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ʆʉʅʆɺʅʓɽ ʅɸʇʈɸɺʃɽʅʀʗ ʈɸɿɺʀʊʀʗ ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʆɻʆ ʕʃɽʂʊʈʆʇʈʀɺʆɼɸ
 

 
ʆʙʦʙʱʝʥʳ ʤʘʪʝʨʠʘʣʳ ʜʦʢʣʘʜʦʚ VIII ʄʝʞʜʫʥʘʨʦʜʥʦʡ (XIX ɺʩʝʨʦʩʩʠʡʩʢʦʡ) ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤʫ ʵʣʝʢ-

ʪʨʦʧʨʠʚʦʜʫ, ʧʦʩʚʷʱʝʥʥʳʭ ʦʙʱʠʤ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʚʦʧʨʦʩʘʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ, ʥʦʚʳʤ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘʤ, 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷʤ, ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤ, ʫʩʪʨʦʡʩʪʚʘʤ ʫʧʨʘʚʣʝʥʠʷ, ʘʢʪʫʘʣʴʥʳʤ ʚʦʧʨʦʩʘʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʚ 

ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʵʥʝʨʛʝʪʠʢʠ, ʢʦʤʤʫʥʘʣʴʥʦʤ ʭʦʟʷʡʩʪʚʝ, ʥʦʚʳʤ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ ʧʦʜʛʦʪʦʚʢʠ ʠʥʞʝʥʝʨ-

ʥʳʭ ʠ ʥʘʫʯʥʳʭ ʢʘʜʨʦʚ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ çʕʥʝʨʛʝʪʠʢʘ ʠ ʵʣʝʢʪʨʦʥʠʢʘè. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʵʣʝʢʪʨʦʧʨʠʚʦʜ, ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʥʘʜʝʞʥʦʩʪʴ, ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ, ʢʘʯʝʩʪʚʦ.

ɺɺɽɼɽʅʀɽ 
 

7ï9 ʦʢʪʷʙʨʷ 2014 ʛ. ʚ ʉʘʨʘʥʩʢʝ ʥʘ ʙʘʟʝ ʅʘʮʠʦ-

ʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʄʦʨʜʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪ-

ʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ʅ.ʇ. ʆʛʘʨʝʚʘ ʧʨʦʰʣʘ VIII 

ʄʝʞʜʫʥʘʨʦʜʥʘ ̫(XIX ɺʩʝʨʦʩʩʠʡʩʢʘ)̫ ʢʦʥʬʝʨʝʥʮʠ ̫ʧʦ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤʫ ʵʣʝʢʪʨʦʧʨʠʚʦʜʫ (ɸʕʇ-2014). 

ʂʦʥʬʝʨʝʥʮʠʷ ʙʳʣʘ ʦʨʛʘʥʠʟʦʚʘʥʘ ɸʩʩʦʮʠʘʮʠʝʡ ʠʥʞʝ-

ʥʝʨʦʚ ʧʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʫ, ɸʢʘʜʝʤʠʝʡ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝ-

ʩʢʠʭ ʥʘʫʢ ʈʌ, ʅʘʮʠʦʥʘʣʴʥʳʤ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤ 

ʄʦʨʜʦʚʩʢʠʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʫʥʠʚʝʨʩʠʪʝʪʦʤ, ʅʘʮʠʦ-

ʥʘʣʴʥʳʤ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤ ʫʥʠʚʝʨʩʠʪʝʪʦʤ ʄʕʀ, 

ʆɸʆ çʕʣʝʢʪʨʦʚʳʧʨʷʤʠʪʝʣʴè. 

ʉʪʘʪʴʷ ʥʘʧʠʩʘʥʘ ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʵʪʦʡ ʢʦʥʬʝʨʝʥ-

ʮʠʠ. ɺ ʦʩʥʦʚʫ ʧʦʣʦʞʝʥʳ ʈʝʟʶʤʝ VIII ʄʝʞʜʫʥʘʨʦʜʥʦʡ 

(XIX ɺʩʝʨʦʩʩʠʡʩʢʦʡ) ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʘʚʪʦʤʘʪʠʟʠʨʦ-

ʚʘʥʥʦʤʫ ʵʣʝʢʪʨʦʧʨʠʚʦʜʫ, ʜʦʢʣʘʜʳ ʧʣʝʥʘʨʥʦʛʦ ʟʘʩʝʜʘ-

ʥʠʷ, ʜʦʢʣʘʜʳ ʥʘ ʩʝʢʮʠʷʭ ʠ ʤʘʪʝʨʠʘʣʳ ʩʪʝʥʜʦʚʳʭ ʜʦʢ-

ʣʘʜʦʚ. 
 

ʆɹʑɸʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʂʆʅʌɽʈɽʅʎʀʀ 
 

ʂʦʥʬʝʨʝʥʮʠʷ ʦʪʣʠʯʘʣʘʩʴ ʚʳʩʦʢʦʡ ʧʨʝʜʩʪʘʚʠʪʝʣʴ-

ʥʦʩʪʴʶ, ʚ ʝʝ ʨʘʙʦʪʝ ʧʨʠʥʷʣʠ ʫʯʘʩʪʠʝ 235 ʩʧʝʮʠʘʣʠʩʪʦʚ, 

ʨʘʙʦʪʘʶʱʠʭ ʚ ʦʙʣʘʩʪʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʵʣʝʢʪʨʦ-

ʧʨʠʚʦʜʘ, ʵʣʝʢʪʨʦʤʝʭʘʥʠʢʠ, ʩʠʣʦʚʦʡ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦ-

ʚʦʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ. ʅʘ ʢʦʥʬʝʨʝʥʮʠʠ ʙʳ-

ʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ 270 ʜʦʢʣʘʜʦʚ ʙʦʣʝʝ ʯʝʤ ʩʝʤʠʩʦʪ ʘʚ-

ʪʦʨʦʚ ʦʪ ʚʩʝʭ ʨʝʛʠʦʥʦʚ ʈʦʩʩʠʠ. ɹʳʣʠ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚ-

ʣʝʥʳ ʜʦʢʣʘʜʳ ʟʘʨʫʙʝʞʥʳʭ ʢʦʣʣʝʛ ʠʟ ɻʝʨʤʘʥʠʠ, ʀʩʧʘ-

ʥʠʠ, ʇʦʣʴʰʠ, ʕʩʪʦʥʠʠ, ʋʢʨʘʠʥʳ, ʋʟʙʝʢʠʩʪʘʥʘ ʠ ʂʘ-

ʟʘʭʩʪʘʥʘ. 

210 ʜʦʢʣʘʜʦʚ ʧʨʠʩʣʘʥʦ ʦʪ ʚr ʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝ-

ʜʝʥʠʡ. ʀʟ ʥʠʭ 22 ʜʦʢʣʘʜʘ ï ʦʪ ʄʘʛʥʠʪʦʛʦʨʩʢʦʛʦ ʛʦʩʫ-

ʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ  ʠʤ. 

ɻ.ʀ. ʅʦʩʦʚʘ, 20 ï ʦʪ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦ-

ʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʄʕʀ, 14 ï ʦʪ ʉʇʙɻʕʊʋ, 11 -  ʦʪ ʀʊ-

ʄʆ, 10 ï ʖɿɻʇʋ ʠʤ. ʇʣʘʪʦʚʘ, ʤʝʥʝʝ 10 ʜʦʢʣʘʜʦʚ ï ʦʪ 

ʅʦʚʦʩʠʙʠʨʩʢʦʛʦ ɻʊʋ, ʀʚʘʥʦʚʩʢʦʛʦ ɻʕʋ, ʋʨʌʋ ʠʤ. 

ɹ.ʅ.ɽʣʴʮʠʥʘ, ʖʋʈɻʋ, ʂʘʟʘʥʩʢʦʛʦ ɻʕʋ ʠ ʜʨ. 

ʆʪ ʧʨʝʜʧʨʠʷʪʠʡ ʧʦʩʪʫʧʠʣʦ 60 ʜʦʢʣʘʜʦʚ. ʀʟ ʥʠʭ 

10 ï ʦʪ ʆɸʆ çʕʣʝʢʪʨʦʚʳʧʨʷʤʠʪʝʣʴè, ʧʦ 4 ï ʦʪ ɺʅʀ-

ʀʈ, ʆɸʆ çɻʠʧʨʦʛʘʟʮʝʥʪʨ, ʆʆʆ çʈʫʩʕʣʇʨʦʤè. ɼʘʣʝʝ 

ʨʘʩʧʦʣʦʞʠʣʠʩʴ ʆʆʆ ʅʇʇ çʕʢʨʘè, ɿɸʆ çɸʚʪʉʠʩʪ-

ʂʦʤʧè, ɺʅʀʇʊʀʕʄ ʠ ʄʀʇ çʄʝʭʘʥʦʪʨʦʥʠʢʘè. ʂ ʩʦ-

ʞʘʣʝʥʠʶ, ʦʪ ʆɸʆ çʄʘʛʥʠʪʦʛʦʨʩʢʠʡ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ 

ʢʦʤʙʠʥʘʪè ʥʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʠ ʦʜʥʦʛʦ ʜʦʢʣʘʜʘ. 

ʇʦ ʛʦʨʦʜʘʤ ʜʦʢʣʘʜʳ ʨʘʩʧʨʝʜʝʣʠʣʠʩʴ: 36 ï ʄʦʩʢ-

ʚʘ; 36 ï ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ; 22 ï ʄʘʛʥʠʪʦʛʦʨʩʢ; 16 ï ʉʘ-

ʨʘʥʩʢ, 15 ï ɽʢʘʪʝʨʠʥʙʫʨʛ, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ; 12 ï ʅʦ-

ʚʦʯʝʨʢʘʩʩʢ, 8 ï ʏʝʣʷʙʠʥʩʢ. 

ʅʘʧʨʘʚʣʝʥʥʦʩʪʴ ʜʦʢʣʘʜʦʚ: 6 ï ʫʯʝʙʥʦ-

ʤʝʪʦʜʠʯʝʩʢʠʝ ʚʦʧʨʦʩʳ; 85 ï ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʚʦʧʨʦʩʳ; 

179 ï ʧʨʘʢʪʠʯʝʩʢʘʷ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʜʦʢʣʘʜʦʚ. ʇʨʝʜ-

ʩʪʘʚʣʝʥʥʳʝ ʜʦʢʣʘʜʳ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʜʚʫʭ ʪʦʤʘʭ ʊʈʋ-

ɼʓ VIII ʄɽɾɼʋʅɸʈʆɼʅʆʁ (XIX ɺʉɽʈʆʉʀʁ-

ʉʂʆʁ) ʂʆʅʌɽʈɽʅʎʀʀ ʇʆ ɸɺʊʆʄɸʊʀɿʀʈʆ-

ɺɸʅʅʆʄʋ ʕʃɽʂʊʈʆʇʈʀɺʆɼʋ ɸʕʇ-2014 

(PROCEEDINGS OF THE VIII INTERNATIONAL (XIX 

ALL -RUSSIAN) CONFERENCE ON THE 

AUTOMATIC ELECTRIC DRIVE).  

ʀʟ 730 ʘʚʪʦʨʦʚ ʜʦʢʣʘʜʦʚ 180 ʠʤʝʶʪ ʥʘʫʯʥʳʝ ʩʪʝ-

ʧʝʥʠ, 420 ï ʘʩʧʠʨʘʥʪʳ ʠ ʩʪʫʜʝʥʪʳ, 130 ï ʥʘʫʯʥʳʝ ʩʦ-

ʪʨʫʜʥʠʢʠ ʠ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʨʘʙʦʪʥʠʢʠ. 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʩ ʢʦʥʬʝʨʝʥʮʠʝʡ ʚ ʛ. ʉʘʨʘʥʩʢʝ, ʥʘ 

ʊʫʣʴʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ɸʕʇ-2010 ʙʳʣʦ 370 ʘʚʪʦʨʦʚ 

ʜʦʢʣʘʜʦʚ, ʘ ʥʘ ʀʚʘʥʦʚʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ɸʕʇ-2012 ï 

490. 

ʈʘʙʦʪʘ ʢʦʥʬʝʨʝʥʮʠʠ ʧʨʦʭʦʜʠʣʘ ʚ ʬʦʨʤʝ ʧʫʙʣʠʯ-

ʥʳʭ ʠ ʩʪʝʥʜʦʚʳʭ ʜʦʢʣʘʜʦʚ ʥʘ ʇʣʝʥʘʨʥʦʤ ʟʘʩʝʜʘʥʠʠ ʠ 

ʥʘ 3 ʩʝʢʮʠʷʭ:  

1. ʆʙʱʠʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʚʦʧʨʦʩʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥ-

ʥʦʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ. 

2. ʅʦʚʳʝ ʵʣʝʢʪʨʦʧʨʠʚʦʜʳ, ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ, ʧʨʝʦʙʨʘ-

ʟʦʚʘʪʝʣʠ ʠ ʫʩʪʨʦʡʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ; 

3. ɸʢʪʫʘʣʴʥʳʝ ʚʦʧʨʦʩʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʵʣʝʢʪʨʦ-

ʧʨʠʚʦʜʘ ʚ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʵʥʝʨʛʝʪʠʢʠ, 

ʢʦʤʤʫʥʘʣʴʥʦʤ ʭʦʟʷʡʩʪʚʝ. 

ɺ ʨʘʤʢʘʭ ʢʦʥʬʝʨʝʥʮʠʠ ʙʳʣʠ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʳ: 

ï ʜʝʣʦʚʘʷ ʚʩʪʨʝʯʘ ʫʯʘʩʪʥʠʢʦʚ ʢʦʥʬʝʨʝʥʮʠʠ ʩ ʨʫʢʦʚʦ-

ʜʠʪʝʣʷʤʠ ʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʆɸʆ çʕʣʝʢʪʨʦʚʳʧʨʷʤʠ-

ʪʝʣʴè; 

ï ʤʦʣʦʜʝʞʥʘʷ ʥʘʫʯʥʘʷ ʰʢʦʣʘ, ʥʘ ʢʦʪʦʨʦʡ ʧʝʨʝʜ ʩʪʫ-

ʜʝʥʪʘʤʠ ʠ ʘʩʧʠʨʘʥʪʘʤʠ ʚʳʩʪʫʧʠʣʠ ʠʥʦʩʪʨʘʥʥʳʝ ʫʯʝ-

ʥʳʝ; 

ï ʢʨʫʛʣʳʡ ʩʪʦʣ ʧʦ ʪʝʤʝ çʆʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʧʦʜʛʦʪʦʚʢʠ çʕʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʘ ʠ 

ʵʣʝʢʪʨʦʪʝʭʥʠʢʘè. 
 

ʇʈʆɹʃɽʄʓ ʀ ʆʉʅʆɺʅʓɽ ʅɸʇʈɸɺʃɽʅʀʗ ʈɸɿɺʀʊʀʗ 
 

ʅʘ ʧʣʝʥʘʨʥʦʝ ʟʘʩʝʜʘʥʠʝ ʢʦʥʬʝʨʝʥʮʠʠ ʦʨʛʘʥʠʟʘ-

ʪʦʨʳ ʚʳʥʝʩʣʠ ʜʦʢʣʘʜʳ ʚʝʜʫʱʠʭ ʨʦʩʩʠʡʩʢʠʭ ʫʯʝʥʳʭ ʚ 

ʦʙʣʘʩʪʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ, ʨʘʩ-

ʢʨʳʚʰʠʭ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʨʦʙʣʝʤʳ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʝ 

ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʩʚʦʠʭ ʦʙʣʘʩʪʷʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʨʦʬʝʩ-

ʩʦʨʘ ʆʥʠʱʝʥʢʦ ɻ.ɹ. ʠ ʖʥʴʢʦʚ ʄ.ɻ. ʧʦʩʪʘʨʘʣʠʩʴ ʨʘʩ-

ʢʨʳʪʴ ʧʨʦʙʣʝʤʳ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʈʦʩʩʠʡʩʢʦʛʦ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ [1]. ʆʩʥʦʚʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ ʚʳʜʝʣʝʥʳ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʦʟʜʘʚʘʝʤʳʭ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʠ 

ʧʝʨʝʧʦʜʛʦʪʦʚʢʘ ʠʥʞʝʥʝʨʥʳʭ ʢʘʜʨʦʚ ʜʣʷ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ. 
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ɻʝʥʝʨʘʣʴʥʳʡ ʜʠʨʝʢʪʦʨ ɿɸʆ ʅʇʂ çʕʣʝʢʪʨʦʚʳ-

ʧʨʷʤʠʪʝʣʴè ʧʦʜʯʝʨʢʥʫʣ, ʯʪʦ ʧʝʨʝʭʦʜ ʥʘ ʧʦʣʫʧʨʦʚʦʜ-

ʥʠʢʦʚʳʝ ʧʨʠʙʦʨʳ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʢʘʨʙʠʜʘ 

ʢʨʝʤʥʠʷ ʧʦʟʚʦʣʠʪ ʥʘ ʧʦʨʷʜʦʢ ʫʣʫʯʰʠʪʴ ʧʦʢʘʟʘʪʝʣʠ 

ʩʠʣʦʚʦʡ ʪʝʭʥʠʢʠ ʧʦ ʥʘʧʨʷʞʝʥʠʶ, ʪʦʢʫ, ʜʦʧʫʩʪʠʤʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʙʳʩʪʨʦʜʝʡʩʪʚʠʶ [2]. 

ɺ ʜʦʢʣʘʜʝ ʚʝʜʫʱʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʆɸʆ çʕʣʝʢʪʨʦ-

ʚʳʧʨʷʤʠʪʝʣʴè ʛ. ʉʘʨʘʥʩʢ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʢʦʥ-

ʩʪʨʫʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʫʥʠʬʠʮʠʨʦʚʘʥ-

ʥʳʭ ʩʠʣʦʚʳʭ ʩʙʦʨʦʢ, ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʭ ʜʣʷ ʢʦʤʧʣʝʢʪʘ-

ʮʠʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ [3]. 

ɺʝʜʫʱʠʝ ʩʧʝʮʠʘʣʠʩʪʳ ʚ ʦʙʣʘʩʪʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ ɹʝʩʧʘʣʦʚ ɺ.ʗ., ʂʦʙʝʣʝʚ ɸ.ʉ., 

ʂʨʫʛʣʠʢʦʚ ʆ.ɺ.  ʠ ʄʘʢʘʨʦʚ ʃ.ʅ. ʧʨʝʜʩʪʘʚʠʣʠ ʥʦʚʫʶ 

ʩʝʨʠʶ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ 7AVE, ʠʤʝʶʱʫʶ ʚʳʩʦ-

ʢʠʡ ʠ ʚʳʩʰʠʡ ʢʣʘʩʩʳ ʵʥʝʨʛʵʬʬʝʢʪʠʚʥʦʩʪʠ [4]. ɿʘʪʨʦ-

ʥʫʪʘ ʧʨʦʙʣʝʤʘ ʪʠʧʦʨʘʟʤʝʨʦʚ çʠʜʝʘʣʴʥʦʡè ʩʝʨʠʠ, ʩʦ-

ʜʝʨʞʘʱʝʡ ʨʘʟʣʠʯʥʳʝ ʢʣʘʩʩʳ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ɺʝʜʫʱʠʝ ʫʯʝʥʳʝ ʚ ʦʙʣʘʩʪʠ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʤʠʢʨʦ-

ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʅʘ-

ʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʄʕʀ 

ɸʥʫʯʠʥ ɸ.ʉ., ɸʣʷʤʢʠʥ ɼ.ʀ., ʂʦʟʘʯʝʥʢʦ ɺ.ʌ., ʃʘʰʢʝ-

ʚʠʯ ʄ.ʄ. ʠ ʆʩʪʨʠʪʦʚ ɺ.ʅ. ʨʘʩʩʤʦʪʨʝʣʠ ʪʝʢʫʱʝʝ ʩʦ-

ʩʪʦʷʥʠʝ ʚ ʦʙʣʘʩʪʠ ʪʷʛʦʚʦʛʦ ʧʨʠʚʦʜʘ ʛʦʨʦʜʩʢʦʛʦ ʪʨʘʥʩ-

ʧʦʨʪʘ ʚ ʈʦʩʩʠʠ, ʚ ʤʦʩʢʦʚʩʢʦʤ ʤʝʪʨʦ ʠ ʛʠʙʨʠʜʥʦʡ 

ʪʨʘʥʩʤʠʩʩʠʠ ɪ-ʤʦʙʠʣʷ, ʧʨʝʜʣʦʞʝʥʘ ʩʪʨʫʢʪʫʨʘ ʛʠʙʨʠʜ-

ʥʦʛʦ ʘʚʪʦʙʫʩʘ ʜʣʷ ʛʦʨʦʜʘ [5]. 

ɺʝʜʫʱʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʢʘʬʝʜʨʳ ɸʚʪʦʤʘʪʠ-

ʟʠʨʦʚʘʥʥʦʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ çʅʀʋ ʄʕʀè ɹʘʣʢʦʚʦʡ 

ɸ.ʇ. ʧʨʝʜʩʪʘʚʠʣ ʦʙʟʦʨ ʤʠʨʦʚʦʛʦ ʨʳʥʢʘ ʩʝʨʚʦʧʨʠʚʦʜʦʚ, 

ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʵʣʝʢʪʨʠ-

ʯʝʩʢʠʭ ʤʘʰʠʥ, ʩʦʚʨʝʤʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʫʧʨʘʚʣʝʥʠʷ ʩʝʨ-

ʚʦʧʨʠʚʦʜʘʤʠ, ʧʫʪʠ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘ-

ʥʠʷ ʵʥʝʨʛʠʠ ʚ ʩʝʨʚʦʧʨʠʚʦʜʝ [6]. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʙʦʪʳ ʢʦʥʬʝʨʝʥʮʠʠ ʙʳʣʦ ʢʦʥ-

ʩʪʘʪʠʨʦʚʘʥʦ: 

ï ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʵʣʝʢʪʨʦʧʨʠʚʦʜ ʷʚʣʷʝʪʩʷ ʵʥʝʨʛʝ-

ʪʠʯʝʩʢʦʡ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʦʩʥʦʚʦʡ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʤʘʰʠʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʈʘʟʚʠʪʠʝ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, 

ʪʨʘʥʩʧʦʨʪʘ ʠ ʨʷʜʘ ʜʨʫʛʠʭ ʦʪʨʘʩʣʝʡ ʠ ʪʝʭʥʦʣʦʛʠʡ ʥʝ-

ʚʦʟʤʦʞʥʦ ʙʝʟ ʘʜʝʢʚʘʪʥʦʛʦ (ʘ ʪʦ ʠ ʦʧʝʨʝʞʘʶʱʝʛʦ) ʨʘʟ-

ʚʠʪʠʷ ʪʝʭʥʠʢʠ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ; 

ï ʢʘʢ ʦʩʥʦʚʥʦʡ ʧʦʪʨʝʙʠʪʝʣʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦ-

ʧʨʠʚʦʜ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʦʤ-

ʧʣʝʢʩʘ, ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʤʘʰʠʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠ ʦʢʘ-

ʟʳʚʘʷ ʚʣʠʷʥʠʝ ʥʘ ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ; 

ï ʵʣʝʢʪʨʦʧʨʠʚʦʜ ï ʵʪʦ ʥʘʫʢʦʝʤʢʘʷ ʦʪʨʘʩʣʴ ʪʝʭʥʠʢʠ, ʝʛʦ 

ʨʘʟʚʠʪʠʝ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʧʦʩʣʝʜʥʠʭ ʜʦʩʪʠʞʝʥʠʷʭ ʬʫʥ-

ʜʘʤʝʥʪʘʣʴʥʦʡ ʥʘʫʢʠ; ʬʠʟʠʢʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ, ʩʠʣʦʚʦʡ 

ʵʣʝʢʪʨʦʥʠʢʝ, ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʡ ʪʝʭʥʠʢʝ, ʵʣʝʢʪʨʦʤʝ-

ʭʘʥʠʢʝ, ʪʝʦʨʠʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ʜʨ.; ʩʦʟ-

ʜʘʥʠʝ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʪʨʝʙʫʝʪ ʧʨʦʚʝʜʝʥʠʷ ʪʝʦʨʝʪʠʯʝ-

ʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʢʦʤʧʴʶʪʝʨ-

ʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ; 

ï ʜʣʷ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʭʘʨʘʢʪʝʨʥʳ ʧʦʩʪʦʷʥʥʦʝ ʨʘʟʚʠ-

ʪʠʝ, ʙʳʩʪʨʘʷ ʩʤʝʥʷʝʤʦʩʪʴ ʧʦʢʦʣʝʥʠʡ, ʛʝʥʝʨʘʮʠʡ; ʢʦ-

ʨʦʪʢʠʝ ʩʨʦʢʠ ʤʦʨʘʣʴʥʦʛʦ ʫʩʪʘʨʝʚʘʥʠʷ; 

ï ʫʢʘʟʘʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʦʧʨʝʜʝʣʷʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʢʚʘʣʠʬʠʢʘʮʠʠ ʨʘʙʦʪʥʠʢʦʚ ʥʘ ʚʩʝʭ 

ʩʪʘʜʠʷʭ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʵʪʦʡ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʡ 

ʧʨʦʜʫʢʮʠʠ: ʨʘʟʨʘʙʦʪʢʠ, ʧʨʦʠʟʚʦʜʩʪʚʘ, ʤʘʨʢʝʪʠʥʛʘ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʇʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʜʦʢʣʘʜʘʤ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʩʦʚʨʝʤʝʥʥʳʝ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʘʚʪʦʤʘ-

ʪʠʟʠʨʦʚʘʥʥʦʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ: 

ɸ. ʕʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ: 

ï ʪʨʝʭʬʘʟʥʳʝ ʘʩʠʥʭʨʦʥʥʳʝ ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʳʝ ʜʚʠʛʘ-

ʪʝʣʠ ʩ ʩʘʤʦʚʝʥʪʠʣʷʮʠʝʡ (ɸɼʂ); 

ï ʪʨʝʭʬʘʟʥʳʝ ʘʩʠʥʭʨʦʥʥʳʝ ʜʚʠʛʘʪʝʣʠ ʩ ʬʘʟʥʳʤ ʨʦʪʦ-

ʨʦʤ ʚ ʨʝʞʠʤʝ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʥʦʛʦ ʘʩʠʥʭʨʦʥʥʦʛʦ 

ʜʚʠʛʘʪʝʣʷ ʠʣʠ ʤʘʰʠʥʳ ʜʚʦʡʥʦʛʦ ʧʠʪʘʥʠʷ (ɸɼʌ, 

ʄɼʇ); 

ï ʪʨʝʭʬʘʟʥʳʝ ʩʠʥʭʨʦʥʥʳʝ ʜʚʠʛʘʪʝʣʠ ʩ ʧʦʩʪʦʷʥʥʳʤʠ 

ʤʘʛʥʠʪʘʤʠ (ʉɼʄ); 

ï ʪʨʝʭʬʘʟʥʳʝ ʘʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʥʳʝ ʚʝʥʪʠʣʴʥʳʝ ʜʚʠ-

ʛʘʪʝʣʠ (ɸɺɼ); 

ï ʪʨʝʭʬʘʟʥʳʡ ʚʝʥʪʠʣʴʥʦ-ʠʥʜʫʢʪʦʨʥʳʡ ʵʣʝʢʪʨʦʧʨʠʚʦʜ 

ʩ ʥʝʟʘʚʠʩʠʤʳʤ ʚʦʟʙʫʞʜʝʥʠʝʤ ʜʣʷ ʪʷʛʦʚʳʭ ʫʩʪʘʥʦʚʦʢ 

(ɺʀɼ); 

ï ʪʨʝʭʬʘʟʥʳʝ ʘʩʠʥʭʨʦʥʥʳʝ ʜʚʠʛʘʪʝʣʠ ʧʦ ʩʠʩʪʝʤʝ ʜʚʠ-

ʛʘʪʝʣʴ ï ʢʦʣʝʩʦ ʚ ʪʷʛʦʚʳʭ ʫʩʪʘʥʦʚʢʘʭ. 

ɹ. ʉʠʣʦʚʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ: 

ï ʫʩʪʨʦʡʩʪʚʘ ʧʣʘʚʥʦʛʦ ʧʫʩʢʘ (ʋʇʇ) ʥʘ ʪʠʨʠʩʪʦʨʘʭ ʜʦ 

6,3 ʢɺ; 

ï ʜʚʫʭʫʨʦʚʥʝʚʳʝ ʠʥʚʝʨʪʦʨʳ ʥʘʧʨʷʞʝʥʠʷ (ɸʀʅ) ʥʘ 0,4 

ʠ 0,69 ʢɺ; 

ï ʪʨʝʭʫʨʦʚʥʝʚʳʝ ʠʥʚʝʨʪʦʨʳ ʥʘʧʨʷʞʝʥʠʷ; 

ï ʥʝʫʧʨʘʚʣʷʝʤʳʝ ʚʳʧʨʷʤʠʪʝʣʠ (ʅɺ) ʩ ʛʘʩʷʱʠʤʠ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʷʤʠ; 

ï ʘʢʪʠʚʥʳʝ ʚʳʧʨʷʤʠʪʝʣʠ (ɸɺ) ʜʣʷ ʧʠʪʘʥʠʷ ʘʚʪʦʥʦʤ-

ʥʳʭ ʠʥʚʝʨʪʦʨʦʚ ʦʪ ʩʝʪʠ; 

ï ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʳ (ʠʦʥʥʳʝ ʥʘʢʦʧʠʪʝʣʠ) ʩ ʘʢʪʠʚʥʳ-

ʤʠ ʚʳʧʨʷʤʠʪʝʣʷʤʠ ʜʣʷ ʧʦʜʧʠʪʢʠ ʟʚʝʥʘ ʧʦʩʪʦʷʥʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʚ ʨʝʞʠʤʘʭ ʧʝʨʝʛʨʫʟʢʠ (ʧʫʩʢ) ʜʣʷ ʪʷʛʦʚʳʭ 

ʘʚʪʦʥʦʤʥʳʭ ʫʩʪʘʥʦʚʦʢ; 

ï ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʯʘʩʪʦʪʳ ʥʘ ʪʠʨʠʩʪʦʨʘʭ (ʇʏʊ). 

ɺ. ʕʣʝʤʝʥʪʥʘʷ ʙʘʟʘ ʩʠʣʦʚʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ: 

ï ʪʠʨʠʩʪʦʨʳ ʩ ʚʦʟʜʫʰʥʳʤ ʠʣʠ ʚʦʜʷʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ; 

ï IGBT ʪʨʘʥʟʠʩʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʢʨʝʤʥʠʷ ʩ ʚʦʟʜʫʰʥʳʤ 

ʠʣʠ ʚʦʜʷʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ; 

ï IGBT, JFET, MOSFET ʪʨʘʥʟʠʩʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʢʘʨʙʠ-

ʜʘ ʢʨʝʤʥʠʷ (ʫʣʫʯʰʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦ ʥʘʧʨʷʞʝʥʠʶ 

ʠ ʯʘʩʪʦʪʝ ʥʘ ʧʦʨʷʜʦʢ) ʩ ʚʦʟʜʫʰʥʳʤ ʠʣʠ ʚʦʜʷʥʳʤ ʦʭ-

ʣʘʞʜʝʥʠʝʤ. 

ɻ. ʉʠʩʪʝʤʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ: 

ï ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʯʘʩʪʦʪʳ ʩ ʘʩʠʥʭʨʦʥʥʳʤʠ ʜʚʠʛʘʪʝ-

ʣʷʤʠ ʩʦ ʩʢʘʣʷʨʥʳʤ ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ; 

ï ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʯʘʩʪʦʪʳ ʩ ʘʩʠʥʭʨʦʥʥʳʤʠ ʜʚʠʛʘʪʝ-

ʣʷʤʠ, ʩ ʚʝʢʪʦʨʥʳʤ  ʜʘʪʯʠʢʦʚʳʤ ʠ ʙʝʟʜʘʪʯʠʢʦʚʳʤ ʨʝ-

ʛʫʣʠʨʦʚʘʥʠʝʤ; 

ï ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʯʘʩʪʦʪʳ ʩ ɸɼ ʠ ʧʨʷʤʳʤ ʫʧʨʘʚʣʝʥʠ-

ʝʤ ʤʦʤʝʥʪʘ; 

ï ʤʘʪʨʠʯʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʯʘʩʪʦʪʳ; 

ï ʇʏ ʩ ʉɼ ʠ ɺɼ ʩ ʚʝʢʪʦʨʥʳʤ ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ; 

ï ʥʘʙʣʶʜʘʪʝʣʠ ʩʦʩʪʦʷʥʠʷ, ʘʜʘʧʪʠʚʥʳʝ, ʢʦʤʙʠʥʠʨʦʚʘʥ-

ʥʳʝ ʩʠʩʪʝʤʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ. 

ɼ. ʕʣʝʤʝʥʪʥʘʷ ʙʘʟʘ ʩʠʩʪʝʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ: 

ï ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʝ ʢʦʥʪʨʦʣ-

ʣʝʨʳ (ʉʄʇʂ); 

ï ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʝ ʣʦʛʠʯʝʩʢʠʝ ʠʥʪʝʛʨʘʣʴʥʳʝ ʩʭʝʤʳ 

(ʇʃʀʉ) ʠ ʉʄʇʂ. 

ɽ. ɼʘʪʯʠʢʠ ʢʦʦʨʜʠʥʘʪ: 

ï ʜʘʪʯʠʢʠ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ ʩ ʵʬʬʝʢʪʦʤ ʍʦʣʣʘ; 

ï ʠʥʢʨʝʤʝʥʪʘʣʴʥʳʝ ʵʥʢʦʜʝʨʳ; 
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ï ʘʙʩʦʣʶʪʥʳʝ ʵʥʢʦʜʝʨʳ; 

ï ʨʝʟʦʣʴʚʝʨʳ (ʩʠʥʫʩ-ʢʦʩʠʥʫʩʥʳʝ ʜʘʪʯʠʢʠ ʧʦʚʦʨʦʪʘ). 

ʆʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ ʠ ʟʘʜʘʯʠ ʨʘʟʚʠʪʠʷ ʘʚʪʦʤʘʪʠ-

ʟʠʨʦʚʘʥʥʦʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ 

ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ ʩʣʝʜʫʶʱʠʝ: 

1. ʇʦʚʳʰʝʥʠʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʘʰʠʥʥʦʛʦ ʧʨʦ-

ʠʟʚʦʜʩʪʚʘ ʠ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ ʩʨʝʜʩʪʚʘʤʠ ʵʣʝʢʪʨʦʧʨʠ-

ʚʦʜʘ ʠ ʪʝʭʥʦʣʦʛʠʯʥʦʡ ʘʚʪʦʤʘʪʠʢʠ. 

2. ʈʘʩʰʠʨʝʥʠʝ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʥʘ 

ʩʬʝʨʫ ʪʨʘʥʩʧʦʨʪʘ. 

3. ʇʦʚʳʰʝʥʠʝ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʢʦʥʢʫʨʝʥ-

ʪʦʩʧʦʩʦʙʥʦʩʪʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʯʘʩʪʦ-

ʪʳ ʜʣʷ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ 

ʥʘ ʥʘʧʨʷʞʝʥʠʝ 6,0 ʠ 10,0 ʢɺ. 

4. ʈʘʟʚʠʪʠʝ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʫʧʨʘʚʣʷʝʤʳʭ 

ʩʠʣʦʚʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʧʨʠʙʦʨʦʚ ʠ ʧʨʝʦʙʨʘʟʦʚʘ-

ʪʝʣʝʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʥʘ ʠʭ ʦʩʥʦʚʝ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʧʦ ʧʨʦʛʨʘʤʤʘʤ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ. 

5. ʈʝʰʝʥʠʝ ʧʨʦʙʣʝʤ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦ-

ʚʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʩ ʧʠʪʘʶʱʝʡ ʩʝʪʴʶ ʠ ʥʘʛʨʫʟʢʦʡ. 

6. ʅʦʚʳʡ ʧʦʜʭʦʜ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʩʝʪʝʡ ʩ ʫʯʝʪʦʤ ʤʘʩʩʦʚʦʛʦ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ. 

7. ʋʩʢʦʨʝʥʠʝ ʨʘʟʨʘʙʦʪʦʢ, ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʷ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ. 

8. ʈʘʟʚʠʪʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʢʦʥʩʪʨʫʢ-

ʮʠʡ ʤʘʰʠʥ, ʦʙʲʝʜʠʥʷʶʱʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʤʘʰʠʥʫ, 

ʜʚʠʛʘʪʝʣʴ, ʨʝʜʫʢʪʦʨ, ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʡ ʧʨʝʦʙʨʘʟʦʚʘ-

ʪʝʣʴ ʠ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ. 

9. ʀʥʪʝʣʣʝʢʪʫʘʣʠʟʘʮʠʷ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʠ ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʠʭ ʘʛʨʝʛʘʪʦʚ ʚ ʮʝʣʦʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʪʨʝʙʫʝʤʦʝ 

ʢʘʯʝʩʪʚʦ ʚʝʜʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʟʘʱʠʪʫ 

ʠ ʜʠʘʛʥʦʩʪʠʢʫ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ ʥʘ-

ʩʪʨʦʡʢʫ ʠ ʜʨʫʛʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʬʫʥʢʮʠʠ. 

10. ʆʨʛʘʥʠʟʘʮʠʦʥʥʦʝ ʠ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʝ ʩʦʚʝʨʰʝʥʩʪ-

ʚʦʚʘʥʠʝ ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʩ ʚʳʩʰʠʤ ʦʙʨʘʟʦʚʘ-

ʥʠʝʤ ʧʦ ʧʨʦʬʠʣʷʤ çʕʣʝʢʪʨʦʧʨʠʚʦʜ ʠ ʘʚʪʦʤʘʪʠʢʘè, 

çʕʣʝʢʪʨʦʤʝʭʘʥʠʢʘ ʠ ʩʠʣʦʚʘʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʘʷ ʧʨʝ-

ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʪʝʭʥʠʢʘè. 

11. ʆʨʛʘʥʠʟʘʮʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʧʦʚʳʰʝʥʠʷ 

ʢʚʘʣʠʬʠʢʘʮʠʠ ʠ ʧʝʨʝʧʦʜʛʦʪʦʚʢʠ ʠʥʞʝʥʝʨʥʦʛʦ ʠ ʪʝʭ-

ʥʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʦʙʣʘʩ-

ʪʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ, ʘʚʪʦʤʘʪʠʢʠ ʠ 

ʩʠʣʦʚʦʡ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʪʝʭ-

ʥʠʢʠ. 

ʋʯʘʩʪʥʠʢʠ ʢʦʥʬʝʨʝʥʮʠʷ ʦʪʤʝʪʠʣʠ ʚʳʩʦʢʠʡ ʥʘʫʯ-

ʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʦʢʣʘʜʦʚ ʠ 

ʜʠʩʢʫʩʩʠʡ, ʪʚʦʨʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʫʯʘʩʪʥʠʢʦʚ, ʭʦʨʦ-

ʰʫʶ ʦʨʛʘʥʠʟʘʮʠʶ ʧʨʦʚʝʜʝʥʠʷ ʢʦʥʬʝʨʝʥʮʠʠ ʩʦ ʩʪʦʨʦ-

ʥʳ ʨʫʢʦʚʦʜʩʪʚʘ ʠ ʩʦʪʨʫʜʥʠʢʦʚ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝ-

ʜʦʚʘʪʝʣʴʩʢʦʛʦ ʄʦʨʜʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨ-

ʩʠʪʝʪʘ ʠʤ. ʅ.ʇ.ʆʛʘʨʝʚʘ ʠ ʦʪʜʝʣʴʥʦ ʚʳʩʢʘʟʘʣʠ ʩʣʦʚʘ 

ʙʣʘʛʦʜʘʨʥʦʩʪʠ ʊʫʪʘʝʚʫ ɻ.ʅ.  

ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʨʘʙʦʪʳ ʧʦʩʣʝʜʫʶʱʠʭ ʢʦʥʬʝʨʝʥ-

ʮʠʡ ʞʝʣʘʪʝʣʴʥʦ ʚ ʩʙʦʨʥʠʢʝ ʪʨʫʜʦʚ ʠʤʝʪʴ ʘʣʬʘʚʠʪʥʳʡ 

ʧʝʨʝʯʝʥʴ ʘʚʪʦʨʦʚ ʜʦʢʣʘʜʦʚ ʩ ʫʢʘʟʘʥʠʝʤ ʩʪʨʘʥʠʮ ʠʭ 

ʜʦʢʣʘʜʦʚ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʥʝʦʙʭʦʜʠʤʦ ʫʧʨʦʩʪʠʪʴ ʧʨʦ-

ʮʝʜʫʨʫ ʨʘʩʯʝʪʘ ʟʘ ʫʯʘʩʪʠʝ ʚ ʢʦʥʬʝʨʝʥʮʠʠ. ʇʦʯʝʤʫ 

ʥʝʣʴʟʷ ʙʨʘʪʴ ʜʝʥʴʛʠ ʩ ʬʠʟʠʯʝʩʢʠʭ ʣʠʮ? 
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MAIN DEVELOPMENT PROSPECTS OF AUTOMATIC ELECTRIC DRIVE 
 

Omelchenko E.Ya. 

 
The proceedings of the VIII International (XIX All-

Russian) conference on the automatic electric drive have been 

summarized by general and theoretical issues of the automatic 

electric drive, new drive systems, motors, converters, control 

devices, topical issues of automatic electric drive in the sectors of 

industry, energy, utilities, new educational technologies, training 

of engineers and scientists in the field of Energy and electronics. 
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ʇʈɽʆɹʈɸɿʆɺɸʅʀɽ ʅɽʃʀʅɽʁʅʓʍ ʉʀʉʊɽʄ ʋʇʈɸɺʃɽʅʀʗ ʂ ʕʂɺʀɺɸʃɽʅʊʅʓʄ ʃʀʅɽʁʅʓʄ  

ɺ ʂɸʅʆʅʀʏɽʉʂʆʁ ʌʆʈʄɽ ɹʈʋʅʆɺʉʂʆɻʆ
 

 
ɼʣʷ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʧʘʢʝʪʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ MatLab ʨʘʟʨʘʙʦʪʘʥʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ, ʢʦʪʦʨʘʷ ʘʚʪʦʤʘʪʠʟʠʨʫʝʪ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʰʠʨʦʢʦʛʦ ʢʣʘʩʩʘ ʥʝʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʢ ʵʢʚʠʚʘʣʝʥʪʥʦʤʫ ʣʠʥʝʡʥʦʤʫ ʚʠʜʫ ʚ ʢʘʥʦʥʠʯʝʩʢʦʡ ʬʦʨʤʝ 

ɹʨʫʥʦʚʩʢʦʛʦ ʩ ʧʦʤʦʱʴʶ ʠʥʚʦʣʶʪʠʚʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʫʧʨʘʚʣʝʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ çʚʭʦʜ ï ʩʦʩʪʦʷʥʠʝè. 

ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʠʪʩʷ ʧʨʠʤʝʨ ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʣʠʥʝʡʥʦʛʦ ʵʢʚʠʚʘʣʝʥʪʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʚʠʞʝʥʠʷ 

ʜʠʟʝʣʴ-ʧʦʝʟʜʘ, ʢʦʪʦʨʘʷ ʩʦʩʪʦʠʪ ʠʟ ʜʝʩʷʪʠ ʦʙʳʢʥʦʚʝʥʥʳʭ ʥʝʣʠʥʝʡʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩ ʯʝʪʳʨʴʤʷ ʫʧʨʘʚʣʝʥʠʷʤʠ 

ʠ ʦʧʠʩʳʚʘʝʪ ʧʨʠʚʦʜ ʩ ʜʚʫʤʷ ʧʘʨʘʣʣʝʣʴʥʦ ʨʘʙʦʪʘʶʱʠʤʠ ʪʷʛʦʚʳʤʠ ʘʩʠʥʭʨʦʥʥʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ. ʇʨʠ ʵʪʦʤ ʩʠʥʪʝʟʠʨʦʚʘʥʥʘʷ ʣʠ-

ʥʝʡʥʘʷ ʤʦʜʝʣʴ ʚ ʬʦʨʤʝ ɹʨʫʥʦʚʩʢʦʛʦ ʠʤʝʝʪ ʯʝʪʳʨʝ ʢʣʝʪʢʠ ʠ ʠʥʜʝʢʩ ʫʧʨʘʚʣʷʝʤʦʩʪʠ, ʨʘʚʥʳʡ ʯʝʪʳʨʝʤ. ʇʦʣʫʯʝʥʥʘʷ ʣʠʥʝʡʥʘʷ ʤʦ-

ʜʝʣʴ ʜʚʠʞʝʥʠʷ ʜʠʟʝʣʴ-ʧʦʝʟʜʘ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʳʭ ʫʧʨʘʚʣʝʥʠʡ, ʘ ʪʘʢʞʝ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ 

ʙʫʢʩʦʚʘʥʠʷ ʠ ʶʟʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʦʨʤʘ ɹʨʫʥʦʚʩʢʦʛʦ, ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʪʝʦʨʠʷ ʫʧʨʘʚʣʝʥʠʷ, ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʚʠʞʝʥʠʷ ʜʠʟʝʣʴ-

ʧʦʝʟʜʘ. 

ɺɺɽɼɽʅʀɽ 
 

ɺʦʧʨʦʩʘʤʠ ʦʧʪʠʤʠʟʘʮʠʠ ʜʚʠʞʝʥʠʷ ʞʝʣʝʟʥʦʜʦ-

ʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʜʝʩʷʪʠʣʝʪʠʡ ʟʘʥʠ-

ʤʘʣʦʩʴ ʤʥʦʞʝʩʪʚʦ ʫʯʝʥʳʭ [1 ï 7]. ʇʨʠ ʵʪʦʤ ʤʥʦʛʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʷʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʤʘʪʝʤʘʪʠʯʝʩʢʦ-

ʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ ʩʣʦʞʥʳʭ ʤʦʜʝʣʷʭ, ʦʧʠʩʳʚʘʝʤʳʭ 

ʩʠʩʪʝʤʘʤʠ ʦʙʳʢʥʦʚʝʥʥʳʭ ʥʝʣʠʥʝʡʥʳʭ ʜʠʬʬʝʨʝʥʮʠ-

ʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚʳʩʦʢʦʛʦ ʧʦʨʷʜʢʘ. ʕʪʦ ʧʨʠʚʦʜʠʣʦ ʢ 

ʩʝʨʴʝʟʥʳʤ ʪʨʫʜʥʦʩʪʷʤ ʧʨʠ ʧʦʠʩʢʝ ʦʧʪʠʤʘʣʴʥʳʭ 

ʫʧʨʘʚʣʝʥʠʡ ʪʷʛʦʚʳʤ ʧʦʜʚʠʞʥʳʤ ʩʦʩʪʘʚʦʤ, ʪʘʢ ʢʘʢ 

ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʠʟʚʝʩʪʥʳʭ ʤʝʪʦʜʦʚ ʵʬʬʝʢʪʠʚʥʦ ʧʨʠ-

ʤʝʥʠʤʦ ʣʠʰʴ ʜʣʷ ʦʙʲʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʦʧʠʩʳʚʘʶʪʩʷ ʩʠʩ-

ʪʝʤʘʤʠ ʦʙʳʢʥʦʚʝʥʥʳʭ ʥʝʣʠʥʝʡʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴ-

ʥʳʭ ʫʨʘʚʥʝʥʠʡ ʥʝ ʚʳʰʝ 2-3 ʧʦʨʷʜʢʘ [8, 9]. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ ʚ ʨʘʙʦʪʘʭ [7, 10, 11] ʙʳʣʘ ʨʝʰʝʥʘ ʟʘʜʘʯʘ ʧʦʠʩʢʘ 

ʦʧʪʠʤʘʣʴʥʳʭ ʫʧʨʘʚʣʝʥʠʡ ʩ ʧʦʤʦʱʴʶ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʣʠʥʝʘʨʠʟʘʮʠʠ ʠʩʭʦʜʥʦʡ ʥʝʣʠʥʝʡʥʦʡ ʤʦʜʝʣʠ, ʤʝʪʦʜʘʤʠ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʫʧʨʘʚʣʝʥʠʷ, ʧʨʠ ʵʪʦʤ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʟʘʢʦʥʳ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ ʦʙʲʝʢ-

ʪʦʚ, ʢʦʪʦʨʳʝ ʦʧʠʩʳʚʘʣʠʩʴ ʩʠʩʪʝʤʘʤʠ ʥʝʣʠʥʝʡʥʳʭ 

ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ 5-6 ʧʦ-

ʨʷʜʢʘ. ʆʜʥʘʢʦ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠʩʭʦʜ-

ʥʳʭ ʥʝʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤ ʢ ʣʠʥʝʡʥʦʤʫ ʚʠʜʫ ʚ ʬʦʨʤʝ 

ɹʨʫʥʦʚʩʢʦʛʦ ʪʨʝʙʫʝʪ ʪʨʫʜʦʝʤʢʠʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʧʨʝ-

ʦʙʨʘʟʦʚʘʥʠʡ. ʇʦʵʪʦʤʫ ʜʣʷ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʳʭ ʟʘʢʦ-

ʥʦʚ ʫʧʨʘʚʣʝʥʠʷ ʨʝʘʣʴʥʳʤ ʧʨʠʚʦʜʦʤ, ʢʦʪʦʨʳʡ ʫʯʠʪʳ-

ʚʘʝʪ ʧʘʨʘʣʣʝʣʴʥʫʶ ʨʘʙʦʪʫ ʥʝʩʢʦʣʴʢʠʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝ-

ʣʝʡ, ʥʝʦʙʭʦʜʠʤʘ ʨʘʟʨʘʙʦʪʢʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦ-

ʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳ ʘʚʪʦʤʘʪʠʟʠʨʦ-

ʚʘʪʴ ʧʨʦʮʝʩʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʥʝʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤ ʢ 

ʣʠʥʝʡʥʦʤʫ ʚʠʜʫ. 

ʎʝʣʴʶ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʳʭ 

ʩʨʝʜʩʪʚ, ʘʚʪʦʤʘʪʠʟʠʨʫʶʱʠʭ ʚ ʧʘʢʝʪʝ Matlab ʧʨʝʦʙʨʘ-

ʟʦʚʘʥʠʝ ʥʝʣʠʥʝʡʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʚʠʞʝʥʠʷ 

ʜʠʟʝʣʴ-ʧʦʝʟʜʘ ʢ ʵʢʚʠʚʘʣʝʥʪʥʦʤʫ ʣʠʥʝʡʥʦʤʫ ʚʠʜʫ ʚ 

ʬʦʨʤʝ ɹʨʫʥʦʚʩʢʦʛʦ ʩ ʧʦʤʦʱʴʶ ʠʥʚʦʣʶʪʠʚʥʳʭ ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʫʧʨʘʚʣʝʥʠʷ. 
 

ʊɽʆʈɽʊʀʏɽʉʂʀɽ, ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʓɽ,  

ʊɽʍʅʀʏɽʉʂʀɽ ʀ ʊɽʍʅʆʃʆɻʀʏɽʉʂʀɽ ʄɽʊʆɼʀʂʀ 
 

ʇʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʪʝʦʨʠʠ 

ʫʧʨʘʚʣʝʥʠʷ, ʜʠʥʘʤʠʯʝʩʢʦʡ ʣʠʥʝʘʨʠʟʘʮʠʠ ʦʙʨʘʪʥʦʡ 

ʩʚʷʟʴʶ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ çʚʭʦʜ ï ʩʦʩʪʦʷʥʠʝè ʥʝʣʠʥʝʡʥʦʡ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʚʠʞʝʥʠʷ ʜʠʟʝʣʴ-ʧʦʝʟʜʘ, ʩ 

ʧʦʤʦʱʴʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʥʚʦʣʶʪʠʚʥʳʭ ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʡ, ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ ʘʣʛʦʨʠʪʤʘ: 

ʐʘʛ 1. ɿʘʜʘʥʠʝ ʠʩʭʦʜʥʦʡ ʩʠʩʪʝʤʳ ʥʝʣʠʥʝʡʥʳʭ ʦʙʳʢ-

ʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. 

ʐʘʛ 2. ʇʦʩʪʨʦʝʥʠʝ ʚʝʢʪʦʨʥʳʭ ʧʦʣʝʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʥʝ-

ʣʠʥʝʡʥʦʡ ʩʠʩʪʝʤʦʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. 

ʐʘʛ 3. ʇʨʦʚʝʨʢʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʡ 

ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʫʩʣʦʚʠʡ ʠʥʚʦʣʶʪʠʚʥʦʩʪʠ. ɺ ʩʣʫʯʘʝ 

ʚʳʧʦʣʥʝʥʠʷ ʫʩʣʦʚʠʡ ʠʥʚʦʣʶʪʠʚʥʦʩʪʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴ-

ʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ï ʧʝʨʝʭʦʜ ʢ ʰʘʛʫ 5 ʘʣʛʦʨʠʪʤʘ. 

ʐʘʛ 4. ɺ ʩʣʫʯʘʝ ʥʝʚʳʧʦʣʥʝʥʠʷ ʫʩʣʦʚʠʡ ʠʥʚʦʣʶʪʠʚʥʦ-

ʩʪʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ï ʫʚʝʣʠʯʝʥʠʝ 

ʨʘʟʤʝʨʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʳʭ ʬʘʟʦʚʳʭ ʢʦʦʨʜʠʥʘʪ ʚ ʢʘʥʘʣʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʫʧʨʘʚʣʝʥʠʷʤʠ. ʇʝʨʝʭʦʜ ʢ ʰʘʛʫ 2 ʘʣʛʦʨʠʪʤʘ. 

ʐʘʛ 5. ʆʧʨʝʜʝʣʝʥʠʝ ʠʥʜʝʢʩʘ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʜʣʷ ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʠʩʧʦʣʴʟʫʷ ʪʝʦʨʝʤʫ 

ʦ ʣʠʥʝʡʥʦʤ ʵʢʚʠʚʘʣʝʥʪʝ ʜʣʷ ʥʝʣʠʥʝʡʥʦʡ ʘʬʬʠʥʥʦʡ 

ʩʠʩʪʝʤʳ ʩ ʚʝʢʪʦʨʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ. 

ʐʘʛ 6. ʇʦ ʠʥʜʝʢʩʫ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʩʠʩʪʝʤʳ ʦʧʨʝʜʝʣʷ-

ʝʪʩʷ ʬʦʨʤʘ ʣʠʥʝʡʥʦʛʦ ʵʢʚʠʚʘʣʝʥʪʘ, ʪ.ʝ. ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʢʦʣʠʯʝʩʪʚʦ ʢʣʝʪʦʢ ʢʘʥʦʥʠʯʝʩʢʦʡ ʬʦʨʤʳ ɹʨʫʥʦʚʩʢʦʛʦ. 

ʐʘʛ 7. ʇʦʩʪʨʦʝʥʠʝ ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚ-

ʥʝʥʠʡ, ʠʟ ʢʦʪʦʨʦʡ ʧʫʪʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʜʠʬʬʝ-

ʨʝʥʮʠʨʦʚʘʥʠʷ, ʚʜʦʣʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʚʝʢʪʦʨʥʳʭ ʧʦ-

ʣʝʡ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʬʫʥʢʮʠʠ ʧʝʨʝʭʦʜʘ ʢ ʢʘʥʦʥʠʯʝʩʢʦʡ 

ʬʦʨʤʝ ɹʨʫʥʦʚʩʢʦʛʦ. 

ʐʘʛ 8. ʅʘʭʦʞʜʝʥʠʝ ʬʫʥʢʮʠʡ ʧʝʨʝʭʦʜʘ ʢ ʢʘʥʦʥʠʯʝʩʢʦʡ 

ʬʦʨʤʝ ɹʨʫʥʦʚʩʢʦʛʦ. 

ʐʘʛ 9. ʆʧʨʝʜʝʣʝʥʠʝ ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʜʣʷ 

ʣʠʥʝʡʥʦʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʚ ʢʘʥʦʥʠʯʝʩʢʦʡ ʬʦʨʤʝ 

ɹʨʫʥʦʚʩʢʦʛʦ. 

ʐʘʛ 10. ʇʝʨʝʭʦʜ ʦʪ ʫʧʨʘʚʣʝʥʠʡ ʣʠʥʝʡʥʦʡ ʩʠʩʪʝʤʦʡ ʚ 

ʬʦʨʤʝ ɹʨʫʥʦʚʩʢʦʛʦ ʢ ʫʧʨʘʚʣʝʥʠʷʤ ʜʣʷ ʠʩʭʦʜʥʦʡ ʥʝʣʠ-

ʥʝʡʥʦʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ. 

ʐʘʛ 11. ʆʩʪʘʥʦʚ. 

ʕʪʦʪ ʘʣʛʦʨʠʪʤ ʧʨʦʛʨʘʤʤʥʦ ʨʝʘʣʠʟʦʚʘʥ ʚ ʧʘʢʝʪʝ 

Matlab. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦ-

ʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ ʜʣʷ ʣʠʥʝʘʨʠʟʘʮʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 
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ʤʦʜʝʣʠ ʜʚʠʞʝʥʠʷ ʜʠʟʝʣʴ-ʧʦʝʟʜʘ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʚʠʞʝʥʠʷ ʜʠʟʝʣʴ-ʧʦʝʟʜʘ, 

ʫʯʠʪʳʚʘʶʱʘʷ ʨʘʙʦʪʫ ʜʚʫʭ ʪʷʛʦʚʳʭ ʧʨʠʚʦʜʦʚ, ʤʦʞʝʪ 

ʙʳʪʴ ʦʧʠʩʘʥʘ ʩʣʝʜʫʶʱʝʡ ʩʠʩʪʝʤʦʡ ʦʙʳʢʥʦʚʝʥʥʳʭ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ: 
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(1) 

ʛʜʝ 1
x  ï ʨʘʩʩʪʦʷʥʠʝ, ʦʪʩʯʠʪʳʚʘʝʤʦʝ ʦʪ ʥʘʯʘʣʘ ʧʝʨʝʛʦ-

ʥʘ; t ï ʚʨʝʤʷ; 
10,109,1024623512

,...,,,, aaaaa  ï ʧʦʩʪʦʷʥʥʳʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʠʚʦʜʘ; 

2
x  ï ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʩʦʩʪʘʚʘ; 3

x , 4
x  ʠ 7

x , 8
x  ï 

ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʷ ʧʦ ʦʩʠ u ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʝʨʚʦʛʦ ʠ 

ʚʪʦʨʦʛʦ ʜʚʠʛʘʪʝʣʝʡ; 5
x , 6

x  ʠ 9
x , 10

x  ï ʧʦʪʦʢʦʩʮʝʧʣʝ-

ʥʠʷ ʧʦ ʦʩʠ v ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʜʚʠʛʘ-

ʪʝʣʝʡ; )2 ,1(    ,
21

qUU qq  ï ʧʠʪʘʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ ʧʝʨ-

ʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʪʷʛʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ. 
 

ʉ ʩʠʩʪʝʤʦʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ (1) 

ʩʚʷʟʘʥʳ ʚʝʢʪʦʨʥʳʝ ʧʦʣʷ: 
 

T

10987654321   ,  ,  ,  ,  ,  ,  ,  ,  ,)( ffffffffffxX , 

,0  ,0  ,0  ,0  ,0  ,0  ,0  ,1  ,0  ,0
T

1Y

 ,0  ,0  ,0  ,0  ,1  ,0  ,0  ,0  ,0  ,0
T

2Y

,0  ,0  ,1  ,0  ,0  ,0  ,0  ,0  ,0  ,0
T

3Y

 ,1  ,0  ,0  ,0  ,0  ,0  ,0  ,0  ,0  ,0
T

4Y  

 

ʢʦʪʦʨʳʝ ʚ ʧʘʢʝʪʝ MatLab ʤʦʛʫʪ ʙʳʪʴ ʟʘʜʘʥʳ ʩʣʝʜʫʶ-

ʱʠʤ ʦʙʨʘʟʦʤ: 
 

f1 = sym('a12 * x2'); 

f2 = sym('a235 * x3 * x5 - a246 * x4 * x6 + a289 * x8 * x9 

- a2710 * x7 * x10 - a200 - a220 * x2 - a222 * x2^2'); 

f3 = sym('a33 * x3 + a34 * x4'); 

f4 = sym('a43 * x3 + a44 * x4 + a425 * x2 * x5'); 

f5 = sym('a55 * x5 + a56 * x6 + a524 * x2 * x4'); 

f6 = sym('a65 * x5 + a66 * x6'); 

f7 = sym('a77 * x7 + a78 * x8 + a729 * x2 * x9'); 

f8 = sym('a87 * x7 + a88 * x8'); 

f9 = sym('a99 * x9 + a910 * x10 + a927 * x2 * x7'); 

f10 = sym('a109 * x9 + a1010 * x10'); 

X = [f1; f2; f3; f4; f5; f6; f7; f8; f9; f10]; 

Y1 = [0; 0; sym('1'); 0; 0; 0; 0; 0; 0; 0]; 

Y2 = [0; 0; 0; 0; 0; sym('1'); 0; 0; 0; 0]; 

Y3 = [0; 0; 0; 0; 0; 0; 0; sym('1'); 0; 0]; 

Y4 = [0; 0; 0; 0; 0; 0; 0; 0; 0; sym('1')]; 

x = [sym('x1') 'x2' 'x3' 'x4' 'x5' 'x6' 'x7' 'x8' 'x9' 'x10']. 

 

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (1) ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʘ 

ʢ ʬʦʨʤʝ ɹʨʫʥʦʚʩʢʦʛʦ ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʠʥʚʦʣʶ-

ʪʠʚʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ },,,{span
4321

0
YYYYM , 1

M

,,,,,span{
14321

YLYYYY
X

, ,
32

YLYL
XX

}
4

YL
X  ʠ 2

M  ʜʣʷ 

ʵʪʦʡ ʩʠʩʪʝʤʳ [11], ʛʜʝ },,,{span
4321

YYYY  ï ʣʠʥʝʡʥʘʷ 

ʦʙʦʣʦʯʢʘ ʚʝʢʪʦʨʦʚ 4321
,,, YYYY , k

YL
X  ( 4 ,1k ) ï ʧʨʦʠʟ-

ʚʦʜʥʳʝ ʃʠ ʚʜʦʣʴ ʚʝʢʪʦʨʥʦʛʦ ʧʦʣʷ ʍ ʚʝʢʪʦʨʥʳʭ ʧʦʣʝʡ 

k
Y  ( 4 ,1k ). ʇʨʦʠʟʚʦʜʥʳʝ ʃʠ ʚʳʯʠʩʣʷʶʪʩʷ ʩʣʝʜʫʶ-

ʱʠʤ ʦʙʨʘʟʦʤ: 
 

kk
k

kk ],[ Y
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X
Y

x

X
X

x

Y
YXYLX  
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ɺ ʧʘʢʝʪʝ MatLab ʨʘʟʨʘʙʦʪʘʥʳ ʬʫʥʢʮʠʠ ʜʣʷ ʚʳ-

ʯʠʩʣʝʥʠʷ ʧʨʦʠʟʚʦʜʥʳʭ ʃʠ (Dif_Li) ʠ ʧʨʦʚʝʨʢʠ ʫʩʣʦʚʠʡ 

ʠʥʚʦʣʶʪʠʚʥʦʩʪʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʡ 

(involutivity). ʌʫʥʢʮʠʷ Dif_Li(X, Y, x, N) ʚʦʟʚʨʘʱʘʝʪ 

N-ʶ ʧʨʦʠʟʚʦʜʥʫʶ ʃʠ ʚʜʦʣʴ ʚʝʢʪʦʨʥʦʛʦ ʧʦʣʷ ʍ ʚʝʢʪʦʨ-

ʥʦʛʦ ʧʦʣʷ Y, ʧʦ ʵʣʝʤʝʥʪʘʤ ʚʝʢʪʦʨʘ x, ʘ ʬʫʥʢʮʠʷ 

involutivity(M, x) ʚʦʟʚʨʘʱʘʝʪ 1, ʝʩʣʠ ʜʣʷ ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʷ M ʫʩʣʦʚʠʷ ʠʥʚʦʣʶʪʠʚʥʦʩʪʠ ʚʳʧʦʣʥʷʶʪʩʷ ʠ 0 ï 

ʝʩʣʠ ʥʝʪ. 

ʇʨʦʚʝʨʢʫ ʠʥʚʦʣʶʪʠʚʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 
0

M  ʚ 

ʧʘʢʝʪʝ MatLab ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘ-

ʟʦʤ: 
 

M0 = [Y1,Y2, Y3,Y4]; 

involutive = involutivity(M0, x); 

>>involutive = 1. 
 

ʇʦʩʢʦʣʴʢʫ ʚʝʢʪʦʨʥʳʝ ʧʦʣʷ )4 ,1(  i
i

Y  ʧʦʩʪʦʷʥ-

ʥʳ, ʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 0
M  ï ʠʥʚʦʣʶʪʠʚʥʦ ʠ ʨʘʟʤʝʨ-

ʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 4dim 0
M . 
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ʇʨʦʘʥʘʣʠʟʠʨʫʝʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 1
M , ʜʣʷ ʵʪʦʛʦ 

ʩʥʘʯʘʣʘ ʦʩʫʱʝʩʪʚʠʤ ʚʳʯʠʩʣʝʥʠʷ ʧʨʦʠʟʚʦʜʥʳʭ ʃʠ: 
 

C1_1 = Dif_Li(X, Y1, x, 2); 

M1_1 = C1_1(:, 1 : (size(C1_1, 2) - 1)); 

C1_2 = Dif_Li(X, Y2, x, 2); 

M1_2 = C1_2(:, 1 : (size(C1_2, 2) - 1)); 

C1_3 = Dif_Li(X, Y3, x, 2); 

M1_3 = C1_3(:, 1 : (size(C1_3, 2) - 1)); 

C1_4 = Dif_Li(X, Y4, x, 2); 

M1_4 = C1_4(:, 1 : (size(C1_4, 2) - 1)); 

M1=[M1_1(:,1), M1_2(:,1), M1_3(:,1), M1_4(:,1), 

M1_1(:,2), M1_2(:,2), M1_3(:,2), M1_4(:,2)]; 

involutive = involutivity(M1, x); 

>>involutive = 0 
 

ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʘʷ ʧʨʦʚʝʨʢʘ ʩʢʦʙʦʢ ʃʠ [
ji

XX , ], 

ʛʜʝ 
ji

XX , ï ʚʝʢʪʦʨʥʳʝ ʧʦʣʷ ʠʟ ʤʥʦʞʝʩʪʚʘ 

},,,,,,,{
43214321

YLYLYLYLYYYY
XXXX  ʠ ʨʘʥʛʘ ʤʘʪʨʠʮ 

],[,,,,,,,,
3214321l ji4XXXX

XXYLYLYLYLYYYYB  ʧʦʢʘ-

ʟʳʚʘʝʪ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 1
M  ʥʝ ʷʚʣʷʝʪʩʷ ʠʥʚʦʣʶ-

ʪʠʚʥʳʤ, ʦʜʥʘʢʦ ʚʩʝ ʝʛʦ ʧʦʜʨʘʩʧʨʝʜʝʣʝʥʠʷ 

},,,,span{
4321

1

kk
YLYYYYM

X
, 4 ,1k , ʷʚʣʷʶʪʩʷ ʠʥʚʦ-

ʣʶʪʠʚʥʳʤʠ: 
 

M11=[M1_1(:,1), M1_2(:,1), M1_3(:,1), 

M1_4(:,1),M1_1(:,2)]; 

involutive = involutivity(M11, x); 

>>involutive = 1 

M12=[M1_1(:,1), M1_2(:,1), M1_3(:,1), 

M1_4(:,1),M1_2(:,2)]; 

involutive = involutivity(M12, x); 

>>involutive = 1 

M13=[M1_1(:,1), M1_2(:,1), M1_3(:,1), 

M1_4(:,1),M1_3(:,2)]; 

involutive = involutivity(M13, x); 

>>involutive = 1 

M14=[M1_1(:,1), M1_2(:,1), M1_3(:,1), 

M1_4(:,1),M1_4(:,2)]; 

involutive = involutivity(M14, x); 

>>involutive = 1. 
 

ʇʦʵʪʦʤʫ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʝʨʝʤʝʥʥʳʝ ʠʣʠ ʠʥʪʝ-

ʛʨʘʪʦʨʳ ʤʦʞʥʦ ʚʚʦʜʠʪʴ ʚ ʣʶʙʦʡ ʢʘʥʘʣ ʫʧʨʘʚʣʝʥʠʷ. 

ʆʜʥʘʢʦ ʚʚʝʜʝʥʠʝ ʦʜʥʦʛʦ, ʜʚʫʭ ʠʣʠ ʪʨʝʭ ʠʥʪʝʛʨʘʪʦʨʦʚ ʚ 

ʣʶʙʳʝ ʢʘʥʘʣʳ ʥʝ ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʧʦʣʫʯʝ-

ʥʠʷ ʠʥʚʦʣʶʪʠʚʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 1
M  ʜʣʷ ʨʘʩʰʠʨʝʥ-

ʥʦʡ ʩʠʩʪʝʤʳ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ 1
M  ʩʪʘʥʦʚʠʪʩʷ ʠʥʚʦʣʶ-

ʪʠʚʥʳʤ ʪʦʣʴʢʦ ʧʨʠ ʚʚʝʜʝʥʠʠ ʦʜʥʦʛʦ ʠʥʪʝʛʨʘʪʦʨʘ ʚ 

ʢʘʞʜʳʡ ʢʘʥʘʣ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ. 

ɼʣʷ ʨʘʩʰʠʨʝʥʥʦʡ ʤʦʜʝʣʠ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ 

ʚʚʝʜʝʤ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ: 
 

;3 ,1,  ixy ii
 ;1

14 Uy  ;4
1

dt

dy
U  

;45 xy  ;56 xy  67 xy ; 
1

28 Uy ; ;8
2

dt

dy
U   

;79 xy  ;810 xy  ;2

111 Uy  ;11
3

dt

dy
U   

;912 xy  ;1013 xy  ;2

214 Uy  .14
4

dt

dy
U  

 

ɺ ʵʪʠʭ ʦʙʦʟʥʘʯʝʥʠʷʭ ʨʘʩʰʠʨʝʥʥʘʷ ʤʦʜʝʣʴ ʦʙʲʝʢʪʘ 

ʟʘʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
 

;2121
1 ya

dt

dy
 

;222222020013910,7,2

121028975246632352
2

yayaayya

yyayyayya
dt

dy

 

;45343333
3 yyaya

dt

dy
 

;0    ; 41
4 U

dt

dy
 

;624255443435
5 yyayaya

dt

dy
 

;525247566556
6 yyayaya

dt

dy
 

;87666657
7 yyaya

dt

dy
 

;87666657
7 yyaya

dt

dy
 

;0    ; 82
8 U

dt

dy
 

;12272910789779
9 yyayaya

dt

dy
 

;11108898710
10 yyaya

dt

dy
 

;0    ; 113
11 U

dt

dy
 

;929271310,9129912
12 yyayaya

dt

dy
 

;141310,10129,1013
13 yyaya

dt

dy
 

.0    ; 144
14 U

dt

dy
 

 

ʉ ʵʪʦʡ ʤʦʜʝʣʴʶ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ ʚ ʦʙʦʟʥʘʯʝ-

ʥʠʷʭ ʧʘʢʝʪʘ MatLab ʩʚʷʟʘʥʳ ʩʣʝʜʫʶʱʠʝ ʚʝʢʪʦʨʥʳʝ 

ʧʦʣʷ: 
 

Y_new = [ű1; ű2; ű3; ű4; ű5; ű6; ű7; ű8; ű9; ű10; ű11; 

ű12; ű13; ű14]; 

Y1_new = [0; 0; 0; sym('1'); 0; 0; 0; 0; 0; 0; 0; 0; 0; 0]; 

Y2_new = [0; 0; 0; 0; 0; 0; 0; sym('1'); 0; 0; 0; 0; 0; 0]; 

Y3_new = [0; 0; 0; 0; 0; 0; 0; 0; 0; 0; sym('1'); 0; 0; 0]; 

Y4_new = [0; 0; 0; 0; 0; 0; 0; 0; 0; 0; 0; 0; 0; sym('1')];  

y_new = [sym('y1') 'y2' 'y3' 'y4' 'y5' 'y6' 'y7' 'y8' 'y9' 'y10' 

'y11' 'y12' 'y13' 'y14'], 
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ʛʜʝ 
 

ű1 = sym('a12 * y2'); 

ű2 = sym('a235 * y3 * y6 - a246 * y5 * y7 + a289 * y10 * 

y12 - a2710 *y9*y13 - a200 - a220 * y2 - a222 * y2^2'); 

ű3 = sym('a33 * y3 + a34 * y5 + y4'); 

ű4 = sym('0'); 

ű5 = sym('a43 * y3 + a44 * y5 + a425 * y2 * y6'); 

ű6 = sym('a55 * y6 + a56 * y7 + a524 * y2 * y5'); 

ű7 = sym('a65 * y6 + a66 * y7 + y8'); 

ű8 = sym('0'); 

ű9 = sym('a77 * y9 + a78 * y10 + a729 * y2 * y12'); 

ű10 = sym('a87 * y9 + a88 * y10 + y11'); 

ű11 = sym('0'); 

ű12 = sym('a99 * y12 + a910 * y13 + a927 * y2 * y9'); 

ű13 = sym('a109 * y12 + a1010 * y13+ y14'); 

ű14 = sym('0'). 
 

ʇʦʩʢʦʣʴʢʫ ʚʝʢʪʦʨʘ *

1
Y1_new Y , *

2
Y2_new Y , 

*

3
Y3_new Y , *

4
Y4_new Y  ʧʦʩʪʦʷʥʥʳ, ʪʦ ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʝ },,,{span *

4

*

3

*

2

*

1

*0 YYYYM  ʠʥʚʦʣʶʪʠʚʥʦ. 
 

M0_new=[Y1_new,Y2_new, Y3_new,Y4_new]; 

involutive = involutivity(M0_new, y_new); 

>>involutive = 1. 
 

ʊʘʢ ʢʘʢ ʧʨʦʠʟʚʦʜʥʳʝ ʃʠ ʚʜʦʣʴ ʚʝʢʪʦʨʥʦʛʦ ʧʦʣʷ Y 

ʚʝʢʪʦʨʥʳʭ ʧʦʣʝʡ *
Y

k
 ( 4 ,1k ) ʷʚʣʷʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤʠ 

ʚʝʢʪʦʨʘʤʠ: 
 

;0 ,0 ,0 ,0 ,0 ,0 ,0 ,0,0 ,0 ,0 ,10, ,0

],[

T

*

1

*

1*

1

*

1 Y
y

Y
Y

y

Y
YYYLY

 

;0 ,0 ,0 ,0 ,0 ,0 ,0 ,1,0 ,0 ,0 ,00, ,0

],[

T

*

2

*

2

*

2 Y
y

Y
YYYLY

 

;0 ,0 ,0 ,0 ,1 ,0 ,0 ,0,0 ,0 ,0 ,00, ,0

],[

T

*

3

*

3

*

3 Y
y

Y
YYYLY

 

,0 ,1 ,0 ,0 ,0 ,0 ,0 ,0,0 ,0 ,0 ,00, ,0

],[

T

4

*

4

*

4

*

Y Y
y

Y
YYYL

 

 

ʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ *1
M  ʜʣʷ ʨʘʩʰʠʨʝʥʥʦʡ ʩʠʩʪʝʤʳ ʷʚ-

ʣʷʝʪʩʷ ʠʥʚʦʣʶʪʠʚʥʳʤ. 
 

ʇʨʦʚʝʨʢʘ ʠʥʚʦʣʶʪʠʚʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ *2
M

,,,,span{ *

4

*

3

*

2

*

1
YYYY ,, *

2

*

1
YLYL

YY
,, *

4

*

3
YLYL

YY
,*

2

2
YL

Y
 

,*

1

2
YL

Y }, *

4

2*

3

2
YLYL

YY
, ʛʜʝ 

k
YL

Y

2  ( 4 ,1k ) ï ʧʨʦʠʟʚʦʜʥʳʝ 

ʃʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʥʦ ʥʝ ʷʚʣʷʝʪʩʷ 

ʠʥʚʦʣʶʪʠʚʥʳʤ. 
 

M2_new = [M1_1_new(:,1), M1_2_new(:,1), 

M1_3_new(:,1), M1_4_new(:,1), M1_1_new(:,2), 

M1_2_new(:,2),M1_3_new(:,2), M1_4_new(:,2), 

M1_1_new(:,3), M1_2_new(:,3),M1_3_new(:,3), 

M1_4_new(:,3)]; 

involutive = involutivity(M2_new, y_new);  

>>involutive = 0 
 

ʆʜʥʘʢʦ ʠʥʚʦʣʶʪʠʚʥʳʤʠ ʷʚʣʷʶʪʩʷ ʧʦʜʨʘʩʧʨʝʜʝ-

ʣʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ *2
M : 
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M21_new = [M1_1_new(:,1), M1_2_new(:,1), 

M1_3_new(:,1), M1_4_new(:,1), 

M1_1_new(:,2),M1_2_new(:,2), M1_3_new(:,2), 

M1_4_new(:,2), M1_1_new(:,3)]; 

involutive = involutivity(M21_new, y_new); 

>>involutive = 1 

M22_new = [M1_1_new(:,1), M1_2_new(:,1), 

M1_3_new(:,1), M1_4_new(:,1), 

M1_1_new(:,2),M1_2_new(:,2), M1_3_new(:,2), 

M1_4_new(:,2), M1_2_new(:,3)]; 

involutive = involutivity(M22_new, y_new); 

>>involutive = 1 

M23_new = [M1_1_new(:,1), M1_2_new(:,1), 

M1_3_new(:,1), M1_4_new(:,1), 

M1_1_new(:,2),M1_2_new(:,2), M1_3_new(:,2), 

M1_4_new(:,2), M1_3_new(:,3)]; 

involutive = involutivity(M23_new, y_new); 

>>involutive = 1 

M24_new = [M1_1_new(:,1), M1_2_new(:,1), 

M1_3_new(:,1), M1_4_new(:,1), 

M1_1_new(:,2),M1_2_new(:,2), M1_3_new(:,2), 

M1_4_new(:,2), M1_4_new(:,3)]; 

involutive = involutivity(M24_new, y_new); 

>>involutive = 1 
 

ʕʪʦʛʦ ʦʢʘʟʳʚʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʣʠʥʝʘʨʠʟʘʮʠʠ ʠ ʧʦʣʫʯʝʥʠʷ ʩʠʩʪʝʤʳ ʣʠ-

ʥʝʡʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚ ʬʦʨʤʝ ɹʨʫ-

ʥʦʚʩʢʦʛʦ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʪʝʦʨʝʤʳ ʦ ʣʠʥʝʡʥʳʭ ʵʢʚʠʚʘ-

ʣʝʥʪʘʭ ʜʣʷ ʥʝʣʠʥʝʡʥʳʭ ʘʬʬʠʥʥʳʭ ʩʠʩʪʝʤ ʩ m ʫʧʨʘʚ-

ʣʝʥʠʷʤʠ [11] ʧʦʣʫʯʠʤ, ʯʪʦ ʢʘʥʦʥʠʯʝʩʢʘʷ ʬʦʨʤʘ ɹʨʫ-

ʥʦʚʩʢʦʛʦ ʠʤʝʝʪ ʯʝʪʳʨʝ ʢʣʝʪʢʠ, ʘ ʠʥʜʝʢʩ ʫʧʨʘʚʣʷʝʤʦʩʪʠ 

kmax ʜʣʷ ʜʘʥʥʦʛʦ ʦʙʲʝʢʪʘ ʨʘʚʝʥ ʯʝʪʳʨʝʤ. ʄʘʪʝʤʘʪʠʯʝ-

ʩʢʘʷ ʤʦʜʝʣʴ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ ʚ ʬʦʨʤʝ ɹʨʫʥʦʚʩʢʦʛʦ 

ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ çʚʭʦʜ ï ʩʦʩʪʦʷʥʠʝè: 
 

,  ;  ;  ;

11;  8,  4, ,13 ,1  ,
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(2) 

ʛʜʝ vj ( 4 ,1j ) ï ʫʧʨʘʚʣʝʥʠʷ. 

ʇʦʩʢʦʣʴʢʫ ʤʦʜʝʣʴ ʦʙʲʝʢʪʘ ʚ ʬʦʨʤʝ ɹʨʫʥʦʚʩʢʦʛʦ 
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ʠʤʝʝʪ ʯʝʪʳʨʝ ʢʣʝʪʢʠ, ʪʦ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʯʝʪʳ-

ʨʝ ʬʫʥʢʮʠʠ )( y
j

T  ( 4 ,1j ), ʧʨʝʦʙʨʘʟʫʶʱʠʝ ʧʝʨʝʤʝʥ-

ʥʳʝ ʨʘʩʰʠʨʝʥʥʦʡ ʤʦʜʝʣʠ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ ʚ ʧʝʨʝ-

ʤʝʥʥʳʝ ʤʦʜʝʣʠ ʚ ʬʦʨʤʝ ɹʨʫʥʦʚʩʢʦʛʦ: 
 

).(   );(   );(   );( 412392511 yyyy TzTzTzTz  
 

ʄʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʵʪʠʭ ʬʫʥʢʮʠʡ ʠʟʚʝʩʪʥʘ [8, 

11]. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʥʠ ʷʚʣʷʶʪʩʷ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳ-

ʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʚʝʢʪʦʨʘ )   (
1421

y...,,y,yy . ʀʟ ʵʪʠʭ 

ʬʫʥʢʮʠʡ ʧʫʪʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘ-

ʥʠʷ ʚʜʦʣʴ ʚʝʢʪʦʨʥʦʛʦ ʧʦʣʷ *

22
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YYYY UU  

*UU
44

*

33
YY  ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʦʧʨʝʜʝ-

ʣʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 432
  ,  , zzz  (ʠʟ ʬʫʥʢʮʠʠ )(

1
yT ), 

876
  ,  , zzz  (ʠʟ ʬʫʥʢʮʠʠ )(

2
yT ), 1110

  , zz  (ʠʟ ʬʫʥʢʮʠʠ 

)(
3

yT ) ʠ 1413
  , zz  (ʠʟ ʬʫʥʢʮʠʠ )(

4
yT ). ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝ-

ʨʘ ʨʘʩʩʤʦʪʨʠʤ ʧʦʣʫʯʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʝʡ ʜʣʷ ʦʧʨʝʜʝʣʝ-

ʥʠʷ 432
  ,  , zzz  ʩ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʠ )(

1
yT . ɼʣʷ ʠʩʩʣʝ-

ʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ ʠʤʝʝʤ: 11
)( yT y , ʧʦʵʪʦ-

ʤʫ 11
 yz . 
 

T1 = [sym('y1')]; 

[Z_2_3_4, V1] = brunovsky(Y_new, [Y1_new], T1, 

y_new, 4); 

Z_2_3_4 = simple(Z_2_3_4) 
 

ɼʠʬʬʝʨʝʥʮʠʨʫʷ ʬʫʥʢʮʠʶ )(
1

yT  ʚʜʦʣʴ ʚʝʢʪʦʨʥʦʛʦ 

ʧʦʣʷ *
Y  ʠ ʫʯʠʪʳʚʘʷ, ʯʪʦ 32

  , zz  ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʝ ʥʝ 

ʟʘʚʠʩʷʪ ʦʪ ʫʧʨʘʚʣʝʥʠʡ, c ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ ʧʦʣʫ-

ʯʠʤ: 
 

>>Z_2_3_4 = 

[a12*y2; 

-a12*(a222*y2^2 + a220*y2 + a200 - a289*y10*y12 - 

a235*y3*y6 + a2710*y13*y9 + a246*y5*y7); 

a12*(a220 + 2*a222*y2)*(a222*y2^2 + a220*y2 + a200 - 

a289*y10*y12 - a235*y3*y6 + a2710*y13*y9 + 

a246*y5*y7) - a12*a246*y7*(a43*y3 + a44*y5 + 

a425*y2*y6) - a12*a2710*y13* (a78*y10 + a77*y9 + 

a729*y12*y2) + a12*a235*y3* (a55*y6 + a56*y7 + 

a524*y2*y5) + a12*a289*y10*(a910*y13 + a99*y12 + 

a927*y2*y9) - a12*a2710*y9*(y14 + a109*y12 + 

a1010*y13) + a12*a235*y6*(y4 + a33*y3 + a34*y5) + 

a12*a289*y12*(y11 + a88*y10 + a87*y9) - 

a12*a246*y5*(y8 + a65*y6 + a66*y7)]; 
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʫʥʢʮʠʠ ʧʝʨʝʭʦʜʘ ʢ ʢʘʥʦʥʠʯʝ-

ʩʢʦʡ ʬʦʨʤʝ ɹʨʫʥʦʚʩʢʦʛʦ ʤʦʛʫʪ ʙʳʪʴ ʟʘʧʠʩʘʥʳ ʩʣʝ-

ʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ, ʟʘʜʘʚʰʠʩʴ ʟʥʘʯʝʥʠʷʤʠ 

ʬʫʥʢʮʠʡ )(
2

yT
55

zy , 993
)( zyT y , )(

4
yT  

1212
zy , ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ ʧʦʣʫʯʝʥʳ ʩʦʦʪʥʦ-

ʰʝʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʪʘʣʴʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʤʦʜʝʣʠ 

ɹʨʫʥʦʚʩʢʦʛʦ: 
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ʅʘ ʨʠʩ. 1 ʠ 2 ʧʨʠʚʝʜʝʥʳ ʧʨʦʮʝʩʩʳ, ʧʦʣʫʯʝʥʥʳʝ ʩ 

ʧʦʤʦʱʴʶ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ (1) ʠ (2). ʅʘ ʨʠʩ. 1 

ʩ ʧʦʤʦʱʴʶ ʧʝʨʝʤʝʥʥʳʭ 1
x  (ʤʦʜʝʣʴ (1)) ʠ 1

z  (ʤʦʜʝʣʴ 

(2)) ʧʦʢʘʟʘʥʦ ʠʟʤʝʥʝʥʠʝ ʚʦ ʚʨʝʤʝʥʠ ʧʨʦʡʜʝʥʥʦʛʦ ʜʠ-

ʟʝʣʴ-ʧʦʝʟʜʦʤ ʨʘʩʩʪʦʷʥʠʷ ʧʨʠ ʨʘʟʛʦʥʝ ʩʦʩʪʘʚʘ ʜʦ 

60 ʢʤ/ʯ ʥʘ ʨʦʚʥʦʤ ʫʯʘʩʪʢʝ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʧʫʪʠ. 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʨʠʩʫʥʢʘ, 1
x   1

z . ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʳ 

ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʜʠʟʝʣʴ-ʧʦʝʟʜʘ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦ-

ʤʦʱʴʶ ʤʦʜʝʣʠ (1), ʧʝʨʝʤʝʥʥʘʷ 2
x , ʠ ʤʦʜʝʣʠ (2), ʧʝʨʝ-

ʤʝʥʥʘʷ 2
z . ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ, 2

x   2
z . ʊʘʢʠʤ ʦʙ-

ʨʘʟʦʤ, ʣʠʥʝʡʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚ ʬʦʨʤʝ ɹʨʫ-

ʥʦʚʩʢʦʛʦ (2) ʵʢʚʠʚʘʣʝʥʪʥʘ ʠʩʭʦʜʥʦʡ ʥʝʣʠʥʝʡʥʦʡ ʤʦʜʝ-

ʣʠ ʦʙʲʝʢʪʘ (1). 
 

ɿɸʂʃʖʏɽʅʀɽ ʀ ʆɹʉʋɾɼɽʅʀɽ 
 

ʈʘʟʨʘʙʦʪʘʥʳ ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ ʜʣʷ ʘʚʪʦʤʘ-

ʪʠʟʘʮʠʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʰʠʨʦʢʦʛʦ ʢʣʘʩʩʘ ʥʝʣʠʥʝʡʥʳʭ 

ʩʠʩʪʝʤ ʢ ʣʠʥʝʡʥʦʤʫ ʚʠʜʫ ʚ ʧʘʢʝʪʝ Matlab ʩ ʧʦʤʦʱʴʶ 

ʠʥʚʦʣʶʪʠʚʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʪʝʦʨʠʠ 

ʫʧʨʘʚʣʝʥʠʷ. ʇʦʣʫʯʝʥʘ ʣʠʥʝʡʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦ-
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ʜʝʣʴ ʜʚʠʞʝʥʠʷ ʜʠʟʝʣʴ-ʧʦʝʟʜʘ ʚ ʢʘʥʦʥʠʯʝʩʢʦʡ ʬʦʨʤʝ 

ɹʨʫʥʦʚʩʢʦʛʦ, ʢʦʪʦʨʘʷ ʫʯʠʪʳʚʘʝʪ ʧʘʨʘʣʣʝʣʴʥʫʶ ʨʘʙʦʪʫ 

ʜʚʫʭ ʪʷʛʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ. ʇʦʣʫʯʝʥʥʘʷ ʤʦʜʝʣʴ ʤʦʞʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʳʭ ʫʧʨʘʚʣʝʥʠʡ, ʘ 

ʪʘʢʞʝ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʙʫʢʩʦʚʘʥʠʷ, ʶʟʘ ʠ 

ʧʘʨʘʣʣʝʣʴʥʦʡ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʝʡ. 
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ʈʠʩ. 1. ʇʦʚʝʜʝʥʠʝ ʧʝʨʝʤʝʥʥʳʭ x1 ʠ z1 ʚʦ ʚʨʝʤʝʥʠ 
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CONVERSION OF NONLINEAR CONTROL SYSTEMS TO EQUIVALENT LINEAR ONES IN CANONICAL 

BRUNOVSKY FORM 
 

Dmitrienko V.D., Zakovorotnyj A.Ju. 

 
The authors developed a specialized program for the 

universal package of simulation MatLab that automates the 

conversion of a wide class of nonlinear control systems to the 

equivalent linear form in the canonical Brunovsky form using 

involutive distributions of geometric control theory in the space 

of "input - state". This article provides an example of an 

application program to obtain the equivalent linear mathematical 

model of the motion of diesel trains, which consists of ten 

ordinary nonlinear differential equations with four control circuits 

and describes the drive with two parallel running traction 

asynchronous motors. Thus the synthesized linear model in 

Brunovsky form has four cells and controllability index equal to 

four. The resulting linear motion model of a diesel train can be 

used to find the optimal controls and to study the slipping and 

skidding processes. 

Keywords: Brunovsky form, geometric control theory, 

mathematical model of diesel train movement. 
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ʀɼɽʅʊʀʌʀʂɸʎʀʗ ʇɸʈɸʄɽʊʈʆɺ ɸʉʀʅʍʈʆʅʅʆɻʆ ʇʈʀɺʆɼɸ  

ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ɻɽʅɽʊʀʏɽʉʂʆɻʆ ɸʃɻʆʈʀʊʄɸ 
 

ʂʘʯʝʩʪʚʝʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʩʠʩʪʝʤʦʡ ʘʩʠʥʭʨʦʥʥʦʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʟʥʘʥʠʝ ʪʦʯʥʦʛʦ ʟʥʘʯʝʥʠʷ ʝʛʦ ʧʘʨʘʤʝʪʨʦʚ. 

ʆʜʥʘʢʦ ʯʘʩʪʴ ʧʘʨʘʤʝʪʨʦʚ (ʵʪʦ ʦʪʥʦʩʠʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʢ ʨʦʪʦʨʥʦʡ ʦʩʠ) ʥʘʧʨʷʤʫʶ ʧʦʣʫʯʠʪʴ ʥʝʣʴʟʷ. ɺ ʩʪʘʪʴʝ ʦʧʠʩʘʥ ʤʘʪʝʤʘʪʠʯʝ-

ʩʢʠʡ ʘʣʛʦʨʠʪʤ, ʩ ʧʦʤʦʰʴʶ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʚʳʧʦʣʥʷʪʴ ʦʮʝʥʢʫ ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʪʷʛʦʚʦʛʦ ʘʩʠʥʭʨʦʥʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝ-

ʣʷ ʧʫʪʝʤ ʠʟʤʝʨʝʥʠʷ ʟʥʘʯʝʥʠʡ ʪʦʢʦʚ ʠ ʥʘʧʨʷʞʝʥʠʡ ʩʪʘʪʦʨʥʦʡ ʦʙʤʦʪʢʠ ʜʚʠʛʘʪʝʣʷ, ʘ ʪʘʢʞʝ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ. ɺ ʦʩʥʦʚʘʥʫ 

ʘʣʛʦʨʠʪʤʘ ʧʦʣʦʞʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʪʷʛʦʚʦʛʦ ʘʩʠʥʭʨʦʥʥʦʛʦ ʧʨʠʚʦʜʘ ʩ ʫʯʝʪʦʤ ʦʛʨʘʥʠʯʝʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʚ ʥʝʧʦʜ-

ʚʠʞʥʳʭ ʦʩʷʭ (Ŭ, ɓ, 0). ʇʨʠʚʝʜʝʥʦ ʧʦʣʫʯʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʪʷʛʦʚʦʛʦ ʧʨʠʚʦʜʘ, ʚ ʢʦʪʦʨʦʡ ʠʩʢʣʶʯʝʥʳ ʥʝʧʦʜʜʘʶʱʠʝʩʷ 

ʧʨʷʤʦʤʫ ʠʟʤʝʨʝʥʠʶ ʚʝʣʠʯʠʥʳ. ʆʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʨʝʘʣʠʟʦʚʘʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʥʘʠ-

ʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ. ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʦʩʪʘʚʰʠʭʩʷ ʧʘʨʘʤʝʪʨʦʚ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʛʝʥʝʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʥʘʙʣʶʜʘʪʝʣʷ ʩ ʮʝʣʴʶ ʢʦʨʨʝʢʮʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʟʘʢʦʥʦʚ ʫʧʨʘʚʣʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʫʧʨʘʚ-

ʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ ʪʷʛʦʚʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʷʛʦʚʳʡ ʘʩʠʥʭʨʦʥʥʳʡ ʧʨʠʚʦʜ, ʤʝʪʦʜ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ, ʛʝʥʝʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ.  

ɺɺɽɼɽʅʀɽ 
 

ɺ ʧʨʠʚʦʜʝ ʜʠʟʝʣʴ-ʧʦʝʟʜʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʷʛʦʚʳʝ 

ʘʩʠʥʭʨʦʥʥʳʝ ʜʚʠʛʘʪʝʣʠ ʩ ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʳʤ ʨʦʪʦʨʦʤ, 

ʦʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠ ʬʘʟʦʚʳʭ ʢʦʦʨʜʠʥʘʪ ʢʦʪʦʨʳʭ ʥʘʧʨʷ-

ʤʫʶ ʥʝʚʦʟʤʦʞʥʦ [1]. ʇʦʵʪʦʤʫ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʩʪʘʪʠʯʝ-

ʩʢʦʡ ʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʚ ʩʠʩ-

ʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʘʪʴ ʟʘʜʘʯʫ ʠʜʝʥʪʠʬʠ-

ʢʘʮʠʠ ʬʘʟʦʚʳʭ ʢʦʦʨʜʠʥʘʪ (ʵʪʦ ʦʪʥʦʩʠʪʩʷ ʚ ʙʦʣʴʰʝʡ 

ʩʪʝʧʝʥʠ ʢ ʨʦʪʦʨʥʳʤ ʧʝʨʝʤʝʥʥʳʤ). ɼʘʥʥʘʷ ʟʘʜʘʯʘ ʨʝ-

ʰʘʝʪʩʷ ʟʘ ʩʯʝʪ ʧʦʩʪʨʦʝʥʠʷ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʥʘʙʣʶʜʘ-

ʪʝʣʝʡ, ʢʦʪʦʨʳʝ ʨʝʘʣʠʟʫʶʪʩʷ ʥʘ ʙʘʟʝ ʠʟʚʝʩʪʥʳʭ ʤʘʪʝʤʘ-

ʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. ʆʜʥʘʢʦ ʧʘʨʘʤʝʪʨʳ ʧʨʠʚʦʜʘ, ʚ ʯʘʩʪ-

ʥʦʩʪʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʦʙʤʦʪʦʢ ʩʪʘʪʦ-

ʨʘ ʠ ʨʦʪʦʨʘ, ʤʦʛʫʪ ʠʟʤʝʥʷʪʴʩʷ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘ-

ʮʠʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʰʠʙʢʘʤ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʬʘʟʦʚʳʭ 

ʢʦʦʨʜʠʥʘʪ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ ʠʜʝʥʪʠʬʠ-

ʢʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠʚʦʜʘ. ʇʨʠ ʵʪʦʤ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘ-

ʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʨʷʜ ʤʝʪʦʜʦʚ, ʙʦʣʴʰʠʥʩʪ-

ʚʦ ʠʟ ʢʦʪʦʨʳʭ ʦʩʥʦʚʘʥʦ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʠʣʴʪʨʦʚ 

ʂʘʣʤʘʥʘ [2,3] ʠ ʤʝʪʦʜʘ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ [4 ï 8]. 

ʊʘʢ, ʚ ʨʘʙʦʪʝ [4] ʧʦ ʤʝʪʦʜʫ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʤʦ-

ʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʯʘʩʪʴ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠʚʦʜʘ. ɼʣʷ ʵʪʦ-

ʛʦ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʠʟʤʝʨʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʪʦʢʘ ʠ ʥʘ-

ʧʨʷʞʝʥʠʷ ʩʪʘʪʦʨʘ, ʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ 

ʧʦʨʷʜʢʦʚ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʦʣʫʯʝʥʠʝ ʦʩʪʘʣʴʥʳʭ ʧʘʨʘ-

ʤʝʪʨʦʚ (ʚ ʯʘʩʪʥʦʩʪʠ, ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ 

ʨʦʪʦʨʥʦʡ ʦʙʤʦʪʢʠ ʠ ʚʟʘʠʤʥʦʡ ʠʥʜʫʢʪʠʚʥʦʩʪʠ) ʟʘʪʨʫʜ-

ʥʝʥʦ ʨʝʰʝʥʠʝʤ ʩʠʩʪʝʤʳ ʠʟ ʜʚʫʭ ʥʝʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝ-

ʥʠʡ ʩ ʪʨʝʤʷ ʥʝʠʟʚʝʩʪʥʳʤʠ. ʆʜʥʘʢʦ ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ 

ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦ ʦʪʥʦʰʝʥʠʶ 

ʢ ʥʦʤʠʥʘʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ ʠʟʚʝʩʪʝʥ, ʪʦ ʚ ʨʘʙʦʪʝ ʧʨʝʜ-

ʣʘʛʘʝʪʩʷ ʚʳʧʦʣʥʷʪʴ ʧʦʠʩʢ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʦʩʥʦʚʝ 

ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ. ɺ ʨʘʙʦʪʝ [9] ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʦʠʩʢ ʚʩʝʭ ʧʘʨʘʤʝʪʨʦʚ ʛʝʥʝʪʠʯʝʩʢʠʤ 

ʘʣʛʦʨʠʪʤʦʤ, ʦʜʥʘʢʦ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʴʰʠʤ ʚʨʝʤʝʥ-

ʥʳʤ ʟʘʪʨʘʪʘʤ.  

ʎʝʣʴʶ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʧʘʨʘʤʝʪ-

ʨʦʚ ʪʷʛʦʚʦʛʦ ʘʩʠʥʭʨʦʥʥʦʛʦ ʧʨʠʚʦʜʘ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ 

ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ. 
 

ʊɽʆʈɽʊʀʏɽʉʂʀɽ, ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʓɽ,  

ʊɽʍʅʀʏɽʉʂʀɽ ʀ ʊɽʍʅʆʃʆɻʀʏɽʉʂʀɽ ʄɽʊʆɼʀʂʀ 
 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʪʷʛʦʚʦʛʦ ʘʩʠʥʭʨʦʥʥʦʛʦ 

ʧʨʠʚʦʜʘ ʧʨʠ ʦʙʱʝʠʟʚʝʩʪʥʳʭ ʜʦʧʫʱʝʥʠʷʭ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʥʝʧʦʜʚʠʞʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ (Ŭ, ɓ, 

0) ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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ʛʜʝ s
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s
i  ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʦʝʢʮʠʠ ʪʦʢʘ ʩʪʘʪʦʨʘ ʥʘ 

ʦʩʠ Ŭ ʠ ɓ; t ï ʚʨʝʤʷ; )(/11 2

rsmrs
LLLkk  ï ʧʦʣ-

ʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʩʝʠʚʘʥʠʷ; 
rsm

LLL ,,  ï ʩʦʦʪʚʝʪʩʪ-

ʚʝʥʥʦ ʚʟʘʠʤʥʘʷ ʠʥʜʫʢʪʠʚʥʦʩʪʴ, ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʩʪʘʪʦʨʘ 

ʠ ʨʦʪʦʨʘ; s
U , 

s
U  ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʦʝʢʮʠʠ ʥʘʧʨʷ-

ʞʝʥʠʷ ʩʪʘʪʦʨʘ ʥʘ ʦʩʠ Ŭ ʠ ɓ; 22

rsmrss
LLLRLR ; 

rs
RR ,  ï ʘʢʪʠʚʥʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʪʘʪʦʨʘ ʠ ʨʦʪʦʨʘ; 

rsm
LLL ; rrr

RLT  ï ʧʦʩʪʦʷʥʥʘʷ ʚʨʝʤʝʥʠ ʨʦʪʦ-

ʨʘ; p ï ʯʠʩʣʦ ʧʘʨ ʧʦʣʶʩʦʚ; 
rr

,  ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʧʨʦʝʢʮʠʠ ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʡ ʨʦʪʦʨʘ ʥʘ ʦʩʠ Ŭ ʠ ɓ; ɤ ï 

ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ; J ï ʧʨʠʚʝʜʝʥʥʳʡ ʤʦʤʝʥʪ 

ʠʥʝʨʮʠʠ ʩʦʩʪʘʚʘ; ʄ ï ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ; 
2

210c bbbM  ï ʤʦʤʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠ-

ʞʝʥʠʶ; ʛʜʝ b0, b1, b2 ï ʢʦʵʬʬʠʮʠʝʥʪʳ, ʢʦʪʦʨʳʝ ʟʘʚʠʩʷʪ 

ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʜʠʟʝʣʴ-ʧʦʝʟʜʘ ʠ ʫʩʣʦʚʠʡ ʜʚʠʞʝʥʠʷ.  
 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ-

ʚʦʜʘ (s
R , s

L , r
R , r

L , m
L ) ʧʦ ʤʝʪʦʜʫ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜ-

ʨʘʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʤʦʜʝʣʠ 

(1)-(6) ʢ ʚʠʜʫ, ʚ ʢʦʪʦʨʦʤ ʠʩʢʣʶʯʝʥʳ ʥʝʧʦʜʜʘʶʱʠʝʩʷ 

ʠʟʤʝʨʝʥʠʶ ʚʝʣʠʯʠʥʳ ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʷ ʨʦʪʦʨʘ. ɼʣʷ 

ʵʪʦʛʦ, ʦʙʲʝʜʠʥʠʚ ʧʦʧʘʨʥʦ ʫʨʘʚʥʝʥʠʷ (1) ʩ (3) ʠ (2) ʩ 

(4), ʧʦʣʫʯʠʤ: 
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ɼʘʣʝʝ, ʧʨʦʜʠʬʬʝʨʝʥʮʠʨʦʚʘʚ ʦʙʝ ʯʘʩʪʠ ʚʳʨʘʞʝʥʠʷ 

(1) ʠ (2), ʧʦʣʫʯʠʤ: 
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ʇʦʜʩʪʘʚʠʚ ʚʳʨʘʞʝʥʠʷ (7) ʚ (9), ʘ (8) ʚ (10) ʠ ʚʳ-

ʧʦʣʥʠʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʩ ʫʯʝʪʦʤ 

ʪʦʛʦ, ʯʪʦ 0dtd , ʠʤʝʝʤ 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʫʷ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʠ 

ʪʦʢʘ (ʚ ʦʩʷʭ Ŭ, ɓ) ʚ ʩʪʘʪʦʨʥʦʡ ʦʙʤʦʪʢʝ ʜʚʠʛʘʪʝʣʷ ʠʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ, ʘ ʪʘʢʞʝ ʯʘʩ-

ʪʦʪʳ ʚʨʘʱʝʥʠʷ ɤ, ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʥʘʠʤʝʥʴʰʠʭ 

ʢʚʘʜʨʘʪʦʚ ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ  

51
KK , ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʧʦʣʫʯʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʧʘ-

ʨʘʤʝʪʨʳ ʧʨʠʚʦʜʘ. ʕʪʠ ʧʘʨʘʤʝʪʨʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʣʝ-

ʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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ʆʜʥʘʢʦ ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʠʪʴ r
R , r

L , m
L  ʯʝʨʝʟ 

ʢʦʵʬʬʠʮʠʝʥʪʳ K ʥʝʣʴʟʷ. ʆʧʨʝʜʝʣʝʥʠʝ ʜʘʥʥʳʭ ʧʘʨʘ-

ʤʝʪʨʦʚ ʩ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʜʠʘʧʘʟʦʥ ʠʭ ʚʦʟʤʦʞʥʦʛʦ 

ʠʟʤʝʥʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʘʩʧʦʨʪʥʦʛʦ ʟʥʘʯʝʥʠʷ ʠʟʚʝʩ-

ʪʝʥ, ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʩ ʧʦʤʦʱʴʶ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦ-

ʨʠʪʤʘ. ʇʨʠ ʵʪʦʤ ʚ ʢʘʯʝʩʪʚʝ ʭʨʦʤʦʩʦʤʳ ʚʳʩʪʫʧʘʣʠ ʠʩ-

ʢʦʤʳʝ ʧʘʨʘʤʝʪʨʳ (r
R , r

L , m
L ), ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ 

ʢʦʜʠʨʦʚʘʣʩʷ 16 ʙʠʪʘʤʠ, ʢʘʢ ʚʝʱʝʩʪʚʝʥʥʦʝ ʯʠʩʣʦ ʠʟ 

ʠʥʪʝʨʚʘʣʘ [0,5Pʧ ï 2Pʧ], ʛʜʝ Pʧ ï ʧʘʩʧʦʨʪʥʦʝ ʟʥʘʯʝʥʠʝ 

ʧʘʨʘʤʝʪʨʘ. ʈʝʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʘʨʘ-

ʤʝʪʨʦʚ ʧʦʣʫʯʘʝʪʩʷ ʧʦ ʚʳʨʘʞʝʥʠʶ 
 

12

)(
16

*

12
1

Aaa
aA , (13) 

ʛʜʝ ɸ ï ʚʝʱʝʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʦʜʥʦʛʦ ʠʟ ʧʘʨʘʤʝʪʨʦʚ  

( r
R , r

L , m
L ); 21

, aa  ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʠʞʥʠʡ ʠ ʚʝʨʭ-

ʥʠʡ ʧʨʝʜʝʣ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ; ɸ
*
 ï ʮʝʣʦʝ ʟʥʘʯʝʥʠʝ 

ʧʘʨʘʤʝʪʨʘ ɸ. 
 

ʀʩʭʦʜʥʘʷ ʧʦʧʫʣʷʮʠʷ ʩʦʩʪʦʷʣʘ ʠʟ 150 ʭʨʦʤʦʩʦʤ ʠ 

ʛʝʥʝʨʠʨʦʚʘʣʘʩʴ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ. ʂʨʠʪʝʨʠʝʤ ʢʘʯʝ-

ʩʪʚʘ (ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʴʶ ʭʨʦʤʦʩʦʤʳ) ʧʨʠ ʧʦʠʩʢʝ 

ʚʳʩʪʫʧʘʣ ʤʦʜʫʣʴ ʨʘʟʥʦʩʪʠ ʤʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ r
T  ʠ , 

ʧʦʣʫʯʝʥʥʳʤʠ ʯʝʨʝʟ ʢʦʵʬʬʠʮʠʝʥʪʳ K, ʠ ʵʪʠʤʠ ʞʝ ʟʥʘ-

ʯʝʥʠʷʤʠ, ʥʘʡʜʝʥʥʳʤʠ ʯʝʨʝʟ ʧʘʨʘʤʝʪʨʳ r
R , r

L , m
L . 

ʉʣʦʚʝʩʥʦ ʘʣʛʦʨʠʪʤ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʤ 
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ʦʙʨʘʟʦʤ: ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʛʝʥʝʨʠ-

ʨʫʝʪʩʷ ʠʩʭʦʜʥʘʷ ʧʦʧʫʣʷʮʠʷ ʙʠʥʘʨʥʳʭ ʭʨʦʤʦʩʦʤ. ɿʘʪʝʤ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʥʜʝʢʩ ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʠ ʢʘʞʜʦʡ ʭʨʦ-

ʤʦʩʦʤʳ ʠ ʧʦ ʝʛʦ ʟʥʘʯʝʥʠʷʤ ʚʳʧʦʣʥʷʝʪʩʷ ʫʧʦʨʷʜʦʯʠʚʘ-

ʥʠʝ ʧʦʧʫʣʷʮʠʠ. ɺʳʯʠʩʣʷʝʪʩʷ ʩʨʝʜʥʷʷ ʧʦ ʧʦʧʫʣʷʮʠʠ 

ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʴ (S
J ). ʆʧʠʨʘʷʩʴ ʥʘ ʥʝʝ, ʦʧʨʝʜʝʣʷʝʪ-

ʩʷ ʚʝʨʦʷʪʥʦʩʪʴ (ʧʦ ʚʳʨʘʞʝʥʠʶ (14)), ʩ ʢʦʪʦʨʦʡ ʢʘʞʜʘʷ 

ʦʩʦʙʴ, ʦʙʣʘʜʘʶʱʘʷ ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʴʶ ʤʝʥʴʰʝ ʩʨʝʜ-

ʥʝʡ, ʤʦʞʝʪ ʩʪʘʪʴ ʨʦʜʠʪʝʣʝʤ. 
 

JS
p

1
, (14) 

ʛʜʝ J  ï ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʴ ʭʨʦʤʦʩʦʤʳ; 
i

i
JS 1 , 

Si
JJ . 

 

ʇʨʠ ʵʪʦʤ ʜʣʷ ʢʘʞʜʦʛʦ ʨʦʜʠʪʝʣʷ ʚ ʧʨʦʮʝʩʩʝ ʛʝʥʝ-

ʨʘʮʠʠ ʭʨʦʤʦʩʦʤʳ ʧʦʪʦʤʢʘ ʠʤʝʝʪʩʷ ʜʚʝ ʚʦʟʤʦʞʥʦʩʪʠ: 

ʣʠʙʦ ʧʨʦʩʪʦ ʙʳʪʴ ʩʢʦʧʠʨʦʚʘʥʥʳʤ ʚ ʩʣʝʜʫʶʱʝʝ ʧʦʢʦ-

ʣʝʥʠʝ, ʣʠʙʦ ʧʦʜʚʝʨʛʥʫʪʴʩʷ ʚʦʟʜʝʡʩʪʚʠʶ ʛʝʥʝʪʠʯʝʩʢʠʭ 

ʦʧʝʨʘʪʦʨʦʚ (ʢʨʦʩʩʦʚʝʨʘ, ʤʫʪʘʮʠʠ ʠʣʠ ʠʥʚʝʨʩʠʠ). ʂʘʞ-

ʜʳʡ ʛʝʥʝʪʠʯʝʩʢʠʡ ʦʧʝʨʘʪʦʨ ʚʳʧʦʣʥʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʙʠʪʘ ʭʨʦʤʦʩʦʤʳ, ʢʦʪʦʨʳʡ ʚʳʙʠʨʘʝʪʩʷ 

ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ. ʂʨʦʤʝ ʪʦʛʦ, ʥʝʩʢʦʣʴʢʦ ʩʘʤʳʭ 

ʣʫʯʰʠʭ ʭʨʦʤʦʩʦʤ ʠʟ ʧʨʝʜʳʜʫʱʝʡ ʧʦʧʫʣʷʮʠʠ ʚʩʝʛʜʘ 

ʩʦʭʨʘʥʷʶʪʩʷ ʚ ʥʦʚʦʡ ʧʦʧʫʣʷʮʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʝʥʝ-

ʨʠʨʫʝʪʩʷ ʟʘʜʘʥʥʦʝ ʯʠʩʣʦ ʧʦʪʦʤʢʦʚ. ʇʦʩʢʦʣʴʢʫ ʧʦʪʦʤ-

ʢʠ ʧʦʣʫʯʝʥʳ ʦʪ ʣʫʯʰʠʭ ʨʦʜʠʪʝʣʝʡ, ʪʦ ʠʭ ʧʨʠʩʧʦʩʦʙ-

ʣʝʥʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʙʦʣʝʝ ʚʳʩʦʢʦʡ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʰʠʙʢʘ ʦʧʨʝ-

ʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʜʚʠʛʘʪʝʣʷ ʩʦʩʪʘʚʠʣʘ ʥʝ ʙʦʣʝʝ 14%, 

ʯʪʦ ʩʦʧʦʩʪʘʚʠʤʦ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʨʘʙʦ-

ʪʝ [8], ʛʜʝ ʦʰʠʙʢʘ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʩʦʩʪʘʚʣʷʝʪ 15ï

20%. ʋʤʝʥʴʰʠʪʴ ʚʝʣʠʯʠʥʫ ʦʰʠʙʢʠ ʚʦʟʤʦʞʥʦ ʟʘ ʩʯʝʪ 

ʫʚʝʣʠʯʝʥʠʷ ʚʨʝʤʝʥʠ ʧʦʠʩʢʘ ʚ ʛʝʥʝʪʠʯʝʩʢʦʤ ʘʣʛʦʨʠʪʤʝ. 
 

ɿɸʂʃʖʏɽʅʀɽ ʀ ʆɹʉʋɾɼɽʅʀɽ 
 

ʉ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʠ ʛʝ-

ʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ ʚʳʧʦʣʥʝʥʘ ʧʘʨʘʤʝʪʨʠʯʝʩʢʘʷ 

ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʪʷʛʦʚʦʛʦ ʘʩʠʥʭʨʦʥʥʦʛʦ ʧʨʠʚʦʜʘ ʜʠ-

ʟʝʣʴ-ʧʦʝʟʜʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩ ʝʝ ʧʦʤʦʱʴʶ ʧʦʩʪʨʦʠʪʴ 

ʥʘʙʣʶʜʘʪʝʣʴ ʜʣʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ. 
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IINNFFOORRMMAATTIIOONN  IINN  EENNGGLLIISSHH  
 

IDENTIFICATION PARAMETERS OF TRACTION INDUCTION MOTOR OF DIESEL TRAIN USING GENETIC 

ALGORITHMS 
 

Mezentsev N.V., Gejko G.V. 

 
Quality management system of asynchronous electric drive 

assumes knowledge of exact values of its parameters. However, 

some of the parameters (this applies mainly to the rotor axis) can 

not be directly obtained. This paper describes a mathematical 

algorithm based on which one can estimate the physical 

parameters of the traction induction motor by measuring the 

currents and voltages of the stator windings and the rotor speed. 

At the base of the algorithm is the mathematical model of an 

asynchronous traction drive with the limitations provided in the 

fixed reference frame (Ŭ, ɓ, 0). An example of a mathematical 

model of the traction drive was given where the values, which 

could not be obtained directly, were excluded. Some parameters 

were determined using the method of least squares. To find the 

remaining parameters it was proposed to use a genetic algorithm. 

This approach can be used to construct an observer for the 

correction of the existing controls in the movement control 

system of traction rolling stock. 

Keywords: asynchronous traction drive, the method of least 

squares, genetic algorithm. 
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ʉ ʇʆʄʆʑʔʖ ʄʀʂʈʆʂʆʅʊʈʆʃʃɽʈɸ ʊʀʈʀʉʊʆʈʅʆɻʆ ʇʈɽʆɹʈɸɿʆɺɸʊɽʃʗ ʇʆʉʊʆʗʅʅʆɻʆ ʊʆʂɸ 
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ɸʧʨʦʙʠʨʦʚʘʥ ʚʚʦʜ ʥʝʣʠʥʝʡʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʛʫʣʷʪʦʨʦʚ ʠ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʚʦ ʚʥʫʪʨʝʥʥʝʤ ʢʦʥʪʫʨʝ ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʠʭ 

ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʥʝʣʠʥʝʡʥʦʡ ʙʘʟʦʚʦʡ ʤʦʜʝʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʢʨʦʢʦʥʪʨʦʣʝʨʘ ʪʠʨʠʩʪʦʨʥʦʛʦ ʧʨʝ-

ʦʙʨʘʟʦʚʘʪʝʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ Simoreg 6RA70 ʬʠʨʤʳ Siemens. ʅʘ ʧʨʠʤʝʨʝ ʧʦʣʫʯʝʥʥʳʭ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʦʢʘʟʘʥʘ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ. ʆʙʨʘʱʝʥʦ ʚʥʠʤʘʥʠʝ ʥʘ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʘʯʝʩʪʚʫ ʧʝʨʝʜʘʚʘʝʤʦʛʦ 

ʩʠʛʥʘʣʘ ʜʘʪʯʠʢʘ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ (ʪʘʭʦʛʝʥʝʨʘʪʦʨʘ). 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ, ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ, ʧʝʨʝʧʨʦʛʨʘʤʤʠʨʫʝʤʳʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʙʣʦʢʠ, ʥʝʣʠʥʝʡʥʘʷ ʙʘʟʦʚʘʷ ʤʦʜʝʣʴ, ʫʧʨʫʛʦʩʪʴ. 

ɺɺɽɼɽʅʀɽ 
 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʘ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʭ ʧʦ 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʶ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʨʘʩʰʠʨʷʶʪʩʷ ʚ ʩʚʷʟʠ ʩ ʧʦʚʳʰʝʥʠʝʤ 

ʪʨʝʙʦʚʘʥʠʡ ʢ ʢʘʯʝʩʪʚʫ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʩʦʚʝʨ-

ʰʝʥʩʪʚʦʚʘʥʠʝʤ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʠ ʤʝʪʦʜʦʚ ʫʧʨʘʚ-

ʣʝʥʠʷ [1, 5, 12]. ʈʝʟʫʣʴʪʘʪʳ ʨʘʟʨʘʙʦʪʦʢ ʙʳʩʪʨʦʜʝʡʩʪ-

ʚʫʶʱʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʳ 

ʧʨʠ ʩʦʟʜʘʥʠʠ ʨʝʛʫʣʠʨʫʝʤʳʭ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʧʦʩʪʦ-

ʷʥʥʦʛʦ ʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʩ ʠʥʪʝʥʩʠʚʥʳʤʠ ʨʝʞʠʤʘʤʠ 

ʨʘʙʦʪʳ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʚ ʤʝʪʘʣʣʫʨʛʠʠ ʜʣʷ ʤʝʭʘʥʠʟʤʦʚ ʧʨʦʢʘʪʥʳʭ ʩʪʘ-

ʥʦʚ ʠ ʫʩʪʘʥʦʚʦʢ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʤʝʪʘʣʣʦʚ. ɺ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʳ ʚʭʦʜʷʪ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʠ ʨʝʛʫʣʠ-

ʨʦʚʘʥʠʷ, ʩʦʚʤʝʩʪʥʦ ʩ ʤʝʭʘʥʠʟʤʘʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʘʛʨʝʛʘʪʦʚ ʦʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝ-

ʩʢʠʝ ʩʠʩʪʝʤʳ (ʕʄʉ), ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʘʚʪʦʤʘʪʠʟʠ-

ʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦ-

ʮʝʩʩʦʤ (ɸʉʋ-ʊʇ) ʥʘ ʥʠʞʥʝʤ ʫʨʦʚʥʝ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʦʪ 

ʢʦʪʦʨʳʭ ʪʨʝʙʫʶʪʩʷ ʚʳʩʦʢʘʷ ʥʘʜʸʞʥʦʩʪʴ, ʤʥʦʛʦʢʨʘʪʥʦʝ 

ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʦʪʥʦ-

ʩʠʪʝʣʴʥʦ ʧʨʦʩʪʳʭ ʬʫʥʢʮʠʷʭ ʟʘʜʘʥʠʷ, ʠʟʤʝʥʷʶʱʝʛʦʩʷ ʚ 

ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ. 

ʆʜʥʠʤ ʠʟ ʵʪʘʧʦʚ ʨʘʟʚʠʪʠʷ ʬʠʟʠʯʝʩʢʦʡ ʪʝʦʨʠʠ 

ʫʧʨʘʚʣʝʥʠʷ [7], ʠʩʧʦʣʴʟʫʝʤʦʡ ʧʨʠ ʩʦʟʜʘʥʠʠ ʨʝʛʫʣʠ-

ʨʫʝʤʳʭ ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʠʭ ʤʥʦʛʦʢʦʥʪʫʨʥʳʭ ʕʄʉ, 

ʷʚʣʷʶʪʩʷ ʚʳʚʦʜʳ ʠ ʨʘʟʨʘʙʦʪʢʠ ʜ-ʨʘ ʪʝʭʥ. ʥʘʫʢ ʄʘʟʫ-

ʥʠʥʘ ɺ.ʇ. [8, 9]. ɺ ʥʠʭ ʧʨʝʜʣʦʞʝʥʳ ʠ ʦʙʦʩʥʦʚʘʥʳ ʥʝ-

ʣʠʥʝʡʥʳʝ ʩʠʩʪʝʤʳ ʣʶʙʦʛʦ ʧʦʨʷʜʢʘ ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ 

ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʧʨʦʮʝʩʩʦʚ, ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʙʣʠʞʝʥ-

ʥʳʭ ʢ ʦʧʪʠʤʘʣʴʥʳʤ ʧʦ ʙʳʩʪʨʦʜʝʡʩʪʚʠʶ, ʧʨʠ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʟʘʜʘʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʠ ʢʘʯʝʩʪʚʝʥʥʦʤ ʨʝ-

ʛʫʣʠʨʦʚʘʥʠʠ. ʆʙʦʩʥʦʚʘʥʘ ʬʠʟʠʯʝʩʢʠ ʦʧʪʠʤʘʣʴʥʘʷ ʧʦ 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʶ ʥʝʣʠʥʝʡʥʘʷ ʙʘʟʦʚʘʷ ʤʦʜʝʣʴ (ʅɹʄ) 

ʩʠʩʪʝʤ ʧʨʠ ʧʨʠʙʣʠʞʝʥʥʦʤ ʦʧʠʩʘʥʠʠ ʩʚʦʡʩʪʚ ʤʝʭʘʥʠʟ-

ʤʦʚ. 

ɺ ʨʘʤʢʘʭ ʨʘʟʚʠʪʠʷ ʵʪʦʡ ʤʝʪʦʜʠʢʠ ʦʢʘʟʘʣʠʩʴ ʘʢʪʫ-

ʘʣʴʥʳ ʜʘʣʴʥʝʡʰʠʝ ʨʘʟʨʘʙʦʪʢʠ [10, 11], ʥʘʧʨʘʚʣʝʥʥʳʝ 

ʥʘ ʨʘʩʰʠʨʝʥʠʝ ʦʙʣʘʩʪʠ ʝʝ ʧʨʠʤʝʥʝʥʠʷ, ʢʦʛʜʘ ʦʙʲʝʢʪ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥ ʟʚʝʥʦʤ ʚʳʩʦʢʦʛʦ ʧʦʨʷʜʢʘ, 

ʦʧʠʩʳʚʘʶʱʠʤ, ʥʘʧʨʠʤʝʨ, ʤʝʭʘʥʠʟʤ ʩ ʫʧʨʫʛʦʩʪʴʶ ʚ 

ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʝʨʝʜʘʯʘʭ [4, 6, 13] (ʧʨʦʢʘʪʥʳʡ ʩʪʘʥ, 

ʫʩʪʘʥʦʚʢʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʤʝʪʘʣʣʦʚ ʠ ʜʨ.). 
 

ʄɽʊʆɼʀʂʀ 
 

ɺ [10] ʚʦ ʚʥʫʪʨʝʥʥʝʤ ʢʦʥʪʫʨʝ ʩʠʩʪʝʤ ʩʦ ʩʪʨʫʢʪʫ-

ʨʦʡ ʅɹʄ ʦʙʦʩʥʦʚʘʥ ʚʚʦʜ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʧʦ ʜʠʥʘʤʠʯʝ-

ʩʢʦʤʫ ʤʦʤʝʥʪʫ (ʫʩʢʦʨʝʥʠʶ). ʉ ʮʝʣʴʶ ʝʛʦ ʘʧʨʦʙʘʮʠʠ 

ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʥʘʭʦʜʷʱʠʡʩʷ ʚ ʫʯʝʙʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ 

ʥʘ ʢʘʬʝʜʨʝ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʤʳʰ-

ʣʝʥʥʳʭ ʫʩʪʘʥʦʚʦʢ ʋʨʘʣʴʩʢʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠ-

ʪʝʪʘ ʩʪʝʥʜ ʩ ʪʠʨʠʩʪʦʨʥʳʤ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʤ (ʧʨʝʦʙʨʘ-

ʟʦʚʘʪʝʣʴ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ Simoreg 6RA70 9,3 ʢɺʪ 

ʬʠʨʤʳ Siemens; ʜʚʠʛʘʪʝʣʴ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ 

2ʇɹ100ɻʋʍʃ4; ʪʘʭʦʛʝʥʝʨʘʪʦʨ ʊʇ80-20-0,2ʋʍʃ4) ʠ 

ʩʧʝʮʠʘʣʴʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʧʦʟʚʦʣʷʶʱʠʤ ʩʦʟʜʘʚʘʪʴ 

ʥʘʛʨʫʟʢʫ. 

ɺʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʡ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʚ ʩʦ-

ʩʪʘʚʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʠʙʢʫʶ ʥʘʩʪʨʦʡʢʫ 

ʢʦʥʪʫʨʦʚ ʫʧʨʘʚʣʝʥʠʷ (ʨʠʩ. 1) ʧʦ ʟʘʜʘʥʥʳʤ ʧʦʢʘʟʘʪʝ-

ʣʷʤ ʢʘʯʝʩʪʚʘ. ɺ ʥʝʤ ʨʝʘʣʠʟʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ 

ʫʧʨʘʚʣʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʧʣʘʚʥʳʡ ʧʫʩʢ ʠ ʪʦʨʤʦ-

ʞʝʥʠʝ ʜʚʠʛʘʪʝʣʷ ʩ ʟʘʜʘʥʥʳʤ ʪʝʤʧʦʤ, ʠʟʤʝʥʝʥʠʝ ʥʘ-

ʧʨʘʚʣʝʥʠʷ ʚʨʘʱʝʥʠʷ, ʩʪʘʙʠʣʠʟʘʮʠʷ ʩʢʦʨʦʩʪʠ, ʨʝʛʫʣʠ-

ʨʦʚʘʥʠʝ ʠ ʦʛʨʘʥʠʯʝʥʠʝ ʪʦʢʘ (ʤʦʤʝʥʪʘ) ʜʚʠʛʘʪʝʣʷ ʠ 

ʜʨʫʛʠʝ ʬʫʥʢʮʠʠ. ʇʝʨʝʧʨʦʛʨʘʤʤʠʨʫʝʤʳʝ ʩʚʦʙʦʜʥʳʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʙʣʦʢʠ ʧʦʟʚʦʣʷʶʪ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʨʘʟ-

ʣʠʯʥʳʝ ʩʪʨʫʢʪʫʨʳ ʧʨʠʚʦʜʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʪʨʫʢʪʫʨʳ ʩ 

ʥʝʣʠʥʝʡʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʨʝʛʫʣʷʪʦʨʦʚ ʠ ʦʙʨʘʪʥʦʡ 

ʩʚʷʟʴʶ ʧʦ ʫʩʢʦʨʝʥʠʶ. 
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ʈʠʩ. 1. ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʭʝʤʳ ʨʝʛʫʣʷʪʦʨʦʚ: 

ʘ ï ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ (ʫʩʢʦʨʝʥʠʷ); ʙ - ʩʢʦʨʦʩʪʠ 
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ʄʠʢʨʦʧʨʦʮʝʩʩʦʨʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʦʙʨʘ-

ʟʦʚʘʪʝʣʝʤ Simoreg 6RA70 ʧʦʩʪʨʦʝʥʘ ʧʦ ʤʦʜʫʣʴʥʦʤʫ 

ʧʨʠʥʮʠʧʫ. ʇʨʝʜʫʩʤʦʪʨʝʥʘ ʢʘʢ ʩʪʘʥʜʘʨʪʥʘʷ ʜʚʫʭʢʦʥ-

ʪʫʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʉɸʈ ʩʢʦʨʦʩʪʠ, ʪʘʢ ʠ ʨʝʘʣʠʟʘʮʠʷ ʥʝ-

ʪʠʧʦʚʳʭ ʩʪʨʫʢʪʫʨ ʩ ʧʦʤʦʱʴʶ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʨʦ-

ʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ S00, ʢʦʪʦʨʦʝ ʩʦʩʪʦʠʪ ʠʟ ʧʨʦ-

ʩʪʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʙʣʦʢʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʨʦʚʦ-

ʜʠʪʴ ʦʧʝʨʘʮʠʠ ʩʣʦʞʝʥʠʷ, ʫʤʥʦʞʝʥʠʷ, ʜʝʣʝʥʠʷ, ʘ ʪʘʢʞʝ 

ʣʦʛʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ ʥʘʜ ʩʠʛʥʘʣʘʤʠ. ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʙʣʦʢʠ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʚʥʝʰʥʠʤʠ ʩʠʛʥʘʣʘʤʠ ʩʚʷʟʳʚʘʶʪ-

ʩʷ ʧʨʠ ʧʦʤʦʱʠ ʢʦʥʝʢʪʦʨʦʚ ʠ ʙʠʥʝʢʪʦʨʦʚ. ʂʦʥʝʢʪʦʨ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʳʭʦʜ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʬʫʥʢʮʠʦ-

ʥʘʣʴʥʦʛʦ ʙʣʦʢʘ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʩʚʷʟʠ ʠ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘ-

ʣʦʚ ʚ ʮʠʬʨʦʚʦʡ ʬʦʨʤʝ. ʏʝʨʝʟ ʥʝʛʦ ʜʦʩʪʫʧʥʳ ʩʣʝʜʫʶ-

ʱʠʝ ʫʟʣʳ: ʘʥʘʣʦʛʦʚʳʝ ʚʭʦʜʳ ʠ ʚʳʭʦʜʳ; ʚʭʦʜʳ ʨʝʛʠʩʪ-

ʨʘʮʠʠ ʪʝʢʫʱʝʛʦ ʟʥʘʯʝʥʠʷ; ʚʭʦʜʳ ʠ ʚʳʭʦʜʳ ʜʘʪʯʠʢʘ 

ʦʛʨʘʥʠʯʝʥʠʡ, ʨʘʟʛʦʥʘ, ʫʧʨʘʚʣʷʶʱʠʭ ʙʣʦʢʦʚ, ʨʝʛʫʣʷʪʦ-

ʨʦʚ, ʩʚʦʙʦʜʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʦʜʫʣʝʡ ʧʨʦʛʨʘʤʤ-

ʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ; ʮʠʬʨʦʚʦʝ ʟʘʜʘʥʠʝ ʠ ʜʨ. ɹʠʥʝʢʪʦʨ 

ʥʝʩʝʪ ʪʝ ʞʝ ʬʫʥʢʮʠʠ, ʯʪʦ ʠ ʢʦʥʝʢʪʦʨ, ʥʦ ʬʦʨʤʠʨʫʝʪ 

ʣʦʛʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʥʘ ʚʳʭʦʜʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʙʣʦʢʦʚ. 

ʉ ʧʦʤʦʱʴʶ ʙʠʥʝʢʪʦʨʦʚ ʜʦʩʪʫʧʥʳ: ʩʦʩʪʦʷʥʠʝ ʜʚʦʠʯ-

ʥʳʭ ʚʭʦʜʦʚ; ʬʠʢʩʠʨʦʚʘʥʥʳʝ ʫʧʨʘʚʣʷʶʱʠʝ ʙʠʪʳ; ʩʦ-

ʩʪʦʷʥʠʝ ʨʝʛʫʣʷʪʦʨʦʚ, ʦʛʨʘʥʠʯʝʥʠʡ, ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ, 

ʜʘʪʯʠʢʘ ʨʘʟʛʦʥʘ, ʫʧʨʘʚʣʷʶʱʝʛʦ ʩʣʦʚʘ. ɼʚʘ ʧʨʦʠʟʚʦʜʠ-

ʪʝʣʴʥʳʭ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʘ (ʉ163 ʠ ʉ167) ʦʭʚʘʪʳʚʘʶʪ 

ʩʦʙʦʡ ʚʩʝ ʨʝʘʣʠʟʫʝʤʳʝ ʬʫʥʢʮʠʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠ 

ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʤ ʜʣʷ ʢʦʥʪʫʨʦʚ ʷʢʦʨʷ ʠ 

ʚʦʟʙʫʞʜʝʥʠʷ. ɺʩʝ ʬʫʥʢʮʠʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚ ʧʨʦ-

ʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ ʨʝʘʣʠʟʦʚʘʥʳ ʯʝʨʝʟ ʠʟʤʝʥʷʝʤʳʝ 

ʧʘʨʘʤʝʪʨʳ. ɼʚʫʭʢʦʥʪʫʨʥʘʷ ʩʠʩʪʝʤʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʩʢʦʨʦʩʪʠ ʩ ʚʥʫʪʨʝʥʥʠʤ ʢʦʥʪʫʨʦʤ ʪʦʢʘ ʩʪʨʦʠʪʩʷ ʥʘ ʦʩ-

ʥʦʚʝ ʩʪʘʥʜʘʨʪʥʦʡ ʩʪʨʫʢʪʫʨʳ. 

ʈʘʩʩʤʦʪʨʠʤ ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨʳ 

ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʝʡ ʜʚʫʭʢʦʥʪʫʨʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝ-

ʥʠʷ ʩʢʦʨʦʩʪʠ ʩ ʚʥʫʪʨʝʥʥʠʤ ʢʦʥʪʫʨʦʤ ʫʩʢʦʨʝʥʠʷ [9, 

11]. 

ɺ ʢʦʥʪʫʨʝ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʦʢʘ (ʩʤ. ʨʠʩ. 1, ʘ) ʚ ʢʘ-

ʥʘʣʝ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʚʤʝʩʪʦ ʪʝʢʫʱʝʛʦ ʟʥʘʯʝʥʠʷ ʪʦʢʘ 

ʷʢʦʨʷ (K0117) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʅɹʄ ʚʚʝ-

ʜʝʥ ʩʠʛʥʘʣ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʡ ʧʨʦʠʟʚʦʜʥʦʡ ʯʘʩʪʦʪʳ 

ʚʨʘʱʝʥʠʷ ʜʚʠʛʘʪʝʣʷ dtd /  (P602 = K9223). ʇʨʠ ʵʪʦʤ 

ʨʝʛʫʣʷʪʦʨ ʪʦʢʘ (ʫʩʢʦʨʝʥʠʷ) ʦʩʪʘʝʪʩʷ ʠʥʪʝʛʨʘʣʴʥʦ-

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʤ. ʉʘʤ ʢʘʥʘʣ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʦʧʠʩʳ-

ʚʘʝʪʩʷ ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʡ ʚʠʜʘ 
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ʅʘʪʫʨʥʳʝ ʠʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘ-

ʯʝʥʠʷʭ ʧʦʩʪʦʷʥʥʦʡ ʬʠʣʴʪʨʘ ʊʬ. ʇʨʠ ʵʪʦʤ ʙʳʣʠ ʧʦʜ-

ʪʚʝʨʞʜʝʥʳ ʜʦʧʫʩʪʠʤʦʝ ʢʘʯʝʩʪʚʦ ʩʠʛʥʘʣʘ ʦʙʨʘʪʥʦʡ ʩʚʷ-

ʟʠ ʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʩʠʩʪʝʤʳ ʚ ʜʠʘʧʘʟʦʥʝ 0<ʊʬ<ʊɛ. 

ɺ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʤ ʨʝʛʫʣʷʪʦʨʝ ʩʢʦʨʦʩʪʠ 

(ʩʤ. ʨʠʩ. 1, ʙ), ʢʘʢ ʠ ʚ ʢʦʥʪʫʨʝ ʪʦʢʘ (ʫʩʢʦʨʝʥʠʷ), ʧʨʝʜʫ-

ʩʤʦʪʨʝʥʘ ʩʪʘʥʜʘʨʪʥʘʷ ʧʨʦʮʝʜʫʨʘ ʚʚʦʜʘ ʦʛʨʘʥʠʯʝʥʠʡ 

ʘʤʧʣʠʪʫʜ ʩʠʛʥʘʣʦʚ. ɺ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʚʦʜʘ 

ʥʝʣʠʥʝʡʥʦʩʪʠ ʚ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʨʝʛʫʣʷʪʦʨʘ ʩʢʦʨʦʩʪʠ 

ʧʨʝʜʫʩʤʦʪʨʝʥ ʩʚʦʙʦʜʥʳʡ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʧʝʨʝʧʨʦ-

ʛʨʘʤʤʠʨʫʝʤʳʡ ʙʣʦʢ (ʧʘʨʘʤʝʪʨ U283). ʆʥ ʧʦʟʚʦʣʷʝʪ 

ʟʘʜʘʚʘʪʴ ʬʦʨʤʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʥʘʩʪʨʘʠʚʘʝʤʦʡ ʧʦ 20 

ʪʨʝʙʫʝʤʳʤ ʪʦʯʢʘʤ. ʈʘʟʤʝʱʝʥʠʝ ʥʝʣʠʥʝʡʥʦʛʦ ʙʣʦʢʘ ʚ 

ʩʪʨʫʢʪʫʨʝ ʨʝʛʫʣʷʪʦʨʘ (ʩʤ. ʨʠʩ. 1, ʙ) ʙʳʣʦ ʨʝʘʣʠʟʦʚʘʥʦ 

ʚ ʢʘʥʘʣʝ ʧʦʣʫʯʝʥʠʷ ʩʠʛʥʘʣʘ ʦʰʠʙʢʠ (P620). 

ʇʘʨʘʤʝʪʨʠʨʦʚʘʥʠʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʠ ʩʥʷʪʠʝ ʦʩ-

ʮʠʣʣʦʛʨʘʤʤ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚʳʧʦʣʥʝʥʦ ʥʘ ʧʝʨ-

ʩʦʥʘʣʴʥʦʤ ʢʦʤʧʴʶʪʝʨʝ ʚ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ 

Windows ʩ ʧʦʤʦʱʴʶ ʧʦʩʪʘʚʣʷʝʤʦʡ ʚ ʢʦʤʧʣʝʢʪʝ 

Simoreg 6RA70 ʧʨʦʛʨʘʤʤʳ çDrive Monitorè, ʚ ʢʦʪʦʨʦʡ 

ʧʨʝʜʫʩʤʦʪʨʝʥʳ: ʜʦʩʪʫʧ ʢ ʧʘʨʘʤʝʪʨʘʤ ʯʝʨʝʟ ʤʝʥʶ; ʯʪʝ-

ʥʠʝ ʠ ʟʘʧʠʩʴ ʙʣʦʢʦʚ ʧʘʨʘʤʝʪʨʦʚ; ʫʧʨʘʚʣʝʥʠʝ ʩ ʧʦʤʦ-

ʱʴʶ ʫʧʨʘʚʣʷʶʱʝʛʦ ʩʣʦʚʘ ʠ ʚʚʦʜ ʟʘʜʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ; 

ʥʘʙʣʶʜʝʥʠʝ ʟʘ ʩʣʦʚʦʤ ʩʦʩʪʦʷʥʠʷ (ʦʪʚʝʪʥʳʝ ʩʦʦʙʱʝʥʠʷ 

ʦ ʩʦʩʪʦʷʥʠʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ) ʠ ʩʯʠʪʳʚʘʥʠʝ ʪʝʢʫʱʝʛʦ 

ʟʥʘʯʝʥʠʷ; ʯʪʝʥʠʝ ʩʦʦʙʱʝʥʠʡ ʦʙ ʦʰʠʙʢʘʭ ʠ ʧʨʝʜʫʧʨʝʞ-

ʜʝʥʠʡ; ʯʪʝʥʠʝ ʩʦʜʝʨʞʠʤʦʛʦ Trace-ʙʫʬʝʨʘ (ʚʩʪʨʦʝʥʥʘʷ 

ʬʫʥʢʮʠʷ ʦʩʮʠʣʣʦʛʨʘʬʠʨʦʚʘʥʠʷ) [3]. 

ʇʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʜʚʫʭʢʦʥʪʫʨʥʳʭ ʩʠʩʪʝʤʘʭ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʢʦʨʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʥʘʪʫʨʥʳʭ 

ʠʩʧʳʪʘʥʠʡ ʥʘ ʩʪʝʥʜʝ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ, ʧʨʠʚʝʜʝʥʳ ʥʘ 

ʨʠʩ. 2, ʛʜʝ ʦʙʦʟʥʘʯʝʥʳ 1, 2 ï ʟʘʜʘʥʥʘʷ ʠ ʬʘʢʪʠʯʝʩʢʘʷ 

ʩʢʦʨʦʩʪʴ, 3, 4 - ʟʘʜʘʥʠʝ ʠ ʬʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʪʦʢʘ 

ʷʢʦʨʷ ʜʚʠʛʘʪʝʣʷ. ʈʝʘʣʠʟʦʚʘʥʳ ʜʚʘ ʚʘʨʠʘʥʪʘ ʦʙʨʘʪʥʦʡ 

ʩʚʷʟʠ: ʧʦ ʪʦʢʫ ʷʢʦʨʷ ʠ ʜʠʥʘʤʠʯʝʩʢʦʤʫ ʤʦʤʝʥʪʫ ʧʝʨʚʦʡ 

ʤʘʩʩʳ. ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʦʙʨʘʪʥʘʷ ʩʚʷʟʴ ʧʦʣʫʯʝʥʘ 

ʧʫʪʝʤ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʘ ʪʘʭʦʛʝʥʝʨʘʪʦʨʘ ʥʘ 

ʚʘʣʫ ʜʚʠʛʘʪʝʣʷ ʩ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʝʨʝʧʨʦ-

ʛʨʘʤʤʠʨʫʝʤʳʭ ʙʣʦʢʦʚ Simoreg 6RA70. 
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ʈʠʩ. 2. ʇʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʜʚʫʭʢʦʥʪʫʨʥʦʡ ʩʠʩʪʝʤʝ: 

ʘ - c ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ ʧʦ ʪʦʢʫ; ʙ ï ʩ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ  

ʧʦ ʜʠʥʘʤʠʯʝʩʢʦʤʫ ʤʦʤʝʥʪʫ (ʫʩʢʦʨʝʥʠʶ) 
 

 

ɿɸʂʃʖʏɽʅʀɽ ʀ ʆɹʉʋɾɼɽʅʀɽ 
 

ʇʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʩʝʨʠʠ ʠʩʧʳʪʘʥʠʡ ʵʣʝʢʪʨʦʧʨʠ-

ʚʦʜʘ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʧʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʩ ʥʝʣʠ-

ʥʝʡʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʨʝʛʫʣʷʪʦʨʦʚ ʠ ʦʙʨʘʪʥʦʡ ʩʚʷ-

ʟʴʶ ʧʦ ʫʩʢʦʨʝʥʠʶ (ʜʠʥʘʤʠʯʝʩʢʦʤʫ ʤʦʤʝʥʪʫ) ʜʝʤʦʥʩʪ-

ʨʠʨʫʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨ ʙʳʩʪʨʦʜʝʡ-

ʩʪʚʫʶʱʠʭ ʕʄʉ ʩʦ ʩʣʦʞʥʳʤ ʦʙʲʝʢʪʦʤ ʫʧʨʘʚʣʝʥʠʷ 

(ʫʧʨʫʛʦʩʪʴʶ ʚ ʤʝʭʘʥʠʟʤʝ). ʕʪʠ ʧʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ 

ʢʘʯʝʩʪʚʝʥʥʦ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦ (ʧʨʠ ɔ=1; mc=0) ʩʦʧʦʩʪʘ-

ʚʠʤʳʤʠ ʩ ʧʨʦʮʝʩʩʘʤʠ ʚ ʩʠʩʪʝʤʘʭ c ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ ʧʦ 

ʪʦʢʫ ʷʢʦʨʷ. ʊʦʪ ʞʝ ʧʦʜʭʦʜ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʠʤ ʠ ʜʣʷ 
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ʧʨʠʚʦʜʦʚ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʩ ʚʳʜʝʣʝʥʠʝʤ ʢʦʦʨʜʠʥʘʪ 

ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʠ ʤʦʤʝʥʪʘ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʨʝʘʣʠʟʘ-

ʮʠʠ ʧʦʜʦʙʥʳʭ ʩʪʨʫʢʪʫʨ ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ 

ʢ ʢʘʯʝʩʪʚʫ ʠʩʧʦʣʥʝʥʠʷ ʜʘʪʯʠʢʘ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ (ʪʘʭʦ-

ʛʝʥʝʨʘʪʦʨʘ), ʦʪʨʘʞʘʶʱʠʝʩʷ ʥʘ ʜʦʧʫʩʪʠʤʦʤ ʫʨʦʚʥʝ 

ʧʦʤʝʭ ʚ ʢʘʥʘʣʝ. ɺ ʵʪʦʤ ʘʩʧʝʢʪʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʦʞʝʪ 

ʙʳʪʴ ʧʨʠʟʥʘʥʦ ʧʨʠʤʝʥʝʥʠʝ ʩʧʝʮʠʘʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ï 

ʫʩʢʦʨʠʤʝʪʨʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʣʫ-

ʯʘʪʴ ʩʠʛʥʘʣ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪʳ ʜʠʥʘʤʠʯʝʩʢʦ-

ʛʦ ʤʦʤʝʥʪʘ ʙʝʟ ʧʨʦʮʝʜʫʨʳ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʫʛʣʦ-

ʚʦʡ ʩʢʦʨʦʩʪʠ. 
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THE REALIZATION OF HIGH-SPEED ELECTROMECHANICAL SYSTEM STRUCTURE USING THYRISTOR 

CONVERTER M ICROCONTROLLER OF DIRECT CURRENT SIMOREG 6RA70 SIEMENS 
 

Zyuzev A.M., Dvoynikov D.A. 

 
Input of nonlinear characteristics of regulators and feedback 

in an internal contour of high-speed electromechanical systems 

with nonlinear basic model (NBM) structure using the thyristor 

converter microcontroller of direct current Simoreg 6RA70 

manufactured by Siemens was tested. The possibility of practical 

implementation of similar systems was shown using the obtained 

transient processes as an example. The authors noted the high 

requirements to the quality of the transmitted signal of the 

feedback transmitter (tachometric generator). 

Keywords: operation speed, electromechanical systems, 

microcontroller, reprogrammable functional units, nonlinear basic 

model, elasticity. 
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ʉʈɸɺʅʀʊɽʃʔʅʓʁ ɸʅɸʃʀɿ ʇʈʀɺʆɼʆɺ ʄɽʍɸʊʈʆʅʅʓʍ ʉʀʉʊɽʄ 
 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʜʘʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʦʩʥʦʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʛʠʜʨʦ- ʠ ʧʥʝʚʤʦʧʨʠʚʦʜʦʚ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʠʭ 

ʚ ʤʝʭʘʪʨʦʥʥʦʡ ʩʠʩʪʝʤʝ, ʘ ʪʘʢʞʝ ʧʨʠʚʝʜʝʥʳ ʜʣʷ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʫʜʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʦʪ ʘʙʩʦʣʶʪʥʦʡ ʨʘʟʣʠʯʥʳʭ ʩʠʩ-

ʪʝʤ ʧʨʠʚʦʜʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʭʘʪʨʦʥʥʳʝ ʩʠʩʪʝʤʳ, ʛʠʜʨʦʧʨʠʚʦʜ, ʧʥʝʚʤʦʧʨʠʚʦʜ, ʵʣʝʢʪʨʦʧʨʠʚʦʜ, ʨʘʙʦʯʘʷ ʩʨʝʜʘ. 

ɺɺɽɼɽʅʀɽ 
 

ʊʝʥʜʝʥʮʠʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙ-

ʱʝʩʪʚʘ, ʩʪʨʝʤʠʪʝʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʪʝʭʥʠʢʠ ʠ ʩʧʣʝʪʝʥʠʝ 

ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʝʡ ʟʥʘʥʠʡ ʚʦʝʜʠʥʦ ʜʘʶʪ ʤʦʱʥʳʡ 

ʪʦʣʯʦʢ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ ʚ ʨʘʟ-

ʨʘʙʦʪʢʝ ʩʨʝʜʩʪʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʚʦʦʙʱʝ ʠ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ ʚ ʯʘʩʪʥʦʩʪʠ. 

ɹʘʟʦʚʳʤ ʵʣʝʤʝʥʪʦʤ ʤʝʭʘʪʨʦʥʥʳʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ 

ʤʝʭʘʪʨʦʥʥʳʡ ʤʦʜʫʣʴ, ʢʦʪʦʨʳʡ ʚʳʧʦʣʥʷʝʪ ʜʚʠʞʝʥʠʷ ʧʦ 

ʦʜʥʦʡ ʫʧʨʘʚʣʷʝʤʦʡ ʢʦʦʨʜʠʥʘʪʝ. ʀʟ ʪʘʢʠʭ ʤʦʜʫʣʝʡ, ʢʘʢ 

ʠʟ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʢʫʙʠʢʦʚ ʢʦʤʧʦʥʫʶʪʩʷ ʩʣʦʞʥʳʝ 

ʩʠʩʪʝʤʳ ʤʦʜʫʣʴʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ. ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ 

ʤʦʜʫʣʝʡ ʤʝʭʘʪʨʦʥʥʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʤʝʭʘʪʨʦʥʥʳʡ 

ʤʦʜʫʣʴ ʧʨʠʚʦʜʘ. 
 

ʆʉʅʆɺʅʓɽ ʇʈʆɹʃɽʄʓ ʀ ʈɽʐɽʅʀʗ 
 

ʇʨʠʚʦʜʳ - ʵʪʦ çʤʳʰʮʳè ʤʝʭʘʪʨʦʥʥʦʡ ʩʠʩʪʝʤʳ, 

ʢʦʪʦʨʳʝ ʧʨʠʥʠʤʘʶʪ ʢʦʤʘʥʜʳ ʫʧʨʘʚʣʝʥʠʷ (ʚ ʦʩʥʦʚʥʦʤ 

ʚ ʚʠʜʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ) ʠ ʧʨʦʠʟʚʦʜʷʪ ʠʟʤʝʥʝ-

ʥʠʝ ʚ ʬʠʟʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ, ʛʝʥʝʨʠʨʫʷ ʧʝʨʝʤʝʱʝʥʠʷ ʠ 

ʫʩʠʣʠʷ ʥʘ ʨʘʙʦʯʝʤ ʦʨʛʘʥʝ [1]. ʂʘʢ ʧʨʘʚʠʣʦ, ʛʠʜʨʦ- ʠ 

ʧʥʝʚʤʦʧʨʠʚʦʜʳ ʦʩʥʘʱʝʥʳ ʧʠʪʘʶʱʠʤ ʧʨʠʚʦʜʦʤ (ʵʣʝʢ-

ʪʨʦʜʚʠʛʘʪʝʣʠ) ʠ ʧʝʨʝʜʘʪʦʯʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ, ʯʪʦ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʝʜʠʥʳʡ ʧʨʠʚʦʜʥʦʡ ʙʣʦʢ (ʨʠʩ. 1). 
 

 
ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʧʨʠʚʦʜʥʦʛʦ ʙʣʦʢʘ 

 

ʇʝʨʝʜʘʪʦʯʥʳʡ ʤʝʭʘʥʠʟʤ ʜʝʡʩʪʚʫʝʪ ʢʘʢ ʠʥʪʝʨʬʝʡʩ 

ʤʝʞʜʫ ʧʨʠʚʦʜʦʤ ʠ ʬʠʟʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ. ʇʝʨʝʜʘʪʦʯ-

ʥʳʝ ʤʝʭʘʥʠʟʤʳ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʟʫʙʯʘʪʳʝ, ʯʝʨʚʷʯʥʳʝ, 

ʨʝʤʸʥʥʳʝ, ʮʝʧʥʳʝ ʠ ʜʨʫʛʠʝ ʚʠʜʳ ʧʝʨʝʜʘʯ. 

ʆʩʥʦʚʥʳʤʠ ʪʠʧʘʤʠ ʧʨʠʚʦʜʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʩʠ-

ʣʦʚʳʭ ʤʦʜʫʣʷʭ ʤʝʭʘʪʨʦʥʥʳʭ ʩʠʩʪʝʤ, ʷʚʣʷʶʪʩʷ: 

- ʵʣʝʢʪʨʠʯʝʩʢʠʝ (ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʝ, ʵʣʝʢʪʨʦ-

ʤʘʛʥʠʪʥʳʝ); 

- ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ; 

- ʧʥʝʚʤʘʪʠʯʝʩʢʠʝ; 

- ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ (ʵʣʝʢʪʨʦʛʠʜʨʘʚʣʠʯʝ-

ʩʢʠʝ, ʵʣʝʢʪʨʦʧʥʝʚʤʘʪʠʯʝʩʢʠʝ, ʵʣʝʢʪʨʦʛʠʜʨʦʧʥʝʚʤʘʪʠ-

ʯʝʩʢʠʝ). 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʤʝʭʘʪʨʦʥʠʢʝ ʧʨʠʤʝʥʷʶʪ-

ʩʷ ʧʨʠʚʦʜʳ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʩʤʘʨʪʧʨʠʚʦʜʳ 

(ʦʩʥʦʚʘʥʳ ʥʘ ʙʘʟʝ ʜʚʠʛʘʪʝʣʝʡ ʩ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʩʦʙ-

ʩʪʚʝʥʥʦʡ ʫʧʨʘʚʣʷʶʱʝʡ ʵʣʝʢʪʨʦʥʠʢʦʡ, ʪʦ ʝʩʪʴ ʩ ʠʥʪʝʛ-

ʨʠʨʦʚʘʥʥʦʡ ʢʦʤʤʫʪʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʠʢʦʡ, ʢʦʥʪʨʦʣ-

ʣʝʨʦʤ ʩʢʦʨʦʩʪʠ, ʢʦʥʪʨʦʣʣʝʨʦʤ ʜʚʠʞʝʥʠʷ ʠʣʠ ʩʝʪʝʚʳʤ 

ʠʥʪʝʨʬʝʡʩʦʤ), ʤʠʢʨʦʧʨʠʚʦʜʳ (ʦʩʥʦʚʘʥʳ ʥʘ ʙʘʟʝ ʢʦʣ-

ʣʝʢʪʦʨʥʳʭ, ʰʘʛʦʚʳʭ, ʙʝʩʢʦʣʣʝʢʪʦʨʥʳʭ ʵʣʝʢʪʨʦʤʘʛ-

ʥʠʪʥʳʭ  ʜʚʠʛʘʪʝʣʝʡ ʤʦʱʥʦʩʪʴʶ ʦʪ 0,1 ʜʦ 530 ɺʪ. ʀʭ 

ʜʠʘʤʝʪʨ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 3 ʜʦ 95 ʤʤ, ʘ ʜʣʠʥʘ ʦʪ 2 ʜʦ 

275 ʤʤ), ʠʥʪʝʛʨʘʣʴʥʳʝ ʧʨʠʚʦʜʳ ʄʕʄʉ/ʅʕʄʉ (ʦʩʥʦ-

ʚʘʥʳ ʥʘ  ʚʳʩʦʢʦʪʦʯʥʳʭ ʤʠʢʨʦ/ʥʘʥʦ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝ-

ʩʢʠʭ ʩʠʩʪʝʤʘʭ) ʠ ʧʴʝʟʦʧʨʠʚʦʜʳ (ʦʩʥʦʚʘʥʳ ʥʘ ʧʴʝʟʦʤʦ-

ʪʦʨʘʭ (ʤʫʬʪʘ - ʭʦʜʦʚʦʡ ʚʠʥʪ) ʤʦʱʥʦʩʪʴʶ 500 ʤɺʪ, 

ʜʣʠʥʥʦʡ ʭʦʜʦʚʦʛʦ ʚʠʥʪʘ 15-40 ʤʤ, ʫʩʠʣʠʝʤ ʧʝʨʝʤʝʱʝ-

ʥʠʷ ʙʦʣʝʝ 200 ʛ). 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ  ʤʝʭʘʪʨʦʥʥʳʭ ʩʠʩʪʝʤ ʦʜʥʦʡ ʠʟ 

ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʪʠʧʘ ʧʨʠʚʦʜʘ. ɼʘʥʥʳʡ 

ʚʦʧʨʦʩ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳʤ ʚʚʠʜʫ ʰʠʨʦʢʦʛʦ 

ʩʧʝʢʪʨʘ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ, ʪʠʧʦʚ ʠ ʚʠʜʦʚ ʧʨʠʚʦʜʘ. ɺ 

ʵʪʦʡ ʩʚʷʟʠ ʥʝʦʙʭʦʜʠʤʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʦʙʰʠʨʥʫʶ ʙʘʟʫ 

ʜʘʥʥʳʭ ʜʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʧʦ ʚʳʙʦʨʫ ʥʘʠʙʦʣʝʝ 

ʦʧʪʠʤʘʣʴʥʳʭ ʩʠʩʪʝʤ ʧʨʠʚʦʜʦʚ. ʉʦʟʜʘʥʠʝ ʪʘʢʦʡ ʙʘʟʳ 

ʧʦʟʚʦʣʠʪ ʧʨʦʚʦʜʠʪʴ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʫʶ ʦʮʝʥʢʫ ʠ 

ʘʨʛʫʤʝʥʪʠʨʦʚʘʪʴ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʠʚʦʜʷʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ ʜʚʫʭ ʩʠʩʪʝʤ, ʘ ʠʤʝʥʥʦ ʛʠʜʨʦ ʠ ʧʥʝʚʤʦ-

ʧʨʠʚʦʜʘ, ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʨʘʚʥʠʪʝʣʴ-

ʥʳʡ ʘʥʘʣʠʟ ʠ ʩʧʝʢʪʨ ʧʨʠʤʝʥʝʥʠʷ ʛʠʜʨʦ- ʠ ʧʥʝʚʤʦʧʨʠ-

ʚʦʜʦʚ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʜʘʥʥʳʝ ʚʘʨʠʘʥʪʳ ʧʦ 

ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʷʚʣʷʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʥʪʠʯʥʳʤʠ. 

ʆʙʲʸʤʥʳʡ ʛʠʜʨʦʧʨʠʚʦʜ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧ-

ʥʦʩʪʴ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ ʠ ʛʠʜʨʦʣʠʥʠʡ, ʧʨʝʜ-

ʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ ʠ ʧʨʠʚʝʜʝʥʠʷ ʚ 

ʜʚʠʞʝʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʠ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʤʘʰʠʥ ʧʦ-

ʩʨʝʜʩʪʚʦʤ ʞʠʜʢʦʩʪʠ ʧʦʜ ʜʘʚʣʝʥʠʝʤ, ʘ ʦʙʲʸʤʥʳʡ ʧʥʝʚ-

ʤʦʧʨʠʚʦʜ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʵʣʝʤʝʥʪʦʚ 

ʠ ʫʩʪʨʦʡʩʪʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʦʪʝʥ-

ʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʜʘʚʣʝʥʠʷ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ ʚ ʤʝʭʘʥʠ-

ʯʝʩʢʫʶ ʨʘʙʦʪʫ, ʚʳʧʦʣʥʷʝʤʫʶ ʧʥʝʚʤʦʜʚʠʛʘʪʝʣʝʤ [2]. 

ʅʘ ʨʠʩ. 2 ʧʨʠʚʝʜʝʥʳ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʭʝʤʳ ʛʠʜʨʦ- ʠ 

ʧʥʝʚʤʦʩʠʩʪʝʤ. 

ɺ ʧʨʦʩʪʝʡʰʝʤ ʛʠʜʨʘʚʣʠʯʝʩʢʦʤ ʧʨʠʚʦʜʝ ʩ ʚʦʟ-

ʚʨʘʪʥʦ-ʧʦʩʪʫʧʘʪʝʣʴʥʳʤ ʜʚʠʞʝʥʠʝʤ ʨʘʙʦʯʝʛʦ ʟʚʝʥʘ 

ʨʘʙʦʯʘʷ ʞʠʜʢʦʩʪʴ ʦʪ ʥʘʩʦʩʘ 1 (ʨʠʩ. 2, ʘ) ʧʨʠʚʦʜʠʤʦʛʦ ʚ 

ʜʚʠʞʝʥʠʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ (ʥʘ ʩʭʝʤʝ ʥʝ ʧʦʢʘʟʘʥ), 

ʧʦʜ ʜʘʚʣʝʥʠʝʤ, ʥʘʩʪʨʦʝʥʥʳʤ ʥʘʧʦʨʥʳʤ ʛʠʜʨʦʢʣʘʧʘ-

ʥʦʤ 2, ʯʝʨʝʟ ʦʙʨʘʪʥʳʡ ʢʣʘʧʘʥ 3 (ʠʩʢʣʶʯʘʶʱʠʡ ʠʟʤʝ-

ʥʝʥʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ) ʠ 

ʛʠʜʨʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴ 4 ʧʦʩʪʫʧʘʝʪ ʚ ʣʝʚʫʶ (ʧʦʨʰʥʝ-

ʚʫʶ) ʧʦʣʦʩʪʴ ʛʠʜʨʦʮʠʣʠʥʜʨʘ. ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʜʘʚʣʝʥʠʷ 

ʤʘʩʣʘ ʚ ʵʪʦʡ ʧʦʣʦʩʪʠ ʧʦʨʰʝʥʴ 6 ʧʝʨʝʤʝʱʘʝʪʩʷ ʚʧʨʘʚʦ 

ʠ ʩʚʷʟʘʥʥʳʡ ʩ ʥʠʤ ʰʪʦʢʦʤ ʨʘʙʦʯʠʡ ʦʨʛʘʥ 7 ʪʘʢʞʝ ʧʝ-

ʨʝʤʝʱʘʝʪʩʷ ʚʧʨʘʚʦ. ʇʨʠ ʵʪʦʤ ʨʘʙʦʯʘʷ ʞʠʜʢʦʩʪʴ ʠʟ 

ʧʨʘʚʦʡ (ʰʪʦʢʦʚʦʡ) ʧʦʣʦʩʪʠ ʛʠʜʨʦʮʠʣʠʥʜʨʘ 5 ʯʝʨʝʟ 

ʛʠʜʨʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴ 4 ʚʳʪʝʩʥʷʝʪʩʷ ʚ ʙʘʢ. ɺ ʢʦʥʮʝ ʭʦ-

ʜʘ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʥʘ ʛʠʜʨʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴ 4 ʧʦʜʘʸʪʩʷ 

ʫʧʨʘʚʣʷʶʱʠʡ ʩʠʛʥʘʣ Y1, ʧʝʨʝʢʣʶʯʘʶʱʠʡ ʟʦʣʦʪʥʠʢ. 

ʊʦʛʜʘ ʨʘʙʦʯʘʷ ʞʠʜʢʦʩʪʴ ʧʦʩʪʫʧʘʝʪ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʦʪ 
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ʥʘʩʦʩʘ 1, ʯʝʨʝʟ ʦʙʨʘʪʥʳʡ ʢʣʘʧʘʥ 3 ʠ ʛʠʜʨʦʨʘʩʧʨʝʜʝʣʠ-

ʪʝʣʴ 4 ʧʦʩʪʫʧʘʝʪ ʚ ʧʨʘʚʫʶ (ʰʪʦʢʦʚʫʶ) ʧʦʣʦʩʪʴ ʛʠʜʨʦ-

ʮʠʣʠʥʜʨʘ, ʘ ʣʝʚʘʷ (ʧʦʨʰʥʝʚʘʷ) ʧʦʣʦʩʪʴ ʯʝʨʝʟ ʛʠʜʨʦ-

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴ 4 ʩʦʝʜʠʥʷʝʪʩʷ ʩ ʙʘʢʦʤ. ʈʘʙʦʯʠʡ ʦʨʛʘʥ 

ʨʝʚʝʨʩʠʨʫʝʪʩʷ, ʧʦʨʰʝʥʴ 6 ʩʦ ʰʪʦʢʦʤ ʠ ʨʘʙʦʯʠʤ ʦʨʛʘ-

ʥʦʤ 7 ʧʝʨʝʤʝʱʘʶʪʩʷ ʚʣʝʚʦ. ɺ ʢʦʥʮʝ ʭʦʜʘ ʨʘʙʦʯʝʛʦ 

ʦʨʛʘʥʘ ʚʣʝʚʦ ʥʘ ʛʠʜʨʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴ 4 ʧʦʜʘʸʪʩʷ 

ʫʧʨʘʚʣʷʶʱʠʡ ʩʠʛʥʘʣ Y2, ʟʦʣʦʪʥʠʢ ʚʥʦʚʴ ʩʦʝʜʠʥʠʪ 

ʧʦʨʰʥʝʚʫʶ ʧʦʣʦʩʪʴ ʛʠʜʨʦʮʠʣʠʥʜʨʘ ʩ ʥʘʛʥʝʪʘʪʝʣʴʥʦʡ, 

ʘ ʰʪʦʢʦʚʫʶ - ʩʦ ʩʣʠʚʥʦʡ ʛʠʜʨʦʣʠʥʠʷʤʠ ʩʠʩʪʝʤʳ ʠ ʨʘ-

ʙʦʯʠʡ ʦʨʛʘʥ ʚʥʦʚʴ ʥʘʯʥʸʪ ʧʝʨʝʤʝʱʘʪʴʩʷ ʚʧʨʘʚʦ. 
 

 
ʘ 

 
ʙ 

ʈʠʩ. 2. ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʟʝʤʳ ʩʠʩʪʝʤ: 

ʘ ï ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ; ʙ ï ʧʥʝʚʤʘʪʠʯʝʩʢʦʛʦ ʧʨʠʚʦʜʦʚ 
 

ɺ ʧʨʦʩʪʝʡʰʝʤ ʧʥʝʚʤʘʪʠʯʝʩʢʦʤ ʧʨʠʚʦʜʝ ʩ ʚʦʟ-

ʚʨʘʪʥʦ-ʧʦʩʪʫʧʘʪʝʣʴʥʳʤ ʜʚʠʞʝʥʠʝʤ ʨʘʙʦʯʝʛʦ ʟʚʝʥʘ 

ʩʞʘʪʳʡ ʚʦʟʜʫʭ ʦʪ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ 1 (ʨʠʩ. 2, ʙ) ʯʝʨʝʟ 

ʬʠʣʴʪʨ- ʚʣʘʛʦʦʪʜʝʣʠʪʝʣʴ 2, ʨʝʜʫʢʮʠʦʥʥʳʡ ʢʣʘʧʘʥ 3 ʠ 

ʤʘʩʣʦʨʘʩʧʳʣʠʪʝʣʴ 5 ʧʦʩʪʫʧʘʝʪ ʥʘ ʚʭʦʜ ʧʥʝʚʤʦʨʘʩʧʨʝ-

ʜʝʣʠʪʝʣʷ 6. ɼʘʚʣʝʥʠʝ ʚʦʟʜʫʭʘ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʤʘʥʦ-

ʤʝʪʨʦʤ 4. ɼʘʣʝʝ ʩʞʘʪʳʡ ʚʦʟʜʫʭ ʧʦʩʪʫʧʘʝʪ ʚ ʣʝʚʫʶ 

(ʧʦʨʰʥʝʚʫʶ) ʧʦʣʦʩʪʴ ʧʥʝʚʤʦʮʠʣʠʥʜʨʘ 7. ʇʦʜ ʜʝʡʩʪʚʠ-

ʝʤ ʜʘʚʣʝʥʠʷ ʚʦʟʜʫʭʘ ʚ ʵʪʦʡ ʧʦʣʦʩʪʠ ʧʦʨʰʝʥʴ 8 ʧʝʨʝ-

ʤʝʱʘʝʪʩʷ ʚʧʨʘʚʦ ʠ ʩʚʷʟʘʥʥʳʡ ʩ ʥʠʤ ʰʪʦʢʦʤ ʨʘʙʦʯʠʡ 

ʦʨʛʘʥ 9 ʪʘʢ ʞʝ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚʧʨʘʚʦ. ʇʨʠ ʵʪʦʤ ʩʞʘʪʳʡ 

ʚʦʟʜʫʭ ʠʟ ʧʨʘʚʦʡ (ʰʪʦʢʦʚʦʡ) ʧʦʣʦʩʪʠ ʧʥʝʚʤʦʮʠʣʠʥʜʨʘ 

ʯʝʨʝʟ ʧʥʝʚʤʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴ 6 ʚʳʭʦʜʠʪ ʚ ʘʪʤʦʩʬʝʨʫ. ɺ 

ʢʦʥʮʝ ʭʦʜʘ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʥʘ ʧʥʝʚʤʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴ 

6 ʧʦʜʘʸʪʩʷ ʫʧʨʘʚʣʷʶʱʠʡ ʩʠʛʥʘʣ Y, ʧʝʨʝʢʣʶʯʘʶʱʠʡ 

ʟʦʣʦʪʥʠʢ. ʊʦʛʜʘ ʩʞʘʪʳʡ ʚʦʟʜʫʭ ʧʦʩʪʫʧʘʝʪ ʯʝʨʝʟ ʙʣʦʢ 

ʧʦʜʛʦʪʦʚʢʠ ʚʦʟʜʫʭʘ ʠ ʧʥʝʚʤʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴ 6 ʚ ʧʨʘ-

ʚʫʶ (ʰʪʦʢʦʚʫʶ) ʧʦʣʦʩʪʴ ʧʥʝʚʤʦʮʠʣʠʥʜʨʘ, ʘ ʣʝʚʘʷ 

(ʧʦʨʰʥʝʚʘʷ) ʧʦʣʦʩʪʴ ʯʝʨʝʟ ʧʥʝʚʤʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴ 6 

ʩʦʝʜʠʥʷʝʪʩʷ ʩ ʘʪʤʦʩʬʝʨʦʡ. ʈʘʙʦʯʠʡ ʦʨʛʘʥ ʨʝʚʝʨʩʠʨʫ-

ʝʪʩʷ, ʧʦʨʰʝʥʴ 8 ʩʦ ʰʪʦʢʦʤ ʠ ʨʘʙʦʯʠʤ ʦʨʛʘʥʦʤ 9 ʧʝʨʝ-

ʤʝʱʘʶʪʩʷ ʚʣʝʚʦ. ɺ ʩʣʫʯʘʝ ʦʙʨʘʪʥʦʛʦ ʧʝʨʝʢʣʶʯʝʥʠʷ 

ʧʥʝʚʤʦʨʘʩʧʨʝʜʝʣʠʪʝʣʷ 6 ʧʦʣʦʩʪʠ ʧʥʝʚʤʦʮʠʣʠʥʜʨʘ7 

ʤʝʥʷʶʪʩʷ ʠ ʧʦʨʰʝʥʴ ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʠʩʭʦʜʥʦʝ ʧʦʣʦ-

ʞʝʥʠʝ. 

ʄʝʞʜʫ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤʠ ʠ ʧʥʝʚʤʘʪʠʯʝʩʢʠʤʠ 

ʧʨʠʚʦʜʘʤʠ ʩʫʱʝʩʪʚʫʶʪ ʛʣʫʙʦʢʠʝ ʘʥʘʣʦʛʠʠ (ʧʦ ʧʨʠʥ-

ʮʠʧʫ ʜʝʡʩʪʚʠʷ, ʧʦ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʬʫʥʢʮʠʷʤ ʠʭ ʵʣʝʤʝʥ-

ʪʦʚ). ʇʨʠʥʮʠʧʠʘʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʪʦʣʴʢʦ ʨʘʙʦʯʠʝ ʩʨʝ-

ʜʳ, ʚʦʟʜʫʭ, ʦʙʣʘʜʘʶʱʠʡ ʙʦʣʴʰʝʡ ʩʞʠʤʘʝʤʦʩʪʴʶ ʠ 

ʤʘʣʦʡ ʚʷʟʢʦʩʪʴʶ, ʠ ʚʷʟʢʘʷ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʩʞʠʤʘʝʤʘʷ 

ʞʠʜʢʦʩʪʴ. ʈʘʟʣʠʯʠʝ ʨʘʙʦʯʠʭ ʩʨʝʜ ʩʫʱʝʩʪʚʝʥʥʦ ʩʢʘʟʳ-

ʚʘʝʪʩʷ ʥʘ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʧʨʠʚʦʜʦʚ, 

ʧʨʝʞʜʝ ʚʩʝʛʦ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʪ-

ʨʦʡʩʪʚ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʘʥʘʣʦʛʦʚ ʧʥʝʚ-

ʤʦʜʚʠʛʘʪʝʣʠ ʩ ʚʦʟʚʨʘʪʥʦ-ʧʦʩʪʫʧʘʪʝʣʴʥʳʤ ʜʚʠʞʝʥʠʝʤ 

ʚʳʭʦʜʥʦʛʦ ʟʚʝʥʘ ʷʚʣʷʶʪʩʷ ʪʠʧʠʯʥʦ ʜʠʩʢʨʝʪʥʳʤʠ ʫʩʪ-

ʨʦʡʩʪʚʘʤʠ. ɼʚʠʞʝʥʠʝ ʧʦʨʰʥʷ ʧʥʝʚʤʦʮʠʣʠʥʜʨʘ ʭʘʨʘʢ-

ʪʝʨʠʟʫʝʪʩʷ ʤʘʣʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ, ʚʳʩʦʢʠʤʠ ʠ 

ʥʝʩʪʘʙʠʣʴʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ. ʇʦʨʰʝʥʴ ʠʤʝʝʪ ʪʦʣʴʢʦ 

ʜʚʘ ʬʠʢʩʠʨʦʚʘʥʥʳʭ (ʢʨʘʡʥʠʭ) ʧʦʣʦʞʝʥʠʷ, ʦʧʨʝʜʝʣʷʝ-

ʤʳʭ ʞʸʩʪʢʠʤʠ ʫʧʦʨʘʤʠ. ʊʦʯʥʦ ʦʩʪʘʥʦʚʠʪʴ ʝʛʦ ʚ ʢʘʢʦʤ-

ʣʠʙʦ ʧʨʦʤʝʞʫʪʦʯʥʦʤ ʧʦʣʦʞʝʥʠʠ ʥʝʚʦʟʤʦʞʥʦ. ʅʘʧʨʠ-

ʤʝʨ, ʧʨʠ ʧʨʝʢʨʘʱʝʥʠʠ ʧʦʜʘʯʠ ʚʦʟʜʫʭʘ ʠʣʠ ʟʘʧʠʨʘʥʠʠ 

ʦʙʝʠʭ ʧʦʣʦʩʪʝʡ ʧʥʝʚʤʦʮʠʣʠʥʜʨʘ ʜʚʠʞʫʱʠʡ ʧʦʨʰʝʥʴ 

ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʝ ʤʛʥʦʚʝʥʥʦ ʠʟ-ʟʘ ʫʧʨʫʛʦʩʪʠ ʨʘʙʦʯʝʡ 

ʩʨʝʜʳ. ɺ ʛʠʜʨʦʧʨʠʚʦʜʝ ʦʩʪʘʥʦʚʢʘ ʧʦʨʰʥʷ ʚʦʟʤʦʞʥʘ ʚ 

ʣʶʙʦʡ ʪʦʯʢʝ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʧʦʨʰʥʷ ʩ ʜʦʩʪʘʪʦʯ-

ʥʦ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ. 

ʇʨʠ ʧʨʦʩʪʦʪʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʭʦʨʦʰʠʭ ʵʢʦʥʦʤʠʯʝ-

ʩʢʠʭ ʧʦʢʘʟʘʪʝʣʷʭ ʠ ʜʦʩʪʘʪʦʯʥʦʡ ʥʘʜʝʞʥʦʩʪʠ, ʥʦ ʥʠʟ-

ʢʠʭ ʨʝʛʫʣʠʨʦʚʦʯʥʳʭ ʩʚʦʡʩʪʚʘʭ, ʧʥʝʚʤʦʧʨʠʚʦʜʳ ʥʝ 

ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʧʦʟʠʮʠʦʥʥʳʭ ʠ ʢʦʥʪʫʨʥʳʭ 

ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ, ʯʪʦ ʥʝʩʢʦʣʴʢʦ ʩʥʠʞʘʝʪ ʧʨʠʚʣʝʢʘʪʝʣʴ-

ʥʦʩʪʴ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʤʝʭʘʪʨʦʥʥʳʭ ʩʠʩʪʝʤʘʭ. ɺ ʨʝ-

ʘʣʴʥʳʭ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʧʨʠʚʦʜʘʭ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʨʘ-

ʙʦʯʝʡ ʩʨʝʜʳ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʝʨʝʜʘʯʠ ʜʚʠʞʝʥʠʷ ʩʦ-

ʩʪʘʚʣʷʝʪ 6-100 ʄʇʘ ʧʨʠ ʛʠʙʢʦʤ ʫʧʨʘʚʣʝʥʠʠ ʟʘ ʩʯʝʪ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤʠ ʫʩʪ-

ʨʦʡʩʪʚʘʤʠ, ʠʤʝʶʱʠʤʠ ʨʘʟʣʠʯʥʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʠ ʵʣʝʢʪʨʦʥʥʦʝ. ʂʦʤʧʘʢʪʥʦʩʪʴ ʠ ʤʘʣʘʷ ʠʥʝʨʮʠʦʥ-

ʥʦʩʪʴ ʛʠʜʨʦʧʨʠʚʦʜʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʣʝʛʢʦʝ ʠ ʙʳʩʪʨʦʝ 

ʠʟʤʝʥʝʥʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʀʄ, ʘ ʧʨʠʤʝʥʝʥʠʝ 

ʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʫʧʨʘʚʣʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʧʨʠʝʤʣʝʤʳʝ ʧʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʠ ʟʘʜʘʥʥʫʶ ʩʪʘʙʠ-

ʣʠʟʘʮʠʶ ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ɺ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ, 

ʢʦʛʜʘ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʫʶ ʥʘʜʝʞʥʦʩʪʴ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʛʠʜʨʦʧʨʠʚʦʜʘ, ʠʩʧʦʣʴʟʫʶʪ ʜʚʝ ʥʘ-

ʩʦʩʥʳʝ ʩʪʘʥʮʠʠ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʚʝ ʚʝʪʚʠ ʛʠʜʨʦʩʠʩ-

ʪʝʤʳ [3]. ʅʘ ʨʠʩ. 3 ʧʨʠʚʝʜʝʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ 

ʤʝʭʘʪʨʦʥʥʦʡ ʩʠʩʪʝʤʳ ʠʟʚʣʝʯʝʥʠʷ ʬʫʨʤʳ, ʢʘʢ ʧʨʠʤʝʨ 

ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ ʩʠʩʪʝʤ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʉʦ-

ʛʣʘʩʥʦ ʜʘʥʥʦʡ ʩʭʝʤʝ ʚ ʫʩʪʨʦʡʩʪʚʝ ʨʘʙʦʪʘʶʪ ʜʚʝ ʥʘʩʦʩ-

ʥʳʝ ʩʪʘʥʮʠʠ ʥʘ ʝʜʠʥʫʶ ʩʠʩʪʝʤʫ, ʚ ʢʦʪʦʨʦʡ ʠʤʝʶʪʩʷ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʚʘ ʨʝʛʫʣʷʪʦʨʘ ʧʦʪʦʢʘ ʠ ʜʚʘ ʛʠʜʨʦʢʣʘ-

ʧʘʥʘ. ɺʦʧʨʦʩʳ ʥʘʜʝʞʥʦʩʪʠ ʚ ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ ʦʙʝʩʧʝ-

ʯʠʚʘʶʪʩʷ ʜʚʫʤʷ ʛʠʜʨʦʥʘʛʥʝʪʘʪʝʣʷʤʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʨʘʙʦʪʘʪʴ ʦʪʜʝʣʴʥʦ (ʥʝʟʘʚʠʩʠʤʦ) ʠʣʠ ʧʘʨʘʣʣʝʣʴʥʦ. 
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ʈʠʩ. 3. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ ʩʭʝʤʘ  

ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʬʫʨʤʳ 
 

ʇʠʪʘʥʠʝ ʛʠʜʨʦʮʠʣʠʥʜʨʘ 1 ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʜʚʠ-

ʞʝʥʠʝ ʫʩʪʨʦʡʩʪʚʘ ʟʘʭʚʘʪʘ ʠ ʝʛʦ ʧʦʜʜʝʨʞʢʫ. ɺ ʥʦʨ-

ʤʘʣʴʥʦʤ ʨʝʞʠʤʝ ʧʠʪʘʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʝʨʚʦʡ ʥʘ-

ʩʦʩʥʦʡ ʩʪʘʥʮʠʝʡ. ɺʪʦʨʘʷ ʩʪʘʥʮʠʷ, ʧʦʜʢʣʶʯʝʥʥʘʷ ʢ 

ʛʨʫʧʧʘʤ ʮʠʣʠʥʜʨʦʚ 2 ʠ 3, ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʠʪʘʥʠʝ ʥʝʧʦ-

ʩʨʝʜʩʪʚʝʥʥʦ ʩʘʤʠʭ ʤʝʭʘʥʠʟʤʦʚ ʟʘʭʚʘʪʘ. ɼʣʷ ʫʧʨʘʚʣʝ-

ʥʠʷ ʮʠʣʠʥʜʨʘʤʠ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʪʨʝʭʧʦʟʠʮʠʦʥʥʳʝ 

ʛʠʜʨʦʨʘʩʧʨʝʜʝʣʠʪʝʣʠ. ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʛʠʜʨʦʮʠʣʠʥ-

ʜʨʦʤ 1 ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʨʫʯʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʛʠʜʨʦʨʘʩ-

ʧʨʝʜʝʣʠʪʝʣʝʤ ʠ ʠʤʝʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʨʝʛʫʣʷʪʦʨ 

ʧʦʪʦʢʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʧʣʘʚʥʦʩʪʴ ʚʳʜʚʠʞʝʥʠʷ ʠ ʚʪʷ-

ʛʠʚʘʥʠʷ ʛʠʜʨʦʰʪʦʢʘ. 

ɻʨʫʧʧʳ ʮʠʣʠʥʜʨʦʚ 2 ʠ 3 ʷʚʣʷʶʪʩʷ, ʢʘʢ ʦʪʤʝʯʘ-

ʣʦʩʴ ʚʳʰʝ, ʠʩʧʦʣʥʠʪʝʣʴʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ ʫʩʪʨʦʡʩʪʚʘ 

ʟʘʭʚʘʪʘ. ʆʥʠ ʚʳʧʦʣʥʷʶʪ ʚʝʨʪʠʢʘʣʴʥʳʡ ʟʘʭʚʘʪ ʩ ʚʥʫʪ-

ʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʬʫʨʤʳ. ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʵʪʠʤʠ 

ʛʨʫʧʧʘʤʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʡ ʛʠʜʨʦʨʘʩ-

ʧʨʝʜʝʣʠʪʝʣʴ ʩ ʨʝʛʫʣʠʨʫʝʤʳʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ 

ʫʧʨʘʚʣʝʥʠʝʤ, ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʜʝʣʠʪʝʣʷʤʠ ʧʦʪʦʢʘ ʠ 

ʨʝʛʫʣʷʪʦʨʘʤʠ ʧʦʪʦʢʘ. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʣʘʚʥʦʩʪʴ ʟʘ-

ʭʚʘʪʘ ʙʝʟ ʜʝʬʦʨʤʘʮʠʠ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ.  

ɺ ʮʝʣʦʤ, ʩʦʧʦʩʪʘʚʣʷʷ ʛʠʜʨʦ- ʠ ʧʥʝʚʤʦʧʨʠʚʦʜʳ, 

ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʘʞʜʳʡ ʠʟ ʵʪʠʭ ʩʠʩʪʝʤ ʧʨʠʚʦʜʦʚ 

ʦʙʣʘʜʘʝʪ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʜʦʩʪʦʠʥʩʪʚ ʠ 

ʥʝʜʦʩʪʘʪʢʦʚ. ʂʘʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʦʩʥʦʚʥʳʭ ʧʦʢʘʟʘʪʝ-

ʣʝʡ ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣʠʮʝ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʤʘʪʝʨʠʘ-

ʣʦʚ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʚ [4-6]. 

 

 
 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʨʠʚʦʜʦʚ 

ˉ 

ʧ/

ʧ 

ʅʘʠʤʝʥʦʚʘ-

ʥʠʝ ʧʦʢʘʟʘ-

ʪʝʣʝʡ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʢʘʟʘʪʝʣʝʡ 

ʛʠʜʨʦʧʨʠʚʦʜʘ ʧʥʝʚʤʦʧʨʠʚʦʜʘ 

1 ʉʣʦʞʥʦʩʪʴ 

ʢʦʥʩʪʨʫʢ-

ʮʠʠ ʠ ʪʝʭ-

ʥʠʯʝʩʢʦʝ 

ʦʙʩʣʫʞʠʚʘ-

ʥʠʝ 

ɺʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ, 

ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʥʝʦʙ-

ʭʦʜʠʤʦʩʪʴʶ ʛʝʨʤʝʪʠ-

ʟʘʮʠʠ ʩʦʝʜʠʥʝʥʠʡ ʠ 

ʧʨʠʤʝʥʝʥʠʷ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʦʡ ʚʦʟʚʨʘʪʥʦʡ  

ʛʠʜʨʦʣʠʥʠʠ, ʘ ʪʘʢʞʝ  

ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʤʘʪʝ-

ʨʠʘʣʦʚ ʧʨʠ ʠʟʛʦʪʦʚʣʝ-

ʥʠʠ ʪʨʫʙʦʧʨʦʚʦʜʘ. 

ʅʝ ʪʨʝʙʫʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ 

ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʢʦʤʧʣʝʢ-

ʪʫʶʱʠʭ ʠʟʜʝʣʠʡ ʚʳʩʦʢʦʡ 

ʪʦʯʥʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʵʣʝʤʝʥʪʦʚ ʩʦʝʜʠʥʝʥʠʡ, 

ʦʪʩʫʪʩʪʚʠʝ ʚʦʟʚʨʘʪʥʳʭ 

ʧʥʝʚʤʦʣʠʥʠʡ. ɼʣʷ ʠʟʛʦ-

ʪʦʚʣʝʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ ʥʝ 

ʪʨʝʙʫʶʪʩʷ ʧʨʠʤʝʥʝʥʠʝ 

ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʤʘʪʝʨʠʘ-

ʣʦʚ 

2 ɺʣʠʷʥʠʝ 

ʫʪʝʯʝʢ ʥʘ 

ʩʠʩʪʝʤʫ 

 

ɿʥʘʯʠʪʝʣʴʥʦʝ (ʥʝʦʙ-

ʭʦʜʠʤ ʢʦʥʪʨʦʣʴ ʟʘ 

ʫʨʦʚʥʝʤ ʨʘʙʦʯʠʡ ʞʠʜ-

ʢʦʩʪʠ ʚ ʩʠʩʪʝʤʝ), 

ʚʣʠʷʥʠʝ ʫʪʝʯʝʢ ʥʘ 

ʂʇɼ ʩʠʩʪʝʤʳ ʠ ʨʘʩʭʦʜ  

ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ 

ʅʝ ʟʥʘʯʠʪʝʣʴʥʦʝ (ʣʝʛʢʦ 

ʚʦʩʧʦʣʥʷʝʤʳ). 

 

3 ɻʘʙʘʨʠʪʳ ʠ 

ʤʘʩʩʘ 

ʅʝʙʦʣʴʰʠʝ ɿʥʘʯʠʪʝʣʴʥʳʝ 

4 ʈʘʙʦʯʝʝ 

ʜʘʚʣʝʥʠʝ 

ɺʳʩʦʢʦʝ (ʦʪ 5-30 ʜʦ 

300 ʄʇʘ) 

 

ʅʠʟʢʦʝ (ʦʪ 0,5-0,6 ʜʦ 7 

ʄʇʘ) 

5 ʉʤʘʟʳʚʘʶ-

ʱʘʷ ʩʧʦ-

ʩʦʙʥʦʩʪʴ 

ʩʨʝʜʳ 

ɺʳʩʦʢʘʷ ʅʠʟʢʘʷ (ʥʝʦʙʭʦʜʠʤʦ ʧʨʠ-

ʥʫʜʠʪʝʣʴʥʦʝ ʨʘʩʧʳʣʝʥʠʝ 

ʤʘʩʣʘ ʚ ʧʦʪʦʢ ʚʦʟʜʫʭʘ) 

6 ʕʥʝʨʛʦʸʤ-

ʢʦʩʪʴ 

ɺʳʩʦʢʘʷ ʅʠʟʢʘʷ 

7 ʇʦʞʘʨʦ- ʠ 

ʚʟʨʳʚʦʙʝ-

ʟʦʧʘʩʥʦʩʪʴ 

ʅʠʟʢʘʷ ɺʳʩʦʢʘʷ 

8 ʋʨʦʚʝʥʴ 

ʰʫʤʘ 

 

ʅʠʟʢʠʡ 

 

ɺʳʩʦʢʠʡ 

9 ʉʨʦʢ ʩʣʫʞ-

ʙ  r

5-10 ʪʳʩ. ʯ 10-20 ʪʳʩ. ʯ 

10 ʈʝʛʫʣʠʨʦ-

ʚʘʥʠʝ ʩʢʦ-

ʨʦʩʪʠ ʚʳ-

ʭʦʜʥʦʛʦ 

ʟʚʝʥʘ  

ʐʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ  

ɼʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʠʡ ʜʠʘ-

ʧʘʟʦʥ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

11 ʏʘʩʪʦʪʘ 

ʨʝʚʝʨʩʠʨʦ-

ʚʘʥʠʷ ʜʚʠ-

ʞʝʥʠʷ ʚʳ-

ʭʦʜʥʦʛʦ 

ʟʚʝʥʘ 

ɼʦ 1000 ʨʝʚʝʨʩʦʚ ʚ 

ʤʠʥʫʪʫ 

ɼʦ 1500 ʨʝʚʝʨʩʦʚ ʚ ʤʠʥʫʪʫ 

12 ʈʝʘʣʠʟʘʮʠʷ 

ʩʢʦʨʦʩʪʠ 

ʨʘʙʦʯʠʭ 

ʜʚʠʞʝʥʠʡ 

ʈʝʘʣʠʟʘʮʠʷ ʙʦʣʴʰʠʭ 

ʩʢʦʨʦʩʪʝʡ ʦʛʨʘʥʠʯʠʚʘ-

ʝʪʩʷ ʙʦʣʴʰʝʡ ʠʥʝʨʮʠ-

ʦʥʥʦʩʪʴʶ (ʤʘʩʩʘ ʞʠʜ-

ʢʦʩʪʠ) ʠ ʦʪʩʫʪʩʪʚʠʝʤ 

ʜʝʤʧʬʠʨʫʶʱʝʛʦ ʵʬ-

ʬʝʢʪʘ 

ɺʦʟʤʦʞʥʘ ʨʝʘʣʠʟʘʮʠʷ 

ʙʦʣʴʰʠʭ ʩʢʦʨʦʩʪʝʡ. 

13 ʂʇɼ ʧʨʠ-

ʚʦʜʘ 

ʆʢʦʣʦ 70% ʆʙʳʯʥʦ 5-15% ʠ ʦʯʝʥʴ 

ʨʝʜʢʦ ʜʦ 30% 

14 ʇʝʨʝʜʘʯʘ 

ʵʥʝʨʛʠʠ ʥʘ 

ʙʦʣʴʰʠʝ 

ʨʘʩʩʪʦʷʥʠʷ 

ʅʝʚʦʟʤʦʞʥʦ  ʚʩʣʝʜʩʪ-

ʚʠʝ ʙʦʣʴʰʠʭ ʧʦʪʝʨʴ 

ʥʘʧʦʨʘ ʥʘ ʝʜʠʥʠʮʫ 

ʜʣʠʥʳ ʪʨʫʙʦʧʨʦʚʦʜʘ 

ɺʦʟʤʦʞʥʦ  ʥʘ ʨʘʩʩʪʦʷʥʠʷ 

ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʢʠʣʦʤʝʪ-

ʨʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴ-

ʟʦʚʘʪʴ ʧʥʝʚʤʦʧʨʠʚʦʜ ʚ 

ʢʘʯʝʩʪʚʝ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ 

15 ʏʫʚʩʪʚʠ-

ʪʝʣʴʥʦʩʪʴ ʢ 

ʧʝʨʝʧʘʜʫ 

ʪʝʤʧʝʨʘʪʫʨ 

ʏʫʚʩʪʚʠʪʝʣʝʥ (ʥʘʨʫ-

ʰʝʥʠʝ ʛʝʨʤʝʪʠʯʥʦʩʪʠ 

ʚʩʣʝʜʩʪʚʠʝ ʠʟʤʝʥʝʥʠʷ 

ʟʘʟʦʨʦʚ ʤʝʞʜʫ ʜʝʪʘ-

ʣʷʤʠ, ʠʟʤʝʥʝʥʠʝ ʚʟ̫-

ʢʦʩʪʠ ʨʘʙʦʯʝʡ ʩʨʝʜʳ) 

ʅʝ ʯʫʚʩʪʚʠʪʝʣʝʥ 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 

ˉ 

ʧ/

ʧ 

ʅʘʠʤʝʥʦʚʘ-

ʥʠʝ ʧʦʢʘʟʘ-

ʪʝʣʝʡ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʢʘʟʘʪʝʣʝʡ 

ʛʠʜʨʦʧʨʠʚʦʜʘ ʧʥʝʚʤʦʧʨʠʚʦʜʘ 

16 ʉʢʦʨʦʩʪʴ 

ʧʝʨʝʜʘʯʠ 

ʩʠʛʥʘʣʘ 

(ʫʧʨʘʚʣʷʶ-

ʱʝʛʦ ʠʤ-

ʧʫʣʴʩʘ) 

1000 ʠ 300 000 ʤ/ʩ 

 

ʦʪ 150 ʜʦ 360 ʤ/ʩ (ʟʘʧʘʟ-

ʜʳʚʘʥʠʝ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝ-

ʨʘʮʠʡ) 

17 ʊʦʯʥʦʩʪʴ 

ʧʦʟʠʮʠʦʥʠ-

ʨʦ-ʚʘʥʠʷ 

ʠʩʧʦʣʥʠ-

ʪʝʣʴʥʦʛʦ 

ʤʝʭʘʥʠʟʤʘ 

ɺʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ (ʩ 

ʪʦʯʥʦʩʪʴʶ ʜʦ ʜʝʩʷʪʳʭ 

ʜʦʣʝʡ ʤʠʣʣʠʤʝʪʨʘ).  

ɺʦʟʤʦʞʥʦʩʪʴ ʬʠʢʩʘ-

ʮʠʠ ʚ ʣʶʙʦʤ ʧʨʦʤʝ-

ʞʫʪʦʯʥʦʤ ʧʦʣʦʞʝʥʠʠ 

ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ 

ʅʠʟʢʘʷ ʪʦʯʥʦʩʪʴ (ʚ ʧʨʦ-

ʤʝʞʫʪʦʯʥʳʭ  ʧʦʣʦʞʝʥʠʷʭ  

ʪʦʯʥʦʩʪʴ ʬʠʢʩʘʮʠʠ ʨʘʙʦ-

ʯʝʛʦ ʦʨʛʘʥʘ ʦʩʫʱʝʩʪʚʣʷʝʪ-

ʩʷ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦ) 

18 ʉʪʦʠʤʦʩʪʴ 

ʨʘʙʦʯʝʡ 

ʩʨʝʜʳ 

ɺʳʩʦʢʘʷ ʃʝʛʢʦ ʚʦʩʧʦʣʥʷʝʤʘ ʠʟ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

19 ʕʢʩʧʣʫʘʪʘ-

ʮʠʷ ʨʘʙʦʯʝʡ 

ʩʨʝʜʳ 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ 

ʬʠʣʴʪʨʘʮʠʠ ʨʘʙʦʯʝʡ 

ʞʠʜʢʦʩʪʠ, ʥʘʛʨʝʚʘ ʠʣʠ 

ʦʭʣʘʞʜʝʥʠʷ, ʘ ʪʘʢʞʝ 

ʟʘʤʝʥʘ 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʬʠʣʴʪʨʘ-

ʮʠʠ, ʚʣʘʛʦʦʪʜʝʣʝʥʠʷ ʠ 

ʧʦʚʳʰʝʥʠʷ ʩʤʘʟʳʚʘʶʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʨʘʙʦʯʝʡ ʩʨʝ-

ʜʳ  
 

ɺ ʪʘʙʣʠʮʝ ʧʨʠʚʝʜʝʥʘ ʩʦʚʦʢʫʧʥʦʩʪʴ ʦʩʥʦʚʥʳʭ ʧʦ-

ʢʘʟʘʪʝʣʝʡ ʜʚʫʭ ʩʦʧʦʩʪʘʚʠʤʳʭ ʧʦ ʩʦʩʪʘʚʫ ʦʩʥʦʚʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʠʩʪʝʤ ʧʨʠʚʦʜʦʚ. ʅʝʜʦʩʪʘʪʢʠ ʛʠʜʨʦʧʨʠ-

ʚʦʜʘ ʦʪʨʘʞʝʥʳ ʚ ʧʦʟʠʮʠʷʭ 1, 2, 4, 9. 11, 14, 15, 18, ʩʦ-

ʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʵʪʠʭ ʧʦʟʠʮʠʷʭ ʧʥʝʚʤʦʧʨʠʚʦʜ ʠʤʝʝʪ 

ʧʨʝʠʤʫʱʝʩʪʚʘ. ʇʦ ʨʷʜʫ ʧʦʟʠʮʠʡ, ʪʘʢʠʭ ʢʘʢ 10, 12, ʠ 19, 

ʧʦʢʘʟʘʪʝʣʠ ʜʘʥʥʳʭ ʩʠʩʪʝʤ ʧʨʠʚʦʜʦʚ ʩʦʚʧʘʜʘʶʪ. ɺ ʜʨʫ-

ʛʠʭ ʧʦʟʠʮʠʷʭ ʧʥʝʚʤʦʧʨʠʚʦʜ ʠʤʝʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʝ-

ʠʤʫʱʝʩʪʚʘ ʧʦ ʦʪʥʦʰʝʥʠʠ ʢ ʛʠʜʨʦʧʨʠʚʦʜʫ. ɺ ʮʝʣʦʤ 

ʧʦʢʘʟʘʪʝʣʠ ʛʠʜʨʦʧʨʠʚʦʜʘ ʠ ʧʥʝʚʤʦʧʨʠʚʦʜʘ ʩʦʧʦʩʪʘʚʠ-

ʤʳ ʠ ʢʘʞʜʳʡ ʠʟ ʥʠʭ ʠʤʝʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪ-

ʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ  ʚ ʪʦʤ ʠʣʠ ʠʥʦʤ 

ʜʠʘʧʘʟʦʥʝ ʤʦʱʥʦʩʪʠ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ. 

ʕʣʝʢʪʨʦʧʨʠʚʦʜ ʚ ʵʪʠʭ ʩʠʩʪʝʤʘʭ ʠʛʨʘʝʪ ʢʦʩʚʝʥʥʫʶ 

ʨʦʣʴ, ʪʘʢ ʢʘʢ ʧʨʷʤʳʭ ʨʘʙʦʯʠʭ ʜʝʡʩʪʚʠʡ ʥʝ ʧʨʦʠʟʚʦʜʠʪ. 

ʆʪʜʝʣʴʥʦ ʨʘʩʩʤʘʪʨʠʚʘʷ ʵʣʝʢʪʨʦʧʨʠʚʦʜ ʤʦʜʫʣʝʡ ʚ 

ʤʝʭʘʪʨʦʥʥʳʭ ʩʠʩʪʝʤʘʭ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʦʝ 

ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʟʚʠʚʘʝʪʩʷ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʘʥʜʨʦʠʜ-

ʥʳʤ ʠ ʠʤ ʧʦʜʦʙʥʳʤ ʨʦʙʦʪʘʤ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʦʨʛʘʥʦʚ ʤʝʭʘʪʨʦʥ-

ʥʳʭ ʩʠʩʪʝʤ ʧʦ ʤʥʦʛʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʅʘ ʨʠʩ. 3 ʧʨʠʚʝʜʝ-

ʥʳ ʢʨʠʚʳʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʤʘʩʩʦʛʘʙʘʨʠʪʥʫʶ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ ʧʨʠʚʦʜʦʚ, ʧʨʠʤʝʥʷʝ-

ʤʳʭ ʚ ʤʝʭʘʪʨʦʥʥʳʭ ʤʦʜʫʣʷʭ [7]. 
 

 
ʈʠʩ. 3. ʋʜʝʣʴʥʘʷ ʤʦʱʥʦʩʪʴ (ʦʪʥʝʩʝʥʥʘʷ ʢ ʚʝʩʫ)  

ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ ʧʨʠʚʦʜʦʚ  

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʘʙʩʦʣʶʪʥʦʡ ʤʦʱʥʦʩʪʠ 
 

ɸʥʘʣʠʟʠʨʫʷ ʜʘʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʤʦʱʥʦʩʪʠ ʩʚʳʰʝ 2 ʢɺʪ (ʧʦʩʣʝ ʧʝʨʝ-

ʩʝʯʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʪʦʯʢʝ 1) ʤʘʩʩʦʛʘʙʘʨʠʪʥʘʷ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʴ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʩʪʘʥʦʚʠʪʩʷ ʧʨʝʦʙʣʘʜʘʶ-

ʱʝʡ. ʊʦʯʢʦʡ 2 ʦʙʦʟʥʘʯʝʥʦ ʧʝʨʝʩʝʯʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʥʝʚʤʦ- ʠ ʛʠʜʨʦʧʨʠʚʦʜʘ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʤʦʞʥʦ ʩʜʝ-

ʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʤʦʱʥʦʩʪʠ ʩʚʳʰʝ 

5 ʢɺʪ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʥʝʚʤʦʧʨʠʚʦʜʘ 

ʩʪʘʥʦʚʷʪʩʷ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʦʮʝʥʢʘ ʧʦʜʦʙʥʦʛʦ ʪʠʧʘ ʷʚʣʷʝʪʩʷ  ʥʝ ʧʦʣʥʦʡ ʜʣʷ ʧʨʠʥʷ-

ʪʠʷ ʨʝʰʝʥʠʡ ʧʦ ʚʳʙʦʨʫ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʠʩʪʝʤʳ ʵʣʝʢ-

ʪʨʦʧʨʠʚʦʜʘ ʚ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʡ. 
 

ʆʉʅʆɺʅʓɽ ɺʓɺʆɼʓ 
 

1. ʇʥʝʚʤʦʧʨʠʚʦʜ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤ, 

ʜʦʩʪʘʪʦʯʥʦ ʥʘʜʝʞʥʳʤ ʠ ʜʝʰʝʚʳʤ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʘʥ-

ʥʳʡ ʪʠʧ ʧʨʠʚʦʜʘ ʷʚʣʷʝʪʩʷ ʧʣʦʭʦ ʫʧʨʘʚʣʷʝʤʳʤ ʠ ʠʤʝʝʪ 

ʦʛʨʘʥʠʯʝʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ (ʜʦ 

10-20 ʢʛ [6]). 

2. ɻʠʜʨʦʧʨʠʚʦʜ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʩʣʦʞʥʳʤ ʠ ʜʦʨʦ-

ʛʦʩʪʦʷʱʠʤ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʧʥʝʚʤʦ- ʠ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʤ. 

ʆʜʥʘʢʦ ʚ ʜʠʘʧʘʟʦʥʝ ʤʦʱʥʦʩʪʝʡ ʜʦ 1 ʢɺʪ ʛʠʜʨʦʧʨʠʚʦʜ 

ʦʙʣʘʜʘʝʪ ʥʘʠʣʫʯʰʠʤʠ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷ-

ʤʠ ʠ ʫʩʧʝʰʥʦ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʩʠʩʪʝʤʘʭ, ʛʜʝ ʪʨʝ-

ʙʫʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʟʥʘʯʠʪʝʣʴʥʳʭ ʫʩʠʣʠʡ ʠʩʧʦʣʥʠ-

ʪʝʣʴʥʳʤʠ ʦʨʛʘʥʘʤʠ ʠ ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ  ʠʩʧʦʣʥʝʥʠʷ. 

3. ʕʣʝʢʪʨʦʧʨʠʚʦʜ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʪʘʥʦʚʠʪʩʷ ʦʩʥʦʚʥʳʤ ʚ ʩʬʝʨʝ ʤʝʭʘ-

ʪʨʦʥʥʳʭ ʩʠʩʪʝʤ. ʇʨʠ ʵʪʦʤ ʥʘ ʧʝʨʚʳʡ ʧʣʘʥ ʚʳʜʚʠʛʘʶʪ-

ʩʷ ʪʘʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʢʘʢ ʭʦʨʦʰʘʷ ʫʧʨʘʚʣʷʝʤʦʩʪʴ, ʚʳ-

ʩʦʢʠʡ ʂʇɼ ʠ ʥʘʠʣʫʯʰʘʷ ʤʘʩʩʦ-ʛʘʙʘʨʠʪʥʘʷ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴ. ɺʩʝ ʵʪʠ ʧʦʟʠʮʠʠ ʷʚʣʷʶʪʩʷ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤʠ  

ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʚ ʤʦʙʠʣʴʥʳʭ ʨʦʙʦʪʦ-

ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʩ ʘʚʪʦʥʦʤʥʳʤ ʧʠʪʘʥʠʝʤ. 
 

ɿɸʂʃʖʏɽʅʀɽ 
 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʝʭʘʪʨʦʥʥʳʝ ʩʠʩʪʝʤ  r ʢʘʢ 

ʦʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʡ  ʥʘʭʦʜʷʪʩʷ ʚ ʧʣʘʥʘʭ ʨʘʙʦʪ ʤʥʦʛʠʭ 

ʥʘʫʯʥʳʭ ʢʦʣʣʝʢʪʠʚʦʚ, ʠ ʚ ʵʪʦʡ ʩʬʝʨʝ ʥʝʦʙʭʦʜʠʤʦ ʨʝ-

ʰʘʪʴ ʰʠʨʦʢʠʡ ʢʨʫʛ ʟʘʜʘʯ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʝʦʙʭʦ-

ʜʠʤʦ ʩʦʟʜʘʥʠʝ ʠ ʧʦʩʪʦʷʥʥʦʝ ʧʦʧʦʣʥʝʥʠʝ ʙʘʟ ʜʘʥʥʳʭ ʧʦ 

ʧʨʠʤʝʥʝʥʠʶ ʤʝʭʘʪʨʦʥʥʳʭ ʩʠʩʪʝʤ ʚ ʨʘʟʣʠʯʥʳʭ ʥʘ-

ʧʨʘʚʣʝʥʠʷʭ ʪʝʭʥʠʢʠ, ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʠʢ ʢʠʥʝʤʘʪʠʯʝ-

ʩʢʠʭ ʨʘʩʯʝʪʦʚ ʠ ʚʳʙʦʨʘ ʤʦʱʥʦʩʪʠ ʜʚʠʛʘʪʝʣʝʡ ʜʣʷ ʨʘʟ-

ʣʠʯʥʳʭ ʪʠʧʦʚ ʧʨʠʚʦʜʦʚ. ʇʨʦʙʣʝʤʳ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ ʥʘʭʦʜʷʪʩʷ ʚ ʦʪʜʝʣʴʥʦʡ ʩʬʝʨʝ ʠʩʩʣʝʜʦʚʘ-

ʥʠʡ. 
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COMPARATIVE ANALYSIS OF ACTUATORS FOR MECHATRONIC SYSTEMS 
 

Sarvarov A.S., Vasilyev A.E., Danilenko K.V., Menshchikova E.V. 

 
This article presents a comparative analysis of the main 

indicators of hydraulic and pneumatic actuators and application 

characteristics in mechatronic systems, and provides dependence 

of power density on the absolute of different actuators systems 

for comparison. 
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ʈɸɿʈɸɹʆʊʂɸ ʂʆʄʇʔʖʊɽʈʅʆʁ ʄʆɼɽʃʀ ʇʈʆʎɽʉʉɸ ʀʉʇʓʊɸʅʀʗ  

ɾʀɼʂʀʍ ʕʃɽʂʊʈʆʀɿʆʃʗʎʀʆʅʅʓʍ ʄɸʊɽʈʀɸʃʆɺ 
 

ɺ ʩʪʘʪʴʝ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʢʠ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʦʜʝʣʠ ʚ ʧʨʦʛʨʘʤʤʝ Elcut 6.0, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʪ ʦʮʝʥʠʪʴ ʢʘʯʝʩʪʚʦ 

ʞʠʜʢʠʭ ʵʣʝʢʪʨʦʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʫʪʝʤ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥʳ ʧʨʦʙʠʚʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʙʝʟ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʙʦʪ ʧʦ 

ʚʳʩʦʢʦʚʦʣʴʪʥʳʤ ʠʩʧʳʪʘʥʠʷʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʙʠʚʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʝ ʤʘʩʣʦ, ʧʨʦʙʦʡ, ʢʦʤʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʴ. 

ɺɺɽɼɽʅʀɽ 
 

ʅʘʜʝʞʥʦʩʪʴ ʞʠʜʢʠʭ ʵʣʝʢʪʨʦʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝ-

ʨʠʘʣʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ ʧʨʦʙʠʚʥʦʛʦ ʥʘʧʨʷʞʝ-

ʥʠʷ. ʅʘʧʨʠʤʝʨ, ʟʥʘʯʝʥʠʝ ʧʨʦʙʠʚʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʛʦ ʤʘʩʣʘ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʧʦʢʘʟʘ-

ʪʝʣʝʤ ʥʘʜʝʞʥʦʩʪʠ ʝʛʦ ʨʘʙʦʪʳ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʪʨʝʙʫʝ-

ʤʦʡ ʠʟʦʣʷʮʠʠ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʘʭ. ʀʩʧʳʪʘʥʠʝ 

ʧʨʦʚʦʜʷʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ɻʆʉʊ 6581ï

75. 

ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʨʳʥʢʝ ʠʩʧʳʪʘʪʝʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ 

ʞʠʜʢʠʭ ʜʠʵʣʝʢʪʨʠʢʦʚ ʩʝʛʦʜʥʷ ʤʦʞʥʦ ʚʩʪʨʝʪʠʪʴ ʨʘʟ-

ʣʠʯʥʳʝ ʚʠʜʳ ʠʩʧʳʪʘʪʝʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ. ɺ ʪʘʙʣ. 1 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʤʳʝ ʬʠʨʤʳ-

ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʭ ʧʨʦ-

ʜʫʢʮʠʠ. 
 

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʙʠʚʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʞʠʜʢʠʭ 

ʵʣʝʢʪʨʦʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʩʧʦʣʴʟʫʶʪ ʫʩʪʘ-

ʥʦʚʢʠ, ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʢʦʪʦʨʳʭ ʩʦʛʣʘʩʥʦ 

ɻʆʉʊ 6581ï75 ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1 [1]. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʠʩʧʳʪʘʥʠʡ ʪʘʢ-

ʞʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʫʩʪʘʥʦʚʢʠ ʩ ʠʥʳʤʠ ʩʭʝʤʦ-

ʪʝʭʥʠʯʝʩʢʠʤʠ ʨʝʰʝʥʠʷʤʠ [2, 3]. 

ɼʣʷ ʠʩʧʳʪʘʥʠʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʛʦ ʤʘʩʣʘ, ʩ ʮʝ-

ʣʴʶ ʠʟʤʝʨʝʥʠʷ ʧʨʦʙʠʚʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʧʨʠʤʝʥʷʝʤ 

ʦʪʝʯʝʩʪʚʝʥʥʳʡ ʘʧʧʘʨʘʪ ɸʀʄï90ʄ, ʚ ʢʦʪʦʨʦʤ ʠʩʧʦʣʴ-

ʟʫʶʪ ʠʟʤʝʨʠʪʝʣʴʥʫʶ ʷʯʝʡʢʫ ʩʦ ʩʬʝʨʠʯʝʩʢʠʤʠ ʵʣʝʢ-

ʪʨʦʜʘʤʠ. ɿʘʟʦʨ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʜʦʣʞʝʥ ʩʦʩʪʘʚʣʷʪʴ 

2,5 Ñ 0,5 ʤʤ. ʂʦʥʪʨʦʣʴ ʟʘʟʦʨʘ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʧʨʦ-

ʚʝʨʷʝʪʩʷ ʱʫʧʦʤ, ʢʦʪʦʨʳʡ ʚʭʦʜʠʪ ʚ ʢʦʤʧʣʝʢʪ ʧʦʩʪʘʚʢʠ 

ʧʨʠʙʦʨʘ. 
 

 
ʈʠʩ. 1. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ  

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʙʠʚʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ  

ʞʠʜʢʠʭ ʵʣʝʢʪʨʦʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ: 

1 - ʚʳʩʦʢʦʚʦʣʴʪʥʳʡ ʠʩʧʳʪʘʪʝʣʴʥʳʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ;  

2 - ʨʝʛʫʣʠʨʦʚʦʯʥʳʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ;  

3 ï ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʷʯʝʡʢʘ; 4 ï ʚʦʣʴʪʤʝʪʨ; 5 ï ʩʠʛʥʘʣʴʥʘʷ 

ʣʘʤʧʘ; 6 ï ʟʘʱʠʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 
 

ʕʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʝʡ ʆʆʆ ʅʀʎ 

çʕʥʝʨʛʦʜʠʘʛʥʦʩʪʠʢʘè (ʛ. ʋʬʘ) ʜʣʷ ʧʨʦʚʝʜʝ-

ʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʧʨʝʜʦʩʪʘʚʣʝʥʦ ʜʚʘ 

ʦʙʨʘʟʮʘ, ʧʦʢʘʟʘʥʥʳʝ ʥʘ ʨʠʩ. 2. 
 

     
ʘ                                      ʙ 

ʈʠʩ. 2. ʆʙʨʘʟʮʳ ʜʣʷ ʠʩʧʳʪʘʥʠʷ: ʦʙʨʘʟʝʮ ˉ1 ï 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʝ ʤʘʩʣʦ ʧʦʩʣʝ ʛʦʜʘ 

ʵʢʩʧʣʫʘʪʘʮʠʠ (ʘ); ʦʙʨʘʟʝʮ ˉ2 ï 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʝ ʤʘʩʣʦ ʧʦʩʣʝ ʧʷʪʠ ʣʝʪ 

ʵʢʩʧʣʫʘʪʘʮʠʠ (ʙ) 
 

ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥ ʤʦʤʝʥʪ ʧʨʦʙʦʷ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʛʦ ʤʘʩʣʘ. 

ʅʘ ʨʠʩ. 4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʢʘʟʘʥʠʷ ʢʠ-

ʣʦʚʦʣʴʪʤʝʪʨʦʚ, ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʦʙʨʘʟʮʦʚ ˉ1 

ʠ 2. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ  ʧʨʦʮʝʩʩʘ ʠʩʧʳʪʘ-

ʥʠʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʛʦ ʤʘʩʣʘ ʦʙʨʘʟʮʦʚ ˉ1 ʠ 2 ʚ ʧʨʦ-

ʛʨʘʤʤʝ Elcut 6.0 ʧʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦ-

ʙʦʷ ʤʦʜʝʣʠʨʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʠ ʧʦʩʪʨʦʝʥʳ ʢʘʨʪʠʥʳ ʩʠ-

ʣʦʚʳʭ ʣʠʥʠʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ 

ʧʨʦʮʝʩʩʝ ʠʩʧʳʪʘʥʠʷ (ʨʠʩ. 5). ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 2. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 5, ʘ ʠ ʙ, ʧʦ ʢʘʨʪʠʥʝ ʩʠʣʦʚʳʭ 

ʣʠʥʠʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʧʣʦʭʦʤ ʢʘʯʝʩʪʚʝ ʤʘʩʣʘ ʦʙʨʘʟʮʘ ˉ2.  
 

 

V

12 4 35 6

ʊʘʙʣʠʮʘ 1 

ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʬʠʨʤʳ-ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʘʧʧʘʨʘʪʦʚ ʜʣʷ 

ʠʩʧʳʪʘʥʠʷ ʞʠʜʢʠʭ ʜʠʵʣʝʢʪʨʠʢʦʚ 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʉʪʨʘʥʘ-

ʧʨʦʠʟʚʦʜʠʪʝʣʴ 
Uʩʝʪʠ, ɺ 

fʩʝʪʠ, 

ɻʮ 

Uʠʩʧ., 

ʢɺ 

Pʥʦʤ.max, 

ʢɺĀɸ 
ʄʘʩʩʘ, ʢʛ 

ʋʀʄ-90ʤ ʈʦʩʩʠʷ 220 50Ñ2 90 0,3 19,5 

ʂʇʅ-901 ʈʦʩʩʠʷ 220 50 10-90 0,1 4 

ɸʀʄ-90 ʈʦʩʩʠʷ 220 50 90 0,5 35 

ɸʉʇʄ-90-1 ʈʦʩʩʠʷ 220 50 90 0,6 80 

ʉʂɸʊ-ʄ100 ʈʦʩʩʠʷ 220 50 0-110 0,1 45 

DPA75 C 

BAUR 
ɸʚʩʪʨʠʷ 84-264 47-63 0-75 0,06 21 

DTL C ɸʚʩʪʨʠʷ 
220-

230 
50-60 0,5-2 0,5 28 

ɸʀʄ-90ʎ ʈʦʩʩʠʷ 220 50 10-90 0,5 40 

OTS100AF/2 ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ 220 50 0-100 ð 41 

OTS80AF ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ 90-264 48/63 0-80 0,3 30 

ɸʉʊ-2ʄ ʈʦʩʩʠʷ 220Ñ11 50Ñ0,5 0-2 0,14 9,7 

ɸʀʄ-92 ʈʦʩʩʠʷ 220Ñ11 50 0-92 0,5 35 

ɸʀʄ-90ɸ ʈʦʩʩʠʷ 220Ñ22 50 0-90 0,5 44 

ɺɸ100 ʐʚʝʡʮʘʨʠʷ 85-264 47-63 0-100 0,075 32 
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ʈʠʩ. 3. ʇʨʦʙʦʡ ʠʩʧʳʪʫʝʤʦʛʦ ʦʙʲʝʢʪʘ: 

1 ï ʢʦʣʙʘ ʜʣʷ ʥʘʣʠʚʘ ʤʘʩʣʘ; 2 ï ʵʣʝʢʪʨʦʜ; 3 ï ʧʨʦʮʝʩʩ 

ʧʨʦʙʦʷ ʤʘʩʣʘ, ʠʩʢʨʦʚʦʡ ʧʨʦʤʝʞʫʪʦʢ 
 

  

ʘ ʙ 

ʈʠʩ. 4. ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ:  

ʘ ï ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʙʠʚʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʦʙʨʘʟʮʘ ˉ1;  

ʙ ï ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʙʠʚʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʦʙʨʘʟʮʘ ˉ2 
 
 

 
ʘ 

 
ʙ 

ʈʠʩ. 5. ʂʘʨʪʠʥʘ ʧʦʣʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ:  

ʘ ï ʦʙʨʘʟʝʮ ˉ1; ʙ ï ʦʙʨʘʟʝʮ ˉ2 

ʊʘʙʣʠʮʘ 2 

ʈʝʟʫʣʴʪʘʪʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ  

ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ 

ʇʘʨʘʤʝʪʨ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʳʝ ʜʘʥʥʳʝ 

ʂʦʤʧʴʶʪʝʨʥʦʝ  

ʤʦʜʝʣʠʨʦʚʘʥʠʝ  

(Elcut 6.0) 

ʆʙʨʘʟʝʮ 

ˉ1 

ʆʙʨʘʟʝʮ 

ˉ2 

ʆʙʨʘʟʝʮ 

ˉ1 

ʆʙʨʘʟʝʮ 

ˉ2 

ʅʘʧʨʷʞʝʥʠʝ ʧʨʦʙʦʷ 

ʤʘʩʣʘ, ʢɺ 
67 14 65,2 14,4 

ʕʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ 

ʤʘʩʣʘ, ʉʤ/ʤ 
ð ð 1Ā10-10 1Ā10-7 

 

ʈʘʟʣʠʯʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʷ ʠ ʨʝʟʫʣʴʪʘʪʦʚ  ʠʩʧʳʪʘʥʠʡ ʥʘʭʦʜʠʪʩʷ  ʚ ʧʨʝʜʝʣʘʭ 

2,7%, ʯʪʦ ʧʦʣʥʦʩʪʴʶ ʧʦʜʪʚʝʨʞʜʘʝʪ ʘʜʝʢʚʘʪʥʦʩʪʴ ʨʘʟ-

ʨʘʙʦʪʘʥʥʦʡ ʤʦʜʝʣʠ. ʇʦʣʫʯʝʥʥʘʷ ʢʦʤʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʴ 

ʚ ʧʨʦʛʨʘʤʤʝ Elcut 6.0 ʧʦʟʚʦʣʷʝʪ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʚʳʩʦ-

ʢʦʚʦʣʴʪʥʦʛʦ ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʦʠʟʚʝʩʪʠ 

ʦʮʝʥʢʫ ʢʘʯʝʩʪʚʘ ʞʠʜʢʦʛʦ ʜʠʵʣʝʢʪʨʠʢʘ ʩ ʚʳʩʦʢʦʡ ʜʦʩ-

ʪʦʚʝʨʥʦʩʪʴʶ. ɼʦʩʪʘʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʜʠʵʣʝʢʪʨʠʯʝ-

ʩʢʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʛʦ ʤʘʩʣʘ (ʥʘ-

ʧʨʠʤʝʨ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʫʩʪʘʥʦʚʢʦʡ ʠʟʤʝʨʝʥʠʷ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʛʦ ʤʘʩʣʘ 

çʊʘʥʛʝʥʩ-3ʄè) ʠ ʠʟʤʝʨʠʪʴ ʝʛʦ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ 

(ʧʨʠʙʦʨʘʤʠ ʀʄʇ-1, ʕʃ-4ʄ, ʉʊI-750 ʠ ʜʨ), ʘ ʟʘʪʝʤ, ʚ 

ʧʨʦʛʨʘʤʤʝ Elcut 6.0, ʟʘʣʦʞʠʚ ʵʪʠ ʧʘʨʘʤʝʪʨʳ ʩʤʦʜʝʣʠ-

ʨʦʚʘʪʴ ʠʩʧʳʪʘʥʠʝ ʤʘʩʣʘ ʥʘ ʧʨʦʙʦʡ, ʠ ʚʳʜʘʪʴ ʟʘʢʣʶʯʝ-

ʥʠʝ. 
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COMPUTER MODEL DEVELOPMENT FOR LIQUID ELECTRICAL INSULATING MATERIALS TESTING 
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The article is concerned with a computer model 

development using Elcut 6.0 application, which will assess the 

quality of liquid insulating materials by determining the value of 

the breakdown voltage without carrying out any high-voltage 

tests. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʊʆʏʅʆʉʊʀ ʉʇʆʉʆɹɸ ʂʆʅʊʈʆʃʗ ʊɽʄʇɽʈɸʊʋʈʅʆɻʆ ʉʆʉʊʆʗʅʀʗ  

ʅɸɻʈɽɺɸɽʄʓʍ ʅɽʇʈɽʈʓɺʅʆʃʀʊʓʍ ɿɸɻʆʊʆɺʆʂ ʇɽʈɽɼ ɺʓɼɸʏɽʁ 
 

ʈʘʟʨʘʙʦʪʘʥʘ ʩʠʩʪʝʤʘ ʧʨʦʛʨʘʤʤʥʦ-ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ʪʝʢʫʱʝʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʥʘʛʨʝʚʘʝʤʳʭ ʟʘʛʦʪʦ-

ʚʦʢ ʧʝʨʝʜ ʚʳʜʘʯʝʡ ʠʟ ʧʝʯʠ. ʇʨʦʚʝʜʝʥʦ ʘʢʪʫʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʠ, ʦʙʲʝʢʪʠʚʥʦʩʪʠ ʠ ʨʘʙʦ-

ʪʦʩʧʦʩʦʙʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩʠʩʪʝʤʳ. ʇʦʢʘʟʘʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʩʠʩʪʝʤʳ ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʤʳʰʣʝʥʥʦʡ ʧʝʯʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʘʯʝʩʪʚʦ ʥʘʛʨʝʚʘ, ʦʧʪʠʤʘʣʴʥʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʡ ʨʝʞʠʤ, ʠʥʪʝʥʩʠʬʠʢʘʮʠʷ ʥʘʛʨʝʚʘ, ʪʝʤ-

ʧʝʨʘʪʫʨʘ ʨʘʩʢʘʪʘ, ʥʝʜʦʛʨʝʪʘʷ ʟʘʛʦʪʦʚʢʘ, ʪʝʧʣʦʚʦʡ ʨʝʞʠʤ, ʧʝʨʝʧʘʜ ʪʝʤʧʝʨʘʪʫʨ, ʦʧʪʠʯʝʩʢʠʡ ʧʠʨʦʤʝʪʨ. 

 

ʉʦʙʣʶʜʝʥʠʝ ʦʙʱʝʡ ʩʪʨʘʪʝʛʠʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʵʥʝʨ-

ʛʦʩʙʝʨʝʛʘʶʱʝʛʦ ʫʧʨʘʚʣʝʥʠʷ ʥʘʛʨʝʚʦʤ ʥʝʧʨʝʨʳʚʥʦʣʠ-

ʪʳʭ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ ʟʘʛʦʪʦʚʦʢ ʠʟ ʪʨʫʜʥʦʜʝʬʦʨʤʠ-

ʨʫʝʤʳʭ ʩʫʜʦʚʳʭ ʠ ʪʨʫʙʥʳʭ ʤʘʨʦʢ ʩʪʘʣʠ ʧʫʪʝʤ ʠʥʪʝʥ-

ʩʠʬʠʢʘʮʠʠ ʥʘʛʨʝʚʘ ʥʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ ʠʥʪʝʨʚʘʣʝ ʚʨʝ-

ʤʝʥʠ ʫʚʝʣʠʯʠʚʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʚʳʜʘʯʠ ʥʘ ʩʪʘʥ ʥʝʜʦʛ-

ʨʝʪʦʡ ʟʘʛʦʪʦʚʢʠ ʠ ʧʦʩʣʝʜʫʶʱʠʭ ʥʝʛʘʪʠʚʥʳʭ ʧʦʩʣʝʜʩʪ-

ʚʠʡ. 

ʇʦʵʪʦʤʫ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʛʦ ʢʘʯʝ-

ʩʪʚʘ ʥʘʛʨʝʚʘ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦʡ ʩʪʘʥʦʚʠʪʩʷ ʧʨʦʙʣʝ-

ʤʘ ʦʙʝʩʧʝʯʝʥʠʷ ʘʚʪʦʥʦʤʥʦʛʦ ʦʙʲʝʢʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʷ 

ʪʝʢʫʱʝʛʦ ʪʝʧʣʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʘʞʜʦʡ ʟʘʛʦʪʦʚʢʠ ʧʝʨʝʜ 

ʚʳʜʘʯʝʡ ʠʟ ʧʝʯʠ. 

ɼʣʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʮʝʣʝʡ ʜʦʩʪʘʪʦʯʥʦ ʦʧʨʝʜʝʣʝʥʠʝ 

ʜʚʫʭ ʧʘʨʘʤʝʪʨʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʪʝʤʧʝʨʘʪʫʨʥʦʝ 

ʪʝʧʣʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʥʘʛʨʝʚʘʝʤʦʡ ʟʘʛʦʪʦʚʢʠ: ʪʝʤʧʝʨʘ-

ʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʛʨʝʚʘʝʤʦʛʦ ʤʝʪʘʣʣʘ ʠ ʪʝʤʧʝʨʘ-

ʪʫʨʥʦʛʦ ʧʝʨʝʧʘʜʘ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ ʮʝʥʪʨʦʤ ʥʘ-

ʛʨʝʚʘʝʤʦʡ ʟʘʛʦʪʦʚʢʠ. 

ɽʩʣʠ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ (ʚʝʨʥʝʝ, 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʦʢʘʣʠʥʳ) ʤʦʞʥʦ ʠʟʤʝʨʠʪʴ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʧʠʨʦʤʝʪʨʦʚ, 

ʪʦ ʧʝʨʝʧʘʜ ʪʝʤʧʝʨʘʪʫʨ ʥʝʜʦʩʪʫʧʝʥ ʜʣʷ ʧʨʷʤʦʛʦ ʢʦʥ-

ʪʨʦʣʷ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʝʮʠʘʣʴʥʦʛʦ ʠʥʜʠʚʠʜʫʘʣʴ-

ʥʦʛʦ ʤʝʪʦʜʘ [1]. 

ɺ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠ ʥʝʨʘʚʥʦʤʝʨ-

ʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʪʘʥʘ (ʦʪ 200 ʜʦ 1000 ʪ/ʯ), 

ʚʟʘʠʤʥʦʤ ʚʣʠʷʥʠʠ ʦʪʘʧʣʠʚʘʝʤʳʭ ʟʦʥ, ʧʨʠ ʦʜʥʦʚʨʝ-

ʤʝʥʥʦʤ ʥʘʛʨʝʚʝ ʟʘʛʦʪʦʚʦʢ, ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʧʦ ʪʝʧʣʦ-

ʬʠʟʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʠ ʥʘʯʘʣʴʥʦʤʫ ʪʝʧʣʦʚʦʤʫ ʩʦ-

ʩʪʦʷʥʠʶ (ʧʦʩʘʜ ʟʘʛʦʪʦʚʦʢ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʙʦʣʴʰʝ 

500ÁC ʠʟʤʝʥʷʝʪʩʷ ʦʪ 40 ʜʦ 85% ʚ ʩʫʪʢʠ), ʪʦʣʴʢʦ ʤʘʪʝ-

ʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʥʘʛʨʝʚʘ ʤʘʩʩʠʚ-

ʥʳʭ ʩʣʷʙʦʚʳʭ ʟʘʛʦʪʦʚʦʢ ʥʝ ʨʝʰʘʝʪ ʧʨʦʙʣʝʤʫ ʜʦʩʪʦ-

ʚʝʨʥʦʡ ʦʮʝʥʢʠ ʨʝʘʣʴʥʦʛʦ ʢʘʯʝʩʪʚʘ ʥʘʛʨʝʚʘ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʣʦʩʳ ʧʦʩʣʝ ʧʨʦʢʘʪʢʠ ʟʘʛʦʪʦʚʢʠ ʚ 

ʯʝʨʥʦʚʦʡ ʛʨʫʧʧʝ ʩʪʘʥʘ (ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʩʢʘʪʘ) ʷʚʣʷʝʪʩʷ 

ʦʩʥʦʚʥʳʤ ʢʦʥʪʨʦʣʠʨʫʝʤʳʤ ʧʘʨʘʤʝʪʨʦʤ ʦʮʝʥʢʠ ʢʘʯʝ-

ʩʪʚʘ ʥʘʛʨʝʚʘ ʤʝʪʘʣʣʘ, ʥʦ ʧʦʩʣʝ ʚʳʜʘʯʠ ʟʘʛʦʪʦʚʢʠ ʠʟ 

ʧʝʯʠ, ʢʦʛʜʘ ʦʰʠʙʢʘ ʥʘʛʨʝʚʘ ʫʞʝ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩ-

ʧʨʘʚʣʝʥʘ. 

ʇʦʵʪʦʤʫ ʚʳʟʳʚʘʝʪ ʠʥʪʝʨʝʩ ʦʧʨʝʜʝʣʝʥʠʝ ʠ ʨʝʘʣʠ-

ʟʘʮʠʷ ʪʘʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʢʦʪʦʨʳʝ ʩʚʷʟʘʣʠ ʙʳ ʪʝʤʧʝ-

ʨʘʪʫʨʥʳʝ ʧʘʨʘʤʝʪʨʳ ʥʘʛʨʝʚʘ, ʜʦʩʪʫʧʥʳʝ ʜʣʷ ʠʟʤʝʨʝ-

ʥʠʷ, ʩ ʚʝʣʠʯʠʥʘʤʠ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤʠ ʨʘʩʧʨʝʜʝʣʝ-

ʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʩʝʯʝʥʠʶ ʥʘʛʨʝʚʘʝʤʦʡ ʟʘʛʦʪʦʚʢʠ. 

ɺʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʪʘʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʙʳ-

ʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʚ ʨʘʙʦʪʝ [2]. ɻʜʝ ʧʦʣʫʯʝʥʦ ʫʨʘʚʥʝʥʠʝ, 

ʧʦʟʚʦʣʷʶʱʝʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʢʫʱʠʭ ʟʥʘʯʝʥʠʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʙʦʯʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠʣʠ ʛʨʝʶʱʝʡ ʩʨʝ-

ʜʳ )Ű(
ɻʉ

t  ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʛʨʝʚʘʝʤʦʡ ʟʘ-

ʛʦʪʦʚʢʠ )Ű(ʇʆɺ
t  ʧʨʠ ʫʩʣʦʚʠʠ ʩʪʘʙʠʣʠʟʘʮʠʠ 

const=)Ű(
ʇʆɺ

t  ʦʩʫʱʝʩʪʚʠʪʴ ʢʦʥʪʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʧʝʨʝʧʘʜʘ ʧʦ ʩʝʯʝʥʠʶ ʥʘʛʨʝʚʘʝʤʦʡ ʟʘʛʦʪʦʚʢʠ 

)Ű(-)Ű(=ȹ
ʎʇʆɺ

ttt . ɿʜʝʩʴ )Ű(
ʎ

t  ï ʪʝʤʧʝʨʘʪʫʨʘ ʮʝʥʪʨʘ 

ʥʘʛʨʝʚʘʝʤʦʡ ʟʘʛʦʪʦʚʢʠ. 

ʇʦʷʚʣʝʥʠʝ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʧʠʨʦ-

ʤʝʪʨʦʚ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʛʨʘʤʤʠʨʫʝ-

ʤʳʭ ʩʨʝʜʩʪʚ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʨʝʰʠʪʴ ʧʦʩʪʘʚʣʝʥ-

ʥʫʶ ʟʘʜʘʯʫ. 

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʘʚʪʦʥʦʤʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦ-

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʥʘʛʨʝʚʘ ʤʝʪʘʣʣʘ 

ʧʝʨʝʜ ʚʳʜʘʯʝʡ ʠʟ ʧʝʯʠ, ʨʝʘʣʠʟʦʚʘʥʥʘʷ ʥʘ ʤʝʪʦʜʠʯʝ-

ʩʢʦʡ ʧʝʯʠ ˉ6 ʩʪʘʥʘ 2500 ʆɸʆ çʄʄʂè, ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʥʘ ʨʠʩ. 1. 
 

 
ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ  

ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʥʘʛʨʝʚʘ ʤʝʪʘʣʣʘ 
 

ʉʠʩʪʝʤʘ ʨʝʘʣʠʟʦʚʘʥʘ ʥʘ ʦʪʝʯʝʩʪʚʝʥʥʦʤ ʨʝʛʫʣʠ-

ʨʫʶʱʝʤ ʢʦʥʪʨʦʣʣʝʨʝ ʈʂ-131. ɼʘʪʯʠʢʦʤ ʪʝʤʧʝʨʘʪʫʨʳ 

ʛʨʝʶʱʝʡ ʩʨʝʜʳ ʷʚʣʷʝʪʩʷ ʪʝʨʤʦʧʘʨʘ ʊʇʈ, ʫʩʪʘʥʦʚʣʝʥ-

ʥʘʷ ʚ ʙʦʢʦʚʦʡ ʩʪʝʥʝ ʧʝʯʠ ʥʘ 300-350 ʤʤ ʚʳʰʝ ʫʨʦʚʥʷ 

ʥʘʛʨʝʚʘʝʤʳʭ ʥʝʧʨʝʨʳʚʥʦʣʠʪʳʭ ʟʘʛʦʪʦʚʦʢ ʪʦʣʱʠʥʦʡ 

250 ʤʤ. ɼʘʪʯʠʢʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ 

ɼʊʄ ʩʣʫʞʠʪ ʧʠʨʦʤʝʪʨ ʧʦʣʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʊɽʈɸ-50, 

ʩʚʠʟʠʨʦʚʘʥʥʳʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʥʘʛʨʝʚʘʝʤʦʡ ʟʘʛʦʪʦʚʢʠ 

ʚ ʤʝʩʪʝ ʫʩʪʘʥʦʚʢʠ ʪʝʨʤʦʧʘʨʳ ʯʝʨʝʟ ʪʨʫʙʫ ʩ ʦʪʜʫʚʦʤ, 

ʫʩʪʘʥʦʚʣʝʥʥʫʶ ʚ ʙʦʢʦʚʦʡ ʩʪʝʥʝ ʧʝʯʠ ʪʦʤʠʣʴʥʦʡ ʟʦʥʳ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʨʘʩʢʘʪʘ ɼʊʈ ʠʟʤʝʨʷʝʪʩʷ ʧʠʨʦʤʝʪʨʦʤ ʯʘʩ-

ʪʠʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

ɺʳʧʦʣʥʷʶʱʠʡ ʬʫʥʢʮʠʠ ʫʩʪʨʦʡʩʪʚʘ ʩʚʷʟʠ ʩ ʦʙʲ-

ʝʢʪʦʤ (ʋʉʆ) ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʡ ʨʝʛʫʣʠʨʫʶʱʠʡ ʢʦʥ-
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ʪʨʦʣʣʝʨ ʩʚʷʟʘʥ ʧʦ ʩʝʪʠ çʊʨʘʥʟʠʪè ʩ ʋɺʄ, ʦʩʫʱʝʩʪʚ-

ʣʷʶʱʝʡ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʨʘʩʯʝʪʳ, ʢʦʥʪʨʦʣʴ ʠ ʚʠʟʫʘ-

ʣʠʟʘʮʠʶ ʧʘʨʘʤʝʪʨʦʚ ʥʘʛʨʝʚʘ ʧʦ ʚʩʝʡ ʧʝʯʠ. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʨʘʙʦʪʳ ʧʷʪʠʟʦʥʥʦʡ ʪʦʣʢʘʪʝʣʴʥʦʛʦ 

ʪʠʧʘ, ʦʪʘʧʣʠʚʘʝʤʦʡ ʧʨʠʨʦʜʥʳʤ ʛʘʟʦʤ ʯʝʨʝʟ ʪʦʨʮʝʚʳʝ 

ʛʦʨʝʣʢʠ ʤʝʪʦʜʠʯʝʩʢʦʡ ʧʝʯʠ ˉ6 ʩʪʘʥʘ 2500 

ʆɸʆ çʄʄʂè ʷʚʣʷʝʪʩʷ ʜʚʫʩʪʦʨʦʥʥʠʡ ʥʘʛʨʝʚ ʥʝʧʨʝ-

ʨʳʚʥʦʣʠʪʳʭ ʟʘʛʦʪʦʚʦʢ ʪʦʣʱʠʥʦʡ 250 ʤʤ ʧʨʘʢʪʠʯʝʩʢʠ 

ʭʦʣʦʜʥʦʛʦ ʧʦʩʘʜʘ ʧʨʠ ʘʢʪʠʚʥʦʡ ʜʣʠʥʝ ʨʘʙʦʯʝʛʦ ʧʨʦ-

ʩʪʨʘʥʩʪʚʘ 29 ʤ ʠ ʤʘʢʩʠʤʘʣʴʥʦʤ ʫʜʘʣʝʥʠʠ ʦʪ ʧʨʦʢʘʪʥʦ-

ʛʦ ʩʪʘʥʘ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʩʪʘʥʘ ʭʘʨʘʢʪʝʨʠ-

ʟʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʡ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴʶ ʦʪ 12 ʜʦ 54 

ʟʘʛʦʪʦʚʦʢ ʚ ʯʘʩ (ʦʪ 180 ʜʦ 750 ʪ/ʯ) 

ɼʣʷ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ, ʦʙʲʝʢʪʠʚʥʦʩʪʠ ʠ ʨʘʙʦʪʦ-

ʩʧʦʩʦʙʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩʠʩʪʝʤʳ ʧʨʦʛʨʘʤʤʥʦ-

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ʪʝʢʫʱʝʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦ-

ʛʦ ʩʦʩʪʦʷʥʠʷ ʥʘʛʨʝʚʘʝʤʳʭ ʟʘʛʦʪʦʚʦʢ ʧʝʨʝʜ ʚʳʜʘʯʝʡ ʠʟ 

ʧʝʯʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩʧʝʮʠʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ. 

ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʠʢʩʠʨʦʚʘʣʠʩʴ ʚʦ ʚʨʝ-

ʤʝʥʠ ʩʣʝʜʫʶʱʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ: ʪʝʤʧʝ-

ʨʘʪʫʨʘ ʨʘʙʦʯʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʝʯʠ (ʛʨʝʶʱʝʡ ʩʨʝʜʳ) 

)Ű(
ɻʉ

t ; ʨʘʩʭʦʜ ʛʘʟʘ ʚ ʪʦʤʠʣʴʥʫʶ ʟʦʥʫ )Ű(
T

V ; ʨʘʩʭʦʜ 

ʚʦʟʜʫʭʘ ʚ ʪʦʤʠʣʴʥʫʶ ʟʦʥʫ )Ű(
ɺ

V ; ʩʦʦʪʥʦʰʝʥʠʝ ʨʘʩʭʦ-

ʜʦʚ )Ű(/)Ű(
ʊɺ

VV ; ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʛʨʝʚʘʝ-

ʤʦʛʦ ʤʝʪʘʣʣʘ )Ű(
ʇʆɺ

t ; ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʝʨʠʦʜʘ 

ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʚʳʜʘʯʝʡ ʦʯʝʨʝʜʥʳʭ ʟʘʛʦʪʦʚʦʢ ʠʟ ʧʝʯʠ; 

ʧʨʦʛʥʦʟʠʨʫʝʤʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʩʢʘʪʘ ʚʳʜʘʥʥʦʡ ʠʟ ʧʝʯʠ 

ʟʘʛʦʪʦʚʢʠ )Ű(
ʈɸʉʏ

t ; ʪʝʤʧʝʨʘʪʫʨʘ ʠʟʤʝʨʝʥʥʦʡ (ʬʘʢʪʠʯʝ-

ʩʢʦʡ) ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʩʢʘʪʘ )Ű(
ʀɿʄ

t . 

ʋʧʨʘʚʣʝʥʠʝ ʪʝʧʣʦʚʳʤ ʨʝʞʠʤʦʤ ʚ ʪʦʤʠʣʴʥʦʡ ʟʦʥʝ 

ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʦ )Ű(=)Ű( ɿ

ʇʆɺʇʆɺ
tt , ʛʜʝ )Ű(ɿ

ʇʆɺ
t - ʟʘʜʘʥ-

ʥʦʝ ʟʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ. ʀʟʤʝʨʝʥʠʝ 

)Ű(
ɻʉ

t  ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʪʝʨʤʦʧʘʨʦʡ ʙʝʟ ʟʘʱʠʪʥʦʛʦ ʢʘʨ-

ʙʦʨʫʥʜʦʚʦʛʦ ʩʪʘʢʘʥʘ ʜʣʷ ʩʥʠʞʝʥʠʷ ʠʥʝʨʮʠʦʥʥʦʩʪʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʩʪʠ ʢʘʥʘʣʘ. 

ʅʘʣʠʯʠʝ ʦʧʦʨʥʳʭ (ʛʣʠʩʩʘʞʥʳʭ) ʪʨʫʙ ʚ ʧʝʯʠ ʪʦʣ-

ʢʘʪʝʣʴʥʦʛʦ ʪʠʧʘ ʦʧʨʝʜʝʣʷʝʪ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʪʝʤʧʝʨʘ-

ʪʫʨʳ ʨʘʩʢʘʪʘ ʧʦ ʜʣʠʥʝ ʧʦʣʦʩʳ. ʇʦʵʪʦʤʫ ʟʘ ʜʝʡʩʪʚʠ-

ʪʝʣʴʥʦʝ ʠʟʤʝʨʝʥʥʦʝ )Ű(
ʀɿʄ

t  ʟʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʩ-

ʢʘʪʘ ʧʨʠʥʠʤʘʣʦʩʴ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ 

ʜʣʠʥʝ ʧʦʣʦʩʳ ʚʦ ʚʨʝʤʷ ʝʸ ʧʝʨʝʤʝʱʝʥʠʷ ʧʝʨʝʜ ʜʘʪʯʠ-

ʢʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʩ ʜʠʩʢʨʝʪʥʦʩʪʴʶ 1 ʩ. ʕʪʦ ʧʦʣʫʯʝʥʥʦʝ 

ʟʥʘʯʝʥʠʝ )Ű(
ʀɿʄ

t  ʠʩʧʦʣʴʟʦʚʘʥʦ ʚ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʠʚʥʦ-

ʛʦ ʧʦʢʘʟʘʪʝʣʷ ʢʘʯʝʩʪʚʘ ʥʘʛʨʝʚʘ ʟʘʛʦʪʦʚʢʠ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʪʢʣʦʥʝʥʠʡ ʧʨʦʛʥʦʟʠʨʫʝʤʦʡ (ʨʘʩ-

ʯʝʪʥʦʡ) ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʩʢʘʪʘ ʦʪ ʠʟʤʝʨʝʥʥʦʡ ʜʣʷ 858 

ʟʘʛʦʪʦʚʦʢ, ʥʘʛʨʝʪʳʭ ʚ ʪʝʯʝʥʠʝ ʰʝʩʪʠ ʩʫʪʦʢ ʚ ʤʝʪʦʜʠ-

ʯʝʩʢʦʡ ʧʝʯʠ ˉ6 ʩʪʘʥʘ 2500 ʆɸʆ çʄʄʂè, ʧʨʝʜʩʪʘʚʣʝ-

ʥʦ ʥʘ ʨʠʩ. 2 ʜʣʷ ʫʩʣʦʚʠʡ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʚʳʜʘʯʠ 

ʟʘʛʦʪʦʚʦʢ ʠʟ ʧʝʯʝʡ ʩʪʘʥʘ. 

ʀʟ 858 ʟʘʛʦʪʦʚʦʢ 473 (55,13%) ʠʤʝʣʠ ʦʪʢʣʦʥʝʥʠʝ 

ʚ ʜʠʘʧʘʟʦʥʝ Ñ15Áʉ, ʘ 762 (88,8%) ʠʤʝʣʠ ʦʪʢʣʦʥʝʥʠʝ 

)Ű(-)Ű(=ȹ
ʈɸʉʏʀɿʄ

ttt  ʚ ʜʠʘʧʘʟʦʥʝ Ñ30Áʉ. 

ɸʥʘʣʠʟ ʫʚʝʣʠʯʝʥʠʷ ʦʪʢʣʦʥʝʥʠʡ ʚʳʷʚʠʣ ʩʣʝʜʫʶ-

ʱʠʝ ʧʨʠʯʠʥʳ: 

ï ʥʝʪʦʯʥʦʩʪʴ ʫʧʨʦʱʝʥʥʦʛʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʚʳʨʘʞʝ-

ʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ )Ű(
ʈɸʉʏ

t  ʩ ʫʯʝʪʦʤ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ (ʙʦʣʝʝ 60 ʤ) ʧʦ ʧʦʜʘʶʱʝʤʫ ʨʦʣʴʛʘʥ-

ʛʫ; 

ï ʥʘʨʫʰʝʥʠʝ ʫʩʣʦʚʠʡ ʦʧʨʝʜʝʣʝʥʠʷ )Ű(
ʈɸʉʏ

t  ʧʨʠ ʧʝʨʝʚʦ-

ʜʝ ʫʧʨʘʚʣʝʥʠʷ ʪʝʧʣʦʚʳʤ ʨʝʞʠʤʦʤ ʚ ʪʦʤʠʣʴʥʦʡ ʟʦʥʝ ʥʘ 

ʨʫʯʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʠʣʠ ʜʨʫʛʠʝ ʧʨʠʯʠʥʳ ʥʘʨʫʰʝʥʠʷ 

ʫʩʣʦʚʠʷ const=)Ű(
ʇʆɺ

t ; 

ï ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ )Ű(
ʇʆɺ

t  ʧʠʨʦʤʝʪʨʦʤ ʧʦʣʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ, ʥʘ ʧʦʢʘʟʘʥʠʝ ʢʦʪʦʨʦʛʦ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ 

ʠʟʣʫʯʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩ-

ʭʦʜʘ ʛʘʟʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʝʯʠ; 

ï ʥʘʨʫʰʝʥʠʝ ʧʦʨʷʜʢʘ ʚʳʜʘʯʠ ʟʘʛʦʪʦʚʦʢ ʧʦ ʧʝʯʘʤ ʧʨʠ 

ʦʪʩʫʪʩʪʚʠʠ ʩʠʩʪʝʤʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʦʧʨʦʚʦʞʜʝʥʠʷ 

ʠ ʥʝʩʚʦʝʚʨʝʤʝʥʥʦʡ ʢʦʨʨʝʢʮʠʠ ʧʦʨʷʜʢʘ ʚʳʜʘʯʠ. 
 

 
ʈʠʩ. 2. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʪʢʣʦʥʝʥʠʡ ʨʘʩʯʝʪʥʦʛʦ 

ʧʨʦʛʥʦʟʠʨʫʝʤʦʛʦ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʩʢʘʪʦʚ  

ʦʪ ʠʟʤʝʨʝʥʥʦʛʦ (ʜʝʡʩʪʚʠʪʝʣʴʥʦʛʦ) ʜʣʷ ʚʩʝʭ ʥʘʛʨʝʪʳʭ  

ʚ ʪʝʯʝʥʠʝ ʰʝʩʪʠ ʩʫʪʦʢ ʚ ʧʝʯʠ ˉ6 ʟʘʛʦʪʦʚʦʢ  

ʧʦ ʜʘʥʥʳʤ ʩʠʩʪʝʤʳ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʢʦʥʪʨʦʣʷ  

ʧʝʯʠ ˉ6 ʩʪʘʥʘ 2500 ʆɸʆ çʄʄʂè 
 

ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʤ ʷʚʠʣʩʷ ʪʨʝʪʠʡ ʬʘʢʪʦʨ, ʢʦʛʜʘ 

ʜʘʞʝ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʷ const=)Ű(
ʇʆɺ

t  ʥʘ ʚʝʣʠ-

ʯʠʥʫ ʦʪʢʣʦʥʝʥʠʷ )Ű(ȹt ʟʘʤʝʪʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ 

ʠʟʤʝʥʝʥʠʝ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʚ ʟʦʥʫ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʘʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʛʨʝʶ-

ʱʝʡ ʩʨʝʜʳ )Ű(
ɻʉ

t  ʚ ʬʫʥʢʮʠʠ ʦʪ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʚ ʪʦ-

ʤʠʣʴʥʫʶ ʟʦʥʫ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʠʥʪʝʨʚʘʣʦʚ 

ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʚʳʜʘʯʝʡ ʠʟ ʧʝʯʠ ʦʯʝʨʝʜʥʳʭ ʟʘʛʦʪʦʚʦʢ 

(ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʝʯʠ), ʫʜʘʣʦʩʴ ʨʘʩʩʯʠʪʘʪʴ ʚʝʣʠ-

ʯʠʥʳ ʢʦʨʨʝʢʪʠʨʫʶʱʠʭ ʧʦʧʨʘʚʦʢ ʥʘ ʚʝʣʠʯʠʥʫ )Ű(ȹt  ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʢʫʱʝʛʦ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʚ ʪʦʤʠʣʴ-

ʥʫʶ ʟʦʥʫ. 

ɺʝʣʠʯʠʥʘ ʢʦʨʨʝʢʪʠʨʫʶʱʝʡ ʧʦʧʨʘʚʢʠ )Ű(ȹ
ʂʆʈ

t  ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʢʫʱʝʛʦ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ, ʚʳʟʚʘʥʥʦʛʦ 

ʠʟʤʝʥʝʥʠʝʤ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʝʯʠ, ʚ ʜʠʘʧʘʟʦʥʝ  

950-1060 ʤ
3
/ʯ ʠʟʤʝʥʷʝʪʩʷ ʥʝʣʠʥʝʡʥʦ ʦʪ 0 ʜʦ 12Áʉ ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʨʘʩʭʦʜʘ ʛʘʟʘ ʦʪ 1000 ʜʦ 950 ʤ
3
/ʯ, ʦʪ 0 ʜʦ 

+18Áʉ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʨʘʩʭʦʜʘ ʦʪ 1000 ʜʦ 1060ʤ
3
/ʯ [3]. 

ʀʟʤʝʥʝʥʠʝ ʚʦ ʚʨʝʤʝʥʠ ʧʘʨʘʤʝʪʨʦʚ ʪʝʧʣʦʚʦʛʦ ʨʝ-

ʞʠʤʘ ʚ ʪʦʤʠʣʴʥʦʡ ʟʦʥʝ ʧʝʯʠ ˉ6 ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ 

ʨʠʩ. 3, ʚ ʫʩʣʦʚʠʷʭ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʚʳʜʘʯʠ ʟʘʛʦʪʦʚʦʢ. 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʦʛʦ ʯʘʩʪʦʪʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʟʥʘʯʝʥʠʡ ʦʪʢʣʦʥʝʥʠʷ )Ű(-)Ű(=ȹ
ʈɸʉʏʀɿʄ

ttt ʩ ʫʯʝʪʦʤ ʢʦʨ-

ʨʝʢʮʠʠ )Ű(
ɻʉ

t  ʧʨʠ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʚʳʜʘʯʠ 77 ʟʘʛʦʪʦ-

ʚʦʢ ʠʟ ʧʝʯʠ ˉ6 ʧʦʢʘʟʘʣ, ʯʪʦ 67,5% ʠʤʝʝʪ ʦʪʢʣʦʥʝʥʠʝ ʚ 

ʜʠʘʧʘʟʦʥʝ Ñ10Áʉ, ʘ 88,3% ʠʣʠ 68 ʟʘʛʦʪʦʚʦʢ ʚ ʜʠʘʧʘʟʦʥʝ 

Ñ20Áʉ ʧʨʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʤ ʦʪʢʣʦʥʝʥʠʠ )Ű(ȹt



ʕʕʅʅɽɽʈʈɻɻʆʆ--  ʀʀ  ʈʈɽɽʉʉʋʋʈʈʉʉʆʆʉʉɹɹɽɽʈʈɽɽɾɾɽɽʅʅʀʀɽɽ 
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Ñ11,4Áʉ. 
 

 
ʈʠʩ. 3. ʀʟʤʝʥʝʥʠʝ ʚʦ ʚʨʝʤʝʥʠ ʧʘʨʘʤʝʪʨʦʚ ʪʝʧʣʦʚʦʛʦ 

ʨʝʞʠʤʘ ʚ ʧʷʪʦʡ ʟʦʥʝ ʧʝʯʠ ˉ6: 1 ï tʛʩ(Ű); 2 ï tʧʦʚ(Ű); 

3 ï ȹt=tʠʟʤ(Ű)-tʨʘʩʯ(Ű); 4 - tʠʟʤ(Ű); 5 ï tʨʘʩʯ(Ű); 6 ï Vʊ(Ű) ʧʨʠ 

ʢʦʨʨʝʢʮʠʠ ʧʨʦʛʥʦʟʠʨʫʝʤʦʛʦ ʨʘʩʯʝʪʥʦʛʦ ʟʥʘʯʝʥʠʷ tʨʘʩʯ(Ű) 
 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʤʝʪʦʜʘ ʛʘʨʘʥʪʠ

ʨʫʝʪ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʡ ʠ ʥʝʢʦʥ-

ʪʨʦʣʠʨʫʝʤʦʡ ʚʳʜʘʯʠ ʥʘ ʩʪʘʥ ʥʝʜʦʛʨʝʪʦʡ ʟʘʛʦʪʦʚʢʠ ʧʨʠ 

ʨʝʘʣʠʟʘʮʠʠ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʝʛʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚ-

ʣʝʥʠʷ ʨʝʞʠʤʦʤ ʥʘʛʨʝʚʘ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ ʪʨʫʜʥʦʜʝ-

ʬʦʨʤʠʨʫʝʤʳʭ ʥʝʧʨʝʨʳʚʥʦʣʠʪʳʭ ʟʘʛʦʪʦʚʦʢ. 
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ACCURACY INVESTIGATION OF TEMPERATURE CONTROL METHOD FOR HEATED CONTINUOUSLY CAST 

BILLETS BEFORE DISCHARGE 
 

Parsunkin B.N., Andreev S.M., Akhmetov T.U., Akhmetova A.U. 

 
The system of software and tool control of billet 

temperature prior to discharge from the furnace was developed. 

The research group conducted the study to determine the 

reasonable accuracy, objectivity and efficiency of the developed 

system. The possibilities of the system under conditions of an 

industrial furnace were shown. 

Keywords: quality of heating, optimal control, energy 

saving mode, intensification of heating temperature of the process 

section, underheated billet, thermal conditions, temperature 

difference, optical pyrometer. 
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ʕʅɽʈɻɽʊʀʏɽʉʂʀɽ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ʇʃɸɿʄɽʅʅʆ-ɼʋɻʆɺʆɻʆ ʊʆʂʆʇʆɼɺʆɼɸ  

ʇʈʀ ʅɸɻʈɽɺɽ ʐʃɸʂʆʄɽʊɸʃʃʀʏɽʉʂʆɻʆ ʈɸʉʇʃɸɺɸ 
 

ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʦʙʦʩʥʦʚʘʥʠʝ ʧʨʠʤʝʥʝʥʠʷ ʥʘʛʨʝʚʘ ʰʣʘʢʦʤʝʪʘʣʣʠʯʝ-

ʩʢʦʛʦ ʨʘʩʧʣʘʚʘ ʧʫʪʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʥʘʛʨʝʚʘ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʩʣʦʷ ʰʣʘʢʘ ʧʨʠ ʧʣʘʟʤʝʥʥʦ-ʜʫʛʦʚʦʤ ʪʦʢʦʧʦʜʚʦʜʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʣʘʟʤʝʥʥʦ-ʜʫʛʦʚʦʡ ʪʦʢʦʧʦʜʚʦʜ, ʚʥʝʧʝʯʥʘʷ ʦʙʨʘʙʦʪʢʘ, ʰʣʘʢ, ʧʣʘʟʤʘ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʰʣʘʢʘ, ʩʢʦʨʦʩʪʴ 

ʧʣʘʚʣʝʥʠʷ, ʥʘʛʨʝʚ. 

ɹʫʨʥʳʡ ʠʥʪʝʨʝʩ ʢ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʣʘʟʤʝ ʠ 

ʧʨʠʤʝʥʝʥʠʶ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʛʘʟʦʤ ʩʪʨʫʡ ʚ ʦʪʝʯʝ-

ʩʪʚʝʥʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ 70-80-ʭ ʛʛ. XX ʚ. ʩʥʠʟʠʣʩʷ ʚ 

ʩʚʷʟʠ ʩʦ ʩʧʝʮʠʬʠʢʦʡ ʨʘʟʚʠʪʠʷ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʤʝʪʘʣ-

ʣʫʨʛʠʠ, ʢʦʪʦʨʘʷ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ 

ʨʘʟʚʠʪʠʷ ʚʳʙʨʘʣʘ ʥʘʨʘʱʠʚʘʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʤʦʱʥʦʩʪʝʡ. ʇʦʧʳʪʢʘ ʟʘʤʝʥʠʪʴ ʵʣʝʢʪʨʦʜʫʛʦʚʦʡ ʥʘʛʨʝʚ 

ʠ ʧʝʨʝʧʣʘʚ ʚ ʪʨʘʜʠʮʠʦʥʥʦʡ ʵʣʝʢʪʨʦʤʝʪʘʣʣʫʨʛʠʠ ʥʘ 

ʧʣʘʟʤʝʥʥʳʡ ʧʦʩʪʝʧʝʥʥʦ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʜʦʨʦʛʦʩʪʦʷ-

ʱʝʡ ʩʧʝʮʵʣʝʢʪʨʦʤʝʪʘʣʣʫʨʛʠʠ) ʟʘʰʣʘ ʚ ʪʫʧʠʢ ʠʟïʟʘ 

ʦʪʩʫʪʩʪʚʠʷ ʘʥʘʣʦʛʠʯʥʳʭ ʧʦ ʤʦʱʥʦʩʪʠ ʧʣʘʟʤʦʪʨʦʥʦʚ, 

ʜʦʨʦʛʦʚʠʟʥʳ ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ, ʩʣʦʞʥʦʩʪʠ ʵʢʩʧʣʫʘ-

ʪʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʆʜʥʘʢʦ ʨʘʟʚʠʪʠʝ ʧʨʦʮʝʩʩʦʚ ʚʥʝ-

ʧʝʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʨʘʩʧʣʘʚʦʚ ʩʪʘʣʠ ʩ ʢʦʥʮʘ 1980-ʭ ʛʦ-

ʜʦʚ ʟʘʩʪʘʚʣʷʝʪ ʧʦ-ʥʦʚʦʤʫ ʚʟʛʣʷʥʫʪʴ ʥʘ ʚʝʩʴ ʩʧʝʢʪʨ 

ʚʥʝʧʝʯʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʚ ʥʠʭ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʩʪʨʫʡʥʳʭ 

ʵʣʝʢʪʨʦʜʫʛʦʚʳʭ ʫʩʪʨʦʡʩʪʚ. 

ʅʘʣʠʯʠʝ ʚ ʢʦʚʰʝ ʘʛʨʝʛʘʪʘ ʧʝʯʴ ï ʢʦʚʰ (ɸʇʂ) ʛʦ-

ʪʦʚʦʛʦ ʨʘʩʧʣʘʚʘ, ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ ʧʨʦʡʪʠ ʦʙʨʘʙʦʪʢʫ, ʚ 
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ʯʘʩʪʥʦʩʪʠ ʧʦʜʦʛʨʝʚ ʥʘ 20ï70Áʉ, ʚ ʩʣʦʞʥʳʭ ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʠʭ ʠ ʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʩʦʟʜʘʝʪ ʦʩʥʦʚʳ ʜʣʷ  ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʧʣʘʟʤʝʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʦʛʨʘʥʠʯʝʥʥʦʡ 

ʤʦʱʥʦʩʪʠ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʠʤʧʫʣʴʩʥʦʤ ʨʝʞʠʤʝ. 

ʇʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʚʝʨʭʯʠʩʪʳʭ ʫʣʴʪʨʘʥʠʟʢʦʫʛʣʝ-

ʨʦʜʠʩʪʳʭ ʩʪʘʣʝʡ ʚʦʟʤʦʞʥʦʩʪʠ ʫʩʪʘʥʦʚʦʢ ʨʘʬʠʥʠʨʦʚʘ-

ʥʠʷ ʩ ʛʨʘʬʠʪʦʚʳʤʠ ʵʣʝʢʪʨʦʜʘʤʠ ʧʦ ʩʭʝʤʘʤ VOD/VAD 

ʠ ASEA-SKF ʦʛʨʘʥʠʯʝʥʳ ʠʟ-ʟʘ ʧʨʦʙʣʝʤ ʢʦʥʝʯʥʦʡ ʜʝ-

ʩʫʣʴʬʫʨʘʮʠʠ, ɼʣʷ ʵʪʦʛʦ ʪʨʝʙʫʝʪʩʷ ʦʙʨʘʙʦʪʢʘ ʨʘʩʧʣʘʚʘ 

ʩʪʘʣʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤ ʰʣʘʢʦʤ, ʢʦʪʦʨʳʡ ʥʝʣʴʟʷ 

ʥʘʛʨʝʚʘʪʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʛʨʘʬʠʪʦʚʳʭ ʵʣʝʢʪʨʦʜʦʚ, 

ʚʩʣʝʜʩʪʚʠʝ ʥʝʠʟʙʝʞʥʦʛʦ ʥʘʫʛʣʝʨʦʞʠʚʘʥʠʷ ʤʝʪʘʣʣʘ. 

ʇʨʠ ʵʪʦʤ ʧʣʘʟʤʝʥʥʳʡ ʥʘʛʨʝʚ ʩʦʟʜʘʝʪ ʣʫʯʰʠʝ ʫʩʣʦʚʠʷ, 

ʧʦʩʢʦʣʴʢʫ ʜʣʷ ʥʘʛʨʝʚʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʝʨʘʩʭʦʜʫʝʤʳʝ 

ʚʦʜʦʦʭʣʘʞʜʘʝʤʳʝ ʵʣʝʢʪʨʦʜʳ ʠʣʠ ʚʦʜʦʦʭʣʘʞʜʘʝʤʳʡ 

ʢʘʪʦʜ ʠ ʥʝʦʭʣʘʞʜʘʝʤʳʡ ʘʥʦʜ. ʇʣʘʟʤʝʥʥʦ-ʜʫʛʦʚʦʡ ʨʘʟ-

ʨʷʜ ʤʦʞʝʪ ʚʦʟʙʫʞʜʘʪʴʩʷ ʤʝʞʜʫ ʧʣʘʟʤʘʪʨʦʥʘʤʠ ʙʝʟ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ ʩ ʜʥʠʱʝʤ ʢʦʚʰʘ. ʊʘʢ ʢʘʢ ʨʝ-

ʞʠʤ ʧʦʜʦʛʨʝʚʘ ʧʨʦʠʩʭʦʜʠʪ ʥʝʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʚʨʝʤʷ, 

ʠʟʤʝʨʷʝʤʦʝ ʤʠʥʫʪʘʤʠ, ʚʣʠʷʥʠʝ ʵʨʦʟʠʠ ʵʣʝʢʪʨʦʜʦʚ 

ʧʣʘʟʤʘʪʨʦʥʘ ʥʘ ʨʘʩʧʣʘʚ ʜʦʣʞʥʦ ʙʳʪʴ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ 

[1]. 

ʆʧʳʪʘ ʧʨʠʤʝʥʝʥʠʷ ʧʣʘʟʤʘʪʨʦʥʦʚ ʜʣʷ ʢʨʫʧʥʦʪʦʥ-

ʥʘʞʥʳʭ ʦʙʲʝʢʪʦʚ ʥʝʪ ʠ ʦʮʝʥʠʪʴ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʴ ʵʪʦʛʦ ʧʨʠʝʤʘ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞ-

ʥʳʤ. ʇʨʠ ʵʪʦʤ ʧʨʦʚʝʜʝʥʥʳʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦ-

ʚʘʪʝʣʴʩʢʠʝ ʠ ʦʧʳʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʝ ʨʘʙʦʪʳ ʧʦʢʘʟʘ-

ʣʠ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʣʘʟʤʝʥʥʳʭ ʥʘʛʨʝʚʘʪʝʣʝʡ ʢʘʢ 

ʧʨʦʩʪʦʡ ʘʣʴʪʝʨʥʘʪʠʚʳ ʪʨʘʜʠʮʠʦʥʥʦʤʫ ʵʣʝʢʪʨʦʜʫʛʦʚʦ-

ʤʫ ʥʘʛʨʝʚʫ ʤʘʣʦʵʬʬʝʢʪʠʚʥʦ, ʘ ʢʦʥʮʝʧʪʫʘʣʴʥʦʛʦ ʧʦʜ-

ʭʦʜʘ ʢ ʩʪʨʘʪʝʛʠʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʣʘʟ-

ʤʝʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʤʝ-

ʪʘʣʣʫʨʛʠʠ ʥʝʪ [2]. 

ʆʜʥʘʢʦ ʜʣʷ ʚʥʝʧʝʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʚ ʫʩʣʦʚʠʷʭ ʠʥ-

ʪʝʥʩʠʚʥʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʰʣʘʢʘ ʩ ʨʘʩʧʣʘʚʦʤ, ʦʩʦ-

ʙʝʥʥʦ ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʣʘʟʤʝʥʥʦʛʦ ʥʘʛʨʝʚʘ, 

ʧʨʠʸʤ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʛʦ ʥʘʛʨʝʚʘ ʨʘʩʧʣʘʚʘ ʧʝʨʝʛʨʝ-

ʪʳʤ ʰʣʘʢʦʤ ʤʦʞʝʪ ʙʳʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʦʧʨʘʚʜʘʥ [3]. 

ʇʝʨʝʛʨʝʚ ʰʣʘʢʘ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʢʘʢ ʪʝʧʣʦ-

ʦʙʤʝʥʦʤ ʦʪ ʧʣʘʟʤʝʥʥʦʡ ʛʘʟʦʚʦʡ ʩʪʨʫʠ, ʪʘʢ ʠ ʟʘ ʩʯʝʪ 

ʥʘʛʨʝʚʘ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʩʣʦʷ ʰʣʘʢʘ. ʇʦʩʣʝʜʥʝʝ ʦʩʫ-

ʱʝʩʪʚʣʷʝʪʩʷ ʚʢʣʶʯʝʥʠʝʤ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʰʣʘʢʘ ʚ ʵʣʝʢ-

ʪʨʠʯʝʩʢʫʶ ʮʝʧʴ. 

ʇʦʜʚʦʜ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʢ ʩʣʦʶ ʰʣʘʢʘ ʦʩʫʱʝʩʪ-

ʚʣʷʝʪʩʷ ʘʨʛʦʥʦʚʦʡ ʧʣʘʟʤʦʡ ʦʪ ʵʣʝʢʪʨʦʜʦʚ, ʧʦʜʢʣʶʯʝʥ-

ʥʳʭ ʢ ʨʘʟʥʳʤ ʧʦʣʶʩʘʤ ʦʙʱʝʛʦ ʠʩʪʦʯʥʠʢʘ ʧʦʩʪʦʷʥʥʦʛʦ 

ʪʦʢʘ (ʨʠʩ. 1, ʘ). ɺ ʚʘʨʠʘʥʪʝ (ʨʠʩ. 1, ʙ) [4, 5] ʠʩʧʦʣʴʟʫ-

ʶʪʩʷ ʜʚʝ ʥʝʟʘʚʠʩʠʤʳʝ ʧʣʘʟʤʝʥʥʳʝ ʩʪʨʫʠ, ʧʨʠʯʝʤ ʪʦʢ 

ʥʘʛʨʝʚʘ ʧʨʦʚʦʜʥʠʢʘ ʧʦʜʘʝʪʩʷ ʥʘ ʢʘʪʦʜʳ ʧʣʘʟʤʦʪʨʦʥʦʚ. 

ɼʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʜʠʬʬʫʟʥʦʛʦ ʪʦʢʦʧʦʜʚʦʜʘ [6, 7] ʚʦʟ-

ʤʦʞʥʦ ʚʘʢʫʫʤʠʨʦʚʘʥʠʝ ʨʘʙʦʯʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

(ʨʠʩ. 1, ʚ) ʧʨʠ ʨʘʟʨʝʞʝʥʠʠ (ʈ<70 ʇʘ). 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʥʘʛʨʝʚʘ ʠ ʧʣʘʚʣʝʥʠʷ ʰʣʘʢʘ ʧʨʠ ʧʣʘʟʤʝʥʥʦ-ʜʫʛʦʚʦʤ 

ʪʦʢʦʧʦʜʚʦʜʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩ-

ʩʣʝʜʦʚʘʥʠʝ, ʥʘʧʨʘʚʣʝʥʥʦʝ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʠ 

ʧʣʘʚʣʝʥʠʝ ʰʣʘʢʘ ʧʨʠ ʧʣʘʟʤʝʥʥʦ-ʜʫʛʦʚʦʤ ʪʦʢʦʧʦʜʚʦʜʝ. 

ʕʥʪʘʣʴʧʠʶ ʰʣʘʢʘ, ʥʘʛʨʝʪʦʛʦ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʩ-

ʧʣʘʚʣʝʥʠʷ, ʤʦʞʥʦ ʦʮʝʥʠʪʴ: 
 

Iʰʣ = ʉhʣt
ʧʣ
ʰʣ, (1) 

ʧʨʠ Cʰʣ=0,96 ʢɼʞ/ʢʛÜC; t
ʧʣ
ʰʣ=1500ÁC; Iʰʣ=1,44 ʄɼʞ/ʢʛ. 

 

 

ʕʥʪʘʣʴʧʠʷ ʰʣʘʢʘ ʚʢʣʶʯʘʝʪ: ʟʘʪʨʘʪʳ ʪʝʧʣʘ ʥʘ ʥʘ-

ʛʨʝʚ ʜʦ tʧʣ, ʩʢʨʳʪʫʶ ʪʝʧʣʦʪʫ ʧʣʘʚʣʝʥʠʷ ʠ ʟʘʪʨʘʪʳ ʪʝʧ-

ʣʘ ʥʘ ʧʝʨʝʛʨʝʚ ʰʣʘʢʘ ʜʦ ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʅʘ-

ʧʨʠʤʝʨ, ʜʣʷ ʰʣʘʢʘ ʩʦʩʪʘʚʘ, %: SiO2=48; FeO=14; 

CaO=34; Al 2O3=10 ʵʥʪʘʣʴʧʠʷ Iʰʣ (ɼʞ/ʛ) ʨʘʚʥʘ: 695 

(t=700Áʉ); 1301 (t=1300ÁC), ʜʣʷ ʰʣʘʢʘ ʩʦʩʪʘʚʘ, %: 

SiO2=50; FeO=20; CaO=20; Al 2O3=10 ʵʥʪʘʣʴʧʠʷ Iʰʣ 

(ɼʞ/ʛ) ʨʘʚʥʘ: 1645 (t=1200ÁC); 1815(t=1350ÁC). 
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ʈʠʩ. 1. ʉʭʝʤʳ ʚʘʨʠʘʥʪʦʚ ʢʦʥʪʘʢʪʥʦ-ʧʣʘʟʤʝʥʥʦʛʦ  

ʥʘʛʨʝʚʘ ʰʣʘʢʘ 
 

ʕʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʬʣʶʩʦʚ ʜʣʷ ʵʣʝʢʪʨʦʰʣʘʢʦ-

ʚʦʛʦ ʧʦʜʦʛʨʝʚʘ ʰʣʘʢʘ ʩʦʩʪʘʚʘ, %: SiO2=25 30; 

Al 2O3=30 60; CaO=20 45; Mg=5 20; CaF2=20 100 ʩʦ-

ʩʪʘʚʣʷʝʪ =0,4 6 ʆʤ
-1
ʩʤ

-1 
(ʧʨʠ t= 600 1900

0
C). 

ʍʘʨʘʢʪʝʨ ʚʳʜʝʣʝʥʠʷ ʪʝʧʣʘ ɼʞʦʫʣʷ (ʪʝʧʣʘ ʵʣʝʢ-

ʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ) ʚ ʰʣʘʢʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠ-

ʝʤ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʚ ʦʙʲʝʤʝ ʰʣʘʢʘ ʠ ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʘ 

ʜʫʛʠ ʩʦ ʰʣʘʢʦʤ. ɽʩʣʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʫʛʠ (ʧʣʘʟʤʦʦʙ-

ʨʘʟʫʶʱʠʡ ʛʘʟ-ʚʦʟʜʫʭ) ʠʣʠ ʜʚʫʭ ʜʫʛ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴ-

ʰʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʰʣʘʢʘ, ʪʦ ʦʩʥʦʚʥʘʷ ʜʦʣʷ ʪʝʧʣʦʚʳʜʝ-

ʣʝʥʠʷ ʙʫʜʝʪ ʧʨʠʭʦʜʠʪʴʩʷ ʥʘ ʛʨʘʥʠʮʫ ʨʘʟʜʝʣʘ ʜʫʛʘ-

ʰʣʘʢ. 

ʂʦʣʠʯʝʩʪʚʦ ʚʳʜʝʣʠʚʰʝʡʩʷ ʪʝʧʣʦʪʳ (ɼʞ/ʩ) ʧʨʠ 

ʧʨʦʭʦʞʜʝʥʠʠ ʪʦʢʘ ʯʝʨʝʟ ʧʨʦʚʦʜʥʠʢ ʦʧʠʩʳʚʘʝʪʩʷ ʟʘʢʦ-

ʥʦʤ ɼʞʦʫʣʷ: 
 

Q = I
2

R, (2) 

ʛʜʝ R ï ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʦʚʦʜʥʠʢʘ; I - ʪʦʢ. 
 

R = l / S = l / S, (3) 

ʛʜʝ  - ʫʜʝʣʴʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ;  = 1/  ʉʤ/ʤ;  

  - ʫʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʆʤʤʤ
2
/ʤ; S - ʧʣʦʱʘʜʴ 

ʩʝʯʝʥʠʷ ʧʨʦʚʦʜʥʠʢʘ; l - ʜʣʠʥʘ. 

ʉ ʫʯʝʪʦʤ U = R I ʠ P = U I (ʛʜʝ U - ʥʘʧʨʷʞʝʥʠʝ,  

I - ʪʦʢ, ʈ - ʤʦʱʥʦʩʪʴ) ʟʘʚʠʩʠʤʦʩʪʴ ʜʣʷ ʫʜʝʣʴʥʦʡ ʵʣʝʢ-

ʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʰʣʘʢʘ: 
 

AU

Pl

UA

Il
2=ɢ  ;=ɢ . (4) 
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ɿʜʝʩʴ ɸ - ʵʬʬʝʢʪʠʚʥʘʷ ʧʣʦʱʘʜʴ ʩʝʯʝʥʠʷ ʧʨʦʚʦʜ-

ʥʠʢʘ. 

ʉ ʫʤʝʥʴʰʝʥʠʝʤ  ʪʨʝʙʫʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʥʘ-

ʧʨʷʞʝʥʠʝ U, ʝʩʣʠ ʪʦʢ I, l ʠ A ʧʦʩʪʦʷʥʥʳ. 

ʀʩʪʠʥʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʣʦʷ ʰʣʘʢʘ ʟʘʚʠʩʠʪ ʦʪ 

ʝʛʦ ʢʦʥʬʠʛʫʨʘʮʠʠ (ʜʣʠʥʳ, ʪʦʣʱʠʥʳ ʠ ʰʠʨʠʥʳ ʩʣʦʷ) ʠ 

ʫʩʪʨʦʡʩʪʚʘ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʚʦʜʠʪʩʷ ʦʙʨʘʙʦʪʢʘ: 
 

,
ɢ

=
ʰ

ʰ bh

l
R  (5) 

ʛʜʝ  - ʫʜʝʣʴʥʘʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʰʣʘʢʘ, ʆʤ
-1
ʩʤ

-1
;  

l - ʜʣʠʥʘ ʰʣʘʢʦʚʦʛʦ ʩʣʦʷ; b - ʰʠʨʠʥʘ ʩʣʦʷ; h  h- ʪʦʣʠɦ-

ʥʘ ʩʣʦʷ ʰʣʘʢʘ. 
 

ʈʘʩʯʝʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʰʣʘʢʘ ʦʪ 

ʝʛʦ ʪʦʣʱʠʥʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2. ʇʦ ʚʳʙʨʘʥʥʦʤʫ 

ʩʦʧʨʦʪʠʚʣʝʥʠʶ ʰʣʘʢʘ, ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʨʘʩʧʣʘʚ 

ʚʢʣʶʯʝʥ ʚ ʮʝʧʴ ʧʣʘʟʤʦʪʨʦʥʘ ʠ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ ʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʩʦʚʤʝʩʪʥʫʶ ʚʦʣʴʪʘʤ-

ʧʝʨʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ (ʨʠʩ. 3). ʃʠʥʠʠ ʧʦʩʪʦʷʥʥʳʭ 

ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʰʣʘʢʘ ʩʦʝʜʠʥʷʶʪ ʥʘʧʨʷʞʝʥʠʝ ʭʦʣʦʩʪʦ-

ʛʦ ʭʦʜʘ (Uʭx) ʠ ʪʦʢ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʰʣʘʢʘ (Iʢ). 

ɺɸʍ ʜʫʛʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʣʷ ʧʣʘʟʤʦʪʨʦʥʘ ʧʨʷʤʦʡ ʧʦ-

ʣʷʨʥʦʩʪʠ ʩ ʮʠʣʠʥʜʨʠʯʝʩʢʠʤ ʢʘʪʦʜʦʤ. ʇʫʥʢʪʠʨʥʘʷ ʣʠ-

ʥʠʷ ʦʛʨʘʥʠʯʠʚʘʝʪ ʦʙʣʘʩʪʴ ʫʩʪʦʡʯʠʚʦʛʦ ʛʦʨʝʥʠʷ ʜʫʛʠ. 
 

 
ʈʠʩ. 2. ʀʟʤʝʥʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʰʣʘʢʦʚʦʛʦ ʩʣʦʷ ʦʪ ʝʛʦ 

ʪʦʣʱʠʥʳ. ɼʣʠʥʘ ʰʣʘʢʦʚʦʛʦ ʩʣʦʷ ï 50 ʩʤ; ʰʠʨʠʥʘ ʩʣʦʷ ï 

10 ʩʤ; ʫʜʝʣʴʥʘʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ɢ, ʆʤ-1ʩʤ-1: 1 ï 0,5;  

2 ï 1,0; 3 ï 5,0 
 

 
ʈʠʩ. 3. ʉʦʚʤʝʩʪʥʘʷ ɺɸʍ ʩʠʩʪʝʤʳ ʧʣʘʟʤʘʪʨʦʥ ï ʰʣʘʢ. 

ʈʘʩʭʦʜ ʚʦʟʜʫʭʘ ʥʘ ʧʣʘʟʤʦʪʨʦʥ Gʛ, ʢʛ/ʩĀ10-3: 1 ï 1,0; 2 ï 1,3; 

3 ï 1,7; 4 ï 2,2 
 

ʈʘʩʩʤʦʪʨʠʤ ʥʝʩʢʦʣʴʢʦ ʩʭʝʤ ʦʨʛʘʥʠʟʘʮʠʠ ʥʘʛʨʝʚʘ 

ʠ ʧʣʘʚʣʝʥʠʷ ʰʣʘʢʘ ʩ ʧʣʘʟʤʦʪʨʦʥʘʤʠ (ʨʠʩ. 4). ɼʫʛʘ ʚ 

ʩʭʝʤʘʭ ʟʘʤʝʱʝʥʠʷ ʚʢʣʶʯʝʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩ ʘʢʪʠʚ-

ʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ (ʙʘʣʣʘʩʪʥʳʤ) Rʙ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠ-

ʝʤ ʰʣʘʢʘ Rʰ. ʀʩʪʦʯʥʠʢʦʤ ʧʠʪʘʥʠʷ ʩʭʝʤ ʩʣʫʞʠʪ ʠʩʪʦʯ-

ʥʠʢ ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ (Uxx = 670 ɺ). ɹʘʣʣʘʩʪʥʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʟʜʘʥʠʝ 

ʧʘʜʘʶʱʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʧʨʷʞʝʥʠʷ, ʧʦʜʚʝʜʝʥʥʦʛʦ 

ʢ ʜʫʛʝ, ʠ ʦʛʨʘʥʠʯʠʚʘʝʪ ʪʦʢ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ. 
 

  
ʘ ʙ 

ʈʠʩ. 4. ʉʭʝʤʳ ʫʩʪʘʥʦʚʦʢ (ʠ ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ)  

ʧʣʘʟʤʝʥʥʦ-ʢʦʥʪʘʢʪʥʦʛʦ ʥʘʛʨʝʚʘ ʰʣʘʢʘ  

ʩ ʦʜʥʠʤ ʧʣʘʟʤʦʪʨʦʥʦʤ 
 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʣʘʚʣʝʥʠʷ ʰʣʘʢʘ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʘʭ ʝʛʦ ʥʘʛʨʝʚʘ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʜʚʝ 

ʩʭʝʤʳ (ʨʠʩ. 5) [8]: 

ʘ) ʩ ʚʦʟʜʫʰʥʳʤ ʧʣʘʟʤʦʪʨʦʥʦʤ ʢʦʩʚʝʥʥʦʛʦ ʜʝʡʩʪʚʠʷ 

ʧʨʷʤʦʡ ʧʦʣʷʨʥʦʩʪʠ ʠ ʧʦʜʘʯʠ ʧʨʦʧʘʥʘ ʥʘ ʩʨʝʟ ʩʦʧʣʘ, ʩ 

ʥʘʣʦʞʝʥʠʝʤ çʧʣʘʚʘʶʱʝʛʦè ʧʦʪʝʥʮʠʘʣʘ ʥʘ ʧʣʘʚʷʱʠʡʩʷ 

ʦʙʨʘʟʝʮ; 

ʙ) ʩ ʥʘʛʨʝʚʦʤ ʜʫʛʦʚʳʤ ʧʣʘʟʤʦʪʨʦʥʦʤ ʧʨʷʤʦʡ ʧʦʣʷʨʥʦ-

ʩʪʠ ʩ ʛʨʘʬʠʪʦʚʳʤ ʢʘʪʦʜʦʤ, ʧʨʠ ʚʠʭʨʝʚʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʜʫʛʠ ʩʤʝʩʴʶ ʚʦʟʜʫʭʘ ʠ ʧʨʦʧʘʥʘ. 

ʅʘ ʧʦʜʠʥʝ ʠʟ ʛʨʘʬʠʪʦʚʦʡ ʧʣʘʩʪʠʥʳ, ʫʩʪʘʥʦʚʣʝʥ-

ʥʦʡ ʧʦʜ ʫʛʣʦʤ 15Á, ʨʘʟʤʝʱʘʣʩʷ ʦʙʨʘʟʝʮ ʤʘʩʩʦʡ 

m=0,022 ʢʛ ʧʦ ʦʩʠ ʧʣʘʟʤʦʪʨʦʥʘ, ʥʘ ʨʘʩʩʪʦʷʥʠʠ 

x=0,08 ʤ ʦʪ ʩʦʧʣʘ. ʈʘʩʭʦʜ ʚʦʟʜʫʭʘ ʥʘ ʧʣʘʟʤʦʪʨʦʥ ʩʦ-

ʩʪʘʚʣʷʣ Gʛ = 1 ʛ/ʩ. ʂʦʵʬʬʠʮʠʝʥʪ ʠʟʙʳʪʢʘ ʚʦʟʜʫʭʘ ʚ 

ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʙʳʣ ʦʜʠʥʘʢʦʚʳʤ ï =0,5. ʄʦʱʥʦʩʪʴ, 

ʧʦʜʚʦʜʠʤʘʷ ʢ ʧʣʘʟʤʦʪʨʦʥʘʤ - Nʵʣ=15 25 ʢɺʪ. 
 

  
ʘ ʙ 

ʈʠʩ. 5. ʉʭʝʤʳ ʧʣʘʟʤʝʥʥʦʛʦ ʧʣʘʚʣʝʥʠʷ ʰʣʘʢʘ 
 

ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʠʥʠʮʠʘʮʠʷ ʨʘʟʨʷʜʘ ʥʘʯʠʥʘʣʘʩʴ ʩ 

ʛʨʘʬʠʪʦʚʦʛʦ ʵʣʝʢʪʨʦʜʘ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʝʨʝʭʦʜʦʤ 

ʜʫʛʦʚʦʛʦ ʧʷʪʥʘ ʥʘ ʦʙʨʘʟʝʮ ʧʦ ʤʝʨʝ ʝʛʦ ʨʘʩʧʣʘʚʣʝʥʠʷ. 

ɺʨʝʤʷ ʧʨʦʧʣʘʚʣʝʥʠʷ ʦʙʨʘʟʮʘ ʤʦʜʝʣʴʥʦʛʦ ʰʣʘʢʘ ʜʦ 

ʜʦʩʪʠʞʝʥʠʷ ʚʷʟʢʦʩʪʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʝʛʦ ʩʪʝʢʘʥʠʝ, 

ʬʠʢʩʠʨʦʚʘʣʦʩʴ ʩʝʢʫʥʜʦʤʝʨʦʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʣʘʚʣʝʥʠʷ 

ʰʣʘʢʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 6. ʄʠʥʠʤʘʣʴʥʘʷ ʪʦʣʱʠʥʘ 

ʨʘʩʧʣʘʚʘ ʥʘ ʧʦʜʫ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʩʦʟʜʘʥʠʝ ʥʘʜʝʞʥʦʡ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ, ʩʦʩʪʘʚʣʷʣʘ 30 ʤʤ. ʅʘʛʨʝʚ ʧʨʷʤʦʡ 

ʜʫʛʦʡ ʦʙʝʩʧʝʯʠʚʘʣ ʚ 3-6 ʨʘʟ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ 
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ʧʣʘʚʣʝʥʠʷ ʚʦ ʚʩʝʤ ʠʩʩʣʝʜʦʚʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʤʦʱʥʦ-

ʩʪʝʡ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʛʦʨʝʥʠʷ ʜʫʛʠ ʥʘ 

ʦʙʨʘʟʮʝ ï ʧʨʠʭʦʜʠʣʦʩʴ ʚʳʜʝʨʞʠʚʘʪʴ ʩʦʦʪʥʦʰʝʥʠʝ ʚʦʟ-

ʜʫʭ ï ʧʨʦʧʘʥ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʚʠʩʠʤʦʩʪʴʶ, ʧʨʝʜ-

ʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩ. 7. 
 

 
ʈʠʩ. 6. ʀʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʣʘʟʤʝʥʥʦʛʦ ʧʣʘʚʣʝʥʠʷ  

ʰʣʘʢʘ ʦʪ ʤʦʱʥʦʩʪʠ ʕɼʋ: 1 ï ʥʘʛʨʝʚ ʧʦ ʩʭʝʤʝ (ʘ);  

2 ï ʧʦ ʩʭʝʤʝ (ʙ) 
 

 
ʈʠʩ. 7. ʉʚʷʟʴ ʠʟʤʝʥʝʥʠʷ ʨʘʩʭʦʜʘ ʚʦʟʜʫʭʘ ʦʪ ʨʘʩʭʦʜʘ  

ʧʨʦʧʘʥʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʣʦʚʠʡ  

ʩʪʘʙʠʣʴʥʦʩʪʠ ʨʘʙʦʪʳ ʕɼʋ 
 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʢʘʟʘ-

ʣʠ, ʯʪʦ ʩʪʘʜʠʶ ʨʘʩʧʣʘʚʣʝʥʠʷ ʰʣʘʢʘ ʣʫʯʰʝ ʦʨʛʘʥʠʟʦ-

ʚʳʚʘʪʴ ʪʨʘʜʠʮʠʦʥʥʳʤ ʜʫʛʦʚʳʤ ʩʧʦʩʦʙʦʤ, ʧʦʩʣʝ ʯʝʛʦ 

ʜʣʷ ʧʝʨʝʛʨʝʚʘ ʰʣʘʢʘ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠʝʤ ʥʘʛʨʝ-

ʚʘ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʧʨʠ ʧʣʘʟʤʝʥʥʦʤ ʪʦʢʦʧʦʜʚʦʜʝ. 

ɸʚʪʦʨʳ ʥʘʤʝʨʝʥʥʦ ʥʝ ʧʨʠʚʦʜʠʣʠ ʨʝʟʫʣʴʪʘʪʳ ʚ 

ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮʘʭ, ʪ.ʢ. ʦʧʳʪ ʨʘʙʦʪʳ ʩ ʧʣʘʟʤʦ-

ʪʨʦʥʘʤʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝ-

ʜʦʚʘʥʠʡ ʧʣʦʭʦ ʤʘʩʰʪʘʙʠʨʫʶʪʩʷ ʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ-

ʩʷ ʣʠʰʴ ʜʣʷ ʢʘʯʝʩʪʚʝʥʥʳʭ ʦʮʝʥʦʢ. 
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ENERGY CHARACTERISTICS OF PLASMA-ARC CURRENT LEAD DURING SLAG-METAL MELT HEATING 
 

Agapitov E.B., Tikhonov A.V. 

 
The article presents results of experimental studies and 

engineering study of a slag melt heating by the slag layer heating 

with electrical resistance of the in plasma-arc current lead. 

Keywords: plasma arc current lead, ladle treatment, slag, 

plasma, slag resistance, melting rate, heating. 
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ɼʀɸɻʅʆʉʊʀʈʆɺɸʅʀɽ ʊɽʍʅʀʏɽʉʂʆɻʆ ʉʆʉʊʆʗʅʀʗ ʊʈɸʅʉʌʆʈʄɸʊʆʈʅʆɻʆ ʆɹʆʈʋɼʆɺɸʅʀʗ  

ʂɸʂ ʆʉʅʆɺɸ ʕʅɽʈɻɽʊʀʏɽʉʂʆʁ ɹɽɿʆʇɸʉʅʆʉʊʀ ʇʈʆʄʓʐʃɽʅʅʆɻʆ ʇʈɽɼʇʈʀʗʊʀʗ 
 

ʆʪʤʝʯʝʥʦ, ʯʪʦ ʤʦʥʠʪʦʨʠʥʛ ʠ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʷʚʣʷʶʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤʠ ʫʩʣʦ-

ʚʠʷʤʠ ʚʥʝʜʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ Smart Grid ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʷʭ. ɼʘʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ, ʥʘʭʦ-

ʜʷʱʠʭʩʷ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʮʝʭʘʭ ʫʧʨʘʚʣʝʥʠʷ ʛʣʘʚʥʦʛʦ ʵʥʝʨʛʝʪʠʢʘ ʆɸʆ çʄʘʛʥʠʪʦʛʦʨʩʢʠʡ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ ʢʦʤʙʠʥʘʪè 

(ʆɸʆ çʄʄʂè). ʇʦʜʪʚʝʨʞʜʝʥʘ ʪʝʥʜʝʥʮʠʷ ʢ ʩʪʘʨʝʥʠʶ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʆʙʦʩʥʦʚʘʥʳ ʬʫʥʢʮʠʠ ʜʠʘʛʥʦʩʪʠʯʝ-

ʩʢʦʡ ʩʠʩʪʝʤʳ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʦʧʠʩʘʥʠʝ ʠ ʩʦʩʪʘʚ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ, ʚʥʝʜʨʝʥʥʦʡ ʥʘ ʩʠʣʦʚʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʭ 

ʮʝʭʘ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ ʠ ʧʦʜʩʪʘʥʮʠʡ ʆɸʆ çʄʄʂè. ʇʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʪʨʝʥʜʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʜʠʘʛʥʦʩʪʠ-

ʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʆʪʤʝʯʝʥʳ ʦʩʥʦʚʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʦʪ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤʳ. ʇʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ 

ʨʘʟʨʘʙʦʪʢʠ ʠʥʞʝʥʝʨʥʳʭ ʤʝʪʦʜʠʢ ʤʥʦʛʦʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʭ ʣʦʢʘʣʠʟʦʚʘʪʴ ʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ 

ʥʝʠʩʧʨʘʚʥʦʩʪʴ ʧʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʝ ʧʨʝʜʧʨʠʷʪʠʝ, ʩʠʣʦʚʳʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ, ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ, ʩʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥ-

ʛʘ, ʪʨʝʙʦʚʘʥʠʷ, ʩʦʩʪʘʚ ʦʙʦʨʫʜʦʚʘʥʠʷ,  ʚʥʝʜʨʝʥʠʝ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 

ɺɺɽɼɽʅʀɽ 
 

ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʵʣʝʢ-

ʪʨʦʩʥʘʙʞʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʚʦ ʤʥʦʛʦʤ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʨʘʙʦʪʦʡ ʩʠʣʦʚʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʩʦʛʣʘʩʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ ʩ ʩʠʩʪʝʤʦʡ ʠ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʨʷʜʘ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ 

ʪʨʝʙʫʝʤʳʝ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ɺʳʩʦ-

ʢʘʷ ʩʪʝʧʝʥʴ ʠʟʥʦʩʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʩʦʟʜʘʝʪ ʧʦʪʝʥʮʠ-

ʘʣʴʥʫʶ ʦʧʘʩʥʦʩʪʴ ʢʘʢ ʜʣʷ ʧʦʪʨʝʙʠʪʝʣʝʡ, ʪʘʢ ʠ ʜʣʷ ʦʙ-

ʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ.  

ɺʥʝʜʨʝʥʠʝ ʩʨʝʜʩʪʚ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʜʠʘʛʥʦʩʪʠʨʦ-

ʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʪʨʘʥʩ-

ʬʦʨʤʘʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʝʡ ʟʘʜʘʯʝʡ ʧʨʠ ʨʝʘʣʠʟʘ-

ʮʠʠ ʪʝʭʥʦʣʦʛʠʠ Smart Grid ʚ ʵʥʝʨʛʦʩʠʩʪʝʤʘʭ ʠ ʧʨʦ-

ʤʳʰʣʝʥʥʳʭ ʩʝʪʷʭ [1]. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʬʠʟʠʯʝ-

ʩʢʠʡ ʠʟʥʦʩ ʩʠʣʦʚʦʛʦ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʨʦʩʩʠʡ-

ʩʢʦʡ ʵʥʝʨʛʝʪʠʢʝ ʜʦʩʪʠʛʘʝʪ 70ï80%. ʊʝʥʜʝʥʮʠʷ ʩʪʘʨʝ-

ʥʠʷ ʧʘʨʢʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʥʦʡ ʥʝ 

ʪʦʣʴʢʦ ʜʣʷ ʈʦʩʩʠʠ, ʥʦ ʠ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʨʘʟʚʠʪʳʭ 

ʩʪʨʘʥ, ʚ ʪʦʤ ʯʠʩʣʝ ʉʐɸ, ɻʝʨʤʘʥʠʠ ʠ ʜʨ. ɺ ʵʪʠʭ ʫʩʣʦ-

ʚʠʷʭ ʘʢʪʫʘʣʴʥʦʩʪʴ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʙʫʩʣʦ-

ʚʠʣʠ ʩʣʝʜʫʶʱʠʝ ʧʨʠʯʠʥʳ [2]:  

ï ʨʦʩʪ ʢʦʣʠʯʝʩʪʚʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʩ ʠʩʪʝʢʰʠʤ ʥʦʨ-

ʤʘʪʠʚʥʳʤ ʩʨʦʢʦʤ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝ-

ʣʠʯʝʥʠʶ ʯʠʩʣʘ ʦʪʢʘʟʦʚ; 

ï ʥʠʟʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʝʩʪʦʚʦʛʦ ʢʦʥʪʨʦʣʷ, ʧʨʦʚʦʜʠ-

ʤʦʛʦ ʤʝʪʦʜʘʤʠ, ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʳʤʠ ɻʆʉʊ; 

ï ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʜʣʝʥʠʷ ʩʨʦʢʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʚʝʨʭ 

ʥʦʨʤʘʪʠʚʥʦʛʦ, ʚʧʣʦʪʴ ʜʦ ʚʳʨʘʙʦʪʢʠ ʨʝʘʣʴʥʦʛʦ, ʟʘʣʦ-

ʞʝʥʥʦʛʦ ʠʟʛʦʪʦʚʠʪʝʣʝʤ ʨʝʩʫʨʩʘ; 

ï ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʘʚʘʨʠʡ, ʫʙʳʪʢʠ ʦʪ 

ʢʦʪʦʨʳʭ ʠʩʯʠʩʣʷʶʪʩʷ ʤʠʣʣʠʦʥʘʤʠ ʨʫʙʣʝʡ; 

ï ʪʝʥʜʝʥʮʠʷ ʧʝʨʝʭʦʜʘ ʦʪ ʩʠʩʪʝʤʳ ʧʣʘʥʦʚʦ-

ʧʨʝʜʫʧʨʝʜʠʪʝʣʴʥʳʭ ʨʝʤʦʥʪʦʚ ʢ ʨʝʤʦʥʪʘʤ ʧʦ ʩʦʩʪʦʷ-

ʥʠʶ. 

ʕʢʩʧʣʫʘʪʘʮʠʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʟʘ ʧʨʝʜʝʣʘʤʠ ʥʦʨʤʘʪʠʚʥʦʛʦ ʩʨʦʢʘ ʩʣʫʞʙʳ ʩʪʘʣʘ ʦʙʱʝ-

ʤʠʨʦʚʦʡ ʪʝʥʜʝʥʮʠʝʡ, ʭʦʪʷ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʙʝʟ ʧʨʠʥʷʪʠʷ 

ʩʧʝʮʠʘʣʴʥʳʭ ʤʝʨ ʦʥʘ ʩʦʧʨʷʞʝʥʘ ʩ ʧʦʚʳʰʝʥʥʳʤʠ ʨʠʩ-

ʢʘʤʠ ʦʪʢʘʟʦʚ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʟʘʤʝʥʘ ʦʛʨʦʤʥʦʛʦ ʢʦʣʠʯʝ-

ʩʪʚʘ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʢʦʨʦʪʢʠʡ ʦʪʨʝʟʦʢ 

ʚʨʝʤʝʥʠ ʥʝʚʦʟʤʦʞʥʘ ʪʝʭʥʠʯʝʩʢʠ ʠ ʥʝ ʦʧʨʘʚʜʘʥʘ ʵʢʦ-

ʥʦʤʠʯʝʩʢʠ.  

ʉʥʠʞʝʥʠʝ ʨʠʩʢʦʚ ʦʪʢʘʟʦʚ ʠ ʫʤʝʥʴʰʝʥʠʝ ʵʢʩʧʣʫʘ-

ʪʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʩʪʘʥʦʚʢʘ ʥʘ ʪʨʘʥʩ-

ʬʦʨʤʘʪʦʨʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ, 

ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʦʧʝʨʘʪʠʚʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ. ɺʥʝʜʨʝʥʠʝ 

ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʜʠʘʛʥʦʩʪʠʢʠ ʩʠʣʦʚʳʭ ʪʨʘʥʩ-

ʬʦʨʤʘʪʦʨʦʚ ʦʙʫʩʣʦʚʣʝʥʦ ʧʨʠʢʘʟʦʤ ˉ140 ʦʪ 18.04.2008 ʛ. 

ʆɸʆ çʌʉʂ ɽʕʉè ʫʪʚʝʨʞʜʝʥ ʠ ʚʚʝʜʝʥ ʚ ʜʝʡʩʪʚʠʝ ʥʦʨ-

ʤʘʪʠʚʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʜʦʢʫʤʝʥʪ ʚ ʚʠʜʝ ʦʪʨʘʩʣʝʚʦʛʦ 

ʉʪʘʥʜʘʨʪʘ çʉʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʩʠʣʦʚʳʭ ʪʨʘʥʩʬʦʨ-

ʤʘʪʦʨʦʚ ʠ ʘʚʪʦʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚè [3]. 
 

ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʊʈɸʅʉʌʆʈʄɸʊʆʈʅʆɻʆ ʇɸʈʂɸ  

ʆɸʆ çʄʄʂè 
 

ɿʘʜʘʯʘ ʚʥʝʜʨʝʥʠʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʘʢʪʫʘʣʴʥʘ ʜʣʷ ʆɸʆ çʄʄʂè, ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʳʡ ʧʘʨʢ 

ʢʦʪʦʨʦʛʦ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʚʳʨʘʙʦʪʘʣ ʥʦʨʤʘ-

ʪʠʚʥʳʡ ʨʝʩʫʨʩ. ɺ [4, 5] ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦ 

ʪʝʭʥʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ ʩʝʪʝʚʳʭ ʠ ʙʣʦʯʥʳʭ ʪʨʘʥʩʬʦʨ-

ʤʘʪʦʨʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʮʝʭʘʭ ʫʧʨʘʚ-

ʣʝʥʠʷ ʛʣʘʚʥʦʛʦ ʵʥʝʨʛʝʪʠʢʘ (ʋɻʕ) ʢʦʤʙʠʥʘʪʘ. ʅʘ ʨʠʩ. 1 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʠʘʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʢʩʧʣʫʘʪʠʨʫʝ-

ʤʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʧʦ ʛʦʜʘʤ ʚʚʦʜʘ. ʇʨʠ ʦʙʱʝʤ ʢʦ-

ʣʠʯʝʩʪʚʝ ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ 251 ʝʜ. ʢʦ-

ʣʠʯʝʩʪʚʦ ʥʝ ʦʪʨʘʙʦʪʘʚʰʠʭ ʥʦʨʤʘʪʠʚʥʳʡ ʩʨʦʢ (ʥʘ ʤʦ-

ʤʝʥʪ ʧʦʜʩʯʝʪʘ) ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 33%, ʦʪʨʘʙʦʪʘʚʰʠʭ 

ʩʚʝʨʭ ʥʦʨʤʘʪʠʚʥʦʛʦ ʩʨʦʢʘ ï 67%. ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚ-

ʣʝʥʳ ʜʠʘʛʨʘʤʤʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʧʨʦʮʝʥʪʥʦʝ ʩʦʦʪ-

ʥʦʰʝʥʠʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ, ʵʢʩʧʣʫʘʪʠʨʫʶʱʠʭʩʷ ʙʦʣʝʝ 

30 ʣʝʪ, ʩ ʨʘʟʙʠʝʥʠʝʤ ʧʦ ʢʣʘʩʩʘʤ ʥʘʧʨʷʞʝʥʠʷ. 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʜʠʘʛʨʘʤʤ, ʥʘʠʙʦʣʝʝ çʚʦʟʨʘʩʪʥʳʤè 

ʷʚʣʷʝʪʩʷ ʧʘʨʢ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʩ ʥʦʤʠʥʘʣʴʥʳʤ ʥʘ-

ʧʨʷʞʝʥʠʝʤ 35 ʢɺ: ʙʦʣʝʝ 94% ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ (32 ʠʟ 

36 ʝʜ.) ʦʪʨʘʙʦʪʘʣʦ ʩʚʳʰʝ 30 ʣʝʪ. ɼʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʘʷ 

ʢʘʨʪʠʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʩ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʤʠ ʥʘʧʨʷʞʝʥʠ-

ʝʤ 10 ʢɺ (ʦʢʦʣʦ 68% ʩʪʘʨʰʝ 30 ʣʝʪ), ʭʦʪʷ ʚ ʧʦʩʣʝʜʥʝʝ 

ʜʝʩʷʪʠʣʝʪʠʝ ʠʭ ʧʘʨʢ ʟʘʤʝʪʥʦ ʦʙʥʦʚʠʣʩʷ. ʉʨʝʜʥʠʡ 

çʚʦʟʨʘʩʪè ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʩʦʩʪʘʚʣʷʝʪ 35 ʣʝʪ, ʯʪʦ, ʚ 

ʧʨʠʥʮʠʧʝ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʢʘʟʘʪʝʣʷʤ ʧʦ 

ʈɸʆ çɽʉ ʈʦʩʩʠʠè [6]. ʀʤʝʶʪʩʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ, ʩʨʦʢ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʦʪʦʨʳʭ ʧʨʝʚʳʰʘʝʪ 50 ʣʝʪ, ʚʤʝʩʪʝ ʩ ʪʝʤ 

ʦʙʥʦʚʣʝʥʠʝ ʧʘʨʢʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʥʝʜʦʩʪʘ-
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ʪʦʯʥʳʤʠ ʪʝʤʧʘʤʠ. 

ʊʨʘʥʩʬʦʨʤʘʪʦʨʳ ʆɸʆ çʄʄʂè ʤʦʞʥʦ ʫʩʣʦʚʥʦ 

ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʛʨʫʧʧʳ: ʩʝʪʝʚʳʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ 

ʧʦʜʩʪʘʥʮʠʡ, ʙʣʦʯʥʳʝ, ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʵʥʝʨʛʦʙʣʦʢʦʚ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ, ʠ ʧʝʯʥʳʝ, ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʝ ʥʘ ʜʫʛʦ-

ʚʳʭ ʩʪʘʣʝʧʣʘʚʠʣʴʥʳʭ ʧʝʯʘʭ ʢʠʩʣʦʨʦʜʥʦ-

ʢʦʥʚʝʨʪʝʨʥʦʛʦ ʠ ʵʣʝʢʪʨʦʩʪʘʣʝʧʣʘʚʠʣʴʥʦʛʦ ʮʝʭʦʚ. 
 

 
ʈʠʩ. 1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʋɻʕ 

ʧʦ ʛʦʜʘʤ ʚʚʦʜʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ 
 

 

 

 

 
ʈʠʩ. 2. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ,  

ʦʪʨʘʙʦʪʘʚʰʠʭ ʙʦʣʝʝ 30 ʣʝʪ, ʧʦ ʢʣʘʩʩʘʤ ʥʘʧʨʷʞʝʥʠʷ 
 

ʄʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʥʘʜʝʞʥʦʩʪʴ ʪʨʘʥʩʬʦʨʤʘ-

ʪʦʨʦʚ ʧʝʨʚʳʭ ʜʚʫʭ ʛʨʫʧʧ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧ-

ʨʝʜʝʣʷʝʪ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʢʦʤʙʠʥʘʪʘ. ʅʘ-

ʜʝʞʥʦʩʪʴ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʩʪʘʣʝʧʣʘʚʠʣʴʥʳʭ ʘʛʨʝʛʘʪʦʚ 

ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʷʶʱʠʤ ʬʘʢʪʦʨʦʤ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʧʨʝ-

ʨʳʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʮʠʢʣʘ. 

ʋʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʧʝʨʚʳʭ 

ʜʚʫʭ ʛʨʫʧʧ ʥʝ ʠʤʝʶʪ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʦʪʣʠʯʠʡ, ʭʦʪʷ 

ʨʝʞʠʤʳ ʠʭ ʨʘʙʦʪʳ ʨʘʟʣʠʯʘʶʪʩʷ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʫ 

ʙʣʦʯʥʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʚʦʟʥʠʢʘʶʪ ʙʦʣʝʝ ʯʘʩʪʳʝ 

ʜʠʥʘʤʠʯʝʩʢʠʝ ʨʝʞʠʤʳ, ʚʳʟʚʘʥʥʳʝ ʦʩʪʘʥʦʚʢʦʡ ʵʥʝʨʛʦ-

ʙʣʦʢʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʨʝʞʠʤʳ ʧʝʯʥʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦ-

ʨʦʚ ʠʤʝʶʪ ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ ʦʪʣʠʯʠʷ. ɼʦʩʪʘʪʦʯʥʦ ʟʘ-

ʤʝʪʠʪʴ, ʯʪʦ ʨʝʞʠʤ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʥʘ ʵʣʝʢʪʨʦʜʘʭ 

(ʚʪʦʨʠʯʥʦʡ ʩʪʦʨʦʥʝ) ʷʚʣʷʝʪʩʷ ʨʘʙʦʯʠʤ, ʘ ʧʝʨʝʢʣʶʯʝ-

ʥʠʝ ʨʝʛʫʣʷʪʦʨʦʚ ʠʟʤʝʥʝʥʠʷ ʯʠʩʣʘ ʚʠʪʢʦʚ ʦʙʤʦʪʢʠ ʧʦʜ 

ʥʘʛʨʫʟʢʦʡ (ʈʇʅ) ʧʨʦʠʩʭʦʜʠʪ ʜʦ 1000 ʨʘʟ ʚ ʩʫʪʢʠ, ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʩʝʟʦʥʥʳʭ ʧʝʨʝʢʣʶʯʝʥʠʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ 

ʧʝʨʚʳʭ ʜʚʫʭ ʛʨʫʧʧ (5-6 ʧʝʨʝʢʣʶʯʝʥʠʡ ʚ ʛʦʜ). ʆʪʩʶʜʘ 

ʩʣʝʜʫʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʨʘʟʣʠʯʠʝ ʧʨʠʟʥʘʢʦʚ ʥʝʠʩ-

ʧʨʘʚʥʦʩʪʝʡ, ʤʝʪʦʜʦʚ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʜʠʘʛʥʦ-

ʩʪʠʨʦʚʘʥʠʷ ʧʝʯʥʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ [7-9]. 

ʂʦʣʣʝʢʪʠʚʦʤ ʄʘʛʥʠʪʦʛʦʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ɻ.ʀ. ʅʦʩʦʚʘ (ʄɻʊʋ) 

ʩʦʚʤʝʩʪʥʦ ʩʦ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʋɻʕ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ ʧʨʠʯʠʥ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʚ ʩʠʣʦ-

ʚʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʭ ʆɸʆ çʄʄʂè ʟʘ ʧʝʨʠʦʜ ʦʢʦʣʦ 

10 ʣʝʪ [10]. ʉ ʵʪʦʡ ʮʝʣʴʶ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʘʧʧʘʨʘʪʥʦ-

ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʥʘ ʦʩʥʦʚʝ ʧʝʨʝʥʦʩʥʦʛʦ ʧʨʠʙʦ-

ʨʘ ʘʥʘʣʠʟʘ ʯʘʩʪʠʯʥʳʭ ʨʘʟʨʷʜʦʚ (ʏʈ) ʠ ʣʦʢʘʮʠʠ ʟʦʥ ʜʝ-

ʬʝʢʪʦʚ ʚ ʠʟʦʣʷʮʠʠ ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

AR-700 [11]. ʆʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʩʝʪʝʚʳʝ ʠ ʙʣʦʯʥʳʝ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ 110 ʢɺ ʦʪʥʦʩʷʪʩʷ ʢ ʛʨʫʧʧʝ, ʠʤʝʶʱʝʡ 

ʩʘʤʫʶ ʚʳʩʦʢʫʶ ʯʘʩʪʦʪʫ ʧʦʷʚʣʝʥʠʷ ʧʦʚʨʝʞʜʝʥʠʡ. ɸʥʘ-

ʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʚʨʝʞʜʝʥʠʡ ʧʦ ʦʩʥʦʚʥʳʤ ʫʟʣʘʤ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʠʙʦʣʴʰʫʶ ʧʦʚʨʝʞ-

ʜʘʝʤʦʩʪʴ ʠʤʝʶʪ: ʚʳʩʦʢʦʚʦʣʴʪʥʳʝ ʚʚʦʜʳ ï 22%, ʦʙʤʦʪ-

ʢʠ ï 16%, ʫʩʪʨʦʡʩʪʚʘ ʈʇʅ ï 13,5% [4, 5].  

ʀʩʩʣʝʜʦʚʘʥʠʷ, ʚʳʧʦʣʥʝʥʥʳʝ ʥʘ ʦʜʥʦʪʠʧʥʳʭ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʭ, ʧʦʜʪʚʝʨʜʠʣʠ ʧʨʷʤʫʶ ʚʟʘʠʤʦʩʚʷʟʴ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʏʈ ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʧʦʩʣʝ ʢʘʧʠʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʘ. ʅʘʢʦʧ-

ʣʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʠ ʦʙʨʘʙʦʪʢʘ ʩʠʛʥʘʣʦʚ ʧʦʟʚʦʣʠʣʠ 

ʦʧʨʝʜʝʣʠʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʏʈ 

[11-13]. ɺʳʧʦʣʥʝʥʘ ʦʮʝʥʢʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʟʘʤʝʨʦʚ ʠ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʟ-

ʨʷʜʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩ ʥʦʨʤʘʪʠʚʥʳʤʠ. ɺʧʝʨʚʳʝ ʧʨʝʜʣʦ-

ʞʝʥʦ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʠʢʠ ʠ ʘʣʛʦʨʠʪʤʘ ʦʙʨʘʙʦʪʢʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʘʢʫʩʪʠʯʝʩʢʦʡ ʣʦʢʘʮʠʠ ʏʈ 

ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʩʫʙʪʨʘʢʪʠʚʥʦʡ (ʛʦʨʥʦʡ) ʢʣʘʩʪʝʨʠʟʘ-

ʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʣʦʢʘʣʠʟʘʮʠʶ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʶ 

ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ, ʘ ʪʘʢʞʝ ʦʮʝʥʢʫ ʜʠʥʘʤʠʢʠ ʠʭ ʨʘʟʚʠʪʠʷ 

[14]. 

ɺʤʝʩʪʝ ʩ ʪʝʤ ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʣʴʟʷ 

ʧʨʠʟʥʘʪʴ ʠʩʯʝʨʧʳʚʘʶʱʠʤʠ, ʘ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʜʦʩʪʘʪʦʯʥʳʤʠ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʘʚʘʨʠʡ ʠ ʦʧʪʠʤʠ-

ʟʘʮʠʠ ʧʣʘʥʦʚʦ-ʧʨʝʜʫʧʨʝʜʠʪʝʣʴʥʳʭ ʨʘʙʦʪ. ɺ ʧʝʨʝʯʝʥʴ 

ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʢʦʤʙʠʥʘʪʘ ʚʢʣʶʯʝʥʦ ʦʩ-

ʥʘʱʝʥʠʝ ʦʩʥʦʚʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʪʘʮʠʦʥʘʨʥʳʤʠ ʩʠʩ-

ʪʝʤʘʤʠ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘ-

ʥʠʷ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʦʟʨʘʩʪʘʝʪ ʨʦʣʴ ʤʝʪʦʜʦʚ ʜʠʘʛʥʦ-

ʩʪʠʨʦʚʘʥʠʷ ʚ  ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʆʜʥʘʢʦ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʧʳʪʘ ʚʥʝʜʨʝʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʪʘ-

ʮʠʦʥʘʨʥʳʭ ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʩʠʣʦʚʳʭ 

10 ʢɺ

ɹʦʣʝʝ 30 ʣʝʪ; 

67,88%

ʄʝʥʝʝ 30 ʣʝʪ; 

32,12%

35 ʢɺ

ɹʦʣʝʝ 30 ʣʝʪ; 

94,44%

ʄʝʥʝʝ 30 ʣʝʪ; 

5,56%

110 ʢɺ

ɹʦʣʝʝ 30 ʣʝʪ; 

42,42%

ʄʝʥʝʝ 30 ʣʝʪ; 

57,58%

220 ʢɺ

ɹʦʣʝʝ 30 ʣʝʪ; 

12,50%
ʄʝʥʝʝ 30 ʣʝʪ; 

87,50%
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ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʚ ʆɸʆ çʄʄʂè, ʢʘʢ ʠ ʥʘ ʙʦʣʴʰʠʥʩʪ-

ʚʝ ʜʨʫʛʠʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʷʚʥʦ ʥʝʜʦʩʪʘʪʦʯʥʦ. 
 

 

 

ʌʋʅʂʎʀʀ ʉʀʉʊɽʄʓ ʄʆʅʀʊʆʈʀʅɻɸ 
 

ʉʦʛʣʘʩʥʦ ʧʨʠʣʦʞʝʥʠʶ ʢ ʧʨʠʢʘʟʫ ʆɸʆ çʌʉʂ 

ɽʕʉè ʦʪ 18.04.2008 ˉ140 ʩʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ ʜʦʣʞ-

ʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴ ʜʣʷ ʢʘʞʜʦʡ ʝʜʠʥʠʮʳ ʪʨʘʥʩʬʦʨʤʘʪʦʨ-

ʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʬʫʥʢʮʠʡ 

[15]:  

1. ʂʦʥʪʨʦʣʴ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ ʚ ʤʘʩʣʝ ʙʘʢʘ. ʕʪʦ 

ʚʘʞʥʳʡ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʡ ʧʘʨʘʤʝʪʨ, ʚʣʠʷʶʱʠʡ ʥʘ ʥʘ-

ʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ ʚʩʝʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. ɼʣʷ ʧʝʯʥʳʭ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʩʣʝʜʫʝʪ ʪʘʢʞʝ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʦ-

ʜʝʨʞʘʥʠʝ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ ʤʘʩʣʝ ʚʦʜʦʨʦʜʘ. ɼʣʷ ʧʝʯʥʦ-

ʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʪʚʦʨʝʥʥʳʭ 

ʛʦʨʶʯʠʭ ʛʘʟʦʚ ʚʳʟʚʘʥʦ ʨʝʟʢʦʧʝʨʝʤʝʥʥʦʡ ʥʘʛʨʫʟʢʦʡ ʠ 

ʯʘʩʪʳʤʠ ʧʝʨʝʢʣʶʯʝʥʠʷʤʠ ʈʇʅ. 

2. ʅʝʧʨʝʨʳʚʥʘʷ ʨʝʛʠʩʪʨʘʮʠʷ ʫʨʦʚʥʷ ʠ ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʷ ʯʘʩʪʠʯʥʳʭ ʨʘʟʨʷʜʦʚ ʚ ʠʟʦʣʷʮʠʠ ʚʚʦʜʦʚ, ʦʙʤʦʪʦʢ 

ʠ ʩʝʨʜʝʯʥʠʢʘ. ɺʩʪʨʦʝʥʥʘʷ ʵʢʩʧʝʨʪʥʘʷ ʩʠʩʪʝʤʘ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʠʪʴ ʪʠʧ ʜʝʬʝʢʪʘ, ʯʘʩʪʠʯʥʦ ʣʦʢʘ-

ʣʠʟʦʚʘʪʴ, ʦʮʝʥʠʪʴ ʝʛʦ ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦ-

ʪʳ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. ɽʩʣʠ ʥʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʝ ʫʩʪʘʥʦʚ-

ʣʝʥʘ ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ ʨʘʩʪʚʦʨʝʥʥʳʭ ʛʘʟʦʚ ʚ ʤʘʩʣʝ, ʪʦ 

ʩʦʚʤʝʩʪʥʘʷ ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʏʈ ʠ ʛʘ-

ʟʦʚ ʜʘʝʪ ʥʘʠʙʦʣʝʝ ʪʦʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. 

3. ɺʦʟʤʦʞʥʦʩʪʴ ʚ on-line ʨʝʞʠʤʝ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 

ʥʘʣʠʯʠʝ ʜʝʬʦʨʤʘʮʠʡ ʦʙʤʦʪʦʢ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. ʊʘʢʠʝ 

ʜʝʬʦʨʤʘʮʠʠ ʚʦʟʥʠʢʘʶʪ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʫʜʘʨʥʳʭ 

ʥʘʛʨʫʟʦʢ, ʷʚʣʷʶʱʠʭʩʷ ʭʘʨʘʢʪʝʨʥʳʤʠ ʜʣʷ ʧʝʯʥʦʛʦ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. ɼʘʥʥʳʡ ʚʠʜ ʢʦʥʪʨʦʣʷ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʩʨʝʜʩʪʚʘʤʠ ʚʠʙʨʦʜʠʘʛʥʦʩʪʠʢʠ. 

4. ɼʠʘʛʥʦʩʪʠʢʘ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ ʪʨʘʥʩʬʦʨʤʘ-

ʪʦʨʘ, ʢʦʪʦʨʘʷ ʜʦʩʪʘʪʦʯʥʦ ʢʦʨʨʝʢʪʥʦ ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʠʟʤʝʨʝʥʠʷ ʠ ʘʥʘʣʠʟʘ ʪʝʤʧʝʨʘʪʫʨʳ ʚʚʝʨʭʫ ʠ 

ʚʥʠʟʫ ʙʘʢʘ ʠ ʨʘʙʦʯʝʡ ʥʘʛʨʫʟʢʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. ɺ ʪʘ-

ʢʠʭ ʨʘʩʯʝʪʘʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʫʧʨʦʱʝʥʥʘʷ ʪʝʧʣʦʚʘʷ ʤʦ-

ʜʝʣʴ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. 

5. ʊʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʈʇʅ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. 

ʇʨʠ ʧʦʤʦʱʠ ʜʘʪʯʠʢʦʚ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʪʝʢʫʱʝʝ ʧʦʣʦ-

ʞʝʥʠʝ ʈʇʅ, ʤʦʱʥʦʩʪʴ, ʧʦʪʨʝʙʣʷʝʤʘʷ ʧʨʠʚʦʜʥʳʤ ʜʚʠ-

ʛʘʪʝʣʝʤ ʚ ʧʨʦʮʝʩʩʝ ʢʦʤʤʫʪʘʮʠʠ. ʊʘʢʞʝ ʧʨʠ ʧʦʤʦʱʠ 

ʩʧʝʮʠʘʣʴʥʳʭ ʬʠʣʴʪʨʦʚ ʤʦʞʝʪ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴʩʷ ʜʠʘ-

ʛʨʘʤʤʘ ʨʘʙʦʪʳ ʢʦʥʪʘʢʪʦʨʘ ʧʨʠ ʢʘʞʜʦʡ ʢʦʤʤʫʪʘʮʠʠ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʤʦʞʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʥʘʣʠʯʠʝ ʜʫʛʦʚʳʭ 

ʨʘʟʨʷʜʦʚ ʚ ʠʟʙʠʨʘʪʝʣʝ ʈʇʅ ʧʨʠ ʧʦʤʦʱʠ ʚʠʙʨʘʮʠʦʥʥʦ-

ʛʦ ʠ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʜʘʪʯʠʢʦʚ. 

ʊʝʢʫʱʠʝ ʟʥʘʯʝʥʠʷ ʪʦʢʦʚ ʦʙʤʦʪʦʢ ʪʨʘʥʩʬʦʨʤʘʪʦʨ-

ʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦ ʩʪʦʨʦʥʘʤ ʚʳʩʦʢʦʛʦ ʠ ʥʠʟʢʦʛʦ 

ʥʘʧʨʷʞʝʥʠʡ ʜʦʣʞʥʳ ʧʝʨʝʜʘʚʘʪʴʩʷ ʚ ʩʠʩʪʝʤʫ ʤʦʥʠʪʦ-

ʨʠʥʛʘ. ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠʥʠʤʘʪʴ ʜʘʥʥʳʝ ʩʠʛʥʘʣʳ ʧʦ 

ʮʠʬʨʦʚʦʤʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤʫ ʢʘʥʘʣʫ ʩʚʷʟʠ ʧʨʠ ʥʘʣʠ-

ʯʠʠ ʫ ʜʘʪʯʠʢʘ ʪʘʢʦʛʦ ʚʳʭʦʜʘ. 
 

ʆʇʀʉɸʅʀɽ ʈɸɿʈɸɹʆʊɸʅʅʆʁ ʉʀʉʊɽʄʓ ʄʆʅʀʊʆʈʀʅɻɸ 
 

ʈʘʟʨʘʙʦʪʘʥʘ ʩʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʤʥʦʛʦʧʘʨʘ-

ʤʝʪʨʠʯʝʩʢʦʛʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷ-

ʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʥʝʧʨʝʨʳʚʥʳʡ ʢʦʥʪʨʦʣʴ ʩʣʝʜʫʶ-

ʱʠʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ: 

ï ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʝ ʤʘʩʣʘ; 

ï ʩʦʩʪʘʚ ʛʘʟʦʚ, ʨʘʩʪʚʦʨʝʥʥʳʭ ʚ ʤʘʩʣʝ; 

ï ʩʦʩʪʦʷʥʠʝ ʠʟʦʣʷʮʠʠ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʚʚʦʜʦʚ; 

ï ʪʝʤʧʝʨʘʪʫʨʘ ʚʝʨʭʥʠʭ ʠ ʥʠʞʥʠʭ ʩʣʦʝʚ ʤʘʩʣʘ ʚ ʙʘʢʝ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ; 

ï ʯʘʩʪʠʯʥʳʝ ʨʘʟʨʷʜʳ ʥʘ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʚʚʦʜʘʭ ʠ ʚ 

ʙʘʢʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. 

ʉʠʩʪʝʤʘ ʚʥʝʜʨʝʥʘ ʥʘ ʩʠʣʦʚʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʭ 

ʮʝʭʘ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ ʠ ʧʦʜʩʪʘʥʮʠʡ (ʎʕʉʠʇ) 

ʆɸʆ çʄʄʂè. ʉʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩ. 3, ʨʘʩʧʦʣʦʞʝʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʢʦʨʧʫʩʝ ʪʨʘʥʩ-

ʬʦʨʤʘʪʦʨʘ ï ʥʘ ʬʦʪʦʛʨʘʬʠʠ, ʨʠʩ. 4 [1].  

ɼʠʘʛʥʦʩʪʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ ʚʳʧʦʣʥʝʥ ʥʘ ʦʙʦʨʫʜʦ-

ʚʘʥʠʠ, ʧʨʦʠʟʚʦʜʠʤʦʤ ʆɸʆ çɼʠʤʨʫʩè, ʛ. ʇʝʨʤʴ, ʢʦʪʦ-

ʨʦʝ ʵʢʩʧʣʫʘʪʠʨʫʝʪʩʷ ʥʘ ʤʥʦʛʠʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫ-

ʙʝʞʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʦʙʲʝʢʪʘʭ. ʆʩʥʦʚʥʳʤʠ ʜʠʘʛʥʦ-

ʩʪʠʯʝʩʢʠʤʠ ʧʨʠʙʦʨʘʤʠ ʷʚʣʷʶʪʩʷ ʘʥʘʣʠʟʘʪʦʨ ʛʘʟʦʚ, 

ʨʘʩʪʚʦʨʝʥʥʳʭ ʚ ʤʘʩʣʝ, ʪʠʧʘ Hydran ʄ2 [15], ʝʛʦ ʨʘʩʧʦ-

ʣʦʞʝʥʠʝ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 5, ʘ ʪʘʢʞʝ ʜʘʪʯʠʢʠ ʯʘʩʪʠʯ-

ʥʳʭ ʨʘʟʨʷʜʦʚ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʥʘ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʚʚʦ-

ʜʘʭ, ʠ ʜʘʪʯʠʢʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʝʨʭʥʠʭ ʠ ʥʠʞʥʠʭ ʩʣʦʝʚ 

ʤʘʩʣʘ.
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ʇʦʜʩʪʘʥʮʠ̫
ɼʠʩʧʝʪʯʝʨʩʢʠʡ ʧʫʣɹʪ 

ʋʧʨʘʚʣʝʥʠ̫ ʎʕʉʠʇ

Ethernet

ɸʉʋ ʊʇ

ʊʨʘʥʩʬʦʨʤʘʪʦʨ

ɼʘʪʯʠʢ ʢʦʥʪʨʦʣ̫ 

ʚʠʙʨʘʮʠʠ

ɼʘʪʯʠʢ ʢʦʥʪʨʦʣ̫ 

ʠʟʦʣ̫ʮʠʠ ʚʚʦʜʦʚ

ɼʘʪʯʠʢ ʜʘʚʣʝʥʠ̫ 

ʤʘʩʣʘ ʚʦ ʚʚʦʜʘʭ

ɼʘʪʯʠʢ ɻʣʝʢʪʨʠʯʝʩʢʠʭ 

ʜʠʩʢʨʝʪʥr ʭ ʩʠʛʥʘʣʦʚ

ɼʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨr

ɹʣʦʢ ʤʦʥʠʪʦʨʠʥʛʘ

ɼʘʪʯʠʢ ʢʦʥʪʨʦʣ̫ ʛʘʟʦʩʦʜʝʨʞʘʥʠ̫

ɼʘʪʯʠʢ ʢʦʥʪʨʦʣ̫ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠ̫

HYDRAN

 
ʈʠʩ. 3. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ ʥʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʭ ʎʕʉʠʇ ʆɸʆ çʄʄʂè 

 
ʈʠʩ. 4. ʋʩʪʘʥʦʚʢʘ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʝ ʎʕʉʠʇ 

 

ʉʙʦʨ ʠ ʦʙʨʘʙʦʪʢʘ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ TIM-3 (ʨʠʩ. 6, ʘ) 

[17] ʣʠʙʦ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʦʡ ʩʠʩʪʝʤʳ TDM P034, ʧʦ-

ʢʘʟʘʥʥʦʡ ʥʘ ʨʠʩ. 6, ʙ [18]. 
 

 
ʈʠʩ. 5. ʇʦʜʢʣʶʯʝʥʠʝ ʘʥʘʣʠʟʘʪʦʨʘ ʛʘʟʦʚ Hydran ʄ2 
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ʈʠʩ. 6. ʉʠʩʪʝʤʳ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ  

ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ:  

TIM -3 (ʘ) ʠ TDM P034 (ʙ) 

ʈɽɿʋʃʔʊɸʊʓ ʀʉʉʃɽɼʆɺɸʅʀʁ 
 

ʅʘ ʨʠʩ. 7, ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ, ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʪʨʝʥʜʳ ʯʘʩʪʠʯʥʳʭ ʨʘʟʨʷʜʦʚ, ʧʦʟʚʦʣʠʚʰʠʝ ʩʚʦʝʚʨʝʤʝʥ-

ʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ. ʅʘ ʤʦʤʝʥʪ ʜʠʘʛʥʦʩʪʠ-

ʯʝʩʢʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʠʤʝʣʠʩʴ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʯʘʩ-

ʪʠʯʥʳʝ ʨʘʟʨʷʜʳ ʚ ʬʘʟʝ ʉ, ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥ-

ʥʳʝ ʩ ʜʝʬʝʢʪʦʤ ʪʠʧʘ çʈʘʟʨʷʜ ʤʝʞʜʫ ʜʚʫʤʷ ʩʣʦʷʤʠ ʚʳ-

ʩʦʢʦʚʦʣʴʪʥʦʡ ʠʟʦʣʷʮʠʠè (ʚʥʫʪʨʝʥʥʠʡ ʨʘʟʨʷʜ) 

(ʨʠʩ. 7, ʘ). ʍʘʨʘʢʪʝʨʥʳʝ ʯʝʨʪʳ ʜʘʥʥʦʛʦ ʜʝʬʝʢʪʘ: ʯʘʩ-

ʪʠʯʥʳʝ ʨʘʟʨʷʜʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʜʚʫʭ ʩʠʤʤʝʪʨʠʯʥʳʭ 

ʫʛʣʦʚʳʭ ʟʦʥʘʭ ʥʘʧʨʷʞʝʥʠʷ ʧʠʪʘʶʱʝʡ ʩʝʪʠ, ʤʘʢʩʠ-

ʤʘʣʴʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚ ʟʦʥʘʭ 60ï75 ʠ 220ï255 ʵʣ. 

ʛʨʘʜ. (ʨʠʩ. 7, ʙ). 

ʇʨʠ ʧʦʩʣʝʜʫʶʱʠʭ ʟʘʤʝʨʘʭ ʦʙʥʘʨʫʞʝʥʘ ʪʝʥʜʝʥʮʠʷ 

ʢ ʧʦʷʚʣʝʥʠʶ ʜʝʬʝʢʪʘ ʪʠʧʘ çʇʦʚʝʨʭʥʦʩʪʥʳʡ ʨʘʟʨʷʜ 

ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ ʵʣʝʢʪʨʦʜʘè ʚ ʬʘʟʝ ɺ (ʨʠʩ. 7, ʚ): ʚʩʝ 

ʠʤʧʫʣʴʩʳ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʚ ʟʦʥʝ ʥʘʨʘʩʪʘʥʠʷ ʘʤʧʣʠʪʫ-

ʜʳ ʧʠʪʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʠʥʪʝʥʩʠʚ-

ʥʦʩʪʴ ʚ ʜʠʘʧʘʟʦʥʘʭ 60ï90 ʠ 235ï270 ʵʣ. ʛʨʘʜ. ʅʘʠʙʦʣʝʝ 

ʚʳʨʘʞʝʥʦ ʫʚʝʣʠʯʝʥʠʝ  ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦ-ʣʠʯʝʩʪʚʘ ʠʤ-

ʧʫʣʴʩʦʚ ʚ ʩʝʢʫʥʜʫ ʚ ʬʘʟʝ ɺ ʥʘ ʚʩʝʤ ʦʪʨʝʟʢʝ ʤʦʥʠʪʦ-

ʨʠʥʛʘ, ʯʪʦ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʧʦ ʪʨʝʭʤʝʨʥʳʤ ʛʨʘʬʠʢʘʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ (ʩʤ. ʨʠʩ. 7, ʘ). ʊʘʢʦʡ ʪʠʧ  ʜʝʬʝʢʪʦʚ ʭʘ-

ʨʘʢʪʝʨʝʥ ʜʣʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʩ ʚʳʩʦʢʠʤ ʨʘʙʦʯʠʤ 

ʥʘʧʨʷʞʝʥʠʝʤ. 

ʇʨʠʚʝʜʝʥʥʳʡ ʧʨʠʤʝʨ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʪʨʝʥʜʳ ʜʠ-

ʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʧʨʝʜʚʘ-

ʨʠʪʝʣʴʥʳʝ ʚʳʚʦʜʳ ʦʙ ʠʟʤʝʥʝʥʠʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷ-

ʥʠʷ ʦʙʲʝʢʪʘ ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʮʝʥʠʪʴ ʩʪʝʧʝʥʴ ʨʘʟʚʠʪʠʷ 

ʜʝʬʝʢʪʘ. 

ʆʪʣʠʯʠʝʤ ʚʥʝʜʨʝʥʥʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʧʦʜʢʣʶ-

ʯʝʥʠʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʚ ʩʠʩʪʝʤʫ ʨʝʣʝʡʥʦʡ 

ʟʘʱʠʪʳ çʕʢʨʘè, ʫʩʪʘʥʦʚʣʝʥʥʫʶ ʥʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʝ. ʅʘ 

ʩʠʛʥʘʣʠʟʘʮʠʶ çʥʝʠʩʧʨʘʚʥʦʩʪʴè ʚʳʚʝʜʝʥʳ: 

1) ʩʠʛʥʘʣʳ Hydran: 

ï ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʛʘʟʦʚ, ʨʘʩʪʚʦʨʝʥʥʳʭ ʚ ʤʘʩʣʝ; 

ï ʢʦʣʠʯʝʩʪʚʦ ʛʘʟʘ ʚ ʤʘʩʣʝ ʢʨʠʪʠʯʝʩʢʦʝ; 

ï ʫʚʝʣʠʯʝʥʠʝ ʚʣʘʞʥʦʩʪʠ ʤʘʩʣʘ;  

2) ʩʠʛʥʘʣʳ Tim 3 (TDM P034): 

ï ʫʭʫʜʰʝʥʠʝ ʠʟʦʣʷʮʠʠ ʚʚʦʜʦʚ; 

ï ʫʨʦʚʝʥʴ ʯʘʩʪʠʯʥʳʭ ʨʘʟʨʷʜʦʚ ʢʨʠʪʠʯʝʩʢʠʡ. 
 

 

ʘ 

 
ʙ 

 
ʚ 

ʈʠʩ. 7. ʇʨʠʤʝʨʳ ʪʨʝʥʜʦʚ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 
 

ʆʜʥʘʢʦ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʳʷʚʣʝʥʦ, ʯʪʦ 

ʥʝʜʦʩʪʘʪʢʦʤ ʤʥʦʛʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʜʠʘʛʥʦ-

ʩʪʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʘʧʨʦʙʠʨʦʚʘʥʥʳʭ ʠʥ-

ʞʝʥʝʨʥʳʭ ʤʝʪʦʜʠʢ, ʧʦʟʚʦʣʷʶʱʠʭ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ 

ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʧʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʨʠ-

ʟʥʘʢʦʚ. ʈʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʪʘʢʠʭ ʤʝʪʦʜʠʢ ʚʝʜʫʪʩʷ 

ʤʥʦʛʠʤʠ ʦʪʝʯʝʩʪʚʝʥʥʳʤʠ ʠ ʟʘʨʫʙʝʞʥʳʤʠ ʫʯʝʥʳʤʠ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʩʦʪʨʫʜʥʠʢʘʤʠ ʄɻʊʋ ʩʦʚʤʝʩʪʥʦ ʩʦ ʩʧʝʮʠʘ-

ʣʠʩʪʘʤʠ ʆɸʆ çʄʄʂè ʠ ʬʠʨʤʳ çɼʠʤʨʫʩè. 
 

ʕʌʌɽʂʊʀɺʅʆʉʊʔ ɺʅɽɼʈɽʅʀʗ  

ʉʊɸʎʀʆʅɸʈʅʆʁ ʉʀʉʊɽʄʓ ʄʆʅʀʊʆʈʀʅɻɸ 
 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʠʩʪʝʤʳ, ʘʥʘʣʦʛʠʯʥʳʝ ʨʘʩ-

ʩʤʦʪʨʝʥʥʦʡ, ʚʥʝʜʨʷʶʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʪʨʘʥʩʬʦʨʤʘʪʦ-

ʨʘʭ ʎʕʉʠʇ ʆɸʆ çʄʄʂè. ɺʝʜʫʪʩʷ ʩʙʦʨ, ʦʙʨʘʙʦʪʢʘ ʠ 

ʥʘʢʦʧʣʝʥʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ʆʩʥʦʚʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʦʪ ʚʥʝʜʨʝʥʠʷ 

ʩʠʩʪʝʤ: 

ï ʚʦʟʤʦʞʥʦʩʪʴ ʥʝʧʨʝʨʳʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʨʘʙʦʪʘʶʱʠʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ; 

ï ʦʙʥʘʨʫʞʝʥʠʝ ʧʨʠʟʥʘʢʦʚ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʥʘ ʨʘʥʥʠʭ 

ʩʪʘʜʠʷʭ; 

ï ʚʦʟʤʦʞʥʦʩʪʴ ʣʦʢʘʣʠʟʘʮʠʠ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ; 

ï ʵʬʬʝʢʪʠʚʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʠ ʨʝ-

ʤʦʥʪʥʳʭ ʨʘʙʦʪ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʩʪʦʠʤʦʩʪʴ ʧʦʩʪʘʚʢʠ ʩʦʚʨʝʤʝʥʥʦʡ 

ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 0,5 ʜʦ 1,5 ʤʣʥ ʨʫʙ. 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʤʧʣʝʢʪʘʮʠʠ. ʉ ʫʯʝʪʦʤ ʤʦʥʪʘʞʥʳʭ 

ʨʘʙʦʪ ʠ ʜʨʫʛʠʭ ʩʪʘʪʝʡ ʨʘʩʭʦʜʦʚ ʵʪʘ ʩʪʦʠʤʦʩʪʴ ʤʦʞʝʪ 

ʚʦʟʨʘʩʪʠ ʚ 1,5-2 ʨʘʟʘ [19]. ʉʪʦʠʤʦʩʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʦʙʩʣʝʜʦʚʘʥʠʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʙʝʟ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ ʟʘʚʠʩʠʪ ʦʪ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʬʘʢʪʦʨʦʚ ʠ 

ʩʦʩʪʘʚʣʷʝʪ ʦʪ 0,15 ʜʦ 0,5 ʤʣʥ ʨʫʙ. ɺ ʵʪʫ ʩʫʤʤʫ ʦʙʳʯʥʦ 

ʚʭʦʜʷʪ ʚʩʝ ʟʘʪʨʘʪʳ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʦʙ-

ʩʣʝʜʦʚʘʥʠʷ. 

ʇʨʦʚʦʜʷ ʩʨʘʚʥʝʥʠʝ ʜʚʫʭ ʧʦʜʭʦʜʦʚ ʢ ʜʠʘʛʥʦʩʪʠʢʝ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ, ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʥʘ ʩʨʝʜʩʪʚʘ, 

ʟʘʪʨʘʯʠʚʘʝʤʳʝ ʥʘ ʧʦʩʪʘʚʢʫ ʦʜʥʦʡ çʩʪʘʥʜʘʨʪʥʦʡè ʩʠʩ-

ʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ, ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ çʪʠʧʦʚʦʝè ʢʦʤ-

ʧʣʝʢʩʥʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ ʦʪ 4 ʜʦ 8 ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ. ɺ 
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ʵʪʦʤ ʚʦʧʨʦʩʝ ʢʦʤʧʣʝʢʩʥʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ ʙʦʣʝʝ ʵʢʦʥʦ-

ʤʠʯʥʦ. 

ɹʦʣʝʝ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʨʝʘʣʴʥʦ, ʧʨʦʚʦʜʷ 

ʢʦʤʧʣʝʢʩʥʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ ʚʩʝʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʛʦ 

ʧʘʨʢʘ ʩ ʠʥʪʝʨʚʘʣʦʤ ʦʜʠʥ ʨʘʟ ʚ ʪʨʠ ʛʦʜʘ, ʤʦʞʥʦ ʩʥʠʟʠʪʴ 

ʘʚʘʨʠʡʥʦʩʪʴ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ 15-

20%. ʇʨʠ ʵʪʦʤ ʩʪʦʠʤʦʩʪʴ ʟʘʪʨʘʪ ʫʞʝ ʯʝʨʝʟ 7-10 ʣʝʪ 

ʧʨʠʤʝʥʝʥʠʷ ʪʘʢʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʩʪʨʘʪʝʛʠʠ ʩʨʘʚʥʷʝʪʩʷ ʩ 

ʚʘʨʠʘʥʪʦʤ ʤʦʥʪʘʞʘ ʥʘ ʚʩʝʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʭ ʩʠʩʪʝʤ 

ʤʦʥʠʪʦʨʠʥʛʘ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʘʚʘʨʠʡʥʳʭ ʩʠ-

ʪʫʘʮʠʡ ʠ ʩʥʠʞʝʥʠʷ ʧʦʪʝʨʴ ʦʪ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳ-

ʰʝ. ʆʮʝʥʢʘ, ʧʨʦʚʝʜʝʥʥʘʷ ʩʧʝʮʠʘʣʠʩʪʘʤʠ çɼʠʤʨʫʩè, 

ʧʦʢʘʟʘʣʘ, ʯʪʦ ʧʦʣʥʘʷ ʩʪʦʠʤʦʩʪʴ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ 

ʩʦʩʪʘʚʣʷʝʪ 5-7% ʦʪ ʮʝʥʳ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʪʨʘʥʩʬʦʨ-

ʤʘʪʦʨʘ. ɽʩʣʠ ʭʦʪʷ ʙʳ ʦʜʥʘ ʠʟ ʩʤʦʥʪʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ 

ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʟʚʦʣʠʪ ʧʨʝʜʫʧʨʝʜʠʪʴ ʦʜʥʫ ʘʚʘʨʠʶ, ʪʦ 

ʦʢʫʧʷʪʩʷ ʟʘʪʨʘʪʳ ʥʘ ʧʨʠʦʙʨʝʪʝʥʠʝ ʠ ʫʩʪʘʥʦʚʢʫ 15-20 

ʘʥʘʣʦʛʠʯʥʳʭ ʩʠʩʪʝʤ. ɺ ʵʪʦʡ ʩʫʤʤʝ ʫʯʪʝʥʳ ʪʦʣʴʢʦ 

ʧʨʷʤʳʝ ʟʘʪʨʘʪʳ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ (ʣʠʙʦ ʟʘʤʝʥʫ) 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʫʩʪʨʘʥʝʥʠʝ 

ʧʦʩʣʝʜʩʪʚʠʡ ʘʚʘʨʠʠ, ʢʦʪʦʨʳʝ ʠʥʦʛʜʘ ʨʘʚʥʳ ʧʨʷʤʳʤ 

ʟʘʪʨʘʪʘʤ, ʥʝ ʫʯʪʝʥʳ.  

ɺ ʮʝʣʦʤ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʥʘ ʙʝʟʨʝʤʦʥʪʥʦʤ 

ʠʥʪʝʨʚʘʣʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʨʘʚʥʦʤ 

12 ʛʦʜʘʤ, ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ ʥʘ ʫʩʪʘʥʦʚʢʫ ʩʠʩʪʝʤ 

ʤʦʥʠʪʦʨʠʥʛʘ ʩʨʘʚʥʠʤʳ ʩ ʟʘʪʨʘʪʘʤʠ ʥʘ ʧʨʦʚʝʜʝʥʠʝ 

ʢʦʤʧʣʝʢʩʥʳʭ ʦʙʩʣʝʜʦʚʘʥʠʡ. ɽʩʣʠ ʞʝ ʫʯʠʪʳʚʘʪʴ ʫʨʦ-

ʚʝʥʴ ʩʥʠʞʝʥʠʷ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ, ʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ ʙʫʜʝʪ ʚ ʜʚʘ ʠ ʙʦʣʝʝ 

ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʦʙʩʣʝ-

ʜʦʚʘʥʠʡ. 
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Nikolaev N.A., Nikolaev A.A., Lednov R.A. 

 
It is noted that monitoring and diagnosis of transformers 

technical state is a mandatory requirement for Smart Grid 

technology implementation in industrial electrical networks. The 

main characteristics of transformers operating in the main 

production shops of the OJSC "Magnitogorsk Iron and Steel 

Works" (OJSC "MMK ") are given. It is found that there is a 

tendency to aging of transformer facilities. Functions of diagnosis 

system are explained. The authors describe the configuration of 

the monitoring system introduced in power transformers of 

electrical networks and substations of the OJSC "MMK ". They 

offer examples of trends, which make it possible to control test 

parameters on-line. The main benefits of the system 

implementation are listed. The research group set the task to 

develop engineering methods of multiparameter monitoring, 

which might make it possible to isolate and identify the defect by 

the complex of diagnostic properties. 

Keywords: smelter, power transformers, technical state, 

monitoring system, requirements, configuration, introduction, 

efficiency. 
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ʈɸɿʈɸɹʆʊʂɸ ʀ ʇʈʀʄɽʅɽʅʀɽ ʉʀʉʊɽʄʓ ʈɸʅʅɽɻʆ ɼɽʊɽʂʊʀʈʆɺɸʅʀʗ ʇʈʆɼʆʃʔʅʓʍ ʊʈɽʑʀʅ  

ɺ ʅɽʇʈɽʈʓɺʅʆʃʀʊʓʍ ɿɸɻʆʊʆɺʂɸʍ 
 

ʇʦʣʠʪʠʢʘ ʆɸʆ çʄʘʛʥʠʪʦʛʦʨʩʢʠʡ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ ʢʦʤʙʠʥʘʪè (ʆɸʆ çʄʄʂ) ʚ ʦʙʣʘʩʪʠ ʢʘʯʝʩʪʚʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʧʦʩʪʦʷʥ-

ʥʦʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʩʥʠʞʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʥʝʰʪʘʪʥʳʭ ʩʠʪʫʘʮʠʡ ʠ ʫʤʝʥʴʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʜʝʬʝʢ-

ʪʦʚ ʚ ʧʨʦʜʫʢʮʠʠ. ɺʩʸ ʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʶʪ ʩʠʩʪʝʤʳ ʨʘʥʥʝʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʥʘʨʫʰʝʥʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʩʚʦʝʚʨʝʤʝʥʥʦ ʚʳʧʦʣʥʠʪʴ ʢʦʨʨʝʢʪʠʨʫʶʱʠʝ ʜʝʡʩʪʚʠʷ ʩ ʮʝʣʴʶ ʫʚʝʣʠʯʠʪʴ ʧʨʦʮʝʥʪ ʛʦʜʥʦʡ ʧʨʦʜʫʢʮʠʠ. ʆʜʥʦʡ ʠʟ 

ʪʘʢʠʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘ ʨʘʥʥʝʛʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʧʨʦʜʦʣʴʥʳʭ ʪʨʝʱʠʥ ʚ ʪʝʣʝ ʦʪʣʠʚʘʝʤʦʡ ʟʘʛʦʪʦʚʢʠ, ʚʥʝʜʨʸʥʥʘʷ ʥʘ ʤʘʰʠ-

ʥʝ ʥʝʧʨʝʨʳʚʥʦʛʦ ʣʠʪʴʷ ʟʘʛʦʪʦʚʦʢ ˉ6 (ʄʅʃɿ ˉ6) ʚ 2012 ʛ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʦʧʠʩʘʥ ʦʧʳʪ ʨʘʟʨʘʙʦʪʢʠ ʠ ʚʥʝʜʨʝʥʠʷ ʜʘʥʥʦʡ ʩʠʩʪʝ-

ʤʳ.

ʊɽʆʈɽʊʀʏɽʉʂʀɽ ʇʈɽɼʇʆʉʓʃʂʀ  

ʂ ʅɸʏɸʃʋ ʀʉʉʃɽɼʆɺɸʅʀʁ 
 

ʇʨʦʜʦʣʴʥʘʷ ʪʨʝʱʠʥʘ (ʨʠʩ. 1) ʚ ʪʝʣʝ ʩʣʷʙʘ ʷʚʣʷʝʪ-

ʩʷ ʦʜʥʠʤ ʠʟ ʩʫʱʝʩʪʚʝʥʥʳʭ ʜʝʬʝʢʪʦʚ ʥʝʧʨʝʨʳʚʥʦʣʠʪʦʡ 

ʟʘʛʦʪʦʚʢʠ. ʅʘʣʠʯʠʝ ʜʘʥʥʦʛʦ ʜʝʬʝʢʪʘ ʥʝ ʧʦʟʚʦʣʷʝʪ ʦʪ-

ʧʨʘʚʠʪʴ ʩʣʷʙʦʚʫʶ ʟʘʛʦʪʦʚʢʫ ʚ ʧʨʦʢʘʪʢʫ. ɼʣʷ ʫʩʪʨʘʥʝ-

ʥʠʷ ʪʨʝʱʠʥʳ ʦʩʫʱʝʩʪʚʣʷʶʪ ʦʛʥʝʚʫʶ ʟʘʯʠʩʪʢʫ ʩʣʷʙʘ, 

ʪ.ʝ. ʩʨʝʟʘʶʪ ʯʘʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʛʦʪʦʚʢʠ ʥʘ ʛʣʫʙʠʥʫ 

ʟʘʣʝʛʘʥʠʷ ʪʨʝʱʠʥʳ. ʇʨʠ ʵʪʦʤ ʚʦʟʥʠʢʘʶʪ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʳʝ ʟʘʪʨʘʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʧʣʘʪʦʡ ʪʨʫʜʘ, ʧʦʪʝʨʝʡ 

ʤʝʪʘʣʣʘ ʠ ʧʨʦʯʠʤʠ ʨʘʩʭʦʜʘʤʠ. 

 
ʈʠʩ. 1. ʇʨʦʜʦʣʴʥʘʷ ʪʨʝʱʠʥʘ ʚ ʪʝʣʝ ʦʪʣʠʚʘʝʤʦʡ ʟʘʛʦʪʦʚʢʠ 

ʀʟ ʘʥʘʣʠʟʘ ʧʨʠʯʠʥ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʨʦʜʦʣʴʥʳʭ 

ʪʨʝʱʠʥ, ʧʨʠʚʝʜʸʥʥʳʭ ʚ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʘʭ, 

ʩʣʝʜʫʝʪ, ʯʪʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʥʝʨʘʚʥʦʤʝʨʥʳʡ 

ʦʪʚʦʜ ʪʝʧʣʘ ʦʪ ʟʘʪʚʝʨʜʝʚʘʶʱʝʡ ʟʘʛʦʪʦʚʢʠ ʚʳʟʳʚʘʝʪ 

ʥʝʦʜʠʥʘʢʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʣʝʡ ʪʝʤʧʝʨʘʪʫʨ ʚ ʪʚʝʨ-

ʜʦʡ ʢʦʨʦʯʢʝ, ʯʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚ ʥʝʡ 

ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʧʨʠʯʠʥʦʡ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʛʦʪʦʚʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʫʱʝʩʪ-

ʚʫʶʪ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʧʨʦʜʦʣʴʥʳʭ 

ʪʨʝʱʠʥ ʧʦ ʭʘʨʘʢʪʝʨʫ ʠʟʤʝʥʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʧʦʨʪʨʝʪʘ 

ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʘ [1, 2]. 

ʍʦʪʷ ʧʨʠʯʠʥʳ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʜʦʣʴʥʳʭ ʪʨʝʱʠʥ ʠ 

ʠʟʚʝʩʪʥʳ, ʧʦʣʥʦʩʪʴʶ ʠʭ ʫʩʪʨʘʥʠʪʴ ʥʘ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʄʅʃɿ ʆɸʆ çʄʄʂè ʥʝ ʫʜʘʸʪʩʷ. ʇʦʵʪʦʤʫ ʧʨʦʙʣʝʤʘ 

ʩʥʠʞʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʥʝʧʨʝʨʳʚʥʦʣʠʪʳʭ ʟʘʛʦʪʦʚʦʢ ʩ 

ʜʘʥʥʳʤ ʜʝʬʝʢʪʦʤ ʦʩʪʘʸʪʩʷ ʘʢʪʫʘʣʴʥʦʡ, ʠ ʚ 2010 ʛ. ʥʘ 

ʄʅʃɿ ˉ6 ʆɸʆ çʄʄʂè ʙʳʣʠ ʥʘʯʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ 

ʨʘʟʨʘʙʦʪʢʝ ʩʠʩʪʝʤʳ ʨʘʥʥʝʛʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʧʨʦʜʦʣʴ-

ʥʳʭ ʪʨʝʱʠʥ ʚ ʥʝʧʨʝʨʳʚʥʦʣʠʪʦʡ ʟʘʛʦʪʦʚʢʝ. 
 

ʆʇʀʉɸʅʀɽ ʆɹʒɽʂʊɸ ʀʉʉʃɽɼʆɺɸʅʀʗ 
 

ʄʅʃɿ ˉ6 ʆɸʆ çʄʘʛʥʠʪʦʛʦʨʩʢʠʡ ʤʝʪʘʣʣʫʨʛʠʯʝ-

ʩʢʠʡ ʢʦʤʙʠʥʘʪè. ʄʅʃɿ ˉ6 - ʢʨʠʚʦʣʠʥʝʡʥʘʷ ʦʜʥʦ-

ʨʫʯʴʝʚʘʷ ʤʘʰʠʥʘ ʥʝʧʨʝʨʳʚʥʦʛʦ ʣʠʪʴʷ ʟʘʛʦʪʦʚʦʢ ʩ ʚʝʨ-

ʪʠʢʘʣʴʥʳʤ ʫʯʘʩʪʢʦʤ. ʊʦʣʱʠʥʘ ʦʪʣʠʚʘʝʤʦʡ ʟʘʛʦʪʦʚʢʠ ï 

190, 250 ʠʣʠ 300 ʤʤ, ʰʠʨʠʥʘ ï ʦʪ 1400 ʜʦ 2700 ʤʤ. 

ɺʳʩʦʪʘ ʤʝʜʥʳʭ ʧʣʠʪ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʘ ï 900 ʤʤ, ʰʠʨʠ-

ʥʘ ï 2959. ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ (ɸʉʋ ʊʇ) ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʩʠʩʪʝʤʫ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʢʦʥʪʨʦʣʷ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʣʠʪʢʘ ʚ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʝ MMS (Mould Monitoring 

System). ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʜʝʚʷʥʦʩʪʦ 

ʰʝʩʪʴ ʪʝʨʤʦʧʘʨ, ʚʩʪʨʦʝʥʥʳʭ ʚ ʤʝʜʥʳʝ ʩʪʝʥʢʠ ʢʨʠʩʪʘʣ-

ʣʠʟʘʪʦʨʘ ʄʅʃɿ ʥʘ ʪʨʸʭ ʫʨʦʚʥʷʭ ʧʦ ʚʳʩʦʪʝ ʢʨʠʩʪʘʣʣʠ-

ʟʘʪʦʨʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʨʤʦʧʘʨʳ ʦʙʨʘʟʫʶʪ ʩʝʪʢʫ ʚ 

ʪʨʠ ʨʷʜʘ (ʩʣʦʷ) ʧʦ ʧʝʨʠʤʝʪʨʫ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʘ, ʧʦ ʪʨʠ-

ʜʮʘʪʴ ʜʚʝ ʪʝʨʤʦʧʘʨʳ ʚ ʢʘʞʜʦʤ ʨʷʜʫ. ʉʙʦʨ ʠʥʬʦʨʤʘʮʠʠ 

ʩ ʪʝʨʤʦʧʘʨ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʣʝʚʳʤʠ ʢʦʥʪʨʦʣʣʝʨʘʤʠ 

Beckhoff. ʊʘʢʞʝ ʚ ʩʠʩʪʝʤʫ ʚʭʦʜʠʪ ʩʪʘʥʮʠʷ ʜʠʘʛʥʦʩʪʠ-

ʢʠ, ʚʳʧʦʣʥʷʶʱʘʷ ʘʨʭʠʚʠʨʦʚʘʥʠʝ ʧʦʢʘʟʘʥʠʡ, ʚʠʟʫʘʣʠ-

ʟʘʮʠʶ, ʘʥʘʣʠʟ ʠ ʛʝʥʝʨʠʨʫʶʱʘʷ ʩʠʛʥʘʣ ʦ ʚʦʟʥʠʢʥʦʚʝ-

ʥʠʠ ʟʘʚʠʩʘʥʠʡ ʢʦʨʦʯʢʠ ʩʣʠʪʢʘ ʚ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʝ. 

ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʧʨʠʥʷʪʦ 

ʨʝʰʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʠʪʢʘ ʚ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʝ, 

ʧʦʣʫʯʝʥʥʫʶ ʧʨʠ ʧʦʤʦʱʠ ʰʪʘʪʥʦʡ ʩʠʩʪʝʤʳ ʪʝʤʧʝʨʘ-

ʪʫʨʥʦʛʦ ʢʦʥʪʨʦʣʷ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʘ. 
 

ʇʈɽɼɺɸʈʀʊɽʃʔʅʓʁ ɸʅɸʃʀɿ 
 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʚʦʟ-

ʤʦʞʥʦʩʪʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʧʨʦʜʦʣʴʥʳʭ ʪʨʝʱʠʥ ʚ ʪʝʣʝ 

ʦʪʣʠʚʘʝʤʦʡ ʟʘʛʦʪʦʚʢʠ ʧʦ ʜʘʥʥʳʤ ʰʪʘʪʥʦʡ ʩʠʩʪʝʤʳ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʢʦʥʪʨʦʣʷ ʧʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʘʩʧʦʨ-

ʪʘʤ ʨʘʟʣʠʚʢʠ ʦʧʨʝʜʝʣʝʥʳ ʥʦʤʝʨʘ ʧʣʘʚʦʢ ʠ ʩʣʷʙʦʚ ʩ 

ʧʨʦʜʦʣʴʥʳʤʠ ʪʨʝʱʠʥʘʤʠ. ʇʦ ʘʨʭʠʚʥʳʤ ʜʘʥʥʳʤ ʫʩʪʘ-

ʥʦʚʣʝʥʳ ʤʦʤʝʥʪʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʨʦʜʦʣʴʥʳʭ ʪʨʝʱʠʥ 

ʚ ʦʪʣʠʚʘʝʤʳʭ ʟʘʛʦʪʦʚʢʘʭ. ɺʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʭʘʨʘʢʪʝʨʘ 

ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʤʦʤʝʥʪʳ ʟʘʨʦʞʜʝʥʠʷ ʧʨʦ-

ʜʦʣʴʥʳʭ ʪʨʝʱʠʥ ʚ ʪʦʯʢʘʭ ʫʩʪʘʥʦʚʢʠ ʙʣʠʞʘʡʰʠʭ ʢ ʤʝʩ-

ʪʫ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʩʦʩʝʜʥʠʭ ʠʤ ʪʝʨʤʦʧʘʨ. 

ʅʘʧʨʠʤʝʨ, ʩʦʛʣʘʩʥʦ ʠʥʬʦʨʤʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦ-

ʛʦ ʧʝʨʩʦʥʘʣʘ ʮʝʭʘ ʧʨʠ ʦʩʤʦʪʨʝ ʩʣʷʙʦʚʳʭ ʟʘʛʦʪʦʚʦʢ, 

ʦʪʣʠʪʳʭ ʚ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ ʩ 00:20 ʧʦ 00:45 15 ʤʘʷ 

2012 ʛ., ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʜʥʦʛʦ ʠʟ ʩʣʷʙʦʚ ʙʳʣʘ ʦʙʥʘ-

ʨʫʞʝʥʘ ʧʨʦʜʦʣʴʥʘʷ ʪʨʝʱʠʥʘ. ʇʦ ʥʦʤʝʨʫ ʩʣʷʙʘ ʠ ʛʝʦ-

ʤʝʪʨʠʯʝʩʢʦʤʫ ʧʦʣʦʞʝʥʠʶ ʪʨʝʱʠʥʳ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ 

ʧʨʠʤʝʨʥʦʝ ʚʨʝʤʷ ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʝʱʠʥʳ ʠ ʢʦʦʨʜʠʥʘʪʳ 

ʙʣʠʞʘʡʰʠʭ ʢ ʥʝʡ ʪʝʨʤʦʧʘʨ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʘ: ʊ10 

(ʚʝʨʭʥʠʡ ʩʣʦʡ), ʊ42 (ʩʨʝʜʥʠʡ ʩʣʦʡ) ʠ ʊ74 (ʥʠʞʥʠʡ 

ʩʣʦʡ). ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʩʢʦ-
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ʨʦʩʪʠ ʚʳʪʷʛʠʚʘʥʠʷ ʩʣʠʪʢʘ ʠ ʧʦʢʘʟʘʥʠʡ ʪʝʨʤʦʧʘʨ 

ʊ10,ʊ42,ʊ74. ʊʘʢʞʝ ʥʘ ʨʠʩ. 2 ʦʪʤʝʯʝʥ ʨʘʩʯʸʪʥʳʡ ʤʦ-

ʤʝʥʪ ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʝʱʠʥʳ ʠ ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʢʠ ʠʟ-

ʤʝʥʝʥʠʷ ʪʝʨʤʦʧʘʨ ʩʦʩʝʜʥʠʭ ʩʪʦʣʙʮʦʚ: ʊ8, ʊ12 (ʚʝʨʭ-

ʥʠʡ ʩʣʦʡ), ʊ40, ʊ44 (ʩʨʝʜʥʠʡ ʩʣʦʡ), ʊ72, ʊ76 (ʥʠʞʥʠʡ 

ʩʣʦʡ). ʀʟ ʨʠʩ. 2 ʩʣʝʜʫʝʪ, ʯʪʦ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʟʘʨʦʞ-

ʜʝʥʠʷ ʧʨʦʜʦʣʴʥʦʡ ʪʨʝʱʠʥʳ (t1 = 860 ʩ) ʥʘʙʣʶʜʘʝʪʩʷ 

ʩʥʠʞʝʥʠʝ ʧʦʢʘʟʘʥʠʡ ʪʝʨʤʦʧʘʨ ʊ10, ʊ42 ʠ ʊ74 ʥʘ  

ȹtɺ = 16ÁC, ȹtʉ = 16ÁC ʠ ȹtʅ = 12ÁC ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʨʠ ʵʪʦʤ ʚ ʧʦʢʘʟʘʥʠʷʭ ʦʩʪʘʣʴʥʳʭ ʪʝʨʤʦʧʘʨ, ʨʘʩʧʦʣʦ-

ʞʝʥʥʳʭ ʚ ʩʦʩʝʜʥʠʭ ʩʪʦʣʙʮʘʭ ʢʦʦʨʜʠʥʘʪʥʦʡ ʩʝʪʢʠ 

ʚʩʪʨʦʡʢʠ, ʧʦʜʦʙʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʥʝ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ. ɺ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t2 = 923 ʩ ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ ʩʢʦ-

ʨʦʩʪʠ ʨʘʟʣʠʚʢʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʧʦʢʘʟʘʥʠʡ 

ʚʩʝʭ ʪʝʨʤʦʧʘʨ. ʕʪʦ ʜʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʪʝʨʤʦʧʘʨʳ ʠʩ-

ʧʨʘʚʥʳ ʠ ʘʜʝʢʚʘʪʥʦ ʨʝʘʛʠʨʫʶʪ ʥʘ ʠʟʤʝʥʝʥʠʝ ʫʩʣʦʚʠʡ 

ʨʘʟʣʠʚʢʠ. 
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ʈʠʩ. 2. ɻʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʧʦʢʘʟʘʥʠʡ ʩʪʦʣʙʮʘ ʪʝʨʤʦʧʘʨ, 

ʙʣʠʞʘʡʰʠʭ ʢ ʤʝʩʪʫ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʜʝʬʝʢʪʘ 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʜʦʙʥʦʛʦ ʘʥʘʣʠʟʘ ʥʝʩʢʦʣʴʢʠʭ ʩʣʫ-

ʯʘʝʚ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʨʦʜʦʣʴʥʳʭ ʪʨʝʱʠʥ ʩʜʝʣʘʥʳ ʩʣʝ-

ʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1. ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʧʨʦʜʦʣʴʥʦʡ ʪʨʝʱʠʥʳ ʚ ʪʝʣʝ ʦʪ-

ʣʠʚʘʝʤʦʡ ʟʘʛʦʪʦʚʢʠ ʦʪʨʘʞʘʝʪʩʷ ʚ ʧʦʢʘʟʘʥʠʷʭ ʪʝʨʤʦ-

ʜʘʪʯʠʢʦʚ ʚ ʚʠʜʝ ʣʦʢʘʣʴʥʦʡ, ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʟʘ-

ʭʦʣʘʞʠʚʘʥʠʷ. 

2. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʦʙʣʘʩʪʴ ʟʘʭʦʣʘʞʠʚʘʥʠʷ 

ʣʦʢʘʣʠʟʫʝʪʩʷ ʥʘ ʦʜʥʦʤ ʩʪʦʣʙʮʝ ʪʝʨʤʦʧʘʨ ʢʨʠʩʪʘʣʣʠʟʘ-

ʪʦʨʘ. ɺ ʥʝʢʦʪʦʨʳʭ ï ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʘ ʜʚʘ ʩʪʦʣʙʮʘ. 

3. ʉʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʙʣʘʩʪʠ ʟʘʭʦʣʘʞʠ-

ʚʘʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʤʝʩʪʦʧʦʣʦʞʝʥʠʶ ʧʨʦʜʦʣʴʥʦʡ 

ʪʨʝʱʠʥʳ, ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʝʜʝʣʘʭ: ʦʪ 

ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʟʘʭʦʣʘʞʠʚʘʥʠʷ ʩʣʠʪʢʘ ʥʘ ʥʝʩʢʦʣʴʢʠʭ 

ʜʚʫʭ ʩʣʦʷʭ ʩʪʦʣʙʮʘ ʪʝʨʤʦʧʘʨ ʜʦ 0,3V (ʛʜʝ V ïʩʢʦʨʦʩʪʴ 

ʚʳʪʷʛʠʚʘʥʠʷ ʟʘʛʦʪʦʚʢʠ). 

4. ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʧʨʦʜʦʣʴʥʳʭ ʪʨʝʱʠʥ ʩʦ ʩʪʦʨʦʥʳ 

ʙʦʣʴʰʦʛʦ ʠ ʩʦ ʩʪʦʨʦʥʳ ʤʘʣʦʛʦ ʨʘʜʠʫʩʦʚ ʢʨʠʩʪʘʣʣʠʟʘ-

ʪʦʨʘ ʧʨʦʠʩʭʦʜʠʪ ʥʝʟʘʚʠʩʠʤʦ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣ ʩʬʦʨʤʫʣʠʨʦʚʘʥ ʦʩʥʦʚʥʦʡ 

ʧʨʠʟʥʘʢ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʨʦʜʦʣʴʥʦʡ ʪʨʝʱʠʥʳ ʚ ʪʝʣʝ 

ʦʪʣʠʚʘʝʤʦʡ ʟʘʛʦʪʦʚʢʠ ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʚʠʯʥʦʡ ʢʨʠʩʪʘʣ-

ʣʠʟʘʮʠʠ: ʣʦʢʘʣʴʥʦʝ ʚʝʨʪʠʢʘʣʴʥʦʝ ʟʘʭʦʣʘʞʠʚʘʥʠʝ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʟʘʛʦʪʦʚʢʠ ʚ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʝ. 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣ ʚʳʧʦʣʥʝʥ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʘʨʘʤʝʪʨʦʚ ʠʟʤʝʥʝʥʠʷ ʧʦʢʘʟʘ-

ʥʠʡ ʪʝʨʤʦʧʘʨ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʧʨʦʜʦʣʴʥʦʡ ʪʨʝʱʠ-

ʥʳ ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʚʠʯʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʣʠʪʢʘ. 
 

ʉʊɸʊʀʉʊʀʏɽʉʂʀʁ ɸʅɸʃʀɿ ʇɸʈɸʄɽʊʈʆɺ  

ʀɿʄɽʅɽʅʀʗ ʇʆʂɸɿɸʅʀʁ ʊɽʈʆʄʇɸʈ  

ɺ ʄʆʄɽʅʊ ɺʆɿʅʀʂʅʆɺɽʅʀʗ ʇʈʆɼʆʃʔʅʓʍ ʊʈɽʑʀʅ 
 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʘʨʘʤʝʪʨʦʚ 

ʠʟʤʝʥʝʥʠʷ ʧʦʢʘʟʘʥʠʡ ʪʝʨʤʦʧʘʨ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʚʳ-

ʧʦʣʥʠʪʴ ʜʚʝ ʦʩʥʦʚʥʳʝ ʟʘʜʘʯʠ: 

1. ʆʧʨʝʜʝʣʠʪʴ, ʢʘʢʠʝ ʧʘʨʘʤʝʪʨʳ ʠʟʤʝʥʝʥʠʷ ʧʦʢʘʟʘʥʠʡ 

ʪʝʨʤʦʧʘʨ ʤʦʛʫʪ ʜʦʩʪʦʚʝʨʥʦ ʫʢʘʟʳʚʘʪʴ ʥʘ ʧʨʦʮʝʩʩ ʬʦʨ-

ʤʠʨʦʚʘʥʠʷ ʧʨʦʜʦʣʴʥʦʡ ʪʨʝʱʠʥʳ ʚ ʪʝʣʝ ʦʪʣʠʚʘʝʤʦʡ 

ʟʘʛʦʪʦʚʢʠ ʚ ʧʨʦʮʝʩʩʝ ʝʸ ʧʝʨʚʠʯʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. 

2. ʆʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʳʡ ʜʠʘʧʘʟʦʥ (ʠʩʪʦʨʠʠ) N ʥʘ-

ʙʣʶʜʝʥʠʷ ʟʘ ʧʦʢʘʟʘʥʠʷʤʠ ʪʝʨʤʦʧʘʨ, ʧʦʟʚʦʣʷʶʱʝʛʦ, ʩ 

ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʩ ʚʳʩʦʢʦʡ ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ ʦʧʨʝʜʝʣʠʪʴ 

ʤʦʤʝʥʪ ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʝʱʠʥʳ, ʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

ʩʛʝʥʝʨʠʨʦʚʘʪʴ ʜʦʩʪʦʚʝʨʥʳʡ ʜʠʘʛʥʦʟ ʟʘ ʤʠʥʠʤʘʣʴʥʦ 

ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ. 

ɼʣʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʠ ʚʳʙʨʘʥʳ ʧʘ-

ʨʘʤʝʪʨʳ ʪʨʸʭ ʪʠʧʦʚ. 

ʂ ʧʝʨʚʦʤʫ ʪʠʧʫ ʦʪʥʝʩʝʥʳ ʧʘʨʘʤʝʪʨʳ, ʩʠʛʥʘʣʠʟʠ-

ʨʫʶʱʠʝ ʦ ʟʥʘʯʠʪʝʣʴʥʦʤ ʦʪʢʣʦʥʝʥʠʠ ʧʦʢʘʟʘʥʠʡ ʦʪ-

ʜʝʣʴʥʳʭ ʪʝʨʤʦʜʘʪʯʠʢʦʚ ʦʪ ʧʦʢʘʟʘʥʠʡ ʧʨʠ ʩʪʘʮʠʦʥʘʨ-

ʥʦʤ (ʥʦʨʤʘʣʴʥʦʤ) ʭʦʜʝ ʨʘʟʣʠʚʢʠ. ʕʪʦ ʧʘʨʘʤʝʪʨʳ, ʧʦ-

ʟʚʦʣʷʶʱʠʝ ʚʳʷʚʠʪʴ ʩʥʠʞʝʥʠʝ ʧʦʢʘʟʘʥʠʡ ʦʪʜʝʣʴʥʳʭ 

ʪʝʨʤʦʧʘʨ. ʂ ʥʠʤ, ʥʘʧʨʠʤʝʨ, ʦʪʥʦʩʷʪʩʷ: 

1) ʩʥʠʞʝʥʠʝ ʩʨʝʜʥʝʛʦ (ʤʘʢʩʠʤʘʣʴʥʦʛʦ, ʤʠʥʠʤʘʣʴʥʦʛʦ) 

ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʪʝʯʝʥʠʝ ʥʝʢʦʪʦʨʦʛʦ ʚʨʝʤʝʥʠ 

ʥʘʙʣʶʜʝʥʠʷ; 

2) ʠʟʤʝʥʝʥʠʝ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʧʦʢʘʟʘ-

ʥʠʡ ʪʝʨʤʦʧʘʨ; 

3) ʠʟʤʝʥʝʥʠʝ ʥʘʢʣʦʥʘ ʣʠʥʠʠ ʨʝʛʨʝʩʩʠʠ ʧʝʨʚʦʛʦ ʧʦʨʷʜ-

ʢʘ, ʧʦʩʪʨʦʝʥʥʦʡ ʧʦ ʧʦʢʘʟʘʥʠʷʤ ʪʝʨʤʦʧʘʨʳ, ʠ ʪ.ʧ. 

ʂʦ ʚʪʦʨʦʤʫ ʪʠʧʫ ʦʪʥʝʩʝʥʳ ʧʘʨʘʤʝʪʨʳ, ʩʠʛʥʘʣʠʟʠ-

ʨʫʶʱʠʝ ʦ ʟʥʘʯʠʪʝʣʴʥʦʤ ʦʪʢʣʦʥʝʥʠʠ ʧʦʢʘʟʘʥʠʡ ʪʝʨʤʦ-

ʜʘʪʯʠʢʦʚ ʦʪ ʧʦʢʘʟʘʥʠʡ ʦʩʪʘʣʴʥʳʭ ʪʝʨʤʦʜʘʪʯʠʢʦʚ (ʬʦ-

ʥʘ). ɼʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʦʟʚʦʣʷʶʪ ʩʫʜʠʪʴ ʦ ʣʦʢʘʣʴʥʦʤ 

ʭʘʨʘʢʪʝʨʝ ʟʘʭʦʣʘʞʠʚʘʥʠʷ ʦʙʣʘʩʪʠ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʘ. 

ʇʨʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʦʮʝʥʠʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ 

ʧʘʨʘʤʝʪʨʳ ʚʪʦʨʦʛʦ ʪʠʧʘ: 

1) ʨʘʟʥʠʮʘ ʧʦʢʘʟʘʥʠʡ ʪʝʨʤʦʧʘʨʳ ʠ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʪʦʤ ʞʝ ʩʣʦʝ ʪʝʨʤʦʧʘʨ. 
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2) ʨʘʟʥʠʮʘ ʥʘʢʣʦʥʘ ʣʠʥʠʠ ʪʨʝʥʜʘ ʧʦʢʘʟʘʥʠʡ ʦʪʜʝʣʴʥʦʡ 

ʪʝʨʤʦʧʘʨʳ ʠ ʛʨʘʬʠʢʘ ʩʨʝʜʥʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʩʣʦʶ. 

ɼʣʷ ʩʥʠʞʝʥʠʷ ʚʣʠʷʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʦʩʦʙʝʥ-

ʥʦʩʪʝʡ ʪʝʨʤʦʧʘʨ ʥʘ ʨʝʟʫʣʴʪʘʪ ʘʥʘʣʠʟʘ ʢ ʘʨʭʠʚʥʳʤ 

ʜʘʥʥʳʤ ʧʨʠʤʝʥʷʣʘʩʴ ʦʧʝʨʘʮʠʷ ʥʦʨʤʠʨʦʚʘʥʠʷ, ʟʘʢʣʶ-

ʯʘʶʱʘʷʩʷ ʚʦ ʚʚʝʜʝʥʠʠ ʘʜʜʠʪʠʚʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚ 

ʧʦʢʘʟʘʥʠʷ ʪʝʨʤʦʧʘʨ, ʧʨʠʚʦʜʷʱʠʭ ʥʘʠʙʦʣʝʝ ʨʘʥʥʠʝ 

ʧʦʢʘʟʘʥʠʷ ʢ ʫʨʦʚʥʶ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʧʦ ʩʣʦʶ. 

 ʂ ʪʨʝʪʴʝʤʫ ʪʠʧʫ ʦʪʥʝʩʝʥʳ ʧʘʨʘʤʝʪʨʳ, ʩʠʛʥʘʣʠ-

ʟʠʨʫʶʱʠʝ ʦ ʟʥʘʯʠʤʦʤ ʚʟʘʠʤʦʟʘʚʠʩʠʤʦʤ ʠʟʤʝʥʝʥʠʠ 

ʧʦʢʘʟʘʥʠʡ ʪʝʨʤʦʜʘʪʯʠʢʦʚ ʦʜʥʦʛʦ ʩʪʦʣʙʮʘ ʢʨʠʩʪʘʣʣʠʟʘ-

ʪʦʨʘ (ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠ ʢʦʤʙʠʥʘʮʠʠ ʧʘʨʘ-

ʤʝʪʨʦʚ ʧʝʨʚʳʭ ʜʚʫʭ ʪʠʧʦʚ). 

ʈʘʩʯʸʪ ʧʘʨʘʤʝʪʨʦʚ ʚʳʧʦʣʥʷʣʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘ-

ʟʦʤ. ɺ ʘʨʭʠʚʥʳʭ ʜʘʥʥʳʭ ʦʧʨʝʜʝʣʷʣʩʷ ʤʦʤʝʥʪ ʟʘʨʦʞʜʝ-

ʥʠʷ ʧʨʦʜʦʣʴʥʦʡ ʪʨʝʱʠʥʳ ʚ ʪʝʣʝ ʦʪʣʠʚʘʝʤʦʡ ʟʘʛʦʪʦʚʢʠ 

t0 (ʨʠʩ. 3). ɿʘʪʝʤ ʦʪ ʵʪʦʛʦ ʤʦʤʝʥʪʘ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚʳ-

ʙʦʨʢʠ ʧʦʢʘʟʘʥʠʡ ʚʩʝʭ ʪʝʨʤʦʧʘʨ ʦʙʲʸʤʦʤ Nʜʦ ʦʪʩʯʸʪʦʚ 

ʜʦ ʤʦʤʝʥʪʘ t0 ʠ Nʜʦ ʧʦʩʣʝ ʤʦʤʝʥʪʘ t0. ʇʦ ʵʪʠʤ ʚʳʙʦʨ-

ʢʘʤ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʧʘʨʘʤʝʪʨʳ ʧʦʢʘʟʘʥʠʡ ʪʝʨʤʦʧʘʨ, 

ʥʘʧʨʠʤʝʨ, ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʡ ʧʦʢʘʟʘʥʠʡ ʪʝʨʤʦʧʘʨʳ ʜʦ 

ʤʦʤʝʥʪʘ ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʝʱʠʥʳ ʊʉʈ ʠ ʧʦʩʣʝ ʤʦʤʝʥʪʘ 

ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʝʱʠʥʳ ʊ 'ʉʈ. ɿʘʪʝʤ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʠʟ-

ʤʝʥʝʥʠʷ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ ʦʢʦʣʦ ʤʦʤʝʥʪʘ t0 ʚ 

ʘʙʩʦʣʶʪʥʳʭ (ʊʉʈïʊ 'ʉʈ) ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʭ (ʊʉʈ/ʊ 'ʉʈ) 

ʝʜʠʥʠʮʘʭ. ʇʦʜʦʙʥʳʝ ʨʘʩʯʸʪʳ ʚʳʧʦʣʥʷʣʠʩʴ ʜʣʷ ʚʩʝʭ 

ʪʝʨʤʦʧʘʨ, ʚʭʦʜʷʱʠʭ ʚ ʩʝʯʝʥʠʝ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʘ, ʘ ʪʘʢ-

ʞʝ ʜʣʷ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʧʦ ʩʣʦʶ ʪʝʨʤʦʧʘʨ. 
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ʈʠʩ. 3. ʌʦʨʤʠʨʦʚʘʥʠʝ ʤʘʩʩʠʚʦʚ ʜʣʷ ʨʘʩʯʸʪʘ ʧʘʨʘʤʝʪʨʦʚ 

ʠʟʤʝʥʝʥʠʷ ʧʦʢʘʟʘʥʠʡ ʪʝʨʤʦʧʘʨ 
 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʸʪʦʚ ʜʣʷ ʰʝʩʪʥʘʜʮʘʪʠ ʩʣʫʯʘ-

ʝʚ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʨʦʜʦʣʴʥʳʭ ʪʨʝʱʠʥ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ 

ʜʠʘʛʨʘʤʤʳ ʦʪʢʣʦʥʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ, ʧʨʠʤʝʨ ʜʣʷ ʢʦʪʦ-

ʨʳʭ ʜʣʷ ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʪʝʨʤʦʧʘʨ ʧʨʠʚʝʜʸʥ ʥʘ ʨʠʩ. 4. ʅʘ 

ʚʝʨʭʥʝʤ ʛʨʘʬʠʢʝ ʨʠʩ. 4 ʯʸʨʥʳʤʠ ʪʦʯʢʘʤʠ ʦʙʦʟʥʘʯʝʥʳ 

ʠʟʤʝʥʝʥʠʷ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ Tʉʈ ʜʣʷ ʪʝʨʤʦʧʘʨ ʚʝʨʭ-

ʥʝʛʦ ʩʣʦʷ ʩʪʦʣʙʮʘ (ȹʊʉʈ = ʊʉʈ ï ʊ 'ʉʈ), ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ 

ʦʙʣʘʩʪʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʨʦʜʦʣʴʥʦʡ ʪʨʝʱʠʥʳ. ɹʝʣʳʤʠ 

ʪʦʯʢʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ʧʘ-

ʨʘʤʝʪʨʘ ʧʦ ʚʩʝʤ ʪʝʨʤʦʧʘʨʘʤ ʩʣʦʷ (ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 

ʚʝʣʠʯʠʥʳ ʊʉʈïʊ 'ʉʈ ʚ ʩʣʦʝ, ). ʏʸʨʥʳʤʠ ʩʧʣʦʰʥʳ-

ʤʠ ʣʠʥʠʷʤʠ ʧʦʢʘʟʘʥʳ ʤʘʢʩʠʤʘʣʴʥʳʝ ʠ ʤʠʥʠʤʘʣʴʥʳʝ 

ʟʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥʳ ȹʊʉʈ ʚ ʩʣʦʝ. ʏʝʨʥʳʤʠ ʧʫʥʢʪʠʨʥʳ-

ʤʠ ʣʠʥʠʷʤʠ ʥʘ ʛʨʘʬʠʢʝ ʦʙʦʟʥʘʯʝʥʳ ʛʨʘʥʠʮʳ ʜʦʚʝʨʠ-

ʪʝʣʴʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʥʘʙʣʶʜʝʥʠʷ ʚʝʣʠʯʠʥʳ ȹʊʉʈ, ʦʧʨʝ-

ʜʝʣʸʥʥʳʝ ʧʦ ʫʩʣʦʚʠʶ ʪʨʸʭ ʩʪʘʥʜʘʨʪʥʳʭ ʦʪʢʣʦʥʝʥʠʡ. 

ɸʥʘʣʦʛʠʯʥʳʝ ʛʨʘʬʠʯʝʩʢʠʝ ʦʙʦʟʥʘʯʝʥʠʷ ʧʨʠʥʷʪʳ ʥʘ 

ʥʠʞʥʝʤ ʛʨʘʬʠʢʝ ʨʠʩ. 4 ʜʣʷ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ 

ʧʘʨʘʤʝʪʨʘ Tʉʈ (ʪ.ʝ. ʜʣʷ ʦʪʥʦʰʝʥʠʷ dʊʉʈ = ʊʉʈ/ʊ 'ʉʈ). 

ʉ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʘʨʘʤʝʪʨʘ 

ʧʦ ʛʨʘʬʠʢʘʤ ʨʠʩ. 4 ʙʳʣʦ ʧʦʜʩʯʠʪʘʥʦ ʢʦʣʠʯʝʩʪʚʦ ʵʢʩ-

ʪʨʝʤʘʣʴʥʳʭ ʠ ʜʦʩʪʦʚʝʨʥʳʭ ʦʪʢʣʦʥʝʥʠʡ ʧʘʨʘʤʝʪʨʘ. 

ʇʦʜ ʵʢʩʪʨʝʤʘʣʴʥʳʤ ʦʪʢʣʦʥʝʥʠʝʤ ʧʘʨʘʤʝʪʨʘ ʧʦ-

ʥʠʤʘʝʪʩʷ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʠʟʤʝʥʝʥʠʝ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʜʣʷ ʪʝʨʤʦʧʘʨʳ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚʙʣʠʟʠ ʢʦ-

ʦʨʜʠʥʘʪ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʨʝʱʠʥʳ, ʧʨʝʚʳʰʘʝʪ (ʠʣʠ 

ʤʝʥʴʰʝ) ʠʟʤʝʥʝʥʠʡ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ ʜʣʷ ʦʩʪʘʣʴʥʳʭ 

ʪʝʨʤʦʧʘʨ ʩʣʦʷ, ʪ.ʝ. ʥʘ ʛʨʘʬʠʢʘʭ ʨʠʩ. 4 ʯʸʨʥʘʷ ʪʦʯʢʘ 

ʥʘʭʦʜʠʪʩʷ ʚʥʝ ʦʙʣʘʩʪʠ ʤʝʞʜʫ ʯʸʨʥʳʤʠ ʩʧʣʦʰʥʳʤʠ 

ʣʠʥʠʷʤʠ. 

ʇʦʜ ʜʦʩʪʦʚʝʨʥʳʤ ʦʪʢʣʦʥʝʥʠʝʤ ʧʘʨʘʤʝʪʨʘ ʧʦʥʠ-

ʤʘʣʦʩʴ ʠʟʤʝʥʝʥʠʝ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ ʜʣʷ ʪʝʨ-

ʤʦʧʘʨʳ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚʙʣʠʟʠ ʢʦʦʨʜʠʥʘʪ ʚʦʟʥʠʢʥʦ-

ʚʝʥʠʷ ʪʨʝʱʠʥʳ, ʚʳʭʦʜʷʱʝʝ ʟʘ ʧʨʝʜʝʣʳ ʜʦʚʝʨʠʪʝʣʴʥʦʛʦ 

ʠʥʪʝʨʚʘʣʘ ʥʘʙʣʶʜʝʥʠʷ, ʪ.ʝ. ʥʘ ʛʨʘʬʠʢʘʭ ʨʠʩ. 4 ʯʸʨʥʘʷ 

ʪʦʯʢʘ ʥʘʭʦʜʠʪʩʷ ʚʥʝ ʦʙʣʘʩʪʠ ʤʝʞʜʫ ʯʸʨʥʳʤʠ ʧʫʥʢʪʠʨ-

ʥʳʤʠ ʣʠʥʠʷʤʠ. 
 

 

ʀʟ ʨʠʩ. 4 ʩʣʝʜʫʝʪ, ʯʪʦ ʜʣʷ ʧʘʨʘʤʝʪʨʘ ʊʉʈ ʠʟ ʰʝʩʪ-

ʥʘʜʮʘʪʠ ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʭ ʩʣʫʯʘʝʚ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʧʨʦʜʦʣʴʥʦʡ ʪʨʝʱʠʥʳ ʚ ʪʝʣʝ ʦʪʣʠʚʘʝʤʦʡ ʟʘʛʦʪʦʚʢʠ ʚ 

ʪʨʠʥʘʜʮʘʪʠ ʩʣʫʯʘʷʭ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʵʢʩʪʨʝʤʘʣʴʥʳʝ 

ʦʪʢʣʦʥʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʠ ʚ ʜʝʚʷʪʠ ï ʜʦʩʪʦʚʝʨʥʳʝ. ʊʘ-

ʢʠʤ ʦʙʨʘʟʦʤ, ʵʢʩʪʨʝʤʘʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʊʉʈ 

ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʧʨʦʮʝʩʩʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʧʨʦʜʦʣʴʥʦʡ ʪʨʝʱʠʥʳ ʚ 81,25% ʩʣʫʯʘʝʚ, ʘ ʜʦʩʪʦʚʝʨʥʦʝ 

ʦʪʢʣʦʥʝʥʠʝ ï ʚ 56,25% ʩʣʫʯʘʝʚ. ɼʘʥʥʦʝ ʧʨʦʮʝʥʪʥʦʝ 

ʩʦʦʪʥʦʰʝʥʠʝ ʥʘʟʚʘʥʦ ʥʘʙʣʶʜʘʝʤʦʩʪʴʶ. ɺʳʩʦʢʘʷ ʥʘ-

ʙʣʶʜʘʝʤʦʩʪʴ ʧʘʨʘʤʝʪʨʘ ʷʚʣʷʣʘʩʴ ʦʩʥʦʚʥʳʤ ʢʨʠʪʝʨʠʝʤ 

ʧʦ ʚʢʣʶʯʝʥʠʶ ʧʘʨʘʤʝʪʨʘ ʚ ʘʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ 

ʨʘʥʥʝʛʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʧʨʦʜʦʣʴʥʳʭ ʪʨʝʱʠʥ. 

ʇʨʠʚʝʜʸʥʥʘʷ ʤʝʪʦʜʠʢʘ ʘʥʘʣʠʟʘ ʧʨʠʤʝʥʷʣʘʩʴ ʢ 

ʪʨʠʜʮʘʪʠ ʜʚʫʤ ʨʘʟʣʠʯʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʠʟʤʝʥʝʥʠʷ ʧʦ-

ʢʘʟʘʥʠʡ ʪʝʨʤʦʧʘʨ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʪʠʧʦʚ. ʇʨʠ ʵʪʦʤ 

ʚʩʝ ʨʘʩʯʸʪʳ ʚʳʧʦʣʥʝʥʳ ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ ʜʠʘʧʘʟʦʥʦʚ 

ʥʘʙʣʶʜʝʥʠʷ Nʜʦ ʠ Nʧʦʩʣʝ: 15, 30, 60 ʠ 90 ʩ. ʋʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʥʘʙʣʶʜʘʝʤʦʩʪʴ ʧʘʨʘʤʝʪʨʘ ʊʉʈ ʧʨʠ ʜʠʘʧʘʟʦʥʝ  

N = 15 ʩ ʩʦʩʪʘʚʣʷʝʪ 70%, ʧʨʠ N = 30, 60 ʠ 90 c ï 

81,25%. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʚʝʣʠʯʝʥʠʝ ʜʠʘʧʘʟʦʥʘ ʥʘʙʣʶ-

ʜʝʥʠʷ N ʙʦʣʝʝ 30 ʩ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ ʜʦʩʪʦʚʝʨʥʦʤʫ 

ʦʧʨʝʜʝʣʝʥʠʶ ʤʦʤʝʥʪʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʨʦʜʦʣʴʥʦʡ 

ʪʨʝʱʠʥʳ, ʘ ʣʠʰʴ ʫʚʝʣʠʯʠʚʘʝʪ ʚʨʝʤʷ ʛʝʥʝʨʘʮʠʠ ʩʠʛʥʘ-

ʣʘ. 

 

ʈʠʩ. 4. ɼʠʘʛʨʘʤʤʳ ʦʪʢʣʦʥʝʥʠʡ ʧʘʨʘʤʝʪʨʘ ʊʉʈ 








