
  

 

 

 

ISSN2304-1943 

 
 
 
 
 
 

  
 

ȩȑȘș-ȜȓȌȓțȜȕȓȔ 

ȘȋȞȢȘȦȔ ȍȐȜȝȘȓȕ 

 
ȳȦȹȽȳȴ-ȸȫȻȳȮȽȫȷȰȮȯ ȬȹȶȳȦȱ 

 
ɷ 2( 30)ÅɆɕɖɋɑɢ 

 
 

 
 
 
 
 
 

SOUTH-SIBERIAN  

SCIENTIFIC BULLETIN 

  



 

ȩȑȘș-ȜȓȌȓțȜȕȓȔ 

ȘȋȞȢȘȦȔ ȍȐȜȝȘȓȕ 
ɓɆəɝɓɔ-ɘɋɛɓɎɝɋɗɐɎɏ ɌəɖɓɆɑ 

 
ISSN2304-1943 

ɷ 2  ( 3 0 )  

Ȧȵȶȫȱɂ 
2020 

 
ȮɍɊɆɋɘɗɥ ɗ Ɏɤɑɥ 2012 ɉɔɊɆ 
ȨɡɛɔɊɎɘ ɝɋɘɡɖɋ ɖɆɍɆ Ɉ ɉɔɊ 

 
 

ȹȽȶȫȪȮȸȫȱȮ: 
ȴȴȴ çȲɆɑɔɋ ɎɓɓɔɈɆɜɎɔɓɓɔɋ ɕɖɋɊɕɖɎɥɘɎɋ çȵɔɑɎɘɋɛè (ɎɍɊɆɘɋɑɢ) 

ȴȴȴ çȼɋɓɘɖ əɑɢɘɖɆɍɈəɐɔɈɡɛ ɘɋɛɓɔɑɔɉɎɏ Ȧɑɘȩȸȹè 

ȦɑɘɆɏɗɐɎɏ ɉɔɗəɊɆɖɗɘɈɋɓɓɡɏ ɘɋɛɓɎɝɋɗɐɎɏ əɓɎɈɋɖɗɎɘɋɘ  
Ɏɒ. Ȯ.Ȯ. ȵɔɑɍəɓɔɈɆ 

ȹɝɖɋɌɊɋɓɎɋ ȶɔɗɗɎɏɗɐɔɏ ɆɐɆɊɋɒɎɎ ɓɆəɐ ȮɓɗɘɎɘəɘ ɕɖɔɇɑɋɒ ɛɎɒɎɐɔ-
ɣɓɋɖɉɋɘɎɝɋɗɐɎɛ ɘɋɛɓɔɑɔɉɎɏ ȷɎɇɎɖɗɐɔɉɔ ɔɘɊɋɑɋɓɎɥ ȶȦȳ 

 

ȶȫȪȦȰȼȮȴȳȳȦɅ  
ȰȴȱȱȫȩȮɅ: 

 
 

ȩɑ. ɖɋɊɆɐɘɔɖ:ȧəɛɘɎɥɖɔɈ Ȩ.Ȯ., ɆɐɆɊɋɒɎɐ ȶȦȳ 

Ƚɑɋɓɡ ɖɋɊɆɐɜɎɔɓɓɔɏ ɐɔɑɑɋɉɎɎ:  
ȷɡɗɔɑɥɘɎɓ ȷ.Ȩ., Ɋ.ɛ.ɓ., ɕɖɔɚɋɗɗɔɖ, ɝɑɋɓ-ɐɔɖɖɋɗɕɔɓɊɋɓɘ ȶȦȳ 

ȰɎɑɢɊɋɋɈɆ ȳ.ȶ., Ɋ.ɛ.ɓ., ɕɖɔɚɋɗɗɔɖ 
ȧɑɆɍɓɔɈ Ȧ.ȳ., Ɋ.ɘ.ɓ., Ɋɔɜɋɓɘ 

ȦɇɆɓɎɓ Ȩ.Ȧ., Ɋ.ɘ.ɓ., ɕɖɔɚɋɗɗɔɖ 
ȦɓɎɗɎɒɔɈ Ȯ.Ȯ., Ɋ.ɘ.ɓ., ɕɖɔɚɋɗɗɔɖ 

ȭɆɉɎɊəɑɑɎɓ ȷ.Ȼ., Ɋ.ɘ.ɓ., ɕɖɔɚɋɗɗɔɖ 

ȱɥɒɐɎɓ Ȧ.Ȯ., Ɋ.ɚ.-ɒ.ɓ., ɕɖɔɚɋɗɗɔɖ 
ȱɋɓɗɐɎɏ Ȳ.Ȧ., ɐ.ɛ.ɓ., Ɋɔɜɋɓɘ 

ȦɈɋɖɢɥɓɔɈɆ ȫ.Ȩ., ɐ.ɛ.ɓ., Ɋɔɜɋɓɘ 
ȵɋɈɝɋɓɐɔ ȧ.Ȩ., ɐ.ɘ.ɓ., Ɋɔɜɋɓɘ 

Ȱəɕɋɖɞɘɔɛ Ȧ.ȱ., Ɋ.ɚ.-ɒ.ɓ., Ɋɔɜɋɓɘ 

ȱɆɕɐɔ Ȩ.Ȧ., Ɋ.ɘ.ɓ., ɕɖɔɚɋɗɗɔɖ 
ȰɔɝɋɘɔɈ Ʉ.Ȧ., Ɋ.ɚ.-ɒ.ɓ., ɕɖɔɚɋɗɗɔɖ 

ȹɊɔɊɔɈ Ȩ.ȳ., Ɋ.ɚ.-ɒ.ɓ., ɕɖɔɚɋɗɗɔɖ 
ȵɔɘɆɘəɖɐɎɓ ȴ.Ȯ., Ɋ.ɘ.ɓ., ɕɖɔɚɋɗɗɔɖ 

ȵɆɑɢɝɎɐɔɈ ȫ.Ȯ., Ɋ.ɘ.ɓ., ɕɖɔɚɋɗɗɔɖ 

ȻɒɋɑɋɈ Ȩ.ȳ., Ɋ.ɘ.ɓ., ɕɖɔɚɋɗɗɔɖ 
ȵɋɘɖɔɈ ȫ.Ȧ., Ɋ.ɘ.ɓ., ɕɖɔɚɋɗɗɔɖ 

ȾɆɑəɓɔɈ Ȧ.Ȩ., Ɋ.ɘ.ɓ., Ɋɔɜɋɓɘ 

 

ȶȫȪȦȰȼȮɅ: 

ȴɘɈɋɘɗɘɈɋɓɓɡɏ ɗɋɐɖɋɘɆɖɢ: ȩɔɑɡɛ ȶ.ȳ. 

ȶɋɊɆɐɘɔɖ: ȷɘɆɖɔɊəɇɜɋɈɆ ȷ.Ȩ. 

Ȱɔɒɕɢɤɘɋɖɓɡɏ ɊɎɍɆɏɓ: ȨɔɛɒɎɓ Ȧ.Ȧ. 

 

ȦȪȶȫȷ ȶȫȪȦȰȼȮȮ: 

 

659305, ɉ. ȧɎɏɗɐ, əɑ. ȸɖɔɚɎɒɔɈɆ, Ɋ. 27, ɐɆɇ. 301ȧ 

ȸɋɑ./ɚɆɐɗ: +7 (3854) 432450  
Int ernet: http://s -sibsb.ru 

E-mail: info@s-sibsb.ru 

  É ȲȮȵ çȵɔɑɎɘɋɛè, 2018 



 ʖɾʅʆ-ʉʀɹʀʈʉʂʀʁ ʅɸʋʏʅʓʁ ɺɽʉʊʅʀʂ 

 

 
3 ˉ 2 (30) Åʘʧʨʝʣʴ 2020  

05.11.13 

ʋʉʊʈʆʁʉʊɺʆ ʂʆʅʊʈʆʃʗ ʕʅɽʈɻʀʀ ʋʃʔʊʈɸɿɺʋʂʆɺʆɻʆ 
ɺʆɿɼɽʁʉʊɺʀʗ 

 ɺ.ʅ. ʍʤʝʣʝʚ, ʈ.ɺ. ɹʘʨʩʫʢʦʚ, ʂ.ɸ. ɹʦʜʨʠʢʦʚ 
ɹʠʡʩʢʠʡ ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʀʥʩʪʠʪʫʪ, ɹʠʡʩʢ, ʈʦʩʩʠʷ 

ɸʥʥʦʪʘʮʠʷ ï ɺ ʩʪʘʪʴʝ ʧʦʢʘʟʳʚʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʨʝʘʣʠʟʫʝʤʳʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʟʘ ʩʯʝʪ ʚʚʝʜʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ ʠ ʜʦʩʪʘʪʦʯʥʦʡ ʵʥʝʨʛʠʠ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʢʦʣʝʙʘʥʠʡ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʢʦʥʪʨʦʣʴ ʵʥʝʨʛʠʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ɸʚʪʦʨʘʤʠ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʫʩʪʨʦʡʩʪʚʦ ʢʦʥʪʨʦʣʷ ʵʥʝʨʛʠʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʝʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʥʘ ʧʨʠʤʝʨʝ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʩʚʘʨʢʠ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʠʥʪʝʛʨʘʮʠʠ ʫʩʪʨʦʡʩʪʚʘ ʢʦʥʪʨʦʣʷ ʵʥʝʨʛʠʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚ ʩʫʱʝʩʪʚʫʶʱʝʝ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʝ ʩʚʘʨʦʯʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʣʴʪʨʘʟʚʫʢ, ʩʚʘʨʢʘ, ʵʥʝʨʛʠʷ, ʩʪʝʥʜ. 

 

ɺɺɽɼɽʅʀɽ 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ (ʋɿ) ʚʦʟʜʝʡʩʪʚʠʷ 

ʦʧʨʝʜʝʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʨʘʟʣʠʯʥʳʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʢʦʥʝʯʥʳʝ 

ʧʨʦʜʫʢʪʳ ʩ ʟʘʜʘʥʥʳʤ ʢʘʯʝʩʪʚʦʤ [1]. ʕʥʝʨʛʠʷ 

ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʢʦʣʝʙʘʥʠʡ, ʚʚʦʜʠʤʘʷ ʚ ʟʦʥʫ 

ʨʝʘʣʠʟʘʮʠʠ ʪʝʭ ʠʣʠ ʠʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ 

ʠʟ ʚʘʞʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ 

ʫʣʴʪʨʘʟʚʫʢʦʚʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʘʧʧʘʨʘʪʳ [2-5] ʠ 

ʦʧʨʝʜʝʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ, 

ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʋɿ ʧʦʣʷʭ. ɺ ʩʫʱʝʩʪʚʫʶʱʝʤ ʋɿ 

ʦʙʦʨʫʜʦʚʘʥʠʠ, ʧʨʠʤʝʥʷʝʤʦʤ ʜʣʷ ʨʝʰʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʟʘʜʘʯ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ  ʜʣʷ ʩʚʘʨʢʠ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʨʝʘʣʠʟʫʝʪʩʷ  ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʪʘʥʘʚʣʠʚʘʪʴ 

ʥʝʦʙʭʦʜʠʤʳʝ ʨʝʞʠʤʳ ʩʚʘʨʦʯʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʫʪʝʤ 

ʫʩʪʘʥʦʚʢʠ ʘʤʧʣʠʪʫʜʳ ʋɿ ʢʦʣʝʙʘʥʠʡ ʩʚʘʨʦʯʥʦʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ, ʚʨʝʤʝʥʠ ʋɿ ʚʦʟʜʝʡʩʪʚʠʷ, ʫʩʠʣʠʷ 

ʧʨʠʞʘʪʠʷ ʩʚʘʨʦʯʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʢ ʩʚʘʨʠʚʘʝʤʳʤ 

ʤʘʪʝʨʠʘʣʘʤ [6-9]. ʂʘʢ ʧʨʘʚʠʣʦ, ʵʪʠ ʧʘʨʘʤʝʪʨʳ 

ʟʘʜʘʶʪʩʷ ʦʜʠʥ ʨʘʟ, ʥʦ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʢʦʨʨʝʢʪʠʨʫʶʪʩʷ ʚʨʫʯʥʫʶ. ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʦʜʠʥ ʠʟ ʵʪʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʠʟʤʝʥʠʪʩʷ, ʢʘʯʝʩʪʚʦ ʩʚʘʨʢʠ ʪʘʢ ʞʝ 

ʠʟʤʝʥʷʝʪʩʷ. ʇʨʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʩʚʘʨʢʠ 

ʚʦʟʤʦʞʥʦ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʘʤʧʣʠʪʫʜʫ ʢʦʣʝʙʘʥʠʡ ʠ 

ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʪʦʯʥʦʝ ʚʨʝʤʷ ʚʦʟʜʝʡʩʪʚʠʷ, ʥʦ ʫʩʠʣʠʝ 

ʧʨʠʞʠʤʘ ʠ ʧʣʦʱʘʜʴ ʢʦʥʪʘʢʪʘ (ʚʚʦʜʘ ʵʥʝʨʛʠʠ) ʤʦʞʝʪ 

ʠʟʤʝʥʷʪʴʩʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʚʦʡʩʪʚ ʠ ʪʦʣʱʠʥʳ 

ʩʚʘʨʠʚʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ.  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʜʘʥʥʦʛʦ 

ʢʘʯʝʩʪʚʘ ʬʦʨʤʠʨʫʝʤʳʭ ʰʚʦʚ ʧʨʠ ʩʚʘʨʢʝ 

ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʝʦʙʭʦʜʠʤʦ ʪʦʯʥʦ 

ʜʦʟʠʨʦʚʘʪʴ ʚʝʣʠʯʠʥʫ ʋɿ ʵʥʝʨʛʠʠ, ʚʚʦʜʠʤʦʡ ʚ ʟʦʥʫ 

ʩʚʘʨʢʠ, ʫʧʨʘʚʣʷʷ ʧʨʠ ʵʪʦʤ ʚʨʝʤʝʥʝʤ ʚʦʟʜʝʡʩʪʚʠʷ ʠʣʠ 

ʘʤʧʣʠʪʫʜʦʡ ʢʦʣʝʙʘʥʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʦʮʝʩʩʦʤ ʩʚʘʨʢʠ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʰʚʘ 

ʥʝʦʙʭʦʜʠʤʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʵʥʝʨʛʠʶ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ 

ʫʩʪʨʦʡʩʪʚʘ ʢʦʥʪʨʦʣʷ ʵʥʝʨʛʠʠ, ʚʚʦʜʠʤʦʡ ʚ ʟʦʥʫ ʩʚʘʨʢʠ 

ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʋɿ ʘʧʧʘʨʘʪʘ ʜʣʷ ʩʚʘʨʢʠ 

ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʜʣʷ ʠʟʫʯʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩ ʮʝʣʴʶ 

ʧʦʩʣʝʜʫʶʱʝʡ ʠʥʪʝʛʨʘʮʠʠ ʫʩʪʨʦʡʩʪʚʘ ʚ ʋɿ 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʩʚʘʨʢʠ. 

ʆʇʀʉɸʅʀɽ ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʆɻʆ ʉʊɽʅɼɸ 

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʪʝʥʜʘ 

ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʩʚʘʨʢʠ 

ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʦʩʪʦʷʱʘʷ ʠʟ 

ʩʣʝʜʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ: 

ï ʙʣʦʢ ʧʠʪʘʥʠʷ; 

ï ʙʣʦʢ (ʫʩʪʨʦʡʩʪʚʦ) ʠʟʤʝʨʝʥʠʷ ʤʦʱʥʦʩʪʠ, 

ʧʦʪʨʝʙʣʷʝʤʦʡ ʋɿ ʠʟʣʫʯʘʪʝʣʝʤ; 

ï ʮʠʬʨʦʚʦʡ ʦʩʮʠʣʣʦʛʨʘʬ GDS-71022; 

ï ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʟʘʧʘʠʚʘʪʝʣʴ ʤʦʜʝʣʠ ɿʋɿ ï 

0,1/44ʆʂʙ [10]; 

ï ʩʚʘʨʠʚʘʝʤʳʝ ʤʘʪʝʨʠʘʣʳ. 

 
1 ï ʙʣʦʢ ʧʠʪʘʥʠʷ; 2 ï ʙʣʦʢ ʠʟʤʝʨʝʥʠʷ ʤʦʱʥʦʩʪʠ; 3 ï ʦʩʮʠʣʣʦʛʨʘʬ; 

GDS-71022; 4 ï ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʟʘʧʘʠʚʘʪʝʣʴ ɿʋɿ ï 0,1/44 ï ʆ; 5 ï 

ʩʚʘʨʠʚʘʝʤʳʝ ʤʘʪʝʨʠʘʣʳ 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʪʝʥʜʘ  

ɺ ʢʘʯʝʩʪʚʝ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʩʚʘʨʦʯʥʦʛʦ ʘʧʧʘʨʘʪʘ 

ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ 
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ʟʘʧʘʠʚʘʪʝʣʴ ʧʣʘʩʪʠʢʦʚʳʭ ʢʦʥʪʝʡʥʝʨʦʚ ʩ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʢʨʦʚʠ ɿʋɿ-0,1/44-ʆʂʙ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩ. 2. 

 
ʈʠʩ. 2. ʋʣʴʪʨʘʟʚʫʢʦʚʦʡ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʟʘʧʘʠʚʘʪʝʣʴ 

ʧʣʘʩʪʠʢʦʚʳʭ ʢʦʥʪʝʡʥʝʨʦʚ ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ ʢʨʦʚʠ ɿʋɿ-0,1/44 

ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʜʘʥʥʦʛʦ ʘʧʧʘʨʘʪʘ ʟʘʢʣʶʯʘʝʪʩʷ 

ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʚʳʩʦʢʦʧʨʦʯʥʦʛʦ (ʙʦʣʝʝ 80% ʦʪ 

ʧʨʦʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ) ʵʣʘʩʪʠʯʥʦʛʦ ʰʚʘ ʟʘ ʩʯʸʪ 

ʫʩʢʦʨʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʜʠʬʬʫʟʠʠ ʚ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʭ 

ʤʘʪʝʨʠʘʣʘʭ ʧʨʠ ʧʦʛʣʦʱʝʥʠʠ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ 

ʢʦʣʝʙʘʥʠʡ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʘʥʥʦʛʦ ʘʧʧʘʨʘʪʘ. 

ʊʘʙʣ. 1. ʆʩʥʦʚʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɿʋɿ-0,1/44-ʆʂʙ 

ʄʦʱʥʦʩʪʴ, ɺʪ, ʥʝ ʙʦʣʝʝ 100 
ʏʘʩʪʦʪʘ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʢʦʣʝʙʘʥʠʡ, ʢɻʮ 44Ñ3,3 
ʇʠʪʘʥʠʝ ʦʪ ʩʝʪʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ 

ʥʘʧʨʷʞʝʥʠʝʤ, ɺ 
220Ñ22 

ʇʦʣʥʳʡ ʮʠʢʣ ʛʝʨʤʝʪʠʟʘʮʠʠ, ʩʝʢ 5 
ɼʠʘʤʝʪʨ ʛʝʨʤʝʪʠʟʠʨʫʝʤʳʭ ʪʨʫʙʦʢ, ʤʤ 4-6 

ɼʦʟʠʨʦʚʘʥʠʝ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʵʥʝʨʛʠʠ ʚ ʟʦʥʫ 

ʩʚʘʨʢʠ ʚ ʜʘʥʥʦʤ ʘʧʧʘʨʘʪʝ ʨʝʘʣʠʟʫʝʪʩʷ ʚʨʫʯʥʫʶ, 

ʧʫʪʝʤ ʟʘʜʘʥʠʷ ʚʨʝʤʝʥʠ ʋɿ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʘʤʧʣʠʪʫʜʝ  ʋɿ ʢʦʣʝʙʘʥʠʡ ʠʟʣʫʯʘʪʝʣʷ. 

ʄʦʱʥʦʩʪʴ ʋɿ ʚʦʟʜʝʡʩʪʚʠʷ, ʚ ʧʨʦʮʝʩʩʝ ʋɿ ʩʚʘʨʢʠ ʥʝ 

ʷʚʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ ʧʦʩʪʦʷʥʥʦʡ ʠ ʟʘʚʠʩʠʪ ʦʪ 

ʥʘʧʨʷʞʝʥʠʷ ʧʠʪʘʶʱʝʡ ʩʝʪʠ, ʩʚʦʡʩʪʚ ʩʚʘʨʠʚʘʝʤʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʪʦʣʱʠʥʳ ʩʚʘʨʠʚʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʜʘʥʥʦʡ ʘʧʧʘʨʘʪʝ ʋɿ ʩʚʘʨʢʠ, 

ʵʥʝʨʛʠʷ, ʚʚʦʜʠʤʘʷ ʚ ʟʦʥʫ ʩʚʘʨʢʠ, ʨʘʟʣʠʯʥʘ ʧʨʠ ʦʜʥʦʤ 

ʠ ʪʦʤ ʞʝ ʚʨʝʤʝʥʠ ʋɿ ʚʦʟʜʝʡʩʪʚʠʷ, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʩʫʱʝʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʜʘʥʥʦʛʦ ʘʧʧʘʨʘʪʘ. 

ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʤʦʱʥʦʩʪʠ ʋɿ 

ʠʟʣʫʯʘʪʝʣʷ, ʧʦʩʪʨʦʝʥʥʦʛʦ ʥʘ ʙʘʟʝ 

ʯʝʪʳʨʝʭʢʚʘʜʨʘʥʪʥʦʛʦ ʘʥʘʣʦʛʦʚʦʛʦ ʫʤʥʦʞʠʪʝʣʷ 

AD633 ʬʠʨʤʳ Analog Device [11]. 

 
ʈʠʩ. 3. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʙʣʦʢʘ ʠʟʤʝʨʝʥʠʷ 

ʤʦʱʥʦʩʪʠ 

ʀʟʤʝʨʠʪʝʣʴ, ʧʨʠ ʧʦʤʦʱʠ ʨʘʟʲʝʤʦʚ X1 ʠ X2, 

ʧʦʜʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʳʚ ʮʝʧʠ ʤʝʞʜʫ ʵʣʝʢʪʨʦʥʥʳʤ ʋɿ 

ʛʝʥʝʨʘʪʦʨʦʤ ʠ ʋɿ ʠʟʣʫʯʘʪʝʣʝʤ. ɺʳʭʦʜ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʛʝʥʝʨʘʪʦʨʘ ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ ʨʘʟʲʝʤʫ ʍ1, 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʋɿ ʠʟʣʫʯʘʪʝʣʴ ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ 

ʨʘʟʲʝʤʫ ʍ2.  

ʌʦʨʤʠʨʦʚʘʥʠʝ ʩʠʛʥʘʣʘ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʛʦ ʪʦʢʫ, 

ʧʦʪʨʝʙʣʷʝʤʦʤʫ ʋɿ ʠʟʣʫʯʘʪʝʣʝʤ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ 

ʧʦʤʦʱʠ ʠʥʜʫʢʪʠʚʥʦʛʦ ʪʦʢʦʚʦʛʦ ʜʘʪʯʠʢʘ T1. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʩʠʛʥʘʣʘ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʶ ʥʘ ʧʴʝʟʦʢʝʨʘʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʘʭ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʋɿ ʠʟʣʫʯʘʪʝʣʷ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ 

ʧʦʤʦʱʠ ʨʝʟʠʩʪʠʚʥʦʛʦ ʜʝʣʠʪʝʣʷ, ʦʙʨʘʟʦʚʘʥʥʦʛʦ 

ʵʣʝʤʝʥʪʘʤʠ R7, R8, R10. ʋʩʠʣʠʪʝʣʴ ʢʘʥʘʣʘ ʪʦʢʘ 

ʩʦʙʨʘʥ ʥʘ ʵʣʝʤʝʥʪʘʭ: U1, R1, R2, R3. ʋʩʠʣʠʪʝʣʴ 

ʢʘʥʘʣʘ ʥʘʧʨʷʞʝʥʠʷ ʩʦʙʨʘʥ ʥʘ ʵʣʝʤʝʥʪʘʭ: U3, R11, 

R12, R13. 

ʉʠʛʥʘʣʳ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʢʘʥʘʣʦʤ ʪʦʢʘ ʠ 

ʢʘʥʘʣʦʤ ʥʘʧʨʷʞʝʥʠʷ, ʧʦʩʪʫʧʘʶʪ ʥʘ ʘʥʘʣʦʛʦʚʳʡ 

ʯʝʪʳʨʝʭʢʚʘʜʨʘʥʪʥʳʡ ʫʤʥʦʞʠʪʝʣʴ U2. ʕʣʝʤʝʥʪʳ R6, 

C1 ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʠʥʪʝʛʨʠʨʫʶʱʫʶ ʮʝʧʴ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ ʚʳʜʝʣʝʥʠʝ ʧʦʩʪʦʷʥʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʘʥʘʣʦʛʦʚʦʛʦ 

ʫʤʥʦʞʠʪʝʣʷ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ ʠʟʤʝʨʷʝʤʦʡ 

ʤʦʱʥʦʩʪʠ. ʕʣʝʤʝʥʪ D1 ʷʚʣʷʝʪʩʷ ʟʘʱʠʪʥʳʤ ʵʣʝʤʝʥʪʦʤ 

ʠ ʦʛʨʘʥʠʯʠʚʘʝʪ ʫʨʦʚʝʥʴ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ 

ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʤʦʜʫʣʷ ʥʘ ʫʨʦʚʥʝ +5ɺ. 

ɹʣʦʢ ʠʟʤʝʨʝʥʠʷ ʤʦʱʥʦʩʪʠ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ 

ʦʩʥʦʚʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 2. 

ʊʘʙʣ. 2. ʆʩʥʦʚʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʣʦʢʘ 

ʠʟʤʝʨʝʥʠʷ ʤʦʱʥʦʩʪʠ 

ɼʠʘʧʘʟʦʥ ʠʟʤʝʨʷʝʤʳʭ ʤʦʱʥʦʩʪʝʡ, ɺʪ 10é1000 

ɼʠʘʧʘʟʦʥ ʚʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ɺ 100é2000 

ɼʠʘʧʘʟʦʥ ʪʦʢʘ, ɸ 0.1é10 

ɼʠʘʧʘʟʦʥ ʨʘʙʦʯʠʭ ʯʘʩʪʦʪ, ʢɻʮ 15é120 

ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʚʳʭʦʜʥʳʝ 

ʩʠʛʥʘʣʳ ʫʩʪʨʦʡʩʪʚʘ ʢʦʥʪʨʦʣʷ ʵʥʝʨʛʠʠ ʋɿ ʚʦʟʜʝʡʩʪʚʠʷ 

(ʤʦʱʥʦʩʪʠ) ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʧʨʠ ʧʦʤʦʱʠ ʮʠʬʨʦʚʦʛʦ 

ʦʩʮʠʣʣʦʛʨʘʬʘ ʠ ʟʘʧʠʩʳʚʘʣʠʩʴ ʥʘ ʢʘʨʪʫ ʧʘʤʷʪʠ ʜʣʷ 
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ʜʘʣʴʥʝʡʰʝʛʦ ʠʭ ʧʝʨʝʥʦʩʘ ʥʘ ʇʂ, ʠ ʧʦʩʣʝʜʫʶʱʝʡ 

ʦʙʨʘʙʦʪʢʠ. 

ʈɽɿʋʃʔʊɸʊʓ ʇʈɸʂʊʀʏɽʉʂʀʍ ʀʉʉʃɽɼʆɺɸʅʀʁ 

ɺ ʭʦʜʝ ʧʨʘʢʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ 

ʠʩʩʣʝʜʦʚʘʥʳ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ  ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʋɿ 

ʚʦʟʜʝʡʩʪʚʠʷ (ʩʚʘʨʢʝ ʚʥʘʭʣʝʩʪ ʜʚʫʭ ʣʠʩʪʦʚ) ʥʘ 

ʨʘʟʣʠʯʥʳʝ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʝ ʤʘʪʝʨʠʘʣʳ: 

1) ʣʠʩʪʦʚʦʡ ʧʦʣʠʧʨʦʧʠʣʝʥ, ʪʦʣʱʠʥʦʡ 2 ʤʤ; 

2) ʣʠʩʪʦʚʦʡ ʧʦʣʠʚʠʥʠʣʭʣʦʨʠʜ, ʪʦʣʱʠʥʦʡ 1,6 ʤʤ; 

3) ʣʠʩʪʦʚʦʡ ʧʦʣʠʚʠʥʠʣʭʣʦʨʠʜ, ʪʦʣʱʠʥʦʡ 3,2 ʤʤ; 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʚʨʝʤʝʥʠ ʋɿ 

ʚʦʟʜʝʡʩʪʚʠʷ: 1ʩʝʢ., 2ʩʝʢ., 3ʩʝʢ. 

ʅʘ ʨʠʩ. 4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʝʨʚʠʯʥʳʝ ʜʘʥʥʳʝ ʚ ʚʠʜʝ 

ʩʠʛʥʘʣʘ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʛʦ ʧʦʪʨʝʙʣʷʝʤʦʡ ʘʢʪʠʚʥʦʡ 

ʤʦʱʥʦʩʪʠ ʋɿ ʠʟʣʫʯʘʪʝʣʝʤ, ʬʦʨʤʠʨʫʝʤʦʛʦ 

ʫʩʪʨʦʡʩʪʚʦʤ ʠʟʤʝʨʝʥʠʷ ʤʦʱʥʦʩʪʠ, ʧʨʠ ʋɿ 

ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʣʠʩʪʦʚʦʡ ʧʦʣʠʧʨʦʧʠʣʝʥ. 

 
ʘ ï ʚʨʝʤʷ ʋɿ ʚʦʟʜʝʡʩʪʚʠʷ t1; ʙ ï ʚʨʝʤʷ ʋɿ ʚʦʟʜʝʡʩʪʚʠʷ t2; ʚ ï ʚʨʝʤʷ 

ʋɿ ʚʦʟʜʝʡʩʪʚʠʷ t3 

ʈʠʩ. 4. ʉʠʛʥʘʣ, ʬʦʨʤʠʨʫʝʤʳʡ ʙʣʦʢʦʤ ʠʟʤʝʨʝʥʠʷ ʤʦʱʥʦʩʪʠ, 

ʧʨʠ ʋɿ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʣʠʩʪʦʚʦʡ ʧʦʣʠʧʨʦʧʠʣʝʥ ʪʦʣʱʠʥʦʡ 2 ʤʤ 

ʇʣʦʱʘʜʴ ʧʦʜ ʢʨʠʚʦʡ (ʩʤ. ʨʠʩ.4) ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ 

ʵʥʝʨʛʠʠ, ʧʦʪʨʝʙʣʷʝʤʦʡ ʋɿ ʠʟʣʫʯʘʪʝʣʝʤ, ʢʦʪʦʨʘʷ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʚʳʚʦʜʠʤʦʡ ʚ ʟʦʥʫ ʩʚʘʨʢʠ ʵʥʝʨʛʠʠ. 

ʀʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 4 ʢʨʠʚʳʭ ʩʣʝʜʫʝʪ, 

ʯʪʦ:  

- ʫʨʦʚʝʥʴ ʠ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʵʥʝʨʛʠʠ 

(ʤʦʱʥʦʩʪʠ), ʧʦʪʨʝʙʣʷʝʤʦʡ ʋɿ ʠʟʣʫʯʘʪʝʣʝʤ ʚ ʭʦʜʝ ʋɿ 

ʚʦʟʜʝʡʩʪʚʠʷ ʩʠʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʚʘʨʦʢ 

ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʤʘʪʝʨʠʘʣʘ; 

- ʚ ʭʦʜʝ ʋɿ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʧʫʣʴʩʘʮʠʠ (ʩʤ. ʨʠʩ. 5) ʩʠʛʥʘʣʘ ʩ 

ʚʳʭʦʜʘ ʫʩʪʨʦʡʩʪʚʘ ʢʦʥʪʨʦʣʷ ʵʥʝʨʛʠʠ (ʤʦʱʥʦʩʪʠ), ʯʪʦ 

ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʥʝʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʝʡ 

ʨʘʙʦʪʦʡ ʬʠʣʴʪʨʫʶʱʠʭ ʮʝʧʝʡ ʚ ʣʠʥʠʷʭ ʚʳʧʨʷʤʠʪʝʣʷ 

ʩʠʣʦʚʦʛʦ ʪʨʘʢʪʘ ʋɿ ʩʚʘʨʦʯʥʦʛʦ ʘʧʧʘʨʘʪʘ. 

ɸʥʘʣʦʛʠʯʥʳʝ ʢʨʠʚʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʭʦʜʝ ʋɿ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʣʠʩʪʦʚʦʡ ʧʦʣʠʚʠʥʠʣʭʣʦʨʠʜ ʪʦʣʱʠʥʦʡ 

1,6 ʠ 3,2 ʤʤ. 

 

 
ʈʠʩ. 5. ʉʠʛʥʘʣ, ʬʦʨʤʠʨʫʝʤʳʡ ʙʣʦʢʦʤ ʢʦʥʪʨʦʣʷ ʤʦʱʥʦʩʪʠ ʚ 

ʧʨʦʮʝʩʩʝ ʋɿ ʩʚʘʨʢʠ 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʯʠʩʣʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚʫ ʚʚʝʜʝʥʥʦʡ ʋɿ ʵʥʝʨʛʠʠ 

ʚ ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʧʝʨʚʠʯʥʳʝ ʜʘʥʥʳʝ ʙʳʣʠ 

ʧʨʦʠʥʪʝʛʨʠʨʦʚʘʥʳ ʧʦ ʚʨʝʤʝʥʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ 

ʚʨʝʤʝʥʠ ʋɿ ʚʦʟʜʝʡʩʪʚʠʷ, ʧʨʠʯʝʤ ʜʣʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚʳʙʦʨʢʠ ʩʠʛʥʘʣʘ, ʫʨʦʚʝʥʴ ʢʦʪʦʨʳʭ 

ʙʳʣ ʚʳʰʝ 10 ʤɺ. 

ɺ ʪʘʙʣʠʮʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʷ 

ʵʥʝʨʛʠʠ (ʫʩʣ. ʝʜʠʥʠʮʳ) ʚʚʦʜʠʤʦʡ ʚ ʟʦʥʫ ʋɿ 

ʚʦʟʜʝʡʩʪʚʠʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʫʩʣʦʚʠʡ. 

ʊʘʙʣ. 3. ʕʥʝʨʛʠʷ, ʚʚʦʜʠʤʘʷ ʚ ʟʦʥʫ ʋɿ ʚʦʟʜʝʡʩʪʚʠʷ 

 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 3 ʜʘʥʥʳʝ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ 

ʩʚʘʨʢʠ,  ʦʪʥʦʩʠʪʝʣʴʥʦ 1 ʩʝʢ. ʚ 2 ʠ ʚ 3 ʨʘʟʘ ʥʝ ʧʨʠʚʦʜʠʪ 

ʢ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʘʷ 

ʚʚʦʜʠʪʩʷ ʚ ʧʦʣʠʤʝʨ. ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʚ 

ʧʨʦʮʝʩʩʝ ʋɿ ʚʦʟʜʝʡʩʪʚʠʷ ʫʜʝʣʴʥʘʷ ʵʥʝʨʛʠʷ ʥʝ 

ʷʚʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ ʧʦʩʪʦʷʥʥʦʡ, ʠ ʦʙʲʷʩʥʷʝʪʩʷ ʵʪʦ 

ʠʟʤʝʥʝʥʠʝʤ ʘʢʫʩʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʪʝʨʤʦʧʣʘʩʪʦʚ ʚ 

ʭʦʜʝ ʚʦʟʜʝʡʩʪʚʠʷ  ʥʘ ʥʠʭ ʋɿ ʵʥʝʨʛʠʠ.  

ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʜʘʥʥʳʝ (ʩʤ. ʪʘʙʣ. 3) ʪʘʢ ʞʝ 

ʠʣʣʶʩʪʨʠʨʫʶʪ ʨʘʟʣʠʯʥʫʶ ʧʦʪʨʝʙʣʷʝʤʫʶ ʵʥʝʨʛʠʶ ʋɿ 

ʠʟʣʫʯʘʪʝʣʝʤ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʨʘʟʣʠʯʥʳʝ 

ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ 

ʫʩʣʦʚʠʷʭ. 

ʇʨʠ ʋɿ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʧʦʣʠʤʝʨ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ 

ʘʢʫʩʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʝʛʦ ʪʦʣʱʠʥʘ ʦʢʘʟʳʚʘʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʚʝʣʠʯʠʥʫ ʚʚʦʜʠʤʦʡ ʋɿ 

ʵʥʝʨʛʠʠ ʧʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ. 

 

 ʕʥʝʨʛʠʷ, ʫʩʣ.ʝʜ. 

ɺʨʝʤʷ ʚʦʟʜʝʡʩʪʚʠʷ, ʩʝʢ 1 2 3 

ʃʠʩʪʦʚʦʡ ʧʦʣʠʧʨʦʧʠʣʝʥ, 

ʪʦʣʱʠʥʘ 2 ʤʤ 
18944 26006 26023 

ʃʠʩʪʦʚʦʡ 
ʧʦʣʠʚʠʥʠʣʭʣʦʨʠʜ, ʪʦʣʱʠʥʘ 

1,6 ʤʤ 

32579 34829 43287 

ʃʠʩʪʦʚʦʡ 

ʧʦʣʠʚʠʥʠʣʭʣʦʨʠʜ, ʪʦʣʱʠʥʘ 
3,2 ʤʤ 

29714 33354 41967 
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ɿɸʂʃʖʏɽʅʀɽ 

ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ ʧʨʝʜʣʦʞʝʥʦ ʠ 

ʨʘʟʨʘʙʦʪʘʥʦ ʫʩʪʨʦʡʩʪʚʦ ʢʦʥʪʨʦʣʷ ʵʥʝʨʛʠʠ, ʚʚʦʜʠʤʦʡ 

ʚ ʟʦʥʫ ʚʦʟʜʝʡʩʪʚʠʷ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʋɿ ʘʧʧʘʨʘʪʘ 

ʜʣʷ ʩʚʘʨʢʠ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʉʦʟʜʘʥʥʳʡ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ ʩʪʝʥʜ ʧʦʟʚʦʣʠʣ ʠʩʩʣʝʜʦʚʘʪʴ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʚ ʭʦʜʝ ʪʝʩʪʦʚʳʭ ʩʚʘʨʦʢ, ʚʳʧʦʣʥʝʥʥʳʭ ʧʨʠ 

ʧʦʤʦʱʠ ʋɿ ʘʧʧʘʨʘʪʘ ɿʋɿ-0,1/44- ʆʂʙ. 

ɺʳʷʚʣʝʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʢʦʥʪʨʦʣʷ 

ʚʚʦʜʠʤʦʡ ʵʥʝʨʛʠʠ ʋɿ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʜʪʚʝʨʜʠʣʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʥʝʧʨʝʨʳʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʜʦʟʠʨʦʚʘʥʠʝʤ ʵʥʝʨʛʠʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʙʫʝʤʦʛʦ 

ʢʘʯʝʩʪʚʘ ʩʚʘʨʢʠ ʠ ʧʦʢʘʟʘʣʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠ 

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʠʥʪʝʛʨʘʮʠʠ ʚ ʩʚʘʨʦʯʥʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʫʩʪʨʦʡʩʪʚ ʢʦʥʪʨʦʣʷ ʵʥʝʨʛʠʠ ʚʚʦʜʠʤʦʡ 

ʚ ʟʦʥʫ ʩʚʘʨʢʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ 

ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʠ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʌʦʥʜʘ 

ɽʩʪʝʩʪʚʝʥʥʳʭ ʅʘʫʢ ʂʠʪʘʷ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʦʛʦ 

ʧʨʦʝʢʪʘ ˉ19-52-53018. 
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ULTRASONIC EXPOSURE ENERGY CONTROL DEVICE 

V.N. Khmelev, R.V. Barsukov, K.A. Bodrikov 
Biysk Technological Institute, Biysk 

Abstract ï The article shows the need to control the process of ultrasonic impact on the ongoing technological process by 

introducing the necessary and sufficient energy of ultrasonic vibrations. It is shown that for the implementation of control it is 

necessary to control the energy of ultrasonic exposure. The authors propose a device for controlling the energy of ultrasonic exposure 

and analyze its functionality using an example of the implementation of the welding process of thermoplastic materials. The results 

obtained indicate the possibility of integrating an ultrasonic exposure energy control device into existing ultrasonic welding 

equipment. 

Index terms: ultrasonic, welding, energy, stand. 

REFERENCES 

1. Khmelev, V.N., A.N. Slivin and A.D. Abramov ñEffiiciency increase of energy action at the ultrasonic welding,ò Science-technical vestnik of 

Povolzhya, vol 3, pp. 278ï281, 2013. 
2. A.E. Kolesnikov Ultrasonic measurements. 2th. ed. reclaiming and add. -M.: Standards Publishing House, 1982. -248p. in Russian. 

3. Khmelev V.N., et al., Ultrasonic welding of thermoplastic materials, monograph. Biysk: Altay State Technical University publishing, 2014. 

4. Khmelev, V. N., et al, ñTheoretical Investigations of Continuous Ultrasonic Seam Welding of Thermoplastic Polymers and Fabrics,ò 
International Conference and Seminar on Micro / Nanotechnologies and Electron Devices. EDM 2010, pp. 341ï344, July 2010. 

5. Khmelev, V.N., A.N. Slivin and A.D. Abramov ñImprovement of ultrasonic welding and design of the apparatuses for is realization,ò Izvestya 

of Tomsk Polytechnic University, vol 4, pp. 152ï157, 2013. 
6. Khmelev, V. N., ɸ. N. Slivin, and A. D. Abramov, ñPerfecting of the Technology and Development of the Apparatuses for Ultrasonic 

Welding,ò 14th International Conference of Young Specialists on Micro/Nanotechnologies and Electron Devices EDM, 2013, pp. 182ï186, July 

2013. 
7. Zernov N.V., Karpov V. G. Theory of radio engineering circuits/ ï Leningrad: Energy, 1972 ï 816 p. in Russian. 

8. Gershgal D.A., Phredman V.M. Ultrasonic the technological equipment. - ʄ.: Energy, 1976. - 318 p in Russian. 

9. A.V.Donskoy, O.K.Keller, G.S.Kratysh Ultrasonic electrotechnological utility.. L.: Energoatomizdat. Leningrad., 1982. 208 p. in Russian. 
10. Ultrasonic combination welding machine for plastic containers with blood components // U-SONIC.ru ï Ultrasonic technologies and devices. 

ï Access mode: http://u-sonic.ru/ultrazvukovye-tekhnologii/catalog/catalogproduct.pdf. 

11. AD633 Low Cost Analog Multiplie [Online]. Available: https://www.analog.com/media/en/technical-documentation/data-sheets/AD633.pdf 

Khmelev Vladimir Nikolaevich ï Doctor of Engineering, professor, Deputy Director for Research, Byisk Technological Institute, e-mail: 

vnh@bti.secna.ru 

Barsukov Roman Vladislavovich ï associate professor at the char of methods and means of measurement and automation, Byisk Technological 
Institute, (3854)43-22-55, e-mail: roman@bti.secna.ru. 

Bodrikov Konstantin Anatolevich ï master student, Biysk Technological Institute, e-mail: konstantin.bodrikov@yandex.ru. 

 

  

mailto:konstantin.bodrikov@yandex.ru


ʖɾʅʆ-ʉʀɹʀʈʉʂʀʁ ʅɸʋʏʅʓʁ ɺɽʉʊʅʀʂ 

 ˉ 2 (30) Åʘʧʨʝʣʴ 2020 8 

05.11.13 

ɸʃɻʆʈʀʊʄ ʆɹʈɸɹʆʊʂʀ ʀɿʆɹʈɸɾɽʅʀʁ 
ʂʆʈʈʆɼʀʈʆɺɸʅʅʆʁ ʇʆɺɽʈʍʅʆʉʊʀ ʊʈʋɹʆʇʈʆɺʆɼɸ ʀ 

ʆɹʅɸʈʋɾɽʅʀʗ ɼɽʌɽʂʊʆɺ 

ʉ.ɺ. ʋʤʙʝʪʦʚ, ʉ.ʇ. ʇʨʦʥʠʥ
 

ɸʣʪʘʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʦʧʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʢʦʥʪʨʦʣʷ ʢʦʨʨʦʟʠʠ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʦʧʨʦʚʦʜʘ. ʀʩʧʦʣʴʟʫʷ 

ʰʠʨʦʢʦʫʛʦʣʴʥʳʡ ʦʙʲʝʢʪʠʚ ʜʣʷ ʘʥʘʣʠʟʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʧʦʷʚʣʷʶʪʩʷ ʦʧʪʠʯʝʩʢʠʝ ʠʩʢʘʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ 

ʨʝʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʜʝʬʝʢʪʘ ʠ ʝʛʦ ʨʘʟʤʝʨʳ. ʇʨʠʚʝʜʝʥʳ ʘʣʛʦʨʠʪʤ ʫʩʪʨʘʥʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠʩʢʘʞʝʥʠʡ ʠ ʧʨʦʮʝʩʩʘ 

ʘʥʘʣʠʟʘ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʨʨʦʜʠʨʦʚʘʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʩʧʦʩʦʙʝʥ ʦʙʥʘʨʫʞʠʚʘʪʴ ʜʝʬʝʢʪʳ ʥʘ 

ʢʦʨʨʦʜʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʨʨʦʜʠʨʦʚʘʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ, ʦʧʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ, ʜʠʩʪʦʨʩʠʷ, ʘʣʛʦʨʠʪʤ ʢʦʨʨʝʢʮʠʠ, ʜʝʬʝʢʪ. 

ɺɺɽɼɽʅʀɽ 

ʄʝʪʘʣʣʠʯʝʩʢʠʝ ʪʨʫʙʦʧʨʦʚʦʜʳ ʠʩʧʦʣʴʟʫʶʪ ʚ ʚʦʜʦ- 

ʠ ʢʘʥʘʣʠʟʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ [1,2,3,4], ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ 

ʦʪʨʘʩʣʠ [5,6,7], ʥʘ ʘʪʦʤʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ [8], ʧʨʠ 

ʧʨʦʢʣʘʜʢʝ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ [9]. 

ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʪʘʣʴʥʳʭ ʪʨʫʙ ʚʦʟʥʠʢʘʝʪ 

ʢʦʨʨʦʟʠʷ, ʠʟʙʝʞʘʪʴ ʢʦʪʦʨʦʡ ʥʝʚʦʟʤʦʞʥʦ. ɼʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʨʘʟʨʫʰʝʥʠʡ ʠ ʘʚʘʨʠʡ ʠʩʩʣʝʜʫʶʪ 

ʨʘʟʣʠʯʥʳʝ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʧʨʦʮʝʩʩ ʢʦʨʨʦʟʠʠ 

[8,9] ʩ ʮʝʣʴʶ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ.  

ʈʘʟʨʘʙʘʪʳʚʘʶʪ ʤʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ ʜʠʘʛʥʦʩʪʠʢʠ 

ʩʪʘʣʴʥʳʭ ʪʨʫʙ [10,11,12,13,14]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠ ʚʥʫʪʨʝʥʥʝʤ ʢʦʥʪʨʦʣʝ 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʪʝʭʥʠʯʝʩʢʠʝ 

ʵʥʜʦʩʢʦʧʳ ʠ ʧʨʠʙʦʨʳ ʪʝʣʝʚʠʟʠʦʥʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ 

ʩʦʚʤʝʩʪʥʦ ʩ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ [2,3,7]. 

ʆʜʥʘʢʦ ʤʝʪʦʜ ʚʠʟʫʘʣʴʥʦʛʦ ʦʩʤʦʪʨʘ ʜʘʞʝ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʙʫʝʪ ʦʪ 

ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʦʧʝʨʘʪʦʨʘ ʥʘʧʨʷʞʝʥʥʦʛʦ 

ʠ ʜʣʠʪʝʣʴʥʦʛʦ ʚʥʠʤʘʥʠʷ, ʯʪʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʢʘʯʝʩʪʚʝ 

ʢʦʥʪʨʦʣʷ.  

ʎʝʣʴ ʩʪʘʪʴʠ - ʨʘʟʨʘʙʦʪʘʪʴ ʘʣʛʦʨʠʪʤ ʦʙʨʘʙʦʪʢʠ ʠ 

ʘʥʘʣʠʟʘ ʠʟʦʙʨʘʞʝʥʠʷ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʪʨʫʙʦʧʨʦʚʦʜʘ, ʩʧʦʩʦʙʥʦʛʦ ʚʳʷʚʠʪʴ ʧʦʚʨʝʞʜʝʥʥʳʝ 

ʢʦʨʨʦʟʠʝʡ ʫʯʘʩʪʢʠ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʧʨʠʚʝʩʪʠ ʢ ʘʚʘʨʠʠ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ 

ʦʧʝʨʘʪʦʨ ʜʝʣʘʝʪ ʟʘʢʣʶʯʝʥʠʝ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʟʘʤʝʥʳ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʯʘʩʪʢʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ. 

ɺʝʩʴ ʧʨʦʮʝʩʩ ʧʦʠʩʢʘ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʦʷʥʠʷ 

ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʳ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ 

ʵʪʘʧʦʚ: ʧʦʢʘʜʨʦʚʦʦʡ ʩʲʝʤʢʠ ʦʙʲʝʢʪʘ, ʫʩʪʨʘʥʝʥʠʷ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠʩʢʘʞʝʥʠʡ, ʧʦʜʘʚʣʝʥʠʷ ʰʫʤʦʚ ʠ 

ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʷ, ʚʳʜʝʣʝʥʠʷ ʢʦʥʪʫʨʦʚ 

ʟʘʪʝʥʝʥʥʳʭ ʦʙʣʘʩʪʝʡ, ʧʦʩʪʨʦʝʥʠʷ ʛʠʩʪʦʛʨʘʤʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʮʚʝʪʘ. 

 

 

ʆʉʅʆɺʅɸʗ ʏɸʉʊʔ 

ɺ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʩ ʮʝʣʴʶ ʧʦʠʩʢʘ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʜʝʬʝʢʪʘ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʦʜʭʦʜʦʚ 

ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʤʝʪʦʜʳ ʧʦʜʭʦʜʷʱʠʝ ʜʣʷ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʪʘʢʠʝ ʢʘʢ: ʤʝʪʦʜ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ 

ʬʠʣʴʪʨʦʚ, ʤʘʪʨʠʯʥʳʡ ʤʝʪʦʜ ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʚʝʡʚʣʝʪ-

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʠ ʤʝʪʦʜ ʦʮʝʥʢʠ ʠʟʤʝʥʝʥʠʷ ʬʦʨʤʳ 

ʩʧʝʢʪʨ [4]. 

ʄʝʪʦʜ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʬʠʣʴʪʨʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʨʘʙʦʪʫ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʜʛʦʪʦʚʣʝʥʥʦʡ 

ʤʘʪʨʠʮʝʡ ʧʨʠʟʥʘʢʦʚ ʠ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠ 

ʧʨʠʤʝʥʝʥʠʷ ʟʘʜʘʥʥʦʛʦ ʧʦʨʦʛʘ ʜʝʬʝʢʪʥʦʩʪʠ. ɼʘʥʥʳʡ 

ʤʝʪʦʜ ʪʨʝʙʫʝʪ ʜʣʷ ʩʚʦʝʡ ʨʘʙʦʪʳ ʤʝʪʨʠʯʝʩʢʦʡ 

ʧʦʜʛʦʪʦʚʢʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ  ʠ ʩʦʩʪʘʚʣʝʥʠʷ 

ʤʘʪʨʠʮʳ ʧʨʠʟʥʘʢʦʚ ʧʦʚʨʝʞʜʝʥʠʡ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ 

ʚʝʩʦʚʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ, ʧʨʠ ʵʪʦʤ, ʯʝʤ ʙʦʣʴʰʝ ʙʫʜʝʪ 

ʧʨʠʟʥʘʢʦʚ, ʪʝʤ ʵʬʬʝʢʪʠʚʥʝʝ ʨʘʙʦʪʘ ʤʝʪʦʜʘ. ʇʦʩʣʝ 

ʧʦʜʛʦʪʦʚʢʠ ʤʘʪʨʠʮʳ ʩʣʝʜʫʝʪ ʟʘʜʘʪʴ ʧʦʨʦʛʦʚʦʝ 

ʟʥʘʯʝʥʠʝ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʣʠʰʥʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ 

ʫʩʢʦʨʝʥʠʷ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʷ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʤʝʪʦʜʘ ʧʦʣʫʯʠʪʴʩʷ ʤʘʪʨʠʮʘ ʩ 

ʫʢʘʟʘʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʧʦʚʪʦʨʦʚ ʢʘʞʜʦʛʦ ʧʨʠʟʥʘʢʘ ʥʘ 

ʠʟʦʙʨʘʞʝʥʠʠ. 

ʄʘʪʨʠʯʥʳʡ ʤʝʪʦʜ ʚʝʡʚʣʝʪ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʢʘʢ ʠ 

ʤʝʪʦʜ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʬʠʣʴʪʨʦʚ ʪʨʝʙʫʝʪ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʠ ʥʘʩʪʨʦʡʢʠ ʥʘ 

ʢʦʥʢʨʝʪʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʧʨʠ ʧʦʤʦʱʠ ʩʦʩʪʘʚʣʝʥʠʷ 

ʪʘʙʣʠʮʳ ʧʨʠʟʥʘʢʦʚ ʠ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʣʷ 

ʢʘʞʜʦʛʦ ʧʨʠʟʥʘʢʘ. ʉʘʤ ʤʝʪʦʜ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 

ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ: 

1. ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠʟʦʙʨʘʞʝʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
ʚʝʡʚʣʝʪ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʷ ɼʦʙʝʰʠ; 

2. ʉʦʟʜʘʥʠʝ ʤʘʪʨʠʮʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʨʠʙʣʠʞʝʥʠʷ 

ɸ; 
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3. ʉʦʟʜʘʥʠʝ ʤʘʪʨʠʮ ʜʝʪʘʣʝʡ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ H, 

ʚʝʨʪʠʢʘʣʠ V ʠ ʜʠʘʛʦʥʘʣʠ D; 

4. ɺʳʯʠʩʣʝʥʠʷ ʯʠʩʣʘ ʚʭʦʞʜʝʥʠʡ ʜʣʷ ʤʘʪʨʠʮ ɸ, H,  

V,  D. ɺʭʦʞʜʝʥʠʷ ʦʧʨʝʜʝʣʷʪʴʩʷ ʧʦ ʯʠʩʣʫ ʩʭʝʤ 

ʚʟʘʠʤʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʠʢʩʝʣʝʡ; 

5. ʆʧʨʝʜʝʣʝʥʠʝ ʷʨʢʦʩʪʠ, ʢʦʥʪʨʘʩʪʘ, ʢʦʨʨʝʣʷʮʠʠ ʠ 
ʦʜʥʦʨʦʜʥʦʩʪʠ ʧʦ ʯʝʪʳʨʝʤ ʩʭʝʤʘʤ ʨʘʩʧʦʣʦʞʝʥʠʷ ʜʣʷ 

ʢʘʞʜʦʡ ʤʘʪʨʠʮʳ; 

6. ɺʳʯʠʩʣʝʥʠʝ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʜʣʷ ʢʘʞʜʦʛʦ 

ʩʚʦʡʩʪʚʘ ʢʘʞʜʦʡ ʤʘʪʨʠʮʳ A, H, V, D. 

ʄʝʪʦʜ ʦʮʝʥʢʠ ʬʦʨʤʳ ʩʧʝʢʪʨʘ ʦʩʥʦʚʘʥ ʥʘ 

ʨʘʩʩʤʦʪʨʝʥʠʠ ʩʧʝʢʪʨʘ ʵʪʘʣʦʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʩ 

ʩʧʝʢʪʨʦʤ ʠʩʩʣʝʜʫʝʤʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. ʇʨʠ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʜʘʥʥʳʤ ʤʝʪʦʜʦʤ ʚ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʦʛʦ 

ʠʟʦʙʨʘʞʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʥʠʤʦʢ ʚʥʫʪʨʝʥʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʳ, ʘ ʪʘʢ ʞʝ ʧʘʨʘʤʝʪʨʳ ʵʪʘʣʦʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʉʘʤ ʤʝʪʦʜ ʜʝʣʠʪʴʩʷ ʥʘ 2 ʵʪʘʧʘ: 

1. ɺʳʯʠʩʣʝʥʠʝ ʩʧʝʢʪʨʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ; 

2. ʆʧʨʝʜʝʣʝʥʠʝ ʚʟʚʝʰʝʥʥʦʛʦ ʝʚʢʣʠʜʦʚʦ ʨʘʩʩʪʦʷʥʠʷ 

ʦʪ ʧʦʣʫʯʝʥʥʦʛʦ ʩʧʝʢʪʨʘ ʜʦ ʵʪʘʣʦʥʥʦʛʦ[4]. 

ʆʩʥʦʚʥʦʡ ʥʝʜʦʩʪʘʪʦʢ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʤʝʪʦʜʦʚ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʧʦʜʛʦʪʦʚʢʠ ʵʪʘʣʦʥʥʳʭ ʪʝʩʪ ʦʙʲʝʢʪʦʚ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ , 

ʘ ʚ ʨʷʜʝ ʩʣʫʯʘʝʤ ʜʝʣʘʝʪ ʥʝʚʦʟʤʦʞʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩ ʤʘʛʠʩʪʨʘʣʴʥʳʤ ʪʨʫʙʦʧʨʦʚʦʜʦʤ ʧʦ ʧʨʠʯʠʥʝ ʦʙʱʝʡ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʠ ʨʘʟʥʦʦʙʨʘʟʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ. ʊʘʢ ʞʝ 

ʢʘʞʜʳʡ ʤʝʪʦʜ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ 

ʨʝʟʫʣʴʪʘʪʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʠ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʭ ʧʨʦʙʣʝʤʥʳʭ ʤʝʩʪʘʭ. ʆʧʠʩʘʥʥʳʡ ʚ 

ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʘʣʛʦʨʠʪʤ ʠ ʩʧʦʩʦʙ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ 

ʥʠʚʝʣʠʨʫʝʪ ʜʘʥʥʳʝ ʧʨʦʙʣʝʤʳ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʜʝʬʝʢʪʦʩʢʦʧʠʠ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʲʝʤʢʘ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʰʠʨʦʢʦʫʛʦʣʴʥʦʡ ʢʘʤʝʨʦʡ ʚʳʩʦʢʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ ï David SLS-3. ʂʘʤʝʨʘ ʨʘʩʧʦʣʦʞʝʥʘ ʚ 

ʧʝʨʝʜʥʝʡ ʯʘʩʪʠ ʩʘʤʦʭʦʜʥʦʡ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʡ 

ʧʣʘʪʬʦʨʤʳ. ɺʠʜʝʦʧʦʪʦʢ ʩ ʢʘʤʝʨʳ ʧʝʨʝʜʘʝʪʩʷ ʥʘ 

ʢʦʤʧʴʶʪʝʨ ʦʧʝʨʘʪʦʨʘ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ (ʨʠʩ. 1). 

 

ʈʠʩ. 1. ʀʟʦʙʨʘʞʝʥʠʝ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʳ 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʦʙʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟʘ ʚʠʜʝʦʧʦʪʦʢʘ 

ʦʥ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʢʘʜʨʳ ʩ ʯʘʩʪʦʪʦʡ 20 ʢʘʜʨʦʚ ʚ 

ʩʝʢʫʥʜʫ. ʀʩʭʦʜʷ ʠʟ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʚʠʞʝʥʠʷ 

ʩʘʤʦʭʦʜʥʦʡ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʡ ʧʣʘʪʬʦʨʤʳ, 

ʜʚʠʞʫʱʝʡʩʷ ʨʘʚʥʦʤʝʨʥʦ ʠ ʧʨʷʤʦʣʠʥʝʡʥʦ, ʜʘʥʥʘʷ 

ʯʘʩʪʦʪʘ ʷʚʣʷʝʪʩʷ ʤʠʥʠʤʘʣʴʥʦ ʥʝʦʙʭʦʜʠʤʦʡ, ʪʘʢ ʢʘʢ 

ʧʣʘʪʬʦʨʤʘ ʜʚʠʞʝʪʩʷ ʩ ʧʦʩʪʦʷʥʥʦʡ ʣʠʥʝʡʥʦʡ 

ʩʢʦʨʦʩʪʴʶ 1 ʩʤ ʚ ʩʝʢʫʥʜʫ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʟʘʭʚʘʪʳʚʘʪʴ 

ʧʦʚʨʝʞʜʝʥʠʷ ʚ ʜʚʠʞʝʥʠʷ ʨʘʟʤʝʨʦʤ ʜʦ 0.5 ʤʤ. ʇʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʟʘʭʚʘʪʳʚʘʪʴ ʜʝʬʝʢʪʳ ʤʝʥʴʰʝʛʦ 

ʨʘʟʤʝʨʘ ʥʝʦʙʭʦʜʠʤʦ ʫʚʝʣʠʯʠʪʴ ʯʘʩʪʦʪʫ ʢʘʜʨʦʚ. 

ʆʙʨʘʙʦʪʢʘ ʠ ʘʥʘʣʠʟ ʨʝʛʠʩʪʨʠʨʫʝʤʦʛʦ ʚʠʜʝʦʧʦʪʦʢʘ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʢʘʜʨʦʚʦ. ʇʦʩʣʝ ʯʝʛʦ ʨʝʟʫʣʴʪʘʪʳ 

ʦʙʨʘʙʦʪʢʠ ʘʥʘʣʠʟʠʨʫʶʪ ʠ ʦʙʲʝʜʠʥʷʶʪ ʜʣʷ ʢʘʞʜʳʭ 20 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʢʘʜʨʦʚ. ʊʘʢʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʦʧʝʨʘʮʠʡ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʥʘʠʙʦʣʝʝ ʧʦʚʨʝʞʜʝʥʥʳʝ 

ʫʯʘʩʪʢʠ, ʠʭ ʦʨʠʝʥʪʠʨʦʚʦʯʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ, ʨʘʟʤʝʨ, 

ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʬʦʨʤʫ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʮʚʝʪʘ (ʨʠʩ. 

2). 

 

ʈʠʩ. 2. ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʙʲʝʢʪʠʚʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʧʘʥʦʨʘʤʥʦʛʦ ʢʦʣʴʮʝʚʦʛʦ ʩʨʝʟʘ ʠʟʦʙʨʘʞʝʥʠʷ 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʳ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʠʩʪʝʤʘ ʠʟ ʰʠʨʦʢʦʫʛʦʣʴʥʦʡ ʢʘʤʝʨʳ ʠ 

ʦʩʚʝʪʠʪʝʣʷ, ʟʘʢʨʝʧʣʝʥʥʳʭ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʚ 

ʢʘʜʨʳ ʧʦʧʘʜʘʣʘ ʚʩʷ ʪʨʫʙʘ. ɼʘʣʝʝ ʚʳʙʠʨʘʝʪʩʷ ʯʘʩʪʴ 

ʢʘʜʨʘ, ʥʘʭʦʜʷʱʘʷʩʷ ʚ ʬʦʢʫʩʝ ʧʦ ʚʩʝʤʫ ʧʝʨʠʤʝʪʨʫ 

ʪʨʫʙʳ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʣʴʮʦ. ʎʝʥʪʨʦʤ 

ʢʦʣʴʮʘ ʷʚʣʷʝʪʩʷ ʦʧʪʠʯʝʩʢʠʡ ʮʝʥʪʨ ʦʙʲʝʢʪʠʚʘ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʦʡ ʚʳʙʦʨʢʠ ʧʦʣʫʯʘʝʪʩʷ ʢʦʣʴʮʝʚʘʷ 

ʧʘʥʦʨʘʤʘ ʪʨʫʙʳ.   

ɼʘʣʝʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʙʨʘʙʦʪʢʘ ʢʘʞʜʦʛʦ 

ʦʪʜʝʣʴʥʦʛʦ ʢʘʜʨʘ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ 

ʠʩʢʘʞʝʥʠʷ. ɻʝʦʤʝʪʨʠʯʝʩʢʦʝ ʠʩʢʘʞʝʥʠʷ ʚʦʟʥʠʢʘʶʪ ʟʘ 

ʩʯʝʪ ʜʠʩʪʦʨʩʠʠ [15]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʣʠʷʥʠʷ ʜʠʩʪʦʨʩʠʠ ʧʨʦʠʩʭʦʜʠʪ 

ʠʩʢʘʞʝʥʠʝ ʧʨʷʤʳʭ ʣʠʥʠʡ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ ʩ 

ʚʳʛʠʙʘʥʠʝʤ ʠʭ ʚ ʚʠʜʝ çʙʦʯʢʠè, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʦʙ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʜʠʩʪʦʨʩʠʠ, ʫʤʝʥʴʰʘʶʱʝʡ 

ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʦʧʪʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ. ʇʨʠ ʵʪʦʤ ʯʘʩʪʴ 

ʠʟʦʙʨʘʞʝʥʠʷ, ʩʦʚʧʘʜʘʶʱʝʛʦ ʩ ʧʣʦʩʢʦʩʪʴʶ 

ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ, ʦʩʪʘʝʪʩʷ ʥʝʠʩʢʘʞʝʥʥʳʤ [15]. 

ʇʝʨʝʜ ʧʨʦʛʨʘʤʤʥʦʡ ʢʦʨʨʝʢʪʠʨʦʚʢʦʡ ʠʟʦʙʨʘʞʝʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʝʩʪʠ ʘʧʧʘʨʘʪʥʫʶ ʢʘʣʠʙʨʦʚʢʫ ʚʩʝʡ 

ʩʠʩʪʝʤʳ. ʂʦʨʨʝʢʪʠʨʦʚʢʘ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʜʣʷ ʢʘʞʜʦʛʦ 

ʪʠʧʘ ʪʨʫʙʦʧʨʦʚʦʜʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʥʫʪʨʝʥʥʝʛʦ 

ʜʠʘʤʝʪʨʘ ʠ ʪʠʧʘ ʧʦʚʝʨʭʥʦʩʪʠ. ʂ ʧʨʦʮʝʩʩʫ ʢʘʣʠʙʨʦʚʢʠ 

ʦʪʥʦʩʠʪʩʷ ʧʦʜʩʪʨʦʡʢʘ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʩ ʚʳʙʦʨʦʤ 

ʬʦʢʫʩʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ, ʘ ʪʘʢʞʝ ʫʩʪʘʥʦʚʢʘ 

ʦʩʚʝʪʠʪʝʣʴʥʦʛʦ ʧʨʠʙʦʨʘ. 
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ʈʠʩ. 3. ɺʳʜʝʣʝʥʥʘʷ ʦʙʣʘʩʪʴ ʩʪʘʣʴʥʦʡ ʢʦʨʨʦʜʠʨʦʚʘʥʥʦʡ ʪʨʫʙʳ 

ʂʦʨʨʝʢʪʠʨʦʚʢʘ ʜʠʩʪʦʨʩʠʠ ʥʘ ʢʘʜʨʘʭ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʧʫʪʝʤ ʧʝʨʝʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʢʦʥʪʫʨʦʚ 

ʦʙʲʝʢʪʦʚ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʘʧʧʨʦʢʩʠʤʘʮʠʝʡ ʤʘʩʩʠʚʦʚ ʧʝʨʝʦʧʨʝʜʝʣʸʥʥʳʭ ʪʦʯʝʢ 

(ʨʠʩ. 3). ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʜʠʩʪʦʨʩʠʠ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʛʨʘʤʤʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʵʬʬʝʢʪ 

ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʜʠʩʪʦʨʩʠʠ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʢʦʦʨʜʠʥʘʪʳ ʢʘʞʜʦʛʦ ʧʠʢʩʝʣʷ 

ʚʠʜʝʦʠʟʦʙʨʘʞʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʚʦʟʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠʩʭʦʜʥʳʭ (ʥʝʠʩʢʘʞʝʥʥʳʭ) 

ʢʦʥʪʫʨʦʚ ʠʟʦʙʨʘʞʝʥʠʡ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʩʢʘʞʝʥʠʷ 

ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʝʜʤʝʪʘ ʨʝʰʘʝʪʩʷ 

ʟʘʜʘʯʘ ʠʥʪʝʨʧʦʣʷʮʠʠ, ʪ.ʝ. ʚʳʯʠʩʣʝʥʠʷ ʟʥʘʯʝʥʠʡ æx', 

æy' ʚ ʪʦʯʢʘʭ, ʦʪʣʠʯʥʳʭ ʦʪ ʫʟʣʦʚʳʭ ʪʦʯʝʢ ʩʝʪʢʠ, ʥʦ 

ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʢʦʥʪʫʨʫ ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʝʜʤʝʪʘ. 

ʂʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʢʦʥʪʫʨʘ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʦʛʦ 

ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʝʜʤʝʪʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

[15,16,17]: 

ὼ  ὼ  Ўὼȟ 
ώ  ώ  Ўώ.                             (1)                                          

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʦʛʨʘʤʤʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʦʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ. ʀʟʦʙʨʘʞʝʥʠʝ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ 

ʜʚʫʤʝʨʥʦʛʦ ʤʘʩʩʠʚʘ H³W ʠʣʠ ʚ ʚʠʜʝ ʦʜʥʦʤʝʨʥʦʛʦ 

ʤʘʩʩʠʚʘ ʜʣʠʥʥʦʡ HÖW. ɺ ʜʘʥʥʦʤ ʘʣʛʦʨʠʪʤʝ 

ʠʟʦʙʨʘʞʝʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʚʠʜʝ ʦʜʥʦʤʝʨʥʦʛʦ 

ʤʘʩʩʠʚʘ. ʊʘʢʞʝ ʦʙʦʟʥʘʯʠʤ ʯʝʨʝʟ ὒ ʷʨʢʦʩʪʴ ʢʘʞʜʦʛʦ i-

ʦʛʦ ʧʠʢʩʝʣʷ ʠʩʭʦʜʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʯʝʨʝʟ ὒ 

ʷʨʢʦʩʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʠʩʭʦʜʥʦʤʫ ʧʠʢʩʝʣʶ 

ʧʠʢʩʝʣʷ ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. 

ʈʝʘʣʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʘ ʢʦʨʨʝʢʮʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʅʘ ʧʝʨʚʦʤ ʰʘʛʝ ʩʦʩʪʘʚʣʷʝʪʩʷ 

ʢʦʨʨʝʢʪʠʨʦʚʦʯʥʘʷ ʪʘʙʣʠʮʘ ʘʜʨʝʩʦʚ ʫʢʘʟʘʪʝʣʝʡ ʚ ʚʠʜʝ 

ʦʜʥʦʤʝʨʥʦʛʦ ʤʘʩʩʠʚʘ ʜʣʷ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ 

ʠʩʭʦʜʥʦʛʦ ʦʜʥʦʤʝʨʥʦʛʦ ʤʘʩʩʠʚʘ ʜʣʠʥʦʡ HÖW ʩ 

ʥʦʤʝʨʦʤ (ὼ + ώ*W), ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʠʢʩʝʣʶ ʩ 

ʢʦʦʨʜʠʥʘʪʘʤʠ (ὼ, ώ) ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. 

ɺ ʢʦʨʨʝʢʪʠʨʦʚʦʯʥʳʡ ʤʘʩʩʠʚ ʟʘʧʠʩʳʚʘʝʪʩʷ ʩʤʝʱʝʥʠʝ 

ʘʜʨʝʩʦʚ ʧʠʢʩʝʣʝʡ ʠʩʭʦʜʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. ɼʘʥʥʦʝ 

ʩʤʝʱʝʥʠʝ ʘʜʨʝʩʘ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

Mi+ώÖW=ὼ+ώÖW,                          (2) 

ʛʜʝ ὼ, ώ - ʢʦʦʨʜʠʥʘʪʳ ʧʠʢʩʝʣʷ, ʚʳʯʠʩʣʝʥʥʳʝ ʧʦ 

ʧʨʠʚʝʜʝʥʥʳʤ ʚʳʰʝ ʨʘʩʯʝʪʥʳʤ ʩʦʦʪʥʦʰʝʥʠʷʤ (1), ʘ 

Mi ʷʚʣʷʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʧʠʢʩʝʣʶ ʵʣʝʤʝʥʪʦʤ 

ʢʦʨʨʝʢʪʠʨʦʚʦʯʥʦʛʦ ʤʘʩʩʠʚʘ. 

ʅʘ ʚʪʦʨʦʤ ʰʘʛʝ ʘʣʛʦʨʠʪʤʘ ʟʘʧʫʩʢʘʝʪʩʷ ʮʠʢʣ ʦʪ 0 

ʜʦ H*W ï 1, ʚ ʢʦʪʦʨʦʤ ʢʘʞʜʦʤʫ ʧʠʢʩʝʣʶ 

ʧʨʠʩʚʘʠʚʘʝʪʩʷ ʝʛʦ ʥʦʚʦʝ ʟʥʘʯʝʥʠʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʦʩʪʘʚʣʝʥʥʦʡ ʥʘ ʧʝʨʚʦʤ ʰʘʛʝ 

ʢʦʨʨʝʢʪʠʨʦʚʦʯʥʦʡ ʪʘʙʣʠʮʝʡ. 

 

ʈʠʩ. 4. ʉʭʝʤʘ ʨʘʟʣʦʞʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ 

ʇʦʩʣʝ ʫʩʪʨʘʥʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠʩʢʘʞʝʥʠʡ 

ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʦʙʨʘʙʦʪʢʫ ʠʟʦʙʨʘʞʝʥʠʷ ʩ 

ʮʝʣʴʶ ʧʦʜʘʚʣʝʥʠʷ ʰʫʤʦʚ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʠʟ-ʟʘ 

ʥʝʠʜʝʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʦʩʚʝʱʝʥʠʷ, ʠʟ-ʟʘ ʰʫʤʘ 

ʬʦʪʦʧʨʠʝʤʥʠʢʘ, ʠʟ-ʟʘ ʜʚʠʞʝʥʠʷ ʧʣʘʪʬʦʨʤʳ (ʨʠʩ. 4). 

ɺʩʝ ʰʫʤʳ ʥʘ ʮʠʬʨʦʚʦʤ ʠʟʦʙʨʘʞʝʥʠʠ ʚʦʟʥʠʢʘʶʪ ʚ 

ʧʨʦʮʝʩʩʝ ʝʛʦ ʧʦʣʫʯʝʥʠʷ, ʪʦ ʝʩʪʴ ʦʮʠʬʨʦʚʢʠ ʠ 

ʧʝʨʝʜʘʯʠ [18]. 

ʇʦʜʘʚʣʝʥʠʝ ʵʪʠʭ ʰʫʤʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʜʣʷ 

ʩʝʛʤʝʥʪʦʚ ʢʘʞʜʦʛʦ ʢʘʜʨʘ. ʇʝʨʚʦʥʘʯʘʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ 

ʚr ʧʦʣʥʷʝʪʩʷ ʜʣʷ ʢʘʞʜʦʛʦ ʩʝʛʤʝʥʪʘ ʠʟʦʙʨʘʞʝʥʠʷ 

ʨʘʟʤʝʨʦʤ 15³15 ʧʠʢʩʝʣʝʡ. ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ 

ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʫʩʪʨʘʥʝʥʠʝ ʨʷʙʠ, ʙʝʣʳʭ 

ʪʦʯʝʢ, ʩʝʧʠʡ ʠ ʚʳʨʘʚʥʠʚʘʥʠʝ ʮʚʝʪʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʦʪʥʦʩʠʪʝʣʴʥʦ 5 ʩʦʩʝʜʥʠʭ ʫʯʘʩʪʢʦʚ ʠʟʦʙʨʘʞʝʥʠʷ (ʥʝ 

ʤʝʥʝʝ). 

ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʫʯʘʩʪʢʦʚ ʠʟʦʙʨʘʞʝʥʠʡ ʧʨʠʤʝʥʝʥʳ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʤʝʪʦʜʳ, ʩʫʪʴ ʢʦʪʦʨʳʭ ʟʘʢʣʶʯʘʝʪʩʷ 

ʚ ʚʳʜʝʣʝʥʠʠ ʢʘʞʜʦʛʦ ʦʪʜʝʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʠʢʩʝʣʷ 

(ʨʠʩ. 5). ɺ ʦʙʱʝʤ ʚʠʜʝ ʧʨʦʮʝʩʩ ʦʙʨʘʙʦʪʢʠ ʤʦʞʥʦ 

ʦʧʠʩʘʪʴ ʫʨʘʚʥʝʥʠʝʤ: 

g(x,y) = T[ f(x,y)],                            (3) 

ʛʜʝ f(x,y) ï ʚʭʦʜʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ, g(x,y) ï 

ʦʙʨʘʙʦʪʘʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ, ʘ T ï ʦʧʝʨʘʪʦʨ ʥʘʜ 

ʚʭʦʜʥʳʤ ʠʟʦʙʨʘʞʝʥʠʝʤ [18]. 

 

ʈʠʩ. 5. ʀʟʦʙʨʘʞʝʥʠʝ, ʨʘʟʙʠʪʦʝ ʥʘ ʩʝʛʤʝʥʪʳ 

ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʠʟʦʙʨʘʞʝʥʠʝ ʨʘʟʙʠʪʦ ʥʘ ʤʥʦʞʝʩʪʚʦ 

ʢʚʘʜʨʘʪʥʳʭ ʦʙʣʘʩʪʝʡ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʝʤʝʱʝʥʠʝ ʚ 

ʵʪʠʭ ʦʙʣʘʩʪʷʭ ʧʦʧʠʢʩʝʣʴʥʦ, ʥʘʯʠʥʘʷ ʩ ʚʝʨʭʥʝʛʦ 

ʣʝʚʦʛʦ ʫʛʣʘ. ʇʨʝʦʙʨʘʟʫʶʱʠʡ ʦʧʝʨʘʪʦʨ ʚʳʧʦʣʥʷʝʪʩʷ ʚ 

ʢʘʞʜʦʡ ʪʦʯʢʝ ʦʙʣʘʩʪʠ, ʜʘʚʘʷ ʚʳʭʦʜʥʦʡ ʨʝʟʫʣʴʪʘʪ ʜʣʷ 

ʢʘʞʜʦʡ ʢʦʥʢʨʝʪʥʦʡ ʪʦʯʢʠ. 

ʌʠʣʴʪʨʘʮʠʷ ʟʘʰʫʤʣʝʥʥʦʩʪʠ ʢʘʞʜʦʛʦ ʠʟ 

ʚʳʙʨʘʥʥʳʭ ʫʯʘʩʪʢʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʫʪʝʤ ʫʩʨʝʜʥʝʥʠʷ 

ʠʟʦʙʨʘʞʝʥʠʡ. ʉʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʚ ʢʘʞʜʦʡ 
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ʪʦʯʢʝ ʫʩʨʝʜʥʝʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ: 

„ ȟ  
Ѝ
„ ȟ ,                          (4) 

ʛʜʝ ὫӶ(x,y) ï ʫʩʨʝʜʥʝʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ, –Ӷὼȟώ ï 

ʫʩʨʝʜʥʝʥʥʳʡ ʰʫʤ, ʘ „ ȟ  ʠ „ ȟ  ï ʜʠʩʧʝʨʩʠʠ 

ʫʩʨʝʜʥʝʥʥʦʛʦ ʰʫʤʘ ʠ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʪʦʯʢʝ (x,y). 

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ K ʚʝʣʠʯʠʥʘ ʫʨʦʚʥʷ ʰʫʤʘ ʚ 

ʢʘʞʜʦʡ ʪʦʯʢʝ ʫʤʝʥʴʰʘʝʪʩʷ. ʋʚʝʣʠʯʠʚʘʷ ʢʦʵʬʬʠʮʠʝʥʪ 

K, ʚʦʟʤʦʞʥʦ ʫʩʪʨʘʥʠʪʴ ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʰʫʤʦʚ ʥʘ 

ʠʟʦʙʨʘʞʝʥʠʠ. ʅʘ ʧʨʘʢʪʠʢʝ ʠʟʦʙʨʘʞʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ 

ʧʦʣʫʯʝʥʳ ʚ ʧʨʦʮʝʩʩʝ ʥʘʢʦʧʣʝʥʠʷ, ʯʪʦʙʳ ʫʤʝʥʴʰʠʪʴ 

ʪʘʢʞʝ ʚʣʠʷʥʠʝ ʨʘʩʬʦʢʫʩʠʨʦʚʢʠ ʠʣʠ ʜʨʫʛʠʭ 

ʠʩʢʘʞʝʥʠʡ ʥʘ ʚʳʭʦʜʥʦʤ ʠʟʦʙʨʘʞʝʥʠʠ (ʨʠʩ. 6). 

 

ʈʠʩʫʥʦʢ 6 - ʋʩʪʨʘʥʝʥʠʝ ʨʘʩʬʦʢʫʩʠʨʦʚʢʠ ʠʟʦʙʨʘʞʝʥʠʝ 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʰʘʛʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʙʠʥʘʨʠʟʘʮʠʷ 

ʠʟʦʙʨʘʞʝʥʠʷ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʢʦʥʪʫʨʦʚ ʟʘʪʝʤʥʝʥʥʳʭ 

ʫʯʘʩʪʢʦʚ. ʊʘʢ ʢʘʢ ʮʚʝʪʦʚʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ 

ʠʟʦʙʨʘʞʝʥʠʷ ʩʤʝʱʝʥʳ ʚ ʦʜʥʫ ʦʙʣʘʩʪʴ, ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʦʠʟʚʝʩʪʠ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʪʨʘʩʪʥʦʩʪʠ ʠʟʦʙʨʘʞʝʥʠʷ 

(ʨʠʩ. 7). ʂ ʠʟʦʙʨʘʞʝʥʠʶ ʧʨʠʤʝʥʷʝʪʩʷ ʪʦʯʝʯʥʘʷ 

ʦʧʝʨʘʮʠʷ, ʢʦʪʦʨʘʷ ʧʨʝʦʙʨʘʟʫʝʪ ʤʘʣʳʡ ʜʠʘʧʘʟʦʥ 

ʰʢʘʣʳ ʷʨʢʦʩʪʠ ʚ ʜʠʘʧʘʟʦʥ ʧʦʣʥʦʡ ʢʦʥʪʨʘʩʪʥʦʩʪʠ ʧʨʠ 

ʧʦʤʦʱʠ ʦʧʝʨʘʮʠʠ qô = 4q ʜʣʷ q <64 ʠ qô = 255 ʜʣʷ qÓ 

64. ʋʨʦʚʝʥʴ ʷʨʢʦʩʪʠ ʠʟʦʙʨʘʞʝʥʠʷ ʦʩʪʘʝʪʩʷ ʧʨʠ ʵʪʦʤ 

ʧʨʝʞʥʠʡ [19,20]. 

 

ʈʠʩ. 7. ɻʨʘʜʘʮʠʠ ʩʝʨʦʛʦ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ c ʚʠʜʠʤʳʤ 

ʧʦʚʨʝʞʜʝʥʠʝʤ 

ʇʦʩʣʝ ʙʠʥʘʨʠʟʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʫʚʝʣʠʯʝʥʠʷ ʝʛʦ 

ʢʦʥʪʨʘʩʪʥʦʩʪʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʳʜʝʣʝʥʠʝ ʢʦʥʪʫʨʦʚ 

ʟʘʪʝʤʥʝʥʥʳʭ ʦʙʣʘʩʪʝʡ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ. ɿʘʪʝʤʥʝʥʥʘʷ 

ʦʙʣʘʩʪʴ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ ʠʣʠ çʧʷʪʥʦè ʙʫʜʝʪ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʤʝʩʪʫ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʦʧʨʦʚʦʜʘ, 

ʧʦʨʘʞʝʥʥʦʤʫ ʢʦʨʨʦʟʠʝʡ. ʇʨʠ ʵʪʦʤ ʨʝʘʣʴʥʳʡ ʜʝʬʝʢʪ 

ʜʦʣʞʝʥ ʦʪʨʘʞʘʪʴʩʷ ʥʘ ʚʩʝʭ 20 ʢʘʜʨʘʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʷʪʥʘ ʢʦʨʨʦʟʠʠ ʚʳʜʝʣʷʶʪʩʷ ʢʦʥʪʫʨʦʤ. ʂʦʥʪʫʨ ï ʵʪʦ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʤʝʞʥʳʭ ʪʦʯʝʢ, ʦʯʝʨʯʠʚʘʶʱʠʭ 

ʦʧʨʝʜʝʣʝʥʥʫʶ ʦʙʣʘʩʪʴ. ʇʨʠ ʚʳʜʝʣʝʥʠʠ ʢʦʥʪʫʨʘ 

ʪʦʯʢʦʡ ʢʦʥʪʫʨʘ ʷʚʣʷʝʪʩʷ ʪʦʯʢʘ, ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ 

ʢʦʪʦʨʦʡ, ʘ ʠʤʝʥʥʦ ʩʨʝʜʠ 8 ʪʦʯʝʢ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ 

ʚʦʢʨʫʛ, ʠʤʝʶʪʩʷ ʪʦʯʢʠ, ʥʝ ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʦʙʣʘʩʪʠ 

ʚʥʫʪʨʠ ʢʦʥʪʫʨʘ. 

ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʢʦʥʪʫʨʘ ʠʩʧʦʣʴʟʫʝʤ ʤʝʪʦʜ çʞʫʢʘè 

ʠʣʠ çʘʣʛʦʨʠʪʤ ʦʙʭʦʜʘ ʢʦʥʪʫʨʘè - ʦʪʩʣʝʞʠʚʘʶʱʠʡ 

ʘʣʛʦʨʠʪʤ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ ʦʙʲʝʢʪ ʠ ʝʛʦ ʢʦʥʪʫʨ 

[21,22]. 

 

ʈʠʩ. 8. ʇʨʠʤʝʨ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʦʙʭʦʜʘ ʢʦʥʪʫʨʘ 

ʉʫʪʴ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʦ ʪʦʤ, 

ʯʪʦ ʪʦʯʢʠ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʦʜʥʦʤʫ ʢʦʥʪʫʨʫ, ʜʦʣʞʥʳ 

ʠʤʝʪʴ ʙʣʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʤʦʜʫʣʷ ʠ ʥʘʧʨʘʚʣʝʥʠʷ 

ʚʝʢʪʦʨʘ ʛʨʘʜʠʝʥʪʘ (ʨʠʩ. 8). ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʦʢʨʝʩʪʥʦʩʪʴ ʪʦʯʢʠ ἂi,jἃ ʨʘʟʤʝʨʦʤ MĬM (ʦʙʳʯʥʦ 

ʠʩʧʦʣʴʟʫʶʪ ʦʢʨʝʩʪʥʦʩʪʴ 3Ĭ3), ʠ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ἂk,lἃ 
ʦʢʨʝʩʪʥʦʩʪʠ ʧʨʦʚʝʨʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʫʩʣʦʚʠʷ: 

|Gi,jīGk,l|ÒȹG, 

|Ŭi,jīŬk,l|ÒȹŬ,                           (5) 

ʛʜʝ ἂi,jἃ - ʮʝʥʪʨʘʣʴʥʘʷ ʪʦʯʢʘ ʦʢʨʝʩʪʥʦʩʪʠ; G - 

ʤʦʜʫʣʴ ʛʨʘʜʠʝʥʪʘ; Ŭ - ʥʘʧʨʘʚʣʝʥʠʝ ʛʨʘʜʠʝʥʪʘ ʚ ʪʦʯʢʝ; 

ȹG - ʧʨʝʜʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʨʘʩʭʦʞʜʝʥʠʷ ʤʦʜʫʣʝʡ 

ʛʨʘʜʠʝʥʪʘ ʚ ʪʦʯʢʘʭ ἂi,jἃ ʠ ἂk,lἃ; ȹŬ - ʧʨʝʜʝʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʨʘʩʭʦʞʜʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʡ ʚʝʢʪʦʨʦʚ 

ʛʨʘʜʠʝʥʪʘ ʚ ʪʦʯʢʘʭ ἂi,jἃ ʠ ἂk,lἃ. 
ɽʩʣʠ ʚ ʪʦʯʢʝ ἂk,lἃ ʚʳʧʦʣʥʷʶʪʩʷ ʦʧʠʩʘʥʥʳʝ ʚʳʰʝ 

ʫʩʣʦʚʠʷ, ʪʦ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʧʘʨʘ ʪʦʯʝʢ ʧʨʠʥʘʜʣʝʞʠʪ 

ʦʜʥʦʤʫ ʢʦʥʪʫʨʫ. ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʚʳʯʠʩʣʝʥʠʷ 

ʥʘʧʨʘʚʣʝʥʠʷ ʢʨʘʷ ʚʝʩʴ ʜʠʘʧʘʟʦʥ ʚʦʟʤʦʞʥʳʭ ʟʥʘʯʝʥʠʡ 

0é360Á ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ 8 ʥʘʧʨʘʚʣʝʥʠʡ (ʩʝʢʪʦʨʦʚ). 

ʂʘʞʜʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʦʩʝʜʥʝʛʦ ʥʘ 45Á. 

ʇʨʠ ʵʪʦʤ ʧʦʠʩʢ ʪʦʯʝʢ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʦʜʥʦʤʫ 

ʢʦʥʪʫʨʫ, ʩʣʝʜʫʝʪ ʧʨʦʚʦʜʠʪʴ ʩʨʝʜʠ ʪʦʯʝʢ ʩʦʩʝʜʥʠʭ 

ʩʝʢʪʦʨʦʚ, ʠʤʝʶʱʠʭ ʨʘʩʭʦʞʜʝʥʠʷ ʟʥʘʯʝʥʠʡ 

ʛʨʘʜʠʝʥʪʦʚ ʤʝʥʴʰʝ ʟʘʜʘʥʥʦʛʦ ʧʦʨʦʛʘ. ʈʝʟʫʣʴʪʘʪʦʤ 

ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʮʝʜʫʨʳ ʧʨʦʩʣʝʞʠʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 

ʜʠʩʢʨʝʪʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʢʦʥʪʫʨʦʚ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʢʘʞʜʳʡ ʢʦʥʪʫʨ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʥʦʞʝʩʪʚʦʤ ʪʦʯʝʢ, ʠʟ 

ʢʦʪʦʨʳʭ ʦʥ ʩʦʩʪʦʠʪ (ʨʠʩ. 9). 
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ʈʠʩ. 9. ɺʳʜʝʣʝʥʠʝ ʢʦʥʪʫʨʦʚ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ 

ʇʦʩʣʝ ʚʳʜʝʣʝʥʠʷ ʢʦʥʪʫʨʘ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʨʦʝʥʠʝ 

ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʦʙʣʘʩʪʠ ʧʦ ʢʨʘʡʥʠʤ ʪʦʯʢʘʤ 

ʚʳʜʝʣʝʥʥʦʛʦ ʢʦʥʪʫʨʘ. ʇʦ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʧʨʦʠʩʭʦʜʠʪ 

ʦʙʨʝʟʘʥʠʝ ʫʯʘʩʪʢʘ ʥʘ ʠʩʭʦʜʥʦʤ ʠʟʦʙʨʘʞʝʥʠʠ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ ʦʙʣʘʩʪʠ ʥʘ 

ʦʙʨʘʙʦʪʘʥʥʦʤ ʠʟʦʙʨʘʞʝʥʠʠ ʩ ʚʳʜʝʣʝʥʥʳʤ ʢʦʥʪʫʨʦʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʠʟ ʦʜʥʦʛʦ ʢʘʜʨʘ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʦʪ 

ʦʜʥʦʛʦ ʠ ʙʦʣʝʝ ʬʨʘʛʤʝʥʪʦʚ ʠʟʦʙʨʘʞʝʥʠʷ ʩ 

ʟʘʪʝʤʥʝʥʥʦʡ ʦʙʣʘʩʪʴʶ, ʢʦʪʦʨʘʷ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ 

ʧʦʨʘʞʝʥʘ ʢʦʨʨʦʟʠʝʡ. 

ɺʳʨʝʟʘʥʠʝ ʥʝʦʙʭʦʜʠʤʦʛʦ ʫʯʘʩʪʢʘ ʠʟʦʙʨʘʞʝʥʠʷ 

ʧʨʦʠʩʭʦʜʠʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʨʠʬʤʝʪʠʢʦ-

ʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ. ɸʨʠʬʤʝʪʠʢʦ-ʣʦʛʠʯʝʩʢʠʝ 

ʦʧʝʨʘʮʠʠ ʧʨʦʠʟʚʦʜʷʪʩʷ ʥʘʜ ʜʚʫʤʷ ʠʟʦʙʨʘʞʝʥʠʷʤʠ ï 

ʠʩʭʦʜʥʳʤ ʠʟʦʙʨʘʞʝʥʠʝʤ ʠ ʧʨʷʤʦʫʛʦʣʴʥʳʤ ʫʯʘʩʪʢʦʤ, 

ʧʦʩʪʨʦʝʥʥʳʤ ʧʦ ʢʨʘʡʥʠʤ ʪʦʯʢʘʤ ʢʦʥʪʫʨʘ, ʧʨʠ 

ʧʦʤʦʱʠ ʦʧʝʨʘʮʠʡ AND ʠ OR, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʯʘʩʪʠ ʠʟʦʙʨʘʞʝʥʠʷ ʠʣʠ ʤʘʩʢʠʨʦʚʘʥʠʷ. 

ɼʘʥʥʘʷ ʦʧʝʨʘʮʠʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʜʣʷ ʦʪʜʝʣʝʥʠʷ 

ʠʥʪʝʨʝʩʫʶʱʝʡ ʥʘʩ ʦʙʣʘʩʪʠ ʦʪ ʦʩʪʘʣʴʥʳʭ ʦʙʣʘʩʪʝʡ 

ʠʟʦʙʨʘʞʝʥʠʷ [17]. 

ɼʣʷ ʜʘʥʥʳʭ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʬʨʘʛʤʝʥʪʦʚ 

ʠʟʦʙʨʘʞʝʥʠʷ ʩʪʨʦʷʪʩʷ ʛʠʩʪʦʛʨʘʤʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʮʚʝʪʦʚ. ʇʝʨʚʦʡ ʛʠʩʪʦʛʨʘʤʤʦʡ ʷʚʣʷʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʮʚʝʪʦʚʳʭ RGB ʩʦʩʪʘʚʣʷʶʱʠʭ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ. 

ɸʥʘʣʠʟ ʜʘʥʥʦʡ ʛʠʩʪʦʛʨʘʤʤʳ ʧʦʢʘʟʳʚʘʝʪ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʫʯʘʩʪʢʦʚ ʪʝʤʥʦʛʦ ʮʚʝʪʘ, ʘ ʪʘʢʞʝ 

ʩʪʝʧʝʥʴ ʟʘʪʝʥʝʥʠʷ ʢʦʥʢʨʝʪʥʦʛʦ ʫʯʘʩʪʢʘ. ʋʚʝʣʠʯʝʥʠʝ 

ʧʠʢʦʚ ʛʠʩʪʦʛʨʘʤʤʳ ʚʩʝʭ ʮʚʝʪʦʚʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʜʣʷ 

ʢʘʞʜʦʛʦ ʧʠʢʩʝʣʷ ʦʟʥʘʯʘʝʪ ʪʝʤʥʳʡ ʫʯʘʩʪʦʢ ʙʦʣʴʰʦʛʦ 

ʨʘʟʤʝʨʘ. ʇʠʢʦʚʳʝ ʟʥʘʯʝʥʠʷ ʚ ʩʝʨʝʜʠʥʝ ʤʦʛʫʪ 

ʦʟʥʘʯʘʶʪ ʪʦʯʝʯʥʦʝ ʛʣʫʙʦʢʦʝ ʧʦʨʘʞʝʥʠʝ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʈʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚ ʥʠʞʥʝʡ 

ʦʙʣʘʩʪʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʘʚʥʦʤʝʨʥʦʤ ʢʦʨʨʦʟʠʡʥʦʤ 

ʧʷʪʥʝ (ʨʠʩ. 10). 

 

ʈʠʩ. 10. ɻʠʩʪʦʛʨʘʤʤʘ ʮʚʝʪʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ɼʘʣʝʝ ʚʳʧʦʣʥʷʝʪʩʷ ʘʥʘʣʠʟ ʬʦʨʤʳ ʧʦʨʘʞʝʥʥʦʡ 

ʦʙʣʘʩʪʠ ʠ ʝʝ ʨʘʟʤʝʨʘ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʪ 

ʙʦʣʝʝ ʪʦʯʥʦ ʩʫʜʠʪʴ ʦ ʪʠʧʝ ʢʦʨʨʦʟʠʡʥʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ 

ʠ ʝʛʦ ʩʪʝʧʝʥʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʮʚʝʪʦʚʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ 

ʩʦʦʙʱʘʶʪ ʦ ʩʪʝʧʝʥʠ ʠ ʛʣʫʙʠʥʝ. 

ʂʨʦʤʝ ʪʦʛʦ, ʛʠʩʪʦʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʮʚʝʪʦʚ 

ʜʣʷ ʧʦʣʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ, ʘ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʝʛʦ 

ʬʨʘʛʤʝʥʪʘ, ʜʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʪʝʧʝʥʠ ʧʦʨʘʞʝʥʠʷ 

ʫʯʘʩʪʢʘ ʪʨʫʙʦʧʨʦʚʦʜʘ ʚ ʮʝʣʦʤ, ʘ ʧʦ ʩʤʝʱʝʥʠʶ ʮʚʝʪʦʚ 

ʚ ʪʫ ʠʣʠ ʠʥʫʶ ʦʙʣʘʩʪʴ ʛʠʩʪʦʛʨʘʤʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʮʚʝʪʘ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ ʜʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʦʙʱʝʤ 

ʠʟʥʦʩʝ ʫʯʘʩʪʢʘ ʪʨʫʙʦʧʨʦʚʦʜʘ. 

ɼʣʷ ʘʧʨʦʙʘʮʠʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʦʤ 

ʤʘʛʠʩʪʨʘʣʴʥʦʤ ʚʦʜʦʧʨʦʚʦʜʝ ʜʠʘʤʝʪʨʦʤ 250ʤʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ɻʆʉʊ (3262-75). ɹʳʣʦ ʚʳʙʨʘʥʦ 10 

ʫʯʘʩʪʢʦʚ ʜʣʠʥʥʦʡ 1ʤ ʢʘʞʜʳʡ ʜʣʷ ʘʥʘʣʠʟʘ ʩ ʮʝʣʴʶ 

ʧʦʠʩʢʘ ʠ ʚʳʜʝʣʝʥʠʷ ʧʦʚʨʝʞʜʝʥʠʡ. ɹʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʠ ʥʘʩʪʨʦʡʢʠ ʪʦʯʥʦʩʪʠ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʫʜʘʣʦʩʴ ʚʳʷʚʠʪʴ ʧʦʚʨʝʞʜʝʥʠʷ ʥʘ 8 

ʫʯʘʩʪʢʘʭ. 

   
ʈʠʩ. 11. ʌʨʘʛʤʝʥʪ ʥʘʡʜʝʥʥʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ ʩ ʚʳʜʝʣʝʥʥʳʤ 

ʢʦʥʪʫʨʦʤ 

ɿɸʂʃʖʏɽʅʀɽ 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʦʙʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟʘ 

ʠʟʦʙʨʘʞʝʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥ ʢ ʧʦʠʩʢʫ 

ʜʝʬʝʢʪʦʚ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʪʨʫʙʦʧʨʦʚʦʜʘ, ʧʦʨʘʞʝʥʥʦʡ ʢʦʨʨʦʟʠʝʡ. ɸʣʛʦʨʠʪʤ 

ʩʧʦʩʦʙʝʥ ʚʳʜʝʣʠʪʴ ʢʦʦʨʜʠʥʘʪʳ ʜʝʬʝʢʪʘ, ʘ ʥʘ ʦʩʥʦʚʝ 

ʨʘʟʤʝʨʦʚ, ʷʨʢʦʩʪʠ ʠ ʮʚʝʪʥʦʩʪʠ ʦʧʨʝʜʝʣʠʪʴ ʩʪʝʧʝʥʴ 

ʧʦʨʘʞʝʥʠʷ. ɸʣʛʦʨʠʪʤ ʷʚʣʷʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʚ ʘʥʘʣʠʟʝ ʚʥʫʪʨʝʥʥʝʡ ʢʦʨʨʦʜʠʨʦʚʘʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʳ. ʆʥ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʝʨʘʪʦʨʫ 

ʟʘʦʩʪʨʠʪʴ ʩʚʦʝ ʚʥʠʤʘʥʠʝ ʥʘ ʝʝ ʧʨʦʙʣʝʤʥʳʭ ʫʯʘʩʪʢʘʭ. 
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ALGORITHM FOR PROCESSING IMAGES OF A CORRUPTED 
SURFACE OF A PIPELINE AND DETECT DETECTION  

S.V. Umbetov, S.P. Pronin  
Altai State Technical University, Barnaul 

This paper presents an optical method for monitoring corrosion of the inner surface of a pipeline. Using a wide-angle lens to 

analyze the surface of the pipeline, optical distortions appear that affect the actual position of the defect and its size. An algorithm for 

eliminating geometric distortions and the process of analyzing metal corroded surfaces is presented. The developed algorithm is able 

to detect defects on the corroded surface of pipelines.  

Index terms: corroded surface, optical image, distortion, correction algorithm, defect. 
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ʈɽɸʃʀɿɸʎʀʗ ʉʀʉʊɽʄʓ ɼʆʇʆʃʅɽʅʅʆʁ ʈɽɸʃʔʅʆʉʊʀ 
ɼʃʗ ʄɸʂɽʊɸ ɻ. ʂɸʃʋɻʀ  

ʀ.ɺ. ɺʠʥʦʢʫʨʦʚ, ɼ.ʆ. ʂʣʠʤʦʚ  
ʂɻʋ ʠʤ. ʂ.ʕ. ʎʠʦʣʢʦʚʩʢʦʛʦ, ʛ. ʂʘʣʫʛʘ 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʚ ʂɻʋ ʠʤ. ʂ.ʕ. ʎʠʦʣʢʦʚʩʢʦʛʦ ʩʠʩʪʝʤʘ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʠʪʴ ʠʥʪʝʨʘʢʪʠʚʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 3-ʭ ʤʝʨʥʳʤʠ ʤʦʜʝʣʷʤʠ, ʚʠʟʫʘʣʠʟʠʨʫʶʱʠʤʠ ʟʥʘʯʠʤʳʝ ʦʙʲʝʢʪʳ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ ʛ. ʂʘʣʫʛʠ. ʈʝʘʣʠʟʘʮʠʷ 

ʪʘʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʝʛʤʝʥʪʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʷ ʤʘʢʝʪʘ, ʨʘʩʧʦʟʥʘʚʘʥʠʠ ʬʨʘʛʤʝʥʪʦʚ ʥʘ ʩʝʛʤʝʥʪʠʨʦʚʘʥʥʦʤ 

ʠʟʦʙʨʘʞʝʥʠʠ, ʟʘʤʝʥʝ ʬʨʘʛʤʝʥʪʦʚ ʠʟʦʙʨʘʞʝʥʠʷ 3-ʭ ʤʝʨʥʳʤʠ ʤʦʜʝʣʷʤʠ ʦʙʲʝʢʪʦʚ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʠʥʪʝʨʘʢʪʠʚʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʥʠʤʠ ï ʚʨʘʱʝʥʠʝ, ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʠ ʪʨʘʥʩʣʷʮʠʷ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʡ ʥʝʠʥʪʝʨʘʢʪʠʚʥʳʡ ʩʣʦʡ ʧʦʟʚʦʣʷʝʪ 

ʦʪʦʙʨʘʟʠʪʴ ʩʚʷʟʘʥʥʫʶ ʩ ʦʙʲʝʢʪʦʤ ʠʥʬʦʨʤʘʮʠʶ. ʉʠʩʪʝʤʘ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʨʝʘʣʠʟʦʚʘʥʘ ʢʘʢ ʧʨʠʣʦʞʝʥʠʝ ʜʣʷ iPad ʠ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʙʦʣʝʝ ʛʣʫʙʦʢʦʛʦ ʧʦʛʨʫʞʝʥʠʷ ʚ ʛʦʨʦʜʩʢʫʶ ʩʨʝʜʫ ʩ ʮʝʣʴʶ ʦʟʥʘʢʦʤʣʝʥʠʷ ʛʦʩʪʝʡ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʩ ʤʫʥʠʮʠʧʘʣʴʥʳʤʠ, ʢʫʣʴʪʫʨʥʳʤʠ ʠ ʠʩʪʦʨʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ ʛ. ʂʘʣʫʛʠ.   

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʦʧʦʣʥʝʥʥʘʷ ʨʝʘʣʴʥʦʩʪʴ, ʩʚʸʨʪʦʯʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ. 

 
ɺɺɽɼɽʅʀɽ 

ʉʠʩʪʝʤʳ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ (ʉɼʈ) 

ʧʦʟʚʦʣʷʶʪ ʟʘʤʝʥʠʪʴ ʨʝʘʣʴʥʳʝ ʦʙʲʝʢʪʳ ʠʭ 

ʚʠʨʪʫʘʣʴʥʳʤʠ ʘʥʘʣʦʛʘʤʠ ʩ ʮʝʣʴʶ ʙʦʣʝʝ ʛʣʫʙʦʢʦʡ 

ʠʥʪʝʛʨʘʮʠʠ ʩ ʦʙʲʝʢʪʠʚʥʦʡ ʨʝʘʣʴʥʦʩʪʴʶ [1]. 

ʉʦʚʨʝʤʝʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʧʦʟʚʦʣʷʶʪ ʨʝʘʣʠʟʦʚʘʪʴ ʪʘʢʠʝ ʩʠʩʪʝʤʳ ʠ ʥʘ ʧʣʘʥʰʝʪʘʭ 

ʠ ʩʤʘʨʪʬʦʥʘʭ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʷʝʪ ʦʙʣʘʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ ʉɼʈ ʠ ʷʚʣʷʝʪʩʷ ʩʪʠʤʫʣʠʨʫʶʱʠʤ 

ʬʘʢʪʦʨʦʤ ʠʭ ʨʘʟʚʠʪʠʷ ʟʘ ʩʯʸʪ ʤʘʩʩʦʚʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʝʨʩʦʥʘʣʴʥʳʭ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ.  

ʃʝʪʦʤ ʧʨʦʰʣʦʛʦ ʛʦʜʘ ʚ ʂɻʋ ʠʤ. ʂ.ʕ. 

ʎʠʦʣʢʦʚʩʢʦʛʦ ʙʳʣ ʩʦʟʜʘʥ ʤʘʢʝʪ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʛ. 

ʂʘʣʫʛʠ, ʨʠʩ. 1. 

 

ʈʠʩ. 1. ʄʘʢʝʪ ʛ. ʂʘʣʫʛʠ ʚ ʂɻʋ ʠʤ. ʂ.ʕ. ʎʠʦʣʢʦʚʩʢʦʛʦ 

ɽʩʪʝʩʪʚʝʥʥʳʤ ʵʪʘʧʦʤ ʝʛʦ ʨʘʟʚʠʪʠʷ ʷʚʠʣʘʩʴ 

ʨʘʟʨʘʙʦʪʢʘ ʉɼʈ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʣʶʙʦʤʫ ʛʦʩʪʶ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʧʦʜʨʦʙʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʳʙʨʘʥʥʦʤ ʦʙʲʝʢʪʝ ʠ ʝʛʦ 

ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʷʭ.  

ʉɼʈ ʷʚʣʷʝʪʩʷ ʩʦʙʩʪʚʝʥʥʦʡ ʨʘʟʨʘʙʦʪʢʦʡ ʂɻʋ ʠʤ. 

ʂ.ʕ. ʎʠʦʣʢʦʚʩʢʦʛʦ, ʧʦʟʚʦʣʷʶʱʝʡ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʠʥʪʝʨʘʢʪʠʚʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 3-ʭ ʤʝʨʥʳʤʠ 

ʤʦʜʝʣʷʤʠ ʟʥʘʯʠʤʳʭ ʦʙʲʝʢʪʦʚ ʤʘʢʝʪʘ ʛ. ʂʘʣʫʛʠ. ʉɼʈ 

ʫʩʪʘʥʦʚʣʝʥʘ ʥʘ ʧʣʘʥʰʝʪʘʭ iPad, ʧʨʝʜʣʘʛʘʝʤʳʭ ʢ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚʩʝʤ ʛʦʩʪʷʤ ʫʥʠʚʝʨʩʠʪʝʪʘ ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʥʝʢʦʪʦʨʳʭ ʤʝʨʦʧʨʠʷʪʠʡ.   

ɺ ʧʨʦʮʝʩʩʝ ʨʘʟʨʘʙʦʪʢʝ ʉɼʈ ʠʩʩʣʝʜʦʚʘʣʘʩʴ 

ʧʨʠʤʝʥʠʤʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʠʟʚʝʩʪʥʳʭ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʩʣʝʜʫʶʱʠʭ ʟʘʜʘʯ:  

1. ʚʳʷʚʣʝʥʠʝ ʦʙʲʝʢʪʦʚ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ; 

2. ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʠʣʠ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʚʳʷʚʣʝʥʥʳʭ 

ʦʙʲʝʢʪʦʚ;  

3. ʬʦʨʤʠʨʦʚʘʥʠʝ 3-ʭ ʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʜʣʷ 

ʟʥʘʯʠʤʳʭ ʦʙʲʝʢʪʦʚ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ; 

4. ʟʘʤʝʥʘ ʚʳʷʚʣʝʥʥʳʭ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ ʦʙʲʝʢʪʦʚ ʥʘ 

ʠʭ 3-ʭ ʤʝʨʥʳʝ ʤʦʜʝʣʠ (ʚ ʪʝʢʫʱʝʡ ʨʝʘʣʠʟʘʮʠʠ ʉɼʈ 

ʤʦʜʝʣʠ ʦʪʦʙʨʘʞʘʶʪʩʷ ʨʷʜʦʤ ʩ ʦʙʲʝʢʪʘʤʠ); 

5. ʨʝʘʣʠʟʘʮʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʦʧʝʨʘʮʠʡ ʩ 3-ʭ 

ʤʝʨʥʳʤʠ ʤʦʜʝʣʷʤʠ. 

ɺʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʚʳʰʝ ʟʘʜʘʯʠ ʙʳʣʠ ʩ ʪʦʡ ʠʣʠ ʠʥʦʡ 

ʤʝʨʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʰʝʥʳ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʥʘʜ 

ʉɼʈ. 

ʆʉʅʆɺʅɸʗ ʏɸʉʊʔ 

ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚʦ ʚʚʝʜʝʥʠʠ, ʦʩʥʦʚʥʳʤʠ 

ʵʪʘʧʘʤʠ ʨʘʙʦʪʳ ʉɼʈ ʷʚʣʷʶʪʩʷ ʨʘʩʧʦʟʥʘʚʘʥʠʝ 

ʟʥʘʯʠʤʳʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʦʙʲʝʢʪʦʚ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ 

ʤʘʢʝʪʘ, ʠʭ ʢʦʥʪʫʨʥʦʝ ʚʳʜʝʣʝʥʠʝ ʠ ʧʦʩʣʝʜʫʶʱʝʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 3-ʭ ʤʝʨʥʳʤʠ ʤʦʜʝʣʷʤʠ ʪʘʢʠʭ 

ʦʙʲʝʢʪʦʚ. ʅʘ ʪʝʢʫʱʝʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʧʨʦʛʨʘʤʤʥʦʡ 

ʩʠʩʪʝʤʳ ʚʦʟʤʦʞʥʳ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ 3-ʭ ʤʝʨʥʳʭ 

ʦʙʲʝʢʪʦʚ ʜʦ ʦʧʨʝʜʝʣʸʥʥʳʭ ʨʘʟʤʝʨʦʚ ʠʭ ʪʨʘʥʩʣʷʮʠʶ 

ʧʦ ʚʩʝʤ ʦʩʷʤ ʠ ʚʨʘʱʝʥʠʝ ʚʦʢʨʫʛ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ, 

ʠʤʠʪʠʨʫʶʱʝʝ ʦʙʭʦʜ ʦʙʲʝʢʪʘ ʧʦ ʝʛʦ ʧʝʨʠʤʝʪʨʫ. 

ɻʣʘʚʥʳʤʠ ʟʘʜʘʯʘʤʠ, ʩʪʦʷʚʰʠʤʠ ʧʝʨʝʜ 

ʢʦʣʣʝʢʪʠʚʦʤ ʨʘʟʨʘʙʦʪʯʠʢʦʚ, ʙʳʣʠ ʥʝ ʨʘʟʨʘʙʦʪʢʘ 
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ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʨʘʩʧʦʟʥʘʚʘʥʠʷ, ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʚʳʜʝʣʝʥʠʷ ʦʙʲʝʢʪʦʚ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʭ ʠ ʠʭ ʟʘʤʝʥʘ ʥʘ 

3-ʭ ʤʝʨʥʳʝ ʤʦʜʝʣʠ, ʘ ʦʙʦʩʥʦʚʘʥʥʳʡ ʚʳʙʦʨ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ ʵʬʬʝʢʪʠʚʥʘʷ ʠʥʪʝʛʨʘʮʠʷ ʪʘʢʠʭ 

ʤʝʪʦʜʦʚ ʚ ʝʜʠʥʫʶ ʉɼʈ ʤʘʢʝʪʘ ʛ. ʂʘʣʫʛʠ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʥʘʜ ʉɼʈ ʙʳʣʘ ʧʨʠʷʪʘ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʡ ʩʣʝʜʫʶʱʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʜʝʡʩʪʚʠʡ, ʨʠʩ. 2.  

 

ʈʠʩ. 2. ʆʩʥʦʚʥʳʝ ʵʪʘʧʳ ʨʘʙʦʪʳ ʉɼʈ 

ɺʳʷʚʣʝʥʠʝ ʠ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʦʙʲʝʢʪʦʚ ʥʘ 

ʠʟʦʙʨʘʞʝʥʠʠ ʤʘʢʝʪʘ ʛ. ʂʘʣʫʛʠ ʙʳʣʦ ʨʝʘʣʠʟʦʚʘʥʦ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʚʸʨʪʦʯʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ (ʉʅʅ). 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʉʅʅ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ  ʩʝʛʤʝʥʪʘʮʠʠ 

ʠʟʦʙʨʘʞʝʥʠʡ ʧʦʢʘʟʘʥʘ ʚ [2,3]. ʉʝʛʤʝʥʪʘʤʠ, 

ʧʨʝʜʣʘʛʘʝʤʳʤʠ ʢ ʚʳʜʝʣʝʥʠʶ ʉʅʅ, ʷʚʣʷʶʪʩʷ ʦʙʣʘʩʪʠ 

ʠʟʦʙʨʘʞʝʥʠʷ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʩʦʜʝʨʞʘʱʠʝ 

ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʝ ʜʣʷ ʛʦʩʪʝʡ ʛʦʨʦʜʘ ʦʙʲʝʢʪʳ ï 

ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʝ, ʢʫʣʴʪʫʨʥʳʝ ʠ ʠʩʪʦʨʠʯʝʩʢʠ 

ʟʥʘʯʠʤʳʝ. ɸʨʭʠʪʝʢʪʫʨʘ ʉʅʅ, ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʚ ʉɼʈ, 

ʚʦ ʤʥʦʛʦʤ ʘʥʘʣʦʛʠʯʥʘ ʘʨʭʠʪʝʢʪʫʨʝ U-Net [2,3] ï ʦʥʘ 

ʪʘʢ ʞʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʘʣʠʯʠʝ ʩʫʞʘʶʱʝʛʦ ʠ 

ʨʘʩʰʠʨʷʶʱʝʛʦ ʠʟʦʙʨʘʞʝʥʠʝ ʧʫʪʝʡ, ʨʝʘʣʠʟʫʶʱʠʭ 

ʧʨʠʤʝʥʝʥʠʝ ʩʚʸʨʪʦʯʥʳʭ ʬʠʣʴʪʨʦʚ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʠʩʭʦʜʥʦʛʦ ʩʝʛʤʝʥʪʠʨʦʚʘʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. 

ʂʘʢ ʧʦʢʘʟʘʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʜʣʷ ʧʨʠʝʤʣʝʤʦʛʦ ʢʘʯʝʩʪʚʘ ʩʝʛʤʝʥʪʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʷ 

ʤʘʢʝʪʘ ʚʧʦʣʥʝ ʜʦʩʪʘʪʦʯʥʦ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʝʛʦ ʮʚʝʪʥʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ ʚ ʯʝʨʥʦ-ʙʝʣʦʝ ʠ ʚʳʙʨʘʪʴ ʬʠʣʴʪʨʳ ʜʣʷ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʧʦ ʠʭ ʦʩʥʦʚʥʳʤ 

ʭʘʨʘʢʪʝʨʥʳʤ ʧʨʠʟʥʘʢʘʤ ï ʥʘʣʠʯʠʝ ʢʦʣʦʥʥ, ʢʫʧʦʣʦʚ, 

ʥʘʣʠʯʠʷ ʬʘʩʘʜʦʚ, ʦʩʦʙʝʥʥʦʩʪʷʤ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʩʪʠʣʷ 

ʠ ʪ.ʧ. ɺʩʝ ʪʘʢʠʝ ʧʨʠʟʥʘʢʠ ʤʦʛʫʪ ʙʳʪʴ ʚʳʷʚʣʝʥʳ 

ʩʣʝʜʫʶʱʠʤʠ ʩʪʘʥʜʘʨʪʥʳʤʠ ʬʠʣʴʪʨʘʤʠ ʜʣʷ 

ʩʚʸʨʪʦʯʥʳʭ ʩʣʦʸʚ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ [5,6]: 

1. ʬʠʣʴʪʨ ʧʦʚʳʰʝʥʠʷ ʨʝʟʢʦʩʪʠ, ʧʦʟʚʦʣʷʶʱʠʡ 

ʚʳʷʚʠʪʴ ʥʝʨʦʚʥʦʩʪʠ ʠ ʦʙʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʥʪʫʨʘ 

ʦʙʲʝʢʪʘ; 

2. ʢʦʥʪʫʨʥʳʡ ʬʠʣʴʪʨ, ʚʳʜʝʣʷʶʱʠʡ ʦʩʥʦʚʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʥʪʫʨʘ ʦʙʲʝʢʪʘ; 

3. ʬʠʣʴʪʨ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʚʝʨʪʠʢʘʣʴʥʳʭ ʛʨʘʥʠʮ ʠ 
ʧʝʨʝʭʦʜʦʚ; 

4. ʬʠʣʴʪʨ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʛʨʘʥʠʮ 
ʠ ʧʝʨʝʭʦʜʦʚ; 

5. ʬʠʣʴʪʨ ʨʘʟʤʳʪʠʷ ɻʘʫʩʩʘ ï ʢʨʘʡʥʝ ʨʝʜʢʦ, ʥʦ 

ʤʦʞʝʪ ʟʘʤʝʥʷʪʴ ʩʦʙʦʡ ʦʜʠʥ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ 

ʬʠʣʴʪʨʦʚ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʢʦʥʪʫʨʥʦʛʦ ʬʠʣʴʪʨʘ ʩ 

ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʲʝʢʪʘ. 

ʇʨʠʝʤʣʝʤʳʝ ʜʣʷ ʨʝʰʝʥʠʷ ʙʦʣʴʰʠʥʩʪʚʘ ʟʘʜʘʯ 

ʨʘʟʤʝʨʳ ʷʜʝʨ ʚʩʝʭ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʬʠʣʴʪʨʦʚ ï 3ʭ3 

[5] ʦʧʨʝʜʝʣʠʣʠ ʨʘʟʤʝʨʳ ʷʜʝʨ ʩʚʸʨʪʦʯʥʳʭ ʩʣʦʸʚ ʉʅʅ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʬʠʣʴʪʨʘ ʚʘʨʠʘʪʠʚʥʦ, ʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʦʞʥʦʩʪʴʶ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʲʝʢʪʘ 

ʤʘʢʝʪʘ [6].  

ʉ ʮʝʣʴʶ ʫʤʝʥʴʰʝʥʠʷ ʨʘʟʤʝʨʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʧʨʠʟʥʘʢʦʚ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ 

ʥʘ ʤʦʙʠʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʧʦʩʣʝ ʢʘʞʜʦʛʦ ʠʟ 

ʩʚʸʨʪʦʯʥʳʭ ʩʣʦʸʚ ʨʝʘʣʠʟʦʚʘʥ ʩʣʦʡ ʫʩʨʝʜʥʷʶʱʝʛʦ 

ʧʫʣʣʠʥʛʘ ʩ ʨʘʟʤʝʨʦʤ ʷʜʨʘ 2x2. ʆʙʱʘʷ ʩʪʨʫʢʪʫʨʘ ʉʅʅ, 

ʠʩʧʦʣʴʟʫʝʤʘʷ ʜʣʷ ʩʝʛʤʝʥʪʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʷ ʤʘʢʝʪʘ, 

ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 3.  

 

ʈʠʩ. 3. U-ʦʙʨʘʟʥʘʷ ʩʪʨʫʢʪʫʨʘ ʉʅʅ ʜʣʷ ʩʝʛʤʝʥʪʠʨʦʚʘʥʠʷ 

ʠʟʦʙʨʘʞʝʥʠʷ ʤʘʢʝʪʘ 

ʂʘʢ ʠ ʩʦʙʩʪʚʝʥʥʦ U-Net, ʉʅʅ ʜʣʷ ʩʝʛʤʝʥʪʘʮʠʠ 

ʠʟʦʙʨʘʞʝʥʠʷ ʤʘʢʝʪʘ ʦʙʫʯʘʝʪʩʷ ʤʝʪʦʜʦʤ 

ʩʪʦʭʘʩʪʠʯʝʩʢʦʛʦ ʛʨʘʜʠʝʥʪʥʦʛʦ ʩʧʫʩʢʘ ʥʘ ʦʩʥʦʚʝ 

ʚʭʦʜʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʤʘʢʝʪʘ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʤ 

ʢʘʨʪ ʩʝʛʤʝʥʪʘʮʠʠ [4,7]. 
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ʅʘ ʨʠʩ. 4 ʠ 5 ʧʨʠʚʝʜʝʥʳ ʬʨʘʛʤʝʥʪ ʠʩʭʦʜʥʦʛʦ 

ʠʟʦʙʨʘʞʝʥʠʷ ʤʘʢʝʪʘ ʠ ʨʝʟʫʣʴʪʘʪʳ ʝʛʦ ʩʝʛʤʝʥʪʘʮʠʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʉʅʅ. 

 

ʈʠʩ. 4. ʌʨʘʛʤʝʥʪ ʠʟʦʙʨʘʞʝʥʠʷ ʤʘʢʝʪʘ ʩʦ ʉʚʷʪʦ-ʊʨʦʠʮʢʠʤ 

ʩʦʙʦʨʦʤ ʂʘʣʫʞʩʢʦʡ ʝʧʘʨʭʠʠ 

 

ʈʠʩ. 5. ʈʝʘʣʠʟʫʝʤʘʷ ʉʅʅ ʩʝʛʤʝʥʪʘʮʠʷ ʬʨʘʛʤʝʥʪʘ ʠʟʦʙʨʘʞʝʥʠʷ 

ʂʦʥʪʫʨʳ ʚʩʝʭ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʉʅʅ ʩʝʛʤʝʥʪʦʚ 

ʧʨʠʚʦʜʷʪʩʷ ʢ ʝʜʠʥʦʤʫ ʨʘʟʤʝʨʫ, ʦʧʨʝʜʝʣʷʷ ʪʝʤ ʩʘʤʳʤ 

ʨʘʟʤʝʨ ʩʢʦʣʴʟʷʱʝʛʦ ʦʢʥʘ [8]. ʉʢʦʣʴʟʷʱʝʝ ʦʢʥʦ ʙʳʣʦ 

ʚʳʙʨʘʥʦ ʧʦ ʧʨʠʯʠʥʝ ʨʘʟʚʠʪʳʭ ʬʨʝʡʤʚʦʨʢʦʚ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ iOS, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʪʦʨʳʭ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʧʨʠʝʤʣʝʤʫʶ ʪʦʯʥʦʩʪʴ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ (ʢʣʘʩʩʠʬʠʢʘʮʠʠ) ʦʙʲʝʢʪʦʚ ʙʝʟ 

ʧʨʠʤʝʥʝʥʠʷ ʧʦʣʥʦʩʚʷʟʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ (ʅʉ). ʅʉ 

ʪʘʢʦʛʦ ʪʠʧʘ ʧʨʝʜʧʦʣʘʛʘʶʪ ʥʘʣʠʯʠʝ ʵʚʨʠʩʪʠʯʝʩʢʠʭ 

ʵʪʘʧʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʫʯʘʶʱʠʭ ʠ ʧʨʦʚʝʨʦʯʥʳʭ 

ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ ʠ ʵʪʘʧʘ ʦʙʫʯʝʥʠʷ [9]. ʂʨʦʤʝ ʵʪʦʛʦ, 

ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʜʣʠʪʝʣʴʥʦʤ ʚʨʝʤʝʥʠ ʦʙʫʯʝʥʠʷ 

ʧʦʣʥʦʩʚʷʟʥʳʭ ʅʉ ʪʦʯʥʦʩʪʴ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʤʦʞʝʪ 

ʙʳʪʴ ʥʝʧʨʠʝʤʣʝʤʦʡ.  

ʅʘ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ 

ʉɼʈ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʥʦʩʚʷʟʥʦʡ 

ʅʉ, ʦʙʫʯʝʥʥʦʡ ʧʦ ʤʝʪʦʜʫ ʧʨʷʤʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʦʰʠʙʢʠ. ʆʜʥʘʢʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʥʘʜ ʉɼʈ ʙʳʣʦ 

ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʝʸ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʧʦʣʴʟʫ ʩʢʦʣʴʟʷʱʝʛʦ ʧʦ ʠʟʦʙʨʘʞʝʥʠʶ ʦʢʥʘ. ʈʘʟʤʝʨ 

ʩʢʦʣʴʟʷʱʝʛʦ ʦʢʥʘ ʚ ʉɼʈ ʤʘʢʝʪʘ ʛ. ʂʘʣʫʛʠ ʨʘʚʝʥ 

212Ĭ328 ʧʠʢʩʝʣʝʡ. ʊʘʢʦʡ ʨʘʟʤʝʨ ʦʙʲʷʩʥʷʝʪʩʷ 

ʫʩʨʝʜʥʸʥʥʳʤʠ ʧʨʦʧʦʨʮʠʷʤʠ ʦʙʲʝʢʪʦʚ ʥʘ 

ʠʟʦʙʨʘʞʝʥʠʠ ʠ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʧʨʠʝʤʣʝʤʫʶ 

ʪʦʯʥʦʩʪʴ ʠʭ ʨʘʩʧʦʟʥʘʚʘʥʠʷ.  

ɺʳʜʝʣʝʥʥʳʝ ʉʅʅ ʢʦʥʪʫʨʳ ʚʩʝʭ ʦʙʲʝʢʪʦʚ 

ʦʧʨʝʜʝʣʷʶʪ ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʦʙʣʘʩʪʠ ʠʟʦʙʨʘʞʝʥʠʷ 

ʤʘʢʝʪʘ ʛ. ʂʘʣʫʛʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʠʭ 3-

ʭ ʤʝʨʥʳʝ ʤʦʜʝʣʠ ʠ ʨʝʘʣʠʟʦʚʘʪʴ ʩ ʥʠʤʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʨʠʩ. 6.   

 

ʈʠʩ. 6. ɺʠʟʫʘʣʠʟʘʮʠʷ ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʠʟʦʙʨʘʞʝʥʠʷ 

ɺʳʙʦʨ (ʪʘʧ) ʠʥʪʝʨʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ ʧʨʠʚʦʜʠʪ ʢ 

ʦʪʦʙʨʘʞʝʥʠʶ ʨʷʜʦʤ ʩ ʥʠʤ ʝʛʦ 3-ʭ ʤʝʨʥʦʡ ʤʦʜʝʣʠ, 

ʨʠʩ. 7. 

 

ʈʠʩ. 7. ʆʪʦʙʨʘʞʝʥʠʝ 3-ʭ ʤʝʨʥʦʡ ʤʦʜʝʣʠ ʉʚʷʪʦ-ʊʨʦʠʮʢʦʛʦ 

ʩʦʙʦʨʘ 

ʄʦʜʝʣʠ ʚʩʝʭ ʟʥʘʯʠʤʳʭ ʦʙʲʝʢʪʦʚ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ 

ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʚ 3ds MAX  2019. ʂʦʦʨʜʠʥʘʪʳ ʠʭ 

ʚʝʨʰʠʥ ʠ ʪʝʢʩʪʫʨ ʩʦʭʨʘʥʷʣʠʩʴ ʚ ʦʪʜʝʣʴʥʳʭ ʬʘʡʣʘʭ, ʠʟ 

ʢʦʪʦʨʳʭ 3-ʭ ʤʝʨʥʳʝ ʤʦʜʝʣʠ ʩʨʝʜʩʪʚʘʤʠ ʬʨʝʡʤʚʦʨʢʘ 

Metal [10] ʚʠʟʫʘʣʠʟʠʨʦʚʘʣʘʩʴ ʨʷʜʦʤ ʩ ʚʳʙʨʘʥʥʳʤ ʥʘ 

ʠʟʦʙʨʘʞʝʥʠʠ ʤʘʢʝʪʘ ʦʙʲʝʢʪʦʤ. ʈʘʟʤʝʨ ʦʢʥʘ ʩ 

ʤʦʜʝʣʴʶ ʚ ʪʝʢʫʱʝʡ ʨʝʘʣʠʟʘʮʠʠ ʉɼʈ ʬʠʢʩʠʨʦʚʘʥ ʠ 

ʩʦʩʪʘʚʣʷʝʪ 836Ĭ1004 ʧʠʢʩʝʣʷ. ɺ ʧʦʩʣʝʜʫʶʱʠʭ 

ʚʝʨʩʠʷʭ ʉɼʈ, ʩ ʮʝʣʴʶ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ 

3-ʭ ʤʝʨʥʳʭ ʤʦʜʝʣʝʡ, ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʨʝʘʣʠʟʦʚʘʪʴ ʠʭ 

ʧʦʣʥʦʵʢʨʘʥʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʚ ʦʪʜʝʣʴʥʦʤ 

ʢʦʥʪʨʦʣʣʝʨʝ.   
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ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚʳʰʝ, ʦʢʥʦ ʩ 3-ʭ ʤʝʨʥʦʡ 

ʤʦʜʝʣʴʶ ʦʙʲʝʢʪʘ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʦʩʥʦʚʥʳʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʦʧʝʨʘʮʠʠ ï ʚʨʘʱʝʥʠʝ, 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʠ ʪʨʘʥʩʣʷʮʠʷ. ɺʩʝ ʵʪʠ ʦʧʝʨʘʮʠʠ 

ʚʳʧʦʣʥʷʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʤ ʞʝʩʪʦʚ ʥʘ ʵʢʨʘʥʝ ʤʦʙʠʣʴʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ, ʇʨʠʤʝʨʳ ʨʝʘʣʠʟʘʮʠʠ ʪʘʢʠʭ ʦʧʝʨʘʮʠʡ 

ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 8 ʠ 9.   

  
ʈʠʩ. 8. ɺʨʘʱʝʥʠʝ 3-ʭ ʤʝʨʥʦʡ ʤʦʜʝʣʠ ʉʚʷʪʦ-ʊʨʦʠʮʢʦʛʦ ʩʦʙʦʨʘ 

 

ʈʠʩ. 9. ʄʘʩʰʪʘʙʠʨʦʚʘʥʠʝ 3-ʭ ʤʝʨʥʦʡ ʤʦʜʝʣʠ ʉʚʷʪʦ-ʊʨʦʠʮʢʦʛʦ 

ʩʦʙʦʨʘ 

ɼʣʷ ʚʩʝʭ ʨʘʩʧʦʟʥʘʥʥʳʭ ʦʙʲʝʢʪʦʚ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ 

ʤʘʢʝʪʘ ʦʪʦʙʨʘʞʘʝʪʩʷ ʝʛʦ ʥʘʟʚʘʥʠʝ, ʩʤ. ʨʠʩ. 7-9. 

ʅʘʟʚʘʥʠʷ ʚʩʝʭ ʦʙʲʝʢʪʦʚ ʦʙʨʘʟʫʶʪ ʥʝʠʥʪʝʨʘʢʪʠʚʥʳʡ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʩʣʦʡ.  

ɿɸʂʃʖʏɽʅʀɽ 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʚ ʂɻʋ ʠʤ. ʂ.ʕ. ʎʠʦʣʢʦʚʩʢʦʛʦ ʉɼʈ 

ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ ʤʘʢʝʪʘ ʟʥʘʯʠʤʳʝ 

ʦʙʲʝʢʪʳ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ ʠ ʦʪʦʙʨʘʟʠʪʴ ʨʷʜʦʤ ʩ ʥʠʤʠ 

ʠʭ 3-ʭ ʤʝʨʥʳʝ ʤʦʜʝʣʠ. ɼʣʷ ʚʩʝʭ ʤʦʜʝʣʝʡ ʤʦʛʫʪ ʙʳʪʴ 

ʨʝʘʣʠʟʦʚʘʥʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʦʧʝʨʘʮʠʠ ʚʨʘʱʝʥʠʷ, 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʠ ʪʨʘʥʩʣʷʮʠʠ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʉɼʈ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʘʚʝʜʝʥʠʠ 

ʧʣʘʥʰʝʪʘ ʥʘ ʤʘʢʝʪ ʛ. ʂʘʣʫʛʠ ʠ ʚʳʜʝʣʝʥʠʠ ʪʘʧʦʤ 

ʨʘʩʧʦʟʥʘʥʥʳʭ ʉʅʅ ʦʙʲʝʢʪʦʚ. ʇʨʦʩʪʦʪʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʉɼʈ ʷʚʣʷʝʪʩʷ ʝʸ ʛʣʘʚʥʳʤ 

ʜʦʩʪʦʠʥʩʪʚʦʤ. ʅʘ ʪʝʢʫʱʝʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʉɼʈ 

ʩʫʱʝʩʪʚʫʶʪ ʠ ʦʧʨʝʜʝʣʸʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ: 

1. ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʜʠʘʧʘʟʦʥʘ ʨʘʩʩʪʦʷʥʠʷ ʦʪ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʉɼʈ ʜʦ ʤʘʢʝʪʘ 1-5 ʤ. ï ʧʨʠ ʤʝʥʴʰʝʤ 

ʠʣʠ ʙʦʣʴʰʝʤ ʨʘʩʩʪʦʷʥʠʷʭ ʚʦʟʤʦʞʥʳ ʣʦʞʥʳʝ 

ʩʝʛʤʝʥʪʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʷ ʤʘʢʝʪʘ; 

2. ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʡ ʨʘʟʤʝʨ ʩʢʦʣʴʟʷʱʝʛʦ 

ʦʢʥʘ, ʧʨʠʚʦʜʷʱʠʡ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʢ ʟʘʤʝʪʥʳʤ 

ʟʘʜʝʨʞʢʘʤ ʚʳʜʝʣʝʥʠʷ ʨʘʩʧʦʟʥʘʥʥʳʭ ʦʙʲʝʢʪʦʚ; 

3. ʦʪʦʙʨʘʞʝʥʠʝ 3-ʭ ʤʝʨʥʦʡ ʤʦʜʝʣʠ ʦʙʲʝʢʪʘ ʚ 

ʥʝʙʦʣʴʰʦʤ ʦʢʥʝ, ʧʨʠʚʦʜʷʱʝʤ ʢ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʤʘʣʦʡ ʜʝʪʘʣʠʟʘʮʠʠ ʝʛʦ ʦʪʦʙʨʘʞʝʥʠʷ.   

ɺʩʝ ʫʢʘʟʘʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ ʙʫʜʫʪ ʫʩʪʨʘʥʷʪʴʩʷ ʚ 

ʧʨʦʮʝʩʩʝ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʳ ʥʘʜ ʉɼʈ, ʢʦʪʦʨʘʷ, ʢʘʢ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʧʦʤʠʤʦ ʨʘʙʦʪʳ ʥʘ ʧʣʘʥʰʝʪʘʭ iPad 

ʙʫʜʝʪ ʨʘʙʦʪʘʪʴ ʠ ʥʘ ʩʤʘʨʪʬʦʥʘʭ iPhone ʩ ʙʦʣʴʰʠʤʠ 

ʵʢʨʘʥʘʤʠ. ʆʩʥʦʚʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ 

ʉɼʈ ʨʝʘʣʠʟʦʚʘʥʳ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʷʟʳʢʝ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Swift ʚ ʩʨʝʜʝ ʨʘʟʨʘʙʦʪʢʠ Apple 

Xcode 10.2 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʩʦʢʦʫʨʦʚʥʝʚʳʭ 

ʬʨʝʡʤʚʦʨʢʦʚ ʚʝʢʪʦʨʥʦʡ ʛʨʘʬʠʢʠ Metal [10], 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ CoreML [11], Vision ʠ 

ʨʝʘʣʠʟʘʮʠʠ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ARKit  3 [12]. 
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REALIZATION OF THE AUGMENTED REALITY SYSTEM FOR 
THE LAYOUT OF KALUGA 

I.V. Vinokurov, D.O. Klimov  
Kaluga State University named after K.E. Tsiolkovski, Kaluga 

Developed at KSU named after K.E. Tsiolkovski's augmented reality system allows for interactive interaction with 3-dimensional 

models that visualize significant objects of the urban environment of the city of Kaluga. The implementation of this interaction 

consists in segmenting the image of the layout, recognizing fragments in the segmented image, replacing image fragments with 3D 

models of objects, and subsequent interactive interaction with them ï rotation, scaling, and translation. An additional non-interactive 

layer allows you to display information related to the object. The augmented reality system is implemented as an application for the 

iPad and is currently used for a deeper immersion in the urban environment in order to familiarize university guests with the 

municipal, cultural and historical sites of the city of Kaluga. 
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ʈɸɿʈɸɹʆʊʂɸ ʉʊʈʋʂʊʋʈʅʆ-ʌʋʅʂʎʀʆʅɸʃʔʅʆʁ ʄʆɼɽʃʀ 
ʈɽɻʀʆʅɸʃʔʅʆɻʆ ʆʇɽʈɸʊʆʈɸ ʇʆ ʆɹʈɸʑɽʅʀʖ ʉ ʊʂʆ 

ʀ.ʆ. ʂʠʨʠʣʴʯʫʢ, ɸ.ɺ. ʀʦʨʜʘʥʦʚʘ 
ʌɻɹʆʋ ɺʆ ʖʛʦ-ɿʘʧʘʜʥʳʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʂʫʨʩʢ 

ɺ ʩʚʷʟʠ ʩʦ ʚʩʪʫʧʣʝʥʠʝʤ ʚ ʩʠʣʫ ʧʦʧʨʘʚʦʢ ʢ ʬʝʜʝʨʘʣʴʥʦʤʫ ʟʘʢʦʥʫ çʆʙ ʦʪʭʦʜʘʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʦʪʨʝʙʣʝʥʠʷè ʩʪʘʥʦʚʠʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʘ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʠ ʫʧʨʘʚʣʝʥʠʷ ʪʚʝʨʜʳʤʠ ʢʦʤʤʫʥʘʣʴʥʳʤʠ ʦʪʭʦʜʘʤʠ, ʫʯʠʪʳʚʘʶʱʝʡ ʚʩʝ ʚʥʝʩʝʥʥʳʝ ʚ 

ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦ ʠʟʤʝʥʝʥʠʷ. ɹʦʣʴʰʘʷ ʥʘʛʨʫʟʢʘ ʚ ʩʠʩʪʝʤʝ ʦʙʨʘʱʝʥʠʷ ʩ ʦʪʭʦʜʘʤʠ ʣʦʞʠʪʩʷ ʥʘ ʨʝʛʠʦʥʘʣʴʥʳʭ ʦʧʝʨʘʪʦʨʦʚ, 

ʧʦʩʢʦʣʴʢʫ ʚ ʠʭ ʦʙʷʟʘʥʥʦʩʪʠ ʚʭʦʜʠʪ ʢʦʦʨʜʠʥʘʮʠʷ ʚʩʝʭ ʚʳʜʝʣʝʥʥʳʭ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ, ʦʩʫʱʝʩʪʚʣʷʝʤʳʭ ʧʨʠ ʦʙʨʘʱʝʥʠʠ ʩ 

ʊʂʆ. ʇʦʵʪʦʤʫ, ʜʣʷ ʫʯʝʪʘ ʨʝʛʠʦʥʘʣʴʥʦʡ ʩʧʝʮʠʬʠʢʠ ʩʫʙʲʝʢʪʦʚ ʈʌ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʨʘʟʨʘʙʦʪʘʪʴ ʦʪʜʝʣʴʥʫʶ 

ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʤʦʜʝʣʴ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʦʧʝʨʘʪʦʨʘ ʧʦ ʦʙʨʘʱʝʥʠʶ ʩ ʪʚʝʨʜʳʤʠ ʦʪʭʦʜʘʤʠ ʚ ʢʘʞʜʦʤ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʫʙʲʝʢʪʝ ʈʌ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʫʶ ʜʣʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʡ ʚ ʩʠʩʪʝʤʝ ʢʦʥʪʨʦʣʷ ʟʘʛʨʷʟʥʝʥʠʷ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʪʚʝʨʜʳʤʠ ʢʦʤʤʫʥʘʣʴʥʳʤʠ ʦʪʭʦʜʘʤʠ. ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ 

ʚʳʷʚʠʪʴ ʥʘʧʨʘʚʣʝʥʠʷ ʤʦʜʝʨʥʠʟʘʮʠʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʦʧʝʨʘʪʦʨʘ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʝʦʨʠʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʠ 

ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ ʨʝʛʠʦʥʘʣʴʥʳʡ ʦʧʝʨʘʪʦʨ ʧʦ ʦʙʨʘʱʝʥʠʶ ʩ ʪʚʝʨʜʳʤʠ ʦʪʭʦʜʘʤʠ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʩʠʩʪʝʤʦʡ, 

ʚʳʧʦʣʥʷʶʱʝʡ ʦʧʨʝʜʝʣʝʥʥʳʝ ʮʝʣʝʚʳʝ ʬʫʥʢʮʠʠ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʛʣʷʜʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʩʠʩʪʝʤʦʡ ʧʫʪʝʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʚʩʝʡ ʮʝʧʠ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʤʦʜʝʣʠ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʜʘʥʥʦʛʦ ʪʠʧʘ ʤʦʜʝʣʝʡ ʠʩʧʦʣʴʟʫʶʪʩʷ CASE-ʩʨʝʜʩʪʚʘ ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜʦʣʦʛʠʷ IDEF0. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʦʣʦʛʠʝʡ IDEF0 ʧʨʦʮʝʩʩ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʙʣʦʢʘ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʚʭʦʜʘʤʠ, ʚʳʭʦʜʘʤʠ, ʥʝʦʙʭʦʜʠʤʳʤʠ ʨʝʩʫʨʩʘʤʠ (ʤʝʭʘʥʠʟʤʘʤʠ) ʠ ʫʩʣʦʚʠʷʤʠ. 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʤʦʜʝʣʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʦʧʝʨʘʪʦʨʘ ʧʦ ʦʙʨʘʱʝʥʠʶ ʩ ʊʂʆ ʥʦʪʘʮʠʷ 

ʚ IDEF0 ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʛʨʘʤʤʥʳʡ ʧʘʢʝʪ All  Fusion Process Modeler 7. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʚʪʦʨʘʤʠ ʨʘʟʨʘʙʦʪʘʥʳ ʩʪʨʫʢʪʫʨʥʦ-

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʦʜʝʣʠ çʢʘʢ ʝʩʪʴè ʠ çʢʘʢ ʜʦʣʞʥʦ ʙʳʪʴè ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʦʧʝʨʘʪʦʨʘ ʧʦ ʦʙʨʘʱʝʥʠʶ ʩ ʦʪʭʦʜʘʤʠ ʥʘ ʧʨʠʤʝʨʝ 

ʦʜʥʦʛʦ ʠʟ ʨʝʛʠʦʥʘʣʴʥʳʭ ʦʧʝʨʘʪʦʨʦʚ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʩʚʦʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʂʫʨʩʢʦʡ ʦʙʣʘʩʪʠ. ɺ ʨʘʟʨʘʙʦʪʘʥʥʳʭ 

ʤʦʜʝʣʷʭ ʚʳʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʦʧʝʨʘʪʦʨʘ, ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ, ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʥʠʤʠ, ʘ ʪʘʢʞʝ 

ʦʩʥʦʚʥʳʝ ʣʦʛʠʩʪʠʯʝʩʢʠʝ ʧʦʪʦʢʠ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʤʦʜʝʣʴ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʦʧʝʨʘʪʦʨʘ ʧʦ 

ʦʙʨʘʱʝʥʠʶ ʩ ʊʂʆ ʧʦʟʚʦʣʠʣʘ ʚʳʷʚʠʪʴ ʥʘʧʨʘʚʣʝʥʠʷ ʨʝʬʦʨʤʠʨʦʚʘʥʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʦʧʝʨʘʪʦʨʘ, ʘ 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘʧʨʘʚʣʝʥʠʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʫʧʨʘʚʣʝʥʠʷ ʦʙʨʘʱʝʥʠʝʤ ʩ ʦʪʭʦʜʘʤʠ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ɻʨʘʥʪʘ 

ʇʨʝʟʠʜʝʥʪʘ ʈʌ ʜʣʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʤʦʣʦʜʳʭ ʨʦʩʩʠʡʩʢʠʭ ʫʯʝʥʳʭ ʄʂ-941.2019.5. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʝʛʠʦʥʘʣʴʥʳʡ ʦʧʝʨʘʪʦʨ, ʪʚʝʨʜʳʝ ʢʦʤʤʫʥʘʣʴʥʳʝ ʦʪʭʦʜʳ, ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

 

ɺɺɽɼɽʅʀɽ 

ʅʘʯʠʥʘʷ ʩ 2016 ʛʦʜʘ, ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ʨʝʘʣʠʟʫʝʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ çʤʫʩʦʨʥʘʷ ʨʝʬʦʨʤʘè, 

ʦʜʥʠʤ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʢʦʪʦʨʦʡ 

ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʤʦʜʝʣʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ 

ʦʙʨʘʱʝʥʠʷ ʩ ʊʂʆ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʥʦʛʦ ʠ 

ʧʨʦʮʝʩʩʥʦʛʦ ʧʦʜʭʦʜʦʚ [1-2].  

ʇʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʦʜʝʣʠ ʫʧʨʘʚʣʝʥʠʷ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʯʝʪʳʨʝ ʵʪʘʧʘ:  

ï ʬʦʨʤʫʣʠʨʦʚʘʥʠʝ ʮʝʣʠ ʫʧʨʘʚʣʝʥʠʷ ʊʂʆ; 

ï ʧʦʩʪʨʦʝʥʠʝ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʤʦʜʝʣʠ 

ʫʧʨʘʚʣʝʥʠʷ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʜʘʯ, ʬʫʥʢʮʠʡ, 

ʧʦʣʥʦʤʦʯʠʡ ʠ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʢʘʞʜʦʡ ʠʟ ʧʦʜʩʠʩʪʝʤ, 

ʚʳʜʝʣʝʥʠʝ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ; 

ï ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʠʥʮʠʧʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ; 

ï ʦʙʦʩʥʦʚʘʥʠʝ ʢʨʠʪʝʨʠʝʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ 

ʦʛʨʘʥʠʯʝʥʠʡ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʠ ʚʳʜʝʣʝʥʥʳʭ ʚ ʥʝʡ 

ʧʦʜʩʠʩʪʝʤ ï ʧʦʢʘʟʘʪʝʣʝʡ, ʦʧʨʝʜʝʣʷʶʱʠʭ 

ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʊʂʆ. 

ʉʦʢʦʣʦʚʦʡ ʆ.ɻ. (2019) ʧʨʝʜʣʦʞʝʥʘ ʩʪʨʫʢʪʫʨʥʦ-

ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʤʦʜʝʣʴ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʦʮʝʩʩʦʤ ʦʙʨʘʱʝʥʠʷ ʩ ʊʂʆ ʚ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ, ʦʩʥʦʚʥʦʡ ʮʝʣʴʶ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʩʦʢʨʘʱʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʣʝʜʘ 

ʯʝʣʦʚʝʢʘ, ʧʫʪʝʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʯʘʩʪʠ ʦʪʭʦʜʦʚ ʚʦ 

ʚʪʦʨʠʯʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʨʝʩʫʨʩʳ. 

ɺ ʤʦʜʝʣʠ ʚʳʜʝʣʝʥʦ ʜʚʝ ʧʦʜʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʨʘʟʣʠʯʥʦʛʦ ʫʨʦʚʥʷ. ʇʝʨʚʘʷ ʧʦʜʩʠʩʪʝʤʘ ʬʝʜʝʨʘʣʴʥʦʛʦ 

ʫʨʦʚʥʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʄʠʥʠʩʪʝʨʩʪʚʦʤ ʧʨʠʨʦʜʥʳʭ 

ʨʝʩʫʨʩʦʚ ʠ ʵʢʦʣʦʛʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʠ 

ʈʦʩʩʠʡʩʢʠʤ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʦʧʝʨʘʪʦʨʦʤ. ʆʩʦʙʝʥʥʦʩʪʠ 

ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʡ ʧʦʜʩʠʩʪʝʤʳ ʠ ʝʝ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʳ ʚ [3]. 

ʇʦʜʩʠʩʪʝʤʘ ʥʘ ʨʝʛʠʦʥʘʣʴʥʦʤ ʫʨʦʚʥʝ ʩʦʩʪʦʠʪ ʠʟ 

ʫʧʦʣʥʦʤʦʯʝʥʥʳʭ ʦʨʛʘʥʦʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʚʣʘʩʪʠ 

ʨʝʛʠʦʥʘ ʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʦʧʝʨʘʪʦʨʦʚ, ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩʦʚ, ʧʦʩʪʘʚʱʠʢʦʚ ʩʳʨʴʷ ʠ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ.  

ʈʝʛʠʦʥʘʣʴʥʳʡ ʦʧʝʨʘʪʦʨ ï ʢʣʶʯʝʚʦʝ ʣʠʮʦ ʚ 

ʨʝʘʣʠʟʘʮʠʠ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʡ ʩʭʝʤʳ ʦʙʨʘʱʝʥʠʷ ʩ 
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ʦʪʭʦʜʘʤʠ. ɺ ʝʛʦ ʦʙʷʟʘʥʥʦʩʪʠ ʚʭʦʜʠʪ ʦʙʝʩʧʝʯʝʥʠʝ 

ʧʝʨʝʭʦʜʘ ʥʘ ʥʦʚʫʶ ʩʠʩʪʝʤʫ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦ ʦʙʨʘʱʝʥʠʶ ʩ ʊʂʆ. ʇʨʠ ʵʪʦʤ 

ʦʩʥʦʚʥʳʤʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘʤʠ ʥʘ ʨʝʛʠʦʥʘʣʴʥʦʤ ʠ 

ʤʫʥʠʮʠʧʘʣʴʥʦʤ ʫʨʦʚʥʷʭ ʷʚʣʷʶʪʩʷ: ʩʙʦʨ ʠ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʤʫʩʦʨʘ, ʦʙʨʘʙʦʪʢʘ (ʩʦʨʪʠʨʦʚʢʘ, 

ʨʘʟʙʦʨʢʘ, ʦʯʠʩʪʢʘ), ʦʙʝʟʚʨʝʞʠʚʘʥʠʝ, ʫʪʠʣʠʟʘʮʠʷ 

(ʨʝʮʠʢʣʠʥʛ, ʨʝʢʫʧʘʮʠʷ, ʨʝʛʝʥʝʨʘʮʠʷ, 

ʢʦʤʧʦʩʪʠʨʦʚʘʥʠʝ, ʟʘʭʦʨʦʥʝʥʠʝ ʦʪʭʦʜʦʚ ʠ 

ʨʝʢʫʣʴʪʠʚʘʮʠʷ ʤʫʩʦʨʥʳʭ ʧʦʣʠʛʦʥʦʚ).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʯʝʥʴ 

ʙʦʣʴʰʘʷ ʥʘʛʨʫʟʢʘ ʚ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʦʪʭʦʜʘʤʠ 

ʣʦʞʠʪʩʷ ʥʘ ʧʣʝʯʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʦʧʝʨʘʪʦʨʦʚ, 

ʧʦʩʢʦʣʴʢʫ ʚ ʠʭ ʦʙʷʟʘʥʥʦʩʪʠ ʚʭʦʜʠʪ ʢʦʦʨʜʠʥʘʮʠʷ ʚʩʝʭ 

ʚʳʜʝʣʝʥʥʳʭ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ, ʦʩʫʱʝʩʪʚʣʷʝʤʳʭ ʧʨʠ 

ʦʙʨʘʱʝʥʠʠ ʩ ʊʂʆ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʫʯʝʪʘ 

ʨʝʛʠʦʥʘʣʴʥʦʡ ʩʧʝʮʠʬʠʢʠ ʩʫʙʲʝʢʪʦʚ ʈʌ, 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʨʘʟʨʘʙʦʪʘʪʴ 

ʦʪʜʝʣʴʥʫʶ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʤʦʜʝʣʴ 

ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʦʧʝʨʘʪʦʨʘ ʧʦ ʦʙʨʘʱʝʥʠʶ ʩ ʊʂʆ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʫʶ ʜʣʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʚ 

ʩʠʩʪʝʤʝ ʢʦʥʪʨʦʣʷ ʟʘʛʨʷʟʥʝʥʠʷ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ 

ʪʚʝʨʜʳʤʠ ʢʦʤʤʫʥʘʣʴʥʳʤʠ ʦʪʭʦʜʘʤʠ. ɼʘʥʥʘʷ ʤʦʜʝʣʴ 

ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʥʘʧʨʘʚʣʝʥʠʷ ʤʦʜʝʨʥʠʟʘʮʠʠ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʦʧʝʨʘʪʦʨʘ.  

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ 

ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʦʧʝʨʘʪʦʨʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʨʘʟʣʠʯʥʳʤʠ 

ʧʨʦʮʝʩʩʘʤʠ ʧʨʦʝʢʪʠʨʫʶʪʩʷ ʧʦʜ ʩʫʱʝʩʪʚʫʶʱʫʶ 

ʦʨʛʘʥʠʟʘʮʠʶ ʧʨʝʜʧʨʠʷʪʠʷ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʚʦʟʥʠʢʘʶʪ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʦʙʣʝʤʳ. ɼʘʥʠʣʠʥ ɸ. ʠ ʉʣʶʩʘʨʝʥʢʦ 

ɸ. (2005) ʚʳʜʝʣʷʶʪ ʩʣʝʜʫʶʱʠʝ ʠʟ ʥʠʭ: ʥʝʧʦʣʥʦʝ 

ʧʦʥʠʤʘʥʠʝ ʮʝʣʝʡ ʙʠʟʥʝʩʘ ʀʊ-ʩʧʝʮʠʘʣʠʩʪʘʤʠ, 

ʥʝʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʚ ʩʚʷʟʠ ʩ 

ʪʝʤ, ʯʪʦ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʥʝ ʫʩʧʝʚʘʝʪ 

ʧʝʨʝʩʪʨʘʠʚʘʪʴʩʷ ʟʘ ʜʠʥʘʤʠʯʥʳʤ ʨʘʟʚʠʪʠʝʤ ʙʠʟʥʝʩʘ 

[4]. ɼʣʷ ʨʝʰʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʧʨʦʙʣʝʤ ʥʝʦʙʭʦʜʠʤʦ 

ʫʚʷʟʳʚʘʪʴ ʚʥʝʜʨʷʝʤʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʩ 

ʘʨʭʠʪʝʢʪʫʨʦʡ ʧʨʝʜʧʨʠʷʪʠʷ. ʊʘʢ, ʄ.ɺ. ɹʘʶʭʠʥ ʠ ʂ.ʂ. 

ʅʝʯʝʫʭʠʥ (2012) ʧʨʝʜʣʘʛʘʶʪ ʢʦʤʧʣʝʢʩʥʳʡ 

ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʧʦʩʪʨʦʝʥʠʶ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʡ 

ʚʢʣʶʯʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʦʙʷʟʘʪʝʣʴʥʦʛʦ ʵʪʘʧʘ ʨʘʟʨʘʙʦʪʢʫ 

ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʤʦʜʝʣʠ 

ʤʦʜʝʨʥʠʟʠʨʫʝʤʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʧʦʩʨʝʜʩʪʚʦʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʦʣʦʛʠʠ IDEF0, ʨʝʢʦʤʝʥʜʦʚʘʥʥʦʡ 

ɻʦʩʩʪʘʥʜʘʨʪʦʤ [5]. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʮʝʣʴʶ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ 

ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʤʦʜʝʣʠ ʦʜʥʦʛʦ ʠʟ 

ʨʝʛʠʦʥʘʣʴʥʳʭ ʦʧʝʨʘʪʦʨʦʚ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʂʫʨʩʢʦʡ ʦʙʣʘʩʪʠ. 

ʆʉʅʆɺʅɸʗ ʏɸʉʊʔ 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʊʝʨʨʠʪʦʨʠʘʣʴʥʦʡ ʩʭʝʤʦʡ 

ʂʫʨʩʢʦʡ ʦʙʣʘʩʪʠ ʚ ʨʝʛʠʦʥʝ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʩʠʩʪʝʤʘ 

ʦʙʨʘʱʝʥʠʷ ʩ ʊʂʆ, ʚʢʣʶʯʘʶʱʘʷ ʚ ʩʝʙʷ ʨʘʟʤʝʱʝʥʠʝ 

ʜʚʫʭ ʟʦʥ ʜʝʡʩʪʚʠʷ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʦʧʝʨʘʪʦʨʘ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʦʙʣʘʩʪʠ: ʖʛʦ-ɿʘʧʘʜʥʘʷ ʟʦʥʘ ʠ ʉʝʚʝʨʦ-

ɺʦʩʪʦʯʥʘʷ ʟʦʥʘ. 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʂʫʨʩʢʦʡ ʦʙʣʘʩʪʠ ʜʝʡʩʪʚʫʶʪ 

ʩʣʝʜʫʶʱʠʝ ʨʝʛʠʦʥʘʣʴʥʳʝ ʦʧʝʨʘʪʦʨʳ ʧʦ ʦʙʨʘʱʝʥʠʶ ʩ 

ʊʂʆ: 

ï ʖʛʦ-ɿʘʧʘʜʥʘʷ ʟʦʥʘ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʦʧʝʨʘʪʦʨʘ ï 

ʆʆʆ çʕʢʦʧʦʣè;  

ï ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʘʷ ʟʦʥʘ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʦʧʝʨʘʪʦʨʘ 

ï ɸʆ çʉʧʝʮʘʚʪʦʙʘʟʘ ʧʦ ʫʙʦʨʢʝ ʛʦʨʦʜʘ ʂʫʨʩʢʘè.  

ʆʩʪʘʥʦʚʠʤʩʷ ʥʘ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦʤ ʨʘʩʩʤʦʪʨʝʥʠʠ 

ʧʦʩʣʝʜʥʝʛʦ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʦʧʝʨʘʪʦʨʘ. ɺ ʟʦʥʫ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ɸʆ çʉʧʝʮʘʚʪʦʙʘʟʘ ʧʦ ʫʙʦʨʢʝ ʛʦʨʦʜʘ 

ʂʫʨʩʢʘè. 

ʈʝʛʠʦʥʘʣʴʥʳʡ ʦʧʝʨʘʪʦʨ ʠʤʝʝʪ ʚ ʨʘʩʧʦʨʷʞʝʥʠʠ 

ʩʦʙʩʪʚʝʥʥʳʡ ʧʘʨʢ ʩʧʝʮʪʝʭʥʠʢʠ ʜʣʷ ʦʢʘʟʘʥʠʷ ʫʩʣʫʛ. 

ʊʘʢʞʝ ʧʨʝʜʧʨʠʷʪʠʝ ʠʤʝʝʪ ʚ ʨʘʩʧʦʨʷʞʝʥʠʠ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʫʶ ʪʝʭʥʠʢʫ ʜʣʷ ʨʘʙʦʪʳ ʥʘ ʧʦʣʠʛʦʥʝ 

ʊʂʆ. ʆʩʫʱʝʩʪʚʣʝʥʠʝ ʟʘʭʦʨʦʥʝʥʠʷ ʦʪʭʦʜʦʚ ʚʝʜʝʪʩʷ ʥʘ 

ʧʦʣʠʛʦʥʝ ʪʚʝʨʜʳʭ ʢʦʤʤʫʥʘʣʴʥʳʭ ʦʪʭʦʜʦʚ, ʢʦʪʦʨʳʡ 

ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʧʦ ʘʜʨʝʩʫ: ʂʫʨʩʢʘʷ ʦʙʣʘʩʪʴ, ʂʫʨʩʢʠʡ 

ʨʘʡʦʥ, ʇʘʰʢʦʚʩʢʠʡ ʩʝʣʴʩʦʚʝʪ, ʜʝʨʝʚʥʷ ʏʘʧʣʳʛʠʥʦ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʝʦʨʠʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʠ 

ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ ʨʝʛʠʦʥʘʣʴʥʳʡ ʦʧʝʨʘʪʦʨ ʧʦ 

ʦʙʨʘʱʝʥʠʶ ʩ ʪʚʝʨʜʳʤʠ ʦʪʭʦʜʘʤʠ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ 

ʩʠʩʪʝʤʦʡ, ʚʳʧʦʣʥʷʶʱʝʡ ʦʧʨʝʜʝʣʝʥʥʳʝ ʮʝʣʝʚʳʝ 

ʬʫʥʢʮʠʠ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʛʣʷʜʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ 

ʩʠʩʪʝʤʦʡ ʧʫʪʝʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚʩʝʡ ʮʝʧʠ 

ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʨʘʟʨʘʙʦʪʢʘ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʤʦʜʝʣʠ. ɼʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʜʘʥʥʦʛʦ ʪʠʧʘ ʤʦʜʝʣʝʡ ʠʩʧʦʣʴʟʫʶʪʩʷ 

CASE-ʩʨʝʜʩʪʚʘ ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜʦʣʦʛʠʷ IDEF0, 

ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ: 

ï ʨʘʟʙʠʚʘʪʴ ʩʣʦʞʥʳʝ ʧʨʦʮʝʩʩʳ ʥʘ ʩʦʩʪʘʚʥʳʝ 

ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʝ ʧʦʜʧʨʦʮʝʩʩʳ ʠ ʧʨʝʜʩʪʘʚʣʷʪʴ 

ʠʟʫʯʘʝʤʫʶ ʩʠʩʪʝʤʫ ʚ ʚʠʜʝ ʥʘʙʦʨʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʠ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʙʣʦʢʦʚ, 

ʦʪʨʘʞʘʶʱʠʭ ʬʫʥʢʮʠʠ, ʧʦʪʦʢʠ, ʧʨʠʥʮʠʧʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʦʮʝʩʩʦʚ ʚʥʫʪʨʠ ʩʠʩʪʝʤʳ; 

ï ʦʩʫʱʝʩʪʚʣʷʪʴ ʢʦʥʪʨʦʣʴ ʚʳʧʦʣʥʝʥʠʷ ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩʦʚ; 

ï ʠʤʝʪʴ ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ ʜʣʷ ʚʦʩʧʨʠʷʪʠʷ 

ʢʦʣʠʯʝʩʪʚʦ ʛʨʘʬʠʯʝʩʢʠʭ ʧʨʠʤʠʪʠʚʦʚ ʠ ʟʘʜʘʚʘʪʴ 

ʣʦʛʠʯʝʩʢʠʝ ʩʚʷʟʠ ʤʝʞʜʫ ʧʨʦʮʝʩʩʘʤʠ ʠ ʦʙʨʘʪʥʳʝ ʩʚʷʟʠ 

ʧʦ ʫʧʨʘʚʣʝʥʠʶ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʦʣʦʛʠʝʡ IDEF0 ʧʨʦʮʝʩʩ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʙʣʦʢʘ ʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʚʭʦʜʘʤʠ, ʚʳʭʦʜʘʤʠ, 

ʥʝʦʙʭʦʜʠʤʳʤʠ ʨʝʩʫʨʩʘʤʠ (ʤʝʭʘʥʠʟʤʘʤʠ) ʠ 

ʫʩʣʦʚʠʷʤʠ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʧʨʦʮʝʩʩʘʤʠ 

ʦʪʦʙʨʘʞʘʝʪʩʷ ʚ ʚʠʜʝ ʩʪʨʝʣʦʢ (ʠʥʪʝʨʬʝʡʩʥʳʭ ʜʫʛ), 

ʩʦʝʜʠʥʷʶʱʠʭ ʚʳʭʦʜʳ ʦʜʥʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʙʣʦʢʦʚ 

ʩ ʚʭʦʜʘʤʠ ʜʨʫʛʠʭ.  

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʤʦʜʝʣʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʦʧʝʨʘʪʦʨʘ ʧʦ 
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ʦʙʨʘʱʝʥʠʶ ʩ ʊʂʆ ʥʦʪʘʮʠʷ ʚ IDEF0 ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʧʨʦʛʨʘʤʤʥʳʡ ʧʘʢʝʪ All  Fusion Process Modeler 7. 

ʉʦʛʣʘʩʥʦ ʧʨʠʥʮʠʧʘʤ, ʟʘʣʦʞʝʥʥʳʤ ʚ ʥʦʪʘʮʠʠ 

IDEF0, ʜʝʷʪʝʣʴʥʦʩʪʴ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʦʧʝʨʘʪʦʨʘ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʩʘʤʦʤ ʦʙʱʝʤ ʚʠʜʝ ʥʘ ʢʦʥʪʝʢʩʪʥʦʤ 

ʫʨʦʚʥʝ ʚ ʚʠʜʝ ʨʠʩʫʥʢʘ 1. 

ʅʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʙʣʦʢʘ 

ʚʭʦʜʷʱʠʝ ʠ ʠʩʭʦʜʷʱʠʝ ʜʦʢʫʤʝʥʪʳ (ʧʠʩʴʤʘ, ʫʢʘʟʳ, 

ʦʪʯʝʪʳ, ʧʦʩʪʘʥʦʚʣʝʥʠʷ, ʩʧʨʘʚʢʠ ʠ ʧʨ.), ʜʝʷʪʝʣʴʥʦʩʪʴ 

ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʦʧʝʨʘʪʦʨʘ ʨʝʛʫʣʠʨʫʝʪʩʷ 

ɿʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦʤ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ʟʘʢʦʥʳ, 

ʥʦʨʤʘʪʠʚʥʳʝ ʘʢʪʳ, ʧʦʩʪʘʥʦʚʣʝʥʠʷ ʠ ʧʨ.), ʘ ʪʘʢʞʝ 

ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦʤ ʩʫʙʲʝʢʪʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

(ʨʝʛʠʦʥʘʣʴʥʘʷ ʧʨʦʛʨʘʤʤʘ ʧʦ ʦʙʨʘʱʝʥʠʶ ʩ ʦʪʭʦʜʘʤʠ, 

ʪʝʨʨʠʪʦʨʠʘʣʴʥʘʷ ʩʭʝʤʘ), ʢʨʦʤʝ ʪʦʛʦ, ʨʝʛʠʦʥʘʣʴʥʳʡ 

ʦʧʝʨʘʪʦʨ ʧʦ ʦʙʨʘʱʝʥʠʶ ʩ ʦʪʭʦʜʘʤʠ ʘʢʪʠʚʥʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʦʨʛʘʥʘʤʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʚʣʘʩʪʠ 

ʨʝʛʠʦʥʘ, ʚ ʢʦʪʦʨʦʤ ʦʥ ʦʩʫʱʝʩʪʚʣʷʝʪ ʩʚʦʶ 

ʜʝʷʪʝʣʴʥʦʩʪʴ, ʩʪʦʨʦʥʥʠʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ, ʘ ʪʘʢʞʝ ʩ 

ʬʠʟʠʯʝʩʢʠʤʠ ʠ ʶʨʠʜʠʯʝʩʢʠʤʠ ʣʠʮʘʤʠ. 

ɼʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ ɸʆ çʉɸɹ ʧʦ 

ʫʙʦʨʢʝ ʛ. ʂʫʨʩʢʘè ʚ ʨʘʙʦʪʝ ʚʳʧʦʣʥʝʥʦ ʧʦʩʪʨʦʝʥʠʝ 

ʜʠʘʛʨʘʤʤ IDEF0 çAS-ISè (çʢʘʢ ʝʩʪʴè) ʩ ʫʯʝʪʦʤ ʫʩʣʫʛ 

ʠ ʬʫʥʢʮʠʡ, ʚʳʧʦʣʥʷʝʤʳʭ ʜʘʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ. 

ʈʝʟʫʣʴʪʘʪ ʜʝʢʦʤʧʦʟʠʮʠʠ ʢʦʥʪʝʢʩʪʥʦʡ ʜʠʘʛʨʘʤʤʳ 

ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʤʦʜʝʣʠ AS-IS 

ʜʝʷʪʝʣʴʥʦʩʪʠ ɸʆ çʉɸɹ ʧʦ ʫʙʦʨʢʝ ʛ. ʂʫʨʩʢʘè 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 2. 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ ʠ ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩʳ ɸʆ çʉɸɹ ʧʦ ʫʙʦʨʢʝ ʛ. ʂʫʨʩʢʘè ʚ ʢʘʯʝʩʪʚʝ 

ʦʩʥʦʚʳ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ çʢʘʢ ʜʦʣʞʥʦ ʙʳʪʴè 

(çTO-BEè), ʩʣʝʜʫʝʪ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʚʳʷʚʠʪʴ ʪʝ 

ʪʦʯʢʠ ʨʝʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʚʦʟʤʦʞʥʳʭ 

ʠʟʤʝʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ 

ʦʧʪʠʤʠʟʠʨʫʶʪ ʫʧʨʘʚʣʝʥʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʜʘʥʥʦʡ 

ʦʨʛʘʥʠʟʘʮʠʠ. 

ʀʩʭʦʜʷ ʠʟ ʣʦʛʠʢʠ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʜʝʷʪʝʣʴʥʦʩʪʴ ɸʆ çʉɸɹ ʧʦ 

ʫʙʦʨʢʝ ʛ. ʂʫʨʩʢʘè ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʪʝʩʥʦ 

ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʝ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ ʤʝʞʜʫ ʩʦʙʦʡ 

ʧʦʜʧʨʦʮʝʩʩʳ: ʦʢʘʟʘʥʠʝ ʫʩʣʫʛ ʧʦ ʩʙʦʨʫ, 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʶ ʠ ʨʘʟʤʝʱʝʥʠʶ (ʟʘʭʦʨʦʥʝʥʠʶ) 

ʪʚʝʨʜʳʭ ʢʦʤʤʫʥʘʣʴʥʳʭ ʠ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ ʦʪʭʦʜʦʚ; 

ʧʨʦʜʘʞʘ, ʩʜʘʯʘ ʚ ʘʨʝʥʜʫ ʢʦʥʪʝʡʥʝʨʦʚ ʜʣʷ ʪʚʝʨʜʳʭ 

ʢʦʤʤʫʥʘʣʴʥʳʭ ʦʪʭʦʜʦʚ (ʦʙʲʝʤʦʤ 0,12, 0,75, 1,1 ʤ
3
) ʠ 

ʙʫʥʢʝʨʦʚ ʜʣʷ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ ʦʪʭʦʜʦʚ (ʦʙʲʝʤʦʤ 

8.0 ʠ 25.0 ʤ
3
); ʟʘʭʦʨʦʥʝʥʠʝ ʪʚʝʨʜʳʭ ʢʦʤʤʫʥʘʣʴʥʳʭ 

ʦʪʭʦʜʦʚ IV-V ʢʣʘʩʩʘ ʦʧʘʩʥʦʩʪʠ. ʂʨʦʤʝ ʪʦʛʦ, 

ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʡ ʩʭʝʤʦʡ ʦʙʨʘʱʝʥʠʷ ʩ ʦʪʭʦʜʘʤʠ 

ʂʫʨʩʢʦʡ ʦʙʣʘʩʪʠ ʚ ʦʙʷʟʘʥʥʦʩʪʴ ʨʝʛʠʦʥʘʣʴʥʦʤʫ 

ʦʧʝʨʘʪʦʨʳ ʚʤʝʥʝʥʘ ʣʠʢʚʠʜʘʮʠʷ 

ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʩʚʘʣʦʢ. 

ʋʧʨʘʚʣʝʥʠʝ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ 

ʧʨʝʜʧʨʠʷʪʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ 

ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʭ ʘʢʪʦʚ ʈʌ, ʧʦʩʪʘʥʦʚʣʝʥʠʡ 

ʧʨʘʚʠʪʝʣʴʩʪʚʘ, ʧʨʠʢʘʟʦʚ ʠ ʨʘʩʧʦʨʷʞʝʥʠʡ ʦʨʛʘʥʦʚ 

ʚʣʘʩʪʠ ʂʫʨʩʢʦʡ ʦʙʣʘʩʪʠ, ʨʝʛʠʦʥʘʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ ʠ 

ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʡ ʩʭʝʤʳ ʧʦ ʦʙʨʘʱʝʥʠʶ ʩ ʪʚʝʨʜʳʤʠ 

ʦʪʭʦʜʘʤʠ, ʨʘʟʣʠʯʥʳʭ ʉʅʠʇʦʚ, ɻʆʉʊʦʚ ʠ ʪ.ʜ. ɺ 

ʢʘʯʝʩʪʚʝ ʨʝʩʫʨʩʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʦʙʝʩʧʝʯʝʥʠʷ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʦʧʝʨʘʪʦʨʘ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʦʪʨʫʜʥʠʢʠ ɸʆ çʉɸɹ ʧʦ ʫʙʦʨʢʝ ʛ. 

ʂʫʨʩʢʘè, ʣʦʛʠʩʪʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʥʘ 

ʦʩʥʦʚʝ ɻʃʆʅɸʉʉ. 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʜʝʢʦʤʧʦʟʠʮʠʷ ʦʜʥʦʛʦ ʠʟ 

ʦʩʥʦʚʥʳʭ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ çʆʢʘʟʘʥʠʝ ʫʩʣʫʛ ʧʦ 

ʩʙʦʨʫ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʶ ʠ ʨʘʟʤʝʱʝʥʠʶ 

(ʟʘʭʦʨʦʥʝʥʠʶ) ʪʚʝʨʜʳʭ ʢʦʤʤʫʥʘʣʴʥʳʭ ʠ 

ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ ʦʪʭʦʜʦʚè ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʢʦʤʙʠʥʘʮʠʶ ʜʚʫʭ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʚʪʦʨʦʛʦ ʫʨʦʚʥʷ 

ʜʝʢʦʤʧʦʟʠʮʠʠ: ʩʙʦʨ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʪʚʝʨʜʳʭ 

ʦʪʭʦʜʦʚ ʠʟ ʤʝʩʪ ʦʨʛʘʥʠʟʦʚʘʥʥʦʛʦ ʩʙʦʨʘ 

(ʢʦʥʪʝʡʥʝʨʥʳʭ ʧʣʦʱʘʜʦʢ ʠ ʯʘʩʪʥʦʛʦ ʩʝʢʪʦʨʘ) ʠ 

ʣʠʢʚʠʜʘʮʠʷ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʩʚʘʣʦʢ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʦʙʥʘʨʫʞʝʥʠʠ 

ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʩʚʘʣʦʢ ʨʝʛʠʦʥʘʣʴʥʳʡ ʦʧʝʨʘʪʦʨ 

ʦʙʷʟʫʝʪ ʭʦʟʷʠʥʘ ʪʝʨʨʠʪʦʨʠʠ ʣʠʢʚʠʜʠʨʦʚʘʪʴ ʠʭ, ʝʩʣʠ 

ʧʨʝʜʧʠʩʘʥʠʝ ʥʝ ʚʳʧʦʣʥʝʥʦ, ʦʧʝʨʘʪʦʨ ʩʘʤ ʫʙʠʨʘʝʪ 

ʤʫʩʦʨ, ʥʦ ʭʦʟʷʠʥ ʪʝʨʨʠʪʦʨʠʠ ʢʦʤʧʝʥʩʠʨʫʝʪ ʟʘʪʨʘʪʳ. 

ɸʥʘʣʠʟ ʜʝʷʪʝʣʴʥʦʩʪʠ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʦʧʝʨʘʪʦʨʘ ʧʦ 

ʦʙʨʘʱʝʥʠʶ ʩ ʦʪʭʦʜʘʤʠ ɸʆ çʉɸɹ ʧʦ ʫʙʦʨʢʝ ʛ. 

ʂʫʨʩʢʘè ʚ ʦʙʣʘʩʪʠ ʣʠʢʚʠʜʘʮʠʠ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʭ 

ʩʚʘʣʦʢ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʜʥʦ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ 

ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʫʧʨʘʚʣʝʥʠʷ ʦʪʭʦʜʘʤʠ 

ʤʦʞʝʪ ʩʦʩʪʦʷʪʴ ʚ ʨʘʟʨʘʙʦʪʢʝ ʠ ʚʥʝʜʨʝʥʠʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ 

ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʣʠʢʚʠʜʘʮʠʠ ʩʪʠʭʠʡʥʳʭ 

ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʩʚʘʣʦʢ. 

ɺ ʨʘʤʢʘʭ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʩʠʩʪʝʤʳ ʜʦʣʞʥʘ ʙʳʪʴ 

ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʨʝʘʣʠʟʘʮʠʷ ʩʣʝʜʫʶʱʠʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ:  

ī ʦʧʝʨʘʪʠʚʥʳʡ ʢʦʥʪʨʦʣʴ ʦʙʨʘʟʦʚʘʥʠʷ ʥʘ 

ʛʦʨʦʜʩʢʦʡ ʪʝʨʨʠʪʦʨʠʠ ʩʪʠʭʠʡʥʳʭ 

ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʩʚʘʣʦʢ, ʦʮʝʥʢʘ ʠʭ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʧʘʩʥʦʩʪʠ; 

ī ʩʦʩʪʘʚʣʝʥʠʝ ʧʣʘʥʦʚ ʩʘʥʠʪʘʨʥʦʡ ʫʙʦʨʢʠ; 

ī ʨʘʩʯʝʪ ʬʠʥʘʥʩʦʚʳʭ ʟʘʪʨʘʪ ʠ ʦʮʝʥʢʘ 

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʫʱʝʨʙʘ. 

ɼʝʢʦʤʧʦʟʠʮʠʷ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ çɿʘʭʦʨʦʥʝʥʠʝ 

ʪʚʝʨʜʳʭ ʢʦʤʤʫʥʘʣʴʥʳʭ ʦʪʭʦʜʦʚ IV-V ʢʣʘʩʩʘ 

ʦʧʘʩʥʦʩʪʠè ʧʨʝʜʩʪʘʚʣʷʝʪ ʢʦʤʙʠʥʘʮʠʶ ʩʣʝʜʫʶʱʠʭ 

ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʚʪʦʨʦʛʦ ʫʨʦʚʥʷ ʜʝʢʦʤʧʦʟʠʮʠʠ: 

ʧʨʠʝʤ, ʧʦʜʛʦʪʦʚʢʘ, ʨʘʟʤʝʱʝʥʠʝ ʦʪʭʦʜʦʚ, ʦʙʨʘʱʝʥʠʝ ʩ 

ʚʳʙʨʦʩʘʤʠ ʚ ʘʪʤʦʩʬʝʨʫ ʠ ʩʪʦʯʥʳʤʠ ʚʦʜʘʤʠ, 

ʤʦʥʠʪʦʨʠʥʛ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʣʠʛʦʥʘ 

ʪʚʝʨʜʳʭ ʢʦʤʤʫʥʘʣʴʥʳʭ ʦʪʭʦʜʦʚ. 

ʕʢʩʧʣʫʘʪʠʨʫʝʤʳʡ ɸʆ çʉɸɹ ʧʦ ʫʙʦʨʢʝ ʛ. ʂʫʨʩʢʘè 

ʧʦʣʠʛʦʥ ʊʂʆ ʚʢʣʶʯʝʥ ʚ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʨʝʝʩʪʨ 

ʦʙʲʝʢʪʦʚ ʨʘʟʤʝʱʝʥʠʷ ʦʪʭʦʜʦʚ (ɻʈʆʈʆ) ʟʘ ˉ46-

00026-ɿ-00168. ɼʘʥʥʳʡ ʧʦʣʠʛʦʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʦʙʲʝʢʪ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʨʠʩʢʘ ʟʘʛʨʷʟʥʝʥʠʷ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɿʘʛʨʷʟʥʝʥʠʝ ʘʪʤʦʩʬʝʨʳ ʠ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʧʦʞʘʨʦʚ, ʟʘʛʨʷʟʥʝʥʠʝ ʧʦʯʚʳ, 
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ʧʦʜʟʝʤʥʳʭ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʦʯʚ ʬʠʣʴʪʨʘʪʦʤ ï ʚʩʝ 

ʵʪʦ ʚʣʝʯʝʪ ʫʭʫʜʰʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʟʜʦʨʦʚʴʷ ʥʘʩʝʣʝʥʠʷ ʠ 

ʛʠʙʝʣʴ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ. ʇʨʠ ʛʦʨʝʥʠʠ ʦʪʭʦʜʦʚ ʥʘ 

ʧʦʣʠʛʦʥʝ ʊʂʆ ʧʨʦʠʩʭʦʜʠʪ ʟʘʛʨʷʟʥʝʥʠʝ ʘʪʤʦʩʬʝʨʳ 

ʚʳʙʨʦʩʘʤʠ ʜʠʦʢʩʠʥʦʚ, ʭʣʦʨʠʩʪʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʜʨ. 

ʦʧʘʩʥʳʭ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʥʘʧʨʘʚʣʝʥʠʷ 

ʨʝʬʦʨʤʠʨʦʚʘʥʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ 

ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʦʧʝʨʘʪʦʨʘ, ʩʚʷʟʘʥʥʳʝ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩ 

ʤʦʥʠʪʦʨʠʥʛʦʤ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʣʠʛʦʥʘ 

ʪʚʝʨʜʳʭ ʢʦʤʤʫʥʘʣʴʥʳʭ ʦʪʭʦʜʦʚ. ʇʨʠ ʵʪʦʤ ʩʙʦʨ ʠ 

ʘʥʘʣʠʟ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʨʝʟʫʣʴʪʘʪʦʚ 

ʤʦʥʠʪʦʨʠʥʛʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ. ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʤʠʨʦʚʦʡ ʠ 

ʦʪʝʯʝʩʪʚʝʥʥʳʡ ʦʧʳʪ, ʜʣʷ ʧʨʠʥʷʪʠʷ ʦʙʦʩʥʦʚʘʥʥʳʭ 

ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʩʥʠʞʝʥʠʝ 

ʥʝʛʘʪʠʚʥʦʛʦ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʦʙʲʝʢʪʦʚ 

ʨʘʟʤʝʱʝʥʠʷ ʦʪʭʦʜʦʚ ʥʝʦʙʭʦʜʠʤʘ ʢʦʤʧʣʝʢʩʥʘʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʧʦʜʜʝʨʞʢʘ ʧʨʠʨʦʜʦʦʭʨʘʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʩʦʚʨʝʤʝʥʥʳʭ 

ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ʉ ʫʯʝʪʦʤ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʨʝʢʦʤʝʥʜʘʮʠʡ 

ʢʦʥʪʝʢʩʪʥʘʷ ʜʠʘʛʨʘʤʤʘ ʩʪʨʫʢʪʫʨʥʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʤʦʜʝʣʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ɸʆ çʉɸɹ ʧʦ ʫʙʦʨʢʝ ʛ. ʂʫʨʩʢʘè 

çʢʘʢ ʜʦʣʞʥʦ ʙʳʪʴè (TO-BE) ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 3. 

ʈʝʟʫʣʴʪʘʪ ʜʝʢʦʤʧʦʟʠʮʠʠ ʢʦʥʪʝʢʩʪʥʦʡ ʜʠʘʛʨʘʤʤʳ 

ʩʪʨʫʢʪʫʨʥʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʤʦʜʝʣʠ TO-BE 

ʜʝʷʪʝʣʴʥʦʩʪʠ ɸʆ çʉɸɹ ʧʦ ʫʙʦʨʢʝ ʛ. ʂʫʨʩʢʘè 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 4. 

ʈʝʟʫʣʴʪʘʪ ʜʝʢʦʤʧʦʟʠʮʠʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ 

çʆʢʘʟʘʥʠʝ ʫʩʣʫʛ ʧʦ ʩʙʦʨʫ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʶ ʠ 

ʨʘʟʤʝʱʝʥʠʶ (ʟʘʭʦʨʦʥʝʥʠʶ) ʪʚʝʨʜʳʭ ʢʦʤʤʫʥʘʣʴʥʳʭ ʠ 

ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ ʦʪʭʦʜʦʚè ʧʨʝʜʣʘʛʘʝʤʦʡ ʚ ʨʘʙʦʪʝ 

ʤʦʜʝʣʠ TO-BE ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 5. 

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʨʝʩʫʨʩʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ 

ʦʙʝʩʧʝʯʝʥʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʦʧʝʨʘʪʦʨʘ 

ʧʦ ʣʠʢʚʠʜʘʮʠʠ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʩʚʘʣʦʢ 

ʚʳʩʪʫʧʘʝʪ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ 

ʫʧʨʘʚʣʝʥʠʷ ʣʠʢʚʠʜʘʮʠʝʡ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʭ 

ʩʚʘʣʦʢ (ʀɸʉ ʋʃʅʉ). 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝ ʪʦʣʴʢʦ ʧʦʚʳʰʝʥʠʝ 

ʦʧʝʨʘʪʠʚʥʦʩʪʠ ʧʨʠʥʠʤʘʝʤʳʭ ʨʝʛʠʦʥʘʣʴʥʳʤ 

ʦʧʝʨʘʪʦʨʦʤ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʥʦ ʠ ʠʭ 

ʦʙʦʩʥʦʚʘʥʥʦʩʪʠ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʪʦʛʦ, ʯʪʦ 

ʀɸʉ ʋʃʅʉ ʨʘʟʨʘʙʦʪʘʥʘ ʚ ʚʠʜʝ ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ 

ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ web-ʩʝʨʚʠʩʘ, 

ʧʨʝʜʦʩʪʘʚʣʷʶʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ: 

ï ʦʧʝʨʘʪʠʚʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʫʯʝʪʘ ʩʪʠʭʠʡʥʳʭ 

ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʩʚʘʣʦʢ ʧʦʩʨʝʜʩʪʚʦʤ 

ʢʨʘʫʜʩʦʨʩʠʥʛʦʚʦʛʦ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ web-

ʧʨʠʣʦʞʝʥʠʷ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʝʛʦ ʧʦ ʘʜʨʝʩʫ 

www.dev.im46.ru [6-8]; 

ï ʦʮʝʥʢʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʠ ʩʦʮʠʘʣʴʥʦʡ ʦʧʘʩʥʦʩʪʠ 

ʦʙʥʘʨʫʞʝʥʥʳʭ ʩʚʘʣʦʢ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʚʪʦʨʩʢʦʛʦ 

ʤʝʪʦʜʘ [9]; 

ï ʧʦʩʪʨʦʝʥʠʷ ʤʘʨʰʨʫʪʘ ʣʠʢʚʠʜʘʮʠʠ ʩʚʘʣʦʢ ʧʦ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʤʫ ʘʚʪʦʨʘʤʠ ʘʣʛʦʨʠʪʤʫ ʥʘʭʦʞʜʝʥʠʷ 

ʢʨʘʪʯʘʡʰʝʛʦ ʧʫʪʠ ʤʝʞʜʫ ʚʝʨʰʠʥʘʤʠ ʛʨʘʬʘ ʥʘ ʦʩʥʦʚʝ 

ʮʠʢʣʘ ɻʘʤʠʣʴʪʦʥʘ [10]. 

ʉʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʣʠʢʚʠʜʘʮʠʝʡ 

ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʩʚʘʣʦʢ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 6. 

 
ʈʠʩ. 6 ʉʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʀɸʉ 

ʋʃʅʉ 

ʇʨʠʥʮʠʧʳ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʝʜʣʦʞʝʥʥʦʡ ʘʚʪʦʨʘʤʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʧʦʜʨʦʙʥʦ 

ʨʘʩʩʤʦʪʨʝʥʳ ʚ [11]. 

ɼʣʷ ʨʘʩʩʤʦʪʨʝʥʠʷ ʩʣʝʜʫʶʱʠʭ ʥʘʧʨʘʚʣʝʥʠʡ 

ʨʝʬʦʨʤʠʨʦʚʘʥʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ ʨʝʛʠʦʥʘʣʴʥʦʛʦ 

ʦʧʝʨʘʪʦʨʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʜʝʢʦʤʧʦʟʠʮʠʶ 

ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ ʚʪʦʨʦʛʦ ʫʨʦʚʥʷ çʄʦʥʠʪʦʨʠʥʛ 

ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʣʠʛʦʥʘ ʪʚʝʨʜʳʭ 

ʢʦʤʤʫʥʘʣʴʥʳʭ ʦʪʭʦʜʦʚè. ɼʝʢʦʤʧʦʟʠʮʠʷ ʜʘʥʥʦʛʦ 

ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ ʧʨʝʜʣʘʛʘʝʤʦʡ ʚ ʨʘʙʦʪʝ ʤʦʜʝʣʠ TO-

BE ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 7 ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʢʦʤʙʠʥʘʮʠʶ ʪʨʝʭ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʪʨʝʪʴʝʛʦ ʫʨʦʚʥʷ:  

ï ʦʮʝʥʢʘ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʪʝʭʥʦʠʥʜʠʢʘʮʠʠ;  

ï ʦʮʝʥʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʩʯʝʪʥʳʭ ʤʝʪʦʜʦʚ, 

ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ;  

ï ʦʮʝʥʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ 

ʙʠʦʠʥʜʠʢʘʮʠʠ. 

ʉʫʱʝʩʪʚʝʥʥʳʤ ʦʪʣʠʯʠʝʤ ʧʨʝʜʣʘʛʘʝʤʦʡ 

ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʤʦʜʝʣʠ TO-BE ʦʪ 

ʤʦʜʝʣʠ AS-IS ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʦʤʠʤʦ ʪʠʧʦʚʳʭ 

ʧʨʦʮʝʜʫʨ ʪʝʭʥʦʠʥʜʠʢʘʮʠʠ, ʧʦ ʩʫʪʠ ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ 

ʠʟ ʩʝʙʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʠ 

ʤʦʥʠʪʦʨʠʥʛ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʚ ʥʝʝ ʚʚʦʜʷʪʩʷ 

ʧʨʦʮʝʩʩʳ ʨʘʩʯʝʪʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ (ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

http://www.dev.im46.ru/
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ʵʤʠʩʩʠʠ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʨʠʩʢʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ 

ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ) ʠ ʙʠʦʠʥʜʠʢʘʮʠʠ ʥʘ ʦʩʥʦʚʝ 

ʦʮʝʥʢʠ ʨʠʩʢʘ ʟʜʦʨʦʚʴʶ ʥʘʩʝʣʝʥʠʷ, ʧʨʦʞʠʚʘʶʱʝʛʦ ʚ 

ʨʘʡʦʥʝ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʣʠʛʦʥʘ ʦʪʭʦʜʦʚ. 

ʀʥʪʝʛʨʘʮʠʦʥʥʦʡ ʦʩʥʦʚʦʡ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩʦʚ ʚʳʩʪʫʧʘʝʪ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ. 

ɿɸʂʃʖʏɽʅʀɽ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʩʪʨʫʢʪʫʨʥʦ-

ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʫʧʨʘʚʣʝʥʠʷ 

ʦʙʨʘʱʝʥʠʝʤ ʩ ʊʂʆ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʧʦʧʨʘʚʢʘʤʠ ʢ ʬʝʜʝʨʘʣʴʥʦʤʫ ʟʘʢʦʥʫ çʆʙ ʦʪʭʦʜʘʭ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʦʪʨʝʙʣʝʥʠʷè, ʚʩʪʫʧʠʚʰʠʤʠ ʚ ʩʠʣʫ ʚ 

2018 ʛʦʜʫ. ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʜʘʥʥʦʡ ʤʦʜʝʣʠ 

ʨʘʟʨʘʙʦʪʘʥʳ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʦʜʝʣʠ 

çʢʘʢ ʝʩʪʴè ʠ çʢʘʢ ʜʦʣʞʥʦ ʙʳʪʴè ʨʝʛʠʦʥʘʣʴʥʦʛʦ 

ʦʧʝʨʘʪʦʨʘ ʧʦ ʦʙʨʘʱʝʥʠʶ ʩ ʦʪʭʦʜʘʤʠ ʥʘ ʧʨʠʤʝʨʝ 

ʦʜʥʦʛʦ ʠʟ ʨʝʛʠʦʥʘʣʴʥʳʭ ʦʧʝʨʘʪʦʨʦʚ, 

ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʩʚʦʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʂʫʨʩʢʦʡ ʦʙʣʘʩʪʠ, ɸʆ çʉɸɹ ʧʦ ʫʙʦʨʢʝ ʛ. ʂʫʨʩʢʘè. ɺ 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʦʜʝʣʷʭ ʚʳʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ 

ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʦʧʝʨʘʪʦʨʘ, ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ, 

ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʥʠʤʠ, ʘ ʪʘʢʞʝ ʦʩʥʦʚʥʳʝ 

ʣʦʛʠʩʪʠʯʝʩʢʠʝ ʧʦʪʦʢʠ. ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʯʝʥʴ ʙʦʣʴʰʘʷ ʥʘʛʨʫʟʢʘ ʚ ʩʠʩʪʝʤʝ 

ʫʧʨʘʚʣʝʥʠʷ ʦʪʭʦʜʘʤʠ ʣʦʞʠʪʩʷ ʥʘ ʧʣʝʯʠ ʨʝʛʠʦʥʘʣʴʥʳʭ 

ʦʧʝʨʘʪʦʨʦʚ, ʧʦʩʢʦʣʴʢʫ ʚ ʠʭ ʦʙʷʟʘʥʥʦʩʪʠ ʚʭʦʜʠʪ 

ʢʦʦʨʜʠʥʘʮʠʷ ʚʩʝʭ ʚʳʜʝʣʝʥʥʳʭ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ, 

ʦʩʫʱʝʩʪʚʣʷʝʤʳʭ ʧʨʠ ʦʙʨʘʱʝʥʠʠ ʩ ʊʂʆ. ɺ 

ʜʘʣʴʥʝʡʰʝʤ ʥʝʦʙʭʦʜʠʤʦ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚʳʜʝʣʝʥʥʳʭ ʧʦʜʩʠʩʪʝʤ ʧʫʪʝʤ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʦʪʦʢʦʚʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʤʦʜʝʣʴ 

ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʦʧʝʨʘʪʦʨʘ ʧʦ ʦʙʨʘʱʝʥʠʶ ʩ ʊʂʆ 

ʧʦʟʚʦʣʠʣʘ ʚʳʷʚʠʪʴ ʥʘʧʨʘʚʣʝʥʠʷ ʨʝʬʦʨʤʠʨʦʚʘʥʠʷ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʦʧʝʨʘʪʦʨʘ, ʘ 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘʧʨʘʚʣʝʥʠʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʫʧʨʘʚʣʝʥʠʷ ʦʙʨʘʱʝʥʠʝʤ ʩ ʦʪʭʦʜʘʤʠ. 
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ʩʫʙʲʝʢʪʘ ʈʌ

ʉʪʘʪʦʪʯʝʪʥʦʩʪʴ

ʧʨʝʜʧʨʠʷʪʠʡ

ʧʦ ʬʦʨʤʝ 2-ʪʧ

ʅʦʨʤʳ ʥʘʢʦʧʣʝʥʠʷ ʊʂʆ,

ʠʥʬʦʨʤʘʠʷ ʦ ʊʉɾ,

ʯʘʩʪʥʳʭ ʜʦʤʦʚʣʘʜʝʥʠʡ

ʇʦʩʪʘʥʦʚʣʝʥʠʷ ʦ

ʣʠʢʚʠʜʘʮʠʠ

ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʭ

ʩʚʘʣʦʢ

ɿʘʢʦʥʳ, ʧʦʜʟʘʢʦʥʥʳʝ

ʘʢʪʳ, ʧʦʩʪʘʥʦʚʣʝʥʠʷ

ʧʨʘʚʠʪʝʣʴʩʪʚʘ

ʉʅʠʇʳ,

ɻʆʉʊʳ

ʉʦʪʨʫʜʥʠʢʠ ʨʝʛʠʦʥʘʣʴʥʦʛʦ

ʦʧʝʨʘʪʦʨʘ ʃʦʛʠʩʪʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʥʘ ʦʩʥʦʚʝ ɻʃʆʅɸʉʉ

10ʨ.

ʆʢʘʟʘʥʠʝ ʫʩʣʫʛ ʧʦ ʩʙʦʨʫ, 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʶ ʠ

 ʨʘʟʤʝʱʝʥʠʶ 

(ʟʘʭʦʨʦʥʝʥʠʶ) ʊʂʆ

20ʨ.

ɿʘʭʦʨʦʥʝʥʠʝ ʪʚʝʨʜʳʭ 

ʢʦʤʤʫʥʘʣʴʥʳʭ ʦʪʭʦʜʦʚ 

IV-V ʢʣʘʩʩʘ ʦʧʘʩʥʦʩʪʠ

30ʨ.

ʇʨʦʜʘʞʘ, ʩʜʘʯʘ ʚ 

ʘʨʝʥʜʫ ʢʦʥʪʝʡʥʝʨʦʚ ʜʣʷ 

ʊʂʆ
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A-0

ʊʘʨʠʬʳ ʥʘ ʦʢʘʟʘʥʠʝ ʫʩʣʫʛ ʧʦ ʩʙʦʨʫ,

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʠ ʨʘʟʤʝʱʝʥʠʶ

ʦʪʭʦʜʦʚ

ɼʦʛʦʚʦʨʳ ʦʙ ʦʢʘʟʘʥʠʠ ʫʩʣʫʛ

ʇʣʘʥʳ ʩʘʥʠʪʘʨʥʦʡ ʫʙʦʨʢʠ

ʆʪʯʝʪʥʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ

ɻʝʥʧʣʘʥ ʛʦʨʦʜʘ,

ʩʚʝʜʝʥʠʷ ʦ

ʜʦʨʦʞʥʦʡ

ʦʙʩʪʘʥʦʚʢʝ

ʉʪʘʪʦʪʯʝʪʥʦʩʪʴ

ʧʨʝʜʧʨʠʷʪʠʡ ʧʦ

ʬʦʨʤʝ 2-ʪʧ

ʇʦʩʪʘʥʦʚʣʝʥʠʷ ʦ

ʣʠʢʚʠʜʘʮʠʠ

ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʭ

ʩʚʘʣʦʢ

ʇʦʩʪʘʥʦʚʣʝʥʠʷ,

ʨʘʩʧʦʨʷʞʝʥʠʷ ʆɻɺ

ʩʫʙʲʝʢʪʘ ʈʌ

ɼʘʥʥʳʝ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʠ

ʩʘʥʠʪʘʨʥʦ-ʛʠʛʠʝʥʠʯʝʩʢʦʛʦ

ʤʦʥʠʪʦʨʠʥʛʘ

ʅʦʨʤʳ ʥʘʢʦʧʣʝʥʠʷ ʊʂʆ,

ʠʥʬʦʨʤʘʠʷ ʦ ʊʉɾ,

ʯʘʩʪʥʳʭ ʜʦʤʦʚʣʘʜʝʥʠʡ

ʈʝʛʠʦʥʘʣʴʥʘʷ

ʧʨʦʛʨʘʤʤʘ,

ʪʝʨʨʠʪʦʨʠʘʣʴʥʘʷ

ʩʭʝʤʘ ʧʦ

ʦʙʨʘʱʝʥʠʶ ʩ

ʪʚʝʨʜʳʤʠ

ʦʪʭʦʜʘʤʠ

ɿʘʢʦʥʳ,

ʧʦʜʟʘʢʦʥʥʳʝ

ʘʢʪʳ,

ʧʦʩʪʘʥʦʚʣʝʥʠʷ

ʧʨʘʚʠʪʝʣʴʩʪʚʘ

ʉʅʠʇʳ,

ɻʆʉʊʳ

ʉʦʪʨʫʜʥʠʢʠ ʨʝʛʠʦʥʘʣʴʥʦʛʦ

ʦʧʝʨʘʪʦʨʘ

ʃʦʛʠʩʪʠʯʝʩʢʘʷ

ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ

ʩʠʩʪʝʤʘ ʥʘ ʦʩʥʦʚʝ

ɻʃʆʅɸʉʉ

ɻʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʝ

ʪʝʭʥʦʣʦʛʠʠ

ɸʥʘʣʠʪʠʯʝʩʢʘʷ

ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ

ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ

ʣʠʢʚʠʜʘʮʠʝʡ

ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʭ

ʩʚʘʣʦʢ (ɸʀʉ ʋʃʅʉ)

00ʨ.

ɼʝʷʪʝʣʴʥʦʩʪʴ ɸʆ "ʉʧʝʮʘʚʪʦʙʘʟʘ 
ʧʦ ʫʙʦʨʢʝ ʛʦʨʦʜʘ ʂʫʨʩʢʘ"
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ʦʙʨʘʱʝʥʠʶ ʩ ʦʪʭʦʜʘʤʠ
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19.03.2015
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A-0

NODE: TITLE: NUMBER:ɼʝʷʪʝʣʴʥʦʩʪʴ ɸʆ "ʉʧʝʮʘʚʪʦʙʘʟʘ  ʧʦ ʫʙʦʨʢʝ ʛʦʨʦʜʘ ʂʫʨʩʢʘ"

A0

ʈʝʛʠʦʥʘʣʴʥʘʷ ʧʨʦʛʨʘʤʤʘ,

ʪʝʨʨʠʪʦʨʠʘʣʴʥʘʷ ʩʭʝʤʘ ʧʦ

ʦʙʨʘʱʝʥʠʶ ʩ ʪʚʝʨʜʳʤʠ

ʦʪʭʦʜʘʤʠ

ɼʦʛʦʚʦʨʳ ʦʙ ʦʢʘʟʘʥʠʠ

ʫʩʣʫʛ ʇʣʘʥʳ

ʩʘʥʠʪʘʨʥʦʡ

ʫʙʦʨʢʠ

ʆʪʯʝʪʥʘʷ

ʜʦʢʫʤʝʥʪʘʮʠʷ

ɻʝʥʧʣʘʥ ʛʦʨʦʜʘ,

ʩʚʝʜʝʥʠʷ ʦ

ʜʦʨʦʞʥʦʡ

ʦʙʩʪʘʥʦʚʢʝ

ɼʘʥʥʳʝ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʠ

ʩʘʥʠʪʘʨʥʦ-ʛʠʛʠʝʥʠʯʝʩʢʦʛʦ

ʤʦʥʠʪʦʨʠʥʛʘ

ʊʘʨʠʬʳ ʥʘ ʦʢʘʟʘʥʠʝ ʫʩʣʫʛ

ʧʦ ʩʙʦʨʫ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʠ

ʨʘʟʤʝʱʝʥʠʶ ʦʪʭʦʜʦʚ

ʇʦʩʪʘʥʦʚʣʝʥʠʷ,

ʨʘʩʧʦʨʷʞʝʥʠʷ ʆɻɺ

ʩʫʙʲʝʢʪʘ ʈʌ

ʉʪʘʪʦʪʯʝʪʥʦʩʪʴ

ʧʨʝʜʧʨʠʷʪʠʡ

ʧʦ ʬʦʨʤʝ 2-ʪʧ

ʅʦʨʤʳ ʥʘʢʦʧʣʝʥʠʷ ʊʂʆ,

ʠʥʬʦʨʤʘʠʷ ʦ ʊʉɾ,

ʯʘʩʪʥʳʭ ʜʦʤʦʚʣʘʜʝʥʠʡ

ʇʦʩʪʘʥʦʚʣʝʥʠʷ ʦ

ʣʠʢʚʠʜʘʮʠʠ

ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʭ

ʩʚʘʣʦʢ

ɿʘʢʦʥʳ, ʧʦʜʟʘʢʦʥʥʳʝ

ʘʢʪʳ, ʧʦʩʪʘʥʦʚʣʝʥʠʷ

ʧʨʘʚʠʪʝʣʴʩʪʚʘ

ʉʅʠʇʳ,

ɻʆʉʊʳ

ʉʦʪʨʫʜʥʠʢʠ ʨʝʛʠʦʥʘʣʴʥʦʛʦ

ʦʧʝʨʘʪʦʨʘ

ʃʦʛʠʩʪʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʥʘ ʦʩʥʦʚʝ ɻʃʆʅɸʉʉ

ɻʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʝ

ʪʝʭʥʦʣʦʛʠʠ

ɸʥʘʣʠʪʠʯʝʩʢʘʷ

ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ

ʫʧʨʘʚʣʝʥʠʷ ʣʠʢʚʠʜʘʮʠʝʡ

ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʭ

ʩʚʘʣʦʢ (ɸʀʉ ʋʃʅʉ)

10ʨ.

ʆʢʘʟʘʥʠʝ ʫʩʣʫʛ ʧʦ ʩʙʦʨʫ, 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʶ ʠ

 ʨʘʟʤʝʱʝʥʠʶ 

(ʟʘʭʦʨʦʥʝʥʠʶ) ʊʂʆ

20ʨ.

ɿʘʭʦʨʦʥʝʥʠʝ ʪʚʝʨʜʳʭ 

ʢʦʤʤʫʥʘʣʴʥʳʭ ʦʪʭʦʜʦʚ 

IV-V ʢʣʘʩʩʘ ʦʧʘʩʥʦʩʪʠ

30ʨ.

ʇʨʦʜʘʞʘ, ʩʜʘʯʘ ʚ 

ʘʨʝʥʜʫ ʢʦʥʪʝʡʥʝʨʦʚ ʜʣʷ 

ʊʂʆ
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A0

NODE: TITLE: NUMBER:ʆʢʘʟʘʥʠʝ ʫʩʣʫʛ ʧʦ ʩʙʦʨʫ,  ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʶ ʠ

ʨʘʟʤʝʱʝʥʠʶ  (ʟʘʭʦʨʦʥʝʥʠʶ) ʊʂʆA1

ʉʦʪʨʫʜʥʠʢʠ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʦʧʝʨʘʪʦʨʘ
ʃʦʛʠʩʪʠʯʝʩʢʘʷ

ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʥʘ

ʦʩʥʦʚʝ ɻʃʆʅɸʉʉ

ʇʦʩʪʘʥʦʚʣʝʥʠʷ,

ʨʘʩʧʦʨʷʞʝʥʠʷ ʆɻɺ ʩʫʙʲʝʢʪʘ

ʈʌ

ɿʘʢʦʥʳ, ʧʦʜʟʘʢʦʥʥʳʝ ʘʢʪʳ,

ʧʦʩʪʘʥʦʚʣʝʥʠʷ ʧʨʘʚʠʪʝʣʴʩʪʚʘ

ʉʅʠʇʳ,

ɻʆʉʊʳ

ɻʝʥʧʣʘʥ ʛʦʨʦʜʘ,

ʩʚʝʜʝʥʠʷ ʦ ʜʦʨʦʞʥʦʡ

ʦʙʩʪʘʥʦʚʢʝ

ʅʦʨʤʳ ʥʘʢʦʧʣʝʥʠʷ ʊʂʆ,

ʠʥʬʦʨʤʘʠʷ ʦ ʊʉɾ, ʯʘʩʪʥʳʭ

ʜʦʤʦʚʣʘʜʝʥʠʡ

ɼʦʛʦʚʦʨʳ ʦʙ ʦʢʘʟʘʥʠʠ

ʫʩʣʫʛ

ɼʘʥʥʳʝ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʠ

ʩʘʥʠʪʘʨʥʦ-ʛʠʛʠʝʥʠʯʝʩʢʦʛʦ

ʤʦʥʠʪʦʨʠʥʛʘ

ʇʣʘʥʳ

ʩʘʥʠʪʘʨʥʦʡ

ʫʙʦʨʢʠ
ʆʪʯʝʪʥʘʷ

ʜʦʢʫʤʝʥʪʘʮʠʷ

ʉʪʘʪʦʪʯʝʪʥʦʩʪʴ ʧʨʝʜʧʨʠʷʪʠʡ ʧʦ

ʬʦʨʤʝ 2-ʪʧ

ʊʘʨʠʬʳ ʥʘ ʦʢʘʟʘʥʠʝ ʫʩʣʫʛ ʧʦ ʩʙʦʨʫ,

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʠ ʨʘʟʤʝʱʝʥʠʶ

ʦʪʭʦʜʦʚ

ʇʦʩʪʘʥʦʚʣʝʥʠʷ ʦ ʣʠʢʚʠʜʘʮʠʠ

ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʩʚʘʣʦʢ

ɸʥʘʣʠʪʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ

ʫʧʨʘʚʣʝʥʠʷ ʣʠʢʚʠʜʘʮʠʝʡ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʭ

ʩʚʘʣʦʢ (ɸʀʉ ʋʃʅʉ)

ʈʝʛʠʦʥʘʣʴʥʘʷ ʧʨʦʛʨʘʤʤʘ, ʪʝʨʨʠʪʦʨʠʘʣʴʥʘʷ ʩʭʝʤʘ ʧʦ ʦʙʨʘʱʝʥʠʶ ʩ ʪʚʝʨʜʳʤʠ ʦʪʭʦʜʘʤʠ

10ʨ.

ʉʙʦʨ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ

ʠ ʨʘʟʤʝʱʝʥʠʝ ʦʪʭʦʜʦʚ
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DEVELOPMENT OF A STRUCTURAL AND FUNCTIONAL 
MODEL OF A REGIONAL OPERATOR FOR HANDLING SMW 

I.O. Kirilchuk, A.V. Iordanov a 
South-West state University, Kursk 

In connection with the entry into force of amendments to the Federal law "on production and consumption waste", the problem of 

creating a solid municipal waste management model that takes into account all changes made to the law becomes urgent. A large 

burden in the waste management system falls on regional operators, since their responsibilities include coordinating all the dedicated 

business processes that are carried out when handling MSW. Therefore, in order to take into account the regional specifics of the RF 

subjects, it seems appropriate to develop a separate structural and functional model of a regional operator for handling solid waste in 

each of the considered RF subjects, designed to improve information support for decision-making in the system for controlling 

pollution of the natural environment with solid municipal waste. This model allows you to identify areas of modernization of the 

regional operator. From the point of view of decision-making theory and system analysis, a regional solid waste management 

operator is a complex system that performs certain target functions. To ensure visibility of system management by presenting the 

entire chain of interrelated processes, a structural and functional model is being developed. To build this type of model, we use 

CASE-tools for structural analysis of business processes, among which the most common is the IDEF0 methodology. In accordance 

with the IDEF0 methodology, the process is presented as a functional block with appropriate inputs, outputs, necessary resources 

(mechanisms), and conditions. The all Fusion Pro-cess Modeler 7 software package is used in IDEF0 to develop a structural and 

functional model of the regional operator's activity in handling MSW notation. As a result, the authors developed structural and 

functional models "as is" and "as should be" of a regional waste management operator on the example of one of the regional 

operators operating in the Kursk region. The developed models highlight the main functions of the regional operator, business 

processes, relationships between them, and the main logistics flows. The developed structural and functional model of the regional 

operator for the management of MSW allowed to identify areas for reforming the activities of the regional operator, and 

consequently, areas for improving waste management. The work was carried out as part of a Grant from the President of the Russian 

Federation for state support of young Russian scientists MK-941.2019.5. 

Keywords: regional operator, solid municipal waste, structural and functional modeling. 
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ʄɽʊʆɼ ʂʆʅʊʈʆʃʗ ʀɿʄɽʅɽʅʀʗ ʊɽʇʃʆɺʆʁ ʕʅɽʈɻʀʀ ʇʈʀ 
ʊɽʈʄʆʉʊɸʊʀʈʆɺɸʅʀʀ ʄʆʊʆʈʅʓʍ ʄɸʉɽʃ 

ɹ.ʀ. ʂʦʚʘʣʴʩʢʠʡ, ɺ.ɻ. ʐʨʘʤ, ʖ.ʅ. ɹʝʟʙʦʨʦʜʦʚ, ɽ.ɻ. ʂʨʘʚʮʦʚʘ, ɺ.ʀ. ɺʝʨʝʱʘʛʠʥ, ɺ.ʀ. 

ɸʬʘʥʘʩʦʚ 
ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʀʥʩʪʠʪʫʪ ʥʝʬʪʠ ʠ ʛʘʟʘ, ʛ. ʂʨʘʩʥʦʷʨʩʢ 

 
ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʨʤʦʦʢʠʩʣʠʪʝʣʴʥʦʡ ʩʪʦʡʢʦʩʪʠ ʯʘʩʪʠʯʥʦ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʤʦʪʦʨʥʦʛʦ ʤʘʩʣʘ 

ʈʦʩʥʝʬʪʴ Maximum 10W-40 SL/CF ʧʨʠ ʪʨʝʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 180, 170 ʠ 160 Üʉ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʦʧʨʝʜʝʣʠʪʴ ʚʣʠʷʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʧʨʦʮʝʩʩʳ ʦʢʠʩʣʝʥʠʷ. ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʫʩʤʘʪʨʠʚʘʣʘ ʧʨʠʤʝʥʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʷ 

ʠ ʠʩʧʳʪʘʥʠʷ - ʧʨʠʙʦʨʘ ʜʣʷ ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʥʠʷ ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʧʨʷʤʦʛʦ 

ʬʦʪʦʤʝʪʨʠʨʦʚʘʥʠʷ ʦʢʠʩʣʝʥʥʳʭ ʤʘʩʝʣ ʠ ʵʣʝʢʪʨʦʥʥʳʭ ʚʝʩʦʚ. ʆʜʥʦʡ ʠʟ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ 

ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʦʢʠʩʣʝʥʠʷ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʧʨʦʜʫʢʪʦʚ ʨʘʟʣʠʯʥʦʡ ʵʥʝʨʛʦʝʤʢʦʩʪʠ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ, ʠ ʠʩʧʘʨʷʝʤʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʦʪʦʨʥʦʛʦ ʤʘʩʣʘ ʦʪ ʚʨʝʤʝʥʠ ʦʢʠʩʣʝʥʠʷ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩ 

ʧʦʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʩʢʦʨʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʦʢʠʩʣʝʥʠʷ ʠ ʠʩʧʘʨʝʥʠʷ ʫʤʝʥʴʰʘʝʪʩʷ. ʂʨʦʤʝ ʪʦʛʦ, ʩʫʱʝʩʪʚʫʝʪ ʚʨʝʤʝʥʥʘʷ 

ʦʙʣʘʩʪʴ, ʚ ʢʦʪʦʨʦʡ ʧʨʦʮʝʩʩʳ ʦʢʠʩʣʝʥʠʷ ʥʝ ʧʨʦʪʝʢʘʶʪ, ʪ. ʝ. ʩʫʱʝʩʪʚʫʝʪ ʧʝʨʠʦʜ ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʠ ʦʢʠʩʣʝʥʠʶ. ʇʨʝʜʣʦʞʝʥ 

ʤʝʪʦʜ ʢʦʥʪʨʦʣʷ ʤʝʭʘʥʠʟʤʘ ʦʢʠʩʣʝʥʠʷ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʦʮʝʥʢʝ ʧʨʠʨʘʱʝʥʠʷ ʩʢʦʨʦʩʪʠ ʦʢʠʩʣʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʡ ʦʧʨʝʜʝʣʠʪʴ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʧʳʪʘʥʠʷ ʠ ʫʩʪʘʥʦʚʠʪʴ ʥʘʣʠʯʠʝ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʧʣʦʚʦʡ 

ʵʥʝʨʛʠʠ ʤʝʞʜʫ ʧʨʦʜʫʢʪʘʤʠ ʦʢʠʩʣʝʥʠʷ ʠ ʠʩʧʘʨʝʥʠʷ. ʋʩʪʘʥʦʚʣʝʥʦ ʜʚʘ ʚʠʜʘ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ ʨʘʟʣʠʯʥʦʡ ʵʥʝʨʛʦʝʤʢʦʩʪʠ, 

ʚʳʟʳʚʘʶʱʠʭ ʠʟʤʝʥʝʥʠʝ ʪʝʨʤʦʦʢʠʩʣʠʪʝʣʴʥʦʡ ʩʪʦʡʢʦʩʪʠ ʩʤʘʟʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠʨʘʱʝʥʠʷ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ, ʠʩʧʘʨʷʝʤʦʩʪʠ ʠ ʧʦʢʘʟʘʪʝʣʷ 

ʪʝʨʤʦʦʢʠʩʣʠʪʝʣʴʥʦʡ ʩʪʦʡʢʦʩʪʠ ʚ ʧʨʦʮʝʩʩʝ ʦʢʠʩʣʝʥʠʷ ʩʤʘʟʦʯʥʳʭ ʤʘʩʝʣ, ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʧʣʦʚʦʡ 

ʵʥʝʨʛʠʠ ʤʝʞʜʫ ʧʨʦʜʫʢʪʘʤʠ ʦʢʠʩʣʝʥʠʷ ʠ ʠʩʧʘʨʝʥʠʷ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʠʪʴ ʚʨʝʤʷ ʥʘʯʘʣʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʠʭ ʠʥʪʝʥʩʠʚʥʦʩʪʴ, 

ʚʝʣʠʯʠʥʫ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʠ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʧʳʪʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ, ʪʝʨʤʦʦʢʠʩʣʠʪʝʣʴʥʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ, ʧʨʠʨʘʱʝʥʠʝ ʩʢʦʨʦʩʪʠ ʦʢʠʩʣʝʥʠʷ, 
ʠʩʧʘʨʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʨʝʩʫʨʩ. 

ɺɺɽɼɽʅʀɽ 

ɸʥʘʣʠʟ ʨʘʙʦʪ [1-5] ʧʦʢʘʟʘʣ, ʯʪʦ ʤʝʭʘʥʠʟʤ 

ʦʢʠʩʣʝʥʠʷ ʩʤʘʟʦʯʥʳʭ ʤʘʩʝʣ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʧʦʛʣʦʱʝʥʠʝʤ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʦʙʨʘʟʫʝʪʩʷ ʜʚʘ ʚʠʜʘ ʧʨʦʜʫʢʪʦʚ ʨʘʟʣʠʯʥʦʡ 

ʵʥʝʨʛʦʝʤʢʦʩʪʠ, ʧʨʠʯʝʤ ʧʝʨʚʠʯʥʳʝ ʧʨʦʜʫʢʪʳ 

ʷʚʣʷʶʪʩʷ ʠʩʭʦʜʥʳʤ ʧʨʦʜʫʢʪʦʤ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ 

ʚʪʦʨʠʯʥʳʭ, ʢʦʪʦʨʳʝ ʚ ʧʨʦʮʝʩʩʝ ʜʘʣʴʥʝʡʰʝʛʦ 

ʜʦʦʢʠʩʣʝʥʠʷ ʧʝʨʝʭʦʜʷʪ ʚ ʪʚʝʨʜʳʝ ʧʨʦʜʫʢʪʳ [6-14]. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʦʢʠʩʣʝʥʠʷ 

ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʧʨʦʜʫʢʪʦʚ ʨʘʟʣʠʯʥʦʡ ʵʥʝʨʛʦʝʤʢʦʩʪʠ. 

ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʫʩʤʘʪʨʠʚʘʣʘ 

ʧʨʠʤʝʥʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʷ ʠ 

ʠʩʧʳʪʘʥʠʷ - ʧʨʠʙʦʨʘ ʜʣʷ ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʥʠʷ 

ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʜʣʷ ʧʨʷʤʦʛʦ ʬʦʪʦʤʝʪʨʠʨʦʚʘʥʠʷ ʦʢʠʩʣʝʥʥʳʭ ʤʘʩʝʣ ʠ 

ʵʣʝʢʪʨʦʥʥʳʭ ʚʝʩʦʚ. 

ʀʩʧʳʪʘʥʠʷ ʤʦʪʦʨʥʦʛʦ ʤʘʩʣʘ ʈʦʩʥʝʬʪʴ Maximum 

10W-40 SL/CF ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʧʨʠ ʪʨʝʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

180, 170 ʠ 160 Üʉ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʦʧʨʝʜʝʣʠʪʴ ʚʣʠʷʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʧʨʦʮʝʩʩʳ ʦʢʠʩʣʝʥʠʷ. 

ʆʉʅʆɺʅɸʗ ʏɸʉʊʔ 

ʊʝʭʥʦʣʦʛʠʷ ʠʩʧʳʪʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: 

ʧʨʦʙʘ ʤʘʩʣʘ ʤʘʩʩʦʡ 100 ʛ. ɿʘʣʠʚʘʝʪʩʷ ʚ ʩʪʝʢʣʷʥʥʳʡ 

ʩʪʘʢʘʥ ʧʨʠʙʦʨʘ ʜʣʷ ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʥʠʷ ʠ 

ʠʩʧʳʪʳʚʘʣʠʩʴ ʚ ʪʝʯʝʥʠʠ 8-ʤʠ ʯʘʩʦʚ ʩ 

ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʩʪʝʢʣʷʥʥʦʡ ʤʝʰʘʣʢʦʡ ʩ ʯʘʩʪʦʪʦʡ 

ʚʨʘʱʝʥʠʷ 300 ʦʙ/ʤʠʥ. ʇʦʩʣʝ ʢʘʞʜʳʭ 8-ʤʠ ʯʘʩʦʚ 

ʠʩʧʳʪʘʥʠʷ ʧʨʦʙʘ ʦʢʠʩʣʝʥʥʦʛʦ ʤʘʩʣʘ ʚʟʚʝʰʠʚʘʣʘʩʴ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʩʩʳ ʠʩʧʘʨʠʚʰʝʛʦʩʷ ʤʘʩʣʘ, 

ʦʪʙʠʨʘʣʘʩʴ ʯʘʩʪʴ ʧʨʦʙʳ (2 ʛ) ʜʣʷ ʧʨʷʤʦʛʦ 

ʬʦʪʦʤʝʪʨʠʨʦʚʘʥʠʷ ʧʨʠ ʪʦʣʱʠʥʝ ʬʦʪʦʤʝʪʨʠʨʫʝʤʦʛʦ 

ʩʣʦʷ 2 ʤʤ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ D 

ʦ

D
j

j
=                                                     (1) 

ʛʜʝ ű ʠ ű0 - ʩʚʝʪʦʚʦʡ ʧʦʪʦʢ ʧʘʜʘʶʱʠʡ ʥʘ ʩʣʦʡ ʤʘʩʣʘ ʠ 

ʧʨʦʰʝʜʰʠʡ ʯʝʨʝʟ ʩʣʦʡ ʦʢʠʩʣʝʥʥʦʛʦ ʤʘʩʣʘ. 

ʆʪʦʙʨʘʥʥʘʷ ʧʨʦʙʘ ʩʣʠʚʘʣʘʩʴ ʚ ʩʪʝʢʣʷʥʥʳʡ ʩʪʘʢʘʥ, 

ʢʦʪʦʨʳʡ ʧʦʚʪʦʨʥʦ ʚʟʚʝʰʠʚʘʣʩʷ. ʀʩʧʳʪʘʥʠʷ 

ʧʨʦʜʦʣʞʘʣʠʩʴ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ 

ʦʢʠʩʣʝʥʥʦʛʦ ʤʘʩʣʘ ʚʝʣʠʯʠʥʳ 0,7 - 0,8. 

ʇʦʩʢʦʣʴʢʫ ʚ ʧʨʦʮʝʩʩʝ ʦʢʠʩʣʝʥʠʷ ʠʟʤʝʥʷʝʪʩʷ 

ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ D ʠ ʠʩʧʘʨʷʝʤʦʩʪʴ G 

(ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʘʨʷʝʤʦʩʪʠ KG), ʧʨʝʜʣʦʞʝʥ 

ʧʦʢʘʟʘʪʝʣʴ ʪʝʨʤʦʦʢʠʩʣʠʪʝʣʴʥʦʡ ʩʪʦʡʢʦʩʪʠ ʇʪʦʩ, 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʩʫʤʤʦʡ  

ʊʆʉ Gʇ D ʂ= +                                              (2) 

G

m
K

M
=                                                       (3) 

ʛʜʝ m ʠ M - ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʤʘʩʩʘ ʠʩʧʘʨʠʚʰʝʛʦʩʷ 

ʤʘʩʣʘ ʟʘ ʚʨʝʤʷ t, ʠ  ʤʘʩʩʘ ʤʘʩʣʘ ʧʦʩʣʝ ʠʩʧʳʪʘʥʠʡ ʟʘ 

ʚʨʝʤʷ t. 



 ʖɾʅʆ-ʉʀɹʀʈʉʂʀʁ ʅɸʋʏʅʓʁ ɺɽʉʊʅʀʂ 

 

29 ˉ 2 (30) Åʘʧʨʝʣʴ 2020  

ʅʘ ʨʠʩ. 1 ʘ ʠ ʙ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʠ ʠʩʧʘʨʷʝʤʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʤʦʪʦʨʥʦʛʦ ʤʘʩʣʘ ʦʪ ʚʨʝʤʝʥʠ ʦʢʠʩʣʝʥʠʷ. ʋʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʩ ʧʦʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʩʢʦʨʦʩʪʴ ʧʨʦʮʝʩʩʦʚ 

ʦʢʠʩʣʝʥʠʷ ʠ ʠʩʧʘʨʝʥʠʷ ʫʤʝʥʴʰʘʝʪʩʷ. ʂʨʦʤʝ ʪʦʛʦ, 

ʩʫʱʝʩʪʚʫʝʪ ʚʨʝʤʝʥʥʘʷ ʦʙʣʘʩʪʴ, ʚ ʢʦʪʦʨʦʡ ʧʨʦʮʝʩʩʳ 

ʦʢʠʩʣʝʥʠʷ (ʨʠʩ. 1 ʘ) ʥʝ ʧʨʦʪʝʢʘʶʪ, ʪ. ʝ. ʩʫʱʝʩʪʚʫʝʪ 

ʧʝʨʠʦʜ ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʠ ʦʢʠʩʣʝʥʠʶ.  

 

 
1 - 180 Üʉ; 2 - 170 Üʉ; 3 - 160 Üʉ  

ʈʠʩ. 1 ɿʘʚʠʩʠʤʦʩʪʠ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ (ʘ) ʠ 

ʠʩʧʘʨʷʝʤʦʩʪʠ (ŭ): ʦʪ ʚʨʝʤʝʥʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʠʩʣʝʥʠʷ 

ʯʘʩʪʠʯʥʦ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʤʦʪʦʨʥʦʛʦ ʤʘʩʣʘ ʈʦʩʥʝʬʪʴ Maximum 

10W-40 SL/CF 

 

ɸʥʘʣʠʟ ʟʘʚʠʩʠʤʦʩʪʝʡ D=f(t,T) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʥʠ 

ʠʤʝʶʪ ʪʨʠ ʭʘʨʘʢʪʝʨʥʳʭ ʫʯʘʩʪʢʘ, ʦʪʣʠʯʘʶʱʠʭʩʷ 

ʩʢʦʨʦʩʪʴʶ ʦʢʠʩʣʝʥʠʷ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʠʩʧʳʪʘʥʠʷ, ʦʜʥʘʢʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʫʯʘʩʪʢʦʚ 

ʤʝʜʣʝʥʥʦʛʦ ʦʢʠʩʣʝʥʠʷ, ʫʩʢʦʨʝʥʥʦʛʦ ʠ 

ʟʘʤʝʜʣʷʶʱʝʛʦʩʷ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʧʳʪʘʥʠʡ. 

ʊʘʢ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʥʘʯʘʣʴʥʦʛʦ ʫʯʘʩʪʢʘ ʜʣʷ 

ʪʝʤʧʝʨʘʪʫʨʳ 180 Üʉ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 8 ʜʦ 16 ʯʘʩʦʚ, 

ʫʩʢʦʨʝʥʥʳʡ ʫʯʘʩʪʦʢ ʧʨʦʮʝʩʩʘ ʦʢʠʩʣʝʥʠʷ ʥʘʩʪʫʧʘʝʪ ʦʪ 

16 ʜʦ 32 ʯʘʩʦʚ, ʘ ʫʯʘʩʪʦʢ ʟʘʤʝʜʣʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʦʢʠʩʣʝʥʠʷ ʥʘʯʠʥʘʝʪʩʷ ʦʪ 32 ʜʦ 40 ʯʘʩʦʚ. ʆʜʥʘʢʦ ʜʣʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʧʳʪʘʥʠʷ 160 Üʉ (ʢʨʠʚʘʷ 3) 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʝʨʚʦʛʦ ʫʯʘʩʪʢʘ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ 

ʚʨʝʤʝʥʝʤ 48 ʯʘʩʦʚ, ʚʪʦʨʦʛʦ  - 96 ʯʘʩʘʤʠ, ʘ ʪʨʝʪʴʝʛʦ - 

128 ʯʘʩʘʤʠ. 

ɸʥʘʣʠʟ ʟʘʚʠʩʠʤʦʩʪʝʡ G=f(t,T) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʩʢʦʨʦʩʪʴ ʠʩʧʘʨʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʠʩʧʳʪʘʥʠʷ, ʦʜʥʘʢʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 180 Üʉ ʦʥʘ ʚ 

ʥʘʯʘʣʝ ʠʩʧʳʪʘʥʠʷ ʩʪʨʝʤʠʪʩʷ ʢ ʫʤʝʥʴʰʝʥʠʶ (ʚʨʝʤʷ ʜʦ 

24 ʯ), ʘ ʟʘʪʝʤ ʢ ʫʚʝʣʠʯʝʥʠʶ. ɼʣʷ ʪʝʤʧʝʨʘʪʫʨ 170 ʠ 160 

Üʉ ʠʩʧʘʨʷʝʤʦʩʪʴ ʫʤʝʥʴʰʘʝʪʩʷ ʤʦʥʦʪʦʥʥʦ. ʇʦʵʪʦʤʫ 

ʜʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʧʘʨʝʥʠʷ ʥʘ 

ʧʨʦʮʝʩʩʳ ʦʢʠʩʣʝʥʠʷ ʠ ʠʩʧʘʨʝʥʠʷ ʧʨʝʜʣʦʞʝʥ 

ʧʦʢʘʟʘʪʝʣʴ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʨʝʩʫʨʩʘ (ʨʠʩ. 2), 

ʦʧʨʝʜʝʣʷʝʤʳʡ ʚʨʝʤʝʥʝʤ ʜʦʩʪʠʞʝʥʠʷ ʟʥʘʯʝʥʠʷ 

ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʠʣʠ ʠʩʧʘʨʷʝʤʦʩʪʠ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ. ʊʘʢ, ʩ ʧʦʥʠʞʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʧʳʪʘʥʠʷ ʦʪ 180 ʜʦ 170  Üʉ 

ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʨʝʩʫʨʩ ʧʦ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʠ 

ʠʩʧʘʨʷʝʤʦʩʪʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 1,52 ʨʘʟʘ, ʘ, ʩ 

ʧʦʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʧʳʪʘʥʠʷ ʦʪ 170  ʜʦ 160 

Üʉ ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʨʝʩʫʨʩ ʧʦ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 2,2 ʨʘʟʘ, ʘ ʧʦ ʠʩʧʘʨʷʝʤʦʩʪʠ  ʚ 1,74 

ʨʘʟʘ. 

 
ʈʠʩ. 2 ɿʘʚʠʩʠʤʦʩʪʠ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʨʝʩʫʨʩʘ ʧʦ 

ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ (D=0,6) (a) ʠ ʠʩʧʘʨʷʝʤʦʩʪʠ(G=6 ʛ) (ʙ) ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʠʩʣʝʥʠʷ ʯʘʩʪʠʯʥʦ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʤʦʪʦʨʥʦʛʦ 

ʤʘʩʣʘ ʈʦʩʥʝʬʪʴ Maximum 10W-40 SL/CF 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʫʝʤʦʝ ʤʘʩʣʦ ʤʦʞʝʪ 

ʧʨʠʤʝʥʷʪʩʷ ʚ ʜʚʠʛʘʪʝʣʷʭ, ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʫʩʣʦʚʠʷ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʦʪʦʨʦʛʦ ʜʦʣʞʥʳ ʙʳʪʴ ʥʠʞʝ 170 Üʉ. 

ʇʨʠ ʠʩʧʳʪʘʥʠʠ ʤʦʪʦʨʥʦʛʦ ʤʘʩʣʘ ʧʨʦʮʝʩʩʳ 

ʦʢʠʩʣʝʥʠʷ ʠ ʠʩʧʘʨʝʥʠʷ ʧʨʦʪʝʢʘʶʪ ʦʜʥʦʚʨʝʤʝʥʥʦ, 

ʧʦʵʪʦʤʫ ʦʥʠ ʦʧʨʝʜʝʣʷʶʪ ʪʝʨʤʦʦʢʠʩʣʠʪʝʣʴʥʫʶ 

ʩʪʦʡʢʦʩʪʴ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʶ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʚʦʡ 

ʵʥʝʨʛʠʠ ʧʦʛʣʦʱʝʥʥʦʡ ʤʘʩʣʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʡ 

ʦʙʨʘʟʫʶʪʩʷ ʧʨʦʜʫʢʪʳ ʦʢʠʩʣʝʥʠʷ ʠ ʠʩʧʘʨʝʥʠʷ (ʨʠʩ. 3). 

ɽʩʣʠ ʫʯʝʩʪʴ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʦʢʠʩʣʝʥʠʷ ʠ 

ʠʩʧʘʨʝʥʠʷ ʥʝʧʦʩʪʦʷʥʥʘ, ʪʦ ʤʝʭʘʥʠʟʤ ʦʢʠʩʣʝʥʠʷ 

ʜʦʣʞʝʥ ʦʙʲʝʩʪʴʩʷ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʧʨʦʜʫʢʪʦʚ 

ʦʢʠʩʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʜʝʩʪʨʫʢʮʠʠ. ɺ ʵʪʦʡ ʩʚʷʟʠ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʩʣʝʜʦʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʧʨʠʨʘʱʝʥʠʡ 

ʩʢʦʨʦʩʪʝʡ ʠʟʤʝʥʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ, 

ʠʩʧʘʨʷʝʤʦʩʪʠ ʠ ʧʦʢʘʟʘʪʝʣʷ ʪʝʨʤʦʦʢʠʩʣʠʪʝʣʴʥʦʡ 

ʩʪʦʡʢʦʩʪʠ. 

ʅʘ ʨʠʩ. 4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʠʨʘʱʝʥʠʷ 

ʩʢʦʨʦʩʪʠ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʠʩʣʝʥʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʘʩʣʘ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 180 Üʉ ʚ ʧʝʨʠʦʜ 

ʚʨʝʤʝʥʠ ʜʦ 32 ʯʘʩʦʚ ʟʘʚʠʩʠʤʦʩʪʴ ʦʧʠʩʳʚʘʝʪʩʷ 

ʧʦʣʠʥʦʤʦʤ ʚʪʦʨʦʡ ʩʪʝʧʝʥʠ, ʘ ʚ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ 

ʦʪ 32 ʜʦ 40 ʯʘʩʦʚ ʩʢʦʨʦʩʪʴ ʧʨʠʨʘʱʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ 

ʧʣʦʪʥʦʩʪʠ ʨʝʟʢʦ ʫʤʝʥʴʰʘʝʪʩʷ. ʇʦʩʢʦʣʴʢʫ ʧʨʠ 

ʦʢʠʩʣʝʥʠʠ ʦʙʨʘʟʫʶʪʩʷ ʜʚʘ ʚʠʜʘ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ 

ʨʘʟʣʠʯʥʦʡ ʵʥʝʨʛʦʝʤʢʦʩʪʠ, ʪʦ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, 

ʯʪʦ ʟʘ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʜʦ 32 ʯʘʩʦʚ ʦʜʥʦʚʨʝʤʝʥʥʦ 



ʖɾʅʆ-ʉʀɹʀʈʉʂʀʁ ʅɸʋʏʅʓʁ ɺɽʉʊʅʀʂ 

 ˉ 2 (30) Åʘʧʨʝʣʴ 2020 30 

ʦʙʨʘʟʫʝʪʩʷ ʢʘʢ ʧʝʨʚʠʯʥʳʝ ʧʨʦʜʫʢʪʳ, ʢʦʪʦʨʳʝ ʩʨʘʟʫ 

ʧʝʨʝʭʦʜʷʪ ʚʦ ʚʪʦʨʠʯʥʳʝ ʙʦʣʝʝ ʵʥʝʨʛʦʝʤʢʠʝ. 

 
1 - 180 Üʉ; 2 - 170 Üʉ; 3 - 160 Üʉ  

ʈʠʩ. 3 ɿʘʚʠʩʠʤʦʩʪʠ ʧʦʢʘʟʘʪʝʣʷ ʪʝʨʤʦʦʢʠʩʣʠʪʝʣʴʥʦʡ 

ʩʪʦʡʢʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʧʳʪʘʥʠʷ ʯʘʩʪʠʯʥʦ 

ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʤʦʪʦʨʥʦʛʦ ʤʘʩʣʘ ʈʦʩʥʝʬʪʴ Maximum 10W-40 

SL/CF 

 

ɺ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʦʪ 32 ʜʦ 40 ʯʘʩʦʚ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʧʝʨʚʠʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʨʝʟʢʦ ʫʤʝʥʴʰʘʝʪʩʷ, ʚʳʟʳʚʘʷ 

ʫʤʝʥʴʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʚʪʦʨʠʯʥʳʭ 

ʧʨʦʜʫʢʪʦʚ, ʢʦʪʦʨʳʝ ʚ ʵʪʦʪ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ 

ʜʦʦʢʠʩʣʷʶʪʩʷ ʠ ʫʚʝʣʠʯʠʚʘʶʪ ʦʧʪʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ 

(ʩʤ. ʨʠʩ. 1 ʘ). 

 
1 - 180 Üʉ; 2 - 170 Üʉ; 3 - 160 Üʉ  

ʈʠʩ. 4. ɿʘʚʠʩʠʤʦʩʪʠ ʧʨʠʨʘʱʝʥʠʷ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ 

ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʠʩʣʝʥʠʷ 

ʯʘʩʪʠʯʥʦ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʤʦʪʦʨʥʦʛʦ ʤʘʩʣʘ ʈʦʩʥʝʬʪʴ Maximum 

10W-40 SL/CF 

 

ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 170 Üʉ ʢʨʠʚʘʷ 2 ʟʘ ʧʝʨʠʦʜ 

ʚʨʝʤʝʥʠ ʜʦ 32 ʯʘʩʦʚ ʧʨʠʨʘʱʝʥʠʷ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ 

ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʝʨʚʠʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ, ʥʦ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʠʩʧʳʪʘʥʠʷ ʧʝʨʚʠʯʥʳʝ 

ʧʨʦʜʫʢʪʳ ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚʦ ʚʪʦʨʠʯʥʳʝ, ʧʨʠ ʵʪʦʤ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʝʨʚʠʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʫʤʝʥʴʰʘʝʪʩʷ, ʘ 

ʚʪʦʨʠʯʥʳʭ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʧʨʠʯʝʤ ʩ ʫʤʝʥʴʰʝʥʠʝʤ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʝʨʚʠʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ, 

ʧʨʠʨʘʱʝʥʠʝ ʩʢʦʨʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʚʪʦʨʠʯʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʫʤʝʥʴʰʘʝʪʩʷ, ʧʨʠ ʵʪʦʤ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ 

ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʟʘʤʝʜʣʷʝʪʩʷ (ʩʤ. ʨʠʩ. 1 ʘ). 

ɸʥʘʣʦʛʠʯʥʘʷ ʢʘʨʪʠʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʠʩʧʳʪʘʥʠʠ 

ʤʘʩʣʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 160Üʉ (ʢʨʠʚʘʷ 3), ʦʜʥʘʢʦ 

ʧʨʦʮʝʩʩʳ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʤʝʞʜʫ 

ʧʨʦʜʫʢʪʘʤʠ ʦʢʠʩʣʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʟʘʤʝʜʣʷʶʪʩʷ. 

ʅʘ ʨʠʩ. 5 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ 

ʧʨʠʨʘʱʝʥʠʷ ʩʢʦʨʦʩʪʠ ʠʩʧʘʨʝʥʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʘʩʣʘ 

ʦʪ ʚʨʝʤʝʥʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʧʳʪʘʥʠʷ. ʊʘʢ, ʜʣʷ 

ʪʝʤʧʝʨʘʪʫʨʳ 180 Üʉ (ʢʨʠʚʘʷ 1) ʚ ʥʘʯʘʣʝ 

ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʥʠʷ ʤʘʩʣʘ ʫʩʪʘʥʦʚʣʝʥʦ ʨʝʟʢʦʝ 

ʫʤʝʥʴʰʝʥʠʝ ʧʨʠʨʘʱʝʥʠʷ ʩʢʦʨʦʩʪʠ ʠʩʧʘʨʝʥʠʷ, ʯʪʦ 

ʤʦʞʝʪ ʦʙʲʷʩʥʷʪʩʷ ʥʘʣʠʯʠʝʤ ʚ ʪʦʚʘʨʥʦʤ ʤʘʩʣʝ ʣʝʛʢʠʭ 

ʬʨʘʢʮʠʡ. ɺ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʦʪ 16 ʜʦ 32 ʯʘʩʦʚ 

ʫʩʪʘʥʦʚʣʝʥʘ ʩʪʘʙʠʣʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʠʩʧʘʨʝʥʠʷ, ʘ 

ʜʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʠʩʧʳʪʘʥʠʷ ʧʨʠʚʦʜʠʪ 

ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʨʠʨʘʱʝʥʠʷ ʩʢʦʨʦʩʪʠ ʠʩʧʘʨʝʥʠʷ, ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴʶ G=f(t,T) (ʩʤ. ʨʠʩ. 1 ʙ). 

 
1 - 180 Üʉ; 2 - 170 Üʉ; 3 - 160 Üʉ  

ʈʠʩ. 5. ɿʘʚʠʩʠʤʦʩʪʠ ʧʨʠʨʘʱʝʥʠʷ ʩʢʦʨʦʩʪʠ ʠʩʧʘʨʝʥʠʷ ʦʪ 

ʚʨʝʤʝʥʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʠʩʣʝʥʠʷ ʯʘʩʪʠʯʥʦ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ 

ʤʦʪʦʨʥʦʛʦ ʤʘʩʣʘ ʈʦʩʥʝʬʪʴ Maximum 10W-40 SL/CF 

 

ɼʣʷ ʪʝʤʧʝʨʘʪʫʨ 170 ʠ 160 Üʉ ʫʩʪʘʥʦʚʣʝʥʦ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʝʙʘʥʠʝ ʧʨʠʨʘʱʝʥʠʝ ʩʢʦʨʦʩʪʠ 

ʠʩʧʘʨʝʥʠʷ. 

ʅʘ ʨʠʩ. 6 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ 

ʧʨʠʨʘʱʝʥʠʷ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ 

ʪʝʨʤʦʦʢʠʩʣʠʪʝʣʴʥʦʡ ʩʪʦʡʢʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʧʳʪʘʥʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʘʩʣʘ, ʢʦʪʦʨʳʝ 

ʫʯʠʪʳʚʘʶʪ ʩʦʚʤʝʩʪʥʦ ʧʨʦʮʝʩʩʳ ʦʢʠʩʣʝʥʠʷ ʠ 

ʠʩʧʘʨʝʥʠʷ. ʉʨʘʚʥʠʚʘʷ ʜʘʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩ ʜʘʥʥʳʤʠ 

(ʨʠʩ. 4) ʫʩʪʘʥʦʚʣʝʥʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʨʘʩʭʦʞʜʝʥʠʝ, 

ʧʦʵʪʦʤʫ ʤʝʭʘʥʠʟʤ ʦʢʠʩʣʝʥʠʷ ʙʫʜʝʪ ʘʥʘʣʦʛʠʯʝʥ 

ʦʧʠʩʘʥʥʦʤʫ ʚʳʰʝ. 

 

 
1 - 180 Üʉ; 2 - 170 Üʉ; 3 - 160 Üʉ  

ʈʠʩ. 6. ɿʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʧʨʠʨʘʱʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ 

ʪʝʨʤʦʦʢʠʩʣʠʪʝʣʴʥʦʡ ʩʪʦʡʢʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʦʢʠʩʣʝʥʠʷ ʯʘʩʪʠʯʥʦ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʤʦʪʦʨʥʦʛʦ ʤʘʩʣʘ ʈʦʩʥʝʬʪʴ 

Maximum 10W-40 SL/CF 

 

ʅʘ ʨʠʩ. 7 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʠʨʘʱʝʥʠʷ 

ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʪʝʨʤʦʦʢʩʣʠʪʝʣʴʥʦʡ 

ʩʪʦʡʢʦʩʪʠ ʦʪ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ 



 ʖɾʅʆ-ʉʀɹʀʈʉʂʀʁ ʅɸʋʏʅʓʁ ɺɽʉʊʅʀʂ 

 

31 ˉ 2 (30) Åʘʧʨʝʣʴ 2020  

ʠʩʧʳʪʘʥʠʷ, ʯʪʦ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʩʚʷʟʴ ʤʝʞʜʫ ʵʪʠʤʠ 

ʧʦʢʘʟʘʪʝʣʷʤʠ.  

 
1 - 180 Üʉ; 2 - 170 Üʉ; 3 - 160 Üʉ  

ʈʠʩ. 7. ɿʘʚʠʩʠʤʦʩʪʠ ʧʨʠʨʘʱʝʥʠʷ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ 

ʧʦʢʘʟʘʪʝʣʷ ʪʝʨʤʦʦʢʠʩʣʠʪʝʣʴʥʦʡ ʩʪʦʡʢʦʩʪʠ ʦʪ ʦʧʪʠʯʝʩʢʦʡ 

ʧʣʦʪʥʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʠʩʣʝʥʠʷ ʯʘʩʪʠʯʥʦ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ 

ʤʦʪʦʨʥʦʛʦ ʤʘʩʣʘ ʈʦʩʥʝʬʪʴ Maximum 10W-40 SL/CF 

 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʠʩʧʳʪʘʥʠʷ 180 Üʉ 

(ʢʨʠʚʘʷ 1) ʫʚʝʣʠʯʝʥʠʝ ʧʨʠʨʘʱʝʥʠʷ ʩʢʦʨʦʩʪʠ 

ʠʟʤʝʥʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʪʝʨʤʦʦʢʠʩʣʠʪʝʣʴʥʦʡ ʩʪʦʡʢʦʩʪʠ 

ʧʨʦʠʩʭʦʜʠʪ ʜʦ ʟʥʘʯʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ 0,74, ʘ 

ʜʘʣʴʥʝʡʰʝʝ ʝʝ ʫʚʝʣʠʯʝʥʠʝ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʝʪ 

ʩʢʦʨʦʩʪʴ ʧʨʠʨʘʱʝʥʠʷ æVʯʘʩ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʝʨʚʠʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʜʦʦʢʠʩʣʝʥʠʷ 

ʚʪʦʨʠʯʥʳʭ. 

ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 170Üʉ (ʢʨʠʚʘʷ 2) ʧʨʠ ʦʧʪʠʯʝʩʢʦʡ 

ʧʣʦʪʥʦʩʪʠ 0,35 ʥʘʩʪʫʧʘʝʪ ʨʝʟʢʦʝ ʫʤʝʥʴʰʝʥʠʝ 

ʩʢʦʨʦʩʪʠ ʧʨʠʨʘʱʝʥʠʷ æVʯʘʩ, ʘ ʧʨʠ ʦʧʪʠʯʝʩʢʦʡ 

ʧʣʦʪʥʦʩʪʠ 0,54 ʠ ʙʦʣʝʝ ʩʢʦʨʦʩʪʴ ʧʨʠʨʘʱʝʥʠʷ 

ʫʤʝʥʴʰʘʝʪʩʷ ʦʪ ʚʝʣʠʯʠʥʳ 0,024 ʜʦ 0,0125 ʟʘ ʩʯʝʪ 

ʜʦʦʢʠʩʣʝʥʠʷ ʚʪʦʨʠʯʥʳʭ ʧʨʦʜʫʢʪʦʚ. ɼʦʦʢʠʩʣʝʥʠʝ 

ʚʪʦʨʠʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʫʩʪʘʥʦʚʣʝʥʦ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʦʢʠʩʣʝʥʥʳʭ ʤʘʩʝʣ ʦʩʘʜʦʢ ʧʨʠ 

ʵʪʦʤ ʠʟʤʝʥʷʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ 

ʦʪ ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʜʦ ʪʝʤʥʦʛʦ ʮʚʝʪʘ. 

ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 160Üʉ (ʢʨʠʚʘʷ 3) ʧʨʦʮʝʩʩʳ 

ʦʢʠʩʣʝʥʠʷ ʠ ʠʩʧʘʨʝʥʠʷ ʧʨʦʪʝʢʘʶʪ ʩ ʤʝʥʴʰʝʡ 

ʩʢʦʨʦʩʪʴʶ, ʢʨʦʤʝ ʪʦʛʦ ʫʩʪʘʥʦʚʣʝʥʦ ʪʨʠ ʫʯʘʩʪʢʘ 

ʟʘʚʠʩʠʤʦʩʪʠ ʩ ʧʘʜʝʥʠʝʤ ʧʨʠʨʘʱʝʥʠʷ ʩʢʦʨʦʩʪʠ 

ʠʟʤʝʥʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʇʯʘʩ ʧʨʠ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ 

0,3; 0,6 ʠ 0,69, ʘ ʪʘʢʞʝ ʫʯʘʩʪʦʢ, ʛʜʝ ʧʨʠʨʘʱʝʥʠʝ 

ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ ʟʘ ʩʯʝʪ ʜʦʦʢʠʩʣʝʥʠʷ ʚʪʦʨʠʯʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ. 

ɺʓɺʆɼʓ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠʨʘʱʝʥʠʷ ʩʢʦʨʦʩʪʠ 

ʠʟʤʝʥʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ, ʠʩʧʘʨʷʝʤʦʩʪʠ ʠ 

ʧʦʢʘʟʘʪʝʣʷ ʪʝʨʤʦʦʢʠʩʣʠʪʝʣʴʥʦʡ ʩʪʦʡʢʦʩʪʠ ʚ ʧʨʦʮʝʩʩʝ 

ʦʢʠʩʣʝʥʠʷ ʩʤʘʟʦʯʥʳʭ ʤʘʩʝʣ, ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʤʝʞʜʫ 

ʧʨʦʜʫʢʪʘʤʠ ʦʢʠʩʣʝʥʠʷ ʠ ʠʩʧʘʨʝʥʠʷ, ʘ ʪʘʢʞʝ 

ʦʧʨʝʜʝʣʠʪʴ ʚʨʝʤʷ ʥʘʯʘʣʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʠʭ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ, ʚʝʣʠʯʠʥʫ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʠ 

ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʧʳʪʘʥʠʷ. 
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METHOD FOR MONITORING CHANGE IN THERMAL ENERGY 
AT THERMOSTATING ENGINE OILS 

B.I. Kovalsky, V.G. Shram, Yu.N. Bezborodov, E.G. Kravtsova, V.I. Vereshchagin,             

V.I. Afanasov 
Siberian Federal University, Institute of Oil and Gas, Krasnoyarsk 

Abstract ï The results of a study of the thermal-oxidative stability of Rosneft Maximum 10W-40 SL/CF partially synthetic 

engine oil at three temperatures of 180, 170 and 160 Üʉ are presented, which made it possible to determine the effect of temperature 

on oxidation processes. The research methodology provided for the use of the following measuring and testing tools - a device for 

thermostating of lubricants, a photometric device for direct photometry of oxidized oils and electronic scales. One of the objectives 

of the study is to prove the instability of oxidation processes due to the presence of products of different energy intensity. The 

dependences of the optical density and volatility of the studied engine oil on the oxidation time are presented. It was found that with 

decreasing temperature, the rate of oxidation and evaporation decreases. In addition, there is a temporary region in which oxidation 

processes do not occur, i.e., there is a period of resistance to oxidation. A method for controlling the oxidation mechanism is 

proposed, which consists in assessing the increment of the oxidation rate, which allows one to determine the intensity of the 

processes depending on the test temperature and to establish the presence of redistribution of thermal energy between the products of 

oxidation and evaporation. Two types of oxidation products of different energy intensity, causing a change in the thermo-oxidative 

stability of the lubricant, have been established. As a result of the studies, it was shown that the use of the increment in the rate of 

change in optical density, volatility, and the indicator of thermo-oxidative stability in the process of oxidation of lubricating oils 

allows one to evaluate the redistribution of thermal energy between the products of oxidation and evaporation, as well as to 

determine the time of the onset of transformations, their intensity, optical density and temperature dependent test. 

Index terms: optical density, thermo-oxidative stability, increment of the rate of oxidation, evaporation and temperature 

transformations, potential resource. 
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05.11.13 

ʄɽʊʆɼ ʆʇʈɽɼɽʃɽʅʀʗ ʇʈɽɼɽʃʔʅʆ ɼʆʇʋʉʊʀʄʓʍ 
ʇʆʂɸɿɸʊɽʃɽʁ ʈɸɹʆʊʆʉʇʆʉʆɹʅʆʉʊʀ ʉʄɸɿʆʏʅʓʍ 

ʄɸʉɽʃ 

ɹ.ʀ. ʂʦʚʘʣʴʩʢʠʡ, ɺ.ʀ. ɺʝʨʝʱʘʛʠʥ, ɺ.ɻ. ʐʨʘʤ, ɽ.ɻ. ʂʨʘʚʮʦʚʘ, ʆ.ʅ. ʇʝʪʨʦʚ 
ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʀʥʩʪʠʪʫʪ ʥʝʬʪʠ ʠ ʛʘʟʘ, ʛ. ʂʨʘʩʥʦʷʨʩʢ 

 
ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʨʝʜʝʣʦʚ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʤʘʟʦʯʥʳʭ ʤʘʩʝʣ ʷʚʣʷʝʪʩʷ 

ʪʝʨʤʦʦʢʠʩʣʠʪʝʣʴʥʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ. ɺ ʢʘʯʝʩʪʚʝ ʧʦʢʘʟʘʪʝʣʝʡ ʪʝʨʤʦʦʢʠʩʣʠʪʝʣʴʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ  ʪʝʤʧʝʨʘʪʫʨʳ ʚʭʦʜʷʪ 

ʧʦʢʘʟʘʪʝʣʠ ʦʢʠʩʣʝʥʠʷ ʠ ʠʩʧʘʨʝʥʠʷ ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʅʝʜʦʩʪʘʪʢʦʤ ʠʟʚʝʩʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʦʣʠʯʝʩʪʚʝ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ, ʧʦʛʣʦʱʸʥʥʦʡ ʧʨʦʜʫʢʪʘʤʠ ʦʢʠʩʣʝʥʠʷ ʠ ʠʩʧʘʨʝʥʠʷ ʠ ʚʣʠʷʥʠʝ ʝʸ ʥʘ ʧʨʝʜʝʣʴʥʦ 

ʜʦʧʫʩʪʠʤʳʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ 

ʢʦʥʪʨʦʣʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʟʘ ʩʯʸʪ ʫʯʝʪʘ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ, ʧʦʛʣʦʱʸʥʥʦʡ ʧʨʦʜʫʢʪʘʤʠ ʦʢʠʩʣʝʥʠʷ ʠ 

ʠʩʧʘʨʝʥʠʷ ʠ ʚʣʠʷʥʠʝ ʝʸ ʥʘ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʝ ʧʦʢʘʟʘʪʝʣʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʤʦʪʦʨʥʦʛʦ ʤʘʩʣʘ  MOBIL Super 1000 

15W-40 SL/CF, ʧʫʪʸʤ ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 150 ʜʦ 180 ʦʉ ʚ ʮʠʢʣʘʭ ʧʦʚʳʰʝʥʠʷ ʠ ʧʦʥʠʞʝʥʠʷ, 

ʠʟʤʝʨʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ, ʠʩʧʘʨʷʝʤʦʩʪʠ, ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʨʤʦʦʢʠʩʣʠʪʝʣʴʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʢʦʣʠʯʝʩʪʚʘ 

ʧʦʛʣʦʱʸʥʥʦʡ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ. ʇʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ, ʠʩʧʘʨʷʝʤʦʩʪʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪʫ 

ʪʝʨʤʦʦʢʠʩʣʠʪʝʣʴʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʚʳʯʠʩʣʷʣʠʩʴ ʟʥʘʯʝʥʠʷ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ, ʧʦʛʣʦʱʸʥʥʦʡ ʧʨʦʜʫʢʪʘʤʠ ʦʢʠʩʣʝʥʠʷ, 

ʠʩʧʘʨʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʫʯʠʪʳʚʘʶʱʠʭ ʧʨʦʮʝʩʩʳ ʦʢʠʩʣʝʥʠʷ ʠ ʠʩʧʘʨʝʥʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ 

ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʝʪʦʜʠʢʠ ʮʠʢʣʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʧʳʪʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʯʘʣʘ 

ʧʨʦʮʝʩʩʦʚ ʦʢʠʩʣʝʥʠʷ ʠ ʠʩʧʘʨʝʥʠʷ, ʢʨʠʪʠʯʝʩʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʫʶ ʪʝʤʧʝʨʘʪʫʨʫ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʩʤʘʟʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʇʨʝʜʣʘʛʘʝʤʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʨʘʩʰʠʨʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʝʜʝʣʴʥʦ 

ʜʦʧʫʩʪʠʤʳʭ ʧʦʢʘʟʘʪʝʣʷʭ ʪʝʨʤʦʦʢʠʩʣʠʪʝʣʴʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ, 

ʩʨʘʚʥʠʚʘʪʴ ʩʤʘʟʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ ʦʜʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʥʠʝ, ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ, ʠʩʧʘʨʷʝʤʦʩʪʴ, ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʨʤʦʦʢʠʩʣʠʪʝʣʴʥʦʡ 
ʩʪʘʙʠʣʴʥʦʩʪʠ, ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ ʪʝʤʧʝʨʘʪʫʨʘ. 

ɺɺɽɼɽʅʀɽ 

ʆʩʥʦʚʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʨʝʜʝʣʦʚ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʚʩʧʳʰʢʠ, ʢʦʪʦʨʘʷ ʧʨʠʚʦʜʠʪʩʷ ʚ 

ʩʧʨʘʚʦʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ [1] ʠʣʠ ʧʘʩʧʦʨʪʝ ʢʘʯʝʩʪʚʘ 

ʥʝʬʪʝʧʨʦʜʫʢʪʘ. ɺ ʨʘʙʦʪʘʭ [2-9] ʚ ʢʘʯʝʩʪʚʝ 

ʧʦʢʘʟʘʪʝʣʝʡ ʪʝʨʤʦʦʢʠʩʣʠʪʝʣʴʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʧʨʝʜʧʦʣʘʛʘʶʪʩʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʯʘʣʘ ʧʨʦʮʝʩʩʦʚ 

ʦʢʠʩʣʝʥʠʷ ʠ ʠʩʧʘʨʝʥʠʷ ʠ ʢʨʠʪʠʯʝʩʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʨʘʙʦʪʝ 

[10] ʩʤʘʟʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠʩʧʳʪʳʚʘʶʪ ʚ ʮʠʢʣʘʭ 

ʧʦʚʳʰʝʥʠʷ ʠ ʧʦʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʧʳʪʘʥʠʷ, 

ʧʨʠʯʸʤ ʧʦ ʝʛʦ ʫʨʘʚʥʝʥʠʷʤ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʦʢʘʟʘʪʝʣʷ 

ʪʝʨʤʦʦʢʠʩʣʠʪʝʣʴʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʦʧʨʝʜʝʣʷʶʪ 

ʪʝʤʧʝʨʘʪʫʨʫ ʥʘʯʘʣʘ ʧʨʦʮʝʩʩʦʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ 

ʠʩʧʳʪʫʝʤʦʤ ʩʤʘʟʦʯʥʦʤ ʤʘʪʝʨʠʘʣʝ ʚ ʮʠʢʣʝ 

ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʧʳʪʘʥʠʷ ʩ ʫʯʸʪʦʤ 

ʧʨʦʮʝʩʩʦʚ ʦʢʠʩʣʝʥʠʷ ʠ ʠʩʧʘʨʝʥʠʷ ʠ ʢʨʠʪʠʯʝʩʢʫʶ 

ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʮʠʢʣʝ ʧʦʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 

ʠʩʧʳʪʘʥʠʷ. ʇʦ ʢʦʦʨʜʠʥʘʪʝ ʘʙʩʮʠʩʩ ʧʝʨʝʩʝʯʝʥʠʷ 

ʜʘʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʦʧʨʝʜʝʣʷʶʪ ʧʨʝʜʝʣʴʥʦ 

ʜʦʧʫʩʪʠʤʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ. 

ɿʥʘʯʝʥʠʷ ʵʪʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠʩʧʦʣʴʟʫʶʪ ʚ ʢʘʯʝʩʪʚʝ 

ʧʘʨʘʤʝʪʨʦʚ ʪʝʨʤʦʦʢʠʩʣʠʪʝʣʴʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ, 

ʧʨʠʯʸʤ ʧʦ ʫʨʘʚʥʝʥʠʷʤ ʟʘʚʠʩʠʤʦʩʪʝʡ ʦʧʪʠʯʝʩʢʦʡ 

ʧʣʦʪʥʦʩʪʠ ʠ ʠʩʧʘʨʷʝʤʦʩʪʠ ʚ ʮʠʢʣʘʭ ʧʦʚʳʰʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʧʳʪʘʥʠʷ ʦʧʨʝʜʝʣʷʶʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʥʘʯʘʣʘ ʧʨʦʮʝʩʩʦʚ ʦʢʠʩʣʝʥʠʷ ʠ ʠʩʧʘʨʝʥʠʷ, ʘ ʚ ʮʠʢʣʘʭ 

ʧʦʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʦʧʨʝʜʝʣʷʶʪ ʢʨʠʪʠʯʝʩʢʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʠʩʣʝʥʠʷ ʠ ʠʩʧʘʨʝʥʠʷ. ʇʦ ʢʦʦʨʜʠʥʘʪʘʤ 

ʘʙʩʮʠʩʩ ʧʝʨʝʩʝʯʝʥʠʷ ʵʪʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʦʧʨʝʜʝʣʷʶʪ 

ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʮʝʩʩʦʚ 

ʦʢʠʩʣʝʥʠʷ ʠ ʠʩʧʘʨʝʥʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʩʤʘʟʦʯʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ. 

ʅʝʜʦʩʪʘʪʢʦʤ ʠʟʚʝʩʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ 

ʦʪʩʫʪʩʪʚʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʦʣʠʯʝʩʪʚʝ ʪʝʧʣʦʚʦʡ 

ʵʥʝʨʛʠʠ [11-13], ʧʦʛʣʦʱʸʥʥʦʡ ʧʨʦʜʫʢʪʘʤʠ ʦʢʠʩʣʝʥʠʷ 

ʠ ʠʩʧʘʨʝʥʠʷ ʠ ʚʣʠʷʥʠʝ ʝʸ ʥʘ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʝ 

ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʇʦʵʪʦʤʫ 

ʮʝʣʴʶ ʥʘʩʪʦʷʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ 

ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ ʢʦʥʪʨʦʣʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ 

ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʟʘ ʩʯʸʪ ʫʯʝʪʘ ʪʝʧʣʦʚʦʡ 

ʵʥʝʨʛʠʠ, ʧʦʛʣʦʱʸʥʥʦʡ ʧʨʦʜʫʢʪʘʤʠ ʦʢʠʩʣʝʥʠʷ ʠ 

ʠʩʧʘʨʝʥʠʷ ʠ ʚʣʠʷʥʠʝ ʝʸ ʥʘ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʝ 

ʧʦʢʘʟʘʪʝʣʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʙʨʘʥʦ ʤʠʥʝʨʘʣʴʥʦʝ 

ʚʩʝʩʝʟʦʥʥʦʝ ʫʥʠʚʝʨʩʘʣʴʥʦʝ ʤʦʪʦʨʥʦʝ ʤʘʩʣʦ MOBIL 

Super 1000 15W-40 SL/CF. ɺ ʢʘʯʝʩʪʚʝ ʩʨʝʜʩʪʚ 

ʢʦʥʪʨʦʣʷ ʠ ʠʩʧʳʪʘʥʠʷ ʧʨʠʤʝʥʷʣʠ ʧʨʠʙʦʨ ʜʣʷ 

ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʥʠʷ, ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʝ ʫʩʪʨʦʡʩʪʚʦ ʠ 

ʵʣʝʢʪʨʦʥʥʳʝ ʚʝʩʳ. 



 ʖɾʅʆ-ʉʀɹʀʈʉʂʀʁ ʅɸʋʏʅʓʁ ɺɽʉʊʅʀʂ 

 

35 ˉ 2 (30) Åʘʧʨʝʣʴ 2020  

ʆʉʅʆɺʅɸʗ ʏɸʉʊʔ 

ʇʨʦʙʫ ʩʤʘʟʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦʩʪʦʷʥʥʦʡ ʤʘʩʩʳ 

100 ʛ ʧʦʤʝʱʘʶʪ ʚ ʧʨʠʙʦʨ ʜʣʷ ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʥʠʷ ʠ 

ʪʝʨʤʦʩʪʘʪʠʨʫʶʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ, 

150, 160, 170 ʠ 180
 ʦ
ʉ ʚ ʮʠʢʣʝ ʧʦʚʳʰʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʪʝʯʝʥʠʝ ʧʦʩʪʦʷʥʥʦʛʦ ʚʨʝʤʝʥʠ, 8 ʯʘʩʦʚ 

ʧʨʠ ʢʘʞʜʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʇʨʠ ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʥʠʠ 

ʧʨʦʙʘ ʩʤʘʟʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʝʨʝʤʝʰʠʚʘʝʪʩʷ ʩ 

ʧʦʤʦɦɹʶ ʤʝʭʘʥʠʯʝʩʢʦʡ ʤʝʰʘʣʢʠ ʩ ʧʦʩʪʦʷʥʥʦʡ 

ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ. ʇʦʩʣʝ ʢʘʞʜʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʙʘ 

ʦʢʠʩʣʝʥʥʦʛʦ ʩʤʘʟʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚʟʚʝʰʠʚʘʝʪʩʷ, 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʘʩʩʘ ʠʩʧʘʨʠʚʰʝʛʦʩʷ ʤʘʩʣʘ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʘʨʷʝʤʦʩʪʠ KG: 

G

m
K

M
=                                   (1) 

ʛʜʝ m - ʤʘʩʩʘ ʠʩʧʘʨʠʚʰʝʡʩʷ ʧʨʦʙʳ,  M - ʤʘʩʩʘ ʧʨʦʙʳ 

ʜʦ ʠʩʧʳʪʘʥʠʷ, ʛ. 

ʆʪʙʠʨʘʝʪʩʷ ʯʘʩʪʴ ʧʨʦʙʳ ʦʢʠʩʣʝʥʥʦʛʦ ʤʘʩʣʘ ʜʣʷ 

ʬʦʪʦʤʝʪʨʠʨʦʚʘʥʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ 

ʧʣʦʪʥʦʩʪʠ D 

ʦ

D
j

j
=                                     (2) 

ʛʜʝ ű - ʩʚʝʪʦʚʦʡ ʧʦʪʦʢ, ʧʨʦʰʝʜʰʠʡ ʯʝʨʝʟ ʢʶʚʝʪʫ ʙʝʟ 

ʩʤʘʟʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʤʢɸ; ű0 - ʩʚʝʪʦʚʦʡ ʧʦʪʦʢ, 

ʧʨʦʰʝʜʰʠʡ ʯʝʨʝʟ ʢʶʚʝʪʫ ʟʘʧʦʣʥʝʥʥʦʡ ʦʢʠʩʣʝʥʥʳʤ 

ʩʤʘʟʦʯʥʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʤʢɸ.  

ʇʦʩʣʝ ʘʥʘʣʠʟʘ ʧʨʦʙʘ ʦʢʠʩʣʝʥʥʦʛʦ ʩʤʘʟʦʯʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʠʩʧʳʪʳʚʘʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ 10 Áʉ 

ʚʳhʝ ʧʦ ʪʦʡ ʞʝ ʪʝʭʥʦʣʦʛʠʠ.  

ʅʦʚʘʷ ʧʨʦʙʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʩʤʘʟʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʠʩʧʳʪʳʚʘʝʪʩʷ ʚ ʮʠʢʣʝ ʧʦʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 180 

ʜʦ 150 Áʉ ʧʦ ʪʦʡ ʞʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʚʨʝʤʝʥʠ 

ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʥʠʷ. ʇʦ ʧʦʣʫʯʝʥʥʳʤ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʠ 

ʠʩʧʘʨʷʝʤʦʩʪʠ ʚʳʯʠʩʣʷʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ 

ʪʝʨʤʦʦʢʠʩʣʠʪʝʣʴʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ 
ʊʆʉʇ , ʢʘʢ ʩʫʤʤʘ 

ʊʆʉ Gʇ D ʂ= + ,                              (3) 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 1 

ʊʘʙʣ. 1. ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ 

T, 
oC 

t, ʯ lgt D lg 
QD 

KG lg 
QG 

ʇʊʆʉ lg 
Qʇʪʦʩ 

150 8 0,9 0 0 0,0

05 

0,77

8 

0,00

5 

0,78 

160 16 1,2 0,01

1 

1,16 0,0

16 

1,61

2 

0,03

2 

1,62 

170 24 1,4 0,06

4 

1,93 0,0

28 

2,05

8 

0,10

4 

2,15 

180 32 1,5 0,19

1 

2,44 0,0

42 

2,38

4 

0,22

8 

2,51 

180 8 0,9 0,07

5 

2,04 0,0

31 

1,65

0 

0,10

6 

2,18 

170 16 1,2 0,13

1 

2,25 0,0

41 

2,04

7 

0,17

1 

2,37 

160 24 1,4 0,15

7 

2,3 0,0

47 

2,25

6 

0,20

3 

2,41 

150 32 1,5 0,17

8 

2,33 0,0

53 

2,40

6 

0,22

9 

2,44 

ʇʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ ʦʧʪʠʯʝʩʢʦʡ 

ʧʣʦʪʥʦʩʪʠ, ʠʩʧʘʨʷʝʤʦʩʪʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪʫ 

ʪʝʨʤʦʦʢʠʩʣʠʪʝʣʴʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʚʳʯʠʩʣʷʣʠʩʴ 

ʟʥʘʯʝʥʠʷ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ, ʧʦʛʣʦʱʸʥʥʦʡ ʧʨʦʜʫʢʪʘʤʠ 

ʦʢʠʩʣʝʥʠʷ QD, ʠʩʧʘʨʝʥʠʷ QG ʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ Qʇʪʦʩ, ʫʯʠʪʳʚʘʶʱʠʭ ʧʨʦʮʝʩʩʳ 

ʦʢʠʩʣʝʥʠʷ ʠ ʠʩʧʘʨʝʥʠʷ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʧʨʦʠʟʚʝʜʝʥʠʝʤ 

DQ T t D= Ö Ö,                                  (4) 

G GʂQ T t ʂ= Ö Ö,                                 (5) 

ʊʆʉ ʊʆʉʇQ T t ʇ= Ö Ö .                              (6) 

ʛʜʝ ʊ - ʪʝʤʧʝʨʘʪʫʨʘ ʠʩʧʳʪʘʥʠʷ, Áʉ; t - ʚʨʝʤʷ 

ʠʩʧʳʪʘʥʠʷ, ʯ. 

ɺʳʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ 

ʣʦʛʘʨʠʬʤʠʨʦʚʘʣʠʩʴ (ʪʘʙʣ. 2) ʠ ʧʦ ʧʦʣʫʯʝʥʥʳʤ 

ʜʘʥʥʳʤ ʩʪʨʦʠʣʠʩʴ ʛʨʘʬʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʜʝʩʷʪʠʯʥʦʛʦ ʣʦʛʘʨʠʬʤʘ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʦʪ 

ʜʝʩʷʪʠʯʥʦʛʦ ʣʦʛʘʨʠʬʤʘ ʚʨʝʤʝʥʠ ʠʩʧʳʪʘʥʠʷ, ʧʦ 

ʢʦʪʦʨʳʤ ʦʧʨʝʜʝʣʷʣʠʩʴ ʜʝʩʷʪʠʯʥʳʡ ʣʦʛʘʨʠʬʤ 

ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ, ʧʦʛʣʦʱʸʥʥʦʡ ʧʨʦʜʫʢʪʘʤʠ 

ʦʢʠʩʣʝʥʠʷ ʠ ʠʩʧʘʨʝʥʠʷ, ʩʫʤʤʘʨʥʘʷ ʪʝʧʣʦʚʘʷ ʵʥʝʨʛʠʷ, 

ʧʦʛʣʦʱʸʥʥʘʷ ʵʪʠʤʠ ʧʨʦʜʫʢʪʘʤʠ, ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʯʘʣʘ 

ʧʨʦʮʝʩʩʦʚ ʦʢʠʩʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ 

ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʤʘʩʣʝ ʩ ʫʯʸʪʦʤ ʧʨʦʮʝʩʩʦʚ ʦʢʠʩʣʝʥʠʷ ʠ 

ʠʩʧʘʨʝʥʠʷ ʠ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʦʪʦʨʥʦʛʦ ʤʘʩʣʘ. 

ʊʘʙʣ. 2. ʈʘʩʯʝʪʥʳʝ ʜʘʥʥʳʝ 

lgt QD= 

TĀtĀD, 
ʦʉĿʯ 

lg QD QKG = 

TĀtĀKG, 
ʦʉĿʯ 

lg QG Qʇʪʦʩ= 

TĀtĀʇʊʆʉ, 
ʦʉĿʯ 

lg 

Qʇʪʦʩ 

0,90 0 0 6 0,778 6 0,78 

1,20 14,46 1,16 40,96 1,612 41,7 1,62 

1,38 86,499 1,93 114,24 2,058 141,2 2,15 

1,50 274,42 2,44 241,92 2,384 327,7 2,51 

0,90 109 2,04 44,64 1,650 152,6 2,18 

1,20 178,63 2,25 111,52 2,047 233,1 2,37 

1,38 201,41 2,3 180,48 2,256 259,9 2,41 

1,50 213,65 2,33 254,4 2,406 274,6 2,44 

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ  ʜʝʩʷʪʠʯʥʦʛʦ 

ʣʦʛʘʨʠʬʤʘ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ, ʧʦʛʣʦʱʸʥʥʦʡ 

ʧʨʦʜʫʢʪʘʤʠ ʦʢʠʩʣʝʥʠʷ ʦʪ ʜʝʩʷʪʠʯʥʦʛʦ ʣʦʛʘʨʠʬʤʘ 

ʚʨʝʤʝʥʠ ʠʩʧʳʪʘʥʠʷ ʤʠʥʝʨʘʣʴʥʦʛʦ ʤʦʪʦʨʥʦʛʦ ʤʘʩʣʘ ʚ 

ʮʠʢʣʘʭ ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 150 ʜʦ 180 Áʉ 

(ʧʨʷʤʘʷ 1) ʠ ʧʦʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʧʳʪʘʥʠʷ ʦʪ 

180 ʜʦ 150 Áʉ (ʧʨʷʤʘʷ 2). ɼʘʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʧʠʩʳʚʘʶʪʩʷ ʣʠʥʝʡʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ 

(ʧʨʷʤʘʷ 1)     lg 4,2069(lg 0,92)DQ t= -                     (7) 

(ʧʨʷʤʘʷ 2)      lg 0,4873 (lg 1,6)DQ t= Ö +                     (8) 

ʛʜʝ 4,2069, 0,4873 - ʢʦʵʬʬʠʮʠʝʥʪʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ 

ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʜʝʩʷʪʠʯʥʦʛʦ ʣʦʛʘʨʠʬʤʘ ʪʝʧʣʦʚʦʡ 

ʵʥʝʨʛʠʠ, ʧʦʛʣʦʱʸʥʥʦʡ ʧʨʦʜʫʢʪʘʤʠ ʦʢʠʩʣʝʥʠʷ, ʯ
-1
; 

0,92 - ʢʦʵʬʬʠʮʠʝʥʪ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʥʘʯʘʣʦ 

ʠʟʤʝʥʝʥʠʷ ʜʝʩʷʪʠʯʥʦʛʦ ʣʦʛʘʨʠʬʤʘ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ 

lg DQ , ʯ; 1,6 - ʢʦʵʬʬʠʮʠʝʥʪ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ 

ʟʥʘʯʝʥʠʷ ʜʝʩʷʪʠʯʥʦʛʦ ʣʦʛʘʨʠʬʤʘ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ 

ʧʨʠ lg 0t= . 



ʖɾʅʆ-ʉʀɹʀʈʉʂʀʁ ʅɸʋʏʅʓʁ ɺɽʉʊʅʀʂ 

 ˉ 2 (30) Åʘʧʨʝʣʴ 2020 36 

 
1 - ʮʠʢʣ ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 150 ʜʦ 180 Áʉ; 2 - ʮʠʢʣ 

ʧʦʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 180 ʜʦ 150 Áʉ  

ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʠ ʜʝʩʷʪʠʯʥʦʛʦ ʣʦʛʘʨʠʬʤʘ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ, 

ʧʦʛʣʦʱʸʥʥʦʡ ʧʨʦʜʫʢʪʘʤʠ ʦʢʠʩʣʝʥʠʷ ʦʪ ʜʝʩʷʪʠʯʥʦʛʦ ʣʦʛʘʨʠʬʤʘ 

ʚʨʝʤʝʥʠ ʠʩʧʳʪʘʥʠʷ ʤʠʥʝʨʘʣʴʥʦʛʦ ʤʦʪʦʨʥʦʛʦ ʤʘʩʣʘ  MOBIL 

Super 1000 15W - 40 SL/CF 

ʇʨʠʨʘʚʥʷʚ ʫʨʘʚʥʝʥʠʝ 7 ʠ 8 ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʜʝʩʷʪʠʯʥʳʡ ʣʦʛʘʨʠʬʤ ʚʨʝʤʝʥʠ ʧʝʨʝʩʝʯʝʥʠʷ ʧʨʷʤʳʭ 
4,2069 lg 4,2069 0,92 0,4873 lg 1,6t tÖ - Ö = Ö + 3,7196 lg 5,4703tÖ =  

lg 1,4707t=  ʘʥʪʠʣʦʛʘʨʠʬʤ ʩʦʩʪʘʚʠʣ 29,56 ʯʘʩʘ, ʪ. ʝ. 

ʯʝʨʝʟ 29,56 ʯʘʩʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 180 Áʉ ʧʨʷʤʳʝ 

ʧʝʨʝʩʝʢʫʪʩʷ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʷ ʜʝʩʷʪʠʯʥʦʛʦ ʣʦʛʘʨʠʬʤʘ 

ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʧʨʠ ʧʝʨʝʩʝʯʝʥʠʠ ʧʨʷʤʳʭ 1 ʠ 2 

ʧʦʜʩʪʘʚʠʤ ʜʝʩʷʪʠʯʥʳʡ ʣʦʛʘʨʠʬʤ ʚʨʝʤʝʥʠ lg 1,4707t=  

ʚ ʣʶʙʦʝ ʫʨʘʚʥʝʥʠʝ (7 ʠʣʠ 8) 

lg 4,2069 (1,4707 0,92) 2,3167DQ = Ö - = ʘʥʪʠʣʦʛʘʨʠʬʤ             

207,35 
ʦ
ʉĿʯ. 

ʂʦʦʨʜʠʥʘʪʘ ʪʦʯʢʠ ʧʝʨʝʩʝʯʝʥʠʷ ʧʨʷʤʦʡ ʦʜʠʥ ʩ 

ʦʩʴʶ ʘʙʩʮʠʩʩ ʦʧʨʝʜʝʣʷʝʪ ʚʨʝʤʷ ʥʘʯʘʣʘ ʠʟʤʝʥʝʥʠʷ 

ʜʝʩʷʪʠʯʥʦʛʦ ʣʦʛʘʨʠʬʤʘ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ lg DQ , 

ʣʦʛʘʨʠʬʤ ʢʦʪʦʨʦʛʦ ʨʘʚʝʥ 0,92, ʘ ʘʥʪʠʣʦʛʘʨʠʬʤ 

ʩʦʩʪʘʚʠʣ 8,32 ʯʘʩʘ, ʪ. ʝ. ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 150 Áʉ ʟʘ 8 

ʯʘʩʦʚ ʠʩʧʳʪʘʥʠʷ ʧʨʦʮʝʩʩʳ ʦʢʠʩʣʝʥʠʷ ʙʫʜʫʪ 

ʦʪʩʫʪʩʪʚʦʚʘʪʴ, ʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 160 Áʉ ʯʝʨʝʟ 0,32 

ʯʘʩʘ ʠʩʩʣʝʜʫʝʤʦʝ ʤʘʩʣʦ ʥʘʯʥʸʪ ʦʢʠʩʣʷʪʴʩʷ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ ʜʣʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʘʩʣʘ ʦʧʨʝʜʝʣʝʥʳ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʠ 

ʦʢʠʩʣʝʥʠʠ, ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʠʣʠ: ʚʨʝʤʷ ʥʘʯʘʣʘ 

ʦʢʠʩʣʝʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 160 Áʉ ʩʦʩʪʘʚʠʣʦ 0,32 

ʯʘʩʘ; ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʩʦʩʪʘʚʠʣʘ 

180 Áʉ, ʧʨʠ ʵʪʦʤ ʚʨʝʤʷ ʦʢʠʩʣʝʥʠʷ ï 29,56 ʯʘʩʘ; 

ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ, ʧʦʛʣʦʱʸʥʥʦʡ 

ʧʨʦʜʫʢʪʘʤʠ ʦʢʠʩʣʝʥʠʷ, ʩʦʩʪʘʚʠʣʦ 207,35 
ʦ
ʉĿʯ. 

ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʜʝʩʷʪʠʯʥʦʛʦ 

ʣʦʛʘʨʠʬʤʘ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ, ʧʦʛʣʦʱʸʥʥʦʡ 

ʧʨʦʜʫʢʪʘʤʠ ʠʩʧʘʨʝʥʠʷ KG ʦʪ ʜʝʩʷʪʠʯʥʦʛʦ ʣʦʛʘʨʠʬʤʘ 

ʚʨʝʤʝʥʠ ʠʩʧʳʪʘʥʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʦʪʦʨʥʦʛʦ ʤʘʩʣʘ.  

ɼʘʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʧʠʩʳʚʘʶʪʩʷ ʣʠʥʝʡʥʳʤʠ 

ʫʨʘʚʥʝʥʠʷʤʠ      

(ʧʨʷʤʘʷ 1)     lg 2,6659 lg 1,61
G
ʂQ t= Ö -                     (9) 

(ʧʨʷʤʘʷ 2)      lg 1,2562 lg 0,52
G
ʂQ t= Ö +                   (10) 

ʛʜʝ 2,6659, 1,2562 - ʢʦʵʬʬʠʮʠʝʥʪʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ 

ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ, ʧʦʛʣʦʱʸʥʥʦʡ 

ʧʨʦʜʫʢʪʘʤʠ ʠʩʧʘʨʝʥʠʷ, ʯ
-1
; 1,61, 0,52 - 

ʢʦʵʬʬʠʮʠʝʥʪʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʢʦʣʠʯʝʩʪʚʦ 

ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʧʨʠ lg 1,51t= . 

 
1 - ʮʠʢʣ ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 150 ʜʦ 180 Áʉ; 2 - ʮʠʢʣ 

ʧʦʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 180 ʜʦ 150 Áʉ  

ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʠ ʜʝʩʷʪʠʯʥʦʛʦ ʣʦʛʘʨʠʬʤʘ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ, 

ʧʦʛʣʦʱʸʥʥʦʡ ʧʨʦʜʫʢʪʘʤʠ ʠʩʧʘʨʝʥʠʷ ʦʪ ʜʝʩʷʪʠʯʥʦʛʦ ʣʦʛʘʨʠʬʤʘ 

ʚʨʝʤʝʥʠ ʠʩʧʳʪʘʥʠʷ ʤʠʥʝʨʘʣʴʥʦʛʦ ʤʦʪʦʨʥʦʛʦ ʤʘʩʣʘ  MOBIL 

Super 1000 15W - 40 SL/CF 

ʇʨʠʨʘʚʥʷʚ ʫʨʘʚʥʝʥʠʝ 9 ʠ 10 ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʜʝʩʷʪʠʯʥʳʡ ʣʦʛʘʨʠʬʤ ʚʨʝʤʝʥʠ ʧʝʨʝʩʝʯʝʥʠʷ ʧʨʷʤʳʭ 

2,6659 lg 1,61 1,2562 lg 0,52t tÖ - = Ö + 1,4097 lg 2,13tÖ =  

lg 1,4097t=  2,13t=  ʯʘʩʘ, ʪ. ʝ. ʯʝʨʝʟ 2,13 ʯʘʩʘ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 180 Áʉ ʧʨʷʤʳʝ ʧʝʨʝʩʝʢʫʪʩʷ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʷ ʜʝʩʷʪʠʯʥʦʛʦ 

ʣʦʛʘʨʠʬʤʘ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʧʨʠ ʧʝʨʝʩʝʯʝʥʠʠ 

ʧʨʷʤʳʭ 1 ʠ 2 ʧʦʜʩʪʘʚʠʤ ʜʝʩʷʪʠʯʥʳʡ ʣʦʛʘʨʠʬʤ 

ʚʨʝʤʝʥʠ lg 1,4097t=  ʚ ʣʶʙʦʝ ʠʟ ʫʨʘʚʥʝʥʠʡ 9 ʠʣʠ 10 

lg 2,6659 1,4097 1,61 2,088
GKQ = Ö - = , ʘ ʘʥʪʠʣʦʛʘʨʠʬʤ 

122,46 
ʦ
ʉĿʯ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʠ ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʥʠʠ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʤʦʪʦʨʥʦʛʦ ʤʘʩʣʘ ʫʩʪʘʥʦʚʣʝʥʳ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦ ʠʩʧʘʨʷʝʤʦʩʪʠ: 

ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʩʦʩʪʘʚʠʣʘ 180 Áʉ; 

ʧʨʠ ʵʪʦʤ ʚʨʝʤʷ ʠʩʧʘʨʝʥʠʷ 2,13 ʯʘʩʘ; ʢʦʣʠʯʝʩʪʚʦ 

ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ, ʧʦʛʣʦʱʸʥʥʦʡ ʧʨʦʜʫʢʪʘʤʠ 

ʠʩʧʘʨʝʥʠʷ, ʩʦʩʪʘʚʠʣʦ 122,46 
ʦ
ʉĿʯ. 

ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʜʝʩʷʪʠʯʥʦʛʦ 

ʣʦʛʘʨʠʬʤʘ ʩʫʤʤʘʨʥʦʡ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ, 

ʧʦʛʣʦʱʸʥʥʦʡ ʧʨʦʜʫʢʪʘʤʠ ʦʢʠʩʣʝʥʠʷ ʠ ʠʩʧʘʨʝʥʠʷ 

ʊʆʉ
lg ʇQ ʦʪ ʜʝʩʷʪʠʯʥʦʛʦ ʣʦʛʘʨʠʬʤʘ ʚʨʝʤʝʥʠ ʠʩʧʳʪʘʥʠʷ 

ʠʩʩʣʝʜʫʝʤʦʛʦ  ʤʦʪʦʨʥʦʛʦ ʤʘʩʣʘ ʦʪ 150 ʜʦ 180 Áʉ 

(ʧʨʷʤʘʷ 1) ʠ ʧʦʥʠʞʝʥʠʷ Mobil Super 1000 15W- 40 

CL/CF ʚ ʮʠʢʣʘʭ ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ  ʠʩʧʳʪʘʥʠʷ 

ʦʪ 180 ʜʦ 150 Áʉ (ʧʨʷʤʘʷ 2).  

ɼʘʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʧʠʩʳʚʘʶʪʩʷ ʣʠʥʝʡʥʳʤʠ 

ʫʨʘʚʥʝʥʠʷʤʠ 

(ʧʨʷʤʘʷ 1)     
ʊʆʉ

lg 2,9107(lg 0,64)ʇQ t= -              (11) 

(ʧʨʷʤʘʷ 2)      
ʊʆʉ

lg 2,5333lg 1,7ʇQ t= +                  (12) 

ʛʜʝ 2,9107, 0,533 - ʢʦʵʬʬʠʮʠʝʥʪʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ 

ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʩʫʤʤʘʨʥʦʡ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ, 

ʧʦʛʣʦʱʸʥʥʦʡ ʧʨʦʜʫʢʪʘʤʠ ʦʢʠʩʣʝʥʠʷ ʠ ʠʩʧʘʨʝʥʠʷ, ʯ
-1
; 

0,64 - ʢʦʵʬʬʠʮʠʝʥʪ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ  ʜʝʩʷʪʠʯʥʳʡ 



 ʖɾʅʆ-ʉʀɹʀʈʉʂʀʁ ʅɸʋʏʅʓʁ ɺɽʉʊʅʀʂ 

 

37 ˉ 2 (30) Åʘʧʨʝʣʴ 2020  

ʣʦʛʘʨʠʬʤ ʚʨʝʤʝʥʠ ʥʘʯʘʣʘ ʠʟʤʝʥʝʥʠʷ ʜʝʩʷʪʠʯʥʦʛʦ 

ʣʦʛʘʨʠʬʤʘ 
ʊʆʉ

lg ʇQ , ʯ
-1
; 1,7 - ʢʦʵʬʬʠʮʠʝʥʪ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ, ʩʫʤʤʘʨʥʫʶ ʪʝʧʣʦʚʫʶ ʵʥʝʨʛʠʶ ʧʨʠ 

lg 0t= . 

 
1 - ʮʠʢʣ ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 150 ʜʦ 180 Áʉ; 2 - ʮʠʢʣ 

ʧʦʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 180 ʜʦ 150 Áʉ  

ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʠ ʜʝʩʷʪʠʯʥʦʛʦ ʣʦʛʘʨʠʬʤʘ ʩʫʤʤʘʨʥʦʡ 

ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ, ʧʦʛʣʦʱʸʥʥʦʡ ʧʨʦʜʫʢʪʘʤʠ ʦʢʠʩʣʝʥʠʷ ʠ 

ʠʩʧʘʨʝʥʠʷ ʦʪ ʜʝʩʷʪʠʯʥʦʛʦ ʣʦʛʘʨʠʬʤʘ ʚʨʝʤʝʥʠ ʠʩʧʳʪʘʥʠʷ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʤʦʪʦʨʥʦʛʦ ʤʘʩʣʘ  MOBIL Super 1000 15W - 40 

SL/CF 

ʇʨʠʨʘʚʥʷʚ ʫʨʘʚʥʝʥʠʝ 11 ʠ 12 ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʜʝʩʷʪʠʯʥʳʡ ʣʦʛʘʨʠʬʤ ʚʨʝʤʝʥʠ ʧʝʨʝʩʝʯʝʥʠʷ ʧʨʷʤʳʭ 

2,9107(lg 0,64) 0,533lg 1,7t t- = + 2,3774 lg 3,5628tÖ =  

lg 1,4986t=  
ʊʆʉ

31,52ʇt = ʯʘʩʦʚ, ʪ. ʝ. ʯʝʨʝʟ 31,52 ʯʘʩʘ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 180 Áʉ ʧʨʷʤʳʝ ʧʝʨʝʩʝʢʫʪʩʷ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʝʩʷʪʠʯʥʦʛʦ ʣʦʛʘʨʠʬʤʘ ʪʝʧʣʦʚʦʡ 

ʵʥʝʨʛʠʠ 
ʊʆʉ

lg ʇQ , ʧʦʛʣʦʱʸʥʥʦʡ ʧʨʦʜʫʢʪʘʤʠ ʦʢʠʩʣʝʥʠʷ 

ʠ ʠʩʧʘʨʝʥʠʷ ʧʨʠ ʧʝʨʝʩʝʯʝʥʠʠ ʧʨʷʤʳʭ 1 ʠ 2 ʧʦʜʩʪʘʚʠʤ 

ʜʝʩʷʪʠʯʥʳʡ ʣʦʛʘʨʠʬʤ ʚʨʝʤʝʥʠ lg 1,4986t=  ʚ ʣʶʙʦʝ ʠʟ 

ʫʨʘʚʥʝʥʠʡ 11 ʠʣʠ 12 

ʊʆʉ
lg 2,9107 (1,4986 0,64) 2,499ʇQ = Ö - = ʘʥʪʠʣʦʛʘʨʠʬʤ 

ʨʘʚʝʥ 315,5 
ʦ
ʉĿʯ. 

ɺʓɺʆɼʓ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʸʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʤʦʪʦʨʥʦʛʦ ʤʘʩʣʘ ʫʩʪʘʥʦʚʣʝʥʳ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦ ʢʦʵʬʬʠʮʠʝʥʪʫ 

ʪʝʨʤʦʦʢʠʩʣʠʪʝʣʴʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʇʪʦʩ: ʧʨʝʜʝʣʴʥʦ 

ʜʦʧʫʩʪʠʤʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʩʦʩʪʘʚʠʣʘ 180 Áʉ, ʧʨʠ ʵʪʦʤ 

ʚʨʝʤʷ ʠʩʧʳʪʘʥʠʷ 31,52 ʯʘʩʘ, ʢʦʣʠʯʝʩʪʚʦ ʩʫʤʤʘʨʥʦʡ 

ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ, ʧʦʛʣʦʱʸʥʥʦʡ ʧʨʦʜʫʢʪʘʤʠ 

ʦʢʠʩʣʝʥʠʷ ʠ ʠʩʧʘʨʝʥʠʷ, ʩʦʩʪʘʚʠʣʦ 315,5 
ʦ
ʉĿʯ. 

ʇʨʠʤʝʥʝʥʠʝ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʩʧʦʩʦʙʘ ʧʦʟʚʦʣʷʝʪ 

ʦʧʨʝʜʝʣʠʪʴ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʝ ʟʥʘʯʝʥʠʷ: ʚʨʝʤʝʥʠ 

ʦʢʠʩʣʝʥʠʷ 
ʆK 29,56t =  ʯʘʩʦʚ; ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʚʦʡ 

ʵʥʝʨʛʠʠ, ʧʦʛʣʦʱʸʥʥʦʡ ʧʨʦʜʫʢʪʘʤʠ ʦʢʠʩʣʝʥʠʷ 

207,35DQ =
 ʦ
ʉĿʯ; ʚʨʝʤʷ ʠʩʧʘʨʝʥʠʷ 2,13t= ; ʢʦʣʠʯʝʩʪʚʦ 

ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ, ʧʦʛʣʦʱʸʥʥʦʡ ʧʨʦʜʫʢʪʘʤʠ 

ʠʩʧʘʨʝʥʠʷ 
Gʂ

Q =122,46
 ʦ
ʉĿʯ; ʚʨʝʤʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʊʆʉ
31,52ʇt = ʯʘʩʦʚ; ʩʫʤʤʘʨʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʚʦʡ 

ʵʥʝʨʛʠʠ ʧʦʛʣʦʱʸʥʥʦʡ ʧʨʦʜʫʢʪʘʤʠ ʦʢʠʩʣʝʥʠʷ ʠ 

ʠʩʧʘʨʝʥʠʷ, ʩʦʩʪʘʚʠʣʦ 
ʊʆʉ

315,5ʇQ =
 ʦ
ʉĿʯ. 

ʇʨʝʜʣʘʛʘʝʤʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʷʝʪ 

ʨʘʩʰʠʨʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ 

ʧʦʢʘʟʘʪʝʣʷʭ ʪʝʨʤʦʦʢʠʩʣʠʪʝʣʴʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ 

ʪʝʤʧʝʨʘʪʫʨ, ʩʨʘʚʥʠʚʘʪʴ ʩʤʘʟʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ ʦʜʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ. 
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METHOD OF DETERMINING THE EXTREMELY ALLOWABLE 
INDICATORS OF THE WORKING CAPACITY OF LUBRICATING 

OIL 

B.I. Kovalsky, V.I. Vereshchagin, V.G. Shram, E.G. Kravtsova, O.N. Petrov 
Siberian Federal University, Institute of Oil and Gas, Krasnoyarsk 

Abstract ï One of the main indicators of the temperature limits of the performance of lubricating oils is thermo-oxidative 

stability. The indicators of thermo-oxidative stability of temperature include indicators of oxidation and evaporation of lubricants. A 

disadvantage of the known studies is the lack of information on the amount of thermal energy absorbed by the products of oxidation 

and evaporation and its influence on the maximum allowable quality indicators of lubricants. The aim of the research is to increase 

the informativeness of monitoring the performance of lubricants by taking into account the thermal energy absorbed by the products 

of oxidation and evaporation and its influence on the maximum permissible performance indicators. The work presents the results of 

determining the maximum permissible performance indicators of the mineral motor oil MOBIL Super 1000 15W-40 SL/CF, by 

thermostating in the temperature range from 150 to 180 ÁC in increase and decrease cycles, measuring optical density, volatility, 

coefficient of thermal oxidative stability and the amount of absorbed thermal energy. Using the experimental data on optical density, 

volatility, and the coefficient of thermo-oxidative stability, we calculated the values of the thermal energy absorbed by the products 

of oxidation, evaporation, and the temperature of the transformations taking into account the processes of oxidation and evaporation. 

It is shown that the application of the proposed methodology for cyclic changes in the test temperature makes it possible to determine 

the temperatures of the onset of oxidation and evaporation processes, the critical temperatures of these processes, and the maximum 

allowable temperature of the test lubricant. The proposed technical solution allows you to expand information about the maximum 

permissible indicators of thermo-oxidative stability of lubricants in a wide temperature range, to compare lubricants of the same 

purpose.  

Index terms: temperature control, optical density, evaporation, coefficient of thermal-oxidative stability, maximum permissible 

temperature. 
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ ɼʀɸɻʈɸʄʄ ʉʆʉʊʆʗʅʀʁ ʇʈʀ ʇʆʄʆʑʀ 
ʉʇɽʂʊʈɸʃʔʅʆɻʆ ɼʀʌʌɽʈɽʅʎʀʈʆɺɸʅʀʗ ʅɸ ʋɿʃɸʍ 

ʏɽɹʓʐɽɺɸ 

ɼ.ʉ. ɻʝʨʘʩʠʤʝʥʢʦ 
 ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ. ʉʪʘʚʨʦʧʦʣʴ 

ʅʝʨʘʟʨʫʰʘʶʱʠʡ ʢʦʥʪʨʦʣʴ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ 

ʦʙʲʝʢʪʦʚ, ʪʘʢ ʢʘʢ ʦʥ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʜʠʘʛʥʦʩʪʠʢʫ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʙʝʟ ʧʨʝʨʳʚʘʥʠʷ ʨʘʙʦʪʳ ʤʝʭʘʥʠʟʤʦʚ. ʂ ʦʜʥʦʡ 

ʠʟ ʩʘʤʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʦʪʥʦʩʠʪʩʷ ʚʠʙʨʦʜʠʘʛʥʦʩʪʠʢʘ. ʆʪʩʣʝʞʠʚʘʷ ʚʠʙʨʘʮʠʠ, 

ʧʨʦʭʦʜʷʱʠʝ ʯʝʨʝʟ ʜʠʘʛʥʦʩʪʠʨʫʝʤʳʡ ʦʙʲʝʢʪ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʜʠʘʛʨʘʤʤʳ, ʦʪʦʙʨʘʞʘʶʱʠʝ ʝʛʦ ʩʦʩʪʦʷʥʠʝ. ʈʘʥʝʝ ʫʩʪʘʥʦʚʣʝʥʦ 

ʯʪʦ ʦ ʥʘʣʠʯʠʠ ʜʝʬʝʢʪʘ ʛʦʚʦʨʠʪ ʧʨʠʩʫʪʩʪʚʠʝ ʭʘʦʪʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ, ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʠʘʛʨʘʤʤʳ 

ʦʪʦʙʨʘʞʘʶʱʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʩʤʝʱʝʥʠʝʤ ʩʢʦʨʦʩʪʴʶ ʠ ʫʩʢʦʨʝʥʠʝʤ. ʆʪʩʣʝʞʠʚʘʥʠʝ ʵʪʠʭ ʚʝʣʠʯʠʥ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ 

ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʨʝʩʫʨʩʦʟʘʪʨʘʪʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʧʦʵʪʦʤʫ ʩʢʦʨʦʩʪʴ ʠ ʫʩʢʦʨʝʥʠʝ ʨʘʮʠʦʥʘʣʴʥʦ ʚʳʯʠʩʣʷʪʴ ʧʫʪʝʤ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ, ʧʨʠ ʵʪʦʤ ʜʦʩʪʘʪʦʯʥʦ ʟʥʘʪʴ ʪʦʣʴʢʦ ʩʤʝʱʝʥʠʝ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʢʣʘʩʩʠʯʝʩʢʠʡ ʤʝʪʦʜ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ 

ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʦʯʥʦʩʪʴ ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ ʦʪʳʩʢʘʥʠʷ ʭʘʦʪʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ. ʇʦʵʪʦʤʫ ʜʣʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʧʝʢʪʨʘʣʴʥʳʝ ʤʝʪʦʜʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʩʪʘʥʜʘʨʪ ʜʚʦʡʥʦʡ ʘʨʠʬʤʝʪʠʯʝʩʢʦʡ ʪʦʯʥʦʩʪʠ. ʆʜʥʘʢʦ ʜʘʥʥʳʝ ʤʝʪʦʜʳ 

ʧʨʠʤʝʥʠʤʳ ʪʦʣʴʢʦ ʢ ʧʝʨʠʦʜʠʯʝʩʢʠʤ ʬʫʥʢʮʠʷʤ, ʘ ʩʣʫʯʘʝ, ʥʘʧʨʠʤʝʨ, ʩʠʩʪʝʤ ʩ ʟʘʪʫʭʘʶʱʠʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʜʘʶʪ 

ʥʝʢʦʨʨʝʢʪʥʳʡ ʨʝʟʫʣʴʪʘʪ. ɺʳʭʦʜʦʤ ʤʦʞʝʪ ʧʦʩʣʫʞʠʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʤʝʪʦʜʘ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʥʘ ʫʟʣʘʭ 

ʏʝʙʳʰʝʚʘ. ɺ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʣʝʞʠʪ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʝ ʧʨʠ ʧʦʤʦʱʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ. ɼʠʩʢʨʝʪʥʦʩʪʴ ʜʘʥʥʳʭ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʳʩʪʨʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ, ʷʚʣʷʶʱʝʛʦʩʷ ʭʦʨʦʰʦ ʧʨʦʨʘʙʦʪʘʥʥʳʤ ʠ ʤʥʦʛʦʢʨʘʪʥʦ 

ʨʝʘʣʠʟʦʚʘʥʥʳʤ ʥʘ ʕɺʄ ʠʥʩʪʨʫʤʝʥʪʦʤ. ɺʳʯʠʩʣʝʥʠʷ ʚ ʧʨʠʚʝʜʝʥʥʦʤ ʤʝʪʦʜʝ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʩ ʤʘʪʨʠʮʘʤʠ ʚ 

ʩʣʝʜʩʪʚʠʠ ʯʝʛʦ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣ ʚʳʙʨʘʥ ʧʘʢʝʪ MatLab, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʚ ʜʦʙʘʚʦʢ ʩʦʟʜʘʪʴ ʧʨʠʣʦʞʝʥʠʝ ʩ 

ʦʢʦʥʥʳʤ ʠʥʪʝʨʬʝʡʩʦʤ. ʎʝʣʴʶ ʧʨʘʢʪʠʯʝʩʢʦʡ ʯʘʩʪʠ ʵʪʦʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʜʝʤʦʥʩʪʨʘʮʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʩʪʨʦʝʥʠʷ ʜʠʘʛʨʘʤʤ 

ʩʦʩʪʦʷʥʠʡ ʧʨʠ ʧʦʤʦʱʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʤʝʪʦʜʘ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʥʘ ʏʝʙʳʰʝʚʩʢʠʭ ʫʟʣʘʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʨʘʟʨʫʰʘʶʱʠʡ ʢʦʥʪʨʦʣʴ, ʚʠʙʨʦʜʠʘʛʥʦʩʪʠʢʘ, ʩʧʝʢʪʨʘʣʴʥʦʝ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʝ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 

ʌʫʨʴʝ, ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ. 

 

ʊʝʭʥʦʣʦʛʠʠ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ, 

ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʚʠʙʨʦʜʠʘʛʥʦʩʪʠʢʝ ʵʬʬʝʢʪʠʚʥʳ ʜʣʷ 

ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʙʣʘʛʦʜʘʨʷ 

ʚʦʟʤʦʞʥʦʩʪʠ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʢʦʥʪʨʦʣʷ ʚ ʨʝʘʣʴʥʦʤ 

ʚʨʝʤʝʥʠ. ɺ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ 

ʠ ʧʨʠʤʝʥʝʥʦ ʚ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʦʪʨʘʩʣʷʭ 

ʤʥʦʞʝʩʪʚʦ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ 

ʦʙʲʝʢʪʦʚ [1, 2, 3, 4]. ʂʣʘʩʩʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ʠʜʝʥʪʠʬʠʮʠʨʫʶʪ ʧʦʚʨʝʞʜʝʥʠʝ, ʦʙʥʘʨʫʞʠʚʘʷ ʩʜʚʠʛ 

ʯʘʩʪʦʪʳ ʠʣʠ ʠʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʚʳʟʚʘʥʥʳʝ 

ʜʝʬʝʢʪʘʤʠ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ [5, 6], ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ 

ʦʮʝʥʢʘ ʥʘ ʦʩʥʦʚʝ ʩʜʚʠʛʘ ʯʘʩʪʦʪʳ, ʧʦʟʚʦʣʷʶʱʘʷ 

ʵʬʬʝʢʪʠʚʥʦ ʦʙʝʩʧʝʯʠʪʴ ʠʥʜʠʢʘʮʠʶ ʫʱʝʨʙʘ. ʇʦʜʭʦʜ 

[5] ʩʦʩʨʝʜʦʪʦʯʝʥ ʥʘ ʟʘʜʘʯʝ ʧʦʠʩʢʘ ʯʘʩʪʦʪʳ ʚ ʙʘʟʝ 

ʜʘʥʥʳʭ ʧʫʪʝʤ ʦʧʪʠʤʠʟʘʮʠʠ, ʘ ʚ [6], ʙʳʣ ʦʧʠʩʘʥ ʥʦʚʳʡ 

ʤʝʪʦʜ ʦʮʝʥʢʠ ʯʘʩʪʦʪʳ ʜʣʷ ʜʚʫʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨ 

ʧʦʚʨʝʞʜʝʥʠʡ. ɺ ʨʘʙʦʪʝ [7] ʚʳʰʝʫʧʦʤʷʥʫʪʘʷ ʧʨʦʙʣʝʤʘ 

ʠʩʩʣʝʜʦʚʘʥʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʙʳʣʠ 

ʦʙʥʘʨʫʞʝʥʳ ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʢʦʤʧʦʥʝʥʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʥʝʣʠʥʝʡʥʳʤ ʵʬʬʝʢʪʦʤ ʚ ʩʧʝʢʪʨʝ ʌʫʨʴʝ. ʇʦʤʠʤʦ 

ʩʜʚʠʛʘ ʯʘʩʪʦʪʳ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʦʨʤʘ 

ʢʦʣʝʙʘʥʠʡ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʣʦʢʘʣʠʟʘʮʠʠ ʧʦʚʨʝʞʜʝʥʠʡ.  

ʀʩʭʦʜʷ ʠʟ ʪʦʛʦ, ʯʪʦ ʥʘʣʠʯʠʝ ʧʦʚʨʝʞʜʝʥʠʡ ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʥʝʣʠʥʝʡʥʦʤʫ ʵʬʬʝʢʪʫ ʚ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʩʠʛʥʘʣʘʭ [8, 9, 10, 11, 12, 13]. 

ʊʦʯʥʝʝ ʛʦʚʦʨʷ, ʥʝʣʠʥʝʡʥʳʡ ʵʬʬʝʢʪ ʤʦʞʝʪ ʙʳʪʴ 

ʦʙʥʘʨʫʞʝʥ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʘʭ ʩʦʩʪʦʷʥʠʡ, 

ʦʧʨʝʜʝʣʷʝʤʳʭ ʩʤʝʱʝʥʠʝʤ, ʩʢʦʨʦʩʪʴʶ ʠ ʫʩʢʦʨʝʥʠʝʤ 

(ʧʨʦʠʟʚʦʜʥʳʤʠ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʧʦʨʷʜʢʘ ʦʪ 

ʠʟʤʝʨʷʝʤʳʭ ʚʝʣʠʯʠʥ). ʆʪʦʙʨʘʞʝʥʠʷ ʇʫʘʥʢʘʨʝ ï 

ʤʦʱʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʦʧʠʩʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʦʩʪʦʷʥʠʡ. ɺ ʨʘʙʦʪʘʭ [14, 15, 16, 17, 18] 

ʤʝʪʦʜ ʦʪʦʙʨʘʞʝʥʠʷ ʇʫʘʥʢʘʨʝ ʧʨʝʜʣʦʞʝʥ ʄʘʥʦʘʭʦʤ, 

ʊʨʝʥʜʘʬʠʣʦʚʦʡ, ɺʘʨʤʠʥʩʢʠʤ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ 

ʧʦʚʨʝʞʜʝʥʠʡ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʤʝʪʦʜ ʧʨʠʤʝʥʷʝʪʩʷ 

ʧʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʧʦʚʨʝʞʜʝʥʠʡ ʢʦʤʧʦʟʠʪʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ [19]. ʄʝʪʦʜ ʠʩʧʦʣʴʟʫʝʪ ʥʝʟʘʚʠʩʠʤʳʝ 

ʠʟʤʝʨʝʥʠʷ ʩʤʝʱʝʥʠʷ, ʩʢʦʨʦʩʪʠ ʠ ʫʩʢʦʨʝʥʠʷ ʚ 

ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʩʦʩʪʦʷʥʠʡ, ʚ ʢʦʪʦʨʦʤ ʦʧʨʝʜʥʣʷʝʪʩʷ 

ʧʦʢʘʟʘʪʝʣʴ ʧʦʚʨʝʞʜʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʢʘʨʪʳ ʇʫʘʥʢʘʨʝ. 

ʕʪʦʪ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ, ʦʜʥʘʢʦ, 

ʜʦʨʦʛʦʩʪʦʷʱʠʤ, ʧʦʩʢʦʣʴʢʫ ʩʤʝʱʝʥʠʝ, ʩʢʦʨʦʩʪʴ ʠ 

ʫʩʢʦʨʝʥʠʝ ʠʟʤʝʨʷʶʪʩʷ ʥʝʟʘʚʠʩʠʤʦ. 

ʅʘ ʧʨʘʢʪʠʢʝ ʯʠʩʣʦʚʦʝ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʝ ʠ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʠʩʪʝʤʘʭ 

ʩʙʦʨʘ ʜʘʥʥʳʭ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʩʤʝʱʝʥʠʝ, ʩʢʦʨʦʩʪʴ 

ʠʣʠ ʫʩʢʦʨʝʥʠʝ ʪʦʣʴʢʦ ʠʟ ʦʜʥʦʛʦ ʠʟʤʝʨʝʥʠʷ. ʆʜʥʘʢʦ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʯʠʩʣʝʥʥʦʛʦ ʤʝʪʦʜʘ 

ʚʳʯʠʩʣʝʥʠʷ ʧʨʦʠʟʚʦʜʥʦʡ ʚʣʠʷʝʪ ʥʘ 

ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴ ʤʝʪʦʜʘ. ɺ ʨʘʙʦʪʝ [20] ʙʳʣ 

ʧʨʝʜʣʦʞʝʥ ʩʧʝʢʪʨʘʣʴʥʦʡ ʤʝʪʦʜ ʌʫʨʴʝ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 
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ʦʪʦʙʨʘʞʝʥʠʡ ʇʫʘʥʢʘʨʝ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʤʦʞʥʦ 

ʦʙʥʘʨʫʞʠʚʘʪʴ ʧʦʚʨʝʞʜʝʥʠʷ. 

ʄʆɼɽʃʔ ʊɽʍʅʀʏɽʉʂʆɻʆ ʆɹʒɽʂʊɸ 

ʅʝʩʣʦʞʥʳʤ ʧʨʠʤʝʨʦʤ ʜʠʘʛʥʦʩʪʠʨʫʝʤʦʛʦ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ ʤʦʞʝʪ ʧʦʩʣʫʞʠʪʴ ʧʨʫʞʠʥʥʳʡ 

ʤʘʷʪʥʠʢ ʩ ʜʚʫʤʷ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ. ʈʝʟʫʣʴʪʠʨʫʶʱʝʝ 

ʜʚʫʭ ʢʦʣʝʙʘʥʠʡ (x) ʩ ʨʘʟʥʳʤʠ ʯʘʩʪʦʪʘʤʠ (ɤ1 ʠ ɤ2) 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ [21] 

 , (1) 

ɻʜʝ A ʠ B ʘʤʧʣʠʪʫʜʳ ʠ ʧʝʨʦʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʛʨʫʟʦʚ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ű1 ʠ ű2 ʟʘʜʘʶʪ ʩʤʝʱʝʥʠʷ, ʘ ɤ1 ʠ ɤ2 

ʷʚʣʷʶʪʩʷ ʯʘʩʪʦʪʘʤʠ ʢʦʣʝʙʘʥʠʡ ʛʨʫʟʦʚ. 

ʆʊʆɹʈɸɾɽʅʀɽ ɼʀɸɻʈɸʄʄ 

ɼʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʜʠʘʛʨʘʤʤ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ 

ʩʦʩʪʦʷʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ 

ʦʪʦʙʨʘʞʘʪʴ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʝʡ [20] ʩʢʦʨʦʩʪʠ, 

ʩʤʝʱʝʥʠʷ ʠ ʫʩʢʦʨʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʫʩʢʦʨʝʥʠʝ ʠ 

ʩʢʦʨʦʩʪʴ ʨʘʩʩʯʠʪʳʚʘʪʴ ʯʝʨʝʟ ʯʠʩʣʝʥʥʦʝ ʚʳʯʠʩʣʝʥʠʝ 

ʧʨʦʠʟʚʦʜʥʦʡ ʩ ʧʦʤʦʱʴʶ ʧʨʷʤʦʛʦ (2) ʠ ʦʙʨʘʪʥʦʛʦ (3) 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ ʜʣʷ ʩʤʝʱʝʥʠʷ [20]. 

 , (2) 

 , (3) 

ɻʜʝ t ŗ R ʠ ɤ ŗ R. ʇʨʠ ʧʦʤʦʱʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʌʫʨʴʝ ʩʢʦʨʦʩʪʴ (4) ʠ ʫʩʢʦʨʝʥʠʝ (5) ʚʳʯʠʩʣʷʶʪʩʷ ʢʘʢ 

[20]: 

 , (4) 

 . (5) 

ɻʜʝ W(ɤ) ʦʧʨʝʜʝʣʝʥʦ ʚ ʚʳʨʘʞʝʥʠʠ (2). ɼʣʷ 

ʜʠʩʢʨʝʪʥʦʛʦ ʩʣʫʯʘʷ ʝʩʪʝʩʪʚʝʥʥʳʤ ʚʳʙʦʨʦʤ ʜʣʷ 

ʚʳʯʠʩʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʠ ʫʩʢʦʨʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʜʠʩʢʨʝʪʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ (ɼʇʌ). 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ w(t) ʦʧʨʝʜʝʣʝʥʦ ʥʘ ʠʥʪʝʨʚʘʣʝ [0, 

2ˊ], ʠ ʵʪʦʪ ʠʥʪʝʨʚʘʣ ʜʝʣʠʪʩʷ ʥʘ N ʪʦʯʝʢ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʯʝʛʦ ʧʦʣʫʯʘʝʪʩʷ ʩʝʪʢʘ ʠʟ N-1 ʷʯʝʝʢ ʜʣʠʥʦʡ ȹ. 

ʆʙʨʘʪʥʦʝ ɼʇʌ, ʜʣʷ ʫʨʘʚʥʝʥʠʡ. (4) ʠ (5) 

ʟʘʧʠʩʳʚʘʶʪʩʷ ʢʘʢ [20]:  

 , (6) 

 , (7) 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʬʦʨʤʫʣ. (6) ʠ (7), ʩʢʦʨʦʩʪʴ ʠ 

ʫʩʢʦʨʝʥʠʝ ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ 

ʩʤʝʱʝʥʠʷ. ʆʜʥʘʢʦ, ʧʨʠʚʝʜʝʥʥʳʡ ʚʳʰʝ ʤʝʪʦʜ 

ʚʳʯʠʩʣʝʥʠʷ ʨʘʙʦʪʘʝʪ ʭʦʨʦʰʦ ʨʘʙʦʪʘʝʪ ʜʣʷ 

ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ, ʥʦ ʜʘʝʪ ʩʝʨʴʝʟʥʳʝ 

ʧʦʛʨʝʰʥʦʩʪʠ ʚ ʩʣʫʯʘʠ ʥʝʧʝʨʠʦʜʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ ,ʥʘʧʨʠʤʝʨ, ʚ ʩʣʫʯʘʝ 

ʟʘʪʫʭʘʶʱʠʭ ʢʦʣʝʙʘʥʠʡ. ʈʝʰʝʥʠʝʤ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ 

ʤʦʞʝʪ ʧʦʩʣʫʞʠʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʠʥʦʤʦʚ 

ʏʝʙʳʰʝʚʘ. ɸ ʚ ʮʝʣʷʭ ʫʩʢʦʨʝʥʠʷ ʚʳʯʠʩʣʝʥʠʡ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʙʳʩʪʨʳʤ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʌʫʨʴʝ (ɹʇʌ). 

ʉʇɽʂʊʈɸʃʔʅʓʁ ʄɽʊʆɼ ʏɽɹʓʐɽɺɸ 

ɺ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʣʝʞʠʪ ʚʟʘʠʤʦʩʚʷʟʴ ʦʙʣʘʩʪʝʡ 

ʦʧʨʝʜʝʣʝʥʠʷ ʫʟʣʦʚ ʏʝʙʳʰʝʚʘ (x ҽ [-1, 1]), ʨʷʜʘ 

ʌʫʨʴʝ (ɗ ҽ R) ʠ ʨʷʜʘ ʃʦʨʘʥʘ (ʥʘ ʝʜʠʥʠʯʥʦʡ 

ʦʢʨʫʞʥʦʩʪʠ). ɺʠʟʫʘʣʠʟʘʮʠʷ ʵʪʦʡ ʚʟʘʠʤʦʩʚʷʟʠ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

 
ʈʠʩ. 1 ï ʆʪʥʦʰʝʥʠʷ ʤʝʞʜʫ x, z ʠ ɗ 

ʇʫʩʪʴ z ï ʢʦʤʧʣʝʢʩʥʦʝ ʯʠʩʣʦ ʥʘ ʝʜʠʥʠʯʥʦʡ 

ʦʢʨʫʞʥʦʩʪʠ: |z| = 1, ʠ ɗ ʷʚʣʷʝʪʩʷ ʘʨʛʫʤʝʥʪʦʤ ʵʪʦʛʦ 

ʯʠʩʣʘ. ɗ ʷʚʣʷʝʪʩʷ ʜʝʡʩʪʚʠʪʝʣʴʥʳʤ ʯʠʩʣʦʤ, ʢʦʪʦʨʦʝ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʢʨʘʪʥʳʭ 2.́ ʇʫʩʪʴ, ʜʣʷ 

ʢʘʞʜʦʛʦ ʭ ɭ [-1; 1], ʝʩʪʴ ʜʚʘ ʢʦʤʧʣʝʢʩʥʳʭ 

ʩʦʧʨʷʞʝʥʥʳʭ ʟʥʘʯʝʥʠʷ z, ʥʘ ʦʩʥʦʚʘʥʠʠ ʯʝʛʦ ʤʳ 

ʠʤʝʝʤ [22]: 

 , (8) 

N-ʡ ʧʦʣʠʥʦʤ ʏʝʙʳʰʝʚʘ, ʦʙʦʟʥʘʯʘʝʤʳʡ Tn, 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʚʳʨʘʞʝʥʠʝʤ [22]  

 , (9) 

ɼʣʷ n = 0, 1; 2 ʠ 3 ʠʤʝʝʤ [22]: 
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ʆʙʱʘʷ ʟʘʧʠʩʴ ʧʦʣʠʥʦʤʘ ʏʝʙʳʰʝʚʘ ʠʤʝʝʪ ʚʠʜ [22] 

 

ʠ ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʘ ʨʝʢʫʨʨʝʥʪʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ 

 , (10) 

ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ Tn ʠʤʝʝʪ ʩʪʝʧʝʥʴ n ʜʣʷ ʚʩʝʭ 

n Ó 0, ʠ ʩʪʘʨʰʠʡ ʢʦʵʬʬʠʮʠʝʥʪ 2
n-1

 ʜʣʷ ʚʩʝʭ n Ó 1. 

ʈʠʩʫʥʦʢ 2 ʧʦʟʚʦʣʷʝʪ ʫʚʠʜʝʪʴ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ 

ʠʥʪʝʨʧʨʝʪʘʮʠʶ.  

 
ʈʠʩ. 2. ï ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʧʦʣʠʥʦʤʘ ʏʝʙʳʰʝʚʘ 

ʄʥʦʛʦʯʣʝʥ ʏʝʙʳʰʝʚʘ Tn ʤʦʞʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ 

ʢʘʢ ʩʠʥʫʩʦʠʜʘʣʴʥʫʶ ʚʦʣʥʫ, "ʦʙʝʨʥʫʪʫʶ ʚʦʢʨʫʛ 

ʮʠʣʠʥʜʨʘ ʠ ʚʠʜʠʤʫʶ ʩʙʦʢʫ". 

ʃʶʙʦʡ ʤʥʦʛʦʯʣʝʥ ʩʪʝʧʝʥʠ N ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥ ʢʘʢ ʣʠʥʝʡʥʘʷ ʢʦʤʙʠʥʘʮʠʷ ʤʥʦʛʦʯʣʝʥʦʚ 

ʏʝʙʳʰʝʚʘ. 

 , (11) 

ʇʦʣʠʥʦʤ ʃʦʨʘʥʘ ʪʦʡ ʞʝ ʩʪʝʧʝʥʠ N ʧʦ z ʠ z
-1
, 

ʷʚʣʷʝʪʩʷ ʩʘʤʦʜʚʦʡʩʪʚʝʥʥʳʤ, ʯʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ z
n
 ʠ z

-n
 

ʠʤʝʶʪ ʨʘʚʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ: 

 , 

 (12) 

ʊʘʢʠʤ ʞʝ ʩʦʦʪʚʝʪʩʪʚʠʝʤ ʦʙʣʘʜʘʝʪ 

ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʡ ʤʥʦʛʦʯʣʝʥ ʩʪʝʧʝʥʠ N ʩ ʧʝʨʠʦʜʦʤ 

2ˊ, ʪʦ ʝʩʪʴ  

 , (13) 

ʌʫʥʢʮʠʠ (11) ï (13) ʵʢʚʠʚʘʣʝʥʪʥʳ ʚ ʪʦʤ ʩʤʳʩʣʝ, 

ʯʪʦ p(x) = p(z) = P(ɗ), ʢʦʛʜʘ x, z, ʠ ɗ ʩʚʷʟʘʥʳ, ʯʪʦ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟ 

ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʫʥʢʮʠʠ f(x), ʦʧʨʝʜʝʣʝʥʥʦʡ ʜʣʷ x  ɴ[-1; 

1], ʤʦʞʥʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʩʘʤʦʜʚʦʡʩʪʚʝʥʥʫʶ ʬʫʥʢʮʠʶ 

f(z), ʦʧʨʝʜʝʣʝʥʥʫʶ ʥʘ ʝʜʠʥʠʯʥʦʡ ʦʢʨʫʞʥʦʩʪʠ, ʠ 

ʧʝʨʠʦʜʠʯʝʩʢʫʶ ʬʫʥʢʮʠʶ F(z), ʦʧʨʝʜʝʣʝʥʥʫʶ ʥʘ R: 

 , 

 (14) 

ɼʣʷ ʤʝʪʦʜʦʚ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʦʚʤʝʱʝʥʠʷ ʨʘʙʦʪʘ, ʚ 

ʦʩʥʦʚʥʦʤ, ʚʝʜʝʪʩʷ ʩ (12) ï (14) ʠ ʩ 

ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʳʤʠ ʧʦʣʠʥʦʤʘʤʠ ʬʫʥʢʮʠʡ f(x), f(z) ʠ 

F(z). ʋʟʣʳ ʠʥʪʝʨʧʦʣʷʮʠʠ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʦ 

ʬʦʨʤʫʣʘʤ [22]: 

 

 

 

ʛʜʝ 0 Ò j Ò N. ʀʤʝʝʪ ʤʝʩʪʦ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʴ 

ʩʣʝʜʫʶʱʠʭ ʠʥʪʝʨʧʦʣʠʨʫʶʱʠʭ ʬʫʥʢʮʠʡ: 

¶ P(ɗ) ʠʥʪʝʨʧʦʣʠʨʫʝʪ F(ɗ) (ʯʝʪʥʳʝ ʩ ʧʝʨʠʦʜʦʤ 2)́ 

ʚ ʨʘʚʥʦʦʪʩʪʦʷʱʠʭ ʪʦʯʢʘʭ {ɗj};  

¶ p(z) ʠʥʪʝʨʧʦʣʠʨʫʝʪ f(z) ʥʘ ʢʦʨʥʷʭ ʦʙʲʝʜʠʥʝʥʠʷ 

{ zj}.  

¶ p(x) ʠʥʪʝʨʧʦʣʠʨʫʝʪ f(x) (ʧʨʦʠʟʚʦʣʴʥʦ) ʥʘ ʫʟʣʘʭ 

ʏʝʙʳʰʝʚʘ {xj}  

ɺʳʰʝʠʟʣʦʞʝʥʥʦʝ ʜʘʝʪ ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʙʘʟʫ 

ʘʣʛʦʨʠʪʤʘ ʜʠʩʢʨʝʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ ʜʣʷ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʏʝʙʳʰʝʚʘ. 

ʂʣʶʯʝʚʳʤ ʤʦʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ 

ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʳʡ ʧʦʣʠʥʦʤ q ʬʫʥʢʮʠʠ f ʤʦʞʥʦ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʪʴ ʧʫʪʝʤ ʥʘʭʦʞʜʝʥʠʷ 

ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʦʛʦ ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʦʛʦ ʧʦʣʠʥʦʤʘ 

Q ʦʪ F, ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʌʫʨʴʝ ʠ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʦʙʨʘʪʥʦ ʚ ʚʝʢʪʦʨ x. ɼʣʷ ʵʪʦʛʦ ʤʦʞʥʦ 

ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʠʩʢʨʝʪʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʌʫʨʴʝ. 

ʆʇʀʉɸʅʀɽ ʄɽʊʆɼɸ ʉʇɽʂʊʈɸʃʔʅʆɻʆ 
ɼʀʌʌɽʈɽʅʎʀʈʆɺɸʅʀʗ ʉ ʇʆʄʆʑʔʖ ɹʇʌ 

ʇʦʜʦʙʥʝʝ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ 

ʤʦʞʥʦ ʫʟʥʘʪʴ ʚ [22] 

ï ɼʘʥʥʳʝ v0,é,vN ʥʘ ʫʟʣʘʭ ʏʝʙʳʰʝʚʘ x0 = 1,é,xN = 

-1, ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʥʘ ʚʝʢʪʦʨ V ʜʣʠʥʳ 2N 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ V2N-j = vj, j = 1; 2,é;N ï 1. 

ï ʀʩʧʦʣʴʟʫʷ ɹʇʌ, ʨʘʩʩʯʠʪʘʪʴ 

 

ï ʆʧʨʝʜʝʣʠʪʴ , ʢʨʦʤʝ . 

ï ɺʳʯʠʩʣʠʪʴ ʧʨʦʠʟʚʦʜʥʫʶ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʦʛʦ 
ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʦʛʦ ʧʦʣʠʥʦʤʘ Q ʥʘ ʨʘʚʥʦʦʪʩʪʦʷʱʠʭ 

ʫʟʣʘʭ ʧʨʠ ʧʦʤʦʱʠ ʦʙʨʘʪʥʦʛʦ ɹʇʌ: 

. 

ï ɺʳʯʠʩʣʠʪʴ ʧʨʦʠʟʚʦʜʥʫʶ ʘʣʛʝʙʨʘʠʯʝʩʢʦʛʦ 

ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʦʛʦ ʧʦʣʠʥʦʤʘ q ʥʘ ʚʥʫʪʨʝʥʥʠʭ ʪʦʯʢʘʭ 

ʩʝʪʢʠ 
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ï ʢʨʘʡʥʠʝ ʪʦʯʢʠ ʚʳʯʠʩʣʷʶʪʩʷ ʧʦ ʩʧʝʮʠʘʣʴʥʳʤ 
ʬʦʨʤʫʣʘʤ 

, . 

ʕʪʠ ʬʦʨʤʫʣʳ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ. ɼʘʝʪʩʷ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ 

ʨʘʩʰʠʨʝʥʥʳʭ ʜʘʥʥʳʭ {vj}, ʧʦʟʚʦʣʷʶʱʘʷ ʠʟʤʝʥʷʪʴ 

ʦʙʨʘʪʥʦʝ ʜʠʩʢʨʝʪʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ ʧʨʠ 

ʧʨʦʠʟʚʦʣʴʥʦʤ ɗ. ʀʩʧʦʣʴʟʫʷ ʢʦʵʬʬʠʮʠʝʥʪ Ŭn, ʤʦʞʥʦ 

ʟʘʧʠʩʘʪʴ 

 

ɸʣʛʝʙʨʘʠʯʝʩʢʠʡ ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʳʡ ʧʦʣʠʥʦʤ ʧʦ 

{ vj} ʠʤʝʝʪ ʚʠʜ , ʛʜʝ , ʘ 

ʧʨʦʠʟʚʦʜʥʘʷ 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʩʧʝʮʠʘʣʴʥʳʭ ʬʦʨʤʫʣ ʜʣʷ w0 ʠ wN, 

ʟʥʘʯʝʥʠʝ  ʦʧʨʝʜʝʣʷʪʩʷ ʧʨʠ x = Ñ1 ʧʦ ʧʨʘʚʠʣʫ 

ʃʦʧʠʪʘʣʷ, ʢʦʪʦʨʦʝ ʜʘʝʪ 

 

. 

ʆʙʦʙʱʠʪʴ ʤʝʪʦʜ ʜʣʷ ʧʨʦʠʟʚʦʜʥʳʭ ʚʳʩʦʢʠʭ 

ʧʦʨʷʜʢʦʚ ʥʝʩʣʦʞʥʦ. ʅʘ ʵʪʘʧʝ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʌʫʨʴʝ ʚʳʧʦʣʥʷʝʪʩʷ ʫʤʥʦʞʝʥʠʝ ʥʘ (ik)
v
, 

ʯʪʦʙʳ ʚʳʯʠʩʣʠʪʴ v-ʫʶ ʧʨʦʠʟʚʦʜʥʫʶ, ʠ, ʝʩʣʠ v 

ʥʝʯʝʪʥʦ, ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʠʩʚʘʠʚʘʥʠʝ . ɺʦ-

ʚʪʦʨʳʭ, ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʯʠʪʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʤʥʦʞʠʪʝʣʠ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʤʝʞʜʫ ʧʨʦʠʟʚʦʜʥʳʤʠ 

ʥʘ ʨʘʚʥʦʦʪʩʪʦʷʱʠʭ ʫʟʜʘʭ ʠ ʥʘ ʫʟʣʘʭ ʏʝʙʳʰʝʚʘ, ʪʦ 

ʝʩʪʴ ʧʨʦʠʟʚʦʜʥʳʝ ʧʦ ʧʝʨʝʤʝʥʥʳʤ ɗ ʠ x. ʅʘʧʨʠʤʝʨ, 

ʚʪʦʨʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʩʚʷʟʘʥʳ ʚʳʨʘʞʝʥʠʝʤ 

  (14) 

  (8.7) 

ɽʩʣʠ  ʠ  - ʧʝʨʚʘʷ ʠ ʚʪʦʨʘʷ ʧʨʦʠʟʚʦʜʥʳʝ 

ʥʘ ʩʝʪʢʝ ʩ ʨʘʚʥʦʦʪʩʪʦʷʱʠʤʠ ʫʟʣʘʤʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʪʦ ʚʪʦʨʘʷ ʧʨʦʠʟʚʦʜʥʘʷ ʥʘ ʩʝʪʢʝ ʩ ʫʟʣʘʤʠ ʏʝʙʳʰʝʚʘ

ɿʜʝʩʴ ʪʘʢ ʞʝ ʥʫʞʥʳ ʩʧʝʮʠʘʣʴʥʳʝ ʬʦʨʤʫʣʳ 

ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ j = 0 ʠ j = N. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ, ʢʦʛʜʘ ʢʦʤʧʣʝʢʩʥʦʝ ɹʇʌ 

ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʚʝʱʝʩʪʚʝʥʥʦʡ 

ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ, ʤʥʦʞʠʪʝʣʴ ʜʚʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʝʨʷʝʪʩʷ. ɺ ʚʳʰʝʦʧʠʩʘʥʥʦʤ ʤʝʪʦʜʝ, 

ʩʠʪʫʘʮʠʷ ʭʫʞʝ, ʧʦʩʢʦʣʴʢʫ ʥʝ ʪʦʣʴʢʦ V ʚʝʱʝʩʪʚʝʥʥʦ, 

ʯʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ  ʪʦʞʝ ʚʝʱʝʩʪʚʝʥʥʦ. ʀʟ-ʟʘ ʵʪʦʛʦ 

ʧʦʜ ʚʦʧʨʦʩʦʤ ʦʢʘʟʳʚʘʝʪʩʷ ʯʝʪʚʝʨʥʘʷ ʪʦʯʥʦʩʪʴ, ʟʜʝʩʴ 

ʧʨʘʚʠʣʴʥʳʤ ʨʝʰʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʜʠʩʢʨʝʪʥʦʛʦ ʢʦʩʠʥʫʩʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (ɼʂʇ) 

ʚʤʝʩʪʦ ɹʇʌ. ʆʜʥʘʢʦ ʢʦʜ ɼʂʇ ʚʢʣʶʯʝʥʦ ʣʠʰʴ ʚ 

ʧʦʟʜʥʠʝ ʚʝʨʩʠʠ Matlab. ɺ ʩʣʝʜʫʶʱʝʡ ʧʨʦʛʨʘʤʤʝ, 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʙʱʠʡ ʢʦʜ FFT ʠ ʥʝʩʤʦʪʨʷ ʥʘ ʧʦʪʝʨʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʆɽ ʇʆʉʊʈʆɽʅʀɽ 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʦʢʘʟʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʝ 

ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʜʠʘʛʨʘʤʤ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ (1) ʚ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʥʘʜ 

ʜʘʥʥʦʡ ʩʪʘʪʴʝʡ ʙʳʣʘ ʥʘʧʠʩʘʥʘ ʧʨʦʛʨʘʤʤʘ ʜʣʷ ʧʘʢʝʪʘ 

MatLab, ʧʦʟʚʦʣʷʶʱʘʷ ʠʟʤʝʥʷʷ ʧʘʨʘʤʝʪʨʳ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʥʘʙʣʶʜʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʜʠʘʛʨʘʤʤʳ. 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʛʨʘʬʠʯʝʩʢʘʷ ʦʙʦʣʦʯʢʘ 

ʜʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ. ɼʣʷ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚ 

ʠʥʪʝʨʬʝʡʩʝ ʧʨʦʛʨʘʤʤʳ ʩʦʟʜʘʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʩʣʘʡʜʝʨʳ. 

 

 
ʈʠʩ. 3 ï ʛʨʘʬʠʯʝʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʤʳ 

ɿɸʂʃʖʏɽʅʀɽ 

ʇʨʦʚʝʜʝʥʥʳʡ ʩ ʧʦʤʦʱʴʶ ʧʘʢʝʪʘ MatLab 

ʵʢʩʧʠʨʝʤʝʥʪ ʧʦʢʘʟʳʚʘʝʪ ʯʪʦ ʚʳʩʦʢʦʪʦʯʥʳʡ ʤʝʪʦʜ 

ʥʘʭʦʞʜʝʥʠʷ ʧʨʦʟʚʦʜʥʦʡ ʬʫʥʢʮʠʠ ʤʦʞʥʦ ʵʬʬʝʢʪʠʚʥʦ 

ʧʨʠʤʝʥʷʪʴ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʜʠʘʛʨʘʤʤ ʩʦʩʪʦʷʥʠʷ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ. ɺ ʙʫʜʫʶʱʝʤ ʧʣʘʥʠʨʫʝʪʩʷ 

ʧʨʦʚʝʩʪʠ ʵʢʩʧʠʨʝʤʝʥʪ ʩ ʙʦʣʝʝ ʩʣʦʞʥʳʤʠ ʤʦʜʝʣʷʤʠ, ʘ 

ʪʘʢ ʞʝ ʜʦʙʘʚʠʪʴ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʩʦʩʪʦʷʥʠʡ ʧʦ 

ʜʠʘʛʨʘʤʤʝ. 
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MODELING OF DIAGRAMS OF STATES USING SPECTRAL 
DIFFERENTIATION AT CHEBYSHEVSKY NODES 

D.S. Gerasimenko 
 
NCFU, Stavropol 

Nondestructive testing is one of the most promising methods for monitoring the state of technical objects, since it allows you to 

diagnose in real time without interrupting the operation of mechanisms. One of the most effective types of nondestructive testing is 

vibration-based diagnostics. By tracking the vibrations passing through the diagnosed object, you can build diagrams showing its 

state. It was previously established that the presence of a defect is indicated by the presence of chaotic oscillations, for the detection 

of which diagrams are used displaying the dependences between the displacement by speed and acceleration. Tracking these values 

separately is a fairly resource-consuming process, therefore, it is rational to calculate speed and acceleration by differentiation, and it 

is enough to know only the displacement. It is known that the classical method of differentiation does not provide the accuracy 

necessary for finding chaotic oscillations. Therefore, for this task, it is advisable to use spectral methods that provide a standard for 

double arithmetic accuracy. However, these methods are applicable only to periodic functions, and in the case of, for example, 

systems with damped oscillations, they give an incorrect result. The solution may be the use of the spectral method of differentiation 

at Chebyshev nodes. The method is based on differentiation using the Fourier transform. The discreteness of the data makes it 

possible to use the fast Fourier transform, which is a well-developed and repeatedly implemented computer tool. The calculations in 

the above method are carried out mainly with matrices, as a result of which the MatLab package was chosen for the experiment, 

which allowed in addition to create an application with a window interface. The purpose of the practical part of this article is to 

demonstrate the possibility of constructing state diagrams using the spectral method of differentiation at Chebyshev nodes. 

Keywors: nondestructive check, vibration-based diagnostics, spectral differentiation, Fourier transform, numerical method. 
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ʄɸʊɽʄɸʊʀʏɽʉʂɸʗ ʄʆɼɽʃʔ ʈʓʍʃɽʅʀʗ ʉʅɽɾʅʆ-
ʃɽɼʆɺʆɻʆ ʀ ʄɽʈɿʃʆɻʆ ɻʈʋʅʊɸ ʈʓʍʃʀʊɽʃɽʄ ʉ 

ʋʐʀʈʀʊɽʃɽʄ 

ʈ.ɹ. ɾʝʣʫʢʝʚʠʯ
1
, ʖ.ʌ. ʂʘʡʟʝʨ

1
, ɺ.ɻ. ʐʨʘʤ

1
, ɸ.ɺ. ʃʳʩʷʥʥʠʢʦʚ

1
, ɺ.ʃ. ʊʶʢʘʥʦʚ

1
, ɸ.ɺ. 

ɽʛʦʨʦʚ
2
                 

1
ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʀʥʩʪʠʪʫʪ ʥʝʬʪʠ ʠ ʛʘʟʘ, ʛ. ʂʨʘʩʥʦʷʨʩʢ 

2
ʇʦʚʦʣʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,  ʀʥʩʪʠʪʫʪ ʤʝʭʘʥʠʢʠ ʠ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʛ. 

ʁʦʰʢʘʨ-ʆʣʘ 

 
ʇʨʠ ʦʙʫʩʪʨʦʡʩʪʚʝ ʥʝʬʪʷʥʳʭ ʠ ʛʘʟʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʦʩʥʦʚʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʝʡ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʷʚʣʷʝʪʩʷ 

ʨʳʭʣʝʥʠʝ ʩʥʝʞʥʦ-ʣʝʜʦʚʦʛʦ ʠ ʤʝʨʟʣʦʛʦ ʛʨʫʥʪʘ. ʆʧʨʝʜʝʣʝʥʠʝ ʫʩʠʣʠʡ ʥʘ ʪʨʝʭʛʨʘʥʥʦʤ ʢʣʠʥʝ ʠʤʝʝʪ ʥʝ ʪʦʣʴʢʦ ʥʘʫʯʥʦʝ, ʥʦ ʠ 

ʙʦʣʴʰʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ, ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʠʪ ʙʦʣʝʝ ʦʙʦʩʥʦʚʘʥʥʦ  ʚʳʧʦʣʥʷʪʴ ʧʨʦʯʥʦʩʪʥʳʝ ʨʘʩʯʝʪʳ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ 

ʤʥʦʛʠʭ ʟʝʤʣʝʨʦʡʥʳʭ ʤʘʰʠʥ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʝʡʩʪʚʠʷ ʩʠʣ ʥʘ ʪʨʝʭʛʨʘʥʥʦʤ ʫʩʝʯʝʥʥʦʤ ʧʘʨʘʣʣʝʣʴʥʦ ʦʩʥʦʚʘʥʠʶ ʢʣʠʥʝ ʧʨʠ 

ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʜʚʠʞʝʥʠʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʜʦʧʫʱʝʥʠʷ: ʢʣʠʥ ʦʩʪʨʳʡ, ʪʨʝʥʠʝ ʥʠʞʥʝʡ ʛʨʘʥʠ ʦ ʛʨʫʥʪ ʦʪʩʫʪʩʪʚʫʝʪ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʟʨʘʙʦʪʘʥʥʳʤʠ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʧʦʣʦʞʝʥʠʷʤʠ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʠ ʨʝʘʣʠʟʘʮʠʠ ʥʦʚʳʭ 

ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. ʈʘʟʨʘʙʦʪʘʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʠʩʢʦʚʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʩ ʪʚʝʨʜʳʤʠ 

ʩʨʝʜʘʤʠ. ʇʦʣʫʯʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʫʩʠʣʠʷ ʨʝʟʘʥʠʷ ʦʪ ʚʠʜʘ ʩʨʝʟʘ ʠ ʩʚʦʡʩʪʚ ʩʨʝʜʳ, ʫʯʠʪʳʚʘʶʱʠʝ ʦʩʥʦʚʥʳʝ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʪʘʢʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. ɺ ʧʨʦʮʝʩʩʝ ʨʳʭʣʝʥʠʷ ʫʩʪʘʥʦʚʢʘ ʫʰʠʨʠʪʝʣʷ ʥʘ ʩʪʦʡʢʫ ʨʳʭʣʠʪʝʣʷ 

ʫʚʝʣʠʯʠʚʘʝʪ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʙʦʨʦʟʜʳ ʰʠʨʠʥʫ ʟʘʭʚʘʪʘ, ʧʦʟʚʦʣʷʝʪ ʧʨʠʙʣʠʟʠʪʴ ʨʝʞʫʱʠʝ ʢʨʦʤʢʠ ʢʦʩʳʭ ʢʣʠʥʴʝʚ ʠ ʜʠʩʢʦʚʳʭ 

ʨʝʟʮʦʚ ʢ ʦʩʥʦʚʘʥʠʶ ʙʦʨʦʟʜʳ ʠ ʦʙʝʩʧʝʯʠʪʴ ʚʥʝʜʨʝʥʠʝ ʠʭ ʚ ʙʦʢʦʚʳʝ ʩʪʝʥʢʠ, ʠʩʢʣʶʯʠʚ ʫʧʣʦʪʥʝʥʠʝ ʛʨʫʥʪʘ ʟʘ ʩʯʝʪ ʝʛʦ ʩʤʷʪʠʷ 

ʠ ʦʩʫʱʝʩʪʚʠʚ ʦʪʨʳʚ ʛʨʫʥʪʘ ʦʪ ʤʘʩʩʠʚʘ ʧʦʜ ʫʛʣʦʤ ʩʢʦʣʘ 35ï40o. ʇʨʠ ʵʪʦʤ ʥʘ ʧʨʦʯʥʳʭ ʛʨʫʥʪʘʭ ʨʝʞʫʱʘʷ ʢʨʦʤʢʘ ʥʘʢʦʥʝʯʥʠʢʘ 

ʩʪʦʡʢʠ ʨʳʭʣʠʪʝʣʷ ʚʳʪʘʣʢʠʚʘʝʪʩʷ ʠʟ ʙʦʨʦʟʜʳ ʠ ʩʥʠʞʘʝʪ ʪʷʛʫ ʪʨʘʢʪʦʨʘ, ʘ ʨʝʞʫʱʠʝ ʢʨʦʤʢʠ ʢʦʩʳʭ ʢʣʠʥʴʝʚ ʠ ʜʠʩʢʦʚʳʭ ʨʝʟʮʦʚ 

ʟʘʪʷʛʠʚʘʶʪ ʩʪʦʡʢʫ ʨʳʭʣʠʪʝʣʷ ʚ ʛʨʫʥʪ, ʫʚʝʣʠʯʠʚʘʷ ʝʛʦ ʪʷʛʫ, ʧʦʵʪʦʤʫ ʫʩʪʘʥʦʚʢʘ ʫʰʠʨʠʪʝʣʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʣʫʯʰʝʥʠʶ ʪʷʛʦʚʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʘʛʨʝʛʘʪʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʨʳʭʣʝʥʠʝ, ʤʝʨʟʣʳʡ ʛʨʫʥʪ, ʨʳʭʣʠʪʝʣʴ, ʫʰʠʨʠʪʝʣʴ. 

ɺɺɽɼɽʅʀɽ 

ʈʘʡʦʥʳ ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ ʠ ʉʝʚʝʨʘ, ʛʜʝ 

ʥʘʭʦʜʷʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʝ ʟʘʧʘʩʳ ʥʝʬʪʠ ʠ ʛʘʟʘ, 

ʦʪʣʠʯʘʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʤ ʧʝʨʠʦʜʦʤ 

ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ 

ʥʝʠʟʙʝʞʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʩʥʝʞʥʦ-ʣʝʜʦʚʳʭ ʠ ʤʝʨʟʣʳʭ 

ʛʨʫʥʪʦʚ. 

ʇʨʠ ʦʙʫʩʪʨʦʡʩʪʚʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʝʬʪʠ ʠ ʛʘʟʘ 

ʚʘʞʥʝʡʰʠʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ ʷʚʣʷʝʪʩʷ 

ʨʘʟʨʘʙʦʪʢʘ, ʘ ʚ ʯʘʩʪʥʦʩʪʠ ʨʳʭʣʝʥʠʝ ʩʥʝʞʥʦ-ʣʝʜʦʚʦʛʦ 

ʠ ʤʝʨʟʣʦʛʦ ʛʨʫʥʪʘ. 

ʆʉʅʆɺʅɸʗ ʏɸʉʊʔ 

ʈʳʭʣʝʥʠʝ ʩʥʝʞʥʦ-ʣʝʜʦʚʳʭ ʠ ʤʝʨʟʣʳʭ ʛʨʫʥʪʦʚ 

ʨʳʭʣʠʪʝʣʝʤ ʩ ʫʰʠʨʠʪʝʣʝʤ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ 

ʦʩʥʦʚʥʳʝ ʟʦʥʳ ʨʘʟʨʫʰʝʥʠʷ, ʢʫʜʘ ʚʭʦʜʷʪ: 

ʘ) ʟʦʥʘ ʥʘʢʦʥʝʯʥʠʢʘ ʈʥ; 

ʙ) ʟʦʥʘ ʢʦʩʳʭ ʢʣʠʥʴʝʚ ʈʢʭ; 

ʚ) ʟʦʥʘ ʜʠʩʢʦʚʳʭ ʨʝʟʮʦʚ ʈʜʛ. 

ʘ) ɿʦʥʘ ʥʘʢʦʥʝʯʥʠʢʘ ʈʥ. 

ʉʦʩʪʘʚʣʷʶʱʠʝ ʩʠʣʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʳʭʣʝʥʠʶ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ ʧʝʨʝʜʥʝʡ ʛʨʘʥʠ ï ʈʧ, ʚ ʙʦʢʦʚʳʭ 

ʧʨʦʨʝʟʷʭ ʛʨʫʥʪʘ ï ʈʙ, ʦʪ ʚʝʩʘ ʧʦʜʥʠʤʘʝʤʦʛʦ 

ʨʘʟʨʳʭʣʝʥʥʦʛʦ ʛʨʫʥʪʘ ï ʈʛ, ʦʪ ʫʧʣʦʪʥʝʥʠʷ ʚ ʙʦʢʦʚʳʝ 

ʩʪʝʥʢʠ ʧʨʦʨʝʟʠ ï ʈʫʙ ʠ ʦʪ ʥʘʣʠʯʠʷ ʧʣʦʱʘʜʦʢ ʠʟʥʦʩʘ ʥʘ 

ʥʘʢʦʥʝʯʥʠʢʝ ï ʈʠ. 

ʈʥ= ʈʧ + ʈʙ + ʈʛ + ʈʫʙ + ʈʠ.                    (1) 

ʉʫʤʤʘʨʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘ ʩʪʦʡʢʝ ʨʳʭʣʠʪʝʣʷ 

ʙʫʜʝʪ ʨʘʚʥʦ: 

×ʈʨ= ʈʥ+2(ʈʢʭ +ʈʜʛ) / ʩʦs ɢ,                   (2) 

ʛʜʝ ɢ ï ʫʛʦʣ ʫʩʪʘʥʦʚʢʠ ʫʰʠʨʠʪʝʣʷ, ʛʨʘʜ. 

ʉʫʤʤʘʨʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʨʳʭʣʝʥʠʶ ʤʝʨʟʣʳʭ ʛʨʫʥʪʦʚ ʥʘʢʦʥʝʯʥʠʢʦʤ ʨʳʭʣʠʪʝʣʷ 

ʦʧʨʝʜʝʣʷʝʪʩʷ [1, 2]: 

ʈʥ=ůʨcosɣ1tgɟ{ b/sinɣ1+ h́1/4sinɣ1tgɣ1 + 

+ gyydg 2

1

2

2121
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+ɔʛʨh1
2
ɜ

2
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2
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4ctgɔctgɣ2)] + 

+ ůcʞb{

2

21
1
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j

rtg

b

hH
hH

-
+-

 + tsin(ŭ2 + ɛ)/cosɛ},  (3) 

ʛʜʝ ůʨ, ůʩʞ ï ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʛʨʫʥʪʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʨʘʟʨʳʚʫ ʠ ʩʞʘʪʠʶ, ʢʅ/ʤ
2
; b ï ʰʠʨʠʥʘ ʥʘʢʦʥʝʯʥʠʢʘ, ʤ; 

h1 ï ʛʣʫʙʠʥʘ ʨʘʩʰʠʨʷʶʱʝʡʩʷ ʯʘʩʪʠ ʧʦʧʝʨʝʯʥʦʛʦ 

ʩʝʯʝʥʠʷ ʙʦʨʦʟʜʳ, ʤ; ɣ1, ɣ2 ï ʫʛʣʳ ʩʜʚʠʛʘ ʛʨʫʥʪʘ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʯʘʩʪʷʭ 

ʥʘʢʦʥʝʯʥʠʢʘ ʨʳʭʣʠʪʝʣʷ, ʛʨʘʜ.; tgɟ ï ʢʦʵʬʬʠʮʠʝʥʪ 

ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ʛʨʫʥʪʘ; ʅ ï ʛʣʫʙʠʥʘ ʨʳʭʣʝʥʠʷ, ʤ; 

ŭ1 ï ʫʛʦʣ ʪʨʝʥʠʷ ʛʨʫʥʪʘ ʧʦ ʤʝʪʘʣʣʫ, ʛʨʘʜ.; ɔ ï ʫʛʦʣ 

ʨʘʩʰʠʨʷʶʱʝʡʩʷ ʯʘʩʪʠ ʧʨʦʨʝʟʠ, ʛʨʘʜ.; ɔʛʨ ï ʦʙ̡ʝʤʥʳʡ 
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ʚʝʩ ʛʨʫʥʪʘ, ʢʛ/ʤ
3
; ɜ ï ʩʢʦʨʦʩʪʴ ʨʳʭʣʝʥʠʷ ʛʨʫʥʪʘ, ʤ/ʩ; g 

ï ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ, ʤ/ʩ
2
; t ï ʰʠʨʠʥʘ 

ʧʣʦʱʘʜʢʠ ʠʟʥʦʩʘ, ʤ; ŭ2 ï ʫʛʦʣ ʥʘʢʣʦʥʘ ʧʣʦʱʘʜʢʠ 

ʠʟʥʦʩʘ, ʛʨʘʜ.; ɛ ï ʫʛʦʣ ʚʥʝʰʥʝʛʦ ʪʨʝʥʠʷ ʛʨʫʥʪʘ, ʛʨʘʜ. 

ʙ) ɿʦʥʘ ʢʦʩʳʭ ʢʣʠʥʴʝʚ ʈʢʭ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʫʩʠʣʠʡ ʥʘ ʪʨʝʭʛʨʘʥʥʦʤ ʢʣʠʥʝ ʠʤʝʝʪ 

ʥʝ ʪʦʣʴʢʦ ʥʘʫʯʥʦʝ, ʥʦ ʠ ʙʦʣʴʰʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ 

ʟʥʘʯʝʥʠʝ, ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʠʪ ʙʦʣʝʝ ʦʙʦʩʥʦʚʘʥʥʦ 

ʚʳʧʦʣʥʷʪʴ ʧʨʦʯʥʦʩʪʥʳʝ ʨʘʩʯʝʪʳ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ 

ʤʥʦʛʠʭ ʟʝʤʣʝʨʦʡʥʳʭ ʤʘʰʠʥ. ʉʭʝʤʳ ʨʘʩʯʝʪ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʫʩʠʣʠʡ ʨʝʟʘʥʠʷ ʢʦʩʦʧʦʩʪʘʚʣʝʥʥʳʤ 

ʢʣʠʥʦʤ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 1 [3, 4, 5]. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʝʡʩʪʚʠʷ ʩʠʣ ʥʘ ʪʨʝʭʛʨʘʥʥʦʤ 

ʫʩʝʯʝʥʥʦʤ ʧʘʨʘʣʣʝʣʴʥʦ ʦʩʥʦʚʘʥʠʶ ʢʣʠʥʝ ʧʨʠ 

ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʜʚʠʞʝʥʠʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ 

ʜʦʧʫʱʝʥʠʷ: ʢʣʠʥ ʦʩʪʨʳʡ, ʪʨʝʥʠʝ ʥʠʞʥʝʡ ʛʨʘʥʠ ʦ 

ʛʨʫʥʪ ʦʪʩʫʪʩʪʚʫʝʪ. ʊʘʢʦʡ ʢʣʠʥ ʧʦʣʫʯʘʝʪʩʷ 

ʧʝʨʝʩʝʯʝʥʠʝʤ ʪʨʝʭ ʚʟʘʠʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʦʩʝʡ 

ʢʦʦʨʜʠʥʘʪ ʥʘʢʣʦʥʥʦʡ ʧʣʦʩʢʦʩʪʴʶ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʧʣʦʩʢʦʩʪʴʶ ʧʘʨʘʣʣʝʣʴʥʦʡ ʦʩʥʦʚʘʥʠʶ ʢʣʠʥʘ ʥʘ ʚʳʩʦʪʝ 

ʢ. 

 
ʘ ï ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʠʣ ʧʨʠ ʨʘʙʦʪʝ ʢʦʩʦʛʦ ʢʣʠʥʘ; ʙ ï ʦʧʨʝʜʝʣʝʥʠʷ 

ʩʦʦʪʥʦʰʝʥʠʷ ʩʠʣ  

ʈʠʩ. 1. ʉʭʝʤʘ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʢʦʩʦʡ ʢʣʠʥ 

ʋʛʣʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʧʦʣʦʞʝʥʠʝ ʢʦʩʦ 

ʧʦʩʪʘʚʣʝʥʥʦʛʦ ʢʣʠʥʘ ʚʦ ʚʨʝʤʷ ʨʝʟʘʥʠʷ ʛʨʫʥʪʘ, 

ʩʣʝʜʫʶʱʠʝ:  

ʫʛʦʣ ʫʩʪʘʥʦʚʢʠ ʚ ʧʣʘʥʝ ʢ ʥʘʧʨʘʚʣʝʥʠʶ ʜʚʠʞʝʥʠʷ ʚ 

ʧʣʦʩʢʦʩʪʠ ʍʆʋ (ɔ) ʠ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ (ŭ), 

ʦʙʨʘʟʦʚʘʥʥʳʡ ʧʝʨʝʩʝʯʝʥʠʝʤ ʢʣʠʥʘ ʧʣʦʩʢʦʩʪʴʶ, 

ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʦʩʴ Z ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʥʠʞʥʝʡ 

ʨʝʞʫʱʝʡ ʛʨʘʥʠ ɸʉ, ʧʨʦʝʢʮʠʷ ʢʦʪʦʨʦʡ ʥʘ ʧʣʦʩʢʦʩʪʴ 

ʍʆʋ ï ʆɹ. 

ɹʦʢʦʚʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʢʣʠʥʘ ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʝʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ: ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ɸɺʉ, ʦʩʥʦʚʘʥʠʷ 

ï ɸʆʉ ʠ ʙʦʢʦʚʳʭ ʧʣʦʩʢʦʩʪʝʡ ɸʆɺ ʠ ʉʆɺ. ɺ 

ʢʦʥʩʪʨʫʢʮʠʠ ʫʰʠʨʠʪʝʣʷ ʢ ʨʳʭʣʠʪʝʣʶ ʚ ʢʘʯʝʩʪʚʝ 

ʢʣʠʥʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʥʠʞʥʷʷ ʫʩʝʯʝʥʥʘʷ ʯʘʩʪʴ ʝʛʦ, 

ʧʦʣʫʯʝʥʥʘʷ ʩʝʯʝʥʠʝʤ ʧʣʦʩʢʦʩʪʴʶ ʧʘʨʘʣʣʝʣʴʥʦʡ 

ʦʩʥʦʚʘʥʠʶ ʢʣʠʥʘ ʥʘ ʚʳʩʦʪʝ ʆʆȭ = ʢ. ʋʩʝʯʝʥʥʘʷ 

ʨʘʙʦʯʘʷ ʙʦʢʦʚʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ɸ ɸ
1
 ʉ

1
 ʉ  ʨʘʚʥʘ 

S3 = (ʚ ctgɔ sinɔ tgŭ ï ʢ)(ctgŭ tgɔ +ctgŭ ctgɔ)+ b/sin ɔ] 

ʢ/2sinŭ,                      (4)              

ʛʜʝ ʚ ï ʰʠʨʠʥʘ ʢʣʠʥʘ ʚʜʦʣʴ ʦʩʠ ʋ (ʥʘ ʨʠʩ. 1) 

ʦʙʦʟʥʘʯʝʥʘ ɸʆ. 

ʏʘʩʪʠʮʘ ʛʨʫʥʪʘ ʚ ʧʨʦʮʝʩʩʝ ʨʝʟʘʥʠʷ ʧʦʜʥʠʤʘʝʪʩʷ ʥʘ 

ʨʘʙʦʯʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʢʣʠʥʘ ɸɺʉ ʥʝ ʧʦ ʥʦʨʤʘʣʴʥʦʤʫ 

ʥʘʧʨʘʚʣʝʥʠʶ ʢ ʨʝʞʫʱʝʡ ʛʨʘʥʠ ɸʉ, ʘ ʧʦʜ ʫʛʣʦʤ (90
ƺ
 ï 

ɣ) ʢ ʦʩʠ ʍ. ʃʠʥʠʷ ʜʝʡʩʪʚʠʷ ʩʠʣ ʪʨʝʥʠʷ Nɛ1 ʥʘ ʨʘʙʦʯʝʡ 

ʧʣʦʩʢʦʩʪʠ ʢʣʠʥʘ ʦʙʨʘʟʫʝʪ ʩ ʥʦʨʤʘʣʴʶ ʢ ʣʝʟʚʠʶ ɸʉ 

ʫʛʦʣ ɚ. ʀʟ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʩʦʦʪʥʦʰʝʥʠʡ ʩʣʝʜʫʝʪ [3]: 

                      cosɣ  = sinŭ sinɔ;                        (5) 

ctgɚ = cosŭ tgɔ                          (6) 

ʉʦʩʪʘʚʣʷʶʱʘʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʝʟʘʥʠʶ ʛʨʫʥʪʘ ʧʦ 

ʦʩʠ ʍ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʦʝʮʠʨʦʚʘʥʠʝʤ ʩʠʣ N ʠ 

ɛ1N ʥʘ ʵʪʫ ʦʩʴ (ʩ ʫʯʝʪʦʤ ʫʛʣʘ ʫʩʪʘʥʦʚʢʠ ʫʰʠʨʠʪʝʣʷ ʥʘ 

ʩʪʦʡʢʫ ʨʳʭʣʠʪʝʣʷ ɢ) ʨʘʚʥʘ: 

ʈʢʭ = (N ʩʦsɣ + ɛ1N sinɣ) / cosɢ =2ʈS3 (cosɣ + ɛ1 sinɣ)/ 

/cosɢ,                                      (7) 

ʛʜʝ    ɛ1 ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʛʨʫʥʪʘ ʧʦ ʤʝʪʘʣʣʫ; N ï 

ʥʦʨʤʘʣʴʥʘʷ ʩʠʣʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʨʘʙʦʯʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ ʢʣʠʥʘ, ʢʅ; ɢ ï ʫʛʦʣ ʫʩʪʘʥʦʚʢʠ ʫʰʠʨʠʪʝʣʷ 

ʥʘ ʩʪʦʡʢʫ ʨʳʭʣʠʪʝʣʷ, ʛʨʘʜ. 

N = ʈ S3;                                (8) 

ʛʜʝ     ʈ ï ʚʝʣʠʯʠʥʘ ʜʘʚʣʝʥʠʷ ʥʘ ʛʨʘʥʠ ʢʣʠʥʘ, ʢʅʤ̷
-2
; 

S3 ï ʧʣʦʱʘʜʴ ʪʨʘʧʝʮʠʠ (ʙʦʢʦʚʦʡ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʫʩʝʯʝʥʥʦʛʦ ʢʣʠʥʘ), ʤ
2
. 

                  (9) 

ʛʜʝ ʉ0  ï ʩʮʝʧʣʝʥʠʷ ʛʨʫʥʪʘ, ʢʅ/ʤ
2
; ű ï ʫʛʦʣ 

ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ, ʛʨʘʜ; М ï ʫʛʦʣ ʟʦʥʳ ʨʘʜʠʘʣʴʥʦʛʦ 

ʩʜʚʠʛʘ, ʨʘʜ. 

ɹʦʢʦʚʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʧʨʦʝʢʮʠʠ ʩʠʣ N1 ʠ F1 ʥʘ ʦʩʴ 

ʋ ʨʘʚʥʘ: 

 ʈʫ = ctg(ɓ +ɔ)(N ʩʦsɣ + ɛ1N sinɣ)/ cosɢ      (10) 

ʋʛʦʣ ɓ ʥʘʭʦʜʠʪʩʷ ʠʟ ʚʳʨʘʞʝʥʠʷ 

 ʩtgɓ = N1 / F1 = ( ɛ1 sinɚ +  cosŭ ctgɚ) / ɛ1 sinɚ,   (11) 

ʛʜʝ N1 ï ʫʩʠʣʠʷ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʦʨʤʘʣʴʥʦ ʢ ʨʝʞʫʱʝʡ 

ʢʨʦʤʢʝ ɸʉ, ʢʅ; F1  ï ʫʩʠʣʠʷ, ʜʝʡʩʪʚʫʶʱʠʝ ʚʜʦʣʴ 

ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ ɸʉ, ʢʅ. 

ʕʪʠ ʫʩʠʣʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʨʦʝʮʠʨʦʚʘʥʠʝʤ ʩʠʣ N ʠ 

ɛ1N ʥʘ ʵʪʠ ʥʘʧʨʘʚʣʝʥʠʷ 

 N1 = N sinŭ + ɛ1N cosŭ cosɚ;           (12) 

                            F1  = ɛ1N sinɚ                       (13) 

ɺʝʨʪʠʢʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʨʝʟʘʥʠʶ ʥʘ ʦʩʴ Z, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʦʝʢʮʠʝʡ ʩʠʣ ʥʘ ʵʪʫ 

ʦʩʴ 

ʈz =(N cosŭ ï ɛ1N sinŭ cosɚ)/cosɢ = ʈ S3( cosŭ ï ɛ1sinŭ                     

                                           cosɚ)/cosɢ,                         (14) 

ʇʦʣʫʯʝʥʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʨʝʟʘʥʠʶ ʛʨʫʥʪʘ ʢʦʩʳʤ ʢʣʠʥʦʤ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʧʨʦʯʥʦʩʪʥʳʭ ʨʘʩʯʝʪʘʭ ʨʘʙʦʯʠʭ 

ʦʨʛʘʥʦʚ ʟʝʤʣʝʨʦʡʥʳʭ ʤʘʰʠʥ ʩ ʪʘʢʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ.                                           

ʚ) ɿʦʥʘ ʜʠʩʢʦʚʳʭ ʨʝʟʮʦʚ ʈʜʛ. 



ʖɾʅʆ-ʉʀɹʀʈʉʂʀʁ ʅɸʋʏʅʓʁ ɺɽʉʊʅʀʂ 

 ˉ 2 (30) Åʘʧʨʝʣʴ 2020 50 

ʉʭʝʤʘ ʥʘʚʝʩʢʠ ʫʰʠʨʠʪʝʣʷ ʥʘ ʩʪʦʡʢʫ ʨʳʭʣʠʪʝʣʷ ʠ 

ʟʦʥʳ ʨʘʟʨʫʰʝʥʠʷ ʛʨʫʥʪʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʥʘʢʦʥʝʯʥʠʢʦʤ, ʢʦʩʳʤʠ ʢʣʠʥʴʷʤʠ ʠ ʜʠʩʢʦʚʳʤʠ 

ʨʝʟʮʘʤʠ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 2. 

ʈ1ɼɻ = ʈS1[(ɛ1 cosŭ + sinŭ)(1 + f1)sin(Ŭ1/2) + (cosŭ ï 

ɛ1sinŭ)ɛ1]/cosɢ                       (15) 

P1ɼɺ=PS1(ɛ1cosŭ+sinŭ)(1+f1)cos(Ŭ1/2)/cosɢ   (16) 

ʈ1ɼɹ =ʈS1 (cosŭ - ɛ1sinŭ)/cosɢ         (17) 

ʍʘʨʘʢʪʝʨʥʳʝ ʧʨʦʬʠʣʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ 

ʙʦʨʦʟʜ ʧʨʠ ʨʳʭʣʝʥʠʠ  ʤʝʨʟʣʳʭ ʛʨʫʥʪʦʚ ʨʳʭʣʠʪʝʣʝʤ ʩ 

ʫʰʠʨʠʪʝʣʝʤ ʠ ʙʝʟ ʫʰʠʨʠʪʝʣʷ ʧʢʘʟʘʥʳ ʥʘ ʨʠʩ. 3. 

 
                     ʘ                                          ʙ 
ʈʠʩ. 2. ʉʭʝʤʘ ʥʘʚʝʩʢʠ ʫʰʠʨʠʪʝʣʷ ʥʘ ʩʪʦʡʢʫ ʨʳʭʣʠʪʝʣʷ (ʘ); 

(ʙ)ʟʦʥʳ (ʘ, ʙ, ʚ) ʨʘʟʨʫʰʝʥʠʷ ʛʨʫʥʪʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: 

ʥʘʢʦʥʝʯʥʠʢʦʤ, ʢʦʩʳʤʠ ʢʣʠʥʴʷʤʠ ʠ ʜʠʩʢʦʚʳʤʠ ʨʝʟʮʘʤʠ 

ɺʳʩʦʪʘ hʨ ʠ ʫʛʦʣ ʟʦʥʳ ʨʘʟʚʘʣʘ ɓ1 ʦʧʨʝʜʝʣʝʥ ʧʦ 

ʬʦʨʤʫʣʘʤ [6]: 

hʨ = bh / (b +  0,5kxŬʨh),           (18) 

ɓ1 = 90
o
kx(b + h + 0,39 kxh) / (b + kxh + 0,78 kxh),  (19) 

ʛʜʝ    Ŭʨ ï ʫʛʦʣ ʨʳʭʣʝʥʠʷ ʛʨʫʥʪʘ ʥʘʢʦʥʝʯʥʠʢʦʤ ʟʫʙʘ 

ʨʳʭʣʠʪʝʣʷ, ʨʘʜ.; b ï ʰʠʨʠʥʘ ʥʘʢʦʥʝʯʥʠʢʘ ʨʳʭʣʠʪʝʣʷ, 

ʤ; h ï ʛʣʫʙʠʥʘ ʨʳʭʣʝʥʠʷ, ʤ; kx ï ʢʦʵʬʬʠʮʠʝʥʪ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʩʧʦʩʦʙʥʦʩʪʴ ʛʨʫʥʪʦʚ ʢ ʭʨʫʧʢʦʤʫ 

ʨʘʟʨʫʰʝʥʠʶ 

kx = ůʨ / ůʩʞ                         (20) 

ʛʜʝ ůʨ, ůʩʞ ï ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʛʨʫʥʪʘ ʨʘʟʨʳʚʫ ʠ 

ʦʜʥʦʦʩʥʦʤʫ ʩʞʘʪʠʶ, ʢʇʘ. 

 
   ʘ                               ʙ                             ʚ 

ʈʠʩ. 3. ʍʘʨʘʢʪʝʨʥʳʝ ʧʨʦʬʠʣʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʙʦʨʦʟʜ 

ʧʦʣʫʯʝʥʥʳʭ: ʘ ï ʧʨʠ ʨʳʭʣʠʪʝʣʝʤ ʧʣʘʩʪʠʯʥʦ-ʤʝʨʟʣʳʭ ʛʨʫʥʪʦʚ 

ʙʝʟ ʫʰʠʨʠʪʝʣʷ; ʙ ï ʫʰʠʨʠʪʝʣʝʤ ʩ ʫʛʣʦʤ ʫʩʪʘʥʦʚʢʦʡ 16ƺ; ʚ ï ʚ 

ʧʣʦʪʥʳʭ ʪʘʣʳʭ ʛʨʫʥʪʘʭ ʩ ʤʠʥʠʤʘʣʴʥʳʤ  ʫʛʣʦʤ ʫʩʪʘʥʦʚʢʠ 

ʫʰʠʨʠʪʝʣʷ 

ɻʣʫʙʠʥʘ ʟʦʥʳ ʨʘʟʚʘʣʘ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʣʫʙʠʥʳ ʨʳʭʣʝʥʠʷ [7]: hʨ = (0,65ï

0,85)h. ʄʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʙʦʣʴʰʠʤ ʟʥʘʯʝʥʠʷʤ ʛʣʫʙʠʥʳ 

ʨʳʭʣʝʥʠʷ.   

ɺʓɺʆɼʓ 

ɺ ʧʨʦʮʝʩʩʝ ʨʳʭʣʝʥʠʷ ʫʩʪʘʥʦʚʢʘ ʫʰʠʨʠʪʝʣʷ ʥʘ 

ʩʪʦʡʢʫ ʨʳʭʣʠʪʝʣʷ ʫʚʝʣʠʯʠʚʘʝʪ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ 

ʙʦʨʦʟʜʳ ʰʠʨʠʥʫ ʟʘʭʚʘʪʘ ʜʦ 4 (b), ʧʦʟʚʦʣʷʝʪ 

ʧʨʠʙʣʠʟʠʪʴ ʨʝʞʫʱʠʝ ʢʨʦʤʢʠ ʢʦʩʳʭ ʢʣʠʥʴʝʚ ʠ 

ʜʠʩʢʦʚʳʭ ʨʝʟʮʦʚ ʢ ʦʩʥʦʚʘʥʠʶ ʙʦʨʦʟʜʳ ʠ ʦʙʝʩʧʝʯʠʪʴ 

ʚʥʝʜʨʝʥʠʝ ʠʭ ʚ ʙʦʢʦʚʳʝ ʩʪʝʥʢʠ, ʠʩʢʣʶʯʠʚ ʫʧʣʦʪʥʝʥʠʝ 

ʛʨʫʥʪʘ ʟʘ ʩʯʝʪ ʝʛʦ ʩʤʷʪʠʷ ʠ ʦʩʫʱʝʩʪʚʠʚ ʦʪʨʳʚ ʛʨʫʥʪʘ 

ʦʪ ʤʘʩʩʠʚʘ ʧʦʜ ʫʛʣʦʤ ʩʢʦʣʘ 35ï40
o
. ʇʨʠ ʵʪʦʤ ʥʘ 

ʧʨʦʯʥʳʭ ʛʨʫʥʪʘʭ ʨʝʞʫʱʘʷ ʢʨʦʤʢʘ ʥʘʢʦʥʝʯʥʠʢʘ 

ʩʪʦʡʢʠ ʨʳʭʣʠʪʝʣʷ ʚʳʪʘʣʢʠʚʘʝʪʩʷ ʠʟ ʙʦʨʦʟʜʳ ʠ 

ʩʥʠʞʘʝʪ ʪʷʛʫ ʪʨʘʢʪʦʨʘ, ʘ ʨʝʞʫʱʠʝ ʢʨʦʤʢʠ ʢʦʩʳʭ 

ʢʣʠʥʴʝʚ ʠ ʜʠʩʢʦʚʳʭ ʨʝʟʮʦʚ ʟʘʪʷʛʠʚʘʶʪ ʩʪʦʡʢʫ 

ʨʳʭʣʠʪʝʣʷ ʚ ʛʨʫʥʪ, ʫʚʝʣʠʯʠʚʘʷ ʝʛʦ ʪʷʛʫ, ʧʦʵʪʦʤʫ 

ʫʩʪʘʥʦʚʢʘ ʫʰʠʨʠʪʝʣʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʣʫʯʰʝʥʠʶ 

ʪʷʛʦʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʘʛʨʝʛʘʪʘ. 

ʉʇʀʉʆʂ ʀʉʇʆʃʔɿʆɺɸʅʅʓʍ ʀʉʊʆʏʅʀʂʆɺ 

1. ɻʦʨʙʘʯʝʚ, ʖ.ɻ., ʐʘʧʠʨʰʪʝʡʥ ʈ.ɹ. ɸʥʘʣʠʟ ʬʦʨʤʠʨʦʚʘʥʠʷ 
ʥʘʛʨʫʟʦʢ ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ ʛʨʫʥʪʘ ʨʝʟʮʦʤ / ʖ. ɻ. ɻʦʨʙʘʯʝʚ, ʈ. ɹ. 

ʐʘʧʠʨʰʪʝʡʥ // ʉʪʨʦʠʪʝʣʴʥʳʝ ʠ ʜʦʨʦʞʥʳʝ ʤʘʰʠʥʳ. ï 1991. ï ˉ4.ï 

ʉ. 2ï9. 
2. ʍʤʘʨʘ, ʃ. ɸ. ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʨʘʙʦʯʝʛʦ 

ʦʨʛʘʥʘ ʨʳʭʣʠʪʝʣʷ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʯʥʳʭ ʠ ʤʝʨʟʣʳʭ ʛʨʫʥʪʦʚ / ʃ. 

ɸ. ʍʤʘʨʘ, ʉ. ɺ. ʐʘʪʦʚ  // ʉʪʨʦʠʪʝʣʴʥʳʝ ʠ ʜʦʨʦʞʥʳʝ ʤʘʰʠʥʳ. ï  
2009. ï ˉ 10. ï  ʉ. 44 ï 49. 

3. ɸʣʝʢʩʝʝʚʘ, ʊ. ɺ. ɼʦʨʦʞʥʳʝ ʤʘʰʠʥʳ. ʏ. ɯ. ʄʘʰʠʥʳ ʜʣʷ 

ʟʝʤʣʷʥʳʭ ʨʘʙʦʪ / ʊ. ɺ. ɸʣʝʢʩʝʝʚʘ, ʂ. ɸ. ɸʨʪʝʤʴʝʚ, ɸ. ɸ. ɹʨʦʤʙʝʨʛ ʠ 
ʜʨ. /  3-ʝ ʠʟʜ. ʜʦʧ. ï ʄ.: ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 1972. ï 504 ʩ. 

4. ɻʦʨʷʯʢʠʥ, ɺ. ʇ. ʉʦʙʨʘʥʠʝ ʩʦʯʠʥʝʥʠʡ. ʊ.2. ʀʟʜ. 2-ʝ.ï ʄ., 

çʂʦʣʦʩè, 1968.ï 455 ʩ. 
5. ʍʤʘʨʘ, ʃ. ɸ. ʅʘʫʯʥʳʝ ʦʩʥʦʚʳ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʤʥʦʛʦʢʦʤʧʘʥʝʥʪʥʳʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʟʝʤʣʝʨʦʡʥʳʭ ʤʘʰʠʥ: ʜʠʩ. é 

ʜʦʢʪ. ʪʝʭʥ. ʥʘʫʢ / ʃ. ɸ. ʍʤʘʨʘ. ï ɼʥʝʧʨʦʧʝʪʨʦʚʩʢ. 1983. ï 382 ʩ. 

6. ɽʤʝʣʠʥ, ɺ. ʀ. ʈʘʟʨʘʙʦʪʢʘ ʤʝʨʟʣʳʭ ʛʨʫʥʪʦʚ: ʪʝʦʨʠʷ ʠ 

ʧʨʘʢʪʠʢʘ: ʤʦʥʦʛʨʘʬʠʷ / ɺ. ʀ. ɽʤʝʣʠʥ. ï ʂʨʘʩʥʦʷʨʩʢ: ʀʇʂ ʉʌʋ, 

2008. ï 248 ʩ. 
7. ʄʘʰʠʥʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʝʨʟʣʳʭ ʛʨʫʥʪʦʚ. ʇʦʜ ʨʝʜ. ʢ.ʪ.ʥ. ɺ. 

ɼ. ʊʝʣʫʰʢʠʥʘ. ʄ., çʄʘʰʠʥʦʩʪʨʦʝʥʠʝè, 1973. 272 ʩ.  

ɾʝʣʫʢʝʚʠʯ ʈʳʰʘʨʜ ɹʦʨʠʩʦʚʠʯ ï ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, 
ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʘʚʠʘʮʠʦʥʥʳʭ ʛʦʨʶʯʝ-ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʀʥʩʪʠʪʫʪ ʥʝʬʪʠ ʠ ʛʘʟʘ ʌɻɸʆʋ ɺʆ ʉʌʋ, ʪʝʣ. 8(913)5600580,  

e-mail:  kaiser170174@mail.ru 

ʂʘʡʟʝʨ ʖʨʠʡ ʌʠʣʠʧʧʦʚʠʯ ï ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ ʘʚʠʘʮʠʦʥʥʳʭ ʛʦʨʶʯʝ-ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʀʥʩʪʠʪʫʪ ʥʝʬʪʠ ʠ ʛʘʟʘ ʌɻɸʆʋ ɺʆ ʉʌʋ, ʪʝʣ. 8(923)3277999, e-
mail:  kaiser170174@mail.ru 

ʐʨʘʤ ɺʷʯʝʩʣʘʚ ɻʝʥʥʘʜʴʝʚʠʯ ï ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʪʦʧʣʠʚʦʦʙʝʩʧʝʯʝʥʠʷ ʠ ʛʦʨʶʯʝ-ʩʤʘʟʦʯʥʳʭ 
ʤʘʪʝʨʠʘʣʦʚ, ʀʥʩʪʠʪʫʪ ʥʝʬʪʠ ʠ ʛʘʟʘ ʌɻɸʆʋ ɺʆ ʉʌʋ, ʪʝʣ. 

8(950)4014163, e-mail: Shram18rus@mail.ru 

ʃʳʩʷʥʥʠʢʦʚ ɸʣʝʢʩʝʡ ɺʘʩʠʣʴʝʚʠʯ ï ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʘʚʠʘʮʠʦʥʥʳʭ ʛʦʨʶʯʝ-ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʀʥʩʪʠʪʫʪ ʥʝʬʪʠ ʠ ʛʘʟʘ ʌɻɸʆʋ ɺʆ ʉʌʋ, ʪʝʣ. 8(950)4071604,  
e-mail:  av.lysyannikov@mail.ru 

ʊʶʢʘʥʦʚ ɺʘʩʠʣʠʡ ʃʝʦʥʠʜʦʚʠʯ ï ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ʢʘʬʝʜʨʳ ʘʚʠʘʮʠʦʥʥʳʭ ʛʦʨʶʯʝ-ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʀʥʩʪʠʪʫʪ 
ʥʝʬʪʠ ʠ ʛʘʟʘ, ʌɻɸʆʋ ɺʆ ʉʌʋ, ʪʝʣ. 8(923)3277666,  

e-mail:  vastuk85@mail.ru 

ɽʛʦʨʦʚ ɸʣʝʢʩʝʡ ɺʘʩʠʣʴʝʚʠʯ ï ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, 
ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʪʨʘʥʩʧʦʨʪʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʘʰʠʥ, 

ʀʥʩʪʠʪʫʪ ʤʝʭʘʥʠʢʠ ʠ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʌɻɹʆʋ ɺʆ ʇɻʊʋ, ʪʝʣ. 

8(964)8612121, e-mail:  aleksej_egorov@bk.ru 

1 

mailto:labsm@mail.ru
mailto:%20kaiser170174@mail.ru
mailto:Shram18rus@mail.ru
mailto:labsm@mail.ru
mailto:%20vastuk85@mail.ru
mailto:%20aleksej_egorov@bk.ru


 ʖɾʅʆ-ʉʀɹʀʈʉʂʀʁ ʅɸʋʏʅʓʁ ɺɽʉʊʅʀʂ 

 

51 ˉ 2 (30) Åʘʧʨʝʣʴ 2020  

MATHEMATICAL MODEL OF SHOWING OF SNOW-ICE AND 
FROZEN SOIL WITH REDUCER WITH EXPANDER  
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Abstract ï When equipping oil and gas fields, the main technological operation in the winter is the cultivation of snow-ice and 

frozen soil. The determination of efforts on a trihedral wedge is not only scientific, but also of great practical importance, since it will 

allow more reasonably carry out strength calculations of the working bodies of many earthmoving machines. The following 

assumptions were used to determine the action of forces on a trihedral wedge parallel to the base of the wedge with steady motion: 

the wedge is sharp, there is no friction of the lower face on the ground. Scientific novelty is represented by the developed theoretical 

principles in the formation and implementation of new technical solutions. Mathematical models of the process of interaction of a 

disk tool with solid media are developed. Analytical dependences of the cutting force on the type of cut and the properties of the 

medium are obtained, taking into account the basic geometric parameters of such a tool. In the process of loosening, the installation 

of the extender on the cultivator rack increases the working width in the lower part of the furrow, makes it possible to bring the 

cutting edges of oblique wedges and disk cutters closer to the furrow base and to ensure their introduction into the side walls, 

eliminating soil compaction due to crushing and soil separation from the massif under a cleavage angle of 35ï40o. At the same time, 

on strong soils, the cutting edge of the tip of the cultivator strut is pushed out of the furrow and reduces tractor traction, and the 

cutting edges of oblique wedges and disk cutters tighten the cultivator strut into the ground, increasing its traction, so installing an 

expander improves the traction performance of the unit. 

Index terms: mathematical model, cultivation, frozen soil, cultivator, expander 
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ʇʈʆɻʅʆɿʀʈʆɺɸʅʀɽ ʌɸʂʊʆʈʆɺ, ɺʃʀʗʖʑʀʍ ʅɸ 
ʇʈʆʀɿɺʆɼʉʊɺɽʅʅʓʁ ʊʈɸɺʄɸʊʀɿʄ 

ɽ.ɸ. ʌʨʦʣʦʚʘ 
ɺʦʩʪʦʯʥʦ-ʉʠʙʠʨʩʢʠʡ ʬʠʣʠʘʣ ɸʆ çʂʘʣʫʞʩʢʠʡ ʟʘʚʦʜ çʈʝʤʧʫʪʴʤʘʰè, ʛ. ʉʣʶʜʷʥʢʘ 

 

ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʪʨʘʚʤʘʪʠʟʤ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʟʘʥʠʤʘʝʪ ʦʩʦʙʦʝ ʤʝʩʪʦ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʣʶʙʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ. 

ʉʥʠʞʝʥʠʝ ʪʨʘʚʤʘʪʠʟʤʘ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʢʘʢ ʜʣʷ ʨʘʙʦʪʥʠʢʘ, ʪʘʢ ʠ ʜʣʷ ʨʘʙʦʪʦʜʘʪʝʣʷ. ʊʨʘʚʤʘʪʠʟʤ ï ʵʪʦ ʢʦʤʧʣʝʢʩʥʳʡ 

ʧʦʢʘʟʘʪʝʣʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʨʝʜʩʪʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʟʘʱʠʪʳ, ʩʦʙʣʶʜʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ, ʧʨʘʚʠʣ ʦʭʨʘʥʳ ʪʨʫʜʘ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʨʘʟʣʠʯʥʳʭ ʨʘʙʦʪ, ʦʩʚʦʝʥʠʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʘ ʪʘʢʞʝ ʚʚʝʜʝʥʠʝ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʥʦʚʦʡ ʪʝʭʥʠʢʠ. 

ɽʞʝʛʦʜʥʦ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚʦʟʥʠʢʘʶʪ ʪʨʘʚʤʘʪʠʯʝʩʢʠʝ ʩʣʫʯʘʠ, ʢʦʪʦʨʳʝ ʦʙʫʩʣʦʚʣʝʥʳ 

ʨʘʟʣʠʯʥʳʤʠ ʬʘʢʪʦʨʘʤʠ. ʂ ʥʠʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢʘʢ ʩʫʛʫʙʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ, ʪʘʢ ʠ ʯʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ. ʅʝʚʦʟʤʦʞʥʦ 

ʧʦʣʥʦʩʪʴʶ ʦʙʝʟʦʧʘʩʠʪʴ ʨʘʙʦʪʥʠʢʘ ʦʪ ʥʝʩʯʘʩʪʥʦʛʦ ʩʣʫʯʘʷ, ʦʩʦʙʝʥʥʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʥʘʨʫʰʝʥʠʝ ʧʨʘʚʠʣ ʠʜʝʪ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ. 

ʅʦ, ʧʨʝʜʫʧʨʝʞʜʘʷ, ʤʳ ʪʘʢ ʠʣʠ ʠʥʘʯʝ ʚʦʦʨʫʞʘʝʤ ʩʝʙʷ. ɿʥʘʷ ʟʘʨʘʥʝʝ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʥʘʩʪʫʧʣʝʥʠʠ ʥʝʩʯʘʩʪʥʦʛʦ ʩʣʫʯʘʷ, ʤʦʞʥʦ 

ʧʨʦʚʝʩʪʠ ʥʝʦʙʭʦʜʠʤʳʝ ʤʝʨʦʧʨʠʷʪʠ,̫ ʢʦʪʦʨʳʝ ʚ ʢʘʢʦʡ-ʪʦ ʩʪʝʧʝʥʠ ʩʚʝʜʫʪ ʢ ʤʠʥʠʤʫʤʫ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʪʨʘʚʤʘʪʠʟʤ.  

ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʞʜʝ ʚʩʝʛʦ ʧʨʦʚʝʩʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʚʣʠʷʪʴ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ 

ʪʨʘʚʤʘʪʠʟʤ. ʉʨʝʜʠ ʥʠʭ ʪʘʢʠʝ ʢʘʢ:  

¶ ʬʘʢʪʦʨʳ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʩʨʝʜʳ,  

¶ ʬʘʢʪʦʨʳ ʫʩʣʦʚʠʡ ʪʨʫʜʘ,  

¶ ʩʪʘʞ, ʦʧʳʪ ʨʘʙʦʪʳ,  

¶ ʨʘʟʨʷʜ ʨʘʙʦʪ,  

¶ ʨʘʟʣʠʯʥʳʝ ʥʘʨʫʰʝʥʠʷ ʠ ʧʨ.  

ʄʝʪʦʜʦʤ ʢʦʨʨʝʣʷʮʠʠ ʙʫʜʫʪ ʥʘʡʜʝʥʳ ʩʚʷʟʠ ʤʝʞʜʫ ʬʘʢʪʦʨʘʤʠ, ʚʣʠʷʶʱʠʤʠ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ 

ʪʨʘʚʤʘʪʠʟʤʘ, ʩʜʝʣʘʥʳ ʚʳʚʦʜʳ ʦ ʪʝʭ ʬʘʢʪʦʨʘʭ, ʥʘ ʢʦʪʦʨʳʝ ʩʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʨʦʛʥʦʟʘ. 

ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʪʘʥʫʪ ʬʫʥʜʘʤʝʥʪʦʤ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʥʘʫʯʥʦʡ ʨʘʙʦʪʳ, ʩʚʷʟʘʥʥʦʡ 

ʩ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʪʨʘʚʤʘʪʠʟʤʘ, ʢʦʪʦʨʘʷ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʘ ʥʘ ʣʶʙʦʤ 

ʧʨʝʜʧʨʠʷʪʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʢʘʢ ʚ ʥʝʠʟʤʝʥʥʦʤ ʚʠʜʝ, ʪʘʢ ʠ ʚ ʜʦʨʘʙʦʪʘʥʥʦʤ, ʪʘʢ ʢʘʢ ʫ ʢʘʞʜʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʝʩʪʴ 

ʩʚʦʷ ʩʧʝʮʠʬʠʢʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʪʨʘʚʤʘʪʠʟʤ, ʬʘʢʪʦʨʳ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʧʨʦʮʝʩʩ, ʢʦʨʨʝʣʷʮʠʷ. 

 

ɺɺɽɼɽʅʀɽ 

ʇʦ ʜʘʥʥʳʤ ʌʝʜʝʨʘʣʴʥʦʡ ʩʣʫʞʙʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 

ʩʪʘʪʠʩʪʠʢʠ [1] ʦʪ 28.11.2019 ʛ., ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤʫ 

ʪʨʘʚʤʘʪʠʟʤʫ ʟʘ 2018 ʛ. ʧʦʜʚʝʨʛʣʦʩʴ 23,6 ʪʳʩ. ʯʝʣʦʚʝʢ, 

ʠʟ ʥʠʭ 1070 ʩʦ ʩʤʝʨʪʝʣʴʥʳʤ ʠʩʭʦʜʦʤ. ʇʦ ʜʘʥʥʳʤ ʪʦʡ 

ʞʝ ʩʣʫʞʙʳ, ʯʠʩʣʝʥʥʦʩʪʴ ʨʘʙʦʯʝʡ ʩʠʣʳ ʚ ʚʦʟʨʘʩʪʝ 15 

ʣʝʪ ʠ ʩʪʘʨʰʝ ʚ ʷʥʚʘʨʝ 2019 ʛ. ʩʦʩʪʘʚʠʣʘ 74,9 ʤʣʥ. 

ʯʝʣʦʚʝʢ (ʚʳʙʦʨʦʯʥʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ ʨʘʙʦʪʥʠʢʦʚ). 

ɿʘʤʝʪʠʤ, ʯʪʦ ʠʟ 145561 ʧʨʝʜʧʨʠʷʪʠʡ ʥʘ 133868 ʠʟ ʥʠʭ 

ʥʝʩʯʘʩʪʥʳʝ ʩʣʫʯʘʠ ʚ 2018 ʛ. ʦʪʩʫʪʩʪʚʦʚʘʣʠ. ʆʜʥʘʢʦ 

ʵʪʦ ʥʝ ʚʩʝʛʜʘ ʩʚʷʟʘʥʦ ʩ ʦʭʨʘʥʦʡ ʪʨʫʜʘ. ɺʟʷʚ ʟʘ ʨʘʩʯʝʪ 

ʩʦʦʪʥʦʰʝʥʠʝ ʩʣʫʯʘʝʚ ʪʨʘʚʤʘʪʠʟʤʘ 2018 ʛʦʜʘ ʢ 

ʯʠʩʣʝʥʥʦʩʪʠ ʨʘʙʦʯʝʡ ʩʠʣʳ 2018 ʛʦʜʘ, ʧʦʣʫʯʘʝʤ 0,03% 

ʩʣʫʯʘʝʚ ʪʨʘʚʤʘʪʠʟʤʘ ʥʘ ʢʘʞʜʦʛʦ ʟʘʥʷʪʦʛʦ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʯʝʣʦʚʝʢʘ. ʆʜʥʘʢʦ ʪʨʘʚʤʘʪʠʟʤ 

ʨʘʩʩʨʝʜʦʪʦʯʝʥ ʥʝʨʘʚʥʦʤʝʨʥʦ ʧʦ ʦʪʨʘʩʣʷʤ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʦʮʝʥʪ ʤʝʥʷʝʪʩʷ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʫʨʦʚʝʥʴ ʪʨʘʚʤʘʪʠʟʤʘ ʦʩʪʘʝʪʩʷ ʚ 

ʯʠʩʣʝ ʚʝʜʫʱʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ 

ʢʘʢ ʠʥʜʠʢʘʪʦʨ ʫʨʦʚʥʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʝ.  

ɻʣʘʚʥʦʡ ʟʘʜʘʯʝʡ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʦʛʥʦʟ 

ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ 

ʪʨʘʚʤʘʪʠʟʤ ʩ ʮʝʣʴʶ ʤʠʥʠʤʠʟʘʮʠʠ ʨʠʩʢʦʚ 

ʥʘʩʪʫʧʣʝʥʠʷ ʥʝʩʯʘʩʪʥʦʛʦ ʩʣʫʯʘʷ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ 

ʧʫʪʝʤ ʧʨʦʚʝʜʝʥʠʷ ʧʨʝʜʫʧʨʝʜʠʪʝʣʴʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ 

[2]. 

ʆʉʅʆɺʅɸʗ ʏɸʉʊʔ 

ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʪʨʘʚʤʘʪʠʟʤ ï ʵʪʦ ʧʦʢʘʟʘʪʝʣʴ 

ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʚʩʣʝʜʩʪʚʠʝ 

ʥʝʩʦʙʣʶʜʝʥʠʷ ʨʘʙʦʪʥʠʢʘʤʠ ʫʩʣʦʚʠʡ ʦʭʨʘʥʳ ʪʨʫʜʘ 

ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʩʚʦʠʭ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ 

ʦʙʷʟʘʥʥʦʩʪʝʡ. 

ʌʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʪʨʘʚʤʘʪʠʟʤ, ʷʚʣʷʶʪʩʷ 

ʢʦʤʧʣʝʢʩʦʤ ʩʚʦʡʩʪʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʩʨʝʜʳ, ʘ ʪʘʢʞʝ 

ʣʠʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʙʦʪʥʠʢʦʚ. ʀʭ 

ʢʦʣʠʯʝʩʪʚʦ ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʦ, ʠ ʢʘʞʜʳʡ ʠʟ ʥʠʭ 

ʚʣʠʷʝʪ ʥʘ ʨʠʩʢ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʚ 

ʙʦʣʴʰʝʡ ʠʣʠ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ. ʊʘʢʞʝ ʠʤʝʶʪʩʷ 

ʢʦʩʚʝʥʥʳʝ ʬʘʢʪʦʨʳ. ʇʨʠʚʝʜʝʤ ʧʨʠʤʝʨʥʳʡ ʩʧʠʩʦʢ:  

¶ ʚʦʟʨʘʩʪ,  

¶ ʩʪʘʞ ʨʘʙʦʪʳ,  

¶ ʩʝʤʝʡʥʦʝ ʧʦʣʦʞʝʥʠʝ,  

¶ ʦʙʨʘʟʦʚʘʥʠʝ,  

¶ ʨʘʟʨʷʜ ʚʳʧʦʣʥʷʝʤʳʭ ʨʘʙʦʪ,  

¶ ʪʨʘʚʤʘʪʠʟʤ,  

¶ ʥʘʨʫʰʝʥʠʝ ʪʨʫʜʦʚʦʡ ʜʠʩʮʠʧʣʠʥʳ,  
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¶ ʥʘʨʫʰʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʦʭʨʘʥʳ ʪʨʫʜʘ,  

¶ ʢʣʘʩʩʳ (ʧʦʜʢʣʘʩʩʳ) ʫʩʣʦʚʠʡ ʪʨʫʜʘ (ʭʠʤʠʯʝʩʢʠʡ, 
ʙʠʦʣʦʛʠʯʝʩʢʠʡ, ʘʵʨʦʟʦʣʠ, ʰʫʤ, ʠʥʬʨʘʟʚʫʢ, ʫʣʴʪʨʘʟʚʫʢ 

ʚʦʟʜʫʰʥʳʡ, ʚʠʙʨʘʮʠʷ ʦʙʱʘʷ, ʚʠʙʨʘʮʠʷ ʣʦʢʘʣʴʥʘʷ, 

ʥʝʠʦʥʠʟʠʨʫʶʱʠʝ ʠʟʣʫʯʝʥʠʝ, ʠʦʥʠʟʠʨʫʶʱʠʝ 

ʠʟʣʫʯʝʥʠʝ, ʤʠʢʨʦʢʣʠʤʘʪ, ʩʚʝʪʦʚʘʷ ʩʨʝʜʘ, ʪʷʞʝʩʪʴ 

ʪʨʫʜʦʚʦʛʦ ʧʨʦʮʝʩʩʘ, ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʪʨʫʜʦʚʦʛʦ 

ʧʨʦʮʝʩʩʘ) [3]. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʦʜʭʦʜʘ, ʚ ʦʮʝʥʢʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʪʨʘʚʤʘʪʠʟʤʘ 

ʭʦʟʷʡʩʪʚʘ ʦʪ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ, 

ʦʧʠʩʘʥʥʳʭ ʚ ʠʩʪʦʯʥʠʢʝ [4, 5], ʜʣʷ ʧʨʦʛʥʦʟʘ ʬʘʢʪʦʨʦʚ 

ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʤʝʥʠʤ ʪʝʦʨʠʶ ʢʦʨʨʝʣʷʮʠʠ 

ʉʧʠʨʤʝʥʘ. ɼʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʦʨʤʘʣʴʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʨʘʩʯʝʪʳ, 

ʠʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʫ ʐʘʧʠʨʦ-ʋʠʣʢʘ [11] ʜʣʷ ʧʘʨʳ 

ʬʘʢʪʦʨʦʚ: ʚʦʟʨʘʩʪ ï ʩʪʘʞ ʨʘʙʦʪʳ: 
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ʢʦʵʬʬʠʮʠʝʥʪʳ 1+-ina
ʙʝʨʫʪʩʷ ʠʟ ʪʘʙʣʠʮ, ʜʣʷ 

ʚʳʯʠʩʣʝʥʠʷ ʩʪʘʪʠʩʪʠʢʠ ʢʨʠʪʝʨʠʷ ʐʘʧʠʨʦ-ʋʠʣʢʘ [6]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʜʩʯʝʪʦʚ ʧʦʣʫʯʠʣʠ, ʯʪʦ W=0,32 ʠ 

0,98  

(ʨʠʩ.1, 2), ʚʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʵʪʦ  ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʦ ʢ 

ʝʜʠʥʠʮʝ, ʦʜʥʘʢʦ, ʤʝʥʴʰʝ ʝʝ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʛʠʧʦʪʝʟʘ 

ʦ ʥʦʨʤʘʣʴʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʪʢʣʦʥʷʝʪʩʷ, ʠ ʤʳ 

ʠʩʧʦʣʴʟʫʝʤ ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ʢʦʨʨʝʣʷʮʠʠ 

ʉʧʠʨʤʝʥʘ, ʢʦʪʦʨʳʡ ʧʨʠʤʝʥʷʝʪʩʷ ʩ ʮʝʣʴʶ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ ʩʚʷʟʝʡ ʤʝʞʜʫ ʷʚʣʝʥʠʷʤʠ 

[7]. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʘʢʪʠʯʝʩʢʘʷ ʩʪʝʧʝʥʴ 

ʙʣʠʟʦʩʪʠ ʤʝʞʜʫ ʜʚʫʤʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤʠ ʨʷʜʘʤʠ 

 ʈʠʩ. 1. ɻʠʩʪʦʛʨʘʤʤʘ ʢʨʠʪʝʨʠʷ ʥʦʨʤʘʣʴʥʦʩʪʠ ʐʘʧʠʨʦ-ʋʠʣʢʘ 

ʉʪʘʞ 

ʠʟʫʯʘʝʤʳʭ ʧʨʠʟʥʘʢʦʚ ʠ ʜʘʝʪʩʷ ʦʮʝʥʢʘ ʪʝʩʥʦʪʳ 

ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʩʚʷʟʠ ʩ ʧʦʤʦʱʴʶ ʢʦʣʠʯʝʩʪʚʝʥʥʦ 

ʚʳʨʘʞʝʥʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ. ʈʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʨʘʥʛʦʚʦʡ ʢʦʨʨʝʣʷʮʠʠ ʉʧʠʨʤʝʥʘ ʧʨʠʚʝʜʝʥ ʚ ʬʦʨʤʫʣʝ: 
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ʈʠʩ. 2. ɻʠʩʪʦʛʨʘʤʤʘ ʢʨʠʪʝʨʠʷ ʥʦʨʤʘʣʴʥʦʩʪʠ ʐʘʧʠʨʦ-ʋʠʣʢʘ 

ɺʦʟʨʘʩʪ 

ʛʜʝ n ï ʢʦʣʠʯʝʩʪʚʦ ʨʘʥʞʠʨʫʝʤʳʭ ʧʨʠʟʥʘʢʦʚ 

(ʧʦʢʘʟʘʪʝʣʝʡ, ʠʩʧʳʪʫʝʤʳʭ), D ï ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ 

ʨʘʥʛʘʤʠ ʧʦ ʜʚʫʤ ʧʝʨʝʤʝʥʥʳʤ ʜʣʷ ʢʘʞʜʦʛʦ 

ʠʩʧʳʪʫʝʤʦʛʦ, ВὨ ï ʩʫʤʤʘ ʢʚʘʜʨʘʪʦʚ ʨʘʟʥʦʩʪʝʡ 

ʨʘʥʛʦʚ. ɺ ʪʘʙ. 1 ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʜʣʷ 

ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ. 

ʊʘʙ. 1. ʉʚʝʜʝʥʠʷ ʦ ʧʦʩʪʨʘʜʘʚʰʠʭ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʟʘ 8 ʣʝʪ 
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1 50 3 1 5 1 0 3.2 

2 44 1 1 6 1 0 3.2 

3 30 4 1 5 1 0 3.2 

4 58 40 1 6 1 0 3.2 

5 33 11 1 4 1 0 3.2 

ʀʩʧʦʣʴʟʫʷ ʜʘʥʥʫʶ ʬʦʨʤʫʣʫ, ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʠʝ 

ʜʘʥʥʳʝ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙ. 2.  
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ʊʘʙ. 2. ʂʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ ʬʘʢʪʦʨʦʚ 
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ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʦʨʨʝʣʷʮʠʠ 

ʚʦʟʴʤʝʤ ʜʘʥʥʳʝ ʚʩʝʭ ʨʘʙʦʪʥʠʢʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʚ 

ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ, ʠ ʧʦʣʫʯʠʤ 

ʩʣʝʜʫʶʱʠʝ ʜʘʥʥʳʝ, ʩʤ. ʪʘʙ. 3. 

ʊʘʙ. 3. ʂʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ ʬʘʢʪʦʨʦʚ 
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ʇ
ʝ
ʨ
ʝ
ʤ
ʝ
ʥ
ʥ
ʘ
ʷ

 

ɺ
ʦ
ʟ
ʨ
ʘ
ʩ
ʪ

 

ʉ
ʪ
ʘ
ʞ

 

ʊ
ʨ
ʘ
ʚ
ʤ
ʘ
ʪ
ʠ
ʟ
ʤ

 

ʈ
ʘ
ʟ
ʨ
ʷ
ʜ
 
ʚ
ʳ
ʧ
ʦ
ʣ
ʥ
ʷ
ʝ
ʤ
ʳ
ʭ
 

ʨ
ʘ
ʙ
ʦ
ʪ

 

ʅ
ʘ
ʨ
ʫ
ʰ
ʝ
ʥ
ʠ
ʝ
 
ʪ
ʨ
ʫ
ʜ
ʦ
ʚ
ʦ
ʡ
 

ʜ
ʠ
ʩ
ʮ
ʠ
ʧ
ʣ
ʠ
ʥ
ʳ

 

ʅ
ʘ
ʨ
ʫ
ʰ
ʝ
ʥ
ʠ
ʝ
 
ʪ
ʨ
ʫ
ʜ
ʦ
ʚ
ʦ
ʡ
 

ʜ
ʠ
ʩ
ʮ
ʠ
ʧ
ʣ
ʠ
ʥ
ʳ

 

ʀ
ʪ
ʦ
ʛ
ʦ
ʚ
ʳ
ʡ
 
ʢ
ʣ
ʘ
ʩ
ʩ
 

(
ʧ
ʦ
ʜ
ʢ
ʣ
ʘ
ʩ
ʩ
)

 ʫ
ʩ
ʣ
ʦ
ʚ
ʠ
ʡ
 

ʪ
ʨ
ʫ
ʜ
ʘ

 

ɺʦʟʨʘʩʪ 

1
,0

0
0 

0
,2

1
0 

-0
,0

1
3 

0
,2

4
7 

  

0
,0

5
7 

ʉʪʘʞ 

0
,2

1
0 

1
,0

0
0 

0
,1

1
4 

0
,2

0
3 

  

0
,0

4
6 

ʊʨʘʚʤʘʪʠʟʤ 

-0
,0

1
3 

0
,1

1
4 

1
,0

0
0 

0
,0

5
7 

  

0
,0

6
5 

ʈʘʟʨʷʜ 

ʚʳʧʦʣʥʷʝʤ

ʳʭ ʨʘʙʦʪ 0
,2

4
7 

0
,2

0
3 

0
,0

5
7 

1
,0

0
0 

  

0
,5

0
8 

ʅʘʨʫʰʝʥʠʝ 

ʪʨʫʜʦʚʦʡ 

ʜʠʩʮʠʧʣʠʥ
 r

    

1
,0

0
0 

 

 

ʅʘʨʫʰʝʥʠʝ 

ʪʨʫʜʦʚʦʡ 
ʜʠʩʮʠʧʣʠʥ

 r

     

1
,0

0
0 

 

ʀʪʦʛʦʚʳʡ 

ʢʣʘʩʩ 
(ʧʦʜʢʣʘʩʩ) 

ʫʩʣʦʚʠʡ 

0
,0

5
7 

0
,0

4
6 

0
,0

6
5 

0
,5

0
8 

  

1
,0

0
0 

ʀʟ ʘʥʘʣʠʟʘ ʚʠʜʥʦ, ʯʪʦ ʚʦʟʨʘʩʪ ʠ ʩʪʘʞ ʨʘʙʦʪʳ, 

ʚʦʟʨʘʩʪ ʠ ʨʘʟʨʷʜ ʚʳʧʦʣʥʷʝʤʳʭ ʨʘʙʦʪ ʠʤʝʶʪ ʩʣʘʙʫʶ 

ʩʚʷʟʴ, ʩʪʘʞ ʠ ʪʨʘʚʤʘʪʠʟʤ ï ʩʣʘʙʫʶ, ʠʪʦʛʦʚʳʡ ʢʣʘʩʩ 

(ʧʦʜʢʣʘʩʩ) ʚʳʧʦʣʥʷʝʤʳʭ ʨʘʙʦʪ ʠ ʨʘʟʨʷʜ ʚʳʧʦʣʥʷʝʤʳʭ 

ʨʘʙʦʪ ï ʫʤʝʨʝʥʥʫʶ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʤʦʞʥʦ 

ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʥʘ 

ʪʨʘʚʤʘʪʠʟʤ ʚʣʠʷʝʪ ʩʪʘʞ, ʢʦʪʦʨʳʡ ʟʘʚʠʩʠʪ ʦʪ ʚʦʟʨʘʩʪʘ 

ʠ ʨʘʟʨʷʜʘ ʚʳʧʦʣʥʷʝʤʳʭ ʨʘʙʦʪ. ʍʦʯʝʪʩʷ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʤʘʢʩʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʪʨʘʚʤʘʪʠʟʤʘ ʧʨʠʭʦʜʠʪʩʷ ʥʘ 

ʩʪʘʞ ʨʘʙʦʪʳ ʩ 1-ʛʦ ʜʦ 5-ʪʠ ʣʝʪ. ʅʘ ʨʠʩ. 3 ʧʦʢʘʟʘʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʩʪʨʘʜʘʚʰʠʭ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʚ ʆɸʆ 

çʈɾɼè ʧʦ ʩʪʘʞʫ ʨʘʙʦʪʳ, ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʢʦʪʦʨʦʡ 

ʧʨʦʠʟʦʰʝʣ ʥʝʩʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʚ 2017 ʛʦʜʫ [8]. 

 
ʈʠʩ. 3. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʩʪʨʘʜʘʚʰʠʭ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʚ ʆɸʆ 

çʈɾɼè ʚ 2017 ʛ.  

ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʩʚʷʟʴ ʤʝʞʜʫ 

ʩʪʘʞʝʤ ʠ ʪʨʘʚʤʘʪʠʟʤʦʤ ʝʩʪʴ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʫʨʦʚʝʥʴ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʪʨʘʚʤʘʪʠʟʤʘ, ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʧʦ 

ʪʝʩʥʦʪʝ ʩʚʷʟʠ ʦʪ ʩʘʤʦʛʦ ʩʣʘʙʦʛʦ ʜʦ ʩʘʤʦʛʦ ʩʠʣʴʥʦʛʦ, 

ʤʦʞʥʦ ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ. ɺʟʷʚ ʟʘ ʦʩʥʦʚʥʦʡ ʬʘʢʪʦʨ 

ʩʪʘʞ ʩ 1-ʛʦ ʧʦ 5-ʳʡ ʛʦʜ, ʤʦʞʥʦ ʚʳʩʪʨʦʠʪʴ ʩʚʷʟʴ:  

¶ ʚʦʟʨʘʩʪ; 

¶ ʨʘʟʨʷʜ ʚʳʧʦʣʥʷʝʤʳʭ ʨʘʙʦʪ; 

¶ ʠʪʦʛʦʚʳʡ ʢʣʘʩʩ (ʧʦʜʢʣʘʩʩ) ʫʩʣʦʚʠʡ ʪʨʫʜʘ; 

¶ ʪʨʘʚʤʘʪʠʟʤ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʟʤʦʞʥʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ 

ʟʘʚʠʩʠʤʳʭ ʬʘʢʪʦʨʦʚ ʤʝʪʦʜʦʤ ʧʦʩʪʨʦʝʥʠʷ 

ʨʝʛʨʝʩʩʠʦʥʥʦʡ ʤʦʜʝʣʠ. ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ 

ʧʦʩʪʨʦʝʥʠʠ ʜʠʘʛʨʘʤʤʳ ʨʘʩʩʝʷʥʠʷ (ʨʠʩ. 4) 

ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʪʘʞʘ ʠ ʚʦʟʨʘʩʪʘ. 

 

 
ʈʠʩ. 4. ɼʠʘʛʨʘʤʤʘ ʨʘʩʩʝʷʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʩʪʘʞʘ ʦʪ ʚʦʟʨʘʩʪʘ  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʟʥʘʷ ʬʘʢʪʦʨʳ, ʢʦʪʦʨʳʝ ʷʚʥʦ 

ʚʣʠʷʶʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʪʨʘʚʤʘʪʠʟʤ, ʚʦʟʤʦʞʥʦ 

ʠʭ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ. 

ɿɸʂʃʖʏɽʅʀɽ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʨʦʚʝʥʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ 

ʪʨʘʚʤʘʪʠʟʤʘ ʥʘ ʣʶʙʦʤ ʧʨʝʜʧʨʠʷʪʠʠ ï ʵʪʦ ʧʦʢʘʟʘʪʝʣʴ 

ʥʘʜʝʞʥʦʩʪʠ, ʫʚʝʨʝʥʥʦʩʪʠ, ʧʨʝʩʪʠʞʘ ʨʘʙʦʪʦʜʘʪʝʣʷ. 

ɿʘʙʦʪʘ ʧʨʝʜʧʨʠʷʪʠʷ ʦ ʩʚʦʝʤ ʨʘʙʦʪʥʠʢʝ, ʦ ʝʛʦ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʟʜʦʨʦʚʴʝ ʛʦʚʦʨʠʪ ʦ ʤʥʦʛʦʤ. 

ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʪʨʘʚʤʘʪʠʟʤ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʝʛʦ 

ʧʦʢʘʟʘʪʝʣʴ. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʬʘʢʪʦʨʳ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ 

ʪʨʘʚʤʘʪʠʟʤʘ, ʚʳʷʚʠʚ ʩʚʷʟʠ ʤʝʞʜʫ ʥʠʤʠ, ʚʦʟʤʦʞʥʦ 

ʜʘʣʴʥʝʡʰʝʝ ʧʦʩʪʨʦʝʥʠʝ ʧʨʦʛʥʦʟʘ ʨʠʩʢʦʚ ʝʛʦ 

ʥʘʩʪʫʧʣʝʥʠʷ. ʆʜʥʘʢʦ, ʜʘʞʝ ʧʨʝʜʧʨʠʥʷʚ ʤʝʨʳ ʧʦ 

ʟʘʱʠʪʝ ʨʘʙʦʪʥʠʢʘ, ʨʘʙʦʪʦʜʘʪʝʣʴ ʥʝ ʤʦʞʝʪ 

ʟʘʩʪʨʘʭʦʚʘʪʴ ʩʝʙʷ ʦʪ ʥʘʨʫʰʝʥʠʡ ʩʦ ʩʪʦʨʦʥʳ 

ʨʘʙʦʪʥʠʢʦʚ. ʉʠʩʪʝʤʘ ʦʭʨʘʥʳ ʪʨʫʜʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ 

ʚʳʷʚʣʝʥʠʝ ʵʪʠʭ ʥʘʨʫʰʝʥʠʡ ʠ ʥʝʜʦʧʫʱʝʥʠʝ 

ʧʦʚʪʦʨʥʦʛʦ ʠʭ ʥʘʩʪʫʧʣʝʥʠʷ [9].  

ɼʝʡʩʪʚʠʝ ʥʝʢʦʪʦʨʳʭ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʪʨʘʚʤʘʪʠʟʤ, ʤʠʥʠʤʠʟʠʨʫʝʪʩʷ 

ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ: 

¶ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʨʝʜʩʪʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʟʘʱʠʪʳ,  

¶ ʩʦʦʪʚʝʪʩʪʚʠʝ ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ ʢʣʘʩʩʫ ʫʩʣʦʚʠʡ 

ʪʨʫʜʘ,  

¶ ʠʥʩʪʨʫʢʪʘʞʠ,  

¶ ʦʙʫʯʝʥʠʝ ʠ ʧʨ. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʠʤʝʶʱʫʶʩʷ ʚ ʩʚʦʙʦʜʥʦʤ 

ʜʦʩʪʫʧʝ ʟʘʢʦʥʦʜʘʪʝʣʴʥʫʶ ʙʘʟʫ ʈʌ, ʦʪʨʘʩʣʝʚʳʝ 

ʠʥʩʪʨʫʢʮʠʠ, ʨʘʩʧʦʨʷʞʝʥʠʷ, ʭʦʯʝʪʩʷ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʩʦʙʣʶʜʝʥʠʝ ʚʩʝʭ ʥʦʨʤ ʠ ʧʨʘʚʠʣ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʩʚʦʠʭ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʦʙʷʟʘʥʥʦʩʪʝʡ ʣʦʞʠʪʩʷ ʢʘʢ 

ʥʘ ʩʘʤʦʛʦ ʠʩʧʦʣʥʠʪʝʣʷ, ʪʘʢ ʠ ʥʘ ʨʘʙʦʪʦʜʘʪʝʣʷ, 

ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʙʦʪʥʠʢʘ ʚʩʝʤ ʥʝʦʙʭʦʜʠʤʳʤ. 

ʀ ʣʠʰʴ ʩʘʤ ʨʘʙʦʪʥʠʢ ʦʩʪʘʚʣʷʝʪ ʟʘ ʩʦʙʦʡ ʧʨʘʚʦ 

ʩʦʙʣʶʜʘʪʴ ʠʣʠ ʥʝʪ ʜʘʥʥʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ, ʦʜʥʘʢʦ ʚ 

ʩʣʫʯʘʝ, ʥʘʥʦʩʷʱʝʤ ʚʨʝʜ ʟʜʦʨʦʚʴʶ ʨʘʙʦʪʥʠʢʘ ʧʨʠ 

ʥʝʩʦʙʣʶʜʝʥʠʠ ʧʨʘʚʠʣ, ʚʩʷ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʣʦʞʠʪʩʷ 

ʥʘ ʧʦʩʣʝʜʥʝʛʦ [10]. 

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʥʦʚʠʟʥʦʡ ʤʝʪʦʜʘ 

ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʧʦʜʭʦʜ ʥʝ ʢ ʘʥʘʣʠʟʫ ʬʘʢʪʦʨʦʚ, ʘ ʠʭ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʶ, ʠʩʧʦʣʴʟʫʷ ʩʪʘʥʜʘʨʪʥʳʝ ʤʝʪʦʜʳ 

ʘʥʘʣʠʟʘ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. 
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FACTORS INFLUENCING FORECASTING OF INDIVIDUAL 
INJURIES 

E.A. Frolova 
East Siberian branch of JSC Kaluga Plant Remputmash, Slyudyanka 

Work-related injuries, today has a special place in the process of any enterprise. Reducing injuries is of great importance both for 

the employee and for the employer. Injuries are a comprehensive measure of the use of personal protective equipment, observance of 

requirements of safety rules when performing various works, development of new technologies and introduction to the process of 

new technology. 

Annually at the enterprises of the Russian Federation arise traumatic cases, which are caused by various factors. They can be 

attributed as purely industrial, and human factors. It is impossible to fully protect the employee from accidents, especially when 

breaking the rules is purposeful. But, warning, we are somehow arming yourself. Knowing in advance about the possibility of an 

accident can make the necessary arrangements, which to some extent will minimize occupational injuries.  

For this you need to be forecasting factors that can affect occupational injuries. Among them, such as:  

Å factors of the industrial environment,  

Å factors of working conditions,  

Å experience, experience,  

Å bit of work  

Å various violations, etc.  

Correlation methods will be found relationships between the factors influencing occupational injury indicators, conclusions about 

the factors that you should pay particular attention when forming the forecast. 

The results obtained in this study will be the Foundation for future scientific work related to the prediction of occupational 

injuries, which in turn can be applied to any enterprise of the Russian Federation, as in unchanged and modified, as each company 

will have its own specific production process. 

 

Index terms: forecasting, industrial injuries, factors, production process, correlation. 
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ɺʃʀʗʅʀɽ ɼʃʀʊɽʃʔʅʆʉʊʀ ʋʃʔʊʈɸɿɺʋʂʆɺʆɻʆ 
ʀʄʇʋʃʔʉɸ ʅɸ ʇʆʈʆɻʆɺʋʖ ʀʅʊɽʅʉʀɺʅʆʉʊʔ 
ʂʆʃɽɹɸʅʀʁ, ʇʈʀɺʆɼʗʑʋʖ ʂ ɺʆɿʅʀʂʅʆɺɽʅʀʖ 
ʂɸɺʀʊɸʎʀʀ ɺ ɾʀɼʂʆʉʊʗʍ ʈɸɿʃʀʏʅʆʁ ɺʗɿʂʆʉʊʀ 
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1
 ɹʊʀ ɸʣʪɻʊʋ, ʛ. ɹʠʡʩʢ 

2
ʆʆʆ çʎʝʥʪʨ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ɸʣʪɻʊʋè, ʛ. ɹʠʡʩʢ 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʤʧʫʣʴʩʥʦʛʦ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʧʦʨʦʛʦʚʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ, ʧʨʠʚʦʜʷʱʫʶ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʢʘʚʠʪʘʮʠʠ. ʇʨʝʜʣʦʞʝʥʘ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ 

ʦʧʠʩʳʚʘʝʪ ʧʨʦʮʝʩʩ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʘʚʠʪʘʮʠʦʥʥʳʭ ʧʫʟʳʨʴʢʦʚ  ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʠʤʧʫʣʴʩʥʳʤ ʫʣʴʪʨʘʟʚʫʢʦʤ 

(ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʤʠ ʩʠʥʫʩʦʠʜʘʣʴʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ, ʤʦʜʫʣʠʨʦʚʘʥʥʳʤʠ ʧʦ ʘʤʧʣʠʪʫʜʝ ʧʨʷʤʦʫʛʦʣʴʥʳʤʠ ʠʤʧʫʣʴʩʘʤʠ), 

ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʜʠʥʘʤʠʢʫ ʧʨʷʤʦʡ ʜʠʬʬʫʟʠʠ ʛʘʟʘ, ʨʘʩʪʚʦʨʸʥʥʦʛʦ ʚ ʞʠʜʢʦʩʪʠ, ʚ ʧʦʣʦʩʪʴ ʢʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʫʟʳʨʴʢʘ ʠ, ʚ 

ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ, ʨʘʩʩʯʠʪʘʪʴ ʧʦʨʦʛʦʚʳʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʧʨʠ ʢʦʪʦʨʳʭ ʢʘʚʠʪʘʮʠʦʥʥʳʡ ʧʫʟʳʨʸʢ ʥʘʯʠʥʘʝʪ ʩʭʣʦʧʳʚʘʪʴʩʷ, ʦʪ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʠʤʧʫʣʴʩʘ ʠ ʚʷʟʢʦʩʪʠ ʞʠʜʢʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʠʤʧʫʣʴʩ, ʢʘʚʠʪʘʮʠʷ, ʜʣʠʪʝʣʴʥʦʩʪʴ, ʧʦʨʦʛʦʚʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ. 

 

ɺɺɽɼɽʅʀɽ 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩ-

ʩʘʭ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ  ʠʭ ʨʝʘʣʠʟʘʮʠʠ 

ʠʩʧʦʣʴʟʫʶʪ ʫʣʴʪʨʘʟʚʫʢʦʚʳʝ ʢʦʣʝʙʘʥʠʷ. ʆʜʥʠʤ ʠʟ 

ʦʩʥʦʚʥʳʭ ʜʝʡʩʪʚʫʶʱʠʭ ʬʘʢʪʦʨʦʚ ʚʦʟʜʝʡʩʪʚʠʷ  ʫʣʴ-

ʪʨʘʟʚʫʢʦʚʳʤʠ  ʢʦʣʝʙʘʥʠʷʤʠ  ʷʚʣʷʝʪʩʷ ʢʘʚʠʪʘʮʠʷ, ʧʨʠ 

ʢʦʪʦʨʦʡ ʥʠʟʢʘʷ ʧʣʦʪʥʦʩʪʴ  ʵʥʝʨʛʠʷ ʨʘʩʧʨʦʩʪʨʘʥʷʶ-

ʱʝʡʩʷ ʚʦʣʥʳ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʚ ʚʳʩʦʢʫʶ ʧʣʦʪʥʦʩʪʴ 

ʵʥʝʨʛʠʠ ʬʦʨʤʠʨʫʝʤʦʡ  ʧʦʩʣʝ ʩʭʣʦʧʳʚʘʥʠʷ ʢʘʚʠʪʘʮʠ-

ʦʥʥʦʛʦ ʧʫʟʳʨʴʢʘ  ʢʦʤʤʫʣʷʪʠʚʥʦʡ ʩʪʨʫʠ ʠʣʠ ʫʜʘʨʥʦʡ 

ʧʦʣʥʳ. ɼʝʡʩʪʚʠʝ  ʢʘʚʠʪʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʫʩʢʦʨʷʪʴ ʤʥʦ-

ʛʦʯʠʩʣʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʠʟʤʝʥʝʥʠʝʤ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʞʠʜʢʠʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʆʜʥʘʢʦ ʢʘʚʠʪʘʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ  ʦʢʘʟʳʚʘʝʪ ʠ  ʦʪ-

ʨʠʮʘʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʨʦʪʝʢʘʥʠʝ ʧʨʦʮʝʩʩʦʚ. 

[1]. ʆʙʫʩʣʦʚʣʝʥʦ ʵʪʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʟʦʥʳ ʧʘʨʦʛʘʟʦ-

ʚʳʭ ʧʫʟʳʨʴʢʦʚ  ʚʙʣʠʟʠ ʠʟʣʫʯʘʪʝʣʷ, ʭʘʨʘʢʪʝʨʠʟʫʶ-

ʱʝʡʩʷ ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʠʤ ʧʦʛʣʦʱʝʥʠʝʤ ʵʥʝʨʛʠʠ ʢʦ-

ʣʝʙʘʥʠʡ ʠ ʦʛʨʘʥʠʯʠʚʘʶʱʝʡ ʜʘʣʴʥʝʡʰʝʝ ʨʘʩʧʨʦʩʪʨʘ-

ʥʝʥʠʝ ʢʦʣʝʙʘʥʠʡ.  

ʂʨʦʤʝ ʪʦʛʦ  ʢʘʚʠʪʘʮʠʷ ʷʚʣʷʝʪʩʷ ʘʙʩʦʣʶʪʥʦ ʥʝʜʦ-

ʧʫʩʪʠʤʦʡ ʜʣʷ ʤʥʦʞʝʩʪʚʘ ʧʨʦʮʝʩʩʦʚ, ʛʜʝ ʫʣʴʪʨʘʟʚʫʢʦ-

ʚʳʝ ʢʦʣʝʙʘʥʠʷ   ʩʦʟʜʘʶʪ  ʥʘʧʨʘʚʣʝʥʥʦʝ ʩʪʠʤʫʣʠʨʫʶ-

ʱʝʝ ʠ ʦʙʲʝʜʠʥʷʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ. ʂ ʪʘʢʠʤ ʧʨʦʮʝʩʩʘʤ 

ʦʪʥʦʩʷʪʩʷ  ʨʘʟʨʫʰʝʥʠʷ ʵʤʫʣʴʩʠʡ,  ʢʦʘʛʫʣʷʮʠʷ ʪʚʝʨ-

ʜʳʭ ʯʘʩʪʠʮ (ʛʜʝ ʢʘʚʠʪʘʮʠʷ ʤʦʞʝʪ ʨʘʟʨʫʰʘʪʴ ʦʙʨʘʟʦ-

ʚʘʥʥʳʝ ʘʛʣʦʤʝʨʘʪʳ), ʧʨʦʮʝʩʩʳ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʷ ʥʘʥʦ ʯʘʩʪʠʮ ʚ ʚʷʟʢʠʭ ʩʨʝʜʘʭ, ʙʘʢʪʝʨʠʘʣʴʥʦʡ 

ʦʯʠʩʪʢʠ ʚʦʜ, ʙʨʦʞʝʥʠʷ (ʛʜʝ ʢʘʚʠʪʘʮʠʷ ʤʦʞʝʪ ʨʘʟʨʫ-

ʰʘʪʴ ʜʨʦʞʞʝʚʳʝ ʙʘʢʪʝʨʠʠ), ʧʨʦʮʝʩʩʳ ʨʘʟʞʠʞʝʥʠʷ 

ʥʘʪʫʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ ï ʥʘʧʨʠʤʝʨ, ʤʸʜʘ (ʛʜʝ ʢʘʚʠʪʘ-

ʮʠʷ ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 

ʧʦʣʝʟʥʳʝ ʩʚʦʡʩʪʚʘ) [2]. 

ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʢʘʚʠʪʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʩʣʝʜʫʶ-

ʱʝʤʫ ʤʝʭʘʥʠʟʤʫ [3]. ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʧʨʦʠʩʭʦʜʠʪ 

ʧʨʦʮʝʩʩ ʜʠʬʬʫʟʠʠ ʛʘʟʘ, ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ ʞʠʜʢʦʩʪʠ, ʚ 

ʧʦʣʦʩʪʴ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʚ ʤʝʩʪʝ ʨʘʟʨʳʚʘ ʞʠʜʢʦʩʪʠ 

ʢʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʫʟʳʨʴʢʘ. ʇʨʦʮʝʩʩ ʧʨʷʤʦʡ 

ʜʠʬʬʫʟʠʠ, ʢʘʢ ʧʦʢʘʟʘʣʘ ʩʢʦʨʦʩʪʥʘʷ ʢʠʥʦʩʲʸʤʢʘ, 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʧʝʨʠʦʜʦʚ 

ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʢʦʣʝ-ʙʘʥʠʡ (5é20 ʧʝʨʠʦʜʦʚ). ɺʦ 

ʚʨʝʤʷ ʧʨʷʤʦʡ ʜʠʬʬʫʟʠʠ ʢʘʚʠʪʘʮʠʦʥʥʳʡ ʧʫʟʳʨʝʢ, ʟʘ 

ʩʯʸʪ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʛʘʟʘ ʚʦ ʚʥʫʪʨʴ,  ʧʦʩʪʝʧʝʥʥʦ 

ʨʘʩʰʠʨʷʝʪʩʷ ʩ ʤʘʣʦʡ ʩʢʦʨʦ-ʩʪɹʶ ʩʪʝʥʦʢ (ʥʝ ʙʦʣʝʝ 

0,005 ʤ/ʩ), ʧʦʢʘ ʥʝ ʜʦʩʪʠʛʥʝʪ ʢʨʠʪʠʯʝʩʢʦʛʦ ʨʘʟʤʝʨʘ 

(1é10 ʤʢʤ), ʟʘʚʠʩʷʱʝʛʦ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʚʦʜʠʤʳʭ 

ʋɿ ʢʦʣʝʙʘʥʠʡ. ʂʦʛʜʘ ʟʘʨʦ-ʜʳʰ ʚʳʭʦʜʠʪ ʥʘ 

ʢʨʠʪʠʯʝʩʢʠʡ ʨʘʟʤʝʨ, ʦʥ ʥʘʯʠʥʘʝʪ ʚ ʪʝʯʝʥʠʝ 

ʧʦʣʫʧʝʨʠʦʜʘ ʨʘʟʨʝʞʝʥʠʷ ʙʳʩʪʨʦ ʨʘʩʰʠʨʷʪʴʩʷ ʜʦ 

ʢʨʫʧʥʦʛʦ ʧʫʟʳʨʴʢʘ (ʨʘʟʤʝʨʦʤ ʙʦʣʝʝ 100 ʤʢʤ). ɺ ʬʘʟʝ 

ʙʳʩʪʨʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʩʪʝʥʦʢ 

ʧʨʝʚʳʰʘʝʪ 4 ʤ/ʩ. ɿʘʪʝʤ,  ʚ ʪʝʯʝʥʠʝ ʧʦʣʫʧʝʨʠʦʜʘ 

ʩʞʘʪʠʷ ʟʘʨʦʜʳʰ  ʩʭʣʦʧʳʚʘʝʪʩʷ ʟʘ ʚʨʝʤʷ ʥʝ ʙʦʣʝʝ 1 

ʤʢʩ (ʤʦʜʫʣʴ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʩʪʝʥʦʢ ʧʨʝʚʳʰʘʝʪ 

300 ʤ/ʩ). ʊʝʤ ʩʘʤʳʤ ʫʣʴʪʨʘʟʚʫʢʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʢʘʚʠʪʘʮʠʦʥʥʦʤ ʨʝʞʠʤʝ. 

ʄʥʦʛʦʢʨʘʪʥʦ ʫʩʪʘʥʦʚʣʝʥʦ ʥʘ ʧʨʘʢʪʠʢʝ, ʯʪʦ ʧʨʠ 

ʥʝʧʨʝʨʳʚʥʦʤ ʩʠʥʫʩʦʠʜʘʣʴʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ [4] ʚʦʟ-

ʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʩʭʣʦʧʳʚʘʶʱʠʭʩʷ ʢʘʚʠʪʘʮʠʦʥʥʳʭ 

ʧʫʟʳʨʴʢʦʚ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʩʪʷʭ, ʥʘʯʠʥʘʷ ʦʪ 0,3 ɺʪ/ʩʤ2 

(ʚ ʚʦʜʝ). 

ʊʝʤ ʩʘʤʳʤ ʥʝʚʦʟʤʦʞʥʦ ʚʚʦʜʠʪʴ ʠ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴ 

ʥʘ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ  ʙʦʣʴʰʠʝ ʵʥʝʨʛʠʠ ʠ ʵʬʬʝʢ-

ʪʠʚʥʦ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʧʨʦʮʝʩʩʳ, ʥʝ ʜʦʧʫʩʢʘʶʱʠʝ ʚʦʟ-

ʥʠʢʥʦʚʝʥʠʷ ʢʘʚʠʪʘʮʠʠ.  

ʈʝʰʝʥʠʝʤ ʧʨʦʙʣʝʤʳ ʤʦʞʝʪ ʩʪʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ  

ʜʣʷ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʨʦʮʝʩʩʳ ʢʦʨʦʪʢʠʭ ʫʣʴʪʨʘʟʚʫʢʦ-

ʚʳʭ ʠʤʧʫʣʴʩʦʚ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʧʫʪʝʤ  
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ʠʟʣʫʯʝʥʠʷ ʩʠʥʫʩʦʠʜʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʤʦʜʫʣʠʨʦʚʘʥ-

ʥʳʭ ʧʦ ʘʤʧʣʠʪʫʜʝ ʧʝʨʠʦʜʠʯʝʩʢʠʤʠ ʧʨʷʤʦʫʛʦʣʴʥʳʤʠ 

ʠʤʧʫʣʴʩʘʤʠ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʬʦʨʤʠʨʫʝʤʳʝ ʫʣʴʪʨʘ-

ʟʚʫʢʦʚʳʝ ʠʤʧʫʣʴʩʳ ʙʫʜʫʪ  ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ  ʩʣʝ-

ʜʫʶʱʠʝ ʜʨʫʛ ʟʘ ʜʨʫʛʦʤ ʚʦʣʥʦʚʳʝ ʧʘʢʝʪʳ ʢʦʥʝʯʥʦʡ 

ʜʣʠʪʝʣʴʥʦʩʪʠ, ʙʦʣʴʰʝʡ, ʯʝʤ ʧʝʨʠʦʜ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ 

ʢʦʣʝʙʘʥʠʡ, ʥʦ ʤʝʥʴʰʝʡ, ʯʝʤ ʧʝʨʠʦʜ ʩʣʝʜʦʚʘʥʠʷ ʧʘʢʝ-

ʪʦʚ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʠʤʧʫʣʴʩʥʳʭ ʚʦʟʜʝʡ-

ʩʪʚʠʡ ʥʘ ʧʨʦʮʝʩʩ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʧʨʦʪʝʢʘʥʠʷ ʢʘʚʠ-

ʪʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʦʪʨʝʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʬʦʨʤʠ-

ʨʦʚʘʥʠʷ  ʢʘʚʠʪʘʮʠʦʥʥʳʭ ʧʫʟʳʨʴʢʦʚ ʧʨʠ ʪʘʢʠʭ ʚʦʟʜʝʡ-

ʩʪʚʠʷʭ. 

ʇʦʩʢʦʣʴʢʫ ʢʨʠʪʠʯʝʩʢʠʡ ʨʘʟʤʝʨ ʧʫʟʳʨʴʢʘ, ʧʨʠ ʢʦ-

ʪʦʨʦʤ ʦʥ ʥʘʯʠʥʘʝʪ ʙʳʩʪʨʦ (ʚ ʪʝʯʝʥʠʝ 0,5é1 ʧʝʨʠʦʜʘ 

ʢʦʣʝʙʘʥʠʡ) ʨʘʩʪʠ ʠ ʩʭʣʦʧʳʚʘʪʴʩʷ, ʟʘʚʠʩʠʪ ʦʪ ʚʚʦʜʠ-

ʤʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʢʦʣʝʙʘʥʠʡ, ʨʷʜʦʤ ʘʚʪʦʨʦʚ [5-9] 

ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʧʦʨʦʛʦʚʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʢʘʚʠʪʘʮʠʠ.  

ʄʝʭʘʥʠʟʤ ʫʧʨʘʚʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ  ʧʨʠ  ʨʝʘ-

ʣʠʟʘʮʠʠ ʋɿ ʚʦʟʜʝʡʩʪʚʠʷ ʚ ʚʠʜʝ ʚʦʣʥʦʚʳʭ ʧʘʢʝʪʦʚ (ʨʠ-

ʩʫʥʦʢ 1) ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʘʢʝʪʦʚ, ʜʣʠ-

ʪʝʣʴʥʦʩʪʴʶ 0,5é10 ʤʩ, ʤʝʥʴʰʝʡ ʧʝʨʠʦʜʘ ʠʭ ʩʣʝʜʦʚʘ-

ʥʠʷ 1é20 ʤʩ (ʢʦʨʦʪʢʠʭ ʠʤʧʫʣʴʩʦʚ). ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ 

ʢʘʚʠʪʘʮʠʦʥʥʳʡ  ʟʘʨʦʞʜʘʶʱʠʡʩʷ ʧʫʟʳʨʝʢ ʚ ʬʘʟʝ ʧʨʷ-

ʤʦʡ ʜʠʬʬʫʟʠʠ (ʤʝʜʣʝʥʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ) ʟʘ ʚʨʝʤʷ 

ʜʣʠ-ʪʝʣʴʥʦʩʪʠ ʚʦʣʥʦʚʦʛʦ ʧʘʢʝʪʘ ʥʝ ʫʩʧʝʝʪ ʚʳʨʘʩʪʠ ʜʦ 

ʨʘʟʤʝʨʘ 1 ʤʢʤ ʠ ʙʦʣʝʝ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʢʘʚʠʪʘʮʠʦʥʥʦʛʦ ʨʝʞʠʤʘ, ʧʦʩʢʦʣʴʢʫ ʩʢʦʨʦʩʪʴ ʧʨʷʤʦʡ 

ʜʠʬʬʫʟʠʠ ʷʚʣʷʝʪʩʷ ʢʦʥʝʯʥʦʡ. 

 
ʈʠʩ. 1. ʌʦʨʤʘ ʢʦʣʝʙʘʥʠʡ ʋɿ ʠʤʧʫʣʴʩʦʚ 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ, ʯʝʤ ʤʝʥʴʰʝ ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʠʤʧʫʣʴʩʘ, ʪʝʤ ʤʝʥʴʰʝ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʩʪʠʛʘʝʤʳʡ 

ʨʘʟʤʝʨ ʷʜʨʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʜʣʠʪʝʣʴ-

ʥʦʩʪʠ ʠʤʧʫʣʴʩʘ ʚʦʟʨʘʩʪʘʝʪ ʧʦʨʦʛʦʚʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ, 

ʧʨʠ ʢʦʪʦʨʦʡ ʨʝʘʣʠʟʫʝʪʩʷ ʢʘʚʠʪʘʮʠʦʥʥʳʡ ʨʝʞʠʤ, ʢʘʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 2 [4]. 

 
ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʨʦʛʦʚʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʘʚʠʪʘʮʠʠ, ʦʪ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʘ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʦʪʘʭ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʫʣʴʪʨʘʟʚʫʢʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʚ ʠʤ-

ʧʫʣʴʩʥʦʤ ʨʝʞʠʤʝ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʧʦʨʦʛʦʚʫʶ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ, ʪʨʝʙʫʝʤʫʶ ʜʣʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʘʚʠ-

ʪʘʮʠʠ ʜʦ 3-ʭ ʨʘʟ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʋɿ ʠʤʧʫʣʴʩʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʦʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʧʦʜʭʦʜʦʚ ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʚʦʜʠʤʦʡ ʋɿ ʵʥʝʨʛʠʠ ʚ 

ʫʩʪʦʡʯʠʚʦʤ ʜʦʢʘʚʠʪʘʮʠʦʥʥʦʤ ʨʝʞʠʤʝ ʠ ʙʦʣʝʝ ʵʬʬʝʢ-

ʪʠʚʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ, ʥʝ ʜʦʧʫʩʢʘʶʱʠʭ ʚʦʟ-

ʥʠʢʥʦʚʝʥʠʷ ʢʘʚʠʪʘʮʠʠ. 

ʆʜʥʘʢʦ, ʜʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚ ʩʚʦʝʤ ʙʦʣʴʰʠʥ-

ʩʪʚʝ ʠʤʝʶʪ ʪʦʣʴʢʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʙʦʩʥʦʚʘʥʠʝ. 

ʇʨʠ ʵʪʦʤ ʥʝ ʠʟʫʯʘʣʦʩʴ ʚʣʠʷʥʠʝ ʚʷʟʢʦʩʪʠ ʞʠʜʢʦʩʪʠ ʥʘ 

ʧʦʨʦʛʦʚʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʜʣʠʪʝʣʴʥʦ-

ʩʪʷʭ ʠʤʧʫʣʴʩʘ. ʊʘʢ ʢʘʢ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʫʯʠʪʳʚʘʶʱʠʝ 

ʜʘʥʥʳʝ ʬʘʢʪʦʨʳ, ʜʦʩʪʘʪʦʯʥʦ ʪʨʫʜʦʝʤʢʠ, ʪʦ ʥʝʦʙʭʦ-

ʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ 

ʟʘʨʦʞʜʝʥʠʷ ʢʘʚʠʪʘʮʠʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʫʣʴʪʨʘʟʚʫ-

ʢʦʚʳʭ ʠʤʧʫʣʴʩʥʳʭ ʢʦʣʝʙʘʥʠʡ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʘʣʝʝ. 

ʆʉʅʆɺʅɸʗ ʏɸʉʊʔ 

ʈʘʟʤʝʨ ʢʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʫʟʳʨʴʢʘ ʟʘʚʠʩʠʪ ʦʪ ʚʨʝ-

ʤʝʥʠ ʧʨʦʭʦʞʜʝʥʠʷ  ʢʘʞʜʦʡ ʠʟ ʪʨʝʭ ʩʪʘʜʠʡ ʧʨʦʮʝʩʩʘ:  

1)  ʟʘʨʦʞʜʝʥʠʝ; 

2) ʨʘʩʰʠʨʝʥʠʝ; 

3)  ʩʭʣʦʧʳʚʘʥʠʝ. 

ɼʘʣʝʝ ʨʘʩʩʤʦʪʨʝʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ 

ʢʘʞʜʦʡ ʠʟ ʥʠʭ. 

ʅʘ ʩʪʘʜʠʠ ʟʘʨʦʞʜʝʥʠʷ, ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʛʘʟʘ ʚ ʧʦ-

ʣʦʩʪʴ ʢʘʚʠʪʘʮʠʦʥʥʳʭ ʧʫʟʳʨʴʢʦʚ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝ-

ʥʠʝʤ ʜʠʬʬʫʟʠʠ (1). 

; (1) 

;(2) ; (3) 

ʛʜʝ m ï ʤʘʩʩʘ ʛʘʟʘ ʚʥʫʪʨʠ ʧʫʟʳʨʴʢʘ, ʢʛ; D ï 

ʵʢʚʠʚʘʣʝʥʪʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʷʤʦʡ ʜʠʬʬʫʟʠʠ 

ʨʘʩʪʚʦʨʸʥʥʦʛʦ ʛʘʟʘ ʚ ʞʠʜʢʦʩʪʠ, ʤ
2
/ʩ; Dr ï 

ʵʢʚʠʚʘʣʝʥʪʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʦʙʨʘʪʥʦʡ ʜʠʬʬʫʟʠʠ 

ʨʘʩʪʚʦʨʸʥʥʦʛʦ ʛʘʟʘ ʚ ʞʠʜʢʦʩʪʠ, ʤ
2
/ʩ; R0 ï ʨʘʜʠʫʩ 

ʢʘʚʠʪʘʮʠʦʥʥʦʛʦ ʟʘʨʦʜʳʰʘ, ʤ; pm ï ʘʤʧʣʠʪʫʜʘ 

ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʞʠʜʢʦʩʪʠ, ʇʘ; p0 ï ʩʪʘʪʠʯʝʩʢʦʝ 

ʜʘʚʣʝʥʠʝ ʚ ʞʠʜʢʦʩʪʠ; ɤ ï ʢʨʫʛʦʚʘʷ ʯʘʩʪʦʪʘ 

ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʩ
-1
; ɤ0 ï ʨʝʟʦʥʘʥʩʥʘʷ 

ʯʘʩʪʦʪʘ ʢʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʫʟʳʨʴʢʘ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʧʦ 

ʬʦʨʤʫʣʝ ʄʠʥʥʘʝʨʪʘ [10]; Kc ï ʢʦʵʬʬʠʮʠʝʥʪ 

ʩʞʠʤʘʝʤʦʩʪʠ ʢʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʫʟʳʨʴʢʘ. 

ʇʦʩʢʦʣʴʢʫ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʫʣʴʪʨʘʟʚʫʢʦʚʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʪʝʧʣʦʠʟʦʣʠʨʦʚʘʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʸʤʘʭ ʪʦ, ʚʚʠʜʫ ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ 

ʟʘʢʦʥʘ, ʩʧʨʘʚʝʜʣʠʚʦ ʩʯʠʪʘʪʴ ʧʦʩʪʦʷʥʥʦʡ ʧʣʦʪʥʦʩʪʴ 

ʛʘʟʘ ʚʥʫʪʨʠ ʧʫʟʳʨʴʢʘ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʡ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʘ. ɸ ʪʘʢ ʢʘʢ ʧʫʟʳʨʝʢ ʩʦʚʝʨʰʘʝʪ 

ʤʘʣʳʝ ʢʦʣʝʙʘʥʠʷ, ʪʦ ʩʦʩʪʘʚʣʷʶʱʘʷ, ʦʧʨʝʜʝʣʷʶʱʘʷ 

ʚʣʠʷʥʠʝ ʩʜʚʠʛʘ ʥʘ ʚʷʟʢʦʩʪʴ ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ ʝʜʠʥʠʮʳ. 

ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʥʝʥʴʶʪʦʥʦʚʩʢʦʝ ʧʦʚʝʜʝʥʠʝ 



 ʖɾʅʆ-ʉʀɹʀʈʉʂʀʁ ʅɸʋʏʅʓʁ ɺɽʉʊʅʀʂ 

 

59 ˉ 2 (30) Åʘʧʨʝʣʴ 2020  

ʞʠʜʢʦʩʪʠ ʥʘ ʩʢʦʨʦʩʪʴ ʤʝʜʣʝʥʥʦʛʦ ʨʦʩʪʘ ʨʘʜʠʫʩʘ 

ʧʫʟʳʨʴʢʘ (ʜʦ ʥʘʯʘʣʘ ʙʳʩʪʨʦʛʦ ʨʘʩʰʠʨʝʥʠʷ) ʚ ʩʪʘʜʠʠ 

ʝʛʦ ʟʘʨʦʞʜʝʥʠʷ ʥʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʷ. 

ʄʘʢʩʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʧʫʟʳʨʴʢʘ, ʜʦʩʪʠʛʘʝʤʳʡ ʟʘ 

ʚʨʝʤʷ ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʪʘʜʠʠ ʟʘʨʦʞʜʝʥʠʷ ʧʫʟʳʨʴʢʘ Ű, 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʦʤʫ ʚʳʨʘʞʝʥʠʶ (4): 

. (4) 

ʂʦʛʜʘ ʨʘʜʠʫʩ ʧʫʟʳʨʴʢʘ ʜʦʩʪʠʛʘʝʪ ʢʨʠʪʠʯʝʩʢʦʛʦ 

ʟʥʘʯʝʥʠʷ R0(Ű)>Rcrit, ʧʫʟʳʨʸʢ ʤʦʞʝʪ ʥʘʯʘʪʴ ʙʳʩʪʨʦ 

ʨʘʩʰʠʨʷʪʴʩʷ ʚ ʪʝʯʝʥʠʝ ʦʜʥʦʛʦ ʧʝʨʠʦʜʘ ʢʦʣʝʙʘʥʠʡ ʠ  

ʩʭʣʦʧʳʚʘʪʴʩʷ. 

ɿʘʚʠʩʠʤʦʩʪʴ ʨʘʜʠʫʩʘ ʧʫʟʳʨʴʢʘ ʚ ʩʪʘʜʠʷʭ ʙʳʩʪʨʦʛʦ 

ʨʘʩʰʠʨʝʥʠʷ ʠ ʩʭʣʦʧʳʚʘʥʠʷ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ 

ʂʠʨʢʚʫʜʘ-ɹʝʪʝ [11]. ɼʘʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʧʦʟʚʦʣʷʝʪ 

ʦʧʨʝʜʝʣʠʪʴ ʨʘʜʠʫʩ ʧʫʟʳʨʴʢʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʞʠʜʢʦʩʪʠ. ʂʨʠʪʝʨʠʝʤ ʥʘʯʘʣʘ 

ʩʭʣʦʧʳʚʘʥʠʷ ʩʣʫʞʠʪ ʜʦʩʪʠʞʝʥʠʝ ʩʢʦʨʦʩʪʴʶ ʩʪʝʥʦʢ 

ʧʫʟʳʨʴʢʘ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ ʚ ʩʧʣʦʰʥʦʡ ʞʠʜʢʦʩʪʠ (1500 

ʤ/ʩ). 

ɼʘʣʝʝ ʥʘ ʨʠʩʫʥʢʘʭ 3ï4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ 

ʤʠʥʠʤʘʣʴʥʦʡ ʧʦʨʦʛʦʚʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʧʨʠ ʢʦʪʦʨʦʡ 

ʚʦʟʥʠʢʘʝʪ ʢʘʚʠʪʘʮʠʷ, ʦʪ ʜʣʠʪʝʣʴʥʦʩʪʠ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʠʤʧʫʣʴʩʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʷʟʢʦʩʪʷʭ 

ʞʠʜʢʦʩʪʠ. 

 
ʘ) 

 

ʙ) 

 
ʚ) 

ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʠ ʤʠʥʠʤʘʣʴʥʦʡ ʧʦʨʦʛʦʚʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, 

ʧʨʠ ʢʦʪʦʨʦʡ ʚʦʟʥʠʢʘʝʪ ʢʘʚʠʪʘʮʠʷ, ʦʪ ʜʣʠʪʝʣʴʥʦʩʪʠ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʠʤʧʫʣʴʩʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʷʟʢʦʩʪʷʭ ʞʠʜʢʦʩʪʠ 

(ʜʠʘʧʘʟʦʥ ʚʷʟʢʦʩʪʝʡ 1ï400 ʤʇʘĿʩ) 

 
ʘ) 

 
ʙ) 

 
ʚ) 

ʈʠʩ. 4. ɿʘʚʠʩʠʤʦʩʪʠ ʤʠʥʠʤʘʣʴʥʦʡ ʧʦʨʦʛʦʚʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, 

ʧʨʠ ʢʦʪʦʨʦʡ ʚʦʟʥʠʢʘʝʪ ʢʘʚʠʪʘʮʠʷ, ʦʪ ʜʣʠʪʝʣʴʥʦʩʪʠ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʠʤʧʫʣʴʩʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʷʟʢʦʩʪʷʭ ʞʠʜʢʦʩʪʠ 

(ʜʠʘʧʘʟʦʥ ʚʷʟʢʦʩʪʝʡ 450ï1000 ʤʇʘĿʩ) 
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ɿʘʚʠʩʠʤʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ, ʧʨʠ  ʢʦʪʦʨʦʤ ʚʦʟʥʠʢʘʝʪ ʢʘʚʠʪʘʮʠʷ, ʦʪ 

ʚʷʟʢʦʩʪʠ ʞʠʜʢʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ  ʩʣʝʜʫ-

ʶʱʠʤ  ʦʙʨʘʟʦʤ (ʨʠʩʫʥʦʢ 5). 

 

ʈʠʩ. 5. ɼʠʘʧʘʟʦʥ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʋɿ ʚʦʟʜʝʡʩʪʚʠʷ ʜʣʷ ʦʙʨʘʙʦʪʢʠ 

ʩʨʝʜ ʩ ʣʠʥʝʡʥʦ-ʚʷʟʢʠʤʠ ʞʠʜʢʠʤʠ ʬʘʟʘʤʠ (ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʜʣʠʪʝʣʴʥʦʩʪʷʭ ʠʤʧʫʣʴʩʘ) 

ʇʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʋɿ ʚʦʟʜʝʡʩʪʚʠʷ 

ʥʘʩʪʫʧʘʝʪ ʚʳʨʦʞʜʝʥʥʘʷ ʢʘʚʠʪʘʮʠʷ (ʧʫʟʳʨʴʢʠ ʥʝ 

ʩʭʣʦʧʳʚʘʶʪʩʷ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ). 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ  ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʦʟʚʦʣʠʣ  

ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʫʤʝʥʴʰʝʥʠʝ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʘ 

ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʤʠʥʠʤʘʣʴʥʫʶ ʧʦʨʦʛʦʚʫʶ ʠʥʪʝʥ-

ʩʠʚʥʦʩʪʴ, ʧʨʠ ʢʦʪʦʨʦʡ ʥʘʯʠʥʘʝʪʩʷ ʧʝʨʝʭʦʜ ʠʟ ʙʝʩʢʘ-

ʚʠʪʘʮʠʦʥʥʦʛʦ ʨʝʞʠʤʘ ʚ ʢʘʚʠʪʘʮʠʦʥʥʳʡ ʨʝʞʠʤ, ʚ ʰʠ-

ʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʚʷʟʢʦʩʪʠ ʞʠʜʢʦʩʪʠ ʦʪ 1 ʜʦ 1000 

ʤʇʘĿʩ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʝʩʣʠ ʠʥʪʝʥʩʠʚ-ʥʦʩʪʴ 

ʩʦʚʧʘʜʘʝʪ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʧʦʨʦʛʦʚʦʡ ʠʥʪʝʥʩʠʚ-ʥʦʩʪʴʶ 

ʧʨʠ ʠʤʧʫʣʴʩʥʦʤ ʫʣʴʪʨʘʟʚʫʢʦʚʦʤ ʚʦʟʜʝʡʩʪʚʠʠ,  ʟʘ 

ʚʨʝʤʷ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʘ ʢʘʚʠʪʘʮʠʦʥʥʳʡ ʧʫ-

ʟʳʨʝʢ ʥʝ ʫʩʧʝʚʘʝʪ ʚʳʨʘʩʪʠ ʜʦ  ʨʘʟʤʝʨʘ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʦʥ ʥʘʯʠʥʘʝʪ ʙʳʩʪʨʦ ʨʘʩʰʠʨʷʪʴʩʷ ʠ ʩʭʣʦʧʳʚʘʪʴʩʷ,. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʞʠʜʢʠʭ ʩʨʝʜ ʩ ʚʷʟʢʦ-

ʩʪʷʤʠ ʜʦ 1000 ʤʇʘĿʩ  ʪʝʦʨʝʪʠʯʝʩʢʠ ʜʦʩʪʠʛʘʝʤʳʡ ʵʬ-

ʬʝʢʪ ʫʚʝʣʠʯʝʥʠʷ ʧʦʨʦʛʦʚʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʧʨʠ ʢʦʪʦ-

ʨʦʡ ʚʦʟʥʠʢʘʝʪ ʢʘʚʠʪʘʮʠʷ ʧʨʝʚʳʰʘʝʪ  5 ʨʘʟ. 

ɿɸʂʃʖʏɽʅʀɽ 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʟʚʦʣʷʝʪ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʫʤʝʥʴʰʝʥʠʝ ʜʣʠʪʝʣʴʥʦʩʪʠ 

ʠʤʧʫʣʴʩʘ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʤʠʥʠʤʘʣʴʥʫʶ 

ʧʦʨʦʛʦʚʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ, ʧʨʠ ʢʦʪʦʨʦʡ ʤʦʞʝʪ 

ʨʝʘʣʠʟʦʚʳʚʘʪʴʩʷ ʫʣʴʪʨʘʟʚʫʢʦʚʘʷ ʦʙʨʘʙʦʪʢʘ ʞʠʜʢʠʭ 

ʩʨʝʜ ʚ ʜʦʢʘʚʠʪʘʮʠʦʥʥʦʤ ʨʝʞʠʤʝ, ʜʦ 5 ʨʘʟ ʠ ʙʦʣʝʝ. ɿʘ 

ʚʨʝʤʷ ʜʣʠʪʝʣʴʥʦʩʪʠ ʪʘʢʦʛʦ ʠʤʧʫʣʴʩʘ ʢʘʚʠʪʘʮʠʦʥʥʳʡ 

ʧʫʟʳʨʝʢ  ʥʝ ʫʩʧʝʚʘʝʪ ʚʳʨʘʩʪʠ ʜʦ  ʨʘʟʤʝʨʘ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʦʥ ʥʘʯʠʥʘʝʪ ʙʳʩʪʨʦ ʨʘʩʰʠʨʷʪʴʩʷ ʠ 

ʩʭʣʦʧʳʚʘʪʴʩʷ.  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ 

ʧʨʠʤʝʥʠʤʦʩʪʠ ʠʤʧʫʣʴʩʥʦʛʦ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʚʚʦʜʠʤʦʡ ʵʥʝʨʛʠʠ ʧʨʠ 

ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʥʝʜʦʧʫʩʪʠʤʦ 

ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʢʘʚʠʪʘʮʠʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ 

ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʠ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ 

ʥʘʫʢʠ ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ 19-

48-220014 çʌʠʟʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʛʣʫʙʦʢʦʡ ʦʯʠʩʪʢʠ 

ʞʠʜʢʦʩʪʝʡ ʦʪ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʧʨʠʤʝʩʝʡ ʥʘʣʦʞʝʥʠʝʤ 

ʘʢʫʩʪʠʯʝʩʢʠʭ (ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ) ʚʦʣʥʦʚʳʭ ʧʘʢʝʪʦʚè. 
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INFLUENCE OF THE DURATION OF THE ULTRASONIC PULSE 
ON THE THRESHOLD VIBRATION INTENSITY THAT LEADS TO 

CAVITATIONS IN LIQUIDS WITH DIFFERENT VISCOSITY 
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Abstract ï The article presents the results of theoretical studies of pulsed ultrasonic exposure to a threshold intensity leading to 

cavitation. A physical and mathematical model is proposed that describes the process of cavitation bubble formation under the 

influence of pulsed ultrasound (high-frequency sinusoidal oscillations modulated by the amplitude of rectangular pulses), which 

allows to reveal the dynamics of direct diffusion of a gas dissolved in a liquid into the cavity of a cavitation bubble and, in ultimately, 

calculate the threshold intensities at which the cavitation bubble begins to collapse, from the duration of the ultrasonic pulse and the 

viscosity of the liquid. 

Index terms: ultrasonic pulse, cavitation, duration, threshold intensity 
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ɸʅʂɽʊʀʈʆɺɸʅʀɽ çʇʈɽʇʆɼɸɺɸʊɽʃʔ ɻʃɸɿɸʄʀ 
ʉʊʋɼɽʅʊʆɺè 

ʀ.ɺ. ɺʠʥʦʢʫʨʦʚ, ɼ.ʆ. ʂʣʠʤʦʚ  
ʂɻʋ ʠʤ. ʂ.ʕ. ʎʠʦʣʢʦʚʩʢʦʛʦ, ʛ. ʂʘʣʫʛʘ 

ɸʥʢʝʪʠʨʦʚʘʥʠʝ çʇʨʝʧʦʜʘʚʘʪʝʣʴ ʛʣʘʟʘʤʠ ʩʪʫʜʝʥʪʦʚè, ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʝ ʚ ʂɻʋ ʠʤ. ʂ.ʕ. ʎʠʦʣʢʦʚʩʢʦʛʦ ʧʦʟʚʦʣʷʝʪ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʠʷ ʦʧʨʦʩʘ ʩʨʝʜʠ ʩʪʫʜʝʥʪʦʚ ʩʬʦʨʤʠʨʦʚʘʪʴ ʚʥʫʪʨʝʥʥʠʝ ʨʝʡʪʠʥʛʠ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ, ʢʘʬʝʜʨ, ʠʥʩʪʠʪʫʪʦʚ ʠ 

ʚʫʟʘ ʚ ʮʝʣʦʤ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʪʘʢʠʭ ʨʝʡʪʠʥʛʦʚ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʦʨʛʘʥʠʟʘʮʠʠ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʮʝʣʦʤ. ɺ ʩʪʘʪʴʝ ʦʧʠʩʳʚʘʝʪʩʷ ʦʨʛʘʥʠʟʘʮʠʷ web-ʧʨʠʣʦʞʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʚʩʶ 

ʥʝʦʙʭʦʜʠʤʫʶ ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʦʧʨʦʩʘ ʩʪʫʜʝʥʪʦʚ ʧʦ ʢʘʯʝʩʪʚʫ ʧʨʦʚʦʜʠʤʳʭ ʧʨʝʧʦʜʘʚʘʪʝʣʷʤʠ ʫʯʝʙʥʳʭ ʟʘʥʷʪʠʡ. 

ʇʨʠʚʦʜʷʪʩʷ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʦʪʦʙʨʘʞʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʦʮʝʥʦʢ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʠ ʬʦʨʤʠʨʫʝʤʳʭ ʥʘ ʠʭ 

ʦʩʥʦʚʝ ʚʥʫʪʨʝʥʥʠʭ ʨʝʡʪʠʥʛʦʚ ʚʫʟʘ. ʆʙʦʩʥʦʚʳʚʘʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ web-ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʦʢʘʟʘʥʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʩʣʫʛ ʚ ʚʫʟʝ.   

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʘʯʝʩʪʚʦ ʦʙʨʘʟʦʚʘʥʠʷ, web-ʧʨʠʣʦʞʝʥʠʝ. 

 
ɺɺɽɼɽʅʀɽ 

ɺ ʂɻʋ ʠʤ. ʂ.ʕ. ʎʠʦʣʢʦʚʩʢʦʛʦ ʨʘʟʨʘʙʦʪʘʥʘ ʩʠʩʪʝʤʘ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʝʡʪʠʥʛʘ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʚ ʨʝʟʫʣʴʪʘʪʝ  

ʘʥʢʝʪʠʨʦʚʘʥʠʷ ʩʪʫʜʝʥʪʦʚ. ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʧʠʩʢʘ 

ʚʦʧʨʦʩʦʚ ʢ ʘʥʢʝʪʠʨʦʚʘʥʠʶ ʙʳʣ ʧʨʦʚʝʜʸʥ ʘʥʘʣʠʟ 

ʨʝʢʦʤʝʥʜʦʚʘʥʥʦʡ ʄʠʥʚʫʟʦʤ ʉʉʉʈ ʠ ʩʦʜʝʨʞʘʱʝʡ 

ʩʝʤʥʘʜʮʘʪʴ ʚʦʧʨʦʩʦʚ ʘʥʢʝʪʳ çʇʨʝʧʦʜʘʚʘʪʝʣʴ ʛʣʘʟʘʤʠ 

ʩʪʫʜʝʥʪʘè [1,2] ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʩʪʫʜʝʥʪʦʚ ʂɻʋ ʠʤ. 

ʂ.ʕ. ʎʠʦʣʢʦʚʩʢʦʛʦ. ʋʩʪʘʥʦʚʣʝʥʦ, ʚʦ-ʧʝʨʚʳʭ, ʯʪʦ 

ʯʘʩʪʴ ʚʦʧʨʦʩʦʚ ʜʘʥʥʦʡ ʘʥʢʝʪʳ ʦʙʫʯʘʶʱʠʝʩʷ 

ʚʦʩʧʨʠʥʠʤʘʶʪ ʢʘʢ ʨʘʚʥʦʟʥʘʯʥʳʝ ʧʦ ʩʤʳʩʣʦʚʦʡ 

ʥʘʛʨʫʟʢʝ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʩʥʠʟʠʪʴ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʧʨʠ 

ʵʣʝʢʪʨʦʥʥʦʤ ʘʥʢʝʪʠʨʦʚʘʥʠʠ ʜʦ ʧʷʪʠ. ɺʦ-ʚʪʦʨʳʭ, 

ʦʙʫʯʘʶʱʠʝʩʷ ʧʨʝʜʣʦʞʠʣʠ ʚʚʝʩʪʠ ʪʨʠ ʦʪʚʝʪʘ ʥʘ 

ʧʦʩʪʘʚʣʝʥʥʳʝ ʚʦʧʨʦʩʳ: çɼʘè, ʩ ʧʦʚʳʰʝʥʠʝʤ ʨʝʡʪʠʥʛʘ 

ʧʨʝʧʦʜʘʚʘʪʝʣʷ; çʅʝʪè, ʩ ʧʦʥʠʞʝʥʠʝʤ ʨʝʡʪʠʥʛʘ 

ʧʨʝʧʦʜʘʚʘʪʝʣʷ; çʅʝʪ ʦʪʚʝʪʘè ï ʨʝʡʪʠʥʛ ʦʩʪʘʸʪʩʷ 

ʥʝʠʟʤʝʥʥʳʤ. ʊʘʢʞʝ ʩ ʫʯʸʪʦʤ ʤʥʝʥʠʷ ʩʪʫʜʝʥʪʦʚ 

ʢʘʞʜʦʤʫ ʚʦʧʨʦʩʫ ʙʳʣ ʧʨʠʩʚʦʝʥ ʚʝʩʦʚʦʡ 

ʢʦʵʬʬʠʮʠʝʥʪ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʝʛʦ ʟʥʘʯʠʤʦʩʪʴ ʚ 

ʘʥʢʝʪʝ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʨʘʙʦʪ 

[3,4], ʧʦʩʚʷʱʸʥʥʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʦʤʫ ʘʥʘʣʠʟʫ ʠ 

ʩʚʸʨʪʢʝ ʚʦʧʨʦʩʦʚ-ʬʘʢʪʦʨʦʚ ʘʥʢʝʪʳ; ʚʳʙʨʘʥʥʳʡ 

ʩʧʠʩʦʢ ʚʦʧʨʦʩʦʚ ʨʝʡʪʠʥʛʦʚʦʡ ʩʠʩʪʝʤʳ ʠ ʠʭ ʚʝʩʦʚʳʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʦʪʣʠʯʥʳ ʦʪ ʥʠʭ ʠ ʦʪʨʘʞʘʶʪ ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʤʥʝʥʠʝ ʦʙʫʯʘʶʱʠʭʩʷ ʠ ʠʭ ʧʦʞʝʣʘʥʠʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʘʥʢʝʪʠʨʦʚʘʥʠʷ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ. 

ʉʠʩʪʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʝʡʪʠʥʛʘ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ web-ʧʨʠʣʦʞʝʥʠʝ, ʧʦʟʚʦʣʷʶʱʝʝ ʟʘ 

ʩʯʸʪ ʩʚʦʝʡ ʛʠʙʢʦʩʪʠ ʦʮʝʥʠʚʘʪʴ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʧʦ 

ʩʘʤʳʤ ʨʘʟʥʳʤ ʢʨʠʪʝʨʠʷʤ. ʂʨʠʪʝʨʠʠ (ʚʦʧʨʦʩʳ) 

ʷʚʣʷʶʪʩʷ ʜʠʥʘʤʠʯʝʩʢʠʤʠ, ʠʭ ʥʘʙʦʨ ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ 

ʩʦ ʚʨʝʤʝʥʝʤ, ʩ ʢʘʞʜʳʤ ʨʘʟʦʤ ʜʦʧʦʣʥʷʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʧʨʝʧʦʜʘʚʘʪʝʣʷ. 

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʚʥʫʪʨʠʚʫʟʦʚʩʢʠʭ ʨʝʡʪʠʥʛʦʚ ʩʦʟʜʘʸʪ ʥʝʢʫʶ 

ʩʦʨʝʚʥʦʚʘʪʝʣʴʥʫʶ ʦʙʩʪʘʥʦʚʢʫ ʩʨʝʜʠ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ, 

ʧʦʙʫʞʜʘʷ ʤʝʥʝʝ ʩʠʣʴʥʳʭ ʢ ʧʦʚʳʰʝʥʠʶ ʢʦʤʧʝʪʝʥʮʠʡ 

ʠʣʠ ʨʘʙʦʪʝ ʥʘʜ ʧʦʜʛʦʪʦʚʢʦʡ ʠ ʧʦʜʘʯʝʡ ʫʯʝʙʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ. 

ʆʉʅʆɺʅɸʗ ʏɸʉʊʔ 

Web-ʧʨʠʣʦʞʝʥʠʝ, ʨʝʘʣʠʟʫʶʱʝʝ ʘʥʢʝʪʠʨʦʚʘʥʠʝ 

çʇʨʝʧʦʜʘʚʘʪʝʣʴ ʛʣʘʟʘʤʠ ʩʪʫʜʝʥʪʦʚè, ʩʦʩʪʦʠʪ ʠʟ 

ʤʦʜʫʣʷ ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʷ, ʤʦʜʫʣʷ ʦʨʛʘʥʠʟʘʮʠʠ 

ʘʥʢʝʪʠʨʦʚʘʥʠʷ (ʦʧʨʦʩʘ) ʩʪʫʜʝʥʪʦʚ ʠ ʤʦʜʫʣʷ 

ʘʚʪʦʨʠʟʘʮʠʠ, ʨʠʩ.1.  

 

ʈʠʩ. 1. ʆʨʛʘʥʠʟʘʮʠʷ web-ʧʨʠʣʦʞʝʥʠʷ 

ɸʨʭʠʪʝʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʤʦʜʫʣʷ 

ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʪʨʫʢʪʫʨʦʡ ʂɻʋ 

ʠʤ. ʂ.ʕ. ʎʠʦʣʢʦʚʩʢʦʛʦ ï ʩʦʩʪʘʚʦʤ ʠʥʩʪʠʪʫʪʦʚ 

(ʬʘʢʫʣʴʪʝʪʦʚ), ʢʘʬʝʜʨ ʠ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ. ɺ ʵʪʦʤ ʞʝ 

ʤʦʜʫʣʝ ʬʦʨʤʠʨʫʝʪʩʷ ʠ ʩʧʠʩʦʢ ʚʦʧʨʦʩʦʚ ʜʣʷ 

ʧʨʦʭʦʞʜʝʥʠʷ ʘʥʢʝʪʠʨʦʚʘʥʠʷ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʵʪʠʤ 
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ʤʦʜʫʣʝʤ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʜʣʷ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ ʠ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʟʜʘʥʠʠ (ʜʦʙʘʚʣʝʥʠʠ), ʫʜʘʣʝʥʠʠ, 

ʠʟʤʝʥʝʥʠʠ ʠ ʧʦʣʫʯʝʥʠʠ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʠʥʩʪʠʪʫʪʘʭ, 

ʢʘʬʝʜʨʘʭ, ʧʨʝʧʦʜʘʚʘʪʝʣʷʭ ʠ ʪʝʢʫʱʝʤ ʩʧʠʩʢʝ 

ʚʦʧʨʦʩʦʚ, ʩʤ. ʨʠʩ. 1. ɺʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʜʝʡʩʪʚʠʷ 

ʨʝʘʣʠʟʫʶʪʩʷ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʤ ʩʪʨʘʥʠʯʢʘʭ web-

ʧʨʠʣʦʞʝʥʠʷ ʠ ʷʚʣʷʶʪʩʷ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳʤʠ. 

ʅʘʧʨʠʤʝʨ, ʨʝʘʣʠʟʘʮʠʷ ʜʦʙʘʚʣʝʥʠʷ ʥʦʚʦʛʦ 

ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2.  

 

ʈʠʩ. 2. ɼʦʙʘʚʣʝʥʠʝ ʥʦʚʦʛʦ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʢʘʬʝʜʨʳ 

ʇʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʧʠʩʢʘ ʚʦʧʨʦʩʦʚ ʫʯʠʪʳʚʘʝʪʩʷ 

ʠ ʝʛʦ ʧʨʝʜʧʦʣʘʛʘʝʤʳʡ ʚʝʩ ï ʢʦʵʬʬʠʮʠʝʥʪ, 

ʧʦʚʳʰʘʶʱʠʡ ʠʣʠ ʧʦʥʠʞʘʶʱʠʡ ʪʝʢʫʱʠʡ ʨʝʡʪʠʥʛ 

ʧʨʝʧʦʜʘʚʘʪʝʣʷ (ʦʪ 1 ʜʦ 5), ʨʠʩ. 3. ʄʘʢʩʠʤʘʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʚʦʧʨʦʩʦʚ ï 5. 

 

ʈʠʩ. 3. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʚʦʧʨʦʩʦʚ ʧʦ ʚʝʩʘʤ 

ɺʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʠʥʩʪʠʪʫʪʘʭ, ʢʘʬʝʜʨʘʭ, 

ʧʨʝʧʦʜʘʚʘʪʝʣʷʭ ʠ ʪʝʢʫʱʠʡ ʩʧʠʩʦʢ ʚʦʧʨʦʩʦʚ 

ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʙʘʟʝ ʜʘʥʥʳʭ (ɹɼ) web-ʧʨʠʣʦʞʝʥʠʷ. ɺ 

ʵʪʦʡ ʞʝ ɹɼ ʩʦʭʨʘʥʷʶʪʩʷ ʠ ʨʝʟʫʣʴʪʘʪʳ ʘʥʢʝʪʠʨʦʚʘʥʠʷ 

ï ʦʮʝʥʢʠ ʩʪʫʜʝʥʪʘʤʠ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ 

ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ. ʆʙʦʙʱʸʥʥʘʷ ʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʵʪʦʡ 

ɹɼ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 4.  ʆʩʥʦʚʥʳʤʠ ʘʪʨʠʙʫʪʘʤʠ 

ʩʫʱʥʦʩʪʝʡ çʀʥʩʪʠʪʫʪè ʠ çʂʘʬʝʜʨʘè ʵʪʦʡ ɹɼ 

ʷʚʣʷʶʪʩʷ ʠʭ ʥʘʠʤʝʥʦʚʘʥʠʝ ʠ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʵʪʦʤ 

ʩʪʨʫʢʪʫʨʥʦʤ ʧʦʜʨʘʟʜʝʣʝʥʠʠ ʚʫʟʘ, ʘʪʨʠʙʫʪʘʤʠ 

ʩʫʱʥʦʩʪʠ çʇʨʝʧʦʜʘʚʘʪʝʣʴè ʷʚʣʷʶʪʩʷ ʧʦʣʥʦʝ ʠʤʷ, 

ʫʯʸʥʦʝ ʟʚʘʥʠʝ, ʜʦʣʞʥʦʩʪʴ ʠ ʢʘʬʝʜʨʘ, ʩʤ. ʨʠʩ. 2. 

ʇʦʤʠʤʦ ʵʪʠʭ ʩʫʱʥʦʩʪʝʡ, ʚ ɹɼ ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʩʫʱʥʦʩʪʠ çɺʦʧʨʦʩʳè, çʆʪʚʝʪʳè ʠ çʈʝʟʫʣʴʪʘʪʳè, 

ʦʩʥʦʚʥʳʤʠ ʘʪʨʠʙʫʪʘʤʠ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ 

ʩʦʜʝʨʞʘʥʠʝ ʚʦʧʨʦʩʦʚ, ʦʪʚʝʪʦʚ ʥʘ ʥʠʭ ʠ ʨʝʟʫʣʴʪʘʪʳ 

ʘʥʢʝʪʠʨʦʚʘʥʠʷ.  

ɹɼ web-ʧʨʠʣʦʞʝʥʠʷ ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʉʋɹɼ Microsoft 

SQL Server 2017 [5]. 

 

ʈʠʩ. 4. ʃʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ɹɼ web-ʧʨʠʣʦʞʝʥʠʷ  

ɺʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʤʦʜʫʣʝʤ ʘʥʢʝʪʠʨʦʚʘʥʠʷ 

ʤʦʛʫʪ ʪʦʣʴʢʦ ʩʪʫʜʝʥʪʳ ʂɻʋ ʠʤ. ʂ.ʕ. ʎʠʦʣʢʦʚʩʢʦʛʦ 

ʧʦʩʣʝ ʫʜʘʣʸʥʥʦʡ ʘʚʪʦʨʠʟʘʮʠʠ ʚ web-ʧʨʠʣʦʞʝʥʠʠ 

ʧʦʩʨʝʜʩʪʚʦʤ ʩʝʨʚʠʩʦʚ Microsoft. ʇʨʦʭʦʞʜʝʥʠʝ 

ʘʥʢʝʪʠʨʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʙʦʨʝ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʠ 

ʦʪʚʝʪʦʚ çɼʘè, çʅʝʪè ʠʣʠ çʅʝʪ ʦʪʚʝʪʘè ʥʘ 

ʧʨʝʜʣʘʛʘʝʤʳʡ ʩʧʠʩʦʢ ʚʦʧʨʦʩʦʚ. ʆʪʚʝʪ çɼʘè ï 

ʧʦʚʳʰʘʝʪ ʨʝʡʪʠʥʛ ʧʨʝʧʦʜʘʚʘʪʝʣʷ, çʅʝʪè ï ʧʦʥʠʞʘʝʪ, 

çʅʝʪ ʦʪʚʝʪʘè ï ʨʝʡʪʠʥʛ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʥʝ ʠʟʤʝʥʷʝʪ, 

ʨʠʩ. 5. 

 

ʈʠʩ. 5. ʈʝʘʣʠʟʘʮʠʷ ʧʨʦʭʦʞʜʝʥʠʷ ʘʥʢʝʪʠʨʦʚʘʥʠʷ  


