
 

 
ʄʠʥʠʩʪʝʨʩʪʚʦ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ  

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ)  

ʌɻɹʆʋ ɺʆ çɸʣʪʘʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘè 

 
 

 

 

 

 

 

ʉʆɺʈɽʄɽʅʅɸʗ ʊɽʍʅʀʂɸ ʀ ʊɽʍʅʆʃʆɻʀʀ:  

ʇʈʆɹʃɽʄʓ, ʉʆʉʊʆʗʅʀɽ ʀ ʇɽʈʉʇɽʂʊʀɺʓ  

 

 

 

 
 

ʄʘʪʝʨʠʘʣʳ VII  ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ 

27-28 ʦʢʪʷʙʨʷ 2017 ʛ. 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʫʙʮʦʚʩʢ 2017 
  



2 

 

ʋɼʂ 62 

ʉ 56 

 

ʉʦʚʨʝʤʝʥʥʘʷ ʪʝʭʥʠʢʘ ʠ ʪʝʭʥʦʣʦʛʠʠ: ʧʨʦʙʣʝʤʳ, ʩʦʩʪʦʷʥʠʝ ʠ ʧʝʨʩʧʝʢʪʠʚʳ: 

ʄʘʪʝʨʠʘʣʳ VII  ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ 

ʫʯʘʩʪʠʝʤ 27-28 ʦʢʪʷʙʨʷ 2017 ʛ. / ʇʦʜ ʨʝʜ. ʢ.ʪ.ʥ., ʜʦʮʝʥʪʘ ʉ.ɸ. ɻʦʥʯʘʨʦʚʘ; ʢ.ʬ-ʤ.ʥ., 

ʜʦʮʝʥʪʘ ɽ.ɸ. ɼʫʜʥʠʢ / ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ. ï ʈʫʙʮʦʚʩʢ, 2017. ï 590 ʩ. 

 

 

ɺ ʩʙʦʨʥʠʢ ʤʘʪʝʨʠʘʣʦʚ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʉʦʚʨʝʤʝʥʥʘʷ ʪʝʭʥʠʢʘ 

ʠ ʪʝʭʥʦʣʦʛʠʠ: ʧʨʦʙʣʝʤʳ, ʩʦʩʪʦʷʥʠʝ ʠ ʧʝʨʩʧʝʢʪʠʚʳè, ʧʨʦʭʦʜʠʚʰʝʡ ʚ ʈʫʙʮʦʚʩʢʦʤ 

ʠʥʜʫʩʪʨʠʘʣʴʥʦʤ ʠʥʩʪʠʪʫʪʝ 27-28 ʦʢʪʷʙʨʷ 2017 ʛ., ʚʦʰʣʠ ʩʪʘʪʴʠ ʫʯʝʥʳʭ, ʘʩʧʠʨʘʥʪʦʚ ʠ 

ʩʪʫʜʝʥʪʦʚ ʚʫʟʦʚ ʈʦʩʩʠʠ ʠ ʟʘʨʫʙʝʞʴʷ, ʧʦʩʚʷʱʝʥʥʳʝ ʨʘʟʣʠʯʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ. 

 

ʄʘʪʝʨʠʘʣʳ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʛʫʪ ʙʳʪʴ ʠʥʪʝʨʝʩʥʳ ʩʪʫʜʝʥʪʘʤ, ʘʩʧʠʨʘʥʪʘʤ, 

ʧʨʝʧʦʜʘʚʘʪʝʣʷʤ ʰʢʦʣ, ʩʨʝʜʥʝʩʧʝʮʠʘʣʴʥʳʭ ʠ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ, ʰʠʨʦʢʦʤʫ 

ʢʨʫʛʫ ʯʠʪʘʪʝʣʝʡ. 

 

 

ʉʪʠʣʠʩʪʠʢʘ ʪʝʢʩʪʦʚ ʩʦʭʨʘʥʝʥʘ ʚ ʘʚʪʦʨʩʢʦʡ ʨʝʜʘʢʮʠʠ. 

ʊʦʯʢʘ ʟʨʝʥʠʷ ʨʝʜʘʢʮʠʠ ʥʝ ʚʩʝʛʜʘ ʩʦʚʧʘʜʘʝʪ ʩ ʪʦʯʢʦʡ ʟʨʝʥʠʷ ʘʚʪʦʨʦʚ. 

 

ISBN 978-5-9907711-8-5 

 

 

ʅʘʫʯʥʳʝ ʨʝʜʘʢʪʦʨʳ: 

ʐʘʰʦʢ ɸ.ɺ. ï ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʜʝʢʘʥ ʪʝʭʥʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ 

ɼʫʜʥʠʢ ɽ.ɸ. - ʢ.ʬ.-ʤ.ʥ., ʜʦʮʝʥʪ, ʟʘʚ. ʢʘʬʝʜʨʦʡ çʇʨʠʢʣʘʜʥʘʷ ʤʘʪʝʤʘʪʠʢʘè, 

ʧʨʝʜʩʝʜʘʪʝʣʴ ʩʝʢʮʠʠ çʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʠ 

ʢʦʤʧʣʝʢʩʳ ʧʨʦʛʨʘʤʤè 

ɻʨʠʮʝʥʢʦ ɺ.ɺ. - ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ çʊʝʭʥʠʢʘ ʠ ʪʝʭʥʦʣʦʛʠʠ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ 

ʠ ʧʠʱʝʚʳʭ ʧʨʦʠʟʚʦʜʩʪʚè,  ʧʨʝʜʩʝʜʘʪʝʣʴ ʩʝʢʮʠʠ çʇʨʦʛʨʝʩʩʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʧʨʦʮʝʩʩʳ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝè 

ʂʫʨʩʦʚ ʀ.ɺ. - ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ çʅʘʟʝʤʥʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʠʩʪʝʤʳè, 

ʧʨʝʜʩʝʜʘʪʝʣʴ ʩʝʢʮʠʠ çʅʘʟʝʤʥʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʠʩʪʝʤʳè 

ʄʠʭʘʡʣʝʥʢʦ ʆ.ɸ. - ʢ.ʪ.ʥ., ʟʘʚ. ʢʘʬʝʜʨʦʡ çʉʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʤʝʭʘʥʠʢʘè,  

ʧʨʝʜʩʝʜʘʪʝʣʴ ʩʝʢʮʠʠ çʉʪʨʦʠʪʝʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʤʘʰʠʥʳ, ʤʝʭʘʥʠʟʤʳè 

ɻʦʥʯʘʨʦʚ ʉ.ɸ. - ʢ.ʪ.ʥ., ʠ.ʦ.ʟʘʚ. ʢʘʬʝʜʨʦʡ çʕʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʘ ʠ ʵʣʝʢʪʨʦʪʝʭʥʠʢʘè, 

ʧʨʝʜʩʝʜʘʪʝʣʴ ʩʝʢʮʠʠ çʕʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ ʠ ʧʦʚʳʰʝʥʠʝ ʵʥʝʛʨʦʵʬʬʝʢʪʠʚʥʦʩʪʠè 

ʏʝʨʥʝʮʢʘʷ ʅ.ɸ. - ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ çʅʘʟʝʤʥʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʠʩʪʝʤʳè, 

ʧʨʝʜʩʝʜʘʪʝʣʴ ʩʝʢʮʠʠ çʇʨʦʙʣʝʤʳ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠè 

ʆʙʫʭʦʚʘ ɻ.ɸ. - ʢ.ʬ.-ʤ.ʥ., ʜʦʮʝʥʪ, ʟʘʚ. ʢʘʬʝʜʨʦʡ çɺʳʩʰʘʷ ʤʘʪʝʤʘʪʠʢʘ, ʬʠʟʠʢʘ ʠ 

ʭʠʤʠʷè,  ʧʨʝʜʩʝʜʘʪʝʣʴ ʩʝʢʮʠʠ çʌʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʥʘʫʢʠè 

ɸʩʢʘʥʦʚʘ ʆ.ɺ. - ʜ.ʵ.ʥ., ʟʘʚ.ʢʘʬʝʜʨʦʡ çʌʠʥʘʥʩʳ ʠ ʢʨʝʜʠʪè, ʧʨʝʜʩʝʜʘʪʝʣʴ ʩʝʢʮʠʠ 

çʕʢʦʥʦʤʠʢʘ ʠ ʫʧʨʘʚʣʝʥʠʝ ʚ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝè 

 

 

ISBN 978-5-9907711-8-5 

 

 

É ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ, 2017  



3 

 

ʉʆɼɽʈɾɸʅʀɽ 

ʉʝʢʮʠʷ 1. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʠ ʢʦʤʧʣʝʢʩʳ 

ʧʨʦʛʨʘʤʤ 

 

ʊ.ɺ. ɻʘʚʨʠʣʝʥʢʦ. ʇʨʝʧʦʜʘʚʘʥʠʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʫʨʩʘ ʩʪʨʦʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʪʠʢʠ 

ʧʦ ʩʤʝʰʘʥʥʦʡ ʤʝʪʦʜʠʢʝ ʦʙʫʯʝʥʠʷéééééééééééééééééééé 

 

8 

ɽ.ɸ. ɼʫʜʥʠʢ, ʄ.ʉ. ʂʦʞʝʚʷʪʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʧʦʨʷʜʢʘ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʧʨʠ ʥʘʣʠʯʠʠ ʘʥʪʠʬʘʟʥʳʭ ʛʨʘʥʠʮ ʨʘʟʣʠʯʥʦʡ ʧʣʦʱʘʜʠéééé 

 

15 

ʅ.ʉ. ɿʦʨʠʥʘ, ɸ.ʅ. ʎʳʛʘʥʢʦʚ, ɺ.ʂ. ʐʧʘʢʦʚ. ʄʝʪʦʜ ʥʝʵʪʘʣʦʥʥʦʡ ʦʮʝʥʢʠ 

ʢʘʯʝʩʪʚʘ ʮʠʬʨʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡéééééééééééééééééééé.. 
 

22 

ʆ.ɸ. ʂʦʧʳʣʦʚʘ, ɽ.ɸ. ɼʫʜʥʠʢ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʨʤʦʘʢʪʠʚʘʮʠʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʩʧʣʘʚʘ NI3ALéééééééééééééééé..... 

 

26 

ʅ.ʄ. ʄʠʨʟʘʝʚ. ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʨʘʩʧʦʟʥʘʶʱʠʝ ʦʧʝʨʘʪʦʨʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʨʘʜʠʘʣʴʥʳʭ ʬʫʥʢʮʠʷʭééééééééééééééééééééééééé. 

 

31 

ɻ.ʈ. ʄʠʨʟʘʝʚʘ, ʉ.ʅ. ʄʠʨʟʘʝʚʘ. ɺr ʜʝʣʝʥʠʝ ʧʨʠʟʥʘʢʦʚ ʠʟʦʙʨʘʞʝʥʠʡ ʧʨʠ 

ʨʘʩʧʦʟʥʘʚʘʥʠʠ ʥʦʤʝʨʥʳʭ ʟʥʘʢʦʚéééééééééééééééééééé.. 

 

39 

ʆ.ʖ. ʄʠʭʘʣʠʥʘ. ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʩʪʦʠʤʦʩʪʠ ʯʠʩʪʳʭ ʘʢʪʠʚʦʚ ʧʘʝʚʳʭ 

ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʬʦʥʜʦʚ ʩ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʷ ʧʘʨʥʦʡ ʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠé.. 

 

48 

ʆ.ʖ. ʄʠʭʘʣʠʥʘ. ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʚ ʦʮʝʥʢʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʘʝʚʳʭ 

ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʬʦʥʜʦʚéééééééééééééééééééééééé 

 

51 

ɽ.ɺ. ʅʠʢʠʪʝʥʢʦ, ʃ.ɺ. ɻʨʠʮʝʥʢʦ, ʊ.ʉ. ʅʘʛʠʭ. ʈʝʰʝʥʠʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʫʨʘʚʥʝʥʠʡ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʚ ʩʠʩʪʝʤʝ MAPLEééééééééééé.. 

 

56 

ʅ.ʉ. ʆʨʣʦʚʘ, ɺ.ʀ. ʂʦʭʘʥʦʚʘ. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʨʝʞʠʤʦʚ ʚʠʙʨʦʢʠʧʝʥʠʷ ʥʘ ʦʩʥʦʚʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʫʯʝʪʦʤ ʧʘʨʘʤʝʪʨʘ ʪʦʣʱʠʥʳ ʩʣʦʷéééééééé 

 

58 

ʆ.ʆ. ʆʯʝʨʝʜʴʢʦ, ʇ.ʅ. ʇʦʣʝʞʘʝʚ. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʥʦʡ 

ʩʝʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʠʨʪʫʘʣʴʥʳʭ ʤʘʰʠʥ ʠ ʢʦʥʪʝʡʥʝʨʦʚ NVIDIA -DOCKERé 

 

65 

 

ʉʝʢʮʠʷ 2. ʇʨʦʛʨʝʩʩʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ 

 

ɸ.ɸ. ɸʢʠʤʦʚ. ʂʦʥʩʪʨʫʢʪʦʨʩʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʧʦʩʦʙʳ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ 

ʚʘʢʫʫʤʥʳʭ ʢʦʤʤʫʪʠʨʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚéééééééééééééééééé 

 

73 

ʅ.ʉ. ɸʣʝʢʩʝʝʚ, ɺ.ɸ. ʂʘʧʦʨʠʥ, ʈ.ʉ. ʏʝʨʝʧʘʥʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʩʢʦʨʦʩʪʠ 

ʨʝʟʘʥʠʷ ʥʘ ʢʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʘʙʨʘʟʠʚʥʳʭ ʟʝʨʥʘʭ ʧʨʠ ʰʣʠʬʦʚʘʥʠʠ 

ʤʠʢʨʦʧʦʨʠʩʪʳʭ ʧʦʢʨʳʪʠʡééééééééééééééééééééééé.. 

 

 

78 

ɸ.ɸ. ɸʧʧʦʣʦʥʦʚ. ʕʢʩʪʨʘʛʠʨʦʚʘʥʠʝ ʪʨʘʚʳ ʦʜʫʚʘʥʯʠʢʘ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʚ ʧʦʣʝ 

ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡééééééééééééééééé 

 

87 

ʉ.ʅ. ɸʬʠʥʦʛʝʥʦʚʘ, ʆ.ɺ. ʏʝʨʢʘʩʦʚ. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʧʦʩʦʙʦʚ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʛʫʤʠʥʦʚʳʭ ʫʜʦʙʨʝʥʠʡééééééééééééééééééé. 

 

92 

ʉ.ʅ. ɸʬʠʥʦʛʝʥʦʚʘ, ʆ.ɺ. ʏʝʨʢʘʩʦʚ. ɸʥʘʣʠʟ ʩʧʦʩʦʙʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʤʧʣʝʢʩʥʳʭ 

ʫʜʦʙʨʝʥʠʡéééééééééééééééééééééééééééééé.. 

 

100 

ɼ.ʀ. ɹʘʢʣʘʥʦʚ, ʄ.ʀ. ʇʦʢʩʝʚʘʪʢʠʥ, ʉ.ɺ. ɻʝʨʤʘʥ. ʈʘʮʠʦʥʘʣʠʟʘʮʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʨʘʟʜʝʣʝʥʠʷ ʧʨʫʪʢʘ ʥʘ ʤʝʨʥʳʝ ʟʘʛʦʪʦʚʢʠ ʥʘ 

ʦʩʥʦʚʝ ʫʩʪʘʣʦʩʪʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʤʝʪʘʣʣʘééééééééééééééé........ 

 

 

106 

ɽ.ʄ. ɹʘʩʦʚʘ, ʉ.ɺ. ɻʝʨʤʘʥ, ɼ.ʀ. ɹʘʢʣʘʥʦʚ. ʆʧʪʠʤʠʟʘʮʠʷ ʢʘʣʠʙʨʦʚ ʚʘʣʢʦʚ ʧʨʠ 

ʧʨʦʢʘʪʢʝééééééééééééééééééééééééééééééé 

 

109 

ɽ.ʄ. ɹʘʩʦʚʘ, ʉ.ɺ. ɻʝʨʤʘʥ, ɼ.ʀ. ɹʘʢʣʘʥʦʚ. ʉʧʦʩʦʙ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʦʨʪʦʚʦʛʦ 

ʧʨʦʬʠʣʷ ʚ ʟʘʢʨʳʪʦʤ ʢʘʣʠʙʨʝ ʨʦʣʠʢʦʚʦʡ ʚʦʣʦʢʠéééééééééééééé. 

 

111 

ɸ.ʉ. ɹʣʠʥʦʭʚʘʪʦʚ, ɼ.ʅ. ʂʘʪʫʩʦʚ. ʇʨʦʛʨʝʩʩʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ 

ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʠ ʭʨʘʥʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ ʞʠʚʦʪʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷéé. 

 

115 

ɸ.ɸ. ɻʘʨʘʙʘʞʠʫ, ɼ.ʅ. ɹʦʨʦʚʩʢʠʡ. ʅʦʚʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʨʦʪʦʨʥʦ-ʮʝʥʪʨʦʙʝʞʥʦʛʦ 

ʩʤʝʩʠʪʝʣʷ ʜʣʷ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʩʫʭʠʭ ʩʳʧʫʯʠʭ ʤʘʪʝʨʠʘʣʦʚéééééééééé 

 

118 



4 

 

ʉ.ɺ. ɻʝʨʤʘʥ, ʄ.ʀ. ʇʦʢʩʝʚʘʪʢʠʥ, ɼ.ʀ. ɹʘʢʣʘʥʦʚ, ɽ.ʄ. ɹʘʩʦʚʘ. ʂʦʤʧʴʶʪʝʨʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʙʦʨʢʠ ʟʘʛʦʪʦʚʦʢ ʩʦʚʤʝʩʪʥʳʤ ʧʣʘʩʪʠʯʝʩʢʠʤ ʜʝʬʦʨʤʠʨʦʚʘʥʠʝʤ ʚ 

ʧʨʦʛʨʘʤʤʝ DEFORM-3Déééééééééééééééééééééééé 

 

 

123 

ɼ.ʄ. ʂʦʟʣʦʚ. ʇʦʚʳʰʝʥʠʝ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʥʦʞʝʡ ʩʙʦʨʥʳʭ ʬʨʝʟééééééé 125 

ɸ.ʄ. ʃʘʚʨʝʥʪʴʝʚ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʫʩʠʣʠʷ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘ ʧʨʦʛʠʙ 

ʩʪʝʥʢʠ ʪʦʥʢʦʩʪʝʥʥʦʡ ʪʨʫʙʳ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʧʣʘʩʪʠʯʝʩʢʠʤ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʝʤééééééééééééééééééééééééééé 

 

 

127 

ʉ.ɺ. ʃʝʢʘʥʦʚ, ʅ.ʀ. ʉʪʨʠʢʫʥʦʚ, ɸ.ʉ. ʈʫʜʝʥʦʢ. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʤʦʙʠʣʴʥʳʭ 

ʟʝʨʥʦʩʫʰʠʣʦʢééééééééééééééééééééééééééééé 

 

131 

ɸ.ʅ. ʃʠʪʚʠʥʦʚ, ʄ.ɸ. ʃʠʪʚʠʥʦʚ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʪʦʯʥʦʩʪʠ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʨʦʩʦʚʳʭ ʚʠʙʨʦʠʟʦʣʷʪʦʨʦʚ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʚʠʙʨʦ- ʠ ʫʜʘʨʦʟʘʱʠʪʳ 

ʠʟʜʝʣʠʡ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʭ ʥʘ ʧʦʜʚʠʞʥʳʝ ʦʙʴʝʢʪʳééééééééééééé. 

 

 

140 

ʊ.ɸ. ʅʝʧʘʨʢʦ, ɸ.ɺ. ʅʦʚʠʢʦʚ, ɼ.ɸ. ɾʜʘʥʢʦ, ɺ.ʇ. ʏʝʙʦʪʘʨʝʚ. ʆʙʦʩʥʦʚʘʥʠʝ 

ʧʘʨʘʤʝʪʨʦʚ ʦʪʜʝʣʝʥʠʡ ʟʝʨʥʦʦʯʠʩʪʠʪʝʣʴʥʦ-ʩʫʰʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚéééééé. 

 

148 

ʊ.ɸ. ʅʝʧʘʨʢʦ, ɸ.ɺ. ʅʦʚʠʢʦʚ, ɼ.ɸ. ɾʜʘʥʢʦ. ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ 

ʧʦʛʨʫʟʦʯʥʳʭ ʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʥʘ ʫʙʦʨʢʝ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨééééé..... 

 

153 

ʉ.ʀ. ʅʠʱʘʢʦʚ, ʉ.ʉ. ɻʨʷʜʫʥʦʚ. ʋʚʝʣʠʯʝʥʠʝ ʨʝʩʫʨʩʘ ʜʠʩʢʦʚʦʡ ʙʦʨʦʥʳééé..... 158 

ɸ.ɺ. ʅʦʚʠʢʦʚ, ʊ.ɸ. ʅʝʧʘʨʢʦ, ɼ.ɸ. ɾʜʘʥʢʦ, ɺ.ʇ.
 
ʏʝʙʦʪʘʨʝʚ. ɺʣʠʷʥʠʝ ʚʘʣʦʚʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʟʝʨʥʘ ʥʘ ʚʳʙʦʨ ʟʝʨʥʦʦʯʠʩʪʠʪʝʣʴʥʦ-ʩʫʰʠʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷééééééééééééééééééé. 

 

 

163 

ɸ.ɸ. ʅʫʩʝʥʢʠʩ, ʄ.ɺ. ʆʭʦʪʥʠʢʦʚ. ɺʳʙʨʦʩʳ ʚ ʘʪʤʦʩʬʝʨʫ ʠ ʩʧʦʩʦʙʳ ʠʭ 

ʫʤʝʥʴʰʝʥʠʷ....................................................................................................................... 

 

168 

ɸ.ɸ. ʅʫʩʝʥʢʠʩ, ʄ.ɺ. ʆʭʦʪʥʠʢʦʚ. ʇʨʦʮʝʩʩ ʦʩʘʞʜʝʥʠʷ ʯʘʩʪʠʮ ʩʘʞʠ ʚ 

ʚʝʨʪʠʢʘʣʴʥʦʤ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʤ ʬʠʣʴʪʨʝ ʦʨʠʛʠʥʘʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠéééé. 

 

173 

ʉ.ʇ. ʇʝʩʪʦʚ. ʂʦʥʩʪʨʫʢʪʦʨʩʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʪʦʯʥʦʩʪʠ ʦʧʝʨʘʮʠʡ 

ʦʙʨʘʙʦʪʢʠ ʦʪʚʝʨʩʪʠʡ ʥʘ ʩʪʘʥʢʘʭ ʩ ʏʇʋéééééééééééééééééé 

 

177 

ɻ.ɸ. ʇʠʣʶʰʠʥʘ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʟʘʱʠʪʳ ʫʩʣʦʚʥʦ ʥʝʧʦʜʚʠʞʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʧʨʠ ʬʨʝʪʪʠʥʛ-ʠʟʥʦʩʝéééééééééééééééééééé.. 

 

182 

ʇ.ɻ. ʇʳʨʠʢʦʚ, ʊ.ɼ. ʄʘʨʯʫʢ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʘʥʠʟʦʪʨʦʧʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʥʘ ʦʩʥʦʚʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʛʦ 

ʪʝʢʩʪʫʨʠʨʦʚʘʥʠʷééééééééééééééééééééééééééé.. 

 

 

189 

ɺ.ɸ. ʈʫʙʝʣʴ, ɽ.ɸ. ʃʝʡʪʝʩ. ʆʧʨʝʜʝʣʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʢʠʩʣʦʤʦʣʦʯʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʘʣʪʘʡʩʢʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡéééééééééééééééééé.. 

 

199 

ʀ.ʅ. ʈʳʙʘʣʢʦ. ʄʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʚʪʦʨʠʯʥʳʤ ʩʳʨʴʸʤ ʧʣʘʩʪʠʯʥʦʡ ʩʤʘʟʢʠ ʜʣʷ 

ʨʝʟʴʙʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡééééééééééééééééééééééééé 

 

202 

ɺ.ɺ. ʉʘʜʦʚ. ʉʪʨʫʢʪʫʨʥʘʷ ʦʧʪʠʤʠʟʘʮʠʷ ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʦʤʙʠʢʦʨʤʦʚʳʭ ʮʝʭʦʚé. 208 

ɺ.ɸ. ʉʦʢʦʣʦʚʘ, ɺ.ɸ. ʄʘʨʢʦʚ, ʉ.ɸ. ɺʦʡʥʘʰ*, ʃ.ɻ. ʏʝʨʥʳʭ. ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ 

ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʧʦʚʳʰʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʩʮʝʧʣʝʥʠʷ ʩ ʦʩʥʦʚʦʡéé. 

 

218 

ʇ.ɺ. ʊʠʭʦʤʠʨʦʚ, ɸ.ʖ. ʂʦʥʜʨʠʢʦ. ʇʨʦʪʠʚʦʟʘʜʠʨʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʪʨʝʥʠʷ................................................................................................................................ 

 

225 

ɺ.ʖ. ʎʫʨʝʥʢʦʚ, ɺ.ɺ. ʉʠʚʘʢʦʚ. ʇʨʦʙʣʝʤʳ ʧʨʠʤʝʥʝʥʠʷ ʩʪʘʥʢʦʚ ʩ ʏʇʋ ʥʘ 

ʧʨʝʜʧʨʠʷʪʠʷʭ ʠ ʠʭ ʨʝʰʝʥʠʝééééééééééééééééééééééé 

 

228 

ʈ.ɺ. ʏʦʣʘʢ, ʉ.ʉ. ɻʨʷʜʫʥʦʚ. ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʧʦʚʳʰʝʥʠʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ 

ʥʦʞʝʡ ʜʠʩʢʦʚʳʭ ʨʫʙʠʪʝʣʴʥʳʭ ʤʘʰʠʥééééééééééééééééééé 

 

232 

ʅ.ɸ. ʐʫʣʴʮ, ʅ.ɺ. ɻʨʫʥʪ, ɺ.ɺ. ʇʨʦʤʘʭʦʚ. ʆʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʟʜʝʣʠʡ 

ʠʟ ʢʝʨʘʤʠʢʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡéééééééééééé. 

 

235 

 

ʉʝʢʮʠʷ 3. ʅʘʟʝʤʥʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʠʩʪʝʤʳ 

 

ɽ.ʄ. ɸʨʪʝʤʝʥʢʦ. ɸʥʘʣʠʟ ʧʘʨʘʤʝʪʨʦʚ ʧʦʜʚʝʩʢʠ ʩʠʜʝʥʠʷ ʚʦʜʠʪʝʣʷ ʪʨʘʥʩʧʦʨʪʥʦʡ 

ʤʘʰʠʥʳééééééééééééééééééééééééééééééé. 

 

243 

C.ɸ. ɺʦʡʥʘʰ, ɸ.ʉ. ɺʦʡʥʘʰ. ʆʮʝʥʢʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʛʫʩʝʥʠʯʥʦʛʦ ʩʘʤʦʩʚʘʣʘéé. 248 



5 

 

ʅ.ʉ. ɺʦʣʴʩʢʘʷ, ʀ.ɺ. ʏʠʯʝʢʠʥ, ʗ.ʖ. ʃʝʚʝʥʢʦʚ. ʄʝʪʦʜʳ ʠ ʤʦʜʝʣʠ ʚ ʟʘʜʘʯʘʭ 

ʦʮʝʥʢʠ ʧʨʦʭʦʜʠʤʦʩʪʠ ʢʦʣʝʩʥʳʭ ʤʘʰʠʥéééééééééééééééééé 

 

252 

ʉ.ɺ. ɻʘʝʚ, ʄ.ɺ. ɺʷʟʥʠʢʦʚ, ɺ.ʄ. ʐʘʨʠʧʦʚ.
 
ɺʥʝʰʥʷʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʚ ʜʚʫʭʧʦʪʦʯʥʦʡ ʛʠʜʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʝ ʪʨʘʢʪʦʨʘ 

D8L çʂɸʊɽʈʇʀʃʃɸʈèéééééééééééééééééééééééé. 

 

 

260 

ɸ.ɺ. ɿʘʙʨʫʩʢʦʚ, ɸ.ɺ. ʇʫʟʘʢʦʚ, ʄ.ʀ. ʌʠʣʘʪʦʚ. ɸʥʘʣʠʟ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ 

ʛʝʥʝʨʘʪʦʨʦʚ ʪʨʘʥʩʧʦʨʪʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʘʰʠʥééééééééééééé 

 

266 

ɼ.ɺ. ʂʣʦʢʦʚ, ɽ.ɸ. ʃʝʦʥʦʚ, ʀ.ɺ. ʌʨʘʥʩʢʝʚʠʯ. ʅʝʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʬʦʨʚʘʨʜʝʨʦʚ 4ʂ4 ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʦʩʥʦʚʥʳʭ ʣʝʩʦʟʘʛʦʪʦʚʠʪʝʣʴʥʳʭ 

ʨʘʙʦʪéééééééééééééééééééééééééééééééé. 

 

 

271 

ʀ.ʉ. ʂʦʧʳʣʦʚ. ʆ ʧʝʨʩʧʝʢʪʠʚʘʭ ʨʘʟʚʠʪʠʷ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʘʨʢʘ  

ʣʝʩʦʟʘʛʦʪʦʚʠʪʝʣʴʥʳʭ ʤʘʰʠʥéééééééééééééééééééééé. 

 

276 

ɸ.ʅ. ʃʠʙʝʥʢʦʚ, ʇ.ɺ. ʊʠʭʦʤʠʨʦʚ. ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʘʣʳʭ 

ʘʚʪʦʩʝʨʚʠʩʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʧʫʪʝʤ ʨʘʩʰʠʨʝʥʠʷ ʦʢʘʟʳʚʘʝʤʳʭ ʫʩʣʫʛééééé.. 

 

279 

ʂ.ɺ. ʃʠʧʫʥʦʚ, ɺ.ɺ. ʉʠʚʘʢʦʚ. ʂ ʚʦʧʨʦʩʫ ʧʦʚʳʰʝʥʠʷ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ɸʂʇʇéé 283 

ɸ.ʅ. ʇʣʦʱʘʜʥʦʚ, ʀ.ɺ. ʂʫʨʩʦʚ, ʕ.ʉ. ʄʘʨʰʘʣʦʚ. ʇʨʠʤʝʥʝʥʠʝ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʤʘʰʠʥʥʦ-ʪʨʘʢʪʦʨʥʳʭ ʘʛʨʝʛʘʪʦʚ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳééé. 

 

285 

ʉ.ɽ. ʄʝʜʚʝʜʝʚ. ʆʙʝʩʧʝʯʝʥʠʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʦʨʤʦʟʥʦʡ ʩʠʩʪʝʤʳ ʢʦʣʝʩʥʦʛʦ 

ʥʘʟʝʤʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʚ ʫʩʣʦʚʠʷʭ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨéééééééé. 

 

296 

ʖ.ɺ. ʄʝʜʚʝʜʝʚ, ʉ.ɸ. ʂʦʨʦʩʪʝʣʝʚ, ʅ.ʉ. ʂʦʨʥʝʚ, ɸ.ʅ. ɼʨʶʯʠʥ. ʆʮʝʥʢʘ 

ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʨʝʟʠʥʦʚʦʛʦ ʵʣʝʤʝʥʪʘ 

ʧʦʜʜʝʨʞʠʚʘʶʱʝʛʦ ʨʦʣʠʢʘ ʛʫʩʝʥʠʯʥʦʛʦ ʜʚʠʞʠʪʝʣʷéééééééééééé.. 

 

 

300 

ʖ.ʀ. ʄʠʩʫʥʦ, ʇ.ɸ. ʇʨʦʪʘʩ. ʇʨʠʤʝʥʝʥʠʝ ʣʝʩʦʪʨʘʥʩʧʦʨʪʥʳʭ ʤʘʰʠʥ ʩ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ ʪʠʧʦʤ ʜʚʠʞʠʪʝʣʷ ʥʘ ʩʣʘʙʦʥʝʩʫʱʠʭ ʧʦʯʚʦʛʨʫʥʪʘʭééééé 

 

305 

ʉ.ʉ. ʄʠʪʠʥ, ʇ.ɺ.ʊʠʭʦʤʠʨʦʚ. ʆʙʟʦʨ ʤʝʪʦʜʦʚ ʧʦʚʳʰʝʥʠʷ ʥʘʜʸʞʥʦʩʪʠ ɼɺʉéé 312 

ʉ.ʀ. ʅʠʱʘʢʦʚ, ʉ.ʉ. ɻʨʷʜʫʥʦʚ. ʋʚʝʣʠʯʝʥʠʝ ʨʝʩʫʨʩʘ ʜʠʩʢʦʚʦʡ ʙʦʨʦʥʳéééé 315 

ʈ.ʀ. ʆʨʣʦʚ, ʖ.ɸ. ʐʘʧʦʰʥʠʢʦʚ. ʇʨʦʙʣʝʤʘʪʠʢʘ ʢʦʤʧʣʝʢʪʦʚʘʥʠʷ ʤʘʰʠʥʥʦ-

ʪʨʘʢʪʦʨʥʳʭ ʘʛʨʝʛʘʪʦʚ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠéééééééééé 

 

319 

ʌ.ʉ. ʇʝʪʨʦʚ, ɺ.ɺ. ʉʠʚʘʢʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʜʦʨʦʜʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʚ 

ʘʚʪʦʤʦʙʠʣʷʭééééééééééééééééééééééééééééé. 

 

326 

ɽ.ɺ. ʇʝʯʘʪʥʦʚʘ, ɽ.ɺ. ʇʦʥʦʤʘʨʝʥʢʦ, ʂ.ʉ. ʇʘʨʰʠʥʘ. ʆʧʨʝʜʝʣʝʥʠʝ 

ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʜʦʨʦʛ ʚ ʛ. ɹʘʨʥʘʫʣʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʧʨʠʛʦʨʦʜʥʳʤ ʨʝʞʠʤʦʤ 

ʜʚʠʞʝʥʠʷéééééééééééééééééééééééééééééé.. 

 

 

330 

ɼ.ɸ. ʇʦʣʦʥʠʢ, ɺ.ɺ. ʉʠʚʘʢʦʚ. ɸʥʘʣʠʟ ʧʨʠʤʝʥʝʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʤʘʰʠʥééé.. 333 

ʄ.ɸ. ʇʨʦʮʢʘʷ, ɺ.ɸ. ʃʠʩʶʪʠʥ, ʇ.ɺ. ʊʠʭʦʤʠʨʦʚ. ʇʨʠʤʝʥʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʳʭ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʚ ʟʘʜʘʯʘʭ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʦʮʝʩʩʦʚéééé. 

 

337 

ɺ.ʀ. ʈʝʤʝʥʴ. ʇʥʝʚʤʘʪʠʯʝʩʢʠʝ ʧʨʠʚʦʜʳ ʨʝʛʫʣʠʨʫʶʱʠʭ ʦʨʛʘʥʦʚ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʩʠʩʪʝʤéééééééééééééééééééééééééééééééé 

 

340 

ʇ.ʉ. ʊʨʦʰʠʥ. ʄʝʪʦʜʳ ʪʨʠʙʦʜʠʘʛʥʦʩʪʠʢʠ ʫʟʣʦʚ ʠ ʘʛʨʝʛʘʪʦʚ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʩʨʝʜʩʪʚééééééééééééééééééééééééééééééé.. 

 

351 

ɽ.ɸ. ʊʫʨʧʘʢʦʚ, ɺ.ɺ. ʉʠʚʘʢʦʚ, ɺ.ɺ.ʂʘʤʳʥʠʥ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʪʦʨʤʦʟʥʳʭ ʜʠʩʢʦʚ ʘʚʪʦʤʦʙʠʣʷéééééééééééééé... 

 

354 

ʄ.ʀ. ʌʠʣʘʪʦʚ, ɸ.ʅ. ʂʠʨʧʠʯʥʠʢʦʚ. ʆ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʧʨʦʮʝʩʩʘ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʬʦʨʩʫʥʦʢ ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷééé.. 

 

358 

 

ʉʝʢʮʠʷ 4. ʉʪʨʦʠʪʝʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʤʘʰʠʥʳ, ʤʝʭʘʥʠʟʤʳ 

 

ɹʘʰʠʢʦʚ ʀ.ʊ. ʋʧʨʘʚʣʷʝʤʳʡ ʦʪʚʘʣ ʙʫʣʴʜʦʟʝʨʘ ʜʣʷ ʦʯʠʩʪʢʠ ʩʥʝʞʥʳʭ ʠ 

ʛʨʫʥʪʦʚʳʭ ʟʘʚʘʣʦʚ ʥʘ ʛʦʨʥʳʭ ʜʦʨʦʛʘʭ ʨʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥééééééé 

 

366 

ɺ.ʅ. ɻʘʣʜʠʥ. ʉʨʘʚʥʝʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʛʠʜʨʦʫʜʘʨʥʳʭ ʫʩʪʨʦʡʩʪʚ ʩ 

ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠéééééééééééééé 

 

372 

ʅ.ʉ. ɻʘʣʜʠʥ, ʆ.ɺ. ɸʙʜʫʣʘʝʚʘ. ʄʦʩʪʦʚʦʡ ʢʨʘʥ ʩ ʛʠʜʨʦʧʨʠʚʦʜʦʤééééééé 380 



6 

 

ɸ.ɸ. ɼʝʥʠʩʝʥʢʦ, ʄ.ʉ. ʇʦʧʦʚʘ. ʋʩʠʣʝʥʠʝ ʬʫʥʜʘʤʝʥʪʦʚ ʤʘʣʦʵʪʘʞʥʳʭ ʟʜʘʥʠʡ ʜʣʷ 

ʠʩʢʣʶʯʝʥʠʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʥʝʛʦ ʩʠʣ ʤʦʨʦʟʥʦʛʦ ʧʫʯʝʥʠʷéééééé.. 

 

383 

ɼ.ɸ. ʂʦʯʝʛʘʨʦʚ, ʆ.ʈ. ʏʘʡʢʘ. ɸʥʘʣʠʟ ʩʧʦʩʦʙʦʚ ʧʦʚʳʰʝʥʠʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ  

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʬʨʝʟéééééééééééééééééééééé.. 

 

392 

ɺ.ɺ. ʌʝʜʦʨʦʚʘ. ʋʯʝʪ ʛʝʥʝʪʠʯʝʩʢʦʡ ʥʝʣʠʥʝʡʥʦʩʪʠ ʚ ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʩʯʝʪʘʭéé. 395 

ɽ.ʉ. ʌʠʣʠʥ. ʆʙʟʦʨ ʤʝʪʦʜʦʚ ʧʦʚʳʰʝʥʠʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʜʝʨʝʚʦʦʙʨʘʪʳʚʘʶʱʠʭ 

ʬʨʝʟéééééééééééééééééééééé............................................ 

 

399 
 

ʉʝʢʮʠʷ 5. ʕʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ ʠ ʧʦʚʳʰʝʥʠʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ 

 

ʆ.ʇ. ɹʘʣʘʰʦʚ, ʉ.ɸ. ɻʦʥʯʘʨʦʚ. ʇʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʫʯʝʪʦʤ ʩʥʠʞʝʥʠʷ 

ʧʦʪʝʨʴ ʚ ʠʩʪʦʯʥʠʢʝ ʧʠʪʘʥʠʷéééééééééééééééééééééé.. 

 

 

403 

ʃ.ɺ. ɻʨʠʮʝʥʢʦ, ɻ.ɺ. ʇʣʝʭʘʥʦʚ, ʇ.ɸ. ʂʫʣʠʢʦʚʘ. ʀʟʤʝʥʝʥʠʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ 

ʩʠʩʪʝʤʥʳʤ ʙʣʦʢʦʤ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʦʢʦʣʝʥʠʡ ʕɺʄéééééééééééé.. 

 

407 

ɸ.ɽ. ɼʘʚʳʜʦʚ, ʊ.ʄ. ʍʘʣʠʥʘ, ʄ.ʀ. ʉʪʘʣʴʥʘʷ, ʀ.ɸ. ʀʚʘʥʦʚ. ʈʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ 

ʨʝʚʝʨʩʘ ʚ ʩʝʨʚʠʩʥʳʭ ʜʚʠʛʘʪʝʣʷʭ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘééééééééééééé. 

 

410 

ʖ.ɺ. ɺʦʨʦʙʴʝʚ, ɸ.ɺ. ɼʫʥʘʝʚ.
 
ɸʢʪʠʚʘʮʠʷ ʤʦʪʦʨʥʳʭ ʪʦʧʣʠʚééééééééé 412 

ɺ.ɸ. ɾʝʣʝʟʥʷʢ, ɻ.ɺ. ʇʣʝʭʘʥʦʚ. ʕʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪ ʠ ʝʛʦ ʧʝʨʩʧʝʢʪʠʚʳ ʚ 

ɸʣʪʘʡʩʢʦʤ ʢʨʘʝéééééééééééééééééééééééééééé 

 

422 

ɽ.ɹ. ɾʫʢʦʚ, ʂ.ɺ. ʄʝʥʷʝʚ, ɼ.ʈ. ʊʘʡʤʘʩʦʚ. ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩʞʠʛʘʥʠʷ 

ʜʨʝʚʝʩʥʳʭ ʪʦʧʣʠʚ ʠ ʜʨʝʚʝʩʥʳʭ ʦʪʭʦʜʦʚéééééééééééééééééé 

 

428 

ʉ.ɸ. ʂʘʰʠʯ, ɸ.ʅ. ʊʘʪʘʨʥʠʢʦʚʘ. ʅʦʚʳʝ ʘʩʧʝʢʪʳ ʧʨʠʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ 20 ʢɺ 

ʚ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʩʝʪʷʭééééééééééééééééééééééé. 

 

434 

ʖ.ʀ. ʃʸʚʦʯʢʠʥʘ, ɼ.ʆ. ʀʣʶʭʠʥ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ 

ʪʝʭʥʦʣʦʛʠʡ ʚ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ɸʇʂéééééééééééééé 

 

439 

ʉ.ʉ. ʅʘʛʠʭ, ɺ.ʂ. ʃʫʥʝʚ, ɺ.ʉ. ʌʠʰʝʨ, ɻ.ɺ. ʇʣʝʭʘʥʦʚ. ʄʦʜʫʣʴ ʫʜʘʣʸʥʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʫʩʪʨʦʡʩʪʚʘʤʠééééééééééééééééééééééé.. 

 

443 

ɻ.ɺ. ʇʣʝʭʘʥʦʚ, ʉ.ɺ. ʂʦʥʦʚʘʣʦʚʘ, ʀ.ɸ. ʏʘʣʳʭ. ʇʨʠʤʝʥʝʥʠʝ ʩʪʘʪʠʯʝʩʢʦʛʦ 

ʵʣʝʢʪʨʠʯʝʩʪʚʘééééééééééééééééééééééééééééé 

 

445 

ɻ.ɺ. ʇʣʝʭʘʥʦʚ, ʀ.ɺ. ɿʶʢʦʚ, ʖ.ʉ. ɼʞʝʧʢʦ. ʕʣʝʢʪʨʦʜʠʥʘʤʠʢʘ ɸʤʧʝʨʘéééé.. 448 

ʊ.ʀ. ʈʳʙʘʣʢʠʥʘ, ʄ.ʀ. ʉʪʘʣʴʥʘʷ, ʀ.ɸ. ʀʚʘʥʦʚ, ɽ.ɼ. ʈʷʟʘʥʦʚʘ. ʈʝʚʝʨʩʠʚʥʳʡ 

ʨʝʛʫʣʠʨʫʝʤʳʡ ʜʚʠʛʘʪʝʣʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷéééééééééé 

 

450 

ɽ.ɼ. ʈʷʟʘʥʦʚʘ, ʄ.ʀ. ʉʪʘʣʴʥʘʷ, ʀ.ɸ. ʀʚʘʥʦʚ, ʊ.ʀ. ʈʳʙʘʣʢʠʥʘ. ʈʝʚʝʨʩʠʚʥʳʡ 

ʨʝʛʫʣʠʨʫʝʤʳʡ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʡ ʪʨʝʭʬʘʟʥʳʡ ʤʦʩʪʦʚʦʡ ʩʠʤʠʩʪʦʨʥʳʡ 

ʚʳʧʨʷʤʠʪʝʣʴ ʚ ʜʚʠʛʘʪʝʣʝ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷéé 

 

 

452 

ʄ.ʀ. ʉʪʘʣʴʥʘʷ, ʉ.ʖ. ɽʨʝʤʦʯʢʠʥ, ɽ.ɺ. ʇʝʰʢʦʚʘ, ʀ.ɸ. ʀʚʘʥʦʚ, ɸ.ɺ. 

ʉʦʣʦʛʫʙʦʚ. ʊʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʨʝʛʫʣʠʨʫʝʤʳʭ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚééééééééééééééééééééééééééé.. 

 

 

454 

ɸ.ʅ. ʊʘʪʘʨʥʠʢʦʚʘ. ʇʨʠʤʝʥʝʥʠʝ ʩʝʪʝʚʦʡ ʤʦʜʝʣʠ ʜʣʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ ʠ 

ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤéééééééééééééééééééééééé. 

 

460 

ɺ.ʉ. ʌʠʰʝʨ, ʃ.ʉ. ʂʘʥʠʙʦʣʦʪʩʢʘʷ, ɻ.ɺ. ʇʣʝʭʘʥʦʚ. ʇʨʠʤʝʥʝʥʠʝ 

ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʭ ʣʦʛʠʯʝʩʢʠʭ ʢʦʥʪʨʦʣʣʝʨʦʚ ʚ ʩʭʝʤʘʭ ʨʝʣʝʡʥʦʡ ʟʘʱʠʪʳ  

ʠ ʘʚʪʦʤʘʪʠʢʠééééééééééééééééééééééééééééé 

 

 

466 

ʊ.ʄ. ʍʘʣʠʥʘ, ʄ.ʀ. ʉʪʘʣʴʥʘʷ, ʀ.ɸ. ʀʚʘʥʦʚ. ʇʫʪʠ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ 

ʧʨʦʙʣʝʤ ʛʦʨʦʜʩʢʦʛʦ ʵʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪʘéééééééééééééééééé 

 

469 

ʅ.ʀ. ʏʝʨʢʘʩʦʚʘ. ɺʳʙʦʨ ʠ ʦʮʝʥʢʘ ʢʨʠʪʝʨʠʝʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ 

"ʏɽʃʆɺɽʂ-ʕʃɽʂʊʈʆʋʉʊɸʅʆɺʂɸ-ʉʈɽɼɸ"éééééééééé................... 

 

 

 

472 

 

  



7 

 

ʉʝʢʮʠʷ 6. ʇʨʦʙʣʝʤʳ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

 

ʅ.ʅ. ɸʚʝʪʠʩʷʥ, ɸ.ʆ. ɿʘʡʮʝʚ, ɺ.ʂ. ʏʝʙʦʪʘʨʝʚ. ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʘʛʝʥʪʦʚ ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠééééééééééééé.. 

 

479 

ɺʠʥʦʢʫʨʦʚʘ ɼ.ʖ., ɹʝʣʷʝʚʘ ʖ.ɺ. çɿʝʣʸʥʳʝè ʠʥʥʦʚʘʮʠʠ ʠʣʠ ʵʢʦ-ʠʥʥʦʚʘʮʠʠé.. 482 

ɻ.ʗ. ɼʨʦʟʜ, ʄ.ʖ. ʍʚʦʨʪʦʚʘ. ʂʦʥʮʝʧʮʠʷ ʦʙʨʘʱʝʥʠʷ ʩ ʪʚʝʨʜʳʤʠ ʙʳʪʦʚʳʤʠ 

ʦʪʭʦʜʘʤʠ ʥʘ ʃʫʛʘʥʱʠʥʝéééééééééééééééééééééééé. 

 

485 

ɼ.ɼ. ʉʝʤʝʥʦʚ. ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʦʜʥʦʡ ʩʨʝʜʳ ʊʘʤʙʦʚʘ ʠ 

ʊʘʤʙʦʚʩʢʦʡ ʦʙʣʘʩʪʠéééééééééééééééééééééééééé 

 

495 

ɹ.ʌ. ʊʘʨʘʩʝʥʢʦ, ʉ.ɺ. ʆʩʴʢʠʥ, ɸ.ɸ. ʐʚʝʮʦʚ. ʀʥʥʦʚʘʮʠʦʥʥʳʝ ʠʥʞʝʥʝʨʥʳʝ 

ʨʝʰʝʥʠʷ ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚʦʜʥʦʛʦ ʨʝʞʠʤʘ ʚ ʟʝʤʣʝʜʝʣʠʠééééééééé.. 

 

498 

ʅ.ɸ. ʏʝʨʥʝʮʢʘʷ. ʕʢʦʣʦʛʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ ʦʙʩʣʫʞʠʚʘʥʠʷ ʘʚʪʦʤʦʙʠʣʝʡ ʥʘ 

ʩʪʘʮʠʦʥʘʨʥʦʤ ʟʘʧʨʘʚʦʯʥʦʤ ʧʫʥʢʪʝéééééééééééééééééééé 

 

509 

 

ʉʝʢʮʠʷ 7. ʌʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ, ʭʠʤʠʯʝʩʢʠʝ ʥʘʫʢʠ 

 

ɺ.ʀ. ɹʘʭʤʘʪ. ʇʨʠʤʝʥʝʥʠʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʠʩʯʠʩʣʝʥʠʷ ʬʫʥʢʮʠʡ ʦʜʥʦʡ 

ʧʝʨʝʤʝʥʥʦʡ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʫʥʢʮʠʡ ʥʘ ʵʢʩʪʨʝʤʫʤ ʧʨʠ ʨʝʰʝʥʠʠ ʬʠʟʠʯʝʩʢʠʭ 

ʟʘʜʘʯéééééééééééééééééééééééééééééééé.. 

 

 

517 

ʂ.ɸ. ɹʘʪʝʥʢʦʚ, ɼ.ɺ. ʆʨʣʦʚ, ʀ.ʖ. ʂʫʙʣʦ, ʄ.ɺ. ʀʣʶʰʠʥ, ɺ.ɺ. ɼʚʦʨʷʜʢʠʥ. 

ʄʝʪʦʜʳ ʟʘʱʠʪʳ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʠʤʧʫʣʴʩʥʳʭ ʰʫʤʦʚ ʥʘ ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ, 

ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʪʝʭʥʦʣʦʛʠʠ XDSLéééééééééééééééééééé. 

 

 

519 

ɺ.ɺ. ɹʦʨʠʩʦʚʩʢʠʡ. ʇʨʠʤʝʥʝʥʠʝ ʩʬʝʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʚ ʬʠʟʠʢʝéé.. 526 

ʉ.ɸ. ɺʘʩʠʣʴʝʚ, ʈ.ɺ. ɻʫʨʠʥʘ, ʂ.ɸ. ɻʣʘʟʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʵʢʟʦʧʣʘʥʝʪʥʦʡ 

ʩʠʩʪʝʤʳ HD 10180 HIP ʤʝʪʦʜʦʤ ʨʘʥʛʦʚʦʛʦ ʘʥʘʣʠʟʘééééééééééééé 

 

528 

ʈ.ɺ. ɻʫʨʠʥʘ, ʉ.ɸ. ɺʘʩʠʣʴʝʚ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʪʝʦʨʠʪʥʳʭ ʢʨʘʪʝʨʦʚ ʧʣʘʥʝʪ 

ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ ʤʝʪʦʜʦʤ ʨʘʥʛʦʚʦʛʦ ʘʥʘʣʠʟʘéééééééééééééé 

 

531 

ʆ.ɺ. ɽʬʨʝʤʝʥʢʦʚʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʥʘ ʘʫʜʠʪʦʨʥʳʭ ʟʘʥʷʪʠʷʭ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʮʠʢʣʘéééééééééééééééééééééééé... 

 

 

538 

ʀ.ʀ. ʂʫʣʝʰʦʚʘ. ʀʥʪʝʛʨʠʨʦʚʘʥʥʳʡ ʢʫʨʩ çʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʟʘʜʘʯʠ ʵʥʝʨʛʝʪʠʢʠè ʚ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʦʙʨʘʟʦʚʘʥʠʠ ʠʥʞʝʥʝʨʦʚ-ʵʣʝʢʪʨʠʢʦʚéééééééééééé 

 

546 

ɻ.ɸ ʆʙʫʭʦʚʘ. ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʩʪʫʜʝʥʪʦʚ 

ʧʨʠ ʠʟʫʯʝʥʠʠ ʤʘʪʝʤʘʪʠʢʠ ʚ ʪʝʭʥʠʯʝʩʢʦʤ ʚʫʟʝééééééééééééééé 

 

551 

 

ʉʝʢʮʠʷ 8. ʕʢʦʥʦʤʠʢʘ ʠ ʫʧʨʘʚʣʝʥʠʝ ʚ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ 

 

ʆ.ɺ. ɸʩʢʘʥʦʚʘ. ɺʦʟʤʦʞʥʦʩʪʠ ʨʘʟʚʠʪʠʷ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʩʝʣʴʭʦʟʤʘʰʠʥʦʩʪʨʦʝʥʠʷ 

ʟʘ ʩʯʸʪ ʨʝʘʣʠʟʘʮʠʠ ʵʢʩʧʦʨʪʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʦʪʨʘʩʣʠéééééééééééé. 

 

557 

ʃ.ʄ. ɼʘʚʠʜʝʥʢʦ. ʉʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʧʦʜʭʦʜ ʢ ʨʘʟʚʠʪʠʶ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʠʥʪʝʛʨʘʮʠʠéééééééééééééééééééééé. 

 

569 

ʀ.ɸ. ʀʣʴʯʝʥʢʦ. ɸʥʘʣʠʟ ʬʘʢʪʦʨʦʚ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʝʛʦ ʧʦʚʳʰʝʥʠʷéééééééééééééé. 

 

574 

ɸ.ɺ. ʂʘʨʧʝʥʢʦ. ʉʦʟʜʘʥʠʝ ʪʝʨʨʠʪʦʨʠʡ ʦʧʝʨʝʞʘʶʱʝʛʦ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ 

ʨʘʟʚʠʪʠʷ (ʊʆʉʕʈ) ʢʘʢ ʬʘʢʪʦʨ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʨʦʩʪʘ ʛʦʨʦʜʘ ʈʫʙʮʦʚʩʢʘé............. 

 

578 

ʉ.ʖ. ʄʳʯʢʘ, ʄ.ɸ. ʐʘʪʘʣʦʚ ʄʝʭʘʥʠʟʤ ʩʦʢʨʘʱʝʥʠʷ ʬʠʥʘʥʩʦʚʳʭ ʨʠʩʢʦʚ 

ʧʨʝʜʧʨʠʷʪʠʡ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʧʨʠʥʮʠʧʦʚ ʩʪʨʘʭʦʚʘʥʠʷéééééé.. 

 

586 



8 

 

ʉɽʂʎʀʗ 1. ʄɸʊɽʄɸʊʀʏɽʉʂʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ, 

ʏʀʉʃɽʅʅʓɽ ʄɽʊʆɼʓ ʀ ʂʆʄʇʃɽʂʉʓ ʇʈʆɻʈɸʄʄ 
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ʟʘʚʝʜʫʶʱʘʷ ʢʘʬʝʜʨʦʡ çʇʨʠʢʣʘʜʥʘʷ ʤʘʪʝʤʘʪʠʢʘè ɼʫʜʥʠʢ ɽʚʛʝʥʠʷ 

ɸʣʝʢʩʘʥʜʨʦʚʥʘ 

 

ʇʈɽʇʆɼɸɺɸʅʀɽ ʕʃɽʂʊʈʆʅʅʆɻʆ ʂʋʈʉɸ ʉʊʈʆʀʊɽʃʔʅʆʁ 

ʀʅʌʆʈʄɸʊʀʂʀ ʇʆ ʉʄɽʐɸʅʅʆʁ ʄɽʊʆɼʀʂɽ ʆɹʋʏɽʅʀʗ 

ʊ.ɺ. ɻʘʚʨʠʣʝʥʢʦ 

ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 
ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʠʟʣʘʛʘʝʪʩʷ ʦʧʳʪ ʧʨʝʧʦʜʘʚʘʥʠʷ ʩʪʨʦʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʪʠʢʠ 

ʜʣʷ ʙʘʢʘʣʘʚʨʦʚ. ʆʙʫʯʝʥʠʝ ʚʝʜʸʪʩʷ ʢʘʢ ʚ ʘʫʜʠʪʦʨʠʠ, ʪʘʢ ʠ ʜʠʩʪʘʥʮʠʦʥʥʦ ʩ ʧʦʤʦʱʴʶ 

ʩʠʩʪʝʤʳ LMS Moodle. ʆʧʠʩʳʚʘʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʫʨʩʘ, ʝʛʦ ʵʣʝʤʝʥʪʳ, 

ʩʦʩʪʘʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ. ʇʨʠʚʦʜʷʪʩʷ ʧʨʠʤʝʨʳ ʩʦʜʝʨʞʘʥʠʷ ʨʘʟʜʝʣʘ ʢʫʨʩʘ, ʩʪʨʘʥʠʮʳ 

ʢʫʨʩʘ, ʟʘʜʘʥʠʷ, ʦʙʨʘʟʝʮ ʨʘʩʯʸʪʥʦʛʦ ʣʠʩʪʘ ʚ ʧʨʦʛʨʘʤʤʝ Excel. ɺ ʩʪʘʪʴʝ ʦʪʤʝʯʘʶʪʩʷ 

ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʩʪʦʨʦʥʳ ʠ ʪʨʫʜʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʣʝʢʪʨʦʥʥʦʝ ʦʙʫʯʝʥʠʝ, ʩʠʩʪʝʤʘ LMS Moodle, 

ʩʪʨʦʠʪʝʣʴʥʘʷ ʠʥʬʦʨʤʘʪʠʢʘ, ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʤʝʪʦʜʳ 
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ɺ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʩʦʚʨʝʤʝʥʥʦʡ ʚʳʩʰʝʡ ʰʢʦʣʳ ʘʢʪʠʚʥʦ 

ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʵʣʝʢʪʨʦʥʥʳʝ ʨʝʩʫʨʩʳ. ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʧʝʨʝʡʪʠ 

ʢʘʢ ʥʘ ʧʦʣʥʦʩʪʴʶ ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʫʯʝʥʠʝ, ʪʘʢ ʠ ʥʘ ʩʤʝʰʘʥʥʦʝ, 

ʩʦʯʝʪʘʶʱʝʝ ʚ ʩʝʙʝ ʘʫʜʠʪʦʨʥʳʝ ʟʘʥʷʪʠʷ ʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʫʶ ʨʘʙʦʪʫ 

ʩʪʫʜʝʥʪʦʚ, ʚʳʧʦʣʥʷʝʤʫʶ ʠ ʢʦʥʪʨʦʣʠʨʫʝʤʫʶ ʯʝʨʝʟ ʀʥʪʝʨʥʝʪ. ɺ ʜʘʥʥʦʡ 

ʩʪʘʪʴʝ ʠʟʣʘʛʘʝʪʩʷ ʦʧʳʪ ʩʤʝʰʘʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʙʘʢʘʣʘʚʨʦʚ ʧʨʦʬʠʣʷ 

çʉʪʨʦʠʪʝʣʴʩʪʚʦè ʥʘʧʨʘʚʣʝʥʠʷ çɸʚʪʦʤʦʙʠʣʴʥʳʝ ʜʦʨʦʛʠè ʧʦ ʜʠʩʮʠʧʣʠʥʝ 

çʉʪʨʦʠʪʝʣʴʥʘʷ ʠʥʬʦʨʤʘʪʠʢʘè ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʫʨʩʘ, 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʚ ʩʠʩʪʝʤʝ LMS Moodle. 

ʕʣʝʢʪʨʦʥʥʳʡ ʢʫʨʩ ʩʪʨʦʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʪʠʢʠ ʨʘʟʙʠʪ ʥʘ 18 ʨʘʟʜʝʣʦʚ 

ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʥʝʜʝʣʴ ʦʙʫʯʝʥʠʷ. ɺ ʩʘʤʦʤ ʥʘʯʘʣʝ ʚʩʝ ʨʘʟʜʝʣʳ ʢʫʨʩʘ ʩʢʨʳʪʳ 

ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʪʘʥʦʚʷʪʩʷ ʚʠʜʠʤʳʤʠ ʜʣʷ ʫʯʘʱʠʭʩʷ ʚ ʪʝʯʝʥʠʝ ʩʝʤʝʩʪʨʘ. 
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ʆʙʫʯʝʥʠʝ ʚ ʢʘʞʜʦʡ ʥʝʜʝʣʝ ʢʫʨʩʘ ʥʘʯʠʥʘʝʪʩʷ ʩ ʘʫʜʠʪʦʨʥʦʛʦ ʟʘʥʷʪʠʷ ʠ 

ʧʨʦʜʦʣʞʘʝʪʩʷ ʜʠʩʪʘʥʮʠʦʥʥʦ. ʆʯʝʨʝʜʥʦʡ ʨʘʟʜʝʣ ʧʝʨʝʚʦʜʠʪʩʷ ʚ ʨʝʞʠʤ 

ʜʦʩʪʫʧʥʦʩʪʠ ʜʣʷ ʩʪʫʜʝʥʯʝʩʢʦʡ ʛʨʫʧʧʳ ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʘʫʜʠʪʦʨʥʦʛʦ ʟʘʥʷʪʠʷ 

ʚ ʥʝʡ ʧʦ ʪʝʤʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʨʘʟʜʝʣʫ.  

ɺ ʜʠʩʪʘʥʮʠʦʥʥʦʤ ʨʝʞʠʤʝ ʩʪʫʜʝʥʪ, ʠʤʝʷ ʜʦʩʪʫʧ ʢ ʚʳʩʪʘʚʣʝʥʥʳʤ ʚ 

ʨʘʟʜʝʣʝ ʢʫʨʩʘ ʤʝʪʦʜʠʯʝʩʢʠʤ ʤʘʪʝʨʠʘʣʘʤ, ʚʳʧʦʣʥʷʝʪ ʜʦʤʘʰʥʶʶ ʨʘʙʦʪʫ, 

ʚʝʜʸʪ ʜʠʩʢʫʩʩʠʶ ʩ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ ʠ ʢʦʣʣʝʛʘʤʠ ʧʦʩʨʝʜʩʪʚʦʤ ʧʠʩʴʤʝʥʥʳʭ 

ʩʦʦʙʱʝʥʠʡ ʚ ʩʠʩʪʝʤʝ. ɺʝʩʴ ʦʙʤʝʥ ʬʘʡʣʘʤʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʘʢʞʝ ʯʝʨʝʟ 

ʵʣʝʢʪʨʦʥʥʳʡ ʢʫʨʩ. ɺ ʢʦʥʮʝ ʥʝʜʝʣʠ ʩʪʫʜʝʥʪ ʜʦʣʞʝʥ ʦʪʧʨʘʚʠʪʴ 

ʧʨʝʧʦʜʘʚʘʪʝʣʶ ʥʘ ʧʨʦʚʝʨʢʫ ʩʚʦʶ ʜʦʤʘʰʥʶʶ ʨʘʙʦʪʫ. ʇʨʠʤʝʨ ʨʘʟʜʝʣʘ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʫʨʩʘ ʧʨʠʚʝʜʸʥ ʥʘ ʨʠʩ. 1. 

 

 

ʈʠʩ. 1. ʉʦʜʝʨʞʘʥʠʝ ʨʘʟʜʝʣʘ ʢʫʨʩʘ ç2 ʥʝʜʝʣʷè 
 

ɿʘʧʠʩʴ ʥʘ ʵʣʝʢʪʨʦʥʥʳʡ ʢʫʨʩ 

ʉʠʩʪʝʤʘ LMS Moodle ʧʦʟʚʦʣʷʝʪ ʩʪʘʪʴ ʫʯʘʩʪʥʠʢʦʤ ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʫʨʩʘ 

ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ. ʏʘʱʝ ʚʩʝʛʦ ʣʠʙʦ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʚʢʣʶʯʘʝʪ ʚ ʩʚʦʡ 

ʢʫʨʩ ʩʪʫʜʝʥʯʝʩʢʫʶ ʛʨʫʧʧʫ ʧʦ ʝʸ ʥʘʟʚʘʥʠʶ, ʣʠʙʦ ʢʘʞʜʳʡ ʫʯʘʱʠʡʩʷ 

ʟʘʧʠʩʳʚʘʝʪʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʛʦ ʢʦʜʦʚʦʛʦ ʩʣʦʚʘ. ɺ 

ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʚʩʝ ʩʪʫʜʝʥʪʳ ʛʨʫʧʧʳ ʧʦʧʘʜʘʶʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚ ʢʫʨʩ ʠ 

ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʤʦʛʫʪ ʜʘʞʝ ʠ ʥʝ ʧʦʜʦʟʨʝʚʘʪʴ ʦ ʪʦʤ, ʯʪʦ ʷʚʣʷʶʪʩʷ ʝʛʦ 

ʫʯʘʩʪʥʠʢʘʤʠ. ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʩʪʫʜʝʥʪ ʩʘʤ ʦʪʚʝʯʘʝʪ ʟʘ ʩʚʦʡ ʚʭʦʜ ʚ 

ʵʣʝʢʪʨʦʥʥʫʶ ʩʨʝʜʫ. ʆʥ ʩʘʤ ʧʦ ʫʢʘʟʘʥʥʦʡ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ ʩʩʳʣʢʝ ʟʘʭʦʜʠʪ ʚ 

ʩʠʩʪʝʤʫ LMS Moodle, ʚʚʦʜʠʪ ʩʚʦʡ ʣʦʛʠʥ, ʧʘʨʦʣʴ ʠ ʢʦʜʦʚʦʝ ʩʣʦʚʦ. ɼʣʷ 

ʪʦʛʦ, ʯʪʦʙʳ ʩʠʩʪʝʤʘ ʤʦʛʣʘ ʦʧʦʚʝʱʘʪʴ ʩʚʦʠʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʦ ʨʘʟʣʠʯʥʳʭ 

ʩʦʙʳʪʠʷʭ (ʦʪʧʨʘʚʢʘ ʜʦʤʘʰʥʝʛʦ ʟʘʜʘʥʠʷ, ʩʦʦʙʱʝʥʠʝ ʥʘ ʬʦʨʫʤʝ ʠʣʠ 

ʧʝʨʩʦʥʘʣʴʥʦʝ ʠ ʪ.ʧ.), ʢʘʞʜʦʤʫ ʠʟ ʥʠʭ ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ ʘʜʨʝʩ ʩʚʦʝʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʯʪʳ. 

ɺ ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʥʘʤʠ ʵʣʝʢʪʨʦʥʥʦʤ ʢʫʨʩʝ ʟʘʧʠʩʴ ʩʪʫʜʝʥʪʘ ʧʨʦʠʩʭʦʜʠʪ 

ʧʦ ʢʦʜʦʚʦʤʫ ʩʣʦʚʫ ʥʘ ʧʝʨʚʦʤ ʘʫʜʠʪʦʨʥʦʤ ʟʘʥʷʪʠʠ. ɽʩʣʠ ʢʪʦ-ʪʦ ʠʟ 

ʦʙʫʯʘʝʤʳʭ ʥʝ ʟʥʘʝʪ ʩʚʦʡ ʣʦʛʠʥ ʠ ʧʘʨʦʣʴ, ʥʝ ʠʤʝʝʪ ʠʣʠ ʥʝ ʧʦʤʥʠʪ ʩʚʦʝʛʦ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʦʯʪʦʚʦʛʦ ʷʱʠʢʘ, ʪʦ ʦʥ ʚʳʥʫʞʜʝʥ ʙʫʜʝʪ ʩʥʘʯʘʣʘ ʨʝʰʠʪʴ ʵʪʠ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʧʨʦʙʣʝʤʳ ʠ ʟʘʪʝʤ ʦʩʫʱʝʩʪʚʠʪʴ ʟʘʧʠʩʴ ʥʘ ʢʫʨʩ 
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ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʫʞʝ ʜʦʤʘ ʠʣʠ ʚ ʙʠʙʣʠʦʪʝʢʝ. ʇʨʝʧʦʜʘʚʘʪʝʣʶ ʩʠʩʪʝʤʘ 

ʦʪʧʨʘʚʠʪ ʥʘ ʵʣʝʢʪʨʦʥʥʫʶ ʧʦʯʪʫ ʩʦʦʙʱʝʥʠʝ ʦ ʩʦʩʪʦʷʚʰʝʡʩʷ ʟʘʧʠʩʠ ʥʘ ʢʫʨʩ 

ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ.  

ʇʝʨʚʘʷ ʥʝʜʝʣʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʫʨʩʘ 

ʎʝʣʴ ʧʝʨʚʦʡ ʥʝʜʝʣʠ ʦʙʫʯʝʥʠʷ ï ʟʘʧʠʩʴ ʥʘ ʢʫʨʩ ʠ ʟʥʘʢʦʤʩʪʚʦ ʩ 

ʦʩʥʦʚʥʳʤʠ ʝʛʦ ʵʣʝʤʝʥʪʘʤʠ. ɺ ʝʸ ʨʘʤʢʘʭ ʩʪʫʜʝʥʪ ʜʦʣʞʝʥ ʦʩʚʦʠʪʴ ʬʦʨʫʤ 

ʜʣʷ ʦʙʱʝʥʠʷ ʠ ʥʘʫʯʠʪʴʩʷ ʦʪʧʨʘʚʣʷʪʴ ʩʚʦʠ ʬʘʡʣʳ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʥʘ ʧʨʦʚʝʨʢʫ ʧʨʝʧʦʜʘʚʘʪʝʣʶ. ʋʯʘʩʪʥʠʢ ʢʫʨʩʘ 

ʪʘʢʞʝ ʜʦʣʞʝʥ ʦʙʷʟʘʪʝʣʴʥʦ ʟʘʧʦʣʥʠʪʴ ʩʚʦʡ ʧʨʦʬʠʣʴ, ʪ.ʝ. ʟʘʛʨʫʟʠʪʴ ʩʚʦʶ 

ʬʦʪʦʛʨʘʬʠʶ ʠʣʠ ʢʘʢʦʝ-ʥʠʙʫʜʴ ʠʟʦʙʨʘʞʝʥʠʝ ʚʤʝʩʪʦ ʥʝʸ. ʅʘʣʠʯʠʝ 

ʬʦʪʦʛʨʘʬʠʠ ʠʣʠ çʘʚʘʪʘʨʢʠè ʧʦʟʚʦʣʷʝʪ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʫʯʘʱʠʭʩʷ. 

ʆʙʷʟʘʪʝʣʴʥʦʝ ʫʯʘʩʪʠʝ ʚ ʬʦʨʫʤʝ ʧʦ ʫʢʘʟʘʥʥʦʡ ʪʝʤʝ ʦʮʝʥʠʚʘʝʪʩʷ 

ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ ʧʦ ʜʚʫʭʙʘʣʣʴʥʦʡ ʩʠʩʪʝʤʝ.  

ɺ ʩʚʦʸʤ ʦʪʚʝʪʝ ʥʘ ʟʘʜʘʥʠʝ ʢ ʧʝʨʚʦʡ ʥʝʜʝʣʝ ʢʫʨʩʘ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ʦʪʧʨʘʚʣʷʝʪ ʩʪʫʜʝʥʪʫ ʬʘʡʣ ʩ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʠʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʢʦ 

ʚʩʝʤ ʣʘʙʦʨʘʪʦʨʥʳʤ ʨʘʙʦʪʘʤ. 

ʉʦʜʝʨʞʘʥʠʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʫʨʩʘ 

ʕʣʝʢʪʨʦʥʥʳʡ ʢʫʨʩ ʩʪʨʦʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʪʠʢʠ ʧʦʩʚʷʱʸʥ ʠʟʫʯʝʥʠʶ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʝʪʦʜʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʨʝʰʝʥʠʷ ʠʥʞʝʥʝʨʥʳʭ ʟʘʜʘʯ ʚ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ. ɺ ʥʸʤ ʩʪʫʜʝʥʪʳ ʜʦʣʞʥʳ ʚʳʧʦʣʥʠʪʴ ʚʦʩʝʤʴ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʨʘʙʦʪ, ʚ ʢʦʪʦʨʳʭ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʠʤʝʨʳ ʪʘʢʠʭ ʟʘʜʘʯ, ʨʝʘʣʠʟʫʶʪʩʷ 

ʩʧʦʩʦʙʳ ʠ ʘʣʛʦʨʠʪʤʳ ʠʭ ʨʝʰʝʥʠʷ.  

ʇʝʨʚʘʷ ʣʘʙʦʨʘʪʦʨʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʯʠʩʣʝʥʥʦʤʫ ʨʝʰʝʥʠʶ 

ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ, ʢʦʪʦʨʦʝ ʥʝʦʙʭʦʜʠʤʦ 

ʦʩʫʱʝʩʪʚʠʪʴ ʪʨʝʤʷ ʤʝʪʦʜʘʤʠ: ɻʘʫʩʩʘ, ʂʨʘʤʝʨʘ ʠ ʦʙʨʘʪʥʦʡ ʤʘʪʨʠʮʳ. ɺʦ 

ʚʪʦʨʦʡ ʨʘʙʦʪʝ ʩʪʫʜʝʥʪʳ ʥʘʭʦʜʷʪ ʩʦʙʩʪʚʝʥʥʳʝ ʯʠʩʣʘ ʠ ʩʦʙʩʪʚʝʥʥʳʝ 

ʚʝʢʪʦʨʳ ʤʘʪʨʠʮʳ. ɺ ʪʨʝʪʴʝʡ ï ʨʝʰʘʶʪ ʥʝʣʠʥʝʡʥʦʝ ʘʣʛʝʙʨʘʠʯʝʩʢʦʝ 

ʫʨʘʚʥʝʥʠʝ ʥʘ ʧʨʠʤʝʨʝ ʠʥʞʝʥʝʨʥʦʡ ʟʘʜʘʯʠ ʦʧʨʝʜʝʣʝʥʠʷ ʛʣʫʙʠʥʳ ʚʦʨʦʥʢʠ 

ʨʘʟʤʳʚʘ ʚ ʨʫʩʣʝ ʨʝʢʠ ʫ ʦʧʦʨʳ ʤʦʩʪʘ. ʋʨʘʚʥʝʥʠʝ ʪʨʝʙʫʝʪʩʷ ʨʝʰʠʪʴ ʠ 

ʛʨʘʬʠʯʝʩʢʠ, ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʠʪʝʨʘʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʜʝʣʝʥʠʷ ʦʪʨʝʟʢʘ 

ʧʦʧʦʣʘʤ. ɼʘʣʝʝ, ʚ ʯʝʪʚʝʨʪʦʡ ʨʘʙʦʪʝ ʠʟʫʯʘʶʪʩʷ ʩʧʦʩʦʙʳ ʠʥʪʝʨʧʦʣʷʮʠʠ 

ʪʘʙʣʠʯʥʳʭ ʜʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʳʭ ʧʦʣʠʥʦʤʦʚ ʃʘʛʨʘʥʞʘ. ɿʜʝʩʴ 

ʨʝʰʘʝʪʩʷ ʧʨʠʢʣʘʜʥʘʷ ʟʘʜʘʯʘ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʦʪʤʝʪʦʢ ʨʝʣʴʝʬʘ ʧʦ 

ʛʦʨʠʟʦʥʪʘʣʷʤ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ ʢʘʨʪʳ ʩ ʧʦʤʦʱʴʶ ʧʦʣʠʥʦʤʘ ʃʘʛʨʘʥʞʘ 

ʧʝʨʚʦʡ ʩʪʝʧʝʥʠ. ɺ ʧʷʪʦʡ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʝ ʩʪʫʜʝʥʪʘʤ ʧʨʝʜʩʪʦʠʪ 

ʦʩʚʦʠʪʴ ʧʨʠʸʤʳ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʬʫʥʢʮʠʡ, ʟʘʜʘʥʥʳʭ ʚ ʚʠʜʝ ʪʘʙʣʠʮ, 

ʨʘʟʣʠʯʥʳʤʠ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʟʘʚʠʩʠʤʦʩʪʷʤʠ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ 

ʠʭ ʚʠʜʦʚ, ʢʦʪʦʨʳʝ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʠʥʞʝʥʝʨʥʦʡ ʧʨʘʢʪʠʢʝ. ɺ 

ʢʘʯʝʩʪʚʝ ʨʝʢʦʤʝʥʜʫʝʤʦʡ ʬʫʥʢʮʠʠ ʚʳʙʠʨʘʝʪʩʷ ʪʘ, ʢʦʪʦʨʘʷ ʜʘʸʪ 

ʥʘʠʤʝʥʴʰʫʶ ʧʦʛʨʝʰʥʦʩʪʴ ʘʧʧʨʦʢʩʠʤʘʮʠʠ. ʃʘʙʦʨʘʪʦʨʥʘʷ ʨʘʙʦʪʘ ʥʦʤʝʨ 

ʰʝʩʪʴ ʧʦʩʚʷʱʝʥʘ ʯʠʩʣʝʥʥʦʤʫ ʠʥʪʝʛʨʠʨʦʚʘʥʠʶ.  ɺ ʥʝʡ ʠʱʝʪʩʷ ʟʥʘʯʝʥʠʝ 

ʥʝʦʧʨʝʜʝʣʸʥʥʦʛʦ ʠʥʪʝʛʨʘʣʘ ʤʝʪʦʜʦʤ ʩʨʝʜʥʠʭ ʧʨʷʤʦʫʛʦʣʴʥʠʢʦʚ. ɺ ʩʝʜʴʤʦʡ 

ʠ ʚʦʩʴʤʦʡ ʨʘʙʦʪʘʭ ʠʟʫʯʘʶʪʩʷ ʩʧʦʩʦʙʳ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʦʙʳʢʥʦʚʝʥʥʳʭ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. ʉʥʘʯʘʣʘ ʤʝʪʦʜʦʤ ʈʫʥʛʝ-ʂʫʪʪʳ ʨʝʰʘʝʪʩʷ 
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ʟʘʜʘʯʘ ʂʦʰʠ ʜʣʷ ʥʝʣʠʥʝʡʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʧʝʨʚʦʛʦ 

ʧʦʨʷʜʢʘ. ɸ ʟʘʪʝʤ, ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʧʨʦʛʦʥʢʠ, ï ʢʨʘʝʚʘʷ ʟʘʜʘʯʘ ʜʣʷ 

ʣʠʥʝʡʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ. 

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʚʩʝʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʛʨʘʤʤʘ 

Excel, ʢʦʪʦʨʘʷ ʚʭʦʜʠʪ ʚ ʩʪʘʥʜʘʨʪʥʳʡ ʥʘʙʦʨ ʧʨʠʣʦʞʝʥʠʡ ʜʣʷ ʧʝʨʩʦʥʘʣʴʥʦʛʦ 

ʢʦʤʧʴʶʪʝʨʘ. ʕʪʦ ʦʙʣʝʛʯʘʝʪ ʚʳʧʦʣʥʝʥʠʝ ʩʪʫʜʝʥʪʦʤ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ 

ʨʘʙʦʪʳ ʥʘ ʣʶʙʦʤ ʨʘʙʦʯʝʤ ʤʝʩʪʝ, ʦʙʝʩʧʝʯʝʥʥʦʤ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʦʡ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʚʝʨʩʠʠ ʧʘʢʝʪʘ Excel ʧʦʟʚʦʣʷʶʪ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʜʦʚʦʣʴʥʦ 

ʩʣʦʞʥʳʝ ʘʣʛʦʨʠʪʤʳ ʠ ʩʦʟʜʘʚʘʪʴ ʧʨʦʩʪʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʧʨʦʛʨʘʤʤʳ ʜʣʷ 

ʨʝʰʝʥʠʷ ʠʥʞʝʥʝʨʥʳʭ ʟʘʜʘʯ. 

ʉʦʯʝʪʘʥʠʝ ʘʫʜʠʪʦʨʥʦʡ ʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ (ʜʦʤʘʰʥʝʡ) ʨʘʙʦʪʳ 

ʅʘ ʘʫʜʠʪʦʨʥʳʭ ʟʘʥʷʪʠʷʭ ʧʨʝʧʦʜʘʚʘʪʝʣʴ, ʧʦʣʴʟʫʷʩʴ ʚʢʣʶʯʸʥʥʦʡ ʚ 

ʵʣʝʢʪʨʦʥʥʳʡ ʢʫʨʩ ʧʨʝʟʝʥʪʘʮʠʝʡ, ʠʟʣʘʛʘʝʪ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʠ 

ʘʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ.  ʇʦʜ ʝʛʦ ʨʫʢʦʚʦʜʩʪʚʦʤ ʩʪʫʜʝʥʪʳ 

ʩʦʩʪʘʚʣʷʶʪ ʧʨʦʛʨʘʤʤʳ ʚ Excel ʠ ʦʪʣʘʞʠʚʘʶʪ ʠʭ ʥʘ ʪʝʩʪʦʚʦʤ ʧʨʠʤʝʨʝ. 

ʈʘʟʨʘʙʦʪʘʥʥʫʶ ʚ ʢʦʤʧʴʶʪʝʨʥʦʤ ʢʣʘʩʩʝ ʧʨʦʛʨʘʤʤʫ ʩʪʫʜʝʥʪ ʧʦʤʝʱʘʝʪ ʚ 

ʙʣʦʢ ʩʠʩʪʝʤʳ çʃʠʯʥʳʝ ʬʘʡʣʳè ʥʘ ʭʨʘʥʝʥʠʝ, ʧʦʩʣʝ ʯʝʛʦ ʦʥ ʤʦʞʝʪ ʝʸ 

ʩʢʘʯʘʪʴ ʦʪʪʫʜʘ ʥʘ ʣʶʙʦʡ ʜʨʫʛʦʡ ʢʦʤʧʴʶʪʝʨ, ʠʤʝʶʱʠʡ ʜʦʩʪʫʧ ʚ ʀʥʪʝʨʥʝʪ, 

ʠ ʧʨʦʜʦʣʞʠʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʫʶ ʨʘʙʦʪʫ ʩ ʥʝʡ. ɺ ʨʘʤʢʘʭ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ 

ʨʘʙʦʪʳ ʩʪʫʜʝʥʪ ʜʦʣʞʝʥ ʧʦ ʦʪʣʘʞʝʥʥʦʡ ʧʨʦʛʨʘʤʤʝ ʧʨʦʚʝʩʪʠ ʨʘʩʯʸʪʳ ʜʣʷ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʜʘʥʥʳʭ ʢ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʝ ʠʣʠ ʞʝ ʨʘʟʨʘʙʦʪʘʪʴ 

ʧʦʭʦʞʫʶ ʧʨʦʛʨʘʤʤʫ ʜʣʷ ʨʝʰʝʥʠʷ ʩʚʦʝʛʦ ʫʨʘʚʥʝʥʠʷ ʠʣʠ ʠʥʪʝʛʨʘʣʘ.  

ʆʙʱʝʥʠʝ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʢʫʨʩʝ 

ɺ ʥʘʯʘʣʝ ʢʫʨʩʘ ʠʤʝʝʪʩʷ ʩʧʝʮʠʘʣʴʥʳʡ ʨʝʩʫʨʩ ï ʬʦʨʫʤ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ 

ʦʙʲʷʚʣʝʥʠʡ ʠ ʚʝʜʝʥʠʷ ʜʠʩʢʫʩʩʠʡ. ɺ ʥʸʤ ʣʶʙʦʡ ʫʯʘʩʪʥʠʢ ʤʦʞʝʪ ʩʦʟʜʘʪʴ 

ʪʝʤʫ ʦʙʩʫʞʜʝʥʠʷ, ʟʘʜʘʪʴ ʚʦʧʨʦʩʳ ʢʦʣʣʝʛʘʤ, ʦʙʤʝʥʷʪʴʩʷ ʦʧʳʪʦʤ. ʂʘʞʜʦʝ 

ʥʦʚʦʝ ʩʦʦʙʱʝʥʠʝ, ʧʦʷʚʠʚʰʝʝʩʷ ʥʘ ʬʦʨʫʤʝ, ʦʪʦʙʨʘʞʘʝʪʩʷ ʚ ʵʣʝʢʪʨʦʥʥʦʡ 

ʧʦʯʪʝ ʚʩʝʭ ʟʘʧʠʩʘʥʥʳʭ ʫʯʘʩʪʥʠʢʦʚ ʢʫʨʩʘ. ʇʝʨʝʜ ʘʫʜʠʪʦʨʥʳʤ ʟʘʥʷʪʠʝʤ 

ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʧʠʰʝʪ ʚ ʬʦʨʫʤʝ ʧʨʠʚʝʪʩʪʚʝʥʥʳʝ ʩʣʦʚʘ ʠ ʢʨʘʪʢʦ ʦʧʦʚʝʱʘʝʪ 

ʦ ʪʝʤʝ ʥʦʚʦʛʦ ʟʘʥʷʪʠʷ. ɿʜʝʩʴ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʩʜʝʣʘʥ ʘʥʘʣʠʟ ʨʘʙʦʪʳ 

ʫʯʘʱʠʭʩʷ ʥʘ ʧʨʝʜʳʜʫʱʝʡ ʥʝʜʝʣʝ. ɽʩʣʠ ʩʪʫʜʝʥʪ ʠʣʠ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʭʦʯʝʪ 

ʧʝʨʝʜʘʪʴ ʠʥʬʦʨʤʘʮʠʶ, ʢʦʪʦʨʘʷ ʠʥʪʝʨʝʩʥʘ ʥʝ ʚʩʝʤ, ʘ ʪʦʣʴʢʦ ʢʦʥʢʨʝʪʥʦʤʫ 

ʫʯʘʩʪʥʠʢʫ ʢʫʨʩʘ, ʪʦ ʚ ʩʠʩʪʝʤʝ LMS Moodle ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʧʠʩʘʪʴ 

ʝʤʫ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʝ ʩʦʦʙʱʝʥʠʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʦʙʫʯʝʥʠʠ ʧʦ ʩʤʝʰʘʥʥʦʡ ʩʠʩʪʝʤʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʱʘʪʴʩʷ ʩ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ ʢʘʢ ʥʘ ʘʫʜʠʪʦʨʥʳʭ ʟʘʥʷʪʠʷʭ, ʪʘʢ 

ʠ ʚ ʵʣʝʢʪʨʦʥʥʦʡ ʩʠʩʪʝʤʝ ʯʝʨʝʟ ʬʦʨʫʤ ʠ ʩʦʦʙʱʝʥʠʷ.  

ʉʪʨʫʢʪʫʨʘ ʨʘʟʜʝʣʘ ʢʫʨʩʘ 

ʅʘʧʦʣʥʝʥʠʝ ʨʘʟʜʝʣʦʚ (ʥʝʜʝʣʴ) ʚʳʧʦʣʥʝʥʦ ʧʦ ʦʜʠʥʘʢʦʚʦʡ ʩʭʝʤʝ. 

ʈʘʟʜʝʣ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʵʣʝʤʝʥʪʳ: ʢʨʘʪʢʫʶ 

ʘʥʥʦʪʘʮʠʶ ʨʘʟʜʝʣʘ, ʩʪʨʘʥʠʮʫ ʢʫʨʩʘ, ʚ ʢʦʪʦʨʦʡ ʠʟʣʘʛʘʝʪʩʷ ʭʦʜ 

ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ ʠʣʠ ʝʸ ʵʪʘʧʘ (ʚʳʧʦʣʥʝʥʠʝ ʙʦʣʴʰʠʥʩʪʚʘ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ ʨʘʟʙʠʪʦ ʥʘ ʜʚʝ ʥʝʜʝʣʠ), ʚʩʪʨʦʝʥʥʫʶ ʧʨʝʟʝʥʪʘʮʠʶ ʩ 



12 

 

ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʤʘʪʝʨʠʘʣʦʤ ʧʦ ʪʝʤʝ ʨʘʟʜʝʣʘ ʠ ʠʩʧʦʣʴʟʫʝʤʳʤ ʘʣʛʦʨʠʪʤʘʤ, 

ʧʨʠʤʝʨʳ ʠʥʪʝʨʬʝʡʩʦʚ ʧʨʦʛʨʘʤʤ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʟʨʘʙʦʪʘʥʳ ʚ 

ʜʘʥʥʦʡ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʝ, ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ ʧʦ ʪʝʩʪʦʚʦʤʫ ʧʨʠʤʝʨʫ ʠ 

ʟʘʜʘʥʠʝ. ɺ ʨʘʟʜʝʣʝ ç2 ʥʝʜʝʣʷè (ʨʠʩ. 1) ʧʦʤʝʱʝʥʘ ʩʪʨʘʥʠʮʘ ʢʫʨʩʘ 

çɺʳʧʦʣʥʝʥʠʝ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ ˉ 1è, ʨʝʩʫʨʩ çɿʘʜʘʥʠʝ 2è ʠ ʜʨʫʛʠʝ 

ʤʝʪʦʜʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ. 

ʕʣʝʤʝʥʪ ʢʫʨʩʘ çʉʪʨʘʥʠʮʘ ʢʫʨʩʘè 

ʍʦʜ ʚʳʧʦʣʥʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ ʠʣʠ ʝʸ ʵʪʘʧʘ ʠʟʣʘʛʘʝʪʩʷ ʚ 

ʨʝʩʫʨʩʝ, ʥʘʟʳʚʘʝʤʦʤ çʉʪʨʘʥʠʮʘ ʢʫʨʩʘè. ʅʘ ʨʠʩ. 2 ʧʨʠʚʝʜʸʥ ʧʨʠʤʝʨ 

ʠʟʣʦʞʝʥʠʷ ʘʣʛʦʨʠʪʤʘ ʚʳʧʦʣʥʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ ˉ 6. 

 

 
ʈʠʩ. 2. ʇʨʠʤʝʨ ʠʟʣʦʞʝʥʠʷ ʘʣʛʦʨʠʪʤʘ ʚʳʧʦʣʥʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ 

 

ʕʣʝʤʝʥʪ ʢʫʨʩʘ çɿʘʜʘʥʠʝè 

ɺ ʢʦʥʮʝ ʢʘʞʜʦʡ ʥʝʜʝʣʠ ʩʦʜʝʨʞʠʪʩʷ ʩʧʝʮʠʘʣʴʥʳʡ ʵʣʝʤʝʥʪ ʢʫʨʩʘ 

çɿʘʜʘʥʠʝè, ʚ ʢʦʪʦʨʦʤ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʯʸʪʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʚʳʧʦʣʥʝʥʠʶ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʨʘʟʜʝʣʫ ʢʫʨʩʘ. ʊʘʢʞʝ 

ʫʢʘʟʳʚʘʝʪʩʷ, ʢʘʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʙʘʣʣʦʚ ʩʪʫʜʝʥʪ ʧʦʣʫʯʠʪ ʟʘ ʵʪʦ ʟʘʜʘʥʠʝ. ʅʘ 

ʨʠʩ. 3 ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʠʚʝʜʸʥ ʪʝʢʩʪ ʟʘʜʘʥʠʷ ʥʘ ʩʘʤʦʩʪʦʷʪʝʣʴʥʫʶ 

ʨʘʙʦʪʫ ʢ ʨʘʟʜʝʣʫ 1. 

 

 

ʈʠʩ. 3. ʊʝʢʩʪ ʟʘʜʘʥʠʷ ʢ ʧʝʨʚʦʤʫ ʨʘʟʜʝʣʫ 
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ɿʘʜʘʥʠʝ ʩʪʘʥʦʚʠʪʩʷ ʜʦʩʪʫʧʥʳʤ ʜʣʷ ʦʪʧʨʘʚʣʝʥʠʷ ʩʪʫʜʝʥʯʝʩʢʦʡ ʨʘʙʦʪʳ 

ʩʦ ʚʨʝʤʝʥʠ ʥʘʯʘʣʘ ʘʫʜʠʪʦʨʥʦʛʦ ʟʘʥʷʪʠʷ. ʉʠʩʪʝʤʘ ʪʘʢʞʝ ʩʦʦʙʱʘʝʪ 

ʧʦʩʣʝʜʥʠʡ ʩʨʦʢ ʩʜʘʯʠ ʟʘʜʘʥʠʷ. ɽʩʣʠ ʫʯʘʱʠʡʩʷ ʚ ʥʝʛʦ ʥʝ ʫʢʣʘʜʳʚʘʝʪʩʷ, ʪʦ 

ʜʦʩʪʫʧ ʢ ʟʘʜʘʥʠʶ ʥʝ ʟʘʢʨʳʚʘʝʪʩʷ (ʭʦʪʷ ʩʠʩʪʝʤʘ ʠ ʧʦʟʚʦʣʷʝʪ ʵʪʦ ʜʝʣʘʪʴ), ʥʦ 

ʝʤʫ ʩʦʦʙʱʘʝʪʩʷ, ʥʘ ʢʘʢʦʝ ʚʨʝʤʷ ʟʘʜʘʥʠʝ ʧʨʦʩʨʦʯʝʥʦ. ʕʪʦ ʜʠʩʮʠʧʣʠʥʠʨʫʝʪ 

ʩʪʫʜʝʥʪʦʚ, ʠ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʩʪʨʝʤʠʪʩʷ ʫʩʧʝʪʴ ʧʨʠʢʨʝʧʠʪʴ ʩʚʦʡ ʦʪʚʝʪ 

ʥʘ ʟʘʜʘʥʠʝ ʚʦʚʨʝʤʷ, ʠʥʦʛʜʘ ʟʘ ʥʝʩʢʦʣʴʢʦ ʤʠʥʫʪ ʜʦ ʦʢʦʥʯʘʥʠʷ ʦʪʚʝʜʸʥʥʦʛʦ 

ʩʨʦʢʘ. ʇʨʝʧʦʜʘʚʘʪʝʣʶ ʥʘ ʵʣʝʢʪʨʦʥʥʫʶ ʧʦʯʪʫ ʧʨʠʭʦʜʠʪ ʩʦʦʙʱʝʥʠʝ ʦʙ 

ʦʪʧʨʘʚʢʝ ʟʘʜʘʥʠʷ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʩʪʫʜʝʥʪʘ. 

ʆʪʚʝʪ ʫʯʘʱʝʛʦʩʷ ʥʘ ʟʘʜʘʥʠʝ ʢ ʨʘʟʜʝʣʫ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʦʜʠʥ ʠʣʠ ʜʚʘ 

ʬʘʡʣʘ: ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʧʨʦʛʨʘʤʤʫ ʨʘʩʯʸʪʘ ʚ ʬʦʨʤʘʪʝ Excel ʠ ʪʝʢʩʪʦʚʳʡ 

ʜʦʢʫʤʝʥʪ ʚ ʬʦʨʤʘʪʝ ʧʨʦʛʨʘʤʤʳ Word ʩ ʦʪʯʸʪʦʤ ʦ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʝ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʫʯʘʩʪʥʠʢ ʢʫʨʩʘ ʤʦʞʝʪ ʥʘʧʠʩʘʪʴ ʧʨʝʧʦʜʘʚʘʪʝʣʶ ʚ 

ʢʦʤʤʝʥʪʘʨʠʠ ʢ ʦʪʚʝʪʫ. 

ʇʦʣʴʟʦʚʘʪʝʣʶ ʢʫʨʩʘ ʜʘʸʪʩʷ ʦʜʥʘ ʧʦʧʳʪʢʘ ʜʣʷ ʦʪʧʨʘʚʢʠ ʦʪʚʝʪʘ ʥʘ 

ʟʘʜʘʥʠʝ, ʧʦʩʣʝ ʯʝʛʦ ʦʥ ʫʞʝ ʥʝ ʤʦʞʝʪ ʚʥʦʩʠʪʴ ʠʩʧʨʘʚʣʝʥʠʷ. ʇʨʝʧʦʜʘʚʘʪʝʣʴ 

ʩʢʘʯʠʚʘʝʪ ʩʪʫʜʝʥʯʝʩʢʠʝ ʦʪʚʝʪʳ ʥʘ ʩʚʦʡ ʢʦʤʧʴʶʪʝʨ, ʧʨʦʚʝʨʷʝʪ ʠʭ ʠ ʧʨʠ 

ʥʘʣʠʯʠʠ ʢʘʢʠʭ-ʣʠʙʦ ʦʰʠʙʦʢ ʠʣʠ ʥʝʜʦʨʘʙʦʪʦʢ ʚʦʟʚʨʘʱʘʝʪ ʨʘʙʦʪʫ, ʧʝʨʝʚʦʜʷ 

ʦʪʚʝʪ ʩʪʫʜʝʥʪʘ ʚ ʩʪʘʜʠʶ ʯʝʨʥʦʚʠʢʘ. ʊʦʛʜʘ ʩʪʫʜʝʥʪ ʤʦʞʝʪ ʠʩʧʨʘʚʠʪʴ 

ʦʰʠʙʢʠ ʠ ʟʘʤʝʯʘʥʠʷ ʠ ʧʦʚʪʦʨʥʦ ʦʪʧʨʘʚʠʪʴ ʩʚʦʶ ʨʘʙʦʪʫ ʥʘ ʧʨʦʚʝʨʢʫ. 

ʀʥʦʛʜʘ ʧʨʠʭʦʜʠʪʩʷ ʧʝʨʝʚʦʜʠʪʴ ʦʪʚʝʪ ʚ ʩʪʘʜʠʶ ʯʝʨʥʦʚʠʢʘ ʥʝʩʢʦʣʴʢʦ ʨʘʟ. 

ʅʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʟʘʜʘʥʠʡ ʠʟ ʩʣʝʜʫʶʱʠʭ ʨʘʟʜʝʣʦʚ 

ʘʥʘʣʦʛʠʯʥʳʝ ʦʰʠʙʢʠ ʫʞʝ ʩʪʫʜʝʥʪʦʤ ʥʝ ʜʝʣʘʶʪʩʷ.  

ɺ ʣʶʙʦʤ ʩʣʫʯʘʝ, ʧʨʠ ʚʦʟʚʨʘʱʝʥʠʠ ʨʘʙʦʪʳ ʥʘ ʜʦʨʘʙʦʪʢʫ ʠʣʠ ʧʨʠ 

ʟʘʯʪʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʟʘʜʘʥʠʷ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʦʙʷʟʘʪʝʣʴʥʦ ʧʠʰʝʪ 

ʢʦʤʤʝʥʪʘʨʠʡ ʢ ʦʪʚʝʪʫ. 

ʇʨʝʟʝʥʪʘʮʠʠ ʠ ʦʙʨʘʟʮʳ ʨʘʩʯʸʪʥʳʭ ʣʠʩʪʦʚ ʧʨʦʛʨʘʤʤʳ 

ʊʝʦʨʝʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ ʧʨʝʟʝʥʪʘʮʠʡ ʢ ʢʘʞʜʦʤʫ 

ʨʘʟʜʝʣʫ, ʩʦʜʝʨʞʘʱʠʭ ʧʦʨʷʜʢʘ 12-20 ʩʣʘʡʜʦʚ. ʊʘʢʞʝ ʚ ʢʘʞʜʦʡ 

ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʝ ʝʩʪʴ ʩʩʳʣʢʠ ʥʘ ʦʙʨʘʟʮʳ ʨʘʩʯʸʪʥʳʭ ʣʠʩʪʦʚ, 

ʚʳʧʦʣʥʝʥʥʳʭ ʚ ʧʨʦʛʨʘʤʤʝ Excel ʠ ʧʝʨʝʚʝʜʸʥʥʳʭ ʚ ʬʦʨʤʘʪ pdf (ʨʠʩ.4). 

 

  
ʈʠʩ. 4. ʆʙʨʘʟʝʮ ʨʘʩʯʸʪʥʦʛʦ ʣʠʩʪʘ ʢ ʨʘʟʜʝʣʫ çɸʧʧʨʦʢʩʠʤʘʮʠʷ ʬʫʥʢʮʠʡè 
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ʉʪʫʜʝʥʪ ʚʠʜʠʪ ʦʙʨʘʟʝʮ ʣʠʩʪʘ, ʧʦ ʢʦʪʦʨʦʤʫ ʦʥ ʜʦʣʞʝʥ ʩʦʟʜʘʪʴ 

ʧʨʦʛʨʘʤʤʫ ʨʘʩʯʸʪʘ, ʟʘʧʠʩʘʪʴ ʚ ʚʳʯʠʩʣʷʝʤʳʝ ʷʯʝʡʢʠ ʬʦʨʤʫʣʳ, ʯʪʦʙʳ 

ʨʘʩʯʸʪʳ ʧʦ ʥʠʤ ʩʦʚʧʘʣʠ ʩ ʜʘʥʥʳʤʠ ʪʝʩʪʦʚʦʛʦ ʧʨʠʤʝʨʘ. ɺ ʥʝʢʦʪʦʨʳʭ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪʘʭ ʪʘʢʞʝ ʪʨʝʙʫʝʪʩʷ ʧʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢʠ ʠ ʚʳʧʦʣʥʠʪʴ 

ʜʨʫʛʠʝ ʥʝʦʙʭʦʜʠʤʳʝ ʜʝʡʩʪʚʠʷ.  

ʉʪʝʥʛʘʟʝʪʘ 

ɺ ʟʘʚʝʨʰʝʥʠʝ ʦʙʫʯʝʥʠʷ ʩʪʫʜʝʥʪʘʤ ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʩʪʘʚʠʪʴ ʩʚʦʠ 

ʚʧʝʯʘʪʣʝʥʠʷ ʦʙ ʵʣʝʢʪʨʦʥʥʦʤ ʢʫʨʩʝ. ɼʣʷ ʵʪʦʛʦ ʚ ʝʛʦ ʧʦʩʣʝʜʥʠʡ ʨʘʟʜʝʣ ʢʫʨʩʘ 

ʚʩʪʘʚʣʝʥ ʚʥʝʰʥʠʡ ʨʝʩʫʨʩ Padlet (http://padlet.com) ï çʉʪʝʥʘè, ʥʘ ʢʦʪʦʨʦʤ 

ʫʯʘʩʪʥʠʢʠ ʢʫʨʩʘ ʧʦ ʞʝʣʘʥʠʶ ʠ ʘʥʦʥʠʤʥʦ ʤʦʛʫʪ ʨʘʟʤʝʩʪʠʪʴ ʩʚʦʠ ʟʘʧʠʩʠ. 

ʅʘ ʨʠʩ. 5 ʧʨʠʚʝʜʸʥ ʬʨʘʛʤʝʥʪ ʩʪʝʥʛʘʟʝʪʳ. 

ʆʙʫʯʝʥʠʝ ʩʯʠʪʘʝʪʩʷ ʟʘʢʦʥʯʝʥʥʳʤ, ʝʩʣʠ ʩʪʫʜʝʥʪ ʩʜʘʣ ʚʩʝ ʟʘʜʘʥʠʷ, 

ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʩʪʘʚʣʷʝʪʩʷ ʟʘʯʸʪ. ʉʨʦʢ ʦʙʫʯʝʥʠʷ ʥʘ ʵʣʝʢʪʨʦʥʥʦʤ ʢʫʨʩʝ 

ʠʩʪʝʢʘʝʪ ʚ ʢʦʥʮʝ ʩʝʩʩʠʠ. ʅʘ ʫʩʤʦʪʨʝʥʠʝ ʧʨʝʧʦʜʘʚʘʪʝʣʷ, ʤʦʞʥʦ ʧʨʦʜʣʠʪʴ 

ʥʝʫʩʧʝʚʘʶʱʝʤʫ ʩʪʫʜʝʥʪʫ ʜʦʩʪʫʧ ʢ ʢʫʨʩʫ ʠʣʠ ʘʥʥʫʣʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʝʛʦ 

ʦʙʫʯʝʥʠʷ, ʯʪʦʙʳ ʚ ʦʪʚʝʜʸʥʥʳʡ ʜʣʷ ʣʠʢʚʠʜʘʮʠʠ ʟʘʜʦʣʞʝʥʥʦʩʪʝʡ ʧʝʨʠʦʜ 

ʫʞʝ ʚ ʥʘʯʘʣʝ ʩʣʝʜʫʶʱʝʛʦ ʩʝʤʝʩʪʨʘ ʫʯʘʱʠʡʩʷ ʧʦʚʪʦʨʥʦ ʟʘʧʠʩʘʣʩʷ ʥʘ ʢʫʨʩ, 

ʧʦʣʫʯʠʣ ʥʦʚʳʝ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʠ ʧʨʦʰʸʣ ʧʦʚʪʦʨʥʦʝ ʦʙʫʯʝʥʠʝ. ʋʯʠʪʳʚʘʷ 

ʜʝʤʦʢʨʘʪʠʯʝʩʢʠʝ ʩʨʦʢʠ ʧʨʦʜʣʝʥʠʷ ʩʝʩʩʠʡ, ʧʦʚʪʦʨʥʦʝ ʦʙʫʯʝʥʠʝ ʫʩʧʝʰʥʦ 

ʙʳʣʦ ʘʧʨʦʙʠʨʦʚʘʥʦ ʠ ʜʘʣʦ ʥʝʧʣʦʭʠʝ ʨʝʟʫʣʴʪʘʪʳ. 

 

  

ʈʠʩ. 5. ʌʨʘʛʤʝʥʪ ʩʪʝʥʛʘʟʝʪʳ ʩ ʦʪʟʳʚʘʤʠ ʫʯʘʩʪʥʠʢʦʚ ʢʫʨʩʘ 
 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʦ ʠʪʦʛʘʤ ʧʨʠʤʝʥʝʥʠʷ ʩʤʝʰʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ. 

1. ʉʪʫʜʝʥʪʳ ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʦʩʧʨʠʥʠʤʘʶʪ ʠʜʝʶ ʦʙʫʯʝʥʠʷ ʧʦ 

ʩʤʝʰʘʥʥʦʡ ʩʠʩʪʝʤʝ, ʩʯʠʪʘʶʪ ʝʸ ʠʥʪʝʨʝʩʥʦʡ, ʩʦʚʨʝʤʝʥʥʦʡ ʠ ʥʝʦʙʳʯʥʦʡ. 

2. ɺʳʧʦʣʥʝʥʠʝ ʝʞʝʥʝʜʝʣʴʥʳʭ ʟʘʜʘʥʠʡ ʜʠʩʮʠʧʣʠʥʠʨʫʝʪ ʩʪʫʜʝʥʪʦʚ. 

ʆʥʠ ʜʝʣʘʶʪ ʠ ʩʜʘʶʪ ʣʘʙʦʨʘʪʦʨʥʳʝ ʨʘʙʦʪʳ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʩʝʤʝʩʪʨʘ, ʘ ʥʝ ʚ 

ʘʚʨʘʣʴʥʦʤ ʧʦʨʷʜʢʝ ʚʦ ʚʨʝʤʷ ʩʝʩʩʠʠ. 

3. ɺʳʩʪʘʚʣʝʥʠʝ ʦʛʨʘʥʠʯʝʥʠʡ ʧʦ ʚʨʝʤʝʥʠ ʥʘ ʩʨʦʢʠ ʩʜʘʯʠ ʜʦʤʘʰʥʠʭ 

ʟʘʜʘʥʠʡ ʤʦʪʠʚʠʨʫʝʪ ʙʦʣʴʰʠʥʩʪʚʦ ʩʪʫʜʝʥʪʦʚ ʥʘ ʩʚʦʝʚʨʝʤʝʥʥʫʶ ʦʪʧʨʘʚʢʫ 

ʨʘʙʦʪ ʜʣʷ ʦʮʝʥʠʚʘʥʠʷ. 

http://padlet.com/
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4. ʋ ʩʪʫʜʝʥʪʘ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʧʦʣʥʷʪʴ ʣʘʙʦʨʘʪʦʨʥʫʶ ʨʘʙʦʪʫ ʚ 

ʫʜʦʙʥʦʝ ʚʨʝʤʷ, ʧʦʩʪʦʷʥʥʦ ʦʙʱʘʷʩʴ ʩ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ ʜʠʩʪʘʥʮʠʦʥʥʦ. 

5. ʆʪʧʨʘʚʢʘ ʟʘʜʘʥʠʡ ʯʝʨʝʟ ʵʣʝʢʪʨʦʥʥʳʡ ʢʫʨʩ, ʥʝʦʜʥʦʢʨʘʪʥʳʝ 

ʚʦʟʚʨʘʱʝʥʠʷ ʦʪʚʝʪʦʚ ʥʘ ʜʦʨʘʙʦʪʢʫ ʧʨʠʫʯʘʶʪ ʩʪʫʜʝʥʪʘ ʢ ʚʥʠʤʘʪʝʣʴʥʦʤʫ 

ʧʨʦʯʪʝʥʠʶ ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʘʢʢʫʨʘʪʥʦʩʪʠ ʠ ʪʝʨʧʝʣʠʚʦʤʫ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤʫ ʚʳʧʦʣʥʝʥʠʶ ʚʩʝʭ ʪʨʝʙʦʚʘʥʠʡ ʟʘʜʘʥʠʷ. 

6. ʇʨʝʧʦʜʘʚʘʪʝʣʴ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʶ ʥʝʜʝʣʶ ʢʦʥʪʨʦʣʠʨʫʝʪ ʭʦʜ 

ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ ʠ ʥʘʭʦʜʠʪʩʷ ʚ ʧʦʩʪʦʷʥʥʦʤ ʚʠʨʪʫʘʣʴʥʦʤ ʢʦʥʪʘʢʪʝ ʩʦ 

ʩʪʫʜʝʥʪʘʤʠ.  

7. ʈʘʙʦʪʘ ʥʘʜ ʦʰʠʙʢʘʤʠ, ʨʘʟʚʠʪʠʝ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʢʫʨʩʘ 

ʤʦʪʠʚʠʨʫʝʪ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʥʘ ʪʚʦʨʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʨʘʟʣʠʯʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʧʦʠʩʢ ʥʦʚʳʭ ʬʦʨʤ ʚ ʧʨʝʧʦʜʘʚʘʥʠʠ.  

ʂ ʦʩʥʦʚʥʦʤʫ ʥʝʜʦʩʪʘʪʢʫ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʣʠʯʥʦʛʦ ʚʨʝʤʝʥʠ ʧʨʝʧʦʜʘʚʘʪʝʣʷ.  

 
ʀʉʉʃɽɼʆɺɸʅʀɽ ʇɸʈɸʄɽʊʈʆɺ ʇʆʈʗɼʂɸ ʀʅʊɽʈʄɽʊɸʃʃʀɼʆɺ 

ʇʈʀ ʅɸʃʀʏʀʀ ɸʅʊʀʌɸɿʅʓʍ ɻʈɸʅʀʎ ʈɸɿʃʀʏʅʆʁ ʇʃʆʑɸɼʀ 

ɽ.ɸ. ɼʫʜʥʠʢ, ʄ.ʉ. ʂʦʞʝʚʷʪʦʚ 

ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ)  

ʌɻɹʆʋ ɺʆ çɸʣʪʘʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘè 
 

ɸʥʥʦʪʘʮʠʷ. ʀʩʩʣʝʜʦʚʘʣʦʩʴ ʚʣʠʷʥʠʝ ʘʥʪʠʬʘʟʥʳʭ ʛʨʘʥʠʮ ʨʘʟʣʠʯʥʦʡ ʧʣʦʱʘʜʠ ʥʘ 

ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʧʦʨʷʜʢʘ ʚ ʧʨʦʮʝʩʩʝ ʪʝʨʤʦʘʢʪʠʚʘʮʠʠ ʥʘ ʧʨʠʤʝʨʝ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘ 

Ni3Al. ʂʦʤʧʴʶʪʝʨʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʚʳʧʦʣʥʝʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʄʦʥʪʝ-ʂʘʨʣʦ. 

ʇʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʦʨʷʜʢʘ ʚ ʦʙʨʘʟʮʝ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʘ ʧʨʠ ʚʚʝʜʝʥʠʠ ʚ ʥʝʛʦ ʘʥʪʠʬʘʟʥʳʭ ʛʨʘʥʠʮ ʨʘʟʣʠʯʥʦʡ ʧʣʦʱʘʜʠ ʚ 

ʧʨʦʮʝʩʩʝ ʥʘʛʨʝʚʘʥʠʷ ʠ ʦʭʣʘʞʜʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʮʝʩʩ ʫʧʦʨʷʜʦʯʝʥʠʷ, ʧʘʨʘʤʝʪʨʳ ʜʘʣʴʥʝʛʦ ʠ 

ʙʣʠʞʥʝʛʦ ʧʦʨʷʜʢʘ, ʠʥʪʝʨʤʝʪʘʣʣʠʜʳ, ʘʥʪʠʬʘʟʥʳʝ ʛʨʘʥʠʮʳ, ʤʝʪʦʜ ʄʦʥʪʝ-

ʂʘʨʣʦ 

 

STUDY OF ORDER PARAMETERS OF INTERMETALLIC 

COMPOUNDS IN THE PRESENCE OF ANTIPHASE BOUNDARIES OF 

DIFFERENT AREA.  

E. A. Dudnik, M. S. Kozhevatov 

Rubtsovsk Industrial Institute (branch) Polzunov Altai State ʊechnical 

University 
 

Abstract. The influence of antiphase boundaries of different area to change the order 

parameters in the process of thermoactivation on the example of the intermetallic compound 

Ni3Al. A computer experiment was performed using the method of Monte Carlo. A 

comparative analysis of changes in the order parameters in the sample of the intermetallic 

compound when administered in antiphase boundaries of different area in the process of 

heating and cooling.. 

Keywords: the process of ordering the parameters near and far order, 

intermetallics, antiphase boundaries, Monte-Carlo 



16 

 

ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ ʘʪʦʤʥʦʤ ʫʨʦʚʥʝ ʧʦʟʚʦʣʷʝʪ ʣʫʯʰʝ ʧʦʥʷʪʴ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʩʚʷʟʘʥʥʳʝ ʩʦ ʩʪʨʫʢʪʫʨʥʦ-

ʬʘʟʦʚʳʤʠ ʧʝʨʝʭʦʜʘʤʠ ʚ ʫʧʦʨʷʜʦʯʠʚʘʶʱʠʭʩʷ ʩʧʣʘʚʘʭ ʠʣʠ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʘʭ [1]. ɺʩʝ ʘʥʦʤʘʣʠʠ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʤʘʪʝʨʠʘʣʦʚ ʚ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʦʙʣʘʩʪʷʭ ʦʢʦʣʦʬʘʟʥʳʭ ʧʝʨʝʭʦʜʦʚ ʩʚʷʟʘʥʳ ʩ 

ʥʘʣʠʯʠʝʤ ʜʝʬʝʢʪʦʚ. ʇʨʦʮʝʩʩ ʫʧʦʨʷʜʦʯʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ ʩʪʨʫʢʪʫʨʥʳʤ 

ʦʩʦʙʝʥʥʦʩʪʷʤ ʠ ʩʚʦʡʩʪʚʘʤ ʤʘʪʝʨʠʘʣʘ. ɼʚʠʞʫʱʝʡ ʩʠʣʦʡ ʩʪʨʫʢʪʫʨʥʦ-

ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʚ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘʭ ʷʚʣʷʝʪʩʷ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʷ 

ʘʥʪʠʬʘʟʥʳʭ ʛʨʘʥʠʮ, ʟʘ ʩʯʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʦʡ ʵʥʝʨʛʠʠ ʦʙʨʘʟʦʚʘʥʠʷ 

ʜʘʥʥʦʛʦ ʜʝʬʝʢʪʘ. ɺ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘʭ ʚʦʟʤʦʞʥʳ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʳʝ 

ʧʝʨʝʭʦʜʳ ʧʨʠ ʤʘʣʳʭ ʠʟʤʝʥʝʥʠʷʭ ʚʥʝʰʥʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʠʥʪʝʨʤʝʪʘʣʣʠʜʳ 

ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɺ ʢʘʯʝʩʪʚʝ 

ʤʦʜʝʣʴʥʦʛʦ ʩʧʣʘʚʘ ʙʳʣ ʚʳʙʨʘʥ ʠʥʪʝʨʤʝʪʘʣʣʠʜ Ni3Al  [2].  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʟʘʥʠʤʘʝʤʦʡ 

ʧʣʦʱʘʜʠ ʘʥʪʠʬʘʟʥʳʭ ʛʨʘʥʠʮ ʥʘ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʚ ʧʨʦʮʝʩʩʝ 

ʥʘʛʨʝʚʘʥʠʷ ʠ ʦʭʣʘʞʜʝʥʠʷ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘ. 

ʄʝʪʦʜʠʢʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʚ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘʭ ʩ 

ʘʥʪʠʬʘʟʥʳʤʠ ʛʨʘʥʠʮʘʤʠ ʙʳʣ ʧʨʦʚʝʜʝʥ ʢʦʤʧʴʶʪʝʨʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ ʯʘʩʪʠʮ ʤʝʪʦʜʦʤ ʄʦʥʪʝ ʂʘʨʣʦ [3-5]. 

ɸʪʦʤʳ ʙʠʥʘʨʥʦʛʦ ʩʧʣʘʚʘ Ni3Al  ʨʘʟʤʝʱʝʥʳ ʚ ɻʎʂ ʨʝʰʝʪʢʝ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʚʝʨʭʩʪʨʫʢʪʫʨʦʡ L12. ʈʘʟʤʝʨ ʢʨʠʩʪʘʣʣʘ ʩʦʩʪʘʚʣʷʝʪ: 

36ʭ36ʭ36 (186624) ʘʪʦʤʦʚ, ʥʘ ʛʨʘʥʠʮʳ ʙʣʦʢʘ ʥʘʢʣʘʜʳʚʘʶʪʩʷ 

ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ. ʇʘʨʘʤʝʪʨ ʨʝʰʝʪʢʠ 3,54¡ ʭʦʨʦʰʦ 

ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ [6]. 

ɸʥʪʠʬʘʟʥʘʷ ʛʨʘʥʠʮʘ ʷʚʣʷʝʪʩʷ ʨʘʟʜʝʣʦʤ ʜʚʫʭ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʬʘʟ, ʚ 

ʤʦʜʝʣʠ ʯʘʩʪʠʮ ʘʥʪʠʬʘʟʥʘʷ ʛʨʘʥʠʮʘ ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʧʦʩʨʝʜʩʪʚʦʤ 

ʫʧʦʨʷʜʦʯʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʦʯʝʯʥʳʭ ʜʝʬʝʢʪʦʚ ʟʘʤʝʱʝʥʠʷ [7] (ʨʠʩ.1). 

 

 
ʈʠʩ.1. ʂʘʨʪʠʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʪʦʤʦʚ, ʦʙʨʘʟʫʶʱʠʭ ʘʥʪʠʬʘʟʥʳʝ ʛʨʘʥʠʮʳ 

 

ʄʝʞʘʪʦʤʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʟʘʜʘʚʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʧʘʨʥʳʭ 

ʧʦʪʝʥʮʠʘʣʦʚ ʄʦʨʟʝ ʩ ʫʯʝʪʦʤ ʧʷʪʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʬʝʨ, ʧʘʨʘʤʝʪʨʳ 
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ʧʦʪʝʥʮʠʘʣʘ ʧʦʣʫʯʝʥʳ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ ʘʧʨʦʙʠʨʦʚʘʥʳ ʥʘ 

ʨʘʩʯʝʪʝ ʩʪʨʫʢʪʫʨ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʣʦʩʢʠʭ ʜʝʬʝʢʪʦʚ [8]. 

ɼʣʷ ʘʢʪʠʚʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʜʠʬʬʫʟʠʠ ʚ ʢʨʠʩʪʘʣʣ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ 

ʚʚʦʜʠʣʘʩʴ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʘʢʘʥʩʠʡ, ʨʘʚʥʘʷ 5,35Ŀ10
-6
. ʉʦʩʪʦʷʥʠʝ ʩʧʣʘʚʘ 

ʠʟʤʝʥʷʣʦʩʴ ʚ ʜʠʩʢʨʝʪʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ, ʟʘ ʦʜʥʫ ʠʪʝʨʘʮʠʶ ʧʨʠʥʠʤʘʣʩʷ 

ʦʜʠʥ ʘʢʪ ʩʘʤʦʜʠʬʬʫʟʠʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʝʨʝʩʢʦʢʫ ʘʪʦʤʘ ʚ ʚʘʢʘʥʪʥʳʡ 

ʫʟʝʣ. ʇʨʠ ʢʘʞʜʦʡ ʠʪʝʨʘʮʠʠ ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʚʝʨʦʷʪʥʦʩʪʴ ʧʝʨʝʩʢʦʢʘ ʥʘ 

ʤʝʩʪʦ ʚʘʢʘʥʩʠʠ ʙʣʠʞʘʡʰʝʛʦ ʠʣʠ ʥʘʭʦʜʷʱʝʛʦʩʷ ʚʦ ʚʪʦʨʦʤ ʩʦʩʝʜʩʪʚʝ ʢ 

ʚʘʢʘʥʪʥʦʤʫ ʫʟʣʫ ʘʪʦʤʘ i. ɺʝʨʦʷʪʥʦʩʪʴ ʧʝʨʝʩʢʦʢʘ ʘʪʦʤʘ ʥʘ ʤʝʩʪʦ ʚʘʢʘʥʩʠʠ 

ʦʧʨʝʜʝʣʷʣʘʩʴ ʢʘʢ 

kT

EEE

i

i
k

i
ʥ

eAP
))((

1
min -+

-= , )min(
min

i

k

i

n
EEE -= , 1 Ò i Ò M,                     (1) 

ʛʜʝ 
i

n
E ï ʵʥʝʨʛʠʷ ʘʪʦʤʘ ʚ ʥʘʯʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ,  i

k
E ï ʵʥʝʨʛʠʷ ʪʦʛʦ ʞʝ ʘʪʦʤʘ 

ʧʦʩʣʝ ʧʝʨʝʩʢʦʢʘ ʥʘ ʤʝʩʪʦ ʚʘʢʘʥʩʠʠ, k ï ʧʦʩʪʦʷʥʥʘʷ ɹʦʣʴʮʤʘʥʘ, ʊ ï 

ʪʝʤʧʝʨʘʪʫʨʘ, A ï ʥʦʨʤʠʨʦʚʦʯʥʳʡ ʤʥʦʞʠʪʝʣʴ, M ï ʢʦʣʠʯʝʩʪʚʦ ʩʦʩʝʜʝʡ ʥʘ 

ʜʚʫʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʬʝʨʘʭ. 

ʂʦʥʬʠʛʫʨʘʮʠʦʥʥʘʷ ʵʥʝʨʛʠʷ ʢʨʠʩʪʘʣʣʘ ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʧʦ ʩʣʝʜʫʶʱʝʡ 

ʬʦʨʤʫʣʝ:  

ää= =
-=

N

i

M

j ji
rrE

1 1
)(

2

1
j ,                                                                         (2) 

ʛʜʝ (
i

r -
j

r ) ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʘʪʦʤʘʤʠ i ʠ j, N ï ʢʦʣʠʯʝʩʪʚʦ ʘʪʦʤʦʚ ʚ 

ʢʨʠʩʪʘʣʣʝ. 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ/ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʘʨʘʤʝʪʨʳ ʙʣʠʞʥʝʛʦ ʠ ʜʘʣʴʥʝʛʦ ʧʦʨʷʜʢʘ [1]. 

ɼʘʣʴʥʠʡ ʧʦʨʷʜʦʢ h ð ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʴ ʚʦ ʚʟʘʠʤʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ 

ʘʪʦʤʦʚ ʚʦ ʚʩʝʤ ʢʨʠʩʪʘʣʣʝ. ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʣʝʜʫʶʱʘʷ 

ʬʦʨʤʫʣʘ: 

,kph -=
                                                                                                                    

(3) 

ʛʜʝ p ï ʜʦʣʷ ʧʨʘʚʠʣʴʥʦ ʩʪʦʷʱʠʭ ʘʪʦʤʦʚ  ʦʜʥʦʛʦ ʩʦʨʪʘ, k - ʜʦʣʷ  

ʥʝʧʨʘʚʠʣʴʥʦ ʩʪʦʷʱʠʭ ʘʪʦʤʦʚ ʦʜʥʦʛʦ ʩʦʨʪʘ.  

ɺ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʤ ʩʧʣʘʚʝ hŸ0, ʚ ʫʧʦʨʷʜʦʯʝʥʥʦʤ h=1, ʜʦʣʷ 

ʧʨʘʚʠʣʴʥʦ ʩʪʦʷʱʠʭ ʘʪʦʤʦʚ ʙʦʣʴʰʝ ʚ ʫʧʦʨʷʜʦʯʝʥʥʦʤ ʢʨʠʩʪʘʣʣʝ. 

ɹʣʠʞʥʠʡ ʧʦʨʷʜʦʢ ð ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʴ ʚʦ ʚʟʘʠʤʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ 

ʘʪʦʤʦʚ, ʩʦʠʟʤʝʨʠʤʳʭ ʩ ʨʘʩʩʪʦʷʥʠʷʤʠ ʤʝʞʜʫ ʘʪʦʤʘʤʠ, ʚ ʙʣʠʞʘʡʰʠʭ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʬʝʨʘʭ. ɺ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʩʧʣʘʚʘ ʧʘʨʘʤʝʪʨ 

ʙʣʠʞʥʝʛʦ ʧʦʨʷʜʢʘ ʙʦʣʴʰʝ ʥʫʣʷ, ʚ ʫʧʦʨʷʜʦʯʝʥʥʦʤ ʧʘʨʘʤʝʪʨ ʙʣʠʞʥʝʛʦ 

ʧʦʨʷʜʢʘ ʚ ɻʎʂ ʨʝʰʝʪʢʝ ʨʘʚʝʥ ï0,333. ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʩʣʝʜʫʶʱʘʷ ʬʦʨʤʫʣʘ: 

sba
nCɁC

s
-=1s ,                                                                               (4) 

ʛʜʝ S ï ʯʠʩʣʦ ʩʚʷʟʝʡ ʨʘʟʥʦʩʦʨʪʥʳʭ ʘʪʦʤʦʚ Ni ïAl  ʚ ʢʨʠʩʪʘʣʣʝ,  N ï ʦʙʱʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʘʪʦʤʦʚ ʚ ʢʨʠʩʪʘʣʣʝ, Ca ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʪʦʤʦʚ Ni ʚ ʢʨʠʩʪʘʣʣʝ, 



18 

 

Cb ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʪʦʤʦʚ Al ʚ ʢʨʠʩʪʘʣʣʝ, ns ï ʢʦʣʠʯʝʩʪʚʦ ʤʝʩʪ ʚ i-ʪʦʡ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ. 

ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʫʧʦʨʷʜʦʯʝʥʠʷ ʘʪʦʤʦʚ ʚ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʝ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʩʣʝʜʫʶʱʠʤʠ ʥʘʯʘʣʴʥʳʤʠ 

ʢʦʥʬʠʛʫʨʘʮʠʷʤʠ: ʠʜʝʘʣʴʥʦʛʦ ʢʨʠʩʪʘʣʣʘ, ʢʨʠʩʪʘʣʣʦʚ ʩ ʘʥʪʠʬʘʟʥʳʤʠ 

ʛʨʘʥʠʮʘʤʠ, ʟʘʥʠʤʘʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʣʝʛʘʥʠʷ. 

ʕʢʩʧʝʨʠʤʝʥʪ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʩʪʝʧʝʥʥʦʤ ʥʘʛʨʝʚʝ ʢʨʠʩʪʘʣʣʦʚ ʩ 

ʨʘʟʥʳʤʠ ʥʘʯʘʣʴʥʳʤʠ ʢʦʥʬʠʛʫʨʘʮʠʷʤʠ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 1800ʂ ʠ 

ʦʭʣʘʞʜʝʥʠʠ ʠʭ ʜʦ 200ʂ. ɼʣʠʪʝʣʴʥʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩʦʩʪʘʚʣʷʣʘ 263Ŀ10
7
 

ʠʪʝʨʘʮʠʡ. ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʘʥʘʣʠʟʠʨʦʚʘʣʘʩʴ 

ʜʦʤʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʨʠʩʪʘʣʣʦʚ, ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʧʘʨʘʤʝʪʨʳ ʧʦʨʷʜʢʘ, 

ʩʪʨʫʢʪʫʨʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.  

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʟʦʙʨʘʞʝʥʠʷ ʜʦʤʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʩʧʣʘʚʘ 

Ni3Al ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

 

ʊʘʙʣʠʮʘ 1 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʊ,ʂ ʀʜʝʘʣʴʥʳʡ 

ʢʨʠʩʪʘʣʣ 

ʂʨʠʩʪʘʣʣ ʩ 1 

ɸʌɻ 

ʂʨʠʩʪʘʣʣ ʩ 2 

ɸʌɻ 

ʂʨʠʩʪʘʣʣ ʩ 4 

ɸʌɻ 

ʅʘʛʨʝʚ  
400 

 
 

 
 

1200 

 

 

   
1600 

 

  
 

 

 

  



19 

 

ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 1 

ʊ,ʂ ʀʜʝʘʣʴʥʳʡ 

ʢʨʠʩʪʘʣʣ 

ʂʨʠʩʪʘʣʣ ʩ 1 

ɸʌɻ 

ʂʨʠʩʪʘʣʣ ʩ 2 

ɸʌɻ 

ʂʨʠʩʪʘʣʣ ʩ 4 

ɸʌɻ 

 ʆʭʣʘʞʜʝʥʠʝ 
600 

 

  
 

1200 

 
  

 

 

ʎʚʝʪʦʚʦʝ ʦʙʦʟʥʘʯʝʥʠʝ, ʠʩʧʦʣʴʟʫʝʤʦʝ ʚ ʪʘʙʣʠʮʝ 1: ʯʝʨʥʳʡ ʮʚʝʪ ï 

ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʘʷ ʦʙʣʘʩʪʴ, ʜʨʫʛʠʝ ʮʚʝʪʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʫʧʦʨʷʜʦʯʝʥʥʦʡ 

ʦʙʣʘʩʪʠ (ʜʦʤʝʥʘʤ)  

 

ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 200-400ʂ ʥʘʯʘʣʴʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʦʭʨʘʥʠʣʠʩʴ ʚʦ 

ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʠʟʤʝʥʝʥʠʷ ʢʦʥʬʠʛʫʨʘʮʠʠ ʘʪʦʤʦʚ ʧʦʯʪʠ ʥʝ 

ʧʨʦʠʩʭʦʜʠʪ. ʇʨʠ ʊ=600-800ʂ ʧʨʦʠʩʭʦʜʠʪ ʧʦʷʚʣʝʥʠʝ ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʭ 

ʪʦʯʝʯʥʳʭ ʜʝʬʝʢʪʦʚ ʟʘʤʝʱʝʥʠʷ ʚʙʣʠʟʠ ʘʥʪʠʬʘʟʥʳʭ ʛʨʘʥʠʮ, ʧʨʠ ʵʪʦʤ ʫ 

ʢʨʠʩʪʘʣʣʘ ʩ ʯʝʪʳʨʴʤʷ ɸʌɻ ʵʪʠʭ ʦʙʣʘʩʪʝʡ ʙʦʣʴʰʝ, ʚ ʠʜʝʘʣʴʥʦʤ ʢʨʠʩʪʘʣʣʝ 

ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ ʩʫʱʝʩʪʚʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ. ʇʨʠ ʊ=1000-1200ʂ ʧʨʦʜʦʣʞʘʣʠ 

ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʝ ʦʙʣʘʩʪʠ ʚʜʦʣʴ ʘʥʪʠʬʘʟʥʳʭ ʛʨʘʥʠʮ, ʚ 

ʠʜʝʘʣʴʥʦʤ ʢʨʠʩʪʘʣʣʝ ʧʦʷʚʣʷʶʪʩʷ ʤʘʣʦʨʘʟʤʝʨʥʳʝ ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʝ 

ʦʙʣʘʩʪʠ ʚ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʷʭ ʢʨʠʩʪʘʣʣʘ. ʇʨʠ ʊ=1600ʂ ʤʘʣʦʨʘʟʤʝʨʥʳʝ 

ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʳʝ ʦʙʣʘʩʪʠ ʧʦʷʚʣʷʶʪʩʷ ʧʦ ʚʩʝʤʫ ʢʨʠʩʪʘʣʣʫ, ʪʘʢʞʝ 

ʧʦʷʚʣʷʶʪʩʷ ʦʢʦʣʦ ʘʥʪʠʬʘʟʥʳʭ ʛʨʘʥʠʮ ʤʘʣʦʨʘʟʤʝʨʥʳʝ ʜʦʤʝʥʳ ʜʨʫʛʠʭ 

ʪʠʧʦʚ, ʫ ʢʨʠʩʪʘʣʣʘ ʩ ʜʚʫʤʷ ʛʨʘʥʠʮʘʤʠ ʠʭ ʥʝʤʥʦʛʦ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʜʨʫʛʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ. ʇʨʠ ʊ=1800ʂ ʚʩʝ ʢʨʠʩʪʘʣʣʳ ʧʦʣʥʦʩʪʴʶ ʨʘʟʫʧʦʨʷʜʦʯʝʥʳ. 

ʇʨʦʮʝʩʩ ʦʭʣʘʞʜʝʥʠʷ ʧʨʦʠʟʚʸʣ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʥʘ ʜʦʤʝʥʥʫʶ 

ʩʪʨʫʢʪʫʨʫ ʢʨʠʩʪʘʣʣʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1200ʂ, ʚʦ ʚʩʝʭ ʢʨʠʩʪʘʣʣʘʭ 

ʧʦʷʚʠʣʠʩʴ ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʝ ʦʙʣʘʩʪʠ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 800 - 200ʂ 

ʜʦʤʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʥʝ ʠʟʤʝʥʷʣʘʩʴ ʚʦ ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ. 

 

 

  



20 

 

1 ɸʌɻ 2 ɸʌɻ 4 ɸʌɻ 

   

ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʡ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʦʡ ʵʥʝʨʛʠʠ ʢʨʠʩʪʘʣʣʘ 

ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 2, ʥʘʯʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʦʡ 

ʵʥʝʨʛʠʠ ʢʨʠʩʪʘʣʣʘ ʟʘʚʠʩʷʪ ʦʪ ʥʘʯʘʣʴʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ. ʅʘʠʙʦʣʴʰʫʶ 

ʥʘʯʘʣʴʥʫʶ ʵʥʝʨʛʠʶ ʠʤʝʝʪ ʢʨʠʩʪʘʣʣ ʩ ʯʝʪʳʨʴʤʷ ʛʨʘʥʠʮʘʤʠ, ʘ ʥʘʠʤʝʥʴʰʫʶ 

ï ʠʜʝʘʣʴʥʳʡ ʢʨʠʩʪʘʣʣ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1600ʂ ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʦʝ 

ʧʦʚʳʰʝʥʠʝ ʵʥʝʨʛʠʠ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1800ʂ ʵʥʝʨʛʠʷ ʢʨʠʩʪʘʣʣʘ ʦʜʠʥʘʢʦʚʘ 

ʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʥʘʯʘʣʴʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ. 

ɺ ʧʨʦʮʝʩʩʝ ʦʭʣʘʞʜʝʥʠʷ ʧʨʠ ʊ=1200ʂ ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʦʝ ʧʦʥʠʞʝʥʠʝ 

ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʦʡ ʵʥʝʨʛʠʠ. 

 

1 ɸʌɻ 2 ɸʌɻ 4 ɸʌɻ 

   

ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ ʧʘʨʘʤʝʪʨʘ ʜʘʣʴʥʝʛʦ ʧʦʨʷʜʢʘ ʢʨʠʩʪʘʣʣʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 3 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 200-600ʂ ʜʘʣʴʥʠʡ ʧʦʨʷʜʦʢ 

ʥʝ ʥʘʨʫʰʘʝʪʩʷ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʊ=800ʂ ʜʘʣʴʥʠʡ ʧʦʨʷʜʦʢ ʠʟʤʝʥʠʣʩʷ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʫ ʢʨʠʩʪʘʣʣʘ ʩ ʯʝʪʳʨʴʤʷ ʛʨʘʥʠʮʘʤʠ ʠʤʝʝʪʩʷ ʥʘʠʙʦʣʴʰʝʝ 

ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʘ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʊ=1200ʂ-1600ʂ ʧʨʦʠʩʭʦʜʠʪ 

ʙʦʣʴʰʦʝ ʠʟʤʝʥʝʥʠʝ ʜʘʣʴʥʝʛʦ ʧʦʨʷʜʦʢ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʊ=1800ʂ ʚʦ ʚʩʝʭ 

ʢʦʥʬʠʛʫʨʘʮʠʷʭ ʢʨʠʩʪʘʣʣʘ ʜʘʣʴʥʠʡ ʧʦʨʷʜʦʢ ʤʝʥʴʰʝ ʥʫʣʷ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ 

ʧʦʣʥʦʤ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʠ ʢʨʠʩʪʘʣʣʦʚ. 

ʇʦʩʣʝ ʧʨʦʮʝʩʩʘ ʦʭʣʘʞʜʝʥʠʷ ʫ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠʤʝʶʪʩʷ ʨʘʟʣʠʯʥʳʝ 

ʧʦʢʘʟʘʪʝʣʠ ʧʘʨʘʤʝʪʨʘ ʜʘʣʴʥʝʛʦ ʧʦʨʷʜʢʘ, ʪʘʢ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʧʘʨʘʤʝʪʨʘ ʫ ʢʨʠʩʪʘʣʣʘ ʩ 1 ʛʨʘʥʠʮʝʡ, ʤʘʢʩʠʤʘʣʴʥʦʝ ʫ ʢʨʠʩʪʘʣʣʘ ʩ 4 

ʛʨʘʥʠʮʘʤʠ. 
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1 ɸʌɻ 2 ɸʌɻ 4 ɸʌɻ 

   

ʈʠʩ. 4. ɿʘʚʠʩʠʤʦʩʪʴ ʧʘʨʘʤʝʪʨʘ ʙʣʠʞʥʝʛʦ ʧʦʨʷʜʢʘ ʢʨʠʩʪʘʣʣʘ  

ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 4, ʧʘʨʘʤʝʪʨ ʥʝʦʜʠʥʘʢʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʥʘʯʘʣʴʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ. ɼʣʷ ʠʜʝʘʣʴʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʧʨʠ ʊ=200ʂ ʧʘʨʘʤʝʪʨ 

ʙʣʠʞʥʝʛʦ ʧʦʨʷʜʢʘ ʧʨʠʥʠʤʘʝʪ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ, ʘ ʜʣʷ ʢʨʠʩʪʘʣʣʘ ʩ 4 

ɸʌɻ ï ʥʘʠʙʦʣʴʰʝʝ. ʋ ʚʩʝʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʢʨʠʩʪʘʣʣʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʊ=200-600ʂ ʥʘʙʣʶʜʘʝʪʩʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʘʨʘʤʝʪʨʘ. ʇʨʠ ʊ=1600ʂ 

ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʦʝ ʚʦʟʨʘʩʪʘʥʠʝ ʧʘʨʘʤʝʪʨʘ ʙʣʠʞʥʝʛʦ ʧʦʨʷʜʢʘ. 

ʇʦʩʣʝ ʧʨʦʮʝʩʩʘ ʦʭʣʘʞʜʝʥʠʷ ʦʧʨʝʜʝʣʝʥʳ ʧʦʢʘʟʘʪʝʣʠ ʧʘʨʘʤʝʪʨʘ 

ʙʣʠʞʥʝʛʦ ʧʦʨʷʜʢʘ, ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʢʨʠʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʊ=1200ʂ 

ʧʘʨʘʤʝʪʨ ʙʣʠʞʥʝʛʦ ʧʦʨʷʜʢʘ ʠʟʤʝʥʷʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1800ʂ 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʥʘʯʘʣʴʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʢʨʠʩʪʘʣʣ ʧʦʣʥʦʩʪʴʶ 

ʨʘʟʫʧʦʨʷʜʦʯʝʥ, ʧʘʨʘʤʝʪʨʳ ʧʦʨʷʜʢʘ ʦʪʢʣʦʥʷʶʪʩʷ ʦʪ ʧʦʩʪʦʷʥʥʦʛʦ ʟʥʘʯʝʥʠʷ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ. 

ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʧʝʨʚʳʝ ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʝ ʦʙʣʘʩʪʠ ʚʩʝʛʜʘ ʧʦʷʚʣʷʶʪʩʷ 

ʚʙʣʠʟʠ ʘʥʪʠʬʘʟʥʳʭ ʛʨʘʥʠʮ, ʯʪʦ ʚʣʠʷʝʪ ʥʘ ʩʥʠʞʝʥʠʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ 

ʜʘʣʴʥʝʛʦ ʧʦʨʷʜʢʘ. ɺʙʣʠʟʠ ʪʝʤʧʝʨʘʪʫʨʳ 1600ʂ ʧʨʦʠʩʭʦʜʠʪ ʩʪʨʫʢʪʫʨʥʦ-

ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʘʨʘʤʝʪʨʳ ʧʦʨʷʜʢʘ ʨʝʟʢʦ ʠʟʤʝʥʷʶʪ ʩʚʦʝ 

ʟʥʘʯʝʥʠʝ.  

ɺ ʧʨʦʮʝʩʩʝ ʦʭʣʘʞʜʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʥʠʞʝ 1600ʂ, ʢʨʠʩʪʘʣʣ ʧʦʣʥʦʩʪʴʶ ʥʝ ʫʧʦʨʷʜʦʯʠʚʘʣʩʷ, 

ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʢʨʫʧʥʳʝ ʜʦʤʝʥʳ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ. ʋ ʢʨʠʩʪʘʣʣʦʚ ʩ 

ʘʥʪʠʬʘʟʥʳʤʠ ʛʨʘʥʠʮʘʤʠ ʙʦʣʴʰʝʡ ʧʣʦʱʘʜʠ ʧʘʨʘʤʝʪʨ ʜʘʣʴʥʝʛʦ ʧʦʨʷʜʢʘ 

ʚʳʰʝ, ʯʝʤ ʚ ʢʨʠʩʪʘʣʣʝ ʙʝʟ ʛʨʘʥʠʮ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʙʦʣʴʰʦʡ ʚʢʣʘʜ 

ʘʥʪʠʬʘʟʥʳʭ ʛʨʘʥʠʮ ʚ ʧʨʦʮʝʩʩ ʫʧʦʨʷʜʦʯʝʥʠʷ ʢʨʠʩʪʘʣʣʘ.  
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ʄɽʊʆɼ ʅɽʕʊɸʃʆʅʅʆʁ ʆʎɽʅʂʀ ʂɸʏɽʉʊɺɸ ʎʀʌʈʆɺʓʍ 
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ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ 
 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ 

ʮʠʬʨʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ. ʀʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʥʝʵʪʘʣʦʥʥʦʡ ʦʮʝʥʢʠ, ʧʦʟʚʦʣʷʶʱʠʡ 

ʤʘʢʩʠʤʠʟʠʨʦʚʘʪʴ ʪʦʯʥʦʩʪʴ ʧʦʣʫʯʘʝʤʦʡ ʦʮʝʥʢʠ. ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʥʘ ʚʩʝʭ ʫʩʪʨʦʡʩʪʚʘʭ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ Windows 10. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʵʪʘʣʦʥʥʘʷ ʦʮʝʥʢʘ, ʮʠʬʨʦʚʘʷ ʦʙʨʘʙʦʪʢʘ, 

ʢʘʯʝʩʪʚʦ ʠʟʦʙʨʘʞʝʥʠʷ, ʤʝʨʘ ʩʞʘʪʠʷ, ʯʸʪʢʦʩʪʴ. 

 

METHOD OF NON -STANDARD  QUALITY ASSESSMENT OF 

DIGITAL IMAGES  
N. S. Zorina, A. N. Tsygankov, V. K. Shpakov, 

Rubtsovsk industrial Institute 
Abstract. This article considers the problem of evaluating the quality of digital images. 

The method of non-standard estimation is used, which allows to maximize the accuracy of the 

obtained estimate. The developed software can run on all devices running Windows 10. 

Keywords: non-standard estimation, digital processing, image quality, 

measure compression, clarity. 
 

ɺʚʝʜʝʥʠʝ 

ʇʦʣʫʯʝʥʠʝ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ (ʘ ʯʘʩʪʦ ï 

ʥʝʦʪʲʝʤʣʝʤʳʤ) ʘʪʨʠʙʫʪʦʤ ʤʥʦʛʠʭ ʩʬʝʨ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʀʤʝʥʥʦ ʢʘʯʝʩʪʚʦ 

ʢʘʨʪʠʥʢʠ, ʦʙʝʩʧʝʯʠʚʘʝʤʦʡ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʧʦʜʯʘʩ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ 

ʢʨʠʪʝʨʠʝʤ ʚ ʚʳʙʦʨʝ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʨʝʜʧʨʠʥʠʤʘʝʪʩʷ ʙʦʣʴʰʦʝ 
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ʢʦʣʠʯʝʩʪʚʦ ʧʦʧʳʪʦʢ ʨʘʟʨʘʙʦʪʘʪʴ ʥʦʚʳʝ ʤʝʪʨʠʢʠ ʦʙʴʝʢʪʠʚʥʦʡ ʦʮʝʥʢʠ 

ʢʘʯʝʩʪʚʘ ʠʟʦʙʨʘʞʝʥʠʡ, ʢʦʪʦʨʘʷ ʫʯʠʪʳʚʘʝʪ ʩʚʦʡʩʪʚʘ ʟʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ 

ʯʝʣʦʚʝʢʘ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʤʝʪʦʜʦʚ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ 

ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʢʘʢ ʦʪ ʢʘʯʝʩʪʚʘ ʠʟʦʙʨʘʞʝʥʠʷ, ʪʘʢ ʠ ʦʪ ʥʘʩʪʨʦʡʢʠ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʝʪʦʜʦʚ. ʊʘʢ, ʝʩʣʠ ʠʟʚʝʩʪʥʘ ʩʪʝʧʝʥʴ ʨʘʟʤʳʪʠʷ ʠʟʦʙʨʘʞʝʥʠʷ, 

ʪʦ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʙʨʘʪʴ ʧʘʨʘʤʝʪʨʳ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʝʪʦʜʦʚ ʪʘʢ, ʯʪʦʙʳ ʦʥʠ 

ʦʙʝʩʧʝʯʠʚʘʣʠ ʢʘʯʝʩʪʚʦ ʨʘʙʦʪʳ, ʙʣʠʟʢʦʝ ʢ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʩʪʠʞʠʤʦʤʫ. 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʟʘʜʘʯʝ ʧʦʣʫʯʝʥʠʷ ʘʧʨʠʦʨʥʦʡ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ 

ʠʟʦʙʨʘʞʝʥʠʷ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʤʳʭ 

ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʠʩʧʦʣʴʟʫʶʪ ʠʩʭʦʜʥʦʝ (ʵʪʘʣʦʥʥʦʝ) ʠʟʦʙʨʘʞʝʥʠʝ. 

ʈʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʘ ʦʙʲʝʢʪʠʚʥʦʛʦ ʥʝʵʪʘʣʦʥʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʢʘʯʝʩʪʚʘ ï 

ʙʦʣʝʝ ʩʣʦʞʥʘʷ ʟʘʜʘʯʘ. ʕʬʬʝʢʪʠʚʥʘʷ ʥʝʵʪʘʣʦʥʥʘʷ ʤʦʜʝʣʴ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ 

ʠʟʦʙʨʘʞʝʥʠʷ ʚʦʟʤʦʞʥʘ ʪʦʣʴʢʦ ʧʨʠ ʥʘʣʠʯʠʠ ʘʧʨʠʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʪʠʧʘʭ ʝʛʦ ʠʩʢʘʞʝʥʠʡ. ʇʨʠ ʩʞʘʪʠʠ ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʪʘʥʜʘʨʪʘ  JPEG ʧʨʠ ʜʠʩʢʨʝʪʥʦʤ ʢʦʩʠʥʫʩʥʦʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ (ɼʂʇ) 

ʥʘʠʙʦʣʝʝ ʦʪʯʝʪʣʠʚʦ ʧʨʦʷʚʣʷʶʪʩʷ ʜʚʘ ʚʠʜʘ ʠʩʢʘʞʝʥʠʡ ï ʙʣʦʯʥʦʩʪʴ ʠ 

ʨʘʟʤʳʪʦʩʪʴ ʛʨʘʥʠʮ [4]. ʀʜʝʠ, ʧʨʝʜʣʦʞʝʥʥʳʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʟʘʢʣʶʯʘʶʪʩʷ 

ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʤʝʨʳ ʚʣʠʷʥʠʷ ʢʘʞʜʦʛʦ ʠʟ ʵʪʠʭ ʠʩʢʘʞʘʶʱʠʭ ʬʘʢʪʦʨʦʚ ʥʘ 

ʠʟʦʙʨʘʞʝʥʠʝ. 

ʆʧʠʩʘʥʠʝ ʤʝʪʦʜʘ 

ʇʝʨʝʜ ʦʮʝʥʢʦʡ ʠʟʦʙʨʘʞʝʥʠʡ ʧʨʠʤʝʥʷʝʪʩʷ ʬʠʣʴʪʨ, ʜʝʣʘʶʱʠʡ 

ʠʟʦʙʨʘʞʝʥʠʝ ʤʦʥʦʭʨʦʤʥʳʤ, ʢʦʪʦʨʦʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʢʘʢ ʧʦʚʝʨʭʥʦʩʪʴ 

ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ, ʢʦʦʨʜʠʥʘʪʘʤʠ ʢʘʞʜʦʡ ʪʦʯʢʠ ʢʦʪʦʨʦʡ ʷʚʣʷʶʪʩʷ ʜʚʝ 

ʢʦʦʨʜʠʥʘʪʳ ʢʘʞʜʦʛʦ ʧʠʢʩʝʣʷ ʠ ʟʥʘʯʝʥʠʝ ʝʛʦ ʷʨʢʦʩʪʠ. ʂʨʠʚʠʟʥʘ ʜʘʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʨʝʭʦʜʘʤ ʷʨʢʦʩʪʠ ʤʝʞʜʫ ʧʠʢʩʝʣʷʤʠ.  

ɿʥʘʯʝʥʠʝ ʷʨʢʦʩʪʠ ʧʠʢʩʝʣʷ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

bgrI 114,0587,0299.0 ++= ,           (1) 

ʛʜʝ r, g, b ï ʟʥʘʯʝʥʠʝ ʮʚʝʪʦʚ ʢʨʘʩʥʳʡ, ʟʝʣʝʥʳʡ, ʩʠʥʠʡ.  

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʘʥʘʣʠʟʘ ʢʘʯʝʩʪʚʘ ʠʟʦʙʨʘʞʝʥʠʝ ʜʝʣʠʪʩʷ ʥʘ 9 

ʨʘʚʥʳʭ ʯʘʩʪʝʡ, ʢʦʪʦʨʳʝ ʦʮʝʥʠʚʘʶʪʩʷ ʦʪʜʝʣʴʥʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʈʝʟʫʣʴʪʘʪʳ 

ʚʳʯʠʩʣʝʥʠʡ ʩʫʤʤʠʨʫʶʪʩʷ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʧʝʨʝʤʥʦʞʘʝʪʩʷ ʥʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʝʤʫ ʢʦʵʬʬʠʮʠʝʥʪ ʠʟ ʤʘʪʨʠʮʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, 

ʨʘʟʤʝʨʥʦʩʪʴʶ 3Ĭ3. ʇʦ ʫʤʦʣʯʘʥʠʶ ʤʘʪʨʠʮʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʟʘʧʦʣʥʝʥʘ 

ʝʜʠʥʠʮʘʤʠ.    

ʄʝʪʦʜ ʥʝʵʪʘʣʦʥʥʦʡ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ JPEG ʠʟʦʙʨʘʞʝʥʠʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʩʣʝʜʫʶʱʝʤ [4]:  

1. ʆʙʦʟʥʘʯʠʤ ʠʩʩʣʝʜʫʝʤʦʝ ʜʝʢʦʜʠʨʦʚʘʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ, ʠʤʝʶʱʝʝ 

ʨʘʟʤʝʨʳ MĬN ʧʠʢʩʝʣʝʡ, ʢʘʢ ),( nmx , ʛʜʝ [ ] [ ]NnMm ,1,,1 ÍÍ , ʠ ʚʳʯʠʩʣʠʤ 

ʨʘʟʥʠʮʫ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʧʠʢʩʝʣʷʤʠ ʚ ʢʘʞʜʦʡ ʩʪʨʦʢʝ 

),()1,(),( nmxnmxnmdh -+=      (2) 

ʠ ʚ ʢʘʞʜʦʤ ʩʪʦʣʙʮʝ ʠʟʦʙʨʘʞʝʥʠʷ 
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).,(),1(),( nmxnmxnmdv -+=      (3) 

2. ʆʧʨʝʜʝʣʠʤ ʩʨʝʜʥʶʶ ʨʘʟʥʠʮʫ ʤʝʞʜʫ ʙʣʦʢʘʤʠ ʨʘʟʤʝʨʦʤ 8Ĭ8 ʧʦ 

ʬʦʨʤʫʣʝ: 

ää
=

-

=-
=

M

i

N

j

hh jid
NM

B
1

1)8/(

1

.)8,(
)1)8/((

1
    (4) 

3. ʆʮʝʥʠʤ ʵʥʝʨʛʠʶ ʩʠʛʥʘʣʘ ʠʟʦʙʨʘʞʝʥʠʷ. ʆʮʝʥʢʘ ʧʨʦʚʦʜʠʪʩʷ ʚ ʜʚʘ 

ʵʪʘʧʘ, ʪʘʢ ʢʘʢ ʜʚʘ ʬʘʢʪʦʨʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʵʥʝʨʛʠʶ ʠʟʦʙʨʘʞʝʥʠʷ: 

ʘ) ʧʝʨʚʳʡ ʬʘʢʪʦʨ ï ʦʪʢʣʦʥʝʥʠʝ ʩʨʝʜʥʝʡ ʘʙʩʦʣʶʪʥʦʡ ʨʘʟʥʦʩʪʠ ʥʘ 

ʛʨʘʥʠʮʝ ʙʣʦʢʦʚ ʦʪ ʪʦʡ ʞʝ ʚʝʣʠʯʠʥʳ, ʧʦʜʩʯʠʪʘʥʥʦʡ ʜʣʷ ʚʩʝʛʦ ʠʟʦʙʨʘʞʝʥʠʷ 

;),(
)1(

8

7

1

1

1

1

ù
ú

ø
é
ê

è
-

-
= ää

=

-

=

M

i

N

j

hhh Bjid
NM

A     (5) 

ʙ) ʚʪʦʨʦʡ ʬʘʢʪʦʨ ï ʯʠʩʣʦ ʧʝʨʝʭʦʜʦʚ ʯʝʨʝʟ ʥʫʣʴ. ʇʫʩʪʴ ʬʫʥʢʮʠʷ 

),( nmzh  ʨʘʚʥʘ ʥʫʣʶ. ʅʘʭʦʜʠʤ ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ ),( nmzh  ʜʣʷ [ ]2,1 -Í Nn . 

ʊʦʛʜʘ ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʝʭʦʜʦʚ ʯʝʨʝʟ ʥʫʣʴ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ  

.),(
)2(

1

1

2

1

ää
=

-

=-
=

M

i

N

j

hh nmz
NM

Z      (6) 

ɸʥʘʣʦʛʠʯʥʳʤ ʩʧʦʩʦʙʦʤ ʚʳʯʠʩʣʷʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʝʣʠʯʠʥʳ Bv , 

Av ʠ Zv ʧʦ ʚʝʨʪʠʢʘʣʠ. 

4. ʇʨʦʠʟʚʦʜʠʤ ʫʩʨʝʜʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ: 

.
2

;
2

;
2

vhvhvh ZZ
Z

AA
A

BB
B

+
=

+
=

+
=    (7) 

5. ʇʦʣʫʯʠʤ ʢʦʥʝʯʥʫʶ ʦʮʝʥʢʫ ʢʘʯʝʩʪʚʘ ʩʞʘʪʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ï JQ 

(JPEG Quality), ʠʩʧʦʣʴʟʫʷ ʩʣʝʜʫʶʱʫʶ ʢʦʤʙʠʥʘʮʠʶ ʚʝʣʠʯʠʥ A, B ʠ Z: 

,321 gggba ZABJQ +=      (8) 

ʛʜʝ ba,  - ʧʘʨʘʤʝʪʨʳ, 321 ,, ggg  - ʩʪʝʧʝʥʠ ʚʝʣʠʯʠʥ, ʢʦʪʦʨʳʝ 

ʧʦʜʙʠʨʘʣʠʩʴ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʨʝʟʫʣʴʪʘʪ ʢʘʢ ʤʦʞʥʦ ʪʦʯʥʝʝ ʫʯʠʪʳʚʘʣ 

ʚʠʟʫʘʣʴʥʦ ʚʦʩʧʨʠʥʠʤʘʝʤʦʝ ʢʘʯʝʩʪʚʦ ʜʝʢʦʜʠʨʦʚʘʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ.  

ʉʫʙʴʝʢʪʠʚʥʳʝ ʚʠʟʫʘʣʴʥʳʝ ʦʮʝʥʢʠ ʠʟʦʙʨʘʞʝʥʠʡ, ʩʞʘʪʳʭ ʘʣʛʦʨʠʪʤʦʤ 

JPEG, ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʘʣʛʦʨʠʪʤʘ. ɺ ʨʘʙʦʪʝ [4] 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʦʙʨʘʥʳ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ: 

.064,0,016,0,024,0,262,246 321 ==-==-= gggba  

ɼʣʷ ʦʮʝʥʢʠ ʨʝʟʢʦʩʪʠ ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʠʤʝʥʷʝʪʩʷ ʤʝʪʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʦʮʝʥʢʝ ʣʘʧʣʘʩʠʘʥʘ, ʛʜʝ ʣʘʧʣʘʩʠʘʥ ʠʣʠ ʚʪʦʨʘʷ ʧʨʦʠʟʚʦʜʥʘʷ ʠʟʦʙʨʘʞʝʥʠʷ 

ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʨʝʟʢʠʭ ʛʨʘʥʠʮ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ 

[3]. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʧʨʦʚʝʨʢʘ 

ʆʧʠʩʘʥʥʳʡ ʤʝʪʦʜ ʥʝʵʪʘʣʦʥʥʦʡ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʠʟʦʙʨʘʞʝʥʠʡ 

ʨʝʘʣʠʟʦʚʘʥ ʧʨʦʛʨʘʤʤʥʦ. ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʠʣʦʞʝʥʠʷ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʩʚʷʟʴ ʷʟʳʢʦʚ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ XAML, ʦʙʲʝʢʪʥʦ-
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ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ C# ʠ ʉ++, ʘ ʪʘʢʞʝ 

ʙʠʙʣʠʦʪʝʢʠ ʘʣʛʦʨʠʪʤʦʚ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ OpenCV [2, 5]. 

ʇʦʣʴʟʦʚʘʪʝʣʠ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʩ ʜʘʥʥʳʤ ʧʨʠʣʦʞʝʥʠʝʤ ʥʘ ʚʩʝʭ ʩʚʦʠʭ 

ʫʩʪʨʦʡʩʪʚʘʭ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ Windows 10 ð ʢʦʤʧʴʶʪʝʨʝ, ʧʣʘʥʰʝʪʝ, 

ʪʝʣʝʬʦʥʝ, Xbox, HoloLens, Surface Hub ʠ ʜʨʫʛʠʭ [1]. 

ɼʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ ʪʨʠ 

ʠʟʦʙʨʘʞʝʥʠʷ. ɼʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʨʳ 

ʩʞʘʪʠʷ (JQ) ʠ ʤʝʨʳ ʨʘʟʤʳʪʠʷ (ʯʝʪʢʦʩʪʴ) ʨʘʟʣʠʯʥʳ, ʪʘʢ ʢʘʢ ʨʘʟʣʠʯʥʘʷ 

ʩʪʝʧʝʥʴ ʠʩʢʘʞʝʥʠʡ ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʨʘʟʥʳʤ ʫʨʦʚʥʝʤ 

ʜʝʪʘʣʠʟʘʮʠʠ ʧʦ-ʨʘʟʥʦʤʫ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟ ʢʘʯʝʩʪʚʘ 

ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1.  

 

 

    ʘ)       ʙ)  

 
ʚ) 

ʈʠʩ. 1. ɸʥʘʣʠʟ ʠʟʦʙʨʘʞʝʥʠʡ: ʘ) ʤʝʨʘ ʩʞʘʪʠʷ 155,089, ʯʝʪʢʦʩʪʴ 121,749; 

ʙ) ʤʝʨʘ ʩʞʘʪʠʷ 146,154, ʯʝʪʢʦʩʪʴ 119,138; ʚ) ʤʝʨʘ ʩʞʘʪʠʷ 158,169, 

ʯʝʪʢʦʩʪʴ 112,009 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʠʣʦʞʝʥʠʝ, ʨʘʟʨʘʙʦʪʘʥʥʦʝ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʥʝʵʪʘʣʦʥʥʦʡ ʦʮʝʥʢʠ 

ʢʘʯʝʩʪʚʘ ʠʟʦʙʨʘʞʝʥʠʷ, ʧʦʟʚʦʣʷʝʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʚʳʙʦʨʢʫ ʮʠʬʨʦʚʳʭ 

ʠʟʦʙʨʘʞʝʥʠʡ ʧʦ ʥʘʩʪʨʘʠʚʘʝʤʳʤ ʢʨʠʪʝʨʠʷʤ ʢʘʯʝʩʪʚʘ: ʨʝʟʢʦʩʪʴ ʠ ʚʝʣʠʯʠʥʘ 

ʩʞʘʪʠʷ ʧʦ ʘʣʛʦʨʠʪʤʫ JPEG, ʘ ʪʘʢʞʝ ʭʨʘʥʠʪʴ ʠʟʦʙʨʘʞʝʥʠʷ ʚʦ ʚʥʫʪʨʝʥʥʝʡ 

ʙʠʙʣʠʦʪʝʢʝ ʧʨʠʣʦʞʝʥʠʷ, ʚʤʝʩʪʝ ʩ ʠʥʬʦʨʤʘʮʠʝʡ ʦʙ ʠʭ ʦʮʝʥʢʝ. ʈʝʟʫʣʴʪʘʪʳ 

ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʨʠʣʦʞʝʥʠʷ ʧʦʢʘʟʘʣʠ ʩʦʦʪʚʝʪʩʪʚʠʝ ʧʦʣʫʯʘʝʤʳʭ ʦʮʝʥʦʢ ʩ 

ʚʠʟʫʘʣʴʥʦ ʚʦʩʧʨʠʥʠʤʘʝʤʳʤ ʢʘʯʝʩʪʚʦʤ ʠʟʦʙʨʘʞʝʥʠʡ.    
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Abstract. The article discusses the modeling of the thermal activation of the ni3al alloy 

crystal lattice. Calculate the kinetic, potential energy of the alloy, the strength of the 

interaction of atoms, voltage, temperature of the system. 

Keywords: crystal lattice, molecular dynamics method, NI3AL alloy, 
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ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʝ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʤʝʪʘʣʣʦʚ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ [1]. 

ʂʦʤʧʴʶʪʝʨʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦʟʚʦʣʷʝʪ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ, 

ʧʨʦʠʩʭʦʜʷʱʠʝ ʥʘ ʥʘʥʦʫʨʦʚʥʝ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʮʝʩʩ 

ʩʪʨʫʢʪʫʨʥʦʡ ʧʝʨʝʩʪʨʦʡʢʠ ʘʪʦʤʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. 
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ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʤʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ 

ʪʝʨʤʦʘʢʪʠʚʘʮʠʠ ʚ ʣʦʢʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʩʧʣʘʚʘ Ni3Al. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʤʦʜʝʣʠʨʦʚʘʪʴ 

ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʥʘ ʥʘʥʦʫʨʦʚʥʝ. ʇʨʦʛʨʘʤʤʘ ʥʘʧʠʩʘʥʘ ʥʘ ʷʟʳʢʝ 

C++ ʚ ʩʨʝʜʝ ʨʘʟʨʘʙʦʪʢʠ Qt Creator. 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʇʨʦʚʝʜʸʥ ʢʦʤʧʴʶʪʝʨʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʛʦ 

ʪʝʨʤʦʘʢʪʠʚʠʨʫʝʪʩʷ ʥʝʢʦʪʦʨʘʷ ʣʦʢʘʣʴʥʘʷ ʦʙʣʘʩʪʴ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ 

ʩʧʣʘʚʘ Ni3Al (ʨʠʩ. 1). ʈʘʩʩʯʠʪʳʚʘʶʪʩʷ ʥʘʧʨʷʞʝʥʠʝ, ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʠ 

ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʩʠʩʪʝʤʳ  ʚ ʧʨʦʮʝʩʩʝ ʪʝʨʤʦʘʢʪʠʚʘʮʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʚʨʝʤʝʥʠ. ʂʦʣʠʯʝʩʪʚʦ ʘʪʦʤʦʚ ʚ ʙʣʦʢʝ ʩʦʩʪʘʚʣʷʝʪ (12*12*6) 864 ʘʪʦʤʘ. ʅʘ 

ʨʘʩʯʝʪʥʳʡ ʙʣʦʢ ʘʪʦʤʦʚ ʥʘʢʣʘʜʳʚʘʶʪʩʷ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʟʘʜʘʥʦ ʩ ʧʦʤʦʱʴʶ ʧʘʨʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʄʦʨʟʝ: 

)(D=(r) ŬrŬr 2--- fbbj ,                                     (1) 

 

ʛʜʝ r ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʘʪʦʤʘʤʠ, Ŭ, ɓ, D - ʧʘʨʘʤʝʪʨʳ ʧʦʪʝʥʮʠʘʣʘ, 

ʟʘʚʠʩʷʱʠʝ ʦʪ ʪʠʧʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ.  

ʈʘʜʠʫʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʨʘʩʧʨʦʩʪʨʘʥʷʣʩʷ ʜʦ ʪʨʝʪʴʝʡ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʳ [2]. 

 

 

ʈʠʩ. 1. ɺʠʟʫʘʣʠʟʘʮʠʷ ʤʦʜʝʣʠ ʘʪʦʤʦʚ ʩʧʣʘʚʘ Ni3Al  

 

ʇʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʩʠʩʪʝʤʳ ʘʪʦʤʦʚ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

| |ää
¸

-
N

ji,=i

N

j=
jiKL
)rr(=ɽ

1 12

1
j ,                                         (2) 

ʛʜʝ r i- ʨʘʜʠʫʩ-ʚʝʢʪʦʨʳ i-ʛʦ ʘʪʦʤʘ. 

 

ʉʠʣʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ i-ʳʡ ʘʪʦʤ, ʨʘʚʥʘ: 
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| |
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ji,=i
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j=
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)rr(d
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1 1

j
.                                    (3) 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʜʠʥʘʤʠʢʠ. ʉʤʝʱʝʥʠʷ ʘʪʦʤʦʚ ʥʘʭʦʜʷʪʩʷ ʩ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ 

ʅʴʶʪʦʥʘ [3]: 

N,=i;v=
dt

dr
,F=

dt

dv
m

i

i

i

i

i
1,2,... ,                          (4) 

ʛʜʝ mi ʠ vi  ï   ʤʘʩʩʘ ʠ ʩʢʦʨʦʩʪʴ i-ʛʦ ʘʪʦʤʘ , t ï ʚʨʝʤʷ. 

ɺ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʟʘʜʘʶʪʩʷ ʥʘʯʘʣʴʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʘʪʦʤʦʚ 

ʠ ʠʭ ʩʢʦʨʦʩʪʠ. ʈʝʰʘʝʪʩʷ ʟʘʜʘʯʘ ʂʦʰʠ ʩ ʧʝʨʠʦʜʠʯʝʩʢʠʤʠ ʢʨʘʝʚʳʤʠ 

ʫʩʣʦʚʠʷʤʠ ʥʘ ʛʨʘʥʠʮʝ ʙʣʦʢʘ. ʂʦʦʨʜʠʥʘʪʳ ʘʪʦʤʦʚ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʧʦʣʦʞʝʥʠʝʤ ʫʟʣʦʚ ʢʫʙʠʯʝʩʢʦʡ ɻʎʂ ʨʝʰʝʪʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʩʚʝʨʭʩʪʨʫʢʪʫʨʝ L12.[4] ʉʢʦʨʦʩʪʠ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʟʘʜʘʥʳ 

ʩʦʛʣʘʩʥʦ ʟʘʢʦʥʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʄʘʢʩʚʝʣʣʘ: 

i

b

i
m
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v

2
= . 

ʅʘʭʦʜʠʪʩʷ ʯʘʩʪʥʦʝ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ 

ʜʚʠʞʝʥʠʷ ʅʴʶʪʦʥʘ (4), ʠʩʧʦʣʴʟʫʶʪʩʷ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ [5]: 
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ʅʘʧʨʷʞʝʥʠʝ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 
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      (6) 

ʛʜʝ f - ʩʠʣʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ i-ʡ ʘʪʦʤ, W - ʣʦʢʘʣʴʥʳʡ ʦʙʲʝʤ i-ʛʦ ʘʪʦʤʘ. 

ʃʦʢʘʣʴʥʳʡ ʦʙʲʝʤ ʘʪʦʤʘ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 
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ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʷ 

ɺ ʢʦʤʧʴʶʪʝʨʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʟʘʜʘʚʘʣʦʩʴ ʨʘʚʥʦʤʝʨʥʳʤ, ʥʘʯʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʟʘʜʘʚʘʣʘʩʴ ʨʘʚʥʦʡ 100 ʂ 
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(ʨʠʩ. 2). ɿʘʪʝʤ ʣʦʢʘʣʴʥʘʷ ʦʙʣʘʩʪʴ ʢʨʠʩʪʘʣʣʘ ʥʘʛʨʝʚʘʣʘʩʴ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 

ʢʨʠʩʪʘʣʣʘ (ʜʦ 500 ʂ), ʦʩʪʘʣʴʥʘʷ ʦʙʣʘʩʪʴ ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʩ ʥʘʯʘʣʴʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʦʡ, ʨʘʚʥʦʡ 100 ʂ. 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ ʘʪʦʤʦʚ ʚ ʧʨʦʮʝʩʩʝ ʪʝʨʤʦʘʢʪʠʚʘʮʠʠ 

ʤʦʜʝʣʴʥʦʛʦ ʩʧʣʘʚʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ. 

ɿʘʜʘʶʪʩʷ ʥʘʯʘʣʴʥʳʝ ʧʦʣʦʞʝʥʠʷ ʘʪʦʤʦʚ, ʟʥʘʯʝʥʠʷ ʠʭ ʩʢʦʨʦʩʪʝʡ ʠ 

ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ ʩʠʩʪʝʤʳ ʘʪʦʤʦʚ: ʢʠʥʝʪʠʯʝʩʢʘʷ, 

ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʩʧʣʘʚʘ, ʩʠʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʪʦʤʦʚ, ʥʘʧʨʷʞʝʥʠʝ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʩʠʩʪʝʤʳ (ʨʠʩ. 3-6).  
 

 
 

ʈʠʩ. 2. ɺʠʟʫʘʣʠʟʘʮʠʷ ʘʪʦʤʦʚ ʩʧʣʘʚʘ Ni3Al ʧʨʠ ʯʘʩʪʠʯʥʦʤ ʧʦʚʳʰʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 500 ʂ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʩʥʦʚʥʦʡ ʯʘʩʪʠ ʩʧʣʘʚʘ, ʨʘʚʥʦʡ 100 

ʂ: ʥʘʯʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ (ʘ), ʩʧʫʩʪʷ 50 ʧʩ (ʙ), ʩʧʫʩʪʷ 100 ʧʩ (ʚ), ʩʧʫʩʪʷ 150 

ʧʩ (ʛ), ʩʧʫʩʪʷ 200 ʧʩ (ʜ), ʩʧʫʩʪʷ 250 ʧʩ (ʝ) 

 

  
ʘ ʙ 

ʈʠʩ. 3. ɻʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʩʠʩʪʝʤʳ  

(ʘ - ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʙ - ʧʨʠ ʯʘʩʪʠʯʥʦʤ 

ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ) 
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ʘ ʙ 

ʈʠʩ. 4. ɻʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʩʠʩʪʝʤʳ  

(ʘ - ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʙ - ʧʨʠ ʯʘʩʪʠʯʥʦʤ 

ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ) 

 

  
ʘ ʙ 

ʈʠʩ. 5. ɻʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʩʠʣʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʪʦʤʦʚ ʩʠʩʪʝʤʳ  

(ʘ - ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʙ - ʧʨʠ ʯʘʩʪʠʯʥʦʤ 

ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ) 

 

  

  
ʘ ʙ 

ʈʠʩ. 6. ɻʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʩʠʩʪʝʤʳ (ʘ - ʨʘʚʥʦʤʝʨʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʙ - ʧʨʠ ʯʘʩʪʠʯʥʦʤ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ) 

 

ʅʘ ʨʠʩʫʥʢʘʭ 3-6 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʩʪʨʫʢʪʫʨʥʦ-

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʢʨʠʩʪʘʣʣʝ ʩ ʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩ ʯʘʩʪʠʯʥʳʤ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ (ʜʣʷ 288 ʘʪʦʤʦʚ 

ʟʘʜʘʚʘʣʘʩʴ ʪʝʤʧʝʨʘʪʫʨʘ, ʨʘʚʥʘʷ 500 ʂ, ʜʣʷ 576 ʘʪʦʤʦʚ - 100 ʂ). 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʭʦʨʦʰʦ ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ [6]. 
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ɿʘʢʣʶʯʝʥʠʝ  

ʇʦʣʫʯʝʥʳ ʛʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʠ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 

ʩʠʩʪʝʤʳ, ʠʟʤʝʥʝʥʠʷ ʩʠʣʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʥʘʧʨʷʞʝʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʳ 

ʘʪʦʤʦʚ ʧʨʠ ʨʘʚʥʦʤʝʨʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʨʠ ʯʘʩʪʠʯʥʦʤ 

ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʩʧʣʘʚʝ. ʇʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʠ ʥʘʧʨʷʞʝʥʠʝ ʧʦ 

ʤʦʜʫʣʶ ʙʦʣʴʰʝ ʧʨʠ ʯʘʩʪʠʯʥʦʤ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʢʨʠʩʪʘʣʣʘ. ʊʘʢʞʝ 

ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ ʩʠʣʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʪʦʤʦʚ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʩʪʘʥʦʚʠʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ. 
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ʄʆɼʀʌʀʎʀʈʆɺɸʅʅʓɽ ʈɸʉʇʆɿʅɸʖʑʀɽ ʆʇɽʈɸʊʆʈʓ, 

ʆʉʅʆɺɸʅʅʓɽ ʅɸ ʈɸɼʀɸʃʔʅʓʍ ʌʋʅʂʎʀʗʍ 

ʅ.ʄ. ʄʠʨʟʘʝʚ 

ʅʘʫʯʥʦ-ʠʥʥʦʚʘʮʠʦʥʥʳʡ ʮʝʥʪʨ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʧʨʠ ʊʋʀʊ ʠʤ. ʄ. ɸʣ-ʍʦʨʘʟʤʠʡ 
 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʦʩʪʨʦʝʥʠʝʤ ʤʦʜʝʣʠ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʨʘʩʧʦʟʥʘʶʱʠʭ ʦʧʝʨʘʪʦʨʦʚ ʚ ʫʩʣʦʚʠʷʭ ʙʦʣʴʰʦʡ ʨʘʟʤʝʨʥʦʩʪʠ 

ʧʨʠʟʥʘʢʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʡ ʤʦʜʝʣʠ ʨʘʩʩʤʦʪʨʝʥʘ ʤʦʜʝʣʴ, 

ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʨʘʜʠʘʣʴʥʳʭ ʬʫʥʢʮʠʷʭ. ɼʣʷ ʧʨʦʚʝʨʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʦʡ 

ʤʦʜʝʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʨʘʩʧʦʟʥʘʚʘʥʠʶ ʧʝʯʘʪʥʳʭ 

ʨʫʢʦʧʠʩʥʳʭ ʙʫʢʚ ʫʟʙʝʢʩʢʦʛʦ ʘʣʬʘʚʠʪʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʦʙʨʘʟʦʚ, ʤʦʜʝʣʴ ʨʘʩʧʦʟʥʘʶʱʠʭ 

ʦʧʝʨʘʪʦʨʦʚ, ʧʦʜʤʥʦʞʝʩʪʚʦ ʩʠʣʴʥʦʩʚʷʟʘʥʥʳʭ ʧʨʠʟʥʘʢʦʚ, ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳʡ 

ʧʨʠʟʥʘʢ, ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʡ ʧʨʠʟʥʘʢ. 
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MODIFIED RECOGNITION  OPERATORS BASED ON RADIAL 

FUNCTIONS 

N.M. Mirzaev 
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Khorezmi 
 

Abstract. The problems relating to the construction of the model of the modified 

recognizing operators in conditions of large dimension of the feature space are considered in the 

article. As the initial model, a model based on radial functions is considered. To test the working 

capacity of the proposed model, experimental studies on the recognition of printed manuscript 

letters of the Uzbek alphabet were conducted. 

Keywords: pattern recognition, model of recognition operators, subset of 

strongly correlated features, representative feature, preferred feature. 
 

ɺʚʝʜʝʥʠʝ 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚʩʸ ʙʦʣʝʝ ʰʠʨʦʢʠʡ ʢʨʫʛ ʩʧʝʮʠʘʣʠʩʪʦʚ ʫʜʝʣʷʝʪ 

ʚʥʠʤʘʥʠʝ ʧʨʦʙʣʝʤʝ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʦʚ, ʠ ʯʠʩʣʦ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ 

ʧʦ ʜʘʥʥʦʡ ʪʝʤʘʪʠʢʝ ʧʦʩʪʦʷʥʥʦ ʨʘʩʪʸʪ [1-3]. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʚ 

ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʦʙʨʘʟʦʚ ʥʘʭʦʜʠʪ ʚʩʸ ʙʦʣʴʰʝʝ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʥʘʫʢʝ, ʪʝʭʥʠʢʝ, ʧʨʦʠʟʚʦʜʩʪʚʝ ʠ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ. 

ɼʣʷ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʠ ʭʘʨʘʢʪʝʨʝʥ ʥʝʧʨʝʨʳʚʥʳʡ ʨʦʩʪ ʩʣʦʞʥʦʩʪʠ 

ʠʟʫʯʘʝʤʳʭ ʦʙʲʝʢʪʦʚ. ʆʜʥʘ ʠʟ ʭʘʨʘʢʪʝʨʥʳʭ ʯʝʨʪ ʩʣʦʞʥʳʭ ʦʙʲʝʢʪʦʚ ï ʠʭ 

ʤʥʦʛʦʤʝʨʥʦʩʪʴ, ʪ.ʝ. ʜʣʷ ʦʧʠʩʘʥʠʷ ʪʘʢʠʭ ʦʙʲʝʢʪʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʦʣʴʰʦʝ 

ʯʠʩʣʦ ʧʝʨʝʤʝʥʥʳʭ (ʧʨʠʟʥʘʢʦʚ), ʯʪʦ ʚʳʟʳʚʘʝʪ ʙʦʣʴʰʠʝ ʪʨʫʜʥʦʩʪʠ ʨʝʰʝʥʠʷ 

ʨʝʘʣʴʥʳʭ ʟʘʜʘʯ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʦʚ [4]. ɼʘʥʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʠ 

ʦʧʨʝʜʝʣʷʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʙʣʝʤʳ ʨʘʟʨʘʙʦʪʢʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʲʝʢʪʦʚ, ʟʘʜʘʥʥʳʭ ʚ ʧʨʠʟʥʘʢʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʙʦʣʴʰʦʡ 

ʨʘʟʤʝʨʥʦʩʪʠ.  

ʎʝʣʴ ʜʘʥʥʦʛʦ ʜʦʢʣʘʜʘ ʩʦʩʪʦʠʪ ʚ ʨʘʟʨʘʙʦʪʢʝ ʤʦʜʝʣʠ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʨʘʩʧʦʟʥʘʶʱʠʭ ʦʧʝʨʘʪʦʨʦʚ ʚ ʫʩʣʦʚʠʷʭ ʙʦʣʴʰʦʡ 

ʨʘʟʤʝʨʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʨʠʟʥʘʢʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʡ ʤʦʜʝʣʠ 

ʨʘʩʩʤʦʪʨʝʥʘ ʤʦʜʝʣʴ ʨʘʩʧʦʟʥʘʶʱʠʭ ʦʧʝʨʘʪʦʨʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ 

ʨʘʜʠʘʣʴʥʳʭ ʬʫʥʢʮʠʷʭ [5-7]. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʪʜʝʣʴʥʳʝ ʧʦʥʷʪʠʷ ʠ 

ʦʙʦʟʥʘʯʝʥʠʷ ʟʘʠʤʩʪʚʦʚʘʥʳ ʠʟ [8, 9]. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʫʢʘʟʘʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ 

ʟʘʜʘʯʠ: 

1) ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʦʜʭʦʜʦʚ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʦʚ ʠ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʟʘʜʘʯʠ; 

2) ʨʘʟʨʘʙʦʪʘʪʴ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʫʶ ʤʦʜʝʣʴ ʨʘʩʧʦʟʥʘʶʱʠʭ ʦʧʝʨʘʪʦʨʦʚ, 

ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʤʝʪʦʜʝ ʧʦʩʪʨʦʝʥʠʷ ʨʘʜʠʘʣʴʥʳʭ ʬʫʥʢʮʠʡ, ʩ ʫʯʝʪʦʤ ʙʦʣʴʰʦʡ 

ʨʘʟʤʝʨʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʨʠʟʥʘʢʦʚ; 

3) ʧʨʦʚʝʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʦʮʝʥʢʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʨʘʩʧʦʟʥʘʶʱʠʭ ʦʧʝʨʘʪʦʨʦʚ. 
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ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʤʦʜʝʣʠ ʨʘʩʧʦʟʥʘʶʱʠʭ ʦʧʝʨʘʪʦʨʦʚ, 

ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʨʘʜʠʘʣʴʥʳʭ ʬʫʥʢʮʠʷʭ. ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʨʘʩʧʦʟʥʘʶʱʠʝ ʦʧʝʨʘʪʦʨʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʨʘʜʠʘʣʴʥʳʭ 

ʬʫʥʢʮʠʷʭ. 

ɺ ʥʘʫʯʥʦʤ ʧʣʘʥʝ ʨʝʟʫʣʴʪʘʪʳ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʥʦʚʦʝ ʨʝʰʝʥʠʝ ʥʘʫʯʥʦʡ ʟʘʜʘʯʠ, ʩʚʷʟʘʥʥʦʡ ʩ ʧʦʩʪʨʦʝʥʠʝʤ ʨʘʩʧʦʟʥʘʶʱʠʭ 

ʘʣʛʦʨʠʪʤʦʚ ʧʨʠ ʫʩʣʦʚʠʠ ʙʦʣʴʰʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʨʠʟʥʘʢʦʚ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʠ ʧʨʦʛʨʘʤʤʳ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʧʨʠ 

ʨʝʰʝʥʠʠ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ ʚ ʫʩʣʦʚʠʷʭ ʙʦʣʴʰʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʧʨʠʟʥʘʢʦʚ (ʥʘʧʨʠʤʝʨ, ʧʨʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʯʝʣʦʚʝʢʘ ʧʦ ʬʦʪʦʧʦʨʪʨʝʪʫ). 

ʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʧʦʜʘʚʣʷʶʱʝʝ 

ʙʦʣʴʰʠʥʩʪʚʦ ʧʨʠʣʦʞʝʥʠʡ ʪʝʦʨʠʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʦʚ ʙʳʣʦ ʩʚʷʟʘʥʦ ʩ 

ʧʣʦʭʦ ʬʦʨʤʘʣʠʟʦʚʘʥʥʳʤʠ ʦʙʣʘʩʪʷʤʠ ï ʤʝʜʠʮʠʥʦʡ, ʛʝʦʣʦʛʠʝʡ, 

ʩʦʮʠʦʣʦʛʠʝʡ, ʭʠʤʠʝʡ ʠ ʪ.ʜ. ʇʦʵʪʦʤʫ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʧʦʷʚʠʣʦʩʴ ʤʥʦʞʝʩʪʚʦ ʘʣʛʦʨʠʪʤʦʚ, ʢʦʪʦʨʳʝ ʥʦʩʠʣʠ ʭʘʨʘʢʪʝʨ 

ʧʨʦʝʢʪʦʚ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ ʠʣʠ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʨʝʰʝʥʠʷ 

ʢʦʥʢʨʝʪʥʳʭ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ. ʎʝʥʥʦʩʪʴ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ 

ʦʧʨʝʜʝʣʷʣʘʩʴ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʜʦʩʪʠʛʥʫʪʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ 

ʨʝʟʫʣʴʪʘʪʘʤʠ [8, 10]. 

ɺʪʦʨʦʡ ʵʪʘʧ ʨʘʟʚʠʪʠʷ ʪʝʦʨʠʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʧʝʨʝʭʦʜʦʤ ʦʪ ʦʪʜʝʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʢ ʧʦʩʪʨʦʝʥʠʶ ʤʦʜʝʣʝʡ ï ʩʝʤʝʡʩʪʚʘ 

ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʝʜʠʥʦʛʦ ʦʧʠʩʘʥʠʷ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʭ 

ʟʘʜʘʯ. ʇʦʪʨʝʙʥʦʩʪʴ ʚ ʩʠʥʪʝʟʝ ʤʦʜʝʣʝʡ ʘʣʛʦʨʠʪʤʦʚ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʦʚ 

ʦʧʨʝʜʝʣʷʣʘʩʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʬʠʢʩʠʨʦʚʘʪʴ ʢʣʘʩʩ ʘʣʛʦʨʠʪʤʦʚ ʧʨʠ ʚʳʙʦʨʝ 

ʦʧʪʠʤʘʣʴʥʦʡ ʠʣʠ ʭʦʪʷ ʙʳ ʧʨʠʝʤʣʝʤʦʡ ʧʨʦʮʝʜʫʨʳ ʨʝʰʝʥʠʷ ʢʦʥʢʨʝʪʥʦʡ 

ʟʘʜʘʯʠ. 

ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʖ.ʀ. ɾʫʨʘʚʣʸʚ ʧʦʢʘʟʘʣ [8], ʯʪʦ 

ʧʨʦʠʟʚʦʣʴʥʳʡ ʘʣʛʦʨʠʪʤ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʦʧʝʨʘʪʦʨʦʚ B   (ʨʘʩʧʦʟʥʘʶʱʠʡ ʦʧʝʨʘʪʦʨ) ʠ 

 ꜟ(ʨʝʰʘʶʱʝʝ ʧʨʘʚʠʣʦ):  

CBA A= . 

ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʢʘʞʜʳʡ ʘʣʛʦʨʠʪʤ A ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʵʪʘʧʘ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʨʘʩʧʦʟʥʘʶʱʠʡ ʦʧʝʨʘʪʦʨ B  

ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʝʨʝʚʦʜ ʜʦʧʫʩʪʠʤʦʛʦ ʦʙʲʝʢʪʘ iS  ʚ ʯʠʩʣʦʚʫʶ ʦʮʝʥʢʫ ib : 

ii bSB =)( . ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʧʦ ʯʠʩʣʦʚʦʡ ʦʮʝʥʢʝ ʨʝʰʘʶʱʝʝ ʧʨʘʚʠʣʦ C  

ʦʧʨʝʜʝʣʷʝʪ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ iS  ʦʙʲʝʢʪʘ ʢʣʘʩʩʫ jK . 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʧʦʩʪʨʦʝʥʦ ʠ ʠʟʫʯʝʥʦ ʥʝʩʢʦʣʴʢʦ ʤʦʜʝʣʝʡ. ʂ ʠʭ 

ʯʠʩʣʫ ʦʪʥʦʩʷʪʩʷ [1-3, 8, 10-18]: ʤʦʜʝʣʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʨʘʟʜʝʣʷʶʱʠʭ ʬʫʥʢʮʠʡ; ʤʦʜʝʣʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ ʠ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʠ; ʤʦʜʝʣʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʧʧʘʨʘʪʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʣʦʛʠʢʠ; ʤʦʜʝʣʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʠʥʮʠʧʘ ʧʦʪʝʥʮʠʘʣʦʚ; ʤʦʜʝʣʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʣʛʦʨʠʪʤʦʚ ʚʳʯʠʩʣʝʥʠʷ ʦʮʝʥʦʢ.  

ɸʥʘʣʠʟ ʵʪʠʭ ʤʦʜʝʣʝʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʥʠ, ʚ ʦʩʥʦʚʥʦʤ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʨʝʰʝʥʠʝ ʟʘʜʘʯ, ʛʜʝ ʦʙʲʝʢʪʳ ʦʧʠʩʘʥʳ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʥʝʟʘʚʠʩʠʤʳʭ ʧʨʠʟʥʘʢʦʚ (ʠʣʠ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʧʨʠʟʥʘʢʘʤʠ ʜʦʩʪʘʪʦʯʥʦ 

ʩʣʘʙʘʷ). 

ʅʘ ʧʨʘʢʪʠʢʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʧʨʠʢʣʘʜʥʳʝ ʟʘʜʘʯʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʦʙʨʘʟʦʚ, ʟʘʜʘʥʥʳʭ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʨʠʟʥʘʢʦʚ ʙʦʣʴʰʦʡ ʨʘʟʤʝʨʥʦʩʪʠ. ʇʨʠ 

ʨʝʰʝʥʠʠ ʧʦʜʦʙʥʳʭ ʟʘʜʘʯ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʧʨʠʟʥʘʢʦʚ 

ʜʦʩʪʘʪʦʯʥʦ ʯʘʩʪʦ ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ [4, 10, 11]. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʩʪʘʸʪʩʷ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʨʝʰʸʥʥʳʤ ʚʦʧʨʦʩ ʧʦ ʩʦʟʜʘʥʠʶ ʨʘʩʧʦʟʥʘʶʱʠʭ ʘʣʛʦʨʠʪʤʦʚ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʧʨʠ ʙʦʣʴʰʠʭ ʨʘʟʤʝʨʥʦʩʪʷʭ ʧʨʠʟʥʘʢʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ 

ʥʘʣʠʯʠʠ ʚʟʘʠʤʦʩʚʷʟʘʥʥʦʩʪʠ ʧʨʠʟʥʘʢʦʚ. 

ʆʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ ʠ ʦʙʦʟʥʘʯʝʥʠʷ 

ʆʧʠʨʘʷʩʴ ʥʘ [8], ʚʚʝʜʝʤ ʥʝʢʦʪʦʨʳʝ ʧʦʥʷʪʠʷ ʠ ʦʙʦʟʥʘʯʝʥʠʷ. 

ʈʘʩʩʤʦʪʨʠʤ ʤʥʦʞʝʩʪʚʦ ʜʦʧʫʩʪʠʤʳʭ ʦʙʲʝʢʪʦʚ À, ʢʦʪʦʨʦʝ ʧʦʢʨʳʪʦ 

ʧʦʜʤʥʦʞʝʩʪʚʘʤʠ (ʢʣʘʩʩʘʤʠ) lKKK ,...,, 21 : 

{ }8
l

j

jij ljijiKKK
1

,...,1,,,,
=

Í¸Å=Æ=À . 

ʇʨʠ ʵʪʦʤ ʨʘʟʙʠʝʥʠʝ À ʦʧʨʝʜʝʣʝʥʦ ʥʝ ʧʦʣʥʦʩʪʴʶ. ʀʤʝʝʪʩʷ ʪʦʣʴʢʦ 

ʥʝʢʦʪʦʨʘʷ ʥʘʯʘʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ 0J  ʦ ʢʣʘʩʩʘʭ lKKK ,...,, 21 . 

ʇʫʩʪʴ ʟʘʜʘʥʳ ʦʙʲʝʢʪʳ ),1},{(,...,,...,1 miSSSSS imi =Í" , ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʠʩʭʦʜʥʳʭ ʧʨʠʟʥʘʢʦʚ X  ( ),...,,...,( 1 nj xxxX = ):  

),...,,...,( 11111 nj aaaS = ,  

é ,  

),...,,...,( 1 inijii aaaS = ,  

é ,  

),...,,...,( 1 mnmjmm aaaS = .  

ɺʚʝʜʝʤ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ:  

},...,,...,{
~

1 mi
m SSSS = , j

m
j KSK 1

~~
= , j

m
j KSKC

~
\

~~
= .  

ʊʦʛʜʘ ʥʘʯʘʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ 0J  ʤʦʞʥʦ ʟʘʜʘʪʴ ʚ ʚʠʜʝ  

)}(~),...,(~),...,(~;,...,,...,{ 110 mimi SSSSSSJ aaa= . 

ɿʜʝʩʴ )(~
iSa - ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʚʝʢʪʦʨ ʦʙʲʝʢʪʘ iS, ʢʦʪʦʨʘʷ ʟʘʜʘʝʪʩʷ ʚ 

ʚʠʜʝ 

),...,,...,()(~
1 ilijiiS aaaa = , 

ʛʜʝ ija  - ʟʥʘʯʝʥʠʝ ʧʨʝʜʠʢʘʪʘ "")( jiij KSSP Í=                                                    

( ljmiSi ,1,,1, ==ÀÍ" ): 
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îí

î
ì
ë

Î

Í
=

.ʝʩʣʠ,0

;ʝʩʣʠ,1
)(

ji

ji

ij
KS

KS
SP  

ʉʦʚʦʢʫʧʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʚʝʢʪʦʨʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʙʲʝʢʪʘʤ 
mS

~
, ʦʙʨʘʟʫʝʪ  ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʤʘʪʨʠʮʘ 

lmij ³
a . 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʇʫʩʪʴ ʟʘʜʘʥ ʧʨʦʠʟʚʦʣʴʥʳʡ ʥʘʙʦʨ ʦʙʲʝʢʪʦʚ 
qS

~
 ( },...,{

~ ''
1 q

q SSS = ,

ÀËqS
~

), ʦʧʠʩʘʥʥʳʭ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠʩʭʦʜʥʳʭ ʧʨʠʟʥʘʢʦʚ X. ʂʘʞʜʦʤʫ 

ʦʙʲʝʢʪʫ 
'
uS  (

q
u SS

~' Í ) ʚ ʵʪʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʧʠʩʘʥʠʝ 

(ʯʠʩʣʦʚʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ) ʦʙʲʝʢʪʘ ),...,,...,()( 1 ni aaaSI = . ʇʨʠ ʵʪʦʤ 

ʨʘʟʤʝʨʥʦʩʪʴ n ʧʨʦʩʪʨʘʥʩʪʚʘ ʠʩʭʦʜʥʳʭ ʧʨʠʟʥʘʢʦʚ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʘʷ. ɺ 

ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʙʦʣʴʰʠʥʩʪʚʦ ʧʨʠʟʥʘʢʦʚ ʚʟʘʠʤʦʩʚʷʟʘʥʦ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʥʦʛʠʭ ʘʣʛʦʨʠʪʤʦʚ ʨʘʩʧʦʟʥʘʚʘʥʠʷ [10]. ɿʘʜʘʯʘ ʩʦʩʪʦʠʪ ʚ 

ʧʦʩʪʨʦʝʥʠʠ ʪʘʢʦʛʦ ʨʘʩʧʦʟʥʘʶʱʝʛʦ ʦʧʝʨʘʪʦʨʘ ,B  ʢʦʪʦʨʳʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʨʝʰʘʶʱʝʛʦ ʧʨʘʚʠʣʘ C  ʚʳʯʠʩʣʷʝʪ ʟʥʘʯʝʥʠʝ ʧʨʝʜʠʢʘʪʘ )(SP ij
'  ʧʦ ʥʘʯʘʣʴʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ 0J : 

,b)S,B(J
qxlij

q =
~

0  ,C
qxlijb=)b(

qxlij  .)(SP '
ijij =b  

ɿʜʝʩʴ ijb  ( },10{ DÍ ,ijb ) ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɽʩʣʠ 

D=ijb , ʪʦ ʘʣʛʦʨʠʪʤ A  ʥʝ ʩʤʦʛ ʚʳʯʠʩʣʠʪʴ ʟʥʘʯʝʥʠʝ ʧʨʝʜʠʢʘʪʘ )(SP ij
' . 

ɽʩʣʠ ʞʝ },{ij 10Íb , ʪʦ ijb  ʝʩʪʴ ʟʥʘʯʝʥʠʝ ʧʨʝʜʠʢʘʪʘ , ʚʳʯʠʩʣʝʥʥʦʝ 

ʘʣʛʦʨʠʪʤʦʤ A ʜʣʷ ʦʙʲʝʢʪʘ 
'
iS  ʧʦ ʟʘʜʘʥʥʳʤ ʝʛʦ ʯʠʩʣʦʚʳʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. 

ʄʝʪʦʜ ʨʝʰʝʥʠʷ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥ ʦʨʠʛʠʥʘʣʴʥʳʡ ʧʦʜʭʦʜ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ 

ʧʦʩʪʨʦʝʥʠʷ ʨʘʩʧʦʟʥʘʶʱʠʭ ʦʧʝʨʘʪʦʨʦʚ ʩ ʫʯʝʪʦʤ ʙʦʣʴʰʦʡ ʨʘʟʤʝʨʥʦʩʪʠ 

ʧʨʠʟʥʘʢʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʅʘ ʙʘʟʝ ʵʪʦʛʦ ʧʦʜʭʦʜʘ ʧʨʝʜʣʦʞʝʥʘ ʤʦʜʝʣʴ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʨʘʩʧʦʟʥʘʶʱʠʭ ʦʧʝʨʘʪʦʨʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ 

ʨʘʜʠʘʣʴʥʳʭ ʬʫʥʢʮʠʷʭ. ʆʩʥʦʚʥʘʷ ʠʜʝʷ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʦʜʝʣʠ ʩʦʩʪʦʠʪ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʝʟʘʚʠʩʠʤʳʭ ʠ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʭ ʧʨʠʟʥʘʢʦʚ, 

ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʯʠʩʣʝʥʠʝʤ ʦʮʝʥʢʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʦʙʲʝʢʪʦʚ, ʟʘʜʘʥʥʳʭ 

ʚ ʵʪʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɿʘʜʘʥʠʝ ʵʪʠʭ ʨʘʩʧʦʟʥʘʶʱʠʭ ʦʧʝʨʘʪʦʨʦʚ ʚʢʣʶʯʘʝʪ 

ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ. 

1. ʌʦʨʤʠʨʦʚʘʥʠʝ ʙʘʟʦʚʳʭ ʧʦʜʤʥʦʞʝʩʪʚ. ʇʝʨʚʳʤ ʵʪʘʧʦʤ ʟʘʜʘʥʠʷ 

ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʙʘʟʦʚʳʭ ʧʦʜʤʥʦʞʝʩʪʚ ʠʩʭʦʜʥʳʭ 

ʧʨʠʟʥʘʢʦʚ, ʟʘʚʠʩʷʱʝʡ ʦʪ ʧʘʨʘʤʝʪʨʘ n ( 21 nnn ³= ). ɼʘʥʥʳʡ ʧʘʨʘʤʝʪʨ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʬʠʢʩʠʨʦʚʘʥʥʫʶ ʤʦʱʥʦʩʪʴ ʧʦʜʤʥʦʞʝʩʪʚ, ʢʦʪʦʨʳʝ 

ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʜʝʣʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʤʥʦʞʝʩʪʚʘ 

ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʟʘʜʘʥʥʳʭ ʚ ʚʠʜʝ ʠʟʦʙʨʘʞʝʥʠʡ. ɿʘʜʘʚʘʷ ʨʘʟʣʠʯʥʳʝ 

)(SP ij
'
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ʮʝʣʦʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ n , ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʨʘʟʣʠʯʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʧʦʜʤʥʦʞʝʩʪʚ ʧʨʠʟʥʘʢʦʚ [19]. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʦʩʦʙʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʙʘʟʦʚʳʭ 

ʬʨʘʛʤʝʥʪʦʚ uH  ( nu ,1= ) ʩʪʨʦʷʪʩʷ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʘʣʛʦʨʠʪʤʳ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ.  

2.ʆʧʨʝʜʝʣʝʥʠʝ ʥʘʙʦʨʘ ʭʘʨʘʢʪʝʨʥʳʭ ʧʨʠʟʥʘʢʦʚ. ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ 

ʬʦʨʤʠʨʫʝʪʩʷ ʥʘʙʦʨ ʭʘʨʘʢʪʝʨʥʳʭ ʧʨʠʟʥʘʢʦʚ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ 

ʚʳʙʦʨʦʯʥʳʝ ʤʦʤʝʥʪʳ. ʄʦʤʝʥʪ ʧʦʨʷʜʢʘ  ( ,qpm += Nqp Í, ) 

ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ ),( yxf  ( )uHyx Í),(  ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ [20]: 

,),(
),(

u

Hyx

qp
pq Hyxfyx

u

ö
ö

÷

õ

æ
æ

ç

å
= ä

Í

m  

ʛʜʝ uH  - ʤʦʱʥʦʩʪʴ ʤʥʦʞʝʩʪʚʘ uH . 

3. ɺʳʜʝʣʝʥʠʝ ʧʦʜʤʥʦʞʝʩʪʚ ʭʘʨʘʢʪʝʨʥʳʭ ʩʠʣʴʥʦʩʚʷʟʘʥʥʳʭ ʧʨʠʟʥʘʢʦʚ. 

ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʠʩʪʝʤʘ çʥʝʟʘʚʠʩʠʤʳʭè ʧʦʜʤʥʦʞʝʩʪʚ 

ʧʨʠʟʥʘʢʦʚ, ʩʦʩʪʘʚ ʢʦʪʦʨʦʡ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʧʘʨʘʤʝʪʨʘ 
'nï ʯʠʩʣʘ 

çʥʝʟʘʚʠʩʠʤʳʭè ʧʦʜʤʥʦʞʝʩʪʚ. ɿʘʜʘʚʘʷ ʨʘʟʣʠʯʥʳʝ ʮʝʣʦʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʵʪʦʤʫ ʧʘʨʘʤʝʪʨʫ, ʧʦʣʫʯʠʤ ʨʘʟʣʠʯʥʳʝ ʘʣʛʦʨʠʪʤʳ. ɿʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ 
'n  

ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ 

ʤʦʞʝʪ ʟʘʜʘʚʘʪʴʩ ̫ʘʧʨʠʦʨʥʦ [21]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʠʷ ʜʘʥʥʦʛʦ ʵʪʘʧʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴ 

çʥʝʟʘʚʠʩʠʤʳʭè ʧʦʜʤʥʦʞʝʩʪʚ ʭʘʨʘʢʪʝʨʥʳʭ ʩʠʣʴʥʦʩʚʷʟʘʥʥʳʭ ʧʨʠʟʥʘʢʦʚ 

{ }'21 ,...,, nAW XXX= . 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʦʩʦʙʘ ʟʘʜʘʥʠʷ ʤʝʨʳ ʙʣʠʟʦʩʪʠ ʤʝʞʜʫ 

ʧʦʜʤʥʦʞʝʩʪʚʘʤʠ ʩʠʣʴʥʦʩʚʷʟʘʥʥʳʭ ʧʨʠʟʥʘʢʦʚ (pX  ʠ qX) ʠ ʬʫʥʢʮʠʦʥʘʣʘ 

ʢʘʯʝʩʪʚʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʘʣʛʦʨʠʪʤʳ 

ʚʳʜʝʣʝʥʠʷ ʥʝʟʘʚʠʩʠʤʳʭ ʧʦʜʤʥʦʞʝʩʪʚ ʭʘʨʘʢʪʝʨʥʳʭ ʩʠʣʴʥʦʩʚʷʟʘʥʥʳʭ 

ʧʨʠʟʥʘʢʦʚ. 

4. ʌʦʨʤʠʨʦʚʘʥʠʝ ʥʘʙʦʨʘ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳʭ ʧʨʠʟʥʘʢʦʚ. ʅʘ ʜʘʥʥʦʤ 

ʵʪʘʧʝ ʬʦʨʤʠʨʫʝʪʩʷ ʥʘʙʦʨ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳʭ ʧʨʠʟʥʘʢʦʚ, ʢʘʞʜʳʡ ʠʟ 

ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʪʠʧʠʯʥʳʤ ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ʚʳʜʝʣʝʥʥʦʛʦ ʧʦʜʤʥʦʞʝʩʪʚʘ 

ʩʠʣʴʥʦʩʚʷʟʘʥʥʳʭ ʧʨʠʟʥʘʢʦʚ. ʉʧʦʩʦʙ ʚʳʙʦʨʘ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳʭ ʧʨʠʟʥʘʢʦʚ 

ʠʟ ʧʦʜʤʥʦʞʝʩʪʚ ʩʠʣʴʥʦʩʚʷʟʘʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ʟʘʚʠʩʠʪ ʦʪ ʠʭ ʤʦʱʥʦʩʪʠ. ʇʨʠ 

ʚʳʜʝʣʝʥʠʠ ʧʦʜʤʥʦʞʝʩʪʚ ʩʠʣʴʥʦʩʚʷʟʘʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ʚʦʟʥʠʢʘʶʪ ʢʣʘʩʪʝʨʳ 

ʩ ʦʜʥʠʤ, ʜʚʫʤʷ ʠ ʙʦʣʝʝ ʵʣʝʤʝʥʪʘʤʠ [22].  

5. ʆʧʨʝʜʝʣʝʥʠʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʭ ʧʨʠʟʥʘʢʦʚ. ɺʳʙʦʨ ʠʟ 

ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳʭ ʧʨʠʟʥʘʢʦʚ, ʦʧʨʝʜʝʣʝʥʥʳʭ ʥʘ ʧʨʝʜʳʜʫʱʝʤ ʵʪʘʧʝ, 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʭ ʧʨʠʟʥʘʢʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʦʮʝʥʢʠ 

ʜʦʤʠʥʘʥʪʥʦʩʪʠ ʢʘʞʜʦʛʦ ʧʨʠʟʥʘʢʘ, ʢʦʪʦʨʘʷ ʨʘʟʜʝʣʷʝʪ ʦʙʲʝʢʪʳ, 

ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʤʥʦʞʝʩʪʚʫ , ʥʘ ʜʚʘ ʧʦʜʤʥʦʞʝʩʪʚʘ, ʠ
 
[23]. 
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6. ʆʧʨʝʜʝʣʝʥʠʝ ʬʫʥʢʮʠʠ ʨʘʟʣʠʯʠʷ ),( vu SSd  ʤʝʞʜʫ uS  ʠ vS . ʅʘ ʜʘʥʥʦʤ 

ʵʪʘʧʝ ʟʘʜʘʝʪʩʷ ʬʫʥʢʮʠʷ ʨʘʟʣʠʯʠʷ, ʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ 

ʦʙʲʝʢʪʘʤʠ uS  ʠ vS  ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʭ ʧʨʠʟʥʘʢʦʚ: 

,),...,( 1 ukuu aaS =   

.),...,( 1 vkvv aaS =  

ʈʘʟʣʠʯʠʝ ʤʝʞʜʫ ʵʪʠʤʠ ʦʙʲʝʢʪʘʤʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

( ),),(
2

1

viui

k

i

ivu aaSSd -=ä
=

l  

ʛʜʝ ilï ʚʝʩʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʨʠʟʥʘʢʘ. 

7. ɿʘʜʘʥʠʝ ʬʫʥʢʮʠʠ ʙʣʠʟʦʩʪʠ ),( vu SSR  ʤʝʞʜʫ uS  ʠ vS . ʅʘ ʜʘʥʥʦʤ 

ʵʪʘʧʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʫʥʢʮʠʷ ʙʣʠʟʦʩʪʠ ʤʝʞʜʫ ʦʙʲʝʢʪʘʤʠ uS  ʠ vS  ʩ 

ʧʦʤʦʱʴʶ ʨʘʜʠʘʣʴʥʳʭ ʬʫʥʢʮʠʡ ),( vu SSR  [5-7]: 

)),,(exp(),( vuvu SSdSSR x-=  

ʛʜʝ xï ʧʘʨʘʤʝʪʨ ʦʧʝʨʘʪʦʨʘ. 

8. ɺʳʯʠʩʣʝʥʠʝ ʦʮʝʥʢʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʦʙʲʝʢʪʘ  ʢʣʘʩʩʫ 
jK . ʅʘ 

ʵʪʦʤ ʵʪʘʧʝ ʚʳʯʠʩʣʷʝʪʩʷ ʦʮʝʥʢʘ (ʚ ʚʠʜʝ ʩʫʤʤʘʨʥʦʛʦ ʟʥʘʯʝʥʠʡ ʨʘʜʠʘʣʴʥʳʭ 

ʬʫʥʢʮʠʡ) ʜʣʷ , ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʲʝʢʪʦʚ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʢʣʘʩʩʫ 
jK : 

),,()(
~

vu

KS

uvj SSRS
ju

ä
Í

=Á g  

ʛʜʝ ugï ʧʘʨʘʤʝʪʨ ʦʧʝʨʘʪʦʨʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʦʧʨʝʜʝʣʠʣʠ ʤʦʜʝʣʴ ʨʘʩʧʦʟʥʘʶʱʠʭ ʦʧʝʨʘʪʦʨʦʚ. 

ʃʶʙʦʡ ʨʘʩʧʦʟʥʘʶʱʠʡ ʦʧʝʨʘʪʦʨ B  ʠʟ ʵʪʦʡ ʤʦʜʝʣʠ ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʟʘʜʘʥʠʝʤ ʥʘʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ p~ . ʉʦʚʦʢʫʧʥʦʩʪʴ ʚʩʝʭ ʨʘʩʧʦʟʥʘʶʱʠʭ 

ʦʧʝʨʘʪʦʨ ʠʟ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʦʜʝʣʠ ʦʙʦʟʥʘʯʠʤ ʯʝʨʝʟ ),~( SBp . ʇʦʠʩʢ 

ʥʘʠʣʫʯʰʝʛʦ ʦʧʝʨʘʪʦʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʘʨʘʤʝʪʨʦʚ p~ . 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʧʨʦʚʝʨʢʘ 

ʆʮʝʥʢʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʤʦʜʝʣʠ ʦʩʫʱʝʩʪʚʣʝʥʘ 

ʨʝʰʝʥʠʝʤ ʟʘʜʘʯʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʙʫʢʚ ʫʟʙʝʢʩʢʦʛʦ ʘʣʬʘʚʠʪʘ. ɼʣʷ ʵʪʦʛʦ ʥʘ 

ʦʩʥʦʚʝ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʦʜʝʣʠ ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʘ. ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ 

ʷʚʣʷʣʠʩʴ 4200 ʠʟʦʙʨʘʞʝʥʠʡ ʧʝʯʘʪʥʳʭ ʙʫʢʚ, ʥʘʧʠʩʘʥʥʳʭ ʦʪ ʨʫʢʠ. 

ʀʟʦʙʨʘʞʝʥʠʷ ʥʦʨʤʠʨʦʚʘʥʳ ʧʦ ʨʘʟʤʝʨʫ ʠ ʦʪʮʝʥʪʨʠʨʦʚʘʥʳ ʚʥʫʪʨʠ 

ʠʟʦʙʨʘʞʝʥʠʷ. ʎʝʥʪʨʠʨʦʚʘʥʠʝ ʦʙʲʝʢʪʘ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ ʧʨʦʠʟʚʝʜʝʥʦ ʩ 

ʧʦʤʦʱʴʶ ʧʦʠʩʢʘ ʮʝʥʪʨʘ ʤʘʩʩ. ʏʠʩʣʦ ʢʣʘʩʩʦʚ (ʙʫʢʚ) ʨʘʚʥʦ 35, ʘ ʤʦʱʥʦʩʪʴ 

ʢʘʞʜʦʛʦ ʢʣʘʩʩʘ ʠʟʦʙʨʘʞʝʥʠʡ ʦʜʠʥʘʢʦʚʘ: 120=jK . 

ɺ ʮʝʣʷʭ ʠʩʢʣʶʯʝʥʠʷ ʫʜʘʯʥʦʛʦ (ʠʣʠ ʥʝʫʜʘʯʥʦʛʦ) ʨʘʟʙʠʝʥʠʷ ʠʩʭʦʜʥʦʡ 

ʚʳʙʦʨʢʠ ʥʘ ʦʙʫʯʘʶʱʫʶ ʠ ʢʦʥʪʨʦʣʴʥʫʶ ʚʳʙʦʨʢʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ 

ʪʦʯʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʝʰʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʜʘʯʠ ʩ ʧʦʤʦʱʴʶ 

ʨʘʟʣʠʯʥʳʭ ʦʧʝʨʘʪʦʨʦʚ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʩʢʦʣʴʟʷʱʝʛʦ 

ʢʦʥʪʨʦʣʷ [24]. ʊʦʯʥʦʩʪʴ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʧʨʠ ʨʝʰʝʥʠʠ ʜʘʥʥʦʡ ʟʘʜʘʯʠ 

ʩʦʩʪʘʚʠʣʘ 92,6%. 

S
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ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʝʰʝʥʠʝ ʟʘʜʘʯ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʦʚ, ʦʧʠʩʘʥʥʳʭ 

ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʨʠʟʥʘʢʦʚ ʙʦʣʴʰʦʡ ʨʘʟʤʝʨʥʦʩʪʠ, ʩʚʷʟʘʥʦ ʩʦ 

ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʪʨʫʜʥʦʩʪʷʤʠ. ɼʣʷ ʩʦʢʨʘʱʝʥʠʷ ʯʠʩʣʘ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜ 

ʚʳʜʝʣʝʥʠʷ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳʭ ʧʨʠʟʥʘʢʦʚ ʚ ʫʩʣʦʚʠʷʭ ʚʟʘʠʤʦʩʚʷʟʘʥʥʦʩʪʠ 

ʧʨʠʟʥʘʢʦʚ ʚ ʨʘʤʢʘʭ ʣʶʙʦʡ ʚʳʙʦʨʢʠ ʠʟ ʛʝʥʝʨʘʣʴʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ. 
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ɺʓɼɽʃɽʅʀɽ ʇʈʀɿʅɸʂʆɺ ʀɿʆɹʈɸɾɽʅʀʁ ʇʈʀ ʈɸʉʇʆɿʅɸɺɸʅʀʀ 

ʅʆʄɽʈʅʓʍ ɿʅɸʂʆɺ 
1
ɻ. ʈ. ʄʠʨʟʘʝʚʘ, 

2
ʉ.ʅ. ʄʠʨʟʘʝʚʘ 

1
ʅʘʫʯʥʦ-ʠʥʥʦʚʘʮʠʦʥʥʳʡ ʮʝʥʪʨ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʧʨʠ ʊʋʀʊ ʠʤ. ʄ. ɸʣ-ʍʦʨʘʟʤʠʡ 
2
ʊʘʰʢʝʥʪʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ  

ʠʤ. ʄ. ɸʣʴ ïʍʦʨʘʟʠʤʠʡ 
 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʚʳʜʝʣʝʥʠʝʤ ʧʨʠʟʥʘʢʦʚ 

ʠʟʦʙʨʘʞʝʥʠʡ ʧʨʠ ʨʘʩʧʦʟʥʘʚʘʥʠʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʥʦʤʝʨʥʳʭ ʟʥʘʢʦʚ ʘʚʪʦʤʦʙʠʣʝʡ. ʇʨʠ 

ʵʪʦʤ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʘʣʛʦʨʠʪʤʘʤ ʚʳʜʝʣʝʥʠʷ ʦʙʣʘʩʪʠ ʥʦʤʝʨʥʦʛʦ ʟʥʘʢʘ, 
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ʩʝʛʤʝʥʪʘʮʠʠ ʩʠʤʚʦʣʦʚ ʥʦʤʝʨʥʦʛʦ ʟʥʘʢʘ ʠ ʚʳʜʝʣʝʥʠʷ ʧʨʠʟʥʘʢʦʚ ʠʟʦʙʨʘʞʝʥʠʡ. ɺ ʮʝʣʷʭ 

ʧʨʦʚʝʨʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʧʨʦʚʝʜʝʥʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ 

ʥʦʤʝʨʥʳʭ ʟʥʘʢʦʚ ʘʚʪʦʤʦʙʠʣʝʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʳʜʝʣʝʥʠʝ ʧʨʠʟʥʘʢʦʚ ʠʟʦʙʨʘʞʝʥʠʡ, ʚʳʜʝʣʝʥʠʝ 

ʦʙʣʘʩʪʠ ʥʦʤʝʨʥʦʛʦ ʟʥʘʢʘ, ʚʝʨʪʠʢʘʣʴʥʘʷ ʧʨʦʝʢʮʠʷ, ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ 

ʧʨʦʝʢʮʠʷ, ʩʝʛʤʝʥʪʘʮʠʷ ʩʠʤʚʦʣʦʚ, ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʥʦʤʝʨʥʦʛʦ ʟʥʘʢʘ. 
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Abstract. The article deals with the issues related to the identification of signs of 

images when recognizing state license plates of cars. At the same time, the main attention is 

paid to the algorithms allocating the license plate area, the segmentation of the license plate 
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ɺʚʝʜʝʥʠʝ 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚʦʧʨʦʩʳ ʩʦʟʜʘʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʩʠʩʪʝʤ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ ʨʘʟʚʠʚʘʶʱʠʭʩʷ 

ʥʘʧʨʘʚʣʝʥʠʡ ʩʦʚʨʝʤʝʥʥʳʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. 

ʉʨʝʜʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʠʩʪʝʤ ʚʘʞʥʘʷ ʨʦʣʴ ʦʪʚʦʜʠʪʩʷ 

ʩʠʩʪʝʤʘʤ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʝʛʠʩʪʨʘʮʠʦʥʥʳʭ ʥʦʤʝʨʦʚ ʧʦ ʠʟʦʙʨʘʞʝʥʠʷʤ 

ʘʚʪʦʤʦʙʠʣʝʡ [1, 2]. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʜʦʩʪʠʛʥʫʪʳ ʟʥʘʯʠʪʝʣʴʥʳʝ ʫʩʧʝʭʠ ʧʨʠ 

ʧʦʩʪʨʦʝʥʠʠ ʩʠʩʪʝʤ ʚʠʜʝʦʬʠʢʩʘʮʠʠ ʠ ʩʠʩʪʝʤ ʦʧʨʝʜʝʣʝʥʠʷ ʘʚʪʦʤʦʙʠʣʴʥʳʭ 

ʥʦʤʝʨʥʳʭ ʟʥʘʢʦʚ. ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʶʪ ʥʝʨʝʰʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʧʨʠ 

ʧʝʨʝʭʦʜʝ ʢ ʙʦʣʴʰʝʤʫ ʨʘʟʨʝʰʝʥʠʶ ʚʭʦʜʥʦʡ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʟ-ʟʘ 

ʧʨʠʤʝʥʝʥʠʷ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʟʤʝʨʘ ʠ ʧʦʣʦʞʝʥʠʷ ʦʙʲʝʢʪʘ ʚ 

ʢʘʜʨʝ. ʉʫʱʝʩʪʚʫʝʪ ʢʣʘʩʩ ʟʘʜʘʯ, ʛʜʝ ʦʩʦʙʫʶ ʚʘʞʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ 

ʫʧʨʦʱʝʥʠʝ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʠʩʪʝʤʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʘʚʪʦʤʦʙʠʣʴʥʳʭ 

ʥʦʤʝʨʦʚ, ʥʘʧʨʠʤʝʨ, ʥʘʙʣʶʜʝʥʠʝ ʠ ʢʦʥʪʨʦʣʴ ʜʚʠʞʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʩʨʝʜʩʪʚ.  

ɸʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʳ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʦʜʥʠʤʠ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʦʜʭʦʜʦʚ ʦʙʥʘʨʫʞʝʥʠʷ ʪʝʢʩʪʦʚʳʭ ʩʠʤʚʦʣʦʚ ʥʘ 

ʮʠʬʨʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʷʭ ʷʚʣʷʶʪʩʷ ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ:  
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1) ʦʧʨʝʜʝʣʝʥʠʠ ʢʣʶʯʝʚʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʣʠ ʦʩʦʙʳʭ ʪʦʯʝʢ ʥʘ 

ʮʠʬʨʦʚʦʤ ʠʟʦʙʨʘʞʝʥʠʠ;  

2) ʚʳʯʠʩʣʝʥʠʠ ʜʝʩʢʨʠʧʪʦʨʦʚ ʦʙʣʘʩʪʝʡ ʠʥʪʝʨʝʩʘ;  

3) ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʚʫʭ ʫʢʘʟʘʥʥʳʭ ʧʦʜʭʦʜʦʚ.  

ɼʣʷ ʟʘʜʘʯ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʘʢʪʫʘʣʴʥʳʤ ʦʩʪʘʝʪʩʷ ʧʦʠʩʢ 

ʘʣʛʦʨʠʪʤʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʙʝʟ ʚʥʝʩʝʥʠʷ ʘʧʨʠʦʨʥʳʭ ʩʚʝʜʝʥʠʡ ʦ ʩʚʦʡʩʪʚʘʭ 

ʦʙʲʝʢʪʘ ʠ ʧʦʟʚʦʣʷʶʱʠʭ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʨʝʛʠʩʪʨʘʮʠʦʥʥʳʡ ʟʥʘʢ, ʚ 

ʫʩʣʦʚʠʷʭ ʥʘʣʠʯʠʷ ʧʦʤʝʭ ʥʘ ʠʩʭʦʜʥʳʭ ʠʟʦʙʨʘʞʝʥʠʷʭ. ʇʦʵʪʦʤʫ ʥʘ 

ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ ʨʘʟʨʘʙʦʪʢʘ ʠ ʘʥʘʣʠʟ 

ʘʣʛʦʨʠʪʤʦʚ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ, ʩʝʛʤʝʥʪʘʮʠʠ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩʠʤʚʦʣʦʚ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʘʢʪʫʘʣʴʥʫʶ ʟʘʜʘʯʫ.  

ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠ ʘʥʘʣʠʟ ʘʣʛʦʨʠʪʤʦʚ 

ʚʳʜʝʣʝʥʠʷ ʧʨʠʟʥʘʢʦʚ ʩʠʤʚʦʣʦʚ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʥʦʤʝʨʥʳʭ ʟʥʘʢʦʚ ʚ 

ʫʩʣʦʚʠʷʭ ʧʦʤʝʭ ʠ ʠʩʢʘʞʝʥʠʡ. 

ʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨ r

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʤʝʝʪʩʷ ʙʦʣʴʰʦʡ ʦʧʳʪ ʧʦ ʨʘʩʧʦʟʥʘʚʘʥʠʶ 

ʧʝʯʘʪʥʳʭ ʩʠʤʚʦʣʦʚ. ʈʘʩʧʦʟʥʘʚʘʥʠʝ ʠʟʦʙʨʘʞʝʥʠʡ ʪʝʢʩʪʦʚ ʚʳʧʦʣʥʷʝʪʩʷ 

ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ. ʅʘ ʵʪʦʤ ʬʦʥʝ ʟʘʜʘʯʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʥʦʤʝʨʦʚ ʤʦʞʝʪ 

ʧʦʢʘʟʘʪʴʩʷ ʦʯʝʥʴ ʧʨʦʩʪʦʡ. ʆʜʥʘʢʦ ʜʘʥʥʘʷ ʟʘʜʘʯʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʝʰʝʥʠʝ 

ʨʷʜʘ ʥʝʪʨʠʚʠʘʣʴʥʳʭ ʚʦʧʨʦʩʦʚ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʧʦʜʭʦʜʦʚ ʠ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ [1-11]. ʅʝʩʦʤʥʝʥʥʦ, ʚ ʠʜʝʘʣʴʥʦʤ ʩʣʫʯʘʝ 

(ʪ.ʝ. ʘʚʪʦʤʦʙʠʣʴʥʳʡ ʥʦʤʝʨ ʨʘʩʧʦʣʦʞʝʥ ʩʪʨʦʛʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦ, ʦʩʚʝʱʸʥ 

ʨʘʚʥʦʤʝʨʥʦ, ʠʤʝʝʪ ʯʠʩʪʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʯʸʪʢʦ ʨʘʟʣʠʯʠʤʳʝ ʩʠʤʚʦʣʳ, 

ʢʦʪʦʨʳʝ ʥʝ çʩʣʠʧʘʶʪʩʷè ʥʠ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʥʠ ʩ ʨʘʤʢʦʡ) ʨʘʩʧʦʟʥʘʪʴ ʥʦʤʝʨʘ 

ʤʘʰʠʥʳ ʜʣʷ ʩʠʩʪʝʤʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʠʢʘʢʦʛʦ 

ʪʨʫʜʘ [2, 3, 8-14]. ɺ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦʜʦʙʥʳʝ ʩʣʫʯʘʠ ʚʩʪʨʝʯʘʶʪʩʷ 

ʨʝʜʢʦ. ɺʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʦʩʚʝʱʝʥʠʝ ʥʝʨʘʚʥʦʤʝʨʥʦ, ʠʤʝʶʪʩʷ ʨʘʟʣʠʯʥʳʝ 

ʰʫʤʳ ʚ ʠʟʦʙʨʘʞʝʥʠʠ, ʢʦʪʦʨʦʝ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʩ ʢʘʤʝʨʳ. ʇʨʠ ʵʪʦʤ ʩʘʤ 

ʥʦʤʝʨ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʧʦʣʦʞʝʥ ʧʦʜ ʩʫʱʝʩʪʚʝʥʥʳʤ ʫʛʣʦʤ ʢ ʛʦʨʠʟʦʥʪʫ ʠ 

ʧʦʢʨʳʪ ʧʷʪʥʘʤʠ ʛʨʷʟʠ. ɺ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʟʘʪʨʫʜʥʝʥʦ ʥʝ ʪʦʣʴʢʦ 

ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʠʤʚʦʣʦʚ ʥʦʤʝʨʥʦʛʦ ʟʥʘʢʘ, ʥʦ ʠ 

ʦʧʨʝʜʝʣʝʥʠʝ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʷ ʥʦʤʝʨʘ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ [2, 7-11]. ɼʣʷ 

ʧʨʝʦʜʦʣʝʥʠʷ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʨʦʙʣʝʤ ʩʦʟʜʘʪʝʣʷʤʠ ʩʠʩʪʝʤ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟʘ ʠʟʦʙʨʘʞʝʥʠʡ 

[3-6], ʚ ʯʘʩʪʥʦʩʪʠ, ʨʘʩʯʸʪ ʩʪʘʪʠʩʪʠʢ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʯʘʩʪʦʪʥʘʷ ʬʠʣʴʪʨʘʮʠʷ, 

ʙʠʥʘʨʠʟʘʮʠʠ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʩʠʩʪʝʤʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʥʦʤʝʨʦʚ 

ʨʘʟʨʘʙʦʪʘʥʳ ʩ ʫʯʝʪʦʤ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʡ. ʅʘʧʨʠʤʝʨ, ʥʝʢʦʪʦʨʳʝ 

ʩʠʩʪʝʤʳ ʣʫʯʰʝ ʩʧʨʘʚʣʷʶʪʩʷ ʩ ʟʘʛʨʷʟʥʸʥʥʳʤʠ ʥʦʤʝʨʘʤʠ, ʜʨʫʛʠʝ ʩʧʦʩʦʙʥʳ 

ʨʘʙʦʪʘʪʴ ʚ ʫʩʣʦʚʠʷʭ ʩʣʘʙʦʡ ʦʩʚʝʱʸʥʥʦʩʪʠ. ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ [1-14], ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʟʘʜʘʯʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʥʦʤʝʨʦʚ ʩ ʫʯʝʪʦʤ ʤʥʦʛʦʦʙʨʘʟʠʷ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ 

ʥʘʭʦʜʷʪʩʷ ʚ ʮʝʥʪʨʝ ʚʥʠʤʘʥʠʷ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʥʦʤʝʨʦʚ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʦʧʨʦʩʳ ʩʦʟʜʘʥʠʷ 
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ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʥʦʤʝʨʦʚ 

ʨʘʟʨʘʙʦʪʘʥʳ ʥʝ ʚ ʧʦʣʥʦʤ ʦʙʲʝʤʝ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʧʦʥʠʤʘʥʠʷ ʧʨʝʜʤʝʪʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ 

ʧʨʦʮʝʩʩ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʚʳʜʝʣʝʥʠʷ ʧʨʠʟʥʘʢʦʚ ʥʘ ʥʝʩʢʦʣʴʢʦ ʯʝʪʢʦ 

ʦʛʨʘʥʠʯʝʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʵʪʘʧʦʚ. ʊʘʢʦʝ ʨʘʟʜʝʣʝʥʠʝ ʧʦʟʚʦʣʷʝʪ 

ʫʧʨʦʩʪʠʪʴ ʧʦʜʭʦʜ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ ʚʳʜʝʣʝʥʠʷ ʧʨʠʟʥʘʢʦʚ ʠʟʦʙʨʘʞʝʥʠʡ 

ʧʨʠ ʨʘʩʧʦʟʥʘʚʘʥʠʠ ʥʦʤʝʨʥʳʭ ʟʥʘʢʦʚ ʘʚʪʦʤʦʙʠʣʝʡ. ʆʛʨʘʥʠʯʠʚʘʷ ʮʝʣʴ 

ʢʘʞʜʦʛʦ ʵʪʘʧʘ, ʤʦʞʥʦ ʩʪʘʚʠʪʴ ʚʦʧʨʦʩ ʦ ʢʨʠʪʝʨʠʠ ʢʘʯʝʩʪʚʘ ʠ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʦʢʘʟʘʪʝʣʴ ʢʘʯʝʩʪʚʘ ʦʜʥʦʛʦ ʠʣʠ ʩʦʚʦʢʫʧʥʦʩʪʠ ʥʝʩʢʦʣʴʢʠʭ 

ʵʪʘʧʦʚ [2, 3, 7-12]:  

1) ʚʳʜʝʣʝʥʠʝ ʦʙʣʘʩʪʠ ʥʦʤʝʨʥʳʭ ʟʥʘʢʦʚ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ ʘʚʪʦʤʦʙʠʣʷ; 

2) ʩʝʛʤʝʥʪʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʡ ʥʦʤʝʨʥʳʭ ʟʥʘʢʦʚ ʘʚʪʦʤʦʙʠʣʷ; 

3) ʚʳʜʝʣʝʥʠʝ ʧʨʠʟʥʘʢʦʚ ʠʟʦʙʨʘʞʝʥʠʡ ʩʠʤʚʦʣʦʚ. 

ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʫʜʝʣʷʝʪʩʷ ʚʦʧʨʦʩʘʤ ʨʘʟʨʘʙʦʪʢʠ 

ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʝʨʚʦʛʦ ʵʪʘʧʘ, ʚ ʢʦʪʦʨʦʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠʩʭʦʜʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʥʝʢʦʪʦʨʦʝ ʜʨʫʛʦʝ ʠʟʦʙʨʘʞʝʥʠʝ, 

ʦʙʣʘʜʘʶʱʝʝ ʟʘʜʘʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ (ʥʘʧʨʠʤʝʨ, ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʫʚʝʣʠʯʝʥʠʝ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ ʠʣʠ ʧʦʜʯʝʨʢʠʚʘʶʪʩʷ ʦʪʜʝʣʴʥʳʝ ʜʝʪʘʣʠ 

ʠʟʦʙʨʘʞʝʥʠʷ, ʩ ʪʝʤ ʯʪʦʙʳ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʠ ʫʜʘʣʠʪʴ ʰʫʤʦʚʳʝ ʵʬʬʝʢʪʳ 

ʠʩʭʦʜʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ). ɼʣʷ ʜʦʩʪʦʚʝʨʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʥʳʭ 

ʧʨʠʟʥʘʢʦʚ ʠʟʦʙʨʘʞʝʥʠʡ ʥʦʤʝʨʥʳʭ ʟʥʘʢʦʚ ʥʝʦʙʭʦʜʠʤʦ ʦʙʨʘʙʦʪʘʪʴ 

ʠʩʭʦʜʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʧʨʠʚʝʩʪʠ ʠʭ ʢ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʚʠʜʫ. 

ʉʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʥʦʤʝʨʥʳʭ ʟʥʘʢʦʚ ʘʚʪʦʤʦʙʠʣʝʡ 

ɺ ʮʝʣʷʭ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʘ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʘʣʛʦʨʠʪʤʦʚ ʚ ʟʘʜʘʯʘʭ 

ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤʳ ʨʘʩʧʦʟʥʘʚʘʥʠʠ ʥʦʤʝʨʥʳʭ ʟʥʘʢʦʚ ʘʚʪʦʤʦʙʠʣʝʡ 

ʨʘʩʩʤʦʪʨʠʤ ʝʛʦ ʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʳʝ ʩʦʩʪʦʪ̫ ʠʟ ʩʣʝʜʫʶʱʠʭ ʦʩʥʦʚʥʳʭ 

ʙʣʦʢʦʚ [2, 3, 7-11]:  

1. ʌʦʨʤʠʨʦʚʘʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ. ʇʦʣʫʯʝʥʥʦʝ ʩ ʢʘʤʝʨʳ ʠʟʦʙʨʘʞʝʥʠʝ 

ʧʦʩʪʫʧʘʝʪ ʥʘ ʚʭʦʜ ʩʠʩʪʝʤʳ ʩ ʮʝʣʴʶ ʝʛʦ ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟʘ. 

ɼʘʥʥʘʷ ʦʧʝʨʘʮʠʷ ʠʤʝʝʪ ʚʘʞʥʝʡʰʝʝ ʟʥʘʯʝʥʠʝ, ʠ ʦʪ ʠʩʧʦʣʴʟʫʝʤʳʭ ʟʜʝʩʴ 

ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ ʟʘʚʠʩʠʪ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʚʩʝʡ ʩʠʩʪʝʤʳ 

ʚ ʮʝʣʦʤ.  

2. ɺʳʜʝʣʝʥʠʝ ʦʙʣʘʩʪʠ ʥʦʤʝʨʥʦʛʦ ʟʥʘʢʘ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʦʙʥʘʨʫʞʝʥʠʷ ʠʥʪʝʨʝʩʫʶʱʠʭ ʦʙʲʝʢʪʦʚ ï ʥʦʤʝʨʥʳʭ ʧʣʘʩʪʠʥ ʩ ʮʝʣʴʶ ʠʭ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʥʘʣʠʟʘ.  

3. ʉʝʛʤʝʥʪʘʮʠʷ ʥʦʤʝʨʥʦʛʦ ʟʥʘʢʘ. ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʧʨʦʠʩʭʦʜʠʪ 

ʨʘʟʜʝʣʝʥʠʝ ʜʝʪʝʢʪʠʨʦʚʘʥʥʦʛʦ ʥʦʤʝʨʥʦʛʦ ʟʥʘʢʘ ʥʘ ʦʪʜʝʣʴʥʳʝ ʩʠʤʚʦʣʳ 

ʧʦʩʨʝʜʩʪʚʦʤ ʧʦʩʪʨʦʝʥʠʷ ʨʘʟʜʝʣʠʪʝʣʴʥʳʭ ʣʠʥʠʡ ʤʝʞʜʫ ʥʠʤʠ ʥʘ ʦʩʥʦʚʝ 

ʥʘʠʤʝʥʝʝ ʚʘʞʥʳʭ ʧʠʢʩʝʣʝʡ. 

4. ɺʳʜʝʣʝʥʠʝ ʧʨʠʟʥʘʢʦʚ ʠʟʦʙʨʘʞʝʥʠʡ ʩʠʤʚʦʣʦʚ. ɼʣʷ ʢʘʞʜʦʛʦ 

ʩʝʛʤʝʥʪʠʨʦʚʘʥʥʦʛʦ ʩʠʤʚʦʣʘ ʚʳʯʠʩʣʷʝʪʩʷ ʧʨʠʟʥʘʢʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʝʛʦ 

ʠʟʦʙʨʘʞʝʥʠʷ. 
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5. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʪʝʢʩʪʦʚʳʭ ʩʠʤʚʦʣʦʚ. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʩʠʤʚʦʣʦʚ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʧʨʠʟʥʘʢʘʤ, ʚʳʜʝʣʝʥʥʳʤ ʥʘ ʧʨʝʜʳʜʫʱʝʤ ʵʪʘʧʝ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥ r ʘʣʛʦʨʠʪʤʳ ʚr ʜʝʣʝʥʠ ̫ ʦʙʣʘʩʪʠ 

ʥʦʤʝʨʥʦʛʦ ʟʥʘʢʘ, ʩʝʛʤʝʥʪʘʮʠʠ ʩʠʤʚʦʣʦʚ ʥʦʤʝʨʥʦʛʦ ʟʥʘʢʘ ʠ ʚʳʜʝʣʝʥʠʷ 

ʧʨʠʟʥʘʢʦʚ ʠʟʦʙʨʘʞʝʥʠʡ. 

ɺʳʜʝʣʝʥʠʝ ʦʙʣʘʩʪʠ ʥʦʤʝʨʥʦʛʦ ʟʥʘʢʘ 

ɸʣʛʦʨʠʪʤʳ, ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʚ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ, ʩʦʩʪʦʷʪ ʠʟ ʜʚʫʭ 

ʵʪʘʧʦʚ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʦʝʢʮʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʥʘ ʚʪʦʨʦʤ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʣʦʢʘʣʴʥʳʡ ʤʘʢʩʠʤʫʤ.  

ɺ ʮʝʣʷʭ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʨʦʝʢʮʠʠ עʚʝʨʪʠʢʘʣʴώ 

ʠʟʦʙʨʘʞʝʥʠʷ ʩʫʤʤʠʨʫʶʪʩʷ ʚʩʝ ʟʥʘʯʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦ ʢʘʞʜʦʡ ʩʪʨʦʢʝ. 

ʇʦʩʣʝ ʵʪʦʛʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʘʢʩʠʤʫʤ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʚʝʣʠʯʠʥʳ [2, 3]: 

ώʦʙʣʘʩʪʴ ʠʥʪʝʨʝʩʘ  ὥὶὫίόὴ
ʅ

 ʚʝʨʪʠʢʘʣʴώȟע

ʛʜʝ ʅ ï ʚʳʩʦʪʘ ʠʟʦʙʨʘʞʝʥʠʷ. 

ɼʘʣʝʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʝʨʭʥʷʷ ʠ ʥʠʞʥʷʷ ʛʨʘʥʠʮʳ ʦʙʣʘʩʪʠ ʥʦʤʝʨʥʦʛʦ 

ʟʥʘʢʘ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ: 

ώʚʝʨʭʥʷί̫όὴ
ᶰ
ÁÒÇעʚʝʨʪʠʢʘʣʴώ  ʚʝʨʪʠʢʘʣʴώʦʙʣʘʩʪʴ ʠʥʪʝʨʝʩʘȟ            ρע‍

ώʥʠʞʥʷ É̫ÎÆ
ᶰ
ÁÒÇעʚʝʨʪʠʢʘʣʴώ  ʚʝʨʪʠʢʘʣʴώʦʙʣʘʩʪʴ ʠʥʪʝʨʝʩʘȟ             ςע‍

 ᶰπȟώʦʙʣʘʩʪʴ ʠʥʪʝʨʝʩʘȢסּ ȡסּ

ʇʨʦʮʝʜʫʨʳ ÓÕÐὥὶὫ ʠ ÉÎÆὥὶὫ ʚʳʧʦʣʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 
ʉʥʘʯʘʣʘ ʥʘʭʦʜʷʪʩʷ ʚʩʝ ʟʥʘʯʝʥʠʷ ʘʨʛʫʤʝʥʪʘ, ʜʣʷ ʢʦʪʦʨʳʭ ʚʳʧʦʣʥʷʝʪʩʷ 

ʫʩʣʦʚʠʝ, ʫʢʘʟʘʥʥʦʝ ʚ ʩʢʦʙʢʘʭ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʬʦʨʤʫʣʘʭ (1) ʠ (2). ɿʘʪʝʤ ʠʟ 

ʥʠʭ ʚʳʙʠʨʘʝʪʩʷ ʥʘʠʙʦʣʴʰʝʝ ʠ ʥʘʠʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ 

ʵʪʠʭ ʬʦʨʤʫʣʘʭ ʟʥʘʯʝʥʠʝ ‍ ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʧʫʪʝʤ. 

ɻʦʨʠʟʦʥʪʘʣʴʥʘʷ ʧʨʦʝʢʮʠʷ עʛʦʨʠʟʦʥʪʘʣʴὼ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘʭʦʜʠʪʩʷ 

ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ. ʅʘ ʦʩʥʦʚʝ ʧʦʠʩʢʘ ʥʘʠʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʡ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʨʦʝʢʮʠʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʣʝʚʘʷ ὼʣʝʚʘʷʠ ʧʨʘʚʘʷ ὼʧʨʘʚʘʷ 

ʛʨʘʥʠʮʳ ʥʦʤʝʨʥʦʛʦ ʟʥʘʢʘ: 

ὼʣʝʚʘÓ̫ÕÐÁÒÇעЎὼ ʣʝʚʘὼ̫ע‌ ‍ȟ 

ὼʧʨʘʚʘÓ̫ÕÐÁÒÇעЎὼ ʧʨʘʚʘʷὼע‌ ‍ȟ 

ᾀȡ ᾀɴ πȟּסʦʙʣʘʩʪʴ ʠʥʪʝʨʝʩʘȟ 

ᾀȡ ᾀɴ ʦʙʣʘʩʪʴ ʠʥʪʝʨʝʩʘȟὔסּ ȟ 

 

Ўὼע
ρ

ʦʙʱʘʷע
ʛʦʨʠʟʦʥʪʘʣʴὮע

Ў

Ў

ȟ 

ʣʝʚʘὼ̫ע
ρ

ʦʙʱʘʷע
 ʛʦʨʠʟʦʥʪʘʣʴὮȟע
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ʧʨʘʚʘʷὼע
ρ

ʦʙʱʘʷע
 ʛʦʨʠʟʦʥʪʘʣʴὮȟע

ʦʙʱʘὼ̫ע  ʛʦʨʠʟʦʥʪʘʣʴὮȟע

ʛʜʝ ‌ - ʢʦʥʩʪʘʥʪʘ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʷ ‍ 

(ʥʘʧʨʠʤʝʨ, ‌ πȟπρ‍; Ў - ʥʝʢʦʪʦʨʘʷ ʦʢʨʝʩʪʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʧʫʪʝʤ. 

ʉʝʛʤʝʥʪʘʮʠʷ ʥʦʤʝʨʥʦʛʦ ʟʥʘʢʘ 

ʆʙʱʘʷ ʩʭʝʤʘ ʨʘʙʦʪʳ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ. ɼʣʷ ʢʘʞʜʦʛʦ ʧʠʢʩʝʣʷ ʠʟʦʙʨʘʞʝʥʠʷ ʚʳʯʠʩʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ ʠ ʚʳʜʝʣʷʪʁʩʷ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʝ ʵʣʝʤʝʥʪ,r ʩ 

ʫʯʝʪʦʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ. ʇʨʠ ʵʪʦʤ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝʩʢʦʣʴʢʦ 

ʧʦʜʭʦʜʦʚ. ʅʘʧʨʠʤʝʨ, ʤʦʞʥʦ ʟʘʜʘʪʴ ʫʩʣʦʚʠʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʦʭʨʘʥʝʥʠʷ 

ʵʥʝʨʛʠʠ ʠ ʧʨʦʚʦʜʠʪʴ ʨʘʟʜʝʣʝʥʠʝ ʧʦ ʧʠʢʩʝʣʷʤ ʩ ʥʘʠʤʝʥʴʰʝʡ ʵʥʝʨʛʠʝʡ. 

ɺ ʮʝʣʷʭ ʧʨʝʜʦʪʚʨʘʱʝʥʠ ̫ ʧʦʨʯʠ ʠʟʦʙʨʘʞʝʥʠʷ ʩʦʙʣʶʜʘʝʪʩʷ ʫʩʣʦʚʠʝ 

ʩʚʷʟʥʦʩʪʠ ʧʠʢʩʝʣʝʡ, ʧʦ ʢʦʪʦʨʳʤ ʙʫʜʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʨʘʟʜʝʣʝʥʠʝ ʥʘ 

ʩʝʛʤʝʥʪʳ. ʅʘ ʠʟʦʙʨʘʞʝʥʠʠ ʦʧʨʝʜʝʣʷʪʁʩʷ ʚʩʝ ʤʘʨʰʨʫʪʳ ʧʨʦʭʦʞʜʝʥʠʷ ï 

ʚʦʩʴʤʠʩʚʷʟʥʳʝ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʠʢʩʝʣʝʡ, ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ 

ʩʚʝʨʭʫ ʚʥʠʟ.   

ʅʘ ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʤ ʠʟʦʙʨʘʞʝʥʠʠ ʩʫʱʝʩʪʚʫʪʁ ʣʠʥʠʠ, ʚʜʦʣʴ ʢʦʪʦʨʳʭ 

ʠʟʤʝʥʝʥʠʝ ʵʥʝʨʛʠʠ ʚ ʧʨʝʜʝʣʘʭ ʚʦʩʴʤʠʩʚʷʟʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʠʢʩʝʣʝʡ 

ʤʠʥʠʤʘʣʴʥʦ. ʆʧʠʨʘʷʩʴ ʥʘ ʩʪʦʠʤʦʩʪʥʫʶ ʬʫʥʢʮʠʶ, ʚʳʯʠʩʣʷʪʁ ʩʪʦʠʤʦʩʪʴ 

ʚʩʝʭ ʪʘʢʠʭ ʧʫʪʝʡ. ɼʘʣʝʝ ʬʦʨʤʠʨʫʪʁʩʷ ʣʠʥʠʠ ʨʘʟʜʝʣʝʥʠʷ ʩʠʤʚʦʣʦʚ, 

ʢʦʪʦʨʳʝ ʦʩʫʱʝʩʪʚʣʷʪʁʩʷ ʠʪʝʨʘʪʠʚʥʦ. 

ɺʳʜʝʣʝʥʠʝ ʧʨʠʟʥʘʢʦʚ ʠʟʦʙʨʘʞʝʥʠʡ ʩʠʤʚʦʣʦʚ 

ʇʨʠʟʥʘʢʠ ʠʟʦʙʨʘʞʝʥʠʡ ʩʠʤʚʦʣʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʩʦʟʜʘʥʠʠ 

ʩʠʩʪʝʤʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʥʦʤʝʨʦʚ ʘʚʪʦʤʦʙʠʣʝʡ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ 

ʚʳʙʦʨʦʯʥʳʝ ʤʦʤʝʥʪʳ. 

ɼʚʫʤʝʨʥʳʡ ʤʦʤʝʥʪ ʧʦʨʷʜʢʘ ὴ ήʜʣʷ ʮʠʬʨʦʚʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ 

Ὢὼȟώ, ʨʘʟʤʝʨʘʤʠ ὓ ὔ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʜʣʷ ʮʝʣʦʯʠʩʣʝʥʥʳʭ ὴȟή
πȟρȟςȟỄ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʮʝʥʪʨʘʣʴʥʳʝ ʤʦʤʝʥʪʳ ὴ ή-ʛʦ ʧʦʨʷʜʢʘ (ʜʣʷ 

p, q = 0, 1, 2,...) ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ [15]: 

‘ ὼ ὼӶ ώ ώ Ὢὼȟώȟ 

ʛʜʝ ὼӶ ʠώ .       

ɺʳʧʠʰʝʤ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʮʝʥʪʨʘʣʴʥʳʭ ʤʦʤʝʥʪʦʚ ʜʦ ʪʨʝʪʴʝʛʦ 

ʧʦʨʷʜʢʘ ʚʢʣʶʯʠʪʝʣʴʥʦ: 

‘ ά ‘ ά ώά , 

‘ π‘ ά ςὼӶά ώά ςὼӶά , 

‘ π‘ ά ςώά ὼӶά ςώά , 

‘ ά ὼӶά ά ώά ‘ ά σὼӶά ςὼӶά , 
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‘ ά ὼӶά  ‘ ά σώά ςώά . 

ʅʦʨʤʠʨʦʚʘʥʥʳʝ ʮʝʥʪʨʘʣʴʥʳʝ ʤʦʤʝʥʪʳ, ʦʙʦʟʥʘʯʘʝʤʳʝ – , ʦʧʨʝʜʝʣʷʶʪʩʷ 
ʢʘʢ: 

– (2.13), ʛʜʝ ‎ ρʜʣὴ̫ ή ςȟσȟỄȢ 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʤʝʥʪʦʚ ʚʪʦʨʦʛʦ ʠ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʦʚ ʚʳʚʝʜʝʤ 

ʩʣʝʜʫʶʱʠʡ ʥʘʙʦʨ ʠʟ ʩʝʤʠ ʠʥʚʘʨʠʘʥʪʥʳʭ ʤʦʤʝʥʪʦʚ: 

• – –          

• – – τ–        

• – σ– – σ–       

• – σ– – –       

• – σ– – σ– – – σ– –
 σ– – – – σ– – – –    

• – – – – σ– – τ– –
 – – –           

 .  

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʦʧʠʩʘʣʠ ʘʣʛʦʨʠʪʤ,r ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʠʟʥʘʢʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʵʣʝʤʝʥʪʳ ʥʦʤʝʨʥʳʭ ʟʥʘʢʦʚ 

ʘʚʪʦʤʦʙʠʣʝʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʩʪʨʦʝʥʘ ʤʦʜʝʣʴ ʦʧʝʨʘʪʦʨʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʨʠʟʥʘʢʦʚ. ɼʣʷ ʦʮʝʥʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʳʭ 

ʘʣʛʦʨʠʪʤʦʚ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠ 

ʨʘʩʧʦʟʥʘʚʘʥʠʠ ʥʦʤʝʨʥʳʭ ʟʥʘʢʦʚ ʘʚʪʦʤʦʙʠʣʝʡ.  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʧʨʦʚʝʨʢʘ 

ɺ ʮʝʣʷʭ ʦʮʝʥʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ 

ʨʘʟʨʘʙʦʪʘʥʳ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʭʝʤʳ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʦʛʨʘʤʤʳ. 

ʇʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʵʪʠʭ ʘʣʛʦʨʠʪʤʦʚ ʦʩʫʱʝʩʪʚʣʝʥʘ ʥʘ ʷʟʳʢʝ C++. 

ʈʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʧʨʦʛʨʘʤʤ ʧʨʦʚʝʨʝʥʘ ʧʨʠ ʨʝʰʝʥʠʠ 

ʟʘʜʘʯʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʥʦʤʝʨʥʳʭ ʟʥʘʢʦʚ ʧʦ ʚʠʜʝʦʠʟʦʙʨʘʞʝʥʠʷʤ 

ʘʚʪʦʤʦʙʠʣʝʡ. ɺʩʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʜʚʝʨʛʘʣʠʩʴ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʛʦʨʠʪʤʦʚ, ʧʨʠʚʝʜʝʥʥʳʭ 

ʚ ʨʘʙʦʪʘʭ [16].  

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʙʳʣ ʟʘʜʘʥ ʥʘʙʦʨ ʠʟ 400 ʠʟʦʙʨʘʞʝʥʠʡ 

ʥʦʤʝʨʥʳʭ ʟʥʘʢʦʚ. ɺ ʢʘʞʜʦʤ ʠʟʦʙʨʘʞʝʥʠʠ ʠʤʝʝʪʩʷ ʚʦʩʝʤʴ ʩʠʤʚʦʣʦʚ. ɺʩʝ 

ʩʠʤʚʦʣʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʥʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʘʚʪʦʤʦʙʠʣʴʥʳʭ 

ʨʝʛʠʩʪʨʘʮʠʦʥʥʳʭ ʟʥʘʢʘʭ ʚ ʈʝʩʧʫʙʣʠʢʝ ʋʟʙʝʢʠʩʪʘʥ, ʜʝʣʷʪʩʷ ʥʘ 36 ʢʣʘʩʩʦʚ, 

ʵʢʟʝʤʧʣʷʨʳ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʮʠʬʨʘʤʠ ʠ ʙʫʢʚʘʤʠ ʣʘʪʠʥʩʢʦʛʦ ʘʣʬʘʚʠʪʘ. 

ʇʦʵʪʦʤʫ ʯʠʩʣʦ ʚʦʟʤʦʞʥʳʭ ʢʣʘʩʩʦʚ (ʩʠʤʚʦʣʦʚ) ʨʘʚʥʦ 36. ʇʨʠ ʵʪʦʤ 

ʤʦʱʥʦʩʪʴ ʢʘʞʜʦʛʦ ʧʦʜʤʥʦʞʝʩʪʚʘ ὑ  ʥʝ ʤʝʥʝʝ σπȢ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʚʳʜʝʣʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʨʘʟʜʝʣʠʤʦʩʪʠ ʩʠʤʚʦʣʦʚ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʢ ʨʘʟʥʳʤ ʢʣʘʩʩʘʤ, 
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ʠʩʧʦʣʴʟʦʚʘʥʳ ʘʣʛʦʨʠʪʤʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʨʘʜʠʘʣʴʥʳʭ 

ʬʫʥʢʮʠʷʭ.  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʟʙʠʝʥʠʝ ʵʪʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʥʘ ʜʚʘ ʢʣʘʩʩʘ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʝ ʧʝʨʝʢʨʝʩʪʥʦʡ ʧʨʦʚʝʨʢʠ: 

ʛʝʥʝʨʠʨʫʝʪʩʷ 10 ʩʣʫʯʘʡʥʳʭ ʨʘʟʙʠʝʥʠʡ ʚʳʙʦʨʢʠ ʥʘ 10 ʙʣʦʢʦʚ ʧʨʠʤʝʨʥʦ 

ʦʜʠʥʘʢʦʚʦʛʦ ʦʙʲʝʤʘ ʠ ʩ ʨʘʚʥʳʤʠ ʜʦʣʷʤʠ ʢʣʘʩʩʦʚ, ʠ ʢʘʞʜʳʡ ʙʣʦʢ 

ʧʦʦʯʝʨʸʜʥʦ ʩʪʘʥʦʚʠʪʩʷ ʢʦʥʪʨʦʣʴʥʦʡ ʚʳʙʦʨʢʦʡ, ʦʩʪʘʣʴʥʳʝ ï ʦʙʫʯʘʶʱʝʡ. 

ʊʦʯʥʦʩʪʴ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʧʨʝʜʝʣʷʣʘʩʴ ʢʘʢ ʩʨʝʜʥʷʷ. ʇʨʦʚʝʜʝʥʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʨʘʙʦʪʘʥʥʳʭ 

ʘʣʛʦʨʠʪʤʦʚ ʚʳʜʝʣʝʥʠʷ ʧʨʠʟʥʘʢʦʚ ʧʨʠ ʨʝʰʝʥʠʠ ʜʘʥʥʦʡ ʟʘʜʘʯʠ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩʬʦʨʤʠʨʦʚʘʥ ʥʘʙʦʨ ʧʨʠʟʥʘʢʦʚ, ʢʦʪʦʨʳʝ 

ʧʦʟʚʦʣʷʶʪ ʨʘʟʙʠʪʴ ʦʙʲʝʢʪʳ ʢʦʥʪʨʦʣʴʥʦʡ ʚʳʙʦʨʢʠ ʥʘ ʧʷʪʴ ʢʣʘʩʩʦʚ ʩ 

ʧʨʠʝʤʣʝʤʦʡ ʦʰʠʙʢʦʡ. ʈʘʩʧʦʟʥʘʚʘʥʠʝ ʥʦʤʝʨʥʳʭ ʟʥʘʢʦʚ ʘʚʪʦʤʦʙʠʣʝʡ ʧʦ 

ʚʳʜʝʣʝʥʥʳʤ ʧʨʠʟʥʘʢʘʤ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʘʣʛʦʨʠʪʤʦʚ, 

ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʨʘʙʦʪʘʭ [17, 18]. 

ʇʨʦʚʝʜʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʫʶ 

ʪʦʯʥʦʩʪʴ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʦʜʝʣʠ ʚʳʜʝʣʝʥʠʷ ʧʨʠʟʥʘʢʦʚ ʧʨʠ ʨʝʰʝʥʠʠ ʜʘʥʥʦʡ 

ʟʘʜʘʯʠ.  

ɿʘʢʣʶʯʝʥʠʝ 

ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʦʙʣʝʤ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʩʠʩʪʝʤ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʥʦʤʝʨʥʳʭ ʟʥʘʢʦʚ ʧʦ ʚʠʜʝʦʠʟʦʙʨʘʞʝʥʠʷʤ ʘʚʪʦʤʦʙʠʣʝʡ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʘ 

ʚʳʜʝʣʝʥʠʷ ʧʨʠʟʥʘʢʦʚ ʠʟʦʙʨʘʞʝʥʠʡ ʥʦʤʝʨʥʳʭ ʟʥʘʢʦʚ. ʇʨʝʜʣʦʞʝʥʘ ʤʦʜʝʣʴ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʠʟʥʘʢʦʚ ʠʟʦʙʨʘʞʝʥʠʡ ʥʦʤʝʨʥʳʭ ʟʥʘʢʦʚ. ʇʨʝʜʣʦʞʝʥʥʘʷ 

ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ ʨʷʜ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʥʝʜʦʩʪʘʪʢʘʤʠ ʢʘʯʝʩʪʚʘ 

ʦʪʩʢʘʥʠʨʦʚʘʥʥʳʭ ʧʦʣʫʪʦʥʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʜʘʶʱʠʭ ʧʨʠʝʤʣʝʤʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʚʳʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʥʳʭ ʧʨʠʟʥʘʢʦʚ 

ʥʦʤʝʨʥʳʭ ʟʥʘʢʦʚ. ʆʪʤʝʪʠʤ, ʯʪʦ ʧʨʝʜʣʘʛʘʝʤʘ ̫ ʤʦʜʝʣʴ ʚʳʜʝʣʝʥʠʷ 

ʧʨʠʟʥʘʢʦʚ ʠʟʦʙʨʘʞʝʥʠʡ ʥʦʤʝʨʥʳʭ ʟʥʘʢʦʚ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʨʠ 

ʩʦʩʪʘʚʣʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ 

ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʥʦʤʝʨʥʳʭ ʟʥʘʢʦʚ ʧʦ ʚʠʜʝʦʠʟʦʙʨʘʞʝʥʠʷʤ 

ʘʚʪʦʤʦʙʠʣʝʡ. 
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ʃʀʅɽʁʅʆʁ ʈɽɻʈɽʉʉʀʀ 
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ʉʠʙʠʨʩʢʘʷ ʘʢʘʜʝʤʠʷ ʬʠʥʘʥʩʦʚ ʠ ʙʘʥʢʦʚʩʢʦʛʦ ʜʝʣʘ 
 

ɸʥʥʦʪʘʮʠʷ. ʇʨʦʚʝʜʝʥ ʨʝʛʨʝʩʩʠʦʥʥʳʡ ʘʥʘʣʠʟ ʟʘʚʠʩʠʤʦʩʪʠ ʩʪʦʠʤʦʩʪʠ ʯʠʩʪʳʭ 

ʘʢʪʠʚʦʚ ʧʘʝʚʳʭ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʬʦʥʜʦʚ ʦʪ ʦʢʘʟʳʚʘʶʱʠʭ ʥʘ ʥʠʭ ʚʣʠʷʥʠʝ ʬʘʢʪʦʨʦʚ. 

ɼʘʥ ʧʨʦʛʥʦʟ ʧʦʢʘʟʘʪʝʣʷ ʥʘ 2 ʢʚʘʨʪʘʣ 2017 ʛʦʜʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʘʝʚʳʝ ʠʥʚʝʩʪʠʮʠʦʥʥʳʝ ʬʦʥʜʳ, ʩʪʦʠʤʦʩʪʴ ʯʠʩʪʳʭ 

ʘʢʪʠʚʦʚ, ʨʝʛʨʝʩʩʠʦʥʥʳʡ ʘʥʘʣʠʟ. 

 

FORECAST OF NET ASSETS VALUE OF MUTUAL INVESTMENT 

FUNDS USING THE EQUATION OF PAIR LINEAR REGRESSION  

Mikhalina O. Yu. 

Siberian Academy of Finance and Banking 
 

Abstract. The author has carried out regression analysis of dependence of net assets 

value of mutual investment funds on the factors that influence them. The article presents the 

forecast of the value indicator for 2 quarter 2017. 

Keywords: mutual investment funds, net asset value, regression analysis. 
 

ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʮʝʣʝʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʨʳʥʢʘ ʮʝʥʥʳʭ ʙʫʤʘʛ 

ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʫʩʣʦʚʠʡ ʜʣʷ ʤʦʙʠʣʠʟʘʮʠʠ ʥʘʢʦʧʣʝʥʠʡ ʛʨʘʞʜʘʥ ʠ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʭ ʥʘ ʮʝʣʠ ʠʥʚʝʩʪʠʨʦʚʘʥʠʷ, çʪʨʘʥʩʬʦʨʤʘʮʠʠ ʜʝʥʝʞʥʳʭ 

ʨʝʩʫʨʩʦʚ ʚ ʠʥʩʪʨʫʤʝʥʪʳ ʨʳʥʢʘ ʮʝʥʥʳʭ ʙʫʤʘʛ ʯʝʨʝʟ ʧʦʢʫʧʢʫ ʮʝʥʥʳʭ 

ʙʫʤʘʛè [1]. ɺʦ ʤʥʦʛʦʤ ʜʦʩʪʠʞʝʥʠʝ ʵʪʦʡ ʮʝʣʠ ʟʘʚʠʩʠʪ ʦʪ ʩʦʟʜʘʥʠʷ ʨʘʟʚʠʪʦʡ 

ʩʠʩʪʝʤʳ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʠʥʚʝʩʪʠʨʦʚʘʥʠʷ. ʆʜʥʦʡ ʠʟ ʬʦʨʤ ʢʦʣʣʝʢʪʠʚʥʦʛʦ 

ʠʥʚʝʩʪʠʨʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʧʘʝʚʳʝ ʠʥʚʝʩʪʠʮʠʦʥʥʳʝ ʬʦʥʜʳ (ʇʀʌ). 

ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʨʘʙʦʪʳ ʇʀʌ ʷʚʣʷʝʪʩʷ ʩʪʦʠʤʦʩʪʴ 

ʯʠʩʪʳʭ ʘʢʪʠʚʦʚ (ʉʏɸ). ʉʪʦʠʤʦʩʪʴ ʯʠʩʪʳʭ ʘʢʪʠʚʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 

ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʩʪʦʠʤʦʩʪʴʶ ʚʩʝʭ ʘʢʪʠʚʦʚ ʧʘʝʚʦʛʦ ʠʥʚʝʩʪʠʮʠʦʥʥʦʛʦ ʬʦʥʜʘ 

ʠʣʠ ʘʢʪʠʚʦʚ ʘʢʮʠʦʥʝʨʥʦʛʦ ʠʥʚʝʩʪʠʮʠʦʥʥʦʛʦ ʬʦʥʜʘ (ʜʘʣʝʝ - ʘʢʪʠʚʳ) ʠ 

ʚʝʣʠʯʠʥʦʡ ʚʩʝʭ ʦʙʷʟʘʪʝʣʴʩʪʚ, ʧʦʜʣʝʞʘʱʠʭ ʠʩʧʦʣʥʝʥʠʶ ʟʘ ʩʯʝʪ ʫʢʘʟʘʥʥʳʭ 

ʘʢʪʠʚʦʚ (ʜʘʣʝʝ - ʦʙʷʟʘʪʝʣʴʩʪʚʘ), ʥʘ ʤʦʤʝʥʪ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʦʠʤʦʩʪʠ ʯʠʩʪʳʭ 

ʘʢʪʠʚʦʚ [2]. 

ɼʣʷ ʘʥʘʣʠʟʘ ʪʝʥʜʝʥʮʠʠ ʠʟʤʝʥʝʥʠʷ ʉʏɸ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ 

ɹʘʥʢʘ ʈʦʩʩʠʠ ʟʘ ʧʝʨʠʦʜ 2010 ï 2016 ʛʛ. ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 

1 ʚʠʜʥʦ, ʢʘʢ ʨʳʥʦʢ ʧʘʝʚʳʭ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʬʦʥʜʦʚ ʨʝʘʛʠʨʦʚʘʣ ʥʘ 

ʢʨʠʟʠʩʥʳʝ ʷʚʣʝʥʠʷ, ʧʦʪʝʨʷʚ ʦʪ ʩʪʦʠʤʦʩʪʠ ʉʏɸ ʧʨʘʢʪʠʯʝʩʢʠ 6% ʚ 2014 

ʛʦʜʫ. ʇʦʩʣʝ 2014 ʛʦʜʘ ʧʦʣʦʞʝʥʠʝ ʚ ʩʝʛʤʝʥʪʝ ʇʀʌ ʩʪʘʣʦ ʧʦʩʪʝʧʝʥʥʦ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴʩʷ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʨʦʩʪʫ ʉʏɸ ʥʘ 2,5 % ʚ 2016 ʛʦʜʫ. 
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ʊʘʙʣʠʮʘ 1 

ʇʦʢʘʟʘʪʝʣʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʘʝʚʳʭ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʬʦʥʜʦʚ 

  2010 2011 2012 2013 2014 2015 2016 

ʉʪʦʠʤʦʩʪʴ ʯʠʩʪʳʭ 

ʘʢʪʠʚʦʚ ʇʀʌ 

(ʤʣʨʜ.ʨʫʙ.) 

1 122,60 1 294,20 1 598,00 1 865,93 2 123,67 2 381,95 2 579,91 

ʂʦʣʠʯʝʩʪʚʦ 

ʣʠʮʝʚʳʭ ʩʯʝʪʦʚ ʚ  

ʨʝʝʩʪʨʝ 

ʚʣʘʜʝʣʴʮʝʚ ʇʀʌ 

1918081 1948938 2031719 2031355 2186707 2301825 1463735 

ʂʦʣʠʯʝʩʪʚʦ ʋʂ 230 235 233 226 232 210 188 

 

ʇʨʦʚʝʜʝʤ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʚʝʣʠʯʠʥʳ ʉʏɸ ʧʫʪʝʤ ʚʳʷʚʣʝʥʠʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʛʥʦʟʠʨʫʝʤʦʡ ʚʝʣʠʯʠʥʳ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʠʤʝʶʱʠʭʩʷ ʜʘʥʥʳʭ. ʀʩʧʦʣʴʟʫʷ ʚʳʯʠʩʣʝʥʥʫʶ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ 

ʟʘʚʠʩʠʤʦʩʪʴ, ʨʘʩʩʯʠʪʘʝʤ ʧʨʦʛʥʦʟʥʦʝ ʟʥʘʯʝʥʠʝ ʉʏɸ ʥʘ 1 ʠ 2 ʢʚʘʨʪʘʣ 2017 

ʛʦʜʘ. 

ɼʣʷ ʥʘʯʘʣʘ ʧʨʠ ʧʦʤʦʱʠ ʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʦʧʨʝʜʝʣʠʤ 

ʥʘʧʨʘʚʣʝʥʠʝ ʠ ʬʦʨʤʫ ʩʚʷʟʠ ʤʝʞʜʫ ʠʟʫʯʘʝʤʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ. ʀʟ 

ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʚʠʜʥʦ, ʯʪʦ ʜʠʥʘʤʠʢʘ ʟʘ 

ʠʟʫʯʘʝʤʳʡ ʧʝʨʠʦʜ ʧʦʣʦʞʠʪʝʣʴʥʘʷ, ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʢʘʟʘʪʝʣʷ ʉʏɸ ʦʪ 

ʚʨʝʤʝʥʥʦʛʦ ʧʝʨʠʦʜʘ ʥʦʩʠʪ ʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ (ʨʠʩ. 1).  

 

 
 

ʈʠʩ. 1. ɻʨʘʬʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠ ʥʘʣʦʞʝʥʥʳʡ  

ʥʘ ʥʠʭ ʪʨʝʥʜ 

 

ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʧʨʠʤʝʥʠʪʴ ʤʝʪʦʜ ʧʘʨʥʦʡ ʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠ. ʇʦʩʣʝ ʨʷʜʘ ʚʳʯʠʩʣʝʥʠʡ 

ʧʦʣʫʯʘʝʤ ʠʩʢʦʤʦʝ ʫʨʘʚʥʝʥʠʝ ʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠ: 

.88,8416107,252Ĕ += xy         (1) 
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ʈʘʩʩʯʠʪʘʝʤ ʧʨʦʛʥʦʟʥʳʝ ʟʥʘʯʝʥʠʷ ʨʷʜʘ Ȓi ʠ ʧʨʝʜʩʪʘʚʠʤ ʠʭ ʛʨʘʬʠʯʝʩʢʠ 

ʚ ʚʠʜʝ ʪʨʝʥʜʘ (ʩʤ. ʨʠʩ. 1).  

ʀʟ ʛʨʘʬʠʢʘ ʚʠʜʥʦ, ʯʪʦ ʣʠʥʝʡʥʘʷ ʨʝʛʨʝʩʩʠʷ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ 

ʦʧʠʩʳʚʘʝʪ ʚʟʘʠʤʦʩʚʷʟʴ ʧʦʢʘʟʘʪʝʣʷ ʉʏɸ ʦʪ ʚʨʝʤʝʥʥʦʛʦ ʧʝʨʠʦʜʘ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ 998,0, =yxr , ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʥʘʣʠʯʠʠ ʚʝʩʴʤʘ 

ʚʳʩʦʢʦʡ ʠ ʧʨʷʤʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʧʨʠʟʥʘʢʦʤ y ʠ ʬʘʢʪʦʨʦʤ x. ʇʨʦʚʝʨʢʘ ʥʘ 

ʢʨʠʪʝʨʠʡ ʉʪʴʶʜʝʥʪʘ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤ. 

ɹʳʣ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥ ʬʘʢʪʦʨʥʳʡ ʘʥʘʣʠʟ ʩʪʝʧʝʥʠ ʚʣʠʷʥʠʷ ʥʘ ʩʪʦʠʤʦʩʪʴ 

ʯʠʩʪʳʭ ʘʢʪʠʚʦʚ ʇʀʌ ʢʦʣʠʯʝʩʪʚʘ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʧʘʡʱʠʢʦʚ ʠ 

ʢʦʣʠʯʝʩʪʚʘ ʫʧʨʘʚʣʷʶʱʠʭ ʢʦʤʧʘʥʠʡ. ʇʦʣʫʯʝʥʦ ʫʨʘʚʥʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʉʏɸ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʧʘʡʱʠʢʦʚ, ʘ ʟʘʪʝʤ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʙʳʣ 

ʧʨʦʚʝʨʝʥ  ʧʦ ʢʨʠʪʝʨʠʶ ʉʪʴʶʜʝʥʪʘ. ʇʨʦʚʝʨʢʘ ʥʘ ʢʨʠʪʝʨʠʡ ʉʪʴʶʜʝʥʪʘ 

ʧʦʢʘʟʘʣʘ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʥʝ ʟʥʘʯʠʤ. 

ɸʥʘʣʠʟ ʟʘʚʠʩʠʤʦʩʪʠ ʉʏɸ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʫʧʨʘʚʣʷʶʱʠʭ ʢʦʤʧʘʥʠʡ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʩʚʷʟʴ ʤʝʞʜʫ ʧʦʢʘʟʘʪʝʣʝʤ ʉʏɸ ʠ ʢʦʣʠʯʝʩʪʚʦʤ ʫʧʨʘʚʣʷʶʱʠʭ 

ʢʦʤʧʘʥʠʡ ʚʳʩʦʢʘʷ ʠ ʦʙʨʘʪʥʘʷ. ʇʨʦʚʝʨʢʘ ʥʘ ʢʨʠʪʝʨʠʡ ʉʪʴʶʜʝʥʪʘ ʧʦʢʘʟʘʣʘ, 

ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤ. 

ɼʘʣʝʝ ʩʜʝʣʘʝʤ ʧʨʦʛʥʦʟ ʥʘ ʚʪʦʨʦʡ ʢʚʘʨʪʘʣʳ 2017 ʛʦʜʘ: 2 736,46 ʤʣʨʜ. 

ʨʫʙ.  

ʈʘʩʯʝʪʥʦʝ ʟʥʘʯʝʥʠʝ ʤʦʞʥʦ ʩʦʧʦʩʪʘʚʠʪʴ ʩ ʬʘʢʪʠʯʝʩʢʦʡ ʉʏɸ ʇʀʌ, 

ʧʨʠʚʝʜʝʥʥʦʡ ʚ ʆʙʟʦʨʝ ʢʣʶʯʝʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʘʝʚʳʭ ʠ ʘʢʮʠʦʥʝʨʥʳʭ 

ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʬʦʥʜʦʚ ʟʘ II  ʢʚʘʨʪʘʣ 2017 [3]. ʇʦ ʜʘʥʥʳʤ ʎɹ ʈʌ, 

ʩʦʚʦʢʫʧʥʘʷ ʉʏɸ ʇʀʌʦʚ ʟʘ ʫʢʘʟʘʥʥʳʡ ʧʝʨʠʦʜ ʩʦʩʪʘʚʠʣʘ 2 653,83 ʤʣʨʜ. 

ʨʫʙ. ʉʨʘʚʥʝʥʠʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʮʝʥʢʘ ʉʏɸ ʧʨʦʚʝʜʝʥʘ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ ʠ 

ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʣʠʥʝʡʥʦʡ ʪʝʥʜʝʥʮʠʠ ʨʦʩʪʘ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʜʣʷ ʧʨʦʛʥʦʟʘ 

ʉʏɸ ʥʘ ʧʦʩʣʝʜʫʶʱʠʝ ʧʝʨʠʦʜʳ ʤʦʞʥʦ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜ ʧʘʨʥʦʡ 

ʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠ. 

ʉʨʝʜʠ ʬʘʢʪʦʨʦʚ, ʦʢʘʟʘʚʰʠʭ ʚʣʠʷʥʠʝ ʥʘ ʨʦʩʪ ʚʣʦʞʝʥʠʡ ʩʨʝʜʩʪʚ ʚ 

ʧʘʝʚʳʝ ʠʥʚʝʩʪʠʮʠʦʥʥʳʝ ʬʦʥʜʳ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, 

ʩʪʘʙʠʣʠʟʘʮʠʶ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʚ ʮʝʣʦʤ ʠ ʬʦʥʜʦʚʦʛʦ ʨʳʥʢʘ ʚ 

ʯʘʩʪʥʦʩʪʠ. ʈʝʟʢʦ ʚʦʟʨʦʩʣʘ ʧʦʧʫʣʷʨʥʦʩʪʴ ʟʘʢʨʳʪʳʭ ʧʘʝʚʳʭ 

ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʬʦʥʜʦʚ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʜʣʷ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʠʥʚʝʩʪʦʨʦʚ.  
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ʄʝʪʦʜʠʯʝʩʢʘʷ ʙʘʟʘ ʧʨʠʢʣʘʜʥʳʭ ʵʢʦʥʦʤʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʜʠʩʮʠʧʣʠʥ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ 

ʧʦʨʪʬʝʣʝʤ ʠ ʠʥʚʝʩʪʠʮʠʦʥʥʳʡ ʨʠʩʢ, ʢʦʪʦʨʳʡ ʩʚʷʟʘʥ ʩ ʠʟʤʝʥʝʥʠʝʤ 

ʢʦʪʠʨʦʚʦʢ ʮʝʥʥʳʭ ʙʫʤʘʛ, ʢʫʨʩʦʚ ʚʘʣʶʪ, ʧʨʦʮʝʥʪʥʳʭ ʩʪʘʚʦʢ ʠ ʪ.ʧ. ɼʣʷ 

ʚʳʯʠʩʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʥʘʙʦʨʘ ʧʦʨʪʬʝʣʝʡ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʠʥʩʪʨʫʤʝʥʪʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ, ʪʘʢʠʝ ʢʘʢ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ 

ʦʪʢʣʦʥʝʥʠʝ ʠʣʠ ʜʠʩʧʝʨʩʠʷ ʜʦʭʦʜʥʦʩʪʠ ʠʥʚʝʩʪʠʮʠʡ, ʢʦʚʘʨʠʘʮʠʷ, 

ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ. ʇʦʤʠʤʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʚ ʮʝʣʷʭ ʦʮʝʥʢʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʝʤ ʘʢʪʠʚʘʤʠ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʚʩʝʚʦʟʤʦʞʥʳʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʠ ʠʥʜʠʢʘʪʦʨʳ, ʧʦʢʘʟʳʚʘʶʱʠʝ ʩʦʦʪʥʦʰʝʥʠʝ ʜʦʭʦʜʥʦʩʪʠ ʠ 

ʨʠʩʢʘ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʬʠʥʘʥʩʦʚʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. ʊʘʢ, ʧʨʦʙʣʝʤʘ ʦʮʝʥʢʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʧʘʝʚʳʤʠ ʠʥʚʝʩʪʠʮʠʦʥʥʳʤʠ ʬʦʥʜʘʤʠ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʚ ʩʚʷʟʠ ʩ ʧʦʪʨʝʙʥʦʩʪʴʶ 

ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʚʢʣʘʜʯʠʢʘ ʩʜʝʣʘʪʴ ʚʳʙʦʨ ʚ ʧʦʣʴʟʫ ʢʦʥʢʨʝʪʥʦʛʦ ʬʦʥʜʘ. 

ʌʠʥʘʥʩʦʚʳʝ ʧʦʢʘʟʘʪʝʣʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʫʨʦʚʝʥʴ ʜʦʭʦʜʥʦʩʪʠ ʠ 

ʨʠʩʢʘ ʧʘʝʚʦʛʦ ʠʥʚʝʩʪʠʮʠʦʥʥʦʛʦ ʬʦʥʜʘ, ʩʯʠʪʘʶʪʩʷ ʙʘʟʦʚʳʤʠ ʠʥʜʠʢʘʪʦʨʘʤʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʦʥʜʦʚ ʜʣʷ ʠʥʚʝʩʪʦʨʦʚ. 

http://www.cbr.ru/finmarkets/files/supervision/review_paif_140917.pdf
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ɼʦʭʦʜʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʧʨʦʮʝʥʪʥʦʤ ʠʟʤʝʥʝʥʠʠ ʩʪʦʠʤʦʩʪʠ ʧʘʷ ʠ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 
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ʬʦʥʜʘɼʦʭʦʜʥʦʩʪʴ      (1) 

ʛʜʝ 
1
ɼ  - ʩʪʦʠʤʦʩʪʴ ʧʘʷ ʥʘ ʢʦʥʝʮ ʦʮʝʥʠʚʘʝʤʦʛʦ ʧʝʨʠʦʜʘ, 

0
ɼ  - ʩʪʦʠʤʦʩʪʴ ʧʘʷ ʥʘ ʥʘʯʘʣʦ ʧʝʨʠʦʜʘ [6]. 

 

ʆʜʥʘʢʦ ʧʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʚʳʙʦʨʘ ʬʦʥʜʘ ʥʝ ʩʣʝʜʫʝʪ ʦʧʠʨʘʪʴʩʷ 

ʪʦʣʴʢʦ ʥʘ ʝʛʦ ʜʦʭʦʜʥʦʩʪʴ, ʧʦʩʢʦʣʴʢʫ ʧʦʢʘʟʘʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʚ ʧʨʦʰʣʦʤ ʥʝ 

ʛʘʨʘʥʪʠʨʫʝʪ ʨʝʟʫʣʴʪʘʪʘ ʚ ʙʫʜʫʱʝʤ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʝʦʙʭʦʜʠʤʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʚʣʦʞʝʥʠʡ ʚ ʧʘʝʚʳʝ ʠʥʚʝʩʪʠʮʠʦʥʥʳʝ ʬʦʥʜʳ. 

ʐʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʫʧʨʘʚʣʷʶʱʝʛʦ ʢʦʵʬʬʠʮʠʝʥʪ ʐʘʨʧʘ, ʢʦʪʦʨʳʡ ʦʪʨʘʞʘʝʪ ʦʪʥʦʰʝʥʠʝ ʜʚʫʭ 

ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʜʣʷ ʠʥʚʝʩʪʦʨʘ ʧʦʥʷʪʠʡ: ʜʦʭʦʜʥʦʩʪʴ ʠ ʨʠʩʢ, ʠ ʧʦʢʘʟʳʚʘʝʪ, 

ʩʢʦʣʴʢʦ ʝʜʠʥʠʮ ʜʦʭʦʜʥʦʩʪʠ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʝʜʠʥʠʮʫ ʨʠʩʢʘ. 

ʈʘʩʯʝʪ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 
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R  - ʜʦʭʦʜʥʦʩʪʴ ʬʦʥʜʘ, 

b
R  - ʜʦʭʦʜʥʦʩʪʴ ʙʝʥʯʤʘʨʢʘ [2]. 

ʏʝʤ ʚʳʰʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʐʘʨʧʘ, ʪʝʤ ʚʳʰʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʫʧʨʘʚʣʝʥʠʷ. ʅʝʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ 

ʜʦʭʦʜʥʦʩʪʴ ʦʪ ʚʣʦʞʝʥʠʡ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʠʥʷʪʦʤʫ ʫʨʦʚʥʶ ʨʠʩʢʘ, ʘ 

ʦʪʨʠʮʘʪʝʣʴʥʳʡ, ʯʪʦ ʜʦʭʦʜʥʦʩʪʴ ʚʣʦʞʝʥʠʡ ʥʠʞʝ, ʯʝʤ ʜʦʭʦʜʥʦʩʪʴ ʦʪ 

ʙʝʟʨʠʩʢʦʚʳʭ ʠʥʚʝʩʪʠʮʠʡ. 

ʊʘʢʞʝ ʜʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʧʦʨʪʬʝʣʝʤ ʮʝʥʥʳʭ 

ʙʫʤʘʛ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ çʘʣʴʬʘè ɼʞʝʥʩʝʥʘ, ʢʦʪʦʨʳʡ 

ʧʦʢʘʟʳʚʘʝʪ ʧʨʝʚʳʰʝʥʠʝ ʜʦʭʦʜʥʦʩʪʠ ʠʥʚʝʩʪʠʮʠʦʥʥʦʛʦ ʧʘʷ ʢʦʥʢʨʝʪʥʦʛʦ 

ʬʦʥʜʘ ʥʘʜ ʩʨʝʜʥʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʨʳʥʢʘ. ʂʦʵʬʬʠʮʠʝʥʪ ʘʣʴʬʘ ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʨʠʙʘʚʢʫ ʩʚʝʨʭ ʩʧʨʘʚʝʜʣʠʚʦʡ ʜʦʭʦʜʥʦʩʪʠ ʧʘʝʚʦʛʦ 

ʠʥʚʝʩʪʠʮʠʦʥʥʦʛʦ ʬʦʥʜʘ, ʢʦʪʦʨʫʶ ʩʦʟʜʘʝʪ ʫʧʨʘʚʣʷʶʱʠʡ ʬʦʥʜʘ, ʠʩʢʫʩʥʦ 

ʫʧʨʘʚʣʷʷ ʝʛʦ ʩʨʝʜʩʪʚʘʤʠ. 
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rrrr -Ö+-= ba ,     (3) 

ʛʜʝ 
f

r  - ʜʦʭʦʜʥʦʩʪʴ ʬʦʥʜʘ,  
d

r  - ʜʦʭʦʜʥʦʩʪʴ ʙʝʟʨʠʩʢʦʚʦʛʦ ʘʢʪʠʚʘ,  

mr  - ʜʦʭʦʜʥʦʩʪʴ ʙʝʥʯʤʘʨʢʘ [1]. 
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ʂʦʵʬʬʠʮʠʝʥʪ çʙʝʪʘè, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦʝ 

ʠʟʤʝʥʝʥʠʝ ʜʦʭʦʜʥʦʩʪʠ ʬʦʥʜʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʦʭʦʜʥʦʩʪʴʶ ʨʳʥʢʘ, ʪʦ ʝʩʪʴ 

ʛʦʚʦʨʠʪ ʦ ʜʝʡʩʪʚʠʠ ʨʳʥʢʘ ʥʘ ʜʠʥʘʤʠʢʫ ʜʦʭʦʜʥʦʩʪʠ ʬʦʥʜʘ. ʂʦʵʬʬʠʮʠʝʥʪ 

ʙʦʣʴʰʝ ʝʜʠʥʠʮʳ ʧʦʢʘʟʳʚʘʝʪ ʙʦʣʴʰʫʶ ʨʠʩʢʦʚʘʥʥʦʩʪʴ ʘʢʪʠʚʦʚ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, çʙʝʪʘè < 1 ï ʤʝʥʴʰʫʶ ʨʠʩʢʦʚʘʥʥʦʩʪʴ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, 

ʠʥʚʝʩʪʠʮʠʠ ʙʦʣʝʝ ʨʠʩʢʦʚʘʥʥʳ ʩ çʙʝʪʦʡè > 1, ʯʝʤ ʚ ʩʨʝʜʥʝʤ ʧʦ ʨʳʥʢʫ. 

2

);(cov

b

bf
RR

s
b= ,      (4) 

ʛʜʝ ms  - ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʜʦʭʦʜʥʦʩʪʠ ʙʝʥʯʤʘʨʢʘ,  

);(cov
bf

RR  - ʢʦʚʘʨʠʘʮʠʷ ʜʦʭʦʜʥʦʩʪʠ ʬʦʥʜʘ ʠ ʙʝʥʯʤʘʨʢʘ [1]. 

 

ʇʦʢʘʟʘʪʝʣʴ ɓ ʧʦʢʘʟʳʚʘʝʪ ʩʪʝʧʝʥʴ ʚʣʠʷʥʠʷ ʨʳʥʢʘ ʥʘ ʜʦʭʦʜʥʦʩʪʴ ʬʦʥʜʘ. 

ʏʝʤ ʙʣʠʞʝ ɹʝʪʘ ʢ ʥʫʣʶ, ʪʝʤ ʤʝʥʴʰʝ ʚʣʠʷʥʠʝ ʨʳʥʦʯʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʥʘ 

ʜʦʭʦʜʥʦʩʪʴ ʬʦʥʜʘ. 

ɽʱʝ ʦʜʥʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʦʧʨʝʜʝʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʣʦʞʝʥʠʡ 

ʷʚʣʷʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʉʦʨʪʠʥʦ. ʈʘʩʯʝʪ ʧʨʦʠʟʚʦʜʠʪʩʷ ʘʥʘʣʦʛʠʯʥʦ ʩʣʫʯʘʶ ʩ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʐʘʨʧʘ, ʦʜʥʘʢʦ ʩʪʘʥʜʘʨʪʥʘʷ ʜʠʩʧʝʨʩʠʷ ʟʘʤʝʥʷʝʪʩʷ ʥʘ 

ʧʦʣʫʜʠʩʧʝʨʩʠʶ, ʫʯʠʪʳʚʘʶʱʫ  ʁ ʪʦʣʴʢʦ ʥʠʞʥʶʶ ʚʦʣʘʪʠʣʴʥʦʩʪʴ ɹʦʣʝʝ 

ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʉʦʨʪʠʥʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʧʦʨʪʬʝʣʴ 

ʣʫʯʰʝ ʧʦʢʘʟʘʣ ʩʝʙʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʦʧʫʪʩʪʚʫʶʱʝʤʫ ʨʠʩʢʫ. ɺʳʩʦʢ ʠʣʠ 

ʥʠʟʦʢ ʜʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʚ ʢʦʥʪʝʢʩʪʝ ʩʨʘʚʥʝʥʠʷ 

ʬʦʥʜʦʚ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. 

ɼʘʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

p

p
MARr

S
s

-
= ,      (5) 

ʛʜʝ pr  - ʩʨʝʜʥʷʷ ʜʦʭʦʜʥʦʩʪʴ ʧʦʨʪʬʝʣʷ, 

MAR - ʤʠʥʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʜʦʭʦʜʥʦʩʪʠ, ʥʘ ʢʦʪʦʨʳʡ ʩʦʛʣʘʩʝʥ ʠʥʚʝʩʪʦʨ, 

ps  - ʦʪʢʣʦʥʝʥʠʝ ʧʨʠʙʳʣʠ ʧʦʨʪʬʝʣʷ ʚ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʩʪʦʨʦʥʫ [3]. 

ʂʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʤʘʢʩʠʤʘʣʴʥʳʝ ʧʦʪʝʨʠ ʩ 

ʟʘʜʘʥʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ (ʢʘʢ ʧʨʘʚʠʣʦ, 95%), ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʥʝʩʪʠ 

ʚʣʦʞʝʥʠʷ ʚ ʧʘʝʚʦʡ ʠʥʚʝʩʪʠʮʠʦʥʥʳʡ ʬʦʥʜ ʟʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʩʨʦʢ. 

ʇʦʢʘʟʘʪʝʣʴ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

fff
kEVaR sÖ-= ,      (6) 

ʛʜʝ 
f

E  - ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʜʦʭʦʜʥʦʩʪʠ ʬʦʥʜʘ ʟʘ 36 ʤʝʩʷʮʝʚ. ɼʦʭʦʜʥʦʩʪʴ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʧʨʠʨʦʩʪ ʩʪʦʠʤʦʩʪʠ ʧʘʷ ʟʘ ʢʘʞʜʳʡ ʤʝʩʷʮ (ʙʝʟ ʫʯʝʪʘ 

ʩʢʠʜʦʢ, ʥʘʜʙʘʚʦʢ, ʘ ʪʘʢʞʝ ʥʘʣʦʛʦʚ), 

k - ʯʠʩʣʦ ʩʪʘʥʜʘʨʪʥʳʭ ʦʪʢʣʦʥʝʥʠʡ, ʦʧʨʝʜʝʣʷʶʱʝʝ ʟʥʘʯʝʥʠʝ VaR. ɼʣʷ 

ʫʨʦʚʥʷ ʟʥʘʯʠʤʦʩʪʠ ʚ 95% ʵʪʦ ʟʥʘʯʝʥʠʝ ʙʫʜʝʪ ʩʦʩʪʘʚʣʷʪʴ 1,645. 

f
s  - ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʜʦʭʦʜʥʦʩʪʠ ʬʦʥʜʘ [4]. 
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ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʘʥʘʣʠʟʘ ʢʘʯʝʩʪʚʘ 

ʫʧʨʘʚʣʝʥʠʷ ʧʦʨʪʬʝʣʝʤ ʘʢʪʠʚʦʚ ʠ ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ ʷʚʣʷʶʪʩʷ ʯʘʩʪʴʶ 

ʢʦʥʮʝʧʪʫʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʘʝʚʳʭ 

ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʬʦʥʜʦʚ. 

ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʧʦʜʭʦʜʦʚ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʢʘʯʝʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ 

ʧʘʝʚʳʤʠ ʠʥʚʝʩʪʠʮʠʦʥʥʳʤʠ ʬʦʥʜʘʤʠ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʤʝʪʦʜʠʢʠ 

ʨʝʡʪʠʥʛʦʚʦʛʦ ʘʛʝʥʪʩʪʚʘ çʕʢʩʧʝʨʪè, ʅʘʮʠʦʥʘʣʴʥʦʡ ʣʠʛʠ ʫʧʨʘʚʣʷʶʱʠʭ, 

ʈʦʩʩʠʡʩʢʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʰʢʦʣʳ, ʧʦʨʪʘʣʘ Investfunds ʠ ʧʨ., ʦʩʥʦʚʘʥʥʳʝ 

ʥʘ ʨʘʩʯʝʪʝ ʙʘʟʦʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʨʠʩʢʘ ʠ ʜʦʭʦʜʥʦʩʪʠ. ʅʦ, ʢʘʢ ʧʦʢʘʟʳʚʘʝʪ 

ʧʨʘʢʪʠʢʘ, ʜʘʥʥʳʝ ʨʘʩʯʝʪʳ ʥʝ ʤʦʛʫʪ ʧʦʤʦʯʴ ʧʦʪʝʥʮʠʘʣʴʥʦʤʫ ʠʥʚʝʩʪʦʨʫ 

ʧʨʠʥʷʪʴ ʨʝʰʝʥʠʝ ʦ ʧʦʢʫʧʢʝ ʧʘʝʚ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʬʦʥʜʘ, ʚ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʬʦʥʜʦʚ ʤʦʛʫʪ ʧʦʜʘʚʘʪʴ ʧʨʦʪʠʚʦʨʝʯʠʚʳʝ 

ʩʠʛʥʘʣʳ. 

 

ʊʘʙʣʠʮʘ 1 

ɼʘʥʥʳʝ ʧʦ ʬʦʥʜʘʤ ʥʘ 29.09.17 [5] 
 ̄ ʌʦʥʜ ʂʦʵʬʬ-ʪ 

ʐʘʨʧʘ 

ʂʦʵʬʬ-ʪ 

ʉʦʨʪʠʥʦ 

VaR ɸʣʴʬʘ-

ʢʦʵʬʬ-ʪ 

ɹʝʪʘ-

ʢʦʵʬʬ-ʪ 

ɼʦʭʦʜʥʦʩʪʴ 

ʟʘ 3 ʛʦʜʘ 

1 ɸʧʨʝʣʴ ʂʘʧʠʪʘʣ ï 

ɸʢʮʠʠ ʩʳʨʴʝʚʳʭ 

ʢʦʤʧʘʥʠʡ  

0,41 0,51 -7,56% 1,74 0,90 236,11% 

2 ɸʧʨʝʣʴ ʂʘʧʠʪʘʣ ï 

ɸʢʮʠʠ ʚʪʦʨʦʛʦ 

ʵʰʝʣʦʥʘ  

0,45 0,51 -6,16% 0,24 0,70 221,68% 

3 ʋʈɸʃʉʀɹ 

ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ 

ʧʝʨʩʧʝʢʪʠʚʘ 

0,34 0,38 -8,44% -1,99 0,39 196,84% 

4 ʄʘʢʩʚʝʣʣ 

ʄʝʪʘʣʣʫʨʛʠʷ 
0,37 0,46 -7,14% 1,12 0,88 185,73% 

5 ɸʧʨʝʣʴ ʂʘʧʠʪʘʣ ï 

ɸʢʮʠʠ 
0,36 0,35 -7,02% 1,67 0,98 172,97% 

6 ɽʨʤʘʢ ï ʬʦʥʜ 

ʢʨʘʪʢʦʩʨʦʯʥʳʭ 

ʠʥʚʝʩʪʠʮʠʡ 

0,41 0,45 -5,64% 1,30 0,94 171,21% 

7 ʋʈɸʃʉʀɹ ɸʢʮʠʠ 

ʨʦʩʪʘ 
0,44 0,50 -5,06% -0,68 0,64 170,61% 

8 

ʇʣʦʱʘʜʴ ʇʦʙʝʜʳ 
0,41 0,39 -5,12% -0,77 0,66 151,33% 

9 ɸʨʩʘʛʝʨʘ ð 

ʘʢʮʠʠ 6.4 
0,44 0,49 -4,45% -1,60 0,55 146,00% 

10 ʈɻʉ - 

ʄʝʪʘʣʣʫʨʛʠʷ 
0,30 0,37 -7,34% -0,33 0,73 143,44% 

 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʩʯʝʪʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʥʘ 29.09.17, 

ʧʨʠʚʝʜʝʥʥʳʝ ʥʘ ʧʦʨʪʘʣʝ Investfunds ʧʦ ʜʝʩʷʪʠ ʬʦʥʜʘʤ, ʠʤʝʶʱʠʤ ʩʘʤʫʶ 

ʚʳʩʦʢʫʶ ʜʦʭʦʜʥʦʩʪʴ ʟʘ ʧʦʩʣʝʜʥʠʝ ʪʨʠ ʛʦʜʘ. ʌʦʥʜ ˉ 1 ʩ ʩʘʤʳʤ ʙʦʣʴʰʠʤ 

ʧʦʢʘʟʘʪʝʣʝʤ ʜʦʭʦʜʥʦʩʪʠ, ʠʤʝʝʪ ʢʦʵʬʬʠʮʠʝʥʪ ʐʘʨʧʘ ʤʝʥʴʰʝ, ʯʝʤ ʬʦʥʜʳ 

ˉ 2, 7, 9, ʢʦʵʬʬʠʮʠʝʥʪ VaR, ʧʨʦʛʥʦʟʠʨʫʶʱʠʡ ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʫʙʳʪʦʢ, 
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ʚʪʦʨʦʡ ʧʦ ʚʝʣʠʯʠʥʝ ʩʨʝʜʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʬʦʥʜʦʚ ʠ ʠʤʝʝʪ ʜʦʩʪʘʪʦʯʥʦ 

ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʙʝʪʘ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʜʦʩʪʘʪʦʯʥʦ 

ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʩʠʩʪʝʤʥʦʛʦ ʨʠʩʢʘ. ɺʚʠʜʫ ʵʪʦʛʦ ʘʢʪʫʘʣʴʥʦʡ ʩʪʘʥʦʚʠʪʩʷ 

ʟʘʜʘʯʘ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʚʷʟʠ ʜʦʭʦʜʥʦʩʪʠ ʠ ʨʘʩʩʯʠʪʘʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. 

ɿʘʚʠʩʠʤʦʩʪʴ ʜʦʭʦʜʥʦʩʪʠ ʬʦʥʜʘ ʦʪ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʬʘʢʪʦʨʥʳʭ 

ʧʨʠʟʥʘʢʦʚ ʟʘʧʠʰʝʤ ʯʝʨʝʟ ʫʨʘʚʥʝʥʠʝ ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠ: 

e++++++=
55443322110

yayayayayaaD ,     (6) 

ʛʜʝ D  - ʜʦʭʦʜʥʦʩʪʴ; 
1y - ʢʦʵʬʬʠʮʠʝʥʪ ʐʘʨʧʘ; 

2y - ʢʦʵʬʬʠʮʠʝʥʪ ʉʦʨʪʠʥʦ; 

3y - ʢʦʵʬʬʠʮʠʝʥʪ VAR; 
4y - ʢʦʵʬʬʠʮʠʝʥʪ ʘʣʴʬʘ; 5y - ʢʦʵʬʬʠʮʠʝʥʪ ʙʝʪʘ. 

 

ʊʘʙʣʠʮʘ 2 

ʇʘʨʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ 

 D 1y  
2y  3y  

4y  5y  

D 1      

1y  0,23744 1     

2y  0,467437 0,789711 1    

3y  -0,48651 0,726495 0,389786 1   

4y  0,402603 0,000671 0,108877 -0,22066 1  

5y  0,167017 -0,03382 0,017188 -0,0812 0,969208 1 

 

ʆʪʙʦʨ ʬʘʢʪʦʨʦʚ ʧʨʦʠʟʚʝʜʝʤ ʥʘ ʦʩʥʦʚʝ ʤʘʪʨʠʮʳ ʧʘʨʥʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʦʨʨʝʣʷʮʠʠ (ʪʘʙʣʠʮʘ 2). ʂʦʵʬʬʠʮʠʝʥʪʳ 3,0,,
432
>

DYDYDY
rrr , 

ʯʪʦ ʛʦʚʦʨʠʪ ʦʙ ʫʤʝʨʝʥʥʦʡ ʣʠʥʝʡʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʚʝʣʠʯʠʥʘʤʠ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʞʥʦ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʠʥʚʝʩʪʦʨʘʤ ʥʘ ʧʨʝʜʣʦʞʝʥʥʦʤ 

ʤʘʩʩʠʚʝ ʜʘʥʥʳʭ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʥʘ ʜʠʥʘʤʠʢʫ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʉʦʨʪʠʥʦ ʠ ʧʦʢʘʟʘʪʝʣʴ VAR ʧʨʠ ʚʳʙʦʨʝ ʧʘʝʚʦʛʦ 

ʠʥʚʝʩʪʠʮʠʦʥʥʦʛʦ ʬʦʥʜʘ. 
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ʈɽʐɽʅʀɽ ɼʀʌʌɽʈɽʅʎʀɸʃʔʅʓʍ ʋʈɸɺʅɽʅʀʁ ɺ ʏɸʉʊʅʓʍ 

ʇʈʆʀɿɺʆɼʅʓʍ ɺ ʉʀʉʊɽʄɽ MAPLE  

ɽ.ɺ. ʅʠʢʠʪʝʥʢʦ, ʃ.ɺ. ɻʨʠʮʝʥʢʦ, ʊ.ʉ. ʅʘʛʠʭ 

ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʌɻɹʆʋ ɺʆ çɸʣʪʘʡʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘè 
 

ɸʥʥʦʪʘʮʠʷ. ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʨʝʰʝʥʠʶ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚ 

ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʧʨʠ ʧʦʤʦʱʠ ʩʠʩʪʝʤʳ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʘʪʝʤʘʪʠʢʠ Maple. 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʰʝʥʠʷ ʪʠʧʦʚʳʭ ʟʘʜʘʯ ʠ ʧʦʩʪʨʦʝʥʠʝ ʛʨʘʬʠʢʦʚ ʬʫʥʢʮʠʡ. 
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ɺ ʥʘʰʠ ʜʥʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʧʘʢʝʪʳ ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʥʝ ʪʦʣʴʢʦ ʚ ʥʘʫʯʥʳʭ ʢʨʫʛʘʭ, ʥʦ ʠ ʧʨʠ ʦʙʫʯʝʥʠʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʜʠʩʮʠʧʣʠʥʘʤ. ʀʭ ʧʨʠʤʝʥʝʥʠʝ ʚ ʦʙʫʯʝʥʠʠ ʦʙʫʩʣʦʚʣʝʥʦ 

ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʨʠ ʨʝʰʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʟʘʜʘʯ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʝʜʩʪʘʚʣʷʪʴ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚ 

ʥʘʛʣʷʜʥʦʡ ʛʨʘʬʠʯʝʩʢʦʡ ʬʦʨʤʝ.  

ʉʠʩʪʝʤʳ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʘʪʝʤʘʪʠʢʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʦʙʫʯʘʶʱʠʤʠʩʷ ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʛʨʦʤʦʟʜʢʠʭ ʚʳʯʠʩʣʝʥʠʡ, ʩʦʢʨʘʱʝʥʠʷ 

ʚʨʝʤʝʥʠ, ʟʘʪʨʘʯʠʚʘʝʤʦʛʦ ʥʘ ʨʘʟʣʠʯʥʳʝ ʨʘʩʯʝʪʳ, ʘ ʪʘʢʞʝ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ 

ʯʠʩʣʘ ʥʝʧʨʝʜʥʘʤʝʨʝʥʥʳʭ ʦʰʠʙʦʢ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʦʩʦʙʠʷ ʧʦ 

ʨʝʰʝʥʠʶ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʠ 

ʧʦʩʪʨʦʝʥʠʶ ʛʨʘʬʠʢʦʚ ʬʫʥʢʮʠʡ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʩʨʝʜʩʪʚʘʤʠ 

ʩʠʩʪʝʤʳ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʘʪʝʤʘʪʠʢʠ Maple. 

ɺʳʙʦʨ ʩʠʩʪʝʤʳ Maple ʩʚʷʟʘʥ ʩ ʪʝʤ, ʯʪʦ ʦʥʘ ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʦ 

ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʡ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʩʨʝʜʦʡ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʯʠʩʣʦʚʳʭ ʠ ʩʠʤʚʦʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ, ʨʘʙʦʪʳ ʩ 

ʛʨʘʬʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ ʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʥʘ ʚʳʩʦʢʦʫʨʦʚʥʝʚʦʤ 

ʧʨʦʮʝʜʫʨʥʦʤ ʷʟʳʢʝ ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ, ʧʦʩʪʦʷʥʥʦ ʨʘʟʚʠʚʘʝʪʩʷ, ʧʨʝʜʦʩʪʘʚʣʷʷ 

ʧʦʣʴʟʦʚʘʪʝʣʶ ʚʩʝ ʥʦʚʳʝ ʠ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʠ ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ. 

ɼʣʷ ʨʘʙʦʪʳ ʩ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʚ ʯʘʩʪʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʧʦʤʠʤʦ ʩʪʘʥʜʘʨʪʥʳʭ ʢʦʤʘʥʜ, ʥʘʧʨʠʤʝʨ pdsolve, ʥʘʤʠ 
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ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʘʢʝʪ PDEtools, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʫʨʘʚʥʝʥʠʡ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʠ ʧʦʠʩʢʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. 

ɼʘʥʥʳʡ ʧʘʢʝʪ ʦʙʣʘʜʘʝʪ ʙʦʣʴʰʠʤ ʥʘʙʦʨʦʤ ʢʦʤʘʥʜ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʤʦʞʥʦ 

ʚʳʜʝʣʠʪʴ: ʢʦʤʘʥʜʫ dchange, ʧʦʟʚʦʣʷʶʱʫʶ ʧʨʦʠʟʚʦʜʠʪʴ ʟʘʤʝʥʫ 

ʧʝʨʝʤʝʥʥʳʭ ʚ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʷʭ ʠ ʫʨʘʚʥʝʥʠʷʭ ʚ ʯʘʩʪʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ, ʠʥʪʝʛʨʘʣʘʭ ʠ ʠʪʝʛʨʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʷʭ, ʘ 

ʪʘʢʞʝ ʢʦʤʘʥʜʫ PDEplot, ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ ʛʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

ʨʝʰʝʥʠʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʧʝʨʚʦʛʦ 

ʧʦʨʷʜʢʘ. 

ʀʩʧʦʣʴʟʫʷ ʩʨʝʜʩʪʚʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ Maple, ʤ rʨʘʟʨʘʙʦʪʘʣʠ 

ʨʘʙʦʯʠʡ ʣʠʩʪ ʜʣʷ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ, ʢʦʪʦʨʳʡ 

ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʵʢʦʥʦʤʠʪʴ ʚʨʝʤʷ ʥʘ ʫʪʦʤʠʪʝʣʴʥʳʭ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʭ ʠ ʚʳʯʠʩʣʝʥʠʷʭ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʘʝʪ ʥʘʛʣʷʜʥʦʩʪʴ 

ʨʝʟʫʣʴʪʘʪʦʚ ʨʝʰʝʥʠʷ. 

 
ʈʠʩ. 1. ʀʥʪʝʛʨʘʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ 

 

ʅʘ ʨʠʩʫʥʢʝ 1, ʠʩʧʦʣʴʟʫʷ ʢʦʤʘʥʜʫ PDEplot, ʧʨʠʚʝʣʠ ʛʨʘʬʠʯʝʩʢʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʂʦʰʠ: 
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ɺ ʜʦʧʦʣʥʝʥʠʝ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʵʣʝʤʝʥʪʳ ʛʨʘʬʠʢʠ ʩʠʩʪʝʤʳ Maple. 

ʀʟ ʰʠʨʦʢʦʛʦ ʘʩʩʦʨʪʠʤʝʥʪʘ ʝʝ ʛʨʘʬʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʙʳʣʠ 

ʨʘʩʩʤʦʪʨʝʥʳ ʥʝʢʦʪʦʨʳʝ ʢʦʤʘʥʜʳ ʧʘʢʝʪʦʚ plots ʠ geometry, ʘ ʪʘʢʞʝ 

ʢʦʤʘʥʜʳ plot ʠ plot3d (ʨʠʩ. 2), ʚʭʦʜʷʱʠʝ ʚ ʷʜʨʦ ʩʠʩʪʝʤʳ Maple.  

 
ʈʠʩ. 2. ʉʬʝʨʠʯʝʩʢʘʷ ʧʦʚʝʨʭʥʦʩʪʴ 
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ɼʘʥʥʳʝ ʢʦʤʘʥʜʳ ʠʤʝʶʪ ʨʘʩʰʠʨʝʥʥʳʡ ʥʘʙʦʨ ʦʧʮʠʡ ʧʦ ʩʦʟʜʘʥʠʶ ʠ 

ʫʧʨʘʚʣʝʥʠʶ ʚʳʚʦʜʦʤ ʛʨʘʬʠʢʘ. 

ʈʘʟʨʘʙʦʪʢʘ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʦʩʦʙʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ  Maple 

ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʥʘʛʣʷʜʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʦʙʫʯʘʶʱʠʭʩʷ. ɺʥʝʜʨʝʥʠʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ 

ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʩʜʝʣʘʝʪ ʦʙʫʯʝʥʠʝ ʥʘʠʙʦʣʝʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʤ ʠ 

ʫʜʦʙʥʳʤ ʢ ʚʦʩʧʨʠʷʪʠʶ. ʂʦʤʙʠʥʠʨʫʷ ʨʘʟʣʠʯʥʳʝ ʵʣʝʤʝʥʪʳ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʧʦʩʦʙʠʷ ʥʝʦʙʭʦʜʠʤʳʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʛʠʙʢʫʶ ʩʠʩʪʝʤʫ 

ʤʝʪʦʜʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʘʪʦʚ, ʛʘʨʤʦʥʠʯʥʦ 

ʚʧʠʩʳʚʘʶʱʫʶʩʷ ʧʦʯʪʠ ʚ ʣʶʙʦʡ ʫʯʝʙʥʳʡ ʢʫʨʩ. 
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ʌʠʥʘʥʩʦʚʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʨʠ ʇʨʘʚʠʪʝʣʴʩʪʚʝ ʈʌ 
 

ɸʥʥʦʪʘʮʠʷ. ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʘʤʧʣʠʪʫʜʳ ʠ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ 

ʥʘ ʩʪʨʫʢʪʫʨʫ ʚʠʙʨʦʢʠʧʷʱʝʛʦ ʩʣʦʷ. ʅʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʪʨʝʭʤʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

ʧʦʣʫʯʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʚʦʙʦʜʥʦ ʨʘʩʧʨʦʩʪʨʘʥʷʝʤʦʛʦ ʧʘʢʝʪʘ OpenFOAM, 

ʧʨʦʚʝʜʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʨʝʞʠʤʦʚ ʚʠʙʨʦʢʠʧʝʥʠʷ. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʨʝʞʠʤʦʚ ʧʦʣʫʯʝʥʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ʇʨʠʚʦʜʠʪʩʷ ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʠʙʨʦʢʠʧʝʥʠʝ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, 

ʜʚʫʭʞʠʜʢʦʩʪʥʘʷ ʤʦʜʝʣʴ, ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʨʝʞʠʤʦʚ, ʧʘʨʘʤʝʪʨ ʪʦʣʱʠʥʳ 

ʩʣʦʷ, OpenFOAM. 
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Abstract.The effect of the amplitude and frequency of oscillations on the structure of 
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ɺ ʧʨʝʜʳʜʫʱʠʭ ʨʘʙʦʪʘʭ [1-5] ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʨʝʞʠʤʦʚ ʚʠʙʨʦʢʠʧʝʥʠʷ 

ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚ ʪʨʝʭʤʝʨʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 

ʥʘʙʣʶʜʘʝʪʩʷ ʚʦʣʥʦʦʙʨʘʟʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʛʨʘʥʫʣʠʨʦʚʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʉ 

ʫʚʝʣʠʯʝʥʠʝʤ ʘʤʧʣʠʪʫʜʳ ʠ ʯʘʩʪʦʪʳ ʚʠʙʨʘʮʠʠ ʩʣʦʡ ʯʘʩʪʠʮ ʪʝʨʷʝʪ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʦʙʨʘʟʫʶʪʩʷ ʚʩʧʣʝʩʢʠ ʛʨʘʥʫʣʠʨʦʚʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʅʘ 

ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʨʝʞʠʤʦʚ 

ʚʠʙʨʦʢʠʧʝʥʠʷ ʜʣʷ ʯʘʩʪʥʦʛʦ ʩʣʫʯʘʷ, ʢʦʛʜʘ ʥʘʯʘʣʴʥʘʷ ʪʦʣʱʠʥʘ ʩʣʦʷ 

(ʪʦʣʱʠʥʘ ʟʘʩʳʧʢʠ) ʨʘʚʥʘ 50 ʤʤ. ɺ ʨʘʩʯʝʪʘʭ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ 

ʤʦʥʦʜʠʩʧʝʨʩʥʳʝ ʯʘʩʪʠʮʳ ʩʪʝʢʣʘ ʜʠʘʤʝʪʨʦʤ 0,3 ʤʤ. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʨʝʞʠʤʦʚ ʚʠʙʨʦʢʠʧʝʥʠʷ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʟʥʘʯʝʥʠʡ 

ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ (10-80 ɻʮ) ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ ʚ 

ʜʠʘʧʘʟʦʥʝ 1,5-9 ʤʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʰʘʪʝʣʷ 

myTwoPhaseEulerFoam ʩʚʦʙʦʜʥʦ ʨʘʩʧʨʦʩʪʨʘʥʷʝʤʦʛʦ ʧʘʢʝʪʘ ʜʣʷ 

ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʘʜʘʯ ʤʝʭʘʥʠʢʠ ʩʧʣʦʰʥʳʭ ʩʨʝʜ OpenFOAM 

(Open source field operation and manipulation CFD ToolBox) ʠ ʧʨʦʛʨʘʤʤʳ 

"ʋʥʠʚʝʨʩʠʪʝʪʩʢʠʡ ʢʣʘʩʪʝʨ" ʩ ʫʜʘʣʝʥʥʳʤ ʜʦʩʪʫʧʦʤ ʢ ʢʦʥʩʦʣʠ ʥʘ 

ʫʧʨʘʚʣʷʶʱʝʤ ʫʟʣʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʢʣʘʩʪʝʨʘ JSCC web-ʣʘʙʦʨʘʪʦʨʠʠ 

UniHUB [4]. ʈʝʰʘʪʝʣʴ ʙʳʣ ʜʦʨʘʙʦʪʘʥ ʜʣʷ ʦʧʠʩʘʥʠʷ ʜʠʥʘʤʠʢʠ 

ʚʠʙʨʦʢʠʧʷʱʝʛʦ ʩʣʦʷ [2, 3]. ɺ ʨʝʰʘʪʝʣʝ ʨʝʘʣʠʟʦʚʘʥʘ ʜʚʫʭʞʠʜʢʦʩʪʥʘʷ 

ʤʦʜʝʣʴ ʥʘ ʦʩʥʦʚʝ ʢʦʥʪʠʥʫʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ (ʧʦʜʭʦʜʘ ʕʡʣʝʨʘ) [2, 3 - 5, 7].  

ʈʘʩʯʝʪʥʘʷ ʦʙʣʘʩʪʴ ʠʤʝʣʘ ʚʳʩʦʪʫ 0.4 ʤ, ʰʠʨʠʥʫ 0.4 ʤ ʠ ʪʦʣʱʠʥʫ 0.4 ʤ, 

ʠ ʨʘʩʯʝʪ ʧʨʦʠʟʚʦʜʠʣʩʷ ʚ ʪʝʯʝʥʠʝ 2 ʩ. ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʰʘʛ ʧʦ 

ʚʨʝʤʝʥʠ, ʨʘʚʥʳʡ 1Ĭ10
-4
 ʩ. ʐʘʛ ʧʦ ʢʦʦʨʜʠʥʘʪʝ x ʩʦʩʪʘʚʣʷʣ 0.005 ʤ, ʰʘʛ ʧʦ 

ʢʦʦʨʜʠʥʘʪʝ y - 0.005 ʤ ʠ ʰʘʛ ʧʦ ʢʦʦʨʜʠʥʘʪʝ z - 0.005 ʤ. ʇʨʦʚʦʜʠʣʦʩʴ 

ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʝ ʨʘʩʯʝʪʦʚ ʥʘ ʚʦʩʴʤʠ ʷʜʨʘʭ. ɹʦʣʝʝ ʧʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ 

ʤʦʜʝʣʠ ʠ ʫʩʣʦʚʠʡ ʚʳʯʠʩʣʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʨʘʙʦʪʘʭ [2, 3]. 

ʅʘ ʨʠʩ. 1, ʙ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʜʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʣʩʪʦʛʦ ʩʣʦʷ (ʅ = 100 ʤʤ). ʈʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʧʨʠ 

ʘʤʧʣʠʪʫʜʝ ɸ = 1.5 ʤʤ ʠ ʯʘʩʪʦʪʝ f = 10 ɻʮ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t = 1 ʩ. ɼʣʷ 
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ʩʨʘʚʥʝʥʠʷ ʥʘ ʨʠʩ. 1, ʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʙʦʣʝʝ 

ʪʦʥʢʦʛʦ ʩʣʦʷ (ʅ = 50 ʤʤ). ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʦʷ ʥʘʙʣʶʜʘʶʪʩʷ ʩʪʨʫʢʪʫʨʳ ʚ 

ʚʠʜʝ ʢʨʫʛʦʚ. 

 
ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʘ ʩʣʦʷ: ʘ ï ʧʨʠ ʅ = 50 ʤʤ; ʙ ï ʧʨʠ ʅ = 100 ʤʤ 

 

ʀʟ ʨʠʩ. 1, ʙ ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʤʘʣʳʭ ʟʥʘʯʝʥʠʷʭ ʘʤʧʣʠʪʫʜʳ ʠ ʯʘʩʪʦʪʳ 

ʢʦʣʝʙʘʥʠʡ ʚʠʙʨʦʢʠʧʝʥʠʷ (ʚʠʙʨʦʦʞʠʞʝʥʠʷ) ʥʝ ʧʨʦʠʩʭʦʜʠʪ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʥʢʦʛʦ ʩʣʦʷ (ʨʠʩ. 1, ʘ). ɺʦʣʥʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʦʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʥʘʙʣʶʜʘʶʪʩʷ, ʠ ʩʪʝʧʝʥʴ ʨʘʩʰʠʨʝʥʠʷ (ʦʪʥʦʰʝʥʠʝ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʳʩʦʪʳ ʚʠʙʨʦʢʠʧʷʱʝʛʦ ʩʣʦʷ ʢ ʝʛʦ ʥʘʯʘʣʴʥʦʡ ʚʳʩʦʪʝ) ʤʘʣʘ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 1, ʥʘ ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ (> 20 ɻʮ) 

ʧʦʚʝʨʭʥʦʩʪʴ ʚʠʙʨʦʢʠʧʷʱʝʛʦ ʩʣʦʷ ʩʪʘʥʦʚʠʪʩʷ ʚʦʣʥʦʦʙʨʘʟʥʦʡ. ɽʩʣʠ 

ʫʚʝʣʠʯʠʚʘʪʴ ʧʨʠ ʵʪʦʤ ʘʤʧʣʠʪʫʜʫ ʢʦʣʝʙʘʥʠʡ, ʪʦ ʘʤʧʣʠʪʫʜʘ ʚʦʣʥ 

ʛʨʘʥʫʣʠʨʦʚʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚʦʟʨʘʩʪʘʝʪ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʩʰʠʨʝʥʠʶ 

ʚʠʙʨʦʢʠʧʷʱʝʛʦ ʩʣʦʷ.  

ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠ ʪʦʣʱʠʥʝ ʩʣʦʷ 

ʟʘʩʳʧʢʠ 100 ʤʤ, ʯʘʩʪʦʪʝ 30 ɻʮ ʠ ʘʤʧʣʠʪʫʜʝ ʢʦʣʝʙʘʥʠʡ 1,5 ʤʤ (ʙ), 3 ʤʤ (ʚ), 

6 ʤʤ (ʛ) ʠ 9 ʤʤ (ʜ).  

ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʥʢʦʛʦ 

ʚʠʙʨʦʢʠʧʷʱʝʛʦ ʩʣʦʷ (ʅ = 50 ʤʤ), ʧʨʠ ʘʤʧʣʠʪʫʜʝ ʢʦʣʝʙʘʥʠʡ 1,5 ʤʤ 

ʥʘʙʣʶʜʘʝʪʩʷ ʚʦʣʥʦʦʙʨʘʟʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʩʣʦʷ ʤʘʪʝʨʠʘʣʘ, ʥʦ ʚʩʧʣʝʩʢʠ ʥʝ 

ʚʠʟʫʘʣʠʟʠʨʫʶʪʩʷ. ʆʪʜʝʣʴʥʳʝ ʚʩʧʣʝʩʢʠ ʛʨʘʥʫʣʠʨʦʚʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʦʷ ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠ ʘʤʧʣʠʪʫʜʝ ɸ = 3 ʤʤ. 

ʉ ʜʘʣʴʥʝʡʰʠʤ ʫʚʝʣʠʯʝʥʠʝʤ ʘʤʧʣʠʪʫʜʳ (6 ʤʤ ʠ ʙʦʣʝʝ) ʩʪʨʫʢʪʫʨʘ ʩʣʦʷ 

ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʥʝʦʜʥʦʨʦʜʥʦʡ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʦʷ ʥʘʙʣʶʜʘʶʪʩʷ 

ʚʩʧʣʝʩʢʠ, ʢʦʪʦʨʳʝ ʙʦʣʴʰʝ ʧʦʭʦʞʠ ʥʘ ʬʦʥʪʘʥʠʨʫʶʱʠʝ ʢʘʥʘʣʳ. ʇʨʠ 

ʘʤʧʣʠʪʫʜʝ ʢʦʣʝʙʘʥʠʡ ɸ = 6 ʤʤ ʤʝʞʜʫ ʥʠʞʥʝʡ ʯʘʩʪʴʶ ʩʣʦʷ ʠ ʧʦʣʢʦʡ (ʥʘ 

ʢʦʪʦʨʦʡ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʤʘʪʝʨʠʘʣ) ʦʙʨʘʟʫʝʪʩʷ ʟʘʟʦʨ ʚʳʩʦʪʦʡ ʧʨʠʤʝʨʥʦ ʦʪ 5 

ʜʦ 10 ʤʤ, ʧʨʠ ʘʤʧʣʠʪʫʜʝ ɸ = 9 ʤʤ ʟʘʟʦʨ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 15 ʤʤ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʚʠʙʨʦʢʠʧʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʣʩʪʦʛʦ 

ʩʣʦʷ (ʅ = 100 ʤʤ) ʧʨʠ ʤʘʣʳʭ ʟʥʘʯʝʥʠʷʭ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ (1,5-2 ʤʤ), 

ʥʝʩʤʦʪʨʷ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ, ʥʘʙʣʶʜʘʝʪʩʷ ʚʦʣʥʦʦʙʨʘʟʥʘʷ 



61 

 

ʧʦʚʝʨʭʥʦʩʪʴ ʩʣʦʷ ʙʝʟ ʚʩʧʣʝʩʢʦʚ. ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʅ = 50 ʤʤ, ʚʩʧʣʝʩʢʠ ʤʦʛʫʪ 

ʥʘʙʣʶʜʘʪʴʩʷ ʧʨʠ ʯʘʩʪʦʪʝ 30 ɻʮ ʠ ʙʦʣʝʝ (ʧʨʠ ʘʤʧʣʠʪʫʜʝ ʢʦʣʝʙʘʥʠʡ 1,5 ʤʤ). 

 

 
ʈʠʩ. 2. ʉʪʨʫʢʪʫʨʘ ʚʠʙʨʦʢʠʧʷʱʝʛʦ ʩʣʦʷ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʘ ʠ 

ʧʨʠ ʯʘʩʪʦʪʝ 30 ɻʮ ʠ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ: 

ʙ ï ʧʨʠ ɸ = 1.5 ʤʤ; ʚ ï ʧʨʠ ɸ = 3 ʤʤ; ʛ ï ʧʨʠ ɸ = 6 ʤʤ; ʜ ï ʧʨʠ ɸ = 9 ʤʤ 

 

ʉʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʧʨʠ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ʯʘʩʪʦʪʳ 

ʢʦʣʝʙʘʥʠʡ (ʠ ʧʨʠ ɸ = 6-9 ʤʤ) ʚʩʧʣʝʩʢʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʠʟʫʘʣʠʟʠʨʫʶʪʩʷ ʠ 

ʥʘʙʣʶʜʘʶʪʩʷ ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʚʦʣʥʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ. ɺʘʞʥʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʦʞʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʠ ʩʢʦʰʝʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʩʣʦʷ. 

ɼʣʷ ʯʘʩʪʥʦʛʦ ʩʣʫʯʘʷ, ʢʦʛʜʘ ʥʘʯʘʣʴʥʘʷ ʪʦʣʱʠʥʘ ʩʣʦʷ ʨʘʚʥʘ 50 ʤʤ, ʙʳʣʘ 

ʧʨʦʚʝʜʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʨʝʞʠʤʦʚ ʚʠʙʨʦʢʠʧʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʘʨʘʤʝʪʨʘ ʧʝʨʝʛʨʫʟʢʠ  

g

A
ɻ

2w
= , 
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ʢʦʪʦʨʳʡ ʙʳʣ ʚʚʝʜʝʥ ʚ ʠʟʚʝʩʪʥʦʡ ʣʠʪʝʨʘʪʫʨʝ [1, 8, 9] ʚ ʢʘʯʝʩʪʚʝ ʫʩʣʦʚʠʷ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚʠʙʨʦʢʠʧʝʥʠʷ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʚʥʝʰʥʠʭ ʚʠʙʨʘʮʠʡ ʩʣʦʡ ʯʘʩʪʠʮ ʧʝʨʝʭʦʜʠʪ ʚ ʩʦʩʪʦʷʥʠʝ ʦʞʠʞʝʥʠʷ 

(ʢʠʧʝʥʠʷ), ʢʦʛʜʘ ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ 1>ɻ , ʧʨʠ ʵʪʦʤ ʩʣʦʡ ʤʘʪʝʨʠʘʣʘ 

ʜʦʣʞʝʥ ʜʚʠʛʘʪʴʩʷ ʧʦ ʚʠʙʨʠʨʫʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʦʪʨʳʚʦʤ (ʥʝʦʙʭʦʜʠʤʦʝ, 

ʥʦ ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʫʩʣʦʚʠʝ), ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʦʪʨʳʚʘ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝ 

ʙʫʜʝʪ. ʍʦʪʷ ʚʦ ʤʥʦʛʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪʘʭ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʥʘ 

ʧʨʘʢʪʠʢʝ ʚʠʙʨʦʢʠʧʝʥʠʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ 1>>ɻ . ʇʘʨʘʤʝʪʨ ʥʝ ʷʚʣʷʝʪʩʷ 

ʫʥʠʚʝʨʩʘʣʴʥʳʤ, ʪʘʢ ʢʘʢ ʦʜʥʦʤʫ ʟʥʘʯʝʥʠʶ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ ʤʦʛʫʪ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʨʘʟʥʳʝ ʨʝʞʠʤʳ ʚʠʙʨʦʢʠʧʝʥʠʷ [1, 9]. 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ɻ ʧʨʠ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ 

ʘʤʧʣʠʪʫʜʳ ʠ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ. 

ʉʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʧʘʨʘʤʝʪʨ ɻ ʥʝ ʫʯʠʪʳʚʘʝʪ 

ʪʦʣʱʠʥʫ ʩʣʦʷ ʠ ʧʦʵʪʦʤʫ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʨʝʞʠʤʦʚ 

ʚʠʙʨʦʢʠʧʝʥʠʷ ʩʣʦʝʚ ʩ ʨʘʟʣʠʯʥʦʡ ʪʦʣʱʠʥʦʡ ʟʘʩʳʧʢʠ. ʊʘʢ, ʜʣʷ ʩʣʫʯʘʷ, ʢʦʛʜʘ 

ʪʦʣʱʠʥʘ ʩʣʦʷ ʨʘʚʥʘ ʅ = 100 ʤʤ, ʧʨʠ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʟʥʘʯʝʥʠʷʭ ʵʪʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʥʘʙʣʶʜʘʶʪʩʷ ʨʝʞʠʤʳ, ʦʪʣʠʯʥʳʝ ʦʪ ʩʣʫʯʘʷ ʅ = 50 ʤʤ. 

 

ʊʘʙʣʠʮʘ 1 

ɿʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ɻ ʧʨʠ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ ʘʤʧʣʠʪʫʜʳ ʠ ʯʘʩʪʦʪʳ 

ʢʦʣʝʙʘʥʠʡ 

      f , ɻʮ        

 

ɸ, ʤʤ 

10 20 30 40 50 60 70 80 

1,5 0,60 2,41 5,43 9,66 15,09 21,73 29,58 38,63 

3 1,21 4,83 10,87 19,32 30,18 43,46 59,16 77,27 

6 2,41 9,66 21,73 38,63 60,36 86,93 118,32 154,53 

9 3,62 14,49 32,60 57,95 90,55 130,39 177,47 231,80 

 

ʅʘʧʨʠʤʝʨ, ʟʥʘʯʝʥʠʶ 22ºɻ  ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʦ 

ʢʦʤʙʠʥʘʮʠʡ: 1) ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ ʨʘʚʥʘ 1,5 ʤʤ, ʘ ʯʘʩʪʦʪʘ ï 60 ɻʮ; 2) 

ʘʤʧʣʠʪʫʜʘ ʨʘʚʥʘ 6 ʤʤ, ʯʘʩʪʦʪʘ ï 30 ɻʮ. ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʥʘʯʘʣʴʥʘʷ ʪʦʣʱʠʥʘ 

ʩʣʦʷ ʨʘʚʥʘ 50 ʤʤ (ʪ.ʝ. ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʥʢʠʡ ʩʣʦʡ), ʵʪʠʤ 

ʜʚʫʤ ʢʦʤʙʠʥʘʮʠʷʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʨʝʞʠʤ ʚʠʙʨʦʢʠʧʝʥʠʷ, 

ʢʦʛʜʘ ʥʘʙʣʶʜʘʝʪʩʷ ʚʦʣʥʦʦʙʨʘʟʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʩʣʦʷ ʩ ʧʦʷʚʣʝʥʠʝʤ 

ʦʪʜʝʣʴʥʳʭ ʚʩʧʣʝʩʢʦʚ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ. ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʥʘʯʘʣʴʥʘʷ 

ʪʦʣʱʠʥʘ ʩʣʦʷ ʨʘʚʥʘ 100 ʤʤ (ʪ.ʝ. ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʣʩʪʳʡ 

ʩʣʦʡ), ʧʨʠ ʚʪʦʨʦʡ ʢʦʤʙʠʥʘʮʠʠ ʪʘʢʞʝ ʥʘʙʣʶʜʘʶʪʩʷ ʚʩʧʣʝʩʢʠ, ʘ ʧʨʠ ʧʝʨʚʦʡ 

ʢʦʤʙʠʥʘʮʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʚʦʣʥʦʦʙʨʘʟʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʙʝʟ ʚʩʧʣʝʩʢʦʚ. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʪʦʣʱʠʥʘ ʩʣʦʷ ʅ = 100 ʤʤ, ʢʘʢ ʠ ʚ 

ʩʣʫʯʘʝ, ʢʦʛʜʘ ʅ = 50 ʤʤ, ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʘ 1<ɻ  ʚʠʙʨʦʦʞʠʞʝʥʠʷ 

ʥʝ ʧʨʦʠʩʭʦʜʠʪ, ʧʨʠ ʵʪʦʤ ʚ ʨʝʟʫʣʴʪʘʪʘʭ ʪʨʝʭʤʝʨʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʤʦʛʫʪ ʥʘʙʣʶʜʘʪʴʩʷ ʢʨʫʛʦʚʳʝ ʩʪʨʫʢʪʫʨʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʣʦʷ (ʢʘʢ ʥʘ ʨʠʩ. 1). ʅʝʫʩʪʦʡʯʠʚʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʚʠʙʨʦʢʠʧʷʱʝʛʦ ʩʣʦʷ 
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ʤʦʞʝʪ ʚʦʟʥʠʢʘʪʴ ʧʨʠ 1>ɻ . ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚʦʣʥʦʦʙʨʘʟʥʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ ʛʨʘʥʫʣʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ ʠ ʤʦʛʫʪ ʥʘʙʣʶʜʘʪʴʩʷ ʦʪʜʝʣʴʥʳʝ 

ʚʩʧʣʝʩʢʠ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʤʘʪʝʨʠʘʣʘ.  

ɺ ʨʘʙʦʪʝ [10] ʧʨʠʚʝʜʝʥʘ ʬʦʨʤʫʣʘ ʜʣʷ ʨʘʩʯʝʪʘ ʜʨʫʛʦʛʦ ʙʝʟʨʘʟʤʝʨʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ  

( )2
1

Hg

Aw
=L , 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʪʦʨʦʛʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʙʦʣʝʝ ʧʦʜʨʦʙʥʳʡ ʘʥʘʣʠʟ 

ʨʝʞʠʤʦʚ ʚʠʙʨʦʢʠʧʝʥʠʷ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʨʝʞʠʤʦʚ 

ʚʠʙʨʦʢʠʧʝʥʠʷ ʩ ʫʯʝʪʦʤ ʪʦʣʱʠʥʳ ʩʣʦʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʵʪʦʪ ʙʝʟʨʘʟʤʝʨʥʳʡ 

ʧʘʨʘʤʝʪʨ.  

ɺ ʪʘʙʣʠʮʝ 2 ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ L, ʢʦʛʜʘ ʪʦʣʱʠʥʘ ʩʣʦʷ 

ʨʘʚʥʘ 50 ʤʤ, ʘ ʚ ʪʘʙʣʠʮʝ 3 ï ʢʦʛʜʘ ʪʦʣʱʠʥʘ ʩʣʦʷ ʨʘʚʥʘ 100 ʤʤ.  

 

ʊʘʙʣʠʮʘ 2  

ɿʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ  ʧʨʠ ʅ = 50 ʤʤ 

      f , ɻʮ        

 

ɸ, ʤʤ 

10 20 30 40 50 60 70 80 

1,5 0,13 0,27 0,40 0,54 0,67 0,81 0,94 1,08 

3 0,27 0,54 0,81 1,08 1,35 1,61 1,88 2,15 

6 0,54 1,08 1,61 2,15 2,69 3,23 3,77 4,31 

9 0,81 1,62 2,42 3,23 4,04 4,85 5,65 6,46 

 

ʊʘʙʣʠʮʘ 3 

ɿʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ  ʧʨʠ ʅ = 100 ʤʤ 

      f , ɻʮ        

 

ɸ, ʤʤ 

10 20 30 40 50 60 70 80 

1,5 0,10 0,19 0,29 0,38 0,48 0,57 0,67 0,76 

3 0,19 0,38 0,57 0,76 0,95 1,14 1,33 1,52 

6 0,38 0,76 1,14 1,52 1,90 2,28 2,66 3,04 

9 0,57 1,14 1,71 2,28 2,85 3,43 4,00 4,57 

 

ʇʨʠ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʘ 13,0¢L  ʚʠʙʨʦʦʞʠʞʝʥʠʷ ʥʝ ʧʨʦʠʩʭʦʜʠʪ, ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʦʷ ʤʦʛʫʪ ʥʘʙʣʶʜʘʪʴʩʷ ʢʨʫʛʦʚʳʝ ʩʪʨʫʢʪʫʨʳ. ʇʨʠ ʟʥʘʯʝʥʠʷʭ 

ʧʘʨʘʤʝʪʨʘ  ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0,14 ʜʦ 0,76 ʩʣʦʡ ʯʘʩʪʠʮ ʪʝʨʷʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʠ ʥʘʙʣʶʜʘʝʪʩʷ ʚʦʣʥʦʦʙʨʘʟʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʤʦʛʫʪ 

ʥʘʙʣʶʜʘʪʴʩʷ ʦʪʜʝʣʴʥʳʝ ʚʩʧʣʝʩʢʠ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ. ʇʨʠ ʟʥʘʯʝʥʠʷʭ 

ʧʘʨʘʤʝʪʨʘ ʧʨʠʤʝʨʥʦ ʦʪ 0,8 ʜʦ 1,4 ʥʘʙʣʶʜʘʶʪʩʷ ʷʚʥʦ ʚʳʨʘʞʝʥʥʳʝ ʚʩʧʣʝʩʢʠ 

ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʤʘʪʝʨʠʘʣʘ. ʉ ʜʘʣʴʥʝʡʰʠʤ ʫʚʝʣʠʯʝʥʠʝʤ ʟʥʘʯʝʥʠʷ ʵʪʦʛʦ 

ʧʘʨʘʤʝʪʨʘ (ʚ ʜʠʘʧʘʟʦʥʝ ʧʨʠʤʝʨʥʦ ʦʪ 5,1=L  ʜʦ 5,3=L ) ʨʘʩʪʝʪ ʚʳʩʦʪʘ 

ʚʩʧʣʝʩʢʦʚ ʠ ʚʩʧʣʝʩʢʠ ʙʦʣʴʰʝ ʥʘʧʦʤʠʥʘʶʪ ʬʦʥʪʘʥʠʨʫʶʱʠʝ ʢʘʥʘʣʳ. ʇʨʠ 

L

L

L
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ʟʥʘʯʝʥʠʷʭ  ʩʣʦʡ ʧʝʨʝʭʦʜʠʪ ʚ ʜʨʫʛʦʡ ʨʝʞʠʤ, ʢʦʛʜʘ ʩʣʦʡ ʯʘʩʪʠʮ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʣʦʪʥʷʝʪʩʷ, ʟʘʟʦʨ ʤʝʞʜʫ ʥʠʞʥʝʡ ʯʘʩʪʴʶ ʩʣʦʷ ʠ ʧʦʣʢʦʡ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ ʤʘʢʩʠʤʘʣʴʥʘʷ ʚʳʩʦʪʘ ʚʠʙʨʦʢʠʧʷʱʝʛʦ ʩʣʦʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʤʝʥʷʝʪʩʷ. ɺʤʝʩʪʦ ʚʩʧʣʝʩʢʦʚ ʤʦʛʫʪ ʥʘʙʣʶʜʘʪʴʩʷ ʢʨʫʧʥʳʝ 

ʚʦʣʥʳ (ʩ ʙʦʣʴʰʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʦʙʨʘʟʦʚʘʥʠʷ). ʂʦʛʜʘ ʧʘʨʘʤʝʪʨ 5ºL  ʠ 

ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʷ ʙʦʣʴʰʝ 5, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʢʩʠʤʘʣʴʥʦ ʚʳʩʦʢʠʤ 

ʟʥʘʯʝʥʠʷʤ ʘʤʧʣʠʪʫʜʳ ʠ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ, ʩʣʦʡ ʩʪʘʥʦʚʠʪʩʷ ʝʱʝ ʙʦʣʝʝ 

ʥʝʫʩʪʦʡʯʠʚʳʤ, ʤʦʞʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʩʢʦʰʝʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʩʣʦʷ, ʘ ʪʘʢʞʝ 

ʦʪʜʝʣʴʥʳʝ ʦʙʣʘʩʪʠ ʩʣʦʷ ʩʦ ʩʢʦʰʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. ʂʣʘʩʩʠʬʠʢʘʮʠʷ 

ʧʨʦʚʝʜʝʥʘ ʜʣʷ ʩʣʫʯʘʷ, ʢʦʛʜʘ ʥʘʯʘʣʴʥʘʷ ʪʦʣʱʠʥʘ ʩʣʦʷ ʨʘʚʥʘ 50 ʤʤ ʠ 100 

ʤʤ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʘʨʘʤʝʪʨ , ʢʘʢ ʠ ʧʘʨʘʤʝʪʨ , ʥʝ ʷʚʣʷʝʪʩʷ 

ʫʥʠʚʝʨʩʘʣʴʥʳʤ. ɺ ʧʨʠʚʝʜʝʥʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʝʩʪʴ ʠʩʢʣʶʯʝʥʠʷ. 

ʅʘʧʨʠʤʝʨ, ʧʨʠ ʟʥʘʯʝʥʠʠ ʧʘʨʘʤʝʪʨʘ 52,1=L  (ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʥʘʯʝʥʠʶ 

ʘʤʧʣʠʪʫʜʳ 6 ʤʤ ʠ ʟʥʘʯʝʥʠʶ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ 40 ɻʮ) ʥʘʙʣʶʜʘʶʪʩʷ 

ʚʩʧʣʝʩʢʠ, ʧʦʭʦʞʠʝ ʥʘ ʬʦʥʪʘʥʠʨʫʶʱʠʝ ʢʘʥʘʣʳ (ʢʘʢ ʥʘ ʨʠʩ. 2, ʜ, ʪ.ʢ. 

ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʧʦʧʘʜʘʝʪ ʚ ʜʠʘʧʘʟʦʥ ʦʪ 1,5 ʜʦ 3,5). ʅʦ ʧʨʠ ʪʦʤ ʞʝ 

ʟʥʘʯʝʥʠʠ ʧʘʨʘʤʝʪʨʘ (52,1=L ) ʥʘʙʣʶʜʘʝʪʩʷ ʜʨʫʛʦʡ ʨʝʞʠʤ, ʢʦʛʜʘ 

ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ ʨʘʚʥʘ 3 ʤʤ, ʘ ʯʘʩʪʦʪʘ ï 80 ɻʮ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʤʝʩʪʦ 

ʬʦʥʪʘʥʠʨʫʶʱʠʭ ʢʘʥʘʣʦʚ ʚ ʩʣʦʝ ʥʘʙʣʶʜʘʶʪʩʷ ʚʦʣʥʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʦʷ 

ʠʣʠ ʚʩʧʣʝʩʢʠ ʤʘʣʦʡ ʚʳʩʦʪʳ. ʅʝʩʤʦʪʨʷ ʥʘ ʧʦʜʦʙʥʳʝ ʠʩʢʣʶʯʝʥʠʷ, ʚ ʮʝʣʦʤ 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʘ  ʧʦʟʚʦʣʷʝʪ 

ʙʦʣʝʝ ʘʜʝʢʚʘʪʥʦ ʧʨʦʚʝʩʪʠ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʨʝʞʠʤʦʚ ʚʠʙʨʦʢʠʧʝʥʠʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʥʢʠʭ (ʅ = 50 ʤʤ) ʠ ʪʦʣʩʪʳʭ ʩʣʦʝʚ (ʅ = 100 ʤʤ). 

ɺʦʟʤʦʞʥʦ, ʥʝʦʙʭʦʜʠʤʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʳʜʝʣʷʪʴ ʦʪʜʝʣʴʥʳʝ 

ʜʠʘʧʘʟʦʥʳ ʟʥʘʯʝʥʠʡ ʘʤʧʣʠʪʫʜʳ ʠ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ, ʚ ʢʦʪʦʨʳʭ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʙʘ ʧʘʨʘʤʝʪʨʘ ( ʠ ) ʜʣʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʨʝʞʠʤʦʚ ʚʠʙʨʦʢʠʧʝʥʠʷ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʇʨʦʛʨʘʤʤʳ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʩʪʨʘʪʝʛʠʯʝʩʢʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʨʘʟʚʠʪʠʷ 

ʥʘʫʢʠ ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ I.33ʇ çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ 

ʬʘʢʪʦʨʠʟʘʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ. ɸʣʛʦʨʠʪʤʳ ʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʩʚʝʨʭʚʳʩʦʢʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠè. 
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ʆ.ʆ. ʆʯʝʨʝʜʴʢʦ, ʇ.ʅ. ʇʦʣʝʞʘʝʚ 

ʆʨʝʥʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 
 

ɸʥʥʦʪʘʮʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʨʝʰʝʥʠʷ 

ʤʥʦʛʠʭ ʟʘʜʘʯ. ʊʘʢʞʝ ʟʘ ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʥʪʝʡʥʝʨʦʚ ʜʣʷ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʧʨʠʣʦʞʝʥʠʡ. ɺ ʩʪʘʪʴʝ ʦʧʠʩʳʚʘʝʪʩʷ 

ʧʨʠʤʝʥʝʥʠʝ Nvidia-docker ʜʣʷ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʧʨʠʣʦʞʝʥʠʡ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʢʦʤʧʴʶʪʝʨʘʭ 
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ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʨʦʚ NVIDIA. ɹʳʣ ʧʨʦʚʝʜʝʥ ʵʢʩʧʝʨʠʤʝʥʪ, 

ʥʘʧʨʘʚʣʝʥʥʳʡ ʥʘ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʚʳʯʠʩʣʝʥʠʡ ʥʘ ʷʜʨʘʭ ʚʠʨʪʫʘʣʴʥʦʡ ʤʘʰʠʥʳ ʩ 

ʚʳʯʠʩʣʝʥʠʷʤʠ ʚʥʫʪʨʠ ʢʦʥʪʝʡʥʝʨʘ nvidia-docker, ʟʘʧʫʱʝʥʥʦʤ ʧʦʚʝʨʭ ʚʠʨʪʫʘʣʴʥʦʡ 

ʤʘʰʠʥʳ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʨʝʩʫʨʩʳ, 

ʟʘʪʨʘʯʝʥʥʳʝ ʥʘ ʧʨʦʛʦʥ CIFAR-10 ʢʘʢ ʥʘ ʚʠʨʪʫʘʣʴʥʦʤ ʭʦʩʪʝ, ʪʘʢ ʠ ʥʘ Docker (ʩ 

ʛʨʘʬʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʠ ʙʝʟ ʥʠʭ) ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʥʪʠʯʥʳ, ʧʨʠ ʵʪʦʤ Docker 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʘʝʪ ʟʘʧʫʩʢ ʠ ʨʘʟʚʦʨʘʯʠʚʘʥʠʝ ʩʠʩʪʝʤʳ ʠ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʣʝʛʢʦ 

ʤʘʩʰʪʘʙʠʨʦʚʘʪʴ ʠʣʠ ʦʙʥʦʚʣʷʪʴ ʢʦʤʧʦʥʝʥʪʳ ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ, ʚʠʨʪʫʘʣʴʥʳʝ ʤʘʰʠʥʳ, ʢʦʥʪʝʡʥʝʨʳ, 

Nvidia-docker, ʛʨʘʬʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʦʨʳ, ʧʘʨʘʣʣʝʣʴʥʳʝ ʚʳʯʠʩʣʝʥʠʷ. 
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Abstract. At the present time neural networks are used to solve many problems. Also 

over the past few years there is a sharp increase in the use of containers to deploy 

applications. This paper describes the application of Nvidia-docker for deploying scientific 

programs on several computers using NVIDIA GPU. An experiment was carried out. We 

made a comparative analysis of computations on the cores of virtual machine and inside the 

nvidia-docker container running on a virtual machine. Based on the data obtained, it can be 

concluded that the resources, that spent for running CIFAR-10 on both the host and the 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʪʘʣʦ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʳʤ ʧʨʠʤʝʥʷʪʴ ʥʝʡʨʦʥʥʳʝ 

ʩʝʪʠ ʜʣʷ ʨʝʰʝʥʠʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʟʘʜʘʯ. ʀʭ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʥʝ 

ʦʛʨʘʥʠʯʝʥʘ, ʠ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʦʚ, ʜʣʷ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʠ ʢʣʘʩʪʝʨʠʟʘʮʠʠ, ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʡ ʠ ʫʧʨʘʚʣʝʥʠʷ, ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʪ.ʜ. ʇʦʩʢʦʣʴʢʫ 

ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʝʟʫʣʴʪʘʪʘ ʧʨʦʠʟʚʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʚʝʢʪʦʨʥʳʭ ʠ ʤʘʪʨʠʯʥʳʭ ʦʧʝʨʘʮʠʡ, ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤ 

ʩʧʦʩʦʙʦʤ ʝʸ ʨʝʘʣʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʘʨʘʣʣʝʣʴʥʦʛʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʥʘ ʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʨʘʭ. 

ʊʘʢʞʝ ʟʘ ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʥʪʝʡʥʝʨʦʚ ʜʣʷ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʧʨʠʣʦʞʝʥʠʡ. ʇʨʠʯʠʥʘ 

ʵʪʦʛʦ ʧʨʦʩʪʘ: ʢʦʥʪʝʡʥʝʨʳ ʠʥʢʘʧʩʫʣʠʨʫʶʪ ʧʨʠʣʦʞʝʥʠʷ ʚ ʠʟʦʣʠʨʦʚʘʥʥʫʶ 

ʚʠʨʪʫʘʣʴʥʫʶ ʩʨʝʜʫ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʠ ʫʧʨʦʩʪʠʪʴ ʚʳʧʦʣʥʝʥʠʝ 

ʧʨʠʣʦʞʝʥʠʡ ʠ ʩʝʨʚʠʩʦʚ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʘʩʭʦʜʦʚ ʚʩʝʡ ʚʠʨʪʫʘʣʴʥʦʡ 

ʤʘʰʠʥʳ. ʆʙʳʯʥʳʝ Docker ʢʦʥʪʝʡʥʝʨʳ ʷʚʣʷʶʪʩʷ ʘʧʧʘʨʘʪʥʦ-ʥʝʟʘʚʠʩʠʤʳʤʠ. 

ʕʪʦ ʩʦʟʜʘʸʪ ʧʨʦʙʣʝʤʫ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʪʘʢʦʛʦ ʢʘʢ ʛʨʘʬʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʦʨʳ NVIDIA, ʢʦʪʦʨʳʝ 

ʪʨʝʙʫʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʜʫʣʝʡ ʷʜʨʘ ʠ ʙʠʙʣʠʦʪʝʢ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ 
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ʫʨʦʚʥʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʳʯʥʳʡ Docker ʥʝ ʧʦʜʜʝʨʞʠʚʘʝʪ ʛʨʘʬʠʯʝʩʢʠʝ 

ʧʨʦʮʝʩʩʦʨʳ NVIDIA ʚ ʢʦʥʪʝʡʥʝʨʘʭ. ʆʜʠʥ ʠʟ ʚʘʨʠʘʥʪʦʚ ʨʝʰʝʥʠʷ 

ʵʪʦʡ ʧʨʦʙʣʝʤʳ ï ʵʪʦ ʧʦʣʥʘʷ ʫʩʪʘʥʦʚʢʘ ʜʨʘʡʚʝʨʦʚ NVIDIA ʚʥʫʪʨʠ 

ʢʦʥʪʝʡʥʝʨʘ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ ʠʭ ʥʘ ʫʩʪʨʦʡʩʪʚʘʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʛʨʘʬʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʨʘʤ NVIDIA ʧʨʠ ʟʘʧʫʩʢʝ. ʅʦ ʵʪʦ ʨʝʰʝʥʠʝ ʷʚʣʷʝʪʩʷ 

ʥʝʥʘʜʸʞʥʳʤ, ʪʘʢ ʢʘʢ ʚʝʨʩʠʷ ʜʨʘʡʚʝʨʘ ʭʦʩʪʘ ʜʦʣʞʥʘ ʪʦʯʥʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ 

ʚʝʨʩʠʠ ʜʨʘʡʚʝʨʘ, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʚ ʢʦʥʪʝʡʥʝʨʝ. ʕʪʦ ʪʨʝʙʦʚʘʥʠʝ ʨʝʟʢʦ 

ʩʦʢʨʘʪʠʣʦ ʧʝʨʝʥʦʩʠʤʦʩʪʴ ʢʦʥʪʝʡʥʝʨʦʚ. ʀ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ 

ʧʝʨʝʥʦʩʠʤʦʩʪʴ ʦʙʨʘʟʦʚ Docker, ʠʩʧʦʣʴʟʫʶʱʠʭ ʛʨʘʬʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʦʨʳ 

NVIDIA, ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ nvidia-docker ï ʧʨʦʝʢʪ ʩ ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ 

ʢʦʜʦʤ, ʨʘʟʤʝʱʝʥʥʳʡ ʚ Github, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʚʘ ʢʨʠʪʠʯʝʩʢʠʭ 

ʢʦʤʧʦʥʝʥʪʘ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʢʦʥʪʝʡʥʝʨʦʚ ʥʘ ʦʩʥʦʚʝ ʛʨʘʬʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʨʦʚ: ʜʨʘʡʚʝʨ ʜʣʷ ʦʙʨʘʟʘ CUDA ʠ ʦʙʦʣʦʯʢʫ ʢʦʤʘʥʜʥʦʡ ʩʪʨʦʢʠ 

Docker, ʢʦʪʦʨʘʷ ʤʦʥʪʠʨʫʝʪ ʢʦʤʧʦʥʝʥʪʳ ʜʨʘʡʚʝʨʦʚ ʠ ʛʨʘʬʠʯʝʩʢʠʝ 

ʧʨʦʮʝʩʩʦʨʳ ʚ ʢʦʥʪʝʡʥʝʨ ʧʨʠ ʟʘʧʫʩʢʝ [1]. Nvidia-docker ʧʦ ʩʫʱʝʩʪʚʫ 

ʷʚʣʷʝʪʩʷ ʦʙʝʨʪʢʦʡ ʦʙʳʯʥʦʛʦ Docker, ʢʦʪʦʨʘʷ ʧʨʦʟʨʘʯʥʦ ʩʦʟʜʘʝʪ ʢʦʥʪʝʡʥʝʨ 

ʩ ʥʝʦʙʭʦʜʠʤʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʢʦʜʘ ʥʘ ʛʨʘʬʠʯʝʩʢʦʤ 

ʧʨʦʮʝʩʩʦʨʝ. 

ɸʨʭʠʪʝʢʪʫʨʘ nvidia-docker ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
ʈʠʩ. 1.  ɸʨʭʠʪʝʢʪʫʨʘ nvidia-docker 

 

ɸʨʭʠʪʝʢʪʫʨʘ ʢʦʥʪʝʡʥʝʨʘ Docker ʚʢʣʶʯʘʝʪ ʬʠʟʠʯʝʩʢʫʶ ʤʘʰʠʥʫ ʩ 

ʛʨʘʬʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ NVIDIA, ʥʘ ʢʦʪʦʨʫʶ ʫʩʪʘʥʦʚʣʝʥʘ ʦʧʝʨʘʮʠʦʥʥʘʷ 

ʩʠʩʪʝʤʦʡ ʭʦʩʪʘ ʩ ʜʨʘʡʚʝʨʦʤ CUDA [2]. ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʦʧʝʨʘʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʘ ʭʦʩʪʘ ʨʘʟʚʝʨʥʫʪ ʤʝʭʘʥʠʟʤ ʜʦʢʝʨʘ, ʢʦʪʦʨʳʡ ʧʦʤʦʛʘʝʪ ʩʦʟʜʘʪʴ 

ʚʠʨʪʫʘʣʴʥʳʡ ʢʦʥʪʝʡʥʝʨ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʧʨʠʣʦʞʝʥʠʡ. ɼʚʠʞʢʠ ʜʦʢʝʨʦʚ 

ʩʦʟʜʘʶʪ ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʢʦʥʪʝʡʥʝʨʳ, ʥʘ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʚʝʨʥʫʪʳ 

ʧʨʠʣʦʞʝʥʠʷ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʠʧʠʯʥʦʛʦ ʨʝʰʝʥʠʷ ʛʠʧʝʨʚʠʟʦʨʘ, ʜʦʢʝʨ 

ʫʩʪʨʘʥʷʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʦʪʜʝʣʴʥʦʡ ʚʠʨʪʫʘʣʴʥʦʡ ʤʘʰʠʥʳ ʜʣʷ 

ʢʘʞʜʦʛʦ ʧʨʠʣʦʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʪʨʝʙʦʚʘʥʠʷ ʛʦʩʪʝʚʦʡ ʆʉ ʜʣʷ ʢʘʞʜʦʡ 

ʚʠʨʪʫʘʣʴʥʦʡ ʤʘʰʠʥʳ.  
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ɺʥʫʪʨʠ nvidia-docker ʚʳʟʳʚʘʝʪ ʦʙʳʯʥʳʡ Docker, ʢʦʪʦʨʳʡ ʩ ʧʦʤʦʱʴʶ 

ʧʣʘʛʠʥʘ NVIDIA Docker ʦʙʥʘʨʫʞʠʚʘʝʪ ʬʘʡʣʳ ʜʨʘʡʚʝʨʦʚ ʠ ʫʩʪʨʦʡʩʪʚ GPU 

[3]. Nvidia-docker ʪʦʣʴʢʦ ʠʟʤʝʥʷʝʪ ʧʦʚʝʜʝʥʠʝ ʢʦʤʘʥʜ çrunè ʠ çcreateè 

ʦʙʳʯʥʦʛʦ Docker. ɺʩʝ ʦʩʪʘʣʴʥʳʝ ʢʦʤʘʥʜʳ ʧʨʦʩʪʦ ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ 

ʠʥʪʝʨʬʝʡʩ ʢʦʤʘʥʜʥʦʡ ʩʪʨʦʢʠ Docker. ɻʨʘʬʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʦʨʳ 

ʵʢʩʧʦʨʪʠʨʫʶʪʩʷ ʯʝʨʝʟ ʩʧʠʩʦʢ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ, ʨʘʟʜʝʣʝʥʥʳʭ ʟʘʧʷʪʳʤʠ, 

ʠʩʧʦʣʴʟʫʷ ʧʝʨʝʤʝʥʥʫʶ ʩʨʝʜʳ NV_GPU. ʀʜʝʥʪʠʬʠʢʘʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʣʠʙʦ 

ʠʥʜʝʢʩ, ʣʠʙʦ UUID ʜʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. 

ɽʩʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ nvidia-docker ʫʜʘʣʝʥʥʦ, ʪʦ ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ 

ʧʣʘʛʠʥ nvidia-docker-plugin ʥʘ ʫʜʘʣʝʥʥʦʤ ʭʦʩʪ-ʢʦʤʧʴʶʪʝʨʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʝʨʝʤʝʥʥʦʡ ʩʨʝʜʳ DOCKER_HOST ʠʣʠ NV_HOST. ɽʩʣʠ 

ʫʩʪʘʥʦʚʣʝʥ NV_HOST, ʪʦ ʦʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʩ ʧʣʘʛʠʥʦʤ. 

ɽʩʣʠ NV_HOST ʥʝ ʫʩʪʘʥʦʚʣʝʥ, ʘ DOCKER_HOST ʫʩʪʘʥʦʚʣʝʥ, ʪʦ 

NV_HOST ʧʦ ʫʤʦʣʯʘʥʠʶ ʠʩʧʦʣʴʟʫʝʪ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ DOCKER_HOST, 

ʠʩʧʦʣʴʟʫʷ ʧʨʦʪʦʢʦʣ HTTP ʩ ʧʦʨʪʦʤ 3476. ʇʨʦʪʦʢʦʣ HTTP ʥʝʦʙʭʦʜʠʤ ʜʣʷ 

ʪʦʛʦ, ʯʪʦʙʳ nvidia-docker-plugin ʧʨʦʩʣʫʰʠʚʘʣ ʚʥʝʰʥʠʡ ʠʥʪʝʨʬʝʡʩ, ʪ.ʢ. ʧʦ 

ʫʤʦʣʯʘʥʠʶ nvidia-docker-plugin ʩʣʫʰʘʝʪ ʪʦʣʴʢʦ localhost. 

ɼʣʷ nvidia-docker ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʫʞʝ ʛʦʪʦʚʳʭ 

ʢʦʥʪʝʡʥʝʨʦʚ. ʆʬʠʮʠʘʣʴʥʦ NVidia ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʯʝʪʳʨʝ ʢʦʥʪʝʡʥʝʨʘ: 

nvidia/cuda, nvidia/digits, nvidia/caffe ʠ nvidia/cuda-ppc64le. Nvidia/cuda 

ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʨʸʭ ʚʘʨʠʘʥʪʘʭ [4]: 

- base: ʥʘʯʠʥʘʷ ʩ CUDA 9.0, ʩʦʜʝʨʞʠʪ ʤʠʥʠʤʫʤ ʜʣʷ ʨʘʟʚʝʨʪʳʚʘʥʠʷ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʦʟʜʘʥʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ CUDA. ʕʪʦʪ ʢʦʥʪʝʡʥʝʨ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ, ʝʩʣʠ ʥʝʦʙʭʦʜʠʤʦ ʚʨʫʯʥʫʶ ʚʳʙʨʘʪʴ, ʢʘʢʠʝ ʧʘʢʝʪʳ CUDA 

ʥʫʞʥʦ ʫʩʪʘʥʦʚʠʪʴ. 

- runtime: ʨʘʩʰʠʨʷʝʪ ʙʘʟʦʚʳʡ ʦʙʨʘʟ, ʜʦʙʘʚʣʷʷ ʚʩʝ ʦʙʱʠʝ 

ʙʠʙʣʠʦʪʝʢʠ ʠʟ ʥʘʙʦʨʘ ʠʥʩʪʨʫʤʝʥʪʦʚ CUDA. ɼʘʥʥʳʡ ʢʦʥʪʝʡʥʝʨ 

ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ, ʝʩʣʠ ʝʩʪʴ ʛʦʪʦʚʦʝ ʧʨʠʣʦʞʝʥʠʝ, ʠʩʧʦʣʴʟʫʶʱʝʝ 

ʥʝʩʢʦʣʴʢʦ ʙʠʙʣʠʦʪʝʢ CUDA. 

- devel: ʨʘʩʰʠʨʷʝʪ ʦʙʨʘʟ ʩʨʝʜʳ ʚʳʧʦʣʥʝʥʠʷ, ʜʦʙʘʚʣʷʷ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʫʶ ʮʝʧʦʯʢʫ ʢʦʤʧʠʣʷʪʦʨʘ, ʠʥʩʪʨʫʤʝʥʪʳ ʦʪʣʘʜʢʠ, ʟʘʛʦʣʦʚʢʠ 

ʠ ʩʪʘʪʠʯʝʩʢʠʝ ʙʠʙʣʠʦʪʝʢʠ. ʕʪʦʪ ʢʦʥʪʝʡʥʝʨ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʢʦʤʧʠʣʷʮʠʠ 

ʧʨʠʣʦʞʝʥʠʷ CUDA ʠʟ ʠʩʪʦʯʥʠʢʦʚ. 

NVIDIA Deep Learning GPU Training System (DIGITS) ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ ʠʥʞʝʥʝʨʘʤ ʠ ʫʯʝʥʳʤ. DIGITS ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʙʳʩʪʨʦʡ ʧʦʜʛʦʪʦʚʢʠ (ʟʘʜʘʥʠʷ ʠ ʦʙʫʯʝʥʠʷ) ʚʳʩʦʢʦʪʦʯʥʦʡ 

ʛʣʫʙʦʢʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ (DNN) ʩ ʮʝʣʴʶ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʠʟʦʙʨʘʞʝʥʠʡ, ʩʝʛʤʝʥʪʘʮʠʠ ʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʲʝʢʪʦʚ. DIGITS ʫʧʨʦʱʘʝʪ 

ʦʙʱʠʝ ʟʘʜʘʯʠ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʫʧʨʘʚʣʝʥʠʝ ʜʘʥʥʳʤʠ, 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʦʙʫʯʝʥʠʝ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʥʘ ʤʥʦʛʦʧʨʦʮʝʩʩʦʨʥʳʭ 

ʩʠʩʪʝʤʘʭ, ʤʦʥʠʪʦʨʠʥʛ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʩ 

ʧʦʤʦʱʴʶ ʨʘʩʰʠʨʝʥʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʚʳʙʦʨ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ 

ʤʦʜʝʣʠ ʜʣʷ ʨʘʟʚʝʨʪʳʚʘʥʠʷ. DIGITS ʧʦʣʥʦʩʪʴʶ ʠʥʪʝʨʘʢʪʠʚʝʥ, ʧʦʵʪʦʤʫ 
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ʫʯʝʥʳʝ ʤʦʛʫʪ ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ ʥʘ ʨʘʟʨʘʙʦʪʢʝ ʠ ʦʙʫʯʝʥʠʠ ʩʝʪʝʡ, ʘ ʥʝ ʥʘ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ ʠ ʦʪʣʘʜʢʝ. 

Caffe ï ʵʪʦ ʩʨʝʜʩʪʚʦ ʜʣʷ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ, ʢʦʪʦʨʦʝ ʧʦʜʜʝʨʞʠʚʘʝʪ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʠʧʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʜʣʷ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʩʝʛʤʝʥʪʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʡ. NVIDIA Caffe 

ï ʵʪʦ ʦʪʚʝʪʚʣʝʥʠʝ Caffe ʩ ʧʦʜʜʝʨʞʢʦʡ NVIDIA, ʥʘʩʪʨʦʝʥʥʦʝ ʧʦʜ 

ʛʨʘʬʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʦʨʳ NVIDIA, ʚ ʯʘʩʪʥʦʩʪʠ ʜʣʷ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩ 

ʥʝʩʢʦʣʴʢʠʤʠ GPU. 

Nvidia/cuda-ppc64le ï ʵʪʦ ʢʦʥʪʝʡʥʝʨ nvidia/cuda, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʜʣʷ 

ʘʨʭʠʪʝʢʪʫʨʳ ʧʨʦʮʝʩʩʦʨʘ ppc64le. ʆʥ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʨʸʭ ʚʘʨʠʘʥʪʘʭ: 

base, runtime ʠ devel. 

ɼʣʷ nvidia-docker ʪʘʢʞʝ ʩʫʱʝʩʪʚʫʝʪ ʦʬʠʮʠʘʣʴʥʳʡ ʢʦʥʪʝʡʥʝʨ ʜʣʷ 

ʩʠʩʪʝʤʳ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ TensorFlow [5]. ɼʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

TensorFlow ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ Cuda Toolkit 8.0 ʠ cuDNN v5.1. ʇʨʠ 

ʫʩʪʘʥʦʚʢʝ ʠ ʟʘʧʫʩʢʝ TensorFlow Docker ʧʦʣʥʦʩʪʴʶ ʠʟʦʣʠʨʫʝʪ ʫʩʪʘʥʦʚʢʫ ʦʪ 

ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʘʢʝʪʦʚ ʥʘ ʢʦʤʧʴʶʪʝʨʝ. ʋ TensorFlow ʝʩʪʴ 2 ʚʠʜʘ 

ʢʦʥʪʝʡʥʝʨʘ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ GPU: 

- gcr.io/tensorflow/tensorflow:latest-gpu: ʙʠʥʘʨʥʳʡ ʦʙʨʘʟ TensorFlow ʩ 

GPU; 

- gcr.io/tensorflow/tensorflow:latest-devel-gpu: ʙʠʥʘʨʥʳʡ ʦʙʨʘʟ 

TensorFlow ʩ GPU ʠ ʠʩʭʦʜʥʳʡ ʢʦʜ. 

Nvidia-docker ʠʤʝʝʪ ʨʷʜ ʦʪʣʠʯʠʪʝʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʦʙʳʯʥʳʤ Docker, ʚʠʨʪʫʘʣʴʥʦʡ ʤʘʰʠʥʦʡ ʠ ʭʦʩʪʦʤ. ʆʙʳʯʥʳʡ Docker, ʢʘʢ 

ʫʞʝ ʙʳʣʦ ʨʘʥʝʝ ʩʢʘʟʘʥʦ, ʦʪʣʠʯʘʝʪʩʷ ʦʪ nvidia-docker ʪʝʤ, ʯʪʦ ʧʦʩʣʝʜʥʠʡ 

ʧʦʜʜʝʨʞʠʚʘʝʪ ʛʨʘʬʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʦʨʳ NVIDIA. ʆʪʣʠʯʠʝ ʚʠʨʪʫʘʣʴʥʦʡ 

ʤʘʰʠʥʳ ʦʪ nvidia-docker ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ:   

- ʢʦʥʪʝʡʥʝʨʫ ʥʝ ʥʫʞʥʦ ʟʘʛʨʫʞʘʪʴ ʷʜʨʦ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, 

ʧʦʵʪʦʤʫ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʩʦʟʜʘʥʳ ʟʘ ʤʘʣʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʤʝʥʠ;  

- ʜʣʷ ʚʠʨʪʫʘʣʠʟʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʢʦʥʪʝʡʥʝʨʦʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʥʝ ʪʨʝʙʫʝʪʩʷ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ ʪʠʧʦʚ 

ʚʠʨʪʫʘʣʠʟʘʮʠʠ; 

- ʚʩʝ ʢʦʥʪʝʡʥʝʨʳ ʥʘ ʛʣʘʚʥʦʡ ʤʘʰʠʥʝ ʩʦʚʤʝʩʪʥʦ ʠʩʧʦʣʴʟʫʶʪ 

ʧʣʘʥʠʨʦʚʱʠʢ ʭʦʩʪ-ʤʘʰʠʥʳ, ʵʢʦʥʦʤʷ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʨʝʩʫʨʩʘʭ. 

Nvidia-docker ʦʙʣʘʜʘʝʪ ʩʣʝʜʫʶʱʠʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ: 

- ʫʩʪʘʨʝʚʰʠʝ ʫʩʢʦʨʝʥʥʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ 

ʢʦʥʪʝʡʥʝʨʠʟʠʨʦʚʘʥʳ ʠ ʨʘʟʚʝʨʥʫʪʳ ʥʘ ʙʦʣʝʝ ʥʦʚʳʭ ʩʠʩʪʝʤʘʭ ʠʣʠ ʚ ʦʙʣʘʢʝ; 

- ʠʟʦʣʷʮʠʷ ʨʝʩʫʨʩʦʚ; 

- ʜʦʩʪʫʧ ʢ ʛʝʪʝʨʦʛʝʥʥʳʤ ʩʨʝʜʘʤ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ CUDA (ʩʦʚʤʝʩʪʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʨʘʡʚʝʨʘ ʭʦʩʪʘ); 

- ʢʦʥʢʨʝʪʥʳʝ ʨʝʩʫʨʩʳ ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʦʨʘ ʤʦʛʫʪ ʙʳʪʴ 

ʚʳʜʝʣʝʥʳ ʚ ʢʦʥʪʝʡʥʝʨ ʜʣʷ ʣʫʯʰʝʡ ʠʟʦʣʷʮʠʠ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ; 

- ʣʝʛʢʦʩʪʴ ʠ ʧʨʦʩʪʦʪʘ ʧʝʨʝʤʝʱʝʥʠʷ ʠ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʨʠʣʦʞʝʥʠʷ ʚ 

ʨʘʟʥʳʭ ʩʨʝʜʘʭ.  
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ʂ ʥʝʜʦʩʪʘʪʢʘʤ nvidia-docker ʥʝʦʙʭʦʜʠʤʦ ʦʪʥʝʩʪʠ ʩʣʝʜʫʶʱʝʝ: 

- CUDA ʷʚʣʷʝʪʩʷ ʧʨʦʧʨʠʝʪʘʨʥʳʤ ʩʪʘʥʜʘʨʪʦʤ, ʠ ʧʦʜʘʚʣʷʶʱʝʝ 

ʙʦʣʴʰʠʥʩʪʚʦ ʚʳʯʠʩʣʝʥʠʡ ʩ ʫʩʢʦʨʝʥʠʝʤ GPU ʚʳʧʦʣʥʷʝʪʩʷ ʩ CUDA; 

- ʥʝʪ ʧʦʜʜʝʨʞʢʠ ʥʘ ʆʉ Windows;  

- ʥʝʦʙʭʦʜʠʤʘ ʫʩʪʘʥʦʚʢʘ ʜʨʘʡʚʝʨʦʚ NVIDIA ʚ ʆʉ ʭʦʩʪʘ. 

ɼʣʷ ʘʥʘʣʠʟʘ ʚʣʠʷʥʠʷ nvidia-docker ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʨʘʩʯʸʪʦʚ ʠ 

ʥʘ ʦʙʱʝʝ ʚʨʝʤʷ ʦʙʫʯʝʥʠʷ ʙʳʣ ʧʨʦʚʝʜʸʥ ʵʢʩʧʝʨʠʤʝʥʪ. ʆʙʫʯʝʥʠʝ ʥʝʡʨʦʥʥʦʡ 

ʩʝʪʠ ʥʘ ʥʘʙʦʨʝ ʜʘʥʥʳʭ CIFAR-10 ʟʘʧʫʩʢʘʣʦʩʴ ʥʘ ʧʨʦʮʝʩʩʦʨʝ ʚʠʨʪʫʘʣʴʥʦʡ 

ʤʘʰʠʥʳ ʠ ʚʥʫʪʨʠ ʢʦʥʪʝʡʥʝʨʘ nvidia-docker, ʟʘʧʫʱʝʥʥʳʤ ʥʘ ʚʠʨʪʫʘʣʴʥʦʡ 

ʤʘʰʠʥʝ. CIFAR-10 ʩʦʩʪʦʠʪ ʠʟ 60000 ʮʚʝʪʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ 32x32 ʩ 10 

ʢʣʘʩʩʘʤʠ, 6000 ʠʟʦʙʨʘʞʝʥʠʡ ʥʘ ʢʣʘʩʩ. ɺʩʝʛʦ 50000 ʪʨʝʥʠʨʦʚʦʯʥʳʭ 

ʠʟʦʙʨʘʞʝʥʠʡ ʠ 10000 ʪʝʩʪʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ.  

ɼʣʷ ʩʙʦʨʘ ʩʪʘʪʠʩʪʠʢʠ ʚʦ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʫʪʠʣʠʪʘ dstat ʩ ʧʘʨʘʤʝʪʨʘʤʠ cmdr, ʛʜʝ: 

- ʩ ï ʧʨʦʮʝʩʩʦʨʥʘʷ ʩʪʘʪʠʩʪʠʢʘ; 

- m ï ʩʪʘʪʠʩʪʠʢʘ ʧʘʤʷʪʠ; 

- d ï ʧʦʢʘʟʳʚʘʝʪ ʩʪʘʪʠʩʪʠʢʫ ʜʠʩʢʦʚ; 

- r ï IO ʩʪʘʪʠʩʪʠʢʘ (ʟʘʧʨʦʩʳ ʚʚʦʜʘ/ʚʳʚʦʜ ʟʘʚʝʨʰʸʥ). 

ɺʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʩʯʠʪʘʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʫʪʠʣʠʪʳ time, ʢʦʪʦʨʘʷ ʧʦ 

ʦʢʦʥʯʘʥʠʠ ʚʳʧʦʣʥʝʥʠʷ ʚʳʚʦʜʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʟʘʪʨʘʯʝʥʥʦʤ ʚʨʝʤʝʥʠ.  

ʇʨʦʛʦʥ ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ ʥʘ ʩʝʨʚʝʨʝ ʧʣʘʪʬʦʨʤʳ Microsoft Azure ʥʘ 

ʤʘʰʠʥʘʭ ʩʝʨʠʠ NC c ʧʨʦʮʝʩʩʦʨʦʤ Intel Xeon E5-2690v3 c ʯʘʩʪʦʪʦʡ 2.6 ɻɻʮ, 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʠʨʪʫʘʣʴʥʦʡ ʤʘʰʠʥʳ ʥʘ ʛʠʧʝʨʚʠʟʦʨʝ Microsoft Azure. 

ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʩʷ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʧʘʨʘʤʝʪʨʘʭ ʚʠʨʪʫʘʣʴʥʦʡ 

ʤʘʰʠʥʳ: 1 ʷʜʨʦ, 12 ʷʜʝʨ, 12 ʷʜʝʨ + 1 ʚʠʨʪʫʘʣʴʥʳʡ GPU (Nvidia Tesla K80), 

12 ʷʜʝʨ + 2 ʚʠʨʪʫʘʣʴʥʳʭ GPU.  

ʋʩʢʦʨʝʥʠʝ ʩʯʠʪʘʣʦʩʴ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʚʨʝʤʝʥʠ ʧʨʦʛʦʥʘ, ʟʘʪʨʘʯʝʥʥʦʛʦ 

ʥʘ ʦʜʥʦʤ ʷʜʨʝ, ʥʘ ʚʨʝʤʷ, ʟʘʪʨʘʯʝʥʥʦʝ ʧʨʠ ʧʨʦʛʦʥʝ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʷʜʨʘʭ. 

ɼʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʧʨʦʮʝʩʩʦʨʝ ʚʠʨʪʫʘʣʴʥʦʡ ʤʘʰʠʥʳ, 

ʠʟʦʙʨʘʞʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1 

ɼʘʥʥʳʝ ʚʠʨʪʫʘʣʴʥʦʡ ʤʘʰʠʥʳ 

Host 1CPU 12CPU 12CPU+GPU 12CPU+2GPU 

ɺʨʝʤʷ, c 110000 17713 4903 4853 

ʎʇʋ, % 7.392332215 53.41854922 11.42359955 12.24093282 

ʇʘʤʷʪʴ, ʂʙʘʡʪ 1659568.755 2072705.234 2025761.466 2362152.515 

ɼʠʩʢ ʯʪʝʥʠʝ, ʂʙʘʡʪ 33.39618368 0.06833108 527.5996746 0.58825264 

ɼʠʩʢ ʟʘʧʠʩʴ, ʂʙʘʡʪ 48.79413104 36.55454681 196.4296342 128.5365515 

ɺʚʦʜ/ʚʳʚʦʜ ʯʪʝʥʠʝ 4.967402235 0.001222346 7.434315084 0.021113311 

ɺʚʦʜ/ʚʳʚʦʜ ʟʘʧʠʩʴ 0.752665922 0.528948603 0.664424581 0.51319912 

ʋʩʢʦʨʝʥʠʝ 1 6.210128154 22.43524373 22.66639192 
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ɼʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʚʥʫʪʨʠ ʢʦʥʪʝʡʥʝʨʘ nvidia-docker, ʟʘʧʫʱʝʥʥʳʤ 

ʥʘ ʚʠʨʪʫʘʣʴʥʦʡ ʤʘʰʠʥʝ, ʠʟʦʙʨʘʞʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

 

ʊʘʙʣʠʮʘ 2 

ɼʘʥʥʳʝ nvidia-docker 

Docker 1CPU 12CPU 12CPU+GPU 12CPU+2GPU 

ɺʨʝʤʷ, c 111600 18744 5007 4945 

ʎʇʋ, % 8.119270694 55.49008501 10.33883259 11.28205593 

ʇʘʤʷʪʴ, ʂʙʘʡʪ 1797863.772 2057445.891 2384913.891 2850440.139 

ɼʠʩʢ ʯʪʝʥʠʝ, ʂʙʘʡʪ 36.68729159 0.388301254 643.2743043 0.093212443 

ɼʠʩʢ ʟʘʧʠʩʴ, ʂʙʘʡʪ 242.6988996 72.54678504 399.5654575 61.67923708 

ɺʚʦʜ/ʚʳʚʦʜ ʯʪʝʥʠʝ 0.001441341 7.532738547 9.827698997 0.001668156 

ɺʚʦʜ/ʚʳʚʦʜ ʟʘʧʠʩʴ 0.716024581 0.72247162 0.798185061 0.797489385 

ʋʩʢʦʨʝʥʠʝ 1 5.95390525 22.28879569 22.56825076 

 

ʅʘ ʦʩʥʦʚʝ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʪʘʙʣʠʮ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʛʨʘʬʠʢʠ (ʨʠʩʫʥʦʢ 2). 

 

 
ʈʠʩ. 2. ʈʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʡ ʥʘ ʚʠʨʪʫʘʣʴʥʦʡ ʤʘʰʠʥʝ ʠ Docker 
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ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ 

ʨʝʩʫʨʩʳ, ʟʘʪʨʘʯʝʥʥʳʝ ʥʘ ʧʨʦʛʦʥ CIFAR-10 ʢʘʢ ʥʘ ʭʦʩʪʝ, ʪʘʢ ʠ ʥʘ Docker (ʩ 

ʛʨʘʬʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʠ ʙʝʟ ʥʠʭ), ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʥʪʠʯʥʳ, ʥʦ 

ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʙʦʣʴʰʦʝ ʨʘʩʭʦʞʜʝʥʠʝ ʧʦ ʩʪʘʪʠʩʪʠʢʝ ʧʘʤʷʪʠ, ʯʪʝʥʠ ʁʜʠʩʢʘ 

ʠ ʢʦʣʠʯʝʩʪʚʫ ʟʘʧʠʩʝʡ ʚʚʦʜʘ/ʚʳʚʦʜʘ. ʕʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʝʤ, ʯʪʦ ʜʣʷ 

Docker ʥʝʦʙʭʦʜʠʤʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʦʙʨʘʱʝʥʠʝ ʢ ʬʘʡʣʘʤ ʜʨʘʡʚʝʨʦʚ ʠ 

ʫʩʪʨʦʡʩʪʚʘʤ GPU. ɺ ʮʝʣʦʤ Docker ʥʝʧʣʦʭʦ ʧʦʢʘʟʘʣ ʩʝʙʷ, ʠ ʝʛʦ 

ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʥʝ ʫʩʪʫʧʘʝʪ ʚʠʨʪʫʘʣʴʥʦʡ ʤʘʰʠʥʝ. ʕʪʦ ʛʦʚʦʨʠʪ 

ʦ ʪʦʤ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ Docker ʧʦʟʚʦʣʷʝʪ ʥʝ ʫʭʫʜʰʠʪʴ ʧʦʢʘʟʘʪʝʣʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʠʩʪʝʤʳ, ʧʨʠ ʵʪʦʤ ʦʥ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʘʝʪ ʟʘʧʫʩʢ ʠ 

ʨʘʟʚʦʨʘʯʠʚʘʥʠʝ ʩʠʩʪʝʤʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, nvidia-docker ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ 

ʜʣʷ ʙʝʩʧʨʝʧʷʪʩʪʚʝʥʥʦʛʦ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʧʨʠʣʦʞʝʥʠʡ ʥʘ ʥʝʩʢʦʣʴʢʠʭ 

ʢʦʤʧʴʶʪʝʨʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʨʦʚ NVIDIA. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʇʨʘʚʠʪʝʣʴʩʪʚʘ 

ʆʨʝʥʙʫʨʛʩʢʦʡ ʦʙʣʘʩʪʠ ʠ ʈʌʌʀ (ʧʨʦʝʢʪʳ ˉ17-47-560046, ˉ 16-29-09639 ʠ 

ˉ15-07-06071), ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ ʨʘʤʢʘʭ ʩʪʠʧʝʥʜʠʠ 

ʜʣʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʠ ʘʩʧʠʨʘʥʪʦʚ (ʉʇ-2179.2015.5).  

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. Nvidia-docker - Build and run Docker containers leveraging NVIDIA 

GPUs [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://github.com/NVIDIA/nvidia-docker, ʩʚʦʙʦʜʥʳʡ. ï ɿʘʛʣ. ʩ ʵʢʨʘʥʘ. 

2. NVIDIA Docker: GPU Server Application Deployment Made Easy 

[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://devblogs.nvidia.com/parallelforall/nvidia-docker-gpu-server-application-

deployment-made-easy, ʩʚʦʙʦʜʥʳʡ. ï ɿʘʛʣ. ʩ ʵʢʨʘʥʘ. 

3. Docker + NVIDIA GPU = nvidia-docker ï CeShine Lee ï Medium 

[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://medium.com/@ceshine/docker-nvidia-gpu-nvidia-docker-808b23e1657, 

ʩʚʦʙʦʜʥʳʡ. ï ɿʘʛʣ. ʩ ʵʢʨʘʥʘ. 

4. Nvidia ï Docker Hub [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://hub.docker.com/r/nvidia, ʩʚʦʙʦʜʥʳʡ. ï ɿʘʛʣ. ʩ ʵʢʨʘʥʘ. 

5. Download and Setup | TensorFlow [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ 

ʜʦʩʪʫʧʘ: https://www.tensorflow.org/versions/r0.12/get_started/os_setup, 

ʩʚʦʙʦʜʥʳʡ. ï ɿʘʛʣ. ʩ ʵʢʨʘʥʘ.  
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ʉɽʂʎʀʗ 2. ʇʈʆɻʈɽʉʉʀɺʅʓɽ ʊɽʍʅʆʃʆɻʀʏɽʉʂʀɽ 

ʇʈʆʎɽʉʉʓ ʀ ʆɹʆʈʋɼʆɺɸʅʀɽ 

ʇʨʝʜʩʝʜʘʪʝʣʴ ʩʝʢʮʠʠ: ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʟʘʚʝʜʫʶʱʠʡ 

ʢʘʬʝʜʨʦʡ çʊʝʭʥʠʢʘ ʠ ʪʝʭʥʦʣʦʛʠʠ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʠ ʧʠʱʝʚʳʭ 

ʧʨʦʠʟʚʦʜʩʪʚè ɻʨʠʮʝʥʢʦ ɺʷʯʝʩʣʘʚ ɺʣʘʜʠʤʠʨʦʚʠʯ 

 

ʂʆʅʉʊʈʋʂʊʆʈʉʂʆ-ʊɽʍʅʆʃʆɻʀʏɽʉʂʀɽ ʉʇʆʉʆɹʓ 

ʇʆɺʓʐɽʅʀʗ ʂɸʏɽʉʊɺɸ ɺɸʂʋʋʄʅʓʍ ʂʆʄʄʋʊʀʈʋʖʑʀʍ 

ʋʉʊʈʆʁʉʊɺ 

ɸ.ɸ. ɸʢʠʤʦʚ 

ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ  

 
ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʙʦʪʳ ʢʦʥʪʘʢʪʥʳʭ ʛʨʫʧʧ 

ʚʘʢʫʫʤʥʳʭ ʢʦʤʤʫʪʠʨʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʥʘʧʨʷʞʝʥʥʦ-

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʘ, ʚʣʠʷʥʠʝ ʥʘ ʥʝʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʪʝʣ. ʉ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʢʦʤʤʫʪʠʨʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ 

ʧʨʝʜʣʦʞʝʥʦ ʦʙʨʘʙʘʪʳʚʘʪʴ ʢʦʥʪʘʢʪʠʨʫʶʱʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʧʝʨʘʮʠʠ 

ʛʘʣʪʦʚʢʠ ʠʣʠ ʮʝʥʪʨʦʙʝʞʥʦ-ʧʣʘʥʝʪʘʨʥʦʡ ʦʙʲʝʤʥʦʡ ʦʙʨʘʙʦʪʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʘʢʫʫʤʥʳʝ ʢʦʤʤʫʪʠʨʫʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ, 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʪʘʢʪʦʚ, ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ, 

ʧʝʨʝʭʦʜʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʵʣʝʢʪʨʦʧʨʦʯʥʦʩʪʴ, ʛʘʣʪʦʚʢʘ. 

 

DESIGN AND TECHNOLOGICAL WAYS TO IMPPROVE THE  

QUALITY OF VACUUM  SWITCHING DEVICES  

A.A. Akimov 

Penza state University 

 
Abstract: .In the article features of work of contact groups of vacuum switching 
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ɺʚʝʜʝʥʠʝ 

ɺʘʢʫʫʤʥʳʝ ʢʦʤʤʫʪʠʨʫʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ (ɺʂʋ) ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʚʳʩʦʢʦʚʦʣʴʪʥʦʡ ʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʘʧʧʘʨʘʪʫʨʝ ʨʘʟʣʠʯʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʘʚʠʘʮʠʦʥʥʦʡ. ʉʫʱʝʩʪʚʝʥʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 

ɺʂʋ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ (ʚʦʟʜʫʰʥʳʭ, ʛʘʟʦʥʘʧʳʣʝʥʳʭ ʠ 

ʜʨ.) ʢʦʥʪʘʢʪʳ, ʷʚʣʷʶʱʠʝʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ɺʂʋ, 

ʨʘʟʤʝʱʝʥʳ ʚ ʚʳʩʦʢʦʤ ʚʘʢʫʫʤʝ [1, 2]. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʧʦʣʘʛʘʪʴ ʢʦʥʪʘʢʪʳ 

ʩ ʤʘʣʳʤ ʟʘʟʦʨʦʤ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʘʣʦʝ ʚʨʝʤʷ ʩʨʘʙʘʪʳʚʘʥʠʷ ʠ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʢʦʤʤʫʪʘʮʠʦʥʥʳʭ ʦʧʝʨʘʮʠʡ. ʈʘʙʦʪʘ ʚ ʚʘʢʫʫʤʝ ʧʦʟʚʦʣʷʝʪ 

ʦʙʝʩʧʝʯʠʪʴ ʨʘʙʦʪʫ ɺʂʋ ʚ ʟʘʤʢʥʫʪʦʤ ʠ ʨʘʟʦʤʢʥʫʪʦʤ ʩʦʩʪʦʷʥʠʠ ʚ ʩʣʦʞʥʳʭ 

ʫʩʣʦʚʠʷʭ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ [3]. 
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ʆʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ɺʂʋ ʧʦʩʪʦʷʥʥʦ ʨʘʩʰʠʨʷʝʪʩʷ, ʘ ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʠʭ 

ʥʘʜʝʞʥʦʩʪʠ ʧʦʚʳʰʘʶʪʩʷ ʚ ʯʘʩʪʠ ʫʤʝʥʴʰʝʥʠʷ ʚʨʝʤʝʥʠ ʩʨʘʙʘʪʳʚʘʥʠʷ, 

ʫʚʝʣʠʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʮʠʢʣʦʚ ʩʨʘʙʘʪʳʚʘʥʠʷ, ʧʦʚʳʰʝʥʠʷ 

ʵʣʝʢʪʨʦʧʨʦʯʥʦʩʪʠ, ʩʥʠʞʝʥʠʝ ʪʦʢʘ ʫʪʝʯʢʠ ʠ ʪ.ʧ. ʕʪʦ ʚʳʟʳʚʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ɺʂʋ ʩ ʫʯʝʪʦʤ ʧʨʝʜʲʷʚʣʝʥʥʳʭ ʢ ʥʠʤ ʪʨʝʙʦʚʘʥʠʡ. ʇʨʠ ʵʪʦʤ 

ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ ɺʂʋ ʷʚʣʷʝʪʩʷ ʢʦʥʪʘʢʪʥʘʷ 

ʛʨʫʧʧʘ, ʪʘʢ ʢʘʢ ʝʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʩʦʩʪʦʷʥʠʝ 

ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʦʧʨʝʜʝʣʷʝʪ 

ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ ɺʂʋ. 

1. ɸʥʘʣʠʟ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʟʦʥʝ 

ʢʦʥʪʘʢʪʘ 

ʂʦʥʪʘʢʪʠʨʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʝʡ ʨʝʘʣʴʥʳʭ ʜʝʪʘʣʝʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ 

ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ, ʪ.ʝ. ʢʦʥʪʘʢʪʠʨʦʚʘʥʠʝ ʚʩʝʛʜʘ ʷʚʣʷʝʪʩʷ ʜʠʩʢʨʝʪʥʳʤ. 

ʌʘʢʪʠʯʝʩʢʘʷ ʧʣʦʱʘʜʴ ʢʦʥʪʘʢʪʘ ʦʙʳʯʥʦ ʩʦʩʪʘʚʣʷʝʪ ʜʦ 20% ʥʦʤʠʥʘʣʴʥʦʡ 

ʧʣʦʱʘʜʠ ʢʦʥʪʘʢʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ 

ʤʠʢʨʦʛʝʦʤʝʪʨʠʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʜʝʪʘʣʝʡ. ʇʨʠ ʵʪʦʤ ʚ ʟʦʥʝ 

ʢʦʥʪʘʢʪʘ ʚʳʜʝʣʷʶʪ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʜʝʬʦʨʤʘʮʠʡ: ʫʧʨʫʛʫʶ, 

ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʫʶ ʙʝʟ ʫʧʨʦʯʥʝʥʠʷ ʠ ʩ ʫʧʨʦʯʥʝʥʠʝʤ, ʧʣʘʩʪʠʯʝʩʢʫʶ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʚʝʩʴʤʘ ʛʣʘʜʢʠʭ ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚ 

ʦʩʥʦʚʥʦʤ ʧʨʝʦʙʣʘʜʘʝʪ ʫʧʨʫʛʘʷ ʜʝʬʦʨʤʘʮʠʷ. ʄʝʭʘʥʠʢʘ ʢʦʥʪʘʢʪʘ ʠ ʫʩʣʦʚʠʷ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ ʩ ʫʯʝʪʦʤ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʠ 

ʛʝʦʤʝʪʨʠʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʳ ʚ [4]. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ 

ʙʦʣʴʰʠʥʩʪʚʘ ʪʠʧʦʚʳʭ ʚʠʜʦʚ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʢʣʘʩʩʦʚ 

ʝhʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʜʝʪʘʣʝʡ ʢʦʥʪʘʢʪ ʷʚʣʷʝʪʩʷ 

ʫʧʨʫʛʠʤ, ʝʩʣʠ ʜʣʷ ʢʦʥʪʫʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʨʩ ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʘ ʚʳʧʦʣʥʷʝʪʩʷ 

ʫʩʣʦʚʠʝ 
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ɿʜʝʩʴ m, ɽ ï ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ ʠ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʤʘʪʝʨʠʘʣʘ 

ʜʝʪʘʣʠ; ʅɺ ï ʪʚʝʨʜʦʩʪʴ; D  ï  ʢʦʤʧʣʝʢʩʥʳʡ ʧʘʨʘʤʝʪʨ,  ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ 

ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʘʭ ʦʙʨʘʙʦʪʢʠ  [4]. 

ɸʥʘʣʠʟ ʟʥʘʯʝʥʠʡ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʘʨʘʤʝʪʨʘ D ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ 

ʧʦʚʳʰʝʥʠʠ ʢʣʘʩʩʘ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʨʠ ʚʩʝʭ ʚʠʜʘʭ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʢʦʤʧʣʝʢʩʥʳʡ ʧʘʨʘʤʝʪʨ D ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʚʳʨʘʞʝʥʠʝʤ (1) ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʜʦʧʫʩʪʠʤʦʛʦ ʢʦʥʪʫʨʥʦʛʦ 

ʜʘʚʣʝʥʠʷ ʠ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʨʘʩʰʠʨʝʥʠʶ ʦʙʣʘʩʪʠ ʫʧʨʫʛʠʭ ʜʝʬʦʨʤʘʮʠʡ ʚ 

ʟʦʥʝ ʢʦʥʪʘʢʪʘ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʥʘʜʝʞʥʦʩʪʠ ʠ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ɺʂʋ, ʪʘʢ ʢʘʢ ʧʨʠ ʤʥʦʛʦʢʨʘʪʥʦʤ ʩʨʘʙʘʪʳʚʘʥʠʠ ʚ ʟʦʥʝ 

ʢʦʥʪʘʢʪʘ ʙʫʜʫʪ ʠʤʝʪʴ ʤʝʩʪʦ ʫʧʨʫʛʠʝ ʜʝʬʦʨʤʘʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ 

ʫʩʪʦʡʯʠʚʳʡ ʢʦʥʪʘʢʪ ʧʦ ʧʣʦʱʘʜʢʝ ʢʦʥʪʘʢʪʠʨʦʚʘʥʠʷ ʠ ʧʦʩʪʦʷʥʥʦʝ 

ʧʝʨʝʭʦʜʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʘ ʧʨʠ ʜʝʡʩʪʚʠʠ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʥʘʛʨʫʟʦʢ ʥʘ ʠʟʜʝʣʠʝ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʠ [5]. 
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ɺ ʢʦʥʩʪʨʫʢʮʠʷʭ ɺʂʋ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʢʦʥʪʘʢʪʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʢʦʥʪʘʢʪ: ʧʦʣʫʩʬʝʨʘīʧʣʦʩʢʦʩʪʴ; 

ʮʠʣʠʥʜʨīʮʠʣʠʥʜʨ; ʮʠʣʠʥʜʨīʧʣʦʩʢʦʩʪʴ ʠ ʜʨ. 

ʈʘʩʩʤʦʪʨʠʤ ʚ ʩʘʤʦʤ ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ 

ʩʦʩʪʦʷʥʠʝ (ʅɼʉ) ʧʨʠ ʢʦʥʪʘʢʪʝ ʜʚʫʭ ʫʧʨʫʛʠʭ ʪʝʣ ʩ ʢʨʠʚʦʣʠʥʝʡʥʳʤʠ 

ʧʦʚʝʨʭʥʦʩʪʷʤʠ. ʄʘʪʝʨʠʘʣʳ ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʪʝʣ ʷʚʣʷʶʪʩʷ ʦʜʥʦʨʦʜʥʳʤʠ ʠ 

ʠʟʦʪʨʦʧʥʳʤʠ ʩ ʤʦʜʫʣʷʤʠ ʫʧʨʫʛʦʩʪʠ ɽ1 ʠ ɽ2 ʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʇʫʘʩʩʦʥʘ 

m1, m2. ɼʝʬʦʨʤʘʮʠʠ ʚ ʢʦʥʪʘʢʪʘ ʷʚʣʷʶʪʩʷ ʫʧʨʫʛʠʤʠ. 

ɺ ʩʘʤʦʤ ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʣʦʱʘʜʢʘ ʢʦʥʪʘʢʪʘ ʷʚʣʷʝʪʩʷ ʵʣʣʠʧʪʠʯʝʩʢʦʡ ʩ 

ʧʦʣʫʦʩʷʤʠ ʘ ʠ b, ʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʥʪʘʢʪʥʦʛʦ ʜʘʚʣʝʥʠʷ ʧʦʜʯʠʥʷʝʪʩʷ 

ʵʣʣʠʧʪʠʯʝʩʢʦʤʫ ʟʘʢʦʥʫ. ʈʘʟʤʝʨʳ ʘ ʠ b ʧʣʦʱʘʜʢʠ ʢʦʥʪʘʢʪʘ ʠ ʩʙʣʠʞʝʥʠʝ h 

ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʪʝʣ ʟʘ ʩʯʝʪ ʜʝʬʦʨʤʘʮʠʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ [4]. 
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=  ï ʧʨʠʚʝʜʝʥʥʘʷ ʫʧʨʫʛʘʷ ʧʦʩʪʦʷʥʥʘʷ 

ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʪʝʣ; N ï ʢʦʥʪʘʢʪʥʦʝ ʫʩʠʣʠʝ; 22211211 kkkkk +++=S   ï  

ʩʫʤʤʘ ʛʣʘʚʥʳʭ ʢʨʠʚʠʟʥ ʧʝʨʚʦʛʦ (1211,kk ) ʠ ʚʪʦʨʦʛʦ ),( 2221 kk  

ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʪʝʣ. ʂʦʵʬʬʠʮʠʝʥʪʳ hbʘ ɖ,ɖ,ɖ  ʟʘʚʠʩʷʪ ʦʪ ʛʣʘʚʥʳʭ 

ʢʨʠʚʠʟʥ ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʪʝʣ ʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʯʝʨʝʟ ʵʣʣʠʧʪʠʯʝʩʢʠʝ 

ʠʥʪʝʛʨʘʣʳ. ɿʥʘʯʝʥʠʷ ʵʪʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠ ʛʣʘʚʥʳʭ ʢʨʠʚʠʟʥ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʪʝʣ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʘʭ [4]. 

ɽʩʣʠ ʧʣʦʱʘʜʢʘ ʢʦʥʪʘʢʪʘ ʷʚʣʷʝʪʩʷ ʵʣʣʠʧʪʠʯʝʩʢʦʡ, ʪʦ ʧʣʦʱʘʜʴ 

ʢʦʥʪʘʢʪʘ ɸ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ 

                                         baɸ p= .                                                           (4) 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʦʨʤʳ ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʪʝʣ ʧʣʦʱʘʜʢʘ ʢʦʥʪʘʢʪʘ 

ʤʦʞʝʪ ʚʳʨʦʞʜʘʪʴʩʷ ʚ ʢʨʫʛ (ʢʦʥʪʘʢʪ ʧʦʣʫʩʬʝʨʳ ʩ ʧʣʦʩʢʦʩʪʴʶ) ʠʣʠ ʚ 

ʧʨʷʤʦʫʛʦʣʴʥʫʶ ʧʦʣʦʩʫ (ʢʦʥʪʘʢʪ ʜʚʫʭ ʮʠʣʠʥʜʨʦʚ ʩ ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʦʩʷʤʠ). 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʠʤ ʚʳʢʣʶʯʘʪʝʣʴ ʚʘʢʫʫʤʥʳʡ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʡ ɺ2ɼ-1ɺ, ʫ ʢʦʪʦʨʦʛʦ ʢʦʥʪʘʢʪʠʨʫʶʱʠʤʠ ʪʝʣʘʤʠ ʷʚʣʷʶʪʩʷ 

ʜʚʘ ʮʠʣʠʥʜʨʘ ʩ ʚʟʘʠʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʤʠ ʦʩʷʤʠ. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʢʦʥʪʘʢʪʥʘʷ ʧʣʦʱʘʜʢʘ ï ʵʣʣʠʧʩ ʩ ʧʦʣʫʦʩʷʤʠ: 

                    3
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= .                                  (5) 

ʉʙʣʠʞʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 
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= hh  .                                     (6) 
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ɿʜʝʩʴ R1 ʠ R2 ï ʨʘʜʠʫʩʳ ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʪʝʣ; ʟʥʘʯʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ hbʘ ɝ,ɝ,ɝ  ʟʘʚʠʩʷʪ ʦʪ ʧʘʨʘʤʝʪʨʘ 
1

2ɖ
R

R
=  ʧʨʠ 12 RR ²  [4]. 

ɽʩʣʠ ʨʘʜʠʫʩʳ ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʜʠʥʘʢʦʚʳ (R1 = R2), h = 

1; ʢʦʵʬʬʠʮʠʝʥʪʳ 1ɝɝ,ɝ === hbʘ ; ʘ=b ʠ ʢʦʥʪʘʢʪʥʘʷ ʧʣʦʱʘʜʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʢʨʫʛ ʨʘʜʠʫʩʦʤ ʘ. 

ɿʘʢʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʥʪʘʢʪʥʦʛʦ ʜʘʚʣʝʥʠʷ ʨ ʧʦ ʧʣʦʱʘʜʢʝ ʢʦʥʪʘʢʪʘ, ʘ 

ʪʘʢʞʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʥʪʘʢʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ ʚ ʟʦʥʝ 

ʢʦʥʪʘʢʪʘ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʛʝʦʤʝʪʨʠʠ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʪʝʣ. ʇʨʠ ʵʪʦʤ ʅɼʉ ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʘ 

ʷʚʣʷʝʪʩʷ ʦʙʲʝʤʥʳʤ, ʘ ʥʘʠʙʦʣʝʝ ʥʘʛʨʫʞʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʪʦʯʢʠ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʥʝʢʦʪʦʨʦʡ ʛʣʫʙʠʥʝ ʦʪ ʧʣʦʩʢʦʩʪʠ ʧʣʦʱʘʜʢʠ ʢʦʥʪʘʢʪʘ. 

ɼʣʷ ʢʦʥʪʘʢʪʦʚ ʚʳʢʣʶʯʘʪʝʣʷ ɺ2ɼ-1ɺ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʥʪʘʢʪʥʦʝ 

ʜʘʚʣʝʥʠʝ ʚ ʮʝʥʪʨʝ ʢʦʥʪʘʢʪʥʦʡ ʧʣʘʱʘʜʢʠ ʨʘʚʥʦ 

                         3

2

21

212
0 ɗɝ365,0 öö

÷

õ
ææ
ç

å +
= -

RR

RR
Nʨʨ ,                                    (7) 

ʘ ʤʘʢʩʠʤʘʣʴʥʦʝ ʵʢʚʠʚʘʣʝʥʪʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʘ ʩʦʩʪʘʚʣʷʝʪ 

0ʵʢʚ 6,0ůmax ʨ= . 

ɿʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨɝ  ʟʘʚʠʩʠʪ ʦʪ ʧʘʨʘʤʝʪʨʘ h. ʇʨʠ h = 1 

ʧʘʨʘʤʝʪʨ  ʨɝ  ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʝ 1ɝ=ʨ . 

ʋʩʣʦʚʠʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʫʧʨʫʛʠʡ ʢʦʥʪʘʢʪ, ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ 

                                       ʪʵʢʚůůmax ¢  ,                                                    (8) 

ʛʜʝ sʪ ï ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ ʤʘʪʝʨʠʘʣʘ ʢʦʥʪʘʢʪʘ. 

ʉ ʫʯʝʪʦʤ (6) ʧʦʣʫʯʠʤ ʚʳʨʘʞʝʥʠʝ  

                                           *¢NN  ,                                                          (9) 

ʛʜʝ N ī ʜʝʡʩʪʚʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ʢʦʥʪʘʢʪʥʦʛʦ ʫʩʠʣʠʷ, ʢʦʪʦʨʦʝ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʢʦʥʩʪʨʫʢʮʠʝʡ ʢʦʥʪʘʢʪʥʦʛʦ ʫʟʣʘ; ʘ *N  ī ʧʨʝʜʝʣʴʥʦ 

ʜʦʧʫʩʪʠʤʦʝ ʟʥʘʯʝʥʠʝ ʢʦʥʪʘʢʪʥʦʛʦ ʫʩʠʣʠʷ, ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʣʷ 

ʚʳʢʣʶʯʘʪʝʣʷ ʪʠʧʘ ɺ2ɼ-1ɺ ʚʳʨʘʞʝʥʠʝʤ: 

                    3
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ʨRR
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=*   .                                             (10) 

ʄʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʢʘʝʤʦʝ ʩʙʣʠʞʝʥʠʝ ʧʨʠ ʫʧʨʫʛʦʤ ʜʝʬʦʨʤʠʨʦʚʘʥʠʠ 

ʢʦʥʪʘʢʪʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (6) ʧʨʠ *=NN . 

ɸʥʘʣʦʛʠʯʥʦ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚʳʨʘʞʝʥʠʷ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ 

ʟʥʘʯʝʥʠʡ ʢʦʥʪʘʢʪʥʦʛʦ ʫʩʠʣʠʷ ʜʣʷ ʜʨʫʛʠʭ ʚʠʜʦʚ ʢʦʥʪʘʢʪʥʳʭ ʪʝʣ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʦʦʪʥʦʰʝʥʠʷʤʠ (2) ʠ ʚʳʨʘʞʝʥʠʷʤʠ ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʢʦʥʪʘʢʪʥʦʛʦ ʜʘʚʣʝʥʠʷ 0ʨ, ʧʨʠʚʝʜʝʥʥʳʤʠ ʚ [4]. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʧʨʠʥʠʤʘʪʴ ʥʘʫʯʥʦ 

ʦʙʦʩʥʦʚʘʥʥʳʝ ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʝ ʨʝʰʝʥʠʷ ʧʦ ʩʦʟʜʘʥʠʶ ʪʨʝʙʫʝʤʦʛʦ 
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ʢʦʥʪʘʢʪʥʦʛʦ ʫʩʠʣʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʥʘʜʝʞʥʳʡ ʢʦʥʪʘʢʪ ʚ ʢʦʥʪʘʢʪʥʦʡ 

ʛʨʫʧʧʝ ɺʂʋ. 

ʋʩʣʦʚʠʷ ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ ʢʦʥʪʘʢʪʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʠ 

ʜʝʡʩʪʚʠʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʘʥʘʣʦʛʠʯʥʦ ʤʝʪʦʜʠʢʝ, 

ʧʨʝʜʣʦʞʝʥʥʦʡ ʚ ʨʘʙʦʪʝ [5]. 

2. ʊʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʢʘʯʝʩʪʚʘ ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʉ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʣʝʢʪʨʦʧʨʦʯʥʦʩʪʠ ʠ 

ʩʥʠʞʝʥʠʷ ʪʦʢʘ ʫʪʝʯʢʠ ʚ ʢʦʥʪʘʢʪʥʳʭ ʛʨʫʧʧʘʭ ɺʂʋ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ 

ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʦʙʨʘʙʦʪʢʠ ʢʦʥʪʘʢʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. 

ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʜʝʪʘʣʝʡ 

ʠʟʜʝʣʠʡ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʷ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʤʝʪʦʜʘʤʠ 

ʦʙʨʘʙʦʪʢʠ, ʦʙʣʘʜʘʶʱʠʤʠ ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʠ 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʧʦʚʝʨʭʥʦʩʪʝʡ ʜʝʪʘʣʝʡ ʩʣʦʞʥʦʡ 

ʬʦʨʤʳ, ʷʚʣʷʶʪʩʷ ʤʝʪʦʜʳ ʦʙʲʝʤʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ: 

ʛʘʣʪʦʚʢʘ, ʦʙʲʝʤʥʘʷ ʚʠʙʨʘʮʠʦʥʥʘʷ ʦʙʨʘʙʦʪʢʘ; ʮʝʥʪʨʦʙʝʞʥʦ-ʨʦʪʘʮʠʦʥʥʘʷ 

ʦʙʨʘʙʦʪʢʘ; ʮʝʥʪʨʦʙʝʞʥʦ-ʧʣʘʥʝʪʘʨʥʘʷ ʦʙʲʝʤʥʘʷ ʦʙʨʘʙʦʪʢʘ. ʂʘʞʜʦʤʫ ʠʟ 

ʤʝʪʦʜʦʚ ʧʨʠʩʫʱ ʨʘʟʣʠʯʥʳʡ ʫʨʦʚʝʥʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ ʠ 

ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ [6]. 

ʅʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʝʘʣʠʟʘʮʠʠ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ 

ʧʨʦʮʝʩʩʝ ʷʚʣʷʝʪʩʷ ʛʘʣʪʦʚʢʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʚʳʩʦʢʠʡ ʢʣʘʩʩ ʯʠʩʪʦʪʳ 

ʢʦʥʪʘʢʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. 

ɺ ʢʘʯʝʩʪʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʦʪʨʘʙʦʪʢʝ ʪʝʭʥʦʣʦʛʠʠ ʛʘʣʪʦʚʢʠ 

ʧʨʦʚʦʜʠʣʘʩʴ ʦʙʨʘʙʦʪʢʘ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʚʳʚʦʜʦʚ ʪʠʧʦʚʦʛʦ ɺʂʋ. ʇʨʠ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ ʛʘʣʪʦʚʢʠ ʚ 20 ʤʠʥʫʪ ʙʳʣ ʧʦʣʫʯʝʥ 

9 ʢʣʘʩʩ ʯʠʩʪʦʪʳ ʧʦʚʝʨʭʥʦʩʪʠ ʚʳʚʦʜʦʚ, ʙʳʣʠ ʫʩʪʨʘʥʝʥʳ ʦʩʪʨʳʝ ʢʨʦʤʢʠ ʠ 

ʟʘʫʩʝʥʮʳ. 

ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʠʣʦ ʧʦʚʳʩʠʪʴ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʧʘʨʘʤʝʪʨʦʚ ɺʂʋ: ʩʥʠʟʠʪʴ ʪʦʢ ʫʪʝʯʢʠ ʚ 10 ʨʘʟ, ʧʦʚʳʩʠʪʴ ʵʣʝʢʪʨʦʧʨʦʯʥʦʩʪʴ 

ʚ 2,5 ʨʘʟʘ, ʧʦʚʳʩʠʪʴ ʧʨʦʮʝʥʪ ʚʳʭʦʜʘ ʛʦʜʥʳʭ ʠʟʜʝʣʠʡ ʥʘ 15 %. 

ɺʳʚʦʜʳ 

1. ʇʨʠʚʝʜʝʥʳʡ ʘʥʘʣʠʟ ʅɼʉ ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʘ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʦʧʝʨʘʮʠʡ ʧʦ ʦʙʨʘʙʦʪʢʝ ʧʦʚʝʨʭʥʦʩʪʝʡ ʢʦʥʪʘʢʪʥʳʭ ʛʨʫʧʧ ɺʂʋ ʧʦʟʚʦʣʷʝʪ 

ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ɺʂʋ 

ʧʨʠʥʠʤʘʪʴ ʥʘʫʯʥʦʦʙʦʩʥʦʚʘʥʥʳʝ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʨʝʰʝʥʠʷ ʧʦ ʧʦʚʳʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ɺʂʋ. 

2. ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʧʦ ʦʙʨʘʙʦʪʢʝ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʜʝʪʘʣʝʡ ʢʦʥʪʘʢʪʥʳʭ ʛʨʫʧʧ ɺʂʋ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠʤʝʥʷʪʴ 

ʛʘʣʪʦʚʢʫ, ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ. 

3. ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʘʥʘʣʠʟʘ ʅɼʉ ʚ ʢʦʥʪʘʢʪʥʦʡ ʟʦʥʝ ɺʂʋ 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʨʠ ʘʥʘʣʠʟʝ ʦʪʢʘʟʦʚ ɺʂʋ ʚ ʧʨʦʮʝʩʩʝ ʠʩʧʳʪʘʥʠʡ 

ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. 
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Abstract. The article presents the results of theoretical studies of the effect of the 

cutting speed on certain parameters of the grinding process, such as the cutting force, the 

grinding factor, and tangential shear stresses arising in abrasive grains. The patterns of 

variation of these output parameters are established depending on the cutting speed when 

grinding plasma coatings with circles of electrocorundum and silicon carbide. The results of 

theoretical calculations are confirmed by experimental studies. 

Keywords: plazma coatings, abrasive tool, grinding wheels, cutting speed, 

tangential stresses, tool wear out, tool life period. 

 

ʅʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʧʦʢʨʳʪʠʡ ʧʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʤʫ 

ʥʘʟʥʘʯʝʥʠʶ, ʦʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʶʪ ʤʠʢʨʦʧʦʨʠʩʪʳʝ ʧʦʢʨʳʪʠʷ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʜʝʪʘʣʝʡ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʚ ʪʝʭʥʦʣʦʛʠʠ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʧʨʠ ʥʘʥʝʩʝʥʠʠ ʠʟʥʦʩʦʩʪʦʡʢʠʭ 

ʤʠʢʨʦʧʦʨʠʩʪʳʭ ʧʦʢʨʳʪʠʡ (ʜʘʣʝʝ ʧʨʦʩʪʦ ʧʦʢʨʳʪʠʡ) ʥʘʠʙʦʣʴʰʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʛʘʟʦʪʝʨʤʠʯʝʩʢʦʛʦ 

ʥʘʧʳʣʝʥʠʷ (ʵʣʝʢʪʨʦʜʫʛʦʚʘʷ ʤʝʪʘʣʣʠʟʘʮʠʷ, ʜʝʪʦʥʘʮʠʦʥʥʦʝ, ʛʘʟʦʧʣʘʤʝʥʥʦʝ 

ʠ ʧʣʘʟʤʝʥʥʦʝ). ʕʪʠ ʤʝʪʦʜʳ ʥʘʰʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ ʫʧʨʦʯʥʝʥʠʠ 

ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʩʘʤʦʛʦ ʨʘʟʥʦʦʙʨʘʟʥʦʛʦ ʧʦ ʥʘʟʥʘʯʝʥʠʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ: ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʤʘʰʠʥ, ʩʪʨʦʠʪʝʣʴʥʦʡ, ʜʦʨʦʞʥʦʡ, 

ʙʫʨʦʚʦʡ ʠ ʜʨʫʛʦʡ ʪʝʭʥʠʢʠ. ʂʨʦʤʝ ʪʦʛʦ, ʯʘʩʪʦ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʠʟʥʦʰʝʥʥʳʭ ʜʝʪʘʣʝʡ.  

ʆʜʥʘʢʦ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʢʨʳʪʠʡ ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʚʳʩʦʢʫʶ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʥʦʩʘ ʠ ʟʘʩʘʣʠʚʘʥʠʷ ʰʣʠʬʦʚʘʣʴʥʳʭ ʢʨʫʛʦʚ (ʐʂ), ʥʠʟʢʫʶ 

ʠʭ ʩʪʦʡʢʦʩʪʴ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ. ʊʘʢʦʝ ʩʦʩʪʦʷʥʠʝ 

ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʥʘʫʯʥʦ 

ʦʙʦʩʥʦʚʘʥʥʳʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʚʳʙʦʨʫ ʘʙʨʘʟʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʢʨʫʛʦʚ ʠ 

ʨʝʞʠʤʦʚ ʰʣʠʬʦʚʘʥʠʷ ʧʦʢʨʳʪʠʡ.  

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʰʣʠʬʦʚʘʥʠʷ ʠʟʥʘʰʠʚʘʥʠʝ ʘʙʨʘʟʠʚʥʦʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ (ɸʀ) ʧʨʦʠʩʭʦʜʠʪ ʚ ʚʠʜʝ [1, 2]: ʘ) ʠʩʪʠʨʘʥʠʷ ʢʨʦʤʦʢ, 

ʧʨʠʚʦʜʷʱʝʛʦ ʢ ʧʨʠʪʫʧʣʝʥʠʶ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʧʣʦʱʘʜʦʢ ʠʟʥʦʩʘ ʥʘ ʟʝʨʥʘʭ 

(ʨʠʩ. 1,ʘ); ʙ) ʤʠʢʨʦʨʘʟʨʫʰʝʥʠʷ ʘʙʨʘʟʠʚʥʳʭ ʟʝʨʝʥ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ 

ʧʨʦʠʩʭʦʜʠʪʴ ʚ ʚʠʜʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʚʳʢʨʘʰʠʚʘʥʠʷ (ʨʠʩ. 1,ʙ) ʠʣʠ 

ʦʙʲʝʤʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʟʝʨʥʘ (ʨʠʩ.1,ʚ); ʚ) ʧʦʣʥʦʛʦ ʚʳʨʳʚʘʥʠʷ ʟʝʨʝʥ ʠʟ 

ʩʚʷʟʢʠ (ʨʠʩ. 1,ʛ). 

 

 
ʈʠʩ. 1. ɺʠʜʳ ʠʟʥʦʩʘ ʘʙʨʘʟʠʚʥʦʛʦ ʟʝʨʥʘ: ʘ ï ʧʦʷʚʣʝʥʠʝ ʠʟʥʦʩʥʳʭ ʧʣʦʱʘʜʦʢ; 

ʙ ï ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʚʳʢʨʘʰʠʚʘʥʠʝ; ʚ ï ʦʙʲʝʤʥʦʝ ʨʘʟʨʫʰʝʥʠʝ; ʛ ï 

ʚʳʨʳʚʘʥʠʝ ʟʝʨʝʥ ʠʟ ʩʚʷʟʢʠ 
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ʉʧʝʮʠʬʠʢʘ ɸʀ ʪʘʢʦʚʘ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʰʣʠʬʦʚʘʥʠʷ ʧʦʯʪʠ ʚʩʝʛʜʘ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʚʩʝ ʚʠʜʳ ʝʛʦ ʠʟʥʦʩʘ, ʧʦʢʘʟʘʥʥʳʝ ʥʘ ʨʠʩ. 1. ʇʨʠ ʵʪʦʤ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʦʜʠʥ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ ʧʨʝʚʘʣʠʨʫʶʱʠʤ [3]. ɺʠʜ ʧʨʝʦʙʣʘʜʘʶʱʝʛʦ 

ʠʟʥʦʩʘ ʦʧʨʝʜʝʣʷʝʪ ʨʝʞʠʤ ʨʘʙʦʪʳ ʐʂ: ʟʘʪʫʧʣʝʥʠʝ, ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ 

(ʯʘʩʪʠʯʥʦʝ ʟʘʪʫʧʣʝʥʠʝ ʠ ʯʘʩʪʠʯʥʦʝ ʩʘʤʦʟʘʪʘʯʠʚʘʥʠʝ) ʠ ʦʩʳʧʘʥʠʝ (ʧʦʣʥʦʝ 

ʩʘʤʦʟʘʪʘʯʠʚʘʥʠʝ) [1, 2]. 

ʇʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʩʘʤʦʟʘʪʘʯʠʚʘʥʠʠ (ʦʩʳʧʘʥʠʠ) ʢʨʫʛʠ ʙʳʩʪʨʦ 

ʠʟʤʝʥʷʶʪ ʩʚʦʶ ʬʦʨʤʫ ʠ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʢʨʫʛʣʦʩʪʠ ʠ ʮʠʣʠʥʜʨʠʯʥʦʩʪʠ ʥʘ 

ʜʝʪʘʣʷʭ ʚʳʭʦʜʷʪ ʟʘ ʧʨʝʜʝʣʳ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʜʦʧʫʩʢʦʚ. ʇʦʵʪʦʤʫ ʵʪʦʪ ʨʝʞʠʤ 

ʧʨʠʤʝʥʷʝʪʩʷ ʦʙʳʯʥʦ ʧʨʠ ʦʙʜʠʨʦʯʥʦʤ ʰʣʠʬʦʚʘʥʠʠ, ʢʦʛʜʘ ʦʙʨʘʙʦʪʢʘ 

ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʙʦʣʴʰʠʤʠ ʧʦʜʘʯʘʤʠ, ʚʳʟʳʚʘʶʱʠʤʠ ʨʘʟʨʫʰʝʥʠʝ ʟʝʨʝʥ ʠ 

ʚʳʨʳʚʘʥʠʝ ʠʭ ʠʟ ʩʚʷʟʢʠ (ʨʠʩ 1,ʚ ʠ ʛ). 

ʈʘʙʦʪʘ ʢʨʫʛʦʚ ʚ ʨʝʞʠʤʝ ʟʘʪʫʧʣʝʥʠʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʳʤ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʣʦʱʘʜʦʢ ʠʟʥʦʩʘ ʥʘ ʘʙʨʘʟʠʚʥʳʭ ʟʝʨʥʘʭ (ʨʠʩ. 1,ʘ) ʧʨʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʬʦʨʤʠʨʦʚʘʥʠʠ ʥʘ ʥʠʭ ʘʜʛʝʟʠʦʥʥʳʭ ʥʘʣʠʧʦʚ. ʅʘʣʠʯʠʝ 

ʪʘʢʠʭ ʧʣʦʱʘʜʦʢ ʧʨʠ ʰʣʠʬʦʚʘʥʠʠ ʧʦʢʨʳʪʠʡ ʧʨʠʚʦʜʠʪ ʦʙʳʯʥʦ ʢ 

ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʚʠʙʨʘʮʠʡ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ, ʦʙʨʘʟʦʚʘʥʠʶ 

ʛʨʘʥʝʥʦʩʪʠ ʠ ʧʨʠʞʦʛʦʚ ʥʘ ʜʝʪʘʣʷʭ. 

ʇʨʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʠʟʥʦʩ ɸɿ ʧʨʦʠʩʭʦʜʠʪ ʚ ʚʠʜʝ 

ʤʠʢʨʦʩʢʘʣʳʚʘʥʠʷ ʨʝʞʫʱʠʭ ʢʨʦʤʦʢ (ʨʠʩ. 1,ʙ). ʇʦʵʪʦʤʫ ʧʨʠ ʰʣʠʬʦʚʘʥʠʠ 

ʧʦʢʨʳʪʠʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʨʫʛʠ, ʩʧʦʩʦʙʥʳʝ ʨʘʙʦʪʘʪʴ ʚ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʤ ʨʝʞʠʤʝ. ʇʨʠ ʪʘʢʦʤ ʨʝʞʠʤʝ ʩ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʨʫʛʦʚ ʚʤʝʩʪʝ ʩ ʤʠʢʨʦʩʢʦʣʘʤʠ ʫʜʘʣʷʶʪʩʷ ʘʜʛʝʟʠʦʥʥʳʝ ʥʘʣʠʧʳ ʠ 

ʧʦʩʪʝʧʝʥʥʦ çʚʳʭʦʜʠʪè ʥʦʚʳʡ ʩʣʦʡ ʘʙʨʘʟʠʚʥʳʭ ʟʝʨʝʥ, ʩʧʦʩʦʙʥʳʭ 

ʚʳʧʦʣʥʷʪʴ ʨʘʙʦʪʫ ʨʝʟʘʥʠʷ. 

ɺ ʨʘʙʦʪʝ [4] ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʠʢʨʦʩʢʘʣʳʚʘʥʠʝ ʨʝʞʫʱʠʭ ʢʨʦʤʦʢ ɸɿ 

ʦʙʫʩʣʦʚʣʝʥʦ ʜʝʡʩʪʚʠʝʤ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʩʜʚʠʛʘ. ʄʠʢʨʦʩʢʦʣʳ 

ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, 

ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʟʝʨʥʝ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʝ [4]  
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ʛʜʝ 
0yP - ʨʘʜʠʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʠʣʳ ʨʝʟʘʥʠʷ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ 

ʝʜʠʥʠʯʥʦʝ ʟʝʨʥʦ, ʅ; x - ʣʠʥʝʡʥʳʡ ʠʟʥʦʩ ʟʝʨʥʘ, ʤ; ʂh - ʢʦʵʬʬʠʮʠʝʥʪ 

ʰʣʠʬʦʚʘʥʠʷ. 

ʀʟ ʬʦʨʤʫʣʳ (1) ʩʣʝʜʫʝʪ, ʯʪʦ ʦʙʝʩʧʝʯʠʪʴ ʫʚʝʣʠʯʝʥʠʝ maxt  ʠ 

ʧʨʦʪʝʢʘʥʠʝ ʫʩʪʦʡʯʠʚʦʛʦ ʧʨʦʮʝʩʩʘ ʤʠʢʨʦʨʘʟʨʫʰʝʥʠʷ ʨʝʞʫʱʠʭ ʟʝʨʝʥ, ʘ 

ʚʤʝʩʪʝ ʩ ʥʠʤʠ ʠ ʘʜʛʝʟʠʦʥʥʳʭ ʥʘʣʠʧʦʚ, ʧʨʠ ʰʣʠʬʦʚʘʥʠʠ ʧʦʢʨʳʪʠʡ ʤʦʞʥʦ 

ʩʥʠʞʝʥʠʝʤ ʚʝʣʠʯʠʥʳ ʠʟʥʦʩʘ ʭ ʠ ʫʚʝʣʠʯʝʥʠʝʤ ʩʠʣʳ 
0yʈ  ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʂh . 

ʉʢʦʨʦʩʪʴ ʨʝʟʘʥʠʷ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʠʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤ, 

ʦʧʨʝʜʝʣʷʶʱʠʤ ʚʩʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʮʝʩʩʘ ʰʣʠʬʦʚʘʥʠʷ. ʇʦʵʪʦʤʫ ʮʝʣʴʶ 

ʥʘʩʪʦʷʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʣʦʩʴ ʦʧʨʝʜʝʣʝʥʠʝ ʩʪʝʧʝʥʠ ʚʣʠʷʥʠʷ ʩʢʦʨʦʩʪʠ 
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ʨʝʟʘʥʠʷ ʥʘ ʫʨʦʚʝʥʴ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʨʝʞʫʱʠʭ 

ʟʝʨʥʘʭ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʘʙʨʘʟʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ - 

ʵʣʝʢʪʨʦʢʦʨʫʥʜʘ ʠ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ. 

ʇʨʦʚʝʨʢʝ ʧʦʜʣʝʞʘʣʘ ʩʣʝʜʫʶʱʘʷ ʨʘʙʦʯʘʷ ʛʠʧʦʪʝʟʘ: ʩʪʦʡʢʦʩʪʴ ʢʨʫʛʦʚ 

ʜʦʣʞʥʘ ʩʥʠʞʘʪʴʩʷ, ʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʭ ʟʘʩʘʣʠʚʘʥʠʷ ʚʦʟʨʘʩʪʘʪʴ ʩ 

ʫʤʝʥʴʰʝʥʠʝʤ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʘʙʨʘʟʠʚʥʳʭ 

ʟʝʨʥʘʭ, ʠ ʩʥʠʞʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʤʠʢʨʦʩʢʦʣʦʚ ʥʘ ʠʭ 

ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʰʣʠʬʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʨʠʪʝʨʠʝʚ ʧʨʠ ʦʮʝʥʢʝ 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʏʪʦʙʳ ʦʩʚʝʪʠʪʴ ʚʟʘʠʤʦʩʚʷʟʴ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʂh  ʩ ʜʨʫʛʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʦʮʝʩʩʘ ʰʣʠʬʦʚʘʥʠʷ, 

ʨʘʩʩʤʦʪʨʠʤ ʩʠʩʪʝʤʫ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʘʙʨʘʟʠʚʥʦʝ ʟʝʨʥʦ (ʨʠʩ. 2). 

 

 
ʈʠʩ. 2. ʉʭʝʤʘ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʘʙʨʘʟʠʚʥʦʝ ʟʝʨʥʦ ʧʨʠ ʰʣʠʬʦʚʘʥʠʠ 

 

ʀʟ ʨʠʩʫʥʢʘ ʩʣʝʜʫʝʪ, ʯʪʦ ; 

  , 

ʛʜʝ - ʩʠʣʘ, ʥʦʨʤʘʣʴʥʘʷ ʢ ʧʝʨʝʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʨʥʘ, ʅ; - ʩʠʣʘ 

ʪʨʝʥʠʷ ʥʘ ʧʝʨʝʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʨʥʘ, ʅ; - ʪʦʣʱʠʥʘ ʩʨʝʟʘ ʝʜʠʥʠʯʥʳʤ 

ʟʝʨʥʦʤ, ʤʤ; - ʨʘʜʠʫʩ ʦʢʨʫʛʣʝʥʠʷ ʚʝʨʰʠʥʳ ʟʝʨʥʘ, ʤʤ; - ʧʝʨʝʜʥʠʡ ʫʛʦʣ 

ʧʨʠ ʚʝʨʰʠʥʝ ʨʝʞʫʱʝʛʦ ʟʝʨʥʘ;  - ʫʛʦʣ ʪʨʝʥʠʷ;  - ʢʦʵʬʬʠʮʠʝʥʪ 

ʪʨʝʥʠʷ ʨʝʞʫʱʝʛʦ ʟʝʨʥʘ ʩ ʦʙʨʘʙʘʪʳʚʘʝʤʳʤ ʤʘʪʝʨʠʘʣʦʤ; - ʩʢʦʨʦʩʪʴ 

ʚʨʘʱʝʥʠʷ ʢʨʫʛʘ, ʤ/ʩ. 

ɸʥʘʣʠʪʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʰʣʠʬʦʚʘʥʠʷ  ʧʨʠʚʝʜʝʥʘ ʚ ʨʘʙʦʪʝ [5]: 

90g l j+ + =

arcsin( ) / ;zR a Rg= - ( / ) ;z y ʰarctg P P arctgkl= = ʪʨarctgfj=

N F
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R g

j ʪʨf tgj=

ʢV
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                              ,                                           (2) 

ʛʜʝ , - ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʪʚʝʨʜʦʩʪʴ ʧʦ ɺʠʢʢʝʨʩʫ ʠ ʧʨʝʜʝʣ 

ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʜʚʠʛ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʅ/ʤ
2
. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʠʣ ʨʝʟʘʥʠʷ 
0yʈʠ 0z

P ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ 

ʟʘʚʠʩʠʤʦʩʪʷʤʠ, ʧʨʝʜʣʦʞʝʥʥʳʤʠ ɺ.ʀ. ʇʠʣʠʥʩʢʠʤ [6]: 

                                     
0

/y y pʈ P Fny= ,                                                  (3) 

                                     
0 0z ʨ yP K P=  ,                                                      (4) 

ʛʜʝ ʈʫ ï ʨʘʜʠʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʠʣʳ ʨʝʟʘʥʠʷ, ʚʦʟʥʠʢʘʶʱʘʷ ʚ 

ʢʦʥʪʘʢʪʝ ʢʨʫʛ-ʜʝʪʘʣʴ, ʧʦʣʫʯʝʥʥʘʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʠʣʠ ʨʘʩʩʯʠʪʳʚʘʝʤʘʷ ʧʦ 

ʠʤʝʶʱʠʤʩʷ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʟʘʚʠʩʠʤʦʩʪʷʤ, ʅ; y- ʢʦʵʬʬʠʮʠʝʥʪ, 

ʫʯʠʪʳʚʘʶʱʠʡ ʨʘʩʭʦʜ ʵʥʝʨʛʠʠ ʥʘ ʪʨʝʥʠʝ ʩʚʷʟʢʠ ʢʨʫʛʘ ʦ ʧʦʚʝʨʭʥʦʩʪʴ 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʜʝʪʘʣʠ; F ï ʧʣʦʱʘʜʴ ʢʦʥʪʘʢʪʘ ʢʨʫʛʘ ʠ ʜʝʪʘʣʠ; nʨ ï ʯʠʩʣʦ 

ʨʝʞʫʱʠʭ ʟʝʨʝʥ ʥʘ ʝʜʠʥʠʮʝ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʫʛʘ. ʨʂ  ï 

ʢʦʵʬʬʠʮʠʝʥʪ, ʨʘʚʥʳʡ ʦʪʥʦʰʝʥʠʶ ʪʘʥʛʝʥʮʠʘʣʴʥʦʡ ʈz  ʠ ʨʘʜʠʘʣʴʥʦʡ ʈʫ ʩʠʣ 

ʨʝʟʘʥʠʷ. 

ʈʘʩʩʯʠʪʘʝʤ ʵʣʝʤʝʥʪʘʨʥʳʝ ʩʠʣʳ 
0yP ʠ 

0z
P , ʘ ʪʘʢʞʝ ʢʦʵʬʬʠʮʠʝʥʪ 

ʰʣʠʬʦʚʘʥʠʷ ʂh  ʧʨʠ ʢʨʫʛʣʦʤ ʧʨʦʜʦʣʴʥʦʤ ʰʣʠʬʦʚʘʥʠʠ ʧʦ ʪʝʦʨʝʪʠʯʝʩʢʠʤ 

ʟʘʚʠʩʠʤʦʩʪʷʤ (2), (3) ʠ (4), ʘ ʢʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ tʚr ʯʠʩʣʠʤ ʧʦ 
ʬʦʨʤʫʣʝ (1).  

ʈʝʞʠʤ ʰʣʠʬʦʚʘʥʠʷ: ʩʢʦʨʦʩʪʴ ʨʝʟʘʥʠʷ ʢV = 10, 20, 35 ʠ 50 ʤ/ʩ; 

ʥʦʤʠʥʘʣʴʥʘʷ ʛʣʫʙʠʥʘ ʨʝʟʘʥʠʷ t = 0,010 ʤʤ/ʜʚ. ʭʦʜ; ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ 

ʜʝʪʘʣʠ ʜV =18,84 ʤ/ʤʠʥ; ʩʢʦʨʦʩʪʴ ʧʨʦʜʦʣʴʥʦʡ ʧʦʜʘʯʠ ʧʨʦʜS = 4,25 ʤʤ/ʦʙ; 

ʟʝʨʥʠʩʪʦʩʪʴ ʢʨʫʛʘ Nʟ = 40; ʩʪʨʫʢʪʫʨʘ ʢʨʫʛʘ Nc = 6. 

ɼʠʘʤʝʪʨʳ ʢʨʫʛʘ ʠ ʜʝʪʘʣʠ D = 600 ʤʤ, d = 60 ʤʤ; ʚʳʩʦʪʘ ʢʨʫʛʘ ɺ = 25 

ʤʤ; ʧʣʦʱʘʜʴ ʢʦʥʪʘʢʪʘ F = 18,46 ʤʤ
2
 ʧʨʠ ʰʣʠʬʦʚʘʥʠʠ ʩ ʛʣʫʙʠʥʦʡ ʨʝʟʘʥʠʷ 

0,010 ʤʤ/ʜʚ. ʭʦʜ. 

ʉʨʝʜʥʝʚʝʨʦʷʪʥʳʝ ʟʥʘʯʝʥʠʷ ʫʛʣʦʚ ʧʨʠ ʚʝʨʰʠʥʘʭ ʟʝʨʝʥ 2g ʠ ʨʘʜʠʫʩʳ 

ʦʢʨʫʛʣʝʥʠʷ ʚʝʨʰʠʥ ʟʝʨʝʥ R  ʟʝʨʥʠʩʪʦʩʪʴʶ ˉ40 ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʘʙʨʘʟʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʙʝʨʝʤ ʠʟ ʨʘʙʦʪ [7, 8]: ʜʣʷ ʵʣʝʢʪʨʦʢʦʨʫʥʜʘ ʙʝʣʦʛʦ 2

g= 109
Á
 ʠ R= 0,030 ʤʤ; ʜʣʷ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʟʝʣʝʥʦʛʦ 2g= 105

Á
 ʠ R= 

0,027 ʤʤ. 

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʜʚʠʛ ʠ ʪʚʝʨʜʦʩʪʴ ʧʦ ɺʠʢʢʝʨʩʫ ʤʠʢʨʦʧʦʨʠʩʪʦʛʦ 

ʧʦʢʨʳʪʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʚʥʳ ʩʜʚt = 300 ʠ HV = 2000 ʄʇʘ. 

ʈʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ 
0yP ʠ 

0z
P , ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 1, ʘ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʵʪʠʭ ʩʠʣ, ʘ ʪʘʢʞʝ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʰʣʠʬʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 2.4. 
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ʊʘʙʣʠʮʘ 1 

ɿʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʩʠʣʳ 
0yP ʠ 

0z
P , ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ ʧʨʠ ʰʣʠʬʦʚʘʥʠʠ ʢʨʫʛʘʤʠ ʠʟ ʵʣʝʢʪʨʦʢʦʨʫʥʜʘ ʙʝʣʦʛʦ  

ʠ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʟʝʣʸʥʦʛʦ 
ʉʢʦʨʦʩʪʴ 

ʨʝʟʘʥʠʷ 

ʢV , ʤ/ʩ 

ʈʘʜʠʘʣʴʥʘʷ 

ʩʠʣʘ 

ʨʝʟʘʥʠʷ ʈʫ, 

ʅ 

ʊʦʣʱʠʥʘ ʩʨʝʟʘ 

ʝʜʠʥʠʯʥʳʤ 

ʟʝʨʥʦʤ ʘzĀ10
-4

, 

ʤʤ 

ʉʝʯʝʥʠʝ 

ʩʨʝʟʘ  

f Ā10
-4
, ʤʤ

2 

ʏʠʩʣʦ 

ʨʝʞʫʱʠʭ 

ʟʝʨʝʥ nʨ, 

1/ʤʤ
2 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʂʨ ɣ 

ʕʣʝʢʪʨʦʢʦʨʫʥʜ ʙʝʣʳʡ 24ɸ 

10 

20 

35 

50 

156 

108 

80 

66 

0,54 

0,28 

0,16 

0,11 

1,06 

0,57 

0,32 

0,24 

0,135 

0,095 

0,072 

0,060 

0,51 

0,50 

0,49 

0,48 

0,65 

0,61 

0,58 

0,53 

ʂʘʨʙʠʜ ʢʨʝʤʥʠʷ ʟʝʣʝʥʳʡ 64ʉ 

10 

20 

35 

50 

147 

102 

76 

62 

0,54 

0,28 

0,16 

0,11 

1,06 

0,57 

0,32 

0,24 

0,140 

0,099 

0,075 

0,063 

0,51 

0,50 

0,49 

0,48 

0,65 

0,61 

0,58 

0,53 

 

 

 

ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ ʩʠʣ ʠ , ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʘʙʨʘʟʠʚʥʦʝ ʟʝʨʥʦ (ʘ), ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʰʣʠʬʦʚʘʥʠʷ (ʙ) ʦʪ ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʢʨʫʛʘʤʠ 

ʠʟ ʵʣʝʢʪʨʦʢʦʨʫʥʜʘ ʙʝʣʦʛʦ 24ɸ ʠ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʟʝʣʸʥʦʛʦ 64ʉ 

 

ʀʟ ʨʠʩ. 3,ʘ ʠ ʙ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ ʰʣʠʬʦʚʘʥʠʠ ʢʨʫʛʘʤʠ ʠʟ 

ʵʣʝʢʪʨʦʢʦʨʫʥʜʘ ʠ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʵʣʝʤʝʥʪʘʨʥʳʝ ʩʠʣʳ ʨʝʟʘʥʠʷ ʠ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʩʠʣʘ  ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʰʣʠʬʦʚʘʥʠʷ ʂh  ʧʦ ʤʝʨʝ ʨʦʩʪʘ 

0yP
0z

P

0yP
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ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ ʩʥʠʞʘʶʪʩʷ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʢʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ t, 

ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʘʙʨʘʟʠʚʥʳʭ ʟʝʨʥʘʭ, ʙʫʜʫʪ ʪʘʢʞʝ ʫʤʝʥʴʰʘʪʴʩʷ (ʨʠʩ. 4), ʘ 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʤʝʥʴʰʘʪʴʩʷ ʙʫʜʝʪ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ 

ʤʠʢʨʦʩʢʦʣʦʚ. 

 

 
ʈʠʩ. 4. ɿʘʚʠʩʠʤʦʩʪʴ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʘʙʨʘʟʠʚʥʳʭ 

ʟʝʨʥʘʭ ʠʟ ʵʣʝʢʪʨʦʢʦʨʫʥʜʘ ʙʝʣʦʛʦ 24ɸ ʠ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʟʝʣʸʥʦʛʦ 64ʉ,  

ʦʪ ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ 

 

ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʢʨʫʛʠ ʙʫʜʫʪ ʧʝʨʝʭʦʜʠʪʴ 

ʦʪ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʥʘ ʤʘʣʦʡ ʩʢʦʨʦʩʪʠ (10 ʤ/ʩ) ʢ ʨʝʞʠʤʫ 

ʟʘʪʫʧʣʝʥʠʷ ʥʘ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ (50 ʤ/ʩ), ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʙʫʜʝʪ ʩʥʠʞʘʪʴʩʷ 

ʩʪʦʡʢʦʩʪʴ ʢʨʫʛʦʚ ʠ ʚʦʟʨʘʩʪʘʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʭ ʟʘʩʘʣʠʚʘʥʠʷ. 

C ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠʟʤʝʥʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 

ʩʚʦʡʩʪʚ ʐʂ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʠʭ ʩʪʦʡʢʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ ʠ 

ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʧʨʝʜʧʦʩʳʣʦʢ, ʠʟʣʦʞʝʥʥʳʭ 

ʨʘʥʝʝ, ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʧʨʦʚʝʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ɸʀ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʢʨʫʛʘʤʠ ʟʝʨʥʠʩʪʦʩʪʠ F46, ʪʚʝʨʜʦʩʪʠ N, 

6-ʡ ʩʪʨʫʢʪʫʨʳ ʥʘ ʢʝʨʘʤʠʯʝʩʢʦʡ ʩʚʷʟʢʝ (V) ʠʟ ʵʣʝʢʪʨʦʢʦʨʫʥʜʘ ʙʝʣʦʛʦ (24ɸ) 

ʠ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʟʝʣʝʥʦʛʦ (64ʉ). ʉʨʘʚʥʠʚʘʣʘʩʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʨʫʛʣʦʛʦ 

ʥʘʨʫʞʥʦʛʦ ʰʣʠʬʦʚʘʥʠʷ ʥʘ ʩʢʦʨʦʩʪʷʭ 10, 20, 35 ʠ 50 ʤ/ʩ ʩ ʛʣʫʙʠʥʦʡ 0,01 

ʤʤ/ʜʚ. ʭʦʜ ʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ ʩʪʦʣʘ ʠ 

ʢʨʫʛʦʚʦʡ ʧʦʜʘʯʠ. 

ʆʙʨʘʙʦʪʢʝ ʧʦʜʚʝʨʛʘʣʠ ʦʙʨʘʟʮʳ ʩ ʤʠʢʨʦʧʦʨʠʩʪʳʤʠ ʧʦʢʨʳʪʠʷʤʠ ʥʘ 

ʞʝʣʝʟʥʦʡ ʦʩʥʦʚʝ. ʊʚʝʨʜʦʩʪʴ ʧʦʢʨʳʪʠʡ 40é42HRC.  

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʚʣʠʷʥʠʷ ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ ʥʘ ʧʝʨʠʦʜ ʩʪʦʡʢʦʩʪʠ 

ʢʨʫʛʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ T-Q ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ [9], ʦʧʨʝʜʝʣʷʶʱʠʝ 

ʵʤʧʠʨʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩʪʦʡʢʦʩʪʠ ɸʀ, ʚʳʨʘʞʝʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʩʲʝʤʘ 

ʤʝʪʘʣʣʘ ʦʪ cʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ. ʅʘ ʨʠʩ. 5 ʧʦʢʘʟʘʥʳ T-Q ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ 
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ʠʩʩʣʝʜʫʝʤʳʭ ʢʨʫʛʦʚ, ʢʦʪʦʨʳʝ ʘʧʧʨʦʢʩʠʤʠʨʫʶʪʩʷ ʚ ʚʠʜʝ ʩʪʝʧʝʥʥʦʡ 

ʬʫʥʢʮʠʠ:  

/ n

T MT C Q= ,                                                      (5) 

ʛʜʝ T - ʩʪʦʡʢʦʩʪʴ ʢʨʫʛʘ, ʤʠʥ; 

Cʊ - ʢʦʵʬʬʠʮʠʝʥʪ, ʨʘʚʥʳʡ ʩʪʦʡʢʦʩʪʠ ʢʨʫʛʘ ʧʨʠ ʩʢʦʨʦʩʪʠ ʩʲʝʤʘ 

ʤʘʪʝʨʠʘʣʘ QM = 1 ʤʤ
3
/ʤʠʥ; 

Qʄ - ʬʘʢʪʠʯʝʩʢʘʷ ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʩʲʝʤʘ ʤʘʪʝʨʠʘʣʘ ʟʘ ʧʝʨʠʦʜ 

ʩʪʦʡʢʦʩʪʠ ɸʀ, ʤʤ
3
/ʤʠʥ; 

n - ʧʦʢʘʟʘʪʝʣʴ ʩʪʝʧʝʥʠ, ʚʳʨʘʞʘʶʱʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʫʤʝʥʴʰʝʥʠʷ 

ʩʪʦʡʢʦʩʪʠ ʢʨʫʛʘ ʦʪ ʨʝʞʠʤʘ ʨʝʟʘʥʠʷ. 

 

 
ʈʠʩ. 5. T-Q ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠ ʰʣʠʬʦʚʘʥʠʠ ʤʠʢʨʦʧʦʨʠʩʪʦʛʦ ʧʦʢʨʳʪʠʷ ʥʘ 

ʨʘʟʥʳʭ ʩʢʦʨʦʩʪʷʭ ʢʨʫʛʘʤʠ ʠʟ ʵʣʝʢʪʨʦʢʦʨʫʥʜʘ ʙʝʣʦʛʦ 24ɸ ʠ ʢʘʨʙʠʜʘ 

ʢʨʝʤʥʠʷ ʟʝʣʝʥʦʛʦ 64ʉ 

 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩ. 5 T-Q ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʩʫʱʝʩʪʚʝʥʥʦʤ ʩʥʠʞʝʥʠʠ ʩʪʦʡʢʦʩʪʠ ʢʨʫʛʦʚ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ 

ʨʝʟʘʥʠʷ ʦʪ 10 ʜʦ 50 ʤ/ʩ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʩʥʠʞʝʥʠʝʤ ʢʘʩʘʪʝʣʴʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʘʙʨʘʟʠʚʥʳʭ ʟʝʨʥʘʭ (ʩʤ. ʨʠʩ. 4), ʠ ʧʝʨʝʭʦʜʦʤ 

ʢʨʫʛʦʚ ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʪ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʢ ʨʝʞʠʤʫ 

ʟʘʪʫʧʣʝʥʠʷ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʛʠʧʦʪʝʟʫ ʦʙ ʫʤʝʥʴʰʝʥʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʦʙʨʘʟʦʚʘʥʠʷ ʤʠʢʨʦʩʢʦʣʦʚ ʧʨʠ ʩʥʠʞʝʥʠʠ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ t. 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʟʘʩʘʣʠʚʘʥʠʷ ʢʨʫʛʦʚ ʩ ʨʦʩʪʦʤ ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ 

ʚʦʟʨʘʩʪʘʝʪ, ʦ ʯʸʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠ (ʨʠʩ. 6) ʠ ʛʨʘʬʠʢʠ 

(ʨʠʩ. 7). ʊʘʢ, ʝʩʣʠ ʨʘʙʦʯʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʢʨʫʛʘ ʠʟ 24ɸ ʧʨʠ ʰʣʠʬʦʚʘʥʠʠ ʥʘ 

ʩʢʦʨʦʩʪʠ 10 ʤ/ʩ ʣʠʰʴ ʯʘʩʪʠʯʥʦ ʧʦʢʨʳʪʘ ʥʘʣʠʧʰʠʤ ʤʝʪʘʣʣʦʤ, ʪʦ ʧʨʠ 

ʰʣʠʬʦʚʘʥʠʠ ʥʘ ʩʢʦʨʦʩʪʠ 50 ʤ/ʩ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʪʥʘʷ ʢʘʨʪʠʥʘ: ʤʘʩʰʪʘʙʳ 

ʘʜʛʝʟʠʠ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʧʦʯʪʠ ʧʦ ʚʩʝʤ ʧʣʦʱʘʜʢʘʤ ʠʟʥʦʩʘ ʟʝʨʝʥ. ʕʪʦ 

ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ ʢʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ 

, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʘʙʨʘʟʠʚʥʳʭ ʟʸʨʥʘʭ, ʩʥʠʞʘʶʪʩʷ (ʩʤ. ʨʠʩ. 4), ʯʪʦ ʪʘʢʞʝ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʛʠʧʦʪʝʟʫ ʦ ʩʥʠʞʝʥʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ 

ʤʠʢʨʦʩʢʦʣʦʚ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʚʝʣʠʯʠʥʳ .   
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ʘ)                                                          ʙ)          

ʈʠʩ. 6. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʫʛʘ ʠʟ 24ɸ ʚ ʢʦʥʮʝ 

ʧʝʨʠʦʜʘ ʝʛʦ ʩʪʦʡʢʦʩʪʠ ʧʨʠ ʰʣʠʬʦʚʘʥʠʠ ʧʦʢʨʳʪʠʷ ʥʘ ʩʢʦʨʦʩʪʠ 10 (ʘ)  

ʠ 50 ʤ/ʩ (ʙ). ʋʚʝʣʠʯʝʥʠʝ 60
x
 

 

 

 
ʈʠʩ. 7. ɿʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʟʘʩʘʣʠʚʘʥʠʷ ʢʨʫʛʦʚ ʦʪ ʩʢʦʨʦʩʪʠ 

ʨʝʟʘʥʠʷ ʧʨʠ ʰʣʠʬʦʚʘʥʠʠ ʧʦʢʨʳʪʠʷ ʢʨʫʛʘʤʠ ʠʟ ʵʣʝʢʪʨʦʢʦʨʫʥʜʘ (ʘ)  

ʠ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ (ʙ) 

 

ʇʨʠ ʤʘʣʦʡ ʩʢʦʨʦʩʪʠ ʰʣʠʬʦʚʘʥʠʷ (10 ʤ/ʩ), ʢʦʛʜʘ ʢʘʩʘʪʝʣʴʥʳʝ 

ʥʘʧʨʷʞʝʥʠʷ ʚ ʨʝʞʫʱʠʭ ʟʝʨʥʘʭ ʜʦʩʪʠʛʘʶʪ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ, 

ʨʘʟʣʠʯʠʝ ʚ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʟʘʩʘʣʠʚʘʥʠʷ ʢʨʫʛʦʚ ʠʟ 24ɸ ʠ 64ʉ ʤʝʥʝʝ 

ʩʫʱʝʩʪʚʝʥʥʦ (ʩʤ. ʨʠʩ. 7). 

T-Q ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘʢʞʝ ʧʦʢʘʟʳʚʘʶʪ (ʩʤ. ʨʠʩ. 5), ʯʪʦ ʧʨʠ 

ʰʣʠʬʦʚʘʥʠʠ ʧʦʢʨʳʪʠʷ ʥʘ ʫʩʪʘʥʦʚʣʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʩʢʦʨʦʩʪʝʡ ʨʝʟʘʥʠʷ 

ʩʪʦʡʢʦʩʪʴ ʢʘʨʙʠʜʢʨʝʤʥʠʝʚʦʛʦ ʢʨʫʛʘ ʦʢʘʟʘʣʘʩʴ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʵʣʝʢʪʨʦʢʦʨʫʥʜʦʚʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʙʦʣʝʝ 

ʚʳʩʦʢʦʡ ʤʠʢʨʦʭʨʫʧʢʦʩʪʴʶ ʘʙʨʘʟʠʚʥʳʭ ʟʝʨʝʥ ʠʟ 64ʉ, ʩʧʦʩʦʙʩʪʚʫʶʱʝʡ 

ʠʥʪʝʥʩʠʚʥʦʤʫ ʦʙʨʘʟʦʚʘʥʠʶ ʤʠʢʨʦʩʢʦʣʦʚ ʠ ʧʨʦʪʝʢʘʥʠʶ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ 

ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʵʪʦʛʦ ʢʨʫʛʘ.  
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ɺʳʚʦʜʳ 

1. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʜʠʣʠ ʪʝʦʨʝʪʠʯʝʩʢʠʡ 

ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʧʨʠ ʰʣʠʬʦʚʘʥʠʠ ʤʠʢʨʦʧʦʨʠʩʪʳʭ ʧʦʢʨʳʪʠʡ ʥʘ ʞʝʣʝʟʥʦʡ 

ʦʩʥʦʚʝ ʩ ʚʦʟʨʘʩʪʘʥʠʝʤ ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ ʨʝʞʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢʨʫʛʦʚ ʠʟ 

ʵʣʝʢʪʨʦʢʦʨʫʥʜʘ ʠ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʠʭ ʩʪʦʡʢʦʩʪʴ ʩʥʠʞʘʝʪʩʷ 

ʚ ʩʠʣʫ ʩʥʠʞʝʥʠʷ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʘʙʨʘʟʠʚʥʳʭ ʟʝʨʥʘʭ. 

2. ʇʨʠ ʰʣʠʬʦʚʘʥʠʠ ʤʠʢʨʦʧʦʨʠʩʪʳʭ ʧʦʢʨʳʪʠʡ ʥʘ ʞʝʣʝʟʥʦʡ ʦʩʥʦʚʝ 

ʢʨʫʛʘʤʠ ʠʟ 24ɸ ʠ 64ʉ ʚ ʜʠʘʧʘʟʦʥʝ ʩʢʦʨʦʩʪʝʡ ʨʝʟʘʥʠʷ 10-50 ʤ/ʩ ʙʦʣʝʝ 

ʚʳʩʦʢʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʧʨʦʷʚʠʣʠ ʢʨʫʛʠ ʠʟ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ 

ʟʝʣʸʥʦʛʦ: ʦʥʠ ʧʦʢʘʟʘʣʠ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʩʪʦʡʢʦʩʪʴ ʠ ʤʝʥʴʰʝ ʟʘʩʘʣʠʚʘʣʠʩʴ. 
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ʋɼʂ 663.44 

ʕʂʉʊʈɸɻʀʈʆɺɸʅʀɽ ʊʈɸɺʓ ʆɼʋɺɸʅʏʀʂɸ ʃɽʂɸʈʉʊɺɽʅʅʆɻʆ 

ɺ ʇʆʃɽ ʅʀɿʂʆʏɸʉʊʆʊʅʓʍ ʄɽʍɸʅʀʏɽʉʂʀʍ ʂʆʃɽɹɸʅʀʁ 

ɸ.ɸ. ɸʧʧʦʣʦʥʦʚ 

ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʬʝʜʝʨʘʣʴʥʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ çɸʣʪʘʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘè 

 
ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʠʟʣʦʞʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʨʦʮʝʩʩʘ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʪʨʘʚʳ ʦʜʫʚʘʥʯʠʢʘ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʚ ʫʩʣʦʚʠʷʭ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʧʨʦʮʝʩʩ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ. ʀʩʩʣʝʜʦʚʘʥʘ ʢʠʥʝʪʠʢʘ ʚʳʜʝʣʝʥʠʷ ʚ 
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ʵʢʩʪʨʘʢʪ ʩʫʭʠʭ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʚʝʱʝʩʪʚ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʦ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ 

ʨʘʙʦʯʝʡ ʟʦʥʝ ʵʢʩʪʨʘʢʪʦʨʘ ʥʘ ʧʨʦʮʝʩʩ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ 

ʛʨʘʬʠʢʦʚ ʠ ʪʘʙʣʠʮ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʢʩʪʨʘʢʪ, ʦʜʫʚʘʥʯʠʢ ʣʝʢʘʨʩʪʚʝʥʥʳʡ, 

ʥʠʟʢʦʯʘʩʪʦʪʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ, ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʝ, ʩʫʭʠʝ 

ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ ʚʝʱʝʩʪʚʘ, ʪʝʤʧʝʨʘʪʫʨʘ 
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Abstract. The article presents the results of experimental researches of process of 

extraction of the herb dandelion in terms of impact on the process of low-frequency 

mechanical vibrations. The kinetics selection in the extract of dry water-soluble substances, as 

well as the influence of temperature in the working area of the extractor for extraction 

process. The results are presented in graphs and tables. 

Keywords: extract, dandelion, low frequency mechanical vibrations, 

extraction, dry water-soluble substances, temperature 

 

ʇʦʣʥʦʮʝʥʥʦʝ ʧʠʪʘʥʠʝ ï ʵʪʦ ʦʩʥʦʚʥʦʡ ʬʘʢʪʦʨ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʟʜʦʨʦʚʴʝ 

ʥʘʩʝʣʝʥʠʷ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʥʘʩʝʣʝʥʠʷ ʥʘʰʝʡ ʩʪʨʘʥʳ 

ʠʩʧʳʪʳʚʘʝʪ ʜʝʬʠʮʠʪ ʤʠʢʨʦʥʫʪʨʠʝʥʪʦʚ ʚ ʧʠʪʘʥʠʠ, ʘ ʠʤʝʥʥʦ: ʚʠʪʘʤʠʥʦʚ, 

ʦʪʜʝʣʴʥʳʭ ʤʘʢʨʦï ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ, ʧʠʱʝʚʳʭ ʚʦʣʦʢʦʥ, ʥʝʟʘʤʝʥʠʤʳʭ 

ʘʤʠʥʦʢʠʩʣʦʪ ʠ ʜʨʫʛʠʭ ʩʦʝʜʠʥʝʥʠʡ. ɿʥʘʯʠʤʘʷ ʨʦʣʴ ʚ ʚʦʩʧʦʣʥʝʥʠʠ ʵʪʠʭ 

ʚʝʱʝʩʪʚ ʧʨʠʥʘʜʣʝʞʠʪ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʧʨʦʜʫʢʪʘʤ ʧʠʪʘʥʠʷ, ʢʦʪʦʨʳʝ ʧʨʠ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʤ ʫʧʦʪʨʝʙʣʝʥʠʠ ʚ ʩʦʩʪʘʚʝ ʧʠʱʝʚʳʭ ʨʘʮʠʦʥʦʚ ʩʦʭʨʘʥʷʶʪ ʠ 

ʫʣʫʯʰʘʶʪ ʟʜʦʨʦʚʴʝ ʠ ʩʥʠʞʘʶʪ ʨʠʩʢ ʨʘʟʚʠʪʠʷ ʟʘʙʦʣʝʚʘʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʧʠʪʘʥʠʝʤ, ʙʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʚ ʠʭ ʩʦʩʪʘʚʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʠʥʛʨʝʜʠʝʥʪʦʚ, 

ʦʙʣʘʜʘʶʱʠʭ ʩʧʦʩʦʙʥʦʩʪʴʶ ʦʢʘʟʳʚʘʪʴ ʙʣʘʛʦʧʨʠʷʪʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʜʥʫ 

ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʠ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ 

ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ. 

ʇʨʠʤʝʥʝʥʠʝ ʵʢʩʪʨʘʢʪʦʚ ʧʨʠʨʦʜʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ ʧʨʠʦʙʨʝʪʘʝʪ ʚʩʝ ʙʦʣʴʰʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ. ɺʝʱʝʩʪʚʘ 

ʧʨʠʨʦʜʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʦʙʣʘʜʘʶʪ ʥʠʟʢʦʡ ʪʦʢʩʠʯʥʦʩʪʴʶ ʠ ʚʳʩʦʢʦʡ 

ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴʶ. ʈʦʩʪ ʠʥʪʝʨʝʩʘ ʢ ʧʨʦʜʫʢʪʘʤ ʧʠʪʘʥʠʷ, ʠʤʝʶʱʠʤ ʚ 

ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʧʨʠʨʦʜʥʳʝ ʜʦʙʘʚʢʠ, ʥʘʙʣʶʜʘʝʪʩʷ ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʠ ʚ ʈʦʩʩʠʠ.  

ɺ ʫʩʣʦʚʠʷʭ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʧʦʚʩʝʤʝʩʪʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʨʘʟʣʠʯʥʳʝ 

ʪʨʘʚʳ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʷʝʪ ʨʘʩʰʠʨʠʪʴ ʩʳʨʴʝʚʫʶ ʙʘʟʫ, 

ʘʩʩʦʨʪʠʤʝʥʪ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ ʧʦʚʳʰʝʥʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʮʝʥʥʦʩʪʠ, ʩʥʠʟʠʪʴ ʨʳʥʦʢ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʚʭʦʜʷʪ 

ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʭʠʤʠʯʝʩʢʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʚʢʫʩʦʚʳʝ ʜʦʙʘʚʢʠ, ʩʥʠʟʠʪʴ 

ʟʘʪʨʘʪʳ ʥʘ ʧʝʨʝʚʦʟʢʫ ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ ʠ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʧʨʦʜʫʢʮʠʠ. 

ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʠʥʪʝʥʩʠʬʠʢʘʮʠʷ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ ʧʫʪʝʤ 
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ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʩ ʮʝʣʴʶ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʟʚʣʝʯʝʥʠʷ ʮʝʥʥʳʭ ʚʝʱʝʩʪʚ 

ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ. 

ɺ ɸʣʪʘʡʩʢʦʤ ʢʨʘʝ ʰʠʨʦʢʦ ʧʨʦʠʟʨʘʩʪʘʝʪ ʤʥʦʛʦʣʝʪʥʝʝ ʪʨʘʚʷʥʠʩʪʦʝ 

ʨʘʩʪʝʥʠʝ ʦʜʫʚʘʥʯʠʢ ʣʝʢʘʨʩʪʚʝʥʥʳʡ, ʦʙʣʘʜʘʶʱʠʡ ʦʙʱʝʫʢʨʝʧʣʷʶʱʠʤʠ ʠ 

ʣʝʯʝʙʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ [1]. ʕʢʩʪʨʘʛʠʨʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 

ʦʧʨʘʚʜʘʥʥʳʭ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʧʦʣʝʟʥʳʭ ʚʝʱʝʩʪʚ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ 

ʨʘʩʪʠʪʝʣʴʥʦʤ ʩʳʨʴʝ [2, 3]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʧʦʩʦʙ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʚ 

ʧʦʣʝ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʦʜʥʠʤ ʠʟ 

ʥʘʠʙʦʣʝʝ ʧʨʦʛʨʝʩʩʠʚʥʳʭ [4]. 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ 

ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʚʦʜʦʡ ʚʳʩʫʰʝʥʥʦʡ ʪʨʘʚʳ ʦʜʫʚʘʥʯʠʢʘ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʚ 

ʧʦʣʝ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ. ʕʢʩʪʨʘʛʠʨʦʚʘʥʠʝ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʩʧʦʩʦʙʦʤ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʬʘʢʪʦʨʦʚ, ʦʢʘʟʳʚʘʶʱʠʭ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʢʠʥʝʪʠʢʫ ʠ 

ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʧʨʦʮʝʩʩʘ (ʛʠʜʨʦʤʦʜʫʣʴ, ʯʘʩʪʦʪʘ ʠ ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ, 

ʜʠʘʤʝʪʨ ʦʪʚʝʨʩʪʠʡ ʧʝʨʬʦʨʠʨʦʚʘʥʥʦʡ ʪʘʨʝʣʢʠ, ʚʨʝʤʷ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ). 

ʇʨʝʜʩʪʘʚʠʪʴ ʢʠʥʝʪʠʢʫ ʧʨʦʮʝʩʩʘ, ʚʳʷʚʠʪʴ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ 

ʧʨʦʮʝʩʩ ʚʦʟʤʦʞʥʦ ʣʠʰʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʧʫʪʝʤ [4].  

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʚʳʩʫʰʝʥʥʘʷ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʠ 

ʠʟʤʝʣʴʯʸʥʥʘʷ ʪʨʘʚʘ ʦʜʫʚʘʥʯʠʢʘ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ. ɺ ʢʘʯʝʩʪʚʝ ʵʢʩʪʨʘʛʝʥʪʘ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʠʩʪʠʣʠʨʦʚʘʥʥʘʷ ʚʦʜʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ ʚ ʚʠʜʝ ʸʤʢʦʩʪʥʦʛʦ ʵʢʩʪʨʘʢʪʦʨʘ 

ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʩ ʚʠʙʨʘʮʠʦʥʥʦʡ ʪʘʨʝʣʢʦʡ [4]. 

ʅʘ ʦʩʥʦʚʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʠʤʝʶʱʠʭʩʷ 

ʨʝʢʦʤʝʥʜʘʮʠʡ [4, 5] ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʚʝʣʠʯʠʥʳ ʬʘʢʪʦʨʦʚ. ɻʠʜʨʦʤʦʜʫʣʴ j 

ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩʦʩʪʘʚʣʷʣ 1:20 (0,05), ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ ï n = 10 ɻʮ, 

ʜʠʘʤʝʪʨ ʦʪʚʝʨʩʪʠʡ d =  0,0025 ʤ, ʭʦʜ ʪʘʨʝʣʢʠ ʵʢʩʪʨʘʢʪʦʨʘ ʚʦ ʚʨʝʤʷ ʨʘʙʦʪʳ 

ʘʧʧʘʨʘʪʘ ʧʨʠʥʠʤʘʣʠ ʨʘʚʥʳʤ ʜʚʦʡʥʦʤʫ ʟʥʘʯʝʥʠʶ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ ï 

2A = 0,022 ʤ, ʥʘʯʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʵʢʩʪʨʘʛʝʥʪʘ ʠʟʤʝʥʷʣʘʩʴ ʚ ʠʥʪʝʨʚʘʣʝ 

ʦʪ 20 ʜʦ 45ÁC ʩ ʰʘʛʦʤ ȹЧ = 5ÁC. 

ʕʢʩʪʨʘʛʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʩʠʩʪʝʤʦʡ ʨʘʚʥʦʚʝʩʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ, ʯʪʦ ʥʘʙʣʶʜʘʣʦʩʴ ʥʘ 20 ï 30 ʤʠʥʫʪʘʭ ʦʪ ʥʘʯʘʣʘ ʧʨʦʮʝʩʩʘ. 

ɼʘʣʴʥʝʡʰʝʝ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʝ ʙʳʣʦ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʚʚʠʜʫ ʧʨʝʢʨʘʱʝʥʠʷ 

ʚʳʭʦʜʘ ʩʫʭʠʭ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʚʝʱʝʩʪʚ. 

ʇʦʢʘʟʘʪʝʣʷʤʠ ʧʨʦʮʝʩʩʘ ʷʚʣʷʣʠʩʴ: ʧʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʫʭʠʭ 

ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʚʝʱʝʩʪʚ ʚ ʵʢʩʪʨʘʢʪʝ ʉʩʚ, % ʠ ʧʦʪʨʝʙʣʷʝʤʘʷ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ ʵʢʩʪʨʘʢʪʦʨʘ ʤʦʱʥʦʩʪʴ N, ɺʪ. 

ʇʦʢʘʟʘʪʝʣʴ ʉʩʚ ʦʧʨʝʜʝʣʷʣʠ ʨʝʬʨʘʢʪʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ [6] ʧʨʠ 

ʧʦʤʦʱʠ ʨʝʬʨʘʢʪʦʤʝʪʨʘ ʈʃ-2, ʠʤʝʶʱʝʛʦ ʧʨʝʜʝʣ ʜʦʧʫʩʪʠʤʦʡ ʧʦʛʨʝʰʥʦʩʪʠ 

ʠʟʤʝʨʝʥʠʷ ʧʦ ʰʢʘʣʝ ʩʫʭʠʭ ʚʝʱʝʩʪʚ ʧʦ ʩʘʭʘʨʦʟʝ Ñ0,01 %. ʄʦʱʥʦʩʪʴ, 

ʧʦʪʨʝʙʣʷʝʤʫʶ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ, ʠʟʤʝʨʷʣʠ ʚʘʪʪʤʝʪʨʦʤ ɼ 50041-5, ʢʣʘʩʩʘ 

ʪʦʯʥʦʩʪʠ 0,2. ʏʘʩʪʦʪʫ ʚʨʘʱʝʥʠʷ ʜʚʠʛʘʪʝʣʷ ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʧʨʠ ʧʦʤʦʱʠ 

ʯʘʩʪʦʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ɸʉʅ 550-01, ʠʤʝʶʱʝʛʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ 

ʬʫʥʢʮʠʶ, ʩ ʪʦʯʥʦʩʪʴʶ Ñ0,016 ɻʮ. 
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ʂʨʦʤʝ ʵʪʦʛʦ, ʦʧʨʝʜʝʣʷʣʠ ʧʣʦʪʥʦʩʪʴ ʵʢʩʪʨʘʢʪʘ ʧʦʩʣʝ ʬʠʣʴʪʨʘʮʠʠ ɟ, 

ʢʛ/ʤ
3
 ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʪʝʤʧʝʨʘʪʫʨʳ ʧʠʢʥʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ 

[7]. ʇʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʵʢʩʪʨʘʢʪʘ ʩʦʩʪʘʚʣʷʣʘ 0,097%.  

ʇʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʙʳʣʠ ʦʙʨʘʙʦʪʘʥʳ ʥʘ ʕɺʄ ʚ 

ʩʨʝʜʝ ʧʨʦʛʨʘʤʤʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ STATISTICA 10 ʠ 

EXEL.  

ɿʘʚʠʩʠʤʦʩʪʴ ʩʦʜʝʨʞʘʥʠʷ ʩʫʭʠʭ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʚʝʱʝʩʪʚ ʉʩʚ ʦʪ 

ʚʨʝʤʝʥʠ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ t ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʥʘʯʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ T 

ʵʢʩʪʨʘʛʝʥʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. ɺ ʠʥʪʝʨʚʘʣʝ ʤʝʞʜʫ 10-ʡ ʠ 15-ʡ 

ʤʠʥʫʪʘʤʠ ʦʪ ʥʘʯʘʣʘ ʧʨʦʮʝʩʩʘ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʚʳʭʦʜ ʩʫʭʠʭ 

ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʚʝʱʝʩʪʚ ʧʨʝʢʨʘʱʘʝʪʩʷ. ʉ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʧʨʦʜʦʣʞʘʪʴ ʧʨʦʮʝʩʩ ʙʦʣʝʝ 15 ʤʠʥʫʪ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ. ʄʘʢʩʠʤʘʣʴʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʩʫʭʠʭ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʚʝʱʝʩʪʚ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʥʘʯʘʣʴʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʵʢʩʪʨʘʛʝʥʪʘ 45ÁC. 

 

 
ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʩʦʜʝʨʞʘʥʠʷ ʩʫʭʠʭ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʚʝʱʝʩʪʚ ʚ 

ʵʢʩʪʨʘʢʪʝ ʦʪ ʚʨʝʤʝʥʠ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʵʢʩʪʨʘʛʝʥʪʘ 

 

ɿʘʚʠʩʠʤʦʩʪʴ ʤʦʱʥʦʩʪʠ, ʧʦʪʨʝʙʣʷʝʤʦʡ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ 

ʵʢʩʪʨʘʢʪʦʨʘ, ʦʪ ʚʨʝʤʝʥʠ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʪʨʘʚʳ ʦʜʫʚʘʥʯʠʢʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʥʘʯʘʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʵʢʩʪʨʘʛʝʥʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. ʉ 

ʧʦʚʳʰʝʥʠʝʤ ʥʘʯʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʵʢʩʪʨʘʛʝʥʪʘ ʤʦʱʥʦʩʪʴ, ʧʦʪʨʝʙʣʷʝʤʘʷ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ ʵʢʩʪʨʘʢʪʦʨʘ, ʚʦʟʨʘʩʪʘʝʪ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʙʦʣʴʰʠʤ 

ʥʘʙʫʭʘʥʠʝʤ ʣʠʩʪʴʝʚ ʦʜʫʚʘʥʯʠʢʘ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʵʢʩʪʨʘʛʝʥʪʘ 

ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦʚʳʰʝʥʠʝʤ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʨʝʜʳ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ 

ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʷ ʪʘʨʝʣʢʠ. 
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ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʤʦʱʥʦʩʪʠ, ʧʦʪʨʝʙʣʷʝʤʦʡ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ 

ʵʢʩʪʨʘʢʪʦʨʘ, ʦʪ ʚʨʝʤʝʥʠ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʪʨʘʚʳ ʦʜʫʚʘʥʯʠʢʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʥʘʯʘʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʵʢʩʪʨʘʛʝʥʪʘ 

 

ɿʘʚʠʩʠʤʦʩʪʴ ʧʣʦʪʥʦʩʪʠ ʵʢʩʪʨʘʢʪʘ ʦʜʫʚʘʥʯʠʢʘ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.  

 

 
ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ ʧʣʦʪʥʦʩʪʠ ʵʢʩʪʨʘʢʪʘ ʦʜʫʚʘʥʯʠʢʘ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ  

ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʵʢʩʪʨʘʛʝʥʪʘ 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 3, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʥʘʯʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʣʦʪʥʦʩʪʴ ʵʢʩʪʨʘʢʪʘ ʩʥʠʞʘʝʪʩʷ, ʯʪʦ ʚʧʦʣʥʝ ʦʙʲʷʩʥʠʤʦ ʧʨʠʩʫʪʩʪʚʠʝʤ ʚʦʜʳ, 

ʧʣʦʪʥʦʩʪʴ ʢʦʪʦʨʦʡ ʪʘʢʞʝ ʩʥʠʞʘʝʪʩʷ ʧʦ ʤʝʨʝ ʚʦʟʨʘʩʪʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʦ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʫʭʠʭ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʚʝʱʝʩʪʚ ʦʜʫʚʘʥʯʠʢʘ 

ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʧʨʠ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʠ ʚ ʧʦʣʝ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʢʦʣʝʙʘʥʠʡ, ʦʧʪʠʤʘʣʴʥʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ, ʦ ʚʝʣʠʯʠʥʝ 

ʥʘʯʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʵʢʩʪʨʘʛʝʥʪʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʤʘʢʩʠʤʘʣʴʥʳʡ 

ʚʳʭʦʜ ʩʫʭʠʭ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʚʝʱʝʩʪʚ ʙʝʟ ʧʦʪʝʨʠ ʪʝʨʤʦʣʘʙʠʣʴʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʦʙ ʠʟʤʝʥʝʥʠʠ ʧʣʦʪʥʦʩʪʠ ʵʢʩʪʨʘʢʪʘ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 20 ʜʦ 

45ÁC.  
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ʋɼʂ 622.331: 662.6 

ʉʈɸɺʅʀʊɽʃʔʅʓʁ ɸʅɸʃʀɿ ʉʇʆʉʆɹʆɺ ʇʈʆʀɿɺʆɼʉʊɺɸ 

ɻʋʄʀʅʆɺʓʍ ʋɼʆɹʈɽʅʀʁ 

ʉ.ʅ. ɸʬʠʥʦʛʝʥʦʚʘ, ʆ.ɺ. ʏʝʨʢʘʩʦʚ 

ʈʷʟʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ  ʘʛʨʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʇ.ɸ. ʂʦʩʪʳʯʝʚʘ 

 
ɸʥʥʦʪʘʮʠʷ: ɻʫʤʠʥʦʚʳʝ ʫʜʦʙʨʝʥʠʷ - ʵʪʦ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʚ ʩʦʩʪʘʚ 

ʢʦʪʦʨʳʭ ʚʭʦʜʷʪ ʛʫʤʠʥʦʚʳʝ ʢʠʩʣʦʪʳ, ʬʫʣʴʚʦʢʠʩʣʦʪʳ, ʩʦʣʠ ʵʪʠʭ ʢʠʩʣʦʪ ï ʛʫʤʘʪʳ ʠ 

ʬʫʣʴʚʘʪʳ, ʘ ʪʘʢʞʝ ʛʫʤʠʥʳ ï ʩʦʝʜʠʥʝʥʠʷ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ ʠ ʬʫʣʴʚʦʢʠʩʣʦʪ ʩ 

ʧʦʯʚʝʥʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ. ɻʫʤʠʥʦʚʳʝ ʧʨʝʧʘʨʘʪʳ - ʧʦʣʫʯʘʶʪ ʠʟ ʪʦʨʬʘ, ʙʫʨʦʛʦ ʫʛʣʷ, 

ʩʘʧʨʦʧʝʣʷ. ʇʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʧʦʩʦʙʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʛʫʤʠʥʦʚʳʭ 
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ʢʫʣʴʪʫʨ, ʧʦʢʘʟʘʥʳ ʦʪʣʠʯʠʪʝʣʴʥʳʝ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ  ʢʘʞʜʦʛʦ ʩʧʦʩʦʙʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɻʫʤʠʥʦʚʳʝ ʫʜʦʙʨʝʥʠʷ, ʛʫʤʠʥʦʚʳʝ ʧʨʝʧʘʨʘʪʳ, 

ʛʫʤʠʥʦʚʳʝ ʢʠʩʣʦʪʳ, ʛʫʤʘʪʳ, ʛʫʤʠʥʳ, ʩʧʦʩʦʙ ʧʨʦʠʟʚʦʜʩʪʚʘ ʛʫʤʠʥʦʚʳʭ 

ʫʜʦʙʨʝʥʠʡ, ʫʨʦʞʘʡʥʦʩʪʴ, ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʢʫʣʴʪʫʨʳ, ʪʦʨʬ, ʙʫʨʳʡ 

ʫʛʦʣʴ, ʩʘʧʨʦʧʝʣʴ. 
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COMPARATIVE ANALYSIS OF METHODS OF PRODUCTION OF 

HUMIC FERTILIZERS  

S.N. Afinogenova, O.V. Cherkasov 

Ryazan state agrotechnological University named after P. A. Kostychev 
 

Abstract:  Humic fertilizer is organic compounds, which include humic acids, fulvic 

acids, salts of these acids ï humates and fulvate and Gumini ï compounds of humic acids and 

fulvic acids with soil minerals. Humic preparations produced from peat, brown coal, sapropel. 

Comparative analysis of method  of production of humic fertilizers, which contribute to 

obtaining high yields of agricultural crops, have shown distinctive advantages and 

disadvantages of each method. 

Keywords: Humic fertilizer, humic preparations, humic acid, humates, 

Gemini, the method of production of humic fertilizers, harvest activities, 

agricultural crops, peat, brown coal, sapropel. 

 

ʉʣʦʞʥʳʝ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, ʢʦʪʦʨʳʝ ʩʣʦʞʠʣʠʩʴ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ, ʩʪʘʚʷʪ ʘʢʪʫʘʣʴʥʫʶ ʟʘʜʘʯʫ ʧʝʨʝʜ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʧʦʣʫʯʘʪʴ ʚʳʩʦʢʠʝ 

ʠ ʩʪʘʙʠʣʴʥʳʝ ʫʨʦʞʘʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʭʦʨʦʰʝʛʦ 

ʢʘʯʝʩʪʚʘ. ʇʦʩʪʘʚʣʝʥʥʘʷ ʟʘʜʘʯʘ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ ʧʫʪʝʤ ʫʧʨʘʚʣʝʥʠʷ 

ʨʦʩʪʦʤ ʠ ʨʘʟʚʠʪʠʝʤ ʧʰʝʥʠʮʳ, ʢʘʨʪʦʬʝʣʷ ʠ ʜʨʫʛʠʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʢʫʣʴʪʫʨ ï ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʧʨʦʠʟʚʦʜʠʤʳʭ ʥʘ 

ʦʩʥʦʚʝ ʧʨʠʨʦʜʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ - ʛʫʤʠʥʦʚʳʭ ʫʜʦʙʨʝʥʠʡ 

(ʧʨʝʧʘʨʘʪʦʚ) [1, 2, 3, 4, 5, 6]. 

ɻʫʤʠʥʦʚʳʝ ʫʜʦʙʨʝʥʠʷ - ʵʪʦ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʚ ʩʦʩʪʘʚ 

ʢʦʪʦʨʳʭ ʚʭʦʜʷʪ ʛʫʤʠʥʦʚʳʝ ʢʠʩʣʦʪʳ, ʬʫʣʴʚʦʢʠʩʣʦʪʳ, ʩʦʣʠ ʵʪʠʭ ʢʠʩʣʦʪ ï 

ʛʫʤʘʪʳ ʠ ʬʫʣʴʚʘʪʳ, ʘ ʪʘʢʞʝ ʛʫʤʠʥʳ ï ʩʦʝʜʠʥʝʥʠʷ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ ʠ 

ʬʫʣʴʚʦʢʠʩʣʦʪ ʩ ʧʦʯʚʝʥʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ [6, 7].  

ɻʫʤʠʥʦʚʳʝ ʧʨʝʧʘʨʘʪʳ - ʧʦʣʫʯʘʶʪ ʠʟ ʪʦʨʬʘ, ʙʫʨʦʛʦ ʫʛʣʷ, ʩʘʧʨʦʧʝʣʷ [6, 

7, 8]. 

ʋ ʢʘʞʜʦʛʦ ʠʟ ʩʧʦʩʦʙʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʛʫʤʠʥʦʚʳʭ ʫʜʦʙʨʝʥʠʡ  ʝʩʪʴ ʩʚʦʠ 

ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ.  

ʉʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʞʠʜʢʦʛʦ ʪʦʨʬʦ-ʛʫʤʠʥʦʚʦʛʦ ʫʜʦʙʨʝʥʠʷ (ʧʘʪʝʥʪ 

ʈʌ ˉ2566993) ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ  ʧʨʠʛʦʪʦʚʣʝʥʠʝ ʩʤʝʩʠ ʨʘʩʪʚʦʨʘ ʩ 

ʚʳʩʦʢʠʤ ʨʅ ʩ ʛʫʤʘʪʦʩʦʜʝʨʞʘʱʠʤ ʚʝʱʝʩʪʚʦʤ, ʧʦʩʣʝʜʫʶʱʝʝ 

ʢʘʚʠʪʘʮʠʦʥʥʦʝ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʝ ʛʫʤʘʪʦʩʦʜʝʨʞʘʱʠʭ ʚʝʱʝʩʪʚ ʠʟ ʨʘʩʯʝʪʘ 

ʫʜʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ 1-4 ɺʪ/ʩʤ
3
 ʟʦʥʳ ʦʙʨʘʙʦʪʢʠ ʩʤʝʩʠ ʚ ʪʝʯʝʥʠʝ 5-10 

ʤʠʥ, ʚ ʧʨʦʮʝʩʩʝ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʩʤʝʩʠ ʨʘʩʪʚʦʨʘ ʩ ʛʫʤʘʪʦʩʦʜʝʨʞʘʱʠʤ 

ʚʝʱʝʩʪʚʦʤ ʚʦʜʫ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʨʘʙʘʪʳʚʘʶʪ ʧʦʩʨʝʜʩʪʚʦʤ 

ʵʣʝʢʪʨʦʣʠʟʘ, ʧʦʣʫʯʝʥʥʫʶ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʚʦʜʫ ʩ ʚʳʩʦʢʠʤ ʨʅ 

ʩʤʝʰʠʚʘʶʪ ʩ ʪʦʨʬʷʥʦʡ ʩʫʩʧʝʥʟʠʝʡ ʚʣʘʞʥʦʩʪʴʶ 75-85%, 

ʧʨʠʛʦʪʦʚʣʝʥʥʦʡ ʥʘ ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʚʦʜʝ, ʧʝʨʝʤʝʰʠʚʘʶʪ ʠ ʟʘʪʝʤ ʩʤʝʩʴ 

ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʧʦʩʨʝʜʩʪʚʦʤ ʵʣʝʢʪʨʦʣʠʟʘ ʚʦʜʳ ʠ ʪʦʨʬʷʥʦʡ ʩʫʩʧʝʥʟʠʠ 

ʧʦʜʚʝʨʛʘʶʪ ʢʘʚʠʪʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʝ ʚ ʫʣʴʪʨʘʟʚʫʢʦʚʦʤ ʧʦʣʝ. 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʩʧʦʩʦʙ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʥʘʪʫʨʘʣʴʥʦʝ ʞʠʜʢʦʝ 

ʫʜʦʙʨʝʥʠʝ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʱʝʣʦʯʝʡ ʠ ʢʠʩʣʦʪ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ 
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ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʩʤʝʩʝʡ, ʯʪʦ ʫʧʨʦʱʘʝʪ ʧʨʠʛʦʪʦʚʣʝʥʠʝ ʥʘʪʫʨʘʣʴʥʳʭ 

ʛʫʤʠʥʦʩʦʜʝʨʞʘʱʠʭ ʫʜʦʙʨʝʥʠʡ. ʇʦʣʫʯʘʝʪʩʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʝ 

ʫʜʦʙʨʝʥʠʝ, ʦʙʣʘʜʘʶʱʝʝ ʧʦʚʳʰʝʥʥʦʡ ʘʛʨʦʭʠʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 

[9]. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥ ʙʣʦʯʥʦ-ʤʦʜʫʣʴʥʳʡ ʢʦʤʧʣʝʢʩ  ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʛʫʤʠʥʦʚʳʭ ʫʜʦʙʨʝʥʠʡ [9]. 

 

 
ʈʠʩ. 1. ɹʣʦʯʥʦ-ʤʦʜʫʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ  

ʛʫʤʠʥʦʚʳʭ ʫʜʦʙʨʝʥʠʡ 

 

ʅʝʜʦʩʪʘʪʢʦʤ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʧʦʣʫʯʝʥʠʷ ʛʫʤʠʥʦʚʦʛʦ ʫʜʦʙʨʝʥʠʷ 

ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʩʪʴ ʠ ʤʥʦʛʦʩʪʘʜʠʡʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʯʪʦ 

ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ  ʧʦʚʳʰʝʥʠʝ ʬʠʥʘʥʩʦʚʳʭ ʠ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ. 

ɾʠʜʢʦʝ ʛʫʤʠʥʦʚʦʝ ʫʜʦʙʨʝʥʠʝ ʠ ʩʧʦʩʦʙ ʝʛʦ ʧʦʣʫʯʝʥʠʷ (ʧʘʪʝʥʪ ʈʌ 

ˉ2181710) ʦʪʥʦʩʠʪʩʷ ʢ ʧʨʦʠʟʚʦʜʩʪʚʫ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ ʢʦʤʧʣʝʢʩʥʳʭ 

ʫʜʦʙʨʝʥʠʡ ʜʣʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʥʘ ʦʩʥʦʚʝ ʪʦʨʬʘ ʠ ʚʝʨʤʠʢʦʤʧʦʩʪʘ 

(ʙʠʦʛʫʤʫʩʘ) ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʨʝʛʫʣʷʪʦʨʦʚ ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ (ʛʫʤʠʥʦʚʳʭ 

ʢʠʩʣʦʪ) ʠ ʥʘʙʦʨʦʤ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ. ʉʫʱʥʦʩʪʴ ʠʟʦʙʨʝʪʝʥʠʷ ʩʦʩʪʦʠʪ ʚ 

ʫʩʠʣʝʥʠʠ ʜʝʡʩʪʚʠʷ ʨʝʛʫʣʷʪʦʨʥʦʡ ʬʫʥʢʮʠʠ ʙʠʦʛʫʤʫʩʘ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ 

ʪʦʨʬʘ ʠ ʦʙʨʘʙʦʪʢʠ ʦʨʛʘʥʠʯʝʩʢʦʡ ʤʘʩʩʳ ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ ʝʜʢʦʛʦ ʢʘʣʠʷ 

ʠ ʧʦʚʳʰʝʥʠʠ ʘʛʨʦʭʠʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʜʦʙʨʝʥʠʷ ʩ ʫʯʝʪʦʤ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦʯʚ ʠ ʚʳʨʘʱʠʚʘʝʤʳʭ ʢʫʣʴʪʫʨ [10]. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʠʚʝʜʝʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 

ʞʠʜʢʠʭ ʛʫʤʠʥʦʚʳʭ ʫʜʦʙʨʝʥʠʡ [10]. 

ʅʝʜʦʩʪʘʪʢʦʤ ʵʪʦʛʦ ʩʧʦʩʦʙʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʪʦʨʬʘ 

ʨʘʩʪʚʦʨʘʤʠ ʱʝʣʦʯʠ ʧʦʣʫʯʘʶʪ ʥʠʟʢʠʡ ʚʳʭʦʜ ʛʫʤʠʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʥʝ 

ʚʳʰʝ 30% ʦʪ ʦʙʱʝʛʦ ʠʭ ʢʦʣʠʯʝʩʪʚʘ ʚ ʠʩʭʦʜʥʦʤ ʩʳʨʴʝ). 
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ʈʠʩ. 2. ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʞʠʜʢʠʭ  

ʛʫʤʠʥʦʚʳʭ ʫʜʦʙʨʝʥʠʡ 

 

ʉʧʦʩʦʙ ʚʳʜʝʣʝʥʠʷ ʛʫʤʠʥʦʚʳʭ ʚʝʱʝʩʪʚ  ʠʟ ʧʨʠʨʦʜʥʦʛʦ ʩʳʨʴʷ 

(ʧʘʪʝʥʪ ʈʌ ˉ 2178777) ï ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʚʳʜʝʣʝʥʠʝ ʛʫʤʠʥʦʚʳʭ 

ʚʝʱʝʩʪʚ ʚ ʚʠʜʝ ʢʠʩʣʦʪ ʠ ʠʭ ʩʦʣʝʡ ʧʨʦʚʦʜʷʪ ʠʟ ʧʨʠʨʦʜʥʦʛʦ 

ʛʫʤʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ - ʪʦʨʬʘ, ʢʦʪʦʨʳʡ ʦʙʨʘʙʘʪʳʚʘʶʪ 

ʱʝʣʦʯʥʳʤ ʨʘʩʪʚʦʨʦʤ ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʤʦʯʝʚʠʥʳ ʠ ʢʦʤʧʣʝʢʩʦʥʘ. ʑʝʣʦʯʥʦʡ ʨʘʩʪʚʦʨ ʩʦʜʝʨʞʠʪ ʱʝʣʦʯʴ, 

ʤʦʯʝʚʠʥʫ ʠ ʢʦʤʧʣʝʢʩʦʥ ʚ ʩʣʝʜʫʶʱʝʤ ʩʦʦʪʥʦʰʝʥʠʠ ʧʦ ʤʘʩʩʝ 1,0: 1,0-

5,0: 0,1-2,5. B ʢʘʯʝʩʪʚʝ ʢʦʤʧʣʝʢʩʦʥʘ ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʵʪʠʣʝʥʜʠʘʤʠʥʪʝʪʨʘʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ (ʪʨʠʣʦʥ ɹ). ʇʨʠ ʵʪʦʤ ʢʘʞʜʘʷ ʠʟ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʜʘʥʥʦʡ ʱʝʣʦʯʥʦʡ ʩʤʝʩʠ ʠʛʨʘʝʪ ʩʚʦʶ ʦʧʨʝʜʝʣʝʥʥʫʶ ʨʦʣʴ.  

ʕʪʠ ʵʬʬʝʢʪʳ ʚ ʩʫʤʤʝ ʧʦʟʚʦʣʷʶʪ ʨʘʟʙʠʚʘʪʴ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ 

ʢʦʣʣʦʠʜʥʳʝ ʤʠʮʝʣʣʳ ʠ ʚʳʜʝʣʷʪʴ ʛʫʤʠʥʦʚʳʝ ʚʝʱʝʩʪʚʘ ʠʟ ʧʨʠʨʦʜʥʦʛʦ 

ʛʫʤʫʩʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʙʝʟ ʩʠʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ, ʧʦʚʳʰʘʷ ʪʝʤ 

ʩʘʤʳʤ ʚʳʭʦʜ ʛʫʤʠʥʦʚʳʭ ʚʝʱʝʩʪʚ ʠʟ ʧʨʠʨʦʜʥʦʛʦ ʩʳʨʴʷ. ʇʨʝʠʤʫʱʝʩʪʚʦʤ 

ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʩʧʦʩʦʙʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʦʤʧʣʝʢʩʦʥʦʚ 

ʨʘʩʪʚʦʨ ʥʝ ʠʥʬʠʮʠʨʫʝʪʩʷ ʛʨʠʙʥʦʡ ʤʠʢʨʦʬʣʦʨʦʡ [10]. 

ʅʝʜʦʩʪʘʪʢʦʤ ʵʪʦʛʦ ʩʧʦʩʦʙʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʪʝʭʥʦʣʦʛʠʷ, ʦʩʥʦʚʘʥʥʘʷ 

ʥʘ ʦʙʨʘʙʦʪʢʝ ʪʦʨʬʘ ʨʘʩʪʚʦʨʘʤʠ ʱʝʣʦʯʝʡ, ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ 

ʚʳʩʦʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʝ (70-80 ʛ/ʣ) ʛʫʤʠʥʦʚʳʝ ʫʜʦʙʨʝʥʠʷ. 

ɺ ʩʧʦʩʦʙʝ ʧʦʣʫʯʝʥʠʷ ʞʠʜʢʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʛʫʤʠʥʦʚʦʛʦ ʫʜʦʙʨʝʥʠʷ 

(ʧʘʪʝʥʪ ʈʌ ˉ 2015949), ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʞʠʜʢʠʝ ʪʦʨʬʦʛʫʤʠʥʦʚʳʝ 

ʫʜʦʙʨʝʥʠʷ ʧʦʣʫʯʘʶʪ ʧʫʪʝʤ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʩʫʩʧʝʥʟʠʠ ʪʦʨʬʘ ʚ 1/3 ʦʙʲʝʤʘ 

ʚʦʜʳ, ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʜʦʙʘʚʣʷʶʪ ʱʝʣʦʯʥʦʡ ʨʝʘʛʝʥʪ ʠ ʩʫʭʦʡ 

ʠʟʤʝʣʴʯʝʥʥʳʡ ʢʫʨʠʥʳʡ ʧʦʤʝʪ, ʘ ʟʘʪʝʤ ʜʦʣʠʚʘʶʪ ʚʦʜʫ ʜʦ ʪʨʝʙʫʝʤʦʛʦ 
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ʢʦʣʠʯʝʩʪʚʘ, ʩʦʙʣʶʜʘʷ  ʩʦʦʪʥʦʰʝʥʠʷ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ: ʱʝʣʦʯʴ ï 

ʚʦʜʘ ï ʪʦʨʬ ï ʢʫʨʠʥʳʡ ʧʦʤʝʪ = 1 ï 50 ï 2,6 ï 2,6. ɺ ʜʘʥʥʦʤ ʩʧʦʩʦʙʝ ʪʦʨʬ 

ʩʣʫʞʠʪ ʠʩʪʦʯʥʠʢʦʤ ʛʫʤʫʩʦʚʳʭ ʢʠʩʣʦʪ,  ʚ ʥʝʤ ʩʦʜʝʨʞʠʪʩʷ ʢʘʣʠʷ ʜʦ 0,2%, ʘ 

ʘʟʦʪʘ ʜʦ 3,8%, ʬʦʩʬʦʨʘ ʜʦ 2%, ʘ ʢʫʨʠʥʳʡ ʧʦʤʝʪ ï ʠʩʪʦʯʥʠʢʦʤ 

ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ, ʚ ʥʝʤ ʩʦʜʝʨʞʠʪʩʷ ʘʟʦʪʘ ʜʦ 4,9%, ʢʘʣʠʷ ʜʦ 1,6% ʠ ʬʦʩʬʦʨʘ 

ʜʦ 3,5% [12].  

ʅʝʜʦʩʪʘʪʢʦʤ ʵʪʦʛʦ ʩʧʦʩʦʙʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʛʨʘʥʠʯʝʥʦ ʧʨʠʤʝʥʝʥʠʝ 

ʠʩʪʦʯ-ʥʠʢʘ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ ʪʦʣʴʢʦ ʦʜʥʠʤ ʪʦʨʬʦʤ, ʘ ʚ ʢʘʯʝʩʪʚʝ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʧʨʠʥʷʪ ʢʫʨʠʥʳʡ ʧʦʤʝʪ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʫʨʠʥʦʛʦ ʧʦʤʝʪʘ ʪʨʝʙʫʝʪ ʩʘʥʠʪʘʨʥʦ-ʙʘʢʪʝʨʠʦʣʦʛʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ  ʢʦʥʪʨʦʣʷ, ʩʪʨʦʛʦʛʦ ʩʦʙʣʶʜʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʫʯʝʥʠʷ ʫʜʦʙʨʝʥʠʷ, ʚʢʣʶʯʘʶʱʝʛʦ ʜʦʨʦʛʦʩʪʦʷʱʠʝ 

ʦʧʝʨʘʮʠʠ ʧʦ ʦʙʝʟʚʦʞʠʚʘʥʠʶ ʠ ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʶ ʢʫʨʠʥʦʛʦ ʧʦʤʝʪʘ. 

ʉʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʦʨʛʘʥʦʤʠʥʝʨʘʣʴʥʳʭ ʛʫʤʠʥʦʚʳʭ ʫʜʦʙʨʝʥʠʡ (ʧʘʪʝʥʪ 

ʈʌ ˉ2159222), ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʛʫʤʘʪʦʩʦʜʝʨʞʘʱʝʝ ʚʝʱʝʩʪʚʦ (ʪʦʨʬ, 

ʩʘʧʨʦʧʝʣʴ, ʙʫʨʳʡ ʫʛʦʣʴ) ʦʙʨʘʙʘʪʳʚʘʶʪ ʭʠʤʠʯʝʩʢʠʤ ʨʝʘʛʝʥʪʦʤ, 

ʧʠʨʦʬʦʩʬʘʪʦʤ ʢʘʣʠʷ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 25:1 ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ɿʘʪʝʤ ʧʨʦʠʟʚʦʜʷʪ ʦʙʦʛʘʱʝʥʠʝ ʘʟʦʪʦʤ ʚ ʝʜʠʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʝʤʢʦʩʪʠ, ʚ ʧʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ ʜʦʙʘʚʣʷʶʪ ʤʦʯʝʚʠʥʫ. ʉʧʦʩʦʙ ʧʨʦʩʪ ʚ 

ʧʨʠʤʝʥʝʥʠʠ, ʥʝ ʪʨʝʙʫʝʪ ʩʣʦʞʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʇʦʣʫʯʝʥʥʦʝ ʟʘʷʚʣʷʝʤʳʤ ʩʧʦʩʦʙʦʤ ʦʨʛʘʥʦʤʠʥʝʨʘʣʴʥʦʝ ʛʫʤʠʥʦʚʦʝ 

ʫʜʦʙʨʝʥʠʝ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʟʘ ʩʯʝʪ 

ʩʦʜʝʨʞʘʥʠʷ ʛʫʤʠʥʦʚʳʭ ʚʝʱʝʩʪʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʧʣʦʜʦʨʦʜʠʝ ʧʦʯʚʳ, 

ʬʫʣʴʚʦʢʠʩʣʦʪ, ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʪʘʢʠʭ ʵʣʝʤʝʥʪʦʚ 

ʧʠʪʘʥʠʷ, ʢʘʢ ʢʘʣʠʡ, ʬʦʩʬʦʨ, ʘʟʦʪ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʫʣʫʯʰʠʪʴ 

ʫʨʦʞʘʡʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ, ʥʦ ʠ ʦʙʦʛʘʪʠʪʴ 

ʧʦʯʚʫ. ɼʦʩʪʦʠʥʩʪʚʦʤ ʩʧʦʩʦʙʘ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʩʫʱʝʩʪʚʣʝʥʠʷ 

ʧʨʦʮʝʩʩʦʚ ʛʫʤʠʬʠʢʘʮʠʠ ʚ ʦʜʥʦʡ ʝʤʢʦʩʪʠ [13].  

ʅʝʜʦʩʪʘʪʢʘʤʠ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʷʚʣʷʶʪʩʷ ʩʣʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ 

ʦʜʥʦʨʦʜʥʳʭ ʛʦʤʦʛʝʥʥʳʭ ʩʫʩʧʝʥʟʠʡ; ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʛʫʤʠʬʠʢʘʮʠʠ 

ʩʳʨʴʷ; ʦʪʩʫʪʩʪʚʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʭ 

ʛʫʤʠʥʦʚʳʭ ʫʜʦʙʨʝʥʠʡ. 

ʉʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʦʨʛʘʥʦʤʠʥʝʨʘʣʴʥʦʛʦ ʫʜʦʙʨʝʥʠʷ 

(ʧʘʪʝʥʪ ʈʌ ˉ2189370), ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʧʨʦʧʫʩʢʘʶʪ ʩʤʝʩʴ ʪʦʨʬʘ ʩ 

ʚʦʜʦʡ ʯʝʨʝʟ ʢʘʚʠʪʘʮʠʦʥʥʳʡ ʥʘʩʦʩ, ʧʦʣʫʯʘʶʪ ʪʦʨʬʦʚʦʜʷʥʫʶ ʧʘʩʪʫ, 

ʢʦʪʦʨʫʶ ʦʙʦʛʘʱʘʶʪ ʬʦʩʬʦʨʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʠ ʘʢʪʠʚʠʨʫʶʪ 

ʨʘʩʪʚʦʨʦʤ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ. ɿʘʪʝʤ ʜʦʙʘʚʣʷʶʪ ʛʠʜʨʦʢʩʠʜʳ, ʢʘʨʙʦʥʘʪʳ ʠ 

ʛʠʜʨʦʢʘʨʙʦʥʘʪʳ ʢʘʣʠʷ, ʥʘʪʨʠʷ, ʘʤʤʦʥʠʷ ʜʦ ʧʦʣʥʦʛʦ ʧʝʨʝʚʦʜʘ 

ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ ʚ ʛʫʤʘʪʳ. ʇʨʠ ʵʪʦʤ ʧʨʦʧʫʩʢʘʶʪ ʨʝʘʢʮʠʦʥʥʫʶ ʤʘʩʩʫ 

ʯʝʨʝʟ ʢʘʚʠʪʘʮʠʦʥʥʳʡ ʥʘʩʦʩ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʝʝ ʪʝʤʧʝʨʘʪʫʨʘ ʥʝ 

ʜʦʩʪʠʛʥʝʪ 75-85
o
ʉ, ʟʘʪʝʤ ʥʘʩʦʩ ʦʪʢʣʶʯʘʶʪ. ɺʳʜʝʨʞʠʚʘʶʪ ʧʦʣʫʯʝʥʥʳʡ 

ʧʨʦʜʫʢʪ ʦʪ 2 ʜʦ 4 ʯ ʠ ʟʘʪʝʤ ʚʳʛʨʫʞʘʶʪ. ʉʧʦʩʦʙ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʫʜʦʙʨʝʥʠʝ ʙʝʟ ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʛʨʝʚʘ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʳ ʠ ʙʝʟ 

ʥʘʨʫʰʝʥʠʷ ʮʝʣʦʩʪʥʦʩʪʠ ʭʠʤʠʯʝʩʢʦʛʦ ʨʝʘʢʪʦʨʘ [14].  
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ʅʝʜʦʩʪʘʪʢʘʤʠ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʷʚʣʷʶʪʩʷ ʦʛʨʘʥʠʯʝʥʥʳʡ ʩʦʩʪʘʚ ʩʳʨʴʷ, 

ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʫʜʦʙʨʝʥʠʷ, ʦʪʩʫʪʩʪʚʠʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʜʣʷ ʨʘʟʥʳʭ ʚʠʜʦʚ ʧʦʯʚ; ʩʣʦʞʥʦʩʪʴ ʚʥʝʩʝʥʠʷ 

ʧʘʩʪʦʦʙʨʘʟʥʦʛʦ ʫʜʦʙʨʝʥʠʷ ʚ ʧʦʯʚʫ.  

ʉʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʦʨʛʘʥʦʤʠʥʝʨʘʣʴʥʦʛʦ ʫʜʦʙʨʝʥʠʷ (ʧʘʪʝʥʪ ʈʌ ˉ 

2140408), ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʧʝʨʝʜ ʛʨʘʥʫʣʠʨʦʚʘʥʠʝʤ ʩʤʝʰʠʚʘʶʪ 

ʢʦʤʧʦʥʝʥʪʳ - ʪʦʨʬ, ʢʘʨʙʘʤʠʜ, ʬʦʩʬʘʪʳ ʘʤʤʦʥʠʷ, ʩʦʣʠ ʢʘʣʠʷ ʜʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʦʜʥʦʨʦʜʥʦʡ ʤʘʩʩʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʟʘʜʘʥʥʦʤʫ ʭʠʤʠʯʝʩʢʦʤʫ 

ʩʦʩʪʘʚʫ ʫʜʦʙʨʝʥʠʷ. ʇʨʦʮʝʩʩ ʩʫʰʢʠ ʛʨʘʥʫʣ ʚʝʜʫʪ ʚʦ ʚʟʚʝʰʝʥʥʦʤ ʩʣʦʝ ʚ 

ʧʦʪʦʢʝ ʪʦʧʦʯʥʳʭ ʛʘʟʦʚ ʧʨʠ ʠʭ ʥʘʯʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 450-470Áʉ, ʧʨʠ 

ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷ 45-60 ʤ/ʩ ʚ ʪʝʯʝʥʠʝ 1,25-2,5 ʩ ʚ ʘʧʧʘʨʘʪʝ 

ʪʨʫʙʘ-ʩʫʰʠʣʢʘ. ʇʨʝʜʣʘʛʘʝʤʳʡ ʩʧʦʩʦʙ ʧʦʟʚʦʣʷʝʪ ʫʧʨʦʩʪʠʪʴ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʫʤʝʥʴʰʠʪʴ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʟʘʪʨʘʪʳ, 

ʩʥʠʟʠʪʴ ʚʳʙʨʦʩʳ ʘʤʤʠʘʢʘ ʚ ʛʘʟʦʚʫʶ ʬʘʟʫ, ʧʦʚʳʩʠʪʴ ʚʳʭʦʜ ʪʦʚʘʨʥʦʡ 

ʬʨʘʢʮʠʠ ʧʨʦʜʫʢʪʘ [15]. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʦʨʛʘʥʦʤʠʥʝʨʘʣʴʥʦʛʦ ʫʜʦʙʨʝʥʠʷ 

ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3[15].  

 
ʈʠʩ. 3. ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʦʨʛʘʥʦʤʠʥʝʨʘʣʴʥʦʛʦ ʫʜʦʙʨʝʥʠʷ 

 

ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʵʪʦʛʦ ʩʧʦʩʦʙʘ ʦʪʥʦʩʠʪʩʷ ʥʝʧʦʣʥʘʷ ʧʨʦʧʠʪʢʘ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʫʜʦʙʨʝʥʠʷ ʤʠʥʝʨʘʣʴʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʚʩʣʝʜʩʪʚʠʝ ʢʦʨʦʪʢʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʮʠʢʣʘ; ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʡ ʯʘʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ ʫʜʦʙʨʝʥʠʷ; ʦʪʩʫʪʩʪʚʠʝ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʧʨʦʧʠʪʢʠ ʦʨʛʘʥʠʯʝʩʢʦʡ ʯʘʩʪʠ ʠ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 

ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ. 

http://www.fips.ru/Archive3/PAT/1999/DOC/DOCURUC1/DOC021V2/D02140D1/02140408/00000001.tif
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ɺʳʚʦʜ. ʉʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʞʠʜʢʦʛʦ ʪʦʨʬʦ-ʛʫʤʠʥʦʚʦʛʦ ʫʜʦʙʨʝʥʠʷ 

(ʧʘʪʝʥʪ ʈʌ ˉ2566993) ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ, ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʘʪʴ ʫʜʦʙʨʝʥʠʝ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʱʝʣʦʯʝʡ ʠ ʢʠʩʣʦʪ. ʇʦʣʫʯʘʝʪʩʷ 

ʚʳʩʦʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʝ ʫʜʦʙʨʝʥʠʝ, ʦʙʣʘʜʘʶʱʝʝ ʧʦʚʳʰʝʥʥʦʡ 

ʘʛʨʦʭʠʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ. ʅʘʠʤʝʥʝʝ ʵʬʬʝʢʪʠʚʝʥ ʩʧʦʩʦʙ 

ʧʦʣʫʯʝʥʠʷ ʦʨʛʘʥʦʤʠʥʝʨʘʣʴʥʳʭ ʛʫʤʠʥʦʚʳʭ ʫʜʦʙʨʝʥʠʡ (ʧʘʪʝʥʪ ʈʌ 

ˉ2159222), ʪʘʢ ʢʘʢ ʚʦʟʥʠʢʘʝʪ ʩʣʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʦʜʥʦʨʦʜʥʳʭ 

ʛʦʤʦʛʝʥʥʳʭ ʩʫʩʧʝʥʟʠʡ; ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʛʫʤʠʬʠʢʘʮʠʠ ʩʳʨʴʷ (ʜʦ 16 

ʩʫʪʦʢ); ʦʪʩʫʪʩʪʚʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʭ 

ʛʫʤʠʥʦʚʳʭ ʫʜʦʙʨʝʥʠʡ. 
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ɸʅɸʃʀɿ ʉʇʆʉʆɹʆɺ ʇʈʆʀɿɺʆɼʉʊɺɸ ʂʆʄʇʃɽʂʉʅʓʍ 

ʋɼʆɹʈɽʅʀʁ 

ʉ.ʅ. ɸʬʠʥʦʛʝʥʦʚʘ, ʆ.ɺ. ʏʝʨʢʘʩʦʚ 

ʈʷʟʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʇ.ɸ. ʂʦʩʪʳʯʝʚʘ 

 
ɸʥʥʦʪʘʮʠʷ: ʂʦʤʧʣʝʢʩʥʳʝ ʫʜʦʙʨʝʥʠʷ ʩʦʜʝʨʞʘʪ ʥʝ ʤʝʥʝʝ ʜʚʫʭ ʦʩʥʦʚʥʳʭ 

ʧʠʪʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʠʥʦʛʜʘ ʤʠʢʨʦʵʣʝʤʝʥʪʳ, ʨʦʩʪʦʚʳʝ ʚʝʱʝʩʪʚʘ, ʜʦʙʘʚʢʠ 

ʧʝʩʪʠʮʠʜʦʚ. ʇʦ ʩʧʦʩʦʙʫ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʤʧʣʝʢʩʥʳʝ ʫʜʦʙʨʝʥʠʷ ʜʝʣʷʪ ʥʘ ʩʣʦʞʥʳʝ, 

ʩʣʦʞʥʦ-ʩʤʝʰʘʥʥʳʝ (ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ) ʠ ʩʤʝʰʘʥʥʳʝ. ʇʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ 

ʩʧʦʩʦʙʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʤʧʣʝʢʩʥʳʭ ʫʜʦʙʨʝʥʠʡ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʦʣʫʯʝʥʠʶ 

ʚʳʩʦʢʠʭ ʫʨʦʞʘʝʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ, ʧʦʢʘʟʘʥʳ ʦʪʣʠʯʠʪʝʣʴʥʳʝ ʜʦʩʪʦʠʥʩʪʚʘ 

ʠ ʥʝʜʦʩʪʘʪʢʠ ʢʘʞʜʦʛʦ ʩʧʦʩʦʙʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʤʧʣʝʢʩʥʳʝ ʫʜʦʙʨʝʥʠʷ, ʩʧʦʩʦʙ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʢʦʤʧʣʝʢʩʥʳʭ ʫʜʦʙʨʝʥʠʡ, ʫʨʦʞʘʡʥʦʩʪʴ, ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʢʫʣʴʪʫʨʳ. 

 

ANALYSIS OF METHODS OF PRODUCTION OF COMPLEX 

FERTILIZERS  

S.N. Afinogenova, O.V. Cherkasov 

Ryazan state agrotechnological University named after P.A. Kostychev 
 

Abstract:  Compound fertilizers contain at least two main nutrients, sometimes trace 

elements, growth substances, additives pesticides. According to the method of production of 

complex fertilizers are divided into complex, hard-to-mixed (combined) and mixed. 

Comparative analysis of methods of production of complex fertilizers, which contribute to 

obtaining high yields of agricultural crops, have shown distinctive advantages and 

disadvantages of each method. 

Keywords: complex fertilizers, the method of production of complex 

fertilizers, the yield of agricultural crops.  

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʩʣʦʞʥʳʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʧʝʨʝʜ 

ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʩʪʦʠʪ ʘʢʪʫʘʣʴʥʘʷ ʟʘʜʘʯʘ ʧʦʣʫʯʘʪʴ ʚʳʩʦʢʠʝ ʠ ʩʪʘʙʠʣʴʥʳʝ 

ʫʨʦʞʘʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʦʪʣʠʯʥʦʛʦ ʢʘʯʝʩʪʚʘ. 

ʇʦʩʪʘʚʣʝʥʥʘʷ ʟʘʜʘʯʘ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ ʧʫʪʝʤ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʦʜʫʢʮʠʦʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ - ʧʰʝʥʠʮʳ, 

ʢʘʨʪʦʬʝʣʷ ʠ ʜʨʫʛʠʭ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʥʳʭ ʫʜʦʙʨʝʥʠʡ [1, 2, 3, 4, 

5]. 

ʂʦʤʧʣʝʢʩʥʳʝ ʫʜʦʙʨʝʥʠʷ, ʩʦʛʣʘʩʥʦ ɻʆʉʊ 20432-83, ʩʦʜʝʨʞʘʪ ʥʝ ʤʝʥʝʝ 

ʜʚʫʭ ʛʣʘʚʥʳʭ ʧʠʪʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ 

ʤʠʢʨʦʵʣʝʤʝʥʪʳ, ʨʦʩʪʦʚʳʝ ʚʝʱʝʩʪʚʘ, ʜʦʙʘʚʢʠ ʧʝʩʪʠʮʠʜʦʚ [6]. 

ʇʦ ʩʧʦʩʦʙʫ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʤʧʣʝʢʩʥʳʝ ʫʜʦʙʨʝʥʠʷ ʜʝʣʷʪ ʥʘ ʩʣʦʞʥʳʝ, 

ʩʣʦʞʥʦ-ʩʤʝʰʘʥʥʳʝ (ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ) ʠ ʩʤʝʰʘʥʥʳʝ. 
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ʉʣʦʞʥʳʝ ʫʜʦʙʨʝʥʠʷ, ʩʦʛʣʘʩʥʦ ɻʆʉʊ 20432-83, ʧʦʣʫʯʘʶʪ ʧʨʠ 

ʭʠʤʠʯʝʩʢʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʚ ʢʦʪʦʨʳʭ ʚʩʝ 

ʯʘʩʪʠʮʳ, ʢʨʠʩʪʘʣʣʳ ʠʣʠ ʛʨʘʥʫʣʳ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʳʡ  ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, 

ʪʦ ʝʩʪʴ ʠʤʝʶʪ ʝʜʠʥʫʶ ʬʦʨʤʫʣʫ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʠʩʧʦʣʴʟʫʶʪ ʘʤʤʠʘʢ, ʬʦʩʬʦʨʥʫʶ, ʘʟʦʪʥʫʶ ʠ ʩʝʨʥʫʶ ʢʠʩʣʦʪʳ, ʧʣʘʚ ʥʠʪʨʘʪʘ 

ʘʤʤʦʥʠʷ, ʬʦʩʬʦʨʠʪ ʠʣʠ ʘʧʘʪʠʪ ʠ ʢʘʣʠʡʥʳʝ ʩʦʣʠ. ʕʪʦ ʘʤʤʦʬʦʩ 

(NH4H2PO4), ʜʠʘʤʤʦʬʦʩ ((NH4)2HPO4), ʢʘʣʠʡʥʘʷ ʩʝʣʠʪʨʘ (KNO3) ʠ 

ʜʨʫʛʠʝ [6]. 

ʉʣʦʞʥʦ-ʩʤʝʰʘʥʥʳʝ (ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ) ʫʜʦʙʨʝʥʠʷ, ʩʦʛʣʘʩʥʦ ɻʆʉʊ 

20432-83, ʧʦʣʫʯʘʶʪ ʧʨʠ ʩʤʝʰʠʚʘʥʠʠ ʛʦʪʦʚʳʭ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʠ 

ʩʣʦʞʥʳʭ ʫʜʦʙʨʝʥʠʡ ʠ ʚʚʝʜʝʥʠʝʤ ʚ ʩʤʝʩʴ ʞʠʜʢʠʭ ʠ ʛʘʟʦʦʙʨʘʟʥʳʭ 

ʧʨʦʜʫʢʪʦʚ. ɺ ʵʪʫ ʛʨʫʧʧʫ ʚʭʦʜʷʪ ʥʠʪʨʦʬʦʩʢʘ, ʥʠʪʨʦʬʦʩ, ʘʟʦʬʦʩʢʘ, 

ʥʠʪʨʦʘʤʤʦʬʦʩʢʘ ʠ ʜʨʫʛʠʝ [6]. 

ʉʤʝʰʘʥʥʳʝ ʫʜʦʙʨʝʥʠʷ, ʧʦ ɻʆʉʊ 20432-83 ï ʵʪʦ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʤʝʩʠ 

ʛʦʪʦʚʳʭ ʦʜʥʦʩʪʦʨʦʥʥʠʭ ʫʜʦʙʨʝʥʠʡ [6]. 

ʂʦʤʧʣʝʢʩʥʳʝ ʦʨʛʘʥʦʤʠʥʝʨʘʣʴʥʦʝ ʫʜʦʙʨʝʥʠʷ, ʩʦʛʣʘʩʥʦ ɻʆʉʊ ʈ 50611-

93, ʧʦʣʫʯʘʶʪ ʙʠʦʢʦʥʚʝʨʩʠʝʡ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ ʩ ʞʠʜʢʠʤʠ ʠ 

ʪʚʝʨʜʳʤʠ ʦʩʪʘʪʢʘʤʠ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ ʬʝʨʤ [7]. 

ʋ ʢʘʞʜʦʛʦ ʠʟ ʩʧʦʩʦʙʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʤʧʣʝʢʩʥʳʭ ʫʜʦʙʨʝʥʠʡ ʝʩʪʴ 

ʩʚʦʠ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ.  

ʉʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʤʠʢʨʦʫʜʦʙʨʝʥʠʷ (ʧʘʪʝʥʪ ʈʌ ˉ 

2541405) ʚʢʣʶʯʘʝʪ ʧʨʠʛʦʪʦʚʣʝʥʠʝ ʨʘʙʦʯʝʛʦ ʨʘʩʪʚʦʨʘ ʧʫʪʝʤ 

ʨʘʩʪʚʦʨʝʥʠʷ ʠ ʩʤʝʰʠʚʘʥʠʷ ʚ ʚʦʜʦʧʨʦʚʦʜʥʦʡ ʚʦʜʝ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʣʝʡ ʤʘʢʨʦ- ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ: 

ʢʘʣʴʮʠʡ ʘʟʦʪʥʦʢʠʩʣʳʡ ʯʝʪʳʨʝʭʚʦʜʥʳʡ, ʢʘʣʠʡ ʘʟʦʪʥʦʢʠʩʣʳʡ, ʢʘʣʠʡ 

ʭʣʦʨʠʩʪʳʡ, ʢʘʣʠʡ ʬʦʩʬʦʨʥʦʢʠʩʣʳʡ ʦʜʥʦʟʘʤʝʱʝʥʥʳʡ, ʤʘʛʥʠʡ 

ʩʝʨʥʦʢʠʩʣʳʡ ʩʝʤʠʚʦʜʥʳʡ, ʤʝʪʘʩʠʣʠʢʘʪ ʢʘʣʠʷ ʠʣʠ ʥʘʪʨʠʷ, ʙʦʨʥʘʷ 

ʢʠʩʣʦʪʘ, ʘʤʤʦʥʠʡ ʤʦʣʠʙʜʝʥʦʚʦʢʠʩʣʳʡ ʩ ʧʦʣʫʯʝʥʠʝʤ ʨʘʩʪʚʦʨʘ ʤʘʢʨʦ- ʠ 

ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʠ ʜʦʙʘʚʣʝʥʠʝʤ ʢ ʥʝʤʫ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʬʫʣʣʝʨʝʥʦʣʘ, 

ʩʦʩʪʘʚʘ ʉ60(OH)n1On2, ʛʜʝ nl+n2=12õ34, ʧʨʠ ʵʪʦʤ pH ʨʘʙʦʯʝʛʦ ʨʘʩʪʚʦʨʘ 

ʨʘʚʝʥ 5,5-6,0. ʉʧʦʩʦʙ  ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʢʦʤʧʣʝʢʩʥʦʝ ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʝ 

ʤʠʢʨʦʫʜʦʙʨʝʥʠʝ ʩ ʨʦʩʪʦʩʪʠʤʫʣʠʨʫʶʱʠʤʠ, ʬʠʪʦʧʨʦʪʝʢʪʦʨʥʳʤʠ ʠ 

ʘʜʘʧʪʦʛʝʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ [8]. 

ʅʝʜʦʩʪʘʪʢʦʤ ʵʪʦʛʦ ʩʧʦʩʦʙʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥ ʩʣʦʞʝʥ ʚ 

ʧʨʠʛʦʪʦʚʣʝʥʠʠ. 

ɺ ʩʧʦʩʦʙʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʤʠʢʨʦʫʜʦʙʨʝʥʠʷ (ʧʘʪʝʥʪ ʈʌ 

ˉ 2048461, ʢʦʪʦʨʦʝ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ 

ʘʟʦʪʥʦ-ʢʠʩʣʳʝ ʩʦʣʠ ʨʫʙʠʜʠʷ, ʘʤʤʦʥʠʷ, ʣʠʪʠʷ, ʩʪʨʦʥʮʠʷ, ʤʘʛʥʠʷ, 

ʚʠʩʤʫʪʘ (III), ʨʪʫʪʠ (II), ʩʚʠʥʮʘ, ʪʘʣʣʠʷ (II), ʢʘʜʤʠʷ, ʛʘʣʣʠʷ (III), ʙʘʨʠʷ, 

ʘ ʪʘʢʞʝ ʩʝʨʥʦ-ʢʠʩʣʳʝ ʩʦʣʠ ʞʝʣʝʟʘ (II), ʠʥʜʠʷ (III), ʢʦʙʘʣʴʪʘ (II), 

ʤʘʨʛʘʥʮʘ (II), ʤʝʜʠ (II), ʦʣʦʚʘ (II), ʩʝʨʝʙʨʘ, ʮʝʟʠʷ, ʘʤʤʦʥʠʷ, ʮʠʥʢʘ, 

ʥʠʢʝʣʷ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʚʦʜʷʪ ʙʦʨʥʫʶ ʢʠʩʣʦʪʫ, 

ʟʦʣʦʪʦʭʣʦʨʠʩʪʦʚʦʜʦʨʦʜʥʫʶ ʢʠʩʣʦʪʫ, ʢʘʣʠʡ ʭʣʦʨʠʩʪʳʡ, ʢʘʣʠʡ 

ʙʨʦʤʠʩʪʳʡ, ʢʘʣʠʡ ʠʦʜʠʩʪʳʡ, ʢʘʣʠʡ ʤʳʰʴʷʢʦʚʠʩʪʦ-ʢʠʩʣʳʡ, ʢʘʣʠʡ 
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ʩʝʣʝʥʦʚʦ-ʢʠʩʣʳʡ, ʢʘʣʠʡ ʪʝʣʣʫʨʦʚʦ-ʢʠʩʣʳʡ, ʢʘʣʠʡ ʭʨʦʤʦʚʦ-ʢʠʩʣʳʡ, 

ʥʘʪʨʠʡ ʬʪʦʨʠʩʪʳʡ, ʥʘʪʨʠʡ ʧʠʨʦʩʫʨʴʤʷʥʦ-ʢʠʩʣʳʡ, ʥʘʪʨʠʡ ʚʦʣʴʬʨʘʤʦʚʦ-

ʢʠʩʣʳʡ, ʢʘʣʴʮʠʡ ʭʣʦʨʠʩʪʳʡ, ʘʤʤʦʥʠʡ ʬʦʩʬʦʨʦ-ʢʠʩʣʳʡ 

ʦʜʥʦʟʘʤʝʱʝʥʥʳʡ, ʘʤʤʦʥʠʡ ʤʦʣʠʙʜʝʥʦʚʦ-ʢʠʩʣʳʡ, ʘʤʤʦʥʠʡʚʘʥʘʜʠʝʚʦ-

ʢʠʩʣʳʡ ʠ ʚʦʜʫ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ. ʉʦʦʪʥʦʰʝʥʠʝ 

ʢʦʤʧʦʥʝʥʪʦʚ ʠʤʠʪʠʨʫʝʪ ʩʦʩʪʘʚ ʘʪʤʦʩʬʝʨʥʳʭ ʘʵʨʦʟʦʣʝʡ ʠ ʦʩʘʜʢʦʚ ʠ 

ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʩʥʠʞʘʝʪ ʜʦʟʳ ʦʙʳʯʥʳʭ ʦʨʛʘʥʦʤʠʥʝʨʘʣʴʥʳʭ 

ʫʜʦʙʨʝʥʠʡ [9]. 

ʅʝʜʦʩʪʘʪʢʦʤ ʵʪʦʛʦ ʩʧʦʩʦʙʘ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʩʪʴ ʚ ʧʨʠʛʦʪʦʚʣʝʥʠʠ, 

ʥʝʙʦʣʴʰʦʡ ʩʨʦʢ ʭʨʘʥʝʥʠʷ ʧʨʝʧʘʨʘʪʘ. 

ʉʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʤʠʢʨʦʫʜʦʙʨʝʥʠʷ (ʧʘʪʝʥʪ ʈʌ ˉ 

2255925) ʚʢʣʶʯʘʝʪ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʛʫʤʠʥʦʩʦʜʝʨʞʘʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩ 

ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ ʱʝʣʦʯʠ. ɺ ʢʘʯʝʩʪʚʝ ʱʝʣʦʯʠ ʠʩʧʦʣʴʟʫʶʪ ʚʦʜʥʳʡ 

ʨʘʩʪʚʦʨ ʝʜʢʦʛʦ ʥʘʪʨʠʷ (ʢʘʣʠʷ). ɺʚʦʜʷʪ ʚ ʨʘʩʪʚʦʨ ʤʠʢʨʦʵʣʝʤʝʥʪʳ 

ʧʠʪʘʥʠʷ ʨʘʩʪʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʤʝʜʴ ʩʝʨʥʦʢʠʩʣʫʶ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ 

ʚʝʱʝʩʪʚʘ - ʵʣʝʤʝʥʪʳ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʠʪʘʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʮʠʥʢ 

ʩʝʨʥʦʢʠʩʣʳʡ ʠʣʠ ʤʘʛʥʠʡ ʩʝʨʥʦʢʠʩʣʳʡ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʠʩʧʦʣʴʟʫʶʪ 

ʤʘʨʛʘʥʝʮ ʩʝʨʥʦʢʠʩʣʳʡ, ʧʨʠʣʠʧʘʪʝʣʴ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʦʛʦ ʚʟʷʪ 

ʧʦʣʠʚʠʥʠʣʦʚʳʡ ʩʧʠʨʪ, ʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʴ ʪʨʠʣʦʥ ɹ. ɺ ʢʘʯʝʩʪʚʝ 

ʛʫʤʠʥʦʩʦʜʝʨʞʘʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʠʩʧʦʣʴʟʫʶʪ ʣʠʛʥʠʥ. ʇʦʣʫʯʘʝʤʦʝ 

ʤʠʢʨʦʫʜʦʙʨʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʣʠʧʘʪʝʣʷ ʩʦʜʝʨʞʠʪ ʧʦʣʠʚʠʥʠʣʦʚʳʡ 

ʩʧʠʨʪ ʚ 5%-ʤ ʨʘʩʪʚʦʨʝ ʧʨʠ ʩʣʝʜʫʶʱʝʤ ʩʦʦʪʥʦʰʝʥʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʚ 

ʤʘʩ.%: ʮʠʥʢ ʩʝʨʥʦʢʠʩʣʳʡ 0,44, ʤʝʜʴ ʩʝʨʥʦʢʠʩʣʘʷ 0,05, ʢʦʙʘʣʴʪ 

ʩʝʨʥʦʢʠʩʣʳʡ 0,02, ʤʘʨʛʘʥʝʮ ʩʝʨʥʦʢʠʩʣʳʡ 0,05, ʘʤʤʦʥʠʡ ʤʦʣʠʙʜʝʥʦʚʦ-

ʢʠʩʣʳʡ 0,04, ʪʨʠʣʦʥ ɹ 1,0, ʧʨʠʣʠʧʘʪʝʣʴ 5,0, ʛʫʤʠʥʦʚʳʝ ʢʠʩʣʦʪʳ 93,0. 

ʉʧʦʩʦʙ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʤʠʢʨʦʫʜʦʙʨʝʥʠʷ, 

ʩʥʠʟʠʪʴ ʩʝʙʝʩʪʦʠʤʦʩʪʴ, ʠʩʢʣʶʯʠʪʴ ʚʳʜʝʣʝʥʠʝ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʚ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʫʚʝʣʠʯʠʪʴ ʚʳʭʦʜ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ [10]. 

ʅʝʜʦʩʪʘʪʢʦʤ ʵʪʦʛʦ ʩʧʦʩʦʙʘ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʩʪʴ ʚ ʧʨʠʛʦʪʦʚʣʝʥʠʠ 

ʧʨʝʧʘʨʘʪʘ. 

ɺ ʩʧʦʩʦʙʝ ʧʦʣʫʯʝʥʠʷ ʞʠʜʢʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʛʫʤʠʥʦʚʦʛʦ ʫʜʦʙʨʝʥʠʷ 

(ʧʘʪʝʥʪ ʈʌ ˉ 2015949), ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʞʠʜʢʠʝ ʪʦʨʬʦʛʫʤʠʥʦʚʳʝ 

ʫʜʦʙʨʝʥʠʷ ʧʦʣʫʯʘʶʪ ʧʫʪʝʤ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʩʫʩʧʝʥʟʠʠ ʪʦʨʬʘ ʚ 1/3 ʦʙʲʝʤʘ 

ʚʦʜʳ, ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʜʦʙʘʚʣʷʶʪ  ʱʝʣʦʯʥʦʡ ʨʝʘʛʝʥʪ ʠ ʩʫʭʦʡ 

ʠʟʤʝʣʴʯʝʥʥʳʡ ʢʫʨʠʥʳʡ ʧʦʤʝʪ, ʘ ʟʘʪʝʤ ʜʦʣʠʚʘʶʪ ʚʦʜʫ ʜʦ ʪʨʝʙʫʝʤʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ, ʩʦʙʣʶʜʘʷ  ʩʦʦʪʥʦʰʝʥʠʷ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ: ʱʝʣʦʯʴ ï 

ʚʦʜʘ ï ʪʦʨʬ ï ʢʫʨʠʥʳʡ ʧʦʤʝʪ = 1 ï 50 ï 2,6 ï 2,6. ɺ ʜʘʥʥʦʤ ʩʧʦʩʦʙʝ ʪʦʨʬ 

ʩʣʫʞʠʪ ʠʩʪʦʯʥʠʢʦʤ ʛʫʤʫʩʦʚʳʭ ʢʠʩʣʦʪ, ʚ ʥʝʤ ʩʦʜʝʨʞʠʪʩʷ ʢʘʣʠʷ ʜʦ 0,2%, ʘ 

ʘʟʦʪʘ ʜʦ 3,8%, ʬʦʩʬʦʨʘ ʜʦ 2%, ʘ ʢʫʨʠʥʳʡ ʧʦʤʝʪ ï ʠʩʪʦʯʥʠʢʦʤ 

ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ, ʚ ʥʝʤ ʩʦʜʝʨʞʠʪʩʷ ʘʟʦʪʘ ʜʦ 4,9%, ʢʘʣʠʷ ʜʦ 1,6% ʠ ʬʦʩʬʦʨʘ 

ʜʦ 3,5% [11].  

ʅʝʜʦʩʪʘʪʢʦʤ ʵʪʦʛʦ ʩʧʦʩʦʙʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʛʨʘʥʠʯʝʥʦ ʧʨʠʤʝʥʝʥʠʝ 

ʠʩʪʦʯ-ʥʠʢʘ ʪʦʣʴʢʦ ʦʜʥʠʤ ʪʦʨʬʦʤ, ʘ ʚ ʢʘʯʝʩʪʚʝ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʝʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʧʨʠʥʷʪ ʢʫʨʠʥʳʡ ʧʦʤʝʪ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʫʨʠʥʦʛʦ ʧʦʤʝʪʘ 
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ʪʨʝʙʫʝʪ ʩʘʥʠʪʘʨʥʦ-ʙʘʢʪʝʨʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʢʦʥʪʨʦʣʷ, 

ʩʪʨʦʛʦʛʦ ʩʦʙʣʶʜʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʫʯʝʥʠʷ 

ʫʜʦʙʨʝʥʠʷ, ʚʢʣʶʯʘʶʱʝʛʦ ʜʦʨʦʛʦʩʪʦʷʱʠʝ ʦʧʝʨʘʮʠʠ ʧʦ ʦʙʝʟʚʦʞʠʚʘʥʠʶ ʠ 

ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʶ ʢʫʨʠʥʦʛʦ ʧʦʤʝʪʘ. 

ʉʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʦʨʛʘʥʦʤʠʥʝʨʘʣʴʥʦʛʦ ʫʜʦʙʨʝʥʠʷ 

(ʧʘʪʝʥʪ ʈʌ ˉ2189370), ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʧʨʦʧʫʩʢʘʶʪ ʩʤʝʩʴ ʪʦʨʬʘ ʩ 

ʚʦʜʦʡ ʯʝʨʝʟ ʢʘʚʠʪʘʮʠʦʥʥʳʡ ʥʘʩʦʩ, ʧʦʣʫʯʘʶʪ ʪʦʨʬʦʚʦʜʷʥʫʶ ʧʘʩʪʫ, 

ʢʦʪʦʨʫʶ ʦʙʦʛʘʱʘʶʪ ʬʦʩʬʦʨʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʠ ʘʢʪʠʚʠʨʫʶʪ 

ʨʘʩʪʚʦʨʦʤ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ. ɿʘʪʝʤ ʜʦʙʘʚʣʷʶʪ ʛʠʜʨʦʢʩʠʜʳ, ʢʘʨʙʦʥʘʪʳ ʠ 

ʛʠʜʨʦʢʘʨʙʦʥʘʪʳ ʢʘʣʠʷ, ʥʘʪʨʠʷ, ʘʤʤʦʥʠʷ ʜʦ ʧʦʣʥʦʛʦ ʧʝʨʝʚʦʜʘ 

ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ ʚ ʛʫʤʘʪʳ. ʇʨʠ ʵʪʦʤ ʧʨʦʧʫʩʢʘʶʪ ʨʝʘʢʮʠʦʥʥʫʶ ʤʘʩʩʫ 

ʯʝʨʝʟ ʢʘʚʠʪʘʮʠʦʥʥʳʡ ʥʘʩʦʩ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʝʝ ʪʝʤʧʝʨʘʪʫʨʘ ʥʝ 

ʜʦʩʪʠʛʥʝʪ 75-85
o
ʉ, ʟʘʪʝʤ ʥʘʩʦʩ ʦʪʢʣʶʯʘʶʪ. ɺʳʜʝʨʞʠʚʘʶʪ ʧʦʣʫʯʝʥʥʳʡ 

ʧʨʦʜʫʢʪ ʦʪ 2 ʜʦ 4 ʯ ʠ ʟʘʪʝʤ ʚʳʛʨʫʞʘʶʪ. ʉʧʦʩʦʙ  ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʫʜʦʙʨʝʥʠʝ ʙʝʟ ʥʘʛʨʝʚʘ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʳ ʠ ʙʝʟ ʥʘʨʫʰʝʥʠʷ 

ʮʝʣʦʩʪʥʦʩʪʠ ʭʠʤʠʯʝʩʢʦʛʦ ʨʝʘʢʪʦʨʘ [12].  

ʅʝʜʦʩʪʘʪʢʘʤʠ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʷʚʣʷʶʪʩʷ ʦʛʨʘʥʠʯʝʥʥʳʡ ʩʦʩʪʘʚ ʩʳʨʴʷ, 

ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʫʜʦʙʨʝʥʠʷ, ʦʪʩʫʪʩʪʚʠʝ ʚʦʟʤʦʞʥʦʩʪʠ  

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʜʣʷ ʨʘʟʥʳʭ ʚʠʜʦʚ ʧʦʯʚ; ʩʣʦʞʥʦʩʪʴ ʚʥʝʩʝʥʠʷ 

ʧʘʩʪʦʦʙʨʘʟʥʦʛʦ ʫʜʦʙʨʝʥʠʷ ʚ ʧʦʯʚʫ.  

ʉʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʦʨʛʘʥʦʤʠʥʝʨʘʣʴʥʦʛʦ ʫʜʦʙʨʝʥʠʷ (ʧʘʪʝʥʪ ʈʌ ˉ 

2140408), ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʧʝʨʝʜ ʛʨʘʥʫʣʠʨʦʚʘʥʠʝʤ ʩʤʝʰʠʚʘʶʪ 

ʢʦʤʧʦʥʝʥʪʳ - ʪʦʨʬ, ʢʘʨʙʘʤʠʜ, ʬʦʩʬʘʪʳ ʘʤʤʦʥʠʷ, ʩʦʣʠ ʢʘʣʠʷ  ʜʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʦʜʥʦʨʦʜʥʦʡ ʤʘʩʩʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʟʘʜʘʥʥʦʤʫ ʭʠʤʠʯʝʩʢʦʤʫ 

ʩʦʩʪʘʚʫ ʫʜʦʙʨʝʥʠʷ. ʇʨʦʮʝʩʩ ʩʫʰʢʠ ʛʨʘʥʫʣ ʚʝʜʫʪ ʚʦ ʚʟʚʝʰʝʥʥʦʤ ʩʣʦʝ ʚ 

ʧʦʪʦʢʝ ʪʦʧʦʯʥʳʭ ʛʘʟʦʚ ʧʨʠ ʠʭ ʥʘʯʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 450-470Áʉ, ʧʨʠ 

ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷ 45-60 ʤ/ʩ ʚ ʪʝʯʝʥʠʝ 1,25-2,5 ʩ ʚ ʘʧʧʘʨʘʪʝ 

ʪʨʫʙʘ-ʩʫʰʠʣʢʘ. ʇʨʝʜʣʘʛʘʝʤʳʡ ʩʧʦʩʦʙ ʧʦʟʚʦʣʷʝʪ ʫʧʨʦʩʪʠʪʴ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʫʤʝʥʴʰʠʪʴ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʟʘʪʨʘʪʳ, 

ʩʥʠʟʠʪʴ ʚʳʙʨʦʩʳ ʘʤʤʠʘʢʘ ʚ ʛʘʟʦʚʫʶ ʬʘʟʫ, ʧʦʚʳʩʠʪʴ ʚʳʭʦʜ ʪʦʚʘʨʥʦʡ 

ʬʨʘʢʮʠʠ ʧʨʦʜʫʢʪʘ [13]. 

ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʵʪʦʛʦ ʩʧʦʩʦʙʘ ʦʪʥʦʩʠʪʩʷ ʥʝʧʦʣʥʘʷ ʧʨʦʧʠʪʢʘ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʫʜʦʙʨʝʥʠʷ ʤʠʥʝʨʘʣʴʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ  

ʚʩʣʝʜʩʪʚʠʝ ʢʦʨʦʪʢʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʮʠʢʣʘ; ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʡ ʯʘʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ ʫʜʦʙʨʝʥʠʷ; ʦʪʩʫʪʩʪʚʠʝ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʧʨʦʧʠʪʢʠ ʦʨʛʘʥʠʯʝʩʢʦʡ ʯʘʩʪʠ  ʠ ʝʛʦ ʧʨʠʛʦʪʦʚʣʝʥʠʷ. 

ʉʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʫʜʦʙʨʝʥʠʷ (ʧʘʪʝʥʪ ʈʌ ˉ2107054), 

ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ: ʚʝʨʤʠʢʦʤʧʦʩʪ ʨʘʟʙʘʚʣʷʶʪ ʚʦʜʦʡ ʠ ʧʨʦʚʦʜʷʪ 

ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʫʶ ʬʝʨʤʝʥʪʘʮʠʶ ʧʦʣʫʯʝʥʥʦʡ ʚʦʜʥʦʡ ʩʫʩʧʝʥʟʠʠ ʧʨʠ 

25 - 30
o
ʉ ʠ ʧʨʠ ʥʝʧʨʝʨʳʚʥʦʤ ʦʙʦʛʘʱʝʥʠʠ ʢʠʩʣʦʨʦʜʦʤ ʚ ʪʝʯʝʥʠʝ 150 - 

170 ʯ. ɿʘʪʝʤ ʦʪʜʝʣʷʶʪ ʞʠʜʢʫʶ ʬʨʘʢʮʠʶ ʤʝʪʦʜʦʤ ʬʠʣʴʪʨʘʮʠʠ ʠ 

ʧʨʦʚʦʜʷʪ ʦʙʝʟʚʦʞʠʚʘʥʠʝ ʦʪʬʠʣʴʪʨʦʚʘʥʥʦʡ ʞʠʜʢʦʡ ʬʨʘʢʮʠʠ ʧʨʠ 

ʧʦʥʠʞʝʥʥʦʤ ʜʘʚʣʝʥʠʠ ʠ ʪʝʤʧʝʨʘʪʫʨʝ 30 - 35
o
ʉ. ʉʧʦʩʦʙ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʧʦʣʫʯʝʥʠʝ ʫʜʦʙʨʝʥʠʷ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʩ ʧʦʚʳʰʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʝʤ 

http://www1.fips.ru/fips_servl/fips_servlet?DB=RUPAT&DocNumber=2107054&TypeFile=html
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ʨʝʛʫʣʷʪʦʨʦʚ ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ - ʘʢʪʠʚʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ, ʧʨʦʜʫʮʠʨʫʝʤʳʭ 

ʘʵʨʦʙʥʳʤʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ, ʛʨʫʧʧ ʘʫʢʩʠʥʦʚ, ʮʝʪʦʢʠʥʠʥʦʚ ʠ 

ʛʠʙʙʝʨʝʣʣʠʥʦʚ [14]. 

ʅʝʜʦʩʪʘʪʢʦʤ ʩʧʦʩʦʙʘ ʷʚʣʷʝʪʩʷ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʦʩʥʦʚʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ. 

ʉʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʫʜʦʙʨʝʥʠʷ (ʧʘʪʝʥʪ ʈʌ ˉ2 041 867 

ʥʘ ʦʩʥʦʚʝ ʚʝʨʤʠʢʦʤʧʦʩʪʘ (ʙʠʦʛʫʤʫʩʘ) ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʨʝʛʫʣʷʪʦʨʦʚ ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ (ʘʢʪʠʚʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ). ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʫʜʦʙʨʝʥʠʷ ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ ʬʝʨʤʝʥʪʘʮʠʠ 

ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚʝʨʤʠʢʦʤʧʦʩʪʘ (ʙʠʦʛʫʤʫʩʘ) ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 35-40Áʉ ʚ ʪʝʯʝʥʠʝ 108-120 ʯ, ʬʠʣʴʪʨʘʮʠʠ ʠ ʦʙʝʟʚʦʞʠʚʘʥʠʷ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 55-60Áʉ[15]. 

ʅʝʜʦʩʪʘʪʢʦʤ ʩʧʦʩʦʙʘ ʷʚʣʷʝʪʩʷ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʦʩʥʦʚʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ ʧʨʠʛʦʪʦʚʣʝʥʠʠ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ. 

ɺʳʚʦʜ. ʉʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʤʠʢʨʦʫʜʦʙʨʝʥʠʷ (ʧʘʪʝʥʪ 

ʈʌ 2̄541405) ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ, ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ 

ʢʦʤʧʣʝʢʩʥʦʝ ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʝ ʤʠʢʨʦʫʜʦʙʨʝʥʠʝ ʩ 

ʨʦʩʪʦʩʪʠʤʫʣʠʨʫʶʱʠʤʠ, ʬʠʪʦʧʨʦʪʝʢʪʦʨʥʳʤʠ ʠ ʘʜʘʧʪʦʛʝʥʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. ʇʦʣʫʯʘʝʪʩʷ ʫʜʦʙʨʝʥʠʝ, ʦʙʣʘʜʘʶʱʝʝ ʧʦʚʳʰʝʥʥʦʡ 

ʘʛʨʦʭʠʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ. ʅʘʠʤʝʥʝʝ ʵʬʬʝʢʪʠʚʝʥ ʩʧʦʩʦʙ 

ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʤʠʢʨʦʫʜʦʙʨʝʥʠʷ (ʧʘʪʝʥʪ ʈʌ ˉ 2048 461), ʪʘʢ 

ʢʘʢ ʚʦʟʥʠʢʘʝʪ ʜʣʠʪʝʣʴʥʦʩʪʴ ʠ ʩʣʦʞʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʧʨʠʛʦʪʦʚʣʝʥʠʷ,  

ʥʝʙʦʣʴʰʦʡ ʩʨʦʢ ʭʨʘʥʝʥʠʷ ʧʨʝʧʘʨʘʪʘ. 
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ʂʘʯʝʩʪʚʦ ʪʦʨʮʝʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʨʥʦʡ ʟʘʛʦʪʦʚʢʠ, ʷʚʣʷʶʱʝʡʩʷ 
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ʫʩʪʘʣʦʩʪʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʤʝʪʘʣʣʘ ʚ ʧʣʦʩʢʦʩʪʠ ʨʘʟʜʝʣʝʥʠʷ ʧʨʫʪʢʘ [3]. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʨʘʟʜʝʣʝʥʠʷ ʧʨʫʪʢʘ ʥʘ 

http://www1.fips.ru/fips_servl/fips_servlet?DB=RUPAT&DocNumber=2107054&TypeFile=html
http://www1.fips.ru/fips_servl/fips_servlet?DB=RUPATAP&DocNumber=97110639/13&TypeFile=html
http://www1.fips.ru/fips_servl/fips_servlet?DB=RUPAT&DocNumber=2048461&TypeFile=html
http://www1.fips.ru/fips_servl/fips_servlet?DB=RUPATAP&DocNumber=5060808/15&TypeFile=html
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ʜʣʠʥʥʦʤʝʨʥʳʝ ʟʘʛʦʪʦʚʢʠ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʫʩʣʦʚʠʝ ʧʨʦʜʦʣʴʥʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʟʘʛʦʪʦʚʢʠ: 

ʄʧʨ ʄʠʟʛ ,      (1) 

ʛʜʝ ʄʧʨ ï ʠʟʛʠʙʘʶʱʠʡ ʤʦʤʝʥʪ, ʩʦʟʜʘʶʱʠʡ ʟʥʘʢʦʧʝʨʝʤʝʥʥʳʝ 

ʥʘʧʨʷʞʝʥʠʷ ʚ ʧʣʦʩʢʦʩʪʠ ʨʘʟʜʝʣʝʥʠʷ ʧʨʫʪʢʘ ʧʦʩʨʝʜʩʪʚʦʤ ʫʧʨʫʛʦʛʦ ʧʨʦʛʠʙʘ 

ʤʝʨʥʦʡ ʟʘʛʦʪʦʚʢʠ ʧʨʠ ʫʩʣʦʚʠʠ ʩʦʭʨʘʥʝʥʠʷ ʝʝ ʧʨʦʜʦʣʴʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ; 

ʄʠʟʛ ï ʠʟʛʠʙʘʶʱʠʡ ʤʦʤʝʥʪ, ʩʦʟʜʘʶʱʠʡ ʟʥʘʢʦʧʝʨʝʤʝʥʥʳʝ ʥʘʧʨʷʞʝʥʠʷ 

ʚ ʧʣʦʩʢʦʩʪʠ ʨʘʟʜʝʣʝʥʠʷ ʧʨʫʪʢʘ ʧʨʠ ʥʘʨʫʰʝʥʠʠ ʧʨʦʜʦʣʴʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʤʝʨʥʦʡ ʟʘʛʦʪʦʚʢʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʝʦʙʨʘʪʠʤʦʛʦ ʠʩʢʨʠʚʣʝʥʠʷ ʝʝ 

ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ. 

ʇʦʵʪʦʤʫ ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʠʟʛʠʙʘʶʱʝʛʦ ʤʦʤʝʥʪʘ 

ʚ ʧʣʦʩʢʦʩʪʠ ʨʘʟʜʝʣʝʥʠʷ ʧʨʫʪʢʘ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ  ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ 

ʧʨʦʮʝʩʩʘ.  

ʈʘʩʩʪʦʷʥʠʝ ὰ  ʜʦ ʧʣʦʩʢʦʩʪʠ ʧʨʠʣʦʞʝʥʠʷ ʥʘʞʠʤʥʦʛʦ ʫʩʠʣʠʷ 

ʦʧʨʝʜʝʣʷʶʪ ʠʟ ʩʦʦʪʥʦʰʝʥʠʡ [4]: 

ʄʠʟʛůʫϽὡ;     (2) 

ʄʠʟʛςὪὉὐȾὰ ,     (3) 

ʛʜʝ ʄʠʟʛ ï ʠʟʛʠʙʘʶʱʠʡ ʟʥʘʢʦʧʝʨʝʤʝʥʥʳʡ ʤʦʤʝʥʪ, ʜʝʡʩʪʚʫʶʱʠʡ ʚ 

ʧʣʦʩʢʦʩʪʠ ʨʘʟʜʝʣʝʥʠʷ ʧʨʫʪʢʘ, ʅʤ; 

ůʫ ï ʧʨʝʜʝʣ ʫʧʨʫʛʦʩʪʠ ʤʝʪʘʣʣʘ ʚ ʧʣʦʩʢʦʩʪʠ ʨʘʟʜʝʣʝʥʠʷ ʧʨʫʪʢʘ, ʄʇʘ;  

ʧʨʠʥʠʤʘʶʪ ůʫ πȟωπůʚ , ʛʜʝ ůʚ ï ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʩʪʘʣʠ ʄʇʘ; 

Ὁ ï ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʩʪʘʣʠ, ʄʇʘ; 

Ὢ ï ʫʧʨʫʛʠʡ ʧʨʦʛʠʙ ʤʝʨʥʦʡ ʟʘʛʦʪʦʚʢʠ; 

ὡ ʠ  ὐ ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʤʦʤʝʥʪʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʠʥʝʨʮʠʠ 

ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʚ ʧʣʦʩʢʦʩʪʠ ʨʘʟʜʝʣʝʥʠʷ ʧʨʫʪʢʘ, ʨʘʚʥʳʝ 

ὡ Ὤ σςϳ    

ὐ Ὤ ȾφτȢ      (4) 

ʀʟ ʩʦʦʪʥʦʰʝʥʠʡ (2) ʠ (3) ʧʦʣʫʯʘʶʪ: 

ὰ  ςὪὉὐȾůʫϽὡ.     (5) 

ʀʟ ʩʪʨʦʠʪʝʣʴʥʦʡ ʤʝʭʘʥʠʢʠ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʜʦʧʫʩʪʠʤʳʡ ʦʪʥʦʩʠʪʝʣʴʥʳʡ 

ʫʧʨʫʛʠʡ ʧʨʦʛʠʙ ʢʦʥʩʦʣʴʥʦʡ ʙʘʣʢʠ ʩʦʩʪʘʚʣʷʝʪ  

ɖ Ὢὰϳ πȟπρ.      (6) 

ʊʦʛʜʘ, ʩ ʫʯʝʪʦʤ ʫʨʘʚʥʝʥʠʡ (2), (3), (5) ʠ ʫʩʣʦʚʠʷ (6), ʠʩʢʦʤʘʷ ʚʝʣʠʯʠʥʘ 

ὰ ʩʤʝʱʝʥʠʷ ʧʣʦʩʢʦʩʪʠ ʧʨʠʣʦʞʝʥʠʷ ʥʘʞʠʤʥʦʛʦ ʫʩʠʣʠʷ ʦʪ ʧʣʦʩʢʦʩʪʠ 

ʨʘʟʜʝʣʝʥʠʷ ʧʨʫʪʢʘ, ʧʦʣʫʯʝʥʥʘʷ ʠʟ ʫʩʣʦʚʠʷ ʧʨʦʜʦʣʴʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʜʣʠʥʥʦʤʝʨʥʦʡ ʟʘʛʦʪʦʚʢʠ, ʙʫʜʝʪ ʨʘʚʥʘ 

ὰ πȟπρὨϽὉȾůʫ .     (7) 

ɼʦʧʫʩʪʠʤʦʝ ʥʘʞʠʤʥʦʝ ʫʩʠʣʠʝ (ὖ) ʧʦʣʫʯʘʶʪ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ 

ʄʧʨ  0ʅϽὰ  ůʫϽὡ.     (8) 

ʆʪʩʶʜʘ 

0ʅ  ůʫϽὡȾὰ.      (9) 
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ʄʦʜʝʣʴ ʨʘʮʠʦʥʘʣʠʟʘʮʠʠ ʩʠʣʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʨʘʟʜʝʣʝʥʠʷ 

ʧʨʫʪʢʘ ʥʘ ʤʝʨʥʳʝ ʟʘʛʦʪʦʚʢʠ ʥʘ ʦʩʥʦʚʝ ʫʩʪʘʣʦʩʪʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʤʝʪʘʣʣʘ ʚ 

ʧʣʦʩʢʦʩʪʠ ʨʘʟʜʝʣʝʥʠʷ ʨʝʘʣʠʟʦʚʘʥʘ ʘʣʛʦʨʠʪʤʦʤ (ʨʠʩ. 1) 

 
ʈʠʩ. 1. ɸʣʛʦʨʠʪʤ ʧʨʦʮʝʩʩʘ ʨʘʟʜʝʣʝʥʠʷ ʧʨʫʪʢʘ ʥʘ ʤʝʨʥʳʝ ʟʘʛʦʪʦʚʢʠ 

 

ɺ ʙʣʦʢʝ 1 ʚʚʦʜʷʪ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ: Ὠ ʠ Ὠ ï ʜʠʘʤʝʪʨʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʠʩʭʦʜʥʦʡ ʟʘʛʦʪʦʚʢʠ ʠ ʢʣʠʥʦʚʦʡ ʢʘʥʘʚʢʠ, ʤʤ; ʤʘʨʢʫ ʩʪʘʣʠ; ůʚ ʠ ůʪ ï 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʝʜʝʣʳ ʧʨʦʯʥʦʩʪʠ ʠ ʪʝʢʫʯʝʩʪʠ ʩʪʘʣʠ, ʄʇʘ; Ὁ ςϽρπ, 
ʄʇʘ ï ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʩʪʘʣʠ. 

ɺ ʙʣʦʢʘʭ ς υ ʦʧʨʝʜʝʣʷʶʪ ʟʥʘʯʝʥʠʝ ʠʟʛʠʙʘʶʱʠʭ ʤʦʤʝʥʪʦʚ ʧʨʠ 
ůʚ ůʪ . ɿʘʪʝʤ ʧʨʠʥʠʤʘʶʪ ůʫ πȟωπůʚ (ʙʣʦʢ 6) ʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪ 

ʧʘʨʘʤʝʪʨʳ ὰ ʠ ὖ  (ʙʣʦʢʠ χ ρπ). ʅʘʢʦʥʝʮ, ʚ ʙʣʦʢʝ 11 ʥʘʭʦʜʷʪ ʟʥʘʯʝʥʠʝ 
ʤʦʤʝʥʪʘ ʧʨʦʛʠʙʘ (ὓʧʨ), ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʧʨʦʜʦʣʴʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʜʣʠʥʥʦʤʝʨʥʦʡ ʟʘʛʦʪʦʚʢʠ. 
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ɺʳʚʦʜʳ: 

1. ʈʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ ʨʘʮʠʦʥʘʣʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʨʘʟʜʝʣʝʥʠʷ ʧʨʫʪʢʘ ʥʘ ʤʝʨʥʳʝ ʟʘʛʦʪʦʚʢʠ ʠʟ ʫʩʣʦʚʠʷ ʦʙʝʩʧʝʯʝʥʠʷ ʝʝ 

ʧʨʦʜʦʣʴʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʜʝʣʝʥʠʷ. 

2. ʄʦʜʝʣʴ ʨʝʘʣʠʟʦʚʘʥʘ ʘʣʛʦʨʠʪʤʦʤ, ʢʦʪʦʨʳʡ ʫʩʧʝʰʥʦ ʦʧʨʦʙʦʚʘʥ. 
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ɸʥʥʦʪʘʮʠʷ: ʈʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ ʢʨʠʪʝʨʠʷ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʜʝʬʦʨʤʘʮʠʠ ʥʘ 

ʢʘʯʝʩʪʚʦ ʩʦʨʪʦʚʦʛʦ ʧʨʦʬʠʣʷ, ʧʨʠʚʝʜʝʥʘ ʚʳʪʷʞʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢʘʣʠʙʨʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʨʠʪʝʨʠʡ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʜʝʬʦʨʤʘʮʠʠ, ʚʳʪʷʞʢʘ, 

ʢʘʣʠʙʨ. 

 

OPTIMIZATION OF CALIBERS OF ROLLERS AT ROLLING  

E.M. Basova, S.V. Herman, D.I. Baklanov 

Altai State Technical University named after I.I. Polzunova 

 
Abstract. The influence of the criterion of the unevenness of the deformation on the 

quality of the sectional profile is considered, the exhaust capacity of the calibers is given. 

Keywords: criterion of unevenness of deformation, exhaust, caliber. 

 

ʉʫʱʝʩʪʚʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʨʝʟʫʣʴʪʘʪ ʧʨʦʮʝʩʩʘ ʧʨʦʢʘʪʢʠ ʩʦʨʪʦʚʦʛʦ 

ʧʨʦʬʠʣʷ ʦʢʘʟʳʚʘʝʪ ʦʧʪʠʤʠʟʘʮʠʷ ʢʘʣʠʙʨʦʚʦʢ ʚʘʣʢʦʚ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ 

ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʤʥʦʞʝʩʪʚʦ ʢʨʠʪʝʨʠʝʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʚʟʷʪʳ ʟʘ 

ʦʩʥʦʚʫ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʧʦ ʤʦʜʠʬʠʢʘʮʠʠ ʬʦʨʤʳ 

ʢʘʣʠʙʨʦʚ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. 

ɺ ʨʘʙʦʪʝ [1] ʚ ʢʘʯʝʩʪʚʝ ʪʘʢʦʛʦ ʢʨʠʪʝʨʠʷ ʧʨʝʜʣʘʛʘʝʪʩʷ ʢʨʠʪʝʨʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʜʝʬʦʨʤʘʮʠʠ ʂʥʝʨ. ʆʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ 

ʚʳʙʦʨʘ ʵʪʦʛʦ ʢʨʠʪʝʨʠʷ ʚ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʦʧʪʠʤʠʟʘʮʠʠ ʷʚʣʷʶʪʩʷ: 

ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʥʠʟʠʪʴ ʫʩʠʣʠʝ ʧʨʦʢʘʪʢʠ ʟʘ ʩʯʝʪ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʙʞʘʪʠʡ ʠ ʚʘʨʴʠʨʦʚʘʥʠʷ ʧʣʦʱʘʜʴʶ ʢʦʥʪʘʢʪʥʦʡ 
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ʧʦʚʝʨʭʥʦʩʪʠ; ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʘʣʠʙʨʦʚʢʠ ï ʚr ʪʷʞʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʦʢʘʪʥʳʭ ʚʘʣʢʦʚ; ʩʦʢʨʘʱʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʟʦʥ ʧʦʚʳʰʝʥʥʦʡ 

ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ; ʩʥʠʞʝʥʠʝ ʠʟʥʦʩʘ ʧʨʦʢʘʪʥʳʭ ʚʘʣʢʦʚ. 

ʌʦʨʤʘ ʢʘʣʠʙʨʘ ʦʢʘʟʳʚʘʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ: ʥʘ ʜʚʠʞʝʥʠʝ 

ʤʝʪʘʣʣʘ ʚ ʦʯʘʛʝ ʜʝʬʦʨʤʘʮʠʠ; ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʥʘ ʨʘʙʦʪʫ, ʩʦʚʝʨʰʘʝʤʫʶ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʢʘʪʢʠ. 

ʋʧʨʘʚʣʷʷ ʬʦʨʤʦʡ ʢʘʣʠʙʨʦʚ, ʤʦʞʥʦ ʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʦ 

ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʧʨʦʮʝʩʩ ʩʦʨʪʦʚʦʡ ʧʨʦʢʘʪʢʠ ʠ ʦʙʝʩʧʝʯʠʪʴ ʥʝʦʙʭʦʜʠʤʦʝ 

ʢʘʯʝʩʪʚʦ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ. 

ɺ ʨʘʙʦʪʝ [1] ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʬʠʣʷ 

ʜʝʬʦʨʤʠʨʫʶʱʝʛʦ ʢʦʥʫʩʘ ʤʦʥʦʣʠʪʥʦʡ ʚʦʣʦʢʠ. ɺ ʧʨʦʮʝʩʩʝ ʚʦʣʦʯʝʥʠʷ ʧʨʠ 

ʧʨʦʭʦʞʜʝʥʠʠ ʤʝʪʘʣʣʘ ʯʝʨʝʟ ʦʯʘʛ ʜʝʬʦʨʤʘʮʠʠ ʟʘʛʦʪʦʚʢʘ ʢʨʫʛʣʦʛʦ ʩʝʯʝʥʠʷ 

ʧʦʜʚʝʨʛʘʝʪʩʷ ʨʘʜʠʘʣʴʥʳʤ ʦʙʞʘʪʠʷʤ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʪʦʨʳʭ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʨʝʞʠʤ ʚʦʣʦʯʝʥʠʷ. ʇʨʠ ʚʦʣʦʯʝʥʠʠ ʚ ʤʦʥʦʣʠʪʥʦʡ ʚʦʣʦʢʝ 

ʩʦʟʜʘʝʪʩʷ ʢʨʘʡʥʝ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʡ ʨʝʞʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʜʠʘʣʴʥʳʭ 

ʦʙʞʘʪʠʡ ʧʦ ʜʣʠʥʝ ʦʯʘʛʘ ʜʝʬʦʨʤʘʮʠʠ, ʯʪʦ ʩʥʠʞʘʝʪ ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ, 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʠ ʧʦʚʳʰʘʝʪ ʠʟʥʦʩ ʠʥʩʪʨʫʤʝʥʪʘ. ʅʘ 

ʦʩʥʦʚʘʥʠʠ ʵʪʦʛʦ ʙʳʣʘ ʧʨʦʣʫʯʝʥʘ ʤʦʜʝʣʴ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʝʜʠʥʠʯʥʳʭ ʨʘʜʠʘʣʴʥʳʭ ʦʙʞʘʪʠʡ ʧʦ ʜʣʠʥʝ ʦʯʘʛʘ ʜʝʬʦʨʤʘʮʠʠ ʚ ʤʦʥʦʣʠʪʥʦʡ 

ʚʦʣʦʢʝ: 

                                Ò
6
ʌ᷿ÆØ ρÄØ# , ʤʤ,                              (1) 

ʛʜʝ V0 ï ʩʝʢʫʥʜʥʳʡ ʦʙʲʝʤ ʩʤʝʱʘʝʤʦʛʦ ʤʝʪʘʣʣʘ ʚ ʦʯʘʛʝ ʜʝʬʦʨʤʘʮʠʠ, 

ʤʤ
3
. 

ɺ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʩʩʤʦʪʨʠʤ ʤʘʢʩʠʤʫʤ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʘʣʠʙʨʦʚʢʠ [2]. ɼʘʥʥʦʝ ʧʦʥʷʪʠʝ ʦʪʥʦʩʠʪʩʷ ʢ 

ʚʳʪʷʞʥʳʤ ʢʘʣʠʙʨʘʤ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʠʭ ʚʳʪʷʞʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ. ʇʨʠ 

ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ ʨʘʟʣʠʯʥʳʝ ʢʘʣʠʙʨʳ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ 

ʨʘʟʣʠʯʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʳʪʷʞʢʠ. ʊʝ ʢʘʣʠʙʨʳ, ʢʦʪʦʨʳʝ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʦʣʴʰʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʚʳʪʷʞʢʠ, ʦʪʣʠʯʘʶʪʩʷ ʙʦʣʴʰʝʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʬʦʨʤʫʣʝ: 

                                                      ˗̞
6
6,                                                   (2) 

ʛʜʝ V l ï ʩʤʝʱʝʥʥʳʡ ʦʙʲʝʤ ʤʝʪʘʣʣʘ ʚ ʧʨʦʜʦʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ (ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʚʳʪʷʞʢʠ), ʘ Vh ï ʩʤʝʱʝʥʥʳʡ ʦʙʲʝʤ ʤʝʪʘʣʣʘ ʧʦ ʚʳʩʦʪʝ (ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʦʙʞʘʪʠʷ). 

ʊʘʢ ʢʘʢ ʚ ʧʘʨʝ ʢʘʣʠʙʨʦʚ ʦʙʱʘʷ ʚʳʪʷʞʢʘ ʟʘʜʘʥʘ, ʪʦ ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʙʫʜʝʪ ʦʙʝʩʧʝʯʝʥʘ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʩʫʤʤʘ ʩʤʝʱʝʥʥʳʭ 

ʦʙʲʝʤʦʚ ʤʝʪʘʣʣʘ ʧʦ ʚʳʩʦʪʝ ʚ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʢʣʝʪʷʭ ʙʫʜʝʪ ʤʠʥʠʤʘʣʴʥʦʡ. 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʘ ʚʳʪʷʞʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʠʩʪʝʤ ʢʘʣʠʙʨʦʚ [3]. 
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ʊʘʙʣʠʮʘ 1 

ɺʳʪʷʞʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʠʩʪʝʤ ʢʘʣʠʙʨʦʚ 

ʉʠʩʪʝʤʘ ʢʘʣʠʙʨʦʚ 
ɺʳʪʷʞʢʘ 

ʤʠʥ. ʤʘʢʩ. 

ʆʚʘʣ-ʢʚʘʜʨʘʪ 1,60 1,70 

ʂʚʘʜʨʘʪ-ʐʝʩʪʠʫʛʦʣʴʥʠʢ 1,50 1,60 

ʗʱʠʯʥʳʝ ʢʘʣʠʙʨʳ 1,35 1,45 

ʈʦʤʙ-ʂʚʘʜʨʘʪ 1,35 1,45 

ʈʦʤʙʦʚʦʡ ʆʚʘʣ-ʆʚʘʣ 1,35 1,45 

ʆʚʦʣ-ʂʨʫʛ 1,25 1,30 

 

ɺʳʚʦʜʳ 

1. ʂʘʣʠʙʨʦʚʢʫ ʨʦʣʠʢʦʚ (ʚʘʣʢʦʚ) ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʦʨʪʦʚʦʛʦ ʧʨʦʬʠʣʷ 
ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʤʦʜʝʣʴ ʫʧʨʘʚʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ; 

2. ʅʘʠʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʘ ʤʦʜʝʣʴ ʦʧʪʠʤʠʟʘʮʠʠ ʬʦʨʤʳ ʟʘʢʨʳʪʳʭ 
ʢʘʣʠʙʨʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʦʚʳʰʝʥʥʳʝ ʦʙʞʘʪʠʝ ʠ ʢʘʯʝʩʪʚʦ ʧʨʦʬʠʣʷ. 
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ʉʇʆʉʆɹ ʌʆʈʄʀʈʆɺɸʅʀʗ ʉʆʈʊʆɺʆɻʆ ʇʈʆʌʀʃʗ  
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ɽ.ʄ. ɹʘʩʦʚʘ, ʉ.ɺ. ɻʝʨʤʘʥ, ɼ.ʀ. ɹʘʢʣʘʥʦʚ 

ɸʣʪʘʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ ʀ.ʀ. ʇʦʣʟʫʥʦʚʘ 

 
ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʦʪʨʝʥʦ ʜʚʘ ʩʧʦʩʦʙʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʦʨʪʦʚʳʭ ʧʨʦʬʠʣʝʡ ʚ 

ʟʘʢʨʳʪʳʭ ʢʘʣʠʙʨʘʭ ʨʦʣʠʢʦʚʳʭ ʚʦʣʦʢ, ʧʨʠʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʦʣʠʢʦʚʘʷ ʚʦʣʦʢʘ, ʟʘʢʨʳʪʳʡ ʢʘʣʠʙʨ, ʩʭʝʤʘ 

ʜʝʬʦʨʤʘʮʠʠ, ʩʦʨʪʦʚʦʡ ʧʨʦʬʠʣʴ. 
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METHOD FOR FORMING A VARIOUS PROFILE IN A CLOSED 

CAMBRID OF A ROLL FIBER  

E.M. Basova, S.V. Herman, D.I. Baklanov 

Altai State Technical University named after I.I. Polzunova 

 
Abstract. Two methods for forming profiled profiles in closed calibers of roller fibers 

are considered, and a comparative analysis is given. 

Keywords: roller die, closed gauge, deformation scheme, profiled profile. 

 

ʉʪʨʝʤʠʪʝʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʩʪʦʷʥʥʦʤʫ 

ʧʦʠʩʢʫ ʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ (ʤʝʪʦʜʦʚ) ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʦʚ 

ʜʘʚʣʝʥʠʝʤ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ ʪʦʯʥʳʝ ʠ ʧʨʦʯʥʳʝ ʧʨʦʬʠʣʠ, 

ʦʙʣʘʜʘʶʱʠʝ ʚʳʩʦʢʠʤʠ ʪʝʭʥʠʯʝʩʢʠʤʠ, ʭʠʤʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠ 

ʢʘʯʝʩʪʚʦʤ ʧʦʚʝʨʭʥʦʩʪʠ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʢʘʯʝʩʪʚʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʨʦʣʠʢʦʚʳʭ ʚʦʣʦʢ 

ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʜʚʫʭ- ʠ ʪʨʝʭʩʪʫʧʝʥʯʘʪʳʝ 

ʢʦʤʧʦʥʦʚʦʯʥʳʝ ʩʭʝʤʳ ʚʦʣʦʯʝʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʦʥʦʣʠʪʥʳʭ ʚʦʣʦʢ: 

- ʨʦʣʠʢʦʚʘʷ ʚʦʣʦʢʘ ï ʨʦʣʠʢʦʚʘʷ ʚʦʣʦʢʘ; 

- ʨʦʣʠʢʦʚʘʷ ʚʦʣʦʢʘ ï ʤʦʥʦʣʠʪʥʘʷ ʚʦʣʦʢʘ; 

- ʤʦʥʦʣʠʪʥʘʷ ʚʦʣʦʢʘ ï ʨʦʣʠʢʦʚʘʷ ʚʦʣʦʢʘ; 

- ʨʦʣʠʢʦʚʘʷ ʚʦʣʦʢʘ ï ʨʦʣʠʢʦʚʘʷ ʚʦʣʦʢʘ ï ʤʦʥʦʣʠʪʥʘʷ ʚʦʣʦʢʘ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʝʠʤʫʱʝʩʪʚ ʦʙʦʠʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ 

ʚʦʣʦʯʝʥʠʷ. 

ɺ ʨʘʙʦʪʝ [1] ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʨʝʭʩʪʫʧʝʥʯʘʪʘʷ ʩʭʝʤʘ ʜʝʬʦʨʤʘʮʠʠ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʪʨʝʭʨʦʣʠʢʦʚʳʭ ʢʘʣʠʙʨʦʚ ʚ ʦʜʥʦʤ ʧʨʦʭʦʜʝ (ʨʠʩʫʥʦʢ 1).  

 

 
 

ʈʠc. 1. ʉʭʝʤʘ ʪʨʸʭʩʪʫʧʝʥʯʘʪʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘ ʦʜʠʥ ʧʨʦʭʦʜ:  

1 ï ʟʘʛʦʪʦʚʢʘ; 2 ï ʪʨʝʭʨʦʣʠʢʦʚʳʡ ʢʘʣʠʙʨ ʧʝʨʚʦʡ ʩʪʫʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ;  

3 - ʪʨʝʭʨʦʣʠʢʦʚʳʡ ʢʘʣʠʙʨ ʚʪʦʨʦʡ ʩʪʫʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ;  

4 ï ʤʦʥʦʣʠʪʥʘʷ ʚʦʣʦʢʘ 

 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʨʝʜʯʠʩʪʦʚʳʭ ʨʘʟʤʝʨʦʚ ʰʝʩʪʠʛʨʘʥʥʦʛʦ ʧʨʦʬʠʣʷ ʠʟ 

ʢʨʫʛʣʦʡ ʟʘʛʦʪʦʚʢʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʪʨʝʭʨʦʣʠʢʦʚʳʭ ʢʘʣʠʙʨʘʭ ʧʝʨʚʦʡ 2 ʠ 

ʚʪʦʨʦʡ 3 ʩʪʫʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ, ʧʦʩʪʨʦʝʥʥʳʭ ʧʦ ʩʠʩʪʝʤʝ: ʪʨʝʫʛʦʣʴʥʠʢ ï 
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ʪʨʝʫʛʦʣʴʥʠʢ ʩ ʧʦʚʦʨʦʪʦʤ ʚʦʢʨʫʛ ʦʩʠ ʚʦʣʦʯʝʥʠʷ ʥʘ ʫʛʦʣ 60
0
. ʏʠʩʪʦʚʳʝ 

ʨʘʟʤʝʨʳ ʛʦʪʦʚʦʛʦ ʠʟʜʝʣʠʷ ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʤʦʥʦʣʠʪʥʦʡ ʚʦʣʦʢʝ 4 ʪʨʝʪʴʝʡ 

ʩʪʫʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ ʦʜʥʦʛʦ ʧʨʦʭʦʜʘ.  

ʆʜʥʘʢʦ ʨʝʘʣʠʟʘʮʠʷ ʩʧʦʩʦʙʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʝʜʯʠʩʪʦʚʦʛʦ ʟʘʢʨʳʪʦʛʦ 

ʢʘʣʠʙʨʘ ʪʨʝʭʨʦʣʠʢʦʚʦʡ ʚʦʣʦʢʠ ʥʘʢʣʘʜʳʚʘʝʪ ʞʝʩʪʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ 

ʨʘʟʤʝʨʳ ʟʘʛʦʪʦʚʢʠ, ʪʘʢ ʢʘʢ ʧʨʠ ʧʝʨʝʧʦʣʥʝʥʠʠ ʢʘʣʠʙʨʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʨʦʬʠʣʷ ʧʦʷʚʣʷʶʪʩʷ ʟʘʫʩʝʥʮʳ ʚ ʚʠʜʝ çʫʩʦʚè, ʘ ʧʨʠ ʥʝʜʦʟʘʧʦʣʥʝʥʠʠ 

ʢʘʣʠʙʨʘ ʚʦʟʤʦʞʥʘ ʥʝʧʦʣʥʘʷ ʧʨʦʨʘʙʦʪʢʘ ʛʨʘʥʝʡ ʛʦʪʦʚʦʛʦ ʧʨʦʬʠʣʷ, ʢʦʪʦʨʳʡ 

ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʛʦʪʦʚʦʛʦ ʧʨʦʬʠʣʷ.  

ʇʨʝʜʣʦʞʝʥ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʡ ʩʧʦʩʦʙ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʦʨʪʦʚʦʛʦ 

ʧʨʦʬʠʣʷ ʚ ʟʘʢʨʳʪʦʤ ʢʘʣʠʙʨʝ ʨʦʣʠʢʦʚʦʡ ʚʦʣʦʢʠ [2], ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʪʦʤ, 

ʯʪʦ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʫʶ ʜʝʬʦʨʤʘʮʠʶ ʦʩʫʱʝʩʪʚʣʷʶʪ ʚ ʟʘʢʨʳʪʳʭ ʢʘʣʠʙʨʘʭ, 

ʦʙʨʘʟʫʝʤʳʭ ʨʫʯʴʷʤʠ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚ ʚʦʣʦʢʝ ʩʤʝʞʥʳʭ ʨʦʣʠʢʦʚ ʧʨʠ 

ʩʦʧʨʷʞʝʥʠʠ ʠʭ ʢʦʥʪʘʢʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʘ ʦʢʦʥʯʘʪʝʣʴʥʳʝ ʨʘʟʤʝʨʳ 

ʩʦʨʪʦʚʦʛʦ ʧʨʦʬʠʣʷ ʧʦʣʫʯʘʶʪ ʧʨʠ ʯʠʩʪʦʚʦʤ ʧʨʦʭʦʜʝ ʚ ʤʦʥʦʣʠʪʥʦʡ ʚʦʣʦʢʝ. 

ʇʨʠ ʵʪʦʤ ʚ ʧʨʦʮʝʩʩʝ ʧʨʝʜʯʠʩʪʦʚʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʬʠʣʷ ʚ ʟʘʢʨʳʪʳʭ 

ʢʘʣʠʙʨʘʭ ʫʩʪʨʘʠʚʘʶʪ ʢʦʤʧʝʥʩʘʮʠʦʥʥʳʝ ʧʦʣʦʩʪʠ ʢʣʠʥʦʚʠʜʥʦʡ ʬʦʨʤʳ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʥʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ ʬʦʨʤʫʶʪ ʥʝ ʤʝʥʝʝ ʪʨʝʭ ʧʘʨʘʣʣʝʣʴʥʳʭ 

ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ ʧʨʦʬʠʣʷ ʨʘʚʥʦʚʝʣʠʢʠʭ ʚʘʣʠʢʘ ʚʳʩʦʪʦʡ, ʥʝ ʧʨʝʚʳʰʘʶʱʝʡ 

ʝʛʦ ʩʨʝʜʥʶʶ ʰʠʨʠʥʫ. ʉʫʤʤʘʨʥʫʶ ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʚʘʣʠʢʦʚ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʨʘʚʥʦʡ ʧʣʦʱʘʜʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʩʤʝʱʘʝʤʦʛʦ ʚ 

ʧʦʩʣʝʜʫʶʱʝʡ ʩʪʫʧʝʥʠ ʦʙʲʝʤʘ ʤʝʪʘʣʣʘ, ʘ ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ 

ʢʦʤʧʝʥʩʘʮʠʦʥʥʦʡ ʧʦʣʦʩʪʠ ʦʧʨʝʜʝʣʷʶʪ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ: 

 3
3̃
ʊ
3̒̍

ÎϽʊ, 

ʛʜʝ 3- ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʢʦʤʧʝʥʩʘʮʠʦʥʥʦʡ ʧʦʣʦʩʪʠ; 

      Sʚ- ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʚʘʣʠʢʘ; 

      ɝ= (0,7-0,8) ï ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʦʣʥʝʥʠʷ ʢʦʤʧʝʥʩʘʮʠʦʥʥʦʡ ʧʦʣʦʩʪʠ; 

      Sʩʤ ï ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʩʤʝʱʘʝʤʦʛʦ ʚ ʩʪʫʧʝʥʠ ʦʙʲʝʤʘ 

ʤʝʪʘʣʣʘ; 

       n ï ʢʦʣʠʯʝʩʪʚʦ ʚʘʣʠʢʦʚ ʥʘ ʧʨʦʬʠʣʝ ʚ ʩʪʫʧʝʥʠ (ʨʠʩʫʥʦʢ 2). 

ɺʘʣʠʢʠ ʧʦʣʫʯʘʶʪ ʧʫʪʝʤ ʚʳʜʘʚʣʠʚʘʥʠʷ ʤʝʪʘʣʣʘ ʚ ʢʣʠʥʦʚʠʜʥʳʝ 

ʢʦʤʧʝʥʩʘʮʠʦʥʥʳʝ ʧʦʣʦʩʪʠ ʢʘʣʠʙʨʦʚ ʤʝʞʜʫ ʫʯʘʩʪʢʘʤʠ ʢʦʥʪʘʢʪʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʩʤʝʞʥʳʭ ʨʦʣʠʢʦʚ, ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʢʦʥʪʫʨʫ ʢʘʣʠʙʨʘ, ʩ 

ʨʘʟʚʦʨʦʪʦʤ ʢʘʣʠʙʨʦʚ ʚ ʢʘʞʜʦʡ ʧʦʩʣʝʜʫʶʱʝʡ ʩʪʫʧʝʥʠ ʚ ʧʣʦʩʢʦʩʪʠ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʦʩʠ ʚʦʣʦʯʝʥʠʷ, ʥʘ ʧʦʣʦʚʠʥʫ ʫʛʣʘ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ 

ʢʦʤʧʝʥʩʘʮʠʦʥʥʳʤʠ ʧʦʣʦʩʪʷʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʭ ʧʦʣʦʞʝʥʠʷ ʚ ʧʨʝʜʳʜʫʱʝʤ 

ʢʘʣʠʙʨʝ [2]. 

ʇʦʚʳʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʩʦʨʪʦʚʦʛʦ ʧʨʦʬʠʣʷ ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʦʣʥʦʝ 

ʨʘʚʥʦʤʝʨʥʦʝ ʟʘʧʦʣʥʝʥʠʝ ʢʘʣʠʙʨʦʚ ʥʘ ʢʘʞʜʦʡ ʩʪʫʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ, 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʘʣʠʢʦʚ ʚ ʢʦʤʧʝʥʩʘʮʠʦʥʥʳʭ ʧʦʣʦʩʪʷʭ ʢʣʠʥʦʚʠʜʥʦʡ ʬʦʨʤʳ, 

ʚʳʧʦʣʥʝʥʥʳʭ ʤʝʞʜʫ ʫʯʘʩʪʢʘʤʠ ʢʦʥʪʘʢʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩʤʝʞʥʳʭ 

ʨʦʣʠʢʦʚ, ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʢʦʥʪʫʨʫ ʢʘʣʠʙʨʘ, ʠʩʢʣʶʯʘʶʱʝʝ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʬʠʣʷ ʟʘʫʩʝʥʮʝʚ ʚ ʨʘʟʲʝʤʝ ʢʦʥʪʘʢʪʥʳʭ 
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ʧʦʚʝʨʭʥʦʩʪʝʡ ʩʤʝʞʥʳʭ ʨʦʣʠʢʦʚ, ʪʘʢ ʢʘʢ ʯʘʩʪʠʯʥʦ ʟʘʧʦʣʥʷʶʱʠʡ 

ʢʦʤʧʝʥʩʘʮʠʦʥʥʫʶ ʧʦʣʦʩʪʴ ʤʝʪʘʣʣ ʪʦʨʤʦʟʠʪ ʝʛʦ ʜʘʣʴʥʝʡʰʝʝ ʚʳʪʝʢʘʥʠʝ ʚ 

ʧʦʣʦʩʪʴ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʩʦʨʪʦʚʦʛʦ ʧʨʦʬʠʣʷ [2]. 

 

 
ʈʠʩ. 2. ʉʭʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʦʨʪʦʚʦʛʦ ʧʨʦʬʠʣʷ ʚ ʟʘʢʨʳʪʦʤ ʢʘʣʠʙʨʝ:  

1 ï ʨʦʣʠʢʦʚʘʷ ʚʦʣʦʢʘ; 2 ï ʩʦʨʪʦʚʦʡ ʧʨʦʬʠʣʴ; 3 ï ʟʘʢʨʳʪʳʡ ʢʘʣʠʙʨ;  

4, 5, 6 ï ʚʘʣʠʢʠ; 7, 8, 9 ï ʢʣʠʥʦʚʠʜʥʳʝ ʢʦʤʧʝʥʩʘʮʠʦʥʥʳʝ ʧʦʣʦʩʪʠ 

 

ɺʳʚʦʜʳ 

1. ʉʫʤʤʘʨʥʘʷ ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʚʘʣʠʢʦʚ, ʬʦʨʤʠʨʫʝʤʳʭ 
ʥʘ ʧʨʝʜʯʠʩʪʦʚʳʭ ʧʨʦʭʦʜʘʭ ʩʦʨʪʦʚʦʛʦ ʧʨʦʬʠʣʷ, ʨʘʚʥʘʷ ʩʤʝʱʘʝʤʦʤʫ ʦʙʲʝʤʫ 

ʤʝʪʘʣʣʘ, ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʠ ʠʩʢʣʶʯʠʪʴ 

ʦʙʨʘʟʦʚʘʥʠʝ ʟʘʫʩʝʥʮʝʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʫʬʘʙʨʠʢʘʪʘ. 

2. ʌʦʨʤʠʨʦʚʘʥʠʝ ʚʘʣʠʢʦʚ ʥʘ ʧʨʝʜʯʠʩʪʦʚʳʭ ʧʨʦʭʦʜʘʭ ʧʨʦʬʠʣʷ 

ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʜʝʬʦʨʤʘʮʠʠ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʦʚʳʩʠʪʴ ʝʜʠʥʠʯʥʦʝ ʦʙʞʘʪʠʝ ʤʝʪʘʣʣʘ ʚ ʢʘʞʜʦʤ ʧʨʦʭʦʜʝ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ɾʀɺʆʊʅʆɻʆ ʇʈʆʀʉʍʆɾɼɽʅʀʗ 

ɸ.ʉ. ɹʣʠʥʦʭʚʘʪʦʚ, ɼ.ʅ. ʂʘʪʫʩʦʚ 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 
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ʧʨʦʠʟʚʦʜʩʪʚʘ, ʧʦʟʚʦʣʷʶʱʠʝ ʫʚʝʣʠʯʠʪʴ ʩʨʦʢ ʭʨʘʥʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ ʠ ʩʦʭʨʘʥʠʪʴ ʚ 

ʥʠʭ ʚʩʝ ʧʦʣʝʟʥʳʝ ʩʚʦʡʩʪʚʘ (ʚʢʫʩ, ʮʚʝʪ, ʟʘʧʘʭ).  
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʪʨʦ ʩʪʦʠʪ ʟʘʜʘʯʘ ʧʦ ʫʚʝʣʠʯʝʥʠʶ ʩʨʦʢʘ ʭʨʘʥʝʥʠʷ 

ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ. ɼʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʠ ʭʨʘʥʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ 

ʞʠʚʦʪʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ 

ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʳ, ʢʦʪʦʨʳʝ ʧʨʦʪʝʢʘʶʪ ʚ ʧʨʦʜʫʢʪʝ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʪʝʭ 

ʠʣʠ ʠʥʥʳʭ ʬʘʢʪʦʨʦʚ. [1-2] 

ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʷʚʣʷʝʪʩʷ ʫʣʴʪʨʘʟʚʫʢʦʚʘʷ ʩʫʰʢʘ 

ʧʨʦʜʫʢʪʘ. ʆʥʘ ʦʩʥʦʚʘʥʘ ʥʘ ʚʦʟʜʝʡʩʪʚʠʠ ʟʚʫʢʦʚʳʭ ʚʦʣʥ ʥʘ ʧʨʦʜʫʢʪ, 

ʚʳʩʫʰʠʚʘʥʠʠ ʝʛʦ. ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʚʳʪʝʩʥʝʥʠʷ ʚʣʘʛʠ ʠʟ ʧʨʦʜʫʢʪʘ 

ʧʨʠ ʧʦʤʦʱʠ ʟʚʫʢʦʚʳʭ ʢʦʣʝʙʘʥʠʡ, ʦʥʠ ʚʳʪʝʩʥʷʶʪ ʚʣʘʛʫ, ʪʝʤ ʩʘʤʳʤ 

ʦʙʟʚʦʞʠʚʘʷ ʧʨʦʜʫʢʪ. ʇʦʩʣʝ ʯʝʛʦ ʚ ʧʨʦʜʫʢʪʝ ʦʩʪʘʝʪʩʷ ʤʘʣʳʡ ʧʨʦʮʝʥʪ 

ʞʠʜʢʦʩʪʠ, ʥʦ ʧʨʠ ʵʪʦʤ ʚʩʝ ʧʦʣʝʟʥʳʝ ʩʚʦʡʩʪʚʘ ʧʨʦʜʫʢʪʘ ʩʦʭʨʘʥʷʶʪʩʷ, 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʨʦʢ ʭʨʘʥʝʥʠʷ [3-4]. 

ʉʣʝʜʫʶʱʠʤ ʬʠʟʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ ʷʚʣʷʝʪʩʷ ʠʥʬʨʘʢʨʘʩʥʘʷ ʩʫʰʢʘ. 

ʇʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʧʨʦʜʫʢʪ ʧʨʦʠʩʭʦʜʠʪ ʝʛʦ 

ʦʙʝʟʚʦʞʠʚʘʥʠʝ. ʀʥʬʨʘʢʨʘʩʥʦʝ ʠʟʣʫʯʝʥʠʝ ʜʝʡʩʪʚʫʝʪ ʪʦʣʴʢʦ ʥʘ ʚʦʜʫ, ʘ ʥʝ ʥʘ 

ʩʘʤ ʧʨʦʜʫʢʪ, ʪʝʤ ʩʘʤʳʤ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʦʧʝʨʘʮʠʶ ʚʳʩʫʰʠʚʘʥʠʷ ʚ 

ʙʦʣʝʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʜʦ 40-60 ʛʨʘʜʫʩʦʚ ʎʝʣʴʩʠʷ. ʇʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʠʥʬʨʘʢʨʘʩʥʦʡ ʩʫʰʢʠ ʩʦʭʨʘʥʷʝʪʩʷ 90% ʧʦʣʝʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʦʜʫʢʪʘ, 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʝʛʦ ʩʨʦʢ ʭʨʘʥʝʥʠʷ [5-6]. 

ʉɺʏ ʩʫʰʢʘ ʦʪʥʦʩʠʪʩʷ ʢ ʬʠʟʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʘʤ. ʉʫʰʢʘ ʧʨʦʭʦʜʠʪ ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʉɺʏ ʚʦʣʥ, ʢʦʪʦʨʳʝ ʧʨʦʥʠʟʳʚʘʶʪ ʧʨʦʜʫʢʪ ʠ ʚʳʪʝʩʥʷʶʪ 

ʚʣʘʛʫ, ʧʨʠ ʵʪʦʤ ʪʝʧʣʦ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʦ ʚʩʝʤʫ ʧʨʦʜʫʢʪʫ ʠ ʧʦʟʚʦʣʷʝʪ 
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ʦʩʪʘʪʢʫ ʚʣʘʛʠ ʨʘʩʧʨʝʜʝʣʠʪʴʩʷ ʨʘʚʥʦʤʝʨʥʦ. ʕʪʦʪ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ 

ʵʢʦʣʦʛʯʝʩʢʠ ʯʠʩʪʳʤ, ʪ.ʢ. ʧʨʠ ʜʘʥʥʦʡ ʩʫʰʢʝ ʥʝ ʚʳʜʝʣʷʝʪʩʷ ʚʨʝʜʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʚʝʱʝʩʪʚ. ʇʦʩʣʝ ʩʫʰʢʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʨʦʢ ʭʨʘʥʝʥʠʷ ʠ 

ʩʦʭʨʘʥʷʝʪʩʷ ʙʦʣʴʰʠʥʩʪʚʦ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ [7-8]. 

ɺʘʢʫʫʤʥʘʷ ʩʫʰʢʘ (ʩʫʙʣʠʤʘʮʠʦʥʥʘʷ). ʇʨʦʮʝʩʩ ʩʫʙʣʠʤʘʮʠʦʥʥʦʡ ʠʣʠ 

ʚʘʢʫʫʤʥʦʡ ʩʫʰʢʠ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʚʳʪʝʩʥʝʥʠʷ ʚʣʘʛʠ ʧʨʠ ʧʦʤʦʱʠ 

ʚʘʢʫʫʤʘ. ʉʦʟʜʘʝʪʩʷ ʨʘʟʨʷʞʝʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʟʘʤʦʨʦʟʢʘ 

ʧʨʦʜʫʢʪʘ, ʘ ʧʦʪʦʤ ʧʨʠ ʧʦʤʦʱʠ ʚʦʟʛʦʥʢʠ ʫʜʘʣʷʝʪʩʷ ʚʣʘʛʘ ʠʟ ʧʨʦʜʫʢʪʘ 

(ʚʦʟʛʦʥʢʘ - ʧʝʨʝʭʦʜ ʚʝʱʝʩʪʚʘ ʠʟ ʪʚʝʨʜʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʛʘʟʦʦʙʨʘʟʥʦʝ, ʤʠʥʫʷ 

ʞʠʜʢʦʝ). ʇʨʠ ʵʪʦʤ ʧʨʦʮʝʩʩʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʨʦʢ ʭʨʘʥʝʥʠʷ ʧʨʦʜʫʢʪʘ ʠ ʝʛʦ 

ʧʦʣʝʟʥʳʭ ʩʚʦʡʩʪʚ ʠ ʢʘʯʝʩʪʚ. ʇʦʩʣʝ ʧʨʦʮʝʩʩʘ ʜʝʩʫʙʣʠʤʘʮʠʠ ʧʨʦʜʫʢʪ 

ʧʨʠʥʠʤʘʝʪ ʩʚʦʡ ʧʝʨʚʦʥʘʯʘʣʴʥʳʡ ʚʠʜ (ʚʢʫʩ, ʟʘʧʘʭ, ʮʚʝʪ) [9-10]. 

ʈʘʜʫʨʠʟʘʮʠʷ ʠ ʨʘʜʘʧʧʝʨʪʠʟʘʮʠʷ. ʕʪʠ ʧʨʦʮʝʩʩʳ ʩʚʷʟʘʥʳ ʩ ʦʙʣʫʯʝʥʠʝʤ 

ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ ʤʠʥʠʤʘʣʴʥʦʡ ʜʦʟʦʡ ʨʘʜʠʦʠʟʦʪʦʧʦʚ. ʇʨʠ ʨʘʜʫʨʠʟʘʮʠʠ 

ʧʨʦʜʫʢʪʦʚ ʧʨʦʠʩʭʦʜʠʪ ʯʘʩʪʠʯʥʦʝ ʫʥʠʯʪʦʞʝʥʠʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʧʨʠ ʵʪʦʤ 

ʤʷʩʦ ʦʩʪʘʸʪʩʷ ʩʚʝʞʠʤ ʜʦʣʴʰʝ, ʯʝʤ ʙʝʟ ʨʘʜʠʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ. ɸ ʚʦʪ 

ʨʘʜʘʧʧʝʨʪʠʟʘʮʠʷ, ʠʣʠ ʨʘʜʠʘʮʠʦʥʥʘʷ ʩʪʝʨʠʣʠʟʘʮʠʷ, ʫʥʠʯʪʦʞʘʝʪ ʚʩʝ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʚ ʪʦʡ ʩʪʝʧʝʥʠ, ʚ ʢʦʪʦʨʦʡ ʦʥʠ ʧʨʘʢʪʠʢʫʶʪʩʷ ʧʨʠ ʪʝʧʣʦʚʦʡ 

ʩʪʝʨʠʣʠʟʘʮʠʠ. ʅʦ ʥʫʞʥʦ ʧʦʤʥʠʪʴ, ʯʪʦ ʜʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʘ ʦʛʨʦʤʥʘʷ ʜʦʟʘ 

ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ, ʥʦ ʪʘʢʠʝ ʜʦʟʳ ʧʨʠʚʦʜʷʪ ʢ ʧʦʷʚʣʝʥʠʶ 

ʩʪʦʨʦʥʥʠʭ ʟʘʧʘʭʦʚ ʠ ʥʝʧʨʠʷʪʥʦʛʦ ʧʨʠʚʢʫʩʘ, ʧʦʪʦʤʫ ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ 

ʨʘʟʣʦʞʝʥʠʝ ʧʠʱʝʚʳʭ ʚʝʱʝʩʪʚ, ʧʦʵʪʦʤʫ ʧʝʨʝʜ ʨʘʜʘʧʧʝʨʪʠʟʘʮʠʝʡ ʧʨʦʜʫʢʪʳ 

ʧʠʪʘʥʠʷ ʠʣʠ ʟʘʤʦʨʘʞʠʚʘʶʪ, ʠʣʠ ʥʘʛʨʝʚʘʶʪ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʧʨʦʪʝʢʘʥʠʷ ʚ ʥʠʭ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʙʣʫʯʝʥʠʝʤ. ʅʦ 

ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ ʥʝ ʷʚʣʷʝʪʩʷ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʤ, ʪ.ʢ ʩʚʷʟʘʥ ʩ ʨʘʜʠʘʮʠʝʡ, 

ʭʦʪʷ ʩʨʦʢʠ ʭʨʘʥʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʧʦʩʣʝ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʦʙʣʫʯʝʥʠʷ 

ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʠ [11]. 

ʄʳ ʨʘʩʩʤʦʪʨʝʣʠ ʥʝʩʢʦʣʴʢʦ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ 

ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ ʞʠʚʦʪʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʋʚʝʣʠʯʝʥʠʝ ʩʨʦʢʦʚ 

ʭʨʘʥʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʙʝʟ ʧʦʪʝʨʠ ʠʤʠ ʧʠʪʘʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ, ʮʚʝʪʘ, ʟʘʧʘʭʘ 

ʧʦʟʚʦʣʷʶʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʩʪʨʘʥʳ. ʆʙʦʨʫʜʦʚʘʥʠʝ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʧʨʠʥʮʠʧʘʭ ʨʘʙʦʪʳ, 

ʧʦʚʩʝʤʝʩʪʥʦ ʚʥʝʜʨʷʝʪʩʷ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʧʦ ʧʝʨʝʨʘʙʦʪʢʝ ʠ ʭʨʘʥʝʥʠʶ 

ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʪʴ ʚʳʧʫʩʢ 
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ʅʆɺɸʗ ʂʆʅʉʊʈʋʂʎʀʗ ʈʆʊʆʈʅʆ-ʎɽʅʊʈʆɹɽɾʅʆɻʆ 

ʉʄɽʉʀʊɽʃʗ ɼʃʗ ʇɽʈɽʄɽʐʀɺɸʅʀʗ  

ʉʋʍʀʍ ʉʓʇʋʏʀʍ ʄɸʊɽʈʀɸʃʆɺ 

ɸ.ɸ. ɻʘʨʘʙʘʞʠʫ, ʜʦʮʝʥʪ, ʢ.ʪ.ʥ., ɼ.ʅ. ɹʦʨʦʚʩʢʠʡ, ʩʪ. ʧʨʝʧ., ʢ.ʪ.ʥ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 
ɸʥʥʦʪʘʮʠʷ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʩʧʝʮʠʘʣʴʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʠ ʧʘʪʝʥʪʥʦʡ 

ʣʠʪʝʨʘʪʫʨʳ ʚ ʩʪʘʪʴʝ ʩʦʩʪʘʚʣʝʥʘ ʩʚʦʜʥʘʷ ʪʘʙʣʠʮʘ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʤʝʩʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ 

ʧʝʨʩʧʝʢʪʠʚʥʦʤ ʧʨʦʤʳʰʣʝʥʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʤʝʩʠʪʝʣʝʡ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʪʠʧʘ. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʩʦʚʨʝʤʝʥʥʳʭ ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʤʝʩʠʪʝʣʝʡ, 

ʘʚʪʦʨ ʨʘʟʨʘʙʦʪʘʣ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʫ  ʁ ʢʦʥʩʪʨʫʢʮʠ ʁ ʨʦʪʦʨʥʦ-ʮʝʥʪʨʦʙʝʞʥʦʛʦ 

ʩʤʝʩʠʪʝʣʷ ʩʦ ʩʤʝʱʝʥʥʳʤʠ ʪʘʥʛʝʥʮʠʘʣʴʥʳʤʠ ʧʘʪʨʫʙʢʘʤʠ ʜʣʷ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʩʫʭʠʭ 

ʩʳʧʫʯʠʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʝʨʝʤʝʰʠʚʘʥʠʷ, 

ʩʤʝʩʠʪʝʣʴ, ʨʦʪʦʨ, ʮʝʥʪʨʦʙʝʞʥʘʷ ʩʠʣʘ, ʪʘʥʛʝʥʮʠʘʣʴʥʳʡ ʧʘʪʨʫʙʦʢ. 

 

NEW DESIGN ROTARY CENTRIFUGAL MIXER FOR MIXING OF 

DRY BULK MATERIALS  

A.A. Harabazhyu, associate Professor, candidate of technical Sciences 

D.N. Borovskiy, senior lecturer, candidate of technical Sciences 

Belarusian national technical University, 

Belarusian state technological University 

 
Abstract. Based on the analysis of special scientific-technical and patent literature in 

the article compiled a summary table of technical and economic efficiency of modern mixing 

equipment and the conclusion is made on promising industrial mixers centrifugal type. After 

analyzing the advantages and disadvantages of modern centrifugal mixers, the author 

developed a fundamentally new design of a rotary centrifugal mixer with a tangential offset 

nozzles for mixing of dry bulk materials. 

Keywords: energy efficiency, mixing efficiency, mixer, rotor, centrifugal 

force, tangential pa-tubes. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʮʝʩʩ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʦʜʥʦʨʦʜʥʳʭ ʧʦ ʩʦʩʪʘʚʫ 

ʩʤʝʩʝʡ ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʭ ʠ ʟʝʨʥʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠʤʝʥʷʝʪʩʷ ʚʦ ʤʥʦʛʠʭ 

ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ (ʭʠʤʠʯʝʩʢʦʡ, ʩʪʨʦʠʪʝʣʴʥʦʡ, ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ, 

ʧʠʱʝʚʦʡ, ʢʦʤʙʠʢʦʨʤʦʚʦʡ, ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʠ ʪ.ʜ.). ɺ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʘʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʧʣʘʩʪʤʘʩʩ, ʫʜʦʙʨʝʥʠʡ, 

ʨʝʟʠʥʦʪʝʭʥʠʯʝʩʢʠʭ ʠʟʜʝʣʠʡ, ʙʳʪʦʚʦʡ ʭʠʤʠʠ, ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʡ, 

ʢʨʘʩʠʪʝʣʝʡ, ʣʝʢʘʨʩʪʚ, ʭʠʤʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ, ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʢʦʤʙʠʢʦʨʤʦʚ, ʙʦʝʧʨʠʧʘʩʦʚ, ʬʘʨʬʦʨʘ, ʬʘʷʥʩʘ ʠ ʪ.ʜ. ʩʤʝʩʠʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ 

ʟʘʥʠʤʘʶʪ ʦʜʥʦ ʠʟ ʦʪʚʝʪʩʪʚʝʥʥʝʡʰʠʭ ʤʝʩʪ. ɺʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʧʨʦʮʝʩʩ 
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ʩʤʝʰʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʜʯʠʥʝʥʥʳʤ, ʥʦ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʠʤʝʶʱʠʤ ʙʦʣʴʰʦʝ 

ʟʥʘʯʝʥʠʝ ʜʣʷ ʦʩʥʦʚʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ, ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, 

ʯʘʩʪʦ ʦʧʨʝʜʝʣʷʶʱʠʤ ʢʘʯʝʩʪʚʦ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ. 

ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʠʥʪʝʥʩʠʬʠʢʘʮʠʷ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʤʝʰʠʚʘʥʠʷ 

ʩʫʭʠʭ ʩʳʧʫʯʠʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʩʥʠʞʝʥʠʠ ʠʭ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ 

ʩʪʨʘʥ ʉʅɻ ʚ ʮʝʣʦʤ ʠ ʈʝʩʧʫʙʣʠʢʠ ɹʝʣʘʨʫʩʴ ʚ ʯʘʩʪʥʦʩʪʠ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʣʫʯʘʝʚ ʜʘʥʥʘʷ ʟʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʧʫʪʝʤ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠʣʠ ʤʦʜʝʨʥʠʟʘʮʠʠ 

ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʩʤʝʩʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠʣʠ ʞʝ ʧʫʪʝʤ ʩʦʟʜʘʥʠʷ ʠ 

ʚʥʝʜʨʝʥʠʷ ʥʦʚʳʭ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʤʘʰʠʥ ʠ 

ʘʧʧʘʨʘʪʦʚ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʘʥʘʣʠʟʘ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʦʡ ʠ ʧʘʪʝʥʪʥʦʡ ʣʠʪʝʨʘʪʫʨʳ [1-7] ʧʦ ʧʨʦʙʣʝʤʝ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ 

ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʩʫʭʠʭ ʩʳʧʫʯʠʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʩʦʚʨʝʤʝʥʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʷʭ ʩʤʝʩʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʘʚʪʦʨʦʤ ʙʳʣʘ ʧʦʣʫʯʝʥʘ 

ʩʚʦʜʥʘʷ ʪʘʙʣʠʮʘ 1. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʘʙʩʦʣʶʪʥʦ ʪʦʯʥʳʭ ʠʣʠ 

ʜʦʩʪʦʚʝʨʥʳʭ ʜʘʥʥʳʭ ʦʯʝʥʴ ʪʨʫʜʥʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʤʝʩʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʇʦʵʪʦʤʫ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 1 ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʤʝʩʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʩʫʭʠʭ 

ʩʳʧʫʯʠʭ ʤʘʪʝʨʠʘʣʦʚ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʦʨʠʝʥʪʠʨʦʚʦʯʥʳʝ. 

ʆʜʥʘʢʦ, ʘʥʘʣʠʟʠʨʫʷ ʜʘʞʝ ʦʨʠʝʥʪʠʨʦʚʦʯʥʳʝ ʜʘʥʥʳʝ ʪʘʙʣʠʮʳ 1, ʤʦʞʥʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʠʟʢʠʭ ʫʜʝʣʴʥʳʭ ʵʥʝʨʛʦʟʘʪʨʘʪʘʭ ʠ ʚʨʝʤʝʥʠ ʩʤʝʰʝʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʚ 

ʙʠʧʣʘʥʝʪʘʨʥʦʤ ɹʉʇ ʩʤʝʩʠʪʝʣʝ, ʪʨʫʙʥʦʤ ʚʠʙʨʦʩʤʝʩʠʪʝʣʝ, ʚ ʤʥʦʛʦʷʨʫʩʥʦʤ 

ʮʝʥʪʨʦʙʝʞʥʦ-ʣʦʧʘʩʪʥʦʤ, ʚ ʮʝʥʪʨʦʙʝʞʥʦʤ ʧʨʷʤʦʪʦʯʥʦʤ ʠ ʚ ʮʝʥʪʨʦʙʝʞʥʦ-

ʫʜʘʨʥʦʤ ʩʤʝʩʠʪʝʣʷʭ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʩʝʛʦ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, 

ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʠʤʝʥʥʦ ʮʝʥʪʨʦʙʝʞʥʳʝ ʩʤʝʩʠʪʝʣʠ. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʩʦʚʨʝʤʝʥʥʳʭ 

ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʤʝʩʠʪʝʣʝʡ, ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ɻʘʨʘʙʘʞʠʫ ɸ.ɸ. ʨʘʟʨʘʙʦʪʘʣʠ 

ʥʦʚʫ  ʁ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʫ  ʁ ʢʦʥʩʪʨʫʢʮʠ ʁ ʨʦʪʦʨʥʦ-ʮʝʥʪʨʦʙʝʞʥʦʛʦ 

ʩʤʝʩʠʪʝʣʷ ʩʦ ʩʤʝʱʝʥʥʳʤʠ ʪʘʥʛʝʥʮʠʘʣʴʥʳʤʠ ʧʘʪʨʫʙʢʘʤʠ ʜʣʷ 

ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʩʫʭʠʭ ʩʳʧʫʯʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʩʭʝʤʘ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʥʘ ʨʠʩʫʥʢʝ 1. 

ʈʦʪʦʨʥʦ-ʮʝʥʪʨʦʙʝʞʥʳʡ ʩʤʝʩʠʪʝʣʴ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ (ʩʤ. 

ʨʠʩ. 1). ʇʦʩʣʝ ʟʘʧʫʩʢʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ 14, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʥʘ ʧʣʦʩʢʦʡ 

ʢʨʳʰʢʝ 8, ʧʨʠʚʦʜʠʪʩʷ ʚʦ ʚʨʘʱʝʥʠʝ ʯʝʨʝʟ ʚʝʨʪʠʢʘʣʴʥʳʡ ʚʘʣ 6 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʨʦʪʦʨ ʩʤʝʩʠʪʝʣʷ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ ʯʝʨʝʟ ʧʘʪʨʫʙʦʢ 9 ʚ 

ʧʣʦʩʢʦʡ ʢʨʳʰʢʝ 8 ʚʥʫʪʨʴ ʢʦʨʧʫʩʘ ʘʧʧʘʨʘʪʘ ʥʘʛʥʝʪʘʝʪʩʷ ʚʦʟʜʫʭ ʠ, ʧʨʠ 

ʧʦʤʦʱʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʧʠʪʘʪʝʣʷ, ʥʘ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʡ 

ʢʦʥʫʩ 7 ʨʦʪʦʨʘ ʩʤʝʩʠʪʝʣʷ ʧʦʜʘʝʪʩʷ ʧʝʨʚʳʡ (ʦʩʥʦʚʥʦʡ) ʢʦʤʧʦʥʝʥʪ ʩʤʝʩʠ.  
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ʊʘʙʣʠʮʘ 1 

ʊʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʤʝʩʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʧʝʨʝʤʝʰʠʚʘʥʠʷ  

ʩʫʭʠʭ ʩʳʧʫʯʠʭ ʤʘʪʝʨʠʘʣʦʚ 

ʊʠʧ ʩʤʝʩʠʪʝʣʷ 

ʂʦʵʬʬʠʮʠ

ʝʥʪ 

ʟʘʧʦʣʥʝ-

ʥʠʷ 

ʋʜʝʣʴʥʘʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴ

ʥʦʩʪʴ, ʤ
3
/ʯÖʤ

3
 

ʋʜʝʣʴʥʘʷ 

ʤʝʪʘʣʣʦʝʤ-

ʢʦʩʪʴ, ʪ/ʤ
3
/ʯ 

ʋʜʝʣʴʥʳʝ 

ʵʥʝʨʛʦʟʘʪʨʘ-

ʪʳ, ʢɺʪÖʯ/ʪ 

ɺʨʝʤʷ 

ʩʤʝʰʝʥʠʷ, 

ʤʠʥ. 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ 

(Vc)ʧʨ, % 

ɹʘʨʘʙʘʥʥʳʡ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ 

ʮʠʣʠʥʜʨʠʯʝʩʢʠʤ ʢʦʨʧʫʩʦʤ  
0,6 0,16-0,65 0,6-2,4 3,0-11,6 60-240 10-15 

ɹʘʨʘʙʘʥʥʳʡ ʙʠʮʠʣʠʥʜʨʠʯʝʩʢʠʡ 0,6 0,32-0,65 0,68-1,36 2,7-5,5 60-120 8-12 

ɹʘʨʘʙʘʥʥʳʡ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʡ 0,6 0,32-0,65 0,5-1,0 2,7-5,5 60-120 6-10 

ɼʚʫʭʨʦʪʦʨʥʳʡ ʯʝʨʚʷʯʥʦ-ʣʦʧʘʩʪʥʦʡ ʩ 

ʨʝʚʝʨʩʠʚʥʳʤ ʰʥʝʢʦʤ 
0.9 1,6 4,2 12-17 30-60 10-12 

ʇʣʫʞʥʳʡ 0,8 1,6 1,5 11-15 60 12-16 

ʃʝʥʪʦʯʥʳʡ 0,9 1,1 1,5 7,5-11 60 12-16 

ɹʠʧʣʘʥʝʪʘʨʥʳʡ ɹʉʇ 0,8 1,3 1,6 4,0-6,3 3-6 1,5-5,0 

ʉʤʝʩʠʪʝʣʴʥʳʝ ʙʝʛʫʥʳ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʪʠʧʘ 0,6 0,4-0,82 2,1 3,4-6,0 6 6-14 

ɻʨʘʚʠʪʘʮʠʦʥʥʳʡ ʫʜʘʨʥʦ-ʨʘʩʧʳʣʠʪʝʣʴʥʳʡ 0,01 5-10 0,13 0,1-0,2 0,3-0,4 5-6 

ʊʨʫʙʥʳʡ ʚʠʙʨʦʩʤʝʩʠʪʝʣʴ 0,8 20-30 0,2-0,3 1,0-1,5 0,2-0,3 3-4 

ʕʨʣʠʬʪʥʳʡ ʧʥʝʚʤʦʩʤʝʩʠʪʝʣʴ ʩ 

ʚʥʫʪʨʝʥʥʝʡ ʮʠʨʢʫʣʷʮʠʝʡ ʤʘʪʝʨʠʘʣʘ 
0,5-0,6 10-16 0,5-0,7 0,4-0,5 4-5 6-9 

ʄʥʦʛʦʷʨʫʩʥʳʡ ʮʝʥʪʨʦʙʝʞʥʦ-ʣʦʧʘʩʪʥʦʡ 0.9 1,7 0,5 3-5 6 2-4 

ʎʝʥʪʨʦʙʝʞʥʦ-ʜʠʩʢʦʚʳʡ 0.6 3 0,8 9-12 6 3-6 

ʎʝʥʪʨʦʙʝʞʥʦ-ʰʥʝʢʦʚʳʡ 0,5 3 1,4 14-16 6-12 5-7 

ʎʝʥʪʨʦʙʝʞʥʳʡ ʩ ʚʨʘʱʘʶʱʠʤʩʷ ʢʦʥʫʩʦʤ 0,5 1,4 1,6 1,0-1,5 5-10 2-5 

ʎʝʥʪʨʦʙʝʞʥʳʡ ʧʨʷʤʦʪʦʯʥʳʡ 0,01 5-10 0,8 0,2 0,1-0,15 3-5 

ʎʝʥʪʨʦʙʝʞʥʦ-ʫʜʘʨʥʳʡ 0,01-0,02 1,8 1,0 0,1-0,15 0,1-0,2 4-8 
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ʈʠʩ. 1. ʈʦʪʦʨʥʦ-ʮʝʥʪʨʦʙʝʞʥʳʡ ʩʤʝʩʠʪʝʣʴ ʩʦ ʩʤʝʱʝʥʥʳʤʠ 

ʪʘʥʛʝʥʮʠʘʣʴʥʳʤʠ ʧʘʪʨʫʙʢʘʤʠ: 

1 - ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ ʦʙʝʯʘʡʢʘ; 2 - ʢʦʥʠʯʝʩʢʘʷ ʦʙʝʯʘʡʢʘ; 3 - ʥʠʞʥʠʡ ʜʠʩʢ;  

4 - ʚʝʨʭʥʠʡ ʜʠʩʢ; 5 - ʣʦʧʘʪʢʠ; 6 - ʨʦʪʦʨʥʳʡ ʚʘʣ; 7 - ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʡ 

ʢʦʥʫʩ; 8 - ʧʣʦʩʢʘʷ ʢʨʳʰʢʘ; 9 - ʰʪʫʮʝʨ ʟʘʛʨʫʟʢʠ ʧʝʨʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ; 10 - 

ʰʪʫʮʝʨ ʟʘʛʨʫʟʢʠ ʚʪʦʨʦʛʦ ʢʦʤʧʦʥʝʥʪʘ; 11 - ʰʪʫʮʝʨ ʟʘʛʨʫʟʢʠ ʪʨʝʪʴʝʛʦ 

ʢʦʤʧʦʥʝʥʪʘ; 12 - ʰʪʫʮʝʨ ʟʘʛʨʫʟʢʠ ʯʝʪʚʝʨʪʦʛʦ ʢʦʤʧʦʥʝʥʪʘ; 13 - ʰʪʫʮʝʨ 

ʚʳʛʨʫʟʢʠ ʛʦʪʦʚʦʡ ʩʤʝʩʠ;  

14 - ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ; 15 - ʦʧʦʨʳ-ʣʘʧʳ 

 

ʇʦʩʣʝ ʩʭʦʜʘ ʩ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʛʦ ʢʦʥʫʩʘ 7 ʯʘʩʪʠʮʳ ʧʝʨʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ 

ʩʤʝʩʠ ʧʦʧʘʜʘʶʪ ʥʘ ʥʠʞʥʠʡ ʜʠʩʢ 3 ʚʨʘʱʘʶʱʝʛʦʩʷ ʨʦʪʦʨʘ ʠ, ʜʚʠʛʘʷʩʴ ʧʦ 

ʥʝʤʫ ʠ ʚʜʦʣʴ ʧʣʦʩʢʠʭ ʥʘʢʣʦʥʥʳʭ ʣʦʧʘʪʦʢ 5, ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʮʝʥʪʨʦʙʝʞʥʦʡ 

ʩʠʣʳ ʨʘʟʙʨʘʩʳʚʘʶʪʩʷ ʧʦʩʣʝʜʥʠʤʠ ʥʘ ʧʝʨʠʬʝʨʠʶ ʢ ʧʣʦʩʢʦʡ ʩʪʝʥʢʝ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʦʙʝʯʘʡʢʠ 1 ʢʦʨʧʫʩʘ ʩʤʝʩʠʪʝʣʷ. ʇʨʠ ʵʪʦʤ ʟʘ ʩʯʝʪ ʥʘʢʣʦʥʘ 

ʨʘʟʛʦʥʥʳʭ ʣʦʧʘʪʦʢ 5 ʢ ʨʘʜʠʫʩʫ ʘʧʧʘʨʘʪʘ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʫʛʦʣ ʠʣʠ ʟʘ ʩʯʝʪ 

ʠʭ ʟʘʢʨʫʪʢʠ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʨʘʜʠʫʩ, ʠ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʩʤʝʩʠʪʝʣʷ ʩ 
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ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʢʦʨʦʩʪʴʶ, ʯʘʩʪʠʮʳ ʧʝʨʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʩʤʝʩʠ ʧʦʩʣʝ ʩʭʦʜʘ 

ʩ ʧʣʦʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʣʦʧʘʪʦʢ 5 ʠʣʠ ʨʦʪʦʨʥʦʛʦ ʜʠʩʢʘ 3 ʧʨʠʙʣʠʞʘʶʪʩʷ ʢ 

ʩʪʝʥʢʝ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʦʙʝʯʘʡʢʠ 1 ʧʦ ʢʘʩʘʪʝʣʴʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʩ 

ʥʘʠʤʝʥʴʰʠʤ ʫʛʣʦʤ ʘʪʘʢʠ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʚʝʨʦʷʪʥʦʩʪʠ ʠʭ 

ʧʦʣʥʦʛʦ ʠʣʠ ʯʘʩʪʠʯʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʧʦʜʘʯʝʡ ʦʩʥʦʚʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʩʤʝʩʠ, ʟʘ ʩʯʝʪ ʚʨʘʱʝʥʠʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʨʦʪʦʨʘ, ʚʥʫʪʨʠ 

ʢʦʨʧʫʩʘ ʘʧʧʘʨʘʪʘ ʩʦʟʜʘʝʪʩʷ ʨʘʟʨʷʞʝʥʠʝ ʚʦʟʜʫʭʘ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʤʫ ʥʘʛʥʝʪʘʥʠʶ ʚʥʫʪʨʴ ʢʦʨʧʫʩʘ ʩʤʝʩʠʪʝʣʷ ʯʝʨʝʟ 

ʪʘʥʛʝʥʮʠʘʣʴʥʳʝ ʧʘʪʨʫʙʢʠ 10, 11 ʠ 12, ʩʤʦʥʪʠʨʦʚʘʥʥʳʝ ʩʪʫʧʝʥʯʘʪʦ ʥʘ 

ʥʝʩʢʦʣʴʢʠʭ ʧʘʨʘʣʣʝʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʫʨʦʚʥʷʭ ʚ 

ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʦʙʝʯʘʡʢʠ 1, ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ (ʥʘʧʨʠʤʝʨ, 

ʚʪʦʨʦʛʦ, ʪʨʝʪʴʝʛʦ ʠ ʯʝʪʚʝʨʪʦʛʦ) ʢʦʤʧʦʥʝʥʪʦʚ ʩʤʝʩʠ ʚ ʟʘʜʘʥʥʳʭ 

ʧʨʦʧʦʨʮʠʷʭ. ʊʘʢ ʢʘʢ ʢʘʞʜʳʡ ʠʟ ʪʘʥʛʝʥʮʠʘʣʴʥʳʭ ʧʘʪʨʫʙʢʦʚ 10, 11 ʠ 12 

ʨʘʩʧʦʣʦʞʝʥ ʚ ʦʪʜʝʣʴʥʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʩʤʝʱʝʥʥʦʡ ʩʪʫʧʝʥʯʘʪʦ ʚ 

ʚʝʨʪʠʢʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ ʰʘʛʦʤ, ʠ ʚʳʧʦʣʥʝʥ ʚ ʬʦʨʤʝ 

ʩʫʞʘʶʱʝʛʦʩʷ ʢ ʚʳʭʦʜʫ ʩʦʧʣʘ, ʠʤʝʶʱʝʛʦ ʧʨʷʤʦʫʛʦʣʴʥʦʝ ʚʳʭʦʜʥʦʝ ʦʪʚʝʨʩʪʠʝ 

ʩ ʩʫʱʝʩʪʚʝʥʥʳʤ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʝʛʦ ʚʳʩʦʪʳ ʥʘʜ ʰʠʨʠʥʦʡ, ʪʦ ʧʦʜʘʚʘʝʤʳʝ 

ʯʝʨʝʟ ʥʠʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʩʤʝʩʠ ʧʦʩʪʫʧʘʶʪ ʚʥʫʪʨʴ ʢʦʨʧʫʩʘ 

ʘʧʧʘʨʘʪʘ ʧʦ ʢʘʩʘʪʝʣʴʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ ʪʦʥʢʠʤʠ (ʪʦʣʱʠʥʦʡ 3õ5 ʤʤ), 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʥʘʢʣʘʜʳʚʘʶʱʠʤʠʩʷ ʦʜʠʥ ʥʘ ʜʨʫʛʦʡ, ʩʣʦʷʤʠ, ʩʤʝʰʠʚʘʶʪʩʷ 

ʩ ʣʝʪʷʱʠʤʠ ʢ ʥʠʤ ʧʦ ʢʘʩʘʪʝʣʴʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʯʘʩʪʠʮʘʤʠ ʦʩʥʦʚʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʩʤʝʩʠ ʠ ʧʝʨʝʤʝʱʘʶʪʩʷ ʚʩʝ ʚʤʝʩʪʝ ʧʦ ʩʧʠʨʘʣʝʦʙʨʘʟʥʦʡ 

ʪʨʘʝʢʪʦʨʠʠ ʚʜʦʣʴ ʩʪʝʥʦʢ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ 1 ʠ ʢʦʥʠʯʝʩʢʦʡ 2 ʦʙʝʯʘʝʢ ʢʦʨʧʫʩʘ 

ʩʤʝʩʠʪʝʣʷ ʩʚʝʨʭʫ ʚʥʠʟ ʢ ʧʘʪʨʫʙʢʫ 13 ʚʳʛʨʫʟʢʠ ʛʦʪʦʚʦʡ ʩʤʝʩʠ. 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʨʦʪʦʨʥʦ-ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʩʤʝʩʠʪʝʣʷ (ʩʤ. ʨʠʩ. 1) 

ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʝ ʩʤʝʰʝʥʠʝ ʦʩʥʦʚʥʦʛʦ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʩʤʝʩʠ ʧʨʦʠʩʭʦʜʠʪ ʚ ʢʦʣʴʮʝʚʦʤ ʟʘʟʦʨʝ ʤʝʞʜʫ ʚʳʭʦʜʥʦʡ 

ʢʨʦʤʢʦʡ ʨʘʟʛʦʥʥʳʭ ʣʦʧʘʪʦʢ 5 ʠ ʩʪʝʥʢʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʦʙʝʯʘʡʢʠ 1 

ʢʦʨʧʫʩʘ ʘʧʧʘʨʘʪʘ ʧʨʠ ʥʘʣʦʞʝʥʠʠ ʠʭ ʜʨʫʛ ʥʘ ʜʨʫʛʘ ʪʦʥʢʠʤʠ ʩʣʦʷʤʠ ʠ ʧʨʠ 

ʚʟʘʠʤʥʦʤ ʧʨʦʥʠʢʥʦʚʝʥʠʠ ʯʘʩʪʠʮ ʠʟ ʦʜʥʦʛʦ ʩʣʦʷ ʚ ʜʨʫʛʦʡ. ɼʦʧʦʣʥʠʪʝʣʴʥʦʝ 

ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʩʤʝʩʠ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʭ 

ʩʦʚʤʝʩʪʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦ ʩʧʠʨʘʣʝʦʙʨʘʟʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʚʜʦʣʴ ʩʪʝʥʦʢ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ 1 ʠ ʦʩʦʙʝʥʥʦ ʩʫʞʘʶʱʝʡʩʷ ʢʥʠʟʫ ʢʦʥʠʯʝʩʢʦʡ 2 ʦʙʝʯʘʝʢ 

ʢʦʨʧʫʩʘ ʩʤʝʩʠʪʝʣʷ ʩʚʝʨʭʫ ʚʥʠʟ. 

ɼʘʥʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʨʦʮʝʩʩʘ ʩʤʝʰʠʚʘʥʠʷ ʩʫʭʠʭ ʩʳʧʫʯʠʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʤʠʢʨʦʦʙʲʝʤʘʭ ʠ 

ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʠʥʫʜʠʪʝʣʴʥʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ 

ʢʦʤʧʦʥʝʥʪʦʚ ʩʤʝʩʠ ʧʨʠ ʠʭ ʫʜʘʨʝ ʦ ʙʦʢʦʚʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ 

ʢʦʨʧʫʩʘ ʘʧʧʘʨʘʪʘ. 

ʅʘ ʚʳʰʝʦʧʠʩʘʥʥʳʡ ʨʦʪʦʨʥʦ-ʮʝʥʪʨʦʙʝʞʥʳʡ ʩʤʝʩʠʪʝʣʴ ʩʦ 

ʩʤʝʱʝʥʥʳʤʠ ʪʘʥʛʝʥʮʠʘʣʴʥʳʤʠ ʧʘʪʨʫʙʢʘʤʠ ʘʚʪʦʨʦʤ ʦʬʦʨʤʣʝʥʘ ʟʘʷʚʢʘ ʥʘ 

ʠʟʦʙʨʝʪʝʥʠʝ ˉ ʘ20131279 ʦʪ 31.10.2013 ʛ. 
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ɸʥʥʦʪʘʮʠʷ. ʇʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʩʙʦʨʢʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʟʘʛʦʪʦʚʦʢ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʣʘʩʪʠʯʝʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ, ʩʙʦʨʢʘ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʟʘʛʦʪʦʚʦʢ. 

 

COMPUTER SIMULATION  OF ASSEMBLY ASSEMBLING  BY JOINT  

PLASTIC DEFORMATION IN DEFORM -3D PROGRAM 

S.V. German, M.I. Poksevatkin, D.I. Baklanov, E.M. Basova 

Polzunov Altai State ʊechnical University (AltSTU), (Barnaul, Russian) 

 
Abstract. An example of a study of the process of assembling metal blanks with the use 

of computer modeling is given. 

Keywords: plastic deformation, assembly of metal workpieces. 

 

ʉʦʚʨʝʤʝʥʥʦʝ ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʩʪʘʚʠʪʴ 

ʥʘʛʣʷʜʥʦ ʣʶʙʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʠ ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʥʘ ʦʩʥʦʚʝ 

ʵʪʦʛʦ ʙʫʜʫʱʠʝ ʟʘʪʨʘʪʳ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʛʦʪʦʚʳʭ ʠʟʜʝʣʠʡ ʠʣʠ 
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ʩʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʩʭʦʜʦʚ, ʥʝ ʧʨʠʙʝʛʘʷ ʢ 

ʠʟʛʦʪʦʚʣʝʥʠʶ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ. 

ɼʣʷ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʩʙʦʨʢʠ ʠʩʭʦʜʥʳʭ 

ʟʘʛʦʪʦʚʦʢ ʩʧʨʦʝʢʪʠʨʦʚʘʥʳ ʤʦʜʝʣʠ ʤʘʪʨʠʮʳ, ʧʫʘʥʩʦʥʘ, ʛʦʣʦʚʥʦʡ ʠ 

ʩʪʝʨʞʥʝʚʦʡ ʟʘʛʦʪʦʚʦʢ ʚ ʧʨʦʛʨʘʤʤʝ SolidWorks. 

ɺʚʝʜʝʥʳ ʩʣʝʜʫʶʱʠʝ ʜʘʥʥʳʝ: ʤʘʪʝʨʠʘʣʳ ʛʦʣʦʚʥʦʡ ʠ ʩʪʝʨʞʥʝʚʦʡ 

ʟʘʛʦʪʦʚʦʢ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʪʘʣʴ 20ʍ13 ʠ ʩʪʘʣʴ 45, ʜʠʘʤʝʪʨʳ D = 39 ʠ d = 12 

ʤʤ. ɺʳʩʦʪʘ ʛʦʣʦʚʥʦʡ ʟʘʛʦʪʦʚʢʠ 20 ʤʤ, ʪʦʣʱʠʥʘ ʜʥʘ ʧʦʣʦʩʪʠ 5 ʤʤ. 

ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʧʨʦʮʝʩʩʘ ʩʙʦʨʢʠ ʩʦʚʤʝʩʪʥʳʤ ʧʣʘʩʪʠʯʝʩʢʠʤ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʝʤ ʟʘʛʦʪʦʚʦʢ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʩʣʝʜʫʶʱʝʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʥʘʧʨʷʞʝʥʠʡ: ʤʘʢʩʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘʧʨʷʞʝʥʠʡ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʚ 

ʤʝʪʘʣʣʝ ʛʦʣʦʚʥʦʡ ʟʘʛʦʪʦʚʢʠ ʠ ʚ ʦʙʣʘʩʪʠ ʢʦʥʪʘʢʪʘ ʩ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʩʪʝʨʞʥʝʚʦʡ ʟʘʛʦʪʦʚʢʠ (ʨʠʩʫʥʦʢ 1), ʛʜʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚʷʟʢʦʝ ʨʘʟʨʫʰʝʥʠʝ 

ʤʝʪʘʣʣʘ ʛʦʣʦʚʥʦʡ ʟʘʛʦʪʦʚʢʠ ʠʤʝʶʱʝʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ ʢʦʥʪʘʢʪ ʩ 

ʪʦʨʮʝʚʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʩʪʝʨʞʥʝʚʦʡ ʟʘʛʦʪʦʚʢʠ. 

 

 
ʈʠʩ. 1. ʄʘʢʩʠʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʧʨʦʮʝʩʩʝ  

ʩʙʦʨʢʠ ʟʘʛʦʪʦʚʦʢ 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ, ʪʦʣʱʠʥʘ ʦʯʘʛʘ ʜʝʬʦʨʤʘʮʠʠ ʥʘʜ ʪʦʨʮʦʤ 

ʩʪʝʨʞʥʝʚʦʡ ʟʘʛʦʪʦʚʢʠ ʨʘʚʥʘ ʧʨʠʤʝʨʥʦ 1/6 ʜʠʘʤʝʪʨʘ ʩʪʝʨʞʥʝʚʦʡ ʟʘʛʦʪʦʚʢʠ, 

ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʘʥʥʳʤ ʄ.ɺ. ʉʪʦʨʦʞʝʚʘ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʟʘʢʨʳʪʦʡ 

ʧʨʦʰʠʚʢʝ ʧʫʘʥʩʦʥʦʤ ʩ ʧʣʦʩʢʠʤ ʪʦʨʮʦʤ [1]. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʤʦʞʥʦ ʫʚʠʜʝʪʴ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʚ ʨʘʟʥʳʭ 

ʦʙʣʘʩʪʷʭ ʤʝʪʘʣʣʘ ʛʦʣʦʚʥʦʡ ʟʘʛʦʪʦʚʢʠ ʨʘʟʣʠʯʥʘ. ʄʘʢʩʠʤʘʣʴʥʘʷ ï ʚ ʦʙʣʘʩʪʠ, 

ʧʨʠʢʦʥʪʘʢʪʥʦʡ ʩ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʩʪʝʨʞʥʝʚʦʡ ʟʘʛʦʪʦʚʢʠ, 

ʤʠʥʠʤʘʣʴʥʘʷ ï ʚ ʦʙʣʘʩʪʠ, ʧʨʠʣʝʛʘʶʱʝʡ ʢ ʪʦʨʮʫ ʩʪʝʨʞʥʝʚʦʡ ʟʘʛʦʪʦʚʢʠ, ʛʜʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʟʦʥʘ ʟʘʪʨʫʜʥʝʥʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʤʝʪʘʣʣʘ ʚ ʩʚʷʟʠ ʩ 

ʦʪʩʫʪʩʪʚʠʝʤ ʢʦʥʪʘʢʪʥʳʭ ʩʢʦʣʴʞʝʥʠʡ ʠ ʩʜʚʠʛʦʚʦʡ ʜʝʬʦʨʤʘʮʠʠ ʤʝʪʘʣʣʘ.  
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ʈʠʩ. 2. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘ ʨʘʟʥʳʭ ʫʯʘʩʪʢʘʭ 

ʤʝʪʘʣʣʘ ʛʦʣʦʚʥʦʡ ʟʘʛʦʪʦʚʢʠ 

 

ɺʳʚʦʜʳ 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʦʛʣʘʩʫʶʪʩʷ 

ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʤʝʪʘʣʣʘ ʧʨʠ ʟʘʢʨʳʪʦʡ ʧʨʦʰʠʚʢʝ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʟʘʛʦʪʦʚʦʢ [2]. 
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ʋ ʢʘʞʜʦʛʦ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʝʩʪʴ ʧʦʥʷʪʠʝ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ. ʇʨʠ 

ʨʝʟʘʥʠʠ ʤʘʪʝʨʠʘʣʘ ʨʝʟʝʮ ʚʥʝʜʨʷʝʪʩʷ ʚ ʟʘʛʦʪʦʚʢʫ, ʧʨʦʠʟʚʦʜʷ ʦʪʩʣʘʠʚʘʥʠʝ 

ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʤʘʪʝʨʠʘʣʘ ʦʪ ʟʘʛʦʪʦʚʢʠ. ʇʨʠ ʵʪʦʤ ʧʦʚʝʨʭʥʦʩʪʴ ʨʝʞʫʱʠʭ 

ʢʨʦʤʦʢ ʨʝʟʮʘ ʧʦʜʚʝʨʛʘʝʪʩʷ ʪʨʝʥʠʶ ʠ ʩʦ ʚʨʝʤʝʥʝʤ ʠʟʥʘʰʠʚʘʝʪʩʷ. 

ʏʝʤ ʚʳʰʝ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʠʥʩʪʨʫʤʝʥʪʘ ï ʪʝʤ ʙʦʣʴʰʠʡ ʩʨʦʢ ʦʥ 

ʧʨʦʩʣʫʞʠʪ ʠ ʪʝʤ ʤʝʥʴʰʝ ʙʫʜʝʪ ʠʟʥʦʩ ʪʨʫʱʠʭʩʷ ʯʘʩʪʝʡ. ʌʨʝʟʳ ʩ ʚʳʩʦʢʦʡ 

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴʶ ʤʦʛʫʪ ʟʘ ʚʨʝʤʷ ʩʣʫʞʙʳ ʩʥʷʪʴ ʥʘʤʥʦʛʦ ʙʦʣʴʰʠʡ ʦʙʲʝʤ 

ʤʘʪʝʨʠʘʣʘ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʨʝʞʝ ʪʨʝʙʫʶʪ ʟʘʤʝʥʳ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʢʦʥʮʝʚʳʭ ʬʨʝʟ ʠʭ ʟʫʙʴʷ 

ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʠʟ ʪʚʸʨʜʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʤʝʥʴʰʝ ʧʦʜʚʝʨʞʝʥʥʳʭ ʠʟʥʦʩʫ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʴ ʬʨʝʟʳ ʧʦʢʨʳʚʘʶʪ ʩʧʝʮʠʘʣʴʥʳʤʠ 

ʠʟʥʦʩʦʩʪʦʡʢʠʤʠ ʧʣʸʥʢʘʤʠ ʠʟ ʦʩʦʙʦ ʪʚʸʨʜʳʭ ʤʘʪʝʨʠʘʣʦʚ [1]. 

ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʧʦʚʳʰʝʥʠʷ ʩʪʦʡʢʦʩʪʠ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ 

ʷʚʣʷʝʪʩʷ ʥʘʩʳʱʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʩʧʝʮʠʘʣʴʥʳʤʠ ʭʠʤʠʯʝʩʢʠʤʠ 

ʵʣʝʤʝʥʪʘʤʠ, ʧʦʚʳʰʘʶʱʠʤʠ ʝʛʦ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ. ʕʪʦ ʚʦʟʤʦʞʥʦ, 

ʥʘʧʨʠʤʝʨ, ʧʫʪʝʤ ʠʦʥʥʦ-ʣʫʯʝʚʦʡ ʠʣʠ ʭʠʤʠʢʦ-ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. ʇʨʠ 

ʥʘʥʝʩʝʥʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʬʨʝʟ ʧʦʢʨʳʪʠʷ ʠʟ ʘʣʴʪʠʥʘ ʬʨʝʟʘ ʧʨʠʦʙʨʝʪʘʝʪ 

ʢʨʘʩʠʚʳʡ ʦʪʪʝʥʦʢ. ʇʨʠ ʵʪʦʤ ʪʦʣʱʠʥʘ ʧʦʢʨʳʪʠʷ ʩʦʩʪʘʚʣʷʝʪ ʥʝʩʢʦʣʴʢʦ 

ʤʠʢʨʦʥ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʥʩʪʨʫʤʝʥʪʘʤ ʧʦʩʣʝ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʷ ʩʦʭʨʘʥʷʪʴ 

ʚ ʪʦʯʥʦʩʪʠ ʩʚʦʠ ʨʘʟʤʝʨʳ ʠ ʛʝʦʤʝʪʨʠʶ ʨʝʞʫʱʠʭ ʢʨʦʤʦʢ. 

ʇʦʢʨʳʪʠʝ ʬʨʝʟ ʥʠʪʨʠʜʦʤ ʪʠʪʘʥʘ-ʘʣʶʤʠʥʠʷ ʧʦʚʳʰʘʝʪ ʥʝ ʪʦʣʴʢʦ 

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ, ʥʦ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʜʝʣʘʝʪ 

ʚʦʟʤʦʞʥʦʡ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʫʶ ʦʙʨʘʙʦʪʢʫ ʨʝʟʘʥʠʝʤ. 

ʀʟʚʝʩʪʝʥ ʩʧʦʩʦʙ ʧʦʚʳʰʝʥʠʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʨʝʞʫʱʠʭ ʵʣʝʤʝʥʪʦʚ 

ʵʣʝʢʪʨʦʠʩʢʨʦʚʳʤ ʫʧʨʦʯʥʝʥʠʝʤ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʧʝʨʝʥʦʩʝ 

ʫʧʨʦʯʥʷʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ (ʵʣʝʢʪʨʦʜʘ) ʠ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʝʛʦ ʚ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʤ ʤʘʪʝʨʠʘʣʝ ʟʘ ʩʯʝʪ ʠʥʪʝʥʩʠʚʥʦʛʦ ʩʤʝʰʠʚʘʥʠʷ ʚ 

ʨʘʩʧʣʘʚʣʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʚʦʟʥʠʢʘʶʱʝʤ ʧʨʠ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʨʘʟʨʷʜʝ 

ʤʝʞʜʫ ʦʙʨʘʙʘʪʳʚʘʶʱʠʤ ʵʣʝʢʪʨʦʜʦʤ (ʘʥʦʜʦʤ) ʠ ʫʧʨʦʯʥʷʝʤʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ (ʢʘʪʦʜʦʤ). 

ʅʝʜʦʩʪʘʪʢʘʤʠ ʠʟʚʝʩʪʥʦʛʦ ʩʧʦʩʦʙʘ ʷʚʣʷʶʪʩʷ ʥʝʜʦʧʫʩʪʠʤʘʷ ʜʣʷ 

ʙʦʣʴʰʠʥʩʪʚʘ ʜʝʨʝʚʦʨʝʞʫʱʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʦʙʨʘʙʦʪʘʥʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʚ ʧʨʦʮʝʩʩʝ ʫʧʨʦʯʥʝʥʠʷ ʦʩʪʘʪʦʯʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ ʨʘʩʪʷʞʝʥʠʷ, ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʩʚʦʡʩʪʚ ʧʦʣʫʯʘʝʤʳʭ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ʠ ʥʠʟʢʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʨʫʯʥʦʡ ʦʙʨʘʙʦʪʢʠ. 

ʀʟʚʝʩʪʝʥ ʪʘʢʞʝ ʩʧʦʩʦʙ ʧʦʚʳʰʝʥʠʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʨʝʞʫʱʠʭ 

ʵʣʝʤʝʥʪʦʚ ʠʟʤʝʥʝʥʠʝʤ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʩʦʟʜʘʥʠʠ ʦʩʪʘʪʦʯʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ ʩʞʘʪʠʷ ʚ ʥʝʤ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʣʘʟʝʨʥʳʤ ʣʫʯʦʤ ʥʘ 

ʫʧʨʦʯʥʷʝʤʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʧʨʦʠʩʭʦʜʠʪ ʥʘʛʨʝʚ 

ʤʘʪʝʨʠʘʣʘ ʙʝʟ ʚʠʜʠʤʦʛʦ ʨʘʟʨʫʰʝʥʠʷ, ʨʘʩʧʣʘʚʣʝʥʠʝ ʤʘʪʝʨʠʘʣʘ, ʠʩʧʘʨʝʥʠʝ ʠ 

ʚʳʤʳʚʘʥʠʝ ʧʨʦʜʫʢʪʦʚ ʨʘʟʨʫʰʝʥʠʷ [2]. 

http://cncmotors.ru/frezy/
http://cncmotors.ru/frezy/
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ʅʝʜʦʩʪʘʪʢʘʤʠ ʠʟʚʝʩʪʥʦʛʦ ʩʧʦʩʦʙʘ ʷʚʣʷʶʪʩʷ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʝ, 

ʥʘʯʠʥʘʶʱʝʝʩʷ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʣʫʯʘ ʩ ʵʥʝʨʛʠʝʡ, ʧʨʝʚʳʰʘʶʱʝʡ ʥʝʢʦʪʦʨʫʶ 

ʢʨʠʪʠʯʝʩʢʫʶ, ʦʪʩʣʘʠʚʘʥʠʝ ʫʯʘʩʪʢʦʚ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʠ ʦʧʣʘʚʣʝʥʠʝ 

ʤʘʪʝʨʠʘʣʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʝʪʢʠ ʤʠʢʨʦʪʨʝʱʠʥ ʧʦ ʧʝʨʠʬʝʨʠʠ ʧʷʪʥʘ 

ʦʧʣʘʚʣʝʥʠʷ, ʚʝʣʠʯʠʥʳ ʠ ʛʣʫʙʠʥʳ ʟʘʣʝʛʘʥʠʷ ʧʦʣʫʯʘʝʤʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʦʙʨʘʙʦʪʢʠ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʩʞʘʪʠʷ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʫʨʦʚʥʶ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʤʫ ʵʬʬʝʢʪʠʚʥʦʝ ʧʦʚʳʰʝʥʠʝ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ; ʢʨʦʤʝ ʪʦʛʦ, 

ʩʧʦʩʦʙ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʣʦʞʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 

ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. 

ʀʟʦʙʨʝʪʝʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʚʳʰʝʥʠʝ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʨʝʞʫʱʠʭ 

ʵʣʝʤʝʥʪʦʚ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʫʧʨʦʱʘʝʪ ʪʝʭʥʦʣʦʛʠʶ. 

ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʚ ʩʧʦʩʦʙʝ ʧʦʚʳʰʝʥʠʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ 

ʨʝʞʫʱʠʭ ʵʣʝʤʝʥʪʦʚ ʠʥʩʪʨʫʤʝʥʪʘ ʠʟʤʝʥʝʥʠʝʤ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʫʪʝʤ ʩʦʟʜʘʥʠʷ ʦʩʪʘʪʦʯʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ ʩʞʘʪʠʷ, ʨʝʞʫʱʠʡ ʵʣʝʤʝʥʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʜʝʬʦʨʤʠʨʫʶʪ 

ʠʟʛʠʙʦʤ, ʧʨʠ ʵʪʦʤ ʚʝʣʠʯʠʥʫ ʝʛʦ ʜʝʬʦʨʤʘʮʠʠ ʚʳʙʠʨʘʶʪ ʚ ʦʙʣʘʩʪʠ 

ʫʧʨʫʛʦʩʪʠ ʚ ʧʨʝʜʝʣʘʭ: ʜʣʷ ʪʚʝʨʜʳʭ ʩʧʣʘʚʦʚ 0,05-0,1%, ʜʣʷ ʙʳʩʪʨʦʨʝʞʫʱʠʭ 

ʩʪʘʣʝʡ 0,9-1,5%, ʜʣʷ ʣʝʛʠʨʦʚʘʥʥʳʭ ʩʪʘʣʝʡ 1,00-1,25%. 

ɿʘʱʠʪʘ ʜʝʪʘʣʝʡ ʦʪ ʢʦʨʨʦʟʠʠ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʠʤ ʵʣʝʤʝʥʪʦʤ 

ʧʦʚʳʰʝʥʠʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ. ʂ ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʨʘʤ ʪʘʢʦʡ ʟʘʱʠʪʳ 

ʦʪʥʦʩʠʪʩʷ ʧʦʢʨʳʪʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʣʘʢʦʢʨʘʩʦʯʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʥʘʥʝʩʝʥʠʝ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʱʠʪʥʳʭ ʧʣʝʥʦʢ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʠʣʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ. ɼʣʷ ʚʥʫʪʨʝʥʥʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʘʧʧʘʨʘʪʫʨʳ ʩʘʭʘʨʥʳʭ ʟʘʚʦʜʦʚ ʠ 

ʪʨʫʙʦʢ ʪʝʧʣʦʦʙʤʝʥʥʳʭ ʘʧʧʘʨʘʪʦʚ ʤʦʞʥʦ ʪʘʢʞʝ ʧʨʠʤʝʥʷʪʴ ʩʧʦʩʦʙ ʟʘʱʠʪʳ 

ʦʪ ʢʦʨʨʦʟʠʠ ʧʫʪʝʤ ʦʙʨʘʟʦʚʘʥʠʷ ʧʣʝʥʢʠ ʠʟ ʥʠʪʨʠʪʘ ʥʘʪʨʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʫʯʝʥʠʝ ʤʝʪʦʜʦʚ ʧʦʚʳʰʝʥʠʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ 

ʜʝʨʝʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʦʡ ʠ ʧʨʠʙʳʣʴʥʦʡ ʩʬʝʨʦʡ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʉʧʝʮʠʘʣʴʥʳʝ ʧʦʢʨʳʪʠʷ, ʧʦʚʳʰʘʶʱʠʝ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʬʨʝʟ. 

[ʕʈ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ URL: http://cncmotors.ru/articles/specialnye-pokrytiya-
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2. ʉʧʦʩʦʙ ʧʦʚʳʰʝʥʠʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʩʤʝʥʥʳʭ ʨʝʞʫʱʠʭ 
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ʅɸ ʇʈʆɻʀɹ ʉʊɽʅʂʀ ʊʆʅʂʆʉʊɽʅʅʆʁ ʊʈʋɹʓ ʇʈʀ 
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ɸʥʥʦʪʘʮʠʷ: ʆʪʜʝʣʦʯʥʫʶ ʦʙʨʘʙʦʪʢʫ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʣʠʥʥʳʭ 

ʪʦʥʢʦʩʪʝʥʥʳʭ ʪʨʫʙ ʦʩʫʱʝʩʪʚʣʷʶʪ ʰʣʠʬʦʚʘʥʠʝʤ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʦʣʠʨʦʚʘʥʠʝʤ. ʕʪʦʪ 

ʚʠʜ ʦʙʨʘʙʦʪʢʠ ʠʤʝʝʪ ʥʠʟʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʦʪʜʝʣʦʯʥʦʡ ʦʧʝʨʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʦʪʘʮʠʦʥʥʦʝ ʦʙʢʘʪʳʚʘʥʠʝ ʨʦʣʠʢʘʤʠ ʩ 

ʧʨʷʤʦʣʠʥʝʡʥʦʡ ʦʙʨʘʟʫʶʱʝʡ. ɹʳʣʠ ʚʳʷʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʣʠʷʥʠʷ ʬʦʨʤʳ ʠ 

ʨʘʟʤʝʨʦʚ ʜʝʬʦʨʤʠʨʫʶʱʠʭ ʨʦʣʠʢʦʚ, ʘ ʪʘʢʞʝ ʩʠʣʳ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʠ ʨʦʪʘʮʠʦʥʥʦʤ 

ʦʙʢʘʪʳʚʘʥʠʠ ʪʦʥʢʦʩʪʝʥʥʳʭ ʪʨʫʙ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʫʤʝʥʴʰʝʥʠʷ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʢʨʫʛʣʦʩʪʠ 

ʥʘʨʫʞʥʦʛʦ ʜʠʘʤʝʪʨʘ ʩʪʝʥʢʠ ʪʨʫʙʳ ʧʦʩʣʝ ʦʙʢʘʪʳʚʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʦʥʢʦʩʪʝʥʥʘʷ ʪʨʫʙʘ, ʩʥʠʞʝʥʠʝ ʜʦʧʫʩʢʘ ʢʨʫʛʣʦʩʪʠ, 

ʨʦʪʘʮʠʦʥʥʦʝ ʦʙʢʘʪʳʚʘʥʠʝ, ʜʝʬʦʨʤʠʨʫʶʱʠʝ ʨʦʣʠʢʠ. 

 

INVESTIGATION OF THE INFLUENCE OF THE EFFECT OF THE 

DEFORMATION ON THE PROTECTION OF THE WALL OF THE 

THIN -WALL PIPE AT PROCESSING OF SURFACE PLASTIC 

DEFORMATION  

A.M. Lavrentiev 

Kamyshin Technological Institute (branch) of the Volgograd State Technical 

University 

 
Abstract: Finishing of the outer surface of long thin-walled pipes is carried out by 

grinding, followed by polishing. this kind of processing has low productivity. In the article it 

is proposed to use rotational rolling of rollers with a rectilinear generator as a finishing 

operation. The regularities of the influence of the shape and dimensions of the deforming 

rollers, as well as the deformation force in the case of rotational rolling of thin-walled pipes, 

were found to reduce the deviation from roundness of the outer diameter of the pipe wall after 

rolling. 

Keywords: thin-walled pipe, reduced roundness tolerance, rotational 

rolling, deforming rollers. 

 

ʇʨʦʤʳʰʣʝʥʥʦʩʪʴʶ ʚʳʧʫʩʢʘʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʦʚʘʨʦʚ 

ʰʠʨʦʢʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ, ʩʦʩʪʘʚʣʷʶʱʝʡ ʯʘʩʪʴʶ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʜʣʠʥʥʳʝ 

ʪʦʥʢʦʩʪʝʥʥʳʝ ʪʨʫʙʳ. ɺ ʵʪʠʭ ʩʣʫʯʘʷʭ ʚʘʞʥʳʤ ʪʨʝʙʦʚʘʥʠʝʤ, 

ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ ʪʨʫʙʢʘʤ, ʷʚʣʷʝʪʩʷ ʩʥʠʞʝʥʠʝ ʜʦʧʫʩʢʘ ʢʨʫʛʣʦʩʪʠ ʠ 

ʦʙʝʩʧʝʯʝʥʠʝ ʥʠʟʢʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʦʥʢʦʩʪʝʥʥʳʝ 

ʪʨʫʙʳ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʰʣʠʬʦʚʘʥʠʝʤ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʦʣʠʨʦʚʘʥʠʝʤ. ʕʪʘ 

ʦʙʨʘʙʦʪʢʘ ʷʚʣʷʝʪʩʷ ʥʝʵʬʬʝʢʪʠʚʥʦʡ ʚ ʩʚʷʟʠ ʩ ʟʘʩʘʣʠʚʘʝʤʦʩʪʴʶ ʘʙʨʘʟʠʚʥʳʭ 

ʢʨʫʛʦʚ, ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʯʘʩʪʦʡ ʧʨʘʚʢʠ ʠ, ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ, 

ʥʝʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʡ. ʈʝʰʝʥʠʝ ʚʦʧʨʦʩʘ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʬʦʨʤʳ 

ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʦʥʢʦʩʪʝʥʥʦʡ ʪʨʫʙʳ ʧʨʠ ʚʳʩʦʢʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʨʦʪʘʮʠʦʥʥʳʤ ʦʙʢʘʪʳʚʘʥʠʝʤ 

ʜʝʬʦʨʤʠʨʫʶʱʠʤʠ ʨʦʣʠʢʘʤʠ.  

ɼʣʷ ʨʝʰʝʥʠʷ ʚʦʧʨʦʩʘ ʥʘʟʥʘʯʝʥʠʷ ʨʘʮʠʦʥʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʦʙʨʘʙʦʪʢʠ 

ʨʦʪʘʮʠʦʥʥʳʤ ʦʙʢʘʪʳʚʘʥʠʝʤ ʪʦʥʢʦʩʪʝʥʥʦʡ ʪʨʫʙʳ ʠ ʚʳʙʦʨʘ ʪʨʝʙʫʝʤʳʭ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʝʬʦʨʤʠʨʫʶʱʠʭ ʨʦʣʠʢʦʚ ʥʝʦʙʭʦʜʠʤʦ 

ʦʧʨʝʜʝʣʠʪʴ ʩʠʣʫ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʡ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʙʫʜʝʪ 

ʠʩʧʨʘʚʣʷʪʴʩʷ ʬʦʨʤʘ ʪʨʫʙʢʠ ʩ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʦʙʨʘʙʦʪʢʦʡ ʇʇɼ. 

ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʜʝʬʦʨʤʘʮʠʠ ʪʦʥʢʦʩʪʝʥʥʦʡ ʪʨʫʙʳ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ.1. 
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ʈʠʩ. 1. ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʪʦʥʢʦʩʪʝʥʥʦʡ ʪʨʫʙʳ ʧʨʠ 

ʨʦʪʘʮʠʦʥʥʦʤ ʦʙʢʘʪʳʚʘʥʠʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʛʠʙʘ ʝʝ ʩʪʝʥʢʠ 

 

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʙʫʜʝʤ ʧʨʝʜʧʦʣʘʛʘʪʴ ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ, 

ʯʪʦ ʥʘʧʨʷʞʝʥʠʷ ʧʦ ʧʣʦʱʘʜʠ ʢʦʥʪʘʢʪʘ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʣʣʠʧʩ, 

ʨʘʩʧʨʝʜʝʣʝʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʦʨʠʝʡ ɻʝʨʮʘ [3]. ʇʨʠ ʵʪʦʤ ʧʦʣʘʛʘʝʤ, ʯʪʦ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʚ ʮʝʥʪʨʝ ʢʦʥʪʘʢʪʘ ʧʨʝʚʳʰʘʝʪ ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʪʝʯʝʥʠʷ ʤʝʪʘʣʣʘ. ɼʣʷ ʵʪʦʛʦ ʩʣʫʯʘʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʫʨʘʚʥʝʥʠʝ ʧʦ ɻʝʨʮʫ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ: 

,    (1) 

ʛʜʝ ům ï ʤʘʢʩʠʤʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʚ ʮʝʥʪʨʝ ʵʣʣʠʧʩʘ, zʢ-ʪʝʢʫʱʝʝ 

ʟʥʘʯʝʥʠʝ ʧʦʣʫʰʠʨʠʥʳ ʢʦʥʪʘʢʪʘ ʧʦ ʜʣʠʥʝ ʢʦʥʪʘʢʪʘ; zm ï ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʧʦʣʫʰʠʨʠʥʘ ʵʣʣʠʧʩʥʦʛʦ  ʢʦʥʪʘʢʪʘ; Lk ï ʧʦʣʫʜʣʠʥʘ ʵʣʣʠʧʩʥʦʛʦ ʢʦʥʪʘʢʪʘ; lk 

ï ʪʝʢʫʱʘʷ ʜʣʠʥʘ ʢʦʥʪʘʢʪʘ  

 

ʉʠʣʘ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʦʜʠʥ ʨʦʣʠʢ, ʨʘʚʥʘ ʠʥʪʝʛʨʘʣʫ 

ʦʪ ʥʘʧʨʷʞʝʥʠʡ ʧʦ ʧʣʦʱʘʜʠ ʢʦʥʪʘʢʪʘ 
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4       (2) 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʛʠʙʘ ʪʨʫʙʳ ʦʪ ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ ʩʠʣʳ ʩʫʱʝʩʪʚʫʝʪ 

ʨʝʰʝʥʠʝ [2]. 
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,     (3) 

ʛʜʝ hʪʨ ï ʪʦʣʱʠʥʘ ʩʪʝʥʢʠ ʪʨʫʙʳ; E ï ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʤʘʪʝʨʠʘʣʘ 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʪʨʫʙʳ. 

ʇʨʦʛʠʙ ʩʪʝʥʢʠ ʪʨʫʙʳ ʦʪ ʢʦʥʪʘʢʪʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ  ůk, ʫʤʥʦʞʝʥʥʦʛʦ ʥʘ 

ʵʣʝʤʝʥʪʘʨʥʫʶ ʧʣʦʱʘʜʢʫ æs, ʨʘʩʧʦʣʦʞʝʥʥʫ  ʁ ʥʘ ʨʘʩʩʪʦʷʥʠʠ lk ʦʪ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʦʯʢʠ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʛʠʙ ʩʪʝʥʢʠ ʪʨʫʙʳ, ʤʦʞʝʪ ʙʳʪʴ 

ʦʧʨʝʜʝʣʝʥ ʠʟ ʟʘʚʠʩʠʤʦʩʪʠ: 
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( ) ( )( )2222 sincos kk lzlz +Öb++Öb³ .    (4) 

ʊʦʛʜʘ ʧʨʦʛʠʙ ʩʪʝʥʢʠ ʪʨʫʙʳ ʦʪ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʧʦ ʧʣʦʱʘʜʠ 

ʢʦʥʪʘʢʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʝʨʝʟ ʜʚʦʡʥʦʡ ʠʥʪʝʛʨʘʣ: 
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ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʝʡ ʚʝʣʠʯʠʥ ʧʨʦʛʠʙʦʚ ʩʪʝʥʢʠ ʪʨʫʙʳ ʦʪ ʝʝ ʪʦʣʱʠʥʳ 

ʧʨʠ ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ ʩʠʣʝ ʠ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʢʦʥʪʘʢʪʥʳʭ ʥʘʧʨʷʞʝʥʠʷʭ 

ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 2 ʠ 3. 

 

 
ʈʠʩ. 2. ʀʟʤʝʥʝʥʠʝ ʚʝʣʠʯʠʥʳ ʧʨʦʛʠʙʘ ʩʪʝʥʢʠ ʪʨʫʙʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʝ 

ʪʦʣʱʠʥʳ: 1 - ʦʪ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʢʦʥʪʘʢʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʧʦ ʧʣʦʱʘʜʠ 

ʢʦʥʪʘʢʪʘ, 2 - ʦʪ ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ ʩʠʣʳ, ʧʦʣʫʯʝʥʥʦʡ ʢʘʢ ʠʥʪʝʛʨʘʣ ʦʪ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʥʘʧʨʷʞʝʥʠʡ. ʅʘʨʫʞʥʳʡ ʨʘʜʠʫʩ ʪʨʫʙʳ ï 10ʤʤ 

 

 
ʈʠʩ. 3. ʀʟʤʝʥʝʥʠʝ ʚʝʣʠʯʠʥʳ ʧʨʦʛʠʙʘ ʩʪʝʥʢʠ ʪʨʫʙʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʝʝ ʪʦʣʱʠʥʳ ʦʪ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʢʦʥʪʘʢʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʧʦ ʧʣʦʱʘʜʠ 

ʢʦʥʪʘʢʪʘ ʧʨʠ ʨʘʟʥʳʭ ʨʘʜʠʫʩʘʭ ʪʨʫʙ 1- ï rd=10ʤʤ,  1- ï rd=12ʤʤ,  1- ï 

rd=14ʤʤ, 1- ï rd=17ʤʤ 
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ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʛʨʘʬʠʢʦʚ, ʧʨʦʛʠʙ ʩʪʝʥʢʠ ʪʫʙʳ ʟʘʚʠʩʠʪ 

ʦʪ ʝʝ ʪʦʣʱʠʥʳ hʪʨ ʠ ʭʘʨʘʢʪʝʨʘ ʧʨʠʣʦʞʝʥʥʦʛʦ ʫʩʠʣʠʷ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ.  

ɺʳʚʦʜʳ: ʧʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʛʠʙʘ ʩʪʝʥʢʠ 

ʪʦʥʢʦʩʪʝʥʥʦʡ ʪʨʫʙʳ ʦʪ ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ ʩʠʣʳ, ʧʨʠʣʦʞʝʥʥʦʡ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʳ, ʠ ʦʪ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʢʦʥʪʘʢʪʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ ʧʦ ʧʣʦʱʘʜʠ ʵʣʣʠʧʩʥʦʛʦ ʢʦʥʪʘʢʪʘ. 
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ɸʣʪʘʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 
ɸʥʥʦʪʘʮʠʷ. ʆʙʝʩʧʝʯʝʥʠʝ ʩʦʭʨʘʥʥʦʩʪʠ ʟʝʨʥʘ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ï ʦʜʥʘ ʠʟ ʚʘʞʥʝʡʰʠʭ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʟʘʜʘʯ, ʢʦʪʦʨʘʷ ʧʦ ʤʘʩʰʪʘʙʘʤ ʠ ʩʦʜʝʨʞʘʥʠʶ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʰʠʨʦʢʦʡ 

ʥʘʫʯʥʦʡ ʦʩʥʦʚʝ. ɺ ʧʨʝʜʣʦʞʝʥʥʦʤ ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʦʙʟʦʨʝ ʥʝ ʪʦʣʴʢʦ ʥʘʰʣʠ ʦʪʨʘʞʝʥʠʝ 

ʦʩʥʦʚʥʳʝ ʩʚʝʜʝʥʠʷ ʦ ʤʦʙʠʣʴʥʳʭ ʟʝʨʥʦʩʫʰʠʣʢʘʭ, ʪʝʭʥʦʣʦʛʠʠ ʩʫʰʢʠ, ʥʦ ʠ ʫʯʪʝʥʳ 

ʜʦʩʪʠʞʝʥʠʷ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ ʧʦʩʣʝʜʥʠʭ ʣʝʪ. ʇʨʘʢʪʠʢʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʤʦʙʠʣʴʥʳʝ 

ʟʝʨʥʦʩʫʰʠʣʢʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʟʘ ʨʫʙʝʞʦʤ, ʪʘʢ ʢʘʢ ʟʝʨʥʦʩʫʰʠʣʢʠ ʤʦʙʠʣʴʥʦʛʦ 

ʪʠʧʘ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʩʪʘʮʠʦʥʘʨʥʳʭ ʩʫʰʠʣʦʢ ʨʘʟʤʝʨʘʤʠ ʠ ʙʳʩʪʨʦʪʦʡ 

ʧʦʜʛʦʪʦʚʢʠ ʠʭ ʢ ʨʘʙʦʪʝ. ɺ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʠʟʚʝʩʪʥʳʭ ʪʠʧʦʚ ʩʫʰʠʣʦʢ 

ʧʦ ʧʨʠʥʮʠʧʫ ʠʭ ʤʦʙʠʣʴʥʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʫʰʢʘ ʟʝʨʥʘ, ʤʦʙʠʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, 

ʧʦʩʣʝʫʙʦʨʦʯʥʘʷ ʦʙʨʘʙʦʪʢʘ ʟʝʨʥʘ. 

 

CLASSIFICATION OF MOBILE GRAIN -DRYER 

S.V. Lekanov, N.I. Strikunov, A.S. Rudenok 

Altay State Agrarian University 

 
Abstract:  Preservation of grain  in our country is one of the most important state tasks, 

which in scope and content is based on a broad scientific basis. The proposed analytical 

review reflects not only the basic information on mobile grain dryers, drying technology, but 

also takes into account the achievements of science and technology in recent years. Practice 

shows that mobile grain dryers are widely used abroad, as mobile type grain dryers are 

significantly different from stationary dryers in size and speed to prepare them for work. The 
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classification of known types of dryers according to the principle of their mobility is given in 

the work. 

Keywords: drying grain, mobile technology, post-harvest grain processing. 

 

ʉʫʰʢʘ ʟʝʨʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʩʣʦʞʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, 

ʧʨʠ ʢʦʪʦʨʦʤ ʩʚʦʡʩʪʚʘ ʟʝʨʥʘ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʝʛʦ ʢʘʯʝʩʪʚʦ, ʜʦʣʞʥʳ ʙʳʪʴ 

ʩʦʭʨʘʥʝʥʳ [1]. 

ʉʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ ʩʦʙʩʪʚʝʥʥʦʩʪʠ 

ʥʘʨʷʜʫ ʩ ʦʯʠʩʪʢʦʡ ʰʠʨʦʢʦ ʩʪʘʣʠ ʧʨʠʤʝʥʷʪʴ ʩʫʰʢʫ ʠ ʘʢʪʠʚʥʦʝ 

ʚʝʥʪʠʣʠʨʦʚʘʥʠʝ ʟʝʨʥʘ. 

ʇʘʨʢ ʩʪʘʮʠʦʥʘʨʥʳʭ ʠ ʤʦʙʠʣʴʥʳʭ ʩʫʰʠʣʦʢ ʚʦʟʨʘʩʪʘʝʪ, ʪʘʢ ʢʘʢ 

ʪʨʝʙʫʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʦʙʲʝʤʘ ʨʘʙʦʪ ʧʦ ʩʫʰʢʝ ʠ ʘʢʪʠʚʥʦʤʫ 

ʚʝʥʪʠʣʠʨʦʚʘʥʠʶ ʟʝʨʥʘ [2]. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʩʫʱʝʩʪʚʫʝʪ ʠ ʜʣʷ ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʝʬʠʮʠʪ ʩʫʰʠʣʦʢ ʚʩʝʭ ʪʠʧʦʚ (ʩʪʘʮʠʦʥʘʨʥʳʭ ʠ 

ʤʦʙʠʣʴʥʳʭ) ʩʦʭʨʘʥʷʝʪʩʷ. ʇʦʵʪʦʤʫ ʦʧʝʨʘʮʠʷ ʩʫʰʢʠ ʟʝʨʥʘ ʜʦʣʞʥʘ ʩʪʘʪʴ 

ʛʣʘʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʦʚʨʝʤʝʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʣʠʥʠʡ ʧʦʩʣʝʫʙʦʨʦʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʟʝʨʥʘ [2, 3]. 

ɹʦʣʴʰʦʝ ʤʥʦʛʦʦʙʨʘʟʠʝ ʤʦʙʠʣʴʥʳʭ ʟʝʨʥʦʩʫʰʠʣʦʢ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʠ 

ʟʘʨʫʙʝʞʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʨʝʙʫʝʪ ʠʭ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ [4, 5]. ʅʘ ʦʩʥʦʚʝ 

ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʦʙʟʦʨʘ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʟʝʨʥʦʩʫʰʝʥʠʠ ʧʨʝʜʣʘʛʘʝʤ 

ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʠʤʝʶʱʠʭʩʷ ʪʠʧʦʚ ʟʝʨʥʦʩʫʰʠʣʦʢ ʧʦ ʧʨʠʥʮʠʧʫ 

ʤʦʙʠʣʴʥʦʩʪʠ (ʨʠʩʫʥʦʢ 1). 

 

 
ʈʠʩ. 1. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʤʦʙʠʣʴʥʳʭ ʟʝʨʥʦʩʫʰʠʣʦʢ ʧʦ ʧʨʠʥʮʠʧʫ 

ʤʦʙʠʣʴʥʦʩʪʠ 

 

ʇʨʠʚʝʜʝʤ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ.  

ʄʦʙʠʣʴʥʳʝ ʟʝʨʥʦʩʫʰʠʣʢʠ ʬʠʨʤʳ çMepuè (ʌʠʥʣʷʥʜʠʷ) ʠʤʝʶʪ 

ʥʝʩʢʦʣʴʢʦ ʩʝʨʠʡ ʚʳʧʫʩʢʘ. ʅʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʤʦʙʠʣʴʥʘʷ 

ʚʘʢʫʫʤʥʘʷ ʟʝʨʥʦʩʫʰʠʣʢʘ ʩʝʨʠʠ L (ʄ7000L). ʕʪʘ ʩʫʰʠʣʢʘ ʧʦʨʮʠʦʥʥʘʷ, 
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ʰʘʭʪʥʦʛʦ ʪʠʧʘ, ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʘ ʥʘ ʜʚʫʭʦʩʥʦʡ ʢʦʣʝʩʥʦʡ ʙʘʟʝ. ʊʦʧʢʘ 

ʟʝʨʥʦʩʫʰʠʣʢʠ ʨʘʟʤʝʱʝʥʘ ʪʘʢʞʝ ʥʘ ʢʦʣʝʩʥʦʡ ʙʘʟʝ (ʨʠʩʫʥʦʢ 2,ʘ). 

ʄʦʙʠʣʴʥʘʷ ʚʘʢʫʫʤʥʘʷ ʟʝʨʥʦʩʫʰʠʣʢʘ ʧʦʩʪʘʚʣʷʝʪʩʷ ʚ ʩʙʦʨʝ, ʩ ʧʦʣʥʳʤ 

ʢʦʤʧʣʝʢʪʦʤ ʦʙʦʨʫʜʦʚʘʥʠʷ [2, 6]. 

ʆʩʥʦʚʥʳʤ ʦʪʣʠʯʠʝʤ ʩʫʰʠʣʦʢ ʩʝʨʠʠ çLè ʷʚʣʷʝʪʩʷ ʚʘʢʫʫʤʥʘʷ ʩʠʩʪʝʤʘ 

ʠ ʪʦʧʢʠ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʩʫʰʢʠ, ʢʦʪʦʨʳʝ ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʵʬʬʝʢʪʠʚʥʫʶ ʩʫʰʢʫ. 

 

 
ʘ    ʙ    ʚ 

ʈʠʩ. 2. ʇʝʨʝʜʚʠʞʥʳʝ ʟʝʨʥʦʩʫʰʠʣʢʠ: 

ʘ - ʟʝʨʥʦʩʫʰʠʣʢʘ ʄ7000L ʬʠʨʤʳ çMEPUè(ʌʠʥʣʷʥʜʠʷ); ʙ- ʟʝʨʥʦʩʫʰʠʣʢʘ 

ʢʦʥʚʝʡʝʨʥʦʛʦ ʪʠʧʘ ʤʦʜʝʣʠ MDF22000 ʬʠʨʤʳ çAlvanBlanchè (ɸʥʛʣʠʷ); 

ʚ - ʤʦʙʠʣʴʥʘʷ ʟʝʨʥʦʩʫʰʠʣʢʘ ʤʦʜʝʣʠ PRʊ 250 ME ʬʠʨʤʳ çAgrexè (ʀʪʘʣʠʷ) 

 

ɺ ʩʫʰʠʣʢʝ ʧʨʠʤʝʥʷʝʪʩʷ ʥʦʚʝʡʰʝʝ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʨʝʛʫʣʠʨʦʚʢʠ ʧʦʜʘʯʠ 

ʟʝʨʥʘ. ʄʝʭʘʥʠʟʤ ʧʦʜʘʯʠ ʟʝʨʥʘ ʨʘʙʦʪʘʝʪ ʥʘ ʩʞʘʪʦʤ ʚʦʟʜʫʭʝ, ʠʟʛʦʪʦʚʣʝʥ ʠʟ 

ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ, ʨʘʙʦʪʘʝʪ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʩʦʨʪʘ ʠ ʚʣʘʞʥʦʩʪʠ ʟʝʨʥʘ. 

ʇʨʦʮʝʩʩ ʩʫʰʢʠ ʠ ʧʨʦʮʝʩʩ ʦʭʣʘʞʜʝʥʠʷ ʟʝʨʥʘ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʳ.  

ʄʦʙʠʣʴʥʳʝ ʢʦʥʚʝʡʝʨʥʳʝ ʟʝʨʥʦʩʫʰʠʣʢʠ ʬʠʨʤʳ çAlvan Blanchè 

(ɸʥʛʣʠʷ) ʠʤʝʶʪ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ. ɿʝʨʥʦʩʫʰʠʣʢʘ ʤʦʜʝʣʠ MDF 22000 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʦʜʫʣʴʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ, ʢʦʪʦʨʘʷ ʧʦʩʪʘʚʣʷʝʪʩʷ ʚ 

ʩʦʙʨʘʥʥʦʤ ʚʠʜʝ ʠ ʩ ʧʫʣʴʪʦʤ ʫʧʨʘʚʣʝʥʠʷ (ʨʠʩʫʥʦʢ 2,ʙ). ʕʪʘ ʩʫʰʠʣʢʘ ʠʤʝʝʪ 

ʛʣʘʚʥʫʶ ʦʩʦʙʝʥʥʦʩʪʴ ï ʜʚʘ ʥʘʢʣʦʥʥʳʭ ʪʨʘʥʩʧʦʨʪʝʨʘ, ʩʦʩʪʦʷʱʠʭ ʠʟ 

ʩʧʝʮʠʘʣʴʥʳʭ ʧʝʨʬʦʨʠʨʦʚʘʥʥʳʭ ʩʪʘʣʴʥʳʭ ʧʣʘʩʪʠʥ, ʩʢʚʦʟʴ ʢʦʪʦʨʳʝ 

ʧʨʦʥʠʢʘʝʪ ʛʦʨʷʯʠʡ ʚʦʟʜʫʭ, ʧʨʦʜʫʚʘʝʪ. ɺʝʨʭʥʠʡ ʪʨʘʥʩʧʦʨʪʝʨ ʧʨʝʜʥʘʟʥʘʯʝʥ 

ʜʣʷ ʩʫʰʢʠ ʟʝʨʥʘ, ʘ ʥʠʞʥʠʡ - ʜʣʷ ʝʛʦ ʜʦʩʫʰʠʚʘʥʠʷ ʠ ʦʭʣʘʞʜʝʥʠʷ [2]. 

ʉʫʰʢʘ ʟʝʨʥʘ ʧʨʦʠʩʭʦʜʠʪ ʚʦ ʚʟʚʝʰʝʥʥʦʤ, ʧʩʝʚʜʦʦʞʠʞʝʥʥʦʤ 

ʩʦʩʪʦʷʥʠʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʦʩʪʠʛʘʪʁʩʷ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ 

ʢʦʥʚʝʢʮʠʦʥʥʦʛʦ ʥʘʛʨʝʚʘ ʟʝʨʥʘ, ʦʪʩʫʪʩʪʚʫʝʪ ʢʦʥʪʘʢʪʥʳʡ ʧʝʨʝʛʨʝʚ ʠ ʝʛʦ 

ʩʜʘʚʣʠʚʘʥʠʝ. ʕʪʘ ʩʫʰʠʣʢʘ ʧʦʟʚʦʣʷʝʪ ʩʫʰʠʪʴ ʥʝʦʯʠʱʝʥʥʳʡ ʟʝʨʥʦʚʦʡ 

ʚʦʨʦʭ. 

ʉʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʟʝʨʥʦʚʦʛʦ ʧʦʪʦʢʘ ʨʝʛʫʣʠʨʫʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

(ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ 110 ʩʤ/ʤʠʥ.) ʠ ʟʘʚʠʩʠʪ ʦʪ ʚʣʘʞʥʦʩʪʠ ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʛʨʝʚʘ ʟʝʨʥʘ, ʘ ʪʘʢʞʝ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʘʛʝʥʪʘ ʩʫʰʢʠ. 

ʈʘʙʦʪʘʝʪ ʩʫʰʠʣʢʘ ʥʘ ʛʘʟʦʚʦʤ ʪʦʧʣʠʚʝ. ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʫʰʢʠ ʧʦ 

ʧʰʝʥʠʮʝ 25 ʪ/ʯ. ʋʩʪʘʥʦʚʣʝʥʥʘʷ ʤʦʱʥʦʩʪʴ 38 ʢɺʪ. ʉʨʝʜʥʠʡ ʨʘʩʭʦʜ ʛʘʟʘ ʜʣʷ 

ʩʫʰʢʠ 1 ʪ. ɿʝʨʥʘ ʧʨʠ ʦʪʚʦʜʝ 1% ʚʣʘʛʠ 1,5 ʤ
3
. 
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ʄʦʙʠʣʴʥʘʷ ʟʝʨʥʦʩʫʰʠʣʢʘ ʙʫʥʢʝʨʥʦʛʦ ʪʠʧʘ PRT 250ME ʬʠʨʤʳ 

çAgrexè (ʀʪʘʣʠʷ) ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʩʫʰʢʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʟʝʨʥʦʚʳʭ 

ʢʫʣʴʪʫʨ (ʨʠʩʫʥʦʢ 2,ʚ) [2, 7, 8]. ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʫʰʠʣʢʠ ʦʪ 75 ʜʦ 270 

ʪ/ʩʫʪʢʠ. ʆʙʱʠʡ ʦʙʲʝʤ ʙʫʥʢʝʨʘ ʩʦʩʪʘʚʣʷʝʪ 31 ʤ
3
. ɿʝʨʥʦʩʫʰʠʣʢʘ ʧʨʠʚʦʜʠʪʩʷ 

ʚ ʜʝʡʩʪʚʠʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ ʠʣʠ ʚʘʣʦʤ ʦʪʙʦʨʘ ʤʦʱʥʦʩʪʠ (ɺʆʄ) 

ʪʨʘʢʪʦʨʘ. ʊʝʧʣʦ ʚʳʨʘʙʘʪʳʚʘʝʪʩʷ ʪʝʧʣʦʛʝʥʝʨʘʪʦʨʦʤ, ʢʦʪʦʨʳʡ ʨʘʙʦʪʘʝʪ ʥʘ 

ʜʠʟʝʣʴʥʦʤ ʪʦʧʣʠʚʝ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʨʷʤʦʡ ʥʘʛʨʝʚ, ʠʣʠ ï ʧʨʠ ʥʘʣʠʯʠʠ 

ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ ï ʥʝʧʨʷʤʦʡ ʥʘʛʨʝʚ. ʉʫʰʠʣʢʘ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʭʦʟʷʡʩʪʚʘʭ ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ. 

ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʳ ʩʪʘʮʠʦʥʘʨʥʳʝ ʟʝʨʥʦʩʫʰʠʣʢʠ, ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ 

ʟʝʨʥʦʦʯʠʩʪʠʪʝʣʴʥʦ-ʩʫʰʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (ʂɿʉ). ɺ ʧʣʘʥʝ ʤʦʙʠʣʴʥʦʩʪʠ 

ʵʪʠʭ ʫʩʪʘʥʦʚʦʢ ʨʘʟʨʘʙʦʪʢʠ ʚʝʜʫʪʩʷ ʜʘʚʥʦ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʚʘʨʠʘʥʪʦʚ 

ʷʚʣʷʝʪʩʷ ʤʦʙʠʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʙʘʨʘʙʘʥʥʦʛʦ ʪʠʧʘ ɼʉɹ-20ʄ (ʂʘʟʘʭʩʪʘʥ) 

(ʨʠʩʫʥʦʢ 3) [2]. ʆʥ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʩʫʰʢʠ ʠ ʥʝʧʦʣʥʦʡ ʦʯʠʩʪʢʠ ʟʝʨʥʘ ʦʪ 

ʛʨʫʙʳʭ ʧʨʠʤʝʩʝʡ. ʋʩʪʘʥʦʚʢʘ ʤʦʙʠʣʴʥʘʷ. ʉʘʤʦʧʝʨʝʜʚʠʞʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʟʘ 

ʩʯʝʪ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʥʘ ʧʝʨʝʜʥʝʡ ʦʩʠ. ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʧʨʦʠʩʭʦʜʠʪ 

ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʨʝʛʫʣʠʨʦʚʢʘ ʧʦʜʘʯʠ ʠ ʚʳʛʨʫʟʢʠ ʟʝʨʥʘ. ʄʦʙʠʣʴʥʳʡ 

ʢʦʤʧʣʝʢʩ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʥʘ ʚʩʝʭ ʟʝʨʥʦʚʳʭ, ʘ ʪʘʢʞʝ ʪʝʭʥʠʯʝʩʢʠʭ 

ʢʫʣʴʪʫʨʘʭ. 

 

 
ʈʠʩ. 3. ʉʘʤʦʧʝʨʝʜʚʠʞʥʦʡ ʢʦʤʧʣʝʢʩ ʙʘʨʘʙʘʥʥʦʛʦ ʪʠʧʘ ʜʣʷ ʩʫʰʢʠ ʟʝʨʥʘ  

ɼʉɹ-20ʄ (ʂʘʟʘʭʩʪʘʥ) 

 

ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ ʠʥʪʝʨʝʩʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠ ʨʘʟʨʘʙʦʪʢʘ ʤʦʙʠʣʴʥʳʭ 

ʦʧʨʦʢʠʜʳʚʘʝʤʳʭ ʩʫʰʠʣʦʢ ʨʷʜʘ ʟʘʨʫʙʝʞʥʳʭ ʩʪʨʘʥ. ʇʨʦʠʟʚʦʜʩʪʚʦʤ ʪʘʢʠʭ 

ʩʫʰʠʣʦʢ ʟʘʥʠʤʘʶʪʩʷ ʬʠʨʤʳ çStelaè (ɻʝʨʤʘʥʠʷ), çZaninè (ʀʪʘʣʠʷ) 

(ʨʠʩʫʥʦʢ 4,ʘ ʠ ʙ), ʘ ʪʘʢʞʝ ʂʠʪʘʡ [2]. 

ʄʦʙʠʣʴʥʘʷ ʩʫʰʠʣʢʘ çUniversalè ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʤ 

ʪʝʭʥʠʯʝʩʢʠʤ ʫʩʪʨʦʡʩʪʚʦʤ. ʕʪʦ ʩʘʤʘʷ ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʤʦʜʝʣʴ ʠʟ ʩʝʨʠʠ 

ʤʦʙʠʣʴʥʳʭ ʩʫʰʠʣʦʢ çStelaè. ʉʫʰʠʣʢʘ ʠʤʝʝʪ ʨʷʜ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ. ɺʩʝ ʘʛʨʝʛʘʪʳ ʠ ʤʝʭʘʥʠʟʤʳ 

ʩʫʰʠʣʢʠ ʨʘʟʤʝʱʝʥʳ ʥʘ ʦʜʥʦʤ ʰʘʩʩʠ, ʘ ʥʠʟʢʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʵʥʝʨʛʠʠ 

ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʨʝʢʫʧʝʨʘʮʠʠ ʪʝʧʣʘ. ɼʣʷ ʥʘʜʝʞʥʦʛʦ ʠ ʧʨʦʩʪʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʠʤʝʥʷʝʪʩʷ SʈS- ʩʠʩʪʝʤʘ. 
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ʄʦʙʠʣʴʥʳʝ ʦʧʨʦʢʠʜʳʚʘʝʤʳʝ ʩʫʰʠʣʢʠ çZaninè ʠʤʝʶʪ ʪʘʢʞʝ ʩʚʦʠ 

ʦʩʦʙʝʥʥʦʩʪʠ ʧʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʤʫ ʠʩʧʦʣʥʝʥʠʶ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤʫ 

ʧʨʦʮʝʩʩʫ. ɼʣʷ ʩʫʰʢʠ ʠ ʦʭʣʘʞʜʝʥʠʷ ʟʝʨʥʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʝʥʪʠʣʷʪʦʨʳ 

ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʦʩʝʚʦʛʦ ʪʠʧʘ, ʠʤʝʶʱʠʝ ʨʘʟʣʠʯʥʳʝ ʜʠʘʤʝʪʨʳ ʦʩʝʚʦʛʦ 

ʢʦʣʝʩʘ. ʇʨʠʤʝʥʷʶʪʩʷ ʩʵʥʜʚʠʯ-ʧʘʥʝʣʠ ʠʟ ʤʠʥʝʨʘʣʴʥʦʛʦ ʚʦʣʦʢʥʘ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʪʦʢʘ ʛʦʨʷʯʝʛʦ ʚʦʟʜʫʭʘ ʠ ʩʵʥʜʚʠʯ-ʧʘʥʝʣʠ ʠʟ ʧʦʣʠʫʨʝʪʘʥʘ 

ʜʣʷ ʭʦʣʦʜʥʦʡ ʯʘʩʪʠ ʚʦʟʜʫʭʘ. ʇʦʜʘʯʘ ʛʦʨʷʯʝʛʦ ʚʦʟʜʫʭʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʘʢ 

ʥʘʧʨʷʤʫʶ, ʪʘʢ ʠ ʯʝʨʝʟ ʪʝʧʣʦʦʙʤʝʥʥʠʢ. ʉʫʰʠʣʢʘ ʠʤʝʝʪ ʜʚʘ ʛʠʜʨʦʮʠʣʠʥʜʨʘ 

ʜʣʷ ʧʨʠʚʦʜʘ ʝʝ ʚ ʪʨʘʥʩʧʦʨʪʥʦʝ ʧʦʣʦʞʝʥʠʝ. 

 

 
ʘ      ʙ 

ʈʠʩ. 4. ʆʧʨʦʢʠʜʳʚʘʝʤʳʝ ʟʝʨʥʦʩʫʰʠʣʢʠ: 

ʘ - ʤʦʙʠʣʴʥʘʷ ʦʧʨʦʢʠʜʳʚʘʝʤʘʷ ʩʫʰʠʣʢʘ Universal  

ʬʠʨʤʳ çStelaè (ɻʝʨʤʘʥʠʷ); 

ʙ - ʤʦʙʠʣʴʥʘʷ ʦʧʨʦʢʠʜʳʚʘʝʤʘʷ ʟʝʨʥʦʩʫʰʠʣʢʘ ʬʠʨʤʳ çZaninè (ʀʪʘʣʠʷ) 

 

ʈʦʩʩʠʡʩʢʠʡ ʩʘʤʦʭʦʜʥʳʡ ʢʦʤʧʣʝʢʩ (ʉʉʂ) çɹʘʨʩ-ʉè ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʘʛʨʝʛʘʪʦʚ: ʩʫʰʠʣʴʥʦʛʦ ʤʦʜʫʣʷ (ʨʠʩʫʥʦʢ 5,ʘ) ʠ ʘʵʨʘʪʦʨʘ 

(ʨʠʩʫʥʦʢ 5,ʙ). ʂʦʤʧʣʝʢʩ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʢʘʢ ʥʘ ʦʪʢʨʳʪʳʭ ʧʣʦʱʘʜʢʘʭ, ʪʘʢ ʠ 

ʚ ʩʢʣʘʜʩʢʠʭ ʧʦʤʝʱʝʥʠʷʭ. 

 

 
ʘ     ʙ 

ʈʠʩ. 5. ʉʘʤʦʧʝʨʝʜʚʠʞʥʦʡ ʟʝʨʥʦʩʫʰʠʣʴʥʳʡ ʢʦʤʧʣʝʢʩ (ʉʉʂ) çɹɸʈʉ-ʉè 

ʬʠʨʤʳ ʅʇʆ çɺʳʤʧʝʣè (ʈʦʩʩʠʷ): 

ʘ - ʩʫʰʠʣʴʥʳʡ ʤʦʜʫʣʴ; ʙ - ʘʵʨʘʪʦʨ 

 

http://images.yandex.ru/yandsearch?p=1&text=%D0%BF%D0%BD%D0%B5%D0%B2%D0%BC%D0%BE%D0%BF%D0%BE%D0%B3%D1%80%D1%83%D0%B7%D1%87%D0%B8%D0%BA %D0%B7%D0%B5%D1%80%D0%BD%D0%B0&pos=37&uinfo=sw-1263-sh-705-fw-1038-fh-499-pd-1&rpt=simage&img_url=http://files.ub.ua/service/service/1/16549_691929_1290948035.jpg


136 

 

ʉʢʨʝʙʢʦʚʳʡ ʪʨʘʥʩʧʦʨʪʝʨ ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʦʜʘʯʫ ʟʝʨʥʘ ʚ ʙʫʥʢʝʨ 

ʩʫʰʠʣʴʥʦʛʦ ʤʦʜʫʣʷ ʠʟ ʙʫʨʪʘ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʚʳʛʨʫʟʢʦʡ ʧʨʦʩʫʰʝʥʥʦʛʦ 

ʟʝʨʥʘ ʚ ʙʫʨʪ ʥʘ ʦʪʣʝʞʢʫ. ʆʭʣʘʞʜʝʥʠʝ ʟʝʨʥʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʘʵʨʘʪʦʨʝ, 

ʢʦʪʦʨʳʡ ʪʘʢ ʞʝ ʩ ʧʦʤʦʱʴʶ ʩʢʨʝʙʢʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʝʨʘ ʟʘʛʨʫʞʘʝʪʩʷ ʠ 

ʦʩʫɦʝʩʪʚʣʷʝʪ ʚʳʛʨʫʟʢʫ ʟʝʨʥʘ ʚ ʙʫʨʪ ʠʣʠ ʘʚʪʦʪʨʘʥʩʧʦʨʪ. ɽʤʢʦʩʪʴ ʙʫʥʢʝʨʦʚ: 

ʩʫʰʠʣʴʥʦʛʦ ʤʦʜʫʣʷ ï 12,5 ʤ
3
, ʘʵʨʘʪʦʨʘ ï 12,5 ʤ

3
 [2]. 

ʉʘʤʦʭʦʜʥʳʡ ʩʫʰʠʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʤʦʞʝʪ ʧʝʨʝʚʦʟʠʪʴʩʷ ʚ ʢʫʟʦʚʝ 

ʘʚʪʦʤʦʙʠʣʷ ʠʣʠ ʙʫʢʩʠʨʦʚʘʪʴʩʷ ʥʘ ʞʝʩʪʢʦʡ ʩʮʝʧʢʝ. 

ʇʨʠʥʮʠʧ ʤʦʙʠʣʴʥʦʩʪʠ ʟʘʣʦʞʝʥ ʚ ʪʨʝʡʣʝʨʘʭ-ʟʝʨʥʦʩʫʰʠʣʢʘʭ. 

ʄʦʙʠʣʴʥʘʷ ʟʝʨʥʦʩʫʰʠʣʢʘ ʊD-15 ʬʠʨʤʳ çTurbodanè (ɼʘʥʠʷ) ʨʘʟʤʝʱʘʝʪʩʷ 

ʥʘ ʧʨʠʮʝʧʝ, ʩʧʦʩʦʙʥʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʪʴ ʠ ʩʫʰʠʪʴ ʟʝʨʥʦʚʦʡ ʤʘʪʝʨʠʘʣ 

(ʨʠʩʫʥʦʢ 6) [2, 9]. 

 

 
ʈʠʩ. 6. ʊʨʝʡʣʝʨ-ʟʝʨʥʦʩʫʰʠʣʢʘ TD-15 ʬʠʨʤʳ çTurbodanè (ɼʘʥʠʷ) 

 

ʉʫʰʠʣʢʘ ʩʦʩʪʦʠʪ ʠʟ ʧʨʠʮʝʧʘ, ʠʤʝʶʱʝʛʦ ʧʝʨʬʦʨʠʨʦʚʘʥʥʦʝ ʜʥʠʱʝ ʜʣʷ 

ʧʦʜʘʯʠ ʘʛʝʥʪʘ ʩʫʰʢʠ, ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ, ʪʦʧʢʠ, ʨʘʙʦʪʘʶʱʝʡ ʥʘ ʜʠʟʝʣʴʥʦʤ 

ʪʦʧʣʠʚʝ, ʚʝʥʪʠʣʷʪʦʨʘ ʜʣʷ ʧʦʜʘʯʠ ʚʦʟʜʫʭʘ ʠ ʰʥʝʢʦʚ ʜʣʷ ʧʝʨʝʣʦʧʘʯʠʚʘʥʠʷ 

ʟʝʨʥʘ ʚʦ ʚʨʝʤʷ ʩʫʰʢʠ. ʐʥʝʢʠ ʩʦʚʝʨʰʘʶʪ ʩʣʦʞʥʦʝ ʜʚʠʞʝʥʠʝ, ʪʘʢ ʯʪʦ ʧʨʠ 

ʩʫʰʢʝ ʧʨʦʠʩʭʦʜʠʪ ʰʝʩʪʠʢʨʘʪʥʦʝ ʧʝʨʝʣʦʧʘʯʠʚʘʥʠʝ ʟʝʨʥʘ ʚ ʯʘʩ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʨʘʚʥʦʤʝʨʥʦ ʚʳʩʫʰʠʪʴ ʟʝʨʥʦ.  

ʅʦʚʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʨʘʟʚʠʪʠʠ ʤʦʙʠʣʴʥʳʭ ʟʝʨʥʦʩʫʰʠʣʦʢ ʤʦʞʥʦ 

ʩʯʠʪʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʫʥʢʝʨʦʚ-ʧʝʨʝʛʨʫʞʘʪʝʣʝʡ ʩ ʦʜʥʦʚʨʝʤʝʥʥʦʡ 

ʩʫʰʢʦʡ. ʕʪʦ ʨʘʟʨʘʙʦʪʢʘ ʬʠʨʤʳ çAGRIDRYè (ɸʚʩʪʨʘʣʠʷ) (ʨʠʩʫʥʦʢ 7). 

ɹʫʥʢʝʨ-ʧʝʨʝʛʨʫʞʘʪʝʣʴ ʟʝʨʥʦʩʫʰʠʣʢʘ ʘʛʨʝʛʘʪʠʨʫʝʪʩʷ ʩ ʪʨʘʢʪʦʨʦʤ. 

ʀʟʚʝʩʪʥʳ ʚʘʨʠʘʥʪʳ ʤʦʥʪʠʨʫʝʤʳʭ ʩʫʰʠʣʦʢ ʙʘʨʘʙʘʥʥʦʛʦ ʪʠʧʘ ʥʘ ʙʘʟʝ 

ʛʨʫʟʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʠʣʠ ʥʘ ʧʨʠʮʝʧʝ (ʨʠʩʫʥʦʢ 8). ʉʫʰʠʣʢʘ ʤʦʞʝʪ ʙʳʪʴ 

ʦʩʥʘʱʝʥʘ ʜʠʟʝʣʴʥʳʤ ʛʝʥʝʨʘʪʦʨʦʤ. ʈʘʙʦʪʘʶʪ ʪʘʢʠʝ ʩʫʰʠʣʢʠ ʩ 

ʪʝʧʣʦʦʙʤʝʥʥʠʢʦʤ, ʯʪʦ ʠʩʢʣʶʯʘʝʪ ʧʨʠʩʫʪʩʪʚʠʝ ʟʘʧʘʭʘ ʦʪʨʘʙʦʪʘʥʥʳʭ ʛʘʟʦʚ 

ʧʨʠ ʩʞʠʛʘʥʠʠ ʪʦʧʣʠʚʘ. 

ɼʣʷ ʩʫʰʢʠ ʥʝʙʦʣʴʰʠʭ ʧʘʨʪʠʡ ʟʝʨʥʘ ʠʩʧʦʣʴʟʫʶʪ 

ʤʘʣʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʩʫʰʠʣʢʠ, ʩʤʦʥʪʠʨʦʚʘʥʥʳʝ ʥʘ ʤʦʪʦʨʦʣʣʝʨʝ 

(ʨʠʩʫʥʦʢ 9). ʅʘʧʨʠʤʝʨ, ʚ ʋʛʘʥʜʝ ʜʝʡʩʪʚʫʝʪ ʧʨʦʝʢʪ çFeed the futureè (ʇʦʪʦʢ 

ʙʫʜʫʱʝʛʦ). ʇʦ ʵʪʦʡ ʧʨʦʛʨʘʤʤʝ ʠ ʧʨʦʠʩʭʦʜʠʪ ʠʩʧʳʪʘʥʠʝ ʩʫʰʠʣʢʠ 

ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 1,8 ʪ/ʯ. ɼʠʟʝʣʴʥʳʡ 
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ʜʚʠʛʘʪʝʣʴ ʷʚʣʷʝʪʩʷ ʧʨʠʚʦʜʦʤ ʜʣʷ ʤʦʪʦʨʦʣʣʝʨʘ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʧʦʜʘʯʫ ʛʦʨʷʯʝʛʦ ʚʦʟʜʫʭʘ ʚ ʩʫʰʠʣʢʫ. 

 

 
ʈʠʩ. 7. ɹʫʥʢʝʨ-ʧʝʨʝʛʨʫʞʘʪʝʣʴ ʟʝʨʥʦʩʫʰʠʣʢʘ çPREDATORè ʬʠʨʤʳ 

çAGRIDRYè (ɸʚʩʪʨʘʣʠʷ) 

 

 
ʈʠʩ. 8. ʄʦʥʪʠʨʫʝʤʘʷ ʥʘ ʛʨʫʟʦʚʦʡ ʘʚʪʦʤʦʙʠʣʴ ʟʝʨʥʦʩʫʰʠʣʢʘ 

ʄʦʙʠʣʴʥʘʷ ʙʘʨʘʙʘʥʥʘʷ ʟʝʨʥʦʩʫʰʠʣʢʘ ZY5T ʬʠʨʤʳ çZhengzhou Zhengyang 

Machinery Equipment Co., Ltdè  

 

 

ʈʠʩ. 9. ʄʦʥʪʠʨʫʝʤʘʷ ʥʘ ʤʦʪʦʨʦʣʣʝʨ ʟʝʨʥʦʩʫʰʠʣʢʘ 
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ʅʘʨʷʜʫ ʩ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʤʦʙʠʣʴʥʳʤʠ ʟʝʨʥʦʩʫʰʠʣʢʘʤʠ ʠʤʝʶʪʩʷ 

ʪʘʢʞʝ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʝ ʪʝʭʥʦʣʦʛʠʠ.  

ɺʦ ʤʥʦʛʠʭ ʩʦʚʨʝʤʝʥʥʳʭ ʤʦʙʠʣʴʥʳʭ ʟʝʨʥʦʩʫʰʠʣʢʘʭ ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʘʩʧʠʨʘʪʦʨʳ ʣʠʙʦ ʜʨʫʛʠʝ ʚʘʨʠʘʥʪʳ ʟʝʨʥʦʦʯʠʩʪʠʪʝʣʴʥʳʭ ʤʘʰʠʥ [2, 10]. 

ʆʜʥʘʢʦ ʚʦʟʤʦʞʥʦ ʙʦʣʝʝ ʩʣʦʞʥʦʝ ʦʙʲʝʜʠʥʝʥʠʝ ʦʧʝʨʘʮʠʡ ʩʫʰʢʠ ʠ ʦʯʠʩʪʢʠ 

ʟʝʨʥʘ. ʊʘʢʘʷ ʢʦʤʙʠʥʘʮʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʧʝʨʝʜʚʠʞʥʦʤ 

ʟʝʨʥʦʦʯʠʩʪʠʪʝʣʴʥʦʤ ʠ ʩʫʰʠʣʴʥʦʤ ʘʛʨʝʛʘʪʝ [11]. 

ʇʨʠʥʮʠʧ ʦʙʲʝʜʠʥʝʥʠʷ ʨʘʟʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʨʝʘʣʠʟʦʚʘʥ 

ʚ ʢʦʤʙʘʡʥʝ ʜʣʷ ʫʙʦʨʢʠ ʠ ʩʫʰʢʠ ʟʝʨʥʘ [12]. ʇʨʠʯʝʤ ʚ ʜʘʥʥʦʤ ʢʦʤʙʘʡʥʝ ʚ 

ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʯʘʩʪʴ ʠʟʤʝʣʴʯʝʥʥʦʡ ʩʦʣʦʤʳ, ʯʪʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʱʘʝʪ ʟʘʪʨʘʪʳ ʥʘ ʩʫʰʢʫ. 

ʂʘʥʘʜʩʢʘʷ ʬʠʨʤʘ çMobil Grainè ʠʩʧʦʣʴʟʫʝʪ ʤʦʙʠʣʴʥʳʡ ʪʝʨʤʠʥʘʣ 

ʟʝʨʥʘ, ʩʦʜʝʨʞʘʱʠʡ ʤʦʥʪʠʨʫʝʤʳʡ ʟʝʨʥʦʩʫʰʠʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʠ ʚʝʩʴ ʩʧʝʢʪʨ 

ʪʝʭʥʠʢʠ ʜʣʷ ʧʦʩʣʝʫʙʦʨʦʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʟʝʨʥʘ. ʋ ʜʘʥʥʦʡ ʬʠʨʤʳ ʠʤʝʝʪʩʷ 

ʩʦʙʩʪʚʝʥʥʳʡ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʩʦʩʪʘʚ (ʠ ʚʳʢʫʧʣʝʥʥʘʷ ʚʝʪʢʘ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʧʫʪʝʡ) ʜʣʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʬʝʨʤʝʨʩʢʠʭ 

ʭʦʟʷʡʩʪʚ. ɼʣʷ ʵʪʦʛʦ ʤʦʙʠʣʴʥʳʡ ʪʝʨʤʠʥʘʣ [13, 14] ʧʝʨʝʤʝʱʘʝʪʩʷ ʚʜʦʣʴ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʚʝʪʢʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʛʨʘʬʠʢʦʤ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʙʦʣʴʰʝʡ ʤʦʙʠʣʴʥʦʩʪʠ ʟʝʨʥʦʩʫʰʠʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ 

ʘʚʪʦʨʘʤʠ [15] ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʧʝʨʝʜʚʠʞʥʘʷ ʚʘʛʦʥʥʘʷ ʰʘʭʪʥʘʷ 

ʟʝʨʥʦʩʫʰʠʣʢʘ, ʢʦʪʦʨʘʷ ʦʙʩʣʫʞʠʚʘʣʘ ʙʳ ʦʙʲʝʢʪʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʧʫʪʝʡ. 

ɿʘʢʣʶʯʝʥʠʝ. ʇʨʦʚʝʜʝʥʥʦʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʦʙʠʣʴʥʳʭ 

ʟʝʨʥʦʩʫʰʠʣʦʢ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʨʷʜʘ ʟʘʨʫʙʝʞʥʳʭ ʩʪʨʘʥ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʵʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʡ ʩʫʰʢʠ 

ʟʝʨʥʘ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ. 

ʅʝʢʦʪʦʨʳʝ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʤʦʙʠʣʴʥʳʭ ʟʝʨʥʦʩʫʰʠʣʦʢ 

ʟʘʨʫʙʝʞʥʳʭ ʬʠʨʤ ʫʞʝ ʝʩʪʴ ʚ ɸʣʪʘʡʩʢʦʤ ʢʨʘʝ. 

ʆʙʦʙʱʝʥ ʦʧʳʪ ʚʥʝʜʨʝʥʠʷ ʤʦʙʠʣʴʥʳʭ ʟʝʨʥʦʩʫʰʠʣʦʢ ʨʘʟʣʠʯʥʳʭ 

ʟʘʨʫʙʝʞʥʳʭ ʬʠʨʤ, ʧʨʠʚʝʜʝʥʳ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʠʙʦʣʝʝ 

ʠʥʪʝʨʝʩʥʳʭ ʪʠʧʦʚ ʩʫʰʠʣʦʢ. 

ɸʥʘʣʠʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚ ʦʙʣʘʩʪʠ ʟʝʨʥʦʩʫʰʝʥʠʷ ʧʦʟʚʦʣʠʣʦ 

ʚʧʝʨʚʳʝ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʦʩʥʦʚʥʳʝ ʪʠʧʳ ʟʝʨʥʦʩʫʰʠʣʦʢ ʧʦ ʩʪʝʧʝʥʠ 

ʤʦʙʠʣʴʥʦʩʪʠ. 
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ʊɽʍʅʆʃʆɻʀʏɽʉʂʆɽ ʆɹɽʉʇɽʏɽʅʀɽ ʊʆʏʅʆʉʊʀ 

ʀɿɻʆʊʆɺʃɽʅʀʗ ʊʈʆʉʆɺʓʍ ɺʀɹʈʆʀɿʆʃʗʊʆʈʆɺ  

ɼʃʗ ʇʆɺʓʐɽʅʀʗ ɺʀɹʈʆ- ʀ ʋɼɸʈʆɿɸʑʀʊʓ ʀɿɼɽʃʀʁ, 

ʋʉʊɸʅɸɺʃʀɺɸɽʄʓʍ ʅɸ ʇʆɼɺʀɾʅʓɽ ʆɹʔɽʂʊʓ 

ɸ.ʅ. ʃʠʪʚʠʥʦʚ, ʄ.ɸ. ʃʠʪʚʠʥʦʚ  

ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 
ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʣʦʞʝʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʪʨʦʩʦʚʦʛʦ ʚʠʙʨʦʠʟʦʣʷʪʦʨʘ ʜʣʷ ʚʠʙʨʦ- ʠ 

ʫʣʘʨʦʟʘʱʠʪʳ ʘʧʧʘʨʘʪʫʨʳ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʦʟʦʥʝ ʚʥʝʰʥʠʭ ʥʘʛʨʫʟʦʢ. ʈʘʟʨʘʙʦʪʘʥʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʪʦʯʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ 

ʩʪʘʙʠʣʥʦʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʙʨʦʠʟʦʣʷʪʦʨʘ ʧʨʠ ʠʭ ʩʝʨʠʡʥʦʤ ʠʟʛʦʪʦʚʣʝʥʠʠ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʞʜʝʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʨʘʟʤʝʨʦʚ 

ʪʨʦʩʦʚʳʭ ʚʠʙʨʦʠʟʦʣʷʪʦʨʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʠʙʨʦʠʟʦʣʷʪʦʨ, ʪʨʦʩ, ʚʠʙʨʘʮʠʷ, ʫʜʘʨ, 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ, ʵʢʩʧʝʨʠʤʝʥʪ, ʩʪʘʙʠʣʥɹʦʩʪʴ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

 

TECHNOLOGICAL SUPPORT FOR MANUFACTURING ACCURACY 

OF WIRE ROPE VIBRATION ISOLATORS TO INCREASE 

VIBRATION AND SHOCK RESISTANCE OF DEVICES  

INSTALLED  ON MOVABLE OBJECTS  

A.N. Litvinov, M.A. Litvinov  

Penza State University 
 

Abstract. A design of a wire rope isolator for vibration and shock resistance of 

equipment in a wide range of external loads is proposed. A technological device that ensures 

manufacturing accuracy and stability of the vibration isolator characteristics in mass 

production has been developed. The operational effectiveness of different standard sizes of 

wire rope vibration isolators has been experimentally confirmed. 

Keywords: vibration isolator, wire rope, vibration, shock, technological 

device, experiment, stability of characteristics. 

 

ɺʚʝʜʝʥʠʝ 

ɺʦʟʨʘʩʪʘʶʱʠʝ ʩʢʦʨʦʩʪʠ ʠ ʜʝʡʩʪʚʫʶʱʠʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ ʥʘ 

ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʜʚʠʞʥʳʭ ʥʦʩʠʪʝʣʷʭ ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʧʦʚʳʰʝʥʥʳʝ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʚʠʙʨʦ- ʠ ʫʜʘʨʦʟʘʱʠʪʝ ʘʧʧʘʨʘʪʫʨʳ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, 

ʫʩʪʘʥʘʚʣʠʚʘʝʤʦʡ ʥʘ ʥʠʭ [1]. ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʚʠʜʦʚ ʠ ʭʘʨʘʢʪʝʨʘ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʠʟʜʝʣʠʷ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʠʭ 

ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ, ʬʦʨʤʫʣʠʨʫʶʪʩʷ ʦʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ 

ʢ ʚʠʙʨʦʠʟʦʣʷʪʦʨʘʤ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʠʥʘʤʠʯʝʩʢʫʶ ʟʘʱʠʪʫ ʠʟʜʝʣʠʷ. 

ʆʜʥʠʤ ʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʪʠʧʦʚ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʠʙʨʦʠʟʦʣʷʪʦʨʦʚ 

ʚ̫ʣʷʶʪʩʷ ʪʨʦʩʦʚʳʝ ʚʠʙʨʦʠʟʦʣʷʪʦʨʳ ʨʘʟʣʠʯʥʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ 
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ʠʩʧʦʣʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʨʷʜ ʥʝʦʩʧʦʨʠʤʳʭ ʧʨʝʠʤʫʱʝʩʪʚ: ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʚ 

ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʩʨʦʢʘ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʧʦʞʘʨʦʙʝʟʦʧʘʩʥʦʩʪʴ, ʠʥʝʨʪʥʦʩʪʴ ʢ 

ʘʛʨʝʩʩʠʚʥʳʤ ʩʨʝʜʘʤ, ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʦʚʳʰʝʥʥʦʡ ʠ 

ʞʝʩʪʢʦʡ ʨʘʜʠʘʮʠʠ. ʆʥʠ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʠʟ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʪʨʦʩʘ, 

ʢʦʪʦʨʳʡ ʩʚʠʚʘʝʪʩʷ ʚ ʚʠʜʝ ʧʨʫʞʠʥ, ʠʤʝʶʱʠʭ ʨʘʟʣʠʯʥʫʶ ʬʦʨʤʫ [2]. ʆʙʱʠʤ 

ʜʣʷ ʚʩʝʭ ʪʨʦʩʦʚʳʭ ʚʠʙʨʦʠʟʦʣʷʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʠ, ʦʙʣʘʜʘʷ 

ʚʳʩʦʢʠʤʠ ʜʠʩʩʠʧʘʪʠʚʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʟʘ ʩʯʝʪ ʩʫʭʦʛʦ ʪʨʝʥʠʷ ʤʝʞʜʫ 

ʞʠʣʘʤʠ ʪʨʦʩʘ ʠ ʟʥʘʯʠʪʝʣʴʥʳʤ ʩʚʦʙʦʜʥʳʤ ʭʦʜʦʤ, ʚʝʩʴʤʘ ʵʬʬʝʢʪʠʚʥʦ 

ʜʝʤʧʬʠʨʫʶʪ ʥʝ ʪʦʣʴʢʦ ʚʠʙʨʘʮʠʦʥʥʳʝ, ʥʦ ʠ ʫʜʘʨʥʳʝ ʥʘʛʨʫʟʢʠ ʚ ʨʘʟʣʠʯʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʷʭ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʚʠʙʨʦʠʟʦʣʠʨʫʝʤʳʭ 

ʦʙʲʝʢʪʦʚ ʚ ʞʝʩʪʢʠʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʆʥʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ 

ʩʫʜʦʩʪʨʦʝʥʠʠ, ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʪʝʭʥʠʢʝ, ʘʚʠʘʮʠʠ, ʨʘʢʝʪʦʩʪʨʦʝʥʠʠ ʠ ʜʨʫʛʠʭ 

ʦʙʣʘʩʪʷʭ ʪʝʭʥʠʢʠ. 

ʅʘʠʙʦʣʝʝ ʩʣʦʞʥʘʷ ʧʨʦʙʣʝʤʘ, ʩ ʢʦʪʦʨʦʡ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩʦʟʜʘʪʝʣʠ 

ʩʧʠʨʘʣʴʥʳʭ ʪʨʦʩʦʚʳʭ ʚʠʙʨʦʠʟʦʣʷʪʦʨʦʚ, ï ʦʙʝʩʧʝʯʝʥʠʝ ʩʪʘʙʠʣʴʥʳʭ ʚʦ 

ʚʨʝʤʝʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɽʝ ʨʝʰʝʥʠʝ ʣʝʞʠʪ ʥʘ ʧʫʪʠ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʡ 

ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ ʠ ʩʪʘʙʠʣʴʥʦʛʦ ʢʘʯʝʩʪʚʘ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʪʨʦʩʘ ʠ 

ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚʠʙʨʦʠʟʦʣʷʪʦʨʘ, ʘ ʪʘʢʞʝ ʧʨʠ ʩʙʦʨʢʝ ʩʘʤʦʛʦ 

ʚʠʙʨʦʠʟʦʣʷʪʦʨʘ. 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʢʦʥʩʪʨʫʢʮʠʷ ʚʠʙʨʦʠʟʦʣʷʪʦʨʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ 

ʠʟ ʢʘʥʘʪʘ (ɺʎʂ) ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ 

ʪʦʯʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ɺʎʂ ʚ ʩʝʨʠʡʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʝʛʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʠ ʜʝʡʩʪʚʠʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʚʠʙʨʘʮʠʦʥʥʳʭ 

ʠ ʫʜʘʨʥʳʭ ʥʘʛʨʫʟʦʢ. 

1. ʂʦʥʩʪʨʫʢʪʠʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɺʎʂ 

ɺʠʙʨʦʠʟʦʣʷʪʦʨ ʷʚʣʷʝʪʩʷ ʮʝʣʴʥʦʤʝʪʘʣʣʠʯʝʩʢʦʡ ʢʦʥʩʪʨʫʢʮʠʝʡ ʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʢʘʥʘʪ ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ, ʩʚʠʪʳʡ ʚ 

ʩʧʠʨʘʣʴ ʠ ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʡ ʧʣʘʥʢʘʤʠ. ʆʙʱʠʡ ʚʠʜ ɺʎʂ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 1. 

 
ʈʠʩ. 1. ʆʙʱʠʡ ʚʠʜ ɺʎʂ 

 

ɿʜʝʩʴ L, W, H ï ʛʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ ʚʠʙʨʦʠʟʦʣʷʪʦʨʘ; D ï ʜʠʘʤʝʪʨ 

ʢʘʥʘʪʘ;  l ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʨʠʩʦʝʜʠʥʠʪʝʣʴʥʳʤʠ ʦʪʚʝʨʩʪʠʷʤʠ; x, y, z ï 

ʨʘʙʦʯʠʝ ʦʩʠ ʚʠʙʨʦʠʟʦʣʷʪʦʨʘ. ʂʘʥʘʪ 3 ʬʠʢʩʠʨʫʝʪʩʷ ʤʝʞʜʫ ʧʣʘʥʢʘʤʠ 2 ʧʨʠ 

ʧʦʤʦʱʠ ʚʠʥʪʦʚ 1, ʢʦʣʠʯʝʩʪʚʦ ʢʦʪʦʨʳʭ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʠʩʣʘ 



142 

 

ʚʠʪʢʦʚ ʢʘʥʘʪʘ. ʉʫʱʝʩʪʚʝʥʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʢʦʥʩʪʨʫʢʮʠʠ ɺʎʂ ʷʚʣʷʝʪʩʷ 

ʪʦ, ʯʪʦ ʢʘʥʘʪ ʩʦʩʪʦʠʪ ʠʟ n ʩʚʠʪʳʭ ʞʠʣ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʩʦʩʪʦʠʪ ʠʟ m 

ʧʨʦʚʦʣʦʢ. ʈʘʩʩʝʷʥʠʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʢʦʣʝʙʘʥʠʡ ʜʝʤʧʬʠʨʫʝʤʦʛʦ 

ʦʙʲʝʢʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʩʫʭʦʛʦ ʪʨʝʥʠʷ ʤʝʞʜʫ ʧʨʦʚʦʣʦʢʘʤʠ ʢʘʥʘʪʘ 

ʧʨʠ ʠʭ ʚʟʘʠʤʥʦʤ ʤʠʢʨʦʧʝʨʝʤʝʱʝʥʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʝʩʴʤʘ ʵʬʬʝʢʪʠʚʥʦ 

ʜʝʤʧʬʠʨʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʚʠʙʨʘʮʠʦʥʥʳʝ, ʥʦ ʠ ʫʜʘʨʥʳʝ ʥʘʛʨʫʟʢʠ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʦʚ W, H, D ʠ ʯʠʩʣʘ ʚʠʪʢʦʚ ʚʠʙʨʦʠʟʦʣʷʪʦʨʳ 

ʨʘʩʩʯʠʪʘʥʳ ʥʘ ʥʦʤʠʥʘʣʴʥʫʶ ʥʘʛʨʫʟʢʫ ʦʪ 10 ʜʦ 1710ʅ ʥʘ ʦʜʠʥ 

ʚʠʙʨʦʠʟʦʣʷʪʦʨ. ɺʩʝʛʦ ʨʘʟʨʘʙʦʪʘʥʦ ʙʦʣʝʝ 200 ʪʠʧʦʨʘʟʤʝʨʦʚ ɺʎʂ. 

ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʙʨʦʠʟʦʣʷʪʦʨʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʊʋ: 

- ʨʘʙʦʯʠʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʜʠʘʧʘʟʦʥ ï ʦʪ -60Üʉ ʜʦ +100Üʉ; 

- ʨʘʙʦʯʠʡ ʜʠʘʧʘʟʦʥ ʯʘʩʪʦʪ ï ʦʪ 5 ʜʦ 500 ɻʮ; 

- ʨʝʟʦʥʘʥʩʥʘʷ ʯʘʩʪʦʪʘ ʧʨʠ ʥʦʤʠʥʘʣʴʥʦʡ ʥʘʛʨʫʟʢʝ ʧʦ ʦʩʷʤ x, y, z ï 

(10Ñ3)ɻʮ; 

- ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʥʘʤʠʯʥʦʩʪʠ ʥʘ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʝ ï ʥʝ ʙʦʣʝʝ 3; 

- ʤʘʢʩʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ï 5g; 

- ʤʘʢʩʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʫʩʢʦʨʝʥʠʷ ʧʨʠ ʤʥʦʛʦʢʨʘʪʥʦʤ ʫʜʘʨʥʦʤ 
ʚʦʟʜʝʡʩʪʚʠʠ ï 15g ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʦʪ 5 ʜʦ 10 ʤʩ; 

- ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʥʘʤʠʯʥʦʩʪʠ ʧʨʠ ʤʥʦʛʦʢʨʘʪʥʦʤ ʫʜʘʨʥʦʤ 

ʚʦʟʜʝʡʩʪʚʠʠ ï ʥʝ ʙʦʣʝʝ 0,2; 

- ʤʘʢʩʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʫʩʢʦʨʝʥʠʷ ʧʨʠ ʦʜʠʥʦʯʥʦʤ ʫʜʘʨʥʦʤ 

ʚʦʟʜʝʡʩʪʚʠʠ ï 100g ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʦʪ 5 ʜʦ 10 ʤʩ; 

- ʩʪʦʡʢʦʩʪʴ ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ 

(95-98)% ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 35Üʉ; 

- ʩʪʦʡʢʦʩʪʴ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʩʦʣʷʥʦʛʦ (ʤʦʨʩʢʦʛʦ) ʪʫʤʘʥʘ; 

- ʨʝʩʫʨʩ ï ʥʝ ʤʝʥʝʝ 80000 ʯʘʩʦʚ. 

ɿʥʘʯʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʫʩʣʦʚʣʝʥʳ ʪʝʤ, ʯʪʦ ʚʠʙʨʦʠʟʦʣʷʪʦʨʳ ɺʎʂ ʚ 

ʦʩʥʦʚʥʦʤ ʨʘʟʨʘʙʦʪʘʥʳ ʜʣʷ ʟʘʱʠʪʳ ʢʦʨʘʙʝʣʴʥʦʡ ʈʕɸ ʦʪ ʚʠʙʨʘʮʠʦʥʥʳʭ ʠ 

ʫʜʘʨʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʠ ʚ ʦʩʥʦʚʥʦʤ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʧʦʪʨʝʙʥʦʩʪʠ 

ʩʫʜʦʩʪʨʦʝʥʠʷ.  

2. ʊʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʪʦʯʥʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ɺʎʂ 

ɻʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ ɺʎʂ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʘʨʘʤʝʪʨʦʚ, 

ʦʢʘʟʳʚʘʶʱʠʭ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʧʦʣʫʯʝʥʠʠ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ 

ʚʠʙʨʦʠʟʦʣʷʪʦʨʦʚ ʟʘʜʘʥʥʳʭ ʛʘʙʘʨʠʪʥʳʭ ʨʘʟʤʝʨʦʚ ʩ ʥʝʦʙʭʦʜʠʤʦʡ 

ʪʦʯʥʦʩʪʴʶ, ʘ ʪʘʢʞʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʜʘʥʥʳʭ ʨʘʟʤʝʨʦʚ ʚ ʫʩʣʦʚʠʷʭ ʩʝʨʠʡʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. ʉ ʮʝʣʴʶ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʨʘʟʨʘʙʦʪʘʥʦ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ 

ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʝʨʠʠ ʪʠʧʦʨʘʟʤʝʨʦʚ ʚʠʙʨʦʠʟʦʣʷʪʦʨʦʚ. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ 

ʩʭʝʤʘ ʬʦʨʤʦʦʙʨʘʟʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʚʠʙʨʦʠʟʦʣʷʪʦʨʦʚ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ.2. 

ɿʜʝʩʴ ɸ ʠ ɺ ï ʨʘʟʤʝʨʳ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ. 

ʈʘʟʤʝʨʳ ɸ ʠ ɺ ʜʘʥʥʦʛʦ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʷʚʣʷʶʪʩʷ ʨʝʛʫʣʠʨʫʝʤʳʤʠ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʨʘʟʤʝʨʦʚ 

ʚʠʙʨʦʠʟʦʣʷʪʦʨʦʚ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʤʝʨʦʚ ɸ ʠ ɺ, ʥʘ ʢʦʪʦʨʳʝ 
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ʥʝʦʙʭʦʜʠʤʦ ʥʘʩʪʨʦʠʪʴ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʠʙʨʦʠʟʦʣʷʪʦʨʘ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʪʠʧʦʨʘʟʤʝʨʘ, ʠʩʧʦʣʴʟʫʝʤ ʛʠʧʦʪʝʟʫ ʦ ʪʦʤ, ʯʪʦ ʜʣʠʥʘ ʪʨʦʩʘ, 

ʩʦʩʪʘʚʣʷʶʱʘʷ ʧʦʣʦʚʠʥʫ ʚʠʪʢʘ, ʷʚʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ ʧʦʩʪʦʷʥʥʦʡ ʜʣʷ 

ʢʘʞʜʦʛʦ ʪʠʧʦʨʘʟʤʝʨʘ ʚʠʙʨʦʠʟʦʣʷʪʦʨʘ, ʘ ʬʦʨʤʘ ʚʠʪʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʫʧʨʫʛʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʪʨʦʩʘ ʠ ʦʧʠʩʳʚʘʝʪ ʩʦʩʪʦʷʥʠʝ ʨʘʚʥʦʚʝʩʠʷ, ʢ ʢʦʪʦʨʦʤʫ 

ʩʪʨʝʤʠʪʩʷ ʚʠʙʨʦʠʟʦʣʷʪʦʨ ʧʦʩʣʝ ʩʥʷʪʠʷ ʩ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ. 

 

ʈʠʩ. 2. ʉʭʝʤʘ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ɺʎʂ 

 

ʈʘʩʩʤʦʪʨʠʤ ʪʨʦʩ, ʫʣʦʞʝʥʥʳʡ ʥʘ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʨʠʩ. 3, ʦʙʝʩʧʝʯʠʚ ʝʛʦ ʧʨʠʣʝʛʘʥʠʝ ʢ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʢʦʥʩʪʨʫʢʮʠʷ ʩʠʤʤʝʪʨʠʯʥʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʝʡ x ʠ z (ʩʤ. ʨʠʩ. 1), ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʯʝʪʚʝʨʪʴ ʚʠʪʢʘ. 

 
ʈʠʩ. 3. ʉʭʝʤʘ ʜʣʷ ʨʘʩʯʝʪʘ ʜʣʠʥʳ ʜʫʛʠ ʚʠʪʢʘ ɺʎʂ 
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ɿʜʝʩʴ R ï ʨʘʜʠʫʩ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʯʘʩʪʠ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ, S ʠ a ï 

ʨʘʟʤʝʨʳ ʧʣʘʥʦʢ, ʧʦʩʪʦʷʥʥʳʝ ʜʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ ʚʠʙʨʦʠʟʦʣʷʪʦʨʘ, d ï 

ʜʠʘʤʝʪʨ ʪʨʦʩʘ, ( )2 2h H a d= - +, 2w W d= - . 

ɼʣʠʥʘ ʜʫʛʠ ʪʨʦʩʘ, ʩʦʩʪʘʚʣʷʶʱʘʷ ʯʝʪʚʝʨʪʴ ʚʠʪʢʘ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ 

ʩʣʝʜʫʶʱʝʛʦ ʚʳʨʘʞʝʥʠʷ: 

L l l= +.                                                              (1) 

ɿʜʝʩʴ 
( ) ( )

2 2

1

2 2
cos

2

h a w S R
l

+ + - -
= Ö a ï ʜʣʠʥʘ ʧʨʷʤʦʣʠʥʝʡʥʦʛʦ 

ʫʯʘʩʪʢʘ ʪʨʦʩʘ, 
180

R
l
p a
=  ï ʜʣʠʥʘ, ʫʯʘʩʪʢʘ ʪʨʦʩʘ, ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʫʛʣʦʤ 

1 2
a=a +a, ʛʜʝ 

( ) ( )
1 2 2

2
arcsin

2 2

R

h a w S R

å õ
æ öa =
æ ö+ + - -ç ÷

, 

2

2
arctg

2

w S R

h a

- -å õ
a = æ ö

+ç ÷
. 

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʪʨʦʩ ʦʙʣʘʜʘʝʪ ʫʧʨʫʛʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʪʦ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʝʛʦ ʧʨʠʣʝʛʘʥʠʷ ʢ ʧʨʠʩʧʦʩʦʙʣʝʥʠʶ ʚ ʧʨʦʮʝʩʩʝ ʥʘʤʦʪʢʠ 

ʚʠʙʨʦʠʟʦʣʷʪʦʨʘ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʝʥʠʝ ʫʩʣʦʚʠʡ: 

A<h, B>w.                                                            (2) 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ ʥʘ ʵʪʘʧʝ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ 

ʪʠʧʦʨʘʟʤʝʨʦʚ ɺʎʂ ʦʧʨʝʜʝʣʠʪʴ ʨʘʟʤʝʨʳ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʜʣʷ ʠʭ 

ʠʟʛʦʪʦʚʣʝʥʠʷ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʚʨʝʤʷ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʜʣʷ ʩʝʨʠʡʥʦʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʦʚʳʭ ʪʠʧʦʨʘʟʤʝʨʦʚ ɺʎʂ ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʠʭ ʦʩʥʦʚʥʳʭ ʨʘʟʤʝʨʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʧʨʠʝʤʦ-ʩʜʘʪʦʯʥʳʭ ʠʩʧʳʪʘʥʠʡ ʨʘʟʣʠʯʥʳʭ 

ʪʠʧʦʨʘʟʤʝʨʦʚ ʚʠʙʨʦʠʟʦʣʷʪʦʨʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʦʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʨʝʙʫʝʤʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʠʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʚʘʨʠʘʥʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʜʦʩʪʘʪʦʯʥʦ ʫʥʠʚʝʨʩʘʣʴʥʳʤ. ɽʛʦ ʧʨʠʤʝʥʝʥʠʝ ʚʦʟʤʦʞʥʦ ʪʘʢʞʝ ʜʣʷ ʩʙʦʨʢʠ 

ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʦʛʦ ʪʠʧʘ ʚʠʙʨʦʠʟʦʣʷʪʦʨʦʚ, ʢʦʥʩʪʨʫʢʮʠʷ ʢʦʪʦʨʳʭ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʧʘʪʝʥʪʝ [3]. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 

ʵʪʦʛʦ ʪʠʧʘ ʚʠʙʨʦʠʟʦʣʷʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚʳʝʤʢʠ ʚ ʦʧʦʨʥʳʭ ʧʣʘʥʢʘʭ 

ʠʤʝʶʪ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʛʨʘʥʝʥʫʶ ʬʦʨʤʫ ʠ ʩʥʘʙʞʝʥʳ ʟʘʱʠʪʥʳʤʠ 

ʚʪʫʣʢʘʤʠ ʠʟ ʙʦʣʝʝ ʤʷʛʢʦʛʦ ʤʝʪʘʣʣʘ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʥʘʜʝʞʥʦʝ 

ʢʨʝʧʣʝʥʠʝ ʢʘʥʘʪʘ ʤʝʞʜʫ ʧʣʘʥʢʘʤʠ ʠ ʧʦʣʥʦʩʪʴʶ ʠʩʢʣʶʯʘʝʪ ʝʛʦ 

ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʝ ʚ ʚʳʝʤʢʘʭ ʧʣʘʥʦʢ. 

3. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɺʎʂ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʙʨʦʠʟʦʣʷʪʦʨʦʚ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʚʠʙʨʘʮʠʦʥʥʳʝ ʠ ʫʜʘʨʥʳʝ 

ʚʦʟʜʝʡʩʪʚʠʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʝʡ x ʠ z. ʀʩʧʳʪʘʥʠʷʤ ʧʦʜʚʝʨʛʘʣʠʩʴ ʪʨʠ 
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ʪʠʧʦʨʘʟʤʝʨʘ ʚʠʙʨʦʠʟʦʣʷʪʦʨʦʚ ʠʟ ʩʪʘʣʴʥʦʛʦ ʢʘʥʘʪʘ ʪʠʧʘ ʊʂ ʜʠʘʤʝʪʨʦʤ 

3,2 ʤʤ ʩ ʯʠʩʣʦʤ ʚʠʪʢʦʚ ï 8 ʠ ʩʣʝʜʫʶʱʠʤʠ ʨʘʟʤʝʨʘʤʠ W ʠ H: 

ï ɺʎʂ-01: W = 47 ʤʤ, H = 37 ʤʤ; 

ï ɺʎʂ-02: W = 53 ʤʤ, H = 44 ʤʤ; 

ï ɺʎʂ-03: W = 62 ʤʤ, H = 53 ʤʤ. 

ʄʘʩʩʘ, ʢʦʪʦʨʘʷ ʚʳʙʠʨʘʣʘʩʴ ʨʘʚʥʦʡ ʤʘʩʩʝ ʨʝʘʣʴʥʳʭ ʙʣʦʢʦʚ ʈʕɸ, 

ʧʨʠʭʦʜʷʱʘʷʩʷ ʥʘ ʜʚʘ ʚʠʙʨʦʠʟʦʣʷʪʦʨʘ, ʠʟʤʝʥʷʣʦʩʴ ʦʪ 1,3 ʜʦ 8,7 ʢʛ ʧʨʠ 

ʠʩʧʳʪʘʥʠʷʭ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ z ʠ ʦʪ 0,94 ʜʦ 3,97 ʢʛ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ x. ʋʤʝʥʴʰʝʥʠʝ ʤʘʩʩʳ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʧʳʪʘʥʠʡ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ x ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʞʝʩʪʢʦʩʪʴ ʚʠʙʨʦʠʟʦʣʷʪʦʨʦʚ ʧʦ ʦʩʠ x 

ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʞʝʩʪʢʦʩʪʠ ʧʦ ʦʩʠ z.  

ʀʩʧʳʪʘʥʠʷ ʥʘ ʚʦʟʜʝʡʩʪʚʠʝ ʚʠʙʨʘʮʠʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ z 

ʚʳʧʦʣʥʷʣʠʩʴ ʥʘ ʚʠʙʨʦʩʪʝʥʜʝ VIB2000 TV5-4000 ʬʠʨʤʳ "ELION-UNION" ʩ 

ʢʦʤʧʣʝʢʪʦʤ ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʬʠʨʤʳ "Br¿el & 

Kjaer". ʅʘ ʚʠʙʨʦʠʟʦʣʷʪʦʨʳ ʫʩʪʘʥʘʚʣʠʚʘʣʘʩʴ ʤʘʩʩʘ, ʠʤʠʪʠʨʫʶʱʘʷ 

ʟʘʱʠʱʘʝʤʳʡ ʦʙʲʝʢʪ, ʘ ʩʘʤʠ ʚʠʙʨʦʠʟʦʣʷʪʦʨʳ ʯʝʨʝʟ ʩʧʝʮʠʘʣʴʥʦʝ 

ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ ʞʝʩʪʢʦ ʢʨʝʧʠʣʠʩʴ ʢ ʩʪʦʣʫ ʚʠʙʨʦʩʪʝʥʜʘ.  

ʆʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʚʠʙʨʦʠʟʦʣʷʪʦʨʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʧʦ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʥʘʤʠʯʥʦʩʪʠ: 

O

B

À

À
b= ,                                                             (3) 

ʛʜʝ 
O

À  ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʘʤʧʣʠʪʫʜʘ ʚʠʙʨʦʫʩʢʦʨʝʥʠʷ (ʫʜʘʨʥʦʛʦ ʫʩʢʦʨʝʥʠʷ) 

ʥʘ ʠʩʧʳʪʫʝʤʦʤ ʦʙʲʝʢʪʝ, 
B

À  ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʘʤʧʣʠʪʫʜʘ ʥʘ ʩʪʦʣʝ 

ʚʠʙʨʦʩʪʝʥʜʘ 2. 

ɺ ʪʘʙʣʠʮʘʭ 1 ʠ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʜʠʥʘʤʠʯʥʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʘʩʩʳ ʦʙʲʝʢʪʘ ʠ ʪʠʧʦʨʘʟʤʝʨʘ 

ʚʠʙʨʦʠʟʦʣʷʪʦʨʘ ʚ ʨʘʙʦʯʝʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ (5é1000 ɻʮ) ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ 

ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʝʡ z ʠ x ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

ʊʘʙʣʠʮʘ 1 

ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʥʘʤʠʯʥʦʩʪʠ ʧʨʠ ʚʠʙʨʘʮʠʠ ʧʦ ʦʩʠ z 

ʊʠʧʦʨʘʟʤʝʨ 
ʄʘʩʩʘ ʦʙʲʝʢʪʘ, ʢʛ 

1,3 3,1 5,1 6,9 8,7 

ɺʎʂ-01 5,83 2,96 2,03 2,13 1,88 

ɺʎʂ-02 3,38 2,1 1,75 1,31 1,32 

ɺʎʂ-03 2,63 1,5 ï ï ï 

 

ʊʘʙʣʠʮʘ 2 

ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʥʘʤʠʯʥʦʩʪʠ ʧʨʠ ʚʠʙʨʘʮʠʠ ʧʦ ʦʩʠ x 

ʊʠʧʦʨʘʟʤʝʨ 
ʄʘʩʩʘ ʦʙʲʝʢʪʘ, ʢʛ 

0,94 1,88 3,18 3,97 

ɺʎʂ-01 2,45 2 1,48 1,25 

ɺʎʂ-02 1,88 1,44 ï ï 

ɺʎʂ-03 1,33 ï ï ï 
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ʇʨʦʯʝʨʢʠ ʚ ʪʘʙʣʠʮʘʭ 1 ʠ 2 ʫʢʘʟʳʚʘʶʪ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʨʝʟʦʥʘʥʩʥʳʭ 

ʷʚʣʝʥʠʡ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʝʟʦʥʘʥʩʥʘʷ ʯʘʩʪʦʪʘ ʩʥʠʞʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʫʨʦʚʥʷ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ, ʛʘʙʘʨʠʪʥʳʭ ʨʘʟʤʝʨʦʚ ɺʎʂ ʠ ʤʘʩʩʳ 

ʦʙʲʝʢʪʘ. ʋʚʝʣʠʯʝʥʠʝ ʥʘʛʨʫʟʦʯʥʦʡ ʤʘʩʩʳ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʛʘʰʝʥʠʷ ʢʦʣʝʙʘʥʠʡ ʥʘ ʧʝʨʚʦʡ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʝ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ 

ʚʠʙʨʘʮʠʠ. 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʡ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣʠʮʘʭ 1 ʠ 2, 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʫʨʦʚʥʶ ʚʠʙʨʦʟʘʱʠʪʳ (
max

3b ¢) 

ʚʳʧʦʣʥʷʶʪʩʷ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʚʝʣʠʯʠʥʘʭ ʤʘʩʩʳ ʦʙʲʝʢʪʘ ʥʘ ʜʚʘ 

ʚʠʙʨʦʠʟʦʣʷʪʦʨʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʪʠʧʦʚ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʚʠʙʨʘʮʠʠ: 

- ʧʦ ʦʩʠ  z  :ʦʪ 3,1 ʜʦ 8,7 ʢʛ; 

- ʧʦ ʦʩʠ x : ʦʪ 0,94 ʜʦ 3,97 ʢʛ. 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʚʠʙʨʦʠʟʦʣʷʪʦʨ ɺʎʂ-03. 

ʕʪʠ ʞʝ ʪʠʧʦʨʘʟʤʝʨʳ ʚʠʙʨʦʠʟʦʣʷʪʦʨʦʚ ʧʦʜʚʝʨʛʘʣʠʩʴ ʠʩʧʳʪʘʥʠʷʤ ʥʘ 

ʚʦʟʜʝʡʩʪʚʠʝ ʤʥʦʛʦʢʨʘʪʥʳʭ ʫʜʘʨʦʚ ʥʘ ʫʜʘʨʥʦʤ ʩʪʝʥʜʝ ST-800 ʧʨʠ 

ʧʘʨʘʤʝʪʨʘʭ ʫʜʘʨʥʦʛʦ ʠʤʧʫʣʴʩʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ 

ʚʦʟʜʝʡʩʪʚʠʤ̫ ʥʘ ʠʟʜʝʣʠʷ: ʚʠʜ ʫʜʘʨʥʦʛʦ ʠʤʧʫʣʴʩʘ ï ʧʦʣʫʩʠʥʫʩʦʠʜʘʣʴʥʳʡ 

ʧʦ ɻʆʉʊ ʈɺ 20.57.305; ʘʤʧʣʠʪʫʜʘ ʫʜʘʨʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ï 15g ʧʨʠ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ï 5é10 ʤʩ. 

ɺ ʪʘʙʣʠʮʘʭ 3 ʠ 4 ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʥʘʤʠʯʥʦʩʪʠ, 

ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚʠʙʨʦʠʟʦʣʷʪʦʨʦʚ ʥʘ 

ʚʦʟʜʝʡʩʪʚʠʝ ʤʥʦʛʦʢʨʘʪʥʳʭ ʫʜʘʨʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʘʩʩʳ ʦʙʲʝʢʪʘ ʠ 

ʪʠʧʦʨʘʟʤʝʨʘ ʚʠʙʨʦʠʟʦʣʷʪʦʨʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ z ʠ x ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

ʊʘʙʣʠʮʘ 3 

ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʥʘʤʠʯʥʦʩʪʠ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʫʜʘʨʘ ʧʦ ʦʩʠ z 

ʄʘʩʩʘ, ʢʛ 
ʊʠʧʦʨʘʟʤʝʨ ɺʎʂ 

ɺʎʂ-01 ɺʎʂ-02 ɺʎʂ-03 

3,1 0,389 0,299 0,192 

5,1 0,362 0,224 0,131 

6,9 0,240 0,173 0,087 

8,7 0,187 0,063  

 

ʊʘʙʣʠʮʘ 4 

ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʥʘʤʠʯʥʦʩʪʠ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʫʜʘʨʘ ʧʦ ʦʩʠ x 

ʄʘʩʩʘ, ʢʛ 
ʊʠʧʦʨʘʟʤʝʨ ɺʎʂ 

ɺʎʂ-01 ɺʎʂ-02 ɺʎʂ-03 

0,94 0,304 0,191 0,153 

1,88 0,346 0,128 0,068 

3,18 0,184 0,123 0,081 

3,97 0,176 0,104 0,065 
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ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʡ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣʠʮʘʭ 3 ʠ 4, 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʚʠʙʨʦʠʟʦʣʷʪʦʨʳ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ 

ʤʥʦʛʦʢʨʘʪʥʳʭ ʫʜʘʨʦʚ ʫʤʝʥʴʰʘʶʪ ʘʤʧʣʠʪʫʜʫ ʫʜʘʨʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʥʘ 

ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʦʨʘʟʤʝʨʘ ʠ ʤʘʩʩʳ ʥʘʛʨʫʟʢʠ ʚ 2,6 ï 

15,9 ʨʘʟ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʧʦ ʦʩʠ z, ʚ 2,9 ï 15,4 ʨʘʟ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʧʦ ʦʩʠ 

x. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʨʘʟʤʝʨʦʚ W ʠ H ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʜʘʨʦʟʘʱʠʪʳ 

ʚʠʙʨʦʠʟʦʣʷʪʦʨʘ ʧʦʚʳʰʘʝʪʩʷ. 

ʉ ʮʝʣʴʶ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʩʦʭʨʘʥʷʝʤʦʩʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʚʠʙʨʦʠʟʦʣʷʪʦʨʦʚ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ 

ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ ʦʩʘʜʢʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʩʪʘʪʠʯʝʩʢʦʡ 

ʥʘʛʨʫʟʢʠ, ʘ ʪʘʢʞʝ ʠʩʧʳʪʘʥʠʷ ʥʘ ʜʦʣʛʦʚʝʯʥʦʩʪʴ. ʀʩʧʳʪʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʦʩʘʜʢʘ ʚʠʙʨʦʠʟʦʣʷʪʦʨʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʥʦʤʠʥʘʣʴʥʦʡ ʥʘʛʨʫʟʢʠ 

ʧʨʝʢʨʘʱʘʝʪʩʷ ʯʝʨʝʟ 24 ʯʘʩʘ ʧʦʩʣʝ ʥʘʯʘʣʘ ʠʩʧʳʪʘʥʠʡ, ʧʨʠʯʝʤ 75% ʦʩʘʜʢʠ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʪʝʯʝʥʠʝ ʧʝʨʚʳʭ 6 ʯʘʩʦʚ. ɺʝʣʠʯʠʥʘ ʦʩʘʜʢʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 4% 

ʦʪ ʚʳʩʦʪʳ ʚʠʙʨʦʠʟʦʣʷʪʦʨʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʩʦʭʨʘʥʝʥʠʠ ʠʩʭʦʜʥʳʭ 

ʨʘʟʤʝʨʦʚ ʚʠʙʨʦʠʟʦʣʷʪʦʨʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʩʪʘʪʠʯʝʩʢʦʡ 

ʥʘʛʨʫʟʢʠ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʚʠʙʨʦ- ʠ ʫʜʘʨʦʟʘʱʠʪʳ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʧʳʪʘʥʠʡ ʥʘ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ɻʆʉʊ ʈɺ 20.57.305 ʢʘʞʜʳʡ ʪʠʧʦʨʘʟʤʝʨ ʚʠʙʨʦʠʟʦʣʷʪʦʨʘ 

ʧʦʜʚʝʨʛʘʣʩʷ ʚʦʟʜʝʡʩʪʚʠʶ ʥʝ ʤʝʥʝʝ 10
5
 ʫʜʘʨʦʚ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʝʡ x ʠ z ʩ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʘʤʧʣʠʪʫʜʦʡ ʫʜʘʨʥʦʛʦ ʫʩʢʦʨʝʥʠʷ 15g ʠ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 

ʧʝʨʚʦʡ ʧʦʣʫʚʦʣʥʳ 5é10 ʤʩ. ʇʦʩʣʝ ʥʘʨʘʙʦʪʢʠ 10
5
 ʫʜʘʨʦʚ ʚʠʙʨʦʠʟʦʣʷʪʦʨʳ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʜʚʝʨʛʘʣʠʩʴ ʚʦʟʜʝʡʩʪʚʠʶ 0,7Ö10
5
 ʫʜʘʨʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʟʘʧʘʩʘ ʜʦʣʛʦʚʝʯʥʦʩʪʠ. ɺ ʧʨʦʮʝʩʩʝ ʠʩʧʳʪʘʥʠʡ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠʩʴ ʧʘʨʘʤʝʪʨʳ 

ʦʪʢʣʠʢʘ, ʚʥʝʰʥʠʡ ʚʠʜ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʚʠʙʨʦʠʟʦʣʷʪʦʨʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʥʘ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʫ ʚʩʝʭ 

ʪʠʧʦʨʘʟʤʝʨʦʚ ʚʠʙʨʦʠʟʦʣʷʪʦʨʦʚ ʠʩʢʘʞʝʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ 

ʦʪʩʫʪʩʪʚʫʝʪ ʠ ʩʦʭʨʘʥʷʝʪʩʷ ʥʘʯʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʟʘʱʠʪʳ ʦʪ 

ʚʦʟʜʝʡʩʪʚʠʷ ʤʥʦʛʦʢʨʘʪʥʳʭ ʫʜʘʨʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʥʘʜʝʞʥʦʩʪʠ ʠ ʮʠʢʣʠʯʝʩʢʦʡ 

ʧʨʦʯʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʚʠʙʨʦʠʟʦʣʷʪʦʨʦʚ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ɺʎʂ ʧʦʜʪʚʝʨʞʜʝʥʘ ʠʭ ʧʨʘʢʪʠʯʝʩʢʠʤ ʧʨʠʤʝʥʝʥʠʝʤ 

ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʠʙʨʦ- ʠ ʫʜʘʨʦʟʘʱʠʪʳ ʧʫʣʴʪʘ ʫʧʨʘʚʣʝʥʠʷ, ʤʦʥʠʪʦʨʘ ʠ 

ʵʣʝʢʪʨʦʥʥʳʭ ʤʦʜʫʣʝʡ, ʧʨʠʙʦʨʦʚ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠ ʨʘʙʦʪʝ ʥʘ 

ʧʦʜʚʠʞʥʦʤ ʦʙʲʝʢʪʝ ʚ ʩʣʦʞʥʦʤ ʩʧʝʢʪʨʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʚʦʟʜʝʡʩʪʚʠʡ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʣʷ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɺʎʂ ʧʨʝʜʣʦʞʝʥʘ ʚ ʨʘʙʦʪʝ 4. 

 

ɺʳʚʦʜʳ 

1. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ɺʎʂ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ 
ʚʠʙʨʘʮʠʦʥʥʦʡ ʠ ʫʜʘʨʥʦʡ ʟʘʱʠʪʳ ʘʧʧʘʨʘʪʫʨʳ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʭ ʥʘ 
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ʧʦʜʚʠʞʥʳʭ ʦʙʲʝʢʪʘʭ, ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʚʥʝʰʥʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʚʦʟʜʝʡʩʪʚʠʡ, ʘ ʪʘʢʞʝ ʩʦʭʨʘʥʝʥʠʝ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʪʝʯʝʥʠʝ 

ʜʣʠʪʝʣʴʥʦʛʦ ʩʨʦʢʘ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

2. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʨʘʟʨʘʙʦʪʘʥʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʪʦʯʥʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ɺʎʂ, 

ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʩʧʝʮʠʘʣʴʥʦ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʦʛʦ 

ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʧʨʦʠʟʚʦʜʠʪʴ ʩʙʦʨʢʫ ɺʎʂ ʨʘʟʣʠʯʥʳʭ 

ʪʠʧʦʨʘʟʤʝʨʦʚ. 

3. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʥʘ ʜʝʡʩʪʚʠʝ ʚʠʙʨʘʮʠʦʥʥʦʡ, ʫʜʘʨʥʦʡ ʠ 
ʩʪʘʪʠʯʝʩʢʦʡ ʥʘʛʨʫʟʦʢ ʧʦʜʪʚʝʨʜʠʣʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɺʎʂ ʚ 

ʰʠʨʦʢʦʤ ʜʠʘʧʦʟʦʥʝ ʚʥʝʰʥʠʭ ʵʢʩʧʣʫʪʘʮʠʦʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʭ ʰʠʨʦʢʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʫʩʣʦʚʠʷʭ 

ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ. 
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ʊ.ɸ. ʅʝʧʘʨʢʦ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ɸ.ɺ. ʅʦʚʠʢʦʚ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, 

ɼ.ɸ. ɾʜʘʥʢʦ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ,
 
ɺ.ʇ. ʏʝʙʦʪʘʨʝʚ, ʜ.ʪ.ʥ., ʜʦʮʝʥʪ  

ʋʆ çɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè, 

ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

 
ɸʥʥʦʪʘʮʠʷ. ʆʙʦʩʥʦʚʘʥʳ ʧʘʨʘʤʝʪʨʳ ʧʨʠʝʤʥʦʛʦ ʦʪʜʝʣʝʥʠʷ, ʢʦʤʧʝʥʩʠʨʫʶʱʠʭ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʝʤʢʦʩʪʝʡ ʠ ʫʩʪʨʦʡʩʪʚ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ, ʚʣʠʷʶʱʠʝ ʥʘ ʩʥʠʞʝʥʠʝ 

ʢʘʯʝʩʪʚʝʥʥʳʭ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʦʪʝʨʴ ʟʝʨʥʘ ʠ ʨʦʩʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚʩʝʛʦ 

ʟʝʨʥʦʦʯʠʩʪʠʪʝʣʴʥʦ-ʩʫʰʠʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʙʦʨʢʘ, ʧʨʦʩʪʦʡ, ʦʪʜʝʣʝʥʠʝ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, 

ʟʝʨʥʦʦʯʠʩʪʠʪʝʣʴʥʦ-ʩʫʰʠʣʴʥʳʡ ʢʦʤʧʣʝʢʩ. 
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Abstract. The parameters of a reception, compensating intermediate tanks and 

transportation devices affecting the decline of quality and quantity of grain losses, and 

increased productivity of all grain cleaning and drying complex agricultural enterprise 

Keywords: cleaning, simple, plot, productivity, grain cleaning and drying 

complex. 

 

ɺʚʝʜʝʥʠʝ 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʘʢʪʠʯʝʩʢʘʷ 

ʵʢʩʧʣʫʘʪʘʮʠʷ ʧʨʠʝʤʥʳʭ ʦʪʜʝʣʝʥʠʡ ʟʝʨʥʦʦʯʠʩʪʠʪʝʣʴʥʦ-ʩʫʰʠʣʴʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʠʭ ʝʤʢʦʩʪʴ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚʳʛʨʫʟʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʚʣʠʷʶʪ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚʩʝʛʦ 

ʢʦʤʧʣʝʢʩʘ [1ï3]. ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʧʨʠʝʤʥʦʛʦ 

ʦʪʜʝʣʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʮʝʣʳʡ ʨʷʜ ʬʘʢʪʦʨʦʚ: ʚʠʜ 

ʫʙʠʨʘʝʤʳʭ ʢʫʣʴʪʫʨ, ʚʣʘʞʥʦʩʪʴ ʠ ʟʘʩʦʨʝʥʥʦʩʪʴ ʢʦʤʙʘʡʥʦʚʦʛʦ ʚʦʨʦʭʘ, 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʝʛʦ ʧʦʩʪʫʧʣʝʥʠʷ ʦʪ ʢʦʤʙʘʡʥʦʚ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ ʠ ʚʩʝʛʦ 

ʫʙʦʨʦʯʥʦʛʦ ʩʝʟʦʥʘ, ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ, ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʪʳ ʫʙʦʨʦʯʥʦ-

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʩʨʦʢʦʚ ʫʙʦʨʢʠ. ɽʤʢʦʩʪʴ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʚʳʛʨʫʟʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʨʠʝʤʥʦʛʦ ʦʪʜʝʣʝʥʠʷ ʢʦʤʧʝʥʩʠʨʫʝʪ, ʩ ʦʜʥʦʡ 

ʩʪʦʨʦʥʳ, ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʧʦʩʪʫʧʣʝʥʠʷ ʩ ʧʦʣʷ ʤʘʩʩʳ ʫʙʨʘʥʥʦʛʦ 

ʢʦʤʙʘʡʥʦʚʦʛʦ ʚʦʨʦʭʘ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ, ʘ ʩ ʜʨʫʛʦʡ ï ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ 

ʪʝʤʧʦʚ ʧʦʩʣʝʫʙʦʨʦʯʥʦʡ ʦʙʨʘʙʦʪʢʠ: ʦʯʠʩʪʢʠ, ʩʫʰʢʠ ʠ ʩʦʨʪʠʨʦʚʘʥʠʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʟʤʝʥʷʶʱʝʡʩʷ ʝʛʦ ʚʣʘʞʥʦʩʪʠ ʠ ʟʘʩʦʨʝʥʥʦʩʪʠ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʘʨʘʤʝʪʨʳ ʧʨʠʝʤʥʦʛʦ ʦʪʜʝʣʝʥʠʷ ʜʦʣʞʥʳ ʦʧʨʝʜʝʣʷʪʴʩʷ ʧʨʠ 

ʥʘʣʠʯʠʠ ʬʘʢʪʦʨʦʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʛʦ ʜʝʡʩʪʚʠʷ. ʅʝʜʦʩʪʘʪʦʯʥʘʷ 

ʚʤʝʩʪʠʤʦʩʪʴ ʧʨʠʝʤʥʦʛʦ ʦʪʜʝʣʝʥʠʷ ʙʫʜʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʧʨʦʩʪʦʶ ʢʦʤʙʘʡʥʦʚ 

ʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʫʚʝʣʠʯʝʥʠʶ ʧʦʪʝʨʴ ʟʝʨʥʘ ʦʪ ʩʘʤʦʦʩʳʧʘʥʠʷ. 

ʇʨʠʤʝʥʝʥʠʝ ʠʟʣʠʰʥʝ ʙʦʣʴʰʦʡ ʝʤʢʦʩʪʠ ʧʨʠʝʤʥʦʛʦ ʦʪʜʝʣʝʥʠʷ ʧʨʠʚʝʜʝʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʩʨʦʢʘ ʭʨʘʥʝʥʠʷ ʩʚʝʞʝʫʙʨʘʥʥʦʛʦ ʢʦʤʙʘʡʥʦʚʦʛʦ ʚʦʨʦʭʘ ʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦʤʫ ʩʥʠʞʝʥʠʶ ʢʘʯʝʩʪʚʘ ʟʝʨʥʘ, ʥʝʜʦʛʨʫʟʢʝ ʧʨʠʝʤʥʦʛʦ 

ʦʪʜʝʣʝʥʠʷ, ʢ ʫʜʦʨʦʞʘʥʠʶ ʧʦʩʣʝʫʙʦʨʦʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʟʝʨʥʘ. 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ 

ɺʨʝʤʷ ʧʨʦʩʪʦʷ ʫʙʦʨʦʯʥʦ-ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʦʩʪʊ  ʠʟ-ʟʘ ʥʝʜʦ-

ʩʪʘʪʦʯʥʦʡ ʚʤʝʩʪʠʤʦʩʪʠ ʧʨʠʝʤʥʦʛʦ ʦʪʜʝʣʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʦ 

ʩʦʛʣʘʩʥʦ ʚʳʨʘʞʝʥʠʶ: 

ʧʦ ʢʚ
ʦʩʪ ʩʤ

ʧʦ

ɟ
ʊ ʊ ,

V

W
= -  ʧʨʠ ʧʦ ʩʤ

ʧʦ

ʢʚ

ʊ
,

ɟ

W
V <  

ʛʜʝ ʩʤʊ ï ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʨʝʤʝʥʠ ʩʤʝʥʳ, ʯ; ʧʦV ï ʝʤʢʦʩʪʴ ʧʨʠʝʤʥʦʛʦ 

ʦʪʜʝʣʝʥʠʷ, ʤ
3
; ʢʚɟï ʥʘʩʳʧʥʘʷ ʧʣʦʪʥʦʩʪʴ ʢʦʤʙʘʡʥʦʚʦʛʦ ʚʦʨʦʭʘ, ʪ/ʤ

3
; ʧʦW ï 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚʳʛʨʫʟʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʨʠʝʤʥʦʛʦ ʦʪʜʝʣʝʥʠʷ, ʪ/ʯ. 
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ɺ ʩʣʫʯʘʝ ʝʩʣʠ ʧʦ ʩʤ
ʧʦ

ʢʚ

ʊ
,

ɟ

W
V ² ʪʦ ʦʩʪʊ = 0. 

ʇʦʵʪʦʤʫ ʚʤʝʩʪʠʤʦʩʪʴ ʧʨʠʝʤʥʦʛʦ ʦʪʜʝʣʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʘ ʠʟ 

ʚʳʨʘʞʝʥʠʷ (1) ʩʦʛʣʘʩʥʦ ʩʣʝʜʫʶʱʝʡ ʟʘʚʠʩʠʤʦʩʪʠ: 

 
( )ʩʤ ʦʩʪ ʧʦ

ʧʦ

ʢʚ

ʊ ʊ
.

ɟ

W
V

-
=                                                (1) 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚʤʝʩʪʠʤʦʩʪʴ ʧʨʠʝʤʥʦʛʦ ʦʪʜʝʣʝʥʠʷ ʜʦʣʞʥʘ ʦʧʨʝ-

ʜʝʣʷʪʴʩʷ ʦʙʲʝʤʦʤ ʭʣʝʙʥʦʡ ʤʘʩʩʳ, ʧʦʩʪʫʧʘʶʱʝʡ ʦʪ ʟʝʨʥʦʫʙʦʨʦʯʥʳʭ 

ʢʦʤʙʘʡʥʦʚ ʩʦʛʣʘʩʥʦ ʫʩʣʦʚʠʶ: 

ʫʪʢ ʫʪʢ

ʧʦ

ʢʚ

ʊ
,

ɟ

W
V ²                                                       (2) 

ʛʜʝ ʫʪʢW ï ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʫʙʦʨʦʯʥʦ-ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʪ/ʯ; 

ʫʪʢʊ ï ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ ʫʙʦʨʦʯʥʦ-ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ, ʯ. 

ʇʨʠʨʘʚʥʠʚʘʥʠʝ ʧʨʘʚʳʭ ʯʘʩʪʝʡ ʚʳʨʘʞʝʥʠʡ (1) ʠ (2) ʧʦʟʚʦʣʷʝʪ 

ʫʩʪʘʥʦʚʠʪʴ ʪʨʝʙʫʝʤʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʦʙʲʝʤʦʚ ʢʦʤʙʘʡʥʦʚʦʛʦ ʚʦʨʦʭʘ, 

ʧʦʩʪʫʧʘʶʱʝʛʦ ʦʪ ʫʙʦʨʦʯʥʦ-ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʧʨʠʥʠʤʘʝʤʦʛʦ 

ʧʨʠʝʤʥʳʤ ʦʪʜʝʣʝʥʠʝʤ: 

( )ʩʤ ʦʩʪ ʧʦ ʫʪʢ ʫʪʢʊ ʊ ʊ .W W- =  

ʂʨʦʤʝ ʪʦʛʦ, ʘʥʘʣʠʟ ʭʦʜʘ ʫʙʦʨʢʠ ʫʨʦʞʘʷ ʚ ʨʝʩʧʫʙʣʠʢʝ ʚ 2005-2008 

ʛʦʜʘʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʧʝʨʠʦʜ ʤʘʩʩʦʚʦʡ ʫʙʦʨʢʠ ʩʫʪʦʯʥʦʝ ʧʦʩʪʫʧʣʝʥʠʝ ʟʝʨ-

ʥʦʚʦʛʦ ʚʦʨʦʭʘ ʦʪ ʢʦʤʙʘʡʥʦʚ ʥʝ ʧʨʝʚʳʰʘʝʪ 8ï10 % ʩʝʟʦʥʥʦʛʦ ʥʘʤʦʣʦʪʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʤʝʩʪʠʤʦʩʪʴ ʧʨʠʝʤʥʦʛʦ ʦʪʜʝʣʝʥʠʷ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ 

ʩʦʛʣʘʩʥʦ ʚʳʨʘʞʝʥʠʶ: 

( ) ( )ʧʦ ʚʘʣ ʩʤ ʦʩʪ ʧʦ0,08 0,1 ʊ ʊ ,V Q W= - - -                                    (3) 

ʛʜʝ ʚʘʣQ ï ʚʘʣʦʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʟʝʨʥʘ, ʪ. 

ɸʥʘʣʠʟ ʟʘʚʠʩʠʤʦʩʪʠ (3) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʘʨʘʤʝʪʨʳ ʠ ʵʬʬʝʢʪʠʚʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʝʤʥʦʛʦ ʦʪʜʝʣʝʥʠʷ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʩʝʣʴʩʢʦʭʦʟʷʡ-

ʩʪʚʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʙʫʜʫʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʩʣʝʜʫʶʱʠʤʠ ʦʩʥʦʚʥʳʤʠ 

ʬʘʢʪʦʨʘʤʠ: ʚʘʣʦʤ ʧʨʦʠʟʚʦʜʠʤʦʛʦ ʟʝʨʥʘ, ʚʨʝʤʝʥʝʤ ʨʘʙʦʪʳ ʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʚʳʛʨʫʟʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʨʠʝʤʥʦʛʦ ʦʪʜʝʣʝʥʠʷ. ɺ ʪʦ 

ʞʝ ʚʨʝʤʷ ʧʨʠʝʤʥʦʝ ʦʪʜʝʣʝʥʠʝ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʜʦʣʞʥʦ ʠʤʝʪʴ ʧʨʠʝʤʥʳʡ 

ʙʫʥʢʝʨ ʠ ʥʘʢʦʧʠʪʝʣʴʥʫʶ ʧʣʦʱʘʜʢʫ. ʇʦʵʪʦʤʫ ʝʤʢʦʩʪʴ ʧʨʠʝʤʥʦʛʦ 

ʦʪʜʝʣʝʥʠʷ ʙʫʜʝʪ ʨʘʚʥʘ 

ʧʦ ʧʙ ʥʧ,V V V= +  

ʛʜʝ ʧʙV ï ʝʤʢʦʩʪʴ ʧʨʠʝʤʥʦʛʦ ʙʫʥʢʝʨʘ, ʤ
3
; ʥʧV ï ʝʤʢʦʩʪʴ ʥʘʢʦʧʠʪʝʣʴʥʦʡ 

ʧʣʦʱʘʜʢʠ, ʤ
3
. 

ʇʨʠ ʵʪʦʤ ʩʦʦʪʥʦʰʝʥʠʝ ʝʤʢʦʩʪʠ ʧʨʠʝʤʥʦʛʦ ʙʫʥʢʝʨʘ, ʧʨʦʠʟʚʦʜʠ-

ʪʝʣʴʥʦʩʪʠ ʝʛʦ ʚʳʛʨʫʟʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʙW ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʤʘʰʠʥʳ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ ʧʜʦW  ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʫʩʣʦʚʠʝ ʨʘʚʥʦʤʝʨʥʦʡ 
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ʨʘʙʦʪʳ ʙʝʟ ʧʝʨʝʛʨʫʟʢʠ ʠ ʟʘʙʠʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʣʠʥʠʠ: 

ʧʙ ʧʙ ʧʜʦV W W> > . ʇʦʵʪʦʤʫ ʝʤʢʦʩʪʴ ʥʘʢʦʧʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʢʠ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʥʘ ʧʨʘʢʪʠʢʝ ʧʨʝʚʳʰʘʝʪ ʝʤʢʦʩʪʴ ʧʨʠʝʤʥʦʛʦ ʙʫʥʢʝʨʘ ʚ 3ï5 ʨʘʟ. 

ɺʘʞʥʳʤ ʫʩʣʦʚʠʝʤ ʩʪʘʙʠʣʴʥʦʡ ʨʘʙʦʪʳ ʟʝʨʥʦʦʯʠʩʪʠʪʝʣʴʥʦ-ʩʫʰʠʣʴʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʝʡ ʦʩʥʦʚʥʳʭ 

ʤʘʰʠʥ ï ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ ʠ ʟʝʨʥʦʩʫʰʠʣʢʠ. ʇʨʠ ʵʪʦʤ ʚʩʣʝʜʩʪʚʠʝ 

ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʫʙʦʨʢʠ ʟʘʩʦʨʝʥʥʦʩʪʠ, ʚʣʘʞʥʦʩʪʠ ʠ 

ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʟʝʨʥʦʚʦʛʦ ʚʦʨʦʭʘ ʧʨʦʮʝʩʩʳ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ ʠ ʩʫʰʢʠ ʚʩʝʛʜʘ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʧʦ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʨʘʙʦʪʳ. ʂʦʤʧʝʥʩʘʮʠʦʥʥʳʡ ʙʫʥʢʝʨ ʤʝʞʜʫ ʤʘʰʠʥʘʤʠ 

ʥʫʞʝʥ ʪʘʢʞʝ ʜʣʷ ʪʝʭ ʩʣʫʯʘʝʚ, ʢʦʛʜʘ ʧʨʦʠʩʭʦʜʷʪ ʦʩʪʘʥʦʚʢʠ ʤʘʰʠʥ ʧʦ 

ʢʘʢʠʤ-ʣʠʙʦ ʧʨʠʯʠʥʘʤ. ʇʦʵʪʦʤʫ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʦʚʤʝʩʪʥʦʡ ʩʪʘʙʠʣʴʥʦʡ ʠ 

ʨʘʚʥʦʤʝʨʥʦʡ ʨʘʙʦʪʳ ʦʙʝʠʭ ʤʘʰʠʥ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʣʠʥʠʠ ʤʝʞʜʫ ʥʠʤʠ 

ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʢʦʤʧʝʥʩʠʨʫʶʱʫʶ ʝʤʢʦʩʪʴ. 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʟʝʨʥʦʚʳʭ ʵʣʝʚʘʪʦʨʦʚ ʧʘʨʘʤʝʪʨʳ ʤʝʞʦʧʝʨʘʮʠʦʥʥʳʭ 

ʢʦʤʧʝʥʩʠʨʫʶʱʠʭ ʝʤʢʦʩʪʝʡ ʟʘʢʣʘʜʳʚʘʶʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ 

ʥʦʨʤʘʪʠʚʘʤʠ. ʇʨʠ ʵʪʦʤ ʧʦ ʥʦʨʤʘʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʚʤʝʩʪʠʤʦʩʪʴ ʥʘʜ- ʠ ʧʦʜʩʫʰʠʣʴʥʳʭ ʙʫʥʢʝʨʦʚ ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʤʝʥʝʝ 

ʯʘʩʦʚʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʥʦʨʠʠ ʠ ʚ 3ï4 ʨʘʟʘ ʚʳʰʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʟʝʨʥʦʩʫʰʠʣʢʠ. ɺʤʝʩʪʠʤʦʩʪʴ ʢʦʤʧʝʥʩʠʨʫʶʱʝʡ ʝʤʢʦʩʪʠ ʜʦʣʞʥʘ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʩʣʝʜʫʶʱʝʤʫ ʫʩʣʦʚʠʶ: 

ʤʧʦ ʤʧʦ ʟʩ ʟʩ
ʢʝ

ʢʚ ʥʧ

ʊ ʊ
,

ɟ ɟ

W W
V = -  

ʛʜʝ ʤʧʦW ï ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʤʘʰʠʥʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ ʟʝʨʥʘ, 

ʪ/ʯ; ʤʧʦʊ ï ʚʨʝʤʷ ʨʘʙʦʪʳ ʤʘʰʠʥʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ ʟʝʨʥʘ, ʯ; ʟʩW ï 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʟʝʨʥʦʩʫʰʠʣʢʠ, ʛʘ/ʯ; ʟʩʊ ï ʚʨʝʤʷ ʨʘʙʦʪʳ ʟʝʨʥʦʩʫʰʠʣʢʠ, 

ʯ; ʥʧɟ ï ʥʘʩʳʧʥʘʷ ʧʣʦʪʥʦʩʪʴ ʟʝʨʥʘ, ʪ/ʤ
3
. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʦʙʲʝʤ ʢʦʤʧʝʥʩʠʨʫʶʱʝʡ ʝʤʢʦʩʪʠ ʜʦʣʞʝʥ ʦʧʨʝ-

ʜʝʣʷʪʴʩʷ ʩ ʫʯʝʪʦʤ ʮʝʣʦʛʦ ʨʷʜʘ ʧʨʦʪʠʚʦʨʝʯʠʚʳʭ ʬʘʢʪʦʨʦʚ. ʉ ʦʜʥʦʡ ʩʪʦ-

ʨʦʥʳ, ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʚʤʝʩʪʠʤʦʩʪʴ ʢʦʤʧʝʥʩʠʨʫʶʱʝʡ ʝʤʢʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ 

ʧʨʦʩʪʦʷʤ ʤʘʰʠʥʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ ʟʝʨʥʘ, ʫʙʳʪʢʘʤ ʦʪ ʩʥʠʞʝʥʠʷ 

ʝʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʫʭʫʜʰʝʥʠʶ ʩʦʭʨʘʥʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʧʦʩʪʫʧʠʚʰʝʛʦ 

ʦʪ ʢʦʤʙʘʡʥʦʚ ʥʝʦʙʨʘʙʦʪʘʥʥʦʛʦ ʟʝʨʥʦʚʦʛʦ ʚʦʨʦʭʘ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʣʠʰʢʦʤ ʙʦʣʴʰʦʡ ʝʤʢʦʩʪʠ ʫʜʦʨʦʞʘʝʪ ʩʪʦʠʤʦʩʪʴ ʣʠʥʠʠ, 

ʫʩʣʦʞʥʷʝʪ ʨʘʙʦʪʳ ʧʦ ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʠ ʦʙʩʣʫʞʠʚʘʥʠʶ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʦʧʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʚʤʝʩʪʠʤʦʩʪʠ ʢʦʤʧʝʥʩʠʨʫʶʱʝʡ 

ʝʤʢʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʤʘʰʠʥʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʦʯʠʩʪʢʠ ʠ ʟʝʨʥʦʩʫʰʠʣʢʠ ʩ ʫʯʝʪʦʤ ʟʘʪʨʘʪ ʥʘ ʝʝ ʠʟʛʦʪʦʚʣʝʥʠʝ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʶ, ʘ ʪʘʢʞʝ ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʦʪʝʨʴ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʠʣʠ 

ʥʝʦʧʪʠʤʘʣʴʥʦʡ ʝʝ ʚʝʣʠʯʠʥʳ. ʆʙʱʠʝ ʟʘʪʨʘʪʳ ʦʪ ʫʩʪʘʥʦʚʢʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʢʦʤʧʝʥʩʠʨʫʶʱʝʡ ʝʤʢʦʩʪʠ ʙʫʜʫʪ ʨʘʚʥʳ: 

ʟʪʨ ʵʢʩ ʢʝ ʧʥ ʟʩ ʧʪʨ ʟʩ ʧʪʨ ʤʧʦʀ =ʀ ɟʊ ʀ ʊ ʀ ʊ ,V + -                               (4) 



152 

 

ʛʜʝ ʵʢʩʀ ï ʟʘʪʨʘʪʳ ʥʘ ʫʩʪʘʥʦʚʢʫ ʠ ʵʢʩʧʣʫʘʪʘʮʠʶ ʢʦʤʧʝʥʩʠʨʫʶʱʝʡ ʝʤʢʦʩʪʠ, 

ʨʫʙ./ʯ; ʧʪʨʀ ï ʫʙʳʪʢʠ ʦʪ ʧʨʦʩʪʦʷ ʤʘʰʠʥʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ ʟʝʨʥʘ, 

ʨʫʙ./(ʪĀʯ). 

ɺʳʨʘʞʝʥʠʝ (4) ʧʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ ʟʥʘʯʝʥʠʡ ʟʩ ʢʝ ʥʧ ʟʩʊ ɟ /V W=  ʠ 

ʤʧʦ ʢʝ ʢʚ ʤʧʦʊ ɟ /V W=  ʧʨʠʤʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

ʢʝ ʥʧ ʢʝ ʥʧ ʢʝ ʢʚ
ʟʪʨ ʵʢʩ ʢʝ ʧʥ ʧʪʨ ʧʪʨ

ʟʩ ʟʩ ʤʧʦ

ɟ ɟ ɟ
ʀ =ʀ ɟ ʀ ʀ .

V V V
V

W W W
+ -                            (5) 

ɼʣʷ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʦʡ ʚʤʝʩʪʠʤʦʩʪʠ ʢʦʤʧʝʥʩʠʨʫʶʱʝʡ ʝʤʢʦʩʪʠ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ (5) ʥʘ ʵʢʩʪʨʝʤʫʤ: 

ʟʪʨ ʥʧ ʥʧ ʢʚ
ʵʢʩ ʢʝ ʧʥ ʧʪʨ ʧʪʨ

ʢʝ ʟʩ ʟʩ ʤʧʦ

ʀ ɟ ɟ ɟ
=ʀ ɟ ʀ ʀ 0.

2

d
V

dV W W W
+ - =                           (6) 

ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (6) ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʫʶ ʟʘʚʠʩʠ-

ʤʦʩʪʴ ʚʤʝʩʪʠʤʦʩʪʠ ʢʦʤʧʝʥʩʠʨʫʶʱʝʡ ʝʤʢʦʩʪʠ: 

( )ʧʪʨ ʤʧʦ ʥʧ ʟʩ ʢʚ

ʢʝ 2

ʵʢʩ ʧʥ ʤʧʦ

2ʀ ɟ ɟ
= .
ʀ ɟ

W W
V

W

-
Ö                                    (7) 

ʇʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʥʘʩʳʧʥʘʷ ʧʣʦʪʥʦʩʪʴ ʢʦʤʙʘʡʥʦʚʦʛʦ ʚʦʨʦʭʘ ʠ ʟʝʨʥʘ 

ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʦʪʣʠʯʘʝʪʩʷ, ʚʳʨʘʞʝʥʠʝ (7) ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ 

ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

ʧʪʨ ʟʩ
ʢʝ

ʵʢʩ ʧʥ ʤʧʦ

2ʀ
= 1 .
ʀ ɟ

W
V

W

å õ
Ö -æ ö
ç ÷

 

ʂʦʤʧʝʥʩʠʨʫʶʱʠʝ ʝʤʢʦʩʪʠ ʤʝʞʜʫ ʤʘʰʠʥʦʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ 

ʠ ʟʝʨʥʦʩʫʰʠʣʢʦʡ ʜʦʣʞʥʳ ʠʤʝʪʴ ʚʤʝʩʪʠʤʦʩʪʴ ʥʝ ʤʝʥʝʝ (5ï6) ʟʩW . 

ʊʨʘʥʩʧʦʨʪʠʨʫʶʱʠʝ ʤʝʭʘʥʠʟʤʳ ʢʦʤʧʣʝʢʩʘ ï ʥʦʨʠʠ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ 

ʪʨʘʥʩʧʦʨʪʝʨʳ ï ʜʦʣʞʥʳ ʠʤʝʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚ 1,25ï1,5 ʨʘʟʘ ʚʳʰʝ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʤʘʰʠʥ, ʢʦʪʦʨʳʝ ʦʥʠ ʦʙʩʣʫʞʠʚʘʶʪ (ʜʣʷ ʟʝʨʥʦʩʫʰʠʣʦʢ 

ï ʥʝ ʤʝʥʝʝ ʯʝʤ ʚ 2 ʨʘʟʘ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʭʦʜʷ ʠʟ ʪʠʧʦʨʘʟʤʝʨʥʦʛʦ ʨʷʜʘ ʟʝʨʥʦʦʯʠʩʪʠʪʝʣʴʥʦ-

ʩʫʰʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʨʝʩʧʫʙʣʠʢʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʨʷʜ ʝʤʢʦʩʪʝʡ 

ʧʨʠʝʤʥʳʭ ʦʪʜʝʣʝʥʠʡ ʜʦʣʞʝʥ ʙʳʪʴ ʩʣʝʜʫʶʱʠʤ: ʜʣʷ ʢʦʤʧʣʝʢʩʘ ʧʨʦʠʟʚʦ-

ʜʠʪʝʣʴʥʦʩʪʴʶ 15 ʧʣ. ʪ/ʯ ï 150 ʪ ʩ ʧʨʠʝʤʥʳʤ ʙʫʥʢʝʨʦʤ 20 ʪ; 20 ʧʣ. ʪ/ʯ ï 200 

ʪ ʩ ʧʨʠʝʤʥʳʤ ʙʫʥʢʝʨʦʤ 30 ʪ; 30 ʧʣ. ʪ/ʯ ï 300 ʪ ʩ ʧʨʠʝʤʥʳʤ ʙʫʥʢʝʨʦʤ 40 ʪ; 

40 ʧʣ. ʪ/ʯ ï 400 ʪ ʩ ʧʨʠʝʤʥʳʤ ʙʫʥʢʝʨʦʤ 50 ʪ; 60 ʧʣ. ʪ/ʯ ï 600 ʪ ʩ ʧʨʠʝʤʥʳʤ 

ʙʫʥʢʝʨʦʤ 80 ʪ; 80 ʧʣ. ʪ/ʯ ï 800 ʪ ʩ ʧʨʠʝʤʥʳʤ ʙʫʥʢʝʨʦʤ 100 ʪ ʠ 100 ʧʣ. ʪ/ʯ ï 

1000 ʪ ʩ ʧʨʠʝʤʥʳʤ ʙʫʥʢʝʨʦʤ 120 ʪ. 

ɿʘʢʣʶʯʝʥʠʝ 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʟʝʨʥʦʦʯʠʩʪʠʪʝʣʴʥʦ-ʩʫʰʠʣʴʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ, ʤʠʥʠʤʠʟʘʮʠʠ ʢʘʯʝʩʪʚʝʥʥʳʭ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʦʪʝʨʴ ʟʝʨʥʘ 

ʜʦʣʞʥʳ ʫʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʢʦʤʧʝʥʩʠʨʫʶʱʠʝ ʝʤʢʦʩʪʠ ʦʙʲʝʤʦʤ ʥʝ ʤʝʥʝʝ 5ï6 

ʚʤʝʩʪʠʤʦʩʪʝʡ ʟʝʨʥʦʩʫʰʠʣʢʠ, ʘ ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʠʝ ʤʝʭʘʥʠʟʤʳ ʧʦʪʦʯʥʳʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʣʠʥʠʡ ʜʦʣʞʥʳ ʠʤʝʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚ 1,25ï1,5 ʨʘʟʘ 



153 

 

ʚʳʰʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʤʘʰʠʥ, ʢʦʪʦʨʳʝ ʦʥʠ ʦʙʩʣʫʞʠʚʘʶʪ (ʜʣʷ 

ʟʝʨʥʦʩʫʰʠʣʦʢ ï ʥʝ ʤʝʥʝʝ ʯʝʤ ʚ 2 ʨʘʟʘ). 
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IMPROVING OF THE EFF ICIENCY OF  LOADING VEHICLES IN THE 

STREAM TECHNOLOGICAL  LINE ON CLEANING OF GRAIN 

CROPS 

T.A. Neparko, A.V. Novikov, D.A. Zhdanko  
 

Abstract. The article is devoted to a problem of increase of the efficiency of loading 

vehicles in the stream technological line on cleaning of grain crops. The technique is 

developed, allowing to use agricultural machinery more rationally in all links and to reduce a 

damage from decline of productivity of the machines and increase the harvest time. 

Keywords: loading of the vehicle, threading, process, productivity, 

harvesting-transport complex 

 

ɺʚʝʜʝʥʠʝ 

ʋʜʝʣʴʥʳʡ ʚʝʩ ʟʘʪʨʘʪ ʥʘ ʧʦʛʨʫʟʦʯʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʝ ʨʘʙʦʪʳ ʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʟʝʨʥʦʚʳʭ ʚ ʫʩʣʦʚʠʷʭ ʈʝʩʧʫʙʣʠʢʠ ɹʝʣʘʨʫʩʴ ʩʦʩʪʘʚʣʷʝʪ 15-
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20%. ʌʫʥʢʮʠʷ ʧʦʛʨʫʟʦʯʥʦ-ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʨʦʮʝʩʩʘ ʥʘ ʫʙʦʨʢʝ ʟʝʨʥʦʚʳʭ 

ʢʫʣʴʪʫʨ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʜʦʩʪʘʪʦʯʥʦ ʞʝʩʪʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʩʨʦʢʠ 

ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ, ʩʚʷʟʘʥʥʳʭ ʩ ʤʠʥʠʤʠʟʘʮʠʝʡ ʧʦʪʝʨʴ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʫʨʦʞʘʷ. ɼʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʦʛʨʫʟʦʯʥʦ-

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʧʨʝʜʣʘʛʘʝʪʩʷ ʢʦʤʧʣʝʢʩʥʳʡ ʢʨʠʪʝʨʠʡ, ʫʯʠʪʳʚʘʶʱʠʡ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʠ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ 

ʨʘʙʦʪʳ.  

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ 

ʇʦʪʦʯʥʫʶ ʣʠʥʠʶ ʫʙʦʨʢʠ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ ʧʨʝʜʩʪʘʚʠʤ ʢʘʢ ʦʪʜʝʣʴʥʳʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ (ʧʦʜʩʠʩʪʝʤʳ i = 1, 2, é, ʪ), ʚʳʧʦʣʥʷʝʤʳʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʢʦʤʧʣʝʢʩʦʤ ʤʘʰʠʥ. ʊʘʢʘʷ ʣʠʥʠʷ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ 

ʩʪʦʭʘʩʪʠʯʥʦʩʪʴʶ ʩʚʦʡʩʪʚ ʠ ʨʝʞʠʤʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. ɿʘʤʢʥʫʪʦʩʪʴ 

ʢʦʤʧʣʝʢʩʘ ʤʘʰʠʥ (ʚʝʜʫʱʘʷ ʢ ʩʠʣʴʥʳʤ ʦʙʨʘʪʥʳʤ ʩʚʷʟʷʤ ʚ ʩʠʩʪʝʤʝ) 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʤʥʦʛʦʬʘʟʥʘʷ ʩʠʩʪʝʤʘ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʨʝʩʫʨʩʦʚ, ʢʨʠʪʝʨʠʝʤ ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʪʦʨʦʡ ʩʣʫʞʠʪ 

ʤʠʥʠʤʘʣʠʟʘʮʠʷ ʦʙʱʠʭ ʧʦʪʝʨʴ ʢʘʢ ʦʪ ʧʨʦʩʪʦʷ ʫʙʦʨʦʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʪʘʢ ʠ 

ʫʱʝʨʙʘ ʦʪ ʦʙʲʝʤʘ ʥʝʚʳʧʦʣʥʝʥʥʦʡ ʨʘʙʦʪʳ ʠʟ-ʟʘ ʩʥʠʞʝʥʠʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʤʘʰʠʥ. 

ʇʫʩʪʴ Qï ʦʞʠʜʘʝʤʳʡ ʚʘʣʦʚʦʡ ʩʙʦʨ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʫʨʦʞʘʷ ʠ 

ʫʙʦʨʦʯʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʡ ʢʦʤʧʣʝʢʩ ï ʨʘʟʜʝʣʝʥ ʥʘ  i  ʧʦʜʩʠʩʪʝʤʳ. 

ʇʦʪʝʨʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝʤ ʫʙʦʨʦʯʥʦʡ ʧʦʜʩʠʩʪʝʤʳ (i = 

1), ʩʦʩʪʘʚʷʪ 

1 1 1 1 1 ʩʤŰ ,ʇ QD Wn T D=Q- =Q-  

ʛʜʝ  1Q  ï ʝʞʝʜʥʝʚʥʳʡ ʩʙʦʨ ʟʝʨʥʘ ʚ i = 1 ʧʦʜʩʠʩʪʝʤʝ; D  ï 

ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʝ ʩʨʦʢʠ ʫʙʦʨʢʠ (ʥʦʨʤʘʪʠʚʥʳʝ ʠ ʠʟʤʝʥʝʥʠʶ ʥʝ ʧʦʜʣʝʞʘʪ); 

1Wï ʬʘʢʪʠʯʝʩʢʘʷ ʯʘʩʦʚʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ; 1n  ï ʢʦʣʠʯʝʩʪʚʦ ʫʙʦʨʦʯʥʳʭ 

ʘʛʨʝʛʘʪʦʚ;                   1Ű ï ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʨʝʤʝʥʠ ʩʤʝʥʳ 

ʧʦʜʩʠʩʪʝʤʳ; ʩʤT ï ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʤʝʥʳ. 

ʇʦʪʝʨʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝʤ ʧʦʛʨʫʟʦʯʥʦ-ʨʘʟʛʨʫʟʦʯʥʳʭ (i 

= 2) ʧʦʜʩʠʩʪʝʤ, 

     ( )2 1 2 1 ʪ ʪ 2 ʩʤ 2 ʮ2( ) ɚ ɔŰ /ʇ D Q Q D Q V T n tè ø= - = -ê ú,                   (1) 

ʛʜʝ  2Q ï ʝʞʝʜʥʝʚʥʳʡ ʦʙʲʝʤ ʧʦʛʨʫʟʢʠ-ʨʘʟʛʨʫʟʢʠ; ʪV ï ʦʙʲʝʤ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʝʤʢʦʩʪʠ; ʪɚï ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʙʲʝʤʘ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʝʤʢʦʩʪʠ; ɔï ʦʙʲʝʤʥʘʷ ʤʘʩʩʘ ʤʘʪʝʨʠʘʣʘ; 2Ű ï 

ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʨʝʤʝʥʠ ʩʤʝʥʳ ʧʦʜʩʠʩʪʝʤʳ; 2n ï ʢʦʣʠʯʝʩʪʚʦ  

ʧʦʛʨʫʟʦʯʥʦ-ʨʘʟʛʨʫʟʦʯʥʳʭ ʩʨʝʜʩʪʚ; ʮ2t ï ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʜʥʦʛʦ 

ʧʦʛʨʫʟʦʯʥʦ-ʨʘʟʛʨʫʟʦʯʥʦʛʦ ʮʠʢʣʘ. 

ʇʦʪʝʨʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝʤ ʪʨʘʥʩʧʦʨʪʥʦʡ (i = 3) 

ʧʦʜʩʠʩʪʝʤʳ, 

3 2 3 2 ʢ ʢ 3 ʩʤ 3 ʮ3( ) ( ɚ ɔŰ / )ʇ D Q Q D Q V T n t= - = -è øê ú,                     (2) 
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ʛʜʝ  3Q ï ʝʞʝʜʥʝʚʥʳʡ ʦʙʲʝʤ ʪʨʘʥʩʧʦʨʪʥʳʭ ʨʘʙʦʪ; ʢV ï ʦʙʲʝʤ ʢʫʟʦʚʘ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ; ʢɚ ï ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʙʲʝʤʘ ʢʫʟʦʚʘ; 

3Űï ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʨʝʤʝʥʠ ʩʤʝʥʳ ʧʦʜʩʠʩʪʝʤʳ; 3n ï 

ʢʦʣʠʯʝʩʪʚʦ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ; 
ʮ3t ï ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʜʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʮʠʢʣʘ. 

ʏʪʦʙʳ ʧʦʪʝʨʠ ʇ2 ʠ ʇ3 ʙʳʣʠ ʤʠʥʠʤʘʣʴʥʳʤʠ, ʚ ʫʨʘʚʥʝʥʠʷʭ (1) ʠ (2) 

ʜʦʣʞʝʥ ʙʳʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʙʦʣʴʰʦʡ ʚʪʦʨʦʡ ʯʣʝʥ ʚ ʩʢʦʙʢʘʭ ʧʨʘʚʦʡ ʯʘʩʪʠ, 

ʪ.ʝ.  

 2 ʪ ʪ 2 ʩʤ 2 ʮ2min max( ɚ ɔŰ / )ʇ V T n t= ,                                         (3) 

3 ʢ ʢ 3 ʩʤ 3 ʮ3min max( ɚ ɔŰ / )ʇ V T n t= .                                         (4) 

ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʯʝʤ ʤʝʥʴʰʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʮʠʢʣʘ, ʪʝʤ ʤʝʥʴʰʝ 

ʥʘʜʦ ʧʦʛʨʫʟʦʯʥʦ-ʨʘʟʛʨʫʟʦʯʥʳʭ ʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʚ i = 2 ʠ  i = 3 

ʧʦʜʩʠʩʪʝʤʘʭ ʠ ʪʝʤ ʣʝʛʯʝ ʧʨʠ ʟʘʜʘʥʥʦʤ ʩʦʩʪʘʚʝ ʤʘʰʠʥ ʚʳʧʦʣʥʠʪʴ 

ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʡ ʦʙʲʝʤ ʨʘʙʦʪ. ɽʩʣʠ ʢʦʣʠʯʝʩʪʚʦ ʤʘʰʠʥ ʚ ʧʦʜʩʠʩʪʝʤʝ ʥʝ 

ʦʧʪʠʤʘʣʴʥʦ, ʪʦ ʦʥʠ ʙʫʜʫʪ ʠʣʠ ʧʨʦʩʪʘʠʚʘʪʴ, ʠʣʠ ʥʝ ʙʫʜʝʪ ʚʳʧʦʣʥʝʥ 

ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʡ ʦʙʲʝʤ ʨʘʙʦʪ. ɼʣʷ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʡ ʩʪʨʘʪʝʛʠʠ 

ʫʧʨʘʚʣʝʥʠʷ ʫʙʦʨʦʯʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʤ ʧʨʦʮʝʩʩʦʤ ʧʨʠ ʟʘʜʘʥʥʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʛʨʫʟʦʧʦʪʦʢʘ ʚʳʷʩʥʠʤ, ʢʘʢʠʝ ʟʘʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ ʩʪʨʦʷʪʩʷ 

ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʧʝʨʝʤʝʥʥʳʭ ʚ ʚʳʨʘʞʝʥʠʷʭ (3) ʠ 

(4). ʇʦʩʢʦʣʴʢʫ ʚʝʣʠʯʠʥʳ ʪ ʪɚ ɔV  ʠ ʢ ʢɚ ɔV  ʜʣʷ ʚʳʙʨʘʥʥʳʭ ʧʦʛʨʫʟʦʯʥʦ-

ʨʘʟʛʨʫʟʦʯʥʳʭ ʩʨʝʜʩʪʚ ʧʦʩʪʦʷʥʥʳ, ʪʦ ʦʧʪʠʤʠʟʘʮʠʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 

ʮʠʢʣʘ ʩʚʦʜʠʪʩʷ ʢ ʦʧʪʠʤʠʟʘʮʠʠ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʠ ʨʘʩʩʪʦʷʥʠʷ ʫʩʣʦʚʥʦʛʦ 

ʨʝʡʩʘ (ʠʣʠ ʤʝʩʪʦʨʘʩʧʦʣʦʞʝʥʠʷ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʫʣʦʥʦʚ (ʪʶʢʦʚ) ʧʦ ʧʦʣʶ). 

ʉʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ v  ʟʘʚʠʩʠʪ ʦʪ ʪʝʭʥʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʤʘʰʠʥʳ, ʢʘʯʝʩʪʚʘ ʜʦʨʦʛ, ʧʨʦʩʪʦʝʚ ʧʨʠ ʦʙʩʣʫʞʠʚʘʥʠʠ ʚ ʨʘʟʣʠʯʥʳʭ 

ʧʦʜʩʠʩʪʝʤʘʭ ʠ ʩʭʝʤʳ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ (ʞʝʩʪʢʦʡ ʠʣʠ ʛʠʙʢʦʡ 

ʩʚʷʟʠ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʪʠʤʠʟʘʮʠʷ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʧʝʨʝʚʦʟʦʢ ʩʚʦʜʠʪʩʷ 

ʚ ʦʩʥʦʚʥʦʤ ʢ ʩʦʢʨʘʱʝʥʠʶ ʧʨʦʩʪʦʝʚ ʚ ʦʞʠʜʘʥʠʠ ʦʙʩʣʫʞʠʚʘʥʠʷ. ɺʨʝʤʷ 

ʧʨʦʩʪʦʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ (ʊʧʨ) ʚ i-ʡ ʧʦʜʩʠʩʪʝʤʝ ʟʘ ʦʙʱʝʝ ʨʘʩʯʝʪʥʦʝ 

ʚʨʝʤʷ ʨʘʙʦʪʳ ʤʘʰʠʥ ʚ ʪʝʯʝʥʠʝ ʘʛʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʩʨʦʢʘ (ʊʘ) ʚʦ ʚʩʝʭ 

ʧʦʜʩʠʩʪʝʤʘʭ ʣʠʥʠʠ ʩʦʩʪʘʚʠʪ 

ʧʨ ʦʞ ʩʨ
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ʊ N t
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= ä ,                                                     (5) 

ʛʜʝ  ( )ʢ ʢ/ ɚ ɔN V=Q ï ʧʣʘʥʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʝʡʩʦʚ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ 

ʟʘ ʊʘ; ʦʞ ʩʨit ï ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʦʞʠʜʘʥʠʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ 

ʚ i-ʡ ʧʦʜʩʠʩʪʝʤʝ. 

ʉʨʝʜʥʠʡ ʧʫʪʴ ʫʩʣʦʚʥʦʛʦ ʨʝʡʩʘ ʪʨʘʥʩʧʦʨʪʥʦʡ ʝʜʠʥʠʮʳ ʧʨʠʥʠʤʘʝʤ 

ʨʘʚʥʳʤ ʨʘʩʩʪʦʷʥʠʶ ʦʪ ʮʝʥʪʨʘ ʫʙʠʨʘʝʤʦʛʦ ʧʦʣʷ ʜʦ ʧʫʥʢʪʘ ʧʝʨʝʨʘʙʦʪʢʠ 

(ʭʨʘʥʝʥʠʷ).  

ʆʙʱʝʝ ʚʨʝʤʷ ʧʝʨʝʤʝʱʝʥʠʷ ʩʦʙʨʘʥʥʦʛʦ ʫʨʦʞʘʷ ʚ ʧʦʪʦʯʥʦʡ ʣʠʥʠʠ ʚ 

ʪʝʯʝʥʠʝ ʘʛʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʩʨʦʢʘ ʠʣʠ ʩʫʤʤʘʨʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʜʦʣʞʥʳ ʙʳʪʴ ʦʜʠʥʘʢʦʚʳ ʚʦ ʚʩʝʭ ʧʦʜʩʠʩʪʝʤʘʭ: 
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1 ...i i mW W W+= = = .                                                (6) 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʝʞʠʤʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ 

ʧʦʪʦʯʥʳʭ ʣʠʥʠʷʭ ʧʨʠ ʞʝʩʪʢʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʟʚʝʥʴʝʚ 

ʤʘʢʩʠʤʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʨʝʤʝʥʠ ʩʤʝʥʳ ʜʦʩʪʠʛʘʝʪ 0,7 

[1]. 

ʆʧʪʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʧʝʨʝʤʝʱʝʥʠʷ ʩʦʙʨʘʥʥʦʛʦ ʫʨʦʞʘʷ ʚ  i-ʡ 

ʧʦʜʩʠʩʪʝʤʝ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʝʝ ʥʦʤʝʨʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʬʘʢʪʠʯʝʩʢʦʝ 

ʩʫʤʤʘʨʥʦʝ ʚʨʝʤʷ ʨʘʙʦʪʳ ʤʘʰʠʥ ʟʘ ʊʘ ʥʘʡʜʝʤ ʠʟ ʫʩʣʦʚʠʷ 
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ʆʧʪʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʨʘʙʦʪʳ ʢʘʞʜʦʡ ʧʦʜʩʠʩʪʝʤʳ ð ʥʝʦʙʭʦʜʠʤʳʡ, ʥʦ 

ʥʝʜʦʩʪʘʪʦʯʥʳʡ ʢʨʠʪʝʨʠʡ ʦʧʪʠʤʠʟʘʮʠʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʦʪʦʯʥʦʡ 

ʣʠʥʠʠ. ʉʣʝʜʫʝʪ ʥʘʡʪʠ ʦʧʪʠʤʘʣʴʥʳʡ ʩʦʩʪʘʚ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʚ ʢʘʞʜʦʡ 

ʧʦʜʩʠʩʪʝʤʝ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʦʩʪʦʷ ʤʘʰʠʥ 

ʚ i-ʡ ʧʦʜʩʠʩʪʝʤʝ ʠ ʩ ʫʯʝʪʦʤ ʵʪʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʨʘʩʩʯʠʪʘʪʴ ʩʦʩʪʘʚ 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʧʨʠ ʤʠʥʠʤʫʤʝ ʧʦʪʝʨʴ. ʄʠʥʠʤʫʤ ʧʦʪʝʨʴ ʜʦʩʪʠʛʘʝʪʩʷ 

ʧʨʠʤʝʥʝʥʠʝʤ ʛʠʙʢʠʭ ʩʚʷʟʝʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʟʚʝʥʴʝʚ ʚ ʨʘʩʯʝʪʝ ʥʘ 

ʚʦʟʤʦʞʥʳʝ ʦʪʢʘʟʳ (ʫʩʪʘʥʦʚʢʘ ʤʝʞʦʧʝʨʘʮʠʦʥʥʳʭ ʥʘʢʦʧʠʪʝʣʝʡ ʫʨʦʞʘʷ). 

ʅʝʧʨʝʨʳʚʥʦʩʪʴ ʨʘʙʦʪʳ ʫʙʦʨʦʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (i = 1) ʥʘ ʦʪʚʝʜʝʥʥʳʭ 

ʫʯʘʩʪʢʘʭ (ʮʠʢʣ ʨʘʙʦʪʳ) ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʝʤʢʦʩʪʝʡ 

(ʙʫʥʢʝʨʦʚ ʠʣʠ ʜʨʫʛʠʭ ʥʘʢʦʧʠʪʝʣʝʡ), ʨʫʣʦʥʦʚ (ʪʶʢʦʚ) ʩʦʣʦʤʳ, ʧʦʛʨʫʟʦʯʥʦ-

ʨʘʟʛʨʫʟʦʯʥʳʭ ʩʨʝʜʩʪʚ. ʂʨʦʤʝ ʪʦʛʦ, ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʫʙʦʨʦʯʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʠ ʧʦʛʨʫʟʦʯʥʦ-ʨʘʟʛʨʫʟʦʯʥʳʭ ʩʨʝʜʩʪʚ  (i = 1 ʠ i = 2 ʧʦʜʩʠʩʪʝʤ) ʚ 

ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʞʝʩʪʢʦʡ ʩʚʷʟʴʶ.  ʊʦʛʜʘ ʥʝʦʙʭʦʜʠʤʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʘʛʨʝʛʘʪʦʚ 2n  ʚ i = 2 ʧʦʜʩʠʩʪʝʤʝ ʦʧʨʝʜʝʣʠʤ ʠʟ ʫʩʣʦʚʠʷ 

( ) ( )2 ʥ 1 ʧ 2 ʧ 2 ʨ 2 ʨ 2/ / ,n W W ʨ z W ʨ¡² +                                    (7) 

ʛʜʝ  ʥ 1W  ï ʥʦʨʤʘʪʠʚʥʘʷ ʯʘʩʦʚʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʫʙʦʨʦʯʥʦʛʦ ʦʪʨʷʜʘ; 

ʧ 2W ï ʩʨʝʜʥʷʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʦʛʨʫʟʦʯʥʦ-

ʨʘʟʛʨʫʟʦʯʥʦʛʦ ʩʨʝʜʩʪʚʘ ʥʘ ʫʙʦʨʢʝ ʟʝʨʥʦʚʦʡ ʯʘʩʪʠ ʫʨʦʞʘʷ; ʧ 2ʨ  ï 

ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʚʩʝ ʧʦʛʨʫʟʦʯʥʦ-ʨʘʟʛʨʫʟʦʯʥʳʝ ʩʨʝʜʩʪʚʘ ʟʘʥʷʪʳ ʚ 

ʦʜʥʦʤ ʫʙʦʨʦʯʥʦʤ ʮʠʢʣʝ; z¡ï ʢʦʣʠʯʝʩʪʚʦ ʨʫʣʦʥʦʚ (ʪʶʢʦʚ) ʩʦʣʦʤʳ ʚ ʧʦʣʝ; 

ʨ 2W ï ʩʨʝʜʥʷʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʦʛʨʫʟʦʯʥʦ-

ʨʘʟʛʨʫʟʦʯʥʦʛʦ ʩʨʝʜʩʪʚʘ ʥʘ ʫʙʦʨʢʝ ʥʝʟʝʨʥʦʚʦʡ ʯʘʩʪʠ ʫʨʦʞʘʷ; ʨ 2ʨ ï 

ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʧʦʛʨʫʟʦʯʥʦ-ʨʘʟʛʨʫʟʦʯʥʳʝ ʩʨʝʜʩʪʚʘ ʟʘʥʷʪʳ ʥʘ ʫʙʦʨʢʝ 

ʥʝʟʝʨʥʦʚʦʡ ʯʘʩʪʠ ʫʨʦʞʘʷ. 

ɿʥʘʯʝʥʠʝ 2n  ʩʣʝʜʫʝʪ ʦʢʨʫʛʣʷʪʴ ʚ ʙʦʣʴʰʫʶ ʩʪʦʨʦʥʫ ʜʦ ʮʝʣʦʛʦ ʯʠʩʣʘ. 

ʄʠʥʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʛʨʫʟʦʯʥʦ-ʨʘʟʛʨʫʟʦʯʥʳʭ ʩʨʝʜʩʪʚ ʚ i 

= 2 ʧʦʜʩʠʩʪʝʤʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʥʝʧʨʝʨʳʚʥʦʩʪʴ ʫʙʦʨʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ i = 

1 ʧʦʜʩʠʩʪʝʤʝ, ʜʦʣʞʥʦ ʙʳʪʴ ʥʝ ʤʝʥʝʝ  22 / 3ʧ . 
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ʂʦʣʠʯʝʩʪʚʦ ʨʫʣʦʥʦʚ (ʪʶʢʦʚ) 
2n¡, ʦʞʠʜʘʶʱʠʭ ʧʦʛʨʫʟʢʠ ʠ ʚʳʚʦʟʘ ʩ 

ʧʦʣʷ, ʦʧʨʝʜʝʣʠʤ ʠʟ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʯʪʦ ʫʙʦʨʦʯʥʳʡ ʢʦʤʧʣʝʢʩ ʨʘʙʦʪʘʝʪ ʚ 

ʩʪʘʮʠʦʥʘʨʥʦʤ ʨʝʞʠʤʝ ʩ ʮʠʢʣʦʚʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʮ 1W  [2]: 

( ) ( )( )2 ʦʪ ʮ 1 2 ʮ 1 2ln / ln / ln / 1 ,n p W W W W¡= - + 

ʛʜʝ  ʦʪp  ï ʚʝʨʦʷʪʥʦʩʪʴ ʦʪʢʘʟʘ (ʫʩʪʘʥʦʚʢʘ ʤʝʞʦʧʝʨʘʮʠʦʥʥʳʭ ʥʘʢʦʧʠʪʝʣʝʡ) 

ʠʣʠ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʚʩʷ ʥʝʟʝʨʥʦʚʘʷ ʯʘʩʪʴ ʫʨʦʞʘʷ ʫʙʨʘʥʘ. 

ʇʦʪʨʝʙʥʦʩʪʴ ʚ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚʘʭ 3n  ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ 

ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʝʞʠʤʘ ʫʙʦʨʦʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʦʧʨʝʜʝʣʠʤ ʧʦ ʬʦʨʤʫʣʝ [2]: 

( ) ( )( )3 ʦʪ 2 3 2 3ln / ln / ln / 1 ,n p W W W W¡ ¡= - +                               (8) 

ʛʜʝ  2W¡ ï ʤʘʩʩʘ ʟʝʨʥʘ (ʥʝʟʝʨʥʦʚʦʡ ʯʘʩʪʠ ʫʨʦʞʘʷ), ʫʙʨʘʥʥʦʛʦ ʚ ʝʜʠʥʠʮʫ 

ʚʨʝʤʝʥʠ; 3Wï ʮʠʢʣʦʚʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʘʥʩʧʦʨʪʥʦʡ ʝʜʠʥʠʮʳ. 

ɿʥʘʯʝʥʠʷ 2n¡ ʠ 3n  ʩʣʝʜʫʝʪ ʦʢʨʫʛʣʷʪʴ ʚ ʙʦʣʴʰʫʶ ʩʪʦʨʦʥʫ ʜʦ ʮʝʣʦʛʦ 

ʯʠʩʣʘ. 

ʇʨʠʤʝʥʝʥʠʝ ʛʠʙʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʠ 

ʦʧʨʝʜʝʣʝʥʠʷ 2n , 2n¡ ʠ 3n  ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʧʦʪʦʯʥʦʡ ʣʠʥʠʠ ʧʦʟʚʦʣʷʶʪ 

ʜʦʩʪʠʯʴ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʧʦʜʩʠʩʪʝʤ. ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ ʚʳʩʪʫʧʘʶʪ 

ʚ ʨʦʣʠ ʩʚʷʟʫʶʱʝʛʦ ʟʚʝʥʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚʩʝʭ ʧʦʩʣʝʜʫʶʱʠʭ ʧʦʜʩʠʩʪʝʤ 

(i = 4, 5, é, ʪ), ʥʝʦʙʭʦʜʠʤʦ ʫʚʷʟʘʪʴ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ (6) ʠ ʚʳʙʨʘʪʴ ʦʧʪʠʤʘʣʴʥʳʡ 

ʩʦʩʪʘʚ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʤʠʥʠʤʘʣʴʥʳʝ ʧʨʦʩʪʦʠ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʚ ʦʞʠʜʘʥʠʠ ʦʙʩʣʫʞʠʚʘʥʠʷ. ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ 

ʩʚʦʜʠʪʩʷ ʢ ʤʠʥʠʤʠʟʘʮʠʠ ʦʙʱʠʭ ʉ ʧʦʪʝʨʴ ʦʪ ʧʨʦʩʪʦʷ ʫʙʦʨʦʯʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ, ʩʦʜʝʨʞʘʥʠʷ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʦʛʨʫʟʦʯʥʦ-ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʘʨʢʘ 

ʟʘ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʡ ʩʨʦʢ ʠ ʫʱʝʨʙʘ ʘiC  ʦʪ ʦʙʲʝʤʘ ʥʝʚʳʧʦʣʥʝʥʥʦʡ ʨʘʙʦʪʳ 

ʠʟ-ʟʘ ʩʥʠʞʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʤʘʰʠʥ ʚ i-ʡ ʧʦʜʩʠʩʪʝʤʝ ʟʘ ʊʘ ʠʟ-ʟʘ 

ʧʨʦʩʪʦʝʚ. 

ʉʫʤʤʘʨʥʳʝ ʧʦʪʝʨʠ ʧʨiC  ʦʪ ʧʨʦʩʪʦʷ ʫʙʦʨʦʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, 

ʩʦʜʝʨʞʘʥʠʷ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʦʛʨʫʟʦʯʥʦ-ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʘʨʢʘ ʟʘ 

ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʡ ʩʨʦʢ [3]: 

ʧʨ ʪ ʧʨ ʪ a ʬi i i iC Cʊ Cʊ N Cʊ= + -ä ä , 

ʛʜʝ  ʪC  ʠ iCï ʩʪʦʠʤʦʩʪʴ 1 ʯ ʧʨʦʩʪʦʷ ʪʨʘʥʩʧʦʨʪʘ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ 

ʫʙʦʨʦʯʥʦʛʦ ʦʪʨʷʜʘ; ʧʨ ʪʊ ï ʦʙʱʝʝ ʚʨʝʤʷ ʧʨʦʩʪʦʷ ʪʨʘʥʩʧʦʨʪʘ ʚ ʦʞʠʜʘʥʠʠ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʟʘ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʡ ʩʨʦʢ, ʦʧʨʝʜʝʣʷʝʤʦʝ ʠʟ ʫʨʘʚʥʝʥʠʷ (5); 

ʬ ʦʙ ʩʨ
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ʊ t
-

=ä ï ʬʘʢʪʠʯʝʩʢʦʝ ʚʨʝʤʷ ʨʘʙʦʪʳ ʦʙʩʣʫʞʠʚʘʶʱʠʭ ʧʦʜʩʠʩʪʝʤ 

ʪʨʘʥʩʧʦʨʪʘ ʟʘ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʡ ʩʨʦʢ; ʦʙ ʩʨit ï ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʝʜʠʥʠʮʳ ʚ i-ʡ ʧʦʜʩʠʩʪʝʤʝ. 
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ʋʱʝʨʙ ʘiC  ʦʪ ʦʙʲʝʤʘ ʥʝʚʳʧʦʣʥʝʥʥʦʡ ʨʘʙʦʪʳ ʠʟ-ʟʘ ʩʥʠʞʝʥʠʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʤʘʰʠʥ ʚ i-ʡ ʧʦʜʩʠʩʪʝʤʝ ʟʘ ʊʘ ʠʟ-ʟʘ ʧʨʦʩʪʦʝʚ 

ʘ ʥ ʟ/i i iC ɽ C Q= D , 

ʛʜʝ  ʥiɽ ï ʥʦʨʤʘʪʠʚʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʢʘʧʚʣʦʞʝʥʠʡ; ʟC ï ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʟʝʨʥʘ; ʬi i iQ Q QD = - ï ʦʙʲʝʤ 

ʥʝʚʳʧʦʣʥʝʥʥʦʡ ʨʘʙʦʪʳ ʠʟ-ʟʘ ʩʥʠʞʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʤʘʰʠʥ ʚ i-ʡ 

ʧʦʜʩʠʩʪʝʤʝ ʟʘ 
aʊ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʱʠʝ ʧʦʪʝʨʠ ʜʣʷ i-ʡ ʧʦʜʩʠʩʪʝʤʳ ʧʦʪʦʯʥʦʡ ʣʠʥʠʠ 

ʩʦʩʪʘʚʷʪ 

ʪ ʧʨ ʪ a ʬ ʥ ʟ/i i i i iC Cʊ Cʊ N Cʊ ɽ C Q= + - + Dä ä .                     (9)  

ʀʟ ʫʨʘʚʥʝʥʠʷ (9) ʚʠʜʥʦ, ʯʪʦ ʩʚʝʩʪʠ ʢ ʤʠʥʠʤʫʤʫ ʦʙʱʠʝ ʧʦʪʝʨʠ ʜʣʷ 

ʫʙʦʨʦʯʥʦ-ʪʨʘʥʩʧʦʨʪʥʦʡ ʧʦʪʦʯʥʦʡ ʣʠʥʠʠ ʤʦʞʥʦ ʢʘʢ ʟʘ ʩʯʝʪ ʠʩʢʣʶʯʝʥʠʷ 

ʧʨʦʩʪʦʝʚ ʪʝʭʥʠʢʠ, ʪʘʢ ʠ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʫʱʝʨʙʘ ʦʪ ʩʥʠʞʝʥʠʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʤʘʰʠʥ ʠʟ-ʟʘ ʥʝʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʨʘʙʦʪʳ ʫʙʦʨʦʯʥʦ-

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ɿʘʢʣʶʯʝʥʠʝ  

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʧʦʛʨʫʟʦʯʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʩʨʝʜʩʪʚ ʚ ʧʦʪʦʯʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʣʠʥʠʠ ʥʘ ʫʙʦʨʢʝ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ 

ʥʝʦʙʭʦʜʠʤʦ ʩʚʝʩʪʠ ʜʦ ʤʠʥʠʤʫʤʘ ʧʨʦʩʪʦʠ ʪʝʭʥʠʢʠ ʚʦ ʚʩʝʭ ʟʚʝʥʴʷʭ, ʪʘʢ ʢʘʢ 

ʵʪʠ ʧʨʦʩʪʦʠ ʧʨʠʚʦʜʷʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʫʱʝʨʙʘ ʦʪ ʩʥʠʞʝʥʠʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʤʘʰʠʥ ʠ ʩʨʦʢʦʚ ʫʙʦʨʢʠ. 

ʆʧʨʝʜʝʣʠʪʴ ʨʘʮʠʦʥʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʭʥʠʢʠ ʚ ʧʦʜʩʠʩʪʝʤʘʭ 

ʧʦʪʦʯʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʣʠʥʠʠ ʥʘ ʫʙʦʨʢʝ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ ʤʦʞʥʦ ʧʦ 

ʟʘʚʠʩʠʤʦʩʪʷʤ (7) ʠ (8). 
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ɸʥʥʦʪʘʮʠʷ. ʋʥʠʚʝʨʩʘʣʴʥʦʝ ʦʨʫʜʠʝ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ ʦʩʥʦʚʥʦʡ 

ʠ ʧʨʝʜʧʦʩʝʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ð ʜʠʩʢʦʚʘʷ ʙʦʨʦʥʘ ð ʠʤʝʝʪ ʜʦʚʦʣʴʥʦ ʰʠʨʦʢʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʨʝʜʠ ʘʛʨʘʨʠʝʚ, ʨʘʙʦʪʘʶʱʠʭ ʧʦ ʨʘʟʣʠʯʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ ʦʙʨʘʙʦʪʢʠ 

ʧʦʯʚʳ. ɼʣʷ ʚʩʝʭ ʵʪʠʭ ʚʠʜʦʚ ʦʙʨʘʙʦʪʢʠ ʧʨʠʤʝʥʷʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʠʧʳ ʦʨʫʜʠʡ, 

ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʧʦ ʨʷʜʫ ʧʘʨʘʤʝʪʨʦʚ: ʜʠʘʤʝʪʨ ʜʠʩʢʘ, ʝʛʦ ʬʦʨʤʘ, ʪʠʧ 

ʢʨʝʧʣʝʥʠʷ ʢ ʥʝʩʫʱʝʡ ʨʘʤʝ ʠ ʠʭ ʪʠʧ ʨʘʩʧʦʣʦʞʝʥʠʷ. 

ʃʝʛʢʠʝ ʜʠʩʢʦʚʳʝ ʙʦʨʦʥʳ ʠʥʘʯʝ ʥʘʟʳʚʘʶʪ ʣʫʱʠʣʴʥʠʢʘʤʠ, ʦʥʠ ʠʤʝʶʪ ʥʝʙʦʣʴʰʦʡ 

ʚʝʩ ʠ ʥʝʙʦʣʴʰʦʡ ʜʠʘʤʝʪʨ ʜʠʩʢʦʚ ʠ ʨʘʙʦʪʘʶʪ ʥʘ ʛʣʫʙʠʥʫ ʜʦ 7 ʩʤ. ʉʨʝʜʥʠʝ (ʠʥʘʯʝ ð 

ʢʦʨʦʪʢʠʝ ʜʠʩʢʦʚʳʝ ʙʦʨʦʥʳ, ʠʣʠ ʜʠʩʢʘʪʦʨʳ) ʩʥʘʙʞʝʥʳ ʩʨʝʜʥʠʭ ʨʘʟʤʝʨʦʚ ʜʠʩʢʘʤʠ 

ʠ ʨʘʙʦʪʘʶʪ ʥʘ ʛʣʫʙʠʥʫ ʜʦ 12 ʩʤ. ɸ ʪʷʞʝʣʳʝ ð ʜʠʩʢʦʚʳʝ ʧʣʫʛʠ ð ʤʦʛʫʪ ʟʘʛʣʫʙʣʷʪʴʩʷ 

ʥʘ 12ī16 ʩʤ ʠ ʠʤʝʶʪ ʜʠʩʢʠ ʙʦʣʴʰʠʭ ʜʠʘʤʝʪʨʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɼʠʩʢʦʚʘʷ ʙʦʨʦʥʘ, ʣʫʱʠʣʴʥʠʢ, ʜʠʢʩʘʪʦʨ, ʜʠʩʢʦʚʳʡ 

ʧʣʫʛ, ʜʠʩʢʦʚʘʥʠʝ, ʥʘʧʣʘʚʢʘ, ʫʛʦʣ ʘʪʘʢʠ. 

 

INCREASE THE RESOURCES OF THE DISC HARROW 
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Abstract: Auniversal implement intended for basic and preseeding tillage - a disc 

harrow - is a quite common among farmers working on varios technologies for tillage. For all 

these types of processing the appropriate types of tools are used, which differ from each other 

in a number of parametets: the diameter of disc,its shape, the type of attachment to the support 

frame and their type of location.  

Light disc harrows are also called lancers,they have a smal weight and a small diameter 

of the discs and work at a depth of up to 7 cm. Medium ( otherwise shrt disc harrows or discs) 

are medium- sized discs and operate to a depth of up to 12 cm. Disc plows - can be burried 

12-16 cm and have large diametr discs. 

Keywords: disc-harrow, disc plow,dixator, lushchilnik, disc,surfacing,angle 

of attack. 
 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʧʦʚʳʰʝʥʠʝ ʨʝʩʫʨʩʘ ʨʘʙʦʪʳ ʜʠʩʢʦʚʦʡ ʙʦʨʦʥʳ ʟʘ ʩʯʝʪ 

ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʨʝʜʩʪʚ ʠ ʤʝʪʦʜʦʚ ʫʧʨʦʯʥʝʥʠʷ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ. 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʜʠʩʢʦʚʳʭ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʤʘʰʠʥʘʭ 

ʧʨʠʤʝʥʷʶʪ ʜʠʩʢʠ ʩ ʧʦʩʪʦʷʥʥʦʡ ʢʨʠʚʠʟʥʦʡ ʚʦ ʚʩʝʭ ʪʦʯʢʘʭ ʠʭ ʨʘʙʦʯʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʪ. ʝ. ʩʬʝʨʠʯʝʩʢʠʝ ʩʝʛʤʝʥʪʳ (ʨʠʩʫʥʦʢ 1). 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 1. ɺʠʜʳ ʜʠʩʢʦʚʳʭ ʦʨʫʜʠʡ 
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ʆʙʳʯʥʦ ʫ ʩʬʝʨʠʯʝʩʢʠʭ ʜʠʩʢʦʚ ʦʩʫʱʝʩʪʚʣʷʶʪ ʥʘʨʫʞʥʫʶ ʟʘʪʦʯʢʫ 

ʣʝʟʚʠʷ ʩʦ ʩʪʦʨʦʥʳ ʚʳʧʫʢʣʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʩʢʘ. ɼʠʩʢʠ ʩ ʚʥʫʪʨʝʥʥʝʡ 

ʟʘʪʦʯʢʦʡ (ʩʦ ʩʪʦʨʦʥʳ ʚʦʛʥʫʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ) ʧʨʠʤʝʥʷʶʪ ʣʠʰʴ ʥʘ 

ʥʝʢʦʪʦʨʳʭ ʜʠʩʢʦʚʳʭ ʙʦʨʦʥʘʭ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʨʘʙʦʪʳ ʥʘ ʪʚʝʨʜʳʭ 

ʧʦʯʚʘʭ. 

ɼʠʩʢʠ ʨʘʙʦʪʘʶʪ ʚ ʘʙʨʘʟʠʚʥʦʡ ʧʦʯʚʝʥʥʦʡ ʩʨʝʜʝ ʠ ʧʦʜʚʝʨʛʘʶʪʩʷ 

ʠʥʪʝʥʩʠʚʥʦʤʫ ʠʟʥʘʰʠʚʘʥʠʶ, ʠʟʤʝʥʷʷ ʩʚʦʶ ʬʦʨʤʫ ʠ ʨʘʟʤʝʨʳ. ʇʦʯʚʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʨʝʭʬʘʟʥʫʶ ʜʠʩʧʝʨʩʥʫʶ ʩʨʝʜʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʪʚʝʨʜʳʭ, 

ʞʠʜʢʠʭ ʠ ʛʘʟʦʦʙʨʘʟʥʳʭ ʯʘʩʪʠʮ, ʨʘʟʜʨʦʙʣʝʥʥʳʭ ʠ ʧʝʨʝʤʝʰʘʥʥʳʭ ʤʝʞʜʫ 

ʩʦʙʦʡ. ɺ ʧʦʯʚʝ ʩʦʜʝʨʞʘʪʩʷ ʪʘʢʞʝ ʨʘʩʪʠʪʝʣʴʥʳʝ ʦʩʪʘʪʢʠ (ʢʦʨʥʠ ʠ ʩʪʝʙʣʠ 

ʨʘʩʪʝʥʠʡ) ʠ ʞʠʚʳʝ ʦʨʛʘʥʠʟʤʳ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʠ ʞʠʚʦʪʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ 

[1]. ʆʩʥʦʚʥʳʤʠ ʘʛʝʥʪʘʤʠ ʠʟʥʦʩʘ ʜʠʩʢʦʚʳʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʙʦʨʦʥʳ 

ʷʚʣʷʶʪʩʷ ʪʚʝʨʜʳʝ ʤʠʥʝʨʘʣʴʥʳʝ ʯʘʩʪʠʮʳ ʢʚʘʨʮʘ ʠ ʛʨʘʥʠʪʘ, ʩʦʩʪʘʚʣʷʶʱʠʝ 

ʧʨʠʤʝʨʥʦ 36,6-70,8% ʧʦʯʚʳ. ɿʘʪʝʤ ʧʦ ʩʪʝʧʝʥʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʜʫʪ 

ʧʦʣʝʚʦʡ ʰʧʘʪ, ʩʣʶʜʘ ʠ ʜʨʫʛʠʝ ʤʠʥʝʨʘʣʳ.  

ʉʪʝʧʝʥʴ ʠʩʪʠʨʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʟʘʚʠʩʠʪ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʦʪ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʯʚʳ: ʦʥʘ ʙʦʣʴʰʝ ʫ ʧʝʩʯʘʥʳʭ ʠ ʤʝʥʴʰʝ ʫ 

ʛʣʠʥʠʩʪʳʭ ʧʦʯʚ. ʅʘʠʙʦʣʴʰʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʥʘʰʠʚʘʥʠʷ ʜʠʩʢʦʚʳʭ 

ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʧʦ ʤʘʩʩʝ (130-225 ʛ/ʛʘ) ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʧʝʩʯʘʥʳʭ ʧʦʯʚʘʭ ʩ 

ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʢʘʤʝʥʠʩʪʳʭ ʚʢʣʶʯʝʥʠʡ. ʇʨʠ ʜʠʩʢʦʚʘʥʠʠ ʧʝʩʯʘʥʳʭ 

ʠ ʩʫʧʝʩʯʘʥʳʭ ʧʦʯʚ ʙʝʟ ʢʘʤʝʥʠʩʪʳʭ ʚʢʣʶʯʝʥʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʠʟʥʘʰʠʚʘʥʠʷ ʜʠʩʢʦʚʳʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 80-130 ʛ/ʛʘ. 

ʉʢʦʨʦʩʪʴ ʠʟʥʘʰʠʚʘʥʠʷ ʜʠʩʢʦʚʳʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʥʘ ʛʣʠʥʠʩʪʳʭ ʧʦʯʚʘʭ ʚ 

5-6 ʨʘʟ ʥʠʞʝ, ʯʝʤ ʥʘ ʧʝʩʯʘʥʳʭ ʠ ʩʫʧʝʩʯʘʥʳʭ. ɹʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʥʘʰʠʚʘʥʠʷ ʦʢʘʟʳʚʘʝʪ ʪʚʝʨʜʦʩʪʴ ʠ ʚʣʘʞʥʦʩʪʴ ʧʦʯʚʳ. ʇʨʠ 

ʩʥʠʞʝʥʠʠ ʚʣʘʞʥʦʩʪʠ ʧʦʚʳʰʘʝʪʩʷ ʪʚʝʨʜʦʩʪʴ ʧʦʯʚʳ ʠ ʥʘʦʙʦʨʦʪ. ʇʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚ ʩ 4 ʜʦ 12 ʧʨʦʮʝʥʪʦʚ ʠʭ ʪʚʝʨʜʦʩʪʴ ʩʥʠʞʘʣʘʩʴ ʚ 

6-10 ʨʘʟ [2]. ɼʦʧʫʩʪʠʤʳʡ ʠʟʥʦʩ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʜʠʩʢʘ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ 

ʝʛʦ ʨʝʩʫʨʩ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʚʣʘʞʥʦʩʪʠ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʧʦʯʚ. ʅʘ ʩʫʭʠʭ 

ʧʦʯʚʘʭ ʦʥ ʙʫʜʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, ʯʝʤ ʥʘ ʚʣʘʞʥʳʭ ʧʦʯʚʘʭ. 

ɼʣʷ ʜʠʩʢʦʚʳʭ ʦʨʫʜʠʡ ʧʨʠʤʝʥʷʶʪ ʚʳʩʦʢʦʫʛʣʝʨʦʜʠʩʪʫʶ, 

ʣʝʛʠʨʦʚʘʥʥʫʶ ʩʪʘʪʴ. ʆʙʳʯʥʦ ʵʪʦ ʩʪʘʣʴ 65ɻ ʠ 70ɻ. ʊʚʝʨʜʦʩʪʴ ʨʘʙʦʯʝʡ ʟʦʥʳ 

ʜʠʩʢʦʚ ʧʦʩʣʝ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʩʦʩʪʘʚʣʷʝʪ ʅRʉ 35-45 ʩ ʫʛʣʦʤ 

ʟʘʪʦʯʢʠ 37Á ʧʨʠ ʪʦʣʱʠʥʝ ʣʝʟʚʠʷ 0,3-0,5 ʤʤ [3]. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ 

ʙʝʟʦʰʠʙʦʯʥʦʩʪʴ ʤʝʪʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚ ʠ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, ʨʝʩʫʨʩ ʠʭ 

ʥʝʜʦʩʪʘʪʦʯʝʥ.  

ʉʨʝʜʥʷʷ ʥʘʨʘʙʦʪʢʘ ʥʘ ʦʪʢʘʟ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 100 ʯʘʩʦʚ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ 

ʠʭ ʧʨʠʭʦʜʠʪʩʷ ʯʘʩʪʦ ʟʘʤʝʥʷʪʴ ʠʣʠ ʨʝʤʦʥʪʠʨʦʚʘʪʴ.  

ɿʘʪʫʧʠʚʰʠʝʩʷ ʜʠʩʢʠ ʙʦʨʦʥ ʟʘʪʘʯʠʚʘʶʪ ʥʘ ʫʩʪʘʥʦʚʢʝ ʜʣʷ ʟʘʪʦʯʢʠ 

ʜʠʩʢʦʚʳʭ ʥʦʞʝʡ, ʥʘ ʧʨʠʩʧʦʩʦʙʣʝʥʠʠ ʢ ʘʙʨʘʟʠʚʥʦ-ʰʣʠʬʦʚʘʣʴʥʦʤʫ ʩʪʘʥʢʫ 

ʠʣʠ ʧʨʦʪʘʯʠʚʘʶʪ ʨʝʟʮʦʤ ʥʘ ʪʦʢʘʨʥʦʤ ʩʪʘʥʢʝ. ʇʨʦʪʘʯʠʚʘʶʪ ʜʠʩʢʠ ʩ 

ʚʳʧʫʢʣʦʡ ʩʪʦʨʦʥʳ ʨʝʟʮʦʤ ʩ ʧʣʘʩʪʠʥʢʦʡ ʠʟ ʪʚʝʨʜʦʛʦ ʩʧʣʘʚʘ ʊ15ʂ6, 

ʩʦʟʜʘʚʘʷ ʫʛʦʣ ʟʘʪʦʯʢʠ 37Á ʧʨʠ ʪʦʣʱʠʥʝ ʣʝʟʚʠʷ ʜʠʩʢʘ 0,3 ... 0,5 ʤʤ. 
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ʂʚʘʜʨʘʪʥʦʝ ʦʪʚʝʨʩʪʠʝ ʚ ʜʠʩʢʘʭ ʧʨʠ ʠʟʥʦʩʘʭ ʩʢʨʫʛʣʷʝʪʩʷ ʠ ʦʢʦʣʦ ʥʝʛʦ 

ʧʦʷʚʣʷʶʪʩʷ ʪʨʝʱʠʥʳ. 

ɺʦʩʩʪʘʥʘʚʣʠʚʘʶʪ ʦʪʚʝʨʩʪʠʝ ʵʣʝʢʪʨʦʩʚʘʨʢʦʡ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʦʙʨʘʙʦʪʢʦʡ ʠʣʠ ʧʨʠʚʘʨʠʚʘʶʪ ʥʘ ʜʠʩʢ ʥʘʢʣʘʜʢʫ ʩ ʥʦʨʤʘʣʴʥʳʤ ʨʘʟʤʝʨʦʤ 

ʦʪʚʝʨʩʪʠʷ. ʅʘ ʚʨʝʤʷ ʩʚʘʨʢʠ ʥʘ ʜʠʩʢ ʩʣʝʜʫʝʪ ʥʘʢʣʘʜʳʚʘʪʴ ʤʦʢʨʳʡ ʘʩʙʝʩʪ 

ʠʣʠ ʨʘʩʪʚʦʨ ʛʣʠʥʳ. ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʠʟʥʦʩʘ ʦʪʚʝʨʩʪʠʡ ʠ ʩʤʷʪʠʷ ʛʨʘʥʝʡ 

ʚʘʣʦʚ ʥʘ ʢʘʞʜʫʶ ʙʘʪʘʨʝʶ ʣʫʱʠʣʴʥʠʢʘ ʠʣʠ ʜʠʩʢʦʚʦʡ ʙʦʨʦʥʳ ʩʪʘʚʷʪ 

ʢʦʤʧʝʥʩʠʨʫʶʱʫʶ ʫʧʨʫʛʫʶ ʰʘʡʙʫ. ɺ ʩʦʙʨʘʥʥʦʤ ʧʦʜʰʠʧʥʠʢʦʚʦʤ 

ʢʦʤʧʣʝʢʪʝ ʙʘʪʘʨʝʡ ʚʪʫʣʢʘ ʜʦʣʞʥʘ ʧʨʦʢʨʫʯʠʚʘʪʴʩʷ ʨʳʯʘʛʦʤ ʜʣʠʥʦʡ 330 ʤʤ 

ʩ ʫʩʠʣʠʝʤ ʥʝ ʙʦʣʝʝ 40 ʅ. ʆʩʝʚʦʡ ʟʘʟʦʨ ʚ ʧʦʜʰʠʧʥʠʢʘʭ ʜʦʧʫʩʢʘʝʪʩʷ ʥʝ 

ʙʦʣʝʝ 0,5 ʤʤ. ɺ ʩʦʙʨʘʥʥʦʤ ʜʠʩʢʦʚʦʤ ʦʨʫʜʠʠ ʧʨʠ ʧʨʦʚʝʨʢʝ ʥʘ ʢʦʥʪʨʦʣʴʥʦʡ 

ʧʣʠʪʝ ʧʨʦʩʚʝʪ ʜʠʩʢʦʚ ʠ ʠʭ ʦʩʝʚʦʝ ʙʠʝʥʠʝ ʧʦ ʜʠʘʤʝʪʨʫ ʜʦʧʫʩʢʘʝʪʩʷ ʥʝ 

ʙʦʣʝʝ 4 ʤʤ. ʏʠʩʪʠʢʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 2 ... 4 ʤʤ ʦʪ ʜʠʩʢʦʚ. 

ʏʪʦʙʳ ʠʟʙʝʞʘʪʴ ʧʦʷʚʣʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʜʝʬʝʢʪʦʚ ʧʨʠ ʨʝʤʦʥʪʝ, 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʦʠʟʚʦʜʠʪʴ ʫʧʨʦʯʥʝʥʠʷ ʥʦʚʳʭ ʜʠʩʢʦʚ, ʧʫʪʸʤ ʥʘʧʣʘʚʢʠ ʥʘ 

ʦʩʥʦʚʥʦʡ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʩʣʦʡ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʦʣʱʠʥʦʡ ʙʦʣʝʝ 

ʠʟʥʦʩʦʩʪʦʡʢʦʛʦ ʠ ʙʦʣʝʝ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʤʘʪʝʨʠʘʣʘ. ʋʧʨʦʯʥʷʶʱʘʷ 

ʥʘʧʣʘʚʢʘ ʟʘʱʠʱʘʝʪ ʜʝʪʘʣʠ ʦʪ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʠʟʥʦʩʘ, ʧʨʠʜʘʚʘʷ 

ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʠ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 

ʈʘʙʦʯʫʶ ʟʦʥʫ ʜʠʩʢʘ ʩ ʚʦʛʥʫʪʦʡ ʩʪʦʨʦʥʳ ʥʘʧʣʘʚʣʷʶʪ ʪʚʝʨʜʳʤ ʩʧʣʘʚʦʤ 

ʪʦʣʱʠʥʦʡ 0,4-0,6 ʤʤ ʠ ʰʠʨʠʥʦʡ 20-25 ʤʤ. ʐʠʨʠʥʘ ʥʘʧʣʘʚʥʦʛʦ ʩʣʦʷ ʥʘ 

ʣʝʟʚʠʷʭ ʜʠʩʢʦʚ ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʚʥʘ ʧʦʣʦʚʠʥʝ ʨʘʟʥʦʩʪʠ ʥʦʨʤʘʣʴʥʦʛʦ ʠ 

ʧʨʝʜʝʣʴʥʦʛʦ ʜʠʘʤʝʪʨʦʚ ʜʠʩʢʘ. ʅʘʧʣʘʚʢʘ ʤʦʞʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʢʘʢ 

ʚʩʧʣʦʰʥʫʶ, ʪʘʢ ʠ ʦʪʜʝʣʴʥʳʤʠ ʫʯʘʩʪʢʘʤʠ, ʠ ʜʘʞʝ ʧʦʜ ʫʛʣʦʤ ʢ ʨʝʞʫʱʝʡ 

ʢʨʦʤʢʝ. 

ʇʨʠʤʝʥʝʥʠʝ ʥʘʧʣʘʚʢʠ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ 

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʣʝʟʚʠʷ ʜʠʩʢʘ ï ʦʥʦ ʩʪʘʥʦʚʠʪʩʷ ʩʘʤʦʟʘʪʘʯʠʚʘʶʱʠʤʩʷ, 

ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʩʨʦʢ ʩʣʫʞʙʳ ʪʘʢʠʭ ʜʠʩʢʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 6-8 ʨʘʟ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʟʘʢʘʣʝʥʥʳʤʠ.  

ɼʣʷ ʜʝʪʘʣʝʡ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʪʷʞʝʣʳʭ ʫʩʣʦʚʠʷʭ, ʥʝʦʙʭʦʜʠʤʘ ʥʘʧʣʘʚʢʘ 

ʙʫʬʝʨʥʦʛʦ ʩʣʦʷ ʘʫʩʪʝʥʠʪʥʳʤʠ ʵʣʝʢʪʨʦʜʘʤʠ ʪʠʧʘ OK 67.XX. ɼʘʣʴʥʝʡʰʘʷ 

ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʥʘʧʣʘʚʢʘ ʧʦʩʣʝ ʵʪʦʛʦ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʜʥʠʤ ʠʟ ʵʣʝʢʪʨʦʜʦʚ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1 

ʉʚʘʨʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʥʘʧʣʘʚʢʠ 

ʊʠʧ ʩʧʣʘʚʘ SMAW FCAW 

13ʄn OK 86.08 
OK Tubrodur 15.60 

13Mn4Cr3Ni OK 86.20 

14Mn3Ni OK 86.28 
OK Tubrodur 15.65 

14Mn18Cr OK 86.30 

 

ʕʪʠ ʤʘʪʝʨʠʘʣʳ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʥʘʧʣʘʚʢʠ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ 

ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʘʫʩʪʝʥʠʪʥʦ-ʤʘʨʛʘʥʮʦʚʠʩʪʳʭ ʩʪʘʣʝʡ [4]. 



162 

 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʪʚʝʨʜʦʩʪʠ ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʠʟʥʦʰʝʥʥʳʭ ʠ ʥʦʚʳʭ ʜʝʪʘʣʝʡ ʠʟ ʤʘʨʛʘʥʮʦʚʠʩʪʦʡ ʩʪʘʣʠ ʧʨʠʤʝʥʷʶʪʩʷ 

ʥʘʧʣʘʚʦʯʥʳʝ ʵʣʝʢʪʨʦʜʳ, ʣʝʛʠʨʦʚʘʥʥʳʝ ʭʨʦʤʦʤ (ʪʘʙʣʠʮʘ 2). 

 

ʊʘʙʣʠʮʘ 2  

ʉʚʘʨʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʠʟʥʦʩʦʩʪʦʡʢʦʡ ʥʘʧʣʘʚʢʠ 

HRC SMAW FCAW GMAW 

55-60 OK 84.58 OK Tubrodur 15.52 OK Autrod 13.91 

60-63 OK 84.78 OK Tubrodur 14.70  

ɼʦ 62 (ʥʘʧʣʘʚʢʫ 

ʦʩʫʱʝʩʪʚʣʷʪʴ  

ʚ 1 ʩʣʦʡ) 

OK 84.84 OK Tubrodur 15.80  

 

ʋʧʨʦʯʥʷʶʱʘʷ ʥʘʧʣʘʚʢʘ ʧʨʠʤʝʥʷʝʪʩʷ ʢʘʢ ʧʨʠ ʨʝʤʦʥʪʝ ʠʟʥʦʰʝʥʥʳʭ 

ʜʝʪʘʣʝʡ, ʪʘʢ ʠ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʥʦʚʳʭ ʜʝʪʘʣʝʡ. ʊʨʝʙʫʝʤʳʝ ʩʚʦʡʩʪʚʘ 

ʜʝʪʘʣʝʡ ʧʦʣʫʯʘʶʪ ʟʘ ʩʯʝʪ ʥʘʥʝʩʝʥʠʷ ʥʘ ʠʭ ʧʦʚʝʨʭʥʦʩʪʥʦʩʪʴ ʩʣʦʷ ʤʝʪʘʣʣʘ, 

ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʭʦʨʦʰʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠʟʥʦʩʫ. 

ʇʦʚʳʰʝʥʥʘʷ ʪʚʝʨʜʦʩʪʴ ʥʝ ʚʩʝʛʜʘ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʭʦʨʦʰʝʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠʟʥʦʩʫ ʠ ʫʚʝʣʠʯʝʥʠʝ ʩʨʦʢʘ ʩʣʫʞʙʳ ʠʟʜʝʣʠʷ. ʏʠʩʣʦ 

ʥʘʧʣʘʚʣʝʥʥʳʭ ʩʣʦʝʚ ʪʘʢʞʝ ʤʦʞʝʪ ʩʢʘʟʳʚʘʪʴʩʷ ʥʘ ʫʨʦʚʥʝ ʪʚʝʨʜʦʩʪʠ ʠ 

ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʪʴ ʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʩʦʧʨʦʪʠʚʣʷʪʴʩʷ ʠʟʥʦʩʫ. 

ɼʠʩʢʠ ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʠʟ ʟʘʢʘʣʝʥʥʳʭ ʩʪʘʣʝʡ, ʧʦʵʪʦʤʫ ʧʨʠ ʥʘʧʣʘʚʢʝ ʠʭ 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʛʨʝʚʘʪʴ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 350-400Áʉ. 

ʀʟʥʦʩʦʩʪʦʡʢʦʝ ʧʦʢʨʳʪʠʝ ʥʘʥʦʩʠʪʩʷ ʩʦ ʩʪʦʨʦʥʳ ʚʳʛʥʫʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ 

ʰʠʨʠʥʝ 20-30 ʤʤ ʦʪ ʢʨʘʷ. ʅʘʧʣʘʚʢʘ ʚʝʜʝʪʩʷ ʵʣʝʢʪʨʦʜʘʤʠ ʆʂ 84.78, ʆʂ 

83.50 ʠʣʠ ʆʂ 83.65. ʉʚʘʨʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʧʝʨʝʯʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ 

ʵʣʝʢʪʨʦʜʘ. 

ʅʘʢʣʘʜʳʚʘʝʤʳʝ ʩʣʦʠ ʜʦʣʞʥʳ ʙʳʪʴ ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ ʪʦʥʢʠʤʠ ʠ 

ʛʣʘʜʢʠʤʠ. 

ʇʦʩʣʝ ʥʘʧʣʘʚʢʠ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʤʝʜʣʝʥʥʦʝ ʦʭʣʘʞʜʝʥʠʝ. 

ʉʚʘʨʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ: 

ʆʂ 84.78 - ʜʣʷ ʨʘʙʦʪʳ ʚ ʫʩʣʦʚʠʷʭ ʫʤʝʨʝʥʥʦʡ ʚʣʘʞʥʦʩʪʠ; 

ʆʂ 84.58 - ʜʣʷ ʨʘʙʦʪʳ ʚ ʫʩʣʦʚʠʷʭ ʫʤʝʨʝʥʥʦʡ ʚʣʘʞʥʦʩʪʠ; 

ʆʂ 83.65 - ʜʣʷ ʨʘʙʦʪʳ ʚ ʩʫʭʠʭ ʫʩʣʦʚʠʷʭ; 

ʆʂ 83.50 - ʜʣʷ ʨʘʙʦʪʳ ʚ ʩʫʭʠʭ ʫʩʣʦʚʠʷʭ [4]. 
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ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

 
ɸʥʥʦʪʘʮʠʷ. ʆʙʦʩʥʦʚʘʥ ʚʳʙʦʨ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʤʝʩʪʘ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʧʦʪʦʯʥʦʡ ʣʠʥʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʯʝʪʘʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʯʠʩʣʘ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ. 

ɺʳʙʦʨ ʪʠʧʘ ʣʠʥʠʠ ʦʧʨʝʜʝʣʝʥ ʢʦʣʠʯʝʩʪʚʦʤ ʠ ʥʘʟʥʘʯʝʥʠʝʤ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʟʝʨʥʘ, ʝʛʦ 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ (ʚʣʘʞʥʦʩʪʴʶ, ʟʘʩʦʨʝʥʥʦʩʪʴʶ). ʂʦʣʠʯʝʩʪʚʦ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʙʠʨʘʝʤʳʭ ʢʫʣʴʪʫʨ, ʫʨʦʞʘʡʥʦʩʪʴ ʟʝʨʥʘ ʢʘʞʜʦʡ ʢʫʣʴʪʫʨʳ ʠ ʝʛʦ 

ʚʣʘʞʥʦʩʪʴ ʚʦ ʚʨʝʤʷ ʫʙʦʨʢʠ ʫʯʪʝʥ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʥʝʦʙʭʦʜʠʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʦʪʦʯʥʳʭ 

ʣʠʥʠʡ ʚ ʩʦʩʪʘʚʝ ʧʫʥʢʪʘ ʦʙʨʘʙʦʪʢʠ ʟʝʨʥʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʧʦʪʦʯʥʦʩʪʴ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʣʠʥʠʠ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʟʝʨʥʦʦʯʠʩʪʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ. 
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Abstract. The choice of the performance and location of the production line according 

to the combination of a considerable number of different factors. The number and the 

appointment of the processed grain define selecting the type of line, its physical and 

mechanical properties (moisture, contamination). Number of harvested crops, grain yield of 

each crop and its humidity during the harvest taken into account when determining the 

required number of production lines as part of the grain processing points. 
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ɺʚʝʜʝʥʠʝ 

ʆʩʥʦʚʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʧʦʪʦʯʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʣʠʥʠʡ ʜʣʷ ʧʦʩʣʝʫʙʦʨʦʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʟʝʨʥʘ ʠʤʝʶʪ ʧʦʢʘʟʘʪʝʣʠ ʵʢʦʥʦʤʠ-

ʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʥʘʙʦʨʘ ʠ 

ʨʘʟʤʝʱʝʥʠʷ ʚʭʦʜʷʱʠʭ ʚ ʠʭ ʩʦʩʪʘʚ ʤʘʰʠʥ. ʂʨʦʤʝ ʪʦʛʦ, ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ 

ʥʝ ʪʦʣʴʢʦ ʩʣʦʞʠʚʰʠʝʩʷ ʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʤ ʧʨʝʜʧʨʠʷʪʠʠ ʢʦʥʢʨʝʪʥʳʝ 

ʫʩʣʦʚʠʷ (ʚʘʣʦʚʦʡ ʩʙʦʨ ʟʝʨʥʘ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʫʙʦʨʢʠ, ʨʘʟʤʝʨʳ ʠ 
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ʨʘʩʧʦʣʦʞʝʥʠʝ ʧʦʣʝʡ, ʩʦʩʪʦʷʥʠʝ ʜʦʨʦʛ), ʥʦ ʠ ʧʝʨʩʧʝʢʪʠʚʫ ʨʘʟʚʠʪʠʷ 

ʧʨʝʜʧʨʠʷʪʠʷ [1, 2].  

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ 

ʇʦʪʦʯʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʣʠʥʠʠ ʜʣʷ ʧʦʩʣʝʫʙʦʨʦʯʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʟʝʨʥʘ ʠ ʩʝʤʷʥ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʟʝʨʥʦʦʯʠʩʪʠʪʝʣʴʥʳʝ ʘʛʨʝʛʘʪʳ ʠ 

ʟʝʨʥʦʦʯʠʩʪʠʪʝʣʴʥʦ-ʩʫʰʠʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ. ɺ ʉʉʉʈ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ 

ʚʳʧʫʩʢʘʣʠʩʴ ʟʝʨʥʦʦʯʠʩʪʠʪʝʣʴʥʳʝ ʘʛʨʝʛʘʪʳ ɿɸɺ-10, ɿɸɺ-20, ɿɸɺ-40 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 10, 20 ʠ 40 ʪ/ʯ. ʕʪʠ ʘʛʨʝʛʘʪʳ 

ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʦʩʣʝʫʙʦʨʦʯʥʫʶ ʦʙʨʘʙʦʪʢʫ (ʙʝʟ ʩʫʰʢʠ) ʟʝʨʥʦʚʳʭ, 

ʟʝʨʥʦʙʦʙʦʚʳʭ ʠ ʢʨʫʧʷʥʳʭ ʢʫʣʴʪʫʨ ʩ ʜʦʚʝʜʝʥʠʝʤ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʛʦ 

ʟʝʨʥʘ ʜʦ ʙʘʟʠʩʥʳʭ ʢʦʥʜʠʮʠʡ ʟʘ ʦʜʠʥ ʧʨʦʭʦʜ. ʂʨʦʤʝ ʪʦʛʦ, ʚʳʧʫʩʢʘʣʠʩʴ 

ʪʘʢʞʝ ʟʝʨʥʦʦʯʠʩʪʠʪʝʣʴʥʦ-ʩʫʰʠʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ ʂɿʉ-10ɹ, ʂɿʉ-10ɹ2 ʩ 

ʙʘʨʘʙʘʥʥʳʤʠ ʩʫʰʠʣʢʘʤʠ, ʂɿʉ-10ʐ ʠ ʂɿʉ-40 ï ʩ ʰʘʭʪʥʳʤʠ ʩʫʰʠʣʢʘʤʠ. 

ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʚʣʘʞʥʦʩʪʠ ʫʙʠʨʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʬʘʢʪʠʯʝʩʢʘʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʣʘʩʴ. ɺʩʝ 

ʚʳʧʫʩʢʘʚʰʠʝʩʷ ʧʦʪʦʯʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʣʠʥʠʠ ʙʳʣʠ ʫʥʠʚʝʨʩʘʣʴʥʳ. ʀʭ 

ʤʘʰʠʥʳ ʠʤʝʣʠ ʜʦʩʪʘʪʦʯʥʳʝ ʧʨʝʜʝʣʳ ʨʝʛʫʣʠʨʦʚʦʢ ʠ ʥʘʙʦʨʳ ʩʤʝʥʥʳʭ 

ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ, ʦʙʝʩʧʝʯʠʚʘʚʰʠʭ ʦʙʨʘʙʦʪʢʫ ʫʢʘʟʘʥʥʳʭ ʢʫʣʴʪʫʨ. 

ʇʨʠʤʝʥʝʥʠʝ ʚʝʥʪʠʣʠʨʫʝʤʳʭ ʙʫʥʢʝʨʦʚ ʆɹɺ-100 ʧʦʟʚʦʣʷʣʦ ʨʝʰʘʪʴ ʚʦʧʨʦʩ ʦ 

ʥʝʢʦʪʦʨʦʤ ʩʲʝʤʝ ʚʣʘʛʠ ʠ ʚʨʝʤʝʥʥʦʤ ʭʨʘʥʝʥʠʠ ʟʝʨʥʘ ʠ ʩʝʤʷʥ ʙʝʟ 

ʫʭʫʜʰʝʥʠʷ ʠʭ ʩʚʦʡʩʪʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʆɹɺ-100 ʨʘʩʰʠʨʷʣʦ ʚʦʟʤʦʞʥʦʩʪʠ 

ʢʦʤʧʣʝʢʩʦʚ ʧʦ ʧʨʠʝʤʢʝ ʠ ʦʙʨʘʙʦʪʢʝ ʩʝʤʷʥ ʨʘʟʣʠʯʥʳʭ ʢʫʣʴʪʫʨ 

ʧʦʚʳʰʝʥʥʦʡ ʚʣʘʞʥʦʩʪʠ ʧʨʠ ʠʭ ʥʝʨʘʚʥʦʤʝʨʥʦʤ ʧʦʩʪʫʧʣʝʥʠʠ ʥʘ ʢʦʤʧʣʝʢʩ. 

ɸʛʨʝʛʘʪʳ ʠ ʢʦʤʧʣʝʢʩʳ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 5 ʪ/ʯ ʧʨʝʜʥʘʟʥʘʯʘʣʠʩʴ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʠʣʠ ʠʭ 

ʧʦʜʨʘʟʜʝʣʝʥʠʷʭ ʩ ʛʦʜʦʚʳʤ ʦʙʲʝʤʦʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʟʝʨʥʘ ʜʦ 1500 ʪ, 

ʘʛʨʝʛʘʪʳ ʠ ʢʦʤʧʣʝʢʩʳ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 10 ʪ/ʯ ï ʜʦ 3000 ʪ, ʘʛʨʝʛʘʪʳ ʠ 

ʢʦʤʧʣʝʢʩʳ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 20 ʪ/ʯ ï ʜʦ 5000 ʪ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 

40 ʪ/ʯ ï ʙʦʣʝʝ 5000 ʪ. 

ɺʩʝ ʝʞʝʩʫʪʦʯʥʦ ʥʘʤʦʣʘʯʠʚʘʝʤʦʝ ʟʝʨʥʦʫʙʦʨʦʯʥʳʤʠ ʢʦʤʙʘʡʥʘʤʠ ʟʝʨʥʦ 

ʜʦʣʞʥʦ ʧʨʦʡʪʠ ʦʙʨʘʙʦʪʢʫ ʥʘ ʟʝʨʥʦʦʯʠʩʪʠʪʝʣʴʥʦ-ʩʫʰʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʘʭ. 

ʉʨʝʜʥʝʛʦʜʦʚʦʡ ʚʘʣʦʚʦʡ ʙʫʥʢʝʨʥʳʡ ʫʨʦʞʘʡ ʟʝʨʥʘ ʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʤ 

ʧʨʝʜʧʨʠʷʪʠʠ, ʧʦʜʣʝʞʘʱʠʡ ʦʙʨʘʙʦʪʢʝ ʥʘ ʟʝʨʥʦʦʯʠʩʪʠʪʝʣʴʥʦ-ʩʫʰʠʣʴʥʦʤ 

ʢʦʤʧʣʝʢʩʝ, ʙʫʜʝʪ ʨʘʚʝʥ: 

ʚʘʣ ʫ ʟɤ

1

n

i iQ k k k q S= ä ,                                                  (1) 

ʛʜʝ ʚʘʣQ ï ʚʘʣʦʚʦʡ ʙʫʥʢʝʨʥʳʡ ʩʝʟʦʥʥʳʡ ʥʘʤʦʣʦʪ ʟʝʨʥʘ, ʪ; iqï ʧʣʘʥʦʚʘʷ 

ʫʨʦʞʘʡʥʦʩʪʴ i-ʡ ʢʫʣʴʪʫʨʳ, ʪ/ʛʘ; iSï ʧʦʩʝʚʥʘʷ ʧʣʦʱʘʜʴ i-ʡ ʢʫʣʴʪʫʨʳ, ʛʘ; n ï 

ʢʦʣʠʯʝʩʪʚʦ ʢʫʣʴʪʫʨ; ʫ ʟ ɤ, ,k k k ï ʙʝʟʨʘʟʤʝʨʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, 

ʦʧʨʝʜʝʣʷʶʱʠʝ ʢʦʣʝʙʘʥʠʷ ʫʨʦʞʘʡʥʦʩʪʠ, ʟʘʩʦʨʝʥʥʦʩʪʠ ʠ ʚʣʘʞʥʦʩʪʠ 

ʙʫʥʢʝʨʥʦʛʦ ʟʝʨʥʘ. 

ʋʨʦʞʘʡʥʦʩʪʴ ʠ ʚʘʣʦʚʦʡ ʩʙʦʨ ʟʝʨʥʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ ʙʘʟʠʩʥʳʭ 

ʢʦʥʜʠʮʠʷʭ ʧʦ ʚʣʘʞʥʦʩʪʠ ʠ ʟʘʩʦʨʝʥʥʦʩʪʠ. ʆʪ ʢʦʤʙʘʡʥʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, 
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ʧʦʩʪʫʧʘʝʪ ʟʝʨʥʦʚʦʡ ʚʦʨʦʭ ʩ ʙʦʣʴʰʝʡ ʚʣʘʞʥʦʩʪʴʶ ʠ ʟʘʩʦʨʝʥʥʦʩʪʴʶ. ɺ 

ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʤʘʰʠʥ ʜʣʷ ʧʦʩʣʝʫʙʦʨʦʯʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʟʝʨʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦʤ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, 

ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ, ʩʝʟʦʥʥʘʷ ʥʘʛʨʫʟʢʘ, ʨʘʚʥʘʷ ʬʠʟʠʯʝʩʢʦʡ 

(ʙʫʥʢʝʨʥʦʡ) ʤʘʩʩʝ ʟʝʨʥʦʚʦʛʦ ʚʦʨʦʭʘ, ʧʦʩʪʫʧʘʶʱʝʡ ʥʘ ʟʝʨʥʦʦʯʠʩʪʠʪʝʣʴʥʦ-

ʩʫʰʠʣʴʥʳʡ ʢʦʤʧʣʝʢʩ, ʫʯʠʪʳʚʘʝʪ ʜʝʡʩʪʚʠʪʝʣʴʥʫʶ ʚʣʘʞʥʦʩʪʴ.  

ʀʟʤʝʥʝʥʠʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʟʝʨʥʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʦʧʨʝʜʝʣʝʥʥʳʤ ʦʙʨʘʟʦʤ ʚʣʠʷʝʪ ʥʘ ʢʘʯʝʩʪʚʦ ʨʘʙʦʪʳ ʟʝʨʥʦʦʯʠʩʪʠʪʝʣʴʥʳʭ 

ʤʘʰʠʥ ʠ ʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. ʀʟʤʝʥʝʥʠʝ ʚʣʘʞʥʦʩʪʠ ʠ ʟʘʩʦʨʝʥʥʦʩʪʠ 

ʚʳʟʳʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʠʩʪʝʯʝʥʠʷ ʟʝʨʥʘ ʠʟ-ʧʦʜ ʟʘʩʣʦʥʦʢ ʥʦʨʠʡ ʠ ʙʫʥʢʝʨʦʚ ʠ 

ʚʣʠʷʝʪ ʥʘ ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʧʨʠ ʝʛʦ ʚʣʘʞʥʦʩʪʠ ʚʳʰʝ 16%. 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩ ʢʘʞʜʳʤ 1% ʫʚʝʣʠʯʝʥʠʷ ʚʣʘʞʥʦʩʪʠ ʩʥʠʞʘʝʪʩʷ ʚ 

ʩʨʝʜʥʝʤ ʥʘ 5% [3, ʩ. 19]. ʇʨʠ ʩʦʜʝʨʞʘʥʠʠ ʧʨʠʤʝʩʝʡ ʚ ʠʩʭʦʜʥʦʤ ʤʘʪʝʨʠʘʣʝ 

ʩʚʳʰʝ 10% ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʟʝʨʥʦʦʯʠʩʪʠʪʝʣʴʥʳʭ ʤʘʰʠʥ ʩʥʠʞʘʝʪʩʷ ʥʘ 

2% ʥʘ ʢʘʞʜʳʡ ʧʨʦʮʝʥʪ ʫʚʝʣʠʯʝʥʠʷ ʧʨʠʤʝʩʝʡ. ʇʨʠ ʦʯʠʩʪʢʝ ʨʘʟʣʠʯʥʳʭ 

ʢʫʣʴʪʫʨ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʟʝʨʥʦʦʯʠʩʪʠʪʝʣʴʥʳʭ ʤʘʰʠʥ ʪʘʢʞʝ ʨʘʟʣʠʯʥʘ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʟʝʨʥʦʦʯʠʩʪʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʦʣʞʥʦ ʙʳʪʴ ʧʦʜʩʯʠʪʘʥʦ ʩʫʪʦʯʥʦʝ 

ʧʦʩʪʫʧʣʝʥʠʝ ʟʝʨʥʘ ʥʘ ʧʦʩʣʝʫʙʦʨʦʯʥʫʶ ʦʙʨʘʙʦʪʢʫ. ʈʘʩʯʝʪ ʤʦʞʝʪ ʙʳʪʴ 

ʚʳʧʦʣʥʝʥ ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ʇʨʠ ʵʪʦʤ ʩʨʝʜʥʝʩʫʪʦʯʥʦʝ 

ʧʦʩʪʫʧʣʝʥʠʝ ʟʝʨʥʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠʩʭʦʜʷ ʠʟ ʚʘʣʦʚʦʛʦ ʩʝʟʦʥʥʦʛʦ 

ʙʫʥʢʝʨʥʦʛʦ ʥʘʤʦʣʦʪʘ ʟʝʨʥʘ ʠ ʩʨʦʢʦʚ ʫʙʦʨʢʠ: 

ʚʘʣ
ʩʫʪ

ʫ

,
ɼ

Q
Q =                                                        (2) 

ʛʜʝ ʫɼï ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʫʙʦʨʢʠ, ʜʥʝʡ. 

ʉʨʝʜʥʝʩʫʪʦʯʥʦʝ ʧʦʩʪʫʧʣʝʥʠʝ ʟʝʨʥʘ ʤʦʞʝʪ ʙʳʪʴ ʧʦʜʩʯʠʪʘʥʦ ʧʦ 

ʢʦʣʠʯʝʩʪʚʫ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʢʦʤʙʘʡʥʦʚ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʩʣʝʜʫʝʪ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʢʘʢ ʢʦʣʠʯʝʩʪʚʦ ʢʦʤʙʘʡʥʦʚ, ʪʘʢ ʠ ʠʭ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ï ʚʝʣʠʯʠʥʳ ʧʝʨʝʤʝʥʥʳʝ, ʧʦʵʪʦʤʫ ʩʫʪʦʯʥʦʝ 

ʧʦʩʪʫʧʣʝʥʠʝ ʟʝʨʥʘ ʟʘ ʚʨʝʤʷ ʫʙʦʨʢʠ ʟʥʘʯʠʪʝʣʴʥʦ ʢʦʣʝʙʣʝʪʩʷ. ɺʳʙʠʨʘʪʴ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʟʝʨʥʦʦʯʠʩʪʠʪʝʣʴʥʦ-ʩʫʰʠʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʨʘʩʯʝʪʝ 

ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ ʦʙʨʘʙʦʪʢʠ ʩʨʝʜʥʝʜʥʝʚʥʦʛʦ ʧʦʩʪʫʧʣʝʥʠʷ ʟʝʨʥʘ ʥʝʣʴʟʷ, ʪʘʢ 

ʢʘʢ ʚ ʜʥʠ, ʢʦʛʜʘ ʧʦʩʪʫʧʠʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʟʝʨʥʘ, ʧʦʩʣʝʜʥʝʝ ʙʫʜʝʪ 

ʩʢʘʧʣʠʚʘʪʴʩʷ ʥʘ ʪʦʢʘʭ. ʕʪʦ ʚʳʟʦʚʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʚʨʝʤʝʥʠ ʠ 

ʩʨʝʜʩʪʚ ʥʘ ʝʛʦ ʧʝʨʝʛʨʫʟʢʫ ʠ ʭʨʘʥʝʥʠʝ. ɿʝʨʥʦ ʩ ʧʦʚʳʰʝʥʥʦʡ ʚʣʘʞʥʦʩʪʴʶ 

ʤʦʞʝʪ ʠʩʧʦʨʪʠʪʴʩʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʚʳʙʦʨʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʘʛʨʝʛʘʪʘ ʥʝʦʙʭʦʜʠʤʦ ʠʩʭʦʜʠʪʴ ʠʟ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʫʪʦʯʥʦʛʦ ʧʦʩʪʫʧʣʝʥʠʷ 

ʟʝʨʥʘ. ʕʪʘ ʚʝʣʠʯʠʥʘ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʷʜʘ ʫʯʝʥʳʭ [4ï7], ʩ 

ʠʟʚʝʩʪʥʦʡ ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʧʦ ʬʦʨʤʫʣʝ: 

( )ʩʫʪ max ʩʫʪ2,5 3,5 .Q Q= -                                         (3) 

ɿʘʢʣʘʜʳʚʘʝʤʳʡ ʚ ʪʘʢʦʡ ʨʘʩʯʝʪ ʥʝʢʦʪʦʨʳʡ ʟʘʧʘʩ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʧʦʟʚʦʣʷʝʪ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʧʦʩʪʫʧʣʝʥʠʷ ʟʝʨʥʘ ʢʘʢ ʚ 

ʦʪʜʝʣʴʥʳʝ ʜʥʠ ʫʙʦʨʢʠ, ʪʘʢ ʠ ʚ ʧʨʝʜʝʣʘʭ ʜʥʷ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ 
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ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʥʘ ʧʦʩʣʝʫʙʦʨʦʯʥʫʶ ʦʙʨʘʙʦʪʢʫ ʧʦʩʪʫʧʘʝʪ ʩʳʨʦʝ ʟʝʨʥʦ. 

ʈʘʩʯʝʪʥʘʷ ʯʘʩʦʚʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʟʝʨʥʦʦʯʠʩʪʠʪʝʣʴʥʦ-ʩʫʰʠʣʴʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʙʫʜʝʪ ʨʘʚʥʘ: 

ʩʫʪ max

ʨ

ʩʫʪ ʩʤ

,
ʊ

Q
W

k
=                                                 (4) 

ʛʜʝ ʩʫʪʊ ï ʩʫʪʦʯʥʘʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʢʦʤʧʣʝʢʩʘ, ʯ; ʩʤk ï 

ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʨʝʤʝʥʠ ʩʤʝʥʳ. 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʨʘʩʯʝʪʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʟʝʨʥʦʦʯʠʩʪʠʪʝʣʴʥʦ-

ʩʫʰʠʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʣʝʜʫʝʪ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ 

ʘʛʨʝʛʘʪʦʤ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʤ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʢʦʤʧʣʝʢʩʘ, ʷʚʣʷʝʪʩʷ 

ʟʝʨʥʦʩʫʰʠʣʢʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʡʜʝʥʥʫʶ ʚʝʣʠʯʠʥʫ ʨʘʩʯʝʪʥʦʡ ʯʘʩʦʚʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʟʝʨʥʦʦʯʠʩʪʠʪʝʣʴʥʦ-ʩʫʰʠʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʩʦʧʦʩʪʘʚʣʷʶʪ ʩ ʧʘʩʧʦʨʪʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʩʫʰʠʣʴʥʦʛʦ ʦʪʜʝʣʝʥʠʷ 

ʢʦʤʧʣʝʢʩʘ, ʦʧʨʝʜʝʣʝʥʥʦʡ ʩ ʫʯʝʪʦʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʢʦʤʙʘʡʥʦʚʦʛʦ ʚʦʨʦʭʘ ʥʘ ʟʝʨʥʦʦʯʠʩʪʠʪʝʣʴʥʳʭ ʤʘʰʠʥʘʭ. ɽʩʣʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʫʰʠʣʴʥʦʛʦ ʦʪʜʝʣʝʥʠʷ ʦʢʘʞʝʪʩʷ ʤʝʥʴʰʝ, ʯʝʤ 

ʚʝʣʠʯʠʥʘ, ʦʧʨʝʜʝʣʝʥʥʘʷ ʨʘʩʯʝʪʦʤ, ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʣʝʢʩʘ ʙʦʣʝʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʡ ʩʫʰʠʣʢʠ ʠʣʠ 

ʦʪʜʝʣʝʥʠʷ ʙʫʥʢʝʨʦʚ ʘʢʪʠʚʥʦʛʦ ʚʝʥʪʠʣʠʨʦʚʘʥʠʷ. ɽʩʣʠ ʧʦ ʢʘʢʠʤ-ʣʠʙʦ 

ʧʨʠʯʠʥʘʤ ʵʪʦʛʦ ʩʜʝʣʘʪʴ ʥʝʣʴʟʷ, ʟʝʨʥʦʦʯʠʩʪʠʪʝʣʴʥʦ-ʩʫʰʠʣʴʥʳʡ ʢʦʤʧʣʝʢʩ 

ʧʦʜʙʠʨʘʝʪʩʷ ʧʦ ʨʘʩʯʝʪʫ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʫʰʠʣʴʥʦʛʦ ʦʪʜʝʣʝʥʠʷ. 

ʏʪʦʙʳ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʙʝʟ ʧʦʪʝʨʴ ʩʫʰʠʪʴ ʟʝʨʥʦ ʨʘʟʥʳʭ ʢʫʣʴʪʫʨ ʠ 

ʥʘʟʥʘʯʝʥʠʷ (ʬʫʨʘʞʥʦʝ ʠʣʠ ʩʝʤʝʥʥʦʝ), ʧʨʝʜʧʨʠʷʪʠʷ ʤʦʛʫʪ ʠʤʝʪʴ ʜʚʘ-ʪʨʠ 

ʪʠʧʘ ʟʝʨʥʦʩʫʰʠʣʦʢ: ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ï ʜʣʷ ʩʫʰʢʠ ʟʝʨʥʘ 

ʚʘʣʦʦʙʨʘʟʫʶʱʠʭ ʢʫʣʴʪʫʨ (ʨʞʠ, ʷʯʤʝʥʷ, ʧʰʝʥʠʮʳ ʠ ʪʨʠʪʠʢʘʣʝ), ʩʨʝʜʥʝʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ï ʜʣʷ ʩʫʰʢʠ ʟʝʨʥʘ ʤʝʥʴʰʠʭ ʦʙʲʝʤʦʚ ʜʨʫʛʠʭ 

ʨʘʥʥʝʩʧʝʣʳʭ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʦʟʨʝʚʘʶʱʠʭ ʢʫʣʴʪʫʨ ʠ ʩʝʤʝʥʥʦʛʦ ʟʝʨʥʘ, 

ʧʝʨʝʜʚʠʞʥʳʝ ï ʢʘʢ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʢ ʦʩʥʦʚʥʦʤʫ ʦʙʦʨʫʜʦʚʘʥʠʶ. 

ʇʦʪʨʝʙʥʦʩʪʴ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʚ 

ʟʝʨʥʦʦʯʠʩʪʠʪʝʣʴʥʦ-ʩʫʰʠʣʴʥʳʭ ʤʦʱʥʦʩʪʷʭ ʦʧʨʝʜʝʣʷʶʪ ʚʘʣʦʚʳʝ ʩʙʦʨʳ 

ʟʝʨʥʘ ʠ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʝ ʩʨʦʢʠ ʫʙʦʨʢʠ. ɺ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʤ ʢʦʤʧʣʝʢʩʝ 

ʨʝʩʧʫʙʣʠʢʠ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʩʣʦʞʠʣʘʩʴ ʩʣʝʜʫʶʱʘʷ ʩʪʨʫʢʪʫʨʘ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʧʦ ʚʘʣʦʚʦʤʫ ʩʙʦʨʫ ʟʝʨʥʘ: 290 (19,8%) 

ʠʤʝʶʪ ʚʘʣʦʚʦʡ ʩʙʦʨ ʟʝʨʥʘ ʜʦ 3000 ʪʦʥʥ, 280 (19,2%) ï ʦʪ 3000 ʜʦ 4500 

ʪʦʥʥ, 261 (17,9%) ï ʦʪ 4500 ʜʦ 6000 ʪʦʥʥ, 217 (14,9%) ï ʦʪ 6000 ʜʦ 8000 

ʪʦʥʥ, 238 (16,3%) ï ʦʪ 8000 ʜʦ 12000 ʪʦʥʥ, 94 (6,4%) ï ʦʪ 12000 ʜʦ 16000, 

34 (2,3%) ï ʦʪ 16000 ʜʦ 20000, 19 (1,3%) ï ʦʪ 20000 ʜʦ 24000, 16 (1,1%) ï ʦʪ 

24000 ʜʦ 30000, 5 (0,3%) ï ʦʪ 30000 ʜʦ 36000 ʠ 7 (0,5%) ï ʩʚʳʰʝ 36000 

ʪʦʥʥ. 

ɺʦʟʤʦʞʥʳʡ ʬʘʢʪʠʯʝʩʢʠʡ ʦʙʨʘʙʘʪʳʚʘʝʤʳʡ ʩʝʟʦʥʥʳʡ ʚʘʣ ʟʝʨʥʘ ʥʘ 

ʟʝʨʥʦʦʯʠʩʪʠʪʝʣʴʥʦ-ʩʫʰʠʣʴʥʦʤ ʢʦʤʧʣʝʢʩʝ ʟʘʜʘʥʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʦʧʨʝʜʝʣʠʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʨʘʞʝʥʠʷʤʠ (1ï4) ʧʦ ʩʣʝʜʫʶʱʝʡ 

ʟʘʚʠʩʠʤʦʩʪʠ: 
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ʚʘʣ ʬʘʢʪ ʫ ʟɤ ʩʫʪ max ʫɼ .Q k k k Q=  

ʉʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʘʣʦʚʦʛʦ ʩʙʦʨʘ 

ʟʝʨʥʘ ʜʦʣʞʥʳ ʢʦʤʧʣʝʢʪʦʚʘʪʴʩʷ ʩʣʝʜʫʶʱʠʤʠ ʟʝʨʥʦʦʯʠʩʪʠʪʝʣʴʥʦ--

ʩʫʰʠʣʴʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ (ʠʟ ʨʘʩʯʝʪʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʫʙʦʨʢʠ ʚ 

ʢʘʞʜʦʤ ʦʪʜʝʣʴʥʦ ʚʟʷʪʦʤ ʧʨʝʜʧʨʠʷʪʠʠ ʥʝ ʙʦʣʝʝ 20 ʜʥʝʡ): ʜʦ 3000 ʪʦʥʥ ï 

ʦʜʥʠʤ ʢʦʤʧʣʝʢʩʦʤ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 15 ʧʣ. ʪ/ʯ; ʦʪ 3000 ʜʦ 4000 ʪʦʥʥ ï 

20 ʧʣ. ʪ/ʯ; ʦʪ 4000 ʜʦ 6000 ʪʦʥʥ ï 30 ʧʣ. ʪ/ʯ; ʦʪ 6000 ʜʦ 8000 ʪʦʥʥ ï 40 ʧʣ. 

ʪ/ʯ; ʦʪ 8000 ʜʦ 12000 ï 60 ʧʣ. ʪ/ʯ ʠʣʠ ʜʚʫʤʷ ʢʦʤʧʣʝʢʩʘʤʠ 30 ʧʣ. ʪ/ʯ; ʦʪ 

12000 ʜʦ 16000 ï 80 ʧʣ. ʪ/ʯ ʠʣʠ ʜʚʫʤʷ ʢʦʤʧʣʝʢʩʘʤʠ 40 ʧʣ. ʪ/ʯ, ʦʪ 16000 ʜʦ 

20000 ï 100 ʧʣ. ʪ/ʯ ʠʣʠ ʜʚʫʤʷ ʢʦʤʧʣʝʢʩʘʤʠ 60 ʠ 40 ʧʣ. ʪ/ʯ; ʦʪ 20000 ʜʦ 

24000 ï ʜʚʫʤʷ ʢʦʤʧʣʝʢʩʘʤʠ 60 ʧʣ. ʪ/ʯ; ʦʪ 24000 ʜʦ 30000 ï ʜʚʫʤʷ 

ʢʦʤʧʣʝʢʩʘʤʠ 80 ʧʣ. ʪ/ʯ; ʦʪ 30000 ʜʦ 36000 ï ʪʨʝʤʷ ʢʦʤʧʣʝʢʩʘʤʠ 60 ʧʣ. ʪ/ʯ; 

ʩʚʳʰʝ 36000 ʪʦʥʥ ï ʜʚʫʤʷ ʢʦʤʧʣʝʢʩʘʤʠ 80 ʠ ʦʜʥʠʤ 40 ʧʣ. ʪ/ʯ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʠʩʭʦʜʷ ʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʧʦ 

ʚʘʣʦʚʦʤʫ ʩʙʦʨʫ ʟʝʨʥʘ, ʩʪʨʫʢʪʫʨʘ ʧʘʨʢʘ ʟʝʨʥʦʦʯʠʩʪʠʪʝʣʴʥʦ-ʩʫʰʠʣʴʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʚ ʨʝʩʧʫʙʣʠʢʝ ʜʦʣʞʥʘ ʙʳʪʴ ʩʣʝʜʫʶʱʝʡ: ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 

15 ʧʣ. ʪ/ʯ ï 860 ʰʪʫʢ (20%); ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 20 ʧʣ. ʪ/ʯ ï 860 ʰʪʫʢ 

(20%); ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 30 ʧʣ. ʪ/ʯ ï 1850 ʰʪʫʢ (20%); 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 40 ʧʣ. ʪ/ʯ ï 1590 ʰʪʫʢ (15%); ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 

60 ʧʣ. ʪ/ʯ ï 1590 ʰʪʫʢ (15 %) ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 80 ʠ 100 ʧʣ. ʪ/ʯ ï 

1590 ʰʪʫʢ (10%). ɺ ʮʝʣʦʤ ʧʦ ʨʝʩʧʫʙʣʠʢʝ ʦʧʪʠʤʘʣʴʥʳʡ ʧʘʨʢ 

ʟʝʨʥʦʦʯʠʩʪʠʪʝʣʴʥʦ-ʩʫʰʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʜʦʣʞʝʥ ʩʦʩʪʘʚʣʷʪʴ 4500 

ʝʜʠʥʠʮ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʉʪʨʫʢʪʫʨʘ ʧʘʨʢʘ ʟʝʨʥʦʦʯʠʩʪʠʪʝʣʴʥʦ-ʩʫʰʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʤʠʥʠʤʘʣʴʥʳʭ ʢʘʯʝʩʪʚʝʥʥʳʭ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʦʪʝʨʴ ʟʝʨʥʘ 

ʜʦʣʞʥʘ ʦʧʨʝʜʝʣʷʪʴʩʷ ʧʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʘʣʦʚʳʭ 

ʩʙʦʨʦʚ ʟʝʨʥʘ ʚ ʜʝʡʩʪʚʫʶʱʠʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ. ʇʦ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʘʨʢ ʟʝʨʥʦʦʯʠʩʪʠʪʝʣʴʥʦ-ʩʫʰʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʜʦʣʞʝʥ ʠʤʝʪʴ ʩʣʝʜʫʶʱʠʡ ʪʠʧʦʨʘʟʤʝʨʥʳʡ ʨʷʜ ï 15, 20, 30, 40, 60, 80 ʠ 100 

ʧʣ. ʪ/ʯ. 
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ʋʬʠʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʚʠʘʮʠʦʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 
ɸʥʥʦʪʘʮʠʷ. ʉʦʛʣʘʩʥʦ ʦʬʠʮʠʘʣʴʥʳʤ ʜʘʥʥʳʤ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʤ ʥʘ ʧʦʨʪʘʣʝ 

ʄʠʥʧʨʠʨʦʜʳ, ʩʣʝʜʫʝʪ, ʯʪʦ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʩʠʪʫʘʮʠʷ ʚ ʈʦʩʩʠʠ, ʩʚʷʟʘʥʥʘʷ ʩ ʦʙʲʝʤʦʤ 

ʚʳʙʨʦʩʦʚ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʝ, ʟʘ ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʫʭʫʜʰʠʣʘʩʴ. 

ʇʦ ʠʭ ʞʝ ʜʘʥʥʳʤ, ʦʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʜʘʥʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʥʝʩʦʚʝʨʰʝʥʩʪʚʦ ʪʝʭʥʦʣʦʛʠʡ ʠ ʥʝʜʦʩʪʘʪʦʢ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʥʘ ʠʩʪʦʯʥʠʢʘʭ 

ʜʳʤʦʚʳʭ ʚʳʙʨʦʩʦʚ. ʋʣʫʯʰʠʪʴ ʜʘʥʥʫʶ ʩʠʪʫʘʮʠʶ ʠ ʩʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʚʳʙʨʦʩʦʚ 

ʚʦʟʤʦʞʥʦ, ʧʨʠʤʝʥʠʚ ʦʯʠʩʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʠʧʫ ʢʦʪʝʣʴʥʦʡ, ʧʨʠ 

ʵʪʦʤ ʦʙʣʘʜʘʶʱʠʝ ʜʦʣʞʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʤʧʘʢʪʥʦʛʦ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʬʠʣʴʪʨʘ, ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʘʚʪʦʨʘʤʠ ʠ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʥʘ 

ʢʦʪʝʣʴʥʳʝ ʩʨʝʜʥʝʡ ʠ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʳʙʨʦʩʳ ʚ ʘʪʤʦʩʬʝʨʫ, ʯʘʩʪʠʮʳ ʩʘʞʠ, 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʡ ʬʠʣʴʪʨ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʬʠʣʴʪʨʘ 
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Abstract. According to official data published on the portal of the Ministry of Natural 

Resources, it follows that the environmental situation in Russia associated with the volume of 

pollutant emissions in the atmosphere has deteriorated over the past few years. According to 

them, the main causes of this pollution are the imperfection of technology and the lack of 

treatment facilities at the sources of smoke emissions. To improve this situation and reduce 

the amount of emissions, it is possible to apply treatment facilities corresponding to the type 

of boiler house, while having the proper efficiency. 

In this paper, the efficiency of a compact electrostatic filter proposed by the authors and 

oriented at medium and low power boiler houses is considered. 
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ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʩʠʪʫʘʮʠʷ, ʩʢʣʘʜʳʚʘʶʱʘʷʩʷ ʚʦ ʤʥʦʛʠʭ ʨʝʛʠʦʥʘʭ 

ʈʦʩʩʠʠ, ʦʪʯʘʩʪʠ ʩʚʷʟʘʥʥʘ ʩ ʥʝʩʦʚʝʨʰʝʥʩʪʚʦʤ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ 

ʦʙʣʘʩʪʠ ʦʯʠʩʪʢʠ ʜʳʤʦʚʳʭ ʚʳʙʨʦʩʦʚ. ʇʦʢʘʟʘʪʝʣʠ ʧʦ ʟʘʛʨʷʟʥʝʥʠʶ ʚʦʟʜʫʭʘ 

ʟʘ 2016 ʛʦʜ ʚʳʨʦʩʣʠ ʥʘ 1,1% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 2015-ʤ ʛʦʜʦʤ ʠ ʩʦʩʪʘʚʠʣʠ 

31617,1 ʪʳʩ. ʪ. ʚʳʙʨʦʩʦʚ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ. ʇʦʣʦʚʠʥʘ ʜʘʥʥʦʛʦ ʦʙʲʝʤʘ 

ʧʦʩʪʫʧʘʝʪ ʦʪ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʘ ʦʩʪʘʚʰʘʷʩʷ ʯʘʩʪʴ 

ʩʫʤʤʠʨʫʝʪʩʷ ʠʟ ʚʳʙʨʦʩʦʚ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ, ʢʦʪʝʣʴʥʳʭ ʩʨʝʜʥʝʡ ʠ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ. ʇʦ ʜʘʥʥʳʤ 

ʄʠʥʧʨʠʨʦʜʳ ʙʳʣ ʩʦʩʪʘʚʣʝʥ ʩʧʠʩʦʢ ʠʟ ʜʚʘʜʮʘʪʠ ʛʦʨʦʜʦʚ ʩ ʭʫʜʰʝʡ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʝʡ ʧʦ ʫʨʦʚʥʶ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʟʜʫʭʘ [1]. ɺ ʥʝʛʦ 

ʚʦʰʣʠ ʙʦʣʴʰʠʥʩʪʚʦ ʛʦʨʦʜʦʚ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ ʠ ʉʠʙʠʨʩʢʦʛʦ 

ʬʝʜʝʨʘʣʴʥʳʭ ʦʢʨʫʛʦʚ. ʉʦʛʣʘʩʥʦ ʪʝʤ ʞʝ ʜʘʥʥʳʤ, ʦʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ, 

ʩʧʦʩʦʙʩʪʚʫʶʱʠʤʠ ʥʘʩʪʫʧʣʝʥʠʶ ʜʘʥʥʦʡ ʩʠʪʫʘʮʠʠ, ʷʚʣʷʶʪʩʷ 

ʥʝʩʦʚʝʨʰʝʥʩʪʚʦ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʯʠʩʪʥʳʭ ʩʠʩʪʝʤ ʠ ʥʝʜʦʩʪʘʪʦʢ 

ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʥʘ ʠʩʪʦʯʥʠʢʘʭ ʜʳʤʦʚʳʭ ʚʳʙʨʦʩʦʚ. ɼʘʥʥʦʝ 

ʫʪʚʝʨʞʜʝʥʠʝ ʧʨʠʦʙʨʝʪʘʝʪ ʘʢʪʫʘʣʴʥʳʡ ʩʤʳʩʣ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʪʦʛʦ 

ʚʦʧʨʦʩʘ, ʯʪʦ ʦʯʠʩʪʢʘ ʜʳʤʦʚʳʭ ʚʳʙʨʦʩʦʚ ʘʚʪʦʤʦʙʠʣʝʡ ʨʝʘʣʠʟʫʝʤʘ ʩ 

ʧʦʤʦʱʴʶ ʫʩʪʘʥʦʚʢʠ ʢʘʪʢʦʣʣʝʢʪʦʨʘ ʚ ʩʠʩʪʝʤʫ ʚʳʭʣʦʧʘ, ʘ ʚʦʪ ʦʯʠʩʪʠʪʴ 

ʜʳʤʦʚʳʝ ʚʳʙʨʦʩʳ ʢʦʪʝʣʴʥʳʭ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʠʤʝʶʱʠʭ ʥʝʙʦʣʴʰʫʶ 

ʤʦʱʥʦʩʪʴ, ʯʨʝʟʚʳʯʘʡʥʦ ʥʝʧʨʦʩʪʦ. ʇʨʠʤʝʥʝʥʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʥʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʠ ʊʕʎ, ʜʣʷ 

ʦʯʠʩʪʢʠ ʜʳʤʘ ʦʪ ʢʦʪʝʣʴʥʳʭ ʩʨʝʜʥʝʡ ʠ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ ʚʝʩʴʤʘ ʟʘʪʨʘʪʥʦ ʠ 

ʟʘʯʘʩʪʫʶ ʥʝʨʝʥʪʘʙʝʣʴʥʦ. ʆʩʥʦʚʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ ʜʣʷ ʝʸ ʧʨʠʤʝʥʝʥʠʷ 

ʷʚʣʷʶʪʩʷ ʩʣʦʞʥʦʩʪʴ ʚ ʦʙʩʣʫʞʠʚʘʥʠʠ ʠ  ʙʦʣʴʰʠʝ ʛʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ.   

ʈʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʩʦʢʨʘʱʝʥʠʷ ʚʳʙʨʦʩʦʚ ʦʪ ʢʦʪʝʣʴʥʳʭ, ʧʦʜʘʶʱʠʭ 

ʵʥʝʨʛʠʶ ʠ ʪʝʧʣʦ ʥʝʙʦʣʴʰʠʤ ʧʨʝʜʧʨʠʷʪʠʷʤ ʠ ʤʫʥʠʮʠʧʘʣʴʥʳʤ ʦʙʲʝʢʪʘʤ, 

ʚʦʟʤʦʞʥʦ, ʧʨʠʤʝʥʠʚ ʜʣʷ ʦʯʠʩʪʢʠ ʦʪʭʦʜʷʱʠʭ ʦʪ ʜʘʥʥʳʭ ʢʦʪʝʣʴʥʳʭ 

ʜʳʤʦʚʳʭ ʧʦʪʦʢʦʚ ʢʦʤʧʘʢʪʥʳʝ ʦʯʠʩʪʥʳʝ ʫʩʪʘʥʦʚʢʠ. ʂʨʠʪʝʨʠʠ, ʢʦʪʦʨʳʤ 

ʜʦʣʞʥʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʪʘʢʘʷ ʫʩʪʘʥʦʚʢʘ:  

ï ʢʦʤʧʘʢʪʥʦʩʪʴ, ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʘʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʦʙʲʝʤʦʤ 

ʚʳʙʨʦʩʦʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʢʦʪʝʣʴʥʳʭ; 

ï ʘʚʪʦʥʦʤʥʦʩʪʴ ʨʘʙʦʪʳ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʣʠʙʦ 

ʠʩʢʣʶʯʝʥʠʷ ʫʯʘʩʪʠʷ ʚ ʥʝʤ ʨʘʙʦʯʝʛʦ ʧʝʨʩʦʥʘʣʘ; 

ï ʧʨʦʩʪʦʪʘ ʚ ʦʙʩʣʫʞʠʚʘʥʠʠ, ʟʘʢʣʶʯʘʶʱʘʷʩʷ ʚ ʦʯʠʩʪʢʝ ʣʠʙʦ ʟʘʤʝʥʝ 

ʙʫʥʢʝʨʘ ʧʦ ʩʙʦʨʫ ʫʣʘʚʣʠʚʘʝʤʳʭ ʯʘʩʪʠʮ. 

ʋʜʦʚʣʝʪʚʦʨʠʪʴ ʜʘʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʤʦʞʝʪ ʚʝʨʪʠʢʘʣʴʥʳʡ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʡ ʬʠʣʴʪʨ, ʧʨʝʜʣʘʛʘʝʤʳʡ ʘʚʪʦʨʘʤʠ [2]. ʂʦʥʩʪʨʫʢʮʠʷ 

ʬʠʣʴʪʨʘ ʢʘʨʜʠʥʘʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠʩʧʦʣʥʝʥʠʡ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʬʠʣʴʪʨʦʚ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʝʨʪʠʢʘʣʴʥʳʡ ʢʦʨʧʫʩ ʩ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʚʥʫʪʨʠ ʥʝʛʦ ʮʠʣʠʥʜʨʠʯʝʩʢʠʤʠ 

ʦʩʘʜʠʪʝʣʴʥʳʤʠ ʠ ʠʛʦʣʴʯʘʪʳʤʠ ʢʦʨʦʥʠʨʫʶʱʠʤʠ ʵʣʝʢʪʨʦʜʘʤʠ. 
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ʆʩʘʜʠʪʝʣʴʥʳʝ ʵʣʝʢʪʨʦʜʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ ʚ 

çʰʘʭʤʘʪʥʦʤè ʧʦʨʷʜʢʝ, ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʚʠʭʨʝʚʦʛʦ ʜʚʠʞʝʥʠʷ 

ʧʨʦʧʫʩʢʘʝʤʦʛʦ ʯʝʨʝʟ ʬʠʣʴʪʨ ʜʳʤʦʚʦʛʦ ʧʦʪʦʢʘ. ʂʦʨʦʥʠʨʫʶʱʠʝ ʵʣʝʢʪʨʦʜʳ 

ʧʨʠ ʵʪʦʤ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚʜʦʣʴ ʦʢʨʫʞʥʦʩʪʠ ʦʩʘʜʠʪʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʜʘ, 

ʦʙʨʘʟʫʷ ʘʢʪʠʚʥʳʡ ʟʘʟʦʨ, ʧʦ ʢʦʪʦʨʦʤʫ ʠ ʧʨʦʭʦʜʠʪ ʜʳʤʦʚʦʡ ʧʦʪʦʢ. ɼʘʥʥʳʡ 

ʚʠʜ ʜʚʠʞʝʥʠʷ ʜʳʤʘ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʦʩʘʞʜʝʥʠʶ ʯʘʩʪʠʮ ʩʘʞʠ ʥʘ 

ʵʣʝʢʪʨʦʜʘʭ ʠ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʝʛʦ ʨʘʙʦʪʳ [3]. ʇʦʜʦʙʥʦʝ 

ʠʟʤʝʥʝʥʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʜʳʤʦʚʦʛʦ ʧʦʪʦʢʘ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʚ 

ʜʝʨʝʚʝʥʩʢʠʭ ʧʝʯʘʭ. ɼʳʤʦʚʦʡ ʧʦʪʦʢ ʧʨʠ ʵʪʦʤ ʟʘʤʝʜʣʷʝʪ ʩʚʦʶ ʩʢʦʨʦʩʪʴ ʠ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʯʘʩʪʠʮ ʩʘʞʠ ʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ 

ʚʳʩʦʢʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ. ʈʘʩʧʦʣʦʞʝʥʠʝ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʬʠʣʴʪʨʘ ʚʦʟʤʦʞʥʦ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʩʫʱʝʩʪʚʫʶʱʝʡ ʜʳʤʦʚʦʡ ʪʨʫʙʝ. ʇʦʜʦʙʥʦʝ ʨʝʰʝʥʠʝ 

ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʪʝʨʨʠʪʦʨʠʶ, ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ 

ʵʣʝʢʪʨʦʬʠʣʴʪʨʘ. 

ʈʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʝʜʣʘʛʘʝʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʥʝʦʜʥʦʢʨʘʪʥʦ 

ʧʨʦʚʝʨʷʣʘʩʴ ʧʨʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʘʧʨʦʙʘʮʠʷʭ ʧʨʦʮʝʩʩʘ ʦʯʠʩʪʢʠ ʥʘ 

ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʦʡ ʫʩʪʘʥʦʚʢʝ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʧʦ ʧʝʨʚʳʤ 

ʧʨʠʙʣʠʞʝʥʥʳʤ ʠʩʧʳʪʘʥʠʷʤ ʧʦʢʘʟʘʣʘ 52%, ʩ ʫʯʝʪʦʤ ʪʦʛʦ ʯʪʦ ʦʯʠʩʪʢʘ 

ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʦʜʥʠʤ ʮʠʣʠʥʜʨʠʯʝʩʢʠʤ ʦʩʘʜʠʪʝʣʴʥʳʤ ʵʣʝʢʪʨʦʜʦʤ (ʎʆʕ). 

ʋʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʦʩʘʜʠʪʝʣʴʥʳʭ ʵʣʝʢʪʨʦʜʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʙʲʝʤʦʤ 

ʚʳʙʨʦʩʦʚ ʦʪ ʢʦʪʝʣʴʥʦʡ, ʯʪʦ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʧʦʚʳʩʠʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʯʠʩʪʢʠ. 

ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʫʯʘʣʦʩʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʪʚʝʨʜʳʭ 

ʚʟʚʝʰʝʥʥʳʭ ʯʘʩʪʠʮ (ʩʘʞʠ), ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʜʳʤʦʚʦʤ ʧʦʪʦʢʝ, ʠ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʚʳʩʦʢʠʤ ʥʘʧʨʷʞʝʥʠʝʤ, 

ʧʦʜʘʚʘʝʤʳʤ ʥʘ ʵʣʝʢʪʨʦʜʳ. ɼʳʤʦʚʦʡ ʧʦʪʦʢ ʚ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩʦʟʜʘʚʘʣʩʷ ʧʫʪʝʤ ʩʞʠʛʘʥʠʷ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ.  

ɼʝʤʦʥʩʪʨʘʮʠʦʥʥʘʷ ʫʩʪʘʥʦʚʢʘ, ʩʭʝʤʘʪʠʯʝʩʢʦʝ ʠʩʧʦʣʥʝʥʠʝ ʢʦʪʦʨʦʡ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 1, ʩʦʜʝʨʞʠʪ ʦʜʥʫ ʩʪʫʧʝʥʴ (ʦʩʘʜʠʪʝʣʴʥʳʡ ʠ 

ʢʦʨʦʥʠʨʫʶʱʠʝ ʵʣʝʢʪʨʦʜʳ) ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʬʠʣʴʪʨʘ. 

ʅʘ ʦʪʚʦʜʷʱʝʡ ʪʨʫʙʝ, ʨʘʩʧʦʣʘʛʘʝʤʦʡ ʧʦʩʣʝ ʢʘʤʝʨʳ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʬʠʣʴʪʨʘ (ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʦʡ ʫʩʪʘʥʦʚʢʠ), ʨʘʟʤʝʱʝʥ 

ʢʦʥʪʨʦʣʴʥʳʡ ʬʠʣʴʪʨ, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʩʩʳ ʯʘʩʪʠʮ, ʥʝ 

ʦʩʝʚʰʠʭ ʥʘ ʦʩʘʜʠʪʝʣʴʥʦʤ ʵʣʝʢʪʨʦʜʝ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɿʘ 

ʢʦʥʪʨʦʣʴʥʳʝ ʟʥʘʯʝʥʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʤʘʢʩʠʤʘʣʴʥʫʶ ʤʘʩʩʫ ʯʘʩʪʠʮ 

ʩʘʞʠ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʜʳʤʦʚʦʤ ʧʦʪʦʢʝ, ʧʨʠʥʠʤʘʣʦʩʴ ʟʥʘʯʝʥʠʝ ʤʘʩʩʳ 

ʯʘʩʪʠʮ ʩʘʞʠ, ʫʜʝʨʞʘʥʥʦʡ ʥʘ ʤʝʤʙʨʘʥʝ ʢʦʥʪʨʦʣʴʥʦʛʦ ʬʠʣʴʪʨʘ ʟʘ ʚʨʝʤʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘ, ʨʘʚʥʦʛʦ 30 ʤʠʥ, ʧʨʠ ʦʪʢʣʶʯʝʥʥʦʤ ʥʘʧʨʷʞʝʥʠʠ ʥʘ ʎʆʕ. 

ʄʘʩʩʘ ʩʛʦʨʝʚʰʝʛʦ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʟʘ ʫʢʘʟʘʥʥʦʝ ʚʨʝʤʷ ʩʦʩʪʘʚʠʣʘ 8,24 

ʛʨ., ʤʘʩʩʘ ʯʘʩʪʠʮ ʩʘʞʠ, ʦʩʝʚʰʠʭ ʥʘ ʤʝʤʙʨʘʥʝ ʢʦʥʪʨʦʣʴʥʦʛʦ ʬʠʣʴʪʨʘ, 

ʩʦʩʪʘʚʠʣʘ 0,9007 ʛʨ, ʠʣʠ 8,5% ʦʪ ʤʘʩʩʳ ʟʘʪʨʘʯʝʥʥʦʛʦ ʪʦʧʣʠʚʘ mʪʦʧ. 

ʅʘʧʨʷʞʝʥʠʝ ʥʘ ʎʆʕ ʚʘʨʴʠʨʦʚʘʣʦʩʴ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 10 ʜʦ 30 ʢɺ. ɼʘʥʥʳʝ, 

ʧʦʣʫʯʝʥʥʳʝ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʩʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1, ʛʜʝ m0 ï ʫʢʘʟʘʥʘ 

ʤʘʩʩʘ ʯʘʩʪʠʮ ʩʘʞʠ, ʦʩʝʚʰʠʭ ʥʘ ʤʝʤʙʨʘʥʝ ʢʦʥʪʨʦʣʴʥʦʛʦ ʬʠʣʴʪʨʘ ʧʨʠ 
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ʦʪʩʫʪʩʪʚʠʠ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʵʣʝʢʪʨʦʜʘʭ ʫʩʪʘʥʦʚʢʠ, m01/1 ʠ m01 ï ʫʢʘʟʳʚʘʶʪ 

ʥʘ ʤʘʩʩʳ ʯʘʩʪʠʮ ʩʘʞʠ, ʦʩʝʚʰʠʭ ʥʘ ʤʝʤʙʨʘʥʝ ʢʦʥʪʨʦʣʴʥʦʛʦ ʬʠʣʴʪʨʘ ʠ ʎʆʕ 

ʧʨʠ ʧʦʜʘʯʝ ʥʘ ʧʦʩʣʝʜʥʠʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʦʧʳʪʫ ʥʘʧʨʷʞʝʥʠʷ. ʇʨʦʙʦʡ 

ʨʘʙʦʯʝʛʦ ʟʘʟʦʨʘ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʥʘ ʦʩʘʜʠʪʝʣʴʥʦʤ 

ʵʣʝʢʪʨʦʜʝ ʩʣʦʷ ʩʘʞʠ ʥʘʙʣʶʜʘʣʩʷ ʧʨʠ 45 ʢɺ. 

 

 
ʈʠʩ. 1. ɼʝʤʦʥʩʪʨʘʮʠʦʥʥʘʷ ʫʩʪʘʥʦʚʢʘ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʨʦʮʝʩʩʘ 

ʫʣʘʚʣʠʚʘʥʠʷ ʯʘʩʪʠʮ ʩʘʞʠ ʩʦ ʩʭʝʤʦʡ ʧʠʪʘʥʠʷ: 

1 ï ʛʝʨʤʝʪʠʯʥʘʷ ʢʘʤʝʨʘ; 2 ï ʦʩʘʜʠʪʝʣʴʥʳʡ ʵʣʝʢʪʨʦʜ;  

3 ï ʢʦʨʦʥʠʨʫʶʱʠʝ ʵʣʝʢʪʨʦʜʳ; 4 ï ʧʨʠʚʦʜ ʦʩʘʜʠʪʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʜʘ;  

5 ï ʩʢʦʣʴʟʷʱʠʡ ʢʦʥʪʘʢʪ; 6 ï ʢʦʥʪʨʦʣʴʥʳʡ ʬʠʣʴʪʨ; 7 ï ʜʳʤʦʛʝʥʝʨʘʪʦʨ;  

8 ï ʨʝʛʫʣʠʨʦʚʦʯʥʳʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ; 9 ï ʠʩʧʳʪʘʪʝʣʴʥʳʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ;  

10 ï ʚʳʧʨʷʤʠʪʝʣʴ; 11 ï ʩʛʣʘʞʠʚʘʶʱʠʡ ʢʦʥʜʝʥʩʘʪʦʨ; 12 ï ʤʠʢʨʦʘʤʧʝʨʤʝʪʨ;  

13 ï ʨʘʟʨʷʜʥʠʢ ʟʘʱʠʪʳ ʤʠʢʨʦʘʤʧʝʨʤʝʪʨʘ; 14 ï ʢʠʣʦʚʦʣʴʪʤʝʪʨ 

 

ʊʘʙʣʠʮʘ 1 

ɼʘʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʇʦʪʝʥʮʠʘʣ ʥʘ 

ʵʣʝʢʪʨʦʜʘʭ kU  
0 ʢɺ % 15 ʢɺ % 25 ʢɺ % 30 ʢɺ % 

ʄʘʩʩʘ 

ʧʦʪʨʘʯʝʥʥʦʛʦ 

ʪʦʧʣʠʚʘ mʪʦʧ. , ʛʨ. 

8,24 1
0

0 

11,17 1
0

0 

10,2 1
0

0 

9,61 1
0

0 

m01 , ʛʨ. 0,9007 10,9 1,16 10,46 0,6757 6,62 0,6615 6,88 

m01/1 , ʛʨ. 0,14 1,6 0,387 3,47 0,7641 7,49 0,7166 7,45 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ % 13%  25%  53%  52%  

 

ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʭʦʞʜʝʥʠʷ ʜʳʤʦʚʦʛʦ ʧʦʪʦʢʘ ʯʝʨʝʟ ʢʘʤʝʨʫ ʬʠʣʴʪʨʘ 

ʯʘʩʪʴ ʩʘʞʝʚʳʭ ʯʘʩʪʠʮ ʦʩʝʜʘʝʪ ʥʘ ʎʆʕ, ʯʘʩʪʠʯʥʦ ʧʝʨʝʢʨʳʚʘʶʱʝʤ ʧʫʪʴ 

ʜʳʤʦʚʦʤʫ ʧʦʪʦʢʫ. ʇʨʠ ʦʪʢʣʶʯʝʥʥʦʤ ʥʘʧʨʷʞʝʥʠʠ ʜʘʥʥʘʷ ʤʘʩʩʘ ʩʦʩʪʘʚʠʣʘ 

0,14 ʛʨ., ʠʣʠ 1,6% ʦʪ ʤʘʩʩʳ ʟʘʪʨʘʯʝʥʥʦʛʦ ʪʦʧʣʠʚʘ mʪʦʧ. 

ʏʘʩʪʠʮʳ ʩʘʞʠ, ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʧʨʠ ʥʝʧʦʣʥʦʤ ʩʛʦʨʘʥʠʠ ʪʦʧʣʠʚʘ, 

ʚʠʟʫʘʣʴʥʦ ʠʤʝʶʪ ʨʘʟʣʠʯʥʳʝ ʨʘʟʤʝʨʳ. ʉʦʛʣʘʩʥʦ [4, 5], ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ 

ʯʘʩʪʠʮ ʩʘʞʠ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʧʨʠ ʩʞʠʛʘʥʠʠ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ, ʥʘʭʦʜʠʪʩʷ ʚ 

ʨʘʡʦʥʝ 0,3 ʥʤ. ʊʘʢʠʝ ʯʘʩʪʠʮʳ ʠʤʝʶʪ ʧʦʨʷʜʢʘ 600ï2000 ʘʪʦʤʥʳʭ ʝʜʠʥʠʮ 

ʤʘʩʩʳ, ʪ.ʝ. ʚʢʣʶʯʘʶʪ ʧʨʠʤʝʨʥʦ 50ï160 ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ [6]. 
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ʏʘʩʪʠʮʳ ʩʘʞʠ, ʦʩʝʚʰʠʝ ʥʘ ʎʆʕ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʝʨʠʤʝʥʪʘ (ʨʠʩ. 2), 

ʠʤʝʶʪ ʨʘʟʤʝʨʳ ʦʪ 10 ʜʦ 50 ʥʤ, ʫʩʨʝʜʥʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ 

ʢʦʪʦʨʳʭ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʧʦ ʤʝʪʦʜʫ ʩʨʝʜʥʝʯʠʩʣʝʥʥʦʛʦ ʜʠʘʤʝʪʨʘ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ ʩʘʞʠ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʥʘ ʵʣʝʢʪʨʦʥʥʦʤ 

ʧʨʦʩʚʝʯʠʚʘʶʱʝʤ ʤʠʢʨʦʩʢʦʧʝ JEM-2000EX. 

 

 
ʈʠʩ. 2. ʏʘʩʪʠʮʳ ʩʘʞʠ, ʦʩʝʚʰʠʝ ʥʘ ʵʣʝʢʪʨʦʜʝ 

 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤ ʚ ʨʘʙʦʪʘʭ [7], ʦʙʲʝʤ ʚʳʙʨʦʩʦʚ ʦʪ 

ʢʦʪʝʣʴʥʳʭ ʤʦʱʥʦʩʪʴʶ ʤʝʥʝʝ 20 ɻʢʘʣ, ʧʦʜ ʢʦʪʦʨʳʝ ʢʘʢ ʨʘʟ ʠ ʧʦʧʘʜʘʶʪ 

ʢʦʪʝʣʴʥʳʝ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʨʘʡʦʥʥʳʭ ʮʝʥʪʨʘʭ ʠ ʧʦʜʘʶʱʠʝ ʪʝʧʣʦ ʚ 

ʤʫʥʠʮʠʧʘʣʴʥʳʝ ʦʙʲʝʢʪʳ, ʩʦʩʪʘʚʣʷʝʪ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʢʠʣʦʛʨʘʤʤʦʚ ʜʦ 

ʜʝʩʷʪʢʦʚ ʪʦʥʥ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʧʨʠʤʝʥʷʝʤʦʛʦ ʧʨʠ ʦʪʦʧʣʝʥʠʠ 

ʪʦʧʣʠʚʘ. ʂ ʧʨʠʤʝʨʫ, ʰʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʳʥʢʝ ʤʘʣʳʝ ʢʦʪʝʣʴʥʳʝ, 

ʤʦʱʥʦʩʪʴ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 1,6 ɻʢʘʣ/ʯ, ʧʨʦʠʟʚʦʜʷʪ ʚ ʛʦʜ 

ʚʘʣʦʚʳʡ ʚʳʙʨʦʩ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʦʢʦʣʦ 4,32 ʪ, ʧʨʠ ʩʞʠʛʘʥʠʠ ʜʨʝʚʝʩʥʳʭ 

ʧʝʣʣʝʪ ʠʣʠ 35,35 ʪ ʧʨʠ ʩʞʠʛʘʥʠʠ ʫʛʣʷ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʢʦʣʦʛʠʠ, ʧʦʜʦʙʥʳʝ ʚʳʙʨʦʩʳ, ʦʩʫʱʝʩʪʚʣʷʝʤʳʝ 

ʢʦʪʝʣʴʥʦʡ ʚ ʘʪʤʦʩʬʝʨʫ, ʯʨʝʚʘʪʳ ʚʳʧʘʜʝʥʠʝʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʚ ʚʠʜʝ 

ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʠ ʞʠʜʢʠʭ ʨʘʩʪʚʦʨʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ: ʢʘʥʮʝʨʦʛʝʥʥʳʭ ʚʝʱʝʩʪʚ, 

ʢʠʩʣʦʪ ʠ ʢʠʩʣʦʪʥʳʭ ʦʢʠʩʣʦʚ, ʤʝʪʘʣʣʦʚ ʠ ʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʉʦʛʣʘʩʥʦ ʨʘʩʩʤʦʪʨʝʥʥʳʤ ʜʘʥʥʳʤ ʠ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʨʠʛʠʥʘʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʬʠʣʴʪʨʘ, ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ 

ʧʨʠʤʝʥʝʥʠʝ  ʜʘʥʥʦʡ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʫʜʘʣʝʥʠʷ ʯʘʩʪʠʮ ʩʘʞʠ ʠʟ ʜʳʤʦʚʦʛʦ 

ʧʦʪʦʢʘ ʢʦʪʝʣʴʥʳʭ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ. ɼʘʥʥʘʷ ʦʯʠʩʪʥʘʷ 

ʩʠʩʪʝʤʘ ʧʦʟʚʦʣʠʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʚʳʙʨʦʩʳ ʦʪ ʢʦʪʝʣʴʥʳʭ ʜʘʥʥʦʛʦ 

ʪʠʧʘ, ʫʣʫʯʰʠʪʴ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʩʠʪʫʘʮʠʶ, ʘ ʩʦʙʨʘʥʥʳʝ ʚ ʧʨʦʮʝʩʩʝ ʦʯʠʩʪʢʠ 

ʤʘʪʝʨʠʘʣʳ (ʩʘʞʫ) ʧʦʟʚʦʣʷʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʦ ʚʪʦʨʠʯʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ 

(ʫʜʦʙʨʝʥʠʷʭ, ʧʨʦʠʟʚʦʜʩʪʚʝ ʨʝʟʠʥʦʚʳʭ ʠʟʜʝʣʠʡ, ʢʨʘʩʦʢ ʠ ʧʨ.). 

ʇʦʣʫʯʝʥʥʳʝ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʚʦʜʠʤʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʝʟʫʣʴʪʘʪʳ 

ʧʦʟʚʦʣʷʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʣʘʛʘʝʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʙʫʜʫʪ 

ʧʦʣʝʟʥʳ ʧʨʠ ʩʦʟʜʘʥʠʠ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ ʦʯʠʩʪʢʠ ʠ ʩʦʨʪʠʨʦʚʘʥʠʷ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʄʠʥʧʨʠʨʦʜʳ ʥʘʟʚʘʣʦ ʛʦʨʦʜʘ ʩ ʩʘʤʳʤ ʛʨʷʟʥʳʤ ʚʦʟʜʫʭʦʤ 

[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. URL: https://iz.ru/647621/valeriia-


