ʥʘʭʦʜʠʪʩʷ ʚ ʛʦʨʦʜʝ 

ʂʦʧʝʥʛʘʛʝʥʝ ʨʷʜʦʤ ʩ ʪʝʨʨʠʪʦʨʠʝʡ Hekla Park ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʟʘʩʪʨʦʡʢʦʡ.      

ʇʦ ʬʦʨʤʝ ʦʥʘ ʜʦʩʪʘʪʦʯʥʦ ʥʝʩʪʘʥʜʘʨʪʥʘʷ, ʚʳʪʷʥʫʪʘʷ ʚ ʜʣʠʥʫ ʠ ʫʟʢʘʷ.  

 ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʦʨʛʘʥʠʟʦʚʘʥ ʙʳʣ ʢʦʥʢʫʨʩ ʜʣʷ ʦʜʥʦʡ ʢʦʥʢʨʝʪʥʦʡ 

ʩʪʨʘʥʳ, ʧʨʦʙʣʝʤʘ, ʦʙʦʟʥʘʯʝʥʥʘʷ ʥʘʤʠ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʰʢʦʣʳ, 

ʘʢʪʫʘʣʴʥʘ ʠ ʜʣʷ ʜʨʫʛʠʭ ʩʪʨʘʥ. ʄʳ ʩʯʠʪʘʝʤ, ʯʪʦ ʰʢʦʣʘ ʜʘʝʪ ʙʦʣʴʰʦʡ ʦʙʲʝʤ 

ʟʥʘʥʠʡ, ʥʦ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʝʝ ʥʝʦʙʭʦʜʠʤʦ ʘʜʘʧʪʠʨʦʚʘʪʴ ʧʦʜ ʜʝʪʝʡ. 

mailto:kulakova.elenaa@yandex.ru
mailto:valeriavlx@yandex.ru
mailto:natali.sem@mail.ru
mailto:sulnat@bk.ru
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ʂʘʞʜʳʡ ʨʝʙʝʥʦʢ ʜʦʣʞʝʥ ʠʤʝʪʴ ʥʝ ʪʦʣʴʢʦ ʧʨʘʚʦ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ, ʥʦ ʠ ʠʥʪʝʨʝʩ                

ʢ ʧʦʟʥʘʥʠʶ. ɿʘʯʘʩʪʫʶ ʰʢʦʣʴʥʠʢʠ ʥʝ ʧʦʥʠʤʘʶʪ, ʢʘʢ ʪʦʪ ʠʣʠ ʠʥʦʡ ʧʨʝʜʤʝʪ 

ʤʦʞʝʪ ʧʨʠʛʦʜʠʪʴʩʷ ʠʤ ʚ ʞʠʟʥʠ. ɺ ʩʚʦʝʤ ʧʨʦʝʢʪʝ ʤʳ ʧʦʧʳʪʘʣʠʩʴ ʦʙʨʘʪʠʪʴ 

ʚʥʠʤʘʥʠʝ ʥʘ ʦʩʦʙʝʥʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʦʡ ʩʠʩʪʝʤʳ ʦʙʨʘʟʦʚʘʥʠʷ, ʚʳʜʝʣʠʚ 

ʩʣʝʜʫʶʱʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʢʦʥʮʝʧʮʠʠ ʥʘʰʝʛʦ ʧʨʦʝʢʪʘ: 

- ʥʝʦʙʳʯʥʘʷ ʬʦʨʤʘ ʟʜʘʥʠʷ. ʐʢʦʣʘ ʨʘʟʜʝʣʝʥʘ ʥʘ ʙʣʦʢʠ ʧʦ ʟʦʥʘʤ, ʢʦʪʦʨʳʝ 
ʩʦʝʜʠʥʝʥʳ ʧʝʨʝʭʦʜʘʤʠ (ʨʠʩ. 1, 2). ʆʩʪʝʢʣʝʥʥʳʝ ʧʝʨʝʭʦʜʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ, ʢʘʢ 

ʥʘ ʚʦʜʥʦʡ ʛʣʘʜʠ ʥʘ ʫʨʦʚʥʝ ʧʝʨʚʦʛʦ ʵʪʘʞʘ, ʪʘʢ ʠ ʩʦʝʜʠʥʷʝʪ ʚʪʦʨʳʝ ʵʪʘʞʠ. ʕʪʦ 

ʜʘʝʪ ʜʝʪʷʤ ʙʦʣʴʰʝ ʩʚʦʙʦʜʳ ʧʝʨʝʜʚʠʞʝʥʠʡ, ʰʢʦʣʘ ʩʪʘʥʦʚʠʪʩʷ ʦʪʯʘʩʪʠ ʠʛʨʦʚʳʤ 

ʧʨʦʩʪʨʘʥʩʪʚʦʤ, ʢʦʪʦʨʦʝ ʠʟʦ ʜʥʷ ʚ ʜʝʥʴ ʠʥʪʝʨʝʩʥʦ; 

- ʪʘʢʞʝ ʟʜʘʥʠʷ ʯʘʩʪʠʯʥʦ ʩʪʦʷʪ ʥʘ ʠʩʢʫʩʩʪʚʝʥʥʦʤ ʚʦʜʦʝʤʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 
ʟʘʥʠʤʘʪʴʩʷ ʚʦʜʥʳʤʠ ʚʠʜʘʤʠ ʩʧʦʨʪʘ ʧʨʷʤʦ ʚ ʰʢʦʣʝ. ɸ ʪʝʨʨʠʪʦʨʠʷ ʰʢʦʣʳ 

ʦʟʝʣʝʥʝʥʘ ʨʘʟʣʠʯʥʳʤʠ ʚʠʜʘʤʠ ʨʘʩʪʝʥʠʡ ʠ ʩʦʟʜʘʥ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʨʝʣʴʝʬ, ʥʘ 

ʟʘʜʥʝʤ ʜʚʦʨʝ ʠʤʝʝʪʩʷ ʩʘʜ ʩ ʧʣʦʜʦʚʳʤʠ ʜʝʨʝʚʴʷʤʠ ʠ ʢʫʣʴʪʫʨʘʤʠ, ʘ ʪʘʢʞʝ 

ʥʝʙʦʣʴʰʘʷ ʬʝʨʤʘ. ɺʳʭʦʜ ʪʫʜʘ ʦʙʦʨʫʜʦʚʘʥ ʧʨʷʤʦ ʠʟ ʢʘʙʠʥʝʪʘ ʙʠʦʣʦʛʠʠ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʜʝʪʷʤ ʥʘʛʣʷʜʥʦ ʠʟʫʯʘʪʴ ʞʠʚʦʪʥʳʭ ʠ ʨʘʩʪʝʥʠʷ ʥʘ ʫʨʦʢʘʭ (ʨʠʩ. 3, 4); 

 

 
ʈʠʩ. 1.  ɻʣʘʚʥʘʷ ʚʠʟʫʘʣʠʟʘʮʠʷ ʟʜʘʥʠʷ ʰʢʦʣʳ 

 

 
ʈʠʩ. 2.  ʉʭʝʤʘ ʟʦʥʠʨʦʚʘʥʠʷ ʟʜʘʥʠʷ 



6 
 

 
ʈʠʩ. 3.  ʉʭʝʤʘ ʩʚʷʟʠ ʤʝʞʜʫ ʙʣʦʢʘʤʠ ʩ ʦʙʦʟʥʘʯʝʥʠʷʤʠ ʚʳʭʦʜʦʚ, 

ʦʟʝʣʝʥʝʥʠʷ ʪʝʨʨʠʪʦʨʠʠ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʚʦʜʦʝʤʘ 

 

- ʝʱʝ ʦʜʥʘ ʦʩʦʙʝʥʥʦʩʪʴ ʧʨʦʝʢʪʘ ï ʪʝʨʨʘʩʳ ʥʘ ʧʦʩʣʝʜʥʝʤ ʫʨʦʚʥʝ 

ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʙʣʦʢʘ, ʛʜʝ ʚ ʪʝʧʣʦʝ ʚʨʝʤʷ ʛʦʜʘ ʤʦʛʫʪ ʪʘʢʞʝ ʧʨʦʚʦʜʠʪʴʩʷ 

ʟʘʥʷʪʠʷ; 

- ʮʝʥʪʨʘʣʴʥʳʤ ʷʜʨʦʤ ʢʦʥʮʝʧʮʠʠ ʩʪʘʣ ʙʣʦʢ ʧʨʦʬʠʣʴʥʳʭ ʢʣʘʩʩʦʚ. ʉʪʨʫʢ-

ʪʫʨʘ ʙʣʦʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʨʫʛʣʦʝ ʟʜʘʥʠʝ ʚ ʜʚʘ ʵʪʘʞʘ, ʥʘ ʢʘʞʜʦʤ                 

ʠʟ ʢʦʪʦʨʳʭ ʧʦ 4 ʢʣʘʩʩʘ. ʆʥʠ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʩ ʮʝʣʴʶ, ʫʢʨʝʧʠʪʴ ʤʝʞʧʨʝʜ-

ʤʝʪʥʳʝ ʩʚʷʟʠ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʞʝ ʮʝʥʪʨʘʣʴʥʳʤ ʟʚʝʥʦʤ ʷʚʣʷʝʪʩʷ ʢʘʙʠʥʝʪ ʬʠʟʠʢʠ, 

ʦʪ ʥʝʛʦ ʨʘʩʭʦʜʷʪʩʷ ʭʠʤʠʷ, ʙʠʦʣʦʛʠʷ ʠ ʘʩʪʨʦʣʦʛʠʷ. ʅʘ ʚʪʦʨʦʤ ï ʠʩʪʦʨʠʷ, ʦʪ ʥʝʛʦ 

ï ʛʝʦʛʨʘʬʠʷ, ʦʙʱʝʩʪʚʦʟʥʘʥʠʝ ʠ ʧʨʘʚʦʚʝʜʝʥʠʝ (ʨʠʩ. 4). 

 
ʈʠʩ. 4.  ʉʭʝʤʘ ʩʚʷʟʠ ʢʘʙʠʥʝʪʦʚ ʧʨʦʬʠʣʴʥʦʛʦ ʙʣʦʢʘ 
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çɼʣʷ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʫʩʚʦʝʥʠʷ ʫʯʝʥʠʢʦʤ ʟʥʘʥʠʡ ʠ ʜʣʷ ʝʛʦ ʠʥʪʝʣʣʝʢ-

ʪʫʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʚʘʞʥʦ ʜʘʚʘʪʴ ʪʘʢʠʝ ʟʘʜʘʯʠ, ʢʦʪʦʨʳʝ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ 

ʫʩʪʘʥʦʚʣʝʥʠʝ ʰʠʨʦʢʠʭ ʩʚʷʟʝʡ, ʢʘʢ ʤʝʞʜʫ ʨʘʟʥʳʤʠ ʨʘʟʜʝʣʘʤʠ ʠʟʫʯʘʝʤʳʭ 

ʢʫʨʩʦʚ, ʪʘʢ ʠ ʤʝʞʜʫ ʨʘʟʥʳʤʠ ʧʨʝʜʤʝʪʘʤʠ ʚ ʮʝʣʦʤ. ʇʦ ʩʫʱʝʩʪʚʫ, ʩʪʘʚʠʪʩʷ 

ʚʦʧʨʦʩ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʥʝʪʨʘʜʠʮʠʦʥʥʦʛʦ ʩʧʦʩʦʙʘ ʤʳʰʣʝʥʠʷ, ʭʘʨʘʢʪʝʨʥʦʛʦ                   

ʠ ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʯʝʣʦʚʝʢʘ. ʀʥʪʝʛʨʠʨʫʷ, ʤʳ ʨʘʙʦʪʘʝʤ ʥʘʜ 

ʪʘʢʠʤʠ ʩʢʚʦʟʥʳʤʠ ʧʦʥʷʪʠʷʤʠ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʦʙʲʝʢʪʦʤ ʠʟʫʯʝʥʠʷ ʨʘʟʥʳʭ 

ʥʘʫʢ. ʋʩʚʘʠʚʘʷ ʠʭ ʥʘ ʦʜʥʦʤ ʫʨʦʢʝ, ʫʯʝʥʠʢ ʫʛʣʫʙʣʷʝʪ ʩʚʦʠ ʟʥʘʥʠʷ ʦ ʧʨʠʟʥʘʢʘʭ 

ʦʧʦʨʥʳʭ ʧʦʥʷʪʠʡ, ʦʙʦʙʱʘʝʪ ʠʭ, ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʝ ʩʚʷʟʠè 

[1]. 

ʅʘʰʝʡ ʢʦʥʮʝʧʮʠʝʡ ʤʳ ʧʦʜʨʘʟʫʤʝʚʘʝʤ, ʯʪʦ, ʧʦʣʫʯʠʚ ʟʥʘʥʠʷ ʥʘ ʦʜʥʦʤ 

ʧʨʝʜʤʝʪʝ, ʥʘʧʨʠʤʝʨ, ʬʠʟʠʢʝ, ʧʝʨʝʭʦʜʷ ʚ ʢʘʙʠʥʝʪ ʭʠʤʠʠ, ʰʢʦʣʴʥʠʢʠ ʙʫʜʫʪ 

ʟʘʢʨʝʧʣʷʪʴ ʧʦʣʫʯʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʧʫʪʝʤ ʠʥʪʝʛʨʘʮʠʠ ʧʨʝʜʤʝʪʦʚ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʠʥʬʦʨʤʘʮʠʷ ʙʫʜʝʪ ʣʫʯʰʝ ʫʩʚʘʠʚʘʪʴʩʷ, ʰʢʦʣʴʥʠʢʠ ʙʫʜʫʪ ʣʫʯʰʝ 

ʧʦʥʠʤʘʪʴ, ʢʘʢ ʩʚʷʟʘʥʳ ʧʨʝʜʤʝʪʳ ʤʝʞʜʫ ʩʦʙʦʡ. ɹʣʘʛʦʜʘʨʷ ʠʥʪʝʛʨʘʮʠʠ ʧʨʝʜʤʝ-

ʪʦʚ ʫʯʝʥʠʢʠ ʥʘʯʥʫʪ ʧʦʥʠʤʘʪʴ ʩʚʷʟʴ ʥʘʫʢ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʥʠʡ                  

ʚ ʞʠʟʥʠ, ʘ ʪʘʢʞʝ ʥʘʫʯʘʪʩʷ ʪʚʦʨʯʝʩʢʠ ʤʳʩʣʠʪʴ ʠ ʥʘʭʦʜʠʪʴ ʥʝʩʪʘʥʜʘʨʪʥʳʝ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯ.  

ɺʩʝ ʵʪʠ ʠʟʤʝʥʝʥʠʷ ʤʦʛʫʪ ʢʘʯʝʩʪʚʝʥʥʦ ʧʦʚʣʠʷʪʴ ʥʘ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ 

ʨʝʙʝʥʢʘ ʚ ʰʢʦʣʝ. ʇʨʠʨʦʜʥʘʷ ʩʨʝʜʘ ʙʣʘʛʦʧʨʠʷʪʥʦ ʚʣʠʷʝʪ ʥʘ ʜʝʪʝʡ, ʚ ʥʝʡ ʦʥʠ 

ʤʦʛʫʪ, ʢʘʢ ʦʙʫʯʘʪʴʩʷ, ʪʘʢ ʠ ʧʨʦʚʦʜʠʪʴ ʩʚʦʙʦʜʥʦʝ ʚʨʝʤʷ. ɸ ʠʥʪʝʛʨʘʮʠʷ ʥʘʫʢ 

ʙʫʜʝʪ ʧʦʚʳʰʘʪʴ ʠʥʪʝʨʝʩ ʜʝʪʝʡ ʢ ʫʯʝʙʝ.  

 

 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʂʦʨʦʣʴ ʆ. ʈʦʣʴ ʠ ʟʥʘʯʝʥʠʝ ʨʝʘʣʠʟʘʮʠʠ ʤʝʞʧʨʝʜʤʝʪʥʳʭ ʩʚʷʟʝʡ ʚ 

ʰʢʦʣʴʥʦʤ ʢʫʨʩʝ / ʆ. ʂʦʨʦʣʴ. ï ʊʝʢʩʪ: ʵʣʝʢʪʨʦʥʥʳʡ // ʉʦʮʠʘʣʴʥʘʷ ʩʝʪʴ 

ʨʘʙʦʪʥʠʢʦʚ ʦʙʨʘʟʦʚʘʥʠʷ: [ʩʘʡʪ]. ï URL: 

https://nsportal.ru/shkola/raznoe/library/2015/01/08/rol-i-znachenie-realizatsii-

mezhpredmetnykh-svyazey-v-shkolnom  
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ɸʃɻʆʈʀʊʄʀʏɽʉʂʆɽ ʆɹɽʉʇɽʏɽʅʀɽ ʀʅʌʆʈʄɸʎʀʆʅʅʆʁ 

ɹɽɿʆʇɸʉʅʆʉʊʀ ʂʆʄʇʆʅɽʅʊʆɺ ʉʀʉʊɽʄ ʉɺʗɿʀ 

ʆʊ ʄʆɼʀʌʀʂɸʎʀʀ ʀ ʂʆʇʀʈʆɺɸʅʀʗ 

ʅɽʀɿɺɽʉʊʅʓʄ ʋʉʊʈʆʁʉʊɺʆʄ ʀʃʀ ʇʆʃʔɿʆɺɸʊɽʃɽʄ 

 

ɸ. ɸ. ʊʨʦʬʠʤʦʚ
1
, ɸ. ɺ. ɻʨʝʯʠʰʢʠʥ

2 

1
ʉʪʫʜʝʥʪ ʛʨʫʧʧʳ ɹʊ-161, e-mail: trofimov.aa98@mail.ru 

2
ʂʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʆɸʆ çʂʦʥʮʝʨʥ çʉʦʟʚʝʟʜʠʝè, e-mail: grechishkin.av@mail.ru 

ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 
ɺ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʜʣʷ ʤʥʦʛʠʭ ʢʦʤʧʘʥʠʡ ʠ ʯʘʩʪʥʳʭ ʨʘʟʨʘʙʦʪʯʠʢʦʚ 

ʘʢʪʫʘʣʴʥʦʡ ʦʩʪʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʮʠʬʨʦʚʦʛʦ ʧʠʨʘʪʩʪʚʘ ï ʥʝʟʘʢʦʥʥʦʛʦ ʢʦʧʠʨʦʚʘʥʠʷ  ʠ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʠʷ ʯʫʞʦʡ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ, ʦʭʨʘʥʷʝʤʦʡ ʘʚʪʦʨʩʢʠʤ ʧʨʘʚʦʤ, ʩ ʥʘʨʫʰʝ-

ʥʠʝʤ ʫʩʣʦʚʠʡ ʜʦʛʦʚʦʨʘ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʣʠ ʙʝʟ ʨʘʟʨʝʰʝʥʠʷ ʘʚʪʦʨʦʚ ʠ ʧʨʘʚʦʦʙʣʘʜʘʪʝʣʝʡ 

[1]. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ. 

 

ʗʨʢʠʤ ʧʨʠʤʝʨʦʤ ʪʘʢʦʛʦ ʧʨʘʚʦʥʘʨʫʰʝʥʠʷ ʷʚʣʷʝʪʩʷ ʥʝʟʘʢʦʥʥʦʝ ʢʦʧʠʨʦ-

ʚʘʥʠʝ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʠʣʠ ʠʩʧʦʣʥʷʝʤʦʡ ʧʨʦʛʨʘʤʤʳ ʩ ʦʬʠʮʠʘʣʴʥʳʭ 

ʫʩʪʨʦʡʩʪʚ ʢʦʤʧʘʥʠʡ-ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʜʘʣʴʥʝʡʰʘʷ ʠʭ ʤʦʜʠʬʠʢʘʮʠʷ ʠ ʚʥʝʜʨʝʥʠʝ 

ʚ ʩʦʙʩʪʚʝʥʥʳʝ ʜʝʰʝʚʳʝ ʘʥʘʣʦʛʠ ʩ ʮʝʣʴʶ ʜʘʣʴʥʝʡʰʝʡ ʧʨʦʜʘʞʠ. ʇʦʜʦʙʥʳʝ 

ʜʝʚʘʡʩʳ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʧʦʜʜʝʣʢʦʡ ʠ ʦʥʠ ʙʳ ʧʦʧʘʜʘʣʠ ʧʦʜ 

ʜʝʡʩʪʚʠʝ ʟʘʢʦʥʘ ʦ ʟʘʱʠʪʝ ʘʚʪʦʨʩʢʠʭ ʧʨʘʚ, ʝʩʣʠ ʙʳ ʟʣʦʫʤʳʰʣʝʥʥʠʢʠ ʥʝ 

ʥʘʫʯʠʣʠʩʴ ʧʦʣʫʯʘʪʴ ʧʦʣʥʳʡ ʜʦʩʪʫʧ ʢ ʠʩʭʦʜʥʦʤʫ ʢʦʜʫ ʧʦʭʠʱʝʥʥʳʭ ʜʘʥʥʳʭ. 

ʆʙʣʘʜʘʷ ʪʘʢʠʤʠ ʨʝʩʫʨʩʘʤʠ, ʦʥʠ ʤʦʛʫʪ ʚʥʦʩʠʪʴ ʢʦʥʪʨʦʣʠʨʫʝʤʳʝ ʠʟʤʝʥʝʥʠʷ ʚ 

ʩʢʦʧʠʨʦʚʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʠ ʧʦʜʤʝʥʷʪʴ ʟʘʱʠʱʝʥʥʫʶ ʟʘʢʦʥʦʜʘ-

ʪʝʣʴʩʪʚʦʤ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʜʘʥʥʳʭ ʢʦʤʧʘʥʠʠ-ʧʨʦʠʟʚʦʜʠʪʝʣʶ ʥʘ 

ʩʚʦʠ. 

ʅʝʢʦʪʦʨʳʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʟʘʱʠʪʫ ʩʚʦʝʡ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ, ʜʝʣʘʷ ʥʝʚʦʟ-

ʤʦʞʥʳʤ ʧʦʣʫʯʝʥʠʝ ʢ ʥʝʡ ʜʦʩʪʫʧʘ ʥʘ ʬʠʟʠʯʝʩʢʦʤ ʠ ʧʨʦʛʨʘʤʤʥʦʤ ʫʨʦʚʥʝ. 

ʊʠʧʠʯʥʳʤ ʧʨʠʤʝʨʦʤ ʷʚʣʷʝʪʩʷ ʢʦʤʧʘʥʠʷ Atmel ʠ ʝʝ bootloader ï ʫʪʠʣʠʪʘ 

ʫʩʪʘʥʦʚʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘ ʫʩʪʨʦʡʩʪʚʦ ʠʟ ʚʥʝʰʥʠʭ ʠʩʪʦʯʥʠʢʦʚ. 

ɼʦʩʪʫʧ ʢ ʥʝʡ ʥʝʚʦʟʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ, ʪʘʢ ʢʘʢ ʧʨʦʠʟʚʦʜʠʪʝʣʴ ʟʘʙʣʦʢʠʨʦʚʘʣ             

ʢ ʥʝʡ ʜʦʩʪʫʧ ʠʟʚʥʝ ʥʘ ʫʨʦʚʥʝ ʤʠʢʨʦʩʭʝʤʳ, ʚʥʝʜʨʠʚ ʝʝ ʚ ʟʘʢʨʳʪʫʶ ʦʙʣʘʩʪʴ 

ʧʘʤʷʪʠ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ [2-3]. 

ʅʦ ʪʫʪ ʚʩʪʘʝʪ ʛʣʘʚʥʳʡ ʚʦʧʨʦʩ ï ʯʪʦ ʞʝ ʜʝʣʘʪʴ ʪʝʤ, ʢʪʦ ʧʨʠʦʙʨʝʣ 

ʧʦʜʦʙʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʠ ʭʦʯʝʪ ʟʘʱʠʪʠʪʴ ʫʞʝ ʩʚʦʶ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʫʶ 

ʩʦʙʩʪʚʝʥʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʦʪʢʨʳʪʳʭ ʦʙʣʘʩʪʷʭ ʧʘʤʷʪʠ? 

ʏʪʦʙʳ ʦʪʚʝʪʠʪʴ ʥʘ ʵʪʦʪ ʚʦʧʨʦʩ, ʜʣʷ ʥʘʯʘʣʘ ʥʘʜʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʩʦ 

ʩʪʨʫʢʪʫʨʦʡ ʧʘʤʷʪʠ ʚ ʟʘʱʠʱʘʝʤʦʤ ʫʩʪʨʦʡʩʪʚʝ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʚʦʟʴʤʝʤ 

ʦʪʣʘʜʦʯʥʫʶ ʧʣʘʪʫ ʢʦʤʧʘʥʠʠ Atmel ʤʦʜʝʣʠ AT-SAM3S-EK. 
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ʅʘ ʜʘʥʥʦʤ ʫʩʪʨʦʡʩʪʚʝ, ʢʘʢ ʠ ʥʘ ʤʥʦʛʠʭ ʧʨʦʛʨʘʤʤʥʦ-ʢʦʥʬʠʛʫʨʠʨʫʝʤʳʭ 

ʜʝʚʘʡʩʘʭ, ʝʩʪʴ 2 ʦʩʥʦʚʥʳʭ ʙʣʦʢʘ ʧʘʤʷʪʠ ï FLASH-ʧʘʤʷʪʴ ʠ SRAM (ʘʥʛʣ. Static 

Random Access Memory). ɺ ʦʬʠʮʠʘʣʴʥʦʤ ʜʦʢʫʤʝʥʪʝ ʫʢʘʟʘʥʦ, ʯʪʦ ʧʝʨʚʳʝ                       

16 ʢʠʣʦʙʘʡʪ Boot ʧʘʤʷʪʠ ʟʘʥʷʪʳ ʫʧʦʤʷʥʫʪʳʤ ʨʘʥʝʝ bootloader-ʦʤ. 

ɸʣʛʦʨʠʪʤ ʘʚʪʦʨʠʟʘʮʠʠ ʥʘ ʟʘʱʠʱʘʝʤʦʤ ʫʩʪʨʦʡʩʪʚʝ. 

ɺ ʦʩʥʦʚʝ ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʣʝʞʠʪ ʩʫʱʝʩʪʚʫʶʱʠʡ ʤʝʭʘʥʠʟʤ ʘʚʪʦʨʠʟʘʮʠʠ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ ʧʦʤʦʱʴʶ ʢʘʢʠʭ-ʣʠʙʦ ʫʥʠʢʘʣʴʥʳʭ ʜʘʥʥʳʭ. ɺ ʦʩʥʦʚʥʦʤ ʪʘʢʠʤʠ 

ʜʘʥʥʳʤʠ ʷʚʣʷʝʪʩʷ ʢʦʤʙʠʥʘʮʠʷ çʣʦʛʠʥ-ʧʘʨʦʣʴè, ʢʦʪʦʨʘʷ ʪʘʢʞʝ ʙʫʜʝʪ ʧʨʠʤʝ-

ʥʷʪʴʩʷ ʠ ʚ ʵʪʦʡ ʨʘʙʦʪʝ. 

 ʇʨʠʥʮʠʧʠʘʣʴʥʦʝ ʦʪʣʠʯʠʝ ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʦʪ ʧʦʜʦʙʥʳʭ ʘʥʘʣʦʛʦʚ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʝʨʠʦʜʠʯʥʦʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʠʟʤʝʥʝʥʠʠ ʧʘʨʦʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ, 

ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʩʚʦʜʠʪ ʥʘ ʥʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʙʳʪʴ ʵʪʫ ʠʥʬʦʨʤʘʮʠʶ ʩ 

ʧʦʤʦʱʴʶ ʧʝʨʝʙʦʨʘ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʢʦʤʙʠʥʘʮʠʡ ʩʠʤʚʦʣʦʚ. ʊʘʢʞʝ ʜʣʷ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʳʭ ʤʝʨ ʟʘʱʠʪʳ ʘʣʛʦʨʠʪʤ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʦʛʨʘʥʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ 

ʧʦʧʳʪʦʢ ʚʚʦʜʘ ʢʘʞʜʦʛʦ ʠʟ ʧʦʣʝʡ. 

ʄʝʭʘʥʠʟʤ ʘʚʪʦʨʠʟʘʮʠʠ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʩʣʝʜʫʶʱʠʡ: ʧʨʠ ʧʦʜʢʣʶʯʝʥʠʠ                  

ʢ ʦʙʲʝʢʪʫ ʟʘʱʠʪʳ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ ʠʣʠ ʜʨʫʛʦʛʦ ʘʚʪʦʥʦʤʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʘʣʛʦʨʠʪʤ ʥʘʯʥʝʪ ʩʚʦʝ ʜʝʡʩʪʚʠʝ ʠ ʧʝʨʝʡʜʝʪ ʚ ʩʦʩʪʦʷʥʠʝ ʦʞʠʜʘʥʠʷ 

ʩʧʝʮʠʘʣʴʥʦʡ ʩʠʛʥʘʪʫʨʳ. ɼʘʣʝʝ ʦʪ ʧʦʣʴʟʦʚʘʪʝʣʷ ʧʦʪʨʝʙʫʝʪʩʷ ʨʫʯʥʦʡ ʚʚʦʜ 

ʜʘʥʥʳʭ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʣʷ ʠ ʦʪʧʨʘʚʢʘ ʠʭ ʯʝʨʝʟ ʫʩʪʘʥʦʚʣʝʥʥʦʝ ʩ ʧʣʘʪʦʡ 

ʩʦʝʜʠʥʝʥʠʝ. ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʨʘʚʠʣʴʥʦʩʪʠ ʚʚʝʜʝʥʥʳʭ ʣʦʛʠʥʘ ʠ ʧʘʨʦʣʷ 

ʯʘʩʪʴ ʥʝʦʙʭʦʜʠʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʙʫʜʝʪ ʧʝʨʝʜʘʥʘ ʚʤʝʩʪʝ ʩ ʥʠʤʠ ʥʘ ʫʩʪʨʦʡʩʪʚʦ.  

ʆʙʣʘʜʘʷ ʚʩʝʤʠ ʥʝʦʙʭʦʜʠʤʳʤʠ ʜʘʥʥʳʤʠ, ʘʣʛʦʨʠʪʤ ʧʨʦʠʟʚʝʜʝʪ ʧʦʚʪʦʨʥʫʶ 

ʛʝʥʝʨʘʮʠʶ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʩʨʘʚʥʠʪ ʧʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʩ ʪʝʤ, ʯʪʦ 

ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʠʟʚʥʝ [4].  

ɼʣʷ ʧʦʣʥʦʮʝʥʥʦʡ ʨʘʙʦʪʳ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʥʝʦʙʭʦʜʠʤʘ ʝʱʝ ʦʜʥʘ ʫʪʠʣʠʪʘ, ʦʪʚʝʯʘʶʱʘʷ ʟʘ ʛʝʥʝʨʘʮʠʶ ʜʘʥʥʳʭ ʜʣʷ 

ʘʚʪʦʨʠʟʘʮʠʠ. 

ʀʩʧʦʣʴʟʫʝʤʳʡ ʚ ʜʘʥʥʦʡ ʫʪʠʣʠʪʝ ʘʣʛʦʨʠʪʤ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ 

ʘʚʪʦʨʠʟʫʶʱʠʡʩʷ ʧʦʣʴʟʦʚʘʪʝʣʴ ʠʣʠ ʫʩʪʨʦʡʩʪʚʦ ʫʞʝ ʠʤʝʝʪ ʣʦʛʠʥ, ʢʦʪʦʨʳʡ 

ʜʦʣʞʝʥ ʙʳʪʴ ʝʤʫ ʧʨʝʜʦʩʪʘʚʣʝʥ ʘʜʤʠʥʠʩʪʨʘʪʦʨʦʤ ʩʠʩʪʝʤʳ ʠʣʠ ʠʥʳʤ 

ʦʪʚʝʪʩʪʚʝʥʥʳʤ ʣʠʮʦʤ. ʊʘʢ ʞʝ ʧʦʣʴʟʦʚʘʪʝʣʴ ʦʙʷʟʘʥ ʟʥʘʪʴ ʩʧʝʮʠʘʣʴʥʳʡ ʥʘʙʦʨ 

ʧʨʘʚʠʣ ʠ ʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʳʝ ʧʦʤʦʛʫʪ ʝʤʫ ʧʦʣʫʯʠʪʴ ʚʪʦʨʫʶ ʯʘʩʪʴ ʜʘʥʥʳʭ ʜʣʷ 

ʚʭʦʜʘ [5]. 

ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʷ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ                         

ʚ ʩʣʝʜʫʶʱʝʤ ʧʦʨʷʜʢʝ: 

1. ʇʨʠʤʝʥʝʥʠʝ ʢ ʣʦʛʠʥʫ ʰʠʬʨʘ ɻʨʦʥʩʬʝʣʴʜʘ. ʂʣʶʯ ʢ ʰʠʬʨʫ ʙʫʜʝʪ 

ʥʘʭʦʜʠʪʴʩʷ ʚ ʩʧʠʩʢʝ ʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʳʝ ʧʦʣʴʟʦʚʘʪʝʣʴ ʜʦʣʞʝʥ ʠʤʝʪʴ ʜʣʷ 

ʫʩʧʝʰʥʦʡ ʛʝʥʝʨʘʮʠʠ ʧʘʨʦʣʷ. ʇʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤ ʧʨʦʚʝʨʠʪ ʣʦʛʠʥ 

ʥʘ ʥʘʣʠʯʠʝ ʚ ʥʝʤ ʟʘʧʨʝʱʝʥʥʳʭ ʩʠʤʚʦʣʦʚ (! , . ; / ʠ ʪ.ʜ.). 

2. ɺʳʯʠʩʣʝʥʠʝ ʭʵʰ-ʬʫʥʢʮʠʠ. ɽʩʣʠ ʘʜʤʠʥʠʩʪʨʘʪʦʨ ʩʝʪʠ ʟʘʭʦʯʝʪ 

ʧʦʚʳʩʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʩʦʟʜʘʚʘʝʤʦʛʦ ʧʘʨʦʣʷ, ʦʥ ʤʦʞʝʪ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʡ 

ʢʦʤʙʠʥʘʮʠʠ ʩʠʤʚʦʣʦʚ ç@#%è ʫʢʘʟʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʧʘʨʘʤʝʪʨ ʛʝʥʝʨʘʮʠʠ 
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(ʨʘʩʧʦʣʦʞʝʥʠʝ ʩʠʤʚʦʣʦʚ ʚ ʢʣʶʯʝ ʤʦʞʝʪ ʙʳʪʴ ʩʣʫʯʘʡʥʳʤ, ʚʘʞʝʥ ʣʠʰʴ ʠʭ 

ʧʦʨʷʜʦʢ ʠ ʢʦʣʠʯʝʩʪʚʦ). ɿʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ ʙʫʜʝʪ ʧʨʠʩʦʝʜʠʥʝʥʦ ʢ ʨʝʟʫʣʴʪʘʪʫ 

ʧʨʝʜʳʜʫʱʠʭ ʚʳʯʠʩʣʝʥʠʡ. 

ʇʨʠʤʝʨ ʢʣʶʯʘ ʩ ʧʘʨʘʤʝʪʨʦʤ: 433@#52565412%. 

ʀʪʦʛʦʚʳʝ ʘʣʛʦʨʠʪʤʳ ʤʦʛʫʪ ʙʳʪʴ ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʚ ʣʶʙʳʝ ʧʨʦʛʨʘʤʤʥʦ-

ʢʦʥʬʠʛʫʨʠʨʫʝʤʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʝ ʢʘʢʠʝ-ʣʠʙʦ ʠʥʪʝʨʬʝʡʩʳ 

ʩʦʝʜʠʥʝʥʠʷ ʩ ʧʝʨʩʦʥʘʣʴʥʳʤ ʢʦʤʧʴʶʪʝʨʦʤ ʠʣʠ ʜʨʫʛʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ[6]. 
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ɸʃɻʆʈʀʊʄ ʆʇʈɽɼɽʃɽʅʀʗ ʉʃɽɼʋʖʑɽɻʆ ɺʈɽʄɽʅʅʆɻʆ 

ʀʅʊɽʈɺɸʃɸ ɼʃʗ ɿɸɼɸʏʀ ʇʃɸʅʀʈʆɺɸʅʀʗ ɺʈɽʄɽʅʀ 

ʅɸʏɸʃɸ ʈɸɹʆʊ ɺ ʉʊʆʍɸʉʊʀʏɽʉʂʀʍ ʉʀʉʊɽʄɸʍ 

 

ʀ. ɸ. ʉʝʣʠʱʝʚ
1
, ʉ. ɸ. ʆʣʝʡʥʠʢʦʚʘ

2
 

1
ʄʘʛʠʩʪʨ ʛʨ. ʤɸʉ-181,  selishcheviv@gmail.com 

2
ɼ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, s.a.oleynikova@gmail.com  

ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 
ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʧʣʘʥʠʨʦʚʘʥʠʷ ʚʨʝʤʝʥʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʜʣʷ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ ʩ ʚʟʘʠʤʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʤʝʞʜʫ ʨʘʙʦʪʘʤʠ ʠ ʨʝʩʫʨʩʥʳʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ. ʇʨʝʜʣʦʞʝʥ 

ʧʦʜʭʦʜ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʣʝʜʫʶʱʝʛʦ ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ, ʷʚʣʷʶʱʠʡʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ 

ʯʘʩʪʴʶ ʘʣʛʦʨʠʪʤʘ ʧʣʘʥʠʨʦʚʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʝʪʝʚʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʠ ʫʧʨʘʚʣʝʥʠʝ, ʩʪʦʭʘʩʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ. 

 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʨʘʬʠʢʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚ ʤʥʦʛʦ-

ʩʪʘʜʠʡʥʳʭ ʩʠʩʪʝʤʘʭ ʩ ʚʟʘʠʤʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʤʝʞʜʫ ʨʘʙʦʪʘʤʠ. ʆʙʩʣʫ-

ʞʠʚʘʥʠʝ ʟʘʷʚʢʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʳʧʦʣʥʝʥʠʝ ʤʥʦʞʝʩʪʚʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-

ʧʘʨʘʣʣʝʣʴʥʳʭ ʨʘʙʦʪ ʩʦ ʩʣʫʯʘʡʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʴʶ. ʅʝʦʙʭʦʜʠʤʦ ʩʬʦʨʤʠʨʦʚʘʪʴ 

ʛʨʘʬʠʢ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʦʩʪʫʧʠʚʰʝʡ ʟʘʷʚʢʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʢʦʨʝʡʰʝʛʦ 

ʟʘʚʝʨʰʝʥʠʷ ʨʘʙʦʪ. ɺ [3] ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʦʙʦʙʱʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʧʣʘʥʠʨʦʚʘʥʠʷ. 

ɼʝʪʘʣʠʟʠʨʫʝʤ ʝʛʦ ʵʪʘʧ, ʩʚʷʟʘʥʥʳʡ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʦʯʝʨʝʜʥʦʛʦ ʚʨʝʤʝʥʥʦʛʦ 

ʠʥʪʝʨʚʘʣʘ. ʆʜʥʦʡ ʠʟ ʦʪʣʠʯʠʪʝʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʳ 

ʷʚʣʷʝʪʩʷ ʩʣʫʯʘʡʥʘʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʚʳʧʦʣʥʷʝʤʳʭ ʨʘʙʦʪ. ɺ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʤ 

ʩʣʫʯʘʝ ʦʧʨʝʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʡ ʤʦʤʝʥʪ ʧʣʘʥʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʘʙʩʦʣʶʪʥʦ ʪʦʯʥʦ. 

ɺ ʜʘʥʥʦʤ ʞʝ ʩʣʫʯʘʝ ʤʦʞʥʦ ʣʠʰʴ ʧʨʝʜʧʦʣʘʛʘʪʴ ʚʨʝʤʷ ʟʘʚʝʨʰʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʨʘʙʦʪʳ. ɺ ʩʣʫʯʘʝ ʝʩʣʠ ʧʨʦʛʥʦʟ ʥʝʚʝʨʥʳʡ, ʥʝʦʙʭʦʜʠʤʦ ʦʩʫʱʝʩʪʚʠʪʴ ʧʝʨʝʨʘʩʯʝʪ 

ʚʨʝʤʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠʟ-ʟʘ ʚʦʟʤʦʞʥʦʩʪʠ ʙʦʣʝʝ ʨʘʥʥʝʛʦ ʦʩʚʦʙʦʞʜʝʥʠʷ 

ʨʝʩʫʨʩʦʚ ʠʣʠ, ʥʘʦʙʦʨʦʪ, ʠʟ-ʟʘ ʠʭ ʟʘʥʷʪʦʩʪʠ. ɺ ʢʘʯʝʩʪʚʝ ʦʨʠʝʥʪʠʨʦʚʦʯʥʦʡ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʢʘʞʜʦʡ ʨʘʙʦʪʳ ʚʟʷʪʘ ʚʝʣʠʯʠʥʘ, ʢʦʪʦʨʘʷ ʨʘʩʩʯʠʪʘʥʘ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʥʘʠʤʝʥʴʰʝʛʦ, ʥʘʠʙʦʣʴʰʝʛʦ ʠ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦʛʦ ʤʦʤʝʥʪʦʚ ʩ ʧʦʤʦʱʴʶ 

ʤʝʪʦʜʘ PERT [1, 2]. ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʚ ʥʝʢʦʪʦʨʳʡ ʤʦʤʝʥʪ ti ʠʤʝʝʪ ʤʝʩʪʦ 

ʩʣʝʜʫʶʱʘʷ ʩʠʪʫʘʮʠʷ: 
- ʚʳʧʦʣʥʷʝʪʩʷ ʥʝʢʦʪʦʨʘʷ ʯʘʩʪʴ ʨʘʙʦʪ (ʧʫʩʪʴ ʦʥʠ ʩʦʩʪʘʚʣʷʶʪ ʤʥʦʞʝʩʪʚʦ 

W1); 
- ʨʝʰʘʝʪʩʷ ʟʘʜʘʯʘ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʥʘʯʘʣʘ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʚ ʤʦʤʝʥʪ ti ʠʟ 

ʤʥʦʞʝʩʪʚʘ W2, ʚ ʢʦʪʦʨʦʝ ʚʭʦʜʷʪ ʨʘʙʦʪʳ, ʢʦʪʦʨʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠ ʤʦʞʥʦ ʥʘʯʘʪʴ ʢ 
ʜʘʥʥʦʤʫ ʤʦʤʝʥʪʫ (ʪ.ʝ. ʪʝ ʨʘʙʦʪʳ, ʫ ʢʦʪʦʨʳʭ ʚʩʝ ʧʨʝʜʰʝʩʪʚʫʶʱʠʝ ʨʘʙʦʪʳ ʢ 
ʤʦʤʝʥʪʫ ti) ʟʘʚʝʨʰʝʥʳ. 

ʇʫʩʪʴ ʚ ʨʝʟʫʣʴʪʘʪʳ ʧʣʘʥʠʨʦʚʘʥʠʷ ʤʥʦʞʝʩʪʚʦ W2 ʨʘʟʜʝʣʝʥʦ ʥʘ ʜʚʘ 
ʧʦʜʤʥʦʞʝʩʪʚʘ: 

- W2i ï ʤʥʦʞʝʩʪʚʦ ʨʘʙʦʪ, ʚʨʝʤʷ ʥʘʯʘʣʘ ʢʦʪʦʨʳʭ ï ʵʪʦ ʤʦʤʝʥʪ ti; 
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- W2i+1 ï ʤʥʦʞʝʩʪʚʦ ʨʘʙʦʪ, ʚʨʝʤʷ ʥʘʯʘʣʘ ʢʦʪʦʨʳʭ ï ʵʪʦ ʥʝʢʦʪʦʨʳʡ 
ʩʣʝʜʫʶʱʠʡ ʤʦʤʝʥʪ ti+1. 

ɿʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʜʘʥʥʦʛʦ ʤʦʤʝʥʪʘ. ʇʫʩʪʴ ʤʥʦʞʝʩʪʚʦ W1 

ʩʦʜʝʨʞʠʪ ʨʘʙʦʪʳ w11, w12,é, w1n. ʇʫʩʪʴ ʤʥʦʞʝʩʪʚʦ W2i ʩʦʜʝʨʞʠʪ ʨʘʙʦʪʳ w21, 

w22,é, w2m. ʇʦʩʢʦʣʴʢʫ ʢ ʩʣʝʜʫʶʱʝʤʫ ʵʪʘʧʫ ʵʪʦ ʙʫʜʫʪ ʨʘʙʦʪʳ, ʢʦʪʦʨʳʝ 

ʥʘʯʘʣʠʩʴ ʨʘʥʝʝ, ʥʦ ʝʱʝ ʥʝ ʟʘʚʝʨʰʠʣʠʩʴ, ʦʙʲʝʜʠʥʠʤ ʦʙʘ ʤʥʦʞʝʩʪʚʘ ʚ ʤʥʦʞʝʩʪʚʦ 

W1.ʆʧʨʝʜʝʣʠʤ dhtvz ʟʘʚʝʨʰʝʥʠʷ ʚʩʝʭ ʨʘʙʦʪ ʠʟ W1. ɼʣʷ ʵʪʦʛʦ ʚʦʩʧʦʣʴʟʫʝʤʩʷ 

ʬʦʨʤʫʣʦʡ: 

ὸ̋̏̎ ὸ̘̎́ὨὰὭὸ.     (1) 

ɿʜʝʩʴ ὸ̋̏̎ ï ʚʨʝʤʷ ʦʢʦʥʯʘʥʠʷ ʨʘʙʦʪʳ k; ὸ̘̎́ ï ʚʨʝʤʷ ʥʘʯʘʣʘ ʨʘʙʦʪʳ k; 

ὨὰὭὸ ï ʦʨʠʝʥʪʠʨʦʚʦʯʥʘʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʨʘʙʦʪʳ k. 

ɼʘʣʝʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʡʪʠ ʧʦ ʚʩʝʤ ʨʘʙʦʪʘʤ ʠʟ W1 ʠ ʥʘʡʪʠ ʪʘʢʫʶ ʨʘʙʦʪʫ j, 

ʜʣʷ ʢʦʪʦʨʦʡ ὸ̋̏̎ ʤʠʥʠʤʘʣʴʥʦ: 

Ὦȡ ὸ̋̏̎ ÍÉÎÍ ὸ̋̏̎.     (2) 

ʀʤʝʥʥʦ ʵʪʦʪ ʤʦʤʝʥʪ ʠ ʙʫʜʝʪ ʚʨʝʤʝʥʝʤ ʥʘʯʘʣʘ ʩʣʝʜʫʶʱʝʛʦ ʚʨʝʤʝʥʥʦʛʦ 
ʠʥʪʝʨʚʘʣʘ. 

ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʘʣʛʦʨʠʪʤ ʧʦʠʩʢʘ ʩʣʝʜʫʶʱʝʛʦ ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʜʣʷ 
ʟʘʜʘʯʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʨʘʬʠʢʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʙʫʜʝʪ ʪʘʢʠʤ: 

- ʦʧʨʝʜʝʣʠʪʴ ʤʥʦʞʝʩʪʚʦ ʨʘʙʦʪ W1; 
- ʦʧʨʝʜʝʣʠʪʴ ʦʨʠʝʥʪʠʨʦʚʦʯʥʦʝ ʚʨʝʤʷ ʦʢʦʥʯʘʥʠʷ ʚʩʝʭ ʨʘʙʦʪ ʩ ʧʦʤʦʱʴʶ 

ʬʦʨʤʫʣʳ (1); 
- ʩʨʝʜʠ ʚʩʝʭ ʨʘʙʦʪ ʠʟ W1 ʦʧʨʝʜʝʣʠʪʴ ʨʘʙʦʪʫ, ʫ ʢʦʪʦʨʦʡ ʤʦʤʝʥʪ ʦʢʦʥʯʘʥʠʷ 

ʩʘʤʳʡ ʨʘʥʥʠʡ (ʩ ʧʦʤʦʱʴʶ ʬʦʨʤʫʣʳ (2)); 
- ʚʳʜʘʪʴ ʚʨʝʤʷ ʦʢʦʥʯʘʥʠʷ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʚ ʢʘʯʝʩʪʚʝ ʦʪʚʝʪʘ. 
ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʝʱʝ ʨʘʟ ʚʘʞʥʫʶ ʦʩʦʙʝʥʥʦʩʪʴ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʟʘʜʘʯ. 

ɼʣʷ ʥʠʭ ʵʪʦʪ ʤʦʤʝʥʪ ʷʚʣʷʝʪʩʷ ʦʨʠʝʥʪʠʨʦʚʦʯʥʳʤ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ 
ʬʘʢʪʠʯʝʩʢʦʝ ʚʨʝʤʷ ʦʢʦʥʯʘʥʠʷ ʨʘʙʦʪʳ ʤʦʞʝʪ ʥʝ ʩʦʚʧʘʩʪʴ ʩ ʧʣʘʥʦʚʳʤ, ʯʪʦ 
ʧʦʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʝʡ ʢʦʨʨʝʢʮʠʠ ʛʨʘʬʠʢʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥ 
ʘʣʛʦʨʠʪʤ ʦʧʨʝʜʝʣʝʥʠʷ ʦʯʝʨʝʜʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʧʣʘʥʠʨʦʚʘʥʠʷ ʜʣʷ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ 
ʩʠʩʪʝʤ ʩ ʚʟʘʠʤʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʤʝʞʜʫ ʨʘʙʦʪʘʤʠ. 
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ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 
ɺ ʩʪʘʪʴʝ ʚʳʧʦʣʥʝʥ ʦʙʟʦʨ ʦʩʥʦʚʥʳʭ ʘʩʧʝʢʪʦʚ ʪʝʭʥʦʣʦʛʠʠ ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʘ ʪʦʯʝʢ. 

ʈʘʩʩʤʦʪʨʝʥʳ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ, ʬʦʨʤʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʵʪʦʡ 

ʪʝʭʥʦʣʦʛʠʠ, ʦʧʨʝʜʝʣʝʥ ʧʝʨʝʯʝʥʴ ʘʣʛʦʨʠʪʤʦʚ, ʧʨʦʛʨʘʤʤʥʳʭ ʙʠʙʣʠʦʪʝʢ ʠ ʧʨʦʛʨʘʤʤʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʘ ʪʦʯʝʢ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʙʣʘʢʦ ʪʦʯʝʢ, 3D-ʤʦʜʝʣʴ, ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ. 

 

ʆʙʣʘʢʦ ʪʦʯʝʢ (ʘʥʛʣ. point cloud) ï ʩʧʦʩʦʙ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʪʨʝʭʤʝʨʥʦʡ 

ʤʦʜʝʣʠ ʦʙʲʝʢʪʘ ʠʣʠ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʧʦʣʫʯʝʥʥʦʡ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʨʠ ʧʦʤʦʱʠ 3D-ʩʢʘʥʝʨʘ. ʊʝʭʥʠʯʝʩʢʠ ʦʙʣʘʢʦ ʪʦʯʝʢ (ʆʊ) 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʙʦʨ (ʙʘʟʫ ʜʘʥʥʳʭ) ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ (X,Y,Z) 

ʪʦʯʝʢ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʲʝʢʪʘ. ʆʊ ʤʦʛʫʪ ʙʳʪʴ ʩʦʟʜʘʥʳ ʢʘʢ 

ʨʝʟʫʣʴʪʘʪ ʝʜʠʥʠʯʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʘ, ʠʣʠ ʢʘʢ ʦʙʲʝʜʠʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ. ɽʩʣʠ ʧʨʠ ʩʢʘʥʠʨʦʚʘʥʠʠ ʢ ʛʝʦʤʝʪʨʠ-

ʯʝʩʢʠʤ ʢʦʦʨʜʠʥʘʪʘʤ ʜʦʙʘʚʣʷʶʪʩʷ ʜʘʥʥʳʝ ʦ ʮʚʝʪʝ ʦʙʲʝʢʪʦʚ, ʪʦ ʦʙʣʘʢʦ ʪʦʯʝʢ               

ʠʟ ʪʨʝʭʤʝʨʥʦʛʦ (3D) ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʯʝʪʳʨʝʭʤʝʨʥʦʝ (4D). 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʦʙʣʘʩʪʴʶ ʧʨʠʤʝʥʝʥʠʷ ʆʊ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʨʢʘ 

ʢʘʯʝʩʪʚʘ ʠ ʠʥʜʫʩʪʨʠʘʣʴʥʘʷ ʤʝʪʨʦʣʦʛʠʷ. ɻʦʪʦʚʦʝ ʠʟʜʝʣʠʝ ʩʢʘʥʠʨʫʶʪ ʠ ʧʦʣʫʯʝʥ-

ʥʦʝ ʆʊ ʥʘʢʣʘʜʳʚʘʶʪ ʥʘ ʪʨʝʭʤʝʨʥʫʶ ʤʦʜʝʣʴ ʠʟʜʝʣʠʷ, ʩʦʟʜʘʥʥʫʶ ʚ CAD-

ʩʠʩʪʝʤʝ ʧʨʠ ʝʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʨʘʚʥʝʥʠʷ, ʚʳʧʦʣʥʷʝʤʦʛʦ ʚ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʠʣʠ ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ, ʚʳʜʝʣʷʶʪ ʫʯʘʩʪʢʠ ʠ ʦʙʣʘʩʪʠ 

ʦʪʢʣʦʥʝʥʠʡ ʨʝʘʣʴʥʦʡ ʤʦʜʝʣʠ ʦʪ ʬʦʨʤʘʣʴʥʦʡ. ʉʭʦʞʠʝ ʪʝʭʥʦʣʦʛʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʥʝ ʪʦʣʴʢʦ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ, ʥʦ ʠ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ (ʩʤ. ʨʠʩʫʥʦʢ) [1]. 

ʀʩʧʦʣʴʟʫʶʪ ʆʊ ʠ ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʧʨʦʮʝʩʩʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʆʊ, 

ʦʪʢʨʳʪʦʝ ʚ CAD-ʩʠʩʪʝʤʝ, ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʡ 

ʧʦʜʦʩʥʦʚʳ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʛʨʘʬʠʯʝʩʢʠʭ ʧʦʩʪʨʦʝʥʠʡ. 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʦʙʣʘʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʆʊ ʷʚʣʷʝʪʩʷ ʚʠʟʫʘʣʠʟʘʮʠʷ 

ʦʙʲʸʤʥʳʭ ʜʘʥʥʳʭ, ʚ ʯʘʩʪʥʦʩʪʠ, ʤʝʜʠʮʠʥʩʢʘʷ ʚʠʟʫʘʣʠʟʘʮʠʷ. ʉʦʚʤʝʩʪʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʣʘʢʘ ʪʦʯʝʢ ʠ ʪʨʘʜʠʮʠʦʥʥʦʡ ʜʣʷ ʵʪʠʭ ʟʘʜʘʯ ʚʦʢʩʝʣʴʥʦʡ ʤʦʜʝʣʠ, 

ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʠʪʴ ʵʬʬʝʢʪʠʚʥʦʝ ʩʛʣʘʞʠʚʘʥʠʝ ʦʪʦʙʨʘʞʝʥʠʷ ʠ ʩʞʘʪʠʝ 

ʜʘʥʥʳʭ. 
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ɺʠʟʫʘʣʠʟʘʮʠʷ ʆʊ ʩ ʧʦʢʘʟʘʥʥʳʤʠ ʦʪʢʣʦʥʝʥʠʷʤʠ ʦʪ CAD-ʤʦʜʝʣʠ 

 

 

ʆʜʥʦʡ ʠʟ ʪʨʘʜʠʮʠʦʥʥʳʭ ʩʬʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʆʊ ʷʚʣʷʶʪʩʷ 

ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ, ʛʜʝ ʥʘ ʦʩʥʦʚʝ ʆʊ ʩʦʟʜʘʶʪ ʮʠʬʨʦʚʳʝ ʤʦʜʝʣʠ 

ʨʝʣʴʝʬʘ ʠ 3D-ʤʦʜʝʣʠ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʥʝ ʧʦʣʴʟʫʶʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥ-

ʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʝʡ ʆʊ, ʘ ʦʩʫʱʝʩʪʚʣʷʶʪ ʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚ CAD-ʤʦʜʝʣʠ, 

ʤʦʜʝʣʠ ʩ NURBS-ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʠʣʠ ʧʦʣʠʛʦʥʘʣʴʥʫʶ ʩʝʪʢʫ. ɼʘʥʥʳʡ ʧʨʦʮʝʩʩ 

ʥʘʟʳʚʘʝʪʩʷ ʨʝʢʦʥʩʪʨʫʢʮʠʝʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘʣʛʦʨʠʪʤʳ, ʢʦʪʦʨʳʝ 

ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʆʊ ʚ ʪʨʸʭʤʝʨʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʷʚʣʷʶʪʩʷ 

ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʘʩʧʝʢʪʦʚ ʠʟʫʯʝʥʠʷ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. 

ʊʨʠʘʥʛʫʣʷʮʠʷ ɼʝʣʦʥʝ ʚʧʝʨʚʳʝ ʧʦʷʚʠʣʘʩʴ ʚ ʥʘʫʯʥʦʤ ʤʠʨʝ ʚ ʢʘʯʝʩʪʚʝ 

ʛʨʘʬʘ, ʜʚʦʡʩʪʚʝʥʥʦʛʦ ʪ.ʥ. ʜʠʘʛʨʘʤʤʝ ɺʦʨʦʥʦʛʦ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ 

ʦʩʥʦʚʥʳʭ ʩʪʨʫʢʪʫʨ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ. ɼʘʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʧʨʝʜʩʪʘʚ-

ʣʷʝʪ ʩʦʙʦʡ ʪʨʠʘʥʛʫʣʷʮʠʶ (ʨʘʟʙʠʝʥʠʝ ʥʝʢʦʪʦʨʦʛʦ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ ʥʘ 

ʩʠʤʧʣʝʢʩʳ) ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʤʥʦʞʝʩʪʚʘ ʪʦʯʝʢ S ʥʘ ʧʣʦʩʢʦʩʪʠ, ʧʨʠ ʢʦʪʦʨʦʡ 

ʜʣʷ ʣʶʙʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ ʚʩʝ ʪʦʯʢʠ ʠʟ S, ʠʩʢʣʶʯʘʷ ʪʦʯʢʠ ʚʝʨʰʠʥ, ʣʝʞʘʪ ʟʘ 

ʧʨʝʜʝʣʘʤʠ ʦʢʨʫʞʥʦʩʪʠ, ʦʧʠʩʘʥʥʦʡ ʚʦʢʨʫʛ ʪʨʝʫʛʦʣʴʥʠʢʘ [3]. ɸʣʛʦʨʠʪʤ ʧʦʚʦʨʦʪʘ 

ʰʘʨʘ ʧʦʣʫʯʠʣ ʩʚʦʝ ʥʘʟʚʘʥʠʝ ʙʣʘʛʦʜʘʨʷ ʠʤʠʪʘʮʠʠ ʜʚʠʞʝʥʠʷ ʚʠʨʪʫʘʣʴʥʦʛʦ ʰʘʨʘ, 

ʧʦʤʦʛʘʶʱʝʛʦ ʚʦʩʩʪʘʥʦʚʠʪʴ ʩʝʪʢʫ ʠʟ ʦʙʣʘʢʘ ʪʦʯʝʢ [2]. 

ɹʠʙʣʠʦʪʝʢʘ ʦʙʣʘʢʘ ʪʦʯʝʢ (Point Cloud Library ï PCL) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʡ, ʦʪʢʨʳʪʳʡ ʧʨʦʝʢʪ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʘ ʪʦʯʝʢ. ʀʥʬʨʘ-

ʩʪʨʫʢʪʫʨʘ PCL ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʤʥʦʞʝʩʪʚʦ ʩʦʚʨʝʤʝʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʪʘʢʠʭ ʢʘʢ 

ʨʝʛʠʩʪʨʘʮʠʷ, ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʮʝʥʢʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʧʦʜʙʦʨ 

ʤʦʜʝʣʠ, ʩʝʛʤʝʥʪʘʮʠʷ ʠ ʬʠʣʴʪʨʘʮʠʷ [3]. 

PCL ʷʚʣʷʝʪʩʷ ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʡ ʙʠʙʣʠʦʪʝʢʦʡ ʠ ʩʦʚʤʝʩʪʠʤʦʡ ʩ ʩʠʩʪʝ-

ʤʘʤʠ Windows, Android, MacOS ʠ Linux. ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʧʨʦʮʝʩʩʘ ʨʘʟʨʘʙʦʪʢʠ 

ʙʠʙʣʠʦʪʝʢʘ ʆʊ ʨʘʟʙʠʪʘ ʥʘ ʤʥʦʞʝʩʪʚʦ ʥʝʙʦʣʴʰʠʭ ʙʠʙʣʠʦʪʝʢ, ʢʦʤʧʠʣʷʮʠʷ 

ʢʦʪʦʨʳʭ ʥʝ ʷʚʣʷʝʪʩʷ ʚʟʘʠʤʦʩʚʷʟʘʥʥʦʡ. ɼʘʥʥʘʷ ʤʦʜʫʣʴʥʦʩʪʴ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ 

ʩʠʩʪʝʤ ʩ ʫʤʝʥʴʰʝʥʥʳʤʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʠʣʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ 

ʨʘʟʤʝʨʥʦʩʪʝʡ. 
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ʇʨʦʛʨʘʤʤʥʳʤ ʩʨʝʜʩʪʚʦʤ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʯʝʨʪʝʞʝʡ ʥʘ 

ʦʩʥʦʚʝ ʦʙʣʘʢʘ ʪʦʯʝʢ ʤʦʞʝʪ ʩʪʘʪʴ çnanoCAD ʆʙʣʘʢʦ ʪʦʯʝʢè ï ʨʦʩʩʠʡʩʢʦʝ 

ʧʨʦʛʨʘʤʤʥʦʝ ʨʝʰʝʥʠʝ ʥʘ ʙʘʟʝ ʉɸʇʈ-ʧʣʘʪʬʦʨʤʳ, ʢʦʪʦʨʦʝ ʨʘʟʨʘʙʦʪʘʥʦ ʜʣʷ 

ʨʘʙʦʪʳ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 3D-ʩʢʘʥʠʨʦʚʘʥʠʷ. ɼʘʥʥʦʝ ʨʝʰʝʥʠʝ ʚ ʦʩʥʦʚʥʦʤ  

ʦʨʠʝʥʪʠʨʦʚʘʥʦ ʥʘ ʨʘʙʦʪʫ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʨʝʭʤʝʨʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ 

(LIDAR). ʇʦʩʪʘʚʣʷʝʪʩʷ ʢʘʢ ʤʦʜʫʣʴ ʢ nanoCAD Plus 20 [4]. 

ʆʩʥʦʚʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʧʨʦʛʨʘʤʤʳ ʷʚʣʷʶʪʩʷ ʤʦʱʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ 

ʷʜʨʦ, ʦʙʨʘʙʦʪʢʘ ʦʙʣʘʢʦʚ ʩ ʯʠʩʣʦʤ ʪʦʯʝʢ ʚʧʣʦʪʴ ʜʦ 2,5 ʤʣʨʜ., ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ 

ʜʣʷ ʨʘʙʦʪʳ ʩ ʠʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ, ʧʦʣʥʘʷ ʠʥʪʝʛʨʘʮʠʷ ʩ ʦʨʠʛʠʥʘʣʴʥʦʡ 

nanoCAD ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʪʝʛʨʘʮʠʠ ʩʦ ʩʪʦʨʦʥʥʠʤʠ ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʧʨʠʣʦʞʝ-

ʥʠʷʤʠ. 

ʆʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ çnanoCAD ʆʙʣʘʢʦ ʪʦʯʝʢè ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʬʝʨʳ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʟʜʘʥʠʡ, ʩʦʟʜʘʥʠʷ ʧʣʘʥʦʚ ʠ 2,5D-ʯʝʨʪʝʞʝʡ, 

ʦʙʣʘʩʪʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʘʰʠʥ, ʠʤʠʪʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ, ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʟʘʜʘʯ, ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʦʧʝʨʘʪʠʚʥʳʭ ʨʘʩʯʝʪʦʚ ʠ ʠʟʤʝʨʝʥʠʡ. 

ʆʙʣʘʢʘ ʪʦʯʝʢ ʧʨʠʦʙʨʝʪʘʶʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʚʦ ʚʩʝ ʙʦʣʝʝ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ 

ʦʙʣʘʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʚ ʙʣʠʞʘʡʰʠʝ ʛʦʜʳ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ ʜʦʩʪʫʧʥʦʩʪʠ, ʪʦʯʥʦʩʪʠ, ʧʣʦʪʥʦʩʪʠ ʠ ʨʘʟʤʝʨʘ ʪʨʝʭʤʝʨʥʳʭ 

ʦʙʣʘʢʦʚ ʪʦʯʝʢ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʠʚʝʜʝʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʨʦʩʪʫ 

ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʘʭ, ʩʧʦʩʦʙʥʳʭ ʥʘ ʨʘʟʨʘ-

ʙʦʪʢʫ ʠ ʚʥʝʜʨʝʥʠʝ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʭ ʨʝʰʝʥʠʡ ʚ ʪʝʭʥʦʣʦʛʠʠ ʦʙʨʘʙʦʪʢʠ 

ʆʊ. 

 
 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʆʙʣʘʢʦ ʪʦʯʝʢ. ʂʘʢ ʤʳ ʨʘʟʚʠʚʘʝʤ ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ 
[ʕʣʝʢʪʨʦʥ. ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ : 

https://habr.com/ru/company/jetinfosystems/blog/464593/ 

2. ʉʢʚʦʨʮʦʚ ɸ. ɺ. ʊʨʠʘʥʛʫʣʷʮʠʷ ɼʝʣʦʥʝ ʠ ʝʝ ʧʨʠʤʝʥʝʥʠʝ / ɸ. ɺ. ʉʢʚʦʨʮʦʚ 

// ʊʦʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʬʘʢʫʣʴʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ. ï ʊʦʤʩʢ: 

ʀʟʜ-ʚʦ ʊʦʤ. ʫʥ-ʪʘ, 2002. ï 128 ʩ. 

3. ʆʙʣʘʢʦ ʪʦʯʝʢ ʜʣʷ ʩʝʪʢʠ, ʘʣʛʦʨʠʪʤ ʧʦʚʦʨʦʪʘ ʰʘʨʘ [ʕʣʝʢʪʨʦʥ. ʨʝʩʫʨʩ]. ï 

ʈʝʞʠʤ ʜʦʩʪʫʧʘ : https://cs184team.github.io/cs184-final/writeup.html 

4. nanoCAD ʆʙʣʘʢʘ ʪʦʯʝʢ [ʕʣʝʢʪʨʦʥ. ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://www.nanocad.ru/products/nanocad-3dscan/ 
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ʋɼʂ 666.914.56 

 

ɸʅɸʃʀɿ ʂʆʅʂʋʈɽʅʊʅʆʁ ʉʈɽɼʓ ʀ ʎɽʅʆɺʆʁ ʉʀʊʋɸʎʀʀ 

ʅɸ ʈɽɻʀʆʅɸʃʔʅʆʄ ʈʓʅʂɽ 

ʉʋʍʀʍ ʉʊʈʆʀʊɽʃʔʅʓʍ ʉʄɽʉɽʁ ʅɸ ʆʉʅʆɺɽ ɻʀʇʉɸ 

 

ɸ. ʈ. ʊʠʰʢʦʚʘ
1
, ʅ. ɸ. ɹʝʣʴʢʦʚʘ

2
 

1
ʄʘʛʠʩʪʨʘʥʪ ʛʨʫʧʧʳ ʤʉʄ-181, ntr1996@mail.ru 

2
ʂʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ, verlnata@mail.ru 

ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 
ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʨʳʥʢʘ ʩʫʭʠʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʩʤʝʩʝʡ ʜʣʷ ʛʠʧʩʦʚʦʡ ʰʪʫʢʘʪʫʨʢʠ                         

ʚ ɺʦʨʦʥʝʞʩʢʦʡ ʦʙʣʘʩʪʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʳʥʦʢ ʫʤʝʨʝʥʥʦ-ʢʦʥʮʝʥʪʨʠʨʦʚʘʥ. ʇʨʦʜʫʢʮʠʷ 

ʚʦʨʦʥʝʞʩʢʦʛʦ ʟʘʚʦʜʘ ʆʆʆ çʌʦʨʤʤʘʪʝʨʠʘʣʳè ʷʚʣʷʝʪʩʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʡ ʧʦ ʧʦʢʘʟʘʪʝʣʶ 

ʮʝʥʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʫʭʠʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʩʤʝʩʠ, ʮʝʥʦʚʘʷ ʩʠʪʫʘʮʠʷ, ʨʳʥʦʢ.  

 

ʇʝʨʚʳʝ ʩʫʭʠʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʩʤʝʩʠ (ʉʉʉ) ʥʘʯʘʣʠ ʧʦʷʚʣʷʪʴʩʷ ʚ ʈʦʩʩʠʠ                

ʚ ʢʦʥʮʝ 1980-ʭ ʛʛ. ʠ ʧʦʩʪʘʚʣʷʣʠʩʴ ʚ ʦʩʥʦʚʥʦʤ ʠʟ ʉʢʘʥʜʠʥʘʚʠʠ [1].  ʃʠʥʝʡʢʘ 

ʩʫʭʠʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʩʤʝʩʝʡ ʚʢʣʶʯʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʥʘʠʤʝʥʦʚʘʥʠʡ, ʧʨʠ ʵʪʦʤ ʟʥʘʯʠʪʝʣʴʥʫʶ ʜʦʣʶ ʟʘʥʠʤʘʶʪ ʩʫʭʠʝ ʩʤʝʩʠ ʥʘ ʦʩʥʦʚʝ 

ʛʠʧʩʘ. ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠʩʪʦʨʠʷ ʨʘʟʚʠʪʠʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʥʘ 

ʦʩʥʦʚʝ ʛʠʧʩʦʚʦʛʦ ʚʷʞʫʱʝʛʦ, ʪʦ ʚ ʪʘʢʠʭ ʩʪʨʘʥʘʭ, ʢʘʢ  ɻʝʨʤʘʥʠʷ, ʀʩʧʘʥʠʷ, 

ʌʨʘʥʮʠʷ, ʉʐɸ, ʂʘʥʘʜʘ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʫʯʠʣʦ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʝʱʝ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʠʣʝʪʠʡ ʥʘʟʘʜ. ɺ ʈʦʩʩʠʠ ʛʠʧʩʦʚʳʝ ʤʘʪʝʨʠʘʣʳ (ʧʨʝʞʜʝ ʚʩʝʛʦ, 

ʩʫʭʠʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʩʤʝʩʠ) ʩʪʘʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʟʜʥʝʝ. ʆʜʥʘʢʦ 

ʟʘ ʧʦʩʣʝʜʥʠʝ 15 ʣʝʪ ʙʳʣʦ ʩʦʟʜʘʥʦ ʥʝʩʢʦʣʴʢʦ ʩʦʪʝʥ ʧʨʝʜʧʨʠʷʪʠʡ ʨʘʟʣʠʯʥʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʛʝʦʛʨʘʬʠʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʧʨʦʙʣʝʤʘ 

ʩʥʠʞʝʥʠʷ ʤʦʥʦʧʦʣʠʟʘʮʠʠ ʨʳʥʢʘ ʉʉʉ ʠ ʧʦʚʳʰʝʥʠʷ ʥʘ ʥʝʤ ʜʦʣʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʘʢʪʫʘʣʴʥʦʡ.  

ʎʝʣʴʶ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʣʘʩʴ ʦʮʝʥʢʘ ʢʦʥʢʫʨʝʥʪʥʦʡ ʩʨʝʜʳ ʠ 

ʮʝʥʦʚʦʡ ʩʠʪʫʘʮʠʠ ʥʘ ʨʳʥʢʝ ʩʫʭʠʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʩʤʝʩʝʡ ɺʦʨʦʥʝʞʩʢʦʡ ʦʙʣʘʩʪʠ. 

ɺʥʘʯʘʣʝ ʢʦʩʥʝʤʩʷ ʦʙʱʝʡ ʩʠʪʫʘʮʠʠ ʥʘ ʨʳʥʢʝ ʉʉʉ ʚ ʈʦʩʩʠʡʩʢʦʡ 

ʬʝʜʝʨʘʮʠʠ. ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʘʥʘʣʠʟ, ʣʠʜʠʨʫʶʱʫʶ ʧʦʟʠʮʠʶ ʥʘ ʨʳʥʢʝ ʉʉʉ ʥʘ 

ʦʩʥʦʚʝ ʛʠʧʩʘ ʚ  ʈʦʩʩʠʠ ʟʘʥʠʤʘʝʪ ʬʠʨʤʘ çʂʥʘʫʬè, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʤʠʨʦʚʳʭ ʣʠʜʝʨʦʚ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʚʥʫʪʨʝʥʥʝʡ            

ʠ ʚʥʝʰʥʝʡ ʦʪʜʝʣʢʠ. ʅʘ ʚʪʦʨʦʤ ʠ ʪʨʝʪʴʝʤ ʤʝʩʪʝ ʨʘʩʧʦʣʦʞʠʣʠʩʴ ʉʉʉ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ çʖʥʠʩè ʠ çɺʦʣʤʘè. 

ɺ ɺʦʨʦʥʝʞʝ ʩʘʤʳʤ ʢʨʫʧʥʳʤ ʟʘʚʦʜʦʤ ʩ ʰʠʨʦʢʦʡ ʣʠʥʝʡʢʦʡ ʚʳʙʦʨʘ ʉʉʉ 

ʨʘʟʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʥʘʟʥʘʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʟʘʚʦʜ ʆʆʆ çʌʦʨʤʤʘʪʝʨʠʘʣʳè.                          

ʇʦ ʜʘʥʥʳʤ, ʧʨʠʚʝʜʝʥʥʳʤ ʥʘ ʨʠʩ. 1 ʚʠʜʥʦ, ʯʪʦ ʟʘʚʦʜ çʌʦʨʤʤʘʪʝʨʠʘʣʳè 

ʟʘʥʠʤʘʝʪ 5 ʤʝʩʪʦ (ʜʦʣʷ ʨʳʥʢʘ ʩʦʩʪʘʚʣʷʝʪ 7,7 %). ʇʝʨʚʦʝ ʤʝʩʪʦ ʥʘ ɺʦʨʦʥʝʞʩʢʦʤ 

ʨʳʥʢʝ ʉʉʉ ʟʘʥʠʤʘʝʪ ɹʝʣʛʦʨʦʜʩʢʠʡ ʟʘʚʦʜ çɽʚʨʦ-ʃè (17,7 %), ʜʘʣʝʝ ʠʜʫʪ ʬʠʨʤʳ 

çʖʥʠʩè, çɺʦʣʤʘè, çʂʥʘʫʬè. 

mailto:ntr1996@mail.ru
mailto:verlnata@mail.ru
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ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʝʧʝʥʠ ʤʦʥʦʧʦʣʠʟʘʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʨʳʥʢʘ 

ʨʘʩʩʯʠʪʘʝʤ ʀʥʜʝʢʩ ʍʝʨʬʠʥʜʘʣʷ-ʍʠʨʰʤʘʥʘ, ʢʦʪʦʨʳʡ ʚʳʯʠʩʣʷʝʪʩʷ ʢʘʢ ʩʫʤʤʘ 

ʢʚʘʜʨʘʪʦʚ ʜʦʣʝʡ ʧʨʦʜʘʞ (S) ʢʘʞʜʦʡ ʬʠʨʤʳ ʚ ʦʪʨʘʩʣʠ:  

 

HHI = S
2
1 + S

2
2 + ... + S

2
n                                                                                   (1) 

 

ɼʣʷ ʥʘʰʠʭ ʜʘʥʥʳʭ:  

 

HHI = 152 + 12.32 + 3.22 + 7.72 + 17.72 + 4.62 + 12.42 + 27.12 = 1668,44 

 

ʊʘʢ ʢʘʢ ʠʥʜʝʢʩ ʍʝʨʬʠʥʜʘʣʷ-ʍʠʨʰʤʘʥʘ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ: 1000 < HHI 

Ò 1800, ʪʦ ʨʳʥʦʢ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʫʤʝʨʝʥʥʦ-ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʤ, ʪʦ ʝʩʪʴ ʠʤʝʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʢʦʥʪʨʦʣʝ ʘʥʪʠʤʦʥʦʧʦʣʴʥʦʛʦ ʢʦʤʠʪʝʪʘ.  

ɼʘʣʝʝ ʧʨʦʚʦʜʠʣʘʩʴ ʦʮʝʥʢʘ ʮʝʥʦʚʦʡ ʩʠʪʫʘʮʠʠ ʥʘ ʨʳʥʢʝ ʉʉʉ ʚ 

ɺʦʨʦʥʝʞʩʢʦʡ ʦʙʣʘʩʪʠ. ʊʘʢ ʢʘʢ ʩʨʘʚʥʝʥʠʝ ʧʦ ʮʝʥʘʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 

ʦʜʥʦʡ ʪʦʚʘʨʥʦʡ ʛʨʫʧʧʳ ʧʦ ʦʧʪʦʚʳʤ (ʦʪʧʫʩʢʥʳʤ) ʮʝʥʘʤ ʧʨʝʜʧʨʠʷʪʠʡ-

ʢʦʥʢʫʨʝʥʪʦʚ, ʪʦ ʚ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʩʨʘʚʥʝʥʠʷ ʧʨʠʥʷʪʘ ʛʠʧʩʦʚʘʷ ʰʪʫʢʘʪʫʨʢʘ ʜʣʷ 

ʨʫʯʥʦʛʦ ʥʘʥʝʩʝʥʠʷ, ʢʦʪʦʨʘʷ ʚʭʦʜʠʪ ʚ ʥʦʤʝʥʢʣʘʪʫʨʫ ʧʨʦʜʫʢʮʠʠ ʚʩʝʭ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʬʠʨʤ. 

ʆʪʢʣʦʥʝʥʠʷ ʚ ʧʨʦʮʝʥʪʘʭ ʮʝʥ ʧʨʦʜʫʢʮʠʠ ʢʘʞʜʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ 

ʨʘʩʩʯʠʪʳʚʘʣʦʩʴ ʧʦ ʬʦʨʤʫʣʝ: 

 

                                             Ўʎ
ʎ ʎʩʨ

ʎʩʨ
ϽρππϷȟ                                                (2) 

 

ʛʜʝ ʎi ï ʮʝʥʘ i-ʪʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʚʠʜ ʧʨʦʜʫʢʮʠʠ; 

ʈʠʩ. 1. ɼʦʣʠ ʨʳʥʢʘ ʉʉʉ ʚ ɺʦʨʦʥʝʞʩʢʦʡ ʦʙʣʘʩʪʠ 
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 ʎʩʨ ï ʩʨʝʜʥʷʷ ʮʝʥʘ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʚʠʜ ʧʨʦʜʫʢʮʠʠ (ʦʧʨʝʜʝʣʷʝʪʩʷ ʣʠʙʦ ʢʘʢ 

ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʮʝʥʳ ʜʣʷ ʢʘʞʜʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ, ʣʠʙʦ ʧʦ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʜʘʥʥʳʤ). 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ  ʠ ʥʘ ʨʠʩ. 2. 

 

ʆʪʢʣʦʥʝʥʠʷ ʮʝʥ ʛʠʧʩʦʚʦʡ ʰʪʫʢʘʪʫʨʢʠ ʜʣʷ ʨʫʯʥʦʛʦ ʥʘʥʝʩʝʥʠʷ ʦʩʥʦʚʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʳʥʢʝ ʛ. ɺʦʨʦʥʝʞ 

 

ʅʘʟʚʘʥʠʝ ʧʨʝʜʧʨʠʷʪʠʷ 
ʎʝʥʘ ʧʨʦʜʫʢʮʠʠ,  

ʨ./ ʪ. 

ʆʪʢʣʦʥʝʥʠʷ ʚ % ʮʝʥ ʧʨʦʜʫʢʮʠʠ 

ʢʘʞʜʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ 

ɺʝʙʝʨ-ɺʝʪʦʥʠʪ 13 900 +20,5 

ɺʦʣʤʘ  12 300 +6,7 

ʆʩʥʦʚʠʪ 11 766 +2,0 

ʖʥʠʩ (Unis) 11 666 +1,15 

ʂʥʘʫʬ 11 100 -3,8 

ɽʚʨʦ - ʃ 11 000 -4,6 

ʌʦʨʤʤʘʪʝʨʠʘʣʳ 9 000 -22,0 

 

 

ʈʠʩ. 2. ʎʝʥʦʚʘʷ ʩʠʪʫʘʮʠʷ ʥʘ ʨʳʥʢʝ ʉʉʉ ʜʣʷ ʛʠʧʩʦʚʦʡ ʰʪʫʢʘʪʫʨʢʠ 

 

ʂʘʢ ʚʠʜʥʦ ʧʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʤʘʢʩʠʤʘʣʴʥʦʝ ʧʨʝʚʳʰʝʥʠʝ ʮʝʥʳ 

ʩʦʩʪʘʚʠʣʦ 20,5 % (ʜʣʷ ʧʨʦʜʫʢʮʠʠ ʬʠʨʤʳ çɺʝʙʝʨ-ɺʝʥʪʦʥʠʪè), ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʟʘʥʠʞʝʥʠʝ ï 22 % (ʜʣʷ ʚʦʨʦʥʝʞʩʢʦʡ ʬʠʨʤʳ çʌʦʨʤʤʘʪʝʨʠʘʣʳè). ʎʝʥʘ 

ʧʨʦʜʫʢʮʠʠ  ʧʨʠʟʥʘʥʥʦʛʦ ʤʠʨʦʚʦʛʦ ʣʠʜʝʨʘ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ 

ʛʠʧʩʘ ï ʬʠʨʤʳ çʂʥʘʫʬè ʥʝʤʥʦʛʦ ʟʘʥʠʞʝʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʨʝʜʥʝʡ ʮʝʥʳ. 

ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʟʘʚʳʰʝʥʠʷ ʮʝʥʳ ʩʦʩʪʘʚʠʣʦ + 7,59 %, ʟʘʥʠʞʝʥʠʷ ʮʝʥʳ ï                    

10,1 %. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʜʫʢʮʠʷ ʚʦʨʦʥʝʞʩʢʦʛʦ ʟʘʚʦʜʘ ɸʆ çʌʦʨʤʤʘʪʝʨʠʘʣʳ 

ʷʚʣʷʝʪʩʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʡ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʧʦ ʧʦʢʘʟʘʪʝʣʶ ʦʪʧʫʩʢʥʦʡ ʮʝʥʳ. 
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ɸʅɸʃʀɿ ʇʈɸʂʊʀʏɽʉʂʆʁ ɼɽʗʊɽʃʔʅʆʉʊʀ 

ɺ CAD ʉʀʉʊɽʄɸʍ SOLIDWORKS  ʀ ʂʆʄʇɸʉ-3D 

 

ɸ. ɸ. ʂʨʘʚʯʝʥʢʦ
1
, ʃ. ʅ. ʅʠʢʠʪʠʥ

2
, ʀ. ɺ. ʉʚʠʨʠʜʦʚʘ

3 

1
ʄʘʛʠʩʪʨʘʥʪ ʛʨ. ʤʈʂɸ-181, ms.filaretova@mail.ru  

2,3
ʂʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ, leonid-nikit@yandex.ru 

ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè  

 
ʈʘʙʦʪʘ ʩ ʠʟʜʝʣʠʷʤʠ ʧʣʦʩʢʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʜʚʫʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ 3D 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʷʚʣʷʶʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴ ʧʨʦʤʳʰʣʝʥʥʦʡ ʩʬʝʨʳ. ɺ ʩʦʚʨʝʤʝʥʥʦʤ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ ʧʨʦʮʝʩʩʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʤʧʴʶʪʝʨʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʯʝʨʪʝʞʝʡ, ʨʘʩʯʸʪʦʚ                

ʠ ʦʙʲʸʤʥʳʭ ʧʨʦʪʦʪʠʧʦʚ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʠʟʜʝʣʠʷ. ʀʥʞʝʥʝʨʳ, ʢʦʥʩʪʨʫʢʪʦʨʳ ʠ ʨʘʟʨʘʙʦʪʯʠʢʠ 

ʠʩʧʦʣʴʟʫʶʪ ʨʷʜ ʧʨʦʛʨʘʤʤ ʜʣʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʨʦʜʫʢʮʠʠ ʧʨʝʜʧʨʠʷʪʠʷ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: CAD-ʩʠʩʪʝʤʳ, ʯʝʨʪʝʞ, ʢʦʤʧʘʩ. 

 

ʇʨʦʚʝʜʝʤ ʘʥʘʣʠʟ ʧʨʘʢʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ CAD ʩʠʩʪʝʤʘʭ  

SOLIDWORKS  ʠ  ʂʆʄʇɸʉ-3D. 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʢʘʢ ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʯʝʨʪʝʞʘ ʠʟʜʝʣʠʷ ʚʦʩʪʨʝʙʦʚʘʥʥʳʡ 

ʠ ʪʨʫʜʦʸʤʢʠʡ. ʋʜʝʣʷʷ ʚʥʠʤʘʥʠʝ ʠʟʫʯʝʥʠʶ ʧʨʦʝʢʪʠʨʦʚʘʥʠʡ ʠʟʜʝʣʠʡ, ʥʫʞʥʦ 

ʚʳʜʝʣʠʪʴ ʜʚʘ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷ. ʇʝʨʚʳʤ, ʩʘʤʳʤ ʦʩʥʦʚʥʳʤ, ʩʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ ï ʨʘʙʦʪʫ ʩ ʧʣʦʩʢʠʤ ʠʟʦʙʨʘʞʝʥʠʝʤ ʠʟʜʝʣʠʷ ʚ ʜʚʫʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ɼʨʫʛʦʡ, ʵʪʦ ʨʘʙʦʪʘ ʩ ʦʙʲʸʤʥʳʤ ʠʟʦʙʨʘʞʝʥʠʝʤ ʠʟʜʝʣʠʷ ʚ 3D-ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ʈʘʙʦʪʘ ʩ ʧʣʦʩʢʠʤ ʠʟʦʙʨʘʞʝʥʠʝʤ ʠʟʜʝʣʠʷ  ʚ ʜʚʫʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠʤʝʝʪ 

ʠʩʪʦʨʠʯʝʩʢʫʶ ʚʘʞʥʦʩʪʴ. ʉʦʟʜʘʚʘʪʴ ʜʘʥʥʳʝ ʨʠʩʫʥʢʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʫʷ 

ʢʦʤʧʴʶʪʝʨ ʠʣʠ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʙʫʤʘʛʦʡ, ʢʘʨʘʥʜʘʰʦʤ ʠ ʣʠʥʝʡʢʦʡ.  

çʀʩʪʦʨʠʯʝʩʢʠʡè ʤʝʪʦʜ ʦʯʝʥʴ ʪʨʫʜʝʥ ʧʨʠ ʨʘʩʯʸʪʝ ʧʨʦʝʢʪʠʨʫʝʤʳʭ ʠʟʜʝʣʠʡ,                    

ʘ ʪʘʢʞʝ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʜʦʢʫʤʝʥʪʘʮʠʠ. ʀʩʭʦʜʷ ʠʟ ʪʦʛʦ, ʯʪʦ ʧʨʦʮʝʩʩ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʘʧʦʣʥʝʥ ʤʘʩʰʪʘʙʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʤʝʨʦʧʨʠʷʪʠʡ, ʦʪ ʩʙʦʨʘ 

ʜʘʥʥʳʭ ʙʫʜʫʱʝʛʦ ʠʟʜʝʣʠʷ ʜʦ ʢʦʤʧʣʝʢʪʘʮʠʠ ʨʘʙʦʯʠʭ ʜʦʢʫʤʝʥʪʦʚ ʠʟʜʝʣʠʷ,              

ʧʨʠ ʵʪʦʤ ʦʧʪʠʤʠʟʘʮʠʷ ʨʝʰʝʥʠʡ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ ʧʨʦʝʢʪʘ.   

ʇʦʵʪʦʤʫ, ʚʦ ʚʨʝʤʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʦʙʳʯʥʦ, ʥʫʞʥʦ ʧʝʨʝʨʘʙʦʪʘʪʴ ʨʠʩʫʥʢʠ                  

ʠ ʜʦʢʫʤʝʥʪʳ ʥʘ ʙʫʜʫʱʝʝ ʠʟʜʝʣʠʝ. ʏʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʚʣʝʯʝʪ ʢ ʥʝʤʠʥʫʝʤʳʤ 

ʦʰʠʙʢʘʤ ʠ ʤʘʢʩʠʤʘʣʴʥʦ ʫʩʣʦʞʥʠʪ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʜʘʞʝ ʧʨʠ çʣʸʛʢʦʡè 

ʤʦʜʠʬʠʢʘʮʠʠ ʫʞʝ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʦʛʦ ʠʟʜʝʣʠʷ.  

ʈʘʙʦʪʘ ʩ ʦʙʲʸʤʥʳʤʠ ʠʟʦʙʨʘʞʝʥʠʷʤʠ ʠʟʜʝʣʠʷ ʚ 3D-ʧʨʦʩʪʨʘʥʩʪʚʝ ʠʤʝʝʪ 

ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ, ʚʳʜʝʣʷʶʪ ʨʘʟʨʘʙʦʪʢʫ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ 

ʨʝʞʠʤʝ, ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʨʝʜʘʢʮʠʝʡ ʜʦʢʫʤʝʥʪʘʮʠʠ. ɺ ʩʨʘʚʥʝʥʠʠ ʭʦʯʝʪʩʷ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʥʦʚʳʭ ʠʟʜʝʣʠʡ ʚ ʜʚʫʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʪʨʝʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʦʝ ʠ ʟʘʪʨʘʪʥʦʝ. 

SOLIDWORKS ʠ ʂʆʄʇɸʉ-3D ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʨʘʙʦʪʝ 

ʢʦʥʩʪʨʫʢʪʦʨʦʚ, ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʠ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘʭ. ɼʘʥʥʳʝ ʧʨʦʛʨʘʤʤʳ 

ʧʦʧʫʣʷʨʥʳ ʚ ʩʠʩʪʝʤʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ (ʉɸʇʈ).  
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ʕʩʢʠʟ ï ʵʪʦ ʦʩʥʦʚʘ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ. ʕʩʢʠʟ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʢʦʥʪʫʨʳ            

ʠ ʪʨʘʝʢʪʦʨʠʡ ʙʫʜʫʱʝʛʦ ʠʟʜʝʣʠʷ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʵʩʢʠʟʘ ʥʫʞʥʦ ʚʳʙʨʘʪʴ 

ʧʣʦʩʢʦʩʪʴ, ʥʘ ʢʦʪʦʨʦʡ ʦʥ ʙʫʜʝʪ ʥʘʥʝʩʸʥ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʚʳʙʨʘʥʥʘʷ ʧʣʦʩʢʦʩʪʴ 

ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴ ʦʨʠʝʥʪʘʮʠʶ ʜʝʪʘʣʠ.  

ɽʩʪʴ ʜʚʘ ʚʠʜʘ ʢʦʥʪʫʨʦʚ: ʟʘʤʢʥʫʪʳʡ ʠ ʨʘʟʦʤʢʥʫʪʳʡ. ʈʘʟʦʤʢʥʫʪʳʡ ʢʦʥʪʫʨ 

ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ çʪʦʥʢʦʩʪʝʥʥʦʛʦè ʵʣʝʤʝʥʪʘ, ʘ ʟʘʤʢʥʫʪʳʡ ʥʝʦʙʭʦʜʠʤ 

ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ çʪʚʝʨʜʦʪʝʣʴʥʦʛʦè ʦʙʲʝʢʪʘ.  

SOLIDWORKS ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʦʙʦʡ ʤʦʱʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ 3D 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʣʦʞʥʳʭ ʠʟʜʝʣʠʡ 

ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. SOLIDWORKS ʷʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʧʨʦʩʪʦʡ ʚ ʦʩʚʦʝʥʠʝ, 

ʥʦ ʠ ʧʦʧʫʣʷʨʥʦʡ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ, ʩʨʝʜʠ ʠʥʞʝʥʝʨʦʚ ʠ 

ʢʦʥʩʪʨʫʢʪʦʨʦʚ. ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʜʝʪʘʣʠ ʚ ʜʘʥʥʦʡ ʧʨʦʛʨʘʤʤʝ ʢʦʤʬʦʨʪʥʦ 

ʧʨʠʤʝʥʷʪʴ ʨʘʙʦʪʫ ʩ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʩʭʝʤʘʤʠ, ʧʨʦʝʢʪʠʨʦʚʘʪʴ ʠʟʜʝʣʠʷ ʠʟ 

ʣʠʩʪʦʚʦʛʦ ʤʝʪʘʣʣʘ, ʧʨʦʠʟʚʦʜʠʪʴ ʨʘʩʯʸʪʳ ʥʘ ʧʨʦʯʥʦʩʪʴ, ʩʦʟʜʘʚʘʪʴ ʯʝʨʪʝʞʠ, 

ʧʨʦʝʢʪʠʨʦʚʘʪʴ, ʫʯʠʪʳʚʘʷ ʤʘʪʝʨʠʘʣ ʠʟʜʝʣʠʡ ʠ ʧʨʦʠʟʚʦʜʠʪʴ ʧʨʦʩʯʸʪ ʥʘ ʠʟʛʠʙ,               

ʘ ʪʘʢʞʝ ʵʢʩʧʦʨʪʠʨʦʚʘʪʴ ʜʘʥʥʳʝ ʚ ʨʘʟʣʠʯʥʳʝ ʬʦʨʤʘʪʳ.  ʅʦ, ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʘ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ WINDOWS ʜʦʩʪʫʧʥʘ ʧʨʦʛʨʘʤʤʘ 

SOLIDWORKS ʜʣʷ ʨʘʙʦʪʳ. 

ʇʨʦʛʨʘʤʤʘ ʂʆʄʇɸʉ-3D ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩʥʦʡ ʉɸʇʈ. ʆʩʥʦʚʥʦʝ 

ʧʨʝʜʥʘʟʥʘʯʝʥʠʝ ï ʨʘʟʨʘʙʦʪʢʘ ʯʝʨʪʝʞʝʡ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ, 

ʨʝʘʣʠʟʘʮʠʷ ʦʙʲʝʤʥʳʭ ʮʠʬʨʦʚʳʭ ʚʘʨʠʘʥʪʦʚ ʠʟʜʝʣʠʷ ʠ ʧʦʜʛʦʪʦʚʢʘ ʪʨʝʙʫʝʤʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʠ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʂʆʄʇɸʉ-3D ʚʳʜʝʣʷʝʪʩʷ ʥʘʯʠʥʘʶʱʠʤʠ 

ʠʥʞʝʥʝʨʘʤʠ ʩʘʤʦʡ ʚʦʩʪʨʝʙʦʚʘʥʥʦʡ ʠ ʣʝʛʢʦʡ ʚ ʦʩʚʦʝʥʠʠ ʩ ʰʠʨʦʢʠʤʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʧʨʦʛʨʘʤʤʦʡ. ɺ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʡ 

ʥʝʦʙʭʦʜʠʤʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʝʝ: ʚ ʂʆʄʇɸʉ-3D ʨʝʘʣʠʟʦʚʘʥ ʥʘ ʚʳʩʦʢʦʤ 

ʫʨʦʚʥʝ ʘʣʛʦʨʠʪʤ ʨʘʟʨʘʙʦʪʢʠ ʯʝʨʪʝʞʝʡ, ʘ ʪʘʢ ʞʝ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʙʳʣ 

ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ 2D ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ; ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚʩʪʨʦʝʥʥʳʤ 

ʢʘʪʘʣʦʛʦʤ ʩʪʘʥʜʘʨʪʥʳʭ ʠʟʜʝʣʠʡ; ʚʦʟʤʦʞʥʦʩʪʴ ʫʯʝʩʪʴ ʨʘʟʤʝʨʳ, ʬʦʨʤʳ, ʩʛʠʙʳ, 

ʦʪʚʝʨʩʪʠʷ, ʰʪʘʤʧʦʚʢʠ ʠ ʩʚʦʡʩʪʚʘ, ʫʩʘʜʢʫ ʠ ʜʦʧʫʩʢʠ ʢʦʥʝʯʥʦʛʦ ʠʟʜʝʣʠʷ. 

ʉʫʱʝʩʪʚʫʶʪ ʥʝʜʦʩʪʘʪʢʠ, ʢʦʪʦʨʳʝ ʟʘʪʨʫʜʥʷʶʪ ʨʘʟʨʘʙʦʪʢʫ ʠʟʜʝʣʠʷ, ʥʘʧʨʠʤʝʨ, 

ʥʘʙʣʶʜʘʝʪʩʷ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʚʦʟʤʦʞʥʦʩʪʠ ʚʠʟʫʘʣʠʟʘʮʠʠ, ʩʠʩʪʝʤʘ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʨʝʙʫʝʪ ʜʦʨʘʙʦʪʢʠ, ʢʨʦʤʝ ʪʦʛʦ ʧʨʦʠʩʭʦʜʷʪ 

ʪʨʫʜʥʦʩʪʠ ʧʨʠ ʠʤʧʦʨʪʝ 3D ʤʦʜʝʣʝʡ ʠʟ ʜʨʫʛʠʭ ʧʨʦʛʨʘʤʤ. 

ɺ SOLIDWORKS ʩʦʟʜʘʥʠʝ ʠʟʜʝʣʠʡ ʥʘʯʠʥʘʝʪʩʷ ʩ ʥʘʥʝʩʝʥʠʷ ʵʩʢʠʟʘ ʥʘ 

ʧʣʦʩʢʦʩʪʴ. ʅʫʞʝʥ ʢʘʢ ʤʠʥʠʤʫʤ ʦʜʠʥ ʵʩʢʠʟ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʦʦʙʨʘʟʫʶʱʠʭ ʦʧʝʨʘʮʠʡ. ʊʘʢ ʞʝ SOLIDWORKS ʧʦʟʚʦʣʷʝʪ 

ʧʨʠʤʝʥʠʪʴ ʥʝʧʦʣʥʳʡ ʵʩʢʠʟ ʜʣʷ ʩʦʟʜʘʥʠʷ ʵʣʝʤʝʥʪʦʚ. ʂʦʤʘʥʜʘ çɸʚʪʦʤʘʪʠʯʝʩʢʦʝ 

ʥʘʥʝʩʝʥʠʝ ʨʘʟʤʝʨʦʚè ʧʦʤʦʞʝʪ ʨʘʩʩʪʘʚʠʪʴ ʙʦʣʴʰʠʥʩʪʚʦ ʨʘʟʤʝʨʦʚ. ʉʚʷʟʠ 

ʧʨʠʤʠʪʠʚʦʚ, ʢʦʪʦʨʳʝ ʫʯʘʩʪʚʫʶʪ ʚ ʨʘʟʨʘʙʦʪʢʝ, ʚʳʙʠʨʘʶʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʧʨʦʛʨʘʤʤʦʡ. ʇʨʦʚʝʨʠʪʴ ʩʚʷʟʠ ʧʨʠʤʠʪʠʚʦʚ ʦʯʝʥʴ ʧʨʦʩʪʦ, ʧʨʠ ʧʨʘʚʠʣʴʥʳʭ 

ʩʚʷʟʷʭ ʢʦʥʪʫʨʳ ʵʩʢʠʟʘ ʚʳʜʝʣʷʶʪʩʷ ʯʸʨʥʳʤ ʮʚʝʪʦʤ. ɺ ʩʠʩʪʝʤʝ SOLIDWORKS 

ʥʝ ʚʘʞʥʦ, ʚ ʢʘʢʦʤ ʩʪʠʣʝ ʙʫʜʝʪ ʚʳʧʦʣʥʝʥʘ ʦʩʝʚʘʷ ʣʠʥʠʷ ʚʨʘʱʝʥʠʷ. ʂʘʢ ʩʪʨʦʠʪʩʷ 

ʵʩʢʠʟ ʚ SOLIDWORKS, ʤʦʞʥʦ ʠʟʫʯʠʪʴ ʥʘ ʨʠʩ. 1. 
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ʈʠʩ. 1. ʕʩʢʠʟʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʜʝʪʘʣʠ ʚ ʩʠʩʪʝʤʝ SOLIDWORKS 

 

ʉʦʟʜʘʥʠʝ ʠʟʜʝʣʠʷ ʚ ʂʆʄʇɸʉ-3D ʥʘ ʧʨʘʢʪʠʢʝ ʥʠ ʩʠʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

SOLIDWORKS. ʅʝʦʙʭʦʜʠʤʦ ʧʦʩʪʨʦʠʪʴ ʦʜʠʥ ʵʩʢʠʟ, ʪʦʣʴʢʦ ʣʠʥʠʠ ʢʦʥʪʫʨʘ 

ʙʫʜʫʱʝʡ ʜʝʪʘʣʠ ʠʣʠ ʠʟʜʝʣʠʷ ʜʦʣʞʥʳ ʦʪʦʙʨʘʞʘʪʴʩʷ ʯʝʪʢʦ ʠ ʦʙʷʟʘʪʝʣʴʥʦ                        

ʚ çʆʩʥʦʚʥʦʤè ʩʪʠʣʝ. ɺ ʦʪʣʠʯʠʝ ʦʪ SOLIDWORKS, ʩʚʷʟʴ ʧʨʠʤʠʪʠʚʦʚ 

ʂʆʄʇɸʉ-3D ʥʝ ʧʦʢʘʟʳʚʘʝʪ, ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʙʳʯʥʦ ʧʦʣʴʟʦʚʘʪʝʣʠ ʂʆʄʇɸʉ-3D 

ʠʩʧʦʣʴʟʫʶ ʢʦʤʘʥʜʫ çʆʪʦʙʨʘʟʠʪʴ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳè, ʭʦʪʴ ʵʪʦ ʠ ʫʚʝʣʠʯʠʚʘʝʪ 

ʚʨʝʤʷ ʨʘʙʦʪʳ ʩ ʠʟʜʝʣʠʝʤ, ʦʥʦ ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʝʪ ʢʘʯʝʩʪʚʦ ʚʳʧʦʣʥʝʥʥʦʡ 

ʨʘʙʦʪʳ. ʊʘʢ ʞʝ ʭʦʯʝʪʩʷ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʘʞʜʳʡ ʧʨʠʤʠʪʠʚ ʚʳʧʦʣʥʷʝʪʩʷ ʩʚʦʝʡ 

ʦʪʜʝʣʴʥʦʡ ʢʦʤʘʥʜʦʡ. ɽʩʣʠ ʩʨʘʚʥʠʚʘʪʴ SOLIDWORKS ʠ ʂʆʄʇɸʉ-3D ʩʪʠʣʴ 

ʧʨʠʤʠʪʠʚʦʚ ʥʘ ʵʩʢʠʟʝ ʠʤʝʝʪ  ʨʦʣʴ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʚ ʂʆʄʇɸʉ 3D ʧʦʩʪʨʦʠʪʴ 

ʢʦʥʪʫʨ ʠʟʜʝʣʠʷ çʆʩʝʚʳʤʠè ʣʠʥʠʷʤʠ, ʪʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʂʆʄʇɸʉ-3D ʙʫʜʝʪ 

ʚʳʜʘʚʘʪʴ ʦʰʠʙʢʫ, ʯʪʦ ʥʝ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʩ ʜʘʥʥʳʤ ʵʩʢʠʟʦʤ. ʕʩʢʠʟʥʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ ʠʟʜʝʣʠʷ, ʧʦʩʪʨʦʝʥʥʦʝ ʚ ʂʆʄʇɸʉ-3D, ʤʦʞʥʦ ʠʟʫʯʠʪʴ ʥʘ ʨʠʩ. 2. 

 

 
ʈʠʩ. 2. ʕʩʢʠʟʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʜʝʪʘʣʠ ʚ ʩʠʩʪʝʤʝ ʂʆʄʇɸʉ-3D 
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ɸʥʘʣʠʟʠʨʫʷ ʧʨʦʛʨʘʤʤʳ SOLIDWORKS ʠ ʂʆʄʇɸʉ-3D, ʦʙʨʘʪʠʤʩʷ                         

ʢ ʪʘʙʣʠʮʝ  çʉʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʠʩʪʝʤè. 

 

ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʠʩʪʝʤ 
 

ʇʨʠʟʥʘʢʠ 

ʩʨʘʚʥʝʥʠʷ  

ʂʆʄʇɸʉ-3D SOLIDWORKS 

ʈʘʟʨʘʙʦʪʢʘ çɸʉʂʆʅè ð ʩʦʚʝʪʩʢʘʷ ʠ 

ʨʦʩʩʠʡʩʢʘʷ ʧʨʦʛʨʘʤʤʥʘʷ 

ʢʦʤʧʘʥʠʷ 

DASSAULT SYSTEMES 

(ʌʨʘʥʮʠʷ) 

ʅʘʣʠʯʠʝ 

ʚʩʪʨʦʝʥʥʳʭ 

ʙʠʙʣʠʦʪʝʢ 

ʩʪʘʥʜʘʨʪʥʳʭ 

ʠʟʜʝʣʠʡ 

ɽʩʪʴ  ʅʝʪ  

ɺʦʟʤʦʞʥʦʩʪʴ 

ʧʨʠʚʷʟʘʪʴ ʨʘʟʤʝʨʳ 

ʤʦʜʝʣʠ ʢ ʯʝʨʪʝʞʫ 

ʅʝʪ  ɽʩʪʴ  

ʉʪʠʣʴ 

ʠʟʦʙʨʘʞʝʥʠʷ 

ʨʝʟʴʙʳ ʥʘ ʤʦʜʝʣʠ 

ʀʟʦʙʨʘʞʘʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʫʩʣʦʚʥʦ 

  
ʌʫʥʢʮʠʷ 

ʚʦʩʩʦʟʜʘʥʠʷ 

ʪʨʸʭʤʝʨʥʳʭ 

ʤʦʜʝʣʝʡ ʥʘ 

ʯʝʨʪʝʞʘʭ  

ɽʩʪʴ  ɽʩʪʴ  

ɺʦʟʤʦʞʥʦʩʪʴ 

ʫʩʪʘʥʘʚʣʠʚʘʪʴ 

ʩʚʦʡʩʪʚʘ ʤʦʜʝʣʠ 

ɽʩʪʴ  ɽʩʪʴ  

ʉʦʦʪʚʝʪʩʪʚʠʝ 

ɽʉʂɼ 

ɽʩʪʴ  ʅʝ ʘʜʘʧʪʠʨʦʚʘʥʘ 

 

ʉʦʛʣʘʩʥʦ ʪʘʙʣʠʮʝ çʉʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʠʩʪʝʤè, ʤʦʞʥʦ 

ʧʨʦʩʣʝʜʠʪʴ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʩʠʩʪʝʤʳ SOLIDWORKS ʠ ʂʆʄʇɸʉ-3D 

ʨʘʟʨʘʙʦʪʘʥʳ ʚ ʨʘʟʥʳʭ ʩʪʨʘʥʘʭ, ʦʥʠ ʠʤʝʶʪ ʩʭʦʞʠʡ ʬʫʥʢʮʠʦʥʘʣ ʠ ʜʦʧʦʣʥʷʶʪ 

ʜʨʫʛ ʜʨʫʛʘ. ɺ ʜʚʫʭ ʧʨʦʛʨʘʤʤʘʭ ʩʫʱʝʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʚʘʪʴ ʤʦʜʝʣʠ 

ʵʩʢʠʟʘ ʩ ʨʝʟʴʙʦʡ ʫʩʣʦʚʥʦ, ʘ ʪʘʢ ʞʝ ʬʫʥʢʮʠʷ ʚʦʩʩʦʟʜʘʥʠʷ ʪʨʸʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ 

ʥʘ ʯʝʨʪʝʞʘʭ. ʎʝʣʴʶ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʠʟʜʝʣʠʡ ʷʚʣʷʝʪʩʷ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʣʫʯʝʥʠʝ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ. ʇʨʠ ʠʟʤʝʥʝʥʠʠ 

ʣʶʙʦʛʦ ʧʘʨʘʤʝʪʨʘ ʤʦʜʝʣʠ ʧʨʦʠʩʭʦʜʠʪ ʢʦʨʨʝʢʮʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʯʝʨʪʝʞʘʭ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʯʝʨʪʝʞʘ ʧʨʦʠʩʭʦʜʠʪ ʧʦʵʪʘʧʥʦ ʦʪ ʠʟʦʙʨʘʞʝʥʠʡ 
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ʦʩʝʚʳʭ ʣʠʥʠʡ ʜʦ ʟʘʧʦʣʥʝʥʠʡ ʦʩʥʦʚʥʦʡ ʥʘʜʧʠʩʠ. ʆʙʨʘʱʘʝʤ ʚʥʠʤʘʥʠʝ, ʯʪʦ                   

ʚ ʦʩʥʦʚʥʦʡ ʥʘʜʧʠʩʠ ʯʝʨʪʝʞʝʡ ʠʟʜʝʣʠʷ ʧʨʦʧʠʩʘʥʳ ʦʧʨʝʜʝʣʝʥʥʳʝ ʩʚʦʡʩʪʚʘ 

ʤʦʜʝʣʠ ʚ ʩʠʩʪʝʤʘʭ SOLIDWORKS ʠ ʂʆʄʇɸʉ-3D.  

ʅʝʩʤʦʪʨʷ ʥʘ ʠʜʝʥʪʠʯʥʦʩʪʴ ʧʨʦʛʨʘʤʤ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʦʪʣʠʯʠʝ. ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʯʝʨʪʝʞʝʡ ʚ ʩʦʛʣʘʩʦʚʘʥʠʠ ʩ ɽʉʂɼ ʩʠʩʪʝʤʘ ʢʦʤʧʘʩ 

ʘʢʪʠʚʥʦ ʣʠʜʠʨʫʝʪ ʩ ʣʶʙʳʤʠ ʠʥʦʩʪʨʘʥʥʳʤʠ ʧʨʦʛʨʘʤʤʘ. ʅʦ, ʭʦʯʝʪʩʷ, ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʩʠʩʪʝʤʘ SOLIDWORKS ʧʣʘʥʠʨʫʝʪ ʘʜʘʧʪʠʨʦʚʘʪʴ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʠʷ 

ʩʪʘʥʜʘʨʪʦʚ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ, ʘ ʥʝ ʧʨʠʤʝʥʷʪʴ ʚʨʫʯʥʫʶ. ʆʜʥʠʤ ʠʟ 

ʧʦʣʝʟʥʳʭ ʧʨʠʟʥʘʢʦʚ ʩʠʩʪʝʤʳ SOLIDWORKS ʦʪʤʝʯʘʝʪʩʷ ʩʚʷʟʴ ʨʘʟʤʝʨʦʚ 

ʯʝʨʪʝʞʝʡ ʤʦʜʝʣʠ ʠ ʛʝʦʤʝʪʨʠʠ ʜʝʪʘʣʠ. ʆʙʨʘʟʝʮ ʯʝʨʪʝʞʘ ʠʟʦʙʨʘʞʝʥ ʥʘ ʨʠʩ. 3. 

  

 
ʈʠʩ. 3. ʏʝʨʪʝʞ ʜʝʪʘʣʠ, ʩʦʟʜʘʥʥʳʡ ʚ ʩʠʩʪʝʤʝ SOLIDWORKS  

 

ʂ ʩʦʞʘʣʝʥʠʶ, ʚ ʂʆʄʇɸʉ-3D ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʧʦʷʚʠʣʘʩʴ ʩʚʷʟʴ ʨʘʟʤʝʨʦʚ ʥʘ 

ʯʝʨʪʝʞʘʭ ʩ 3D-ʤʦʜʝʣʴʶ. ʇʦʵʪʦʤʫ ʧʨʠʭʦʜʠʪʩʷ ʧʦʩʣʝ ʢʘʞʜʦʛʦ ʠʟʤʝʥʝʥʠʷ ʤʦʜʝʣʠ 

ʧʨʦʚʦʜʠʪʴ ʢʦʨʨʝʢʮʠʶ ʨʘʟʤʝʨʦʚ ʥʘ ʯʝʨʪʝʞʘʭ, ʠʙʦ ʨʘʟʤʝʨʳ ʥʘʭʦʜʷʪʩʷ ʚ ʚʦʟʜʫʭʝ, 

ʘ ʥʝ ʥʘ ʜʝʪʘʣʠ. ʆʟʥʘʢʦʤʠʪʴʩʷ ʩ ʯʝʨʪʝʞʦʤ ʜʝʪʘʣʠ, ʩʦʟʜʘʥʥʳʤ ʚ ʂʆʄʇɸʉ-3D, 

ʤʦʞʥʦ ʥʘ ʨʠʩ. 4. 
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ʈʠʩ. 4. ʏʝʨʪʝʞ ʜʝʪʘʣʠ ʚ ʩʠʩʪʝʤʝ ʂʆʄʇɸʉ-3D 

 

ɺ ʟʘʢʣʶʯʝʥʠʠ, ʢʘʞʜʘʷ ʠʟ ʧʨʦʛʨʘʤʤ SOLIDWORKS ʠ ʂʆʄʇɸʉ-3D 

ʷʚʣʷʝʪʩʷ ʩʘʤʦʡ ʧʦʧʫʣʷʨʥʦʡ ʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʦʡ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʩʬʝʨʝ 

ʚ ʨʘʙʦʪʝ ʠʥʞʝʥʝʨʦʚ, ʢʦʥʩʪʨʫʢʪʦʨ ʠ ʨʘʟʨʘʙʦʪʯʠʢʦʚ. ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠʟʜʝʣʠʡ               

ʠ ʜʝʪʘʣʝʡ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʢʘʞʜʦʡ ʠʟ 

ʧʨʦʛʨʘʤʤ. ʉʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʰʠʨʦʢʦ 

ʥʘ ʤʥʦʛʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ  ʠ ʷʚʣʷʝʪʩʷ ʪʨʫʜʦʸʤʢʠʤ ʧʨʦʮʝʩʩʦʤ. 

 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ɹʦʣʴʰʘʢʦʚ ɺ., ɹʦʯʢʦʚ ɸ., ʃʷʯʝʢ ʖ. ʊʚʝʨʜʦʪʝʣʴʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 
ʜʝʪʘʣʝʡ ʚ CAD-ʩʠʩʪʝʤʘʭ.- ʀʟʜʘʪʝʣʴʩʢʠʡ ʜʦʤ "ʇʠʪʝʨ", 2015. - 473 c. 

2. SolidWorks 2013\\ ʉʧʨʘʚʦʯʥʘʷ ʩʠʩʪʝʤʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

3. ʂʦʤʧʘʩ-3D V17\\ ʉʧʨʘʚʦʯʥʘʷ ʩʠʩʪʝʤʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

4. ɹʦʥʜʘʨʝʚʘ ʊ.ʇ. , ʄʦʨʦʟʦʚʘ ʅ.ɺ. ɼʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʚ 

ʩʨʘʚʥʠʪʝʣʴʥʦʤ ʘʥʘʣʠʟʝ ʩʠʩʪʝʤ SOLIDWORKS, AUTODESK INVENTOR ʠ 

ʂʆʄʇɸʉ 3D. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://publikacia.net/archive/uploads/pages/2017_3_4/31.pdf 

5. ʆʙʟʦʨ ʧʨʦʛʨʘʤʤʳ SolidWorks ʜʣʷ ʥʦʚʠʯʢʦʚ ʚ 3D ʤʦʜʝʣʠʨʦʚʘʥʠʠ. 

[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://3ddevice.com.ua/blog/3d-printer-

obzor/obzor-programmy-solidworks/ 
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ʋɼʂ 624.21.072 

 

ɸʅɸʃʀɿ ʇʈʆʎɽʉʉɸ ʊʈɽʑʀʅʆʆɹʈɸɿʆɺɸʅʀʗ 

ɺ ʂʆʈʆɹʏɸʊʓʍ ʇʈʆʃɽʊʅʓʍ ʉʊʈʆɽʅʀʗʍ 

ɺ ʈɸʄʂɸʍ ʇʈɽɼʇʈʆɽʂʊʅʆɻʆ ʆɹʉʃɽɼʆɺɸʅʀʗ ʄʆʉʊɸ 

çʆʃʔɻʀʅʉʂʀʁè ʏɽʈɽɿ ʈɽʂʋ ɺɽʃʀʂʋʖ ɺ ɻʆʈʆɼɽ ʇʉʂʆɺɽ 
 

ʅ. ʖ. ɹʦʛʜʘʥʦʚʘ
1
, ɸ. ɺ. ɸʥʜʨʝʝʚ

2 

1
ʄʘʛʠʩʪʨʘʥʪ ʛʨ.ʟʤʇʊʉ-181, bogdanowa.nanasha2012@mail.ru 

2
ʂʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ, aavturbo@yandex.ru 

ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 
ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʧʨʦʮʝʩʩʘ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʢʦʨʦʙʯʘʪʳʭ ʧʨʦʣʝʪ-

ʥʳʭ ʩʪʨʦʝʥʠʷʭ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʨʝʜʧʨʦʝʢʪʥʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʩʪ, ʢʦʨʦʙʯʘʪʦʝ ʧʨʦʣʝʪʥʦʝ ʩʪʨʦʝʥʠʝ, ʙʝʪʦʥ, ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ. 

 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥ ʚʦʧʨʦʩ ʧʦ ʠʟʫʯʝʥʠʶ ʧʨʦʮʝʩʩʘ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʷ               

ʚ ʢʦʨʦʙʯʘʪʳʭ ʧʨʦʣʝʪʥʳʭ ʩʪʨʦʝʥʠʷʭ ʚ ʨʘʤʢʘʭ ʧʨʝʜʧʨʦʝʢʪʥʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʥʘ 

ʧʨʠʤʝʨʝ ʤʦʩʪʘ çʆʣʴʛʠʥʩʢʠʡè ʯʝʨʝʟ ʨʝʢʫ ɺʝʣʠʢʫʶ, ʧʨʦʚʦʜʠʤʦʛʦ ʩʧʝʮʠʘʣʠʩʪʘʤʠ 

ʆʆʆ çʎʝʥʪʨ ɼʦʨʦʞʥʦʛʦ ʇʨʦʝʢʪʠʨʦʚʘʥʠʷè ʚ ʜʝʢʘʙʨʝ 2019 ʛ. 

ɸʚʪʦʜʦʨʦʞʥʳʡ ʤʦʩʪ ʙʳʣ ʩʜʘʥ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʚ 1970 ʛʦʜʫ. ʉʦʦʨʫʞʝʥʠʝ 

ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʯʝʨʪʝ ʛʦʨʦʜʘ ʇʩʢʦʚʘ ʚ ʩʪʚʦʨʝ ʈʠʞʩʢʦʛʦ ʧʨʦʩʧʝʢʪʘ. ʇʨʦʝʢʪʥʦʡ 

ʦʨʛʘʥʠʟʘʮʠʝʡ ʚʳʩʪʫʧʠʣ ʠʥʩʪʠʪʫʪ ʃʝʥʛʠʧʨʦʪʨʘʥʩʤʦʩʪ, ʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ 

ʦʩʫʱʝʩʪʚʠʣ ʄʦʩʪʦʧʦʝʟʜ ˉ 449. ʄʦʩʪ ʙʳʣ ʨʘʩʩʯʠʪʘʥ ʧʦʜ ʥʦʨʤʘʪʠʚʥʳʝ 

ʚʨʝʤʝʥʥʳʝ ʥʘʛʨʫʟʢʠ ʅ-30 ʠ ʅʂ-80 ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʉʅ-200-62.  

ʉʦʦʨʫʞʝʥʠʝ ʟʘʧʨʦʝʢʪʠʨʦʚʘʥʦ ʥʘ ʦʩʠ ʩʪʘʨʦʛʦ ʤʦʩʪʘ (ʧʦʩʪʨʦʡʢʠ 1911 ʛ). 

ʇʦʣʥʘʷ ʜʣʠʥʘ ʤʦʩʪʘ - 311,3 ʤ. ʉʪʘʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʙʘʣʦʯʥʦ-ʥʝʨʘʟʨʝʟʥʘʷ, 

ʚʢʣʶʯʘʶʱʘʷ 2 ʥʝʨʘʟʨʝʟʥʳʭ ʧʨʦʣʸʪʥʳʭ ʩʪʨʦʝʥʠʷ ʚ ʩʪʚʦʨʝ ʦʧʦʨ 1õ3 ʠ 3õ8 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʦʜʦʣʴʥʘʷ ʩʭʝʤʘ ʤʦʩʪʘ ʥʘ ʤʦʤʝʥʪ ʝʛʦ ʩʜʘʯʠ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ 

ʚʳʛʣʷʜʝʣʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: (25,0+28,0) + (32,4+57,1+75,0+57,1+32,4).  

 

ʈʠʩ. 1. ʆʙʱʠʡ ʚʠʜ ʤʦʩʪʘ çʆʣʴʛʠʥʩʢʠʡè ʯʝʨʝʟ ʨʝʢʫ ɺʝʣʠʢʫʶ ʚ ʛʦʨʦʜʝ ʇʩʢʦʚʝ 
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ʇʨʦʣʸʪʥʳʝ ʩʪʨʦʝʥʠʷ ʤʦʩʪʘ ʚʳʧʦʣʥʝʥʳ ʠʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʦʛʦ 

ʞʝʣʝʟʦʙʝʪʦʥʘ ʠ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʩʦʩʪʦʷʪ ʠʟ ʜʚʫʭ ʢʦʨʦʙʯʘʪʳʭ ʙʘʣʦʢ ʩ ʢʦʥ- 

ʩʦʣʷʤʠ ʚ ʬʦʨʤʝ ʧʝʨʝʚʸʨʥʫʪʦʡ ʪʨʘʧʝʮʠʠ. 

 
ʈʠʩ. 2. ʆʙʱʠʡ ʚʠʜ ʦʧʦʨʳ ˉ 4 ʠ ʢʦʨʦʙʯʘʪʦʛʦ ʧʨʦʣʝʪʥʦʛʦ ʩʪʨʦʝʥʠʷ 

 

ʂʘʞʜʘʷ ʙʘʣʢʘ ʩʦʙʨʘʥʘ ʠʟ ʙʣʦʢʦʚ ʜʣʠʥʦʡ 2,7õ3,7 ʤ ʥʘ ʢʣʝʝʚʳʭ ʩʪʳʢʘʭ ʥʘ 

ʵʧʦʢʩʠʜʥʦʤ ʢʣʝʝ. ʄʘʪʝʨʠʘʣ ʙʣʦʢʦʚ ï ʙʝʪʦʥ ʤʘʨʢʠ ʄ500, ʄʨʟ-300.  

ɺ ʢʦʥʮʝ 1982 ʛ. ʠʟ-ʟʘ ʧʦʷʚʣʝʥʠʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʨʝʱʠʥ ʙʳʣ 

ʨʝʘʣʠʟʦʚʘʥ ʧʨʦʝʢʪ ʫʩʠʣʝʥʠʷ ʤʦʩʪʘ. ɺ ʧʨʦʣʝʪʘʭ 4-5 ʠ 6-7 ʫʩʪʘʥʦʚʠʣʠ ʧʦ ʦʜʥʦʡ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʧʦʨʝ (4ʘ ʠ 6ʘ), ʘ ʚ ʧʨʦʣʝʪʝ 5-6 ʜʚʝ (5ʘ ʠ 5ʙ), ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʧʨʦʜʦʣʴʥʘʷ ʩʭʝʤʘ ʤʦʩʪʘ ʩʪʘʣʘ ʚʳʛʣʷʜʝʪʴ:  

(25,0+28,0)+(32,4+36,1+21,0+20,0+35,0+20,0+21,0+36,1+32,4).  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʝʜʧʨʦʝʢʪʥʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʩʪʝʥʦʢ ʙʘʣʦʢ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ             

ʩ ʆɼʄ 218.4.001-2008 [1] ʙʳʣʠ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʪʨʝʱʠʥʳ ʥʘ ʚʥʝʰʥʠʭ ʠ 

ʚʥʫʪʨʝʥʥʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʩʪʝʥʦʢ, ʘ ʪʘʢʞʝ ʥʝʙʦʣʴʰʦʝ ʨʘʩʢʨʳʪʠʝ ʨʘʥʝʝ 

ʟʘʛʝʨʤʝʪʠʟʠʨʦʚʘʥʥʳʭ ʪʨʝʱʠʥ. ʈʘʩʢʨʳʪʠʝ ʪʨʝʱʠʥ ʥʝ ʧʨʝʚʳʰʘʝʪ 0,1õ0,15 ʤʤ. 

ɺʝʨʪʠʢʘʣʴʥʳʝ ʪʨʝʱʠʥʳ ʨʘʩʢʨʳʪʠʝʤ ʜʦ 0,6õ0,8 ʤʤ ʦʪʤʝʯʝʥʳ ʚ ʙʝʪʦʥʝ 

ʫʪʦʣʱʝʥʠʷ ʩʪʝʥʦʢ ʠ ʚ ʜʠʘʬʨʘʛʤʘʭ ʥʘʜ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʦʧʦʨʘʤʠ. ɺ 

ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʧʨʦʮʝʩʩʫ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʷ ʧʦʜʚʝʨʞʝʥʳ ʙʘʣʢʠ 

ʙʝʨʝʛʦʚʦʛʦ ʧʨʦʣʸʪʥʦʛʦ ʩʪʨʦʝʥʠʷ (ʧʨʦʣʸʪʳ 1-2 ʠ 2-3) ʠ ʢʨʘʡʥʠʝ ʧʨʦʣʝʪʳ 

ʨʫʩʣʦʚʦʛʦ ʧʨʦʣʸʪʥʦʛʦ ʩʪʨʦʝʥʠʷ (3-4 ʠ 7-8). ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʫʩʪʘʥʦʚʢʘ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʦʧʦʨ ʚ ʮʝʥʪʨʘʣʴʥʳʭ ʨʫʩʣʦʚʳʭ ʧʨʦʣʝʪʘʭ (4-5, 5-6 ʠ 6-7) 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʣʠʷʣʘ ʥʘ ʠʭ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ.  

ʅʘʠʙʦʣʝʝ ʩʠʣʴʥʦ ʙʳʣʠ ʧʦʨʘʞʝʥʳ ʩʪʝʥʢʠ ʙʣʦʢʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ 

ʯʝʪʚʝʨʪʷʭ ʙʦʣʴʰʦʛʦ ʧʨʦʣʝʪʘ 5-6. ʊʨʝʱʠʥʳ ʧʨʦʭʦʜʠʣʠ ʧʦʜ ʫʛʣʦʤ 25Á                             

ʢ ʛʦʨʠʟʦʥʪʫ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʛʣʘʚʥʳʭ ʨʘʩʪʷʛʠʚʘʶʱʠʭ 

ʥʘʧʨʷʞʝʥʠʡ ʠ ʜʦʩʪʠʛʘʣʠ ʟʥʘʯʝʥʠʷ 2,0 ʤʤ. ʂʘʢ ʧʨʘʚʠʣʦ, ʪʨʝʱʠʥʳ ʩʢʚʦʟʥʳʝ.  

ʆʙʨʘʟʦʚʘʥʠʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʥʘʢʣʦʥʥʳʭ ʪʨʝʱʠʥ ʚ ʩʪʝʥʢʘʭ ʙʘʣʦʢ ʩʚʷʟʘʥʦ 

ʩ ʧʨʝʚʳʰʝʥʠʝʤ ʛʣʘʚʥʳʤʠ ʨʘʩʪʷʛʠʚʘʶʱʠʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ 

ʙʝʪʦʥʘ ʥʘ ʨʘʩʪʷʞʝʥʠʝ. ʇʨʠʯʠʥʘʤʠ ʪʦʤʫ ʷʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʝʝ:  

ī ʥʝ ʧʨʝʜʫʩʤʦʪʨʝʥʥʘʷ ʚ ʜʝʡʩʪʚʦʚʘʚʰʠʭ ʚ ʪʦ ʚʨʝʤʷ ʥʦʨʤʘʪʠʚʥʳʭ 

ʜʦʢʫʤʝʥʪʘʭ ʧʨʦʚʝʨʢʘ ʧʦ ʨʘʩʢʨʳʪʠʶ ʪʨʝʱʠʥ (ʉʅ 200-62, ʉʅ 365-67), ʚ ʩʚʷʟʠ                

ʩ ʯʝʤ, ʧʨʦʯʥʦʩʪʴ ʩʝʯʝʥʠʷ ʧʦ ʥʘʢʣʦʥʥʳʤ ʩʝʯʝʥʠʷʤ ʥʝʜʦʩʪʘʪʦʯʥʘ;  
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ī ʚʦʟʨʦʩʰʘʷ ʚ ʧʨʦʮʝʩʩʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʦʝʢʪʦʤ, ʤʘʩʩʘ 

ʧʨʦʣʝʪʥʦʛʦ ʩʪʨʦʝʥʠʷ; 

ī ʪʝʤʧʝʨʘʪʫʨʥʦ-ʫʩʘʜʦʯʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ. 

ʉʣʝʜʫʶʱʝʡ ʧʦ ʚʘʞʥʦʩʪʠ ʨʘʩʩʤʦʪʨʝʥʠʷ ʧʨʦʙʣʝʤʦʡ ʷʚʠʣʦʩʴ ʦʙʩʣʝʜʦʚʘʥʠʝ 

ʧʦʧʝʨʝʯʥʳʭ ʩʪʳʢʦʚ ʙʣʦʢʦʚ ʧʨʦʣʸʪʥʳʭ ʩʪʨʦʝʥʠʡ. ʉʦʩʪʘʚʥʳʝ ʧʦ ʜʣʠʥʝ ʤʦʩʪʳ                            

ʩ ʢʣʝʝʥʳʤʠ ʩʪʳʢʘʤʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʥʘʠʤʝʥʝʝ ʥʘʜʝʞʥʳʝ ʩʠʩʪʝʤʳ ʩʨʝʜʠ 

ʩʦʦʨʫʞʝʥʠʡ ʙʦʣʴʰʠʭ ʧʨʦʣʸʪʦʚ. ɺ ʥʠʭ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʦʛʫʪ ʧʨʦʠʩʭʦʜʠʪʴ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʩʩʪʨʦʡʩʪʚʘ ʩʪʳʢʦʚ ʩʦ ʩʥʠʞʝʥʠʝʤ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ. 

ʇʨʠʤʝʥʝʥʥʳʝ ʜʣʷ ʨʘʩʯʝʪʘ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚʝʜʦʤʩʪʚʝʥʥʳʝ ʥʦʨʤʘʪʠʚʳ 

ʧʨʦʰʣʳʭ ʣʝʪ ʥʝ ʦʪʚʝʯʘʶʪ ʦʙʱʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʦʩʪʦʚ. ʂʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʩʪʳʢʠ ʤʥʦʛʠʭ ʤʦʩʪʦʚ ʦʙʣʘʜʘʶʪ ʧʦʥʠʞʝʥʥʦʡ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, 

ʪʨʝʙʫʶʪ ʨʝʤʦʥʪʘ ʠ ʫʩʠʣʝʥʠʷ; ʥʘʙʣʶʜʘʣʠʩʴ ʦʙʨʫʰʝʥʠʷ ʪʘʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ. 

ʅʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʤʦʩʪʫ ʙʦʣʴʰʠʥʩʪʚʦ ʩʪʳʢʦʚ ʦʩʫʱʝʩʪʚʣʝʥʦ ʩ ʩʦʟʜʘ-

ʥʠʝʤ ʩʣʝʧʢʘ ʥʘ ʵʧʦʢʩʠʜʥʦʤ ʢʦʤʧʘʫʥʜʝ ʩ ʪʦʣʱʠʥʦʡ ʢʣʝʝʚʦʛʦ ʰʚʘ 1õ2 ʤʤ. ʇʨʠ 

ʦʩʤʦʪʨʝ ʦʪʤʝʯʘʣʠʩʴ ʦʜʠʥʦʯʥʳʝ ʩʣʫʯʘʠ ʥʝʧʨʦʢʣʝʝʚ ï ʥʝʧʦʣʥʦʛʦ ʟʘʧʦʣʥʝʥʠʷ 

ʢʣʝʝʚʳʭ ʰʚʦʚ ʥʘ ʦʛʨʘʥʠʯʝʥʥʳʭ ʝʛʦ ʫʯʘʩʪʢʘʭ. ʊʘʢʠʝ ʥʝʧʣʦʪʥʦʩʪʠ ʰʚʦʚ 

ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʦʪʨʘʞʘʶʪʩʷ ʥʘ ʧʨʦʯʥʦʩʪʠ ʩʪʳʢʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʪʨʝʥʠʠ.  

ʉʝʨʠʷ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʦʙʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʘ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʡ                    

ʠ ʭʦʨʦʰʠʡ ʫʨʦʚʝʥʴ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʨʠʤʝʥʸʥʥʦʛʦ ʙʝʪʦʥʘ. ʊʘʢ, 

ʥʘʧʨʠʤʝʨ, ʦʧʨʝʜʝʣʝʥʠʝ ʢʣʘʩʩʘ ʙʝʪʦʥʘ ʚ ʩʨʝʜʥʝʤ ʧʦʢʘʟʘʣʦ ɺ40. ʆʜʥʘʢʦ, ʫʨʦʚʝʥʴ 

ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʤʦʩʪʘ ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʩʥʠʞʝʥʥʳʤ, ʧʦʩʢʦʣʴʢʫ ʧʨʦʜʦʣʞʘʝʪʩʷ 

ʧʨʦʮʝʩʩ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʩʪʝʥʢʘʭ ʙʘʣʦʢ. ɼʣʷ ʧʨʠʚʝʜʝʥʠʷ ʩʦʦʨʫʞʝʥʠʷ                   

ʚ ʥʦʨʤʘʪʠʚʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ, ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʚ ʩʦʦʪ-

ʚʝʪʩʪʚʠʠ ʩ [2] ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʢʘʧʠʪʘʣʴʥʳʡ ʨʝʤʦʥʪ, ʚ ʢʦʪʦʨʦʤ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʨʝʤʦʥʪʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʨʘʙʦʪʳ ʧʦ ʫʤʝʥʴʰʝ-

ʥʠʶ ʧʨʦʮʝʩʩʘ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʷ. ɼʣʷ ʚʦʟʚʨʘʱʝʥʠʷ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʦʙʣʠʢʘ 

ʩʦʦʨʫʞʝʥʠʷ ʩ ʜʝʤʦʥʪʘʞʸʤ 4-ʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʦʧʦʨ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʝʛʦ 

ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʥʘʛʨʫʟʢʘʤ ɸ11 ʠ ʅʂ-80, ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʦʠʟʚʝʩʪʠ ʫʩʠʣʝʥʠʝ ʧʨʦʣʝʪʥʳʭ ʩʪʨʦʝʥʠʡ ʧʫʪʸʤ ʫʩʪʨʦʡʩʪʚʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʧʫʯʢʦʚ ʥʘʧʨʷʛʘʝʤʦʡ ʘʨʤʘʪʫʨʳ ʠ ʫʛʣʝʧʣʘʩʪʠʢʦʚʳʭ ʣʝʥʪ-ʣʘʤʝʣʝʡ ʚ ʩʪʝʥʢʘʭ                    

ʩ ʧʝʨʝʢʨʳʪʠʝʤ ʪʨʝʱʠʥ. ɺʩʝ ʨʘʙʦʪʳ ʩʣʝʜʫʝʪ ʚʳʧʦʣʥʷʪʴ ʩʦʛʣʘʩʥʦ ʩʧʝʮʠʘʣʴʥʦʤʫ 

ʧʨʦʝʢʪʫ ʫʩʠʣʝʥʠʷ ʚ ʩʦʩʪʘʚʝ ʧʨʦʝʢʪʥʦ-ʠʟʳʩʢʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʧʦ ʨʝʢʦʥʩʪʨʫʢʮʠʠ, 

ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʢʦʪʦʨʳʭ ʥʝʦʙʭʦʜʠʤʦ ʪʱʘʪʝʣʴʥʦ ʚʟʚʝʩʠʪʴ ʨʘʮʠʦʥʘʣʴʥʦʩʪʴ 

ʧʨʠʥʷʪʠʷ ʜʘʥʥʦʛʦ ʨʝʰʝʥʠʷ ʩ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ. 
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ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 
ɺ ʨʘʙʦʪʝ ʦʧʠʩʘʥʘ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʥʝʢʨʫʛʣʳʭ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ, ʧʫʪʝʤ ʧʨʠʙʣʠʞʝʥʥʦʛʦ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ, ʚʳʯʠʩʣʝʥʠʝʤ ʤʝʪʦʜʘ ɻʘʫʩʩʘ. ʇʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ʠʩʧʨʦʝʢʪʠʨʦʚʘʥʘ ʟʫʙʯʘʪʘʷ 

ʧʝʨʝʜʘʯʘ ʥʝʢʨʫʛʣʳʭ ʢʦʣʝʩ ʩ ʧʝʨʝʤʝʥʥʳʤ ʧʝʨʝʜʘʪʦʯʥʳʤ ʯʠʩʣʦʤ 0,83é1,2. ʇʦʩʪʨʦʝʥʳ 2D                  

ʠ 3D ʤʦʜʝʣʠ ʥʝʢʨʫʛʣʳʭ ʟʫʙʘʪʳʭ ʢʦʣʝʩ ʠ ʠʟʛʦʪʦʚʣʝʥ ʧʨʦʪʦʪʠʧ ʧʝʨʝʜʘʯʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ, ʥʝʢʨʫʛʣʳʝ ʢʦʣʝʩʘ, ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ.  

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠʚʦʜʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ, 

ʠʩʧʦʣʴʟʫʶʱʠʭ ʟʫʙʯʘʪʳʝ ʧʝʨʝʜʘʯʠ, ʜʣʷ ʫʧʨʘʚʣʷʝʤʦʛʦ ʠʟʤʝʥʝʥʠʷ ʧʝʨʝʜʘʪʦʯʥʦʛʦ 

ʯʠʩʣʘ ʧʦ ʟʘʨʘʥʝʝ ʠʟʚʝʩʪʥʦʤʫ ʟʘʢʦʥʫ, ʠʩʧʦʣʴʟʫʶʪ ʟʫʙʯʘʪʦ-ʨʳʯʘʞʥʳʝ ʠʣʠ 

ʟʫʙʯʘʪʦ-ʢʫʣʘʯʢʦʚʳʝ ʤʝʭʘʥʠʟʤʳ, ʘ ʪʘʢʞʝ ʠʭ ʢʦʤʙʠʥʘʮʠʶ. ʊʘʢʠʝ ʢʠʥʝʤʘʪʠ-

ʯʝʩʢʠʝ ʩʣʦʞʥʳʝ ʤʝʭʘʥʠʟʤʳ ʚʧʦʣʥʝ ʚʦʟʤʦʞʥʦ ʟʘʤʝʥʠʪʴ ʦʜʥʦʡ ʟʫʙʯʘʪʦʡ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʝʡ ʩ ʥʝʢʨʫʛʣʳʤʠ ʢʦʣʝʩʘʤʠ, ʩʦʭʨʘʥʷʷ ʧʨʠ ʵʪʦʤ 

ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʠ ʩʠʣʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʇʨʠʤʝʥʝʥʠʝ ʪʘʢʦʡ ʧʝʨʝʜʘʯʠ 

ʧʦʟʚʦʣʠʪ ʫʤʝʥʴʰʠʪʴ ʛʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ ʠ ʤʘʩʩʫ, ʤʘʪʝʨʠʘʣʦʝʤʢʦʩʪʴ, ʧʦʚʳʩʠʪʴ 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʨʠʚʦʜʘ. ʂ ʩʦʞʘʣʝʥʠʶ, 

ʥʝʢʨʫʛʣʳʝ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʟʫʙʯʘʪʳʝ ʧʝʨʝʜʘʯʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʝʜʢʦ 

ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʧʨʠʙʦʨʦ- ʠ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʚ ʩʚʷʟʠ ʩʦ ʩʣʦʞʥʦʩʪʴʶ ʠ 

ʜʦʨʦʛʦʚʠʟʥʦʡ ʠʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʠʟʛʦʪʦʚʣʝʥʠʷ [2, 3]. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ï ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯ     

ʩ ʧʝʨʝʤʝʥʥʳʭ ʧʝʨʝʜʘʪʦʯʥʳʤ ʯʠʩʣʦʤ ʩ ʟʘʜʘʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʇʝʨʝʜʘʯʠ ʩ ʟʫʙʯʘʪʳʤ ʟʘʮʝʧʣʝʥʠʝʤ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʨʘʟʣʠʯʥʳʭ 

ʦʪʨʘʩʣʷʭ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ. ʀʭ ʧʨʠʤʝʥʷʶʪ ʚ ʘʚʪʦʤʦʙʠʣʴʥʦʡ, ʩʪʘʥʢʦʩʪʨʦʠ-

ʪʝʣʴʥʦʡ, ʧʨʠʙʦʨʦʩʪʨʦʠʪʝʣʴʥʦʡ ʠ ʜʨʫʛʠʭ ʦʪʨʘʩʣʷʭ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ. ʆʩʥʦʚʥʦʝ 

ʠʭ ʥʘʟʥʘʯʝʥʠʝ: ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʩ ʟʘʜʘʥʥʳʤ ʦʪʥʦʰʝ-

ʥʠʝʤ ʠʭ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ. 

ɿʫʙʯʘʪʦʡ ʧʝʨʝʜʘʯʠ ʩ ʧʝʨʝʤʝʥʥʳʤ ʧʝʨʝʜʘʪʦʯʥʳʤ ʯʠʩʣʦʤ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ 

ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʤ ʟʘʢʦʥʝ ʠʟʤʝʥʝʥʠʷ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʯʠʩʣʘ, ʠʟ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʬʦʨʤʫ ʟʫʙʯʘʪʦʛʦ ʢʦʣʝʩʘ.  

ɺ ʵʪʠʭ ʧʝʨʝʜʘʯʘʭ ʥʝʢʨʫʛʣʳʝ ʢʦʣʝʩʘ ʚʨʘʱʘʶʪʩʷ ʚʦʢʨʫʛ ʦʩʠ ʩ ʧʝʨʝʤʝʥʥʦʡ 

ʦʢʨʫʞʥʦʡ ʩʢʦʨʦʩʪʴʶ ʧʦ ʠʟʚʝʩʪʥʦʤʫ ʟʘʢʦʥʫ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʧʦʣʶʩ 
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ʟʘʮʝʧʣʝʥʠʷ ʈ ʤʝʥʷʝʪ ʩʚʦʝ ʧʦʣʦʞʝʥʠʝ (ʨʠʩ. 1) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ 

ʬʦʨʤʳ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ ʠ ʟʘʜʘʥʥʦʛʦ ʟʘʢʦʥʘ ʠʭ ʜʚʠʞʝʥʠʷ. ʆʩʥʦʚʥʳʤ 

ʪʨʝʙʦʚʘʥʠʝʤ, ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ ʢʠʥʝʤʘʪʠʢʝ ʥʝʢʨʫʛʣʳʭ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ 

ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯ, ʷʚʣʷʝʪʩʷ ʩʦʭʨʘʥʝʥʠʝ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʯʠʩʣʘ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ 

ʜʠʘʧʘʟʦʥʝ. ʊʘʢʦʝ ʫʩʣʦʚʠʝ ʚʦʟʤʦʞʥʦ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʢʦʥʪʘʢʪʝ ʚʦʦʙʨʘʞʘʝʤʳʭ 

ʣʠʥʠʡ ʧʨʠ ʢʘʯʝʥʠʠ ʠʭ ʜʨʫʛ ʧʦ ʜʨʫʛʫ ʙʝʟ ʩʢʦʣʴʞʝʥʠʷ. ɺ ʪʝʦʨʠʠ ʟʘʮʝʧʣʝʥʠʷ 

ʪʘʢʠʝ ʤʥʠʤʳʝ ʣʠʥʠʠ ʥʘʟʳʚʘʶʪʩʷ ʥʘʯʘʣʴʥʳʤʠ ʢʨʠʚʳʤʠ. 

 

 
 

ʈʠʩ. 1. ʀʟʤʝʥʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʧʦʣʶʩʘ ʟʘʮʝʧʣʝʥʠʷ ʈ 

 

ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʥʘʯʘʣʴʥʳʭ ʢʨʠʚʳʭ ʟʘʚʠʩʷʪ ʦʪ ʧʘʨʘʤʝʪʨʦʚ 

ʩʦʧʨʷʞʝʥʥʳʭ ʨʘʙʦʯʠʭ ʧʨʦʬʠʣʝʡ ʟʫʙʴʝʚ. 

ʀʟ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ ʠʟʚʝʩʪʥʦ (ʨʠʩ. 1), ʯʪʦ ʪʦʯʢʘ ʈ ʷʚʣʷʝʪʩʷ 

ʤʛʥʦʚʝʥʥʳʤ ʮʝʥʪʨʦʤ ʩʢʦʨʦʩʪʝʡ ʚʨʘʱʘʶʱʠʭʩʷ ʢʨʠʚʳʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʦʝʢ 0,              

ʘ ʥʘʯʘʣʴʥʳʝ ʢʨʠʚʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʮʝʥʪʨʦʠʜʳ ʎ1 ʠ ʎ2 ʚ ʦʪʥʦʩʠʪʝʣʴʥʦʤ 

ʜʚʠʞʝʥʠʠ ʥʘʯʘʣʴʥʳʭ ʢʨʠʚʳʭ, ʪʘʢ ʢʘʢ ʜʚʠʞʫʪʩʷ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʜʨʫʛ ʜʨʫʛʘ ʙʝʟ 

ʩʢʦʣʴʞʝʥʠʷ. ɸʥʘʣʠʪʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʵʣʣʠʧʩʦʠʜʥʳʭ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ ʥʘʯʠʥʘʝʪʩʷ     

ʩ ʦʧʨʝʜʝʣʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʫʢʘʟʘʥʥʳʭ ʮʝʥʪʨʦʠʜ.  

ɼʣʷ ʥʝʢʨʫʛʣʳʭ ʟʫʙʯʘʪʳʭ ʦʚʘʣʴʥʳʭ ʠ ʵʣʣʠʧʪʠʯʝʩʢʠʭ ʢʦʣʝʩ, ʮʝʥʪʨʦʠʜʘʤʠ 

ʙʫʜʫʪ ʦʚʘʣʳ ʠ ʵʣʣʠʧʩʳ. ʆʙʳʯʥʦ ʚ ʪʘʢʠʭ ʢʦʣʝʩʘʭ ʟʘʜʘʶʪʩʷ ʪʦʣʴʢʦ ʬʫʥʢʮʠʷʤʠ 

ʧʝʨʝʤʝʱʝʥʠʷ ʢʦʣʝʩ ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʠʣʠ ʚ ʪʘʙʣʠʯʥʦʤ ʚʠʜʝ. 

ʉʯʠʪʘʝʤ, ʯʪʦ ʟʫʙʴʷ ʙʫʜʫʪ ʧʨʷʤʳʝ ʥʝʢʦʨʨʝʛʠʨʦʚʘʥʥʳʝ ʠ ʥʘʨʝʟʘʪʴʩʷ ʙʝʟ 

ʢʦʬɻʬʠʮʠʝʥʪʘ ʩʤʝʱʝʥʠʷ. ʊʘʢʞʝ ʠʟʚʝʩʪʥʳ ʤʦʜʫʣʴ ά, ʯʠʩʣʦ ʟʫʙʴʝʚ ʧʨʠʚʦʜʥʦʛʦ 
ʟʚʝʥʘ (ʢʘʢ ʧʨʘʚʠʣʦ ï ʰʝʩʪʝʨʥʠ) ᾀ, ʧʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ όȢ ʆʯʝʚʠʜʥʦ, ʯʪʦ 
ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷʧʝʨʝʜʘʪʦʯʥʦʛʦʯʠʩʣʘʟʫʙʯʘʪʦʛʦ ʟʘʮʝʧʣʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʮʝʥʪʨʦʠʜ. ɼʃʷ ʥʝʢʨʫʛʣʳʭ ʢʦʣʝʩ ʵʪʦ ʯʠʩʣʦ ʧʝʨʝʤʝʥʥʦ,     

ʠ ʠʟʤʝʥʷʝʪʩʷ ʧʦ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʟʘʢʦʥʫ. 

ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʧʨʠ ʨʘʩʯʝʪʝ ʥʝʢʨʫʛʣʳʭ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ ʷʚʣʷʝʪʩʷ 

ʧʦʣʫʯʝʥʠʝ ʪʦʯʥʦʛʦ ʟʥʘʯʝʥʠʷ ʤʝʞʦʩʝʚʦʛʦ ʨʘʩʩʪʦʷʥʠʷ, ʢʦʪʦʨʦʝ ʧʦʣʥʦʩʪʴʶ 

ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʶ ʟʘʤʢʥʫʪʦʩʪʠ ʮʝʥʪʨʦʠʜʳ ʥʝʢʨʫʛʣʦʛʦ ʢʦʣʝʩʘ. ʀʟ-ʟʘ 

ʩʣʦʞʥʦʩʪʠ ʝʝ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʥʝʦʙʭʦʜʠʤʘ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʫʛʣʘʤʠ 

ʧʦʚʦʨʦʪʘ ʢʦʣʝʩ ʧʝʨʝʜʘʯʠ (ʨʠʩ. 2). 
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ʈʠʩ. 2. ʎʝʥʪʨʦʠʜʳ ʧʝʨʝʜʘʯʠ 

 

 

ʂʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ὃ ʚ ʩʠʩʪʝʤʝ ὼὕώ ʚʳʯʠʩʣʠʤ ʧʦ ʬʦʨʤʫʣʝ 

ὼ ὶ ÃÏÓ•ȟώ ὶ ÓÉÎ•. 
(

3) 

ʂʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ὃ ʚ ʩʠʩʪʝʤʝ ὼὕώ ʚʳʯʠʩʣʠʤ ʧʦ ʬʦʨʤʫʣʝ 

ὼ ὶ ÃÏÓ•ȟώ ὶ ÓÉÎ•, 
(

4) 

ʆʙʦʟʥʘʯʠʤ:••  ï ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʝ ʫʛʣʳ ʧʦʚʦʨʦʪʘ ʰʝʩʪʝʨʥʠ ʠ ʢʦʣʝʩʘ; 

ὶὶ ï ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʜʠʫʩʳ ʮʝʥʪʨʦʠʜ. 

ʀʟ ʨʠʩ. 2 ʩʣʝʜʫʝʪ, ʯʪʦ ʚ ʪʦʯʢʝ ʢʘʩʘʥʠʷ ʮʝʥʪʨʦʠʜ, ʪʦʯʢʝ Ὀ, ʥʘ ʣʠʥʠʠ 
ὕὕʚʝʨʥʦ ʨʘʚʝʥʩʪʚʦ (6) 

ὶ ὶ ὥ.                                                  (5)  

ʋʛʦʣ •ʚʳʨʘʟʠʤ ʯʝʨʝʟ • ʧʦ ʬʦʨʤʫʣʝ (7) 

• ÁÒÃÔÇ
ώ

ώ
ÁÒÃÔÇ

ὶ ÓÉÎ•

ὶ ÃÏÓ• Ὡ
 Ȣ 

(

6) 

ɺʳʨʘʟʠʤ ʫʛʦʣ •  ʠʟ ʫʩʣʦʚʠʷ ʢʘʯʝʥʠʷ ʮʝʥʪʨʦʠʜ ʙʝʟ ʩʢʦʣʴʞʝʥʠʷ ʚ ʜʠʬʬʝ-

ʨʝʥʮʠʘʣʴʥʦʡ ʬʦʨʤʝ ʯʝʨʝʟ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʳʝ ʫʛʣʳ: 

ὶ Ὠ• ὶ Ὠ• . 
(

8) 

ɺʳʨʘʟʠʚ ʠʟ (9) •  , ʧʦʣʫʯʠʤ ʬʦʨʤʫʣʫ 

•
Ὠ •

ρ
 (9) 

ʊʘʢ ʢʘʢ ʥʝʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʪʦʯʥʳʝ ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʠ •  (•), ʪʦ 
ʨʘʩʩʤʦʪʨʠʤ ʜʨʫʛʦʡ ʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳʡ ʩʧʦʩʦʙ ʨʘʩʯʝʪʘ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ 

ɻʘʫʩʩʘ. ʉʫʱʥʦʩʪʴ ʤʝʪʦʜʘ ʪʘʢʦʚʘ. ʆʧʨʝʜʝʣʝʥʥʳʡ ʠʥʪʝʛʨʘʣ Ὅ ᷿ὪὼὨὼ, 

ʚʝʣʠʯʠʥʫ ʢʦʪʦʨʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ, ʟʘʤʝʥʷʝʪʩʷ ʠʥʪʝʛʨʘʣʦʤ Ὅ ᷿’ὔὨὔ. 

ɺʭʦʜʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʷʚʣʷʶʪʩʷ ʩʤʝʱʝʥʠʝ   ʠ ʪʝʢʫʱʠʝ ʚʝʣʠʯʠʥʳ ʫʛʣʘ 

• .ʉ ʧʦʤʦʱʴʶ ʜʘʥʥʦʛʦ ʙʣʦʢʘ, ʧʫʪʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʨʠʙʣʠʞʝʥʠʡ ʜʣʷ 
ʤʝʞʦʩʝʚʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ‌ ʚʳʧʦʣʥʠʤ ʫʩʣʦʚʠʝ ʟʘʤʢʥʫʪʦʩʪʠ ʮʝʥʪʨʦʠʜʳ ʟʫʙʯʘʪʦʛʦ 

ʢʦʣʝʩʘ. 
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ʇʨʦʠʟʚʦʣʴʥʦ ʟʘʜʘʚʘʷʩʴ ʟʥʘʯʝʥʠʷʤʠ• , ʧʦʣʫʯʠʤ ʪʘʙʣʠʯʥʫʶ ʬʫʥʢʮʠʶ 
• (•) ʠ ʧʦ ʬʦʨʤʫʣʝ (5) ʚʳʯʠʩʣʠʤ ʚʝʣʠʯʠʥʳ ʨʘʜʠʫʩʦʚ ὶ ʠ ʢʦʦʨʜʠʥʘʪʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʦʯʝʢ ʥʘ ʮʝʥʪʨʦʠʜʝ ʢʦʣʝʩʘʧʦ ʬʦʨʤʫʣʝ 

ὼ ὶ ÃÏÓ•ώ ὶ ÓÉÎ• . 
(

11) 

ʇʦʩʣʝ ʵʪʦʛʦ ʤʦʞʝʤ ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʮʝʥʪʨʦʠʜʫ ʢʦʣʝʩʘ ʚ ʚʠʜʝ ʣʦʤʘʥʦʡ 

ʣʠʥʠʠ. 

ɼʘʣʝʝ ʨʘʟʤʝʩʪʠʤ ʟʫʙʴʷ ʥʘ ʮʝʥʪʨʦʠʜʘʭ ʢʦʣʝʩ. ɼʣʷ ʪʦʯʥʦʩʪʠ ʩʯʠʪʘʝʤ, ʯʪʦ ʚ 

ʠʩʭʦʜʥʦʤ ʧʦʣʦʞʝʥʠʠ ʥʘ ʣʠʥʠʠ ʮʝʥʪʨʦʚὕὕ  ʩʦʚʧʘʜʘʶʪ ʦʩʴ ʟʫʙʘ ʢʦʣʝʩʘ ʠ ʦʩʴ 

ʚʧʘʜʠʥʳ ʰʝʩʪʝʨʥʠ, ʘ ʜʠʩʢʨʝʪʥʳʝ, ʪʝʧʝʨʴ ʫʞʝ ʥʝʧʨʦʠʟʚʦʣʴʥʳʝ, ʚʝʣʠʯʠʥʳ  

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʦʟʠʮʠʷʤ ʚʧʘʜʠʥ ʰʝʩʪʝʨʥʠ ʥʘ ʮʝʥʪʨʦʠʜʝ. 

ɿʫʙʴʷ ʠ ʚʧʘʜʠʥʳ ʰʝʩʪʝʨʥʠ ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ ʜʝʣʠʪʝʣʴʥʦʡ ʦʢʨʫʞʥʦʩʪʠ 

ʨʘʜʠʫʩʘ r ʩ ʧʦʩʪʦʷʥʥʳʤ ʫʛʣʦʚʳʤ ʰʘʛʦʤ • . ʂʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʧʝʨʝʩʝʯʝʥʠʷ 

ʦʩʝʡ ʚʧʘʜʠʥ ʩ ʮʝʥʪʨʦʠʜʦʡ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ὼὕώ (ʨʠʩ. 3) ʙʫʜʫʪ ʦʧʨʝʜʝʣʷʪʴʩʷ 
ʬʦʨʤʫʣʘʤʠ (2ï5). ʀʩʧʦʣʴʟʫʷ ʧʨʠʚʝʜʝʥʥʳʡ ʘʣʛʦʨʠʪʤ, ʧʦʣʫʯʠʤ ʪʘʙʣʠʯʥʳʝ                 

(ʧʦ ʯʠʩʣʫ ʟʫʙʴʝʚ ʰʝʩʪʝʨʥʠ) ʬʫʥʢʮʠʠ ὶ(• ),• (• ),ὶ(•), ʘ ʪʘʢʞʝ ʧʝʨʝʜʘʪʦʯʥʦʝ 

ʯʠʩʣʦ Ὥ • . ɺ ʦʪʤʝʯʝʥʥʳʭ ʪʦʯʢʘʭ ʰʝʩʪʝʨʥʠ ʤʦʞʝʤ ʠʟʦʙʨʘʟʠʪʴ ʟʫʙʴʷ, 

ʧʨʠ ʵʪʦʤ ʢʦʦʨʜʠʥʘʪʳ ʧʨʦʬʠʣʝʡ ʟʫʙʴʝʚ ʜʣʷ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʨʠʩʫʥʢʝ ʥʘʡʜʝʤ               

ʧʦ ʩʧʦʩʦʙʫ, ʦʧʠʩʘʥʥʦʤʫ ʚ [1, 4]. 

 

 

  
ʈʠʩ. 3. ʇʨʦʪʦʪʠʧ ʤʦʜʝʣʠ ʥʝʢʨʫʛʣʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʟʫʙʯʘʪʦʡ ʧʝʨʝʜʘʯʠ 

 

 

ʇʝʨʝʭʦʜʠʤ ʢ ʢʦʣʝʩʫ 2. ʌʫʥʢʮʠʠ • (• ), ὶ(• ) ʦʧʨʝʜʝʣʷʶʪ ʨʘʟʤʝʪʢʫ 

ʢʦʣʝʩʘ. ɺ ʵʪʠʭ ʪʦʯʢʘʭ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʤʝʩʪʠʪʴ ʟʫʙʴʷ. ʀʩʧʦʣʴʟʫʝʤ ʤʝʪʦʜ 

ʧʨʠʚʝʜʝʥʥʦʛʦ ʢʦʣʝʩʘ, ʚ ʢʦʪʦʨʦʤ ʢʘʞʜʳʡ ʟʫʙ ʚʳʯʠʩʣʷʝʪʩʷ ʢʘʢ ʟʫʙ ʢʨʫʛʣʦʛʦ 

ʢʦʣʝʩʘ ʩ ʜʝʣʠʪʝʣʴʥʦʡ ʦʢʨʫʞʥʦʩʪʴʶ, ʨʘʜʠʫʩ ʢʦʪʦʨʦʡ ʨʘʚʝʥ ʨʘʜʠʫʩʫ ʢʨʠʚʠʟʥʳ 

ʮʝʥʪʨʦʠʜʳ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʤʝʩʪʝ. 
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ʈʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʧʣʦʩʢʦʡ ʢʨʠʚʦʡ ʦʧʨʝʜʝʣʠʤ ʧʦ ʠʟʚʝʩʪʥʦʡ ʬʦʨʤʫʣʝ, ʧʨʠ 

ʥʘʰʠʭ ʦʙʦʟʥʘʯʝʥʠʷʭ ʦʥʘ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ 

Ὑ
ὶ ὶᴂ

ȿὶ ςὶᴂ ὶὶᴂᴂȿ
 Ȣ  

 

ʇʨʦʠʟʚʦʜʥʳʝ, ʚʭʦʜʷʱʠʝ ʚ ʬʦʨʤʫʣʫ, ʧʦʣʫʯʠʤ, ʠʩʧʦʣʴʟʫʷ ʚʳʨʘʞʝʥʠʷ             

(3)-(5).ʂʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʦʚ ʢʨʠʚʠʟʥʳ ʨʘʩʩʯʠʪʘʝʤ ʧʦ ʬʦʨʤʫʣʘʤ: 

ὼ ὼ
ώ

ρ ώ

Ὑώ ώ
ρ

ρ ώ

Ὑ ȟ (

12) 

ʛʜʝ ʚʝʨʭʥʠʝ ʟʥʘʢʠ ʧʨʠʥʠʤʘʶʪʩʷ ʜʣʷ ʚʳʧʫʢʣʦʡ (ʚʝʨʭʥʝʡ) ʯʘʩʪʠ ʮʝʥʪʨʦʠʜʳ, 

ʥʠʞʥʠʝ ï ʜʣʷ ʚʦʛʥʫʪʦʡ (ʥʠʞʥʝʡ) ʯʘʩʪʠ. 

ʉʦʧʨʠʢʘʩʘʶʱʫʶʩʷ ʦʢʨʫʞʥʦʩʪʴ ʨʘʜʠʫʩʘὙ  ʫʩʪʘʥʘʚʣʠʚʘʝʤ ʚ ʮʝʥʪʨ 

ʢʨʠʚʠʟʥʳ ʠ, ʩʯʠʪʘʷ ʝʝ ʥʘʯʘʣʴʥʦʡ, ʥʘʭʦʜʠʤ ʧʨʠʚʝʜʝʥʥʦʝ ʯʠʩʣʦ ʟʫʙʴʝʚ  ᾀ̐ . 

ʈʘʩʩʯʠʪʳʚʘʝʤ ʢʦʦʨʜʠʥʘʪʳ ʟʫʙʘ ʪʘʢʦʛʦ ʧʨʠʚʝʜʝʥʥʦʛʦ ʢʦʣʝʩʘ ʚ ʣʦʢʘʣʴʥʦʡ 

ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. ʀʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʧʝʨʝʚʦʜʠʤ 

ʨʘʩʩʯʠʪʘʥʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʚ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ʢʦʣʝʩʘ. ʇʨʠ ʯʝʪʥʦʤ ʯʠʩʣʝ  ᾀ                

ʠ ό ς ʜʦʩʪʘʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʟʫʙʴʷ ʥʘ ʦʜʥʦʡ ʯʝʪʚʝʨʪʠ ʢʦʣʝʩʘ, ʘ ʟʘʪʝʤ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʩʣʦʚʠʷ ʩʠʤʤʝʪʨʠʯʥʦʩʪʠ. ʀʟ ʘʥʘʣʠʟʘ ʧʨʠʚʝʜʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ, 

ʩʣʝʜʫʝʪ, ʯʪʦ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯ ʩ ʧʝʨʝʤʝʥʥʳʤ ʧʝʨʝʜʘʪʦʯʥʳʤ 

ʯʠʩʣʦʤ ʜʦʩʪʘʪʦʯʥʦ ʠʤʝʪʴ ʬʫʥʢʮʠʶ ὶ(•) ʠ ʝʝ ʧʨʦʠʟʚʦʜʥʳʝ. 

 

ɻʝʦʤʝʪʨʠʯʝʩʢʠʡ ʨʘʩʯʸʪ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʥʝʢʨʫʛʣʦʡ ʟʫʙʯʘʪʦʡ ʧʝʨʝʜʘʯʠ 

ʚʥʝʰʥʝʛʦ ʟʘʮʝʧʣʝʥʠʷ 
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ʇʦʩʪʨʦʝʥʳ 2D ʠ 3D ʤʦʜʝʣʠ ʥʝʢʨʫʛʣʳʭ ʟʫʙʘʪʳʭ ʢʦʣʝʩ ʠ ʠʟʛʦʪʦʚʣʝʥ 

ʧʨʦʪʦʪʠʧ ʧʝʨʝʜʘʯʠ ʥʘ 3D ʧʨʠʥʪʝʨʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ ʧʨʦʝʢʪʠʨʦʚʘʪʴ 

ʥʝʢʨʫʛʣʳʝ ʢʦʣʝʩʘ ʩ ʟʘʜʘʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʥʘʧʨʠʤʝʨ, ʩ ʟʘʜʘʥʥʳʤ 

ʟʘʢʦʥʦʤ ʜʚʠʞʝʥʠʷ ʚʳʭʦʜʥʦʛʦ ʟʚʝʥʘ, ʦʢʨʫʞʥʦʡ ʩʢʦʨʦʩʪʴʶ, ʯʘʩʪʦʡ ʚʨʘʱʝʥʠʷ 

ʰʝʩʪʝʨʥʠ.  
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ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 
ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ ʭʨʘʥʝʥʠʷ 

ʜʘʥʥʳʭ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʦʚʝʨʰʝʥʥʦ ʥʦʚʦʛʦ ʧʦʜʭʦʜʘ ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʝʡ ʤʝʞʜʫ ʇʂ ʠ ʚʥʝʰʥʠʤ 

ʭʨʘʥʠʣʠʱʝʤ ʜʘʥʥʳʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: Wireless USB, IoT, ʙʝʩʧʨʦʚʦʜʥʦʡ ʠʥʪʝʨʬʝʡʩ ʧʦʜʢʣʶʯʝʥʠʷ, 

ʙʝʩʧʨʦʚʦʜʥʘʷ ʧʝʨʝʜʘʯʘ, ʜʘʥʥʳʭ, ʪʚʝʨʜʦʪʝʣʴʥʳʡ ʬʣʵʰ-ʥʘʢʦʧʠʪʝʣʴ. 

 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʧʦʷʚʠʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʩʪʨʦʡʩʪʚʘ 

ʙʝʩʧʨʦʚʦʜʥʦʡ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ, ʘ ʪʘʢʞʝ ʫʩʪʨʦʡʩʪʚʘ ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ 

ʜʦʩʪʫʧʘ. ɼʘʥʥʘʷ ʨʘʟʨʘʙʦʪʢʘ ʧʦʜʭʦʜʠʪ ʧʦʜ ʵʪʫ ʢʘʪʝʛʦʨʠʶ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʣʵʰ-ʥʘʢʦʧʠʪʝʣʝʡ ʙʝʟ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʜʢʣʶʯʝʥʠʷ ʫʩʪʨʦʡʩʪʚʘ ʢ ʧʝʨʩʦʥʘʣʴʥʦʤʫ ʢʦʤʧʴʶʪʝʨʫ (ʇʂ).               

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʵʪʦ ʦʙʣʝʛʯʘʝʪ ʨʘʙʦʪʫ ʩ ʥʦʩʠʪʝʣʝʤ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʘʝʪ ʫʨʦʚʝʥʴ 

ʜʦʩʪʫʧʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. 

ʋʩʪʨʦʡʩʪʚʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʝʩʧʨʦʚʦʜʥʦʡ ʬʣʵʰ-ʥʘʢʦʧʠʪʝʣʴ ʠ ʜʦʢ-

ʩʪʘʥʮʠʶ (ʢʦʥʥʝʢʪʦʨ). ʇʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʬʣʵʰ-ʥʘʢʦʧʠʪʝʣʷ ʠ ʜʦʢ-

ʩʪʘʥʮʠʠ,ʧʨʦʠʩʭʦʜʠʪ ʫʩʪʘʥʦʚʢʘ ʩʚʷʟʠ ʤʝʞʜʫ ʫʩʪʨʦʡʩʪʚʘʤʠ, ʧʦʩʨʝʜʩʪʚʦʤ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʛʦ ʙʣʦʢʘ (ʊʂɹ), ʜʦʢ-ʩʪʘʥʮʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʠʪʘʥʠʝ ʬʣʵʰ 

ʥʘʢʦʧʠʪʝʣʷ ʧʦʩʨʝʜʩʪʚʦʤ ʩʪʘʥʜʘʨʪʘ QI. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʴʟʦʚʘʪʝʣʴ ʧʦʣʫʯʘʝʪ 

ʜʦʩʪʫʧ ʢʦ ʚʩʝʤ ʜʘʥʥʳʤ, ʭʨʘʥʷʱʠʤʩʷ ʥʘ ʬʣʵʰ-ʥʘʢʦʧʠʪʝʣʝ ʠ ʚʦʟʤʦʞʥʦʩʪʴ 

ʨʘʙʦʪʳ ʩ ʥʠʤʠ. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 1. 

 

  
ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ 
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ʇʠʪʘʥʠʝ ʩʭʝʤʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʧʨʠʥʮʠʧʫ ʤʘʛʥʠʪʥʦ-ʩʚʷʟʘʥʥʳʭ 

ʢʘʪʫʰʝʢ. 

ʇʦʤʠʤʦ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ, ʚʘʞʥʦʝ ʤʝʩʪʦ ʚ ʨʘʙʦʪʝ ʫʩʪʨʦʡʩʪʚʘ ʟʘʥʠʤʘʶʪ 

ʚʳʯʠʩʣʠʪʝʣʴ ʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʡ ʙʣʦʢ. ʇʦ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʵʪʦ ʜʚʘ ʨʘʟʥʳʭ 

ʫʩʪʨʦʡʩʪʚ, ʥʦ ʩ ʨʘʟʚʠʪʠʝʤ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ, ʚʩʝ ʯʘʱʝ ʩʪʘʣʠ ʧʦʷʚʣʷʪʴʩʷ 

ʫʩʪʨʦʡʩʪʚʘ, ʩʦʚʤʝʱʘʶʱʠʝ ʚ ʩʝʙʝ ʦʙʘ ʩʚʦʡʩʪʚʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʚʳʯʠʩʣʠʪʝʣʷ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʳ: 

ATmega328ʈ ʠ ESP32. 

ATmega328P. ʉʦʛʣʘʩʥʦ ʪʝʭʥʠʯʝʩʢʦʡ ʩʧʝʮʠʬʠʢʘʮʠʠ ʜʣʷ ʧʠʪʘʥʠʷ ʤʠʢʨʦ-

ʢʦʥʪʨʦʣʣʝʨʘ ATmega328P ʪʨʝʙʫʝʪʩʷ ʥʘʧʨʷʞʝʥʠʝ ʚ ʜʠʘʧʘʟʦʥʝ 1.8-5.5ɺ.                      

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʷʞʝʥʠʷ ʧʠʪʘʥʠʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʧʨʦʠʟʚʦʜʠʪ 

ʚʳʯʠʩʣʝʥʠʷ ʩʯʘʩʪʦʪʘʤʠ:0 - 4MHz@1.8 - 5.5V, 0 - 10MHz@2.7 - 5.5.V,                            

0 - 20MHz@4.5 - 5.5V. ʊ.ʝ. ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʴʰʝʡ ʩʢʦʨʦʩʪʠ ʚʳʯʠʩʣʝʥʠʷ 

ʪʨʝʙʫʝʪʩʷ ʙʦʣʴʰʝʝ ʥʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝʦʙʭʦʜʠʤʘ ʙʦʣʴʰʘʷ 

ʤʦʱʥʦʩʪʴ ʠʟʣʫʯʘʪʝʣʷ ʙʣʦʢʘ ʧʠʪʘʥʠʷ. 

ESP32. ʀʤʝʝʪ ʚʩʪʨʦʝʥʥʳʝ ʙʣʦʢʠWi-fiʠ Bluetooth (ʨʠʩ. 2), ʘ ʟʥʘʯʠʪ ʙʦʣʝʝ 

ʢʦʤʧʘʢʪʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʢʦʤʧʣʝʢʪʫʶʱʠʭ. 

 

 
ʈʠʩ. 2. ʉʪʨʫʢʪʫʨʥʘʷ ʙʣʦʢ-ʩʭʝʤʘ ESP 32 

 

ʈʘʙʦʯʝʝ ʥʘʧʨʷʞʝʥʠʝ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʣʝʞʠʪ ʚ ʜʠʘʧʘʟʦʥʝ 1.8-3.6ɺ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʨʝʙʫʝʪ ʤʝʥʴʰʝʝ ʤʦʱʥʦʩʪʠ ʠʟʣʫʯʘʪʝʣʷ ʙʣʦʢʘ ʧʠʪʘʥʠʷ. 

ʋʧʨʘʚʣʝʥʠʝ ʧʠʪʘʥʠʝʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʙʣʘʛʦʜʘʨʷ ʤʠʥʠʤʘʣʴʥʦʤʫ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʶ ʩ ʭʦʩʪʦʤ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʧʝʨʠʦʜʘ ʘʢʪʠʚʥʦʡ ʥʘʛʨʫʟʢʠ. 

ESP32 ʨʝʘʣʠʟʫʝʪ ʧʦʣʥʳʡ ʧʨʦʪʦʢʦʣ Wi-fi MAC 802.11 b/g/n. ʇʦʜʜʝʨʞʠʚʘʝʪ 

ʙʘʟʦʚʳʡ ʥʘʙʦʨ ʫʩʣʫʛ (BSS). 

ʉʦʛʣʘʩʥʦ IEEE ï 802.11: 

¶ ʩʪʘʥʜʘʨʪ 802.11b ʠʤʝʝʪ ʤʘʢʩʠʤʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ï 11ʄʙʠʪ/ʩʝʢ, 

ʨʘʜʠʫʩ ʜʝʡʩʪʚʠʷ ʚ ʧʦʤʝʱʝʥʠʠ ï ʜʦ 30 ʤ; 
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¶ 802.11g ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ï 54ʄʙʠʪ/ʩʝʢ, ʨʘʜʠʫʩ ʜʝʡʩʪʚʠʷ ï 

ʜʦ 50 ʤ; 

¶ 802.11n ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ï 300-600ʄʙʠʪ/ʩʝʢ, ʨʘʜʠʫʩ 

ʜʝʡʩʪʚʠʷ ï ʜʦ 100 ʤ. 

ɼʘʥʥʳʝ ʨʘʜʠʫʩʳ ʜʝʡʩʪʚʠʷ ʚʣʝʢʫʪ ʟʘ ʩʦʙʦʡ ʫʛʨʦʟʫ ʫʪʝʯʢʠ ʜʘʥʥʳʭ ʧʨʠ 

ʧʝʨʝʜʘʯʝ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʪʦʢʦʣʦʚ ʟʘʱʠʪʳ. 

ʂʨʦʤʝ ʵʪʦʛʦ, ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʠʤʝʝʪ ʩʪʝʢ Bluetooth,ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 

ʩʧʝʮʠʬʠʢʘʮʠʷʤ Bluetooth v4.2 ʠ Bluetooth LE. ʀʟ ʧʣʶʩʦʚ, ʜʘʥʥʘʷ ʩʧʝʮʠʬʠʢʘʮʠʷ 

ʠʤʝʝʪ ʩʥʠʞʝʥʥʦʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʠ ʤʠʥʠʤʘʣʴʥʫʶ ʜʘʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʷ                         

ʚ 10 ʤ, ʯʪʦ ʤʝʥʴʰʝ ʜʘʣʴʥʦʩʪʠ ʜʝʡʩʪʚʠʷ Wi-fi. ʀʟ ʤʠʥʫʩʦʚ ï ʤʘʣʘʷ ʩʢʦʨʦʩʪʴ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 4 ʄʙ/ʩ. 

ʈʝʟʶʤʠʨʫʷ ʚʳʰʝ ʩʢʘʟʘʥʥʦʝ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ESP32, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʙʦʣʴʰʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʨʠ 

ʢʦʤʧʘʢʪʥʦʤ ʠʩʧʦʣʥʝʥʠʠ. 
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ɼ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, bvf@list.ru 

ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 
ʇʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ ʣʝʞʠʪ ʚ ʦʩʥʦʚʝ ʣʶʙʦʡ ʩʠʩʪʝʤʳ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ (ʀʀ). 

ʉʫʱʝʩʪʚʫʶʪ ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʧʨʠʥʷʪʠʶ ʨʝʰʝʥʠʡ. ʆʜʥʠʤ ʠʟ ʩʘʤʳʭ ʤʦʱʥʳʭ 

ʨʝʰʝʥʠʡ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘ Utility AI, ʢʦʪʦʨʘʷ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʚʳʙʦʨʝ ʥʘʠʣʫʯʰʝʡ ʩʪʨʘʪʝʛʠʠ 

ʥʘ ʙʘʟʝ ʵʚʨʠʩʪʠʯʝʩʢʠʭ ʦʮʝʥʦʢ, ʯʪʦ ʧʦʟʚʦʣʷʪ ʀʀ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʨʘʟʣʠʯʥʦʡ ʩʠʪʫʘʮʠʠ.                

ʅʦ ʫ Utility AI ʠʤʝʝʪ ʥʝʜʦʩʪʘʪʦʢ: ʩʣʦʞʥʦʩʪʴ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʩʨʝʜʩʪʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ.                         

ɺ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʝʨʝʚʘ ʧʦʚʝʜʝʥʠʷ ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʩʪʨʘʪʝʛʠʡ ʠ ʨʘʩʯʝʪʘ ʵʚʨʠʩʪʠʢ Utility AI ʜʣʷ ʮʠʬʨʦʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʀʀ. ʇʨʝʜʣʦʞʝʥ ʚʘʨʠʘʥʪ 

ʚʠʟʫʘʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʥʘ ʙʘʟʝ ʩʠʩʪʝʤʳ Utility AI. 

ʇʨʠʚʝʜʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʩʦʚʤʝʱʝʥʠʷ ʩʨʝʜʩʪʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʩʪʝʤʘ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, Utility AI, ʜʝʨʝʚʦ ʧʦʚʝʜʝʥʠʷ, ʚʠʟʫʘʣʴʥʦʝ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ. 

 

ʊʝʦʨʠʷ ʧʦʣʝʟʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʪʘʢʠʭ ʦʙʣʘʩʪʷʭ, ʢʘʢ ʧʩʠʭʦʣʦʛʠʷ, 

ʵʢʦʥʦʤʠʢʘ, ʩʦʮʠʦʣʦʛʠʷ ʠ ʪʝʦʨʠʷ ʠʛʨ. ʇʨʠʤʝʥʷʷ ʪʝʦʨʠʶ ʧʦʣʝʟʥʦʩʪʠ ʩʦʚʤʝʩʪʥʦ       

ʩ ʪʘʢʠʤʠ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ, ʢʘʢ ʢʨʠʚʘʷ ʨʝʘʢʮʠʠ ʠ ʚʟʚʝʰʝʥʥʳʝ 

ʩʣʫʯʘʡʥʦʩʪʠ ʤʦʞʥʦ ʫʣʫʯʰʠʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʀʀ ʘʛʝʥʪʦʚ, ʨʘʩʰʠʨʠʪʴ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ʠ ʜʘʞʝ ʫʧʨʘʚʣʷʪʴ ʛʨʘʥʠʯʥʳʤʠ 

ʩʣʫʯʘʷʤʠ, ʚ ʢʦʪʦʨʳʭ ʜʨʫʛʠʝ ʩʠʩʪʝʤʳ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʤʦʛʫʪ ʠʩʧʳʪʳʚʘʪʴ 

ʪʨʫʜʥʦʩʪʠ.  

Utility  AI  ʧʦ ʩʫʪʠ ʦʧʝʨʠʨʫʝʪ ʥʝ ʧʨʘʚʠʣʘʤʠ ʝʩʣʠ-ʪʦ, ʘ ʥʘʙʦʨʘʤʠ ʜʝʡʩʪʚʠʡ, 

ʧʦʣʝʟʥʦʩʪʴ ʢʘʞʜʦʛʦ ʠʟ ʢʦʪʦʨʳʭ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʥʘʙʦʨʘ ʦʮʝʥʦʢ. 

ʂʘʞʜʘʷ ʦʮʝʥʢʘ ʦʪʚʝʯʘʝʪ ʥʘ ʚʦʧʨʦʩ: ʥʘʩʢʦʣʴʢʦ ʚʳʛʦʜʥʦ ʦʧʨʝʜʝʣʝʥʥʦʝ ʜʝʡʩʪʚʠʝ     

ʩ ʢʘʢʦʡ-ʣʠʙʦ ʩʪʦʨʦʥʳ. Utility  AI  ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʠʟ ʟʘʧʫʪʘʥʥʦʛʦ ʛʨʘʬʘ 

ʩʦʩʪʦʷʥʠʡ ʠ ʥʘʙʦʨʦʚ ʝʩʣʠ/ʪʦ ʩʣʘʙʦ ʩʚʷʟʘʥʥʳʡ ʥʘʙʦʨ ʜʦʩʪʫʧʥʳʭ ʜʝʡʩʪʚʠʡ ʠ ʠʭ 

ʦʮʝʥʦʢ. 

ʅʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʩʭʝʤʳ Utility  AI . 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ, ʜʣʷ Utility  AI  ʠʤʝʝʪʩʷ ʥʘʙʦʨ ʜʝʡʩʪʚʠʡ, ʦʮʝʥʦʢ ʜʣʷ 

ʢʘʞʜʦʛʦ ʜʝʡʩʪʚʠʷ ʠ ʦʯʢʦʚ. ɺʦʟʤʦʞʥʳ ʨʘʟʣʠʯʥʳʝ ʩʠʩʪʝʤʳ, ʥʘʧʨʠʤʝʨ, ʚ ʢʦʪʦʨʳʭ 

ʦʮʝʥʢʠ ʩʨʘʟʫ ʚʳʜʘʶʪ ʠ ʢʦʣʠʯʝʩʪʚʦ ʦʯʢʦʚ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʤʦʛʫʪ ʣʠʙʦ 

ʩʫʤʤʠʨʦʚʘʪʴʩʷ, ʣʠʙʦ ʧʝʨʝʤʥʦʞʘʪʴʩʷ. 
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ʈʠʩ. 1. ʇʨʠʤʝʨ ʩʭʝʤʳ Utility  AI  

 

ʄʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ ʥʝʩʢʦʣʴʢʦ ʩʧʦʩʦʙʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ Utility  AI . 

ʂʘʞʜʳʡ ʠʟ ʥʠʭ ʠʤʝʝʪ ʩʚʦʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ.  

1. ɺʠʟʫʘʣʴʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ. ʉʦʟʜʘʝʪʩʷ ʛʨʘʬ, ʩʚʷʟʳʚʘʶʱʠʡ ʤʝʞʜʫ ʩʦʙʦʡ 

ʜʝʡʩʪʚʠʷ ʠ ʠʭ ʦʮʝʥʢʠ. ʀʤʝʝʪ ʥʠʟʢʠʡ ʧʦʨʦʛ ʚʭʦʞʜʝʥʠʷ ʜʣʷ ʜʠʟʘʡʥʝʨʘ ʀʀ,                    

ʥʦ ʩʣʘʙʫʶ ʨʘʩʰʠʨʷʝʤʦʩʪʴ. 

2. ʊʝʢʩʪʦʚʦʝ ʦʧʠʩʘʥʠʝ. ʆʧʠʩʘʥʠʝ ʜʝʡʩʪʚʠʡ ʠ ʠʭ ʦʮʝʥʦʢ ʩ ʧʦʤʦʱʴʶ ʪʝʢʩʪʘ, 
ʥʘʧʨʠʤʝʨ, ʚ ʬʦʨʤʘʪʝ xml. ʀʤʝʝʪ ʙʦʣʴʰʦʡ ʧʦʨʦʛ ʚʭʦʞʜʝʥʠʷ ʜʣʷ ʜʠʟʘʡʥʝʨʘ ʀʀ, 

ʥʦ ʟʘʪʦ ʚʳʰʝ ʨʘʩʰʠʨʷʝʤʦʩʪʴ. 

3. ʇʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʥʘ ʗʇ. ɺʩʝ ʜʝʡʩʪʚʠʷ ʠ ʠʭ ʦʮʝʥʢʠ ʧʨʦʛʨʘʤʤʠʨʫʶʪʩʷ 
ʥʘ ʚʳʙʨʘʥʥʦʤ ʗʇ, ʥʘʧʨʠʤʝʨ ʩʦʟʜʘʶʪʩʷ ʢʘʢ ʵʢʟʝʤʧʣʷʨʳ ʢʘʢʦʛʦ-ʣʠʙʦ ʢʣʘʩʩʘ. 

ʀʤʝʝʪ ʥʘʠʚʳʩʰʫʶ ʨʘʩʰʠʨʷʝʤʦʩʪʴ, ʥʦ ʜʠʟʘʡʥʝʨ ʀʀ ʜʦʣʞʝʥ ʟʥʘʪʴ ʚʳʙʨʘʥʥʳʡ 

ʗʇ. 

ʈʘʩʩʤʦʪʨʠʤ ʚʘʨʠʘʥʪ ʩ ʚʠʟʫʘʣʴʥʳʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝʤ. ʉʠʩʪʝʤʘ Utility  AI               

ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʠʟʫʘʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2. 

 

https://elibrary.ru/item.asp?id=26147262
https://elibrary.ru/item.asp?id=26147262
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ʈʠʩ. 2. ʉʠʩʪʝʤʘ Utility  AI  

 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʩʠʩʪʝʤʘ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʫʟʣʦʚ: 

1. DataSource (DS). ʀʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʠʟ ʦʢʨʫʞʝʥʠʷ, 

ʥʘʧʨʠʤʝʨ ʧʦʟʠʮʠʷ ʚʨʘʛʘ ʠʣʠ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʙʣʠʞʘʡʰʝʛʦ ʫʢʨʳʪʠʷ. ʄʦʛʫʪ 

ʩʦʝʜʠʥʷʪʴʩʷ ʩ ʜʨʫʛʠʤʠ DataSource, ʪʝʤ ʩʘʤʳʤ ʦʙʨʘʟʫʷ ʮʝʧʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ. 

2. Scorer. ʅʘ ʚʭʦʜʝ ʧʨʠʥʠʤʘʶʪ ʯʠʩʣʘ ʩ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ ʠ ʩʫʤʤʠʨʫʶʪ 

ʣʠʙʦ ʧʝʨʝʤʥʦʞʘʶʪ ʠʭ. ʄʦʛʫʪ ʩʦʝʜʠʥʷʪʴʩʷ ʩ ʜʨʫʛʠʤʠ Scorer.  

3. Action. ʉʦʙʩʪʚʝʥʥʦ, ʵʪʦ ʩʘʤʦ ʜʝʡʩʪʚʠʷ, ʧʦʣʝʟʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʠ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ. ʀʤʝʝʪ 3 ʚʘʨʠʘʮʠʠ. 

4. InstantAction. ʄʛʥʦʚʝʥʥʦʝ ʜʝʡʩʪʚʠʝ. ʅʝ ʪʨʝʙʫʝʪ ʚʨʝʤʝʥʠ ʥʘ 

ʧʦʜʛʦʪʦʚʢʫ ʠ ʚʳʧʦʣʥʝʥʠʝ ʢʘʢʦʡ-ʣʠʙʦ ʟʘʜʘʯʠ. ʅʘʧʨʠʤʝʨ: ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʟʜʦʨʦʚʴʷ. 

5. ContinuousAction. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʜʝʡʩʪʚʠʝ. ʊʨʝʙʫʝʪ ʚʨʝʤʝʥʠ ʥʘ 

ʧʦʜʛʦʪʦʚʢʫ ʠ ʚʳʧʦʣʥʝʥʠʝ. ʅʘʧʨʠʤʝʨ, ʧʝʨʝʟʘʨʷʜʢʘ ʩ ʘʥʠʤʘʮʠʝʡ. ʀʤʝʝʪ ʤʝʪʦʜ 

CanStop, ʚʦʟʚʨʘʱʘʶʱʠʡ ʠʩʪʠʥʫ, ʝʩʣʠ ʜʘʥʥʦʝ ʜʝʡʩʪʚʠʝ ʤʦʞʥʦ ʧʨʝʨʚʘʪʴ ʚ 

ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ. 

6. SequencerAction. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʜʝʡʩʪʚʠʷ. ʉʘʤʦ ʧʦ ʩʝʙʝ ʥʝ 

ʚʳʧʦʣʥʷʝʪ ʜʝʡʩʪʚʠʡ, ʘ ʟʘʧʫʩʢʘʝʪ ʜʨʫʛʠʝ ʜʝʡʩʪʚʠʝ ʜʣʷ ʥʘʯʘʣʘ ʠ ʟʘʚʝʨʰʝʥʠʷ 

ʨʘʙʦʪʳ, ʘ ʪʘʢʞʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʟʘʧʫʩʢʘʝʪ ʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʥʘʯʘʣʦʤ ʠ ʢʦʥʮʦʤ. 

ʗʚʣʷʝʪʩʷ ʨʘʩʰʠʨʝʥʠʝʤ ContinuousAction, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʦʞʝ ʠʤʝʝʪ ʤʝʪʦʜ 

CanStop. 

ɺʩʝʤʠ ʫʟʣʘʤʠ ʜʦʣʞʝʥ ʫʧʨʘʚʣʷʪʴ ʢʦʥʪʨʦʣʣʝʨ. ʂʦʥʪʨʦʣʣʝʨ ʠʤʝʝʪ ʥʝʩʢʦʣʴʢʦ 

ʧʘʨʘʤʝʪʨʦʚ, ʥʘʧʨʠʤʝʨ ʧʘʨʘʤʝʪʨ, ʫʢʘʟʳʚʘʶʱʠʡ, ʩʪʦʠʪ ʣʠ ʚʳʧʦʣʥʷʪʴ ʨʘʩʯʝʪ 
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ʦʮʝʥʦʢ ʩʠʥʭʨʦʥʥʦ, ʠʣʠ ʘʩʠʥʭʨʦʥʥʦ. ɽʩʣʠ ʫʢʘʟʘʥʦ ʩʠʥʭʨʦʥʥʦ, ʪʦ ʤʦʞʥʦ 

ʚʳʙʨʘʪʴ ʪʠʧ ʨʘʙʦʪʳ, ʥʘʧʨʠʤʝʨ, ʚʳʧʦʣʥʷʪʴ ʨʘʩʯʝʪ ʢʘʞʜʳʡ ʢʘʜʨ, ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ ʠʣʠ ʧʦ ʚʳʟʦʚʫ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʨʝʜʩʪʚʦ ʚʠʟʫʘʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ Utility  AI  ʧʦʟʚʦʣʷʝʪ 

ʩʦʟʜʘʪʴ ʦʯʝʥʴ ʤʦʱʥʳʡ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʩʧʦʩʦʙʥʳʡ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ                

ʢ ʦʢʨʫʞʘʶʱʝʡ ʩʠʪʫʘʮʠʠ ʠ ʨʘʟʥʦʦʙʨʘʟʠʪʴ ʠʛʨʦʚʦʡ ʮʠʢʣ, ʯʪʦ ʙʣʘʛʦʧʨʠʷʪʥʦ 

ʩʢʘʞʝʪʩʷ ʥʘ ʦʧʳʪʝ ʢʦʥʝʯʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ. ɸ ʜʣʷ ʜʠʟʘʡʥʝʨʦʚ ʀʀ ʜʘʥʥʦʝ 

ʩʨʝʜʩʪʚʦ ʙʫʜʝʪ ʫʜʦʙʥʳʤ ʚ ʨʘʙʦʪʝ ʠ ʧʦʟʚʦʣʷʝʪ ʧʦʢʨʳʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʟʘʜʘʯ, ʘ ʜʣʷ ʠʤʧʣʝʤʝʥʪʦʨʦʚ ʜʘʥʥʦʛʦ ʩʨʝʜʩʪʚʘ ʙʫʜʝʪ ʫʜʦʙʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʨʘʟʜʝʣʴʥʦʛʦ ʦʧʠʩʘʥʠʷ ʠ ʪʠʧʦʚ ʫʟʣʦʚ.  
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ʍ.ɺ. ʃʘʪʳʰʝʚʘ
1
, ʗ.ʉ. ʉʪʨʦʛʘʥʦʚʘ

2 

1
ʉʪʫʜʝʥʪ ʢʘʬʝʜʨʳ ʫʧʨʘʚʣʝʥʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʦʤ, christinaon2000@gmail.com 

2
ʂʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʫʧʨʘʚʣʝʥʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʦʤ, 

roxxie@yandex.ru 

 
ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʧʦʚʳʰʝʥʠʶ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ,               

ʘ ʪʘʢʞʝ ʨʘʩʩʤʦʪʨʝʥʳ ʥʦʚʳʝ ʧʦʜʭʦʜʳ ʢ ʮʝʣʷʤ ʦʨʛʘʥʠʟʘʮʠʠ ʠ  ʟʥʘʯʠʤʦʩʪʠ ʚ ʦʙʱʝʩʪʚʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʨʛʘʥʠʟʘʮʠʷ, ʦʧʪʠʤʠʟʘʮʠʷ, ʨʦʙʦʪʠʟʘʮʠʷ. 

 

ɿʘ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʙʠʟʥʝʩ-ʣʘʥʜʰʘʬʪ ʠʟʤʝʥʠʣʩʷ ʜʦ ʥʝʫʟʥʘʚʘ-

ʝʤʦʩʪʠ: ʢʦʤʧʘʥʠʠ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʦʙʝʜʠʪʝʣʷʤʠ ʝʱʝ ʜʝʩʷʪʴ ʣʝʪ ʥʘʟʘʜ, ʩʝʡʯʘʩ 

ʧʝʨʝʞʠʚʘʶʪ ʩʠʣʴʥʝʡʰʠʝ ʧʦʪʨʷʩʝʥʠʷ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʩʣʝʜʫʶʱʝʝ ʜʝʩʷʪʠʣʝʪʠʝ 

ʪʘʢʞʝ ʛʦʪʦʚʠʪ ʤʥʦʛʦ ʠʟʤʝʥʝʥʠʡ. ʏʪʦ ʞʝ ʥʫʞʥʦ ʜʣʷ ʧʨʦʮʚʝʪʘʥʠʷ ʚ 2020-ʝ?                       

ɺ ʫʩʣʦʚʠʷʭ ʧʦʩʪʦʷʥʥʦ ʨʘʟʚʠʚʘʶʱʝʤʩʷ  ʤʠʨʝ ʦʨʛʘʥʠʟʘʮʠʷʤ ʥʝʦʙʭʦʜʠʤʦ 

ʧʦʩʪʦʷʥʥʦ ʙʳʪʴ çʥʘ ʧʣʘʚʫè ʠ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʚʩʝʤ ʪʝʥʜʝʥʮʠʷʤ ʠ ʪʨʝʥʜʘʤ 

ʨʳʥʢʘ. ʏʪʦ ʞʝ ʥʫʞʥʦ ʜʝʣʘʪʴ ʨʫʢʦʚʦʜʠʪʝʣʷʤ ʜʣʷ ʛʨʘʤʦʪʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚ ʩʪʦʣʴ 

ʙʳʩʪʨʦʤ ʪʝʤʧʝ ʨʘʟʚʠʪʠʷ? ʉʪʦʠʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʤʥʦʛʠʝ ʧʨʦʮʝʩʩʳ ʦʨʛʘʥʠʟʘʮʠʠ, 

ʥʦ ʜʣʷ ʥʘʯʘʣʘ ʨʘʩʩʤʦʪʨʠʤ, ʯʪʦ ʞʝ ʪʘʢʦʝ ʦʧʪʠʤʠʟʘʮʠʷ. 

ʆʧʪʠʤʠʟʘʮʠʷ ï ʧʨʦʮʝʩʩ ʤʘʢʩʠʤʠʟʘʮʠʠ ʚʳʛʦʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ʩʦʦʪʥʦʰʝʥʠʡ ʠ ʤʠʥʠʤʠʟʘʮʠʠ ʨʘʩʭʦʜʦʚ. ʇʦ ʤʥʝʥʠʶ ʵʢʩʧʝʨʪʦʚ McKinsey Global 

Institute, ʢ 2025 ʛʦʜʫ ʵʬʬʝʢʪ ʦʪ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩʦʩʪʘʚʠʪ 5 ʪʨʠʣʣʠʦʥʦʚ ʜʦʣʣʘʨʦʚ, 

ʘ ʢ 2030 ʛʦʜʫ ʙʫʜʝʪ ʨʦʙʦʪʠʟʠʨʦʚʘʥʦ ʫʞʝ 47 % ʨʘʙʦʯʠʭ ʤʝʩʪ, ʩʫʱʝʩʪʚʫʶʱʠʭ ʥʘ 

ʨʳʥʢʝ. ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʟʘʜʫʤʘʪʴʩʷ ʦʙ ʦʧʪʠʤʠʟʘʮʠʠ ʢʘʞʜʦʡ ʦʨʛʘʥʠʟʘʮʠʠ 

ʥʫʞʥʦ ʫʞʝ ʩʝʛʦʜʥʷ. ʉʪʦʠʪ ʫʧʦʤʷʥʫʪʴ ʠ ʨʦʙʦʪʠʟʘʮʠʶ, ʢʘʢ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ 

ʦʧʪʠʤʠʟʘʮʠʠ. ʈʦʙʦʪʠʟʘʮʠʷ ï ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʢʦʪʦʨʳʡ ʧʦʤʦʛʘʝʪ 

ʦʩʚʦʙʦʜʠʪʴ ʯʝʣʦʚʝʢʘ ʦʪ ʚʳʧʦʣʥʝʥʠʷ ʦʧʨʝʜʝʣʸʥʥʳʭ ʟʘʜʘʯ ʠ ʧʦʨʫʯʠʪʴ ʠʭ 

ʧʨʦʛʨʘʤʤʝ ʠʣʠ ʨʦʙʦʪʫ. ʂʦʤʧʘʥʠʠ ʧʨʠʙʝʛʘʶʪ ʢ ʵʪʠʤ ʠʥʩʪʨʫʤʝʥʪʘʤ, ʯʪʦʙʳ 

ʫʩʧʝʰʥʝʝ ʢʦʥʢʫʨʠʨʦʚʘʪʴ ʚ ʥʦʚʳʭ ʨʳʥʦʯʥʳʭ ʫʩʣʦʚʠʷʭ, ʚʝʜʴ ʮʠʬʨʦʚʳʝ ʨʝʰʝʥʠʷ 

ʩʧʦʩʦʙʥʳ ʩʦʢʨʘʪʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʨʫʪʠʥʥʳʡ ʪʨʫʜ ʜʦ 30 % ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʦʩʚʦʙʦʜʠʪʴ ʨʝʩʫʨʩʳ ʜʣʷ ʨʘʙʦʪʳ ʥʘʜ ʩʪʨʘʪʝʛʠʯʝʩʢʠʤʠ ʟʘʜʘʯʘʤʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʜʨʦʙʥʝʝ, ʢʘʢʠʝ ʧʨʦʮʝʩʩʳ ʩʪʦʠʪ ʨʦʙʦʪʠʟʠʨʦʚʘʪʴ ʚ ʦʨʛʘʥʠ-

ʟʘʮʠʠ. ʅʝʢʦʪʦʨʳʝ ʟʘʜʘʯʠ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦ ʨʦʙʦʪʠʟʠʨʦʚʘʪʴ, ʧʦʪʦʤʫ ʯʪʦ ʦʥʠ 

ʧʣʦʭʦ ʧʝʨʝʚʦʜʷʪʩʷ ʚ ʘʣʛʦʨʠʪʤʳ: ʥʘʧʨʠʤʝʨ, ʫʧʨʘʚʣʝʥʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʠ ʟʘʜʘʯʠ, 

ʪʨʝʙʫʶʱʠʝ ʵʢʩʧʝʨʪʥʳʭ ʟʥʘʥʠʡ. ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʥʝʩʤʦʪʨʷ ʥʘ ʚʩʝ ʪʨʝʥʜʳ 

ʨʘʟʚʠʪʠʷ, ʦʨʛʘʥʠʟʘʮʠʷ ʥʝ ʩʤʦʞʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʙʝʟ ʯʝʣʦʚʝʢʘ, ʦʜʥʘʢʦ ʜʨʫʛʠʝ 

ʧʨʦʮʝʩʩʳ, ʥʘʦʙʦʨʦʪ, ʭʦʨʦʰʦ ʧʦʜʜʘʶʪʩʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ: ʩʙʦʨ ʠ ʦʙʨʘʙʦʪʢʘ 

ʜʘʥʥʳʭ, ʤʥʦʛʠʝ ʧʨʦʮʝʩʩʳ ʚ HR ʠ ʬʠʥʘʥʩʦʚʦʤ ʧʣʘʥʠʨʦʚʘʥʠʠ.  
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ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʩʧʦʩʦʙʥʳ ʜʘʪʴ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʚʦ ʤʥʦʛʠʭ ʘʩʧʝʢʪʘʭ ʨʘʙʦʪʳ ʢʦʤʧʘʥʠʡ. 

ʕʢʩʧʝʨʪʳ McKinsey Global Institute ʧʨʦʚʝʣʠ ʘʥʘʣʠʟ 400 ʢʝʡʩʦʚ ʚ 19 ʦʪʨʘʩʣʷʭ 

ʵʢʦʥʦʤʠʢʠ ʠ ʩʦʙʨʘʣʠ ʥʝʩʢʦʣʴʢʦ ʷʨʢʠʭ ʧʨʠʤʝʨʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ AI ʚ ʙʠʟʥʝʩʝ: 

1. ʆʧʝʨʝʞʘʶʱʝʝ ʪʝʭʦʙʩʣʫʞʠʚʘʥʠʝ: ʈʘʙʦʪʘ ʩ ʩʘʤʳʤʠ ʨʘʟʥʳʤʠ ʪʠʧʘʤʠ 

ʜʘʥʥʳʭ (ʧʦʢʘʟʘʥʠʷ ʜʘʪʯʠʢʦʚ, ʚʠʜʝʦ, ʘʫʜʠʦ) ʧʦʤʦʞʝʪ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʩʙʦʠ                      

ʠ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʚʦʟʤʦʞʥʳʡ ʚʳʭʦʜ ʠʟ ʩʪʨʦʷ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

2. ʆʧʪʠʤʠʟʘʮʠʷ ʣʦʛʠʩʪʠʢʠ: ʉ ʧʦʤʦʱʴʶ ʪʝʭʥʦʣʦʛʠʡ AI ʣʦʛʠʩʪʠʯʝʩʢʠʝ 

ʢʦʤʧʘʥʠʠ ʤʦʛʫʪ ʦʪʩʣʝʞʠʚʘʪʴ ʤʘʨʰʨʫʪ ʛʨʫʟʦʚʠʢʦʚ ʠ ʟʘʛʨʫʟʢʫ ʜʦʨʦʛ, ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ ʩʦʢʨʘʱʘʷ ʚʨʝʤʷ ʜʦʩʪʘʚʢʠ ʠ ʩʥʠʞʘʷ ʟʘʪʨʘʪʳ ʥʘ ʪʦʧʣʠʚʦ. 

3. ʋʧʨʘʚʣʝʥʠʝ ʢʣʠʝʥʪʩʢʠʤ ʩʝʨʚʠʩʦʤ: ʈʘʟʚʠʪʠʝ ʩʠʩʪʝʤ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʝʯʠ 

ʚ ʮʝʥʪʨʘʭ ʦʙʩʣʫʞʠʚʘʥʠʷ ʢʣʠʝʥʪʦʚ ʧʦʟʚʦʣʷʝʪ ʪʦʯʥʝʝ ʧʝʨʝʥʘʧʨʘʚʣʷʪʴ ʚʭʦʜʷʱʠʝ 

ʟʘʧʨʦʩʳ. ʉʠʩʪʝʤʳ deep learning ʩʧʦʩʦʙʥʳ ʨʘʩʧʦʟʥʘʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʬʨʘʟʳ, ʥʦ ʠ 

ʵʤʦʮʠʠ, ʠ, ʥʘʧʨʠʤʝʨ, ʙʳʩʪʨʝʝ ʧʝʨʝʢʣʶʯʘʪʴ ʨʘʟʜʨʘʞʝʥʥʦʛʦ ʧʦʢʫʧʘʪʝʣʷ ʥʘ 

ʩʧʝʮʠʘʣʴʥʦ ʦʙʫʯʝʥʥʳʭ ʦʧʝʨʘʪʦʨʦʚ ʩʝʨʚʠʩʥʦʡ ʩʣʫʞʙʳ. 

ʇʝʨʩʦʥʘʣʠʟʘʮʠʷ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʤʘʨʢʝʪʠʥʛʘ: ʧʦʚʳʰʝʥʠʝ ʚʦʚʣʝʯʝʥʠʷ, ʣʦʷʣʴʥʦʩʪʠ ʢʣʠʝʥʪʦʚ, ʦʱʫʪʠʤʳʡ ʨʦʩʪ 

ʧʨʠʙʳʣʠ. ʉʦʟʜʘʚʘʷ ʧʨʦʮʝʩʩʳ (ʪʘʢʠʝ ʢʘʢ ʵʢʩʧʝʨʠʤʝʥʪʳ) ʠ ʨʘʟʨʘʙʘʪʳʚʘʷ 

ʤʝʪʦʜʦʣʦʛʠʶ (ʦʪ ʤʘʰʠʥʥʦʛʦ ʜʦ ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʛʦ ʦʙʫʯʝʥʠʷ) ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ 

ʩʚʦʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʢʣʠʝʥʪʘʤʠ, ʢʦʤʧʘʥʠʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʨʦʜʚʠʥʫʪʫʶ ʘʥʘʣʠʪʠʢʫ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ ʠ ʜʦʣʛʦʩʨʦʯʥʦʛʦ 

ʩʦʟʜʘʥʠʷ ʮʝʥʥʦʩʪʠ. ɺʩʝ ʵʪʦ ʧʦʜʯʝʨʢʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʥʝʜʨʝʥʠʷ 

ʦʧʪʠʤʠʟʘʮʠʠ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʫʞʝ ʩʝʛʦʜʥʷ. 

ʊʘʢʞʝ ʩʪʦʠʪ ʟʘʪʨʦʥʫʪʴ ʦʧʪʠʤʠʟʘʮʠʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʧʠʪʘʣʘ. ɹʘʥʢ, ʠʤʝʷ 

ʧʦʜʨʦʙʥʳʡ ʠ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʦʪʯʝʪ ʧʦ ʚʩʝʤ ʠʤʝʶʱʠʤʩʷ ʨʠʩʢʘʤ, ʤʦʞʝʪ 

ʧʨʠʥʠʤʘʪʴ ʚʟʚʝʰʝʥʥʳʝ ʨʝʰʝʥʠʷ, ʚʝʜʫʱʠʝ ʢ ʤʠʥʠʤʘʣʴʥʳʤ ʧʦʪʝʨʷʤ ʠʣʠ 

ʤʘʢʩʠʤʘʣʴʥʳʤ ʧʨʠʙʳʣʷʤ. ʀʤʝʶʱʠʝʩʷ ʬʠʥʘʥʩʦʚʳʝ ʨʝʩʫʨʩʳ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ             

ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ. ɺʝʜʫʱʠʝ ʤʠʨʦʚʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʢʦʤʧʘʥʠʠ 

ʫʯʠʪʳʚʘʶʪ ʢʘʯʝʩʪʚʦ ʨʠʩʢ-ʤʝʥʝʜʞʤʝʥʪʘ ʙʘʥʢʘ. ʅʘʧʨʠʤʝʨ, ʨʝʡʪʠʥʛʦʚʳʝ 

ʘʛʝʥʪʩʪʚʘ Standart&Poors ʠ Moodyôs ʫʯʠʪʳʚʘʶʪ ʵʪʦʪ ʬʘʢʪʦʨ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ 

ʢʨʝʜʠʪʥʦʛʦ ʨʝʡʪʠʥʛʘ. 

ʆʜʥʘʢʦ ʢʨʦʤʝ ʨʦʙʦʪʠʟʘʮʠʠ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʥʝ ʩʪʦʠʪ ʟʘʙʳʚʘʪʴ ʦ ʪʘʢʠʭ 

ʚʘʞʥʳʭ ʚʝʱʘʭ, ʢʘʢ ʯʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ. 

ʏʪʦʙʳ ʧʦʙʝʜʠʪʴ ʚ 2020-ʭ ʛʦʜʘʭ ʠ ʟʘ ʠʭ ʧʨʝʜʝʣʘʤʠ, ʙʠʟʥʝʩ ʜʦʣʞʝʥ ʙʳʪʴ 

ʙʦʣʴʰʝ, ʯʝʤ ʧʨʦʩʪʦ ʙʠʟʥʝʩ. ʂʦʤʧʘʥʠʠ ʜʦʣʞʥʳ ʙʫʜʫʪ ʩʦʟʜʘʚʘʪʴ ʮʝʥʥʦʩʪʴ ʥʝ 

ʪʦʣʴʢʦ ʜʣʷ ʩʚʦʠʭ ʘʢʮʠʦʥʝʨʦʚ, ʥʦ ʠ ʜʣʷ ʦʙʱʝʩʪʚʘ ï ʧʫʪʝʤ ʧʨʦʪʠʚʦʩʪʦʷʥʠʷ 

ʩʘʤʳʤ ʪʨʫʜʥʳʤ ʚʳʟʦʚʘʤ ʯʝʣʦʚʝʯʝʩʪʚʘ. ʆʨʛʘʥʠʟʘʮʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʙʦʣʴʰʠʤ, 

ʯʝʤ ʧʨʦʩʪʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴ, ʥʘʮʝʣʝʥʥʳʡ ʥʘ ʧʨʠʙʳʣʴ. 

ʆʨʛʘʥʠʟʘʮʠʠ ʠʤʝʶʪ ʫʥʠʢʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʨʝʰʝʥʠʷ ʩʦʮʠʘʣʴʥʳʭ 

ʧʨʦʙʣʝʤ, ʥʦ ʣʠʜʝʨʳ ʜʦʣʞʥʳ ʜʫʤʘʪʴ ʥʝ ʪʦʣʴʢʦ ʦ ʪʨʘʜʠʮʠʦʥʥʳʭ ʠʥʠʮʠʘʪʠʚʘʭ              

ʚ ʦʙʣʘʩʪʠ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʦʮʠʘʣʴʥʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ. ʉ ʯʝʛʦ ʥʘʯʘʪʴ? 

ɼʣʷ ʥʘʯʘʣʘ ʥʫʞʥʦ ʧʝʨʝʦʧʨʝʜʝʣʠʪʴ ʥʘʟʥʘʯʝʥʠʝ ʩʚʦʝʡ ʢʦʤʧʘʥʠʠ. ʏʪʦʙʳ 

ʚʳʠʛʨʘʪʴ 20-ʝ ʛʦʜʳ, ʥʝ ʥʠʟʚʦʜʠʪʝ ʮʝʣʴ ʩʚʦʝʡ ʢʦʤʧʘʥʠʠ ʜʦ ʧʨʦʩʪʦ ʧʨʦʙʠʚʥʦʛʦ 
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ʟʘʷʚʣʝʥʠʷ ʥʘ ʩʚʦʝʤ ʚʝʙ-ʩʘʡʪʝ. ɺʤʝʩʪʦ ʵʪʦʛʦ ʦʧʨʝʜʝʣʠʪʝ ʮʝʣʴ, ʚʳʨʘʞʘʶʱʫʶ, ʢʘʢ 

ʚʘʰʝ ʧʨʝʜʧʨʠʷʪʠʝ ʙʫʜʝʪ ʚʳʭʦʜʠʪʴ ʟʘ ʨʘʤʢʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠʙʳʣʴʥʦʩʪʴʶ ï 

ʩʦʟʜʘʚʘʷ ʞʠʟʥʝʥʥʦ ʚʘʞʥʫʶ ʥʦʚʫʶ ʮʝʥʥʦʩʪʴ ʜʣʷ ʦʙʱʝʩʪʚʘ. ɺʳ ʙʫʜʝʪʝ 

ʧʨʠʚʣʝʢʘʪʴ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʝ ʪʘʣʘʥʪʳ, ʟʘʚʦʝʚʳʚʘʪʴ ʣʦʷʣʴʥʳʭ ʢʣʠʝʥʪʦʚ,                  

ʘ ʪʘʢʞʝ ʩʦʟʜʘʚʘʪʴ ʨʝʧʫʪʘʮʠʶ ʣʠʜʝʨʘ ʚ ʦʙʣʘʩʪʠ ʜʝʣʦʚʦʡ ʵʪʠʢʠ ʠ ʩʦʮʠʘʣʴʥʦʡ 

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ. 

ɹʦʣʝʝ ʪʦʛʦ, ʥʝ ʩʪʦʠʪ ʦʪʥʦʩʠʪʴʩʷ ʢ ʩʦʟʜʘʥʠʶ ʩʦʮʠʘʣʴʥʳʭ ʮʝʥʥʦʩʪʝʡ ʢʘʢ ʢ 

ʧʦʙʦʯʥʦʡ ʮʝʥʥʦʩʪʠ. ʆʪʥʦʩʠʪʝʩʴ ʣʠ ʚʳ ʢ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʦʮʠʘʣʴʥʦʡ 

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʠ ʬʠʥʘʥʩʦʚʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʢʘʢ ʢ ʦʪʜʝʣʴʥʳʤ ʩʪʨʘʪʝʛʠʯʝʩʢʠʤ 

ʫʩʠʣʠʷʤ ʚʘʰʝʛʦ ʧʨʝʜʧʨʠʷʪʠʷ? ɽʩʣʠ ʵʪʦ ʪʘʢ, ʚʳ ʫʧʫʩʢʘʝʪʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʦʚʳʩʠʪʴ ʩʚʦʡ ʜʦʭʦʜ, ʧʨʠʥʦʩʷ ʧʦʣʴʟʫ ʦʙʱʝʩʪʚʫ. ʆʚʣʘʜʝʥʠʝ ʵʪʠʤ ʜʚʦʡʥʳʤ 

ʠʤʧʝʨʘʪʠʚʦʤ ʙʫʜʝʪ ʠʤʝʪʴ ʚʘʞʥʝʡʰʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʫʩʧʝʭʘ ʚ 

ʧʨʝʜʩʪʦʷʱʝʤ ʜʝʩʷʪʠʣʝʪʠʠ. 

ʇʦʜʚʦʜʷ ʠʪʦʛʠ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʤʠʨʝ 

ʧʨʦʠʩʭʦʜʷʪ ʠ ʠʟʤʝʥʝʥʠʷ ʚ ʦʨʛʘʥʠʟʘʮʠʷʭ. ʆʨʛʘʥʠʟʘʮʠʷ ʩʪʘʥʦʚʠʪʩʷ ʚʘʞʥʦʡ  

ʷʯʝʡʢʦʡ, ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʠ ʠʛʨʘʝʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ. 

ʇʦʚʳʰʝʥʠʝ ʜʦʭʦʜʘ ʩ ʧʦʤʦʱʴʶ ʧʨʠʥʝʩʝʥʠʷ ʧʦʣʴʟʳ ʦʙʱʝʩʪʚʫ ʢʘʢ ʥʠʢʦʛʜʘ 

ʨʝʘʣʝʥ ʠ ʥʝʦʙʭʦʜʠʤ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʪʝʥʜʝʥʮʠʶ ʥʘ 

ʪʝʭʥʦʣʦʛʠʶ, ʩʦʚʝʨʰʝʥʥʦ ʩ ʜʨʫʛʦʡ ï ʩʪʘʥʦʚʣʝʥʠʝ ʦʨʛʘʥʠʟʘʮʠʠ ʢʘʢ ʯʘʩʪʠ 

ʦʙʱʝʩʪʚʘ. ʏʪʦʙʳ ʧʦʙʝʜʠʪʴ ʚ 2020-ʭ ʛʦʜʘʭ ʠ ʟʘ ʠʭ ʧʨʝʜʝʣʘʤʠ, ʙʠʟʥʝʩ ʜʦʣʞʝʥ 

ʙʳʪʴ ʙʦʣʴʰʝ, ʯʝʤ ʧʨʦʩʪʦ ʙʠʟʥʝʩ. ʂʦʤʧʘʥʠʠ ʜʦʣʞʥʳ ʙʫʜʫʪ ʩʦʟʜʘʚʘʪʴ ʮʝʥʥʦʩʪʴ 

ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʩʚʦʠʭ ʘʢʮʠʦʥʝʨʦʚ, ʥʦ ʠ ʜʣʷ ʦʙʱʝʩʪʚʘ ï ʧʫʪʝʤ ʧʨʦʪʠʚʦʩʪʦʷʥʠʷ 

ʩʘʤʳʤ ʪʨʫʜʥʳʤ ʚʳʟʦʚʘʤ ʯʝʣʦʚʝʯʝʩʪʚʘ. ɺʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʦʙʱʝʩʪʚʘ ʥʝ ʤʦʞʝʪ 

ʙʳʪʴ ʧʦʙʦʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ. ʂʦʤʧʘʥʠʠ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪ ʩʚʦʡ ʦʩʥʦʚʥʦʡ 

ʙʠʟʥʝʩ ʜʣʷ ʨʝʰʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ, ʩʦʮʠʘʣʴʥʳʭ ʠ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʧʨʦʙʣʝʤ, 

ʤʦʛʫʪ ʩʦʟʜʘʪʴ ʙʦʣʴʰʫʶ ʮʝʥʥʦʩʪʴ ʚ ʜʦʣʛʦʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ, ʧʨʠ ʵʪʦʤ 

ʫʚʝʣʠʯʠʚʘʷ ʩʚʦʶ ʧʨʠʙʳʣʴ ʠ ʦʩʪʘʚʘʷʩʴ ʥʘ ʧʣʘʚʫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʫʢʦʚʦʜʠʪʝʣʠ 

ʢʦʤʧʘʥʠʡ ʩʝʛʦʜʥʷ ʜʦʣʞʥʳ ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝ, ʯʝʤ ʪʨʘʜʠʮʠʦʥʥʦʝ 

ʨʫʢʦʚʦʜʩʪʚʦ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʦʮʠʘʣʴʥʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴʶ. ɼʣʷ ʵʪʦʛʦ 

ʥʝʦʙʭʦʜʠʤʦ ʦʚʣʘʜʝʪʴ ʠʩʢʫʩʩʪʚʦʤ ʢʦʨʧʦʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʛʦʩʫʜʘʨʩʪʚʦʤ ï 

ʧʦʢʘʟʘʪʴ, ʢʘʢ ʠʭ ʢʦʤʧʘʥʠʷ ʜʝʡʩʪʚʫʝʪ ʥʘ ʦʙʱʝʝ ʙʣʘʛʦ, ʘ ʥʝ ʧʨʦʩʪʦ ʩʣʫʞʠʪ ʩʚʦʠʤ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʠʥʪʝʨʝʩʘʤ, ʚ ʵʪʦʤ ʠ ʙʫʜʝʪ ʛʣʘʚʥʳʡ ʢʣʶʯ ʢ ʫʩʧʝʭʫ. 

 

 

ʃʠʪʝʨʘʪʫʨʘ 

1.https://www.bcg.com/ru-ru/default.aspx  

2. https://www.mckinsey.com/ 
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ɼɽʌɽʂʊʓ ɾɽʃɽɿʆɹɽʊʆʅʅʓʍ ʕʂʉʇʃʋɸʊʀʈʋɽʄʓʍ 

ɸɺʊʆɼʆʈʆɾʅʓʍ ʄʆʉʊʆɺ ʅɸ ʌɽɼɽʈɸʃʔʅʓʍ ɸɺʊʆʄʆɹʀʃʔʅʓʍ 

ɼʆʈʆɻɸʍ ʎɽʅʊʈɸʃʔʅʆɻʆ ʈɽɻʀʆʅɸ  

ʈʆʉʉʀʁʉʂʆʁ ʌɽɼɽʈɸʎʀʀ 
 

ʉ.ɺ. ʂʫʟʥʝʮʦʚʘ 

ɸʩʧʠʨʘʥʪ ʛʨ. ʟʘʇɼ-15, kuznetsovastanislava@gmail.com  

ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 
ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʷʪʩʷ ʜʘʥʥʳʝ ʜʦʣʛʦʩʨʦʯʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʧʘʨʢʘ ʤʦʩʪʦʚʳʭ ʩʦʦʨʫʞʝʥʠʡ 

ʩʝʪʠ ʬʝʜʝʨʘʣʴʥʳʭ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʮʝʥʪʨʘʣʴʥʦʛʦ ʨʝʛʠʦʥʘ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ. ɼʘʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʤʦʩʪʦʚʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʘ ʪʘʢʞʝ ʚʳʷʚʣʝʥʳ 

ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʜʝʬʝʢʪʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʪʨʘʥʩʧʦʨʪʥʦ-ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʤʦʩʪʦʚʳʭ ʩʦʦʨʫʞʝʥʠʡ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʬʘʢʪʦʨʳ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ 

ʨʘʟʚʠʪʠʶ ʜʝʬʝʢʪʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʩʪ, ʤʦʥʠʪʦʨʠʥʛ, ʜʝʬʝʢʪʳ, ʵʢʩʧʣʫʘʪʘʮʠʷ, ʦʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ. 

 

ʇʦʩʪʦʷʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʘʚʪʦʤʦʙʠʣʝʡ ʥʘ 

ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛʘʭ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʧʨʝʜʲʷʚʣʷʝʪ ʚʩʝ ʙʦʣʝʝ ʞʝʩʪʢʠʝ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʝʭʥʠʯʝʩʢʦʤʫ ʩʦʩʪʦʷʥʠʶ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʭ 

ʩʦʦʨʫʞʝʥʠʡ. ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠʢʘ, ʜʦ 40 % ʘʚʘʨʠʡʥʳʭ ʨʘʟʨʫʰʝʥʠʡ 

ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʤʦʩʪʦʚ ʧʨʦʠʩʭʦʜʠʪ ʚʩʣʝʜʩʪʚʠʝ ʩʥʠʞʝʥʠʷ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ 

ʧʨʦʣʝʪʥʦʛʦ ʩʪʨʦʝʥʠʷ ʠ ʦʧʦʨ ʥʘ ʵʪʘʧʝ ʵʢʩʧʣʫʘʪʘʮʠʠ [1]. 

ʂʨʦʤʝ ʪʦʛʦ, ʩʪʘʜʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʟʘʥʠʤʘʝʪ ʥʘʠʙʦʣʝʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʫʶ 

ʯʘʩʪʴ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʤʦʩʪʦʚʦʛʦ ʩʦʦʨʫʞʝʥʠʷ. ʉʨʦʢ ʩʣʫʞʙʳ ʩʦʦʨʫʞʝʥʠʷ               

ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ ʫʩʣʦʚʠʡ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʝ ʙʦʣʝʝ 

ʘʢʪʫʘʣʴʥʳʤ ʩʪʘʥʦʚʷʪʩʷ ʚʦʧʨʦʩʳ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ 

ʤʦʩʪʦʚʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʩ ʮʝʣʴʶ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʫʩʪʨʘʥʝʥʠʷ 

ʜʝʬʝʢʪʦʚ ʤʦʩʪʦʚ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ ʠʭ ʪʨʘʥʩʧʦʨʪʥʦ-ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʝ 

ʩʦʩʪʦʷʥʠʝ. 

ʅʘ ʩʝʪʠ ʬʝʜʝʨʘʣʴʥʳʭ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ ʠʤʝʝʪʩʷ ʧʦʯʪʠ 7000 ʤʦʩʪʦʚʳʭ 

ʩʦʦʨʫʞʝʥʠʡ [2], ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʨʘʟʣʠʯʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥʘʭ, ʠʟ ʥʠʭ 185, 

ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʙʦʣʝʝ 17 ʢʤ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʷʟʘʥʩʢʦʡ, ʊʘʤʙʦʚ-

ʩʢʦʡ, ʃʠʧʝʮʢʦʡ, ɺʦʨʦʥʝʞʩʢʦʡ, ɺʦʣʛʦʛʨʘʜʩʢʦʡ ʠ ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʝʡ [3].                       

ʀʭ ʦʙʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1, 2. 

ʆʙʦʟʥʘʯʝʥʥʳʡ ʧʘʨʢ ʤʦʩʪʦʚʳʭ ʩʦʦʨʫʞʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʦʩʥʦʚʥʦʤ 

ʩʨʝʜʥʠʤʠ (ʦʪ 25 ʜʦ 100 ʤ) ʞʝʣʝʟʦʙʝʪʦʥʥʳʤʠ ʤʦʩʪʘʤʠ (ʨʠʩ. 1, ʘ, ʙ), ʧʨʦʣʝʪʥʳʝ 

ʩʪʨʦʝʥʠʷ ʯʘʱʝ ʚʩʝʛʦ ʩʦʩʪʦʷʪ ʠʟ ʨʝʙʨʠʩʪʳʭ ʙʘʣʦʢ ʠʟ ʦʙʳʯʥʦʛʦ ʠʣʠ 

ʧʨʝʜʥʘʧʨʷʞʝʥʥʦʛʦ ʞʝʣʝʟʦʙʝʪʦʥʘ ʠʣʠ ʧʣʠʪ (ʨʠʩ. 2, ʘ, ʙ). ʆʧʦʨʳ ʤʦʩʪʦʚ ʠ 

ʧʫʪʝʧʨʦʚʦʜʦʚ ʚʳʧʦʣʥʝʥʳ ʪʘʢʞʝ ʠʟ ʞʝʣʝʟʦʙʝʪʦʥʘ, ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʚʘʡʥʳʤʠ, 

ʩʪʦʝʯʥʳʤʠ, ʩʪʦʣʙʯʘʪʳʤʠ, ʤʘʩʩʠʚʥʳʤʠ ʦʧʦʨʘʤʠ ʠ ʦʧʦʨʘʤʠ-ʩʪʝʥʢʘʤʠ (ʨʠʩ. 2, ʚ). 

ʄʦʩʪʦʚʦʝ ʧʦʣʦʪʥʦ ʥʘ ʧʨʝʦʙʣʘʜʘʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʩʦʦʨʫʞʝʥʠʡ ʠʤʝʝʪ 
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ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʦʝ ʧʦʢʨʳʪʠʝ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ, ʥʘ 64 % ʩʦʦʨʫʞʝʥʠʡ ʧʨʠʤʝʥʝʥʳ 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʰʚʳ ʟʘʢʨʳʪʦʛʦ ʪʠʧʘ ʠ ʥʘ 35 % ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʰʚʳ 

ʟʘʧʦʣʥʝʥʥʦʛʦ ʪʠʧʘ, 1 % ʥʝ ʠʤʝʶʪ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʰʚʦʚ. ɺʦʜʦʦʪʚʦʜ                              

ʩ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ ʯʘʱʝ ʚʩʝʛʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʚʦʜʦʦʪʚʦʜʥʳʝ ʪʨʫʙʢʠ (75 % 

ʩʦʦʨʫʞʝʥʠʡ), ʠ ʚ ʨʘʚʥʦʟʥʘʯʥʦʡ ʧʨʦʧʦʨʮʠʠ ʟʘ ʩʯʝʪ ʜʨʝʥʘʞʥʦʡ ʩʠʩʪʝʤʳ ʠʣʠ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʚʦʜʦʦʪʚʦʜʘ (11 % ʠ 14 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 

 

 
ʈʠʩ. 1. ʂʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʡ ʧʨʠʟʥʘʢ ʤʦʩʪʦʚʦʛʦ ʩʦʦʨʫʞʝʥʠʷ: 

ʘ) ʚʠʜ; ʙ) ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʣʠʥʳ; ʚ) ʪʠʧ ʦʧʦʨʳ 

 

 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʧʘʨʢʘ ʤʦʩʪʦʚ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʩʦʦʨʫʞʝʥʠʷ ʩ ʧʨʝʦʙʣʘ-

ʜʘʶʱʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ 

ʜʝʬʝʢʪʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʪʨʘʥʩʧʦʨʪʥʦ-ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚ ʧʨʦʮʝʩʩʝ 

ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɼʣʷ ʵʪʦʡ ʮʝʣʠ ʘʚʪʦʨʦʤ ʦʙʨʘʙʦʪʘʥʳ ʚʝʜʦʤʦʩʪʠ ʜʝʬʝʢʪʦʚ 96 

ʤʦʩʪʦʚ, ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʣʷʣʠʩʴ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʝʞʝʛʦʜʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʚ 

ʧʝʨʠʦʜ ʩ 2009 ʧʦ 2018 ʛʦʜʳ. ʉʨʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʦʦʨʫʞʝʥʠʡ ʥʘ ʤʦʤʝʥʪ 

ʧʨʦʚʝʜʝʥʠʷ ʦʩʤʦʪʨʦʚ ʩʦʩʪʘʚʣʷʣ ʦʪ 10 ʜʦ 57 ʣʝʪ. ɼʝʬʝʢʪʦʤ ʷʚʣʷʝʪʩʷ ʢʘʞʜʦʝ 

ʦʪʜʝʣʴʥʦʝ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʚ ʤʦʩʪʦʚʦʤ ʩʦʦʨʫʞʝʥʠʠ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ 

ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʠ (ʠʣʠ) ʧʨʦʝʢʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ [4], ʢʦʪʦʨʦʝ ʤʦʞʝʪ 
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ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʦʰʠʙʢʘʤʠ ʥʘ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. ʅʘʠʙʦʣʝʝ ʫʷʟʚʠʤʳʤʠ ʠ ʥʘʛʨʫʞʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʧʨʦʣʝʪʥʳʝ 

ʩʪʨʦʝʥʠʷ, ʢʦʪʦʨʳʝ ʚ ʜʘʥʥʦʡ ʚʳʙʦʨʢʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʙʨʠʩʪʳʤʠ ʙʘʣʢʘʤʠ ʧʦ 

ʪʠʧʦʚʳʤ ʧʨʦʝʢʪʘʤ 56,56ɼ, 100, 501-5, 3-503-12, 3.503-73, 3.503.1-81. ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʟʚʠʪʠʝ ʜʝʬʝʢʪʦʚ ʚ ʢʨʘʡʥʠʭ ʙʘʣʢʘʭ ʧʨʦʠʩʭʦʜʠʪ ʩʪʨʝʤʠʪʝʣʴʥʝʝ, 

ʯʝʤ ʚ ʩʨʝʜʥʠʭ ʠʟ-ʟʘ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʘʥʪʠʛʦʣʦʣʝʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʢʦʪʦʨʳʤʠ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʦʙʨʘʙʘʪʳʚʘʶʪ ʧʨʦʝʟʞʫʶ ʯʘʩʪʴ. ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʦʩʥʦʚʥʳʝ ʜʝʬʝʢʪʳ ʧʨʦʣʝʪʥʳʭ ʩʪʨʦʝʥʠʡ: 

1. ɼʝʬʝʢʪʳ, ʚʳʟʚʘʥʥʳʝ ʥʝʛʘʪʠʚʥʳʤ ʜʝʡʩʪʚʠʝʤ ʚʦʜʳ ʠʟ-ʟʘ ʥʘʨʫʰʝʥʠʷ 

ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʰʚʦʚ, ʛʠʜʨʦʠʟʦʣʷʮʠʠ ʧʨʦʣʝʪʥʦʛʦ ʩʪʨʦʝʥʠʷ:  

¶ ʧʨʦʜʦʣʴʥʳʝ ʠ ʚʝʨʪʠʢʘʣʴʥʳʝ ʪʨʝʱʠʥʳ ʚ ʨʝʙʨʝ, ʧʣʠʪʝ ʠ ʤʦʥʦʣʠʪʥʳʭ 
ʫʯʘʩʪʢʘʭ ʙʘʣʢʠ; 

¶  ʧʨʦʪʝʯʢʠ, ʚʳʱʝʣʘʯʠʚʘʥʠʝ, ʨʘʟʤʦʨʘʞʠʚʘʥʠʝ ʠ ʩʢʦʣʳ ʙʝʪʦʥʘ ʚ ʨʝʙʨʘʭ, 

ʧʣʠʪʝ, ʤʦʥʦʣʠʪʥʳʭ ʫʯʘʩʪʢʘʭ ʙʘʣʢʠ; 

2. ʉʠʣʦʚʳʝ ʪʨʝʱʠʥʳ (ʢʦʩʳʝ ʠ ʚʝʨʪʠʢʘʣʴʥʳʝ ʪʨʝʱʠʥʳ ʚ ʨʝʙʨʘʭ ʙʘʣʢʠ); 

ɺʦʜʘ ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʧʣʠʪʫ ʠ ʙʘʣʢʠ ʧʨʦʣʸʪʥʦʛʦ ʩʪʨʦʝʥʠʷ ʯʝʨʝʟ 

ʥʘʨʫʰʝʥʥʦʝ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʦʝ ʧʦʢʨʳʪʠʝ, ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʰʚʳ ʠ 

ʛʠʜʨʦʠʟʦʣʷʮʠʶ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤʠ ʜʝʬʝʢʪʘʤʠ 

ʧʦʢʨʳʪʠʷ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ ʷʚʣʷʶʪʩʷ ʪʨʝʱʠʥʳ ʠ ʚʳʙʦʠʥʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʨʘʟʚʠʪʠʷ ʜʝʬʝʢʪʦʚ ʧʨʦʣʝʪʥʦʛʦ 

ʩʪʨʦʝʥʠʷ ʠ ʤʦʩʪʦʚʦʛʦ ʧʦʣʦʪʥʘ ʷʚʣʷʝʪʩʷ ʝʩʪʝʩʪʚʝʥʥʦʝ ʩʪʘʨʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ, 

ʤʦʨʘʣʴʥʳʡ ʠ ʬʠʟʠʯʝʩʢʠʡ ʠʟʥʦʩ ʢʦʥʩʪʨʫʢʮʠʡ, ʘ ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʠʝ 

ʩʚʦʝʚʨʝʤʝʥʥʳʭ ʨʝʤʦʥʪʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʨʘʙʦʪ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʧʨʠʦʨʠʪʝʪʥʦʡ ʟʘʜʘʯʝʡ ʥʘ ʩʪʘʜʠʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʷʚʣʷʝʪʩʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʪʨʘʥʩʧʦʨʪʥʦ-ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʚʳʷʚʣʝʥʠʝ 

ʜʝʬʝʢʪʦʚ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʠʭ ʨʘʟʚʠʪʠʷ. 

 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʂʫʟʥʝʮʦʚʘ, ʉ. ɺ. ʇʨʠʯʠʥʳ ʘʚʘʨʠʡ ʤʦʩʪʦʚʳʭ ʩʦʦʨʫʞʝʥʠʡ ʥʘ 
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ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 
ʇʨʝʜʩʪʘʚʣʝʥ ʧʝʨʝʯʝʥʴ ʦʩʥʦʚʥʳʭ ʩʪʘʥʜʘʨʪʦʚ, ʥʦʨʤʠʨʫʶʱʠʭ ʪʨʘʥʩʧʦʨʪʥʦ-

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 

ʇʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʥʦʨʤʘʪʠʚʥʳʭ ʪʨʝʙʦʚʘʥʠʡ, ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʢ ʩʦʜʝʨʞʘʥʠʶ 

ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʚ ʈʦʩʩʠʠ ʠ ʟʘ ʨʫʙʝʞʦʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʟʠʤʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʜʦʨʦʛ, ʫʨʦʚʝʥʴ ʩʦʜʝʨʞʘʥʠʷ, ʪʦʣʱʠʥʘ ʩʥʝʞʥʳʭ 

ʦʪʣʦʞʝʥʠʡ, ʜʠʨʝʢʪʠʚʥʦʝ ʚʨʝʤʷ. 

 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʠʭ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ ʩʚʦʡʩʪʚ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ 

ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʥʝʦʙʭʦʜʠʤʦ ʫʜʝʣʷʪʴ 

ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʩʦʩʪʦʷʥʠʶ ʜʦʨʦʞʥʦʛʦ ʧʦʢʨʳʪʠʷ. ʊʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ 

ʢ ʧʘʨʘʤʝʪʨʘʤ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʩʧʝʢʪʨ ʠ ʢʘʯʝʩʪʚʦ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ                        

ʧʦ ʟʠʤʥʝʤʫ ʩʦʜʝʨʞʘʥʠʶ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ ʦʪʨʘʞʝʥʳ ʚ ʥʦʨʤʘʪʠʚʥʳʭ 

ʜʦʢʫʤʝʥʪʘʭ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʈʦʩʩʠʠ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʘ, ʥʦʨʤʠʨʫʶʱʝʛʦ 

ʪʨʘʥʩʧʦʨʪʥʦ-ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ ʧʨʠʥʷʪ      

ɻʆʉʊ ʈ 50597-2017 çɸʚʪʦʤʦʙʠʣʴʥʳʝ ʜʦʨʦʛʠ ʠ ʫʣʠʮʳ. ʊʨʝʙʦʚʘʥʠʷ ʢ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʤʫ ʩʦʩʪʦʷʥʠʶ, ʜʦʧʫʩʪʠʤʦʤʫ ʧʦ ʫʩʣʦʚʠʷʤ ʦʙʝʩʧʝʯʝʥʠʷ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ. ʄʝʪʦʜʳ ʢʦʥʪʨʦʣʷè. 

ɺ ʜʦʢʫʤʝʥʪʝ ʫʩʪʘʥʦʚʣʝʥʳ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʝ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʟʠʤʥʠʡ 

ʧʝʨʠʦʜ.  

ɺ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʨʳʭʣʦʛʦ ʠʣʠ ʪʘʣʦʛʦ ʩʥʝʛʘ, ʟʠʤʥʝʡ ʩʢʦʣʴʟʢʦʩʪʠ 

ʫʩʪʘʥʦʚʣʝʥ ʥʦʨʤʘʪʠʚʥʳʡ ʩʨʦʢ ʫʩʪʨʘʥʝʥʠʷ, ʦʢʦʥʯʘʥʠʷ ʩʥʝʛʦʦʯʠʩʪʢʠ, ʪʦ ʝʩʪʴ 

ʜʠʨʝʢʪʠʚʥʦʝ ʚʨʝʤʷ, ʧʦ ʠʩʪʝʯʝʥʠʠ ʢʦʪʦʨʦʛʦ ʧʦʢʨʳʪʠʝ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʦʨʦʛʠ 

ʜʦʣʞʥʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʥʦʨʤʘʪʠʚʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ. ʅʦʨʤʘʪʠʚʥʳʡ ʩʨʦʢ 

ʫʩʪʨʘʥʝʥʠʷ ʟʠʤʥʝʡ ʩʢʦʣʴʟʢʦʩʪʠ ʧʨʠʥʠʤʘʝʪʩʷ ʩ ʤʦʤʝʥʪʘ ʝʝ ʦʙʥʘʨʫʞʝʥʠʷ ʜʦ 

ʧʦʣʥʦʡ ʣʠʢʚʠʜʘʮʠʠ. ʆʢʦʥʯʘʥʠʝ ʩʥʝʛʦʦʯʠʩʪʢʠ ï ʩ ʤʦʤʝʥʪʘ ʦʢʦʥʯʘʥʠʷ ʩʥʝʛʦʧʘʜʘ 

ʠʣʠ ʤʝʪʝʣʠ ʜʦ ʤʦʤʝʥʪʘ ʟʘʚʝʨʰʝʥʠʷ ʨʘʙʦʪ. ʉʦʙʣʶʜʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʩʪʘʥʜʘʨʪʘ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʧʫʩʪʠʤʳʡ ʫʨʦʚʝʥʴ ʩʦʜʝʨʞʘʥʠʷ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʞʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʩʪʘʥʜʘʨʪʦʤ, ʫʪʚʝʨʞʜʝʥʥʳʤ ʜʣʷ 

ʚʩʝʛʦ ʊʘʤʦʞʝʥʥʦʛʦ ʩʦʶʟʘ ɻʆʉʊ 33181-2014 çɼʦʨʦʛʠ ʘʚʪʦʤʦʙʠʣʴʥʳʝ ʦʙʱʝʛʦ 

ʧʦʣʴʟʦʚʘʥʠʷ. ʊʨʝʙʦʚʘʥʠʷ ʢ ʫʨʦʚʥʶ ʟʠʤʥʝʛʦ ʩʦʜʝʨʞʘʥʠʷè, ʜʦʨʦʛʠ ʦʙʱʝʛʦ 
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ʧʦʣʴʟʦʚʘʥʠʷ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʷ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʚʠʞʝʥʠʷ, 

ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʧʷʪʴ ʫʨʦʚʥʝʡ ʩʦʜʝʨʞʘʥʠʷ.  

ʉʦʛʣʘʩʥʦ ʩʪʘʥʜʘʨʪʫ ʥʠ ʦʜʠʥ ʠʟ ʫʨʦʚʥʝʡ ʩʦʜʝʨʞʘʥʠʷ ʥʝ ʜʦʧʫʩʢʘʝʪ 

ʥʘʣʠʯʠʷ ʩʢʦʣʴʟʢʦʛʦ ʥʘʢʘʪʘ ʥʘ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ. ʅʘ 

ʫʯʘʩʪʢʘʭ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʚʳʩʰʠʤ ʫʨʦʚʥʷʤ ʟʠʤʥʝʛʦ 

ʩʦʜʝʨʞʘʥʠʷ, ʧʨʝʜʧʠʩʘʥʦ ʦʙʝʩʧʝʯʠʚʘʪʴ ʯʠʩʪʦʪʫ ʟʠʤʥʠʭ ʜʦʨʦʛ ʥʘ ʫʨʦʚʥʝ 

çʯʝʨʥʦʛʦè ʘʩʬʘʣʴʪʘ, ʥʘ ʜʨʫʛʠʭ ʫʨʦʚʥʷʭ ï ʜʦʧʫʩʪʠʤʳʡ ʩʣʦʡ ʫʧʣʦʪʥʝʥʥʦʛʦ  ʩʥʝʛʘ 

ʜʦʣʞʝʥ ʙʳʪʴ ʦʙʨʘʙʦʪʘʥ ʬʨʠʢʮʠʦʥʥʳʤʠ ʠʣʠ ʭʠʤʠʢʦ-ʬʨʠʢʮʠʦʥʥʳʤʠ 

ʧʨʦʪʠʚʦʛʦʣʦʣʝʜʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. ʊʦʣʴʢʦ ʚʦ ʚʨʝʤʷ ʩʥʝʛʦʧʘʜʘ ʠ ʩʥʝʛʦʦʯʠʩʪʢʠ 

ʚʦʟʤʦʞʥʦ ʥʘʣʠʯʠʝ ʩʣʦʷ ʨʳʭʣʦʛʦ ʩʥʝʛʘ ʥʘ ʧʦʢʨʳʪʠʠ ʪʦʣʱʠʥʦʡ ʩʣʦʷ ʦʪ 1 ʜʦ 5 

ʩʘʥʪʠʤʝʪʨʦʚ. ʀʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷʶʪ ʘʚʪʦʤʦʙʠʣʴʥʳʝ ʜʦʨʦʛʠ ʩ ʱʝʙʝʥʦʯʥʳʤ 

ʧʦʢʨʳʪʠʝʤ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʜʚʠʞʝʥʠʷ ʤʝʥʝʝ 1500 ʤʘʰʠʥ ʚ ʩʫʪʢʠ.  

ɺ ʟʘʨʫʙʝʞʥʳʭ ʩʪʨʘʥʘʭ, ʛʜʝ, ʢʘʢ ʠ ʚ ʈʦʩʩʠʠ, ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʥʘʙʣʶʜʘʝʪʩʷ 

ʚʳʧʘʜʝʥʠʝ ʪʚʝʨʜʳʭ ʦʩʘʜʢʦʚ, ʜʝʡʩʪʚʫʶʪ ʩʪʘʥʜʘʨʪʳ ʠ ʫʪʚʝʨʞʜʝʥʳ ʨʝʛʣʘʤʝʥʪʳ ʥʘ 

ʧʨʦʚʝʜʝʥʠʝ ʨʘʙʦʪ ʧʦ ʟʠʤʥʝʝ ʩʦʜʝʨʞʘʥʠʝ [1]. ʊʨʝʙʦʚʘʥʠʷ ʢ ʧʘʨʘʤʝʪʨʘʤ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ ʘʚʪʦʤʦʙʠʣʴʥʳʭ 

ʜʦʨʦʛ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ʫʨʦʚʥʝʡ ʟʠʤʥʝʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ. 

ʆʧʨʝʜʝʣʷʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ ʧʨʠ ʵʪʦʤ ʷʚʣʷʶʪʩʷ ʩʪʨʘʪʝʛʠʯʝʩʢʘʷ ʚʘʞʥʦʩʪʴ 

ʜʦʨʦʛʠ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʚʠʞʝʥʠʷ. ɺ ʨʷʜʝ ʩʪʨʘʥ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʫʯʠʪʳʚʘʝʪʩʷ 

ʭʘʨʘʢʪʝʨ ʜʚʠʞʝʥʠʷ ʠ ʤʝʩʪʥʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ. ʅʦʨʤʘʪʠʚʥʳʝ 

ʜʦʢʫʤʝʥʪʳ ʩʪʨʘʥ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ɽʚʨʦʧʳ, 

ʢʘʢ ʠ ʈʦʩʩʠʠ, ʯʝʪʢʦ ʨʝʛʣʘʤʝʥʪʠʨʫʶʪ ʪʨʝʙʦʚʘʥʠʷ ʢ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʡ 

ʪʦʣʱʠʥʝ ʩʣʦʷ ʩʥʝʛʘ ʥʘ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ, ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʢʦʪʦʨʦʡ ʥʝʦʙʭʦʜʠʤʦ 

ʚʳʧʦʣʥʠʪʴ ʨʘʙʦʪʳ ʧʦ ʩʥʝʛʦʦʯʠʩʪʢʝ ʠ ʚʨʝʤʷ ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʩʥʝʛʦʧʘʜʘ,                        

ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʜʦʨʦʛʘ ʜʦʣʞʥʘ ʙʳʪʴ ʧʦʣʥʦʩʪʴʶ ʦʯʠʱʝʥʘ. ʇʦʢʨʳʪʠʷ ʥʘ 

ʤʘʨʰʨʫʪʘʭ ʚʘʞʥʦʛʦ ʟʥʘʯʝʥʠʷ ʜʦʣʞʥʳ ʦʪʚʝʯʘʪʴ ʚʳʩʦʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʠ 

ʦʩʪʘʚʘʪʴʩʷ ʘʙʩʦʣʶʪʥʦ ʯʠʩʪʳʤʠ. ɼʦʨʦʛʠ ʩ ʙʦʣʝʝ ʥʠʟʢʠʤʠ ʫʨʦʚʥʷʤʠ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʚʦʟʤʦʞʥʦ ʩʦʜʝʨʞʘʪʴ ʧʦʜ ʩʥʝʞʥʳʤ ʥʘʢʘʪʦʤ.   

ɺ ʩʢʘʥʜʠʥʘʚʩʢʠʭ ʩʪʨʘʥʘʭ ʦʩʥʦʚʥʳʤ ʪʨʝʙʦʚʘʥʠʝʤ, ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ 

ʜʦʨʦʞʥʳʤ ʫʩʣʦʚʠʷʤ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ, ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʩʮʝʧʣʝʥʠʷ. ʄʠʥʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʮʝʧʣʝʥʠʷ ʥʘ 

ʜʦʨʦʛʘʭ ʥʘʠʚʳʩʰʝʛʦ ʫʨʦʚʥʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʘʥʘʣʦʛʠʯʥʦ ʪʨʝʙʦʚʘʥʠʷʤ ɻʆʉʊ  ʈ 

50597-2017 ʢ ʤʠʥʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʮʝʧʣʝʥʠʷ ʜʣʷ ʜʦʨʦʛ 

ʈʦʩʩʠʠ. ʆʜʥʘʢʦ ʚ ʩʢʘʥʜʠʥʘʚʩʢʠʭ ʩʪʨʘʥʘʭ ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʮʝʧʣʝʥʠʷ 

ʥʦʨʤʠʨʫʶʪʩʷ ʜʣʷ ʢʘʞʜʦʛʦ ʫʨʦʚʥʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʘʚʪʦʜʦʨʦʛ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ.    

ɺ ʩʪʨʘʥʘʭ ʎʝʥʪʨʘʣʴʥʦʡ ɽʚʨʦʧʳ ʪʨʝʙʦʚʘʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʦʩʪʦʷʥʠʷ ʜʦʨʦʞʥʦʛʦ 

ʧʦʢʨʳʪʠʷ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʤʝʥʝʝ ʜʝʪʘʣʴʥʦ. ɺ ʥʦʨʤʘʪʠʚʘʭ ʥʝ ʫʩʪʘʥʦʚʣʝʥʘ 

ʜʦʧʫʩʪʠʤʘʷ ʪʦʣʱʠʥʘ ʩʥʝʞʥʳʭ ʦʪʣʦʞʝʥʠʡ ʥʘ ʧʦʢʨʳʪʠʠ. ʅʦ ʧʨʠ ʵʪʦʤ, ʧʨʦʧʠʩʘʥʘ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠ ʨʝʛʣʘʤʝʥʪ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ ʧʦ ʟʠʤʥʝʤʫ ʩʦʜʝʨʞʘʥʠʶ ʠʩʭʦʜʷ 

ʠʟ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʚʘʞʥʦʩʪʠ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʦʨʦʛʠ [1]. ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ 

ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʞʝʩʪʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʫʨʦʚʥʶ 

ʩʦʜʝʨʞʘʥʠʷ ʜʦʨʦʛ ʢʘʞʜʦʛʦ ʢʣʘʩʩʘ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʚ ʩʪʨʘʥʘʭ ʇʨʠʙʘʣʪʠʢʠ ʠ 

ɼʘʥʠʠ, ʛʜʝ ʦʪʜʝʣʴʥʦ ʥʦʨʤʠʨʫʝʪʩʷ ʚʨʝʤʷ ʥʘ ʫʙʦʨʢʫ ʩʥʝʛʘ ʧʦʩʣʝ ʤʝʪʝʣʝʡ ʠ 
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ʩʥʝʛʦʧʘʜʦʚ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʦʮʝʥʠʚʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʝʟʜʘ ʧʦ ʚʩʝʡ ʩʝʪʠ ʜʦʨʦʛ, 

ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʢʘʥʜʠʥʘʚʩʢʠʭ ʩʪʨʘʥʘʭ ʦʪʜʝʣʴʥʳʝ ʜʦʨʦʛʠ ʚ ʟʠʤʥʠʡ 

ʧʝʨʠʦʜ ʤʦʛʫʪ ʙʳʪʴ ʟʘʢʨʳʪʳ. ʅʘ ʜʦʨʦʛʘʭ ʌʠʥʣʷʥʜʠʠ ʠ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʐʚʝʮʠʠ 

ʜʦʧʫʩʢʘʝʪʩʷ ʥʘʣʦʞʝʥʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʩʢʦʨʦʩʪʥʦʛʦ ʨʝʞʠʤʘ [1]. ɺ ʈʦʩʩʠʠ 

ʦʛʨʘʥʠʯʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʜʦʣʞʥʦ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʦ ʥʘ ʜʦʨʦʛʘʭ ʩ 

ʫʧʣʦʪʥʝʥʥʳʤ ʩʥʝʞʥʳʤ ʧʦʢʨʦʚʦʤ. ɸʥʘʣʠʟ ʩʪʘʥʜʘʨʪʦʚ ʥʘ ʟʠʤʥʝʝ ʩʦʜʝʨʞʘʥʠʝ 

ʜʦʨʦʛ ʧʦʢʘʟʘʣ, ʯʪʦ ʪʨʝʙʦʚʘʥʠʷ ʩʪʘʥʜʘʨʪʦʚ ʈʌ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʫʨʦʚʥʶ 

ʩʦʜʝʨʞʘʥʠʷ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʩʦʧʦʩʪʘʚʠʤʳ ʩ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʝʚʨʦʧʝʡʩʢʠʭ ʩʪʨʘʥ. ɸ ʚ ʦʪʜʝʣʴʥʳʭ 

ʩʣʫʯʘʷʭ ʜʘʞʝ ʧʨʝʚʦʩʭʦʜʷʪ ʟʘʨʫʙʝʞʥʳʝ, ʪʘʢ ʢʘʢ ʥʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʦʩʣʘʙʣʝʥʠʝ 

ʪʨʝʙʦʚʘʥʠʡ ʧʦ ʚʨʝʤʝʥʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʠ ʧʦʛʦʜʥʳʤ ʫʩʣʦʚʠʷʤ. ɿʘʢʨʳʪʠʝ ʪʨʘʩʩ 

ʧʦ ʫʩʣʦʚʠʷʤ ʜʚʠʞʝʥʠʷ ʚ ʈʦʩʩʠʠ ʥʝ ʧʨʝʜʫʩʤʦʪʨʝʥʦ. ʆʪʤʝʪʠʤ, ʯʪʦ ʩʪʘʥʜʘʨʪʳ ʢʘʢ 

ʈʦʩʩʠʠ, ʪʘʢ ʠ ʨʷʜʘ ʜʨʫʛʠʭ ʩʪʨʘʥ, ʥʦʨʤʠʨʫʶʪ ʚʳʩʦʪʫ ʩʣʦʷ ʩʥʝʛʘ ʥʘ ʜʦʨʦʞʥʦʤ 

ʧʦʢʨʳʪʠʠ, ʥʝ ʫʪʦʯʥʷʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʥʝʛʦʧʘʜʘ ʠʣʠ ʤʝʪʝʣʠ ʦʙʨʘʟʦʚʘʣʠʩʴ 

ʦʪʣʦʞʝʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʩʥʝʛʦʟʘʥʦʩʠʤʦʩʪʠ ʫʯʘʩʪʢʦʚ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʭʘʨʘʢʪʝʨ ʦʪʣʦʞʝʥʠʡ ʥʘ ʧʦʢʨʳʪʠʠ ʚʦ ʚʨʝʤʷ ʤʝʪʝʣʝʡ ʠ ʩʥʝʛʦʧʘʜʦʚ 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ. ɺʦ ʚʨʝʤʷ ʤʝʪʝʣʝʡ ʢʦʣʠʯʝʩʪʚʦ ʦʪʣʦʞʝʥʠʡ ʠ ʠʭ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘ ʧʦʢʨʳʪʠʠ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʧʦʧʝʨʝʯʥʦʛʦ 

ʧʨʦʬʠʣʷ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʦʨʦʛʠ ʠ ʩʥʝʛʦʝʤʢʦʩʪʠ ʦʪʢʦʩʦʚ [2, 3, 4, 5, 6]. 

ʆʪʣʦʞʝʥʠʷ ʥʝʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʰʠʨʠʥʝ ʧʦʢʨʳʪʠʷ, ʯʪʦ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʥʝʞʥʳʭ ʟʘʥʦʩʦʚ ʥʘ ʵʪʠʭ ʫʯʘʩʪʢʘʭ ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʢ 

ʟʘʪʦʨʘʤ ʠ ʧʝʨʝʨʳʚʘʤ ʜʚʠʞʝʥʠʷ ʥʘ ʚʩʝʡ ʪʨʘʩʩʝ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʠʭ 

ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ ʩʚʦʡʩʪʚ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ, ʙʝʩʧʝʨʝʙʦʡʥʦʛʦ ʠ ʙʝʟʦʧʘʩʥʦʛʦ 

ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʭʘʨʘʢʪʝʨ ʠ 

ʬʠʟʠʯʝʩʢʫʶ ʩʫʱʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʥʘʢʦʧʣʝʥʠʷ ʩʥʝʛʘ. 
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ɺ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʠʟʚʝʩʪʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʩʙʦʨ ʠʭ ʜʘʥʥʳʭ, ʜʣʷ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʩʦʩʪʘʚʣʝʥʠʷ çʦʪʧʝʯʘʪʢʦʚè ʵʪʠʭ ʫʩʪʨʦʡʩʪʚ. ʇʦʩʣʝ ʯʝʛʦ ʥʘ ʦʩʥʦʚʝ ʪʝʩʪʦʚ                      

ʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ʩʝʪʠ, ʧʨʦʚʦʜʠʪʩʷ ʩʙʦʨ ʜʘʥʥʳʭ ʩ ʧʦʜʢʣʶʯʝʥʥʦʛʦ ʥʝʠʟʚʝʩʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. 

ɹʣʘʛʦʜʘʨʷ ʩʦʙʨʘʥʥʳʤ ʜʘʥʥʳʭ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʥʘʠʚʥʦʛʦ ɹʘʡʝʩʦʚʩʢʦʛʦ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ, 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʫʩʪʨʦʡʩʪʚʘ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʝʪʝʚʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʩʠʩʪʝʤʳ, ʥʘʠʚʥʳʡ 

ʙʘʡʝʩʦʚʩʢʠʡ ʢʣʘʩʩʠʬʠʢʘʪʦʨ. 

 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʠʟʚʝʩʪʥʳʭ 

ʩʝʪʝʚʳʭ ʫʩʪʨʦʡʩʪʚ, ʢʦʪʦʨʳʝ ʧʦʜʢʣʶʯʘʶʪʩʷ ʢ ʩʝʪʠ.  

ʉ ʫʯʝʪʦʤ ʙʫʨʥʦʛʦ ʨʘʟʚʠʪʠʷ ʠ ʩʦʟʜʘʥʠʷ ʚʩʝ ʥʦʚʳʭ ʫʩʪʨʦʡʩʪʚ, ʘʣʛʦʨʠʪʤʳ, 

ʦʧʨʝʜʝʣʷʶʱʠʝ ʥʘ 100 %, ʢʘʢʦʝ ʠʤʝʥʥʦ ʫʩʪʨʦʡʩʪʚʦ ʧʦʜʢʣʶʯʠʣʦʩʴ, ʚʩʝ ʙʦʣʴʰʝ 

ʫʩʪʘʨʝʚʘʶʪ ʠ ʩʪʘʥʦʚʷʪʩʷ ʥʝʵʬʬʝʢʪʠʚʥʳʤʠ. ʇʦʵʪʦʤʫ ʘʣʛʦʨʠʪʤʳ, ʧʦʩʪʨʦʝʥʥʳʝ 

ʥʘ ʚʝʨʦʷʪʥʦʩʪʥʦʤ ʦʧʨʝʜʝʣʝʥʠʠ ʫʩʪʨʦʡʩʪʚʘ, ʚʳʭʦʜʷʪ ʥʘ ʧʝʨʚʳʡ ʧʣʘʥ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʥʝʠʟʚʝʩʪʥʳʭ ʩʝʪʝʚʳʭ ʫʩʪʨʦʡʩʪʚ 

ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʘʢʪʫʘʣʴʥʦʡ ʪʝʤʦʡ. ɺ ʥʘʰʝʤ ʤʠʨʝ ʩ ʢʘʞʜʳʤ ʜʥʝʤ ʧʦʷʚʣʷʝʪʩʷ 

ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʩʝ ʥʦʚʳʭ ʫʩʪʨʦʡʩʪʚ, ʛʘʜʞʝʪʦʚ, ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʠ 

ʜʨʫʛʠʭ ʧʨʦʜʫʢʪʦʚ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʞʠʟʥʴ ʯʝʣʦʚʝʢʘ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ 

ʠʥʬʦʨʤʘʪʠʟʠʨʦʚʘʥʥʦʡ. ʅʦ ʫ ʵʪʦʛʦ ʝʩʪʴ ʢʘʢ ʧʣʶʩʳ, ʪʘʢ ʠ ʤʠʥʫʩʳ, ʚʝʜʴ 

ʟʣʦʫʤʳʰʣʝʥʥʠʢʠ ʥʝ ʫʧʫʩʢʘʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʪʝʤ, ʯʪʦ 

ʨʘʟʨʘʙʦʪʯʠʢʠ ʥʝ ʫʩʧʝʚʘʶʪ ʟʘ ʪʘʢʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʥʦʚʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʧʦʨʦʡ 

ʦʩʪʘʚʣʷʶʪ ʦʛʨʦʤʥʳʝ ʙʨʝʰʠ ʚ ʟʘʱʠʪʝ, ʥʘ ʢʦʪʦʨʳʝ ʨʘʥʴʰʝ ʥʠʢʪʦ ʠ ʥʝ ʦʙʨʘʱʘʣ 

ʚʥʠʤʘʥʠʷ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʥʦʚʳʭ ʫʩʪʨʦʡʩʪʚ, ʢʦʪʦʨʳʝ 

ʧʦʜʢʣʶʯʘʶʪʩʷ ʢ ʩʝʪʠ ʦʯʝʥʴ ʚʘʞʥʦ, ʥʦ ʢʘʢ ʫʞʝ ʙʳʣʦ ʩʢʘʟʘʥʦ ʚʳʰʝ, 

ʨʘʟʨʘʙʦʪʯʠʢʠ ʥʝ ʫʩʧʝʶʪ ʟʘ ʠʭ ʨʘʟʥʦʦʙʨʘʟʠʝʤ, ʧʦʵʪʦʤʫ ʦʧʨʝʜʝʣʠʪʴ ʥʘ 100 %, 

ʢʘʢʦʝ ʠʤʝʥʥʦ ʫʩʪʨʦʡʩʪʚʦ ʧʦʜʢʣʶʯʠʣʦʩʴ, ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʩʣʦʞʥʝʝ.  

 ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘ ʧʦʤʦʱʴ ʩʧʝʰʘʪ ʚʝʨʦʷʪʥʦʩʪʥʳʝ ʦʮʝʥʢʠ ʠ ʤʦʜʝʣʠ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʫʩʪʨʦʡʩʪʚ ʧʦ ʢʣʶʯʝʚʳʤ ʧʨʠʟʥʘʢʘʤ, ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪ ʆʉ ʠʣʠ 

ʫʩʪʨʦʡʩʪʚʦ ʦʪ ʜʨʫʛʠʭ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʤʝʪʦʜʦʚ ʠ ʷʚʣʷʝʪʩʷ ʥʘʠʚʥʳʡ 

ɹʘʡʝʩʦʚʩʢʠʡ ʢʣʘʩʩʠʬʠʢʘʪʦʨ.  

 ɺ ʨʘʙʦʪʝ ʤʳ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʩʥʦʚʥʳʝ ʧʨʦʪʦʢʦʣʳ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʫʨʦʚʥʷ ʤʦʜʝʣʠ ʩʝʪʝʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ OSI ï TCP ʠ UDP. 
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 ɼʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʫʩʪʨʦʡʩʪʚ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ ʦʙʘ ʧʨʦʪʦʢʦʣʘ, ʚʝʜʴ 

ʜʣʷ ʙʦʣʝʝ ʯʝʪʢʦʛʦ ʧʦʥʠʤʘʥʠʷ, ʯʪʦ ʟʘ ʫʩʪʨʦʡʩʪʚʦ ʧʦʜʢʣʶʯʠʣʦʩʴ ʢ ʩʝʪʠ, ʥʫʞʥʦ 

ʜʘʥʥʳʝ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʥʝ ʮʝʣʴʥʳʤʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʦʣʴʢʦ ʦʜʥʦʛʦ 

ʧʨʦʪʦʢʦʣʘ. 

 ʉʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʧʦʠʩʢʘ ʘʢʪʠʚʥʳʭ ʧʦʨʪʦʚ 

ʭʦʩʪʘ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʤ ʩʣʫʞʙ, ʥʦ ʩʘʤʦʝ ʧʨʦʩʪʦ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʝ ʵʪʦ 

Ping-ʩʢʘʥʠʨʦʚʘʥʠʝ. ɸʜʨʝʩʘʪʫ ʦʪʧʨʘʚʣʷʝʪʩʷ ICMP-ʩʦʦʙʱʝʥʠʝ ECHO REQUEST 

(ʵʭʦ-ʟʘʧʨʦʩ), ʠ ʝʩʣʠ ʵʪʦʪ ʢʦʤʧʴʶʪʝʨ ʨʘʙʦʪʘʝʪ ʠ ʧʦʜʢʣʶʯʝʥ ʢ ʩʝʪʠ, ʦʥ ʦʪʚʝʪʠʪ 

ICMP-ʩʦʦʙʱʝʥʠʝʤ ECHO REPLY (ʵʭʦ-ʦʪʚʝʪ). 

 ʉʫʱʝʩʪʚʫʝʪ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝʪʦʜʦʚ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʦʨʪʦʚ ʠ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʪʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʫʶ ʤʳ ʙʫʜʝʤ ʧʦʣʫʯʘʪʴ, ʥʦ ʠʩʧʦʣʴʟʫʷ 

ʜʘʞʝ ʥʝʩʢʦʣʴʢʦ, ʤʳ ʩʤʦʞʝʤ ʧʦʣʫʯʠʪʴ ʜʘʥʥʳʝ, ʢʦʪʦʨʳʝ ʥʘʤ ʥʫʞʥʳ, ʜʣʷ 

ʧʦʥʠʤʘʥʠʷ, ʯʪʦ ʞʝ ʵʪʦ ʟʘ ʫʩʪʨʦʡʩʪʚʦ.  

ʅʘʠʚʥʳʡ ʙʘʡʝʩʦʚʩʢʠʡ ʢʣʘʩʩʠʬʠʢʘʪʦʨ (ʅɹʂ) ï ʵʪʦ ʩʝʤʝʡʩʪʚʦ ʘʣʛʦʨʠʪʤʦʚ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʢʦʪʦʨʳʝ ʧʨʠʥʠʤʘʶʪ ʦʜʥʦ ʜʦʧʫʱʝʥʠʝ: ʂʘʞʜʳʡ ʧʘʨʘʤʝʪʨ 

ʢʣʘʩʩʠʬʠʮʠʨʫʝʤʳʭ ʜʘʥʥʳʭ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʢʣʘʩʩʘ. 

ʇʦʯʝʤʫ ʤʝʪʦʜ ʥʘʟʳʚʘʝʪʩʷ ʥʘʠʚʥʳʤ? ʇʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʚʩʝ ʧʘʨʘʤʝʪʨʳ 

ʥʘʙʦʨʘ ʜʘʥʥʳʭ ʥʝʟʘʚʠʩʠʤʳ ï ʵʪʦ ʜʦʚʦʣʴʥʦ ʥʘʠʚʥʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ [1] 

ʋʧʨʦʱʝʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚʳʛʣʷʜʠʪ ʪʘʢ: 

 

 

 
 

ʉ ʧʦʤʦʱʴʶ ʵʪʦʛʦ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ, ʤʳ ʩʤʦʞʝʤ ʧʦʣʫʯʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʫʩʪʨʦʡʩʪʚʘ, ʪʦ ʝʩʪʴ, ʩ ʢʘʢʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʫʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ 

ʧʦʜʢʣʶʯʠʣʦʩʴ ʢ ʩʝʪʠ, ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʪʝʭ ʫʩʪʨʦʡʩʪʚ, ʢʦʪʦʨʦʝ ʝʩʪʴ ʚ ʥʘʰʝʤ 

ʟʘʨʘʥʝʝ ʟʘʛʦʪʦʚʣʝʥʥʦʤ ʧʝʨʝʯʥʝ.  

ʉʫʱʝʩʪʚʫʶʱʠʝ ʘʥʘʣʦʛʠ. ʉʘʤʳʡ ʠʟʚʝʩʪʥʳʡ, nMap, ʦʜʥʘ ʠʟ ʝʛʦ ʬʫʥʢʮʠʡ 

ʨʝʘʣʠʟʫʝʪ ʦʧʨʝʜʝʣʝʥʠʝ ʆʉ. ʅʦ ʩʫʪʴ ʘʣʛʦʨʠʪʤʘ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʟʘʨʘʥʝʝ 

ʩʦʙʨʘʥʥʳʭ çʦʪʧʝʯʘʪʢʘʭ ʫʩʪʨʦʡʩʪʚè. ʂʦʛʜʘ ʧʦʜʢʣʶʯʘʝʪʩʷ ʥʦʚʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʥʘ 

ʦʩʥʦʚʝ ʪʝʩʪʦʚ, ʩʦʙʠʨʘʶʪʩʷ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ çʦʪʧʝʯʘʪʢʘʤʠè, ʠ 

ʝʩʣʠ ʫʩʪʨʦʡʩʪʚʦ ʝʩʪʴ ʚ ʙʘʟʝ, ʧʨʦʛʨʘʤʤʘ ʪʦʯʥʦ ʦʧʨʝʜʝʣʷʝʪ ʢʘʢʦʝ ʵʪʦ ʫʩʪʨʦʡʩʪʚʦ.  

ʇʝʨʩʧʝʢʪʠʚʘ ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʠ. ʋʯʠʪʳʚʘʷ ʘʢʪʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʩʝʪʝʡ, ʠ 

ʧʦʷʚʣʝʥʠʝ ʚʩʝ ʥʦʚʳʭ ʫʩʪʨʦʡʩʪʚ, ʦʧʨʝʜʝʣʝʥʠʝ ʫʩʪʨʦʡʩʪʚʘ ʥʘ 100 % ʩʪʘʥʦʚʠʪʩʷ 

ʚʩʝ ʙʦʣʝʝ ʦʩʣʦʞʥʝʥʦ. ɸ ʦʧʨʝʜʝʣʝʥʠʝ ʫʩʪʨʦʡʩʪʚʘ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʝʧʝʥʴʶ 

ʚʝʨʦʷʪʥʦʩʪʠ, ʵʪʦ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʦ ʠ ʧʨʘʢʪʠʯʥʦ ʚ ʫʩʣʦʚʠʷʭ ʙʳʩʪʨʦ 

ʨʘʟʚʠʚʘʶʱʝʛʦʩʷ ʤʠʨʘ. 

ʊʝʢʫʱʠʡ ʩʪʘʪʫʩ. ʀʜʝʷ ʧʨʦʝʢʪʘ ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ: ʨʘʩʩʤʦʪʨʝʪʴ 

ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʥʝʠʟʚʝʩʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. ʆʧʨʝʜʝʣʠʪʴ 

ʦʪʣʠʯʠʪʝʣʴʥʳʝ ʯʝʨʪʳ ʠ ʧʘʨʘʤʝʪʨʳ ʫʩʪʨʦʡʩʪʚ, ʥʘ ʩʘʤʳʭ ʧʦʧʫʣʷʨʥʳʭ ʆʉ, 

ʢʦʪʦʨʳʤʠ ʯʘʱʝ ʚʩʝʛʦ ʧʦʣʴʟʫʶʪʩʷ. ʂʦʛʜʘ ʧʦʜʢʣʶʯʘʝʪʩʷ ʫʩʪʨʦʡʩʪʚʦ, 
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ʧʨʦʪʝʩʪʠʨʦʚʘʪʴ ʝʛʦ, ʠ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʩ ʧʦʤʦʱʴʶ ʥʘʠʚʥʦʛʦ 

ʙʘʡʝʩʦʚʩʢʦʛʦ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ, ʘ ʪʘʢʞʝ ʦʪʣʠʯʠʪʝʣʴʥʳʭ ʯʝʨʪ ʢʘʞʜʦʡ ʆʉ, 

ʦʧʨʝʜʝʣʠʪʴ ʩ ʢʘʢʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʧʦʜʢʣʶʯʝʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʠʤʝʥʥʦ ʪʦ 

ʫʩʪʨʦʡʩʪʚʦ ʠʟ ʥʘʰʝʛʦ ʩʧʠʩʢʘ.   

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʠʜʸʪ ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʇʂ ʩ 

ʮʝʣʴʶ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʦʜʢʣʶʯʠʚʰʝʛʦʩʷ ʥʝʠʟʚʝʩʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ï ʟʘʚʝʨʰʝʥʦ ʥʘ 

40 %. 

ɼʦʢʫʤʝʥʪ ʩ ʦʪʣʠʯʠʪʝʣʴʥʳʤ ʯʝʨʪʘʤʠ ʪʘʢʞʝ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ï ʟʘʚʝʨʰʝʥʠʝ 

60 %.  
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ʀʅʌʆʈʄɸʎʀʆʅʅʓʁ ɺɽɹ-ʇʆʈʊɸʃ 

ɼʃʗ ʆʈɻɸʅʀɿɸʎʀʀ ʉʇʆʈʊʀɺʅʓʍ ɿɸʅʗʊʀʁ 

ɺ ʈɸʄʂɸʍ ʇʆɼɼɽʈɾʂʀ ɿɼʆʈʆɺʆɻʆ ʆɹʈɸɿɸ ɾʀɿʅʀ 

 

ɸ.ʉ. ʂʦʨʦʙʢʠʥ
1
, ʄ.ʖ. ʉʝʨʛʝʝʚ

2
 

1
ʉʪʫʜʝʥʪ ʛʨ. ʙɺʄ-161, fs-1998@mail.ru 

2
ʂʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮ., mikesergeev@mail.ru 

 
ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʩʧʝʮʠʘʣʴʥʦʛʦ ʚʝʙ-ʩʘʡʪʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ 

ʦʨʛʘʥʠʟʦʚʘʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʫʶ ʩʧʦʨʪʠʚʥʫʶ ʧʦʜʛʦʪʦʚʢʫ ʜʣʷ ʧʦʜʜʝʨʞʠʚʘʥʠʷ ʟʜʦʨʦʚʦʛʦ ʦʙʨʘʟʘ 

ʞʠʟʥʠ. ʈʘʟʨʘʙʦʪʘʥ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʚʝʙ-ʧʦʨʪʘʣ, ʙʘʟʘ ʜʘʥʥʳʭ ʩʘʡʪʘ, ʨʝʘʣʠʟʦʚʘʥʦ ʤʦʙʠʣʴʥʦʝ 

ʧʨʠʣʦʞʝʥʠʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʝʙ-ʩʘʡʪ, ʚʝʙ-ʧʦʨʪʘʣ, ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ, ʩʧʦʨʪʠʚʥʳʝ ʟʘʥʷʪʠʷ. 

 

ʆʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʟʘʜʘʯ ʜʣʷ ʯʝʣʦʚʝʢʘ ʷʚʣʷʝʪʩʷ ʧʦʜʜʝʨʞʘʥʠʝ ʟʜʦʨʦʚʦʛʦ 

ʦʙʨʘʟʘ ʞʠʟʥʠ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘ ʥʘ 60 % ʠ ʙʦʣʝʝ ʟʘʚʠʩʠʪ ʦʪ 

ʪʦʛʦ, ʢʘʢʦʡ ʦʙʨʘʟ ʞʠʟʥʠ ʦʥ ʚʝʜʝʪ, ʧʦʵʪʦʤʫ ʢʘʞʜʳʡ ʯʝʣʦʚʝʢ ʜʦʣʞʝʥ ʟʘʙʦʪʠʪʴʩʷ 

ʦ ʥʝʤ [1]. ʂʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʟʜʦʨʦʚʦʛʦ ʦʙʨʘʟʘ ʞʠʟʥʠ 

ʷʚʣʷʝʪʩʷ ʬʠʟʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ. ʃʶʜʠ, ʢʦʪʦʨʳʝ ʟʘʥʠʤʘʶʪʩʷ ʩʧʦʨʪʦʤ ʨʝʞʝ, 

ʩʪʨʘʜʘʶʪ ʨʷʜʦʤ ʟʘʙʦʣʝʚʘʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ, ʙʦʣʝʟʥʷʤʠ ʩʝʨʜʮʘ ʠ ʦʥʢʦʣʦ-

ʛʠʯʝʩʢʠʤʠ ʟʘʙʦʣʝʚʘʥʠʷ, ʢʨʦʤʝ ʪʦʛʦ, ʦʥʠ ʯʘʱʝ ʠʤʝʶʪ ʟʜʦʨʦʚʫʶ ʤʘʩʩʫ ʪʝʣʘ                    

ʠ ʩʦʩʪʘʚ ʪʢʘʥʝʡ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʬʠʟʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʩʥʠʞʘʝʪ 

ʨʠʩʢʠ ʩʤʝʨʪʥʦʩʪʠ ʦʪ ʚʩʝʭ ʧʨʠʯʠʥ [1]. ʇʦʵʪʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʚʝʜʝʥʠʡ ʦ 

ʧʦʣʴʟʝ ʬʠʟʠʯʝʩʢʠʭ ʫʧʨʘʞʥʝʥʠʡ ʣʶʜʷʤ ʚ ʧʦʧʫʣʷʨʥʦʡ, ʥʘʛʣʷʜʥʦʡ ʠ ʠʥʪʝʨʝʩʥʦʡ 

ʬʦʨʤʝ ʩ ʮʝʣʴʶ ʠʭ ʤʦʪʠʚʘʮʠʠ ʥʘ ʟʘʥʷʪʠʝ ʩʧʦʨʪʦʤ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʠ ʘʢʪʫʘʣʴʥʦʡ 

ʟʘʜʘʯʝʡ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʩʘʡʪ 

ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʩʧʦʨʪʠʚʥʳʭ ʟʘʥʷʪʠʡ ʚ ʨʘʤʢʘʭ ʧʦʜʜʝʨʞʢʠ ʟʜʦʨʦʚʦʛʦ ʦʙʨʘʟʘ 

ʞʠʟʥʠ. ʉʘʡʪ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʥʘ ʙʘʟʝ ʧʦʧʫʣʷʨʥʦʡ CMS ʩʠʩʪʝʤʳ WordPress. 

ɺʳʙʦʨ ʧʘʣ ʥʘ ʜʘʥʥʫʶ ʩʠʩʪʝʤʫ, ʧʦʪʦʤʫ ʯʪʦ ʦʥʘ ʠʩʧʦʣʴʟʫʝʪ PHP ʠ MySQL, 

ʢʦʪʦʨʳʝ ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ ʚʩʝʤʠ ʭʦʩʪʠʥʛʘʤʠ, ʪʘʢ ʞʝ WordPress ʠʩʧʦʣʴʟʫʝʪ 

ʫʜʦʙʥʳʡ ʠʥʪʝʨʬʝʡʩ ʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʤʥʦʞʝʩʪʚʦ ʬʫʥʢʮʠʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʘʡʪʘ. 

ɺʦ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʢʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʘʢʠʝ ʠʥʩʪʨʫʤʝʥʪʳ ʢʘʢ: HTML5, CSS, 

jQuery, JavaScript, BootStrap 4 (ʬʨʝʡʤʚʦʨʢ ʜʣʷ ʩʦʟʜʘʥʠʷ ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʠʭ 

ʤʦʙʠʣʴʥʳʭ ʩʘʡʪʦʚ), ʪʝʭʥʦʣʦʛʠʷ AJAX(ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʩʝʨʚʝʨʦʤ 

ʙʝʟ ʧʝʨʝʟʘʛʨʫʟʢʠ ʩʪʨʘʥʠʮʳ), Vue(ʧʨʦʛʨʝʩʩʠʚʥʳʡ ʬʨʝʡʤʚʦʨʢ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʠʥʪʝʨʬʝʡʩʦʚ), PHP ʠ ʙʘʟʘ ʜʘʥʥʳʭ MySQL. ɺ ʢʘʯʝʩʪʚʝ 

ʨʝʜʘʢʪʦʨʘ ʠʩʭʦʜʥʦʛʦ ʢʦʜʘ ʙʳʣ ʚʳʙʨʘʥ Visual Studio Code, ʧʦʟʠʮʠʦʥʠʨʫʶʱʠʡʩʷ 

ʢʘʢ çʣʸʛʢʠʡè ʨʝʜʘʢʪʦʨ ʢʦʜʘ ʜʣʷ ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʚʝʙ- ʠ 

ʦʙʣʘʯʥʳʭ ʧʨʠʣʦʞʝʥʠʡ [2]. 
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ʆʩʥʦʚʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʥʘʧʦʣʥʝʥʠʷ ʩʘʡʪʘ ʷʚʣʷʶʪʩʷ ʩʪʘʪʴʠ, 
ʨʘʟʜʝʣʝʥʥʳʝ ʧʦ ʢʘʪʝʛʦʨʠʷʤ, ʚ ʢʦʪʦʨʳʭ ʨʘʩʩʢʘʟʳʚʘʝʪʩʷ ʦ ʤʝʪʦʜʘʭ ʪʨʝʥʠʨʦʚʢʘʭ, 
ʦ ʠʭ ʧʦʣʴʟʝ, ʦ ʣʫʯʰʠʭ ʪʨʝʥʘʞʝʨʘʭ, ʦ ʩʧʦʨʪʠʚʥʦʤ ʧʠʪʘʥʠʠ. ɺ ʢʘʞʜʦʡ ʩʪʘʪʴʝ 
ʧʨʝʜʫʩʤʦʪʨʝʥ ʨʘʟʜʝʣ ʜʣʷ ʢʦʤʤʝʥʪʘʨʠʝʚ, ʚ ʢʦʪʦʨʦʤ ʣʶʜʠ ʤʦʛʫʪ ʦʙʤʝʥʠʚʘʪʴʩʷ 
ʦʧʳʪʦʤ ʠ ʜʝʣʠʪʴʩʷ ʩʚʦʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʪʘʢʞʝ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʦʮʝʥʠʪʴ 
ʩʪʘʪʴʶ, ʥʘʩʢʦʣʴʢʦ ʦʥʘ ʙʳʣʘ ʧʦʣʝʟʥʘ ʝʤʫ, ʜʣʷ ʵʪʦʛʦ ʩʦʟʜʘʥ ʨʝʡʪʠʥʛ ʫ ʢʘʞʜʦʡ 
ʩʪʘʪʴʠ ʧʦ ʧʷʪʠʙʘʣʣʴʥʦʡ ʰʢʘʣʝ. ʉʘʡʪ ʧʦʜʜʝʨʞʠʚʘʝʪ ʦʙʨʘʪʥʫʶ ʩʚʷʟʴ, ʩ ʧʦʤʦʱʴʶ 
ʢʦʪʦʨʦʡ ʣʶʙʦʡ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʟʘʜʘʪʴ ʚʦʧʨʦʩ ʘʜʤʠʥʠʩʪʨʘʪʦʨʫ ʠ ʧʦʣʫʯʠʪʴ 
ʦʪʚʝʪ ʥʘ ʥʝʛʦ ʚ ʙʣʠʞʘʡʰʝʝ ʚʨʝʤʷ. ʊʘʢʞʝ ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʨʘʙʦʪʳ ʩ ʩʘʡʪʦʤ 
ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʦʜʙʠʨʘʶʪʩʷ ʩʪʘʪʴʠ ʧʦ ʝʛʦ ʧʨʝʜʧʦʯʪʝʥʠʶ ʠ ʚ ʙʦʢʦʚʦʡ ʧʘʥʝʣʠ 
ʚʳʚʦʜʷʪʩʷ ʣʫʯʰʠʝ ʩʪʘʪʴʠ ʟʘ ʤʝʩʷʮ. ɼʣʷ ʫʜʦʙʥʦʛʦ ʚʳʙʦʨʘ ʩʪʘʪʴʝʡ ʙʳʣ 
ʨʘʟʨʘʙʦʪʘʥ ʧʦʠʩʢ ʧʦ ʩʘʡʪʫ, ʢʦʪʦʨʳʡ ʦʪʙʠʨʘʝʪ ʩʪʘʪʴʠ ʧʦ ʚʚʝʜʝʥʥʳʤ ʩʣʦʚʘʤ. 
ʇʦʣʴʟʦʚʘʪʝʣʠ ʠʤʝʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʴʟʦʚʘʪʴʩʷ ʩʘʡʪʦʤ ʥʘ ʣʶʙʦʤ ʫʩʪʨʦʡʩʪʚʝ, 
ʪʢ ʦʥ ʧʦʣʥʦʩʪʴʶ ʘʜʘʧʪʠʚʝʥ ʧʦʜ ʣʶʙʳʝ ʫʩʪʨʦʡʩʪʚʘ ʠ ʙʨʘʫʟʝʨʳ. 

ɼʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʩʘʡʪʝ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʜʚʘ ʢʘʣʴʢʫʣʷʪʦʨʘ ʜʣʷ 
ʦʙʣʝʛʯʝʥʠʷ ʢʦʥʪʨʦʣʷ ʨʘʮʠʦʥʘ. ʇʝʨʚʳʡ ʢʘʣʴʢʫʣʷʪʦʨ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 
ʦʧʨʝʜʝʣʠʪʴ ʠʥʜʝʢʩ ʤʘʩʩʳ ʪʝʣʘ (ʀʄʊ) ʧʦ ʚʚʝʜʝʥʥʦʤʫ ʨʦʩʪʫ ʠ ʚʝʩʫ (ʨʠʩ. 1). 

 

 
ʈʠʩ. 1. ʇʨʠʤʝʨ ʨʘʩʯʝʪʘ ʀʄʊ  

 
ɺʪʦʨʦʡ ʢʘʣʴʢʫʣʷʪʦʨ ʧʦʟʚʦʣʷʝʪ ʧʦʜʩʯʠʪʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʢʘʣʦʨʠʡ, ʙʝʣʢʦʚ, 

ʞʠʨʦʚ ʠ ʫʛʣʝʚʦʜʦʚ, ʢʘʢ ʚ ʦʪʜʝʣʴʥʦʤ ʧʨʦʜʫʢʪʝ, ʪʘʢ ʠ ʚʦ ʚʩʝ ʨʘʮʠʦʥʝ ʟʘ 
ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ. ɼʣʷ ʨʘʩʯʝʪʘ ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ ʪʦʣʴʢʦ 
ʥʘʟʚʘʥʠʝ ʙʣʶʜʘ (ʨʠʩ. 2). 

 

 
ʈʠʩ. 2. ʇʨʠʤʝʨ ʧʦʜʩʯʝʪʘ ʢʘʣʦʨʠʡʥʦʩʪʠ ʙʣʶʜʘ 
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 ʅʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʩʘʡʪʘ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ,                        

ʚ ʢʦʪʦʨʦʤ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʨʘʟʥʳʝ ʚʠʜʳ ʪʨʝʥʠʨʦʚʦʢ ʜʣʷ ʚʩʝʭ ʛʨʫʧʧ ʤʳʰʮ. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʦʩʣʝ ʪʦʛʦ ʢʘʢ ʧʦʣʴʟʦʚʘʪʝʣʴ 

ʥʘʯʥʝʪ ʚʳʙʨʘʥʥʫʶ ʠʤ ʪʨʝʥʠʨʦʚʢʫ ʚ ʧʨʠʣʦʞʝʥʠʝ, ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʜʘʥʥʳʝ ʦ ʪʦʤ, 

ʢʘʢʘʷ ʵʪʦ ʪʨʝʥʠʨʦʚʢʘ, ʩʢʦʣʴʢʦ ʜʣʠʣʘʩʴ, ʩʢʦʣʴʢʦ ʢʘʣʦʨʠʡ ʩʞʝʛ ʧʦʣʴʟʦʚʘʪʝʣʴ                

ʠ ʢʘʢʠʝ ʙʳʣʠ ʫʧʨʘʞʥʝʥʠʷ ʙʫʜʫʪ ʟʘʧʠʩʳʚʘʪʴʩʷ ʚ ʙʘʟʫ ʜʘʥʥʳʭ, ʠ ʧʦʩʣʝʜʩʪʚʠʠ ʦʥ 

ʩʤʦʞʝʪ ʦʪʩʣʝʞʠʚʘʪʴ ʠʩʪʦʨʠʶ ʚʩʝʭ ʩʚʦʠʭ ʪʨʝʥʠʨʦʚʦʢ ʢʘʢ ʚ ʤʦʙʠʣʴʥʦʤ 

ʧʨʠʣʦʞʝʥʠʝ ʪʘʢ ʠ ʥʘ ʩʘʡʪʝ ʚ ʣʠʯʥʦʤ ʢʘʙʠʥʝʪʝ. ʊʘʢ ʞʝ ʫʥʠʢʘʣʴʥʦʩʪʴʶ ʜʘʥʥʦʡ 

ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʠ ʩʘʡʪ ʙʫʜʫʪ ʨʘʙʦʪʘʪʴ ʩ ʦʜʥʦʡ 

ʙʘʟʦʡ ʜʘʥʥʳʭ, ʧʦʵʪʦʤʫ ʥʫʞʥʦ ʙʫʜʝʪ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴʩʷ ʦʜʠʥ ʨʘʟ ʠʣʠ ʥʘ ʩʘʡʪʝ, 

ʠʣʠ ʚ ʧʨʠʣʦʞʝʥʠʝ, ʠ ʚ ʜʘʣʴʥʝʡʰʠʤ ʘʚʪʦʨʠʟʦʚʳʚʘʪʴʩʷ ʧʦʜ ʩʚʦʝʡ ʫʯʝʪʥʦʡ 

ʟʘʧʠʩʴʶ. ʉʭʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʘʡʪʘ, ʙʘʟʳ ʜʘʥʥʳʭ ʠ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ 

ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 3. 

 
ʈʠʩ. 3. ʈʘʙʦʪʘ ʩʘʡʪʘ ʠ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ 

 

 ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʩʘʡʪ ʙʫʜʝʪ ʧʦʣʝʟʝʥ ʣʶʜʷʤ, ʢʦʪʦʨʳʝ ʭʦʪʷʪ ʙʦʣʴʰʝ 

ʠʥʬʦʨʤʘʮʠʠ ʫʟʥʘʪʴ ʦ ʩʧʦʨʪʠʚʥʦʤ ʦʙʨʘʟʝ ʞʠʟʥʠ ʠ ʢʦʪʦʨʳʝ ʭʦʪʷʪ ʥʘʯʘʪʴ 

ʟʘʥʠʤʘʪʴʩʷ ʩʧʦʨʪʦʤ. ʉʘʡʪ ʣʝʛʦʢ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ, ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʤʫ ʧʨʦʩʪʦʤʫ 

ʜʠʟʘʡʥʫ ʠ ʧʦʥʷʪʥʦʤʫ ʠʥʪʝʨʬʝʡʩʫ. ɹʣʘʛʦʜʘʨʷ ʢʦʤʤʝʥʪʘʨʠʷʤ ʚ ʩʪʘʪʴʷʭ ʣʶʜʠ 

ʩʤʦʛʫʪ ʜʝʣʘʪʴʩʷ ʤʥʝʥʠʷʤʠ ʠ ʩʚʦʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʯʪʦ ʙʫʜʝʪ ʤʦʪʠʚʠʨʦʚʘʪʴ 

ʥʦʚʳʭ ʯʠʪʘʪʝʣʝʡ ʙʣʦʛʘ ʢ ʩʧʦʨʪʠʚʥʦʤʫ ʦʙʨʘʟʫ ʞʠʟʥʠ. 

 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. Woodcock J. Non-vigorous physical activity and all-cause mortality: 
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February 2011, P. 121ï138 [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://academic.oup.com/ije/article/40/1/121/658816 

2. Visual Studio Code ï ʦʬʠʮʠʘʣʴʥʳʡ ʩʘʡʪ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï 

ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://code.visualstudio.com/ 

 

 



58 
 

ʋɼʂ 681.3 
 

ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʅɽʁʈʆʉɽʊɽɺʓʍ ʄʆɼɽʃɽʁ 

ɺ ʄɽɼʀʎʀʅʉʂʀʍ ʉʀʉʊɽʄɸʍ  
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1
ʉʪʫʜʝʥʪ ʛʨ. ʤɸʇ-181,73m17a13@mail.ru 

2
ɼ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, su_bel@mail.ru 

ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 
ʈʘʩʩʤʦʪʨʝʥʳ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʚ ʤʝʜʠʮʠʥʩʢʦʡ ʩʬʝʨʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʝ ʟʘʙʦʣʝʚʘʥʠʡ, 

ʢʣʘʩʩʠʬʠʢʘʮʠʷ. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʝʜʠʮʠʥʩʢʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘʭʦʜʷʪ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ 

(ʀʅʉ). ʈʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʟʘʜʘʯʠ ʜʣʷ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʀʅʉ. 

1. ɼʠʘʛʥʦʩʪʠʨʦʚʘʥʠʝ ʟʘʙʦʣʝʚʘʥʠʡ. ʆʜʥʦʡ ʠʟ ʦʙʣʘʩʪʝʡ, ʚ ʢʦʪʦʨʦʡ 

ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ, ʷʚʣʷʝʪʩʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ,                      

ʢ ʢʦʪʦʨʦʡ ʢʘʢ ʨʘʟ ʠ ʦʪʥʦʩʠʪʩʷ ʟʘʜʘʯʘ ʜʠʘʛʥʦʩʪʠʢʠ ʟʘʙʦʣʝʚʘʥʠʡ. ʉʫʱʝʩʪʚʫʝʪ 

ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʟʘʜʘʯ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ: ʩʝʪʠ ʧʨʷʤʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʘʷʩʷ ʢʘʨʪʘ 

ʂʦʭʦʥʝʥʘʠ ʪ.ʜ. [1]. ʆʜʥʘʢʦ ʯʘʱʝ ʚʩʝʛʦ ʜʣʷ ʜʘʥʥʦʛʦ ʪʠʧʘ ʟʘʜʘʯ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʤʥʦʛʦʩʣʦʡʥʳʡ ʧʝʨʩʝʧʪʨʦʥ (ʨʠʩ. 1). 

 

 
 

ʈʠʩ. 1. ʄʦʜʝʣʴ ʤʥʦʛʦʩʣʦʡʥʦʛʦ ʧʝʨʩʝʧʪʨʦʥʘ 

 

ʇʨʠ ʪʘʢʦʤ ʧʦʜʭʦʜʝ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʦʙʨʘʟʮʘ               

ʢ ʢʦʥʢʨʝʪʥʦʤʫ ʟʘʙʦʣʝʚʘʥʠʶ. ɼʣʷ ʵʪʦʛʦ ʩʪʨʦʠʪʩʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ, ʛʜʝ ʚʭʦʜʥʳʤʠ 

mailto:73m17a13@mail.ru
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ʟʥʘʯʝʥʠʷʤʠ ʜʣʷ ʀʅʉ ʷʚʣʷʶʪʩʷ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ, ʧʦʣʫʯʝʥʥʳʭ ʦʪ 

ʤʝʜʠʮʠʥʩʢʠʭ ʘʥʘʣʠʟʘʪʦʨʦʚ ʠ, ʧʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʬʦʨʤʘʣʠʟʦʚʘʥʥʳʝ ʜʘʥʥʳʝ               

ʦ ʧʘʮʠʝʥʪʝ, ʘ ʚʳʭʦʜʘʤʠ ʷʚʣʷʶʪʩʷ ʟʥʘʯʝʥʠʷ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ ʦ ʥʘʣʠʯʠʠ ʠʣʠ 

ʦʪʩʫʪʩʪʚʠʠ ʜʠʘʛʥʦʩʪʠʨʫʝʤʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ. 

ʆʜʥʘʢʦ ʜʣʷ ʪʘʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʩʣʝʜʦʚʘʥʠʷ ʢʘʢ ʨʝʥʪʛʝʥ, ʕʂɻ, ʄʈʊ ʠʣʠ 

ʞʝ ʧʨʦʩʪʦ ʦʩʤʦʪʨ ʧʘʮʠʝʥʪʘ, ʪʘʢʦʡ ʩʧʦʩʦʙ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʥʝʧʨʠʤʝʥʠʤ, ʪʘʢ 

ʢʘʢ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʪʠʭ ʦʙʩʣʝʜʦʚʘʥʠʡ, ʪʨʫʜʥʦ 

ʬʦʨʤʘʣʠʟʦʚʘʪʴ ʧʦʜ ʪʨʝʙʦʚʘʥʠʷ ʀʅʉ. ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʩʚʸʨʪʦʯʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ (ʨʠʩ. 2), ʢʦʪʦʨʳʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʘʥʘʣʠʟʘ 

ʠʟʦʙʨʘʞʝʥʠʡ.  
 

 

 
 

ʈʠʩ. 2. ɸʨʭʠʪʝʢʪʫʨʘ ʩʚʸʨʪʦʯʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ: 

1 ï ʚʭʦʜʥʦʡ ʩʣʦʡ;  2,4,6 ï ʩʚʸʨʪʦʯʥʳʝ ʩʣʦʠ; 3,5 ï ʧʦʜʚʳʙʦʨʦʯʥʳʡ ʩʣʦʡ; 

7 ï ʧʦʣʥʦʩʚʷʟʥʳʡ ʩʣʦʡ; 8 ï ʚʳʭʦʜʥʦʡ ʩʣʦʡ 

 

ʉʚʸʨʪʦʯʥʳʡ ʩʣʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʧʨʦʠʟʚʦʜʠʪ ʩʚʝʨʪʢʫ ʚʭʦʜʥʦʡ ʤʘʪʨʠʮʳ       

ʩ ʤʘʪʨʠʮʝʡ ʚʝʩʦʚ, ʢʦʪʦʨʫʶ ʪʘʢʞʝ ʥʘʟʳʚʘʶʪ ʷʜʨʦʤ ʩʚʝʨʪʢʠ, ʘ ʢʦʣʠʯʝʩʪʚʦ ʪʘʢʠʭ 

ʷʜʝʨ ʦʧʨʝʜʝʣʷʝʪ ʢʦʣʠʯʝʩʪʚʦ ʢʘʨʪ ʧʨʠʟʥʘʢʦʚ. ʇʦʜʚʳʙʦʨʦʯʥʳʡ, ʠʣʠ ʩʣʦʡ 

ʧʫʣʠʥʛʘ, ʧʨʠʥʠʤʘʝʪ ʤʘʪʨʠʮʫ, ʧʦʣʫʯʝʥʥʫʶ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʚʝʨʪʢʠ, ʠ ʩʞʠʤʘʝʪ 

ʜʘʥʥʫʶ ʤʘʪʨʠʮʫ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʥʠʟʢʦʫʨʦʚʥʝʚʳʭ ʧʨʠʟʥʘʢʦʚ ʠ ʧʦʥʠʞʝʥʠʷ 

ʨʘʟʤʝʨʘ ʜʘʥʥʳʭ. ɺ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʠ ʩʞʘʪʠʷ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʨʝʜʥʝʝ 

ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʵʣʝʤʝʥʪʦʚ ʧʦ ʦʢʥʫ ʠʣʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦ ʦʢʥʫ.                     

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʤʘʪʨʠʮʫ, ʧʦʣʫʯʝʥʥʫʶ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʩʚʸʨʪʦʯʥʦʛʦ ʠʣʠ 

ʧʦʜʚʳʙʦʨʦʯʥʦʛʦ ʩʣʦʷ, ʧʨʝʦʙʨʘʟʫʶʪ ʚ ʦʜʥʦʤʝʨʥʳʡ ʚʝʢʪʦʨ ʧʫʪʸʤ ʧʦʩʪʨʦʯʥʦʡ 

ʟʘʧʠʩʠ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʤʘʪʨʠʮʳ ʠ ʧʦʜʘʶʪ ʥʘ ʚʭʦʜ ʧʦʣʥʦʩʚʷʟʥʦʛʦ ʩʣʦʷ. 

ɻʣʘʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʪʘʢʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʷʚʣʷʝʪʩʷ ʪʦ, 

ʯʪʦ ʯʘʩʪʴ ʥʝʡʨʦʥʦʚ ʚ ʩʣʦʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʜʠʥʘʢʦʚʳʝ ʚʝʩʦʚʳʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʦʙʲʝʜʠʥʠʚ ʥʝʡʨʦʥʳ ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʚʝʩʘʤʠ ʤʳ 

ʤʦʞʝʤ ʩʬʦʨʤʠʨʦʚʘʪʴ ʢʘʨʪʳ ʧʨʠʟʥʘʢʦʚ [2]. 

ʇʨʠ ʪʘʢʦʤ ʧʦʜʭʦʜʝ ʜʣʷ ʀʅʉ ʧʦʜʛʦʪʘʚʣʠʚʘʝʪʩʷ ʙʘʟʘ ʠʟʦʙʨʘʞʝʥʠʡ                        

ʩ ʚʳʷʚʣʝʥʥʳʤʠ ʘʥʦʤʘʣʠʷʤʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʧʨʝʜʝʣʸʥʥʳʤ ʟʘʙʦʣʝʚʘʥʠʷʤ,              

ʠ ʙʝʟ ʥʠʭ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʦʡ ʙʘʟʳ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʫʯʠʪʩʷ ʨʘʩʧʦʟʥʘʚʘʪʴ 

ʘʥʦʤʘʣʠʠ ʥʘ ʩʥʠʤʢʘʭ. ʉʚʸʨʪʦʯʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ 
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ʦʧʨʝʜʝʣʝʥʠʷ: ʨʘʢʦʚʳʭ ʦʧʫʭʦʣʝʡ, ʥʘʨʫʰʝʥʠʡ ʨʘʙʦʪʳ ʩʝʨʜʮʘ, ʜʠʘʙʝʪʠʯʝʩʢʦʡ 

ʨʝʪʠʥʦʧʘʪʠʠ ʠ ʪ.ʜ. 

2. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʘʮʠʝʥʪʦʚ ʧʦ ʛʨʫʧʧʘʤ ʨʠʩʢʘ. ɺ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ 

ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʤʦʛʫʪ ʥʘʫʯʠʪʴʩʷ ʨʘʩʧʦʟʥʘʚʘʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʦʷʚʣʝʥʠʷ 

ʟʘʙʦʣʝʚʘʥʠʷ ʦʪ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʬʘʢʪʦʨʦʚ ʪʘʢʠʭ ʢʘʢ: ʧʦʣ, ʚʦʟʨʘʩʪ, ʨʦʜ 

ʜʝʷʪʝʣʴʥʦʩʪʠ, ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʪ.ʜ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ 

ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʧʘʮʠʝʥʪʦʚ ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʨʠʦʙʨʝʪʝʥʠʷ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ, ʘ ʥʘ ʦʩʥʦʚʘʥʠʠ ʵʪʠʭ ʜʘʥʥʳʭ ʚʨʘʯʠ 

ʩʤʦʛʫʪ ʜʘʪʴ ʧʘʮʠʝʥʪʘʤ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʦʙʨʘʟʫ ʞʠʟʥʠ, ʧʠʪʘʥʠʶ ʠ ʪ.ʜ., ʢʦʪʦʨʳʝ 

ʧʦʤʦʛʫʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʧʦʷʚʣʝʥʠʝ ʟʘʙʦʣʝʚʘʥʠʷ [3]. 

3. ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ. ʊʘʢʞʝ ʦʜʥʦʡ ʠʟ ʚʘʞʥʳʭ ʦʙʣʘʩʪʝʡ ʟʘʜʘʯ ʤʝʜʠʮʠʥʩʢʦʡ 

ʦʪʨʘʩʣʠ, ʚ ʢʦʪʦʨʦʡ ʤʦʞʝʪ ʧʦʤʦʯʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʡʨʦʥʥʳʭ 

ʩʝʪʝʡ, ʷʚʣʷʶʪʩʷ ʟʘʜʘʯʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʥʘ ʵʪʘʧʝ ʢʣʠʥʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʯʠʪʘʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʡ ʠ 

ʦʩʣʦʞʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʧʨʝʜʩʢʘʟʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʨʝʟʫʣʴʪʘʪ ʢʦʥʢʨʝʪʥʳʭ 

ʤʝʪʦʜʦʚ ʣʝʯʝʥʠʷ ʜʣʷ ʧʘʮʠʝʥʪʘ. ʏʪʦ ʜʝʣʘʝʪ ʀʅʉ ʵʬʬʝʢʪʠʚʥʳʤ ʩʨʝʜʩʪʚʦʤ ʜʣʷ 

ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʡ ʠ ʣʝʯʝʥʠʷ ʙʦʣʴʥʳʭ.  

4. ʇʝʨʩʦʥʘʣʠʟʘʮʠʷ ʣʝʯʝʥʠʷ. ʇʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʝ ʣʝʯʝʥʠʝ ʠʤʝʝʪ 

ʦʛʨʦʤʥʳʡ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʞʠʟʥʠ ʧʘʮʠʝʥʪʦʚ. ʅʦ 

ʦʯʝʥʴ ʪʨʫʜʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʠʝ ʬʘʢʪʦʨʳ ʜʦʣʞʥʳ ʚʣʠʷʪʴ ʥʘ ʚʳʙʦʨ ʣʝʯʝʥʠʷ. 

ʅʝʡʨʦʥʥʳʝ ʩʝʪʠ ʤʦʛʫʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʵʪʫ ʩʣʦʞʥʫʶ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʨʘʙʦʪʫ ʠ 

ʧʦʤʦʯʴ ʚʳʷʩʥʠʪʴ, ʢʘʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʧʘʮʠʝʥʪ ʙʫʜʝʪ 

ʠʤʝʪʴ ʢʦʥʢʨʝʪʥʳʡ ʦʪʚʝʪ ʥʘ ʢʦʥʢʨʝʪʥʦʝ ʣʝʯʝʥʠʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʣʛʦʨʠʪʤ 

ʤʦʞʝʪ ʧʨʝʜʩʢʘʟʘʪʴ ʚʝʨʦʷʪʥʫʶ ʨʝʘʢʮʠʶ ʧʘʮʠʝʥʪʘ ʥʘ ʢʦʥʢʨʝʪʥʦʝ ʣʝʯʝʥʠʝ. 

ʉʠʩʪʝʤʘ ʠʟʫʯʘʝʪ ʵʪʦ ʧʫʪʝʤ ʧʝʨʝʢʨʝʩʪʥʳʭ ʩʩʳʣʦʢ ʥʘ ʩʭʦʞʠʭ ʧʘʮʠʝʥʪʦʚ ʠ 

ʩʨʘʚʥʝʥʠʷ ʠʭ ʤʝʪʦʜʦʚ ʣʝʯʝʥʠʷ ʠ ʨʝʟʫʣʴʪʘʪʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʘʢʠʭ ʩʠʩʪʝʤ ʚʨʘʯʘʤ ʥʘʤʥʦʛʦ ʣʝʛʯʝ 

ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʘʚʠʣʴʥʳʡ ʧʣʘʥ ʣʝʯʝʥʠʷ [4]. 

ʀʩʢʫʩʩʪʚʝʥʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʷʚʣʷʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʭʘʥʠʟʤʦʤ, ʪʘʢ 

ʢʘʢ ʧʦʟʚʦʣʷʶʪ ʫʤʝʥʴʰʠʪʴ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯ ʠ ʩʥʠʞʘʶʪ ʢʦʣʠʯʝʩʪʚʦ 

ʦʰʠʙʦʢ ʚ ʨʘʙʦʪʝ ʤʝʜʠʮʠʥʩʢʦʛʦ ʧʝʨʩʦʥʘʣʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʢʘ ʠ 

ʚʥʝʜʨʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʥʘ ʙʘʟʝ ʀʅʉ ʙʝʟʫʩʣʦʚʥʦ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ 

ʤʝʜʠʮʠʥʩʢʦʡ ʦʪʨʘʩʣʠ. 
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ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 
ʇʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʦʙ ʦʪʢʨʳʪʳʭ ʠʩʪʦʯʥʠʢʘʭ ʠʥʬʦʨʤʘʮʠʠ ʦ ʜʦʨʦʞʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʧʨʦʠʩʰʝʩʪʚʠʷʭ (ɼʊʇ) ʥʘ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛʘʭ ʈʌ. ʀʩʩʣʝʜʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʝʝ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʦʮʝʥʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʥʘ ʢʦʥʢʨʝʪʥʦʤ ʫʯʘʩʪʢʝ ʜʦʨʦʛʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʪʦʤʦʙʠʣʴʥʘʷ ʜʦʨʦʛʘ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʚʠʞʝʥʠʷ, ʜʦʨʦʞʥʦ-
ʪʨʘʥʩʧʦʨʪʥʦʝ ʧʨʦʠʩʰʝʩʪʚʠʝ (ɼʊʇ), ʠʥʬʦʨʤʘʮʠʷ. 

 

ʆʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʥʘ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛʘʭ ï 
ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʘʷ ʧʨʦʙʣʝʤʘ ʩʦʚʨʝʤʝʥʥʦʩʪʠ. ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʨʝʟʫʣʴʪʘʪʳ 
ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʘʥʘʣʠʟ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʦʪ 12 ʜʦ 15 % ʦʪ 
ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʦʨʦʞʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʦʠʩʰʝʩʪʚʠʡ (ɼʊʇ) ʧʨʦʠʩʭʦʜʷʪ ʧʦ 
ʧʨʠʯʠʥʝ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʜʦʨʦʞʥʳʭ ʫʩʣʦʚʠʡ [1]. ɼʦʨʦʞʥʳʝ ʫʩʣʦʚʠʷ ï  
ʩʦʚʦʢʫʧʥʦʩʪʴ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʪʨʘʥʩʧʦʨʪʥʦ-ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 
ʢʘʯʝʩʪʚ ʜʦʨʦʛʠ ʠ ʜʦʨʦʞʥʳʭ ʧʦʢʨʳʪʠʡ, ʵʣʝʤʝʥʪʦʚ ʦʙʫʩʪʨʦʡʩʪʚʘ ʠ ʦʙʩʪʘʥʦʚʢʠ 
[2]. ɼʣʷ ʦʮʝʥʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʥʘ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛʘʭ ʰʠʨʦʢʦ 
ʧʨʠʤʝʥʷʝʪʩʷ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ɺ.ʌ ɹʘʙʢʦʚʳʤ ʨʘʩʯʝʪʥʳʡ ʤʝʪʦʜ ʠʪʦʛʦʚʳʭ 
ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʘʚʘʨʠʡʥʦʩʪʠ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʝʪʘ ʩʪʨʦʠʪʩʷ ʣʠʥʝʡʥʳʡ 
ʛʨʘʬʠʢ ʘʚʘʨʠʡʥʦʩʪʠ ʧʦ ʩʝʟʦʥʘʤ ʛʦʜʘ ʧʦ ʤʝʪʦʜʫ ɸ.ʇ. ɺʘʩʠʣʴʝʚʘ [3]. ɼʣʷ 
ʩʫʱʝʩʪʚʫʶʱʠʭ ʜʦʨʦʛ ʪʘʢʠʝ ʛʨʘʬʠʢʠ ʜʦʧʦʣʥʷʶʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ               
ʦ ɼʊʇ. ɼʦʨʦʞʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ ʯʘʩʪʦ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʫ ʟʘʢʘʟʯʠʢʘ 
ʘʢʪʫʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ɼʊʇ ʠʣʠ ʜʦʣʛʠʤ ʦʞʠʜʘʥʠʝʤ ʦʪʚʝʪʘ ʥʘ ʟʘʧʨʦʩ                     
ʚ ʦʨʛʘʥʳ ɻʀɹɼɼ. ʕʪʦ ʩʪʘʣʦ ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʩʦʟʜʘʥʠʷ ʦʪʢʨʳʪʳʭ ʙʘʟ ʜʘʥʥʳʭ      
ʠ ɻʀʉ ʤʦʜʫʣʝʡ. ɼʣʷ ʘʥʘʣʠʟʘ ʘʚʘʨʠʡʥʦʩʪʠ ʚ ʈʌ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʦʛʫʪ 
ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʦʪʢʨʳʪʳʝ ʠʩʪʦʯʥʠʢʠ ʠʥʬʦʨʤʘʮʠʠ:  

- ʩʘʡʪ ɻʦʩʘʚʪʦʠʥʩʧʝʢʮʠʠ ï ʝʜʠʥʩʪʚʝʥʥʳʡ ʦʬʠʮʠʘʣʴʥʳʡ ʠʩʪʦʯʥʠʢ 
ʠʥʬʦʨʤʘʮʠʠ, ʥʘ ʢʦʪʦʨʦʤ ʥʘʭʦʜʠʪʩʷ ʚ ʦʪʢʨʳʪʦʤ ʜʦʩʪʫʧʝ ʠʥʬʦʨʤʘʮʠʷ ʦ ɼʊʇ       
ʜʣʷ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ [4]; 

- ʩʘʡʪ ɹʝʟʦʧʘʩʥʳʝ ɼʦʨʦʛʠ, ʥʘ ʢʦʪʦʨʦʤ ʥʘʭʦʜʠʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ɼʊʇ                   
ʩ ʧʦʩʪʨʘʜʘʚʰʠʤʠ ʥʘ ʘʚʪʦʜʦʨʦʛʘʭ, ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʠʥʞʝʥʝʨʥʳʭ ʤʝʨʘʭ, 
ʧʨʠʥʠʤʘʝʤʳʭ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʧʨʠʯʠʥ ʠ ʫʩʣʦʚʠʡ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ɼʊʇ [5];  

- ʩʘʡʪ ɼʊʇ ʉʊɸʊ, ʥʘ ʢʦʪʦʨʦʤ ʥʘ ʢʘʨʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ɼʊʇ, ʢʦʪʦʨʳʝ 
ʤʦʞʥʦ ʦʪʬʠʣʴʪʨʦʚʘʪʴ ʧʦ ʪʠʧʫ, ʚʨʝʤʝʥʠ ʩʫʪʦʢ (ʜʝʥʴ, ʥʦʯʴ) [6]. ʅʘ ʫʢʘʟʘʥʥʳʭ 
ʩʘʡʪʘʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʦ ʘʚʘʨʠʡʥʦʩʪʠ ʚ ʈʦʩʩʠʠ ʚ ʮʝʣʦʤ 
ʠ ʧʦ ʦʪʜʝʣʴʥʳʤ ʨʝʛʠʦʥʘʤ ʠʣʠ ʛʦʨʦʜʘʤ. ʆʙʱʠʡ ʚʠʜ ʠʥʬʦʨʤʘʮʠʠ, ʠʤʝʶʱʝʡʩʷ ʥʘ 
ʩʘʡʪʝ ɻʦʩʘʚʪʦʠʥʩʧʝʢʮʠʠ, ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 1. ʎʚʝʪʦʤ ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʠʥʘʤʠʢʘ 
ʠʟʤʝʥʝʥʠʷ ʘʚʘʨʠʡʥʦʩʪʠ: ʢʨʘʩʥʳʡ ï ʦʙʣʘʩʪʠ ʩ ʧʨʠʨʦʩʪʦʤ ɼʊʇ, ʞʝʣʪʳʡ ï ʙʝʟ 
ʠʟʤʝʥʝʥʠʡ, ʟʝʣʝʥʳʡ ï ʩʥʠʞʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ɼʊʇ. 

mailto:natsy-z@mail.ru
http://stat.gibdd.ru/
https://безопасныедороги.рф/
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ʈʠʩ. 1. ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ  ʧʦ ʘʚʘʨʠʡʥʦʩʪʠ ʟʘ ʘʧʨʝʣʴ 2020 ʛʦʜʘ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʥʘʣʦʛʠʯʥʳʤ ʧʝʨʠʦʜʦʤ ʧʨʦʰʣʦʛʦ ʛʦʜʘ (ɸʇʇɻ) 
 

ɹʘʟʳ ʜʘʥʥʳʭ ʦʪʢʨʳʪʳʭ ʠʩʪʦʯʥʠʢʦʚ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʤʠ 

ʦʪʣʠʯʠʪʝʣʴʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ: 

1. ɼʘʥʥʳʝ ʤʦʞʥʦ ʦʪʩʦʨʪʠʨʦʚʘʪʴ ʧʦ ʪʠʧʫ ʠ ʜʘʪʝ ɼʊʇ. 

2. ʀʥʬʦʨʤʘʮʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʦʢʘʟʘʥʘ ʩ ʧʦʤʦʱʴʶ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʳ, ʪ.ʝ. ʦʪʦʙʨʘʞʝʥʘ ʥʘ ʢʘʨʪʘʭ ʠ ʜʦʧʦʣʥʝʥʘ ʩʚʝʜʝʥʠʷʤʠ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ                 

ʚ ʚʠʜʝ ʪʘʙʣʠʮʳ. ʇʨʠʤʝʨ ʪʘʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ. 2. 

 
ʎʌʆ, ɺʦʨʦʥʝʞʩʢʘʷ ʦʙʣʘʩʪʴ, 

ɸʥʥʠʥʩʢʠʡ ʨʘʡʦʥ 

ʂʦʦʨʜʠʥʘʪʳ 

51.449514, 40.934801 
 

 

 

ʊʠʧ ɼʊʇ ʉʪʦʣʢʥʦʚʝʥʠʝ 

ɼʘʪʘ ʠ ʚʨʝʤʷ 24 ʘʚʛʫʩʪʘ 2018 ʛ. 00:15 

ɼʦʨʦʛʘ 

ʂʫʨʩʢ - ɺʦʨʦʥʝʞ - 

ʘʚʪʦʜʦʨʦʛʘ ʈ-22 "ʂʘʩʧʠʡ" 

(ʈ-298) 

ʄʝʩʪʦ ɼʊʇ 

ʅʝʨʝʛʫʣʠʨʫʝʤʳʡ 

ʧʝʨʝʢʨʸʩʪʦʢ 

ʥʝʨʘʚʥʦʟʥʘʯʥʳʭ ʜʦʨʦʛ 

ʋʯʘʩʪʥʠʢʦʚ 3 

ʊʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ 2 

ʇʦʩʪʨʘʜʘʚʰʠʭ/ʈʘʥʝʥʳʭ/ʇʦʛʠʙʰʠʭ 2 / 2 / 0 

ʇʨʠʯʠʥʘ ɼʊʇ 
ʅʝʩʦʙʣʶʜʝʥʠʝ 

ʦʯʝʨʝʜʥʦʩʪʠ ʧʨʦʝʟʜʘ 

ɼʦʨʦʞʥʳʝ ʫʩʣʦʚʠʷ  

 ʉʦʩʪʦʷʥʠʝ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ ʉʫʭʦʝ 

ʋʩʣʦʚʠʷ ʦʩʚʝʱʝʥʠʷ 
ʊʝʤʥʦʝ ʚʨʝʤʷ ʩʫʪʦʢ, 

ʦʩʚʝʱʝʥʠʝ ʚʢʣʶʯʝʥʦ 

ʅʝʜʦʩʪʘʪʢʠ ʜʦʨʦʛʠ 

ʆʪʩʫʪʩʪʚʠʝ ʥʝʜʦʩʪʘʪʢʦʚ 

ʪʨʘʥʩʧʦʨʪʥʦ-

ʵʢʩʧʣʫʘʪʘʮʠʦʥ-ʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʥʘ ʤʝʩʪʝ 

ʩʦʚʝʨʰʝʥʠʷ ɼʊʇ 

ʈʠʩ. 2. ʀʥʬʦʨʤʘʮʠʷ ʧʦ ɼʊʇ ʥʘ ʫʯʘʩʪʢʝ ʩ ʢʤ 362+000 ʧʦ ʢʤ  363+000 
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ʆʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʦʪʢʨʳʪʳʭ ʠʩʪʦʯʥʠʢʦʚ ʷʚʣʷʝʪʩʷ ʥʝʪʦʯʥʦʩʪʴ 

ʢʦʦʨʜʠʥʘʪʥʳʭ ʧʨʠʚʷʟʦʢ. ɼʘʥʥʳʝ ʧʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʶ ɼʊʇ ʥʝ ʚʩʝʛʜʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʝʡʩʪʚʠʪʝʣʴʥʳʤ ʢʦʦʨʜʠʥʘʪʘʤ. ʆʩʥʦʚʥʘʷ ʧʨʠʯʠʥʘ ʪʘʢʠʭ ʦʰʠʙʦʢ 

- ʯʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ. ɼʦʩʪʘʪʦʯʥʦ ʩʝʨʴʝʟʥʘʷ ʧʨʦʙʣʝʤʘ ï ʥʝʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʢʠʣʦʤʝʪʨʦʚʦʡ ʧʨʠʚʷʟʢʠ ʜʘʥʥʳʭ ʢ ʫʯʘʩʪʢʫ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʦʨʦʛʠ. 

ʇʨʠʤʝʨʥʳʡ ʢʠʣʦʤʝʪʨ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʪʦʣʴʢʦ ʩ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʠ çʈʝʞʠʤ 

ʧʨʦʩʤʦʪʨʘ ʫʣʠʮè ʥʘ ʗʥʜʝʢʩ ʠʣʠ Google ʢʘʨʪʘʭ ʧʦ ʢʠʣʦʤʝʪʨʦʚʳʤ ʩʪʦʣʙʠʢʘʤ 

(ʜʦʨʦʞʥʳʡ ʟʥʘʢ 6.13).ʕʪʦ ʟʘʪʨʫʜʥʷʝʪ ʘʥʘʣʠʟ ʜʦʨʦʞʥʳʭ ʫʩʣʦʚʠʡ ʥʘ ʤʝʩʪʝ ɼʊʇ, 

ʜʘʞʝ ʧʨʠ ʥʘʣʠʯʠʠ ʠʥʬʦʨʤʘʮʠʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʙʘʥʢʘ ʜʦʨʦʞʥʳʭ ʜʘʥʥʳʭ 

(ɸɹɼɼ) ɼʦʨʦʛʘ. 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʚʳʧʫʩʢʥʦʡ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʧʨʦʚʝʜʝʥʦ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʘʚʘʨʠʡʥʦʩʪʠ ʥʘ ʫʯʘʩʪʢʝ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʦʨʦʛʠ ʈ-298 ʂʫʨʩʢ ï 

ɺʦʨʦʥʝʞ ï ɹʦʨʠʩʦʛʣʝʙʩʢ (ʢʤ 330+000 - ʢʤ 370 +000) ʚ ɺʦʨʦʥʝʞʩʢʦʡ ʦʙʣʘʩʪʠ.  

ʆʙʱʠʝ ʜʘʥʥʳʝ ʦʙ ʘʚʘʨʠʡʥʦʩʪʠ ʟʘ ʧʦʩʣʝʜʥʠʝ ʪʨʠ ʛʦʜʘ ʧʨʠʚʝʜʝʥʳ ʥʘ 

ʨʠʩ. 3. 

 

  

ʈʠʩ. 3. ɸʥʘʣʠʟ ʘʚʘʨʠʡʥʦʩʪʠ ʥʘ ʫʯʘʩʪʢʝ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʦʨʦʛʠ ʈ-298                         

ʂʫʨʩʢïɺʦʨʦʥʝʞïɹʦʨʠʩʦʛʣʝʙʩʢ (ʢʤ 330+000 - ʢʤ 370 +000) 

ʟʘ ʧʝʨʠʦʜ ʩ 2017 ʧʦ 2019: 

ʘ) ʨʘʩʧʨʝʜʝʣʝʥʠʝ ɼʊʇ ʧʦ ʚʠʜʘʤ ʠ ʧʦ ʩʝʟʦʥʘʤ ʛʦʜʘ; 

ʙ) ʩʦʩʪʦʷʥʠʝ ʜʦʨʦʞʥʦʛʦ ʧʦʢʨʳʪʠʷ ʧʨʠ ɼʊʇ 
 

ɺ ʭʦʜʝ ʩʦʚʤʝʩʪʥʦʛʦ ʘʥʘʣʠʟʘ ʦʪʢʨʳʪʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʥʬʦʨʤʘʮʠʠ ʦʙ 

ʘʚʘʨʠʡʥʦʩʪʠ ʠ ʜʘʥʥʳʭ ɸɹɼɼ ɼʦʨʦʛʘ ʚʳʷʚʣʝʥʳ ʜʦʨʦʞʥʳʝ ʫʩʣʦʚʠʷ, 

ʦʢʘʟʳʚʘʶʱʠʝ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʘʚʘʨʠʡʥʦʩʪʠ: 

-ʧʨʦʜʦʣʴʥʳʡ ʫʢʣʦʥ ʚʳʰʝ ʥʦʨʤʘʪʠʚʥʦʛʦ; 

-ʥʘʣʠʯʠʝ ʥʝʦʙʦʨʫʜʦʚʘʥʥʳʭ ʧʝʨʝʩʝʯʝʥʠʡ ʠ ʧʨʠʤʳʢʘʥʠʡ ʚ ʦʜʥʦʤ ʫʨʦʚʥʝ; 

-ʥʘʣʠʯʠʝ ʥʘ ʫʯʘʩʪʢʝ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ. 
 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʉʧʨʘʚʦʯʥʠʢ ʧʦ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ (ʩʧʨʘʚʦʯʥʦʝ 

ʧʦʩʦʙʠʝ) ï ʄ. ʈʆʉɸɺʊʆɼʆʈ, 2010. ï 384 ʩ. 

2. ʆɼʄ 218.4.005-2010 ʈʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ʥʘ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛʘʭ. ï ʄ.: ʈʦʩʘʚʪʦʜʦʨ, 2011. - 265 ʩ. 

3. ʉʧʨʘʚʦʯʥʠʢ çʈʝʤʦʥʪ ʠ ʩʦʜʝʨʞʘʥʠʝ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛè ʧʦʜ 

ʨʝʜ.ʧʨʦʬ. ɸ.ʇ. ɺʘʩʠʣʴʝʚʘ. ï ʄ.: ï 1989. ï 238 ʩ.  
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 4. çɻʋʆɹɼɼ ʄɺɼ ʈʦʩʩʠʠè [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] : ʇʦʢʘʟʘʪʝʣʠ 

ʩʦʩʪʦʷʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ :  

http://stat.gibdd.ru/  

5. ɹʝʟʦʧʘʩʥʳʝ ɼʦʨʦʛʠ ʈʌ (2015-2020 ʛʦʜʳ) [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]: ʂʘʨʪʘ. 

ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ :     https://xn--80abhddbmm5bieahtk5n.xn--p1ai/places. 

6. ʂʘʨʪʘ ɼʊʇ. ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://dtp-stat.ru/voronezhskaia-oblast/.  

7. ʅʘʮʠʦʥʘʣʴʥʳʡ ʧʨʦʝʢʪ çɹʝʟʦʧʘʩʥʳʝ ʠ ʢʘʯʝʩʪʚʝʥʥʳʝ ʘʚʪʦʤʦʙʠʣʴʥʳʝ 

ʜʦʨʦʛʠè [ʕʣʝʢʪʨʦʥʥʳʡ   ʨʝʩʫʨʩ] ï URL: http://static.government.ru/media/files/. 

  

http://stat.gibdd.ru/
https://безопасныедороги.рф/places
https://dtp-stat.ru/voronezhskaia-oblast/
http://static.government.ru/media/files/
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʇʈʆʎɽʉʉɸ ʉʅɽɻʆʅɸʂʆʇʃɽʅʀʗ 

ʅɸ ʅɸʉʓʇʗʍ ɸɺʊʆʄɸɻʀʉʊʈɸʃɽʁ ɺʆ ɺʈɽʄʗ ʄɽʊɽʃɽʁ 

ɺ ʇʈʆɻʈɸʄʄʅʆʄ ʂʆʄʇʃɽʂʉɽ FLOWVISION   

  

ɽ.ɸ. ɹʦʥʯʝʚʘ
1
, ɽ.ɺ. ʉʫʙʙʦʪʠʥʘ

2
, ʆ.ɺ. ɻʣʘʜʳʰʝʚʘ

3 

1
ɸʩʧʠʨʘʥʪ ʛʨ. ʟʘʇɼ-15, evgesha3581@rambler.ru 
2
ʉʪʫʜʝʥʪ ʛʨ.ʉɸʉ-171, subbotinarulit@yandex.ru 

3
ʂʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ, ov-glad@ya.ru 

ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 
ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʪʣʦʞʝʥʠʷ ʩʥʝʛʘ ʚʦ ʚʨʝʤʷ ʤʝʪʝʣʝʡ ʥʘ 

ʘʚʪʦʤʘʛʠʩʪʨʘʣʷʭ ʩ ʙʘʨʴʝʨʥʳʤʠ ʦʛʨʘʞʜʝʥʠʷʤʠ ʚ ʧʨʦʛʨʘʤʤʝ FlowVision. ʆʙʦʩʥʦʚʘʥʳ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʨʝʩʫʨʩʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʦʙʪʝʢʘʥʠʷ ʥʘʩʳʧʠ 

ʘʚʪʦʤʘʛʠʩʪʨʘʣʠ ʩ ʙʘʨʴʝʨʥʳʤʠ ʦʛʨʘʞʜʝʥʠʷʤʠ ʩʥʝʛʦʚʝʪʨʦʚʳʤ ʧʦʪʦʢʦʤ ʚʦ ʚʨʝʤʷ ʤʝʪʝʣʝʡ. 

ʇʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʩʥʝʛʦʥʘʢʦʧʣʝʥʠʷ ʥʘ ʦʧʳʪʥʦʤ ʫʯʘʩʪʢʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ FlowVision ʚʦ ʚʨʝʤʷ ʤʝʪʝʣʝʡ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʟʠʤʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ, ʘʚʪʦʤʘʛʠʩʪʨʘʣʴ, 

ʩʥʝʛʦʦʪʣʦʞʝʥʠʷ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʤʝʪʝʣʴ. 

 

ɿʘʥʦʩʠʤʦʩʪʴ ʜʦʨʦʛ ʩʥʝʛʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʠʟʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ 

ʦʙʪʝʢʘʥʠʷ ʧʦʧʝʨʝʯʥʦʛʦ ʧʨʦʬʠʣʷ ʟʝʤʣʷʥʦʛʦ ʧʦʣʦʪʥʘ ʩʥʝʛʦʚʝʪʨʦʚʳʤ ʧʦʪʦʢʦʤ,               

ʘ ʦʪʣʦʞʝʥʠʝ ʤʝʪʝʣʝʚʦʛʦ ʩʥʝʛʘ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʝʛʦ ʩʢʦʨʦʩʪʠ.  

ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʦʪʣʦʞʝʥʠʷ ʩʥʝʛʘ ʚʦ ʚʨʝʤʷ 

ʤʝʪʝʣʝʡ ʦʢʦʣʦ ʨʘʟʣʠʯʥʳʭ ʧʨʝʧʷʪʩʪʚʠʡ ʚ ʪʝʯʝʥʠʝ ʜʦʣʛʦʛʦ ʚʨʝʤʝʥʠ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʣʠʩʴ çʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʪʦʥʥʝʣʠè, ʚ ʢʦʪʦʨʳʭ ʚʦʩʩʦʟʜʘʚʘʣʘʩʴ ʤʝʪʝʣʝʚʘʷ 

ʜʝʷʪʝʣʴʥʦʩʪʴ. çɸʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʪʦʥʥʝʣʠè ʢʦʥʩʪʨʫʠʨʦʚʘʣʠ ʚ ʈʦʩʩʠʠ ʠ ʜʨʫʛʠʭ 

ʩʪʨʘʥʘʭ [1,2,3,4]. ʇʨʠ ʵʪʦʤ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʦʣʥʦʤʘʩʰʪʘʙʥʳʝ 

ʤʦʜʝʣʠ ʠʟ-ʟʘ ʙʦʣʴʰʦʡ ʩʪʦʠʤʦʩʪʠ ʠʭ ʩʦʦʨʫʞʝʥʠʷ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ                

ʩ ʧʦʤʦʱʴʶ ʫʤʝʥʴʰʝʥʥʳʭ ʤʦʜʝʣʝʡ ʩ ʩʦʙʣʶʜʝʥʠʝʤ ʢʨʠʪʝʨʠʝʚ ʪʝʦʨʠʠ ʧʦʜʦʙʠʷ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʚ ʩʚʷʟʠ ʩ ʘʢʪʠʚʥʳʤ ʨʘʟʚʠʪʠʝʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʤʝʪʦʜʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʧʦʷʚʣʝʥʠʝʤ ʩʧʝʮʠʘʣʴʥʳʭ 

ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʧʨʠʤʝʥʝʥʠʝ ʧʨʦʛʨʘʤʤʥʦ-ʚʳʯʠʩʣʠʪʝʣʴ-

ʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʚ ʢʦʪʦʨʳʭ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʤʦʞʥʦ ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʣʶʙʳʝ 

ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʝʨʝʥʦʩʳ ʩʥʝʛʘ ʧʨʠ ʤʝʪʝʣʷʭ. ʅʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʦʣʫʯʠʣʠ ʧʨʦʛʨʘʤʤʥʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ 

Flow3D, Fluent, Simulation CED, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʚ ʉʐɸ, ʠ  FlowVision, 

ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʚ ʈʦʩʩʠʠ ʢʦʤʧʘʥʠʝʡ ʊɽʉʀʉ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ [5]. 

ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ FlowVision ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʯʠʩʣʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʪʝʯʝʥʠʡ ʞʠʜʢʦʩʪʠ ʠ ʛʘʟʘ [5]. ɺ ʦʩʥʦʚʝ ʨʘʩʯʝʪʦʚ ï 

ʥʘʜʝʞʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʵʬʬʝʢʪʠʚʥʳʝ 
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ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʠʭ ʨʝʘʣʠʟʘʮʠʠ,  ʚʳʩʦʢʦʪʦʯʥʳʝ ʨʘʟʥʦʩʪʥʳʝ ʩʭʝʤʳ. 

ʈʝʘʣʠʟʦʚʘʥʥʳʝ ʤʦʜʝʣʠ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʦʟʚʦʣʷʶʪ ʠʩʩʣʝʜʦʚʘʪʴ ʩʣʦʞʥʳʝ 

ʪʝʯʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʦʙʪʝʢʘʥʠʝ ʥʘʩʳʧʠ ʘʚʪʦʤʘʛʠʩʪʨʘʣʠ ʩʥʝʛʦʚʝʪʨʦʚʳʤ 

ʧʦʪʦʢʦʤ. ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʩʥʝʛʦʚʝʪʨʦʚʦʡ ʧʦʪʦʢ ʧʨʠʥʠʤʘʝʪʩʷ ʢʘʢ ʜʚʫʭ-

ʬʘʟʥʳʡ ʧʦʪʦʢ ʚʷʟʢʦʡ ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ [6]. 

ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ FlowVision ʨʘʟʜʝʣʝʥ ʥʘ ʪʨʠ ʯʘʩʪʠ: ʧʨʝʧʨʦʮʝʩʩʦʨ, 

ʩʦʣʚʝʨ ʠ ʧʦʩʪʧʨʦʮʝʩʩʦʨ [5]. 

ɺ ʧʨʝʧʨʦʮʝʩʩʦʨʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ: ʠʤʧʦʨʪ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ, ʩʦʟʜʘʥʥʦʡ ʚ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤʘʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ;  ʠʥʪʝʨʘʢʪʠʚʥʦʝ ʟʘʜʘʥʠʝ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ; 

ʟʘʜʘʥʠʝ ʚʩʝʭ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠ ʧʘʨʘʤʝʪʨʦʚ ʟʘʜʘʯʠ. ʉʦʣʚʝʨ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʯʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʠ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʦʥ çʥʝʚʠʜʠʤè. ʈʘʙʦʪʘ ʚ ʥʝʤ 

ʩʚʦʜʠʪʩʷ ʢ ʟʘʧʫʩʢʫ ʥʘʯʘʣʘ ʚʳʯʠʩʣʝʥʠʡ ʠ ʢ ʠʭ ʦʩʪʘʥʦʚʢʝ. 

ʇʦʩʪʧʨʦʮʝʩʩʦʨ FlowVision ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʚʠʟʫʘʣʴʥʳʡ ʘʥʘʣʠʟ 

ʩʣʦʞʥʳʭ ʪʨʝʭʤʝʨʥʳʭ ʪʝʯʝʥʠʡ ʞʠʜʢʦʩʪʠ. ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʥʝʛʦʥʘʢʦʧʣʝʥʠʷ 

ʥʘ ʥʘʩʳʧʷʭ ʘʚʪʦʤʘʛʠʩʪʨʘʣʝʡ ʚ ʧʨʝʧʨʦʮʝʩʩʦʨʝ ʙʳʣʘ ʩʦʟʜʘʥʘ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ 

ʤʦʜʝʣʴ ʘʚʪʦʤʘʛʠʩʪʨʘʣʠ ʩ ʙʘʨʴʝʨʥʳʤʠ ʦʛʨʘʞʜʝʥʠʷʤʠ ʠ ʟʘʜʘʥʘ ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʧʘʨʘʤʝʪʨʦʚ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʚʝʱʝʩʪʚ ʚ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ. ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʨʝʘʣʴʥʳʡ ʫʯʘʩʪʦʢ ʘʚʪʦʤʘʛʠʩʪʨʘʣʠ ʥʘ ʬʝʜʝʨʘʣʴʥʦʡ ʪʨʘʩʩʝ ʄ-4 

çɼʦʥè, ʢʤ 530 [7]. ʊʘʢ ʢʘʢ ʥʘʩʳʧʴ ʥʘ ʜʘʥʥʦʤ ʫʯʘʩʪʢʝ ʠʤʝʝʪ ʚʳʩʦʪʫ 2,0 ʤ, ʪʦ ʦʥ 

ʥʝ ʦʪʥʦʩʠʪʩʷ ʢ ʢʘʪʝʛʦʨʠʠ  çʩʨʝʜʥʝʟʘʥʦʩʠʤʦʛʦè ʠʣʠ çʩʠʣʴʥʦʟʘʥʦʩʠʤʦʛʦè.                

ʅʦ ʫʯʘʩʪʦʢ ʠʥʪʝʨʝʩʝʥ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʤ, ʯʪʦ ʥʘ ʥʝʤ ʠʤʝʝʪʩʷ 4 ʨʷʜʘ 

ʙʘʨʴʝʨʥʳʭ ʦʛʨʘʞʜʝʥʠʡ, ʩʥʠʞʘʶʱʠʭ ʩʢʦʨʦʩʪʴ ʩʥʝʛʦʚʝʪʨʦʚʦʛʦ ʧʦʪʦʢʘ ʠ 

ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʦʪʣʦʞʝʥʠʶ ʤʝʪʝʣʝʚʦʛʦ ʩʥʝʛʘ ʥʘ ʜʦʨʦʞʥʦʤ ʧʦʢʨʳʪʠʠ, ʘ ʪʘʢʞʝ 

ʥʘ ʥʝʤ ʦʪʩʫʪʩʪʚʫʶʪ ʩʨʝʜʩʪʚʘ ʩʥʝʛʦʟʘʱʠʪʳ, ʠ ʚʝʩʴ ʦʙʲʝʤ ʧʨʠʥʦʩʠʤʦʛʦ ʧʨʠ 

ʤʝʪʝʣʠ ʩʥʝʛʘ ʠʤʝʝʪ ʜʦʩʪʫʧ ʢ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ ʜʦʨʦʛʠ [8]. ʉʥʝʛʦʚʝʪʨʦʚʦʡ ʧʦʪʦʢ 

ʷʚʣʷʝʪʩʷ ʜʚʫʭʬʘʟʥʳʤ ʧʦʪʦʢʦʤ [6] ʠ ʢʘʞʜʘʷ ʬʘʟʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʱʝʩʪʚʘʤʠ ʠ 

ʬʠʟʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ. ɼʣʷ ʢʘʞʜʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʧʨʦʛʨʘʤʤʥʦʤ 

ʢʦʤʧʣʝʢʩʝ FlowVision ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʢʦʪʦʨʦʡ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. ʆʧʠʩʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ 

ʧʨʠ ʤʝʪʝʣʷʭ  ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʝʱʝʩʪʚ ʚ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʧʨʠʚʝʜʝʥʦ ʚ 

ʪʘʙʣʠʮʝ. 

 

ʆʧʠʩʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʝʱʝʩʪʚ 

ʚ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ 

ʊʠʧ ʬʘʟʳ  

ʠ ʦʧʠʩʘʥʠʝ 
ɺʝʱʝʩʪʚʘ 

ʌʠʟʠʯʝʩʢʠʝ 

ʧʨʦʮʝʩʩʳ 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ  

ʤʦʜʝʣʴ 

ʉʧʣʦʰʥʘʷ ʬʘʟʘ 

ɺʝʪʨʦʚʦʡ ʧʦʪʦʢ 

ɺʦʟʜʫʭ_ɻʘʟʦʚʘʷ 

(ʨʘʚʥʦʚʝʩʥʘʷ) 

ɼʚʠʞʝʥʠʝ ʄʦʜʝʣʴ ʅʘʚʴʝ-ʉʪʦʢʩʘ 

ʊʫʨʙʫʣʝʥʪʥʦʩʪʴ KES 

ɼʠʩʧʝʨʩʥʘʷ ʬʘʟʘ 

ʉʥʝʛ 
ɺʦʜʘ_ʊʚʝʨʜʘʷ 

ʇʝʨʝʥʦʩ ʬʘʟʳ 
ʂʦʥʚʝʢʮʠʷ 

ʠ ʜʠʬʬʫʟʠʷ 

ɼʚʠʞʝʥʠʝ ɼʚʠʞʝʥʠʝ 
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ʇʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʥʝʛʦʦʪʣʦʞʝʥʠʡ ʜʣʷ ʩʥʝʛʦʚʝʪʨʦʚʳʭ ʧʦʪʦʢʦʚ 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʢʦʨʦʩʪʷʭ ʚʝʪʨʘ ʚʦ ʚʨʝʤʷ ʤʝʪʝʣʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʜʦʣʠ ʩʧʣʦʰʥʦʡ ʠ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟ ʧʨʠ  ʨʘʟʣʠʯʥʳʭ ʩʢʦʨʦʩʪʷʭ 

ʚʝʪʨʘ ʚʦ ʚʨʝʤʷ ʤʝʪʝʣʠ. 

ʅʘ ʨʠʩ. 1 ʠ 2 ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʠ ʠ ʜʦʣʠ ʜʠʩʧʝʨʩʥʦʡ 

ʬʘʟʳ ʩʥʝʛʦʚʝʪʨʦʚʦʛʦ ʧʦʪʦʢʘ ʧʨʠ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ 20 ʤ/ʩ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʚʠʜʝ.  

 

 
ʈʠʩ. 1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʠ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ ʩʥʝʛʦʚʝʪʨʦʚʦʛʦ ʧʦʪʦʢʘ  

ʧʨʠ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ 20 ʤ/ʩ 
 

 
ʈʠʩ. 2. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʜʦʣʠ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ ʩʥʝʛʦʚʝʪʨʦʚʦʛʦ ʧʦʪʦʢʘ  

ʧʨʠ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ 20 ʤ/ʩ 

 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʠ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ, ʧʨʠʚʝʜʝʥʥʦʝ ʥʘ ʨʠʩ. 1 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ ʧʨʠ 

ʦʙʪʝʢʘʥʠʠ ʘʚʪʦʤʘʛʠʩʪʨʘʣʠ ʩ ʙʘʨʴʝʨʥʳʤʠ ʦʛʨʘʞʜʝʥʠʷʤʠ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ 

ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ ʧʦʢʘʟʳʚʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʩʥʝʛʘ, ʢʦʪʦʨʦʝ ʦʪʢʣʘʜʳʚʘʝʪʩʷ ʚ 

ʨʘʩʯʝʪʥʦʤ ʩʝʯʝʥʠʠ. ɻʨʘʬʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʥʘ ʨʠʩ. 2 ʧʦʢʘʟʳʚʘʝʪ ʢʦʣʠʯʝʩʪʚʦ 

ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ ʚ ʚʠʜʝ ʮʚʝʪʦʚʦʡ ʠʥʜʠʢʘʮʠʠ ʦʪ ʩʠʥʝʛʦ ʮʚʝʪʘ (ʦʪʩʫʪʩʪʚʠʝ 

ʦʪʣʦʞʝʥʠʡ)  ʜʦ ʢʨʘʩʥʦʛʦ (ʢʦʣʠʯʝʩʪʚʦ ʦʪʣʦʞʝʥʠʡ 100 %). 
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ɸʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʥʝʛʦʚʝʪʨʦʚʦʛʦ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʧʨʠ ʚʳʩʦʪʝ ʥʘʩʳʧʠ ʚʳʰʝ ʨʫʢʦʚʦʜʷʱʝʡ ʨʘʙʦʯʝʡ ʦʪʤʝʪʢʠ ʧʦ ʫʩʣʦʚʠʶ 

ʩʥʝʛʦʥʝʟʘʥʦʩʠʤʦʩʪʠ ʦʪʣʦʞʝʥʠʝ ʩʥʝʛʘ ʚʦ ʚʨʝʤʷ ʤʝʪʝʣʝʡ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ 

ʚʩʣʝʜʩʪʚʠʝ ʥʘʣʠʯʠʷ ʙʘʨʴʝʨʥʳʭ ʦʛʨʘʞʜʝʥʠʡ. ʇʦʣʦʞʝʥʠʝ ʟʦʥ ʘʢʢʫʤʫʣʷʮʠʠ ʩʥʝʛʘ 

ʟʘʚʠʩʠʪ ʦʪ ʩʭʝʤʳ ʠʭ ʨʘʩʩʪʘʥʦʚʢʠ. ʀ ʝʩʣʠ ʥʘ ʩʥʝʛʦʟʘʥʦʩʠʤʳʭ ʥʘʩʳʧʷʭ 

ʥʘʯʘʣʴʥʳʝ ʦʪʣʦʞʝʥʠʷ ʩʥʝʛʘ ʥʘʙʣʶʜʘʶʪʩʷ ʥʘ ʥʘʚʝʪʨʝʥʥʦʤ ʦʪʢʦʩʝ ʠ ʦʙʦʯʠʥʝ,             

ʪʦ ʥʘ ʥʘʩʳʧʷʭ ʩ ʙʘʨʴʝʨʥʳʤʠ ʦʛʨʘʞʜʝʥʠʷʤʠ ʦʪʣʦʞʝʥʠʷ ʥʘʯʥʫʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ 

ʥʘ ʧʦʜʚʝʪʨʝʥʥʦʡ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ ʠ ʦʙʦʯʠʥʝ. ʊʘʢʘʷ ʩʭʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʩʥʝʞʥʳʭ ʦʪʣʦʞʝʥʠʡ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʥʝʞʥʳʭ 

ʟʘʥʦʩʦʚ, ʧʦʢʘ ʙʘʨʴʝʨʥʳʝ ʦʛʨʘʞʜʝʥʠʷ ʨʘʙʦʪʘʶʪ ʢʘʢ ʩʥʝʛʦʚʳʜʫʚʘʶʱʠʝ 

ʫʩʪʨʦʡʩʪʚʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʧʝʨʚʳʝ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ 

ʩʥʝʛʦʥʘʢʦʧʣʝʥʠʷ ʥʘ ʫʯʘʩʪʢʝ ʘʚʪʦʤʘʛʠʩʪʨʘʣʠ ʩ ʙʘʨʴʝʨʥʳʤʠ ʦʛʨʘʞʜʝʥʠʷʤʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ FlowVision. ʊʝʦʨʝʪʠʯʝʩʢʠ 

ʦʙʦʩʥʦʚʘʥʦ ʧʨʠʤʝʥʝʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʣʷ  ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ 

ʩʥʝʛʦʟʘʥʦʩʠʤʦʩʪʠ, ʘ ʪʘʢʞʝ ʚʧʝʨʚʳʝ ʦʙʦʩʥʦʚʘʥʳ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʨʝʩʫʨʩʳ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʦʙʪʝʢʘʥʠʷ ʥʘʩʳʧʠ ʘʚʪʦʤʘʛʠʩʪʨʘʣʠ ʩ 

ʙʘʨʴʝʨʥʳʤʠ ʦʛʨʘʞʜʝʥʠʷʤʠ ʩʥʝʛʦʚʝʪʨʦʚʳʤ ʧʦʪʦʢʦʤ ʚʦ ʚʨʝʤʷ ʤʝʪʝʣʝʡ, 

ʫʯʠʪʳʚʘʶʱʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʘʚʪʦʤʘʛʠʩʪʨʘʣʝʡ ʠ ʬʠʟʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʩʥʝʛʦʚʝʪʨʦʚʦʛʦ ʧʦʪʦʢʘ ʢʘʢ ʜʚʫʭʬʘʟʥʦʡ ʩʨʝʜʳ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ɺʘʩʠʣʴʝʚ, ɸ.ʇ. ɸʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʦʛʦ ʟʘʨʫʙʝʞʥʦʛʦ ʦʧʳʪʘ ʟʠʤʥʝʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʜʦʨʦʛ ʠ ʨʘʟʨʘʙʦʪʢʘ ʧʨʝʜʣʦʞʝʥʠʡ ʧʦ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ ʫʩʣʦʚʠʷʭ 

ʈʦʩʩʠʠ / ɸ.ʇ. ɺʘʩʠʣʴʝʚ, ɺ.ɺ. ʋʰʘʢʦʚ.  ï ʄ: ʌɻʋʇ çʀʥʬʦʨʤʘʚʪʦʜʦʨè, 2003. ï 

60 ʩ. 

2. ʂʦʨʥʝʝʚʘ, ɼ.ʖ. ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʡ ʚʨʝʤʝʥʥʳʭ 

ʩʥʝʛʦʟʘʜʝʨʞʠʚʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʥʘ ʩʢʦʨʦʩʪʥʳʭ ʜʦʨʦʛʘʭ ʠ 

ʘʚʪʦʤʘʛʠʩʪʨʘʣʷʭ: ʜʠʩ. é ʢʘʥʜ.ʪʝʭʥ.ʥʘʫʢ : 05.23.11 / ʂʦʨʥʝʝʚʘ ɼʘʨʴʷ ʖʨʴʝʚʥʘ. ï 

ʄʦʩʢʚʘ, 2016. ï 135 ʩ. 

3. Cermak, J.E. Wind-tunnel development and trends in applications to civil 

engineering / J.E. Cermak // Jornal of Wind Engineering and Industrial 

Aerodynamics, 2003. ï̄ 91/3. ï P.355-370.  

4. Lu, X.N. Wind tunnel experiments on natural snow drift / X.N. Lu, N. Huang, 

D. Tong // Science China Technological Sciences, 2012. ï ˉ55. ï P.927-938.  

5. ʈʫʢʦʚʦʜʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʷ. FlowVision. ïʄ.: ʆʆʆ çʊɽʉʀʉè, 2017. ï  

1395 ʩ. 

6. ɼʶʥʠʥ, ɸ.ʂ. ʄʝʭʘʥʠʢʘ ʤʝʪʝʣʝʡ / ɸ.ʂ. ɼʶʥʠʥ. ï ʅʦʚʦʩʠʙʠʨʩʢ:  ʀʟʜ. 

ʉʠʙʠʨʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ɸʅ ʉʉʉʈ, 1963. ï388 ʩ. 

7. ʂʦʩʪʠʥ, ʇ.ʉ. ʉʦʟʜʘʥʠʝ ʤʦʜʝʣʠ ʥʘʩʳʧʠ ʘʚʪʦʤʘʛʠʩʪʨʘʣʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʧʨʦʮʝʩʩʘ ʩʥʝʛʦʥʘʢʦʧʣʝʥʠʷ ʚʦ ʚʨʝʤʷ ʤʝʪʝʣʝʡ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ 

FLOWVISION / ʇ.ʉ. ʂʦʩʪʠʥ, ɽ.ɺ. ʉʫʙʙʦʪʠʥʘ, ʆ.ɺ. ɻʣʘʜʳʰʝʚʘ // ʉʙʦʨʥʠʢ 

ʪʨʫʜʦʚ ʧʦʙʝʜʠʪʝʣʝʡ ʢʦʥʢʫʨʩʘ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʩʪʫʜʝʥʪʦʚ ʠ 

https://link.springer.com/journal/11431


70 
 

ʘʩʧʠʨʘʥʪʦʚ ɺɻʊʋ ʧʦ ʧʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ ʠ 

ʪʝʭʥʦʣʦʛʠʡ, ɺʦʨʦʥʝʞ. ï 2019. ï ʉ.396-398. 

8. ɻʣʘʜʳʰʝʚʘ, ʀ.ɸ. ʉʥʝʛʦʟʘʥʦʩʠʤʦʩʪʴ ʘʚʪʦʤʘʛʠʩʪʨʘʣʝʡ ʩ ʙʘʨʴʝʨʥʳʤʠ 

ʦʛʨʘʞʜʝʥʠʷʤʠ / ʀ.ɸ. ɻʣʘʜʳʰʝʚʘ, ʊ.ɺ. ʉʘʤʦʜʫʨʦʚʘ, ʆ.ɺ. ɻʣʘʜʳʰʝʚʘ // ʅʘʫʢʘ ʠ 

ʪʝʭʥʠʢʘ ʚ ʜʦʨʦʞʥʦʡ ʦʪʨʘʩʣʠ. ï ʄ.: 2003. ï̄  3, ï ʉ . 30-32. 

  



71 
 

ʋɼʂ 681.3 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʊɽʈʄʆʕʃɽʂʊʈʀʏɽʉʂʆɻʆ 

ʆʍʃɸɾɼɽʅʀʗ ʊɽʇʃʆʅɸɻʈʋɾɽʅʅʓʍ ʕʃɽʄɽʅʊʆɺ 

ʈɸɼʀʆʕʃɽʂʊʈʆʅʅʆʁ ɸʇʇɸʈɸʊʋʈʓ 

 

ɸ.ɸ. ɾʠʨʷʢʦʚ
1
, ʅ.ɺ.

 
ʎʠʧʠʥʘ

2
 

1
ʉʪʫʜʝʥʪ ʢʘʬʝʜʨʳ ʂʀʇʈ, kipr@vorstu@mail.ru 

2
ʂʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ, kipr@vorstu@mail.ru  

ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 
ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ  ʫʣʫʯʰʝʥʠʝ ʦʭʣʘʞʜʝʥʠʷ ʪʝʧʣʦʥʘʛʨʫʞʝʥʥʦʛʦ 

ʵʣʝʤʝʥʪʘ ʠ ʪʦʯʥʦʩʪʴ ʪʝʨʤʦʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ, 

ʢʦʪʦʨʳʝ ʚʥʝʜʨʷʶʪ ʚ ʪʝʧʣʦʦʪʚʦʜʷʱʫʶ ʩʠʩʪʝʤʫ ʬʫʥʢʮʠʶ ʦʭʣʘʞʜʝʥʠʷ. ʈʘʩʩʤʦʪʨʝʥʳ ʧʨʦʮʝʩʩʳ 

ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʦʭʣʘʞʜʝʥʠʷ ʠ ʪʝʨʤʦʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʠʟʛʦʪʦʚʣʝʥ 

ʣʘʙʦʨʘʪʦʨʥʳʡ ʩʪʝʥʜ ʜʣʷ ʥʘʛʣʷʜʥʦʛʦ ʠʟʫʯʝʥʠʷ ʪʝʧʣʦʚʳʭ ʨʝʞʠʤʦʚ ʈʕʉ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʤʦʜʫʣʴ, ʪʝʧʣʦʥʘʛʨʫʞʝʥʥʳʡ ʵʣʝʤʝʥʪ, 

ʤʦʥʦʙʣʦʯʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ (ʄɹʂ). 

 

ɺʚʝʜʝʥʠʝ. ʈʝʩʫʨʩ, ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʧʣʦʥʘʛʨʫʞʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʷʪ ʦʪ ʠʭ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ, ʧʦʵʪʦʤʫ ʧʨʠ 

ʧʦʚʳʰʝʥʠʠ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ ʩ 20Áʉ ʜʦ 60Áʉ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʢʘʟʦʚ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʚʦʟʨʘʩʪʘʝʪ ʙʦʣʝʝ ʯʝʤ ʚ ʜʚʘ ʨʘʟʘ. ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ 

ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ. ʊʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ ʠ 

ʢʦʥʪʨʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ 

ʩʠʩʪʝʤʘʤʠ ʦʭʣʘʞʜʝʥʠʷ, ʘ ʠʤʝʥʥʦ: ʚʦʟʤʦʞʥʦʩʪʴ ʧʣʘʚʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʟʥʘʯʝʥʠʷ ʠ 

ʥʘʧʨʘʚʣʝʥʠʷ ʪʦʢʘ ʧʠʪʘʥʠʷ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ; ʤʘʣʘʷ ʪʝʧʣʦʚʘʷ 

ʠʥʝʨʪʥʦʩʪʴ; ʚʳʩʦʢʘʷ ʥʘʜʝʞʥʦʩʪʴ; ʦʪʩʫʪʩʪʚʠʝ ʜʚʠʞʫʱʠʭʩʷ ʯʘʩʪʝʡ; ʢʦʤʧʘʢʪʥʦʩʪʴ 

ʠ ʥʝʙʦʣʴʰʦʡ ʚʝʩ; ʪʠʰʠʥʘ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʊʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

ʦʭʣʘʞʜʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʦʭʣʘʞʜʝʥʠʷ ʢʘʢ ʤʠʥʠʘʪʶʨʥʳʭ ʦʙʲʝʢʪʦʚ, ʪʘʢ ʠ ʦʙʲʝʢʪʦʚ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ [1]. 

ʈʘʩʯʝʪʳ. ʊʝʧʣʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʘʷ ʧʣʘʩʪʠʥʘ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ 

ʚʨrʘʚʥʠʚʘʥʠʷ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ, ʧʦʩʪʫʧʘʶʱʝʡ ʠʟ 

ʪʝʧʣʦʥʘʛʨʫʞʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ [2]. 

ʅʘ ʫʯʘʩʪʢʘʭ ʢʦʥʪʘʢʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʭʣʘʜʠʪʝʣʴ ʦʪʚʦʜʠʪ ʪʝʧʣʦ ʚʦ ʚʥʝʰʥʶʶ 

ʩʨʝʜʫ. ʇʦʚʝʨʭʥʦʩʪʴ ʢʦʥʪʘʢʪʘ ʨʘʜʠʘʪʦʨʘ ʩ ʛʦʨʷʯʝʡ ʩʪʦʨʦʥʦʡ ʪʝʧʣʦʥʘʛʨʫʞʝʥʥʦʛʦ 

ʵʣʝʤʝʥʪʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʪʦʨʦʡ ʦʧʠʩʳʚʘʝʪʩʷ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ ʊ2. ʍʦʣʦʜʥʘʷ 

ʩʪʦʨʦʥʘ ʪʝʧʣʦʥʘʛʨʫʞʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʠʤʝʝʪ ʩʨʝʜʥʶʶ ʪʝʤʧʝʨʘʪʫʨʫ ʊ1. ʉʪʦʨʦʥʘ 

ʪʝʧʣʦʥʘʛʨʫʞʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ 

ʊʝ.  
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ʊʠʧʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʦʭʣʘʞʜʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 1. ʊʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʊ0 - ʵʪʦ 

ʠʩʭʦʜʥʦʝ ʟʥʘʯʝʥʠʝ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʣʠʷʶʱʝʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʝʨʭʥʦʩʪʠ 

ʪʝʧʣʦʥʘʛʨʫʞʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ. ɼʣʷ ʥʦʨʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʧʣʦʦʪʚʦʜʷʱʝʡ 

ʩʠʩʪʝʤʳ ʟʥʘʯʝʥʠʝ ʊʝ ʩʝʜʣʘ ʪʝʧʣʦʥʘʛʨʫʞʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʙʝʟʫʩʣʦʚʥʦ, 

ʧʨʝʚʳʰʘʝʪ ʟʥʘʯʝʥʠʝ ʊ0, ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ 

ʢʦʣʝʙʘʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʚʳʟʚʘʥʥʳʭ ʪʝʧʣʦʚʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 

ʪʝʧʣʦʥʘʛʨʫʞʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ. ʆʪʨʠʮʘʪʝʣʴʥʦʝ ʧʘʜʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʚʳʧʦʣʥʝʥʥʦʝ ʪʝʧʣʦʥʘʛʨʫʞʝʥʥʳʤ ʵʣʝʤʝʥʪʦʤ, ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʊʝ, 

ʢʦʪʦʨʘʷ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʝʪ ʣʠʙʦ ʧʨʝʚʳʰʘʪʴ ʟʥʘʯʝʥʠʝ ʊ0, ʣʠʙʦ ʙʳʪʴ ʥʠʞʝ 

ʵʪʦʛʦ ʟʥʘʯʝʥʠʷ . 

ʉʫʤʤʘʨʥʘʷ ʪʝʧʣʦʚʘʷ ʤʦʱʥʦʩʪʴ, ʚʳʨʘʙʘʪʳʚʘʝʤʘʷ ʪʝʧʣʦʥʘʛʨʫʞʝʥʥʳʤ 

ʵʣʝʤʝʥʪʦʤ  ʠ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ ʦʭʣʘʞʜʝʥʠʷ, ʢʦʪʦʨʘʷ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʤʦʱʥʦʩʪʴ ʪʝʧʣʦʥʘʛʨʫʞʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʠʟ-ʟʘ ʜʦʚʦʣʴʥʦ 

ʥʠʟʢʦʛʦ ʭʦʣʦʜʠʣʴʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ. ʈʘʟʥʠʮʘ ʪʝʤʧʝʨʘʪʫʨ ȹT0 ʤʝʞʜʫ ʭʦʣʦʜʥʦʡ 

ʩʪʦʨʦʥʦʡ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʚʳʨʘʞʝʥʠʷ 

ЎὝ Ὕ Ὕ Ὑ ὗ ὡ ЎὝ Ὑὗ ὙὟὍȟὗὍ ЎὝ Ὅȟὗȟ 
ʛʜʝ ʊ1, ʊ0 - ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʨʷʯʝʡ ʩʪʦʨʦʥʳ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʤʦʜʫʣʷ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ; Rs - ʩʫʤʤʘʨʥʦʝ ʪʝʧʣʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʭʦʣʦʜʠʣʴʥʠʢʘ; Q, W - ʪʝʧʣʦʦʪʜʘʯʘ ʪʝʧʣʦʥʘʛʨʫʞʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʠ ʝʩʪʝʩʪʚʝʥʥʦʝ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ; ȹTTEM = T2 ï T1 - ʧʝʨʝʧʘʜ 

ʪʝʤʧʝʨʘʪʫʨʳ ʤʝʞʜʫ ʭʦʣʦʜʥʦʡ ʠ ʛʦʨʷʯʝʡ ʩʪʦʨʦʥʘʤʠ; U, I - ʤʦʱʥʦʩʪʴ ʠ ʩʠʣʘ ʪʦʢʘ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ. ʈʘʙʦʯʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʪ 

ʧʨʦʠʟʚʦʜʠʪʝʣʷ Q  ʠ U ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʪʝʤʧʝʨʘʪʫʨ. 

 
ʈʠʩ. 1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʩʠʩʪʝʤʝ ʦʭʣʘʞʜʝʥʠʷ 

 

ɿʘʚʠʩʠʤʦʩʪʠ ʧʝʨʝʧʘʜʦʚ ʪʝʤʧʝʨʘʪʫʨʳ ʭʦʣʦʜʥʦʡ ʩʪʦʨʦʥʳ ʪʝʨʤʦʵʣʝʢʪʨʠ-

ʯʝʩʢʦʛʦ ʤʦʜʫʣʷ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʦʪ ʧʦʪʨʝʙʣʷʝʤʦʡ ʤʦʱʥʦʩʪʠ ʧʨʠ Q = 40 ɺʪ 

ʠ Rs = 0,1, 0,3 ʠ 0,5 ʂ / ɺʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 3  çS ï 127ï14ï11è (ʩʧʣʦʰʥʳʝ 

ʣʠʥʠʠ) ʠ çS ï 199ï14ï11è (ʧʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ) ʩ ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʦʭʣʘʞʜʝʥʠʷ 79,3 ʠ 124,2 ɺʪ. ʆʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ȹT0 ʩʦʦʪʚʝʪʩʪʚʫʶʪ 
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ʨʝʞʠʤʘʤ, ʚ ʢʦʪʦʨʳʭ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʭʦʣʦʜʥʦʡ ʩʪʦʨʦʥʝ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɿʥʘʯʝʥʠʷ ʧʝʨʝʧʘʜʘ ʪʝʤʧʝʨʘʪʫʨʳ ȹT0 ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʩʪʝʧʝʥʠ ʟʘʚʠʩʷʪ ʦʪ Rs, ʠʥʪʝʨʚʘʣ ʠʟʤʝʥʝʥʠʷ ʟʥʘʯʝʥʠʡ ȹT0 ʜʣʷ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ 

W ʚ ʜʠʘʧʘʟʦʥʝ Rs = 0ï0,5 ʂ / ɺʪ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ ʦʢʦʣʦ 55ÁCï60ÁC. ɼʣʷ 

ʜʘʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʭʘʨʘʢʪʝʨʥʦ ʥʘʣʠʯʠʝ ʥʘʠʤʝʥʴʰʠʭ ʟʥʘʯʝʥʠʡ. ʕʪʠ 

ʥʘʠʤʝʥʴʰʠʝ ʟʥʘʯʝʥʠʷ ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʥʘʠʣʫʯʰʠʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ W, ʧʨʠ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʦʭʣʘʞʜʝʥʠʝ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ Rs ʦʪ 0,1 ʜʦ 0,5 ʂ / ɺʪ ʵʪʠ ʟʥʘʯʝʥʠʷ ʧʘʜʘʶʪ ʩ 103 

ɺʪ ʜʦ 38 ɺʪ ʜʣʷ çS ï 127ï14ï11è ʠ ʩʦ 120 ɺʪ ʜʦ 37 ɺʪ ʜʣʷ çS ï 199ï14ï11è. ʇʨʠ 

ʠʟʤʝʨʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʧʣʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʧʣʘʩʪʠʥʳ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʯʠʩʣʝʥʥʦʤ ʨʝʰʝʥʠʠ ʪʨʝʭʤʝʨʥʦʛʦ 

ʫʨʘʚʥʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʩ ʫʯʝʪʦʤ ʥʘʛʨʫʟʦʯʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ: 

 

ʩὴ
ὨὝ

Ὠὸ
ɚ
Ä4

ÄØ

ὨὝ

Ὠώ

ὨὝ

Ὠᾀ
ȟ  

 

ʛʜʝ c, ɟ, ɚ - ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ, ʧʣʦʪʥʦʩʪʴ ʠ ʢʦʵʬʬʠʮʠʝʥʪ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ; ʊ - ʪʝʤʧʝʨʘʪʫʨʘ; t - ʚʨʝʤʷ; x, y, z - 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʢʦʦʨʜʠʥʘʪʳ. ɿʥʘʯʝʥʠʷ c, ɟ ʠ ɚ ʚʦ ʚʩʝʡ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ 

ʠʤʝʣʠ ʧʦʩʪʦʷʥʥʳʝ ʟʥʘʯʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʝʜʠ. ʈʘʟʤʝʨʳ 

ʪʝʧʣʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʧʣʘʩʪʠʥʳ ʙʳʣʠ ʨʘʚʥʳ ʚ ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ x, ʘ 

y ʙʳʣ ʨʘʚʝʥ ʛʘʙʘʨʠʪʥʳʤ ʨʘʟʤʝʨʘʤ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ 40 Ĭ 40 ʤʤ
2
, ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ z ʠʟʤʝʥʷʣʘʩʴ ʝʛʦ ʪʦʣʱʠʥʘ. ʇʦʚʝʨʭʥʦʩʪʴ ʪʝʧʣʦʥʘʛʨʫʞʝʥʥʦʛʦ 

ʵʣʝʤʝʥʪʘ ʙʳʣʘ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʮʝʥʪʨʝ ʪʝʧʣʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʧʣʘʩʪʠʥʳ, ʚ 

ʬʦʨʤʝ ʢʚʘʜʨʘʪʘ. ʅʘ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʛʨʘʥʠʮʘʭ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʪʝʧʣʦʚʳʭ ʧʦʪʦʢʦʚ, ʚʳʟʚʘʥʥʳʭ ʚʣʠʷʥʠʝʤ ʪʝʧʣʦʥʘʛʨʫʞʝʥʥʦʛʦ 

ʵʣʝʤʝʥʪʘ ʠ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʙʳʣ 

ʧʨʠʤʝʥʝʥ ʤʝʪʦʜ ʧʦʣʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʩ ʨʘʟʙʠʝʥʠʝʤ ʟʘʜʘʯʠ ʥʘ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʢʦʦʨʜʠʥʘʪʳ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʘʩʯʝʪʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʪʝʤʧʝʨʘʪʫʨʳ 

ʪʝʧʣʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʧʣʘʩʪʠʥʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʝʝ ʪʦʣʱʠʥʳ ʠ 

ʨʘʟʤʝʨʘ ʪʝʧʣʦʥʘʛʨʫʞʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʘ. ʇʘʨʘʤʝʪʨʦʤ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤ 

ʪʝʧʣʦʧʝʨʝʜʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ, ʷʚʣʷʝʪʩʷ ʪʝʧʣʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ R. 

ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʪʝʧʣʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʘʢ ʦʪʥʦʰʝʥʠʝ 

ʩʨʝʜʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʨʘʟʥʦʩʪʠ ʧʦʩʘʜʦʯʥʳʭ ʤʝʩʪ ʪʝʧʣʦʥʘʛʨʫʞʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʠ 

ʥʠʞʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʧʣʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʧʣʘʩʪʠʥʳ, ʛʜʝ R ʟʘʚʠʩʠʪ ʦʪ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʠ ʨʘʟʤʝʨʦʚ ʪʝʧʣʦʥʘʛʨʫʞʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ.. ʅʘ 

ʦʩʥʦʚʘʥʠʠ ʟʥʘʯʝʥʠʡ ʪʝʧʣʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ R ʠ ʤʦʱʥʦʩʪʠ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ, 

ʟʥʘʯʝʥʠʝ Q ʧʘʜʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʪʝʧʣʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʧʣʘʩʪʠʥʝ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ ȹT = RQ. ʅʘ ʨʠʩʫʥʢʝ ʚʠʜʥʦ, ʯʪʦ ʜʠʘʧʘʟʦʥ ʣʫʯʰʠʭ 

ʟʥʘʯʝʥʠʡ ʪʦʣʱʠʥʳ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ ʦʪ 3 ʤʤ, ʛʜʝ ʘ = 22,5 ʤʤ, ʜʦ 5 ʤʤ, ʛʜʝ ʘ 

= 2,5 ʤʤ. ʈʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʭʦʣʦʜʥʦʡ 
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ʩʪʦʨʦʥʳ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ 

ʪʝʧʣʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʝʧʣʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʧʣʘʩʪʠʥʳ. ʋʚʝʣʠʯʝʥʠʝ R 

ʦʙʲʷʩʥʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʩʨʝʜʥʝʡ ʜʣʠʥʳ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʚ ʝʤʢʦʩʪʠ, ʚʳʟʚʘʥʥʦʡ 

ʙʦʣʝʝ ʥʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʢʨʦʤʢʘʭ. ʉʥʠʞʝʥʠʝ ʟʥʘʯʝʥʠʷ 

ʪʝʧʣʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʧʦʪʝʨʴ ʧʨʠ ʧʘʜʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʪʝʧʣʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʧʣʘʩʪʠʥʳ ʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ, ʧʨʠʤʝʥʷʷ ʤʘʪʝʨʠʘʣʳ ʩ 

ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ. 

ʈʘʩʩʤʦʪʨʝʥʥʳʡ ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʡ ʘʣʛʦʨʠʪʤ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʘʪʴ 

ʪʝʤʧʝʨʘʪʫʨʫ ʪʝʧʣʦʥʘʛʨʫʞʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʪʝʤʧʝʨʘʪʫʨʘ 

ʭʦʣʦʜʥʦʡ ʩʪʦʨʦʥʳ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʫʪʝʤ ʨʘʩʯʝʪʘ 

ʦʙʱʝʛʦ ʧʘʜʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʩʠʩʪʝʤʝ çʭʦʣʦʜʠʣʴʥʠʢ  - ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʡ 

ʤʦʜʫʣʴè ʩ ʫʯʝʪʦʤ ʪʝʧʣʦʚʦʡ ʤʦʱʥʦʩʪʠ ʪʝʧʣʦʥʘʛʨʫʞʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʨʘʙʦʯʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ, ʪʝʧʣʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɿʘʪʝʤ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʘʜʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʦʩʥʦʚʘʥʠʷ. ʆʢʦʥʯʘʪʝʣʴʥʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʨʘʩʯʝʪʘ ʩʨʝʜʥʝʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʧʣʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʧʣʘʩʪʠʥʳ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

Ὕ Ὕ ЎὝ Ὑὗ. 
ʆʙʲʝʢʪʘʤʠ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ 

ʯʝʪʳʨʝ ʄɹʂ ɸ, ɹ, ɺ ʠ ɻ ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʨʘʟʤʝʨʘʤʠ ʢʦʨʧʫʩʦʚ, ʥʦ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʚʘʨʠʘʥʪʘʤʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʚʦʟʜʫʰʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ: ɸ - ʞʘʣʶʟʠ ʥʘ ʙʦʢʦʚʳʭ 

ʩʪʝʥʢʘʭ, ɹ - ʦʪʚʝʨʩʪʠʷ ʥʘ ʚʝʨʭʥʝʡ, ʥʠʞʥʝʡ ʠ ʫʟʢʠʭ ʙʦʢʦʚʳʭ ʩʪʝʥʢʘʭ,                          

ɺ - ʦʪʚʝʨʩʪʠʷ ʥʘ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʩʪʝʥʢʘʭ , ɻ- ʛʝʨʤʝʪʠʯʥʳʡ ʢʦʨʧʫʩ. 
 

ʃʘʙʦʨʘʪʦʨʥʳʡ ʩʪʝʥʜ ʩʦʩʪʦʠʪ ʠʟ 4 ʢʦʨʧʫʩʦʚ ʄɹʂ (ɸ, ɹ, ɺ ʠ ɻ) ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʪʝʧʣʦʚʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʠʩʪʦʯʥʠʢʘ 

ʥʘʧʨʷʞʝʥʠʷ ʠ 8 ʜʘʪʯʠʢʦʚ (DS18B20) ʧʦʜʢʣʶʯʝʥʥʳʭ ʯʝʨʝʟ ʦʜʥʫ ʰʠʥʫ[3,4,5]. 

ʆʧʨʦʩ ʢʘʞʜʦʛʦ ʜʘʪʯʠʢʘ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʠʭ 64-ʨʘʟʨʷʜʥʦʤʫ ʩʝʨʠʡʥʦʤʫ 

ʢʦʜʫ.ʇʦʣʫʯʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʙʨʘʙʘʪʳʚʘʝʪ ArduinoNANO ʠ ʚʳʚʦʜʠʪ ʝʝ ʥʘ 

LCD ʜʠʩʧʣʝʡ. ʊʝʧʣʦʚʳʝ ʧʦʪʦʢʠ ʚʥʫʪʨʠ ʄɹʂ ʩʦʟʜʘʶʪʩʷ ʥʘʛʨʝʚʘʪʝʣʴʥʳʤʠ 

ʵʣʝʤʝʥʪʘʤʠ (ʅʕ), ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦ; ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʥʘʛʨʝʚʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ Rʅʕ ʦʜʠʥʘʢʦʚʳ ʠ ʨʘʚʥʳ 6,4 ʆʤ; ʧʦ ʦʪʥʦʰʝʥʠʶ                   

ʢ ʠʩʪʦʯʥʠʢʫ ʧʠʪʘʥʠʷ ʚʩʝ ʵʣʝʤʝʥʪʳ ʩʦʝʜʠʥʝʥʳ ʧʘʨʘʣʣʝʣʴʥʦ. ʇʨʠ ʘʧʨʦʙʘʮʠʠ 

ʩʪʝʥʜʘ ʧʨʠʤʝʥʷʝʪʩʷ ʪʝʩʪʠʨʦʚʘʥʠʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʠʩʪʝʤ 

ʢʘʯʝʩʪʚʘ [6]. ʅʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯ 

ʘʥʘʣʠʟʘ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʪʝʧʣʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ [7]. 

ɿʘʢʣʶʯʝʥʠʝ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʦʮʝʩʩʳ ʪʝʧʣʦʦʙʤʝʥʘ           

ʚ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʦʭʣʘʞʜʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ; 

ʧʨʝʜʩʪʘʚʣʝʥ ʘʣʛʦʨʠʪʤ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʨʦʚʦʜʠʪʴ ʨʘʩʯʝʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʪʝʧʣʦʥʘʛʨʫʞʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʠ ʦʧʪʠʤʠʟʘʮʠʶ ʪʝʧʣʦʚʳʭ ʨʝʞʠʤʦʚ, ʜʣʷ 

ʫʧʨʦʱʝʥʠʷ ʧʦʣʫʯʝʥʠʷ ʧʦʢʘʟʘʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʘ ʪʘʢʞʝ ʜʣʷ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʨʦʠʟʚʦʜʠʪʴ ʨʘʩʯʝʪʳ ʜʣʷ ʨʘʟʥʳʭ ʪʠʧʦʚ ʢʦʨʧʫʩʦʚ ʧʨʝʜʩʪʘʚʣʝʥ ʨʘʙʦʯʠʡ ʦʙʨʘʟʝʮ 

ʩʪʝʥʜʘ. 

  

http://mypractic.ru/ds18b20-datchik-temperatury-s-interfejsom-1-wire-opisanie-na-russkom-yazyke.html#8
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʕʃɽʂʊʈʆɼʆɺ 

ɼʃʗ ʅɽʁʈʆʀʅʊɽʈʌɽʁʉɸ çʄʆɿɻ-ʂʆʄʇʔʖʊɽʈè 

 

ɺ.ɸ. ʄʝʱʝʨʷʢʦʚ
1 

1
ʉʪʫʜʝʥʪ ʛʨ. ʈʇ-152, pr1me4elo@mail.ru 

ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 
ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʢʦʞʥʦ-ʵʣʝʢʪʨʦʜʥʦʛʦ 

ʠʤʧʝʜʘʥʩʘ ʥʘ ʩʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʛʠʩʪʨʠʨʫʝʤʦʡ ʵʣʝʢʪʨʦʢʘʨʜʠʦʛʨʘʬʠʯʝʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʠ.  ʇʦʣʫʯʝʥʳ ʩʝʤʝʡʩʪʚʘ ɸʏʍ ʜʣʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʵʣʝʢʪʨʦʜʦʚ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʝʨʝʭʦʜʘ ʢʦʞʘ-ʵʣʝʢʪʨʦʜ ʠ ʝʤʢʦʩʪʠ ʧʝʨʝʭʦʜʘ ʢʦʞʘ-ʵʣʝʢʪʨʦʜ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʵʣʝʢʪʨʦʜ, ʝʤʢʦʩʪʥʳʡ ʵʣʝʢʪʨʦʜ, ʨʝʟʠʩʪʠʚʥʳʡ 

ʵʣʝʢʪʨʦʜ, ʢʦʞʥʦ-ʵʣʝʢʪʨʦʜʥʳʡ ʠʤʧʝʜʘʥʩ. 

 

ʉʫʱʝʩʪʚʫʝʪ ʦʩʪʨʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʤʝʪʦʜʦʚ 

ʩʲʝʤʘ ʙʠʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʥʮʠʘʣʦʚ ʙʝʟ ʫʭʫʜʰʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʙʦʣʝʝ ʫʜʦʙʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʤʠʢʨʦʜʘʪʯʠʢʦʚ-ʨʝʛʠʩʪʨʘʪʦʨʦʚ                 

ʠ ʛʦʣʦʚʥʳʭ ʥʝʡʨʦʠʥʪʝʨʬʝʡʩʦʚ. ʇʦʣʥʘʷ ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ 

ʢʦʞʥʦ-ʵʣʝʢʪʨʦʜʥʦʛʦ ʢʦʥʪʘʢʪʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1. ɼʘʥʥʫʶ ʩʭʝʤʫ ʠʩʧʦʣʴʟʫʶʪ 

ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʣʠʷʥʠʷ ʢʦʞʥʦ-ʵʣʝʢʪʨʦʜʥʦʛʦ ʢʦʥʪʘʢʪʘ ʥʘ ʪʦʯʥʦʩʪʴ 

ʨʝʛʠʩʪʨʘʮʠʠ ʙʠʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʥʮʠʘʣʦʚ. ɺ ʥʝʝ ʚʢʣʶʯʝʥʳ ʫʞʝ ʫʢʘʟʘʥʥʳʝ 

ʚʝʣʠʯʠʥʳ ýêR -  ʠ ýêÑ -, ʘ ʪʘʢʞʝ ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʘʤʦʛʦ ʵʣʝʢʪʨʦʜʘ ÝZ , 

ʵʢʚʠʚʘʣʝʥʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦʜʢʦʞʥʳʭ ʪʢʘʥʝʡ ÏÊR  ʠ ʚʭʦʜʥʦʡ ʠʤʧʝʜʘʥʩ ÂÕZ  

ʫʩʠʣʠʪʝʣʷ ʙʠʦʧʦʪʝʥʮʠʘʣʘ [1].  ʇʘʨʘʤʝʪʨʳ ÝZ  ( ÝR  ʠ ÝÑ ) ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʢʦʥʩʪʨʫʢʮʠʝʡ ʠ ʤʘʪʝʨʠʘʣʦʤ ʵʣʝʢʪʨʦʜʦʚ. ʉʨʝʜʠ ʧʣʦʩʢʠʭ ʵʣʝʢʪʨʦʜʦʚ ʤʦʞʥʦ 

ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʛʨʫʧʧʳ: ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʳʝ (ʤʝʪʘʣʣʠʯʝʩʢʠʝ), ʝʤʢʦʩʪʥʳʝ, 

ʨʝʟʠʩʪʠʚʥʳʝ ʠ ʨʝʟʠʩʪʠʚʥʦ-ʝʤʢʦʩʪʥʳʝ.  

 
ʈʠʩ. 1. ʇʦʣʥʘʷ ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʩʭʝʤʘ ʢʦʞʥʦ-ʵʣʝʢʪʨʦʜʥʦʛʦ ʢʦʥʪʘʢʪʘ 

 

 

ʂʦʤʧʣʝʢʩʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʠʩʪʝʤʳ ʢʦʞʘïʤʝʪʘʣʣʠʯʝʩʢʠʡ ʵʣʝʢʪʨʦʜ: 
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ʇʦ ʵʪʦʤʫ ʚʳʨʘʞʝʥʠʶ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʯʘʩʪʦʪʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʤʦʜʫʣʷ 

ʢʦʞʥʦ-ʵʣʝʢʪʨʦʜʥʦʛʦ ʠʤʧʝʜʘʥʩʘ, ʧʨʝʜʩʪʘʚʣʷʝʤʦʛʦ ʚ ʚʠʜʝ ʧʘʨʘʣʣʝʣʴʥʦʡ ʮʝʧʠ 

ÝÊÝÊ --ÑR . 

ʆʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʝʤʢʦʩʪʥʳʭ ʵʣʝʢʪʨʦʜʦʚ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ 

ʢʦʥʪʘʢʪʥʳʭ ʠ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʳʭ ʵʣʝʢʪʨʦʜʦʚ. ɼʘʣʝʝ ʧʦʩʪʨʦʠʤ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʣʥʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʢʘʥʠ ʙʠʦʦʙʲʝʢʪʘ ʦʪ ʯʘʩʪʦʪʳ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ (ʢʨʠʚʘʷ 

ʜʠʩʧʝʨʩʠʠ) (ʨʠʩ. 3).  ʇʨʠ ʵʪʦʤ ʚʦʟʴʤʝʤ ʩʣʝʜʫʶʱʠʝ ýêR - , ýêÑ - , ÝR , ÝÑ :  ʜʣʷ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʳʭ ʵʣʝʢʪʨʦʜʦʚ ÝÊR -= 1 ʢʆʤ; ÝÊÑ -= 0.1 ʤʢʌ (ʛʨʘʬʠʢ 1, ʨʠʩ. 3);  

ÝÊR -= 1 ʄʆʤ; ÝÊÑ -= 1000 ʧʌ (ʛʨʘʬʠʢ 2, ʨʠʩ. 3); ʜʣʷ ʝʤʢʦʩʪʥʳʭ ʵʣʝʢʪʨʦʜʦʚ ÝÊR -

= 1 ʢʆʤ; ÝÊÑ -= 0.1 ʤʢʌ; ÝÑ = 20000 ʧʌ) (ʛʨʘʬʠʢ 3, ʨʠʩ. 3); ÝÊR -= 1 ʄʆʤ; ÝÊÑ - = 

1000 ʧʌ; ÝÑ = 20000 ʧʌ (ʛʨʘʬʠʢ 4, ʨʠʩ. 3); ʜʣʷ ʨʝʟʠʩʪʠʚʥʦ-ʝʤʢʦʩʪʥʳʭ 

ʵʣʝʢʪʨʦʜʦʚ ÝÊR -= 1 ʢʆʤ;ÝÊÑ -= 0.1 ʤʢʌ; ÝÑ = 2000 ʧʌ; ÝR = 100 ʢʆʤ (ʛʨʘʬʠʢ 5, 

ʨʠʩ. 3);  ÝÊR -= 1 ʄʆʤ; ÝÊÑ -= 1000 ʧʌ; ÝÑ = 2000 ʧʌ; ÝR = 100 ʢʆʤ (ʛʨʘʬʠʢ 6, 

ʨʠʩ. 3). ʅʘ ʚʭʦʜʥʫʶ ʢʣʝʤʤʫ ñ1ò ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʫʣʝʚʦʛʦ ʧʨʦʚʦʜʥʠʢʘ ʧʦʜʘʜʠʤ 

ʩʠʥʫʩʦʠʜʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʘʤʧʣʠʪʫʜʦʡ 5 ʤɺ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʚʝʣʠʯʠʥʝ 

ʚʭʦʜʥʦʛʦ ʕʂɻ ʩʠʛʥʘʣʘ. ɿʥʘʯʝʥʠʝ ʚʭʦʜʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʫʩʠʣʠʪʝʣʷ 

ʙʠʦʧʦʪʝʥʮʠʘʣʦʚ ʚʦʟʴʤʝʤ 10 ʄʆʤ [2].  ʀʟ ʣʠʪʝʨʘʪʫʨʳ ʠʟʚʝʩʪʥʦ, ʯʪʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʦʞʠ ʯʝʣʦʚʝʢʘ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 10 ʢʆʤ ʜʦ 2 ʄʆʤ (ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʣʘʩʪʠ ʪʝʣʘ). ɽʤʢʦʩʪʴ ʢʦʞʠ ʜʦʩʪʠʛʘʝʪ 0.1 2/ñììêÔ . ʆʧʨʝʜʝʣʠʤ 

ʟʥʘʯʝʥʠʷ ÝÊÑ -  ʠ ÝÊR -  ʦʧʪʠʤʘʣʴʥʳʝ ʜʣʷ ʧʨʦʭʦʞʜʝʥʠʷ ʩʠʛʥʘʣʘ ʙʝʟ ʠʩʢʘʞʝʥʠʡ. 

ɼʣʷ ʵʪʦʛʦ ʧʦʩʪʨʦʠʤ ʩʝʤʝʡʩʪʚʘ ɸʏʍ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ÝÊÑ -  ʠ ÝÊR - . 

 

 
ʈʠʩ. 2. ʏʘʩʪʦʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʞʥʦ-ʵʣʝʢʪʨʦʜʥʦʛʦ ʠʤʧʝʜʘʥʩʘ 

ʜʣʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʳʭ, ʝʤʢʦʩʪʥʳʭ ʠ ʨʝʟʠʩʪʠʚʥʦ-ʝʤʢʦʩʪʥʳʭ ʵʣʝʢʪʨʦʜʦʚ 
 

ʇʦʩʪʨʦʠʤ ʩʝʤʝʡʩʪʚʦ ʢʨʠʚʳʭ ɸʏʍ ʜʣʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʵʣʝʢʪʨʦʜʦʚ ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ÝÊR -  ʦʪ 10 ʢʆʤ ʜʦ 2 ʄʆʤ ʩ ʰʘʛʦʤ 200 ʢʆʤ (ʨʠʩ. 4). ʇʨʠ  ÝÊÑ -  = 0.1 

ʤʢʌ (ʯʝʤ ʤʝʥʴʰʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʝʤ ʤʝʥʴʰʝ ʠʩʢʘʞʝʥʠʡ ʚ ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ 

ʦʪ 0 ʜʦ 10 ɻʮ). 

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʦʞʘ - ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʵʣʝʢʪʨʦʜ                              

ʦʪ 200 ʢʆʤ ʠ ʚʳʰʝ ʩʫʱʝʩʪʚʫʝʪ ʦʧʘʩʥʦʩʪʴ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʠʩʢʘʞʝʥʠʷ ʩʠʛʥʘʣʘ                 
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ʚ ʦʙʣʘʩʪʠ ʠʥʬʨʘʥʠʟʢʠʭ ʯʘʩʪʦʪ ʦʪ  0 ʜʦ 30 ɻʮ. ʇʨʠ ʘʤʧʣʠʪʫʜʝ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ 

5 ʤɺ ʚʥʦʩʠʤʳʝ ʠʩʢʘʞʝʥʠʷ ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ 0.5 ʤɺ ʠ ʙʦʣʝʝ. 

ɼʘʣʝʝ ʧʦʩʪʨʦʠʤ ʩʝʤʝʡʩʪʚʦ ʢʨʠʚʳʭ ɸʏʍ ʜʣʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʵʣʝʢʪʨʦʜʦʚ 

ʧʨʠ ʠʟʤʝʥʝʥʠʠ ÝÊÑ -  ʦʪ 1 ʥʌ ʜʦ 100 ʥʌ (0.1ʤʢʌ)  ʩ ʰʘʛʦʤ 10 ʥʌ. ʇʨʠ                            

ÝÊR -  = 10 ʢʆʤ. (ʨʠʩ. 4). ʏʘʩʪʦʪʥʘʷ ʦʙʣʘʩʪʴ 0-30 ɻʮ ʧʝʨʝʜʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟ 

ʠʩʢʘʞʝʥʠʡ. ʉʠʛʥʘʣ ʚ ʦʙʣʘʩʪʠ ʯʘʩʪʦʪ ʦʪ 30 ɻʮ ʠ ʚʳʰʝ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʝʤʢʦʩʪʠ 

ÝÊÑ -  ʧʨʝʪʝʨʧʝʚʘʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʘʤʧʣʠʪʫʜʥʳʝ ʠʩʢʘʞʝʥʠʷ ʜʦ 0.005 ʤɺ, ʯʪʦ 

ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʦ ʠ ʥʝ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʛʠʩʪʨʠʨʫʝʤʦʡ 

ʠʥʬʦʨʤʘʮʠʠ. 

 
ʈʠʩ. 3. ɸʏʍ ʜʣʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʵʣʝʢʪʨʦʜʦʚ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ÝÊR -  

 

ʂʨʠʚʘʷ 1 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʥʘʯʝʥʠʶ ÝÊR - 10 ʢʆʤ, ʂʨʠʚʘʷ 2 ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʟʥʘʯʝʥʠʶ ÝÊR -  2 ʄʆʤ 

 
ʈʠʩ. 4. ɸʏʍ ʜʣʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʵʣʝʢʪʨʦʜʦʚ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ÝÊÑ -  

 

ʂʨʠʚʘʷ 1 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʥʘʯʝʥʠʶ ÝÊÑ - 100 ʥʌ (0.1ʤʢʌ), ʂʨʠʚʘʷ 2 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʥʘʯʝʥʠʶ ÝÊÑ -  1 ʥʌ. ʆʧʠʨʘʷʩʴ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ 

ʬʦʨʤʳ ɸʏʍ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʵʣʝʢʪʨʦʜʦʚ ʦʪ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʡ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ 

ʝʤʢʦʩʪʠ ʢʦʥʪʘʢʪʘ ʢʦʞʘ ï ʵʣʝʢʪʨʦʜ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ 

ʥʘʠʤʝʥʴʰʠʝ ʠʩʢʘʞʝʥʠʷ ʨʝʛʠʩʪʨʠʨʫʝʤʦʛʦ ʩʠʛʥʘʣʘ ʤʦʛʫʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʳ ʧʨʠ 

ÝÊR - =10 ʢʆʤ ʠ ÝÊÑ -  = 1 ʥʌ. ʇʦʵʪʦʤʫ ʜʣʷ ʩʲʝʤʘ ʵʣʝʢʪʨʦʢʘʨʜʠʦʩʠʛʥʘʣʘ 

ʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʝʥʠʝ ʝʤʢʦʩʪʥʳʭ (ʙʝʩʢʦʥʪʘʢʪʥʳʭ) ʵʣʝʢʪʨʦʜʦʚ ʙʝʟ 

ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʢʘʯʝʩʪʚʘ ʨʝʛʠʩʪʨʠʨʫʝʤʦʛʦ ʩʠʛʥʘʣʘ. 
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ʩʠʩʪʝʤʝ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʤʝʜʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʯʝʣʦʚʝʢʘ 
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ʀʉʉʃɽɼʆɺɸʅʀʗ ɿɸɺʀʉʀʄʆʉʊʀ ʇʈʆʏʅʆʉʊʀ ʄɸʊʈʀʎʓ  

ʉɸʄʆʋʇʃʆʊʅʗʖʑʀʍʉʗ ɹɽʊʆʅʆɺ ʆʊ ɺʀɼɸ ʀ ɼʆɿʀʈʆɺʂʀ 

ʄʀʂʈʆʅɸʇʆʃʅʀʊɽʃʗ 

 

ɼ.ʉ. ɹʝʜʥʝʚ
1
, ɸ.ʉ. ɼʦʙʨʦʜʝʝʚʘ

2
 

1
ʉʪʫʜʝʥʪ ʛʨʫʧʧʳ ʙʉʊʈ-1812, danila.bednev@yandex.ru  

2
ʉʪʫʜʝʥʪ ʛʨʫʧʧʳ ʙʉʊʈ-1812, dobrodeeva.anastasiya@bk.ru  

ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè
 

 
ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʜʦʙʘʚʢʠ ʧʳʣʝʚʠʜʥʳʭ ʯʘʩʪʠʮ ʢʚʘʨʮʝʚʦʛʦ ʧʝʩʢʘ ʠ 

ʛʨʘʥʠʪʥʦʛʦʦʪʩʝʚʘ ʥʘ ʧʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ ʢʘʢ ʤʘʪʨʠʮʳ ʜʣʷ 

ʩʘʤʦʫʧʣʦʪʥʷʶʱʠʭʩʷ ʙʝʪʦʥʦʚ. ʋʩʪʘʥʦʚʣʝʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʚʝʜʝʥʠʷ 10é20 % ʧʳʣʝʚʠʜʥʦʡ 

ʬʨʘʢʮʠʠ ʦʪʩʝʚʦʚ ʢʘʤʥʝʜʨʦʙʣʝʥʠʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʨʘʙʦʪʘʶʱʠʭ 

ʥʘ ʠʟʛʠʙ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʘʤʦʫʧʣʦʪʥʷʶʱʠʡʩʷ ʙʝʪʦʥ, ʮʝʤʝʥʪʥʳʡ ʢʘʤʝʥʴ, ʤʠʥʝʨʘʣʴʥʳʝ 

ʜʦʙʘʚʢʠ, ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʩʞʘʪʠʠ, ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʠʟʛʠʙʝ, ʦʪʩʝʚ ʢʘʤʥʝʜʨʦʙʣʝʥʠʷ, ʧʳʣʝʚʠʜʥʳʝ 

ʯʘʩʪʠʮʳ. 

 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ ʫʩʪʘʥʦʚʢʘ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʳʣʝʚʠʜʥʦʡ ʬʨʘʢʮʠʠ ʦʪʩʝʚʘ ʜʨʦʙʣʝʥʠʷ ʛʨʘʥʠʪʘ (ʧʦʧʫʪʥʳʡ ʧʨʦʜʫʢʪ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʱʝʙʥʷ ʥʘ ʛʦʨʥʦʦʙʦʛʘʪʠʪʝʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ [1-3]) ʚ ʢʘʯʝʩʪʚʝ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ ʚ ʩʘʤʦʫʧʣʦʪʥʷʶʱʠʭʩʷ ʙʝʪʦʥʘʭ. ɼʣʷ ʵʪʦʛʦ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ ʦʙʨʘʟʮʦʚ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ ʩ ʨʘʟʣʠʯʥʦʡ ʜʦʟʠʨʦʚʢʦʡ 

ʤʠʢʨʦʥʘʧʦʣʥʠʪʝʣʷ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʦʛʦ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʘʢʞʝ 

ʧʳʣʝʚʠʜʥʫʶ ʬʨʘʢʮʠʶ ʢʚʘʨʮʝʚʦʛʦ ʧʝʩʢʘ.  

ɻʨʘʥʠʪʥʳʡ ʤʠʢʨʦʥʘʧʦʣʥʠʪʝʣʴ ʨʘʩʯʸʪʥʦʡ ʢʨʫʧʥʦʩʪʴʶ 50ï160 ʤʢʤ 

ʧʦʣʫʯʘʣʠ ʧʫʪʸʤ ʩʝʜʠʤʝʥʪʘʮʠʠ ʧʳʣʝʚʠʜʥʦʡ ʬʨʘʢʮʠʠ ʦʪʩʝʚʘ ʚ ʪʝʯʝʥʠʝ 1 ʤʠʥʫʪʳ 

ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʩʫʰʢʦʡ ʚ ʩʫʰʠʣʴʥʦʤ ʰʢʘʬʫ [4]. ʇʝʩʯʘʥʳʡ ʤʠʢʨʦʥʘʧʦʣʥʠʪʝʣʴ 

ʧʦʣʫʯʘʣʠ ʧʨʦʩʝʠʚʘʥʠʝʤ ʚʳʩʫʰʝʥʥʦʛʦ ʢʚʘʨʮʝʚʦʛʦ ʧʝʩʢʘ ʯʝʨʝʟ ʩʠʪʦ ʩ 

ʦʪʚʝʨʩʪʠʷʤʠ 0,16 ʤʤ. ɺ ʢʘʯʝʩʪʚʝ ʚʷʞʫʱʝʛʦ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ 

ʎɽʄ I  42,5ʅ ɻʆʉʊ 31108-2016, ʚ ʢʘʯʝʩʪʚʝ ʩʫʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨʘ ï ʜʦʙʘʚʢʘ ʥʘ 

ʦʩʥʦʚʝ ʧʦʣʠʘʢʨʠʣʘʪʘ MasterPolyHeed. ɺ/ʊ-ʦʪʥʦʰʝʥʠʝ ʧʦʜʙʠʨʘʣʠ ʠʟ ʫʩʣʦʚʠʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʩʧʣʳʚʘ ʮʝʤʝʥʪʥʦʛʦ ʪʝʩʪʘ 30Ñ1 ʩʤ ʧʦ ʍʘʛʝʨʤʘʥʥʫ [5]. 

ʀʟ ʮʝʤʝʥʪʥʦʛʦ ʪʝʩʪʘ ʠʟʛʦʪʘʚʣʠʚʘʣʠ ʦʙʨʘʟʮʳ-ʙʘʣʦʯʢʠ ʨʘʟʤʝʨʦʤ 4³4³16 ʩʤ, 

ʢʦʪʦʨʳʝ ʪʚʝʨʜʝʣʠ ʧʦʜ ʚʦʜʦʡ ʚ ʪʝʯʝʥʠʝ 28 ʩʫʪʦʢ. ʇʦʣʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ 

ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ ʠʩʧʳʪʳʚʘʣʠ ʧʦ ʩʭʝʤʝ ʪʨʸʭʪʦʯʝʯʥʦʛʦ ʠʟʛʠʙʘ ʩ ʧʦʤʦʱʴʶ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʧʨʝʩʩʘ ʋʄʄ-20. ʆʩʪʘʚʰʠʝʩʷ ʧʦʩʣʝ ʠʩʧʳʪʘʥʠʡ ʥʘ ʠʟʛʠʙ 

ʧʦʣʦʚʠʥʢʠ ʦʙʨʘʟʮʦʚ ʩ ʧʦʤʦʱʴʶ ʧʨʠʞʠʤʥʳʭ ʧʣʘʩʪʠʥʦʢ ʧʦʜʚʝʨʛʘʣʠ ʩʞʘʪʠʶ ʥʘ 

ʧʨʝʩʩʝ ʇʉʋ-125. ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 

ʇʦʩʣʝ ʠʩʧʳʪʘʥʠʡ ʥʘ ʩʞʘʪʠʝ ʫʩʪʘʥʦʚʣʝʥʦ ʣʠʥʝʡʥʦʝ ʩʥʠʞʝʥʠʝ ʧʨʦʯʥʦʩʪʠ 

ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʥʘʧʦʣʥʠʪʝʣʷ ʚ ʩʦʩʪʘʚʝ 

ʚʷʞʫʱʝʛʦ. ʇʨʠ ʵʪʦʤ ʛʨʘʥʠʪʥʳʡ ʥʘʧʦʣʥʠʪʝʣʴ ʦʢʘʟʳʚʘʝʪ ʙʦʣʝʝ ʥʝʛʘʪʠʚʥʦʝ 
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ʚʣʠʷʥʠʝ: ʧʨʠ ʝʛʦ ʩʦʜʝʨʞʘʥʠʠ 45 % ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʩʞʘʪʠʠ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ 

ʫʤʝʥʴʰʠʣʘʩʴ ʥʘ 35 %, ʘ ʫ ʦʙʨʘʟʮʘ ʩ ʪʘʢʠʤ ʞʝ ʩʦʜʝʨʞʘʥʠʝ ʧʝʩʯʘʥʦʛʦ 

ʥʘʧʦʣʥʠʪʝʣʷ ï ʥʘ 24 %. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʧʦʚʳʰʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 

ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʩʪʨʫʢʪʫʨʝ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ ʩ ʛʨʘʥʠʪʥʳʤʠ 

ʚʢʣʶʯʝʥʠʷʤʠ ʠʟ-ʟʘ ʠʭ ʫʛʣʦʚʘʪʦʡ ʠ ʠʛʣʦʚʠʜʥʦʡ ʬʦʨʤʳ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʯʘʩʪʠʮʳ 

ʧʝʩʢʘ ʠʤʝʶʪ ʦʢʨʫʛʣʫʶ ʬʦʨʤʫ [6]. ʂʨʦʤʝ ʪʦʛʦ, ʧʝʩʯʘʥʳʝ ʯʘʩʪʠʮʳ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʧʣʦʪʥʦʩʪʴ ʟʘʪʚʝʨʜʝʚʰʝʛʦ ʚʷʞʫʱʝʛʦ. 

 

-  

 
 

ʉʨʝʜʥʷʷ ʧʣʦʪʥʦʩʪʴ (ʘ), ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʩʞʘʪʠʠ (ʙ) ʠ ʠʟʛʠʙʝ (ʚ) ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʠ ʩʦʜʝʨʞʘʥʠʷ ʥʘʧʦʣʥʠʪʝʣʝʡ  

 

ʇʨʠ ʠʩʧʳʪʘʥʠʠ ʥʘ ʠʟʛʠʙ ʚʳʷʚʣʝʥʳ ʜʨʫʛʠʝ ʵʬʬʝʢʪʳ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ 

ʧʝʩʯʘʥʳʡ ʥʘʧʦʣʥʠʪʝʣʴ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ ʩʥʠʞʘʝʪ ʧʨʦʯʥʦʩʪʴ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ 

- ʧʨʠ ʚʚʝʜʝʥʠʠ ʥʘʧʦʣʥʠʪʝʣʷ 45 % ʧʦ ʤʘʩʩʝ ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʠʟʛʠʙʝ ʧʘʜʘʝʪ ʚ 8 ʨʘʟ. 
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ɼʨʫʛʘʷ ʢʘʨʪʠʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʫ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ ʩ ʛʨʘʥʠʪʥʳʤ 

ʥʘʧʦʣʥʠʪʝʣʝʤ: ʧʨʠ ʚʚʝʜʝʥʠʠ 15 % ʵʪʠʭ ʯʘʩʪʠʮ ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʠʟʛʠʙʝ ʦʙʨʘʟʮʦʚ 

ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ ʥʝ ʫʤʝʥʴʰʠʣʘʩʴ, ʘ ʜʘʞʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʣʘʩʴ ʥʘ 1,8 %. 

ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʩʪʝʧʝʥʠ ʥʘʧʦʣʥʝʥʠʷ ʛʨʘʥʠʪʥʳʤʠ ʤʠʢʨʦʯʘʩʪʠʮʘʤʠ ʜʦ 

45 % ʧʨʦʚʦʜʠʪ ʢ ʧʘʜʝʥʠʶ ʧʨʦʯʥʦʩʪʠ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ ʧʨʠ ʠʟʛʠʙʝ ʚʩʝʛʦ ʥʘ 

30 %. ʊʘʢʦʡ ʵʬʬʝʢʪ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥ ʩ ʬʦʨʤʦʡ ʥʘʧʦʣʥʠʪʝʣʷ, ʥʦ ʚ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʠʛʣʦʚʠʜʥʳʝ ʯʘʩʪʠʮʳ ʛʨʘʥʠʪʥʦʛʦ ʦʪʩʝʚʘ ʚʳʩʪʫʧʘʶʪ ʫʞʝ ʚ ʨʦʣʠ 

ʜʠʩʧʝʨʩʥʦʡ ʘʨʤʘʪʫʨʳ, ʫʚʝʣʠʯʠʚʘʶʱʝʡ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘʧʦʣʥʝʥʥʦʛʦ 

ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ ʨʘʩʪʷʛʠʚʘʶʱʠʤ ʥʘʧʨʷʞʝʥʠʷʤ [7]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ 

ʠʟʛʦʪʦʚʣʝʥʠʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠʟ ʩʘʤʦʫʧʣʦʪʥʷʶʱʝʛʦʩʷ ʙʝʪʦʥʘ, 

ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʠʟʛʠʙ, ʚ ʢʘʯʝʩʪʚʝ ʤʠʥʝʨʘʣʴʥʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʳʣʝʚʠʜʥʫʶ ʬʨʘʢʮʠʶ ʦʪʩʝʚʦʚ ʜʨʦʙʣʝʥʠʷ ʛʨʘʥʠʪʘ ʚ ʢʦʣʠʯʝʩʪʚʝ 

10é20 % ʦʪ ʤʘʩʩʳ ʮʝʤʝʥʪʘ. ʕʪʦ ʦʙʝʩʧʝʯʠʪ ʩʥʠʞʝʥʠʝ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʪʘʢʠʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʫʪʠʣʠʟʘʮʠʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʦʪʭʦʜʘ, ʚʚʝʜʝʥʠʝ             

ʚ ʩʦʩʪʘʚ. 
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ʋɼʂ 538.9 

 

ʂɸʈʊʆɻʈɸʌʀʏɽʉʂʆɽ ʀʉʉʃɽɼʆɺɸʅʀɽ ʉɺʗɿɽʁ ʋʏɸʉʊʅʀʂʆɺ 

ɿɸʈʋɹɽɾʅʓʍ ʅɸʋʏʅʓʍ ʀ ʇʈɸʂʊʀʏɽʉʂʀʍ ʂʆʅʌɽʈɽʅʎʀʁ 

ɺ ʆɹʃɸʉʊʀ ɿɸʑʀʊʓ ʀʅʌʆʈʄɸʎʀʀ ʀ ʆɹɽʉʇɽʏɽʅʀʗ 

ɹɽɿʆʇɸʉʅʆʉʊʀ ʀʅʌʆʈʄɸʎʀʀ 

 

ɼ.ɸ. ʂʦʪʝʣʝʚʩʢʘʷ 

ʉʪʫʜʝʥʪ ʛʨʫʧʧʳ ʀɹ-161, e-mail: dashadika@gmail.com 

ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ɺ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʪʩʷ ʩʙʦʨ ʩʚʝʜʝʥʠʡ, ʘʥʘʣʠʟ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʚʷʟʝʡ ʫʯʘʩʪʥʠʢʦʚ 

ʟʘʨʫʙʝʞʥʳʭ ʥʘʫʯʥʳʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʡ ʚ ʦʙʣʘʩʪʠ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʠ 

ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʘʨʪʦʛʨʘʬʠʷ, ʙʠʙʣʠʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʛʨʘʬʳ ʩʚʷʟʝʡ. 

 

ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʚʨʝʤʝʥʠ ʨʘʟʚʠʪʠʷ ʥʘʫʯʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ, ʫʯʝʥʳʝ 

ʦʙʲʝʜʠʥʷʣʠʩʴ ʚ ʛʨʫʧʧʳ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʠʙʦʣʴʰʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʚʦʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺʦ ʚʨʝʤʷ ʚʳʩʦʢʦʨʘʟʚʠʪʳʭ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʫʯʝʥʳʤ ʩʪʘʣʦ 

ʧʨʦʱʝ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʥʘʫʯʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʩʪʘʣʦ ʧʦ 

ʥʘʩʪʦʷʱʝʤʫ ʛʣʦʙʘʣʴʥʳʤ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʦʙʨʘʟʦʚʘʣʦʩʴ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʥʘʫʯʥʳʭ ʰʢʦʣ ʠ ʠʥʩʪʠʪʫʪʦʚ. ʀʟ-ʟʘ ʵʪʦʛʦ ʩʫʱʝʩʪʚʫʝʪ ʧʨʦʙʣʝʤʘ ʘʥʘʣʠʟʘ ʥʘʫʯʥʳʭ 

ʰʢʦʣ, ʘ ʪʘʢʞʝ ʧʫʙʣʠʢʫʝʤʳʭ ʠʤʠ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʉ ʫʯʝʪʦʤ 

ʧʦʩʣʝʜʥʠʭ ʪʝʥʜʝʥʮʠʡ ʘʢʪʫʘʣʴʥʦʡ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʟʘʜʘʯʘ ʘʥʘʣʠʟʘ 

ʙʠʙʣʠʦʤʝʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ, ʘ ʪʘʢʞʝ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʡ. ɼʣʷ ʥʘʫʯʥʳʭ ʰʢʦʣ 

ʨʝʰʝʥʠʝ ʵʪʦʡ ʧʨʦʙʣʝʤʳ, ʧʦʟʚʦʣʠʪ ʩ ʣʝʛʢʦʩʪʴʶ ʥʘʡʪʠ ʥʦʚʳʝ ʢʦʣʣʝʢʪʠʚʳ 

ʝʜʠʥʦʤʳʰʣʝʥʥʠʢʦʚ, ʘ ʜʣʷ ʠʟʫʯʘʶʱʠʭ - ʫʤʝʥʴʰʠʪʴ ʦʙʲʝʤ ʘʥʘʣʠʟʠʨʫʝʤʦʡ 

ʠʥʬʦʨʤʘʮʠʠ. 

ɿʘʨʫʙʝʞʥʳʝ ʥʘʫʯʥʳʝ ʰʢʦʣʳ ʚ ʦʙʣʘʩʪʠ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʠ 

ʦʙʝʩʧʝʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘʩʯʠʪʳʚʘʶʪ ʥʝʩʢʦʣʴʢʦ ʪʳʩʷʯ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʝʮʠʘʣʠʟʠʨʦ-

ʚʘʥʥʳʭ ʩʨʝʜʩʪʚ ʠ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʩʦʦʙʱʝʩʪʚʘ [1]. 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʪʘʢʘʷ ʪʝʭʥʦʣʦʛʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ (ʪʘʙʣʠʮʘ): 

 

ʊʝʭʥʦʣʦʛʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʆʧʨʝʜʝʣʝʥʠʝ ʧʝʨʝʯʥʷ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʡ, ʩʙʦʨ ʩʚʝʜʝʥʠʡ ʦ ʫʯʘʩʪʥʠʢʘʭ 

ʇʨʦʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʩʙʦʨʘ, ʦʯʠʩʪʢʘ ʠ ʫʪʦʯʥʝʥʠʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ 

ɺʥʝʩʝʥʠʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʚ ʩʠʩʪʝʤʫ ʧʦʩʪʨʦʝʥʠʷ ʠ ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʘʥʘʣʠʟʘ 

ʢʘʨʪ 

ɼʘʣʴʥʝʡʰʠʡ ʘʥʘʣʠʟ ʢʘʞʜʦʛʦ ʦʪʜʝʣʴʥʦʛʦ ʫʯʘʩʪʥʠʢʘ ʠ ʝʛʦ ʩʚʷʟʝʡ ʩ ʜʨʫʛʠʤʠ 

 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʙʠʙʣʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ 

ʯʝʪʢʠʝ ʟʘʜʘʯʠ, ʢʦʪʦʨʳʝ ʧʝʨʝʯʠʩʣʝʥʳ ʥʠʞʝ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʙʫʜʫʪ ʧʦʩʪʨʦʝʥʳ 

ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʢʘʨʪʳ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʩʦʙʨʘʥʥʳʭ ʜʘʥʥʳʭ. 
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ɿʘʜʘʯʘ 1.  ʇʦʩʪʨʦʝʥʠʝ ʢʘʨʪʳ ʦʪʦʙʨʘʞʝʥʠʷ ʩʚʷʟʝʡ ʤʝʞʜʫ ʫʯʘʩʪʥʠʢʘʤʠ                  

ʥʘ ʦʩʥʦʚʝ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢ ʆʨʛʘʥʠʟʘʮʠʠ. 

ʉʫʪʴ ʟʘʜʘʯʠ: ʧʦʩʪʨʦʝʥʠʝ ʢʘʨʪʳ ʢʦʥʢʨʝʪʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ. 

ʂʘʨʪʳ ʤʘʣʦʛʦ ʤʘʩʰʪʘʙʘ ʩʪʨʦʷʪʩʷ ʥʘ ʦʩʥʦʚʝ ʢʘʨʪ ʩʨʝʜʥʝʛʦ ʤʘʩʰʪʘʙʘ 

ʧʫʪʸʤ ʬʦʢʫʩʠʨʦʚʘʥʠʷ ʥʘ ʦʧʨʝʜʝʣʸʥʥʳʭ ʫʟʣʘʭ ʧʦʜʛʨʘʬʘ ʠ ʥʘʥʝʩʝʥʠʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʚʝʜʝʥʠʡ (ʪʘʙʣʠʮ, ʛʨʘʬʠʢʦʚ, ʠʥʜʠʢʘʪʦʨʦʚ ʠ ʜʨ.), ʩʚʷʟʘʥʥʳʭ              

ʩ ʠʩʩʣʝʜʫʝʤʳʤʠ ʫʟʣʘʤʠ [2]. ʇʨʠʤʝʨ ʜʘʥʥʦʡ ʢʘʨʪʳ ʫʢʘʟʘʥ ʥʘ ʨʠʩ. 1. 

 
ʈʠʩ. 1. ʇʨʠʤʝʨ ʢʘʨʪʳ ʤʘʣʦʛʦ ʤʘʩʰʪʘʙʘ 

 

ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʦʮʝʜʫʨʳ ʧʦʩʪʨʦʝʥʠʷ ʠ ʫʢʣʘʜʢʠ 

ʛʨʘʬʘ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʘʨʪ, ʧʦ ʩʫʪʠ, ʷʚʣʷʶʪʩʷ ʧʨʦʮʝʜʫʨʘʤʠ 

ʦʪʦʙʨʘʞʝʥʠʷ ʤʥʦʛʦʤʝʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʨʠʟʥʘʢʦʚ, ʟʘʣʦʞʝʥʥʳʭ ʚ ʩʚʷʟʷʭ 

ʤʝʞʜʫ ʫʯʘʩʪʥʠʢʘʤʠ (ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʣʦʢʘʮʠʠ, ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢ ʦʨʛʘʥʠʟʘʮʠʠ 

ʠ ʜʨ.) ʚ ʜʚʫʤʝʨʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʚʳʨʘʞʘʝʤʦʝ ʢʦʦʨʜʠʥʘʪʘʤʠ ʝʚʢʣʠʜʦʚʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ [3]. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʧʦʣʴʟʘ ʦʪ ʧʨʠʤʝʥʝʥʠʷ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ: 

ʂʘʨʪʳ ʤʘʣʦʛʦ ʤʘʩʰʪʘʙʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ 

ʢʦʥʢʨʝʪʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʦʪʦʙʨʘʞʝʥʠʷ ʫʯʘʩʪʥʠʢʦʚ, ʧʨʠʥʘʜʣʝʞʘʱʝʡ ʢ ʥʝʡ. 

ɿʘʜʘʯʘ 2. ʇʦʩʪʨʦʝʥʠʝ ʢʘʨʪʳ ʦʪʦʙʨʘʞʝʥʠʷ ʩʚʷʟʝʡ ʤʝʞʜʫ ʫʯʘʩʪʥʠʢʘʤʠ                  

ʥʘ ʦʩʥʦʚʝ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʠʟʥʘʢʘ. 

ʉʫʪʴ ʟʘʜʘʯʠ: ʦʪʦʙʨʘʞʝʥʠʝ ʩʚʷʟʝʡ ʤʝʞʜʫ ʫʯʘʩʪʥʠʢʘʤʠ ʤʝʞʥʫʥʘʨʦʜʥʳʭ 

ʢʦʥʬʝʨʝʥʮʠʡ ʚ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ 

ʣʦʢʘʮʠʠʢʦʥʢʨʝʪʥʦʛʦ ʫʯʘʩʪʥʠʢʘ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʧʦʣʴʟʘ ʦʪ ʧʨʠʤʝʥʝʥʠʷ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ: 

ʊʘʢʦʡ ʘʥʘʣʠʟ ʧʦʪʨʝʙʫʝʪʩʷ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʛʦʨʦʜʦʚ ʠ ʩʪʨʘʥ, ʥʘʠʙʦʣʝʝ 

ʧʣʦʪʥʦ ʟʘʥʠʤʘʶʱʠʭʩʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʴʶ 

ɿʘʜʘʯʘ 3. ʇʦʩʪʨʦʝʥʠʝ ʢʘʨʪʳ ʦʪʦʙʨʘʞʝʥʠʷ ʩʚʷʟʝʡ ʤʝʞʜʫ ʫʯʘʩʪʥʠʢʘʤʠ               

ʥʘ ʦʩʥʦʚʝ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢ ʢʦʥʬʝʨʝʥʮʠʠ. 

 ʉʫʪʴ ʟʘʜʘʯʠ: ʦʪʦʙʨʘʞʝʥʠʝ ʩʚʷʟʝʡ ʤʝʞʜʫ ʫʯʘʩʪʥʠʢʘʤʠ ʤʝʞʥʫʥʘʨʦʜʥʳʭ 

ʢʦʥʬʝʨʝʥʮʠʡ ʚ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ 

ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʫʯʘʩʪʠʠ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʧʦʣʴʟʘ ʦʪ ʧʨʠʤʝʥʝʥʠʷ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ: 

ʊʘʢʦʡ ʘʥʘʣʠʟ ʧʦʪʨʝʙʫʝʪʩʷ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʦ ʫʯʘʩʪʚʫʶʱʠʭ 

ʚ ʢʦʥʬʝʨʝʥʮʠʷʭ (ʧʦʩʚʷʱʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ), ʪ. ʝ. ʝʩʣʠ 

ʫʯʘʩʪʥʠʢ ʷʚʣʷʝʪʩʷ ʩʧʠʢʝʨʦʤ ʙʦʣʝʝ ʜʚʫʭ ʢʦʥʬʝʨʝʥʮʠʡ, ʟʥʘʯʠʪ ʫ ʥʝʛʦ 

ʥʘʠʙʦʣʴʰʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʦʩʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʩʤʦʞʝʤ 

ʚʳʷʚʠʪʴ ʩʧʠʢʝʨʦʚ, ʷʚʣʷʶʱʠʭʩʷ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʧʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. 
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ɹʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʟʘʜʘʯʠ ʦʪʦʙʨʘʞʝʥʠʷ ʩʚʷʟʝʡ ʤʝʞʜʫ ʫʯʘʩʪʥʠʢʘʤʠ ʥʘ 

ʦʩʥʦʚʝ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʠʟʥʘʢʘ, ʥʘ ʦʩʥʦʚʝ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢ ʢʦʥʬʝʨʝʥʮʠʠ,                

ʘ ʪʘʢʞʝ ʥʘ ʦʩʥʦʚʝ ʆʨʛʘʥʠʟʘʮʠʠ, ʢʦʪʦʨʫʶ ʧʨʝʜʩʪʘʚʣʷʝʪ ʢʘʞʜʳʡ ʫʯʘʩʪʥʠʢ. 

ʇʦʩʣʝ ʧʨʠʤʝʥʝʥʠʷ ʥʘʚʳʢʦʚ ʙʳʩʪʨʦʛʦ ʧʦʠʩʢʘ ʠʥʬʦʨʤʘʮʠʠ ʠ ʠʟʫʯʝʥʠʷ 

ʩʨʝʜʩʪʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʩ ʠʩʪʦʯʥʠʢʦʚ, ʙʳʣʘ 

ʩʬʦʨʤʠʨʦʚʘʥʘ ʙʘʟʘ ʜʘʥʥʳʭ ʦʙ ʫʯʘʩʪʥʠʢʘʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʥʘʫʯʥʳʭ 

ʢʦʥʬʝʨʝʥʮʠʡ ʚ ʦʙʣʘʩʪʠ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʫʜʫʪ ʧʦʩʪʨʦʝʥʳ ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʢʘʨʪʳ, 

ʢʦʪʦʨʳʝ ʚʠʟʫʘʣʠʟʠʨʫʶʪ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ, ʩʜʝʣʘʶʪ ʠʭ ʙʦʣʝʝ ʥʘʛʣʷʜʥʳʤʠ               

ʠ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʥʳʤʠ. 

       ʈʝʟʫʣʴʪʘʪ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʠʪ ʠʩʪʠʥʥʫʶ ʢʘʨʪʠʥʫ 

ʟʘʨʫʙʝʞʥʳʭ ʥʘʫʯʥʳʭ ʰʢʦʣ, ʩʠʩʪʝʤʘʪʠʟʠʨʫʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʧʝʮʠʘʣʠʩʪʘʭ                

ʚ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʉʦʙʨʘʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʨʝʜʦʩʪʘʚʠʪ 

ʙʦʣʝʝ ʰʠʨʦʢʠʝ ʟʥʘʥʠʷ ʦ ʢʘʞʜʦʤ ʩʧʝʮʠʘʣʠʩʪʝ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʘʢʞʝ ʚʳʷʚʠʪ 

ʛʦʨʦʜʘ ʠ ʩʪʨʘʥʳ, ʚ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ ʧʣʦʪʥʦ ʟʘʥʠʤʘʶʪʩʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʴʶ. ʉʠʩʪʝʤʘʪʠʟʘʮʠʷ ʟʘʨʫʙʝʞʥʳʭ ʥʘʫʯʥʳʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʢʦʥʬʝʨʝʥʮʠʡ ʚ ʦʙʣʘʩʪʠ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʠʥʬʦʨʤʘʮʠʠ ʚ ʙʫʜʫʱʝʤ ʧʦʤʦʞʝʪ ʚ ʩʨʘʚʥʝʥʠʠ ʫʨʦʚʥʷ ʧʨʦʚʝʜʝʥʠʷ ʧʦʜʦʙʥʳʭ 

ʤʝʨʦʧʨʠʷʪʠʡ ʩ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʦʡ. 
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ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 
ɺ ʩʪʘʪʴʝ ʦʙʦʟʥʘʯʝʥʘ ʧʨʦʙʣʝʤʘ ʥʠʟʢʦʛʦ ʫʨʦʚʥʷ ʢʘʯʝʩʪʚʘ ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ɾʂʋ                         

ʚ ɺʦʨʦʥʝʞʩʢʦʡ ʦʙʣʘʩʪʠ, ʨʘʩʩʤʦʪʨʝʥʳ ʜʝʡʩʪʚʫʶʱʠʝ ʨʝʛʠʦʥʘʣʴʥʳʝ ʧʨʦʛʨʘʤʤʳ. ɺʳʷʚʣʝʥʳ 

ʦʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ ʥʠʟʢʦʛʦ ʢʘʯʝʩʪʚʘ ɾʂʋ ʠ ʧʨʝʜʣʦʞʝʥʳ ʧʫʪʠ ʨʝʰʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɾʂʍ, ʢʘʯʝʩʪʚʦ ʫʩʣʫʛ, ʠʟʥʦʩ ʩʝʪʝʡ, ʩʧʦʩʦʙʳ ʨʝʰʝʥʠʷ. 

 

ɾʠʣʠʱʥʦ-ʢʦʤʤʫʥʘʣʴʥʦʝ ʭʦʟʷʡʩʪʚʦ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʦʙʣʘʩʪʴʶ 

ʩʦʮʠʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʦʙʱʝʩʪʚʘ. ʅʘ ʩʝʛʦʜʥʷ, ʬʦʨʤʠʨʦʚʘʥʠʝ ɾʂʍ ʧʨʦʰʣʦ 

ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ, ʧʨʝʦʜʦʣʝʚʘʷʪʨʫʜʥʳʝ ʧʫʪʠ ʨʘʟʚʠʪʠʷ ʠ ʤʦʜʝʨʥʠʟʘʮʠʠ, ʥʦ ʚʩʝ 

ʝʱʝ ʦʩʪʘʶʪʩʷ ʦʪʢʨʳʪʳʤʠ ʨʷʜ ʚʦʧʨʦʩʦʚ, ʢʦʪʦʨʳʝ ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʛʨʘʞʜʘʥ. 

ɾʠʣʠʱʥʦ-ʢʦʤʤʫʥʘʣʴʥʦʝʭʦʟʷʡʩʪʚʦ ï ʬʦʨʤʘ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʦʙʱʝʩʪʚʘ, 

ʢʦʪʦʨʘʷ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʣʶʜʷʤ ʞʠʟʥʝʥʥʦ ʥʝʦʙʭʦʜʠʤʳʭ ʙʣʘʛ 

(ʩʚʝʪ, ʪʝʧʣʦ, ʛʘʟ, ʚʦʜʘ, ʚʳʚʦʟʤʫʩʦʨʘ). 

ɼʘʥʥʳʝ ʨʝʩʫʨʩʳ ʦʩʥʦʚʘʥʳ ʥʘ ʢʘʯʝʩʪʚʝ ʞʠʣʠʱʥʦ-ʢʦʤʤʫʥʘʣʴʥʳʭ ʫʩʣʫʛ ï 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦ ʦʙʩʣʫʞʠʚʘʥʠʶ 

ʞʠʣʳʭ ʜʦʤʦʚ ʠ ʯʘʩʪʥʳʭ ʪʝʨʨʠʪʦʨʠʡ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ 

ʫʩʣʦʚʠʡ ʧʨʦʞʠʚʘʥʠʷ ʞʠʪʝʣʝʡ [3]. 

ʊʘʙʣʠʮʘ 1 

ʊʨʝʙʦʚʘʥʠʷ ʢ ʢʘʯʝʩʪʚʫ ʫʩʣʫʛ ɾʂʍ 

 
ʋʩʣʫʛʠ ɾʂʍ ʊʨʝʙʦʚʘʥʠʷ ʢ ʢʘʯʝʩʪʚʫ 

ɺʦʜʦʩʥʘʙʞʝʥʠʝ ʉʦʦʪʚʝʪʩʪʚʠʝ ʩʦʩʪʘʚʘ ʠ ʩʚʦʡʩʪʚ ʭʦʣʦʜʥʦʡ ʚʦʜʳ 

ʪʨʝʙʦʚʘʥʠʷʤ ʉʘʥʇʠʅ 2.1.4.1074-01, ʛʦʨʷʯʝʡ ʚʦʜʳ - 

ʉʘʥʇʠʅ 2.1.4.2496-09 

ɺʦʜʦʦʪʚʝʜʝʥʠʝ ɹʝʩʧʝʨʝʙʦʡʥʦʝ ʢʨʫʛʣʦʩʫʪʦʯʥʦʝ ʚʦʜʦʦʪʚʝʜʝʥʠʝ ʚ ʪʝʯʝʥʠʠ 

ʛʦʜʘ 

ʆʪʦʧʣʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʥʦʨʤʘʪʠʚʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʞʠʣʳʭ 

ʧʦʤʝʱʝʥʠʷʭ ʥʝ ʥʠʞʝ +18ʉ 

ʕʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ ɹʝʩʧʝʨʝʙʦʡʥʦʝ ʢʨʫʛʣʦʩʫʪʦʯʥʦʝ ʩʥʘʙʞʝʥʠʝ 

ʵʣʝʢʪʨʠʯʝʩʪʚʦʤ;ʩʦʦʪʚʝʪʩʪʚʠʝ ʥʘʧʨʷʞʝʥʠʷ ʠ ʯʘʩʪʦʪʳ ʪʦʢʘ 

ʪʨʝʙʦʚʘʥʠʷʤʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʈʌ 

ʉʦʜʝʨʞʘʥʠʝ ʧʦʤʝʱʝʥʠʡ 

ʦʙʱʝʛʦ ʧʦʣʴʟʦʚʘʥʠʷ 

ʋʙʦʨʢʘ ʠ ʦʙʩʣʫʞʠʚʘʥʠʝ ʧʦʤʝʱʝʥʠʡ ʦʙʱʝʛʦ ʧʦʣʴʟʦʚʘʥʠʷ; 

ʦʙʱʝʜʦʤʦʚʳʝ ʧʨʠʙʦʨʳ ʫʯʝʪʘ 

ʉʦʜʝʨʞʘʥʠʝ ʧʨʠʜʦʤʦʚʦʡ 

ʪʝʨʨʠʪʦʨʠʠ 

ʋʙʦʨʢʘ ʪʝʨʨʠʪʦʨʠʠ; ʦʨʛʘʥʠʟʘʮʠʷ ʜʝʪʩʢʠʭ ʧʣʦʱʘʜʦʢ 
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ʆʛʨʦʤʥʦʝ ʯʠʩʣʦ ʧʨʦʙʣʝʤ ɾʂʍ ʚ ʈʦʩʩʠʠ ʦʧʨʝʜʝʣʝʥʳ ʥʝʵʬʬʝʢʪʠʚʥʦʡ 

ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ. ʕʪʦʪ ʥʝʜʦʩʪʘʪʦʢ ʜʦʚʦʣʴʥʦ ʟʥʘʯʠʤʦ 

ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʢʘʯʝʩʪʚʝ ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʞʠʣʠʱʥʦ-ʢʦʤʤʫʥʘʣʴʥʳʭ ʫʩʣʫʛ.                  

ʅʝ ʷʚʣʷʝʪʩʷ ʠʩʢʣʶʯʝʥʠʝʤ ʠ ɺʦʨʦʥʝʞʩʢʘʷ ʦʙʣʘʩʪʴ, ʯʝʤʫ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʱʝʥʠʡ ʛʨʘʞʜʘʥ ʥʘ ʛʦʨʷʯʫʶ ʣʠʥʠʶ ʟʘ ʧʦʤʦʱʴʶ [4]. 

ɿʘ ʧʨʦʰʝʜʰʠʡ 2019 ʛʦʜ ʥʘ çʛʦʨʷʯʠʝè ʣʠʥʠʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʮʝʥʪʨʦʚ 

ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʚ ʩʬʝʨʝ ɾʂʍ ʧʦʩʪʫʧʠʣʦ ʦʢʦʣʦ 30 000 ʦʙʨʘʱʝʥʠʡ.                

ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʦʙʨʘʱʝʥʠʡ ʩʜʝʣʘʥʘ ʩʣʝʜʫʶʱʘʷ ʩʚʦʜʢʘ ʜʘʥʥʳʭ [2]. 

 

ʊʘʙʣʠʮʘ 2 

ʂʦʣʠʯʝʩʪʚʦ ʦʙʨʘʱʝʥʠʡ ʥʘ ʛʦʨʷʯʫʶ ʣʠʥʠʶ ʧʦ ɺʦʨʦʥʝʞʩʢʦʡ ʦʙʣʘʩʪʠ 

 
ʊʝʤʘ ʦʙʨʘʱʝʥʠʷ ʆʙʨʘʱʝʥʠʷ 

ʟʘ 2019 ʛ., 

% 

ʅʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʦ ʧʨʠʜʦʤʦʚʦʡ ʪʝʨʨʠʪʦʨʠʠ 8,8 

ʉʦʩʪʦʷʥʠʝ ʄʂɼ ʠ ʢʘʯʝʩʪʚʦ ʫʩʣʫʛ ʧʦʨʝʤʦʥʪʫ ʠ ʩʦʜʝʨʞʘʥʠʶ ʦʙʱʝʛʦ 

ʠʤʫʱʝʩʪʚʘ 
15,5 

ʋʧʨʘʚʣʝʥʠʝ ʄʂɼ ʋʂ, ɾʉʂ, ʊʉɾ  11,2 

ʂʘʧʠʪʘʣʴʥʳʡ ʨʝʤʦʥʪ  8,8 

ʂʘʯʝʩʪʚʦ ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʢʦʤʤʫʥʘʣʴʥʳʭ ʫʩʣʫʛ 8 

ʅʘʯʠʩʣʝʥʠʝ ʧʣʘʪʳ ʟʘ ʞʠʣʠʱʥʦ-ʢʦʤʤʫʥʘʣʴʥʳʝ ʫʩʣʫʛʠ 15,7 

 

ʉ ʢʘʞʜʳʤ ʛʦʜʦʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʧʦʩʪʫʧʘʶʱʠʭ ʞʘʣʦʙ ʦʪ 

ʞʠʪʝʣʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʘʯʝʩʪʚʘ ʚʦʜʳ, ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ, ʚʦʜʦʦʪʚʝʜʝʥʠʷ, ʘ ʪʘʢʞʝ 

ʩʧʦʩʦʙʦʚ ʠʭ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ. ɼʘʥʥʳʝ ʧʨʦʙʣʝʤʳ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ, ʩʚʷʟʘʥʳ                     

ʩ ʙʦʣʴʰʠʤ ʠʟʥʦʩʦʤ ʢʦʤʤʫʥʘʣʴʥʳʭ ʩʝʪʝʡ. ɼʘʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘʥʘ 

ʨʠʩ. 1. 

 

 
ʈʠʩ. 1. ʉʪʝʧʝʥʴ ʠʟʥʦʩʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ɾʂʍ ʧʦ ɺʦʨʦʥʝʞʫ, ʚ % 

 

ʅʘ 2019-2020 ʛʛ. ʚʝʣʠʯʠʥʘ ʬʠʟʠʯʝʩʢʦʛʦ ʠʟʥʦʩʘ ʦʩʥʦʚʥʳʭ ʦʙʲʝʢʪʦʚ 

ʢʦʤʤʫʥʘʣʴʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ɾʂʍ ʥʘʭʦʜʠʪʩʷ ʥʘ ʥʝʧʨʠʝʤʣʝʤʦʤ ʫʨʦʚʥʝ.              

ʀʟ-ʟʘ ʵʪʦʛʦ ʚʳʩʦʢʘ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʘʚʘʨʠʡ, ʤʘʩʰʪʘʙ ʠ 

ʧʦʩʣʝʜʩʪʚʠʷʢʦʪʦʨʳʭʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴʦʯʝʥʴ ʪʨʫʜʥʦ, ʚʩʣʝʜʩʪʚʠʝ ʦʪʨʘʩʣʝʚʦʡ 

0,0

50,0

100,0

51,8 53,2 54,4 54,8 59,0 59,6 59,8 61,0 64,1 
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ʩʧʝʮʠʬʠʢʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦ ɺʦʨʦʥʝʞʩʢʦʡ 

ʦʙʣʘʩʪʠ ʙʦʣʴʰʘʷ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʩʝʪʝʡ, ʢʦʪʦʨʦʡ ʪʨʝʙʫʝʪʩʷ ʦʙʥʦʚʣʝʥʠʝ [1]. 

 

 
ʈʠʩ. 2. ʇʨʦʪʷʞʝʥʥʦʩʪʴ ʩʝʪʝʡ, 

ʪʨʝʙʫʶʱʠʭ ʟʘʤʝʥʳ ʧʦ ɺʦʨʦʥʝʞʩʢʦʡ ʦʙʣʘʩʪʠ, ʚ ʢʤ 

 

ʇʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʞʠʣʠʱʥʦ-ʢʦʤʤʫʥʘʣʴʥʳʭ ʫʩʣʫʛ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ 

ʛʣʘʚʥʳʭ ʧʨʦʙʣʝʤ ʈʌ. ɼʣʷ ʵʪʦʛʦ ʥʫʞʥʦ ʚʳʧʦʣʥʠʪʴ ʨʷʜ ʤʝʨʦʧʨʠʷʪʠʡ, ʢʦʪʦʨʳʝ 

ʙʫʜʫʪ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʫʣʫʯʰʝʥʠʝ ʩʚʦʡʩʪʚ ʦʙʲʝʢʪʦʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ [5]. 

ʅʝʦʙʭʦʜʠʤ ʢʦʥʪʨʦʣʴ ʠ ʩʦ ʩʪʦʨʦʥʳ ʛʦʩʫʜʘʨʩʪʚʘ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʦʨʠʝʥʪʠʨʦʚʘʥ 

ʥʘ: ʧʝʨʝʩʤʦʪʨ ʩʪʨʫʢʪʫʨʳ ʪʘʨʠʬʦʦʙʨʘʟʦʚʘʥʠʷ; ʫʩʪʘʥʦʚʣʝʥʠʝ ʧʨʘʚʦʚʦʡ 

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʟʘ ʥʝʜʦʙʨʦʩʦʚʝʩʪʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʦʨʛʘʥʠʟʘʮʠʡ ɾʂʍ, 

ʩʦʟʜʘʥʠʷ ʬʠʢʪʠʚʥʳʭ ʊʉɾ ʠ ʜʨ.; ʫʩʪʘʥʦʚʣʝʥʠʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʥʘʜ 

ʢʘʯʝʩʪʚʦʤ ʫʩʣʫʛ; ʣʠʢʚʠʜʘʮʠʷ ʤʦʥʦʧʦʣʠʡ ʥʘ ʨʳʥʢʝ ʦʨʛʘʥʠʟʘʮʠʡ ɾʂʍ ʩ ʮʝʣʴʶ 

ʧʦʜʜʝʨʞʘʥʠʷ ʢʦʥʢʫʨʝʥʪʥʦʡ ʩʨʝʜʳ. ɺ ʩʬʝʨʝ ʞʠʣʠʱʥʦʛʦ ʢʦʤʤʫʥʘʣʴʥʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʥʘʢʦʧʠʣʦʩʴ ʦʯʝʥʴ ʤʥʦʛʦ ʩʝʨʴʸʟʥʳʭ ʧʨʦʙʣʝʤ, ʯʪʦ ʪʨʝʙʫʝʪ 

ʥʝʦʪʲʝʤʣʝʤʦʛʦ ʠ ʩʢʦʨʝʡʰʝʛʦ ʨʝʰʝʥʠʷ. ɽʩʣʠ ʛʦʩʫʜʘʨʩʪʚʦ ʙʫʜʝʪ ʧʨʦʚʦʜʠʪʴ 

ʞʸʩʪʢʠʝ ʨʘʜʠʢʘʣʴʥʳʝ ʨʝʬʦʨʤʳ ʚ ʩʬʝʨʝ ʢʦʤʤʫʥʘʣʴʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʚʦʜʠʪʴ ʠʭ ʚ ʞʠʟʥʴ ʧʦʜ ʦʙʱʝʩʪʚʝʥʥʳʤ ʢʦʥʪʨʦʣʝʤ, ʪʦ ʚʩʝ ʵʪʦ 

ʩʧʦʩʦʙʥʦ ʠʟʤʝʥʠʪʴ ʜʠʥʘʤʠʢʫ ʨʘʟʚʠʪʠʷ ɾʂʍ ʚ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʩʪʦʨʦʥʫ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ɿʘʢʦʥ ɺʦʨʦʥʝʞʩʢʦʡ ʦʙʣʘʩʪʠ ʦʪ 20.12.2018 ˉ168-ʆɿ çʆ ʉʪʨʘʪʝʛʠʠ 

ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ɺʦʨʦʥʝʞʩʢʦʡ ʦʙʣʘʩʪʠ ʥʘ ʧʝʨʠʦʜ ʜʦ 2035 

ʛʦʜʘè. 

2. ʇʦʩʪʘʥʦʚʣʝʥʠʝ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ɺʦʨʦʥʝʞʩʢʦʡ ʦʙʣʘʩʪʠ ʦʪ 31.12.2015 ˉ 

1060 çʆʙ ʫʪʚʝʨʞʜʝʥʠʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ɺʦʨʦʥʝʞʩʢʦʡ ʦʙʣʘʩʪʠ 

çʆʙʝʩʧʝʯʝʥʠʝ ʢʘʯʝʩʪʚʝʥʥʳʤʠ ʞʠʣʠʱʥʦ-ʢʦʤʤʫʥʘʣʴʥʳʤʠ ʫʩʣʫʛʘʤʠ ʥʘʩʝʣʝʥʠʷ 

ɺʦʨʦʥʝʞʩʢʦʡ ʦʙʣʘʩʪʠè (ʚ ʨʝʜʘʢʮʠʠ ʧʦʩʪʘʥʦʚʣʝʥʠʡ ʧʨʘʚʠʪʝʣʴʩʪʚʘ ɺʦʨʦʥʝʞʩʢʦʡ 

ʦʙʣʘʩʪʠ ʦʪ 30.06.2016 ˉ 454, ʦʪ 15.03.2017 ˉ 182, ʦʪ 23.08.2017 ˉ 655, ʦʪ 

02.11.2017 ˉ 839, ʦʪ 14.12.2017 ˉ 1035, ʦʪ 10.05.2018 ˉ 406, ʦʪ 09.06.2018 ˉ 

515, ʦʪ 29.08.2018 ˉ 729, ʦʪ 21.01.2019 ˉ 22, ʦʪ 31.07.2019 ˉ 746). 

0 2000 4000 6000 8000 10000

˽ͪͦͭΎ͔͗ͤͤͦͫͭΈ ͍͍ͦ͒ͦͨͪͦͦ͒ͤ·ͻ ͔͔͚ͫͭ 

˽ͪͦͭΎ͔͗ͤͤͦͫͭΈ ͍͍ͦ͒ͦͨͪͦͦ͒ͤ·ͻ ͔͔͚ͫͭ ͫ ͙ͤͦͫͦͣ͘ Χ 

˽ͪͦͭΎ͔͗ͤͤͦͫͭΈ ͙͊ͤ͊͊͘͟͡ͼ͙ͦͤͤ·ͻ ͔͔͚ͫͭ  

˽ͪͦͭΎ͔͗ͤͤͦͫͭΈ ͙͊ͤ͊͊͘͟͡ͼ͙ͦͤͤ·ͻ ͔͔͚ͫͭ ͫ ͙ͤͦͫͦͣ͘ Χ 

˽ͪͦͭΎ͔͗ͤͤͦͫͭΈ ͙͊ͤ͊͊͘͟͡ͼ͙ͦͤͤ·ͻ ͔͔͚ͫͭ ͫ ͙ͤͦͫͦͣ͘ млл҈ 

˽ͪͦͭΎ͔͗ͤͤͦͫͭΈ ͔͍ͭͨͦ͡·ͻ ͔͔͚ͫͭ 

˽ͪͦͭΎ͔͗ͤͤͦͫͭΈ ͍͔ͭͻ͙ͻ ͔͍ͭͨͦ͡·ͻ ͔͔͚ͫͭ  

9619 

2469,9 

1640,82 

940,82 

185,3 

978,98 

389,3 



90 
 

3. ʂʘʟʘʨʦʚʘ ɸ. ʗ., ʊʘʪʝʚʦʩʷʥ ʕ. ɸ. ʂʘʯʝʩʪʚʦ ʫʩʣʫʛ ʞʠʣʠʱʥʦ-

ʢʦʤʤʫʥʘʣʴʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʈʦʩʩʠʠ. ʅʘʫʯʥʳʡ ʞʫʨʥʘʣ çʄʦʣʦʜʦʡ ʫʯʸʥʳʡè ˉ 24 

(104) ʜʝʢʘʙʨʴ, 2015 ʛ 

4. ʃʘʨʠʥ ʉ. ʅ., ʍʨʫʩʪʘʣʸʚ ɽ.ʖ. ʇʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʞʠʣʠʱʥʦ-

ʢʦʤʤʫʥʘʣʴʥʳʭ ʫʩʣʫʛ ʢʘʢ ʦʩʥʦʚʥʘʷ ʮʝʣʴ ʢʦʤʧʣʝʢʩʥʦʡ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʬʝʨʳ 

ʞʠʣʠʱʥʦ-ʢʦʤʤʫʥʘʣʴʥʦʛʦ ʭʦʟʷʡʩʪʚʘ. ʅʘʫʯʥʳʡ ʞʫʨʥʘʣ çʂʫʙɻɸʋè, ˉ126(02), 

2017ʛ. 

5.ɸʥʠʩʠʤʦʚʘ ʅ.ɸ. ʄʘʢʝʝʚʘ ʊ.ʀ. ʌʠʥʘʥʩʠʨʦʚʘʥʠʝ ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ 
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ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 
ʈʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʘʣʛʦʨʠʪʤʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʜʝʡʩʪʚʠʡ ʢʣʠʝʥʪʘ ʜʣʷ 

ʣʦʛʠʩʪʠʯʝʩʢʦʛʦ ʩʝʨʚʠʩʘ ʥʘ ʦʩʥʦʚʝ ʩʪʨʦʛʦ ʙʘʡʝʩʦʚʩʢʦʛʦ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʘʠʚʥʳʡ ʙʘʡʝʩʦʚʩʢʠʡ ʢʣʘʩʩʠʬʠʢʘʪʦʨ, ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ, 

ʘʥʪʠʬʨʦʜ. 

 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʪʨʘʥʟʘʢʮʠʡ ʧʦ ʢʣʘʩʩʘʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ï ʦʩʥʦʚʥʘʷ ʟʘʜʘʯʘ 

ʘʥʪʠʬʨʦʜ-ʩʠʩʪʝʤʳ ï ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʧʦ ʦʙʥʘʨʫʞʝʥʠʶ ʠ ʧʨʝʩʝʯʝʥʠʶ 

ʥʝʧʨʘʚʦʤʝʨʥʳʭ ʜʝʡʩʪʚʠʡ ʢʣʠʝʥʪʘ ʩʝʨʚʠʩʘ [1]. ɼʣʷ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʩʬʝʨʳ 

ʭʘʨʘʢʪʝʨʥʘ ʙʠʥʘʨʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ, ʪʦ ʝʩʪʴ ʢʘʞʜʘʷ ʪʨʘʥʟʘʢʮʠʷ ʤʦʞʝʪ 

ʧʨʠʥʘʜʣʝʞʘʪʴ ʣʠʙʦ ʢ ʢʣʘʩʩʫ çʧʦʜʦʟʨʠʪʝʣʴʥʳʭè, ʣʠʙʦ çʙʝʟʦʧʘʩʥʳʭè. ɺ ʢʘʯʝʩʪʚʝ 

ʦʩʥʦʚʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚʝʨʦʷʪʥʦʩʪʥʳʡ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ. 

ɹʘʡʝʩʦʚʩʢʠʡ ʧʦʜʭʦʜ ʢ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʳʙʦʨ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʘʧʦʩʪʝʨʠʦʨʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʚʳʯʠʩʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʠ 

ʧʨʘʚʜʦʧʦʜʦʙʠʷ [1]. ʅʘʠʙʦʣʝʝ ʧʨʦʩʪʦʡ ʠ ʵʬʬʝʢʪʠʚʥʦʡ ʨʝʘʣʠʟʘʮʠʝʡ ʪʘʢʦʛʦ 

ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʩʪʨʦʛʠʡ (ʥʘʠʚʥʳʡ) ʙʘʡʝʩʦʚʩʢʠʡ ʢʣʘʩʩʠʬʠʢʘʪʦʨ. 

ʆʩʥʦʚʫ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ʩʦʩʪʘʚʣʷʝʪ ʪʝʦʨʝʤʘ ɹʘʡʝʩʘ ʩ ʫʩʣʦʚʠʝʤ 

ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʩʦʙʳʪʠʡ: 

 

ὖὧȿὸ
ὖὸȿὧὖὧ

ὖὸ
ȟ (1) 

 

ʛʜʝὖὧȿὸ ï ʚʝʨʦʷʪʥʦʩʪʴ, ʯʪʦ ʪʨʘʥʟʘʢʮʠʷ ὸʧʨʠʥʘʜʣʝʞʠʪ ʢ ʢʣʘʩʩʫ ʙʝʟʦʧʘʩʥʦʩʪʠ ὧ; 

ὖὸȿὧ ï ʚʝʨʦʷʪʥʦʩʪʴ ʚʩʪʨʝʪʠʪʴ ʪʨʘʥʟʘʢʮʠʶ ὸ ʩʨʝʜʠ ʢʣʘʩʩʘ ὧ; ὖὧ ï ʙʝʟʫʩʣʦʚʥʘʷ 

ʚʝʨʦʷʪʥʦʩʪʴ ʪʨʘʥʟʘʢʮʠʠ ʢʣʘʩʩʘ ὧ; ὖὸ ï ʙʝʟʫʩʣʦʚʥʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʪʨʘʥʟʘʢʮʠʠ ὸ 

ʩʨʝʜʠ ʜʨʫʛʠʭ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʢʣʘʩʩ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʡʪʠ ʦʪ 

ʚʝʨʦʷʪʥʦʩʪʝʡ ʢ ʦʮʝʥʢʝ ʘʧʦʩʪʝʨʠʦʨʥʦʛʦ ʤʘʢʩʠʤʫʤʘ, ʪ.ʝ. ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦʤʫ 

ʢʣʘʩʩʫ. ʋʧʨʦʩʪʠʚ ʬʦʨʤ. 1 ï ʫʙʨʘʚ ʠʟ ʨʘʩʩʤʦʪʨʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʴ ʪʨʘʥʟʘʢʮʠʠ, 

ʢʦʪʦʨʘʷ ʥʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʷ ʥʘ ʠʪʦʛʦʚʫʶ ʦʮʝʥʢʫ ʢʣʘʩʩʦʚ, ʧʦʣʫʯʠʤ: 

 
ὧ ὥὶὫάὥὼ

ᶰ
ὖὸȿὧὖὧȢ (2) 

 

ʊʘʢ ʢʘʢ ʪʨʘʥʟʘʢʮʠʷ ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʙʦʨ ʜʘʥʥʳʭ              

ʧʦ ʥʝʡ, ʘ ʪʘʢʞʝ ʨʝʪʨʦʩʧʝʢʪʠʚʥʳʝ ʜʘʥʥʳʝ ʧʦ ʢʣʠʝʥʪʫ, ʪʦ ʝʝ ʫʩʣʦʚʥʫʶ 
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ʚʝʨʦʷʪʥʦʩʪʴ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʧʨʦʠʟʚʝʜʝʥʠʷ ʫʩʣʦʚʥʳʭ ʚʝʨʦʷʪʥʦʩʪʝʡ 

ʵʪʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ [2]: 

 

ὖὸȿὧ ὖύȿὧὖύȿὧȣὖύȿὧ ὖύȿὧȢ (3) 

 

ɼʣʷ ʫʜʦʙʩʪʚʘ ʚʳʯʠʩʣʝʥʠʷ ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʚʦʡʩʪʚʦʤ ʣʦʛʘʨʠʬʤʘ 

ʧʨʦʠʟʚʝʜʝʥʠʷ, ʢʦʪʦʨʳʡ ʥʝ ʠʟʤʝʥʷʝʪ ʧʘʨʘʤʝʪʨʦʚ, ʧʨʠ ʢʦʪʦʨʳʭ ʜʦʩʪʠʛʘʝʪʩʷ 

ʤʘʢʩʠʤʫʤ, ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʬʦʨʤ. 2 ʧʨʠʤʝʪ ʚʠʜ: 

 

ὧ ὥὶὫάὥὼ
ᶰ
ὰέὫὖὧ ὰέὫὖύȿὧ Ȣ (4) 

 

ɺʝʨʦʷʪʥʦʩʪʴ ʢʣʘʩʩʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ: 

 

ὖὧ
Ὕ

Ὕ
ȟ (5) 

 

ʛʜʝ Ὕ ï ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʪʨʘʥʟʘʢʮʠʡ ʚ ʚʳʙʦʨʢʝ; Ὕ ï ʢʦʣʠʯʝʩʪʚʦ ʪʨʘʥʟʘʢʮʠʡ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʣʘʩʩʘ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʣʦʚʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʢʘʞʜʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʪʨʘʥʟʘʢʮʠʠ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʤʫʣʴʪʠʥʦʤʠʘʣʴʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ [2]: 

 

ὖύȿὧ
ὡ

В ὡᶰ
ȟ (6) 

 

ʛʜʝ ὡ  ï ʢʦʣʠʯʝʩʪʚʦ ʨʘʟ, ʚ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘὭ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʪʨʘʥʟʘʢʮʠʷʭ 

ʪʝʢʫʱʝʛʦ ʢʣʘʩʩʘ; ὠ  ï ʥʘʙʦʨ ʠʟ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʮʝʥʢʠ 

ʪʨʘʥʟʘʢʮʠʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʥʘʢʣʘʜʳʚʘʝʪ ʦʛʨʘʥʠʯʝʥʠʝ ï ʧʨʠ ʧʦʷʚʣʝʥʠʠ 

ʥʦʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʨʘʥʟʘʢʮʠʠ ʝʝ ʫʩʣʦʚʥʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʩʪʘʥʦʚʠʪʩʷ ʥʫʣʝʚʦʡ, 

ʯʪʦ ʜʝʣʘʝʪ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʥʝʚʦʟʤʦʞʥʦʡ. ʆʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʤʦʞʝʪ 

ʩʣʫʞʠʪʴ ʩʛʣʘʞʠʚʘʥʠʝ ʃʘʧʣʘʩʘ ï ʜʦʙʘʚʣʝʥʠʝ ʥʝʢʦʪʦʨʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʨʘʟʤʳʪʠʷᾀ ʜʣʷ ʢʘʞʜʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɼʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʜʘʯʠ ʟʘ 

ʢʦʵʬʬʠʮʠʝʥʪ ʚʦʟʴʤʝʤ ʤʠʥʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʷʚʣʝʥʠʷ ʦʜʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ [1]. ʇʨʝʦʙʨʘʟʦʚʘʚ ʬʦʨʤ. 6, ʧʦʣʫʯʠʤ 

 

ὖύȿὧ
ὡ ᾀ

В ὡ ᾀᶰ

ὡ ᾀ

ȿὠȿᾀ В ὡᶰ

ὡ άὭὲὡ

ȿὠȿάὭὲὡ В ὡᶰ
Ȣ (7) 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʦʨʤ. 4 ʧʨʠʤʝʪ ʚʠʜ: 

 

ὧ ὥὶὫάὥὼ
ᶰ
ὰέὫ
Ὕ

Ὕ
ὰέὫ

ὡ άὭὲὡ

ȿὠȿάὭὲὡ В ὡᶰ
Ȣ (8) 

 

ʈʘʩʩʯʠʪʘʚ ʚʝʨʦʷʪʥʦʩʪʴ ʜʣʷ ʢʘʞʜʦʛʦ ʢʣʘʩʩʘ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʚʳʙʠʨʘʝʤ 

ʥʘʠʙʦʣʴʰʠʡ, ʠ ʠʤʝʥʥʦ ʢ ʵʪʦʤʫ ʢʣʘʩʩʫ ʙʫʜʝʪ ʦʧʨʝʜʝʣʝʥʘ ʪʨʘʥʟʘʢʮʠʷ. 

ʅʘ ʧʨʠʤʝʨʝ ʨʘʩʩʤʪʦʨʠʤ ʨʘʙʦʪʫ ʙʘʡʝʩʦʚʩʢʦʛʦ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ, ʠʩʧʦʣʴʟʫʷ 

ʜʘʥʥʳʝ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʪʨʘʥʟʘʢʮʠʡ. 

 

ʊʘʙʣʠʮʘ 1 

ʉʪʘʪʠʩʪʠʢʘ ʪʨʘʥʟʘʢʮʠʡ ʧʦ ʢʣʘʩʩʘʤ ʙʝʟʦʧʘʩʥʦʩʪʠ 
ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ɹʝʟʦʧʘʩʥʳʝ ʇʦʜʦʟʨʠʪʝʣʴʥʳʝ 

ɹʦʣʝʝ 5 ʘʜʨʝʩʦʚ ʜʦʩʪʘʚʢʠ 207 146 

ɿʘʭʦʜ ʥʝ ʠʟ ʩʪʨʘʥʳ ʨʝʛʠʩʪʨʘʮʠʠ ʙʦʣʝʝ 5% 1533 572 

ɹʦʣʝʝ 10% ʧʦʜʦʟʨʠʪʝʣʴʥʳʭ ʧʣʘʪʝʞʝʡ 4581 3995 

2 ʠ ʙʦʣʝʝ ʙʘʥʢʦʚʩʢʠʭ ʢʘʨʪ ʦʧʣʘʪʳ 784 802 

ʅʝʪ ʧʨʦʬʠʣʷ ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ 4965 748 

 

ʊʘʙʣʠʮʘ 2 

ʉʚʦʜʥʘʷ ʩʪʘʪʠʩʪʠʢʘ ʪʨʘʥʟʘʢʮʠʡ ʠ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
ʇʘʨʘʤʝʪʨ ɹʝʟʦʧʘʩʥʳʝ ʇʦʜʦʟʨʠʪʝʣʴʥʳʝ 

ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʪʨʘʥʟʘʢʮʠʡ 120436 85709 

ʉʫʤʤʘʨʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 12070 6263 

 

ʂʣʘʩʩʠʬʠʮʠʨʫʝʤ ʪʨʘʥʟʘʢʮʠʶ, ʢʦʪʦʨʘʷ ʦʙʣʘʜʘʝʪ 1-ʦʡ, 3-ʝʡ ʠ 5-ʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʣʷ ʦʙʦʠʭ ʢʣʘʩʩʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ: 

 

Ὢ  ὰέὫ
ρςπτσφ

ρςπτσφψυχπω
ὰέὫ

ςπχςπχ

υ ςπχρςπχπ
ὰέὫ

τυψρςπχ

υ ςπχρςπχπ
ὰέὫ

τωφυςπχ

υ ςπχρςπχπ
ςȟυφȠ (9) 

 

Ὢ ὰέὫ
ψυχπω

ρςπτσφψυχπω
ὰέὫ

ρτφρτφ

υ ρτφφςφσ
ὰέὫ

σωωυρτφ

υ ρτφφςφσ
ὰέὫ

χτψρτφ

υ ρτφφςφσ
ςȟψφȢ (10) 

 

ɺ ʠʪʦʛʝ ʧʦʣʫʯʘʝʤ, ʯʪʦ ʚʝʨʦʷʪʥʦʩʪʴ ʢʣʘʩʩʘ çʥʝʙʝʟʦʧʘʩʥʳʡè ʙʦʣʴʰʝ           

(Ὢ Ὢ), ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʨʘʥʟʘʢʮʠʷ ʙʫʜʝʪ ʧʦʤʝʯʝʥʘ ʢʘʢ ʧʦʜʦʟʨʠʪʝʣʴʥʘʷ. 

ɺ ʮʝʣʦʤ, ʦʧʠʩʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʧʦʜʭʦʜʠʪ ʠ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʝ 

ʣʦʛʠʩʪʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʷ ʩ ʧʦʭʦʞʝʡ ʩʪʨʫʢʪʫʨʦʡ, ʝʛʦ ʛʠʙʢʦʩʪʴ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ 

ʢ ʟʘʜʘʯʘʤ ʰʠʨʦʢʦʛʦ ʧʣʘʥʘ [1]. ʇʨʦʩʪʦʪʘ ʨʝʘʣʠʟʘʮʠʠ ʠ ʥʠʟʢʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ 

ʟʘʪʨʘʪʳ ʷʚʣʷʶʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʢʨʠʪʝʨʠʷʤʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʝʛʦ ʚ 

ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʘʣʛʦʨʠʪʤʘ. 
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ʃɸɿɽʈʅʓʁ ɻʈɸɺɽʈ 

ʅɸ ʆʉʅʆɺɽ ʏʀʉʃʆɺʆɻʆ ʇʈʆɻʈɸʄʄʅʆɻʆ ʋʇʈɸɺʃɽʅʀʗ 

 

ɺ.ʆ. ɻʣʘʜʳʰʝʚʘ
1
, ɻ.ɺ. ʇʝʪʨʫʭʥʦʚʘ

2 

1
ʉʪʫʜʝʥʪ ʛʨ. ɺʄ-161, imcraps@gmail.com, 

2
ʂʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ, gvpetruhnova@mail.ru 

ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 
ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʥʳʝ ʩʠʩʪʝʤʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʥʘʥʝʩʝʥʠʷ 

ʠʟʦʙʨʘʞʝʥʠʡ ʥʘ ʜʝʨʝʚʷʥʥʳʝ ʠ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʧʦʚʝʨʭʥʦʩʪʠ. ʈʝʰʘʣʘʩʴ ʟʘʜʘʯʘ ʫʣʫʯʰʝʥʠʷ 

ʢʘʯʝʩʪʚʘ ʛʨʘʚʠʨʦʚʢʠ ʧʦ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʠ ʜʝʨʝʚʷʥʥʳʤ ʧʦʚʝʨʭʥʦʩʪʷʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: Arduino Nano, ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ, ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʥʘʷ ʩʠʩʪʝʤʘ, 

ʜʚʫʤʝʨʥʦʝ ʚʳʨʝʟʘʥʠʝ. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʤʳʰʣʝʥʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ  ʠʩʧʦʣʴʟʫʶʪ ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʠʝ ʣʠʥʠʡ ʩʦ ʩʪʘʥʢʘʤʠ ʥʘ ʙʘʟʝ ʯʠʩʣʦʚʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ [1],               

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʧʨʦʩʪʠʪʴ ʠ ʫʩʢʦʨʠʪʴ ʦʙʨʘʙʦʪʢʫ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʝʤ ʩʘʤʳʤ 

ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʠʟʛʦʪʦʚʣʷʝʤʳʭ ʠʟʜʝʣʠʡ. ʊʘʢʘʷ ʪʝʥʜʝʥʮʠʷ ʧʨʠʚʝʣʘ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʭ ʧʨʝʜʤʝʪʦʚ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤʫ 

ʩʥʠʞʝʥʠʶ ʠʭ ʩʪʦʠʤʦʩʪʠ.  

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʥʘʷ ʩʠʩʪʝʤʘ [2] ʜʣʷ 

ʛʨʘʚʠʨʦʚʢʠ ʨʘʟʣʠʯʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʥʘ ʜʝʨʝʚʷʥʥʳʭ ʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʧʦʚʝʨʭʥʦʩʪʷʭ, ʘ ʪʘʢʞʝ ʜʣʷ ʩʦʟʜʘʥʠʷ ʟʘʛʦʪʦʚʦʢ ʜʣʷ ʧʝʯʘʪʝʡ ʠ ʰʪʘʤʧʦʚ. ɼʘʥʥʘʷ 

ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʙʳʪʦʚʳʭ ʫʩʣʦʚʠʷʭ ʚ ʨʘʟʣʠʯʥʳʭ ʭʦʙʙʠ ï 

ʧʨʦʝʢʪʘʭ. ʇʨʠ ʞʝʣʘʥʠʠ ʝʝ ʤʦʞʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʣʶʙʦʡ ʥʘʯʠʥʘʶʱʠʡ ʠʥʞʝʥʝʨ               

ʚ ʦʙʣʘʩʪʠ ʵʣʝʢʪʨʦʥʠʢʠ. 

ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʣʘʟʝʨʘ. ʃʘʟʝʨ ʦʙʣʘʜʘʝʪ 

ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ, ʚʳʞʠʛʘʥʠʝ ʦʙʲʝʢʪʦʚ ʩ ʝʛʦ ʧʦʤʦʱʴʶ ʧʨʦʠʩʭʦʜʠʪ ʛʦʨʘʟʜʦ 

ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʦ, ʟʘ ʩʯʝʪ ʯʝʛʦ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʧʨʝʜʤʝʪʳ       

ʩ ʚʳʩʦʢʦʡ ʜʝʪʘʣʠʟʘʮʠʝʡ. ʊʘʢʞʝ ʧʨʠ ʨʘʙʦʪʝ ʩ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʥʦʡ ʩʠʩʪʝʤʦʡ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʨʝʧʣʝʥʠʷ ʜʣʷ 

ʟʘʛʦʪʦʚʦʢ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʜʝʬʦʨʤʘʮʠʠ ʟʘʛʦʪʦʚʢʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʣʘʟʝʨʥʦʡ ʫʩʪʘʥʦʚʢʠ ʩʚʝʜʝʪ ʜʝʬʝʢʪʳ (ʩʢʦʣʳ, ʪʨʝʱʠʥʳ, ʪʝʨʤʠʯʝʩʢʠʝ ʜʝʬʦʨʤʘʮʠʠ 

ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ) ʢ ʥʫʣʶ. 

ʌʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʪʘʢʞʝ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʜʚʠʛʘʪʝʣʝʡ, 

ʪʘʢʦʛʦ ʢʘʢ ʰʘʛʦʚʳʡ ʜʚʠʛʘʪʝʣʴ, ʣʠʙʦ ʩʝʨʚʦʧʨʠʚʦʜ [3]. ɺ ʦʪʣʠʯʠʝ ʦʪ ʰʘʛʦʚʦʛʦ 

ʜʚʠʛʘʪʝʣʷ ʩʢʦʨʦʩʪʴ ʨʘʙʦʪʳ ʩʝʨʚʦʧʨʠʚʦʜʘ ʤʦʞʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʟʘ ʩʯʝʪ ʪʦʢʘ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʫ ʰʘʛʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩʢʦʨʦʩʪʴ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʬʠʢʩʠʨʦʚʘʥʘ. ʊʘʢʞʝ ʚ 

ʩʣʫʯʘʝ ʤʝʣʢʠʭ ʥʝʧʦʣʘʜʦʢ, ʪʘʢʠʭ ʢʘʢ ʟʘʢʣʠʥʠʚʘʥʠʝ ʚʘʣʘ, ʰʘʛʦʚʳʡ ʜʚʠʛʘʪʝʣʴ 

ʥʘʯʠʥʘʝʪ ʧʨʦʧʫʩʢʘʪʴ ʰʘʛʠ, ʘ ʩʝʨʚʦʧʨʠʚʦʜ ʧʳʪʘʝʪʩʷ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʟʘ ʩʯʝʪ 

ʩʦʙʩʪʚʝʥʥʦʡ ʥʘʛʨʫʟʢʠ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʙʦʣʝʝ ʩʝʨʴʝʟʥʳʤ ʧʦʣʦʤʢʘʤ. 
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ɺ ʦʩʥʦʚʝ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʥʦʡ ʩʠʩʪʝʤʳ ï ʦʜʥʘ ʧʣʘʪʘ Arduino Nano [1, 2]  

ʩ ʜʨʘʡʚʝʨʘʤʠ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ, ʧʦʜʘʚʘʝʤʳʭ ʥʘ 

ʩʝʨʚʦʧʨʠʚʦʜʳ ʠ ʣʘʟʝʨ. ʇʣʘʪʳ ʫʧʨʘʚʣʷʶʪ ʧʦʣʦʞʝʥʠʝʤ ʣʘʟʝʨʘ ʠ ʟʘʛʦʪʦʚʢʠ ʚ 

ʜʚʫʭʤʝʨʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. ʆʜʠʥ ʠʟ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʚ ʨʘʩʧʦʣʦʞʝʥʠʝ ʧʦ 

ʦʩʠ ʢʦʦʨʜʠʥʘʪ ʍ, ʚʪʦʨʦʡ ï ʧʦ ʦʩʠ ʋ.   

ʄʠʢʨʦʢʦʥʪʨʦʣʣʝʨʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʷʝʪʩʷ ʯʝʨʝʟ ʢʦʤʧʴʶʪʝʨ. ʅʘʥʦʩʠʤʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ ʟʘʛʨʫʞʘʝʪʩʷ ʚ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʜʣʷ ʵʪʦʡ ʩʠʩʪʝʤʳ ʩʨʝʜʫ. 

ʏʝʨʝʟ ʧʨʦʛʨʘʤʤʥʳʡ ʠʥʪʝʨʬʝʡʩ ʚʳʙʠʨʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʘʷ ʧʦʣʴʟʦʚʘʪʝʣʶ 

ʦʧʝʨʘʮʠʷ. ʉʨʝʜʘ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʠʪʴ ʚʳʙʦʨ ʠʩʭʦʜʥʦʡ ʪʦʯʢʠ ʜʣʷ ʥʘʥʝʩʝʥʠʷ 

ʨʠʩʫʥʢʘ, ʩʤʝʥʠʪʴ ʮʚʝʪ ʣʘʟʝʨʘ ʠ ʠʥʪʝʨʬʝʡʩʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ 

ʥʘʥʝʩʝʥʠʝ ʢʘʨʪʠʥʢʠ ʥʘ ʜʝʨʝʚʷʥʥʫʶ ʠʣʠ ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʧʦʚʝʨʭʥʦʩʪʠ, ʟʘʧʫʩʢʘʪʴ 

ʠ ʦʩʪʘʥʘʚʣʠʚʘʪʴ ʧʨʦʮʝʩʩ. 

ʇʣʘʪʳ ʧʨʦʝʢʪʠʨʦʚʘʣʠʩʴ ʚ DipTrace, ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

ʨʘʟʨʘʙʦʪʘʥʦ ʥʘ ʷʟʳʢʝ ʉ ʚ ʩʨʝʜʝ ʨʘʟʨʘʙʦʪʢʠ Arduino IDE ʩ ʙʠʙʣʠʦʪʝʢʦʡ GRBL. 
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ʄɸʃʆɻɸɹɸʈʀʊʅʓʁ ɺʓʉʆʂʆʕʌʌɽʂʊʀɺʅʓʁ ɸɺʊʆʄʆɹʀʃʔʅʓʁ 

ɿɺʋʂʆɺʆʉʇʈʆʀɿɺʆɼʗʑʀʁ ʂʆʄʇʃɽʂʉ 

 

ɼ.ɸ. ʇʦʚʘʣʷʝʚ
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, ʇ.ɼ. ʄʠʭʝʝʚ
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, ɸ.ɸ. ɸʪʘʤʘʥʦʚ

3
, ɸ.ʉ. ɹʘʜʘʝʚ
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1,2,3
ʉʪʫʜʝʥʪʳ ʛʨ. ʈʇ ï 152 
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ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 
ɺ ʨʘʙʦʪʝ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʦʥʩʪʨʫʢʮʠʷ ʤʘʣʦʛʘʙʘʨʠʪʥʦʛʦ 

ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʛʦ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʟʚʫʢʦʚʦʩʧʨʦʠʟʚʦʜʷʱʝʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʚʳʩʦʢʠʤʠ 

ʤʦʱʥʦʩʪʴʶ ʠ ʫʨʦʚʥʝʤ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ (SPL). ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ɸʏʍ ʧʦʢʘʟʳʚʘʶʪ 

ʧʨʘʚʠʣʴʥʦʩʪʴ ʨʘʩʯʸʪʘ ʠ ʥʘʩʪʨʦʡʢʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʭ ʯʘʩʪʦʪ ʠ ʚʳʩʦʢʠʡ SPL. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʪʦʤʦʙʠʣʴʥʳʝ ʘʢʫʩʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ (ɸʉ), ʛʦʣʦʚʢʠ 

ʛʨʦʤʢʦʛʦʚʦʨʠʪʝʣʝʡ (ɻɻ), ʬʘʟʦʠʥʚʝʨʪʦʨ ʩ ʧʘʩʩʠʚʥʳʤ ʠʟʣʫʯʘʪʝʣʝʤ (ʇʀ), ʩʘʙʚʫʬʝʨ, ʧʦʣʦʩʦʚʦʡ 

ʨʝʟʦʥʘʪʦʨ (ʇʈ), ʥʦʤʠʥʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ (ὖ̎̏)̍, ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ (SPL). 

 

ɹʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʘʪʴ ʢʦʥʩʪʨʫʢʮʠʶ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʛʦ 

ʤʘʣʦʛʘʙʘʨʠʪʥʦʛʦ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʟʚʫʢʦʚʦʩʧʨʦʠʟʚʦʜʷʱʝʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʚʳʩʦʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ. ʂʦʤʧʣʝʢʩ ʜʦʣʞʝʥ ʙʳʪʴ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʫʩʪʘʥʦʚʢʠ ʚ ʣʶʙʦʡ ʘʚʪʦʤʦʙʠʣʴ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʙʲʸʤʦʚ ʜʚʝʨʝʡ ʠ ʙʘʛʘʞʥʠʢʘ 

ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʙʝʟ ʠʭ ʘʢʫʩʪʠʯʝʩʢʦʡ ʜʦʨʘʙʦʪʢʠ. 

ʂʦʤʧʣʝʢʩ ʩʦʩʪʦʠʪ ʠʟ 2-ʭ ʬʨʦʥʪʘʣʴʥʳʭ, 2-ʭ ʪʳʣʦʚʳʭ ɸʉ, 2-ʭ ʢʘʥʘʣʴʥʦʛʦ 

ʩʘʙʚʫʬʝʨʘ, ʨʘʟʤʝʱʘʝʤʦʛʦ ʚ ʩʘʣʦʥʝ, 4-ʭ ʢʘʥʘʣʴʥʦʛʦ ʫʩʠʣʠʪʝʣʷ ʜʣʷ ʦʩʥʦʚʥʦʡ 

ʘʢʫʩʪʠʢʠ ʩ ʥʝʟʘʚʠʩʠʤʦʡ ʨʝʛʫʣʠʨʦʚʢʦʡ, 2-ʭ ʢʘʥʘʣʴʥʦʛʦ ʫʩʠʣʠʪʝʣʷ ʩʘʙʚʫʬʝʨʘ, 

ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ ʠ ʛʦʣʦʚʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʤʠʥʠʤʘʣʴʥʦʛʦ ʨʘʟʤʝʨʘ ʠ ʫʜʦʙʩʪʚʘ ʫʩʪʘʥʦʚʢʠ, 

ʬʨʦʥʪʘʣʴʥʳʝ ʠ ʪʳʣʦʚʳʝ ɸʉ ʚʳʧʦʣʥʝʥʳ ʚ ʩʬʝʨʠʯʝʩʢʠʭ ʢʦʨʧʫʩʘʭ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʦʬʦʨʤʣʝʥʠʷ çʬʘʟʦʠʥʚʝʨʪʦʨ ʩ ʇʀè (ʨʠʩ. 1) [1]. 

ʂʨʦʤʝ ʪʦʛʦ, ʩʬʝʨʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦ ʛʣʘʜʢʫʶ ɸʏʍ ʧʦ ʩʨʘʚʥʝʥʠʶ                    

ʩ ʢʦʨʧʫʩʘʤʠ ʚʩʝʭ ʜʨʫʛʠʭ ʬʦʨʤ. 

 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʬʨʦʥʪʘʣʴʥʳʭ ʠ ʪʳʣʦʚʳʭ ɸʉ 

 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚʳʩʦʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʢʦʤʧʣʝʢʩʝ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʝ ɻɻ ʚʝʜʫʱʠʭ ʤʠʨʦʚʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. 
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ʌʨʦʥʪʘʣʴʥʳʝ ɸʉ. ʅʠʟʢʦ-ʩʨʝʜʥʝʯʘʩʪʦʪʥʳʝ (ʅʏ ï ʉʏ) ɻɻ ï 

Sica4E1CS(ʀʪʘʣʠʷ) : ʜʠʘʤʝʪʨ, Ï = 100 ʤʤ; ʥʦʤʠʥʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ,                            

 ὖ̎̏  ̍= 70 ɺʪ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ, ὖ̍́̋  ̒= 140 ɺʪ; ʫʨʦʚʝʥʴ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, SPL = 90 ʜɹ; ʯʘʩʪʦʪʘ ʦʩʥʦʚʥʦʛʦ 

ʨʝʟʦʥʘʥʩʘ, Ὢ  = 100 ɻʮ; ʧʦʣʥʘʷ ʜʦʙʨʦʪʥʦʩʪʴ, ὗ̐  = 0,4; ʥʦʤʠʥʘʣʴʥʦʝ 

ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, Ὑ̎ ̏ ̍= 4 ʆʤ; ʵʢʚʠʚʘʣʝʥʪʥʳʡ ʦʙʲʸʤ, ὗ̞ = 1.2 ̅ .̍ 

ɺʳʩʦʢʦʯʘʩʪʦʪʥʳʝ (ɺʏ) ɻɻ ï Vifa 0x20sc00 0 04 (ɼʘʥʠʷ): Ï = 32 ʤʤ;                  

ὖ̎̏ ̍= 30 ɺʪ; ὖ̍́̋̒ = 50 ɺʪ;Ὑ̎ ̏ ̍= 4 ʆʤ; Ὢ = 1 ʢɻʳ; SPL = 90 ʜɹ; ʜʠʘʧʘʟʦʥ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʭ ʯʘʩʪʦʪ ï 2 ï 22 ʢɻʮ. 

ʊʳʣʦʚʳʝ ɸʉ. ʅʏ ï ʉʏɻɻ ï SeasH759 (ʅʦʨʚʝʛʠʷ): Ï = 110 ʤʤ; ὖ̎̏ ̍= 70 

ɺʪ; ὖ̍́̋̒ = 140 ɺʪ; SPL = 88 ʜɹ; Ὢ = 52 ɻʮ; ὗ̐  = 0,3; Ὑ̎ ̏ ̍= 40 ʆʤ; ὠ̞ = 4,3 ̅ .̍ 

ʉʘʙʚʫʬʝʨ. 2 ʅʏɻɻ ï Sica 6,5 H 1,5 CP : Ï = 174 ʤʤ; ὖ̎̏ ̍= 120 ɺʪ; ὖ̍́̋̒ = 

240 ɺʪ; SPL = 89,5 ʜɹ; Ὢ = 42 ɻʮ; ὗ̐  = 0,45; Ὑ̎ ̏ ̍= 4 ʆʤ; ὠ̞ = 17,5 ̅ ;̍ ʧʣʦʱʘʜʴ 

ʜʠʬʬʫʟʦʨʘ, Ὓ̅ = 122 ̒ .̍ 

ʇʦ ʤʝʪʦʜʠʢʝ? ʧʨʠʚʝʜʸʥʥʦʡ ʚ [1], ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ɸʉ. 

ʌʨʦʥʪʘʣʴʥʳʝ ɸʉ:ʦʙʲʸʤ ʢʦʨʧʫʩʘ, ὠ̋ = 1 ̅ ;̍ ʚʥʝʰʥʠʡ ʜʠʘʤʝʪʨ ʩʬʝʨʳ ï 

140 ʤʤ; ʚʥʫʪʨʝʥʥʠʡ ï 130 ʤʤ; ʯʘʩʪʦʪʘ ʥʘʩʪʨʦʡʢʠ ʬʘʟʦʠʥʚʝʨʪʦʨʘ, Ὢ̕ = 100 ɻʮ; 

ʇʀ ï ʧʣʘʩʪʠʥʘ ʠʟ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ʪʦʣʱʠʥʦʡ 1 ʤʤ, ʜʠʘʤʝʪʨʦʤ 80 ʤʤ ʥʘ 

ʛʠʙʢʦʤ ʧʦʜʚʝʩʝ, ʛʠʙʢʦʩʪʴ ʧʦʜʚʝʩʘ ὅ̐  ̉= 17,5*ρπ  ʤ/ʥ, ʥʘʩʪʨʦʡʢʘ ʇʀ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʛʨʫʟʦʚ. 

ʊʳʣʦʚʳʝ ɸʉ :ὠ̋ = 1,4 ̅ ;̍ ʚʥʝʰʥʠʡ ʜʠʘʤʝʪʨ ï 155 ʤʤ; ʚʥʫʪʨʝʥʥʠʡ ï 145 

ʤʤ; Ὢ̕ = 60 ɻʮ; ʇʀ ʜʠʘʤʝʪʨʦʤ 90 ʤʤ; ὅ̐  ̉= 40*ρπ ʤ/ʥ. 

ʂʦʨʧʫʩʘ ʚʳʧʦʣʥʝʥʳ ʠʟ ʫʜʘʨʦʧʨʦʯʥʦʛʦ ʧʦʣʠʩʪʠʨʦʣʘ ʩ ʚʳʩʦʢʠʤ 

ʜʝʢʨʝʤʝʥʪʦʤ ʟʘʪʫʭʘʥʠʷ, ʚʥʫʪʨʝʥʥʠʝ ʩʪʝʥʢʠ ʧʦʢʨʳʪʳ ʘʥʪʠʚʠʙʨʘʮʠʦʥʥʳʤ 

ʢʦʤʠʘʫʥʜʦʤ, ʧʦʣʦʚʠʥʘ ʦʙʲʸʤʘ ʟʘʧʦʣʥʝʥʘ ʪʦʥʢʦʚʦʣʦʢʥʠʩʪʳʤ 

ʟʚʫʢʦʧʦʛʣʦʪʠʪʝʣʝʤ. ɺʤʝʩʪʦ ʰʪʘʪʥʳʭ ʧʫʣʝʚʠʜʥʳʭ ʬʘʟʦʚʳʨʘʚʥʠʚʘʪʝʣʝʡ, ʥʘ 

ʢʝʨʥʳ ʅʏ ï ʉʏ ɻɻ ʢʦʘʢʩʠʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʳ ɺʏ ɻɻ, ʬʦʨʤʠʨʫʷ ʧʦʯʪʠ 

ʠʜʝʘʣʴʥʳʡ ʪʦʯʝʯʥʳʡ ʠʟʣʫʯʘʪʝʣʴ. ɺɸʉ ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʘʟʜʝʣʠʪʝʣʴʥʳʝ ʬʠʣʴʪʨʳ 

çʚʩʝʧʨʦʧʫʩʢʘʶʱʝʛʦ ʪʠʧʘè [1], ʩʭʝʤʳ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 2 ʠ 3. 

ɺ ʬʠʣʴʪʨʘʭ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʝ ʧʦʣʠʧʨʦʧʠʣʝʥʦʚʳʝ 

ʢʦʥʜʝʥʩʘʪʦʨʳ çSolenè (ʌʨʘʥʮʠʷ), ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʢʘʪʫʰʢʠ ʙʝʟ ʩʝʨʜʝʯʥʠʢʦʚ 

ʥʘʤʦʪʘʥʳ ʤʝʜʥʳʤ ʧʨʦʚʦʜʦʤ çʄʦʙè ʜʠʘʤʝʪʨʦʤ 1,0 ʤʤ, ʧʘʨʘʣʣʝʣʴʥʳʝ ï 0.5 ʤʤ. 

ʄʘʣʦʛʘʙʘʨʠʪʥʳʡ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʡ ʩʘʙʚʫʬʝʨ ʚʳʧʦʣʥʝʥ ʚ 

ʘʢʫʩʪʠʯʝʩʢʦʤ ʦʬʦʨʤʣʝʥʠʠ çʇʈ ʤʝʩʪʥʦʛʦ ʧʦʨʷʜʢʘ ʩ ʇʀè, ʦʙʝʩʧʝʯʠʚʘʶʱʝʤ 

ʤʘʢʩʠʤʘʣʴʥʳʝ ʂʇɼ ʠ SPL ʩʨʘʚʥʝʥʠʶ ʩʦ ʚʩʝʤʠ, ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʤʠ 

ʦʬʦʨʤʣʝʥʠʷʤʠ. ʉʭʝʤʘ ʩʘʙʚʫʬʝʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 4. 
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ʈʠʩ. 2. ʉʭʝʤʘ ʨʘʟʜʝʣʠʪʝʣʴʥʳʭ ʬʠʣʴʪʨʦʚ ʬʨʦʥʪʘʣʴʥʳʭ ɸʉ 

 

 

 

 

 
ʈʠʩ. 3. ʉʭʝʤʘ ʨʘʟʜʝʣʠʪʝʣʴʥʳʭ ʬʠʣʴʪʨʦʚ ʪʳʣʦʚʳʭ ɸʉ 
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ʈʠʩ. 4. ʉʭʝʤʘ ʩʘʙʚʫʬʝʨʘ 

 

ʇʨʠ ʧʦʤʝʱʝʥʠʠ 2-ʭ ɻɻ ʚ ʢʦʨʧʫʩ ʦʙʲʸʤʦʤ ὠ̋ = 15 ̅̍, ʨʝʟʦʥʘʥʩʥʘʷ 
ʯʘʩʪʦʪʘ ɻɻ ʧʦʚʳʰʘʝʪʩʷ ʜʦ ʟʥʘʯʝʥʠʷ Ὢ̋ = 76 ɻʮ ʠ ὗ̐  ̋= 0.85 [1]. ʉ ʢʘʞʜʦʡ 

ʩʪʦʨʦʥʳ ʚ ʢʘʞʜʦʤ ʦʙʲʸʤʝ ʫʩʪʘʥʦʚʣʝʥʦ ʧʦ 2 ʇʀ ʠʟ ʘʣʶʤʠʥʠʝʚʦʡ ʧʣʘʩʪʠʥʳ 

ʪʦʣʱʠʥʦʡ 2 ʤʤ ʩ ʨʘʟʤʝʨʘʤʠ 50ῒ220 ʤʤ ʥʘ ʛʠʙʢʦʤ ʧʦʜʚʝʩʝ. ʉʦʛʣʘʩʥʦ [1], 

ʯʘʩʪʦʪʳ ʥʘʩʪʨʦʡʢʠ ʇʀ :Ὢ̐  ̉= 76 ɻʮ, Ὢ̐  ̉= 35 ɻʮ, ʛʠʙʢʦʩʪʠ ʧʦʜʚʝʩʦʚ : ὅ̐  ̉= 

6.8*ρπ  ʤ/ʥ, ὅ̐ ̉ = 30*ρπ  ʤ/ʥ, ʜʣʷ ʥʘʩʪʨʦʡʢʠ ʇʀ ʥʘ ʥʫʞʥʫʶ ʯʘʩʪʦʪʫ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʛʨʫʟʳ. ʂʘʞʜʘʷ ɻɻ ʚʳʚʝʜʝʥʘ ʥʘ ʩʚʦʠ ʨʘʟʲʸʤʳ, 

ʚʦʟʤʦʞʥʦ ʜʚʫʭ ʠ ʦʜʥʦʢʘʥʘʣʴʥʦʝ ʚʢʣʶʯʝʥʠʝ.ʂʦʨʧʫʩ ʩʘʙʚʫʬʝʨʘ ʚʳʧʦʣʥʝʥ ʠʟ 

MDF ï ʧʣʠʪʳ ʪʦʣʱʠʥʦʡ 12 ï ʤʤ, ʫʩʠʣʝʥ ʩʪʝʞʢʘʤʠ ʠ ʨʸʙʨʘʤʠ ʞʝʩʪʢʦʩʪʠ, 

ʧʦʢʨʳʪʳʡ ʠʟʥʫʪʨʠ ʘʥʪʠʚʠʙʨʘʮʠʦʥʥʳʤ ʢʦʤʧʘʫʥʜʦʤ, ʧʦʣʦʚʠʥʘ ʦʙʲʸʤʦʚ 

ʟʘʧʦʣʥʝʥʘ ʟʚʫʢʦʧʦʛʣʦʪʠʪʝʣʝʤ. 

ʌʨʦʥʪʘʣʴʥʘʷ ɸʉ ʤʦʥʪʠʨʫʝʪʩʷ ʥʘ ʩʪʦʡʢʘʭ ʣʦʙʦʚʦʛʦ ʩʪʝʢʣʘ, ʪʳʣʦʚʳʝ ʥʘ 

ʩʪʦʡʢʘʭ ʠʣʠ ʧʦʣʢʝ ʟʘʜʥʝʛʦ ʩʪʝʢʣʘ ʥʘ ʧʦʚʦʨʦʪʥʳʭ ʢʨʦʥʰʪʝʡʥʘʭ, ʧʦʟʚʦʣʷʶʱʠʭ 

ʬʦʨʤʠʨʦʚʘʪʴ ʥʫʞʥʫʶ ʜʠʘʛʨʘʤʤʫ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ɸʉ. ʉʘʙʚʫʬʝʨ ʨʘʩʧʦʣʘʛʘʝʪʩʷ 

ʚ ʩʘʣʦʥʝ ʚ ʣʶʙʦʤ ʫʜʦʙʥʦʤ ʤʝʩʪʝ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ɸʏʍ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ɸʉ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 5ï7. 
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ʈʠʩ. 5-7. ʈʝʟʫʣʴʪʘʪʳ 

 

ʈʝʟʫʣʴʪʘʪ ʠʟʤʝʨʝʥʠʡ ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʚʠʣʴʥʦʩʪʴ ʨʘʩʯʸʪʦʚ ʠ ʥʘʩʪʨʦʡʢʠ ɸʉ, 

ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʭ ʯʘʩʪʦʪ, ʨʘʚʥʦʤʝʨʥʘʷ ɸʏʍ ʠ ʚʳʩʦʢʠʡ SPL 

ʧʨʠ ʪʘʢʠʭ ʥʝ ʙʦʣʴʰʠʭ ʛʘʙʘʨʠʪʘʭ. ʆʩʥʦʚʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ɸʉ: 

ʌʨʦʥʪʘʣʴʥʘʷ ïʈʥʦʤ=80ɺʪ; ʈʤʘʢʩ=160ɺʪ; Rʥʦʤ=40ʤ; ʧʦʣʦʩʘ                      

ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʭ ʯʘʩʪʦʪ,  f=75ɻʮ ï 22ʢɻʮ; ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ -90 ʜʙ; Ï=140ʤʤ; 

ʤʘʩʩʘ- 1.5ʢʛ. 

ʊʳʣʦʚʳʝ ï ʈʥʦʤ=80ɺʪ; ʈʤʘʢʩ=160ɺʪ; ʈʥʦʤ=40ʤ; f=45ɻʮ ï 22 

ʢɻʮ,ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ï 88ʜʙ, Ï=155ʤʤ; ʤʘʩʩʘ ï 1.8ʢʛ. 

ʉʘʙʚʫʬʝʨï ʈʥʦʤ ï 2Ĭ120 ɺʪ = 240 ɺʪ;ὖ̍́̋̒ = 2Ĭ240 ɺʪ = 480 ɺʪ; Ὑ̎ ̏ ̍= 

2Ĭ4 ʆʤ ʠʣʠ 20 ʆʤ; f=30 ï 150ɻʮ; ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ï 99ʜʙ; ʛʘʙʘʨʠʪʳ ï 

540Ĭ420Ĭ150ʤʤ; ʤʘʩʩʘ ï 6.5ʢʛ 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ɹʘʜʘʝʚ ɸ.ʉ. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ 

ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ: ʤʦʥʦʛʨʘʬʠʷ/ɸ.ʉ.ɹʘʜʘʝʚ; ʌɻɹʆʋ 

ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè. ï  

ʀʟʜʘʪʝʣʴʩʪʚʦ ɺɻʊʋ, 2019, - 203. 
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ʋɼʂ621.396.6.001.63;621.396.001.66 

 

ʄɽʊʆɼʀʂɸ ʆʇʊʀʄɸʃʔʅʆɻʆ ʇʈʆɽʂʊʀʈʆɺɸʅʀʗ 

ɺʓʉʆʂʆʉʂʆʈʆʉʊʅʓʍ ʇɽʏɸʊʅʓʍ ʇʃɸʊ ʉ ʋʏɽʊʆʄ ʕʄʉ 

 

ʊ.ʈ. ʂʦʣʦʤʠʡʯʝʥʢʦ
1
, ʄ.ɸ. ʈʦʤʘʱʝʥʢʦ

2 

1
ʄʘʛʠʩʪʨʘʥʪ ʛʨ. ʤʈʂɸ-181, okipr.vgtu@rambler.ru 
2
ɼ-ʨ ʪʝʭ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, okipr.vgtu@rambler.ru 

ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 
ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥ ʦʧʪʠʤʘʣʴʥʳʡ ʤʝʪʦʜ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ 

ʧʝʯʘʪʥʳʭ ʧʣʘʪ ʩ ʫʯʝʪʦʤ  ʕʄʉ, ʘ ʪʘʢ ʞʝ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʪʦʜʦʣʦʛʠʠ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ 

ʧʦʤʝʭ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʩʦʚʤʝʩʪʠʤʦʩʪʴ, ʧʦʣʠʛʦʥ, ʩʠʛʥʘʣʴʥʳʡ ʪʦʢ, 

ʚʦʟʚʨʘʪʥʳʡ ʪʦʢ, ʨʘʟʨʳʚ. 

 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʧʝʯʘʪʥʳʭ ʧʣʘʪ ʥʝʦʙʭʦʜʠʤʦʨʝʰʠʪʴ 

ʧʨʦʙʣʝʤʫʚʦʟʥʠʢʥʦʚʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ. ɼʣʷ ʵʪʦʛʦ 

ʪʨʝʙʫʝʪʩʷ: 1. ɼʦʙʠʪʴʩʷ ʫʤʝʥʴʰʝʥʠʷ ʜʣʠʥʳ ʰʠʥ ʩʠʛʥʘʣʦʚ ʩ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʦʡ.     

2. ʐʠʥʳ ʟʝʤʣʠ ʠ ʧʠʪʘʥʠʷ ʨʘʟʜʝʣʠʪʴ ʤʝʞʜʫ ʮʠʬʨʦʚʳʤʠ ʠ ʘʥʘʣʦʛʦʚʳʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʭʝʤʳ. 3. ʅʝ ʨʘʟʜʝʣʷʪʴʧʣʦʱʘʜʢʠ ʟʝʤʣʠ ʧʨʦʚʦʜʥʠʢʘʤʠ ʩ ʚʳʩʦʢʦʡ 

ʯʘʩʪʦʪʦʡ. ɺʦʟʤʦʞʥʳʝ ʚʘʨʠʘʥʪʳ ʨʘʟʚʦʜʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1 [1]. ɺ ʧʝʨʚʦʤ 

ʚʘʨʠʘʥʪʝ ʨʘʟʚʦʜʢʘ ʪʨʘʩʩ ʜʝʣʘʝʪʩʷ ʤʝʞʜʫ ʜʚʫʤʷ ʵʣʝʤʝʥʪʘʤʠ,  ʧʦʣʠʛʦʥ ʟʝʤʣʠ ʥʝ 

ʟʘʪʨʘʛʠʚʘʝʪʩʷ. ɺʦ ʚʪʦʨʦʤ ʚʘʨʠʘʥʪʝʚ ʧʦʣʠʛʦʥʝ ʩʦʟʜʘʝʪʩʷ ʨʘʟʨʳʚ, ʪʨʘʩʩʳ 

ʧʨʦʢʣʘʜʳʚʘʶʪʩʷ ʧʦʧʝʨʝʢ. ɺ ʪʨʝʪʴʝʤ ʚʘʨʠʘʥʪʝ ʪʨʘʩʩʳ ʚʳʚʦʜʷʪʩʷ ʧʦ ʜʣʠʥʝ 

ʨʘʟʨʳʚʘ ʚ ʧʦʣʠʛʦʥʝ. 

 
ʈʠʩ. 1. ɺʘʨʠʘʥʪʳ ʨʘʟʚʦʜʢʠ. ʇʝʨʚʳʡ ʚʘʨʠʘʥʪ ʥʝ ʨʘʩʭʦʜʠʪʩʷ ʩ ʧʨʘʚʠʣʘʤ ʕʄʉ, 

ʚ ʩʣʫʯʘʝ ʝʩʣʠ ʥʫʞʝʥ ʨʘʟʨʝʟ ʚ ʧʦʣʠʛʦʥʝ ï ʪʨʝʪʠʡ ʚʘʨʠʘʥʪ ʦʧʪʠʤʘʣʴʥʳʡ 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʧʝʯʘʪʥʳʭ 

ʧʣʘʪ ʩ ʫʯʝʪʦʤ ʕʄʉ, ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʧʨʘʚʠʣʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ 

ʦʧʪʠʤʘʣʴʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʈʕʉ. 

1. ʄʠʥʠʤʠʟʘʮʠʷ ʧʫʪʠ ʩʠʛʥʘʣʴʥʦʛʦ ʪʦʢʘ 

ʈʘʟʨʘʙʦʪʯʠʢʠ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʧʝʯʘʪʥʳʭ ʧʣʘʪ ʨʫʢʦʚʦʜʩʪʚʫʶʪʩʷ ʜʚʫʤʷ 

ʘʢʩʠʦʤʘʤʠ:   

-ʩʠʛʥʘʣʴʥʳʝ ʪʦʢʠ ʚʩʝʛʜʘ ʚʦʟʚʨʘʱʘʶʪʩʷ ʢ ʠʩʪʦʯʥʠʢʫ, ʪʘʢ ʢʘʢ ʧʫʪʴ ʪʦʢʘ 

ʠʤʝʝʪ ʬʦʨʤʫ ʧʝʪʣʠ; 

-ʩʠʛʥʘʣʴʥʳʝ ʪʦʢʠ ʚʩʝʛʜʘ ʧʨʦʭʦʜʷʪ ʧʦ ʧʫʪʠ ʩ ʥʘʠʤʝʥʴʰʠʤ ʠʤʧʝʜʘʥʩʦʤ.[2] 

mailto:okipr.vgtu@rambler.ru
mailto:okipr.vgtu@rambler.ru
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ʅʘ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ ʨʘʚʥʳʭ ʥʝʩʢʦʣʴʢʦ ʄɻʮ ʧʫʪʴ ʪʦʢʘ ʩʠʛʥʘʣʘ ʨʘʚʝʥʧʫʪʠ 

ʩ ʤʝʥʴʰʝʡ ʠʥʜʫʢʪʠʚʥʦʩʪʴʶ. ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥ  rʢʦʤʧʦʥʝʥʪ ɸ ʠ ʢʦʤʧʦʥʝʥʪ 

ɹ ʥʘ ʇʇ ʙʝʟ ʨʘʟʨʳʚʘ. ʉʠʛʥʘʣ ʯʘʩʪʦʪʦʡ 50 ʄɻʮ ʧʝʨʝʜʘʝʪʩʷ ʧʦ ʧʨʦʚʦʜʥʠʢʫ ʥʘʜ 

ʧʦʣʠʛʦʥʦʤ ʦʪ  ɸ ʢ  ɹ.ʊʦʢʠ ʩ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʦʡ ʧʨʦʪʝʢʘʶʪ ʧʦ ʧʫʪʠ ʩ ʤʝʥʴʰʝʡ 

ʠʥʜʫʢʪʠʚʥʦʩʪʴʶ, ʣʠʙʦ ʧʫʪʴ ʚ ʢʦʪʦʨʦʤ ʦʙʣʘʩʪʴ ʧʝʪʣʠ ʙʫʜʝʪ ʤʠʥʠʤʘʣʴʥʘ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʦʩʥʦʚʥʘʷ ʜʦʣʷ ʚʦʟʚʨʘʪʥʦʛʦ ʪʦʢʘ ʙʫʜʝʪ ʧʨʦʪʝʢʘʪʴ ʧʦ ʧʫʪʠ ˉ2 ʧʦʜ 

ʩʠʛʥʘʣʴʥʳʤ ʧʨʦʚʦʜʥʠʢʦʤ.ʇʨʠ ʫʩʣʦʚʠʠ, ʢʦʛʜʘ ʧʦʣʠʛʦʥ ʠʤʝʝʪ ʨʘʟʨʳʚ, ʨʘʟʨʳʚ 

1  ʙʫʜʝʪ ʦʢʘʟʳʚʘʪʴ ʥʝʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʠʛʥʘʣ ʠ ʥʘ ʠʟʣʫʯʝʥʠʝ. ɺ ʩʣʫʯʘʝ, 

ʢʦʛʜʘ ʪʦʢ ʩʠʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ, ʦʙʣʘʩʪʴ ʧʝʪʣʠ ʚʦʟʚʨʘʪʥʦʛʦ ʪʦʢʘ, ʧʨʦʪʝʢʘʶʱʝʛʦ 

ʚʦʢʨʫʛ ʨʘʟʨʳʚ 2, ʙʫʜʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʪʴʩʷ.  

 

 
ʈʠʩ. 2. ɺʘʨʠʘʥʪʳ ʧʫʪʠ ʩʠʛʥʘʣʴʥʦʛʦ ʪʦʢʘ ʙʝʟ ʨʘʟʨʳʚʘ  ʠ ʩ ʨʘʟʨʳʚʦʤ 

 

ʅʘ ʯʘʩʪʦʪʘʭ ʨʘʚʥʳʤ ʥʝʩʢʦʣʴʢʦ ʢɻʮ ʠ ʥʠʞʝ, ʧʫʪʴ ʤʠʥʠʤʘʣʴʥʦʛʦ 

ʠʤʧʝʜʘʥʩʘ ʥʦʨʦʚʠʪʩʪʘʪʴʧʫʪʝʤʧʦ ʢʦʪʦʨʦʤʫ ʙʫʜʝʪ ʧʨʦʭʦʜʠʪʴ ʩʠʛʥʘʣ 

ʩ ʥʘʠʤʝʥʴʰʝʡ ʯʘʩʪʦʪʦʡ. ɼʣʷ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ ʩ ʥʝʨʘʟʨʳʚʥʳʤʠ ʧʦʣʠʛʦʥʘʤʠ 

ʚʦʟʚʨʘʪʥʳʭ ʪʦʢʦʚ, ʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʘʩʩʝʠʚʘʝʪ ʪʦʢ, ʜʣʷ ʪʦʛʦ ʯʪʦʙʠʜʫʱʠʡ 

ʤʝʞʜʫ ʜʚʫʤʷ ʪʦʯʢʘʤʠ ʪʦʢ ʤʦʛ ʧʨʦʭʦʜʠʪʴ ʧʦ ʙʦʣʴʰʝʡ ʧʣʦʱʘʜʠ ʧʣʘʪʳ. 

ʅʘ ʧʝʯʘʪʥʦʡ ʧʣʘʪʝ ʩʦ ʩʤʝʰʘʥʥʳʤʠ ʩʠʛʥʘʣʘʤʠ, ʩ ʥʠʟʢʦʯʘʩʪʦʪʥʳʤʠ ʮʠʬʨʦʚʳʤʠ 

ʠ ʘʥʘʣʦʛʦʚʳʤʠ ʯʘʩʪʷʤʠ, ʵʪʦ ʤʦʞʝʪ ʩʦʟʜʘʚʘʪʴ ʧʦʤʝʭʠ. ʉ ʧʦʤʦʱʴʶ ʚʝʨʥʦ 

ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʨʘʟʨʳʚʘ ʚ ʧʦʣʠʛʦʥʝ ʟʝʤʣʠ ʤʦʞʥʦ ʠʩʧʨʘʚʠʪʴ ʩʠʪʫʘʮʠʶ, 

ʢʦʥʪʨʦʣʠʨʫʷ ʥʠʟʢʦʯʘʩʪʦʪʥʳʝ ʚʦʟʚʨʘʪʥʳʝ ʪʦʢʠ, ʧʨʦʭʦʜʷʱʠʝ ʧʦ ʧʦʣʠʛʦʥʫ, 

ʚ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʪʚʝʜʝʥʥʦʡ ʜʣʷ ʵʪʦʛʦ ʟʦʥʝ. 

2. ʇʦʣʠʛʦʥ ʚʦʟʚʨʘʪʥʦʛʦ ʩʠʛʥʘʣʘ ʥʝ ʨʘʟʜʝʣʷʝʪʩʷ 

ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʢʦʨʧʫʩ ʠ ʧʦʣʠʛʦʥʳ ʮʠʬʨʦʚʳʭ ʪʦʢʦʚ ʚʦʟʚʨʘʪʘʚʤʝʩʪʝ 

ʠʩʧʦʣʴʟʫʶʪ ʦʜʥʫ ʠ ʪʫ ʞʝ ʰʠʥʫ, ʦʥʠ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʧʦʣʠʛʦʥʦʤ ʩ ʨʘʟʨʳʚʦʤ.            

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ ʩ ʢʘʢʦʡ ʟʝʤʣʝʡ ʜʦʣʞʝʥ ʙʳʪʴ ʩʦʝʜʠʥʝʥ 

ʢʘʢʦʡ-ʥʠʙʫʜʴ ʦʪʜʝʣʴʥʳʡ ʢʦʤʧʦʥʝʥʪ. ʍʦʨʦʰʠʤʨʝʰʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʨʘʟʜʝʣʠʪʴ 

ʰʠʥʳ ʢʦʨʧʫʩʘ ʠ ʮʠʬʨʦʚʦʛʦ ʚʦʟʚʨʘʪʥʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʥʝʩʚʷʟʘʥʥʳʝ ʰʠʥʳ. 

ʇʦʣʠʛʦʥ ʮʠʬʨʦʚʦʛʦ ʚʦʟʚʨʘʪʥʦʛʦ ʩʠʛʥʘʣʘ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʮʝʣʳʤ ʠ ʟʘʥʠʤʘʪʴ ʟʦʥʫ 

ʧʦʜ ʚʩʝʤʠ ʮʠʬʨʦʚʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʪʨʘʩʩʘʤʠ ʠ ʨʘʟʲʝʤʘʤʠ. ʂʦʥʪʘʢʪ ʩ ʢʦʨʧʫʩʦʤ 

ʦʛʨʘʥʠʯʠʚʘʝʪʩʷʩʪʦʨʦʥʦʡ ʧʣʘʪʳ ʦʢʦʣʦ ʨʘʟʲʝʤʦʚ.[3]ʉʘʤʳʡ ʪʦʯʥʳʡ ʚʘʨʠʘʥʪ ð 

ʦʜʠʥ ʮʝʣʴʥʳʡ ʧʦʣʠʛʦʥ ʜʣʷ ʚʩʝʭ ʚʦʟʚʨʘʪʥʳʭ ʩʠʛʥʘʣʴʥʳʭ ʪʦʢʦʚ. ɺ ʩʠʪʫʘʮʠʷʭ, 

ʢʦʛʜʘ ʦʜʠʥ ʥʠʟʢʦʯʘʩʪʦʪʥʳʡ ʩʠʛʥʘʣ ʤʦʞʝʪ ʩʣʠʚʘʪʴʩʷ ʩ ʜʨʫʛʠʤʠ ʩʠʛʥʘʣʘʤʠ 

ʧʣʘʪʳ, ʧʨʦʠʟʚʦʜʠʪʩʷ ʪʨʘʩʩʠʨʦʚʢʘ ʥʘ ʦʪʜʝʣʴʥʦʤ ʩʣʦʝ ʜʣʷ ʚʦʟʚʨʘʪʘ ʵʪʦʛʦ ʪʦʢʘ 

ʢ ʠʩʪʦʯʥʠʢʫ. 
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3. ɺʳʩʦʢʦʩʢʦʨʦʩʪʥʳʝ ʤʦʜʫʣʠ ʤʝʞʜʫ ʨʘʟʲʝʤʘʤʠ ʥʝ ʨʘʩʧʦʣʘʛʘʶʪʩʷ 

ʈʘʟʤʝʱʝʥʠʝ ʨʘʟʲʝʤʦʚ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ, ʪʘʢ ʢʘʢ ʧʨʠ ʯʘʩʪʦʪʝ 

ʤʝʥʴʰʝ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʄɻʮ, ʜʣʠʥʘ ʚʦʣʥʳ  ʨʘʚʥʘ 1 ʤʝʪʨ ʠʣʠ ʙʦʣʝʝ. 

ʇʨʦʚʦʜʥʠʢʠ ʥʘ ʧʣʘʪʝ ʠʤʝʶʪ ʥʝʙʦʣʴʰʫʶ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʜʣʠʥʫ ʠ ʧʦʵʪʦʤʫ ʠʭ 

ʨʘʙʦʪʘ ʥʝʵʬʬʝʢʪʠʚʥʘ. ʆʜʥʘʢʦ, ʧʨʦʚʦʜʘ ʠʣʠ ʜʨʫʛʠʝ ʫʩʪʨʦʡʩʪʚʘ, ʩʦʝʜʠʥʝʥʥʳʝ 

ʩ ʧʣʘʪʦʡ, ʤʦʛʫʪ ʟʘʤʝʥʷʪʴʘʥʪʝʥʥʳ.ʉʠʛʥʘʣʴʥʳʝ ʪʦʢʠ, ʧʨʦʭʦʜʷʱʠʝ 

ʧʦ ʧʨʦʚʦʜʥʠʢʘʤ ʯʝʨʝʟ ʩʧʣʦʰʥʳʝ ʧʦʣʠʛʦʥʳ ʠ ʦʙʨʘʪʥʦ, ʩʦʟʜʘʶʪ ʠʤʧʝʜʘʥʩ ʤʝʞʜʫ 

ʜʚʫʤʷ ʣʶʙʳʤʠ ʪʦʯʢʘʤʠ ʧʦʣʠʛʦʥʘ. ʉʦʟʜʘʥʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʧʨʷʤʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʪʦʢʫ ʧʨʦʪʝʢʘʶʱʝʤʫ ʧʦ ʧʦʣʠʛʦʥʫ. ɽʩʣʠ ʚʩʝ ʨʘʟʲʝʤʳ 

ʨʘʟʤʝʱʝʥʳ ʥʘ ʦʜʥʦʡ ʩʪʦʨʦʥʝ ʧʣʘʪʳ, ʪʦ ʥʘʧʨʷʞʝʥʠʝ ʧʘʜʘʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ʊʘʢ 

ʞʝ, ʨʘʟʤʝʱʝʥʥʳʝ ʤʝʞʜʫ ʨʘʟʲʝʤʘʤʠ, ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʝ ʵʣʝʤʝʥʪʳ ʩʭʝʤ, ʩʦʟʜʘʶʪ 

ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʨʘʚʥʫʶ ʟʥʘʯʝʥʠʶ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʤʠʣʣʠʚʦʣʴʪ ʠ ʙʦʣʝʝ. ʀʟ-

ʟʘ ʩʦʟʜʘʥʥʳʭ ʥʘʧʨʷʞʝʥʠʡʚʦʟʥʠʢʘʶʪʪʦʢʠ ʚʦʟʙʫʞʜʝʥʠʷ ʥʘ ʧʦʜʢʣʶʯʝʥʥʳʭ 

ʢʘʙʝʣʷʭ, ʫʚʝʣʠʯʠʚʘʶʱʠʝ ʠʭ ʠʟʣʫʯʝʥʠʝ. 

4. ʇʝʨʝʭʦʜʥʦʝ ʚʨʝʤʷ ʫʧʨʘʚʣʷʶʱʝʛʦ ʩʠʛʥʘʣʘ 

ʇʝʯʘʪʥʘʷ ʧʣʘʪʘ, ʩ ʪʘʢʪʦʚʦʡ ʯʘʩʪʦʪʦʡ 100 ʄɻʮ, ʥʝ ʤʦʞʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ 

ʪʨʝʙʦʚʘʥʠʷʤ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ ʩ ʯʘʩʪʦʪʦʡ 2 ɻɻʮ. ɻʨʘʤʦʪʥʦʩʬʦʨʤʠʨʦʚʘʥʥʳʡ 

ʮʠʬʨʦʚʦʡ ʩʠʛʥʘʣ ʠʤʝʝʪʚʳʩʦʢʫʶ ʤʦʱʥʦʩʪʴ ʥʘ ʥʠʟʰʠʭ ʛʘʨʤʦʥʠʢʘʭ, ʥʦ ʥʠʟʢʫʶ 

ʥʘ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʢʘʭ. ʂʦʥʪʨʦʣʠʨʫʷ ʧʝʨʝʭʦʜʥʦʝ ʚʨʝʤʷ ʩʠʛʥʘʣʘ, ʤʦʞʥʦ ʤʝʥʷʪʴ 

ʤʦʱʥʦʩʪʴ ʩʠʛʥʘʣʘ ʥʘ ʚʳʩʦʢʠʭ ʛʘʨʤʦʥʠʢʘʭ, ʯʪʦ ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʕʄʉ. 

ɹʦʣʴʰʦʝ ʧʝʨʝʭʦʜʥʦʝ ʚʨʝʤʷ ʤʦʞʝʪ ʧʦʚʣʠʷʪʴ ʮʝʣʦʩʪʥʦʩʪʴ ʩʠʛʥʘʣʘ ʠ 

ʧʨʠʚʝʩʪʠ ʢ ʧʨʦʙʣʝʤʘʤ ʩ ʧʝʨʝʛʨʝʚʦʤ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺ ʧʨʦʮʝʩʩʝ ʨʘʟʨʘʙʦʪʢʠ 

ʠ ʜʠʟʘʡʥʘ ʜʦʣʞʥʳ ʫʯʠʪʳʚʘʪʴʩʷ ʵʪʠ ʫʩʣʦʚʠʷ. ʇʝʨʝʭʦʜʥʦʝ ʚʨʝʤʷ, ʨʘʚʥʦʝ 

ʦʢʦʣʦ 20% ʦʪ ʧʝʨʠʦʜʘ ʩʠʛʥʘʣʘ, ʧʨʠʚʦʜʠʪ ʢ ʦʧʪʠʤʘʣʴʥʦʡ ʬʦʨʤʝ ʩʠʛʥʘʣʘ, ʧʨʠ 

ʵʪʦʤ,  ʫʤʝʥʴʰʘʝʪ ʧʨʦʙʣʝʤʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʠʟ-ʟʘ ʧʝʨʝʢʨʝʩʪʥʳʭ ʧʦʤʝʭ 

ʠ ʠʟʣʫʯʝʥʠʷ. ʀʩʭʦʜʷ ʠʟʦʪ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʈʕʉ, ʧʝʨʝʭʦʜʥʦʝ ʚʨʝʤʷ ʤʦʞʝʪ 

ʙʳʪʴ ʙʦʣʴʰʝ ʠʣʠ ʤʝʥʴʰʝ, ʯʝʤ 20% ʦʪ ʧʝʨʠʦʜʘ ʩʠʛʥʘʣʘ; ʦʜʥʘʢʦ, ʜʦʣʞʥʦ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴʩʷ ʨʘʟʨʘʙʦʪʯʠʢʦʤ. ʊʨʠ ʩʧʦʩʦʙʘ, ʩ ʧʦʤʦʱʴ ʢʦʪʦʨʳʭ ʤʦʞʥʦ 

ʜʦʙʠʪʴʩʷ ʠʟʤʝʥʝʥʠʷ ʬʨʦʥʪʦʚ ʮʠʬʨʦʚʳʭ ʩʠʛʥʘʣʦʚ: 

1. ʀʩʧʦʣʴʟʦʚʘʪʴ ʮʠʬʨʦʚʳʝ ʤʠʢʨʦʩʭʝʤʳ ʪʦʣʴʢʦ ʪʝʭ ʩʝʨʠʡ, ʩʢʦʨʦʩʪʴ 

ʢʦʪʦʨʳʭ ʩʦʚʧʘʜʘʝʪ ʩʦ ʩʢʦʨʦʩʪʴʶ ʚ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ; 

2. ʈʘʟʤʝʱʘʪʴʨʝʟʠʩʪʦʨʳ ʠʣʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʥʘ ʬʝʨʨʠʪʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʩʠʛʥʘʣʫ ʥʘ ʚʳʭʦʜʝ; 

3. ʈʘʟʤʝʱʘʪʴ ʢʦʥʜʝʥʩʘʪʦʨʳ ʧʘʨʘʣʣʝʣʴʥʦ ʩʠʛʥʘʣʫ ʥʘ ʚʳʭʦʜʝ. 

ʇʝʨʚʳʡ ʩʧʦʩʦʙ ï ʩʘʤʳʡ ʧʨʦʩʪʦʡ ʠ ʜʝʡʩʪʚʝʥʥʳʡ. ʈʝʟʠʩʪʦʨ ʠʣʠ ʬʝʨʨʠʪʜʘʝʪ 

ʨʘʟʨʘʙʦʪʯʠʢʫʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʷʪʴ ʧʝʨʝʭʦʜʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʠ ʤʝʥʴʰʝ 

ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʠʟʤʝʥʝʥʠʷ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤʘʭʧʦʧʨʦ-

ʰʝʩʪʚʠʠ ʚʨʝʤʝʥʠ. ɹʦʣʴʰʠʤ ʧʣʶʩʦʤʨʘʟʤʝʱʝʥʠʷ ʢʦʥʜʝʥʩʘʪʦʨʘ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʝʛʦ ʤʦʞʥʦ ʣʝʛʢʦ ʫʜʘʣʠʪʴ ʙʝʟ ʧʦʚʨʝʞʜʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʆʜʥʘʢʦ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʠʟ-ʟʘ ʢʦʥʜʝʥʩʘʪʦʨʘ ʪʦʢ ʠʩʪʦʯ-

ʥʠʢʘ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʩʠʛʥʘʣʘ ʙʫʜʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ.[4] 
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ʄɽʊʆɼʀʂɸ ʆʎɽʅʂʀ ʇʆʊɽʅʎʀɸʃɸ 

ʅɸʋʂʆɽʄʂʆɻʆ ʇʈɽɼʇʈʀʗʊʀʗ  

 

ʆ.ɺ. ʈʳʙʢʠʥʘ
1
, ɸ.ɻ. ʅʠʢʫʣʠʥʘ

2 

1
ʂʘʥʜ. ʵʢʦʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

2
ʄʘʛʠʩʪʨʘʥʪ 2 ʢʫʨʩʘ, ʛʨ. ʤʄʅʇ-181  

ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

  
ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʘ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʦʮʝʥʢʠ ʧʦʪʝʥʮʠʘʣʘ 

ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʛʦ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʥʘ ʝʝ ʦʩʥʦʚʝ ʧʨʦʠʟʚʝʜʝʥʘ ʦʮʝʥʢʘ 

ʧʦʪʝʥʮʠʘʣʘ ʥʘʫʢʦʝʤʢʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ  ɿɸʆ çʆʨʙʠʪʘè. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʘʫʢʦʝʤʢʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ, ʤʝʪʦʜʳ 

ʦʮʝʥʢʠ. 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʘʥʘʣʠʟʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ, 

ʤʝʪʦʜʠʢ ʦʮʝʥʢʠ ʧʦʪʝʥʮʠʘʣʘ ʜʣʷ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʩ ʫʯʝʪʦʤ ʩʧʝʮʠʬʠʢʠ ʠʭ ʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ, ʠʭ ʦʪʨʘʩʣʝʚʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ 

ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʦʮʝʥʢʠ ʧʦʪʝʥʮʠʘʣʘ ʥʘʫʢʦʝʤʢʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ, 

ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʠʞʝ ʥʘ ʨʠʩʫʥʢʝ. 

 

        

ʄʝʪʦʜʠʢʘ ʦʮʝʥʢʠ ʧʦʪʝʥʮʠʘʣʘ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ 
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ʇʨʠʤʝʥʷʷ ʜʘʥʥʫʶ ʤʝʪʦʜʠʢʫ ʦʮʝʥʢʠ ʧʦʪʝʥʮʠʘʣʘ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ 
ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʚʦʟʤʦʞʥʦ ʢʦʤʧʣʝʢʩʥʦ ʠ 

ʪʦʯʥʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠʤʝʶʱʠʝʩʷ ʠ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʫʩʠʣʠʪʴ ʝʛʦ ʧʦʟʠʮʠʠ ʥʘ ʨʳʥʢʝ. 

ʉ ʧʦʤʦʱʴʶ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʙʳʣʘ ʧʨʦʠʟʚʝʜʝʥʘ ʦʮʝʥʢʘ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʥʘʫʢʦʝʤʢʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ɿɸʆ çʆʨʙʠʪʘè, 

ʷʚʣʷʶʱʝʝʩʷ  ʥʘʫʢʦʝʤʢʠʤ ʠ ʦʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʡ 

ʦʪʨʘʩʣʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʷʚʣʷʝʪʩʷ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ ʢʘʯʝʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ, 

ʢʦʪʦʨʘʷ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ. 

 ʉʨʝʜʠ ʧʦʢʘʟʘʪʝʣʝʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʦʮʝʥʢʝ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʥʘʫʢʦʝʤʢʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ, ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʪ ʧʦʢʘʟʘʪʝʣʠ 

ʬʠʥʘʥʩʦʚʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʝʜʧʨʠʷʪʠʷ ʧʦ ʠʭ ʦʙʲʝʢʪʠʚʥʦʩʪʠ. 

 ɸʥʘʣʠʟ ʬʠʥʘʥʩʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ɿɸʆ çʆʨʙʠʪʘè ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ ʩ 

01.01.2018 ʧʦ 31.12.2019 ʛ. ʋʯʠʪʳʚʘʷ ʦʪʨʘʩʣʝʚʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʙʦʪʳ 

ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʛʦ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ 

ʙʳʣʘ ʧʨʦʠʟʚʝʜʝʥʘ ʢʘʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʬʠʥʘʥʩʦʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʩʪʨʫʢʪʫʨʫ ʠʤʫʱʝʩʪʚʘ ʠ ʠʩʪʦʯʥʠʢʠ ʝʝ ʬʦʨʤʠʨʦʚʘʥʠʷ, 

ʚʥʝʦʙʦʨʦʪʥʳʝ ʩʨʝʜʩʪʚʘ ʩʦʩʪʘʚʣʷʶʪ ʦʜʥʫ ʯʝʪʚʝʨʪʫʶ ʚ ʘʢʪʠʚʘʭ ʧʨʝʜʧʨʠʷʪʠʷ,                    

ʘ ʪʝʢʫʱʠʝ ʘʢʪʠʚʳ ʪʨʠ ʯʝʪʚʝʨʪʳʭ. ʍʦʪʷ ʘʢʪʠʚʳ ʧʨʝʜʧʨʠʷʪʠʷ ʫʚʝʣʠʯʠʣʠʩʴ, 

ʩʦʙʩʪʚʝʥʥʳʡ ʢʘʧʠʪʘʣ ʫʤʝʥʴʰʠʣʩʷ ʥʘ 97,3 %, ʵʪʦ ʥʘʤ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ                        

ʫ ʧʨʝʜʧʨʠʷʪʠʷ ʦʪʤʝʯʘʝʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʘʷ  ʜʠʥʘʤʠʢʘ ʧʦʣʦʞʝʥʠʷ ʠʤʫʱʝʩʪʚʘ. 

ʏʠʩʪʳʝ ʘʢʪʠʚʳ ʥʘʫʢʦʝʤʢʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʟʘ 2019 ʛʦʜ ʚʳʰʝ ʫʩʪʘʚʥʦʛʦ 

ʢʘʧʠʪʘʣʘ. ʉ ʧʦʤʦʱʴʶ ʪʘʢʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʤʦʞʥʦ ʧʦʣʦʞʠʪʝʣʴʥʦ ʦʭʘʨʘʢʪʝʨʠ-

ʟʦʚʘʪʴ ʬʠʥʘʥʩʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʛʦ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ, ʪʘʢ ʢʘʢ ʦʥʦ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʪʨʝʙʦʚʘʥʠʷʤ 

ʥʦʨʤʘʪʠʚʥʳʭ ʘʢʪʦʚ. ɸʥʘʣʠʟʠʨʫʷ ʪʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ʧʦʢʘʟʘʪʝʣʷ, ʥʫʞʥʦ ʯʪʦʙʳ 

ʧʨʦʠʟʦʰʣʦ ʩʥʠʞʝʥʠʝ ʯʠʩʪʳʭ ʘʢʪʠʚʦʚ ʥʘ 87,4 %. ʆʪʥʦʩʠʪʝʣʴʥʦ ʫʩʪʘʚʥʦʛʦ 

ʢʘʧʠʪʘʣʘ, ʨʘʟʤʝʨ ʯʠʩʪʳʭ ʘʢʪʠʚʦʚ ʥʘʭʦʜʠʪʩʷ ʚ  ʥʦʨʤʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʝ, ʥʦ ʧʨʠ 

ʜʘʣʴʥʝʡʰʝʤ ʠʭ  ʫʤʝʥʴʰʝʥʠʠ ʚʦʟʤʦʞʥʦ ʫʭʫʜʰʝʥʠʝ ʵʪʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ.  

ʇʨʦʚʝʜʷ ʘʥʘʣʠʟ ʨʘʩʭʦʜʦʚ, ʦʧʠʨʘʷʩʴ ʥʘ ʦʙʳʯʥʳʝ ʚʠʜʳ ʜʝʷʪʝʣʴʥʦʩʪʠ, 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ, ʯʪʦ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʝ ʧʨʦʠʟʚʦʜ-

ʩʪʚʝʥʥʦʝ ʧʨʝʜʧʨʠʷʪʠʝ ʫʯʠʪʳʚʘʣʦ ʦʙʱʝʭʦʟʷʡʩʪʚʝʥʥʳʝ ʨʘʩʭʦʜʳ ʢʘʢ ʫʩʣʦʚʥʦ-

ʧʦʩʪʦʷʥʥʳʭ. 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʧʦʢʘʟʘʪʝʣʠ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʦʥʠ 

ʧʨʠʜʝʨʞʠʚʘʶʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʪʝʥʜʝʥʮʠʠ, ʪʘʢ ʢʘʢ ʙʦʣʴʰʠʥʩʪʚʦ ʟʥʘʯʝʥʠʡ 

ʣʠʙʦ ʧʨʝʪʝʨʧʝʣʠ ʫʤʝʥʴʰʝʥʠʝ, ʣʠʙʦ ʦʩʪʘʣʠʩʴ ʥʘ ʧʨʝʞʥʝʤ ʫʨʦʚʥʝ. 

ɸʥʘʣʠʟʠʨʫʷ ʬʠʥʘʥʩʦʚʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʬʠʥʘʥʩʦʚʦʝ ʧʦʣʦʞʝʥʠʝ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʛʦ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʥʦʨʤʘʣʴʥʳʤ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 2 

ʠʟ 3 ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʢʨʳʪʠʷ ʩʦʙʩʪʚʝʥʥʳʤʠ ʦʙʦʨʦʪʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʟʘʧʘʩʦʚ 

ʥʘʤʥʦʛʦ ʫʚʝʣʠʯʠʣʠ ʩʚʦʠ ʧʦʢʘʟʘʪʝʣʠ.  
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ʇʨʦʠʟʚʦʜʷ ʦʮʝʥʢʫ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ 

ʧʦʢʘʟʘʪʝʣʠ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ, ʢʘʜʨʦʚʳʡ, ʬʠʥʘʥʩʦʚʳʡ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʫʧʨʘʚʣʝʥʯʝʩʢʠʡ 

ʘʩʧʝʢʪ ʧʨʝʜʧʨʠʷʪʠʷ. 

ɸʥʘʣʠʟ ʜʠʥʘʤʠʢʠ ʯʠʩʣʝʥʥʦʩʪʠ ʧʝʨʩʦʥʘʣʘ ʧʨʝʜʧʨʠʷʪʠʷ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʢʘʜʨʦʚʳʡ ʩʦʩʪʘʚ ɿɸʆ çʆʨʙʠʪʘè  ʩʦʩʪʘʚʣʷʝʪ 583 ʯʝʣʦʚʝʢʘ, ʠʟ ʢʦʪʦʨʳʭ ʙʦʣʝʝ 

75 % ʩʦʪʨʫʜʥʠʢʦʚ ʠʤʝʶʪ ʚʳʩʰʝʝ ʦʙʨʘʟʦʚʘʥʠʝ, 6 % ʩʦʪʨʫʜʥʠʢʦʚ ʚ 2019 ʛ. 

ʥʘʭʦʜʠʣʠʩʴ ʚ ʧʨʦʮʝʩʩʝ ʧʦʣʫʯʝʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ. ʉʨʝʜʥʠʡ ʚʦʟʨʘʩʪ ʨʘʙʦʪʥʠʢʦʚ 

ʧʨʝʜʧʨʠʷʪʠʷ ʩʦʩʪʘʚʣʷʝʪ  50 ʣʝʪ.  

ɿʘ ʘʥʘʣʠʟʠʨʫʝʤʳʡ ʧʝʨʠʦʜ ʧʨʝʜʧʨʠʷʪʠʝ ʪʘʢʞʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʨʦʩʪ 

ʧʦʢʘʟʘʪʝʣʝʡ ʩʨʝʜʥʝʡ ʟʘʨʘʙʦʪʥʦʡ ʧʣʘʪʳ ʩʦʪʨʫʜʥʠʢʦʚ, ʯʪʦ ʙʣʘʛʦʧʨʠʷʪʥʦ 

ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʘʪʤʦʩʬʝʨʝ ʚ ʢʦʣʣʝʢʪʠʚʝ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʣʦʷʣʴʥʦʩʪʠ 

ʩʦʪʨʫʜʥʠʢʦʚ. ʊʘʢʞʝ ʨʦʩʪ ʩʨʝʜʥʝʡ ʟʘʨʘʙʦʪʥʦʡ ʧʣʘʪʳ ʫʧʨʦʯʥʷʝʪ ʧʦʟʠʮʠʠ 

ʢʦʤʧʘʥʠʠ ʚ ʦʪʨʘʩʣʠ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʨʠʩʢʠ ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʜʘʚʣʝʥʠʷ. 

ʇʨʦʚʝʜʷ ʵʢʩʧʝʨʪʥʫʶ ʦʮʝʥʢʫ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʥʘʫʢʦʝʤʢʦʛʦ 

ʧʨʝʜʧʨʠʷʪʠʷ (ʩ ʧʦʤʦʱʴʶ ʦʮʝʥʢʠ ʪʝʭʥʠʢʦ-ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʫʨʦʚʥʷ, 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʢʫʣʴʪʫʨʳ, ʜʦʩʪʫʧʥʦʩʪʠ ʬʠʥʘʥʩʦʚʳʭ ʨʝʩʫʨʩʦʚ, ʦʮʝʥʢʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʠ ʢʦʤʤʫʥʠʢʘʮʠʡ) ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʧʨʝʜʧʨʠʷʪʠʝ ʠʤʝʝʪ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʨʘʟʚʠʪʠʷ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ  

(ʦʥ ʜʦʩʪʠʛʘʝʪ ʦʮʝʥʢʝ 76 % ʦʪ ʵʪʘʣʦʥʥʦʛʦ ʫʨʦʚʥʷ). 

ʇʨʦʚʝʜʷ ʦʮʝʥʢʫ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʥʘʫʢʦʝʤ-

ʢʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ɿɸʆ çʆʨʙʠʪʘè, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʨʝʜʧʨʠʷʪʠʝ 
ʪʨʝʙʫʝʪ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʦʪʝʥʮʠʘʣʦʤ ʧʨʝʜʧʨʠʷʪʠʷ, 

ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʚʩʝʭ ʧʦʟʠʮʠʡ. 

 

ʃʠʪʝʨʘʪʫʨʘ 
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ʄɽʊʆɼʀʂɸ ʇʈʆɺɽɼɽʅʀʗ ʀʉʇʓʊɸʅʀʁ ʊʈɸʅɿʀʉʊʆʈʆɺ 

ʅɸ ʀʄʇʋʃʔʉ ʊʆʂɸ ɺ ʀʅɼʋʂʊʀɺʅʆʁ ʅɸɻʈʋɿʂɽ 

 

ʂ.ɻ. ʌʠʣʘʨʝʪʦʚʘ
1
, ʃ.ʅ. ʅʠʢʠʪʠʥ

2 

1
ʄʘʛʠʩʪʨʘʥʪ ʛʨ. ʤʈʂɸ-181, ms.filaretova@mail.ru  

2
ʂʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ, leonid-nikit@yandex.ru 

ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè  

 
ʇʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ MOSFET-ʪʨʘʥʟʠʩʪʦʨʦʚ ʥʘ ʦʜʠʥʦʯʥʳʡ ʠʤʧʫʣʴʩ ʪʦʢʘ ʚ ʠʥʜʫʢ-

ʪʠʚʥʦʡ ʥʘʛʨʫʟʢʝ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʫʶ  ʥʘʜʝʞʥʦʩʪʴ ʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ 

ʪʨʘʥʟʠʩʪʦʨʦʚ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: MOSFET-ʪʨʘʥʟʠʩʪʦʨ, ʠʩʧʳʪʘʥʠʷ, ʠʤʧʫʣʴʩ ʪʦʢʘ. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ MOSFET-ʪʨʘʥʟʠʩʪʦʨʳ ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʚ ʪʘʢʠʭ ʫʩʪʨʦʡʩʪʚʘʭ ʢʘʢ ʠʤʧʫʣʴʩʥʳʝ ʠʩʪʦʯʥʠʢʠ ʧʠʪʘʥʠʷ, ʪʘʢ ʞʝ ʦʥʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷʤʠʠ ʠ ʚ ʘʚʪʦʵʣʝʢʪʨʦʥʠʢʝ 

(ʩʠʩʪʝʤʘ ʟʘʞʠʛʘʥʠʷ). ʅʝ ʢʘʞʜʳʡ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʡ ʵʣʝʤʝʥʪ ʩʧʦʩʦʙʝʥ 

ʚʳʜʝʨʞʠʚʘʪʴ ʨʝʟʢʠʡ ʨʦʩʪ ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʘ, ʢʦʛʜʘ ʧʦ ʩʭʝʤʝ ʥʘʛʨʫʟʢʦʡ 

ʷʚʣʷʝʪʩʷ ʠʥʜʫʢʪʠʚʥʦʩʪʴ. ʕʥʝʨʛʠʷ, ʥʘʢʦʧʣʝʥʥʘʷ ʚ ʠʥʜʫʢʪʠʚʥʦʡ ʥʘʛʨʫʟʢʝ ʚ 

ʤʦʤʝʥʪ ʚʳʢʣʶʯʝʥʠʷ ʧʦʣʝʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ʚʳʟʳʚʘʝʪ ʨʝʟʢʠʡ ʚʩʧʣʝʩʢ 

ʥʘʧʨʷʞʝʥʠʷ  ʥʘ ʩʪʦʢʝ ʪʨʘʥʟʠʩʪʦʨʘ, ʯʪʦ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʝʛʦ ʧʨʦʙʦʡ. MOSFET-

ʪʨʘʥʟʠʩʪʦʨʳ ʦʯʝʥʴ ʧʦʧʫʣʷʨʥʳ ʠʟ-ʟʘ ʩʚʦʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʚʳʜʝʨʞʠʚʘʪʴ ʤʦʱʥʳʝ 

ʠʤʧʫʣʴʩʳ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ [1]. 

ʇʝʨʝʜ ʫʩʪʘʥʦʚʢʦʡ ʧʦʣʝʚʳʭ ʪʨʘʥʟʠʩʪʦʨʦʚ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʭʝʤʳ 

ʫʩʪʨʦʡʩʪʚ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʦʚʦʜʠʪʴ ʠʭ ʠʩʧʳʪʘʥʠʷ ʥʘ ʣʘʚʠʥʥʳʡ ʧʨʦʙʦʡ. 

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʧʨʠʚʝʜʝʥʘ                  

ʥʘ ʨʠʩ. 1. 

 

 
 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʪʨʘʥʟʠʩʪʦʨʦʚ 
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ɿʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʚ ʂʊ1 ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

 

     Ὗʂʊ Ὅ̔̒Ͻ̓Ὑ̓ ,     (1) 

 

ʛʜʝ Iʫʩʪ ī ʦʞʠʜʘʝʤʦʝ ʟʥʘʯʝʥʠʝ ʪʦʢʘ ʚ ʮʝʧʠ; Rʪ = 0,1 ʆʤ ï ʥʦʤʠʥʘʣ ʪʦʢʦʩʲʝʤʥʦʛʦ 

ʨʝʟʠʩʪʦʨʘ. 

ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ MOSFET ʪʨʘʥʟʠʩʪʦʨʘ IRF PS43N50K ʜʣʷ 

ʟʥʘʯʝʥʠʡ ʪʦʢʘ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ. 

 

ɿʥʘʯʝʥʠʷ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ ʚ ʂʊ1 
ʊʦʢ Iʫʩʪ ɿʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʝ ʚ ʂʊ1 

1 ɸ 100 ʤɺ 

10 ɸ 1,0 ɺ 

20 ɸ 2,0 ɺ 

 

ɼʣʷ ʩʥʷʪʠʷ ʦʩʮʠʣʣʦʛʨʘʤʤ ʚ ʂʊ1 ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʩʮʠʣʣʦʛʨʘʬ Tektronix 

TDS 2012 B. 

 

 
 

ʈʠʩ. 2. ʌʦʨʤʘ ʠ ʘʤʧʣʠʪʫʜʘ ʩʠʛʥʘʣʘ 1ɸ, 35ɺ 

 

ɼʣʷ ʧʦʜʩʯʝʪʘ ʘʤʧʣʠʪʫʜʳ ʩʠʛʥʘʣʘ ʫʯʠʪʳʚʘʶʪ ʚʦʣʴʪ-ʜʝʣʝʥʠʝ, 1 ʢʣʝʪʢʘ-

20 ʤɺ. 

 

 
 

ʈʠʩ. 3. ʌʦʨʤʘ ʠ ʘʤʧʣʠʪʫʜʘ ʩʠʛʥʘʣʘ 10ɸ, 35ɺ 
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ɼʣʷ ʧʦʜʩʯʝʪʘ ʘʤʧʣʠʪʫʜʳ ʩʠʛʥʘʣʘ ʫʯʠʪʳʚʘʶʪ ʚʦʣʴʪ-ʜʝʣʝʥʠʝ, 1 ʢʣʝʪʢʘ-

500 ʤɺ. 

 
ʈʠʩ. 4. ʌʦʨʤʘ ʠ ʘʤʧʣʠʪʫʜʘ ʩʠʛʥʘʣʘ 20ɸ, 35ɺ 

 

ɼʣʷ ʧʦʜʩʯʝʪʘ ʘʤʧʣʠʪʫʜʳ ʩʠʛʥʘʣʘ ʫʯʠʪʳʚʘʶʪ ʚʦʣʴʪ-ʜʝʣʝʥʠʝ, 1 ʢʣʝʪʢʘ-

500 ʤɺ. 

ʅʘ ʦʩʮʠʣʣʦʛʨʘʤʤʘʭ ʚʠʜʥʦ ʥʘʨʘʩʪʘʥʠʝ ʪʦʢʘ ʚ ʠʩʪʦʢʝ ʪʨʘʥʟʠʩʪʦʨʘ ʜʦ 

ʟʘʜʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ ʦʪʢʨʳʪʦʤ ʪʨʘʥʟʠʩʪʦʨʝ ʩʦʛʣʘʩʥʦ ʪʘʙʣʠʮʝ. 

ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ MOSFET ʪʨʘʥʟʠʩʪʦʨʘ ʥʘ ʠʤʧʫʣʴʩ ʪʦʢʘ 1ɸ, 

10ɸ, 20 ɸ ʚ ʠʥʜʫʢʪʠʚʥʦʡ ʥʘʛʨʫʟʢʝ ʧʨʠ ʦʜʠʥʘʢʦʚʦʤ ʥʘʧʨʷʞʝʥʠʠ 35 ɺ.                            

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʠʩʧʳʪʳʚʘʝʤʳʡ ʪʨʘʥʟʠʩʪʦʨ IRF PS43N50K ʧʦʢʘʟʘʣ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠ ʪʦʢʝ ʜʦ 20ɸ. 

 

 

ʃʠʪʝʨʘʪʫʨʘ 

1.  ʋʩʪʦʡʯʠʚʦʩʪʴ MOSFET ʪʨʘʥʟʠʩʪʦʨʘ ʢ ʠʤʧʫʣʴʩʘʤ ʪʦʢʘ ʚ 

ʠʥʜʫʢʪʠʚʥʦʡ ʥʘʛʨʫʟʢʝ / ʂʦʤʧʦʥʝʥʪʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ˉ2ô2005. 

 2. ʈʘʩʩʤʦʪʨʝʥʠʝ ʣʘʚʠʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʪʨʘʥʟʠʩʪʦʨʦʚ ʩʝʨʠʠ CoolMos ʧʨʠ 

ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʠʤʧʫʣʴʩʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ / ʉʠʣʦʚʘʷ 

ʵʣʝʢʪʨʦʥʠʢʘ ˉ3ô2006. 

 3. ʅʠʢʠʪʠʥ ʃ.ʅ. ʀʩʧʳʪʘʥʠʷ, ʢʦʥʪʨʦʣʴ ʠ ʜʠʘʛʥʦʩʪʠʢʘ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ 

ʘʧʧʘʨʘʪʫʨʳ / ʃ.ʅ. ʅʠʢʠʪʠʥ. - ɺʦʨʦʥʝʞ: ʌɻɹʆʋ ɺʆ "ɺʦʨʦʥʝʞʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ". 
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ʋɼʂ 538.9 

 

ʄɽʊʆɼʀʏɽʉʂʆɽ, ɸʃɻʆʈʀʊʄʀʏɽʉʂʆɽ ʀ ʇʈʆɻʈɸʄʄʅʆɽ 

ʆɹɽʉʇɽʏɽʅʀɽ ɸɺʊʆʄɸʊʀɿɸʎʀʀ ʌɸɿɿʀʅɻɸ ʉɽʊɽɺʓʍ 

ʇʈʆʊʆʂʆʃʆɺ ʀ ʌʆʈʄɸʊʆɺ ʌɸʁʃʆɺ, ʀʉʇʆʃʔɿʋɽʄʓʍ 

ɺ ʈɸʉʇʈɽɼɽʃɽʅʅʓʍ ʀʅʌʆʈʄɸʎʀʆʅʅʓʍ ʉʀʉʊɽʄɸʍ  

 

ɺ.ʆ. ɿʘʡʮʝʚ
 

ʉʪʫʜʝʥʪ ʛʨʫʧʧʳ ʀɹ-161, e-mail: squad6987@gmail.com 

ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 
ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʙʣʝʤʘ  ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʦʜʥʦʡ ʠʟ 

ʪʝʭʥʠʢ ʙʝʟʦʧʘʩʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ï ʬʘʟʟʠʥʛʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʘʟʟʠʥʛ, ʤʝʪʦʜʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ, ʛʨʘʬ. 

 

ɼʣʷ ʩʦʢʨʘʱʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʠʪʝʨʘʮʠʡ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʫʞʥʦ çʥʘʫʯʠʪʴè 

ʬʘʟʟʝʨ ʧʦʥʠʤʘʪʴ ʩʪʨʫʢʪʫʨʫ ʪʝʩʪʠʨʫʝʤʳʭ ʜʘʥʥʳʭ. ɽʩʣʠ ʨʝʯʴ ʠʜʸʪ ʦ ʩʝʪʝʚʳʭ 

ʧʨʦʪʦʢʦʣʘʭ, ʪʦ ʬʘʟʟʝʨ ʜʦʣʞʝʥ ʟʥʘʪʴ ʤʘʢʩʠʤʘʣʴʥʳʝ ʨʘʟʤʝʨʳ ʧʘʢʝʪʘ ʠ ʦʪʜʝʣʴʥʳʭ 

ʝʛʦ ʧʦʣʝʡ, ʪʠʧʠʯʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʣʝʡ ʠ ʧʦʨʷʜʦʢ ʦʙʤʝʥʘ. ɽʩʣʠ ʨʝʯʴ ʠʜʸʪ ʦ 

ʬʘʡʣʘʭ, ʪʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʦʩʪʘʚʠʪʴ ʬʘʟʟʝʨʫ ʜʘʥʥʳʝ ʦ ʟʘʛʦʣʦʚʦʯʥʳʭ ʧʦʣʷʭ, 

ʬʦʨʤʘʪʝ çʤʘʩʩʳè ʜʘʥʥʳʭ, ʨʘʟʣʠʯʥʳʭ ʤʘʨʢʝʨʘʭ. ʅʘʧʨʠʤʝʨ, ʧʦ ʙʘʡʪʫ 0xFFD8 ʚ 

ʩʘʤʦʤ ʥʘʯʘʣʝ ʜʚʦʠʯʥʦʛʦ ʬʘʡʣʘ ʬʘʟʟʝʨ ʧʦʡʤʸʪ, ʯʪʦ ʠʤʝʝʪ ʜʝʣʦ ʩ ʬʘʡʣʦʤ 

ʬʦʨʤʘʪʘ JPEG. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʘʟʟʝʨ ʙʫʜʝʪ ʧʦʜʩʪʘʚʣʷʪʴ ʪʘʢʠʝ ʟʥʘʯʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʟʘʚʝʜʦʤʦ, ʩ ʫʯʝʪʦʤ ʠʟʚʝʩʪʥʦʛʦ ʬʦʨʤʘʪʘ, ʙʫʜʫʪ ʥʝʢʦʨʨʝʢʪʥʳʤʠ, ʯʪʦ ʟʘʤʝʪʥʦ 

ʩʦʢʨʘʪʠʪ ʢʦʣʠʯʝʩʪʚʦ ʜʘʥʥʳʭ ʥʘ ʝʛʦ ʚʭʦʜʘʭ.  

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚʚʦʜʠʤʳʝ ʚ ʧʨʦʛʨʘʤʤʫ ʥʝʦʞʠʜʘʥʥʳʝ ʜʘʥʥʳʝ ʜʦʣʞʥʳ 

ʩʠʣʴʥʦ ʨʘʟʣʠʯʘʪʴʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʠʩʢ ʫʷʟʚʠʤʦʩʪʝʡ ʧʨʦʭʦʜʠʣ 

ʧʨʦʜʫʢʪʠʚʥʝʝ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʧʨʦʮʝʩʩ ʫʩʢʦʨʝʥʠʷ ʤʫʪʘʮʠʡ (ʚ 

ʨʝʞʠʤʝ ʛʝʥʝʨʘʮʠʠ ʜʘʥʥʳʝ ʧʦʣʥʦʩʪʴʶ ʩʣʫʯʘʡʥʳʝ, ʧʦʵʪʦʤʫ ʨʝʞʠʤ ʤʫʪʘʮʠʠ, 

ʥʝʤʥʦʛʦ ʠʟʤʝʥʷʶʱʠʡ ʜʘʥʥʳʝ ʩ ʢʘʞʜʦʡ ʠʪʝʨʘʮʠʝʡ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʯʘʱʝ) ʚ ʩʣʫʯʘʝ 

ʫʩʧʝʰʥʦʛʦ ʥʘʭʦʞʜʝʥʠʷ ʫʷʟʚʠʤʦʩʪʠ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʧʨʠ ʚʚʦʜʝ ʚ ʧʨʦʛʨʘʤʤʫ 

ʢʦʤʙʠʥʘʮʠʠ ʩʠʤʚʦʣʦʚ 1234 ʧʨʦʠʩʭʦʜʠʪ ʥʘʭʦʞʜʝʥʠʝ ʫʷʟʚʠʤʦʩʪʠ, ʪʦ ʩʣʝʜʫʶʱʘʷ 

ʢʦʤʙʠʥʘʮʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ 1235, ʘ %0ʲ/ [1].  

ʉʨʝʜʩʪʚʘ ʬʘʟʟʠʥʛʘ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʠʣʷʶʪ ʩʚʦʠ ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʠ 

ʚʩʝʩʪʦʨʦʥʥʝʤ ʘʥʘʣʠʟʝ ʠʩʩʣʝʜʫʝʤʳʭ ʜʘʥʥʳʭ ʠ ʧʨʦʛʨʘʤʤ. ʊʘʢ, ʝʩʣʠ ʜʦʙʘʚʠʪʴ ʢ 

ʬʘʟʟʠʥʛʫ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʫʶ ʦʙʨʘʪʥʫʶ ʨʘʟʨʘʙʦʪʢʫ ʧʨʦʛʨʘʤʤʳ, ʧʫʩʪʴ ʠ 

ʧʨʠʤʠʪʠʚʥʫʶ, ʬʘʟʟʝʨ ʤʦʞʝʪ ʧʦʩʪʨʦʠʪʴ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʛʨʘʬ ʧʨʦʛʨʘʤʤʳ, 

ʨʘʟʙʠʪʴ ʧʨʦʛʨʘʤʤʫ ʥʘ ʙʣʦʢʠ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʠʣʠ ʥʝʣʴʟʷ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩ 

ʧʦʤʦʱʴʶ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʧʦʥʠʤʘʝʤ, ʯʪʦ ʧʦʜʭʦʜʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ 

ʪʝʩʪʠʨʦʚʘʥʠʠ ʇʆ, ʬʦʨʤʘʪʦʚ ʬʘʡʣʦʚ ʠʣʠ ʩʝʪʝʚʳʭ ʧʨʦʪʦʢʦʣʦʚ, ʤʦʛʫʪ ʙʳʪʴ 

ʘʙʩʦʣʶʪʥʦ ʨʘʟʥʳʤʠ, ʠ ʢʘʞʜʦʤʫ ʠʟ ʥʠʭ ʤʦʞʥʦ ʥʘʡʪʠ ʩʚʦʸ ʧʨʠʤʝʥʝʥʠʝ. ʈʘʟʥʠʮʘ 
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ʙʫʜʝʪ ʣʠʰʴ ʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʤʦʞʥʦ ʧʨʝʜʦʩʪʘʚʠʪʴ 

ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʪʝʩʪʠʨʦʚʘʥʠʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʪʝʭʥʠʢʠ ʬʘʟʟʠʥʛʘ: 

1. ʅʝʦʙʭʦʜʠʤʦ ʜʘʪʴ ʧʨʦʛʨʘʤʤʝ-ʬʘʟʟʝʨʫ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʠʩʩʣʝʜʫʝʤʦʤ ʦʙʲʝʢʪʝ. 

2. ɺ ʛʝʥʝʪʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʘʭ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʨʝʞʠʤʝ ʤʫʪʘʮʠʠ, 

ʞʝʣʘʪʝʣʴʥʦ ʧʨʦʠʟʚʝʩʪʠ ʙʦʣʝʝ ʪʦʥʢʫʶ ʥʘʩʪʨʦʡʢʫ, ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʤʫʪʘʮʠʠ ʩʨʘʟʫ ʧʦʩʣʝ ʥʘʭʦʞʜʝʥʠʷ 

ʫʷʟʚʠʤʦʩʪʠ. 

3. ʇʦʣʝʟʥʦ ʜʘʪʴ ʬʘʟʟʝʨʫ ʚʦʟʤʦʞʥʦʩʪʴ ʛʝʥʝʨʠʨʦʚʘʪʴ ʩʚʦʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʳʝ ʚʧʦʩʣʝʜʩʪʚʠʠ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʠʤ 

ʜʣʷ ʩʘʤʦʦʙʫʯʝʥʠʷ [2]. 

ɸʣʛʦʨʠʪʤʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʨʦʝʢʪʘ ʩʦʩʪʦʠʪ ʚ ʩʦʟʜʘʥʠʠ ʛʨʘʬʘ 

ʠʩʩʣʝʜʫʝʤʦʡ ʧʨʦʛʨʘʤʤʳ. 

1. ɿʘʧʫʩʢ ʧʨʦʛʨʘʤʤʳ ʚ ʨʝʞʠʤʝ ʦʪʣʘʜʢʠ. 

2. ʇʦʜʘʯʘ ʥʘ ʚʭʦʜ Nʘʨʛʫʤʝʥʪʦʚ. 

3. ʇʦʰʘʛʦʚʦʝ ʚʳʧʦʣʥʝʥʠʝ ʧʨʦʛʨʘʤʤʳ. ɽʩʣʠ ʢʘʢʘʷ-ʣʠʙʦ ʦʙʣʘʩʪʴ ʧʘʤʷʪʠ, 

ʚʳʜʝʣʝʥʥʘʷ ʧʨʦʛʨʘʤʤʝ, ʠʟʤʝʥʠʣʘ ʩʚʦʸ ʟʥʘʯʝʥʠʝ, ʧʦʤʝʯʘʝʤ ʙʣʦʢ ʢʘʢ ʘʢʪʠʚʥʳʡ. 

ɿʘʧʠʩʳʚʘʝʤ ʟʥʘʯʝʥʠʷ ʥʘʯʘʣʴʥʦʛʦ ʠ ʠʟʤʝʥʸʥʥʦʛʦ ʩʦʩʪʦʷʥʠʡ ʙʣʦʢʘ ʧʘʤʷʪʠ. 

4. ʇʦʚʪʦʨʷʝʤ ʰʘʛ 3 ʜʦ ʦʢʦʥʯʘʥʠʷ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ. 

5. ɿʘʧʫʩʢ ʧʨʦʛʨʘʤʤʳ ʚ ʨʝʞʠʤʝ ʦʪʣʘʜʢʠ. 

6. ʇʦʜʘʯʘ ʥʘ ʚʭʦʜ Nʘʨʛʫʤʝʥʪʦʚ ʧʨʠ ʫʩʣʦʚʠʠ ʪʦʛʦ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʚʩʝʭ 

ʘʨʛʫʤʝʥʪʦʚ, ʢʨʦʤʝ ʪʦʛʦ, ʯʪʦ ʧʦʜ ʥʦʤʝʨʦʤ N-1, ʦʩʪʘʶʪʩʷ ʥʝʠʟʤʝʥʥʳʤʠ. 

7. ʇʦʰʘʛʦʚʦʝ ʚʳʧʦʣʥʝʥʠʝ ʧʨʦʛʨʘʤʤʳ. ʉʣʝʜʠʤ ʟʘ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʷʯʝʡʢʘʭ 

ʧʘʤʷʪʠ: ʝʩʣʠ ʥʘʭʦʜʠʪʩʷ ʦʪʣʠʯʠʝ, ʪʦ ʧʨʦʛʨʘʤʤʘ ʜʦʙʘʚʣʷʝʪ ʫʟʝʣ ʚ ʛʨʘʬʦʚʫʶ 

ʩʪʨʫʢʪʫʨʫ ʧʨʦʛʨʘʤʤʳ. ɽʩʣʠ ʥʘʙʣʶʜʘʝʪʩʷ ʮʝʧʦʯʢʘ ʠʟʤʝʥʝʥʠʡ, ʪʦ ʥʝʩʢʦʣʴʢʦ 

ʫʟʣʦʚ ʠ ʩʚʷʟʝʡ ʤʝʞʜʫ ʥʠʤʠ. 

8. ɺʳʧʦʣʥʝʥʠʝ ʰʘʛʦʚ 5-7, ʢʘʞʜʳʡ ʨʘʟ ʠʟʤʝʥʷʝʪʩʷ ʟʥʘʯʝʥʠʝ ʥʦʚʦʛʦ 

ʘʨʛʫʤʝʥʪʘ. 

9. ʆʧʪʠʤʠʟʘʮʠʷ ʩʪʨʫʢʪʫʨʳ ʛʨʘʬʘ ʧʫʪʸʤ ʚʳʷʚʣʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʝʡ. 

10. ʂʦʥʝʮ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʩʧʦʩʦʙʝʥ ʚʳʧʦʣʥʷʪʴ ʟʘʜʘʯʠ 

ʪʝʩʪʠʨʦʚʘʥʠʷ ʤʝʪʦʜʘʤʠ ʛʝʥʝʨʘʮʠʠ ʠ ʤʫʪʘʮʠʠ, ʚ ʥʸʤ ʟʘʣʦʞʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦʙ 

ʦʩʥʦʚʥʳʭ ʬʦʨʤʘʪʘʭ ʬʘʡʣʦʚ ʠ ʩʝʪʝʚʳʭ ʧʨʦʪʦʢʦʣʘʭ. ʆʥ ʤʦʞʝʪ ʧʨʦʚʦʜʠʪʴ 

ʧʨʠʤʠʪʠʚʥʫʶ ʦʙʨʘʪʥʫʶ ʨʘʟʨʘʙʦʪʢʫ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʬʘ ʧʨʦʛʨʘʤʤʳ. 
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ʄʆʐɽʅʅʀʏɽʉʂʀʍ ʆʇɽʈɸʎʀʁ ʉ ɹɸʅʂʆɺʉʂʀʄʀ ʂɸʈʊɸʄʀ 

 

ʈ.ʄ. ʊʠʱʝʥʢʦ
1
, ɸ.ɺ. ʇʠʪʦʣʠʥ

2
 

1
ʉʪʫʜʝʥʪ ʛʨ. ʤɸʇ-191, sapris@vorstu.ru 

2
ʂʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ, sapris@vorstu.ru 

ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 
ʈʘʩʩʤʦʪʨʝʥʳ ʤʝʪʦʜʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʤʦʰʝʥʥʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ, 

ʦʩʫʱʝʩʪʚʣʷʝʤʳʭ ʩ ʙʘʥʢʦʚʩʢʠʤʠ ʢʘʨʪʘʤʠ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʥʪʨʦʣʠʨʫʝʤʳʝ, ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʳʝ ʠ ʧʦʣʫʢʦʥʪʨʦʣʠʨʫʝʤʳʝ 

ʤʝʪʦʜʳ, ʤʦʰʝʥʥʠʯʝʩʪʚʦ ʩ ʙʘʥʢʦʚʩʢʠʤʠ ʢʘʨʪʘʤʠ. 

 

ʂʦʣʠʯʝʩʪʚʦ ʪʨʘʥʟʘʢʮʠʡ ʩ ʙʘʥʢʦʚʩʢʠʤʠ ʢʘʨʪʘʤʠ ʚ ʈʦʩʩʠʠ ʨʘʩʪʝʪ ʩ ʢʘʞʜʳʤ 

ʛʦʜʦʤ. ʊʘʢ, ʚ 2014 ʛʦʜʫ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ 9,42 ʤʠʣʣʠʦʥʘ ʪʘʢʠʭ ʦʧʝʨʘʮʠʡ ʥʘ 

ʦʙʱʫʶ ʩʫʤʤʫ 30,28 ʤʠʣʣʠʘʨʜʘ ʨʫʙʣʝʡ, ʘ ʫʞʝ ʚ 2018 ʛʦʜʫ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 27,21 

ʤʠʣʣʠʦʥʘ ʪʘʢʠʭ ʦʧʝʨʘʮʠʡ ʥʘ ʩʫʤʤʫ 47,64 ʤʠʣʣʠʘʨʜʘ ʨʫʙʣʝʡ (ʢʦʣʠʯʝʩʪʚʦ 

ʦʧʝʨʘʮʠʡ ʫʚʝʣʠʯʠʣʦʩʴ ʚ 2,9 ʨʘʟʘ, ʘ ʦʙʱʘʷ ʩʪʦʠʤʦʩʪʴ ʦʧʝʨʘʮʠʠ ʫʚʝʣʠʯʠʣʠʩʴ ʚ 

1,6 ʨʘʟʘ). ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʨʘʩʪʝʪ ʯʠʩʣʦ ʩʣʫʯʘʝʚ ʤʦʰʝʥʥʠʯʝʩʪʚʘ ʩ ʙʘʥʢʦʚʩʢʠʤʠ 

ʢʘʨʪʘʤʠ ʠ ʢʦʣʠʯʝʩʪʚʦ ʩʨʝʜʩʪʚ, ʧʦʭʠʱʝʥʥʳʭ ʩ ʵʣʝʢʪʨʦʥʥʳʭ ʩʯʝʪʦʚ. ʅʘʧʨʠʤʝʨ, ʚ 

2018 ʛʦʜʫ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʙʳʣʦ ʧʦʭʠʱʝʥʦ 1,3 ʤʠʣʣʠʘʨʜʘ ʨʫʙʣʝʡ, ʯʪʦ ʥʘ 44% 

ʙʦʣʴʰʝ, ʯʝʤ ʚ 2017 ʛʦʜʫ, ʘ ʢʦʣʠʯʝʩʪʚʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʩʣʫʯʘʝʚ 

ʤʦʰʝʥʥʠʯʝʩʪʚʘ ʩ ʙʘʥʢʦʚʩʢʠʤʠ ʢʘʨʪʘʤʠ ʚ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʝ 2019 ʛʦʜʘ 

ʫʚʝʣʠʯʠʣʦʩʴ ʚ 8 ʨʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʥʘʣʦʛʠʯʥʳʤ ʧʝʨʠʦʜʦʤ 2018 ʛʦʜʘ. ʆʙʲʝʤ 

ʘʪʘʢ ʚ ʩʬʝʨʝ ʙʘʥʢʦʚʩʢʠʭ ʢʘʨʪ ʧʨʦʜʦʣʞʠʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ, ʩʦʛʣʘʩʥʦ ʧʨʦʛʥʦʟʥʳʤ 

ʵʢʩʧʝʨʪʥʳʤ ʦʮʝʥʢʘʤ. ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʚʦʚʨʝʤʷ ʦʪʩʣʝʞʠʚʘʪʴ ʬʨʦʜʦʚʳʝ 

ʦʧʝʨʘʮʠʠ ʚ ʙʘʥʢʦʚʩʢʦʤ ʩʝʢʪʦʨʝ ʠ ʘʢʪʫʘʣʴʥʦʩʪʠ ʧʦʠʩʢʘ ʧʦʜʭʦʜʦʚ ʢ ʨʝʰʝʥʠʶ 

ʵʪʦʡ ʧʨʦʙʣʝʤʳ. 

ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪ ʤʝʪʦʜʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ 

ʚʳʷʚʣʝʥʠʷ ʩʣʫʯʘʝʚ ʤʦʰʝʥʥʠʯʝʩʪʚʘ, ʦʩʫʱʝʩʪʚʣʷʝʤʦʛʦ ʩ ʙʘʥʢʦʚʩʢʠʤʠ ʢʘʨʪʘʤʠ 

ʥʘ ʩʣʝʜʫʶʱʠʝ ʛʨʫʧʧʳ: ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʳʝ ʤʝʪʦʜʳ (ʦʙʫʯʝʥʠʝ ʩ ʫʯʠʪʝʣʝʤ), 

ʢʦʥʪʨʦʣʠʨʫʝʤʳʝ ʤʝʪʦʜʳ (ʦʙʫʯʝʥʠʝ ʩ ʫʯʠʪʝʣʝʤ) ʠ ʧʦʣʫʢʦʥʪʨʦʣʠʨʫʝʤʳʝ ʤʝʪʦʜʳ. 

ʅʝʢʦʥʪʨʦʣʠʨʫʝʤʳʤ ʤʝʪʦʜʘʤ ʥʝ ʥʝʦʙʭʦʜʠʤʳ ʜʘʥʥʳʝ ʜʣʷ ʦʙʫʯʝʥʠʷ, ʘ 

ʟʥʘʯʠʪ, ʦʥʠ ʥʘʭʦʜʷʪ ʙʦʣʝʝ ʰʠʨʦʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ. ʇʦʜʨʘʟʫʤʝʚʘʝʪʩʷ, ʯʪʦ ʜʣʷ 

ʜʘʥʥʦʛʦ ʩʝʤʝʡʩʪʚʘ ʘʣʛʦʨʠʪʤʦʚ ʚ ʜʘʥʥʳʭ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʧʨʦʚʝʨʢʠ ʧʨʦʛʥʦʟʠʨʫʝʤʦʩʪʠ ʤʦʜʝʣʠ, ʩʣʫʯʘʠ, ʥʝ ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʧʦʜʤʥʦʞʝʩʪʚʫ 

ʩʣʫʯʘʝʚ, ʷʚʣʷʶʱʠʭʩʷ ʘʥʦʤʘʣʴʥʳʤʠ, ʥʘʙʣʶʜʘʶʪʩʷ ʩ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʦʡ ʥʝʞʝʣʠ, 

ʥʝʪʠʧʠʯʥʳʝ, ʥʝʩʚʦʡʩʪʚʝʥʥʳʝ ʜʘʥʥʳʤ. ɺ ʩʣʫʯʘʝ ʦʰʠʙʦʯʥʦʛʦ  ʧʨʝʜʧʦʣʦʞʝʥʠʷ, 

ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʢʣʘʩʩʘ ʤʝʪʦʜʦʚ ʭʘʨʘʢʪʝʨʥʘ ʙʦʣʴʰʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʣʦʞʥʳʭ 

ʩʨʘʙʘʪʳʚʘʥʠʡ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʤʦʜʝʣʴ, ʢʦʪʦʨʦʡ ʙʫʜʝʪ ʧʨʝʜʦʩʪʘʚʣʝʥ ʜʦʩʪʫʧ ʢ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʣʥʦʡ ʙʘʟʝ ʜʘʥʥʳʭ, ʙʫʜʝʪ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʧʨʦʮʝʜʫʨʫ ʩʨʘʚʥʝʥʠʷ ʧʦʩʪʫʧʘʶʱʠʭ ʜʘʥʥʳʭ ʩ ʫʞʝ ʨʘʥʝʝ ʥʘʙʣʶʜʘʝʤʳʤʠ 
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ʜʘʥʥʳʤʠ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʦʩʥʦʚʘʥ ʥʘ ʘʥʘʣʠʟʝ ʠʩʪʦʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. 

ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʚʳʜʝʣʷʶʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʦʣʦʛʠʠ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʦʜʭʦʜʘ: ʘʜʘʧʪʘʮʠʦʥʥʳʡ ʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʡ. ɼʣʷ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʤʝʪʦʜʦʣʦʛʠʠ ʩʚʦʡʩʪʚʝʥʥʦ ʦʨʠʝʥʪʘʮʠʷ ʥʘ ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʘʥʦʤʘʣʴʥʳʝ ʩʣʫʯʘʠ. ʇʨʦʮʝʩʩ ʧʦʠʩʢʘ ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʠ ʠʩʢʣʶʯʠʪʴ 

ʦʪʢʣʦʥʷʶʱʠʝʩʷ ʪʦʯʢʠ ʠʟ ʧʦʩʣʝʜʫʶʱʝʛʦ ʵʪʘʧʘ ʦʙʨʘʙʘʪʳʚʘʥʠʷ ʜʘʥʥʳʭ. ɼʨʫʛʦʡ 

ʧʦʜʭʦʜ ï ʘʜʘʧʪʘʮʠʷ, ʜʣʷ ʢʦʪʦʨʦʡ, ʥʘʦʙʦʨʦʪ, ʩʚʦʡʩʪʚʝʥʥʦ ʚʢʣʶʯʝʥʠʝ ʘʥʦʤʘʣʠʡ ʚ 

ʧʦʣʫʯʘʝʤʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʧʨʠʤʝʥʷʝʪʩʷ ʪʦʯʥʳʡ ʤʝʪʦʜ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. ʕʪʠ 

ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʤʝʪʦʜʦʣʦʛʠʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ, ʢʘʢ ʩʧʦʩʦʙʥʳʝ ʥʝ ʜʦʧʫʩʪʠʪʴ 

ʧʨʠʩʫʪʩʪʚʠʝ ʘʥʦʤʘʣʴʥʳʭ ʩʣʫʯʘʝʚ. ʇʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʳʜʝʣʷʶʪʩʷ ʨʘʤʢʠ 

ʪʠʧʠʯʥʦʩʪʠ, ʭʘʨʘʢʪʝʨʥʦʩʪʠ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʜʘʥʥʳʭ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

ʤʝʪʦʜʳ, ʢʦʪʦʨʳʤ ʩʚʦʡʩʪʚʝʥʥʘ ʥʝʥʘʜʝʞʥʦʩʪʴ, ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʠʩʢʘʞʝʥʥʳʝ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʚ ʩʣʫʯʘʝ ʥʘʣʠʯʠʷ ʦʪʢʣʦʥʝʥʠʡ. ʅʘʦʙʦʨʦʪ ʤʝʪʦʜʳ, ʜʣʷ ʢʦʪʦʨʳʭ 

ʭʘʨʘʢʪʝʨʥʘ ʥʘʜʝʞʥʦʩʪʴ, ʚ ʣʫʯʰʝʡ ʩʪʝʧʝʥʠ ʧʨʠʩʧʦʩʦʙʣʝʥʳ ʜʣʷ ʩʣʫʯʘʝʚ 

ʧʨʠʩʫʪʩʪʚʠʷ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʜʘʪʘʩʝʪʝ ʣʠʰʴ ʯʘʩʪʠ ʚʳʙʨʦʩʦʚ, ʪʘʢ ʢʘʢ ʠʤ 

ʪʨʝʙʫʝʪʩʷ ʤʝʥʴʰʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʚ ʦʪʣʠʯʠʝ ʦʪ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ 

ʤʝʪʦʜʦʣʦʛʠʠ. ʇʨʠʤʝʥʷʪʴ ʪʦʯʥʳʝ ʧʦʜʭʦʜʳʩʪʦʠʪ, ʢʦʛʜʘ ʥʘʙʣʶʜʘʝʪʩʷ ʙʦʣʴʰʦʡ 

ʦʙʲʝʤ ʦʪʢʣʦʥʝʥʠʡ ʚ ʮʝʣʷʭ ʥʝ ʜʦʧʫʩʪʠʪʴ ʜʠʩʙʘʣʘʥʩ ʥʘʙʣʶʜʝʥʠʡ[1]. 

ʂ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʳʤ ʤʝʪʦʜʘʤ ʦʪʥʦʩʷʪ DBSCAN (ʧʣʦʪʥʦʩʪʴ ʥʘ ʦʩʥʦʚʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʩ ʰʫʤʦʤ), MeanShift, ʛʘʫʩʩʦʚʩʢʘʷ ʤʦʜʝʣʴ 

ʩʤʝʩʠ, ʦʜʥʦʢʣʘʩʩʦʚʘʷ SVM (ʦʜʥʦʢʣʘʩʩʦʚʘʷ ʤʘʰʠʥʘ ʦʧʦʨʥʳʭ ʚʝʢʪʦʨʦʚ), 

ʠʝʨʘʨʭʠʯʝʩʢʘʷ ʢʣʘʩʪʝʨʠʟʘʮʠʷ, ʩʢʨʳʪʳʝ ʤʘʨʢʦʚʩʢʠʝ ʤʦʜʝʣʠ, 

ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʠʝʩʷ ʢʘʨʪʳ (self-organizingmaps), ʠʟʦʣʠʨʫʶʱʠʡ 

ʣʝʩ(isolationforest), ʤʝʪʦʜ ʚʝʨʦʷʪʥʦʩʪʠ ʣʦʢʘʣʴʥʦʡ ʘʥʦʤʘʣʠʠ (localoutlierfactor), 

ʤʝʪʦʜ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ ʠ ʝʛʦ ʤʦʜʠʬʠʢʘʮʠʠʠ ʪ.ʜ. 

ʂʦʥʪʨʦʣʠʨʫʝʤʳʡ ʧʦʜʭʦʜ ʘʥʘʣʦʛʠʯʝʥ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ 

ʪʨʝʙʫʝʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʤʝʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʧʦʤʝʯʝʥʥʳʭ ʢʘʢ ʥʦʨʤʘʣʴʥʳʝ ʠʣʠ 

ʥʝʥʦʨʤʘʣʴʥʳʝ. ɺ ʩʣʫʯʘʝ ʠʟʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ʜʣʷ ʩʪʘʮʠʦʥʘʨʥʳʭ ʩʣʫʯʘʝʚ 

ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤʠ ʷʚʣʷʶʪʩʷ ʢʣʘʩʩʠʬʠʢʘʪʦʨʳ, ʪʘʢ ʢʘʢ ʤʦʜʝʣʴ ʜʦʣʞʥʘ 

ʦʙʣʘʜʘʪʴ ʩʚʦʡʩʪʚʦʤ ʙʳʪʴ ʦʙʥʦʚʣʷʝʤʦʡ. ʅʦʚʳʡ ʦʙʨʘʟʝʮ, ʥʘʭʦʜʷʱʠʡʩʷ ʚ 

ʛʨʘʥʠʮʘʭ ʥʦʨʤʘʣʴʥʦʩʪʠ, ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʦʜʝʣʴʶ ʢʘʢ ʪʠʧʠʯʥʳʡ, 

ʩʚʦʡʩʪʚʝʥʥʳʡ ʥʘʙʦʨʫ ʜʘʥʥʳʭ, ʠʥʘʯʝ ʞʝ ʝʛʦ ʚʳʜʝʣʘʶʪ ʢʘʢ ʦʪʢʣʦʥʷʶʱʠʡʩʷ 

ʩʣʫʯʘʡ. ɼʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʝʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʠʧʠʯʥʳʭ ʠ ʘʪʠʧʠʯʥʳʭ ʩʣʫʯʘʝʚ 

ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʦʙʦʙʱʸʥʥʦʛʦ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ, 

ʧʦʩʢʦʣʴʢʫ. ʆʛʨʘʥʠʯʠʪʝʣʴʥʳʤ ʧʨʝʧʷʪʩʪʚʠʝʤ ʜʣʷ ʤʦʜʝʣʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʚ̫ʣʷʝʪʩʷ çʦʙʥʘʨʫʞʝʥʥʦʝè ʨʘʩʧʨʝʜʝʣʝʥʠʝ. ɺʦʟʤʦʞʥʘ ʥʝʢʦʨʨʝʢʪʥʘʷ 

ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʩʚʝʞʠʭ ʩʣʫʯʘʝʚ, ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʭ ʜʦ ʵʪʦʛʦ ʥʝʠʩʩʣʝʜʦʚʘʥʥʦʡ 

ʦʙʣʘʩʪʴʶ. ʀʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʚʳʜʝʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʝ 

ʧʨʦʙʣʝʤʳ ʚ ʩʬʝʨʝ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʘʥʦʤʘʣʠʡ: ʜʠʩʙʘʣʘʥʩ 

ʦʪʢʣʦʥʝʥʠʡ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʜʘʪʘʩʝʪʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʭʘʨʘʢʪʝʨʥʳʤʠ ʝʤʫ 

ʜʘʥʥʳʤʠ, ʘ ʪʘʢʞʝ, ʧʦʣʫʯʝʥʠʝ ʪʦʯʥʳʭ ʠ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳʭ ʤʝʪʦʢ, ʦʩʦʙʝʥʥʦ ʜʣʷ 

ʢʣʘʩʩʘ ʘʥʦʤʘʣʠʡ, ʦʙʳʯʥʦ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ. ɹʳʣ ʧʨʝʜʣʦʞʝʥ ʨʷʜ 

ʤʝʪʦʜʦʚ, ʥʘʮʝʣʝʥʥʳʭ ʥʘ ʚʚʦʜ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʘʥʦʤʘʣʠʡ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 



116 
 

ʧʦʤʝʯʝʥʥʦʛʦ ʥʘʙʦʨʘ ʜʘʥʥʳʭ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʦʛʦ ʤʦʜʝʣʠ ʜʣʷ ʦʙʫʯʝʥʠʷ. ɺ 

ʦʩʪʘʣʴʥʳʭ ʩʣʫʯʘʷʭ ʦʙʣʘʩʪʠ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʚʳʙʨʦʩʦʚ 

ʩʚʦʡʩʪʚʝʥʥʳ ʧʨʦʙʣʝʤʳ, ʭʘʨʘʢʪʝʨʥʳʝ ʠ ʜʣʷ ʧʨʝʜʠʢʪʠʚʥʳʭ ʩʠʩʪʝʤ. 

ʂ ʢʦʥʪʨʦʣʠʨʫʝʤʳʤ ʤʝʪʦʜʘʤ ʦʪʥʦʩʷʪ ʜʝʨʝʚʴʷ ʨʝʰʝʥʠʡ, ʥʘʠʚʥʫʶ 

ʙʘʡʝʩʦʚʩʢʫʶ ʢʣʘʩʩʠʬʠʢʘʮʠʶ, ʘʣʛʦʨʠʪʤ k-ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡ, ʨʝʛʨʝʩʩʠʶ 

ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ, ʣʦʛʠʩʪʠʯʝʩʢʫʶ ʨʝʛʨʝʩʩʠʶ ʠ SVM (ʤʘʰʠʥʫ ʦʧʦʨʥʳʭ 

ʚʝʢʪʦʨʦʚ), ʣʝʩʘ ʩʣʫʯʘʡʥʳʭ ʨʝʰʝʥʠʡʠ ʪ.ʜ. 

ʇʦʣʫʢʦʥʪʨʦʣʠʨʫʝʤʳʝ ʤʝʪʦʜʳ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʜʘʥʥʳʝ ʦʙʫʯʝʥʠʷ 

ʧʦʤʝʯʝʥʳ ʪʦʣʴʢʦ ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʢʣʘʩʩʘ ʵʢʟʝʤʧʣʷʨʦʚ. ʇʦʩʢʦʣʴʢʫ ʦʥʠ ʥʝ 

ʪʨʝʙʫʶʪ ʤʝʪʦʢ ʜʣʷ ʢʣʘʩʩʘ ʘʥʦʤʘʣʠʡ, ʦʥʠ ʙʦʣʝʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʠʤʳ, ʯʝʤ 

ʢʦʥʪʨʦʣʠʨʫʝʤʳʝ ʤʝʪʦʜʳ. ʆʥ ʤʦʞʝʪ ʠʟʫʯʘʪʴ ʤʦʜʝʣʴ ʧʦʩʪʝʧʝʥʥʦ, ʧʦ ʤʝʨʝ 

ʧʦʩʪʫʧʣʝʥʠʷ ʥʦʚʳʭ ʜʘʥʥʳʭ, ʥʘʩʪʨʘʠʚʘʷ ʤʦʜʝʣʴ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʠʷ ʧʦ 

ʤʝʨʝ ʧʦʷʚʣʝʥʠʷ ʥʦʚʳʭ ʦʙʨʘʟʮʦʚ. ʆʥ ʥʘʧʨʘʚʣʝʥ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ ʛʨʘʥʠʮʳ 

ʥʦʨʤʘʣʴʥʦʩʪʠ. ʕʪʘ ʛʨʘʥʠʮʘ ʤʦʞʝʪ ʙʳʪʴ ʞʝʩʪʢʦʡ, ʝʩʣʠ ʪʦʯʢʘ ʣʝʞʠʪ ʮʝʣʠʢʦʤ 

ʚʥʫʪʨʠ ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʟʘ ʧʨʝʜʝʣʘʤʠ ʛʨʘʥʠʮʳ, ʠʣʠ ʤʷʛʢʦʡ, ʛʜʝ ʛʨʘʥʠʮʘ 

ʛʨʘʜʫʠʨʦʚʘʥʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʙʘʟʦʚʦʛʦ ʘʣʛʦʨʠʪʤʘ ʦʙʥʘʨʫʞʝʥʠʷ. çʄʷʛʢʦè 

ʦʛʨʘʥʠʯʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʩʪʝʧʝʥʴ çʦʪʢʣʦʥʝʥʠʷè. ɼʣʷ ʜʘʥʥʳʭ 

ʤʦʜʝʣʝʡ ʭʘʨʘʢʪʝʨʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʩʚʝʞʠʭ ʜʘʥʥʳʭ ʢʘʢ ʪʠʧʠʯʥʳʝ, ʢʦʛʜʘ ʦʥʠ 

ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʫʩʣʦʚʠʶ çʥʦʨʤʘʣʴʥʦʩʪʠè, ʠ ʘʪʠʧʠʯʥʳʝ, ʚʳʙʨʦʩʳ, ʚ ʩʣʫʯʘʝ 

ʥʝʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʫʩʣʦʚʠʶ. ɼʣʷ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ ʪʠʧʠʯʥʦ ʬʦʨʤʠʨʦʚʘʪʴ 

ʤʦʜʝʣʴ ʜʣʷ ʢʣʘʩʩʘ ʥʦʨʤʘʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ, ʘ ʧʦʩʣʝ ʧʨʠʤʝʥʷʪʴ ʝʝ ʚ ʮʝʣʷʭ 

ʦʙʥʘʨʫʞʝʥʠʷ ʦʪʢʣʦʥʝʥʠʡ ʥʘ ʵʪʘʧʝ ʦʙʫʯʝʥʠʷ. ʀʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʚʳʜʝʣʷʝʪʩʷ 

ʩʝʤʝʡʩʪʚʦ ʘʣʛʦʨʠʪʤʦʚ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʚʳʙʨʦʩʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʩʚʦʡʩʪʚʝʥʥʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʧʨʠʩʫʪʩʪʚʠʠ ʚ ʦʙʫʯʘʶʱʠʭ ʜʘʥʥʳʭ ʠʩʢʣʶʯʠʪʝʣʴʥʦ 

ʘʥʦʤʘʣʴʥʳʭ ʜʘʥʥʳʭ. ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʢʣʘʩʩ ʘʣʛʦʨʠʪʤʦʚ ʥʝ ʧʨʠʤʝʥʷʝʪʩʷ ʚ 

ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʧʦ ʪʦʡ ʧʨʠʯʠʥʝ, ʯʪʦ ʪʷʞʝʣʦ ʩʬʦʨʤʠʨʦʚʘʪʴ 

ʦʙʫʯʘʶʱʠʡ ʜʘʪʘʩʝʪ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʙʳʣ ʙʳ ʭʘʨʘʢʪʝʨʝʥ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʩʣʫʯʘʝʚ 

ʘʪʠʧʠʯʥʦʛʦ ʧʦʚʝʜʝʥʠʷ. ʄʥʦʛʠʝ ʤʝʪʦʜʳ ʩ ʧʦʣʫʥʘʙʣʶʜʝʥʠʝʤ ʤʦʛʫʪ ʙʳʪʴ 

ʘʜʘʧʪʠʨʦʚʘʥʳ ʜʣʷ ʨʘʙʦʪʳ ʚ ʨʝʞʠʤʝ ʦʙʫʯʝʥʠʷ ʙʝʟ ʥʘʙʣʶʜʝʥʠʷ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʙʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʥʘʙʦʨʘ ʥʝʧʦʤʝʯʝʥʥʳʭ ʦʙʫʯʘʶʱʠʭ 

ʜʘʥʥʳʭ. ʇʦʜʦʙʥʳʡ ʩʧʦʩʦʙ ʧʨʠʚʦʜʠʪ ʢ ʧʨʝʜʧʦʣʦʞʝʥʠʶ ʦ ʥʠʟʢʦʡ ʩʪʝʧʝʥʠ 

ʩʦʜʝʨʞʘʥʠʷ ʚ ʪʝʩʪʦʚʦʤ ʜʘʪʘʩʝʪʝ ʥʝʭʘʨʘʢʪʝʨʥʳʭ ʘʪʠʧʠʯʥʳʭ ʩʣʫʯʘʝʚ, ʘ ʪʘʢʞʝ ʢ 

ʪʦʤʫ, ʯʪʦ ʢʣʘʩʩʠʬʠʢʘʪʦʨ ʙʫʜʝʪ ʩʪʘʙʠʣʝʥ ʢ ʥʠʤ [2]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʤʝʪʦʜʳ ʤʘʰʠʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʤʦʰʝʥʥʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ, 

ʦʩʫʱʝʩʪʚʣʷʝʤʳʭ ʩ ʙʘʥʢʦʚʩʢʠʤʠ ʢʘʨʪʘʤʠ. 
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ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʧʪʠʤʠʟʘʮʠʷ, ʙʘʟʘ ʜʘʥʥʳʭ, ʢʣʘʩʩʠʬʠʢʘʪʦʨ. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʥʝʩʤʦʪʨʷ ʥʘ ʘʢʪʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʉɸʇʈ, 

ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʫʤʝʥʴʰʝʥʠʶ ʪʨʫʜʦʝʤʢʦʩʪʠ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʦʚʦʛʦ 

ʠʟʜʝʣʠʷ ʠʣʠ ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʧʝʨʝʦʨʠʝʥʪʠʨʦʚʘʥʠʝ ʫʞʝ ʠʤʝʶʱʝʛʦʩʷ ʙʣʦʢʘ, ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʟʘʢʘʟʯʠʢʘ, ʧʦ-ʧʨʝʞʥʝʤʫ ʦʩʪʘʝʪʩʷ ʤʥʦʛʦ ʤʝʩʪʘ ʜʣʷ 

ʧʨʠʣʦʞʝʥʠʷ ʫʩʠʣʠʡ ʨʘʟʨʘʙʦʪʯʠʢʦʚ. ʂʘʢ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʘʥʘʣʠʟ, ʩʫʱʝʩʪʚʝʥʥʘʷ 

ʯʘʩʪʴ ʚʨʝʤʝʥʠ ʪʨʘʪʠʪʴʩʷ ʠʥʞʝʥʝʨʦʤ ʥʘ ʵʪʘʧʝ ʧʦʠʩʢʘ ʠ ʧʦʜʙʦʨʘ 

ʨʘʜʠʦʢʦʤʧʦʥʝʥʪʦʚ. ʀ ʦ ʯʝʤ ʙʳ ʥʠ ʰʣʘ ʨʝʯʴ (ʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʧʨʦʜʫʢʮʠʠ 

ʧʨʦʰʣʳʭ ʣʝʪ, ʦ ʟʘʤʝʥʝ ʫʩʪʘʨʝʚʰʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ ʙʦʣʝʝ ʥʦʚʳʝ), ʤʝʥʪʘʣʠʪʝʪ 

ʧʨʝʜʧʨʠʷʪʠʷ ʪʨʝʙʫʝʪ, ʯʪʦʙʳ ʥʘʜʣʝʞʘʱʝʝ ʢʘʯʝʩʪʚʦ ʨʘʟʨʘʙʦʪʢʠ ʜʦʩʪʠʛʘʣʦʩʴ ʚ 

ʨʘʤʢʘʭ ʦʛʦʚʦʨʝʥʥʳʭ ʨʝʩʫʨʩʦʚ. ʇʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʥʘ ʚʦʝʥʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʷʭ, ʟʘʯʘʩʪʫʶ, ʥʝʪ ʧʦʩʪʦʷʥʥʦʛʦ ʜʦʩʪʫʧʘ ʚ ʠʥʪʝʨʥʝʪ ʥʘ ʨʘʙʦʯʝʤ ʤʝʩʪʝ, 

ʠ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ, ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʤʝʱʘʪʴʩʷ ʚ 

ʩʧʝʮʠʘʣʴʥʦ ʦʙʦʨʫʜʦʚʘʥʥʦʝ ʧʦʤʝʱʝʥʠʝ ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ. ʕʪʦ ʨʝʰʝʥʠʝ ʧʦʜʦʡʜʝʪ 

ʜʣʷ ʥʝʙʦʣʴʰʠʭ ʧʨʦʝʢʪʦʚ, ʪʘʢ ʢʘʢ ʚʩʝ ʥʝʦʙʭʦʜʠʤʦʝ ʤʦʞʥʦ ʥʘʡʪʠ ʚ ʠʥʪʝʨʥʝʪʝ. 

 ʇʨʦʛʨʝʩʩ ʥʝ ʩʪʦʠʪ ʥʘ ʤʝʩʪʝ, ʠ ʨʘʟʚʠʪʘʷ ʠʥʜʫʩʪʨʠʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, 

ʨʝʢʦʤʝʥʜʫʝʪ ʠʩʢʘʪʴ ʢʦʤʧʣʝʢʩʥʳʝ ʨʝʰʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʫʤʝʥʴʰʠʪʴ ʩʣʦʞʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯ, ʫʣʫʯʰʠʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ 

ʣʶʜʴʤʠ, ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʧʨʦʮʝʩʩ ʢʦʤʘʥʜʥʦʡ ʨʘʙʦʪʳ ʠ ʧʝʨʝʦʨʠʝʥʪʠʨʦʚʘʪʴ 

ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʠʟʜʝʣʠʷ ʥʘ ʜʦʩʪʠʞʝʥʠʝ ʨʝʟʫʣʴʪʘʪʘ ʚ ʟʘʜʘʥʥʳʝ ʩʨʦʢʠ,  ʩ 

ʟʘʜʘʥʥʳʤ ʢʘʯʝʩʪʚʦʤ, ʧʨʠ ʧʦʤʦʱʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ.[1,2,3]  

ʉʧʝʮʠʘʣʴʥʦ ʜʣʷ ʪʘʢʠʭ ʮʝʣʝʡ ʩʫʱʝʩʪʚʫʶʪ ʧʣʘʪʬʦʨʤʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ 

ʧʦʠʩʢʘ ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʤʦʛʫʪ ʧʦʤʦʯʴ 

ʩʵʢʦʥʦʤʠʪʴ ʤʥʦʛʦ ʚʨʝʤʝʥʠ. ʇʦʜʦʙʥʳʝ ʧʣʘʪʬʦʨʤʳ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 

ʦʪʝʯʝʩʪʚʝʥʥʳʝ Efind, Chipfind, Optofind ʠ ʜʨ. (efind.ru, chipfind.ru) ʠ ʟʘʨʫʙʝʞʥʳʝ 

Digikey, Mouser ʠ ʜʨ. (mouser.com, digikey.com). ʅʦ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʩʪʨʫʢʪʫʨʘ 

ʩʭʝʤʳ ʩʣʦʞʥʝʝ ʠ ʧʨʦʝʢʪ ʙʦʣʝʝ ʪʨʫʜʦʝʤʢʠʡ,  ʚʦʟʥʠʢʘʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʩʦʟʜʘʥʠʠ 

ʩʦʙʩʪʚʝʥʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩ. 1, ʥʝ ʪʨʝʙʫʶʱʝʡ ʧʦʩʪʦʷʥʥʦʛʦ 

ʚʳʭʦʜʘ ʚ ʠʥʪʝʨʥʝʪ, ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʥʝʩʝʥʠʷ ʠʣʠ ʟʘʤʝʥʳ ʫʩʪʘʨʝʚʰʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʥʘ ʙʦʣʝʝ ʥʦʚʳʝ.[4]  

http://efind.ru/
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ʈʠʩ. 1. ɺʥʝʰʥʠʡ ʚʠʜ ʙʘʟʳ ʜʘʥʥʳʭ 

 

ʉʦʟʜʘʥʥʘʷ ʙʘʟʳ ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʥʦʛʦʫʨʦʚʥʝʚʳʡ ʢʣʘʩʩʠʬʠ-

ʢʘʪʦʨ  ʥʘ ʙʘʟʝ ʪʘʙʣʠʮʳ Excel. ɺ ʥʝʤ ʨʝʘʣʠʟʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʢʨʳʪʠʷ ʯʝʨʝʟ 

ʩʩʳʣʢʫ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʥʘ ʪʦʪ ʠʣʠ ʠʥʦʡ ʨʘʜʠʦʢʦʤʧʦʥʝʥʪ, ʧʝʨʝʭʦʜʘ ʧʦ 

ʛʠʧʝʨʩʩʳʣʢʘʤ ʚ ʙʠʙʣʠʦʪʝʢʠ ʧʨʦʜʫʢʪʦʚ Altium, P-CAD ʠ ʜʨ. ʉɸʇʈ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʦʩʪʦʪʝ ʨʝʘʣʠʟʘʮʠʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʣʷ ʝʝ 

ʩʦʟʜʘʥʠʷ ʙʝʩʧʣʘʪʥʦʛʦ ʇʆ (OpenOffice, LibreOffice ʠ ʜʨ.) ʠ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʦʡ ʦʨʛʘʥʠʟʘʮʠʠ. 
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ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 
ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʦʧʠʩʘʥʳ ʧʦʜʭʦʜʳ ʧʨʠʥʠʤʘʶʱʠʝ ʚʦ ʚʥʠʤʘʥʠʝ, ʢʘʢ ʜʠʧʦʣʴʥʳʝ 

ʤʦʤʝʥʪʳ, ʪʘʢ ʠ ʧʘʩʩʠʚʥʳʝ ʩʪʨʫʢʪʫʨʳ ʨʘʜʠʘʪʦʨʘ, ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʚʢʣʶʯʝʥʳ                         

ʚ ʜʚʫʭʚʦʣʥʦʚʫʶ ʤʦʜʝʣʴ.  ʉ ʧʦʤʦʱʴʶ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʩʚʷʟʴ ʙʣʠʞʥʝʛʦ ʧʦʣʷ   

ʠ ʜʘʣʴʥʝʛʦ ʧʦʣʷ, ʠʟʣʫʯʘʝʤʦʛʦ ʦʪ ʨʘʜʠʘʪʦʨʘ, ʘ ʪʘʢ ʞʝ ʤʦʞʥʦ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ 

ʥʝʧʨʝʜʥʘʤʝʨʝʥʥʳʭ ʧʦʤʝʭ ʩʪʨʫʢʪʫʨʫ ʨʘʜʠʘʪʦʨʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʩʦʚʤʝʩʪʠʤʦʩʪʴ, ʙʣʠʞʥʝʝ ʧʦʣʝ, ʜʠʧʦʣʴʥʳʡ 

ʤʦʤʝʥʪ, ʨʘʜʠʘʪʦʨ. 

 

ʂʦʛʜʘ ʥʘʜʝʞʥʘʷ ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʤʦʜʝʣʴ ʫʩʪʘʥʦʚʣʝʥʘ ʜʣʷ ʧʦʣʝʚʳʭ ʨʘʩʯʝʪʦʚ 

ʩ ʧʦʤʦʱʴʶ ʠʥʪʝʛʨʘʣʴʥʦʡ ʤʠʢʨʦʩʭʝʤʳ (ʀʄʉ), ʦʥʘ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʨʘʜʠʘʪʦʨʘ ʧʫʪʝʤ ʟʘʤʝʥʳ ʀʄʉ 

ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʤʦʜʝʣʴʶ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʘʣʠʩʪʠʯʥʦʝ ʚʦʟʙʫʞʜʝʥʠʝ ʤʦʞʝʪ 

ʙʳʪʴ ʧʨʠʤʝʥʝʥʦ ʢ ʠʩʩʣʝʜʫʝʤʦʡ ʩʪʨʫʢʪʫʨʝ ʨʘʜʠʘʪʦʨʘ. ʂʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1, 

ʤʠʢʨʦʩʭʝʤʘ, ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʤʝʞʜʫ ʨʘʜʠʘʪʦʨʦʤ ʠ ʧʣʦʩʢʦʩʪʴʶ ʟʘʟʝʤʣʝʥʠʷ, 

ʟʘʤʝʥʷʝʪʩʷ ʤʘʩʩʠʚʦʤ ʜʠʧʦʣʝʡ. ʂʦʛʜʘ ʤʦʜʝʣʴ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʦʪʨʘʞʘʝʪ 

ʬʘʢʪʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʘ ʚ ʠʥʪʝʛʨʘʣʴʥʦʡ ʩʭʝʤʝ, ʘ ʩʘʤʘ 

ʤʦʜʝʣʴ ʥʝ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʚʣʠʷʥʠʝ ʟʝʤʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʪʦ ʨʘʜʠʘʪʦʨ ʤʦʞʝʪ ʙʳʪʴ 

ʥʘʜʣʝʞʘʱʠʤ ʦʙʨʘʟʦʤ ʚʦʟʙʫʞʜʝʥ, ʢʘʢ ʝʩʣʠ ʙʳ ʧʨʠʩʫʪʩʪʚʦʚʘʣʘ ʨʝʘʣʴʥʘʷ ʀʄʉ. 

ʂʨʦʤʝ ʪʦʛʦ, ʤʥʦʛʦʢʨʘʪʥʦʝ ʨʘʩʩʝʷʥʠʝ ʤʝʞʜʫ ʟʘʟʝʤʣʷʶʱʝʡ ʧʣʦʩʢʦʩʪʴʶ               

ʠ ʨʘʜʠʘʪʦʨʦʤ ʪʘʢʞʝ ʜʦʣʞʥʦ ʙʳʪʴ ʫʯʪʝʥʦ ʚ ʨʘʩʯʝʪʘʭ. 

 
ʘ) 

 
ʙ) 

ʈʠʩ. 1. ʄʠʢʨʦʩʭʝʤʘ: ʘ) ʨʝʘʣʠʩʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʤʦʜʝʣʠ ʨʘʜʠʘʪʦʨʘ ʠ ʀʄʉ 

ʥʘ ʧʝʯʘʪʥʦʡ ʧʣʘʪʝ; ʙ) ʤʦʜʝʣʴ ʨʘʜʠʘʪʦʨʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʧʦʣʴʥʳʭ ʤʦʤʝʥʪʦʚ 

ʜʣʷ ʟʘʤʝʥʳ ʀʄʉ 
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ʂʦʛʜʘ ʯʠʩʣʦ ʜʠʧʦʣʝʡ ʚ ʧʦʣʫʯʘʝʤʦʡ ʤʦʜʝʣʠ ʤʘʣʦ, ʤʦʞʥʦ ʜʦʙʘʚʠʪʴ ʜʠʧʦʣʠ 

ʚ ʜʚʫʭʚʦʣʥʦʚʫʶ ʤʦʜʝʣʴ ʚʨʫʯʥʫʶ. ʆʜʥʘʢʦ ʜʣʷ ʀʄʉ ʙʦʣʴʰʠʭ ʨʘʟʤʝʨʦʚ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʢʣʶʯʘʪʴ ʵʪʠ ʜʠʧʦʣʠ ʚ ʜʚʫʭʚʦʣʥʦʚʫʶ ʤʦʜʝʣʴ. 

ʄʥʦʛʠʝ ʧʦʣʥʦʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʩ ʜʠʧʦʣʷʤʠ                     

ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʦʚ ʠʟʣʫʯʝʥʠʷ, ʥʘʧʨʠʤʝʨ ʪʘʢʠʝ ʧʨʦʛʨʘʤʤʥʳʝ ʧʨʦʜʫʢʪʳ ʢʘʢ - 

HFSS ʠ EMC Studio. ɼʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʚʢʣʶʯʝʥʠʷ ʜʠʧʦʣʝʡ ʚ ʤʦʜʝʣʴ, 

ʧʦʩʪʨʦʝʥʥʫʶ ʩ ʧʦʤʦʱʴʶ EMC Studio, ʥʝʦʙʭʦʜʠʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʬʘʡʣ ʩ 

ʦʧʠʩʘʥʠʝʤ ʠʥʬʦʨʤʘʮʠʠ ʦ ʜʠʧʦʣʷʭ, ʛʜʝ ʜʣʷ ʢʘʞʜʦʛʦ ʜʠʧʦʣʷ ʦʧʨʝʜʝʣʝʥʘ 

ʠʥʬʦʨʤʘʮʠʷ ʦ ʚʝʣʠʯʠʥʝ, ʬʘʟʝ, ʪʠʧʝ ʠ ʤʝʩʪʦʧʦʣʦʞʝʥʠʠ. ɽʜʠʥʠʮʘ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʜʠʧʦʣʷ - ɸĿʤ, ʠ ʝʜʠʥʠʮʘ ʤʘʛʥʠʪʥʦʛʦ ʜʠʧʦʣʷ - AĿʤ
2
. ʇʦʩʢʦʣʴʢʫ 

ʬʘʡʣʦʚʘʷ ʩʪʨʫʢʪʫʨʘ ʜʣʷ ʢʘʞʜʦʛʦ ʜʠʧʦʣʷ ʦʜʠʥʘʢʦʚʘ, ʤʦʞʥʦ ʨʘʟʨʘʙʦʪʘʪʴ 

ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʚ Matlab ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʩʦʟʜʘʥʠʷ ʪʝʢʩʪʦʚʦʛʦ 

ʬʘʡʣʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʚʩʶ ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ ʤʘʩʩʠʚʘ ʜʠʧʦʣʝʡ. ɼʣʷ ʪʦʢʦʚʦʡ 

ʧʝʪʣʠ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2, ʤʘʛʥʠʪʥʳʡ ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ: 
 

                                                              M = ́  Ŀa
2 
ĿI                                          (1) 

 

ʛʜʝ I - ʪʦʢ ʚ ʢʦʥʪʫʨʝ; ʘ - ʵʪʦ ʨʘʜʠʫʩ ʧʝʪʣʠ.  

ʆʜʥʘʢʦ ʚ EMC Studio ʤʘʛʥʠʪʥʳʡ ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ: 
 

                                                                 M2 = jɖkM1                                                            (2) 
 

ʛʜʝ k - ʚʦʣʥʦʚʦʝ ʯʠʩʣʦ; ɖ - ʚʦʣʥʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚ ʚʘʢʫʫʤʝ;  j - ʤʥʠʤʘʷ 

ʝʜʠʥʠʮʘ. 

 
ʈʠʩ. 2. ɻʨʘʬʠʢ ʥʘʧʨʘʚʣʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʜʠʧʦʣʷ 

 

ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʜʠʧʦʣʠ ʚʢʣʶʯʝʥʳ ʚ ʧʦʣʥʦʚʦʣʥʦʚʫʶ ʤʦʜʝʣʴ ʩʪʨʫʢʪʫʨʳ 

ʨʘʜʠʘʪʦʨʘ, ʠ ʩʚʷʟʴ ʙʣʠʞʥʝʛʦ ʠ ʜʘʣʴʥʝʛʦ ʧʦʣʷ ʦʪ ʩʪʨʫʢʪʫʨʳ ʨʘʜʠʘʪʦʨʘ ʤʦʛʫʪ 

ʙʳʪʴ ʪʦʯʥʦ ʦʮʝʥʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʥʦʚʦʣʥʦʚʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ                                            

ʩ ʨʝʘʣʠʩʪʠʯʥʳʤ ʚʦʟʙʫʞʜʝʥʠʝʤ. 

 

ʃʠʪʝʨʘʪʫʨʘ 
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ʉʊɽʁʂʍʆʃɼɽʈʆɺ ɺ ʇʈʆɽʂʊɽ 

 

ʊ.ɸ. ɸʚʝʨʠʥʘ
1
, ɿ.ʆ. ɹʨʝʞʥʝʚʘ

2 

1
ɼʦʮʝʥʪ ʢʘʬʝʜʨʳ ʫʧʨʘʚʣʝʥʠʷ, ta_averina@mail.ru 

2
ʄʘʛʠʩʪʨʘʥʪ ʛʨ.ʤʋʇ-182, z.ya609@mail.ru 

ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 
çʇʦʜʢʣʶʯʝʥʠʝè ʢ ʧʨʦʝʢʪʘʤ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʩʪʦʨʦʥ ʦʙʫʩʣʘʚʣʠʚʘʝʪ 

ʘʢʪʫʘʣʴʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʤʦʜʝʣʝʡ ʨʝʩʫʨʩʥʦʛʦ ʦʙʤʝʥʘ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, 

ʥʘ ʜʦʧʫʩʪʠʤʦʩʪʴ ʠ ʥʝʧʨʦʪʠʚʦʨʝʯʠʚʦʝ ʨʝʰʝʥʠʝ, ʠ ʪʦʣʴʢʦ ʧʦʪʦʤ ï ʥʘ ʦʧʪʠʤʘʣʴʥʦʩʪʴ. ɺ ʩʪʘʪʴʝ 

ʧʨʠʚʝʜʝʥʘ ʤʦʜʝʣʴ ʫʧʨʘʚʣʝʥʠʷ ʩʪʝʡʢʭʦʣʜʝʨʘʤʠ ʧʨʦʝʢʪʘ, ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʳ ʝʝ ʧʘʨʘʤʝʪʨʳ, 

ʚʚʝʜʝʥʦ ʧʦʥʷʪʠʝ ʩʠʤʤʝʪʨʠʠ ʨʝʩʫʨʩʥʦʛʦ ʦʙʤʝʥʘ ʩʪʝʡʢʭʦʣʜʝʨʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʝʢʪ, ʩʪʝʡʢʭʦʣʜʝʨ, ʤʦʜʝʣʴ ʫʧʨʘʚʣʝʥʠʷ, ʨʝʩʫʨʩʥʳʡ ʦʙʤʝʥ, 

ʢʨʠʪʝʨʠʡ ʜʦʧʫʩʪʠʤʦʩʪʠ, ʩʠʤʤʝʪʨʠʷ. 

 

ʉʧʝʮʠʬʠʢʘ ʧʨʦʝʢʪʘ ʦʯʝʨʯʠʚʘʝʪ ʢʨʫʛ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʩʪʦʨʦʥ ʠ 

ʩʪʨʫʢʪʫʨʫ ʨʝʩʫʨʩʥʳʭ ʦʪʥʦʰʝʥʠʡ, ʛʜʝ ʢʘʞʜʳʡ ʩʪʝʡʢʭʦʣʜʝʨ ʧʨʝʩʣʝʜʫʝʪ 

ʩʦʙʩʪʚʝʥʥʳʝ ʮʝʣʠ, ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʦʩʪʠʞʝʥʠʷ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʫʯʘʩʪʠʝ ʚ 

ʧʨʦʝʢʪʝ. ʀʩʧʦʣʴʟʫʷ ʪʝʨʤʠʥʦʣʦʛʠʶ ʪʝʦʨʠʠ ʘʢʪʠʚʥʳʭ ʩʠʩʪʝʤ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ: 

ʢʘʞʜʘʷ ʩʪʦʨʦʥʘ ʠʤʝʝʪ ʩʦʙʩʪʚʝʥʥʫʶ ʮʝʣʝʚʫʶ ʬʫʥʢʮʠʶ ʚʠʜʘ [1,2,3]: 

fi(x)ī>max, (1) 

ʛʜʝ i ï ʧʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ ʩʪʝʡʢʭʦʣʜʝʨʘ, ʭ ï ʚʝʢʪʦʨ ʨʝʩʫʨʩʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ 

ʦʙʤʝʥʝ. ʊʘʢ ʢʘʢ ʨʝʩʫʨʩʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴʶ, ʟʥʘʯʝʥʠʷ ʚʝʢʪʦʨʘ 

ʭ ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʫʩʣʦʚʠʷʤ: Xmin x Ò Xmax, XminÒ0, XmaxÓ0. 

ʉʪʝʡʢʭʦʣʜʝʨ ï ʘʢʪʠʚʥʳʡ ʘʛʝʥʪ ʠ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʚʳʙʦʨ, ʧʦʵʪʦʤʫ ʩ 

ʙʦʣʴʰʝʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʧʨʠʤʝʪ ʫʯʘʩʪʠʝ ʚ ʪʦʤ ʧʨʦʝʢʪʝ, ʢʦʪʦʨʳʡ ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʩʤʦʞʝʪ ʧʨʠʥʝʩʪʠ ʥʘʠʙʦʣʴʰʠʡ ʵʬʬʝʢʪ [1,2,3], ʪʦ ʝʩʪʴ ʠʤʝʝʪ ʥʘʠʙʦʣʴʰʠʡ 

ʥʠʞʥʠʡ ʫʨʦʚʝʥʴ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ: 

Fi=Fi0ÓFik, (2) 

ʛʜʝ Fi ï ʥʠʞʥʷʷ ʛʨʘʥʠʮʘ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ i-ʛʦ ʩʪʝʡʢʭʦʣʜʝʨʘ ʥʘ 

ʦʧʨʝʜʝʣʝʥʥʦʤ ʤʥʦʞʝʩʪʚʝ ʧʨʦʝʢʪʦʚ, ʪʦ ʝʩʪʴ ʤʠʥʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʳʡ ʫʨʦʚʝʥʴ, 

ʧʨʠ ʢʦʪʦʨʦʤ ʩʪʝʡʢʭʦʣʜʝʨ ʩʦʛʣʘʰʘʝʪʩʷ ʥʘ ʦʙʤʝʥ, 0 ï ʧʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ ʜʘʥʥʦʛʦ 

ʧʨʦʝʢʪʘ, Fik ï ʩʪʝʧʝʥʴ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʝʤʘʷ ʧʨʦʝʢʪʦʤ 

ʧʦʜ ʥʦʤʝʨʦʤ k. ɼʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ i-ʛʦ ʠʥʪʝʨʝʩʘ, ʧʨʦʝʢʪ ʜʦʣʞʝʥ ʢʘʢ ʤʠʥʠʤʫʤ 

ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʥʫʣʝʚʳʤʠ ʠʟʜʝʨʞʢʘʤʠ, ʪʦ ʝʩʪʴ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʥʠʞʥʝʡ ʛʨʘʥʠʮʝ 

ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ ʩʪʝʡʢʭʦʣʜʝʨʘ, ʠʣʠ ʧʨʠʥʦʩʠʪʴ ʧʦʣʦʞʠʪʝʣʴʥʦʝ 

ʩʘʣʴʜʦ. 

fi(x) Ó Fi, (3) 

ʛʜʝ i=1:n, n ï ʢʦʣʠʯʝʩʪʚʦ ʫʯʘʩʪʥʠʢʦʚ ʧʨʦʝʢʪʘ, ʢʨʦʤʝ ʮʝʣʝʚʦʛʦ ʩʪʝʡʢʭʦʣʜʝʨʘ. 

ʆʩʦʙʳʡ ʩʪʘʪʫʩ ʚ ʧʨʦʝʢʪʝ ʠʤʝʝʪ ʮʝʣʝʚʦʡ ʩʪʝʡʢʭʦʣʜʝʨ, ʧʦʵʪʦʤʫ ʝʤʫ 

ʧʨʠʩʚʘʠʚʘʝʪʩʷ ʧʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ m+1. ʄʝʥʝʜʞʤʝʥʪ ʦʩʫʱʝʩʪʚʣʷʝʪ ʫʧʨʘʚʣʝʥʠʝ 
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ʢʦʤʧʘʥʠʝʡ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʡ ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʦʝʢʪ (ʝʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʚʥʫʪʨʠʬʠʨʤʝʥʥʳʝ ʧʨʦʝʢʪʳ), ʦʨʛʘʥʠʟʫʝʪ ʨʝʩʫʨʩʥʳʡ ʦʙʤʝʥ. ʄʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ 

ʮʝʣʝʚʦʡ ʩʪʝʡʢʭʦʣʜʝʨ ʚʳʩʪʫʧʘʝʪ ʛʘʨʘʥʪʦʤ ʩʦʙʣʶʜʝʥʠʷ ʧʨʘʚʠʣ ʠʛʨʳ, ʦʜʥʘʢʦ ʧʨʠ 

ʵʪʦʤ ʦʩʪʘʝʪʩʷ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʦʡ ʩʪʦʨʦʥʦʡ ʧʨʦʝʢʪʘ, ʥʘ ʢʦʪʦʨʫʶ ʪʘʢʞʝ 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʫʩʣʦʚʠʷ (1-3). ʇʨʦʝʢʪ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ 

çʧʫʯʢʘè ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʧʨʠʯʘʩʪʥʳʭ ʢ ʥʝʤʫ ʩʪʦʨʦʥ [4]. ɺ ʦʩʥʦʚʝ ʪʘʢʠʭ 

ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʣʝʞʠʪ ʨʝʩʫʨʩʥʳʡ ʦʙʤʝʥ ʠ ʩʪʨʝʤʣʝʥʠʝ ʢ ʩʦʟʜʘʥʠʶ ʨʝʩʫʨʩʥʦʡ 

ʙʘʟʳ, ʧʦʟʚʦʣʷʶʱʝʡ ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʨʝʘʣʠʟʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʨʦʣʴ 

ʩʪʝʡʢʭʦʣʜʝʨʘ ʚ ʧʨʦʝʢʪʝ, ʥʦ ʠ ʝʛʦ ʣʠʯʥʳʝ ʠʥʪʝʨʝʩʳ [3].  ʇʦʢʘʟʘʪʝʣʝʤ ʨʝʘʣʠʟʘʮʠʠ 

ʧʨʦʝʢʪʘ ʷʚʣʷʝʪʩʷ ʥʝʢʦʪʦʨʳʡ ʵʬʬʝʢʪ (ʩʘʣʴʜʦ ȹ), ʢʦʪʦʨʳʡ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʤʝʞʜʫ 

ʫʯʘʩʪʥʠʢʘʤʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʨʫʢʪʫʨʳ ʨʝʩʫʨʩʥʦʛʦ ʦʙʤʝʥʘ ʠ ʨʘʩʩʪʘʥʦʚʢʠ ʩʠʣ 

ʚ ʧʨʦʝʢʪʝ (ʪʦ ʝʩʪʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʦʨʠʪʝʪʥʦʩʪʠ, ʟʥʘʯʠʤʦʩʪʠ 

ʩʪʝʡʢʭʦʣʜʝʨʦʚ).  

Fi(x) = Fi + ȹi (4) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʧʦʜʦʰʣʠ ʢ ʚʦʟʤʦʞʥʦʩʪʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʧʦʩʪʘʥʦʚʢʠ 

ʟʘʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ ʩʪʝʡʢʭʦʣʜʝʨʘʤʠ ʚ ʧʨʦʮʝʩʩʝ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ[4]: 

fm+1 (x) ī> max , D(x): ÆØ  &ȟὭệ[1;m+1], 8  Ø  8  (5) 

ʉʦʜʝʨʞʘʪʝʣʴʥʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʟʘʜʘʯʠ (5) ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ 

ʤʝʥʝʜʞʤʝʥʪ, ʨʝʘʣʠʟʫʷ ʫʧʨʘʚʣʝʥʠʝ ʩʪʝʡʢʭʦʣʜʝʨʘʤʠ ʧʨʦʝʢʪʘ, ʩʪʨʝʤʠʪʩʷ 

ʤʘʢʩʠʤʠʟʠʨʦʚʘʪʴ ʩʚʦʶ ʮʝʣʝʚʫʶ ʬʫʥʢʮʠʶ ʥʘ ʤʥʦʞʝʩʪʚʝ ʜʦʧʫʩʪʠʤʳʭ ʨʝʰʝʥʠʡ 

D(x). ɼʦʧʫʩʪʠʤʦʝ ʤʥʦʞʝʩʪʚʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʫʩʣʦʚʠʡ: 

ʩʦʙʣʶʜʝʥʠʝ ʥʝʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ ʨʝʩʫʨʩʥʦʛʦ ʦʙʤʝʥʘ (3) ʦʩʪʘʣʴʥʳʭ 

ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʩʪʦʨʦʥ ʧʨʠ ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʨʝʩʫʨʩʦʚ. 

ɺ ʪʘʙʣʠʮʝ ʧʨʠʚʝʜʝʤ ʩʦʜʝʨʞʘʪʝʣʴʥʫʶ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʦʩʥʦʚʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ (5). 

ʉʦʜʝʨʞʘʪʝʣʴʥʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ 

fi(x) 

ʎʝʣʝʚʘʷ ʬʫʥʢʮʠʷ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʩʪʝʧʝʥʠ ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʠ ʩʪʝʡʢʭʦʣʜʝʨʘ 

ʦʪ ʚʝʢʪʦʨʘ ʧʦʣʫʯʘʝʤʳʭ ʨʝʩʫʨʩʦʚ. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʬʦʨʤʘʣʠʟʘʮʠʷ ʬʫʥʢʮʠʠ ʥʝ ʚʩʝʛʜʘ 

ʚʦʟʤʦʞʥʘ, ʪʘʢ ʢʘʢ ʙʳʚʘʝʪ ʩʣʦʞʥʦ ʦʮʝʥʠʪʴ ʨʝʩʫʨʩʥʳʝ ʦʞʠʜʘʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʠʣʠ ʦʛʨʘʥʠʯʠʪʴʩʷ ʬʘʢʪʦʤ 

ʩʪʨʝʤʣʝʥʠʷ ʩʪʦʨʦʥ ʧʨʠ ʫʩʪʘʥʦʚʣʝʥʠʠ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʥʘʡʪʠ ʚʳʛʦʜʥʳʡ ʜʣʷ ʩʝʙʷ 

ʨʝʩʫʨʩʥʳʡ ʙʘʣʘʥʩ 

Fi 

ʅʠʞʥʠʡ ʧʨʝʜʝʣ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ ʩʪʝʡʢʭʦʣʜʝʨʘ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʳʥʦʯʥʳʤʠ, 

ʜʦʛʦʚʦʨʥʳʤʠ, ʧʨʘʚʦʚʳʤʠ ʫʩʣʦʚʠʷʤʠ, ʧʨʠ ʵʪʦʤ ʧʦʩʣʝʜʥʠʝ ʷʚʣʷʶʪʩʷ ʪʨʝʙʦʚʘʥʠʷʤʠ 

ʚʳʩʰʝʛʦ ʫʨʦʚʥʷ, ʪʨʝʙʫʶʪ ʦʙʷʟʘʪʝʣʴʥʦʛʦ ʠʩʧʦʣʥʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʩʦʙʣʶʜʝʥʠʝ ʄʈʆʊ, 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ. 

ʊʨʝʙʦʚʘʥʠʷ ʩʨʝʜʥʝʛʦ ʫʨʦʚʥʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʦʥʢʫʨʝʥʪʥʳʤʠ ʧʨʝʜʣʦʞʝʥʠʷʤʠ ʨʳʥʢʘ. 

ʅʘʧʨʠʤʝʨ, ʢʣʠʝʥʪ, ʧʨʦʷʚʣʷʷ ʨʘʮʠʦʥʘʣʠʟʤ, ʚʳʙʝʨʝʪ ʧʨʦʝʢʪ ʩ ʙʦʣʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʡ 

ʮʝʥʦʡ, ʧʦʵʪʦʤʫ ʚʳʭʦʜ ʟʘ ʧʨʝʜʝʣʳ ʨʳʥʢʘ ʧʨʠʚʝʜʝʪ ʬʠʨʤʫ ʢ ʧʦʪʝʨʝ ʘʢʪʠʚʥʦʡ ʢʣʠʝʥʪʩʢʦʡ 

ʙʘʟʳ. ʄʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʨʳʥʦʢ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʠʥʪʝʨʚʘʣ, ʚ ʢʦʪʦʨʦʤ ʣʝʞʠʪ ʟʥʘʯʝʥʠʝ Fi. 

ʆʢʦʥʯʘʪʝʣʴʥʦ Fi ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʥʠʞʥʝʤ ʫʨʦʚʥʝ, ʚ ʧʨʦʮʝʩʩʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ 

ʩʪʝʡʢʭʦʣʜʝʨʦʚ ʠ ʟʘʚʠʩʷʪ ʦʪ ʩʦʦʪʥʦʰʝʥʠʡ ʚʣʘʩʪʠ ʠ ʫʤʝʥʠʷ ʚʳʩʪʨʘʠʚʘʪʴ ʢʦʤʤʫʥʠʢʘʮʠʠ 

D(x) 

ɻʨʘʥʠʮʳ ʤʥʦʞʝʩʪʚʘ ʜʦʧʫʩʪʠʤʳʭ ʨʝʰʝʥʠʡ ʦʧʨʝʜʝʣʷʶʪʩʷ ʜʚʫʤʷ ʪʠʧʘʤʠ ʦʛʨʘʥʠʯʝʥʠʡ. 

ɺʦ-ʧʝʨʚʳʭ, ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʚʝʢʪʦʨ ʭ ï ʦʟʥʘʯʘʶʪ, ʯʪʦ ʪʨʝʙʦʚʘʥʠʷ ʩʪʦʨʦʥ ʤʦʛʫʪ 

ʩʦʙʣʶʜʘʪʴʩʷ ʪʦʣʴʢʦ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʨʘʤʢʘʭ. ɺʦ-ʚʪʦʨʳʭ, ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʤʠʥʠʤʘʣʴʥʦ 

ʜʦʧʫʩʪʠʤʳʝ ʫʨʦʚʥʠ ʮʝʣʝʚʳʭ ʬʫʥʢʮʠʡ 
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fm+1  

ʎʝʣʝʚʘʷ ʬʫʥʢʮʠʷ ʫʧʨʘʚʣʷʶʱʝʛʦ ʩʪʝʡʢʭʦʣʜʝʨʘ ʦʧʨʝʜʝʣʝʥʘ ʥʘ ʤʥʦʞʝʩʪʚʝ ʨʝʰʝʥʠʡ D(x), 

ʢʦʪʦʨʦʝ ʠʤʝʝʪ ʦʛʨʘʥʠʯʠʚʘʶʱʠʝ ʫʩʣʦʚʠʷ, ʧʦʵʪʦʤʫ ʟʘʜʘʯʘ ʙʫʜʝʪ ʠʤʝʪʴ ʨʝʰʝʥʠʝ, ʝʩʣʠ 

D(x) ʦʢʘʞʝʪʩʷ ʥʝʧʫʩʪʳʤ. ʇʫʩʪʦʪʘ ʦʟʥʘʯʘʝʪ ʥʝʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʥʝʜʞʤʝʥʪʘ, ʪʦ ʝʩʪʴ 

ʥʘʨʫʰʝʥʠʝ ʫʩʣʦʚʠʡ ʨʝʩʫʨʩʥʦʛʦ ʦʙʤʝʥʘ 

 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ D(x) ï ʥʝʩʪʘʙʠʣʴʥʦʝ ʤʥʦʞʝʩʪʚʦ, ʪʘʢ ʢʘʢ ʥʘ ʝʛʦ 

ʧʘʨʘʤʝʪʨʳ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʳʤ ʦʙʨʘʟʦʤ ʧʦʚʣʠʷʪʴ ʚʥʝʰʥʷʷ ʩʨʝʜʘ ʧʨʦʝʢʪʘ. 

ʆʛʨʘʥʠʯʝʥʠʷ ʤʥʦʞʝʩʪʚʘ ʦʧʨʝʜʝʣʷʶʪ ʤʠʥʠʤʘʣʴʥʦ ʥʝʦʙʭʦʜʠʤʳʝ ʫʩʣʦʚʠʷ ʜʣʷ 

ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʧʨʠʯʘʩʪʥʳʭ ʩʪʦʨʦʥ, ʧʦʵʪʦʤʫ ʥʘʨʫʰʝʥʠʝ ʛʨʘʥʠʮ 

ʧʨʠʚʝʜʝʪ ʢ ʧʦʪʝʨʝ ʠʥʪʝʨʝʩʘ ʠ ʚʳʭʦʜʫ ʩʪʝʡʢʭʦʣʜʝʨʘ ʠʟ ʦʪʥʦʰʝʥʠʡ ʨʝʩʫʨʩʥʦʛʦ 

ʦʙʤʝʥʘ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʰʝʠʟʣʦʞʝʥʥʦʡ ʤʦʜʝʣʠ ʫʧʨʘʚʣʝʥʠʷ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʤʠ 

ʧʨʦʝʢʪʘ (5), ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ i - ʛʦ ʠʥʪʝʨʝʩʘ, ʧʨʦʝʢʪ 

ʜʦʣʞʝʥ ʢʘʢ ʤʠʥʠʤʫʤ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʥʫʣʝʚʳʤʠ ʠʟʜʝʨʞʢʘʤʠ, ʪʦ ʝʩʪʴ 

ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʥʠʞʥʝʡ ʛʨʘʥʠʮʝ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ. ʉʠʪʫʘʮʠʶ 

ʜʦʩʪʠʞʝʥʠʷ ʥʠʞʥʝʡ ʛʨʘʥʠʮʳ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʩʠʤʤʝʪʨʠʝʡ. 

ʉʠʤʤʝʪʨʠʷ ʦʪʥʦʰʝʥʠʡ ʦʙʤʝʥʘ ʜʣʷ ʩʪʝʡʢʭʦʣʜʝʨʘ (ʪʦ ʝʩʪʴ ʨʘʚʝʥʩʪʚʦ 

çʠʩʭʦʜʷʱʠʭè ʠ çʚʭʦʜʷʱʠʭè ʨʝʩʫʨʩʦʚ, ʥʫʣʝʚʦʡ ʵʬʬʝʢʪ) ʦʟʥʘʯʘʝʪ ʪʦʣʴʢʦ 

ʦʙʦʩʥʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ (ʜʦʧʫʩʪʠʤʦʩʪʠ) ʦʪʥʦʰʝʥʠʡ. ɸʨʛʫʤʝʥʪʠʨʫʝʤ: ʜʘʞʝ 

ʝʩʣʠ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʘʷ ʩʪʦʨʦʥʘ ʧʦʣʫʯʘʝʪ ʵʬʬʝʢʪ ʦʪ ʫʯʘʩʪʠʷ ʚ ʧʨʦʝʢʪʝ ʚ ʚʠʜʝ 

ʥʝʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʩʘʣʴʜʦ, ʵʪʦ ʝʱʝ ʥʝ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʝʝ ʦʪʥʦʰʝʥʠʷ ʩ ʮʝʣʝʚʳʤ 

ʩʪʝʡʢʭʦʣʜʝʨʦʤ ʦʧʪʠʤʘʣʴʥʳ. ʉ ʧʦʟʠʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʦʡ 

ʩʪʦʨʦʥʳ, ʩʠʤʤʝʪʨʠʯʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʝʩʫʨʩʦʚ, ʙʫʜʫʯʠ ʚʦʟʤʦʞʥʳʤ (ʪʦ ʝʩʪʴ 

ʥʝ ʧʨʦʪʠʚʦʨʝʯʘʱʠʤ ʫʩʣʦʚʠʷʤ), ʝʱʝ ʥʝ ʷʚʣʷʝʪʩʷ ʥʘʠʣʫʯʰʠʤ, ʧʦʩʢʦʣʴʢʫ ʤʦʜʝʣʴ 

(5) ʤʘʢʩʠʤʠʟʠʨʫʝʪ ʮʝʣʝʚʫʶ ʬʫʥʢʮʠʶ ʮʝʣʝʚʦʛʦ ʤʝʥʝʜʞʤʝʥʪʘ. ʉʦʚʧʘʜʝʥʠʝ 

ʮʝʣʝʚʳʭ ʬʫʥʢʮʠʡ ʤʝʥʝʜʞʤʝʥʪʘ ʠ ʜʨʫʛʠʭ ʩʪʝʡʢʭʦʣʜʝʨʦʚ ʚʦʟʤʦʞʥʦ ʣʠʰʴ 

ʩʣʫʯʘʡʥʦ. ɺʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʥʘ ʧʨʘʢʪʠʢʝ ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ ʘʙʩʦʣʶʪʥʦ ʚʩʝʭ 

ʠʥʪʝʨʝʩʦʚ ʚ ʧʨʦʝʢʪʝ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ 

ʧʨʠʦʨʠʪʝʪʦʚ, ʚʘʞʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʚʘʣʠʜʥʦʩʪʠ ʤʦʜʝʣʠ ʦʙʤʝʥʘ (5) ʷʚʣʷʝʪʩʷ 

ʝʝ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʩʪʴ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʘ ʜʦʧʫʩʪʠʤʦʩʪʴ, ʥʝʧʨʦʪʠʚʦʨʝʯʠʚʦʝ 

ʨʝʰʝʥʠʝ, ʠ ʪʦʣʴʢʦ ʧʦʪʦʤ ï ʥʘ ʦʧʪʠʤʘʣʴʥʦʩʪʴ. ʊʘʢʦʝ ʟʘʢʣʶʯʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʩʪʨʝʤʣʝʥʠʶ ʤʝʥʝʜʞʤʝʥʪʘ ʢ ʨʝʘʣʠʟʘʮʠʠ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʥʘ ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ ʥʠʞʥʠʭ ʛʨʘʥʠʮ 

ʮʝʣʝʚʳʭ ʬʫʥʢʮʠʡ ʧʨʠʯʘʩʪʥʳʭ ʩʪʦʨʦʥ. 
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ʄʆɼɽʈʅʀɿɸʎʀʗ ʉʀʉʊɽʄʓ ʋʇʈɸɺʃɽʅʀʗ ʋʅʀɺɽʈʉɸʃʔʅʆɻʆ 

ʈʆɹʆʊʀɿʀʈʆɺɸʅʅʆɻʆ ʀʅɾɽʅɽʈʅʆɻʆ ʂʆʄʇʃɽʂʉɸ 

ɼʃʗ ʇʈʀʄɽʅɽʅʀʗ ɺ ɾʀʃʀʑʅʆ-ʂʆʄʄʋʅɸʃʔʅʆʄ ʍʆɿʗʁʉʊɺɽ 
 

ɺ.ɾ. ɹʦʯʘʨʦʚ
1
, ɺ.ʃ. ɹʫʨʢʦʚʩʢʠʡ

2
 

1
ɸʩʧʠʨʘʥʪ ʛʨ. ʘɸʇ-19, bocharov@intehros.ru 
2
ɼ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, bvl@vorstu.ru 

ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ʈʘʩʩʤʦʪʨʝʥʦ ʧʨʠʤʝʥʝʥʠʝ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ɾʂʍ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ 

ʰʪʘʪʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʨʦʙʦʪʦʤ ʠ ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʝʝ ʤʦʜʝʨʥʠʟʘʮʠʠ. ʈʦʙʦʪ ʩ 

ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ ʧʝʨʝʜ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʦʙʦʪ, ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ, ʙʣʦʢʠ ʫʧʨʘʚʣʝʥʠʷ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʝ 

ʫʧʨʘʚʣʝʥʠʝ. 

 

ɿʥʘʯʝʥʠʝ ʞʠʣʠʱʥʦ-ʢʦʤʤʫʥʘʣʴʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ 

ʧʝʨʝʦʮʝʥʠʪʴ ʥʝʚʦʟʤʦʞʥʦ. ʉʧʝʢʪʨ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ ʚ ʨʘʤʢʘʭ ɾʂʍ ʦʯʝʥʴ 

ʦʙʰʠʨʝʥ: ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʝ, ʚʦʜʦʩʥʘʙʞʝʥʠʝ, ʚʳʚʦʟ ʤʫʩʦʨʘ, ʫʙʦʨʢʘ, 

ʢʘʧʠʪʘʣʴʥʳʡ ʨʝʤʦʥʪ ʞʠʣʦʛʦ ʬʦʥʜʘ, ʦʙʩʣʫʞʠʚʘʥʠʝ ʢʦʤʤʫʥʠʢʘʮʠʡ ʠ ʪ.ʜ. ɼʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʵʪʠʭ ʨʘʙʦʪ ʦʨʛʘʥʠʟʘʮʠʷʤ, ʨʘʙʦʪʘʶʱʠʤ ʚ ʵʪʦʡ ʩʬʝʨʝ, ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʠʚʣʝʢʘʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʭʥʠʢʠ. ʇʨʠ ʵʪʦʤ, ʯʘʩʪʦ ʠʤʝʝʪ 

ʤʝʩʪʦ ʙʳʪʴ ʪʘʢʘʷ ʩʠʪʫʘʮʠʷ, ʯʪʦ ʧʨʠʭʦʜʠʪʩʷ ʩʦʜʝʨʞʘʪʴ ʜʦʨʦʛʦʩʪʦʷʱʫʶ ʪʝʭʥʠʢʫ, 

ʢʦʪʦʨʦʡ ʧʨʠʭʦʜʠʪ ʧʨʦʩʪʘʠʚʘʪʴ ʧʦʯʪʠ ʚʝʩʴ ʢʘʣʝʥʜʘʨʥʳʡ ʛʦʜ, ʧʨʝʞʜʝ ʯʝʤ ʝʝ 

ʟʘʜʝʡʩʪʚʫʶʪ. ʈʝʰʝʥʠʝʤ ʜʣʷ ʩʣʦʞʠʚʰʝʡʩʷ ʩʠʪʫʘʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʟʘʤʝʥʘ 

ʙʦʣʴʰʦʛʦ ʧʘʨʢʘ ʨʘʟʣʠʯʥʦʡ ʪʝʭʥʠʢʠ ʥʘ ʦʜʥʫ ʫʥʠʚʝʨʩʘʣʴʥʫʶ ʤʘʰʠʥʫ, 

ʩʧʦʩʦʙʥʫʶ ʨʝʰʘʪʴ ʰʠʨʦʢʠʡ ʢʨʫʛ ʟʘʜʘʯ. ʊʘʢʦʡ ʤʘʰʠʥʦʡ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ 

ʈʆʀʅ ʈ-700, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʠ ʧʨʦʠʟʚʝʜʝʥʥʳʡ ʢʦʤʧʘʥʠʝʡ ɸʆ ʄɻʂ 

çʀʥʪʝʭʨʦʩè. 

 
 

ʈʠʩ. 1. ʈʆʀʅ ʈ-700 

 

 

mailto:bocharov@intehros.ru
mailto:bvl@vorstu.ru


126 
 

ɺ ʙʘʟʦʚʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʈʆʀʅ ʈ-700 ʜʠʩʪʘʥʮʠʦʥʥʦ ʫʧʨʘʚʣʷʝʤʳʡ ʨʦʙʦʪ, 

ʦʩʥʘʱʝʥʥʳʡ ʩʪʨʝʣʦʡ ʩ ʨʘʙʦʯʝʡ ʟʦʥʦʡ ʨʘʜʠʫʩʦʤ 14 ʤʝʪʨʦʚ ʠ ʥʘʢʣʦʥʥʦ-

ʧʦʚʦʨʦʪʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʣʠʯʥʦʛʦ ʥʘʚʝʩʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. ʂ ʩʦʞʘʣʝʥʠʶ, ʰʪʘʪʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʈʆʀʅ ʦʙʣʘʜʘʝʪ 

ʨʷʜʦʤ ʥʝʜʦʩʪʘʪʢʦʚ: ʦʪʩʫʪʩʪʚʫʝʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʥʝʚʦʟʤʦʞʥʦ 

ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʜʚʠʞʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʠ ʥʝ 

ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʨʘʙʦʪʘ ʥʝʢʦʪʦʨʳʭ ʪʠʧʦʚ ʥʘʚʝʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɼʣʷ 

ʫʩʪʨʘʥʝʥʠʷ ʵʪʠʭ ʥʝʜʦʩʪʘʪʢʦʚ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʤʦʜʝʨʥʠʟʘʮʠʷ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ. 

ɺ ʙʘʟʦʚʦʤ ʚʠʜʝ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʈʆʀʅ ʈ-700 ʩʪʨʦʠʪʩʷ ʥʘ ʜʚʫʭ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘʭ: ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʤʘʰʠʥʦʡ ʠ ʧʫʣʴʪ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ð ATmega8L. ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪ ʢʦʥʪʨʦʣʴ ʜʚʫʭ 

ʦʩʥʦʚʥʳʭ ʧʦʜʩʠʩʪʝʤ ʠʩʧʦʣʥʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ð ʩʠʩʪʝʤʳ ʘʫʪʨʠʛʝʨʦʚ ʠ ʩʪʨʝʣʳ 

ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. ɹʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʩʪʨʝʣʦʡ ʧʦʟʚʦʣʷʝʪ 

ʧʦʩʨʝʜʩʪʚʦʤ 15 ʜʠʩʢʨʝʪʥʳʭ ʨʘʩʧʨʝʜʝʣʠʪʝʣʝʡʧʝʨʝʤʝʱʘʪʴ ʠʩʧʦʣʥʠʪʝʣʴʥʳʡ 

ʤʝʭʘʥʠʟʤ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ. ʕʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠ, ʨʘʩʧʨʝʜʝʣʠʪʝʣʴ ʩ 

ʜʠʩʢʨʝʪʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ð ʵʪʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪ, ʢʦʤʤʫʪʠʨʫʶʱʠʡ 

ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʣʠʥʠʠ ʧʝʨʝʤʝʱʝʥʠʝʤ ʟʦʣʦʪʥʠʢʘ. ʋʧʨʘʚʣʝʥʠʝ ʨʘʩʧʨʝʜʝʣʠʪʝʣʝʤ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʜʘʯʝʡ ʧʠʪʘʥʠʷ ʥʘ ʦʜʥʫ ʠʟ ʢʘʪʫʰʝʢ. 
 

 
 

ʈʠʩ. 2. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʙʘʟʦʚʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 
 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʰʪʘʪʥʘʷ ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ 

ʩʠʩʪʝʤʘ ʈʆʀʅ ʈ-700 ʦʩʥʘʱʘʝʪʩʷ ʜʚʫʤʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʤʠ ʨʝʛʫʣʷʪʦʨʘʤʠ 

ʨʘʩʭʦʜʘ. ʈʝʛʫʣʷʪʦʨʳ ʨʘʩʭʦʜʘ ʫʧʨʘʚʣʷʶʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʰʠʨʦʪʥʦ-ʠʤʧʫʣʴʩʥʦʡ 

ʤʦʜʫʣʷʮʠʠ ʦʪ ʩʧʝʮʠʘʣʴʥʦʛʦ ʙʣʦʢʘ ʫʧʨʘʚʣʝʥʠʷ. ʉʣʝʜʫʶʱʠʡ ʰʘʛ ʤʦʜʝʨʥʠʟʘʮʠʠ 

ʟʘʤʝʥʘ ʢʦʥʪʨʦʣʣʝʨʦʚ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʳ ð 

STM32F103RCT6. ɼʣʷ ʨʘʩʰʠʨʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ ʛʠʙʢʦʩʪʠ 

ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʨʘʟʜʝʣʝʥʘ ʥʘ ʨʷʜ ʥʝʟʘʚʠʩʠʤʳʭ ʙʣʦʢʦʚ, ʦʙʣʘʜʘʶʱʠʭ 

ʥʝʟʘʚʠʩʠʤʳʤʠ ʧʨʦʮʝʩʩʦʨʘʤʠ. ɺʩʝ ʙʣʦʢʠ ʩʚʷʟʘʥʳ ʚ ʩʝʪʴ ʯʝʨʝʟ RS485 ʧʦ 

ʧʨʦʪʦʢʦʣʫ MODBUSRTU. 
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 ̄ ʅʘʠʤʝʥʦʚʘʥʠʝ ʆʧʠʩʘʥʠʝ 

1 CPU R(M/S)1-

4RS485 

ʎʝʥʪʨʘʣʴʥʳʡ ʧʨʦʮʝʩʩʦʨʥʳʡ ʙʣʦʢ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʡ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʈʆʀʅ ʈʊʉ ʈ-300, ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʦʩʪʘʣʴʥʳʤʠ ʙʣʦʢʘʤʠ ʧʦ ʠʥʪʝʨʬʝʡʩʫ RS485 

(ʚ ʢʦʣʠʯʝʩʪʚʝ ʜʦ 28 ʰʪ.) ʠ ʦʙʤʝʥ ʜʘʥʥʳʤʠ ʧʦ ʨʘʜʠʦʢʘʥʘʣʫ 

(ʨʘʜʠʦʤʦʜʝʤ MBee-868-2.0) 

2 PDU CPU ʎʝʥʪʨʘʣʴʥʳʡ ʧʨʦʮʝʩʩʦʨʥʳʡ ʙʣʦʢ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʧʫʣʴʪʘ 

ʫʧʨʘʚʣʝʥʠʷ. ʆʙʝʩʧʝʯʠʚʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʦʨʛʘʥʘʤʠ ʫʧʨʘʚʣʝʥʠʷ 

ʧʫʣʴʪʘ ʠ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ ʧʦ ʨʘʜʠʦʢʘʥʘʣʫ (ʨʘʜʠʦʤʦʜʝʤ MBee-868-

2.0) 

3 PUD CPU ɹʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʛʘʪʝʣʝʤ, ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʥʘ ʥʝʧʦʜʚʠʞʥʦʡ 

ʯʘʩʪʠ ʈʆʀʅ ʈʊʉ ʈ-300. ɹʣʦʢ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʳʧʦʣʥʷʝʪ 

ʬʫʥʢʮʠʠʩʯʝʪʯʠʢʘ ʤʦʪʦʯʘʩʦʚ 

4 12PDO ɹʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʩʠʣʦʚʳʤʠ ʜʠʩʢʨʝʪʥʳʤʠ ʚʳʭʦʜʘʤʠ. ɹʣʦʢ ʤʦʞʝʪ 

ʫʧʨʘʚʣʷʪʴ 12 ʩʠʣʦʚʳʤʠʵʣʝʤʝʥʪʘʤʠ ʥʘʛʨʫʟʢʠ 

5 4PAO ɹʣʦʢ ʫʧʨʘʚʣʝʥʠʷ 4 ʩʠʣʦʚʳʤʠ ʘʥʘʣʦʛʦʚʳʤʠ ʚʳʭʦʜʘʤʠ (4 ʢʘʥʘʣʘ 

ʐʀʄ ʜʦ 400 ɻʮ) ʠ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ ʧʦ ʪʦʢʫ 

6 8AI+8DI+2FDI 

  

ɹʣʦʢ ʘʥʘʣʦʛʦʚʳʭ ʠ ʜʠʩʢʨʝʪʥʳʭ ʚʭʦʜʦʚ. ɹʣʦʢ ʩʧʦʩʦʙʝʥ ʠʟʤʝʨʷʪʴ 

ʪʦʢ ʠ ʥʘʧʨʷʞʝʥʠʝ ʧʦ 8 ʢʘʥʘʣʘʤ; ʩʯʠʪʳʚʘʪʴ ʩʦʩʪʦʷʥʠʝ ʣʦʛʠʯʝʩʢʠʭ 

ʣʠʥʠʡ ʧʦ 8 ʢʘʥʘʣʘʤ; ʩʯʠʪʳʚʘʪʴ ʪʘʢʪʦʚʳʝ ʩʠʛʥʘʣʳ ʩ ʯʘʩʪʦʪʦʡ 

ʧʫʣʴʩʘʮʠʠ ʜʦ 2 ʄɻʮ ʧʦ 2 ʢʘʥʘʣʘʤ 

7 8PDO+4AI ɹʣʦʢ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʧʨʘʚʣʝʥʠʷ 8 ʵʣʝʤʝʥʪʘʤʠ ʩʠʣʦʚʦʡ ʥʘʛʨʫʟʢʠ                

ʠ ʤʦʞʝʪ ʠʟʤʝʨʷʪʴ ʪʦʢ ʠ ʥʘʧʨʷʞʝʥʠʝ ʧʦ 4 ʢʘʥʘʣʘʤ 

 

ʇʦʣʫʯʠʚʰʘʷʩʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʥʘ ʈʆʀʅ ʈ-700                     

ʩ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʡ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʭʝʤʦʡ ʠ ʧʝʨʝʜʘʥʘ ʥʘ ʦʧʳʪʥʫʶ 

ʵʢʩʧʣʫʘʪʘʮʠʶ. 

 

 

ʈʠʩ. 3. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

 

 



128 
 

ʅʦʚʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʧʦʟʚʦʣʠʣʘ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʝ 

ʫʧʨʘʚʣʝʥʠʝ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ ʈʆʀʅ, ʘ ʪʘʢʞʝ ʧʨʠʤʝʥʷʪʴ ʦʯʝʥʴ 

ʰʠʨʦʢʫʶ ʥʦʤʝʥʢʣʘʪʫʨʫ ʥʘʚʝʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʟʘʜʝʡʩʪʚʦʚʘʥʥʦʛʦ ʚ ʩʬʝʨʝ 

ɾʂʍ: ʢʦʚʰʠ, ʛʠʜʨʦʤʦʣʦʪʳ ʠ ʛʠʜʨʦʙʫʨʳ, ʘ ʪʘʢʞʝ ʤʫʣʴʯʝʨʳ, ʙʝʪʦʥʦʩʤʝʩʠʪʝʣʠ             

ʠ ʧʦʜʚʝʩʥʳʝ ʣʶʣʴʢʠ. ʄʦʜʝʨʥʠʟʠʨʦʚʘʥʥʳʡ ʈʆʀʅ ʈ-700 ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ 

ʚʳʧʦʣʥʷʝʪ ʨʘʙʦʪʳ, ʨʘʥʥʝʝ ʧʨʦʚʦʜʠʤʳʝ ʮʝʣʳʤ ʧʘʨʢʦʤ ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʭʥʠʢʠ                   

ʚ ʛʦʨʦʜʝ ʈʠʛʘ, ʃʘʪʚʠʷ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ɹʦʯʘʨʦʚ, ɺ. ɾ., ɺ. ʃ. ɹʫʨʢʦʚʩʢʠʡ. ʋʧʨʘʚʣʝʥʠʝ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʤ 

ʢʦʤʧʣʝʢʩʦʤ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʥʝʯʝʪʢʠʭ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. ɺʝʩʪʥʠʢ ɺʦʨʦʥʝʞʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ 12.6 (2016). 
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ʋɼʂ 681.3 

 

ʄʆɼʀʌʀʂɸʎʀʀ ɻɽʅɽʊʀʏɽʉʂʆɻʆ ɸʃɻʆʈʀʊʄɸ 

ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ʉʊʈɸʊɽɻʀʀ ʕʃʀʊɸʈʅʆʉʊʀ 

 

ʖ.ɸ. ɸʩʘʥʦʚ
1
, ʉ.ʖ. ɹʝʣʝʮʢʘʷ

2
 

1
ɸʩʧʠʨʘʥʪ ʢʘʬʝʜʨʳ ʉɸʇʈʀʉ, sapris@vorstu.ru 
2
ɼ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, sapris@vorstu.ru 

ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 
ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʦʮʝʜʫʨʳ ʘʜʘʧʪʘʮʠʠ ʛʝʥʝʪʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʧʨʠʤʝʥʝʥʠʠ ʩʪʝʧʝʥʠ ʵʣʠʪʘʨʥʦʩʪʠ, ʥʘʩʪʨʦʡʢʝ ʦʧʝʨʘʪʦʨʦʚ ʢʨʦʩʩʦʚʝʨʘ ʠ ʤʫʪʘʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʝʥʝʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ, ʩʪʝʧʝʥʴ ʵʣʠʪʘʨʥʦʩʪʠ, ʘʜʘʧʪʘʮʠʷ. 

 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʧʨʦʚʝʜʝʥʦ ʦʛʨʦʤʥʦʝ ʯʠʩʣʦ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ (ɻɸ) ʩ ʮʝʣʴʶ ʥʘʭʦʞʜʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʘʙʦʨʘ 

ʦʧʝʨʘʪʦʨʦʚ ʠ ʧʘʨʘʤʝʪʨʦʚ. ʊʠʧʠʯʥʳʡ ʥʘʙʦʨ ʧʘʨʘʤʝʪʨʦʚ ɻɸ ï ʨʘʟʤʝʨ ʧʦʧʫʣʷʮʠʠ, 

ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʢʨʦʩʩʦʚʝʨʘ, ʤʫʪʘʮʠʠ, ʨʘʟʨʳʚ ʧʦʢʦʣʝʥʠʡ (ʦʪʥʦʰʝʥʠʝ 

ʯʠʩʣʘ ʧʦʪʦʤʢʦʚ ʢ ʤʦʱʥʦʩʪʠ ʧʦʧʫʣʷʮʠʠ), ʯʠʩʣʦ ʧʦʢʦʣʝʥʠʡ. ʆʜʥʠʤ ʠʟ ʧʦʜʭʦʜʦʚ 

ʢ ʧʦʩʪʨʦʝʥʠʶ ʘʜʘʧʪʠʚʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ, ʷʚʣʷʝʪʩʷ ʧʦʜʭʦʜ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʦʥʷʪʠʠ ʵʣʠʪʘʨʥʦʩʪʠ [1]. ɼʠʩʢʨʝʪʥʘʷ ʩʪʝʧʝʥʴ ʵʣʠʪʘʨʥʦʩʪʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʆʙʦʟʥʘʯʠʤ ʥʘʯʘʣʴʥʫʶ ʠ ʪʝʢʫʱʫʶ 

ʧʦʧʫʣʷʮʠʠ ʢʘʢ 0 ʠ T, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʫʩʪʴ ὼ  ï Ὥ-ʳʡ ʠʥʜʠʚʠʜʫʫʤ ʚ ʧʦʢʦʣʝʥʠʠ 
Ὕ(0 ὼ ὖέὴίὭᾀὩ ï 1, ʛʜʝ ὖέὴίὭᾀὩ ï ʨʘʟʤʝʨ ʧʦʧʫʣʷʮʠʠ), ʘ ὃὲὧὮ ï ʥʘʙʦʨ  

ʧʨʝʜʢʦʚ ʠʥʜʠʚʠʜʫʫʤʘ ὼ -ʦʡ ʛʣʫʙʠʥʳ [1]. ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʚ ʟʘʜʘʯʝ 

ʤʘʢʩʠʤʠʟʘʮʠʠ ʧʨʠʛʦʜʥʦʩʪʠ ʠʥʜʠʚʠʜʫʫʤʦʚ ʚ ʧʦʧʫʣʷʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ 

ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ ʩ ‘ ʠ „ ï ʩʨʝʜʥʠʤ ʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʤ ʦʪʢʣʦʥʝʥʠʝʤ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʠʥʜʠʚʠʜʫʫʤʳ ʩ ʧʨʠʛʦʜʥʦʩʪʴʶ ʙʦʣʴʰʝʡ ʠʣʠ 

ʨʘʚʥʦʡ ‘ ‌ „  ʩʯʠʪʘʶʪʩʷ ʵʣʠʪʥʳʤʠ, ʛʜʝ ‌  ï ʢʨʠʪʝʨʠʡ ʵʣʠʪʥʦʩʪʠ 

(ʜʝʡʩʪʚʠʪʝʣʴʥʦʝ ʥʝʦʪʨʠʮʘʪʝʣʴʥʦʝ ʯʠʩʣʦ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʝʧʝʥʴ ʵʣʠʪʘʨʥʦʩʪʠ 

ʜʣʷ ʟʘʜʘʯʠ ʤʘʢʩʠʤʠʟʘʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʚʠʜʝ:  

 

Ὁ ὝȟὭ
В ȿ ȿͺ

В ȿ ȿͺ , 

ὉὰὭὸὩὮ ὼ ȿὼ ᶰὃὲὧὮȟ‘ ‌ „ Ὢὼ  

 

ʛʜʝ ὉὰὭὸὩὮ ï  ʥʘʙʦʨʵʣʠʪʥʳʭʧʨʝʜʢʦʚ-ʦʡʛʣʫʙʠʥʳʠʥʜʠʚʠʜʫʫʤʘὼ , ‘ʠ „  ï 

ʩʨʝʜʥʝʝ ʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʜʣʷ ʧʦʢʦʣʝʥʠʷ Ὕ , Ὢὼ  ï 

ʧʨʠʛʦʜʥʦʩʪʴ ʠʥʜʠʚʠʜʫʫʤʘ, ‌  ï ʢʨʠʪʝʨʠʡ ʵʣʠʪʥʦʩʪʠ, ‍ π ‍ ρ  ï 

ʢʦʵʬʬʠʮʠʝʥʪ ʚʣʠʷʥʠʷ. ʋʚʝʣʠʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ‌ ʫʤʝʥʴʰʘʝʪ ʯʠʩʣʦ ʵʣʠʪʥʳʭ 

ʦʩʦʙʝʡ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʨʠʪʝʨʠʡ ʵʣʠʪʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʥʝʢʠʤ ʧʦʨʦʛʦʤ 

ʦʛʨʘʥʠʯʠʚʘʶʱʠʤ ʢʦʣʠʯʝʩʪʚʦ ʠʥʜʠʚʠʜʫʫʤʦʚ ʧʦʧʘʜʘʶʱʠʭ ʧʦʜ ʧʦʥʷʪʠʝ ʵʣʠʪʳ. 
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ʆʪ ʚʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʘ ‍ ʟʘʚʠʩʠʪ ʩʠʣʘ ʚʣʠʷʥʠʷ ʧʨʝʜʳʜʫʱʠʭ ʧʦʢʦʣʝʥʠʡ. 

ʏʠʩʣʦ ʧʦʢʦʣʝʥʠʡ, ʠʩʧʦʣʴʟʫʝʤʦʝ ʧʨʠ ʧʦʜʩʯʝʪʝ ʩʪʝʧʝʥʠ ʵʣʠʪʘʨʥʦʩʪʠ 

ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʟʥʘʯʝʥʠʝʤ ὰὩὺὩὰᾴ. ʀʜʝʥʪʠʯʥʳʤ ʦʙʨʘʟʦʤ ʩʪʝʧʝʥʴ ʵʣʠʪʘʨʥʦʩʪʠ 
ʦʧʨʝʜʝʣʷʝʪʩʷ ʠ ʜʣʷ ʟʘʜʘʯ ʤʠʥʠʤʠʟʘʮʠʠ. 

ɼʣʷ ʧʨʠʤʝʥʝʥʠʷ ʩʪʨʘʪʝʛʠʠ ʧʝʨʝʢʣʶʯʝʥʠʷ ʢʨʦʩʩʦʚʝʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʜʠʩʢʨʝʪʥʘʷ ʩʪʝʧʝʥʴ ʵʣʠʪʘʨʥʦʩʪʠ Ὁ . ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʥʝʨʘʚʝʥʩʪʚʦ (1) 

ʚʳʧʦʣʥʷʝʪʩʷ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʚʫʭʪʦʯʝʯʥʳʡ ʢʨʦʩʩʦʚʝʨ, ʠʥʘʯʝ ʨʘʚʥʦʤʝʨʥʳʡ. 

 

Ὁ ὝȟὭ Ὁ ὝȟὮ Ὀ ,  (1) 

 

ʛʜʝ Ὀ  - ʢʦʵʬʬʠʮʠʝʥʪ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʧʦʣʴʟʦʚʘʪʝʣʝʤ (π Ὀ ς) [1]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝʧʨʝʨʳʚʥʫʶ ʚʝʣʠʯʠʥʫ 

ʦʮʝʥʢʠ, ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʦʪʢʣʦʥʝʥʠʠ. 

ʉʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

 

ίὸͅὨὩὺ
В

, 

 

ʛʜʝ Ὕ ï ʪʝʢʫʱʝʝ ʧʦʢʦʣʝʥʠʝ, ὖ - ʧʦʧʫʣʷʮʠʷ, ʩʦʜʝʨʞʘʱʘʷ ʠʥʜʠʚʠʜʫʫʤʦʚ ὼ , ὼ , 

é, ὼ, ʠʤʝʶʱʠʭ ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʴ Ὢὼ , Ὢὼ , é, Ὢὼ , N ï ʦʙʱʝʝ ʯʠʩʣʦ 

ʠʥʜʠʚʠʜʫʫʤʦʚ, Ὢ  ï ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʠ, ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

Ὢ  В Ὢὼ . 

 

ʉʨʝʜʥʝʝ ʦʪʢʣʦʥʝʥʠʝ Ὕ ὼ  ʠʥʜʠʚʠʜʫʫʤʘ ὼʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʚʠʜʝ 

 

Ὕ ὼ
ͺ

ρπυπ. 

 

ʆʙʦʟʥʘʯʠʤ ʤʥʦʞʝʩʪʚʦ ʧʨʝʜʢʦʚʠʥʜʠʚʠʜʫʫʤʘ ὼ, ʧʦʢʦʣʝʥʠʷ Ὦ, ʢʘʢ ὃὶὧὮ. 

ʆʙʦʟʥʘʯʠʤ ʤʘʢʩʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʧʦʢʦʣʝʥʠʡ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʨʘʟʦʙʨʘʥʳ ʚ ʭʦʜʝ 

ʧʦʜʩʯʝʪʘ ʵʣʠʪʘʨʥʦʡ ʩʪʝʧʝʥʠ ʠʥʜʠʚʠʜʫʫʤʘ, ʢʘʢ ὰὩὺὩὰᾴὥὼ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʠʤ 
ʢʦʵʬʬʠʮʠʝʥʪ ʚʣʠʷʥʠʷ ‍. ʊʦʛʜʘ ʩʪʝʧʝʥʴ ʵʣʠʪʘʨʥʦʩʪʠ Ὁ ὝȟὭʨʘʚʥʘ: 

 

Ὁ ὝȟὭ
В В

ᶪ ᶰ

ͺ

Вz ȿ ȿͺ . 

 

ʏʪʦʙʳ ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʠ ʪʝʨʤʠʥʦʣʦʛʠʠ, ʩʪʝʧʝʥʴ 

ʵʣʠʪʘʨʥʦʩʪʠ, ʦʧʨʝʜʝʣʝʥʥʘʷ ʚ [1] ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʜʠʩʢʨʝʪʥʦʡ ʩʪʝʧʝʥʴʶ 

ʵʣʠʪʘʨʥʦʩʪʠ, ʦʧʨʝʜʝʣʝʥʥʫʶ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ - ʥʝʧʨʝʨʳʚʥʦʡ ʩʪʝʧʝʥʴʶ 

ʵʣʠʪʘʨʥʦʩʪʠ. ɼʘʣʝʝ ʨʘʩʩʤʦʪʨʠʤ ʩʪʨʘʪʝʛʠʠ ʨʝʘʣʠʟʘʮʠʠ ʛʝʥʝʪʠʯʝʩʢʠʭ 
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ʦʧʝʨʘʪʦʨʦʚ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʦʜʭʦʜʝ, ʦʧʠʩʘʥʥʦʤ ʚʳʰʝ. ɼʣʷ ʥʘʯʘʣʘ ʨʘʩʩʤʦʪʨʠʤ 

ʚʳʙʦʨ ʢʨʦʩʩʦʚʝʨʘʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʫʤʤʦʡ ʩʪʝʧʝʥʝʡ ʵʣʠʪʘʨʥʦʩʪʠ ʧʨʝʜʢʦʚ. 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʧʨʠʤʝʥʷʶʪʩʷ ʜʚʘ ʪʠʧʘ ʢʨʦʩʩʦʚʝʨʘ ï ʜʚʫʭʪʦʯʝʯʥʳʡ ʠ 

ʨʘʚʥʦʤʝʨʥʳʡ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ, ʜʚʫʭʪʦʯʝʯʥʳʡ ʘʣʛʦʨʠʪʤ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ, 

ʢʦʛʜʘ ʩʪʝʧʝʥʴ ʵʣʠʪʘʨʥʦʩʪʠ ʙʦʣʴʰʝ ʥʝʢʦʪʦʨʦʛʦ ʧʦʨʦʛʘ, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ 

ʙʫʜʝʪ ʧʨʠʤʝʥʝʥ ʨʘʚʥʦʤʝʨʥʳʡ ʢʨʦʩʩʦʚʝʨ.  

ɼʚʫʭʪʦʯʝʯʥʳʡ ʢʨʦʩʩʦʚʝʨ ʙʫʜʝʪ ʚʳʙʨʘʥ ʚ ʩʣʫʯʘʝ ʚʳʧʦʣʥʝʥʠʷ ʥʝʨʘʚʝʥʩʪʚʘ: 

 
ȟ ȟ

ὙὥὲὨπȟς, 

 

ʛʜʝ Ὁ ὝȟὭ , Ὁ ὝȟὮï ʩʪʝʧʝʥʴ ʵʣʠʪʘʨʥʦʩʪʠ ʜʣʷ -ʛʦ ʠ Ὦ-ʛʦ ʨʝʰʝʥʠʷ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, Ὁ , Ὁ  ï ʤʠʥʠʤʘʣʴʥʦʝ ʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʩʪʝʧʝʥʠ 

ʵʣʠʪʘʨʥʦʩʪʠ ʚʩʝʡ ʧʦʧʫʣʷʮʠʠ ʚ ʪʝʢʫʱʝʤ ʧʦʢʦʣʝʥʠʠ. ɼʘʣʝʝ ʨʘʩʩʤʦʪʨʠʤ 

ʘʜʘʧʪʠʚʥʫʶ ʨʝʛʫʣʠʨʦʚʢʫ ʚʝʨʦʷʪʥʦʩʪʠ ʤʫʪʘʮʠʠ. ʇʫʩʪʴὝ  ï ʧʦʨʦʛ ʨʝʛʫʣʠʨʦʚʢʠ 

ʤʫʪʘʮʠʠ, ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʩʪʝʧʝʥʴ ʵʣʠʪʘʨʥʦʩʪʠ ʠʥʜʠʚʠʜʫʫʤʘ ʚʳʰʝ ʵʪʦʛʦ ʧʦʨʦʛʘ, 

ʪʦ ʚʝʨʦʷʪʥʦʩʪʴ ʤʫʪʘʮʠʠ ʙʫʜʝʪ ʨʘʚʥʘ ʟʥʘʯʝʥʠʶ ὴ , ʠʥʘʯʝ ὴ . Ὕ  ï ʢʦʥʩʪʘʥʪʘ, 

ʟʘʜʘʚʘʝʤʘʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ. ʆʞʠʜʘʝʪʩʷ, ʯʪʦ ʠʥʜʠʚʠʜʫʫʤʳ, ʧʨʦʰʝʜʰʠʝʧʦʨʦʛὝ , 

ʠʤʝʶʪ ʭʦʨʦʰʠʝ ʩʭʝʤʳ, ʧʦʵʪʦʤʫ ʦʥʠ ʩʦʭʨʘʥʷʶʪʩʷ. ɼʣʷ ʜʨʫʛʠʭ ʠʥʜʠʚʠʜʫʫʤʦʚ 

ʧʨʦʮʝʩʩ ʧʦʠʩʢʘ ʨʝʰʝʥʠʡ ʧʨʦʜʦʣʞʘʝʪʩʷ. ɸʜʘʧʪʠʚʥʦʝ ʧʝʨʝʢʣʶʯʝʥʠʝ ʢʨʦʩʩʦʚʝʨʘ 

ʠ ʥʘʩʪʨʦʡʢʘ ʚʝʨʦʷʪʥʦʩʪʠ ʤʫʪʘʮʠʠ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʛʦʜʥʦʩʪʴʶ ʠʥʜʠʚʠʜʫʫʤʘ 

ʠ ʩʪʝʧʝʥʴʶ ʵʣʠʪʘʨʥʦʩʪʠ, ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʙʦʣʝʝ ʛʠʙʢʠʡ ʧʦʠʩʢ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ. ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ ɻɸ ʠʩʩʣʝʜʦʚʘʥʳ ʥʘ 

ʥʘʙʦʨʝ ʪʝʩʪʦʚʳʭ ʬʫʥʢʮʠʡ DeJongôʘ[3]. ʀʩʧʦʣʴʟʦʚʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ɻɸ: ʯʠʩʣʦ 

ʠʥʜʠʚʠʜʫʫʤʦʚ ï 50, ʚʝʨʦʷʪʥʦʩʪʴ ʢʨʦʩʩʦʚʝʨʘ ï 0.6, ʨʘʟʨʳʚ ʧʦʢʦʣʝʥʠʡ ï 1.0, 

ʤʝʪʦʜ ʩʝʣʝʢʮʠʠ ï ʩʦʭʨʘʥʝʥʠʝ ʵʣʠʪʥʳʭ ʦʩʦʙʝʡ, ʠʩʧʦʣʴʟʦʚʘʥʘ ʢʦʜʠʨʦʚʢʘ ɻʨʝʷ, 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʧʦʢʦʣʝʥʠʡ ï 1000. ɼʣʷ ɻɸ ʩ ʜʠʩʢʨʝʪʥʦʡ ʵʣʠʪʘʨʥʦʡ ʩʭʝʤʦʡ: 

ʢʨʠʪʝʨʠʡ ʵʣʠʪʳ ‌ï0.2, ʢʦʵʬʬʠʮʠʝʥʪ ʚʣʠʷʥʠʷ ʵʣʠʪʳ ‍ï 0.5, ʧʦʨʦʛ Ὀ  - 1.5. 

ɺʝʨʦʷʪʥʦʩʪʴ ʤʫʪʘʮʠʠ ʜʣʷ  ɻɸ ʩ ʜʠʩʢʨʝʪʥʦʡ ʩʪʝʧʝʥʴʶ ʵʣʠʪʘʨʥʦʩʪʠ ï 0.001, ʜʣʷ 

ʥʝʧʨʝʨʳʚʥʦʡ:  ὴ  ï 0.001, ὴ  ï 0.01, ʧʦʨʦʛ Ὕ  ï 0.5.ʅʘʯʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ʨʝʰʝʥʠʡ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ. ɺʳʯʠʩʣʠʪʝʣʴʥʳ ʵʢʩʧʝʨʠʤʝʥʪ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʛʝʥʝʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ ʥʘ ʦʩʥʦʚʝ ʥʝʧʨʝʨʳʚʥʦʡ ʩʪʝʧʝʥʠ 

ʵʣʠʪʘʨʥʦʩʪʠ ʧʨʝʚʦʩʭʦʜʠʪ ʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʚʦʡ ʨʘʥʥʠʡ ʘʥʘʣʦʛ.   
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ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 
ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥ ʧʦʜʭʦʜ ʢ ʫʧʨʘʚʣʝʥʠʶ ʥʦʚʳʤ ʧʦʢʦʣʝʥʠʝʤ Z, ʦʩʥʦʚʘʥʥʳʡ 

ʥʘ ʪʝʦʨʠʠ ʤʝʥʝʜʞʤʝʥʪʘ ʠ ʪʝʦʨʠʠ ʛʣʫʙʠʥʥʳʭ ʟʥʘʥʠʡ ʕʜʚʘʨʜʩʘ ɼʝʤʠʥʛʘ. ʇʨʝʜʣʘʛʘʝʪʩʷ 

ʧʝʨʝʦʩʤʳʩʣʝʥʠʝ ʧʨʠʚʳʯʥʦʛʦ ʚ ʈʦʩʩʠʠ ʧʦʜʭʦʜʘ ʢ ʫʧʨʘʚʣʝʥʠʶ ʧʝʨʩʦʥʘʣʦʤ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʦʧʨʝʜʝʣʸʥʥʳʭ ʤʝʪʦʜʦʚ ʫʧʨʘʚʣʝʥʠʷ ʠ ʤʦʪʠʚʘʮʠʠ ʮʝʥʪʝʥʠʘʣʦʚ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʦʩʦʙʝʥʥʦʩʪʷʭ 

ʜʘʥʥʦʛʦ ʧʦʢʦʣʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʥʝʜʞʤʝʥʪ, ʩʠʩʪʝʤʘ ʤʦʪʠʚʘʮʠʠ ʧʝʨʩʦʥʘʣʘ, ʩʠʩʪʝʤʥʳʡ ʧʦʜʭʦʜ, 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʘʷ ʢʫʣʴʪʫʨʘ, ʧʦʢʦʣʝʥʠʝ z. 

 

ɺ ʥʘʰʝ ʚʨʝʤʷ ʧʦʢʦʣʝʥʠʝ z, ʧʦ çʊʝʦʨʠʠ ʧʦʢʦʣʝʥʠʡè ʅʠʣʘ ʍʘʫ ʠ ʋʠʣʴʷʤʘ 

ʐʪʨʘʫʩʩʘ, ʫʞʝ ʜʦʩʪʠʛʣʦ ʩʚʦʝʛʦ ʩʦʚʝʨʰʝʥʥʦʣʝʪʠʷ ʠ ʘʢʪʠʚʥʦ ʧʨʠʩʪʫʧʘʝʪ ʢ 

ʪʨʫʜʦʚʦʤʫ ʧʨʦʮʝʩʩʫ. ʕʪʦ ʩʣʝʜʫʶʱʠʝ ʧʦʢʦʣʝʥʠʝ ʧʦʩʣʝ ʤʠʣʝʣʝʥʠʘʣʦʚ, ʩ 

ʢʦʪʦʨʳʤ ʧʨʠʜʝʪʩʷ ʨʘʙʦʪʘʪʴ ʨʫʢʦʚʦʜʠʪʝʣʷʤ ʙʦʣʴʰʠʥʩʪʚʘ ʢʦʤʧʘʥʠʡ. 

ʅʦʚʦʝ ʧʦʢʦʣʝʥʠʝ ʪʨʝʙʫʝʪ ʦʪ ʥʘʩ ʥʦʚʦʛʦ ʧʦʜʭʦʜʘ, ʢʦʪʦʨʳʡ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʧʨʠʚʳʯʥʦʛʦ ʥʘʤ [1]. ʅʦ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʧʦʢʦʣʝʥʠʝ ʮʝʥʪʝʥʠʘʣʦʚ, ʤʳ ʤʦʞʝʤ 

ʫʚʠʜʝʪʴ, ʯʪʦ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʥʘʤ ʥʝʦʙʭʦʜʠʤʦ 

ʦʙʨʘʪʠʪʴʩʷ ʢ ʦʧʳʪʫ ʘʤʝʨʠʢʘʥʩʢʦʛʦ ʫʯʝʥʦʛʦ, ʩʪʘʪʠʩʪʠʢʘ ʠ ʢʦʥʩʫʣʴʪʘʥʪʘ ʧʦ 

ʤʝʥʝʜʞʤʝʥʪʫ ʕʜʚʘʨʜʩʘ ɼʝʤʠʥʛʘ ʠ ʝʛʦ ʪʝʦʨʠʠ ʛʣʫʙʠʥʥʳʭ ʟʥʘʥʠʡ. 

ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʧʦʜʭʦʜ ʢ ʫʧʨʘʚʣʝʥʠʶ, ʢʦʪʦʨʳʡ ʧʨʝʜʣʘʛʘʝʪ ʕ. ɼʝʤʠʥʛ ʧʦ 

ʤʥʦʛʠʤ ʧʨʠʟʥʘʢʘʤ ʷʚʣʷʝʪʩʷ ʧʦʜʭʦʜʷʱʠʤ ʠ ʦʧʪʠʤʘʣʴʥʳʤ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʥʦʚʳʤ ʧʦʢʦʣʝʥʠʝʤ. ʄʳ ʭʦʪʠʤ ʙʦʣʴʰʝ ʨʘʩʢʨʳʪʴ ʪʝʤʫ ʤʦʪʠʚʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ 

ʥʦʚʳʤ ʧʦʢʦʣʝʥʠʝʤ ʠ ʧʦʢʘʟʘʪʴ ʦʰʠʙʢʠ, ʢʦʪʦʨʳʝ ʜʦ ʩʠʭ ʧʦʨ ʩʦʚʝʨʰʘʶʪʩʷ ʚ 

ʈʦʩʩʠʡʩʢʠʡ ʢʦʤʧʘʥʠʷʭ. ʆʰʠʙʢʠ, ʢʦʪʦʨʳʝ ʚ ʜʦʣʛʦʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ ʤʦʛʫʪ 

ʨʘʟʨʫʰʠʪʴ ʠʭ. ʅʘʤ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʦʩʤʳʩʣʝʥʠʝ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʧʦʜʭʦʜʘ ʢ 

ʫʧʨʘʚʣʝʥʠʶ. ʀ ʪʝʢʫʱʘʷ ʢʨʠʟʠʩʥʘʷ ʩʠʪʫʘʮʠʷ ʪʘʢʞʝ ʥʘʧʦʤʠʥʘʝʪ ʥʘʤ ʦʙ ʵʪʦʤ. 

ʄʳ ʫʞʝ ʟʥʘʢʦʤʳ ʩ ʩʠʩʪʝʤʥʳʤ ʧʦʜʭʦʜʦʤ ʚ ʫʧʨʘʚʣʝʥʠʠ ʦʨʛʘʥʠʟʘʮʠʝʡ [2]. 

ʆʜʥʘʢʦ, ʚ ʈʦʩʩʠʡʩʢʦʡ ʧʨʘʢʪʠʢʝ, ʢʦʛʜʘ ʤʝʥʝʜʞʝʨ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʚʩʪʨʝʯʘʝʪʩʷ ʩ 

ʙʨʘʢʦʤ, ʚʠʥʦʚʥʳʤ ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ ʨʘʙʦʯʝʛʦ, ʚʝʜʴ, ʧʦ ʤʥʝʥʠʶ ʤʝʥʝʜʞʝʨʘ, ʵʪʦ 

ʨʘʙʦʯʠʡ ʩʪʦʷʣ ʫ ʩʪʘʥʢʘ ʠ ʜʝʣʘʣ ʨʘʙʦʪʫ ʥʝʧʨʘʚʠʣʴʥʦ. ʇʦʨʦʡ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʰʪʨʘʬʫ, ʘ ʪʦ ʠ ʢ ʫʚʦʣʴʥʝʥʠʶ. ʅʦ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʣʠ ʚ ʵʪʦʤ ʚʠʥʦʚʘʪ ʨʘʙʦʪʥʠʢ? 

ʆʥ ʩʢʦʨʝʝ ʚʩʝʛʦ ʜʝʣʘʝʪ ʩʚʦʶ ʨʘʙʦʪʫ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʛʣʘʤʝʥʪʦʤ ʠ ʯʘʱʝ ʚʩʝʛʦ 

ʜʦʙʨʦʩʦʚʝʩʪʥʦ, ʥʦ ʙʨʘʢ ʚʩʝ ʨʘʚʥʦ ʧʨʦʠʩʭʦʜʠʪ. ʀ ʪʫʪ ʧʨʦʙʣʝʤʘ ʥʝ ʚʩʝʛʜʘ ʚ 

ʨʘʙʦʪʥʠʢʝ, ʘ ʚ ʩʠʩʪʝʤʝ, ʢʦʪʦʨʫʶ ʩʦʟʜʘʣ ʤʝʥʝʜʞʤʝʥʪ. ʂʘʞʜʳʡ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩ 

ʩʦʩʪʦʠʪ ʠʟ ʙʣʦʢ-ʩʭʝʤ, ʢʦʪʦʨʳʝ ʥʘʛʣʷʜʥʦ ʧʦʢʘʟʳʚʘʶʪ ʚʳʧʦʣʥʝʥʠʝ ʢʘʢʠʭ-ʣʠʙʦ 

ʦʧʝʨʘʮʠʡ ʠ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. ʀ ʝʩʣʠ ʧʨʦʮʝʩʩ 

ʚʳʩʪʨʦʝʥ ʥʝʧʨʘʚʠʣʴʥʦ, ʪʦ ʤʳ ʤʦʞʝʤ ʩʢʦʣʴʢʦ ʫʛʦʜʥʦ ʤʦʪʠʚʠʨʦʚʘʪʴ ʥʘʰʝʛʦ 

ʩʦʪʨʫʜʥʠʢʘ, ʩʪʘʚʠʪʴ ʝʛʦ ʚ ʞʝʩʪʢʠʝ ʨʘʤʢʠ, ʜʝʨʞʘʪʴ ʚ ʩʪʨʘʭʝ, ʥʦ ʣʫʯʰʝ ʩʚʦʶ 
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ʨʘʙʦʪʫ ʦʥ ʥʝ ʚʩʝʛʜʘ ʤʦʞʝʪ ʩʜʝʣʘʪʴ [2]. ɼʣʷ ʙʦʣʴʰʝʛʦ ʧʦʥʠʤʘʥʠʷ ʕʜʚʘʨʜʩ 

ɼʝʤʠʥʛ ʧʨʦʚʝʣ ʵʢʩʧʝʨʠʤʝʥʪ ʩ ʢʨʘʩʥʳʤʠ ʙʫʩʘʤʠ [2], ʚ ʢʦʪʦʨʦʤ ʧʨʦʙʣʝʤʘ ʙʳʣʘ ʚ 

ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʠ ʤʝʥʝʜʞʤʝʥʪʫ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʨʘʙʦʪʘʪʴ ʥʘʜ ʠʟʤʝʥʝʥʠʝʤ 

ʧʦʩʪʨʦʝʥʥʦʡ ʩʠʩʪʝʤʳ [3]. 

 ʇʨʦʰʣʳʝ ʧʦʢʦʣʝʥʠʷ ʙʳʣʠ ʚʦʩʧʠʪʘʥʳ ʚ ʜʨʫʛʦʝ ʚʨʝʤʷ ʠ ʢʦʛʜʘ ʠʭ 

ʰʪʨʘʬʦʚʘʣʠ, ʠʟ-ʟʘ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʨʝʤʝʥʠ ʚ ʢʦʪʦʨʦʤ ʦʥʠ ʞʠʣʠ, ʦʥʠ ʤʦʛʣʠ 

ʪʝʨʧʝʪʴ ʪʘʢʠʝ ʦʰʠʙʢʠ ʨʫʢʦʚʦʜʩʪʚʘ. ʅʦʚʦʝ ʧʦʢʦʣʝʥʠʝ ʙʦʣʝʝ ʤʦʙʠʣʴʥʦʝ, ʣʝʛʢʦ 

ʤʝʥʷʶʱʝʝ ʤʝʩʪʦ ʨʘʙʦʪʳ ʚ ʧʦʠʩʢʘʭ ʣʫʯʰʝʛʦ ʠ ʦʰʠʙʢʠ ʚ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ 

ʙʫʜʫʪ ʧʨʠʚʦʜʠʪʴ ʢʦʤʧʘʥʠʠ ʢ ʙʦʣʴʰʠʤ ʨʘʩʭʦʜʘʤ. ʂʘʢ ʥʘʤ ʠʟʚʝʩʪʥʦ, ʩʪʦʠʤʦʩʪʴ 

ʦʜʥʦʛʦ ʨʘʙʦʪʥʠʢʘ ʧʨʝʚʳʰʘʝʪ ʩʪʦʠʤʦʩʪʴ ʝʛʦ ʩʨʝʜʥʝʤʝʩʷʯʥʦʡ ʟʘʨʘʙʦʪʥʦʡ ʧʣʘʪʳ 

ʚ 2-3 ʨʘʟʘ [4]. 

ʆʩʦʙʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʈʦʩʩʠʠ ʥʘʙʠʨʘʝʪ ʫʧʨʘʚʣʝʥʠʝ ʧʦ 

ʮʝʣʷʤ ʠ ʨʝʟʫʣʴʪʘʪʘʤ, ʫʩʪʘʥʦʚʣʝʥʠʝ ʥʦʨʤ ʠ ʩʪʨʝʤʣʝʥʠʝ ʢ ʠʭ ʜʦʩʪʠʞʝʥʠʶ. 

ɿʘʯʘʩʪʫʶ ʪʘʢʦʝ ʫʧʨʘʚʣʝʥʠʝ ʩʚʦʜʠʪʩʷ ʢ ʫʧʨʘʚʣʝʥʠʶ ʥʘ ʦʩʥʦʚʝ ʩʪʨʘʭʘ, ʦʩʦʙʝʥʥʦ 

ʢʦʛʜʘ ʮʝʣʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʬʦʨʤʘʣʴʥʦ, ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʡ ʘʥʘʣʠʪʠʢʠ ʠ ʫʯʝʪʘ 

ʚʘʨʠʘʮʠʠ [5]. ʄʥʦʛʠʝ ʤʝʥʝʜʞʝʨʳ ʩʝʡʯʘʩ ʧʨʠʚʳʢʣʠ ʩʪʘʚʠʪʴ ʮʝʣʠ, ʥʦ ʥʝ ʜʘʚʘʪʴ 

ʤʝʪʦʜʳ ʠʭ ʜʦʩʪʠʞʝʥʠʷ ʠʣʠ ʥʝ ʧʨʠʥʠʤʘʪʴ ʫʯʘʩʪʠʝ ʚ ʦʙʩʫʞʜʝʥʠʠ ʚʦʟʤʦʞʥʳʭ 

ʤʝʪʦʜʦʚ. ɹʳʚʘʝʪ, ʯʪʦ ʚ ʪʘʢʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʨʘʙʦʪʥʠʢ ʜʝʣʘʝʪ ʦʰʠʙʢʠ, 

ʢʦʪʦʨʳʝ ʥʝʠʟʙʝʞʥʦ ʧʨʠʚʦʜʷʪ ʢ ʧʦʪʝʨʷʤ. ʀ ʚ ʵʪʦʤ ʥʝ ʚʩʝʛʜʘ ʝʛʦ ʚʠʥʘ. ʅʦʚʦʝ 

ʧʦʢʦʣʝʥʠʝ, ʠʟ-ʟʘ ʜʦʩʪʫʧʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʧʨʠʚʳʢʣʦ ʢ 

ʧʦʣʫʯʝʥʠʶ ʫʞʝ ʛʦʪʦʚʳʭ ʦʪʚʝʪʦʚ, ʥʦ, ʚʤʝʩʪʝ ʩ ʵʪʠʤ, ʝʱʝ ʥʫʞʜʘʝʪʩʷ ʚ 

ʢʦʥʩʫʣʴʪʘʮʠʷʭ ʧʦ ʚʦʟʤʦʞʥʳʤ ʘʣʴʪʝʨʥʘʪʠʚʘʤ ʧʦ ʤʝʪʦʜʘʤ ʜʦʩʪʠʞʝʥʠʷ 

ʧʦʩʪʘʚʣʝʥʥʳʭ ʮʝʣʝʡ ʠ ʧʨʝʝʤʩʪʚʝʥʥʦʩʪʠ ʦʧʳʪʘ ʥʘʩʪʘʚʥʠʢʘ. ɿʜʝʩʴ ʛʣʘʚʥʦʝ ʥʝ 

ʫʭʦʜʠʪʴ ʚ ʩʠʣʴʥʫʶ ʙʶʨʦʢʨʘʪʠʟʘʮʠʶ ʠ ʙʫʤʘʞʥʫʶ ʚʦʣʦʢʠʪʫ, ʚʝʜʴ ʧʦʩʣʝ ʵʪʘʧʘ 

çʙʶʨʦʢʨʘʪʠʟʤʘè ʠʜʝʪ çʩʤʝʨʪʴè (çɾʠʟʥʝʥʥʳʭ ʮʠʢʣʦʚ ʢʦʨʧʦʨʘʮʠʡè ʀ. ɸʜʠʟʝʩ), 

[6]. 

ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʮʝʣʠ ʪʘʢʞʝ ʤʦʛʫʪ ʚʝʩʪʠ ʢ ʠʩʢʘʞʝʥʠʷʤ ʠ ʪʨʫʜʥʦʩʪʷʤ, 

ʦʩʦʙʝʥʥʦ ʢʦʛʜʘ ʦʥʠ ʥʝʜʦʩʪʠʞʠʤʳ. ʇʣʘʥʳ ʠ ʥʦʨʤʳ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ 

ʚʳʧʦʣʥʷʪʴ, ʯʘʱʝ ʧʨʠʚʦʜʷʪ ʢ ʧʨʝʥʝʙʨʝʞʝʥʠʶ ʩʧʦʩʦʙʦʚ ʠʭ ʜʦʩʪʠʞʝʥʠʷ. ʈʘʜʠ 

ʙʳʩʪʨʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʧʣʘʥʘ ʩʦʪʨʫʜʥʠʢ ʯʘʩʪʦ ʧʨʝʥʝʙʨʝʛʘʝʪ ʢʘʯʝʩʪʚʦʤ [5]. ʊʝʤ 

ʙʦʣʝʝ, ʝʩʣʠ ʟʘ ʥʝʚʳʧʦʣʥʝʥʠʝ ʧʣʘʥʘ ʫʩʪʘʥʦʚʣʝʥ ʰʪʨʘʬ, ʯʪʦ ʣʶʙʷʪ ʜʝʣʘʪʴ ʚ 

ʥʝʢʦʪʦʨʳʭ ʢʦʤʧʘʥʠʷʭ. ʅʝʦʙʭʦʜʠʤʦ ʨʘʟʜʝʣʷʪʴ ʚʳʧʦʣʥʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʠ 

ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ ʧʦʪʨʝʙʠʪʝʣʝʡ. ʉʠʣʴʥʦ ʨʘʟʚʠʪʘʷ ʧʦʪʨʝʙʥʦʩʪʴ ʜʦʩʪʠʞʝʥʠʷ ʫ 

ʧʦʢʦʣʝʥʠʷ Z ʷʚʣʷʝʪʩʷ ʣʦʚʫʰʢʦʡ. ɽʩʣʠ ʤʳ ʙʫʜʝʤ ʩʪʘʚʠʪʴ ʪʨʫʜʥʦʜʦʩʪʠʞʠʤʳʝ 

ʮʝʣʠ, ʪʦ ʥʘ ʠʭ ʜʦʩʪʠʞʝʥʠʷ ʙʫʜʫʪ ʥʘʮʝʣʝʥʳ ʚʩʝ ʩʠʣʳ, ʜʘʞʝ ʚ ʫʱʝʨʙ ʜʣʷ 

ʢʦʤʧʘʥʠʠ [3]. 

ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʩʤʦʪʨʝʪʴ ʦʪʥʦʰʝʥʠʝ ʨʘʙʦʪʦʜʘʪʝʣʝʡ ʢ ʩʠʩʪʝʤʝ 

ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʘʷ ʩʦʩʪʦʠʪ ʠʟ ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʛʦ 

ʦʢʣʘʜʘ ʠ ʧʨʝʤʠʡ ʟʘ ʚʳʧʦʣʥʝʥʠʝ ʨʘʙʦʪ. ʄʥʦʛʠʝ ʨʫʢʦʚʦʜʠʪʝʣʠ ʩʯʠʪʘʶʪ ʵʪʫ 

ʩʠʩʪʝʤʫ ʦʩʥʦʚʥʦʡ, ʘ ʥʝʢʦʪʦʨʳʝ ʠ ʜʦʩʪʘʪʦʯʥʦʡ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʦʨʦʡ ʦʥʘ 

ʤʦʞʝʪ ʙʳʪʴ ʥʝʧʣʦʭʦʡ ʤʦʪʠʚʘʮʠʡ, ʥʦ ʜʣʷ ʪʚʦʨʯʝʩʢʦʛʦ ʚʠʜʘ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʝʣʴʟʷ 

ʟʘʙʳʚʘʪʴ ʦ ʤʦʨʘʣʴʥʦ-ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʤ ʩʪʠʤʫʣʠʨʦʚʘʥʠʠ. ɸ ʪʘʤ, ʛʜʝ ʦʥʦ ʘʢʪʠʚʥʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ, ʥʝ ʚʩʝʛʜʘ ʨʘʙʦʪʘʝʪ ʩ ʫʯʝʪʦʤ ʧʦʪʨʝʙʥʦʩʪʝʡ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ.  
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ɺʦ-ʧʝʨʚʳʭ, ʦʩʦʟʥʘʥʠʝ ʩʦʪʨʫʜʥʠʢʦʤ ʟʘʚʠʩʠʤʦʩʪʠ ʟʘʨʘʙʦʪʢʘ ʦʪ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʝʛʦ ʪʨʫʜʘ, ʙʝʟ ʫʯʝʪʘ ʮʝʥʳ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ, ʧʦʨʦʡ 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʷʤ ʢʦʤʧʘʥʠʠ ʚ ʙʫʜʫʱʝʤ [5].  

ɺʦ-ʚʪʦʨʳʭ, ʨʘʙʦʪʥʠʢ, ʨʘʙʦʪʘʚʰʠʡ ʟʘ ʧʨʦʮʝʥʪ, ʢʘʢ ʧʠʩʘʣ ʚ ʩʚʦʝʡ ʢʥʠʛʝ 

çʂʘʢ ʠʩʧʦʨʪʠʪʴ ʚʩʝ ʠ ʨʘʟʦʨʠʪʴ ʙʠʟʥʝʩè ʉʚʷʪʦʩʣʘʚ ɹʠʨʶʣʠʥ, ʧʨʝʜʦʩʪʘʚʣʝʥ ʩʘʤ 

ʩʝʙʝ. ʊʦ ʝʩʪʴ ʨʘʙʦʪʥʠʢ ʩʘʤ ʨʝʰʘʝʪ ʩʢʦʣʴʢʦ ʝʤʫ ʧʨʦʠʟʚʦʜʠʪʴ ʪʦʚʘʨʘ, ʪʨʫʜʠʪʴʩʷ 

ʝʤʫ ʥʘ ʧʦʣʥʫʶ ʠʣʠ ʚ ʧʦʣ ʩʠʣʳ [4]. ʅʘʙʣʶʜʘʝʪʩʷ, ʯʪʦ ʜʣʷ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ 

ʫʨʦʚʝʥʴ ʦʧʣʘʪʳ ʪʨʫʜʘ ʚʩʝ ʜʘʣʴʰʝ ʦʪʭʦʜʠʪ ʥʘ ʚʪʦʨʦʡ ʧʣʘʥ, ʵʪʦ ʧʨʦʩʪʦ 

ʛʠʛʠʝʥʠʯʝʩʢʠʡ ʬʘʢʪʦʨ. ʘ ʚʳʩʦʢʦ ʨʘʟʚʠʪʘʷ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʜʦʩʪʠʞʝʥʠʠ ʙʦʣʴʰʝ 

ʤʦʪʠʚʠʨʫʝʪ ʥʘ ʜʦʩʪʠʞʝʥʠʝ ʥʝʙʦʣʴʰʠʭ, ʙʦʣʝʝ ʣʝʛʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʅʦ ʨʝʟʫʣʴʪʘʪ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʦʤʧʘʥʠʠ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʨʘʙʦʪʳ ʚʩʝʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʠ ʩʝʡʯʘʩ 

ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʠ ʧʦʩʪʦʷʥʥʦ ʤʦʜʝʨʥʠʟʠʨʦʚʘʪʴ 

ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʫʶ ʩʠʩʪʝʤʫ ʤʦʪʠʚʘʮʠʠ ʧʝʨʩʦʥʘʣʘ. [7].  

ʈʘʥʞʠʨʦʚʘʥʠʝ ʢʘʜʨʦʚ ʠʣʠ ʩʠʩʪʝʤʘ ʦʮʝʥʦʢ ʧʦ ʟʘʩʣʫʛʘʤ ʧʦʩʪʝʧʝʥʥʦ 

ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢʦʤʧʘʥʠʶ ʢ ʨʘʟʚʘʣʫ. ʈʘʥʞʠʨʦʚʘʥʠʝ ʧʦʨʦʞʜʘʝʪ ʢʦʥʢʫʨʝʥʮʠʶ 

ʩʨʝʜʠ ʧʝʨʩʦʥʘʣʘ, ʢʦʪʦʨʘʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʨʫʰʝʥʠʶ ʢʦʣʣʝʢʪʠʚʘ ʠ ʦʩʣʘʙʣʝʥʠʶ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʢʫʣʴʪʫʨʳ. ʇʦʜʯʠʥʝʥʠʝ ʯʝʣʦʚʝʢʘ ʪʘʢʦʡ ʦʮʝʥʢʝ ʚʝʜʝʪ ʢ 

ʚʳʧʦʣʥʝʥʠʶ ʨʘʙʦʪʳ ʨʘʜʠ ʦʮʝʥʢʠ, ʘ ʥʝ ʨʘʜʠ ʫʜʦʚʦʣʴʩʪʚʠʷ [2]. ʇʦʜʦʙʥʦʝ 

ʨʘʥʞʠʨʦʚʘʥʠʝ ʧʨʠʚʝʜʝʪ ʢ ʪʦʤʫ, ʯʪʦ ʮʝʥʪʝʥʠʘʣʳ ʙʳʩʪʨʦ ʧʨʠʩʧʦʩʦʙʷʪʩʷ, ʠ, 

ʧʨʠʚʳʢʰʠʝ ʨʝʛʫʣʷʨʥʦ ʧʦʣʫʯʘʪʴ ʦʮʝʥʢʠ ʚ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ, ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ 

ʙʫʜʫʪ ʦʟʘʙʦʯʝʥʳ ʫʜʦʚʣʝʪʚʦʨʝʥʠʝʤ ʧʦʪʨʝʙʥʦʩʪʝʡ ʧʦʪʨʝʙʠʪʝʣʷ ʠ ʦʙʱʠʤʠ 

ʜʦʩʪʠʞʝʥʠʷʤʠ ʦʨʛʘʥʠʟʘʮʠʠ. 

ʂ ʪʦʤʫ ʞʝ, ʜʦʚʦʣʴʥʦ ʯʘʩʪʦ ʚ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʢʦʤʧʘʥʠʷʭ ʩʠʩʪʝʤʘ ʦʮʝʥʦʢ 

ʧʦ ʟʘʩʣʫʛʘʤ ʧʦʩʪʨʦʝʥʘ ʯʠʩʪʦ ʬʦʨʤʘʣʴʥʦ, ʙʝʟ ʫʯʝʪʘ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʬʘʢʪʦʨʦʚ 

[4]. ʎʝʥʪʝʥʠʘʣʳ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦ ʦʮʝʥʠʚʘʶʪ ʩʚʦʶ ʠʥʜʠʚʠʜʫʘʣʴʥʦʩʪʴ, ʠ 

ʨʫʢʦʚʦʜʠʪʝʣʶ ʞʝʣʘʪʝʣʴʥʦ ʵʪʦ ʧʦʜʪʚʝʨʞʜʘʪʴ ʥʝ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʩ ʦʩʪʘʣʴʥʳʤʠ. 

ʋʧʨʘʚʣʝʥʠʝ ʧʦ ʮʝʣʷʤ ʚ ʢʦʤʧʘʥʠʠ ʧʨʠʚʦʜʠʪ ʢ ʜʨʦʙʣʝʥʠʶ ʮʝʣʠ ʜʣʷ ʚʩʝʭ 

ʧʦʜʨʘʟʜʝʣʝʥʠʡ, ʯʪʦ ʯʘʩʪʦ ʧʦʨʦʞʜʘʝʪ ʢʦʥʢʫʨʝʥʮʠʶ ʚʥʫʪʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʠ 

ʨʘʟʲʝʜʠʥʷʝʪ ʩʤʝʞʥʳʝ ʦʪʜʝʣʳ [6]. ɺʤʝʩʪʦ ʩʦʟʜʘʥʠʷ ʢʦʥʢʫʨʝʥʪʥʦʡ ʩʨʝʜʳ ʣʫʯʰʝ 

ʧʦʯʘʱʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʣʣʝʢʪʠʚʥʳʝ ʦʙʩʫʞʜʝʥʠʷ ʠ ʧʨʠʤʝʥʷʪʴ ʢʦʣʣʝʢʪʠʚʥʳʝ 

ʤʝʪʦʜʳ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʧʦʚʳʰʘʪʴ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʠ ʠʥʪʝʛʨʠʨʦʚʘʪʴ 

ʢʦʣʣʝʢʪʠʚ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʦʙʱʝʡ ʮʝʣʠ. ɺ ʵʪʦʤ ʧʦʤʦʛʫʪ ʠ ʙʣʦʢ-ʩʭʝʤʳ 

ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʚ ʦʨʛʘʥʠʟʘʮʠʠ, ʢʦʪʦʨʳʝ ʜʦʣʞʝʥ ʚʠʜʝʪʴ ʠ ʧʦʥʠʤʘʪʴ 

ʢʘʞʜʳʡ ʩʦʪʨʫʜʥʠʢ ʚʘʰʝʡ ʢʦʤʧʘʥʠʠ. ʂʦʛʜʘ ʨʘʙʦʯʠʡ ʚʠʜʠʪ ʩʚʦʝ ʤʝʩʪʦ ʚ ʩʠʩʪʝʤʝ, 

ʨʝʟʫʣʴʪʘʪ ʩʚʦʝʡ ʨʘʙʦʪʳ ʠ ʚʟʘʠʤʦʩʚʷʟʴ ʩ ʜʨʫʛʠʤʠ, ʦʥ ʥʘʯʠʥʘʝʪ ʥʝʩʪʠ ʙʦʣʴʰʫʶ 

ʤʦʨʘʣʴʥʫʶ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʩʚʦʶ ʨʘʙʦʪʫ. ɺ ʢʦʤʧʘʥʠʠ ʜʦʣʞʥʘ 

ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʧʨʦʟʨʘʯʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʠ ʠʥʪʝʛʨʘʮʠʷ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʦʡ 

ʢʦʤʧʘʥʠʷ ʤʦʞʝʪ ʧʨʦʭʦʜʠʪʴ ʚʩʝ ʩʪʘʜʠʠ ʩʚʦʝʡ ʞʠʟʥʠ ʧʦ ʦʧʪʠʤʘʣʴʥʦʤʫ ʧʫʪʠ. ɼʣʷ 

ʵʪʦʛʦ ʢʦʤʧʘʥʠʠ ʥʝʦʙʭʦʜʠʤ ʣʠʜʝʨ, ʪʦʪ ʩʘʤʳʡ ʠʥʪʝʛʨʘʪʦʨ, ʩʧʦʩʦʙʥʳʡ 

ʥʘʧʨʘʚʣʷʪʴ, ʚʝʩʪʠ ʠ ʨʘʟʚʠʚʘʪʴ ʩʠʩʪʝʤʫ [6]. ʄʳ ʤʦʞʝʤ ʠʩʢʘʪʴ ʧʨʦʙʣʝʤʳ ʚ 

ʨʘʙʦʪʥʠʢʭ ʠ ʨʘʙʦʪʘʪʴ ʥʘʜ ʠʭ ʩʪʠʤʫʣʠʨʦʚʘʥʠʝʤ, ʥʦ ʥʠʢʘʢʠʝ ʩʪʘʨʘʥʠʷ ʨʘʙʦʯʠʭ ʥʝ 

ʩʤʦʛʫʪ ʧʨʝʦʜʦʣʝʪʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʦʰʠʙʢʠ ʤʝʥʝʜʞʤʝʥʪʘ, ʜʦʧʫʱʝʥʥʳʝ ʧʨʠ 

ʧʦʩʪʨʦʝʥʠʠ ʩʠʩʪʝʤʳ. çɿʘʪʨʘʪʳ ï ʵʪʦ ʥʝ ʧʨʠʯʠʥʳ, ʟʘʪʨʘʪʳ ï ʵʪʦ ʩʣʝʜʩʪʚʠʷ 
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ʧʨʠʯʠʥè. ʅʫʞʥʦ ʨʘʙʦʪʘʪʴ ʥʘʜ çʧʨʠʯʠʥʘʤʠè ʨʝʟʫʣʴʪʘʪʘ, ʪʦ ʝʩʪʴ ʥʘʜ ʩʠʩʪʝʤʦʡ. 

ɽʩʣʠ ʤʳ ʭʦʪʠʤ ʨʘʟʚʠʪʠʷ, ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʩʪʨʘʠʚʘʪʴʩʷ ʧʦʜ ʥʘʰʠʭ ʧʦʪʨʝʙʠʪʝʣʝʡ, 

ʘ ʜʣʷ ʤʝʥʝʜʞʝʨʘ, ʧʦʪʨʝʙʠʪʝʣʴ - ʵʪʦ ʝʛʦ ʧʦʜʯʠʥʝʥʥʳʝ. ʂʘʢ ʩʢʘʟʘʣ ʕʜʚʘʨʜʩ 

ɼʝʤʠʥʛ: çɺʳ ʤʦʞʝʪʝ ʥʝ ʠʟʤʝʥʷʪʩʷ, ʚʳʞʠʚʘʥʠʝ ʚʦʦʙʱʝ ʥʝ ʷʚʣʷʝʪʩʷ ʚʘʰʝʡ 

ʛʣʘʚʥʦʡ ʦʙʷʟʘʥʥʦʩʪʴʶè. 
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ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 
ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʘ ʦ ʥʘʟʥʘʯʝʥʠʷʭ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ 

ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʧʦʜʭʦʜʳ ʢ ʝʝ ʨʝʰʝʥʠʶ, ʷʚʣʷʶʱʠʝʩʷ ʢʘʢ ʦʙʱʠʤʠ ʜʣʷ ʟʘʜʘʯ ʜʠʩʢʨʝʪʥʦʡ 

ʦʧʪʠʤʠʟʘʮʠʠ, ʪʘʢ ʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ, ʫʯʠʪʳʚʘʶʱʠʤʠ ʦʩʦʙʝʥʥʦʩʪʠ ʠʤʝʥʥʦ ʜʘʥʥʦʡ 

ʟʘʜʘʯʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʟʘʜʘʯʘ ʦ ʥʘʟʥʘʯʝʥʠʷʭ, ʜʠʩʢʨʝʪʥʘʷ ʦʧʪʠʤʠʟʘʮʠʷ. 

 

ɼʣʷ ʣʶʙʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʠʣʠ ʦʙʩʣʫʞʠʚʘʶʱʠʭ ʩʠʩʪʝʤ ʚʘʞʥʝʡʰʝʡ 

ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʛʨʘʤʦʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʩʧʦʣʥʠʪʝʣʝʡ ʧʦ ʠʤʝʶʱʠʤʩʷ 

ʨʘʙʦʪʘʤ. ɼʘʥʥʘʷ ʟʘʜʘʯʘ ʥʘʟʳʚʘʝʪʩʷ ʟʘʜʘʯʝʡ ʦ ʥʘʟʥʘʯʝʥʠʷʭ. ʅʘʠʣʫʯʰʝʝ 

ʟʘʢʨʝʧʣʝʥʠʝ ʨʘʙʦʪʳ ʠʩʧʦʣʥʠʪʝʣʶ ʧʦʟʚʦʣʠʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʨʫʜʦʚʳʝ ʨʝʩʫʨʩʳ ʩ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ 

ʚʳʧʦʣʥʷʝʤʳʭ ʨʘʙʦʪ, ʯʪʦ, ʦʯʝʚʠʜʥʦ, ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʞʝʪʩʷ ʥʘ ʨʝʧʫʪʘʮʠʠ 

ʢʦʤʧʘʥʠʠ ʠ ʧʦʤʦʞʝʪ ʧʨʠʚʣʝʯʴ ʥʦʚʳʭ ʢʣʠʝʥʪʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʘʢʪʫʘʣʴʥʦʩʪʴ 

ʥʘʣʠʯʠʷ ʘʣʛʦʨʠʪʤʘ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦ ʥʘʟʥʘʯʝʥʠʷʭ ʠ ʝʝ ʧʨʘʢʪʠʯʝʩʢʘʷ 

ʟʥʘʯʠʤʦʩʪʴ ʥʝ ʚʳʟʳʚʘʶʪ ʩʦʤʥʝʥʠʡ. 

ɼʘʥʥʫʶ ʟʘʜʘʯʫ ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ [1]. ʀʤʝʝʪʩʷ 

ʤʥʦʞʝʩʪʚʦ ʠʩʧʦʣʥʠʪʝʣʝʡ i, i=1,é,n, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴ ʦʜʥʫ 

ʠʟ ʨʘʙʦʪ j, j=1,é,n ʩ ʨʘʟʥʦʡ ʩʪʝʧʝʥʴʶ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ. ɿʘʜʘʥʘ ʤʘʪʨʠʮʘ, 

ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʠʩʧʦʣʥʠʪʝʣʷʤʠ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʨʠʪʝʨʠʷ, ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʚʨʝʤʷ, ʟʘʪʨʘʯʠʚʘʝʤʦʝ ʥʘ 

ʚʳʧʦʣʥʝʥʠʝ ʨʘʙʦʪʳ, ʟʘʪʨʘʪʳ (ʥʘʧʨʠʤʝʨ, ʟʘʨʧʣʘʪʘ) ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ j 

ʠʩʧʦʣʥʠʪʝʣʝʤ i ʠ ʪ.ʜ. ʅʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʪʘʢʫʶ ʨʘʙʦʪʫ ʢʘʞʜʦʤʫ 

ʠʩʧʦʣʥʠʪʝʣʶ, ʯʪʦʙʳ ʩʫʤʤʘʨʥʳʝ ʟʘʪʨʘʪʳ (ʠʣʠ ʩʫʤʤʘʨʥʘʷ ʧʨʠʙʳʣʴ) ʦʪ ʚʩʝʭ 

ʨʘʙʦʪ ʙʳʣʘ ʙʳ ʦʧʪʠʤʘʣʴʥʦʡ. 

ɼʣʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ ʚʚʝʜʝʤ ʚ ʨʘʩʩʤʦʪʨʝʥʠʝ 

ʩʣʝʜʫʶʱʠʝ ʧʝʨʝʤʝʥʥʳʝ. ʇʫʩʪʴ xij ï ʵʪʦ ʙʠʥʘʨʥʘʷ ʧʝʨʝʤʝʥʥʘʷ, ʢʦʪʦʨʘʷ 

ʧʦʢʘʟʳʚʘʝʪ, ʥʘʟʥʘʯʝʥ ʣʠ ʠʩʧʦʣʥʠʪʝʣʴ i ʥʘ ʨʘʙʦʪʫ j ʠʣʠ ʥʝʪ. ʆʥʘ ʙʫʜʝʪ 

ʦʧʨʝʜʝʣʷʪʴʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

                     ὼ
ρȟʝʩʣʠ ʠʩʧʦʣʥʠʪʝʣ ɹὭ ʥʘʟʥʘʯʝʥ ʥʘ ʨʘʙʦʪʫ ὮȠ

πȟʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ 
   (1) 

ʇʫʩʪʴ cij  - ʵʪʦ ʤʘʪʨʠʮʘ, ʢʘʞʜʳʡ ʵʣʝʤʝʥʪ ʢʦʪʦʨʦʡ ʧʦʢʘʟʳʚʘʝʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʧʦʣʫʯʘʝʤʫʶ ʩʠʩʪʝʤʦʡ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʙʦʪʳ j ʠʩʧʦʣʥʠʪʝʣʝʤ 

i. ʊʦʛʜʘ ʮʝʣʝʚʫʶ ʬʫʥʢʮʠʶ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

В В ὧὼ ᴼÍÉÎ ÍÁØ.    (2) 
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ʀʩʩʣʝʜʫʝʤʘʷ ʟʘʜʘʯʘ ʙʫʜʝʪ ʨʝʰʘʪʴʩʷ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʦʛʨʘʥʠʯʝʥʠʷʭ: 

                                                   В ὼ ρ      (3) 

ʠ 

                                                        В ὼ ρȢ      (4) 

ʆʛʨʘʥʠʯʝʥʠʝ (3) ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʢʘʞʜʳʡ ʠʩʧʦʣʥʠʪʝʣʴ ʜʦʣʞʝʥ 

ʚʳʧʦʣʥʠʪʴ ʦʜʥʫ ʨʘʙʦʪʫ, ʘ ʦʛʨʘʥʠʯʝʥʠʝ (4) ʦ ʪʦʤ, ʯʪʦ ʨʘʙʦʪʘ ʜʦʣʞʥʘ ʙʳʪʴ 

ʚʳʧʦʣʥʝʥʘ ʦʜʥʠʤ ʠʩʧʦʣʥʠʪʝʣʝʤ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚʚʠʜʫ ʩʧʝʮʠʬʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʪʨʠʮʳ x ʩ ʧʦʤʦʱʴʶ 

ʬʦʨʤʫʣʳ (1), ʦʯʝʚʠʜʥʳʤ ʙʫʜʝʪ ʩʣʝʜʫʶʱʝʝ ʦʛʨʘʥʠʯʝʥʠʝ: 

                                                                                       ὼ ᶰπȟρ.      (5) 
ʊʦʛʜʘ ʟʘʜʘʯʘ ʙʫʜʝʪ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

                                             

ừ
Ử
Ừ

Ử
ứ
В В ὧὼ ᴼÍÉÎÍÁØ

В ὼ ρ

В ὼ ρ

ὼ ᶰπȟρ

      (6) 

ʇʨʦʘʥʘʣʠʟʠʨʫʝʤ ʚʦʟʤʦʞʥʳʝ ʧʦʜʭʦʜʳ ʢ ʨʝʰʝʥʠʶ ʜʘʥʥʦʡ ʟʘʜʘʯʠ. 

ɹʝʟ ʦʛʨʘʥʠʯʝʥʠʷ (5) ʟʘʜʘʯʘ ʷʚʣʷʣʘʩʴ ʙʳ ʦʙʳʯʥʦʡ ʟʘʜʘʯʝʡ ʣʠʥʝʡʥʦʛʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʨʝʰʘʪʴ ʩ ʧʦʤʦʱʴʶ ʩʠʤʧʣʝʢʩ-ʤʝʪʦʜʘ [2].              

ɺ ʜʘʥʥʦʤ ʞʝ ʩʣʫʯʘʝ ʚʦʟʤʦʞʥʘ ʣʠʙʦ ʨʝʣʘʢʩʘʮʠʷ ʧʦʣʫʯʝʥʥʦʛʦ ʨʝʰʝʥʠʷ 

ʥʝʧʨʝʨʳʚʥʦʡ ʟʘʜʘʯʠ, ʣʠʙʦ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʠʟʥʘʯʘʣʴʥʦ ʥʘ 

ʜʘʥʥʳʡ ʜʠʩʢʨʝʪʥʳʡ ʚʘʨʠʘʥʪ. 

ʇʦʩʢʦʣʴʢʫ ʟʘʜʘʯʘ ʦʪʥʦʩʠʪʩʷ ʢ ʟʘʜʘʯʘʤ ʜʠʩʢʨʝʪʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ, 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʠʟʚʝʩʪʥʳʝ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʜʘʥʥʳʭ ʟʘʜʘʯ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʟʘʜʘʯʘ 

ʜʦʣʞʥʘ ʦʙʣʘʜʘʪʴ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʦʧʪʠʤʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʦʡ [3]. ʕʪʦ ʦʟʥʘʯʘʝʪ, 

ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʙʠʝʥʠʷ ʠʩʭʦʜʥʦʡ ʟʘʜʘʯʠ ʠ ʥʘʭʦʞʜʝʥʠʷ ʥʘʠʣʫʯʰʝʛʦ 

ʨʝʰʝʥʠʷ ʯʘʩʪʥʳʭ ʧʦʜʟʘʜʘʯ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʦʧʪʠʤʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ʠʩʭʦʜʥʦʡ 

ʟʘʜʘʯʠ. ʂ ʩʦʞʘʣʝʥʠʶ, ʟʘʜʘʯʘ ʦ ʥʘʟʥʘʯʝʥʠʷʭ ʜʘʥʥʳʤ ʩʚʦʡʩʪʚʦʤ ʥʝ ʦʙʣʘʜʘʝʪ, ʯʪʦ 

ʠʩʢʣʶʯʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ. 

ɼʨʫʛʠʤ ʠʟʚʝʩʪʥʳʤ ʤʝʪʦʜʦʤ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʜʠʩʢʨʝʪʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ 

ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʚʝʪʚʝʡ ʠ ʛʨʘʥʠʮ. ɺ ʢʘʯʝʩʪʚʝ ʜʝʣʝʥʠʷ ʠʩʭʦʜʥʦʛʦ ʤʥʦʞʝʩʪʚʘ ʥʘ 

ʜʚʘ ʧʦʜʤʥʦʞʝʩʪʚʘ ʥʘ ʥʝʢʦʪʦʨʦʤ ʰʘʛʝ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ ʟʘʢʨʝʧʣʝʥʠʝ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʨʘʙʦʪʳ ʟʘ ʦʧʨʝʜʝʣʝʥʥʳʤ ʠʩʧʦʣʥʠʪʝʣʝʤ. ɿʘʢʨʝʧʣʝʥʠʝ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ, ʠʩʭʦʜʷ ʠʟ ʞʘʜʥʦʡ ʩʪʨʘʪʝʛʠʠ (ʚʳʙʠʨʘʝʤ ʪʦ ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ 

ʠʩʧʦʣʥʠʪʝʣʝʤ ʠ ʨʘʙʦʪʦʡ, ʢʦʪʦʨʦʝ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʧʨʠʥʦʩʠʪ ʤʘʢʩʠʤʘʣʴʥʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʘ ʩ ʜʨʫʛʦʡ, ʥʝ ʚʳʙʨʘʚ ʢʦʪʦʨʦʝ, ʤʦʞʝʤ ʧʦʣʫʯʠʪʴ ʥʘʠʙʦʣʴʰʝʝ 

ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ). ʆʜʥʘʢʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʜʣʷ ʟʘʜʘʯ ʙʦʣʴʰʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʜʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʪʨʝʙʫʝʪ ʥʝʦʧʨʘʚʜʘʥʥʦ 

ʙʦʣʴʰʠʭ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʫʟʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ 

ʤʝʪʦʜʳ, ʫʯʠʪʳʚʘʶʱʠʝ ʠʤʝʥʥʦ ʦʩʦʙʝʥʥʦʩʪʠ ʜʘʥʥʦʡ ʟʘʜʘʯʠ. ʇʦʩʢʦʣʴʢʫ ʟʘʜʘʯʘ ʦ 

ʥʘʟʥʘʯʝʥʠʷʭ ʷʚʣʷʝʪʩʷ ʯʘʩʪʥʳʤ ʩʣʫʯʘʝʤ ʪʨʘʥʩʧʦʨʪʥʦʡ ʟʘʜʘʯʠ, ʢ ʥʝʡ ʧʨʠʤʝʥʠʤʳ 
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ʚʩʝ ʤʝʪʦʜʳ ʝʝ ʨʝʰʝʥʠʷ. ʂ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʤ ʤʝʪʦʜʘʤ ʦʪʥʦʩʷʪ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʤʝʪʦʜ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʫʛʣʘ, ʩʦʩʪʦʷʱʝʛʦ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʧʝʨʝʙʦʨʝ ʩʪʨʦʢ ʠ 

ʩʪʦʣʙʮʦʚ ʪʨʘʥʩʧʦʨʪʥʦʡ ʤʘʪʨʠʮʳ, ʥʘʯʠʥʘʷ ʩ ʝʝ ʧʝʨʚʦʛʦ ʵʣʝʤʝʥʪʘ, ʠ 

ʚʳʧʠʩʳʚʘʥʠʠ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʭ ʦʪʛʨʫʟʦʢ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʥʝ ʙʳʣʠ 

ʥʘʨʫʰʝʥ ʦʛʨʘʥʠʯʝʥʠʷ ʜʣʷ ʜʘʥʥʦʛʦ ʧʦʩʪʘʚʱʠʢʘ ʠ ʜʘʥʥʦʛʦ ʧʦʪʨʝʙʠʪʝʣʷ. ɼʨʫʛʠʤ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʤʝʪʦʜʦʤ ʨʝʰʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʡ ʟʘʜʘʯʠ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ 

ʧʦʪʝʥʮʠʘʣʦʚ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʦʜʠʬʠʢʘʮʠʶ ʩʠʤʧʣʝʢʩ-ʤʝʪʦʜʘ, 

ʟʘʢʣʶʯʘʶʱʫʶʩʷ ʚ ʥʘʭʦʞʜʝʥʠʠ ʦʧʦʨʥʦʛʦ ʧʣʘʥʘ ʪʨʘʥʩʧʦʨʪʥʦʡ ʟʘʜʘʯʠ, ʘ ʟʘʪʝʤ - ʚ 

ʝʛʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʫʣʫʯʰʝʥʠʠ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʘ ʧʦʪʝʥʮʠʘʣʦʚ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʟʘʜʘʯʝ ʦ 

ʥʘʟʥʘʯʝʥʠʷʭ ʠʥʦʛʜʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʠʪʫʘʮʠʠ, ʧʨʠ ʢʦʪʦʨʦʡ, ʧʦʩʪʨʦʠʚ 

ʮʝʧʦʯʢʫ ʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʷ ʧʝʨʝʚʦʟʢʠ ʚ ʥʝʡ ʧʦʣʫʯʘʝʪʩʷ, ʯʪʦ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʝʤʘʷ ʚʝʣʠʯʠʥʘ ʨʘʚʥʘ ʥʫʣʶ. ɼʣʷ ʛʘʨʘʥʪʠʠ ʦʪʩʫʪʩʪʚʠʷ ʪʘʢʦʛʦ 

ʟʘʮʠʢʣʠʚʘʥʠʷ ʧʦʪʨʝʙʫʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʩʣʦʞʥʝʥʠʝ ʘʣʛʦʨʠʪʤʘ.  

ʆʜʥʘʢʦ, ʩʨʝʜʠ ʚʩʝʭ ʤʝʪʦʜʦʚ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʦʜʠʥ ʘʣʛʦʨʠʪʤ, 

ʫʯʠʪʳʚʘʶʱʠʡ ʠʤʝʥʥʦ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʟʘʜʘʯʠ ʦ ʥʘʟʥʘʯʝʥʠʷʭ. ʆʥ 

ʥʘʟʳʚʘʝʪʩʷ ɺʝʥʛʝʨʩʢʠʤ ʤʝʪʦʜʦʤ. ʆʩʥʦʚʥʘʷ ʠʜʝʷ ɺʝʥʛʝʨʩʢʦʛʦ ʤʝʪʦʜʘ ʩʚʦʜʠʪʩʷ ʢ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤ ʠʩʭʦʜʥʦʡ ʤʘʪʨʠʮʳ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ 

ʧʦʣʫʯʠʪʴ ʪʘʢ ʥʘʟʳʚʘʝʤʦʝ ʥʫʣʝʚʦʝ ʨʝʰʝʥʠʝ (ʯʪʦʙʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ 

ʥʘʡʪʠ n ʪʘʢʠʭ ʥʫʣʝʚʳʭ ʵʣʝʤʝʥʪʦʚ, ʯʪʦʙʳ ʚ ʢʘʞʜʦʡ ʩʪʨʦʢʝ ʠ ʢʘʞʜʦʤ ʩʪʦʣʙʮʝ 

ʙʳʣ ʙʳ ʦʜʠʥ ʠ ʪʦʣʴʢʦ ʦʜʠʥ ʪʘʢʦʡ ʵʣʝʤʝʥʪ). ʀʥʜʝʢʩʳ ʷʯʝʝʢ, ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʣʷʶʪ 

ʥʫʣʝʚʦʝ ʨʝʰʝʥʠʝ, ʠ ʙʫʜʫʪ ʷʚʣʷʪʴʩʷ ʦʪʚʝʪʦʤ. 

ʂ ʥʝʩʦʤʥʝʥʥʳʤ ʜʦʩʪʦʠʥʩʪʚʘʤ ɺʝʥʛʝʨʩʢʦʛʦ ʤʝʪʦʜʘ ʦʪʥʦʩʠʪʩʷ ʝʛʦ 

ʧʦʣʠʥʦʤʠʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʯʠʩʣʘ ʨʘʙʦʪ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚʨʝʤʝʥʥʘʷ 

ʩʣʦʞʥʦʩʪʴ ɺʝʥʛʝʨʩʢʦʛʦ ʤʝʪʦʜʘ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ O(n
3
), ʛʜʝ n ï ʯʠʩʣʦ ʨʘʙʦʪ.    

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʩʧʝʮʠʬʠʢʠ ʟʘʜʘʯʠ ʦ ʥʘʟʥʘʯʝʥʠʷʭ ʧʦʢʘʟʘʣ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʝʝ ʨʝʰʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʜʠʩʢʨʝʪʥʦʡ 

ʦʧʪʠʤʠʟʘʮʠʠ: ʢʘʢ ʦʙʱʠʭ ʤʝʪʦʜʦʚ, ʪʘʢʠʭ ʢʘʢ ʤʝʪʦʜ ʚʝʪʚʝʡ ʠ ʛʨʘʥʠʮ, ʪʘʢ ʠ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʟʘʜʘʯ ʠ ʟʘʜʘʯ ʦ 

ʥʘʟʥʘʯʝʥʠʷʭ. ʆʜʥʘʢʦ, ʩ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ɺʝʥʛʝʨʩʢʠʡ ʤʝʪʦʜ ʦʙʣʘʜʘʝʪ ʥʠʟʢʦʡ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʴʶ, ʘ ʪʘʢʞʝ ʫʯʠʪʳʚʘʝʪ ʚʩʝ ʥʶʘʥʩʳ ʟʘʜʘʯʠ ʦ 

ʥʘʟʥʘʯʝʥʠʷʭ, ʯʪʦ ʠʩʢʣʶʯʘʝʪ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʚʥʝʰʪʘʪʥʳʭ 

ʩʠʪʫʘʮʠʡ, ʜʣʷ ʨʝʰʝʥʠʷ ʠʤʝʥʥʦ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʵʪʦʪ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ. 
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ʆʇʈɽɼɽʃɽʅʀɽ ɻʀɼʈʆʃʆɻʀʏɽʉʂʀʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ 

ʇʈʀ ʇʈʆɽʂʊʀʈʆɺɸʅʀʀ ʂɸʇʀʊɸʃʔʅʆɻʆ ʈɽʄʆʅʊɸ ʄʆʉʊʆɺʆɻʆ 

ʇɽʈɽʍʆɼɸ ʏɽʈɽɿ ʈɽʂʋ ʍʆʇɽʈ ɺ ɺʆʈʆʅɽɾʉʂʆʁ ʆɹʃɸʉʊʀ 

  

ɸ.ɺ. ʇʦʧʦʚ
1
, ɺ.ɸ. ʉʫʧʦʥʠʥ

2
, ʆ.ɺ. ɻʣʘʜʳʰʝʚʘ

3 

1
ʉʪʫʜʝʥʪ ʛʨ.ʉɸʉ-141, azimutsong36@gmail.com 

2
ʄʘʛʠʩʪʨʘʥʪ ʤʇʊʉ-191, suponinvlad@gmail.com 

3
ʂʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ, ov-glad@ya.ru 

ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 
ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʢʘʧʠʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʘ ʤʦʩʪʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʯʝʨʝʟ ʨʝʢʫ ʍʦʧʝʨ ʚ ɺʦʨʦʥʝʞʩʢʦʡ 

ʦʙʣʘʩʪʠ. ʇʨʠʚʦʜʷʪʩʷ ʪʝʭʥʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʫʯʘʩʪʢʘ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʦʨʦʛʠ ʈ-22 çʂʘʩʧʠʡè. 

ʆʧʨʝʜʝʣʝʥ ʫʨʦʚʝʥʴ ʧʘʚʦʜʢʘ ʥʘ ʨʝʢʝ ʍʦʧʝʨ ʚ ʨʘʡʦʥʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʤʦʩʪʦʚʦʛʦ ʧʝʨʝʭʦʜʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʩʪʦʚʦʡ ʧʝʨʝʭʦʜ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʢʘʧʠʪʘʣʴʥʳʡ ʨʝʤʦʥʪ, 

ʘʚʪʦʤʦʙʠʣʴʥʘʷ ʜʦʨʦʛʘ, ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

 

ɸʚʪʦʤʦʙʠʣʴʥʳʝ ʜʦʨʦʛʠ ʷʚʣʷʶʪʩʷ ʚʘʞʥʝʡʰʠʤ ʵʣʝʤʝʥʪʦʤ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʚʠʪʠʝ ʨʝʛʠʦʥʘ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʫʨʦʚʥʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʜʦʨʦʛ, ʦʪʚʝʯʘʶʱʝʛʦ 

ʧʦʪʨʝʙʥʦʩʪʷʤ ʨʝʛʠʦʥʘ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʥʜʝʥʮʠʡ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʫʯʘʩʪʦʢ ʬʝʜʝʨʘʣʴʥʦʡ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʦʨʦʛʠ P-22 

çʂʘʩʧʠʡè (ʘʚʪʦʤʦʙʠʣʴʥʘʷ ʜʦʨʦʛʘ ʄ-4 çɼʦʥè ï ʊʘʤʙʦʚ ï ɺʦʣʛʦʛʨʘʜ ï 

ɸʩʪʨʘʭʘʥʴ) ʥʘ ʫʯʘʩʪʢʝ ʢʤ 609+350 ï ʢʤ 617+000 ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ɻʨʠʙʘʥʦʚʩʢʦʛʦ ʠ ɹʦʨʠʩʦʛʣʝʙʩʢʦʛʦ ʨʘʡʦʥʦʚ ɺʦʨʦʥʝʞʩʢʦʡ ʦʙʣʘʩʪʠ. ʄʦʩʪʦʚʦʡ 

ʧʝʨʝʭʦʜ ʯʝʨʝʟ ʨʝʢʫ ʍʦʧʝʨ ʨʘʩʧʦʣʦʞʝʥ ʥʘ 615+000 ʢʤ.  

ʉʭʝʤʘ ʫʯʘʩʪʢʘ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʦʨʦʛʠ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ ʤʦʩʪʦʚʦʛʦ ʧʝʨʝʭʦʜʘ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1.  

ʊʝʭʥʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʫʯʘʩʪʢʘ ʜʦʨʦʛʠ P-22 çʂʘʩʧʠʡè ʥʘ ʢʤ 609+350 ï ʢʤ 

617+000 ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ. 

ʇʨʦʛʥʦʟ ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʨʠ ʨʦʩʪʝ 1,8% ʚ ʨʘʡʦʥʝ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʤʦʩʪʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʥʘ 2040 ʛʦʜ ʩʦʩʪʘʚʣʷʝʪ 13950 ʘʚʪ/ʩʫʪ, 

ʧʦʵʪʦʤʫ ʧʦ ʥʦʨʤʘʪʠʚʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʫʯʘʩʪʦʢ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʦʨʦʛʠ 

ʦʪʥʦʩʠʪʩʷ ʢʦ II ʪʝʭʥʠʯʝʩʢʦʡ ʢʘʪʝʛʦʨʠʠ [1]. 

ɺ ʨʘʡʦʥʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʢʘʧʠʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʘ ʤʦʩʪʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʠʥʞʝʥʝʨʥʦ-ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʠʟʳʩʢʘʥʠʷ, ʚ ʭʦʜʝ ʢʦʪʦʨʳʭ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʚʝʜʝʥʠʷ ʦ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʫʯʘʩʪʢʘ 

ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʦʨʦʛʠ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʤʘʪʝʨʠʘʣʳ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʠ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠʟʳʩʢʘʥʠʡ ʫʯʘʩʪʢʘ, 

ʘʨʭʠʚʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʘ ʪʘʢʞʝ ʤʘʪʝʨʠʘʣʳ ʈʦʩʛʠʜʨʦʤʝʪʘ. 

ʉ ʮʝʣʴʶ ʫʩʪʘʥʦʚʣʝʥʠʷ ʦʪʤʝʪʢʠ 2% ʫʨʦʚʥʷ ʚʦʜʳ ʚʝʩʝʥʥʝʛʦ ʧʦʣʦʚʦʜʴʷ                   

ʚ ʩʪʚʦʨʝ ʤʦʩʪʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʥʘ ʨʝʢʝ ʍʦʧʝʨ ʙʳʣ ʨʘʟʙʠʪ ʤʦʨʬʦʩʪʚʦʨ. 
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ʈʠʩ. 1. ʉʭʝʤʘ ʫʯʘʩʪʢʘ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʦʨʦʛʠ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ  

ʤʦʩʪʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʯʝʨʝʟ ʨʝʢʫ ʍʦʧʝʨ 

 

 

ʊʝʭʥʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʫʯʘʩʪʢʘ ʜʦʨʦʛʠ ʈ-22 çʂʘʩʧʠʡè 

ʥʘ ʢʤ 609+350 ï ʢʤ 617+000 
ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʧʘʨʘʤʝʪʨʘ 
ɽʜ. ʠʟʤ. ɿʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ 

ʊʝʭʥʠʯʝʩʢʘʷ ʢʘʪʝʛʦʨʠʷ ʜʦʨʦʛʠ  II  

ʈʘʩʯʝʪʥʘʷ ʩʢʦʨʦʩʪʴ ʢʤ/ʯ 120 

ʏʠʩʣʦ ʧʦʣʦʩ ʜʚʠʞʝʥʠʷ ʰʪ. 2 

ʐʠʨʠʥʘ ʟʝʤʣʷʥʦʛʦ ʧʦʣʦʪʥʘ ʤ 15,0 

ʐʠʨʠʥʘ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ ʤ 2ʭ3,75 

ʐʠʨʠʥʘ ʦʙʦʯʠʥ ʤ 3,75 

ʄʘʢʩʠʤʘʣʴʥʳʡ ʧʨʦʜʦʣʴʥʳʡ ʫʢʣʦʥ ă 7,65 

ʊʠʧ ʜʦʨʦʞʥʦʡ ʦʜʝʞʜʳ  ʢʘʧʠʪʘʣʴʥʳʡ 

ɺʠʜ ʧʦʢʨʳʪʠʷ  ʘʩʬʘʣʴʪʦʙʝʪʦʥ 

 

ʐʠʨʠʥʘ ʨʝʢʠ ʍʦʧʝʨ ʚ ʩʪʚʦʨʝ ʤʦʩʪʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʩʦʩʪʘʚʣʷʝʪ 40,0 ʤ. ɼʥʦ 

ʧʝʩʯʘʥʦʝ, ʧʨʘʚʳʡ ʙʝʨʝʛ ʚʳʰʝ ʣʝʚʦʛʦ, ʪʝʯʝʥʠʝ ʫʤʝʨʝʥʥʦʝ 0,3 ʤ/ʩ. ʇʦʡʤʘ ʨʝʢʠ 

ʍʦʧʝʨ ʩʦʩʪʘʚʣʷʝʪ 4,0 ʢʤ ʩ ʦʙʠʣʠʝʤ ʩʪʘʨʠʮ ʠ ʤʝʣʢʠʭ ʧʦʡʤʝʥʥʳʭ ʦʟʝʨ. 

ʀʟʦʙʨʘʞʝʥʠʝ ʨʝʢʠ ʍʦʧʝʨ ʚ ʩʪʚʦʨʝ ʤʦʩʪʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2.  
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ʈʠʩ. 2. ʈʝʢʘ ʍʦʧʝʨ ʚ ʩʪʚʦʨʝ ʤʦʩʪʦʚʦʛʦ ʧʝʨʝʭʦʜʘ 

 

ʊʠʧ ʧʠʪʘʥʠʷ ʨʝʢʠ ʍʦʧʝʨ ï ʚʦʩʪʦʯʥʦʝʚʨʦʧʝʡʩʢʠʡ, ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʚʦʜʳ 

ʥʘʙʣʶʜʘʝʪʩʷ ʚʝʩʥʦʡ ʚʦ ʚʨʝʤʷ ʚʝʩʝʥʥʝʛʦ ʧʦʣʦʚʦʜʴʷ, ʦʩʝʥʴʶ ʤʦʞʝʪ ʙʳʪʴ 

ʫʚʝʣʠʯʝʥʠʝ ʫʨʦʚʥʷ ʚʦʜʳ ʚʩʣʝʜʩʪʚʠʝ ʧʨʦʭʦʞʜʝʥʠʷ ʜʦʞʜʝʡ, ʘ ʣʝʪʦʤ ʠ ʟʠʤʦʡ 

ʬʠʢʩʠʨʫʶʪʩʷ ʥʘʠʙʦʣʝʝ ʥʠʟʢʠʝ ʦʪʤʝʪʢʠ ʤʝʞʝʥʠ, ʪʘʢ ʢʘʢ ʨʝʢʘ ʧʦʣʫʯʘʝʪ ʪʦʣʴʢʦ 

ʧʦʜʟʝʤʥʦʝ ʧʠʪʘʥʠʝ. ɺʦ ʚʨʝʤʷ ʚʝʩʝʥʥʠʭ ʧʘʚʦʜʢʦʚ ʨʝʢʘ ʨʘʟʣʠʚʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʘ ʚʩʶ ʧʦʡʤʫ.  

ɼʣʷ ʨʘʩʯʝʪʘ ʫʨʦʚʥʝʡ ʚʦʜʳ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ ʥʘʙʣʶʜʝʥʠʡ ʥʘ 

ʚʦʜʦʤʝʨʥʦʤ ʧʦʩʪʫ ʥʘ ʨʝʢʝ ʍʦʧʝʨ ʚ ʛ. ʇʦʚʦʨʠʥʦ ʩ ʨʷʜʦʤ ʥʘʙʣʶʜʝʥʠʡ ʩ 1900                 

ʧʦ 2019 ʛʦʜ. ʈʘʩʩʪʦʷʥʠʝ ʦʪ ʫʩʪʴʷ ʨʝʢʠ ʜʦ ʚʦʜʦʤʝʨʥʦʛʦ ʧʦʩʪʘ ʩʦʩʪʘʚʣʷʝʪ 437 ʢʤ, 

ʧʣʦʱʘʜʴ ʚʦʜʦʩʙʦʨʘ 19100 ʢʤ
2
, ʜʘʪʘ ʦʪʢʨʳʪʠʷ 1878 ʛʦʜ.  

ʋʨʦʚʝʥʥʳʡ ʨʝʞʠʤ ʨʝʢʠ ʍʦʧʝʨ ʚ ʛ. ʇʦʚʦʨʠʥʦ ʩ 2007 ʧʦ 2016 ʛʦʜ ʧʨʠʚʝʜʝʥ 

ʥʘ ʨʠʩ. 3. 

ʇʨʦʚʝʜʝʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʦʙ ʫʨʦʚʥʷʭ ʚʦʜʳ ʚʦ ʚʨʝʤʷ 

ʧʘʚʦʜʢʘ, ʧʦʩʪʨʦʝʥʘ ʢʨʠʚʘʷ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʠ ʧʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ ʫʨʦʚʥʝʡ ʚʦʜʳ 

ʥʘ ʚʦʜʦʤʝʨʥʦʤ ʧʦʩʪʫ ʩ ʨʘʟʣʠʯʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʧʨʝʚʳʰʝʥʠʷ [2]. ɼʘʣʝʝ 

ʧʦʣʫʯʝʥʥʳʝ ʫʨʦʚʥʠ ʧʝʨʝʥʝʩʝʥʳ ʧʦ ʫʢʣʦʥʫ ʚ ʨʘʩʯʝʪʥʳʡ ʩʪʚʦʨ, ʛʜʝ ʨʘʩʧʦʣʦʞʝʥ 

ʤʦʩʪʦʚʦʡ ʧʝʨʝʭʦʜ. ɼʣʷ ʨʘʩʯʝʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ CREDO 

çʄʦʨʬʦʩʪʚʦʨè. ʇʦʩʪʨʦʝʥʥʘʷ ʢʨʠʚʘʷ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 4.  

ʋʨʦʚʝʥʴ ʧʘʚʦʜʢʘ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ ʧʨʝʚʳʰʝʥʠʷ ʚ ʘʙʩʦʣʶʪʥʳʭ ʦʪʤʝʪʢʘʭ 2% 

ʩʦʩʪʘʚʠʣ 91,38 ʤ, 1% ï 92,49 ʤ.   
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ʈʠʩ. 3. ʋʨʦʚʝʥʥʳʡ ʨʝʞʠʤ ʨʝʢʠ ʍʦʧʝʨ ʚ ʛ. ʇʦʚʦʨʠʥʦ 

 

 
ʈʠʩ. 4. ʂʨʠʚʘʷ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʫʨʦʚʥʝʡ ʧʘʚʦʜʢʘ 
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ʆʇʈɽɼɽʃɽʅʀɽ ʂʆʕʌʌʀʎʀɽʅʊɸ ʊɽʇʃʆʆʊɼɸʏʀ 

ʇʈʀ ʉɺʆɹʆɼʅʆʁ ʂʆʅɺɽʂʎʀʀ 

 

ɼ.ʂ. ʅʠʢʘʥʦʨʦʚʘ
1
, ɽ.ʆ. ɹʦʨʦʜʠʥ

1
, ʅ.ɺ. ʎʠʧʠʥʘ

2 

1,2
ʉʪʫʜʝʥʪʳ ʢʘʬʝʜʨʳ ʂʀʇʈ, kipr@vorstu@mail.ru 

2
ʂʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ, kipr@vorstu@mail.ru 

ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 
ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʣʘʙʦʨʘʪʦʨʥʳʡ ʩʪʝʥʜ, 

ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ ʧʨʠ ʩʚʦʙʦʜʥʦʡ ʢʦʥʚʝʢʮʠʠ. ɼʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʙʫʯʝʥʠʷ ʩʪʫʜʝʥʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʘʢʪʫʘʣʴʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʦʩʥʘʱʝʥʠʝ, ʪʘʢʦʝ ʢʘʢ ʣʘʙʦʨʘʪʦʨʥʳʝ ʩʪʝʥʜʳ ʠ ʢʦʤʧʣʝʢʩʳ. ʎʝʣʴʶ 

ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʦʧʠʩʘʥʠʝ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʩʪʝʥʜʘ ʠ ʨʝʟʫʣʴʪʘʪʳ ʝʛʦ ʨʘʙʦʪʳ, ʩ ʧʦʤʦʱʴʶ 

ʢʦʪʦʨʳʭ ʣʶʙʦʝ ʫʯʝʙʥʦʝ ʟʘʚʝʜʝʥʠʝ ʙʫʜʝʪ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʦʜʠʪʴ ʵʬʬʝʢʪʠʚʥʳʝ ʟʘʥʷʪʠʷ 

ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʧʦ ʪʝʤʝ ʩʚʦʙʦʜʥʦʡ ʢʦʥʚʝʢʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʨʤʦʧʘʨʘ, ʧʦʪʝʥʮʠʦʤʝʪʨ, ʢʦʥʚʝʢʮʠʷ, ʪʝʦʨʠʷ ʧʦʜʦʙʠʷ. 

 

ɺʚʝʜʝʥʠʝ. ɼʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʙʫʯʝʥʠʷ ʩʪʫʜʝʥʪʦʚ 

ʚʘʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʚʨʝʤʝʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʦʙʫʯʝʥʠʷ, ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʩʪʝʥʜʦʚ ʠ ʢʦʤʧʣʝʢʩʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ ʩʪʝʥʜʦʚ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʪʫʜʝʥʪʘʤ ʠ ʫʯʘʱʠʤʩʷ ʟʘʢʨʝʧʠʪʴ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʥʠʷ ʠ ʧʨʦʚʝʨʠʪʴ ʠʭ ʥʘ 

ʧʨʘʢʪʠʢʝ. ʀʟʫʯʝʥʠʝ ʪʝʦʨʠʠ ʚ ʦʙʷʟʘʪʝʣʴʥʦʤ ʧʦʨʷʜʢʝ ʜʦʣʞʥʦ ʙʳʪʴ ʧʦʜʢʨʝʧʣʝʥʦ 

ʧʨʘʢʪʠʯʝʩʢʠʤʠ ʠ ʣʘʙʦʨʘʪʦʨʥʳʤʠ ʟʘʥʷʪʠʷʤʠ. 

ʇʨʦʙʣʝʤʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ 

ʙʦʣʴʰʠʥʩʪʚʦ ʣʘʙʦʨʘʪʦʨʥʳʭ ʩʪʝʥʜʦʚ ʦʙʥʦʚʣʷʝʪʩʷ ʨʝʜʢʦ ʠʣʠ ʞʝ ʥʝ ʦʙʥʦʚʣʷʝʪʩʷ 

ʩʦʚʩʝʤ. ʋʩʪʘʨʝʚʰʠʝ ʩʪʝʥʜʳ ʪʦʞʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ, ʥʦ 

ʠʭ ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʫʞʝ ʥʝ ʪʘʢʦʡ ʪʦʯʥʦʡ, ʘ ʪʠʧ 

ʠʟʤʝʨʝʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʥʝ ʘʢʪʫʘʣʴʥʳʤ. ʊʘʢʞʝ ʩʫʱʝʩʪʚʫʝʪ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʪʝʧʣʦʦʙʤʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤʘʭ ʪʘʢʠʭ ʢʘʢ 

SOLIDWORKS, T-FLEX-CAD ʠ ʪ.ʜ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʠʜʘ ʨʘʙʦʪ 

ʪʘʢʦʛʦ ʤʝʪʦʜʘ ʙʫʜʝʪ ʜʦʩʪʘʪʦʯʥʦ, ʥʦ ʜʣʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʠʣʠ ʧʨʦʮʝʩʩʘ ʥʝʦʙʭʦʜʠʤʳ ʣʘʙʦʨʘʪʦʨʥʳʝ ʢʦʤʧʣʝʢʩʳ. 

ʅʝʜʦʩʪʘʪʦʢ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʥʝʚʦʟʤʦʞʥʦ 

ʩʣʝʜʠʪʴ ʟʘ ʧʨʦʮʝʩʩʘʤʠ, ʥʘʛʣʷʜʥʦ ʚʠʜʝʪʴ ʨʘʙʦʪʫ ʫʩʪʘʥʦʚʢʠ ʠ ʜʦʩʪʫʧʥʦ 

ʦʙʲʷʩʥʠʪʴ ʫʯʘʱʠʤʩʷ ʧʨʠʥʮʠʧ ʠʟʫʯʘʝʤʦʛʦ ʷʚʣʝʥʠʷ, ʯʪʦ ʢʨʘʡʥʝ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ 

ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʙʫʯʝʥʠʷ.  

ɸʥʘʣʠʟʠʨʦʚʘʚ ʪʦ, ʯʪʦ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ ʦʙʷʟʘʪʝʣʴʥʦ ʜʦʣʞʝʥ ʚʢʣʶʯʘʪʴ ʚ 

ʩʝʙʷ ʧʨʦʚʝʜʝʥʠʝ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʫʩʪʘʥʦʚʦʢ ʠ ʢʦʤʧʣʝʢʩʦʚ, ʩʣʝʜʫʝʪ, ʯʪʦ ʙʫʜʝʪ ʧʦʣʝʟʥʦ ʨʘʟʨʘʙʦʪʘʪʴ ʥʝ 

ʜʦʨʦʛʦʩʪʦʷʱʠʡ ʩʪʝʥʜ ʩ ʧʦʥʷʪʥʳʤ ʠʥʪʝʨʬʝʡʩʦʤ ʠ ʩʦʚʨʝʤʝʥʥʳʤʠ 

ʚʦʟʤʦʞʥʦʩʪʷʤʠ. ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʜʘʥʥʦʡ ʨʘʙʦʪʳ 

ʧʦʜʢʨʝʧʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʧʦʜʦʙʥʦʛʦ ʨʦʜʘ ʠʟʜʝʣʠʡ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʨʳʥʢʝ. 
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ʇʨʠ ʩʜʘʯʝ ʠʟʜʝʣʠʷ ʧʨʠʤʝʥʷʝʪʩʷ ʪʝʩʪʠʨʦʚʘʥʠʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʩʠʩʪʝʤ ʢʘʯʝʩʪʚʘ [2]. ʅʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʨʝʰʝʥʠʶ 

ʟʘʜʘʯ ʘʥʘʣʠʟʘ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʪʝʧʣʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ [4,5]. 

ʅʘ ʣʘʙʦʨʘʪʦʨʥʦʤ ʩʪʝʥʜʝ ʫʩʪʘʥʦʚʣʝʥʦ ʰʝʩʪʴ ʜʘʪʯʠʢʦʚ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʩʨʘʚʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ 

ʩʪʫʜʝʥʪʘʤʠ. ʊʘʢʞʝ ʧʨʝʜʫʩʤʦʪʨʝʥ ʚʳʥʦʩʥʦʡ ʜʘʪʯʠʢ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʚʦʟʤʦʞʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʨʦʠʟʚʦʣʴʥʦʡ ʪʦʯʢʝ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʦʧʨʝʜʝʣʷʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ʧʨʠ ʩʚʦʙʦʜʥʦʡ ʢʦʥʚʝʢʮʠʠ. 

ʂʦʥʚʝʢʮʠʷ ï ʚʠʜ ʪʝʧʣʦʦʙʤʝʥʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʚʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ 

ʧʝʨʝʜʘʝʪʩʷ ʩʪʨʫʷʤʠ ʠ ʧʦʪʦʢʘʤʠ ʦʪ ʙʦʣʝʝ ʥʘʛʨʝʪʳʭ ʪʝʣ ʢ ʤʝʥʝʝ ʥʘʛʨʝʪʳʤ. 

ʈʘʟʣʠʯʘʶʪ ʩʚʦʙʦʜʥʫʶ (ʝʩʪʝʩʪʚʝʥʥʫʶ) ʢʦʥʚʝʢʮʠʶ ʠ ʚʳʥʫʞʜʝʥʥʫʶ [3]. 

ɽʩʪʝʩʪʚʝʥʥʘʷ ʢʦʥʚʝʢʮʠʷ  ʚʦʟʥʠʢʘʝʪ ʚ ʚʝʱʝʩʪʚʝ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦ ʧʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʧʦʜʲʝʤʥʳʭ ʩʠʣ ʠʟ-ʟʘ ʨʘʟʥʦʩʪʠ ʧʣʦʪʥʦʩʪʝʡ ʥʘʛʨʝʪʳʭ ʠ ʭʦʣʦʜʥʳʭ 

ʦʙʲʝʤʦʚ, ʚʩʣʝʜʩʪʚʠʝ ʧʝʨʝʤʝʱʝʥʠʷ ʦʙʲʝʤʦʚ ʠ ʪʝʧʣʦʦʙʤʝʥʦʤ. 

ʊʝʧʣʦʪʘ, ʧʝʨʝʜʘʚʘʝʤʘʷ ʧʨʠ ʢʦʥʚʝʢʪʠʚʥʦʡ ʪʝʧʣʦʦʪʜʘʯʝ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʟʘʢʦʥʦʤ ʅʴʶʪʦʥʘ-ʈʠʭʤʘʥʘ: 

  

 ὗ͟ ‌ὸ ὸ͗ Ὂȟ (1) 
 

ʛʜʝ Ŭ ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ, ɺʪ/(ʤ
2
 ẗʂ); tʩ - ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʣʘ, 

Áʉ; tʞ - ʪʝʤʧʝʨʘʪʫʨʘ ʞʠʜʢʦʩʪʠ, Áʉ; F - ʧʣʦʘɦʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʧʣʦʦʙʤʝʥʘ, ʤ
2
 . 

ʆʜʥʘʢʦ ʧʨʠ ʧʨʘʢʪʠʯʝʩʢʦʤ ʧʨʠʤʝʥʝʥʠʠ ʬʦʨʤʫʣʳ (1) ʥʘʠʙʦʣʴʰʫʶ 

ʩʣʦʞʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ Ŭ, ʢʦʪʦʨʳʡ 

ʯʘʱʝ ʚʩʝʛʦ ʦʧʨʝʜʝʣʷʶʪ ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. ʊʘʢʞʝ 

ʧʨʠʤʝʥʷʶʪ ʤʝʪʦʜ ʪʝʦʨʠʠ ʧʦʜʦʙʠʷ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʚʝʜʝʪʩʷ ʥʝ ʧʦ ʢʘʞʜʦʤʫ ʚʣʠʷʶʱʝʤʫ ʬʘʢʪʦʨʫ, ʠʤʝʶʱʝʤʫ 

ʨʘʟʤʝʨʥʦʩʪʴ, ʘ ʧʦ ʠʭ ʩʦʚʦʢʫʧʥʦʩʪʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʚʠʜʝ ʙʝʟʨʘʟʤʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ. ɺʣʠʷʶʱʠʝ ʬʘʢʪʦʨʳ, ʦʙʲʝʜʠʥʝʥʥʳʝ ʚ ʪʘʢʠʝ ʢʦʤʧʣʝʢʩʳ, ʥʘʟʳʚʘʶʪ 

ʢʨʠʪʝʨʠʷʤʠ ʧʦʜʦʙʠʷ.  

ɿʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʢʨʠʪʝʨʠʷʤʠ ʧʦʜʦʙʠʷ ʧʨʠ ʩʚʦʙʦʜʥʦʡ ʢʦʥʚʝʢʮʠʠ ʠʤʝʝʪ 

ʚʠʜ 

ὔ ὅὋὖ ȟ (2) 
ʛʜʝ C ʠ n - ʧʦʩʪʦʷʥʥʳʝ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʧʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ. 

ʂʨʠʪʝʨʠʡ ʧʦʜʦʙʠʷ ʅʫʩʩʝʣʴʪʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ 

ʢʦʥʚʝʢʪʠʚʥʦʡ ʪʝʧʣʦʦʪʜʘʯʠ: 

ὔ
ὥὨ

‗
ȟ 

(3) 

ɿʜʝʩʴ ɚ, ɺʪ/(ʤẗʂ) - ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʞʠʜʢʦʩʪʠ, 

ʦʤʳʚʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʴ; d, ʤ - ʭʘʨʘʢʪʝʨʥʳʡ ʨʘʟʤʝʨ. ɻʠʜʨʦʜʠʥʘʤʠʢʘ ʜʚʠʞʝʥʠʷ 

ʞʠʜʢʦʩʪʠ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʜʲʝʤʥʳʭ ʩʠʣ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʨʠʪʝʨʠʝʤ 

ɻʨʘʩʛʦʬʘ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 

Ὃ Ὣ‍Ўὸ
Ὠ

ὺ
ȟ 

(4) 
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ɿʜʝʩʴ ɓ, 1/ʂ - ʢʦʵʬʬʠʮʠʝʥʪ ʦʙʲʝʤʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ  g, ʤ/c2 

- ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ; ɜ, ʤ2 /ʩ ï ʢʦʵʬʬʠʮʠʝʥʪ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ 

ʚʷʟʢʦʩʪʠ ʞʠʜʢʦʩʪʠ. 

ʏʠʩʣʦ ʇʨʘʥʜʪʣʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʞʠʜʢʦʩʪʠ: 

ὖ
ὺ

ὥ
ȟ (5) 

ɿʜʝʩʴ a = ɚ c P ɟ - ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʚʦʜʠʤʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʤ2 /ʩ.  

ʇʨʠ ʪʝʧʣʦʦʪʜʘʯʝ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʴʶ ʪʝʣʘ ʠ ʚʦʟʜʫʭʦʤ ʯʠʩʣʦ ʇʨʘʥʜʪʣʷ 

ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʨʘʚʥʳʤ 0,7. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʫʨʘʚʥʝʥʠʝ (3) ʧʨʠʤʝʪ ʚʠʜ 

ὔ ὅϽὋȟ (6) 
ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʯʠʩʣʘ Nu ʠ Gr ʩʦʜʝʨʞʘʪ ʨʷʜ ʚʝʣʠʯʠʥ (ɜ, ɚ, ɓ), 

ʢʦʪʦʨʳʝ ʟʘʚʠʩʷʪ ʦʪ ʦʧʨʝʜʝʣʷʶʱʝʡ ʪʝʤʧʝʨʘʪʫʨʳ. ɼʣʷ ʩʚʦʙʦʜʥʦʡ ʢʦʥʚʝʢʮʠʠ ʚ 

ʢʘʯʝʩʪʚʝ ʦʧʨʝʜʝʣʷʶʱʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʳʯʥʦ ʧʨʠʥʠʤʘʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʩʨʝʜʳ. 

ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʩʪʝʥʜʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʧʣʦʦʪʜʘʯʠ ʧʦʢʘʟʘʥʘ ʥʘ 

ʨʠʩʫʥʢʝ. 

 
ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʩʪʝʥʜʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʧʣʦʦʪʜʘʯʠ 

ʧʨʠ ʩʚʦʙʦʜʥʦʡ ʢʦʥʚʝʢʮʠʠ: 

1-6 - ʪʝʨʤʦʧʘʨʳ; 7 - ʮʠʣʠʥʜʨ; 8 - ʠʟʦʣʷʪʦʨ; 9 - ʪʝʧʣʦʚʳʜʝʣʷʶʱʠʡ ʵʣʝʤʝʥʪ 

(ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʥʘʛʨʝʚʘʪʝʣʴ); 10 - ʧʦʪʝʥʮʠʦʤʝʪʨ; 11 - ʧʝʨʝʢʣʶʯʘʪʝʣʴ; 

12 - ʘʤʧʝʨʤʝʪʨ; 13 - ʚʦʣʴʪʤʝʪʨ; 14 - ʣʘʙʦʨʘʪʦʨʥʳʡ ʘʚʪʦʪʨʘʥʩʬʦʨʤʘʪʦʨ; 

15 - ʩʠʛʥʘʣʴʥʘʷ ʣʘʤʧʘ; 16 - ʚʳʢʣʶʯʘʪʝʣʴ 

 

ʋʩʪʘʥʦʚʢʘ ʠʤʝʝʪ ʘʣʶʤʠʥʠʝʚʳʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʮʠʣʠʥʜʨ 7, ʩ 

ʜʠʘʤʝʪʨʦʤ 60ʤʤ. ɺʥʫʪʨʠ ʮʠʣʠʥʜʨʘ ʫʩʪʘʥʦʚʣʝʥ ʪʝʧʣʦʚʳʜʝʣʷʶʱʠʡ ʵʣʝʤʝʥʪ 9, 

ʥʘ ʢʦʪʦʨʳʡ ʧʦʜʘʝʪʩʷ ʥʘʧʨʷʞʝʥʠʝ ʦʪ ʙʣʦʢʘ ʧʠʪʘʥʠʷ 14. ʈʝʞʠʤ ʥʘʛʨʫʟʢʠ 

ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʘʤʧʝʨʤʝʪʨʦʤ 12 ʠ ʚʦʣʴʪʤʝʪʨʦʤ 13. 

ʏʪʦʙʳ ʪʝʧʣʦ ʦʪʜʘʚʘʣʦʩʴ ʪʦʣʴʢʦ ʦʙʨʘʟʫʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʮʠʣʠʥʜʨʘ, ʧʦ 

ʪʦʨʮʘʤ ʫʩʪʘʥʦʚʣʝʥʳ ʪʝʧʣʦʠʟʦʣʷʪʦʨʳ 8. ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʨʘʙʦʯʝʛʦ ʫʯʘʩʪʢʘ 

ʮʠʣʠʥʜʨʘ ʫʩʪʘʥʦʚʣʝʥʦ 6 ʪʝʨʤʦʧʘʨ ʭʨʦʤʝʣʴ - ʢʦʧʝʣʴ. ʊʝʨʤʦʧʘʨʳ ʯʝʨʝʟ 

ʧʝʨʝʢʣʶʯʘʪʝʣʴ 11 ʧʦʜʢʣʶʯʝʥʳ ʢ ʧʦʪʝʥʮʠʦʤʝʪʨʫ 10, ʩʬʝʨʠʯʝʩʢʘʷ ʰʢʘʣʘ 

ʢʦʪʦʨʦʛʦ ʧʨʦʛʨʘʜʫʠʨʦʚʘʥʘ ʚ Áʉ. ʈʘʙʦʯʠʡ ʫʯʘʩʪʦʢ, ʥʘ ʢʦʪʦʨʦʤ ʧʨʦʠʟʚʦʜʷʪʩʷ 

ʠʟʤʝʨʝʥʠʷ, ʤʝʥʴʰʝ ʧʦʣʥʦʡ ʜʣʠʥʳ ʮʠʣʠʥʜʨʘ. ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʣʷ ʩʥʠʞʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʠ ʦʪ ʘʢʩʠʘʣʴʥʳʭ ʩʪʦʢʦʚ ʪʝʧʣʘ. 
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ʊʘʢʞʝ ʨʘʩʩʤʦʪʨʠʤ ʨʘʙʦʪʫ ʫʩʪʘʥʦʚʢʠ ʚ ʫʩʣʦʚʠʷʭ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ. ɺʢʣʶʯʘʶʪʩʷ ʥʘʛʨʝʚʘʪʝʣʠ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʮʠʣʠʥʜʨʘ, ʠ ʩ ʧʦʤʦʱʴʶ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

ʨʝʞʠʤ ʥʘʛʨʝʚʘ. ɼʣʷ ʫʩʢʦʨʝʥʠʷ ʚʳʭʦʜʘ ʥʘ ʨʝʞʠʤ ʣʫʯʰʝ ʥʘʯʠʥʘʪʴ ʩ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʵʣʝʢʪʨʦʥʘʛʨʝʚʘʪʝʣʝ, ʧʦʩʪʝʧʝʥʥʦ 

ʩʥʠʞʘʷ ʝʝ ʜʦ ʪʨʝʙʫʝʤʦʡ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ. ʀʟʤʝʨʝʥʠʷ ʚʳʧʦʣʥʷʶʪʩʷ ʧʦʩʣʝ 

ʥʘʩʪʫʧʣʝʥʠʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʝʞʠʤʘ (ʨʝʞʠʤ, ʧʨʠ ʢʦʪʦʨʦʤ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ 

ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʣʘ ʥʝ ʤʝʥʷʝʪʩʷ). ʇʨʠ ʩʪʘʮʠʦʥʘʨʥʦʤ ʨʝʞʠʤʝ ʧʨʦʚʦʜʷʪʩʷ 

ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʮʠʣʠʥʜʨʘ, ʪʝʤʧʝʨʘʪʫʨʳ ʩʨʝʜʳ, ʘ ʪʘʢʞʝ 

ʧʦʪʨʝʙʣʷʝʤʦʡ ʤʦʱʥʦʩʪʠ. ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʩʪʝʥʜʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ ʧʨʠ 

ʩʚʦʙʦʜʥʦʡ ʢʦʥʚʝʢʮʠʠ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʦʩʪʦʛʦ ʠ ʜʝʰʝʚʦʛʦ 

ʠʟʜʝʣʠʷ.  

ɺʳʚʦʜ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʙʳʣʘ ʟʘʪʨʦʥʫʪʘ ʪʝʤʘ 

ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ ʧʨʠ 

ʩʚʦʙʦʜʥʦʡ ʢʦʥʚʝʢʮʠʠ. ɼʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʧʨʠʤʝʥʝʥʠʷ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʩʪʝʥʜʘ ʜʝʣʘʝʪ ʝʛʦ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʤ ʠʟʜʝʣʠʝʤ, ʢʦʪʦʨʦʝ ʜʦʣʞʥʦ ʟʘʠʥʪʝʨʝʩʦʚʘʪʴ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʊʘʢʞʝ ʢ ʜʦʩʪʦʠʥʩʪʚʘʤ ʜʘʥʥʦʡ ʨʘʟʨʘʙʦʪʢʠ 

ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʧʨʦʩʪʦʪʫ ʢʦʥʩʪʨʫʢʮʠʠ, ʠ ʧʨʠʥʮʠʧʘ ʨʘʙʦʪʳ, ʯʪʦ ʪʦʞʝ ʷʚʣʷʝʪʩʷ 

ʥʝʤʘʣʦʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʚ ʫʩʣʦʚʠʷʭ ʢʦʥʢʫʨʝʥʮʠʠ. 
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ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ʇʨʦʚʝʜʝʥʦ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʧʝʯʘʪʥʦʡ ʣʠʥʟʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ 

ʥʘʧʳʣʸʥʥʳʭ ʥʘ ʜʠʵʣʝʢʪʨʠʢ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʣʘʩʪʠʥʦʢ ʥʘ ʜʠʘʛʨʘʤʤʫ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʘʥʪʝʥʥʳ 

ɺʠʚʘʣʴʜʠ (TSA). ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦʢʘʟʘʪʝʣʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ ʘʥʪʝʥʥʳ    

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʰʠʨʠʥʳ, ʚʳʩʦʪʳ ʠ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʧʣʘʩʪʠʢʘʤʠ. 

ʂʣʁ ʯʝʚʳʝ ʩʣʦʚʘ: ʘʥʪʝʥʥʳ ʉɺʏ, ʘʥʪʝʥʥʘ ɺʠʚʘʣʴʜʠ, ʣʠʥʟʦʚʘʷ ʘʥʪʝʥʥʘ. 
 

ɸʥʪʝʥʥʘ ɺʠʚʘʣʴʜʠ (ʘʥʪʝʥʥʘ ʩ ʨʘʩʰʠʨʷʶʱʝʡʩʷ ʱʝʣʴʶ, Tapered Slot 

Antenna, TSA), ʷʚʣʷʶʱʘʷʩʷ ʦʙʲʝʢʪʦʤ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚʳʧʦʣʥʷʝʪʩʷ ʠʟ 

ʥʘʥʝʩʸʥʥʦʛʦ ʥʘ ʜʠʵʣʝʢʪʨʠʢ ʪʦʥʢʦʛʦ ʩʣʦʷ ʤʝʪʘʣʣʘ. ɺʥʝʰʥʠʡ ʚʠʜ ʘʥʪʝʥʥʳ ʠ 

ʦʧʠʩʘʥʠʝ ʝʸ ʨʫʧʦʨʥʦʡ ʯʘʩʪʠ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 1. 

 

 
ʈʠʩ. 1. ʆʙʱʠʡ ʚʠʜ ʘʥʪʝʥʥʳ ɺʠʚʘʣʴʜʠ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʣʥʦʡ ʪʝʦʨʠʠ ʜʣʷ ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʸʪʦʚ ʘʥʪʝʥʥʳ 

ɺʠʚʘʣʴʜʠ ʥʝ ʩʫʱʝʩʪʚʫʝʪ. ʉʫʱʝʩʪʚʫʶʪ ʣʠʰʴ ʧʨʘʚʠʣʘ (ʟʘʚʠʩʠʤʦʩʪʠ), ʧʦ ʢʦʪʦʨʳʤ 

ʪʘʢ ʠʣʠ ʠʥʘʯʝ ʤʝʥʷʝʪʩʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʚʦʣʥʘ, ʧʨʦʭʦʜʷʱʘʷ ʯʝʨʝʟ TSA. 

ʇʦʵʪʦʤʫ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʨʘʟʤʝʨʦʚ ʠ ʬʦʨʤʳ TSA 

ʚʳʧʦʣʥʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ [1]. 

mailto:pasternakug@mail.ru
mailto:denis2371@gmail.com
mailto:unaxel2000@mail.ru
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ʋ ʢʣʘʩʩʠʯʝʩʢʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʘʥʪʝʥʥʳ ɺʠʚʘʣʴʜʠ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚʳʩʦʢʠʡ 

ʫʨʦʚʝʥʴ ʙʦʢʦʚʳʭ ʣʝʧʝʩʪʢʦʚ ʠ ʙʦʣʴʰʦʡ ʫʨʦʚʝʥʴ ʬʘʟʦʚʳʭ ʠʩʢʘʞʝʥʠʡ. ʀʩʢʘʞʝʥʠʷ 

ʬʘʟʳ ʦʙʫʩʣʦʚʣʝʥʳ ʩʬʝʨʠʯʝʩʢʦʡ ʬʦʨʤʦʡ ʬʘʟʦʚʦʛʦ ʬʨʦʥʪʘ ʚʦʣʥʳ, ʪ.ʝ. ʬʘʟʘ ʥʘ 

ʨʘʩʰʠʨʷʶʱʠʭʩʷ ʩʪʝʥʢʘʭ ʱʝʣʠ ʦʪʩʪʘʝʪ ʦʪ ʬʘʟʳ ʚ ʮʝʥʪʨʝ ʨʘʩʢʨʳʚʘ ʘʥʪʝʥʥʳ. 

ʀʥʪʝʛʨʘʮʠʷ ʣʠʥʟʳ ʚ ʢʦʥʩʪʨʫʢʮʠʶ ʘʥʪʝʥʥʳ ʧʦʟʚʦʣʷʝʪ ʩʫʟʠʪʴ ʜʠʘʛʨʘʤʤʫ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʠ ʫʩʠʣʠʪʴ ʩʠʛʥʘʣ, ʘ ʪʘʢʞʝ ʫʤʝʥʴʰʠʪʴ ʧʦʪʝʨʠ ʟʘ ʩʯʸʪ ʩʥʠʞʝʥʠʷ 

ʙʦʢʦʚʳʭ ʣʝʧʝʩʪʢʦʚ ʠ ʫʩʪʨʘʥʠʪʴ ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ ʥʝʜʦʩʪʘʪʢʠ [2, 3]. 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʪʝʩʪʠʨʫʝʤʦʛʦ ʵʣʝʤʝʥʪʘ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʣʠʥʟʘ, 

ʧʦʢʘʟʘʥʥʘʷ ʥʘ ʨʠʩ. 2. ʆʥʘ ʩʦʩʪʦʠʪ ʠʟ ʥʝʙʦʣʴʰʠʭ ʯʘʰʫʝʢ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ 

ʥʘʧʳʣʝʥʠʷ, ʨʘʚʥʦʤʝʨʥʦ ʥʘʥʝʩʸʥʥʳʭ ʯʝʨʝʟ ʥʝʢʦʪʦʨʦʝ ʨʘʩʩʪʦʷʥʠʝ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʦʟʜʘʸʪʩʷ ʥʝʢʠʡ ʘʥʘʣʦʛ ʠʤʧʨʦʚʠʟʠʨʦʚʘʥʥʦʛʦ ʜʠʵʣʝʢʪʨʠʢʘ. 

 

 
ʈʠʩ. 2. ɸʥʪʝʥʥʘ ɺʠʚʘʣʴʜʠ ʩ ʣʠʥʟʦʡ 

 

ɺʩʝ ʧʘʨʘʤʝʪʨʳ, ʢʨʦʤʝ ʪʦʣʱʠʥʳ ʥʘʥʝʩʝʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʢʨʳʪʠʷ, 

ʙʫʜʫʪ ʵʤʧʠʨʠʯʝʩʢʠ ʧʦʜʙʠʨʘʪʴʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ. ɼʣʷ ʧʨʦʚʝʨʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʧʦʤʠʤʦ 

ʦʧʠʩʘʥʥʦʡ ʚʳʰʝ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʙʳʣʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ 

ʢʦʥʬʠʛʫʨʘʮʠʠ: 

- ʘʥʪʝʥʥʘ ɺʠʚʘʣʴʜʠ ʙʝʟ ʣʠʥʟʳ; 

- ʘʥʪʝʥʥʘ ɺʠʚʘʣʴʜʠ ʩ ʧʦʣʦʩʢʘʤʠ, ʙʝʟ ʨʘʟʜʝʣʝʥʠʷ ʥʘ ʦʪʨʝʟʢʠ; 

- ʘʥʪʝʥʥʘ ɺʠʚʘʣʴʜʠ ʩ ʦʪʨʝʟʢʘʤʠ, ʙʝʟ ʨʘʟʜʝʣʝʥʠʷ ʥʘ ʧʦʣʦʩʢʠ. 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣ ʧʨʦʚʝʜʸʥ ʜʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ 

ʫʩʠʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʣʠʥʟʳ ʥʘ ʨʘʩʢʨʳʚʝ ʘʥʪʝʥʥʳ ɺʠʚʘʣʴʜʠ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ, ʜʝʡʩʪʚʠʪʝʣʴʥʦ, ʥʘʣʠʯʠʝ ʛʨʘʤʦʪʥʦ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʦʡ ʣʠʥʟʳ 

ʩʧʦʩʦʙʥʦ ʩʬʦʢʫʩʠʨʦʚʘʪʴ ʩʠʛʥʘʣ, ʫʚʝʣʠʯʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ, ʪʝʤ ʩʘʤʳʤ 

ʫʚʝʣʠʯʠʚ ʜʘʣʴʥʦʩʪʴ ʝʛʦ ʧʝʨʝʜʘʯʠ. 

ɼʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʟʜʝʣʝʥʠʝ ʥʘ ʦʪʜʝʣʴʥʳʝ ʦʪʨʝʟʢʠ ʧʨʠʚʦʜʠʪ ʢ 

ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʩʠʛʥʘʣʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦʛʦ 

ʧʨʠʨʦʩʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ ʦʪ ʠʟʤʝʥʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʳʤʠ ʧʣʘʩʪʠʥʢʘʤʠ, ʦʪ ʠʭ ʚʳʩʦʪʳ ʠ ʰʠʨʠʥʳ ð ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ 

ʩʪʘʙʠʣʴʥʦ ʧʦ ʚʩʝʤʫ ʯʘʩʪʦʪʥʦʤʫ ʜʠʘʧʘʟʦʥʫ ʘʥʪʝʥʥʳ, ʦʜʥʘʢʦ, ʚ ʥʝʢʦʪʦʨʳʭ 

ʩʣʫʯʘʷʭ (ʥʘʧʨʠʤʝʨ, ʘʥʪʝʥʥʳʝ ʨʝʰʸʪʢʠ) ʜʘʞʝ ʥʝʙʦʣʴʰʦʡ ʧʨʠʨʦʩʪ ʤʦʞʝʪ ʜʘʪʴ 

ʦʯʝʥʴ ʦʱʫʪʠʤʫʶ ʧʦʣʴʟʫ [4]. 

ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʩʣʝʜʫʝʪ ʧʦʜʦʙʨʘʪʴ ʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʚʳʩʦʪʳ ʠ ʰʠʨʠʥʳ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʳʭ ʧʣʘʩʪʠʥʦʢ, ʘ ʪʘʢʞʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʳʤʠ 

ʧʣʘʩʪʠʥʢʘʤʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʧʦʜ ʢʦʥʢʨʝʪʥʫʶ ʟʘʜʘʯʫ ʠ ʜʠʘʧʘʟʦʥ ʯʘʩʪʦʪ. ɺ 

ʥʝʢʦʪʦʨʳʭ ʢʦʥʬʠʛʫʨʘʮʠʷʭ ʥʘ ʥʝʢʦʪʦʨʳʭ ʫʯʘʩʪʢʘʭ ʯʘʩʪʦʪ ʥʘʙʣʶʜʘʝʪʩʷ ʜʘʞʝ 

ʩʥʠʞʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʥʪʝʥʥʳ ʩ ʣʠʥʟʦʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʝʟ ʣʠʥʟʦʚʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʝʡ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʇʠʨʦʛʦʚ ɸ.ɸ. ʈʘʟʨʘʙʦʪʢʘ ʤʦʜʝʣʝʡ ʠ ʘʣʛʦʨʠʪʤʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʮʠʬʨʦʚʳʭ ʫʩʪʨʦʡʩʪʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʭ ʣʦʛʠʯʝʩʢʠʭ 
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ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 
ʈʘʟʚʠʪʠʝ ʨʳʥʢʘ, ʧʦʷʚʣʝʥʠʝ ʥʦʚʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʫʞʝʩʪʦʯʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʢ ʢʘʯʝʩʪʚʫ 

ʧʨʦʜʫʢʮʠʠ, ʫʩʠʣʠʣʠ ʢʦʥʢʫʨʝʥʮʠʶ ʠ ʧʨʠʫʤʥʦʞʠʣʠ ʪʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʧʨʦʮʝʩʩʘʤ 

ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʪʦʚʘʨʦʜʚʠʞʝʥʠʷ ʠ ʩʙʳʪʘ ʧʨʦʜʫʢʮʠʠ. ɺ ʫʩʣʦʚʠʷʭ ʞʝʩʪʢʦʡ 

ʢʦʥʢʫʨʝʥʮʠʠ ʣʫʯʰʝʝ ʧʦʣʦʞʝʥʠʝ ʠʤʝʶʪ ʧʨʝʜʧʨʠʷʪʠʷ, ʠʤʝʶʱʠʝ  ʤʠʥʠʤʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ 

ʦʨʛʘʥʠʟʘʮʠʶ ʩʙʳʪʦʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʢʘʯʝʩʪʚʘ 

ʧʨʦʜʫʢʮʠʠ, ʘ ʪʘʢʞʝ ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʧʦʪʨʝʙʠʪʝʣʷ ʢʘʯʝʩʪʚʦʤ ʦʢʘʟʳʚʘʝʤʳʭ ʩʝʨʚʠʩʥʳʭ ʠ 

ʛʘʨʘʥʪʠʡʥʳʭ ʫʩʣʫʛ.  ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʜʦʣʞʥʘ ʙʳʪʴ ʩʬʦʨʤʠʨʦʚʘʥʘ ʩʠʩʪʝʤʘ 

ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʪʦʚʘʨʦʜʚʠʞʝʥʠʷ ʠ ʩʙʳʪʘ, ʨʘʩʢʨʳʪʳ ʝʛʦ ʢʦʤʧʦʥʝʥʪʳ, 

ʦʧʨʝʜʝʣʝʥʘ ʨʦʣʴ  ʜʘʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪʘ ʫʧʨʘʚʣʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 

ʧʨʦʜʫʢʮʠʠ ʚ ʮʝʧʦʯʢʝ ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ ʠ ʧʦʪʨʝʙʠʪʝʣʝʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʤʘʨʢʝʪʠʥʛʦʤ, ʧʨʦʮʝʩʩʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ 

ʧʦʜʭʦʜ ʢ ʩʪʨʫʢʪʫʨʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʪʦʚʘʨʦʜʚʠʞʝʥʠʷ ʠ ʩʙʳʪʘ 

ʧʨʦʜʫʢʮʠʠ, ʢʘʯʝʩʪʚʦ  ʧʨʦʮʝʩʩʦʚ ʩʝʨʚʠʩʥʦʛʦ ʠ ʛʘʨʘʥʪʠʡʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ. 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʪʦʚʘʨʦʜʚʠʞʝʥʠʷ ʠ ʩʙʳʪʘ ʧʨʦʜʫʢʮʠʠ ʚ ʩʠʩʪʝʤʝ ʤʘʨʢʝʪʠʥʛʘ ʦʙʫʩʣʦʚʣʝʥʘ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʫʯʝʪʘ ʬʘʢʪʦʨʦʚ ʚʥʫʪʨʝʥʥʝʡ ʠ ʚʥʝʰʥʝʡ ʩʨʝʜ, ʢʦʪʦʨʳʝ ʚ 

ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʦʧʨʝʜʝʣʷʶʪʩʷ ʪʝʤ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦʤ, ʯʪʦ ʤʥʦʛʠʝ 

ʧʨʝʜʧʨʠʷʪʠʷ ʧʝʨʝʭʦʜʷʪ ʦʪ ʪʨʘʜʠʮʠʦʥʥʦʡ ʩʭʝʤʳ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʜʘʞʠ 

ʧʨʦʜʫʢʮʠʠ ʢ ʩʠʩʪʝʤʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʦʜʫʢʮʠʠ ʩ ʫʯʝʪʦʤ ʪʨʝʙʦʚʘʥʠʡ 

ʚʳʷʚʣʝʥʥʳʭ ʠ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ, ʦʩʥʦʚʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʢʦʪʦʨʦʡ 

ʷʚʣʷʶʪʩʷ ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘʤʠ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʪʦʚʘʨʦʜʚʠʞʝʥʠʷ ʠ ʩʙʳʪʘ ʧʨʦʜʫʢʮʠʠ. ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʧʦʣʦʞʝʥʠʷ 

ʧʨʝʜʧʨʠʷʪʠʷ ʥʘ ʨʳʥʢʝ ʩʙʳʪʘ, ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʡ ʮʝʥʥʦʩʪʠ ʧʨʦʜʫʢʮʠʠ, ʢʘʯʝʩʪʚʘ 

ʨʝʢʣʘʤʳ ʠ ʩʝʨʚʠʩʥʦʛʦ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʩʙʳʪʘ [3]. ɺ ʤʘʨʢʝʪʠʥʛʝ ʧʦʜ 

ʪʦʚʘʨʦʜʚʠʞʝʥʠʝʤ ʧʦʥʠʤʘʝʪʩʷ ʩʠʩʪʝʤʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʜʦʩʪʘʚʢʫ ʧʨʦʜʫʢʮʠʠ ʦʪ 

ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʢ ʧʦʪʨʝʙʠʪʝʣʶ, ʚʢʣʶʯʘʶʱʘʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ, ʭʨʘʥʝʥʠʝ, 

ʧʨʦʚʝʜʝʥʠʝ ʧʨʠʝʤʥʦ-ʩʜʘʪʦʯʥʳʭ ʠʩʧʳʪʘʥʠʡ, ʚʚʦʜ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ, ʦʢʘʟʘʥʠʝ 

ʩʝʨʚʠʩʥʳʭ ʠ ʛʘʨʘʥʪʠʡʥʳʭ ʫʩʣʫʛ [1]. ʇʨʠ ʨʝʰʝʥʠʠ ʚʦʧʨʦʩʦʚ ʦʨʛʘʥʠʟʘʮʠʠ ʠ 

ʧʣʘʥʠʨʦʚʘʥʠʠ ʪʦʚʘʨʦʜʚʠʞʝʥʠʷ ʧʨʦʜʫʢʮʠʠ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʚʳʙʦʨ ʠ 

ʦʙʦʩʥʦʚʘʥʠʝ ʢʘʥʘʣʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʦʚʘʨʦʚ, ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ 

ʜʦʩʪʠʞʝʥʠʝ ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʠ ʧʦʪʨʝʙʠʪʝʣʷ ʢʘʯʝʩʪʚʦʤ ʧʨʦʜʫʢʮʠʠ ʠ ʢʘʯʝʩʪʚʦʤ 

ʧʨʦʮʝʩʩʦʚ ʛʘʨʘʥʪʠʡʥʦʛʦ ʠ ʩʝʨʚʠʩʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʩʫʱʥʦʩʪʴ ʪʦʚʘʨʦʜʚʠʞʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʜʚʠʞʝʥʠʷ ʧʨʦʜʫʢʮʠʠ 

ʦʪ ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʢ ʧʦʪʨʝʙʠʪʝʣʶ, ʦʨʛʘʥʠʟʘʮʠʷ ʪʦʚʘʨʦʜʚʠʞʝʥʠʷ ʩʚʷʟʘʥʘ ʩ 
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ʦʩʫʱʝʩʪʚʣʝʥʠʝʤ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʤʝʱʝʥʠʷ, ʩʪʨʘʭʦʚʘʥʠʷ ʠ ʭʨʘʥʝʥʠʷ ʧʨʦʜʫʢʮʠʠ., 

ʘ ʪʘʢʞʝ ʧʝʨʝʜʘʯʘ ʧʨʦʜʫʢʮʠʠ ʢʦʥʝʯʥʦʤʫ ʧʦʪʨʝʙʠʪʝʣʶ  ʠ ʦʢʘʟʘʥʠʝ ʩʝʨʚʠʩʥʳʭ ʠ 

ʛʘʨʘʥʪʠʡʥʳʭ ʫʩʣʫʛ. ʈʝʘʣʠʟʘʮʠʷ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʬʫʥʢʮʠʡ ʦʙʫʩʣʘʚʣʠʚʘʝʪ 

ʜʦʩʪʠʞʝʥʠʝ ʢʦʥʝʯʥʦʡ ʮʝʣʠ ʤʘʨʢʝʪʠʥʛʦʚʦʡ ʩʪʨʘʪʝʛʠʠ ʧʨʝʜʧʨʠʷʪʠʷ, ʩʚʷʟʘʥʥʦʡ            

ʩ ʧʦʣʥʳʤ ʫʜʦʚʣʝʪʚʦʨʝʥʠʝʤ ʪʨʝʙʦʚʘʥʠʡ ʧʦʪʨʝʙʠʪʝʣʝʡ ʚ ʢʦʣʠʯʝʩʪʚʝ, 

ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʤ ʢʘʯʝʩʪʚʝ ʠ ʢʦʤʧʣʝʢʪʥʦʩʪʠ ʧʦʩʪʘʚʣʷʝʤʦʡ ʧʨʦʜʫʢʮʠʠ, 

ʦʨʛʘʥʠʟʘʮʠʠ ʝʝ ʧʦʩʪʘʚʢʠ ʚ ʫʩʪʘʥʦʚʣʝʥʥʦʝ ʤʝʩʪʦ ʠ ʚʨʝʤʷ, ʠ ʦʢʘʟʘʥʠʷ 

ʢʘʯʝʩʪʚʝʥʥʳʭ ʛʘʨʘʥʪʠʡʥʳʭ ʠ ʩʝʨʚʠʩʥʳʭ ʫʩʣʫʛ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ, ʯʪʦ ʦʨʛʘʥʠʟʘʮʠʷ ʠ ʧʣʘʥʠʨʦʚʘʥʠʝ ʪʦʚʘʨʦʜʚʠʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʜʩʠʩʪʝʤʦʡ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʤʘʨʢʝʪʠʥʛʦʤ, ʢʨʠʪʝʨʠʷʤʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʦʪʦʨʦʡ 

ʷʚʣʷʶʪʩʷ: ʧʦʣʥʘʷ ʛʘʨʘʥʪʠʷ ʢʘʯʝʩʪʚʘ, ʩʚʦʝʚʨʝʤʝʥʥʦʩʪʴ ʧʦʩʪʘʚʢʠ ʠ ʦʧʪʠʤʘʣʴʥʘʷ 

ʮʝʥʘ ʧʦʩʪʘʚʢʠ (ʤʠʥʠʤʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʩʙʳʪ ʧʨʦʜʫʢʮʠʠ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʟʘʪʨʘʪʳ).  ʇʨʠ ʵʪʦʤ ʩʫʱʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʪʦʚʘʨʦʜʚʠʞʝʥʠʷ ʧʨʦʜʫʢʮʠʠ ʚ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʤʘʨʢʝʪʠʥʛʦʤ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʤ ʧʨʠʥʷʪʠʠ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ 

ʧʨʦʮʝʩʩʦʚ ʜʦʩʪʘʚʢʠ ʧʨʦʜʫʢʮʠʠ ʢʦʥʝʯʥʦʤʫ ʧʦʪʨʝʙʠʪʝʣʶ, ʪʘʢʠʭ ʢʘʢ: ʧʨʦʮʝʩʩʦʚ 

ʭʨʘʥʝʥʠʷ ʠ ʩʪʨʘʭʦʚʘʥʠʷ ʧʨʦʜʫʢʮʠʠ ʚʦ ʚʨʝʤʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ, ʧʨʠʝʤʥʦ-

ʩʜʘʪʦʯʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʮʝʩʩʦʚ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʝʨʚʠʩʥʳʭ ʠ ʛʘʨʘʥʪʠʡʥʳʭ 

ʫʩʣʫʛ ʧʦʪʨʝʙʠʪʝʣʶ. ʉ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʨʛʘʥʠʟʘʮʠʷ 

ʪʦʚʘʨʦʜʚʠʞʝʥʠʷ ʠ ʩʙʳʪʘ ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʵʬʬʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ 

ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʩʧʨʦʩʘ, ʧʨʠ ʵʪʦʤ ʢʨʠʪʝʨʠʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ ʠ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʪʦʚʘʨʦʜʚʠʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʪʥʦʰʝʥʠʝ ʩʦʚʦʢʫʧʥʳʭ ʟʘʪʨʘʪ 

ʧʨʝʜʧʨʠʷʪʠʷ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʩʙʳʪ ʧʨʦʜʫʢʮʠʠ ʢ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʟʘ ʧʣʘʥʦʚʦ-ʦʪʯʝʪʥʳʡ  ʧʝʨʠʦʜ. ɺ ʢʦʥʪʝʢʩʪʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʨʦʙʣʝʤʳ ʦʩʥʦʚʥʳʤʠ ʟʘʜʘʯʘʤʠ ʤʘʨʢʝʪʠʥʛʦʚʦʡ ʩʣʫʞʙʳ 

ʧʨʝʜʧʨʠʷʪʠʷ ʧʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʩʙʳʪʦʚʳʭ ʦʧʝʨʘʮʠʡ ʷʚʣʷʝʪʩʷ ʤʠʥʠʤʠʟʘʮʠʷ 

ʟʘʪʨʘʪ ʥʘ ʦʨʛʘʥʠʟʘʮʠʶ ʪʦʚʘʨʦʜʚʠʞʝʥʠʷ ʧʨʦʜʫʢʮʠʠ, ʢʦʥʪʨʦʣʴ ʬʠʟʠʯʝʩʢʦʛʦ 

ʧʝʨʝʤʝʱʝʥʠʷ ʧʨʦʜʫʢʮʠʠ ʦʪ ʤʝʩʪʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢ ʤʝʩʪʘʤ ʧʦʪʨʝʙʣʝʥʠʷ,  ʧʦʣʥʦʝ 

ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʧʦʪʨʝʙʠʪʝʣʝʡ ʢʘʯʝʩʪʚʦʤ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʧʨʠ 

ʜʦʩʪʠʞʝʥʠʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʟʘʠʤʥʦʡ ʚʩʝʭ ʚʳʛʦʜʳ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʩʪʦʨʦʥ,  

ʚʢʣʶʯʘʷ ʨʘʟʣʠʯʥʳʝ ʧʦʩʨʝʜʥʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ [2]. ʌʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ 

ʧʨʝʜʣʦʞʝʥʥʦʡ ʩʠʩʪʝʤʳ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʪʦʚʘʨʦʜʚʠʞʝʥʠʷ ʠ ʩʙʳʪʘ 

ʧʨʦʜʫʢʮʠʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʝʘʣʠʟʘʮʠʶ ʬʫʥʢʮʠʠ ʩʢʚʦʟʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʧʝʨʝʤʝʱʝʥʠʝʤ ʧʨʦʜʫʢʮʠʠ ʧʦ ʵʪʘʧʘʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʩʙʳʪʘ ʩ ʮʝʣʴʶ ʜʦʚʝʜʝʥʠʷ 

ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ ʜʦ ʧʦʪʨʝʙʠʪʝʣʷ, ʦʢʘʟʘʥʠʷ ʩʝʨʚʠʩʥʳʭ ʠ ʛʘʨʘʥʪʠʡʥʳʭ ʫʩʣʫʛ.  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʠʩʪʝʤʘ ʦʨʛʘʥʠʟʘʮʠʠ ʪʦʚʘʨʦʜʚʠʞʝʥʠʷ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʩʙʳʪʘ 

ʧʨʦʜʫʢʮʠʠ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʫʧʨʘʚʣʝʥʠʷ ʤʘʨʢʝʪʠʥʛʦʚʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʳ 

ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʪʦʚʘʨʦʜʚʠʞʝʥʠʷ ʠ ʩʙʳʪʘ ʧʨʦʜʫʢʮʠʠ, ʧʦʩʪʨʦʝʥʥʘʷ 

ʥʘ ʦʩʥʦʚʝ ʧʨʦʮʝʩʩʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʦʜʭʦʜʘ, ʧʨʝʜʧʦʣʘʛʘʶʱʝʛʦ ʧʦʩʪʨʦʝʥʠʝ 

ʮʝʧʦʯʝʢ ʧʨʦʮʝʩʩʦʚ, ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʧʦ ʚʭʦʜʘʤ ʠ ʚʳʭʦʜʘʤ, ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʚʟʘʠʤʦʦʙʫʩʣʦʚʣʝʥʥʦʩʪʴ ʚʩʝʭ ʚʠʜʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʨʝʘʣʠʟʫʝʤʳʭ ʚ ʨʘʤʢʘʭ 

ʨʘʟʣʠʯʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʦʜʩʠʩʪʝʤ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʤʘʨʢʝʪʠʥʛʦʚʦʤ.  
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ʉʣʝʜʫʝʪ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ, ʨʝʘʣʠʟʫʝʤʳʝ ʚ ʩʠʩʪʝʤʝ 

ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʪʦʚʘʨʦʜʚʠʞʝʥʠʷ ʠ ʩʙʳʪʘ ʧʨʦʜʫʢʮʠʠ: 

- ʦʨʛʘʥʠʟʘʮʠʷ ʤʘʨʢʝʪʠʥʛʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʮʝʣʴʶ ʦʮʝʥʢʠ 

ʧʦʢʫʧʘʪʝʣʴʩʢʦʛʦ ʩʧʨʦʩʘ ʠ ʚʳʨʘʙʦʪʢʝ ʤʝʨ ʧʦ ʝʛʦ ʫʜʦʚʣʝʪʚʦʨʝʥʠʶ; 

- ʫʩʪʘʥʦʚʣʝʥʠʝ ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʩʚʷʟʝʡ ʠ ʟʘʢʣʶʯʝʥʠʝ ʜʦʛʦʚʦʨʦʚ ʥʘ 

ʧʦʩʪʘʚʢʫ ʧʨʦʜʫʢʮʠʠ ʧʦʪʨʝʙʠʪʝʣʶ ʠ ʦʢʘʟʘʥʠʶ ʩʝʨʚʠʩʥʳʭ ʠ ʛʘʨʘʥʪʠʡʥʳʭ ʫʩʣʫʛ; 

- ʚʳʙʦʨ ʢʘʥʘʣʦʚ ʩʙʳʪʘ ʠ ʨʘʮʠʦʥʘʣʴʥʳʭ ʬʦʨʤ ʪʦʚʘʨʦʜʚʠʞʝʥʠʷ; 

- ʧʦʩʪʨʦʝʥʠʝ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʫʧʨʘʚʣʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 

ʧʨʦʜʫʢʮʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʘʥʘʣʘʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʦʜʫʢʮʠʠ; 

- ʫʧʨʘʚʣʝʥʠʝ ʟʘʧʘʩʘʤʠ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ ʧʫʪʝʤ ʨʝʘʣʠʟʘʮʠʠ ʬʫʥʢʮʠʡ 

ʥʘʢʦʧʣʝʥʠʷ, ʩʦʨʪʠʨʦʚʢʠ,  ʨʘʟʤʝʱʝʥʠʷ ʠ ʭʨʘʥʝʥʠʷ;  

- ʦʨʛʘʥʠʟʘʮʠʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ, ʚʦʟʚʨʘʪʥʦʡ ʪʘʨʳ ʠ 

ʦʪʭʦʜʦʚ, ʙʨʘʢʦʚʘʥʥʦʡ ʧʨʦʜʫʢʮʠʠ; 

- ʫʯʝʪ ʠ ʧʦʜʜʝʨʞʘʥʠʝ ʩʪʘʥʜʘʨʪʦʚ ʢʘʯʝʩʪʚʘ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ ʠ ʢʘʯʝʩʪʚʘ 

ʩʝʨʚʠʩʥʦʛʦ ʠ ʛʘʨʘʥʪʠʡʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ [4]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʩʠʩʪʝʤʘ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʪʦʚʘʨʦʜʚʠʞʝʥʠʷ ʠ ʩʙʳʪʘ ʧʨʦʜʫʢʮʠʠ  ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ 

ʨʝʘʣʠʟʘʮʠʠ ʤʘʨʢʝʪʠʥʛʦʚʦʡ ʩʪʨʘʪʝʛʠʠ ʧʨʝʜʧʨʠʷʪʠʷ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʬʫʥʢʮʠʡ, ʚʳʧʦʣʥʝʥʠʝ ʢʦʪʦʨʳʭ 

ʨʝʛʣʘʤʝʥʪʠʨʫʝʪʩʷ ʤʝʭʘʥʠʟʤʦʤ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʪʦʚʘʨʦʜʚʠʞʝʥʠʷ ʠ 

ʩʙʳʪʘ ʧʨʦʜʫʢʮʠʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʬʫʥʢʮʠʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʘʩʩʦʨʪʠʤʝʥʪʘ 

ʧʨʦʜʫʢʮʠʠ, ʩʦʩʪʘʚʣʝʥʠʷ ʘʩʩʦʨʪʠʤʝʥʪʥʦʡ ʧʦʣʠʪʠʢʠ, ʚʳʙʦʨ ʧʨʝʜʤʝʪʥʦʡ 

ʩʧʝʮʠʘʣʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʨʘʟʨʘʙʦʪʢʘ ʢʦʥʢʫʨʝʥʪʥʦʡ ʩʪʨʘʪʝʛʠʠ ʠ ʩʪʨʘʪʝʛʠʠ 

ʩʙʳʪʘ  ʠ ʜʨ. ʚʳʧʦʣʥʷʶʪʩʷ ʚʩʝʤʠ ʧʦʜʨʘʟʜʝʣʝʥʠʷʤʠ ʢʦʤʤʝʨʯʝʩʢʦʡ ʩʣʫʞʙʳ 

ʧʨʝʜʧʨʠʷʪʠʷ. 
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ʆʉʆɹɽʅʅʆʉʊʀ ʀʉʇʆʃʔɿʆɺɸʅʀʗ ɻɽʅɽʊʀʏɽʉʂʆɻʆ ɸʃɻʆʈʀʊʄɸ 

ɼʃʗ ʈɽʐɽʅʀʗ ɿɸɼɸʏʀ ʆ ʈɸʅʎɽ 

 

ʂ.ɸ. ɸʡʚʘʟʷʥ
1
, ʉ.ɸ. ʆʣʝʡʥʠʢʦʚʘ

2
 

1
ɹʘʢʘʣʘʚʨ ʛʨ. ɺʄ-161, kartsen12599@icloud.com 

2
ɼ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, s.a.oleynikova@gmail.com 

ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 
ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʘ ʦ ʨʘʥʮʝ. ʈʘʟʨʘʙʦʪʘʥ ʛʝʥʝʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ 

ʝʝ ʨʝʰʝʥʠʷ, ʦʪʣʠʯʘʶʱʠʡʩʷ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ 

ʤʝʪʦʜʘʤʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʝʥʝʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ, ʟʘʜʘʯʘ ʦ ʨʘʥʮʝ, ʜʠʩʢʨʝʪʥʘʷ ʦʧʪʠʤʠʟʘʮʠʷ. 

 

ɿʘʜʘʯʘ ʦ ʨʘʥʮʝ (ʦ ʨʶʢʟʘʢʝ) ʦʪʥʦʩʠʪʩʷ ʢ ʯʠʩʣʫ ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʳʭ ʠ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʟʘʜʘʯ ʜʠʩʢʨʝʪʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʦʠʩʢʘ 

ʵʬʬʝʢʪʠʚʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʝʝ ʨʝʰʝʥʠʷ ʧʨʦʜʠʢʪʦʚʘʥʘ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʧʨʠʣʦʞʝʥʠʡ ʠ ʦʙʣʘʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʩʫʱʝʩʪʚʫʶʱʠʝ ʟʘʜʘʯʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʪʨʝʙʫʶʪ ʨʘʩʰʠʨʝʥʠʷ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʨʘʥʮʝʚʦʡ ʟʘʜʘʯʠ, ʚʚʦʜʘ ʥʝʩʢʦʣʴʢʠʭ ʢʨʠʪʝʨʠʝʚ, ʦʛʨʘʥʠʯʝʥʠʡ ʠ ʪ.ʜ. 

ɺʩʝ ʵʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʠʩʢʘ ʘʣʛʦʨʠʪʤʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ 

ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʨʘʥʮʝʚʦʛʦ ʪʠʧʘ ʟʘ ʧʨʠʝʤʣʝʤʦʝ ʚʨʝʤʷ. ɼʘʥʥʘʷ ʟʘʜʘʯʘ ʙʳʪʴ 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʀʤʝʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʧʨʝʜʤʝʪʦʚ i = 1, 2, 

é , n, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʚʦʠʤ ʚʝʩʦʤ pi ʠ ʮʝʥʥʦʩʪʴʶ ci. 

ʀʤʝʝʪʩʷ ʨʶʢʟʘʢ (ʨʘʥʝʮ) ʝʤʢʦʩʪʴʶ R. ʅʝʦʙʭʦʜʠʤʦ ʧʨʠʥʷʪʴ ʨʝʰʝʥʠʝ ʦ 

ʧʨʝʜʤʝʪʘʭ, ʢʦʪʦʨʳʝ ʩʣʝʜʫʝʪ ʧʦʤʝʩʪʠʪʴ ʚ ʥʝʛʦ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʩʫʤʤʘʨʥʘʷ 

ʮʝʥʥʦʩʪʴ ʚʩʝʭ ʧʨʝʜʤʝʪʦʚ ʙʳʣʘ ʙʳ ʤʘʢʩʠʤʘʣʴʥʦʡ. ʕʪʘ ʟʘʜʘʯʘ ʦʪʥʦʩʠʪʩʷ ʢ ʢʣʘʩʩʫ 

ʟʘʜʘʯ ʜʠʩʢʨʝʪʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ[1]. ɸʥʘʣʠʟʠʨʫʷ ʤʥʦʞʝʩʪʚʦ ʧʦʜʭʦʜʦʚ ʢ ʝʝ 

ʨʝʰʝʥʠʶ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʛʝʥʝʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ, ʷʚʣʷʶʱʠʡʩʷ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʤ ʚ ʩʣʫʯʘʝ ʙʦʣʴʰʠʭ ʨʘʟʤʝʨʥʦʩʪʝʡ ʟʘʜʘʯʠ, ʘ ʪʘʢʞʝ ʧʨʠ ʧʦʷʚʣʝʥʠʠ 

ʥʝʩʢʦʣʴʢʠʭ ʢʨʠʪʝʨʠʝʚ [2]. ʈʘʙʦʪʘ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʠʪʝʨʘʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ, ʢʦʪʦʨʳʡ ʚʳʧʦʣʥʷʝʪʩʷ ʮʠʢʣʠʯʝʩʢʠ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ 

ʙʫʜʝʪ ʩʦʟʜʘʥʦ ʟʘʜʘʥʥʦʝ ʯʠʩʣʦ ʧʦʢʦʣʝʥʠʡ ʠʣʠ ʧʦʣʫʯʝʥʥʦʝ ʨʝʰʝʥʠʝ ʥʝ ʤʝʥʷʝʪʩʷ 

ʥʝʩʢʦʣʴʢʦ ʠʪʝʨʘʮʠʡ [3]. ɼʣʷ ʢʘʞʜʦʛʦ ʧʦʢʦʣʝʥʠʷʩ ʧʦʤʦʱʴʶ ʛʝʥʝʪʠʯʝʩʢʦʛʦ 

ʘʣʛʦʨʠʪʤʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʪʙʦʨ ʥʘʠʣʫʯʰʠʭ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ 

ʦʩʦʙʝʡ, ʢʦʪʦʨʳʝ ʩ ʥʝʢʦʪʦʨʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʧʦʜʚʝʨʛʘʶʪʩʷʢʨʦʩʩʦʚʝʨʫ ʠ 

ʤʫʪʘʮʠʠ.ʌʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ ʤʦʞʥʦ ʦʧʠʩʘʪʴ 

ʩʣʝʜʫʶʱʠʤʠ ʰʘʛʘʤʠ:  

1. ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʵʪʘʧ: ʩʬʦʨʤʠʨʦʚʘʪʴ ʥʘʯʘʣʴʥʫʶ ʧʦʧʫʣʷʮʠʶ 

ʨʘʟʤʝʨʘ N, ʦʧʨʝʜʝʣʠʪʴ ʮʝʣʝʚʫʶ ʬʫʥʢʮʠʶ, ʟʘʜʘʪʴ ʚʝʨʦʷʪʥʦʩʪʠ ʤʫʪʘʮʠʠ ʠ 

ʦʧʠʩʘʪʴ ʝʝ ʩʧʝʮʠʬʠʢʫ. 

2. ʉʢʨʝʱʠʚʘʥʠʝ: ʚ ʮʠʢʣʝ ʧʦʢʘ ʥʝ ʙʫʜʝʪ ʧʦʣʫʯʝʥʦ ʟʘʜʘʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʧʦʪʦʤʢʦʚ M>Nʚʳʧʦʣʥʷʪʴ: 
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2.1 ɺʳʙʨʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʤ ʦʙʨʘʟʦʤ ʧʝʨʚʫʶ ʦʩʦʙʴ 

2.2 ɺʳʙʨʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʤ ʦʙʨʘʟʦʤ ʚʪʦʨʫʶ ʦʩʦʙʴ 

2.3 ʇʨʦʚʝʩʪʠ ʧʨʦʮʝʩʩ ʩʢʨʝʱʠʚʘʥʠʷ. 

3. ʉ ʟʘʜʘʥʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʧʨʦʚʝʩʪʠ ʧʨʦʮʝʩʩ ʤʫʪʘʮʠʠ. 

4. ʉʝʣʝʢʮʠʷ (ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ): ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ ʚʳʙʨʘʪʴ ʠʟ Mʧʦʪʦʤʢʦʚ Nʥʘʠʣʫʯʰʠʭ 

5. ɽʩʣʠ ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ ʚʳʭʦʜʘ, ʪʦ ʟʘʚʝʨʰʠʪʴ ʨʘʙʦʪʫ ʘʣʛʦʨʠʪʤʘ 

ʠʥʘʯʝ ʧʝʨʝʡʪʠ ʢ ʰʘʛʫ 2. 

ɼʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʥʦʩʠʪ ʦʙʱʠʡ ʭʘʨʘʢʪʝʨ ʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ 

ʨʝʰʝʥʠʷ ʮʝʣʦʛʦ ʢʣʘʩʩʘ ʟʘʜʘʯ. ɼʝʪʘʣʠʟʠʨʫʝʤ ʝʛʦ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʟʘʜʘʯʝ ʦ 

ʨʘʥʮʝ. ʇʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʝʨʚʦʡ ʧʦʧʫʣʷʮʠʠ ʦʩʦʙʝʡ, ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʥʠʭ 

ʩʦʟʜʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʭʨʦʤʦʩʦʤ, ʨʘʚʥʦʝ ʢʦʣʠʯʝʩʪʚʫ ʚʝʱʝʡ. ʍʨʦʤʦʩʦʤʘ i, 

1ʙʶʶʶʙʊ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʮʝʣʦʯʠʩʣʝʥʥʫʶ ʧʝʨʝʤʝʥʥʫʶ, ʧʨʠʥʠʤʘʶʱʫʶ 

ʟʥʘʯʝʥʠʝ 1, ʝʩʣʠ ʚʝʱʴ i ʙʫʜʝʪ ʧʦʤʝʱʝʥʘ ʚ ʨʶʢʟʘʢ ʠ 0 ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ. ʇʦ 

ʜʘʥʥʦʡ ʩʭʝʤʝ ʩʦʟʜʘʝʤ ʥʦʚʦʝ ʧʦʢʦʣʝʥʠʝ ʠ ʦʪʩʦʨʪʠʨʫʝʤ ʝʛʦ ʧʦ ʮʝʥʝ ʚ ʧʦʨʷʜʢʝ 

ʫʙʳʚʘʥʠʷ. ɼʣʷ ʩʢʨʝʱʠʚʘʥʠʷ ʠ ʧʦʣʫʯʝʥʠʷ ʥʦʚʦʛʦ ʧʦʪʦʤʩʪʚʘ ʧʨʦʠʩʭʦʜʠʪ 

ʩʣʫʯʘʡʥʳʡ ʚʳʙʦʨ ʨʦʜʠʪʝʣʝʡ, ʠ ʢʘʞʜʳʡ ʠʟ ʥʦʚʳʭ ʦʙʲʝʢʪʦʚ çʧʦʜʚʝʨʛʘʝʪʩʷ 

ʤʫʪʘʮʠʠè. ʄʫʪʘʮʠʠ ʧʨʦʠʩʭʦʜʷʪ ʚ 25% ʩʣʫʯʘʷʭ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʭʨʦʤʦʩʦʤ, ʪ.ʝ. 

ʤʫʪʠʨʫʝʪ ʣʠʰʴ 1 ʭʨʦʤʦʩʦʤʘ ʠʟ 4-ʭ. ʇʦʩʣʝ ʵʪʦʛʦ ʥʦʚʳʡ ʩʧʠʩʦʢ ʩʥʦʚʘ 

ʩʦʨʪʠʨʫʝʪʩʷ ʠ ʧʨʦʠʩʭʦʜʠʪ ʦʪʩʝʚ ʥʘʠʭʫʜʰʠʭ ʦʩʦʙʝʡ. 

ɼʘʥʥʳʝ ʘʣʛʦʨʠʪʤ ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʦʜʥʦʤ ʠʟ ʜʚʫʭ ʩʣʫʯʘʝʚ: ʣʠʙʦ ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʰʘʛʦʚ, ʣʠʙʦ ʥʝʩʢʦʣʴʢʦ ʠʪʝʨʘʮʠʡ ʧʦʜʨʷʜ ʨʝʰʝʥʠʝ ʥʝ 

ʤʝʥʷʣʦʩʴ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʧʨʦʛʨʘʤʤʥʦʝ 

ʩʨʝʜʩʪʚʦ, ʘʚʪʦʤʘʪʠʟʠʨʫʶʱʝʝ ʧʨʦʮʝʩʩ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦ ʨʘʥʮʝ ʩ ʧʦʤʦʱʴʶ 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʚʳʩʪʫʧʘʶʪ ʢʦʣʠʯʝʩʪʚʦ 

ʚʝʱʝʡ, ʠʭ ʮʝʥʥʦʩʪʴ ʠ ʚʝʩ, ʘ ʪʘʢʞʝ ʨʘʟʤʝʨ ʨʶʢʟʘʢʘ. ʅʘ ʚʳʭʦʜʝ ʧʦʣʫʯʘʝʤ ʤʘʩʩʠʚ 

ʠʟ ʟʥʘʢʦʚ ç+è (ʝʩʣʠ ʜʘʥʥʘʷ ʚʝʱʴ ʜʦʣʞʥʘ ʙʳʪʴ ʚʟʷʪʘ) ʠ ç-è (ʝʩʣʠ ʝʝ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʥʝ ʙʨʘʪʴ). ɼʣʷ ʘʥʘʣʠʟʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʣʛʦʨʠʪʤʘ ʨʝʟʫʣʴʪʘʪʳ ʝʛʦ 

ʨʘʙʦʪʳ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʩʨʘʚʥʠʪʴ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʦʣʥʦʛʦ ʧʝʨʝʙʦʨʘ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʩʨʘʚʥʝʥʠʝ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʩʣʝʜʫʶʱʠʭ ʢʨʠʪʝʨʠʝʚ: 

- ʙʣʠʟʦʩʪʠ ʠʪʦʛʦʚʦʡ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ (ʩʫʤʤʘʨʥʦʡ ʮʝʥʥʦʩʪʠ ʚʟʷʪʳʭ 

ʚʝʱʝʡ) ʢ ʦʧʪʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ; 

- ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʢʘʢ ʠ ʙʦʣʴʰʠʥʩʪʚʦ ʟʘʜʘʯ ʜʠʩʢʨʝʪʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ, 

ʠʥʪʝʨʝʩʥʦ ʧʦʚʝʜʝʥʠʝ ʘʣʛʦʨʠʪʤʘ ʥʘ ʟʘʜʘʯʘʭ ʙʦʣʴʰʦʡ ʨʘʟʤʝʨʥʦʩʪʠ (ʧʦʩʢʦʣʴʢʫ 

ʜʣʷ ʥʝʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʚʝʱʝʡ ʚʩʝ ʤʝʪʦʜʳ ʦʨʠʝʥʪʠʨʦʚʦʯʥʦ ʧʦʟʚʦʣʷʪ ʧʦʣʫʯʠʪʴ 

ʙʣʠʟʢʠʡ ʢ ʦʧʪʠʤʘʣʴʥʦʤʫ ʨʝʟʫʣʴʪʘʪ ʠ ʚʨʝʤʷ, ʟʘʪʨʘʯʠʚʘʝʤʦʝ ʥʘ ʠʭ ʨʘʙʦʪʫ, ʙʫʜʝʪ 

ʥʝʚʝʣʠʢʦ). ʇʨʦʘʥʘʣʠʟʠʨʫʝʤ ʚʨʝʤʷ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ. ʉʨʘʚʥʠʤ ʝʛʦ ʩ ʧʦʣʥʳʤ 

ʧʝʨʝʙʦʨʦʤ, ʧʦʟʚʦʣʷʶʱʠʤ ʧʦʣʫʯʠʪʴ ʦʧʪʠʤʘʣʴʥʦʝ ʨʝʰʝʥʠʝ. ʂʘʢ ʤʦʞʥʦ ʚʠʜʝʪʴ 

ʠʟ ʨʠʩ. 1, ʯʪʦʙʳ ʚʳʙʨʘʪʴ ʠʟ 20 ʧʨʝʜʤʝʪʦʚ ʩ ʥʘʠʙʦʣʴʰʝʡ ʮʝʥʥʦʩʪʴʶ ʠ ʚʝʩʦʤ ʥʝ 

ʙʦʣʴʰʝ 10, ʘʣʛʦʨʠʪʤʫ ʧʦʪʨʝʙʦʚʘʣʦʩʴ 15 ʩʝʢʫʥʜ. 
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ʈʠʩ. 1. ɸʣʛʦʨʠʪʤ ʧʦʣʥʦʛʦ ʧʝʨʝʙʦʨʘ 

 ɸ ʜʣʷ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ, ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ ʚ 1000 

ʠʪʝʨʘʮʠʡ ʟʘʥʷʣʦ 0,06 ʩʝʢʫʥʜ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ ʧʨʝʜʳʜʫʱʝʛʦ ʨʝʟʫʣʴʪʘʪʘ 

(ʨʠʩ. 2). 

 

 

ʈʠʩ. 2. ɻʝʥʝʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩ ʚʦʟʨʘʩʪʘʥʠʝʤ ʯʠʩʣʘ ʧʨʝʜʤʝʪʦʚ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʦʚʳʰʘʝʪʩʷ. ʉʨʘʚʥʠʚʘʷ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʩ 

ʧʦʤʦʱʴʶ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ ʠ ʩ ʧʦʤʦʱʴʶ ʧʦʣʥʦʛʦ ʧʝʨʝʙʦʨʘ, ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʦʥʠ ʩʦʚʧʘʜʘʶʪ. ɼʘʣʴʥʝʡʰʝʡ ʮʝʣʴʶ 

ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʩʦʙʨʘʪʴ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʦ ʚʨʝʤʝʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʨʝʟʫʣʴʪʘʪʘ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦ ʨʘʥʮʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʠ ʨʝʰʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

- ʨʘʟʨʘʙʦʪʘʥ ʛʝʥʝʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦ ʨʘʥʮʝ; 

- ʨʝʘʣʠʟʦʚʘʥʦ ʧʨʦʛʨʘʤʤʥʦʝ ʩʨʝʜʩʪʚʦ, ʘʚʪʦʤʘʪʠʟʠʨʫʶʱʝʝ ʧʨʦʮʝʩʩ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦ ʨʘʥʮʝ ʩ ʧʦʤʦʱʴʶ ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ; 

- ʧʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʠ 

ʤʝʪʦʜ ʧʨʦʩʪʦʛʦ ʧʝʨʝʙʦʨʘ, ʢʦʪʦʨʳʡ ʧʦʢʘʟʘʣ ʥʝʩʦʤʥʝʥʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʟʘʜʘʯ ʙʦʣʴʰʠʭ 

ʨʘʟʤʝʨʥʦʩʪʝʡ. 
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ʆʉʆɹɽʅʅʆʉʊʀ ʈɽʉʋʈʉʆʉɹɽʈɽɾɽʅʀʗ ɺ ʊɽʍʅʆʃʆɻʀʀ 

ʂɽʈɸʄʀʏɽʉʂʆʁ ʊɸʂʊʀʃʔʅʆʁ ʇʃʀʊʂʀ  

 

ɸ.ɽ. ʊʫʨʯʝʥʢʦ
1
, ɸ.ɸ. ɻʫʩʷʪʥʠʢʦʚʘ

2
 

1
ʂʘʥʜ. ʪʝʭʥ. ʥʘʫʢ. ʜʦʮʝʥʪ,allaevgen@mail.ru 
2
ʉʪʫʜʝʥʪ ʛʨ. ʤʈʉʄ181,nyuta.dark@mail.ru 

ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 
ɺ ʩʪʘʪʴʝ ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʧʫʪʝʡ ʨʝʩʫʨʩʦʩʙʝʨʝʞʝʥʠʷ ʚ ʪʝʭʥʦʣʦʛʠʠ ʢʝʨʘʤʠʯʝʩʢʦʡ 

ʪʘʢʪʠʣʴʥʦʡ ʧʣʠʪʢʠ. ʆʪʤʝʯʝʥʦ, ʯʪʦ ʨʘʟʨʘʙʦʪʢʘʨʝʩʫʨʩʦʵʬʬʝʢʪʠʚʥʳʭ ʩʦʩʪʘʚʦʚ ʩʳʨʴʝʚʦʡ ʩʤʝʩʠ, 

ʧʦʟʚʦʣʠʪ ʩʥʠʟʠʪʴ ʵʥʝʨʛʦʟʘʪʨʘʪʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʝʨʘʤʠʯʝʩʢʘʷ ʪʘʢʪʠʣʴʥʘʷ ʧʣʠʪʢʘ, çɼʦʩʪʫʧʥʘʷ ʩʨʝʜʘè, 

ʨʝʩʫʨʩʦʩʙʝʨʝʞʝʥʠʝ. 

 

 ʈʝʘʣʠʟʘʮʠʷ ʬʝʜʝʨʘʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ çɼʦʩʪʫʧʥʘʷ ʩʨʝʜʘè ʧʦʟʚʦʣʠʪ 

ʦʙʝʩʧʝʯʠʪʴ ʦʨʛʘʥʠʟʘʮʠʶ ʙʝʟʦʧʘʩʥʦʛʦ ʧʝʨʝʜʚʠʞʝʥʠʷ ʣʶʜʝʡ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ 

ʚʦʟʤʦʞʥʦʩʪʷʤʠ[1].ɼʦʩʪʠʛʘʝʪʩʷ ʵʪʦ ʫʩʣʦʚʠʝ ʫʩʪʨʦʡʩʪʚʦʤ ʥʘʟʝʤʥʳʭ ʪʘʢʪʠʣʴʥʳʭ 

ʫʢʘʟʘʪʝʣʝʡ ʩ ʨʝʣʴʝʬʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ (ʢʦʥʫʩʳ ʠ ʧʦʣʦʩʳ) ʥʘ ʧʫʪʠ ʜʚʠʞʝʥʠʷ 

ʣʶʜʝʡ [2].  

ʉʝʛʦʜʥʷ ʪʘʢʪʠʣʴʥʳʝ ʧʦʢʨʳʪʠʷ, ʚ ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʧʦʤʝʱʝʥʠʠ, ʰʠʨʦʢʦ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʣʠʪʢʦʡ ʠʟ ʇɺʍ- 55 %, ʨʝʞʝ ʧʣʠʪʢʦʡ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʫʨʝʪʘʥʘ -15 

%, ʘ ʪʘʢʞʝ ʢʝʨʘʤʠʯʝʩʢʦʡ-13% [3].ʆʩʪʘʣʴʥʳʝ ʚʠʜʳ ʤʘʪʝʨʠʘʣʦʚ (ʤʝʪʘʣʣʠʯʝʩʢʘʷ, 

ʭʦʣʦʜʥʳʡ ʧʣʘʩʪʠʢ, ʙʝʪʦʥʘ) ʧʨʠʤʝʥʷʶʪʩʷ ʥʝ ʙʦʣʝʝ ʯʝʤ ʥʘ 15 % [3]. 

ɺʳʧʦʣʥʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʩʥʦʚʥʳʭ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ ʩʚʦʡʩʪʚ 

ʦʪʜʝʣʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʧʦʣʘ [4], ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʙʫʜʫʪ 

ʧʦʢʨʳʪʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʝ, ʥʝʩʛʦʨʘʝʤʳʝ, ʚʳʩʦʢʠʤʠ ʧʨʦʯʥʦʩʪʥʳʤʠ 

ʧʦʢʘʟʘʪʝʣʷʤʠ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʥʠʟʢʦʡ ʠʩʪʠʨʘʝʤʦʩʪʴʶ, ʜʣʠʪʝʣʴʥʦ ʩʦʭʨʘʥʷʶʱʠʝ 

ʮʚʝʪ. ɼʘʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʦʪʚʝʯʘʝʪ ʢʝʨʘʤʠʯʝʩʢʘʷ ʧʣʠʪʢʘ, ʢʦʪʦʨʘʷ ʚ ʦʪʣʠʯʠʠ ʦʪ 

ʜʨʫʛʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʠʤʝʝʪ ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʳʝ ʨʝʣʴʝʬʳ, ʜʦʙʘʚʣʷʶʱʠʝ ʢ 

ʪʘʢʪʠʣʴʥʳʤ ʦʱʫʱʝʥʠʷʤ ʝʱʝ ʠ ʘʢʫʩʪʠʯʝʩʢʦʝ ʚʦʩʧʨʠʷʪʠʝ ʧʨʦʠʩʭʦʜʷʱʝʛʦ. ɽʝ 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʤʦʥʪʠʨʦʚʘʪʴ ʚ ʦʙʱʝʩʪʚʝʥʥʳʭ ʤʝʩʪʘʭ ʩ ʧʦʚʳʰʝʥʥʦʡ 

ʧʨʦʭʦʜʠʤʦʩʪʴʶ: ʦʩʪʘʥʦʚʢʠ, ʚʦʢʟʘʣʳ, ʚʭʦʜʥʘʷ ʛʨʫʧʧʘ. 

ʅʦ ʚʳʩʦʢʘʷ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʦʩʥʦʚʥʦʛʦ ʩʳʨʴʝʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ -

ʦʙʦʛʘʱʝʥʥʦʛʦ ʢʘʦʣʠʥʘ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʘʷ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ 

ʢʝʨʘʤʠʯʝʩʢʠʭ ʠʟʜʝʣʠʡ, ʩʥʠʞʘʶʪ ʠʭ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʮʝʥʳ 

[2]. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʦʧʨʝʜʝʣʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʧʦʩʦʙʦʚ ʧʦʚʳʰʝʥʠʷ 

ʨʝʩʫʨʩʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʝʨʘʤʠʯʝʩʢʦʡ ʪʘʢʪʠʣʴʥʦʡ ʧʣʠʪʢʠ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʢʝʨʘʤʠʯʝʩʢʦʡ ʧʣʠʪʢʠ [5, 6], ʫʩʪʘʥʦʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʧʫʪʠ ʨʝʩʫʨʩʦʩʙʝʨʝʞʝʥʠʷ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ.  
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ɸʥʘʣʠʟ ʚʦʟʤʦʞʥʦʩʪʝʡ ʨʝʩʫʨʩʦʩʙʝʨʝʞʝʥʠʷ ʚ ʪʝʭʥʦʣʦʛʠʠ ʢʝʨʘʤʠʯʝʩʢʦʡ ʧʣʠʪʢʠ 
ʊʝʭʥʦ- 

ʣʦʛʠʯʝʩʢʠʡ 

ʵʪʘʧ 

ʉʧʦʩʦʙ 

ʨʝʩʫʨʩʦʩʙʝʨʝʞ

ʝʥʠʷ 

ʇʘʨʘʤʝʪʨ  

ʩʙʝʨʝʞʝʥʠʷ 

ʇʨʠʤʝʯʘʥʠʝ 

(ʧʨʠʤʝʥʷʝʤʳʡ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ) 

ɼʦʩʪʘʚʢʘ 

ʩʳʨʴʝʚʳʭ 

ʤʘʪʝʨʠʘʣʳ 

ʇʨʠʤʝʥʝʥʠʝ 

ʤʝʩʪʥʳʭ 

ʩʳʨʴʝʚʳʭ 

ʤʘʪʝʨʠʘʣʦʚ 

ʉʥʠʞʝʥʠʝ ʟʘʪʨʘʪ ʥʘ 

ʧʝʨʝʚʦʟʢʫ ʩʳʨʴʷ 

- 

ʀʟʤʝʣʴʯʝʥʠʝ 

ʩʳʨʴʷ 

ʐʣʠʢʝʨʥʘʷʤʘʩ

ʩʦʧʦʜʛʦʪʦʚʢʘ 

ʋʤʝʥʴʰʝʥʠʝ 

ʵʥʝʨʛʦʟʘʪʨʘʪʠ 

ʚʨʝʤʝʥʠ 

ʧʝʨʤʝʰʠʚʘʥʠʷ. 

ʉʥʠʞʝʥʠʝ  

ʟʘʪʨʘʪ ʥʘ ʘʩʧʠʨʘʮʠʶ 

ʚʦʟʜʫʭʘ 

ʇʦʚʳʰʝʥʠʝ ʚʥʫʪʨʝʥʥʝʛʦ 

ʜʘʚʣʝʥʠʷ ʞʠʜʢʦʡ ʬʘʟʳ ʚʦ 

ʚʣʘʛʦʥʘʩʳʱʝʥʥʦʤ ʩʳʨʴʝʚʦʤ 

ʤʘʪʝʨʠʘʣʝ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ 

ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʩʳʨʴʷ 

ʇʝʨʝʤʝʰʠʚʘ-

ʥʠʝ 

ɻʦʤʦʛʝʥʠʟʘʮʠʷ 

ʩʳʨʴʝʚʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʚ 

ʞʠʜʢʦʡ ʬʘʟʝ 

ʋʤʝʥʴʰʝʥʠʝ ʚʨʝʤʝʥʠ 

 ʠ ʵʥʝʨʛʦʟʘʪʨʘʪ 

ɼʠʩʧʝʨʛʠʨʦʚʘʥʠʝ ʛʣʠʥʠʩʪʦʛʦ 

ʩʳʨʴʷ ʚʦ ʚʣʘʞʥʦʤ ʩʦʩʪʦʷʥʠʠ, 

ʜʦʩʪʠʞʝʥʠʝ ʪʨʝʙʫʝʤʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʚ 

ʰʣʠʢʝʨʝ 

ʌʦʨʤʦʚʘʥʠʝ 

ʧʣʠʪʢʠ 

ʄʥʦʛʦʩʪʫʧʝʥʯʘ

ʪʦʝ 

ʧʨʝʩʩʦʚʘʥʠʝ 

ʩʳʨʮʘ 

ʉʥʠʞʝʥʠʝ ʨʘʩʭʦʜʘ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʨʠ 

ʨʘʙʦʪʝ ʧʨʝʩʩʘ 

ʇʦʵʪʘʧʥʦʝ ʫʜʘʣʝʥʠʝ ʛʘʟʦʚʦʡ 

ʬʘʟʳ ʠʟ ʧʨʝʩʩ-ʧʦʨʦʰʢʘ. 

ʉʫʰʢʘ 

ʩʳʨʮʘ 

ʇʨʠʤʝʥʝʥʠʝ ʚ 

ʢʘʯʝʩʪʚʝ 

ʦʪʦʱʘʶʱʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ 

ʙʦʷ ʧʣʠʪʢʠ 

ʋʤʝʥʴʰʝʥʠʝ ʚʨʝʤʝʥʠ 

ʩʫʰʢʠ ʩʳʨʮʘ 

ʋʤʝʥʴʰʝʥʠʝ ʢʦʵʬ- 

ʬʠʮʠʝʥʪʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʩʳʨʮʘ ʢ ʩʫʰʢʝ 

 

ʆʙʞʠʛ 

ʇʨʠʤʝʥʝ-

ʥʠʝʛʣʠʥʠʩ-ʪʦʛʦ 

ʩʳʨʴʷ ʩ 

ʧʦʚʳʰʝʥ-ʥʳʤ 

ʩʦʜʝ-ʨʞʘʥʠʝʤ 

ʱʝʣʦʯʥʳʭ 

ʦʢʩʠʜʦʚ (K2O, 

Na2O) 

ʉʥʠʞʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʚʨʝʤʝʥʠ ʦʙʞʠʛʘ 

ʇʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ 

ʚʷʟʢʦʩʪʠ ʞʠʜʢʦʡ ʬʘʟʳ ʠ 

ʫʚʝʣʠʯʠʚʘʝʪ ʝʝ ʢʦʣʠʯʝʩʪʚʦ, ʯʪʦ 

ʫʩʢʦʨʷʝʪ ʜʠʬʬʫʟʠʦʥʥʳʝ 

ʧʨʦʮʝʩʩʳ ʠ ʧʦʚʳʰʘʝʪ ʩʢʦʨʦʩʪʴ 

ʩʧʝʢʘʥʠʷ 

 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʪʝʭʥʦʣʦʛʠʠ ʪʘʢʪʠʣʴʥʦʡ ʢʝʨʘʤʠʯʝʩʢʦʡ ʧʣʠʪʢʠ ʷʚʣʷʝʪʩʷ 

ʬʦʨʤʦʚʘʥʠʝ ʨʠʬʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʙʲʝʤʥʦʝ ʦʢʨʘʰʠʚʘʥʠʝ ʠʟʜʝʣʠʡ ʚ ʞʝʣʪʳʡ 

ʠʣʠ ʯʝʨʥʳʡ ʮʚʝʪʧʨʠ ʚʚʝʜʝʥʠʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʠʛʤʝʥʪʦʚ, ʦʙʝʩʧʝʯʝʥʠʝ 

ʢʣʘʩʩʘ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʜʝʣʠʡ - ʥʝ ʤʝʥʝʝ 6 [2]. 

ʆʙʝʩʧʝʯʝʥʠʝ ʙʝʟʜʝʬʝʢʪʥʦʛʦ ʬʦʨʤʦʚʘʥʠʷ ʨʠʬʦʚ ʠ ʜʦʩʪʠʞʝʥʠʝ ʪʨʝʙʫʝʤʦʛʦ 

ʢʣʘʩʩʘ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʠʪʢʠ, ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝʤ 

ʧʦʣʠʬʨʘʢʮʠʦʥʥʦʡʛʨʘʥʫʣʦʤʝʪʨʠʠ ʧʨʝʩʩ-ʧʦʨʦʰʢʘ ʠ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʳʤ 

ʬʦʨʤʦʚʘʥʠʝʤ ʩʳʨʮʘ [5]. 

ʈʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʠʛʤʝʥʪʘ ʚ ʩʦʩʪʘʚʝ ʰʠʭʪʳ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷʰʣʠʢʝʨʥʦʡʤʘʩʩʦʧʦʜʛʦʪʦʚʢʦʡ [5, 6]. 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʨʝʩʫʨʩʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʠ ʢʝʨʘʤʠʯʝʩʢʦʡ ʪʘʢʪʠʣʴʥʦʡ ʧʣʠʪʢʠ 

ʧʝʨʩʧʝʢʪʠʚʥʘ ʨʘʟʨʘʙʦʪʢʘ ʰʠʭʪʦʚʳʭ ʩʦʩʪʘʚʦʚ ʩ ʚʦʚʣʝʯʝʥʠʝʤ ʤʝʩʪʥʳʭ 

ʛʣʠʥʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʚ ʩʦʩʪʘʚʝ ʣʝʛʢʦʧʣʘʚʢʠʝ ʦʢʩʠʜʳ, ʘ 

ʪʘʢʞʝʚʥʝʜʨʝʥʠʝʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ. 
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ɿʘʚʦʜʳ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʛʠʧʩʦʚʳʝ ʬʦʨʤʳ ʠ ʩʢʫʣʴʧʪʫʨʥʳʝ ʤʘʩʪʝʨʩʢʠʝ ʝʞʝʤʝʩʷʯʥʦ 
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ʘʚʪʦʨʘʤʠ ʩʪʘʪʴʠ ʣʘʙʦʨʘʪʦʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʜʪʚʝʨʜʠʣʠ, ʯʪʦ ʛʠʧʩʦʚʳʡ ʢʘʤʝʥʴ, ʚ ʚʠʜʝ 

ʦʪʨʘʙʦʪʘʥʥʳʭ ʬʦʨʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʘʨʬʦʨʘ ʠ ʬʘʷʥʩʘ, ʙʨʘʢʘ ʣʠʪʳʭ ʛʠʧʩʦʚʳʭ ʠʟʜʝʣʠʡ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʩʪʦʯʥʠʢ ʩʳʨʴʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʛʠʧʩʦʚʦʛʦ ʚʷʞʫʱʝʛʦ. ʆʩʫʱʝʩʪʚʣʝʥʘ 

ʨʘʟʨʘʙʦʪʢʘ ʢʦʥʮʝʧʮʠʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʦʡ ʤʠʥʠ-ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ ʜʘʥʥʦʛʦ 

ʚʠʜʘ ʛʠʧʩʦʚʳʭ ʦʪʭʦʜʦʚ ʚ ʛʠʧʩʦʚʦʝ ʚʷʞʫʱʝʝ, ʚʦʩʪʨʝʙʦʚʘʥʥʦʝ ʥʘ ʨʳʥʢʝ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʠʧʩʦʚʳʡ ʢʘʤʝʥʴ,  ʛʠʧʩʦʚʦʝ ʚʷʞʫʱʝʝ, ʩʨʦʢʠ ʩʭʚʘʪʳʚʘʥʠʷ, 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʧʝʨʝʨʘʙʦʪʢʘ, ʤʠʥʠ-ʪʝʭʥʦʣʦʛʠʷ. 

 

ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʦʞʠʚʘʥʠʷ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʧʨʠʨʦʜʥʳʭ 

ʨʝʩʫʨʩʦʚ ʚʝʩʴʤʘ ʚʘʞʥʘʷ ʟʘʜʘʯʘ ʩʦʚʨʝʤʝʥʥʦʛʦ ʯʝʣʦʚʝʯʝʩʪʚʘ. ɹʫʜʫʯʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʤʝʥʪʘ ʠ ʠʟʚʝʩʪʠ ʥʠʟʢʦʦʙʞʠʛʦʚʳʤ ʚʷʞʫʱʠʤ ʤʘʪʝʨʠʘʣʦʤ ʛʠʧʩ 

ʥʘʰʝʣ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ï ʤʝʜʠʮʠʥʝ, ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʫʜʦʙʨʝʥʠʡ, ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ, ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ, ʠʟʛʦʪʦʚʣʝʥʠʠ ʜʝʢʦʨʘʪʠʚʥʦ-

ʭʫʜʦʞʝʩʪʚʝʥʥʳʭ ʠʟʜʝʣʠʡ, ʥʦ ʩʘʤʦʝ ʤʘʩʩʦʚʦʝ ʧʨʠʤʝʥʝʥʠʝ ʛʠʧʩ ʦʙʨʝʣ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʰʧʘʢʣʝʚʢʠ, ʩʫʭʦʡ ʛʠʧʩʦʚʦʡ 

ʰʪʫʢʘʪʫʨʢʠ  (ʛʠʧʩʦʢʘʨʪʦʥʘ), ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʣʠʪʳʭ ʢʝʨʘʤʠʯʝʩʢʠʭ 

ʠʟʜʝʣʠʡ (ʩʘʥʠʪʘʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʠʟʜʝʣʠʡ ʠʟ ʬʘʨʬʦʨʘ ʠ ʬʘʷʥʩʘ, ʧʦʩʫʜʳ) [1, 3].  

ɼʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʧʦʪʨʝʙʥʦʩʪʝʡ ʚ ʛʠʧʩʝ ʩʫʱʝʩʪʚʫʝʪ 150 ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʛʠʧʩʘ ʠ 22 ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʛʣʠʥʦʛʠʧʩʘ, ʛʘʞʠ ʠ ʛʘʥʯʘ ʠ  ʨʘʟʚʝʜʘʥʳ ʧʦ 

ʧʨʦʤʳʰʣʝʥʥʳʤ ʢʘʪʝʛʦʨʠʷʤ ʟʘʧʘʩʳ 4,2 ʤʣʨʜ. ʪ (1981). ʀʤʝʶʪʩʷ 11 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʟʘʧʘʩʳ ʛʠʧʩʘ ʥʘ ʢʦʪʦʨʳʭ ʧʨʝʚʳʰʘʶʪ 50 ʤʣʥ ʪ (ʚ ʪʦʤ ʯʠʩʣʝ 

ʅʦʚʦʤʦʩʢʦʚʩʢʦʝ ð 857,4 ʤʣʥ ʪ). ʄʝʩʪʦʨʦʞʜʝʥʠʷ ʛʠʧʩʘ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ 

ʢʘʨʴʝʨʘʤʠ (ʐʝʜʦʢʩʢʠʡ, ʉʘʫʨʠʝʰʩʢʠʡ ʢʦʤʙʠʥʘʪʳ ʠ ʜʨ.) ʠ ʰʘʭʪʘʤʠ 

("ʅʦʚʦʤʦʩʢʦʚʩʢʠʡ", "ɸʨʪʸʤʦʚʩʢʠʡ", "ʂʘʤʩʢʦʝ ʋʩʪʴʝ" ʠ ʜʨ.). ʅʘʠʙʦʣʝʝ ʢʨʫʧʥʳʝ 

ʧʨʝʜʧʨʠʷʪʠʷ ð "ʅʦʚʦʤʦʩʢʦʚʩʢʠʡ" (2,33 ʤʣʥ ʪ), "ɽʨʛʘʯʠʥʩʢʠʡ", "ɸʨʪʸʤʦʚʩʢʠʡ" 

(ʧʦ 1,0 ʤʣʥ ʪ) ʠ "ɿʘʣʘʨʠʥʩʢʠʡ" (0,85 ʤʣʥ ʪ). ʄʠʨʦʚʳʝ ʨʘʟʚʝʜʘʥʥʳʝ ʟʘʧʘʩʳ ʛʠʧʩʘ 

ʦʮʝʥʠʚʘʶʪʩʷ ʚ 2,2 ʤʣʨʜ ʪ: 0,6 ʤʣʨʜ ʪ ʚ ʉʐɸ; 0,375 ʤʣʨʜ. ʪ ʚ ʂʘʥʘʜʝ; 0,825 ʤʣʨʜ 

ʪ ʚ ʩʪʨʘʥʘʭ ɽʚʨʦʧʳ (ʚʦ ʌʨʘʥʮʠʠ, ʌʈɻ, ʀʩʧʘʥʠʠ, ʀʪʘʣʠʠ, ʖʛʦʩʣʘʚʠʠ ʠ ɻʨʝʮʠʠ); 

0,09 ʤʣʨʜ ʪ ʚ ʩʪʨʘʥʘʭ ɸʟʠʠ; ʧʦ 0,07 ʤʣʨʜ ʪ ʚ ʄʝʢʩʠʢʝ ʠ ʩʪʨʘʥʘʭ ɸʬʨʠʢʠ [1]. 
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ʇʦʩʢʦʣʴʢʫ ʦʪʭʦʜʳ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʠʟʜʝʣʠʡ ʠʟ ʛʠʧʩʘ ʙʳʚʘʶʪ ʠ 

ʤʥʦʛʦʪʦʥʥʘʞʥʳʤʠ, ʥʘʤʠ ʙʳʣʘ ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʠ 

ʧʝʨʝʨʘʙʦʪʢʠ ʠʭ ʚ ʛʠʧʩʦʚʦʝ ʚʷʞʫʱʝʝ. 

 ɺ ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ  ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʪʭʦʜʳ ʤʘʩʪʝʨʩʢʦʡ ʧʦ 

ʠʟʛʦʪʦʚʣʝʥʠʶ ʣʝʧʥʠʥʳ. ʂʫʩʢʠ ʥʝʢʦʥʜʠʮʠʦʥʥʳʭ ʠʟʜʝʣʠʡ ʜʦʩʪʘʚʣʷʣʠʩʴ ʚ 

ʣʘʙʦʨʘʪʦʨʠʶ, ʠʟʤʝʣʴʯʘʣʠʩʴ ʜʦ ʨʘʟʤʝʨʘ ʤʝʥʝʝ 10 ʤʤ ʚʳʩʫʰʠʚʘʣʠ ʚ ʩʫʰʠʣʴʥʦʤ 

ʰʢʘʬʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 130 
0 
ʉ ʠ ʠʟʤʝʣʴʯʘʣʠ ʚ ʰʘʨʦʚʦʡ ʤʝʣʴʥʠʮʝ. 

 ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʣʫʯʝʥʥʦʛʦ ʚʷʞʫʱʝʛʦ ʧʨʦʚʦʜʠʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ɻʆʉʊ [2]. 

ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʛʠʧʩʦʚʦʛʦ ʚʷʞʫʱʝʛʦ ʦʧʨʝʜʝʣʷʣʠ ʥʘ ʣʘʟʝʨʥʦʤ 

ʛʨʘʥʫʣʦʤʝʪʨʝ ʚ ʮʝʥʪʨʝ ʢʦʣʣʝʢʪʠʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʠʤ.ʖ.ʄ. ɹʦʨʠʩʦʚʘ (ʨʠʩ. 1). 

 
ʈʠʩ. 1. ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʛʠʧʩʦʚʦʛʦ ʚʷʞʫʱʝʛʦ 

 

ʍʘʨʘʢʪʝʨʥʘʷ ʬʦʨʤʘ  ʧʦʣʫʯʝʥʥʳʭ ʛʨʘʥʫʣ ʠ ʨʘʟʤʝʨʳ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 2. 

 

 
ʈʠʩ. 2. ʌʦʨʤʘ ʛʨʘʥʫʣ ʛʠʧʩʦʚʦʛʦ ʚʷʞʫʱʝʛʦ 
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ʅʘ ʇʉʍ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʜʝʣʴʥʘʷ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʩʪʘʚʠʣʘ                   

2300 ʩʤ
2
 /ʛ. 

ʉʨʦʢʠ ʩʭʚʘʪʳʚʘʥʠʷ ʦʮʝʥʠʚʘʣʠ ʥʘ ʧʨʠʙʦʨʝ ɺʠʢʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʯʘʣʦ 

ʩʭʚʘʪʳʚʘʥʠʷ ʥʘʩʪʫʧʘʝʪ ʯʝʨʝʟ 3 ʯʘʩʘ ʥʘ ʛʠʧʩʦʚʦʤ ʪʝʩʪʝ ʥʦʨʤʘʣʴʥʦʡ 

ʢʦʥʩʠʩʪʝʥʮʠʠ, ʛʠʧʩ ʤʝʜʣʝʥʥʦʪʚʝʨʜʝʶʱʠʡ. 

ɼʣʠʪʝʣʴʥʳʝ ʩʨʦʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʥʝʨʘʮʠʦʥʘʣʴʥʳʤʠ. ɼʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʭʦʟʷʠʥ ʤʘʩʪʝʨʩʢʦʡ ʥʝ ʧʨʝʜʩʪʘʚʠʣ. ʇʦʵʪʦʤʫ ʠʩʩʣʝʜʦʚʘʣʠ ʨʅ 

ʛʠʧʩʦʚʦʛʦ ʚʷʞʫʱʝʛʦ ʥʘ ʨʅ-ʤʝʪʨʝ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʅ ʚʷʞʫʱʝʛʦ ʩʦʩʪʘʚʠʣ 10. 

ʇʦʜʦʙʥʦʝ ʟʥʘʯʝʥʠʝ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʘʜʠʮʠʦʥʥʳʤ ʟʥʘʯʝʥʠʷʤ (6-7,5), 

ʚʝʨʦʷʪʥʦ ʚ ʛʠʧʩ ʠʟʥʘʯʘʣʴʥʦ ʙʳʣʘ ʚʚʝʜʝʥʘ ʱʝʣʦʯʥʘʷ ʜʦʙʘʚʢʘ, ʯʪʦ ʥʝ ʤʦʛʣʦ ʥʝ 

ʩʢʘʟʘʪʴʩʷ ʥʘ ʩʚʦʡʩʪʚʘʭ ʧʦʣʫʯʘʝʤʦʛʦ ʚʷʞʫʱʝʛʦ.  

ɼʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʨʝʥʪʘʙʝʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʝʩʪʝʩʪʚʝʥʥʦ, 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʩʪʘʙʠʣʴʥʦ ʦʜʥʦʨʦʜʥʦʛʦ ʩʳʨʴʷ. ʊʦʣʴʢʦ ʚ 

ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʙʫʜʝʪ ʚʦʟʤʦʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʜʘʞʝ ʥʘ ʤʘʣʦʤ ʧʨʝʜʧʨʠʷʪʠʠ, 

ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʛʠʧʩʦʚʳʡ ʢʘʤʝʥʴ ʚ ʛʠʧʩʦʚʦʝ ʚʷʞʫʱʝʝ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ, 

ʧʨʝʧʷʪʩʪʚʠʝʤ ʵʪʦʤʫ ʩʣʫʞʘʪ ʧʨʦʙʣʝʤʳ ʩʦʟʜʘʥʠʷ ʢʦʤʧʘʢʪʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʠ ʦʪʩʫʪʩʪʚʠʝ ʨʳʥʢʘ ʧʝʨʝʨʘʙʦʪʘʥʥʦʛʦ ʛʠʧʩʦʚʦʛʦ ʩʳʨʴʷ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʙʣʝʤʫ ʩʦʟʜʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. ɸʥʘʣʠʟ 

ʠʩʪʦʯʥʠʢʦʚ ʣʠʪʝʨʘʪʫʨʳ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʪ ʜʚʝ ʦʩʥʦʚʥʳʝ ʪʝʭʥʠʢʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ ʠʟ ʛʠʧʩʘ:  

- ʧʨʦʠʟʚʦʜʩʪʚʦ ʛʠʧʩʘ ʷʚʣʷʝʪʩʷ ʢʨʫʧʥʦʪʦʥʥʘʞʥʳʤ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʠ ʤʝʣʢʠʝ  

ʦʙʲʝʤʳ ʦʪʭʦʜʦʚ ʥʠʢʪʦ ʥʝ ʩʦʙʠʨʘʝʪ;  

- ʧʨʠ ʧʨʦʩʪʦʪʝ ʧʝʨʝʨʘʙʦʪʢʠ, ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʠʪʴʩʷ ʟʘʜʘʥʥʳʭ ʩʚʦʡʩʪʚ [3] .  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʦʩʥʦʚʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤʫ ʢʦʤʧʣʝʢʩʫ ʚ 

ʥʘʰʝʤ ʩʣʫʯʘʝ ʷʚʣʷʶʪʩʷ ʢʦʤʧʘʢʪʥʳʝ ʛʘʙʘʨʠʪʳ ʠ ʛʠʙʢʦʩʪʴ ʧʨʦʮʝʩʩʘ. ɺʘʞʥʫʶ 

ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʢʦʤʧʘʢʪʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʛʨʘʝʪ ʨʠʪʤʠʯʥʦʩʪʴ ʚʳʧʫʩʢʘ 

ʧʨʦʜʫʢʮʠʠ. ʈʠʪʤʠʯʥʦʩʪʴ ʨʘʙʦʪʳ ʤʠʥʠ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʣʠʥʠʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʟʘ ʩʯʝʪ:  

ʘ) ʥʘʣʠʯʠʷ ʜʘʥʥʳʭ ʦʙ ʦʙʲʝʤʝ ʩʧʨʦʩʘ ʥʘ ʢʘʞʜʳʡ ʚʠʜ ʛʠʧʩʘ; 

ʙ) ʟʥʘʥʠʠ ʥʦʨʤʘʪʠʚʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʚʨʝʤʝʥʠ ʧʨʦʮʝʩʩʘ. 

ʊʘʢʦʡ ʢʦʤʧʘʢʪʥʳʡ (ʜʘʣʝʝ, ʤʠʥʠ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ) ʢʦʤʧʣʝʢʩ ʜʦʣʞʝʥ ʷʚʣʷʪʴʩʷ 

ʤʦʙʠʣʴʥʳʤ ʠ ʧʝʨʝʚʦʟʠʪʴʩʷ ʥʘ ʦʜʥʦʤ ʛʨʫʟʦʚʦʤ ʘʚʪʦʤʦʙʠʣʝ, ʧʦʣʫʧʨʠʮʝʧʝ [4]. ʆʥ 

ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʘʚʣʝʥ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʫʶ ʧʣʦʱʘʜʢʫ ʟʘʚʦʜʘ-ʢʣʠʝʥʪʘ ʠʣʠ 

ʥʘʭʦʜʠʪʴʩʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʡ ʟʦʥʝ ʛʦʨʦʜʘ ʥʘ ʘʨʝʥʜʫʝʤʦʡ ʟʝʤʣʝ.  

ʇʨʦʙʣʝʤʘ ʩʦʮʠʦʢʫʣʴʪʫʨʥʳʭ ʬʘʢʪʦʨʦʚ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ 

ʨʘʟʚʠʪʠʷ çʨʝʮʠʢʣʠʥʛʘ ʛʠʧʩʘè ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʝʧʷʪʩʪʚʠʷʭ, ʥʝ ʜʘʶʱʠʭ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʦ ʦʨʛʘʥʠʟʦʚʘʪʴ ʪʘʢʦʡ ʧʨʦʮʝʩʩ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ. 

ʊʘʢ ʢʘʢ ʩʫʙʲʝʢʪʦʤ ʨʳʥʢʘ ʷʚʣʷʝʪʩʷ ʯʝʣʦʚʝʢ, ʪʦ ʠʤʝʥʥʦ ʩʪʨʫʢʪʫʨʘ ʠ ʧʨʠʦʨʠʪʝʪʳ 

ʝʛʦ ʧʦʪʨʝʙʥʦʩʪʝʡ ʦʧʨʝʜʝʣʷʶʪ ʩʪʨʫʢʪʫʨʫ ʠ ʦʙʲʝʤʳ ʨʳʥʢʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, 

ʥʝʦʙʭʦʜʠʤʦ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʬʦʨʤʠʨʦʚʘʪʴ ʩʧʨʦʩ ʠ ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʩʙʳʪ  [5]. 

ʈʘʮʠʦʥʘʣʴʥʦʡ ʧʦʣʠʪʠʢʦʡ ʮʝʥʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʜʘʥʥʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʧʨʦʜʘʞʥʦʡ ʮʝʥʳ, ʯʝʤ ʜʣʷ ʛʠʧʩʦʚʳʭ 

ʚʷʞʫʱʠʭ ʠʟ ʧʨʠʨʦʜʥʦʛʦ ʩʳʨʴʷ. ʃʠʙʦ ʫʩʪʘʥʦʚʢʘ ʨʘʚʥʦʡ ʮʝʥʳ ʩ ʛʠʧʩʦʤ, 
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ʧʦʣʫʯʝʥʥʳʤ ʠʟ ʧʨʠʨʦʜʥʦʛʦ ʩʳʨʴʷ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʦʩʥʦʚʘʥʠʷ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʮʝʥʳ 

ʥʝʦʙʭʦʜʠʤʦ ʫʢʘʟʘʪʴ, ʯʪʦ ʧʨʦʜʫʢʪ çʧʝʨʝʨʘʙʦʪʘʥʥʳʡ ʛʠʧʩè ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ 

ʚʘʞʥʳʤ, ʯʝʤ ʦʙʳʯʥʳʡ ʛʠʧʩ.  

ʇʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʠʪʦʛʠ ʧʦ ʜʘʥʥʦʡ ʪʝʤʝ: 

- ʣʘʙʦʨʘʪʦʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʜʠʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʨʘʙʦʪʢʠ 

ʛʠʧʩʦʚʦʛʦ ʙʦʷ ʚ ʛʠʧʩ, ʧʨʠʛʦʜʥʳʡ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʢʫʣʴʧʪʫʨ, ʬʦʨʤ, ʣʝʧʥʠʥʳ; 

- ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʟʚʦʣʠʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʪʝʭʥʠʯʝʩʢʠʝ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʣʠʥʠʠ ʧʝʨʝʨʘʙʦʪʢʠ ʛʠʧʩʦʚʦʛʦ ʙʦʷ; 

- ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʩʦʮʠʦʢʫʣʴʪʫʨʥʳʝ ʬʘʢʪʦʨʳ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ 

ʦʙʝʩʧʝʯʠʪʴ ʵʬʬʝʢʪʠʚʥʫʶ ʨʘʙʦʪʫ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʫʶ 

ʩʦʙʦʡ ʩʙʦʨ ʛʠʧʩʦʚʳʭ ʦʪʭʦʜʦʚ, ʠʭ ʧʝʨʝʨʘʙʦʪʢʫ ʠ ʧʨʦʜʘʞʫ ʧʝʨʝʨʘʙʦʪʘʥʥʦʛʦ 

ʛʠʧʩʦʚʦʛʦ ʩʳʨʴʷ.  
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ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 
ʈʘʩʩʤʦʪʨʝʥ ʚʦʧʨʦʩ ʯʘʩʪʠʯʥʦʡ ʮʝʥʪʨʘʣʠʟʘʮʠʠ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʚ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʯʘʩʪʠʯʥʦʡ ʮʝʥʪʨʘʣʠʟʘʮʠʠ ʥʘ 

ʦʩʥʦʚʝ ʝʜʠʥʳʭ ʢʨʠʪʝʨʠʝʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʮʝʥʪʨʘʣʠʟʘʮʠʷ, ʦʙʤʝʥ ʜʘʥʥʳʤʠ, ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʩʠʩʪʝʤʘ, WMS, 

ERP, ʥʘʜʝʞʥʦʩʪʴ. 

 

ɻʦʚʦʨʷ ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʦʙʤʝʥʘ ʠʣʠ ʦ ʥʝʜʦʩʪʘʪʢʘʭ 

ʯʘʩʪʠʯʥʦʡ ʮʝʥʪʨʘʣʠʟʘʮʠʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʚʩʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʙʦʪʳ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʩʠʩʪʝʤʳ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʛʣʘʚʥʦʝ 

ʧʨʝʠʤʫʱʝʩʪʚʦ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ï ʵʪʦ ʚʳʩʦʢʠʝ 

ʤʦʙʠʣʠʟʘʮʠʦʥʥʳʝ ʩʧʦʩʦʙʥʦʩʪʠ, ʥʦ ʩ ʜʨʫʛʦʡ, ʝʩʪʴ ʠ ʥʝʜʦʩʪʘʪʦʢ ï ʥʘʜʝʞʥʦʩʪʴ 

ʦʙʤʝʥʦʚ. ɼʣʷ ʦʙʲʝʢʪʠʚʥʦʡ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʯʘʩʪʠʯʥʦʡ ʮʝʥʪʨʘʣʠʟʘʮʠʠ 

ʥʝʦʙʭʦʜʠʤʦ ʚʳʜʝʣʠʪʴ ʥʘʙʦʨ ʢʨʠʪʝʨʠʝʚ, ʧʦ ʢʦʪʦʨʳʤ ʙʫʜʝʪ ʧʨʦʭʦʜʠʪʴ ʩʨʘʚʥʝʥʠʝ 

ʜʚʫʭ ʩʭʝʤ ʦʙʤʝʥʘ. ɼʣʷ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ WMS c ʦʙʦʩʦʙʣʝʥʥʳʤʠ 

ʧʦʜʩʠʩʪʝʤʘʤʠ ʧʨʠ ʦʙʤʝʥʝ ʜʘʥʥʳʤʠ ʩ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ERP ʠ ʚʥʫʪʨʠ ʩʝʙʷ, 

ʢʨʠʪʝʨʠʷʤʠ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʯʘʩʪʠʯʥʦʡ ʮʝʥʪʨʘʣʠʟʘʮʠʠ ʦʙʤʝʥʘ ʙʫʜʫʪ 

[1]:ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ;ʪʨʫʜʦʟʘʪʨʘʪʳ ʥʘ ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʝ; 

ʥʘʜʝʞʥʦʩʪʴ. ʆʮʝʥʢʘ ʙʫʜʝʪ ʧʨʦʚʝʜʝʥʘ ʜʣʷ 9 ʣʦʢʘʣʴʥʳʭ ʩʠʩʪʝʤ WMS ʠ ʦʜʥʦʡ 

ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ERP. ɼʣʷ ʦʮʝʥʢʠ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚʘʞʥʘ 

ʩʢʦʨʦʩʪʴ ʦʙʤʝʥʘ ʧʘʢʝʪʘʤʠ XML ʤʝʞʜʫ ERP ʠ WMS. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʩʢʦʨʦʩʪʠ 

ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʦʧʳʪʥʳʤ ʧʫʪʸʤ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʟʘʤʝʨʳ ʚ ʨʝʘʣʴʥʦʡ ʩʠʩʪʝʤʝ. 

ʄʦʜʝʣʠ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʜʣʷ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʠ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʩʭʝʤʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1.  

 
ʈʠʩ. 1.  ʉʢʦʨʦʩʪʴ ʦʙʤʝʥʦʚ 
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ʂʘʞʜʦʝ ʨʝʙʨʦ ʛʨʘʬʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʝʞʩʠʩʪʝʤʥʳʡ ʠʥʪʝʨʬʝʡʩ 

(ʰʣʶʟ) ʤʝʞʜʫ ERP ʠ ʢʘʞʜʦʡ ʣʦʢʘʣʴʥʦʡ WMS ʚ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʩʠʩʪʝʤʝ, ʠ 

ʤʝʞʜʫ ʛʣʘʚʥʦʡ WMS ʠ ʣʦʢʘʣʴʥʳʤʠ WMS. ɺʝʩ ʢʘʞʜʦʛʦ ʨʝʙʨʘ ï ʚʨʝʤʷ ʦʙʤʝʥʘ 

ʧʘʢʝʪʘʤʠ XML.ʇʨʠ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʩʭʝʤʝ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʩʢʦʨʦʩʪʴ ʦʙʤʝʥʘ 

ʧʘʢʝʪʘʤʠ XML ʚʦʟʨʦʩʣʘ ʜʣʷ ʰʝʩʪʠ ʣʦʢʘʣʴʥʳʭ WMS, ʜʣʷ ʜʚʫʭ ʣʦʢʘʣʴʥʳʭ WMS 

ʩʢʦʨʦʩʪʴ ʦʩʪʘʣʘʩʴ ʥʝʠʟʤʝʥʥʦʡ, ʠ ʜʣʷ ʦʜʥʦʡ ʣʦʢʘʣʴʥʦʡ WMS ʩʢʦʨʦʩʪʴ 

ʩʥʠʟʠʣʘʩʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʮʝʥʪʨʘʣʠʟʘʮʠʠ ʦʙʤʝʥʘ ʩʢʦʨʦʩʪʴ 

ʧʝʨʝʜʘʯʠ ʧʘʢʝʪʦʚ XML ʚʦʟʨʘʩʪʘʝʪ ʚ ʩʨʝʜʥʝʤ ʥʘ 65 %. ʉʣʝʜʫʶʱʠʡ ʢʨʠʪʝʨʠʡ 

ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʮʝʥʪʨʘʣʠʟʘʮʠʠ ï ʪʨʫʜʦʟʘʪʨʘʪʳ ʥʘ ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʝ. 

ʄʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʪʨʫʜʦʟʘʪʨʘʪ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʦʜʥʦʡ 

ʝʜʠʥʠʮʳ ʜʘʥʥʳʭ ʜʣʷ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʠ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʩʭʝʤʳ 

ʦʪʦʙʨʘʞʝʥʳ ʥʘ ʨʠʩ. 2.  

 
ʈʠʩ. 2. ʊʨʫʜʦʟʘʪʨʘʪʳ ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʷ 

 

ʈʸʙʨʘ ʛʨʘʬʘ ʦʪ ERP ʢ ʣʦʢʘʣʴʥʳʤ WMS ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʪʨʫʜʦʟʘʪʨʘʪʳ 

ʥʘ ʧʝʨʝʜʘʯʫ ʧʘʢʝʪʘ XML. ɺʝʩ ʢʘʞʜʦʛʦ ʨʝʙʨʘ ï ʫʩʣʦʚʥʘʷ ʝʜʠʥʠʮʘ ʪʨʫʜʦʟʘʪʨʘʪ. 

ʇʝʪʣʠ ʛʨʘʬʘ ʜʣʷ ʚʝʨʰʠʥ ʣʦʢʘʣʴʥʳʭ WMS ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʪʨʫʜʦʟʘʪʨʘʪʳ ʥʘ 

ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʝ. ʇʨʠ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʩʭʝʤʝ ʥʝʦʙʭʦʜʠʤʳ ʪʨʫʜʦʟʘʪʨʘʪʳ 

9 ʘʜʤʠʥʠʩʪʨʘʪʦʨʦʚ. ʇʝʪʣʷ ʜʣʷ ʚʝʨʰʠʥʳ çWMS 1è ʧʨʠ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʩʭʝʤʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʨʫʜʦʟʘʪʨʘʪʳ ʥʘ ʦʙʨʘʙʦʪʢʫ ʦʜʥʦʡ ʝʜʠʥʠʮʳ ʜʘʥʥʳʭ 

ʘʜʤʠʥʠʩʪʨʘʪʦʨʦʤ. ʇʝʪʣʠ ʚʝʨʰʠʥ ʣʦʢʘʣʴʥʳʭ WMS ʧʨʝʜʩʪʘʚʣʷʶʪ ʪʨʫʜʦʟʘʪʨʘʪʳ 

ʥʘ ʦʙʨʘʙʦʪʢʫ ʦʜʥʦʛʦ ʧʘʢʝʪʘ XML. ɺ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʩʭʝʤʝ ʦʙʤʝʥʘ ʪʨʝʙʫʝʪʩʷ 

ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʝ ʪʦʣʴʢʦ ʛʣʘʚʥʦʡ WMS, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʯʝʚʠʜʥʳʤ ʧʣʶʩʦʤ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʘʷ ʩʭʝʤʘ ʦʙʤʝʥʘ ʚ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ WMS 

ʩʠʩʪʝʤʝ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʫʩʪʦʡʯʠʚʘ ʢ ʧʨʦʠʟʚʦʣʴʥʳʤ ʦʪʢʘʟʘʤ ʣʦʢʘʣʴʥʳʭ WMS, 

ʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʦʪʢʘʟʘ ʛʣʘʚʥʦʡ WMS. ɺ ʜʘʥʥʦʡ ʩʭʝʤʝ 

ʧʨʠ ʦʮʝʥʢʝ ʥʘʜʝʞʥʦʩʪʠ ʥʝ ʠʤʝʝʪ ʩʤʳʩʣʘ ʫʯʸʪ ʚʨʝʤʝʥʠ ʚʦʟʤʦʞʥʦʛʦ ʦʪʢʘʟʘ 

ʢʘʞʜʦʡ ʣʦʢʘʣʴʥʦʡ WMS. ʇʦʣʥʳʡ ʦʪʢʘʟ ʦʙʤʝʥʘ ʧʘʢʝʪʘʤʠ XML ʧʨʦʠʟʦʡʜʸʪ 

ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʧʨʦʠʟʦʡʜʝʪ ʦʪʢʘʟ ʣʠʙʦ ʥʘ ʛʣʘʚʥʦʡ WMS, ʣʠʙʦ ʥʘ ʚʩʝʭ 

ʣʦʢʘʣʴʥʳʭ ʦʜʥʦʚʨʝʤʝʥʥʦ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʩʨʝʜʥʝʝ ʚʨʝʤʷ 

ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʩʭʝʤʳ ʩʦʩʪʘʚʣʷʝʪ 100 ʯʘʩʦʚ. 

ʉʠʥʭʨʦʥʠʟʘʮʠʷ ʩʠʩʪʝʤʳ ERP ʠ ʩʠʩʪʝʤʳ WMS 1 ʧʨʦʠʩʭʦʜʠʪ 1 ʨʘʟ ʚ ʩʫʪʢʠ. 

ɺʘʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʥʘʜʝʞʥʦʩʪʴ, ʠʣʠ ʚʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʩʭʝʤʳ 
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ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʚ ʪʝʯʝʥʠʠ 24 ʯʘʩʦʚ. ʊʘʢ ʢʘʢ ʩʨʝʜʥʝʝ ʚʨʝʤʷ 

ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʩʭʝʤʳ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʦʙʤʝʥʘ ʩʦʩʪʘʚʣʷʝʪ 100 ʯʘʩʦʚ,                

ʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ 24 ʯʘʩʘ, ʪʦ ʧʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʚʨʝʤʝʥʠ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʤʦʞʥʦ ʟʘʜʘʪʴ ʬʦʨʤʫʣʦʡ 1 [2]. 
Ὢὸ ρ

Ὢὸ ρ
       (1) 

ʅʘʜʝʞʥʦʩʪʴ ʢʘʞʜʦʛʦ ʫʟʣʘ ʟʘʜʘʥʘ ʬʦʨʤʫʣʦʡ 2. 
ὖ ὸ ρ ὸ

ὖ ὸ ρ ὸ
      (2) 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʢʘʟʦʚ ʩʠʩʪʝʤʳ ʧʨʠ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʤ ʟʘʢʦʥʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʨʝʤʝʥʠ ʜʦ ʦʪʢʘʟʘ ʨʘʙʦʪʳ ʩʭʝʤʳ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʦʙʤʝʥʘ ʧʨʠ 

ʜʚʫʭ ʢʣʶʯʝʚʳʭ ʫʟʣʘʭ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʬʦʨʤʫʣʝ 3. 

‗̒ ‗ ‗      (3) 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʢʘʟʘ ʢʘʞʜʦʛʦ ʢʣʶʯʝʚʦʛʦ ʫʟʣʘ 

ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʩʭʝʤʳ ʦʙʤʝʥʘ, ʠʣʠ ʫʩʣʦʚʥʘʷ ʧʣʦʪʥʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʠ ʦʪʢʘʟʦʚ 

ʟʘʜʘʥʘ ʬʦʨʤʫʣʦʡ 4. 

‗ ὸ πȟπρπρ ̘

‗ ὸ πȟπρπρ ̘
    (4) 

 

ʋʟʣʳ ʚ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʩʭʝʤʝ ʦʙʤʝʥʘ ʩʦʝʜʠʥʝʥʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

(ʛʣʘʚʥʘʷ WMS ï ʣʦʢʘʣʴʥʳʝ WMS), ʧʦʵʪʦʤʫ ʠʪʦʛʦʚʫʶ ʚʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ 

ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ ʤʦʞʥʦ ʥʘʡʪʠ ʧʦ ʬʦʨʤʫʣʝ 5. 
 

ὖὸ Ὡ ὖςτ Ὡ ȟπρπρȟ πȟφς  (5) 
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʚ ʪʝʯʝʥʠʠ 24 

ʯʘʩʦʚ, ʧʨʠ ʩʨʝʜʥʝʤ ʚʨʝʤʝʥʠ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʚ 100 ʯʘʩʦʚ, ʩʦʩʪʘʚʣʷʝʪ 62%. 

ʇʨʠ ʦʮʝʥʢʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩʭʝʤʳ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʦʙʤʝʥʘ ʚ 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ WMS ʧʦʣʫʯʝʥʳ ʭʦʨʦʰʠʝ ʧʦʢʘʟʘʪʝʣʠ: 

½ ɺʦʟʨʘʩʪʘʝʪ ʩʢʦʨʦʩʪʴ ʦʙʤʝʥʘ ʧʘʢʝʪʘʤʠ ʚʥʫʪʨʠ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ 

WMS; 

½ ʋʤʝʥʴʰʘʶʪʩʷ ʪʨʫʜʦʟʘʪʨʘʪʳ ʥʘ ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʝ ʤʘʩʪʝʨ-ʜʘʥʥʳʭ; 

½ ʇʦʚʳʰʘʝʪʩʷ ʥʘʜʝʞʥʦʩʪʴ ʦʙʤʝʥʘ ʤʝʞʜʫ ERP ʠ ʣʦʢʘʣʴʥʳʤʠ WMS. 
 

 

ʃʠʪʝʨʘʪʫʨʘ 

1.Christopher M. Logistics and supply chain management / M. Christopher. ï 

ʄ.: Dorset, Financial Times Press, 2011. ï 288 ʩ 

2.ʌʠʨʩʦʚ ɸ.ʅ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ɹʘʡʝʩʦʚʩʢʠʭ ʩʝʪʝʡ ʜʣʷ ʦʮʝʥʢʠ ʥʘʜʝʞʥʦʩʪʠ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʩʠʩʪʝʤ./ɸ.ʅ. ʌʠʨʩʦʚ//ʀʥʬʦʨʤʘʪʠʢʘ. ï 2013. ï ˉ6 ï ʉ. 102 ï 

110. 
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ʇɸʉʉʀɺʅɸʗ ɺɽʅʊʀʃʗʎʀʗ. 

ɺɽʅʊʀʃʗʎʀʆʅʅʓɽ ʆʊɺɽʈʉʊʀʗ ʀ ʇʈʀʅʎʀʇ ɹɽʈʅʋʃʃʀ 

 

ʅ.ɹ. ɹʘʨʘʥʦʚʘ 

ʉʪʫʜʝʥʪ ʛʨ. ʤɿɾʎ-191 

ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 
ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʠʩʪʝʤ ʝʩʪʝʩʪʚʝʥʥʦʡ ʠʣʠ ʧʘʩʩʠʚʥʦʡ ʚʝʥʪʠʣʷʮʠʠ ʤʦʞʥʦ 

ʧʨʠʤʝʥʷʪʴ ʢʘʢ ʚʝʥʪʠʣʷʮʠʦʥʥʳʝ ʦʪʚʝʨʩʪʠʷ, ʪʘʢ ʠ ʧʨʠʥʮʠʧ ɹʝʨʥʫʣʣʠ, ʠʣʠ ʵʬʬʝʢʪ 

ɹʝʨʥʫʣʣʠ. ʂʘʢ ʧʨʘʚʠʣʦ, ʜʘʞʝ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʟʜʘʥʠʝ ʙʫʜʝʪ ʩʪʨʘʪʝʛʠʯʝʩʢʠ ʧʦʩʪʨʦʝʥʦ                    

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʜʥʦʛʦ ʠʟ ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ ʷʚʣʝʥʠʡ, ʚʦʟʥʠʢʥʝʪ ʠ ʜʨʫʛʦʝ. ʊʦ ʝʩʪʴ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʜʣʷ ʵʪʠʭ ʵʬʬʝʢʪʦʚ ʪʨʝʙʫʝʪ ʙʦʣʴʰʦʡ ʨʘʟʥʠʮʳ ʚ ʚʳʩʦʪʝ ʤʝʞʜʫ ʚʭʦʜʘʤʠ                       

ʠ ʚʳʭʦʜʘʤʠ ʚʦʟʜʫʭʘ. ʏʝʤ ʙʦʣʴʰʝ ʨʘʟʥʠʮʘ, ʪʝʤ ʣʫʯʰʝ. ʅʦ ʯʪʦ ʪʘʢʦʝ ʧʘʩʩʠʚʥʘʷ 

ʚʝʥʪʠʣʷʮʠʷ? ʂʘʢʦʚʳ ʵʪʠ ʵʬʬʝʢʪʳ? ʀ ʢʘʢʦʚʳ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʘʩʩʠʚʥʳʭ 

ʤʝʪʦʜʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʩʪʨʫʢʮʠʷʤʠ ʩʠʩʪʝʤ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʚʝʥʪʠʣʷʮʠʠ? ʈʘʩʩʤʦʪʨʠʤ ʵʪʠ 

ʚʦʧʨʦʩʳ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʝʥʪʠʣʷʮʠʷ, ʵʬʬʝʢʪ ɹʝʨʥʫʣʣʠ, ʘʵʨʦʜʠʥʘʤʠʢʘ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, 

ʢʦʤʬʦʨʪ ʚ ʧʦʤʝʱʝʥʠʠ. 

 

ʏʪʦ ʪʘʢʦʝ ʧʘʩʩʠʚʥʘʷ ʚʝʥʪʠʣʷʮʠʷ? 

ʇʘʩʩʠʚʥʘʷ ʠʣʠ ʝʩʪʝʩʪʚʝʥʥʘʷ ʚʝʥʪʠʣʷʮʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠ ʫʜʘʣʷʝʪ ʚʦʟʜʫʭ ʠʟ 

ʧʦʤʝʱʝʥʠʡ ʙʝʟ ʧʦʤʦʱʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ɺʤʝʩʪʦ ʵʪʦʛʦ ʧʘʩʩʠʚʥʘʷ 

ʚʝʥʪʠʣʷʮʠʷ ʦʧʠʨʘʝʪʩʷ ʥʘ ʧʝʨʝʧʘʜʳ ʜʘʚʣʝʥʠʷ ʝʩʪʝʩʪʚʝʥʥʳʭ ʩʠʣ ʜʣʷ ʦʙʣʝʛʯʝʥʠʷ 

ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʩʠʩʪʝʤʝ ʵʪʦʪ ʪʠʧ ʚʝʥʪʠʣʷʮʠʠ 

ʨʝʛʫʣʠʨʫʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʯʝʨʝʟ ʚʧʫʩʢʥʳʝ ʠ ʚʳʧʫʩʢʥʳʝ ʦʪʚʝʨʩʪʠʷ (ʥʘʧʨʠʤʝʨ, 

ʦʢʥʘ, ʚʝʥʪʠʣʷʮʠʦʥʥʳʝ ʦʪʚʝʨʩʪʠʷ ʠ ʪ. ʜ.) ʪʨʝʤʷ ʩʧʦʩʦʙʘʤʠ: 

ʘ) ʚʝʪʨʷʥʘʷ ʚʝʥʪʠʣʷʮʠʷ: ʫʧʨʘʚʣʷʝʤʘʷ ʧʝʨʝʧʘʜʘʤʠ ʜʘʚʣʝʥʠʷ ʤʝʞʜʫ 

ʚʥʫʪʨʝʥʥʠʤ ʠ ʚʥʝʰʥʠʤ ʚʦʟʜʫʭʦʤ ʚʦʢʨʫʛ ʟʜʘʥʠʷ (ʨʠʩ. 1); 

 

 
ʈʠʩ. 1. ʀʩʧʦʣʴʟʫʝʪʩʷ ʧʘʩʩʠʚʥʘʷ ʚʝʥʪʠʣʷʮʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʝʪʨʘ 

ʯʝʨʝʟ ʦʢʦʥʥʳʝ ʫʩʪʘʥʦʚʢʠ 
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ʙ) ʚʝʥʪʠʣʷʮʠʷ, ʫʧʨʘʚʣʷʝʤʘʷ ʧʣʘʚʫʯʝʩʪʴʶ: ʦʙʫʩʣʦʚʣʝʥʘ ʨʘʟʥʦʩʪʴʶ ʪʝʤʧʝ-

ʨʘʪʫʨ ʤʝʞʜʫ ʚʥʫʪʨʝʥʥʝʡ ʠ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ (ʥʘʧʨʠʤʝʨ, ʚʝʥʪʠʣʷʮʠʷ ʚ ʩʪʳʢʝ) 

(ʨʠʩ. 2); 

 

 
ʈʠʩ. 2. ɺʠʟʫʘʣʠʟʘʮʠʷ ʨʘʟʥʠʮʳ ʚʥʫʪʨʝʥʥʠʭ ʠ ʚʥʝʰʥʠʭ ʪʝʤʧʝʨʘʪʫʨ, 

ʢʦʪʦʨʳʝ ʩʦʟʜʘʶʪ ʵʬʬʝʢʪʳ ʚʝʥʪʠʣʷʮʠʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʧʣʘʚʫʯʝʩʪʴʶ, 

ʪʘʢʠʝ ʢʘʢ ʚʝʥʪʠʣʷʮʠʷ 

 

ʚ) ʚʝʥʪʠʣʷʮʠʷ ʩ ʥʦʯʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ: ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʚʳʜʝʣʝʥʠʷ 

ʪʝʧʣʘ, ʧʦʛʣʦʱʘʝʤʦʛʦ ʪʝʧʣʦʚʦʡ ʤʘʩʩʦʡ ʟʜʘʥʠʷ ʚ ʜʥʝʚʥʦʝ ʚʨʝʤʷ (ʨʠʩ. 3) [1]. 

 
ʈʠʩ. 3. ɺʠʟʫʘʣʠʟʘʮʠʷ ʨʘʙʦʪʳ ʥʦʯʥʦʡ ʚʝʥʪʠʣʷʮʠʠ ʚ ʧʨʦʝʢʪʝ ʟʜʘʥʠʷ 

 

 

ʉʦʩʨʝʜʦʪʦʯʠʤʩʷ ʥʘ ʜʚʫʭ ʵʬʬʝʢʪʘʭ, ʢʦʪʦʨʳʝ ʩʫʱʝʩʪʚʫʶʪ ʚ ʵʪʠʭ ʤʝʪʦʜʘʭ 

ʚʝʥʪʠʣʷʮʠʠ: ʚʝʥʪʠʣʷʮʠʦʥʥʳʝ ʦʪʚʝʨʩʪʠʷ ʠ ʧʨʠʥʮʠʧ ɹʝʨʥʫʣʣʠ. 
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ʏʪʦ ʪʘʢʦʝ ʚʝʥʪʠʣʷʮʠʦʥʥʳʝ ʦʪʚʝʨʩʪʠʷ? 

ʇʦʩʣʝ ʚʝʪʨʷʥʦʡ ʚʝʥʪʠʣʷʮʠʠ, ʢʦʪʦʨʘʷ ʚ ʦʩʥʦʚʥʦʤ ʦʙʣʝʛʯʘʝʪʩʷ ʦʪʢʨʳʪʠʝʤ 

ʠ ʟʘʢʨʳʪʠʝʤ ʦʢʦʥ, ʩʪʝʢʦʚʘʷ ʚʝʥʪʠʣʷʮʠʷ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʦʡ 

ʬʦʨʤʦʡ ʧʘʩʩʠʚʥʦʡ ʚʝʥʪʠʣʷʮʠʠ. ɺʝʥʪʠʣʷʮʠʦʥʥʘʷ ʪʨʫʙʘ, ʥʘʨʷʜʫ ʩ ʧʨʠʥʮʠʧʦʤ 

ɹʝʨʥʫʣʣʠ, ʤʦʞʝʪ ʙʳʪʴ ʫʜʠʚʠʪʝʣʴʥʦ ʵʬʬʝʢʪʠʚʥʦʡ ʠ ʥʝʜʦʨʦʛʦʡ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʟʜʘʥʠʷ. ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʪʘʢʪʠʢʠ ʧʘʩʩʠʚʥʦʡ ʚʝʥʪʠʣʷʮʠʠ ʚʘʞʥʦ 

ʫʯʠʪʳʚʘʪʴ ʩʪʨʘʪʝʛʠʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʣʘʚʫʯʝʩʪʠ, ʪʘʢʠʝ ʢʘʢ ʚʝʥʪʠʣʷʮʠʷ                        

ʚ ʰʪʘʙʝʣʝ, ʚ ʜʦʧʦʣʥʝʥʠʝ ʢ ʩʪʨʘʪʝʛʠʷʤ, ʦʩʥʦʚʘʥʥʳʤ ʥʘ ʚʝʪʨʝ, ʧʦʩʢʦʣʴʢʫ 

ʝʩʪʝʩʪʚʝʥʥʳʝ ʩʠʣʳ, ʪʘʢʠʝ ʢʘʢ ʚʝʪʝʨ, ʦʙʳʯʥʦ ʟʘʤʝʜʣʷʶʪʩʷ ʥʦʯʴʶ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʛʫʪ ʩʜʝʣʘʪʴ ʩʪʨʘʪʝʛʠʠ, ʫʧʨʘʚʣʷʝʤʳʝ ʚʝʪʨʦʤ, ʤʝʥʝʝ 

ʵʬʬʝʢʪʠʚʥʳʤʠ ʠ ʥʝʵʬʬʝʢʪʠʚʥʳʤʠ [2]. 

 

 
ʈʠʩ. 4. ʉʢʦʨʦʩʪʴ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʯʝʨʝʟ ʜʳʤʦʭʦʜ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ 

ʚʝʥʪʠʣʷʮʠʠ ʟʠʤʥʠʭ ʫʩʣʦʚʠʡ. ʅʘ ʵʪʦʤ ʨʠʩʫʥʢʝ ʧʦʢʘʟʘʥʦ, ʢʘʢ ʚʝʥʪʠʣʷʮʠʦʥʥʦʝ 

ʦʪʚʝʨʩʪʠʝ ʙʣʘʛʦʜʘʨʷ ʨʘʟʥʠʮʝ ʚʥʝʰʥʝʛʦ ʠ ʚʥʫʪʨʝʥʥʝʛʦ ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʩʦʟʜʘʝʪ ʝʩʪʝʩʪʚʝʥʥʫʶ ʩʠʩʪʝʤʫ ʚʝʥʪʠʣʷʮʠʠ 

 

ɺʝʥʪʠʣʷʮʠʦʥʥʘʷ ʪʨʫʙʘ (ʪʘʢʞʝ ʥʘʟʳʚʘʝʤʘʷ ʵʬʬʝʢʪʦʤ ʜʳʤʦʭʦʜʘ) ʩʦʟʜʘʝʪ 

ʧʦʪʦʢ ʚʦʟʜʫʭʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʝʩʪʝʩʪʚʝʥʥʦʡ ʩʠʣʳ, ʢʦʪʦʨʘʷ ʚʦʟʥʠʢʘʝʪ                         

ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʟʤʝʥʝʥʠʡ ʜʘʚʣʝʥʠʷ ʚʦʟʜʫʭʘ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʣʦʪʥʦʩʪʠ ʤʝʞʜʫ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʚʥʫʪʨʝʥʥʠʤʠ ʠ ʚʥʝʰʥʠʤʠ ʩʨʝʜʘʤʠ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʧʝʨʝʤʝʥʥʳʝ, ʢʦʪʦʨʳʝ ʩʦʟʜʘʶʪ ʵʪʦʪ ʵʬʬʝʢʪ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʷʚʣʷʶʪʩʷ 

ʪʝʧʣʦʚʳʤʠ ʢʦʥʪʨʘʩʪʘʤʠ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʚʳʩʦʪʦʡ ʜʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʇʦʪʦʢ 

ʚʦʟʜʫʭʘ ʯʝʨʝʟ ʜʳʤʦʚʫʶ ʪʨʫʙʫ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʨʠʤʝʨʦʚ ʵʬʬʝʢʪʘ ʠʟ-ʟʘ 

ʚʢʣʶʯʝʥʠʷ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʧʝʨʝʤʝʥʥʳʭ: ʧʝʨʝʧʘʜ ʚʳʩʦʪ ʠ ʪʝʤʧʝʨʘʪʫʨ.  

ʉʦʣʥʝʯʥʦʝ ʠʟʣʫʯʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʫʣʫʯʰʝʥʠʷ 

ʚʝʥʪʠʣʷʮʠʠ ʚ ʚʳʩʦʢʠʭ ʦʪʢʨʳʪʳʭ ʧʦʤʝʱʝʥʠʷʭ. ɼʦʧʫʩʢʘʷ ʩʦʣʥʝʯʥʦʝ ʠʟʣʫʯʝʥʠʝ       

ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ (ʥʘʧʨʠʤʝʨ, ʩ ʧʦʤʦʱʴʶ ʦʢʦʥʥʦʛʦ ʦʩʪʝʢʣʝʥʠʷ, ʦʙʨʘʱʝʥʥʦʛʦ                 

https://en.wikipedia.org/wiki/Passive_solar_building_design


169 
 

ʢ ɻʢʚʘʪʦʨʫ), ʚʳ ʤʦʞʝʪʝ ʥʘʛʨʝʚʘʪʴ ʚʥʫʪʨʝʥʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʦʤʝʱʝʥʠʠ, ʯʪʦ ʟʘʪʝʤ ʫʩʢʦʨʷʝʪ ʚʝʥʪʠʣʷʮʠʶ ʤʝʞʜʫ ʚʝʨʭʥʠʤ                 

ʠ ʥʠʞʥʠʤ ʚʭʦʜʥʳʤʠ ʦʪʚʝʨʩʪʠʷʤʠ. 

ʅʘʩʢʦʣʴʢʦ ʩʦʧʦʩʪʘʚʠʤʳ ʚʝʥʪʠʣʷʮʠʷ ʯʝʨʝʟ ʚʝʥʪʠʣʷʮʠʦʥʥʫʶ ʪʨʫʙʫ             

ʠ ʧʨʠʥʮʠʧ ɹʝʨʥʫʣʣʠ? 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʦʙʘ ʷʚʣʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʵʬʬʝʢʪʳ 

ʚʝʥʪʠʣʷʮʠʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʧʣʘʚʫʯʝʩʪʴʶ, ʦʩʥʦʚʥʦʝ ʨʘʟʣʠʯʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʪʦʤ, ʛʜʝ ʦʙʥʘʨʫʞʝʥʘ ʨʘʟʥʠʮʘ ʜʘʚʣʝʥʠʷ. ɹʦʣʝʝ ʥʠʟʢʦʝ ʜʘʚʣʝʥʠʝ ʚʦʟʜʫʭʘ ʥʘ 

ʙʦʣʴʰʠʭ ʚʳʩʦʪʘʭ ʤʦʞʝʪ ʧʘʩʩʠʚʥʦ ʚʪʷʛʠʚʘʪʴ ʚʦʟʜʫʭ ʯʝʨʝʟ ʟʜʘʥʠʝ. ʇʝʨʚʳʡ ʚʠʜ 

ʚʝʥʪʠʣʷʮʠʠ ʠʩʧʦʣʴʟʫʝʪ ʧʝʨʝʧʘʜʳ ʪʝʤʧʝʨʘʪʫʨ ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʷ 

ʚʦʟʜʫʭʘ. ɻʦʨʷʯʠʡ ʚʦʟʜʫʭ ʧʦʜʥʠʤʘʝʪʩʷ ʠʟ-ʟʘ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʠʟʢʦʛʦ 

ʜʘʚʣʝʥʠʷ. 

ʇʨʠʥʮʠʧ ɹʝʨʥʫʣʣʠ ʠʩʧʦʣʴʟʫʝʪ ʨʘʟʥʦʩʪʴ ʩʢʦʨʦʩʪʝʡ ʚʝʪʨʘ ʜʣʷ 

ʧʝʨʝʤʝʱʝʥʠʷ ʚʦʟʜʫʭʘ, ʧʦʵʪʦʤʫ ʦʥ ʪʘʢʞʝ ʤʦʞʝʪ ʧʦʧʘʜʘʪʴ ʚ ʢʘʪʝʛʦʨʠʶ 

ʚʝʥʪʠʣʷʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. ʆʙʱʠʤ ʧʨʠʥʮʠʧʦʤ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ 

ʯʝʤ ʙʳʩʪʨʝʝ ʜʚʠʞʝʪʩʷ ʚʦʟʜʫʭ, ʪʝʤ ʥʠʞʝ ʝʛʦ ʜʘʚʣʝʥʠʝ. ʅʘʨʫʞʥʳʡ ʚʦʟʜʫʭ, 

ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʪʩʷ ʜʘʣʴʰʝ ʦʪ ʟʝʤʣʠ, ʤʝʥʝʝ ʟʘʩʦʨʝʥ, ʧʦʵʪʦʤʫ ʦʥ ʜʚʠʞʝʪʩʷ 

ʙʳʩʪʨʝʝ, ʯʝʤ ʚʦʟʜʫʭ, ʙʣʠʞʝ ʢ ʟʝʤʣʝ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʯʝʤ ʚʳʰʝ ʚʦʟʜʫʭ, ʪʝʤ ʥʠʞʝ 

ʜʘʚʣʝʥʠʝ. ʕʪʦ ʙʦʣʝʝ ʥʠʟʢʦʝ ʜʘʚʣʝʥʠʝ ʤʦʞʝʪ ʧʦʤʦʯʴ çʚʩʘʩʳʚʘʪʴè ʩʚʝʞʠʡ ʚʦʟʜʫʭ 

ʯʝʨʝʟ ʟʜʘʥʠʝ. ʆʢʨʫʞʝʥʠʝ ʟʜʘʥʠʷ ʤʦʞʝʪ ʩʠʣʴʥʦ ʧʦʚʣʠʷʪʴ ʥʘ ʵʪʫ ʩʪʨʘʪʝʛʠʶ, 

ʧʦʩʢʦʣʴʢʫ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʥʘʭʦʜʠʪʩʷ ʣʠ ʟʜʘʥʠʝ ʚ ʙʦʣʝʝ ʩʧʦʢʦʡʥʦʡ ʠʣʠ 

ʟʘʩʪʨʦʝʥʥʦʡ ʩʨʝʜʝ, ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ ʧʨʝʧʷʪʩʪʚʠʝ. 

 

 
ʈʠʩ. 5. ʉʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ ʯʝʨʝʟ ʜʳʤʦʚʫʶ ʪʨʫʙʫ, ʚʳʟʚʘʥʥʫʶ ʚʝʥʪʠʣʷʮʠʝʡ 

 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʝʩʪʝʩʪʚʝʥʥʦʡ ʚʝʥʪʠʣʷʮʠʠ 

ɹʦʣʴʰʠʥʩʪʚʦ ʠʥʞʝʥʝʨʦʚ ʩʦʛʣʘʩʥʳ ʩ ʪʝʤ, ʯʪʦ ʧʨʠʥʮʠʧ ɹʝʨʥʫʣʣʠ, ʠʣʠ 

ʵʬʬʝʢʪ ɹʝʨʥʫʣʣʠ, ʚʳʛʦʜʝʥ ʚʦ ʤʥʦʛʠʭ ʩʮʝʥʘʨʠʷʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʪʘʢ ʢʘʢ ʦʥ 

ʠʩʧʦʣʴʟʫʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʝʪʨʦʚʦʡ ʠ ʚʳʪʷʞʥʦʡ ʚʝʥʪʠʣʷʮʠʠ. ʇʨʝʠʤʫʱʝʩʪʚʦ 

https://en.wikipedia.org/wiki/Passive_solar_building_design
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ʚʝʥʪʠʣʷʮʠʦʥʥʦʡ ʪʨʫʙʳ ʥʘʜ ʧʨʠʥʮʠʧʦʤ ɹʝʨʥʫʣʣʠ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʦʥ ʥʝ 

ʟʘʚʠʩʠʪ ʦʪ ʚʝʪʨʘ; ʦʥ ʧʨʦʜʦʣʞʘʝʪ ʜʝʡʩʪʚʦʚʘʪʴ ʚ ʥʝ ʚʝʪʨʝʥʳʝ ʜʥʠ (ʢʦʛʜʘ ʵʪʦ 

ʤʦʞʝʪ ʙʳʪʴ ʥʘʠʙʦʣʝʝ ʥʝʦʙʭʦʜʠʤʦ). ɺʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʜʣʷ 

ʦʜʥʦʛʦ ʧʘʩʩʠʚʥʦʛʦ ʤʝʪʦʜʘ ʚʝʥʪʠʣʷʮʠʠ ʵʬʬʝʢʪʠʚʥʦ ʩʣʫʞʠʪ ʜʣʷ ʦʙʦʠʭ. ʄʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʥʢʨʝʪʥʳʝ ʧʦʜʭʦʜʳ, ʯʪʦʙʳ ʧʨʦʩʪʦ ʧʦʜʯʝʨʢʥʫʪʴ ʦʜʠʥ ʠʣʠ 

ʜʨʫʛʦʡ. ʅʘʧʨʠʤʝʨ, ʜʳʤʦʭʦʜ ʦʧʪʠʤʠʟʠʨʫʝʪʩʷ ʜʣʷ ʚʝʥʪʠʣʷʮʠʠ ʜʳʤʦʚʦʡ ʪʨʫʙʳ, 

ʘ ʚʝʪʨʦʫʣʦʚʠʪʝʣʠ - ʧʦ ʧʨʠʥʮʠʧʫ ɹʝʨʥʫʣʣʠ [3]. 

 

ɺʳʚʦʜ. ʋʩʧʝʰʥʘʷ ʩʠʩʪʝʤʘ ʧʘʩʩʠʚʥʦʡ ʚʝʥʪʠʣʷʮʠʠ ʧʦʟʚʦʣʠʪ ʜʦʩʪʠʯʴ 

ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʪʝʧʣʦʚʦʛʦ ʢʦʤʬʦʨʪʘ ʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʚʝʞʝʛʦ ʚʦʟʜʫʭʘ ʜʣʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʧʦʣʘʛʘʷʩʴ ʥʘ ʵʪʠ ʩʪʨʘʪʝʛʠʠ, ʚ ʪʦ 

ʞʝ ʚʨʝʤʷ ʪʨʝʙʫʷ ʥʝʙʦʣʴʰʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʵʥʝʨʛʠʠ ʠʣʠ ʚʦʦʙʱʝ ʥʝ ʧʨʠʤʝʥʷʷ ʝʝ 

ʜʣʷ ʘʢʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ ʦʭʣʘʞʜʝʥʠʷ ʠ ʚʝʥʪʠʣʷʮʠʠ. ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʜʚʘ 

ʩʧʦʩʦʙʘ: ʚʝʥʪʠʣʷʮʠʦʥʥʳʝ ʦʪʚʝʨʩʪʠʷ ʠ ʵʬʬʝʢʪ ɹʝʨʥʫʣʣʠ ʤʦʛʫʪ ʩʦʯʝʪʘʪʴʩʷ ʩ 

ʧʝʨʝʢʨʝʩʪʥʦʡ ʚʝʥʪʠʣʷʮʠʝʡ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʝʠʤʫʱʝʩʪʚʘ ʥʝʩʢʦʣʴʢʠʭ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʚʦʟʜʫʰʥʳʭ ʢʘʥʘʣʦʚ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʘʯʝʩʪʚʘ ʚʦʟʜʫʭʘ ʚ ʧʦʤʝʱʝʥʠʠ ʠ ʪʝʧʣʦʚʦʛʦ ʢʦʤʬʦʨʪʘ.                        

ɺ ʟʘʢʣʶʯʝʥʠʝ ʭʦʯʝʪʩʷ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʥʞʝʥʝʨʳ ʜʦʣʞʥʳ ʩʪʨʝʤʠʪʴʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʙʘ ʵʬʬʝʢʪʘ, ʥʦ ʧʦʤʥʠʪʴ, ʯʪʦ ʚʝʥʪʠʣʷʮʠʷ ʚ ʰʪʘʙʝʣʝ ʥʝ ʟʘʚʠʩʠʪ ʦʪ 

ʩʠʣʳ ʚʝʪʨʘ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʟ-ʟʘ ʵʪʦʛʦ ʤʦʞʝʪ ʩʯʠʪʘʪʴʩʷ ʙʦʣʝʝ ʥʘʜʝʞʥʦʡ. 
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ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 
ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʜʘʯ ʚ ʦʙʣʘʯʥʦʡ ʩʨʝʜʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʠʥʠʤʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ ʠʭ ʦʙʨʘʙʦʪʢʠ ʩʦʚʤʝʩʪʥʦ ʩ ʦʧʪʠʤʘʣʴʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʤʝʶʱʠʭʩʷ ʨʝʩʫʨʩʦʚ                   

ʫ ʧʦʩʪʘʚʱʠʢʘ. ʉ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʪʝʩʥʦ ʩʚʷʟʘʥʦ ʧʦʥʷʪʠʝ ʧʣʘʥʠʨʦʚʘʥʠʷ ʟʘʜʘʯ ʜʣʷ ʠʭ 

ʧʦʩʣʝʜʫʶʱʝʡ ʦʪʧʨʘʚʢʠ ʥʘ ʦʙʣʘʯʥʳʝ ʫʟʣʳ, ʦ ʢʦʪʦʨʦʤ ʠ ʠʜʸʪ ʨʝʯʴ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʙʣʘʯʥʳʝ ʚʳʯʠʩʣʝʥʠʷ, ʧʣʘʥʠʨʦʚʘʥʠʝ, ʘʣʛʦʨʠʪʤ, ʨʝʞʠʤ ʨʝʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ. 

 

ɿʘʜʘʯʘ ʧʣʘʥʠʨʦʚʘʥʠʷ ð ʵʪʦ ʧʨʦʙʣʝʤʘ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʠʟ ʨʘʟʥʳʭ 

ʤʥʦʞʝʩʪʚ, ʢʦʪʦʨʘʷ ʬʦʨʤʘʣʴʥʦ ʚʳʨʘʞʘʝʪʩʷ ʧʘʨʘʤʝʪʨʘʤʠ (E, S, O), ʛʜʝ E ð 

ʤʥʦʞʝʩʪʚʦ ʧʨʠʤʝʨʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʦʪʨʘʞʘʝʪ ʦʧʨʝʜʝʣʸʥʥʫʶ ʧʨʦʙʣʝʤʫ; S 

ï ʤʥʦʞʝʩʪʚʦ ʚʦʟʤʦʞʥʳʭ ʨʝʰʝʥʠʡ ʜʣʷ ʧʨʠʤʝʨʘ; ʆ ï ʦʙʲʝʢʪ ʧʨʦʙʣʝʤʳ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʲʝʢʪʘ ʧʨʦʙʣʝʤʳ ʚʩʝ ʟʘʜʘʯʠ ʨʘʟʜʝʣʷʶʪ ʥʘ ʜʚʝ 

ʢʘʪʝʛʦʨʠʠ. ɽʩʣʠ ʦʙʲʝʢʪ ʩʚʷʟʘʥ ʩ ʧʨʦʙʣʝʤʦʡ ʦʧʪʠʤʠʟʘʮʠʠ, ʪʦ ʟʘʜʘʯʘ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʘʭʦʞʜʝʥʠʠ ʥʘʠʣʫʯʰʝʛʦ ʨʝʰʝʥʠʷ ʩʨʝʜʠ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʚʦ 

ʤʥʦʞʝʩʪʚʝ S. ɽʩʣʠ ʞʝ ʦʙʲʝʢʪ ʦʪʥʦʩʠʪʩʷ ʢ ʧʨʦʙʣʝʤʝ ʨʝʰʝʥʠʷ, ʪʦ ʜʣʷ ʫʢʘʟʘʥʥʦʛʦ 

ʜʦʧʫʩʪʠʤʦʛʦ ʨʝʰʝʥʠʷ s  ɴ S ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʪʚʝʨʜʠʪʴ ʠʣʠ ʦʧʨʦʚʝʨʛʥʫʪʴ, 

ʜʦʩʪʠʛʥʫʪ ʣʠ ʦʙʲʝʢʪ O. ʇʨʦʙʣʝʤʘ ʦʧʪʠʤʠʟʘʮʠʠ ʟʘʤʝʪʥʦ ʩʣʦʞʥʝʝ, ʯʝʤ ʧʨʦʙʣʝʤʘ 

ʨʝʰʝʥʠʷ, ʚʝʜʴ ʚ ʧʦʩʣʝʜʥʝʡ ʚʳʙʨʘʥʥʦʝ ʨʝʰʝʥʠʝ ʩʨʘʚʥʠʚʘʝʪʩʷ ʣʠʰʴ ʩ ʧʦʨʦʛʦʚʳʤ 

ʨʝʰʝʥʠʝʤ, ʘ ʚ ʟʘʜʘʯʝ ʦʧʪʠʤʠʟʘʮʠʠ ï ʩʦ ʚʩʝʤʠ ʚʦʟʤʦʞʥʳʤʠ ʨʝʰʝʥʠʷʤʠ [1]. 

ɺ ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʚʳʜʝʣʷʶʪ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ 

ʘʣʛʦʨʠʪʤʦʚ ʧʣʘʥʠʨʦʚʘʥʠʷ. ʄʥʦʛʠʝ ʠʟ ʥʠʭ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʚ ʦʙʣʘʯʥʦʡ 

ʩʨʝʜʝ ʩ ʥʝʦʙʭʦʜʠʤʳʤʠ ʧʨʦʚʝʨʢʘʤʠ. ʆʩʥʦʚʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʧʣʘʥʠʨʦʚʘʥʠʷ ʟʘʜʘʥʠʡ ʷʚʣʷʶʪʩʷ ʜʦʩʪʠʞʝʥʠʝ 

ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚʳʯʠʩʣʝʥʠʡ ʠ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʠʩʪʝʤʳ 

[2].  

ʅʘʙʦʨ ʠʥʩʪʨʫʢʮʠʡ ʜʣʷ ʧʦʠʩʢʘ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʥʘʟʳʚʘʝʪʩʷ 

ʘʣʛʦʨʠʪʤʦʤ. ʆʥ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʯʘʩʪʝʡ: ʚʚʦʜ, ʤʝʪʦʜ, ʚʳʚʦʜ. ɺʚʦʜ ð ʵʪʦ ʥʘʙʦʨ 

ʧʘʨʘʤʝʪʨʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʧʨʦʮʝʩʩʝ ʧʦʠʩʢʘ ʨʝʰʝʥʠʷ. ʕʪʠ ʧʘʨʘʤʝʪʨʳ ʟʘʪʝʤ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʧʨʦʮʝʜʫʨʘʭ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʜʦʩʪʠʛʘʝʪʩʷ ʧʦʩʪʘʚʣʝʥʥʘʷ 

ʮʝʣʴ. ʊʘʢʠʝ ʧʨʦʮʝʜʫʨʳ ʝʱʸ ʥʘʟʳʚʘʶʪʩʷ ʤʝʪʦʜʘʤʠ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʪʠ 

ʧʨʦʮʝʜʫʨʳ ʠʤʝʶʪ ʯʸʪʢʦʝ ʦʧʠʩʘʥʠʝ, ʘ ʪʘʢʞʝ ʠʤʠ ʤʦʞʥʦ ʫʧʨʘʚʣʷʪʴ ʠ ʧʦʚʪʦʨʷʪʴ 

ʠʭ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʥʫʞʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟ. ʈʝʟʫʣʴʪʘʪʦʤ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ 

ʷʚʣʷʝʪʩʷ ʚʳʚʦʜ [1].  

ʆʪʥʦʩʠʪʝʣʴʥʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤ ð ʵʪʦ ʤʝʪʦʜ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ 

ʟʘʜʘʯʠ ʧʦʣʫʯʘʶʪ ʜʦʩʪʫʧ ʢ ʦʙʨʘʙʦʪʯʠʢʘʤ (ʧʨʦʮʝʩʩʦʨʘʤ), ʘ ʪʘʢʞʝ 
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ʩʦʧʦʩʪʘʚʣʷʶʪʩʷ ʠʣʠ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʤʝʞʜʫ ʥʠʤʠ. ʉʪʨʦʛʦ ʛʦʚʦʨʷ, ʥʝʚʦʟʤʦʞʥʦ 

ʩʦʟʜʘʪʴ ʘʙʩʦʣʶʪʥʦ ʩʦʚʝʨʰʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʚʝʜʴ ʮʝʣʠ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʤʦʛʫʪ ʢʦʥʬʣʠʢʪʦʚʘʪʴ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʘ ʚ ʨʝʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʤʦʛʫʪ 

ʝʱʸ ʠ ʥʝʧʨʝʜʩʢʘʟʫʝʤʦ ʤʝʥʷʪʴʩʷ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦ 

ʥʘʡʪʠ ʥʝʢʠʡ ʢʦʤʧʨʦʤʠʩʩ, ʯʪʦ ʠ ʷʚʣʷʝʪʩʷ ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʯʝʨʪʦʡ ʜʝʡʩʪʚʠʪʝʣʴʥʦ 

ʭʦʨʦʰʝʛʦ ʧʣʘʥʠʨʦʚʱʠʢʘ. ʀʥʳʤ ʚʳʭʦʜʦʤ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʸʥʥʘʷ 

ʢʦʤʙʠʥʘʮʠʷ ʘʣʛʦʨʠʪʤʦʚ ʧʣʘʥʠʨʦʚʘʥʠʷ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʤʝʥʷʝʤʦʛʦ 

ʘʣʛʦʨʠʪʤʘ ʚʨʝʤʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʤʦʞʝʪ ʨʘʟʥʠʪʴʩʷ ʦʪ ʩʯʠʪʘʥʥʳʭ ʩʝʢʫʥʜ ʜʦ 

ʥʝʩʢʦʣʴʢʠʭ ʣʝʪ. ɺʨʝʤʷ, ʟʘʪʨʘʯʠʚʘʝʤʦʝ ʥʘ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ, ʠ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ 

ʤʝʨʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʣʛʦʨʠʪʤʘ.  

ɺ ʥʳʥʝʰʥʝʝ ʚʨʝʤʷ ʩʪʨʝʤʠʪʝʣʴʥʦ ʨʘʩʪʸʪ ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʣʦʞʝʥʠʡ, ʯʪʦ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʟʘʚʠʩʷʪ ʦʪ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʛʦ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ ʦʙʣʘʯʥʳʭ 

ʩʝʨʚʠʩʦʚ. ɼʣʷ ʥʝʢʦʪʦʨʳʭ ʠʟ ʥʠʭ ʘʙʩʦʣʶʪʥʦ ʣʶʙʘʷ ʟʘʜʝʨʞʢʘ ʥʝʧʨʠʝʤʣʝʤʘ. 

ʅʘʧʨʠʤʝʨ, ʮʝʥʪʨʳ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ ʧʝʨʠʦʜʠʯʝʩʢʠ ʩʦʙʠʨʘʶʪ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʦʩʪʦʷʥʠʠ ʜʦʨʦʛ ʩ ʧʦʤʦʱʴʶ ʩʝʥʩʦʨʦʚ. ɹʘʟʘ ʜʘʥʥʳʭ ʦʙʥʦʚʣʷʝʪ 

ʠʥʬʦʨʤʘʮʠʶ ʧʝʨʝʜ ʦʪʧʨʘʚʢʦʡ ʦʯʝʨʝʜʥʦʛʦ ʦʪʯʸʪʘ. ʇʨʠ ʧʦʷʚʣʝʥʠʠ ʧʨʦʙʣʝʤ ʩ 

ʜʦʨʦʞʥʳʤ ʜʚʠʞʝʥʠʝʤ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʥʷʪʴ ʨʝʰʝʥʠʝ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʜʝʡʩʪʚʫʶʱʠʝ ʩʦʛʣʘʰʝʥʠʷ ʦʙ ʫʨʦʚʥʝ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʥʝ ʤʦʛʫʪ ʧʨʝʜʦʩʪʘʚʠʪʴ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʦʙʣʘʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʢʦʥʪʨʦʣʴ ʚ 

ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʟʘ ʧʦʚʝʜʝʥʠʝʤ ʧʨʠʣʦʞʝʥʠʡ, ʧʦʵʪʦʤʫ ʦʜʥʦ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʘʙʦʪ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʟʜʘʥʠʠ ʙʦʣʝʝ ʛʠʙʢʠʭ ʠ ʧʨʦʟʨʘʯʥʳʭ 

ʩʦʛʣʘʰʝʥʠʡ ʦʙ ʦʙʩʣʫʞʠʚʘʥʠʠ ʤʝʞʜʫ ʧʦʩʪʘʚʱʠʢʘʤʠ ʦʙʣʘʯʥʳʭ ʫʩʣʫʛ ʠ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ [1].  

ʋʯʠʪʳʚʘʷ ʧʨʠʚʝʜʝʥʥʳʡ ʚʳʰʝ ʘʥʘʣʠʟ, ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʦʙʣʘʯʥʦʡ ʩʨʝʜʝ 

ʠʛʨʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʚʨʝʤʝʥʥʳʤ ʦʛʨʘʥʠʯʝʥʠʷʤ ʧʨʠʣʦʞʝʥʠʡ, 

ʚʳʧʦʣʥʷʝʤʳʭ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʇʣʘʥʠʨʦʚʱʠʢ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ 

ʜʦʣʞʝʥ ʛʘʨʘʥʪʠʨʦʚʘʪʴ, ʯʪʦ ʚʳʧʦʣʥʝʥʠʝ ʧʨʦʮʝʩʩʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʤʫ 

ʩʨʦʢʫ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʟʘʛʨʫʟʢʠ ʩʠʩʪʝʤʳ ʠʣʠ ʨʘʙʦʯʝʛʦ ʧʝʨʠʦʜʘ.  

ʈʘʟʥʦʦʙʨʘʟʠʝ ʟʘʜʘʯ ʚ ʨʝʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʫʚʝʣʠʯʠʚʘʝʪ ʚʨʝʤʷ ʠʭ 

ʦʙʨʘʙʦʪʢʠ. ʏʪʦʙʳ ʫʤʝʥʴʰʠʪʴ ʟʘʜʝʨʞʢʫ ʠ ʩʣʦʞʥʦʩʪʴ ʧʣʘʥʠʨʦʚʘʥʠʷ, 

ʥʝʦʜʥʦʨʦʜʥʳʝ ʟʘʜʘʯʠ ʨʘʟʙʠʚʘʶʪ ʥʘ ʨʘʟʥʳʝ ʢʘʪʝʛʦʨʠʠ ʥʘ ʫʨʦʚʥʝ ʢʣʘʩʪʝʨʘ 

ʥʘʟʥʘʯʝʥʠʷ ʢʘʪʝʛʦʨʠʡ [3]. ɼʣʷ ʵʪʦʛʦ ʢʘʞʜʦʡ ʟʘʜʘʯʝ ʧʨʠʩʚʘʠʚʘʝʪʩʷ ʧʨʠʦʨʠʪʝʪ 

ʯʝʨʝʟ ʥʝʢʦʪʦʨʫʶ ʧʦʣʠʪʠʢʫ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʣʠʪʠʢʠ ʥʘʟʥʘʯʝʥʠʷ 

ʧʨʠʦʨʠʪʝʪʦʚ ʧʣʘʥʠʨʦʚʘʥʠʝ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʜʚʘ 

ʪʠʧʘ: ʩʪʨʘʪʝʛʠʷ ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʧʨʠʦʨʠʪʝʪʦʤ ʠ ʩʪʨʘʪʝʛʠʷ ʩ ʜʠʥʘʤʠʯʝʩʢʠʤ 

ʧʨʠʦʨʠʪʝʪʦʤ. 

ʇʣʘʥʠʨʦʚʱʠʢ ʥʘʟʳʚʘʝʪʩʷ ʜʠʥʘʤʠʯʝʩʢʠʤ, ʝʩʣʠ ʦʥ ʧʨʠʥʠʤʘʝʪ ʨʝʰʝʥʠʷ ʧʦ 

ʧʣʘʥʠʨʦʚʘʥʠʶ ʚʦ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ, ʚʳʙʠʨʘʷ ʦʜʥʦ ʠʟ ʪʝʢʫʱʝʛʦ ʥʘʙʦʨʘ 

ʛʦʪʦʚʳʭ ʟʘʜʘʯ. ʇʣʘʥʠʨʦʚʱʠʢ ʥʘʟʳʚʘʝʪʩʷ ʩʪʘʪʠʯʝʩʢʠʤ (ʧʝʨʝʜ ʚʳʧʦʣʥʝʥʠʝʤ), 

ʝʩʣʠ ʦʥ ʧʨʠʥʠʤʘʝʪ ʨʝʰʝʥʠʷ ʦ ʧʣʘʥʠʨʦʚʘʥʠʠ ʚʦ ʚʨʝʤʷ ʢʦʤʧʠʣʷʮʠʠ. 

ʉʪʘʪʠʯʝʩʢʠʡ ʧʣʘʥʠʨʦʚʱʠʢ ʛʝʥʝʨʠʨʫʝʪ ʪʘʙʣʠʮʫ ʜʠʩʧʝʪʯʝʨʠʟʘʮʠʠ ʜʣʷ 

ʘʚʪʦʥʦʤʥʦʛʦ ʜʠʩʧʝʪʯʝʨʘ ʚʨʝʤʝʥʠ ʚʳʧʦʣʥʝʥʠʷ. ʂʘʢ ʧʨʘʚʠʣʦ, ʧʣʘʥʠʨʦʚʱʠʢʠ 

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʚʩʪʨʦʝʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʷʜʨʘ ʩ ʫʯʝʪʦʤ ʠʭ ʧʦʜʭʦʜʦʚ ʢ 
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ʧʣʘʥʠʨʦʚʘʥʠʶ. ʅʘʧʨʠʤʝʨ, ʷʜʨʦ MARS ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʩʠʩʪʝʤ ʨʝʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ ʚ ʫʩʣʦʚʠʷʭ ʧʠʢʦʚʦʡ ʥʘʛʨʫʟʢʠ. ʈʘʩʧʠʩʘʥʠʝ ʧʦʣʥʦʩʪʴʶ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʚ 

ʘʚʪʦʥʦʤʥʦʤ ʨʝʞʠʤʝ ʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʫʟʣʘʤ ʢʘʢ ʯʘʩʪʴ ʠʥʠʮʠʘʣʠʟʘʮʠʠ 

ʩʠʩʪʝʤʳ. ɺʩʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʧʨʦʮʝʩʩʘʤʠ ʠ ʟʘʧʨʦʩʳ ʨʝʩʫʨʩʦʚ ʚʢʣʶʯʝʥʳ 

ʚ ʨʘʩʧʠʩʘʥʠʝ, ʦʜʥʘʢʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʫʟʣʳ ʤʦʛʫʪ ʚʳʧʦʣʥʠʪʴ ʜʨʫʛʦʝ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʩʩʯʠʪʘʥʥʦʝ ʨʘʩʧʠʩʘʥʠʝ. ʄʥʦʛʠʝ ʠʟ ʷʜʝʨ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ 

ʥʝ ʚ ʩʦʩʪʦʷʥʠʠ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʪʨʝʙʦʚʘʥʠʷʤ ʧʨʠʣʦʞʝʥʠʡ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, 

ʦʩʦʙʝʥʥʦ ʚ ʤʥʦʛʦʷʜʝʨʥʳʭ ʩʠʩʪʝʤʘʭ. ʆʜʥʠʤ ʠʟ ʨʝʰʝʥʠʡ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ 

ʟʘʛʨʫʞʘʝʤʦʛʦ ʧʣʘʥʠʨʦʚʱʠʢʘ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʢʘʢ ʧʣʘʛʠʥʘ ʜʣʷ ʆʉ ʚʥʝ 

ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʬʠʛʫʨʘʮʠʠ ʷʜʨʘ. ʊʘʢ ʫʧʨʦʱʘʝʪʩʷ ʫʩʪʘʥʦʚʢʘ ʨʘʟʣʠʯʥʳʭ 

ʘʣʛʦʨʠʪʤʦʚ ʧʣʘʥʠʨʦʚʘʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʷʜʨʦ RESCH 

ʜʣʷ Linux, ʚ ʢʦʪʦʨʦʤ ʨʝʘʣʠʟʦʚʘʥʳ ʯʝʪʳʨʝ ʧʣʘʛʠʥʘ ʧʣʘʥʠʨʦʚʱʠʢʘ ʩ 

ʘʣʛʦʨʠʪʤʘʤʠ ʩʝʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʨʘʟʜʝʣʝʥʠʷ ʥʘ ʯʘʩʪʠ ʠ ʛʣʦʙʘʣʴʥʦʛʦ 

ʧʣʘʥʠʨʦʚʘʥʠʷ. ɺ ʦʙʣʘʯʥʫʶ ʩʨʝʜʝ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʤʦʱʥʦʩʪʴ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʪʘʢʞʝ ʧʦʤʦʛʘʝʪ ʪʝʭʥʦʣʦʛʠʷ ʚʠʨʪʫʘʣʠʟʘʮʠʠ. ʉ ʧʦʤʦʱʴʶ 

ʚʠʨʪʫʘʣʴʥʳʭ ʤʘʰʠʥ ʚʦʟʤʦʞʥʦ ʵʬʬʝʢʪʠʚʥʦ ʧʣʘʥʠʨʦʚʘʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʨʝʩʫʨʩʦʚ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʧʦʧʫʪʥʦ ʦʙʝʩʧʝʯʠʚʘʷ ʠʟʦʣʷʮʠʶ ʤʝʞʜʫ 

ʧʘʨʘʣʣʝʣʴʥʦ ʚʳʧʦʣʥʷʝʤʳʤʠ ʧʨʠʣʦʞʝʥʠʷʤʠ. ʅʘʧʨʠʤʝʨ, Xen ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʧʨʦʩʪʝʡʰʠʡ ʧʣʘʥʠʨʦʚʱʠʢ EDF ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʨʝʤʝʥʥʦʡ ʠʟʦʣʷʮʠʠ ʤʝʞʜʫ 

ʨʘʟʣʠʯʥʳʤʠ ʚʠʨʪʫʘʣʴʥʳʤʠ ʤʘʰʠʥʘʤʠ [1]. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ ʥʝʤʘʣʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʧʨʦʝʢʪʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʨʘʟʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʧʣʘʥʠʨʦʚʘʥʠʷ ʚ ʦʙʣʘʯʥʳʭ 

ʩʠʩʪʝʤʘʭ. ʂ ʧʨʠʤʝʨʫ, ʠʩʧʳʪʘʪʝʣʴʥʳʡ ʩʪʝʥʜ FutureGrid ʧʦʜʥʠʤʘʝʪ ʧʨʦʙʣʝʤʫ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʩʫʨʩʦʚ ʚ ʫʩʣʦʚʠʷʭ ʩʠʣʴʥʦʡ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʫʜʘʣʸʥʥʦʩʪʠ 

ʩʝʨʚʝʨʦʚ, ʘ ʚ ʧʨʦʝʢʪʝ DIET, ʠʟʥʘʯʘʣʴʥʦ ʥʘʮʝʣʝʥʥʦʤ ʥʘ çʩʝʪʦʯʥʳʝè ʠʣʠ, ʠʥʘʯʝ, 

grid-ʚʳʯʠʩʣʝʥʠʷ, ʥʳʥʝ ʠʜʸʪ ʧʦʩʪʦʷʥʥʘʷ ʨʘʙʦʪʘ ʥʘʜ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ 

ʩʪʨʘʪʝʛʠʡ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʦʙʣʘʯʥʳʭ ʚʳʯʠʩʣʝʥʠʷʭ [4]. 
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ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 
ʈʘʩʩʤʦʪʨʝʥʳ ʩʧʦʩʦʙʳ ʧʦʚʳʰʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʠ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʠʟʜʝʣʠʡ ʥʘ ʦʩʥʦʚʝ ʛʠʧʩʦʚʦʛʦ ʚʷʞʫʱʝʛʦ ʧʫʪʸʤ ʚʚʝʜʝʥʠʷ ʟʝʨʥʠʩʪʳʭ ʠ ʚʦʣʦʢʥʠʩʪʳʭ 

ʟʘʧʦʣʥʠʪʝʣʝʡ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʚʦʣʦʢʥʠʩʪʳʭ ʚʢʣʶʯʝʥʠʡ ʦʢʘʟʳʚʘʝʪ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦʝ ʜʝʡʩʪʚʠʝ ʥʘ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ ʛʠʧʩʦʚʦʛʦ ʢʘʤʥʷ, ʦʙʝʩʧʝʯʠʚʘʷ ʨʦʩʪ ʝʛʦ ʚʷʟʢʦʩʪʠ 

ʨʘʟʨʫʰʝʥʠʷ ʚ 3,2 ʨʘʟʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʠʧʩʦʙʝʪʦʥ, ʧʨʦʯʥʦʩʪʴ, ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ, ʬʦʨʤʘ ʟʘʧʦʣʥʠʪʝʣʷ. 

 

ɼʣʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʠʟʜʝʣʠʡ ʥʘ ʦʩʥʦʚʝ ʤʠʥʝʨʘʣʴʥʳʭ ʚʷʞʫʱʠʭ ʚʝʱʝʩʪʚ,                 

ʚ ʪʦʤ ʯʠʩʣʝ ʛʠʧʩʦʚʳʭ, ʭʘʨʘʢʪʝʨʝʥ ʭʨʫʧʢʠʡ ʪʠʧ ʨʘʟʨʫʰʝʥʠʷ, ʪʦ ʝʩʪʴ ʧʦʥʠʞʝʥʥʘʷ 

ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ. ʎʝʣʴʶ ʜʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʚʳʰʝʥʠʷ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʛʠʧʩʦʚʦʛʦ ʢʘʤʥʷ. ɼʣʷ ʵʪʦʛʦ, ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʨʘʥʝʝ ʧʨʦʚʝʜʸʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [1é3], ʚ ʛʠʧʩʦʚʳʡ ʢʘʤʝʥʴ 

ʚʚʦʜʠʣʩʷ ʟʘʧʦʣʥʠʪʝʣʴ ʟʝʨʥʠʩʪʦʡ ʠ ʚʦʣʦʢʥʠʩʪʦʡ ʬʦʨʤʳ. 

ɺ ʢʘʯʝʩʪʚʝ ʚʷʞʫʱʝʛʦ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚʳʩʦʢʦʧʨʦʯʥʳʡ 

ʛʠʧʩ ɻ16 ʧʨʦʠʟʚʦʜʩʪʚʘ ɿɸʆ "ʉʘʤʘʨʩʢʠʡ ʛʠʧʩʦʚʳʡ ʢʦʤʙʠʥʘʪ". ɺ ʢʘʯʝʩʪʚʝ 

ʟʝʨʥʠʩʪʦʛʦ ʟʘʧʦʣʥʠʪʝʣʷ ʧʨʠʤʝʥʷʣʠ ʢʚʘʨʮʝʚʳʡ ʧʝʩʦʢ, ʚ ʢʘʯʝʩʪʚʝ ʚʦʣʦʢʥʠʩʪʦʛʦ - 

ʙʘʟʘʣʴʪʦʚʦʝ ʚʦʣʦʢʥʦ. ʉʦʩʪʘʚʳ ʩʳʨʴʝʚʳʭ ʩʤʝʩʝʡ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʫʯʝʥʥʦʛʦ 

ʛʠʧʩʦʙʝʪʦʥʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ. 

 

ʈʘʩʭʦʜʳ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʠʧʩʦʙʝʪʦʥʘ 

ʊʠʧ ʈʘʩʭʦʜ ʢʦʤʧʦʥʝʥʪʦʚ 

ʥʘ ʟʘʤʝʩ, ʢʛ 
”̄

Ⱦ̒  ̍

ʂʩ, 

ʢʅ/ʤ
3/2

 

Ὑʠʟʛ  
ʄʇʘ 

Ὑʩʞ 
ʄʇʘ 

ɻ ʇ ɹɺ ɺ 

ʄ 5,80 - - 2,90 1,44 360 5,02 9,6 

I 2,90 2,90 - 1,45 1,65 470 5,4 10,5 

II  5,80 - 0,16 2,90 1,4 1020 9,24 13,2 

III  2,90 2,90 0,16 1,45 1,79 1150 11,23 14,3 

 

ʀʟ ʧʦʣʫʯʝʥʥʦʡ ʩʤʝʩʠ ʠʟʛʦʪʘʚʣʠʚʘʣʠ ʦʙʨʘʟʮʳ ʚ ʚʠʜʝ ʧʨʠʟʤ ʨʘʟʤʝʨʘʤʠ 

40³80³340 ʤʤ ʩ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʥʘʜʨʝʟʦʤ. ʏʝʨʝʟ 2 ʯʘʩʘ ʪʚʝʨʜʝʥʠʷ ʥʘ 

ʚʦʟʜʫʭʝʦʙʨʘʟʮʳ ʠʟʤʝʨʷʣʠ, ʚʟʚʝʰʠʚʘʣʠ ʠ ʠʩʧʳʪʳʚʘʣʠ ʥʘ ʚʷʟʢʦʩʪʴ 

ʨʘʟʨʫʰʝʥʠʷ˗  ̒ʧʦ ʤʝʪʦʜʠʢʝ [4]. ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʩʧʳʪʘʥʠʡ ʢʘʞʜʦʛʦ 

ʦʙʨʘʟʮʘ ʧʦʣʦʚʠʥʢʠ ʧʨʠʟʤ ʨʘʟʤʝʨʘʤʠ 40³80³170 ʤʤ ʠʩʧʳʪʳʚʘʣʠʩʴ ʥʘ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʤ ʧʨʝʩʩʝ ʇʉʋ 10 ʥʘ ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʠʟʛʠʙʝ ʧʦ ʩʭʝʤʝ 

ʪʨʸʭʪʦʯʝʯʥʦʛʦ ʠʟʛʠʙʘ ʩ ʧʦʤʦʱʴʶ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʪʝʨʞʥʝʡ, ʘ ʟʘʪʝʤ ʚʪʦʨʳʝ 
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ʧʦʣʦʚʠʥʢʠ - ʥʘ ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʩʞʘʪʠʠ ʥʘ ʪʦʤ ʞʝ ʧʨʝʩʩʝ ʩ ʧʦʤʦʱʴʶ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʨʠʞʠʤʥʳʭ ʧʣʘʩʪʠʥʦʢ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʦʙʨʘʟʮʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ. 

 

 

ɿʘʚʠʩʠʤʦʩʪʴ ʚʷʟʢʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ (ʘ), ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʠʟʛʠʙʝ (ʙ) ʠ ʩʞʘʪʠʠ (ʚ)  

ʛʠʧʩʦʙʝʪʦʥʘ ʦʪ ʚʠʜʘ ʚʢʣʶʯʝʥʠʡ 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʢʘʢ ʟʝʨʥʠʩʪʦʛʦ, ʪʘʢ ʠ ʚʦʣʦʢʥʠʩʪʦʛʦ 

ʟʘʧʦʣʥʠʪʝʣʷ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʠ ʧʨʦʯʥʦʩʪʠ 

ʛʠʧʩʦʙʝʪʦʥʘ. ʂʘʢ ʠ ʩʣʝʜʦʚʘʣʦ ʦʞʠʜʘʪʴ, ʙʦʣʝʝ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʛʠʧʩʦʙʝʪʦʥʘ ʨʘʟʨʫʰʝʥʠʶ ʦʢʘʟʳʚʘʝʪ ʙʘʟʘʣʴʪʦʚʦʝ ʚʦʣʦʢʥʦ - ʦʥʦ 

ʫʚʝʣʠʯʠʚʘʝʪ ʢʨʠʪʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ ʛʠʧʩʦʚʦʛʦ 

ʢʘʤʥʷ ʚ 2,8 ʨʘʟʘ, ʘ ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʠʟʛʠʙʝ ʠ ʩʞʘʪʠʠï ʚ 1,8 ʠ 1,4 ʨʘʟʘ. ʕʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʚʦʣʦʢʥʘ ʙʘʟʘʣʴʪʘ ʚʳʩʪʫʧʘʶʪ ʚ ʨʦʣʠ ʜʠʩʧʝʨʩʥʦʡ 

ʘʨʤʘʪʫʨʳ, ʚʦʩʧʨʠʥʠʤʘʷ ʨʘʩʪʷʛʠʚʘʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʢʘʤʥʷ ʠ 

ʧʨʝʧʷʪʩʪʚʫʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʚ ʥʸʤ ʤʠʢʨʦ- ʠ ʤʘʢʨʦʪʨʝʱʠʥ [5, 6]. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ ʟʝʨʥʠʩʪʳʡ ʟʘʧʦʣʥʠʪʝʣʴ (ʧʝʩʦʢ) ʫʚʝʣʠʯʠʚʘʶʪ ʚʷʟʢʦʩʪʴ ʨʘʟʨʫʰʝʥʠʷ 

ʛʠʧʩʦʚʦʛʦ ʢʘʤʥʷ ʚʩʝʛʦ ʥʘ 24 %, ʘ ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʠʟʛʠʙʝ ʠ ʩʞʘʪʠʠ ï ʥʘ 8 ʠ 9 %.  
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ʅʘʠʙʦʣʴʰʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʘʟʨʫʰʝʥʠʶ ʧʦʢʘʟʘʣ ʛʠʧʩʦʙʝʪʦʥ ʩ 

ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʚʚʝʜʝʥʠʝʤ ʟʝʨʥʠʩʪʦʛʦ ʠ ʚʦʣʦʢʥʠʩʪʦʛʦ ʟʘʧʦʣʥʠʪʝʣʷ (ʩʦʩʪʘʚIII  

ʪʠʧʘ). ɺʷʟʢʦʩʪʴ ʨʘʟʨʫʰʝʥʠʷ ʛʠʧʩʦʚʦʛʦ ʢʘʤʥʷ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʫʚʝʣʠʯʠʣʘʩʴ ʚ 3,2 

ʨʘʟʘ. ʕʪʦʪ ʵʬʬʝʢʪ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥ ʩ ʪʝʤ, ʯʪʦ ʯʘʩʪʠʮʳ ʧʝʩʢʘ ʦʢʘʟʳʚʘʶʪʩʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʧʨʝʧʷʪʩʪʚʠʝʤ ʜʣʷ ʧʨʦʜʚʠʞʝʥʠʷ ʤʘʛʠʩʪʨʘʣʴʥʦʡ ʪʨʝʱʠʥʳ ʠ 

ʪʨʝʙʫʶʪʩʷ ʧʦʚʳʰʝʥʥʳʝ ʟʘʪʨʘʪʳ ʵʥʝʨʛʠʠ ʥʘ ʵʪʦʪ ʧʨʦʮʝʩʩ [5, 6]. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʚʝʜʝʥʠʠ 

ʟʝʨʥʠʩʪʳʭ ʠ ʚʦʣʦʢʥʠʩʪʳʭ ʟʘʧʦʣʥʠʪʝʣʝʡ ʚ ʩʦʩʪʘʚ ʛʠʧʩʦʙʝʪʦʥʥʦʡ ʩʤʝʩʠ ʤʦʞʥʦ                

ʚ 1,5 ʨʘʟʘ ʧʦʚʳʩʠʪʴ ʧʨʦʯʥʦʩʪʴ ʙʝʪʦʥʘ ʧʨʠ ʩʞʘʪʠʠ, ʘ ʚʷʟʢʦʩʪʴ ʨʘʟʨʫʰʝʥʠʷ ï ʚ 3,2 

ʨʘʟʘ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʩʪʘʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʛʠʧʩʦʙʝʪʦʥʥʳʭ ʠʟʜʝʣʠʡ ʧʦʚʳʰʝʥʥʦʡ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ. 
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ʉʇʃɸɺʃɽʅʀʗ ʄɽʊɸʃʃʀʏɽʉʂʆɻʆ ʇʆʈʆʐʂɸ ʇʈ-08ʍʅ53ɹʄʊʖ 

ʇʈʀ ʀɿɻʆʊʆɺʃɽʅʀʀ ʕʃɽʄɽʅʊʆɺ ɻʀɼʈʆɻɽʅɽʈɸʊʆʈɸ 
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1
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2
, ʀ.ɹ. ʂʦʨʯʘʛʠʥ

3 

1,2
ʉʪʫʜʝʥʪʳ ʛʨ. ʧʉʇ-161, mklennikov@mail.ru; gorbach1999@yandex.ru 

2
ʂʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ibkor4agin@yandex.ru 

ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 
ʇʦʜʦʙʨʘʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʞʠʤʳ ʉʃʉ ʧʦʨʦʰʢʘ 08ʍʅ53ɹʄʊʖ. ʆʧʠʩʘʥ ʤʝʪʦʜ 

ʧʦʜʙʦʨʘ ʨʝʞʠʤʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʜʜʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʤʝʪʦʜ ʉʃʉ, ʧʘʨʘʤʝʪʨʳ ʨʝʞʠʤʦʚ ʉʃʉ. 

 

ɺʚʝʜʝʥʠʝ 

ɸʜʜʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ - ʧʨʦʮʝʩʩ ʦʙʲʝʜʠʥʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʩ ʮʝʣʴʶ 

ʩʦʟʜʘʥʠʷ ʦʙʲʝʢʪʘ ʠʟ ʜʘʥʥʳʭ 3D-ʤʦʜʝʣʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʣʦʡ ʟʘ ʩʣʦʝʤ, ʚ ʦʪʣʠʯʠʝ 

ʦʪ çʚʳʯʠʪʘʶʱʠʭè ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠ.ɸʜʜʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʙʝʨʫʪ 

ʩʚʦʸ ʥʘʯʘʣʦ ʩ ʢʦʥʮʘ 80-ʭ ʛʛ. XX ʚ. ʇʨʦʮʝʩʩ ʩʝʣʝʢʪʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʧʣʘʚʣʝʥʠʷ 

ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʨʦʰʢʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʘʜʜʠʪʠʚʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ. ʉʫʪʴ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʉʃʉ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʩʣʦʡʥʦʤ ʥʘʥʝʩʝʥʠʠ 

ʧʦʨʦʰʢʘ ʥʘ ʧʣʘʪʬʦʨʤʫ ʠ, ʚ ʧʦʩʣʝʜʩʪʚʠʠ, ʝʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʣʘʟʝʨʥʦʤ ʣʫʯʦʤ. 

ʊʝʭʥʦʣʦʛʠʷ ʩʝʣʝʢʪʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʧʣʘʚʣʝʥʠʷ ʠʟʥʘʯʘʣʴʥʦ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ, 

ʢʘʢ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʧʨʦʮʝʩʩ ʧʦʩʣʦʡʥʦʛʦ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ, ʢʦʪʦʨʳʡ ʙʳʣ 

ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ ʙʳʩʪʨʦʛʦ ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʪʝʭʥʦʣʦʛʠʷ ʩʪʘʣʘ ʧʨʠʤʝʥʷʪʴʩʷ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʜʝʪʘʣʝʡ ʜʣʷ ʜʦʣʛʦʩʨʦʯʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ɼʦʩʪʦʠʥʩʪʚʘ: ʧʦʩʣʦʡʥʦʝ ʚʳʨʘʱʠʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʠʟʜʝʣʠʝ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ; ʘʜʜʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʥʘʤʥʦʛʦ ʙʦʣʝʝ 

ʵʢʦʥʦʤʠʯʥʳ ʪʨʘʜʠʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʪʘʢ ʢʘʢ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʪʦʯʥʦ ʨʘʩʩʯʠʪʳʚʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʧʦʪʨʝʙʣʷʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ; 

ʧʦʟʚʦʣʷʝʪ ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʙʦʣʝʝ ʣʝʛʢʠʝ, ʥʦ ʥʝ ʤʝʥʝʝ ʧʨʦʯʥʳʝ ʠʟʜʝʣʠʷ. 

ʅʝʜʦʩʪʘʪʢʠ: ʧʨʠ ʧʝʯʘʪʠ ʥʘ ʠʟʜʝʣʠʠ ʤʦʛʫʪ ʦʙʨʘʟʦʚʘʪʴʩʷ ʪʨʝʱʠʥʳ; ʨʘʟʤʝʨ 

ʧʨʦʜʫʢʮʠʠ ʚʩʝʛʜʘ ʦʛʨʘʥʠʯʝʥ ʨʘʟʤʝʨʘʤʠ ʢʘʤʝʨʳ ʤʘʰʠʥʳ ʜʣʷ ʧʝʯʘʪʠ; ʧʨʦʯʥʦʩʪʴ 

ʠ ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ ʫʩʪʫʧʘʶ ʪʨʘʜʠʮʠʦʥʥʳʤ ʣʠʪʴʶ ʠ ʬʨʝʟʝʨʦʚʢʝ. 

ɸʢʪʫʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʘ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʦʩʥʦʚʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʤʦʱʥʦʩʪʴ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠʩʢʦʨʦʩʪʴ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʥʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʤʘʪʝʨʠʘʣʘ, ʝʛʦ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʰʝʨʦʭʦʚʘʪʦʩʪʴ. 

ʕʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʪ ʪʦʯʥʦ ʧʦʜʦʙʨʘʪʴ ʨʝʞʠʤ, ʩ ʠʟʤʝʥʝʥʠʝʤ 

ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʩʚʦʡʩʪʚʘ ʠʟʜʝʣʠʷ. 

ʇʦʜʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʘ 
ʄʦʱʥʦʩʪʴ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (W, ɺʪ) ʠ ʩʢʦʨʦʩʪʴ ʣʘʟʝʨʥʦʛʦ 

ʩʢʘʥʠʨʦʚʘʥʠʷ (V, ʤʤ/ʩ) ʷʚʣʷʶʪʩʷ ʛʣʘʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʀʭ 
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ʠʩʭʦʜʥʦʝ ʟʥʘʯʝʥʠʝ ʙʝʨʝʪʩʷ ʠʩʭʦʜʷ ʠʟ ʨʝʞʠʤʘ, ʟʘʣʦʞʝʥʥʦʛʦ ʚ ʦʙʦʨʫʜʦʚʘʥʠʠ ʜʣʷ 

ʤʘʪʝʨʠʘʣʘ 08ʍʅ53ɹʄʊʖ(ʘʥʘʣʦʛInconel 718). ɺʝʨʦʷʪʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ 

ʧʦʨʠʩʪʦʩʪʠ, ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ, ʥʦ ʧʨʠ ʪʘʢʦʡ 

ʩʢʦʨʦʩʪʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʤʘʰʠʥʳ ʩʪʘʥʦʚʠʪʩʷ ʚʳʰʝ, ʘ ʰʝʨʦʭʦʚʘʪʦʩʪʴ 

ʤʝʥʴʰʝ. 

ʆʙʱʝʡ ʧʨʦʙʣʝʤʦʡ ʉʃʉ-ʪʝʭʥʦʣʦʛʠʡ ʷʚʣʷʝʪʩʷ ï ʦʙʝʩʧʝʯʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦʡ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʫʩʪʨʘʥʝʥʠʝ ʧʦʨʠʩʪʦʩʪʠ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʧʨʦʚʦʜʠʪʴ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʚʳʷʚʣʝʥʠʶ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʞʠʤʦʚ 3D-ʧʝʯʘʪʠ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ 

ʧʦʨʦʰʢʘʤʠ ʩʬʝʨʠʯʝʩʢʦʡ ʬʦʨʤʳ, ʠʟʤʝʥʷʷ ʜʚʘ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʘ (ʤʦʱʥʦʩʪʴ 

ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʩʢʦʨʦʩʪʴ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ), ʩ ʮʝʣʴʶ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʟʜʝʣʠʡ ʩ ʥʠʟʢʦʡ ʧʦʨʠʩʪʦʩʪʴʶ. ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘ 

ʧʨʦʤʳʰʣʝʥʥʦʡ ʫʩʪʘʥʦʚʢʝ SLM 280HL ʙʳʣ ʠʟʛʦʪʦʚʣʝʥ ʢʦʤʧʣʝʢʪ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ. ʉʘʤʳʤʠ ʟʥʘʯʠʤʳʤʠ ʬʘʢʪʦʨʘʤʠ ʚ ʜʘʥʥʦʤ 

ʵʢʩʧʝʨʠʤʝʥʪʝ ʷʚʣʷʣʠʩʴ ʤʦʱʥʦʩʪʴ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʩʢʦʨʦʩʪʴ ʣʘʟʝʨʥʦʛʦ 

ʩʢʘʥʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʠʟʤʝʥʷʣʠʩʴ ʚ ʧʨʦʮʝʩʩʝ ʧʦʩʪʨʦʝʥʠʷ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ 

ʰʘʛʦʤ. ɿʘʬʠʢʩʠʨʦʚʘʥʥʳʝ ʬʘʢʪʦʨʳ: 

½ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʪʨʝʢʘʤʠ ï 140 ʤʢʤ; 

½ ʪʦʣʱʠʥʘ ʩʣʦʷ ï 30 ʤʢʤ; 

½ ʠʥʝʨʪʥʘʷ ʩʨʝʜʘ ï ʘʨʛʦʥ; 

½ ʬʨʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ ï 20-40 ʤʢʤ; 

½ ʩʤʝʱʝʥʠʝ ʧʦ ʦʩʷʤ X ʠ Y ʥʘ 1 ʤʤ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʤʘʪʝʨʠʘʣʝ ʚʩʝʭ ʦʙʨʘʟʮʦʚ 

ʥʘʙʣʶʜʘʶʪʩʷ ʥʝʩʧʣʦʰʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʦʞʝʥʳ ʥʝʨʘʚʥʦʤʝʨʥʦ ʧʦ ʩʝʯʝʥʠʶ 

ʦʙʨʘʟʮʘ. ɿʥʘʯʝʥʠʝ ʧʦʨʠʩʪʦʩʪʠ ʨʘʩʩʯʠʪʳʚʘʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʚʩʪʨʦʝʥʥʦʡ ʚ 

ʤʠʢʨʦʩʢʦʧ ʧʨʦʛʨʘʤʤʳ. ʇʨʠ ʠʟʫʯʝʥʠʠ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ ʧʦʜ ʤʠʢʨʦʩʢʦʧʦʤ, ʙʳʣ 

ʚʳʷʚʣʝʥ ʦʙʨʘʟʝʮ, ʚ ʢʦʪʦʨʦʤ ʥʝʩʧʣʦʰʥʦʩʪʴ ʤʝʥʝʝ ʨʘʟʚʠʪʘ. ɿʥʘʷ, ʥʘ ʢʘʢʠʭ 

ʨʝʞʠʤʘʭ ʧʨʦʠʩʭʦʜʠʣʘ ʧʝʯʘʪʴ ʜʘʥʥʦʛʦ ʦʙʨʘʟʮʘ, ʦʧʨʝʜʝʣʠʣʠ ʧʘʨʘʤʝʪʨʳ 

ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʧʝʯʘʪʠ ʵʣʝʤʝʥʪʦʚ ʛʠʜʨʦʛʝʥʝʨʘʪʦʨʘ. 

ɺʳʚʦʜ 

ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʷʚʠʣʠ ʦʧʪʠʤʘʣʴʥʳʡ ʨʝʞʠʤ ʧʨʦʮʝʩʩʘ 

3D-ʧʝʯʘʪʠ ʤʝʪʘʣʣʦʧʦʨʦʰʢʦʚʦʡ ʢʦʤʧʦʟʠʮʠʝʡ ʇʈ-08ʍʅ53ɹʄʊʖ (ʘʥʘʣʦʛ Inconel 

718). ʇʦʜʪʚʝʨʞʜʝʥʦ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʝʥʛʨʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ, ʯʪʦ 

ʠʩʧʦʣʴʟʫʝʤʘʷ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʝʪʘʣʣʦʧʦʨʦʰʢʦʚʘʷ ʢʦʤʧʦʟʠʮʠʷ ʷʚʣʷʝʪʩʷ 

ʘʥʘʣʦʛʦʤ ʟʘʨʫʙʝʞʥʦʛʦ ʩʧʣʘʚʘ Inconel 718. 
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ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 
ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʝʘʣʠʟʘʮʠʷ ʩʙʦʨʘ ʙʠʙʣʠʦʤʝʪʨʠʯʝʩʢʠʭ ʩʚʝʜʝʥʠʡ 

ʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚ ʢʦʥʪʝʢʩʪʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʣʷ ʩʠʩʪʝʤʳ 

ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʟʘʱʠʱʘʝʤʦʛʦ ʢʠʙʝʨʧʨʦʩʪʨʘʥʩʪʚʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʩʙʦʨʘ, ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ 

ʙʝʟʦʧʘʩʥʦʩʪʴ, ʟʘʱʠʪʘ ʠʥʬʦʨʤʘʮʠʠ, information security, protection of information. 

 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʧʨʝʨʳʚʥʳʡ ʨʦʩʪ ʦʙʲʝʤʘ ʠʥʬʦʨʤʘʮʠʠ 

ʚ ʨʘʟʥʳʭ ʩʬʝʨʘʭ ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ. ʃʘʚʠʥʦʦʙʨʘʟʥʦʝ ʥʘʨʘʩʪʘʥʠʝ ʤʘʩʩʳ 

ʨʘʟʥʦʦʙʨʘʟʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʦʙʱʝʩʪʚʝ ʧʦʣʫʯʠʣʦ ʥʘʟʚʘʥʠʝ 

çʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʚʟʨʳʚʘè ʚ 1975 ʛʦʜʫ. 

 

 
ʈʠʩ. 1. ʈʦʩʪ ʜʘʥʥʳʭ ʚ ʤʠʨʝ ʧʦ ʚʝʨʩʠʠ International Data Corporation (IDC) 

 

International Data Corporation - ʢʦʤʧʘʥʠʷ, ʢʦʪʦʨʘʷ ʟʘʥʠʤʘʝʪʩʷ ʠʟʫʯʝʥʠʝʤ 

ʤʠʨʦʚʦʛʦ ʨʳʥʢʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ. 
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ʀʟ ʧʨʠʚʝʜʝʥʥʦʛʦ ʚʳʰʝ ʛʨʘʬʠʢʘ ʚʠʜʥʦ, ʯʪʦ ʦʙʲʝʤ ʠʥʬʦʨʤʘʮʠʠ ʫʞʝ ʢ 2025 

ʛʦʜʫ ʚʳʨʘʩʪʝʪ ʧʨʠʤʝʨʥʦ ʚ 3 ʨʘʟʘ. ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ ʧʨʦʙʣʝʤʘ ʩʙʦʨʘ ʠ ʘʥʘʣʠʟʘ 

ʠʥʬʦʨʤʘʮʠʠ. ɼʘʞʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʩʦʙʨʘʪʴ 

ʚʩʶ ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ ʪʝʭ ʠʣʠ ʠʥʳʭ ʟʘʜʘʯ ʠʥʬʦʨʤʘʮʠʶ ʨʫʯʥʳʤ ʩʧʦʩʦʙʦʤ, ʥʝ 

ʛʦʚʦʨʷ ʫʞʝ ʦʙ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʭʨʘʥʝʥʠʷ ʠ ʘʥʘʣʠʟʘ ʩʦʙʨʘʥʥʳʭ ʜʘʥʥʳʭ. 

ʈʝʰʝʥʠʝʤ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ ʨʝʘʣʠʟʘʮʠʷ ʩʨʝʜʩʪʚʘ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ, ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʭʨʘʥʝʥʠʷ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ ʚʟʘʠʤʦʩʚʷʟʝʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ.  

ʉʙʦʨ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʩ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ 

ʢʣʶʯʝʚʳʭ ʧʦʜʩʠʩʪʝʤ ʩʨʝʜʩʪʚ ʧʦʩʪʨʦʝʥʠʷ ʠ ʘʥʘʣʠʟʘ ʢʘʨʪ ʢʠʙʝʨʧʨʦʩʪʨʘʥʩʪʚʘ. 

ɺ ʢʦʥʪʝʢʩʪʝ ʟʘʱʠʱʘʝʤʦʛʦ ʢʠʙʝʨʧʨʦʩʪʨʘʥʩʪʚʘ ʧʦʥʠʤʘʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʦʙʲʝʢʪʦʚ: 

- ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʚ ʩʬʝʨʝ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ; 

- ʩʨʝʜʩʪʚʘ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ; 

- ʥʘʫʯʥʳʝ ʧʫʙʣʠʢʘʮʠʠ ʚ ʩʬʝʨʝ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ. 

ʇʦʜ ʢʘʨʪʦʡ ʧʦʥʠʤʘʝʪʩʷ ʦʪʦʙʨʘʞʝʥʠʝ R ʦʙʲʝʢʪʦʚ O ʢʠʙʝʨʧʨʦʩʪʨʘʥʩʪʚʘ C 

ʚ ʝʚʢʣʠʜʦʚʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʨʘʟʤʝʨʥʦʩʪʴʶ Ὠᶰςȟσ ʧʨʠ ʧʦʤʦʱʠ ʢʦʤʧʴʶʪʝʨʥʳʭ 

ʩʨʝʜʩʪʚ T ʠ ʧʨʘʚʠʣ ʦʪʦʙʨʘʞʝʥʠʷ U [1-3]: 

 

                          Ὑ ὕȟὅȟὝȟὟȢ                                                                         (1) 

  

ʂʘʨʪʳ ʧʦʟʚʦʣʷʶʪ ʥʘʛʣʷʜʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʠʩʩʣʝʜʫʝʤʳʝ ʦʙʲʝʢʪʳ, ʯʪʦ 

ʥʘʤʥʦʛʦ ʫʧʨʦʱʘʝʪ ʘʥʘʣʠʟ ʜʘʥʥʳʭ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʦʙʳʯʥʦʛʦ ʪʝʢʩʪʦʚʦʛʦ ʬʦʨʤʘʪʘ. 

ʊʘʢʞʝ ʙʣʘʛʦʜʘʨʷ ʢʘʨʪʘʤ ʢʠʙʝʨʧʨʦʩʪʨʘʥʩʪʚʘ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʩʯʠʪʳʚʘʪʴ 

ʤʝʪʨʠʢʠ ʮʝʥʪʨʘʣʴʥʦʩʪʠ (ʚʳʷʚʣʝʥʠʝ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʚʝʨʰʠʥ ʛʨʘʬʘ), 

ʧʨʦʚʦʜʠʪʴ ʢʣʘʩʪʝʨʠʟʘʮʠʶ ʠ ʜʨʫʛʠʝ ʚʠʜʳ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ [1-2]. 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʨʝʘʣʠʟʘʮʠʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʩʙʦʨʘ ʙʳʣʠ 

ʠʩʩʣʝʜʦʚʘʥʳ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʨʝʩʫʨʩʳ, ʩ ʢʦʪʦʨʳʭ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʝʥ ʩʙʦʨ 

ʠʥʬʦʨʤʘʮʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʠʩʪʦʯʥʠʢʦʚ ʙʳʣʠ ʚʳʜʝʣʝʥʳ çʩʫʱʥʦʩʪʠè, 

çʘʪʨʠʙʫʪʳè, çʥʘʟʚʘʥʠʷ ʩʚʷʟʝʡè (ʩʚʷʟʠ ʤʝʞʜʫ ʩʫʱʥʦʩʪʷʤʠ).  

 

 
ʈʠʩ. 2. ʇʨʠʤʝʨ ʩʚʷʟʝʡ ʩʫʱʥʦʩʪʝʡ ʜʣʷ ʠʩʪʦʯʥʠʢʘ academia.edu 
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ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʟʘʜʘʯʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩʙʦʨʘ ʜʘʥʥʳʭ ʠʟ ʠʩʪʦʯʥʠʢʦʚ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ɺʝʙ-ʩʢʨʘʡʧʠʥʛ. ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ, ʧʨʠ ʧʦʤʦʱʠ ʩʢʨʠʧʪʦʚ, 

çʟʘʭʦʜʠʪè ʥʘ ʩʘʡʪ ʧʦʜ ʚʠʜʦʤ ʦʙʳʯʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʩʦʙʠʨʘʝʪ ʠʥʬʦʨʤʘʮʠʶ 

ʧʦ ʟʘʨʘʥʝʝ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ï ʢʣʶʯʝʚʳʤ ʩʣʦʚʘʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, ʦʙʨʘʙʘʪʳʚʘʪʴ, ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʜʘʥʥʳʝ ʩ ʪʳʩʷʯ ʚʝʙ-ʩʪʨʘʥʠʮ 

ʟʘ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʣʶʯʝʚʳʝ ʩʣʦʚʘ: 

ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʟʘʱʠʪʘ ʠʥʬʦʨʤʘʮʠʠ, information security, 

protection of information. 

ʇʝʨʚʦʝ, ʩ ʯʝʤ ʩʪʦʠʪ ʨʘʟʦʙʨʘʪʴʩʷ ï ʵʪʦ ʤʦʜʝʣʴ ʜʘʥʥʳʭ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʵʪʦ 

ʦʙʲʝʢʪʥʘʷ ʤʦʜʝʣʴ, ʧʦ ʢʦʪʦʨʦʡ ʩʪʨʦʠʪʩʷ ʣʶʙʦʡ htmlïʜʦʢʫʤʝʥʪ. ʋ ʢʘʞʜʦʛʦ 

ʵʣʝʤʝʥʪʘ ʝʩʪʴ ʘʪʨʠʙʫʪ - ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʫʢʘʟʘʚ ʠʩʢʦʤʳʡ ʵʣʝʤʝʥʪ ʠ ʝʛʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ, ʤʦʞʥʦ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʥʘʡʪʠ ʝʛʦ ʥʘ ʤʥʦʞʝʩʪʚʝ ʚʝʙ-ʩʪʨʘʥʠʮ, ʥʝ 

ʧʨʠʙʝʛʘʷ ʢ ʨʫʯʥʦʤʫ ʧʦʠʩʢʫ.  

 

 
ʈʠʩ. 3. ʉʦʦʪʚʝʪʩʪʚʠʝ ʵʣʝʤʝʥʪʘ ʥʘ ʩʪʨʘʥʠʮʝ ʩʘʡʪʘ ʩ ʵʣʝʤʝʥʪʦʤ 

html-ʜʦʢʫʤʝʥʪʘ 

 

ʅʘ ʨʠʩ. 3 ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʥʘ ʦʩʥʦʚʝ ʠʩʪʦʯʥʠʢʘ academia.edu, ʛʜʝ ʩ 

ʧʦʤʦʱʴʶ ʢʦʥʩʦʣʠ ʙʨʘʫʟʝʨʘ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʠ ʚʳʙʠʨʘʶʪʩʷ ʥʝʦʙʭʦʜʠʤʳʝ ʚ 

ʨʘʤʢʘʭ ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʵʣʝʤʝʥʪʳ html-ʜʦʢʫʤʝʥʪʘ. 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʟʘʧʨʦʩʦʚ ʢ ʩʝʨʚʝʨʫ ʠ ʦʙʨʘʙʦʪʢʠ ʦʪʚʝʪʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ 

Python ʙʠʙʣʠʦʪʝʢʘ request. ʇʦʣʴʟʫʷʩʴ ʜʘʥʥʦʡ ʙʠʙʣʠʦʪʝʢʦʡ, ʧʦʣʴʟʦʚʘʪʝʣʴ 

ʧʦʣʫʯʘʝʪ ʩʦʜʝʨʞʠʤʦʝ ʩʪʨʘʥʠʮʳ ʚ ʚʠʜʝ html ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʧʘʨʩʠʥʛʘ ʩʘʡʪʘ. 

ʇʦʜ ʧʘʨʩʠʥʛʦʤ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʠʟʚʣʝʯʝʥʠʝ, ʩʙʦʨ ʣʶʙʦʡ ʦʪʢʨʳʪʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʩ ʚʝʙ-ʩʘʡʪʘ. 

 

                                        
ʈʠʩ. 4. ʇʦʣʫʯʝʥʠʝ ʩʪʨʘʥʠʮʳ ʚ ʚʠʜʝ html ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʧʘʨʩʠʥʛʘ 

 

ʅʘ ʨʠʩ. 4 ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʧʦʣʫʯʝʥʠʝ ʚʩʝʭ ʧʫʙʣʠʢʘʮʠʡ ʠ ʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʩʦ ʩʪʨʘʥʠʮʳ ʠ ʩʦʭʨʘʥʝʥʠʝ ʚʩʝʭ ʜʘʥʥʳʭ ʚ ʤʘʩʩʠʚ pubs. 
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ɿʘʪʝʤ, ʧʦʣʴʟʦʚʘʪʝʣʴ ʘʥʘʣʠʟʠʨʫʝʪ html-ʢʦʜ ʠ ʚʳʜʝʣʷʝʪ ʥʫʞʥʳʝ ʵʣʝʤʝʥʪʳ ʩ 

ʫʢʘʟʘʥʥʳʤʠ ʩʫʱʥʦʩʪʷʤʠ.  

                                          
ʈʠʩ. 5. ʇʦʣʫʯʝʥʠʝ ʵʣʝʤʝʥʪʘ çʘʚʪʦʨè ʠʟ ʧʫʙʣʠʢʘʮʠʠ 

 

ɺʩʝ ʩʦʙʨʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʬʘʡʣ JSON ʬʦʨʤʘʪʘ, ʢʦʪʦʨʳʝ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʟ ʩʝʙʷ ʧʘʨʫ çʠʤʷ ʩʫʱʥʦʩʪʠè: çʟʥʘʯʝʥʠʝè, ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ 

ʭʨʘʥʝʥʠʷ ʠ ʘʥʘʣʠʟʘ ʩʦʙʨʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. 
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ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 
ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʦʧʠʩʘʥʳ ʧʦʜʭʦʜʳ, ʧʨʠʥʠʤʘʶʱʠʝ ʚʦ ʚʥʠʤʘʥʠʝ, ʢʘʢ ʜʠʧʦʣʴʥʳʝ 

ʤʦʤʝʥʪʳ, ʪʘʢ ʠ ʧʘʩʩʠʚʥʳʝ ʩʪʨʫʢʪʫʨʳ ʨʘʜʠʘʪʦʨʘ, ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʚʢʣʶʯʝʥʳ ʚ 

ʜʚʫʭʚʦʣʥʦʚʫʶ ʤʦʜʝʣʴ.  ʉ ʧʦʤʦʱʴʶ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʩʚʷʟʴ ʙʣʠʞʥʝʛʦ ʧʦʣʷ              

ʠ ʜʘʣʴʥʝʛʦ ʧʦʣʷ, ʠʟʣʫʯʘʝʤʦʛʦ ʦʪ ʨʘʜʠʘʪʦʨʘ, ʘ ʪʘʢ ʞʝ ʤʦʞʥʦ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ 

ʥʝʧʨʝʜʥʘʤʝʨʝʥʥʳʭ ʧʦʤʝʭ ʩʪʨʫʢʪʫʨʫ ʨʘʜʠʘʪʦʨʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʩʦʚʤʝʩʪʠʤʦʩʪʴ, ʙʣʠʞʥʝʝ ʧʦʣʝ, ʜʠʧʦʣʴʥʳʡ 

ʤʦʤʝʥʪ, ʨʘʜʠʘʪʦʨ. 

 

ʆʙʳʯʥʦ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʨʘʜʠʘʪʦʨ ʥʘʭʦʜʠʪʩʷ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ 

ʦʪ ʠʥʪʝʛʨʘʣʴʥʦʡ ʤʠʢʨʦʩʭʝʤʳ (ʀʄʉ) ï ʛʣʘʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ 

ʧʦʤʝʭ ʚ ʢʦʥʩʪʨʫʢʮʠʷʭ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʳʭ ʩʨʝʜʩʪʚ (ʈʕʉ). ʇʦ ʤʝʨʝ ʪʦʛʦ, ʢʘʢ 

ʨʘʙʦʯʘʷ ʯʘʩʪʦʪʘ ʀʄʉ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʨʘʟʤʝʨʳ ʨʘʜʠʘʪʦʨʘ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʠʟʣʫʯʝʥʠʡ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʪʝʧʣʦʦʪʚʦʜʘ. ʇʦʵʪʦʤʫ, ʯʪʦʙʳ ʪʦʯʥʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠ ʫʤʝʥʴʰʠʪʴ 

ʠʟʣʫʯʝʥʠʷ ʦʪ ʨʘʜʠʘʪʦʨʘ, ʝʛʦ ʩʪʨʫʢʪʫʨʘ ʜʦʣʞʥʘ ʙʳʪʴ ʪʱʘʪʝʣʴʥʦ ʩʤʦʜʝʣʠʨʦʚʘʥʘ 

ʠ ʩʧʨʦʝʢʪʠʨʦʚʘʥʘ. ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʣʷ ʦʪ ʨʘʜʠʘʪʦʨʘ ʟʘʚʠʩʷʪ ʢʘʢ ʦʪ 

ʩʪʨʫʢʪʫʨʳ ʨʘʜʠʘʪʦʨʘ, ʪʘʢ ʠ ʦʪ ʝʛʦ ʠʟʣʫʯʝʥʠʡ. ʋʯʠʪʳʚʘʷ ʦʜʠʥʘʢʦʚʫʶ ʩʪʨʫʢʪʫʨʫ 

ʨʘʜʠʘʪʦʨʘ, ʝʩʣʠ ʤʝʩʪʦ ʠʣʠ ʪʠʧ ʚʦʟʙʫʞʜʝʥʠʷ ʦʪʣʠʯʘʝʪʩʷ, ʪʦ ʠʟʣʫʯʘʝʤʳʝ ʧʦʣʷ 

ʤʦʛʫʪ ʙʳʪʴ ʩʦʚʝʨʰʝʥʥʦ ʨʘʟʥʳʤʠ. ɺ ʪʨʘʜʠʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʠ ʠʟʫʯʝʥʠʶ ʨʘʜʠʘʪʦʨʘ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʤʦʜʝʣʴʶ 

ʠʩʪʦʯʥʠʢʘ, ʚʳʟʳʚʘʶʱʝʡ ʢʦʥʬʠʛʫʨʘʮʠʶ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʨʘʜʠʘʪʦʨʘ, 

ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢ ʥʘʧʨʷʞʝʥʠʷ ʤʝʞʜʫ ʨʘʜʠʘʪʦʨʦʤ ʠ ʧʣʦʩʢʦʩʪʴʶ ʟʘʟʝʤʣʝʥʠʷ.  

ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʦʜʭʦʜ ʜʣʷ ʦʮʝʥʢʠ ʪʦʯʥʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ 

ʧʦʣʝʡ ʦʪ ʩʪʨʫʢʪʫʨʳ ʨʘʜʠʘʪʦʨʘ, ʯʪʦʙʳ ʚʢʣʶʯʠʪʴ ʪʦʯʥʦʝ ʚʦʟʙʫʞʜʝʥʠʝ, 

ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʀʄʉ ʧʦʜ ʨʘʜʠʘʪʦʨʦʤ. ʀʄʉ ʤʦʜʝʣʠʨʫʝʪʩʷ ʤʘʩʩʠʚʦʤ ʜʠʧʦʣʴʥʳʭ 

ʤʦʤʝʥʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʩʢʘʥʠʨʦʚʘʥʠʠ ʙʣʠʞʥʝʛʦ ʧʦʣʷ ʀʄʉ.  

ʅʝʢʦʪʦʨʳʝ ʤʝʪʦʜʳ [1] ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʦʪ ʀʄʉ ʥʘ ʦʩʥʦʚʝ ʪʘʢʠʭ ʠʟʤʝʨʝʥʠʡ, ʢʘʢ ʩʢʘʥʠʨʦʚʘʥʠʝ 

ʙʣʠʞʥʝʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ɺ ʢʦʥʩʪʨʫʢʮʠʷʭ ʈʕʉ, ʠʤʝʶʱʠʭ ʨʘʜʠʘʪʦʨ, 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʘ ʦʩʥʦʚʝ ʧʨʠʥʮʠʧʘ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ ɻʶʛʝʥʩʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʧʣʦʪʥʦʩʪʝʡ ʪʦʢʘ ʚ ʧʣʦʩʢʦʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʷʚʥʦ ʥʝ ʧʦʜʭʦʜʠʪ, ʧʦʩʢʦʣʴʢʫ ʪʘʥʛʝʥʮʠʘʣʴʥʳʝ ʧʦʣʷ ʚ ʧʣʦʩʢʦʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʦʪ ʀʄʉ ʤʦʛʫʪ ʨʝʟʢʦ ʠʟʤʝʥʠʪʴʩʷ, ʢʦʛʜʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʨʘʜʠʘʪʦʨ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ 
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ʤʦʜʝʣʠ ʦʪ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʡ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʪ ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʤʦʜʝʣʠ 

ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʠʣʠ ʜʠʧʦʣʴʥʳʝ ʤʦʤʝʥʪʳ. 

ʄʦʜʝʣʴ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʚ [2], ʛʜʝ ʤʘʩʩʠʚ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪʥʳʭ ʜʠʧʦʣʝʡ ʩ ʦʜʠʥʘʢʦʚʳʤ ʨʘʟʤʝʨʦʤ ʰʘʛʘ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʀʄʉ ʜʣʷ ʦʮʝʥʢʠ ʧʦʣʷ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩʫʥʢʝ. ɺ ʢʘʞʜʦʡ ʪʦʯʢʝ ʠʟʤʝʨʝʥʠʷ ʠʤʝʶʪʩʷ - Pz (ʚʝʨʪʠʢʘʣʴʥʳʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ 

ʜʠʧʦʣʴ), Mx ʠ My (ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʤʘʛʥʠʪʥʳʡ ʜʠʧʦʣʴ), ʢʦʪʦʨʳʝ ʙʳʣʠ 

ʪʱʘʪʝʣʴʥʦ ʚʳʙʨʘʥʳ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʘ ʀʄʉ 

ʥʘʜ ʧʣʦʩʢʦʩʪʴʶ ʧʝʯʘʪʥʦʛʦ ʤʦʜʫʣʷ. ɿʥʘʯʝʥʠʷ ʵʪʠʭ ʜʠʧʦʣʝʡ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʠʟ 

ʠʟʤʝʨʝʥʠʡ ʙʣʠʞʥʝʛʦ ʧʦʣʷ ʚ ʧʣʦʩʢʦʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ʥʘʜ ʀʄʉ. ʆʩʦʙʦʝ 

ʚʥʠʤʘʥʠʝ ʙʳʣʦ ʫʜʝʣʝʥʦ ʨʘʩʯʝʪʘʤ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ, ʯʪʦʙʳ ʚʣʠʷʥʠʝ ʙʘʟʦʚʦʡ 

ʧʣʦʩʢʦʩʪʠ ʥʝ ʙʳʣʦ ʚʢʣʶʯʝʥʦ ʚ ʜʠʧʦʣʴʥʳʝ ʤʦʤʝʥʪʳ. ʕʪʦ ʦʯʝʥʴ ʚʘʞʥʦ ʜʣʷ ʪʘʢʠʭ 

ʵʣʝʤʝʥʪʦʚ, ʢʘʢ ʨʘʜʠʘʪʦʨʳ, ʛʜʝ ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ ʤʥʦʛʦʢʨʘʪʥʦʝ ʨʘʩʩʝʷʥʠʝ. 

 
ʕʢʚʠʚʘʣʝʥʪʥʘʷ ʤʦʜʝʣʴ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʜʣʷ ʧʦʣʝʚʳʭ ʨʘʩʯʝʪʦʚ 

ʥʘʜ ʀʄʉ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʠʟʤʝʨʝʥʠʷʭ ʩʢʘʥʠʨʦʚʘʥʠʷ ʙʣʠʞʥʝʛʦ ʧʦʣʷ 

 

ʇʦʣʷ, ʛʝʥʝʨʠʨʫʝʤʳʝ ʤʘʩʩʠʚʦʤ ʜʠʧʦʣʝʡ, ʚʥʦʩʷʪʩʷ ʚʩʝʤʠ ʜʠʧʦʣʷʤʠ ʚ 

ʤʘʩʩʠʚ ʠ ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʳ ʢʘʢ: 

 

                                                      

ở

Ở
ờ˒
˒

Ợ

ỡ
Ỡ

 = T                            (1) 

ʛʜʝ [Ex], [Ey], [Hx] ʠ [Hy] ʦʙʦʟʥʘʯʘʶʪ x- ʠ y- ʢʦʤʧʦʥʝʥʪʳ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʦʮʝʥʝʥʥʳʝ ʚ ʧʣʦʩʢʦʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ; ʚʝʢʪʦʨʳ [Pz], [M x] ʠ 

[M y] - ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʤʘʛʥʠʪʥʳʝ ʜʠʧʦʣʴʥʳʝ ʤʦʤʝʥʪʳ ʚ ʤʘʪʨʠʮʝ ʜʠʧʦʣʝʡ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘ ʀʄʉ; T - ʤʘʪʨʠʮʘ ʛʝʥʝʨʘʮʠʠ ʧʦʣʷ. ʋʨʘʚʥʝʥʠʝ (1) ʤʦʞʥʦ 

ʧʝʨʝʧʠʩʘʪʴ ʢʘʢ: 

 

                                                   fn = Tnk Ŀ Xk                                                    (2) 

 

ʛʜʝ Fn ʠ Xk - ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʝ ʬʦʨʤʳ ʚʝʢʪʦʨʦʚ ʧʦʣʷ ʠ ʠʩʪʦʯʥʠʢʘ, ʧʦʣʫʯʝʥʥʳʝ 

ʠʟ ʬʦʨʤʫʣʳ 1. ʈʝʛʫʣʷʨʠʟʘʮʠʦʥʥʳʡ ʧʦʜʭʦʜ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʚ [4] ʜʣʷ ʨʝʰʝʥʠʷ 
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ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʨʝʰʝʥʠʝ, ʢʦʪʦʨʦʝ ʤʦʛʣʦ ʙʳ ʦʪʨʘʞʘʪʴ 

ʬʘʢʪʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʘ ʚ ʀʄʉ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, 

ʚʝʢʪʦʨ ʠʩʪʦʯʥʠʢʘ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥ ʢʘʢ: 

 

                                         Xk = [TnkôTnk + ɚ
2
]
-1
TnkôFn                                                              (3) 

 

ʛʜʝ Tnk' - ʪʨʘʥʩʧʦʥʠʨʦʚʘʥʥʦʝ ʩʦʧʨʷʞʝʥʠʝ Tnk; ɚ - ʢʦʵʬʬʠʮʠʝʥʪ ʨʝʛʫʣʷʨʠʟʘʮʠʠ, 

ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʤʦʞʝʪ ʙʳʪʴ ʚʳʙʨʘʥʦ ʥʘ ʦʩʥʦʚʝ ʦʮʝʥʝʥʥʦʡ ʦʰʠʙʢʠ ʚ ʜʘʥʥʳʭ 

ʙʣʠʞʥʝʛʦ ʧʦʣʷ. ɺ ʠʩʪʦʯʥʠʢʝ [4] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʣʠʯʠʝ ʨʝʰʝʥʠʷ, ʦʪʨʘʞʘʶʱʝʛʦ 

ʬʘʢʪʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʘ, ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʪʦʯʥʦʩʪʴ ʥʝ 

ʪʦʣʴʢʦ ʚ ʜʘʣʴʥʝʤ ʧʦʣʝ, ʥʦ ʠ ʚ ʦʮʝʥʢʘʭ ʙʣʠʞʥʝʛʦ ʧʦʣʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʠʩʪʦʯʥʠʢʘ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʧʦʣʝʟʥʦ ʜʣʷ ʧʨʠʤʝʥʝʥʠʡ ʨʘʜʠʘʪʦʨʘ, 

ʛʜʝ ʀʄʉ ʥʘʭʦʜʠʪʩʷ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʢʦʥʩʪʨʫʢʮʠʠ ʨʘʜʠʘʪʦʨʘ. 

ʅʘʣʠʯʠʝ ʥʘʜʝʞʥʦʛʦ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʘʚʠʣʴʥʦʝ 

ʚʦʟʙʫʞʜʝʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʨʘʜʠʘʪʦʨʘ. 
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ʈʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ OLAP-ʢʫʙʦʚ ʥʘ ʧʨʠʤʝʨʝ ʙʘʥʢʦʚʩʢʠʭ 

ʩʠʩʪʝʤ ʠ ʩʠʩʪʝʤ ʧʦʜʜʝʨʞʢʠ ʮʝʣʝʚʦʛʦ ʤʘʨʢʝʪʠʥʛʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: OLAP-ʪʝʭʥʦʣʦʛʠʠ, ʚʠʟʫʘʣʠʟʘʮʠʷ ʤʥʦʛʦʤʝʨʥʳʭ ʜʘʥʥʳʭ. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʜʥʦʡ ʠʟ ʦʙʷʟʘʪʝʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʨʦʛʨʘʤʤ 

ʘʥʘʣʠʟʘ ʬʠʥʘʥʩʦʚʦʛʦ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʨʛʘʥʠʟʘʮʠʡ ʷʚʣʷʝʪʩʷ 

ʧʨʠʤʝʥʝʥʠʝ OLAP-ʢʫʙʦʚ. ʉʫʪʴ OLAP-ʪʝʭʥʦʣʦʛʠʡ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ 

ʧʨʝʜʩʪʘʚʠʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʚʷʟʘʥʥʳʭ ʜʘʥʥʳʭ ʚ ʚʠʜʝ ʤʥʦʛʦʤʝʨʥʦʛʦ 

ʤʘʩʩʠʚʘ ʩ ʮʝʣʴʶ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ ʚʩʝʭ ʚʟʘʠʤʦʩʚʷʟʝʡ. ɼʣʷ 

ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ OLAP-ʢʫʙʦʚ ʠʩʧʦʣʴʟʫʶʪ ʠʤʝʶʱʫʶʩʷ ʙʘʟʫ ʜʘʥʥʳʭ 

ʠʣʠ ʜʘʥʥʳʝ, ʭʨʘʥʷʱʠʝʩʷ ʚ ʵʣʝʢʪʨʦʥʥʳʭ ʪʘʙʣʠʮʘʭ[1]. ʗʯʝʡʢʠ ʢʫʙʘ, ʯʘʱʝ ʚʩʝʛʦ 

ʷʚʣʷʶʪʩʷ ʩʦʩʪʘʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʪʘʢʞʝ ʜʝʣʷʪʩʷ ʥʘ 

ʵʣʝʤʝʥʪʳ, ʪʘʢʠʝ ʤʥʦʛʦʫʨʦʚʥʝʚʳʝ ʦʙʲʝʜʠʥʝʥʠʷ ʥʘʟʳʚʘʶʪʩʷ ʠʝʨʘʨʭʠʷʤʠ. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʪʘʢʠʭ ʤʥʦʛʦʫʨʦʚʥʝʚʳʭ ʠʝʨʘʨʭʠʷʭ ʩʫʱʝʩʪʚʫʝʪ ʚ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʙʘʥʢʦʚ. ʆʥʘ ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʯʪʦ ʠʤʝʥʥʦ ʙʣʘʛʦʜʘʨʷ 

ʜʝʪʘʣʴʥʦʤʫ ʨʘʩʩʤʦʪʨʝʥʠʶ ʚʩʝʭ ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ ʜʘʥʥʳʤʠ ʩʫʱʝʩʪʚʫʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʬʠʥʘʥʩʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʙʘʥʢʘ, ʘ ʪʘʢʞʝ ʦʮʝʥʠʚʘʪʴ 

ʚʦʟʤʦʞʥʳʝ ʠ ʙʫʜʫʱʠʝ ʨʠʩʢʠ. ʕʪʦ ʦʜʥʘ ʠʟ ʮʝʣʝʡ, ʜʣʷ ʯʝʛʦ ʙʘʥʢʦʚʩʢʠʝ 

ʩʪʨʫʢʪʫʨʳ ʩʪʨʝʤʷʪʩʷ ʩʦʟʜʘʪʴ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʭʨʘʥʠʣʠʱʝ 

ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʦʨʛʘʥʠʟʘʮʠʷ ʭʨʘʥʠʣʠʱʘ ʚ ʙʘʥʢʘʭ (ʨʠʩ. 1) ʩʦʩʪʦʠʪ ʠʟ 

ʥʝʩʢʦʣʴʢʠʭ ʦʩʥʦʚʥʳʭ ʩʣʦʝʚ ʜʘʥʥʳʭ [2]: 

ʇʝʨʚʳʡ ʩʣʦʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʢʦʧʠʠ ʜʘʥʥʳʭ ʠʟ 

ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ-ʠʩʪʦʯʥʠʢʦʚ, ʚʟʷʪʳʝ ʙʝʟ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ.  

ɺʪʦʨʦʡ ʩʣʦʡ ï ʩʣʦʡ, ʛʜʝ ʜʘʥʥʳʝ ʠʟ ʩʠʩʪʝʤ-ʠʩʪʦʯʥʠʢʦʚ ʧʨʠʚʦʜʷʪʩʷ ʢ 

ʝʜʠʥʦʤʫ ʚʠʜʫ.  

ʊʨʝʪʠʡ ʩʣʦʡ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʠ ʟʘʱʠʪʳ ʦʪ 

ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ ʭʨʘʥʠʣʠʱʘ. ʅʘ ʵʪʦʤ ʩʣʦʝ ʭʨʘʥʷʪʩʷ ʜʘʥʥʳʝ ʫʞʝ 

ʚ ʪʦʤ ʚʠʜʝ, ʚ ʢʦʪʦʨʦʤ ʦʥʠ ʙʫʜʫʪ ʬʠʛʫʨʠʨʦʚʘʪʴ ʚ ʢʦʥʝʯʥʳʭ ʚʠʪʨʠʥʘʭ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪʯʝʪʥʦʩʪʠ, ʦʧʝʨʘʮʠʦʥʥʳʭ ʦʪʯʝʪʦʚ ʠ ʘʥʘʣʠʪʠʢʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʠ ʠʭ ʦʯʠʩʪʢʠ, 

ʨʝʟʫʣʴʪʘʪʦʤ ʢʦʪʦʨʦʛʦ ʙʫʜʝʪ ʝʜʠʥʘʷ ʤʦʜʝʣʴ ʜʘʥʥʳʭ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʠ ʬʠʥʘʥʩʦʚʦʡ ʦʪʯʝʪʥʦʩʪʠ.  
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ʈʠʩ. 1. ɸʨʭʠʪʝʢʪʫʨʘ ʭʨʘʥʠʣʠʱʘ 

 

ʅʘ ʫʨʦʚʥʝ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ ʚʠʪʨʠʥʳ ʜʦʣʞʥʳ ʠʤʝʪʴ ʩʪʨʫʢʪʫʨʳ 

ʜʘʥʥʳʭ, ʤʘʢʩʠʤʘʣʴʥʦ ʦʪʚʝʯʘʶʱʠʝ ʧʦʪʨʝʙʥʦʩʪʷʤ ʙʠʟʥʝʩ-ʟʘʜʘʯʠ. ʉʣʝʜʫʶʱʠʤ 

ʵʪʘʧʦʤ ʨʘʟʨʘʙʦʪʢʠ ʭʨʘʥʠʣʠʱʘ ʙʫʜʝʪ ʩʦʟʜʘʥʠʝ ʧʦʣʥʦʡ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʤʝʞʜʫ 

ʚʩʝʤʠ ʬʠʥʘʥʩʦʚʳʤʠ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʦʪʯʝʪʘʤʠ ʩʠʩʪʝʤʳ, ʯʝʛʦ ʜʦʩʪʘʪʦʯʥʦ 

ʩʣʦʞʥʦ ʜʦʩʪʠʯʴ, ʧʦʩʢʦʣʴʢʫ ʧʦʪʦʢʠ ʜʘʥʥʳʭ, ʧʨʠʭʦʜʷʱʠʝ ʩ ʩʠʩʪʝʤ-ʠʩʪʦʯʥʠʢʦʚ, 

ʢʘʨʜʠʥʘʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. 

ʋʨʦʚʝʥʴ ʙʠʟʥʝʩ-ʧʨʠʣʦʞʝʥʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʮʝʥʘʨʥʳʝ ʨʘʩʯʝʪʳ, 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʤʥʦʛʦʤʝʨʥʳʡ ʘʥʘʣʠʟ, ʩʨʝʜʩʪʚʘ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʦʪʯʝʪʥʦʩʪʠ.  

ʈʘʩʩʤʦʪʨʠʤ ʩʠʩʪʝʤʫ ʧʦʜʜʝʨʞʢʠ ʮʝʣʝʚʦʛʦ ʤʘʨʢʝʪʠʥʛʘ, ʚ ʢʦʪʦʨʦʡ ʜʘʥʥʳʝ 

ʘʥʘʣʦʛʠʯʥʦ ʩ ʙʘʥʢʦʚʩʢʠʤʠ, ʦʙʥʦʚʣʷʶʪʩʷ ʥʝʧʨʝʨʳʚʥʦ ʙʦʣʴʰʠʤʠ ʦʙʲʝʤʘʤʠ. 

ʈʘʟʣʠʯʥʳʝ ʠʩʪʦʯʥʠʢʠ ʜʘʥʥʳʭ ʜʣʷ ʘʥʘʣʠʟʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 2. 

ɺ ʨʘʤʢʘʭ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʩʠʩʪʝʤ ʮʝʣʝʚʦʛʦ ʤʘʨʢʝʪʠʥʛʘ 

ʧʦʩʪʨʦʠʤ ʪʨʝʭʤʝʨʥʳʡ OLAP-ʢʫʙ(ʨʠʩ. 3), ʦʩʷʤʠ ʢʦʪʦʨʦʛʦ ʙʫʜʫʪ ʷʚʣʷʪʴʩʷ 

ʜʘʥʥʳʝ ʧʨʦʜʫʢʪʦʚʦʛʦ ʢʘʪʘʣʦʛʘ, ʢʘʤʧʘʥʠʡ ʠʥʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʦʪʚʝʪʦʚ 

ʘʙʦʥʝʥʪʦʚ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ, ʚʳʙʨʘʥʥʳʭ ʢ ʨʘʩʩʤʦʪʨʝʥʠʶ ʚ ʜʘʥʥʦʤ ʢʫʙʝ ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

- ʦʙ ʫʩʧʝʰʥʦʩʪʠ ʧʦʜʢʣʶʯʝʥʠʷ ʧʨʦʜʫʢʪʘ ʘʙʦʥʝʥʪʘʤ ʧʨʠ ʧʦʣʦʞʠʪʝʣʴʥʦʤ 
ʦʪʚʝʪʝ ʚ ʨʘʤʢʘʭ ʢʘʞʜʦʛʦ ʠʟ ʢʘʥʘʣʦʚ ʠʥʬʦʨʤʠʨʦʚʘʥʠʷ; 

- ʦ ʢʦʨʨʝʢʪʥʦʩʪʠ ʥʘʩʪʨʦʡʢʠ ʩʘʤʦʡ ʢʘʤʧʘʥʠʠ ʠʥʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʠ ʥʝ 
ʧʦʜʢʣʶʯʝʥʠʠ ʥʠ ʦʜʥʦʤʫ ʘʙʦʥʝʥʪʫ ʧʨʦʜʫʢʪʘ; 

- ʦ ʧʨʘʚʠʣʴʥʦʩʪʠ ʜʘʥʥʳʭ, ʫʢʘʟʘʥʥʳʭ ʚ ʧʨʦʜʫʢʪʝ, ʝʩʣʠ ʥʘ ʨʘʟʣʠʯʥʳʭ 
ʢʘʥʘʣʘʭ ʠʥʬʦʨʤʠʨʦʚʘʥʠʷ ʜʘʥʥʳʝ ʦʙ ʦʪʚʝʪʘʭ ʘʙʦʥʝʥʪʦʚ ʢʘʨʜʠʥʘʣʴʥʦ 

ʦʪʣʠʯʘʶʪʩʷ; 
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ʈʠʩ. 2.  ʀʩʪʦʯʥʠʢʠ ʜʘʥʥʳʭ ʜʣʷ ʘʥʘʣʠʟʘ ʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʢʠ 

ʮʝʣʝʚʦʛʦ ʤʘʨʢʝʪʠʥʛʘ 

 

 
ʈʠʩ. 3. OLAP-ʢʫʙ ʚʳʙʨʘʥʥʳʭ ʜʘʥʥʳʭ ʩʠʩʪʝʤʳ ʮʝʣʝʚʦʛʦ ʤʘʨʢʝʪʠʥʛʘ 

 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʉ.ɸ. ʊʦʥʦʷʥ, ɺ.ɸ. ɺʳʩʦʯʘʥʩʢʠʡ ʤʝʪʦʜʠʢʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ 

ʢʦʨʧʦʨʘʪʠʚʥʦʛʦ ʭʨʘʥʠʣʠʱʘ ʜʘʥʥʳʭ ʥʘ ʙʘʟʝ ʧʣʘʪʬʦʨʤʳ SAP NET WEAVER 

BUSINESS WAREHOUSE / ɺʝʩʪʥʠʢ ʄɻʊʋ ʠʤ. ʅ.ʕ. ɹʘʫʤʘʥʘ. ʉʝʨ. 

ʇʨʠʙʦʨʦʩʪʨʦʝʥʠʝ. 2016. ˉ 4. 

2. ʕ.ʕ. ɸʢʠʤʢʠʥʘ, ɸ.ʕ. ɸʙʙʘʩʦʚɸʥʘʣʠʟ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʩʨʝʜʩʪʚ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʤʥʦʛʦʤʝʨʥʳʭ ʜʘʥʥʳʭ / 

ʀʥʬʦʨʤʘʮʠʦʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʚʝʩʪʥʠʢ. 2016. ʊ. 2. ʉ. 61ï75. 

 

 

ʀʩʪʦʯʥʠʢʠ 
ʜʘʥʥʳʭ 

ʇʨʦʜʫʢʦʚʳʡ 
ʢʘʪʘʣʦʛ 

ʇʝʨʩʦʥʘʣʴʥʳʝ 
ʜʘʥʥʳʝ 
ʘʙʦʥʝʥʪʘ 

ʂʘʤʧʘʥʠʠ 
ʠʥʬʦʨʤʠʨʦʚʘʥʠʷ 

ʆʪʚʝʪʳ 
ʘʙʦʥʝʥʪʦʚ 

ɼʘʥʥʳʝ 
ʚʥʝʰʥʠʭ 
ʩʠʩʪʝʤ 



189 
 

ʋɼʂ 621.74.045 

 

ʇʈʀʄɽʅɽʅʀɽ ɺʓʉʆʂʆʕʌʌɽʂʊʀɺʅʆɻʆ ʄɽʊʆɼɸ 

ɿɸɻʆʊʆɺʀʊɽʃʔʅʆɻʆ ʇʈʆʀɿɺʆɼʉʊɺɸ 

ɼʃʗ ʀɿɻʆʊʆɺʃɽʅʀʗ ʅɸʋʂʆɽʄʂʀʍ ʀɿɼɽʃʀʁ 

 

ɸ.ʂ. ʉʝʚʦʩʪʴʷʥʦʚ
1
, ʉ.ɺ. ɸʢʤʘʤʝʜʦʚʘ

2
, ɽ.ɺ. ʂʦʪʫʢʦʚ

3
, ʆ.ʅ. ʂʠʨʠʣʣʦʚ

4
 

1
ʄʘʛʠʩʪʨʘʥʪ ʛʨ. ʤʊʄ-11, Alex1235e@yandex.ru 

2
ʄʘʛʠʩʪʨʘʥʪ ʛʨ. ʤʊʄ-11, svetlana.akmamedova@mail.ru 

3ɸʩʧʠʨʘʥʪ evgeniy_kotukov@icloud.com 
4
ɼ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, kirillov .olli@yandex.ru 

ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 
ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʝʪʦʜ ʣʠʪʴʷ ʧʦ ʚʳʧʣʘʚʣʷʝʤʳʤ ʤʦʜʝʣʷʤ, ʧʨʠʤʝʥʷʝʤʳʡ ʧʨʠ 

ʠʟʛʦʪʦʚʣʝʥʠʠ ʠʟʜʝʣʠʡ ʥʘ ɸʆ ʂɹʍɸ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʣʠʪʴʝ, ʤʦʜʝʣʴ, ʦʪʣʠʚʢʘ, ʣʦʧʘʪʢʠ, ɾʈɼ, ʧʣʘʚʠʣʴʥʘʷ ʧʝʯʴ.   

 

ʃʠʪʴʝ ʧʦ ʚʳʧʣʘʚʣʷʝʤʳʤ ʤʦʜʝʣʷʤ (ʃɺʄ) ʧʦʣʫʯʠʣʦ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ, ʟʘ ʩʯʝʪ ʧʦʣʫʯʝʥʠʷ ʠʟ ʣʶʙʳʭ ʩʧʣʘʚʦʚ, 

ʩʣʦʞʥʳʭ ʧʦ ʬʦʨʤʝ ʦʪʣʠʚʦʢ, ʤʘʩʩʦʡ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʛʨʘʤʤʦʚ ʜʦ ʜʝʩʷʪʢʦʚ 

ʢʠʣʦʛʨʘʤʤʦʚ, ʩ ʪʦʣʱʠʥʦʡ ʩʪʝʥʢʠ ʤʝʥʝʝ 1ʤʤ. ʐʝʨʦʭʦʚʘʪʦʩʪʴ ʧʨʠ ʜʘʥʥʦʤ 

ʤʝʪʦʜʝ ʧʦʣʫʯʝʥʠʷ ʟʘʛʦʪʦʚʦʢ ʩʦʩʪʘʚʣʷʝʪ ʦʪ Ra=20 ʤʢʤ ʜʦ Ra=1,25 ʤʢʤ,                            

ʩ ʪʦʯʥʦʩʪʴʶ ʨʘʟʤʝʨʦʚ ʜʦ 9-10 ʢʚʘʣʠʪʝʪʦʚ (IT). ʋʢʘʟʘʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʜʘʶʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʙʣʠʟʠʪʴ ʦʪʣʠʚʢʫ ʢ ʛʦʪʦʚʦʡ ʜʝʪʘʣʠ. ʄʝʪʦʜ ʃɺʄ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʠʪʴ ʦʪʣʠʪʫʶ ʜʝʪʘʣʴ, ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ 

ʦʙʨʘʙʦʪʢʘ ʢʦʪʦʨʦʡ ʧʝʨʝʜ ʩʙʦʨʢʦʡ ʥʝ ʧʦʪʨʝʙʫʝʪʩʷ [1]. 

ɺ ɸʆ ʂɹʍɸ ʣʠʪʴʝ ʧʦ ʚʳʧʣʘʚʣʷʝʤʳʤ ʤʦʜʝʣʷʤ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʨʘʟʣʠʯʥʦʛʦ ʚʠʜʘ ʠʟʜʝʣʠʡ. ʎʝʭ ʪʦʯʥʦʛʦ ʣʠʪʴʷ ʧʦ ʃɺʄ 

ʠʟʛʦʪʘʚʣʠʚʘʝʪ ʦʪʣʠʚʢʠ ʜʝʪʘʣʝʡ ʠʟ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʩʪʘʣʝʡ ʠ ʞʘʨʦʧʨʦʯʥʳʭ 

ʩʧʣʘʚʦʚ ʥʘ ʥʠʢʝʣʝʚʦʡ ʦʩʥʦʚʝ [2]: 

- ʢʨʳʣʴʯʘʪʢʠ, ʨʘʙʦʯʠʝ ʢʦʣʝʩʘ ʪʫʨʙʠʥʳ; 

- ʩʦʧʣʦʚʳʝ ʠ ʥʘʧʨʘʚʣʷʶʱʠʝ ʘʧʧʘʨʘʪʳ; 

- ʢʦʨʧʫʩʥʳʝ ʜʝʪʘʣʠ ʘʛʨʝʛʘʪʦʚ ʠ ʜʨʫʛʠʭ ʠʟʜʝʣʠʡ. 

ʇʨʦʜʫʢʮʠʷ, ʢʦʪʦʨʘʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʮʝʭʝ ʣʠʪʴʷ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʩʣʦʞʥʳʤʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʬʦʨʤʘʤʠ. ʇʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʯʘʝʤ ʠʟʜʝʣʠʷ                

ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʟʘʜʘʥʥʳʭ ʨʘʟʤʝʨʦʚ ʠ ʯʠʩʪʦʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝ ʪʨʝʙʫʶʱʠʤʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. 

ʄʦʜʝʣʴʥʳʝ ʙʣʦʢʠ ʜʝʪʘʣʝʡ ʞʠʜʢʦʩʪʥʳʭ ʨʘʢʝʪʥʳʭ ʜʚʠʛʘʪʝʣʝʡ (ɾʈɼ) 

ʣʦʧʘʪʦʯʥʦʛʦ ʪʠʧʘ ʧʦʣʫʯʘʶʪ ʧʫʪʝʤ ʟʘʧʨʝʩʩʦʚʢʠ ʤʦʜʝʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʚ 

ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʧʨʝʩʩ-ʬʦʨʤʳ. ʄʦʜʝʣʠ ʠʟ ʚʦʩʢʘ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʧʨʝʩʩ-ʬʦʨʤʘʭ: 

ʩʘʤʘ ʦʪʣʠʚʢʘ, ʵʣʝʤʝʥʪʳ ʣʠʪʥʠʢʦʚʦ-ʧʠʪʘʶʱʝʡ ʩʠʩʪʝʤʳ, ʩʦʙʠʨʘʶʪʩʷ ʚ 

ʤʦʜʝʣʴʥʳʡ ʙʣʦʢ. ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʳ ʤʦʜʝʣʴʥʳʝ ʙʣʦʢʠ ʜʝʪʘʣʝʡ ɾʈɼ [1]. 

mailto:Alex1235e@yandex.ru
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ʈʠʩ. 1. ʄʦʜʝʣʴʥʳʝ ʙʣʦʢʠ ʜʝʪʘʣʝʡ ɾʈɼ 

 

ɿʘʣʠʚʢʘ ʤʝʪʘʣʣʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʦʛʥʝʫʧʦʨʥʳʝ ʢʝʨʘʤʠʯʝʩʢʠʝ ʬʦʨʤʳ ʠʟ 

ʨʘʩʧʣʘʚʣʝʥʥʦʛʦ ʢʚʘʨʮʘ ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʅʘʧʦʣʥʠʪʝʣʝʤ ʬʦʨʤʳ 

ʷʚʣʷʝʪʩʷ ʩʫʩʧʝʥʟʠʷ ʠ ʦʙʩʳʧʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ: ʜʚʘ ʧʝʨʚʳʭ ʣʠʮʝʚʳʭ ʩʣʦʷ ʥʘ 

ʦʩʥʦʚʝ ʵʣʝʢʪʨʦʢʦʨʫʥʜʘ, ʧʦʩʣʝʜʫʶʱʠʝ ï ʩ ʨʘʩʧʣʘʚʣʝʥʥʳʤ ʢʚʘʨʮʝʤ. ʇʦʩʣʝ ʪʦʛʦ 

ʢʘʢ ʬʦʨʤʦʚʢʘ ʟʘʚʝʨʰʠʣʘʩʴ, ʩʣʝʜʫʝʪ ʩʫʰʢʘ ʢʘʞʜʦʛʦ ʧʦʣʫʯʝʥʥʦʛʦ ʩʣʦʷ ʥʘ 

ʚʦʟʜʫʭʝ. ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʥʘʥʝʩʝʥʥʳʭ ʩʣʦʝʚʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 7 ʜʦ 16.                  

ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʛʥʝʫʧʦʨʥʳʝ ʢʝʨʘʤʠʯʝʩʢʠʝ ʬʦʨʤʳ ʜʣʷ ʦʪʣʠʚʦʢ ʜʝʪʘʣʝʡ 

ɾʈɼ ʣʦʧʘʪʦʯʥʦʛʦ ʪʠʧʘ [1]. 

 

 
ʈʠʩ. 2. ʆʪʣʠʚʢʠ ɾʈɼ ʣʦʧʘʪʦʯʥʦʛʦ ʪʠʧʘ 

 

ʎʝʭ ʜʣʷ ʣʠʪʴʷ ʃɺʄ ʦʩʥʘʱʝʥ ʩʧʝʮʠʘʣʴʥʦʡ ʧʣʘʚʠʣʴʥʦʡ ʧʝʯʴʶ. ʆʥʘ 

ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʚʳʧʣʘʚʢʠ ʠ ʟʘʣʠʚʢʠ ʢʝʨʘʤʠʯʝʩʢʠʭ ʦʙʦʣʦʯʝʢ ʜʝʪʘʣʝʡ ɾʈɼ           

ʠʟ ʞʘʨʦʧʨʦʯʥʳʭ ʠ ʚʳʩʦʢʦʣʝʛʠʨʦʚʘʥʥʳʭ ʩʪʘʣʝʡ, ʥʘ ʦʩʥʦʚʝ ʥʠʢʝʣʷ. ʊʝʤʧʝʨʘʪʫʨʘ 

ʧʣʘʚʢʠ ʜʦ 1640Áʉ. ɽʤʢʦʩʪʴ ʪʠʛʣʷ ʜʦ 100 ʢʛ. ʈʘʙʦʯʝʝ ʜʘʚʣʝʥʠʝ ʚ ʧʣʘʚʠʣʴʥʦʡ 

ʢʘʤʝʨʝ ʦʪ 1ʭ10-3 ʜʦ 5ʭ10-4 ʤʤ ʨʪ.ʩʪ. ʊʝʤʧʝʨʘʪʫʨʘ ʬʦʨʤ ʧʝʨʝʜ ʟʘʣʠʚʢʦʡ:                   

900-940Áʉ. ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʣʘʚʠʣʴʥʳʝ ʧʝʯʠ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝ [2]. 
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ʈʠʩ. 3. ʇʣʘʚʠʣʴʥʳʝ ʧʝʯʠ 

 

ʂʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʤʝʪʘʣʣʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʭʠʤʠʯʝʩʢʠʤ, 

ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʤ, ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʳʤ, ʩʧʝʢʪʨʘʣʴʥʳʤ ʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ 

ʠʩʧʳʪʘʥʠʷʤʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʂʘʯʝʩʪʚʦ ʦʪʣʠʚʦʢ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ 

ʢʘʧʠʣʣʷʨʥʦʡ ʜʝʬʝʢʪʦʩʢʦʧʠʝʡ, ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʃɺʄ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʩʣʦʞʥʳʝ 

ʪʦʥʢʦʩʪʝʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʲʝʜʠʥʠʪʴ ʜʝʪʘʣʠ ʚ 

ʮʝʣʴʥʦʣʠʪʳʝ ʫʟʣʳ. ʋʤʝʥʴʰʘʝʪ ʛʘʙʘʨʠʪʳ ʠʟʜʝʣʠʷ ʠ ʝʛʦ ʤʘʩʩʫ. ʉ ʧʦʤʦʱʴʶ 

ʤʝʪʦʜʘ ʃɺʄ ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʠʟʜʝʣʠʷ, ʠʟʛʦʪʦʚʣʝʥʠʝ ʢʦʪʦʨʳʭ ʚʳʧʦʣʥʠʪʴ ʢʘʢʠʤ-

ʣʠʙʦ ʜʨʫʛʠʤ ʩʧʦʩʦʙʦʤ ʥʝʚʦʟʤʦʞʥʦ. ʅʘ ʨʠʩ. 4 ʧʨʠʚʝʜʝʥʳ ʪʠʧʦʚʳʝ ʠʟʜʝʣʠʷ, 

ʧʦʣʫʯʝʥʥʳʝ ʣʠʪʴʝʤ ʧʦ ʚʳʧʣʘʚʣʷʝʤʳʤ ʤʦʜʝʣʷʤ [2]. 

 

 
ʈʠʩ. 4. ʀʟʜʝʣʠʷ ʣʦʧʘʪʦʯʥʦʛʦ ʪʠʧʘ, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʃɺʄ: 

ʢʨrʣʴʯʘʪʢʠ, ʪʫʙʠʥʳ, ʢʦʨʧʫʩʘ 

 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʐʢʣʝʥʥʠʢ ʗ.ʀ.. ʆʟʝʨʦʚ ɺ.ɸ. ʃʠʪʴʝ ʧʦ ʚʳʧʣʘʚʣʷʝʤʳʤ ʤʦʜʝʣʷʤ // ʧʦʜ 

ʨʝʜ. ʗ.ʀ. ʐʢʣʝʥʥʠʢʘ ï 3-ʝ ʠʟʜ., ʧʝʨʝʨʘʙ. ï ʄ: ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ. ʄʦʩʢʚʘ, 1984 

ʛ. ï 408 ʩ., ʩ ʠʣ. 

2. ʈʝʞʠʤ ʜʦʩʪʫʧʘ: http://otlivka.info/foundries/kbha 
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2
ɸʆ çʂʦʥʩʪʨʫʢʪʦʨʩʢʦʝ ʙʶʨʦ ʭʠʤʘʚʪʦʤʘʪʠʢʠè 

 
ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʧʨʝʩʩʘ  ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʟʘʛʦʪʦʚʦʢ ʜʣʷ ɾʈɼ ʠ ʜʨʫʛʠʭ ʦʪʨʘʩʣʝʡ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʰʪʘʤʧʦʚʢʘ, ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʧʨʝʩʩ, ʧʨʠʚʦʜ, ʛʘʟʦʚʦʜ, ʰʘʨʦʙʘʣʣʦʥʳ, 

ʰʚʝʣʣʝʨʳ. 

 

ɺ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ ʠ ʛʦʪʦʚʳʭ ʜʝʪʘʣʝʡ 

ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʰʪʘʤʧʦʚʘʥʥʳʝ ʠʟʜʝʣʠʷ ʠʟ ʣʠʩʪʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʃʠʩʪʦʚʘʷ ʰʪʘʤʧʦʚʢʘ ï ʵʪʦ ʥʝʦʪʲʝʤʣʝʤʘʷ ʯʘʩʪʴ ʩʦʚʨʝʤʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʤʝʪʘʣʣʦʚ ʜʘʚʣʝʥʠʝʤ, ʪʘʢ ʢʘʢ ʦʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴ-

ʥʦʩʪʴʶ, ʩʪʘʙʠʣʴʥʳʤ ʢʘʯʝʩʪʚʦʤ ʠ ʥʘʜʝʞʥʦʩʪʴʶ ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʦʡ 

ʩʝʙʝʩʪʦʠʤʦʩʪʠ. 

ɺ ɸʆ ʂɹʍɸ ʚ ʢʘʯʝʩʪʚʝ ʣʠʩʪʦʰʪʘʤʧʦʚʦʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʠʤʝʥʷʶʪ 

ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʧʨʝʩʩ ʇ236.ʆʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʯʝʪʳʨʝʭʢʦʣʦʥʥʳʡ 

ʣʠʩʪʦʰʪʘʤʧʦʚʦʯʥʳʡ ʧʨʝʩʩ ʜʚʦʡʥʦʛʦ ʜʝʡʩʪʚʠʷ ʩ ʧʨʠʞʠʤʥʳʤ ʥʘʨʫʞʥʳʤ ʠ 

ʚʳʪʷʞʥʳʤ ʚʥʫʪʨʝʥʥʠʤ ʧʦʣʟʫʥʘʤʠ, ʜʣʷ ʦʧʝʨʘʮʠʡ ʛʦʨʷʯʝʡ, ʭʦʣʦʜʥʦʡ ʠ ʛʣʫʙʦʢʦʡ 

ʚʳʪʷʞʢʠ. ɺ ʜʘʥʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʠʤʝʝʪʩʷ ʧʦʧʝʨʝʯʠʥʘ ʠ ʛʠʜʨʦʧʦʜʫʰʢʘ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʨʝʩʩʫ ʨʘʙʦʪʘʪʴ ʩ ʜʚʦʡʥʳʤʫʩʠʣʠʝʤ [1]. 

ɻʠʜʨʦʧʦʜʫʰʢʘ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʮʠʣʠʥʜʨʦʚ, ʫʢʨʝʧʣʝʥʥʳʭ ʚ ʧʦʜʚʠʞʥʦʡ 

ʧʦʧʝʨʝʯʠʥʝ. ʇʣʫʥʞʝʨʳ ʮʠʣʠʥʜʨʦʚ ʟʘʢʨʝʧʣʷʶʪʩʷ ʥʘ ʥʝʧʦʜʚʠʞʥʦ ʠ ʩʚʷʟʘʥʥʳ,              

ʩ ʧʦʤʦʱʴʶ ʢʦʣʦʥʦʢ, ʩ ʚʳʪʷʞʥʦʡ ʧʦʧʝʨʝʯʠʥʦʡ ʧʨʝʩʩʘ. ɻʠʜʨʦʧʨʠʚʦʜ ʇ236 ï 

ʥʘʩʦʩʥʳʡ. ɺ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʧʨʠʤʝʥʷʝʪʩʷ ʤʠʥʝʨʘʣʴʥʦʝ ʤʘʩʣʦ [1]. 

ɺʳʜʚʠʞʥʦʡ ʩʪʦʣ ʰʪʘʤʧʦʚʦʯʥʦʡ ʤʘʰʠʥʳ ʩʣʫʞʠʪ ʜʣʷ ʫʜʦʙʩʪʚʘ ʩʤʝʥʳ 

ʦʩʥʘʩʪʢʠ ʠ ʫʩʪʘʥʦʚʢʠ ʠʟʜʝʣʠʷ, ʘ ʙʦʢʦʚʦʡ ʚʳʪʘʣʢʠʚʘʪʝʣʴ ï ʜʣʷ ʩʲʝʤʘ ʠʟʜʝʣʠʷ 

ʚʥʝ ʧʨʝʩʩʘ. ʉʪʦʣ ʧʝʨʝʤʝʱʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʜʚʫʭ ʮʠʣʠʥʜʨʦʚ ʧʣʫʥʞʝʨʥʦʛʦ ʪʠʧʘ 

ʠ ʜʣʷ ʝʛʦ ʟʘʤʝʜʣʝʥʠʷ ʚ ʢʦʥʮʝ ʭʦʜʘ ʧʨʠʤʝʥʷʝʪʩʷ ʜʨʦʩʩʝʣʠʨʦʚʘʥʥʳʡ ʧʦʪʦʢ 

ʞʠʜʢʦʩʪʠ ʚ ʮʠʣʠʥʜʨʝ ʧʨʠʚʦʜʘ [2]. 

ɻʠʜʨʘʚʣʠʯʝʩʢʠʡ ʧʨʝʩʩ ʤʦʞʝʪ ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴʩʷ ʠ ʚ ʨʝʞʠʤʝ ʧʨʦʩʪʦʛʦ 

ʜʝʡʩʪʚʠʷ ʩʠʣʦʡ 30 ʤʅ ʧʨʠ ʩʤʳʢʘʥʠʠ ʧʦʣʟʫʥʦʚ ʛʠʜʨʦʤʝʭʘʥʠʯʝʩʢʠʤ ʟʘʤʢʦʤ [2]. 

ɺ ʪʘʙʣʠʮʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʝʩʩʘ. 

 

 

 

 



193 
 

ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʝʩʩʘ [2] 
ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʠʝ 

ɻʘʙʘʨʠʪʳ (ɼʭʐʭɺ), ʤʤ 18750ʭ10560ʭ16400 

ʍʦʜ ʧʦʣʟʫʥʘ, ʤʤ 2500 

ʐʠʨʠʥʘ ʩʪʦʣʘ, ʤʤ 3550 

ɼʣʠʥʘ ʩʪʦʣʘ, ʤʤ 3550 

ʅʦʤʠʥʘʣʴʥʦʝ ʫʩʠʣʠʝ, ʢʅ 1600 

ʉʢʦʨʦʩʪʴ ʧʦʜʚʠʞʥʳʭ ʪʨʘʚʝʨʩ ʧʨʠ ʜʚʦʡʥʦʤ                    

ʠ ʧʨʦʩʪʦʤ ʜʝʡʩʪʚʠʠ, ʤʤ/ʩ: 

 

ʍʦʣʦʩʪʦʡ ʭʦʜ 200 

ʆʙʨʘʪʥʳʡ ʭʦʜ 125 

ʆʪʢʨʳʪʘʷ ʚʳʩʦʪʘ, ʤʤ 2500 

ʅʦʤʠʥʘʣʴʥʦʝ ʫʩʠʣʠʝ ʛʠʜʨʦʧʦʜʫʰʢʠ, ʢʅ 5000 

ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʪʦʣʦʤ ʠ ʧʦʣʟʫʥʦʤ, ʤʤ 3900 

ʄʦʱʥʦʩʪʴ, ʢɺʪ 434 

ʄʘʩʩʘ, ʢʛ 582000 

ɻʦʜ ʧʨʦʠʟʚʦʜʩʪʚʘ 1974 

 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʧʨʝʩʩʘ 

ʂʘʢ ʪʦʣʴʢʦ ʟʘʛʦʪʦʚʢʘ ʫʩʪʘʥʦʚʣʝʥʘ ʚ ʟʦʥʫ ʦʙʨʘʙʦʪʢʠ ʧʨʝʩʩʘ, ʚʢʣʶʯʘʝʪʩʷ 

ʥʘʩʦʩ ʠ ʥʘʯʠʥʘʝʪʩʷ ʥʘʛʥʝʪʘʥʠʝ ʤʘʩʣʘ ʚ ʛʠʜʨʦʩʠʩʪʝʤʫ. 

ʇʦʩʣʝ ʜʦʩʪʠʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʮʠʣʠʥʜʨʝ, ʧʦ ʥʘʧʨʘʚʣʷʶʱʠʤ 

ʢʦʣʦʥʘʤ, ʧʣʫʥʞʝʨ ʚʤʝʩʪʝ ʩ ʪʨʘʚʝʨʩʦʡ, ʥʘʯʠʥʘʶʪ ʜʚʠʛʘʪʴʩʷ ʚʥʠʟ. ɺ ʥʠʞʥʝʡ 

ʪʦʯʢʝ ʨʘʙʦʯʝʡ ʟʦʥʳ ʪʨʘʚʝʨʩʘ ʩ ʫʩʠʣʠʝʤ ʧʨʠʞʠʤʘʝʪ ʚʝʨʭʥʶʶ ʯʘʩʪʴ ʰʪʘʤʧʘ                   

ʢ ʟʘʛʦʪʦʚʢʝ. ɼʘʣʝʝ ʧʨʦʠʩʭʦʜʠʪ ʨʝʞʠʤ ʧʝʨʝʢʣʶʯʝʥʠʷ ʨʘʙʦʪʳ ʧʨʝʩʩʘ: ʪʨʘʚʝʨʩʘ 

ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʠʩʭʦʜʥʦʝ ʧʦʣʦʞʝʥʠʝ, ʚʳʢʣʶʯʘʝʪʩʷ ʛʠʜʨʦʥʘʩʦʩ, ʘ ʞʠʜʢʦʩʪʴ 

ʧʦʜʘʝʪʩʷ ʚ ʚʦʟʚʨʘʪʥʳʝ ʮʠʣʠʥʜʨʳ. ɺ ʟʘʚʝʨʰʝʥʠʠ ʧʨʠʤʝʥʷʝʪʩʷ ʫʩʪʨʦʡʩʪʚʦ 

ʚʳʪʘʣʢʠʚʘʥʠʷ ʟʘʛʦʪʦʚʢʠ ʠʟ ʥʠʞʥʝʡ ʯʘʩʪʠ ʰʪʘʤʧʘ [3]. 

ʅʘ ʨʠʩʫʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥ ʣʠʩʪʦʰʪʘʤʧʦʚʦʯʥʳʡ ʧʨʝʩʩ ʇ236. 

 

 
ʇʨʝʩʩ ʣʠʩʪʦʰʪʘʤʧʦʚʦʯʥʳʡ ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʇ236 
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ɺ ɸʆ ʂɹʍɸ ʧʨʝʩʩ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʛʘʟʦʚʦʜʦʚ, 

ʰʘʨʦʙʘʣʣʦʥʦʚ, ʰʚʝʣʣʝʨʦʚ, ʘ ʪʘʢʞʝ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʝʟʝʨʚʫʘʨʦʚ, ʢʦʪʣʦʚ, ʜʥʠʱ 

ʠ ʜʨʫʛʠʭ ʠʟʜʝʣʠʡ. 

ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ ʚʠʜʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠʤʝʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ:  

- ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʧʨʠʚʦʜʘ; 

- ʣʝʛʢʦʩʪʴ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʦʧʝʨʘʮʠʡ ʧʨʠ ʟʘʜʘʥʥʦʤ ʨʝʞʠʤʝ; 

- ʚʳʩʦʢʘʷ ʧʝʨʝʜʘʚʘʝʤʘʷ ʤʦʱʥʦʩʪʴ; 

- ʙʦʣʴʰʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʠʭ ʫʩʠʣʠʡ. 

ʀʟ ʥʝʜʦʩʪʘʪʢʦʚ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʝʝ: 

- ʥʝʚʳʩʦʢʦʝ ʂʇɼ; 

- ʩʣʦʞʥʦʩʪʠ ʚ ʦʙʩʣʫʞʠʚʘʥʠʠ ʧʨʝʩʩʘ; 

- ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʧʨʠ ʝʝ ʧʝʨʝʜʘʯʝ ʥʘ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ.  

ɺ ʭʦʜʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʨʠʚʦʜʘ, ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʠ ʜʨʫʛʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʝʩʩʘ ʇ236, ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ ʤʦʞʥʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʪʴ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ 

ʵʪʠʭ ʥʝʜʦʩʪʘʪʢʦʚ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʫʜʘ, ʩʥʠʟʠʪʴ 

ʠʟʜʝʨʞʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. 
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ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 
ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʥʝʨʘʟʨʫʰʘʶʱʠʝ ʤʝʪʦʜʳ ʢʦʥʪʨʦʣʷ ʧʨʠʤʝʥʷʝʤʳʝ ʚ ɸʆ 

ʂɹʍɸ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʥʘʫʢʦʝʤʢʠʭ ʠʟʜʝʣʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʥʪʨʦʣʴ, ʥʝʨʘʟʨʫʰʘʶʱʠʡ ʢʦʥʪʨʦʣʴ (ʅʂ), ʨʘʜʠʦʛʨʘʬʠʯʝʩʢʠʡ 

ʢʦʥʪʨʦʣʴ, ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʝ, ɸʆ ʂɹʍɸ, çɸʨʪʠʢʦʥ ɺè. 

 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʙʦʨʦʯʥʳʭ ʝʜʠʥʠʮ, ʫʟʣʦʚ ʠ 

ʘʛʨʝʛʘʪʦʚ, ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ ʩʚʦʝʚʨʝʤʝʥʥʦʝ 

ʦʙʥʘʨʫʞʝʥʠʝ ʜʝʬʝʢʪʦʚ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ ʠ ʦʨʛʘʥʠʟʘʮʠʷ ʢʦʥʪʨʦʣʷ ʟʘ 

ʨʘʟʚʠʪʠʝʤ ʵʪʠʭ ʜʝʬʝʢʪʦʚ. ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʦʪ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʟʜʝʣʠʡ ʩ ʜʝʬʝʢʪʘʤʠ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘʪʠʯʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʤʝʪʦʜʦʚ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ. 

ʅʝʨʘʟʨʫʰʘʶʱʠʡ ʢʦʥʪʨʦʣʴ (ʅʂ) ï ʵʪʦ ʧʨʦʚʝʨʢʘ ʥʘʜʝʞʥʦʩʪʠ ʦʙʲʝʢʪʘ, ʝʛʦ 

ʦʪʜʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʵʣʝʤʝʥʪʦʚ ʤʝʪʦʜʘʤʠ, ʢʦʪʦʨʳʝ ʥʝ ʪʨʝʙʫʶʪ 

ʢʘʨʜʠʥʘʣʴʥʦʡ ʨʘʟʙʦʨʢʠ ʠʣʠ ʚʨʝʤʝʥʥʦʛʦ ʚʳʚʝʜʝʥʠʷ ʠʟ ʩʪʨʦʷ. 

ʉʦʛʣʘʩʥʦ ɻʆʉʊ 56542 ï 2015, ʅʂ ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʥʘ [1]: 

- ʤʘʛʥʠʪʥʳʡ; 

- ʦʧʪʠʯʝʩʢʠʡ; 

- ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ (ʋɿʂ); 

- ʵʣʝʢʪʨʠʯʝʩʢʠʡ; 

- ʨʘʜʠʦʛʨʘʬʠʯʝʩʢʠʡ (ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʠʡ); 

- ʢʘʧʧʠʣʷʨʥʳʡ; 

- ʚʠʙʨʘʮʠʦʥʥʳʡ. 

ɺ ɸʆ ʂɹʍɸ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʅʂ ʷʚʣʷʶʪʩʷ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ, ʚʠʙʨʘʮʠʦʥʥʳʡ, ʢʘʧʧʠʣʷʨʥʳʡ ʠ ʨʘʜʠʦʛʨʘʬʠʯʝʩʢʠʡ. ʈʘʩʩʤʦʪʨʠʤ 

ʨʘʜʠʦʛʨʘʬʠʯʝʩʢʠʡ ʤʝʪʦʜ ʢʦʥʪʨʦʣʷ. ɼʘʥʥʳʡ ʚʠʜ ʢʦʥʪʨʦʣʷ ʙʘʟʠʨʫʝʪʩʷ ʥʘ 

ʘʢʪʠʚʥʦʩʪʠ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʪʦʣʱʠʥʳ ʧʦʛʣʦʱʘʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ, 

ʢʦʪʦʨʳʡ ʦʥʠ ʧʨʦʩʚʝʯʠʚʘʶʪ. ʅʝʨʘʚʥʦʤʝʨʥʦʝ ʧʦʛʣʦʱʝʥʠʝ ʠʟʣʫʯʝʥʠʷ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʣʠʯʠʠ ʜʝʬʝʢʪʦʚ ʥʘ ʦʙʲʝʢʪʝ ʢʦʥʪʨʦʣʷ. 

ʃʫʯʠ, ʢʦʪʦʨʳʝ ʨʘʩʧʨʝʜʝʣʝʥʳ ʠ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʥʘ ʧʣʝʥʢʝ ʧʦʟʚʦʣʷʶʪ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʥʫʪʨʝʥʥʝʝ ʩʪʨʦʝʥʠʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʠʟʜʝʣʠʷ. 

ʇʨʦʥʠʢʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʫʯʝʡ ʟʘʚʠʩʠʪ ʦʪ ʧʣʦʪʥʦʩʪʠ 

ʠʩʩʣʝʜʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʧʦʛʣʦʱʘʶʪ ʠʭ ʧʦ-ʨʘʟʥʦʤʫ. ʀʟʤʝʨʠʪʴ ʠʭ 

ʤʦʞʥʦ ʚ ʤʦʤʝʥʪ ʚʳʭʦʜʘ ʩ ʦʙʨʘʪʥʦʡ ʩʪʦʨʦʥʳ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ [2]. 
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ʇʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʢʦʥʪʨʦʣʷ ʠʟʜʝʣʠʝ 

ʦʯʠʱʘʶʪ ʦʪ ʨʞʘʚʯʠʥʳ ʠ ʜʨʫʛʠʭ ʧʦʩʪʦʨʦʥʥʠʭ ʜʝʬʝʢʪʦʚ, ʧʨʦʚʦʜʷʪ ʚʠʟʫʘʣʴʥʳʡ 

ʦʩʤʦʪʨ ʠ ʜʝʣʘʶʪ ʨʘʟʤʝʪʢʫ ʦʙʲʝʢʪʦʚ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɼʘʣʝʝ 

ʚʢʣʶʯʘʶʪ ʘʧʧʘʨʘʪʫʨʫ ʠ ʧʨʦʚʦʜʷʪ ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʚ 

ʢʦʪʦʨʦʤ ʛʘʤʤʘ-ʣʫʯʠ ʧʨʦʥʠʢʘʶʪ ʚ ʨʘʟʤʝʯʝʥʥʳʝ ʫʯʘʩʪʢʠ ʠʟʜʝʣʠʷ ʠ 

ʧʨʦʩʚʝʯʠʚʘʶʪ ʝʛʦ. ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʨʝʟʫʣʴʪʘʪʳ ʚʳʚʦʜʷʪʩʷ ʥʘ 

ʵʢʨʘʥ ʠʣʠ ʨʝʥʪʛʝʥʦʚʩʢʫʶ ʧʣʝʥʢʫ, ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ ʠ ʧʦʪʦʤ ʦʪʚʦʟʷʪʩʷ ʚ 

ʘʨʭʠʚʳ ʜʣʷ ʭʨʘʥʝʥʠʷ [2]. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʜʘʥʥʦʛʦ ʚʠʜʘ ʅʂ ʚ ɸʆ ʂɹʍɸ ʧʨʠʤʝʥʷʝʪʩʷ 

ʨʝʥʪʛʝʥʦʪʝʣʝʚʠʟʠʦʥʥʳʡ ʢʦʤʧʣʝʢʩ çɸʨʪʠʢʦʥ ɺè. ʆʥ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʨʝʥʪʛʝʥʦʪʝʣʝʚʠʟʠʦʥʥʦʛʦ ʢʦʥʪʨʦʣʷ (ʈʊʂ) ʠʟʜʝʣʠʡ ʚ ʬʦʨʤʝ ʧʦʣʳʭ 

ʪʝʣ ʚʨʘʱʝʥʠʷ ʩ ʧʨʦʩʚʝʯʠʚʘʥʠʝʤ ʯʝʨʝʟ ʦʜʥʫ ʩʪʝʥʢʫ ʧʦʩʣʦʡʥʦ ʚ ʨʝʞʠʤʝ 

çʦʥʣʘʡʥè, ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʩʰʠʚʢʠ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʚʠʜʝ ʨʘʟʚʝʨʪʢʠ, ʘ ʪʘʢʞʝ 

ʧʦʢʘʜʨʦʚʦ. 

ʉ ʫʯʝʪʦʤ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʵʣʝʤʝʥʪʦʚ ʜʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʚʥʫʪʨʠ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʠʟʜʝʣʠʷ 

(ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʪʨʫʙʢʘ, ʥʘʧʨʘʚʣʷʶʱʘʷ ʝʝ ʜʚʠʞʝʥʠʷ, ʚʳʩʦʢʦʚʦʣʴʪʥʳʡ ʢʘʙʝʣʴ) 

ʤʠʥʠʤʘʣʴʥʳʡ ʜʠʘʤʝʪʨ ʚʝʨʭʥʝʛʦ ʦʪʚʝʨʩʪʠʷ ʠʟʜʝʣʠʷ ʤʦʞʝʪ ʙʳʪʴ ʪʦʣʴʢʦ ʥʝ ʤʝʥʝʝ 

250 ʤʤ. ʂʦʥʪʨʦʣʴ ʠʟʜʝʣʠʡ ʩ ʤʝʥʴʰʠʤ ʚʝʨʭʥʠʤ ʜʠʘʤʝʪʨʦʤ ʜʦʣʞʝʥ 

ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʧʦ ʜʨʫʛʦʡ ʩʭʝʤʝ (ʯʝʨʝʟ ʜʚʝ ʩʪʝʥʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʘʥʠʧʫʣʷʪʦʨʘ, ʢʦʪʦʨʳʡ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʜʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ). ʅʘ ʨʠʩ. 1 

ʧʨʝʜʩʪʘʚʣʝʥ ʢʦʤʧʣʝʢʩ çɸʨʪʠʢʦʥ ɺè. 

 

 
ʈʠʩ. 1. ʈʝʥʪʛʝʥʦʪʝʣʝʚʠʟʠʦʥʥʳʡ ʢʦʤʧʣʝʢʩ çɸʨʪʠʢʦʥ ɺè 

 

 

ɼʘʥʥʳʡ ʢʦʤʧʣʝʢʩ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ: 

- ʫʩʪʨʦʡʩʪʚʘ ʧʝʨʝʤʝʱʝʥʠʷ ʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʪʨʫʙʢʠ; 

- ʫʩʪʨʦʡʩʪʚʦ ʚʨʘʱʝʥʠʷ ʠʟʜʝʣʠʷ; 

- ʪʝʣʝʚʠʟʠʦʥʥʫʶ ʩʠʩʪʝʤʫ ʚʥʫʪʨʝʥʥʝʛʦ ʦʙʟʦʨʘ ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ ʟʘ 

ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʵʣʝʤʝʥʪʦʚ ʢʦʤʧʣʝʢʩʘ ʠ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ; 
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- ʤʘʥʠʧʫʣʷʪʦʨ ʩ ʧʷʪʴʶ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ; 

- ʢʦʤʧʣʝʢʪ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʤʝʥʪʘʤʠ ʂʈʊʂ; 

- ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʧʦʧʘʨʥʦ ʥʝʟʘʚʠʩʠʤʳʝ ʰʪʦʨʢʠ ʈ30ʇɸ ʥʘ 160ʢɺ. 

ɼʘʥʥʳʡ ʚʠʜ ʦʙʦʨʫʜʦʚʘʥʠʷ ʨʘʩʩʯʠʪʘʥ ʥʘ ʨʘʙʦʪʫ ʚ ʦʪʘʧʣʠʚʘʝʤʦʤ 

ʧʦʤʝʱʝʥʠʠ ʚ ʮʝʭʦʚʳʭ ʫʩʣʦʚʠʷʭ. ɺ ʪʘʙʣʠʮʝ ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʜʣʷ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʦʤʧʣʝʢʩʘ. 

 

ʇʘʨʘʤʝʪʨʳ ʨʘʙʦʪʳ ʢʦʤʧʣʝʢʩʘ çɸʨʪʠʢʦʥ ɺè 
ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʠʝ 

ʈʝʞʠʤ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʅʝʧʨʝʨʳʚʥʳʡ, ʪʨʝʭʩʤʝʥʥʳʡ 

ʊʝʤʧʝʨʘʪʫʨʘ ʨʘʙʦʪʳ +10Á - +40Á 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ  ʜʦ 80% ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ +25Á 

ɸʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ 84-107 ʢʇʘ (630-800 ʤʤ ʨʪ.ʩʪ.) 

ʅʘʣʠʯʠʝ ʚʝʥʪʠʣʷʮʠʠ ʜʘ (ʧʨʠʪʦʯʥʦ-ʚʳʪʷʞʥʘʷ) 

 

ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʢʦʤʧʦʥʦʚʢʠ ʢʦʤʧʣʝʢʩʘ (ʇʨʦʩʚʝʯʠʚʘʥʠʝ 

ʩʙʦʨʦʯʥʦʡ ʝʜʠʥʠʮʳ ʦʞʠʚʘʣʴʥʦʡ ʬʦʨʤʳ). 
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ʈʠʩ. 2 . ʂʦʤʧʦʥʦʚʢʘ ʢʦʤʧʣʝʢʩʘ: 1 ï ʦʩʥʦʚʘʥʠʝ ʫʩʪʨʦʡʩʪʚʘ ʧʝʨʝʤʝʱʝʥʠʷ ʈʕʆʇʘ; 

2 ï ʤʦʪʦʨ-ʨʝʜʫʢʪʦʨ ʧʝʨʝʤʝʱʝʥʠʷ ʈʕʆʇʘ; 3 ï ʈɽʆʇ ʨʝʥʪʛʝʥʦʪʝʣʝʚʠʟʠʦʥʥʦʡ 

ʩʠʩʪʝʤʳ ʂʆʅʊʈɸʉʊ ʩʦ ʰʪʦʨʢʘʤʠ; 4 ï ʥʘʧʨʘʚʣʷʶʱʠʝ ʧʝʨʝʤʝʱʝʥʠʷ ʈʕʆʇʘ;                  

5 ï ʨʘʤʘ ʢʨʝʧʣʝʥʠʷ ʥʘʧʨʘʚʣʷʶʱʠʭ; 6 ï ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʪʨʫʙʢʘ; 7 ï 

ʥʘʧʨʘʚʣʷʶʱʠʝ ʧʝʨʝʤʝʱʝʥʠʷ ʨ/ʪʨʫʙʢʠ; 8 ï ʚʳʩʦʢʦʚʦʣʴʪʥʳʡ ʢʘʙʝʣʴ; 9 ï ʨʘʤʘ 

ʢʨʝʧʣʝʥʠʷ ʥʘʧʨʘʚʣʷʶʱʠʭ; 10 ï ʩʙʦʨʦʯʥʘʷ ʝʜʠʥʠʮʘ; 11 ï ʤʦʪʦʨ-ʨʝʜʫʢʪʦʨ 

ʧʝʨʝʤʝʱʝʥʠʷ ʪʨʫʙʢʠ; 12 ï ʤʦʪʦʨ-ʨʝʜʫʢʪʦʨ ʩ ʧʦʣʳʤ ʨʦʪʦʨʦʤ ʚʨʘʱʝʥʠʷ 

ʧʦʚʦʨʦʪʥʦʛʦ ʩʪʦʣʘ; 13 ï ʧʦʚʦʨʦʪʥʳʡ ʩʪʦʣ 
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ʇʨʝʠʤʫʱʝʩʪʚʘ ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ [3]: 

- ʚʳʷʚʣʝʥʠʝ ʜʝʬʝʢʪʦʚ (ʥʝʧʨʦʚʘʨʦʚ, ʨʘʢʦʚʠʥ), ʢʦʪʦʨʳʝ ʥʝʚʦʟʤʦʞʥʦ 

ʦʙʥʘʨʫʞʠʪʴ ʧʨʠ ʧʦʤʦʱʠ ʜʨʫʛʠʭ ʤʝʪʦʜʦʚ; 

- ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʣʦʢʘʣʠʟʘʮʠʠ ʜʝʬʝʢʪʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʠ 

ʵʬʬʝʢʪʠʚʥʦ ʧʨʦʚʝʩʪʠ ʨʝʤʦʥʪʥʳʝ ʨʘʙʦʪʳ; 

- ʦʙʲʝʢʪʠʚʥʘʷ ʦʮʝʥʢʘ ʚʝʣʠʯʠʥʳ ʚʳʧʫʢʣʦʩʪʠ ʠ ʚʦʛʥʫʪʦʩʪʠ ʚʘʣʠʢʦʚ 

ʫʩʠʣʝʥʠʷ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ; 

- ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʢʦʥʪʨʦʣʷ ʚʦʟʤʦʞʥʦ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ: ʩʧʣʘʚʦʚ, 

ʤʝʪʘʣʣʦʚ, ʤʠʥʝʨʘʣʦʚ ʠ ʜʨʫʛʠʭ ʚʝʱʝʩʪʚ; 

ʇʨʠ ʵʪʦʤ ʨʘʜʠʦʛʨʘʬʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʠʤʝʝʪ ʩʚʦʶ ʩʧʝʮʠʬʠʢʫ [3]: 

- ʜʦʣʞʥʳ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʞʠʤʳ; 

- ʧʨʘʚʠʣʴʥʦ ʦʧʨʝʜʝʣʝʥʳ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ: ʨʘʟʤʝʨ ʬʦʢʫʩʥʦʛʦ 

ʧʷʪʥʘ ʪʨʫʙʢʠ, ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʜʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ 

ʠʟʣʫʯʝʥʠʷ, ʬʦʢʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ; 

- ʟʘʜʘʥʳ ʚʝʨʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʪʘʢʠʝ, ʢʘʢ ʥʘʧʨʷʞʝʥʠʝ ʠ ʪʦʢ 

ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʪʨʫʙʢʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʷ, 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ [4,5], ʧʨʠʤʝʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʦʛʦ ʨʝʥʪʛʝʥʦʛʨʘ-

ʬʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʦʟʚʦʣʠʪ ʦʪʣʘʜʠʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ. ʏʪʦ                   

ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʠʚʝʜʝʪ ʢ ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʚʳʧʫʩʢʘʝʤʳʭ ʠʟʜʝʣʠʡ, 

ʩʦʢʨʘʱʝʥʠʶ ʙʨʘʢʘ, ʩʥʠʞʝʥʠʶ ʚʦʟʚʨʘʪʘ ʠʟʜʝʣʠʡ, ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʦʝʤʢʦʡ ʧʨʦʜʫʢʮʠʠ. 
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ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʧʦ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʳʤ ʠ ʧʨʠʥʷʪʳʤ ʢ ʚʥʝʜʨʝʥʠʶ 

ʥʦʚʳʤ ʧʨʦʮʝʩʩʘʤ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘʛʨʫʞʝʥʥʳʭ ʜʝʪʘʣʝʡ ʠ 

ʩʙʦʨʦʯʥʳʭ ʝʜʠʥʠʮ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʠ ʩʧʝʮʠʘʣʴʥʦʛʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʦʧʠʩʘʥʳ ʦʨʠʛʠʥʘʣʴʥʳʝ ʩʨʝʜʩʪʚʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʦʩʥʘʱʝʥʠʷ, ʧʦʢʘʟʘʥʳ ʧʝʨʩʧʝʢʪʠʚʳ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʩʰʠʨʝʥʠʷ ʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ ʚʣʠʷʥʠʷ ʥʘ ʧʦʚʳʰʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ ʠʟʜʝʣʠʡ. 
 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ, ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʫʧʨʦʯʥʝʥʠʝ, 

ʦʨʝʙʨʝʥʥʘʷ ʦʙʦʣʦʯʢʘ, ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʤʠʢʨʦʰʘʨʠʢʠ. 

 

ʇʨʠ ʩʦʟʜʘʥʠʠ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʫʩʪʘʥʦʚʦʢ ʜʚʠʛʘʪʝʣʝʡ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʪʝʭʥʦʣʦʛʠʠ - ʦʪ ʰʠʨʦʢʦ 

ʠʟʚʝʩʪʥʳʭ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʪʝʨʤʠʯʝʩʢʫʶ, ʣʝʟʚʠʡʥʫʶ ʦʙʨʘʙʦʪʢʫ ʠʣʠ 

ʧʣʘʩʪʠʯʝʩʢʦʝ ʜʝʬʦʨʤʠʨʦʚʘʥʠʝ, ʜʦ ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ 

ʢʦʤʙʠʥʘʮʠʷʭ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦʮʝʩʩʦʚ ʠʣʠ ʥʘ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʤʝʭʘʥʠʯʝʩʢʠʭ, 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ, ʭʠʤʠʯʝʩʢʠʭ, ʣʫʯʝʚʳʭ ʠ ʜʨʫʛʠʭ ʚʦʟʜʝʡʩʪʚʠʷʭ, ʦʙʲʝʜʠʥʝʥʥʳʭ                

ʚ ʦʜʠʥ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʧʨʦʮʝʩʩ.  

ʇʨʠ ʚʥʝʜʨʝʥʠʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ʪʝʭʥʦʣʦʛʠʡ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʘʭ ʦʙʨʘʙʦʪʢʠ, ʩʦʟʜʘʶʪʩʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʩʨʝʜʩʪʚʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʩʥʘʱʝʥʠʷ (ʉʊʆ)             

ʠ ʠʥʩʪʨʫʤʝʥʪ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʦʙʨʘʙʘʪʳʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʪʚʝʨʜʳʝ ʠ ʚʷʟʢʠʝ 

ʤʝʪʘʣʣʳ, ʞʘʨʦʧʨʦʯʥʳʝ ʩʪʘʣʠ ʠ ʩʧʣʘʚʳ, ʢʝʨʘʤʠʢʫ ʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ 

ʤʘʪʝʨʠʘʣʳ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʘʪʴ ʜʝʪʘʣʠ ʩʣʦʞʥʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʩ ʟʘʜʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʤʠʢʨʦʛʝʦʤʝʪʨʠʠ ʠ ʢʘʯʝʩʪʚʦʤ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ. ʀʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʚʘʪʴ ʠʟʜʝʣʠʷ            

ʩ ʚʳʩʦʢʠʤʠ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʤʠ ʢʘʯʝʩʪʚʘʤʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʚʳʩʦʢʠʡ 

ʪʝʭʥʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʥʦʚʦʡ ʪʝʭʥʠʢʠ.    

ʆʩʦʙʝʥʥʦ ʵʪʦ ʘʢʪʫʘʣʴʥʦ ʠ ʚʘʞʥʦ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠ 

ʩʦʚʝʨʰʝʥʥʳʭ ʚʳʩʦʢʦʵʢʦʥʦʤʠʯʥʳʭ ʵʥʝʨʛʦʫʩʪʘʥʦʚʦʢ ʠ ʜʚʠʛʘʪʝʣʝʡ. ʇʨʠ ʠʭ 

ʩʦʟʜʘʥʠʠ ʚʧʝʨʚʳʝ ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ ʧʝʨʝʜʦʚʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, 

ʧʦʪʨʝʙʦʚʘʚʰʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʮʝʣʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚʟʘʠʤʦʫʚʷʟʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʦʙʝʩʧʝʯʠʚʰʠʭ ʠʟʛʦʪʦʚʣʝʥʠʝ: 

- ʚʥʫʪʨʝʥʥʠʭ ʩʪʝʥʦʢ ʢʘʤʝʨ ʩʛʦʨʘʥʠʷ ʩ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʴʶ ʥʘ 

ʦʛʥʝʚʦʡ ʩʪʝʥʢʝ ʜʣʷ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʚʥʫʪʨʝʥʥʝʛʦ ʦʭʣʘʞʜʝʥʠʷ ʢʘʤʝʨʳ; 
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- ʚʥʫʪʨʝʥʥʠʭ ʩʪʝʥʦʢ ʩʦʧʝʣ ʨʘʢʝʪʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʤʝʪʦʜʦʤ ʨʦʪʘʮʠʦʥʥʦʛʦ 

ʚʳʜʘʚʣʠʚʘʥʠʷ ʩ ʧʨʝʜʝʣʴʥʦ ʤʠʥʠʤʘʣʴʥʳʤ ʜʦʧʫʩʢʦʤ (Ñ 0,06 ʤʤ) ʠʟ 

ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʩʪʘʣʝʡ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʬʨʝʟʝʨʦʚʘʥʠʝʤ ʨʝʙʝʨ ʠ ʦʙʨʘʙʦʪʢʦʡ ʧʦ 

ʨʝʙʨʘʤ ʤʝʭʘʥʠʯʝʩʢʠʤ ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤ ʩʧʦʩʦʙʘʤʠ. 

ʇʨʠ ʵʪʦʤ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʜʦʚʦʜʢʠ ʩ ʟʘʜʘʥ-

ʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʢʘʯʝʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʫʟʢʠʭ (ʤʝʥʝʝ 5 ʤʤ) 

ʤʝʞʣʦʧʘʪʦʯʥʳʭ ʢʘʥʘʣʦʚ ʪʫʨʙʠʥ, ʢʦʪʦʨʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ 

ʪʦʣʴʢʦ ʧʦ ʚʭʦʜʥʳʤ ʠ ʚʳʭʦʜʥʳʤ ʢʨʦʤʢʘʤ, ʥʝ ʧʨʦʨʘʙʘʪʳʚʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ 

ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʝ ʚʥʫʪʨʝʥʥʠʝ ʟʦʥʳ ʧʦʚʝʨʭʥʦʩʪʝʡ ʣʦʧʘʪʦʢ [1].  

 
ʈʠʩ. 1.  ʇʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʣʦʧʘʪʦʢ ʪʠʧʦʚʦʡ ʪʫʨʙʠʥʳ 

 

ʇʦ ʜʥʫ ʢʘʥʘʣʦʚ ʦʨʝʙʨʝʥʠʷ ʚʠʜʥʳ ʢʘʚʝʨʥʳ ʜʣʷ ʪʫʨʙʫʣʷʮʠʠ ʧʦʪʦʢʘ 

ʦʭʣʘʜʠʪʝʣʷ, ʢʦʪʦʨʳʝ ʚʳʧʦʣʥʷʶʪʩʷ ʪʨʫʜʦʝʤʢʠʤ ʵʣʝʢʪʨʦʵʨʦʟʠʦʥʥʳʤ ʤʝʪʦʜʦʤ 

(ʥʘ ʦʜʥʫ ʜʝʪʘʣʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʘʙʘʨʠʪʦʚ ʫʭʦʜʠʪ ʥʝʩʢʦʣʴʢʦ ʯʘʩʦʚ). ʕʪʦʡ 

ʦʧʝʨʘʮʠʠ ʧʨʝʜʰʝʩʪʚʫʝʪ ʪʨʫʜʦʝʤʢʦʝ ʫʜʘʣʝʥʠʝ ʟʘʫʩʝʥʮʝʚ ʧʦ ʢʨʦʤʢʘʤ ʨʝʙʝʨ, 

ʢʦʪʦʨʦʝ ʩʣʘʙʦ ʧʦʜʜʘʝʪʩʷ ʤʝʭʘʥʠʟʘʮʠʠ (ʦʧʷʪʴ ʞʝ ʚ ʪʝʯʝʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ 

ʠʣʠ ʜʚʫʭ-ʪʨʝʭ ʩʤʝʥ ʥʘ ʦʜʥʫ ʦʙʦʣʦʯʢʫ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʦʚ). ʊʘʢʦʡ 

ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ ʤʦʞʥʦ ʧʦʚʳʩʠʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ.  

ʅʝʪʨʘʜʠʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʶʪʩʷ ʛʠʙʢʠʤʠ, ʪʨʘʥʩʬʦʨʤʠʨʫʝʤʳʤʠ            

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʲʝʢʪʘ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʪʘʢʠʝ ʢʦʤʙʠʥʠʨʦ-

ʚʘʥʥʳʝ ʤʝʪʦʜʳ, ʢʘʢ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʬʨʝʟʝʨʦʚʘʥʠʝ, ʚʠʙʨʦʫʜʘʨʥʘʷ ʦʪʜʝ-

ʣʦʯʥʦ-ʟʘʯʠʩʪʥʘʷ ʦʙʨʘʙʦʪʢʘ, ʚʠʙʨʦʵʢʩʪʨʫʟʠʦʥʥʦʝ ʫʧʨʦʯʥʝʥʠʝ, ʛʠʜʨʦʜʠʥʘʤʠ-

ʯʝʩʢʘʷ ʬʦʨʤʦʦʙʨʘʟʫʶʱʘʷ ʦʙʨʘʙʦʪʢʘ, ʩʪʨʫʡʥʦ-ʜʠʥʘʤʠʯʝʩʢʦʝ ʫʧʨʦʯʥʝʥʠʝ 

ʤʠʢʨʦʰʘʨʠʢʘʤʠ ʠ ʪ.ʜ. [1, 2]. ʇʦʵʪʦʤʫ ʠʤʝʝʪ ʩʤʳʩʣ ʧʨʦʚʝʩʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʘʜʘʧʪʘʮʠʠ ʪʝʭʥʦʣʦʛʠʡ ʩ ʮʝʣʴʶ ʧʨʠʜʘʥʠʷ ʠʤ ʪʨʝʙʫʝʤʦʡ 

ʛʠʙʢʦʩʪʠ ʠ ʨʘʩʰʠʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ. ʈʘʩʩʤʦʪʨʠʤ ʥʝʩʢʦʣʴʢʦ 

ʧʨʝʜʧʦʣʘʛʘʝʤʳʭ ʥʘʧʨʘʚʣʝʥʠʡ. 

ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʨʝʙʝʨ ʠ ʜʥʘ ʢʘʥʘʣʦʚ ʦʭʣʘʞʜʝʥʠʷ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ 

ʤʠʢʨʦʰʘʨʠʢʠ ʜʠʘʤʝʪʨʦʤ 50-100 ʤʢʤ, ʠʩʭʦʜʷ ʠʟ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʦʦʙʨʘʞʝʥʠʡ. ʇʦʩʣʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʦʙʨʘʟʮʦʚ 

ʥʘ ʫʩʪʘʥʦʚʢʘʭ ʵʞʝʢʪʦʨʥʦʛʦ ʪʠʧʘ ʤʠʢʨʦʰʘʨʠʢʘʤʠ ʜʠʘʤʝʪʨʦʤ 50 ʠ 100 ʤʢʤ                  

ʩ ʥʘʣʦʞʝʥʠʝʤ ʪʦʢʘ ʥʠʟʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ 
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ʨʝʞʠʤʳ. ʇʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʚʩʝʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʜʚʫʤʷ ʩʦʧʣʘʤʠ ʚ ʪʝʯʝʥʠʝ 10 

ʤʠʥʫʪ ʝʝ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʩʦʩʪʘʚʠʣʘ 0,8 ʤʢʤ, ʩʬʦʨʤʠʨʦʚʘʥʳ ʫʛʣʫʙʣʝʥʠʷ ʜʣʷ 

ʪʫʨʙʫʣʷʮʠʠ ʧʦʪʦʢʘ ʦʭʣʘʜʠʪʝʣʷ ʥʝ ʪʦʣʴʢʦ ʥʘ ʜʥʝ ʢʘʥʘʣʘ, ʥʦ ʠ ʥʘ ʩʪʝʥʢʘʭ, 

ʭʘʨʘʢʪʝʨ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʠʤʝʣ ʥʘ ʚʳʩʪʫʧʘʭ ʩʛʣʘʞʝʥʥʳʡ ʭʘʨʘʢʪʝʨ (ʨʠʩ. 6), 

ʥʘʢʣʝʧʘʥʥʳʡ ʩʣʦʡ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʦʚʘʣ. ʉʪʝʧʝʥʴ ʨʘʚʥʦʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ 

ʥʘʢʣʝʧʘ ʧʦʣʫʯʝʥʘ ʥʝ ʙʦʣʝʝ 1,2õ1,5 % ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʪʝʨʠʘʣʘ ʩʝʨʜʮʝʚʠʥʳ, ʯʪʦ 

ʦʛʨʘʥʠʯʠʚʘʝʪ ʢʦʨʦʙʣʝʥʠʝ ʚ ʧʨʝʜʝʣʘʭ ʜʦʧʫʩʢʘ ʧʦ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʠ. ʄʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝ ʚʳʷʚʠʣʠ ʰʘʨʞʠʨʦʚʘʥʠʝ 

ʤʘʪʝʨʠʘʣʘ ʤʠʢʨʦʰʘʨʠʢʦʚ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʩʣʦʠ ʦʙʨʘʟʮʦʚ ʦʙʦʣʦʯʢʠ. ɼʣʷ 

ʧʦʜʛʦʪʦʚʢʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʪʢʨʳʪʳʭ ʪʦʨʮʦʚ ʨʝʙʝʨ ʧʦʜ ʧʘʡʢʫ ʩ ʛʣʘʜʢʦʡ 

ʦʙʦʣʦʯʢʦʡ ʧʨʦʚʦʜʠʣʦʩʴ ʪʦʥʢʦʝ ʧʦʣʠʨʦʚʘʥʠʝ ʟʘʢʨʝʧʣʝʥʥʳʤ ʘʙʨʘʟʠʚʦʤ ʩ ʮʝʣʴʶ 

ʩʦʟʜʘʥʠʷ ʦʧʦʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝ ʤʝʥʝʝ 70% ʠ ʫʤʝʥʴʰʝʥʠʷ ʛʣʫʙʠʥʳ 

ʦʪʧʝʯʘʪʢʦʚ ʜʦ 5-10 ʤʢʤ ʜʣʷ ʫʜʝʨʞʘʥʠʷ ʨʘʩʧʣʘʚʘ ʧʨʠʧʦʷ ʚʦ ʚʨʝʤ ʦʧʝʨʘʮʠʠ 

ʧʘʡʢʠ. ɸʥʦʜʥʦʝ ʨʘʩʪʚʦʨʝʥʠʝ ʪʘʢʞʝ ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ ʧʦʩʣʝʜʫʶʱʝʡ ʦʯʠʩʪʢʠ ʦʪ 

ʦʢʠʩʣʦʚ ʠ ʨʘʟʨʳʭʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜ ʧʘʡʢʫ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʨʘʟʨʘʙʦʪʢʫ ʠʣʠ ʤʦʜʝʨʥʠʟʘʮʠʶ ʚʳʰʝʥʘʟʚʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʩʨʝʜʩʪʚ ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʦʛʦ ʦʩʥʘʱʝʥʠʷ ʜʣʷ ʠʭ ʨʝʘʣʠʟʘʮʠʠ ʧʣʘʥʠʨʫʝʪʩʷ ʧʨʦʚʦʜʠʪʴ ʩʦʚʤʝʩʪʥʦ                 

ʩ ʙʘʟʦʚʳʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʜʣʷ ʢʘʞʜʦʛʦ ʚʠʜʘ ʠʟʜʝʣʠʡ ʩ 

ʥʘʠʙʦʣʝʝ ʧʦʣʥʳʤ ʫʜʦʚʣʝʪʚʦʨʝʥʠʝʤ ʟʘʜʘʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʥʘ 

ʠʟʛʦʪʦʚʣʝʥʠʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʶ.  

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʟʘʜʝʣʳ ʚ ʦʙʣʘʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʪ 

ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ ʚ ʚʠʜʝ ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʟʚʦʣʷʶʪ ʧʨʦʜʦʣʞʠʪʴ ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ ʧʨʠ 

ʩʦʭʨʘʥʝʥʠʠ ʪʨʝʙʫʝʤʦʛʦ ʢʘʯʝʩʪʚʘ ʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʦʜʫʢʮʠʠ ʢʘʢ ʥʘ 

ʚʥʫʪʨʝʥʥʝʤ, ʪʘʢ ʠ ʚʥʝʰʥʝʤ ʨʳʥʢʘʭ. 
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ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 
ʈʘʩʩʤʦʪʨʝʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʛʦ ʩʧʨʦʩʘ ʥʘ ʘʧʪʝʯʥʫʶ ʧʨʦʜʫʢʮʠʶ                        

ʚ ʩʣʦʞʥʦʡ ʩʝʪʝʚʦʡ ʩʠʩʪʝʤʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʡ ʩʧʨʦʩ, ʦʜʥʦʨʦʜʥʳʝ ʛʨʫʧʧʳ, ʩʪʦʠʤʦʩʪʴ, ʘʧʪʝʯʥʘʷ 

ʧʨʦʜʫʢʮʠʷ. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʮʝʩʩ ʫʧʨʘʚʣʝʥʠʷ ʟʘʧʘʩʘʤʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ                       

ʚ ʨʘʤʢʘʭ ʦʙʲʝʢʪʦʚ ʩ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʩʝʪʝʚʦʡ ʩʪʨʫʢʪʫʨʦʡ. ɻʣʘʚʥʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʪʘʢʠʭ ʦʙʲʝʢʪʦʚ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʝ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʝ 

ʮʠʨʢʫʣʠʨʫʶʱʠʭ ʚ ʥʠʭ ʤʘʪʝʨʠʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ. ʆʙʲʝʢʪʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ 

ʦʜʥʦ ʠ ʪʦʞʝ ʜʝʡʩʪʚʠʝ, ʥʦ ʧʨʦʠʟʚʦʜʠʤʳʝ ʨʘʟʥʳʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʠʤʝʶʪ 

ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʮʝʥ. ʇʦʵʪʦʤʫ ʩʫʱʝʩʪʚʫʝʪ ʮʝʣʴ ʧʦ ʚʳʷʚʣʝʥʠʶ 

ʚʟʘʠʤʦʟʘʤʝʥʷʝʤʳʭ ʦʜʥʦʨʦʜʥʳʭ ʛʨʫʧʧ ʵʪʠʭ ʤʘʪʝʨʠʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ, ʢ ʢʦʪʦʨʳʤ 

ʧʨʠʤʝʥʷʶʪʩʷ ʝʜʠʥʳʝ ʧʦʜʭʦʜʳ ʧʦ ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʪʨʫʢʪʫʨʳ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʛʦ 

ʩʧʨʦʩʘ. 

 
ʈʠʩ. 1. ʆʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʟʘʜʘʯʠ ʚʦʟʤʦʞʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʤʘʪʝʨʠʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ 



203 
 

ʏʪʦʙʳ ʠʟʫʯʠʪʴ ʢʘʢʦʡ-ʣʠʙʦ ʤʘʪʝʨʠʘʣʴʥʳʡ ʦʙʲʝʢʪ, ʥʫʞʥʦ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ 

ʩʪʘʪʝʛʠʯʝʩʢʦʡ ʚʘʞʥʦʩʪʠ ʧʨʦʜʫʢʪʘ. ʆʥ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʠʟʫʯʝʥʠʝ ʫʩʣʦʚʠʡ 

ʜʦʩʪʘʚʢʠ, ʘ ʠʤʝʥʥʦ: ʢʘʢʦʡ ʤʠʥʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʧʘʨʪʠʠ ʪʦʚʘʨʘ ʙʫʜʝʪ ʟʘʢʫʧʣʝʥ, 

ʢʘʢʦʚʘ ʙʫʜʝʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʟʘʢʘʟʘ, ʩʪʦʠʪ ʣʠ ʜʝʣʘʪʴ ʢʘʢʠʝ-ʣʠʙʦ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʦʧʝʨʘʮʠʠ ʥʘ ʵʪʘʧʝ ʜʦʩʪʘʚʢʠ, ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʥʳʭ ʠʣʠ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʭʨʘʥʝʥʠʷ ʠ ʪʘʢ ʜʘʣʝʝ. 

ʉ ʧʦʤʦʱʴʶ ʪʘʢʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʢʘʢ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʧʦʪʨʝʙʣʝʥʠʷ ʠ ʟʘʪʨʘʪʳ ʥʘ ʭʨʘʥʝʥʠʝ, ʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʝʥʠʝ ʤʦʜʝʣʠ ɺʠʣʴʩʦʥʘ. 

ɹʣʘʛʦʜʘʨʷ ʵʪʦʡ ʤʦʜʝʣʠ ʤʦʞʥʦ ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʜʝʡʩʪʚʠʡ ʧʦ 

ʟʘʢʘʟʫ ʪʦʚʘʨʘ. 

ʉʤʦʜʝʣʠʨʫʝʤ ʩʠʪʫʘʮʠʶ ʧʨʠʤʝʥʝʥʠʷ ʤʦʜʝʣʝʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ 

ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʛʦ ʩʧʨʦʩʘ ʜʣʷ ʧʦʩʪʘʚʣʷʝʤʳʭ ʤʘʪʝʨʠʘʣʴʥʳʭ.ʅʘʧʨʠʤʝʨ, ʚ ʪʘʢʫʶ 

ʛʨʫʧʧʫ ʚʭʦʜʠʪ ʤʘʪʝʨʠʘʣʴʥʳʡ ʦʙʲʝʢʪ çʈʘʩʪʚʦʨ ʙʨʠʣʣʠʘʥʪʦʚʳʡ ʟʝʣʝʥʳʡè. ʕʪʦʪ 

ʦʙʲʝʢʪ ʩʪʘʙʠʣʝʥ ʚ ʧʦʪʨʝʙʣʝʥʠʝ ʠ ʚʩʝʛʜʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʴʰʠʤʠ ʦʙʲʝʤʘʤʠ 

ʟʘʢʘʟʦʚ ʠ ʧʦʩʪʘʚʦʢ. ʆʜʥʘʢʦ, ʠʟ-ʟʘ ʪʝʭʥʠʯʝʩʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ ʧʦʩʪʘʚʱʠʢʘ ʯʘʩʪʳʝ 

ʧʦʩʪʘʚʢʠ ʪʘʢʦʡ ʧʦʟʠʮʠʠ ʥʝʚʦʟʤʦʞʥʳ. ʇʦʵʪʦʤʫ ʨʝʘʣʴʥʳʡ ʨʘʟʤʝʨ ʟʘʢʘʟʘ ʙʳʣ ʚ 

ʪʨʠ ʨʘʟʘ ʙʦʣʴʰʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʟʤʝʨʘ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʫʚʝʣʠʯʝʥʠʶ ʟʘʪʨʘʪ ʥʘ 

ʭʨʘʥʝʥʠʝ. 

 
ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʟʘʪʨʘʪ ʭʨʘʥʝʥʠʷ ʠ ʦʬʦʨʤʣʝʥʠʷ ʟʘʢʘʟʘ 

ʦʪ ʦʙʲʝʤʘ ʧʘʨʪʠʠ ʟʘʢʫʧʢʠ 
 

ʏʪʦʙʳ ʨʝʰʠʪʴ ʵʪʫ ʧʨʦʙʣʝʤʫ, ʥʫʞʥʦ ʟʘʢʣʶʯʠʪʴ ʜʦʛʦʚʦʨ ʥʘ ʧʦʩʪʘʚʢʫ ʵʪʦʛʦ 

ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʦʙʲʝʢʪʘ ʩ ʜʨʫʛʠʤ ʧʦʩʪʘʚʱʠʢʦʤ, ʫ ʢʦʪʦʨʦʛʦ ʥʝ ʙʫʜʝʪ ʪʘʢʠʭ 

ʪʝʭʥʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ. ʕʪʦ ʧʦʤʦʞʝʪ ʢʦʤʧʘʥʠʠ ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʟʘʢʫʧʢʫ 

ʠ ʧʦʣʫʯʘʪʴ ʦʪ ʧʦʩʪʘʚʱʠʢʦʚ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʪʠʠ ʪʦʚʘʨʦʚ.[3] 
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ʇʨʠ ʩʝʛʤʝʥʪʠʨʦʚʘʥʠʠ ʨʳʥʢʘ ʘʧʪʝʯʥʦʡ ʧʨʦʜʫʢʮʠʠ ʬʦʨʤʠʨʫʶʪʩʷ 

ʦʜʥʦʨʦʜʥʳʝ ʛʨʫʧʧʳ ʧʦʢʫʧʘʪʝʣʝʡ ʧʦ ʢʦʥʢʨʝʪʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. ʇʨʠʯʝʤ ʜʣʷ 

ʢʘʞʜʦʡ ʛʨʫʧʧʳ ʪʨʝʙʫʝʪʩʷ ʧʦʜʦʙʨʘʪʴ ʦʧʪʠʤʘʣʴʥʫʶ ʙʘʟʫ ʩʝʛʤʝʥʪʠʨʦʚʘʥʠʷ, 

ʢʦʪʦʨʘʷ ʚ ʦʩʥʦʚʥʦʤ ʚʢʣʶʯʘʝʪ ʨʘʟʜʝʣʝʥʠʝ ʧʦ ʧʦʣʫ, ʚʦʟʨʘʩʪʫ, ʫʨʦʚʥʶ ʜʦʭʦʜʘ.[4] 

ʀʩʭʦʜʷ ʠʟ ʧʨʦʮʝʜʫʨʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʜʥʦʨʦʜʥʳʭ ʛʨʫʧʧ, ʤʦʞʥʦ ʦʧʠʩʘʪʴ 

ʩʨʝʜʥʝʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʧʦʩʝʪʠʪʝʣʷ ʘʧʪʝʯʥʦʡ ʩʝʪʠ. ʕʪʦ ʞʝʥʱʠʥʘ ʩʨʝʜʥʝʛʦ 

ʚʦʟʨʘʩʪʘ. ʇʨʠʦʙʨʝʪʘʝʪ ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʩʨʝʜʩʪʚʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʜʣʷ ʣʝʯʝʥʠʷ 

ʙʦʣʝʟʥʝʡ ʚʩʝʭ ʯʣʝʥʦʚ ʩʝʤʴʠ ʠ ʜʣʷ ʩʝʙʷ. ʉʣʝʜʠʪ ʟʘ ʘʩʩʦʨʪʠʤʝʥʪʦʤ ʠ ʮʝʥʘʤʠ ʚ 

ʨʘʟʣʠʯʥʳʭ ʘʧʪʝʢʘʭ ʠ ʟʥʘʝʪ, ʯʪʦ ʮʝʥʳ ʧʦʚʳʰʘʶʪʩʷ. ʀʤʝʝʪ ʩʨʝʜʥʠʡ ʜʦʭʦʜ. 

ʉʫʤʤʘ ʨʘʟʦʚʦʡ ʧʦʢʫʧʢʠ ʚ ʘʧʪʝʢʝ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʤʝʥʝʝ 400 ʨʫʙʣʝʡ. ɺʳʙʦʨ ʪʦʚʘʨʘ 

ʦʩʥʦʚʳʚʘʝʪʩʷ ʠʟ ʣʠʯʥʳʭ ʧʨʝʜʧʦʯʪʝʥʠʡ ʠʣʠ ʥʘ ʦʩʥʦʚʝ ʚʳʧʠʩʘʥʥʦʛʦ ʨʝʮʝʧʪʘ. 

ʎʝʥʘ ʪʘʢʞʝ ʠʛʨʘʝʪ ʨʦʣʴ ʠ ʩʢʦʨʝʝ ʚʩʝʛʦ ʙʫʜʫʪ ʧʨʝʦʙʨʝʪʝʥʳ ʙʦʣʝʝ ʜʝʰʝʚʳʝ 

ʘʥʘʣʦʛʠ. 
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ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 
ɺʳʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʫʯʘʩʪʠʷ ʚ ʧʨʦʝʢʪʝ çFormulaStudentè ʢʘʢ ʜʣʷ ʚʫʟʘ ʚ 

ʣʠʮʝ ɺʦʨʦʥʝʞʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʪʘʢ ʠ ʜʣʷ ʝʛʦ 

ʩʪʫʜʝʥʯʝʩʢʦʛʦ ʩʦʦʙʱʝʩʪʚʘ. ʆʧʨʝʜʝʣʝʥʘ ʩʪʨʫʢʪʫʨʘ ʠʥʞʝʥʝʨʥʦ-ʛʦʥʦʯʥʦʡ ʢʦʤʘʥʜʳ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʵʬʬʝʢʪʠʚʥʫʶ ʨʘʙʦʪʫ ʥʘʜ ʢʣʶʯʝʚʳʤʠ ʫʟʣʘʤʠ ʛʦʥʦʯʥʦʛʦ ʙʦʣʠʜʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: FormulaStudent, ʛʦʥʦʯʥʳʡ ʘʚʪʦʤʦʙʠʣʴ, ʩʪʫʜʝʥʯʝʩʢʠʝ ʩʦʨʝʚʥʦʚʘʥʠʷ, 

ʠʥʞʝʥʝʨʥʦʝ ʜʝʣʦ, ʵʢʦʥʦʤʠʢʦ-ʤʘʨʢʝʪʠʥʛʦʚʦʝ ʦʙʦʩʥʦʚʘʥʠʝ, ʧʨʠʦʨʠʪʝʪʥʳʝ ʦʪʨʘʩʣʠ ʵʢʦʥʦʤʠʢʠ. 

 

ɸʚʪʦʤʦʙʠʣʝʩʪʨʦʝʥʠʝ, ʢʘʢ ʦʜʥʦ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ 

ʵʢʦʥʦʤʠʢʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʥʫʞʜʘʝʪʩʷ ʚ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ 

ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʠʥʞʝʥʝʨʥʳʭ ʢʘʜʨʦʚ ʩ ʙʦʛʘʪʳʤ ʧʨʘʢʪʠʯʝʩʢʠʤ 

ʦʧʳʪʦʤ [1]. ɺʳʧʦʣʥʠʪʴ ʵʪʦʪ ʟʘʧʨʦʩ ʤʦʞʥʦ ʟʘ ʩʯʝʪ ʧʨʠʚʣʝʯʝʥʠʷ ʩʪʫʜʝʥʯʝʩʢʠʭ 

ʢʦʤʘʥʜ ʢ ʫʯʘʩʪʠʶʚ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʧʨʦʝʢʪʝ çFormulaStudentè, ʢʦʪʦʨʳʡ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʙʦʣʝʝ ʯʝʤ 30 ʣʝʪ ʛʦʪʦʚʠʪ ʤʦʣʦʜʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʜʣʷ 

ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʛʦʥʦʯʥʳʭ ʢʦʤʘʥʜ [2]. 

ɺ ʨʘʤʢʘʭ ʵʪʦʛʦ ʧʨʦʝʢʪʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʉʦʦʙʱʝʩʪʚʦʤ ɸʚʪʦʤʦʙʠʣʴʥʳʭ 

ʀʥʞʝʥʝʨʦʚ (SocietyofAutomotiveEngineers, SAE), ʚ ʨʘʟʥʳʭ ʩʪʨʘʥʘʭ ʧʦ ʚʩʝʤʫ 

ʤʠʨʫ ʧʨʦʭʦʜʷʪ ʠʥʞʝʥʝʨʥʦ-ʛʦʥʦʯʥʳʝ ʩʦʨʝʚʥʦʚʘʥʠʷ, ʨʝʛʣʘʤʝʥʪ ʢʦʪʦʨʳʭ 

ʦʙʥʦʚʣʷʝʪʩʷ ʢʘʞʜʳʡ ʛʦʜ.ʏʪʦʙʳ ʧʨʠʥʷʪʴ ʫʯʘʩʪʠʝ ʚ ʩʦʨʝʚʥʦʚʘʥʠʷʭ, 

ʫʥʠʚʝʨʩʠʪʝʪʩʢʘʷ ʢʦʤʘʥʜʘ, ʩʦʩʪʦʷʱʘʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʠʟ ʜʝʡʩʪʚʫʶʱʠʭ 

ʩʪʫʜʝʥʪʦʚ, ʜʦʣʞʥʘ ʟʘ ʛʦʜʩʢʦʥʩʪʨʫʠʨʦʚʘʪʴ, ʧʦʩʪʨʦʠʪʴ, ʧʨʦʪʝʩʪʠʨʦʚʘʪʴ ʠ 

ʨʝʘʣʠʟʦʚʘʪʴ ʥʘ ʪʨʘʩʩʝ ʛʦʥʦʯʥʳʡ ʙʦʣʠʜ ʢʣʘʩʩʘ çʌʦʨʤʫʣʘè, ʠʩʭʦʜʷ ʠʟ 

ʪʝʭʥʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʨʝʛʣʘʤʝʥʪʘ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʧʨʦʝʢʪʘ çFormulaStudentè 

[3]. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʫʩʧʝʰʥʦʛʦ ʨʘʟʚʠʪʠʷ ʚ ʩʦʩʪʘʚʝ ʢʦʤʘʥʜʳ 

ʜʦʣʞʥʳ ʙʳʪʴ ʥʝ ʪʦʣʴʢʦ ʩʪʫʜʝʥʪʳ, ʦʙʫʯʘʶʱʠʝʩʷ ʥʘ ʪʝʭʥʠʯʝʩʢʠʭ 

ʩʧʝʮʠʘʣʴʥʦʩʪʷʭ, ʥʦ ʠʩʪʫʜʝʥʪʳ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʠʟʫʯʘʶʱʠʭ ʤʘʨʢʝʪʠʥʛ, ʪʘʢ ʢʘʢ ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ ʥʘ ʧʦʩʪʨʦʡʢʫ ʘʚʪʦʤʦʙʠʣʷ 

ʩʪʫʜʝʥʪʳ ʠʱʫʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ. 

ʉʦʨʝʚʥʦʚʘʥʠʷ ʩʦʩʪʦʷʪ ʠʟ ʩʪʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ, ʚ ʭʦʜʝ 

ʢʦʪʦʨʳʭ ʧʨʦʚʝʨʷʶʪʩʷ ʩʢʦʨʦʩʪʥʳʝ ʢʘʯʝʩʪʚʘ ʘʚʪʦʤʦʙʠʣʷ, ʝʛʦ ʥʘʜʝʞʥʦʩʪʴ, 
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ʪʦʧʣʠʚʥʘʷ ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʠ ʫʨʦʚʝʥʴ ʰʫʤʘ. ʉʪʫʜʝʥʪʳ ʪʘʢʞʝ ʦʙʷʟʘʥʳ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʩʚʦʠ ʟʥʘʥʠʷ, ʧʨʝʜʦʩʪʘʚʠʚ ʩʫʜʴʷʤ DesignReport 

(ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʡ ʦʪʯʸʪ), CostReport (ʦʪʯʝʪ ʦ ʩʪʦʠʤʦʩʪʠ) ʠ ʙʠʟʥʝʩ-ʧʣʘʥ 

ʤʝʣʢʦʩʝʨʠʡʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʙʘʣʣʦʚ ʫʯʘʩʪʥʠʢʘʤ ʥʝʦʙʭʦʜʠʤʦ ʜʦʢʘʟʘʪʴ, ʯʪʦ ʠʭ ʨʘʟʨʘʙʦʪʢʠ ʷʚʣʷʶʪʩʷ 

ʵʬʬʝʢʪʠʚʥʳʤʠ ʠ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʤʠ, ʥʦ ʧʨʠ ʵʪʦʤ ʥʠʟʢʦʟʘʪʨʘʪʥʳʤʠ                 

ʠ ʣʝʛʢʦ ʧʨʦʠʟʚʦʜʠʤʳʤʠ.  

ʋʯʘʩʪʠʝ ʚ ʩʦʨʝʚʥʦʚʘʥʠʷʭ FormulaStudentʥʝʩʸʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʢʘʢ ʜʣʷ 

ʚʫʟʘ, ʪʘʢ ʠ ʜʣʷ ʝʛʦ ʩʪʫʜʝʥʪʦʚ. ʉʪʘʚ ʯʘʩʪʴʶ ʧʨʦʝʢʪʘ, ɺʦʨʦʥʝʞʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʩʤʦʞʝʪ ʧʨʠʚʣʝʯʴ ʢ ʩʝʙʝ ʥʦʚʳʭ 

ʪʘʣʘʥʪʣʠʚʳʭ ʩʪʫʜʝʥʪʦʚ ʠ ʩʦʪʨʫʜʥʠʢʦʚ. ɺɻʊʋ ʦʙʝʩʧʝʯʠʪ ʩʝʙʝ ʥʦʚʳʝ 

ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʢʦʥʪʘʢʪʳ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʤʝʥʘ ʩʪʫʜʝʥʪʘʤʠ ʩ ʚʫʟʘʤʠ ʧʦ ʚʩʝʤʫ 

ʤʠʨʫ. ʈʘʟʚʠʪʠʝ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʦʤʘʥʜʳ ʧʦʩʧʦʩʦʙʩʪʚʫʝʪ ʦʪʢʨʳʪʠʶ ʥʦʚʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʧʦʜʛʦʪʦʚʢʠ ʚ ʫʥʠʚʝʨʩʠʪʝʪʝ ʠ ʜʘʞʝ ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʦʚʳʭ ʢʘʬʝʜʨ. 

ʆʩʦʙʝʥʥʦ ʚʘʞʥʦʡ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ɺɻʊʋ ʚ ʙʫʜʫʱʝʤ ʨʘʟʤʝʩʪʠʪʴ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʫʶ ʙʘʟʫ ʢʦʤʘʥʜʳ ʠ ʠʩʧʳʪʘʪʝʣʴʥʳʡ ʘʚʪʦʜʨʦʤ ʥʘ ʩʚʦʝʤ ʋʯʝʙʥʦʤ 

ʧʦʣʠʛʦʥʝ. 

ɺ ɺɻʊʋ ʩʬʦʨʤʠʨʦʚʘʥʦ ʉʪʫʜʝʥʯʝʩʢʦʝ ʧʨʦʝʢʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʝ ʙʶʨʦ 

çʌʦʨʤʫʣʘ ʉʪʫʜʝʥʪ ɺɻʊʋè ʩ ʮʝʣʴʶ ʜʘʣʴʥʝʡʰʝʛʦ ʫʯʘʩʪʠʷ ʚ ʦʜʥʦʠʤʝʥʥʳʭ 

ʩʦʨʝʚʥʦʚʘʥʠʷʭ [4]. ɺ ʝʛʦ ʩʦʩʪʘʚ ʚʭʦʜʷʪ ʥʝ ʪʦʣʴʢʦ ʩʪʫʜʝʥʪʳ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ 

ʚ ʩʦʩʪʘʚʝ ʢʦʤʘʥʜʳ, ʥʦ ʠ ʩʦʪʨʫʜʥʠʢʠ ʠ ʧʨʝʧʦʜʘʚʘʪʝʣʠ ɺɻʊʋ, ʢʫʨʠʨʫʶʱʠʝ 

ʧʨʦʝʢʪ ʠ ʚʳʩʪʫʧʘʶʱʠʝ ʚ ʨʦʣʠ ʥʘʩʪʘʚʥʠʢʦʚ ʠ ʢʦʥʩʫʣʴʪʘʥʪʦʚ. 

ʉʪʫʜʝʥʪʳ ɺɻʊʋ, ʩʪʘʚ ʯʘʩʪʴʶ ʢʦʣʣʝʢʪʠʚʘ çʌʦʨʤʫʣʘ ʉʪʫʜʝʥʪ ɺɻʊʋè, 

ʧʦʣʫʯʘʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʦʚʘʪʴ ʚʩʝ ʩʚʦʠ ʟʥʘʥʠʷ ʠ ʫʤʝʥʠʷ ʥʘ ʧʨʘʢʪʠʢʝ.                       

ɺ ʧʨʦʮʝʩʩʝ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʳʭ ʠʥʞʝʥʝʨʥʳʭ ʨʝʰʝʥʠʡ ʫʯʘʩʪʥʠʢʠ ʩʤʦʛʫʪ 

ʚʦʧʣʦʪʠʪʴ ʚ ʨʝʘʣʴʥʦʩʪʴ ʩʚʦʠ ʩʦʙʩʪʚʝʥʥʳʝ ʠʜʝʠ ʠ ʨʘʟʨʘʙʦʪʢʠ. ʉʪʫʜʝʥʪʘʤ 

ʧʨʝʜʦʩʪʘʚʠʪʩʷʚ ʦʟʤʦʞʥʦʩʪʴ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʪʝʤʳ ʩʚʦʠʭ ʚʳʧʫʩʢʥʳʭ 

ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʳʭ ʨʘʙʦʪ, ʠʩʭʦʜʷ ʠʟ ʦʩʫʱʝʩʪʚʣʷʝʤʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ 

ʠʥʞʝʥʝʨʥʦ-ʛʦʥʦʯʥʦʡ ʢʦʤʘʥʜʝ ʌʦʨʤʫʣʳ ʉʪʫʜʝʥʪ. ɹʫʜʫʱʠʝ ʠʥʞʝʥʝʨʳ, 

ʵʢʦʥʦʤʠʩʪʳ ʠ ʤʘʨʢʝʪʦʣʦʛʠ ʧʦʣʫʯʘʪ ʙʦʛʘʪʳʡ ʦʧʳʪ ʨʘʙʦʪʳ ʚ ʙʦʣʴʰʦʡ ʢʦʤʘʥʜʝ,      

ʘ ʥʘ ʩʘʤʠʭ ʩʦʨʝʚʥʦʚʘʥʠʷʭ ï ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʦʙʱʘʪʴʩʷ ʩ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʤʠ 

ʠʥʞʝʥʝʨʘʤʠ ʠ ʜʘʞʝ ʧʦʣʫʯʠʪʴ ʧʨʠʛʣʘʰʝʥʠʝ ʥʘ ʩʪʘʞʠʨʦʚʢʫ. 

ɺ ɺɻʊʋ ʩʬʦʨʤʠʨʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ ʩʪʫʜʝʥʯʝʩʢʦʡ ʠʥʞʝʥʝʨʥʦ-ʛʦʥʦʯʥʦʡ 

ʢʦʤʘʥʜʳ. ʆʥʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 3 ʦʩʥʦʚʥʳʭ ʦʪʜʝʣʘ: 

-ʪʝʭʥʠʯʝʩʢʠʡ; 

-ʢʦʤʤʝʨʯʝʩʢʠʡ; 

-ʤʘʨʢʝʪʠʥʛʦʚʳʡ.  

ʉʦʪʨʫʜʥʠʢʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʪʜʝʣʘ ʫʞʝ ʟʘʥʠʤʘʶʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝʤ ʦʙʱʝʡ 

ʢʦʥʮʝʧʮʠʠ ʛʦʥʦʯʥʦʛʦ ʙʦʣʠʜʘ, ʨʘʟʨʘʙʦʪʢʦʡ ʠ ʜʦʨʘʙʦʪʢʦʡ ʝʛʦ ʫʟʣʦʚ ʠ ʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ:  

- ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ; 

- ʪʨʘʥʩʤʠʩʩʠʠ; 

- ʘʵʨʦʜʠʥʘʤʠʢʠ; 
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- ʢʦʤʧʦʟʠʪʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ; 

- ʰʘʩʩʠ; 

-ʧʦʜʚʝʩʢʠ; 

- ʵʣʝʢʪʨʠʢʠ ʠ ʵʣʝʢʪʨʦʥʠʢʠ. 

ɺ ʢʦʤʤʝʨʯʝʩʢʦʤ ʦʪʜʝʣʝ ʩʪʫʜʝʥʪʳ ʙʫʜʫʪ ʪʨʫʜʠʪʴʩʷ ʥʘʜ ʩʦʩʪʘʚʣʝʥʠʝʤ 

ʦʪʯʝʪʘ ʦ ʩʪʦʠʤʦʩʪʠ ʠ ʙʠʟʥʝʩ-ʧʣʘʥʘ, ʘ ʪʘʢʞʝ ʟʘʢʫʧʢʘʤʠ ʢʦʤʧʦʥʝʥʪʦʚ ʜʣʷ 

ʧʦʩʪʨʦʡʢʠ ʙʦʣʠʜʘ. 

ʄʘʨʢʝʪʦʣʦʛʠ ʧʦʜʛʦʪʦʚʷʪ ʪʝʢʩʪʦʚʳʝ ʠ ʛʨʘʬʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʛʦ ʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʙʫʜʫʱʠʤ ʩʧʦʥʩʦʨʘʤ ʠ ʧʘʨʪʥʝʨʘʤ ʢʦʤʘʥʜʳ. 

ɼʠʟʘʡʥʝʨʳ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʯʘʩʪʴʶ ʤʘʨʢʝʪʠʥʛʦʚʦʛʦ ʦʪʜʝʣʘ, ʠʤ ʧʨʝʜʩʪʦʠʪ 

ʨʘʟʨʘʙʦʪʘʪʴ ʙʨʝʥʜʙʫʢ ʢʦʤʘʥʜʳ ʠ ʣʠʚʨʝʶ ʘʚʪʦʤʦʙʠʣʷ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʫʞʝ 

ʛʦʪʦʚʦʤ ʣʦʛʦʪʠʧʝ ʢʦʤʘʥʜʳ. 

 

 
ʃʦʛʦʪʠʧ ʢʦʤʘʥʜʳ ʌʦʨʤʫʣʘ ʉʪʫʜʝʥʪ ɺɻʊʋ 

 

 

ʅʘʟʚʘʥʠʝ ʢʦʤʘʥʜʳ (Vortechs) ʩʬʦʨʤʠʨʦʚʘʥʦ ʠʟ ʥʘʟʚʘʥʠʷ ɺɻʊʋ ʥʘ 

ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʝ (VoronezhStateTechnicalUniversity). ʆʥʦ ʧʨʦʠʟʥʦʩʠʪʩʷ ʢʘʢ 

çʚʦʨʪʝʢʩè, ʪʘʢ ʞʝ, ʢʘʢ ʠ ʘʥʛʣʠʡʩʢʦʝ ʩʣʦʚʦ çvortexè, ʢʦʪʦʨʦʝ ʦʟʥʘʯʘʝʪ çʚʠʭʨʴè. 

ʉʪʠʣʠʟʦʚʘʥʥʳʡ ʚʠʭʨʴ ʠʟʦʙʨʘʞʝʥ ʩʣʝʚʘ ʚ ʬʠʨʤʝʥʥʳʭ ʮʚʝʪʘʭ ʢʦʤʘʥʜʳ: 

ʦʨʘʥʞʝʚʦʤ ʠ ʩʠʥʝʤ. ɺʳʜʝʣʠʚ ʚ ʥʘʟʚʘʥʠʠ ʙʫʢʚʳ V, R, T (VoRTechs), ʧʦʣʫʯʘʝʤ 

ʘʙʙʨʝʚʠʘʪʫʨʫ VRT, ʨʘʩʰʠʬʨʦʚʳʚʘʝʤʫʶ ʢʘʢ çVoronezh Racing Technologiesè ï 

çɺʦʨʦʥʝʞʩʢʠʝ ɻʦʥʦʯʥʳʝ ʊʝʭʥʦʣʦʛʠʠè. 

 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʈʀɸ ʅʦʚʦʩʪʠ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]: ɺʣʘʩʪʠ ʈʌ ʦʧʨʝʜʝʣʠʣʠ 

ʧʨʠʦʨʠʪʝʪʥʳʝ ʩʬʝʨʳ ʵʢʦʥʦʤʠʢʠ. URL:https://ria.ru/20150324/1054254977.html 

(ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 04.05.2020). 

2. FormulaSAE [ʕʣʝʢʪʨʦʥʥʳʡʨʝʩʫʨʩ]: HistoryofFormulaSAE.URL: 

https://www.fsaeonline.com/page.aspx?pageid=c4c5195a-60c0-46aa-acbf-

2958ef545b72(ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 04.05.2020). 

3. Formula Student Rules 2020 [ʕʣʝʢʪʨʦʥʥʳʡʨʝʩʫʨʩ]. URL: 

https://www.formulastudent.de/fileadmin/user_upload/all/2020/rules/FS-

Rules_2020_V1.0.pdf (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 04.05.2020). 

4. ʇʦʣʦʞʝʥʠʝ ʦ ʩʪʫʜʝʥʯʝʩʢʦʤ ʧʨʦʝʢʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʤ ʙʶʨʦ çʌʦʨʤʫʣʘ 

ʉʪʫʜʝʥʪ ɺɻʊʋè (ʫʪʚʝʨʞʜʝʥʦ ʠ ʚʚʝʜʝʥʦ ʚ ʜʝʡʩʪʚʠʝ ʫʢʘʟʦʤ ʨʝʢʪʦʨʦʤ ɺɻʊʋ ʦʪ 

30.05.2018 ˉ256 ʇʉʇ 4.01-14-1-2018). 

https://ria.ru/20150324/1054254977.html
https://www.fsaeonline.com/page.aspx?pageid=c4c5195a-60c0-46aa-acbf-2958ef545b72
https://www.fsaeonline.com/page.aspx?pageid=c4c5195a-60c0-46aa-acbf-2958ef545b72
https://www.formulastudent.de/fileadmin/user_upload/all/2020/rules/FS-Rules_2020_V1.0.pdf
https://www.formulastudent.de/fileadmin/user_upload/all/2020/rules/FS-Rules_2020_V1.0.pdf
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ʋɼʂ 629.4.052.02 

 

ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ ʀ ʈɸʉʏɪʊ ɺʓʉʆʂʆʂɸʏɽʉʊɺɽʅʅʓʍ 

ɸʂʋʉʊʀʏɽʉʂʀʍ ʉʀʉʊɽʄ ɿɸʂʈʓʊʆɻʆ ʆʌʆʈʄʃɽʅʀʗ 

ʊʀʇɸ çISOBARICè 

 

ʉ.ɸ. ʐʘʧʦʰʥʠʢʦʚ
1
, ʖ.ɼ. ʉʘʚʢʠʥʘ

2
, ɸ.ɼ. ɿʝʥʠʥ

3
, ɸ.ʉ. ɹʘʜʘʝʚ

4 

1
ʉʪʫʜʝʥʪ ʛʨ. ʈʇ-164, shaposhnikov.sergey777@gmail.ru 

2
ʉʪʫʜʝʥʪ ʛʨ. ʈʇ-164, savcki@mail.ru 

3
ʉʪʫʜʝʥʪ ʛʨ. ʈʇ-164, alex.alex200@mail.ru 

4
ʂʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʜʦʮʝʥʪ,andrbad56@yandex.ru 

ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 
ɺ ʨʘʙʦʪʝ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʪʠʧʘ çʟʘʢʨʳʪʳʡ 

ʢʦʨʧʫʩè ʩʦ ʩʜʚʦʝʥʥʳʤʠ ʥʠʟʢʦʯʘʩʪʦʪʥʳʤʠ ʛʦʣʦʚʢʘʤʠ ʛʨʦʤʢʦʛʦʚʦʨʠʪʝʣʝʡ ï ʚʢʣʶʯʝʥʠʝ 

çIsobaricè. ʅʘ ʦʩʥʦʚʝ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʠ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʝ 

ʪʨʝʭʧʦʣʦʩʥʳʝ ʘʢʫʩʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ. ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʧʦʢʘʟʳʚʘʶʪ ʧʨʘʚʠʣʴʥʦʩʪʴ 

ʨʘʩʯʸʪʘ, ʥʘʩʪʨʦʡʢʠ ʠ ʚʳʩʦʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʢʫʩʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ (ɸʉ), ʟʘʢʨʳʪʦʝ ʘʢʫʩʪʠʯʝʩʢʦʝ ʦʬʦʨʤʣʝʥʠʝ, 

ʚʢʣʶʯʝʥʠʝ çIsobaricè, ʛʦʣʦʚʢʠ ʛʨʦʤʢʦʛʦʚʦʨʠʪʝʣʝʡ (ɻɻ), ʥʦʤʠʥʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ (ὖʥʦʤ), 
ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ (SPL). 

 

ɸʢʫʩʪʠʯʝʩʢʦʝ ʦʬʦʨʤʣʝʥʠʝ çʟʘʢʨʳʪʳʡ ʢʦʨʧʫʩè ʠʤʝʣʦ ʰʠʨʦʢʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ 20-ʛʦ ʚʝʢʘ. ʊʘʢʠʝ ɸʉ ʚʩʪʨʝʯʘʣʠʩʴ, 

ʧʦʞʘʣʫʡ, ʯʘʱʝ, ʯʝʤ ʥʳʥʝ, ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʡ çʬʘʟʦʠʥʚʝʨʪʦʨè. ʊʝʧʝʨʴ 

ʩʠʪʫʘʮʠʷ ʠʟʤʝʥʠʣʘʩʴ, ʚʝʜʫʱʠʝ ʤʠʨʦʚʳʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʚʳʧʫʩʢʘʶʪ ʠʭ,                         

ʢ ʩʦʞʘʣʝʥʠʶ, ʨʝʜʢʦ. ʕʪʦ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʩ ʥʠʟʢʠʤ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ, 

ʂʇɼ ʪʘʢʠʭ ɸʉ, ʚʦ-ʚʪʦʨʳʭ, ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ɸʉ ʟʘʢʨʳʪʦʛʦ 

ʪʠʧʘ ʪʨʝʙʫʶʪʩʷ ʙʦʣʴʰʠʝ ɻɻ (ʥʝ ʤʝʥʝʝ 25 ʩʤ) ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʙʦʣʴʰʠʝ ʦʙʲʝʤʳ 

(ʥʝ ʤʝʥʝʝ 100 ʜʤ
3
) ʠ ʨʘʟʤʝʨʳ ʢʦʥʫʩʦʚ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʙʝʩʩʧʦʨʥʳʤ ʷʚʣʷʝʪʩʷ 

ʪʦʪ ʬʘʢʪ, ʯʪʦ ʦʥʠ ʦʙʣʘʜʘʶʪ ʥʘʠʣʫʯʰʠʤʠ ʧʝʨʝʭʦʜʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩʦ ʚʩʝʤʠ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ɸʉ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʷʚʣʷʝʪʩʷ 

ʦʧʨʝʜʝʣʷʶʱʠʤ ʜʣʷ ʤʥʦʛʠʭ ʟʥʘʪʦʢʦʚ ʠ ʮʝʥʠʪʝʣʝʡ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʛʦ 

ʟʚʫʢʦʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝ [1]. 

ʉʭʝʤʘ ɸʉ ʪʠʧʘ çʟʘʢʨʳʪʳʡ ʢʦʥʫʩè ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. ʂʘʢ ʚʠʜʥʦ,                

ʚ ʵʪʦʤ ʦʬʦʨʤʣʝʥʠʠ ɻɻ ʫʩʪʘʥʦʚʣʝʥʘ ʚ ʟʘʢʨʳʪʳʡ ʛʝʨʤʝʪʠʯʥʳʡ ʢʦʨʧʫʩ, ʠʟʣʫʯʝʥʠʝ 

ʟʘʜʥʝʡ ʩʪʦʨʦʥʳ ʜʠʬʬʫʟʦʨʘ ʧʦʣʥʦʩʪʴʶ ʠʟʦʣʠʨʦʚʘʥʦ ʦʪ ʠʟʣʫʯʝʥʠʷ ʧʝʨʝʜʥʝʡ. 

ɺʝʩʴ ʦʙʲʝʤ ʢʦʥʫʩʘ ʟʘʧʦʣʥʝʥ ʪʦʥʢʦʚʦʣʦʢʥʠʩʪʳʤ ʫʧʨʫʛʦʧʦʨʠʩʪʳʤ ʟʚʫʢʦʧʦʛʣʦ-

ʪʠʪʝʣʝʤ, ʩʦ ʚʩʝʤʠ ʚʳʪʝʢʘʶʱʠʤʠ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʧʦʩʣʝʜʩʪʚʠʷʤʠ [1].                         

ɺ ʟʘʢʨʳʪʦʤ ʦʬʦʨʤʣʝʥʠʠ ʢ ʫʧʨʫʛʦʩʪʠ ʧʦʜʚʠʞʥʦʡ ʩʠʩʪʝʤʳ ɻɻ ʧʨʠʙʘʚʣʷʝʪʩʷ 

ʫʧʨʫʛʦʩʪʴ ʚʦʟʜʫʭʘ, ʩʦʜʝʨʞʘʱʝʛʦʩʷ ʚ ʦʙʲʝʤʝ ʟʘʢʨʳʪʦʛʦ ʢʦʥʫʩʘ, ʩʥʠʞʘʷ ʛʠʙʢʦʩʪʴ 

ɻɻ.  

 

mailto:andrbad56@yandex.ru
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ʈʠʩ. 1. ʉʭʝʤʘ ɸʉ ʪʠʧʘ 

 

 
ʈʠʩ. 2. ʉʭʝʤʳ ʚʢʣʶʯʝʥʠʷ ɻɻ ʪʠʧʘ ʟʘʢʨʳʪʳʡ ʢʦʨʧʫʩ çIsobaricè 

 

ʅʘʣʠʯʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʫʧʨʫʛʦʩʪʠ ʚʦʟʜʫʭʘ ʚ ʢʦʨʧʫʩʝ ʧʨʠʚʦʜʠʪ                         

ʢ ʧʦʚʳʰʝʥʠʶ ʩʦʙʩʪʚʝʥʥʦʡ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʳ ɻɻ Ὢ̋ ʠ ʝʸ ʧʦʣʥʦʡ ʜʦʙʨʦʪʥʦʩʪʠ 

ὗ̃ :̠ 

0 1 ʕ
ʂ

ʂ

V
f f

V
= Ö +                                         (1)  

 

1 ʕ
ʇʂ ʇ

ʂ

V
Q Q

V
= Ö +                                         (2)  

 

ʛʜʝ ʂf ï ʨʝʟʦʥʘʥʩʥʘʷ ʯʘʩʪʦʪʘ ɻɻ ʚ ʢʦʨʧʫʩʝ; 

0f  ï ʩʦʙʩʪʚʝʥʥʘʷ ʨʝʟʦʥʘʥʩʥʘʷ ʯʘʩʪʦʪʘ ɻɻ ʚ ʚʦʟʜʫʭʝ; 

ʕV  ï ʵʢʚʠʚʘʣʝʥʪʥʳʡ ʦʙʲʝʤ ɻɻ; 

ʂV  ï ʦʙʲʝʤ ʢʦʨʧʫʩʘ; 

ʇʂQ  ï ʧʦʣʥʘʷ ʜʦʙʨʦʪʥʦʩʪʴ ɻɻ ʚ ʢʦʨʧʫʩʝ; 

ʇQ  ï ʧʦʣʥʘʷ ʜʦʙʨʦʪʥʦʩʪʴ ɻɻ ʚ ʚʦʟʜʫʭʝ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʧʨʫʛʦʩʪʴ ʚʦʟʜʫʭʘ ʚ ʢʦʨʧʫʩʝ ʩʪʘʥʦʚʠʪʩʷ ʦʧʨʝʜʝʣʷʶʱʠʤ 

ʬʘʢʪʦʨʦʤ, ʯʪʦ ʥʘʢʣʘʜʳʚʘʶʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʥʘ ʧʘʨʘʤʝʪʨʳ ʅʏ ɻɻ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʵʪʦʤ ʪʠʧʝ ʦʬʦʨʤʣʝʥʠʷ. ʆʥʠ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʥʠʟʢʦʡ 

ʩʦʙʩʪʚʝʥʥʦʡ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʦʡ ʠ ʧʦʣʥʦʡ ʜʦʙʨʦʪʥʦʩʪʴʶ, ʪ.ʝ. ʠʤʝʪʴ ʚʳʩʦʢʫʶ 

ʛʠʙʢʦʩʪʴ ʠ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʫʶ ʤʘʩʩʫ ʧʦʜʚʠʞʥʦʡ ʩʠʩʪʝʤʳ. ʂʨʦʤʝ ʪʦʛʦ, ʪʘʢʠʝ 

ɻɻ ʜʦʣʞʥʳ ʠʤʝʪʴ ʜʣʠʥʥʫʶ ʥʘʤʦʪʢʫ ʟʚʫʢʦʚʦʡ ʢʘʪʫʰʢʠ ʠ ʦʩʦʙʫʶ ʢʦʥʩʪʨʫʢʮʠʶ 

ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʙʦʣʴʰʦʡ ʭʦʜ ʢʘʪʫʰʢʠ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 

ʩ ʦʜʠʥʘʢʦʚʦʡ ʠʥʜʫʢʮʠʝʡ. ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʤʘʩʩʳ 

ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʫʨʦʚʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ ʂʇɼ, 

ʯʪʦ ʦʧʷʪʴ ʞʝ ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ ʤʦʱʥʳʭ ʤʘʛʥʠʪʥʳʭ ʮʝʧʝʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʚʳʩʦʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʚʷʟʠ ʠ ʥʠʟʢʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʜʦʙʨʦʪʥʦʩʪʠ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʦʡ ʂf ʠ ʇʂQ , ʥʝ ʧʨʝʨʳʚʘʶʱʝʡ 1.0, ʠʟ (1)     

ʠ (2) ʦʙʲʝʤ ʢʦʨʧʫʩʘ ʂV  ʧʦʣʫʯʘʝʪʩʷ ʦʯʝʥʴ ʙʦʣʴʰʠʤ. ʉʫʱʝʩʪʚʫʝʪ ʩʧʦʩʦʙ 

ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʩʜʚʘʠʚʘʥʠʠ ʅʏ ɻɻ ï ʚʢʣʶʯʝʥʠʝ 

çIsobaricè (ʨʠʩ. 2). ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʩʜʚʘʠʚʘʥʠʠ ɻɻ ʛʠʙʢʦʩʪʴ ʪʘʢʦʡ ʩʠʩʪʝʤʳ 

ʩʥʠʞʘʝʪʩʷ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʥʠʞʘʝʪʩʷ ʠ ʕV , ʘ ʤʘʩʩʘ ʚʦʟʨʘʩʪʘʝʪ.  ɽʩʣʠ 

ʩʜʚʘʠʚʘʶʪʩʷ ɻɻ ʩ ʵʢʚʠʚʘʣʝʥʪʥʳʤʠ ʦʙʲʝʤʘʤʠ 1ʕV ʠ 2ʕV , ʪʦ ʦʙʱʠʡ ʕʉV  ʩʠʩʪʝʤʳ 

ʙʫʜʝʪ 
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,                                                 (3) 

 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʜʚʘʠʚʘʥʠʝ ʜʚʫʭ ʩʦʚʝʨʰʝʥʥʦ ʦʜʠʥʘʢʦʚʳʭ ɻɻ ʧʨʠʚʦʜʠʪ              

ʢ ʫʤʝʥʴʰʝʥʠʶ ʕʉV  ʚ 2 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʜʥʦʡ ɻɻ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʂV  ʚ 2 ʨʘʟʘ ʠ ʫʚʝʣʠʯʝʥʠʶ ʦʙʱʝʡ ʤʘʩʩʳ ʧʦʜʚʠʞʥʦʡ ʩʠʩʪʝʤʳ ʪʦʞʝ 

ʚ 2 ʨʘʟʘ (ʝʩʣʠ ʧʨʝʥʝʙʨʝʯʴ ʤʘʩʩʦʡ ʚʦʟʜʫʭʘ ʤʝʞʜʫ ʜʠʬʬʫʟʦʨʘʤʠ). ʇʦʩʣʝʜʥʝʝ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʩʥʠʟʠʪ ʟʚʫʢʦʚʦʝ ʜʘʚʣʝʥʠʝ ʚ 2 ʨʘʟʘ, ʪ.ʝ. ʥʘ 3 ʜɹ, ʩʥʠʟʠʪʩʷ ʠ ʂʇɼ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘʜʦ ʧʦʜʙʠʨʘʪʴ ɻɻ ʩ ʚʳʩʦʢʠʤ ʂʇɼ ʠ SPL, ʢʨʦʤʝ ʪʦʛʦ, 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 2-ʭ ʅʏ ɻɻ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪʴ ʚʦʟʨʘʩʪʘʝʪ ʚ 2 ʨʘʟʘ.               

ɺ ʩʣʫʯʘʝ ʨʠʩ. 2 (ʘ) ɻɻ ʚʢʣʶʯʘʶʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʠ ʚ ʧʨʦʪʠʚʦʬʘʟʝ, ʚ ʩʣʫʯʘʝ (ʙ) ï              

ʚ ʬʘʟʝ, ʯʪʦʙʳ ɻɻ ʠʟʣʫʯʘʣʠ ʚ ʦʜʥʫ ʩʪʦʨʦʥʫ. ɼʦʧʫʩʪʠʤʦ ʠ ʧʘʨʘʣʣʝʣʴʥʦʝ,                          

ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʚʢʣʶʯʝʥʠʝ, ʧʨʠ ʵʪʦʤ, ʝʩʣʠ ɻɻ ʧʦʣʥʦʩʪʴʶ ʠʜʝʥʪʠʯʥʳʝ, ʪʦ 

0f  ʥʝ ʠʟʤʝʥʠʪʩʷ, ʇQ  ʧʨʠ ʧʘʨʘʣʣʝʣʴʥʦʤ ʚʢʣʶʯʝʥʠʠ ʥʘ 5% ʥʠʞʝ, ʧʨʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ï ʥʘ 5% ʚʳʰʝ, ʯʝʤ ʫ ʦʜʥʦʡ ɻɻ. ɺ ʚʘʨʠʘʥʪʝ (ʙ) ɻɻ ʥʘʜʦ 

ʨʘʩʧʦʣʘʛʘʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʙʣʠʟʢʦ ʜʨʫʛ ʢ ʜʨʫʛʫ, ʥʦ ʪʘʢ, ʯʪʦʙʳ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʘʤʧʣʠʪʫʜʝ ʢʦʣʝʙʘʥʠʷ, ʜʠʬʬʫʟʦʨ ʟʘʜʥʝʡ ɻɻ ʥʝ ʢʘʩʘʣʩʷ ʤʘʛʥʠʪʘ ʧʝʨʝʜʥʝʡ [1]. 

ɺ ʨʘʙʦʪʝ [2] ʨʘʩʩʯʠʪʘʥʳ ʩʝʤʝʡʩʪʚʘ ɸʏʍ ɻɻ ʚ ʟʘʢʨʳʪʦʤ ʢʦʨʧʫʩʝ ʜʣʷ 

ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʡ  ʂf ʠ ʇʂQ , ʢʦʪʦʨʳʝ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 3. 

ɸʥʘʣʠʟ ʵʪʦʛʦ ʩʝʤʝʡʩʪʚʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦ 

ʣʠʥʝʡʥʳʭ ɸʏʍ ʚ ʦʙʣʘʩʪʠ ʅʏ ʠ ʚʦʟʤʦʞʥʦ ʙʦʣʝʝ ʥʠʟʢʦʡ ʛʨʘʥʠʯʥʦʡ ʯʘʩʪʦʪʳ 
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ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʩʣʝʜʫʝʪ ʚʳʙʨʘʪʴ ʂV , ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʧʦʣʥʫʶ ʜʦʙʨʦʪʥʦʩʪʴ 

ʩʠʩʪʝʤʳ ɻɻ ï ʢʦʨʧʫʩ 0,7 1,0ʇʂQ = - . 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʦʬʦʨʤʣʝʥʠʝ çʟʘʢʨʳʪʳʡ ʢʦʨʧʫʩè ʠʤʝʝʪ ʥʘʠʥʠʟʰʠʡ ʂʇɼ ʠʟ 

ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʦʬʦʨʤʣʝʥʠʡ, ʩʣʝʜʫʝʪ ʚʳʙʠʨʘʪʴ ʅʏ ɻɻ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ ʂʇɼ, ʥʝ ʟʘʙʳʚʘʷ ʦ ʪʨʝʙʨʚʘʥʠʷʭ 

ʫʧʦʤʷʥʫʪʳʭ ʚʳʰʝ. 

 

 
 

ʈʠʩ. 3. ʅʦʨʤʠʨʦʚʘʥʥʳʝ ɸʏʍ ʟʘʢʨʳʪʦʛʦ ʢʦʨʧʫʩʘ ʜʣʷ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʡ  

ʇʂQ : 1 ï 2ʇʂQ = ; 2 ï 1,4ʇʂQ = ; 3 ï 1,0ʇʂQ = ,  

4 ï 0,707ʇʂQ = ; 5 ï 0,5ʇʂQ =  

 

ɺʳʙʝʨʝʤ ʧʦʯʪʠ ʠʜʝʘʣʴʥʳʝ ʜʣʷ ʥʘʰʝʛʦ ʧʨʦʝʢʪʘ ʅʏ-ʠʟʣʫʯʘʪʝʣʠ SeasH283 

(ʅʦʨʚʝʛʠʷ) ʩ ʧʘʨʘʤʝʪʨʘʤʠ: 80ʥʦʤP =  ɺʪ; ʫʨʦʚʝʥʴ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ï 95 ʜɹ;0 25f =  ɻʮ; 0,45ʇQ = ; 175ʕV =  ʜʤ
3
; ʜʠʘʧʘʟʦʥ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʭ ʯʘʩʪʦʪ ï 25 ï 2500 ɻʮ; ʥʦʤʠʥʘʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ: 8ʥʦʤR =

ʆʤ; ʜʠʘʤʝʪʨ ï 25 ʩʤ. ʇʨʠ ʩʜʚʘʠʚʘʥʠʠ ɻɻ ʚ ʧʘʨʘʣʣʝʣʴʥʦʤ ʚʢʣʶʯʝʥʠʠ ʧʦʣʫʯʘʝʤ: 

160ʥʦʤP =  ɺʪ;  ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ï 92 ʜɹ; 80ʕV =  ʜʤ
3
; 4ʥʦʤR = ʆʤ; ʦʩʪʘʣʴʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ï ʧʦʯʪʠ ʙʝʟ ʠʟʤʝʥʝʥʠʡ. ʈʘʩʩʯʠʪʘʝʤ ɸʉ ʪʠʧʘ çʟʘʢʨʳʪʳʡ ʢʦʨʧʫʩè ʜʣʷ 

ʪʘʢʦʛʦ ʩʜʚʦʝʥʥʦʛʦ ʠʟʣʫʯʘʪʝʣʷ. ʅʘ ʨʠʩ. 3 ʚʳʙʝʨʝʤ ʘʧʧʨʦʢʩʠʤʘʮʠʶ ʩ 0,85ʇʂQ = , 

ʪʦʛʜʘ ʠʟ (2) ʧʦʣʫʯʠʤ 70ʂV =  ʜʤ
3
, ʠʟ (1): 45ʂf = ɻʮ, ʠ ʪʦ ʠ ʜʨʫʛʦʝ ʚʝʩʴʤʘ 

ʥʝʧʣʦʭʦ. ʆʙʲʝʤ ʟʘʢʨʳʪʦʛʦ ʢʦʨʧʫʩʘ ʥʘ ʦʜʥʦʡ ɻɻ ʧʨʠ ʪʝʭ ʞʝ ʂf ʠ ʇʂQ ʧʦʣʫʯʠʣʩʷ 

ʙʳ 140 ʜʤ
3
. 

ʈʘʟʨʘʙʦʪʘʝʤ ʢʦʥʩʪʨʫʢʮʠʶ ʪʨʝʭʧʦʣʦʩʥʦʡ ɸʉ ʥʘ ʦʩʥʦʚʝ ʥʘ ʦʩʥʦʚʝ 

ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʦʬʦʨʤʣʝʥʠʷ, ʜʣʷ ʵʪʦʛʦ ʥʫʞʥʦ ʜʦʙʘʚʠʪʴ ʩʨʝʜʥʝ- ʠ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʫʶ (ʉʏ ʠ ɺʏ) ʧʦʣʦʩʳ. 

ɺ ʢʘʯʝʩʪʚʝ ʉʏ-ʠʟʣʫʯʘʪʝʣʷ ʚʳʙʝʨʝʤ ɻɻ Sica 4E1CS (ʀʪʘʣʠʷ) ʩ 

ʧʘʨʘʤʝʪʨʘʤʠ: 70ʥʦʤP =  ɺʪ; ʫʨʦʚʝʥʴ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ï 90 

ʜɹ; 0 110f =  ɻʮ; 0,4ʇQ = ; 1,3ʕV =  ʜʤ
3
; ʜʠʘʧʘʟʦʥ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʭ ʯʘʩʪʦʪ ï 110 
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ï 10000 ɻʮ; ʥʦʤʠʥʘʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ: 8ʥʦʤR = ʆʤ; ʜʠʘʤʝʪʨ ï 10 ʩʤ. ɺʏ ɻɻ ï 

Scan/SpeakD2905/950000 (ɼʘʥʠʷ): 100ʥʦʤP =  ɺʪ; ʫʨʦʚʝʥʴ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ï 92 ʜɹ; 0 500f =  ɻʮ; ʜʠʘʧʘʟʦʥ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʭ ʯʘʩʪʦʪ ï 

2000 ï 30000 ɻʮ; ʥʦʤʠʥʘʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ: 6ʥʦʤR = ʆʤ; ʜʠʘʤʝʪʨ ï 10 ʩʤ. 

ʉʭʝʤʳ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʨʘʟʜʝʣʠʪʝʣʴʥʳʭ ʬʠʣʴʪʨʦʚ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ɸʉ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 4 ʠ 5. 

 

 
ʈʠʩ. 4. ʉʭʝʤʘ ʢʦʥʩʪʨʫʢʮʠʠ 

 
ʈʠʩ. 5. ʉʭʝʤʘ ʨʘʟʜʝʣʠʪʝʣʴʥʳʭ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ɸʉ ʬʠʣʴʪʨʦʚ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ɸʉ 

 

ʉʏ ʠʟʣʫʯʘʪʝʣʴ ʥʘʛʨʫʞʝʥ ʥʘ ʦʪʢʨʳʪʫʶ ʪʨʫʙʫ ʜʠʘʤʝʪʨʦʤ 10 ʩʤ, ʯʘʩʪʠʯʥʦ 

ʟʘʧʦʣʥʝʥʥʫʶ ʟʚʫʢʦʧʦʛʣʦʪʠʪʝʣʝʤ [1], ʚʝʩʴ ʦʩʪʘʣʴʥʦʡ ʦʙʲʝʤ ʢʦʨʧʫʩʘ ʟʘʧʦʣʥʝʥ 

ʧʦʣʥʦʩʪʴʶ. ɺ ʢʦʥʩʪʨʫʢʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʬʠʣʴʪʨʳ çʚʩʝʧʨʦʧʫʩʢʘʶʱʝʛʦ ʪʠʧʘè 

[1] ʩ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʤʠ ʢʦʤʧʣʝʢʪʫʶʱʠʤʠ: ʢʦʥʜʝʥʩʘʪʦʨʳ çAudyuCapè KP-

Sn çIntertechnikè (ɻʝʨʤʘʥʠʷ), ʢʘʪʫʰʢʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʙʝʟ ʩʝʨʜʝʯʥʠʢʦʚ, 

ʥʘʤʦʪʘʥʥʳʝ ʤʝʜʥʳʤ ʧʨʦʚʦʜʦʤ çʄʆdè ʜʠʘʤʝʪʨʦʤ 1,2, 1,0 ʠ 0,5 ʤʤ. ʏʘʩʪʦʪʳ 
ʨʘʟʜʝʣʘ ʬʠʣʴʪʨʦʚ ï 350 ɻʮ ʠ 2 ʢɻʮ. ʂʦʨʧʫʩ ɸʉ ʚʳʧʦʣʥʝʥ ʠʟ MDF-ʧʣʠʪʳ 

ʪʦʣʱʠʥʦʡ 22 ʤʤ ʠ ʫʩʠʣʝʥ ʠʟʥʫʪʨʠ ʩʪʷʞʢʘʤʠ ʠ ʨʸʙʨʘʤʠ ʞʝʩʪʢʦʩʪʠ [1]. 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʯʘʩʪʦʪʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʦʜʫʣʷ ʧʦʣʥʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ Z  ʠ ɸʏʍ ɸʉ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 6 ʠ 7. 
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ʈʠʩ. 6. ʏʘʩʪʦʪʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʤʦʜʫʣʷ 

 

 
ʈʠʩ. 7. ɸʏʍ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ɸʉ ʧʦʣʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ɸʉ 

 

ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ ʧʨʘʚʠʣʴʥʦʩʪʴ ʨʘʩʯʝʪʘ ʘʢʫʩʪʠʯʝʩʢʦʛʦ 

ʦʬʦʨʤʣʝʥʠʷ ʠ ʨʘʟʜʝʣʴʥʳʭ ʬʠʣʴʪʨʦʚ ɸʉ. 

ʆʩʥʦʚʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ɸʉ: 

ʅʦʤʠʥʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴéééééééééééééééééé200 ɺʪ 

ʇʘʩʧʦʨʪʥʘʷ ʤʦʱʥʦʩʪʴéééééééééééééééé..éé.400 ɺʪ 

ʅʦʤʠʥʘʣʴʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝéééééééééé.6 ʆʤ 

ɼʠʘʧʘʟʦʥ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʭ ʯʘʩʪʦʪéééééééééé.20 ï 30000 ɻʮ 

ʋʨʦʚʝʥʴ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠéééééééé..91 ʜɹ 

ɻʘʙʘʨʠʪʳééééééééééééééééééé..280ʭ1100ʭ370 ʤʤ 

ʄʘʩʩʘéééééééééééééééééééééééééé.30 ʢʛ 

ʂʘʢ ʚʠʜʥʦ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ɸʉ ʥʝ ʫʩʪʫʧʘʶʪ, ʘ ʩʢʦʨʝʝ ʧʨʝʚʦʩʭʦʜʷʪ, ʤʥʦʛʠʝ 

ɸʉ ʬʘʟʦʠʥʚʝʨʩʥʦʛʦ ʪʠʧʘ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʅʏ ɻɻ ʠ ʢʦʨʧʫʩʘ, ʜʘʞʝ ʙʝʟ 

ʫʯʝʪʘ ʧʝʨʝʭʦʜʥʳʭ ʠʩʢʘʞʝʥʠʡ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ɹʘʜʘʝʚ ɸ.ʉ. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ 

ʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ: ʤʦʥʦʛʨʘʬʠʷ / ɸ.ʉ.ɹʘʜʘʝʚ; ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè, - ɺʦʨʦʥʝʞ: ʠʟʜʘʪʝʣʴʩʪʚʦ ɺɻʊʋ, 

2019. ï 203 ʩ. 

2. ɸʣʜʦʥʠʥʘ ʀ.ɸ. ɺʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʝ ʘʢʫʩʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʠ 

ʠʟʣʫʯʘʪʝʣʠ / ʀ.ɸ.ɸʣʜʦʥʠʥʘ ,ɸ.ɻ.ɺʦʡʰʚʠʣʣ, - ʄ.: ʈʘʜʠʦ ʠ ʩʚʷʟʴ, 1985. ï 168 ʩ. 
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ʋɼʂ 621.791 

 

ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ ʆʉʅɸʉʊʂʀ ɼʃʗ ʀɿɻʆʊʆɺʃɽʅʀʗ 

ɺɽʈʍʅɽɻʆ ʉʆʇʃɸ ɾʀɼʂʆʉʊʅʆɻʆ ʈɸʂɽʊʅʆɻʆ ɼɺʀɻɸʊɽʃʗ 

 

ɼ.ʖ. ʑʝʨʙʘʢʦʚ 

ʉʪʫʜʝʥʪ ʛʨ. ʧʉʧ-161, dmitr.sherbakoff@mail.ru 

ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 
ɺ ʧʨʝʜʣʦʞʝʥʥʦʡ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʦ ʨʝʰʝʥʠʝ ʪʘʢʦʡ ʧʨʦʙʣʝʤʳ ʢʘʢ ʩʚʘʨʢʘ ʢʦʣʴʮʝʚʳʭ 

ʰʚʦʚ ʩʦʧʣʘ. ɼʣʷ ʵʪʦʛʦ ʘʚʪʦʨʦʤ ʩʪʘʪʴʠ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʩʚʘʨʢʠ ʢʦʣʣʝʢʪʦʨʦʚ ʥʝʧʣʘʚʷʱʠʤʩʷ ʵʣʝʢʪʨʦʜʦʤ ʚ ʩʨʝʜʝ ʟʘʱʠʪʥʳʭ ʛʘʟʦʚ. 

ʇʨʦʠʟʚʝʜʝʥʳ ʚʳʯʠʩʣʝʥʠʷ ʧʨʠʞʠʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʦʧʣʦ, ʩʚʘʨʢʘ, ʚʠʥʪʦʚʦʡ ʧʨʠʞʠʤ, ʩʚʘʨʦʯʥʦʝ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ.  
 

ʉʦʧʣʦ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʧʨʦʧʫʩʢʘʥʠʷ ʛʘʟʘ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʡ ʤʦʱʥʦʡ ʩʪʨʫʝʡ ʫʩʪʨʝʤʣʷʝʪʩʷ ʥʘʨʫʞʫ. ʅʘʟʥʘʯʝʥʠʝ 

ʢʦʪʦʨʦʛʦ ʧʦʚʳʩʠʪʴ ʩʢʦʨʦʩʪʴ ʩʪʨʫʠ. ʉʦʧʣʦ, (ʨʠʩ. 1) ʢʦʥʠʯʝʩʢʦʡ ʬʦʨʤʳ, 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʙʦʨʥʳʡ ʫʟʝʣ ʠʟ ʩʪʝʥʦʢ (ʥʘʨʫʞʥʳʭ ʠ ʚʥʫʪʨʝʥʥʠʭ), 

ʢʦʣʣʝʢʪʦʨʦʚ ʩ ʪʨʦʡʥʠʢʘʤʠ ʠ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʮʠʨʢʫʣʷʮʠʠ ʪʦʧʣʠʚʘ, ʩʚʘʨʝʥʥʳʭ 

ʤʝʞʜʫ ʩʦʙʦʡ. ʄʘʢʩʠʤʘʣʴʥʳʡ ʜʠʘʤʝʪʨ ʨʘʩʢʨʳʪʠʷ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ï 400 ʤʤ.,                   

ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ï 73 ʤʤ, ʚʳʩʦʪʘ ʩʦʩʪʘʚʣʷʝʪ 302 ʤʤ. 

ʄʘʪʝʨʠʘʣ, ʠʟʛʦʪʘʚʣʠʚʘʝʤʦʛʦ ʠʟʜʝʣʠʷ ʷʚʣʷʝʪʩʷ ʥʝʨʞʘʚʝʶʱʘʷ ʩʪʘʣʴ 

12ʍ18ʅ10ʊ, ʠʤʝʶʱʘʷ ʜʠʘʧʘʟʦʥ ʪʦʣʱʠʥ 1,8 ï 2 ʤʤ. 

ʋʩʣʦʚʠʷ ʨʘʙʦʪʳ ʠʟʜʝʣʠʷ: 

ï ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʠʥʪʝʨʚʘʣ (350-400Áʉ); 

ï ʜʘʚʣʝʥʠʝ (21Ñ1 ʄʇʘ); 

ʅʘʠʙʦʣʝʝ ʦʪʚʝʪʩʪʚʝʥʥʳʤ ʵʪʘʧʦʤ ʠʟʛʦʪʦʚʣʝʥʠʷ ʵʪʦʡ ʜʝʪʘʣʠ ʷʚʣʷʝʪʩʷ 

ʜʫʛʦʚʘʷ ʩʚʘʨʢʘ ʢʦʣʴʮʝʚʳʭ ʰʚʦʚ. ʅʘ ʙʘʟʦʚʦʤ ʧʨʝʜʧʨʠʷʪʠʠ ʵʪʘ ʦʧʝʨʘʮʠʷ 

ʚʳʧʦʣʥʷʝʪʩʷ ʨʫʯʥʦʡ ʜʫʛʦʚʦʡ ʩʚʘʨʢʦʡ ʥʝʧʣʘʚʷʱʠʤʩʷ ʵʣʝʢʪʨʦʜʦʤ. ʆʩʥʦʚʥʳʤʠ 

ʥʝʜʦʩʪʘʪʢʘʤʠ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʶʪʩʷ ʥʠʟʢʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ 

ʟʘʚʠʩʠʤʦʩʪʴ ʢʘʯʝʩʪʚʘ ʩʚʘʨʥʦʛʦ ʰʚʘ ʦʪ ʢʚʘʣʠʬʠʢʘʮʠʠ ʩʚʘʨʱʠʢʘ. ɼʦʩʪʘʪʦʯʥʦ 

ʙʦʣʴʰʘʷ ʜʣʠʥʘ ʰʚʦʚ ʠ ʩʚʦʙʦʜʥʳʡ ʜʦʩʪʫʧ ʢ ʥʠʤ, ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʤʦʪʨʝʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʦʧʣʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʩʚʘʨʢʠ. 

ʆʜʥʘʢʦ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʧʨʝʜʲʷʚʣʷʝʪ ʩʪʨʦʛʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢʘʯʝʩʪʚʫ 

ʩʙʦʨʢʠ ʧʦʜ ʩʚʘʨʢʫ.  

 
ʈʠʩ. 1. ʉʦʧʣʦ 
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ɼʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʫʩʪʨʦʡʩʪʚʦ, ʧʦʟʚʦʣʷʶʱʝʝ 

ʚʳʜʝʨʞʘʪʴ ʜʝʪʘʣʴ ʚ ʥʝʧʦʜʚʠʞʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʆʩʥʘʩʪʢʘ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʧʣʠʪʫ (ʈʠʩ.2), ʚ ʮʝʥʪʨʝ ʢʦʪʦʨʦʡ ʥʘʭʦʜʠʪʩʷ ʰʪʦʢ ʩʦ ʰʧʠʣʴʢʦʡ. ʆʥʘ ʠʤʝʝʪ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʨʝʟʘʥʥʫʶ ʨʝʟʴʙʫ, ʢʦʪʦʨʘʷ ʧʨʝʜʥʘʟʥʘʯʘʝʪʩʷ ʜʣʷ ʩʦʙʣʶʜʝʥʠʷ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʩʪʠ ʜʝʪʘʣʠ.ʇʣʠʪʘ ʠʤʝʝʪ 6 ʦʪʚʝʨʩʪʠʠ, ʯʝʨʝʟ ʢʦʪʦʨʳʝ 

ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ ʢʨʝʧʠʪʩʷ ʢ ʤʘʥʠʧʫʣʷʪʦʨʫ. ɿʘʪʝʤ ʥʘ ʰʪʦʢ ʦʜʝʚʘʝʪʩʷ ʢʦʥʫʩ ʠ 

ʬʠʢʩʠʨʫʝʪʩʷ ʰʧʠʣʴʢʘʤʠ ʩ ʛʘʡʢʘʤʠ. ʇʦ ʟʘʚʝʨʰʝʥʠʶ ʩʙʦʨʢʠ ʩʦʧʣʘ ʥʘ 

ʥʘʧʨʘʚʣʷʶʱʠʡ ʰʪʦʢ ʩʦ ʰʧʠʣʴʢʦʡ, ʦʜʝʚʘʝʪʩʷ ʰʘʡʙʘ, ʢʦʪʦʨʘʷʟʘʢʨʝʧʣʷʝʪʩʷ 

ʧʣʘʥʰʘʡʙʦʡ ʠ ʧʨʠʪʷʛʠʚʘʝʪʩʷ ʛʘʡʢʦʡ. ʉʙʦʨʢʘ ʚ ʵʪʦʤ ʧʨʠʩʧʦʩʦʙʣʝʥʠʠ ʧʦʟʚʦʣʷʝʪ 

ʩʚʘʨʠʚʘʪʴ ʢʦʣʴʮʝʚʳʝ ʰʚʳ ʚ ʦʜʥʫ ʫʩʪʘʥʦʚʢʫ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʨʝʞʠʤʦʤ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʩʥʠʞʝʥʠʷ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʜʘʥʥʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ. 

ʇʨʝʜʣʘʛʘʝʤʦʝ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʧʨʠʚʘʨʢʠ ʢʦʣʣʝʢʪʦʨʦʚ 

ʢ ʩʦʧʣʫ ɾʈɼ.  

 
ʈʠʩ. 2. ʇʨʠʩʧʦʩʦʙʣʝʥʠʝ ʜʣʷ ʧʨʠʚʘʨʢʠ ʢʦʣʣʝʢʪʦʨʦʚ 

 

ɼʘʣʝʝ ʧʨʦʠʟʚʝʜʝʤ ʨʘʩʯʝʪ ʧʨʠʞʠʤʘ, ʠʟ ʢʦʪʦʨʦʛʦ ʤʳ ʦʧʨʝʜʝʣʠʤ 

ʤʠʥʠʤʘʣʴʥʳʡ ʜʠʘʤʝʪʨ ʚʠʥʪʘ ʠ ʤʠʥʠʤʘʣʴʥʫʶ ʜʦʧʫʩʪʠʤʫʶ ʛʣʫʙʠʥʫ ʨʝʟʴʙʦʚʦʛʦ 

ʦʪʚʝʨʩʪʠʷ. ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʥʘʜʝʞʥʦʛʦ ʢʨʝʧʣʝʥʠʷ ʩʦʧʣʘ ʚ ʫʩʪʨʦʡʩʪʚʝ. 

ʄʘʩʩʘ ʠʟʜʝʣʠʷ ʩʦʩʪʘʚʣʷʝʪ 8,8 ʢʛ [1, 2]. 

ʇʨʠʤʝʤ, ʯʪʦ ʫʩʠʣʠʝ ʥʘ ʧʨʠʞʠʤʝQ=500ʅ. ʅʘʨʫʞʥʳʡ ʜʠʘʤʝʪʨ ʚʠʥʪʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (1):  

 

            
[]

 ʤʤ 4,08=
600,5

400
 =

0,5

   Q
=d

ʨ

ʥʘʨʫʞ
ÖÖs

                       (1) 

 

ʛʜʝ [ů]ʨ ï ʜʦʧʫʩʪʠʤʦʝ ʨʘʩʪʷʛʠʚʘʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ ʧʨʠ ʧʝʨʝʤʝʥʥʦʡ ʥʘʛʨʫʟʢʝ: 

[ů]ʨ=58é98 ʄʧʘ.  

ʀʟ ʨʘʩʯʝʪʘ ʧʨʠʥʠʤʘʝʤ ʚʠʥʪ, ʩ ʤʝʪʨʠʯʝʩʢʦʡ ʨʝʟʴʙʦʡ ʠ ʩ ʥʘʨʫʞʥʳʤ 

ʜʠʘʤʝʪʨʦʤ 8 ʤʤ. 
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ʆʧʨʝʜʝʣʠʤ ʯʠʩʣʦ ʚʠʪʢʦʚ ʨʝʟʴʙʳ ʚ ʩʪʘʣʴʥʦʡ ʛʘʡʢʝ ʧʦ ʬʦʨʤʫʣʝ (2): 

 

 
)( )(

ʚʠʪʢʦʚ 0,358=
90647,683,14

5004
 = 

Q4
 =n

22

0

22 Ö-Ö

Ö

Ö-Ö

Ö

rp ʚʥʘʨʫʞdd
                      (2) 

ʛʜʝ dʥʘʨʫʞ ʠ dʚ ï ʥʘʨʫʞʥʳʡ ʠ ʚʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ ʨʝʟʴʙʳ, ʤʤ.ʉʦʛʣʘʩʥʦ ɻʆʉʊ 

24705 ï 2004; ɟ0 ï ʫʜʝʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴʨʝʟʴʙʳ ʜʣʷ ʩʪʘʣʴʥʦʡ ʛʘʡʢʠ 

= 90é130 ʄʧʘ. 

ɺʦʟʴʤʝʤ ʟʥʘʯʝʥʠʝ n=6. ʆʧʨʝʜʝʣʠʤ ʚʳʩʦʪʫ ʨʝʟʴʙʳ ʧʦ ʬʦʨʤʫʣʝ (3): 

 

                                      
                 ʤʤ 7,5=

1

1,256
 =

m

nS
  =ʅ

Ö
                             (3) 

 

ʛʜʝ n ï ʢʦʣʠʯʝʩʪʚʦ ʚʠʪʢʦʚ ʨʝʟʴʙʳ; S ï ʰʘʛ ʨʝʟʴʙʳ, ʤʤ.ʩʦʛʣʘʩʥʦ ɻʆʉʊ 24705 ï 

2004; m ï ʢʦʣʠʯʝʩʪʚʦ ʚʠʪʢʦʚ ʨʝʟʴʙʳ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʩʯʝʪʦʚ, ʩʦʟʜʘʥʠʝʧʨʠʞʠʤʘ ʤʦʞʝʪ ʙʳʪʴ ʚʟʷʪ 

ʩʪʘʥʜʘʨʪʥʳʡ ʚʠʥʪ ʧʦ ɻʆʉʊ 1491 ï 80, ʘ ʪʘʢʞʝ ʩʪʘʥʜʘʨʪʥʘʷ ʛʘʡʢʘ ʧʦ ɻʆʉʊ ISO 

4032 ï 2014. 

ʇʨʠ ʠʥʦʡ ʢʦʤʧʠʣʷʮʠʠ ʧʨʠʞʠʤʘ, ʥʘʧʨʠʤʝʨ, ʚ ʚʠʜʝ ʩʪʨʫʙʮʠʥʳ, 

ʧʦʪʨʝʙʫʝʪʩʷ ʚʳʧʦʣʥʠʪʴ ʨʘʩʯʝʪʳ ʫʩʠʣʠʷ ʥʘ ʨʫʢʦʷʪʠ [3]. 

ʇʨʠʚʝʜʝʥʥʳʡ ʫʛʦʣ ʪʨʝʥʠʷ ʦʧʨʝʜʝʣʠʤ ʧʦ ʬʦʨʤʫʣʝ (4): 
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ʉʠʣʘ ʧʨʠʢʣʘʜʳʚʘʶʱʘʷ ʥʘ ʨʫʢʦʷʪʴ ʧʨʠʞʠʤʘ, ʜʣʠʥʦʡ 150 ʤʤ, ʚʳʯʠʩʣʠʤ  

ʧʦ ʬʦʨʤʫʣʝ (5): 
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ʀʩʭʦʜʷ ʠʟ ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʠʥʪ ʠ ʛʘʡʢʫ ʄ8                

ʩ ʜʣʠʥʦʡ ʨʫʢʦʷʪʢʠ 150 ʤʤ. 
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ʋɼʂ 621.791 

 

ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ ʆʉʅɸʉʊʂʀ ɼʃʗ ʀɿɻʆʊʆɺʃɽʅʀʗ 

ʋʃʀʊʂʆɺʆɻʆ ʇʀʊɸʊɽʃʗ ʄɽʃʔʅʀʎʓ ʄʐʈ 3100ʍ3200 

 

ʉ.ɺ. ɾʜʘʥʦʚ 

ʉʪʫʜʝʥʪ ʛʨ. ʧʉʇ-161, savvazhdanov@mail.ru 

ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 
ʈʘʟʨʘʙʦʪʘʥʦ ʩʚʘʨʦʯʥʦʝ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʫʛʣʦʚʳʭ ʰʚʦʚ ʠʟʜʝʣʠʷ 

ʫʣʠʪʢʦʚʳʡ ʧʠʪʘʪʝʣʴ. ʇʨʠʩʧʦʩʦʙʣʝʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʦʯʥʦʝ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ ʜʝʪʘʣʠ ʧʦʜ 

ʩʚʘʨʢʫ, ʜʦʩʪʘʪʦʯʥʫʶ ʞʝʩʪʢʦʩʪʴ ʚʩʝʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ 

ʤʘʩʩʠʚʥʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʙʦʪʳ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ  ʨʝʘʣʠʟʘʮʠʷ 

ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʩʚʘʨʢʠ ʧʦʨʦʰʢʦʚʦʡ ʧʨʦʚʦʣʦʢʦʡ ʚ ʩʨʝʜʝ ʟʘʱʠʪʥʳʭ ʛʘʟʦʚ. 

ɺʳʧʦʣʥʝʥʳ ʨʘʩʯʝʪʳ ʧʦ ʦʮʝʥʢʝ ʥʝʦʙʭʦʜʠʤʦʛʦ ʫʩʠʣʠʷ ʧʨʠʞʠʤʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʣʠʪʢʦʚʳʡ ʧʠʪʘʪʝʣʴ, ʩʚʘʨʥʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʚʠʥʪʦʚʳʝ ʧʨʠʞʠʤʳ, 

ʩʚʘʨʦʯʥʦʝ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ. 

 

ʋʣʠʪʢʦʚʳʡ ʧʠʪʘʪʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʪʘʣʴʥʫʶ ʤʘʩʩʠʚʥʫʶ  

ʢʦʥʩʪʨʫʢʮʠʶ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʫʶ ʜʣʷ ʟʘʛʨʫʟʢʠ ʨʫʜʳ ʚ ʰʘʨʦʚʫʶ ʤʝʣʴʥʠʮʫ. 

ʐʘʨʦʚʳʝ ʤʝʣʴʥʠʮʳ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʛʦʨʥʦ-ʦʙʦʛʘʪʠʪʝʣʴʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʜʣʷ 

ʨʘʟʤʝʣʴʯʝʥʠʷ ʜʨʦʙʣʝʥʠʷ ʨʫʜʳ ʧʨʠ ʧʦʤʦʱʠ ʰʘʨʦʚ. 

ʋʣʠʪʢʦʚʳʡ ʧʠʪʘʪʝʣʴ ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʶ ʟʘʛʨʫʟʢʠ ʨʫʜʳ ʚ ʤʝʣʴʥʠʮʫ ʠ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʩʙʦʨʘ ʥʝ ʧʦʧʘʚʰʝʡ ʨʫʜʳ ʚ ʙʘʨʘʙʘʥ. ʂʘʢ ʠ ʙʦʣʴʰʠʥʩʪʚʦ 

ʢʦʥʩʪʨʫʢʮʠʡ ʫʣʠʪʢʦʚʳʡ ʧʠʪʘʪʝʣʴ ʚ ʭʦʜʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʜʚʝʨʛʘʝʪʩʷ ʩʝʨʴʝʟʥʳʤ 

ʥʘʛʨʫʟʢʘʤ ʪʘʢ ʢʘʢ ʨʘʙʦʪʘʝʪ ʧʠʪʘʪʝʣʴ ʚ ʞʝʩʪʢʠʭ ʫʩʣʦʚʠʷʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʠ 

ʫʜʘʨʥʳʭ ʥʝʧʨʝʨʳʚʥʳʭ ʥʘʛʨʫʟʢʘʭ, ʨʘʙʦʪʘʝʪ ʤʝʣʴʥʠʮʘ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 

5Áʉ ʜʦ 25Áʉ. ʋʣʠʪʢʦʚʳʡ ʧʠʪʘʪʝʣʴ (ʨʠʩ. 1) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʙʦʨʢʫ ʵʣʝʤʝʥʪʦʚ 

çʜʦʤʠʢè ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʦʛʥʫʪʳʭ ʣʠʩʪʦʚ ʩʚʘʨʝʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ. ɻʘʙʘʨʠʪʥʳʝ 

ʨʘʟʤʝʨʳ 3960ʭ2120ʭ470ʤʤ ʧʦʵʪʦʤʫ ʢ ʠʟʛʦʪʦʚʣʝʥʠʶ ʥʫʞʥʦ ʧʦʜʭʦʜʠʪʴ ʩ 

ʙʦʣʴʰʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴʶ.  

ʄʘʪʝʨʠʘʣ ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʟʜʝʣʠʷ - ʉʪʘʣʴ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʘʷ ʫʛʣʝʨʦʜʠʩʪʘʷ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʢʘʯʝʩʪʚʘ ɺʉʪ3ʩʧ, ʪʦʣʱʠʥʘ 

ʢʦʪʦʨʦʡ  20ʤʤ. 

ʈʘʙʦʪʘ ʠʟʜʝʣʠʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʠ ʩʣʝʜʫʶʱʠʭʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ: 

-ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ (5-250ʉ.); 

-ʜʠʥʘʤʠʯʝʩʢʠʝ ʫʜʘʨʥʳʝ ʥʘʛʨʫʟʢʠ; 

ʄʘʩʩʘ ʫʣʠʪʢʦʚʦʛʦ ʧʠʪʘʪʝʣʷ 3970 ʢʛ. 

ʆʜʥʦʡ ʠʟ ʚʘʞʥʦʡ ʯʘʩʪʝʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʫʣʠʪʢʦʚʦʛʦ ʧʠʪʘʪʝʣʷ 

ʷʚʣʷʝʪʩʷ ʚʳʧʦʣʥʝʥʠʝ ʘʩʩʠʤʝʪʨʠʯʥʳʭ ʫʛʣʦʚʳʭ ʢʨʠʚʦʣʠʥʝʡʥʳʭ ʰʚʦʚ ʙʦʣʴʰʦʡ 

ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʯʪʦ ʚʝʜʝʪ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ  ʜʝʬʦʨʤʘʮʠʷʤ, ʢʦʪʦʨʳʝ ʩʣʦʞʥʦ 

ʫʤʝʥʴʰʠʪʴ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ. 
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ʈʠʩ. 3.ʉʧʝʮʠʘʣʴʥʦʝ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ ʜʣʷ ʩʚʘʨʢʠ ʫʣʠʪʢʦʚʦʛʦ ʧʠʪʘʪʝʣʷ 

 

 ɼʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʩ ʜʝʬʦʨʤʘʮʠʷʤʠ ʙʳʣʦ ʩʧʨʦʝʢʪʠʨʦʚʘʥʦ 

ʩʧʝʮʠʘʣʴʥʦʝ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ, ʧʦʟʚʦʣʷʶʱʝʝ ʟʘʢʨʝʧʠʪʴ ʜʘʥʥʦʝ ʠʟʜʝʣʠʝ ʚ 

ʟʘʜʘʥʥʦʤ ʧʦʣʦʞʝʥʠʠ. ʇʨʠʩʧʦʩʦʙʣʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ (ʨʠʩ. 2). ʕʣʝʤʝʥʪ 

ʫʣʠʪʢʦʚʦʛʦ ʧʠʪʘʪʝʣʷ çʜʦʤʠʢè ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʩʪʘʣʴʥʳʭ ʣʠʩʪʦʚ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʦ ʦʪʥʦʰʝʥʠʶ ʜʨʫʛ ʢ ʜʨʫʛʫ ʧʦʜ ʦʧʨʝʜʝʣʝʥʥʳʤ ʫʪʣʦʤ. 
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ʂʦʥʩʪʨʫʢʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʦʩʥʦʚʘʥʠʷ ʧʦʟ.7. ʢʢʦʪʦʨʦʤʫ ʧʨʠʚʘʨʝʥʳ ʯʝʪʳʨʝ ʪʨʫʙʳ 

ʧʦʟ.2. 3, 4. ɺʩʝ ʪʨʫʙʳ ʠʤʝʶʪ ʢʨʝʧʝʞʥʳʝ ʵʣʝʤʝʥʪʳ ʚ ʚʠʜʝ ʚʠʥʪʦʚ ʧʦʟ.1. ʊʘʢ ʞʝ 

ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʘʩʧʦʣʦʞʝʥʳ ʫʧʦʨʳ ʧʦʟ.5. ʃʠʩʪʳ ʠʟʜʝʣʠʷ ʚʳʩʪʘʚʣʷʶʪʩʷ ʧʦ 

ʫʧʦʨʘʤ, ʠ ʧʨʠʞʠʤʘʶʪʩʷ ʢ ʥʠʤ ʧʨʠ ʧʦʤʦʱʠ ʚʠʥʪʦʚ. ɼʘʣʝʝ ʢʦʥʩʪʨʫʢʮʠʷ 

ʩʚʘʨʠʚʘʝʪʩʷ ʩ ʜʚʫʭ ʩʪʦʨʦʥ ʫʛʣʦʚʳʤʠ ʰʚʘʤʠ. ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʩʚʘʨʢʠ 

ʦʩʣʘʙʣʷʝʤ ʚʠʥʪʳ, ʫʙʠʨʘʝʤ ʚʝʨʭʥʠʝ ʫʧʦʨʳ ʠ ʩʥʠʤʘʝʤ ʩʙʦʨʢʫ ʩ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ. 

ʇʨʠʩʧʦʩʦʙʣʝʥʠʝ ʜʣʷ ʩʚʘʨʢʠ ʫʣʠʪʢʦʚʦʛʦ ʧʠʪʘʪʝʣʷ (ʨʠʩ. 3). ɼʘʥʥʦʝ 

ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʩʙʦʨʢʠ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʫʣʠʪʢʦʚʦʛʦ 

ʧʠʪʘʪʝʣʷ ʰʘʨʦʚʦʡ ʤʝʣʴʥʠʮʳ: ʙʦʢʦʚʠʥʳ, ʟʘʚʘʣʴʮʦʚʦʢ, ʜʦʤʠʢʘ. 

ʂʦʥʜʫʢʪʦʨ ʩʦʩʪʦʠʪ ʠʟ ʦʩʥʦʚʘʥʠʷ ʧʦʟ.1, ʢʦʪʦʨʦʤʫ ʧʨʠʚʘʨʝʥʳ ʩʪʦʡʢʠ ʧʦʟ.4, 

ʫʩʠʣʝʥʥʳʝ ʢʦʩʳʥʢʘʤʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʞʝʩʪʢʦʩʪʠ ʧʦʟ.5. ʇʝʨʚʦʥʘʯʘʣʴʥʦ 

ʙʦʢʦʚʠʥʘ ʚʳʢʣʘʜʳʚʘʝʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʝ. ɿʘʪʝʤ ʥʘ ʥʝʝ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ 

ʟʘʚʘʣʴʮʦʚʢʠ ʠ ʢʨʝʧʷʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʧʨʠʞʠʤʦʚ ʧʦʟ.3. ɺʥʫʪʨʝʥʥʷʷ ʯʘʩʪʴ 

ʚʳʩʪʘʚʣʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʜʚʫʭ ʩʲʝʤʥʳʭ ʧʨʠʩʧʦʩʦʙʣʝʥʠʡ ʧʦʟ.2. ʇʦʩʣʝ ʧʦʣʥʦʡ 

ʩʙʦʨʢʠ ʠʟʜʝʣʠʷ ʩʲʝʤʥʳʝ ʯʘʩʪʠ ʫʙʠʨʘʶʪʩʷ, ʧʦʩʣʝ ʯʝʛʦ, ʚʩʷ ʢʦʥʩʪʨʫʢʮʠʷ 

ʧʦʜʘʝʪʩʷ ʥʘ ʢʘʥʪʦʚʘʪʝʣʴ ʜʣʷ ʦʢʦʥʯʘʪʝʣʴʥʦʡ ʩʚʘʨʢʠ. 

ʆʩʫʱʝʩʪʚʠʤ ʨʘʩʯʝʪ ʚʠʥʪʦʚʳʭ ʧʨʠʞʠʤʦʚ ʜʣʷ ʜʘʥʥʦʛʦ ʠʟʜʝʣʠʷ. ʇʨʠ 

ʠʟʛʦʪʦʚʣʝʥʠʠ ʫʣʠʪʢʦʚʦʛʦ ʧʠʪʘʪʝʣʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʘʩʩʠʚʥʳʝ ʚʠʥʪʦʚʳʝ 

ʧʨʠʞʠʤʳ, ʩ ʧʦʤʦʱʴʶ ʨʘʩʯʸʪʦʚ ʤʦʞʝʤ ʦʧʨʝʜʝʣʠʪʴ ʤʠʥʠʤʘʣʴʥʳʡ ʜʠʘʤʝʪʨ 

ʚʠʥʪʦʚ ʠ ʤʠʥʠʤʘʣʴʥʦ ʜʦʧʫʩʢʘʝʤʫʶ ʛʣʫʙʠʥʫ ʦʪʚʝʨʩʪʠʷ ʩ ʨʝʟʴʙʦʡ ʜʣʷ ʥʘʜʸʞʥʦʛʦ 

ʟʘʢʨʝʧʣʝʥʠʷ ʫʣʠʪʳ ʚ ʧʨʠʩʧʦʩʦʙʣʝʥʠʠ.  

ʄʘʩʩʘ ʫʣʠʪʢʦʚʦʛʦ ʧʠʪʘʪʝʣʷ 3970 ʢʛ. 

ʇʨʠʥʠʤʘʝʤ, ʯʪʦ ʫʩʠʣʠʝ Q = 3000ʅ. ɺʥʝʰʥʠʡ ʜʠʘʤʝʪʨ ʚʠʥʪʘ ʦʧʨʝʜʝʣʷʝʤ 

ʧʦ ʬʦʨʤʫʣʝ (1): 

 

                                                      dʥʘʨʫʞ =
ȟz ̑ ȟz

ρπ ̍  ̍         (1) 

 

ʛʜʝ ʎ̑ ï ʜʦʧʫʩʢʘʝʤʦʝ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʚʠʥʪʘ ʧʨʠ 

ʧʝʨʝʤʝʥʥʦʡ ʥʘʛʨʫʟʢʝ: ʎ  ̑= 55...95 ʄʧʘ 

ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʚʦʟʴʤʝʤ ʚʠʥʪ ʩ ʤʝʪʨʠʯʝʩʢʦʡ ʨʝʟʴʙʦʡ ʚʥʝʰʥʠʤ ʜʠʘʤʝʪʨʦʤ 

20ʤʤ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʟʴʙʳ, ʩʦʛʣʘʩʥʦ ɻʆʉʊ 24705: ʰʘʛ ʨʝʟʴʙʳ ï ʢʨʫʧʥʳʡ 

2,5 ʤʤ; ʚʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ ʨʝʟʴʙʳ  17,294 ʤʤ; ʩʨʝʜʥʠʡ ʜʠʘʤʝʪʨ ʨʝʟʴʙʳ  

18,376 ʤʤ 

ɺʳʯʠʩʣʠʤ  ʢʦʣʠʯʝʩʪʚʦ ʚʠʪʢʦʚ ʨʝʟʴʙʳ ʚ ʛʘʡʢʝ ʧʦ ʬʦʨʤʫʣʝ (2): 

 

                           Î
Ͻ

Ͻ ̎́̑̔̇̃ Ͻ
=

 Ͻ 

ȟ  Ͻ ȟ  Ͻ
πȟφψρ ̃̉̓̋̏̃   (2) 

 

ʛʜʝ Ä̎ ́̑̔ʠ̇ Ä̃ ï ʚʥʝʰʥʠʡ ʠ ʚʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ ʨʝʟʴʙʳ, ʤʤ 

”ï ʫʜʝʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʥʠʪʦʢ ʨʝʟʴʙʳ: ʜʣʷ ʩʪʘʣʴʥʦʛʦ ʚʠʥʪʘ 
ʠ ʯʫʛʫʥʥʦʡ ʛʘʡʢʠ” = 50...65 ʄʇʘ, ʜʣʷ ʩʪʘʣʴʥʦʡ ʛʘʡʢʠ ” = 90...130 ʄʇʘ. 

ʀʩʭʦʜʷ, ʠʟ ʛʘʙʘʨʠʪʦʚ ʠʟʜʝʣʠʷ ʧʨʠʥʠʤʘʝʤ n=10. 
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ɺʳʯʠʩʣʠʤ  ʚʳʩʦʪʫ ʨʝʟʴʙʳ ʚ ʦʪʚʝʨʩʪʠʠ ʧʦ ʬʦʨʤʫʣʝ (3) 

 

                                          ̊   
ϽȢ

ςυ ̍  ̍                                     (3) 

ʛʜʝ n ï ʢʦʣʠʯʝʩʪʚʦ ʚʠʪʢʦʚ ʨʝʟʴʙʳ; S ï ʰʘʛ ʨʝʟʴʙʳ; m ï ʯʠʩʣʦ ʟʘʭʦʜʦʚ ʨʝʟʴʙʳ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʧʨʠʞʠʤʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʣʦʞʝʥ ʠ ʠʩʧʦʣʴʟʦʚʘʥ ʩʪʘʥʜʘʨʪʥʳʡ ʚʠʥʪ ʩ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʛʦʣʦʚʢʦʡ ʧʦ ɻʆʉʊ 1491 (ʜʠʘʤʝʪʨ ʛʦʣʦʚʢʠ 30 ʤʤ, ʚʳʩʦʪʘ 

ʛʦʣʦʚʢʠ 11 ʤʤ, ʜʣʠʥʘ ʨʝʟʴʙʳ, ʫʜʣʠʥʝʥʥʘʷ70ʤʤ); ʘ ʪʘʢʞʝ ʩʪʘʥʜʘʨʪʥʘʷ 

ʰʝʩʪʠʛʨʘʥʥʘʷ ʛʘʡʢʘ ʧʦ ɻʆʉʊ 5915(ʨʘʟʤʝʨ çʧʦʜ ʢʣʶʯè 30 ʤʤ, ʚʳʩʦʪʘ 21,6 ʤʤ). 

ʇʨʠ ʜʨʫʛʦʤ ʨʘʟʤʝʱʝʥʠʠ ʚʠʥʪʦʚʦʛʦ ʧʨʠʞʠʤʘ, ʥʘʧʨʠʤʝʨ ʚ ʚʠʜʝ 

ʩʪʨʫʙʮʠʥʳ, ʩʣʝʜʫʝʪ ʩʜʝʣʘʪʴ ʨʘʩʯʝʪ ʫʩʠʣʠʷ ʥʘ ʨʫʢʦʷʪʢʝ ʧʨʠʞʠʤʘ. 

ʈʘʩʩʯʠʪʘʝʤ  ʧʨʠʚʝʜʝʥʥʳʡ ʫʛʦʣ ʪʨʝʥʠʷ ʚ ʨʝʟʴʙʦʚʦʡ ʧʘʨʝ çʩʪʘʣʴ ʩʪʘʣʴè ʧʦ 

ʬʦʨʤʫʣʝ (4): 

                                   ʒ ÁÒÃÔÇ ÁÒÃÔÇ
ȟ

Ј
φȟυωЈ            (4) 

 

ʉʠʣʘ ʥʘ ʨʫʢʦʷʪʢʝ ʧʨʠʞʠʤʘ ʧʨʠ ʜʣʠʥʝ 200 ʤʤ, ʧʦʩʯʠʪʘʝʤ ʧʦ ʬʦʨʤʫʣʝ (5): 

 

                                                7  
Ͻ̒̑

Ͻ   
 

Ͻ ȟ

Ͻ ȟ Ј
ςωρȟσ ( (5) 

 

ʇʨʠʩʧʦʩʦʙʣʝʥʠʝ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʩʙʦʨʢʠ ʠ ʩʚʘʨʢʠ 

ʫʣʠʪʢʦʚʦʛʦ ʧʠʪʘʪʝʣʷ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʛʨʘʬʠʯʝʩʢʦʡ ʯʘʩʪʠ ʚʳʧʫʩʢʥʦʡ 

ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʍʘʡʜʘʨʦʚʘ ɸ.ɸ. ʉʙʦʨʦʯʥʦ-ʩʚʘʨʦʯʥʳʝ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ. ʕʪʘʧʳ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ: ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ / ɸ. ɸ. ʍʘʡʜʘʨʦʚʘ; ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠ

ʡ ʫʥʠʚʝʨʩʠʪʝʪ. ï ʊʦʤʩʢ: ʀʟʜ-ʚʦ ʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, 2013. 

- 132 ʩ. 

2. ʉʚʘʨʢʘ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ: ʉʧʨʘʚʦʯʥʠʢ. ɺ 4-ʭ ʪ. / ʇʦʜ ʨʝʜ. ɺ.ɸ. 

ɺʠʥʦʢʫʨʦʚʘ. 1979. 565 ʩ. 

3. ʈʳʤʦʨʦʚ ɽ. ɺ. ʅʦʚʳʝ ʩʚʘʨʦʯʥʳʝ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ / ʈʳʤʦʨʦʚ ɽ. ɺ. - 

ʉʪʨʦʡʠʟʜʘʪ. ʃʝʥʠʥʛʨʘʜʩʢʦʝ ʦʪʜʝʣʝʥʠʝ, 1988, - 127 ʩ. 
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ʋɼʂ 621.791 

 

ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ ʆʉʅɸʉʊʂʀ ɼʃʗ ʈɽɸʃʀɿɸʎʀʀ 

ʉʃʉ ʊɽʍʅʆʃʆɻʀʀ ʄɽʊɸʃʃʀʏɽʉʂʆɻʆ ʇʆʈʆʐʂɸ 

ʇʈʀ ʀɿɻʆʊʆɺʃɽʅʀʀ ʕʃɽʄɽʅʊʆɺ ɻʀɼʈʆɻɽʅɽʈɸʊʆʈɸ 

 

ʀ.ʄ. ɻʦʨʙʘʯ
1
, ʄ.ʄ. ʂʣʝʥʥʠʢʦʚ

2
, ʀ.ɹ. ʂʦʨʯʘʛʠʥ

3 

1,2 
ʉʪʫʜʝʥʪʳ ʛʨ. ʧʉʇ-161, gorbach1999@yandex.ru; mklennikov@mail.ru 

3
ʂʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ibkor4agin@yandex.ru 

ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 
ɸʜʜʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠʣʠ Additive Manufacturing (ɸʄ-ʪʝʭʥʦʣʦʛʠʠ) ï ʦʙʱʝʝ 

ʥʘʟʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ, ʧʦʜʨʘʟʫʤʝʚʘʶʱʠʭ ʠʟʛʦʪʦʚʣʝʥʠʝ ʠʟʜʝʣʠʷ ʧʦ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʤʝʪʦʜʦʤ 

ʧʦʩʣʦʡʥʦʛʦ ʥʘʥʝʩʝʥʠʷ ʤʘʪʝʨʠʘʣʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʜʜʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʤʝʪʦʜ ʩʝʣʝʢʪʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʧʣʘʚʣʝʥʠʷ, 

ʧʣʘʪʬʦʨʤʘ, ʢʨʝʧʸʞʥʳʡ ʵʣʝʤʝʥʪ. 

 

ɺʚʦʜʥʘʷ ʯʘʩʪʴ: 

ʉʫʪʴ Additive Manufacturing (AM) - CAD-ʤʦʜʝʣʴŸ AM-ʤʘʰʠʥʘŸ ʜʝʪʘʣʴ. 

 
ʈʠʩ. 1. ʈCAD-ʤʦʜʝʣʴ AM-ʤʘʰʠʥʘ ɼʝʪʘʣʴ 

 

ʄʝʪʦʜ ʩʝʣʝʢʪʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʧʣʘʚʣʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʠʟʛʦʪʘʚʣʠʚʘʪʴ 

ʩʣʦʞʥʳʝ ʧʦ ʩʪʨʫʢʪʫʨʝ ʠ ʬʦʨʤʝ ʠʟʜʝʣʠʷ ʩ ʦʯʝʥʴ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʚ ʧʦʣʥʦʤ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʘʥʥʳʤʠ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʦʜʝʣʠ. ʇʨʠ ʵʪʦʤ ʪʦʯʥʦʩʪʠ 

ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʠ ʪʦʯʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʤʦʛʫʪ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʧʘʨʘʤʝʪʨʘʤ 

ʛʦʪʦʚʦʡ ʜʝʪʘʣʠ, ʯʪʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʩʚʦʜʠʪ ʢ ʤʠʥʠʤʫʤʫ ʧʦʩʣʝʜʫʶʱʫʶ 

ʤʝʭʘʥʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʟʘʛʦʪʦʚʢʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʚʨʝʤʝʥʠ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʟʜʝʣʠʷ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ. ʄʝʪʦʜ ʩʝʣʝʢʪʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ 

ʧʣʘʚʣʝʥʠʷ ʧʦʨʦʰʢʦʚ ʨʘʟʣʠʯʥʳʭ ʩʧʣʘʚʦʚ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟ ʪʝʭʥʦʣʦʛʠʡ 

ʘʜʜʠʪʠʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ. ɼʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʝʪʘʣʝʡ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʝʡ, ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪ ʨʘʟʣʠʯʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʞʘʨʦʧʨʦʯʥʳʝ  ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʥʠʢʝʣʷ (ʇʈ-08ʍʅ53ɹʄʊʖ). 

ʉʦʜʝʨʞʘʪʝʣʴʥʘʷ ʯʘʩʪʴ:  

ʆʩʥʘʩʪʢʘ ʜʣʷ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʣʘʪʬʦʨʤʫ 

(ʦʩʥʦʚʘʥʠʝ) ʩ ʵʣʝʤʝʥʪʘʤʠ ʧʦʜʜʝʨʞʢʠ, ʢʦʪʦʨʳʝ ʚʳʩʪʨʘʠʚʘʶʪʩʷ ʩʦʚʤʝʩʪʥʦ ʩ 
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ʜʝʪʘʣʴʶ, ʩʣʦʡ ʟʘ ʩʣʦʝʤ (ʨʠʩ. 2), ʢʦʪʦʨʘʷ ʚ ʩʦʚʦʶ ʦʯʝʨʝʜʴ ʬʠʢʩʠʨʫʝʪʩʷ ʥʘ 

ʧʣʘʥʰʘʡʙʝ. ʇʦʜʜʝʨʞʠʚʘʶʱʠʝ ʩʪʨʫʢʪʫʨʳ ʚʳʩʪʨʘʠʚʘʶʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʜʣʷ 

ʢʘʞʜʦʛʦ ʠʟʜʝʣʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʦʬʪʘ Materialise 

Magics 

 
ʈʠʩ. 2. ʇʣʘʪʬʦʨʤʘ ʩ ʥʘʧʝʯʘʪʘʥʥʳʤʠ ʜʝʪʘʣʷʤʠ 

 

ʇʣʘʪʬʦʨʤʘ ʨʘʙʦʪʘʝʪ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʠʙʨʘʮʠʦʥʥʳʭ ʥʘʛʨʫʟʦʢ, 

ʪʝʤʧʝʨʘʪʫʨʳ 100Ј˞ ʠ ʪʨʝʙʫʝʪ ʬʠʢʩʘʮʠʠ  ʢ ʧʣʘʥʰʘʡʙʝ ʚ 4 ʪʦʯʢʘʭ ʩ ʧʦʤʦʱʴʶ 

ʚʠʥʪʦʚʳʭ ʧʨʠʞʠʤʦʚ, ʢʨʦʤʝ ʪʦʛʦ, ʚ ʠʭ ʬʫʥʢʮʠʦʥʘʣ ʚʭʦʜʠʪ ʚʳʨʘʚʥʠʚʘʥʠʝ 

ʧʣʘʪʬʦʨʤʳ, ʢʦʪʦʨʦʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʚʥʦʤʝʨʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʧʦʨʦʰʢʘ ʥʘ 

ʧʣʘʪʬʦʨʤʝ (ʨʠʩ. 3). 

 
ʈʠʩ. 3. ɿʘʢʨʝʧʣʝʥʥʘʷ ʧʣʘʪʬʦʨʤʘ ʩ ʨʘʚʥʦʤʝʨʥʳʤ ʩʣʦʝʤ ʧʦʨʦʰʢʘ 

 

ʈʘʩʯʝʪ ʢʨʝʧʝʞʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʣʘʪʬʦʨʤʳ ʢ ʧʣʘʥʰʘʡʙʝ: 

ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʧʨʠʤʝʤ ʚʠʥʪ ʩ ʤʝʪʨʠʯʝʩʢʦʡ ʨʝʟʴʙʦʡ ʥʘʨʫʞʥʳʤ 

ʜʠʘʤʝʪʨʦʤ 6 ʤʤ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʟʴʙʳ, ʩʦʛʣʘʩʥʦ ɻʆʉʊ 24705: ʰʘʛ ʨʝʟʴʙʳ -

ʢʨʫʧʥʳʡ 1.0 ʤʤ; ʚʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ ʨʝʟʴʙʳ - 4.918 ʤʤ. 

ʇʨʠʥʠʤʘʝʤ, ʯʪʦ ʟʘʜʘʥʥʦʝ ʫʩʠʣʠʝ Q = 200ʅ. 
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ʅʘʨʫʞʥʳʡ ʜʠʘʤʝʪʨ ʚʠʥʪʘ ʥʘʭʦʜʠʤ ʧʦ ʬʦʨʤʫʣʝ (1) 

Ὠ̎ ́̑ ȟ ̑ ȟ
 2,4 (1) 

ʛʜʝ „̑- ʜʦʧʫʩʢʘʝʤʦʝ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʚʠʥʪʘ ʧʨʠ 

ʧʝʨʝʤʝʥʥʦʡ ʥʘʛʨʫʟʢʝ, ʄʇʘ( ʜʣʷ ʩʪʘʣʴʥʦʛʦ ʚʠʥʪʘ 58-98 ʄʇʘ). 

ɺʳʩʦʪʘ ʛʘʡʢʠ ʥʘʭʦʜʠʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (2) 

Ὄ
ȟ

ςρȟφ (2) 

ʛʜʝ S - ʰʘʛ ʨʝʟʴʙʳ, ʤʤ; m - ʯʠʩʣʦ ʟʘʭʦʜʦʚ ʨʝʟʴʙʳ ( ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʥʷʪʦ ʨʘʚʥʳʤ 

1,2,3). 

ʂʦʣʠʯʝʩʪʚʦ ʚʠʪʢʦʚ ʨʝʟʴʙʳ ʚ ʛʘʡʢʝ ʥʘʭʦʜʠʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (3) 

ὲ
̎́̑ ̃̎̔̓̑ ȟ ȟ ȟ ȟ

ςρȟφ  (3) 

ʛʜʝ Ὠ̎ ́ʠ̑ Ὠ̃ ̎̔̓̑- ʥʘʨʫʞʥʳʡ ʠ ʚʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ ʨʝʟʴʙʳ, ʤʤ; ”- ʫʜʝʣʴʥʦʝ 

ʜʘʚʣʝʥʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʥʠʪʦʢ ʨʝʟʴʙʳ , ʄʇʘ( ʜʣʷ ʧʘʨʳ "ʩʪʘʣʴʥʦʡ ʚʠʥʪ - 

ʩʪʘʣʴʥʘʷ ʛʘʡʢʘ"- 90-130 ʄʇʘ). 

ʇʨʠʚʝʜʝʥʥʳʡ ʫʛʦʣ ʪʨʝʥʠʷ ʚ ʨʝʟʴʙʦʚʦʡ ʧʘʨʝ  ʥʘʭʦʜʠʤ ʧʦ ʬʦʨʤʫʣʝ (4) 

• ὥὶὧὸὫὪ̐̑ ὥὶὧὸὫ ὥὶὧὸὫ
Ȣ

Ј
ὥὶὧὸὫπȟρρυφȟυωЈ  (4) 

ʛʜʝ Ὢ- ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʚʠʥʪʦʚʦʡ ʧʘʨʳ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʥʷʪ ʨʘʚʥʳʤ 0,1. 

ʉʠʣʘ ʥʘ ʨʫʢʦʷʪʠ ʧʨʠʞʠʤʘ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʧʦ ʬʦʨʤʫʣʝ (5) 

ὡ
̒̑ ȟ

ȟ ȟ
σȟωτ̊  (5) 

ʛʜʝ Ὠ̒ -̑ ʩʨʝʜʥʠʡ ʜʠʘʤʝʪʨ ʨʝʟʴʙʳ, ʤʤ; ὰ- ʜʣʠʥʥʘ ʨʫʢʦʷʪʠ, ʤʤ; ‌- ʫʛʦʣ ʧʦʜʲʝʤʘ 

ʨʝʟʴʙʳ( ʜʣʷ ʤʝʪʨʠʯʝʩʢʦʡ - 30Ј, ʜʣʷ ʪʨʘʧʝʮʝʠʜʘʣʴʥʦʡ- 15Ј); •- ʧʨʠʚʝʜʝʥʥʳʡ 

ʫʛʦʣ ʪʨʝʥʠʷ ʚ ʨʝʟʴʙʦʚʦʡ ʧʘʨʝ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʀ.ɹ. ʂʦʨʯʘʛʠʥ, ɸ.ɹ. ɹʫʣʢʦʚ çʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʚʘʨʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡè 

2. ɻʠʪʣʝʚʠʯ ɸ. ɼ. ɸʣʴʙʦʤ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʚʘʨʦʯʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ / ɸ. ɼ. ɻʠʪʣʝʚʠʯ, ʃ. ɸ. ɾʠʚʦʪʠʥʩʢʠʡ, ɸ. ʀ. ʂʣʝʡʥʝʨ. - ʄʦʩʢʚʘ: 

ɺʳʩʰ. ʰʢ., 1974. 

3. ʄ.ɸ. ɿʣʝʥʢʦ, ʄ.ɺ. ʅʘʛʘʡʮʝʚ, ɺ.ʄ. ɼʦʚʙʳʰ çɸʜʜʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʠè ʄʦʩʢʚʘ 2015. 
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ʋɼʂ 621.791 

 

ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ ʇʈʀʉʇʆʉʆɹʃɽʅʀʗ ɼʃʗ ʇʈʀɺɸʈʂʀ 

ʐʊʋʎɽʈʆɺ ʂ ʊɽʇʃʆʆɹʄɽʅʅʆʄʋ ɸʇʇɸʈɸʊʋ 
 

ɸ.ɸ. ɽʣʴʯʘʥʠʥʦʚ
1
, ʀ.ɹ. ʂʦʨʯʘʛʠʥ

2
 

1
ʉʪʫʜʝʥʪ ʛʨ. ʧʉʇ-161, elchaninovalex98@gmail.com 

2
ʂʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ, ibkor4agin@yandex.ru 

ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 
ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʦ ʨʝʰʝʥʠʝ ʪʘʢʦʡ ʧʨʦʙʣʝʤʳ, ʢʘʢ ʧʨʠʚʘʨʢʘ ʰʪʫʮʝʨʘ ʢ ʢʦʨ-

ʧʫʩʫ ʪʝʧʣʦʦʙʤʝʥʥʦʛʦ ʘʧʧʘʨʘʪʘ ʜʣʷ ʢʨʝʢʠʥʛʘ ʥʝʬʪʠ. ɼʣʷ ʵʪʦʛʦ ʘʚʪʦʨʦʤ ʩʪʘʪʴʠ ʨʘʟʨʘʙʦʪʘʥʦ 

ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ, ʢʦʪʦʨʦʝ ʦʙʣʝʛʯʠʪʩʙʦʨʢʫ ʠ ʩʚʘʨʢʫ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʧʣʦʦʙʤʝʥʥʳʡ ʘʧʧʘʨʘʪ, ʩʚʘʨʥʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʩʚʘʨʦʯʥʦʝ ʧʨʠʩʧʦ-

ʩʦʙʣʝʥʠʝ, ʰʪʫʮʝʨ. 

 

ʊʝʧʣʦʦʙʤʝʥʥʳʡ ʘʧʧʘʨʘʪ ï ʫʩʪʨʦʡʩʪʚʦ, ʚ ʢʦʪʦʨʦʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʝʧʣʦ-

ʦʙʤʝʥ ʤʝʞʜʫ ʜʚʫʤʷ ʪʝʧʣʦʥʦʩʠʪʝʣʷʤʠ, ʠʤʝʶʱʠʤʠ ʨʘʟʣʠʯʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʦ 

ʧʨʠʥʮʠʧʫ ʜʝʡʩʪʚʠʷ ʪʝʧʣʦʦʙʤʝʥʥʠʢʠ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʨʝʢʫʧʝʨʘʪʦʨʳ ʠ ʨʝʛʝ-

ʥʝʨʘʪʦʨʳ. ɺ ʨʝʢʫʧʝʨʘʪʦʨʘʭ ʜʚʠʞʫʱʠʝʩʷ ʪʝʧʣʦʥʦʩʠʪʝʣʠ ʨʘʟʜʝʣʝʥʳ ʩʪʝʥʢʦʡ. ʂ 

ʵʪʦʤʫ ʪʠʧʫ ʦʪʥʦʩʠʪʩʷ ʙʦʣʴʰʠʥʩʪʚʦ ʪʝʧʣʦʦʙʤʝʥʥʠʢʦʚ ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. 

ɺ ʨʝʛʝʥʝʨʘʪʠʚʥʳʭ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘʭ ʛʦʨʷʯʠʡ ʠ ʭʦʣʦʜʥʳʡ ʪʝʧʣʦʥʦʩʠʪʝʣʠ ʢʦʥ-

ʪʘʢʪʠʨʫʶʪ ʩ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʦʦʯʝʨʝʜʥʦ. ʊʝʧʣʦʦʙʤʝʥʥʠʢʠ 

ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ, ʥʝʬʪʝʭʠʤ

ʠʯʝʩʢʦʡ, ʭʠʤʠʯʝʩʢʦʡ,  ʘʪʦʤʥʦʡ, ʭʦʣʦʜʠʣʴʥʦʡ, ʛʘʟʦʚʦʡ ʠ ʜʨʫʛʠʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳ

ʣhʝʥʥʦʩʪʠ, ʚ ʵʥʝʨʛʝʪʠʢʝ ʠ ʢʦʤʤʫʥʘʣʴʥʦʤ ʭʦʟʷʡʩʪʚʝ.[1] 

ʉʣʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʪʝʧʣʦʦʙʤʝʥʥʦʛʦ ʘʧʧʘʨʘʪʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʢʦʥʩʪʨʫʢʮʠʶ, ʚʳʜʝʨʞʠʚʘʶʱʫʶ ʧʦʩʪʦʷʥʥʦʝ ʜʘʚʣʝʥʠʝ, 

ʪʘʢʞʝ ʠʟʜʝʣʠʝ ʤʦʛʣʦ ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴʩʷ ʩʝʚʝʨʥʝʝ ʥʘʰʠʭ ʰʠʨʦʪ. ʊʘʢʞʝ 

ʩʣʦʞʥʦʩʪʴ ʩʦʟʜʘʝʪʧʨʠʚʘʨʢʘ ʵʣʝʤʝʥʪʦʚ ʥʘʩʳʱʝʥʠʷ,ʪʘʢʠʭ ʢʘʢ ʰʪʫʮʝʨʳ. 

ʅʝʦʙʭʦʜʠʤʦ ʪʦʯʥʦʝ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ ʜʝʪʘʣʝʡ, ʩʦʭʨʘʥʝʥʠʝ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʩʪ

ʠ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʨʠʩ. 1). 

ʀʟʛʦʪʘʚʣʠʚʘʶʪ ʝʛʦ ʠʟ ʩʪʘʣʠ 09ɻ2ʉ, ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ           

ʫʛʣʝʨʦʜʘ ʠ ʜʠʘʧʘʟʦʥ ʨʘʙʦʯʠʡ ʪʝʤʧʝʨʘʪʫʨ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʦʪ -70 ʜʦ +425 Áʉ. 

 

 
ʈʠʩ. 1. ʂʦʨʧʫʩ ʪʝʧʣʦʦʙʤʝʥʥʦʛʦ ʘʧʧʘʨʘʪʘ 
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ʇʨʠʩʧʦʩʦʙʣʝʥʠʝ (ʨʠʩ. 2) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʩʥʦʚʘʥʠʝ, ʘ ʠʤʝʥʥʦ, 

ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʧʣʠʪʫ ʪʦʣʱʠʥʦʡ 60 ʤʤ ʩ ʧʨʠʚʘʨʝʥʥʳʤ ʢ ʥʝʤʫ ʢʦʨʦʙʯʘʪʳʤ ʧʨʦ-

ʬʠʣʝʤ 54 ʤʤ, ʚ ʥʝʤ ʠʤʝʝʪʩʷ ʦʪʚʝʨʩʪʠʝ ʧʦʜ ʩʦʝʜʠʥʝʥʠʝ ʩ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʪʦʡʢʦʡ 

ʜʠʘʤʝʪʨʦʤ 24 ʤʤ, ʠ ʨʝʙʨʘʤʠ ʞʝʩʪʢʦʩʪʠ. ɺʩʝ ʵʪʘ ʢʦʥʩʪʨʫʢʮʠʷ ʢʨʝʧʠʪʩʷ ʢ ʙʝʪʦʥ-

ʥʦʤʫ ʧʦʣʫ ʥʘ ʘʥʢʝʨʥʳʝ ʙʦʣʪʳ ʜʠʘʤʝʪʨʦʤ 16 ʤʤ. ɼʘʣʝʝ ʚ ʢʦʨʦʙʯʘʪʫʶ ʦʩʥʦʚʫ 

ʚʩʪʘʚʣʷʝʪʩʷ ʠ ʟʘʢʨʝʧʣʷʝʪʩʷ ʩʪʦʡʢʘ ʢʦʨʦʙʯʘʪʦʛʦ ʪʠʧʘ 50 ʤʤ. ʀʤʝʶʱʠʝʩʷ ʚ ʥʝʡ 

ʧʘʟʳ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʩʪʘʚʠʪʴ ʢʦʥʩʦʣʴʥʫʶ ʙʘʣʢʫ 40 ʤʤ, ʟʘʢʨʝʧʠʪʴ ʚʩʝ ʵʪʦ ʥʘ 

ʰʧʠʣʴʢʫ ʜʠʘʤʝʪʨʦʤ 24 ʤʤ  ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʧʨʘʚʣʷʪʴ ʜʚʫʤʷ ʧʣʦʩʢʦʩʪʷʤʠ  ʧʦ 

ʚʳʣʝʪʫ ʠ ʧʦ ʚʳʩʦʪʝ. ɼʣʷ ʙʦʣʴʰʝʡ ʞʝʩʪʢʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ ʚ ʤʝʩʪʝ ʩʦʝʜʠʥʝʥʠʷ 

ʩʪʦʡʢʠ ʠ ʢʦʥʩʦʣʴʥʦʡ ʙʘʣʢʠ ʧʨʠʩʫʪʩʪʚʫʝʪ ʫʧʦʨ, ʟʘʢʨʝʧʣʝʥʥʳʡ ʥʘ ʰʧʠʣʴʢʘʭ 

ʜʠʘʤʝʪʨʦʤ 16 ʤʤ. ʅʘ ʢʦʥʩʦʣʴʥʦʡ ʙʘʣʢʝ ʠʤʝʶʪʩʷ ʰʧʠʣʴʢʠ ʜʣʠʥʦʡ 300 ʤʤ                   

ʠ ʜʠʘʤʝʪʨʦʤ 16 ʤʤ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʩʚʦʙʦʜʥʦ ʜʚʠʛʘʶʪʩʷ ʧʦ ʢʦʥʩʦʣʴʥʦʡ ʙʘʣʢʝ. 

ʋʜʦʙʩʪʚʦ ʜʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʷ ʩʯʠʪʘʶ, ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʪʦʣʴʢʦ ʜʚʘ ʛʘʝʯʥʳʭ ʢʣʶʯʘ ʥʘ 24 ʤʤ ʠ 32 ʤʤ ʠ ʪʘʢʞʝ ʢʦʥʩʪʨʫʢʮʠʶ, ʚʦʟʤʦʞʥʦ, 

ʨʘʟʦʙʨʘʪʴ ʠ ʧʝʨʝʤʝʩʪʠʪʴ ʚ ʣʶʙʦʝ ʫʜʦʙʥʦʝ ʤʝʩʪʦ [2]. 

 

 
ʈʠʩ. 2. ʇʨʠʩʧʦʩʦʙʣʝʥʠʝ ʜʣʷ ʧʨʠʚʘʨʢʠ ʰʪʫʮʝʨʘ 

 

ɼʘʣʝʝ ʧʨʠʚʦʜʠʪʩʷ ʨʘʩʯʝʪ ʜʣʷ ʫʜʝʨʞʘʥʠʷ ʢʦʥʩʦʣʴʥʦʡ ʙʘʣʢʠ ʥʘ ʩʪʦʡʢʝ 

(ʨʠʩ. 3) [3]. 

ʆʧʨʝʜʝʣʠʤ dʰʧʠʣʴʢʠ, ʪʨʝʙʫʶʱʝʡʩʷ ʜʣʷ ʫʜʝʨʞʘʥʠʷ ʢʦʥʩʦʣʠ. 

 

 

 

 

 

ʈʠʩ. 3. ʉʭʝʤʘʪʠʯʝʩʢʠʡ ʚʠʜ ʟʘʢʨʝʧʣʝʥʠʷ ʩʪʦʡʢʠ ʠ ʢʦʥʩʦʣʴʥʦʡ ʙʘʣʢʠ 

L = 785 

7785 

Q 
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ʇʨʠʥʠʤʘʝʤ, ʯʪʦ ʟʘʜʘʥʥʦʝ ʫʩʠʣʠʝ Q = 200ʅ. ʅʘʨʫʞʥʳʡ ʜʠʘʤʝʪʨ ʰʧʠʣʴʢʠ 

ʚʳʨʘʟʠʤ ʯʝʨʝʟ ʠʟʛʠʙʘʶʱʠʡ ʤʦʤʝʥʪ. 

ʄʦʤʝʥʪ, ʩʦʟʜʘʚʘʝʤʳʡ ʫʩʠʣʠʝʤ Q, ʦʧʨʝʜʝʣʠʤ ʧʦ ʬʦʨʤʫʣʝ (1): 

 

ʤʤ ʅ157000785200 Ö=Ö=Ö= LQM (1) 

 

ɺʝʣʠʯʠʥʘ ʠʟʛʠʙʘʶʱʝʛʦ ʤʦʤʝʥʪʘ ʄ ʩʚʷʟʘʥʘ ʩ ʜʦʧʫʩʢʘʝʤʳʤʠ ʥʘʧʨʷʞʝʥʠ-

ʷʤʠ ʚʥʫʪʨʠ ʤʝʪʘʣʣʘ ʩʦʝʜʠʥʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴʶ ʚʠʜʘ ʠ ʥʘʭʦʜʠʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

(2): 

[]WM Ö=s ,          (2) 

 

ʛʜʝ [ů] ï ʜʦʧʫʩʢʘʝʤʦʝ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʚʠʥʪʘ ʧʨʠ 

ʧʝʨʝʤʝʥʥʦʡ ʥʘʛʨʫʟʢʝ 58...98 ʄʧʘ; 

W ï ʤʦʤʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʝʯʝʥʠʷ ʰʧʠʣʴʢʠ, ʦʧʨʝʜʝʣʠʤ ʧʦ ʬʦʨʤʫʣʝ (3): 

 

16
 W 

3dÖ
=
p

,           (3) 

 

ʛʜʝ d ï ʜʠʘʤʝʪʨ ʰʧʠʣʴʢʠ, ʤʤ, ʟʥʘʷ ʯʪʦ ʜʦʧʫʩʢʘʝʤʳʝ ʥʘʧʨʷʞʝʥʠʷ ʤʘʪʝʨʠʘʣʘ 

ʰʧʠʣʴʢʠ ʧʨʠ ʧʝʨʝʤʝʥʥʦʤ ʟʥʘʯʝʥʠʠ ʥʘʛʨʫʟʢʠ ʩʦʩʪʘʚʣʷʶʪ 58 ʄʧʘ ( ʥʘʠʤʝʥʴʰʝʝ 

ʟʥʘʯʝʥʠʝ ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ ), ʚʳʨʘʟʠʤ  ʪʨʝʙʫʝʤʳʡ ʜʠʘʤʝʪʨ ʰʧʠʣʴʢʠ ʠʟ ʬʦʨʤʫʣʳ 

ʠʟʛʠʙʘʶʱʝʛʦ ʤʦʤʝʥʪʘ. (4) 
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ʀʟ ʨʘʩʯʝʪʘ ʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʬʠʢʩʘʮʠʠ ʢʦʥʩʦʣʴʥʦʡ ʙʘʣʢʠ ʩʦ ʩʪʦʡʢʦʡ ʥʝʦʙ-

ʭʦʜʠʤʘ ʰʧʠʣʴʢʘ ʜʠʘʤʝʪʨʦʤ 24 ʤʤ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʚʘʨʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ: ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ / ʀ. ɹ. 

ʂʦʨʯʘʛʠʥ, ɸ. ɹ. ɹʫʣʢʦʚ; ɻʆʋɺʇʆ "ɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩ. ʪʝʭʥʠʯʝʩʢʠʡ ʫʥ-ʪ". - ɺʦ-

ʨʦʥʝʞ : ɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩ. ʪʝʭʥʠʯʝʩʢʠʡ ʫʥ-ʪ, 2007. - 208 ʩ.: ʠʣ., ʪʘʙʣ.; 21 ʩʤ. 

2. ɻʠʪʣʝʚʠʯ ɸ. ɼ. ɸʣʴʙʦʤ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʚʘʨʦʯʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ / ɸ. ɼ. ɻʠʪʣʝʚʠʯ, ʃ. ɸ. ɾʠʚʦʪʠʥʩʢʠʡ, ɸ. ʀ. ʂʣʝʡʥʝʨ. - ʄʦʩʢʚʘ: 

ɺʳʩʰ. ʰʢ., 1974. 

3. http://itc-neftemash.ru/catalog/teploobmennoe--oborudovanie.html 
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ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ ʉʅɽɻʆɿɸʑʀʊʓ ɼʃʗ ɸɺʊʆʄɸɻʀʉʊʈɸʃɽʁ 

ɺ ʄʆʉʂʆɺʉʂʆʁ ʆɹʃɸʉʊʀ 
 

ɺ.ʖ. ɼʝʩʷʪʝʨʠʢ
1
, ʊ.ɺ. ʉʘʤʦʜʫʨʦʚʘ

2
 

1
ʉʪʫʜʝʥʪʢʘ ʛʨ. ʉɸʉ-141, tinkasmit@mail.ru 
2
ɼ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, tvs@vmail.ru 

 ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 
ʇʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʦ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʷʭ ʤʝʪʝʣʝʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʜʣʷ 

ʩʪʨʦʷʱʝʛʦʩʷ ʫʯʘʩʪʢʘ ʎʝʥʪʨʘʣʴʥʦʡ ʢʦʣʴʮʝʚʦʡ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʦʨʦʛʠ (ʎʂɸɼ ɸ-113) ʚ 
ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ. ʀʩʩʣʝʜʦʚʘʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʩʥʝʛʦʟʘʥʦʩʠʤʳʭ ʫʯʘʩʪʢʦʚ ʠ 
ʟʘʧʨʦʝʢʪʠʨʦʚʘʥʳ ʚʘʨʠʘʥʪʳ ʩʥʝʛʦʟʘʱʠʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʴʥʳʭ ʘʪʣʘʩʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʪʦʤʦʙʠʣʴʥʘʷ ʜʦʨʦʛʘ, ʩʥʝʛʦʟʘʥʦʩʠʤʳʝ ʫʯʘʩʪʢʠ, ʦʙʲʝʤʳ 
ʩʥʝʛʦʧʨʠʥʦʩʘ, ʢʘʨʪʳ, ʩʥʝʛʦʟʘʱʠʪʘ. 

 

ʈʘʟʚʠʪʠʝ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ï ʦʜʥʘ ʠʟ 
ʘʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ ʩʦʚʨʝʤʝʥʥʦʡ ʵʢʦʥʦʤʠʢʠ. ʀʥʪʝʛʨʘʮʠʷ ʨʦʩʩʠʡʩʢʠʭ 
ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ ʚ ʩʝʪʴ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʢʦʨʠʜʦʨʦʚ ʙʫʜʝʪ 
ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʘʟʚʠʪʠʶ ʵʢʦʥʦʤʠʯʝʩʢʠʭ, ʩʦʮʠʘʣʴʥʳʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 
ʩʚʷʟʝʡ. ʈʝʰʝʥʠʶ ʵʪʠʭ ʟʘʜʘʯ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʦ 
ʢʦʣʴʮʝʚʳʭ ʘʚʪʦʤʘʛʠʩʪʨʘʣʝʡ ʥʘ ʦʙʭʦʜʝ ʢʨʫʧʥʳʭ ʛʦʨʦʜʦʚ. ʆʜʥʘ ʠʟ ʛʣʘʚʥʳʭ ʟʘʜʘʯ 
ʧʨʠ ʨʘʟʚʠʪʠʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʢʦʨʠʜʦʨʦʚ - ʩʦʟʜʘʥʠʝ ʫʨʦʚʥʷ 
ʩʝʨʚʠʩʘ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʦʝʟʜʘ ʜʣʷ ʫʯʘʩʪʥʠʢʦʚ ʜʚʠʞʝʥʠʷ, ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʢ 
ʫʨʦʚʥʶ ʥʘʠʙʦʣʝʝ ʨʘʟʚʠʪʳʭ ʝʚʨʦʧʝʡʩʢʠʭ ʛʦʩʫʜʘʨʩʪʚ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 
ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʚ ʩʣʦʞʥʳʭ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʥʘ ʜʦʨʦʛʘʭ 
ɽʚʨʦʧʳ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʜʣʷ 
ʧʦʛʦʜʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ [1,2]. ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʚʘʪʴ ʟʘʙʣʘʛʦʚʨʝʤʝʥʥʦ ʠʣʠ 
ʬʠʢʩʠʨʦʚʘʪʴ ʩʦʩʪʦʷʥʠʝ ʜʦʨʦʞʥʦʛʦ ʧʦʢʨʳʪʠʷ, ʚʳʷʚʣʷʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʥʘ ʥʠʭ 
ʟʠʤʥʝʡ ʩʢʦʣʴʟʢʦʩʪʠ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦ ʧʨʦʚʦʜʠʪʴ ʨʘʙʦʪʳ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʜʦʨʦʛ ʠ 
ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʩʮʝʧʥʳʭ ʢʘʯʝʩʪʚ ʜʦʨʦʞʥʳʭ ʧʦʢʨʳʪʠʡ. ʇʦʛʦʜʥʦ-
ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʥʘ ʜʦʨʦʛʘʭ ʈʦʩʩʠʠ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʘʥʘʣʦʛʠʯʥʳʭ ʚ 
ɽʚʨʦʧʝ ʠ ʉʢʘʥʜʠʥʘʚʩʢʠʭ ʩʪʘʥʘʭ. ʆʩʥʦʚʥʦʝ ʦʪʣʠʯʠʝ ï ʘʢʪʠʚʥʘʷ ʤʝʪʝʣʝʚʘʷ 
ʜʝʷʪʝʣʴʥʦʩʪʴ ʚ ʨʘʡʦʥʘʭ ʧʨʦʭʦʞʜʝʥʠʷ ʜʦʨʦʛ ʠ ʚʝʨʦʷʪʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ 
ʩʥʝʞʥʳʭ ʟʘʥʦʩʦʚ. ɼʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʚʳʩʦʢʠʭ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ ʢʘʯʝʩʪʚ ʥʘ 
ʜʦʨʦʛʘʭ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʥʝʦʙʭʦʜʠʤʘ ʦʮʝʥʢʘ ʧʘʨʘʤʝʪʨʦʚ ʤʝʪʝʣʝʚʦʡ 
ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʥʘʜʝʞʥʦʡ ʩʥʝʛʦʟʘʱʠʪʳ [3]. ʇʨʦʚʝʜʝʥʳ 
ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʟʠʤʥʝʛʦ ʧʝʨʠʦʜʘ ʜʣʷ ʫʯʘʩʪʢʘ ʯʝʪʚʝʨʪʦʛʦ ʧʫʩʢʦʚʦʛʦ 
ʢʦʤʧʣʝʢʩʘ ʎʂɸɼ ɸ 113, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ  ʢ ʚʦʩʪʦʢʫ ʦʪ ʄʦʩʢʚʳ ð ʤʝʞʜʫ 
ʪʨʘʩʩʘʤʠ ʄ-4 çɼʦʥè ʠ ʄ-7 çɺʦʣʛʘè. ʉʪʨʦʷʱʘʷʩʷ ʜʦʨʦʛʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 
ʩʦʚʨʝʤʝʥʥʫʶ ʘʚʪʦʤʘʛʠʩʪʨʘʣʴ ʩʦ ʩʢʦʨʦʩʪʥʳʤ ʨʝʞʠʤʦʤ ʜʚʠʞʝʥʠʷ ʙʝʟ 
ʧʝʨʝʩʝʯʝʥʠʡ ʚ ʦʜʥʦʤ ʫʨʦʚʥʝ. ʊʨʘʩʩʘ ʢʘʪʝʛʦʨʠʠ Iɸ ʠʤʝʝʪ 4 ʧʦʣʦʩʳ ʜʚʠʞʝʥʠʷ, ʧʦ 
ʜʚʝ ʧʦʣʦʩʳ ʚ ʢʘʞʜʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩ ʨʘʟʜʝʣʠʪʝʣʴʥʦʡ ʧʦʣʦʩʦʡ, ʨʘʩʯʝʪʥʘʷ 
ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 140 ʢʤ/ʯ. ɼʣʷ ʘʚʪʦʤʘʛʠʩʪʨʘʣʝʡ ʪʘʢʦʛʦ ʢʣʘʩʩʘ 
ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʝʥʠʝ ʩʢʦʨʦʩʪʥʦʛʦ ʨʝʞʠʤʘ ʚ ʣʶʙʳʭ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʷʭ. 
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ɸʥʘʣʠʟ ʧʨʦʝʢʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ 13 ʩʥʝʛʦʟʘʥʦʩʠʤʳʭ 

ʫʯʘʩʪʢʦʚ ʦʙʱʝʡ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 5,19 ʢʤ, ʠʟ ʥʠʭ 2,71 ʢʤ - ʩʥʝʛʦʟʘʥʦʩʠʤʳʝ 

ʥʘʩʳʧʠ, 2,48 ʢʤ ï ʟʘʥʦʩʠʤʳʝ ʚʳʝʤʢʠ. ʆʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʩʥʝʛʦʟʘʥʦʩʠʤʳʭ 

ʫʯʘʩʪʢʦʚ ï ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʝ, ʶʞʥʦʝ ʠ ʶʛʦ-ʟʘʧʘʜʥʦʝ. ɺ ʨʘʡʦʥʝ ʧʨʦʭʦʞʜʝʥʠʷ 

ʫʯʘʩʪʢʘ ʜʦʨʦʛʠ ʠʤʝʶʪʩʷ ʜʚʝ ʤʝʪʝʦʩʪʘʥʮʠʠ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʥʘʙʣʶʜʘʪʝʣʴʥʦʡ 

ʩʝʪʠ - ʂʦʣʦʤʥʘ ʠ ʇʘʚʣʦʚʩʢʠʡ ʇʦʩʘʜ. ɼʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʥʝʛʦʟʘʱʠʪʳ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʧʝʮʠʘʣʴʥʳʝ ʢʘʨʪʳ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʥʘ ʢʘʬʝʜʨʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ ʠ ʤʦʩʪʦʚ [4]. ɼʘʥʥʳʝ ʦ ʩʫʤʤʘʨʥʳʭ ʦʙʲʝʤʘʭ ʩʥʝʛʦʧʨʠʥʦʩʘ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1. 

 

ʄʝʪʝʦʩʪʘʥʮʠʷ ʂʦʣʦʤʥʘ 

 

        ʄʝʪʝʦʩʪʘʥʮʠʷ ʇʘʚʣʦʚʩʢʠʡ ʇʦʩʘʜ 

 

ʈʠʩ. 1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʫʤʤʘʨʥʳʭ ʦʙʲʝʤʦʚ ʩʥʝʛʦʧʨʠʥʦʩʘ 

ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ ʧʨʝʚʳʰʝʥʠʷ 5% 
  
ʀʩʧʦʣʴʟʫʷ ʠʥʬʦʨʤʘʮʠʶ ʦ ʥʘʧʨʘʚʣʝʥʠʠ ʩʥʝʛʦʟʘʥʦʩʠʤʳʭ ʫʯʘʩʪʢʦʚ ʠ 

ʩʧʝʮʠʘʣʴʥʳʝ ʢʘʨʪʳ ʩ ʨʘʩʯʝʪʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʤʝʪʝʣʝʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ [4], 

ʨʘʩʩʯʠʪʘʥʳ ʦʙʲʝʤʳ ʩʥʝʛʦʦʪʣʦʞʝʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣ. 1. 

ʊʘʙʣʠʮʘ 1 

ʈʘʩʯʝʪʥʳʝ ʦʙʲʝʤʳ ʩʥʝʛʦʧʨʠʥʦʩʘ ʠ ʩʥʝʛʦʦʪʣʦʞʝʥʠʡ ʥʘ ʟʘʥʦʩʠʤʳʭ ʫʯʘʩʪʢʘʭ 

ʅʘʧʨʘ

ʚʣʝʥʠʝ 

ʫʯʘʩʪʢ

ʘ, ʨʫʤʙ 

ʆʙʲʝʤ 

ʩʥʝʛʦʧʨʠʥʦʩʘ ʢ 

ʜʦʨʦʛʝ, 5%, ʤ
3
/ʤ 

ʂʦʵʬʬʠʮ

ʠʝʥʪ 

ʧʦʪʝʨʴ 

ʩʥʝʛʘ ʦʪ 

ʦʪʪʝʧʝʣʝʡ 

ʉʨʝʜʥʝʛʦʜ

ʦʚʘʷ  

ʧʣʦʪʥʦʩʪʴ 

ʩʥʝʞʥʦʛʦ 

ʧʦʢʨʦʚʘ, 

ʛ/ʩʤ
3
 

ʆʙʲʝʤ 

ʩʥʝʛʦʦʪʣʦʞʝʥʠʡ, 

5%, ʤ
3
/ʤ 

ʆʙʲʝʤ 

ʩʥʝʛʦʧʨʠʥʦʩʘ ʢ 

ʜʦʨʦʛʝ, 10%, ʤ
3
/ʤ 

ʩʣʝʚʘ ʩʧʨʘʚʘ ʩʣʝʚʘ ʩʧʨʘʚʘ ʩʣʝʚʘ ʩʧʨʘʚʘ 

ʖɿ 130 210 0,36 0,25 64,89 104,83 4,67 10,25 

ʖ 110 190 0,36 0,25 54,91 94,85 3,40 8,64 

ʉɿ 75 90 0,36 0,25 37,44 44,93 5,99 2,51 
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ʈʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʤʝʪʝʣʝʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚʘʨʠʘʥʪʦʚ ʚʨʝʤʝʥʥʦʡ ʩʥʝʛʦʟʘʱʠʪʳ ʚ ʚʠʜʝ ʩʥʝʛʦʟʘʜʝʨʞʠ-

ʚʘʶʱʠʭ ʱʠʪʦʚ ʠ ʩʥʝʞʥʳʭ ʪʨʘʥʰʝʡ. ʈʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ                     

ʩ ʜʝʡʩʪʚʫʶʱʠʤʠ ʥʦʨʤʘʪʠʚʥʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ [3]. ɺ ʨʘʩʯʝʪʥʳʭ ʬʦʨʤʫʣʘʭ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʟʥʘʯʝʥʠʷ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣ. 1. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 2. 

ʊʘʙʣʠʮʘ 2 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʥʝʛʦʟʘʜʝʨʞʠʚʘʶʱʠʭ ʱʠʪʦʚ 
ʄʝʩʪʦʧʦʣʦʞʝʥʠʝ  

ʫʯʘʩʪʢʘ  

ʦʪ ʇʂ + ʜʦ ʇʂ + 

ʇʨʦʪʷʞʝʥʥʦ

ʩʪʴ, ʢʤ 

ɿʘʥʦʩʠʪʩʷ ʦʪ  

ʩʥʝʛʦʧʨʠʥʦʩʘ ʢ ʜʦʨʦʛʝ 

ʉʥʝʛʦʟʘʜʝʨʞʠʚʘʶʱʠʝ 

ʱʠʪʳ 

ʩʣʝʚʘ ʩʧʨʘʚʘ ʩʣʝʚʘ ʩʧʨʘʚʘ 

1912 + 00 ï 1914 + 00 0,2 + + Tʠʧ 4 ʊʠʧ 4 

1952 + 00 -1954 + 50 0,25 + + ʊʠʧ 4 ʊʠʧ 4 

1961 + 00 -1965 + 00 0,4 + + ʊʠʧ 4 ʊʠʧ 4 

1971 + 00 -1983 + 50 1,25 + + ʊʠʧ 4 ʊʠʧ 4 

1983 + 50 -1996 + 70 1,35 + + ʊʠʧ 4 ʊʠʧ 4 

2065 + 20 - 2067 + 30 0,21 + + ʊʠʧ 4 ʊʠʧ 4 

2072 + 00 -2074 + 40 0,24 + + ʊʠʧ 4 ʊʠʧ 4 

2147 + 80 - 2149 +2 0 0,14 + + ʊʠʧ 4 ʊʠʧ 4 

2168 + 00 - 2170 + 70 0,27 + + ʊʠʧ 4 ʊʠʧ 4 

2224 + 50 - 2228 + 40 0,4 + + ʊʠʧ 4 ʊʠʧ 4 

2231 + 00 - 2233 + 50 0,25 + + ʊʠʧ 4 ʊʠʧ 4 

2297 + 00 - 2298 + 00 0,1 + + ʊʠʧ 4 ʊʠʧ 4 

2369 + 70 - 2371 + 00 0,13 + + ʊʠʧ 4 ʊʠʧ 4 

 

ʉʥʝʛʦʟʘʜʝʨʞʠʚʘʶʱʠʝ ʱʠʪʳ ʊʠʧ 4 ʠʤʝʶʪ ʚʳʩʦʪʫ ʜʦ 1,5 ʤ ʠ ʦʙʱʫʶ 

ʧʨʦʩʚʝʪʥʦʩʪʴ 60 %. ʉ ʫʯʝʪʦʤ ʦʙʲʝʤʦʚ ʩʥʝʛʦʧʨʠʥʦʩʘ ʠ ʧʘʨʘʤʝʪʨʦʚ 

ʩʥʝʛʦʟʘʥʦʩʠʤʳʭ ʫʯʘʩʪʢʦʚ ʤʦʛʫʪ ʙʳʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥʳ  ʩʣʝʜʫʶʱʠʝ ʢʦʥʩʪʨʫʢʮʠʠ 

ʩʥʝʞʥʳʭ ʪʨʘʥʰʝʡ ʠ ʠʭ ʩʥʝʛʦʟʘʜʝʨʞʠʚʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ, ʧʨʠʚʝʜʝʥʥʘʷ ʚ 

ʩʢʦʙʢʘʭ: 

- ʪʠʧ 1 ï 2 ʪʨʘʥʰʝʠ, ʛʣʫʙʠʥʘ ʪʨʘʥʰʝʠ h=0,3 ʤ, ʚʳʩʦʪʘ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ           

hs ï 0,2 ʤ, (6,0 ʤ
3
/ʤ),  

- ʪʠʧ 2 ï 2 ʪʨʘʥʰʝʠ, ʛʣʫʙʠʥʘ ʪʨʘʥʰʝʠ h=0,5 ʤ, ʚʳʩʦʪʘ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ        

hs ï 0,2 ʤ, (8, 88  ʤ
3
/ʤ), 

- ʪʠʧ 3 ï 2 ʪʨʘʥʰʝʠ, ʛʣʫʙʠʥʘ ʪʨʘʥʰʝʠ h=0,5 ʤ, ʚʳʩʦʪʘ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ           

hs ï 0,3 ʤ, (10,02 ʤ
3
/ʤ), 
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- ʪʠʧ 4 ï 4 ʪʨʘʥʰʝʠ, ʛʣʫʙʠʥʘ ʪʨʘʥʰʝʠ h=0,3 ʤ, ʚʳʩʦʪʘ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ                    

hs ï 0,2 ʤ, (12,88 ʤ
3
/ʤ). 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʵʢʦʥʦʤʠʯʥʦʡ ʷʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʘʷ 

ʩʥʝʛʦʟʘʱʠʪʘ ʚ ʚʠʜʝ ʣʝʩʥʳʭ ʧʦʣʦʩ, ʪʘʢʦʡ ʚʘʨʠʘʥʪ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʠʟ-ʟʘ 

ʧʨʦʙʣʝʤ ʩ ʦʪʚʦʜʦʤ ʟʝʤʣʠ. ʊʠʧʦʚʳʝ ʩʭʝʤʳ ʩʥʝʛʦʟʘʜʝʨʞʠʚʘʶʱʠʭ ʣʝʩʦʧʦʣʦʩ ʥʝ 

ʧʦʟʚʦʣʷʶʪ ʦʨʛʘʥʠʟʦʚʘʪʴ ʠʭ ʧʦʩʘʜʢʫ ʚ ʧʦʣʦʩʝ ʦʪʚʦʜʘ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʦʨʦʛʠ [5]. 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʥʝʛʦʟʘʱʠʪʳ ʚʳʥʦʩʷʪʩʷ ʥʘ ʣʠʥʝʡʥʳʡ ʛʨʘʬʠʢ 

ʜʦʨʦʛʠ ʩʧʨʘʚʘ ʠ ʩʣʝʚʘ ʦʪ ʝʝ ʦʩʠ ʚ ʤʝʩʪʘʭ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʥʝʛʦʟʘʥʦʩʠʤʳʭ 

ʫʯʘʩʪʢʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʘʙʣ.2.  ʂʘʨʪʦʛʨʘʬʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʩ ʨʘʩʯʝʪʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʤʝʪʝʣʝʡ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʥʘ ʢʘʬʝʜʨʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ ʠ ʤʦʩʪʦʚ ɺɻʊʋ ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʨʝʰʝʥʠʷ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʦʙʨʘʙʦʪʘʥʥʳʝ ʧʦ ʩʧʝʮʠʘʣʴʥʦʡ ʤʝʪʦʜʠʢʝ [3] ʜʘʥʥʳʝ 

ʤʥʦʛʦʣʝʪʥʠʭ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʤʝʪʝʣʷʤʠ, ʢʦʪʦʨʳʝ ʧʨʦʚʦʜʷʪʩʷ ʥʘ ʤʝʪʝʦʩʪʘʥʮʠʷʭ 

ʂʦʣʦʤʥʘ ʠ ʇʘʚʣʦʚʩʢʠʡ ʇʦʩʘʜ. ʆʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘʤ ʠ 

ʩʧʝʮʠʘʣʠʩʪʘʤ ʩʣʫʞʙʳ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʚʪʦʤʘʛʠʩʪʨʘʣʝʡ ʨʝʘʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ 

ʦʙ ʦʙʲʝʤʘʭ ʩʥʝʛʦʧʨʠʥʦʩʘ ʢ ʩʥʝʛʦʟʘʥʦʩʠʤʳʤ ʫʯʘʩʪʢʘʤ ʨʘʟʣʠʯʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʥʝʛʦʟʘʱʠʪʳ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʳʭ 

ʨʝʩʫʨʩʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʤʦʛʫʪ ʙʳʪʴ ʧʦʩʯʠʪʘʥʳ ʥʝʦʙʭʦʜʠʤʳʝ 

ʨʝʩʫʨʩʳ - ʤʘʪʝʨʠʘʣʳ, ʪʝʭʥʠʢʘ, ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʨʘʙʦʯʝʡ ʩʠʣʝ ʜʣʷ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ 

ʨʘʙʦʪ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʜʦʨʦʛ [6]. ʈʘʩʯʝʪʳ ʧʨʦʚʦʜʷʪʩʷ ʜʣʷ ʩʣʝʜʫʶʱʠʭ ʚʠʜʦʚ 

ʨʘʙʦʪ: 

- ʦʯʠʩʪʢʘ ʜʦʨʦʛʠ ʦʪ ʩʥʝʛʘ ʧʣʫʞʥʳʤ ʩʥʝʛʦʦʯʠʩʪʠʪʝʣʝʤ ʥʘ ʙʘʟʝ ʘʚʪʦʤʦʙʠʣʷ 

(ʰʠʬʨ ʨʘʙʦʪ ɺʨʉʥʠʈʩ 05-2), 

- ʫʩʪʨʦʡʩʪʚʦ ʪʨʘʥʰʝʡ ʚ ʩʥʝʛʫ ʙʫʣʴʜʦʟʝʨʦʤ (ʰʠʬʨ ʨʘʙʦʪ ɺʨʉʥʠʈʩ 05-12), 

- ʫʩʪʘʥʦʚʢʘ ʠ ʫʙʦʨʢʘ ʧʣʘʥʦʯʥʳʭ ʱʠʪʦʚ ʥʘ ʢʦʣʴʷʭ (ʰʠʬʨ ʨʘʙʦʪ ɺʨʉʥʠʈʩ 

05-13), 

- ʨʝʤʦʥʪ ʩʥʝʛʦʟʘʱʠʪʥʳʭ ʧʣʘʥʦʯʥʳʭ ʱʠʪʦʚ (ʰʠʬʨ ʨʘʙʦʪ ɺʨʉʥʠʈʩ 05-14). 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʫʩʪʨʦʡʩʪʚʦ ʥʘʜʝʞʥʦʡ ʩʥʝʛʦʟʘʱʠʪʳ ʧʨʝʜʦʪʚʨʘʪʠʪ 

ʦʪʣʦʞʝʥʠʷ ʩʥʝʛʘ ʧʨʠ ʤʝʪʝʣʷʭ ʥʘ ʜʦʨʦʞʥʦʤ ʧʦʢʨʳʪʠʠ ʟʘ ʩʯʝʪ ʝʛʦ ʦʪʣʦʞʝʥʠʡ ʚ 

ʟʦʥʝ ʨʘʙʦʪʳ ʩʥʝʛʦʟʘʱʠʪʥʳʭ ʫʩʪʨʦʡʩʪʚ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪʴ ʧʨʦʝʟʜ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ ʩ ʨʘʩʯʝʪʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʚʠʞʝʥʠʷ ʚ ʟʠʤʥʠʡ 

ʧʝʨʠʦʜ. 
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ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 
ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʡ ʨʘʟʚʷʟʢʠ ʚ ʜʚʫʭ ʫʨʦʚʥʷʭ ʚ 

ʫʩʣʦʚʠʷʭ ʛʦʨʦʜʩʢʦʡ ʟʘʩʪʨʦʡʢʠ. ʇʨʠʚʦʜʷʪʩʷ ʪʝʭʥʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʫʣʠʮ ʠ 

ʧʨʠʥʷʪʳʝ ʧʨʦʝʢʪʥʳʝ ʨʝʰʝʥʠʷ ʧʦ ʪʨʘʥʩʧʦʨʪʥʦʡ ʨʘʟʚʷʟʢʝ. ʇʨʝʜʩʪʘʚʣʝʥ ʧʣʘʥ ʪʨʘʥʩʧʦʨʪʥʦʡ 

ʨʘʟʚʷʟʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʨʘʥʩʧʦʨʪʥʘʷ ʨʘʟʚʷʟʢʘ, ʨʝʢʦʥʩʪʨʫʢʮʠʷ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʛʦʨʦʜʩʢʘʷ 

ʫʣʠʮʘ. 

 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʪʨʘʥʩʧʦʨʪʥʦʡ ʨʘʟʚʷʟʢʠ ʥʘ ʧʝʨʝʩʝʯʝʥʠʠ 

ʫʣʠʮʳ ʆʩʪʫʞʝʚʘ ʠ ʫʣʠʮʳ ʄʠʥʩʢʘʷ ʚ ʛʦʨʦʜʝ ɺʦʨʦʥʝʞ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʦʡ ɺʦʨʦʥʝʞʩʢʦʡ ʦʙʣʘʩʪʠ çʈʘʟʚʠʪʠʝ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳè, ʫʪʚʝʨʞʜʝʥʥʦʡ ʧʦʩʪʘʥʦʚʣʝʥʠʝʤ ʇʨʘʚʠʪʝʣʴʩʪʚʘ 

ɺʦʨʦʥʝʞʩʢʦʡ ʦʙʣʘʩʪʠ. ʇʨʦʝʢʪ ʚʳʧʦʣʥʝʥ ʚ ʭʦʜʝ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʝʢʪʥʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʠ ʧʦ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʛʦʨʦʜʩʢʦʡ ʤʘʛʠʩʪʨʘʣʠ ʧʦ ʫʣʠʮʝ ʆʩʪʫʞʝʚʘ, ʩ 

ʜʦʚʝʜʝʥʠʝʤ ʝʝ ʧʘʨʘʤʝʪʨʦʚ ʜʦ ʢʘʪʝʛʦʨʠʠ çʤʘʛʠʩʪʨʘʣʴʥʘʷ ʫʣʠʮʘ ʦʙʱʝʛʦʨʦʜʩʢʦʛʦ 

ʟʥʘʯʝʥʠʷ ï ʥʝʧʨʝʨʳʚʥʦʛʦ ʜʚʠʞʝʥʠʷè.  

ʊʨʘʥʩʧʦʨʪʥʘʷ ʨʘʟʚʷʟʢʘ ʥʘ ʧʝʨʝʩʝʯʝʥʠʠ ʫʣʠʮʳ ʆʩʪʫʞʝʚʘ ʠ ʫʣʠʮʳ ʄʠʥʩʢʘʷ 

ʷʚʣʷʝʪʩʷ 1 ʵʪʘʧʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʯʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʩʭʝʤʝ, ʧʨʠʚʝʜʝʥʥʦʡ ʥʘ ʨʠʩ. 1. 

 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʵʪʘʧʦʚ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʧʨʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ  

ʛʦʨʦʜʩʢʦʡ ʤʘʛʠʩʪʨʘʣʠ ʧʦ ʫʣʠʮʝ ʆʩʪʫʞʝʚʘ 
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ʇʨʦʝʢʪʠʨʫʝʤʳʡ ʦʙʲʝʢʪ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ɾʝʣʝʟʥʦʜʦʨʦʞʥʦʤ ʨʘʡʦʥʝ ʛʦʨʦʜʘ 

ɺʦʨʦʥʝʞ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʦʙʱʝʛʦ ʧʦʣʴʟʦʚʘʥʠʷ. ɸʚʪʦʤʦʙʠʣʴʥʘʷ ʜʦʨʦʛʘ ʜʦʣʞʥʘ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʪʨʘʥʩʧʦʨʪʥʫʶ ʩʚʷʟʴ ʤʝʞʜʫ ʞʠʣʳʤʠ, ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʨʘʡʦʥʘʤʠ 

ʠ ʮʝʥʪʨʦʤ ʛʦʨʦʜʘ ɺʦʨʦʥʝʞ, ʘ ʪʘʢ ʞʝ ʜʨʫʛʠʤʠ ʤʘʛʠʩʪʨʘʣʴʥʳʤʠ ʫʣʠʮʘʤʠ. ʊʘʢʞʝ 

ʜʦʨʦʛʘ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʪʴ ʚʳʭʦʜ ʥʘ ʘʚʪʦʤʘʛʠʩʪʨʘʣʠ ʬʝʜʝʨʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ       

ʄ-4 çɼʦʥè ʠ 1ʈ-193 çɺʦʨʦʥʝʞ ï ʊʘʤʙʦʚè.  

ʇʝʨʩʧʝʢʪʠʚʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʚʠʞʝʥʠʷ ʧʦ ʫʣʠʮʝ ʆʩʪʫʞʝʚʘ ʥʘ 2029 ʛʦʜ ï 

62538 ʘʚʪ/ʩʫʪ, ʥʘ 2039 ʛʦʜ ï 84606 ʘʚʪ/ʩʫʪ. ʊʝʭʥʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʫʣʠʮʳ 

ʆʩʪʫʞʝʚʘ ʠ ʫʣʠʮʳ ʄʠʥʩʢʦʡ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1. 

ʊʘʙʣʠʮʘ 1 

ʊʝʭʥʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʫʣʠʮʳ ʆʩʪʫʞʝʚʘ ʠ ʫʣʠʮʳ ʄʠʥʩʢʦʡ 

ʅʘʠʤʝʥʦʚʘʥʠʝ  

ʧʘʨʘʤʝʪʨʘ 

ɽʜ. 

ʠʟʤ. 
ʋʣʠʮʘ ʆʩʪʫʞʝʚʘ ʋʣʠʮʘ ʄʠʥʩʢʘʷ 

ʊʝʭʥʠʯʝʩʢʘʷ ʢʘʪʝʛʦʨʠʷ ʜʦʨʦʛʠ  ʄʘʛʠʩʪʨʘʣʴʥʘʷ ʫʣʠʮʘ 

ʦʙʱʝʛʦʨʦʜʩʢʦʛʦ 

ʟʥʘʯʝʥʠʷ 1-ʛʦ ʢʣʘʩʩʘ 

- ʥʝʧʨʝʨʳʚʥʦʛʦ 

ʜʚʠʞʝʥʠʷ 

ʄʘʛʠʩʪʨʘʣʴʥʘʷ ʫʣʠʮʘ 

ʨʘʡʦʥʥʦʛʦ ʟʥʘʯʝʥʠʷ 

ʉʪʨʦʠʪʝʣʴʥʘʷ ʜʣʠʥʘ ʢʤ 1,578 1,208 

ʈʘʩʯʝʪʥʘʷ ʩʢʦʨʦʩʪʴ ʢʤ/ʯ 90 70 

ʄʠʥʠʤʘʣʴʥʳʡ ʨʘʜʠʫʩ ʢʨʠʚʦʡ ʚ ʧʣʘʥʝ ʤ 2112,05 230 

ʄʠʥʠʤʘʣʴʥʳʡ ʨʘʜʠʫʩ ʢʨʠʚʦʡ ʚ 

ʧʨʦʜʦʣʴʥʦʤ ʧʨʦʬʠʣʝ 

- ʚʳʧʫʢʣʦʡ 

-ʚʦʛʥʫʪʦʡ 

 

 

ʤ 

ʤ 

 

 

6073,7 

1755,8 

 

 

260 

800 

ʄʘʢʩʠʤʘʣʴʥʳʡ ʧʨʦʜʦʣʴʥʳʡ  

ʫʢʣʦʥ 

ă 40 60 

ʐʠʨʠʥʘ ʟʝʤʣʷʥʦʛʦ ʧʦʣʦʪʥʘ ʤ 36,0-94,0 20,75-36,0 

ʐʠʨʠʥʘ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ ʤ 30,5-63,0 11,5-27,5 

ʐʠʨʠʥʘ ʨʘʟʜʝʣʠʪʝʣʴʥʦʡ ʧʦʣʦʩʳ ʤ 4,0-23,0 0,0-4,0 

ʏʠʩʣʦ ʧʦʣʦʩ ʜʚʠʞʝʥʠʷ ʰʪ. 4-6 3-4 

ʊʠʧ ʜʦʨʦʞʥʦʡ ʦʜʝʞʜʳ  ʢʘʧʠʪʘʣʴʥʳʡ ʢʘʧʠʪʘʣʴʥʳʡ 

 

ʇʨʦʚʝʜʝʥʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʪʨʘʥʩʧʦʨʪʥʦʡ ʨʘʟʚʷʟʢʠ ʚ ʜʚʫʭ ʫʨʦʚʥʷʭ ʧʦ ʪʠʧʫ 

çʦʙʞʘʪʳʡ ʢʣʝʚʝʨʥʳʡ ʣʠʩʪè ʩ ʫʩʪʨʦʡʩʪʚʦʤ ʧʫʪʝʧʨʦʚʦʜʘ ʧʦ ʫʣʠʮʝ ʄʠʥʩʢʘʷ                    

ʩ ʛʘʙʘʨʠʪʦʤ (ɻ-12,5+1,0)ʭ2 ʠ ʜʣʠʥʦʡ 85,11 ʤ, ʧʦʜʭʦʜʦʚ ʢ ʧʫʪʝʧʨʦʚʦʜʫ ʦʙʱʝʡ 

ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 1,02 ʢʤ ʠ 8-ʤʠ ʩʲʝʟʜʦʚ ʪʨʘʥʩʧʦʨʪʥʦʡ ʨʘʟʚʷʟʢʠ. ɼʣʷ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʡ ʨʘʟʚʷʟʢʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ 

çʊʦʧʦʤʘʪʠʢ Robur ï ɸʚʪʦʤʦʙʠʣʴʥʳʝ ʜʦʨʦʛʠè. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʝʡʩʪʚʫʶʱʠʤʠ ʥʦʨʤʘʪʠʚʥʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ [1,2,3,4,5,6]. 

ʇʨʠʤʳʢʘʥʠʷ ʣʝʚʦ ʠ ʧʨʘʚʦʧʦʚʦʨʦʪʥʳʭ ʩʲʝʟʜʦʚ ʪʨʘʥʩʧʦʨʪʥʦʡ ʨʘʟʚʷʟʢʠ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʧʝʨʝʭʦʜʥʦ-ʩʢʦʨʦʩʪʥʳʝ ʧʦʣʦʩʳ. 

ʉʣʝʚʘ ʦʪ ʫʣʠʮʳ ʆʩʪʫʞʝʚʘ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʫʩʪʨʦʡʩʪʚʦ 

ʦʜʥʦʩʪʦʨʦʥʥʝʛʦ ʤʝʩʪʥʦʛʦ ʧʨʦʝʟʜʘ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʫʧʦʨʷʜʦʯʝʥʥʦʛʦ ʚʲʝʟʜʘ                 

ʠ ʚʳʝʟʜʘ ʩ ʧʨʠʣʝʛʘʶʱʠʭ ʪʝʨʨʠʪʦʨʠʡ ʠ ʦʙʲʝʢʪʦʚ ʜʦʨʦʞʥʦʛʦ ʩʝʨʚʠʩʘ ʥʘ ʫʣʠʮʝ 

ʆʩʪʫʞʝʚʘ. 
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ʉʧʨʘʚʘ ʦʪ ʫʣʠʮʳ ʆʩʪʫʞʝʚʘ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʩʫʱʝʩʪʚʫʶʱʝʛʦ 

ʤʝʩʪʥʦʛʦ ʧʨʦʝʟʜʘ. ɺʜʦʣʴ ʧʨʦʝʟʜʘ ʟʘʧʨʦʝʢʪʠʨʦʚʘʥ ʪʨʦʪʫʘʨ ʰʠʨʠʥʦʡ 2,25 ʤ                   

ʠ ʚʝʣʦʩʠʧʝʜʥʘʷ ʜʦʨʦʞʢʘ ʰʠʨʠʥʦʡ 2,0 ʤ. ɺʲʝʟʜ ʠ ʚʳʝʟʜ ʩ ʤʝʩʪʥʦʛʦ ʧʨʦʝʟʜʘ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʧʝʨʝʭʦʜʥʦ-ʩʢʦʨʦʩʪʥʳʝ ʧʦʣʦʩʳ. 

ʊʘʢʞʝ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʫʩʪʨʦʡʩʪʚʦ ʥʘʨʫʞʥʦʛʦ ʦʩʚʝʱʝʥʠʷ, ʜʦʞʜʝʚʦʡ 

ʢʘʥʘʣʠʟʘʮʠʠ ʠ ʧʝʨʝʫʩʪʨʦʡʩʪʚʦ ʠʤʝʶʱʠʭʩʷ ʚ ʨʘʡʦʥʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠʥʞʝʥʝʨʥʳʭ 

ʢʦʤʤʫʥʠʢʘʮʠʡ.  

ʇʣʘʥ ʪʨʘʥʩʧʦʨʪʥʦʡ ʨʘʟʚʷʟʢʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 2. 

 
 

ʈʠʩ. 2. ʇʣʘʥ ʪʨʘʥʩʧʦʨʪʥʦʡ ʨʘʟʚʷʟʢʠ ʥʘ ʧʝʨʝʩʝʯʝʥʠʠ ʫʣʠʮʳ ʆʩʪʫʞʝʚʘ 

ʠ ʫʣʠʮʳ ʄʠʥʩʢʘʷ ʚ ʛʦʨʦʜʝ ɺʦʨʦʥʝʞ 
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