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XXI II  ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʠʥʥʦʚʘʮʠʦʥʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʠ ʩʪʫʜʝʥʪʦʚ (ʄʀʂʄʋʉ - 2011): 
ʤʘʪʝʨʠʘʣʳ ʢʦʥʬʝʨʝʥʮʠʠ (ʄʦʩʢʚʘ, 14-17 ʜʝʢʘʙʨʷ 2011 ʛ.). / ʄ:  

ʀʟʜ-ʚʦ ʀʄɸʐ ʈɸʅ, 2011. ï 289 ʩ. 
 

ɺ ʩʙʦʨʥʠʢʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʘʪʝʨʠʘʣʳ ʄʝʞʜʫʥʘʨʦʜʥʦʡ 

ʠʥʥʦʚʘʮʠʦʥʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʠ 
ʩʪʫʜʝʥʪʦʚ (ʄʀʂʄʋʉ- 2011), ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʳʭ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʨʘʟʚʠʪʠʷ 

ʤʘʰʠʥʦʚʝʜʝʥʠʷ ï ʥʘʫʢʠ ʦ ʤʘʰʠʥʘʭ:  
- ʪʨʘʥʩʧʦʨʪʥʳʝ ʘʚʠʘʮʠʦʥʥʳʝ ʠ ʢʦʩʤʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, 

- ʠʥʜʫʩʪʨʠʷ ʥʘʥʦʩʠʪʝʤ ʠ ʤʘʪʝʨʠʘʣʳ, 

- ʵʥʝʨʛʝʪʠʢʘ ʠ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ 
ʀʥʪʝʨʝʩʳ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ, ʦʪʨʘʞʝʥʥʳʝ ʚ ʩʪʘʪʴʷʭ, ʩʚʷʟʘʥʳ ʩ 

ʧʨʦʙʣʝʤʘʤʠ ʪʝʭʥʦʛʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ; ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʤ 

ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝʤ; ʥʝʣʠʥʝʡʥʦʡ ʚʦʣʥʦʚʦʡ ʤʝʭʘʥʠʢʦʡ; ʪʨʠʙʦʣʦʛʠʝʡ 
ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʦʡ; ʤʝʭʘʥʠʢʦʡ ʤʘʰʠʥ ʠ ʫʧʨʘʚʣʝʥʠʝʤ 

ʤʘʰʠʥʘʤʠ; ʙʠʦʤʝʭʘʥʠʢʦʡ ʠ ʤʝʜʠʮʠʥʩʢʠʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ; 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʤʦʜʝʣʷʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ 
ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ; ʚʠʙʨʘʮʠʦʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʠ 

ʩʠʩʪʝʤʘʤʠ, ʚʠʙʨʘʮʠʦʥʥʦʡ ʜʠʘʛʥʦʩʪʠʢʦʡ; ɻʥʝʨʛʝʪʠʢʦʡ ʠ 

ʪʨʘʥʩʧʦʨʪʦʤ. 
ʉʙʦʨʥʠʢ ʦʪʨʘʞʘʝʪ ʩʦʚʨʝʤʝʥʥʳʝ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʪʝʥʜʝʥʮʠʠ ʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʜʣʷ ʥʘʫʯʥʳʭ ʨʘʙʦʪʥʠʢʦʚ, ʠʥʞʝʥʝʨʦʚ, 

ʘʩʧʠʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ, ʩʧʝʮʠʘʣʠʟʠʨʫʶʱʠʭʩʷ ʚ ʰʠʨʦʢʦʡ ʦʙʣʘʩʪʠ 
ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʘ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ. 

 
Éʀʄɸʐ ʈɸʅ, 2011 

https://sstp.ru/fx/ccam/ru.naumen.ccam.ui.published_jsp?uuid=corebofs000080000ig94q017liph9dk


Hi, youngs! Dear collegues! 

èȴɕɓɕɓɖɝɍɊ ɒɅ ɅɖəɅɐɡɗɊé - ɗɅɏ ɑɓɋɒɓ Ɇɠɐɓ Ɇɠ ɒɊəɓɕɑɅɐɡɒɓ ɓɌɅɈɐɅɇɍɗɡ 

ɢɗɓɗ ɖɆɓɕɒɍɏ.  

ȸɉɍɇɍɗɊɐɡɒɓɊ ɉɊɐɓ. ȲɊɖɑɓɗɕɤ ɒɅ ɇɖɊ ɘɖɍɐɍɤ ɓɗɊɜɊɖɗɇɊɒɒɠɚ ɍ 

ɌɅɕɘɆɊɋɒɠɚ ɕɅɌɕɘɝɍɗɊɐɊɎ ɕɓɖɖɍɎɖɏɓɎ ȲɅɘɏɍ, Ʌɏɗɍɇɒɓɖɗɡ ɒɅɘɜɒɓɎ ɑɓɐɓɉɥɋɍ 

ɒɊ ɓɖɐɅɆɊɇɅɊɗ. ȲɅɔɕɓɗɍɇ ð ɕɅɖɗɥɗ. ȼɗɓ ɇɍɉɒɓ ɒɅɈɐɤɉɒɓ ɔɓ ɇɓɌɕɅɖɗɅɣɞɊɑɘ 

ɜɍɖɐɘ ɌɅɤɇɓɏ ɍ ɉɓɏɐɅɉɓɇ ɒɅ ɒɅɝɘ ɏɓɒəɊɕɊɒɛɍɣ: 

 

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

95 135 212 153 313 329 186 240 224 310 

 

ȸ ɘɜɊɒɠɚ ɗɕɘɉɒɓɖɗɍ ɒɊ ɗɓɐɡɏɓ ɇ əɍɒɅɒɖɍɕɓɇɅɒɍɍ, ɒɊ ɗɓɐɡɏɓ ɖɇɊɕɚɘ: 

ɕɅɌɕɠɇ ɇ ɇɓɌɕɅɖɗɊ max 70-25, min 60-30 ɐɊɗ, ɗɕɊɆɘɊɗ ɉɕɘɈɍɚ ɗɕɊɆɓɇɅɒɍɎ 

(ɏɅɐɅɑɆɘɕ-ɖ) ɏ ɑɅɖɗɍɗɠɑ ɘɜɊɒɠɑ. ȯɅɋɉɠɎ ɉɓɐɋɊɒ ɓɖɗɅɇɍɗɡ ɔɓɖɐɊ ɖɊɆɤ ɏɒɍɈɘ ɍ 

ɘɜɊɒɍɏɅ (ɒɅɔɍɖɅɗɡ ɍ ɔɓɉɈɓɗɓɇɍɗɡ). ȯɕɓɑɊ ɒɅɖ ɢɗɓ ɖɉɊɐɅɗɡ ɒɊɏɓɑɘ. ȬɅ ɒɅɑɍ 

ɕɅɌɕɠɇ ð ɇ ɔɓɏɓɐɊɒɍɊ. ȶɓɆɖɗɇɊɒɒɓ, ɒɅ ɢɗɓ ɍ ɕɅɖɖɜɍɗɠɇɅɐɍ ɘɒɍɜɗɓɋɍɗɊɐɍ ȶȶȶȵ 

ð ȵɓɖɖɍɍ. ȧɓɖɖɗɅɒɓɇɍɗɡ ɗɅɏɓɎ ɕɅɌɕɠɇ ɔɓɜɗɍ ɒɊɇɓɌɑɓɋɒɓ. ȯɅɏ Ɋɖɐɍ Ɇɠ 

ɌɅɔɕɊɗɍɗɡ ɋɊɒɞɍɒɅɑ ɕɓɋɅɗɡ ɇɖɊɈɓ ɒɅ 30 ɐɊɗ, Ʌ ɔɓɗɓɑ ð ɔɓɋɅɐɘɎɖɗɅ, ɒɓ ɒɊɏɓɑɘ. 

ȭ ɒɅɕɓɉ ɍɖɜɊɌ ɍɐɍ (ɏɅɏ ɇ ɒɅɝɊɑ ɖɐɘɜɅɊ) ɇɊɕɒɘɐɖɤ ɒɅ 100 ɐɊɗ ɒɅɌɅɉ ɇ 

ɖɓɉɕɘɋɊɖɗɇɓ ɅəɕɍɏɅɒɖɏɍɚ ɈɓɖɘɉɅɕɖɗɇ ɖ ɒɅɖɊɐɊɒɍɊɑ ɇ ɤɕɏɍɚ ɒɊɎɐɓɒɓɇɠɚ 

ɕɘɆɅɚɅɚ ɖ ɏɓɐɡɛɅɑɍ ɇ ɒɓɖɘ... 

è ȴɓɝɘɗɍɐɍ ð ɍ ɆɘɉɊɗ, 

 ȶɗɕɅɒɅ, ɍɌɇɍɇɅɤɖɡ, ɌɅɇɍɖɐɅ. 

ɂɗɍ ɒɓɇɠɊ ɐɣɉɍ ð  

 ȧɊɉɡ ɍɑ ɒɅɜɍɒɅɗɡ ɖ ɏɓɕɓɑɠɖɐɅ. 

ȲɅɏɅɗɍɐɅ ɇɓɐɒɅ ɒɓɇɠɚ ɖɘɉɊɆ, 

 ȵɊɐɍɈɍɎ, ɒɅɕɓɉɓɇ, 

Ȳɓ ɇɊɉɡ ɋɍɌɒɡ ɏɅɏ ɇɓɎɒɅ ð  

 ȲɅ ɒɊɎ ɒɊ ɔɕɓɞɅɣɗ ɘɕɓɉɓɇ...é 

ȭɑɊɒɒɓ ɇ ɖɇɤɌɍ ɖ ɗɅɏɍɑɍ ɑɅɖɖɓɇɠɑɍ ɔɊɖɖɍɑɍɖɗɍɜɊɖɏɍɑɍ ɔɕɓɈɒɓɌɅɑɍ ɍ 

ɓɞɘɞɊɒɍɤɑɍ, ɓɖɓɆɊɒɒɓ ɓɗɕɅɉɒɓ ɇɍɉɊɗɡ ɓɖɓɆɠɎ ɑɊɚɅɒɍɌɑ ɖɅɑɓɌɅɞɍɗɠ ȶɗɕɅɒɠ 

ð ɕɓɖɗ Ʌɏɗɍɇɒɓɖɗɍ ɑɓɐɓɉɥɋɍ. ɂɗɓ ɏɅɏ ɇ 41 Ɉɓɉɘ. ȯɓɈɉɅ ɆɐɅɈɓɉɅɕɤ èɑɘɉɕɓɑɘé 

ɕɘɏɓɇɓɉɖɗɇɘ Ʌɕɑɍɤ ɆɠɐɅ ɕɅɌɆɍɗɅ, ɔɐɊɒɊɒɅ, ɒɊɑɊɛ ð ɔɓɉ ȱɓɖɏɇɓɎ. Ȳɓ ɇɖɗɅɐɍ 

ɑɅɐɡɜɍɝɏɍ 21 ɈɓɉɅ ɕɓɋɉɊɒɍɤ. ȧɖɊ ɔɓɈɍɆɐɍ, ɒɓ ɌɅɞɍɗɍɐɍ ð ɍ ɗɊɔɊɕɡ ɑɠ ɇɖɊ 

ɍɑɊɊɑ ɊɉɍɒɖɗɇɊɒɒɠɎ ɔɕɅɌɉɒɍɏ ð ɉɊɒɡ ȴɓɆɊɉɠ ȲɅɕɓɉɅ ɒɅɉ əɅɝɍɌɑɓɑ. 

ȦɘɉɊɑ ɒɅɉɊɤɗɡɖɤ, ɜɗɓ ɇ ɒɅɝɊɎ ɏɓɒəɊɕɊɒɛɍɍ, ɏɅɏ ɇ ɏɅɔɐɊ ɇɓɉɠ, ɓɗɕɅɌɍɗɖɤ 

ɓɖɓɆɓɊ ɖɇɓɎɖɗɇɓ ɑɓɐɓɉɥɋɍ: ɆɕɅɗɡ ɒɅ ɖɊɆɤ ɓɗɇɊɗɖɗɇɊɒɒɓɖɗɡ ɇ ɗɕɘɉɒɓɊ ɉɐɤ 

ȶɗɕɅɒɠ ɇɕɊɑɤ ɍ ɇɠɗɅɖɏɍɇɅɗɡ ɍɌ ɆɓɐɓɗɅ ɒɅɘɜɒɓɈɓ ɆɊɈɊɑɓɗɅ, ɒɊɖɑɓɗɕɤ ɒɅ 

ɔɕɍɖɗɅɐɡɒɘɣ èɔɓɑɓɞɡé ɒɊɒɅɖɠɗɒɠɚ ɇɐɅɖɗɓɐɣɆɛɊɇ. 

ȩɓɆɕɓ ɔɓɋɅɐɓɇɅɗɡ ɍ ɘɉɅɜɍ! 

Welcome! Good luck! 

Merry Christmas! Happy New Year! 

 

  

 

ȥ.Ȳ.ȴɓɐɍɐɓɇ 
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ʇʈʀʄɽʅɽʅʀɽ ʃɸɿɽʈʅʓʍ ʊɽʍʅʆʃʆɻʀʁ  

ɺ ɸɺʀɸʂʆʉʄʀʏɽʉʂʆʁ ʇʈʆʄʓʐʃɽʅʅʆʉʊʀ 

LASER TECHNOLOGIES APPLICATION IN THE AEROSPACE INDUSTRY 
ɺ.ʇ.ɹʠʨʶʢʦʚ ï ʢ.ʪ.ʥ., ʩ.ʥ.ʩ. 

ʀʥʩʪʠʪʫʪ ʤʘʰʠʥʦʚʝʜʝʥʠʷ ʠʤ.ɸ.ɸ.ɹʣʘʛʦʥʨʘʚʦʚʘ ʈɸʅ 

 

Abstract. In this paper presented five-way laser systems for exact materials cutting and burrs 

removal. There also represented equipment for alumina fibers production with laser heating. It 

has been demonstrated thief using of fiber lasers increases the performances of thin-sheet cutting 

as compared with gas lasers. Sapphire fibers (100é200 Õm in diameter) can be used in new 

composite materials with unique properties. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʳʧʫʩʢʘʝʪʩʷ ʰʠʨʦʢʘʷ ʛʘʤʤʘ ʣʘʟʝʨʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʨʘʟʤʝʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʝʪʘʣʝʡ ʠʟ ʧʣʦʩʢʠʭ ʣʠʩʪʦʚʳʭ ʟʘʛʦʪʦʚʦʢ. 

ʃʘʟʝʨʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ ʜʣʷ ʨʘʟʤʝʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʝʪʘʣʝʡ ʩʣʦʞʥʦʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʠʟ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʤʦʜʝʣʴ 

ʃʊʂ-3D), ʨʘʟʨʘʙʦʪʘʥ ʚ ʆɸʆ ʅʀɸʊ. ʅʘʠʙʦʣʴʰʠʝ ʧʨʷʤʦʣʠʥʝʡʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ, ʤʤ 

(ʪʨʘʚʝʨʩʳ, ʢʦʦʨʜʠʥʘʪʘ ʍ-5000), (ʢʘʨʝʪʢʠ, ʢʦʦʨʜʠʥʘʪʘ ʋ-2500), (ʧʦʣʟʫʥʘ, ʢʦʦʨʜʠʥʘʪʘ Z-

800). ʄʘʢʩʠʤʘʣʴʥʳʝ ʩʢʦʨʦʩʪʠ ʧʨʷʤʦʣʠʥʝʡʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ, ʤ/ʤʠʥ (ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ ʍ, 

ʋ-100), (ʧʦ ʢʦʦʨʜʠʥʘʪʝ Z-30). ʄʘʢʩʠʤʘʣʴʥʳʝ ʩʢʦʨʦʩʪʠ ʫʛʣʦʚʳʭ ʧʝʨʝʤʝʱʝʥʠʡ, ʛʨʘʜ/ʩ (ʧʦ 

ʢʦʦʨʜʠʥʘʪʘʤ ɸ, ʉ-120). ʂʦʤʧʣʝʢʩ ʦʩʥʘʱʝʥ ʚʦʣʦʢʦʥʥʳʤ ʣʘʟʝʨʦʤ ʤʦʱʥʦʩʪʴʶ 3 ʢɺʪ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʅʊʆ çʀʨʵ-ʇʦʣʶʩè. ʊʦʯʥʦʩʪʴ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʢʦʥʪʫʨʘ - 0,05 ʤʤ. ʂʦʤʧʣʝʢʩ 

ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʣʘʟʝʨʥʦʡ ʨʝʟʢʠ ʜʝʪʘʣʝʡ ʨʘʟʣʠʯʥʦʛʦ ʢʣʘʩʩʘ, ʚ ʪ.ʯ. ʨʝʩʫʨʩʥʳʭ ʜʣʷ 

ʘʚʠʘʢʦʩʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʠʟ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

(ʫʛʣʝʧʣʘʩʪʠʢʘ, ʦʨʛʘʥʦʧʣʘʩʪʠʢʘ), ʘ ʪʘʢʞʝ ʠʟ ʜʨʫʛʠʭ ʤʘʪʝʨʠʘʣʦʚ (ʩʪʘʣʠ, ʘʣʶʤʠʥʠʝʚʳʭ ʠ 

ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ) ʢʘʢ ʜʣʷ ʦʙʨʝʟʢʠ ʧʦ ʚʥʝʰʥʝʤʫ ʢʦʥʪʫʨʫ, ʪʘʢ ʠ ʜʣʷ ʚʳʨʝʟʢʠ ʚʥʫʪʨʝʥʥʠʭ 

ʦʪʚʝʨʩʪʠʡ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʪʦʣʱʠʥʘ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʜʝʪʘʣʝʡ ʠʟ ʫʛʣʝʧʣʘʩʪʠʢʘ ð 4 ʤʤ, ʠʟ 

ʦʨʛʘʥʦʧʣʘʩʪʠʢʘ ð 8 ʤʤ. ɻʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ ʢʦʤʧʣʝʢʩʘ 8000ʭ5000ʭ2500 ʤʤ. 

ɼʣʷ ʨʝʟʘʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠ ʪʨʫʜʥʦʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ Ni, Ti, Fe ʚʦ 

ʌɻʋʇ çʉɸʃʖʊè ʚʥʝʜʨʝʥ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʡ ʢʦʤʧʣʝʢʩ ʣʘʟʝʨʥʦʡ 

ʦʙʨʘʙʦʪʢʠ, ʠʟʛʦʪʦʚʣʝʥʥʳʡ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ, ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥʥʦʛʦ ʣʘʟʝʨʘ JPG ʠ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʦʙʦʪʘ ABB. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ 

ʣʘʟʝʨʥʦʡ ʨʝʟʢʝ ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʘʪʝʨʠʘʣʦʚ ʚʳʧʦʣʥʷʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʠʟʣʫʯʝʥʠʷ ʚʦʣʦʢʦʥʥʦʛʦ ʣʘʟʝʨʘ ʤʦʜʝʣʠ YLS-1000. ɺ ʢʘʯʝʩʪʚʝ ʦʙʨʘʟʮʦʚ ʩʣʫʞʠʣʠ ʣʠʩʪʦʚʳʝ 

ʟʘʛʦʪʦʚʢʠ ʠʟ ʞʘʨʦʧʨʦʯʥʳʭ ʭʨʦʤʦʥʠʢʝʣʝʚʳʭ ʩʧʣʘʚʦʚ ʕʇ708 ʠ ʕʇ718, ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ 

ɺʊ20 ʠ ʢʦʨʨʦʟʠʦʥʥʦ-ʩʪʦʡʢʦʡ ʩʪʘʣʠ 12ʍ18ʅ9ʊ. ʆʙʨʘʙʦʪʢʫ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʜʘʯʝʡ ʚ ʟʦʥʫ 

ʨʝʟʘ ʩʪʨʫʠ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ ʘʨʛʦʥʘ. ʀʩʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ ʦʙʨʘʟʮʦʚ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ 

ʩʦʩʪʦʷʥʠʶ ʧʦʩʪʘʚʢʠ, ʪʦʣʱʠʥʘ ʣʠʩʪʘ ʦʪ 0,8 ʜʦ 3,0 ʤʤ. ʆʧʪʠʤʘʣʴʥʳʝ ʩʢʦʨʦʩʪʠ ʣʘʟʝʨʥʦʡ 

ʨʝʟʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ.  

 

ʄʘʪʝʨʠʘʣ ʕʇ708 ʕʇ718 ɺʊ20 12ʍ18ʅ9ʊ 

ʊʦʣʱʠʥʘ, ʤʤ 0,8 3,0 0,8 3,0 1,2 2,0 1,8 

ʉʢʦʨʦʩʪʴ, ʤʤ/ʩ 50 7,0 50 7,0 30 25 20 

 

ʈʘʙʦʯʠʝ ʣʦʧʘʪʢʠ ʘʚʠʘʮʠʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʌɻʋʇ çʉɸʃʖʊè ʦʪʥʦʩʷʪʩʷ ʢ ʦʩʦʙʦ 

ʦʪʚʝʪʩʪʚʝʥʥʳʤ ʵʣʝʤʝʥʪʘʤ ʢʦʥʩʪʨʫʢʮʠʠ, ʇʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʢʝʨʘʤʠʯʝʩʢʠʭ ʩʪʝʨʞʥʝʡ ʜʣʷ 

ʦʪʣʠʚʢʠ ʣʦʧʘʪʦʢ ʥʘ ʦʪʜʝʣʴʥʳʭ ʠʭ ʵʣʝʤʝʥʪʘʭ (ʧʦ ʣʠʥʠʠ ʨʘʟʲʝʤʘ ʧʨʝʩʩ-ʬʦʨʤʳ) ʦʩʪʘʝʪʩʷ 

ʦʙʣʦʡ, ʢʦʪʦʨʳʡ ʥʝʦʙʭʦʜʠʤʦ ʫʜʘʣʠʪʴ. ʇʷʪʠ ʢʦʦʨʜʠʥʘʪʥʳʡ ʣʘʟʝʨʥʳʡ ʩʪʘʥʦʢ ʜʣʷ ʬʠʥʠʰʥʦʡ 

ʜʦʚʦʜʢʠ ʢʝʨʘʤʠʯʝʩʢʠʭ ʩʪʝʨʞʥʝʡ ʥʝ ʪʦʣʴʢʦ ʦʙʨʘʙʘʪʳʚʘʝʪ ʩʪʝʨʞʥʠ, ʥʦ ʠ ʧʨʦʠʟʚʦʜʠʪ 

ʙʝʩʢʦʥʪʘʢʪʥʳʡ ʢʦʥʪʨʦʣʴ ʛʝʦʤʝʪʨʠʠ ʠ ʨʘʟʤʝʨʦʚ ʵʣʝʤʝʥʪʦʚ ʩʪʝʨʞʥʝʡ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ 

ʢʘʯʝʩʪʚʘ ʠ ʥʘʜʝʞʥʦʩʪʠ ʦʭʣʘʞʜʘʝʤʳʭ ʨʘʙʦʯʠʭ ʣʦʧʘʪʦʢ ʨʘʟʣʠʯʥʳʭ ʠʟʜʝʣʠʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʚʝʥʪʠʣʴʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʮʠʬʨʦʚʳʭ ʧʨʠʚʦʜʦʚ ʠ ʚʳʩʦʢʦʪʦʯʥʦʡ ʤʝʭʘʥʠʢʠ, ʧʦʟʚʦʣʠʣʦ 



6 

 

ʜʦʙʠʪʴʩʷ ʪʦʯʥʦʩʪʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ: 1 ʤʢʤ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ ʜʦ 

50 ʤʤ/ʩʝʢ. ʃʘʟʝʨʥʳʡ ʩʪʘʥʦʢ ʦʩʥʘʱʝʥ ʩʦʚʨʝʤʝʥʥʳʤ ʣʘʟʝʨʦʤ ʩ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʴʶ ʜʦ 

150 ɺʪ, ʠ ʠʟʤʝʥʷʝʤʦʡ ʬʦʨʤʦʡ ʚʳʭʦʜʥʦʛʦ ʠʤʧʫʣʴʩʘ.  

ɺ ʀʄɸʐ ʈɸʅ ʨʘʟʨʘʙʦʪʘʥ ʠ ʠʟʛʦʪʦʚʣʝʥ ʦʧʳʪʥʳʡ ʦʙʨʘʟʝʮ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ 

ʚʳʨʘʱʠʚʘʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ (ʄʂɺ) ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʣʘʟʝʨʥʦʛʦ ʥʘʛʨʝʚʘ ʧʠʪʘʪʝʣʷ ʠ ʢʦʥʪʨʦʣʷ ʧʨʦʮʝʩʩʘ ʚʳʨʘʱʠʚʘʥʠʷ. ʀʟ-ʟʘ ʩʚʦʠʭ ʬʠʟʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʠ ʚʦʣʥʦʧʨʦʚʦʜʷʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʄʂɺ ʧʨʠʤʝʥʠʤʳ ʚ ʰʠʨʦʢʦʤ ʢʨʫʛʝ ʦʧʪʠʯʝʩʢʠʭ 

ʧʨʠʙʦʨʦʚ. ʅʘʧʨʠʤʝʨ, ʪʘʢʠʝ ʚʦʣʦʢʥʘ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʣʘʟʝʨʘʭ ʠʣʠ ʚ ʢʘʯʝʩʪʚʝ 

ʜʘʪʯʠʢʦʚ ʚ ʦʙʦʨʫʜʦʚʘʥʠʠ, ʧʦʜʚʝʨʞʝʥʥʦʤ ʚʳʩʦʢʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤ ʠʣʠ ʢʦʨʨʦʟʠʠ, ʛʜʝ 

ʪʨʘʜʠʮʠʦʥʥʳʝ ʩʝʥʩʦʨʥʳʝ ʚʦʣʦʢʥʘ ʥʝ ʨʘʙʦʪʘʶʪ. ɺ ʤʝʜʠʮʠʥʩʢʦʡ ʦʙʣʘʩʪʠ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʚʦʜʥʠʢʦʚ ʜʣʷ ʧʝʨʝʜʘʯʠ ʠʟʣʫʯʝʥʠʷ ʢ ʤʠʢʨʦʟʦʥʘʤ. ʉʘʧʬʠʨʦʚʦʝ 

ʢʨʠʩʪʘʣʣʠʯʝʢʦʝ ʚʦʣʦʢʥʦ (Al2O3) ʚʝʩʴʤʘ ʧʦʣʝʟʥʦ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʙʣʘʛʦʜʘʨʷ ʦʜʥʦʨʦʜʥʦʩʪʠ 

ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʆʩʦʙʝʥʥʦ ʮʝʥʥʦ ʪʦ, ʯʪʦ ʦʥʦ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʠʷ, 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʨʘʩʪʚʦʨʠʤʦ ʚ ʚʦʜʝ, ʩʧʦʩʦʙʥʦ ʧʝʨʝʜʘʚʘʪʴ ʠʟʣʫʯʝʥʠʝ ʚʦʣʥ ʰʠʨʦʢʦʛʦ 

ʜʠʘʧʘʟʦʥʘ 300é4000 ʥʘʥʦʤʝʪʨʦʚ ʠ ʠʤʝʝʪ ʚʳʩʦʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʣʶʙʳʤ ʭʠʤʠʯʝʩʢʠʤ 

ʚʦʟʜʝʡʩʪʚʠʷʤ. ʀʟʚʝʩʪʥʘ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʩʘʧʬʠʨʦʚʳʭ ʚʦʣʦʢʦʥ ʚ 

ʉʪʵʥʜʬʦʨʜʩʢʦʤ ʋʥʠʚʝʨʩʠʪʝʪʝ. ʆʥʘ ʚʢʣʶʯʘʝʪ ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʧʝʨʚʠʯʥʦʛʦ 

ʛʝʥʝʨʠʨʦʚʘʥʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ, ʠʤʝʶʱʝʛʦ ʦʙʳʯʥʳʡ ʛʘʫʩʩʦʚʩʢʠʡ ʧʨʦʬʠʣʴ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʧʦ ʧʦʧʝʨʝʯʥʦʤʫ ʩʝʯʝʥʠʶ, ʚ ʣʘʟʝʨʥʳʡ ʣʫʯ ʩ 

ʢʦʣʴʮʝʚʳʤ ʧʨʦʬʠʣʝʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. ʕʪʦʪ ʣʘʟʝʨʥʳʡ ʣʫʯ ʬʦʢʫʩʠʨʫʶʪ ʥʘ 

ʢʦʥʯʠʢʝ ʪʚʝʨʜʦʛʦ ʧʠʪʘʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʦʣʫʯʘʷ ʨʘʩʧʣʘʚʣʝʥʥʳʡ ʧʠʪʘʶʱʠʡ ʤʘʪʝʨʠʘʣ. 

ɿʘʪʨʘʚʢʘ ʧʦʜʘʝʪʩʷ ʚ ʵʪʦʪ ʨʘʩʧʣʘʚʣʝʥʥʳʡ ʧʠʪʘʶʱʠʡ ʤʘʪʝʨʠʘʣ ʠ ʚʩʪʫʧʘʝʪ ʩ ʥʠʤ ʚ ʢʦʥʪʘʢʪ. 

ʂʦʛʜʘ ʟʘʪʨʘʚʢʘ ʩʦʝʜʠʥʠʪʩʷ ʩ ʨʘʩʧʣʘʚʣʝʥʥʳʤ ʧʠʪʘʶʱʠʤ ʤʘʪʝʨʠʘʣʦʤ, ʝʝ ʫʜʘʣʷʶʪ ʠʟ 

ʨʘʩʧʣʘʚʘ ʪʘʢ, ʯʪʦ ʨʘʩʧʣʘʚʣʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʚʳʪʷʛʠʚʘʝʪʩʷ ʚ ʚʠʜʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ 

ʚʦʣʦʢʥʘ. ʇʨʦʠʟʚʦʜʩʪʚʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ ʥʘ ʵʪʦʡ ʫʩʪʘʥʦʚʢʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ 

ʚʦʟʜʫʭʝ ʧʨʠ ʦʙʳʯʥʦʤ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ [1,2]. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʩʘʧʬʠʨʦʚʳʭ 

ʚʦʣʦʢʦʥ ʚ ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʥʘʤʠ ʦʙʦʨʫʜʦʚʘʥʠʠ ʚʳʨʘʱʠʚʘʥʠʝ ʄʂɺ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ 

ʚʘʢʫʫʤʥʦʡ ʢʘʤʝʨʝ ʚ ʩʨʝʜʝ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ, ʛʝʣʠʷ. ɼʠʘʤʝʪʨ ʧʠʪʘʪʝʣʷ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ 

300é800 ʤʢʤ, ʘ ʧʦʣʫʯʘʝʤʦʝ ʩʘʧʬʠʨʦʚʦʝ ʚʦʣʦʢʥʦ 100é200 ʤʢʤ.  

ɺʦʣʦʢʥʘ ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʇʨʦʯʥʦʩʪʴ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ (ʚʦʣʦʢʥʠʩʪʳʭ) ʤʘʪʝʨʠʘʣʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʚʦʡʩʪʚʘʤʠ ʚʦʣʦʢʦʥ; ʤʘʪʨʠʮʘ ʚ 

ʦʩʥʦʚʥʦʤ ʜʦʣʞʥʘ ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʪʴ ʥʘʧʨʷʞʝʥʠʷ ʤʝʞʜʫ ʘʨʤʠʨʫʶʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ. 

ʇʦʵʪʦʤʫ ʧʨʦʯʥʦʩʪʴ ʠ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʚʦʣʦʢʦʥ ʜʦʣʞʥʳ ʙʳʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ, ʯʝʤ 

ʧʨʦʯʥʦʩʪʴ ʠ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʤʘʪʨʠʮʳ. ɾʝʩʪʢʠʝ ʘʨʤʠʨʫʶʱʠʝ ʚʦʣʦʢʥʘ ʚʦʩʧʨʠʥʠʤʘʶʪ 

ʥʘʧʨʷʞʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʢʦʤʧʦʟʠʮʠʠ ʧʨʠ ʥʘʛʨʫʞʝʥʠʠ, ʧʨʠʜʘʶʪ ʝʡ ʧʨʦʯʥʦʩʪʴ ʠ 

ʞʝʩʪʢʦʩʪʴ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʨʠʝʥʪʘʮʠʠ ʚʦʣʦʢʦʥ. ʇʨʠʤʝʥʝʥʠʝ ʚʦʣʦʢʦʥ ʦʢʩʠʜʦʚ ʘʣʶʤʠʥʠʷ ʠ 

ʜʨʫʛʠʭ ʧʦʟʚʦʣʠʪ ʚʳʡʪʠ ʥʘ ʥʦʚʳʡ ʫʨʦʚʝʥʴ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʚʦʣʦʢʦʥ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 

1600 
0
ʉ. ʇʨʠʤʝʥʝʥʠʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʦʚʳʡ, ʢʘʯʝʩʪʚʝʥʥʳʡ 

ʩʢʘʯʝʢ ʚ ʫʚʝʣʠʯʝʥʠʝ ʤʦʱʥʦʩʪʠ ʜʚʠʛʘʪʝʣʝʡ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʫʩʪʘʥʦʚʦʢ, 

ʫʤʝʥʴʰʝʥʠʠ ʤʘʩʩʳ ʤʘʰʠʥ ʠ ʧʨʠʙʦʨʦʚ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. Jundt D.N., Fejer M.M., Byer R.L. Characterization of Crystal fibers for Optical Power 

Delivery Systems// Applied Physics Department, University, Stanford, California 94305 

(Received 11 Aug. 1989; accepted for publication 18 Sep. 1989). 

2. Jundt D.N. et al. Characterization of single-crystal sapphire fibers for optical power 

delivery systems//Appl. Phys. Lett. 55(21) 20 Nov. 1989. 
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ʊɽʍʅʆʃʆɻʀʏɽʉʂɸʗ ʄɽʍɸʅʀʂɸ ʂʆʄʇʆɿʀʊʆɺ 

 

TECHNOLOGICAL MECHANICS OF COMPOSITE 
 

ʉ.ʊ.ʄʠʣʝʡʢʦ ï ʜ.ʪ.ʥ., ʧʨʦʬ. 

ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʈɸʅ, ʛ. ʏʝʨʥʦʛʦʣʦʚʢʘ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣ. 

 

 

Abstract. The technological mechanics of metal-matrix composite materials for high-

temperature application is developed for composite structure optimization. 

 

ɿʘʨʦʞʜʝʥʠʝ ʥʘʫʯʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʤʝʭʘʥʠʢʘ ʢʦʤʧʦʟʠʪʦʚ 

ʦʪʥʦʩʠʪʩʷ ʢ ʥʘʯʘʣʫ 70-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʚʝʢʘ, ʢʦʛʜʘ ʚʦʟʥʠʢʣʘ ʧʦʪʨʝʙʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ 

ʩʪʨʫʢʪʫʨ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʢʦʥʩʪʨʫʢʮʠʡ ʠʟ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʫʞʝ 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʠ ʧʦʜʣʝʞʘʱʠʭ ʨʘʟʨʘʙʦʪʢʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʤʦʞʥʦ 

ʩʯʠʪʘʪʴ ʨʘʟʚʠʚʘʶʱʠʤʩʷ ʨʘʟʜʝʣʦʤ ʤʝʭʘʥʠʢʠ ʜʝʬʦʨʤʠʨʫʝʤʦʛʦ ʪʚʝʨʜʦʛʦ ʪʝʣʘ.  

ɺ ʜʦʢʣʘʜʝ ʢʨʘʪʢʦ ʦʙʩʫʞʜʘʶʪʩʷ ʥʝʢʦʪʦʨʳʝ ʟʘʜʘʯʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ 

ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʢʦʤʧʦʟʠʪʘʤ ʩ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʠ ʢʝʨʘʤʠʯʝʩʢʦʡ ʤʘʪʨʠʮʘʤʠ: 

1. ʇʨʦʯʥʦʩʪʴ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʠ ʩʞʘʪʠʠ, ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ ʢʦʤʧʦʟʠʪʦʚ ʪʠʧʘ 

çʭʨʫʧʢʦʝ ʚʦʣʦʢʥʦ ï ʤʝʪʘʣʣè. ɺʳʭʦʜ ʥʘ ʪʝʭʥʦʣʦʛʠʶ ʧʦʣʫʯʝʥʠʷ ʙʦʨʦʘʣʶʤʠʥʠʝʚʳʭ 

ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ. 

2. ʇʦʣʟʫʯʝʩʪʴ ʢʦʤʧʦʟʠʪʦʚ ʚʠʜʘ çʭʨʫʧʢʦʝ ʚʦʣʦʢʥʦ ï ʤʝʪʘʣʣè. ɺʳʭʦʜ ʥʘ 

ʪʝʭʥʦʣʦʛʠʶ ʧʦʣʫʯʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ ʪʠʧʘ ʪʫʨʙʠʥʥʦʡ ʣʦʧʘʪʢʠ. 

3. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠ ʪʦʨʤʦʞʝʥʠʝ ʪʨʝʱʠʥʳ ʚ ʢʦʤʧʦʟʠʪʘʭ ʪʠʧʘ çʭʨʫʧʢʦʝ-

ʭʨʫʧʢʦʝè. ʊʝʭʥʦʣʦʛʠʷ ʢʦʤʧʦʟʠʪʦʚ ʢʝʨʘʤʠʢʘ-ʢʝʨʘʤʠʢʘ ʠ ʠʥʪʝʨʤʝʪʘʣʣʠʜ-ʦʢʩʠʜ ʩ ʢʚʘʟʠ-

ʧʣʘʩʪʠʯʝʩʢʠʤ ʪʠʧʦʤ ʧʦʚʝʜʝʥʠʷ.  
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ʅɽʃʀʅɽʁʅʓɽ ɺʀɹʈɸʎʀʆʅʅʓɽ ʕʌʌɽʂʊʓ  

ɺ ʉʀʉʊɽʄɸʍ ʉ ʄɸʗʊʅʀʂʆʄ  

NONLINEAR VIBRATIONAL EFFECTS IN PENDULUM SYSTEMS 
ɻ.ʗ. ʇʘʥʦʚʢʦ ï ʜ.ʪ.ʥ., ʧʨʦʬ. 

ʀʥʩʪʠʪʫʪ ʤʘʰʠʥʦʚʝʜʝʥʠʷ ʠʤ. ɸ.ɸ.ɹʣʘʛʦʥʨʘʚʦʚʘ ʈɸʅ 

 

Abstract. The report examines some of the nonlinear dynamic effects that occur in mechanical 

systems with attached pendulums - unbalanced rotors. The analysis of these systems is connected 

with the study of dynamic stability of the new equilibrium positions under vibration, dynamic 

stability of vertical position of flexible rods and filaments subjected to gravity.  

 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʥʝʢʦʪʦʨʳʝ ʥʝʣʠʥʝʡʥʳʝ ʚʠʙʨʘʮʠʦʥʥʳʝ ʵʬʬʝʢʪʳ, ʢʦʪʦʨʳʝ 

ʚʦʟʥʠʢʘʶʪ ʚ  ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ, ʩʦʜʝʨʞʘʱʠʭ ʰʘʨʥʠʨʥʦ ʟʘʢʨʝʧʣʝʥʥʳʝ ʤʘʷʪʥʠʢʠ - 

ʥʝʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʝ ʨʦʪʦʨʳ. ɼʣʷ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ 

ʩʭʝʤʳ, ʧʨʠʚʝʜʝʥʥʦʡ ʥʘ ʨʠʩ. 1, ʚʦʟʙʫʞʜʝʥʠʝ ʢʦʣʝʙʘʥʠʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ, ʥʘʧʨʠʤʝʨ, ʟʘ ʩʯʝʪ 

ʜʝʡʩʪʚʠʷ ʚʥʝʰʥʝʛʦ ʤʦʤʝʥʪʘ , ʧʨʠʣʦʞʝʥʥʦʛʦ ʢ 

ʤʘʷʪʥʠʢʫ ʩ ʤʘʩʩʦʡ m  (ʚʝʨʭʥʠʡ ʤʘʷʪʥʠʢ ʥʘ ʨʠʩ. 1), ʠʣʠ ʟʘ 

ʩʯʝʪ ʜʝʡʩʪʚʠʷ ʚʥʝʰʥʝʛʦ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

, ʧʨʠʣʦʞʝʥʥʦʛʦ ʢ ʪʚʝʨʜʦʤʫ ʪʝʣʫ. 

ʋʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʩʠʩʪʝʤʳ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ 

ʚʠʜ: 

 

 

 

 

ʛʜʝ  - ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʠ ʧʨʠʚʝʜʝʥʥʳʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʷʟʢʦʛʦ ʪʨʝʥʠʷ ʚ ʰʘʨʥʠʨʘʭ ʚʝʨʭʥʝʛʦ ʠ 

ʥʠʞʥʝʛʦ ʤʘʷʪʥʠʢʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ʦʩʪʘʣʴʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ, ʧʨʠʚʝʜʝʥʥʳʤ ʥʘ ʨʠʩ. 1.   

ʂ ʧʝʨʚʦʤʫ ʩʣʫʯʘʶ ʩʚʦʜʷʪʩʷ ʟʘʜʘʯʘ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʧʦʜʜʝʨʞʘʥʠʷ ʚʨʘʱʝʥʠʷ ʦʜʥʦʛʦ 

ʠʟ ʤʘʷʪʥʠʢʦʚ ʧʨʠ ʟʘʜʘʥʥʦʤ ʚʨʘʱʝʥʠʠ ʜʨʫʛʦʛʦ ʤʘʷʪʥʠʢʘ ʠ ʟʘʜʘʯʘ ʩʘʤʦʩʠʥʭʨʦʥʠʟʘʮʠʠ ʜʚʫʭ 

ʚʨʘʱʘʶʱʠʭʩʷ ʤʘʷʪʥʠʢʦʚ. ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʧʨʠ ʥʝʧʦʜʚʠʞʥʦʤ ʦʜʥʦʤ ʠʟ ʤʘʷʪʥʠʢʦʚ 

(ʥʘʧʨʠʤʝʨ, ʤʘʷʪʥʠʢʘ ʩ ʤʘʩʩʦʡ ) ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʦ ʚʳʥʫʞʜʝʥʥʳʭ ʢʦʣʝʙʘʥʠʷʭ ʚ 

ʘʚʪʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ.   

ʆʙʩʫʞʜʘʝʤʳʝ ʤʦʜʝʣʠ ʠ ʷʚʣʝʥʠʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʩʚʷʟʘʥʳ ʩ ʟʘʜʘʯʘʤʠ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʦʚʳʭ ʧʦʣʦʞʝʥʠʡ ʨʘʚʥʦʚʝʩʠʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʠʙʨʘʮʠʠ 

(ʥʘʧʨʠʤʝʨ, ʚʝʨʭʥʝʛʦ ʧʦʣʦʞʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ ʤʘʷʪʥʠʢʘ), ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʥʠʪʝʡ ʠ ʛʠʙʢʠʭ ʩʪʝʨʞʥʝʡ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʧʦʣʝ ʩʠʣ ʪʷʞʝʩʪʠ, 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʛʘʰʝʥʠʷ ʢʦʣʝʙʘʥʠʡ ʚ ʘʚʪʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ.   

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ɻʫʩʴʢʦʚ ɸ.ʄ., ʇʘʥʦʚʢʦ ɻ.ʗ. ɺʠʙʨʘʮʠʦʥʥʘʷ ʩʪʘʙʠʣʠʟʘʮʠʷ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ ʛʠʙʢʦʛʦ 

ʩʪʝʨʞʥʷ. ʇʨʦʙʣʝʤʳ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʠ ʥʘʜʝʞʥʦʩʪʠ ʤʘʰʠʥ. 2006, ˉ3, ʩ. 13-19. 

2. ɻʫʩʴʢʦʚ ɸ.ʄ., ʇʘʥʦʚʢʦ ɻ.ʗ., ʏʘʥ-ɺʘʥ-ɹʠʥʴ. ɻʘʰʝʥʠʝ ʢʦʣʝʙʘʥʠʡ ʚ 

ʘʚʪʦʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʩ ʧʨʠʩʦʝʜʠʥʝʥʥʳʤ  ʤʘʷʪʥʠʢʦʤ. ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ ʠ 

ʠʥʞʝʥʝʨʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ. 2008, ˉ2, ʩ. 11-17.  
 

 
 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ  

ʛʨʘʥʪʦʚ ʈʌʌʀ 10-08-00640-ʘ  

ʠ 11-08-90434-ʋʢʨ_ʬ_ʘ. 

 

ʈʠʩ. 1. ʉʭʝʤʘ ʩʠʩʪʝʤʳ 
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ɹʀʆʄɽʍɸʅʀʏɽʉʂʀɽ ʇʈʀʅʎʀʇʓ ʉʆɿɼɸʅʀʗ ʂʆʄʇʆɿʀʊʅʓʍ 

ʉʊʈʋʂʊʋʈ ʉ ʇʆɺʓʐɽʅʅʆʁ ʅɸɼɽɾʅʆʉʊʔʖ ʀ ɾʀɺʋʏɽʉʊʔʖ 

BIOMECHANICAL PRINCIPLES FOR DESIGN  

OF RELIABILITY AND SURVIVABILITY COMPOSITE STRUCTURES 
 

ɸ.ʅ.ʇʦʣʠʣʦʚ ï ʜ.ʪ.ʥ., ʧʨʦʬ., ɸ.ɺ.ʄʘʣʘʭʦʚ, ʅ.ɸ.ʊʘʪʫʩʴ ï ʢ.ʪ.ʥ., ɺ.ɺ.ʐʘʙʘʣʠʥ ï ʘʩʧ.
 

ʀʥʩʪʠʪʫʪ ʤʘʰʠʥʦʚʝʜʝʥʠʷ ʠʤ.ɸ.ɸ.ɹʣʘʛʦʥʨʘʚʦʚʘ ʈɸʅ 

 
Abstract. Unidirectional fibrous composites, like the straight grained wood have the best 

longitudinal elastic-strength properties, but the problems of composite element joining canôt be 

solved effectively using "metal" approaches only and the joining zones usually reduce the composite 

advantages to zero. 

Experiences of Nature (for example, the structure of wood around a knot) show the ways of 

rational design of quasi-unidirectional composites elements and zones of their joining excepting the 

"effects of cut fibers". For illustration we will show three solved problems being connected with: 

1. fiber disorientation for shaped composite elements, 

2. fibers trajectories around the hole (knot model), 

3. growth of branch and ñbranch to tree trunkò connection. 

 

ʆʜʥʦʥʘʧʨʘʚʣʝʥʥʳʝ ʚʦʣʦʢʥʠʩʪʳʝ ʢʦʤʧʦʟʠʪʳ (ʩʪʝʢʣʦ-, ʫʛʣʝ-, ʦʨʛʘʥʦ-ʧʣʘʩʪʠʢʠ) ʦʙʣʘʜʘʶʪ 

ʥʘʠʣʫʯʰʠʤʠ ʧʨʦʜʦʣʴʥʳʤʠ ʫʧʨʫʛʦ-ʧʨʦʯʥʦʩʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʥʦ ʧʨʦʙʣʝʤʳ ʠʭ ʢʨʝʧʣʝʥʠʷ 

ʠʣʠ ʠʟʤʝʥʝʥʠʷ ʬʦʨʤʳ ʩʝʯʝʥʠʷ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʦ ʨʝʘʣʠʟʦʚʘʥʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʪʨʘʜʠʮʠʦʥʥʳʭ çʤʝʪʘʣʣʠʯʝʩʢʠʭè ʧʦʜʭʦʜʦʚ, ʠ ʠʤʝʥʥʦ ʤʝʩʪʘ ʢʨʝʧʣʝʥʠʷ ʟʘʯʘʩʪʫʶ ʩʚʦʜʷʪ ʥʘ 

ʥʝʪ ʚʩʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʪʦʚ. ʆʧʳʪ ʞʠʚʦʡ ʇʨʠʨʦʜʳ ï ʥʘʧʨʠʤʝʨ, 

ʢʦʥʩʪʨʫʢʮʠʷ ʜʝʨʝʚʘ, ʩʪʨʫʢʪʫʨʘ ʜʨʝʚʝʩʠʥʳ ʦʢʦʣʦ ʩʫʯʢʘ ʠ ʪ.ʧ. ï ʧʦʜʩʢʘʟʳʚʘʝʪ ʧʫʪʠ 

ʩʦʟʜʘʥʠʷ ʨʘʮʠʦʥʘʣʴʥʳʭ ʬʦʨʤ ʜʝʪʘʣʝʡ ʠʟ ʢʚʘʟʠʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʠ ʤʝʩʪ ʠʭ 

ʢʨʝʧʣʝʥʠʷ, ʠʩʢʣʶʯʘʶʱʠʝ ʦʪʨʠʮʘʪʝʣʴʥʳʝ çʵʬʬʝʢʪʳ ʧʝʨʝʨʝʟʘʥʥʳʭ ʥʠʪʝʡè. ɺ ʢʘʯʝʩʪʚʝ 

ʠʣʣʶʩʪʨʘʮʠʡ ʧʨʠʚʝʜʝʥʳ ʨʝʰʝʥʠʷ ʪʨʝʭ ʟʘʜʘʯ: 

1. ʦ ʨʘʟʦʨʠʝʥʪʘʮʠʠ ʚʦʣʦʢʦʥ ʚ ʧʨʦʬʠʣʠʨʦʚʘʥʥʳʭ ʢʦʤʧʦʟʠʪʥʳʭ ʵʣʝʤʝʥʪʘʭ, 

2. ʦ ʪʨʘʝʢʪʦʨʠʷʭ çʦʙʪʝʢʘʥʠʷè ʦʪʚʝʨʩʪʠʷ ʚʦʣʦʢʥʘʤʠ (ʤʦʜʝʣʴ ʩʫʯʢʘ), 

3. ʦ ʨʦʩʪʝ ʚʝʪʢʠ ʜʝʨʝʚʘ ʠ ʦ ʩʦʝʜʠʥʝʥʠʠ ʚʝʪʢʠ ʩʦ ʩʪʚʦʣʦʤ. 

 

ʈʝʩʩʦʨʘ ʠʟ ʢʦʤʧʦʟʠʪʘ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ 

ʪʨʝʙʦʚʘʥʠʷʤ, ʝʩʣʠ ʚ ʥʝʡ ʨʝʘʣʠʟʦʚʘʥʘ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʘʷ ʫʢʣʘʜʢʘ ʚʦʣʦʢʦʥ, ʧʨʠ ʢʦʪʦʨʦʡ 

ʚʦʣʦʢʥʘ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚʜʦʣʴ ʣʠʥʠʡ ʥʘʠʙʦʣʴʰʠʭ ʥʘʧʨʷʞʝʥʠʡ. ʇʨʦʬʠʣʠʨʦʚʘʥʠʝ (ʨʠʩ.1) 

ʨʝʩʩʦʨʳ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʚʝʩ ʠ ʫʤʝʥʴʰʠʪʴ ʯʠʩʣʦ ʣʠʩʪʦʚ (ʜʦ ʦʜʥʦʛʦ), ʝʩʣʠ ʧʨʠ ʵʪʦʤ 

ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʫʩʣʦʚʠʶ ʧʦʩʪʦʷʥʩʪʚʘ ʧʣʦʱʘʜʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ, ʪʦ ʧʦʣʫʯʠʪʩʷ ʨʝʩʩʦʨʘ 

ʙʝʟ ʧʝʨʝʨʝʟʘʥʥʳʭ ʚʦʣʦʢʦʥ, ʯʪʦ ʦʯʝʥʴ ʚʘʞʥʦ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʧʨʦʯʥʦʩʪʠ. 

 
ʈʠʩ.1. ʇʨʦʬʠʣʠʨʦʚʘʥʥʘʷ ʙʘʣʢʘ-ʨʝʩʩʦʨʘ 

ʀʥʪʝʨʝʩʥʳʡ ʨʝʟʫʣʴʪʘʪ ʧʦʣʫʯʘʝʪʩʷ, ʝʩʣʠ ʩʨʘʚʥʠʚʘʪʴ ʤʘʩʩʳ ʧʨʦʬʠʣʠʨʦʚʘʥʥʦʡ ʠ 

ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʙʘʣʦʢ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʡ ʧʦ ʞʝʩʪʢʦʩʪʠ ʠ ʧʦ 

ʧʨʦʯʥʦʩʪʠ: ʣʶʙʘʷ ʨʘʚʥʦʧʨʦʯʥʘʷ ʙʘʣʢʘ ʚ ʪʨʠ ʨʘʟʘ ʣʝʛʯʝ ʧʨʷʤʦʫʛʦʣʴʥʦʡ. 

ʋʯʝʪ ʚʣʠʷʥʠʷ ʨʘʟʦʨʠʝʥʪʘʮʠʠ ʧʨʦʚʝʜʸʥ ʚ ʙʘʣʦʯʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ, ʦʥ ʩʚʦʜʠʪʩʷ ʢ 

ʫʩʨʝʜʥʝʥʠʶ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʧʦ ʢʘʞʜʦʤʫ ʩʝʯʝʥʠʶ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʯʠʩʣʝʥʥʳʤ 

ʨʝʰʝʥʠʝʤ ʟʘʜʘʯʠ ʦ ʧʨʦʛʠʙʝ ʙʘʣʢʠ ʩ ʧʝʨʝʤʝʥʥʳʤ ʤʦʜʫʣʝʤ. 
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ɼʣʷ ʘʥʘʣʠʟʘ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʣʦʢʘʣʴʥʳʝ (ʣʠʥʝʡʥʳʝ) ʢʨʠʪʝʨʠʠ 

ʧʨʦʯʥʦʩʪʠ ʜʣʷ ʚʦʣʦʢʦʥ ʠ ʜʣʷ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʠ ʥʝʣʦʢʘʣʴʥʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʢʨʠʪʝʨʠʠ 

ʨʘʩʩʣʦʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʫʯʝʩʪʴ ʩʦʚʤʝʩʪʥʦʝ ʚʣʠʷʥʠʝ ʠʟʛʠʙʘʶʱʝʛʦ ʠ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʦʚ. 

 

ʄʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʨʝʰʝʥʘ ʟʘʜʘʯʘ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʥʘʧʨʷʞʝʥʠʡ ʦʢʦʣʦ 

ʦʪʚʝʨʩʪʠʷ ʩ ʦʛʠʙʘʶʱʠʤʠ ʝʛʦ ʚʦʣʦʢʥʘʤʠ (ʨʠʩ.2). ɺ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʦ ʨʘʩʧʦʣʦʞʝʥʠʠ 

ʚʦʣʦʢʦʥ ʚʜʦʣʴ ʪʨʘʝʢʪʦʨʠʡ ʛʣʘʚʥʳʭ ʨʘʩʪʷʛʠʚʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ ʧʦʣʫʯʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʩʚʦʡʩʪʚ ʚ çʥʦʚʦʤè ʤʦʜʝʣʴʥʦʤ ʤʘʪʝʨʠʘʣʝ. ɺ ʢʘʞʜʦʤ ʢʦʥʝʯʥʦʤ ʵʣʝʤʝʥʪʝ ʧʨʠʭʦʜʠʪʩʷ 

ʤʦʜʝʣʠʨʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʩʚʦʠ ʫʧʨʫʛʠʝ ʩʚʦʡʩʪʚʘ, ʥʦ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʦʩʠ ʫʧʨʫʛʦʡ ʩʠʤʤʝʪʨʠʠ. 

ɼʘʣʝʝ ʫʜʘʣʦʩʴ ʩʨʘʚʥʠʪʴ ʥʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʜʣʷ ʤʦʜʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ 

ʣʦʢʘʣʴʥʦʡ ʧʨʦʯʥʦʩʪʴʶ, ʢʦʪʦʨʘʷ ʪʘʢʞʝ ʤʝʥʷʝʪʩʷ ʦʪ ʪʦʯʢʠ ʢ ʪʦʯʢʝ.  

ɺ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʨʘʟʨʫʰʝʥʠʷ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʧʨʦʩʪʦ 

ʜʦʩʪʠʞʝʥʠʝ ʨʘʩʪʷʛʠʚʘʶʱʠʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ ʚʜʦʣʴ ʚʦʣʦʢʦʥ ʠʭ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʥʘ 

ʨʘʩʪʷʞʝʥʠʝ. ʉ ʨʦʩʪʦʤ ʣʦʢʘʣʴʥʦʛʦ ʦʙʲʝʤʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚʦʣʦʢʦʥ ʨʘʩʪʝʪ ʣʦʢʘʣʴʥʳʡ 

ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʠ ʟʥʘʯʠʪ ï ʚʦʟʨʘʩʪʘʶʪ ʥʘʧʨʷʞʝʥʠʷ. ʅʦ ʠ ʣʦʢʘʣʴʥʘʷ ʧʨʦʯʥʦʩʪʴ, 

ʝʩʪʝʩʪʚʝʥʥʦ, ʨʘʩʪʝʪ ʩ ʨʦʩʪʦʤ ʦʙʲʝʤʥʦʡ ʜʦʣʠ ʚʦʣʦʢʦʥ ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ. ɺʘʞʥʦ ʙʳʣʦ 

ʚʳʷʩʥʠʪʴ: ʜʘʝʪ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʦʣʦʢʦʥ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʥʘ ʥʝʩʫʱʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʢʘʢʦʚʘ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʵʪʦʛʦ ʵʬʬʝʢʪʘ.  

ʉʨʘʚʥʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʚʜʦʣʴ ʚʦʣʦʢʦʥ ʩ ʠʭ ʧʨʦʯʥʦʩʪʴʶ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ 

ʦʧʪʠʤʘʣʴʥʦ ʫʣʦʞʝʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʧʨʦʯʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ ʩʥʠʞʘʝʪʩʷ ʚʩʝʛʦ ʥʘ 20%, ʘ ʥʝ ʚ 3-

5 ʨʘʟ ʢʘʢ ʚ ʦʜʥʦʨʦʜʥʦʡ ʘʥʠʟʦʪʨʦʧʥʦʡ ʧʣʘʩʪʠʥʝ ʩ ʦʪʚʝʨʩʪʠʝʤ, ʪʦ ʝʩʪʴ ï ʚ ʧʨʠʥʮʠʧʝ - 

ʤʦʞʥʦ ʩʦʟʜʘʪʴ ʧʨʘʢʪʠʯʝʩʢʠ çʨʘʚʥʦʧʨʦʯʥʦʝè ʩʦʝʜʠʥʝʥʠʝ ʟʘ ʩʯʝʪ ʢʨʠʚʦʣʠʥʝʡʥʦʡ ʫʢʣʘʜʢʠ 

ʚʦʣʦʢʦʥ. 

 
ʈʠʩ.2. ʃʠʥʠʠ ʥʘʠʙʦʣʴʰʠʭ ʛʣʘʚʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʩʦʚʧʘʜʘʶʱʠʝ ʩ ʪʨʘʝʢʪʦʨʠʷʤʠ ʜʨʝʚʝʩʥʳʭ 

ʚʦʣʦʢʦʥ ʦʢʦʣʦ ʩʫʯʢʘ  

ɿʘʜʘʯʘ ʦ ʨʦʩʪʝ ʚʝʪʚʠ ʜʝʨʝʚʘ (ʨʠʩ.3) ʧʦ ʫʩʣʦʚʠʶ ʨʘʚʥʦʧʨʦʯʥʦʩʪʠ ʧʦʟʚʦʣʷʝʪ 

ʧʦʜʦʡʪʠ ʢ ʧʨʦʙʣʝʤʝ ʩʦʟʜʘʥʠʷ ʢʦʤʧʦʟʠʪʥʳʭ ʩʪʨʫʢʪʫʨ ʩʣʦʞʥʦʡ, ʨʘʟʚʝʪʚʣʝʥʥʦʡ ʬʦʨʤʳ. 

ʈʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʘ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʚʨʘʩʪʘʥʠʷ ʩʫʯʢʘ ʚ ʩʪʚʦʣ, ʧʨʠ ʧʦʤʦʱʠ 

ʢʦʪʦʨʦʡ ʚʦʟʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʪʨʘʝʢʪʦʨʠʠ ʚʦʣʦʢʦʥ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʥʘʠʙʦʣʴʰʝʡ ʧʨʦʯʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʷ.  

   
ʈʠʩ.3. ʇʨʠʤʝʨʳ çʚʳʨʘʱʠʚʘʥʠʷè ʚʝʪʢʠ ʠʟ ʩʪʚʦʣʘ 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʇʦʣʠʣʦʚ ɸ.ʅ., ʊʘʪʫʩʴ ʅ.ɸ. ʂʨʠʪʝʨʠʠ ʧʨʦʯʥʦʩʪʠ ʧʦʣʠʤʝʨʥʳʭ ʚʦʣʦʢʥʠʩʪʳʭ 

ʢʦʤʧʦʟʠʪʦʚ, ʦʧʠʩʳʚʘʶʱʠʝ ʥʝʢʦʪʦʨʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʘʙʣʶʜʘʝʤʳʝ 

ʬɻʬʝʢʪʳ//ʇʨʦʙʣʝʤʳ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. 2008, ˉ3, ʩ. 103-110. 

2. ʇʦʣʠʣʦʚ ɸ.ʅ., ʊʘʪʫʩʴ ʅ.ɸ. ʆʧʪʠʤʘʣʴʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʢʦʤʧʦʟʠʪʥʳʭ ʩʪʨʫʢʪʫʨ ʧʦ 

ʫʩʣʦʚʠʷʤ çʨʘʚʥʦʧʨʦʯʥʦʩʪʠè//ʊʨʫʜʳ ɺʩʝʨʦʩʩʠʡʩʢʦʛʦ ʩʲʝʟʜʘ ʧʦ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ 

ʧʨʠʢʣʘʜʥʦʡ ʤʝʭʘʥʠʢʝ, 2006, ʪʦʤ 3, ʩʪʨ. 175.  



11 

 

ʆʇʈɽɼɽʃɽʅʀɽ ʅɸɻʈʋɾɽʅʅʆʉʊʀ ʀ ɼɽʌɽʂʊʅʆʉʊʀ  

ʕʃɽʄɽʅʊʆɺ ʂʆʅʉʊʈʋʂʎʀʁ ʅɸ ʆʉʅʆɺɽ ʄʀʅʀʄʀɿɸʎʀʀ  

ʈɸʉʍʆɾɼɽʅʀʗ ʄɽɾɼʋ ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʓʄʀ  

ʀ ʈɸʉʏɪʊʅʓʄʀ ɼɸʅʅʓʄʀ 

STRUCTURAL ELEMENTS STRESS-STRAIN STATE AND IMPERFECTION 

DETERMINATION BY MEANS OF MINIMIZATION OF THE DIVERGENCE 

BETWEEN EXPERIMENTAL AND CALCULATION DATA 
ʀ.ɸ.ʈʘʟʫʤʦʚʩʢʠʡ ï ʜ.ʪ.ʥ., ʟʘʚ. ʣʘʙ., ɸ.ʉ. ʏʝʨʥʷʪʠʥ ï ʘʩʧ. 

ʀʥʩʪʠʪʫʪ ʤʘʰʠʥʦʚʝʜʝʥʠʷ ʠʤ. ɸ.ɸ.ɹʣʘʛʦʥʨʘʚʦʚʘ ʈɸʅ 

 

Abstract. Method for determining of stress-strain state parameters and defectiveness  proposed 

which is based on estimation of compliance between the data sets obtained experimentally and 

the results of numerical calculations of the boundary problems in formulation of which all 

distinctive features of area geometry, character of the loads being considered and deformation 

characteristics of materials are taken into account.  

 

ʀʟʣʦʞʝʥ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʨʘʩʯʸʪʥʳʡ  ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʥʘʧʨʷʞʸʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʅɼʉ) ʥʘʪʫʨʥʳʭ ʦʙʲʝʢʪʦʚ: ʥʘʛʨʫʟʦʢ, 

ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʜʝʬʝʢʪʥʦʩʪʠ, ʧʘʨʘʤʝʪʨʦʚ ʤʝʭʘʥʠʢʠ ʨʘʟʨʫʰʝʥʠʷ ʥʘ ʦʩʥʦʚʝ 

ʦʙʨʘʙʦʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʦʧʪʠʢʦ-

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʨʘʟʨʘʙʦʪʘʥʥʳʡ 

ʧʦʜʭʦʜ ʥʝ ʠʤʝʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʪʠʧʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʩʢʦʤʳʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʘ ʪʘʢʞʝ ʛʝʦʤʝʪʨʠʶ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʩʣʝʜʫʝʤʦʡ ʟʦʥʳ. ʆʥ 

ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʦʧʨʝʜʝʣʝʥʠʠ ʫʢʘʟʘʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʦʙʣʘʩʪʠ 

ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʦʩʥʦʚʝ ʤʠʥʠʤʠʟʘʮʠʠ çʦʙʱʝʛʦè ʨʘʩʭʦʞʜʝʥʠʷ ʤʝʞʜʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ 

ʜʘʥʥʳʤʠ, ʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʸʪʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʦʜʝʣʴʥʳʭ ʟʘʜʘʯ. ʄʝʪʦʜ 

ʦʩʥʦʚʘʥ ʥʘ ʨʘʩʯʸʪʝ ʠʩʢʦʤʳʭ ʧʘʨʘʤʝʪʨʦʚ Pj ʠʟ ʫʩʣʦʚʠʷ ʤʠʥʠʤʫʤʘ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ (I), 

ʢʦʤʧʣʝʢʩʥʦ ʦʪʨʘʞʘʶʱʝʡ ʦʪʢʣʦʥʝʥʠʷ ʯʠʩʣʝʥʥʦ ʨʘʩʩʯʠʪʘʥʥʳʭ ʜʘʥʥʳʭ ʧʦʣʝʡ 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʦʪʢʣʠʢʦʚ (ei) ʦʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʤ ʤʘʩʩʠʚʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ (ei
*
). 

ʈʝʘʣʠʟʘʮʠʷ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʠ ʦʩʫʱʝʩʪʚʣʝʥʘ ʚ ʨʘʟʨʘʙʦʪʘʥʥʦʤ çʛʠʙʢʦʤè 

ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ, ʚʢʣʶʯʘʶʱʝʤ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʧʨʦʛʨʘʤʤʳ ʩ ʛʨʘʬʠʯʝʩʢʠʤ 

ʠʥʪʝʨʬʝʡʩʦʤ (ʚ ʩʨʝʜʝ MATLAB ). 

1. ʇʨʦʛʨʘʤʤʫ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʩʩʠʚʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ (ei
*
), 

ʧʦʟʚʦʣʷʶʱʫʶ ʥʘ ʬʦʥʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʭ ʢʘʨʪʠʥ ʧʦʣʝʡ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ 

ʦʪʢʣʠʢʦʚ ʠʥʪʝʨʘʢʪʠʚʥʦ ʫʢʘʟʳʚʘʪʴ ʪʦʯʢʠ ʠʟʤʝʨʝʥʠʡ ʠ ʟʥʘʯʝʥʠʷ ʦʪʢʣʠʢʦʚ ʚ ʥʠʭ.  

2. ʇʨʦʛʨʘʤʤʫ ʨʝʰʝʥʠʷ ʧʨʷʤʦʡ ʟʘʜʘʯʠ, ʟʘʢʣʶʯʘʶʱʝʡʩʷ ʚ ʨʘʩʯʸʪʝ ʚʝʣʠʯʠʥ 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʦʪʢʣʠʢʦʚ ei ʚ ʥʘʟʥʘʯʝʥʥʳʭ ʪʦʯʢʘʭ ʠʟʤʝʨʝʥʠʡ ʧʨʠ ʧʨʦʠʟʚʦʣʴʥʦ ʟʘʜʘʥʥʳʭ 

ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ Pj ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʄʂʕ. ɼʣʷ ʵʪʠʭ ʮʝʣʝʡ ʚ ʩʨʝʜʝ ANSYS ʙʳʣʘ 

ʨʘʟʨʘʙʦʪʘʥʘ ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʤʦʜʝʣʴ ʠʩʩʣʝʜʫʝʤʦʡ ʦʙʣʘʩʪʠ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʚʠʜʝ 

ʧʨʠʟʤʘʪʠʯʝʩʢʦʛʦ ʪʝʣʘ, ʚ ʛʨʘʥʠʮʘʭ ʢʦʪʦʨʦʛʦ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʚʩʪʨʘʠʚʘʥʠʝ ʦʪʚʝʨʩʪʠʡ ʠ 

ʪʨʝʱʠʥ, ʘ ʪʘʢʞʝ ʟʘʜʘʥʠʝ ʨʝʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ. ʄʦʜʝʣʴ ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʚʠʜʝ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʤʘʢʨʦʩʘ (ʥʘ ʷʟʳʢʝ APDL) ʩ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʦʛʨʘʥʠʯʝʥʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʥʘʩʪʨʦʝʢ. ʅʘ ʝʸ ʦʩʥʦʚʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʘʩʯʸʪ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʣʝʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʥʘʛʨʫʞʝʥʠʷ ʦʙʣʘʩʪʠ ʠʣʠ ʜʨʫʛʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ (ʥʘʧʨʠʤʝʨ, 

ʚʳʩʚʝʨʣʠʚʘʥʠʷ ʦʪʚʝʨʩʪʠʷ) ʥʘ ʫʞʝ ʥʘʛʨʫʞʝʥʥʫʶ ʦʙʣʘʩʪʴ. 

3. ʇʨʦʛʨʘʤʤʫ ʨʝʰʝʥʠʷ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ (ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ Pj) ʥʘ ʦʩʥʦʚʝ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ei
*
. ʉʦʛʣʘʩʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʝ 

ʦʙʨʘʪʥʘʷ ʟʘʜʘʯʘ ʩʚʦʜʠʪʩʷ ʟʘʜʘʯʝ ʤʠʥʠʤʠʟʘʮʠʠ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ I(ei,ei
*
), ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡ 

ʢʦʤʧʣʝʢʩʥʦʝ ʨʘʩʭʦʞʜʝʥʠʝ ʤʝʞʜʫ ʤʘʩʩʠʚʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ (ei
*
) ʠ ʠʭ 

ʨʘʩʯʸʪʥʳʭ ʟʥʘʯʝʥʠʡ (ei). 
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ɺ ʢʘʯʝʩʪʚʝ ʮʝʣʝʚʳʭ ʬʫʥʢʮʠʡ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʥʷʪʳ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʠ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʷ, ʘ ʪʘʢʞʝ ʬʫʥʢʮʠʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʚʠʜʘ. ɺ ʫʧʨʫʛʦʡ ʧʦʩʪʘʥʦʚʢʝ 

(ʧʨʠ ʩʨʘʚʥʝʥʠʠ ei ʠ ei
*
 ʚʦ ʤʥʦʞʝʩʪʚʝ ʪʦʯʝʢ ʠʟʤʝʨʝʥʠʡ) ʟʘʜʘʯʫ ʤʠʥʠʤʠʟʘʮʠʠ ʤʦʞʥʦ 

ʩʯʠʪʘʪʴ ʙʝʟʫʩʣʦʚʥʦʡ, ʘ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʦʚ ʝʸ ʨʝʰʝʥʠʷ ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʤʝʪʦʜ 

ʩʠʤʧʣʝʢʩ-ʵʣʝʤʝʥʪʦʚ (ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʤʥʦʛʦʛʨʘʥʥʠʢʘ) ʠ ʤʝʪʦʜ ʅʴʶʪʦʥʘ. ʊʘʢ ʢʘʢ 

ʨʝʰʝʥʠʝ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ ʩʪʨʦʠʪʩʷ ʥʘ ʧʨʷʤʦʤ ʨʘʩʯʸʪʝ ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʪʦ, ʚ ʠʪʦʛʝ, 

ʤʦʞʥʦ çʧʦʜʦʙʨʘʪʴè ʨʝʰʝʥʠʝ (Pj), ʧʨʠ ʢʦʪʦʨʦʤ ei ʙʫʜʫʪ ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ 

ʩʦʛʣʘʩʦʚʳʚʘʪʴʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ei* . ʇʦʤʠʤʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ʤʠʥʠʤʠʟʘʮʠʠ ʧʨʦʛʨʘʤʤʘ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʦʮʝʥʢʫ ʚʣʠʷʥʠʷ ʨʘʟʙʨʦʩʦʚ ʨʘʟʣʠʯʥʳʭ 

ʬʘʢʪʦʨʦʚ ʥʘ ʝʸ ʨʝʰʝʥʠʝ. 

ʋʢʘʟʘʥʥʳʝ ʫʧʨʘʚʣʷʶʱʠʝ ʧʨʦʛʨʘʤʤʳ ʠ ʤʘʢʨʦʩʳ ʦʙʨʘʟʫʶʪ ʝʜʠʥʳʡ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ 

ʢʦʤʧʣʝʢʩ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʨʝʰʝʥʠʝ ʧʨʠʢʣʘʜʥʦʡ ʟʘʜʘʯʠ ʦʪ ʵʪʘʧʘ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʜʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʣʫʯʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʠ 

ʧʨʦʚʝʨʢʠ ʝʛʦ ʘʜʝʢʚʘʪʥʦʩʪʠ. ʗʜʨʦʤ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʷʚʣʷʝʪʩʷ ʘʣʛʦʨʠʪʤ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʩʦʚʤʝʩʪʥʦʛʦ ʥʝʧʨʝʨʳʚʥʦʛʦ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʜʚʫʤʷ 

ʧʨʦʛʨʘʤʤʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ANSYS ʠ MATLAB, ʧʨʠʛʦʜʥʳʡ ʜʣʷ ʨʝʰʝʥʠʷ ʣʶʙʳʭ ʟʘʜʘʯ 

ʄʂʕ. ʇʨʠ ʵʪʦʤ ʇʂ MATLAB  ʨʝʘʣʠʟʫʝʪ ʨʘʟʣʠʯʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ ʠ 

ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ (ʚʢʣʶʯʘʷ ʨʝʰʝʥʠʝ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ ʠ ʪ.ʜ.), ʘ ʥʘʭʦʜʷʱʠʡʩʷ ʫ ʥʝʛʦ ʚ 

çʧʦʜʯʠʥʝʥʠʠè ʇʂ ANSYS, ʤʦʜʝʣʠʨʫʝʪ ʦʩʥʦʚʥʫʶ ʢʨʘʝʚʫʶ ʟʘʜʘʯʫ. ʇʨʠʥʷʪʘʷ ʩʪʨʫʢʪʫʨʘ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʨʝʰʝʥʠʝ 

ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ, ʢʦʥʩʦʣʠʜʠʨʦʚʘʚ ʫʧʨʘʚʣʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦʜ 

çʨʫʢʦʚʦʜʩʪʚʦʤè ʫʧʨʘʚʣʷʶʱʠʭ ʧʨʦʛʨʘʤʤ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʝʛʦ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪʩʷ ʥʘ ʧʨʠʤʝʨʘʭ ʨʝʰʝʥʠʷ ʩʣʝʜʫʶʱʠʭ ʟʘʜʘʯ. 

1. ʆʮʝʥʢʘ ʥʘʛʨʫʞʝʥʥʦʩʪʠ ʪʦʥʢʦʩʪʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʦ ʩʢʚʦʟʥʳʤʠ 

ʪʨʝʱʠʥʘʤʠ. 

2. ʆʮʝʥʢʘ ʥʘʛʨʫʞʝʥʥʦʩʪʠ ʤʘʩʩʠʚʥʳʭ ʦʙʣʘʩʪʝʡ ʢʦʥʩʪʨʫʢʮʠʡ ʩ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ  

ʪʨʝʱʠʥʘʤʠ. 

3. ʂʦʤʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ ʦʙʣʘʩʪʝʡ ʩ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʪʨʝʱʠʥʘʤʠ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ 

ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʦʧʨʝʜʝʣʝʥʠʠ ʥʘʛʨʫʞʝʥʥʦʩʪʠ ʦʙʣʘʩʪʠ ʠ ʛʣʫʙʠʥʳ ʪʨʝʱʠʥʳ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʪʦʯʥʸʥʥʦʡ ʦʮʝʥʢʠ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ. 

4. ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʩʦʢʦʛʨʘʜʠʝʥʪʥʳʭ ʨʘʟʨʳʚʥʳʭ ʧʦʣʝʡ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ 

ʢʫʩʦʯʥʦ-ʦʜʥʦʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʩʧʦʩʦʙʦʤ ʩʚʝʨʣʝʥʠʷ ʦʪʚʝʨʩʪʠʷ.  

ɼʣʷ ʚʩʝʭ ʫʢʘʟʘʥʥʳʭ ʟʘʜʘʯ ʫʩʪʘʥʦʚʣʝʥʳ ʚʣʠʷʥʠʝ ʪʠʧʘ, ʦʙʲʸʤʘ, ʧʦʛʨʝʰʥʦʩʪʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ ʫʩʣʦʚʠʡ ʨʘʩʯʸʪʘ ʥʘ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʥʘʛʨʫʞʝʥʥʦʩʪʠ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʯʝʛʦ ʩʜʝʣʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʨʘʢʪʠʯʝʩʢʦʤʫ ʧʨʠʤʝʥʝʥʠʶ 

ʫʢʘʟʘʥʥʳʭ ʤʝʪʦʜʠʢ. 

ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʘ (ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʨʘʩʰʠʨʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ), ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʨʘʟʨʘʙʦʪʢʫ ʤʝʪʦʜʠʢ: 

- ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʥʘʛʨʫʞʝʥʥʦʩʪʠ ʥʘʪʫʨʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʠ ʥʘʣʠʯʠʠ 

ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴʶ ʫʯʸʪʘ ʨʝʘʣʴʥʳʭ ʩʚʦʡʩʪʚ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʄʂʕ; 

- ʦʧʨʝʜʝʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʠʘʣʦʚ (ʥʝʦʙʭʦʜʠʤʳʝ ʜʦʨʘʙʦʪʢʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʩʚʦʜʷʪʩʷ ʣʠʰʴ ʢ ʩʤʝʥʝ ʧʘʨʘʤʝʪʨʦʚ ʧʦʠʩʢʘ); 

- ʠʟʫʯʝʥʠʷ ʠʟʤʝʥʝʥʠʷ (ʜʝʛʨʘʜʘʮʠʠ) ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʧʨʦʮʝʩʩʝ ʠʭ 

ʵʢʩʧʣʫʘʪʘʮʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʜʘʥʥʳʭ ʦ ʥʘʛʨʫʞʝʥʥʦʩʪʠ ʦʙʲʝʢʪʘ; 

- ʦʮʝʥʢʠ ʥʘʣʠʯʠʷ ʠ ʨʘʟʤʝʨʦʚ ʚʥʫʪʨʝʥʥʠʭ ʜʝʬʝʢʪʦʚ ʚ ʢʦʥʩʪʨʫʢʮʠʷʭ;  

- ʘʥʘʣʠʟʘ  ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʥʝʦʜʥʦʨʦʜʥʳʭ ʧʦʣʝʡ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ; 

- ʦʮʝʥʢʠ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʡ ʥʘ ʦʩʥʦʚʝ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʦʪʢʣʠʢʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʚʜʘʚʣʠʚʘʥʠʝʤ ʩʬʝʨʠʯʝʩʢʦʛʦ ʠʥʜʝʥʪʦʨʘ.  
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ʇʈʀ ʎʀʂʃʀʏɽʉʂʆʄ ʅɸɻʈʋɾɽʅʀʀ 

GTE COMPONENTS LOAD-CARRYING CAPACITY EVALUATION 

UNDER CYCLIC LOADING 
ʍ.ʍ. ɸʟʤʝʪʦʚ - ʢ.ʪ.ʥ., ʥʘʯʘʣʴʥʠʢ ʩʝʢʪʦʨʘ 

ʎʀɸʄ ʠʤ. ʇ.ʀ.ɹʘʨʘʥʦʚʘ 

 

Abstract. Load-carrying capacity improvement on the basis of mathematical simulation of 

cyclic loading and low cycle fatigue lifetime estimation is actual for high-stressed structures, 

gas-turbine engines etc which operate under cyclic loading. On the basis of models of cyclic 

elastoplastic deformation behavior of structural material and low cycle fatigue lifetime 

estimation a mathematical simulation FEM system of load-carrying capacity evaluation of 

structure under cyclic loading is developed. Examples of solution of test problems and real 

structures are given. They shown good agreement  

 

ʈʘʟʚʠʪʠʝ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʪʝʭʥʠʢʠ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ ʨʦʩʪʦʤ ʤʦʱʥʦʩʪʝʡ ʠ 

ʫʞʝʩʪʦʯʝʥʠʝʤ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʘʰʠʥ ʠ ʢʦʥʩʪʨʫʢʮʠʡ, ʧʦʩʪʦʷʥʥʦ ʩʪʘʚʠʪ ʥʦʚʳʝ 

ʟʘʜʘʯʠ ʧʝʨʝʜ ʠʥʞʝʥʝʨʘʤʠ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʨʘʩʯʝʪʳ ʥʘ ʩʪʘʪʠʯʝʩʢʫʶ ʠ 

ʜʣʠʪʝʣʴʥʫʶ ʧʨʦʯʥʦʩʪʴ ʦʢʘʟʘʣʠʩʴ ʷʚʥʦ ʥʝʜʦʩʪʘʪʦʯʥʳʤʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʦʝʢʪʠʨʫʝʤʳʭ ʤʘʰʠʥ ʠ ʢʦʥʩʪʨʫʢʮʠʡ. ʅʘʠʙʦʣʝʝ ʦʩʪʨʦ ʵʪʠ 

ʧʨʦʙʣʝʤʳ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʘʚʠʘʮʠʠ ʠ ʵʥʝʨʛʦʤʘʰʠʥʦʩʪʨʦʝʥʠʠ, ʪʘʢ ʢʘʢ ʜʝʪʘʣʠ ʘʚʠʘʮʠʦʥʥʳʭ 

ʜʚʠʛʘʪʝʣʝʡ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʧʦʜʚʝʨʛʘʶʪʩʷ ʵʢʩʪʨʝʤʘʣʴʥʳʤ ʧʝʨʝʤʝʥʥʳʤ 

ʥʘʛʨʫʟʢʘʤ (ʪʝʤʧʝʨʘʪʫʨʘ, ʜʘʚʣʝʥʠʝ, ʠʥʝʨʮʠʦʥʥʳʝ ʩʠʣʳ ʠ ʜʨ.), ʧʨʠ ʵʪʦʤ ʦʥʠ ʜʦʣʞʥʳ 

ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʞʝʩʪʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʧʦ ʥʘʜʝʞʥʦʩʪʠ ʠ ʨʝʩʫʨʩʫ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʘʚʠʘʮʠʦʥʥʦʡ 

ʪʝʭʥʠʢʝ ʥʘʢʣʘʜʳʚʘʝʪʩʷ ʫʩʣʦʚʠʝ ʤʠʥʠʤʫʤʘ ʚʝʩʘ, ʯʪʦ ʟʘʩʪʘʚʣʷʝʪ ʧʨʦʝʢʪʠʨʦʚʱʠʢʦʚ 

ʤʘʢʩʠʤʘʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʇʝʨʝʤʝʥʥʦʩʪʴ ʥʘʛʨʫʟʦʢ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʢʦʥʩʪʨʫʢʮʠʶ, ʧʨʠʚʦʜʠʪ ʢ ʮʠʢʣʠʯʝʩʢʠʤ 

ʜʝʬʦʨʤʘʮʠʷʤ ʤʘʪʝʨʠʘʣʘ ʜʝʪʘʣʝʡ ʢʦʥʩʪʨʫʢʮʠʡ, ʘ ʚ ʟʦʥʘʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ 

(ʦʪʚʝʨʩʪʠʷʭ, ʛʘʣʪʝʣʷʭ, ʚʳʪʦʯʢʘʭ, ʩʚʘʨʥʳʭ ʰʚʘʭ, ʰʧʦʥʦʯʥʳʭ ʠ ʰʣʠʮʝʚʳʭ ʩʦʝʜʠʥʝʥʠʷʭ, 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʜʝʬʝʢʪʦʚ ʠ ʜʝʬʝʢʪʦʚ ʤʘʪʝʨʠʘʣʘ, ʚʢʣʶʯʝʥʠʡ, ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʠ ʪ.ʧ.) 

ʤʦʞʝʪ ʚʝʩʪʠ ʢ ʟʥʘʢʦʧʝʨʝʤʝʥʥʦʤʫ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʦʤʫ ʜʝʬʦʨʤʠʨʦʚʘʥʠʶ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʫʩʢʦʨʝʥʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ ʤʘʪʝʨʠʘʣʘ ʚ ʵʪʠʭ ʟʦʥʘʭ, ʠʟʚʝʩʪʥʦʤʫ ʢʘʢ ʷʚʣʝʥʠʝ ʤʘʣʦʮʠʢʣʦʚʦʡ 

ʫʩʪʘʣʦʩʪʠ. ʆʩʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʚʳʟʳʚʘʶʱʠʤʠ ʨʘʟʨʫʰʝʥʠʝ, ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʠʝ 

ʮʠʢʣʠʯʝʩʢʠʝ ʥʘʧʨʷʞʝʥʠʷ ʠ ʜʝʬʦʨʤʘʮʠʠ ʤʘʪʝʨʠʘʣʘ ʜʝʪʘʣʠ, ʢʦʪʦʨʳʡ ʨʘʙʦʪʘʝʪ ʚ ʫʩʣʦʚʠʷʭ 

ʟʥʘʢʦʧʝʨʝʤʝʥʥʦʛʦ ʥʘʛʨʫʞʝʥʠʷ ʧʦ ʮʠʢʣʫ, ʙʣʠʟʢʦʤʫ ʢ ʞʝʩʪʢʦʤʫ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʪʦʯʥʝʥʠʝ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʡ ʥʘ ʦʩʥʦʚʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʮʠʢʣʠʯʝʩʢʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʦʮʝʥʢʠ ʨʝʩʫʨʩʘ 

ʤʘʣʦʮʠʢʣʦʚʦʡ ʫʩʪʘʣʦʩʪʠ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʚʳʩʦʢʦʥʘʛʨʫʞʝʥʥʳʭ ʤʘʰʠʥ ʠ ʫʩʪʘʥʦʚʦʢ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʘʚʠʘʮʠʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʠ ʜʨʫʛʠʭ ʢʦʥʩʪʨʫʢʮʠʡ, 

ʨʘʙʦʪʘʶʱʠʭ ʧʨʠ ʮʠʢʣʠʯʝʩʢʦʤ ʥʘʛʨʫʞʝʥʠʠ. ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʧʨʦʮʝʩʩ 

ʥʘʛʨʫʞʝʥʠʷ ʚ ʟʦʥʘʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ ʙʣʠʟʦʢ ʢ ʧʨʦʩʪʦʤʫ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ 

ʜʝʡʩʪʚʫʶʱʠʝ ʩʠʣʳ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠʟʤʝʥʷʶʪʩʷ ʩʠʥʭʨʦʥʥʦ, ʘ ʵʬʬʝʢʪʘʤʠ ʧʦʣʟʫʯʝʩʪʠ 

ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. ɼʣʷ ʪʘʢʠʭ ʫʩʣʦʚʠʡ ʚ ʠʥʞʝʥʝʨʥʳʭ ʧʨʠʣʦʞʝʥʠʷʭ ʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʝʥʠʝ 

ʪʝʦʨʠʠ ʤʘʣʳʭ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ, ʦʙʦʙʱʝʥʥʦʡ ʥʘ ʩʣʫʯʘʡ ʮʠʢʣʠʯʝʩʢʦʛʦ 

ʥʘʛʨʫʞʝʥʠʷ. 

ʅʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ ʧʦʚʝʜʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʮʠʢʣʠʯʝʩʢʦʤ 

ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʦʤ ʜʝʬʦʨʤʠʨʦʚʘʥʠʠ ʠ ʦʮʝʥʢʠ ʨʝʩʫʨʩʘ ʤʘʣʦʮʠʢʣʦʚʦʡ ʫʩʪʘʣʦʩʪʠ ʩʦʟʜʘʥʘ 

ʩʠʩʪʝʤʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʘʷ ʧʨʦʚʦʜʠʪʴ ʦʮʝʥʢʫ ʥʝʩʫʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʠ ʮʠʢʣʠʯʝʩʢʦʛʦ ʥʘʛʨʫʞʝʥʠʷ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʇʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʪʝʩʪʦʚʳʭ ʟʘʜʘʯ ʠ ʨʝʘʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʧʦʢʘʟʘʚʰʠʝ 

ʭʦʨʦʰʝʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʯʠʩʣʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ. 
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THE ANALYSIS OF EFFICIENCY OF ENGINEERING SOLUTIONS WHICH 

PROVIDE SAFETYôS INCREASE OF HOME-PRODUCED PASSENGER CARS 
 

ɼ.ʗ. ɸʥʪʠʧʠʥ ï ʢ.ʪ.ʥ. 

ʌɻɹʆʋ ɺʇʆ çɹʨʷʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

Abstract. The method of analysis of engineering solutionsô efficiency which increase safety of 

home-produced passenger cars is developed. The method is based on comparative analysis of 

results of mathematical modeling of behavior of the rolling stick with passengers in emergency 

situations. Availability of different engineering tools of safetyôs increase of passengersô transits 

is considered.   

 

ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʢʦʤʧʣʝʢʩʥʦʡ ʦʮʝʥʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ 

ʧʘʩʩʘʞʠʨʩʢʠʭ ʚʘʛʦʥʦʚ ʚ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʷʭ. ʄʝʪʦʜʠʢʘ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ ʩ ʫʯʝʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ  ʢʦʥʩʪʨʫʢʮʠʡ ʚʘʛʦʥʦʚ ʠ ʧʦʚʝʜʝʥʠʷ ʧʘʩʩʘʞʠʨʦʚ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʘʚʘʨʠʡʥʦʡ ʩʠʪʫʘʮʠʠ ʨʘʟʙʠʪʦ ʥʘ ʪʨʠ ʵʪʘʧʘ. ʅʘ 

ʧʝʨʚʦʤ ʵʪʘʧʝ ʥʘ ʦʩʥʦʚʝ ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʠ ʛʠʙʨʠʜʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʦʮʝʥʠʚʘʶʪʩʷ 

ʫʩʠʣʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʘʛʦʥʦʚ ʩ ʧʨʝʧʷʪʩʪʚʠʷʤʠ ʠ ʤʝʞʜʫ ʩʦʙʦʡ. ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʥʘ 

ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʫʩʠʣʠʡ ʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʳʭ ʢʦʥʝʯʥʦʵʣʝʤʝʥʪʥʳʭ 

ʤʦʜʝʣʝʡ ʦʮʝʥʠʚʘʝʪʩʷ ʩʪʝʧʝʥʴ ʜʝʬʦʨʤʘʮʠʡ ʢʫʟʦʚʘ ʚʘʛʦʥʘ  ʚ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʷʭ. 

ʅʘ ʪʨʝʪʴʝʤ ʵʪʘʧʝ ʦʮʝʥʠʚʘʶʪʩʷ ʫʨʦʚʥʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʧʘʩʩʘʞʠʨʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥʪʨʦʧʦʤʝʪʨʠʯʝʩʢʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʯʝʣʦʚʝʢʘ. 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʦʪʨʘʙʦʪʘʥʘ ʥʘ ʧʨʠʤʝʨʘʭ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʚʘʨʠʡʥʳʭ 

ʩʠʪʫʘʮʠʡ, ʩʚʷʟʘʥʥʳʭ ʩʦ ʩʪʦʣʢʥʦʚʝʥʠʝʤ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʥʘ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʤ ʘʚʪʦʤʦʙʠʣʴʥʦʤ ʧʝʨʝʝʟʜʝ ʠ ʢʨʫʰʝʥʠʝʤ ʧʦʝʟʜʘ ʥʘ ʩʪʨʝʣʦʯʥʦʤ ʧʝʨʝʚʦʜʝ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʩʮʝʧ ʠʟ ʣʦʢʦʤʦʪʠʚʘ ʏʉ-7, 

ʜʚʠʞʫʱʝʛʦʩʷ ʚ ʨʝʞʠʤʝ ʪʷʛʠ, ʠ ʯʝʪʳʨʝʭ ʧʘʩʩʘʞʠʨʩʢʠʭ ʚʘʛʦʥʦʚ 

 ʤʦʜʝʣʠ 61-4440. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʠ ʨʘʩʯʝʪ ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʨʦʠʟʚʦʜʠʣʩʷ ʚ ʩʨʝʜʝ 

ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʩʠʩʪʝʤ ʪʝʣ 

çʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤè. 

ɼʠʥʘʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʮʝʧʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʦʜʩʠʩʪʝʤ: 

çʜʠʥʘʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʣʦʢʦʤʦʪʠʚʘè, çʜʠʥʘʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʚʘʛʦʥʘè, 

çʘʚʪʦʩʮʝʧʥʦʝ ʫʩʪʨʦʡʩʪʚʦè. 

ʇʨʠ ʘʥʘʣʠʟʝ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʫʟʦʚʘ ʚʘʛʦʥʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʫʧʨʫʛʦ-

ʧʣʘʩʪʠʯʝʩʢʠʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʢʦʥʝʯʥʦʵʣʝʤʝʥʪʥʳʝ ʤʦʜʝʣʠ.   

ʇʨʠ ʘʥʘʣʠʟʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʘʩʩʘʞʠʨʦʚ ʩ ʵʣʝʤʝʥʪʘʤʠ ʢʫʟʦʚʘ ʚʘʛʦʥʘ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʳʝ ʢʦʥʝʯʥʦʵʣʝʤʝʥʪʥʳʝ ʤʦʜʝʣʠ  ʬʠʟʠʯʝʩʢʦʛʦ ʤʘʥʝʢʝʥʘ 

Dummy Hybrid III.  

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ ʧʦʢʘʟʘʣʠ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ 

ʩʦʚʧʘʜʝʥʠʝ ʩ ʜʘʥʥʳʤʠ ʦ ʧʦʩʣʝʜʩʪʚʠʷʭ ʨʝʘʣʴʥʳʭ ʘʚʘʨʠʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʜʣʷ ʘʥʘʣʠʟʘ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʧʘʩʩʘʞʠʨʩʢʠʭ ʚʘʛʦʥʦʚ. 
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ɼʀʅɸʄʀʏɽʉʂʆʄ ɺʆɿɼɽʁʉʊɺʀʀ 

THE ANALYSIS OF CRITERIA OF SAFETY OF THE PERSON AT SHOCK 

DYNAMIC INFLUENCE 
ʄ.ɸ. ɹʫʣʳʯʝʚ - ʢ.ʪ.ʥ. ʜʦʮ., 

ɹʨʷʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

Abstract. In work some criteria of an estimation of damages of the person - the passenger and 

feature of their application are considered. The criteria of damages applied abroad and in Russia 

are considered. Numerical experiments in a program complex "Universal mechanism" are made. 

 

ʆʮʝʥʢʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʧʨʠ ʫʜʘʨʥʦʤ ʜʠʥʘʤʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʚ 

ʨʘʟʣʠʯʥʳʭ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʷʭ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʚʩʝʭ ʚʠʜʦʚ ʪʨʘʥʩʧʦʨʪʘ.  

ɺ ʟʘʨʫʙʝʞʥʦʡ ʧʨʘʢʪʠʢʝ ʧʨʠ ʦʮʝʥʢʝ ʧʦʩʣʝʜʩʪʚʠʡ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʩʠʩʪʝʤʘ ɸʩʩʦʮʠʘʮʠʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʥʘʟʝʤʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ (NHSGTA). 

ʆʩʥʦʚʥʳʤʠ ʢʨʠʪʝʨʠʷʤʠ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ[1]: ʢʨʠʪʝʨʠʡ ʧʦʚʨʝʞʜʝʥʠʡ 

ʛʦʣʦʚʳ (HIC); ʢʨʠʪʝʨʠʡ ʧʦʚʨʝʞʜʝʥʠʡ ʰʝʠ (Nij);  ʢʨʠʪʝʨʠʡ ʧʦʚʨʝʞʜʝʥʠʡ ʛʨʫʜʥʦʡ ʢʣʝʪʢʠ 

(CTI); ʢʨʠʪʝʨʠʡ ʧʦʚʨʝʞʜʝʥʠʡ ʥʠʞʥʠʭ ʢʦʥʝʯʥʦʩʪʝʡ (Lower EXT. Criteria). 

ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʠʟ ʢʨʠʪʝʨʠʝʚ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʢʨʠʪʝʨʠʡ ʧʦʚʨʝʞʜʝʥʠʡ ʛʦʣʦʚʳ 

(HIC). ʂʨʠʪʝʨʠʡ HIC ʤʦʞʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴʩʷ ʜʣʷ ʣʶʙʦʡ ʦʩʠ ʪʝʣʘ ʯʝʣʦʚʝʢʘ. ʇʨʠ ʙʦʣʴʰʦʡ 

ʩʪʝʧʝʥʠ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʜʚʫʭ ʠ ʙʦʣʝʝ ʦʩʝʡ ʟʥʘʯʝʥʠʡ ʩʫʤʤʠʨʫʶʪʩʷ ʚ ʚʝʢʪʦʨʥʦʡ ʬʦʨʤʝ. 

ɺ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʮʝʥʢʘ ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʘʚʪʦʤʦʙʠʣʴʥʳʭ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʧʨʦʚʦʜʠʪʩʷ ʧʦ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʩʠʩʪʝʤʝ ʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʘʤʝʨʠʢʘʥʩʢʠʭ ʵʪʘʣʦʥʥʳʭ ʙʠʦʤʦʜʝʣʝʡ ʯʝʣʦʚʝʢʘ HYBRID III , TRON ʠ ʪ.ʜ. 

ʆʩʥʦʚʥʦʡ ʦʪʨʘʩʣʴʶ ʚ ʈʦʩʩʠʠ, ʚ ʢʦʪʦʨʦʡ ʧʨʦʚʦʜʠʣʠʩʴ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ 

ʙʠʦʤʝʭʘʥʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʷʚʣʷʣʷʝʪʩʷ ʘʵʨʦʢʦʩʤʠʯʝʩʢʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ. 

ʈʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤ ʘʚʘʨʠʡʥʦʛʦ ʩʧʘʩʝʥʠʷ ʦʧʝʨʘʪʦʨʦʚ ʠ ʧʠʣʦʪʦʚ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ 

ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ ʚʝʣʘʩʴ ʦʯʝʥʴ ʠʥʪʝʥʩʠʚʥʦ. ʅʘʠʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʦ ʠ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥ 

ʦʪʝʯʝʩʪʚʝʥʥʳʡ ʧʦʜʭʦʜ ʢ ʦʮʝʥʢʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʫʜʘʨʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʚ ʨʘʙʦʪʘʭ ʜ.ʪ.ʥ. 

ʈʘʙʠʥʦʚʠʯʘ ɹ.ɸ.[2]. 

ʂʨʠʪʝʨʠʷʤʠ ʦʮʝʥʢʠ ʚ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʝ ʷʚʣʷʶʪʩʷ: ʢʨʠʪʝʨʠʡ ʧʝʨʝʛʨʫʟʢʠ ʧʦ 

ʪʨʝʤ ʦʩʷʤ ʪʝʣʘ ʯʝʣʦʚʝʢʘ; ʜʦʟʘ ʧʝʨʝʛʨʫʟʢʠ; ʩʢʦʨʦʩʪʴ ʥʘʨʘʩʪʘʥʠʷ ʧʝʨʝʛʨʫʟʢʠ. 

ʉʢʦʨʦʩʪʴ ʥʘʨʘʩʪʘʥʠʷ, ʪ. ʝ. ʪʨʝʪʴʶ ʧʨʦʠʟʚʦʜʥʫʶ ʧʫʪʠ ʧʦ ʚʨʝʤʝʥʠ, ʦʙʦʟʥʘʯʘʝʤʫʶ 

ʜʣʷ ʫʩʢʦʨʝʥʠʡ ʚ ʤʝʪʨʘʭ ʚ ʩʝʢʫʥʜʫ ʚ ʢʫʙʝ (ʤ/ʩ
3
), ʘ ʜʣʷ ʧʝʨʝʛʨʫʟʦʢ - ʝʜʠʥʠʮʝʡ ʚ ʩʝʢʫʥʜʫ 

(1/ʩ). ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʥʘʨʘʩʪʘʥʠʷ ʧʝʨʝʛʨʫʟʢʘ ʤʦʞʝʪ ʙʳʪʴ ʧʣʘʚʥʦ 

ʫʚʝʣʠʯʠʚʘʶʱʝʡʩʷ ʠʣʠ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʶʱʝʡ (ʫʜʘʨʥʦʡ). ʉʢʦʨʦʩʪʴ ʥʘʨʘʩʪʘʥʠʷ ʧʝʨʝʛʨʫʟʦʢ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʫʪʝʤ ʜʝʣʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʳ ʧʝʨʝʛʨʫʟʢʠ ʥʘ ʚʨʝʤʷ ʝʝ ʜʦʩʪʠʞʝʥʠʷ. 

ʇʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʢʨʠʪʝʨʠʝʚ ʥʘ ʦʩʥʦʚʝ ʯʠʩʣʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʙʠʦʤʘʥʝʢʝʥʦʚ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ 

"ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ". ʈʝʟʫʣʴʪʘʪ ʧʦʢʘʟʘʣ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʠʭ ʩʠʩʪʝʤ 

ʢʨʠʪʝʨʠʝʚ. ɺ ʩʠʩʪʝʤʝ NHSGTA ʢʨʠʪʝʨʠʠ ʠʤʝʶʪ ʯʝʪʢʦ ʦʛʨʘʥʠʯʝʥʥʳʝ ʜʦʧʫʩʢʘʝʤʳʝ 

ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ. ɺʪʦʨʘʷ ʩʠʩʪʝʤʘ ʥʝ ʦʙʣʘʜʘʝʪ ʪʘʢʠʤʠ ʷʚʥʦ ʚʳʨʘʞʝʥʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ. 

ɺ ʵʪʦʡ ʩʠʩʪʝʤʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʚʨʝʞʜʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʩʨʘʚʥʠʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ ʢʨʠʪʝʨʠʝʚ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʥʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʡ. ʇʨʠ ʜʦʨʘʙʦʪʢʝ 

ʥʦʨʤʘʪʠʚʦʚ ʜʦʧʫʩʢʘʝʤʳʭ ʟʥʘʯʝʥʠʡ ʢʨʠʪʝʨʠʝʚ ʚʪʦʨʘʷ ʩʠʩʪʝʤʘ ʙʦʣʝʝ ʧʦʢʘʟʘʪʝʣʴʥʘ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. Safety of High Speed Guided Ground of Transportation /1993, U. S. Department of 

Transportation, Office of Research and Development, Washington, DC 20590, Volume 1,2,3. 

2. ʈʘʙʠʥʦʚʠʯ, ɹ.ɸ., ɹʝʟʦʧʘʩʥʦʩʪʴ ʯʝʣʦʚʝʢʘ ʧʨʠ ʫʩʢʦʨʝʥʠʷʭ (ɹʠʦʤʝʭʘʥʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ).ʄ.:2007.-208ʩ. 
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NOVEL TECHNOLOGY FIRE FIGHTING 
ɸ.ɸ.ɹʝʢʘʝʚ

1
 ï ʜʦʮ., ʢ.ʪ.ʥ., ʄ.ɺ. ʂʫʟʴʤʠʥ

2
 ï ʩʪʫʜ., ɸ.ɺ.ʊʝʣʳʰʝʚ 
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1
 ʄɻʊʋ çʄɸʄʀè, ʄʆʉʂɺɸ; 

2
 ʄʆʋ ʃʀʂʀʅʆ-ɼʋʃɽɺʉʂɸʗ ɻʀʄʅɸɿʀʗ 

 

Abstract. Abnormally hot weather of 2010 summer caused large-scale emergency fire hazard in 

Russian Federation (30 regions and 600 districts of the country). Due to the scale of disaster, the 

emergency services involved in fire fighting could not take the situation under control for a long 

time. 

The paper presents a unique technique (and a device to realize it) for fire fighting, based on the 

suppression of fire of any intensity with a help of constant-magnetic field. Application of new 

technology will allow rapid, reliable and effective way of fire-extinguishing without any flame-

extinguishing substances (water, sand, powder, carbon dioxide, etc.). Also, the proposed method 

creates an "electrical protection" to prevent the ignition of important objects (civil and military 

buildings, etc.). 

For experimental studies the laboratory electroflame facility was developed and tested. 

 

ʅʝʜʘʚʥʠʝ ʩʦʙʳʪʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʘʥʦʤʘʣʴʥʦ ʞʘʨʢʦʡ ʧʦʛʦʜʦʡ ʣʝʪʘ 2010 ʛʦʜʘ, ʧʨʠʚʝʣʠ 

ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʤʘʩʰʪʘʙʥʦʡ ʯʨʝʟʚʳʯʘʡʥʦʡ ʧʦʞʘʨʦʦʧʘʩʥʦʡ ʩʠʪʫʘʮʠʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʥʘʰʝʡ ʩʪʨʘʥʳ (ʙʦʣʝʝ ʯʝʤ ʚ 30 ʩʫʙʲʝʢʪʘʭ ʠ 600 ʨʘʡʦʥʦʚ ʈʌ), ʘ ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʝ ʦʩʥʦʚʥʳʝ 

ʩʠʣʳ ʠ ʩʨʝʜʩʪʚʘ ʄʏʉ ʠ ʧʦʞʘʨʥʦʡ ʩʣʫʞʙʳ ʦʭʨʘʥʳ, ʠʟ-ʟʘ ʦʛʨʦʤʥʳʭ ʪʝʨʨʠʪʦʨʠʡ, 

ʦʭʚʘʯʝʥʥʳʭ ʩʪʠʭʠʡʥʳʤ ʙʝʜʩʪʚʠʝʤ, ʜʦʣʛʦʝ ʚʨʝʤʷ ʥʝ ʤʦʛʣʠ ʚʟʷʪʴ ʧʦʣʥʳʡ ʢʦʥʪʨʦʣʴ ʥʘʜ 

ʩʠʪʫʘʮʠʝʡ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʢ ʨʝʘʣʠʟʘʮʠʠ ʥʘ ʧʨʘʢʪʠʢʝ ʥʦʚʳʡ, ʥʝ ʠʤʝʶʱʠʡ 

ʘʥʘʣʦʛʦʚ ʚ ʤʠʨʝ, ʩʧʦʩʦʙ (ʠ ʫʩʪʨʦʡʩʪʚʦ ʝʛʦ ʨʝʘʣʠʟʫʶʱʝʝ) ʙʦʨʴʙʳ ʩ ʦʛʥʝʤ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʪʫʰʝʥʠʠ ʣʶʙʦʛʦ ʚʦʟʛʦʨʘʥʠʷ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʧʦʩʪʦʷʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

   
ʇʨʠʤʝʥʝʥʠʝ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʦʞʘʨʦʪʫʰʝʥʠʷ ʧʦʟʚʦʣʠʪ ʙʳʩʪʨʦ, ʥʘʜʝʞʥʦ ʠ 

ʵʬʬʝʢʪʠʚʥʦ ʪʫʰʠʪʴ ʣʶʙʦʡ ʧʦʞʘʨ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʢʠʭ-ʣʠʙʦ ʧʣʘʤʝʛʘʩʷʱʠʭ ʚʝʱʝʩʪʚ 

(ʚʦʜʘ, ʧʝʩʦʢ, ʧʦʨʦʰʦʢ, ʫʛʣʝʢʠʩʣʦʪʘ ʠ ʜʨ.), ʘ ʪʘʢʞʝ ʩʦʟʜʘʚʘʪʴ ñʵʣʝʢʪʨʦʟʘʱʠʪʫò ʜʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʚʦʟʛʦʨʘʥʠʡ ʚʘʞʥʝʡʰʠʭ ʦʙʲʝʢʪʦʚ (ʜʦʤʘ, ʦʙʲʝʢʪʳ ʛʦʨʦʜʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ 

ʠ ʧʨ.). 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ ʩʦʟʜʘʥʘ ʣʘʙʦʨʘʪʦʨʥʘʷ 

ʵʣʝʢʪʨʦʦʛʥʝʚʘʷ ʫʩʪʘʥʦʚʢʘ, ʥʘ ʢʦʪʦʨʦʡ ʙʳʣ ʘʧʨʦʙʠʨʦʚʘʥ ʧʨʠʥʮʠʧ ʝʝ ʜʝʡʩʪʚʠʷ ʠ ʩʥʷʪʳ 

ʨʘʙʦʯʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʥʘ ʧʝʨʚʦʤ 

ʄʝʞʜʫʥʘʨʦʜʥʦʤ ʤʦʣʦʜʝʞʥʦʤ ʧʨʦʤʳʰʣʝʥʥʦʤ ʬʦʨʫʤʝ çʀʥʞʝʥʝʨʳ ʙʫʜʫʱʝʛʦ ï 2011è, 61-

ʦʡ ʦʪʢʨʳʪʦʡ ʩʪʫʜʝʥʯʝʩʢʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʚ ʄɻʊʋ çʄɸʄʀè, 

ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʦʣʠʤʧʠʘʜʝ ʰʢʦʣʴʥʠʢʦʚ çʐʘʛ ʚ ʙʫʜʫʱʝʝè ʠ VI-ʦʡ ɺʩʝʨʦʩʩʠʡʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ çɹʫʜʫʱʝʝ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʈʦʩʩʠʠè ʚ 

ʄɻʊʋ ʠʤ. ʅ.ʕ. ɹʘʫʤʘʥʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʜʘʥʘ ʟʘʷʚʢʘ ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ ʥʦʚʦʛʦ ʩʧʦʩʦʙʘ 

ʵʣʝʢʪʨʦʧʦʞʘʨʦʪʫʰʝʥʠʷ ʩ ʫʩʪʨʦʡʩʪʚʦʤ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ. 
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ʊɽʃɽʂʆʄʄʋʅʀʂɸʎʀʆʅʅʆʁ ʄɸʏʊʓ 

NUMERICAL MODELING FOR TELECOMMUNICATION MAST SCENARIOS 

DESTRUCTION 
ʖ.ʌ.ɹʫʡʥʠʮʢʘʷ - ʠʥʞʝʥʝʨ 

ʉʂʊɹ çʅʘʫʢʘè ʂʅʎ ʉʆ ʈɸʅ 

 

Abstract. On the example of telecommunications masts of the method of analysis of 

deformation of the bearing structure of  the rod-type is considered at destruction of its separate 

structural elements and researches of scenarios of its consecutive destruction. 

ʅʝʩʫʱʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʤʘʯʪʦʚʦʛʦ ʪʠʧʘ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʪʝʣʝʨʘʜʠʦʚʝʱʘʥʠʷ, ʩʦʪʦʚʦʡ ʠ ʩʧʫʪʥʠʢʦʚʦʡ ʩʚʷʟʠ. ɺ ʩʠʣʫ 

ʪʦʛʦ, ʯʪʦ ʵʪʠ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʩʨʦʢʘ ʩʚʦʝʡ ʩʣʫʞʙʳ ʤʦʛʫʪ ʧʦʜʚʝʨʛʘʪʴʩʷ 

ʟʘʧʨʦʝʢʪʥʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʢ 

ʥʘʠʙʦʣʝʝ ʦʪʚʝʪʩʪʚʝʥʥʳʤ ʠʟ ʥʠʭ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʝʜʲʷʚʣʷʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ, ʥʝ 

ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʦʝ ʥʦʨʤʘʤʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʪʨʝʙʦʚʘʥʠʷ: ʢʦʥʩʪʨʫʢʮʠʷ ʥʝ ʜʦʣʞʥʘ ʪʝʨʷʪʴ 

ʥʝʩʫʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʩʣʝ ʨʘʟʨʫʰʝʥʠʷ ʣʶʙʦʛʦ ʠʟ ʝʝ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʆʙʝʩʧʝʯʝʥʠʝ ʵʪʦʛʦ ʪʨʝʙʦʚʘʥʠʷ ʪʨʝʙʫʝʪ ʨʘʟʚʠʪʠʷ ʠ ʥʘʢʦʧʣʝʥʠʷ ʦʧʳʪʘ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʠʢ 

ʯʠʩʣʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʯʘʩʪʠʯʥʦ ʧʦʚʨʝʞʜʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʘʷ ʤʘʯʪʘ ʚʳʩʦʪʦʡ 12 ʤ, 

ʩʦʩʪʦʷʱʘʷ ʠʟ ʪʨʝʭ ʩʝʢʮʠʡ, ʢʘʞʜʘʷ ʚʳʩʦʪʦʡ 3 ʤ. ɺ ʫʩʣʦʚʠʷʭ ʚʦʟʜʝʡʩʪʚʠʷ ʚʝʪʨʦʚʦʡ ʥʘʛʨʫʟʢʠ 

VII  ʚʝʪʨʦʚʦʛʦ ʨʘʡʦʥʘ ʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʩʠʣʦʡ 9 ʙʘʣʣʦʚ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ 

ʚʘʨʠʘʥʪʳ ʨʘʟʚʠʪʠʷ ʨʘʟʨʫʰʝʥʠʷ ʤʘʯʪʳ (ʨʠʩ. 1). ʇʨʠ ʵʪʦʤ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ 

ʧʦʚʨʝʞʜʝʥʠʷ, ʠʥʠʮʠʠʨʫʶʱʝʛʦ ʵʪʠ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ, ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʘʟʨʫʰʝʥʠʷ 

ʨʘʩʢʦʩʦʚ 1 ʠʣʠ 2, ʩʚʷʟʳʚʘʶʱʠʭ ʤʘʯʪʫ ʩ ʢʘʨʢʘʩʦʤ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʛʦ ʢʦʥʪʝʡʥʝʨʘ.  

ʈʠʩ. 1 ʠʣʣʶʩʪʨʠʨʫʝʪ ʩʣʝʜʫʶʱʠʝ 

ʩʮʝʥʘʨʠʠ ʟʘʜʘʯ, ʧʦ ʢʦʪʦʨʳʤ ʧʨʦʠʩʭʦʜʠʪ 

ʨʘʟʨʫʰʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʤʘʯʪʳ:  

1 ï ʨʘʟʨʫʰʝʥ 1 ʨʘʩʢʦʩ; 1.1 ï ʨʘʟʨʫʰʝʥs 

1 ʨʘʩʢʦʩ ʠ ʩʞʘʪʘʷ ʩʪʦʡʢʘ; 1.2 ï ʨʘʟʨʫʰʝʥs 1 

ʨʘʩʢʦʩ ʠ ʦʜʥʘ ʠʟ ʨʘʩʪʷʥʫʪʳʭ ʩʪʦʝʢ; 1.2.1 ï 

ʨʘʟʨʫʰʝʥ 1 ʨʘʩʢʦʩ ʠ ʦʙʝ ʨʘʩʪʷʥʫʪʳʝ ʩʪʦʡʢʠ; 

2 ï ʨʘʟʨʫʰʝʥ 2 ʨʘʩʢʦʩ; 2.1 ï 

ʨʘʟʨʫʰʝʥʳ 2 ʨʘʩʢʦʩ ʠ ʩʞʘʪʘʷ ʩʪʦʡʢʘ; 2.2 ï 

ʨʘʟʨʫʰʝʥʳ 2 ʨʘʩʢʦʩ ʠ ʦʜʥʘ ʠʟ ʨʘʩʪʷʥʫʪʳʭ 

ʩʪʦʝʢ; 2.2.1 ï ʨʘʟʨʫʰʝʥʳ 2 ʨʘʩʢʦʩ ʠ ʦʙʝ 

ʨʘʩʪʷʥʫʪʳʝ ʩʪʦʡʢʠ; 2.2.1.1 ï ʨʘʟʨʫʰʝʥʳ 2 

ʨʘʩʢʦʩ, ʦʙʝ  ʨʘʩʪʷʥʫʪʳʝ ʩʪʦʡʢʠ  ʠ ʦʜʠʥ 

ʵʣʝʤʝʥʪ ʨʝʰʝʪʢʠ; 2.2.1.1.1 ï ʨʘʟʨʫʰʝʥʳ 2 

ʨʘʩʢʦʩ, ʦʙʝ ʨʘʩʪʷʥʫʪʳʝ ʩʪʦʡʢʠ ʠ ʜʚʘ ʵʣʝʤʝʥʪʘ 

ʨʝʰʝʪʢʠ. 

ʋʢʘʟʘʥʥʳʝ ʩʮʝʥʘʨʠʠ ʧʦʩʪʨʦʝʥʳ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʨʘʟʚʠʪʠʷ çʚʛʣʫʙʴè 

ʘʚʘʨʠʡʥʦʡ ʩʠʪʫʘʮʠʠ ʜʦ ʧʦʣʥʦʡ ʧʦʪʝʨʠ 

ʤʘʯʪʦʡ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ. 

ɺʳʧʦʣʥʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʧʦʜʪʚʝʨʜʠʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʭʨʘʥʝʥʠʷ ʤʘʯʪʦʡ 

ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʠ ʝʜʠʥʠʯʥʦʤ 

ʨʘʟʨʫʰʝʥʠʠ ʦʩʥʦʚʥʳʭ ʝʝ ʩʪʨʫʢʪʫʨʥʳʭ 

ʵʣʝʤʝʥʪʦʚ.  

ʈʠʩ.1. ï ʇʦʚʨʝʞʜʘʝʤʳʝ ʵʣʝʤʝʥʪʳ ʤʘʯʪʳ 
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ʆʇʈɽɼɽʃɽʅʀɽ ʄɽʍɸʅʀʏɽʉʂʀʍ ʅɸʇʈʗɾɽʅʀʁ ɺ ʊʈʋɹʅʓʍ 

ʉʊɸʃʗʍ ʉ ʈɸɿʃʀʏʅʓʄʀ ɿʅɸʏɽʅʀʗʄʀ ʉʆɹʉʊɺɽʅʅʆʁ 

ɸʂʋʉʊʀʏɽʉʂʆʁ ɸʅʀɿʆʊʈʆʇʀʀ 

DEFINITION OF MECHANICAL STRESS IN PIPE STEELS WITH DIFFERENT 

VALUES OWN ACOUSTIC ANISOTROPY  
ʉ.ɺ. ʂʘʟʘʯʝʢ ï ʤ.ʥ.ʩ. 

ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʬʠʣʠʘʣ ʋʯʨʝʞʜʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ɸʢʘʜʝʤʠʠ ʥʘʫʢ  

ʀʥʩʪʠʪʫʪʘ ʤʘʰʠʥʦʚʝʜʝʥʠʷ ʠʤ. ɸ.ɸ. ɹʣʘʛʦʥʨʘʚʦʚʘ ʈɸʅ 

 

Abstract. The experimental results showed that realization of acoustic-mechanical tests of 

samples cut along the pipe axis (the direction of materialôs rolling) is sufficient to determine the 

stresses in the pipe steels with an intrinsic acoustic anisotropy less than 1.5%. For steel with 

value of natural acoustic anisotropy more than 3% it is necessary to test the samples cut along 

and across the specified direction. The refined algorithms that take into account the difference 

between the values of acoustic-elastic coefficients for the stresses acting along and across the 

direction of rolling of pipe steel should be used for calculating, by the results of precise 

ultrasonic measurements, stresses in the pipes which are made from highly anisotropic steels. 

 

ʈʘʩʩʤʦʪʨʝʥʳ ʤʝʪʦʜʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʝʭʘʥʠʢʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʥʘʧʨʷʞʝʥʠʡ. ʉʦʙʩʪʚʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʝʜʝʥʳ ʤʝʪʦʜʦʤ 

ʘʢʫʩʪʦʫʧʨʫʛʦʩʪʠ, ʦʙʣʘʜʘʶʱʠʤ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ 

ʥʘʧʨʷʞʝʥʠʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʨʫʛʠʤ ʤʝʪʦʜʘʤ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ: ʚʳʩʦʢʘʷ 

ʧʨʦʥʠʢʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʚ ʫʧʨʫʛʦʤ ʪʝʣʝ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ 

ʚʦʟʤʦʞʥʦ ʠʟʤʝʨʝʥʠʝ ʫʩʨʝʜʥʝʥʥʳʭ ʧʦ ʦʙʲʝʤʫ ʧʨʦʟʚʫʯʠʚʘʥʠʷ ʢʘʢ ʦʜʥʦʦʩʥʳʭ, ʪʘʢ ʠ 

ʜʚʫʭʦʩʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʨʘʩʪʷʞʝʥʠʷ-ʩʞʘʪʠʷ; ʩʥʷʪʠʝ/ʫʩʪʘʥʦʚʢʘ ʜʘʪʯʠʢʦʚ ʥʘ ʚʨʝʤʷ 

ʧʨʦʚʝʜʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʘʙʦʪ; ʜʣʷ ʩʣʘʙʦʘʥʠʟʦʪʨʦʧʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚʦʟʤʦʞʥʦ 

ʦʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʚ ʫʞʝ ʥʘʛʨʫʞʝʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʧʨʠ ʥʝʠʟʚʝʩʪʥʳʭ ʟʥʘʯʝʥʠʷʭ 

çʥʘʯʘʣʴʥʳʭè ʘʢʫʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʝʥʘʧʨʷʞʝʥʥʦʤʫ ʤʘʪʝʨʠʘʣʫ.  

ɿʜʝʩʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʧʨʫʛʦʘʢʫʩʪʠʯʝʩʢʦʡ ʩʚʷʟʠ (ʂʋɸʉ) ʪʨʫʙʥʳʭ ʩʪʘʣʝʡ 17ɻ1ʉ, 09ɻ1ʌɹ ʠ ʍ70 

ʩ ʨʘʟʣʠʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʩʦʙʩʪʚʝʥʥʦʡ ʘʢʫʩʪʠʯʝʩʢʦʡ ʘʥʠʟʦʪʨʦʧʠʠ, ʦʧʨʝʜʝʣʷʝʤʦʡ 

ʘʥʠʟʦʪʨʦʧʠʝʡ ʫʧʨʫʛʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ. ʆʙʨʘʟʮʳ ʚʳʨʝʟʘʥʳ ʠʟ ʪʨʫʙ ʙʦʣʴʰʦʛʦ ʜʠʘʤʝʪʨʘ 

ʚʜʦʣʴ ʠ ʧʦʧʝʨʝʢ ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʦʢʘʪʘ (ʦʩʠ ʪʨʫʙʳ). ʋʢʘʟʘʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʚʷʟʳʚʘʶʪ 

ʚʝʣʠʯʠʥʳ ʘʢʫʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩ ʚʝʣʠʯʠʥʘʤʠ ʜʚʫʭʦʩʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ 

ʩʪʝʥʢʝ ʪʨʫʙʳ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʟʤʝʨʝʥʠʷ ʟʥʘʯʝʥʠʡ ʩʦʙʩʪʚʝʥʥʦʡ ʘʢʫʩʪʠʯʝʩʢʦʡ ʘʥʠʟʦʪʨʦʧʠʠ 
0a  

ʨʘʟʣʠʯʥʳʭ ʪʨʫʙʥʳʭ ʩʪʘʣʝʡ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʝʝ ʟʥʘʯʝʥʠʷ ʨʘʩʪʝʪ ʨʘʟʙʨʦʩ. ɺʝʣʠʯʠʥʘ 

ʨʘʟʙʨʦʩʘ 0,3 - 0,4% ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ ʥʘʧʨʷʞʝʥʠʷ ʤʦʞʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ 

ʧʨʝʜʝʣʫ ʪʝʢʫʯʝʩʪʠ ʤʘʪʝʨʠʘʣʘ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʠʚʦʜʠʪ ʢ ʦʰʠʙʢʘʤ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʚ 

ʨʝʞʠʤʝ çʙʝʟʥʫʣʝʚʦʡ ʘʢʫʩʪʠʯʝʩʢʦʡ ʪʝʥʟʦʤʝʪʨʠʠè. ʇʨʠ ʠʟʤʝʨʝʥʠʠ ʚ ʨʝʞʠʤʝ çʘʢʫʩʪʠʯʝʩʢʦʡ 

ʪʝʥʟʦʤʝʪʨʠʠ ʨʘʟʙʨʦʩ ʟʥʘʯʝʥʠʡ 
0a  ʥʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʷ ʥʘ ʪʦʯʥʦʩʪʴ ʧʨʠ ʫʩʣʦʚʠʠ 

ʠʟʤʝʨʝʥʠʷ ʚ ʦʜʥʦʡ ʪʦʯʢʝ. 

ʈʝʟʫʣʴʪʘʪʳ ʘʢʫʩʪʦʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʥʘʧʨʷʞʝʥʠʡ ʚ ʪʨʫʙʥʳʭ ʩʪʘʣʷʭ ʩʦ ʟʥʘʯʝʥʠʝʤ ʩʦʙʩʪʚʝʥʥʦʡ ʘʢʫʩʪʠʯʝʩʢʦʡ ʘʥʠʟʦʪʨʦʧʠʠ ʤʝʥʝʝ 

1,5% ʜʦʩʪʘʪʦʯʥʦ ʠʩʧʳʪʘʥʠʷ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʦʜʥʦʛʦ ʦʙʨʘʟʮʘ. ɼʣʷ ʩʪʘʣʝʡ ʩʦ ʟʥʘʯʝʥʠʝʤ 

ʩʦʙʩʪʚʝʥʥʦʡ ʘʢʫʩʪʠʯʝʩʢʦʡ ʘʥʠʟʦʪʨʦʧʠʠ ʙʦʣʝʝ 1,5-2% ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʠʩʧʳʪʘʥʠʷ ʢʘʢ 

ʤʠʥʠʤʫʤ ʜʚʫʭ ʦʙʨʘʟʮʦʚ, ʚʳʨʝʟʘʥʥʳʭ ʚʜʦʣʴ ʠ ʧʦʧʝʨʝʢ ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʦʢʘʪʘ ʤʘʪʝʨʠʘʣʘ. 

ʇʨʠ ʨʘʩʯʝʪʝ ʥʘʧʨʷʞʝʥʠʡ ʚ ʪʨʫʙʘʭ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʝʮʠʟʠʦʥʥʳʭ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ 

ʠʟʤʝʨʝʥʠʡ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʪʦʯʥʝʥʥʳʝ ʘʣʛʦʨʠʪʤʳ, ʫʯʠʪʳʚʘʶʱʠʝ ʨʘʟʥʠʮʫ ʚʝʣʠʯʠʥ 

ʂʋɸʉ ʜʣʷ ʥʘʧʨʷʞʝʥʠʡ, ʜʝʡʩʪʚʫʶʱʠʭ ʚʜʦʣʴ ʠ ʧʦʧʝʨʝʢ ʧʨʦʢʘʪʘ ʪʨʫʙʥʦʡ ʩʪʘʣʠ. 
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ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʄɽʊʆɼɸ ʂʆʅɽʏʅʓʍ ʕʃɽʄɽʅʊʆɺ ɼʃʗ  

ʆʇʈɽɼɽʃɽʅʀʗ ɼʆʇʋʉʊʀʄʓʍ ʇɽʈɽɻʈʋɿʆʂ ʊʈɸʅʉʇʆʈʊʅʆɻʆ 

ʂʆʅʊɽʁʅɽʈɸ ɼʃʗ ʆʊʈɸɹʆʊɸɺʐɽɻʆ ʗɼɽʈʅʆɻʆ ʊʆʇʃʀɺɸ 

USE OF FINITE ELEMENTS METHOD TO DETERMINE  

PERMISSIBLE OVERLOADS OF TRANSPORT CASK  

FOR SPENT NUCLEAR FUEL 
ɸ.ʀ. ʀʚʘʰʢʠʥ ï ʠʥʞʝʥʝʨ-ʢʦʥʩʪʨʫʢʪʦʨ 

ʆʆʆ ʅʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʬʠʨʤʘ çʉʦʩʥʳè 

 

Abstract. During design of transport package there are conditions imposing restrictions 

on structural solidity of parts exist. Determination of ultimate strength is performed during the 

loading of transport package by inertial loadings that provide overload in the range from 100g to 

2400g. The ultimate load for the indicated package is a level equal to 1900g.  

ʆʪʨʘʙʦʪʘʚʰʝʝʝ ʷʜʝʨʥʦʝ ʪʦʧʣʠʚʦ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʦʧʘʩʥʳʤ ʚʝʱʝʩʪʚʦʤ, ʧʦʩʢʦʣʴʢʫ 

ʚʦʟʜʝʡʩʪʚʠʝ ʤʘʣʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʪʨʘʙʦʪʘʚʰʝʛʦ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ ʚ ʪʝʯʝʥʠʝ ʥʝʙʦʣʴʰʦʛʦ 

ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ ʩʧʦʩʦʙʥʦ ʧʨʠʯʠʥʠʪʴ ʥʝʧʦʧʨʘʚʠʤʳʡ ʚʨʝʜ ʠ ʜʘʞʝ ʫʙʠʪʴ ʣʶʙʦʝ ʞʠʚʦʝ 

ʩʫʱʝʩʪʚʦ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʯʝʣʦʚʝʢʘ. ʇʝʨʝʚʦʟʢʘ ʪʘʢʠʭ ʚʝʱʝʩʪʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ 

ʩʧʝʮʠʘʣʴʥʳʭ ʢʦʥʪʝʡʥʝʨʘʭ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʢʘʢ ʷʜʝʨʥʫʶ ʠ ʨʘʜʠʘʮʠʦʥʥʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʦʢʨʫʞʘʶʱʠʭ ʦʪ ʩʦʜʝʨʞʠʤʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʥʪʝʡʥʝʨʘ, ʪʘʢ ʠ ʤʝʭʘʥʠʯʝʩʢʫʶ ʟʘʱʠʪʫ 

ʩʦʜʝʨʞʠʤʦʛʦ ʦʪ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʪʨʘʥʩʧʦʨʪʥʳʭ ʢʦʥʪʝʡʥʝʨʦʚ ʪʘʢʦʛʦ 

ʚʠʜʘ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʠ ʦʪʚʝʪʩʪʚʝʥʥʦʡ ʟʘʜʘʯʝʡ ʠ ʧʨʠ ʵʪʦʤ ʩʫʱʝʩʪʚʫʝʪ  ʨʷʜ ʪʨʝʙʦʚʘʥʠʡ, 

ʦʪʥʦʩʷʱʠʭʩʷ ʠ ʢ ʧʨʦʯʥʦʩʪʥʳʤ ʩʚʦʡʩʪʚʘʤ ʢʦʥʩʪʨʫʢʮʠʠ. ɼʣʷ ʦʮʝʥʢʠ ʧʨʦʯʥʦʩʪʠ ʚʥʦʚʴ 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʠʣʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʢʦʥʪʝʡʥʝʨʦʚ ʧʨʦʙʣʝʤʘʪʠʯʥʦ ʚʳʧʦʣʥʷʪʴ ʥʘʪʫʨʥʳʝ 

ʠʩʧʳʪʘʥʠʷ ʠʟ-ʟʘ ʙʦʣʴʰʠʭ ʚʨʝʤʝʥʥʳʭ ʠ ʤʘʪʝʨʠʘʣʴʥʳʭ ʟʘʪʨʘʪ. ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʦʜʦʙʥʳʭ 

ʨʘʩʯʝʪʦʚ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʝʰʘʝʪʩʷ ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʝʜʝʣʴʥʦ-ʜʦʧʫʩʪʠʤʳʭ ʚʥʝʰʥʠʭ 

ʥʘʛʨʫʟʦʢ, ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʢʦʪʦʨʳʭ ʪʨʘʥʩʧʦʨʪʥʳʡ ʢʦʥʪʝʡʥʝʨ ʩʦʭʨʘʥʷʝʪ ʩʚʦʶ 

ʮʝʣʦʩʪʥʦʩʪʴ. ʎʝʣʦʩʪʥʦʩʪʴ ʢʦʥʪʝʡʥʝʨʘ ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʩʣʝʜʫʶʱʠʭ ʩʣʫʯʘʷʭ:  

 ʥʘʧʨʷʞʝʥʠʷ ʚ ʪʨʘʥʩʧʦʨʪʥʦʤ ʢʦʥʪʝʡʥʝʨʝ ʥʝ ʧʨʝʚʳʰʘʶʪ ʧʨʝʜʝʣ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʡ 

ʧʨʦʯʥʦʩʪʠ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʝʪʘʣʝʡ; 

 ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʧʣʘʩʪʠʯʝʩʢʠʝ ʜʝʬʦʨʤʘʮʠʠ ʥʝ ʧʨʝʚʳʰʘʶʪ ʫʨʦʚʝʥʴ 1,5 %. 

ɿʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʚ ʩʪʘʪʠʯʝʩʢʦʡ ʧʦʩʪʘʥʦʚʢʝ ʩ ʮʝʣʴʶ ʧʦʩʣʝʜʫʶʱʝʡ ʠʥʪʝʨʧʦʣʷʮʠʠ 

ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʚ ʜʠʥʘʤʠʯʝʩʢʫʶ ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯʠ, ʧʨʠʤʝʥʷʷ ʢʦʵʬʬʠʮʠʝʥʪ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʫʧʨʦʯʥʝʥʠʷ. 

ʋʧʨʦʱʝʥʥʘʷ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʥʪʝʡʥʝʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʧʦʣʳʡ ʪʦʣʩʪʦʩʪʝʥʥʳʡ ʮʠʣʠʥʜʨ ʩ ʜʚʫʤʷ  ʢʨʳʰʢʘʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʩ ʪʦʨʮʦʚ ʮʠʣʠʥʜʨʘ ʠ 

ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʤʠ ʥʘ ʪʝʣʝ ʮʠʣʠʥʜʨʘ 32 ʙʦʣʪʦʚʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ. ʂʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʘʷ 

ʤʦʜʝʣʴ ʩʦʩʪʦʠʪ ʠʟ 11532 ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ 52218 ʫʟʣʦʚ. ʉʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ, 

ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʩʯʝʪʘ, ʦʧʠʩʳʚʘʶʪʩʷ ʙʠʣʠʥʝʡʥʦʡ ʤʦʜʝʣʴʶ. 

ʅʘʛʨʫʞʝʥʠʝ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʥʪʝʡʥʝʨʘ ʤʦʜʝʣʠʨʦʚʘʣʦʩʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ.  ɺ 

ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʪʨʘʥʩʧʦʨʪʥʳʡ ʢʦʥʪʝʡʥʝʨ ʦʧʠʨʘʣʩʷ ʥʘ ʥʝʧʦʜʚʠʞʥʫʶ 

ʧʣʦʩʢʦʩʪʴ. ɺ ʩʣʝʜʫʶʱʠʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʢʦ ʚʩʝʤ ʪʝʣʘʤ ʩʠʩʪʝʤʳ ʙʳʣʠ ʧʨʠʣʦʞʝʥʳ 

ʠʥʝʨʮʠʦʥʥʳʝ ʩʠʣʳ ʧʦʩʨʝʜʩʪʚʦʤ ʧʦʩʪʦʷʥʥʦ ʜʝʡʩʪʚʫʶʱʝʛʦ ʫʩʢʦʨʝʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʚʳʧʦʣʥʷʣʦʩʴ ʜʣʷ ʜʠʩʢʨʝʪʥʳʭ ʟʥʘʯʝʥʠʡ ʫʩʢʦʨʝʥʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʝʨʝʛʨʫʟʢʘʤ ʚ 

ʠʥʪʝʨʚʘʣʝ ʦʪ 100g ʜʦ 2400g. ɺ ʢʘʞʜʦʤ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ 

ʢʦʥʪʝʡʥʝʨʘ ʬʠʢʩʠʨʦʚʘʣʠʩʴ ʨʝʘʣʠʟʫʶʱʠʝʩʷ ʚ ʥʝʤ ʥʘʧʨʷʞʝʥʠʷ, ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʠ 

ʘʙʩʦʣʶʪʥʘʷ ʜʝʬʦʨʤʘʮʠʷ.  

ɺʳʚʦʜ. ʇʨʠ ʧʝʨʝʛʨʫʟʢʝ 1900g ʚ ʢʦʥʪʝʡʥʝʨʝ ʚʦʟʥʠʢʘʶʪ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʧʣʘʩʪʠʯʝʩʢʠʝ  

ʜʝʬʦʨʤʘʮʠʠ, ʧʨʝʚʳʰʘʶʱʠʝ ʫʨʦʚʝʥʴ 1,5 %. ʅʘʧʨʷʞʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʢʦʥʪʝʡʥʝʨʝ, ʥʝ 

ʧʨʝʚʳʰʘʶʪ ʧʨʝʜʝʣ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʝʪʘʣʝʡ. 
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ʆʇʈɽɼɽʃɽʅʀɽ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʉʇɽʎʀɸʃʔʅʓʍ ɼʆʄʂʈɸʊʆɺ, 

ʊʈɽɹʋɽʄʓʍ ɼʃʗ ʂʆʈʈɽʂʎʀʀ ʇʆʃʆɾɽʅʀʗ ʆʉʀ ʌʀɻʋʈʓ 

ɻʃɸɺʅʆɻʆ ʄʆʅʋʄɽʅʊɸ ʅɸ ʄɸʄɸɽɺʆʄ ʂʋʈɻɸʅɽ ɺ ɻʆʈʆɼɽ 

ɺʆʃɻʆɻʈɸɼɽ 

THE DETERMINATION OF THE FEATURES OF SPECIAL JACKS ESSENTIAL 

FOR THE CORRECTION OF THE POSITION OF THE FIGURE'S AXIS OF THE 

MAIN MONUMENT ON THE MAMAYEV HILL IN VOLGOGRAD 
ɺ.ʉ.ʂʦʨʦʙʢʠʥ, ʄ.ɺ.ʂʫʟʴʤʠʥʘ - ʙʘʢʘʣʘʚʨʳ, ʅ.ʄ. ɿʦʪʦʚ ï ʜʦʮ. 

ɺʦʣʛʦʛʨʘʜʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʊʝʭʥʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ (ɺʦʣʛɻʊʋ) 

 

Abstract. In this paper authors calculate the load on each jack intended for the correction of the 

axis of the monument weighing five thousand tonnes. 

 

ɸʚʪʦʨʳ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʦʪʤʝʯʘʣʠ, ʯʪʦ ʢʨʝʥ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ ʩʢʫʣʴʧʪʫʨʳ ʛʣʘʚʥʦʛʦ 

ʤʦʥʫʤʝʥʪʘ ʥʘ ʄʘʤʘʝʚʦʤ ʢʫʨʛʘʥʝ ʚ ʛʦʨʦʜʝ ɺʦʣʛʦʛʨʘʜʝ ʤʦʞʝʪ ʧʨʠʙʣʠʟʠʪʴʩʷ ʢ ʩʚʦʝʤʫ 

ʧʨʝʜʝʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ. ʆʜʥʘʢʦ ʟʘʜʘʯʘ ʢʦʨʨʝʢʮʠʠ ʝʝ ʧʦʣʦʞʝʥʠʷ ʚʧʦʣʥʝ ʨʘʟʨʝʰʠʤʘ ʚ ʥʘʰʠ 

ʜʥʠ, ʪʘʢ ʢʘʢ ʯʝʣʦʚʝʯʝʩʪʚʦ ʩ ʜʨʝʚʥʠʭ ʧʦʨ ʨʝʰʘʝʪ ʟʘʜʘʯʠ ʧʦ ʧʦʜʲʝʤʫ ʠ ʧʝʨʝʤʝʱʝʥʠʶ 

ʪʷʞʝʣʳʭ ʦʙʲʝʢʪʦʚ. 

ɺ ʢʦʥʩʪʨʫʢʮʠʠ ʛʣʘʚʥʦʛʦ ʤʦʥʫʤʝʥʪʘ ʥʘ ʄʘʤʘʝʚʦʤ ʢʫʨʛʘʥʝ ʝʛʦ ʘʚʪʦʨ ʧʨʦʬʝʩʩʦʨ 

ʅ.ɺ.ʅʠʢʠʪʠʥ ʧʨʝʜʫʩʤʦʪʨʝʣ ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʪʨʘʥʝʥʠʷ ʢʨʝʥʘ, ʝʩʣʠ ʦʥ ʧʨʠʙʣʠʞʘʝʪʩʷ  ʢ 

ʥʝʜʦʧʫʩʪʠʤʦʡ ʚʝʣʠʯʠʥʝ. ʄʦʥʫʤʝʥʪ ʦʪʜʝʣʝʥ ʦʪ ʬʫʥʜʘʤʝʥʪʘ ʜʚʫʤʷ ʩʣʦʷʤʠ ʪʦʣʠ ʠ ʩʪʦʠʪ ʥʘ 

ʥʝʤ ʩʦʚʝʨʰʝʥʥʦ ʩʚʦʙʦʜʥʦ. ʅʘ ʫʨʦʚʥʝ ʚʝʨʭʥʝʡ ʧʣʠʪʳ ʬʫʥʜʘʤʝʥʪʘ ʚ ʩʪʝʥʘʭ ʦʩʪʘʚʣʝʥʳ 

ʧʨʦʝʤʳ. ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʢʨʝʥʘ ʩʦʦʨʫʞʝʥʠʷ ʚ ʵʪʠʭ ʧʨʦʝʤʘʭ ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ 4 ʜʦʤʢʨʘʪʘ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʯʠʪʘʥʘ ʥʘʛʨʫʟʢʘ ʥʘ ʢʘʞʜʳʡ ʜʦʤʢʨʘʪ, ʨʘʩʧʦʣʦʞʝʥʠʝ ʢʦʪʦʨʳʭ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ.  ʈʘʩʯʝʪʳ ʚʝʣʠʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤ ɻʫʢʘ ʧʨʠ ʩʞʘʪʠʠ ʠ ʧʨʠ 

ʫʩʣʦʚʠʷʭ ʨʘʚʥʦʚʝʩʠʷ ʠ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʜʝʬʦʨʤʘʮʠʠ ʩʪʝʨʞʥʝʡ. 

 

 

 

ʈʘʩʯʝʪʥʘʷ ʤʘʩʩʘ ʬʠʛʫʨʳ 6000 ʪ 

 

ʘ=8800 ʤʤ                b=9500 ʤʤ 

 

c=830 ʤʤ                  d=850 ʤʤ 

 

 

 

 

ʈʠʩ.1. ʈʘʩʧʦʣʦʞʝʥʠʝ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʛʣʘʚʥʦʛʦ ʤʦʥʫʤʝʥʪʘ ʥʘ ʄʘʤʘʝʚʦʤ ʢʫʨʛʘʥʝ ʠ ʩʭʝʤʘ 

ʫʩʪʘʥʦʚʢʠ ʜʦʤʢʨʘʪʦʚ ʜʣʷ ʠʩʧʨʘʚʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ ʢʦʨʨʝʢʮʠʠ ʧʦʣʦʞʝʥʠʷ ʦʩʠ ʬʠʛʫʨʳ ʛʣʘʚʥʦʛʦ 

ʤʦʥʫʤʝʥʪʘ ʥʘ ʤʘʤʘʝʚʦʤ ʢʫʨʛʘʥʝ ʥʫʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 4 ʜʦʤʢʨʘʪʘ, ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴʶ 

1500 ʪ ʢʘʞʜʳʡ, ʧʨʠ ʵʪʦʤ ʠʭ ʟʘʛʨʫʟʢʘ ʦʪʣʠʯʘʝʪʩʷ ʥʝ ʙʦʣʝʝ ʯʝʤ ʥʘ 15%.   
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʂʆʅʎɽʅʊʈɸʎʀʀ ɿɸɻʈʗɿʅʗʖʑʀʍ ɺɽʑɽʉʊɺ, 

ɺʓɹʈɸʉʓɺɸɽʄʓʍ ɸɺʊʆʊʈɸʅʉʇʆʈʊʅʓʄʀ ʉʈɽɼʉʊɺɸʄʀ  

ɺ ɺʆɿɼʋʐʅʓʁ ɹɸʉʉɽʁʅ ɻʆʈʆɼɸ ɺʆʃɻʆɻʈɸɼɸ  

ʉ ʇʆʉʊʈʆɽʅʀɽʄ ʂɸʈʊʓ ʈɸʉʉɽʀɺɸʅʀʗ  

THE ANALYSIS OF THE CONCENTRATION OF POLLUTIONS EMITTED BY 

MOTOR VEHICLES INTO THE AIR OF VOLGOGRAD WITH THE CREATION 

DISPERTION MAPS 
ʆ.ɸ. ʂʦʰʝʣʝʚʘ ï ʩʪʫʜ. 

ɺʦʣʛʦʛʨʘʜʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʊʝʭʥʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ 

 

Abstract. In this paper author estimated vehicle pollution in some areas of the road network of 

Volgograd. Also, according to experimental data the diffusion map of matter, exceeded 

maximum allowable concentration was created. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʠʩʭʦʜʠʪ ʥʝʧʨʝʨʳʚʥʳʡ ʨʦʩʪ ʯʠʩʣʘ ʘʚʪʦʤʦʙʠʣʝʡ ʚ 

ʩʦʚʨʝʤʝʥʥʦʤ ʦʙʱʝʩʪʚʝ, ʘ ʪʘʢʞʝ ʧʦʩʪʦʷʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʘ ʛʨʫʟʦʚʳʭ ʧʝʨʝʚʦʟʦʢ. ʅʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʘʚʪʦʤʦʙʠʣʴʥʳʡ ʪʨʘʥʩʧʦʨʪ ʩʯʠʪʘʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ. ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

ʷʚʣʷʝʪʩʷ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʘʢʪʫʘʣʴʥʝʡʰʝʡ ʧʨʦʙʣʝʤʦʡ, ʦʩʦʙʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ ʩʪʦʣʴ 

ʠʥʪʝʥʩʠʚʥʦʡ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ.  

ʎʝʣʴʶ ʧʨʦʚʝʜʸʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʚʳʷʚʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʘʛʨʷʟʥʷʶʱʠʭ 

ʚʝʱʝʩʪʚ, ʚʳʙʨʘʩʳʚʘʝʤʳʭ ʘʚʪʦʪʨʘʥʩʧʦʨʪʦʤ ʚ ʚʦʟʜʫʰʥʳʡ ʙʘʩʩʝʡʥ ʛʦʨʦʜʘ ɺʦʣʛʦʛʨʘʜʘ. 

ʈʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʠʢʠ ʆʅɼ-86 ʥʘ ʧʨʠʤʝʨʝ ʫʯʘʩʪʢʘ ʦʜʥʦʡ ʠʟ 

ʛʦʨʦʜʩʢʠʭ ʤʘʛʠʩʪʨʘʣʝʡ ʩ ʥʘʠʙʦʣʴʰʝʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʥʘʛʨʫʟʢʦʡ - ʧʨʦʩʧʝʢʪ ʠʤ. ʄʘʨʰʘʣʘ 

ɾʫʢʦʚʘ. ʉ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʜʘʥʥʦʤ ʧʝʨʝʛʦʥʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʪʝʯʝʥʠʝ ʨʘʙʦʯʝʠ ʥʝʜʝʣʠ ʚ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʯʘʩʳ çʧʠʢè. 

ʈʘʩʯʝʪʳ ʚʳʙʨʦʩʦʚ ʚʳʧʦʣʥʷʣʠʩʴ ʜʣʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, 

ʧʦʩʪʫʧʘʶʱʠʭ ʚ ʘʪʤʦʩʬʝʨʫ ʩ ʦʪʨʘʙʦʪʘʚʰʠʤʠ ʛʘʟʘʤʠ: ʦʢʩʠʜ ʫʛʣʝʨʦʜʘ, ʦʢʩʠʜʳ ʘʟʦʪʘ, 

ʫʛʣʝʚʦʜʦʨʦʜʳ, ʜʠʦʢʩʠʜ ʩʝʨʳ,  ʩʘʞʘ, ʘ ʪʘʢʞʝ ʙʝʥʟ-ʘ-ʧʠʨʝʥ (ʚʝʱʝʩʪʚʦ, ʷʚʣʷʶʱʝʝʩʷ 

ʩʠʣʴʥʝʡʰʠʤ ʢʘʥʮʝʨʦʛʝʥʦʤ).  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʦʚ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ: 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʜʠʦʢʩʠʜʘ ʘʟʦʪʘ ʩʦʩʪʘʚʣʷʝʪ 

0,55 ʇɼʂ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʜʠʦʢʩʠʜʘ ʩʝʨʳ ï 

0,01 ʇɼʂ, ʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ï 0,016 ʇɼʂ, 

ʩʘʞʠ ï 3,3 ʇɼʂ, ʙʝʥʟ-ʘ-ʧʠʨʝʥʘ ï 0,088 

ʇɼʂ,  ʫʛʣʝʚʦʜʦʨʦʜʦʚ ï 0,06 ʇɼʂ. ɼʣʷ 

ʥʘʛʣʷʜʥʦʩʪʠ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʢʘʨʪʳ 

ʨʘʩʩʝʠʚʘʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʟʘʛʨʷʟʥʷʶʱʠʭ 

ʚʝʱʝʩʪʚ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʦʪʦʨʳʭ 

ʧʨʝʚʳʰʘʝʪ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʯʝʚʠʜʥʦ, ʯʪʦ ʥʘ 

ʠʩʩʣʝʜʫʝʤʳʭ ʫʯʘʩʪʢʘʭ ʜʦʩʪʘʪʦʯʥʦ 

ʩʠʣʴʥʦ ʧʨʝʚʳʰʝʥʳ ʧʨʝʜʝʣʴʥʦ 

ʜʦʧʫʩʪʠʤʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʘʞʠ, 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʩʪʘʣʴʥʳʭ ʚʨʝʜʥʳʭ 

ʚʝʱʝʩʪʚ ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʥʦʨʤʝ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʧʨʝʚʳʰʝʥʠʝ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʩʘʞʠ ʚʳʟʚʘʥʦ ʜʚʠʞʝʥʠʝʤ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʛʨʫʟʦʚʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ ʠ ʘʚʪʦʤʦʙʠʣʝʡ ʩ ʜʠʟʝʣʴʥʳʤ ʜʚʠʛʘʪʝʣʝʤ ʥʘ ʠʩʩʣʝʜʫʝʤʳʭ ʫʯʘʩʪʢʘʭ ʫʣʠʯʥʦ ï 

ʜʦʨʦʞʥʦʡ ʩʝʪʠ.  

ʈʠʩ.1. ʂʘʨʪʘ ʨʘʩʩʝʠʚʘʥʠʷ ʩʘʞʠ 
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ɸʅɸʃʀɿ ʇʆɺʈɽɾɼɸɽʄʆʉʊʀ ʂʋɿʆɺʆɺ ʇɸʉʉɸɾʀʈʉʂʀʍ 

ɺɸɻʆʅʆɺ ʇʈʀ ɸɺɸʈʀʁʅʓʍ ʇʈʆɼʆʃʔʅʓʍ ʉʆʋɼɸʈɽʅʀʗʍ 

THE ANALYSIS OF DAMAGING OF PASSENGERS CARSô BODIES 

DURING EMERGENCY LONGITUDINAL COLLISIONS 
ɼ.ʖ. ʈʘʩʠʥ ï ʢ.ʪ.ʥ. 

ʌɻɹʆʋ ɺʇʆ çɹʨʷʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

Abstract. The analysis of damaging of constructional elements of home-produced passenger 

carôs body during emergency collusions is done. Design concept for deformation reduction by 

use of antirecovery switch is offered. 

 

ɺʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʧʦʚʨʝʞʜʘʝʤʦʩʪʠ ʥʝʩʫʱʝʡ ʢʦʥʩʪʨʫʢʮʠʠ ʢʫʟʦʚʘ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ 

ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʚʘʛʦʥʘ ʧʨʠ ʘʚʘʨʠʡʥʳʭ ʧʨʦʜʦʣʴʥʳʭ ʩʦʫʜʘʨʝʥʠʷʭ ʩʦ ʩʢʦʨʦʩʪʷʤʠ 20 ʠ 25 ʢʤ/ʯ.  

ɸʥʘʣʠʟ ʩʮʝʥʘʨʠʝʚ ʘʚʘʨʠʡʥʳʭ ʩʦʫʜʘʨʝʥʠʡ, ʧʨʦʠʟʦʰʝʜʰʠʭ ʚ ʈʦʩʩʠʠ ʠ ʟʘ ʨʫʙʝʞʦʤ, 

ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʠʙʦʣʴʰʠʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʫʩʠʣʠʷ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʢʦʥʮʝʚʫʶ ʯʘʩʪʴ ʢʫʟʦʚʘ, 

ʚʦʟʥʠʢʘʶʪ ʚʩʣʝʜʩʪʚʠʝ ʷʚʣʝʥʠʷ, ʥʘʟʚʘʥʥʦʛʦ çʧʦʜʩʢʦʢʦʤ ʚʘʛʦʥʘ ʧʨʠ ʩʦʫʜʘʨʝʥʠʠè. ʕʪʦ 

ʷʚʣʝʥʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʜʲʝʤʝ ʢʦʥʩʦʣʴʥʦʡ ʯʘʩʪʠ ʚʘʛʦʥʘ ʧʨʠ ʩʦʫʜʘʨʝʥʠʠ ʟʘ ʩʯʝʪ ʨʘʟʥʦʩʪʠ 

ʫʨʦʚʥʷ ʦʩʠ ʘʚʪʦʩʮʝʧʦʢ ʠ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʢʫʟʦʚʘ ʚʘʛʦʥʘ ʠ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʩʞʘʪʠʝʤ 

ʨʝʩʩʦʨʥʦʛʦ ʢʦʤʧʣʝʢʪʘ ʪʝʣʝʞʢʠ, ʙʣʠʞʥʝʡ ʢ ʫʜʘʨʫ, ʠ ʨʘʩʧʨʷʤʣʝʥʠʝʤ ʢʦʤʧʣʝʢʪʘ ʚʪʦʨʦʡ 

ʪʝʣʝʞʢʠ. ɸʥʘʣʦʛʠʯʥʘʷ ʢʘʨʪʠʥʘ ʧʨʦʠʩʭʦʜʠʪ ʠ ʩ ʩʦʩʝʜʥʠʤ ʚʘʛʦʥʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʨʘʟʥʦʩʪʴ ʚʳʩʦʪ ʫʨʦʚʥʝʡ ʘʚʪʦʩʮʝʧʦʢ ʤʦʞʝʪ ʙʳʪʴ ʜʦʚʦʣʴʥʦ ʟʥʘʯʠʪʝʣʴʥʦʡ, ʯʪʦ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʩʘʤʦʨʘʩʮʝʧʫ ʘʚʪʦʩʮʝʧʦʢ ʥʝʞʝʩʪʢʦʛʦ ʪʠʧʘ ʠ ʵʬʬʝʢʪʫ ʥʘʩʢʦʢʘ ʚʘʛʦʥʘ ʥʘ ʚʘʛʦʥ.  

ʉ ʫʯʝʪʦʤ ʠʟʣʦʞʝʥʥʦʛʦ, ʨʘʟʨʘʙʦʪʘʥʘ ʜʠʥʘʤʠʯʝʩʢʘʷ ʫʧʨʫʛʦ-ʧʣʘʩʪʠʯʝʩʢʘʷ 

ʢʦʥʝʯʥʦʵʣʝʤʝʥʪʥʘʷ ʤʦʜʝʣʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʘʛʦʥʦʚ ʧʨʠ ʘʚʘʨʠʡʥʦʤ ʩʦʫʜʘʨʝʥʠʠ ʩʦ ʩʢʦʨʦʩʪʷʤʠ 

20 ʠ 25 ʢʤ/ʯ. ʄʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʧʨʫʛʫʶ ʢʦʥʮʝʚʫʶ ʯʘʩʪʴ ʢʫʟʦʚʘ ʚʘʛʦʥʘ-ʫʧʦʨʘ, 

ʧʦʚʝʨʥʫʪʫʶ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʫʛʦʣ ʠ ʞʝʩʪʢʦ ʟʘʢʨʝʧʣʝʥʥʫʶ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦ ʧʣʦʩʢʦʩʪʠ 

ʩʝʯʝʥʠʷ, ʠ ʫʧʨʫʛʠʡ ʢʫʟʦʚ ʥʘʢʘʪʳʚʘʝʤʦʛʦ ʚʘʛʦʥʘ (ʚʘʛʦʥʘ-ʙʦʡʢʘ). ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʚʟʘʠʤʦʧʦʣʦʞʝʥʠʝ ʚʘʛʦʥʘ-ʫʧʦʨʘ ʠ ʚʘʛʦʥʘ-ʙʦʡʢʘ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʨʘʩʮʝʧʣʝʥʠʝ 

ʘʚʪʦʩʮʝʧʦʢ ʧʨʦʠʟʦʰʣʦ, ʛʦʣʦʚʘ ʘʚʪʦʩʮʝʧʢʠ ʚʦʰʣʘ ʚ ʜʚʝʨʥʦʡ ʧʨʦʝʤ, ʪʘʨʝʣʠ ʙʫʬʝʨʥʳʭ ʫʩʪʨʦʡʩʪʚ 

ʚʘʛʦʥʘ ï ʫʧʦʨʘ ʚʩʪʫʧʘʶʪ ʚ ʢʦʥʪʘʢʪ ʩ ʚʘʛʦʥʦʤ-ʙʦʡʢʦʤ. 

 ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʶʪ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʜʣʷ ʪʦʛʦ, ʯʪʦ ʙʳ ʥʝ 

ʜʦʧʫʩʪʠʪʴ ʚʟʘʠʤʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʢʦʥʮʝʚʳʭ ʯʘʩʪʝʡ ʚʘʛʦʥʦʚ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ, 

ʨʝʘʣʠʟʦʚʘʥʥʳʝ ʥʘ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛʘʭ ɽʚʨʦʧʳ. ʆʜʥʦ ʠʟ ʥʠʭ ï ʧʨʠʤʝʥʝʥʠʝ 

ʧʨʦʪʠʚʦʧʦʜʲʝʤʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʠʟʙʝʞʘʪʴ ʥʘʩʢʦʢʘ ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʧʝʨʝʜʘʯʫ ʚʦʟʥʠʢʘʶʱʠʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʫʩʠʣʠʡ ʦʪ ʨʘʤʳ ʢʫʟʦʚʘ ʦʜʥʦʛʦ ʚʘʛʦʥʘ ʢ ʨʘʤʝ 

ʜʨʫʛʦʛʦ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʚʝʜʝʥʠʷ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʠ ʢʫʟʦʚʦʚ 

ʩʦʫʜʘʨʷʝʤʳʭ ʚʘʛʦʥʦʚ ʩ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʧʦʜʩʢʦʢʘ ʠ ʙʝʟ ʥʝʛʦ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ 

ʩʦʫʜʘʨʝʥʠʷ ʧʘʩʩʘʞʠʨʩʢʠʭ ʚʘʛʦʥʦʚ, ʦʙʦʨʫʜʦʚʘʥʥʳʭ ʧʨʦʪʠʚʦʧʦʜʲʝʤʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ. 

ɿʜʝʩʴ ʢʦʥʮʝʚʘʷ ʯʘʩʪʴ ʚʘʛʦʥʘ-ʫʧʦʨʘ ʨʘʩʧʦʣʦʞʝʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦ, ʥʘ ʦʜʥʦʤ ʫʨʦʚʥʝ ʩ 

ʢʫʟʦʚʦʤ ʚʘʛʦʥʘ-ʙʦʡʢʘ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʡ ʩʭʝʤʳ ʩʦʫʜʘʨʝʥʠʷ ʢʦʥʝʯʥʦʵʣʝʤʝʥʪʥʳʝ 

ʤʦʜʝʣʠ ʢʫʟʦʚʦʚ ʙʳʣʠ ʜʦʧʦʣʥʝʥʳ ʤʦʜʝʣʷʤʠ ʘʚʪʦʩʮʝʧʥʳʭ ʫʩʪʨʦʡʩʪʚ. ʅʘ ʢʫʟʦʚ ʚʘʛʦʥʘ-

ʙʦʡʢʘ ʩʦ ʩʪʦʨʦʥʳ ʫʜʘʨʘ ʧʦʤʝʱʝʥʳ ʤʦʜʝʣʠ ʰʪʘʪʥʳʭ ʙʫʬʝʨʥʳʭ ʫʩʪʨʦʡʩʪʚ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘʠʙʦʣʴʰʠʝ ʧʣʘʩʪʠʯʝʩʢʠʝ ʜʝʬʦʨʤʘʮʠʠ ʚʦʟʥʠʢʘʶʪ ʚ 

ʤʝʩʪʘʭ ʨʘʩʩʪʘʥʦʚʢʠ ʥʘ ʨʘʤʝ ʪʷʞʝʣʦʛʦ ʧʦʜʚʘʛʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʘʥʘʣʠʟ 

ʫʩʢʦʨʝʥʠʡ ʥʘ ʚʥʫʪʨʝʥʥʝʤ ʠ ʥʘʚʝʩʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ 

ʧʨʦʪʠʚʦʧʦʜʲʝʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠʭ ʫʨʦʚʝʥʴ ʧʨʠʤʝʨʥʦ ʚ 2,5 ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʜʣʷ ʩʭʝʤʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʫʟʦʚʦʚ ʧʨʠ ʩʦʫʜʘʨʝʥʠʠ ʩ ʧʦʜʩʢʦʢʦʤ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʵʥʝʨʛʠʷ 

ʥʝʩʦʦʩʥʦʛʦ ʫʜʘʨʘ ʧʦʛʣʦʱʘʝʪʩʷ ʟʘ ʩʯʝʪ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʙʦʣʴʰʠʭ ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ 

ʵʣʝʤʝʥʪʦʚ ʢʦʥʮʝʚʳʭ ʯʘʩʪʝʡ.  
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ʈɸɿʈʋʐɽʅʀʗ ɺ ʂʆʅʉʊʈʋʂʎʀʗʍ ʀɿ ʂʆʄʇʆɿʀʎʀʆʅʅʓʍ 
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Abstract: The paper is covered problems of progressive failure analysis of composite structures. Several 

modern approaches of such analysis were reviewed. Computer code were developed to calculate the 

iterative procedure of progressive analysis which consists of calculating stress and strain distribution, 

applying failure criteria and ply stiffness degradation model and create an input file for the next iteration. 

An example shows an application of implemented approach coupled with MSC. Nastran solver for the 

analysis of tension specimen with open hole. 

 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʧʨʦʛʨʝʩʩʠʨʫʶʱʝʛʦ ʨʘʟʨʫʰʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ 

ʠʟ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʂʄ) ʩ ʛʣʦʙʘʣʴʥʳʤ ʢʦʥʮʝʥʪʨʘʪʦʨʦʤ ʥʘ ʧʨʠʤʝʨʝ 

ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʦʙʨʘʟʮʘ ʩ ʦʪʚʝʨʩʪʠʝʤ ʩ ʦʪʥʦʰʝʥʠʝʤ ʜʠʘʤʝʪʨʘ ʢ ʰʠʨʠʥʝ ʦʙʨʘʟʮʘ 1:2.  

ɺ ʨʘʙʦʪʝ ʦʧʠʩʘʥ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ 

ʥʘʜʩʪʨʦʡʢʦʡ ʢ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʤʫ ʧʘʢʝʪʫ MSC.PATRAN/NASTRAN. ʇʨʦʛʨʘʤʤʥʳʡ 

ʢʦʤʧʣʝʢʪ ʨʝʘʣʠʟʫʝʪ ʧʨʦʮʝʜʫʨʫ ʘʥʘʣʠʟʘ ʧʨʦʛʨʝʩʩʠʨʫʶʱʝʛʦ ʨʘʟʨʫʰʝʥʠʷ ʂʄ. ʇʨʠʚʝʜʸʥ 

ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʦʜʝʣʝʡ ʜʝʛʨʘʜʘʮʠʠ ʂʄ ʠʟ ʣʠʪʝʨʘʪʫʨʳ. 

ʇʨʝʜʣʦʞʝʥʘ ʙʣʦʢ ʩʭʝʤʘ ʜʣʷ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʤʦʜʝʣʝʡ ʧʨʦʛʨʝʩʩʠʨʫʶʱʝʛʦ 

ʨʘʟʨʫʰʝʥʠʷ ʠʟ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʥʘʙʦʨʘ ʢʨʠʪʝʨʠʝʚ ʧʨʦʯʥʦʩʪʠ, ʤʦʜʝʣʠ ʜʝʛʨʘʜʘʮʠʠ 

ʩʚʦʡʩʪʚ ʠ ʚʳʙʦʨʘ ʧʨʠʨʘʱʝʥʠʷ ʥʘʛʨʫʞʝʥʠʷ. 

ʆʧʠʩʘʥʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʧʘʢʝʪ ʘʥʘʣʠʟʠʨʫʝʪ ʚʭʦʜʥʳʝ ʠ ʚʳʭʦʜʥʳʝ ʬʘʡʣʳ ʨʝʰʘʪʝʣʷ 

MSC.NASTRAN. ʅʘ ʧʝʨʚʦʥʘʯʘʣʴʥʦʤ ʰʘʛʝ ʨʝʰʘʝʪʩʷ ʟʘʜʘʯʘ ʩʪʘʪʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ 

ʢʦʥʩʪʨʫʢʮʠʠ ʠʟ ʂʄ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʥʘʧʨʷʞʸʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ. ɼʘʣʝʝ ʟʘʧʫʩʢʘʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʠʪʝʨʘʮʠʦʥʥʘʷ ʧʨʦʮʝʜʫʨʘ ʘʥʘʣʠʟʘ. ʂʘʞʜʳʡ 

ʰʘʛ ʧʨʦʮʝʜʫʨʳ ʫʚʝʣʠʯʠʚʘʝʪ ʚʥʝʰʥʶʶ ʥʘʛʨʫʟʢʫ ʠ ʨʘʩʯʠʪʳʚʘʝʪ ʜʝʡʩʪʚʫʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ 

ʚ ʂʄ. ɿʘʪʝʤ ʢ ʢʘʞʜʦʤʫ ʩʣʦʶ ʂʄ ʧʨʠʤʝʥʷʶʪʩʷ ʢʨʠʪʝʨʠʠ ʧʨʦʯʥʦʩʪʠ ʜʣʷ ʘʥʘʣʠʟʘ 

ʚʦʟʤʦʞʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʚʦʣʦʢʥʘ, ʤʘʪʨʠʮʳ ʠʣʠ ʘʜʛʝʟʠʚʥʦʛʦ ʩʣʦʷ. ʇʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʨʘʟʨʫʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʝʜʫʮʠʨʦʚʘʥʠʝ ʞʝʩʪʢʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʦʚʨʝʞʜʸʥʥʳʭ ʫʯʘʩʪʢʦʚ ʂʄ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʠʧʦʤ ʨʘʟʨʫʰʝʥʠʷ. ʇʨʦʠʟʚʦʜʠʪʩʷ ʨʘʩʯʸʪ 

ʦʙʥʦʚʣʸʥʥʳʭ ʨʝʜʫʮʠʨʦʚʘʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʘʢʝʪʘ ʠ ʬʦʨʤʠʨʫʶʪʩʷ ʬʘʣʳ ʨʘʩʯʸʪʘ ʜʣʷ 

ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʛʦ ʨʝʰʘʪʝʣʷ ʜʣʷ ʩʣʝʜʫʶʱʝʡ ʠʪʝʨʘʮʠʠ.  

ʈʝʘʣʠʟʦʚʘʥ ʤʦʜʫʣʴ ʜʣʷ ʚʳʚʦʜʘ ʨʘʟʣʠʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʸʪʘ: ʨʦʩʪ ʟʦʥʳ 

ʧʦʚʨʝʞʜʝʥʠʷ ʥʘ ʢʘʞʜʦʡ ʠʪʝʨʘʮʠʠ, ʦʪʩʣʝʞʠʚʘʥʠʝ ʪʠʧʘ ʧʦʚʨʝʞʜʝʥʠʷ (ʚʦʣʦʢʥʦ, ʤʘʪʨʠʮʘ), 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʚʳʚʦʜ ʜʝʬʦʨʤʘʮʠʡ, ʥʘʧʨʷʞʝʥʠʡ ʠ ʤʠʥʠʤʘʣʴʥʳʭ ʟʘʧʘʩʦʚ ʧʨʦʯʥʦʩʪʠ. 

ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʦʙʨʘʟʮʘ ʩ ʦʪʚʝʨʩʪʠʝʤ ʥʘ ʨʘʩʪʷʞʝʥʠʝ. 
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ʇʆɺʓʐɽʅʀɽ ʅɸɼɪɾʅʆʉʊʀ ʀ ɹɽɿʆʇɸʉʅʆʉʊʀ 

ʕʂʉʇʃʋɸʊɸʎʀʀ ʕʃɽʄɽʅʊʆɺ ʀ ʋɿʃʆɺ ʊʈʋɹʆʇʈʆɺʆɼʅʓʍ 

ʉʀʉʊɽʄ ʕʅɽʈɻɽʊʀʏɽʉʂʀʍ ʆɹʒɽʂʊʆɺ, ʉʆɼɽʈɾɸʑʀʍ 

ʕʈʆɿʀʆʅʅʆ-ʂʆʈʈʆɿʀʆʅʅʓɽ ɼɽʌɽʂʊʓ 

IMPROVING THE RELIABILITY AND OPERATIONAL SAFETY OF 

COMPONENTS AND ITS GROUPS INSTALLED ON POWER PLANTS WITH 

EROSION-CORROSION DAMAGES 
ɸ.ɸ. ʐʠʧʢʦʚ ï ʢ.ʪ.ʥ., ʉ.ɺ. ʐʝʧʝʣʝʚ ï ʘʩʧ. 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ "ʄʕʀ" 

Abstract. This article analyzes the stress-strain state of components and pipes group of power 

plants working a single-phase flow, using FEA software complexes. 

 

ʅʘʜʝʞʥʦʩʪʴ ʠ ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ ɸʕʉ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ 

ʦʪ ʥʘʜʸʞʥʦʡ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʝʸ ʪʨʫʙʦʧʨʦʚʦʜʦʚ. ʕʪʘ ʩʠʩʪʝʤʘ ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʫʶ 

ʧʨʦʪʷʞʸʥʥʦʩʪʴ ʠ ʩʣʦʞʥʫʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ, ʚʢʣʶʯʘʶʱʫʶ 

ʧʨʷʤʦʣʠʥʝʡʥʳʝ ʫʯʘʩʪʢʠ ʪʨʫʙ, ʧʦʚʦʨʦʪʥʳʝ ʫʯʘʩʪʢʠ, ʨʘʟʚʝʪʚʣʝʥʠʷ, ʤʝʩʪʘ ʩʦʝʜʠʥʝʥʠʷ ʩ 

ʘʨʤʘʪʫʨʦʡ ʠʣʠ ʵʣʝʤʝʥʪʘʤʠ ʪʝʧʣʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʄʠʨʦʚʦʡ ʦʧʳʪ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʝ, ʘʢʢʫʤʫʣʠʨʦʚʘʥʥʳʡ ʚ ʤʘʪʝʨʠʘʣʘʭ ʄɸɻɸʊʕ, 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʡ ʠ ʨʘʟʣʠʯʥʳʭ ʩʦʚʝʱʘʥʠʡ, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʦʚʨʝʤʝʥʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʨʝʩʫʨʩʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʤʦʥʪʘʞʘ ʥʝ ʚ 

ʩʦʩʪʦʷʥʠʠ ʦʙʝʩʧʝʯʠʪʴ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʥʘʟʥʘʯʝʥʥʳʡ ʨʝʩʫʨʩ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʙʝʟʦʪʢʘʟʥʫʶ 

ʨʘʙʦʪʫ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʥʘʟʥʘʯʝʥʥʦʛʦ ʩʨʦʢʘ ʩʣʫʞʙʳ. 

ʇʨʝʞʜʝʚʨʝʤʝʥʥʦʝ ʠ ʯʘʩʪʦ  ʥʝʧʨʝʜʩʢʘʟʫʝʤʦʝ ʠʩʯʝʨʧʘʥʠʝ ʨʝʩʫʨʩʘ ʚʝʜʝʪ ʢ ʩʚʝʨʭʧʣʘʥʦʚʳʤ 

ʧʨʦʩʪʦʷʤ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʩʥʠʞʝʥʠʶ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ɸʕʉ, ʘ ʛʣʘʚʥʦʝ, 

ʩʦʟʜʘʝʪ ʫʛʨʦʟʫ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʝʨʩʦʥʘʣʫ, ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʠ ʥʘʩʝʣʝʥʠʶ. 

ʕʨʦʟʠʷ-ʢʦʨʨʦʟʠʷ ʷʚʣʷʝʪʩʷ ʧʨʝʦʙʣʘʜʘʶʱʠʤ ʤʝʭʘʥʠʟʤʦʤ ʧʦʚʨʝʞʜʝʥʠʷ ʤʝʪʘʣʣʘ, 

ʧʨʠʚʦʜʷʱʠʤ ʢ ʫʪʦʥʝʥʠʶ ʩʪʝʥʦʢ ʵʣʝʤʝʥʪʦʚ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʢʦʥʜʝʥʩʘʪʥʦ-ʧʠʪʘʪʝʣʴʥʦʛʦ 

ʪʨʘʢʪʘ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ [1]. ʉʦʚʨʝʤʝʥʥʳʤ ʧʦʜʭʦʜʦʤ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ 

ʩʦʚʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠ ʦʮʝʥʢʝ ʚʦʟʤʦʞʥʦʩʪʠ ʥʘʜʝʞʥʦʡ ʠ ʙʝʟʦʧʘʩʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʵʣʝʤʝʥʪʦʚ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʜʚʫʭ ʩʦʩʪʘʚʣʷʶʱʠʭ: ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ 

ʤʝʩʪ ʨʘʩʧʦʣʦʞʝʥʠʷ ʟʦʥ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʦʢʘʣʴʥʦʡ ʵʨʦʟʠʠ-ʢʦʨʨʦʟʠʠ [2] ʠ ʤʝʪʦʜʠʢ 

ʦʧʨʝʜʝʣʝʥʠʷ ʤʠʥʠʤʘʣʴʥʦ-ʜʦʧʫʩʪʠʤʦʡ ʪʦʣʱʠʥʳ ʩʪʝʥʢʠ.  

ɺ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʵʣʝʤʝʥʪʘʭ 

ʠ ʫʟʣʘʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʦʜʥʦʬʘʟʥʳʭ ʚʦʜʥʳʭ 

ʧʦʪʦʢʘʭ, ʩ ʧʦʤʦʱʴʶ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʨʝʘʣʠʟʫʶʱʠʭ ʤʝʪʦʜ 

ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʝʜʣʦʞʝʥʠʡ ʧʦ 

ʢʦʨʨʝʢʪʠʨʦʚʢʝ ʥʦʨʤ ʦʮʝʥʢʠ ʜʦʧʫʩʪʠʤʦʛʦ ʵʨʦʟʠʦʥʥʦ-ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʠʟʥʦʩʘ ʵʣʝʤʝʥʪʦʚ 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ. 
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ʉʆɺʈɽʄɽʅʅʓɽ ʇʆɼʍʆɼʓ ʂ ʇʆɺʓʐɽʅʀʖ ɹɽɿʆʇɸʉʅʆʉʊʀ 

ʇɸʉʉɸɾʀʈʉʂʀʍ ɺɸɻʆʅʆɺ ɺ ɸɺɸʈʀʁʅʓʍ ʉʀʊʋɸʎʀʗʍ 

MODERN APPROACHES TO IMPROVE THE SAFETY OF THE PASSENGER 

CARS IN EMERGENCY SITUATIONS 
ʉ.ɻ. ʐʦʨʦʭʦʚ ï ʘʩʧ. 

ʌɻɹʆʋ ɺʇʆ çɹʨʷʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

Abstract. The passive safety system of the home-produced new generationôs was developed. 

The characteristics of the passive safety system were determined on the basis of multivariant 

calculations. The efficiency of adaptation of the passive safety system in emergency situations 

was evaluated with the help of mathematical modeling. 

 

ʋʩʣʦʚʠʝʤ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʷʚʣʷʝʪʩʷ ʥʝʧʨʝʨʳʚʥʦʝ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʠʩʪʝʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʝʨʝʚʦʟʦʢ. ʇʦʚʳʰʝʥʠʝ 

ʩʢʦʨʦʩʪʝʡ ʜʚʠʞʝʥʠʷ ʧʘʩʩʘʞʠʨʩʢʠʭ ʧʦʝʟʜʦʚ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʨʠʩʢʘ ʜʣʷ ʞʠʟʥʠ ʠ 

ʟʜʦʨʦʚʴʷ ʧʘʩʩʘʞʠʨʦʚ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ. ʅʘʠʙʦʣʝʝ ʦʧʘʩʥʳʤʠ 

ʘʚʘʨʠʷʤʠ ʷʚʣʷʶʪʩʷ ʧʨʦʜʦʣʴʥʳʝ ʩʪʦʣʢʥʦʚʝʥʠʷ ʧʘʩʩʘʞʠʨʩʢʠʭ ʧʦʝʟʜʦʚ ʩ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʤ 

ʧʦʜʚʠʞʥʳʤ ʩʦʩʪʘʚʦʤ ʠ ʧʨʝʧʷʪʩʪʚʠʷʤʠ ʥʘ ʧʝʨʝʝʟʜʘʭ. ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʧʨʦʛʨʝʩʩʠʚʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʦʚʳʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʝʨʝʚʦʟʦʢ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤ 

ʧʘʩʩʠʚʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ (ʉʇɹ) ʢʫʟʦʚʦʚ ʧʘʩʩʘʞʠʨʩʢʠʭ ʚʘʛʦʥʦʚ ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʝʥʝʥʠʷ 

ʞʝʨʪʚʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʆʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʨʘʟʨʫʰʘʝʤʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʧʦʛʣʦʱʘʶʱʠʝ 

ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʩʦʫʜʘʨʷʶʱʠʭʩʷ ʤʘʩʩ. 

ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ ʥʘ ʢʫʟʦʚʘʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ 

ʧʘʩʩʘʞʠʨʩʢʠʭ ʚʘʛʦʥʦʚ ʨʝʘʣʠʟʫʝʪʩʷ ʧʫʪʝʤ ʚʥʝʩʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʚ ʢʦʥʩʪʨʫʢʮʠʶ ʘʚʪʦʩʮʝʧʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʚʘʛʦʥʘ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʘ ʦʨʠʛʠʥʘʣʴʥʘʷ ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʘʚʪʦʩʮʝʧʢʠ, 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʝʝ ʧʝʨʝʤʝʱʝʥʠʷ ʚʥʫʪʨʴ ʨʘʤʳ ʚʘʛʦʥʘ ʧʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʫʜʘʨʥʳʭ ʥʘʛʨʫʟʦʢ, ʧʨʝʚʳʰʘʶʱʠʭ ʥʦʨʤʘʪʠʚʥʳʝ ʟʥʘʯʝʥʠʷ. ʄʠʥʠʤʘʣʴʥʳʝ 

ʚʝʣʠʯʠʥʳ ʧʨʦʜʦʣʴʥʳʭ ʥʘʛʨʫʟʦʢ, ʧʨʠ ʢʦʪʦʨʳʭ ʚʦʟʥʠʢʘʶʪ ʧʣʘʩʪʠʯʝʩʢʠʝ ʜʝʬʦʨʤʘʮʠʠ ʢʫʟʦʚʘ 

ʚʘʛʦʥʘ, ʦʧʨʝʜʝʣʝʥʳ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʝʛʦ 

ʥʝʩʫʱʝʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʜʣʷ ʯʝʛʦ ʨʘʟʨʘʙʦʪʘʥʘ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʘʷ ʧʣʘʩʪʠʥʯʘʪʦ-ʩʪʝʨʞʥʝʚʘʷ 

ʢʦʥʝʯʥʦʵʣʝʤʝʥʪʥʘʷ ʤʦʜʝʣʴ. 

ʂʨʠʪʝʨʠʝʤ ʚʳʙʦʨʘ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʧʘʨʘʤʝʪʨʦʚ ʞʝʨʪʚʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʠʥʷʪ ʧʨʠʥʮʠʧ 

ʥʝʜʦʧʫʱʝʥʠʷ ʚ ʤʝʩʪʘʭ ʠʭ ʫʩʪʘʥʦʚʢʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʫʩʠʣʠʡ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʧʣʘʩʪʠʯʝʩʢʦʤʫ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʶ ʥʝʩʫʱʠʭ ʵʣʝʤʝʥʪʦʚ ʢʫʟʦʚʘ. ʉ ʫʯʝʪʦʤ ʚʩʝʭ ʦʛʨʘʥʠʯʝʥʠʡ ʨʘʟʨʘʙʦʪʘʥʳ ʪʨʠ 

ʚʘʨʠʘʥʪʘ ʢʦʥʩʪʨʫʢʮʠʠ ʞʝʨʪʚʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʦʪʣʠʯʠʪʝʣʴʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʢʦʪʦʨʳʭ 

ʷʚʣʷʶʪʩʷ ʧʨʦʩʪʦʪʘ ʢʦʥʩʪʨʫʢʮʠʠ, ʚʳʩʦʢʘʷ ʥʘʜʝʞʥʦʩʪʴ ʠ ʥʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ 

ʵʥʝʨʛʦʧʦʛʣʦʱʝʥʠʷ ʧʨʝʜʣʦʞʝʥʥʳʭ ʚʘʨʠʘʥʪʦʚ ʦʮʝʥʠʚʘʣʘʩʴ ʩʨʝʜʩʪʚʘʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʧʣʘʩʪʠʥʯʘʪʳʭ ʢʦʥʝʯʥʦʵʣʝʤʝʥʪʥʳʭ ʤʦʜʝʣʝʡ. ʇʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʤʥʦʛʦʚʘʨʠʘʥʪʥʳʭ ʨʘʩʯʝʪʦʚ ʧʦʣʫʯʝʥʳ ʜʠʘʛʨʘʤʤʳ ʟʘʚʠʩʠʤʦʩʪʠ ʵʥʝʨʛʦʝʤʢʦʩʪʠ 

ʞʝʨʪʚʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʪ ʚʨʝʤʝʥʠ ʩʦʫʜʘʨʝʥʠʷ ʠ ʦʧʨʝʜʝʣʝʥʘ ʢʦʥʩʪʨʫʢʮʠʷ, ʤʘʢʩʠʤʘʣʴʥʦ 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʘʷ ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ ʥʝʡ ʪʨʝʙʦʚʘʥʠʷʤ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ 

ʨʘʟʨʘʙʦʪʘʥʘ ʉʇɹ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʞʝʨʪʚʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʪʦʨʮʝʚʳʭ ʩʪʝʥʘʭ 

ʠ ʚ ʢʦʥʩʦʣʴʥʦʡ ʯʘʩʪʠ ʨʘʤʳ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʚʘʛʦʥʘ. 

ʆʮʝʥʢʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʘʩʩʘʞʠʨʩʢʠʭ ʚʘʛʦʥʦʚ, ʦʙʦʨʫʜʦʚʘʥʥʳʭ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʉʇɹ, ʚʳʧʦʣʥʝʥʘ ʥʘ ʦʩʥʦʚʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʪʦʣʢʥʦʚʝʥʠʷ 

ʪʝʩʪʦʚʦʛʦ ʧʦʝʟʜʘ ʩ ʧʨʝʧʷʪʩʪʚʠʝʤ ʚ ʚʠʜʝ ʛʨʫʟʦʚʦʛʦ ʤʠʢʨʦʘʚʪʦʙʫʩʘ ʥʘ ʧʝʨʝʝʟʜʝ. ɼʘʥʥʘʷ 

ʘʚʘʨʠʡʥʘʷ ʩʠʪʫʘʮʠʷ ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʩʪʦʚʦʤʫ ʩʮʝʥʘʨʠʶ ʩʪʦʣʢʥʦʚʝʥʠʷ, ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʪʦʨʳʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʉʇɹ. ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʧʨʝʜʣʦʞʝʥʥʦʡ ʩʠʩʪʝʤʳ ʧʘʩʩʠʚʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʫʩʢʦʨʝʥʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚʘʛʦʥʘ ʥʘ 21%, ʫʩʠʣʠʷ, 

ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʥʝʩʫʱʫʶ ʢʦʥʩʪʨʫʢʮʠʶ, ʥʘ 17%, ʘ ʪʘʢʞʝ ʧʦʚʳʩʠʪʴ ʤʠʥʠʤʘʣʴʥʳʝ ʩʢʦʨʦʩʪʠ 

ʩʪʦʣʢʥʦʚʝʥʠʷ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʩʭʦʜʫ ʧʦʝʟʜʘ ʩ ʨʝʣʴʩʦʚ, ʥʘ 32%. 
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ʆɹ ʆɼʅʆʄ ʇʆɼʍʆɼɽ ʂ ʇʈʆɹʃɽʄɸʄ ɹɽɿʆʇɸʉʅʆʉʊʀ 

ɺʅʋʊʈɽʅʅʀʍ ʆɹʒɽʄʆɺ ʇʀʈɸʄʀɼɸʃʔʅʓʍ ʂʆʅʉʊʈʋʂʎʀʁ 

ON ONE APPROACH TO THE SECURITY PROBLEMS FOR INTERNAL 

VOLUMES OF THE PYRAMIDAL CONSTRUCTIONS 
C.ɺ. ʗʨʮʝʚʘ ï ʚʝʜ.ʩʧʝʮ., ɻ.ɺ. ʊʨʦʱʝʥʢʦ ï ʩʪʫʜ., ʃ.ɸ. ɹʦʨʦʜʘʝʚʘ ï ʩʪʫʜ. 

ʀʥʪʝʛʨʘʮʠʷ XXI  ʚʝʢ, ʄʦʩʢʚʘ 

Abstract. Some mathematical criteria, based on the concepts of Wurf and Pentawurf, are 

proposed for the evaluation of security of the pyramids and other engineering constructions. 

They are discussed in comparison with the achievements of other specialists in this field.

 ɺ ʜʦʢʣʘʜʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʢʨʠʪʝʨʠʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚʥʫʪʨʝʥʥʠʭ 

ʦʙʲʝʤʦʚ ʧʠʨʘʤʠʜʘʣʴʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʠ ʜʨʫʛʠʭ ʠʥʞʝʥʝʨʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʢʦʪʦʨʳʝ 

ʦʙʩʫʞʜʘʶʪʩʷ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʦʩʪʠʞʝʥʠʷʤʠ ʜʨʫʛʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ.  

 ʇʠʨʘʤʠʜʘʣʴʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʩ ʟʘʢʣʶʯʝʥʥʳʤʠ ʚ ʥʠʭ ʚʥʫʪʨʝʥʥʠʤʠ ʦʙʲʝʤʘʤʠ 

ʠʟʚʝʩʪʥʳ ʫʞʝ ʥʝʩʢʦʣʴʢʦ ʪʳʩʷʯ ʣʝʪ. ʉʝʛʦʜʥʷ ʤʥʦʛʠʝ ʧʝʨʝʜʦʚʳʝ ʠʥʞʝʥʝʨʥʳʝ ʧʨʦʝʢʪʳ 

ʠʩʧʦʣʴʟʫʶʪ ʧʠʨʘʤʠʜʘʣʴʥʫʶ ʬʦʨʤʫ. ʍʦʨʦʰʠʤ ʧʨʠʤʝʨʦʤ ʟʜʝʩʴ ʷʚʣʷʝʪʩʷ ʷʧʦʥʩʢʠʡ 

ʠʥʞʝʥʝʨʥʳʡ ʧʨʦʝʢʪ ñMega-City Pyramidò, ʚ ʢʦʪʦʨʦʤ ʚʥʫʪʨʠ ʜʘʥʥʦʡ ʬʦʨʤʳ ʩʦʩʨʝʜʦʪʦʯʝʥʳ 

ʞʠʣʳʝ ʧʦʤʝʱʝʥʠʷ, ʘ ʨʘʟʤʝʨʳ ʩʦʦʨʫʞʝʥʠʷ ʧʨʝʚʦʩʭʦʜʷʪ ʢʠʣʦʤʝʪʨʦʚʫʶ ʦʪʤʝʪʢʫ: 

 
 ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʬʦʨʤʫʣʠʨʦʚʢʘ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʢʨʠʪʝʨʠʝʚ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚʥʫʪʨʝʥʥʠʭ ʧʦʤʝʱʝʥʠʡ ʧʠʨʘʤʠʜʘʣʴʥʳʭ ʠʥʞʝʥʝʨʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʰʠʨʦʢʦʛʦ ʢʣʘʩʩʘ. ɺ ʨʘʙʦʪʘʭ ʖ.ɸ. ʀʛʥʘʪʴʝʚʘ, ʧʦʩʚʷʱʝʥʥʳʭ ʦʩʥʦʚʘʤ 

ʚʫʨʬʦʚʦʛʦ ʠ ʧʝʥʪʘʚʫʨʬʦʚʦʛʦ ʘʥʘʣʠʟʘ ʚ ʘʨʭʠʪʝʢʪʫʨʝ, ʫʢʘʟʘʥʳ ʦʙʱʠʝ ʬʦʨʤʫʣʳ ʵʪʠʭ 

ʢʨʠʪʝʨʠʝʚ ʠ ʢʘʢ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ. ʅʘʰʝ ʜʦʩʪʠʞʝʥʠʝ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʤʳ 

ʚʧʝʨʚʳʝ ʧʝʨʝʥʦʩʠʤ ʵʪʠ ʬʦʨʤʫʣʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʠʥʞʝʥʝʨʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʣʶʙʦʛʦ ʪʠʧʘ. 

ʐʠʣʠʥ ɸ.ɸ. [1] ʧʦʣʘʛʘʝʪ, ʯʪʦ ʜʨʝʚʥʠʝ ʝʛʠʧʪʷʥʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʚʘ ʩʧʦʩʦʙʘ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʩʦʭʨʘʥʥʦʩʪʠ ʚʥʫʪʨʝʥʥʠʭ ʧʦʤʝʱʝʥʠʡ ʧʠʨʘʤʠʜ ʩʚʦʠʭ ʬʘʨʘʦʥʦʚ. ʅʘ ʧʨʠʤʝʨʝ 

ʧʠʨʘʤʠʜʳ ʍʝʦʧʩʘ ʦʥ ʛʦʚʦʨʠʪ ʦ ʪʝʭʥʠʢʝ ʨʘʟʛʨʫʟʦʯʥʳʭ ʧʝʨʝʢʨʳʪʠʡ ʠ ʤʝʪʦʜʠʢʝ ʩʤʝʱʝʥʠʷ 

ʢʣʘʜʢʠ ʢʘʤʥʝʡ ʢ ʮʝʥʪʨʫ. ʄʳ ʥʝ ʤʦʞʝʤ ʩʦʛʣʘʩʠʪʴʩʷ ʩ ʵʪʠʤ ʤʥʝʥʠʝʤ. ʊʦ, ʯʪʦ ɸ.ɸ. ʐʠʣʠʥ 

ʥʘʟʳʚʘʝʪ ʩʤʝʱʝʥʠʝʤ ʢʣʘʜʢʠ ʢʘʤʥʝʡ ʢ ʮʝʥʪʨʫ, ʷʚʣʷʝʪʩʷ ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʠʟʚʝʩʪʥʳʤ ʫ 

ʜʨʝʚʥʠʭ ʥʘʨʦʜʦʚ ʩʧʦʩʦʙʦʤ ʚʳʢʣʘʜʳʚʘʪʴ ʪʘʢ ʥʘʟʳʚʘʝʤʫʶ çʣʦʞʥʫʶ ʘʨʢʫè. ʆʥ ʚʩʪʨʝʯʘʝʪʩʷ, 

ʥʘʧʨʠʤʝʨ, ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʤʘʡʷ ʧʝʨʠʦʜʘ ʝʝ ʨʘʩʮʚʝʪʘ ʠ ʠʥʢʦʚ. ʂʨʦʤʝ 

ʪʦʛʦ, ʦʜʥʘ çʘʨʢʘè ʥʝʜʦʩʪʘʪʦʯʥʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʧʦʵʪʦʤʫ, ʥʘʧʨʠʤʝʨ, ʚ 

ʣʦʤʘʥʦʡ ʧʠʨʘʤʠʜʝ ʉʥʦʬʨʫ ʤʝʞʜʫ ʦʛʨʦʤʥʳʤʠ ʢʘʤʥʷʤʠ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ çʘʨʢʠè 

ʩʪʨʦʠʪʝʣʷʤʠ ʧʠʨʘʤʠʜʳ ʙʳʣʠ ʚʩʪʘʚʣʝʥʳ ʨʘʩʧʦʨʢʠ ʚ ʚʠʜʝ ʮʝʣʳʭ ʩʪʚʦʣʦʚ ʜʝʨʝʚʴʝʚ. ʂʘʢ 

ʥʝʩʣʦʞʥʦ ʫʙʝʜʠʪʴʩʷ, ʧʨʦʠʟʚʝʜʷ ʤʝʭʘʥʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ, ʪʝʭʥʠʢʘ ʨʘʟʛʨʫʟʦʯʥʳʭ 

ʧʝʨʝʢʨʳʪʠʡ, ʦʧʠʩʘʥʥʘʷ ɸ.ɸ. ʐʠʣʦʚʳʤ, ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʭʨʘʥʥʦʩʪʴ ʧʦʪʦʣʢʘ ʮʘʨʩʢʦʡ 

ʢʘʤʝʨʳ ʚ ʧʠʨʘʤʠʜʝ ʍʝʦʧʩʘ.  

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʐʠʣʠʥ ɸ.ɸ. ʆʩʚʦʝʥʠʝ ʧʦʜʟʝʤʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ (ʟʘʨʦʞʜʝʥʠʝ ʠ ʨʘʟʚʠʪʠʝ). ï 

ʉʪʨʦʡʢʘ.ʨʫ, 26.08.2010.  
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ʂʦʥʩʪʨʫʢʮʠʦʥʥʦʝ

ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝ: ʢʦʤʧʦʟʠʪʥr ʝ,

ʥʘʥʦ- ʤʘʪʝʨʠʘʣr  ʠ ʪʝʭʥʦʣʦʛʠʠ 
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ʈɸɿʈɸɹʆʊʂɸ ɸʃɻʆʈʀʊʄɸ ʆʇʊʀʄɸʃʔʅʆɻʆ 

ʊɽʍʅʆʃʆɻʀʏɽʉʂʆɻʆ ʇʈʆʎɽʉʉɸ ʀɿɻʆʊʆɺʃɽʅʀɽ ɼɽʊɸʃʀ 

 

DEVELOPING AN ALGORITHM  

OF OPTIMAL TECHNOLOGICAL PROCESS MANUFACTURING PARTS 
 

ɸ.ʄ.ɸʨʟʳʙʘʝʚ ïʥ.ʩ. 

ʀʥʩʪʠʪʫʪ ʤʘʰʠʥʦʚʝʜʝʥʠʷ ʠʤ.ɸ.ɸ.ɹʣʘʛʦʥʨʘʚʦʚʘ ʈɸʅ 

 
Abstract. Problems in the design process are described in the article. A new algorithm for the production 

of technological transfer surfaces is proposed. The algorithm includes best modern technological 

solutions. 

 
ʆʩʥʦʚʥʳʤ ʵʪʘʧʦʤ ʧʨʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʷʚʣʷʶʪʩʷ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ ʝʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 
ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʠʟʛʦʪʦʚʣʝʥʠʝ ʜʝʪʘʣʠ  ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʪʝʭʥʦʣʦʛʦʤ ʠʣʠ ʚʨʫʯʥʫʶ, 

ʠʣʠ ʩ ʧʦʤʦʱʴʶ ʉɸʇʈ ʊʇ. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʢʘʯʝʩʪʚʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʧʨʦʮʝʩʩʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʢʘʯʝʩʪʚʦʤ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ ʩʨʝʜʩʪʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʢʦʪʦʨʦʡ 
ʧʦʣʴʟʫʝʪʩʷ ʪʝʭʥʦʣʦʛ.  

ʅʘ ʧʨʝʜʧʨʠʷʪʠʷʭ, ʛʜʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ 

ʚʝʜʝʪʩʷ ʪʝʭʥʦʣʦʛʦʤ ʚʨʫʯʥʫʶ, ʵʣʝʤʝʥʪʥʘʷ ʙʘʟʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʪʣʠʯʘʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʧʦʣʥʦʪʦʡ, 

ʧʣʦʭʦ ʦʨʛʘʥʠʟʦʚʘʥʘ, ʝʸ ʤʘʪʝʨʠʘʣʳ ʥʘʭʦʜʷʪʩʷ ʚ ʨʘʟʥʳʭ ʠʩʪʦʯʥʠʢʘʭ: ʩʧʨʘʚʦʯʥʠʢʘʭ, ʨʘʙʦʯʠʭ 
ʤʘʪʝʨʠʘʣʘʭ ʧʨʝʜʧʨʠʷʪʠʷ, ʥʘʧʨʠʤʝʨ ʚ ʚʠʜʝ ʘʣʴʙʦʤʦʚ, ʚʝʜʦʤʦʩʪʝʡ ʠ ʪ.ʧ.  

ɺ ʩʣʫʯʘʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʠ ʩ ʧʦʤʦʱʴʶ 

ʉɸʇʈ ʊʇ ʵʣʝʤʝʥʪʥʘʷ ʙʘʟʘ ʩʨʝʜʩʪʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʦʨʛʘʥʠʟʦʚʘʥʘ ʟʥʘʯʠʪʝʣʴʥʦ 
ʣʫʯʰʝ. ʆʜʥʘʢʦ, ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ ʥʝ ʦʭʚʘʪʳʚʘʝʪ ʚʩʝʭ ʩʨʝʜʩʪʚ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʝʝ ʦʨʛʘʥʠʟʘʮʠʷ ʜʘʣʝʢʘ ʦʪ ʩʦʚʝʨʰʝʥʩʪʚʘ, ʪ.ʢ. ʟʘʚʠʩʠʪ ʦʪ 

ʢʚʘʣʠʬʠʢʘʮʠʠ, ʦʧʳʪʘ ʠ ʟʥʘʥʠʡ ʨʘʟʨʘʙʘʪʳʚʘʚʰʝʛʦ ʝʸ ʪʝʭʥʦʣʦʛʘ[1].  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʝʢʪʠʨʦʚʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʩ ʦʜʥʦʡ 
ʩʪʦʨʦʥʳ ʜʘʣʝʢʠ ʦʪ ʥʘʠʣʫʯʰʠʭ, ʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʪʨʝʙʫʶʪ ʥʘ ʠʭ ʨʘʟʨʘʙʦʪʢʫ ʟʥʘʯʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ 

ʚʨʝʤʝʥʠ.   

ʂʘʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʷʚʣʷʝʪʩʷ 
ʧʨʘʚʠʣʴʥʳʤ ʚʳʙʦʨʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ 

ʨʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ.  

 

ʃʠʪʝʨʘʪʫʨʘ 
1. ɸʨʟʳʙʘʝʚ ɸ.ʄ., ɹʘʟʨʦʚ ɹ.ʄ. ɺʳʙʦʨ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʜʝʪʘʣʝʡ. 

ɾʫʨʥʘʣçɺʝʩʪʥʠʢ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷè2010,ˉ9,ʩʪʨ.54-56 
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʋɼɸʈʆɿɸʑʀʊʅʓʍ ʊʈɸɺʄʆɹɽɿʆʇɸʉʅʓʍ 

ʂʆʅʉʊʈʋʂʎʀʁ ʊʈɸʅʉʇʆʈʊʅʓʍ ʉʈɽɼʉʊɺ ʅɸ ʆʉʅʆɺɽ 

ʄɸɻʅʀʊʆɸʂʊʀɺʅʓʍ ʕʃɸʉʊʆʄɽʈʆɺ 

MODELLING THE IMPACT-PROTECTIVE COLLAPSIBLE CONSTRUCTION 

OF VEHICLES, BASED ON MAGNETOACTIVE ELASTOMERS 
ɺ.ɺ.ɹʦʛʜʘʥʦʚ ï ʢ.ʪ.ʥ., ʜʦʮ., ʈ.ɺ. ɹʦʢʦʚ ï ʘʩʩ., ʉ.ɸ. ʅʦʚʦʩʸʣʦʚ ï ʩʪʫʜ. 

ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çʄɸʄʀè 

 

Abstract. The smart materials, such as magnetoactive elastomers are widespread in different 

safety constructions of vehicles. In this work authors describe the mathematical modeling of 

passenger carôs bumper that suggest to it contribution in the process of reducing energy level of 

frontal impact.  

 

ʆʜʥʦ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʨʝʰʝʥʠʠ ʧʨʦʙʣʝʤʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ 

ʘʚʪʦʤʦʙʠʣʴʥʦʤ ʪʨʘʥʩʧʦʨʪʝ ʚ ʈʦʩʩʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʥʝʛʘʪʠʚʥʳʭ 

ʧʦʩʣʝʜʩʪʚʠʡ ɼʊʇ ʧʨʠ ʩʪʦʣʢʥʦʚʝʥʠʠ ʘʚʪʦʤʦʙʠʣʝʡ ʩ ʧʝʰʝʭʦʜʘʤʠ ï ʧʦʜʙʦʨ ʦʧʪʠʤʘʣʴʥʳʭ 

ʜʝʤʧʬʠʨʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ ʢʦʥʩʪʨʫʢʮʠʠ ʪʨʘʚʤʦʙʝʟʦʧʘʩʥʦʛʦ ʙʘʤʧʝʨʘ ʝʱʸ ʥʘ ʩʪʘʜʠʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʪʨʘʚʤʦʙʝʟʦʧʘʩʥʳʤʠ ʢʦʥʩʪʨʫʢʮʠʷʤʠ ʙʘʤʧʝʨʦʚ 

ʊʉ ʷʚʣʷʶʪʩʷ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʦʩʥʦʚʝ ʥʦʚʳʭ ʩʤʘʨʪ-ʤʘʪʝʨʠʘʣʦʚ (ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʵʬʬʝʢʪʦʤ 

ʧʘʤʷʪʠ ʬʦʨʤʳ, ʥʘʧʨʠʤʝʨ, ʪʘʢʠʭ ʢʘʢ ʤʘʛʥʠʪʦʫʧʨʫʛʠʝ ʠʣʠ ʤʘʛʥʠʪʦʨʝʘʣʦʛʠʯʝʩʢʠʝ 

ʵʣʘʩʪʦʤʝʨʳ (ʄɸʕ)) ʧʦʩʢʦʣʴʢʫ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʰʠʨʦʢʠʡ ʚʳʙʦʨ ʜʠʘʧʘʟʦʥʘ ʜʝʤʧʬʠʨʫʶʱʠʭ 

ʧʘʨʘʤʝʪʨʦʚ. ʅʘʠʙʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʦʜʙʠʨʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʜʝʤʧʬʠʨʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ 

ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʩʦʬʪ-ʧʘʢʝʪʦʚ, ʨʝʘʣʠʟʫʶʱʠʭ 

ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʪʨʝʭʤʝʨʥʫʶ ʜʝʬʦʨʤʠʨʫʝʤʫʶ ʢʦʥʩʪʨʫʢʮʠʶ. ʊʝʣʦ ʙʘʤʧʝʨʘ 

ʤʦʜʝʣʠʨʫʝʪʩʷ ʦʙʦʣʦʯʝʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʘ ʤʘʛʥʠʪʦʘʢʪʠʚʥʳʡ ʵʣʘʩʪʦʤʝʨ ʪʨʸʭʤʝʨʥʳʤʠ 

ʦʙʲʸʤʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʪʝʩʪʦʚʦʡ ʤʦʜʝʣʠ ʜʣʷ ʨʘʩʯʸʪʘ ʙʳʣ ʚʟʷʪ ʙʘʤʧʝʨ ʘʚʪʦʤʦʙʠʣʷ ʤʘʣʦʛʦ ʢʣʘʩʩʘ 

Mini-Cooper ʚ ʥʦʚʦʤ ʘʚʪʦʨʩʢʦʤ ʜʠʟʘʡʥʝ ʦʪ ʉʂɹ ʄɻʊʋ çʄɸʄʀè ʥʘ ʢʦʪʦʨʦʤ 

ʩʳʤʠʪʠʨʦʚʘʣʠ ʧʦʢʨʳʪʠʝ ʠʟ ʄɸʕ ʚ ʤʝʩʪʘʭ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʩʦʫʜʘʨʝʥʠʷ ʩ ʧʝʰʝʭʦʜʦʤ. 

ʉ ʫʯʸʪʦʤ ʜʘʥʥʳʭ ʧʨʦʚʝʜʸʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʄɸʕ ʙʳʣʠ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʥʝʣʠʥʝʡʥʳʭ ʛʠʧʝʨʫʧʨʫʛʠʭ 

ʤʘʪʝʨʠʘʣʦʚ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠʤʝʚʰʝʛʦ 

ʤʝʩʪʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʢʦʨʨʝʣʷʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʘʩʯʸʪʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ. ʇʦ ʫʪʦʯʥʸʥʥʳʤ ʜʘʥʥʳʤ ʤʦʜʝʣʠ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʩʯʸʪʳ ʢʦʥʩʪʨʫʢʮʠʠ ʙʘʤʧʝʨʘ ʥʘ ʧʨʦʯʥʦʩʪʴ ʠ ʞʸʩʪʢʦʩʪʴ, ʧʨʦʚʝʜʝʥʘ 

ʤʥʦʛʦʧʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʦʧʪʠʤʠʟʘʮʠʷ ʜʣʷ ʠʟʦʪʨʦʧʥʦʡ ʠ ʘʥʠʟʦʪʨʦʧʥʦʡ ʤʦʜʝʣʝʡ 

ʤʘʛʥʠʪʦʘʢʪʠʚʥʦʛʦ ʵʣʘʩʪʦʤʝʨʘ ʧʦ ʝʛʦ ʪʦʣʱʠʥʝ, ʬʦʨʤʝ, ʚʘʨʴʠʨʦʚʘʥʠʶ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʪʝʣʘ ʙʘʤʧʝʨʘ. ʅʘ ʨʠʩʫʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʘʷ 

ʤʦʜʝʣʴ ʙʘʤʧʝʨʘ ʩ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʠ ʧʨʠʢʣʘʜʳʚʘʝʤʦʡ ʥʘʛʨʫʟʢʦʡ. ʄʦʜʝʣʴ 

ʩʦʩʪʘʚʣʷʣʘʩʴ ʠ ʚʝʨʠʬʠʮʠʨʦʚʘʣʘʩʴ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ ABAQUS. 
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ʇʈʀʄɽʅɽʅʀɽ ʏʀʉʃɽʅʅʆ-ɸʅɸʃʀʊʀʏɽʉʂʆɻʆ ʄɽʊʆɼɸ  

ɺ ɿɸɼɸʏɸʍ ʂʈʋʏɽʅʀʗ ʆʉɽʉʀʄʄɽʊʈʀʏʅʓʍ ʊɽʃ  

ʀɿ ʂʆʄʇʆɿʀʎʀʆʅʅʓʍ ʄɸʊɽʈʀɸʃʆɺ 

USING OF THE NUMERICALLY-ANALYTICAL METHOD IN PROBLEMS  

OF TORSION AXES-SIMMETRITION DETAILS  

MADE OF COMPOSITE MATERIALS 
ʇ.ɺ. ɹʨʝʭʦʚʩʢʠʭ ï ʤʘʛʠʩʪʨʘʥʪ 

ʂʘʟʘʥʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɸ.ʅ.ʊʫʧʦʣʝʚʘ 

 

Abstract. In this work problem of torsion of details rotation, made of composite material is 

researched. Problem of theory of elasticity is solved with help the function of stresses and the 

basis functions. 

 

ʆʜʥʘ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ (ʂʄ) ʚ ʩʠʣʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʩʚʷʟʘʥʘ ʩ ʪʦʥʢʦʩʪʝʥʥʳʤʠ ʩʪʝʨʞʥʷʤʠ, ʢʦʪʦʨʳʝ 

ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʥʘʤʦʪʢʦʡ ʠʣʠ ʚʳʢʣʘʜʢʦʡ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʡ ʠʣʠ ʪʢʘʥʦʡ ʣʝʥʪʳ ʧʦʜ 

ʨʘʟʣʠʯʥʳʤʠ ʫʛʣʘʤʠ ʢ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ ʩʪʝʨʞʥʷ.   

                              
           ʈʠʩ 1. ʊʝʣʦ ʚʨʘʱʝʥʠʷ ʩ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʘʥʠʟʦʪʨʦʧʠʝʡ.          ʈʠʩ.2.ʆʙʣʘʩʪʠ S1 ʠ S2. 

ʈʘʩʩʤʦʪʨʠʤ ʫʧʨʫʛʦʝ ʪʝʣʦ ʚʨʘʱʝʥʠʷ ʜʣʠʥʦʡ l, ʦʙʣʘʜʘʶʱʝʝ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ 

ʘʥʠʟʦʪʨʦʧʠʝʡ ʩ ʦʩʴʶ ʘʥʠʟʦʪʨʦʧʠʠ, ʩʦʚʧʘʜʘʶʱʝʡ ʩ ʦʩʴʶ ʚʨʘʱʝʥʠʷ z (ʈʠʩ.1). ʉʪʝʨʞʝʥʴ 

ʟʘʢʨʫʯʠʚʘʝʪʩʷ ʫʩʠʣʠʷʤʠ, ʧʨʠʣʦʞʝʥʥʳʤʠ ʢ ʝʛʦ ʪʦʨʮʘʤ. ʆʙʲʝʤʥʳʤʠ ʩʠʣʘʤʠ ʧʨʝʥʝʙʨʝʛʘʝʤ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʜʭʦʜ, ʚ ʢʦʪʦʨʦʤ ʟʘ ʦʩʥʦʚʥʫʶ ʬʫʥʢʮʠʶ ʧʨʠʥʠʤʘʝʪʩʷ ʬʫʥʢʮʠʷ ʥʘʧʨʷʞʝʥʠʡ 

),( zr . ɿʘʜʘʯʘ ʩʚʦʜʠʪʩʷ ʢ ʦʪʳʩʢʘʥʠʶ ʵʪʦʡ ʬʫʥʢʮʠʠ ʚ ʦʙʣʘʩʪʠ ʧʦʣʦʚʠʥʳ 

ʤʝʨʠʜʠʦʥʘʣʴʥʦʛʦ ʩʝʯʝʥʠʷ, ʪ.ʝ. ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʦʩʴʶ z, ʜʚʫʤʷ ʧʨʷʤʦʣʠʥʝʡʥʳʤʠ ʦʪʨʝʟʢʘʤʠ, 

ʥʦʨʤʘʣʴʥʳʤʠ ʢ ʦʩʠ z (ʪʦʨʮʳ) ʠ ʦʙʨʘʟʫʶʱʝʡ.  

ʉʦʛʣʘʩʥʦ ʨʘʙʦʪʘʤ ʉ.ɻ. ʃʝʭʥʠʮʢʦʛʦ, ʚ ʩʣʫʯʘʝ ʪʨʘʥʩʚʝʨʩʘʣʴʥʦ-ʠʟʦʪʨʦʧʥʦʛʦ ʪʝʣʘ 

ʬʫʥʢʮʠʷ ʥʘʧʨʷʞʝʥʠʡ  ʜʦʣʞʥʘ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʩʣʝʜʫʶʱʝʤʫ ʫʨʘʚʥʝʥʠʶ: 
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2

rrz
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ʛʜʝ rGzGg / .  

ɺ ʩʣʫʯʘʝ ʠʟʦʪʨʦʧʥʦʛʦ ʦʜʥʦʨʦʜʥʦʛʦ ʪʝʣʘ 1g . ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʦ ʢʨʫʯʝʥʠʠ 

ʪʨʘʥʩʚʝʨʩʘʣʴʥʦ-ʠʟʦʪʨʦʧʥʦʛʦ ʩʪʝʨʞʥʷ ʩ ʦʙʣʘʩʪʴʶ S ʤʦʞʥʦ ʩʚʝʩʪʠ ʢ ʨʝʰʝʥʠʶ ʘʥʘʣʦʛʠʯʥʦʡ 

ʟʘʜʘʯʠ ʜʣʷ ʠʟʦʪʨʦʧʥʦʛʦ ʩʪʝʨʞʥʷ, ʥʦ ʩ ʠʟʤʝʥʝʥʥʦʡ ʦʙʣʘʩʪʴʶ S1`, ʧʫʪʝʤ ʧʨʦʩʪʦʡ ʟʘʤʝʥʳ 

ʧʝʨʝʤʝʥʥʳʭ ./, 11 gzzrr (ʈʠʩ.2) 

ɺʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʤʝʪʦʜʠʢʦʡ ʧʦʩʪʨʦʝʥʠʷ ʙʘʟʠʩʥʳʭ ʬʫʥʢʮʠʡ ʥʘ ʦʩʥʦʚʝ ʨʘʟʣʦʞʝʥʠʷ 

ʠʥʚʘʨʠʘʥʪʥʳʭ ʨʝʰʝʥʠʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚ ʯʘʩʪʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ, ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʝʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (1):  

            ),,(...)3/2()2(),( 11
4

14
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1211011 zrUArAzzrAzrAzAAzr NN    (2) 

ʛʜʝ ),( zrU ʙʘʟʠʩʥʳʝ ʬʫʥʢʮʠʠ; A  ʧʦʜʣʝʞʘʱʠʝ ʦʧʨʝʜʝʣʝʥʠʶ ʧʨʦʠʟʚʦʣʴʥʳʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ.  

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ 

ʤʝʭʘʥʠʢʠ ʜʝʬʦʨʤʠʨʫʝʤʦʛʦ ʪʚʸʨʜʦʛʦ ʘʥʠʟʦʪʨʦʧʥʦʛʦ ʪʝʣʘ. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʅɸʇʈʗɾɽʅʅʆ-ɼɽʌʆʈʄʀʈʆɺɸʅʅʆɻʆ 

ʉʆʉʊʆʗʅʀʗ ʇʈʆɹʀɺʅʆɻʆ ʇʋɸʅʉʆʅɸ ʇʈʀ ʇʆɺɽʈʍʅʆʉʊʅʆʄ 

ʇʃɸɿʄɽʅʅʆʄ ʋʇʈʆʏʅɽʅʀʀ  

 

RESEARCH OF THE IS INTENSE-DEFORMED CONDITION OF THE 

PENETRATIVE PUNCH AT SUPERFICIAL PLASMA HARDENING 
 

ɸ.ʀ. ɺʝʨʝʤʝʡʯʠʢ ï ʥ.ʩ. 

ɹʨʝʩʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ɹʨʝʩʪ, ɹʝʣʘʨʫʩʴ 

 

Abstract. In the present work results of calculation and visualization of fields of temperatures, 

movings and the pressure arising in a punch for a punched hole of apertures under the influence 

of the concentrated high-temperature source of heat, received with application of functionality of 

a method of the boundary integrated equations and certainly-element package ANSYS 

Workbench are presented. 

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʧʫʘʥʩʦʥʘ ʜʣʷ ʧʨʦʙʠʚʢʠ ʦʪʚʝʨʩʪʠʡ ʧʨʠ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʧʣʘʟʤʝʥʥʦʤ ʫʧʨʦʯʥʝʥʠʠ ʪʦʨʮʝʚʦʛʦ 

ʩʝʯʝʥʠʷ ʤʝʪʦʜʦʤ ʛʨʘʥʠʯʥʳʭ ʠʥʪʝʛʨʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. ʈʘʩʩʤʦʪʨʝʥʦ ʩʪʘʮʠʦʥʘʨʥʦʝ ʠ 

ʥʝʩʪʘʮʠʦʥʘʨʥʦʝ ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʥʘʛʨʫʞʝʥʠʝ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʧʦʤʠʤʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʠʘʣʘ, ʟʘʜʘʶʪʩʷ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ ʫʧʨʦʯʥʝʥʠʷ: ʩʢʦʨʦʩʪʴ 

ʧʝʨʝʤʝʱʝʥʠʷ ʠʩʪʦʯʥʠʢʘ, ʧʣʦʪʥʦʩʪʴ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʠ ʜʨ. ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʣʫʯʘʶ ʧʨʠʣʦʞʝʥʠʷ ʢʦʥʚʝʢʮʠʠ ʧʦ ʚʥʝʰʥʠʤ ʧʦʚʝʨʭʥʦʩʪʷʤ. ʂ ʚʝʨʭʥʝʡ 

ʪʦʨʮʝʚʦʡ ʛʨʘʥʠ ʧʫʘʥʩʦʥʘ ʧʨʠʢʣʘʜʳʚʘʣʘʩʴ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʥʘʛʨʫʟʢʘ. ʇʨʠ ʩʪʘʪʠʯʝʩʢʦʤ 

ʘʥʘʣʠʟʝ ʥʠʞʥʷʷ ʛʨʘʥʴ ʧʫʘʥʩʦʥʘ ʩʯʠʪʘʣʘʩʴ ʥʝʧʦʜʚʠʞʥʦʡ.  

ʉ ʧʦʤʦʱʴʶ ʪʝʦʨʠʠ ʧʦʪʝʥʮʠʘʣʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʚ ʯʘʩʪʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʟʘʤʝʥʷʶʪʩʷ ʠʥʪʝʛʨʘʣʴʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʪʠʧʘ ʌʨʝʜʛʦʣʴʤʘ 2-ʛʦ ʨʦʜʘ. 

ʂʨʘʝʚʘʷ ʟʘʜʘʯʘ ʩʚʦʜʠʪʩʷ ʢ ʟʘʜʘʯʝ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ. ʇʦʣʫʯʝʥʳ 

ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʜʦʙʘʚʦʢ ʧʝʨʝʤʝʱʝʥʠʡ ʠ ʥʘʧʨʷʞʝʥʠʡ. ʇʦʩʪʨʦʝʥʘ ʩʠʩʪʝʤʘ 

ʩʠʥʛʫʣʷʨʥʳʭ ʠʥʪʝʛʨʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʪʝʨʤʦʫʧʨʫʛʦʩʪʠ. ʏʠʩʣʝʥʥʘʷ ʨʝʘʣʠʟʘʮʠʷ 

ʠʥʪʝʛʨʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚʳʧʦʣʥʝʥʘ ʥʘ ʙʘʟʝ ʤʝʪʦʜʘ ʤʝʭʘʥʠʯʝʩʢʠʭ ʢʚʘʜʨʘʪʫʨ. ʀʥʪʝʛʨʘʣʳ 

ʚʳʯʠʩʣʷʶʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʢʚʘʜʨʘʪʫʨʥʳʭ ʬʦʨʤʫʣ ɻʘʫʩʩʘ. ʇʦ ʥʘʡʜʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ 

ʧʣʦʪʥʦʩʪʝʡ ʧʦʪʝʥʮʠʘʣʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ 

ʚ ʧʨʦʠʟʚʦʣʴʥʦʡ ʪʦʯʢʝ. ʉʥʘʯʘʣʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʣʶʙʦʡ ʪʦʯʢʝ ʧʫʘʥʩʦʥʘ. ɼʘʣʝʝ 

ʥʘʭʦʜʷʪʩʷ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʜʦʙʘʚʢʠ ʧʝʨʝʤʝʱʝʥʠʡ, ʥʘʧʨʷʞʝʥʠʡ ʠ ʬʠʢʪʠʚʥʘʷ ʪʝʤʧʝʨʘʪʫʨʥʘʷ 

ʥʘʛʨʫʟʢʘ, ʧʦʩʣʝ ʯʝʛʦ ʥʘʭʦʜʷʪʩʷ ʧʝʨʝʤʝʱʝʥʠʷ ʠ ʥʘʧʨʷʞʝʥʠʷ. 

ʉ ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʦʧʨʝʜʝʣʝʥʳ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʣʝʡ, 

ʥʘʧʨʷʞʝʥʠʡ ʠ ʧʝʨʝʤʝʱʝʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʪʦʯʢʘʭ ʧʫʘʥʩʦʥʘ. ʇʦʩʪʨʦʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, ʢʦʤʧʦʥʝʥʪʦʚ ʥʘʧʨʷʞʝʥʠʷ ʠ ʧʝʨʝʤʝʱʝʥʠʷ ʦʪ ʚʨʝʤʝʥʠ ʠ 

ʢʦʦʨʜʠʥʘʪ. ʈʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʞʠʤʦʚ 

ʨʘʙʦʪʳ ʧʣʘʟʤʦʪʨʦʥʦʚ ʠ ʜʨʫʛʠʭ ʚʳʩʦʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʥʘʛʨʝʚʘ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʧʨʦʚʦʜʠʪʴ ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʦʙʨʘʙʦʪʢʫ ʤʝʪʘʣʣʦʠʟʜʝʣʠʡ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʣʘʟʤʝʥʥʦʡ ʩʪʨʫʝʡ. 
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ʇɽʈʉʇɽʂʊʀɺʓ ʇʈʀʄɽʅɽʅʀʗ ʄɽʊʆɼɸ ʂɺɸʅʊʆɺʆ-ɺʆʃʅʆɺʆʁ 

ʆɹʈɸɹʆʊʂʀ ɸʃʄɸɿɸ ɼʃʗ ʇʈʆʀɿɺʆɼʉʊɺɸ 

ɺʓʉʆʂʆʊɽʍʅʆʃʆɻʀʏʅʓʍ ʀɿɼɽʃʀʁ 

 

PROSPECTS FOR APPLICATION OF QUANTUM-WAVE DIAMOND 

PROCESSING FOR HIGH-TECH PRODUCTS 
 

ɽ.ɺ.ɻʣʘʜʯʝʥʢʦʚ ï ʘʩʧ., ʀ.ʀ.ɸʥʪʦʥʦʚʘ ï ʩʪʫʜ., ʆ.ʅ.ɹʫʥʜʠʥʘ ï ʩʪʫʜ., ʉ.ɸ.ʉʚʠʨʠʥ ï ʩʪʫʜ. 

ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

Abstract. Diamond is a material with a unique set of properties. In this paper we consider a new 

way of the diamond processing. This opens prospects for using of diamond crystals treated with 

the use of quantum-wave method for the issue of new high-tech products. 

  

ɸʣʤʘʟ ʵʪʦ ʫʥʠʢʘʣʴʥʳʡ ʧʨʠʨʦʜʥʳʡ ʤʘʪʝʨʠʘʣ. ʆʥ ʦʙʣʘʜʘʝʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ 

ʪʚʸʨʜʦʩʪʴʶ ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴʶ ʥʘ ʠʩʪʠʨʘʥʠʝ, ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ 

ʩʨʝʜʠ ʚʩʝʭ ʪʚʸʨʜʳʭ ʪʝʣ ʠ ʷʚʣʷʝʪʩʷ ʜʠʵʣʝʢʪʨʠʢʦʤ, ʘ ʧʨʠ ʣʝʛʠʨʦʚʘʥʠʠ, ʥʘʧʨʠʤʝʨ ʙʦʨʦʤ, ʫ 

ʘʣʤʘʟʘ ʧʦʷʚʣʷʝʪʩʷ ʧʨʦʚʦʜʠʤʦʩʪʴ. ʂ ʪʦʤʫ ʞʝ ʘʣʤʘʟ ʫʩʪʦʡʯʠʚ ʢ ʨʘʜʠʘʮʠʦʥʥʦʤʫ ʠʟʣʫʯʝʥʠʶ 

ʠ ʭʠʤʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ.  

ʈʘʟʚʠʪʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʥʦʛʠʭ ʦʪʨʘʩʣʝʡ ʩʦʚʨʝʤʝʥʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʩʚʷʟʘʥʦ ʩ ʨʘʩʰʠʨʝʥʠʝʤ ʩʬʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʣʤʘʟʘ. ʆʩʥʦʚʥʳʤʠ 

ʧʨʦʙʣʝʤʘʤʠ, ʟʘʪʨʫʜʥʷʶʱʠʤʠ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ, ʷʚʣʷʶʪʩʷ: ʩʣʦʞʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʘʣʤʘʟʘ, 

ʧʦʣʫʯʝʥʠʝ ʧʨʝʮʠʟʠʦʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʙʦʣʴʰʦʡ ʧʣʦʱʘʜʠ ʠ ʥʝʩʪʘʥʜʘʨʪʥʳʭ 

ʢʦʥʬʠʛʫʨʘʮʠʡ, ʯʝʛʦ ʪʨʫʜʥʦ ʜʦʙʠʪʴʩʷ ʩ ʧʦʤʦʱʴʶ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ.  

ɺʦʦʙʱʝ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʘʣʤʘʟʘ ʨʘʟʜʝʣʷʶʪ ʥʘ ʢʦʥʪʘʢʪʥʳʝ ʠ ʙʝʩʢʦʥʪʘʢʪʥʳʝ. ɼʣʷ 

ʧʦʠʩʢʘ ʠ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʨʠʤʝʥʝʥʠʷ ʪʘʢʦʛʦ ʫʥʠʢʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʢʘʢ 

ʘʣʤʘʟ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʥʥʦʚʘʮʠʦʥʥʳʡ ʢʚʘʥʪʦʚʦ-ʚʦʣʥʦʚʦʡ ʤʝʪʦʜ ʦʙʨʘʙʦʪʢʠ. 

ʉʫʪʴ ʢʚʘʥʪʦʚʦ-ʚʦʣʥʦʚʦʛʦ ʩʧʦʩʦʙʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʤʝʭʘʥʠʯʝʩʢʦʤ ʚʦʟʙʫʞʜʝʥʠʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʘʣʤʘʟʘ ʠ ʩʦʟʜʘʥʠʠ ʚ ʝʛʦ ʦʙʲʸʤʝ ʩʠʩʪʝʤʳ ʚʦʣʥʦʚʳʭ 

ʢʦʛʝʨʝʥʪʥʳʭ ʘʢʫʩʪʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ.  ʉ ʧʦʤʦʱʴʶ ʢʚʘʥʪʦʚʦ-ʚʦʣʥʦʚʦʛʦ ʤʝʪʦʜʘ ʤʦʞʥʦ 

ʵʬʬʝʢʪʠʚʥʦ  ʦʙʨʘʙʘʪʳʚʘʪʴ ʘʣʤʘʟ ʩ ʧʦʣʫʯʝʥʠʝʤ ʚʳʩʦʢʦʡ ʯʠʩʪʦʪʳ ʬʦʨʤʠʨʫʝʤʦʛʦ ʨʝʣʴʝʬʘ 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʘʪʦʤʥʦʤ ʫʨʦʚʥʝ. ʇʨʠ ʵʪʦʤ ʤʝʪʦʜ ʥʝ ʟʘʚʠʩʠʪ ʦʪ 

ʘʥʠʟʦʪʨʦʧʠʠ ʪʚʝʨʜʦʩʪʠ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʚʦʟʜʝʡʩʪʚʠʷ ʰʝʨʦʭʦʚʘʪʦʩʪʴ 

ʧʦʣʫʯʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ Ra=0,974nm. 

ʊʘʢʞʝ ʩ ʧʦʤʦʱʴʶ ʥʦʚʦʛʦ ʤʝʪʦʜʘ ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʝʥʠʝ ʠʟʜʝʣʠʡ ʠʟ ʘʣʤʘʟʘ 

ʧʘʨʘʙʦʣʠʯʝʩʢʠʭ, ʩʬʝʨʠʯʝʩʢʠʭ, ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ, ʢʦʥʫʩʦʦʙʨʘʟʥʳʭ ʬʦʨʤ. ʕʪʦ ʦʪʢʨʳʚʘʝʪ 

ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʚʠʜʦʚ ʧʨʠʙʦʨʦʚ ʜʣʷ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ, ʜʘʪʯʠʢʦʚ 

ʠʟʣʫʯʝʥʠʷ ʠ ʥʦʚʳʭ ʚʠʜʦʚ ʶʚʝʣʠʨʥʳʭ ʫʢʨʘʰʝʥʠʡ ʠʟ ʘʣʤʘʟʘ. ʅʘʧʨʠʤʝʨ: ʩʦʟʜʘʥʠʝ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʧʣʝʥʦʯʥʳʭ ʩʪʨʫʢʪʫʨ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʪʨʝʭʤʝʨʥʦʛʦ ʢʨʠʩʪʘʣʣʘ. ʉ 

ʫʯʝʪʦʤ ʩʦʚʨʝʤʝʥʥʳʭ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʥʘ ʦʩʥʦʚʝ ʵʪʠʭ ʩʪʨʫʢʪʫʨ ʤʦʞʥʦ ʬʦʨʤʠʨʦʚʘʪʴ 

ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʨʠʙʦʨʳ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʢʨʠʩʪʘʣʣ ʘʣʤʘʟʘ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʝʜʠʥʦʡ 

ʦʩʥʦʚʦʡ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʧʨʠʙʦʨʦʚ, ʩʦʟʜʘʥʥʳʭ ʥʘ ʩʤʝʞʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʢʨʠʩʪʘʣʣʘ. 

ɺ ʩʦʩʪʘʚ ʪʘʢʦʛʦ ʠʟʜʝʣʠʷ ʤʦʞʥʦ ʚʢʣʶʯʠʪʴ ʢʘʢ ʩʚʝʪʦʠʟʣʫʯʘʶʱʫʶ, ʪʘʢ ʠ ʬʦʪʦʧʨʠʝʤʥʫʶ 

ʩʪʨʫʢʪʫʨʳ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʫʯʠʪʳʚʘʷ ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʘ, ʘʣʤʘʟ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʩʪʨʫʢʪʫʨʥʳʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʤʠ ʥʘ ʝʛʦ ʙʘʟʝ ʥʘ ʢʘʞʜʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ. ʊʘʢʞʝ 

ʧʦʣʫʯʝʥʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʠ ʢʘʯʝʩʪʚʦ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ 

ʘʣʤʘʟʥʳʝ ʣʠʥʟʳ, ʵʬʬʝʢʪʠʚʥʦ ʨʘʙʦʪʘʶʱʠʝ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʦʧʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ. 
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ʇʆʃʋʏɽʅʀɽ ʀ ʀʉʉʃɽɼʆɺɸʅʀɽ ʂʆʄʇʆɿʀʎʀʆʅʅʆɻʆ 

ʄɸʊɽʈʀɸʃɸ ʅɸ ʆʉʅʆɺɽ ʇɺʍ, ʄʆɼʀʌʀʎʀʈʆɺɸʅʅʆɻʆ 

ʅɸʅʆʏɸʉʊʀʎɸʄʀ 

INVESTIGATION OF NANO-REINFORCED PVC-BASED  

COMPOSITE MATERIAL 
ɼ.ɺ. ɽʨʰʦʚ

1
 - ʢ.ʪ.ʥ., ɺ.ɽ. ʈʝʜʴʢʠʥ

2
 ï ʢ.ʪ.ʥ,  

ʃ.ʉ. ʅʘʫʤʝʥʢʦ
1
 ï ʘʩʧ., ɽ.ʖ. ʃʘʧʢʦʚʩʢʘʷ

2
 ï ʘʩʧ. 

1
ʉʠʙʠʨʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ, ʢʘʬʝʜʨʘ ʍʊʇʕ, 

2
ʉʠʙʠʨʩʢʠʡ 

ʌʝʜʝʨʘʣʴʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ, ʢʘʬʝʜʨʘ ʅʌʄʠʅʊ 

Abstract. The PVC-based polymeric matrix was reinforced with using nanoparticles. In this 

research, considerable improvements of the structure and property of polymer were obtained. 

The polimerôs surface  were studied using scanning electron microscopy (SEM). Significant 

improvements in the mechanical properties of the resulting polymeric composite were obtained. 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʪʝʨʤʦʵʣʘʩʪʦʧʣʘʩʪʳ (ʊʕʇ) ʩʪʘʥʦʚʷʪʩʷ ʚʩʝ ʙʦʣʝʝ 

ʚʦʩʪʨʝʙʦʚʘʥʥʳʤʠ ʩʨʝʜʠ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʜʥʘʢʦ ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʠʭ ʧʨʠʤʝʥʝʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦ ʧʦʚʳʩʠʪʴ ʨʷʜ ʠʭ ʩʚʦʡʩʪʚ, ʪʘʢʠʭ ʢʘʢ ʧʨʦʯʥʦʩʪʴ, ʵʣʘʩʪʠʯʥʦʩʪʴ ʩʪʦʡʢʦʩʪʴ ʢ 

ʨʘʩʪʨʝʩʢʠʚʘʥʠʶ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʈʘʥʝʝ ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, 

ʯʪʦ ʚʚʝʜʝʥʠʝ ʚ ʨʝʟʠʥʦʚʫʶ ʩʤʝʩʴ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʝʝ 

ʩʚʦʡʩʪʚʘ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʚʣʠʷʥʠʝ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ ʥʘ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʠ ʩʪʨʫʢʪʫʨʫ ʪʝʨʤʦʵʣʘʩʪʦʧʣʘʩʪʦʚ ʥʘ ʦʩʥʦʚʝ ʇɺʍ. ɺ ʢʘʯʝʩʪʚʝ 

ʤʦʜʠʬʠʢʘʪʦʨʘ ʙʳʣ ʚʳʙʨʘʥ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʳʡ ʧʦʨʦʰʦʢ  ʘʣʤʘʟʘ (ʋɼʇ-ɸ), ʢʦʪʦʨʳʡ 

ʚʚʦʜʠʣʩʷ ʚ ʩʦʦʪʥʦʰʝʥʠʠ ʦʪ 0,1 ʜʦ 0,8% ʤʘʩ.  

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʚʚʝʜʝʥʠʠ ʋɼʇ-ɸ ʚ ʊʕʇ ʚʦʟʨʘʩʪʘʶʪ 

ʧʨʦʯʥʦʩʪʥʳʝ ʧʦʢʘʟʘʪʝʣʠ, ʪʘʢʠʝ ʢʘʢ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʘʟʜʠʨʫ, ʨʘʟʨʳʚʫ, ʧʦʣʠʤʝʨ ʧʨʠ ʵʪʦʤ 

ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʵʣʘʩʪʠʯʥʳʤ, ʥʝ ʪʝʨʷʷ ʧʨʦʯʥʦʩʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ.  

ʊʘʢʞʝ ʙʳʣʠ ʩʜʝʣʘʥʳ ʩʥʠʤʢʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʢʦʤʧʦʟʠʪʘ ʥʘ ʩʢʘʥʠʨʫʶʱʝʤ 

ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ JEOL JSM-7001F, ʫʚʝʣʠʯʝʥʠʝ ʚ 200 ʨʘʟ.  

   
ʈʠʩ. 1. ʌʦʪʦʛʨʘʬʠʠ ʩʪʨʫʢʪʫʨʳ ʊʕʇʘ, ʙʝʟ ʤʦʜʠʬʠʢʘʪʦʨʘ(ʩʣʝʚʘ)  

ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʋɼʇ-ɸ(ʩʧʨʘʚʘ) 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ, ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ ʯʘʩʪʠʮʳ ʧʣʦʪʥʦ ʧʨʠʣʝʛʘʝʪ ʢ 

ʧʦʣʠʤʝʨʫ. ʊʘʢ ʞʝ ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ, ʚʚʝʜʝʥʠʝ ʤʦʜʠʬʠʢʘʪʦʨʘ ʜʝʣʘʝʪ ʩʪʨʫʢʪʫʨʘ ʤʘʪʨʠʮʳ  

ʙʦʣʝʝ ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʠ ʤʝʣʢʦʟʝʨʥʠʩʪʦʡ, ʘ ʤʘʪʨʠʮʘ ʪʘʢʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʙʫʜʝʪ ʣʫʯʰʝ 

ʩʦʧʨʦʪʠʚʣʷʪʴʩʷ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ʠ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʜʝʬʦʨʤʘʮʠʷʤ.  

ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʤʘʣʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʦʛʦ ʧʦʨʦʰʢʘ ʧʨʠ ʨʘʚʥʦʤʝʨʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʚ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝ 

ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʠʪʴ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʊʕʇʘ ʥʘ ʦʩʥʦʚʝ ʇɺʍ. 

ɿʘʤʝʪʥʦʝ ʚʣʠʷʥʠʝ ʥʝʙʦʣʴʰʠʭ ʜʦʙʘʚʦʢ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚ, ʪʘʢʠʭ ʢʘʢ ʋɼʇ-ɸ, ʥʘ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ ʚʳʟʳʚʘʝʪ ʦʧʨʝʜʝʣʝʥʥʳʡ ʠʥʪʝʨʝʩ ʢ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʚ 

ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ. 
 

ʂʦʣʣʝʢʪʠʚ ʘʚʪʦʨʦʚ ʙʣʘʛʦʜʘʨʠʪ ʎʝʥʪʨ ʂʦʣʣʝʢʪʠʚʥʦʛʦ ʇʦʣʴʟʦʚʘʥʠʷ ʚ ʣʠʮʝ ʜʠʨʝʢʪʦʨʘ, ʟʘʤ. 

ʥʘʯʘʣʴʥʠʢʘ ʅʀʏ ʃʶʙʦʯʢʦ ɺ. ɸ., ʠ ʟʘʚ. çʃʘʙʦʨʘʪʦʨʠʝʡ ʧʨʠʢʣʘʜʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠè, ʢ.ʪ.ʥ.,  

ʜʦʮʝʥʪʘ ɿʝʝʨ ɻ.ʄ. ʟʘ ʧʦʤʦʱʴ ʚ ʧʨʦʚʝʜʝʥʠʠ ʠʩʧʳʪʘʥʠʡ. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʅɽʈɸɺʅʆʄɽʈʅʆʉʊʀ ʈɸʉʇʈɽɼɽʃɽʅʀʗ 

ɼɽʌʆʈʄɸʎʀʀ ʇʈʀ ʈɸɺʅʆʂɸʅɸʃʔʅʆʄ ʋɻʃʆɺʆʄ 

ʇʈɽʉʉʆɺɸʅʀʀ ɸʃʖʄʀʅʀɽɺʓʍ ʉʇʃɸɺʆɺ 

RESEARCH OF THE UNEVEN DISTRIBUTION OF STRAIN AT EQUAL 

CHANNEL ANGULAR PRESSING OF ALUMINUM ALLOYS 
ɸ.ɸ. ɿʘʭʘʨʦʚ ï ʘʩʧ., ɸ.ɺ. ɸʙʦʨʢʠʥ ï ʢ.ʪ.ʥ., ʜʦʮ. 

ɺʣʘʜʠʤʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʠʤʝʥʠ ɸʣʝʢʩʘʥʜʨʘ ɻʨʠʛʦʨʴʝʚʠʯʘ ʠ ʅʠʢʦʣʘʷ ɻʨʠʛʦʨʴʝʚʠʯʘ ʉʪʦʣʝʪʦʚʳʭ (ɺʣɻʋ) 

 

Abstract. The complex computer model of equal channel angular pressing process of an 

aluminum alloy is developed. Estimates of the effect of crossing angle channels, pressing speed 

and temperature on the uneven distribution of accumulated strain in the deformation zone were 

obtained. 

 

ʈʘʚʥʦʢʘʥʘʣʴʥʦʝ ʫʛʣʦʚʦʝ ʧʨʝʩʩʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ 

ʧʦʣʫʯʝʥʠʷ ʟʘʛʦʪʦʚʦʢ ʩ ʧʦʚʳʰʝʥʥʳʤ ʫʨʦʚʥʝʤ ʩʚʦʡʩʪʚ ʤʝʪʦʜʦʤ ʠʥʪʝʥʩʠʚʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ 

ʜʝʬʦʨʤʘʮʠʠ. ɼʦʩʪʦʠʥʩʪʚʦʤ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʧʨʝʩʩʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʣʫʯʝʥʠʷ ʟʘʛʦʪʦʚʦʢ ʠʟ ʤʝʪʘʣʣʦʚ ʠ ʮʚʝʪʥʳʭ ʩʧʣʘʚʦʚ, ʧʨʠʛʦʜʥʳʭ ʧʦ ʩʚʦʠʤ ʨʘʟʤʝʨʘʤ ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ ʩ ʧʦʚʳʰʝʥʥʳʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ.  

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʠ ʛʝʦʤʝʪʨʠʠ ʦʩʥʘʩʪʢʠ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʧʨʝʩʩʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʢʦʤʧʴʶʪʝʨʥʳʝ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʘ 

ʧʨʝʩʩʦʚʘʥʠʷ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ, ʦʪʨʘʞʘʶʱʠʝ ʢʠʥʝʪʠʢʫ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʠ 

ʜʝʬʦʨʤʘʮʠʡ ʚ ʧʨʝʩʩʫʝʤʦʤ ʤʘʪʝʨʠʘʣʝ ʠ ʦʩʥʘʩʪʢʝ ʩ ʫʯʝʪʦʤ ʜʠʥʘʤʠʢʠ ʠʟʤʝʥʝʥʠʷ ʥʘʛʨʫʟʦʢ 

ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʮʠʢʣʘ. ʀʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ ʨʘʩʯʝʪʘʭ ʤʦʜʝʣʠ 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʦʩʥʦʚʘʥʳ ʥʘ ʛʠʧʦʪʝʟʘʭ ʪʝʦʨʠʠ ʧʣʘʩʪʠʯʝʩʢʠʭ 

ʜʝʬʦʨʤʘʮʠʡ ʠ ʨʝʟʫʣʴʪʘʪʘʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ. 

ɺʳʯʠʩʣʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʝʩʩʫʝʤʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʠ ʵʣʝʤʝʥʪʦʚ ʦʩʥʘʩʪʢʠ ʧʨʦʚʝʜʝʥʦ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʘʣʛʦʨʠʪʤʦʚ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ Deform 3D, ʬʫʥʢʮʠʦʥʠʨʫʶʱʝʤ ʥʘ 

ʙʘʟʝ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʘ çʉʢʠʬ ï ʄʦʥʦʤʘʭè ʤʦʱʥʦʩʪʴʶ 4,7 ʊ-ʌʣʦʧʩ.  

ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʧʨʝʩʩʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʦʩʥʘʩʪʢʠ ʦʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ, ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ, 

ʩʠʣʦʚʳʭ ʠ ʪʝʧʣʦʚʳʭ ʫʩʣʦʚʠʡ ʧʨʦʮʝʩʩʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʤʥʦʛʦʚʘʨʠʘʥʪʥʳʭ ʨʘʩʯʝʪʦʚ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʨʘʩʯʝʪʳ ʧʦʟʚʦʣʠʣʠ ʦʧʨʝʜʝʣʠʪʴ ʨʝʞʠʤʳ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʨʘʮʠʦʥʘʣʴʥʳʝ ʩ 

ʧʦʟʠʮʠʠ ʩʪʦʡʢʦʩʪʠ ʦʩʥʘʩʪʢʠ ʠ ʵʥʝʨʛʦʩʠʣʦʚʳʭ ʟʘʪʨʘʪ, ʠʟʫʯʠʪʴ ʚʣʠʷʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʦʩʥʘʩʪʢʠ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʥʘ ʬʦʨʤʫ ʠ ʚʝʣʠʯʠʥʫ ʦʯʘʛʘ ʜʝʬʦʨʤʘʮʠʠ 

ʠ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʝʧʝʥʠ ʥʘʢʦʧʣʝʥʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʧʦ ʩʝʯʝʥʠʶ 

ʟʘʛʦʪʦʚʢʠ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʢʦʥʩʪʨʫʢʮʠʠ 

ʦʩʥʘʩʪʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠ ʨʘʚʥʦʢʘʥʘʣʴʥʦʛʦ ʫʛʣʦʚʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ. 

ʅʘ ʦʩʥʦʚʝ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʯʠʩʣʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʣʫʯʝʥʘ 

ʤʦʜʝʣʴ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʝʧʝʥʠ ʥʘʢʦʧʣʝʥʥʦʡ 

ʜʝʬʦʨʤʘʮʠʠ ʧʦ ʩʝʯʝʥʠʶ ʟʘʛʦʪʦʚʢʠ ʚʠʜʘ 
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 ʛʜʝ p0, p1, p2, p3, p12, p13, p23 ï ʢʦʵʬʬʠʮʠʝʥʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ 

ʘʥʘʣʠʟʘ; ʌ ï ʫʛʦʣ ʧʝʨʝʩʝʯʝʥʠʷ ʚʭʦʜʥʦʛʦ ʠ ʚʳʭʦʜʥʦʛʦ ʢʘʥʘʣʦʚ; Q ï ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʨʝʩʩʦʚʘʥʠʷ; V ï ʩʢʦʨʦʩʪʴ ʧʨʝʩʩʦʚʘʥʠʷ. 

ʅʘ ʦʩʥʦʚʝ ʨʘʩʯʝʪʦʚ ʩʧʨʦʝʢʪʠʨʦʚʘʥʳ ʢʦʥʩʪʨʫʢʮʠʠ ʦʩʥʘʩʪʢʠ ʧʦʚʳʰʝʥʥʦʡ ʩʪʦʡʢʦʩʪʠ, 

ʷʚʣʷʶʱʠʝʩʷ ʦʙʲʝʢʪʦʤ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ (RU 107081 U1, RU 104101 U1). 
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ʇʈʀʄɽʅɽʅʀɽ ʂʆʄʇʆɿʀʊʅʓʍ ʂɸʄɽʅʅʓʍ ʄɸʊɽʈʀɸʃʆɺ 

ɺ ʇʈʆʀɿɺʆɼʉʊɺɽ ɼɽʂʆʈɸʊʀɺʅʓʍ ʀɿɼɽʃʀʁ 

 

APPLICATION OF ɸRTIFICIAL STONE IN MANUFACTURE  

OF DECORATIVE PRODUCTS 
 

ʃ.ʇ. ʀʚʣʝʚʘ ï ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

Abstract. The report reviewed the types of composite stone material and products made from 

them. Describes the technological and physical-mechanical properties. The possibility of 

additional decorative products engraved. 

 

ʂʘʤʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʪʨʘʜʠʮʠʦʥʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʘʨʭʠʪʝʢʪʫʨʝ, 

ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʪʝʭʥʠʢʝ, ʘ ʪʘʢʞʝ ʚ ʨʠʪʫʘʣʴʥʦʡ ʠʥʜʫʩʪʨʠʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʫʚʝʥʠʨʥʦʡ 

ʧʨʦʜʫʢʮʠʠ. ʇʦʩʢʦʣʴʢʫ ʧʨʠʨʦʜʥʳʡ ʢʘʤʝʥʴ (ʨʘʟʣʠʯʥʳʝ ʧʦ ʩʚʦʡʩʪʚʘʤ ʛʦʨʥʳʝ ʧʦʨʦʜʳ ʠ 

ʦʪʜʝʣʴʥʳʝ ʤʠʥʝʨʘʣʳ) ʜʦʨʦʛʦʡ, ʪʷʞʝʣʳʡ, ʭʨʫʧʢʠʡ, ʟʘʯʘʩʪʫʶ ʪʨʝʱʠʥʦʚʘʪʳʡ ʠ 

ʥʝʦʜʥʦʨʦʜʥʳʡ, ʤʘʪʝʨʠʘʣ, ʵʪʦ ʚʳʟʳʚʘʝʪ ʩʣʦʞʥʦʩʪʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ.  

ʉʝʡʯʘʩ ʥʘ ʨʳʥʢʝ ʚʩʝ ʙʦʣʴʰʝʡ ʧʦʧʫʣʷʨʥʦʩʪʴʶ ʧʦʣʴʟʫʝʪʩʷ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʢʘʤʝʥʴ ï 

ʢʦʤʧʦʟʠʪʥʳʡ ʤʘʪʝʨʠʘʣ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ, ʦʪʣʠʯʘʶʱʠʡʩʷ ʙʦʣʴʰʠʤ ʮʚʝʪʦʚʳʤ ʠ 

ʪʝʢʩʪʫʨʥʳʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ, ʭʦʨʦʰʝʡ ʦʙʨʘʙʘʪʳʚʘʝʤʦʩʪʴʶ, ʥʝ ʫʩʪʫʧʘʶʱʠʡ ʧʦ 

ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʠ ʧʨʦʯʥʦʩʪʠ ʧʨʠʨʦʜʥʦʤʫ ʢʘʤʥʶ, ʥʦ ʙʦʣʝʝ ʣʝʛʢʠʡ ʠ ʵʢʦʣʦʛʠʯʥʳʡ, ʩ 

ʨʘʟʚʠʪʠʝʤ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʜʠʘʧʘʟʦʥ ʝʛʦ çʧʦʣʦʞʠʪʝʣʴʥʳʭè ʩʚʦʡʩʪʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 

ʂʦʤʧʦʟʠʪʥʳʝ ʢʘʤʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʘ ʚʠʜʘ: ʧʦʣʠʤʝʨʥʳʝ ʠ ʥʘ 

ʦʩʥʦʚʝ ʙʝʪʦʥʘ. ʂ ʧʝʨʚʦʤʫ ʚʠʜʫ ʦʪʥʦʩʷʪʩʷ: ʣʠʪʴʝʚʦʡ ʤʨʘʤʦʨ, ʘʢʨʠʣʦʚʳʡ ʢʘʤʝʥʴ, çʞʠʜʢʠʡ 

ʢʘʤʝʥʴè, ʘʛʣʦʤʝʨʘʪ, ʧʦʣʠʤʝʨʛʨʘʥʠʪ, ʘ ʪʘʢʞʝ ʧʨʦʤʳʰʣʝʥʥʳʡ ʣʠʪʴʝʚʦʡ ʢʘʤʝʥʴ 

(ʧʦʣʠʤʝʨʙʝʪʦʥ).  

ʆʩʦʙʝʥʥʦʩʪʴʶ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʢʘʤʥʷ (ʣʠʪʦʛʦ ʤʨʘʤʦʨʘ, ʘʛʣʦʤʝʨʘʪʘ) ʷʚʣʷʝʪʩʷ 

ʥʘʣʠʯʠʝ ʩʚʷʟʫʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʨʦʷʚʣʷʶʱʝʛʦ ʧʣʘʩʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʢʦʪʦʨʳʝ ʪʨʝʙʫʝʪʩʷ 

ʫʯʠʪʳʚʘʪʴ ʚ ʛʝʦʤʝʪʨʠʠ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʚʳʙʦʨʝ ʨʝʞʠʤʦʚ ʦʙʨʘʙʦʪʢʠ.  

ʉʦʩʪʘʚ ʢʦʤʧʦʟʠʪʘ ʠ ʩʧʦʩʦʙ ʝʛʦ ʧʦʣʫʯʝʥʠʷ ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ. ʊʘʢ 

ʢʘʤʝʥʥʦʝ ʣʠʪʴʝ, ʧʦʣʫʯʘʝʤʦʝ ʠʟ ʩʤʝʩʠ ʧʦʣʠʤʝʨʥʳʭ ʩʤʦʣ, ʢʘʤʝʥʥʦʡ ʢʨʦʰʢʠ ʠ ʢʨʘʩʷʱʠʭ 

ʧʠʛʤʝʥʪʦʚ ʧʦʟʚʦʣʷʝʪ ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʢʦʣʦʥʥʳ, ʚʘʟʦʥʳ, ʤʦʡʢʠ ʠ ʧʨʦʯʠʝ ʦʙʲʝʤʥʳʝ ʬʦʨʤʳ, ʘ 

ʪʘʢʞʝ ʧʣʦʩʢʦʩʪʠ. ɺʠʙʨʦʧʨʝʩʩʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʜʝʣʘʪʴ ʧʣʠʪʢʫ, ʩʪʫʧʝʥʠ ʠ ʧʦʣʳ, 

ʧʦʜʦʢʦʥʥʠʢʠ ʠ ʧʨʦʯʠʝ ʧʣʦʩʢʠʝ ʬʦʨʤʳ. ʇʨʠʯʝʤ ʧʦʣʫʯʘʝʪʩʷ ʤʘʪʝʨʠʘʣ ʩʦ ʩʪʨʦʛʦ 

ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ï ʨʝʞʠʤʳ ʦʙʨʘʙʦʪʢʠ ʢʦʪʦʨʦʛʦ ʚʳʙʨʘʪʴ ʧʨʦʱʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʥʝʦʜʥʦʨʦʜʥʳʤ ʠ ʪʨʝʱʠʥʦʚʘʪʳʤ ʧʨʠʨʦʜʥʳʤ ʢʘʤʥʝʤ. ʂʦʤʧʦʟʠʪʥʳʡ ʢʘʤʝʥʴ ʧʨʠʤʝʥʠʤ ʜʣʷ 

ʦʙʣʠʮʦʚʢʠ ʩʪʝʥ ʠ ʥʘʩʪʠʣʢʠ ʧʦʣʦʚ (ʚʥʫʪʨʠ ʠ ʩʥʘʨʫʞʠ ʧʦʤʝʱʝʥʠʷ), ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʧʨʝʜʤʝʪʦʚ ʠʥʪʝʨʴʝʨʘ ʠ ʩʘʜʦʚʦ-ʧʘʨʢʦʚʦʡ ʘʨʭʠʪʝʢʪʫʨʳ, ʧʘʤʷʪʥʠʢʦʚ ʠ ʧʘʤʷʪʥʳʭ ʜʦʩʦʢ, 

ʩʫʚʝʥʠʨʥʦʡ ʧʨʦʜʫʢʮʠʠ.  

ɺ ʧʨʦʠʟʚʦʜʩʪʚʝ ʜʝʢʦʨʘʪʠʚʥʳʭ ʠʟʜʝʣʠʡ ʨʘʟʥʦʦʙʨʘʟʠʝ ʮʚʝʪʦʚ ʠ ʪʝʢʩʪʫʨ 

ʢʦʤʧʦʟʠʪʥʳʭ ʢʘʤʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʟʚʦʣʷʝʪ ʨʘʩʰʠʨʠʪʴ ʥʦʤʝʥʢʣʘʪʫʨʫ ʚʳʧʫʩʢʘʝʤʦʡ 

ʧʨʦʜʫʢʮʠʠ ʠ ʦʙʣʘʩʪʠ ʝʝ ʧʨʠʤʝʥʝʥʠʷ. 

ɼʝʢʦʨʘʪʠʚʥʳʝ ʠʟʜʝʣʠʷ, ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʝ ʠʟ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʢʘʤʥʷ ʤʦʞʥʦ 

ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʘ ʢʣʘʩʩʘ: ʧʣʦʩʢʠʝ ʠ ʦʙʲʝʤʥʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʥʠ ʜʝʣʷʪʩʷ ʥʘ ʧʦʜʢʣʘʩʩʳ: ʩ 

ʥʝʦʙʨʘʙʦʪʘʥʥʦʡ (ʠʤʠʪʠʨʫʶʱʝʡ ʬʘʢʪʫʨʫ ʢʦʣʦʪʦʛʦ ʢʘʤʥʷ), ʦʙʨʘʙʦʪʘʥʥʦʡ (ʰʣʠʬʦʚʘʥʥʦʡ, 

ʧʦʣʠʨʦʚʘʥʥʦʡ ʠ ʩʦʩʪʘʨʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ). ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʩʪʝʪʠʯʝʩʢʦʛʦ ʢʘʯʝʩʪʚʘ  

ʠʟʜʝʣʠʡ, ʥʘ ʥʠʭ ʤʦʞʝʪ ʙʳʪʴ ʥʘʥʝʩʝʥʘ ʛʨʘʚʠʨʦʚʢʘ. ʇʨʠʯʝʤ ʛʨʘʚʠʨʦʚʘʥʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʢʘʤʥʷ (ʤʝʭʘʥʠʯʝʩʢʦʝ ʠ ʣʘʟʝʨʥʦʝ) ʚʦʟʤʦʞʥʦ ʢʘʢ ʧʣʦʩʢʦʝ (ʨʘʩʪʨʦʚʦʝ ʠ 

ʚʝʢʪʦʨʥʦʝ), ʪʘʢ ʠ ʦʙʲʝʤʥʦʝ. 
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Abstract. Production of definite heterostructure for the silicon carbide is an actual problem of 

semiconductor technology. Thermodynamic stability and electronic structure of thin films 3C, 

2H, 2D SiC has been investigated theoretically within DFT method, using VASP program.   

 

ʐʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʪʝʭʥʠʢʝ ʦʙʲʷʩʥʷʝʪʩʷ 

ʨʘʟʣʠʯʠʝʤ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʫ ʝʛʦ ʧʦʣʠʪʠʧʦʚ ʠ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʘʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʦʣʠʪʠʧʘ SiC ʠʣʠ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ, 

ʧʦʜʭʦʜʷʱʝʡ ʧʦ ʩʚʦʡʩʪʚʘʤ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʠʙʦʨʘ.  

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ - ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ 

ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʪʠʧʦʚ 3C, 2ʅ ʠ 2D SiC.  

ɺʳʯʠʩʣʝʥʠʷ ʧʨʦʚʝʜʝʥʳ ʩ ʧʦʤʦʱʴʶ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʧʘʢʝʪʘ VASP ʚ ʨʘʤʢʘʭ 

ʬʦʨʤʘʣʠʟʤʘ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ (DFT), ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʧʨʠʙʣʠʞʝʥʠʠ ʣʦʢʘʣʴʥʦʡ 

ʧʣʦʪʥʦʩʪʠ (LDA). ʇʨʠ ʨʘʩʯʝʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʙʘʟʠʩ ʧʣʦʩʢʠʭ ʚʦʣʥ ʠ ʫʣʴʪʨʘʤʷʛʢʠʝ 

ʧʩʝʚʜʦʧʦʪʝʥʮʠʘʣʳ ɺʘʥʜʝʨʙʠʣʴʪʘ. 

ʄʦʜʝʣʠʨʦʚʘʣʠʩʴ ʵʣʝʤʝʥʪʘʨʥʳʝ ʷʯʝʡʢʠ ʧʦʣʠʪʠʧʦʚ 3C, 2ʅ ʠ 2D SiC. ɺʳʙʦʨ ʪʘʢʠʭ 

ʧʦʣʠʪʠʧʦʚ ʦʙʫʩʣʦʚʣʝʥ ʤʘʣʳʤ ʧʝʨʠʦʜʦʤ ʪʨʘʥʩʣʷʮʠʠ ʠʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ ʚʜʦʣʴ 

ʥʦʨʤʘʣʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʩʪʝʧʝʥʥʦ ʫʚʝʣʠʯʠʚʘʪʴ ʯʠʩʣʦ ʩʣʦʝʚ ʠ ʥʘʙʣʶʜʘʪʴ 

ʟʘ ʤʘʣʝʡʰʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʩʚʦʡʩʪʚ, ʝʩʣʠ ʪʘʢʦʚʳʝ ʥʘʙʣʶʜʘʶʪʩʷ.  

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʥʘ ʦʩʥʦʚʝ 

ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʣʠʪʠʧʦʚ ʨʘʩʩʯʠʪʘʥʘ ʵʥʝʨʛʠʷ, ʧʨʠʭʦʜʷʱʘʷʩʷ ʥʘ ʦʜʥʫ ʬʦʨʤʫʣʴʥʫʶ 

(ʩʪʨʫʢʪʫʨʥʫʶ) ʝʜʠʥʠʮʫ SiC ʧʦ ʬʦʨʤʫʣʝ: 

E=Esystem/nSiC, 

ʛʜʝ Esystem ï ʧʦʣʥʘʷ ʵʥʝʨʛʠʷ ʩʠʩʪʝʤʳ, nSiC ï ʯʠʩʣʦ ʬʦʨʤʫʣʴʥʳʭ ʝʜʠʥʠʮ SiC, ʧʨʠʭʦʜʷʱʠʭʩʷ 

ʥʘ ʷʯʝʡʢʫ.  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʩʠʩʪʝʤʘʭ, ʩʦʩʪʦʷʱʠʭ ʠʟ 1ï5 ʩʣʦʝʚ, ʥʘʠʙʦʣʝʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ 

ʩʪʘʙʠʣʝʥ 2D SiC. ɼʣʷ ʩʠʩʪʝʤ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʩʣʦʝʚ >5, ʩʪʘʙʠʣʴʥʝʝ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʡ 

3ʉ-SiC. ʇʦʣʠʪʠʧ 2H ʙʣʠʟʦʢ ʢ ʥʝʤʫ ʧʦ ʵʥʝʨʛʠʠ (æɽ~0.33 ʵɺ) ʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʦʥʠ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʨʘʚʥʦʚʝʨʦʷʪʥʦ. ɼʣʷ ʠʟʫʯʝʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ 

ʩʚʦʡʩʪʚ ʪʦʥʢʠʭ ʧʣʝʥʦʢ 3C, 2ʅ ʠ 2D SiC ʧʦʩʪʨʦʝʥʳ ʧʣʦʪʥʦʩʪʠ ʩʦʩʪʦʷʥʠʡ ʠ ʟʦʥʥʳʝ 

ʩʪʨʫʢʪʫʨʳ ʜʣʷ ʜʚʫʭ- ʠ ʰʝʩʪʠʩʣʦʡʥʳʭ ʩʪʨʫʢʪʫʨ, ʘ ʪʘʢʞʝ ʜʣʷ ʧʣʦʩʢʦʛʦ ʛʝʢʩʘʛʦʥʘʣʴʥʦʛʦ 

ʤʦʥʦʩʣʦʷ SiC, ʦʙʲʝʤʥʳʭ 3C ʠ 2H. ʇʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʦʙʲʝʤʥʦʛʦ ʢʨʠʩʪʘʣʣʘ 

(ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ) ʢ ʪʦʥʢʠʤ ʧʣʝʥʢʘʤ 3C-SiC ʩʪʘʥʦʚʠʪʩʷ ʧʨʦʚʦʜʥʠʢʦʤ. ʇʦʣʠʪʠʧ 2H ʚʝʜʝʪ 

ʩʝʙʷ ʘʥʘʣʦʛʠʯʥʦ 3ʉ. 2D SiC ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʯʠʩʣʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʣʦʝʚ ï 

ʧʦʣʫʧʨʦʚʦʜʥʠʢ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʪʦʣʱʠʥʳ ʧʣʝʥʢʠ ʥʘʙʣʶʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʰʠʨʠʥʳ 

ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ 2D SiC. 

ʋʯʝʪ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʢʫʙʠʯʝʩʢʦʛʦ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʧʦʟʚʦʣʠʣ 

ʦʙʲʷʩʥʠʪʴ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʚ ʩʠʥʪʝʟʠʨʫʝʤʳʭ ʦʙʨʘʟʮʘʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʘʢ ʢʫʙʠʯʝʩʢʘʷ 

ʤʦʜʠʬʠʢʘʮʠʷ SiC, ʪʘʢ ʠ ʛʝʢʩʘʛʦʥʘʣʴʥʘʷ (2H, 4H, 6H). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʵʣʝʢʪʨʦʥʥʳʝ 

ʩʚʦʡʩʪʚʘ ʟʘʚʠʩʷʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʧʦʣʠʪʠʧʘ SiC, ʥʦ ʠ ʦʪ ʯʠʩʣʘ ʩʣʦʝʚ. 
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Abstract. In report results of experimental researches of occurrence strats are submitted at 

millisecond electric explosion of a cylindrical wire and a flat foil in air. Occurrence strats is 

investigation sausage instability. The characteristic time of development sausage instabilities 

during the electrical explosion is much less than the time of metal conductivity losses. 

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʤʠʢʨʦ ʠ ʥʘʥʦʨʘʟʤʝʨʥʳʭ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʨʦʰʢʦʚ ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʚʟʨʳʚ ʧʨʦʚʦʜʥʠʢʦʚ (ʕɺʇ), ʙʣʘʛʦʜʘʨʷ 

ʢʦʪʦʨʦʤʫ ʚʦʟʤʦʞʥʦ ʚʣʠʷʪʴ ʥʘ ʬʠʟʠʯʝʩʢʠʝ, ʭʠʤʠʯʝʩʢʠʝ, ʜʠʩʧʝʨʩʥʳʝ ʠ ʜʨʫʛʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʫʯʘʝʤʳʭ ʧʦʨʦʰʢʦʚ. ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʧʦʨʦʰʢʦʚ (ʅʇ) ʥʝʦʙʭʦʜʠʤʦ ʧʦʥʠʤʘʥʠʝ ʩʣʦʞʥʳʭ ʬʠʟʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʕɺʇ. ʆʜʥʠʤ ʠʟ ʷʚʣʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʚʟʨʳʚʝ, 

ʷʚʣʷʝʪʩʷ ʧʦʨʦʞʜʝʥʠʝ ʩʪʨʘʪ ï ʯʝʨʝʜʫʶʱʠʭʩʷ ʩʣʦʸʚ ʩ ʨʘʟʣʠʯʥʳʤ ʟʥʘʯʝʥʠʝʤ ʧʣʦʪʥʦʩʪʠ 

ʚʝʱʝʩʪʚʘ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʝʜʠʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʦʙʲʷʩʥʷʶʱʝʡ 

ʜʘʥʥʳʡ ʬʝʥʦʤʝʥ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʩʪʨʘʪ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʨʝʟʫʣʴʪʘʪ 

ʨʘʟʚʠʪʠʷ ʧʝʨʝʛʨʝʚʥʳʭ ʤʘʛʥʠʪʦʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ (ʄɻɼ) ʥʝʫʩʪʦʡʯʠʚʦʩʪʝʡ. ɺ ʩʣʫʯʘʝ, 

ʢʦʛʜʘ ʫʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʝʱʝʩʪʚʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ, ʨʘʟʚʠʪʠʝ 

ʧʝʨʝʛʨʝʚʥʳʭ ʄɻɼ-ʥʝʫʩʪʦʡʯʠʚʦʩʪʝʡ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʩʪʨʘʪ. ʆʙʨʘʟʦʚʘʥʠʝ ʩʪʨʘʪ 

ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʚʟʨʳʚʝ ʬʦʣʴʛ (ʕɺʌ). 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʩʪʨʘʪ ʧʨʠ ʤʠʣʣʠʩʝʢʫʥʜʥʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʚʟʨʳʚʝ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʨʦʚʦʣʦʯʢʠ ʠ ʧʣʦʩʢʦʡ 

ʬʦʣʴʛʠ ʚ ʚʦʟʜʫʭʝ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʷʚʣʷʝʪʩʷ ʪʨʘʜʠʮʠʦʥʥʦʡ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʥʘʢʦʧʠʪʝʣʴ ʢʦʥʜʝʥʩʘʪʦʨʥʦʛʦ ʪʠʧʘ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʵʣʝʢʪʨʦʜʥʦʡ 

ʩʠʩʪʝʤʦʡ. ɺʟʨʳʚʘʶʱʠʡʩʷ ʧʨʦʚʦʜʥʠʢ ʨʘʩʧʦʣʘʛʘʣʘʩʴ ʤʝʞʜʫ ʜʚʫʤʷ ʧʦʣʦʩʢʘʤʠ ʩʪʝʢʣʘ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ ʤʤ41h . ʈʘʟʨʷʜʥʳʡ ʪʦʢ ʨʝʛʠʩʪʨʠʨʦʚʘʣʩʷ ʧʦʷʩʦʤ ʨʦʛʦʚʩʢʦʛʦ, ʥʘʧʨʷʞʝʥʠʝ 

ï ʚʳʩʦʢʦʦʤʥʳʤ ʜʝʣʠʪʝʣʝʤ.  

ʨʝʟʫʣʴʪʘʪʦʤ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʦʙʨʘʟʮʦʚ (ʨʠʩ. 1), ʛʜʝ ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʦʧʝʨʝʯʥʦʝ ʯʝʨʝʜʦʚʘʥʠʝ 

ʧʣʦʪʥʦʩʪʠ ʚʝʱʝʩʪʚʘ (ʥʘ 

ʬʦʪʦ ʧʦʢʘʟʘʥʦ 

ʩʪʨʝʣʢʘʤʠ, ʣʠʥʠʠ ï 

ʛʨʘʥʠʮʳ ʧʦʣʦʩʢʠ 

ʬʦʣʴʛʠ) ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʚʟʨʳʚʘ ʘʣʶʤʠʥʠʝʚʦʡ 

ʬʦʣʴʛʠ. ʕʣʝʢʪʨʠʯʝʩʢʠʡ 

ʚʟʨʳʚ ʧʨʦʪʝʢʘʣ ʚ 

ʙʣʠʟʢʦʤ ʢ 

ʩʦʛʣʘʩʦʚʘʥʥʦʤʫ 

(ʦʧʪʠʤʘʣʴʥʦʤʫ) 

ʨʝʞʠʤʫ, ʧʨʠ ʢʦʪʦʨʦʤ ʵʥʝʨʛʠʷ ʢʦʥʜʝʥʩʘʪʦʨʥʦʛʦ ʥʘʢʦʧʠʪʝʣʷ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʧʝʨʚʦʡ 

ʧʦʣʦʚʠʥʝ ʧʝʨʠʦʜʘ ʨʘʟʨʷʜʘ. ɺʦʟʤʦʞʥʦ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʩʪʨʘʪ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ 

ʥʘʛʣʷʜʥʦʩʪʠ ʧʨʦʷʚʣʷʝʪʩʷ ʧʨʠ ʚʟʨʳʚʝ ʪʦʥʢʦʡ ʬʦʣʴʛʠ, ʚʩʣʝʜʩʪʚʠʝ ʩʘʤʦʡ ʛʝʦʤʝʪʨʠʠ 

ʚʟʨʳʚʘʶʱʝʛʦʩʷ ʧʨʦʚʦʜʥʠʢʘ. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʧʦʣʫʯʘʝʤʳʭ ʯʘʩʪʠʮ ʧʦʨʦʰʢʘ, ʧʨʠ 

ʵʪʦʤ, ʠʤʝʣʠ ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʘʟʙʨʦʩ, ʯʪʦ ʛʦʚʦʨʠʪ ʦʙ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʚʟʨʳʚʘ.  

1 ʩʤ 

  

ʈʠʩ. 1. ʏʝʨʝʜʦʚʘʥʠʝ ʧʣʦʪʥʦʩʪʠ ʚʝʱʝʩʪʚʘ ʧʨʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʚʟʨʳʚʝ ʘʣʶʤʠʥʠʝʚʦʡ ʬʦʣʴʛʠ 

ʬʦʣʴʛʠ 

 



39 

 

ʇʈʀʄɽʅɽʅʀɽ ʈɽʅʊɻɽʅʆɻʈɸʌʀʀ ɼʃʗ ɺʓʗɺʃɽʅʀʗ ɼɽʌɽʂʊʆɺ 

ɺ ɼɽʊɸʃʗʍ ʉʀʃʆɺʓʍ ɸɻʈɽɻɸʊʆɺ, ʆʊʃʀɺɸɽʄʓʍ ʀɿ 

ɸʃʖʄʀʅʀɽɺʆ-ʂʈɽʄʅʀɽɺʓʍ ʉʇʃɸɺʆɺ, ʀ ʈɸɹʆʊɸʖʑʀʍ ɺ 

ʕʂʉʊʈɽʄɸʃʔʅʓʍ ʋʉʃʆɺʀʗʍ, ʉ ʎɽʃʔʖ ʀʍ ɿɸɺɸʈʂʀ 
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Abstract. Detecting the casting defects in the components of power-generating sets casted of 

aluminium-silicon alloys working at extreme conditions to weld these defects. 

 

 ʂʘʯʝʩʪʚʦ ʣʠʪʳʭ ʜʝʪʘʣʝʡ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʥʘʣʠʯʠʷ ʚ ʠʭ ʦʙʲʝʤʝ 

ʜʝʬʝʢʪʦʚ ʚ ʚʠʜʝ ʧʦʣʦʩʪʝʡ (ʛʘʟʦʚʘʷ ʠ ʫʩʘʜʦʯʥʘʷ ʧʦʨʠʩʪʦʩʪʴ, ʪʨʝʱʠʥʳ), ʦʩʣʘʙʣʷʶʱʠʭ 

ʩʝʯʝʥʠʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʫʨʦʚʥʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʪʣʠʚʦʢ. 

ʆʩʦʙʝʥʥʦ ʵʪʦ ʢʘʩʘʝʪʩʷ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ ʜʝʪʘʣʝʡ ʩʠʣʦʚʳʭ ʘʛʨʝʛʘʪʦʚ, ʦʪʣʠʚʘʝʤʳʭ ʠʟ 

ʘʣʶʤʠʥʠʝʚʦ-ʢʨʝʤʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ɸʂ9ʯ (8,0-10,5 %Si; 0,20-0,35 % Mg; 0,20-0,50 % Mn: 

ʩʫʤʤʘ ʧʨʠʤʝʩʝʡ  1,16 %; ʦʩʪ. ï Al) ʚ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʬʦʨʤʳ (ʢʦʢʠʣʴ). ʊʘʢʠʝ ʜʝʪʘʣʠ 

ʦʪʣʠʯʘʶʪʩʷ ʩʣʦʞʥʦʡ ʧʫʩʪʦʪʝʣʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ, ʩʦʯʝʪʘʶʱʝʡ ʪʦʥʢʠʝ ʠ 

ʪʦʣʩʪʳʝ ʩʝʯʝʥʠʷ, ʠ ʥʘʣʠʯʠʝ ʥʘ ʚʥʫʪʨʝʥʥʠʭ ʩʪʝʥʢʘʭ ʨʘʟʣʠʯʥʳʭ ʚʳʩʪʫʧʦʚ. ʇʨʠ ʵʪʦʤ 

ʧʦʣʦʩʪʴ ʪʘʢʠʭ ʦʪʣʠʚʦʢ ʬʦʨʤʠʨʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʝʩʯʘʥʳʭ ʩʪʝʨʞʥʝʡ, ʢʦʪʦʨʳʝ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʚ ʢʦʢʠʣʴ ʧʝʨʝʜ ʟʘʣʠʚʢʦʡ. ʉ ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ ʫʩʣʦʚʠʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʝʝ ʥʘʧʨʘʚʣʝʥʥʳʡ ʭʘʨʘʢʪʝʨ ʢʦʢʠʣʴ ʩʥʘʙʞʝʥ ʩʧʠʨʘʣʴʥʳʤʠ 

ʵʣʝʢʪʨʦʥʘʛʨʝʚʘʪʝʣʷʤʠ, ʢʦʪʦʨʳʝ ʩʦʟʜʘʶʪ ʪʝʤʧʝʨʘʪʫʨʫ ʝʛʦ ʥʘʛʨʝʚʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʙʦʣʝʝ 

ʭʦʣʦʜʥʦʡ ʚ ʥʠʞʥʝʡ ʝʛʦ ʯʘʩʪʠ ʢ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ï ʚ ʚʝʨʭʥʝʡ. ʇʨʠ ʵʪʦʤ ʚ ʨʘʟʣʠʯʥʳʭ ʤʝʩʪʘʭ 

ʧʝʩʯʘʥʦʛʦ ʩʪʝʨʞʥʷ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ çʭʦʣʦʜʠʣʴʥʠʢʠè, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʥʘʧʨʘʚʣʝʥʥʳʡ ʦʪʚʦʜ ʪʝʧʣʘ ʚ ʧʨʦʮʝʩʩʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʣʠʪʦʛʦ ʚ ʢʦʢʠʣʴ 

ʤʝʪʘʣʣʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚʚʠʜʫ ʩʣʦʞʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʜʝʪʘʣʠ, ʧʦʣʥʦʡ ʛʘʨʘʥʪʠʠ ʦʪʩʫʪʩʪʚʠʷ 

ʚ ʥʠʭ ʧʦʣʦʩʪʥʳʭ ʜʝʬʝʢʪʦʚ ʥʝʪ. ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʪʘʢʠʝ ʜʝʪʘʣʠ ʨʘʙʦʪʘʶʪ ʧʨʠ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʷʭ, ʪʨʝʙʫʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʠʭ ʧʦʣʥʦʡ ʛʝʨʤʝʪʠʯʥʦʩʪʠ. ʇʦ 

ʵʪʦʡ ʧʨʠʯʠʥʝ ʦʪʣʠʪʳʝ ʜʝʪʘʣʠ ʧʦʜʚʝʨʛʘʶʪʩʷ ʧʨʦʩʚʝʯʠʚʘʥʠʶ ʩ ʧʦʤʦʱʴʶ ʤʦʱʥʦʡ 

ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʫʩʪʘʥʦʚʢʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʨʦʩʤʦʪʨʦʤ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʧʣʝʥʦʢ ʥʘ ʧʨʝʜʤʝʪ 

ʦʪʩʫʪʩʪʚʠʷ ʚ ʪʝʣʝ ʦʪʣʠʚʦʢ ʜʝʬʝʢʪʦʚ. ʄʝʩʪʘ ʦʙʥʘʨʫʞʝʥʥʳʭ ʜʝʬʝʢʪʦʚ ʦʪʤʝʯʘʣʠ ʤʝʣʦʤ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʣʠʚʦʢ, ʟʘʪʝʤ ʵʪʠ ʤʝʩʪʘ ʣʠʙʦ ʚʳʨʫʙʘʣʠʩʴ ʥʘ ʥʫʞʥʫʶ ʛʣʫʙʠʥʫ, ʠ 

ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʠʭ ʟʘʚʘʨʢʘ ʧʣʘʚʷʱʠʤʩʷ ʵʣʝʢʪʨʦʜʦʤ ʠʟ ʪʦʛʦ ʞʝ ʩʧʣʘʚʘ, ʯʪʦ ʠ ʦʪʣʠʚʢʘ. 

ʕʣʝʢʪʨʦʜʳ ʦʚʘʣʴʥʦʛʦ ʩʝʯʝʥʠʷ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 

ʦʪʣʠʚʘʣʠʩʴ ʚ ʯʫʛʫʥʥʫʶ ʠʟʣʦʞʥʠʮʫ, ʢʦʪʦʨʫʶ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʝ ʧʦʜʦʛʨʝʚʘʣʠ.  

 ɿʘʚʘʨʢʫ ʧʨʦʠʟʚʦʜʠʣʠ ʙʝʟ ʧʦʜʦʛʨʝʚʘ ʦʪʣʠʚʦʢ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʘʨʛʦʥʦʜʫʛʦʚʦʛʦ 

ʩʧʦʩʦʙʘ. ʇʨʠ ʟʘʚʘʨʢʝ ʩʢʚʦʟʥʳʭ ʜʝʬʝʢʪʦʚ, ʘ ʪʘʢʞʝ ʜʝʬʝʢʪʦʚ, ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ, ʢʦʪʦʨʳʭ 

ʪʦʣʱʠʥʘ ʩʪʝʥʢʠ ʦʪʣʠʚʢʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 3 ʤʤ, ʧʨʠʤʝʥʷʣʠ ʧʦʜʢʣʘʜʢʠ ʠʟ ʤʘʪʝʨʠʘʣʘ ʦʪʣʠʚʢʠ, 

ʠʣʠ ʠʟ ʩʤʝʩʠ ʧʝʩʢʘ ʩ ʞʠʜʢʠʤ ʩʪʝʢʣʦʤ. ʇʦʩʣʝ ʟʘʚʘʨʢʠ ʠ ʫʜʘʣʝʥʠʷ ʧʦʜʢʣʘʜʦʢ ʧʨʦʠʟʚʦʜʷʪ 

ʟʘʯʠʩʪʢʫ ʠ ʟʘʚʘʨʢʫ ʦʪʣʠʚʢʠ ʩ ʦʙʨʘʪʥʦʡ ʩʪʦʨʦʥʳ. ɿʘʚʘʨʢʘ ʥʘ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʫʯʘʩʪʢʝ 

ʜʦʧʫʩʢʘʝʪʩʷ ʥʝ ʙʦʣʝʝ ʪʨʝʭ ʨʘʟ. ʇʨʠ ʦʪʨʘʙʦʪʢʝ ʪʝʭʥʦʣʦʛʠʠ ʠʟʤʝʨʷʣʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ 

ʟʘʚʘʨʝʥʥʳʭ ʤʝʩʪ, ʠ ʣʠʪʦʛʦ ʤʘʪʝʨʠʣʘ ʩ ʮʝʣʴʶ ʧʨʦʚʝʨʢʠ ʘʜʝʢʚʘʪʥʦʩʪʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʦʪʣʠʚʢʠ ʠ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɿʘʪʝʤ ʦʪʣʠʚʢʠ ʧʨʦʭʦʜʠʣʠ ʚʝʩʴ ʮʠʢʣ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʦʧʝʨʘʮʠʡ, ʢʘʢ ʚ ʣʠʪʝʡʥʦʤ ʮʝʭʝ, ʪʘʢ ʠ ʚ ʤʝʭʘʥʠʯʝʩʢʠʭ ʮʝʭʘʭ, ʧʦʩʣʝ ʯʝʛʦ ʠʩʧʳʪʳʚʘʣʠʩʴ ʥʘ 

ʛʝʨʤʝʪʠʯʥʦʩʪʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʜʘʚʣʝʥʠʷ ʚʦʟʜʫʭʘ ʠʣʠ ʞʠʜʢʦʩʪʠ, ʠ ʨʝʟʫʣʴʪʘʪʳ ʵʪʠʭ 

ʠʩʧʳʪʘʥʠʡ ʷʚʣʷʣʠʩʴ ʦʢʦʥʯʘʪʝʣʴʥʳʤ ʢʦʥʪʨʦʣʝʤ ʜʣʷ ʧʨʦʧʫʩʢʘ ʜʝʪʘʣʠ ʥʘ ʩʙʦʨʢʫ.  

http://lingvopro.abbyyonline.com/ru/Search/GlossaryItemExtraInfo?text=%d1%80%d0%b5%d0%bd%d1%82%d0%b3%d0%b5%d0%bd%d0%be%d0%b3%d1%80%d0%b0%d1%84%d0%b8%d1%8f&translation=roentgenography&srcLang=ru&destLang=en
http://lingvopro.abbyyonline.com/ru/Search/GlossaryItemExtraInfo?text=%d1%81%d0%b8%d0%bb%d0%be%d0%b2%d0%be%d0%b9%20%d0%b0%d0%b3%d1%80%d0%b5%d0%b3%d0%b0%d1%82&translation=power-generating%20set&srcLang=ru&destLang=en
http://lingvopro.abbyyonline.com/ru/Search/GlossaryItemExtraInfo?text=%d0%be%d1%82%d0%bb%d0%b8%d0%b2%d0%b0%d1%82%d1%8c&translation=cast&srcLang=ru&destLang=en
http://lingvopro.abbyyonline.com/ru/Search/GlossaryItemExtraInfo?text=%d0%b0%d0%bb%d1%8e%d0%bc%d0%b8%d0%bd%d0%b8%d0%b5%d0%b2%d0%be-%d0%ba%d1%80%d0%b5%d0%bc%d0%bd%d0%b8%d0%b5%d0%b2%d1%8b%d0%b9&translation=aluminium-silicon&srcLang=ru&destLang=en
http://lingvopro.abbyyonline.com/ru/Search/GlossaryItemExtraInfo?text=%d0%b0%d0%bb%d1%8e%d0%bc%d0%b8%d0%bd%d0%b8%d0%b5%d0%b2%d0%be-%d0%ba%d1%80%d0%b5%d0%bc%d0%bd%d0%b8%d0%b5%d0%b2%d1%8b%d0%b9&translation=aluminium-silicon&srcLang=ru&destLang=en
http://lingvopro.abbyyonline.com/ru/Search/GlossaryItemExtraInfo?text=%d0%bb%d0%b8%d1%82%d0%b5%d0%b9%d0%bd%d1%8b%d0%b9&translation=casting&srcLang=ru&destLang=en
http://lingvopro.abbyyonline.com/ru/Search/GlossaryItemExtraInfo?text=%d1%81%d0%b8%d0%bb%d0%be%d0%b2%d0%be%d0%b9%20%d0%b0%d0%b3%d1%80%d0%b5%d0%b3%d0%b0%d1%82&translation=power-generating%20set&srcLang=ru&destLang=en
http://lingvopro.abbyyonline.com/ru/Search/GlossaryItemExtraInfo?text=%d0%be%d1%82%d0%bb%d0%b8%d0%b2%d0%b0%d1%82%d1%8c&translation=cast&srcLang=ru&destLang=en
http://lingvopro.abbyyonline.com/ru/Search/GlossaryItemExtraInfo?text=%d0%b0%d0%bb%d1%8e%d0%bc%d0%b8%d0%bd%d0%b8%d0%b5%d0%b2%d0%be-%d0%ba%d1%80%d0%b5%d0%bc%d0%bd%d0%b8%d0%b5%d0%b2%d1%8b%d0%b9&translation=aluminium-silicon&srcLang=ru&destLang=en
http://lingvopro.abbyyonline.com/ru/Search/GlossaryItemExtraInfo?text=%d1%80%d0%b0%d0%b1%d0%be%d1%82%d0%b0%d1%8e%d1%89%d0%b8%d0%b9&translation=working&srcLang=ru&destLang=en
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Abstract. This paper describes the method of testing of composite materials. The technique is 

based on experimental study using speckle interferometry as well as an iterative procedure for 

processing data using the finite element method. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ (ʂʄ) ʥʘʭʦʜʷʪ ʚʩʝ ʙʦʣʴʰʝʝ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʪʝʭʥʠʢʝ. ɺ ʘʚʠʘʮʠʠ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ 

(ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ) ʩʚʦʡʩʪʚ ʢʦʤʧʦʟʠʪʥʳʭ ʜʝʪʘʣʝʡ, ʥʘʧʨʠʤʝʨ, ʧʣʘʥʝʨʘ ʩʘʤʦʣʝʪʘ. 

ʅʝʦʙʭʦʜʠʤʳʤ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʥʘʜʝʞʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʝʪʦʜ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʨʘʩʯʝʪʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʂʄ ʩ ʨʘʟʣʠʯʥʳʤʠ ʫʢʣʘʜʢʘʤʠ ʚʦʣʦʢʦʥ. ʇʨʝʜʣʘʛʘʝʤʳʡ ʧʦʜʭʦʜ ʢ 

ʦʧʨʝʜʝʣʝʥʠʶ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʢʦʥʩʪʘʥʪ ʘʥʠʟʦʪʨʦʧʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʩʦʩʪʦʠʪ ʠʟ 2 ʦʩʥʦʚʥʳʭ 

ʵʪʘʧʦʚ: 

1) ʇʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʵʣʝʢʪʨʦʥʥʦʡ ʮʠʬʨʦʚʦʡ ʩʧʝʢʣ-ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʠ (ʨʠʩ. 1), ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʚʳʩʦʢʫʶ 

ʪʦʯʥʦʩʪʴ, ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ, ʙʝʩʢʦʥʪʘʢʪʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ, ʘ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʫʶ ʩʢʦʨʦʩʪʴ 

ʩʦʭʨʘʥʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʛʦ ʵʪʘʧʘ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʠ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʫʛʣʳ ʦʨʠʝʥʪʘʮʠʠ ʦʩʝʡ ʘʥʠʟʦʪʨʦʧʠʠ ʧʘʢʝʪʘ, ʘ ʪʘʢʞʝ ʛʣʘʚʥʳʝ ʜʝʬʦʨʤʘʮʠʠ 

ʦʙʨʘʟʮʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʘʭ ʥʘʛʨʫʞʝʥʠʷ (ʨʠʩ. 2ʘ). 

2) ʈʘʩʯʝʪ ʟʥʘʯʝʥʠʡ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʢʦʥʩʪʘʥʪ ʂʄ, ʠʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. ɺʳʯʠʩʣʠʪʝʣʴʥʘʷ ʧʨʦʮʝʜʫʨʘ ʩʪʨʦʠʪʩʷ ʧʦ ʠʪʝʨʘʮʠʦʥʥʦʡ ʩʭʝʤʝ 

ʩ ʫʪʦʯʥʝʥʠʝʤ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʝʪʦʜʦʤ ʄʂʕ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʨʠʩ 

2ʙ). 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʙʳʣʘ ʘʧʨʦʙʠʨʦʚʘʥʘ ʚ ʨʷʜʝ ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʨʘʩʩʤʦʪʨʝʥʥʳʡ ʧʦʜʭʦʜ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʨʘʩʧʨʦʩʪʨʘʥʠʪʴ ʥʘ 

ʩʣʫʯʘʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʂʄ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʘʥʠʟʦʪʨʦʧʠʠ. 
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ʅ.ʇ.ʂʣʦʯʢʦʚ ï ʘʩʧ., ʄ.ɻ.ʂʨʫʢʦʚʠʯ ï ʧʨʦʬ., ʜ.ʪ.ʥ., ɺ.ɺ.ʆʥʘʩʝʥʢʦ ï ʩʪʫʜ. 

ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʫʪʝʡ ʩʦʦʙʱʝʥʠʷ (ʄʀʀʊ) 

 
Abstract. Efficiency of the nitriding process in the self-organizing gaseous medium is estimated. 

 

ɸʟʦʪʠʨʦʚʘʥʠʝ ï ʵʪʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʭʠʤʠʢʦ-ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, ʧʨʠ 

ʢʦʪʦʨʦʡ ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʦʚ ʠʣʠ ʩʧʣʘʚʦʚ ʥʘʩʳʱʘʶʪ ʘʟʦʪʦʤ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ 500-650
0
ʉ ʚ ʩʧʝʮʠʘʣʴʥʦʡ ʘʟʦʪʠʨʫʶʱʝʡ ʩʨʝʜʝ (ʚ ʩʤʝʩʠ ʛʘʟʦʚ, 

ʠʦʥʠʟʠʨʦʚʘʥʥʳʭ ʩʨʝʜʘʭ, ʩʨʝʜʘʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʠʣʠ ʜʠʩʩʦʮʠʘʮʠʠ 

ʞʠʜʢʠʭ (ʨʘʩʧʣʘʚʣʝʥʥʳʭ) ʠʣʠ ʪʚʝʨʜʳʭ ʨʝʘʛʝʥʪʦʚ). ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʦʙʳʯʥʦ 

ʢʦʣʝʙʣʝʪʩʷ ʦʪ 1,5 ʜʦ 70 ʯ., ʘ ʦʙʱʘʷ ʪʦʣʱʠʥʘ ʩʣʦʝʚ ʜʦʩʪʠʛʘʝʪ 1,0ʤʤ. ʇʨʠ ʵʪʦʤ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʣʘʚʥʦʝ ʠʟʤʝʥʝʥʠʝ ʪʚʝʨʜʦʩʪʠ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʚʛʣʫʙʴ ʜʝʪʘʣʠ.  

ɼʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ ʝʜʠʥʠʯʥʦʛʦ ʠʣʠ ʤʝʣʢʦʩʝʨʠʡʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʚʦ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʩʣʫʯʘʷʭ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʘʟʦʪʠʨʦʚʘʥʠʝ ʚ 

ʛʘʟʦʚʳʭ ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʠʭʩʷ ʩʨʝʜʘʭ. ʉʘʤʦʦʨʛʘʥʠʟʫʶʱʘʷʩʷ ʥʘʩʳʱʘʶʱʘʷ ʩʨʝʜʘ 

ʦʙʨʘʟʦʚʳʚʘʝʪʩʷ ʚ ʟʘʢʨʳʪʦʤ ʢʦʥʪʝʡʥʝʨʝ ʧʨʠ ʠʩʧʘʨʝʥʠʠ ʠ ʜʠʩʩʦʮʠʘʮʠʠ ʘʟʦʪʩʦʜʝʨʞʘʱʝʛʦ 

ʨʝʘʛʝʥʪʘ (ʥʘʧʨʠʤʝʨ, ʢʘʨʙʘʤʠʜʘ) ʚ ʧʨʦʮʝʩʩʝ ʥʘʛʨʝʚʘ ʚ ʢʘʤʝʨʥʦʡ ʧʝʯʠ. 

ʄʝʭʘʥʠʟʤ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʘʟʦʪʘ ʚ ʛʘʟʦʚʦʡ ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʝʡʩʷ ʩʨʝʜʝ ʠʜʝʥʪʠʯʝʥ 

ʤʘʩʩʦʧʝʨʝʥʦʩʫ ʚ ʜʨʫʛʠʭ ʛʘʟʦʚʳʭ ʩʨʝʜʘʭ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʠʦʥʘʤʠ ʘʟʦʪʘ ʥʠʟʰʠʭ 

ʚʘʣʝʥʪʥʦʩʪʝʡ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʠ ʦʜʠʥʘʢʦʚʦʡ 

ʥʘʩʳʱʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʛʘʟʦʚʦʡ ʩʨʝʜʳ ʧʦ ʦʙʲʝʤʫ ʢʦʥʪʝʡʥʝʨʘ ʥʝʦʙʭʦʜʠʤʘ ʝʝ 

ʮʠʨʢʫʣʷʮʠʷ.  

ʆʙʳʯʥʦ ʠʥʩʪʨʫʤʝʥʪʳ ʠ ʜʝʪʘʣʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʘʩʪʢʠ ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʠʟ 

ʣʝʛʠʨʦʚʘʥʥʳʭ ʩʨʝʜʥʝ- ʠ ʚʳʩʦʢʦʫʛʣʝʨʦʜʠʩʪʳʭ ʩʪʘʣʝʡ, ʙʳʩʪʨʦʨʝʞʫʱʠʭ ʩʪʘʣʝʡ ʠ ʪʚʝʨʜʳʭ 

ʩʧʣʘʚʦʚ (40ʍ, 40ʍʅ, 40ʍ2ʅ4ɺɸ, 38ʍ2ʄʖɸ, ʍ12, ʍ12ʄ1, ʈ6ʄ5, 4ʍ5ʄʌʉ, 40ʍ13, 

3ʍ2ɺ8, 7ʍ3, ʍ, ʐʍ15, ʊ15ʂ6, ɺʂ8 ʠ ʪ.ʧ.). ʇʨʠʤʝʥʝʥʠʝ ʫʧʨʦʯʥʷʶʱʝʡ ʦʙʨʘʙʦʪʢʠ ʚ 

ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʝʡʩʷ ʩʨʝʜʝ ʧʨʠʝʤʣʝʤʦ ʠ ʜʣʷ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʠ ʜʣʷ 

ʧʨʝʮʠʟʠʦʥʥʳʭ ʜʝʪʘʣʝʡ.   

ʇʦʣʫʯʝʥʥʳʝ ʥʘ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʘʭ ʩʪʘʣʝʡ ʚ ʛʘʟʦʚʦʡ ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʝʡʩʷ ʩʨʝʜʝ 

ʘʟʦʪʠʨʦʚʘʥʥʳʝ ʩʣʦʠ ʦʪʣʠʯʘʣʠʩʴ ʦʪʩʫʪʩʪʚʠʝʤ ʩʚʝʪʣʦʡ ʟʦʥʳ ʥʠʪʨʠʜʦʚ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʦ ʤʘʢʩʠʤʘʣʴʥʦʤ ʨʦʩʪʝ ʩʣʦʷ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ. ɸʥʘʣʠʟ ʩʪʘʣʠ 40ʍ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʟʘʢʘʣʢʘ ʩ ʚʳʩʦʢʠʤ ʦʪʧʫʩʢʦʤ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʘʟʦʪʠʨʦʚʘʥʥʳʝ ʩʣʦʠ ʩ 

ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʚʝʨʜʦʩʪʴʶ ʥʘ 25-30% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʣʦʷʤʠ ʥʘ ʵʪʦʡ ʩʪʘʣʠ, 

ʧʦʜʚʝʨʛʥʫʪʦʡ ʪʦʣʴʢʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤʫ ʦʪʞʠʛʫ. 

ʆʪʨʘʙʦʪʘʥʥʘʷ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʚʳʰʝʫʢʘʟʘʥʥʦʤ ʧʦʜʭʦʜʝ ʪʝʭʥʦʣʦʛʠʷ ʥʝ ʪʨʝʙʫʝʪ 

ʧʨʠʤʝʥʝʥʠʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 

ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʨʦʮʝʩʩʘ ʜʦʩʪʘʪʦʯʥʦ ʦʙʳʯʥʦʡ ʚʳʪʷʞʥʦʡ 

ʚʝʥʪʠʣʷʮʠʠ, ʧʨʠʤʝʥʷʝʤʦʡ ʚ ʪʝʨʤʠʯʝʩʢʠʭ ʮʝʭʘʭ. ʉʪʦʠʤʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʩʦʩʪʘʚʣʷʝʪ ʚ 

ʩʨʝʜʥʝʤ 10% ʦʪ ʩʪʦʠʤʦʩʪʠ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʜʝʪʘʣʝʡ. ʆʞʠʜʘʝʤʦʝ 

ʧʦʚʳʰʝʥʠʝ ʩʪʦʡʢʦʩʪʠ ʧʨʠ ʧʨʘʚʠʣʴʥʦʤ ʚʳʙʦʨʝ ʨʝʞʠʤʦʚ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠ 

ʫʧʨʦʯʥʝʥʠʷ, ʘ ʪʘʢʞʝ ʩʦʩʪʘʚʘ ʥʘʩʳʱʘʶʱʝʡ ʩʤʝʩʠ ï ʙʦʣʝʝ ʯʝʤ ʚ 1,5 ʨʘʟʘ. ʇʨʠ ʵʪʦʤ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʵʢʦʣʦʛʠʯʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʞʠʜʢʦʩʪʥʳʤ ʧʨʦʮʝʩʩʦʤ ʚ 

ʮʠʘʥʠʩʪʳʭ ʚʘʥʥʘʭ ʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʘʟʦʚʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʪʨʝʙʫʶʱʠʤʠ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʦʯʠʩʪʢʠ ʦʪʭʦʜʷʱʠʭ ʛʘʟʦʚ. ʋʧʨʦʯʥʝʥʠʶ ʤʦʞʝʪ 

ʧʦʜʚʝʨʛʘʪʴʩʷ ʨʝʞʫʱʠʡ ʠʥʩʪʨʫʤʝʥʪ, ʰʪʘʤʧʦʚʳʡ ʬʦʨʤʦʦʙʨʘʟʫʶʱʠʡ, ʨʘʟʜʝʣʠʪʝʣʴʥʳʡ 

ʠʥʩʪʨʫʤʝʥʪʳ, ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʠʥʩʪʨʫʤʝʥʪ, ʘ ʪʘʢ ʞʝ ʜʝʪʘʣʠ ʤʘʰʠʥ ʚʩʝʚʦʟʤʦʞʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ. 
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Abstract. The kinetics calculation algorithm for a nitrided layers growth as well as the concept 

of kinetics coefficient and its dependence on nitriding conditions are described. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʘʟʦʪʠʨʦʚʘʥʠʷ ʨʘʟʚʠʚʘʝʪʩʷ ʧʦ ʩʣʝʜʫʶʱʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ: 

ʘʥʘʣʠʪʠʯʝʩʢʦʤʫ, ʯʠʩʣʝʥʥʦʤʫ ʠ ʵʤʧʠʨʠʯʝʩʢʦʤʫ. ʕʪʠ ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʠʤʝʥʷʶʪ ʥʘ ʚʩʝʭ 

ʩʪʘʜʠʷʭ ʧʨʦʮʝʩʩʘ ʜʣʷ ʦʧʠʩʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ ʚ ʥʘʩʳʱʘʶʱʝʡ ʩʨʝʜʝ, 

ʥʘ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʜʝʪʘʣʠ.  

ʇʨʠʥʠʤʘʷ ʢʦʥʮʝʧʮʠʶ ʦʙʱʥʦʩʪʠ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʚʦ ʚʩʝʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ 

ʠ ʷʚʣʝʥʠʷʭ, ʠʤʝʶʱʠʭ ʤʝʩʪʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʜʝʪʘʣʝʡ ʠ ʚ ʩʘʤʦʤ ʤʝʪʘʣʣʝ, 

ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʤʦʜʝʣʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʟʦʪʠʨʦʚʘʥʥʳʭ ʩʣʦʝʚ. ʇʨʠʯʝʤ ʠʩʭʦʜʷ ʠʟ 

ʟʥʘʯʝʥʠʡ ʘʟʦʪʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ (Ń), ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʶ ʘʟʦʪʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʝʪʘʣʣʘ, ʠ ʦʮʝʥʦʯʥʦʛʦ ʢʨʠʪʝʨʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʷʚʣʝʥʠʡ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʤʝʪʘʣʣ ï 

ʥʘʩʳʱʘʶʱʘʷ ʩʨʝʜʘ. ɸʥʘʣʠʟ ʧʨʦʮʝʩʩʦʚ ʘʟʦʪʠʨʦʚʘʥʠʷ ʠ ʢʠʥʝʪʠʢʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʣʦʝʚ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʪʘʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʤʦʞʝʪ ʙʳʪʴ ʢʠʥʝʪʠʯʝʩʢʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪ D ʚ ʧʘʨʘʙʦʣʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʨʦʩʪʘ ʬʘʟ ʘʟʦʪʠʨʦʚʘʥʥʳʭ ʩʣʦʝʚ: D=yĀŰ
-0,5

, 

ʛʜʝ y ï ʪʦʣʱʠʥʘ ʩʣʦʷ, Ű ï ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ. 

ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʴ ʤʝʪʘʣʣʘ ʤʝʥʷʝʪ ʩʚʦʶ ʨʝʘʢʮʠʦʥʥʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʟʦʚʘʥʠʷ ʘʟʦʪʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ 

ʫʩʣʦʚʠʡ ʨʘʚʥʦʚʝʩʠʷ ʨʘʥʝʝ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʬʘʟ.  

ɸʥʘʣʠʟ ʥʘʩʳʱʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʛʘʟʦʚʳʭ, ʞʠʜʢʠʭ ʠ ʪʚʝʨʜʳʭ ʩʨʝʜ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʩ ʧʦʚʳʰʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʟʦʪʘ ʚ ʬʘʟʘʭ ʠʣʠ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʦʣʱʠʥʳ 

ʩʣʦʷ ʤʘʩʩʦʧʝʨʝʥʦʩ ʘʟʦʪʘ ʯʝʨʝʟ ʵʪʫ ʬʘʟʫ ʟʘʤʝʜʣʷʝʪʩʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʘʟʦʪʠʨʦʚʘʥʥʳʭ 

ʩʣʦʝʚ ʦʙʨʘʟʦʚʘʥʠʝ ʢʘʞʜʦʡ ʧʦʩʣʝʜʫʶʱʝʡ ʬʘʟʳ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʳʡ 

ʤʘʩʩʦʧʝʨʝʥʦʩ ʘʪʦʤʦʚ ʘʟʦʪʘ ʢ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʬʘʟ, ʦʢʘʟʳʚʘʷ, ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ, 

ʪʦʨʤʦʟʷʱʝʝ ʚʣʠʷʥʠʝ ʥʘ ʢʠʥʝʪʠʢʫ ʨʦʩʪʘ ʧʨʝʜʳʜʫʱʝʡ ʬʘʟʳ. ʊʦʨʤʦʟʷʱʝʝ ʚʣʠʷʥʠʝ ʥʦʚʦʡ 

ʬʘʟʳ, ʚ ʯʘʩʪʥʦʩʪʠ ʥʠʪʨʠʜʦʚ ʘʟʦʪʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ ʜʣʷ ʘʟʦʪʠʨʦʚʘʥʠʷ ʚ ʨʘʩʧʣʘʚʝ ʩʦʣʝʡ, 

ʧʨʦʷʚʣʷʝʪʩʷ ʧʨʠ ʪʦʣʱʠʥʝ ʥʦʚʦʡ ʬʘʟʳ ʙʦʣʝʝ 2 ʤʢʤ. 

ɸʥʘʣʠʟ ʚʣʠʷʥʠʷ ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʥʘʩʳʱʘʶʱʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʥʘ 

ʢʠʥʝʪʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʨʦʩʪʘ ʬʘʟ ʘʟʦʪʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ ʧʦʢʘʟʘʣ, ʯʪʦ ʠʤʝʝʪ ʤʝʩʪʦ 

ʦʧʪʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʜʘʚʣʝʥʠʷ ʢʘʢ ʜʣʷ Ŭ ï ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ, ʪʘʢ ʠ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ Ů 

ʠ ɔ` ʬʘʟ. ɸʧʧʨʦʢʩʠʤʘʮʠʷ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʦʟʚʦʣʠʣʘ ʩ ʦʙʱʠʭ ʧʦʟʠʮʠʡ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʣʶʙʦʡ ʧʨʦʮʝʩʩ ʘʟʦʪʠʨʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʞʝʣʝʟʘ ʠ ʚʚʦʜʠʪʴ ʧʦʧʨʘʚʢʠ ʧʨʠ 

ʨʘʩʯʝʪʝ ʪʦʣʱʠʥʳ ʬʘʟ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʫʩʣʦʚʠʡ ʦʙʨʘʙʦʪʢʠ. 

ʇʨʠ ʨʘʩʯʝʪʝ ʪʦʣʱʠʥʳ ʬʘʟ ʘʟʦʪʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ ʥʘ ʩʪʘʣʷʭ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʫʯʠʪʳʚʘʪʴ 

ʚʣʠʷʥʠʝ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ: 

0
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ʛʜʝ y0 ï ʪʦʣʱʠʥʘ ʩʣʦʷ ʥʘ ʞʝʣʝʟʝ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʜʠʬʬʫʟʠʠ 

ʠʣʠ ʦʧʨʝʜʝʣʝʥʥʘʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ɸ ʠ ʘ ï ʵʤʧʠʨʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, x ï 

ʩʦʜʝʨʞʘʥʠʝ ʣʝʛʠʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʚ ʩʪʘʣʠ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʚʝʨʜʦʩʪʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ, ʠʩʭʦʜʷ ʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʟʦʪʘ ʠ 

ʠʟʤʝʥʝʥʠʷ ʝʛʦ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʜʝʨʞʘʥʠʷ 

ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ. ʇʨʠ ʵʪʦʤ ʪʚʝʨʜʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʩʫʤʤʘ ʪʚʝʨʜʦʩʪʠ ʧʦʜʣʦʞʢʠ 

(HVʩʪ) ʠ ʧʨʠʨʘʱʝʥʠʷ ʪʚʝʨʜʦʩʪʠ ʟʘ ʩʯʝʪ ʩʣʦʷ (HVʩʣ). ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʫʯʝʩʪʴ ʚʣʠʷʥʠʝ 

ʩʦʩʪʦʷʥʠʷ ʧʦʜʣʦʞʢʠ ʥʘ ʣʶʙʦʡ ʩʪʘʣʠ.  
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Abstract: Advanced experimental methods based on heterogeneous combustion of condensed 

systems were attributed for the production of complex functionalized oxides such as components 

of alternative sources of energy (SOFC and lithium ionic batteries); piezoelectrics, 

piezomagnetics, multiferroics as well as combined structures like ñferrite-piezoelectricò, 

ñpiezoelectric-multiferroicò etc.; gas-sensing materials for the different applications and 

luminophores. 

 

ʉ ʥʘʯʘʣʘ 70-ʭ ʛʦʜʦʚ ʭʭ ʚʝʢʘ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʩʘʤʦʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʡʩʷ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʩʠʥʪʝʟ (ʩʚʩ) ʩʣʦʞʥʳʭ ʦʢʩʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʬʦʨʤʠʨʦʚʘʣʩʷ ʢʘʢ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʝ ʥʘʫʯʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʨʘʤʢʘʭ ʪʝʦʨʠʠ ʠ ʧʨʘʢʪʠʢʠ ʛʦʨʝʥʠʷ, ʘ ʪʘʢʞʝ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʝʛʦ ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʦʣʫʯʠʣʠ ʩʚʦʝ ʨʘʟʚʠʪʠʝ 

ʜʚʝ ʚʝʪʚʠ ï ʬʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʧʦʜʭʦʜʦʚ ʚ ʨʝʞʠʤʝ ʛʝʪʝʨʦʛʝʥʥʦʛʦ 

ʛʦʨʝʥʠʷ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʩʠʥʪʝʟʠʨʦʚʘʥ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʩʣʦʞʥʳʭ ʦʢʩʠʜʥʳʭ ʠ 

ʜʨʫʛʠʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢʠʭ ʢʘʢ: ʚʪʩʧ-ʤʘʪʝʨʠʘʣʳ, ʨʘʟʣʠʯʥʳʝ ʢʣʘʩʩʳ 

ʬʝʨʨʠʪʦʚ, ʧʴʝʟʦʵʣʝʢʪʨʠʢʠ, ʦʛʥʝʫʧʦʨʳ, ʧʠʛʤʝʥʪʳ, ʠʥʪʝʨʤʝʪʘʣʣʠʜʳ, ʢʘʨʙʠʜʳ, ʙʦʨʠʜʳ ʠ 

ʪ.ʜ. ʀʟʫʯʝʥʳ ʧʨʦʮʝʩʩʳ ʛʦʨʝʥʠʷ ʠ ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʷ, ʨʘʟʣʠʯʥʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʨʘʟʨʘʙʦʪʘʥʳ ʣʘʙʦʨʘʪʦʨʥʳʝ ʠ ʧʨʦʤʳʰʣʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʨʘʤʢʘʭ ʨʘʟʚʠʪʠʷ ʤʝʪʦʜʘ ʩʘʤʦʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʛʦʩʷ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʠʥʪʝʟʘ (ʉɺʉ) ʩʣʦʞʥʳʭ ʦʢʩʠʜʦʚ ʫʩʧʝʰʥʦ ʚʝʜʫʪʩʷ ʨʘʙʦʪʳ ʧʦ 

ʧʦʣʫʯʝʥʠʶ ʠ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ʉʨʝʜʠ ʥʠʭ 

ʩʣʝʜʫʝʪ ʚʳʜʝʣʠʪʴ ʤʘʪʝʨʠʘʣʳ, ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʤʝʥʪʦʚ ʢʝʨʘʤʠʯʝʩʢʠʭ ʪʦʧʣʠʚʥʳʭ ʷʯʝʝʢ (ʘʥʦʜʦʚ, ʢʘʪʦʜʦʚ, 

ʵʣʝʢʪʨʦʣʠʪʦʚ, ʘ ʪʘʢʞʝ ʩʚʷʟʫʶʱʠʭ (ʠʥʪʝʨʢʦʥʥʝʢʪʥʳʭ) ʵʣʝʤʝʥʪʦʚ); ʢʦʤʧʦʥʝʥʪʦʚ ʣʠʪʠʡ-

ʠʦʥʥʳʭ ʙʘʪʘʨʝʡ; ʦʢʩʠʜʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ 

ʧʦʨʦʰʢʦʚʳʭ ʢʦʤʧʦʟʠʮʠʡ ʩʣʦʞʥʳʭ ʦʢʩʠʜʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ 

ʜʘʪʯʠʢʦʚ ʪʦʢʩʠʯʥʳʭ, ʛʦʨʶʯʠʭ ʠ ʜʨʫʛʠʭ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʭ ʛʘʟʦʚ. ɺʘʞʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʨʦʮʝʩʩʦʚ ʩʠʥʪʝʟʘ ʠ ʩʚʦʡʩʪʚ ʩʣʦʞʥʳʭ ʦʢʩʠʜʦʚ ʚ ʧʦʩʣʝʜʥʝʝ 

ʚʨʝʤʷ ʩʪʘʥʦʚʠʪʩʷ ʧʦʣʫʯʝʥʠʝ ʠ ʧʨʘʢʪʠʯʝʩʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʪʝʨʠʘʣʦʚ, ʦʙʣʘʜʘʶʱʠʭ 

ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʕʪʦ ʙʝʟʩʚʠʥʮʦʚʳʝ ʧʴʝʟʦʵʣʝʢʪʨʠʢʠ, 

ʧʴʝʟʦʤʘʛʥʝʪʠʢʠ, ʤʘʛʥʝʪʦʵʣʝʢʪʨʠʢʠ, ʤʫʣʴʪʠʬʝʨʨʦʠʢʠ ʠ ʢʦʤʧʦʟʠʮʠʠ ʪʠʧʘ çʧʴʝʟʦʵʣʝʢʪʨʠʢ-

ʤʫʣʴʪʠʬʝʨʨʦʠʢè, çʬʝʨʨʠʪ-ʬʝʨʨʦʵʣʝʢʪʨʠʢè ʠ ʜʨ. ʆʜʥʦʚʨʝʤʝʥʥʦʝ ʥʘʣʠʯʠʝ ʭʦʨʦʰʠʭ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʭ ʠ ʤʘʛʥʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʠʘʣʦʚ ʦʪʢʨʳʚʘʝʪ ʰʠʨʦʢʠʝ 

ʧʝʨʩʧʝʢʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʝʩʢʦʥʪʘʢʪʥʳʭ ʤʝʪʦʜʦʚ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘʤʠ ʠʭ ʩʠʥʪʝʟʘ ʩ 

ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ, ʠʣʠ ʩ ʧʦʤʦʱʴʶ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʪʘʢʠʭ ʧʦʣʝʡ ʥʘ ʨʝʘʛʠʨʫʶʱʠʝ ʩʠʩʪʝʤʳ.  

 



44 

 

ʅɸʅʆʏɸʉʊʀʎʓ ʌɽʈʈʀʊɸ ʅʀʂɽʃʗ, ʇʆʃʋʏɽʅʅʓɽ 

ɸʕʈʆɿʆʃʔʅʓʄ ʄɽʊʆɼʆʄ 

 

NICKEL FERRITE NANOPARTICLES PRODUCED BY USING AEROSOL 

METHOD 

 
ʄ.ɺ. ʂʫʟʥʝʮʦʚ - ʜ.ʭ.ʥ., ʚ.ʥ.ʩ., ʖ.ɻ.ʄʦʨʦʟʦʚ - ʜ.ʬ.-ʤ.ʥ., ʚ.ʥ.ʩ., ʆ.ɺ. ɹʝʣʦʫʩʦʚʘ - ʠʥʞ.

 

ʋʯʨʝʞʜʝʥʠʝ ʈɸʅ ʀʥʩʪʠʪʫʪ ʩʪʨʫʢʪʫʨʥʦʡ ʤʘʢʨʦʢʠʥʝʪʠʢʠ ʠ ʧʨʦʙʣʝʤ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ 

ʈɸʅ (ʀʉʄɸʅ) 

 

Abstract:  Cubic NiFe2O4 nanoparticles with the average particle sizes between 35 and 75 nm 

have been prepared by using a levitation-jet method of the Ni-Fe alloy (Ni:Fe ï 2:1) evaporation 

in a mix of gaseous helium and air (oxygen) streams. All the particles were investigated by 

XRD, SEM, EDX, BET, VSM and its specific surface was found to be between 15 and 35 m
2
/g. 

Variations of the different parameters of preparation processes allow to obtain nanoparticles with 

predicted composition, sizes and specific surface values. Saturation magnetization of the ferrite 

nanoparticles was up to 43 emu/g and coercivity up to 170 Oe.  

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʥʘʥʦʯʘʩʪʠʮʳ ʦʙʣʘʜʘʶʪ ʤʥʦʞʝʩʪʚʦʤ ʫʥʠʢʘʣʴʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʠ 

ʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʘʥʳ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ 

ʥʘʥʦʯʘʩʪʠʮ ʤʝʪʘʣʣʦʚ ʠ ʠʭ ʦʢʩʠʜʦʚ ʩ ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʥʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ. 

ʊʘʢʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʷʚʣʷʶʪʩʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʬʝʨʨʠʪʳ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ 

ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʝ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ 

ʧʦʣʫʯʝʥʠʶ ʥʘʥʦʯʘʩʪʠʮ ʰʧʠʥʝʣʴʥʦʛʦ ʬʝʨʨʠʪʘ ʥʠʢʝʣʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʨʝʜʥʠʤʠ ʨʘʟʤʝʨʘʤʠ, 

ʤʦʨʬʦʣʦʛʠʝʡ ʠ ʬʘʟʦʚʳʤ ʩʦʩʪʘʚʦʤ, ʠʩʩʣʝʜʦʚʘʥʳ ʠʭ ʤʘʛʥʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ 

ʧʨʝʜʣʦʞʝʥʳ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʦʙʣʘʩʪʠ ʠʭ ʧʨʠʤʝʥʝʥʠʷ. ʅʘʥʦʯʘʩʪʠʮʳ ʬʝʨʨʠʪʘ ʥʠʢʝʣʷ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʙʝʩʪʠʛʝʣʴʥʳʤ ʘʵʨʦʟʦʣʴʥʳʤ ʤʝʪʦʜʦʤ ʧʫʪʝʤ ʥʝʧʨʝʨʳʚʥʦʛʦ ʠʩʧʘʨʝʥʠʷ 

ʧʦʜʚʝʰʝʥʥʦʡ ʚ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʢʘʧʣʠ ʩʧʣʘʚʘ ʞʝʣʝʟʘ ʠ ʥʠʢʝʣʷ, ʧʦʩʪʦʷʥʥʦ 

ʧʦʜʧʠʪʳʚʘʝʤʦʡ ʧʦʜʘʯʝʡ ʪʦʥʢʠʭ ʧʨʦʚʦʣʦʢ ʵʪʠʭ ʜʚʫʭ ʤʝʪʘʣʣʦʚ ʚ ʦʙʲʝʤʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 

2:1. ʂʦʥʜʝʥʩʘʮʠʷ ʧʘʨʦʚ ʩʧʣʘʚʘ ʚ ʥʘʥʦʯʘʩʪʠʮʳ ʧʨʦʠʩʭʦʜʠʣʘ ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ ʧʦʪʦʢʝ 

ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʛʝʣʠʷ ʩ ʨʝʛʫʣʠʨʫʝʤʦʡ ʜʦʙʘʚʢʦʡ ʚʦʟʜʫʭʘ. ʄʦʨʬʦʣʦʛʠʷ ʯʘʩʪʠʮ ʬʝʨʨʠʪʘ, 

ʠʩʩʣʝʜʦʚʘʥʥʘʷ ʩ ʧʦʤʦʱʴʶ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʘʩʴ ʥʘʣʠʯʠʝʤ ʯʘʩʪʠʮ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʬʦʨʤʳ ʩ ʫʟʢʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʦ 

ʨʘʟʤʝʨʘʤ. ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʩʠʥʪʝʟʘ 

ʧʨʦʜʫʢʪʘʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʨʝʘʛʠʨʫʶʱʝʡ ʩʠʩʪʝʤʳ ʷʚʣʷʣʠʩʴ ʥʘʥʦʯʘʩʪʠʮʳ 

ʩʦʝʜʠʥʝʥʠʷ NiFe2O4 ʩ ʢʫʙʠʯʝʩʢʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʦʡ ʦʙʨʘʱʝʥʥʦʡ ʰʧʠʥʝʣʠ  

(JCPDS 74-2081). ɹʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʨʝʞʠʤʳ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʬʝʨʨʠʪʘ ʥʠʢʝʣʷ ʩʦ 

ʩʨʝʜʥʠʤʠ ʨʘʟʤʝʨʘʤʠ 35-75 ʥʤ ʠ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ 15-35 ʤ
2
/ʛ. ʉ ʧʦʤʦʱʴʶ 

ʚʠʙʨʘʮʠʦʥʥʦʡ ʤʘʛʥʠʪʦʤʝʪʨʠʠ ʠʩʩʣʝʜʦʚʘʥʳ ʛʠʩʪʝʨʝʟʠʩʥʳʝ ʢʨʠʚʳʝ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ 

ʧʦʣʫʯʝʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ  ʠʭ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʥʘʩʳʱʝʥʠʷ ʤʦʞʝʪ 

ʜʦʩʪʠʛʘʪʴ 43 ɻʩĀʩʤ
3
/ʛ, ʘ ʢʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ ï 170 ʕ. ʅʘʣʠʯʠʝ ʨʘʟʤʝʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʂʶʨʠ ʧʦʟʚʦʣʷʝʪ ʥʘʜʝʷʪʴʩʷ ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʥʘ ʩʦʟʜʘʥʠʝ ʥʘ ʦʩʥʦʚʝ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʬʝʨʨʠʪʘ ʥʠʢʝʣʷ ʢʦʤʧʘʢʪʥʳʭ ʪʝʨʤʦʤʘʛʥʠʪʥʳʭ ʫʩʪʨʦʡʩʪʚ 

ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ.  
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ʄɽʊʆɼʀʂɸ ʇʆʉʊʈʆɽʅʀʗ ʂʈʀɺʆʃʀʅɽʁʅʓʍ ʊʈɸɽʂʊʆʈʀʁ 

ɺʆʃʆʂʆʅ ɺ ʂʆʄʇʆɿʀʊʅʓʍ ʇʃɸʉʊʀʅɸʍ ʆʂʆʃʆ ʆʊɺɽʈʉʊʀʁ 

METHOD OF CURVILINEAR FIBERS TRAJECTORIES DESIGN FOR 

COMPOSITE PLATES WITH HOLES 
ɸ.ɺ.ʄʘʣʘʭʦʚ ï ʤ.ʥ.ʩ., ɸ.ʅ.ʇʦʣʠʣʦʚ ï ʜ.ʪ.ʥ., ʧʨʦʬ. 

ʋʯʨʝʞʜʝʥʠʝ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ 

ʀʥʩʪʠʪʫʪ ʤʘʰʠʥʦʚʝʜʝʥʠʷ ʠʤ. ɸ.ɸ.ɹʣʘʛʦʥʨʘʚʦʚʘ ʈɸʅ 

 

Abstract. In this report the method of composite structures design using curvilinear fibers 

trajectories is offered. Such curvilinear fibers improve load-carrying ability of the composite 

structures under complex non-uniform stress ï state. 

 

ʉʧʨʦʝʢʪʠʨʦʚʘʪʴ ʦʧʪʠʤʘʣʴʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ ʠʟ ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʂʄ), 

ʥʘʭʦʜʷʱʫʶʩʷ ʚ ʦʜʥʦʨʦʜʥʦʤ ʧʦʣʝ ʥʘʧʨʷʞʝʥʠʡ, ʥʝ ʚʳʟʳʚʘʝʪ ʧʨʦʙʣʝʤʳ. ʊʘʢʦʝ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʨʷʤʦʣʠʥʝʡʥʫʶ ʫʢʣʘʜʢʫ ʚʦʣʦʢʦʥ. ʆʜʥʘʢʦ, ʝʩʣʠ ʚ 

ʢʦʥʩʪʨʫʢʮʠʠ ʚʦʟʥʠʢʘʝʪ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘʧʨʷʞʝʥʠʡ, ʪʦ ʦʥʘ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʥʝʩʫʱʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʫʢʣʘʜʢʦʡ ʧʨʷʤʦʣʠʥʝʡʥʳʭ ʚʦʣʦʢʦʥ ʨʝʰʠʪʴ ʵʪʫ ʧʨʦʙʣʝʤʫ ʥʝ ʫʜʘʝʪʩʷ. 

ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʠʩʢʘʪʴ  ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʨʝʰʝʥʠʷ. 

ɺ ʧʨʠʨʦʜʝ ʩʫʱʝʩʪʚʫʝʪ ʩʚʦʡ ʩʧʦʩʦʙ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ, ʢʦʪʦʨʳʡ ʨʝʘʣʠʟʫʝʪ  

ʜʨʝʚʝʩʠʥʘ. ɼʝʨʝʚʦ ʧʦ ʩʚʦʝʡ ʩʫʪʠ ʷʚʣʷʝʪʩʷ ʧʨʠʨʦʜʥʳʤ ʂʄ, ʠ ʝʛʦ ʵʚʦʣʶʮʠʷ, ʘ ʪʦʯʥʝʝ ï 

ʧʨʠʨʦʜʥʦʝ ʩʚʦʡʩʪʚʦ ʧʨʠʩʧʦʩʦʙʣʷʝʤʦʩʪʠ, ʧʨʠʚʝʣʠ ʢ ʪʦʤʫ, ʯʪʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʦʯʥʦʩʪʠ 

ʦʥʦ ʦʧʪʠʤʘʣʴʥʦ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʥʘʧʨʷʞʝʥʠʡ ʚ ʜʨʝʚʝʩʠʥʝ ʚʦʟʥʠʢʘʝʪ ʦʢʦʣʦ  ʩʫʯʢʘ, ʧʦʵʪʦʤʫ 

ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʵʪʦ ʤʝʩʪʦ.  ʇʦʩʣʝ ʘʥʘʣʠʟʘ ʜʝʨʝʚʷʥʥʳʭ ʦʙʨʘʟʮʦʚ, ʚ ʢʦʪʦʨʳʭ ʚʦʣʦʢʥʘ 

çʦʙʪʝʢʘʶʪè ʩʫʯʦʢ, ʙʳʣʠ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʳ ʪʨʘʝʢʪʦʨʠʠ ʜʝʨʝʚʷʥʥʳʭ ʚʦʣʦʢʦʥ. ʆʩʥʦʚʥʘʷ 

ʥʘʛʨʫʟʢʘ ʧʝʨʝʜʘʸʪʩʷ ʯʝʨʝʟ ʚʦʣʦʢʥʘ, ʧʦʵʪʦʤʫ ʠʭ ʨʘʟʨʳʚʘ ʚ ʟʦʥʝ ʩʫʯʢʘ ʇʨʠʨʦʜʘ ʥʝ 

ʜʦʧʫʩʢʘʝʪ. ʏʪʦʙʳ ʪʝʦʨʝʪʠʯʝʩʢʠ ʦʧʠʩʘʪʴ  ʫʢʣʘʜʢʫ ʚʦʣʦʢʦʥ ʚ ʜʝʨʝʚʷʥʥʳʭ ʦʙʨʘʟʮʘʭ, ʙʳʣʘ 

ʧʨʝʜʣʦʞʝʥʘ ʛʠʧʦʪʝʟʘ: ʚʦʣʦʢʥʘ ʫʢʣʘʜʳʚʘʶʪʩʷ ʚʜʦʣʴ ʛʣʘʚʥʳʭ ʨʘʩʪʷʛʠʚʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ, 

ʪ.ʝ. ʚʜʦʣʴ ʚʦʣʦʢʥʘ ʦʪʩʫʪʩʪʚʫʶʪ ʢʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ. ʕʪʘ ʛʠʧʦʪʝʟʘ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʝʢʪʠʨʦʚʘʪʴ ʫʢʣʘʜʢʫ ʚʦʣʦʢʦʥ ʧʨʠ ʣʶʙʳʭ ʚʠʜʘʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ. ʈʘʥʝʝ 

ʧʨʠʚʦʜʠʣʠʩʴ ʪʨʘʝʢʪʦʨʠʠ ʫʢʣʘʜʢʠ ʚʦʣʦʢʦʥ ʚʦʢʨʫʛ ʦʜʥʦʛʦ ʢʨʫʛʦʚʦʛʦ ʦʪʚʝʨʩʪʠʷ ʚ 

ʨʘʩʪʷʛʠʚʘʝʤʦʡ ʧʣʘʩʪʠʥʝ. ɺ ʢʘʯʝʩʪʚʝ ʜʨʫʛʦʛʦ ʧʨʠʤʝʨʘ ʥʘ ʨʠʩʫʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫʢʣʘʜʢʘ 

ʚʦʣʦʢʦʥ ʜʣʷ ʧʣʘʩʪʠʥʳ, ʚ ʢʦʪʦʨʦʡ ʠʤʝʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ. 

ʏʪʦʙʳ ʦʮʝʥʠʪʴ ʥʝʩʫʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʢʦʤʧʦʟʠʪʥʦʛʦ ʵʣʝʤʝʥʪʘ ʩ ʢʨʠʚʦʣʠʥʝʡʥʦʡ 

ʫʢʣʘʜʢʦʡ ʚʦʣʦʢʦʥ ʚ ʨʘʤʢʘʭ ʄʂʕ ʙʳʣ ʩʤʦʜʝʣʠʨʦʚʘʥ ʘʥʠʟʦʪʨʦʧʥʳʡ ʤʘʪʝʨʠʘʣ, ʚ ʢʦʪʦʨʦʤ 

ʦʙʲʝʤʥʘʷ ʜʦʣʷ ʠ ʦʨʠʝʥʪʘʮʠʷ ʚʦʣʦʢʦʥ ʤʝʥʷʶʪʩʷ ʦʪ ʪʦʯʢʠ ʢ ʪʦʯʢʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʪʨʘʝʢʪʦʨʠʷʤʠ ʚʦʣʦʢʦʥ. ʈʘʩʯʝʪ ʧʦʢʘʟʘʣ, ʯʪʦ ʫ ʪʘʢʦʛʦ ʵʣʝʤʝʥʪʘ  ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ, ʯʝʤ ʫ ʘʥʘʣʦʛʠʯʥʦʛʦ ʦʨʪʦʪʨʦʧʥʦʛʦ ʵʣʝʤʝʥʪʘ ʩ ʧʨʷʤʦʣʠʥʝʡʥʦʡ 

ʫʢʣʘʜʢʦʡ ʚʦʣʦʢʦʥ. ɽʩʣʠ ʟʘ ʢʨʠʪʝʨʠʡ ʨʘʟʨʫʰʝʥʠʷ ʧʨʠʥʠʤʘʪʴ ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʪʷʛʠʚʘʶʱʝʝ 

ʥʘʧʨʷʞʝʥʠʝ ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʚʦʣʦʢʥʦ, ʪʦ ʧʨʠ ʦʜʥʦʨʦʜʥʦʡ ʫʢʣʘʜʢʝ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʥʘʧʨʷʞʝʥʠʡ ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʛʨʫʟʢʝ ʥʘʠʙʦʣʝʝ ʥʘʛʨʫʞʝʥʥʦʛʦ ʚʦʣʦʢʥʘ ʧʨʠʤʝʨʥʦ ʚ 5 ʨʘʟ, ʘ 

ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʡ ʫʢʣʘʜʢʠ ï ʚʩʝʛʦ ʥʘ 20%. ʇʨʠʤʝʥʝʥʠʝ ʪʘʢʦʛʦ ʤʝʪʦʜʘ ʧʦʟʚʦʣʠʪ 

ʧʨʦʝʢʪʠʨʦʚʘʪʴ ʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʳʝ ʥʝ ʙʫʜʫʪ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ. 

ʈʠʩ.1. ʃʠʥʠʠ ʥʘʠʙʦʣʴʰʠʭ ʛʣʘʚʥʳʭ ʨʘʩʪʷʛʠʚʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ  

ʦʢʦʣʦ ʦʪʚʝʨʩʪʠʡ ʠ ʚʳʪʦʯʝʢ 
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ʀɿ ʊʋɻʆʇʃɸɺʂʀʍ ɺʆʃʆʂʆʅ 

 

STRESS-STRENGTH PROPERTIES  

OF REFRACTORY FIBER THREADS 

 
ɸ.ɺ. ʄʝʜʚʝʜʝʚ - ʩʪ. ʧʨʝʧ., ʂ.ʕ. ʈʘʟʫʤʝʝʚ - ʟʘʚ. ʢʘʬ. 

ʊ.ɸ. ʂʫʨʦʯʢʠʥʘ - ʟʘʚ. ʣʘʙ., ʅ.ɸ. ʀʟʤʘʡʣʦʚʘ - ʩʪʫʜ. 
 

ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʢʩʪʠʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɸ.ʅ. ʂʦʩʳʛʠʥʘ  

 

Abstract. The presented work is devoted to the investigation of mechanical properties of 

refractory fibers from Al2O3 threads. 

 

 

ʇʨʦʚʝʜʝʥʠʝ ʠʩʧʳʪʘʥʠʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʨʳʚʥʦʡ ʥʘʛʨʫʟʢʠ ʠ ʫʜʣʠʥʝʥʠʷ ʧʨʠ 

ʨʘʟʨʳʚʝ ʨʝʛʣʘʤʝʥʪʠʨʫʝʪʩʷ ʩʪʘʥʜʘʨʪʘʤʠ ʜʣʷ ʪʝʢʩʪʠʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ.  

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʭʦʜʠʤʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʡ ɻʆʉʊ 6611.2-73 ʅʠʪʠ 

ʪʝʢʩʪʠʣʴʥʳʝ. ʄʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʨʳʚʥʦʡ ʥʘʛʨʫʟʢʠ ʠ ʫʜʣʠʥʝʥʠʷ ʧʨʠ ʨʘʟʨʳʚʝ 

ʨʝʛʣʘʤʝʥʪʠʨʫʝʪ ʟʘʞʠʤʥʫʶ ʜʣʠʥʫ ʠ ʚʨʝʤʷ ʜʦ ʨʘʟʨʳʚʘ ʦʙʨʘʟʮʘ. 

ʀʟʫʯʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʦʤʧʣʝʢʩʥʳʭ ʥʠʪʝʡ ʠʟ ʪʫʛʦʧʣʘʚʢʠʭ ʚʦʣʦʢʦʥ 

ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʠʤʝʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʩʢʦʨʦʩʪʴʶ 

ʨʘʩʪʷʞʝʥʠʷ (ʜʣʠʪʝʣʴʥʦʩʪʠ ʨʘʟʨʳʚʘ) ʠ ʚʝʣʠʯʠʥʦʡ ʨʘʟʨʳʚʥʦʡ ʥʘʛʨʫʟʢʠ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ 

ʫʜʣʠʥʝʥʠʷ. 

ʀʟ ʤʘʩʩʠʚʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʷ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʜʦʩʪʦʚʝʨʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ, ʩ ʚʨʝʤʝʥʝʤ ʜʦ ʨʘʟʨʳʚʘ 

ʨʘʚʥʳʤ 203 ʩ.  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʘʩʯʝʪʦʚ ʩʚʦʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʳʙʦʨʢʠ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʧʨʠ ʨʘʩʯʝʪʝ ʧʦ ʜʦʩʪʦʚʝʨʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʡ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʍ ʠ ʩʨʝʜʥʝʝ 

ʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ S ʫʤʝʥʴʰʘʶʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʝʣʠʯʠʥʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʧʦ 

30 ʟʥʘʯʝʥʠʷʤ, ʘ ʘʙʩʦʣʶʪʥʘʷ Ů ʠ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ŭ ʦʰʠʙʢʠ ʚʳʙʦʨʢʠ ʫʚʝʣʠʯʠʚʘʶʪʩʷ. ʕʪʦ 

ʩʚʷʟʘʥʦ ʩ ʙʦʣʴʰʦʡ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴʶ ʧʦ ʠʟʤʝʨʷʝʤʦʡ ʚʝʣʠʯʠʥʝ, ʪʘʢ ʢʘʢ ʢʦʵʬʬʠʮʠʝʥʪ 

ʚʘʨʠʘʮʠʠ ʠʤʝʝʪ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ. 
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ʈɸɿʈɸɹʆʊʂɸ ʄɽʊʆɼʆɺ ʌʆʈʄʀʈʆɺɸʅʀʗ ʉʊʈʋʂʊʋʈʓ 

ʂʆʄʇʆɿʀʎʀʆʅʅʆɻʆ ʂʆʅʊɸʂʊʅʆɻʆ Cr-Cu ʄɸʊɽʈʀɸʃɸ  

ʉ ʎɽʃʔʖ ʋʃʋʏʐɽʅʀʗ ɽɻʆ ʕʃɽʂʊʈʀʏɽʉʂʀʍ ʇɸʈɸʄɽʊʈʆɺ 

DEVELOPMENT OF FORMING METHODS THE STRUCTURE OF 

COMPOSITE CONTACT Cr-Cu MATERIALS FOR IMPROVE ITS ELECTRICAL 

PROPERTIES 
ʀ.ʇ. ʄʝʣʴʥʠʢʦʚʘ - ʢ.ʬ-ʤ.ʥ., ʜʦʮ., ɸ.ɺ. ʃʷʩʥʠʢʦʚʘ - ʜ.ʪ.ʥ., ʜʦʮ. 

ʉʘʨʘʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʖ.ɸ. ɻʘʛʘʨʠʥʘ 

 

Abstract. Forming method the structure of composite contact Cr-Cu materials with low 

electrical resistance was proposed.  

 

ɺ ʩʨʝʜʥʝ- ʠ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʚʘʢʫʫʤʥʳʭ ʜʫʛʦʚʳʭ ʢʘʤʝʨʘʭ (ɺɼʂ) ʥʘʠʙʦʣʝʝ 

ʧʨʠʛʦʜʥʳʤʠ ʷʚʣʷʶʪʩʷ ʢʦʥʪʘʢʪʳ ʠʟ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʂʄ) ʥʘ ʦʩʥʦʚʝ ʭʨʦʤʘ ʠ 

ʤʝʜʠ. ɺʝʜʫʱʠʝ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʝ ʬʠʨʤʳ ʤʠʨʘ ʧʨʝʜʲʷʚʣʷʶʪ ʧʦʚʳʰʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʥʝʢʦʪʦʨʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʂʄ, ʚ ʪʦʤ ʯʠʩʣʝ, ʢ ʫʜʝʣʴʥʦʤʫ ʩʦʧʨʦʪʠʚʣʝʥʠʶ, ʚʝʣʠʯʠʥʫ 

ʢʦʪʦʨʦʛʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʤʝʪʴ ʥʠʞʝ 4 ʤʢʆʤĀʩʤ. ʆʜʥʘʢʦ ʥʘ ʩʝʨʠʡʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ 

ʫʨʦʚʥʝ ʨʘʟʥʳʝ ʩʭʝʤʳ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʦʩʪʘʪʦʯʥʳʭ ʛʘʨʘʥʪʠʡ ʜʣʷ 

ʚʢʣʶʯʝʥʠʷ ʵʪʦʛʦ ʪʨʝʙʦʚʘʥʠʷ ʚ ʪʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʥʘ ʤʘʪʝʨʠʘʣ. ʍʘʨʘʢʪʝʨʥʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ Cr-Cu ʂʄ ʷʚʣʷʝʪʩʷ ʙʣʠʟʦʩʪʴ ʫʧʨʫʛʦʩʪʝʡ ʧʘʨʦʚ ʤʝʜʠ ʠ ʭʨʦʤʘ, ʘ ʪʘʢʞʝ 

ʩʢʦʨʦʩʪʝʡ ʪʝʨʤʠʯʝʩʢʦʛʦ ʠʩʧʘʨʝʥʠʷ ʚ ʚʘʢʫʫʤʝ, ʥʘʯʠʥʘʷ ʩ ʪʝʤʧʝʨʘʪʫʨʳ 1800
0
ʉ. ʇʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʜʫʛʠ ʚʘʢʫʫʤʥʳʭ ʜʫʛʦʛʘʩʠʪʝʣʴʥʳʭ ʢʘʤʝʨ ʥʘ ʢʦʥʪʘʢʪʳ ʧʨʦʠʩʭʦʜʠʪ 

ʦʧʝʨʝʞʘʶʱʝʝ ʧʣʘʚʣʝʥʠʝ ʠ ʢʠʧʝʥʠʝ ʭʨʦʤʘ ʚ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʤʝʜʴ ʦʩʪʘʸʪʩʷ ʚ 

ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʫʜʝʨʞʠʚʘʝʪʩʷ  ʢʘʨʢʘʩʦʤ ʠʟ ʭʨʦʤʦʚʳʭ ʯʘʩʪʠʮ. ʕʪʦ 

ʦʧʨʝʜʝʣʷʝʪ ʦʩʦʙʝʥʥʦʩʪʠ ʤʘʩʩʦʧʝʨʝʥʦʩʘ, ʦʙʨʘʟʦʚʘʥʠʷ ʚʪʦʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʪʘʢʪʦʚ ʠ ʦʪʩʫʪʩʪʚʠʝ ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʵʨʦʟʠʠ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʯʘʩʪʠʮʳ 

ʭʨʦʤʘ ʷʚʣʷʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʦʟʠʪʘ, ʥʦ ʪʘʢʞʝ ʦʧʨʝʜʝʣʷʶʪ 

ʦʩʥʦʚʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʥʪʘʢʪʦʚ. ʇʦʵʪʦʤʫ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʨʘʟʤʝʨ ʠ ʬʦʨʤʘ ʯʘʩʪʠʮ ʭʨʦʤʘ ʙʫʜʫʪ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʧʨʠ 

ʠʟʛʦʪʦʚʣʝʥʠʠ ʢʦʤʧʦʟʠʪʘ ʠ ʧʦʩʣʝʜʫʶʱʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʥʪʘʢʪʦʚ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʸʥʥʦʛʦ ʘʥʘʣʠʟʘ ʚʦʟʤʦʞʥʦʩʪʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ 

Cr-Cu ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʢʦʥʪʘʢʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʫʪʸʤ ʠʟʤʝʥʝʥʠʷ ʤʦʨʬʦʣʦʛʠʠ ʯʘʩʪʠʮ 

ʠʩʭʦʜʥʦʛʦ ʭʨʦʤʦʚʦʛʦ ʧʦʨʦʰʢʘ ʩ ʮʝʣʴʶ ʫʣʫʯʰʝʥʠʷ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʪʝʧʣʦʚʦʛʦ ʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʪʦʢʦʚ ʚ ʢʦʥʪʘʢʪʘʭ ɺɼʂ, ʠ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʧʦʚʳʰʝʥʠʷ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʟʥʘʯʝʥʠʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʢʦʤʧʦʟʠʪʘ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʠʟʤʝʣʴʯʘʪʴ ʯʘʩʪʠʮʳ ʭʨʦʤʦʚʦʛʦ ʧʦʨʦʰʢʘ. ʇʨʦʥʠʮʘʝʤʦʩʪʴ ʯʝʨʝʟ ʢʦʥʪʘʢʪʳ ʤʦʞʥʦ ʧʦʚʳʩʠʪʴ 

ʟʘ ʩʯʝʪ ʩʦʢʨʘʱʝʥʠʷ ʧʫʪʠ ʜʚʠʞʝʥʠʷ ʵʪʠʭ ʧʦʪʦʢʦʚ ʧʦ ʤʝʜʥʳʤ ʧʨʦʩʣʦʡʢʘʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʤ 

ʚ ʢʘʨʢʘʩʝ ʠʟ ʭʨʦʤʦʚʳʭ ʯʘʩʪʠʮ, ʫʤʝʥʴʰʘʷ ʠʭ ʠʟʚʠʣʠʩʪʦʩʪʴ. ʈʘʟʤʝʨ ʠ ʬʦʨʤʘ ʯʘʩʪʠʮ ʭʨʦʤʘ ʠ 

ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʙʫʜʫʪ ʠʤʝʪʴ ʟʥʘʯʝʥʠʝ, ʪʘʢ ʢʘʢ ʠʟʚʝʩʪʥʦ, ʯʪʦ 

ʯʝʤ ʩʣʦʞʥʝʝ ʬʦʨʤʘ ʯʘʩʪʠʮ, ʤʝʥʴʰʝ ʨʘʟʤʝʨ ʠ ʙʦʣʴʰʝ ʯʠʩʣʦ ʥʝʨʦʚʥʦʩʪʝʡ ʥʘ ʠʭ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʪʝʤ ʠʩʢʨʠʚʣʸʥʥʝʝ ʠ ʥʝʦʜʥʦʨʦʜʥʝʝ ʧʦʨʳ ʢʘʨʢʘʩʘ ʠʟ ʵʪʠʭ ʯʘʩʪʠʮ.  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʦʧʨʦʙʦʚʘʥʘ ʠ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʢʨʫʛʣʝʥʠʷ ʠ ʧʦʥʠʞʝʥʠʷ 

ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʥʘ ʯʘʩʪʠʮʘʭ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʭʨʦʤʘ ʦʩʢʦʣʦʯʥʦʡ ʬʦʨʤʳ ʩ ʙʦʣʴʰʠʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʚʳʩʪʫʧʦʚ ʠ ʚʧʘʜʠʥ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʫʪʸʤ ʦʙʢʘʪʢʠ ʠʭ ʰʘʨʘʤʠ ʥʘ ʤʝʣʴʥʠʮʘʭ, 

ʢʦʥʪʨʦʣʷ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʧʦʚʳʰʝʥʠʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ Cr-Cu ʢʦʤʧʦʟʠʪʘ. ʊʘʢʞʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʦʞʥʦ ʧʦʜʦʙʨʘʪʴ 

ʨʝʞʠʤ, ʢʦʛʜʘ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʧʦʨʦʰʢʘ ʥʘ ʤʝʣʴʥʠʮʘʭ ʜʦʩʪʠʛʘʶʪ ʥʝ ʠʟʤʝʣʴʯʝʥʠʷ ʯʘʩʪʠʮ, ʘ 

ʠʭ ʫʚʝʣʠʯʝʥʠʷ ʧʨʠ ʩʛʣʘʞʠʚʘʥʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘʪʠʨʘʥʠʷ ʚʳʩʪʫʧʦʚ.  ʇʨʠ ʵʪʦʤ 

ʚ ʢʘʨʢʘʩʘʭ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʦʙʨʘʙʦʪʘʥʥʳʭ ʧʦʨʦʰʢʦʚ, ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ 

ʤʠʥʠʤʘʣʴʥʳʭ ʧʨʦʤʝʞʫʪʢʦʚ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠ ʰʠʨʠʥʳ ʤʝʜʥʳʭ 

ʧʨʦʩʣʦʝʢ ʚ  Cr-Cu ʂʄ ʠʟ ʵʪʠʭ ʯʘʩʪʠʮ Cr. 
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ɺ ʇʃɸʉʊʀʏʅʓʍ ʉʄɸɿʂɸʍ  

NANOPOWDERS OF THE DIAMOND-GRAPHITE NANOPOWDER  

IN THE PLASTIC LUBRICANTS 
ɸ.ɸ. ʄʠʰʠʥ

1
 ï ʘʩʧ., ɻ.ɻ. ʂʨʫʰʝʥʢʦ

2
 ï ʜ.ʪ.ʥ., ʧʨʦʬ. 

1
 ʉʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʄ.ʌ. ʈʝʰʝʪʥʝʚʘ, 
2
 ʋʯʨʝʞʜʝʥʠʝ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ 

ʀʥʩʪʠʪʫʪ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʉʆ ʈɸʅ 

 

Abstract. The use of the diamond-graphite nanopowder in plastic lubricants decreases 

considerably the wear of frictional metallic surfaces. 

 

 ʈʘʟʨʘʙʦʪʘʥʘ ʧʣʘʩʪʠʯʥʘʷ ʩʤʘʟʢʘ, ʩʦʜʝʨʞʘʱʘʷ, ʤʘʩʩ. %: ʘʣʤʘʟʥʦ-ʛʨʘʬʠʪʦʚʳʡ 

ʥʘʥʦʧʦʨʦʰʦʢ (ɸɻ-ʅʇ) ï 0,2é5,0; ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʫʶ ʩʦʣʴ ʤʝʪʘʣʣʘ ï 2é15; ʤʳʣʴʥʫʶ 

ʧʣʘʩʪʠʯʥʫʶ ʩʤʘʟʢʫ ï ʜʦ 100. ɺ ʢʘʯʝʩʪʚʝ ʩʦʣʝʡ ʧʨʠʤʝʥʷʣʠ ʩʫʣʴʬʘʪ ʦʣʦʚʘ SnSO4, ʩʫʣʴʬʘʪ 

ʤʝʜʠ CuSO4, ʩʫʣʴʬʘʪ ʙʘʨʠʷ BaSO4, ʩʫʣʴʬʘʪ ʩʚʠʥʮʘ PbSO4, ʩʫʣʴʬʠʜ ʙʘʨʠʷ BaS. ʇʦ 

ʪʠʧʠʯʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ɸɻ-ʅʇ ʩʦʚʤʝʩʪʥʦ ʩ ʦʜʥʦʡ ʠʟ ʩʦʣʝʡ (SnSO4) 15 ʤʠʥʫʪ 

ʜʠʩʧʝʨʛʠʨʦʚʘʣʠ ʚ ʙʝʥʟʠʥʝ ʠʣʠ ʘʮʝʪʦʥʝ. ʇʦʣʫʯʝʥʥʫʶ ʢʦʤʧʦʟʠʮʠʶ ʚʳʧʘʨʠʚʘʣʠ, ʠ ʦʩʪʘʪʦʢ 

ʧʝʨʝʤʝʰʠʚʘʣʠ ʤʝʭʘʥʠʯʝʩʢʠ. ʀʩʧʳʪʳʚʘʣʠ ʩʤʘʟʢʠ, ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣʠʮʝ 1. 

 ɺ ʪʘʙʣʠʮʝ 2 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʩʤʘʟʦʢ ʚ ʩʨʘʚʥʝʥʠʠ 

ʩʦ ʩʤʘʟʢʦʡ ɺʅʀʀ ʅʇ-232 (ɻʆʉʊ 14068-79), ʩʦʜʝʨʞʘʱʝʡ ʤʘʩʩ. %: ʩʪʝʘʨʘʪ ʣʠʪʠʷ 

Li(C17H35COO) ï 3,0; ʜʠʩʫʣʴʬʠʜ ʤʦʣʠʙʜʝʥʘ MoS2 ʤʘʩʣʦ ʠʥʜʫʩʪʨʠʘʣʴʥʦʝ ʀ-20ɸ ï ʜʦ 100, 

ʠʟ ʢʦʪʦʨʦʡ ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʩʤʘʟʢʘʭ ɸɻ-ʅʇ ʚ ʧʨʝʜʝʣʘʭ 0,2-5,0%, 

ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʩʥʠʞʘʝʪʩʷ ʥʘ 12-15%, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʠʟʥʦʩ ʩʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ 

ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʜʚʘ ʨʘʟʘ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʩʦʢʠʭ ʧʨʦʪʠʚʦʠʟʥʦʩʥʳʭ ʠ 

ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚʘʭ ʩʤʘʟʦʢ.  

 ʕʬʬʝʢʪ ʧʨʠʤʝʥʝʥʠʷ ʚ ʩʤʘʟʢʘʭ CuSO4, BaSO4, PbSO4 ʠ BaS ʧʨʠ ʪʘʢʦʡ ʞʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʢʘʟʘʣʩʷ ʙʣʠʟʢʠʤ ʢ ʵʬʬʝʢʪʫ ʧʨʠʤʝʥʝʥʠʷ SnSO4.  

 ʀʩʧʳʪʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʩʤʘʟʦʢ ʚ ʧʦʜʰʠʧʥʠʢʘʭ ʩʪʫʧʠʮ ʢʦʣʝʩ ʘʚʪʦʤʦʙʠʣʷ ɿʠʃ-

130 ʠ ʘʚʪʦʙʫʩʘ "ʀʢʘʨʫʩ" ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʩʣʝ ʧʨʦʙʝʛʘ 16000 ʢʤ ʠʭ ʚʝʩʦʚʦʡ ʠʟʥʦʩ ʦʢʘʟʘʣʩʷ 

ʚ 2,2 ʨʘʟʘ ʤʝʥʴʰʝ, ʯʝʤ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʜʨʫʛʠʭ ʠʟʚʝʩʪʥʳʭ ʧʣʘʩʪʠʯʥʳʭ ʩʤʘʟʦʢ. 

           ʊʘʙʣʠʮʘ 1 

ʉʦʩʪʘʚʳ ʩʤʘʟʦʢ 

 

ɸʣʤʘʟʦʛʨʘʬʠʪʦʚʳʡ ʅʇ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʉʦʜʝʨʞʘʥʠʝ ʚ ʩʦʩʪʘʚʘʭ, ʤʘʩʩ. % 

1 2 3 4 5 

0,20 0,75 1,50 3,00 5,00 

ʅʇ ʘʣʤʘʟʘ 0,05 0,188 0,375 0,75 1,25 

ʅʇ ʛʨʘʬʠʪʘ 0,15 0,562 1,125 2,25 3,75 

ʉʫʣʴʬʘʪ ʦʣʦʚʘ SnSO4 1,00 5,0 10,0 15,0 17,0 

ʄʳʣʴʥʘʷ ʧʣʘʩʪʠʯʥʘʷ ʩʤʘʟʢʘ 98,80 94,25 88,50 82,00 78,0 

           ʊʘʙʣʠʮʘ 2 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʩʤʘʟʦʢ ʥʘ ʤʘʰʠʥʝ ʉʄʊ-1 ʥʘ ʦʙʨʘʟʮʘʭ ʠʟ ʩʪ45 ʧʨʠ ʥʘʛʨʫʟʢʝ 5 ʢʅ 

ʉʦʩʪʘʚ ʩʤʘʟʦʢ (ˉˉ 1-5 ï 

ʪʘʙʣ. 1) 

ʄʘʢʩʠʤʘʣʴʥʘʷ 

ʫʜʝʣʴʥʘʷ ʥʘʛʨʫʟʢʘ, 

ʄʇʘ 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʪʨʝʥʠʷ 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ 

ʠʟʥʦʩʘ,  

1 ʭ 10
-6
 ʢʛ/ʤ

3 

1 26,3 0,062 59,4 

3 30,3 0,050 30,2 

5 21,4 0,063 57,5 

ʉʤʘʟʢʘ ɺʅʀʀʅʇ-232 23,5 0,059 66,0 
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STUDY OF PHYSICAL AND CHEMICAL PROPERTIES OF MEMBRANES 

BASED ON MULTIWALLED CARBON NANOTUBES 
ɸ.ɸ. ʄʦʩʢʚʠʯʝʚ ï ʩ.ʥ.ʩ., ʢ.ʪ.ʥ., ɸ.ʅ. ʄʦʩʢʚʠʯʝʚ ï ʟʘʚ.ʣʘʙ., ʢ.ʪ.ʥ. 

 

ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʬʠʣʠʘʣ ʋʯʨʝʞʜʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʀʥʩʪʠʪʫʪʘ 

ʤʘʰʠʥʦʚʝʜʝʥʠʷ ʠʤ. ɸ.ɸ.ɹʣʘʛʦʥʨʘʚʦʚʘ ʈɸʅ 

 

Abstract. In the present work investigation of the possibility of manufacturing of composite 

nanostructured matrix containing oriented multiwall carbon nanotubes and study of physical-

chemical properties of obtained material are developed.  

 

 ɹʣʘʛʦʜʘʨʷ ʢʦʤʧʣʝʢʩʫ ʫʥʠʢʘʣʴʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʶ ʪʘʢʠʭ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ, ʢʘʢ ʦʜʥʦʩʪʝʥʥʳʝ ʠ 

ʤʥʦʛʦʩʪʝʥʥʳʝ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ (ʄʋʅʊ). ɺʧʝʨʚʳʝ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʠʟ 

ʄʋʅʊ ʚ ʚʠʜʝ ʧʦʣʳʭ ʮʠʣʠʥʜʨʦʚ, ʠʤʝʶʱʠʭ ʩʪʝʥʢʠ ʠʟ ʨʘʜʠʘʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʄʋʅʊ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ 2004 ʛʦʜʫ. ɺ 2007 ʛʦʜʫ ʙʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥʳ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ 

ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʤʘʪʨʠʮʳ ʠʟ ʜʚʫʩʪʝʥʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ 

ʟʘʧʘʪʝʥʪʦʚʘʥʥʳʝ ʚ ʢʘʯʝʩʪʚʝ ʬʠʣʴʪʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʦʧʨʝʩʥʝʥʠʷ ʤʦʨʩʢʦʡ ʚʦʜʳ. 

 ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʟʘʛʦʪʦʚʦʢ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʤʘʪʨʠʮ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʘʢʨʦʮʠʣʠʥʜʨʳ 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʧʦ ʪʝʭʥʦʣʦʛʠʠ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʚ ʀʄʍ ʠʤ.ɻ.ɸ.ʈʘʟʫʚʘʝʚʘ ʈɸʅ. 

 ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʘʜʠʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʘʪʨʠʮ ʄʋʅʊ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʦ ʪʦʣʱʠʥʝ 

ʟʘʛʦʪʦʚʢʠ ʧʣʦʪʥʦʩʪʴ ʥʘʥʦʪʨʫʙʦʢ ʥʝʦʜʠʥʘʢʦʚʘ, ʚ ʥʘʨʫʞʥʳʭ ʟʦʥʘʭ (ʟʦʥʘ ʥʘʯʘʣʘ ʨʦʩʪʘ) 

ʥʘʥʦʪʨʫʙʢʠ ʨʘʩʪʫʪ ʧʣʦʪʥʦ ʜʨʫʛ ʢ ʜʨʫʛʫ ʠ ʩʠʣʴʥʦ ʠʩʢʨʠʚʣʝʥʳ ʠ ʧʝʨʝʧʣʝʪʝʥʳ. ʇʦ ʤʝʨʝ ʠʭ 

ʜʘʣʴʥʝʡʰʝʛʦ ʨʦʩʪʘ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʨʘʜʠʘʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ 

ʚʦʣʦʢʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ, ʚ ʢʦʪʦʨʦʡ ʢʘʞʜʦʝ ʚʦʣʦʢʥʦ ʩʦʩʪʦʠʪ ʠʟ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʞʛʫʪʦʚ, 

ʩʦʩʪʦʷʱʠʭ ʠʟ ʦʪʜʝʣʴʥʳʭ ʧʨʦʪʷʞʝʥʥʳʭ ʥʘʥʦʪʨʫʙʦʢ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʚʥʝʰʥʠʡ ʧʣʦʪʥʳʡ ʩʣʦʡ, ʥʝʩʤʦʪʨʷ ʥʘ ʩʚʦʶ ʥʝʙʦʣʴʰʫʶ (ʤʝʥʝʝ 1% ʦʙʱʝʡ ʪʦʣʱʠʥʳ ʩʪʝʥʢʠ 

ʮʠʣʠʥʜʨʘ) ʪʦʣʱʠʥʫ, ʦʧʨʝʜʝʣʷʝʪ ʧʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʠ ʮʝʣʦʩʪʥʦʩʪʴ ʚʩʝʛʦ ʮʠʣʠʥʜʨʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʤʘʪʨʠʮ ʄʋʅʊ 

ʭʨʦʥʦʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʠʤ (ʍɺɸ) ʤʝʪʦʜʦʤ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʨʘʬʠʪʦʤ 

ʠʩʩʣʝʜʫʝʤʳʡ ʤʘʪʝʨʠʘʣ ʦʙʣʘʜʘʝʪ ʧʦʚʳʰʝʥʥʳʤ ʧʝʨʝʥʘʧʨʷʞʝʥʠʝʤ ʚʳʜʝʣʝʥʠʷ ʚʦʜʦʨʦʜʘ, 

ʧʦʥʠʞʝʥʥʳʤ ʧʝʨʝʥʘʧʨʷʞʝʥʠʝʤ ʚʳʜʝʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʠ ʙʦʣʝʝ ʦʪʨʠʮʘʪʝʣʴʥʳʤ 

ʨʘʚʥʦʚʝʩʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ. 

ʇʨʠ ʘʥʘʣʠʟʝ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʥʘʙʣʶʜʘʝʪʩʷ 2 ʯʝʪʢʦ ʨʘʟʣʠʯʠʤʳʭ 

ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘ. ʇʝʨʚʳʡ ʧʨʦʮʝʩʩ ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 630-710 Üʉ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʮʠʢʣʦʚ ʦʩʘʞʜʝʥʠʷ, ʘ ʚʪʦʨʦʡ ʧʨʦʮʝʩʩ 860-890 Üʉ. ʇʝʨʚʳʡ ʧʠʢ 

ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥ ʩ ʥʘʣʠʯʠʝʤ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʠʣʠ ʧʨʦʜʫʢʪʦʚ ʠʭ ʨʘʩʧʘʜʘ 

ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʪʨʫʙʦʢ ʠ ʚ ʪʝʣʝ ʤʘʪʨʠʮ ʄʋʅʊ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ 

ʢʦʩʚʝʥʥʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʩʥʠʞʝʥʠʝʤ ʧʦʪʝʨʠ ʚʝʩʘ ʦʙʨʘʟʮʦʚ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ 

ʮʠʢʣʦʚ ʦʩʘʞʜʝʥʠʷ ʠ ʫʤʝʥʴʰʝʥʠʶ ʨʘʟʤʝʨʦʚ ʧʠʢʘ.  

ɺʪʦʨʦʡ ʧʠʢ ʩʚʷʟʘʥ ʩʦ ʩʥʷʪʠʝʤ ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚʙʣʠʟʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʩʠʥʪʝʟʘ ʥʘʥʦʪʨʫʙʦʢ. ɺʝʣʠʯʠʥʘ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʧʣʦʭʦ ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ 

ʮʠʢʣʦʚ ʦʩʘʞʜʝʥʠʷ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʥʝʣʠʥʝʡʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʥʘʢʦʧʣʝʥʠʷ 

ʥʘʧʨʷʞʝʥʠʡ ʚ ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ ʥʘʥʦʪʨʫʙʦʢ.  

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ ʚʳʩʦʢʫʶ ʪʝʨʤʠʯʝʩʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʥʘʥʦʪʨʫʙʦʢ ʠ ʧʦʚʳʰʝʥʥʫʶ ʤʝʭʘʥʠʯʝʩʢʫʶ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʤʘʪʨʠʮ ʄʋʅʊ, ʩʚʷʟʘʥʥʫʶ ʩ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʧʨʦʮʝʩʩʘ ʠʭ ʩʠʥʪʝʟʘ. 

 ʈʘʙʦʪʘ ʧʨʦʚʦʜʠʣʘʩʴ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ 

ʥʘʫʢʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ɻʂ ˉ 16.740.11.0217. 
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STRUCTURAL INVESTIGATION OF UHMW POLYETHYLENE MODIFIED 

NATURAL LAYERED CLAYS 
ʃ.ɸ. ʅʠʢʠʬʦʨʦʚ - ʘʩʧ. 

ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ʂ. ɸʤʤʦʩʦʚʘ 

 

Abstract. In this work author investigates the structure of the composite material by X-ray phase 

analysis and transmission electron microscopy. Also author correlates the results of structural 

investigations with the results of physical and mechanical tests.  

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʣʠʤʝʨʥʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ (ʇʂʄ) ʷʚʣʷʶʪʩʷ 

ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʥʝ ʪʦʣʴʢʦ ʟʘʤʝʥʫ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ, ʥʦ ʧʦʚʳʰʘʶʱʠʤʠ ʥʘʜʝʞʥʦʩʪʴ ʠ 

ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʜʝʪʘʣʝʡ ʤʘʰʠʥ. ʇʨʠʤʝʥʝʥʠʝ ʠʭ ʚ ʫʟʣʘʭ ʪʨʝʥʠʷ ʪʝʭʥʠʢʠ, ʦʩʦʙʝʥʥʦ ʧʨʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʭʦʣʦʜʥʦʤ ʢʣʠʤʘʪʝ ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʧʦʚʳʰʝʥʠʷ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʠ ʨʝʩʫʨʩʘ ʜʝʪʘʣʝʡ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ ʚʳʧʫʩʢʘʝʪʩʷ 

ʥʝʜʦʩʪʘʪʦʯʥʳʡ ʘʩʩʦʨʪʠʤʝʥʪ ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʨʘʙʦʪʦʩʧʦʩʦʙʥʳʭ ʚ ʫʩʣʦʚʠʷʭ 

ʭʦʣʦʜʥʦʛʦ ʢʣʠʤʘʪʘ [1-3]. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ (ʇʂʄ) ʥʘ ʦʩʥʦʚʝ ʩʚʝʨʭʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʦʣʠʵʪʠʣʝʥʘ (ʉɺʄʇʕ), 

ʥʘʧʦʣʥʝʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷʤʠ ʧʨʠʨʦʜʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʧʦʜʚʝʨʛʥʫʪʳʤʠ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʘʢʪʠʚʘʮʠʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʝʡ ʙʳʣʠ ʚʳʙʨʘʥʳ ʧʨʠʨʦʜʥʳʝ ʩʣʦʠʩʪʳʝ ʩʠʣʠʢʘʪʳ: ʙʝʥʪʦʥʠʪ, 

ʚʝʨʤʠʢʫʣʠʪ ʠ ʢʘʦʣʠʥʠʪ. ɺʩʝ ʤʦʜʠʬʠʢʘʪʦʨʳ ʙʳʣʠ ʧʦʜʚʝʨʛʥʫʪʳ ʤʝʭʘʥʦʘʢʪʠʚʘʮʠʠ ʥʘ 

ʧʣʘʥʝʪʘʨʥʦʡ ʤʝʣʴʥʠʮʝ ɸɻʆ-2 ʨʘʟʨʘʙʦʪʢʠ ʀʍʊʊʄ ʉʆ ʈɸʅ (ʛ. ʅʦʚʦʩʠʙʠʨʩʢ) ʚ ʪʝʯʝʥʠʝ 2 

ʤʠʥ. 

ɺ ʨʘʤʢʘʭ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʛʨʘʬʠʠ ʠ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ 

ʤʠʢʨʦʩʢʦʧʠʠ ʠʟʫʯʝʥʳ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʉɺʄʇʕ, ʥʘʧʦʣʥʝʥʥʦʛʦ ʨʘʟʣʠʯʥʳʤʠ 

ʥʘʧʦʣʥʠʪʝʣʷʤʠ, ʘ ʪʘʢʞʝ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʳʝ ʧʦʨʦʰʢʠ ʤʠʥʝʨʘʣʦʚ ʧʨʠʨʦʜʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʄʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʧʦʣʫʯʝʥʳ ʩʪʝʧʝʥʠ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ, 

ʠʟʫʯʝʥʘ ʩʪʨʫʢʪʫʨʘ ʇʂʄ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʨʦʜʳ ʥʘʧʦʣʥʠʪʝʣʷ.  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʧʨʠ ʥʘʧʦʣʥʝʥʠʠ 

ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʨʷʜʘ ʧʘʨʘʤʝʪʨʦʚ ʩʪʨʫʢʪʫʨʳ ʧʦʣʠʤʝʨʥʦʛʦ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ, ʪʘʢʠʭ ʢʘʢ ʩʪʝʧʝʥʴ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʠ ʤʝʞʧʣʦʩʢʦʩʪʥʳʝ ʨʘʩʩʪʦʷʥʠʷ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ. ɺʳʷʚʣʝʥʦ ʫʤʝʥʴʰʝʥʠʝ ʩʪʝʧʝʥʠ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʙʝʥʪʦʥʠʪʘ. ʆʜʥʘʢʦ ʧʦʜʦʙʥʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ 

ʥʝ ʚʳʷʚʣʝʥʘ ʧʨʠ ʥʘʧʦʣʥʝʥʠʠ ʢʘʦʣʠʥʠʪʦʤ. 

ʆʙʥʘʨʫʞʝʥʦ ʫʚʝʣʠʯʝʥʠʝ ʤʝʞʧʣʦʩʢʦʩʪʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʙʝʥʪʦʥʠʪʘ, ʚʦʟʤʦʞʥʳʤ 

ʦʙʲʷʩʥʝʥʠʝʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʤʘʢʨʦʤʦʣʝʢʫʣ ʩʚʝʨʭʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʧʦʣʠʵʪʠʣʝʥʘ ʚ ʤʝʞʩʣʦʡʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʩʣʦʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʛʣʠʥ. ɼʘʥʥʦʝ ʷʚʣʝʥʠʝ ʤʦʞʝʪ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʥʝʢʦʪʦʨʦʤʫ ʩʥʠʞʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʵʬʬʝʢʪʘ 

ʩʘʤʦʩʤʘʟʳʚʘʥʠʷ. 

ʃʠʪʝʨʘʪʫʨʘ 
1. ɹʘʨʪʝʥʝʚ ɻ.ʄ., ʃʘʚʨʝʥʪʴʝʚ ɺ.ɺ. ʊʨʝʥʠʝ ʠ ʠʟʥʦʩ ʧʦʣʠʤʝʨʦʚ. ʃ.: ʍʠʤʠʷ, 1972. 
2. ʕʥʮʠʢʣʦʧʝʜʠʷ ʧʦʣʠʤʝʨʦʚ. / ʇʦʜ ʨʝʜ. ɺ.ɸ. ʂʘʨʛʠʥʘ, ʊ.1 - ʄ.: ʉʦʚ. ʵʥʮʠʢʣʦʧʝʜʠʷ, 1986. 

3. ʆʭʣʦʧʢʦʚʘ ɸ.ɸ., ɸʜʨʠʘʥʦʚʘ ʆ.ɸ., ʇʦʧʦʚ ʉ.ʅ. ʄʦʜʠʬʠʢʘʮʠʷ ʧʦʣʠʤʝʨʦʚ 

ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ.ʗʢʫʪʩʢ: ʗʌ ʀʟʜ-ʚʦ ʉʆ ʈɸʅ, 2003. 
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ʇʆʃʋʏɽʅʀɽ ɹʀʆʉʆɺʄɽʉʊʀʄʓʍ ʄɸʊɽʈʀɸʃʆɺ  

ʉ ʇʈʀʄɽʅɽʅʀɽʄ ʄɽʊʆɼɸ ʈɸʉʊɺʆʈʅʆɻʆ ʉɺʉ 

 

OBTAINING BIOCOMPATIBLE MATERIALS USING THE METHOD  

OF SOLUTION OF SHS 
 

ɺ.ɸ.ʅʦʚʠʢʦʚ ï ʩʪʫʜ. 

ʉʘʤʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

Abstract. Artificial limbs as close as possible to the properties of human bones is an important 

task for today. Biocompatible materials to date are promising for the development of medical 

prosthetics. In this article the author examines one of the methods for biocompatible materials. 

ɿʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʩʨʝʜʠ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʚʩʝ 

ʙʦʣʴʰʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʤʝʪʦʜ ʨʘʩʪʚʦʨʥʦʛʦ ʩʘʤʦʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʛʦʩʷ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʠʥʪʝʟʘ (ʉɺʉ). ɼʘʥʥʳʡ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ʧʨʠʛʦʜʥʳʤ ʜʣʷ ʩʠʥʪʝʟʘ 

ʛʠʜʨʦʢʩʠʘʧʘʪʠʪʘ (ɻɸʇ), ʢʦʪʦʨʳʡ ʧʨʠʦʙʨʝʪʘʝʪ ʙʦʣʴʰʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʚ ʤʝʜʠʮʠʥʝ. 

ɹʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʠ ʩ ʪʢʘʥʷʤʠ ʦʨʛʘʥʠʟʤʘ ʩʠʥʪʝʪʠʯʝʩʢʠʡ ɻɸʇ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʚ ʚʠʜʝ ʙʠʦʤʘʪʝʨʠʘʣʦʚ. ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʛʠʜʨʦʢʩʠʘʧʘʪʠʪʘ: 

ï ʧʦʨʠʩʪʘʷ ʢʝʨʘʤʠʢʘ; 

ï ʙʝʩʧʦʨʠʩʪʘʷ ʢʝʨʘʤʠʢʘ; 

ï ʧʦʨʦʰʢʠ; 

ï ʢʝʨʘʤʠʯʝʩʢʠʝ ʧʦʢʨʳʪʠʷ. 

ʇʦʨʠʩʪʘʷ ɻɸʇ-ʢʝʨʘʤʠʢʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʦʣʴʢʦ ʚ ʢʘʯʝʩʪʚʝ ʥʝʥʘʛʨʫʞʝʥʥʳʭ ʧʦʨʠʩʪʳʭ 

ʢʦʩʪʥʳʭ ʪʨʘʥʩʧʣʘʥʪʘʪʦʚ. ʇʣʦʪʥʘʷ ɻɸʇ-ʢʝʨʘʤʠʢʘ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʨʠʩʪʦʡ, ʦʙʣʘʜʘʝʪ 

ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ.  ʆʜʥʘʢʦ ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʫʩʣʦʚʠʷʭ 

ʥʘʛʨʫʟʢʠ, ʥʘʧʨʠʤʝʨ, ʚ ʢʘʯʝʩʪʚʝ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʩʫʩʪʘʚʦʚ, ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʥʠʟʢʠʤʠ ʫʜʘʨʥʦʡ 

ʚʷʟʢʦʩʪʴʶ ʠ ʧʨʦʯʥʦʩʪʴʶ ʥʘ ʠʟʛʠʙ. ʂʨʦʤʝ ʪʦʛʦ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʦʨʘʩʪʘʥʠʷ ʢʦʩʪʥʦʡ ʪʢʘʥʠ 

ʧʣʦʪʥʘʷ ʢʝʨʘʤʠʢʘ ʭʫʞʝ ʧʦʨʠʩʪʦʡ. ʈʘʟʤʝʨ ʧʦʨ ʠ ʧʦʨʠʩʪʦʩʪʴ ʦʢʘʟʳʚʘʶʪ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ 

ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ɻɸʇ-ʢʝʨʘʤʠʢʠ, ʧʦʵʪʦʤʫ ʫʧʨʘʚʣʝʥʠʝ ʵʪʠʤʠ ʢʘʯʝʩʪʚʘʤʠ ʦʯʝʥʴ 

ʚʘʞʥʦ ʢʘʢ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʪʘʢ ʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʘʯʝʩʪʚʘ ʩʦʝʜʠʥʝʥʠʷ 

ʠʤʧʣʘʥʪʘʪʘ ʩ ʢʦʩʪʥʦʡ ʪʢʘʥʴʶ.  

ɼʣʷ ʩʠʥʪʝʟʘ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʨʦʰʢʘ ʛʠʜʨʦʢʩʠʘʧʘʪʠʪʘ ʠʟ ʥʠʪʨʘʪʘ ʢʘʣʴʮʠʷ, 

ʛʠʜʨʦʬʦʩʬʘʪʘ ʘʤʤʦʥʠʷ ʠ ʣʠʤʦʥʥʦʡ ʢʠʩʣʦʪʳ ʚ ʢʘʯʝʩʪʚʝ ʛʦʨʶʯʝʛʦ, ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ 

ʨʘʩʪʚʦʨʥʦʛʦ ʉɺʉ. ɺ ʧʨʦʚʝʜʝʥʥʳʭ ʦʧʳʪʘʭ ʛʠʜʨʦʢʩʠʘʧʘʪʠʪ ʧʦʣʫʯʘʣʠ ʧʦ ʩʣʝʜʫʶʱʝʡ 

ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ: 

9Ca(NO3)2 + 5C6H8O7 = 30CO2 + 9N2 + 20H2O + 9CaO 

10CaO + 6(NH4)2HPO4 = Ca10(PO4)6(OH)2 + 12NH3 + 8H2O 

Ca10(PO4)6(OH)2 = 3b-Ca3(PO4)2 + CaO + H2O 

ʈʝʘʢʮʠʦʥʥʳʡ ʨʘʩʪʚʦʨ ʧʦʤʝʩʪʠʣʠ ʚ ʠʥʜʫʢʮʠʦʥʥʫʶ ʧʝʯʴ ʥʘʛʨʝʪʫʶ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 

600 ÜC. ʀʩʧʘʨʝʥʠʝ ʨʘʩʪʚʦʨʘ ʠ ʝʛʦ ʛʦʨʝʥʠʝ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʧʝʯʠ. 

ʇʦʣʫʯʝʥʥʳʡ ʧʨʦʜʫʢʪ (ʩʧʝʢ) ʦʢʘʟʘʣʩʷ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʧʦʨʠʩʪʳʤ ʤʘʪʝʨʠʘʣʦʤ 

ʩ ʘʤʦʨʬʥʦʡ ʩʪʨʫʢʪʫʨʦʡ.  

ʇʝʨʩʧʝʢʪʠʚʘ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʧʳʪʢʝ ʥʘʥʝʩʝʥʠʷ ɻɸʇ, 

ʧʦʣʫʯʝʥʥʦʛʦ ʤʝʪʦʜʦʤ ʨʘʩʪʚʦʨʥʦʛʦ ʉɺʉ, ʚ ʢʘʯʝʩʪʚʝ ʧʦʢʨʳʪʠʷ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʧʦʨʠʩʪʳʝ 

ʤʘʪʝʨʠʘʣʳ, ʯʪʦ ʜʘʣʦ ʙʳ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʙʣʠʟʠʪʩʷ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʧʨʦʪʝʟʘʤ ʧʦ ʩʚʦʡʩʪʚʘʤ 

ʢ ʯʝʣʦʚʝʯʝʩʢʠʤ ʢʦʩʪʷʤ. 
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ʇʆ ʅɸʏɸʃʔʅʆʁ ʉʊɸɼʀʀ ʇʆʃɿʋʏɽʉʊʀ 

PREDICTION OF GEOSYNTHETICS BEHAVIOUR  

ON THE INITIAL STAGE OF CREEP 

 
ɸ.ʇ. ʇʘʚʣʦʚ ï ʥ.ʩ., ʕ.ʄ. ʇʘʚʣʦʚʘï ʤ.ʥ.ʩ.  

ʋʯʨʝʞʜʝʥʠʝ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ  

ʀʥʩʪʠʪʫʪ ʤʘʰʠʥʦʚʝʜʝʥʠʷ ʠʤ. ɸ.ɸ.ɹʣʘʛʦʥʨʘʚʦʚʘ ʈɸʅ 

 

Abstract. Nowadays almost all questions devoted to analysis of deformation and destruction 

processes of geosynthetic materials are considered using methods for homogeneous structures 

(such as polymers). The most important analyzed problems are creep and long-term strength. 

Hereditary type model with Abel kernel was used in this work.  

 

 ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʚʦʧʨʦʩʳ ʘʥʘʣʠʟʘ ʧʨʦʮʝʩʩʦʚ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʘʟʨʫʰʝʥʠʷ 

ʛʝʦʩʠʥʪʝʪʠʢʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʜʭʦʜʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʦʜʥʦʨʦʜʥʳʭ 

ʩʪʨʫʢʪʫʨ (ʪʠʧʘ ʧʦʣʠʤʝʨʦʚ). ʅʘʠʙʦʣʝʝ ʚʘʞʥʦʡ ʠʟ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ 

ʧʦʣʟʫʯʝʩʪʴ, ʪ.ʢ. ʛʝʦʩʠʥʪʝʪʠʢʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʙʳʯʥʦ ʜʣʷ ʫʩʠʣʝʥʠʷ ʛʨʫʥʪʦʚ ʠ ʧʦʜʚʝʨʞʝʥʘ 

ʚʦʟʜʝʡʩʪʚʠʶ ʜʣʠʪʝʣʴʥʳʭ ʧʦʩʪʦʷʥʥʳʭ ʥʘʛʨʫʟʦʢ. ʆʙʳʯʥʦ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ 

ʥʘʛʨʫʟʢʘ ʜʣʷ ʛʝʦʩʠʥʪʝʪʠʢʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʩʭʦʜʷ ʠʟ ʩʪʘʪʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ, ʜʝʣʝʥʥʦʡ ʥʘ 

ʨʷʜ ʢʦʵʬʬʠʮʠʝʥʪʦʚ (ʢʦʵʬʬʠʮʠʝʥʪ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ, ʧʦʢʘʟʘʪʝʣʠ ʭʠʤʠʯʝʩʢʦʡ ʠ 

ʙʘʢʪʝʨʠʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜ, ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ ʠ ʧʨ.) ʉʫʱʝʩʪʚʫʶʪ ʤʝʪʦʜʳ, 

ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʩʧʳʪʘʥʠʷʭ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ʤʝʪʦʜ ʪʝʤʧʝʨʘʪʫʨʥʦ-

ʚʨʝʤʝʥʥʦʡ ʘʥʘʣʦʛʠʠ ʠ ʤʝʪʦʜ ʩʪʫʧʝʥʯʘʪʳʭ ʠʟʦʪʝʨʤ), ʥʦ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʢʦʪʦʨʦʝ 

ʪʨʝʙʫʝʪʩʷ ʜʣʷ ʜʣʠʪʝʣʴʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʣʟʫʯʝʩʪʠ, ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʠʟʤʝʥʝʥʠʶ 

ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʘ ʠ ʩʢʘʟʘʪʴʩʷ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ. ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʶʱʠʡ ʥʘʩʣʝʜʩʪʚʝʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʭʘʨʘʢʪʝʨʝ ʧʨʦʮʝʩʩʘ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ. 

 ʆʙʨʘʙʦʪʘʥʳ ʢʨʠʚʳʝ 1000-ʯʘʩʦʚʦʡ ʧʦʣʟʫʯʝʩʪʠ ʛʝʦʨʝʰʝʪʢʠ ʠʟ ʧʦʣʠʵʪʠʣʝʥʘ ʚʳʩʦʢʦʡ 

ʧʣʦʪʥʦʩʪʠ (HDPE) ʧʨʠ ʨʘʟʥʳʭ ʫʨʦʚʥʷʭ ʥʘʛʨʫʟʢʠ. ɼʣʷ ʨʘʩʯʝʪʘ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ 

ʦʧʨʝʜʝʣʷʶʱʝʝ ʩʦʦʪʥʦʰʝʥʠʝ ʥʘʩʣʝʜʩʪʚʝʥʥʦʛʦ ʪʠʧʘ ʩ ʷʜʨʦʤ ɸʙʝʣʷ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ 

ʩʦʧʦʩʪʘʚʣʝʥʳ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 10000-ʯʘʩʦʚʦʡ ʧʦʣʟʫʯʝʩʪʠ. ʇʦʣʫʯʝʥʦ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʨʘʩʯʝʪʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. ʈʝʟʫʣʴʪʘʪʳ 

ʩʨʘʚʥʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ. 

 
ʈʠʩ.1. ʂʨʠʚʳʝ ʧʦʣʟʫʯʝʩʪʠ ʛʝʦʨʝʰʝʪʢʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʷʭ ʥʘʛʨʫʞʝʥʠʷ  

(1 ï ů=13ʢʅ/ʤ, 2 ï ů=16ʢʅ/ʤ, 3 ï ů=22ʢʅ/ʤ, 4 ï ů=28ʢʅ/ʤ; ʩʧʣʦʰʥʳʝ ʣʠʥʠʠ ï 

ʵʢʩʧʝʨʠʤʝʥʪ, ʧʫʥʢʪʠʨʥʳʝ ï ʨʘʩʯʝʪ)  
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ʇʆɺʓʐɽʅʀɽ ʂɸʏɽʉʊɺɸ ɻɸɿʆɼʀʅɸʄʀʏɽʉʂʀʍ ʇʆʂʈʓʊʀʁ  

 

IMPROVEMENT OF QUALITY GAS-DYNAMIC COVERINGS COPPER 
 

ʄ.ʉ.ʇʫʛʘʯʝʚ ï ʥ.ʩ., ɻ.ɺ. ʄʦʩʢʚʠʪʠʥ ï ʜ.ʪ.ʥ., ʧʨʦʬ., ɺ.ɽ. ɸʨʭʠʧʦʚ ï ʢ.ʪ.ʥ.,  

ɸ.ʌ. ʃʦʥʜʘʨʩʢʠʡ ï ʢ.ʪ.ʥ., ɸ.ʌ. ʄʝʣʴʰʘʥʦʚ ï ʚʝʜ. ʠʥʞ. 

ʋʯʨʝʞʜʝʥʠʝ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ  

ʀʥʩʪʠʪʫʪ ʤʘʰʠʥʦʚʝʜʝʥʠʷ ʠʤ. ɸ.ɸ.ɹʣʘʛʦʥʨʘʚʦʚʘ ʈɸʅ 

 

Abstract. The new direction of use gas-dynamic a method can become reception of surfaces 

(bearings) slipping on the basis of cuprum, a brass or aluminium. Explorations have shown, that 

adhesion of a coat superimposed gas-dynamic sputtering can be raised in 1,5 times. If to spend 

sputtering under a corner 84Ü to a product surface the cohesive strength of a superimposed coat 

with a substrate can be raised on 14 %.  

 

ɻʘʟʦʜʠʥʘʤʠʯʝʩʢʦʝ ʥʘʧʳʣʝʥʠʝ ʧʦʢʨʳʪʠʡ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʙʨʘʢʘ, ʜʦʧʫʱʝʥʥʦʛʦ ʧʨʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʠʣʠ 

ʣʠʪʴʝ ʠʟʜʝʣʠʡ, ʘ ʪʘʢ ʞʝ ʚ ʨʝʤʦʥʪʝ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ 

ʠʟʥʦʰʝʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʜʝʪʘʣʝʡ. ʆʜʥʠʤ ʠʟ ʥʦʚʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʦʛʦ 

ʤʝʪʦʜʘ ʤʦʞʝʪ ʩʪʘʪʴ ʧʦʣʫʯʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʝʡ  (ʧʦʜʰʠʧʥʠʢʦʚ) ʩʢʦʣʴʞʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʤʝʜʠ, 

ʣʘʪʫʥʠ ʠʣʠ ʘʣʶʤʠʥʠʷ.  

ɻʘʟʦʜʠʥʘʤʠʯʝʩʢʦʝ ʥʘʧʳʣʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʩʣʦʠ ʥʘʢʣʸʧʘʥʥʦʡ ʤʝʜʠ ʩ 

ʪʚʸʨʜʦʩʪʴʶ ʜʦ 1300 ʄʇʘ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʚʸʨʜʦʩʪʠ ʣʘʪʫʥʠ ʩʦ ʩʪʝʧʝʥʴʶ ʜʝʬʦʨʤʘʮʠʠ 

30-50% . ʇʨʠ ʚʳʩʦʢʦʡ ʪʚʸʨʜʦʩʪʠ ʠ  ʥʘʣʠʯʠʠ ʚ ʩʪʨʫʢʪʫʨʝ ʤʠʢʨʦʧʦʨ ʨʘʟʤʝʨʦʤ 15-20ʭ10
-6
 ʤ 

ʤʦʞʥʦ ʨʘʩʩʯʠʪʳʚʘʪʴ ʥʘ ʭʦʨʦʰʠʝ ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʠ. ʆʜʥʘʢʦ, 

ʥʘʥʝʩʸʥʥʳʡ ʤʝʪʘʣʣ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʫʟʣʘʭ ʪʨʝʥʠʷ ʜʦʣʞʝʥ ʠʤʝʪʴ ʚʳʩʦʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦ ʧʨʦʯʥʦʩʪʠ ʩʮʝʧʣʝʥʠʷ ʩ ʧʦʜʣʦʞʢʦʡ (ʘʜʛʝʟʠʠ) ʠ ʢʦʛʝʟʠʠ. ʇʦʵʪʦʤʫ, ʚ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʤʝʭʘʥʠʟʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʦʢʨʳʪʠʷ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʥʝʩʸʥʥʳʭ ʥʘ ʩʪʘʣʴ ʩʣʦʸʚ 

ʤʝʜʠ. 

ʅʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʧʦʢʨʳʪʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ ʥʘ ʪʚʸʨʜʦʩʪʴ, ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ 

ʜʚʘ ʧʘʨʘʤʝʪʨʘ, ʘ ʠʤʝʥʥʦ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʚʨʝʤʷ ʥʘʧʳʣʝʥʠʷ.  ʇʦʵʪʦʤʫ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʘʜʛʝʟʠʠ 

ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʧʦʢʨʳʪʠʷʭ, ʥʘʥʝʩʸʥʥʳʭ ʥʘ ʩʪʘʣʴ ʧʨʠ ʨʘʟʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʧʳʣʝʥʠʷ. 

ɺʝʣʠʯʠʥʘ ʘʜʛʝʟʠʠ ʤʝʜʠ ʥʘ ʩʪʘʣʠ ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʥʘ ʩʜʚʠʛ ʥʘʥʝʩʸʥʥʦʛʦ ʩʣʦʷ.  

ɼʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʙʳʣʘ ʚʳʙʨʘʥʘ ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʤʝʪʦʜ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʥʘʥʝʩʝʥʠʷ 

ʧʦʢʨʳʪʠʡ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʩʧʦʩʦʙ ʩʦʟʜʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʥʠʷ 

ʩʢʦʣʴʞʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʚ ʧʘʨʝ ʚʪʫʣʢʘ - ʚʘʣ. ʇʨʠ ʧʫʩʢʝ ʠ, ʦʩʦʙʝʥʥʦ ʦʩʪʘʥʦʚʢʝ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚ ʧʘʨʝ ʪʨʝʥʠʷ ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ ʟʥʘʯʠʪʝʣʴʥʳʝ ʥʘʛʨʫʟʢʠ, ʚʳʟʳʚʘʶʱʠʝ 

ʩʜʚʠʛ ʠ ʦʪʨʳʚ ʥʘʥʝʩʸʥʥʦʛʦ ʩʣʦʷ ʦʪ ʧʦʜʣʦʞʢʠ. ʇʦʵʪʦʤʫ, ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ, 

ʧʦʣʫʯʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʠ, ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʦʪʚʝʯʘʶʪ 

ʧʨʝʜʧʦʣʘʛʘʝʤʳʤ ʫʩʣʦʚʠʷʤ ʨʘʙʦʪʳ ʧʦʢʨʳʪʠʷ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʦʯʥʦʩʪʴ ʩʮʝʧʣʝʥʠʷ ʤʝʜʥʦʛʦ ʧʦʢʨʳʪʠʷ, 

ʥʘʥʝʩʸʥʥʦʛʦ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʤ ʥʘʧʳʣʝʥʠʝʤ ʩ ʧʦʜʣʦʞʢʦʡ ʠʟ ʩʪʘʣʠ, ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ  50 

ʄʇʘ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʟʫʣʴʪʘʪʘʤ, ʧʦʣʫʯʘʝʤʳʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʣʘʟʤʝʥʥʦʛʦ 

ʥʘʧʳʣʝʥʠʷ ʠʣʠ ʤʝʪʘʣʣʠʟʘʮʠʠ, ʥʦ ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʨʘʟʦʛʨʝʚʘ ʧʦʜʣʦʞʢʠ. 

ɺʳʧʦʣʥʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʪʘʢʞʝ, ʯʪʦ ʘʜʛʝʟʠʶ ʧʦʢʨʳʪʠʷ ʥʘʥʝʩʸʥʥʦʛʦ 

ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʤ ʥʘʧʳʣʝʥʠʝʤ ʤʦʞʥʦ ʧʦʚʳʩʠʪʴ ʚ 1,5 ʨʘʟʘ, ʝʩʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʦʙʨʘʙʦʪʘʪʴ ʧʦʚʝʨʭʥʦʩʪʴ ʥʘ  50% ʪʦʣʱʠʥʳ ʧʦʣʫʯʘʝʤʦʛʦ ʩʣʦʷ. 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʦʯʥʦʩʪʴ ʩʮʝʧʣʝʥʠʷ ʥʘʥʦʩʠʤʦʛʦ ʧʦʢʨʳʪʠʷ ʩ 

ʧʦʜʣʦʞʢʦʡ ʤʦʞʥʦ ʧʦʚʳʩʠʪʴ ʥʘ 14%, ʝʩʣʠ ʧʨʦʚʦʜʠʪʴ ʥʘʧʳʣʝʥʠʝ ʧʦʜ ʫʛʣʦʤ  84Ü  ʢ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʜʝʣʠʷ. 
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ʇʆʃʋʏɽʅʀɽ ɸʃʖʄʀʅʀɽɺʓʍ ʂʆʄʇʆɿʀʊʆɺ 

ʉ ɺʆʃʆʂʅʀʉʊʆʁ ʉʊʈʋʂʊʋʈʆʁ ʉ ʇʆʄʆʑʔʖ ʅɸʅʆʇʆʈʆʐʂʆɺ 

RECEPTION OF ALUMINIUM COMPOSITES 

WITH FIBROUS STRUCTURE BY MEANS OF NANOPOWDERS 
ʄ.ɺ. ʈʝʟʘʥʦʚʘ ï ʠʥʞ., ʉ.ʅ. ʈʝʰʝʪʥʠʢʦʚʘ ï ʢ.ʪ.ʥ. 

ʉʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʄ.ʌ. ʈʝʰʝʪʥʝʚʘ 

 

Abstract. The technology of reception fibrous aluminium composite received with use 

nanopowders chemical compounds is offered. 

 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʠʝʤʦʚ ʧʦʨʦʰʢʦʚʦʡ ʤʝʪʘʣʣʫʨʛʠʠ ʬʦʨʤʦʚʘʥʠʝ ʠʟʜʝʣʠʡ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʧʦʨʦʰʢʦʚ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʩʭʦʜʥʦʝ ʩʳʨʴʝ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟ 

ʝʛʦ ʧʦʪʝʨʴ. ʇʝʨʝʨʘʙʦʪʢʘ ʪʝʭʥʦʛʝʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ, ʥʘʢʦʧʠʚʰʠʭʩʷ ʚ ʩʪʨʘʥʝ ʚ ʚʠʜʝ, ʚ 

ʦʩʥʦʚʥʦʤ, ʜʠʩʧʝʨʩʥʳʭ ʩʪʨʫʞʢʠ, ʦʧʠʣʦʢ, ʧʳʣʝʡ, ʰʣʘʤʦʚ, ʰʣʘʢʦʚ, ʪʘʢʞʝ ʪʨʝʙʫʝʪ 

ʧʨʠʤʝʥʝʥʠʷ ʧʨʠʝʤʦʚ ʧʦʨʦʰʢʦʚʦʡ ʤʝʪʘʣʣʫʨʛʠʠ: ʧʣʫʥʞʝʨʥʦʛʦ ʠ ʚʘʣʢʦʚʦʛʦ ʙʨʠʢʝʪʠʨʦʚʘʥʠʷ 

ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʧʨʦʮʝʩʩʘʤʠ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ.  

ɼ. ʄʝʥʜʝʣʝʝʚ ʥʝʜʘʨʦʤ ʫʪʚʝʨʞʜʘʣ: çʥʝʪ ʦʪʭʦʜʦʚ, ʘ ʝʩʪʴ ʧʣʦʭʦ ʧʝʨʝʨʘʙʦʪʘʥʥʦʝ 

ʩʳʨʴʝè. ɼʘʥʥʦʝ ʫʪʚʝʨʞʜʝʥʠʝ ʩʧʨʘʚʝʜʣʠʚʦ ʚ ʦʪʥʦʰʝʥʠʠ ʣʦʤʘ ʠ ʦʪʭʦʜʦʚ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ, 

ʷʚʣʷʶʱʠʭʩʷ ʦʜʥʠʤ ʠʟ ʚʳʩʦʢʦʣʠʢʚʠʜʥʳʭ ʚʠʜʦʚ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʩʳʨʴʷ. 

ʇʫʪʝʤ ʧʨʝʩʩʦʚʘʥʠʷ ʢʦʤʧʦʟʠʮʠʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʯʘʩʪʠʮ ʘʣʶʤʠʥʠʷ ʠʣʠ ʘʣʶʤʠʥʠʝʚʳʭ 

ʜʝʬʦʨʤʠʨʫʝʤʳʭ ʩʧʣʘʚʦʚ ɸɼ0 ʠʣʠ ɼ1, ʠʣʠ ɼ16 ʣʠʙʦ ʚ ʚʠʜʝ ʛʨʘʥʫʣ, ʢʨʫʧʢʠ ʠʣʠ ʩʝʯʢʠ ʠ 

ʨʘʟʣʠʯʥʳʭ ʥʘʥʦʧʦʨʦʰʢʦʚ (ʅʇ) (Al2O3,; AlN; B4C; BN; Cr3C1,6N0,4; HfB2; HfN; LaB6; SiC; 

Si3N4; TaN; TixCyNz; TixCyNzOi; TiN; TiO2; VC; VxCyNz; ZrB2) ʧʦʣʫʯʝʥʳ ʤʦʜʠʬʠʮʠʨʫʶʱʠʝ 

ʧʨʫʪʢʠ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʭ ʚʥʫʪʨʝʥʥʠʡ ʦʙʲʝʤ ʩʦʩʪʦʠʪ ʠʟ ʧʨʦʪʷʞʝʥʥʳʭ, ʥʘʩʪʦʣʴʢʦ 

ʧʣʦʪʥʦ ʩʢʦʤʧʘʢʪʠʨʦʚʘʥʥʳʭ ʚʦʣʦʢʦʥ ʪʦʥʢʦʛʦ ʩʝʯʝʥʠʷ, ʯʪʦ ʜʘʞʝ ʩ ʧʦʤʦʱʴʶ ʠʥʩʪʨʫʤʝʥʪʦʚ 

ʠʭ ʙʳʣʦ ʪʨʫʜʥʦ ʦʪʜʝʣʠʪʴ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ɺ ʧʨʫʪʢʘʭ 9,5 ʤʤ ʥʘʩʯʠʪʳʚʘʣʦʩʴ ʦʪ 1100 ʜʦ 1200 

ʧʣʦʪʥʦ ʩʢʦʤʧʘʢʪʠʨʦʚʘʥʥʳʭ, ʚʳʪʷʥʫʪʳʭ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʚʦʣʦʢʦʥ ʩʝʯʝʥʠʝʤ 0,005é0,075 

ʤʤ
2
, ʜʣʠʥʘ ʢʦʪʦʨʳʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʘ ʘʣʶʤʠʥʠʝʚʳʭ ʯʘʩʪʠʮ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 

400é3200 ʤʤ. ʕʣʝʢʪʨʦʥʥʳʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʴ ʚʦʣʦʢʦʥ 

ʧʦʣʥʦʩʪʴʶ ʧʣʘʢʠʨʦʚʘʥʘ ʯʘʩʪʠʮʘʤʠ ʅʇ. ʇʨʠ ʵʪʦʤ ʯʠʩʪʦʪʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʘʢʦʛʦ ʧʨʫʪʢʘ 

ʙʳʣʘ ʦʜʠʥʘʢʦʚʦʡ ʩ ʧʨʫʪʢʦʤ, ʵʢʩʪʨʫʜʠʨʦʚʘʥʥʳʤ ʠʟ ʢʦʤʧʘʢʪʥʦʡ ʘʣʶʤʠʥʠʝʚʦʡ ʟʘʛʦʪʦʚʢʠ, 

ʧʦʣʫʯʝʥʥʦʡ ʠʟ ʩʣʠʪʢʘ.  

 ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʨʫʪʢʘ, ʦʪʧʨʝʩʩʦʚʘʥʥʦʛʦ ʠʟ ʛʨʘʥʫʣ 

ʘʣʶʤʠʥʠʝʚʦʛʦ ʜʝʬʦʨʤʠʨʫʝʤʦʛʦ ʩʧʣʘʚʘ ɸɼ0, ʙʳʣʠ ʧʦʣʫʯʝʥʳ: ʚ = 98,1 ʄʇʘ, 0,2 = 48,1 

ʄʇʘ ʠ  = 42,8 ʤʤ, ʪʦʛʜʘ ʢʘʢ ʧʨʠ ʧʨʝʩʩʦʚʘʥʠʠ ʧʨʫʪʢʦʚ ʪʘʢʦʛʦ ʞʝ ʜʠʘʤʝʪʨʘ ʠʟ ʪʘʢʠʭ ʞʝ 

ʛʨʘʥʫʣ, ʥʦ ʩ ʅʇ BN, ʚ  ʧʦʚʳʩʠʣʦʩʴ ʜʦ 113,8 ʄʇʘ (ʥʘ16,0%), 0,2 ʜʦ 56,9 ʄʇʘ (ʥʘ 18,3%) ʠ 

 ʜʦ 43,2 (ʥʘ 0,9%), ʘ ʠʟ ʛʨʘʥʫʣ ʠ ʅʇ TiCN  ʚ ʫʚʝʣʠʯʠʣʦʩʴ ʜʦ 121,6 ʄʇʘ (ʥʘ 24,0%), 0,2  

ʜʦ 59,9 ʄʇʘ (ʥʘ 22,5%) ʠ  ʜʦ 43,9 (ʥʘ 2,6%).  

 ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʙʦʣʦʯʢʘ ʧʨʫʪʢʦʚ, ʠʤʝʶʱʘʷ ʪʦʣʱʠʥʫ ʚ ʜʝʩʷʪʳʝ ʜʦʣʠ 

ʤʠʣʣʠʤʝʪʨʦʚ, ʣʝʛʢʦ ʨʘʟʨʝʟʘʝʪʩʷ ʠ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʧʦʜ ʥʝʡ ʚʦʣʦʢʥʘ ʤʦʞʥʦ ʦʪʜʝʣʠʪʴ ʜʨʫʛ 

ʦʪ ʜʨʫʛʘ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʠʩʭʦʜʥʳʡ ʤʘʪʝʨʠʘʣ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʦʣʫʯʝʥʠʷ 

ʢʦʤʧʘʢʪʥʦʛʦ ʧʨʦʯʥʦʛʦ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʦʪʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʤʦʜʠʬʠʮʠʨʫʶʱʝʛʦ ʧʨʫʪʢʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʅʇ, ʬʘʢʪʠʯʝʩʢʠ ʙʳʣ ʧʦʣʫʯʝʥ ʥʦʚʳʡ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ. 

 ʇʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʙʳʣʠ ʦʪʧʨʝʩʩʦʚʘʥʳ ʧʨʦʪʷʞʝʥʥʳʝ ʧʨʦʬʠʣʠ (ʤʝʪʨʳ) 

ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʦʛʦ ʩʝʯʝʥʠʷ ʠ ʛʘʙʘʨʠʪʦʚ (ʫʛʦʣʦʢ, ʰʚʝʣʣʝʨ, ʪʘʚʨ, ʪʨʫʙʢʠ ʠ ʜʨ.), ʯʪʦ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʦʬʠʣʝʤ ʬʠʣʴʝʨʳ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʭ ʚʥʫʪʨʝʥʥʷʷ ʩʪʨʫʢʪʫʨʘ 

ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʚʦʣʦʢʥʠʩʪʦʡ, ʘ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʙʳʣʠ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʳʤʠ ʩ 

ʧʦʣʫʯʝʥʥʳʤʠ ʨʘʥʝʝ ʥʘ ʧʨʫʪʢʘʭ. 
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Abstract. Shows the factors influencing the selection of elements based machine tool 

accessories. This allows you to compile the available information about them, to unify, to 

quickly find the required elements and improve the quality of devices. 

 

ɸʥʘʣʠʟ ʢʦʥʩʪʨʫʢʮʠʡ ʙʘʟʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʥʠ ʜʝʣʷʪʩʷ ʥʘ ʜʚʝ 

ʛʨʫʧʧʳ: ʦʧʦʨʥʳʝ ʠ ʦʧʦʨʥʦ-ʟʘʞʠʤʥʳʝ, ʚ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʙʘʟʠʨʦʚʘʥʠʝ ʟʘʛʦʪʦʚʢʠ 

ʧʨʦʠʩʭʦʜʠʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʝʸ ʟʘʞʠʤʦʤ, ʢʘʢ ʥʘʧʨʠʤʝʨ, ʚ 3-ʭ ʢʫʣʘʯʢʦʚʦʤ ʧʘʪʨʦʥʝ, ʛʜʝ 

ʢʫʣʘʯʢʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʙʘʟʠʨʫʶʪ ʠ ʟʘʞʠʤʘʶʪ ʟʘʛʦʪʦʚʢʫ. 

ʇʝʨʚʳʡ ʦʪʣʠʯʠʪʝʣʴʥʳʡ ʧʨʠʟʥʘʢ - ʯʠʩʣʦ ʣʠʰʘʝʤʳʭ ʫ ʟʘʛʦʪʦʚʢʠ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ 

(1 - 6). ɺʣʠʷʥʠʝ ʣʠʰʘʝʤʳʭ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʢʦʥʩʪʨʫʢʮʠʠ ʙʘʟʠʨʫʶʱʝʛʦ 

ʵʣʝʤʝʥʪʘ. ʇʦʜ ʚʪʦʨʳʤ ʧʨʠʟʥʘʢʦʤ ʧʨʠʤʝʤ ʥʘʠʤʝʥʦʚʘʥʠʝ ʙʘʟʳ: ʦʧʦʨʥʘʷ (ʆ), 

ʥʘʧʨʘʚʣʷʶʱʘʷ (ʅ), ʜʚʦʡʥʘʷ ʦʧʦʨʥʘʷ (ɼʆ), ʫʩʪʘʥʦʚʦʯʥʘʷ (ʋ) ʠ ʜʚʦʡʥʘʷ ʥʘʧʨʘʚʣʷʶʱʘʷ 

(ɼʅ), ʪʘʢʞʝ ʚʦʟʤʦʞʥʳ ʨʘʟʣʠʯʥʳʝ ʩʦʯʝʪʘʥʠʷ ʜʘʥʥʳʭ ʙʘʟ. ɺʣʠʷʥʠʝ ʥʘʠʤʝʥʦʚʘʥʠʷ ʙʘʟʳ 

ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʢʦʥʩʪʨʫʢʮʠʠ ʙʘʟʠʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʯʝʨʝʟ ʛʝʦʤʝʪʨʠʶ ʙʘʟʳ ʠ ʯʠʩʣʦ 

ʣʠʰʘʝʤʳʭ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ. ʊʨʝʪʠʡ ʧʨʠʟʥʘʢ - ʚʠʜ ʙʘʟʳ ʟʘʛʦʪʦʚʢʠ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ 

ʷʚʥʦʡ (ʗ) ʠʣʠ ʩʢʨʳʪʦʡ (ʉ). ʏʝʪʚʝʨʪʳʤ ʦʪʣʠʯʠʪʝʣʴʥʳʤ ʧʨʠʟʥʘʢʦʤ ʧʨʠʥʷʪʘ ʛʝʦʤʝʪʨʠʷ 

ʙʘʟʳ. ʋ ʷʚʥʦʡ ʙʘʟʳ ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʧʣʦʩʢʦʩʪʴ (ʇ), ʣʠʥʠʷ (ʃ), ʪʦʯʢʘ ʥʘ ʣʠʥʠʠ (ʊʃ), ʜʚʝ 

ʪʦʯʢʠ ʥʘ ʣʠʥʠʷʭ ʚ 2-ʭ ʚʟʘʠʤʥʦʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʧʣʦʩʢʦʩʪʷʭ (ɼʊʃ), ʪʨʠ ʪʦʯʢʠ ʚ 3-ʭ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʧʣʦʩʢʦʩʪʷʭ (ʊʊʃ), ʜʚʝ ʣʠʥʠʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ 2-ʭ 

ʚʟʘʦʤʥʦʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʧʣʦʩʢʦʩʪʷʭ (ɼʃ); ʫ ʩʢʨʳʪʦʡ ʙʘʟʳ ï ʪʦʯʢʘ ʩʠʤʤʝʪʨʠʠ ʥʘ ʣʠʥʠʠ 

(ʊʉʃ), ʪʦʯʢʘ ʩʠʤʤʝʪʨʠʠ ʥʘ ʧʣʦʩʢʦʩʪʠ (ʊʉʇ), ʣʠʥʠʷ ʩʠʤʤʝʪʨʠʠ (ʃʉ), ʮʝʥʪʨ ʩʠʤʤʝʪʨʠʠ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ (ʎ), ʧʣʦʩʢʦʩʪʴ ʩʠʤʤʝʪʨʠʠ (ʇʉ) ʠ ʦʩʴ ʩʠʤʤʝʪʨʠʠ (ʆʉ). ʊʘʢʞʝ ʚʦʟʤʦʞʥʳ 

ʨʘʟʣʠʯʥʳʝ ʩʦʯʝʪʘʥʠʷ ʜʘʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʇʷʪʳʤ ʦʪʣʠʯʠʪʝʣʴʥʳʤ ʧʨʠʟʥʘʢʦʤ ʷʚʣʷʝʪʩʷ 

ʚʠʜ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʛʦʪʦʚʢʠ: ʥʘʨʫʞʥʘʷ (ʅʈ) ʠʣʠ ʚʥʫʪʨʝʥʥʷʷ (ɺ). ʐʝʩʪʦʡ ʧʨʠʟʥʘʢ ï 

ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʛʦʪʦʚʢʠ (ʤʘʣʳʝ (ʄ), ʩʨʝʜʥʠʝ (ʉʨ), ʙʦʣʴʰʠʝ (ɹ)). ʉʝʜʴʤʦʡ ʧʨʠʟʥʘʢ 

ï ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʛʦʪʦʚʢʠ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʤʘʣʘʷ (ʄ), ʩʨʝʜʥʷʷ (ʉʨ) ʠ 

ʙʦʣʴʰʘʷ (ɹ). ɺʦʩʴʤʦʡ ʧʨʠʟʥʘʢ ʜʝʣʠʪ ʟʘʛʦʪʦʚʢʠ ʥʘ ʞʝʩʪʢʠʝ (ɾ) ʠ ʥʝʞʝʩʪʢʠʝ (ʅɾ). ʀ 

ʧʦʩʣʝʜʥʠʡ ʜʝʚʷʪʳʡ ʧʨʠʟʥʘʢ ï ʚʘʨʠʘʥʪʳ ʢʦʥʩʪʨʫʢʮʠʡ ʙʘʟʠʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ. 

ʉ ʧʦʤʦʱʴʶ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ʢʘʞʜʦʤʫ ʙʘʟʠʨʫʶʱʝʤʫ ʵʣʝʤʝʥʪʫ 

ʧʨʠʩʚʘʠʚʘʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʢʦʜ ʠʟ ʣʘʪʠʥʩʢʠʭ ʙʫʢʚ, ʚ ʢʦʪʦʨʦʤ ʢʘʞʜʘʷ ʙʫʢʚʘ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʦʪʣʠʯʠʪʝʣʴʥʦʤʫ ʧʨʠʟʥʘʢʫ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ. ʅʘ ʦʩʥʦʚʝ ʵʪʦʛʦ 

ʤʦʞʥʦ ʩʦʩʪʘʚʠʪʴ ʙʘʟʫ ʜʘʥʥʳʭ ʙʘʟʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʚ ʢʦʪʦʨʦʡ ʧʦʠʩʢ ʪʨʝʙʫʝʤʦʛʦ 

ʙʘʟʠʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʢʦʜʫ, ʟʘʢʨʝʧʣʝʥʥʦʤʫ ʟʘ ʢʘʞʜʳʤ ʵʣʝʤʝʥʪʦʤ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʚʝʜʝʥʥʳʤ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʤ ʢʦʜ ʙʘʟʠʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʙʫʜʝʪ 

ʠʤʝʪʴ ʚʠʜ: [A-F][A-M][A -B][A -Z][A -B][A -C][A-C][A-B][1-m], ʧʦʩʣʝʜʥʷʷ ʩʢʦʙʢʘ ʦʪʚʝʯʘʝʪ 

ʟʘ ʢʦʣʠʯʝʩʪʚʦ ʚʘʨʠʘʥʪʦʚ ʙʘʟʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʧʦʜʭʦʜʷʱʠʭ ʧʦ ʠʤʝʶʱʠʤʩʷ ʠʩʭʦʜʥʳʤ 

ʜʘʥʥʳʤ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʥʩʪʨʫʢʪʦʨ, ʟʥʘʷ ʚʠʜ ʠ ʪʠʧ ʙʘʟʳ, ʚʠʜ, ʨʘʟʤʝʨʳ ʠ ʫʨʦʚʝʥʴ 

ʥʝʨʦʚʥʦʩʪʝʡ ʧʦʚʝʨʭʥʦʩʪʝʡ ʟʘʛʦʪʦʚʢʠ, ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʩ ʦʧʦʨʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʘ ʪʘʢ ʞʝ 

ʨʘʟʤʝʨʳ, ʤʘʩʩʫ, ʞʝʩʪʢʦʩʪʴ ʟʘʛʦʪʦʚʢʠ, ʢʦʥʩʪʨʫʢʪʦʨ ʦʧʨʝʜʝʣʷʝʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ 

ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʤ ʢʦʜʳ ʪʨʝʙʫʝʤʳʭ ʙʘʟʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʧʦ ʢʦʪʦʨʳʤ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ 

ʥʘʭʦʜʠʪ ʯʝʨʪʝʞʠ ʙʘʟʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʧʨʠ ʥʘʣʠʯʠʠ ʚʘʨʠʘʥʪʦʚ ʚʳʙʠʨʘʝʪ ʥʘʠʣʫʯʰʠʡ. 
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ʇʈʀ ʋʃʔʊʈɸɿɺʋʂʆɺʆʁ ɿɸʇʈɽʉʉʆɺʂɽ 

MODE APPLICATION MICROWELDING  

AT AN ULTRASONIC PRESS FITTING 
 

ʉ.ʉ. ʉʘʚʝʣʴʝʚ ï ʩʪʫʜ., ɼ.ɺ. ɸʥʢʫʜʠʥʦʚ ï ʘʩʧ. 

ʉʘʤʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

Abstract. This paper presents the analysis of processes occurring while assembling with 

ultrasonic small-amplitude oscillation superposition. Basing on the made experiment results the 

authors give the conclusions about factors affecting the formed joint quality. 

 

ɺ ʧʨʦʮʝʩʩʝ ʙʫʨʝʥʠʷ ʩʢʚʘʞʠʥ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʦʣʦʪʘ, ʩʦʜʝʨʞʘʱʠʝ ʚ ʢʘʯʝʩʪʚʝ 

ʧʦʨʦʜʦʨʘʟʨʫʰʘʶʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʩʧʝʮʠʘʣʴʥʳʝ ʪʚʝʨʜʦʩʧʣʘʚʥʳʝ ʟʫʙʢʠ, ʢʦʪʦʨʳʝ 

ʟʘʧʨʝʩʩʦʚʳʚʘʶʪʩʷ ʩʚʦʝʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʯʘʩʪʴʶ ʚ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʢʦʨʧʫʩʝ ʰʘʨʦʰʢʠ 

ʦʪʚʝʨʩʪʠʷ. ʆʪʢʣʦʥʝʥʠʷ ʚʝʣʠʯʠʥ ʥʘʪʷʛʦʚ ʟʘʧʨʝʩʩʦʚʘʥʥʳʭ ʟʫʙʢʦʚ ʦʪ ʥʦʤʠʥʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 

ʧʨʠʚʦʜʷʪ ʢ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ ʙʫʨʦʚʳʭ ʜʦʣʦʪ ʠ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʩʥʠʞʝʥʠʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʙʫʨʝʥʠʷ.  

ʇʨʠ  ʥʘʧʨʘʚʣʝʥʥʦʤ ʚʚʝʜʝʥʠʠ ʚ ʟʦʥʫ ʩʠʣʦʚʦʛʦ ʢʦʥʪʘʢʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʝʪʘʣʝʡ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʋɿ ʵʥʝʨʛʠʠ ʧʨʦʠʩʭʦʜʠʪ ʠʥʪʝʥʩʠʚʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʦʢʠʩʥʳʭ ʧʣʝʥʦʢ ʠ 

ʦʙʨʘʟʦʚʘʥʠʝ ʚʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʚ ʟʦʥʝ ʪʨʝʥʠʷ ʶʚʝʥʠʣʴʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ (ʫʯʘʩʪʢʦʚ ʯʠʩʪʦʛʦ 

ʤʝʪʘʣʣʘ) ʠ ʬʠʟʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ ʜʝʪʘʣʝʡ, ʚʝʜʫʱʝʛʦ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʩʭʚʘʪʳʚʘʥʠʷ. ɺ 

ʶʚʝʥʠʣʴʥʳʭ ʟʦʥʘʭ ʠ ʧʨʦʠʩʭʦʜʠʪ ʭʠʤʠʯʝʩʢʦʝ ʩʭʚʘʪʳʚʘʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʩʦʝʜʠʥʷʝʤʳʭ 

ʜʝʪʘʣʝʡ, ʘ ʚ ʫʩʣʦʚʠʷʭ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʢʦʣʝʙʘʥʠʡ - ʠ ʤʠʢʨʦʩʚʘʨʢʘ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʦʚʳʰʘʝʪ ʧʨʦʯʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ.  

ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ ʋɿ ʢʦʣʝʙʘʥʠʡ ʥʘ 

ʢʘʯʝʩʪʚʦ ʩʙʦʨʢʠ ʩ ʥʘʪʷʛʦʤ ʜʝʪʘʣʝʡ (ʟʫʙʦʢ-ʰʘʨʦʰʢʘ) ʧʦ ʧʨʝʩʩʦʚʳʤ ʧʦʩʘʜʢʘʤ. ʅʘ ʨʠʩʫʥʢʝ 1 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʟʦʥʳ ʢʦʥʪʘʢʪʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʚʨʝʤʝʥ ʚʦʟʜʝʡʩʪʚʠʷ 

ʫʣʴʪʨʘʟʚʫʢʘ, ʧʦʢʘʟʳʚʘʶʱʠʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʩʭʚʘʪʳʚʘʥʠʷ ʜʝʪʘʣʝʡ ʠ ʦʙʨʘʟʦʚʘʥʠʷ 

ʤʠʢʨʦʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 1. ʄʘʢʨʦʩʪʨʫʢʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʝʩʩʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʩʣʝ ʨʘʟʣʠʯʥʦʛʦ 

ʚʨʝʤʝʥʠ ʚʦʟʜʝʡʩʪʚʠʷ ʫʣʴʪʨʘʟʚʫʢʘ: ʘ) ʙʝʟ ʨʝʞʠʤʘ ʚʳʜʝʨʞʢʠ; ʙ) ʚʳʜʝʨʞʢʘ 1 ʩ; ʚ) 

ʚʳʜʝʨʞʢʘ 10 ʩ; ʛ) ʚʳʜʝʨʞʢʘ 30 ʩ; ʜ) ʚʳʜʝʨʞʢʘ 60 ʩ 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʟʘʧʨʝʩʩʦʚʢʝ ʟʫʙʢʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʨʝʟʦʥʘʥʩʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʨʝʜʥʝʝ ʫʩʠʣʠʝ ʟʘʧʨʝʩʩʦʚʢʠ ʩʥʠʟʠʣʦʩʴ ʥʘ  6õ18 % ʩ 

ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʧʦʚʳʰʝʥʠʝʤ ʧʨʦʯʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ ʜʦ 15õ20%. 
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ʀɿɼɽʃʀʁ ʀɿ ʂʆʄʇʆɿʀʊʅʓʍ ʄɸʊɽʈʀɸʃʆɺ  

 

MATHEMATICAL SIMULATION OF TECHNOLOGICAL DEFECTS 

INITIATION IN VI OF FRP PARTS  

 
ɸ.ɸ. ʉʘʬʦʥʦʚ ï ʩ.ʥ.ʩ., ʢ.ʪ.ʥ.  

ʀʥʩʪʠʪʫʪ ʤʘʰʠʥʦʚʝʜʝʥʠʷ ʠʤ.ɸ.ɸ.ɹʣʘʛʦʥʨʘʚʦʚʘ ʈɸʅ 

 

Abstract. Work is devoted mathematical models for simulation of technological defects initiation 

in VI of FRP parts. Classification of technological defects and properly models are considered.   

 

ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʦʧʠʩʘʥʠʶ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʜʝʬʝʢʪʦʚ ʧʨʠ ʚʘʢʫʫʤʥʦʡ ʠʥʬʫʟʠʠ ʠʟʜʝʣʠʡ ʠʟ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. ʀʥʬʫʟʠʷ ï ʵʪʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʪʝʢʣʦʧʣʘʩʪʠʢʦʚʳʭ 

ʠʟʜʝʣʠʡ, ʧʨʠ ʢʦʪʦʨʦʤ ʤʘʪʝʨʠʘʣ ʬʦʨʤʠʨʫʝʪʩʷ ʧʨʠ ʧʨʦʧʠʪʢʝ ʘʨʤʠʨʫʶʱʝʛʦ ʥʘʧʦʣʥʠʪʝʣʷ 

ʩʤʦʣʦʡ ʟʘ ʩʯʝʪ ʜʝʡʩʪʚʠʷ ʚʘʢʫʫʤʠʨʦʚʘʥʠʷ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʚʘʢʫʫʤʥʦʡ 

ʠʥʬʫʟʠʠ ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʨʘʟʣʠʯʥʳʝ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʝ ʢʦʤʧʦʟʠʪʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ: ʢʦʨʧʫʩʘ 

ʷʭʪ, ʣʦʧʘʩʪʠ ʚʝʪʨʷʥʳʭ ʫʩʪʘʥʦʚʦʢ, ʤʦʩʪʦʚʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʜʨ. 

ɺʘʞʥʝʡʰʝʡ ʟʘʜʘʯʝʡ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠʥʬʫʟʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ 

ʨʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤʳ ʧʨʦʧʠʪʢʠ. ɽʩʣʠ ʠʟʜʝʣʠʝ ʧʦʣʥʦʩʪʴʶ ʥʝ ʧʨʦʧʠʪʘʝʪʩʷ ʚʦ ʚʨʝʤʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠʣʠ ʙʫʜʝʪ ʩʦʜʝʨʞʘʪʴ ʧʦʚʳʰʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʜʝʬʝʢʪʦʚ, ʪʦ ʦʥʦ ʙʫʜʝʪ ʟʘʙʨʘʢʦʚʘʥʦ. ʇʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʵʪʦ ʩʦʧʨʷʞʝʥʦ ʩ ʙʦʣʴʰʠʤʠ ʬʠʥʘʥʩʦʚʳʤʠ ʠ ʚʨʝʤʝʥʥʳʤʠ 

ʧʦʪʝʨʷʤʠ.  

ʇʨʠ ʚʘʢʫʫʤʥʦʡ ʠʥʬʫʟʠʠ ʠʤʝʶʪ ʤʝʩʪʦ ʩʣʝʜʫʶʱʠʝ ʭʘʨʘʢʪʝʨʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʜʝʬʝʢʪʳ: ʥʠʟʢʘʷ ʩʪʝʧʝʥʴ ʦʪʚʝʨʞʜʝʥʠʷ ʠʣʠ ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʦʪʚʝʨʞʜʝʥʠʝ, ʥʝʟʘʢʦʥʯʝʥʥʦʝ 

ʟʘʧʦʣʥʝʥʠʝ, ʩʫʭʠʝ ʫʯʘʩʪʢʠ, ʧʦʨʠʩʪʦʩʪʴ. ɼʣʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʜʝʬʝʢʪʦʚ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʥʳ ʢʦʤʧʴʪʝʨʥʳʝ ʧʨʦʛʨʘʤʤʳ ʧʦ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʧʦʣʠʤʝʨʠʟʘʮʠʠ 

ʠ ʧʨʦʧʠʪʢʠ.   

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʚʥʫʪʨʠ ʜʝʪʘʣʠ ʤʦʜʝʣʠʨʦʚʘʣʦʩʴ ʫʨʘʚʥʝʥʠʝʤ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ. ɼʣʷ ʫʯʝʪʘ ʠʟʤʝʥʝʥʠʷ ʩʪʝʧʝʥʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʢʠʥʝʪʠʯʝʩʢʠʝ ʩʦʦʪʥʦʰʝʥʠʷ. ʊʝʯʝʥʠʝ ʩʤʦʣʳ ʯʝʨʝʟ ʘʨʤʠʨʫʶʱʠʡ ʥʘʧʦʣʥʠʪʝʣʴ 

ʤʦʜʝʣʠʨʫʝʪʩʷ ʟʘʢʦʥʦʤ ɼʘʨʩʠ, ʢʦʪʦʨʳʡ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʣʠʥʝʡʥʦʝ ʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ 

ʩʢʦʨʦʩʪʴʶ ʧʦʪʦʢʘ ʠ ʛʨʘʜʠʝʥʪʦʤ ʧʨʠʢʣʘʜʳʚʘʝʤʦʛʦ ʜʘʚʣʝʥʠʷ. ʇʦʩʪʘʚʣʝʥʥʳʝ ʟʘʜʘʯʠ ʙʳʣʠ 

ʨʝʰʝʥʘ ʯʠʩʣʝʥʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʄʂʕ) ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʠʪʝʨʘʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ.  

ʇʘʨʘʤʝʪʨʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ (ʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʚʷʟʢʦʩʪʴ ʩʚʷʟʫʶʱʝʛʦ, 

ʩʢʦʨʦʩʪʴ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʩʚʷʟʫʶʱʝʛʦ) ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʷʪ ʦʪ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʘʟʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. ɺʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ 

ʬʘʢʪʦʨʳ ʥʝʚʦʟʤʦʞʥʦ ʜʦʩʪʦʚʝʨʥʦ ʫʯʝʩʪʴ ʚ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ ʜʣʷ ʧʘʨʘʤʝʪʨʦʚ 

ʤʦʜʝʣʠ. ʇʦʵʪʦʤʫ ʜʣʷ ʫʯʝʪʘ ʚʘʨʠʘʮʠʠ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʘʟʦʚʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʩʪʦʭʘʩʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ ʟʘʜʘʶʪʩʷ ʚ ʚʠʜʝ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ ʩ ʟʘʜʘʥʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ. ɿʘʪʝʤ 

ʤʝʪʦʜʦʤ ʄʦʥʪʝ-ʂʘʨʣʦ ʦʧʨʝʜʝʣʷʶʪʩʷ ʬʫʥʢʮʠʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ: ʚʨʝʤʷ ʧʨʦʧʠʪʢʠ, ʥʘʣʠʯʠʝ ʥʝʧʨʦʧʠʪʘʥʥʳʭ ʟʦʥ ʠ ʪ.ʜ. 

ʇʨʠʚʦʜʷʪʩʷ ʧʨʠʤʝʨʳ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʜʝʬʝʢʪʦʚ ʚ ʠʟʜʝʣʠʷʭ ʩʣʦʞʥʦʡ ʬʦʨʤʳ.  
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PREDICTING DURABILITY OF STRUCTURAL STEELS  

UNDER RANDOM LOADING 
ɸ.ɸ. ʉʝʜʦʚ ï ʘʩʧ., ɸ.ɺ. ʉʠʨʦʤʘʭʠʥ ï ʘʩʧ., ɸ.ɺ. ɸʥʜʨʦʥʠʢ ï ʘʩʧ.,  

ɸ.ʅ. ʉʘʚʢʠʥ - ʜ.ʪ.ʥ., ʧʨʦʬ. 

ɺʦʣʛʦʛʨʘʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

Abstract. In order to predict the resource element of the suspension of the vehicle in loading 

conditions close to operational, have been investigated by calculation and experimental 

evaluation of durability of steel with a random loading. Random realization was obtained on the 

basis of a dynamical model of the object. A comparative analysis was performed using various 

models of summation of fatigue damage. 

 

ʄʥʦʛʠʝ ʤʘʰʠʥʳ ʠ ʢʦʥʩʪʨʫʢʮʠʠ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʩʧʳʪʳʚʘʶʪ ʧʝʨʝʤʝʥʥʳʝ 

ʥʘʛʨʫʟʢʠ. ʆʜʠʥ ʠʟ ʠʩʪʦʯʥʠʢʦʚ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʧʝʢʪʨʘ ʥʘʛʨʫʞʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʦʙʲʝʢʪʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʚʥʝʰʥʝʛʦ ʥʘʛʨʫʞʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʣʫʯʘʡʥʘʷ ʚʳʙʦʨʢʘ ʧʦ ʘʤʧʣʠʪʫʜʝ 

ʥʘʛʨʫʞʝʥʠʷ, ʚʝʨʪʠʢʘʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʧʝʨʝʜʥʝʡ ʧʦʜʚʝʩʢʠ ʘʚʪʦʤʦʙʠʣʷ-ʚʥʝʜʦʨʦʞʥʠʢʘ ʥʘ 

çʧʣʦʭʦʡè ʜʦʨʦʛʝ (ʙʫʣʳʞʥʠʢ ʩ ʚʳʙʦʠʥʘʤʠ). ʕʪʘ ʥʘʛʨʫʟʢʘ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʷʶʱʝʡ ʚ 

ʥʘʢʦʧʣʝʥʠʠ ʫʩʪʘʣʦʩʪʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʘʚʪʦʤʦʙʠʣʷ. ʇʦʩʣʝ 

ʩʭʝʤʘʪʠʟʘʮʠʠ ʧʦ ʤʝʪʦʜʫ çʧʘʜʘʶʱʝʛʦ ʜʦʞʜʷè ʘʤʧʣʠʪʫʜʳ ʙʳʣʠ ʧʨʠʚʝʜʝʥʳ ʢ 

ʩʠʤʤʝʪʨʠʯʥʦʤʫ ʮʠʢʣʫ ʥʘʛʨʫʞʝʥʠʷ, ʩʚʷʟʘʥʥʳʤ ʩ ʤʝʭʘʥʠʟʤʦʤ ʥʘʢʦʧʣʝʥʠʷ ʫʩʪʘʣʦʩʪʥʳʭ 

ʧʦʚʨʝʞʜʝʥʠʡ. ʅʘʣʠʯʠʝ ʩʨʝʜʥʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʝ ʫʯʠʪʳʚʘʣʦʩʴ.  

ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʦʮʝʥʢʠ ʧʦʚʨʝʞʜʘʝʤʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʩʣʫʯʘʡʥʦʤ 

ʥʘʛʨʫʞʝʥʠʠ ʷʚʣʷʶʪʩʷ ʧʘʨʘʤʝʪʨʳ ʢʨʠʚʦʡ ʚʳʥʦʩʣʠʚʦʩʪʠ, ʦʪʥʝʩʝʥʥʳʝ ʢ 50% ʚʝʨʦʷʪʥʦʩʪʠ 

ʨʘʟʨʫʰʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʩʪʘʮʠʦʥʘʨʥʦʤ ʮʠʢʣʠʯʝʩʢʦʤ ʥʘʛʨʫʞʝʥʠʠ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ ʨʘʙʦʪʳ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʥʘ ʩʝʨʚʦʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʤʘʰʠʥʝ 

ʬʠʨʤʳ çBISSè ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʫʩʠʣʠʝʤ 100 kN. ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʩʪʘʣʴ 40ʍ.  

ʈʘʩʩʤʦʪʨʝʥʳ ʣʠʥʝʡʥʘʷ ʤʦʜʝʣʴ ʇʘʣʴʤʛʨʝʥʘ-ʄʘʡʥʝʨʘ (ʨʘʟʨʫʰʝʥʠʝ ʥʘʩʪʫʧʘʝʪ ʪʦʛʜʘ, 

ʢʦʛʜʘ ʥʘʢʦʧʣʝʥʥʘʷ ʤʝʨʘ ʧʦʚʨʝʞʜʘʝʤʦʩʪʠ D=1), ʉʝʨʝʥʩʝʥʘïʂʦʛʘʝʚʘ (ʨʘʟʨʫʰʝʥʠʝ ʤʦʞʝʪ 

ʥʘʩʪʫʧʠʪʴ ʠ ʧʨʠ D=ap<1, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʦʤ ʜʝʡʩʪʚʫʶʱʝʡ ʚʥʝʰʥʝʡ ʥʘʛʨʫʟʢʠ), ʘ 

ʪʘʢʞʝ ʤʦʜʝʣʠ, ʦʮʝʥʠʚʘʶʱʘʷ ʚʣʠʷʥʠʝ ʤʘʪʝʨʠʘʣʘ, ʧʦʣʥʦʪʳ ʮʠʢʣʘ ʠ ʩʫʤʤʠʨʦʚʘʥʠʷ 

ʫʩʪʘʣʦʩʪʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ʩ ʫʯʝʪʦʤ ʨʘʟʚʠʪʠʷ ʥʝʫʧʨʫʛʠʭ ʷʚʣʝʥʠʡ ʚ ʣʦʢʘʣʴʥʳʭ ʦʙʣʘʩʪʷʭ 

ʤʝʪʘʣʣʘ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʠʥʠʮʠʠʨʦʚʘʥʠʠ ʪʨʝʱʠʥʳ.  

ʆʮʝʥʢʘ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʩʪʘʣʠ ʧʨʦʚʦʜʠʣʘʩʴ ʠ ʧʦ ʜʝʛʨʘʜʘʮʠʦʥʥʳʤ ʤʦʜʝʣʷʤ 

ʩʫʤʤʠʨʦʚʘʥʠʷ ʧʦʚʨʝʞʜʝʥʠʡ. ʆʥʘ ʦʩʥʦʚʘʥʘ ʥʘ ʬʠʟʠʯʝʩʢʠ ʦʧʠʩʳʚʘʝʤʦʡ ʜʝʛʨʘʜʘʮʠʠ 

ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʪʘʣʣʘ ʠ ʦʪʢʘʟʘ ʚ ʤʦʤʝʥʪ, ʢʦʛʜʘ ʦʩʪʘʪʦʯʥʘʷ ʧʨʦʯʥʦʩʪʴ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʝʡʩʪʚʫʶʱʝʤʫ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʮʠʢʣʠʯʝʩʢʦʤʫ ʥʘʧʨʷʞʝʥʠʶ. ʇʦʚʨʝʞʜʝʥʠʝ 

ʦʮʝʥʝʥʦ ʚ ʪʝʨʤʠʥʝ ʬʠʟʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ ʜʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʠ ʤʦʞʝʪ ʙʳʪʴ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʝʥʦ ʚ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʛʨʫʞʝʥʠʷ. ɺʩʝ 

ʜʝʛʨʘʜʘʮʠʦʥʥʳʝ ʤʦʜʝʣʠ ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʫʩʣʦʚʠʠ, ʯʪʦ ʦʩʪʘʪʦʯʥʘʷ ʧʨʦʯʥʦʩʪʴ ð ʤʦʥʦʪʦʥʥʦ 

ʫʤʝʥʴʰʘʶʱʘʷ ʬʫʥʢʮʠʷ ʯʠʩʣʘ ʮʠʢʣʦʚ.  

ʇʨʠʤʝʥʝʥʠʝ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʤʦʜʝʣʝʡ ʜʘʸʪ ʨʝʟʫʣʴʪʘʪʳ, ʙʣʠʟʢʠʝ ʢ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ. ʃʠʥʝʡʥʘʷ ʤʦʜʝʣʴ, ʥʝ ʠʩʧʦʣʴʟʫʶʱʘʷ ʜʣʷ ʥʘʩʪʨʦʡʢʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʧʦʩʪʦʷʥʥʳʝ ʠʣʠ ʬʫʥʢʮʠʠ, ʧʦʢʘʟʳʚʘʝʪ ʠʟʣʠʰʥʝ ʦʧʪʠʤʠʩʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ. ʉʣʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʝʛʨʘʜʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʧʦʩʪʦʷʥʥʳʝ ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ 

ʥʘʩʪʨʦʡʢʠ ʤʦʜʝʣʝʡ ʥʝ ʠʤʝʶʪ ʬʠʟʠʯʝʩʢʦʛʦ ʩʤʳʩʣʘ, ʠ ʜʣʷ ʠʭ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠ ʩʣʫʯʘʡʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ. 
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PNEUMATIC TIRES MULTILAYERED STRUCTURES  

STRAIN-STRESS STATE ANALYSIS 
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Abstract. The pneumatic tire rubber-cord layer model for stress-strain state calculation by means 

of finite element method is offered. A cord and a rubber matrix had been modeled by separate 

groups of 3d finite elements. 

 

ʇʥʝʚʤʘʪʠʯʝʩʢʠʝ ʰʠʥʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʦʤʧʦʟʠʪʥʫʶ (ʨʝʟʠʥʦʢʦʨʜʥʫʶ) 

ʢʦʥʩʪʨʫʢʮʠʶ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʨʝʟʠʥʦʢʦʨʜʥʳʭ ʩʣʦʝʚ, ʦʙʨʘʟʫʶʱʠʭ ʩʠʣʦʚʦʡ ʢʘʨʢʘʩ, ʠ 

ʨʝʟʠʥʦʚʳʭ ʜʝʪʘʣʝʡ ʨʘʟʣʠʯʥʦʡ ʞʝʩʪʢʦʩʪʠ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʨʝʟʠʥʦʢʦʨʜʥʳʭ ʩʣʦʝʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʪʝʦʨʠʠ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʵʢʚʠʚʘʣʝʥʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʦʟʠʪʘ ʥʘ ʦʩʥʦʚʝ ʩʚʦʡʩʪʚ ʥʘʧʦʣʥʠʪʝʣʷ (ʥʠʪʝʡ ʢʦʨʜʘ) ʠ ʤʘʪʨʠʮʳ 

(ʨʝʟʠʥʳ) (ʥʘʧʨʠʤʝʨ, [1]). ʇʦʜʦʙʥʳʝ ʪʝʦʨʠʠ ʧʨʝʜʧʦʣʘʛʘʶʪ ʦʜʥʦʨʦʜʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʜʝʬʦʨʤʘʮʠʡ (ʠʣʠ ʥʘʧʨʷʞʝʥʠʡ) ʧʦ ʨʝʟʠʥʦʢʦʨʜʥʦʤʫ ʩʣʦʶ. ʆʜʥʘʢʦ ʨʘʩʯʝʪʥʦ-

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʅɼʉ) ʟʦʥ 

ʧʦʚʳʰʝʥʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʧʥʝʚʤʘʪʠʯʝʩʢʠʭ ʰʠʥ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ ʥʝ ʚʩʝʛʜʘ ʧʦʜʦʙʥʳʡ 

ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʥʘʛʨʫʟʢʘʭ 

ʥʘ ʰʠʥʫ [2]. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʅɼʉ ʚ ʨʝʟʠʥʦʢʦʨʜʥʳʭ ʩʣʦʷʭ 

(ʨʠʩʫʥʦʢ 1ʙ) ʠ ʧʦ ʪʦʣʱʠʥʝ ʰʠʥʳ ʧʨʝʜʣʦʞʝʥʳ ʤʦʜʝʣʠ ʢʦʤʧʦʟʠʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʄʂʕ), ʦʪʜʝʣʴʥʦ ʨʘʩʩʤʘʪʨʠʚʘʶʱʠʝ ʨʝʟʠʥʦʚʫʶ ʤʘʪʨʠʮʫ ʠ 

ʥʠʪʠ ʢʦʨʜʘ (ʨʠʩʫʥʦʢ 1ʘ). ɼʣʷ ʫʯʝʪʘ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʠʪʝʡ ʢʦʨʜʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ 

ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ ʠʟ ʦʪʜʝʣʴʥʳʭ ʪʝʢʩʪʠʣʴʥʳʭ ʚʦʣʦʢʦʥ ʠʣʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʧʨʦʚʦʣʦʯʝʢ, ʩʢʨʫʯʝʥʥʳʭ ʚ ʧʨʷʜʠ, ʥʠʪʴ ʢʦʨʜʘ ʤʦʜʝʣʠʨʫʝʪʩʷ ʩʦʩʪʘʚʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʚ ʚʠʜʝ 

ʥʝʩʢʦʣʴʢʠʭ ʦʙʲʝʤʥʳʭ ʠʟʦʪʨʦʧʥʳʭ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʂʕ). 

 
1 2

1 2

 
ʈʠʩ. 1. (ʘ) ï ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʨʝʟʠʥʦʢʦʨʜʥʦʛʦ ʩʣʦʷ ʧʥʝʚʤʘʪʠʯʝʩʢʦʡ ʰʠʥʳ ʩ ʧʦʤʦʱʴʶ 

ʄʂʕ (1 ï ʥʠʪʴ ʢʦʨʜʘ, 2 ï ʨʝʟʠʥʦʚʘʷ ʤʘʪʨʠʮʘ); (ʙ) ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʜʝʬʦʨʤʘʮʠʡ ʚ ʨʝʟʠʥʦʚʦʡ ʤʘʪʨʠʮʝ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʦʜʥʦʩʣʦʡʥʦʛʦ ʨʝʟʠʥʦʢʦʨʜʥʦʛʦ ʦʙʨʘʟʮʘ 

ʧʦʧʝʨʝʢ ʥʠʪʝʡ (Ůx = 0,01). 
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Abstract. This article discusses the composites based on aluminium, modified with 

nanoparticles, and their dignity. The authors propose the technology of modification, which 

excludes the agglomeration of particles and their interaction with the environment. The effect of 

small particles on the microstructure of the alloys has been studied. 

 

ʂʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʘʣʶʤʠʥʠʷ ʩ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʦʡ ʚ ʚʠʜʝ 

ʥʘʥʦʯʘʩʪʠʮ ʪʫʛʦʧʣʘʚʢʠʭ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʪʘʢ ʢʘʢ ʦʙʣʘʜʘʶʪ ʦʧʪʠʤʘʣʴʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʧʨʦʯʥʦʩʪʠ 

ʠ ʧʣʘʩʪʠʯʥʦʩʪʠ ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʡ ʧʣʦʪʥʦʩʪʠ. 

ʅʘʥʦʯʘʩʪʠʮʳ, ʢʘʢ ʤʦʜʠʬʠʢʘʪʦʨ ʩʧʦʩʦʙʩʪʚʫʶʪ ʫʤʝʥʴʰʝʥʠʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ  

ʟʝʨʝʥ ʩʧʣʘʚʘ, ʘ ʪʘʢʞʝ ʧʨʝʧʷʪʩʪʚʫʶʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʪʨʝʱʠʥ. 

ʊʘʢ ʢʘʢ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʜʦʙʘʚʦʢ ʯʘʩʪʠʮ ʤʠʢʨʦʥʥʳʭ ʨʘʟʤʝʨʦʚ, ʧʨʷʤʦʝ ʚʚʝʜʝʥʠʝ 

ʥʘʥʦʤʦʜʠʬʠʢʘʪʦʨʦʚ ʥʝʚʦʟʤʦʞʥʦ ʠʟ-ʟʘ ʨʷʜʘ ʧʨʠʯʠʥ (ʠʥʪʝʥʩʠʚʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʯʘʩʪʠʮ ʩ 

ʩʦʙʩʪʚʝʥʥʳʤʠ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʤʠ ʛʘʟʘʤʠ, ʢʦʤʧʘʢʪʠʨʦʚʘʥʠʝ, ʦʙʨʘʟʦʚʘʥʠʝ ʧʳʣʝʚʠʜʥʦʡ 

ʚʟʚʝʩʠ), ʙʳʣʘ  ʨʘʟʨʘʙʦʪʘʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʤʘʪʨʠʯʥʦʛʦ ʩʧʣʘʚʘ 

ʥʘʥʦʧʦʨʦʰʢʘʤʠ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʦʧʝʨʘʮʠʠ: 1) ʩʤʝʰʠʚʘʥʠʝ ʬʨʘʛʤʝʥʪʦʚ 

ʤʘʪʨʠʯʥʦʛʦ ʩʧʣʘʚʘ ʩ ʥʘʥʦʯʘʩʪʠʮʘʤʠ; 2) ʧʨʝʩʩʦʚʘʥʠʝ ʧʨʫʪʢʘ ʠʟ ʧʦʣʫʯʝʥʥʦʡ ʩʤʝʩʠ; 3) 

ʨʘʩʧʣʘʚʣʝʥʠʝ ʤʝʪʘʣʣʘ ʠ ʧʦʤʝʱʝʥʠʝ ʧʨʫʪʢʘ ʚ ʨʘʩʧʣʘʚ; 4) ʚʳʜʝʨʞʢʘ; 5) ʧʝʨʝʤʝʰʠʚʘʥʠʝ; 6) 

ʟʘʣʠʚʢʘ ʚ ʬʦʨʤʫ. 

ɺ ʢʘʯʝʩʪʚʝ ʜʦʙʘʚʢʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʳʡ ʧʦʨʦʰʦʢ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ 

(ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʤʝʥʝʝ 0,1 ʤʢʤ), ʧʦʣʫʯʝʥʥʳʡ ʵʣʝʢʪʨʦʚʟʨʳʚʥʳʤ ʤʝʪʦʜʦʤ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʤʦʜʠʬʠʮʠʨʫʶʱʝʛʦ ʧʨʫʪʢʘ ʙʳʣʦ ʩʧʨʦʝʢʪʠʨʦʚʘʥʘ ʠ ʠʟʛʦʪʦʚʣʝʥʘ 

ʧʨʝʩʩ-ʬʦʨʤʘ, ʨʘʙʦʪʘʶʱʘʷ ʧʦ ʧʨʠʥʮʠʧʫ ʵʢʩʪʨʫʜʠʨʦʚʘʥʠʷ ʰʠʭʪʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʛʨʘʥʫʣ, 

ʧʦʢʨʳʪʳʭ ʥʘʥʦʯʘʩʪʠʮʘʤʠ. ʈʘʩʩʯʠʪʘʥʦ ʧʨʝʜʝʣʴʥʦʝ ʫʩʠʣʠʝ ʵʢʩʪʨʫʜʠʨʦʚʘʥʠʷ. ʇʦʢʨʳʪʠʝ 

ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʛʨʘʥʫʣ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʥʘ ʩʧʝʮʠʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ ʚ ʪʝʯʝʥʠʝ 1,5 ï 2-ʭ ʯʘʩʦʚ. 

ʇʦʣʫʯʝʥʥʘʷ ʰʠʭʪʘ ʩʦʜʝʨʞʘʣʘ ʜʦ 5% ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ. 

ʊʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʦʙʨʘʟʮʦʚ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʟʘʢʣʶʯʘʣʘʩʴ ʚ 

ʩʣʝʜʫʶʱʝʤ: ʧʦʩʣʝ ʨʘʩʧʣʘʚʣʝʥʠʷ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʝʯʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʛʨʘʬʠʪʦ-

ʰʘʤʦʪʦʚʦʤ ʪʠʛʣʝ ʘʣʶʤʠʥʠʷ ʤʘʨʢʠ ɸ7 ʠ ʜʦʚʝʜʝʥʠʷ ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 800
0
ʉ, ʪʠʛʝʣʴ 

ʠʟʚʣʝʢʘʣʠ ʠʟ ʧʝʯʠ, ʠ ʚ ʤʝʪʘʣʣ ʧʦʤʝʱʘʣʠ ʟʘʨʘʥʝʝ ʧʨʠʛʦʪʦʚʣʝʥʥʳʡ ʩʧʨʝʩʩʦʚʘʥʥʳʡ 

ʤʦʜʠʬʠʮʠʨʫʶʱʠʡ ʧʨʫʪʦʢ. ɿʘʪʝʤ ʪʠʛʝʣʴ ʩʥʦʚʘ ʧʦʤʝʱʘʣʠ ʚ ʧʝʯʴ ʠ ʚʳʜʝʨʞʠʚʘʣʠ 10 ʤʠʥ. 

ʧʨʠ 800
0
ʉ, ʧʦʩʣʝ ʯʝʛʦ ʝʛʦ ʠʟʚʣʝʢʘʣʠ ʠʟ ʧʝʯʠ ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ ʨʘʩʧʣʘʚ ʚ ʪʝʯʝʥʠʝ 1 ʤʠʥ., 

ʟʘʪʝʤ ʨʘʩʧʣʘʚ ʟʘʣʠʚʘʣʠ ʚ ʩʧʝʮʠʘʣʴʥʦ ʠʟʛʦʪʦʚʣʝʥʥʳʡ ʢʦʢʠʣʴ. ʇʦʩʣʝ ʦʩʪʳʚʘʥʠʷ ʤʝʪʘʣʣʘ ʠʟ 

ʢʦʢʠʣʷ ʠʟʚʣʝʢʘʣʠ ʦʙʨʘʟʝʮ ʧʨʠʟʤʘʪʠʯʝʩʢʦʡ ʬʦʨʤʳ.  

ʂʨʦʤʝ ʪʦʛʦ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʦʙʨʘʟʮʳ ʠʟ ʙʘʟʦʚʦʛʦ ʩʧʣʘʚʘ. ʇʦʣʫʯʝʥʥʳʝ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʠ ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʦʙʨʘʟʮʳ ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʥʘ ʤʝʪʘʣʣʦʨʝʞʫʱʠʭ 

ʩʪʘʥʢʘʭ ʠ ʧʦʜʚʝʨʛʘʣʠʩʴ ʠʩʧʳʪʘʥʠʷʤ ʥʘ ʩʞʘʪʠʝ ʠ ʫʜʘʨʥʫʶ ʚʷʟʢʦʩʪʴ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ 

ʧʦʢʘʟʘʣʠ ʫʚʝʣʠʯʝʥʠʝ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ ʧʨʠ ʩʞʘʪʠʠ ʥʘ 10-18% ʠ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ ʥʘ 10-

20% ʜʣʷ ʦʙʨʘʟʮʦʚ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮʘʤʠ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʨʘʟʮʘʤʠ ʠʟ 

ʙʘʟʦʚʦʛʦ ʩʧʣʘʚʘ. ɹʳʣʘ ʠʟʫʯʝʥʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩʧʣʘʚʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʦʙʘʚʢʠ 

ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ ʫʤʝʥʴʰʘʶʪ ʨʘʟʤʝʨ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʟʝʨʝʥ ʤʝʪʘʣʣʘ. 
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METAL FOAM: A PROMISING MATERIAL FOR THE 21ST CENTURY 
ʇ.ʆ.ʉʫʭʦʜʘʝʚ

1
 - ʤʘʛʠʩʪʨʘʥʪ, ɺ.ɸ.ɸʨʜʘʤʠʥ

2
 ï ʘʩʧ. 

1
 ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʀʥʩʪʠʪʫʪ ʠʥʞʝʥʝʨʥʦʡ ʬʠʟʠʢʠ ʠ 

ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
2
 ʉʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʘʢ. ʄ.ʌ.ʈʝʰʝʪʥʝʚʘ 

 

Abstract. The paper considers the properties of metal foams and their applications. Authors 

propose the technology for manufacturing metal foam by liquid-phase method using calcium 

carbonate. The properties of obtained samples have been investigated. The ways of improving 

the quality of metal are proposed. 

ʇʝʥʦʤʝʪʘʣʣʳ (ʇʄ), ʦʩʦʙʝʥʥʦ ʧʦʣʫʯʘʝʤʳʝ ʠʟ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ, ʷʚʣʷʶʪʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʚʢʣʶʯʘʷ 

ʘʚʪʦʤʦʙʠʣʴʥʫʶ, ʘʚʠʘʮʠʦʥʥʫʶ ʠ ʘʵʨʦʢʦʩʤʠʯʝʩʢʫʶ ʦʪʨʘʩʣʠ, ʙʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʫ ʵʪʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʦʧʪʠʤʘʣʴʥʦʡ ʢʦʤʙʠʥʘʮʠʠ ʪʘʢʠʭ ʩʚʦʡʩʪʚ, ʢʘʢ ʥʠʟʢʘʷ ʧʣʦʪʥʦʩʪʴ, ʚʳʩʦʢʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʵʥʝʨʛʦʧʦʛʣʦʱʝʥʠʷ, ʭʦʨʦʰʘʷ ʪʝʨʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʚʳʩʦʢʘʷ 

ʜʝʤʧʬʠʨʫʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ.  

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʤʝʪʦʜʦʚ ʠʟʛʦʪʦʚʣʝʥʠʷ ʇʄ, ʠʟ ʢʦʪʦʨʳʭ ʦʩʥʦʚʥʳʤʠ ʷʚʣʷʶʪʩʷ 

ʞʠʜʢʦʬʘʟʥʳʡ ʠ ʪʚʸʨʜʦʬʘʟʥʳʡ ʤʝʪʦʜʳ, ʧʨʠʯʝʤ ʞʠʜʢʦʬʘʟʥʳʡ ʧʦʣʫʯʠʣ ʥʘʠʙʦʣʴʰʝʝ 

ʧʨʠʤʝʥʝʥʠʝ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. 

ʂʣʘʩʩʠʯʝʩʢʘʷ ʞʠʜʢʦʬʘʟʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʇʄ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʧʦʣʥʝʥʠʠ 

ʩʣʝʜʫʶʱʠʭ ʦʧʝʨʘʮʠʡ: 1) ʨʘʩʧʣʘʚʣʝʥʠʝ ʤʝʪʘʣʣʘ; 2) ʬʦʨʤʠʨʦʚʘʥʠʝ ʚ ʦʙʲʝʤʝ ʨʘʩʧʣʘʚʘ 

ʛʘʟʦʚʦʡ ʩʨʝʜʳ ʧʨʷʤʳʤ ʚʚʝʜʝʥʠʝʤ ʛʘʟʘ, ʣʠʙʦ ʧʦʩʨʝʜʩʪʚʦʤ ʚʳʜʝʣʝʥʠʷ ʛʘʟʘ ʠʟ ʧʦʨʦʬʦʨʦʚ, 

ʟʘʤʝʰʠʚʘʝʤʳʭ ʚ ʨʘʩʧʣʘʚʝ; 3) ʧʦʣʫʯʝʥʠʝ ʚʩʧʝʥʝʥʥʦʡ ʤʘʩʩʳ; 4) ʜʘʣʴʥʝʡʰʘʷ ʦʙʨʘʙʦʪʢʘ 

ʚʩʧʝʥʝʥʥʦʡ ʤʘʩʩʳ (ʦʙʨʘʙʦʪʢʘ ʜʘʚʣʝʥʠʝʤ, ʪʝʨʤʦʦʙʨʘʙʦʪʢʘ ʠ ʜʨ.). 

ɺ ʢʘʯʝʩʪʚʝ ʧʦʨʦʬʦʨʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʣʴʮʠʪ CaCO3 ʠʣʠ ʛʠʜʨʠʜ ʪʠʪʘʥʘ TiH2. 

ʆʩʥʦʚʥʳʤʠ ʠʭ ʨʘʟʣʠʯʠʷʤʠ ʷʚʣʷʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʟʣʦʞʝʥʠʷ ʠ ʚʳʜʝʣʷʶʱʠʡʩʷ ʧʨʠ 

ʨʘʟʣʦʞʝʥʠʠ ʛʘʟ, ʘ ʪʘʢʞʝ ʦʙʨʘʟʫʶʱʘʷʩʷ ʩʪʨʫʢʪʫʨʘ ʤʘʪʝʨʠʘʣʘ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ 

ʧʝʥʦʘʣʶʤʠʥʠʷ ʥʘʤʠ ʙʳʣ ʚʳʙʨʘʥ ʢʘʣʴʮʠʪ. 

ʊʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʧʝʥʦʘʣʶʤʠʥʠʷ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʩʣʝʜʫʶʱʝʤ. ʇʦʩʣʝ 

ʨʘʩʧʣʘʚʣʝʥʠʷ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʝʯʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʛʨʘʬʠʪʦ-ʰʘʤʦʪʦʚʦʤ ʪʠʛʣʝ ʘʣʶʤʠʥʠʷ 

ʤʘʨʢʠ ɸ7, ʠ ʜʦʚʝʜʝʥʠʷ ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 800
0
ʉ, ʪʠʛʝʣʴ ʠʟʚʣʝʢʘʣʠ ʠʟ ʧʝʯʠ, ʠ ʥʘ ʟʝʨʢʘʣʦ 

ʤʝʪʘʣʣʘ ʟʘʩʳʧʘʣʠ 5 ʤʘʩʩ.% (ʦʪ ʤʘʩʩʳ ʘʣʶʤʠʥʠʷ) ʧʦʨʦʰʢʘ CaCO3, ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ 

ʤʝʭʘʥʠʯʝʩʢʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʤʝʪʘʣʣʘ. ɿʘʪʝʤ ʪʠʛʝʣʴ ʩʥʦʚʘ ʧʦʤʝʱʘʣʠ ʚ ʧʝʯʴ ʠ 

ʚʳʜʝʨʞʠʚʘʣʠ ʝʛʦ 10 ʤʠʥ. ʧʨʠ 800
0
ʉ, ʧʦʩʣʝ ʯʝʛʦ ʝʛʦ ʠʟʚʣʝʢʘʣʠ ʠʟ ʧʝʯʠ ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ 

ʨʘʩʧʣʘʚ ʚ ʪʝʯʝʥʠʝ 3 ʤʠʥ., ʧʦʩʣʝ ʯʝʛʦ ʪʠʛʝʣʴ ʩʥʦʚʘ ʧʦʤʝʱʘʣʠ ʚ ʧʝʯʴ ʠ ʚʳʜʝʨʞʠʚʘʣʠ 

ʨʘʩʧʣʘʚ 15 ʤʠʥ. ʧʨʠ 850
0
ʉ. ʇʦ ʦʢʦʥʯʘʥʠʠ ʧʨʠʚʝʜʝʥʥʦʛʦ ʮʠʢʣʘ ʪʠʛʝʣʴ ʩʦ ʚʩʧʝʥʝʥʥʳʤ 

ʘʣʶʤʠʥʠʝʤ ʫʜʘʣʷʣʠ ʠʟ ʧʝʯʠ ʠ ʧʝʥʦʘʣʶʤʠʥʠʡ ʠʟʚʣʝʢʘʣʠ ʠʟ ʪʠʛʣʷ. 

 

ʈʠʩ. 1 - ʆʙʨʘʟʝʮ ʧʝʥʦʘʣʶʤʠʥʠʷ, ʧʦʣʫʯʝʥʥʳʡ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ. 

ʈʘʟʤʝʨ 40ʭ35ʭ35 ʤʤ. ʇʨʝʦʙʣʘʜʘʝʪ ʩʬʝʨʠʯʝʩʢʘʷ ʬʦʨʤʘ ʧʦʨ, ʠʭ 

ʨʘʟʤʝʨʳ ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 0,5...10 ʤʤ, ʠ ʦʥʠ ʨʘʚʥʦʤʝʨʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ ʦʙʲʝʤʫ ʤʝʪʘʣʣʘ. ʆʙʨʘʟʝʮ ʠʤʝʝʪ ʢʘʞʫʱʫʶʩʷ 

ʧʣʦʪʥʦʩʪʴ 0,83 ʛ/ʩʤ
3
, ʧʦʨʠʩʪʦʩʪʴ 70%, ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʥʘ 

ʩʞʘʪʠʝ ʩʦʩʪʘʚʣʷʝʪ 3,8-4,2 ʄʇʘ.  

 

 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʳ ʩʧʦʩʦʙʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʧʦʚʳʰʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʞʘʪʠʝ ʟʘ 

ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʜʦʙʘʚʦʢ. 
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʇʈʆʎɽʉʉɸ ʎʀʂʃʀʏɽʉʂʆɻʆ 

ɼɽʌʆʈʄʀʈʆɺɸʅʀʗ ʂʆʅʉʊʈʋʂʎʀʆʅʅʓʍ ʄɸʊɽʈʀɸʃʆɺ 

ʇʈʀ ʅɽʀɿʆʊɽʈʄʀʏɽʉʂʆʄ ʎʀʂʃʀʏɽʉʂʆʄ ʅɸɻʈʋɾɽʅʀʀ 

 

MODELING PROCESS  OF  CYCLIC STRAINING OF STRUCTURAL 

MATERIALS AT NONISOTHERMAL CYCLIC LOADING 

 
ɸ.ʀ.ʌʘʢʝʝʚ ï ʠʥʞ., ʖ.ʄ. ʊʝʤʠʩ - ʜ.ʪ.ʥ., ʧʨʦʬ.  

ʌɻʋʇ ʎʀɸʄ ʠʤ.ʇ.ʀ. ɹʘʨʘʥʦʚʘ 

 

Abstract. Model of elastoplastic material at nonisothermal cyclic loading is proposed. This 

model is realized in FEM program ROTOR. Comparison of calculations of modeling of plain 

specimen and experimental results at hard loading and high temperatures is performed. 

 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʮʠʢʣʠʯʝʩʢʦʛʦ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʦʛʦ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʠ ʧʝʨʝʤʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ. 

ʇʦʵʪʦʤʫ ʜʣʷ ʘʜʝʢʚʘʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ  ʠ 

ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʡ  ʧʨʠ ʮʠʢʣʠʯʝʩʢʦʤ ʥʘʛʨʫʞʝʥʠʠ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ 

ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʥʘʛʨʫʟʦʢ, ʯʪʦ ʚʦʟʤʦʞʥʦ ʝʩʣʠ ʦʙʦʙʱʠʪʴ ʜʝʬʦʨʤʘʮʠʦʥʥʫʶ ʪʝʦʨʠʶ 

ʧʣʘʩʪʠʯʥʦʩʪʠ ʥʘ ʩʣʫʯʘʡ ʥʝʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʮʠʢʣʠʯʝʩʢʦʛʦ ʥʘʛʨʫʞʝʥʠʷ.  

ʇʨʠ ʵʪʦʤ ʪʨʝʭʧʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʨʘʩʯʝʪʘ ʧʣʘʩʪʠʯʝʩʢʠʭ 

ʜʝʬʦʨʤʘʮʠʡ ʧʨʠ ʮʠʢʣʠʯʝʩʢʦʤ ʥʘʛʨʫʞʝʥʠʠ ʚ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʜʦʣʞʥʘ ʙʳʪʴ 

ʦʙʦʙʱʝʥʘ ʥʘ ʩʣʫʯʘʡ ʥʝʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʥʘʛʨʫʞʝʥʠʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʠʩʳʚʘʪʴ ʢʨʠʚʳʝ 

ʮʠʢʣʠʯʝʩʢʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʠ ʪʝʨʤʦʩʠʣʦʚʦʤ ʥʘʛʨʫʞʝʥʠʠ, ʫʯʠʪʳʚʘʷ ʵʬʬʝʢʪ 

ɹʘʫʰʠʥʛʝʨʘ, ʠʟʤʝʥʝʥʠʝ ʤʦʜʫʣʷ ʨʘʟʛʨʫʟʢʠ ʠ ʨʘʟʣʠʯʥʳʝ ʤʘʩʰʪʘʙʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʣʠʥʝʡʥʦʛʦ ʠ ʥʝʣʠʥʝʡʥʦʛʦ ʫʯʘʩʪʢʦʚ ʧʝʨʚʦʥʘʯʘʣʴʥʳʭ ʢʨʠʚʳʭ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ, ʧʦʣʫʯʝʥʥʳʭ 

ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ɺ ʢʘʯʝʩʪʚʝ ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʚʣʠʷʥʠʝ 

ʮʠʢʣʠʯʝʩʢʦʛʦ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ, ʧʨʠʥʷʪ ʧʘʨʘʤʝʪʨ ʆʜʢʚʠʩʪʘ 
n

i

p

i
. ɼʣʷ ʫʯʝʪʘ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʚ ʧʨʦʮʝʩʩʝ ʥʘʛʨʫʞʝʥʠʷ ʧʨʠʤʝʥʝʥʦ ʧʦʥʷʪʠʝ 

ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ - ʧʦʚʝʨʭʥʦʩʪʠ ʥʝʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʧʣʘʩʪʠʯʝʩʢʦʛʦ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ. ɼʣʷ ʢʘʞʜʦʛʦ k-ʦʛʦ ʧʦʣʫʮʠʢʣʘ ʥʘʛʨʫʞʝʥʠʷ ʨʘʩʩʯʠʪʘʥʳ ʠʟʦʪʝʨʤʠʯʝʩʢʠʝ 

ʢʨʠʚʳʝ ʮʠʢʣʠʯʝʩʢʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨ ʪʝʢʫʱʝʛʦ ʧʦʣʫʮʠʢʣʘ ʧʨʠ ʪʝʢʫʱʝʡ 

ʥʘʢʦʧʣʝʥʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ. ʅʘ ʦʩʥʦʚʝ ʧʦʩʪʨʦʝʥʥʳʭ ʢʨʠʚʳʭ  ʧʦʩʪʨʦʝʥʘ 

ʪʝʢʫʱʘʷ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʘʷ ʧʦʚʝʨʭʥʦʩʪʴ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʧʦ ʥʘʢʦʧʣʝʥʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ 

ʜʝʬʦʨʤʘʮʠʠ ʜʣʷ ʧʨʝʜʳʜʫʱʠʝ k-1 ʧʦʣʫʮʠʢʣ. ʇʦ ʧʦʣʫʯʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʥʘʧʨʷʞʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨ ʠ ʜʝʬʦʨʤʘʮʠʡ ʨʘʩʩʯʠʪʘʥʘ ʥʝʠʟʦʪʝʨʤʠʯʝʩʢʘʷ ʢʨʠʚʘʷ ʮʠʢʣʠʯʝʩʢʦʛʦ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ. 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʜʣʷ ʙʠʪʝʨʤʘʣʴʥʳʭ ʮʠʢʣʦʚ ʩ 

ʨʝʟʫʣʴʪʘʪʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʩʝʤʝʡʩʪʚʦ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʨʠʚʳʭ ʮʠʢʣʠʯʝʩʢʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ  ʧʨʠ 

ʥʝʠʟʦʪʝʨʤʠʯʝʩʢʦʤ ʥʘʛʨʫʞʝʥʠʠ (ʦʩʦʙʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʦʙʲʝʤʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ).  

ʄʦʜʝʣʴ ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ  ʄʂʕ çʈʆʊʆʈè, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʤ 

ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʜʝʪʘʣʝʡ ʢʦʥʩʪʨʫʢʮʠʡ. 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʨʘʙʦʪʳ ʤʦʜʝʣʠ ʚ ʢʦʤʧʣʝʢʩʝ çʈʆʊʆʈè ʧʨʦʤʦʜʝʣʠʨʦʚʘʥʦ 

ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʛʣʘʜʢʠʭ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʧʨʠ ʙʠʪʝʨʤʘʣʴʥʦʤ 

ʮʠʢʣʠʯʝʩʢʦʤ ʥʘʛʨʫʞʝʥʠʠ. ɿʘʜʘʯʘ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʚ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʧʨʠ 

ʞʝʩʪʢʦʤ ʥʘʛʨʫʞʝʥʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʝʟʫʣʴʪʘʪʘʤ 

ʵʢʩʧʝʨʠʤʝʥʪʘ. 



63 

 

ʉʆɺʈɽʄɽʅʓɽ ʄɽʊʆɼʓ ɸʅɸʃʀɿɸ ʇʈʆɻʈɽʉʉʀʈʋʖʑɽɻʆ 

ʈɸɿʈʋʐɽʅʀʗ ɺ ʂʆʅʉʊʈʋʂʎʀʗʍ ʀɿ ʂʆʄʇʆɿʀʎʀʆʅʅʓʍ 

ʄɸʊɽʈʀɸʃʆɺ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ʇʈʆɼʋʂʊʆɺ 

MSC.SOFTWARE 

 

MODERN METHODS OF PROGRESSIVE FAILURE ANALYSIS  

OF COMPOSITE STRUCTURES USING MSC.SOFTWARE 

 
ʃ.ʃ.ʌʠʨʩʦʚ - ʛʣʘʚʥʳʡ ʩʧʝʮʠʘʣʠʩʪ 

ɿɸʆ ç ɻʨʘʞʜʘʥʩʢʠʝ ʩʘʤʦʣʸʪʳ ʉʫʭʦʛʦè 

 

Abstract. The paper is covered problems of progressive failure analysis of composite structures. 

Several modern approaches of such analysis were reviewed. Computer code were developed to 

calculate the iterative procedure of progressive analysis which consists of calculating stress and 

strain distribution, applying failure criteria and ply stiffness degradation model and create an 

input file for the next iteration. An example shows an application of implemented approach 

coupled with MSC.Nastran solver for the analysis of tension specimen with open hole. 

 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʧʨʦʛʨʝʩʩʠʨʫʶʱʝʛʦ ʨʘʟʨʫʰʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ 

ʠʟ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʂʄ) ʩ ʛʣʦʙʘʣʴʥʳʤ ʢʦʥʮʝʥʪʨʘʪʦʨʦʤ ʥʘ ʧʨʠʤʝʨʝ 

ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʦʙʨʘʟʮʘ ʩ ʦʪʚʝʨʩʪʠʝʤ ʩ ʦʪʥʦʰʝʥʠʝʤ ʜʠʘʤʝʪʨʘ ʢ ʰʠʨʠʥʝ ʦʙʨʘʟʮʘ 1:2.  

ɺ ʨʘʙʦʪʝ ʦʧʠʩʘʥ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ 

ʥʘʜʩʪʨʦʡʢʦʡ ʢ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʤʫ ʧʘʢʝʪʫ MSC.PATRAN/NASTRAN. ʇʨʦʛʨʘʤʤʥʳʡ 

ʢʦʤʧʣʝʢʪ ʨʝʘʣʠʟʫʝʪ ʧʨʦʮʝʜʫʨʫ ʘʥʘʣʠʟʘ ʧʨʦʛʨʝʩʩʠʨʫʶʱʝʛʦ ʨʘʟʨʫʰʝʥʠʷ ʂʄ. ʇʨʠʚʝʜʸʥ 

ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʦʜʝʣʝʡ ʜʝʛʨʘʜʘʮʠʠ ʂʄ ʠʟ ʣʠʪʝʨʘʪʫʨʳ. 

ʇʨʝʜʣʦʞʝʥʘ ʙʣʦʢ ʩʭʝʤʘ ʜʣʷ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʤʦʜʝʣʝʡ ʧʨʦʛʨʝʩʩʠʨʫʶʱʝʛʦ 

ʨʘʟʨʫʰʝʥʠʷ ʠʟ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʥʘʙʦʨʘ ʢʨʠʪʝʨʠʝʚ ʧʨʦʯʥʦʩʪʠ, ʤʦʜʝʣʠ ʜʝʛʨʘʜʘʮʠʠ 

ʩʚʦʡʩʪʚ ʠ ʚʳʙʦʨʘ ʧʨʠʨʘʱʝʥʠʷ ʥʘʛʨʫʞʝʥʠʷ. 

ʆʧʠʩʘʥʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʧʘʢʝʪ ʘʥʘʣʠʟʠʨʫʝʪ ʚʭʦʜʥʳʝ ʠ ʚʳʭʦʜʥʳʝ ʬʘʡʣʳ ʨʝʰʘʪʝʣʷ 

MSC.NASTRAN. ʅʘ ʧʝʨʚʦʥʘʯʘʣʴʥʦʤ ʰʘʛʝ ʨʝʰʘʝʪʩʷ ʟʘʜʘʯʘ ʩʪʘʪʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ 

ʢʦʥʩʪʨʫʢʮʠʠ ʠʟ ʂʄ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʥʘʧʨʷʞʸʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ. ɼʘʣʝʝ ʟʘʧʫʩʢʘʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʠʪʝʨʘʮʠʦʥʥʘʷ ʧʨʦʮʝʜʫʨʘ ʘʥʘʣʠʟʘ. ʂʘʞʜʳʡ 

ʰʘʛ ʧʨʦʮʝʜʫʨʳ ʫʚʝʣʠʯʠʚʘʝʪ ʚʥʝʰʥʶʶ ʥʘʛʨʫʟʢʫ ʠ ʨʘʩʯʠʪʳʚʘʝʪ ʜʝʡʩʪʚʫʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ 

ʚ ʂʄ. ɿʘʪʝʤ ʢ ʢʘʞʜʦʤʫ ʩʣʦʶ ʂʄ ʧʨʠʤʝʥʷʶʪʩʷ ʢʨʠʪʝʨʠʠ ʧʨʦʯʥʦʩʪʠ ʜʣʷ ʘʥʘʣʠʟʘ 

ʚʦʟʤʦʞʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʚʦʣʦʢʥʘ, ʤʘʪʨʠʮʳ ʠʣʠ ʘʜʛʝʟʠʚʥʦʛʦ ʩʣʦʷ. ʇʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʨʘʟʨʫʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʝʜʫʮʠʨʦʚʘʥʠʝ ʞʝʩʪʢʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʦʚʨʝʞʜʸʥʥʳʭ ʫʯʘʩʪʢʦʚ ʂʄ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʠʧʦʤ ʨʘʟʨʫʰʝʥʠʷ. ʇʨʦʠʟʚʦʜʠʪʩʷ ʨʘʩʯʸʪ 

ʦʙʥʦʚʣʸʥʥʳʭ ʨʝʜʫʮʠʨʦʚʘʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʘʢʝʪʘ ʠ ʬʦʨʤʠʨʫʶʪʩʷ ʬʘʣʳ ʨʘʩʯʸʪʘ ʜʣʷ 

ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʛʦ ʨʝʰʘʪʝʣʷ ʜʣʷ ʩʣʝʜʫʶʱʝʡ ʠʪʝʨʘʮʠʠ.  

ʈʝʘʣʠʟʦʚʘʥ ʤʦʜʫʣʴ ʜʣʷ ʚʳʚʦʜʘ ʨʘʟʣʠʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʸʪʘ: ʨʦʩʪ ʟʦʥʳ 

ʧʦʚʨʝʞʜʝʥʠʷ ʥʘ ʢʘʞʜʦʡ ʠʪʝʨʘʮʠʠ, ʦʪʩʣʝʞʠʚʘʥʠʝ ʪʠʧʘ ʧʦʚʨʝʞʜʝʥʠʷ (ʚʦʣʦʢʥʦ, ʤʘʪʨʠʮʘ), 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʚʳʚʦʜ ʜʝʬʦʨʤʘʮʠʡ, ʥʘʧʨʷʞʝʥʠʡ ʠ ʤʠʥʠʤʘʣʴʥʳʭ ʟʘʧʘʩʦʚ ʧʨʦʯʥʦʩʪʠ. 

ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʦʙʨʘʟʮʘ ʩ ʦʪʚʝʨʩʪʠʝʤ ʥʘ ʨʘʩʪʷʞʝʥʠʝ. 
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ʏʀʉʊʓʁ ʀɿɻʀɹ ʇʈʀ ʇʆʃɿʋʏɽʉʊʀ ɹɸʃʂʀ ʉ ʋʏɽʊʆʄ 

ʇʆɺʈɽɾɼɪʅʅʆʉʊʀ ʀ ʈɸɿʅʆʉʆʇʈʆʊʀɺʃʗɽʄʆʉʊʀ 

ʄɸʊɽʈʀɸʃɸ ʈɸʉʊʗɾɽʅʀʖ ʀ ʉɾɸʊʀʖ 

 

PURE BENDING OF BEAMS WITH CREEP INCLUSIVE OF DAMAGE AND 

MULTIMODULUS BEHAVIOR OF THE MATERIAL UNDER TENSION  

AND COMPRESSION 

 
ʃ.ɺ. ʌʦʤʠʥ ï ʚʝʜ. ʠʥʞʝʥʝʨ 

ʅʀʀ ʤʝʭʘʥʠʢʠ ʄɻʋ 

 

Abstract. The pure bend of a beam in the course of creep inclusive of multimodulus behavior 

and damage of the material is considered. There is fractional-sedate constitutive equations by 

Rabotnov are used. Calculation is spent in linear and nonlinear statements. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʧʫʙʣʠʢʦʚʘʥʦ ʜʦʚʦʣʴʥʦ ʤʥʦʛʦ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʠʟʫʯʝʥʠʶ 

ʯʠʩʪʦʛʦ ʠʟʛʠʙʘ ʙʘʣʦʢ ʚ ʧʨʦʮʝʩʩʝ ʧʦʣʟʫʯʝʩʪʠ. ʇʨʦʚʝʜʝʥʥʳʡ ʦʙʟʦʨ ʥʝʢʦʪʦʨʳʭ ʠʟ ʥʠʭ 

ʧʦʩʣʫʞʠʣ ʧʦʚʦʜʦʤ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʵʪʠʭ 

ʨʘʙʦʪ,  ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʯʠʩʪʳʡ ʠʟʛʠʙ ʙʘʣʢʠ ʚ ʧʨʦʮʝʩʩʝ ʧʦʣʟʫʯʝʩʪʠ  c 

ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʫʯʝʪʦʤ ʨʘʟʥʦʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʨʘʩʪʷʞʝʥʠʶ ʠ ʩʞʘʪʠʶ ʠ 

ʥʘʢʦʧʣʝʥʠʷ ʧʦʚʨʝʞʜʝʥʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ. ʈʘʩʩʤʦʪʨʝʥʥʘʷ ʟʘʜʘʯ ʨʝʰʝʥʘ ʜʣʷ ʙʘʣʢʠ 

ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ. ʇʨʠ ʨʘʩʯʝʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʨʦʙʥʦ-ʩʪʝʧʝʥʥʳʝ 

ʦʧʨʝʜʝʣʷʶʱʠʝ ʩʦʦʪʥʦʰʝʥʠʷ, ʢʦʪʦʨʦʝ ʚ ʦʜʥʦʦʩʥʦʤ ʩʣʫʯʘʝ ʧʨʠʥʠʤʘʶʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ 

ʚʠʜʝ, ʧʨʝʜʣʦʞʝʥʥʦʤ ʖ.ʅ. ʈʘʙʦʪʥʦʚʳʤ, ʚ ʢʦʪʦʨʦʤ ʟʘʚʠʩʠʤʦʩʪʠ p  ʦʪ ʥʘʧʨʷʞʝʥʠʷ  

ʠʤʝʝʪ ʜʨʦʙʥʦ-ʩʪʝʧʝʥʥʦʡ ʚʠʜ: 

1 2

1 2

, 0
(1 )

, 0

n

b b

n

b b

p A

p A

 

ʛʜʝ ( , )y t  - ʧʦʚʨʝʞʜʝʥʥʦʩʪʴ, 
1b
, 

2b
 -  ʧʨʝʜʝʣʳ  ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʠ 

ʩʞʘʪʠʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʂʠʥʝʪʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʧʦʚʨʝʞʜʝʥʥʦʩʪʠ  ʧʨʠʥʠʤʘʶʪʩʷ ʚ ʚʠʜʝ: 

1 2

0,
(1 )

0 0 ,

m

b b

B ʧʨʠ

ʧʨʠ

 

ɺ ʭʦʜʝ ʨʝʰʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʛʠʧʦʪʝʟʘ ʧʣʦʩʢʠʭ ʩʝʯʝʥʠʡ, ʫʯʠʪʳʚʘʶʱʘʷ ʩʤʝʱʝʥʠʝ 

ʥʝʡʪʨʘʣʴʥʦʡ ʦʩʠ ʧʨʠ ʠʟʛʠʙʝ ʚ ʧʨʦʮʝʩʩʝ ʧʦʣʟʫʯʝʩʪʠ ʚʩʣʝʜʩʪʚʠʝ ʨʘʟʥʦʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʠ 

ʤʘʪʝʨʠʘʣʘ. ʈʘʩʯʝʪ ʧʨʦʠʟʚʦʜʠʪʩʷ ʢʘʢ ʚ ʣʠʥʝʡʥʦʡ 1m n , ʪʘʢ ʚ ʥʝʣʠʥʝʡʥʦʡ 3m n  

ʧʦʩʪʘʥʦʚʢʘʭ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ  ʙʝʟʨʘʟʤʝʨʥʳʭ ʧʝʨʝʤʝʥʥʳʭ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ 

ʧʨʠʚʦʜʷʪʩʷ ʚ ʚʠʜʝ ʪʘʙʣʠʮ ʠ ʛʨʘʬʠʢʦʚ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʦʚ ʈʌʌʀ ˉ 

11-08-01015, 11-08-00004. 

 
ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʧʨʦʬʝʩʩʦʨʫ ɸ.ʄ. ʃʦʢʦʱʝʥʢʦ ʠ ʠ.ʦ. ʟʘʚ. ʣʘʙ.  

ʂ.ɸ. ɸʛʘʭʠ ʟʘ ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯʠ ʠ ʦʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ.  
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ɸʅɸʃʀɿ ʄɽʍɸʅʀʏɽʉʂʀʍ ʉɺʆʁʉʊɺ ʇʆʃʀʄɽʈʅʓʍ 

ʅɸʅʆʂʆʄʇʆɿʀʊʆɺ 

 

ANALYSIS OF MECHANICAL PROPERTIES OF POLYMER 

NANOCOMPOSITES 
 

ʄ.ɸ.ʌʨʦʥʷ 
1
, ʉ.ʀ.ɸʣʝʢʩʝʝʚʘ 

1
, ʀ.ɺ.ɺʠʢʪʦʨʦʚʘ 

2
 

1
 ʋʯʨʝʞʜʝʥʠʝ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʀʥʩʪʠʪʫʪ ʤʘʰʠʥʦʚʝʜʝʥʠʷ ʠʤ. ɸ.ɸ. ɹʣʘʛʦʥʨʘʚʦʚʘ 

2
 ʋʥʠʚʝʨʩʠʪʝʪ ʂʣʝʤʩʦʥʘ, ʉʐɸ 

 

Abstract. This work is devoted to experimental studies and mathematical modeling of viscous-

elastic properties of polymer nanocomposites with nanofillers of various modifications of 

carbon: nanotubes and ultradispersed diamonds. The bulk specimen assumption was used. 

 

ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʚʷʟʢʦʫʧʨʫʛʠʭ ʩʚʦʡʩʪʚ ʧʦʣʠʤʝʨʥʳʭ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ, 

ʥʘʧʦʣʥʝʥʥʳʭ ʨʘʟʥʳʤʠ ʤʦʜʠʬʠʢʘʮʠʷʤʠ ʫʛʣʝʨʦʜʘ: ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʳʝ ʘʣʤʘʟʳ ʠ ʫʛʣʝʨʦʜʥʳʝ 

ʥʘʥʦʪʨʫʙʢʠ. 

 

ʈʘʟʨʘʙʦʪʢʘ ʠ ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʠʢʨʦ- ʠ ʥʘʥʦʜʠʩʧʝʨʩʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʢʠʝ ʤʘʪʝʨʠʘʣʳ ʚ ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʝʡ ʚ 

ʢʦʤʧʦʟʠʪʘʭ. ʆʜʥʠʤ ʠʟ ʘʢʪʠʚʥʦ ʠʩʩʣʝʜʫʝʤʳʭ ʪʠʧʦʚ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʶʪʩʷ 

ʥʘʥʦʢʦʤʧʦʟʠʪʳ ʩ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝʡ ʠ ʥʘʧʦʣʥʠʪʝʣʷʤʠ ʚ ʚʠʜʝ ʨʘʟʣʠʯʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ 

ʫʛʣʝʨʦʜʘ. 

ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʥʘʥʦʢʦʤʧʦʟʠʪʳ, ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮʳ 

ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʦʣʠʘʤʠʜ, ʘ ʚ ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʷ - ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʳʝ ʘʣʤʘʟʳ 

ʠʣʠ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ. ʆʙʨʘʟʮʳ ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ ʦʙʲʝʤʥʳʡ ʤʘʪʝʨʠʘʣ, ʠ ʢ ʥʠʤ 

ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ ʤʝʪʦʜʠʢʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʤʘʩʩʠʚʥʳʭ ʦʙʨʘʟʮʦʚ, ʘ ʠʤʝʥʥʦ 

ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʨʝʦʥʦʤʥʦʝ ʧʦʚʝʜʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ - ʧʦʣʟʫʯʝʩʪʴ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ ʧʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʜʣʷ 

ʧʦʣʠʤʝʨʥʳʭ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ, ʩ ʜʘʥʥʳʤʠ ʜʣʷ ʯʠʩʪʦʛʦ ʧʦʣʠʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮʳ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʥʘʥʦʢʦʤʧʦʟʠʪʘʭ. 

ʀʩʧʦʣʴʟʫʷ ʧʨʦʚʝʜʝʥʥʳʝ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʝ ʣʘʙʦʨʘʪʦʨʥʳʝ ʠʩʧʳʪʘʥʠʷ ʠ, ʦʩʥʦʚʳʚʘʷʩʴ 

ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷʭ ʥʘʩʣʝʜʩʪʚʝʥʥʦʡ ʤʝʭʘʥʠʢʠ ʩ ʦʧʨʝʜʝʣʷʶʱʠʤ ʫʨʘʚʥʝʥʠʝʤ ʚ ʚʠʜʝ 

ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ɺʦʣʴʪʝʨʘ 2-ʛʦ ʨʦʜʘ, ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʷʜʨʘ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʷʜʨʦ ɸʙʝʣʷ ʠ 

ʈʘʙʦʪʥʦʚʘ. 

ɺʳʧʦʣʥʝʥʥʳʡ ʢʦʤʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ ʚʷʟʢʦʫʧʨʫʛʠʭ ʩʚʦʡʩʪʚ ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʢʘʢ ʜʣʷ ʘʜʝʢʚʘʪʥʦʛʦ ʚʳʙʦʨʘ ʤʦʜʝʣʠ ʠ 

ʝʝ ʦʧʠʩʘʥʠʷ, ʪʘʢ ʠ ʜʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʠʤʝʨʥʳʭ 

ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ. 

 

 



66 

 

ʋʏɽʊ ʈɸɿʆʈʀɽʅʊɸʎʀʀ ɺʆʃʆʂʆʅ ʇʈʀ ʈɸʉʏɽʊɽ 

ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʇʈʆʌʀʃʀʈʆɺɸʅʅʆʁ ɹɸʃʂʀ ʀɿ ʂʄ 

THE CONSIDERATION OF FIBERS DISORIENATION EFFECT  

IN DESIGN OF SHAPED FRP BEAMS 
ɺ.ɺ.ʐʘʙʘʣʠʥ ï ʘʩʧ., ʅ.ɸ.ʊʘʪʫʩʴ ï ʢ.ʪ.ʥ. 

ʀʥʩʪʠʪʫʪ ʤʘʰʠʥʦʚʝʜʝʥʠʷ ʠʤ.ɸ.ɸ.ɹʣʘʛʦʥʨʘʚʦʚʘ ʈɸʅ 

 

Abstract. Application of fibrous reinforcement plastics (FRP) appears most effectively in those 

elements where besides weight reduction it is possible to solve a basic constructive problem: to 

increase bearing ability, wear resistance, durability, survivability, to lower quantity of details and 

units, to simplify technology. Fine example of successful use of advantages of FRP is composite 

leaf springs. In the report, on the elementary instance of a cantilevered beam it is shown futures 

of composite elements design with the account of fibres disorientation effect. 

 

ʇʨʠʤʝʥʝʥʠʝ ʚʦʣʦʢʥʠʩʪʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʂʄ) ʦʢʘʟʳʚʘʝʪʩʷ 

ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʚ ʪʝʭ ʵʣʝʤʝʥʪʘʭ, ʛʜʝ ʧʦʤʠʤʦ ʩʥʠʞʝʥʠʷ ʚʝʩʘ ʫʜʘʝʪʩʷ ʨʝʰʠʪʴ 

ʧʨʠʥʮʠʧʠʘʣʴʥʫʶ ʢʦʥʩʪʨʫʢʪʠʚʥʫʶ ʟʘʜʘʯʫ: ʫʚʝʣʠʯʠʪʴ ʥʝʩʫʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ, 

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ, ʜʦʣʛʦʚʝʯʥʦʩʪʴ, ʞʠʚʫʯʝʩʪʴ, ʩʥʠʟʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʜʝʪʘʣʝʡ ʠ ʫʟʣʦʚ, 

ʫʧʨʦʩʪʠʪʴ ʪʝʭʥʦʣʦʛʠʶ ʧʦʣʫʯʝʥʠʷ ʠʟʜʝʣʠʡ ʩʣʦʞʥʦʡ ʬʦʨʤʳ.  

ʇʨʝʢʨʘʩʥʳʤ ʧʨʠʤʝʨʦʤ ʫʩʧʝʰʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʝʠʤʫʱʝʩʪʚ ʂʄ ʩʣʫʞʘʪ 

ʩʪʝʢʣʦʧʣʘʩʪʠʢʦʚʳʝ ʨʝʩʩʦʨʳ. ʕʪʠ ʫʧʨʫʛʠʝ ʵʣʝʤʝʥʪʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ 

ʘʚʪʦʤʦʙʠʣʝʩʪʨʦʝʥʠʠ (ʨʠʩ.1), ʥʦ ʠ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʣʸʛʢʠʭ ʩʘʤʦʣʸʪʦʚ, ʘʚʪʦʞʠʨʦʚ, 

ʩʥʝʛʦʭʦʜʦʚ ʠ ʪ.ʜ. ʉʫʱʝʩʪʚʫʶʪ ʜʘʞʝ ʢʨʝʧʷʱʠʝʩʷ ʢ ʥʦʛʘʤ ʯʝʣʦʚʝʢʘ çɼʞʦʣʣʠ-ʜʞʘʤʧʝʨʳè 

(ʨʠʩ.2), ʧʦ ʩʫʪʠ ï ʨʝʩʩʦʨʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʨʳʛʘʪʴ ʜʦ 2,5 ʤ ʚ ʚʳʩʦʪʫ, 5 ʤ ʚ ʜʣʠʥʫ ʠ ʙʝʞʘʪʴ 

ʩʦ ʩʢʦʨʦʩʪʴʶ 32 ʢʤ/ʯ. ʊʦ ʝʩʪʴ ʪʝʭʥʦʣʦʛʠʷ ʩʦʟʜʘʥʠʷ ʂʄ ʧʦʟʚʦʣʷʝʪ ʢʦʥʩʪʨʫʢʪʦʨʘʤ 

ʫʚʝʨʝʥʥʦ ʧʨʦʝʢʪʠʨʦʚʘʪʴ ʢʦʤʧʦʟʠʪʥʳʝ ʫʧʨʫʛʠʝ ʵʣʝʤʝʥʪʳ ʩ ʰʠʨʦʢʦʡ ʦʙʣʘʩʪʴʶ 

ʧʨʠʤʝʥʝʥʠʷ. 

ɺ ʜʦʢʣʘʜʝ, ʥʘ ʧʨʦʩʪʝʡʰʝʤ ʧʨʠʤʝʨʝ ʢʦʥʩʦʣʴʥʦʡ ʙʘʣʢʠ ʧʦʢʘʟʘʥ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʯʝʪʘ 

ʢʦʤʧʦʟʠʪʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩ ʫʯʝʪʦʤ ʚʦʟʥʠʢʘʶʱʝʡ ʧʨʠ ʧʨʦʬʠʣʠʨʦʚʘʥʠʠ ʨʘʟʦʨʠʝʥʪʘʮʠʠ 

ʚʦʣʦʢʦʥ. ʆʮʝʥʝʥʦ ʚʣʠʷʥʠʝ ʨʘʟʦʨʠʝʥʪʘʮʠʠ ʥʘ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʠ ʧʨʦʯʥʦʩʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʘ. ʇʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʧʨʦʬʠʣʠʨʦʚʘʥʥʳʭ ʙʘʣʦʢ, ʧʨʦʚʝʜʝʥʦ 

ʩʨʘʚʥʝʥʠʝ ʠʭ ʩ ʧʨʷʤʦʫʛʦʣʴʥʳʤʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪʴ ʟʘʧʘʩʘʝʤʫʶ ʫʧʨʫʛʫʶ ʵʥʝʨʛʠʶ. 

  
ʈʠʩ. 1. ʉʪʝʢʣʦʧʣʘʩʪʠʢʦʚʳʝ ʨʝʩʩʦʨʳ ï çʘʧʛʨʝʡʜè 

ʥʘ çɼʞʠʧ ʈʘʥʛʣʝʨè ʜʣʷ ʧʨʦʜʚʠʥʫʪʳʭ 

ʧʫʪʝʰʝʩʪʚʝʥʥʠʢʦʚ 

ʈʠʩ.2. çɼʞʦʣʣʠ-ʜʞʘʤʧʝʨè 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʇʦʣʠʣʦʚ ɸ.ʅ., ʊʘʪʫʩʴ ʅ.ɸ. ʂʨʠʪʝʨʠʠ ʧʨʦʯʥʦʩʪʠ ʧʦʣʠʤʝʨʥʳʭ ʚʦʣʦʢʥʠʩʪʳʭ 

ʢʦʤʧʦʟʠʪʦʚ, ʦʧʠʩʳʚʘʶʱʠʝ ʥʝʢʦʪʦʨʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʘʙʣʶʜʘʝʤʳʝ 

ʵʬʬʝʢʪʳ//ʇʨʦʙʣʝʤʳ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. 2008, ˉ3, ʩ. 103-110. 

2. ʇʦʣʠʣʦʚ ɸ.ʅ., ʊʘʪʫʩʴ ʅ.ɸ. ʆʧʪʠʤʘʣʴʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʢʦʤʧʦʟʠʪʥʳʭ ʩʪʨʫʢʪʫʨ ʧʦ 

ʫʩʣʦʚʠʷʤ çʨʘʚʥʦʧʨʦʯʥʦʩʪʠè//ʊʨʫʜʳ ɺʩʝʨʦʩʩʠʡʩʢʦʛʦ ʩʲʝʟʜʘ ʧʦ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ 

ʧʨʠʢʣʘʜʥʦʡ ʤʝʭʘʥʠʢʝ, 2006, ʪʦʤ 3, ʩʪʨ. 175.  



ʉɽʂʎʀʗ 3.

ʅʝʣʠʥʝʡʥʘ̫ ʚʦʣʥʦʚʘ̫ ʤʝʭʘʥʠʢʘ ʠ

ʪʝʭʥʦʣʦʛʠʠ 
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ʇʔɽɿʆʕʃɽʂʊʈʀʏɽʉʂʀʁ ɼɺʀɻɸʊɽʃʔ ʄɸʃʆʁ ʄʆʑʅʆʉʊʀ 

THE PIEZOELECTRIC ENGINE OF LOW POWER 
ʇ.ɺ. ɸʨʭʠʧʦʚ ï ʩʪʫʜ., ʀ.ɺ. ʐʫʚʘʝʚ ï ʢ.ʪ.ʥ., ʠ.ʦ. ʜʦʮ. 

ʉʘʤʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

Abstract. Piezoelectric engine has a number of lacks. In this work the author makes an attempt 

to eliminate some lacks such, as a friction in steam metal-pezoceramics, small efficiency. 

 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʨʘʟʨʘʙʦʪʢʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʦʧʪʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʚ ʩʠʩʪʝʤʘʭ ʘʚʪʦʤʘʪʠʢʠ, ʚ ʨʦʙʦʪʦʩʪʨʦʝʥʠʠ, ʘ ʪʘʢʞʝ ʚ ʧʨʦʪʝʟʥʦ-

ʦʨʪʦʧʝʜʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚʘʭ.  

ʅʘ ʨʠʩ.1 ʧʨʝʜʩʪʘʚʣʝʥ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʜʚʠʛʘʪʝʣʴ ʣʠʥʝʡʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʤʘʣʦʡ 

ʤʦʱʥʦʩʪʠ, ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ ʩʦʩʪʘʚʥʦʡ ʢʦʨʧʫʩ 1, ʤʝʞʜʫ ʯʘʩʪʷʤʠ ʢʦʪʦʨʦʛʦ ʫʩʪʘʥʦʚʣʝʥʘ 

ʩʠʩʪʝʤʘ ʚʦʟʙʫʞʜʝʥʠʷ ʚ ʚʠʜʝ ʧʘʢʝʪʥʦʛʦ ʧʴʝʟʦʢʝʨʘʤʠʯʝʩʢʦʛʦ ʚʠʙʨʘʪʦʨʘ 2, ʥʘ ʢʦʨʧʫʩʝ 1 

ʟʘʢʨʝʧʣʝʥ ʜʚʠʞʠʪʝʣʴ ʚ ʚʠʜʝ ʫʧʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ 3, ʬʨʠʢʮʠʦʥʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʩ 

ʥʘʧʨʘʚʣʷʶʱʝʡ 4.  

 
ʈʠʩ. 1. ʇʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʜʚʠʛʘʪʝʣʴ 

 

ʇʨʠ ʧʦʜʘʯʝ ʥʘ ʦʙʢʣʘʜʢʠ ʧʘʢʝʪʥʦʛʦ ʧʴʝʟʦʢʝʨʘʤʠʯʝʩʢʦʛʦ ʚʠʙʨʘʪʦʨʘ ʥʘʧʨʷʞʝʥʠʷ 

ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʳ ʦʥ, ʠʟʤʝʥʷʷ ʚʩʣʝʜʩʪʚʠʝ ʦʙʨʘʪʥʦʛʦ ʧʴʝʟʦʵʬʬʝʢʪʘ ʩʚʦʠ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ, ʚʦʟʙʫʞʜʘʝʪ ʧʨʦʜʦʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʯʘʩʪʝʡ ʩʦʩʪʘʚʥʦʛʦ ʢʦʨʧʫʩʘ, 

ʧʨʠʯʝʤ ʥʘʢʣʦʥʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʫʧʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʦʙʝʠʭ ʯʘʩʪʷʭ 

ʢʦʨʧʫʩʘ ʚ ʦʜʥʫ ʩʪʦʨʦʥʫ, ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʠʪʴ ʜʚʠʞʝʥʠʝ ʢʘʢ ʥʘ ʵʪʘʧʝ ʫʚʝʣʠʯʝʥʠʷ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʧʘʢʝʪʥʦʛʦ ʧʴʝʟʦʢʝʨʘʤʠʯʝʩʢʦʛʦ ʚʠʙʨʘʪʦʨʘ, ʪʘʢ ʠ ʧʨʠ ʝʛʦ ʩʞʘʪʠʠ, 

ʪʘʢ ʢʘʢ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʦʜʥʘ ʠʟ ʯʘʩʪʝʡ ʢʦʨʧʫʩʘ ʦʩʪʘʝʪʩʷ ʥʝʧʦʜʚʠʞʥʦʡ ʚʩʣʝʜʩʪʚʠʝ 

ʟʘʢʣʠʥʠʚʘʥʠʷ ʫʧʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ, ʘ ʜʨʫʛʘʷ ʧʨʦʜʚʠʛʘʝʪʩʷ ʚʧʝʨʝʜ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣ 

ʧʘʢʝʪʥʦʛʦ ʧʴʝʟʦʢʝʨʘʤʠʯʝʩʢʦʛʦ ʚʠʙʨʘʪʦʨʘ. ʇʨʠ ʝʛʦ ʩʞʘʪʠʠ ʟʘʢʣʠʥʠʚʘʝʪʩʷ ʚʪʦʨʘʷ ʯʘʩʪʴ, ʘ 

ʧʝʨʚʘʷ ʧʦʜʪʷʛʠʚʘʝʪʩʷ ʢʦ ʚʪʦʨʦʡ ʯʘʩʪʠ ʧʘʢʝʪʥʳʤ ʧʴʝʟʦʢʝʨʘʤʠʯʝʩʢʠʤ ʚʠʙʨʘʪʦʨʦʤ. ʅʘ 

ʩʣʝʜʫʶʱʝʤ ʮʠʢʣʝ ʢʦʣʝʙʘʥʠʡ ʧʨʦʮʝʩʩ ʧʦʚʪʦʨʷʝʪʩʷ ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʨʝʘʣʠʟʫʝʪʩʷ 

ʥʝʧʨʝʨʳʚʥʦʝ ʣʠʥʝʡʥʦʝ ʜʚʠʞʝʥʠʝ ʩ ʜʠʩʢʨʝʪʥʦʩʪʴʶ ʰʘʛʘ ʧʨʠʤʝʨʥʦ ʚ 1 ʤʢʤ. ʋʩʪʨʦʡʩʪʚʦ 

ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʢʘʩʢʘʜʠʨʦʚʘʥʠʝ, ʪ.ʝ. ʧʨʠ ʩʦʝʜʠʥʝʥʠʠ ʚʠʙʨʦʜʚʠʛʘʪʝʣʷ ʣʠʥʝʡʥʦʛʦ 

ʧʝʨʝʤʝʰʝʥʠʷ ʩ ʜʚʠʛʘʪʝʣʝʤ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʦʚʘʪʴ 

ʜʚʫʭʢʦʦʨʜʠʥʘʪʥʦʝ ʜʚʠʞʝʥʠʝ.  

ʇʨʠʤʝʥʝʥʠʝ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʜʚʠʛʘʪʝʣʷ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ 

ʂʇɼ ʥʘ 25-30% ʟʘ ʩʯʝʪ ʙʦʣʝʝ ʧʦʣʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʵʥʝʨʛʠʠ, ʦʙʝʩʧʝʯʠʪʴ 

ʜʚʠʞʝʥʠʝ ʩ ʥʘʧʨʘʚʣʷʶʱʠʤʠ, ʚʳʧʦʣʥʝʥʥʳʤʠ ʠʟ ʥʝʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʥʝʨʞʘʚʝʶʱʘʷ 

ʩʪʘʣʴ, ʪʠʪʘʥ, ʢʝʨʘʤʠʢʘ, ʧʣʘʩʪʤʘʩʩʘ), ʥʝ ʪʨʝʙʫʝʪ ʥʘʣʠʯʠʷ ʩʠʩʪʝʤʳ ʢʦʤʤʫʪʘʮʠʠ, ʥʝ ʩʦʟʜʘʝʪ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ. 
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ʆʇʀʉɸʅʀɽ ʈɸʉʇʈʆʉʊʈɸʅɽʅʀʗ ʋʇʈʋɻʀʍ ɺʆʃʅ ɺ ʉʃʆʀʉʊʓʍ 

ʕʃɽʄɽʅʊɸʍ ʂʆʅʉʊʈʋʂʎʀʁ ʉ ʃʀʅɽʁʅʆ-ʋʇʈʋɻʀʄʀ ʀ ɺʗɿʂʆ-

ʋʇʈʋɻʀʄʀ ʉʀʃɸʄʀ ʂʆʅʊɸʂʊʅʆɻʆ ɺɿɸʀʄʆɼɽʁʉʊɺʀʗ  

ʉ ʇʆʄʆʑʔʖ ʋʊʆʏʅɽʅʅʓʍ ʉʊɽʈɾʅɽɺʓʍ ʄʆɼɽʃɽʁ 

 

DESCRIPTION OF ELASTIC WAVE PROPAGATION IN THE LAMINATED 

STRUCTURES INCLUDING LINEAR-ELASTIC AND VISCOUS-ELASTIC 

CONTACT FORCES ON BASIS OF REFINED BEAM MODELS 

 

ʅ.ʀ.ɸʨʭʠʧʦʚʘ ï ʩʪʫʜ. 

ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ.ʃʦʙʘʯʝʚʩʢʦʛʦ 

 

Abstract. In the paper it is shown that beam models can be used to describe the dynamic 

processes in the laminated structures. The case of the two-layer beam making longitudinal 

oscillations is discussed. 

 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʦʩʪʘʚʥʦʡ ʩʪʝʨʞʝʥʴ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʜʚʫʭ 

ʩʪʝʨʞʥʝʡ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʢʦʥʪʘʢʪʝ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʧʨʠʯʝʤ ʩʠʣʘ ʢʦʥʪʘʢʪʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʣʠʥʝʡʥʦ-ʫʧʨʫʛʦʡ. ɼʚʠʞʝʥʠʝ ʩʪʝʨʞʥʝʡ ʦʧʠʩʳʚʘʝʪʩʷ 

ʩʠʩʪʝʤʦʡ ʫʨʘʚʥʝʥʠʡ ʪʘʢʦʡ, ʯʪʦ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʥʘ ʣʝʚʳʡ ʢʦʥʝʮ ʩʪʝʨʞʥʝʡ 

ʜʝʡʩʪʚʫʝʪ ʠʤʧʫʣʴʩ ʢʠʥʝʤʘʪʠʯʝʩʢʦʛʦ ʠʣʠ ʩʠʣʦʚʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʘ ʠʭ ʧʨʘʚʳʡ ʢʦʥʝʮ 

ʩʚʦʙʦʜʝʥ. ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʩʚʦʜʠʪʩʷ ʢ ʦʜʥʦʤʫ ʫʨʘʚʥʝʥʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʝʨʝʤʝʱʝʥʠʷ ʩʨʝʜʠʥʥʦʡ ʣʠʥʠʠ ʦʜʥʦʛʦ ʠʟ ʩʪʝʨʞʥʝʡ. ɸʥʘʣʦʛʠʯʥʦʝ ʫʨʘʚʥʝʥʠʝ ʧʦʣʫʯʘʝʪʩʷ ʚ 

ʤʦʜʝʣʠ ʄʠʥʜʣʠʥʘ-ɻʝʨʤʘʥʘ, ʦʧʠʩʳʚʘʶʱʝʡ ʧʨʦʜʦʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʩʪʝʨʞʥʷ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʨʦʜʦʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʩʦʩʪʘʚʥʦʛʦ ʩʪʝʨʞʥʷ ʦʧʠʩʳʚʘʶʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ʄʠʥʜʣʠʥʘ-

ɻʝʨʤʘʥʘ ʧʨʦʜʦʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʥʝʢʦʪʦʨʦʛʦ ʛʠʧʦʪʝʪʠʯʝʩʢʦʛʦ ʩʪʝʨʞʥʷ.  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʵʥʝʨʛʠʷ ʚʦʣʥ ʚ ʦʜʥʦʨʦʜʥʳʭ ʜʠʩʧʝʨʛʠʨʫʶʱʠʭ ʩʠʩʪʝʤʘʭ ʧʝʨʝʥʦʩʠʪʩʷ ʩ 

ʛʨʫʧʧʦʚʦʡ ʩʢʦʨʦʩʪʴʶ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʩʦʩʪʘʚʣʝʥʦ ʫʨʘʚʥʝʥʠʝ ʜʠʥʘʤʠʢʠ ʩʪʝʨʞʥʷ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʣʘʛʨʘʥʞʠʘʥʦʤ, ʟʘʚʠʩʷʱʠʤ ʦʪ ʧʨʦʜʦʣʴʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʠ ʠʭ ʯʘʩʪʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ. ʀʟ ʫʨʘʚʥʝʥʠʷ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʚʳʨʘʞʝʥʳ ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ ʠ ʧʣʦʪʥʦʩʪʴ 

ʧʦʪʦʢʘ ʵʥʝʨʛʠʠ ʚʦʣʥʳ, ʠ ʫʩʨʝʜʥʝʥʳ ʧʦ ʬʘʟʝ. ɺʚʝʜʝʥʦ ʧʦʥʷʪʠʝ ʩʢʦʨʦʩʪʠ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ 

ʚʦʣʥʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ ʦʪʥʦʰʝʥʠʝ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʵʥʝʨʛʠʠ ʢ 

ʩʨʝʜʥʝʤʫ ʟʥʘʯʝʥʠʶ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ ʚʦʣʥʳ. ʇʝʨʝʤʝʱʝʥʠʷ ʠʟʤʝʥʷʶʪʩʷ ʧʦ ʟʘʢʦʥʫ 

ʙʝʛʫʱʝʡ ʛʘʨʤʦʥʠʯʝʩʢʦʡ ʚʦʣʥʳ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ, ʦʧʨʝʜʝʣʝʥʳ ʯʘʩʪʦʪʘ, ʚʦʣʥʦʚʦʝ ʯʠʩʣʦ 

ʠ ʛʨʫʧʧʦʚʘʷ ʩʢʦʨʦʩʪʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʵʥʝʨʛʠʠ ʚʦʣʥʳ ʠ ʛʨʫʧʧʦʚʘʷ 

ʩʢʦʨʦʩʪʴ ʨʘʚʥʳ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʥʝʨʛʠʷ ʫʧʨʫʛʠʭ ʚʦʣʥ ʠ ʧʦ ʩʣʦʠʩʪʳʤ ʵʣʝʤʝʥʪʘʤ 

ʢʦʥʩʪʨʫʢʮʠʡ ʧʝʨʝʥʦʩʠʪʩʷ ʩ ʛʨʫʧʧʦʚʦʡ ʩʢʦʨʦʩʪʴʶ. 

ʂʨʦʤʝ ʪʦʛʦ, ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʦʩʪʘʚʥʦʡ ʩʪʝʨʞʝʥʴ, ʛʜʝ ʩʠʣʘ ʢʦʥʪʘʢʪʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʣʠʥʝʡʥʦʡ ʚʷʟʢʦ-ʫʧʨʫʛʦʡ. ɼʚʠʞʝʥʠʝ ʩʪʝʨʞʥʝʡ ʪʘʢʞʝ 

ʦʧʠʩʳʚʘʝʪʩʷ ʩʠʩʪʝʤʦʡ ʫʨʘʚʥʝʥʠʡ, ʢʦʪʦʨʘʷ ʩʚʦʜʠʪʩʷ ʢ ʦʜʥʦʤʫ ʫʨʘʚʥʝʥʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʝʨʝʤʝʱʝʥʠʷ ʩʨʝʜʠʥʥʦʡ ʣʠʥʠʠ ʦʜʥʦʛʦ ʠʟ ʩʪʝʨʞʥʝʡ. ɿʘʤʝʯʝʥʦ, ʯʪʦ ʘʥʘʣʦʛʠʯʥʦʝ ʫʨʘʚʥʝʥʠʝ 

ʧʦʣʫʯʘʝʪʩʷ ʚ ʤʦʜʝʣʠ ʄʠʥʜʣʠʥʘ-ɻʝʨʤʘʥʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʜʦʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʩʦʩʪʘʚʥʦʛʦ ʩʪʝʨʞʥʷ ʢʘʢ ʧʨʠ ʫʧʨʫʛʦʤ, ʪʘʢ ʠ 

ʧʨʠ ʚʷʟʢʦ-ʫʧʨʫʛʦʤ ʢʦʥʪʘʢʪʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʤʦʛʫʪ ʙʳʪʴ ʦʧʠʩʘʥʳ ʫʨʘʚʥʝʥʠʝʤ 

ʄʠʥʜʣʠʥʘ-ɻʝʨʤʘʥʘ ʧʨʦʜʦʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʥʝʢʦʪʦʨʦʛʦ ʛʠʧʦʪʝʪʠʯʝʩʢʦʛʦ ʩʪʝʨʞʥʷ. 
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FLEXURAL-TORSIONAL WAVES IN A PRE-TWISTED BEAM 
 

ʆ.ʀ.ʆʨʝʭʦʚʘ ï ʘʩʧ. 

ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʬʠʣʠʘʣ ʠʥʩʪʠʪʫʪʘ ʤʘʰʠʥʦʚʝʜʝʥʠʷ ʠʤ.ɸ.ɸ.ɹʣʘʛʦʥʨʘʚʦʚʘ ʈɸʅ 

 

Abstract. The article studies dispersion of flexural and torsional waves in a pre-twisted beam. 

Comparison of flexural wave propagation Relay model with wave in a beam Bernoulli-Euler 

model is shown. 

 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠʟʛʠʙʥʦ-ʢʨʫʪʠʣʴʥʦʡ ʚʦʣʥʳ ʚ ʙʘʣʢʘʭ, ʢʦʣʴʮʝʚʦʛʦ 

ʠʣʠ ʢʨʫʛʦʚʦʛʦ ʩʝʯʝʥʠʷ, ʜʣʷ ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠʟʛʠʙʥʦʡ ʠ 

ʢʨʫʪʠʣʴʥʦʡ ʚʦʣʥʳ ʥʝʟʘʚʠʩʠʤʦ, ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʜʝʧʣʘʥʘʮʠʠ. ʋʛʦʣ ʧʦʚʦʨʦʪʘ ʟʘʜʘʝʪʩʷ 

ʧʦʩʪʦʷʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ (
0
) ʠ ʧʝʨʝʤʝʥʥʦʡ (),(

~
tx ), ʟʘʚʠʩʠʤʦʡ ʦʪ ʢʦʦʨʜʠʥʘʪʳ ʠ 

ʚʨʝʤʝʥʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʜʘʝʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʟʘʢʨʫʯʝʥʥʦʩʪʴ ʚ ʙʘʣʢʝ.  

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʜʠʩʧʝʨʩʠʦʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʜʣʷ ʚʦʣʥ ʚʳʛʣʷʜʷʪ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: 

ʜʣʷ ʢʨʫʪʠʣʴʥʦʡ ʚʦʣʥʳ: 3
0
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Js
c ; 

ʜʣʷ ʠʟʛʠʙʥʦʡ ʚʦʣʥʳ: 
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kyr
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ʛʜʝ ɤ ï ʯʘʩʪʦʪʘ ʚʦʣʥʳ; k ï ʚʦʣʥʦʚʦʝ ʯʠʩʣʦ; Jɟ ï ʧʦʣʷʨʥʳʡ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ; Js ï 

ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʧʨʠ ʢʨʫʯʝʥʠʠ; F ï ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʩʪʝʨʞʥʷ; cŰ ï ʩʢʦʨʦʩʪʴ 

ʚʦʣʥʳ ʩʜʚʠʛʘ; c0 ï ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʦʜʦʣʴʥʦʡ ʚʦʣʥʳ (ʩʪʝʨʞʥʝʚʘʷ ʩʢʦʨʦʩʪʴ); ɟ 

ï ʧʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ, ɚ, ɛ ï ʢʦʥʩʪʘʥʪʳ ʃʘʤʝ; ry - ʦʩʝʚʦʡ ʨʘʜʠʫʩ ʠʥʝʨʮʠʠ. 

ɼʠʩʧʝʨʩʠʷ ʢʨʫʪʠʣʴʥʦʡ ʚʦʣʥʳ ʥʦʨʤʘʣʴʥʘʷ, ʝʩʣʠ ʥʘʯʘʣʴʥʳʡ ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʦʪʣʠʯʝʥ 

ʦʪ ʥʫʣʷ (ɗ0>0), ʘ ʧʨʠ ʝʛʦ ʦʪʩʫʪʩʪʚʠʠ (ɗ0=0), ʟʥʘʯʝʥʠʷ ʬʘʟʦʚʦʡ ʠ ʛʨʫʧʧʦʚʦʡ ʩʢʦʨʦʩʪʝʡ 

ʩʦʚʧʘʜʘʶʪ, ʪʦ ʝʩʪʴ ʜʠʩʧʝʨʩʠʷ ʦʪʩʫʪʩʪʚʫʝʪ.  

ɼʠʩʧʝʨʩʠʷ ʠʟʛʠʙʥʦʡ ʚʦʣʥʳ ʤʝʥʷʝʪʩʷ ʧʨʠ ʥʝʢʦʪʦʨʦʤ ʟʥʘʯʝʥʠʠ ʚʦʣʥʦʚʦʛʦ ʯʠʩʣʘ (kô) 

ʧʨʠ ʣʶʙʳʭ ʟʥʘʯʝʥʠʷʭ ʫʛʣʘ ʥʘʯʘʣʴʥʦʛʦ ʧʦʚʦʨʦʪʘ: ʧʨʠ k<kô ï ʜʠʩʧʝʨʩʠʷ ʥʦʨʤʘʣʴʥʘʷ; ʧʨʠ 

k>kô ï ʜʠʩʧʝʨʩʠʷ ʚʦʣʥʳ ʘʥʦʤʘʣʴʥʘʷ. 

ɼʠʩʧʝʨʩʠʦʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʜʣʷ ʠʟʛʠʙʥʦʡ ʚʦʣʥʳ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʙʘʣʢʝ ʤʦʜʝʣʠ 

ʈʝʣʝʷ, ʫʯʠʪʳʚʘʶʱʝʡ ʠʥʝʨʮʠʶ ʚʨʘʱʝʥʠʷ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʧʨʠ ʠʟʛʠʙʝ. ʀʩʢʣʶʯʠʚ ʠʟ 

ʟʥʘʤʝʥʘʪʝʣʷ ʩʣʘʛʘʝʤʦʝ 22kry , ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʫʶ ʟʘʚʠʩʠʤʦʩʪʴ: 
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2222
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kyrck . 

ɼʘʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʙʘʣʢʝ ʤʦʜʝʣʠ ɹʝʨʥʫʣʣʠ-ʕʡʣʝʨʘ, 

ʧʨʝʥʝʙʨʝʛʘʶʱʝʡ ʚʣʠʷʥʠʝʤ ʵʪʦʛʦ ʬʘʢʪʦʨʘ ʥʘ ʠʟʛʠʙ. 

ʉʨʘʚʥʠʚʘʶʪʩʷ ʯʘʩʪʦʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʘ ʪʘʢʞʝ ʬʘʟʦʚʳʝ ʠ ʛʨʫʧʧʦʚʳʝ ʩʢʦʨʦʩʪʠ 

ʠʟʛʠʙʥʦʡ ʚʦʣʥʳ. ʏʘʩʪʦʪʘ ʠ ʬʘʟʦʚʘʷ ʩʢʦʨʦʩʪʴ ʩ ʨʦʩʪʦʤ ʚʦʣʥʦʚʦʛʦ ʯʠʩʣʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʠʟʛʠʙʥʦʡ ʚʦʣʥʳ ʧʦ ʤʦʜʝʣʠ ʈʝʣʝʷ ʚʦʟʨʘʩʪʘʝʪ ʤʝʜʣʝʥʥʝʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʯʘʩʪʦʪʘʤʠ ʠ 

ʩʢʦʨʦʩʪʴʶ, ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʧʦ ʤʦʜʝʣʠ ɹʝʨʥʫʣʣʠ-ʕʡʣʝʨʘ. ɿʥʘʯʝʥʠʷ ʛʨʫʧʧʦʚʦʡ ʩʢʦʨʦʩʪʠ 

ʠʟʛʠʙʥʦʡ ʚʦʣʥʳ ʩʦʛʣʘʩʥʦ ʪʝʦʨʠʠ ʈʝʣʝʷ ʚʦʟʨʘʩʪʘʶʪ ʠʥʪʝʥʩʠʚʥʝʝ, ʯʝʤ ʧʦ ʪʝʦʨʠʠ ɹʝʨʥʫʣʣʠ-

ʕʡʣʝʨʘ, ʧʨʠ ʦʜʥʠʭ ʟʥʘʯʝʥʠʷʭ ʥʘʯʘʣʴʥʦʛʦ ʫʛʣʘ ʧʦʚʦʨʦʪʘ. 
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ʉ ʇʔɽɿʆʕʃɽʂʊʈʀʏɽʉʂʀʄ ɺʆɿɹʋɼʀʊɽʃɽʄ ʂʆʃɽɹɸʅʀʁ 

RESONANS TURNING OF THE ROD SYSTEM  

WITH PIESOELECTRIC EXCITATION 
 

ʂ.ɸ.ʇʠʯʫʛʠʥ ï ʥ.ʩ. 

ʀʥʩʪʠʪʫʪ ʤʘʰʠʥʦʚʝʜʝʥʠʷ ʠʤ.ɸ.ɸ.ɹʣʘʛʦʥʨʘʚʦʚʘ ʈɸʅ 

 

Abstract. The optimization problem of rod oscillatory system parameters ultrasonic 

technological set is solved. Lengths of the rods exciting by the piezoelement and frequency of 

oscillations from a condition of realization of the maximum amplitude at the restrictions caused 

by mechanical strength of system elements and a condition of electric a piezoelment durability. 

 

ʐʠʨʦʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʨʝʞʥʝʚʳʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʚ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʢʘʭ ʚʳʥʫʞʜʘʝʪ ʠʩʢʘʪʴ ʩʧʦʩʦʙʳ ʠʭ ʥʘʩʪʨʦʡʢʠ ʥʘ ʦʧʪʠʤʘʣʴʥʳʝ 

ʨʝʞʠʤʳ ʨʘʙʦʪʳ. ʊʘʢʦʡ ʥʘʩʪʨʦʡʢʦʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʷʚʣʷʝʪʩʷ ʨʝʟʦʥʘʥʩʥʘʷ ʥʘʩʪʨʦʡʢʘ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʤʘʢʩʠʤʘʣʴʥʫʶ ʘʤʧʣʠʪʫʜʫ ʢʦʣʝʙʘʥʠʡ ʨʘʙʦʯʝʛʦ ʪʦʨʮʘ ʩʪʝʨʞʥʝʚʦʡ 

ʩʠʩʪʝʤʳ [1].  

ʉʭʝʤʘ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʩʪʨʝʞʥʝʚʦʡ ʩʠʩʪʝʤʳ ʩ ʧʨʦʜʦʣʴʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ 

ʚʦʣʥʦʚʦʜʦʚ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1, ʛʜʝ 1, 3 ï ʚʦʣʥʦʚʦʜʳ ʜʣʠʥʦʡ 1l ,
3l ; 2 ï ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʡ 

ʚʦʟʙʫʜʠʪʝʣʴ ʢʦʣʝʙʘʥʠʡ (ʧʴʝʟʦʵʣʝʤʝʥʪ), 4 ï ʨʘʙʦʯʠʡ ʪʦʨʝʮ ʩʪʝʨʞʥʝʚʦʡ ʩʠʩʪʝʤʳ. 

ɺʦʟʙʫʜʠʪʝʣʴ ʢʦʣʝʙʘʥʠʡ ʧʦʣʫʯʘʝʪ ʧʠʪʘʥʠʝ ʦʪ ʛʝʥʝʨʘʪʦʨʘ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ. 

 
ʈʠʩ. 1. ʊʠʧʦʚʘʷ ʩʭʝʤʘ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʩʪʝʨʞʥʝʚʦʡ ʩʠʩʪʝʤʳ 

 

ɺ ʨʘʙʦʪʝ ʧʨʠʚʦʜʷʪʩʷ ʫʨʘʚʥʝʥʠʷ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʚʦʟʙʫʜʠʪʝʣʷ ʠ ʟʘʧʠʩʘʥʥʳʝ ʚ 

ʦʧʝʨʘʪʦʨʥʦʤ ʚʠʜʝ ʫʨʘʚʥʝʥʠʷ ʢʦʣʝʙʘʥʠʡ ʩʪʝʨʞʥʝʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ 

ʫʨʘʚʥʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʩʣʦʚʠʡ ʩʚʷʟʠ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ 

ʨʘʚʝʥʩʪʚʝ ʜʣʠʥ ʩʪʝʨʞʥʝʡ ʥʘʠʣʫʯʰʝʡ ʨʝʟʦʥʘʥʩʥʦʡ ʥʘʩʪʨʦʡʢʦʡ ʷʚʣʷʝʪʩʷ ʩ ʨʝʞʠʤ ʩ 

ʯʘʩʪʦʪʦʡ, ʨʘʚʥʦʡ  ʧʘʨʮʠʘʣʴʥʦʡ ʯʘʩʪʦʪʝ ʩʪʝʨʞʥʝʡ. ʇʨʠ ʪʘʢʦʡ ʥʘʩʪʨʦʡʢʝ ʩʠʩʪʝʤʘ ʨʘʙʦʪʘʝʪ ʚ 

ʨʝʞʠʤʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʛʘʩʠʪʝʣʷ, ʢʦʛʜʘ ʚ ʦʪʩʫʪʩʪʚʠʝ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʪʦʨʮʳ ʧʴʝʟʦʵʣʝʤʝʥʪʘ 

ʥʝʧʦʜʚʠʞʥʳ, ʘ ʢʦʣʝʙʘʥʠʷ ʩʪʝʨʞʥʝʡ ʫʨʘʚʥʦʚʝʰʠʚʘʶʪ ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʥʝʤ ʩʠʣʳ. 

ɸʥʘʣʦʛʠʯʥʳʡ ʨʝʟʫʣʴʪʘʪ ʙʳʣ ʧʦʣʫʯʝʥ ʚ [2]. ʀʤʝʥʥʦ ʪʘʢʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ. ɺ ʜʦʢʣʘʜʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʦʩʪʠʛʘʝʤʘʷ 

ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ ʦʛʨʘʥʠʯʝʥʘ ʪʨʝʙʦʚʘʥʠʷʤʠ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʯʥʦʩʪʴʶ ʧʴʝʟʦʵʣʝʤʝʥʪʘ 

ɺ ʨʘʙʦʪʝ ʨʝʰʘʝʪʩʷ ʦʙʱʘʷ ʟʘʜʘʯʘ, ʟʘʢʣʶʯʘʶʱʘʷʩʷ ʚ ʦʪʳʩʢʘʥʠʠ ʥʘʠʣʫʯʰʝʛʦ 

ʩʦʦʪʥʦʰʝʥʠʷ ʜʣʠʥ ʩʪʝʨʞʥʝʡ, ʧʨʠ ʢʦʪʦʨʦʤ ʜʦʩʪʠʛʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʘʤʧʣʠʪʫʜʘ 

ʢʦʣʝʙʘʥʠʡ ʨʘʙʦʯʝʛʦ ʪʦʨʮʘ. ʇʨʠ ʵʪʦʤ ʫʯʠʪʳʚʘʶʪʩʷ ʦʛʨʘʥʠʯʝʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʴʶ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ ʠ ʫʩʣʦʚʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ 

ʧʴʝʟʦʵʣʝʤʝʥʪʘ.  
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ʀɿʋʏɽʅʀɽ ʉɺʆʁʉʊɺ ʀɿʅʆʉʆʉʊʆʁʂʀʍ ʇʆʂʈʓʊʀʁ 

STUDYING THE PROPERTIES OF WEAR RESISTANT COATINGS 
ɸ.ɺ. ɸʙʦʨʢʠʥ ïʢ.ʪ.ʥ., ʜʦʮ. ʢʘʬ., ʀ.ʄ. ɹʫʢʘʨʝʚ ï ʘʩʧ. 

ɺʣʘʜʠʤʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʠʤʝʥʠ ɸʣʝʢʩʘʥʜʨʘ ɻʨʠʛʦʨʴʝʚʠʯʘ ʠ ʅʠʢʦʣʘʷ ɻʨʠʛʦʨʴʝʚʠʯʘ ʉʪʦʣʝʪʦʚʳʭ (ɺʣɻʋ) 

 

Abstract. The investigation of physical, mechanical, adhesive and tribological properties of 

wear resistant coatings. Identified critical loads during testing of coatings on adhesive strength. 

The comparison of friction coefficients of coatings obtained.  

 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʩʚʦʡʩʪʚ ʠʟʥʦʩʦʩʪʦʡʢʠʭ ʧʦʢʨʳʪʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʦʩʘʞʜʝʥʠʷ ʠʟ ʧʘʨʦʚʦʡ ʬʘʟʳ. 

ʀʟʫʯʝʥʠʝ ʩʚʦʡʩʪʚʘ ʤʥʦʛʦʩʣʦʡʥʳʭ (TiN/CrN, AlN/CrN, AlN/TiN) ʠ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ 

((Al,Ti)N, (AlSi,Cr)N, (AlSi,Cr)-C:H, (AlSiTi)N, (AlSi,Ti)-C:H) ʧʦʢʨʳʪʠʡ, ʥʘʥʝʩʝʥʥʳʭ ʥʘ 

ʧʦʜʣʦʞʢʠ ʠʟ ʩʪʘʣʠ 40ʍ, ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʦʙʦʨʫʜʦʚʘʥʠʷ ʬʠʨʤʳ CSM Instruments 

(ʐʚʝʮʘʨʠʷ).  

ʊʦʣʱʠʥʫ ʧʦʣʫʯʝʥʥʳʭ ʧʦʢʨʳʪʠʡ ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʢʘʣʦʪʝʩʪʘ. ʅʘ ʦʩʥʦʚʘʥʠʠ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʣʫʥʦʢ ʠʟʥʦʩʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʦʣʱʠʥʘ ʧʦʣʫʯʝʥʥʳʭ ʧʦʢʨʳʪʠʡ 

ʥʘ ʚʩʝʭ ʦʙʨʘʟʮʘʭ ʩʦʩʪʘʚʠʣʘ 3,5 ï 5 ʤʢʤ ʧʨʠ ʪʦʣʱʠʥʝ ʧʦʜʩʣʦʷ 0,2 ï 0,3 ʤʢʤ.  

ʆʧʨʝʜʝʣʝʥʳ ʪʚʝʨʜʦʩʪʴ (H) ʠ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ (E) ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʪʠʧʦʚ ʧʦʢʨʳʪʠʡ. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʚʝʣʠʯʠʥ ʪʚʝʨʜʦʩʪʠ ʧʦʜʣʦʞʝʢ ʠ ʧʦʢʨʳʪʠʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʦʢʨʳʪʠʷ 

ʠʤʝʶʪ H, ʧʨʝʚʳʰʘʶʱʫʶ H ʧʦʜʣʦʞʝʢ ʜʦ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʡ ʚ 3,5ï7 ʨʘʟ. ʊʚʝʨʜʦʩʪʴ 

ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʤʥʦʛʦʩʣʦʡʥʳʭ ʧʦʢʨʳʪʠʡ ʠʟʤʝʥʷʣʘʩʴ ʦʪ 28 ɻʇʘ ʜʦ 34 ɻʇʘ. ʅʘʠʙʦʣʴʰʘʷ H 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ ʚʘʨʠʘʥʪʘʤ ʧʦʢʨʳʪʠʷ TiN/CrN ʠ AlN/CrN. ɼʣʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ 

ʧʦʢʨʳʪʠʡ ʥʘʙʣʶʜʘʣʩʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʘʟʙʨʦʩ H ʦʪ 23 ɻʇʘ ʜʦ 41 ɻʇʘ. ɺ ʮʝʣʦʤ H 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʧʦʢʨʳʪʠʡ ʥʠʞʝ H ʤʥʦʛʦʩʣʦʡʥʳʭ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʧʦʢʨʳʪʠʷ 

(AlSiTi)N.  

ʆʮʝʥʢʫ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʧʦʢʨʳʪʠʡ ʫʧʨʫʛʦʡ ʠ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ 

ʧʨʦʚʦʜʠʣʠ ʠʩʧʦʣʴʟʫʷ ʧʘʨʘʤʝʪʨʳ H/ɽ ʠ H
3
/ɽ

2
 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʝ ʧʦʢʨʳʪʠʷ ʦʙʣʘʜʘʶʪ 

ʙʦʣʴʰʝʡ ʩʪʦʡʢʦʩʪʴʶ ʢ ʫʧʨʫʛʦʡ ʜʝʬʦʨʤʘʮʠʠ ʨʘʟʨʫʰʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʥʦʛʦʩʣʦʡʥʳʤʠ 

ʧʦʢʨʳʪʠʷʤʠ. ʊʘʢ ʜʣʷ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʤʥʦʛʦʩʣʦʡʥʳʭ ʧʦʢʨʳʪʠʡ ʚʝʣʠʯʠʥʘ H/ɽ ʥʝ 

ʧʨʝʚʳʰʘʣʘ 0,091, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʧʦʢʨʳʪʠʡ H/ɽ ʧʨʠʥʠʤʘʣʘ 

ʟʥʘʯʝʥʠʷ ʦʪ 0,095 ʜʦ 0,115. ɼʣʷ ʤʥʦʛʦʩʣʦʡʥʳʭ ʧʦʢʨʳʪʠʡ ʥʘʠʙʦʣʴʰʘʷ ʚʝʣʠʯʠʥʘ ʫʧʨʫʛʦʡ 

ʜʝʬʦʨʤʘʮʠʠ ʨʘʟʨʫʰʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ ʧʦʢʨʳʪʠʶ AlN/CrN, ʘ ʜʣʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ 

ï ʧʦʢʨʳʪʠʷʤ (AlSi,Cr)-C:H ʠ (AlSi,Ti)-C:H. ʉʨʘʚʥʝʥʠʷ ʚʝʣʠʯʠʥʳ ʧʘʨʘʤʝʪʨʘ H
3
/ɽ

2
 

ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʢʨʳʪʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʧʦʢʨʳʪʠʡ ʚ ʮʝʣʦʤ ʚʳʰʝ, ʯʝʤ ʤʥʦʛʦʩʣʦʡʥʳʭ. ʊʘʢ ʥʘʧʨʠʤʝʨ, 

ʧʘʨʘʤʝʪʨ H
3
/ɽ

2
 ʜʣʷ ʤʥʦʛʦʩʣʦʡʥʳʭ ʧʦʢʨʳʪʠʡ ʠʟʤʝʥʷʣʩʷ ʦʪ 0,18 ɻʇʘ ʜʦ 0,28 ɻʇʘ, ʘ ʜʣʷ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʦʪ 0,28 ɻʇʘ ʜʦ 0,40 ɻʇʘ. ʅʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ H
3
/ɽ

2
 ʜʣʷ 

ʤʥʦʛʦʩʣʦʡʥʳʭ ʧʦʢʨʳʪʠʡ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʧʦʢʨʳʪʠʶ AlN/CrN, ʘ ʜʣʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ 

ï (AlSiTi)N ʠ (AlSi,Cr)-C:H.  

ʀʟʤʝʨʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ (ɛ) ʧʦʢʨʳʪʠʡ ʧʨʦʚʦʜʠʣʠ ʥʘ ʚʦʟʜʫʭʝ ʧʦ ʩʭʝʤʝ 

çʩʪʝʨʞʝʥʴ-ʜʠʩʢè. ʅʘ ʦʩʥʦʚʝ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ 

ʧʦʣʫʯʝʥʳ ʵʤʧʠʨʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ɛ ʧʘʨʳ çʧʦʢʨʳʪʠʝ - ʘʣʶʤʠʥʠʝʚʳʡ ʩʧʣʘʚè ʚʠʜʘ 
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e , ʛʜʝ p0,p1,p2,p12 ï ʵʤʧʠʨʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʢʨʳʪʠʡ; V ï ʩʢʦʨʦʩʪʴ ʩʢʦʣʴʞʝʥʠʷ; N -

 ʥʘʛʨʫʟʢʘ. 

ʇʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʜʛʝʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʧʦʢʨʳʪʠʡ, ʦʧʨʝʜʝʣʝʥʳ 

ʢʨʠʪʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʠʣʠ ʢ ʨʘʟʨʫʰʝʥʠʶ ʧʦʢʨʳʪʠʡ. 
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ɸʅɸʃʀɿ ɺʃʀʗʅʀʗ ʕʃɽʄɽʅʊʆɺ ʉʋʍʆɻʆ ʊʈɽʅʀʗ  

ʈɸɿʃʀʏʅʆɻʆ ʂʆʅʉʊʈʋʂʊʀɺʅʆɻʆ ʀʉʇʆʃʅɽʅʀʗ ʅɸ 

ɼʀʅɸʄʀʂʋ ʋɿʃʆɺ ʄɸʐʀʅ 

 

DRY FRICTION IMPACT STUDIES OF ELEMENTS OF VARIOUS 

CONSTRUCTIONS ON THE DYNAMICS OF MACHINES UNITS 
 

ʂ.ʀ. ɹʝʣʦʫʩʦʚʘ ï ʘʩʧ., ʃ.ʉ. ʄʘʟʠʥ ï ʜ.ʪ.ʥ., ʧʨʦʬ. 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʪʝʭʥʦʣʦʛʠʠ ʠ ʜʠʟʘʡʥʘ 

 

Abstract. In the article described the results of an impact of a damper designs such as "dry 

friction" on the dynamics of defended object during harmonic forcing. The amplitude-frequency 

characteristics are obtained by harmonic linearization 

 

ɺ ʜʦʢʣʘʜʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʚʣʠʷʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʵʣʝʤʝʥʪʘ ʪʠʧʘ 

ñʩʫʭʦʝ ʪʨʝʥʠʝò ʥʘ ʜʠʥʘʤʠʢʫ ʟʘʱʠʱʘʝʤʦʛʦ ʦʙʲʝʢʪʘ, ʢʦʪʦʨʳʡ ʜʣʷ ʧʨʦʩʪʦʪʳ ʧʨʠʥʠʤʘʝʪʩʷ ʚ 

ʚʠʜʝ ʤʘʩʩʳ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʘ ʣʠʥʝʡʥʳʡ ʣʠʙʦ ʥʝʣʠʥʝʡʥʳʡ ʫʧʨʫʛʠʡ ʵʣʝʤʝʥʪ. ʉʣʫʯʘʡ, 

ʢʦʛʜʘ ʵʣʝʤʝʥʪ ʩʫʭʦʛʦ ʪʨʝʥʠʷ ʚʤʝʩʪʝ ʩ ʢʨʝʧʣʝʥʠʝʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʙʩʦʣʶʪʥʦ ʪʚʝʨʜʦʝ 

ʪʝʣʦ, ʚ ʜʦʢʣʘʜʝ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ, ʪʘʢ ʢʘʢ ʘʥʘʣʠʟʠʨʦʚʘʣʩʷ ʨʘʥʝʝ, ʥʘʧʨʠʤʝʨ, ʥʘʠʙʦʣʝʝ 

ʧʦʜʨʦʙʥʦ ʄ. ɿ. ʂʦʣʦʚʩʢʠʤ [1]. ɸʥʘʣʠʟʠʨʫʝʪʩʷ ʚʘʨʠʘʥʪ ʢʦʥʩʪʨʫʢʮʠʠ ʜʝʤʧʬʝʨʘ ʪʠʧʘ ñʩʫʭʦʝ 

ʪʨʝʥʠʝò, ʚ ʢʦʪʦʨʦʤ ʩ ʧʦʤʦʱʴʶ ʧʨʫʞʠʥʳ ʥʝʢʦʪʦʨʘʷ ʤʘʩʩʘ ʧʨʠʞʠʤʘʝʪʩʷ ʢ ʵʣʝʤʝʥʪʫ ʩʫʭʦʛʦ 

ʪʨʝʥʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʘʷ ʧʦʜʘʪʣʠʚʦʩʪʴ ʦʧʦʨʳ ʵʪʦʡ ʤʘʩʩʳ ʠ (ʠʣʠ) ʧʦʜʘʪʣʠʚʦʩʪʴ 

ʩʘʤʦʛʦ ʵʣʝʤʝʥʪʘ ʩʫʭʦʛʦ ʪʨʝʥʠʷ ʠ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʜʠʥʘʤʠʢʫ ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʳ. ɼʘʥʥʘʷ 

ʢʦʥʩʪʨʫʢʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʩʪʝʤʫ ʩ ʧʝʨʝʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ (ʜʝʤʧʬʝʨ ñʩʫʭʦʛʦ 

ʪʨʝʥʠʷò ʦʪʢʨʳʪ ʠ ʜʝʤʧʬʝʨ ñʩʫʭʦʛʦ ʪʨʝʥʠʷò ʟʘʧʝʨʪ).  

ʇʦʣʫʯʝʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʦʡ ʟʘʜʘʯʝ. 

ɺʥʝʰʥʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʜʝʡʩʪʚʫʝʪ ʥʘ ʟʘʱʠʱʘʝʤʳʡ ʦʙʲʝʢʪ ʠ ʧʨʠʥʠʤʘʝʪʩʷ ʛʘʨʤʦʥʠʯʝʩʢʠʤ. ʉ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʛʘʨʤʦʥʠʯʝʩʢʦʡ ʣʠʥʝʘʨʠʟʘʮʠʠ ʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʦʚʨʝʤʝʥʥʳʭ ʕɺʄ 

ʧʦʩʪʨʦʝʥʳ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʳ. ʇʦʢʘʟʘʥʦ, ʥʘ 

ʢʘʢʠʭ ʯʘʩʪʦʪʘʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʘʤʧʣʠʪʫʜʦʡ ʚʥʝʰʥʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʠ 

ʩʠʣʦʡ ʩʫʭʦʛʦ ʪʨʝʥʠʷ ʜʝʤʧʬʝʨ ñʩʫʭʦʛʦ ʪʨʝʥʠʷò ʦʪʢʨʳʚʘʝʪʩʷ ʣʠʙʦ ʟʘʧʝʨʪ, ʥʘ ʢʘʢʦʡ ʯʘʩʪʦʪʝ 

ʚ ʩʠʩʪʝʤʝ ʠʤʝʝʪ ʤʝʩʪʦ ʨʝʟʦʥʘʥʩ. 

ʇʨʠ ʤʷʛʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʫʧʨʫʛʦʛʦ ʵʣʝʤʝʥʪʘ, ʥʘ ʢʦʪʦʨʦʤ ʫʩʪʘʥʦʚʣʝʥ 

ʟʘʱʠʱʘʝʤʳʡ ʦʙʲʝʢʪ, ʦʪʢʨʳʚʘʥʠʝ ʠ ʟʘʢʨʳʚʘʥʠʝ ʜʝʤʧʬʝʨʘ ñʩʫʭʦʛʦ ʪʨʝʥʠʷò ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʚ ʩʢʦʣʴʟʷʱʝʤ ʨʝʞʠʤʝ ʧʦ ʢʨʠʚʳʤ ʧʘʨʘʣʣʝʣʴʥʳʤ ʩʢʝʣʝʪʥʦʡ ʢʨʠʚʦʡ. ʕʪʠ ʫʯʘʩʪʢʠ, ʦʯʝʚʠʜʥʦ, 

ʪʨʝʙʫʶʪ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʪʘʢ ʢʘʢ ʥʘ ʥʠʭ ʚʦʟʤʦʞʥʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʚ 

ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʝ ʘʚʪʦʢʦʣʝʙʘʪʝʣʴʥʳʭ ʨʝʞʠʤʦʚ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʂʦʣʦʚʩʢʠʡ, ʄ. ɿ. ʅʝʣʠʥʝʡʥʘʷ ʪʝʦʨʠʷ ʚʠʙʨʦʟʘʱʠʪʥʳʭ ʩʠʩʪʝʤ. / ʄ. ɿ. ʂʦʣʦʚʩʢʠʡ. ð 

ʄ.: ʅʘʫʢʘ. ï 1966. ð 317 ʩ. 
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ʋʇʈɸɺʃɽʅʀɽ ʄɽʍɸʅʀɿʄʆʄ ʊɺɽʈɼʆʌɸɿʅʆɻʆ ʋʇʈʆʏʅɽʅʀʗ ɺ 

ʀʉʂʋʉʉʊɺɽʅʓʍ ɻɽʊɽʈʆʌɸɿʅʓʍ ɸʃʖʄʆʄɸʊʈʀʏʅʓʍ 

ʂʆʄʇʆɿʀʎʀʆʅʅʓʍ ʄɸʊɽʈʀɸʃɸʍ. 

 

CONTROLLING SOLID-PHASE REINFORSMENT IN ARTIFICAL ALUMINA-

MATRIX HETEROPHASE SYSTEMS 
 

ɺ.ɺ.ɹʝʨʝʟʦʚʩʢʠʡ ï ʘʩʧ., ʖ.ɸ.ʂʫʨʛʘʥʦʚʘ - ʜ.ʪ.ʥ., ʜʦʮ. 

ʄʦʩʢʦʚʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʊʝʭʥʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʕ. ɹʘʫʤʘʥʘ 

 

Abstract. New Alumina-matrix composites have advantages beside the conventional materials.   

In this work author make an attempt to control and forecast mechanical properties of composite 

materials.   

 

ʂʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʦʣʫʯʘʶʪ ʚʩʝ ʙʦʣʝʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚʦ ʤʥʦʛʠʭ 

ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʦʪ ʘʚʪʦʤʦʙʠʣʝʩʪʨʦʝʥʠʷ ʜʦ ɺʇʂ ʠ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ.  

ʉʚʷʟʘʥʦ ʵʪʦ ʩ ʪʝʤ, ʯʪʦ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʙʦʣʴʰʠʥʩʪʚʘ ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʜʭʦʜʷʪ ʢ ʩʚʦʝʤʫ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ ʧʨʝʜʝʣʫ, ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʤ ʢʦʤʧʣʝʢʩʦʤ 

ʩʚʦʡʩʪʚ, ʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ.   

ɿʥʘʯʠʪʝʣʴʥʘʷ ʩʪʝʧʝʥʴ ʠʟʥʦʩʘ ʦʩʥʦʚʥʳʭ ʬʦʥʜʦʚ ʥʘ ʪʨʘʥʩʧʦʨʪʝ(54%), ʚ 

ʦʙʨʘʙʘʪʳʚʘʶʱʝʡ (45,7%), ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ(50,7%) ʠ ʜʦʙʳʚʘʶʱʝʡ(49,6) ʦʪʨʘʩʣʷʭ [1], ʘ 

ʪʘʢʞʝ ʦʪʩʪʘʚʘʥʠʝ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ (30% ʦʪ ʫʨʦʚʥʷ ʉʐɸ ʚ 

ʩʨʝʜʥʝʤ ʧʦ ʦʪʨʘʩʣʷʤ [2]) ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʢʦʨʝʡʰʝʡ ʨʝʠʥʜʫʩʪʨʠʘʣʠʟʘʮʠʠ 

ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʚʥʝʜʨʝʥʠʷ ʥʦʚʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ 

ʤʘʪʝʨʠʘʣʦʚ.  

ɺ ʵʪʦʡ ʩʚʷʟʠ ʧʝʨʩʧʝʢʪʠʚʥʦ ʚʳʛʣʷʜʷʪ ʣʠʪʝʡʥʳʝ ʘʣʶʤʦʤʘʪʨʠʯʥʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ 

ʤʘʪʝʨʠʘʣʳ. ʅʘʠʙʦʣʝʝ ʜʝʰʝʚʳʤʠ ʠ ʥʘʜʝʞʥʳʤʠ ʷʚʣʷʶʪʩʷ ʢʦʤʧʦʟʠʪʳ ʥʘ ʦʩʥʦʚʝ 

ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ, ʘʨʤʠʨʦʚʘʥʥʳʭ ʪʫʛʦʧʣʘʚʢʠʤʠ, ʚʳʩʦʢʦʧʨʦʯʥʳʤʠ, 

ʚʳʩʦʢʦʤʦʜʫʣʴʥʳʤʠ ʯʘʩʪʠʮʘʤ. ʉʨʝʜʠ ʦʪʣʠʯʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ ʪʘʢʠʭ ʂʄ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʰʠʨʦʢʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ, ʧʦʚʳʰʝʥʥʫʶ 

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ, ʚʳʩʦʢʠʝ ʧʨʦʯʥʦʩʪʴ, ʞʝʩʪʢʦʩʪʴ ʠ ʚʷʟʢʦʩʪʴ, ʤʘʣʫʶ ʧʣʦʪʥʦʩʪʴ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʥʠʞʝʥʠʝ ʤʘʩʩʳ ʠʟʜʝʣʠʡ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʧʦʚʳʰʝʥʠʝʤ ʥʘʜʝʞʥʦʩʪʠ ʠ 

ʫʚʝʣʠʯʝʥʠʝʤ ʨʝʩʫʨʩʘ ʨʘʙʦʪʳ. ʊʘʢ, ʚ ʨʘʙʦʪʝ [3] ʦʙʦʩʥʦʚʘʥʘ ʪʝʦʨʝʪʠʯʝʩʢʠ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʞʜʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʣʠʪʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʩʠʩʪʝʤʳ ʘʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚʳ - ʯʘʩʪʠʮʳ ʢʝʨʘʤʠʢʠ ʚ ʫʟʣʘʭ ʪʨʝʥʠʷ ʤʝʭʘʥʠʟʤʦʚ 

ʠ ʤʘʰʠʥ ʚ ʧʘʨʝ ʩʦ ʩʪʘʣʴʶ ʚ ʫʩʣʦʚʠʷʭ ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ ʙʝʟ ʩʤʘʟʢʠ, ʩ ʦʛʨʘʥʠʯʝʥʥʦʡ 

ʩʤʘʟʢʦʡ ʠ ʚ ʧʘʨʝ ʂʄ-ʂʄ ʧʨʠ ʪʨʝʥʠʠ ʩʢʦʣʴʞʝʥʠʷ ʩʦ ʩʤʘʟʢʦʡ. 

ʆʙʲʝʢʪʦʤ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʘʣʶʤʦʤʘʪʨʠʯʥʳʝ ʣʠʪʝʡʥʳʝ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʭ ʧʦʣʫʯʝʥʠʷ. ʎʝʣʴʶ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ 

ʪʝʭʥʦʣʦʛʠʠ ʫʧʨʘʚʣʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ 

ʟʘʜʘʥʥʳʭ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʘʭ.  
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ʉɺʆʁʉʊɺ ɸɺʊʆʄʆɹʀʃʗ ʉ ɸɹʉ  

ʉ ʋʏɽʊʆʄ ɼɽʁʉʊɺʀʁ ɺʆɼʀʊɽʃʗ 

THE LABORATORY SETUP FOR TESTING BRAKING PROPERTIES  

OF A CAR WITH ABS CONSIDERING A DRIVERôS OPERATIONS 
ɸ.ʅ. ɹʦʣʜʦʚ ï ʘʩʧ., ɺ.ɺ. ʉʠʥʠʮʳʥ ï ʘʩʧ. 

ɺʦʣʛʦʛʨʘʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

Abstract. The article describes the laboratory setup for testing braking properties of a car with 

ABS (anti-blocking system) during the emergency braking on surfaces with uneven adhesion 

coefficient. 

 

ʇʨʠ ʪʦʨʤʦʞʝʥʠʠ ʥʘ ʜʦʨʦʛʘʭ ʩ ʧʦʧʝʨʝʯʥʦʡ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴʶ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʩʮʝʧʣʝʥʠʷ ʥʘ ʫʧʨʘʚʣʷʝʤʳʭ ʢʦʣʝʩʘʭ ʜʝʡʩʪʚʫʝʪ ʧʦʚʦʨʘʯʠʚʘʶʱʠʡ ʤʦʤʝʥʪ, ʢʦʪʦʨʳʡ 

ʧʨʠʚʦʜʠʪ ʢ ʠʭ ʩʘʤʦʧʦʚʦʨʦʪʫ ʠ ʠʟʤʝʥʷʝʪ ʪʨʘʝʢʪʦʨʠʶ ʜʚʠʞʝʥʠʷ. ʉʦʚʨʝʤʝʥʥʳʝ 

ʘʥʪʠʙʣʦʢʠʨʦʚʦʯʥʳʝ ʩʠʩʪʝʤʳ ʩʧʦʩʦʙʥʳ ʫʤʝʥʴʰʘʪʴ ʚʝʣʠʯʠʥʫ ʧʦʚʦʨʘʯʠʚʘʶʱʝʛʦ ʤʦʤʝʥʪʘ 

ʧʫʪʝʤ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʛʦ ʨʘʩʪʦʨʤʘʞʠʚʘʥʠʷ ʢʦʣʝʩ. ʆʜʥʘʢʦ, ʧʨʠ ʵʪʦʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʪʦʨʤʦʟʥʦʡ ʧʫʪʴ ʘʚʪʦʤʦʙʠʣʷ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʧʨʠ ʥʘʣʠʯʠʠ ʥʘ ʘʚʪʦʤʦʙʠʣʝ ɸɹʉ ʧʦʷʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʚʦʜʠʪʝʣʝʤ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʧʨʠ ʵʢʩʪʨʝʥʥʦʤ 

ʪʦʨʤʦʞʝʥʠʠ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚʩʝ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʬʘʢʪʦʨʳ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ 

ʥʦʨʤʠʨʦʚʘʥʠʠ ʪʦʨʤʦʟʥʦʡ ʜʠʥʘʤʠʯʥʦʩʪʠ ʘʚʪʦʤʦʙʠʣʷ ʩ ɸɹʉ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʟʥʠʢʣʘ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʵʣʝʤʝʥʪʦʚ ʧʨʠʚʦʜʘ ʠ ʚʨʝʤʝʥʠ ʨʝʘʢʮʠʠ ʚʦʜʠʪʝʣʷ ʧʨʠ 

ʢʦʨʨʝʢʮʠʠ ʪʨʘʝʢʪʦʨʠʠ, ʢʘʢ ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʜʚʠʞʝʥʠʝ ʘʚʪʦʤʦʙʠʣʷ. 

ɼʣʷ ʵʪʦʛʦ ʚ ɺʦʣʛɻʊʋ ʙʳʣʘ ʩʦʟʜʘʥʘ ʢʦʤʧʣʝʢʩʥʘʷ ʤʦʜʝʣʠʨʫʶʱʘʷ ʫʩʪʘʥʦʚʢʘ ʥʘ ʙʘʟʝ 

ʘʚʪʦʤʦʙʠʣʷ ɺɸɿ-2106 (ʨʠʩ. 1), ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʚʨʝʤʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʨʘʟʣʠʯʥʳʭ ʚʦʜʠʪʝʣʝʡ ʧʨʠ ʨʝʘʢʮʠʠ ʥʘ ʘʩʠʤʤʝʪʨʠʯʥʦʝ ʚʦʟʤʫʱʝʥʠʝ ʩʦ ʩʪʦʨʦʥʳ ʜʦʨʦʛʠ ʥʘ 

ʧʝʨʝʜʥʠʭ ʫʧʨʘʚʣʷʝʤʳʭ ʢʦʣʝʩʘʭ ʧʨʠ ʵʢʩʪʨʝʥʥʦʤ ʪʦʨʤʦʞʝʥʠʠ. 

 

 

                                 ʘ)                                                                     ʙ)  

ʈʠʩ. 1. ʃʘʙʦʨʘʪʦʨʥʳʡ ʩʪʝʥʜ: ʘ) ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʙʣʦʢ-ʩʭʝʤʘ ʢʦʤʧʣʝʢʩʥʦʡ ʤʦʜʝʣʠʨʫʶʱʝʡ 

ʫʩʪʘʥʦʚʢʠ; ʙ) ʦʙʱʠʡ ʚʠʜ ʢʦʤʧʣʝʢʩʥʦʡ ʤʦʜʝʣʠʨʫʶʱʝʡ ʫʩʪʘʥʦʚʢʠ 

ɺʨʝʤʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʜʠʪʝʣʝʡ (ʘ ʠʤʝʥʥʦ ʚʨʝʤʷ ʣʘʪʝʥʪʥʦʛʦ ʧʝʨʠʦʜʘ ʠ ʚʨʝʤʷ 

ʤʦʪʦʨʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ) ʚʳʷʚʣʷʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʠʟʤʝʨʝʥʠʷ ʥʘ ʩʪʝʥʜʝ ʪʨʝʭ 

ʧʘʨʘʤʝʪʨʦʚ: ʧʦʚʦʨʘʯʠʚʘʶʱʝʛʦ ʤʦʤʝʥʪʘ ʥʘ ʢʦʣʝʩʝ ʘʚʪʦʤʦʙʠʣʷ (ʠʟʤʝʨʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʩʪʘʢʘʥʘ ʩ ʥʘʢʣʝʝʥʥʳʤʠ ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʠʤʠ ʜʘʪʯʠʢʘʤʠ 2ʌ ʂʇɸï5ï200ɺ), ʫʛʣʘ ʧʦʚʦʨʦʪʘ 

ʨʫʣʝʚʦʛʦ ʢʦʣʝʩʘ (ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠʤʠ ʜʘʪʯʠʢʘʤʠ ʊʋ 9ɸ4685004-3) ʠ 

ʤʦʤʝʥʪʘ ʥʘ ʨʫʣʝʚʦʤ ʢʦʣʝʩʝ (ʠʟʤʝʨʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʜʠʥʘʤʦʤʝʪʨʠʯʝʩʢʦʛʦ ʨʫʣʷ).  

ʀʩʧʦʣʴʟʫʷ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʩʪʨʫʢʪʫʨ ɸɹʉ ʨʘʩʩʯʠʪʘʪʴ ʧʨʝʜʝʣʴʥʳʝ ʚʨʝʤʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ 

ʩʨʝʜʥʝʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʚʦʜʠʪʝʣʷ. ʇʦʣʫʯʝʥʥʳʝ ʧʨʝʜʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʟʚʦʣʷʪ ʥʘ ʦʩʥʦʚʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʳʨʘʙʦʪʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʠʟʤʝʥʝʥʠʶ ʥʦʨʤ ʪʦʨʤʦʟʥʦʡ ʜʠʥʘʤʠʯʥʦʩʪʠ. 
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ʄɽʊɸʃʃʆʇʃɸʂʀʈʋʖʑʀʍ ʉʄɸɿʆʂ  

ɺ ʄɽʊʆɼɸʍ ʂʆʄɹʀʅʀʈʆɺɸʅʅʆɻʆ ɺʆʃʆʏɽʅʀʗ 

 

TECHNOLOGICAL CAPABILITIES OF METAL-CLADDING 

LUBRICANTS ON COMBINED DRAWING 
ʉ.ɸ. ɻʘʚʨʠʣʦʚ ï ʠʥʞ., ɸ.ɺ. ʑʝʜʨʠʥ ï ʢ.ʪ.ʥ. 

ʄɻʊʋ çʄɸʄʀè 

 

Abstract. The hybrid drawing of steel rods with metal-cladding additive that ensure  

Garkunov-Kragelôskii zero wear effect is investigated. The optimal concentration of  

metal-cladding additive çValenaè is established. 

 

ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʧʨʦʚʝʜʸʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ [1] ï ʧʨʠʤʝʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ 

ʤʝʪʘʣʣʦʧʣʘʢʠʨʫʶʱʠʭ ʩʤʘʟʦʢ, ʨʝʘʣʠʟʫʶʱʠʭ ʥʘʫʯʥʦʝ ʦʪʢʨʳʪʠʝ ï ñʵʬʬʝʢʪ ʙʝʟʳʟʥʦʩʥʦʩʪʠ 

ɻʘʨʢʫʥʦʚʘ-ʂʨʘʛʝʣʴʩʢʦʛʦò, ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ (ʜʦ 25%) ʫʤʝʥʴʰʠʪʴ ʫʩʠʣʠʝ ʦʙʨʘʙʦʪʢʠ, 

ʘ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʝʸ ʢʘʯʝʩʪʚʦ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʚʣʠʷʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʤʝʪʘʣʣʦʧʣʘʢʠʨʫʶʱʝʡ ʤʘʩʣʦʨʘʩʪʚʦʨʠʤʦʡ ʤʝʜʝʩʦʜʝʨʞʘʱʝʡ ʧʨʠʩʘʜʢʠ çɺʘʣʝʥʘè (ʧʘʪʝʥʪ ʈʌ 

ˉ2277579) ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʪʦʜʦʚ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʚʦʣʦʯʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʦʤ ʩ 

ʨʝʛʫʣʷʨʥʦʡ ʤʠʢʨʦʛʝʦʤʝʪʨʠʝʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʜʠʘʧʘʟʦʥʝ ʘʙʩʦʣʶʪʥʦʡ ʜʝʬʦʨʤʘʮʠʠ 0,1-0,5 ʤʤ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʩʘʜʢʠ: ʧʨʠ ʚʦʣʦʯʝʥʠʠ  ʦʙʨʘʟʮʦʚ ʠʟ ʩʪʘʣʠ ʤʘʨʢʠ ʉʪ. 45 

ʫʩʠʣʠʝ ʦʙʨʘʙʦʪʢʠ ʩʥʠʞʘʝʪʩʷ ʥʘ 28-34%; ʧʨʠ ʚʦʣʦʯʝʥʠʠ ʦʙʨʘʟʮʦʚ ʠʟ ʣʘʪʫʥʠ ʤʘʨʢʠ ʃʉ59 

ʫʩʠʣʠʝ ʦʙʨʘʙʦʪʢʠ ʩʥʠʞʘʝʪʩʷ ʥʘ 1-13%; ʧʨʠ ʚʦʣʦʯʝʥʠʠ ʦʙʨʘʟʮʦʚ ʠʟ ʜʶʨʘʣʶʤʠʥʠʷ ʤʘʨʢʠ 

ɼ1 ʫʩʠʣʠʝ ʩʥʠʞʘʝʪʩʷ ʥʘ 8-18%. ʇʨʠ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʩʘʜʢʠ ʥʘ ʦʙʨʘʙʘʪʳʚʘʶʱʝʤ 

ʠʥʩʪʨʫʤʝʥʪʝ ʥʘʙʣʶʜʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝ ʫʩʪʦʡʯʠʚʦʛʦ ʩʣʦʷ ʩʝʨʚʦʚʠʪʥʦʡ ʤʝʜʥʦʡ ʧʣʸʥʢʠ ʠ 

ʨʦʩʪ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ. 

ʉʣʝʜʫʶʱʝʝ ʥʘʧʨʘʚʣʝʥʠʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ï ʚʦʣʦʯʝʥʠʝ ʚ 

ʫʩʣʦʚʠʷʭ ʩʘʤʦʚʦʟʙʫʞʜʘʝʤʦʛʦ ʠʩʪʝʯʝʥʠʷ ʤʝʪʘʣʣʦʧʣʘʢʠʨʫʶʱʠʭ ʩʤʘʟʦʢ ʧʦ ʢʘʥʘʚʢʘʤ 

ʨʝʛʫʣʷʨʥʦʛʦ ʤʠʢʨʦʨʝʣʴʝʬʘ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʣʦʯʠʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ (ʧʘʪʝʥʪʳ ʈʌ 

ˉ2063861, 2261781). 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. Improvement in hybrid drawing by a tool with regular microgeometry on the basis of 

metal-coating additives / Shchedrin A. V., Garkunov D. N., Melônikov E. A. // Russian 

engineering research. 2011. vol. 31. ˉ4. pp. 365ï368.  
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ɺʃʀʗʅʀɽ ʌɸʂʊʆʈɸ ʀɿʅʆʉɸ ʅɸ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ  

ʉʆɺʈɽʄɽʅʅʓʍ ʇʆɻʃʆʑɸʖʑʀʍ ɸʇʇɸʈɸʊʆɺ ɸɺʊʆʉʎɽʇʂʀ 

INFLUENCE OF THE FACTOR OF DETERIORATION ON CHARACTERISTICS 

OF MODERN ABSORBING DEVICES OF THE AUTOMATIC COUPLING 
 

ʇ.ɼ. ɾʠʨʦʚï ʘʩʧ. 

ɹʨʷʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

Abstract. Modern absorbing devices of class ʊ1 have a frictional component. In the given work 

as the author it is received the mathematical description of the factor of deterioration. The given 

description is introduced in mathematical model of the absorbing device. 

 

ʉʨʘʚʥʠʪʝʣʴʥʦ ʜʣʠʪʝʣʴʥʳʡ ʩʨʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ (ʩʨʦʢ ʩʣʫʞʙʳ ʙʦʣʴʰʠʥʩʪʚʘ ʘʧʧʘʨʘʪʦʚ 

ʩʦʩʪʘʚʣʷʝʪ 24-32 ʛʦʜʘ), ʘ ʪʘʢʞʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʙʦʪʳ ʥʝʢʦʪʦʨʳʭ ʪʠʧʦʚ ʧʦʛʣʦʱʘʶʱʠʭ 

ʘʧʧʘʨʘʪʦʚ ʧʦʟʚʦʣʷʶʪ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʬʘʢʪʦʨ ʠʟʥʦʩʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 

ʟʥʘʯʠʤʳʭ. ʅʘʠʙʦʣʝʝ ʧʦʜʚʝʨʞʝʥʥʳʤʠ ʚʣʠʷʥʠʶ ʜʘʥʥʦʛʦ ʬʘʢʪʦʨʘ ʷʚʣʷʶʪʩʷ ʬʨʠʢʮʠʦʥʥʳʝ ʠ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʧʦʛʣʦʱʘʶʱʠʝ ʘʧʧʘʨʘʪʳ ʘʚʪʦʩʮʝʧʢʠ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʢʦʪʦʨʳʭ 

ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʬʨʠʢʮʠʦʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ.  

ɼʣʷ ʫʯʝʪʘ ʬʘʢʪʦʨʘ ʠʟʥʦʩʘ ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʫʯʠʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ 

ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʥʦʩʘ ʦʪ ʚʨʝʤʝʥʠ ʠ ʚʥʝʜʨʠʪʴ ʝʸ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʧʦʛʣʦʱʘʶʱʝʛʦ 

ʘʧʧʘʨʘʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʠʟʥʦʩʘ ʥʘ ʧʘʜʝʥʠʝ 

ʥʘʯʘʣʴʥʦʡ ʟʘʪʷʞʢʠ ʧʦʛʣʦʱʘʶʱʝʛʦ ʘʧʧʘʨʘʪʘ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ,  ʚʣʠʷʥʠʝ ʠʟʥʦʩʘ ʥʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʘʤʦʨʪʠʟʘʪʦʨʘ. 

ɺ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʨʠʢʮʠʦʥʥʦ-

ʧʦʣʠʤʝʨʥʦʛʦ ʧʦʛʣʦʱʘʶʱʝʛʦ ʘʧʧʘʨʘʪʘ ʇʄʂʇ-110, ʧʨʠ ʵʪʦʤ ʤʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ 

ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʠ ʜʣʷ ʜʨʫʛʠʭ ʧʦʜʦʙʥʳʭ ʘʧʧʘʨʘʪʦʚ. 

ʇʦʛʣʦʱʘʶʱʠʡ ʘʧʧʘʨʘʪ ʇʄʂʇ-110 ʩʦʜʝʨʞʠʪ 10 ʧʘʨ ʪʨʝʥʠʷ; ʦʩʥʦʚʥʳʤʠ ʠ ʥʘʠʙʦʣʝʝ 

ʠʟʥʘʰʠʚʘʝʤʳʤʠ ʷʚʣʷʶʪʩʷ ʧʘʨʳ ʪʨʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʧʦʛʣʦʱʝʥʠʝ ʵʥʝʨʛʠʠ ʥʘ ʨʘʙʦʯʝʤ 

ʭʦʜʝ ʘʧʧʘʨʘʪʘ (ʧʦʜʚʠʞʥʳʝ ʧʣʘʩʪʠʥʳ ʠ ʥʝʧʦʜʚʠʞʥʳʝ ʧʣʘʩʪʠʥʳ ʩ ʤʝʪʘʣʣʦʢʝʨʘʤʠʯʝʩʢʠʤʠ 

ʵʣʝʤʝʥʪʘʤʠ). ʇʘʨʳ ʪʨʝʥʠʷ ʩ ʤʝʪʘʣʣʦʢʝʨʘʤʠʯʝʩʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʨʘʟʨʘʙʦʪʘʥʳ ʚ ɹʨʷʥʩʢʦʤ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʪʝʭʥʠʯʝʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ (ʟʘʱʠʱʝʥʳ ʧʘʪʝʥʪʦʤ ʈʌ) ʠ ʦʙʣʘʜʘʶʪ 

ʧʦʚʳʰʝʥʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʩʚʦʡʩʪʚ ʧʨʠ ʠʟʥʦʩʝ. ʆʧʳʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʠʟʥʦʩ ʷʚʣʷʝʪʩʷ ʣʠʥʝʡʥʳʤ. 

 ʀʟʥʦʩ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʘʨ ʪʨʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʦʛʣʦʱʝʥʠʝ ʵʥʝʨʛʠʠ ʥʘ ʨʘʙʦʯʝʤ 

ʭʦʜʝ ʘʧʧʘʨʘʪʘ, ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʠʟʥʦʩ ʦʩʪʘʣʴʥʳʭ ʜʝʪʘʣʝʡ, ʠ ʧʦʵʪʦʤʫ ʤʦʞʥʦ 

ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʥʘʯʘʣʴʥʘʷ ʟʘʪʷʞʢʘ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʠʟʥʦʩʘ ʵʪʠʭ ʧʘʨ ʪʨʝʥʠʷ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʥʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʧʦʣʫʯʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ ʣʠʥʝʡʥʦʛʦ 

ʠʟʥʦʩʘ ʦʪ ʚʚʝʜʝʥʥʦʡ ʵʥʝʨʛʠʠ: 

 (ʤʤ), 

ʛʜʝ  ï ʩʨʝʜʥʠʡ ʣʠʥʝʡʥʳʡ ʠʟʥʦʩ ʧʘʨ ʪʨʝʥʠʷ (ʤʤ), ɽ ï ʚʚʝʜʝʥʥʘʷ ʵʥʝʨʛʠʷ (ʄɼʞ). 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʚ ʩʨʝʜʥʝʤ ʟʘ ʛʦʜ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʧʧʘʨʘʪ ʚʦʩʧʨʠʥʠʤʘʝʪ ʵʥʝʨʛʠʶ 28 

ʄɼʞ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʠʟʥʦʩʘ ʦʪ ʚʨʝʤʝʥʠ ʵʢʩʧʣʫʘʪʘʮʠʠ: 

 (ʤʤ), 

ʛʜʝ T ï ʚʨʝʤʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʛʣʦʱʘʶʱʝʛʦ ʘʧʧʘʨʘʪʘ (ʛʦʜ).  

ʋʯʠʪʳʚʘʷ ʛʝʦʤʝʪʨʠʶ ʢʣʠʥʦʚʦʡ ʩʠʩʪʝʤʳ, ʧʦʣʫʯʘʝʤ ʠʟʤʝʥʝʥʠʝ ʥʘʯʘʣʴʥʦʡ ʟʘʪʷʞʢʠ   

( ) ʦʪ ʚʨʝʤʝʥʠ ʵʢʩʧʣʫʘʪʘʮʠʠ: 

 (ʤʤ). 

ʇʦʣʫʯʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʨʠ ʫʪʦʯʥʝʥʠʠ ʩʧʝʢʪʨʘ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʦʜʦʣʴʥʳʭ ʥʘʛʨʫʟʦʢ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʛʨʫʟʦʚʦʡ ʚʘʛʦʥ, ʘ 

ʪʘʢʞʝ ʜʣʷ ʫʪʦʯʥʝʥʥʳʭ ʦʮʝʥʦʢ ʥʘʜʝʞʥʦʩʪʠ ʬʨʠʢʮʠʦʥʥʦ-ʧʦʣʠʤʝʨʥʳʭ ʧʦʛʣʦʱʘʶʱʠʭ 

ʘʧʧʘʨʘʪʦʚ ʘʚʪʦʩʮʝʧʢʠ.  
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ʇʆɺʓʐɽʅʀɽ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʂʆʄɹʀʅʀʈʆɺɸʅʅʆɻʆ  

ʇʈʆʐʀɺɸʅʀʗ ʆʊɺɽʈʉʊʀʁ ʀʅʉʊʈʋʄɽʅʊʆʄ ʉ ʈɽɻʋʃʗʈʅʆʁ 

ʄʀʂʈʆɻɽʆʄɽʊʈʀɽʁ ʇʆɺɽʈʍʅʆʉʊʀ ʅɸ ʆʉʅʆɺɽ ʈɽɸʃʀɿɸʎʀʀ 

çʕʌʌɽʂʊɸ ɹɽɿʓɿʅʆʉʅʆʉʊʀè 

 

IMPROVEMENT IN COMBINED HOLE BROACHING BY A TOOL WITH 

REGULAR SURFACE MICROGEOMETRY ON THE BASIS  

OF çZERO WEAR EFFECTè 
 

ʄ.ɸ. ɿʠʥʠʥ ï ʠʥʞ., ɸ.ɺ. ʑʝʜʨʠʥ ï ʢ.ʪ.ʥ., ʉ.ɸ. ɻʘʚʨʠʣʦʚ ï ʠʥʞ. 

ʆɸʆ çʅʇʇ çʈʝʩʧʠʨʘʪʦʨè, ʄɻʊʋ çʄɸʄʀè 

 

Abstract. Combined hole broaching by a tool with regular surface microgeometry is considered 

in Garkunov-Kragelôskii zero wear effect. The optimal concentration of  metal-cladding additive 

çValenaè is established. 

 

ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʩʠʩʪʝʤʥʳʡ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ  

[1] ï ʧʨʠʤʝʥʝʥʠʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʠʪʩʷ 

ʦʬʠʮʠʘʣʴʥʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʝ ʥʘʫʯʥʦʝ ʦʪʢʨʳʪʠʝ (ʜʠʧʣʦʤ ˉ41) ñʵʬʬʝʢʪ ʙʝʟʳʟʥʦʩʥʦʩʪʠ 

ɻʘʨʢʫʥʦʚʘ-ʂʨʘʛʝʣʴʩʢʦʛʦò, ʧʦʟʚʦʣʷʝʪ ʢʘʨʜʠʥʘʣʴʥʦ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʠ 

ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʚʢʣʶʯʘʷ ʤʝʪʦʜʳ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʰʠʚʘʥʠʷ (ʧʨʦʪʷʛʠʚʘʥʠʷ) ʦʪʚʝʨʩʪʠʡ ʠʥʩʪʨʫʤʝʥʪʦʤ ʩ ʨʝʛʫʣʷʨʥʦʡ ʤʠʢʨʦʛʝʦʤʝʪʨʠʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ [2]. 

ʂʘʢ ʧʦʢʘʟʘʣʠ ʧʨʦʚʝʜʸʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ [3], ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ ʧʨʦʰʠʚʘʥʠʠ 

(ʧʨʦʪʷʛʠʚʘʥʠʠ) ʦʪʚʝʨʩʪʠʡ ʚʦ ʚʪʫʣʢʘʭ ʠʟ ʣʘʪʫʥʠ ʤʘʨʢʠ ʃʉ59 ʠ ʜʶʨʘʣʶʤʠʥʠʷ ʤʘʨʢʠ ɼ1 

ʤʘʩʣʦʨʘʩʪʚʦʨʠʤʦʡ ʤʝʪʘʣʣʦʧʣʘʢʠʨʫʶʱʝʡ ʤʝʜʝʩʦʜʝʨʞʘʱʝʡ ʧʨʠʩʘʜʢʠ  

çɺʘʣʝʥʘè ʧʦʟʚʦʣʷʝʪ ʚ ʜʠʘʧʘʟʦʥʝ ʘʙʩʦʣʶʪʥʦʡ ʜʝʬʦʨʤʘʮʠʠ 0,1-0,4 ʤʤ ʚ ʩʨʝʜʥʝʤ ʥʘ 30% 

ʫʤʝʥʴʰʠʪʴ ʫʩʠʣʠʝ ʦʙʨʘʙʦʪʢʠ, ʘ ʪʘʢʞʝ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʝʸ ʢʘʯʝʩʪʚʦ ʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. ʇʨʠ ʵʪʦʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʨʝʛʫʣʷʨʥʦʛʦ ʤʠʢʨʦʨʝʣʴʝʬʘ 

ʚʦʟʜʝʡʩʪʚʫʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʩʘʜʢʠ  

çɺʘʣʝʥʘè ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢ ʨʦʩʪʫ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ 

ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ. 
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INVESTIGATION OF STRUCTURE AND MICROHARDNESS OF PLASMA 

COATINGS FROM HIGH SPEED STEEL  

AFTER ELECTROMECHANICAL TREATMENT 
 

ɸ.ʖ.ʀʚʘʥʥʠʢʦʚ ï ʥ.ʩ., ʢ.ʪ.ʥ., ɸ.ɸ.ʈʘʜʶʢ ï ʤ.ʥ.ʩ.  

ʀʥʩʪʠʪʫʪ ʤʝʪʘʣʣʫʨʛʠʠ ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʠʤ.ɸ.ɸ.ɹʘʡʢʦʚʘ ʈɸʅ 

 

Abstract. This work presents the results of the study of structure and microhardness of the 

powder coatings from high speed steel R6M5 formed by plasma spraying after 

electromechanical treatment. 

ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʦʨʦʰʢʦʚʦʝ ʧʦʢʨʳʪʠʝ ʠʟ ʙʳʩʪʨʦʨʝʞʫʱʝʡ ʩʪʘʣʠ ʧʦʣʫʯʝʥʦ 

ʧʨʠ ʥʘʧʳʣʝʥʠʠ ʧʦʨʦʰʢʘ ʈ6ʄ5 ʥʘ ʧʣʘʟʤʘʪʨʦʥʝ ʋʇʋ-3ɼ ʩ ʥʘʩʘʜʢʦʡ ʥʘ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ 

ʧʦʜʣʦʞʢʠ ʜʠʘʤʝʪʨʦʤ 20 ʤʤ ʠʟ ʩʪʘʣʠ ʩʪ.3. ʇʦʣʫʯʝʥʥʳʝ ʧʦʢʨʳʪʠʷ ʩʦʩʪʦʷʪ ʠʟ ʥʘʧʳʣʝʥʥʳʭ 

ʯʘʩʪʠʮ ʩ ʥʝʪʨʘʚʷʱʝʡʩʷ ʦʜʥʦʨʦʜʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʙʝʣʦʛʦ ʮʚʝʪʘ. ʆʧʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʦʜʥʦʨʦʜʥʘʷ, ʚʪʦʨʳʝ ʬʘʟʳ ʥʝ ʚʳʷʚʣʷʶʪʩʷ ʜʘʞʝ ʧʨʠ 

ʛʣʫʙʦʢʦʤ ʪʨʘʚʣʝʥʠʠ.  ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʠʮ ʚ ʧʦʢʨʳʪʠʠ, ʠʟʤʝʨʝʥʥʘʷ ʧʨʠ 

ʥʘʛʨʫʟʢʝ 10 ʛ ʥʘ ʇʄʊ-3, ʨʘʚʥʘ 8200 ʄʇʘ. ɺʝʣʠʯʠʥʘ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ 

ʤʘʢʨʦʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʢʨʳʪʠʷ ʩ ʫʯʝʪʦʤ ʝʛʦ ʧʦʨʠʩʪʦʩʪʠ, ʠʟʤʝʨʝʥʥʘʷ ʧʨʠ ʥʘʛʨʫʟʢʝ 

200 ʛ, ʨʘʚʥʘ 3160 ʄʇʘ. ʆʪʥʦʰʝʥʠʝ ʵʪʠʭ ʪʚʝʨʜʦʩʪʝʡ ʧʦʜʪʚʝʨʞʜʘʝʪ ʥʠʟʢʫʶ ʢʦʛʝʟʠʦʥʥʫʶ 

ʧʨʦʯʥʦʩʪʴ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ ʧʦʩʣʝ ʥʘʧʳʣʝʥʠʷ ʠʟ-ʟʘ ʥʝʧʦʣʥʦʛʦ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘʧʳʣʝʥʥʳʭ ʯʘʩʪʠʮ ʤʝʞʜʫ ʩʦʙʦʡ. 

 ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʧʣʘʟʤʝʥʥʳʭ ʧʦʢʨʳʪʠʡ ʚ ʨʘʙʦʪʝ 

ʧʨʠʤʝʥʠʣʠ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʠʩʩʣʝʜʦʚʘʣʠ ʚʣʠʷʥʠʝ 

ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ: ʩʢʦʨʦʩʪʴ ʦʙʨʘʙʦʪʢʠ (54, 38, 25 ʦʙ/ʤʠʥ) ʠ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ (400- 1400 

ɸ/ʤʤ2 ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʚ ʠʤʧʫʣʴʩʝ ʧʨʠ ʯʘʩʪʦʪʝ ʪʦʢʘ 50 ɻʮ). ʂʦʥʪʘʢʪʥʦʝ ʜʘʚʣʝʥʠʝ 

ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ~ 1500 ʄʇʘ. ʉ ʫʤʝʥʴʰʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʠ ʫʚʝʣʠʯʝʥʠʝʤ 

ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʨʘʩʪʝʪ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʘ, ʚʚʝʜʝʥʥʦʛʦ ʚ ʧʦʢʨʳʪʠʝ ʚ ʟʦʥʝ ʝʛʦ ʢʦʥʪʘʢʪʘ ʩ 

ʨʦʣʠʢʦʤ. ʊʘʢ, ʧʨʠ ʩʢʦʨʦʩʪʠ 54 ʦʙ/ʤʠʥ ʠ ʪʦʢʝ 1400 ɸ/ʤʤ2 ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʧʨʠ ʥʘʛʨʫʟʢʝ 19 

ʛ ʥʝ ʠʟʤʝʥʷʝʪʩʷ, ʘ ʧʨʠ ʥʘʛʨʫʟʢʝ 200 ʛ ʨʘʚʥʘ 5800 ʄʇʘ. ʋʚʝʣʠʯʝʥʠʝ ʪʚʝʨʜʦʩʪʠ ʧʨʠ ʥʘʛʨʫʟʢʝ 

200 ʛ  ʥʘ 83,5% ʧʦʢʘʟʳʚʘʝʪ ʦʙʱʝʝ ʧʦʚʳʰʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʧʦʢʨʳʪʠʷ  ʠ ʩʚʘʨʠʚʘʥʠʷ ʯʘʩʪʠʮ 

ʤʝʞʜʫ ʩʦʙʦʡ. ʄʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʝ ʛʣʫʙʦʢʦʛʦ ʪʨʘʚʣʝʥʠʷ ʚʳʷʚʣʷʶʪ ʜʚʘ 

ʪʠʧʘ ʯʘʩʪʠʮ ï ʙʝʣʳʝ ʠ ʩʝʨʳʝ. ɹʝʣʳʝ ʯʘʩʪʠʮʳ ʠʤʝʶʪ ʦʜʥʦʨʦʜʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʢʦʪʦʨʘʷ 

ʩʦʭʨʘʥʠʣʘʩʴ ʧʦʩʣʝ ʥʘʧʳʣʝʥʠʷ. ɺ ʯʘʩʪʠʮʘʭ ʩʝʨʦʛʦ ʮʚʝʪʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ 

ʥʘʛʨʝʚʘ ʠ ʦʭʣʘʞʜʝʥʠʷ ʧʨʠ ʕʄʆ ʧʨʦʠʩʭʦʜʠʪ ʚʳʜʝʣʝʥʠʝ ʚʪʦʨʳʭ ʬʘʟ. ʆʧʪʠʯʝʩʢʦʡ 

ʤʠʢʨʦʩʢʦʧʠʝʡ ʠʭ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʟʘʪʨʫʜʥʝʥʘ, ʘ ʟʥʘʯʠʪ ʠʭ ʨʘʟʤʝʨ ʤʝʥʝʝ 0,5 ʤʢʤ. ʊʘʢʞʝ 

ʧʨʠ ʕʄʆ ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʪʝʨʤʦʧʣʘʩʪʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʨʦʣʠʢʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʩʤʷʪʠʷ ʥʝʨʦʚʥʦʩʪʝʡ.  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʩʣʝ ʕʄʆ ʚ ʧʦʢʨʳʪʠʷʭ ʯʘʩʪʠʮʳ ʠʤʝʶʪ ʦʜʥʦʬʘʟʥʫʶ ʠ 

ʜʚʫʭʬʘʟʥʫʶ ʩʪʨʫʢʪʫʨʫ ï ʙʝʣʳʝ ʠ ʩʝʨʳʝ ʯʘʩʪʠʮʳ. ɺ ʯʘʩʪʠʮʘʭ ʩʝʨʦʛʦ ʮʚʝʪʘ ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʚʪʦʨʘʷ ʬʘʟʘ, ʨʘʟʤʝʨ ʢʦʪʦʨʦʡ ʤʝʥʝʝ 0,5 ʤʢʤ ʠ ʦʧʪʠʯʝʩʢʠ ʥʝ ʠʜʝʥʪʠʬʠʮʠʨʫʝʪʩʷ. ʋʚʝʣʠʯʝʥʠʝ 

ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʧʨʠ ʥʘʛʨʫʟʢʝ 200 ʛ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʧʦʚʳʰʝʥʠʠ ʧʣʦʪʥʦʩʪʠ ʧʦʢʨʳʪʠʷ ʠ 

ʧʨʦʭʦʞʜʝʥʠʠ ʙʦʣʝʝ ʧʦʣʥʦʛʦ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ ʚ ʧʦʢʨʳʪʠʠ.  
 

ɸʚʪʦʨʳ ʚʳʨʘʞʘʶʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʨʫʢʦʚʦʜʠʪʝʣʷʤ ʨʘʙʦʪʳ ʠ ʝʝ ʫʯʘʩʪʥʠʢʘʤ  
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ʕʂʉʇʈɽʉʉ-ʆʎɽʅʂɸ ʉɺʆʁʉʊɺ ʌʋʅʂʎʀʆʅɸʃʔʅʓʍ ʇʆʂʈʓʊʀʁ 

ʇʈʀʄɽʅʗɽʄʓʍ ɺ ʄɸʐʀʅʆʉʊʈʆɽʅʀʀ ʇʋʊɽʄ 

ʋʃʔʊʈɸʉʊʈʋʁʅʆɻʆ ɻʀɼʈʆɺʆɿɼɽʁʉʊɺʀʗ ʅɸ ʅʀʍ 

EXPRESS ESTIMATION OF PROPERTIES OF FUNCTIONAL COVERINGS 

APPLIED IN MECHANICAL ENGINEERING BY ULTRAJET 

HYDROINFLUENCE ON THEM 
ɸ.ɸ. ʂʦʚʘʣʝʚ, ʃ.ɸ. ʊʠʱʝʥʢʦ 

ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʅ.ʕ. ɹʘʫʤʘʥʘ 

 

Abstract. The article considers ultra ink-jet express diagnostic application to select the optimal 

functional coating and technology. 

 

 ʇʨʠ ʩʦʟʜʘʥʠʠ ʥʦʚʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ ʦʙʝʩʧʝʯʝʥʠʷ ʠʭ 

ʥʘʜʝʞʥʦʩʪʠ.  

 ɺ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʤʝʭʘʥʠʟʤʦʚ, ʛʜʝ ʚʦʧʨʦʩ ʥʘʜʝʞʥʦʩʪʠ 

ʩʚʷʟʘʥ ʩ ʜʠʥʘʤʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʨʘʙʦʯʝʡ ʩʨʝʜʳ ʠ ʵʣʝʤʝʥʪʦʚ ʤʘʰʠʥ. ʂ ʪʘʢʠʤ 

ʤʘʰʠʥʘʤ, ʨʘʙʦʪʘʶʱʠʤ ʧʨʠ ʪʷʞʝʣʳʭ ʥʘʛʨʫʟʢʘʭ ʠ ʚ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜʘʭ, ʤʦʞʥʦ ʦʪʥʝʩʪʠ 

ʨʘʟʣʠʯʥʦʛʦ ʚʠʜʘ ʥʘʩʦʩʳ (ʚʦʜʷʥʳʝ, ʥʝʬʪʷʥʳʝ, ʭʠʤʠʯʝʩʢʠʝ ʠ ʜʨ.) ʠ ʜʚʠʛʘʪʝʣʠ (ɼɺʉ, 

ʛʘʟʦʪʫʨʙʠʥʥʳʝ, ʪʫʨʙʦʨʝʘʢʪʠʚʥʳʝ, ʨʘʢʝʪʥʳʝ ʠ ʜʨ.). ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʢʦʤʘʥʜʥʳʝ ʜʝʪʘʣʠ ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ (ʢʦʤʧʨʝʩʩʦʨʥʳʝ ʣʦʧʘʪʢʠ, ʨʦʪʦʨʘ, ʢʦʨʧʫʩʘ) 

ʧʦʜʚʝʨʞʝʥʳ ʠʥʪʝʥʩʠʚʥʳʤ ʩʠʣʦʚʳʤ, ʪʝʧʣʦʚʳʤ ʠ ʤʝʭʘʥʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ʚ ʩʦʯʝʪʘʥʠʠ 

ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʥʘʛʨʫʟʢʘʤʠ. ʀʤʝʥʥʦ ʢʦʤʘʥʜʥʳʝ ʜʝʪʘʣʠ ʠ ʫʟʣʳ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʦʧʨʝʜʝʣʷʶʪ ʥʘʜʝʞʥʦʩʪʴ ʚʩʝʡ ʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ.  

 ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʧʦʜʦʙʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʦʢʨʳʪʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ. 

ʇʦʢʨʳʪʠʷ ʥʘʥʦʩʷʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʛʘʟʦʪʝʨʤʠʯʝʩʢʠʤʠ ʩʧʦʩʦʙʘʤʠ: ʛʘʟʦʧʣʘʤʝʥʥʦʝ ʠ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʝ ʩʚʝʨʭʟʚʫʢʦʚʦʝ ʛʘʟʦʧʣʘʤʝʥʥʦʝ ʥʘʧʳʣʝʥʠʝ (HVOF), ʧʣʘʟʤʝʥʥʦʝ (APS) ʠ 

ʜʝʪʦʥʘʮʠʦʥʥʦʝ ʥʘʧʳʣʝʥʠʝ, ʵʣʝʢʪʨʦʜʫʛʦʚʘʷ ʤʝʪʘʣʣʠʟʘʮʠʷ ʠ ʜʨ. ʇʨʠ ʵʪʦʤ ʥʘʜʦ ʠʤʝʪʴ 

ʚʚʠʜʫ, ʯʪʦ ʤʥʦʛʦʦʙʨʘʟʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʦʢʨʳʪʠʡ (ʩʦʩʪʘʚ, ʘʨʭʠʪʝʢʪʫʨʘ) ʠ ʪʝʭʥʦʣʦʛʠʡ 

ʠʭ ʥʘʥʝʩʝʥʠʷ ʥʝ ʧʦʟʚʦʣʷʝʪ ʦʙʦʩʥʦʚʘʥʥʦ ʚʳʙʨʘʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʘʜʘʧʪʠʨʦʚʘʥʥʦʝ ʧʦʜ 

ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʝ ʧʦʢʨʳʪʠʝ ʠ ʨʘʮʠʦʥʘʣʴʥʳʡ ʩʧʦʩʦʙ ʝʛʦ 

ʥʘʥʝʩʝʥʠʷ. 

 ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʠʢʠ ʚʳʙʦʨʘ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʧʦʢʨʳʪʠʷ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʛʦʜʥʦʛʦ ʢ ʨʝʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ ʨʘʙʦʪʳ 

ʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ɼʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʦʩʥʦʚʘʥʘ ʥʘ ʫʣʴʪʨʘʩʪʨʫʡʥʦʡ ʵʢʩʧʨʝʩʩ-

ʜʠʘʛʥʦʩʪʠʢʝ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʧʦʢʨʳʪʠʷ. ʀʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʷʚʣʷʝʪʩʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ 

ʩʚʦʡʩʪʚʦʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʦʢʨʳʪʠʡ. 

ʋʣʴʪʨʘʩʪʨʫʡʥʘʷ ʜʠʘʛʥʦʩʪʠʢʘ ʦʩʥʦʚʘʥʘ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʩʪʨʫʠ 

ʞʠʜʢʦʩʪʠ ʠ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʛʦ ʘʙʨʘʟʠʚʘ ʩ ʜʠʘʛʥʦʩʪʠʨʫʝʤʳʤ ʧʦʢʨʳʪʠʝʤ, ʚʳʟʳʚʘʶʱʝʝ 

ʛʠʜʨʦʵʨʦʟʠʶ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʨʝʞʠʤʘʭ: ʨʘʙʦʯʝʝ ʜʘʚʣʝʥʠʝ ʩʪʨʫʠ, ʝʝ 

ʜʠʘʤʝʪʨ, ʢʠʥʝʤʘʪʠʢʘ ʜʚʠʞʝʥʠʷ ʧʦ ʜʠʘʛʥʦʩʪʠʨʫʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʨʠ ʛʠʜʨʦʩʪʨʫʡʥʦʡ 

ʵʨʦʟʠʠ ʧʨʦʠʩʭʦʜʠʪ ʫʩʢʦʨʝʥʥʦʝ ʣʦʢʘʣʴʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʧʦ ʤʝʭʘʥʠʟʤʘʤ ʥʘʠʙʦʣʝʝ 

ʙʣʠʟʢʠʤ ʠʣʠ ʠʜʝʥʪʠʯʥʳʤ ʤʝʭʘʥʠʟʤʘʤ ʨʝʘʣʴʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʧʦʢʨʳʪʠʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʥʘʛʨʫʟʦʢ, ʥʘʧʨʠʤʝʨ ʮʠʢʣʠʯʝʩʢʠʭ, ʚʳʟʳʚʘʶʱʠʭ ʫʩʪʘʣʦʩʪʥʦʝ 

ʨʘʟʨʫʰʝʥʠʝ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʧʦʩʪʘʚʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ 

ʛʠʜʨʦʩʪʨʫʡʥʦʛʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʧʦʣʥʦʤʘʩʰʪʘʙʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʨʝʩʫʨʩʥʦ-ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʠʩʧʳʪʘʥʠʷʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʧʦʢʨʳʪʠʡ.  
ɼʠʘʛʥʦʩʪʠʢʫ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʧʦʢʨʳʪʠʷ ʩʣʝʜʫʝʪ ʧʨʦʚʦʜʠʪʴ ʥʝ ʪʦʣʴʢʦ ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʘʨʭʠʪʝʢʪʫʨʳ ʧʦʢʨʳʪʠʷ, ʥʦ ʠ ʧʨʠ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʷʭ ʧʦʢʨʳʪʠʷ ʥʘ 

ʩʪʘʜʠʠ ʢʦʥʪʨʦʣʷ ʝʛʦ ʢʘʯʝʩʪʚʘ ʠ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. 
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Abstract. The calculated-analytical method of the optimization of allowances for working by 

stock removal on example of rotor shaft of power-generating set is developed. 

 

ʉʪʘʣʴʥʦʡ ʚʘʣ ʨʦʪʦʨʘ ʪʦʧʣʠʚʥʦʛʦ ʥʘʩʦʩʘ ʩʠʣʦʚʦʛʦ ʘʛʨʝʛʘʪʘ, ʷʚʣʷʷʩʴ ʦʜʥʦʡ ʠʟ 

ʥʘʠʙʦʣʝʝ ʥʘʛʨʫʞʝʥʥʳʭ ʜʝʪʘʣʝʡ, ʦʧʨʝʜʝʣʷʝʪ ʨʝʩʫʨʩ ʠ ʥʘʜʝʞʥʦʩʪʴ ʝʛʦ ʨʘʙʦʪʳ. ʆʧʨʝʜʝʣʝʥʠʝ 

ʤʠʥʠʤʘʣʴʥʦ-ʜʦʧʫʩʪʠʤʦʛʦ ʧʨʠʧʫʩʢʘ ʥʘ ʤʝʭʘʥʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʵʪʦʡ ʜʝʪʘʣʠ, ʩʥʠʞʘʝʪ 

ʪʨʫʜʦʝʤʢʦʩʪʠ ʝʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʥʘʟʥʘʯʘʶʪʩʷ ʧʨʠʧʫʩʢʠ ʥʘ 

ʤʝʭʘʥʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʪʘʙʣʠʮʘʤ. ʆʜʥʘʢʦ ʚ ʫʩʣʦʚʠʷʭ ʩʝʨʠʡʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʦʩʦʙʝʥʥʦ ʚ ʩʣʫʯʘʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʟʘʛʦʪʦʚʦʢ, 

ʥʝʨʘʮʠʦʥʘʣʴʥʦ ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʝʨʘʮʠʡ, ʠʭ ʧʦʨʷʜʢʘ ʥʘ ʤʝʭʘʥʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʠ 

ʥʘʟʥʘʯʝʥʠʝ ʧʨʠʧʫʩʢʦʚ ʥʘ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʦʧʝʨʘʮʠʠ ʩʦʛʣʘʩʥʦ ʪʘʙʣʠʮʘʤ.  

ʈʘʩʯʝʪʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʠʧʫʩʢʦʚ ʧʦʟʚʦʣʷʝʪ ʥʘʟʥʘʯʘʪʴ 

ʧʨʠʧʫʩʢʠ ʥʘ ʦʧʝʨʘʮʠʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʤʠʥʠʤʘʣʴʥʦ-ʥʝʦʙʭʦʜʠʤʳʤʠ, ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʙʫʝʤʦʡ ʪʦʯʥʦʩʪʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʟʘʜʘʥʥʫʶ ʥʘʜʝʞʥʦʩʪʴ ʚʘʣʦʚ ʨʦʪʦʨʘ. ɺ 

ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʜʭʦʜ ʢ ʨʝʰʝʥʠʶ ʦʙʦʟʥʘʯʝʥʥʦʡ ʧʨʦʙʣʝʤʳ, ʢʦʪʦʨʘʷ ʙʘʟʠʨʫʝʪʩʷ ʥʘ 

ʨʘʩʯʝʪʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʤʝʪʦʜʝ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʠʧʫʩʢʦʚ ʥʘ ʤʝʭʘʥʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ. 

ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʦʪʢʣʦʥʝʥʠʡ ʥʘ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʢʦʥʯʘʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʝʪʘʣʝʡ ʧʦ ʟʘʜʘʥʥʳʤ 

ʢʨʠʪʝʨʠʷʤ ʢʘʯʝʩʪʚʘ.  

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʛʨʘʤʤʳ, ʢʦʪʦʨʘʷ 

ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʧʨʠʧʫʩʢʠ ʥʘ ʤʝʭʘʥʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʜʝʪʘʣʝʡ. ʇʨʠ 

ʵʪʦʤ ʧʨʦʛʨʘʤʤʘ ʷʚʣʷʝʪʩʷ ʩʘʤʦʜʦʩʪʘʪʦʯʥʦʡ, ʩ ʠʥʪʫʠʪʠʚʥʦ-ʧʦʥʷʪʥʳʤ ʠʥʪʝʨʬʝʡʩʦʤ. ɼʣʷ 

ʩʦʢʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ ʠ ʟʘʪʨʘʪ ʥʘ ʠʥʞʝʥʝʨʥʳʝ ʨʘʟʨʘʙʦʪʢʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʝʥʠʝ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ CAD/CAM/CAE-ʩʠʩʪʝʤ. ʇʨʝʜʩʪʘʚʣʝʥʘ 

ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʧʨʠʧʫʩʢʦʚ ʠ ʜʦʧʫʩʢʦʚ ʥʘ ʤʝʭʘʥʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ, ʥʘ ʙʘʟʝ ʢʦʪʦʨʦʡ 

ʨʘʟʨʘʙʦʪʘʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʠ ʙʣʦʢ-ʩʭʝʤʘ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʩʭʝʤʳ ʧʦʟʚʦʣʷʶʪ ʯʝʪʢʦ 

ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʪʨʫʢʪʫʨʫ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʛʨʘʤʤʳ, ʧʨʠ ʵʪʦʤ ʩʦʢʨʘʪʠʚ ʚʨʝʤʷ ʠ ʫʧʨʦʩʪʠʚ 

ʚʥʝʩʝʥʠʝ ʥʝʦʙʭʦʜʠʤʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʧʨʦʛʨʘʤʤʫ. 

ʇʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʥʦʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʘʜʘʧʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʨʦʪʦʨʘ ʚ ʫʩʣʦʚʠʷʭ ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʠ ʩʝʨʠʡʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʉ ʫʯʝʪʦʤ ʮʝʣʝʚʦʡ 

ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʚʘʣʦʚ. ʆʧʨʝʜʝʣʝʥʳ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ ʘʜʝʢʚʘʪʥʦʛʦ ʚʣʠʷʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʦʪʢʣʦʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ 

ʥʘʩʦʩʥʳʭ ʘʛʨʝʛʘʪʦʚ ʉɸ. ʈʘʟʨʘʙʦʪʘʥʳ ʵʪʘʧʳ ʤʝʪʦʜʦʣʦʛʠʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ 

ʦʙʱʠʡ ʘʣʛʦʨʠʪʤ ʨʘʟʨʘʙʦʪʢʠ ʦʧʝʨʘʮʠʦʥʥʦ-ʤʘʨʰʨʫʪʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʦʙʨʘʙʦʪʢʠ ʜʝʪʘʣʝʡ ʠ ʩʙʦʨʦʯʥʳʭ ʝʜʠʥʠʮ, ʬʦʨʤʠʨʫʶʱʠʭ ʧʦʪʦʯʥʫʶ ʯʘʩʪʴ ʥʘʩʦʩʥʳʭ 

ʘʛʨʝʛʘʪʦʚ. ʀʩʩʣʝʜʦʚʘʥʳ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ, ʚʳʟʳʚʘʶʱʠʝ 

ʧʦʷʚʣʝʥʠʝ ʦʪʢʣʦʥʝʥʠʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʉɸ. ʈʘʟʨʘʙʦʪʘʥʘ ʩʪʨʫʢʪʫʨʥʦ-

ʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʪʝʭʥʦʣʦʛʠʠ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʠʧʫʩʢʦʚ ʚʘʣʘ ʨʦʪʦʨʘ. ʇʨʦʨʘʙʦʪʘʥʘ ʜʣʷ 

ʩʝʨʠʡʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʠʩʪʝʤʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʩʥʘʱʝʥʠʷ ʠ ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʠʷ. 

http://lingvopro.abbyyonline.com/ru/Search/GlossaryItemExtraInfo?text=%d0%be%d0%b1%d1%80%d0%b0%d0%b1%d0%be%d1%82%d0%ba%d0%b0%20%d1%80%d0%b5%d0%b7%d0%b0%d0%bd%d0%b8%d0%b5%d0%bc&translation=working%20by%20stock%20removal&srcLang=ru&destLang=en&author=Administrator
http://lingvopro.abbyyonline.com/ru/Search/GlossaryItemExtraInfo?text=%d0%be%d0%b1%d1%80%d0%b0%d0%b1%d0%be%d1%82%d0%ba%d0%b0%20%d1%80%d0%b5%d0%b7%d0%b0%d0%bd%d0%b8%d0%b5%d0%bc&translation=working%20by%20stock%20removal&srcLang=ru&destLang=en&author=Administrator
http://lingvopro.abbyyonline.com/ru/Search/GlossaryItemExtraInfo?text=%d0%b2%d0%b0%d0%bb&translation=shaft&srcLang=ru&destLang=en
http://lingvopro.abbyyonline.com/ru/Search/GlossaryItemExtraInfo?text=%d1%81%d0%b8%d0%bb%d0%be%d0%b2%d0%be%d0%b9%20%d0%b0%d0%b3%d1%80%d0%b5%d0%b3%d0%b0%d1%82&translation=power-generating%20set&srcLang=ru&destLang=en
http://lingvopro.abbyyonline.com/ru/Search/GlossaryItemExtraInfo?text=%d1%80%d0%b0%d0%b7%d1%80%d0%b0%d0%b1%d0%b0%d1%82%d1%8b%d0%b2%d0%b0%d1%82%d1%8c&translation=develop&srcLang=ru&destLang=en
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IMPROVING THE QUALITY OF THE SURFACE BEARING  

IN FINISHING MACHINING 
 

ʄ.ʖ. ʂʫʣʠʢʦʚ - ʜ.ʪ.ʥ., ʧʨʦʬ., ɺ.ɽ. ʀʥʦʟʝʤʮʝʚ ï ʘʩʧ. 

ʄɻʋʇʉ (ʄʀʀʊ) 

 

Abstract. The effect the cutting tool on the quality of metal-formed surface was investigated. 

Was established important factors acting on process of cutting of metallceramics. Found ways to 

preserve of porosity in metal-machining. As a result of experiments established the action of the 

material of cutting tool from surface layer on the metallceramics. 
 

ʄʝʪʘʣʣʦʢʝʨʘʤʠʢʘ ʥʘʭʦʜʠʪ ʫʩʧʝʰʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʜʣʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʫʟʣʦʚ ʪʨʝʥʠʷ. ɹʣʘʛʦʜʘʨʷ ʧʦʨʠʩʪʦʩʪʠ, ʜʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʘʤʦʩʤʘʟʳʚʘʥʠʝ ʫʟʣʦʚ ʪʨʝʥʠʷ ʧʨʠ ʨʘʙʦʪʝ. ʇʦʨʠʩʪʦʩʪʴ ʩʪʨʦʛʦ 

ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʟʘʛʦʪʦʚʦʢ ʤʝʪʦʜʦʤ ʩʧʝʢʘʥʠʷ, ʦʜʥʘʢʦ ʤʝʭʘʥʠʯʝʩʢʘʷ 

ʦʙʨʘʙʦʪʢʘ ʧʦʨʠʩʪʳʭ ʤʝʪʘʣʣʦʢʝʨʘʤʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʯʝʥʴ 

ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ  ʧʘʨʘʤʝʪʨʦʚ ʢʘʯʝʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ, ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ ʦʢʘʟʳʚʘʶʪ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ. ʇʦʵʪʦʤʫ ʠʟʫʯʝʥʠʝ 

ʚʣʠʷʥʠʷ ʫʩʣʦʚʠʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘ ʢʘʯʝʩʪʚʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʜʝʪʘʣʝʡ 

ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʨʝʟʘʥʠʷ ʠ ʫʚʝʣʠʯʠʪʴ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʪʘʣʣʦʧʦʨʦʰʢʦʚʳʭ ʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʦʜʰʠʧʥʠʢʦʚ ʩʢʦʣʴʞʝʥʠʷ. 

ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʪʚʸʨʜʦʩʧʣʘʚʥʳʝ ʨʝʞʫʱʠʝ ʧʣʘʩʪʠʥʳ ʩ ʧʦʢʨʳʪʠʝʤ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʨʘʜʠʫʩʦʤ ʧʨʠ 

ʚʝʨʰʠʥʝ, ʘ ʪʘʢʞʝ ʘʙʨʘʟʠʚʥʳʡ ʠʥʩʪʨʫʤʝʥʪ. 

ʅʘʠʚʘʞʥʝʡʰʠʝ ʬʘʢʪʦʨʳ, ʦʢʘʟʳʚʘʶʱʠʝ ʚʣʠʷʥʠʝ ʥʘ ʩʥʠʞʝʥʠʝ ʟʘʪʷʛʠʚʘʥʠʷ ʧʦʨ, 

ʠʟʤʝʥʝʥʠʝ ʠʭ ʨʘʟʤʝʨʦʚ ʠ ʬʦʨʤʳ, ʘ ʪʘʢʞʝ ʠʟʤʝʥʝʥʠʝ ʧʣʦʪʥʦʩʪʠ, ʵʪʦ: ʤʘʪʝʨʠʘʣ ʨʝʞʫʱʝʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ, ʧʨʠʤʝʥʷʝʤʦʛʦ ʧʨʠ ʦʙʨʘʙʦʪʢʝ; ʩʧʦʩʦʙʥʦʩʪʴ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʧʨʦʪʠʚʦʩʪʦʷʪʴ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ; ʧʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʝʪʘʣʣʘ ʚ ʩʦʩʪʘʚʝ 

ʤʝʪʘʣʣʦʢʝʨʘʤʠʢʠ;- ʨʝʞʠʤʳ ʨʝʟʘʥʠʷ, ʦʙʦʩʥʦʚʘʥʥʳʝ ʫʩʣʦʚʠʷʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʟʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ; ʧʨʠʤʝʥʝʥʠʝ ʉʆʊʉ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʪʦʨʳʭ ʦʙʲʷʩʥʷʝʪʩʷ 

ʪʝʭʥʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʨʝʟʘʥʠʷ ʪʝʤ ʠʣʠ ʠʥʳʤ ʤʘʪʝʨʠʘʣʦʤ; ʚʝʣʠʯʠʥʘ ʨʘʜʠʫʩʘ ʚʝʨʰʠʥʳ 

ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, ʚʣʠʷʶʱʘʷ ʥʘ ʭʘʨʘʢʪʝʨ ʢʦʥʪʘʢʪʘ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʟʘʛʦʪʦʚʢʠ. ʏʝʤ 

ʤʝʥʴʰʝ ʝʸ ʟʥʘʯʝʥʠʝ, ʪʝʤ ʣʫʯʰʝ ʧʨʦʪʝʢʘʝʪ ʧʨʦʮʝʩʩ ʨʝʟʘʥʠʷ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʦʙʨʘʙʦʪʢʝ 

ʙʨʦʥʟʦʛʨʘʬʠʪʦʚ. ʅʘ ʠʟʤʝʥʝʥʠʝ ʬʦʨʤʳ ʧʦʨ ʚʣʠʷʝʪ ʩʪʝʧʝʥʴ ʜʝʬʦʨʤʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʩʣʦʷ, ʥʘʣʠʯʠʝ ʢʦʪʦʨʦʡ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʦʷʚʣʝʥʠʝʤ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʩʞʘʪʠʷ ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ.  

ʇʨʠʤʝʥʝʥʠʝ ʘʙʨʘʟʠʚʘ ʠ ʰʣʠʬʦʚʘʣʴʥʦʡ ʰʢʫʨʢʠ ʧʨʠʚʦʜʠʪ, ʧʨʘʢʪʠʯʝʩʢʠ, ʢ ʧʦʣʥʦʤʫ 

ʟʘʪʷʛʠʚʘʥʠʶ ʧʦʨ ʫ ʧʦʚʝʨʭʥʦʩʪʠ, ʠʩʢʣʶʯʘʷ ʜʘʣʴʥʝʡʰʫʶ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʚʸʨʜʦʩʧʣʘʚʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʩ ʧʦʢʨʳʪʠʝʤ ʥʠʪʨʠʜʘ ʪʠʪʘʥʘ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʧʦʚʝʨʭʥʦʩʪʴ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʟʘʪʷʛʠʚʘʥʠʝʤ ʧʦʨ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʚʳʩʦʢʠʤ ʢʘʯʝʩʪʚʦʤ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʤʠʥʠʤʠʟʘʮʠʠ ʠʟʤʝʥʝʥʠʷ ʬʦʨʤʳ 

ʧʦʨ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʨʝʞʫʱʝʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ. 
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ɺ ʇʗʊʅɽ ʂʆʅʊɸʂʊɸ ɸɺʊʆʄʆɹʀʃʔʅʆʁ ʐʀʅʓ  

ʉ ʆʇʆʈʅʆʁ ʇʆɺɽʈʍʅʆʉʊʔʖ 

 

RESEARCH OF ZONES OF THE FRICTION OF REST AND SLIDING 

IN THE STAIN OF CONTACT OF THE AUTOMOBILE TIRE  

WITH THE BASIC SURFACE 
 

ɼ.ɸ.ʄʘʨʫʭʠʥ ï ʘʩʧ., ɽ.ɺ.ɹʘʣʘʢʠʥʘ ï ʢ.ʪ.ʥ., ʅ.ʄ.ɿʦʪʦʚ ï ʢ.ʪ.ʥ. 

ɺʦʣʛʦʛʨʘʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

Abstract. In a stain of contact of the tire with road there are zones of a friction of rest and 

sliding, the knowledge of their arrangement will allow to improve a car design procedure on 

stability and controllability. In the given work, the author experimentally investigates an 

arrangement of zones of a friction in a contact stain. 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʧʷʪʥʝ ʢʦʥʪʘʢʪʘ ʰʠʥʳ ʩ ʦʧʦʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʝʩʪʴ ʟʦʥʳ ʪʨʝʥʠʷ 

ʧʦʢʦʷ ʠ ʩʢʦʣʴʞʝʥʠʷ. ʀʭ ʨʘʩʧʦʣʦʞʝʥʠʝ ʚ ʧʝʨʝʜʥʝʡ ʠʣʠ ʟʘʜʥʝʡ ʯʘʩʪʷʭ ʧʷʪʥʘ ʢʦʥʪʘʢʪʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʘʚʪʦʤʦʙʠʣʷ ʦʧʨʝʜʝʣʷʝʪ ʚ ʠʟʚʝʩʪʥʦʡ ʩʪʝʧʝʥʠ ʷʚʣʝʥʠʷ 

ʚ ʧʷʪʥʝ ʢʦʥʪʘʢʪʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʙʦʢʦʚʦʛʦ ʩʢʦʣʴʞʝʥʠʷ ʢʦʣʝʩʘ, ʟʦʥʘ ʪʨʝʥʠʷ 

ʩʢʦʣʴʞʝʥʠʷ ʚʦʩʧʨʠʥʠʤʘʝʪ ʧʨʦʜʦʣʴʥʫʶ ʥʘʛʨʫʟʢʫ ʠ ʨʝʘʣʠʟʫʝʪ ʯʘʩʪʴ ʧʨʦʜʦʣʴʥʦʡ ʨʝʘʢʮʠʠ 

ʦʧʦʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʟʦʥʘ ʪʨʝʥʠʷ ʧʦʢʦʷ ʚʦʩʧʨʠʥʠʤʘʝʪ ʧʨʦʜʦʣʴʥʫʶ ʠ ʙʦʢʦʚʫʶ ʥʘʛʨʫʟʢʠ 

ʠ ʨʝʘʣʠʟʫʝʪ ʢʘʢ ʯʘʩʪʴ ʧʨʦʜʦʣʴʥʦʡ, ʪʘʢ ʠ ʚʩʶ ʙʦʢʦʚʫʶ ʨʝʘʢʮʠʶ ʦʧʦʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʕʪʦ 

ʚʣʠʷʝʪ ʥʘ ʫʚʦʜ ʵʣʘʩʪʠʯʥʦʛʦ ʢʦʣʝʩʘ ʠ ʧʘʨʘʤʝʪʨʳ ʢʦʣʝʙʘʥʠʡ ʫʧʨʘʚʣʷʝʤʳʭ ʢʦʣʝʩ.  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʚʝʜʫʱʝʤ ʨʝʞʠʤʝ ʢʦʣʝʩʘ ʫʯʘʩʪʦʢ ʪʨʝʥʠʷ ʧʦʢʦʷ ʨʘʩʧʦʣʦʞʝʥ ʚ 

ʧʝʨʝʜʥʝʡ ʯʘʩʪʠ ʧʷʪʥʘ ʢʦʥʪʘʢʪʘ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʨʝʞʠʤʘ ʪʦʨʤʦʞʝʥʠʷ, ʪʦ ʠʤʝʶʪ ʤʝʩʪʦ 

ʧʨʦʪʠʚʦʨʝʯʠʚʳʝ ʣʠʪʝʨʘʪʫʨʥʳʝ ʩʚʝʜʝʥʠʷ. 

ʅʘ ʩʦʟʜʘʥʥʦʡ ʥʘ ʢʘʬʝʜʨʝ çʊʝʭʥʠʯʝʩʢʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʠ ʨʝʤʦʥʪ ʘʚʪʦʤʦʙʠʣʝʡè 

ɺʦʣʛɻʊʋ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʝʥʠʡ ʚ ʧʷʪʥʝ ʢʦʥʪʘʢʪʘ ʰʠʥʳ 

ʩ ʦʧʦʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʨʦʚʝʜʝʥʳ ʦʨʠʛʠʥʘʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʠʣʠ 

ʚʳʷʚʠʪʴ ʨʘʩʧʦʣʦʞʝʥʠʝ ʟʦʥ ʪʨʝʥʠʷ ʧʦʢʦʷ ʠ ʩʢʦʣʴʞʝʥʠʷ ʚ ʧʷʪʥʝ ʢʦʥʪʘʢʪʘ ʚ ʚʝʜʫʱʝʤ ʠ 

ʪʦʨʤʦʟʥʦʤ ʠʤʠʪʠʨʫʝʤʳʭ ʨʝʞʠʤʘʭ ʜʚʠʞʝʥʠʷ ʢʦʣʝʩʘ ʚ ʜʚʫʭ ʩʝʯʝʥʠʷʭ. ʀʤʠʪʠʨʦʚʘʣʦʩʴ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʥʘʛʨʫʞʝʥʠʝ ʰʠʥʳ 3.50-5. ʋʩʠʣʠʷ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠʩʴ ʪʨʝʤʷ 

ʦʙʨʘʟʮʦʚʳʤʠ ʧʝʨʝʥʦʩʥʳʤʠ ʜʠʥʘʤʦʤʝʪʨʘʤʠ ʥʘ ʩʞʘʪʠʝ ʪʠʧʘ ɼʆʉ ɻʆʉʊ 9500-75 ʩʠʩʪʝʤʳ 

ʅ. ɻ. ʊʦʢʘʨʷ: ɼʆʉ-0,1; ɼʆʉ-0,3 ʠ ɼʆʉ-1 ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʠʟʤʝʨʷʝʤʳʤ ʫʩʠʣʠʝʤ 100, 300 ʠ 

1000 ʢʛʩ, ʩ ʮʝʥʦʡ ʜʝʣʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: 0,2; 0,6 ʠ 2 ʢʛʩ. ʇʝʨʝʤʝʱʝʥʠʷ 

ʢʦʥʪʨʦʣʠʨʦʚʘʣʠʩʴ ʪʨʝʤʷ ʠʥʜʠʢʘʪʦʨʘʤʠ ʯʘʩʦʚʦʛʦ ʪʠʧʘ ʀʏ-10 ɻʆʉʊ 577-68 ʩ ʧʨʝʜʝʣʦʤ 

ʠʟʤʝʨʝʥʠʡ 10 ʤʤ ʠ ʮʝʥʦʡ ʜʝʣʝʥʠʷ 0,01 ʤʤ.  ʄʦʜʝʣʴ ʜʦʨʦʛʠ ʚʳʧʦʣʥʝʥʘ ʠʟ ʦʧʪʠʯʝʩʢʠ 

ʧʨʦʟʨʘʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʛʠʩʪʨʘʮʠʠ ʨʘʟʤʝʨʦʚ ʠ ʬʦʨʤʳ ʧʷʪʥʘ ʢʦʥʪʘʢʪʘ, ʘ 

ʪʘʢʞʝ ʤʦʤʝʥʪʘ ʥʘʯʘʣʘ ʩʢʦʣʴʞʝʥʠʷ ʚ ʧʷʪʥʝ ʢʦʥʪʘʢʪʘ. ʈʝʛʠʩʪʨʘʮʠʷ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʠʜʝʦʢʘʤʝʨʳ. 

ʇʦʜʪʚʝʨʞʜʝʥʦ, ʯʪʦ ʚ ʚʝʜʫʱʝʤ ʨʝʞʠʤʝ ʜʚʠʞʝʥʠʷ ʢʦʣʝʩʘ ʫʯʘʩʪʦʢ ʪʨʝʥʠʷ ʧʦʢʦʷ 

ʥʘʭʦʜʠʪʩʷ ʚʧʝʨʝʜʠ ʫʯʘʩʪʢʘ ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʘʧʨʘʚʣʝʥʠʶ ʚʝʢʪʦʨʘ 

ʩʢʦʨʦʩʪʠ ʢʦʣʝʩʘ. ɺʧʝʨʚʳʝ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʪʦʨʤʦʟʥʦʤ ʨʝʞʠʤʝ ʜʚʠʞʝʥʠʷ ʢʦʣʝʩʘ ʫʯʘʩʪʦʢ 

ʪʨʝʥʠʷ ʧʦʢʦʷ ʥʘʭʦʜʠʪʩʷ ʧʦʟʘʜʠ ʫʯʘʩʪʢʘ ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʘʧʨʘʚʣʝʥʠʶ 

ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʢʦʣʝʩʘ, ʪ.ʝ. ʚ ʟʘʜʥʝʡ ʯʘʩʪʠ ʧʷʪʥʘ ʢʦʥʪʘʢʪʘ.  
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ɹ.ʅ.ʄʠʭʘʡʣʠʥ-ʘʩʧ., ɸ.ɸ.ʌʠʰʢʦʚ- ʘʩʧ., ɺ.ʇ.ɹʠʨʶʢʦʚ-ʢ.ʪ.ʥ.  

ʀʥʩʪʠʪʫʪ ʤʘʰʠʥʦʚʝʜʝʥʠʷ ʠʤ.ɸ.ɸ.ɹʣʘʛʦʥʨʘʚʦʚʘ ʈɸʅ 

 
Abstract. There represented laser pad welding possibilities with powders, supplying in laser 

beam zone directly or coated on surface as a lute in good time. 

 

ʃʘʟʝʨʥʘʷ ʥʘʧʣʘʚʢʘ ʦʪʣʠʯʘʝʪʩʷ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ 

ʩʧʦʩʦʙʘʤʠ. ɺʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʥʝʨʛʠʠ ʚ ʧʷʪʥʝ ʥʘʛʨʝʚʘ ʧʦʟʚʦʣʷʝʪ ʚʝʩʪʠ ʧʨʦʮʝʩʩ ʥʘ 

ʧʦʚʳʰʝʥʥʳʭ ʩʢʦʨʦʩʪʷʭ ʦʙʨʘʙʦʪʢʠ. ʕʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʩʣʦʷ ʩ ʤʘʣʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʷ (0,05é0,15) ʟʘ ʩʯʝʪ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʛʦ ʧʦʜʧʣʘʚʣʝʥʠʷ ʦʩʥʦʚʳ, ʤʠʥʠʤʘʣʴʥʦʝ ʪʝʨʤʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 

ʦʩʥʦʚʥʦʡ ʤʝʪʘʣʣ, ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʧʣʘʚʢʠ ʤʘʣʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʩʦʠʟʤʝʨʠʤʳʭ ʩ ʜʠʘʤʝʪʨʦʤ 

ʧʷʪʥʘ ʥʘʛʨʝʚʘ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʚʦʟʜʝʡʩʪʚʠʝʤ ʣʫʯʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʜʣʦʞʢʠ ʧʦʜʘʶʪʩʷ 

ʥʘʧʣʘʚʣʷʝʤʳʝ ʤʘʪʝʨʠʘʣʳ ʚ ʚʠʜʝ ʧʦʨʦʰʢʘ, ʧʨʦʚʦʣʦʢʠ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ. 

ʀʟ ʩʧʦʩʦʙʦʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ 

ʧʨʠʤʝʥʠʤ ʤʝʪʦʜ ʥʘʧʣʘʚʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʰʣʠʢʢʝʨʥʦʛʦ ʧʦʢʨʳʪʠʷ, ʦʪʣʠʯʘʶʱʠʡʩʷ 

ʙʦʣʴʰʠʤ ʂʇɼ ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʧʦʛʣʦʱʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ 

ʧʨʠʩʫʪʩʪʚʠʝʤ ʩʚʷʟʫʶʱʝʛʦ ʚʝʱʝʩʪʚʘ ʠ ʧʨʘʢʪʠʯʝʩʢʠ 100%-ʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʠʩʘʜʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʅʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʢʘʯʝʩʪʚʦ ʥʘʧʣʘʚʣʷʝʤʦʛʦ 

ʩʣʦʷ ʦʢʘʟʳʚʘʝʪ ʩʦʩʪʘʚ ʩʚʷʟʫʶʱʝʛʦ ʚʝʱʝʩʪʚʘ, ʢʦʪʦʨʦʝ ʜʦʣʞʥʦ ʦʙʝʩʧʝʯʠʚʘʪʴ ʥʝʦʙʭʦʜʠʤʫʶ 

ʘʜʛʝʟʠʶ ʠ ʧʨʦʯʥʦʩʪʴ ʰʣʠʢʢʝʨʥʦʛʦ ʩʣʦʷ, ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʠ ʥʘʥʝʩʝʥʠʷ 

ʧʘʩʪʳ, ʥʝʪʦʢʩʠʯʥʦʩʪʴ. ʉʚʷʟʫʶʱʝʝ ʚʝʱʝʩʪʚʦ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʤʝʪʠʣʮʝʣʣʶʣʦʟʳ ʩ ʝʝ 

ʩʦʜʝʨʞʘʥʠʝʤ  15é30% ʦʪ ʦʙʲʝʤʘ ʚʦʜʳ ʧʦʢʘʟʘʣʦ ʥʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤʳʝ ʨʝʟʫʣʴʪʘʪʳ. 

ʇʦʜʘʯʫ ʧʨʠʩʘʜʦʯʥʦʛʦ ʧʦʨʦʰʢʘ ʧʨʦʠʟʚʦʜʠʣʠ ʧʦʜ ʫʛʣʦʤ 30é60 ʛʨʘʜʫʩʦʚ ʢ 

ʜʚʠʞʫʱʝʤʫʩʷ ʣʘʟʝʨʥʦʤʫ ʣʫʯʫ. ɼʣʷ ʚʳʨʘʚʥʠʚʘʥʠʷ ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ, ʚʨʝʤʝʥʠ 

ʚʦʟʜʝʡʩʪʚʠʷ ʣʫʯʘ ʥʘ ʨʘʩʧʣʘʚʣʷʝʤʳʡ ʧʦʨʦʰʦʢ ʧʨʠʤʝʥʷʣʠ ʩʢʘʥʠʨʫʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ ʩ 

ʢʦʣʝʙʣʶʱʠʤʠʩʷ ʠ ʚʨʘʱʘʶʱʠʤʠʩʷ ʟʝʨʢʘʣʘʤʠ ʩ ʯʘʩʪʦʪʦʡ 150é600ɻʮ. ɼʣʷ ʧʦʜʘʯʠ 

ʧʦʨʦʰʢʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʫʩʪʨʦʡʩʪʚʦ, ʩʦʩʪʦʷʱʝʝ ʠʟ ʙʫʥʢʝʨʘ ʠ ʧʠʪʘʪʝʣʷ. ʅʘʧʣʘʚʢʫ ʧʦʨʦʰʢʘ 

ʌɹʍ6-2 ʩ ʜʦʙʘʚʢʘʤʠ ʪʚʝʨʜʳʭ ʠ ʤʷʛʢʠʭ ʯʘʩʪʠʮ ʧʨʦʠʟʚʦʜʠʣʠ ʥʘ ʣʘʟʝʨʥʦʡ ʫʩʪʘʥʦʚʢʝ 

çʂʦʤʝʪʘ-ʄè. ʄʦʱʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʠʟʤʝʥʷʣʘʩʴ ʚ ʧʨʝʜʝʣʘʭ 900é1400 ɺʪ. ʉʢʦʨʦʩʪʴ 

ʧʝʨʝʤʝʱʝʥʠʷ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ 5é25 ʤʤ/ʩ. ɺ ʢʘʯʝʩʪʚʝ ʧʦʜʣʦʞʢʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʪʘʣʠ 20, 

40ʍ, 45, 65ɻ. 

ʇʦʩʣʝ ʥʘʧʣʘʚʢʠ ʠʟʤʝʨʷʣʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʚʘʣʠʢʦʚ (ʚʳʩʦʪʫ ʠ ʰʠʨʠʥʫ), 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʤʝʰʠʚʘʥʠʷ, ʨʘʚʥʳʡ ʦʪʥʦʰʝʥʠʶ ʧʣʦʱʘʜʠ ʩʝʯʝʥʠʷ ʨʘʩʧʣʘʚʣʝʥʥʦʛʦ 

ʤʝʪʘʣʣʘ ʧʦʜʣʦʞʢʠ ʢ ʧʣʦʱʘʜʠ ʚʩʝʛʦ ʨʘʩʧʣʘʚʣʝʥʥʦʛʦ ʤʝʪʘʣʣʘ. ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ 

ʚʝʨʦʷʪʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʝʱʠʥ ʚ ʥʘʧʣʘʚʣʝʥʥʦʤ ʧʦʢʨʳʪʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʦʨʦʰʦʢ 

ʘʣʶʤʠʥʠʷ ʩ ʚʘʨʴʠʨʦʚʘʥʠʝʤ ʝʛʦ ʚ ʩʦʩʪʘʚʝ ʥʘʧʣʘʚʣʷʝʤʦʛʦ ʧʦʨʦʰʢʘ ʚ ʧʨʝʜʝʣʘʭ 1é12%. 

ʌʨʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ ʧʦʨʦʰʢʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʦʩʪʘʚʣʷʣ 40é160 ʤʢʤ.  ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʨʘʟʤʝʨʦʚ ʥʘʧʣʘʚʣʷʝʤʳʭ ʚʘʣʠʢʦʚ. ʅʘʡʜʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʞʠʤʳ ʥʘʧʣʘʚʢʠ, ʧʨʠ ʢʦʪʦʨʳʭ 

ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʦʪʩʣʦʝʥʠʝ ʧʦʢʨʳʪʠʡ ʦʪ ʦʩʥʦʚʳ, ʠ ʦʪʩʫʪʩʪʚʫʶʪ ʪʨʝʱʠʥʳ ʚ ʥʘʧʣʘʚʣʝʥʥʳʭ 

ʩʣʦʷʭ.  

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʪ ʨʘʩʰʠʨʠʪʴ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ 

ʣʘʟʝʨʥʦʡ ʥʘʧʣʘʚʢʠ, ʢʘʢ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʠʟʥʦʰʝʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʨʝʥʠʷ, ʪʘʢ ʠ ʧʨʠ 

ʠʟʛʦʪʦʚʣʝʥʠʠ ʥʦʚʳʭ ʜʝʪʘʣʝʡ ʩ ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ. 
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ʇʈʀʄɽʅɽʅʀɽ ʂʆʄʇʆɿʀʊʆɺ ʅɸ ʆʉʅʆɺɽ ʕʇʆʂʉʀɼʅʆʁ  

ʉʄʆʃʓ ɺ ʄɸʐʀʅʆʉʊʈʆɽʅʀʀ 

APPLICATION OF COMPOSITES ON THE BASIS  

OF EPOXY RESIN IN MECHANICAL ENGINEERING 
 

ɺ.ʈ. ʇʘʢʣʝʚ ï ʘʩʧ. 

ʌɻɹʆʋ ɺʇʆ çʉʘʤʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

Abstract. In the report application of composites on the basis of epoxy resin with various fillers 

for increasing the anti-seizure properties of friction pairôs details is described. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʠʥʪʝʥʩʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ 

ʧʦʣʠʤʝʨʦʚ ʥʘ ʦʩʥʦʚʝ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʳ. ɺʳʩʦʢʘʷ ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴ ʜʘʥʥʳʭ ʢʦʤʧʦʟʠʪʦʚ 

ʦʙʫʩʣʦʚʣʝʥʘ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ (ʚʳʩʦʢʠʝ ʵʣʝʢʪʨʦʠʟʦʣʷʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ, ʦʪʥʦʩʠʪʝʣʴʥʘʷ 

ʜʝʰʝʚʠʟʥʘ, ʥʝʤʘʛʥʠʪʥʦʩʪʴ, ʢʦʨʨʦʟʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ ʠ ʜʨ.), ʥʦ ʠʭ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʩʜʝʨʞʠʚʘʶʪ ʠ ʥʝʜʦʩʪʘʪʢʠ (ʪʦʢʩʠʯʥʦʩʪʴ, ʥʠʟʢʠʡ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ, ʚʳʩʦʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ, ʩʢʣʦʥʥʦʩʪʴ ʢ ʩʪʘʨʝʥʠʶ ʠ ʜʨ.). 

ʆʜʥʦ ʠʟ ʧʨʠʤʝʥʝʥʠʡ ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʭ ʪʨʠʙʦʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʵʧʦʢʩʠʜʥʦʡ 

ʩʤʦʣʳ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʩʪʦʡʢʦʩʪʠ ʫʟʣʦʚ ʪʨʝʥʠʷ ʢ ʩʭʚʘʪʳʚʘʥʠʶ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʟʘʜʠʨʦʚ.  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʤʘʩʣʦʝʤʢʦʩʪʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʪʨʝʥʠʷ 

ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʤʘʩʣʷʥʳʝ ʢʘʥʘʚʢʠ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʥʘ ʠʟʥʘʰʠʚʘʥʠʝ ʧʨʠ ʩʭʚʘʪʳʚʘʥʠʠ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘʣʠʯʠʝ ʢʘʥʘʚʦʢ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʩʠʣ ʪʨʝʥʠʷ (ʜʦ 2-ʭ ʨʘʟ) ʠ 

ʫʤʝʥʴʰʝʥʠʶ ʨʘʟʦʛʨʝʚʘ ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʨʝʥʠʷ. ʆʜʥʘʢʦ ʥʘʣʠʯʠʝ ʢʘʥʘʚʦʢ  ʥʝ ʪʦʣʴʢʦ ʥʝ 

ʧʦʚʳʰʘʣʦ ʩʪʦʡʢʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʝʡ ʢ ʟʘʜʠʨʘʤ, ʥʦ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʛʣʘʜʢʠʝ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʦʢʘʟʳʚʘʣʠ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʟʘʜʠʨʘʤ. ʇʦʵʪʦʤʫ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʩʪʦʡʢʦʩʪʠ 

ʧʘʨ ʪʨʝʥʠʷ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʟʘʜʠʨʦʚ ʨʘʟʨʘʙʦʪʘʥʘ ʥʦʚʘʷ ʨʝʩʫʨʩʦʧʦʚʳʰʘʶʱʘʷ ʪʝʭʥʦʣʦʛʠʷ, 

ʩʫʪʴ ʢʦʪʦʨʦʡ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʧʦʩʣʝ ʚʳʨʝʟʘʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʥʠʷ ʤʘʩʣʷʥʳʭ 

ʢʘʥʘʚʦʢ ʟʘʧʦʣʥʠʪʴ ʵʪʠ ʢʘʥʘʚʢʠ ʢʦʤʧʘʫʥʜʦʤ ʥʘ ʦʩʥʦʚʝ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʳ, ʩʦʜʝʨʞʘʱʠʤ 

ʧʦʨʦʰʢʦʚʳʡ ʥʘʧʦʣʥʠʪʝʣʴ ʠʟ ʪʚʝʨʜʦʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʜʠʩʫʣʴʬʠʜʦʤ ʚʦʣʴʬʨʘʤʘ, 

ʛʨʘʬʠʪʦʤ, ʜʠʩʫʣʴʬʠʜʦʤ ʤʦʣʠʙʜʝʥʘ ʠ ʜʨ.). 

ʇʨʦʚʝʜʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʜʦ 4-ʭ ʨʘʟ ʤʦʤʝʥʪ ʪʨʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʝʥʠʝʤ ʜʚʫʭ ʛʣʘʜʢʠʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ, ʘ ʪʘʢʞʝ ʟʘʤʝʪʥʦ (ʜʦ 50%) ʧʦʚʳʩʠʪʴ ʩʪʦʡʢʦʩʪʴ ʧʘʨ ʪʨʝʥʠʷ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʟʘʜʠʨʦʚ. ʀʩʧʳʪʘʥʠʷ ʥʘ ʩʭʚʘʪʳʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʪʨʠʙʦʤʝʪʨʝ çʋʥʠʚʝʨʩʘʣ 1-ɸè ʚ 

ʨʝʞʠʤʝ ʩʪʫʧʝʥʯʘʪʦ ʚʦʟʨʘʩʪʘʶʱʝʡ ʥʘʛʨʫʟʢʠ (ʨʠʩ. 1). 

 

       
                         ʘ                             ʙ                                             ʚ 

ʈʠʩ. 1. ʕʧʶʨʳ ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʧʘʨʳ ʪʨʝʥʠʷ çʢʦʣʴʮʦ-ʢʦʣʴʮʦè: ʘ) ʙʝʟ 

ʢʘʥʘʚʦʢ, ʙ) ʩ ʢʘʥʘʚʢʘʤʠ, ʚ) ʩ ʢʘʥʘʚʢʘʤʠ, ʟʘʧʦʣʥʝʥʥʳʤʠ ʪʚʝʨʜʦʩʤʘʟʦʯʥʳʤ ʢʦʤʧʦʟʠʪʦʤ; 1 

ï ʥʦʨʤʘʣʴʥʘʷ ʥʘʛʨʫʟʢʘ; 2 ï ʤʦʤʝʥʪ ʪʨʝʥʠʷ; 3 ï ʪʝʤʧʝʨʘʪʫʨʘ ʬʨʠʢʮʠʦʥʥʦʛʦ ʨʘʟʦʛʨʝʚʘ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʧʠʩʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʠʩʢʦʚ 

ʨʘʟʛʨʫʟʢʠ ʮʝʥʪʨʦʙʝʞʥʳʭ ʥʝʬʪʝʧʝʨʝʢʘʯʠʚʘʶʱʠʭ ʥʘʩʦʩʦʚ. 

ȧɑɔɐ 3:     12.10.2011 12:09:55     100 Hz     0:10:49,28     64928 ɘɔɝɋɐ

0:00:00 0:03:20 0:06:40 0:10:00
Ȩɖɋɒɥ          ȴɘ: 0 s          Ȫɔ: 649,27 s          ȸɔɝɐɎ: 1-64928
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PowerGraph - ȧɋɍ ɐɆɓɆɈɔɐ.pgc ȷɘɖɆɓɎɜɆ 3 Ɏɍ 7

ȧɑɔɐ 1:     12.10.2011 14:40:20     100 Hz     0:01:20,32     8032 ɘɔɝɋɐ

0:00:00 0:01:40
Ȩɖɋɒɥ          ȴɘ: 0 s          Ȫɔ: 80,31 s          ȸɔɝɐɎ: 1-8032
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PowerGraph - ȺəɖɎɐɋɓ ɓɋɊɔɖɋɍɆɓɓɡɏ.pgc ȷɘɖɆɓɎɜɆ 1 Ɏɍ 1

ȧɑɔɐ 1:     13.10.2011 12:13:07     100 Hz     0:20:19,84     121984 ɘɔɝɋɐ

0:00:00 0:03:20 0:06:40 0:10:00 0:13:20 0:16:40 0:20:00
Ȩɖɋɒɥ          ȴɘ: 0 s          Ȫɔ: 1219,83 s          ȸɔɝɐɎ: 1-121984
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ʀʉʇʓʊɸʅʀɽ ʂʆʄʇʆɿʀʊʆɺ ʅɸ ʆʉʅʆɺɽ ʕʇʆʂʉʀɼʅʆʁ ʉʄʆʃʓ 

ʅɸ ɸɹʈɸɿʀɺʅʋʖ ʉʊʆʁʂʆʉʊʔ 

TEST OF COMPOSITES ON THE BASIS OF EPOXY RESIN  

ON ABRASIVE FIRMNESS 
ɺ.ʈ. ʇʘʢʣʝʚ ï ʘʩʧ. 

ʌɻɹʆʋ ɺʇʆ çʉʘʤʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

Abstract. In the report results of researching the properties of composites on the basis of the 

epoxy resin, containing the fillers from various powder materials are described.  

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʥʝʧʨʝʨʳʚʥʦ ʨʘʩʰʠʨʷʝʪʩʷ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʦʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʳʭ (ʧʦ 

ʩʚʦʡʩʪʚʘʤ ʠ ʥʘʟʥʘʯʝʥʠʶ) ʷʚʣʷʶʪʩʷ ʢʦʤʧʦʟʠʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʵʧʦʢʩʠʜʥʳʭ ʩʤʦʣ. 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʧʦʢʨʳʪʠʷ ʠʟ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʳ ʩ ʘʨʤʠʨʫʶʱʠʤ ʧʦʣʦʪʥʦʤ, ʧʨʠʤʝʥʷʝʤʦʝ ʚ 

ʠʟʛʦʪʦʚʣʝʥʠʠ ʟʘʙʦʡʥʳʭ ʪʝʣʝʤʝʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʜʦʣʞʥʦ ʦʙʣʘʜʘʪʴ ʚʳʩʦʢʠʤʠ 

ʘʙʨʘʟʠʚʦʩʪʦʡʢʠʤʠ ʠ ʵʣʝʢʪʨʦʠʟʦʣʷʮʠʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʚʚʠʜʫ ʧʦʩʪʦʷʥʥʦʛʦ 

ʢʦʥʪʘʢʪʘ ʩ ʙʫʨʦʚʳʤ ʨʘʩʪʚʦʨʦʤ, ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ ʨʘʟʣʠʯʥʳʝ ʧʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʚʝʣʠʯʠʥʝ 

ʬʨʘʢʮʠʠ ʘʙʨʘʟʠʚʘ. 

ʉ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ʪʝʣʝʤʝʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʙʳʣʘ 

ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʧʦʚʳʰʝʥʠʷ ʨʝʩʫʨʩʘ ʵʧʦʢʩʠʜʥʦʛʦ ʧʦʢʨʳʪʠʷ ʟʘ ʩʯʝʪ ʚʚʝʜʝʥʠʷ ʚ ʧʦʣʠʤʝʨ 

ʨʘʟʣʠʯʥʳʭ ʤʠʢʨʦ- ʠ ʥʘʥʦʧʦʨʦʰʢʦʚʳʭ ʥʘʧʦʣʥʠʪʝʣʝʡ (ʩʣʶʜʘ, ʜʠʩʫʣʴʬʠʜ ʚʦʣʴʬʨʘʤʘ, 

ʢʦʨʫʥʜ, ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʳʝ ʘʣʤʘʟʳ, ʪʚʝʨʜʳʡ ʩʧʣʘʚ ʠ ʜʨ.). ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚ-rʧʦʣʠʤʝʨʘ 

ʚʟʷʪʘ ʵʧʦʢʠʜʥʦ-ʜʠʘʥʦʚʘʷ ʩʤʦʣʘ ʕɼ-20 ʩ ʦʪʚʝʨʜʠʪʝʣʝʤ ʇʕʇɸ. 

ʊʝʭʥʦʣʦʛʠʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʢʦʤʧʦʟʠʪʦʚ ʚʢʣʶʯʘʣʘ: ʧʨʦʢʘʣʠʚʘʥʠʝ ʧʦʨʦʰʢʦʚ ʠ 

ʧʦʜʦʛʨʝʚ ʩʤʦʣʳ; ʩʤʝʰʠʚʘʥʠʝ ʧʦʨʦʰʢʘ ʩ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʦʶ; ʜʦʙʘʚʢʘ ʦʪʚʝʨʜʠʪʝʣʷ; 

ʩʤʝʰʠʚʘʥʠʝ ʢʦʤʧʦʟʠʪʘ ʠ ʟʘʣʠʚʢʘ ʚ ʬʦʨʤʫ; ʩʪʘʨʝʥʠʝ ʛʦʪʦʚʦʛʦ ʢʦʤʧʦʟʠʪʘ ʚ ʧʝʯʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 120ʉ ʚ ʪʝʯʝʥʠʝ 2é3-ʭ ʯʘʩʦʚ. 

ʄʝʪʦʜʠʢʘ ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʩʪʦʡʢʦʩʪʴ ʢ ʘʙʨʘʟʠʚʥʦʤʫ 

ʠʟʥʘʰʠʚʘʥʠʶ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʨʝʞʠʤʘʭ: ʩʭʝʤʘ ʠʩʧʳʪʘʥʠʡ ï çʢʦʣʴʮʦ-

ʧʣʦʩʢʦʩʪʴè; ʩʨʝʜʘ ï ʘʣʤʘʟʥʘʷ ʘʙʨʘʟʠʚʥʘʷ ʧʘʩʪʘ ʤʘʨʢʠ ɸʉʄ 3/2 ʅʆʄɻ (ɻʆʉʊ 25593-83); 

ʜʘʚʣʝʥʠʝ ï 5 ʄʇʘ; ʢʦʥʪʨʦʙʨʘʟʝʮ ï ʩʪʘʣʴ 40ʍ (HRC 45); ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ï ʦʪ 600 ʤʠʥ
-1
; 

ʧʨʠʚʝʜʝʥʥʳʡ ʜʠʘʤʝʪʨ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʥʠʷ ï 5,5 ʤʤ; ʰʠʨʠʥʘ ʜʦʨʦʞʢʠ ʪʨʝʥʠʷ ï 1 ʤʤ; 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʩʧʳʪʘʥʠʡ ï 10 ʤʠʥʫʪ. ʇʦʩʣʝ ʠʩʧʳʪʘʥʠʡ ʧʨʦʠʟʚʦʜʠʣʠ ʦʮʝʥʢʫ ʣʠʥʝʡʥʦʛʦ 

ʠʟʥʦʩʘ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 1 ʤʢʤ ʠ ʨʘʩʩʯʠʪʳʚʘʣʠ ʩʢʦʨʦʩʪʴ ʘʙʨʘʟʠʚʥʦʛʦ ʠʟʥʘʰʠʚʘʥʠʷ ʚ 

ʨʘʟʤʝʨʥʦʩʪʠ [ʤʢʤ/ʯʘʩ]. ʀʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʤʘʰʠʥʝ ʪʨʝʥʠʷ çʋʥʠʚʝʨʩʘʣ-1ɸè. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘʠʙʦʣʴʰʫʶ ʩʪʦʡʢʦʩʪʴ ʢ ʘʙʨʘʟʠʚʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ  

ʧʨʦʷʚʠʣʠ ʵʧʦʢʩʠʜʥʳʝ ʩʤʦʣʳ ʩ ʥʘʧʦʣʥʠʪʝʣʷʤʠ ʠʟ ʨʝʟʠʥʳ, ʬʪʦʨʦʧʣʘʩʪʘ ʌ-4 ʠ ʥʘʥʦʧʦʨʦʰʢʘ 

ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ (Al2O3). ʇʦʨʦʰʢʠ ʨʝʟʠʥʳ ʠ ʬʪʦʨʦʧʣʘʩʪʘ ʠʤʝʣʠ ʢʨʫʧʥʳʝ ʯʘʩʪʠʮʳ (ʩʦʪʥʠ 

ʤʠʢʨʦʤʝʪʨʦʚ) ʠ ʘʥʪʠʘʙʨʘʟʠʚʥʳʡ ʵʬʬʝʢʪ ʢʦʤʧʦʟʠʪʘ ʩʪʘʣ ʩʣʝʜʩʪʚʠʝʤ ʚʳʩʦʢʦʡ ʩʪʦʡʢʦʩʪʠ ʢ 

ʠʩʪʠʨʘʥʠʶ ʬʪʦʨʦʧʣʘʩʪʘ ʠ ʨʝʟʠʥ.  

ʅʘʠʭʫʜʰʫʶ ʘʙʨʘʟʠʚʥʫʶ ʩʪʦʡʢʦʩʪʴ ʧʦʢʘʟʘʣʠ ʢʦʤʧʦʟʠʪʳ ʩ ʥʘʧʦʣʥʠʪʝʣʝʤ ʠʟ 

ʤʠʢʨʦʧʦʨʦʰʢʘ ʪʚʝʨʜʦʛʦ ʩʧʣʘʚʘ ɺʂ-12, ʚʩʣʝʜʩʪʚʠʝ ʚʳʩʦʢʦʛʦ ʘʙʨʘʟʠʚʥʦʛʦ ʜʝʡʩʪʚʠʷ ʯʘʩʪʠʮ 

ʧʦʨʦʰʢʘ, ʦʪʜʝʣʷʝʤʦʛʦ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʠʟʥʘʰʠʚʘʥʠʠ ʢʦʤʧʦʟʠʪʘ.  ʅʘʥʦʧʦʨʦʰʦʢ ʦʢʩʠʜʘ 

ʘʣʶʤʠʥʠʷ, ʢʦʪʦʨʳʡ ʙʣʘʛʦʜʘʨʷ ʤʘʣʳʤ ʨʘʟʤʝʨʘʤ (ʤʝʥʝʝ 100 ʥʤ) ʥʝ ʦʙʣʘʜʘʝʪ ʘʙʨʘʟʠʚʥʳʤ 

ʜʝʡʩʪʚʠʝʤ, ʬʦʨʤʠʨʫʝʪ ʧʣʦʪʥʫʶ ʩʪʨʫʢʪʫʨʫ ʥʘ ʤʠʢʨʦ ʠ ʥʘʥʦʫʨʦʚʥʷʭ. 

ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʨʘʟʨʘʙʦʪʘʥʘ ʥʦʚʘʷ ʪʝʭʥʦʣʦʛʠʷ ʥʘʤʦʪʢʠ 

ʟʘʱʠʪʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʵʣʝʤʝʥʪʳ ʪʝʣʝʤʝʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʇʨʠ ʵʪʦʤ 

ʥʘ ʥʘʨʫʞʥʳʡ ʩʣʦʡ ʘʨʤʠʨʫʶʱʝʡ ʣʝʥʪʳ ʠʟ ʩʪʝʢʣʦʪʢʘʥʠ ʥʘʥʦʩʷʪ ʘʙʨʘʟʠʚʦʩʪʦʡʢʠʡ ʢʦʤʧʦʟʠʪ 

ʩ ʥʘʧʦʣʥʠʪʝʣʷʤʠ ʠʟ ʨʝʟʠʥʳ, ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ, ʬʪʦʨʦʧʣʘʩʪʘ. ʅʘ ʚʥʫʪʨʝʥʥʠʡ ʩʣʦʡ ï 

ʥʘʥʦʩʷʪ ʢʦʤʧʦʟʠʪ ʩ ʧʦʚʳʰʝʥʥʳʤʠ ʵʣʝʢʪʨʦʠʟʦʣʷʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ (ʩ ʧʦʨʦʰʢʦʤ 

ʩʣʶʜʳ). ʊʘʢʦʡ ʪʨʝʭʩʣʦʡʥʳʡ ʢʦʤʧʦʟʠʪ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʪʨʝʙʫʝʤʳʝ 

ʵʣʝʢʪʨʦʠʟʦʣʷʮʠʦʥʥʳʝ ʠ ʧʨʦʪʠʚʦʠʟʥʦʩʥʳʝ ʩʚʦʡʩʪʚʘ ʚ ʫʩʣʦʚʠʷʭ ʩʠʣʴʥʦʛʦ ʘʙʨʘʟʠʚʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ. 
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INCREASE OF UTILIZATION PROPERTIES OF ELECTRICAL SEPARATORS 

OF TELEMETERING SYSTEMS 
ɺ.ʈ. ʇʘʢʣʝʚ ï ʘʩʧ. 

ʌɻɹʆʋ ɺʇʆ çʉʘʤʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 
Abstract. In the report application of detonation coatings in telemetering systems is considered. 

The new technology of making the electroisolated carvings is offered. 

 
ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʟʘʙʦʡʥʳʭ ʪʝʣʝʤʝʪʨʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʝ ʤʝʥʝʝ 1 ʄʆʤ ʤʝʞʜʫ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠ ʨʘʟʦʤʢʥʫʪʳʤʠ 

ʯʘʩʪʷʤʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʨʘʟʜʝʣʠʪʝʣʷ. ʇʦ ʜʦʩʪʠʞʝʥʠʶ ʤʠʥʠʤʘʣʴʥʦʛʦ ʧʨʝʜʝʣʘ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʨʘʟʜʝʣʠʪʝʣʴ ʥʘʧʨʘʚʣʷʝʪʩʷ ʚ ʨʝʤʦʥʪ.  

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʨʝʤʦʥʪʘ ʨʘʟʜʝʣʠʪʝʣʝʡ ʩʨʘʚʥʠʤ ʧʦ ʪʨʫʜʦʝʤʢʦʩʪʠ ʩ 

ʠʟʛʦʪʦʚʣʝʥʠʝʤ ʥʦʚʦʛʦ ʠʟʜʝʣʠʷ, ʯʪʦ ʩʠʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. ʇʦʵʪʦʤʫ 

ʨʘʮʠʦʥʘʣʴʥʳʤ ʧʦʜʭʦʜʦʤ ʙʳʣʦ ʠʟʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʨʝʤʦʥʪʘ 

ʨʘʟʜʝʣʠʪʝʣʝʡ, ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʚʥʝʩʝʥʠʝʤ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ. ɺ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʵʪʦ ʧʦʟʚʦʣʠʪ ʫʚʝʣʠʯʠʪʴ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʝ ʚʨʝʤʷ ʪʝʣʝʤʝʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, 

ʫʤʝʥʴʰʠʪʴ ʪʨʫʜʦʟʘʪʨʘʪʳ ʥʘ ʠʟʛʦʪʦʚʣʝʥʠʝ ʠ ʨʝʤʦʥʪ. 

ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʡ ʨʘʟʜʝʣʠʪʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʥʠʯʝʩʢʦʝ 

ʩʦʝʜʠʥʝʥʠʝ ʧʦ ʨʝʟʴʙʝ (ʥʠʧʧʝʣʴ ï ʤʫʬʪʘ), ʩʪʘʣʴʥʳʝ ʯʘʩʪʠ ʢʦʪʦʨʦʛʦ ʨʘʟʜʝʣʝʥʳ 

ʩʪʝʢʣʦʧʣʘʩʪʠʢʦʤ. ʇʨʦʬʠʣʴ ʨʝʟʴʙʳ ʠʤʝʝʪ ʩʣʦʞʥʳʡ ʬʘʩʦʥʥʳʡ ʚʠʜ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʧʨʦʮʝʩʩ ʥʘʥʝʩʝʥʠʷ ʩʪʝʢʣʦʧʣʘʩʪʠʢʘ ʠ ʧʨʦʮʝʩʩ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʨʝʟʴʙʳ ʥʘ ʧʣʘʩʪʠʢʝ 

ʟʘʥʠʤʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʚʩʝʛʦ ʨʘʟʜʝʣʠʪʝʣʷ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʚʘʠʚʘʝʪʩʷ ʘʣʴʪʝʨʥʘʪʠʚʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʨʘʟʜʝʣʠʪʝʣʝʡ ʪʝʣʝʤʝʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʆʩʥʦʚʳʚʘʝʪʩʷ ʦʥʦ ʥʘ ʠʟʤʝʥʝʥʠʠ ʢʦʥʩʪʨʫʢʮʠʠ 

ʩʦʝʜʠʥʝʥʠʷ ʠ ʟʘʤʝʥʝ ʫʩʪʘʨʝʚʰʝʡ ʪʝʭʥʦʣʦʛʠʠ ʥʘʥʝʩʝʥʠʷ ʩʪʝʢʣʦʧʣʘʩʪʠʢʘ. 

ʂ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʦʪʥʦʩʠʪʩʷ ʟʘʤʝʥʘ ʩʧʝʮʨʝʟʴʙʳ ʩʦ ʩʣʦʞʥʳʤ 

ʧʨʦʬʠʣʝʤ ʥʘ ʩʪʘʥʜʘʨʪʥʫʶ ʢʦʥʠʯʝʩʢʫʶ ʟʘʤʢʦʚʫʶ ʨʝʟʴʙʫ ʩ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʤ ʧʨʦʬʠʣʝʤ 

(ɻʆʉʊ ʈ 50864-96), ʘ ʪʝʭʥʦʣʦʛʠʷ ʥʘʥʝʩʝʥʠʷ ʧʣʘʩʪʠʢʘ ʟʘʤʝʥʷʝʪʩʷ ʥʘ ʜʚʫʭʩʣʦʡʥʦʝ 

ʜʝʪʦʥʘʮʠʦʥʥʦʝ ʧʦʢʨʳʪʠʝ (ʨʠʩ. 1), ʩʦʩʪʦʷʱʝʝ ʠʟ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʵʣʝʢʪʨʦʠʟʦʣʷʮʠʦʥʥʦʛʦ 

ʧʦʜʩʣʦʷ (ʩʣʦʡ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ ʪʦʣʱʠʥʦʡ 200é300 ʤʢʤ) ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʛʦ ʩʣʦʷ, 

ʥʘʥʦʩʠʤʦʛʦ ʧʦʨʦʰʢʦʤ çʅʠʢʝʣʴ-ʞʝʣʝʟʦè ʠ ʬʦʨʤʠʨʫʶʱʝʛʦ ʧʦʚʝʨʭʥʦʩʪʴ ʨʝʟʴʙʳ.   

 

 
 

ʈʠʩ. 1. ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʨʘʟʜʝʣʠʪʝʣʷ 
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Abstract. Authors make an evaluation method for wear prediction of centrifugal pumps. This 

paper presents a numeric simulation methodology to investigate the effect of various processing 

parameters, such as whirl modes, torsional and axial stiffness, friction, wear law 

 

ʕʣʝʢʪʨʦʧʦʛʨʫʞʥʦʡ ʮʝʥʪʨʦʙʝʞʥʳʡ ʥʘʩʦʩ ʜʣʷ ʜʦʙʳʯʠ ʥʝʬʪʠ (ʋʕʎʅ) ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʜʠʥʘʤʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ, ʥʘ ʥʘʜʝʞʥʦʩʪʴ ʠ ʨʝʩʫʨʩ ʢʦʪʦʨʦʡ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʠʟʥʦʩ ʨʘʜʠʘʣʴʥʳʭ ʦʧʦʨ ʨʘʙʦʯʠʭ ʩʪʫʧʝʥʝʡ. ʎʝʥʪʨʦʙʝʞʥʘʷ ʩʠʣʘ, 

ʚʦʟʥʠʢʘʶʱʘʷ ʧʨʠ ʚʨʘʱʝʥʠʠ ʨʘʙʦʯʠʭ ʢʦʣʝʩ, ʠʤʝʶʱʠʭ ʜʠʩʙʘʣʘʥʩ, ʚʳʟʳʚʘʝʪ ʠʟʛʠʙ ʚʘʣʘ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʢʦʥʪʘʢʪʫ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ ʠ ʥʘʧʨʘʚʣʷʶʱʝʛʦ ʘʧʧʘʨʘʪʘ. ʂʦʥʪʘʢʪʥʳʝ ʜʘʚʣʝʥʠʷ 

ʧʨʠʚʦʜʷʪ ʢ ʠʟʥʦʩʫ ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʘ. ʀʟʥʦʩ ʚʣʠʷʝʪ ʥʘ ʜʠʩʙʘʣʘʥʩ ʚ ʨʘʙʦʯʝʤ ʢʦʣʝʩʝ ʠ 

ʠʟʛʠʙʥʳʝ ʢʦʣʝʙʘʥʠʷ ʚʘʣʘ. ʊʨʝʥʠʝ ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʘ ʧʨʠʚʦʜʠʪ ʢ ʢʨʫʪʠʣʴʥʳʤ ʢʦʣʝʙʘʥʠʷʤ 

ʚʘʣʘ. ʀʩʧʳʪʘʥʠʷ ʥʘ ʠʟʥʦʩ, ʧʨʦʚʦʜʠʤʳʝ ʚ ʀʄɸʐ ʈɸʅ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʘʣʠʯʠʠ ʜʚʫʭ 

ʪʠʧʦʚ ʧʨʝʮʝʩʩʠʦʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʧʨʘʚʣʷʶʱʝʛʦ ʘʧʧʘʨʘʪʘ: 

ʩʠʥʭʨʦʥʥʦʡ ʠ ʘʩʠʥʭʨʦʥʥʦʡ ʧʨʝʮʝʩʩʠʠ. ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʥʘ ʠʟʥʦʩ 

ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ. 

 
ʕʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ (ʕɼ) ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʨʘʱʝʥʠʝ ʚʘʣʘ, ʟʘʢʨʝʧʣʝʥʥʦʛʦ ʩ ʨʦʪʦʨʦʤ ʕɼ 

ʧʦʩʨʝʜʩʪʚʦʤ ʤʫʬʪʳ. ʈʘʙʦʯʘʷ ʩʪʫʧʝʥʴ ʩʦʩʪʦʠʪ ʠʟ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ (ʈʂ) ʠ ʥʘʧʨʘʚʣʷʶʱʝʛʦ 

ʘʧʧʘʨʘʪʘ (ʅɸ). ʅɸ ʠ ʕɼ ʞʝʩʪʢʦ ʟʘʢʨʝʧʣʝʥʳ ʥʘ ʥʝʧʦʜʚʠʞʥʦʤ ʦʩʥʦʚʘʥʠʠ. ʈʂ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʅɸ ʧʦʩʨʝʜʩʪʚʦʤ ʧʦʜʰʠʧʥʠʢʘ ʩʢʦʣʴʞʝʥʠʷ. 

ʇʨʝʜʤʝʪʦʤ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʘ ʨʘʩʯʝʪʘ ʠʟʥʦʩʘ ʨʘʙʦʯʝʡ ʩʪʫʧʝʥʠ 

ʋʕʎʅ. ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʜʚʫʭ ʪʠʧʠʯʥʳʭ ʧʦʜʭʦʜʦʚ ʢ 

ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩ ʠʟʥʦʩʦʤ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʟʘʜʘʝʪʩʷ ʧʨʦʩʪʝʡʰʘʷ 

ʤʦʜʝʣʴ ʠʟʥʘʰʠʚʘʥʠʷ, ʠ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʟʘʜʘʥʠʶ ʪʦʯʥʳʭ ʫʨʘʚʥʝʥʠʡ 

ʜʠʥʘʤʠʢʠ ʩʠʩʪʝʤʳ. ɺ ʜʨʫʛʦʤ ʩʣʫʯʘʝ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʷ ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ ʥʘ 

ʤʝʭʘʥʠʢʝ ʢʦʥʪʘʢʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʘ ʟʘʜʘʯʘ ʜʠʥʘʤʠʢʠ ʨʝʰʘʝʪʩʷ ʧʨʠʙʣʠʞʝʥʥʦ. ɺ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʨʝʪʠʡ (ʧʨʦʤʝʞʫʪʦʯʥʳʡ) ʧʦʜʭʦʜ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʛʦ: 

 ʫʯʠʪʳʚʘʶʪʩʷ ʠʟʛʠʙʥʳʝ ʠ ʢʨʫʪʠʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʚʘʣʘ 

 ʩʠʣʘ ʪʨʝʥʠʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʥʦʨʤʘʣʴʥʦʡ ʩʠʣʝ ʨʝʘʢʮʠʠ 

 ʢʦʥʪʘʢʪʥʳʝ ʜʘʚʣʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʤʦʜʝʣʠ ɻʝʨʮʘ ʜʣʷ ʩʣʫʯʘʷ ʩʦʦʩʥʳʭ 

ʮʠʣʠʥʜʨʦʚ 

 ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʥʪʘʢʪʥʳʭ ʜʘʚʣʝʥʠʡ ʩʯʠʪʘʝʪʩʷ ʥʝʟʘʚʠʩʠʤʳʤ ʦʪ ʢʘʩʘʪʝʣʴʥʳʭ ʩʠʣ 

 ʠʟʥʘʰʠʚʘʥʠʝ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʧʦʜʰʠʧʥʠʢʘ ʩʢʦʣʴʞʝʥʠʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ 

ʢʦʥʪʘʢʪʥʦʤʫ ʜʘʚʣʝʥʠʶ ʠ ʩʢʦʨʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ (ʩʢh VpKJ ) 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʂʆʈʆɿɿʀʆʅʅʆ-ʕʈʆɿʀʆʅʅʆɻʆ ʈɸɿʈʋʐɽʅʀʗ 

ʇʆɺɽʈʍʅʆʉʊʀ ɼɽʊɸʃɽʁ ʅɸʉʆʉɸ. ʇʆʉʊɸʅʆɺʂɸ ɿɸɼɸʏʀ 
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Abstract. The results of procedure and test equipment development for investigation corrosion-

erosion wearing are presented in this article. 

 

ɼʝʪʘʣʠ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʧʦʛʨʫʞʥʦʛʦ ʥʘʩʦʩʘ ʧʦʜʚʝʨʛʘʶʪʩʷ ʚʦʟʜʝʡʩʪʚʠʶ 

ʢʦʨʨʦʟʠʦʥʥʦ-ʘʢʪʠʚʥʦʡ ʞʠʜʢʦʩʪʠ, ʩʦʜʝʨʞʘʱʝʡ ʤʝʭʘʥʠʯʝʩʢʠʝ ʚʢʣʶʯʝʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʦʠʩʭʦʜʠʪ ʢʦʨʨʦʟʠʦʥʥʦ-ʵʨʦʟʠʦʥʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʝʡ (ʤʝʩʪʘ ʨʘʟʨʫʰʝʥʠʷ 

ʚʳʜʝʣʝʥʳ).  

    
ʘ)     ʙ) 

ʈʠʩ. 1. ʈʘʟʨʫʰʝʥʠʝ ʜʝʪʘʣʝʡ ʕʎʅ ʧʦ ʢʦʨʨʦʟʠʦʥʥʦ-ʵʨʦʟʠʦʥʥʦʤʫ ʤʝʭʘʥʠʟʤʫ (ʘ-ʛʠʣʴʟʘ 

ʛʘʟʦʩʝʧʘʨʘʪʦʨʘ, ʙ-ʨʘʟʨʝʟ ʥʘʧʨʘʚʣʷʶʱʝʛʦ ʘʧʧʘʨʘʪʘ) 

 

ʈʘʟʨʫʰʝʥʠʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʤʝʩʪʘʭ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ ʠ 

ʧʨʠ ʥʘʣʠʯʠʠ ʧʨʝʧʷʪʩʪʚʠʡ ʥʘ ʧʫʪʠ ʜʚʠʞʝʥʠʷ ʧʦʪʦʢʘ. ʎʝʣʴʶ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʳ 

ʷʚʣʷʝʪʩʷ ʚʳʷʚʣʝʥʠʝ ʚʣʠʷʥʠʷ ʩʦʚʤʝʩʪʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʢʦʨʨʦʟʠʠ ʠ ʫʜʘʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʩʪʨʫʠ ʞʠʜʢʦʩʪʠ, ʩʦʜʝʨʞʘʱʝʡ ʘʙʨʘʟʠʚʥʳʝ ʯʘʩʪʠʮʳ, ʥʘ ʩʢʦʨʦʩʪʴ ʠʟʥʘʰʠʚʘʥʠʷ. ɸʥʘʣʠʟ 

ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʙʣʠʞʘʡʰʝʡ ʧʦ ʩʤʳʩʣʫ ʤʝʪʦʜʠʢʦʡ ʷʚʣʷʝʪʩʷ 

ʩʪʘʥʜʘʨʪ G119-04 ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʠʥʝʨʛʠʟʤʘ ʤʝʞʜʫ ʤʝʭʘʥʠʯʝʩʢʠʤ ʠʟʥʦʩʦʤ ʠ ʢʦʨʨʦʟʠʝʡ 

ʘʤʝʨʠʢʘʥʩʢʦʛʦ ʦʙʱʝʩʪʚʘ ʠʩʧʳʪʘʥʠʡ ʠ ʤʘʪʝʨʠʘʣʦʚ (ASTM). ʉ ʫʯʝʪʦʤ ʵʪʦʡ ʤʝʪʦʜʠʢʠ ʙʳʣʠ 

ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜ ʠ ʠʩʧʳʪʘʪʝʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʘʪʝʨʠʘʣʦʚ ʜʝʪʘʣʝʡ 

ʕʎʅ ʚ ʫʩʣʦʚʠʷʭ ʢʦʨʨʦʟʠʦʥʥʦ-ʵʨʦʟʠʦʥʥʦʛʦ ʠʟʥʘʰʠʚʘʥʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʘʙʨʘʟʠʚʘ. 

ʂʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʩʪʝʥʜʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ.2.  

 
ʈʠʩ.2. ʂʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʩʪʝʥʜʘ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʢʦʨʨʦʟʠʦʥʥʦ-

ʵʨʦʟʠʦʥʥʦʛʦ ʠʟʥʘʰʠʚʘʥʠʷ 
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ɸʅɸʃʀɿ ʌʀɿʀʏɽʉʂʀʍ ʇʈʆʎɽʉʉʆɺ ʀɿʅʆʉɸ ʌʆʂʋʉʀʈʋʖʑʀʍ 

ʊʈʋɹʆʂ ʆɹʆʈʋɼʆɺɸʅʀʗ ɼʃʗ ɻʀɼʈʆɸɹʈɸɿʀɺʅʆʁ ʈɽɿʂʀ 

ANALYSIS OF THE PHYSICAL PROCESSES OF ABRASIVE WATERJET  

CUTTING EQUIPMENT FOCUSING TUBE WEAR  

ʃ.ɸ.ʊʠʱʝʥʢʦ ï ʠʥʞ., ʘʩʧ., ɸ.ɸ. ʂʦʚʘʣʝʚ ï ʠʥʞ., ʘʩʧ.  

ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʅ.ʕ. ɹʘʫʤʘʥʘ 

Abstract. The article considers the basic physical processes of wear of nozzle tip abrasive 

 waterjet cutting equipment.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʣʴʪʨʘʩʪʨʫʡʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʪʝʭʥʦʣʦʛʠʷ 

ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʛʦ ʨʝʟʘʥʠʷ (ɻɸʈ), ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʦʙʣʘʩʪʷʭ 

ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʨʘʟʣʠʯʥʳʭ ʪʨʫʜʥʦʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʆʩʥʦʚʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ɻɸʈ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʨʝʟʢʠ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʶʪʩʷ: ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʟʢʠ ʜʝʪʘʣʝʡ ʠʟ ʧʨʘʢʪʠʯʝʩʢʠ 

ʣʶʙʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʦʪʩʫʪʩʪʚʠʝ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʜʝʪʘʣʝʡ, 

ʤʘʣʳʝ ʧʦʛʨʝʰʥʦʩʪʠ ʧʨʠ ʨʝʟʢʝ, ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʟʘʛʦʪʦʚʦʢ ʦʯʝʥʴ ʩʣʦʞʥʦʛʦ ʢʦʥʪʫʨʘ 

ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ [1,2]. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʬʘʢʪʦʨʦʚ, ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʶʱʠʭʩʷ ʥʘ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʤʝʪʦʜʘ 

ʨʝʟʢʠ, ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʛʦ ʠʟʥʘʰʠʚʘʥʠʷ ʬʦʢʫʩʠʨʫʶʱʝʡ ʪʨʫʙʢʠ (ʌʊ) 

ʦʙʦʨʫʜʦʚʘʥʠʷ ɻɸʈ.  

ɺ ʬʦʢʫʩʠʨʫʶʱʝʡ ʪʨʫʙʢʝ ʧʨʦʠʩʭʦʜʠʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʯʘʩʪʠʮ ʘʙʨʘʟʠʚʘ ʩ ʚʦʜʥʦʡ 

ʩʪʨʫʝʡ ʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʘʟʛʦʥ ʘʙʨʘʟʠʚʥʳʭ ʯʘʩʪʠʮ ʩ ʧʝʨʝʜʘʯʝʡ ʠʤ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. 

ʀʟʤʝʥʝʥʠʝ ʛʝʦʤʝʪʨʠʠ ʚʥʫʪʨʝʥʥʝʛʦ ʢʘʥʘʣʘ ʬʦʢʫʩʠʨʫʶʱʝʡ ʪʨʫʙʢʠ (ʠʟʥʦʩ ʬʦʢʫʩʠʨʫʶʱʝʡ 

ʪʨʫʙʢʠ) ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ ʨʝʟʘʥʠʷ 

(ʜʘʚʣʝʥʠʝ ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʡ ʩʪʨʫʠ, ʩʢʦʨʦʩʪʴ ʨʝʟʘʥʠʷ, ʫʛʦʣ ʘʪʘʢʠ ʯʘʩʪʠʮ ʘʙʨʘʟʠʚʘ). ɺ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ, ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʧʦʚʳʰʝʥʠʷ ʪʝʭʥʠʢʦ-

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ɻɸʈ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ 

ʨʘʩʩʤʦʪʨʝʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠʟʥʦʩʘ ʬʦʢʫʩʠʨʫʶʱʝʡ ʪʨʫʙʢʠ ʩ ʮʝʣʴʶ ʜʘʣʴʥʝʡʰʝʡ 

ʚʳʨʘʙʦʪʢʠ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʫʚʝʣʠʯʝʥʠʶ ʨʘʙʦʯʝʛʦ ʨʝʩʫʨʩʘ ʌʊ. 

ʀʩʭʦʜʷ ʠʟ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ [1-3] ʚʳʜʝʣʠʤ 

ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʛʠʧʦʪʝʟʳ ʠʟʥʦʩʘ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʌʊ: 

1) ɺʦʣʥʳ ʈʵʣʝʷ. ɼʘʥʥʘʷ ʛʠʧʦʪʝʟʘ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʯʘʩʪʠʮʳ 

ʘʙʨʘʟʠʚʘ, ʢʘʩʘʷʩʴ ʚʥʫʪʨʝʥʥʠʭ ʩʪʝʥʦʢ ʌʊ ʛʝʥʝʨʠʨʫʶʪ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʘʢʫʩʪʠʯʝʩʢʠʝ ʚʦʣʥʳ 

(ʚʦʣʥʳ ʈʵʣʝʷ), ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʚʦʣʥʦʚʦʡ ʢʘʨʪʠʥʳ. ɺʦʣʥʳ ʈʵʣʣʝʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʫʜʘʨʥʳʤʠ ʚʦʣʥʘʤʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʨʫʰʝʥʠʶ ʤʘʪʝʨʠʘʣʘ; 

2) ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʦʙʣʘʩʪʠ ʚʦʟʚʨʘʪʥʦʛʦ ʪʝʯʝʥʠʷ ʚʩʣʝʜʩʪʚʠʝ ʦʪʨʳʚʘ ʛʠʜʨʦʩʪʨʫʠ ʦʪ 

ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʌʊ, ʯʪʦ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʢʦʣʝʙʘʥʠʡ ʛʠʜʨʦʩʪʨʫʠ. 

ʇʫʣʴʩʘʮʠʷ ʩʪʨʫʠ ʧʨʠʞʠʤʘʝʪ ʯʘʩʪʠʮʳ ʢ ʩʪʝʥʢʘʤ ʌʊ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʨʫʰʝʥʠʶ ʩʪʝʥʦʢ; 

3) ʉʘʤʦʛʝʥʝʨʘʮʠʷ ʢʦʣʝʙʘʥʠʡ ʚ ʬʦʢʫʩʠʨʫʶʱʝʡ ʪʨʫʙʢʝ ʚʩʣʝʜʩʪʚʠʝ ʩʪʦʨʦʥʥʠʭ 

ʢʦʣʝʙʘʥʠʡ ʚʩʝʛʦ ʘʛʨʝʛʘʪʘ ɻɸʈ; 

4) ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʥʘ ʚʭʦʜʝ ʚ ʬʦʢʫʩʠʨʫʶʱʫʶ ʪʨʫʙʢʫ ʚʩʣʝʜʩʪʚʠʝ 

ʫʜʘʨʥʦʛʦ ʩʤʝʰʠʚʘʥʠʷ ʞʠʜʢʦʩʪʠ ʠ ʘʙʨʘʟʠʚʘ. 

ɸʥʘʣʠʟ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʌʊ, ʠ ʭʘʨʘʢʪʝʨʘ ʠʟʥʦʩʘ ʝʝ ʢʘʥʘʣʘ ʜʘʝʪ ʧʨʘʚʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʷʚʣʝʥʠʷ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʘʙʨʘʟʠʚʦ-ʞʠʜʢʦʩʪʥʦʡ ʩʤʝʩʠ 

ʧʦ ʢʘʥʘʣʫ ʌʊ ʥʦʩʷʪ ʧʝʨʠʦʜʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ. ʈʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʯʘʩʪʦʪʘ ʚʳʣʝʪʦʚ 

ʯʘʩʪʠʮ ʘʙʨʘʟʠʚʘ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʧʝʨʠʦʜʦʤ ʚʦʣʥʦʚʦʛʦ ʧʨʦʬʠʣʷ ʠʟʥʦʰʝʥʥʦʛʦ ʢʘʥʘʣʘ.  
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ʇʆʃʀʊɽʊʈɸʌʊʆʈʕʊʀʃɽʅɸ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ  

ʄʆʊʆʈʅʓʍ ʄɸʉɽʃ 
1
  

 

DEVELOPMENT OF WEAR RESISTANCE COMPOSITES BASED ON 

POLYTETRAFLUORETHYLENE WITH USE OF ENGINE OILS 
 

ɸ.ʃ. ʌʝʜʦʨʦʚï ʤ.ʥ.ʩ., ʇ.ʅ. ʇʝʪʨʦʚʘï ʢ.ʪ.ʥ., ʚ.ʥ.ʩ.  

ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʥʝʬʪʠ ʠ ʛʘʟʘ ʉʆ ʈɸʅ ʛ. ʗʢʫʪʩʢ, ʈʦʩʩʠʷ  

ʌɻɸʆʋ ɺʇʆ ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ʂ. ɸʤʤʦʩʦʚʘ 

 

Abstract. The results on wearproof polymeric composite materials development are presented in 

given work. These materials based on PTFE and were obtained owing to impregnation of porous 

polymeric halfproducts by engine oils of various nature. 

 

ʉʦʟʜʘʥʠʝ ʥʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʫʟʣʦʚ ʪʨʝʥʠʷ, ʧʦʩʪʦʷʥʥʦ ʨʘʩʪʫʱʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʠʟʥʦʩʦʩʪʦʡʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ 

ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʇʂʄ) ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʪʝʪʨʘʬʪʦʨʵʪʠʣʝʥʘ 

(ʇʊʌʕ), ʧʦʣʫʯʝʥʥʳʭ ʧʨʦʧʠʪʢʦʡ ʧʦʨʠʩʪʳʭ ʧʦʣʠʤʝʨʥʳʭ ʟʘʛʦʪʦʚʦʢ ʤʦʪʦʨʥʳʤʠ ʤʘʩʣʘʤʠ 

ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ. ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʠʬʠʢʘʪʦʨʦʚ ʇʊʌʕ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʦʪʦʨʥʳʝ ʤʘʩʣʘ 

ʤʘʨʢʠ ʄ-8ɺ (SAE 20), Motul 5W30 (SAE 30) ʠ Ravenol 5W40 (SAE 40), ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʧʦ 

ʧʨʠʨʦʜʝ ʠ ʚʷʟʢʦʩʪʠ. ʇʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʦʜʠʬʠʮʠʨʫʶʱʝʛʦ ʚʣʠʷʥʠʷ ʥʘ ʇʊʌʕ, 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʥʘʤʠ ʧʦ ʢʨʠʪʝʨʠʶ ʧʦʚʳʰʝʥʠʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʇʂʄ, ʵʪʠ ʤʘʩʣʘ ʤʦʞʥʦ 

ʨʘʩʧʦʣʦʞʠʪʴ ʚ ʩʣʝʜʫʶʱʠʡ ʨʷʜ: Ravenol 5W40 - Motul 5W30 - ʄ-8ɺ.  ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʤʦʜʠʬʠʢʘʪʦʨʦʤ ʇʊʌʕ ʷʚʣʷʶʪʩʷ ʤʦʪʦʨʥʦʝ ʤʘʩʣʦ ʤʘʨʢʠ Motul 5W30 

ʥʘ ʦʩʥʦʚʝ ʩʣʦʞʥʳʭ ʵʬʠʨʦʚ, ʠ ʤʠʥʝʨʘʣʴʥʦʝ ʤʘʩʣʦ ʄ-8ɺ. ɻʣʘʚʥʦʡ ʧʨʠʯʠʥʦʡ ʧʦʚʳʰʝʥʠʷ 

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʇʂʄ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʢʦʤʧʦʥʝʥʪʳ ʪʝʨʤʦʦʙʨʘʙʦʪʘʥʥʦʛʦ ʤʘʩʣʘ ʠʛʨʘʶʪ 

ʨʦʣʴ ʵʬʬʝʢʪʠʚʥʳʭ ʤʦʜʠʬʠʢʘʪʦʨʦʚ ʩʪʨʫʢʪʫʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʣʠʤʝʨʘ. ɺʪʦʨʦʡ ʧʨʠʯʠʥʦʡ 

ʧʦʚʳʰʝʥʠʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʘʜʛʝʟʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʇʂʄ ʩ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʢʦʥʪʨʪʝʣʘ ʙʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʚ ʦʙʲʝʤʝ ʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʤʧʦʟʠʪʘ 

ʧʦʣʷʨʥʳʭ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʠʩʭʦʜʥʦʤ ʤʘʩʣʝ ʠʣʠ 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʝʛʦ ʦʢʠʩʣʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʨʘʙʦʪʢʠ ʇʂʄ. ʕʪʦ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʦʯʥʦ ʧʨʠʣʝʛʘʶʱʝʛʦ ʥʘ ʢʦʥʪʨʪʝʣʝ ʧʦʣʠʤʝʨʥʦʛʦ ʩʣʦʷ, 

ʢʦʪʦʨʳʡ ʧʨʝʧʷʪʩʪʚʫʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤʫ ʢʦʥʪʘʢʪʫ ʪʨʫʱʠʭʩʷ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʧʨʝʜʦʭʨʘʥʷʷ 

ʪʝʤ ʩʘʤʳʤ ʤʘʪʝʨʠʘʣ ʦʪ ʠʟʥʘʰʠʚʘʥʠʷ. 

                                                
1 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʛʨʘʥʪ ˉ 09-03-98502-ʨ_ʚʦʩʪʦʢ_ʘ) 
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Abstract. There are results of steels alloying with chromium, carbon, vanadium and cobalt. In 

this paper represent wear resistant increasing of alloyed layers. 

 

ɸʥʘʣʠʟ ʠʟʚʝʩʪʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʳʚʘʝʪ ʦʪʩʫʪʩʪʚʠʝ ʦʜʥʦʟʥʘʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 

ʨʝʟʫʣʴʪʘʪʦʚ ʣʝʛʠʨʦʚʘʥʠʷ: ʪʦʣʱʠʥʳ ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʝʛʠʨʫʶʱʝʛʦ 

ʵʣʝʤʝʥʪʘ. ʅʘ ʦʙʨʘʟʮʳ ʩʪʘʣʠ ʋ10 ʥʘʥʦʩʠʣʠ ʩʣʦʡ ʪʦʣʱʠʥʦʡ 100é300 ʤʢʤ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ 50% ʩʤʝʩʴ ʧʦʨʦʰʢʘ ʭʨʦʤʘ ʩʦ ʩʚʷʟʫʶʱʠʤ ʚʝʱʝʩʪʚʦʤ, 

ʚʳʛʦʨʘʶʱʠʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʦʣʦ 400 
0
ʉ (ʦʢʩʠʤʵʪʠʣʮʝʣʣʶʣʦʟʦʡ) ʆʙʣʫʯʝʥʠʝ 

ʧʨʦʚʦʜʠʣʠ ʥʘ ʥʝʧʨʝʨʳʚʥʦʤ ʉʆ2-ʣʘʟʝʨʝ ʧʨʠ ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ (2é7) ɺʪ/ʩʤ
2
, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʣʦ ʧʦʣʫʯʝʥʠʝ ʨʘʚʥʦʤʝʨʥʦ ʦʧʣʘʚʣʝʥʥʦʛʦ ʩʣʦʷ ʪʦʣʱʠʥʦʡ ʜʦ 1 ʤʤ, ʩ ʥʝʙʦʣʴʰʠʤ 

ʠʩʢʘʞʝʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʠ. ʃʝʛʠʨʦʚʘʥʠʝ ʭʨʦʤʦʤ ʜʦ 6é7 ʚʝʩ % ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʤʘʨʪʝʥʩʠʪʥʦ-ʘʫʩʪʝʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩʦʜʝʨʞʘʱʝʡ ʧʦ ʨʝʥʪʛʝʥʦʚʩʢʠʤ ʜʘʥʥʳʤ ʜʦ 15% 

ʦʩʪʘʪʦʯʥʦʛʦ ʘʫʩʪʝʥʠʪʘ ʩ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴʶ 10 ɻʇʘ. ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʭʨʦʤʘ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʢʘʨʙʠʜʦʚ ʠ Ŭ-ʬʘʟʳ. ɿʘʤʝʯʝʥʳ ʜʚʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʚ ʩʪʨʫʢʪʫʨʝ ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ: ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʭʨʦʤʘ ʚ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʬʘʟʘʭ (Ŭ-ʬʘʟʘ, ʘʫʩʪʝʥʠʪ, ʢʘʨʙʠʜ); ʧʨʠ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʭʨʦʤʘ ʚ ʣʝʛʠʨʦʚʘʥʥʦʤ ʩʣʦʝ (ʜʦ 40%) ʧʝʨʚʳʤ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʘʫʩʪʝʥʠʪ. 

ʉ ʮʝʣʴʶ ʠʟʳʩʢʘʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʯʝʪʘʥʠʷ ʧʨʦʯʥʦʩʪʥʳʭ ʠ ʧʣʘʩʪʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʩʪʘʣʠ 40ʍʅ ʧʨʦʚʦʜʠʣʠ ʝʝ ʣʘʟʝʨʥʦʝ ʣʝʛʠʨʦʚʘʥʠʝ. 

ʂʦʣʠʯʝʩʪʚʦ ʦʩʪʘʪʦʯʥʦʛʦ ʘʫʩʪʝʥʠʪʘ ʚ ʣʝʛʠʨʦʚʘʥʥʦʡ ʩʪʘʣʠ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʨʝʞʠʤʘ 

ʣʘʟʝʨʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʥʦ ʠ ʦʪ ʪʠʧʘ ʣʝʛʠʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ. ɺ ʩʣʫʯʘʝ ʣʝʛʠʨʦʚʘʥʠʷ ʩʪʘʣʠ 

40ʍʅ ʢʦʙʘʣʴʪʦʤ ʦʩʪʘʪʦʯʥʳʡ ʘʫʩʪʝʥʠʪ ʣʠʙʦ ʥʝ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ, ʣʠʙʦ ʝʛʦ ʢʦʣʠʯʝʩʪʚʦ ʥʝ 

ʧʨʝʚʳʰʘʝʪ 10%. ʇʨʠ ʣʝʛʠʨʦʚʘʥʠʠ ʞʝ ʥʠʢʝʣʝʤ ʢʦʣʠʯʝʩʪʚʦ ʦʩʪʘʪʦʯʥʦʛʦ ʘʫʩʪʝʥʠʪʘ ʤʦʞʝʪ 

ʧʨʝʚʳʰʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʤʘʨʪʝʥʩʠʪʘ. ʃʝʛʠʨʦʚʘʥʠʝ ʢʦʙʘʣʴʪʦʤ ʚʳʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʧʦʚʳʰʝʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ (ʚ 1,5 ʨʘʟʘ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʟʘʢʘʣʝʥʥʦʡ ʩʪʘʣʴʶ, ʯʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʠʟʤʝʣʴʯʝʥʠʝʤ ʩʪʨʫʢʪʫʨʳ ʠ ʧʦʷʚʣʝʥʠʝʤ ʢʘʨʙʠʜʦʚ. 

ʃʘʟʝʨʥʦʝ ʣʝʛʠʨʦʚʘʥʠʝ ʩʪʘʣʠ 20ʍ13 ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʫʪʝʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ 

ʥʘʥʝʩʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʢʨʝʤʥʠʡʩʦʜʝʨʞʘʱʝʡ ʦʙʤʘʟʢʠ ʥʘ ʦʩʥʦʚʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʩʚʷʟʫʶʱʝʛʦ. ʊʦʣʱʠʥʘ ʩʣʦʷ ʩʦʩʪʘʚʣʷʣʘ 90é300ʤʢʤ. ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʪʦʣʱʠʥʳ 

ʩʣʦʷ ʧʨʠʚʦʜʠʪ ʢ  ʧʦʷʚʣʝʥʠʶ ʪʨʝʱʠʥ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʩʦʩʪʘʚʣʷʣʦ 

10,2 ɻʇʘ. ʀʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʩʪʘʣʠ 20ʍ13 ʧʦʩʣʝ ʣʘʟʝʨʥʦʛʦ ʩʠʣʠʮʠʨʦʚʘʥʠʷ ʚ 1,5 ʨʘʟʘ ʚʳʰʝ, 

ʯʝʤ ʧʦʩʣʝ ʩʪʘʥʜʘʨʪʥʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʥʘ ʤʘʰʠʥʝ ʪʨʝʥʠʷ 

çʐʢʦʜʘ-ʉʘʚʠʥʘè ʤʝʪʦʜʦʤ ʚʨʝʟʘʥʠʷ ʪʚʝʨʜʦʩʧʣʘʚʥʦʛʦ ʜʠʩʢʘ. ʇʨʠ ʣʘʟʝʨʥʦʡ ʮʝʤʝʥʪʘʮʠʠ 

ʩʪʘʣʠ 20ʍ13 ʩ ʧʝʨʝʢʨʳʪʠʝʤ ʫʧʨʦʯʥʝʥʥʳʭ ʟʦʥ ʥʘ ʨʝʞʠʤʘʭ ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʪʚʝʨʜʦʩʪʴ 

9é11 ɻʇʘ ʥʘʙʣʶʜʘʣʦʩʴ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʫʛʣʝʨʦʜʘ ʚ ʣʝʛʠʨʦʚʘʥʥʦʤ ʩʣʦʝ. ʇʝʨʝʜ 

ʣʘʟʝʨʥʦʡ ʦʙʨʘʙʦʪʢʦʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʘ ʥʘʥʦʩʠʣʠ ʩʣʦʡ ʦʙʤʘʟʢʠ ʠʟ ʧʦʨʦʰʢʘ ʛʨʘʬʠʪʘ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʚʷʟʫʶʱʝʛʦ. 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʣʘʟʝʨʥʦʛʦ ʣʝʛʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʟʘʚʠʩʠʤʦʩʪʴ 

ʛʣʫʙʠʥʳ ʨʘʩʧʣʘʚʣʝʥʥʦʛʦ ʩʣʦʷ ʦʪ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʙʨʘʙʦʪʢʠ, ʧʦʣʫʯʝʥʥʫʶ ʜʣʷ 

ʪʨʝʭʤʝʨʥʦʡ ʟʘʜʘʯʠ ʥʘʛʨʝʚʘ. ʉ ʫʯʝʪʦʤ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʥʘ ʧʨʠʤʝʪ ʚʠʜ:  

ZåP/(dv)
n 

ʛʜʝ,  P,v,d- ʤʦʱʥʦʩʪʴ, ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʠ ʜʠʘʤʝʪʨ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ; 

n- ʧʦʢʘʟʘʪʝʣʴ ʩʪʝʧʝʥʠ ʫʯʠʪʳʚʘʶʱʠʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʝʛʠʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʠ 

ʪʝʭʥʦʣʦʛʠʠ ʝʛʦ ʥʘʥʝʩʝʥʠʷ. 
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ʆɹɽʉʇɽʏɽʅʀɽ ʀɿʅʆʉʆʉʊʆʁʂʆʉʊʀ ʍʆɼʆɺʓʍ ɻɸɽʂ 

ɺʀʅʊʆɺʓʍ ʇɸʈ ʉʂʆʃʔɾɽʅʀʗ ʅɸ ɹɸɿɽ ʋʊʆʏʅɽʅʅʆʁ 

ʊɽʆʈɽʊʀʏɽʉʂʆʁ ʄʆɼɽʃʀ ʀʍ ʀɿʅɸʐʀɺɸʅʀʗ 

SUPPORT OF WEAR RESISTANCE OF SLIDING SCREW PAIRS LEAD NUTS 

ON THE BASIS OF IMPROVED THEORETICAL MODEL OF ITS WEAR 

PROCESS 
ʀ.ʖ. ʎʫʢʘʥʦʚ ï ʘʩʧ. 

ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

Abstract. The improved theoretical model of sliding screw pairs wear process, accounting 

unevenness of load allocation in thread turns, the process of relocation of load in connection with 

varied thread pitch occurrence, differentiation between tribological parameters of bedding and 

normal wear processes and impact of thread forming technology are presented. On the basis of 

this model the process of surface plastic deformation of thread turns is offered for wear 

resistance support. The theoretical model and tool for this process are developed. 

 ɺʠʥʪʦʚʳʝ ʧʝʨʝʜʘʯʠ ʩʢʦʣʴʞʝʥʠʷ ʥʘʨʷʜʫ ʩ ʐɺʇ ʠ ʈɺʇ ʥʘʭʦʜʷʪ ʩʚʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʪʘʤ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ 

ʧʝʨʝʤʝʱʝʥʠʷ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩʦ ʩʪʝʩʥʝʥʥʳʤʠ ʛʘʙʘʨʠʪʘʤʠ ʠ ʫʤʝʨʝʥʥʳʤʠ 

ʥʘʛʨʫʟʢʘʤʠ. ʀʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʚʠʥʪʦʚʳʭ ʧʘʨ ʩʢʦʣʴʞʝʥʠʷ ï ʦʩʥʦʚʥʦʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʝ 

ʩʚʦʡʩʪʚʦ, ʣʠʤʠʪʠʨʫʶʱʝʝ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʪʘʢʠʭ ʤʝʭʘʥʠʟʤʦʚ. ɼʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʭ ʤʘʰʠʥ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʝʢʪʠʨʦʚʘʪʴ ʠ ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʜʝʪʘʣʠ ʧʦʜ 

ʯʝʪʢʦ ʦʧʨʝʜʝʣʝʥʥʳʡ ʩʨʦʢ ʠʭ ʩʣʫʞʙʳ, ʩʦʙʣʶʜʘʷ ʙʘʣʘʥʩ ʤʝʞʜʫ ʢʘʯʝʩʪʚʦʤ ʠ 

ʩʝʙʝʩʪʦʠʤʦʩʪʴʶ. ʆʜʥʘʢʦ ʠʤʝʶʱʠʝʩʷ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʠʟʥʘʰʠʚʘʥʠʷ ʚʠʥʪʦʚʳʭ ʧʘʨ 

ʩʢʦʣʴʞʝʥʠʷ ʥʝ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʝʩʪʠ ʩʚʷʟʴ ʤʝʞʜʫ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝʤ ʠ ʠʟʛʦʪʦʚʣʝʥʠʝʤ 

ʜʝʪʘʣʝʡ, ʪʘʢ ʢʘʢ ʦʥʠ ʢʦʤʧʣʝʢʩʥʦ ʥʝ ʫʯʠʪʳʚʘʶʪ ʢʘʯʝʩʪʚʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ, ʧʘʨʘʤʝʪʨʳ 

ʢʦʪʦʨʦʛʦ ʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʘʨʳ. 

ʇʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʢʘ ʫʪʦʯʥʝʥʥʦʡ ʤʦʜʝʣʠ ʠʟʥʘʰʠʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʝʡ ʨʘʩʩʯʠʪʳʚʘʪʴ 

ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩ ʫʯʝʪʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʠ ʚʳʙʦʨ ʚʠʜʦʚ ʠ 

ʨʝʞʠʤʦʚ ʪʘʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʙʫʝʤʦʡ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʜʘʥʥʳʭ 

ʤʝʭʘʥʠʟʤʦʚ ʧʦ ʢʨʠʪʝʨʠʶ ʠʟʥʦʩʘ, ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ. ʅʘʠʙʦʣʝʝ 

ʠʟʥʘʰʠʚʘʝʤʳʤ ʵʣʝʤʝʥʪʦʤ ʧʘʨʳ ʷʚʣʷʝʪʩʷ ʭʦʜʦʚʘʷ ʛʘʡʢʘ, ʠʟʛʦʪʘʚʣʠʚʘʝʤʘʷ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟ ʙʨʦʥʟʳ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʚʠʪʢʠ ʢʦʪʦʨʦʡ ʤʘʣʦ 

ʠʟʫʯʝʥʳ. ɺʩʝ ʵʪʦ ʠ ʦʙʫʩʣʦʚʠʣʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʢʦʤʧʣʝʢʩʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʠʟʥʘʰʠʚʘʥʠʷ ʭʦʜʦʚʳʭ ʛʘʝʢ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʥʘ ʦʩʥʦʚʝ ʤʦʣʝʢʫʣʷʨʥʦ-

ʤʝʭʘʥʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʪʨʝʥʠʷ, ʫʩʪʘʣʦʩʪʥʦʡ ʪʝʦʨʠʠ ʠʟʥʘʰʠʚʘʥʠʷ, ʫʯʝʥʠʷ ʦʙ ʠʥʞʝʥʝʨʠʠ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʠ ʤʦʜʝʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʠʪʢʦʚ ʨʝʟʴʙʳ. ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ 

ʨʘʩʩʯʠʪʳʚʘʪʴ ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ ʨʝʞʠʤʝ ʢʦʥʪʘʢʪʥʦʝ ʜʘʚʣʝʥʠʝ, ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʥʘʰʠʚʘʥʠʷ ʦʪʜʝʣʴʥʳʭ ʚʠʪʢʦʚ ʚ ʦʧʨʝʜʝʣʝʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ 

ʧʝʨʝʜʘʯʠ. ʇʨʠʯʝʤ ʨʘʩʯʝʪ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʨʘʟʣʠʯʥʳʤ ʟʘʚʠʩʠʤʦʩʪʷʤ ʜʣʷ ʧʝʨʠʦʜʘ 

ʧʨʠʨʘʙʦʪʢʠ ʠ ʥʦʨʤʘʣʴʥʦʛʦ ʠʟʥʘʰʠʚʘʥʠʷ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʨʘʩʯʝʪʘ ʚ ʧʝʨʠʦʜ ʧʨʠʨʘʙʦʪʢʠ 

ʷʚʣʷʝʪʩʷ ʫʯʝʪ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʠʟʥʘʰʠʚʘʥʠʷ ʧʦ ʚʠʪʢʘʤ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʘʥʘʣʦʛʠʠ ʤʝʞʜʫ ʥʝʨʘʚʥʦʤʝʨʥʳʤ ʠʟʥʦʩʦʤ ʚʠʪʢʦʚ ʠ  ʫʚʝʣʠʯʝʥʠʝʤ ʧʨʠʨʘʱʝʥʠʷ ʰʘʛʘ ʨʝʟʴʙʳ 

ʛʘʡʢʠ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʦ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʚʠʪʢʦʚ ʚʦ ʚʨʝʤʝʥʠ ʠ 

ʠʤʝʶʱʠʭʩʷ ʟʘʟʦʨʘʭ ʤʝʞʜʫ ʚʠʪʢʘʤʠ ʤʦʜʝʣʴ ʦʧʨʝʜʝʣʷʝʪ ʦʩʥʦʚʥʦʡ ʧʘʨʘʤʝʪʨ ï ʟʘʟʦʨ ʤʝʞʜʫ 

ʛʘʡʢʦʡ ʠ ʚʠʥʪʦʤ ʟʘ ʨʘʩʯʝʪʥʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ, ʦʧʨʝʜʝʣʷʶʱʠʡʩʷ ʠʪʝʨʘʮʠʦʥʥʳʤ 

ʧʨʦʮʝʩʩʦʤ ʚʳʯʠʩʣʝʥʠʷ ʯʠʩʣʘ ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʚʠʪʢʦʚ ʠ ʠʟʥʦʩʘ ʥʘʠʤʝʥʝʝ ʥʘʛʨʫʞʝʥʥʦʛʦ. 

ɼʣʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʙʨʘʙʦʪʢʫ 

ʚʠʪʢʦʚ ʭʦʜʦʚʳʭ ʛʘʝʢ ʇʇɼ ʢʘʢ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʰʠʨʦʢʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ. ʈʘʟʨʘʙʦʪʘʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, 

ʩʚʷʟʳʚʘʶʱʠʝ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʘʨʳ ʠ ʨʝʞʠʤʳ ʇʇɼ. ʉʧʨʦʝʢʪʠʨʦʚʘʥ ʠ 

ʠʟʛʦʪʦʚʣʝʥ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʇʇɼ, ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʥʘ ʦʙʨʘʟʮʘʭ ʠ ʭʦʜʦʚʳʭ ʛʘʡʢʘʭ.  
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ʉʆɺɽʈʐɽʅʉʊɺʆɺɸʅʀɽ ʄɽʊʆɼʆɺ ʂʆʄɹʀʅʀʈʆɺɸʅʅʆɻʆ 

ʇʈʆʊʗɻʀɺɸʅʀʗ ʊɽʃ ɺʈɸʑɽʅʀʗ 

 

PERFECTION OF METHODS OF THE COMBINATION BROACHING OF 

BODIES OF ROTATION 

 
ɼ.ʀ. ʖʰʠʥ ï ʘʩʧ., ʅ.ɺ. ʍʦʤʷʢʦʚʘ - ʩʦʠʩʢʘʪʝʣʴ 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ çʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

çʄɸʄʀè 

 

Abstract. Now conducting domestic and foreign firms actively develop and introduce a 

perspective method of a cutting drawing of bodies of rotation mainly necks and cheeks of 

balance weights of cranked shaft of internal combustion engines. However, existing linear and 

circular broach, generated on the basis of many-sided  plates aren't universal and ineffective. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʝʜʫʱʠʝ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʠ ʟʘʨʫʙʝʞʥʳʝ ʩʪʘʥʢʦʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ 

ʬʠʨʤʳ ʘʢʪʠʚʥʦ ʨʘʟʨʘʙʘʪʳʚʘʶʪ ʠ ʚʥʝʜʨʷʶʪ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʤʝʪʦʜ ʨʝʞʫʱʝʛʦ ʧʨʦʪʷʛʠʚʘʥʠʷ 

ʪʝʣ ʚʨʘʱʝʥʠʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʰʝʝʢ ʠ ʱʝʢ ʙʘʣʘʥʩʠʨʦʚ ʢʦʣʝʥʯʘʪʳʭ ʚʘʣʦʚ ʜʚʠʛʘʪʝʣʝʡ 

ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ. ʆʜʥʘʢʦ, ʩʫʱʝʩʪʚʫʶʱʠʝ ʣʠʥʝʡʥʳʝ ʠ ʢʨʫʛʦʚʳʝ ʧʨʦʪʷʞʢʠ, 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʥʘ ʙʘʟʝ ʤʥʦʛʦʛʨʘʥʥʳʭ ʥʝʧʝʨʝʪʘʯʠʚʘʝʤʳʭ ʧʣʘʩʪʠʥ ʥʝ ʫʥʠʚʝʨʩʘʣʴʥʳ ʠ 

ʤʘʣʦʵʬʬʝʢʪʠʚʥʳ.   

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʭ ʧʨʦʮʝʜʫʨ çʩʠʩʪʝʤ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʪʝʣʣʝʢʪʘè ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʥʦʚʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʠʥʩʪʨʫʤʝʥʪʘ. ʅʦʚʳʡ 

ʠʥʩʪʨʫʤʝʥʪ ʩʦʜʝʨʞʠʪ: ʘʙʨʘʟʠʚʥʫʶ ʩʝʢʮʠʶ; ʚʳʛʣʘʞʠʚʘʶʱʫʶ ʩʝʢʮʠʶ; ʩʝʢʮʠʠ ʜʣʷ 

ʥʘʥʝʩʝʥʠʷ ʨʝʛʫʣʷʨʥʦʛʦ ʤʠʢʨʦʨʝʣʴʝʬʘ ʩ ʦʩʮʠʣʣʠʨʫʶʱʠʤʠ ʠ ʚʨʘʱʘʶʱʠʤʠʩʷ ʛʦʣʦʚʢʘʤʠ. 

ɼʘʣʴʥʝʡʰʝʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚʦʟʤʦʞʥʦ ʥʘ ʦʩʥʦʚʝ 

ʨʝʛʫʣʷʨʠʟʘʮʠʠ ʤʠʢʨʦʛʝʦʤʝʪʨʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʙʦʯʠʭ ʵʣʝʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʧʫʪʝʤ 

ʧʨʠʤʝʥʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʘʣʣʦʧʣʘʢʠʨʫʶʱʠʭ ʩʤʘʟʦʢ, ʨʝʘʣʠʟʫʶʱʠʭ ʥʘʫʯʥʦʝ ʦʪʢʨʳʪʠʝ 

ï ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʬʠʟʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʙʝʟʳʟʥʦʩʥʦʩʪʠ ɻʘʨʢʫʥʦʚʘ-ʂʨʘʛʝʣʴʩʢʦʛʦ. 

  



96 

 

ʌʀɿʀʂʆ-ʄɽʍɸʅʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ ʇʆɺɽʈʍʅʆʉʊʅʆɻʆ ʉʃʆʗ 

ʇʆʉʃɽ ʕʃɽʂʊʈʆ-ʄɽʍɸʅʀʏɽʉʂʆʁ ʆɹʈɸɹʆʊʂʀ 

PHYSICOMECHANICAL PROPERTIES OF A BLANKET AFTER ELECTRO-

MACHINING 
ɸ.ʇ. ʗʢʦʚʣʝʚʘ ï ʢ.ʪ.ʥ., ʜʦʮ. 

ʄɻʊʋ ʠʤ. ʅ.ʕ. ɹʘʫʤʘʥʘ 

 

Abstract. Service life of details of cars depends on quality of blankets. In work influence of 

electromechanical processing on physicomechanical properties of details was investigated. 

Application of electromechanical processing allows to raise strength. 

ʆʩʥʦʚʥʳʤʠ ʤʝʪʦʜʘʤʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ, ʧʦʣʫʯʠʚʰʠʤʠ ʰʠʨʦʢʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ, ʷʚʣʷʝʪʩʷ ʭʠʤʠʢʦ-ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʠ ʟʘʢʘʣʢʘ 

ʊɺʏ. ʆʜʥʘʢʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʝ ʚʩʝʛʜʘ ʦʧʨʘʚʜʘʥʦ ʚʩʣʝʜʩʪʚʠʝ ʚʳʩʦʢʦʡ 

ʩʪʦʠʤʦʩʪʠ ʠ ʩʣʦʞʥʦʩʪʠ ʪʝʨʤʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʢʘʯʝʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚʦʟʤʦʞʥʦʛʦ ʢʦʨʦʙʣʝʥʠʷ ʜʝʪʘʣʝʡ.

 ʕʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ (ʕʄʆ), ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʵʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʤ ʥʘʛʨʝʚʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʠ, ʠʤʝʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʧʝʨʝʜ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʟʘʢʘʣʢʠ. 

ʆʩʥʦʚʥʳʝ ʠʟ ʥʠʭ - ʵʪʦ ʦʪʩʫʪʩʪʚʠʝ ʢʦʨʦʙʣʝʥʠʷ, ʩʦʢʨʘʱʝʥʠʝ ʜʣʠʪʝʣʴʥʦʩʪʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʮʠʢʣʘ, ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʫʯʘʩʪʢʦʚ ʥʘʨʫʞʥʳʭ ʠ 

ʚʥʫʪʨʝʥʥʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. ɼʣʷ ʕʄʆ ʪʝʣ ʚʨʘʱʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʫʩʪʘʥʦʚʢʘ, ʩʦʩʪʦʷʱʘʷ 

ʠʟ ʪʦʢʘʨʥʦʛʦ ʩʪʘʥʢʘ, ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ ʠ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ, ʚ ʢʦʪʦʨʦʤ ʫʩʪʘʥʦʚʣʝʥ ʨʦʣʠʢ-

ʵʣʝʢʪʨʦʜ [3]. ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʜʣʷ ʕʄʆ ʚʳʙʨʘʥʳ ʚʘʣʳ ʯʝʩʘʣʴʥʦʡ ʤʘʰʠʥʳ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʯʝʩʘʥʠʷ ʛʨʫʙʦʡ ʰʝʨʩʪʠ ʠ ʝʝ ʩʤʝʩʝʡ. ɼʦʣʛʦʚʝʯʥʦʩʪʴ ʚʘʣʦʚ 

ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʠʟʥʦʩʦʤ ʥʘʨʫʞʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʪ.ʢ. ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʟʘʟʦʨʘʭ 

ʫʧʣʦʪʥʝʥʠʡ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʧʨʦʜʫʢʪʳ ʠʟʥʦʩʘ, ʜʝʡʩʪʚʫʶʱʠʝ ʢʘʢ ʘʙʨʘʟʠʚ. ʇʦ 

ʩʫʱʝʩʪʚʫʶʱʝʡ ʪʝʭʥʦʣʦʛʠʠ ʚʘʣʳ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʠʟ ʩʪʘʣʠ 45 ʩ ʟʘʢʘʣʢʦʡ ʰʝʝʢ ʚʘʣʦʚ ʊɺʏ 

ʜʦ ʪʚʝʨʜʦʩʪʠ HRC=46. ʆʜʥʘʢʦ ʫʢʘʟʘʥʥʘʷ ʪʝʨʤʦʦʙʨʘʙʦʪʢʘ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʨʝʙʫʝʤʦʡ 

ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʜʝʪʘʣʝʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʝʜʣʦʞʝʥʦ ʚʥʝʜʨʝʥʠʝ ʕʄʆ ʚʟʘʤʝʥ ʊɺʏ, ʯʪʦ 

ʧʦʟʚʦʣʠʪ ʫʧʨʦʯʥʠʪʴ ʥʘʨʫʞʥʳʡ ʜʠʘʤʝʪʨ ʚʘʣʘ, ʧʦʜʚʝʨʛʘʝʤʳʡ ʧʦʚʳʰʝʥʥʦʤʫ ʠʟʥʦʩʫ, 

ʦʩʪʘʚʠʚ ʧʨʠ ʵʪʦʤ ʩʚʦʡʩʪʚʘ ʩʝʨʜʮʝʚʠʥʳ ʤʘʪʝʨʠʘʣʘ ʙʝʟ ʠʟʤʝʥʝʥʠʡ. ʋʧʨʦʯʥʝʥʥʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ ʧʨʠ ʕʄʆ ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘʣʦʞʝʥʠʷ ʧʦʣʦʩ ʟʘʢʘʣʢʠ ʩ 

ʦʧʨʝʜʝʣʝʥʥʳʤ ʧʝʨʝʢʨʳʪʠʝʤ ʩʣʝʜʦʚ ʦʙʨʘʙʦʪʢʠ. ɺʩʣʝʜʩʪʚʠʝ ʥʘʣʠʯʠʷ ʟʦʥ ʦʪʧʫʩʢʘ ʚ ʤʝʩʪʘʭ 

ʧʝʨʝʢʨʳʪʠʷ ʩʪʨʫʢʪʫʨʘ ʠ ʪʚʝʨʜʦʩʪʴ ʧʦ ʰʠʨʠʥʝ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʜʝʪʘʣʠ ʥʝʦʜʥʦʨʦʜʥʳ. ʅʘ 

ʧʦʧʝʨʝʯʥʦʤ ʰʣʠʬʝ ʫʧʨʦʯʥʝʥʥʘʷ ʟʦʥʘ ʠʤʝʝʪ ʚʠʜ ʩʝʛʤʝʥʪʦʚ ʩ çʯʘʰʫʡʯʘʪʦʡè ʩʪʨʫʢʪʫʨʦʡ. ɺ 

ʤʝʩʪʘʭ ʧʝʨʝʢʨʳʪʠʷ ʟʦʥ ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ ʥʘʙʣʶʜʘʶʪʩʷ ʪʝʤʥʳʝ ʧʦʣʦʩʳ ʚ ʚʠʜʝ ʜʫʛ ʩ 

ʚʳʭʦʜʦʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʚʪʦʨʠʯʥʳʤ ʦʪʧʫʩʢʦʤ ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʤ 

ʧʨʦʭʦʜʝ. ɺ ʟʦʥʘʭ ʟʘʢʘʣʢʠ ʪʚʝʨʜʦʩʪʴ ʜʦʩʪʠʛʘʝʪ HRC=52é58 ʥʘ ʛʣʫʙʠʥʫ ʜʦ 0,6 ʤʤ, ʚ ʟʦʥʘʭ 

ʦʪʧʫʩʢʘ ʪʚʝʨʜʦʩʪʴ ʩʥʠʞʘʝʪʩʷ ʜʦ HRC=45é48. ʆʜʥʘʢʦ ʟʦʥʘ ʦʪʧʫʩʢʘ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ 

10% ʧʦ ʦʪʥʦʰʝʥʠʶ ʢʦ ʚʩʝʡ ʫʧʨʦʯʥʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʫʧʨʦʯʥʝʥʥʦʡ 

ʟʦʥʳ ï ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʡ ʤʘʨʪʝʥʩʠʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʕʄʆ ʧʝʨʝʜ 

ʊɺʏ ʩʦʩʪʦʷʪ ʚ ʧʦʚʳʰʝʥʠʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʚʘʣʦʚ, ʫʤʝʥʴʰʝʥʠʠ ʪʨʫʜʦʝʤʢʦʩʪʠ ʟʘ ʩʯʝʪ 

ʣʠʢʚʠʜʘʮʠʠ ʦʧʝʨʘʮʠʠ ʧʨʘʚʢʠ, ʢʦʪʦʨʳʝ ʚʳʧʦʣʥʷʶʪʩʷ ʧʦʩʣʝ ʊɺʏ. 
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OPERATING MODES OF ELECTRO-DRIVE MECHANISMS USED  

FOR PIPELINE TURNPIKESô WEDGED VALVES 
 

ɺ.ɺ. ɸʚʝʨʠʥʘ ï ʘʩʧ. 

ʊʫʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

Abstract. Parameters of wedged gate valves for pipeline armature of different diameter and pressure 

which predetermine operating modes of mechanisms are systematized. Attempt to justify application 

of multiline drives on the basis of multithread transmissions of epicyclical type is made. 

ɺ ʛʘʟʦʚʦʡ, ʥʝʬʪʷʥʦʡ ʠ ʘʪʦʤʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʷʭ ʚ ʢʘʯʝʩʪʚʝ ʘʨʤʘʪʫʨʳ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʣʠʥʦʚʳʝ ʟʘʜʚʠʞʢʠ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʜʦʩʪʦʠʥʩʪʚʘʤʠ: ʤʘʣʳʤ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʠ ʧʣʘʚʥʦʤ ʧʝʨʝʢʨʳʪʠʠ. ʉʨʝʜʘ (ʛʘʟ, ʥʝʬʪʴ, ʚʦʜʘ ʠ ʧʘʨ) ʥʘʭʦʜʠʪʩʷ ʚ 

ʪʨʫʙʦʧʨʦʚʦʜʝ ʩ ʜʠʘʤʝʪʨʦʤ ʫʩʣʦʚʥʦʛʦ ʧʨʦʭʦʜʘ ʤʤ ...;1000 150; 125; 100; 80; ;50ND  

(ɻʆʉʊ 28388-89) ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʄʇʘ 25,0 16,0; 6,3; 4,0; 2,5; ;6,1NP  (ɻʆʉʊ 356-80). 

ʄʘʛʠʩʪʨʘʣʠ ʪʨʝʙʫʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳʩʦʢʦʥʘʜʝʞʥʳʭ ʧʨʠʚʦʜʦʚ ʩ ʙʦʣʴʰʠʤ ʨʝʩʫʨʩʦʤ ʠ 

ʧʝʨʝʜʘʪʦʯʥʳʤ ʦʪʥʦʰʝʥʠʝʤ ʜʣʷ ʦʪʢʨʳʪʠʷ ʠ ʟʘʢʨʳʪʠʷ ʟʘʜʚʠʞʝʢ, ʪ.ʢ. ʦʪʢʘʟ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ 

ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʘʚʘʨʠʠ ʥʘ ʪʨʫʙʦʧʨʦʚʦʜʝ, ʙʦʣʴʰʠʤ ʧʦʪʝʨʷʤ ʠ ʢʘʪʘʩʪʨʦʬʝ. 

ʂʘʞʜʳʡ ʧʨʠʚʦʜ ʠʤʝʝʪ ʦʨʠʛʠʥʘʣʴʥʳʝ ʜʝʪʘʣʠ ʧʝʨʝʜʘʯ, ʧʨʠʩʦʝʜʠʥʠʪʝʣʴʥʳʝ ʠ 

ʛʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ ʧʦ ʜʚʠʛʘʪʝʣʶ, ʨʝʜʫʢʪʦʨʫ ʠ ʟʘʜʚʠʞʢʝ. ʕʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ 

ʨʝʜʫʢʪʦʨʳ ʩ ʜʨʫʛʠʤʠ ʨʘʟʤʝʨʘʤʠ. ʆʛʨʘʥʠʯʝʥʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʚʳʰʘʝʪ ʝʛʦ ʩʪʦʠʤʦʩʪʴ, 

ʫʚʝʣʠʯʠʚʘʝʪ ʩʨʦʢʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʠ, ʢʦʥʝʯʥʦ, ʩʥʠʞʘʝʪ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʥʘ ʨʳʥʢʝ. 

ʐʧʠʥʜʝʣʴ ʧʨʦʭʦʜʠʪ ʩʢʚʦʟʴ ʨʝʜʫʢʪʦʨ, ʘ ʧʨʠ ʙʦʣʴʰʠʭ 
ND  ʠ ʯʝʨʝʟ ʜʚʠʛʘʪʝʣʴ. ʍʦʜ 

ʰʧʠʥʜʝʣʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʤʤ ),50...10(ʰ NDS . ʍʦʜ Sh  ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ 

ʚʨʝʤʷ 
ʟt  ʧʨʠ ʦʪʢʨʳʪʠʠ ʠ ʟʘʢʨʳʪʠʠ ʪʨʫʙʦʧʨʦʚʦʜʘ. ɿʘʜʘʚʘʷʩʴ ʜʠʘʤʝʪʨʦʤ ʰʧʠʥʜʝʣʷ ʚd  

ʦʧʨʝʜʝʣʷʝʤ ʢʦʣʠʯʝʩʪʚʦ ʟʘʭʦʜʦʚ i  ʠ ʰʘʛ ʨʝʟʴʙʳ h. ʇʘʨʘʤʝʪʨʳ ʟʘʜʘʶʪ ʩʢʦʣʴʢʦ ʦʙʦʨʦʪʦʚ N  

ʩʦʚʝʨʰʘʝʪ ʛʘʡʢʘ ʜʣʷ ʦʪʢʨʳʪʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ )/(hiSN ʰ
. ʏʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʚʳʭʦʜʥʦʛʦ ʚʘʣʘ 

ʤʥʦʛʦʦʙʦʨʦʪʥʦʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ 
ʟɻ tNn /60 . ɺʨʝʤʷ 

ʟt  ʜʣʷ ʟʘʜʚʠʞʝʢ ʩ ʦʜʠʥʘʢʦʚʳʤ 
ND  

ʥʦʨʤʠʨʫʝʪʩʷ ʜʘʚʣʝʥʠʝʤ 
NP . ʅʝʩʦʙʣʶʜʝʥʠʝ ʟʘʜʘʥʥʦʛʦ ʟt  ʧʨʠʚʦʜʠʪ ʢ ʢʘʚʠʪʘʮʠʠ, ʚʩʣʝʜʩʪʚʠʝ 

ʯʝʛʦ ʧʦʷʚʣʷʶʪʩʷ ʚʠʙʨʘʮʠʷ ʧʦʜʚʠʞʥʳʭ ʜʝʪʘʣʝʡ ʠ ʧʦʪʝʨʠ ʥʘ ʪʨʝʥʠʝ ʚ ʦʧʦʨʘʭ ʛʘʡʢʠ ʠ ʝʸ 

ʩʦʧʨʷʞʝʥʠʠ ʩ ʚʠʥʪʦʤ, ʯʪʦ ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʚʦʜʘ ʩ ʙʦʣʴʰʠʤ ʢʨʫʪʷʱʠʤ ʤʦʤʝʥʪʦʤ. 

ʋʩʪʘʥʘʚʣʠʚʘʝʤʳʡ ʧʨʠʚʦʜ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʛʘʨʘʥʪʠʨʦʚʘʥʥʳʤ ʨʝʩʫʨʩʦʤ ʜʦ 20 ʣʝʪ ʩ 

ʜʚʫʢʨʘʪʥʳʤ ʟʘʧʘʩʦʤ ʧʦ ʤʦʤʝʥʪʫ ʧʨʠ ʩʜʸʨʛʠʚʘʥʠʠ ʢʣʠʥʘ ʚ ʢʨʘʡʥʠʭ ʧʦʣʦʞʝʥʠʷʭ. 

ɿʘʜʘʯʘ ʩʦʟʜʘʥʠʷ ʨʷʜʘ ʧʨʠʚʦʜʦʚ ʩʦʩʪʦʠʪ ʚ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʠʚʝʩʪʠ ʵʣʝʢʪʨʦʧʨʠʚʦʜʳ 

ʟʘʜʚʠʞʝʢ ʦʜʥʦʛʦ ʜʠʘʤʝʪʨʘ 
ND  (ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʙʣʠʟʢʠʭ) ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʜʚʠʛʘʪʝʣʝʡ ʦʜʥʦʡ 

ʤʦʱʥʦʩʪʠ. ʄʦʱʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ ʧʦʜʙʠʨʘʝʪʩʷ ʧʦ ʤʦʤʝʥʪʫ ʥʘ ʛʘʡʢʝ ɻʊ  ʠ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ, 

ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪ ʧʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ )60/(/ ʜʚʜʚʨʝʜ Ntnnnu ʟɻ . ɸʥʘʣʠʟ ʧʨʠʚʦʜʦʚ 

ʟʘʜʚʠʞʝʢ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʳ ʧʨʠʚʦʜʳ ʩ ʯʠʩʣʦʤ ...120 30ʨʝʜu . ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ 

ʫʨʦʚʥʝ, ʨʝʘʣʠʟʦʚʘʪʴ ʪʘʢʠʝ ʯʠʩʣʘ ʫʜʘʝʪʩʷ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʥʘ ʙʘʟʝ 

ʤʥʦʛʦʧʦʪʦʯʥʦʡ ʧʝʨʝʜʘʯʠ ʧʣʘʥʝʪʘʨʥʦʛʦ ʪʠʧʘ (ʇʘʪʝʥʪ ʈʌ ˉ 2402707), ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʚ ʊʫʣɻʋ. 

ʇʝʨʝʜʘʯʘ ʧʦʟʚʦʣʷʝʪ ʟʘ ʩʯʝʪ ʩʤʝʥʳ ʢʦʣʝʩ ʙʳʩʪʨʦʭʦʜʥʦʡ ʩʪʫʧʝʥʠ ʧʨʠ ʥʝʠʟʤʝʥʥʦʡ ʪʠʭʦʭʦʜʥʦʡ 

ʠʟʤʝʥʷʪʴ ʧʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ ʚ ʨʘʟʳ. ʇʨʠ ʩʤʝʥʝ ʢʦʣʝʩ ʩʦʭʨʘʥʷʝʪʩʷ ʤʝʞʦʩʝʚʦʝ ʨʘʩʩʪʦʷʥʠʝ ʚʦ 

ʚʩʝʭ ʟʫʙʯʘʪʳʭ ʟʘʮʝʧʣʝʥʠʷʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʦʚʘʷ ʧʣʘʥʝʪʘʨʥʘʷ ʧʝʨʝʜʘʯʘ ʧʦʟʚʦʣʷʝʪ 

ʫʥʠʬʠʮʠʨʦʚʘʪʴ ʵʣʝʢʪʨʦʧʨʠʚʦʜʳ ʢʣʠʥʦʚʳʭ ʟʘʜʚʠʞʝʢ ʧʦ ʛʘʙʘʨʠʪʥʳʤ ʨʘʟʤʝʨʘʤ ʠ ʤʦʱʥʦʩʪʠ 

ʧʨʠ ʨʘʟʥʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʟʘʜʚʠʞʝʢ, ʯʪʦ ʨʝʟʢʦ ʫʤʝʥʴʰʘʝʪ ʠʭ ʥʦʤʝʥʢʣʘʪʫʨʫ, ʤʘʩʩʫ, 

ʛʘʙʘʨʠʪʳ ʠ ʩʪʦʠʤʦʩʪʴ. 
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PLANNING THE MOVEMENT TRAJECTORIES OF MANIPULATOR WITH 

FLEXIBLE LINKS SUSPENSION 
 

ɸ.ɺ. ɸʣʝʧʢʦ, ʖ.ɸ. ɺʘʣʶʢʝʚʠʯ ï ʢ.ʪ.ʥ., ʜʦʮ. 

ʌɻɹʆʋ ɺʇʆ "ʖʞʥʦ-ʈʦʩʩʠʡʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʵʢʦʥʦʤʠʢʠ ʠ ʩʝʨʚʠʩʘ" 

 

Abstract. Set and solved direct and inverse kinematics tasks of the ticks for the position and 

velocity for the manipulator with the suspension on the flexible links. In general terms were 

formulated task of planed trajectory of manipulator movement. The solution of the kinematics 

task on the position of the zone-servicing in the form of three-dimensional tetrahedron and the 

box to speed - in the form of the box was received. 

 

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʢʦʥʩʪʨʫʢʮʠʷ ʤʘʥʠʧʫʣʷʪʦʨʘ ʩ ʧʦʜʚʝʩʦʤ ʩʭʚʘʪʘ ʥʘ ʛʠʙʢʠʭ 

ʟʚʝʥʴʷʭ. ʀʥʪʝʨʝʩ ʢ ʵʪʦʡ ʧʨʦʙʣʝʤʝ ʦʙʦʟʥʘʯʝʥ ʥʘʣʠʯʠʝʤ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʧʘʪʝʥʪʦʚ ʥʘ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʩʭʝʤʳ ʚ ʧʘʪʝʥʪʥʳʭ ʘʛʝʥʪʩʪʚʘʭ ʉʐɸ, ʂʠʪʘʷ, ʗʧʦʥʠʠ ʠ 

ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ ʩʪʨʘʥ. ʀʟʚʝʩʪʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʳʭ ʛʨʫʟʦʚ, ʠ/ʠʣʠ ʦʙʣʘʜʘʶʪ ʚʝʩʴʤʘ ʦʛʨʘʥʠʯʝʥʥʦʡ ʟʦʥʦʡ ʦʙʩʣʫʞʠʚʘʥʠʷ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʩʪʨʘʥʩʪʚʦ ʟʦʥʳ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʤʘʥʠʧʫʣʷʪʦʨʦʚ 

ʦʛʨʘʥʠʯʝʥʦ ʧʨʦʩʪʳʤʠ ʬʠʛʫʨʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʪʨʝʫʛʦʣʴʥʘʷ ʧʨʠʟʤʘ ʠʣʠ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜ. 

 ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʩʦʟʜʘʥʠʶ ʤʘʥʠʧʫʣʷʪʦʨʘ ʩ ʧʦʜʚʝʩʦʤ ʩʭʚʘʪʘ ʥʘ ʛʠʙʢʠʭ 

ʟʚʝʥʴʷʭ, ʠʤʝʶʱʝʛʦ ʟʦʥʫ ʦʙʩʣʫʞʠʚʘʥʠʷ ʩʣʦʞʥʦʡ ʬʦʨʤʳ, ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ, ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʝʨʝʤʝʱʝʥʠʷ ʦʙʲʝʢʪʦʚ ʙʦʣʴʰʦʡ ʤʘʩʩʳ. ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʧʨʠ 

ʩʦʟʜʘʥʠʠ ʧʦʜʦʙʥʦʛʦ ʤʘʥʠʧʫʣʷʪʦʨʘ ʷʚʣʷʝʪʩʷ ʧʣʘʥʠʨʦʚʘʥʠʝ ʪʨʘʝʢʪʦʨʠʠ ʧʝʨʝʤʝʱʝʥʠʷ 

ʩʭʚʘʪʘ. ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʠ ʨʝʰʘʶʪʩʷ ʧʨʷʤʘʷ ʠ ʦʙʨʘʪʥʘʷ 

ʟʘʜʘʯʘ ʢʠʥʝʤʘʪʠʢʠ ʧʦ ʧʦʣʦʞʝʥʠʶ ʜʣʷ ʦʙʱʝʛʦ ʩʣʫʯʘʷ ʢʦʥʩʪʨʫʢʮʠʠ ʤʘʥʠʧʫʣʷʪʦʨʘ ʩ 

ʧʦʜʚʝʩʦʤ ʩʭʚʘʪʘ ʥʘ ʛʠʙʢʠʭ ʟʚʝʥʴʷʭ. ɼʣʷ ʯʘʩʪʥʦʛʦ ʩʣʫʯʘʷ, ʘ ʠʤʝʥʥʦ ʜʣʷ ʟʦʥʳ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʚ ʚʠʜʝ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ, ʧʦʣʫʯʝʥʦ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʧʨʷʤʦʡ ʠ 

ʦʙʨʘʪʥʦʡ ʟʘʜʘʯ ʢʠʥʝʤʘʪʠʢʠ ʧʦ ʩʢʦʨʦʩʪʠ.  

ʇʨʝʜʣʦʞʝʥʳ ʠ ʠʩʩʣʝʜʦʚʘʥʳ ʥʘ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʦʜʝʣʠ ʘʣʛʦʨʠʪʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʪʨʘʝʢʪʦʨʠʠ ʧʝʨʝʤʝʱʝʥʠʷ ʩʭʚʘʪʘ ʚ ʟʘʜʘʥʥʫʶ ʪʦʯʢʫ ʟʦʥʳ ʦʙʩʣʫʞʠʚʘʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʧʦʩʦʙʦʚ ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ 

ʧʨʠʛʦʜʥʳ ʘʣʛʦʨʠʪʤʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʠ ʧʦ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ 

ʦʙʦʙʱʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ. ʂʨʦʤʝ ʵʪʦʛʦ, ʚ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʠ ʠʩʩʣʝʜʦʚʘʥ ʘʣʛʦʨʠʪʤ 

ʧʝʨʝʤʝʱʝʥʠʷ ʧʦ ʪʨʘʝʢʪʦʨʠʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ ʦʪʨʝʟʦʢ ʧʨʷʤʦʡ, ʩ ʧʦʩʪʦʷʥʥʦʡ 

ʩʢʦʨʦʩʪʴʶ. ʇʦʣʫʯʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʩʢʦʨʦʩʪʝʡ ʠʟʤʝʥʝʥʠʷ ʦʙʦʙʱʝʥʥʳʭ 

ʢʦʦʨʜʠʥʘʪ ʪʨʦʩʦʚ. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʘʥʘ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʥʦʡ 

ʤʦʜʝʣʠ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʢʦʥʩʪʨʫʢʮʠʠ ʤʘʥʠʧʫʣʷʪʦʨʘ ʩ ʧʦʜʚʝʩʦʤ ʩʭʚʘʪʘ ʥʘ ʛʠʙʢʠʭ ʟʚʝʥʴʷʭ. 
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ʌɻɹʆʋ ɺʇʆ çʊʫʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

Abstract. The article consider the question ʦf necessity of the account mutual influence of the 

processes occurring in a mechanical part of a drive gear and power-driven induction motor. 

ʋʚʝʣʠʯʝʥʠʝ ʤʦʱʥʦʩʪʠ ʧʨʠʚʦʜʘ, ʷʚʣʷʶʱʝʛʦʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʩʪʨʫʢʪʫʨʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʙʦʣʴʰʠʥʩʪʚʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʘʰʠʥ, ʠ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʩʪʦʷʥʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʟʥʘʯʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʘʰʠʥ, ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʝʸ ʧʨʠʚʦʜʝ. ʏʪʦʙʳ 

ʦʮʝʥʠʪʴ ʨʝʘʣʴʥʳʝ ʥʘʛʨʫʟʢʠ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʵʣʝʤʝʥʪʳ ʤʘʰʠʥʳ, ʨʝʩʫʨʩ ʨʘʙʦʪʳ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʫʶ ʥʘʜʝʞʥʦʩʪʴ ʥʝʦʙʭʦʜʠʤʦ ʪʱʘʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʧʨʠʚʦʜʝ. 

 ʇʝʨʚʳʤ ʰʘʛʦʤ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʣʶʙʦʡ ʤʘʰʠʥʳ ʷʚʣʷʝʪʩʷ ʩʦʩʪʘʚʣʝʥʠʝ 

ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʳ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʯʝʤ 

ʧʦʣʥʝʝ ʨʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʦʪʦʙʨʘʞʘʝʪ ʜʝʡʩʪʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʳ, ʪʝʤ 

ʪʦʯʥʝʝ ʨʘʩʯʝʪʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʫʜʫʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʨʝʘʣʴʥʳʤ. ʇʦ 

ʧʦʣʥʦʪʝ ʦʪʨʘʞʝʥʠʷ ʨʝʘʣʴʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠʩʩʣʝʜʫʝʤʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

ʚʩʝ ʨʘʩʯʝʪʥʳʝ ʩʭʝʤʳ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ 

ʙʦʣʴʰʠʝ ʛʨʫʧʧʳ: ʣʠʥʝʡʥʳʝ ʠ ʥʝʣʠʥʝʡʥʳʝ. ʄʝʪʦʜʠʢʘ ʩʦʩʪʘʚʣʝʥʠʷ ʣʠʥʝʡʥʳʭ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʠʭ ʦʩʥʦʚʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ ʨʘʟʨʘʙʦʪʘʥʳ ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʦ. ɼʣʷ ʥʝʣʠʥʝʡʥʳʭ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʧʨʠʚʦʜʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʘʰʠʥ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʟʘʜʘʯ ʦʩʪʘʝʪʩʷ 

ʥʝʨʝʰʝʥʥʳʤ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʚʣʠʷʥʠʝʤ 

ʥʝʣʠʥʝʡʥʳʭ ʩʚʦʡʩʪʚ ʤʘʰʠʥ ʧʨʠ ʥʝʙʦʣʴʰʠʭ ʩʢʦʨʦʩʪʷʭ ʠ ʤʦʱʥʦʩʪʷʭ ʧʨʠʚʦʜʘ ʥʘ 

ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʩ ʜʨʫʛʦʡ ï ʦʪʩʫʪʩʪʚʠʝʤ ʛʦʪʦʚʳʭ ʨʘʩʯʝʪʥʳʭ ʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ ʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʤʘʰʠʥʳ ʷʚʣʷʶʪʩʷ ʥʝʣʠʥʝʡʥʳʤʠ ʩʠʩʪʝʤʘʤʠ. 

ʅʝʣʠʥʝʡʥʦʩʪʴ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʫʢʘʟʘʥʥʳʭ ʤʘʰʠʥ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʥʝʣʠʥʝʡʥʦʩʪʴʶ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʧʦʣʴʟʫʝʤʳʭ ʘʩʠʥʭʨʦʥʥʳʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ, 

ʧʝʨʝʜʘʪʦʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʙʦʯʠʭ ʤʘʰʠʥ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʧʨʠʚʦʜʘʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʘʰʠʥ, 

ʦʧʠʩʳʚʘʝʤʳʭ ʥʝʣʠʥʝʡʥʳʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʤʦʜʝʣʷʤʠ, ʚʝʜʫʪʩʷ ʚ ʜʚʫʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. 

ʇʝʨʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʚʣʠʷʥʠʷ ʧʝʨʝʭʦʜʥʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʘʩʠʥʭʨʦʥʥʳʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷʭ ʥʘ ʜʠʥʘʤʠʢʫ ʩʠʩʪʝʤʳ. ʄʝʭʘʥʠʯʝʩʢʘʷ ʯʘʩʪʴ 

ʩʠʩʪʝʤʳ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʫʧʨʦʱʝʥʥʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʚʠʜʝ ʦʜʥʦʤʘʩʩʥʦʡ 

ʩʠʩʪʝʤʳ, ʩ ʧʘʨʘʤʝʪʨʘʤʠ, ʧʨʠʚʝʜʝʥʥʳʤʠ ʢ ʚʘʣʫ ʜʚʠʛʘʪʝʣʷ. ʄʦʤʝʥʪ ʩʠʣ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʩʯʠʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ ʠʣʠ ʟʘʜʘʝʪʩʷ ʚ ʚʠʜʝ ʥʝʢʦʪʦʨʦʡ ʠʟʚʝʩʪʥʦʡ ʬʫʥʢʮʠʠ ʚʨʝʤʝʥʠ. 

ʈʘʙʦʪʳ, ʚʳʧʦʣʥʝʥʥʳʝ ʚʦ ʚʪʦʨʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʦ ʫʯʠʪʳʚʘʶʪ 

ʠʥʝʨʮʠʦʥʥʳʝ ʠ ʫʧʨʫʛʠʝ ʩʚʦʡʩʪʚʘ ʤʝʭʘʥʠʯʝʩʢʦʡ ʯʘʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʳ, ʦʜʥʘʢʦ 

ʤʝʭʘʥʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʚʠʛʘʪʝʣʷ ʧʨʠʥʠʤʘʝʪʩʷ ʫʧʨʦʱʝʥʥʦʡ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʤʝʭʘʥʠʯʝʩʢʦʡ ʯʘʩʪʠ ʩʠʩʪʝʤʳ ʠ 

ʧʨʠʚʦʜʥʦʤ ʘʩʠʥʭʨʦʥʥʦʤ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝ, ʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʜʨʫʛ ʥʘ 

ʜʨʫʛʘ. ʇʦʣʫʯʠʪʴ ʜʦʩʪʦʚʝʨʥʳʝ ʠ ʪʦʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, 

ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʩʠʩʪʝʤʝ ʤʦʞʥʦ ʪʦʣʴʢʦ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, 

ʫʯʠʪʳʚʘʶʱʝʡ ʥʝʣʠʥʝʡʥʦʩʪʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʘʩʠʥʭʨʦʥʥʦʤ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝ, ʥʝʣʠʥʝʡʥʦʩʪʴ ʧʝʨʝʜʘʪʦʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʙʦʯʠʭ ʤʘʰʠʥ. ɸ ʩʦʚʨʝʤʝʥʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʧʨʦʜʫʢʪʳ ʧʦʟʚʦʣʷʶʪ 

ʧʨʦʚʦʜʠʪʴ ʪʘʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 
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THE SHOCK CAM MECHANISMS THAT CHANGE OWN STRUCTURE 

DURING WORK CYCLE 
 

ʉ.ʖ. ɺʦʣʳʥʱʠʢʦʚ ï ʘʩʧ. 

ʋʣʴʷʥʦʚʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʊʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

Abstract. Mechanisms based on shock principle are used in many engineering branches. In this 

work author has described the basic types of shock cam mechanisms and their components. 

 

ʕʣʝʤʝʥʪʘʤʠ ʩʠʣʦʚʦʡ ʠʤʧʫʣʴʩʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʚʦʟʙʫʞʜʝʥʠʷ ʫʜʘʨʥʳʭ ʥʘʛʨʫʟʦʢ 

ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢ ʵʥʝʨʛʠʠ, ʚʠʙʨʦʫʜʘʨʥʳʡ ʤʝʭʘʥʠʟʤ (ʛʝʥʝʨʘʪʦʨ ʩʠʣʦʚʳʭ ʠʤʧʫʣʴʩʦʚ), 

ʤʝʭʘʥʠʟʤ ʧʦʜʘʯʠ, ʩʚʷʟʳʚʘʶʱʠʡ ʚʠʙʨʦʫʜʘʨʥʳʡ ʤʝʭʘʥʠʟʤ ʩ ʦʧʦʨʥʦʡ ʩʠʩʪʝʤʦʡ; ʚʦʣʥʦʚʦʜ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʧʝʨʝʜʘʯʫ ʩʠʣʦʚʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʢ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʩʨʝʜʝ. 

ɺʠʙʨʦʫʜʘʨʥʳʝ ʤʝʭʘʥʠʟʤʳ ʜʣʷ ʛʝʥʝʨʠʨʦʚʘʥʠʷ ʩʠʣʦʚʳʭ ʠʤʧʫʣʴʩʦʚ ʩʦʟʜʘʶʪ 

ʚʦʟʙʫʞʜʝʥʠʝ ʚ ʠʥʩʪʨʫʤʝʥʪʝ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʝʤ ʩ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʩʨʝʜʦʡ, 

ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʫʜʘʨʥʳʭ ʥʘʛʨʫʟʦʢ, ʢʦʪʦʨʳʝ ʚ ʚʠʜʝ ʫʜʘʨʥʳʭ ʚʦʣʥ ʧʝʨʝʜʘʶʪʩʷ ʩʨʝʜʝ ʠ 

ʨʘʟʨʫʰʘʶʪ ʠʣʠ ʜʝʬʦʨʤʠʨʫʶʪ ʝʝ. ɺʦʟʙʫʞʜʝʥʠʝ ʫʜʘʨʥʳʭ ʥʘʛʨʫʟʦʢ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʚʨʘʪʥʦ-ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʫʜʘʨʥʦʡ ʤʘʩʩʳ - ʝʝ ʧʝʨʠʦʜʠʯʝʩʢʠʭ 

ʩʦʫʜʘʨʝʥʠʡ ʩ ʨʘʙʦʯʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ. ɺʦʟʚʨʘʪʥʦ-ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʫʜʘʨʥʦʡ ʤʘʩʩʳ 

ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥʦ ʩ ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ ʫʩʪʨʦʡʩʪʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ, 

ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʚʳʜʝʣʠʤ ʢʣʘʩʩ ʢʫʣʘʯʢʦʚʳʭ ʤʝʭʘʥʠʟʤʦʚ. 

ʂʣʘʩʩ ʢʫʣʘʯʢʦʚʳʭ ʚʠʙʨʦʫʜʘʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʤʦʞʥʦ ʧʦʜʨʘʟʜʝʣʠʪʴ ʥʘ ʤʝʭʘʥʠʟʤʳ ʩ 

ʬʨʠʢʮʠʦʥʥʦʡ ʩʚʷʟʴʶ ʚʝʜʫʱʝʛʦ ʟʚʝʥʘ (ʢʫʣʘʯʢʘ) ʩ ʫʜʘʨʥʦʡ ʤʘʩʩʦʡ (ʨʠʩ. 1, ʘ) ʠ ʤʝʭʘʥʠʟʤʳ ʩ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʩʚʷʟʴʶ (ʨʠʩ. 1, ʙ, ʚ, ʛ), ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʦʪʦʨʦʡ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʣʫʯʘʝʚ ʩ ʧʦʤʦʱʴʶ ʩʠʣʦʚʦʛʦ ʟʘʤʳʢʘʥʠʷ ʟʚʝʥʴʝʚ. 

 

 
ʈʠʩ. 1. ʉʭʝʤʳ ʢʫʣʘʯʢʦʚʳʭ ʫʜʘʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ: 1 ï ʢʫʣʘʯʦʢ, 2 ï ʫʜʘʨʥʘʷ ʤʘʩʩʘ, 3 ï ʧʨʫʞʠʥʘ, 4 ï 

ʨʘʙʦʯʠʡ ʠʥʩʪʨʫʤʝʥʪ, 5 - ʢʦʨʧʫʩ 

ʇʦʩʪʨʦʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʢʫʣʘʯʢʦʚʳʭ ʫʜʘʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʢʘʢ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩ ʠʟʤʝʥʷʶʱʝʡʩʷ ʩʪʨʫʢʪʫʨʦʡ ʚ ʨʘʙʦʯʝʤ ʮʠʢʣʝ, ʩ ʩʫʱʝʩʪʚʝʥʥʦ 

ʥʝʣʠʥʝʡʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʤʠ ʧʨʦʮʝʩʩʦʤ ʫʜʘʨʘ. 
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COMPUTER SIMULATION OF A FLUIDIC CHARGING APPARATUS 
 

ɸ.ʀ. ɻʘʣʢʦʚʩʢʠʡ, ɽ.ɺ. ʉʪʝʛʘʯʝʚ 

ɺʦʣʛʦʛʨʘʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

Abstract. In the work the authors perform computer simulation of a fluidic charging apparatus. 

The results of the simulation allow receiving required geometric parameters of the apparatus and 

different fluid characteristics. 

 

ʉʪʨʫʡʥʳʝ ʟʘʛʨʫʟʦʯʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʟʘʛʨʫʟʢʠ ʜʝʪʘʣʝʡ ʚ ʨʘʙʦʯʫʶ ʟʦʥʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʘʰʠʥ. ʅʘ ʢʘʬʝʜʨʝ 

çɸʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚè ɺʦʣʛʦʛʨʘʜʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʧʨʝʜʣʦʞʝʥʦ ʪʘʢʦʝ ʫʩʪʨʦʡʩʪʚʦ ʩ ʥʦʚʦʡ ʢʦʥʩʪʨʫʢʮʠʝʡ 

ʦʨʠʝʥʪʠʨʫʶʱʝʛʦ ʙʣʦʢʘ (ʇʘʪʝʥʪ ʈʌ ˉ 2199428). ʆʨʠʝʥʪʠʨʫʶʱʠʡ ʙʣʦʢ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʩʝʚʦʝ 

ʦʨʠʝʥʪʠʨʦʚʘʥʠʝ ʜʝʪʘʣʝʡ (ɼ) ʧʫʪʝʤ ʩʦʟʜʘʥʠʷ ʚʦʩʭʦʜʷʱʝʛʦ ʚʠʭʨʝʚʦʛʦ ʧʦʪʦʢʘ 

ʪʘʥʛʝʥʮʠʘʣʴʥʦ ʥʘʧʨʘʚʣʝʥʥʳʤʠ ʢʘʥʘʣʘʤʠ (ʊʂ), ʚʨʘʱʘʶʱʝʛʦ ʜʝʪʘʣʴ ʠ ʦʨʠʝʥʪʠʨʫʶʱʝʛʦ ʝʝ 

ʩʠʤʤʝʪʨʠʯʥʦ ʦʩʝʚʳʤ ʣʠʥʠʷʤ ʚʦʩʭʦʜʷʱʝʛʦ ʚʠʭʨʝʚʦʛʦ ʧʦʪʦʢʘ, ʪʝʤ ʩʘʤʳʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʩʦʚʤʝʱʝʥʠʝ ʦʩʠ ʚʨʘʱʘʶʱʝʡʩʷ ʜʝʪʘʣʠ ʩ ʦʩʴʶ ʟʘʛʨʫʟʦʯʥʦʛʦ ʢʘʥʘʣʘ (ɿʂ) ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʝʝ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʝʤ ʧʦ ʢʘʥʘʣʫ ʧʦʩʨʝʜʩʪʚʦʤ ʥʠʩʭʦʜʷʱʝʛʦ ʵʞʝʢʪʦʨʥʦʛʦ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ, 

ʩʦʟʜʘʥʥʦʛʦ ʵʞʝʢʪʦʨʥʳʤ ʢʘʥʘʣʦʤ (ʕʂ). 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʘʢʦʛʦ 

ʟʘʛʨʫʟʦʯʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ (ɿʋ) ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʧʘʢʝʪʝ Flow Simulation, ʛʝʦʤʝʪʨʠʷ ʜʣʷ 

ʢʦʪʦʨʦʛʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʧʘʢʝʪʝ Solid Works (ʨʠʩʫʥʦʢ 1). 

ʇʦʣʫʯʝʥʥʘʷ ʢʦʤʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʚʝʢʪʦʨʥʳʝ ʠ ʩʢʘʣʷʨʥʳʝ ʧʦʣʷ 

ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʪʦʢʘ, ʠʟʦʣʠʥʠʠ, ʪʨʘʝʢʪʦʨʠʠ ʪʝʯʝʥʠʷ (ʨʠʩʫʥʦʢ 2), ʩ ʮʝʣʴʶ 

ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʠʣʫʯʰʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʟʘʛʨʫʟʦʯʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ. 

 

 

                        
 

 
                         ʈʠʩ. 1.                                                                    ʈʠʩ. 2.   
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C ʅʀɿʂʆʁ ʇʆʊʈɽɹʃʗɽʄʆʁ ʄʆʑʅʆʉʊʔʖ 

 

DESIGN OF LOW POWER CONSUMPTION ROBOTS 
 

ɺ. ɻʣʘʟʫʥʦʚ
 3
 - ʜ.ʪ.ʥ., ʧʨʦʬ., ɼ. ɺʘʥ ʈʠʥʴ

 2
 ï ʘʩʧ.,  

ɸ. ʈʠʚʘʥ
 2
 ï ʠʥʞ., ɺ. ɸʨʘʢʝʣʷʥ 

1
 - ʜ.ʪ.ʥ., ʧʨʦʬ. 

1 
ʅʘʮʠʦʥʘʣʴʥʳʡ ʀʥʩʪʠʪʫʪ ʇʨʠʢʣʘʜʥʳʭ ʅʘʫʢ, ʈʝʥ, ʌʨʘʥʮʠʷ 

2 
ʂʦʤʠʩʩʘʨʠʘʪ ʧʦ ɸʪʦʤʥʦʡ ʕʥʝʨʛʠʠ, ʮʝʥʪʨ ʚ ʌʦʥʪʥʝʡ ʈʦʟ, ʌʨʘʥʮʠʷ 

3 
ʀʥʩʪʠʪʫʪ ʤʘʰʠʥʦʚʝʜʝʥʠʷ ʠʤ. ɸ.ɸ. ɹʣʘʛʦʥʨʘʚʦʚʘ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

Abstract. The loading of manipulator actuators depends on the distribution of mass in the links 

as well as the efficient motion generation. This paper deals with the second approach based on 

the opposite rotation of the links of the reconfigurable manipulator. It allows the linearization 

and decoupling of dynamic equations of the manipulator, and reduces input torques. The 

suggested approach is illustrated by numerical simulations carried out using ADAMS software. 

 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʦʡ ʢʦʥʮʝʧʮʠʠ ʨʝʢʦʥʬʠʛʫʨʠʨʫʝʤʳʭ 

ʨʦʙʦʪʦʚ ʩ ʣʠʥʝʡʥʦʡ ʜʠʥʘʤʠʢʦʡ ʠ ʥʠʟʢʠʤ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝʤ. ʇʨʝʜʣʘʛʘʝʤʘʷ ʩʪʨʫʢʪʫʨʘ 

ʨʦʙʦʪʘ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1. ɺ ʜʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʜʣʠʥʳ ʟʚʝʥʴʝʚ  1 ʠ 2  ʷʚʣʷʶʪʩʷ ʧʝʨʝ- 

 
ʈʠʩ. 1. 

ʤʝʥʥʳʤʠ ʠ ʤʦʛʫʪ ʙʳʪʴ ʠʟʤʝʥʝʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʝʡ ʟʘʭʚʘʪʘ, ʘ ʩʪʨʫʢʪʫʨʘ 

ʩʪʘʪʠʯʝʩʢʠ ʩʙʘʣʘʥʩʠʨʦʚʘʥʘ ʜʣʷ ʚʩʝʭ 

ʢʦʥʬʠʛʫʨʘʮʠʡ ʨʦʙʦʪʘ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʝʩʪʴ ʜʚʘ 

ʨʝʰʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʚʫʤ ʨʘʟʣʠʯʥʳʤ 

ʢʦʥʬʠʛʫʨʘʮʠʷʤ ʨʫʢʠ ʩ ʫʛʣʘʤʠ 22211211 ,,,  

ʩʦʦʪʚʝʪʩʚʫʶʱʠʝ ʟʘʜʘʥʥʦʤʫ ʧʦʣʦʞʝʥʠʶ çPè. 

ʅʘʟʘʚʝʤ ʠʭ çʥʠʞʥʝʝ ʧʦʣʦʞʝʥʠʝ ʨʫʢʠè ʠ çʚʝʨʭʥʝʝ 

ʧʦʣʦʞʝʥʠʝ ʨʫʢʠè. ʋʧʨʘʚʣʝʥʠʝ ʨʦʙʦʪʘ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʚ ʥʘʯʘʣʴʥʦʤ 

ʧʦʣʦʞʝʥʠʠ ʟʘʭʚʘʪʘ )( iP  ʤʘʥʠʧʫʣʷʪʦʨ ʥʘʭʦʜʠʪʩʷ ʚ 

ʥʠʞʥʝʡ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʘ ʚ ʢʦʥʝʯʥʦʤ ʧʦʣʦʞʝʥʠʠ 

)( fP  ʚ ʚʝʨʭʥʝʡ (ʈʠʩ.2). ɼʣʠʥʳ ʟʚʝʥʴʝʚ 

ʚʳʙʝʨʘʶʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʟʚʝʥʴʷ 

ʚʳʧʦʣʥʷʶʪ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʝ ʚʨʘʱʝʥʠʝ ʩ 

ʦʜʠʥʘʢʦʚʳʤʠ ʫʛʣʦʚʳʤʠ ʫʩʢʦʨʝʥʠʷʤʠ, ʪ.ʝ. 

21
"""" . ʋʯʠʪʳʚʘʷ ʵʪʠ ʫʩʣʦʚʠʷ ʜʠʥʘʤʠʯʝʩʢʠʝ 

ʫʨʘʚʥʝʥʠʷ ʨʦʙʦʪʘ ʫʧʨʦʱʘʶʪʩʷ: 

1

2

1211
""lmJJA  

                        02     

ʛʜʝ 1  ʠ 2  ʜʠʥʘʤʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ ʥʘ ʧʨʠʚʦʜʘ.  

      

 
ʈʠʩ. 2. 

ʊʘʢʘʷ ʢʦʥʮʝʧʮʠʷ ʨʝʢʦʥʬʠʛʫʨʠʨʫʝʤʦʛʦ ʤʘʥʠʧʫʣʷʪʦʨʘ ʧʦʟʚʦʣʷʝʪ ʘʥʥʫʣʠʨʦʚʘʪʴ 

ʜʠʥʘʤʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ ʥʘ ʚʪʦʨʦʡ ʧʨʠʚʦʜ, ʪ.ʝ. ʚʪʦʨʦʡ ʧʨʠʚʦʜ ʙʫʜʝʪ ʧʨʝʦʜʦʣʝʚʘʪʴ ʪʦʣʴʢʦ 

ʩʠʣʳ ʪʨʝʥʠʷ. ʆʥʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʣʠʥʝʘʨʠʟʘʮʠʶ ʠ ʨʘʟʚʷʟʢʫ ʜʠʥʘʤʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ, 

ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʝʪ ʝʛʦ ʫʧʨʘʚʣʝʥʠʝ. ʇʨʝʜʣʘʛʘʝʤʳʡ ʧʦʜʭʦʜ ʠʣʣʶʩʪʨʠʨʫʝʪʩʷ 

ʯʠʩʣʝʥʥʳʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʚʳʧʦʣʥʝʥʥʳʤ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ADAMS. 
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ɺ ʂʆʉʄʀʏɽʉʂʆʁ ʈʆɹʆʊʆʊɽʍʅʀʂɽ 

 

APPLICATION OF PARALLEL STRUCTURE MECHANISMS  

IN SPACE ROBOTICS 
 

ʉ.ʄ. ɼʝʤʠʜʦʚ
1
 ï ʘʩʧ., ʖ.ʅ. ɸʨʪʝʤʝʥʢʦ

2
 ï ʟʘʚ. ʦʪʜʝʣʦʤ, ʃʝ ʊʭʘʥʴ ʅʘʤ

2
 ï ʘʩʧ.

 

1 
ʀʥʩʪʠʪʫʪ ʤʘʰʠʥʦʚʝʜʝʥʠʷ ʠʤ. ɸ.ɸ. ɹʣʘʛʦʥʨʘʚʦʚʘ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, 

2 
ʌʠʟʠʯʝʩʢʠʡ ʀʥʩʪʠʪʫʪ ʠʤ. ʇ.ʅ. ʃʝʙʝʜʝʚʘ ʈɸʅ, 

3
ʅʘʮʠʦʥʘʣʴʥʳʡ ʪʨʘʥʩʧʦʨʪʥʳʡ ʠʥʩʪʠʪʫʪ ɺʴʝʪʥʘʤʘ 

 

Abstract. Parallel mechanisms have many applications as technological, medicine, measurement 

simulation robots. But they could find their application in space as manipulators for space 

telescopes. Particularly parallel mechanism is proposed for space telescope ñMillimetronò. This 

mechanism must move the mirror of the telescope. 

 

 ʄʝʭʘʥʠʟʤʳ ʧʘʨʘʣʣʝʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ, ʤʝʜʠʮʠʥʩʢʠʭ, ʠʟʤʝʨʠʪʝʣʴʥʳʭ, ʪʨʝʥʘʞʝʨʥʳʭ ʨʦʙʦʪʦʚ. ʅʦ ʦʥʠ ʤʦʛʫʪ 

ʥʘʡʪʠ ʩʚʦʝ ʧʨʠʤʝʥʝʥʠʝ ʪʘʢʞʝ ʠ ʚ ʢʦʩʤʦʩʝ ʚ ʢʘʯʝʩʪʚʝ ʤʘʥʠʧʫʣʷʪʦʨʦʚ ʜʣʷ ʪʝʣʝʩʢʦʧʦʚ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʳ ʢʦʩʤʠʯʝʩʢʠʝ ʪʝʣʝʩʢʦʧʳ, ʚ ʢʦʪʦʨʳʭ ʥʝ ʧʨʝʜʫʩʤʦʪʨʝʥʳ 

ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʜʣʷ ʚʟʘʠʤʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʘʥʪʝʥʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʘʟʦʚʦʡ 

ʧʣʘʪʬʦʨʤʳ. ʕʪʦ ʪʝʣʝʩʢʦʧʳ çʍʘʙʙʣè, çɻʝʨʰʝʣʴè, çʂʝʧʧʣʝʨè ʠ ʜʨ. ɺ ʥʝʢʦʪʦʨʳʭ ʠʟ ʵʪʠʭ 

ʪʝʣʝʩʢʦʧʦʚ ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʠʩʪʝʤʳ ʜʣʷ ʚʠʙʨʦʛʘʰʝʥʠʷ ʚʟʘʠʤʥʳʭ ʢʦʣʝʙʘʥʠʡ ʫʢʘʟʘʥʥʳʭ 

ʯʘʩʪʝʡ. ʆʜʥʘʢʦ ʚ ʪʝʣʝʩʢʦʧʘʭ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʧʣʘʥʠʨʫʝʪʩʷ ʫʩʪʘʥʘʚʣʠʚʘʪʴ 

ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʷ ʘʥʪʝʥʥʳ. ʕʪʦ ʦʯʝʥʴ ʩʣʦʞʥʘʷ ʟʘʜʘʯʘ ʚʚʠʜʫ 

ʪʝʤʧʝʨʘʪʫʨ, ʙʣʠʟʢʠʭ ʢ ʘʙʩʦʣʶʪʥʦʤʫ ʥʫʣʶ, ʪʨʝʙʫʝʤʦʡ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ, ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʛʘʰʝʥʠʷ ʚʟʘʠʤʥʳʭ ʢʦʣʝʙʘʥʠʡ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʜʫʪ ʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʢʦʩʤʠʯʝʩʢʦʛʦ ʨʘʜʠʦʪʝʣʝʩʢʦʧʘ ʥʦʚʦʛʦ 

ʧʦʢʦʣʝʥʠʷ çʄʠʣʣʠʤʝʪʨʦʥè, ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʥʘ ʫʜʘʣʝʥʠʠ 1,5 ʤʣʥ ʢʤ ʦʪ 

ɿʝʤʣʠ ʚ ʦʜʥʦʡ ʠʟ ʪʦʯʝʢ ʃʘʛʨʘʥʞʘ (ʈʠʩ. 1). ʆʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʨʦʙʣʝʤ ʧʨʠ ʩʦʟʜʘʥʠʠ 

ʢʦʩʤʠʯʝʩʢʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ çʄʠʣʣʠʤʝʪʨʦʥè ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʘ ʥʘʚʝʜʝʥʠʷ ʨʘʩʢʨʳʚʘʝʤʦʛʦ 

ʪʝʣʝʩʢʦʧʘ ʜʠʘʤʝʪʨʦʤ 10-12 ʤ. ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 0,3-0,1 ʫʛʣ.ʩʝʢ., ʦʩʣʦʞʥʷʶʱʘʷʩʷ ʥʝ ʞʝʩʪʢʦʡ 

ʛʘʥʪʝʣʝʦʙʨʘʟʥʦʡ ʢʦʥʩʪʨʫʢʮʠʝʡ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʩ ʧʦʩʪʦʷʥʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ ʥʘ 

ʉʦʣʥʮʝ ʨʘʜʠʘʮʠʦʥʥʳʤʠ ʵʢʨʘʥʘʤʠ ʜʣʷ ʟʘʱʠʪʳ ʪʝʣʝʩʢʦʧʘ ʦʪ ʩʦʣʥʝʯʥʦʛʦ ʥʘʛʨʝʚʘ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ ʧʨʠʤʝʥʠʪʴ ʩʧʝʮʠʘʣʴʥʦʝ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ï ʤʘʥʠʧʫʣʷʪʦʨ 

ʥʘʚʝʜʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʤʝʭʘʥʠʟʤ ʧʘʨʘʣʣʝʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩ ʪʨʝʤʷ ʩʪʝʧʝʥʷʤʠ 

ʩʚʦʙʦʜʳ (ʈʠʩ. 2). 

 
  ʈʠʩ. 1.      ʈʠʩ. 2. 
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ʄɸʊɽʄɸʊʀʏɽʉʂɸʗ ʄʆɼɽʃʔ ʄɽʍɸʅʀɿʄɸ ʇʈʀɺʆɼɸ ʊʀʉʂʆɺ 

ɻʈɽɹʅɽʏɽʉɸʃʔʅʆʁ ʄɸʐʀʅʓ ʉɽʅʏɽʈʀ-720 

 

MATHEMATICAL MODELS OF DRIVING MECHANISM OF VICE ON 

COMBING MACHINE CENTURYï720 
 

ɸ. ɺ. ɼʝʥʠʩʦʚ ï ʘʩʧ., ɸ. ɺ. ʄʘʨʢʦʚʝʮ ï ʜ.ʪ.ʥ., ʧʨʦʬ. 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʪʝʭʥʦʣʦʛʠʠ ʠ ʜʠʟʘʡʥʘ 

 

Abstract. In article the combing machines vice drive mechanism dynamic and mathematical 

model considering variability of his structures is consider. 

 

ɺ ʜʦʢʣʘʜʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʢʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʤʝʭʘʥʠʟʤʘ 

ʧʨʠʚʦʜʘ ʪʠʩʢʦʚ ʛʨʝʙʥʝʯʝʩʘʣʴʥʦʡ ʤʘʰʠʥʳ ʉʝʥʯʝʨʠ-720. ɼʘʥʥʘʷ ʤʘʰʠʥʘ ʦʩʫʱʝʩʪʚʣʷʝʪ 

ʧʨʦʮʝʩʩ ʛʨʝʙʥʝʯʝʩʘʥʠʷ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʦʩʪʘʚʣʷʶʱʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʮʝʧʦʯʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʷʞʠ. ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʪʠʩʢʠ ʦʩʫʱʝʩʪʚʣʷʶʪ ʟʘʞʠʤ ʚʦʣʦʢʦʥ 

ʭʦʣʩʪʠʢʘ ʚʦ ʚʨʝʤʷ ʯʝʩʘʥʠʷ ʛʨʝʙʝʥʥʳʤʠ ʙʘʨʘʙʘʥʯʠʢʘʤʠ ʠ ʧʦʜʘʯʫ ʧʨʦʯʝʩʘʥʥʦʛʦ ʧʨʦʜʫʢʪʘ 

ʥʘ ʩʧʘʡʢʫ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʘ ʪʠʩʢʦʚ ʛʨʝʙʥʝʯʝʩʘʣʴʥʳʭ ʤʘʰʠʥ ʦʩʣʦʞʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ 

ʠʭ ʩʪʨʫʢʪʫʨʘ ʠʟʤʝʥʷʝʪʩʷ ʟʘ ʢʘʞʜʳʡ ʮʠʢʣ.  

ʊʠʩʢʠ ʩʦʜʝʨʞʘʪ ʥʠʞʥʶʶ ʠ ʚʝʨʭʥʶʶ ʛʫʙʢʠ. ɺ ʤʘʰʠʥʝ ʉʝʥʯʝʨʠ-720 ʥʠʞʥʷʷ ʛʫʙʢʘ 

ʪʠʩʢʦʚ ʩʦʚʝʨʰʘʝʪ ʚʦʟʚʨʘʪʥʦ-ʧʦʚʦʨʦʪʥʳʝ ʜʚʠʞʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʧʦʜʚʠʞʥʦʡ 

ʥʘʧʨʘʚʣʷʶʱʝʡ ʠ ʧʨʠʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʣʦʞʥʦʛʦ ʤʥʦʛʦʟʚʝʥʥʦʛʦ ʨʳʯʘʞʥʦʛʦ ʤʝʭʘʥʠʟʤʘ, 

ʚ ʩʪʨʫʢʪʫʨʫ ʢʦʪʦʨʦʛʦ ʚʭʦʜʠʪ ʪʨʝʭʧʦʚʦʜʢʦʚʘʷ ʯʝʪʳʨʝʭʟʚʝʥʥʘʷ ʛʨʫʧʧʘ ɸʩʩʫʨʘ. ʇʨʠʚʦʜ 

ʚʝʨʭʥʝʡ ʛʫʙʢʠ ʪʠʩʢʦʚ ʩʦʜʝʨʞʠʪ ʩʠʩʪʝʤʫ ʨʳʯʘʛʦʚ ʠ ʧʨʫʞʠʥʫ. ʇʨʠ ʧʦʚʦʨʦʪʝ ʥʠʞʥʝʡ ʛʫʙʢʠ 

ʚ ʤʘʰʠʥʫ ʚʝʨʭʥʷʷ ʛʫʙʢʘ ʦʧʫʩʢʘʝʪʩʷ ʠ ʧʨʠʞʠʤʘʝʪ ʧʨʦʯʝʩʳʚʘʝʤʳʡ ʧʨʦʜʫʢʪ ʢ ʥʠʞʥʝʡ ʛʫʙʢʝ. 

ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʜʚʠʞʝʥʠʠ ʚ ʪʦʤ ʞʝ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʦʯʝʩ ʧʨʦʜʫʢʪʘ 

ʛʨʝʙʝʥʥʳʤ ʙʘʨʘʙʘʥʯʠʢʦʤ, ʧʨʠ ʵʪʦʤ ʜʝʬʦʨʤʠʨʫʝʪʩʷ ʧʨʫʞʠʥʘ, ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʚ ʩʠʩʪʝʤʝ 

ʨʳʯʘʛʦʚ ʧʨʠʚʦʜʘ ʚʝʨʭʥʝʡ ʛʫʙʢʠ ʪʠʩʢʦʚ. ʇʨʠ ʧʦʚʦʨʦʪʝ ʥʠʞʥʝʡ ʛʫʙʢʠ ʠʟ ʤʘʰʠʥʳ ʥʠʞʥʷʷ ʠ 

ʚʝʨʭʥʷʷ ʛʫʙʢʠ ʨʘʟʤʳʢʘʶʪʩʷ ʠ ʟʘʞʘʪʳʡ ʨʘʥʝʝ ʧʨʦʜʫʢʪ ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʩʧʘʡʢʫ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʤʝʭʘʥʠʟʤ ʧʨʠʚʦʜʘ ʪʠʩʢʦʚ ʛʨʝʙʥʝʯʝʩʘʣʴʥʦʡ ʤʘʰʠʥʳ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʤʝʭʘʥʠʟʤ ʧʝʨʝʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʤʦʤʝʥʪʳ ʩʤʳʢʘʥʠʷ ʠ ʨʘʟʤʳʢʘʥʠʷ ʪʠʩʢʦʚ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʩʭʝʤʳ, ʠʩʩʣʝʜʫʝʤʳʡ ʤʝʭʘʥʠʟʤ ʙʳʣ ʨʘʟʙʠʪ 

ʥʘ ʜʚʝ ʯʘʩʪʠ: ʧʨʠʚʦʜ ʚʘʣʘ ʥʠʞʥʝʡ ʛʫʙʢʠ ʪʠʩʢʦʚ ʠ ʨʳʯʘʞʥʫʶ ʩʠʩʪʝʤʫ ʚʝʨʭʥʝʡ ʛʫʙʢʠ. ʇʨʠ 

ʵʪʦʤ ʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʧʨʠʚʦʜ ʚʘʣʘ ʥʠʞʥʝʡ ʛʫʙʢʠ ʪʠʩʢʦʚ ʠʤʝʝʪ ʥʝʠʟʤʝʥʷʝʤʫʶ ʩʪʨʫʢʪʫʨʫ. 

ɼʣʷ ʘʥʘʣʠʟʘ ʜʚʠʞʝʥʠʷ ʨʳʯʘʞʥʦʡ ʩʠʩʪʝʤʳ ʧʨʠʚʦʜʘ ʚʝʨʭʥʝʡ ʛʫʙʢʠ ʪʠʩʢʦʚ ʨʘʟʨʘʙʦʪʘʥʘ 

ʜʠʥʘʤʠʯʝʩʢʘʷ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ. ʇʨʠ ʵʪʦʤ ʨʳʯʘʛʠ ʥʠʞʥʝʡ ʠ ʚʝʨʭʥʝʡ ʛʫʙʦʢ 

ʩʯʠʪʘʶʪʩʷ ʘʙʩʦʣʶʪʥʦ ʪʚʝʨʜʳʤʠ ʪʝʣʘʤʠ, ʫʯʠʪʳʚʘʝʪʩʷ ʧʦʜʘʪʣʠʚʦʩʪʴ ʧʨʫʞʠʥʳ, 

ʦʩʫʱʝʩʪʚʣʷʶʱʝʡ ʟʘʤʳʢʘʥʠʝ ʚʝʨʭʥʝʡ ʛʫʙʢʠ ʥʘ ʥʠʞʥʶʶ ʧʦʩʨʝʜʩʪʚʦʤ ʨʳʯʘʛʘ, 

ʩʦʝʜʠʥʝʥʥʦʛʦ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʩʚʷʟʴʶ ʩʦ ʩʪʦʡʢʦʡ.  

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʤʝʭʘʥʠʟʤʘ ʧʨʠʚʦʜʘ ʪʠʩʢʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʠʩʪʝʤʦʡ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʜʚʠʞʝʥʠʝ ʚʝʨʭʥʝʡ ʛʫʙʢʠ ʪʠʩʢʦʚ ʠ 

ʦʪʜʝʣʴʥʳʭ ʨʳʯʘʛʦʚ. ɺ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʫʯʠʪʳʚʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝʣʠʥʝʡʥʳʝ 

ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʩʦ ʩʪʦʨʦʥʳ ʟʘʤʳʢʘʶʱʝʡ ʧʨʫʞʠʥʳ ʚ ʧʨʠʚʦʜʝ ʚʝʨʭʥʝʡ ʛʫʙʢʠ, 

ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʝʞʜʫ ʫʧʦʨʘʤʠ, ʘ ʪʘʢʞʝ, ʩʠʣʘ, ʚʦʟʥʠʢʘʶʱʘʷ ʤʝʞʜʫ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ 

ʛʫʙʢʘʤʠ ʚ ʧʝʨʠʦʜ ʠʭ ʩʤʳʢʘʥʠʷ. ʊʘʢ ʢʘʢ ʩʠʩʪʝʤʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʷʚʣʷʝʪʩʷ 

ʩʫʱʝʩʪʚʝʥʥʦ ʥʝʣʠʥʝʡʥʦʡ, ʜʣʷ ʝʝ ʨʝʰʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʯʠʩʣʝʥʥʳʤʠ 

ʤʝʪʦʜʘʤʠ, ʜʣʷ ʯʝʛʦ ʥʝʦʙʭʦʜʠʤʘ ʨʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʛʦ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ. ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ ʪʠʩʢʦʚ 

ʛʨʝʙʥʝʯʝʩʘʣʴʥʦʡ ʤʘʰʠʥʳ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʦʧʪʠʤʠʟʘʮʠʠ ʝʝ ʢʦʥʩʪʨʫʢʮʠʠ, 

ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʚʳʧʫʩʢʘʝʤʦʛʦ ʧʨʦʜʫʢʪʘ, ʩʥʠʞʝʥʠʷ ʚʠʙʨʦʘʢʪʠʚʥʦʩʪʠ ʤʘʰʠʥʳ ʠ 

ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ.  
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ʇɸʃʔʏʀʂʆɺʓʍ ʋʇʃʆʊʅɽʅʀʁ 

 

NUMERICAL INVESTIGATION OF FINGER SEAL PERFORMANCE 

 
ʀ.ʖ.ɼʟʝʚʘ - ʠʥʞ., ʖ.ʄ. ʊʝʤʠʩ - ʜ.ʪ.ʥ., ʧʨʦʬ., ɸ.ɺ.ʉʝʣʠʚʘʥʦʚ - ʥʘʯ. ʩʝʢʪʦʨʘ 

ʌɻʋʇ ʎʀɸʄ ʠʤ. ʇ.ʀ. ɹʘʨʘʥʦʚʘ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

Abstract. Multi -fields method and mathematical models are developed for investigation of new 

high-efficient finger seal. This method is comprised gas flow simulation and stress-deformed 

analysis. Mathematical models have different level of refinement and can be used both for fast 

optimizations and full analysis of the finger seal. 

 

ʂʣʶʯʝʚʳʤ ʤʦʤʝʥʪʦʤ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʫʧʣʦʪʥʝʥʠʡ ɻʊɼ 

ʷʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʦʪ ʞʝʩʪʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʢ ʫʧʣʦʪʥʝʥʠʷʤ ʩ ʛʠʙʢʠʤʠ ʜʝʬʦʨʤʠʨʫʝʤʳʤʠ 

ʵʣʝʤʝʥʪʘʤʠ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʠʟʤʝʥʝʥʠʝ ʨʘʙʦʯʠʭ ʫʩʣʦʚʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʧʦʜʩʪʨʘʠʚʘʪʴʩʷ ʧʦʜ ʠʟʤʝʥʝʥʠʝ ʨʘʜʠʘʣʴʥʳʭ ʨʘʟʤʝʨʦʚ ʜʝʪʘʣʝʡ, ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʫʧʣʦʪʥʠʪʝʣʴʥʳʡ ʫʟʝʣ. ɺ ʧʝʨʩʧʝʢʪʠʚʥʦʤ ʧʘʣʴʯʠʢʦʚʦʤ ʫʧʣʦʪʥʝʥʠʠ ʛʠʙʢʠʝ ʵʣʝʤʝʥʪʳ 

(çʧʘʣʴʯʠʢʠè) ʙʘʣʘʥʩʠʨʫʶʪ ʥʘ ʪʦʥʢʦʡ ʛʘʟʦʚʦʡ ʧʣʝʥʢʝ ʥʘʜ ʨʦʪʦʨʦʤ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʙʝʩʢʦʥʪʘʢʪʥʘʷ ʨʘʙʦʪʘ ʩ ʦʯʝʥʴ ʤʘʣʳʤ ʨʘʜʠʘʣʴʥʳʤ ʟʘʟʦʨʦʤ ʤʝʞʜʫ ʨʦʪʦʨʦʤ 

ʠ ʢʦʨʧʫʩʦʤ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʧʦʣʝʪʥʦʛʦ ʮʠʢʣʘ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʪʘʢʠʭ ʫʧʣʦʪʥʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʦʜʝʣʠ ʠ ʤʝʪʦʜʳ ʤʥʦʛʦʜʠʩʮʠʧʣʠʥʘʨʥʦʛʦ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʫʯʝʪʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʪʦʢʘ ʛʘʟʘ ʠ ʛʠʙʢʠʭ 

ʵʣʝʤʝʥʪʦʚ. 

ʈʘʟʨʘʙʦʪʘʥʘ ʤʥʦʛʦʜʠʩʮʠʧʣʠʥʘʨʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʘʣʴʯʠʢʦʚʦʛʦ 

ʫʧʣʦʪʥʝʥʠʷ, ʚʢʣʶʯʘʶʱʘʷ ʨʘʩʯʝʪ ʪʝʯʝʥʠʷ ʛʘʟʘ, ʅɼʉ ʠ ʧʝʨʝʤʝʱʝʥʠʡ ʧʘʣʴʯʠʢʦʚ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʛʘʟʦʚʳʭ ʩʠʣ. ʇʦʩʪʨʦʝʥʥʳʝ ʤʦʜʝʣʠ ʠʤʝʶʪ ʨʘʟʣʠʯʥʳʡ ʫʨʦʚʝʥʴ ʜʝʪʘʣʠʟʘʮʠʠ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʢʘʢ ʜʣʷ ʙʳʩʪʨʳʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʨʘʩʯʝʪʦʚ, ʪʘʢ ʠ ʜʣʷ ʧʦʣʥʦʛʦ 

ʘʥʘʣʠʟʘ ʫʧʣʦʪʥʝʥʠʷ ʩ ʫʯʝʪʦʤ ʚʩʝʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʯʝʥʠʷ ʛʘʟʘ ʧʨʦʚʝʜʝʥʦ ʥʘ ʦʩʥʦʚʝ ʫʧʨʦʱʝʥʥʳʭ 1D-2D ʤʦʜʝʣʝʡ 

ʈʝʡʥʦʣʴʜʩʘ, ʘ ʪʘʢʞʝ ʚ ʪʨʝʭʤʝʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ. ɼʣʷ ʨʝʰʝʥʠʷ ʥʝʣʠʥʝʡʥʦʛʦ ʫʨʘʚʥʝʥʠʷ 

ʈʝʡʥʦʣʴʜʩʘ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʤʝʪʦʜʦʤ ʅʴʶʪʦʥʘ. 

ɼʣʷ ʨʘʩʯʝʪʘ ʅɼʉ ʫʧʣʦʪʥʝʥʠʷ (ʩ ʫʯʝʪʦʤ ʜʝʡʩʪʚʠʷ ʛʘʟʦʚʳʭ ʥʘʛʨʫʟʦʢ) ʠʩʧʦʣʴʟʦʚʘʥʦ 

ʜʚʘ ʧʦʜʭʦʜʘ. ɺ ʧʝʨʚʦʤ ʧʦʜʭʦʜʝ ʧʘʣʴʯʠʢ ʟʘʤʝʥʝʥ ʤʦʜʝʣʴʶ ʢʨʠʚʦʣʠʥʝʡʥʦʡ ʢʦʥʩʦʣʴʥʦʡ 

ʙʘʣʢʠ, ʢ ʪʦʨʮʝʚʦʤʫ ʩʝʯʝʥʠʶ ʢʦʪʦʨʦʡ ʧʨʠʚʝʜʝʥʳ ʫʩʠʣʠʷ ʦʪ ʛʘʟʦʚʦʛʦ ʩʣʦʷ ʧʦʜ ʧʣʦʱʘʜʢʦʡ: 

ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʘʷ ʩʠʣ ʜʘʚʣʝʥʠʷ ʛʘʟʘ ,
D

R p s z dsdz ʠ ʚʝʢʪʦʨʥʳʡ ʤʦʤʝʥʪ, 

ʚʳʟʚʘʥʥʳʡ ʧʝʨʝʥʦʩʦʤ ʪʦʯʢʠ ʧʨʠʣʦʞʝʥʠʷ ʩʠʣʳ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʚ ʤʦʜʝʣʠ ʫʯʪʝʥʦ 

ʜʝʡʩʪʚʠʝ ʦʩʝʚʦʛʦ ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʷ ʠ ʚʚʝʜʝʥʦ ʧʦʥʷʪʠʝ ʵʬʬʝʢʪʠʚʥʦʡ ʜʣʠʥʳ ʧʘʣʴʯʠʢʘ. ɼʣʷ 

ʚʳʯʠʩʣʝʥʠʷ ʧʝʨʝʤʝʱʝʥʠʡ ʠ ʫʛʣʦʚ ʧʦʚʦʨʦʪʘ ʠʩʧʦʣʴʟʦʚʘʥʳ ʠʥʪʝʛʨʘʣʳ ʄʦʨʘ. ɺʦ ʚʪʦʨʦʤ 

ʧʦʜʭʦʜʝ ʨʘʩʯʝʪʳ ʧʨʦʚʝʜʝʥʳ ʥʘ ʦʩʥʦʚʝ ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʧʘʣʴʯʠʢʦʚ ʩ ʫʯʝʪʦʤ ʠʭ 

ʢʦʥʪʘʢʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ʇʨʦʚʝʜʝʥʦ ʨʘʩʯʝʪʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʘʣʴʯʠʢʦʚʦʛʦ ʫʧʣʦʪʥʝʥʠʷ ʠ ʧʦʢʘʟʘʥʘ ʝʛʦ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ. ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʦʮʝʥʢʘʤ, ʫʨʦʚʝʥʴ ʫʪʝʯʢʠ 

ʯʝʨʝʟ ʵʪʦ ʫʧʣʦʪʥʝʥʠʝ ʥʘ 50-70% ʥʠʞʝ, ʯʝʤ ʯʝʨʝʟ ʩʪʘʥʜʘʨʪʥʦʝ ʣʘʙʠʨʠʥʪʥʦʝ ʫʧʣʦʪʥʝʥʠʝ. 

ʈʘʩʩʤʦʪʨʝʥʳ ʨʘʟʣʠʯʥʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ ʧʘʣʴʯʠʢʦʚʦʛʦ ʫʧʣʦʪʥʝʥʠʷ, 

ʚʢʣʶʯʘʷ ʠʟʤʝʥʝʥʠʝ ʧʦʜʲʝʤʥʦʡ ʧʣʦʱʘʜʢʠ, ʬʦʨʤʳ ʧʘʣʴʯʠʢʦʚ, ʜʦʙʘʚʣʝʥʠʝ 

ʙʘʣʘʥʩʠʨʦʚʦʯʥʦʡ ʧʦʣʦʩʪʠ ʠ ʜʨ. ɺʳʜʝʣʝʥ ʨʷʜ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ, ʪʨʝʙʫʶʱʠʭ 

ʜʘʣʴʥʝʡʰʝʡ ʧʨʦʨʘʙʦʪʢʠ. 
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THE INERTIA HYDRODIFFERENTIAL AUTOMATIC TRANSMISSION  

FOR THE CITY BUS 
ʉ.ɸ. ɼʤʠʪʨʠʝʚ ï ʘʩʧ., ʉ.ʇ. ɹʘʞʝʥʦʚ ï ʜ.ʪ.ʥ., ʧʨʦʬ.  

ʃʠʧʝʮʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

Abstract. In this work process of designing of inertial hydrodifferential automatic transmission 

for city bus is considered. The analysis of design decisions of the basic units is resulted. 

ɸʚʪʦʤʘʪʠʯʝʩʢʘʷ ʧʝʨʝʜʘʯʘ ʛʦʨʦʜʩʢʦʛʦ ʘʚʪʦʙʫʩʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʥʝʨʮʠʦʥʥʳʡ 

ʛʠʜʨʦʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʙʝʩʩʪʫʧʝʥʯʘʪʳʡ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʚʨʘʱʘʶʱʝʛʦ 

ʤʦʤʝʥʪʘ (ʀɻʊɺʄ), ʷʚʣʷʶʱʠʡʩʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʝʡ ʩ ʚʥʫʪʨʝʥʥʠʤ 

ʩʘʤʦʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʩʠʣʦʚʦʛʦ ʧʦʪʦʢʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʜʚʠʛʘʪʝʣʷ ʠ 

ʤʦʤʝʥʪʘ ʚʥʝʰʥʝʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʀɻʊɺʄ ʠʤʝʝʪ ʪʨʠ ʨʝʞʠʤʘ ʨʘʙʦʪʳ: ʩʪʦʧʦʚʳʡ; 

ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʤʦʤʝʥʪʘ; ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʫʬʪʳ. ɼʠʘʧʘʟʦʥ ʩʠʣʦʚʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ D = 7, 

ʚʥʝʰʥʷʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠʚʝʜʝʥʥʳʤ ʤʦʤʝʥʪʦʤ ʠʥʝʨʮʠʠ ʨʝʘʢʪʦʨʘ. ʀɻʊɺʄ 

ʚʢʣʶʯʘʝʪ ʯʝʪʳʨʝ ʫʟʣʘ: ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʤʦʤʝʥʪʘ; ʚʳʧʨʷʤʠʪʝʣʴ ʠʥʝʨʮʠʦʥʥʦʛʦ ʤʦʤʝʥʪʘ; 

ʩʠʩʪʝʤʫ ʩʤʘʟʢʠ ʠ ʧʦʜʧʠʪʢʠ; ʤʝʭʘʥʠʟʤ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʤʦʤʝʥʪʘ (ʇʄ) ʧʨʠʥʷʪ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʨʷʜ 

ʚʥʝʰʥʝʛʦ ʟʘʮʝʧʣʝʥʠʷ ʧʨʠ ʚʝʜʫʱʝʤ ʟʚʝʥʝ ï ʚʦʜʠʣʝ, ʚʝʜʦʤʦʤ ï ʮʝʥʪʨʘʣʴʥʦʡ (ʩʦʣʥʝʯʥʦʡ) 

ʰʝʩʪʝʨʥʝ ʩ ʧʷʪʴʶ ʥʝʫʨʘʚʥʦʚʝʰʝʥʥʳʤʠ ʩʘʪʝʣʣʠʪʘʤʠ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʚʳʭʦʜʥʦʛʦ 

ʤʦʤʝʥʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʘʨʘʤʝʪʨʘʤʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʨʷʜʘ ʠ ʢʦʣʠʯʝʩʪʚʦʤ 

ʥʝʫʨʘʚʥʦʚʝʰʝʥʥʳʭ ʩʘʪʝʣʣʠʪʦʚ. ʇʷʪʴ ʩʘʪʝʣʣʠʪʦʚ ʦʙʝʩʧʝʯʠʚʘʶʪ ʤʠʥʠʤʘʣʴʥʳʝ ʤʘʩʩʫ ʠ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ. ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʪʨʠ ʚʘʨʠʘʥʪʘ ʇʄ: 

ʩʘʪʝʣʣʠʪ ʚʳʧʦʣʥʝʥ ʦʜʥʠʤ ʮʝʣʳʤ ʩ ʛʨʫʟʦʤ ʠ ʦʩʴʶ; ʩʘʪʝʣʣʠʪ ʚʳʧʦʣʥʝʥ ʚʤʝʩʪʝ ʩ ʛʨʫʟʦʤ ʠ 

ʦʪʜʝʣʴʥʘʷ ʦʩʴ; ʩʘʪʝʣʣʠʪ, ʛʨʫʟʳ ʠ ʦʩʴ ï ʦʪʜʝʣʴʥʳʝ ʜʝʪʘʣʠ. ʆʧʪʠʤʘʣʴʥʳʤ ʧʨʠʟʥʘʥ ʧʝʨʚʳʡ 

ʚʘʨʠʘʥʪ ʢʦʥʩʪʨʫʢʮʠʠ. 

ɺʳʧʨʷʤʠʪʝʣʴ ʠʥʝʨʮʠʦʥʥʦʛʦ ʤʦʤʝʥʪʘ ʛʠʜʨʦʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʪʠʧʘ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʨʷʜ, ʦʧʦʨʥʳʤʠ ʟʚʝʥʴʷʤʠ ʢʦʪʦʨʦʛʦ ʧʦʦʯʝʨʝʜʥʦ ʩʪʘʥʦʚʷʪʩʷ 

ʩʦʣʥʝʯʥʘʷ ʠʣʠ ʢʦʨʦʥʥʘʷ ʰʝʩʪʝʨʥʠ, ʪʦʨʤʦʞʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʜʚʫʤʷ ʛʠʜʨʦʪʦʨʤʦʟʘʤʠ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʛʦ ʜʝʡʩʪʚʠʷ. ʈʝʚʝʨʩʠʨʦʚʘʥʠʝ ʠ ʨʝʞʠʤ çʧʘʨʢʦʚʢʠè ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴ. ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʨʷʜ ʧʦʜʦʙʨʘʥ ʧʦʜ ʪʨʝʙʫʝʤʳʡ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ 

ʨʝʘʢʪʦʨʘ. ɺʝʜʫʱʝʝ ʟʚʝʥʦ ï ʢʦʨʦʥʥʘʷ ʰʝʩʪʝʨʥʷ, ʚʝʜʦʤʦʝ ï ʚʦʜʠʣʦ. ʈʘʙʦʪʘ ʛʠʜʨʦʪʦʨʤʦʟʘ 

ʦʩʥʦʚʘʥʘ ʥʘ ʩʚʦʙʦʜʥʦʤ ʧʝʨʝʪʝʢʘʥʠʠ ʞʠʜʢʦʩʪʠ ʧʨʠ ʧʦʜʘʯʝ ʚ ʦʜʥʫ ʩʪʦʨʦʥʫ ʠ ʟʘʧʠʨʘʥʠʠ 

ʧʦʪʦʢʘ ʧʨʠ ʧʦʜʘʯʝ ʚ ʜʨʫʛʫʶ ï ʢʦʥʪʫʨ ʮʠʨʢʫʣʷʮʠʠ ʟʘʤʳʢʘʝʪʩʷ ʦʙʨʘʪʥʳʤ ʢʣʘʧʘʥʦʤ. 

ɻʠʜʨʦʪʦʨʤʦʟʘ ʚʳʧʦʣʥʝʥʳ ʚ ʚʠʜʝ ʧʨʦʭʦʜʥʳʭ ʤʥʦʛʦʰʝʩʪʝʨʝʥʥʳʭ ʛʠʜʨʦʤʘʰʠʥ. ɺʝʜʦʤʳʝ 

ʧʝʨʠʬʝʨʠʡʥʳʝ ʰʝʩʪʝʨʥʠ ï ʤʝʥʴʰʝʛʦ ʨʘʟʤʝʨʘ: ʪʨʠ ʫ ʢʦʨʧʫʩʥʦʛʦ ʠ ʜʚʝ ʫ ʚʳʭʦʜʥʦʛʦ 

ʛʠʜʨʦʪʦʨʤʦʟʘ. ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʫʯʪʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʙʦʪʳ ʛʠʜʨʦʪʦʨʤʦʟʘ: ʠʟ 

ʢʦʥʩʪʨʫʢʮʠʠ ʠʩʢʣʶʯʝʥʳ ʨʘʟʛʨʫʟʦʯʥʳʝ ʢʘʥʘʣʳ; ʪʦʨʮʝʚʳʝ ʟʘʟʦʨʳ ʢʦʤʧʝʥʩʠʨʫʶʪʩʷ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ ʩʧʦʩʦʙʦʤ; ʫʚʝʣʠʯʝʥʘ ʪʦʨʮʝʚʘʷ ʫʧʣʦʪʥʷʶʱʘʷ ʧʦʚʝʨʭʥʦʩʪʴ; ʩʦʟʜʘʥʳ 

ʨʘʟʛʨʫʟʦʯʥʳʝ ʧʦʣʦʩʪʠ ʧʝʨʝʜ ʫʧʣʦʪʥʝʥʠʷʤʠ. 

ɻʠʜʨʘʚʣʠʯʝʩʢʘʷ ʯʘʩʪʴ ʚʳʧʨʷʤʠʪʝʣʷ ʚʢʣʶʯʘʝʪ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴ ʠ ʜʚʘ ʦʙʨʘʪʥʳʭ 

ʢʣʘʧʘʥʘ, ʧʦʜʦʙʨʘʥʥʳʝ ʠʟ ʚʳʧʫʩʢʘʝʤʳʭ ʩʝʨʠʡʥʦ. ɼʣʷ ʙʝʩʧʝʨʝʙʦʡʥʦʡ ʨʘʙʦʪʳ ʠ ʦʪʩʫʪʩʪʚʠʷ 

ʢʘʚʠʪʘʮʠʠ ʛʠʜʨʦʩʠʩʪʝʤʘ ʧʦʜʧʠʪʳʚʘʝʪʩʷ ʦʪ ʥʘʩʦʩʘ ʩʤʘʟʢʠ-ʧʦʜʧʠʪʢʠ ʯʝʨʝʟ ʦʙʨʘʪʥʳʝ 

ʢʣʘʧʘʥʳ, ʠʩʢʣʶʯʘʶʱʠʝ ʚʳʙʨʦʩ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʠʟ ʢʦʥʪʫʨʦʚ ʧʨʠ ʨʘʙʦʪʝ.  

ʄʝʭʘʥʠʟʤ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʩʣʫʞʠʪ ʜʣʷ ʪʦʨʤʦʞʝʥʠʷ ʜʚʠʛʘʪʝʣʝʤ ʠ ʟʘʧʫʩʢʘ ʩ 

ʧʦʤʦʱʴʶ ʙʫʢʩʠʨʘ. ʆʥ ʩʦʩʪʦʠʪ ʠʟ ʦʙʛʦʥʥʦʡ ʤʫʬʪʳ ʠ ʪʦʨʩʠʦʥʘ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ. 

ʆʩʦʙʝʥʥʦʩʪʴ ʧʝʨʝʜʘʯʠ: ʩʠʣʦʚʦʡ ʧʦʪʦʢ ʧʝʨʝʜʘʝʪʩʷ ʤʝʭʘʥʠʯʝʩʢʠʤ ʧʫʪʝʤ, 

ʛʠʜʨʦʪʦʨʤʦʟʘ ʟʘʤʳʢʘʶʪ ʥʘ ʢʦʨʧʫʩ ʦʧʦʨʥʳʝ ʟʚʝʥʴʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʨʷʜʘ. ɺʨʘʱʝʥʠʝ 

ʛʠʜʨʦʤʘʰʠʥ ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚ ʩʚʦʙʦʜʥʦʤ ʨʝʞʠʤʝ; ʧʦʪʝʨʠ ʭʦʣʦʩʪʦʛʦ 

ʭʦʜʘ ʧʨʦʠʩʭʦʜʷʪ ʚ ʦʜʥʦʡ ʠʟ ʥʠʭ, ʪ. ʢ. ʦʥʠ ʨʘʙʦʪʘʶʪ ʧʦʦʯʝʨʝʜʥʦ. ʂʇɼ ʩʦʧʦʩʪʘʚʠʤ ʩ 

ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʧʝʨʝʜʘʯʘʤʠ.  



108 

 

ʆ ɺʃʀʗʅʀʀ ʇɽʈɽʍʆɼʅʓʍ ʈɽɾʀʄʆɺ ʈɸɹʆʊʓ  

ʃɽʅʊʆʏʅʆɻʆ ʂʆʅɺɽʁɽʈɸ ʅɸ ɽɻʆ ʈɽʉʋʈʉ  

 

ABOUT INFLUENCE OF THE REGIMES OF STARTING  

AND BRAKING OF BELT CONVEYOR TO ITS RESOURCE 
 

ʂ.ɺ. ɻʘʣʴʯʝʥʢʦ ï ʩʪʫʜ., ɺ.ɺ. ʀʩʘʝʚ ï ʘʩʧ., ʃ.ɺ. ʃʫʢʠʝʥʢʦ ï ʜ.ʪ.ʥ., ʧʨʦʬ. 

ʌɻɹʆʋ ʅʦʚʦʤʦʩʢʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪ ʈʍʊʋ ʠʤ. ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ 

 

Abstract. The paper presents the results of the study start-up and braking modes 

conveyor carried out on a mathematical model. Studies have shown that the pick-up conveyor 

drums, formally commemorates the movement of the elastic wave deformation along the 

branches of the tape, but they are of different nature. At a low speed drive drum speed of the 

front tape involving the movement will be much small compared with the velocity of 

propagation of elastic waves. The increase in the capacity of the drive motor will not cause the 

growth of belt tension during acceleration pipeline. 

 

ʇʨʠ ʩʦʚʨʝʤʝʥʥʦʡ ʚʳʩʦʢʦʡ ʥʘʛʨʫʟʢʝ ʥʘ ʜʝʡʩʪʚʫʶʱʠʝ ʧʨʦʤʳʰʣʝʥʥʳʝ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʵʬʬʝʢʪʠʚʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʠʩʪʝʤ ʦʢʘʟʳʚʘʝʪ ʨʝʰʘʶʱʝʝ ʚʣʠʷʥʠʝ ʥʘ 

ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʩʧʝʨʝʙʦʡʥʦʡ ʨʘʙʦʪʳ ʧʨʝʜʧʨʠʷʪʠʷ. ɺʘʞʥʫʶ ʨʦʣʴ ʧʨʠ ʵʪʦʤ ʠʛʨʘʝʪ 

ʙʝʟʘʚʘʨʠʡʥʘʷ ʨʘʙʦʪʘ ʢʦʥʚʝʡʝʨʥʳʭ ʩʠʩʪʝʤ, ʥʝʤʘʣʘʷ ʯʘʩʪʴ ʠʟ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʣʝʥʪʦʯʥʳʤʠ ʢʦʥʚʝʡʝʨʘʤʠ, ʠʩʧʳʪʳʚʘʶʱʠʤʠ ʟʥʘʯʠʪʝʣʴʥʳʝ ʥʘʛʨʫʟʢʠ. ʇʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʢʘ 

ʤʝʪʦʜʘ ʫʯʸʪʘ ʚʣʠʷʥʠʷ ʞʸʩʪʢʦʩʪʠ ʣʝʥʪʳ ʥʘ ʧʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʜʘʩʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʢʦʥʩʪʨʫʢʪʦʨʘʤ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʧʨʠʥʠʤʘʪʴ ʙʦʣʝʝ ʦʙʦʩʥʦʚʘʥʥʳʝ ʨʝʰʝʥʠʷ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʠʟʙʨʘʥʥʘʷ ʪʝʤʘ ʠʩʩʣʝʜʦʚʘʥʠʷ  ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ. 

ɺ ʨʘʙʦʪʝ ʧʨʠʥʷʪʳ ʩʣʝʜʫʶʱʠʝ ʜʦʧʫʱʝʥʠʷ: ʚʩʝ ʵʣʝʤʝʥʪʳ ʢʦʥʚʝʡʝʨʘ ʢʨʦʤʝ ʣʝʥʪʳ, 

ʨʘʩʩʤʦʪʨʝʥʳ ʢʘʢ ʘʙʩʦʣʶʪʥʦ ʞʸʩʪʢʠʝ; ʩʠʣʘ ʫʧʨʫʛʦʩʪʠ ʣʝʥʪʳ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ 

ʜʝʬʦʨʤʘʮʠʠ; ʜʠʩʩʠʧʘʪʠʚʥʘʷ ʩʠʣʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʩʢʦʨʦʩʪʠ ʜʝʬʦʨʤʘʮʠʠ; 

ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʘʷ ʤʘʩʩʘ ʥʝ ʦʢʘʟʳʚʘʝʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʷʤ ʣʝʥʪʳ; ʤʘʩʩʘ ʦʪʨʝʟʢʦʚ 

ʣʝʥʪʳ, ʨʦʣʠʢʦʚ ʠ ʛʨʫʟʘ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʥʘ ʙʘʨʘʙʘʥʘʭ; ʩʤʝʱʝʥʠʝ ʛʨʫʟʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʝʥʪʳ 

ʦʪʩʫʪʩʪʚʫʝʪ. ʇʨʠ ʠʟʫʯʝʥʠʠ ʧʨʦʮʝʩʩʘ ʪʦʨʤʦʞʝʥʠʷ ʢʦʥʚʝʡʝʨʘ ʪʦʨʤʦʟʥʳʝ ʫʩʠʣʠʷ ʥʘ 

ʙʘʨʘʙʘʥʘʭ ʩʯʠʪʘʝʤ ʧʦʩʪʦʷʥʥʳʤʠ. ʇʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʨʘʩʯʸʪʥʦʡ ʩʭʝʤʳ ʧʨʠʥʷʪʦ, ʯʪʦ 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʨʦʣʠʢʦʦʧʦʨʘʤʠ ʥʘ ʛʨʫʟʦʚʦʡ ʚʝʪʚʠ 1,4 ʤ, ʘ ʥʘ ʧʦʨʦʞʥʝʡ ï 2,8 ʤ. 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʘ ʨʘʩʯʸʪʘ ʥʝʫʩʪʘʥʦʚʠʚʰʠʭʩʷ 

ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʣʝʥʪʦʯʥʦʛʦ ʢʦʥʚʝʡʝʨʘ, ʧʨʠʤʝʥʝʥʠʝ ʢʦʪʦʨʦʡ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʨʘʩʯʸʪʘ ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʚʳʩʠʪʴ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʇʨʦʚʝʜʸʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʣʝʥʪʦʯʥʦʛʦ ʢʦʥʚʝʡʝʨʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 230 ʪ/ʯ 

ʜʣʠʥʥʦʡ 300ʤ, ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʝʛʦ ʛʨʫʟ ʚʚʝʨʭ ʧʦʜ ʫʛʣʦʤ 5
0
 ʢ ʛʦʨʠʟʦʥʪʘʣʠ, ʦʩʥʘʱʸʥʥʦʛʦ 

ʢʦʣʦʜʦʯʥʳʤ ʪʦʨʤʦʟʦʤ, ʠʤʝʶʱʝʛʦ ʜʚʫʭʙʘʨʘʙʘʥʥʳʡ ʧʨʠʚʦʜ ʩ ʞʸʩʪʢʦʡ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ 

ʩʚʷʟʴʶ ʤʝʞʜʫ ʙʘʨʘʙʘʥʘʤʠ ʙʝʟ ʪʫʨʙʦʤʫʬʪʳ ʥʘ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʘʟʛʦʥ ʜʚʠʛʘʪʝʣʷ ʧʨʠ ʧʫʩʢʝ ʢʦʥʚʝʡʝʨʘ ʜʣʠʪʩʷ 0,3 ʩ, ʘ ʥʘʪʷʞʝʥʠʝ ʣʝʥʪʳ 

ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʯʝʨʝʟ 2,9 ʩ. ʇʨʦʮʝʩʩ ʪʨʦʛʘʥʠʷ ʙʘʨʘʙʘʥʦʚ ʢʦʥʚʝʡʝʨʘ 

ʬʦʨʤʘʣʴʥʦ ʥʘʧʦʤʠʥʘʝʪ ʜʚʠʞʝʥʠʝ ʫʧʨʫʛʦʡ ʚʦʣʥʳ ʜʝʬʦʨʤʘʮʠʡ ʚʜʦʣʴ ʚʝʪʚʝʡ ʣʝʥʪʳ, ʥʦ ʧʨʠ 

ʵʪʦʤ ʦʥʠ ʠʤʝʶʪ ʨʘʟʥʫʶ ʧʨʠʨʦʜʫ. ʇʨʠ ʤʘʣʦʡ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ ʧʨʠʚʦʜʥʦʛʦ ʙʘʨʘʙʘʥʘ 

ʩʢʦʨʦʩʪʴ ʬʨʦʥʪʘ ʚʦʚʣʝʯʝʥʠʷ ʣʝʥʪʳ ʚ ʜʚʠʞʝʥʠʝ ʙʫʜʝʪ ʥʝʩʦʠʟʤʝʨʠʤʦ ʤʘʣʦʡ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩʦ ʩʢʦʨʦʩʪʴʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʫʧʨʫʛʦʡ ʚʦʣʥʳ. ʇʨʠ ʵʪʦʤ ʫʚʝʣʠʯʝʥʠʝ ʤʦʱʥʦʩʪʠ 

ʧʨʠʚʦʜʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʥʝ ʚʳʟʦʚʝʪ ʨʦʩʪʘ ʥʘʪʷʞʝʥʠʷ ʣʝʥʪʳ ʚ ʧʝʨʠʦʜ ʨʘʟʛʦʥʘ ʢʦʥʚʝʡʝʨʘ. 
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ʆʇʈɽɼɽʃɽʅʀɽ ʇʈɽɼɽʃʔʅʆʁ ʅɸɻʈʋɿʂʀ ɼʃʗ ʈɸɼʀɸʃʔʅʓʍ 

ʉʆɽɼʀʅɽʅʀʁ ʇɽʈɽʉɽʂɸʖʑʀʍʉʗ ʎʀʃʀʅɼʈʀʏɽʉʂʀʍ 

ʆɹʆʃʆʏɽʂ ʇʈʀ ʅɸɻʈʋɾɽʅʀʀ ʄʆʄɽʅʊʆʄ 

DEFINITION OF THE LIMIT MOMENT LOADS FOR RADIAL 

INTERSECTIONS OF CYLINDRICAL SHELLS 
ɸ.ɼ. ɽʤʝʣʴʷʥʦʚʘ ï ʘʩʧ., ɸ.ʂ. ʌʦʢʠʥ ï ʘʩʧ. 

ʄʦʩʢʦʚʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʀʥʜʫʩʪʨʠʘʣʴʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ 

 

Abstract. In this paper, the method of definition of limit plastic load in the intersecting 

cylindrical shells using a criterion of rate maximum of relative plastic work is discussed. 

Numerical elastic-plastic analysis using the finite element method, shell theory and plasticity 

theory was performed. Comparisons of obtained plastic momentums on the nozzle for 

experimental model vessels under out-of-plane and in-plane momentum are presented. 

 

ʉʦʝʜʠʥʝʥʠʷ ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʦʙʦʣʦʯʝʢ ʷʚʣʷʶʪʩʷ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʫʟʣʘʤʠ ʜʣʷ ʩʦʩʫʜʦʚ ʜʘʚʣʝʥʠʷ ʠ ʘʧʧʘʨʘʪʦʚ, ʠʤʝʶʱʠʭ ʚ 

ʩʚʦʝʡ ʢʦʥʩʪʨʫʢʮʠʠ ʫʟʣʳ ʩ ʧʘʪʨʫʙʢʘʤʠ ʠʣʠ ʰʪʫʮʝʨʘʤʠ, ʘ ʪʘʢʞʝ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʨʘʟʣʠʯʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ ʚʦ ʤʥʦʛʠʭ ʦʪʨʘʩʣʷʭ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ. ʇʨʠ ʜʝʡʩʪʚʠʠ ʨʘʟʣʠʯʥʳʭ ʥʘʛʨʫʟʦʢ ʚ 

ʦʙʦʣʦʯʢʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ 

ʪʘʢʠʭ ʫʟʣʦʚ ʥʘʨʷʜʫ ʩ ʫʧʨʫʛʠʤ ʨʘʩʯʝʪʦʤ ʧʨʦʚʦʜʠʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʝʜʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ 

ʦʩʥʦʚʝ ʥʝʣʠʥʝʡʥʦʛʦ ʘʥʘʣʠʟʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʥʘʜʝʞʥʦ ʦʮʝʥʠʚʘʪʴ ʜʦʧʫʩʢʘʝʤʳʝ ʥʘʛʨʫʟʢʠ. 

ʉʨʝʜʠ ʨʘʩʯʝʪʥʳʭ ʥʘʛʨʫʟʦʢ ʦʙʷʟʘʪʝʣʴʥʦ ʚʳʜʝʣʷʶʪʩʷ ʚʥʝʰʥʠʝ ʩʠʣʳ ʠ ʠʟʛʠʙʘʶʱʠʝ ʤʦʤʝʥʪʳ, 

ʧʨʠʣʦʞʝʥʥʳʝ ʢ ʧʘʪʨʫʙʢʫ. ʇʦʵʪʦʤʫ ʦʮʝʥʢʘ ʧʨʝʜʝʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ 

ʥʝʣʠʥʝʡʥʦʛʦ ʘʥʘʣʠʟʘ ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʦʙʦʣʦʯʝʢ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʨʘʜʠʘʣʴʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ 

ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʦʙʦʣʦʯʝʢ (ʦʩʥʦʚʥʦʡ ʦʙʦʣʦʯʢʠ ʠ ʧʘʪʨʫʙʢʘ) ʧʨʠ ʜʝʡʩʪʚʠʠ ʠʟʛʠʙʘʶʱʝʛʦ 

ʤʦʤʝʥʪʘ ʚ ʧʨʦʜʦʣʴʥʦʡ ʠʣʠ ʧʦʧʝʨʝʯʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩʦʝʜʠʥʝʥʠʷ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʝʜʝʣʴʥʦʡ 

ʥʘʛʨʫʟʢʠ ʧʨʦʚʦʜʠʣʩʷ ʯʠʩʣʝʥʥʳʡ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ 

ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʪʝʦʨʠʠ ʦʙʦʣʦʯʝʢ ʠ ʪʝʦʨʠʠ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʪʝʯʝʥʠʷ ʩ ʠʟʦʪʨʦʧʥʳʤ 

ʫʧʨʦʯʥʝʥʠʝʤ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʧʨʠʢʣʘʜʥʘʷ ʤʝʪʦʜʠʢʘ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʧʨʦʛʨʘʤʤʝ SAIS. 

ʇʨʦʮʝʜʫʨʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʝʜʝʣʴʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʧʦʩʪʨʦʝʥʠʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʡ ʢʨʠʚʦʡ çʧʘʨʘʤʝʪʨ ʥʘʛʨʫʟʢʠ q ï ʜʝʬʦʨʤʘʮʠʦʥʥʳʡ ʧʘʨʘʤʝʪʨ è. ɿʘ 

ʨʫʙʝʞʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʘ ʦʩʥʦʚʥʳʭ ʩʧʦʩʦʙʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʝʜʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʧʦ ʢʨʠʚʦʡ 

q ï : ʩʧʦʩʦʙ ʜʚʦʡʥʦʛʦ ʫʧʨʫʛʦʛʦ ʥʘʢʣʦʥʘ ʠ ʩʧʦʩʦʙ ʧʝʨʝʩʝʯʝʥʠʷ ʢʘʩʘʪʝʣʴʥʳʭ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʧʦʜʭʦʜ ʥʘ ʦʩʥʦʚʝ ʢʨʠʪʝʨʠʷ ʤʘʢʩʠʤʫʤʘ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʨʘʙʦʪʳ. ɼʣʷ ʵʪʦʛʦ ʚʚʦʜʷʪʩʷ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: ʉp(q) =Wp/W
 

 ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʣʘʩʪʠʯʝʩʢʘʷ ʨʘʙʦʪʘ, dq/dCC pp'   ʩʢʦʨʦʩʪʴ ʚʦʟʨʘʩʪʘʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʧʣʘʩʪʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʥʘʛʨʫʟʢʠ. 

ʂʘʢ ʧʦʢʘʟʘʣʠ ʨʘʩʯʝʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʟʘʚʠʩʠʤʦʩʪʴ )(qC p'  ʠʟʤʝʥʷʝʪʩʷ ʥʝ 

ʤʦʥʦʪʦʥʥʦ ʠ ʠʤʝʝʪ ʣʦʢʘʣʴʥʳʡ ʤʘʢʩʠʤʫʤ ʧʨʠ ʥʝʢʦʪʦʨʦʡ ʥʘʛʨʫʟʢʝ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ 

ʤʝʭʘʥʠʟʤʦʤ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʦʣʦʯʝʢ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʨʝʜʝʣʴʥʦʛʦ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ (Mʧʨ) ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʩʣʦʚʠʝ ʤʘʢʩʠʤʫʤʘ 

ʬʫʥʢʮʠʠ )(MC p' . 

ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʨʘʩʯʝʪʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʜʣʷ ʧʨʝʜʝʣʴʥʦʛʦ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʩ 

ʠʟʚʝʩʪʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʠ ʨʘʩʯʝʪʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʦʧʳʪʥʳʭ ʤʦʜʝʣʝʡ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʩʦʩʫʜʘ ʩ ʨʘʜʠʘʣʴʥʳʤ ʧʘʪʨʫʙʢʦʤ, ʥʘʛʨʫʞʝʥʥʳʭ ʤʦʤʝʥʪʦʤ ʚ ʧʨʦʜʦʣʴʥʦʡ ʠʣʠ 

ʧʦʧʝʨʝʯʥʦʡ ʧʣʦʩʢʦʩʪʷʭ ʩʦʝʜʠʥʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʩʧʦʩʦʙʘ, ʧʦʢʘʟʳʚʘʶʪ ʭʦʨʦʰʝʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʠʟʚʝʩʪʥʳʤʠ ʜʘʥʥʳʤʠ. 
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ʅɸ ʂʈʀɺʆʃʀʅɽʁʅʆʄ ʋʏɸʉʊʂɽ ʃɽʅʊʆʏʅʆɻʆ ʂʆʅɺɽʁɽʈɸ 

ASSURING OF STEADY POSITION BELT ON THE CURVILINEAR AREA  

OF THE BELT CONVEYOR 
 

ʈ.ɹ. ʀʚʘʥʠʮʢʠʡ ï ʘʩʧ.  

ɹʨʷʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

Abstract. Steady belt control over a long period is not possible if the belt edges are supported by 

lateral guide rollers in the curve section as the belt buckles and starts creeping at the rollers. This 

causes premature destruction of the belt, especially on the edges. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʣʝʥʪʦʯʥʳʭ ʢʦʥʚʝʡʝʨʦʚ (ʃʂ) ʩ ʠʟʛʠʙʘʤʠ ʪʨʘʩʩʳ, ʥʘʭʦʜʠʪ ʚʩʝ 

ʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ. ʇʦʷʚʣʷʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʃʂ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ 

ʠʟʛʠʙʘʪʴʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦʩʨʝʜʩʪʚʦʤ ʩʧʝʮʠʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʩʧʝʮʠʘʣʴʥʳʭ ʣʝʥʪ. ʅʦ ʵʪʠ ʪʠʧʳ ʃʂ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʨʦʣʠʢʦʚ ʠ 

ʩʧʝʮʠʘʣʴʥʳʤ ʧʨʦʬʠʣʝʤ ʣʝʥʪ ʦʢʘʟʳʚʘʶʪʩʷ 

ʥʝʵʢʦʥʦʤʠʯʥʳ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʦʙʳʯʥʳʤ ʃʂ, ʵʪʦ 

ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʦʙʫʩʣʦʚʣʝʥʦ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʚʳʩʦʢʠʤ ʠʟʥʦʩʦʤ ʣʝʥʪ ʧʨʠ ʩʭʦʜʝ. 

ʇʨʠ ʩʭʦʜʝ ʣʝʥʪʳ ʧʨʦʠʩʭʦʜʠʪ ʝʝ 

ʨʘʟʨʫʰʝʥʠʝ, ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ ʥʘ ʢʨʦʤʢʘʭ. 

ʇʦʵʪʦʤʫ ʫʩʪʦʡʯʠʚʦʝ ʧʦʣʦʞʝʥʠʝ ʣʝʥʪʳ ʥʘ 

ʢʨʠʚʦʣʠʥʝʡʥʦʤ ʫʯʘʩʪʢʝ ʃʂ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ 

ʟʘʜʘʯʝʡ. 

 ʇʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʣʝʥʪʳ ʯʝʨʝʟ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʢʨʠʚʦʣʠʥʝʡʥʳʝ ʫʯʘʩʪʢʠ 

(ʨʠʩ. 1), ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʜʠʘʛʦʥʘʣʴʥʦ 

ʧʨʷʤʦʡ ʜʚʠʞʝʥʠʷ, ʧʳʪʘʶʪʩʷ ʩʜʚʠʥʫʪʴ ʝʝ. 

ʕʪʠ ʩʠʣʳ ʩʦʩʪʦʷʪ ʠʟ: 

 ʩʠʣʘ, ʚʳʟʚʘʥʥʘʷ ʤʝʩʪʥʦʡ ʩʠʣʦʡ ʥʘʪʷʞʝʥʠʷ 
ʣʝʥʪʳ ʢ ʚʥʫʪʨʝʥʥʝʡ ʢʨʠʚʦʡ; 

 ʩʠʣʘ, ʚʳʟʚʘʥʥʘʷ ʩʠʣʘʤʠ ʪʷʞʝʩʪʠ, ʚʦʟʥʠʢʘʶʱʠʤʠ ʦʪ  ʣʝʥʪʳ ʠ ʛʨʫʟʘ ʥʘʭʦʜʷʱʝʛʦʩʷ ʥʘ ʥʝʡ, 
ʥʘʧʨʘʚʣʝʥʘ ʢ ʚʥʝʰʥʝʡ ʢʨʠʚʦʡ; 

ʅʘʠʣʫʯʰʝʝ ʧʦʣʦʞʝʥʠʝ ʣʝʥʪʳ ʥʘ ʨʦʣʠʢʦʦʧʦʨʝ ʫʩʪʘʥʦʚʠʪʩʷ, ʪʦʣʴʢʦ ʝʩʣʠ ʩʫʤʤʘ 

ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ ʩʠʣ  ʧʦʣʫʯʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ  ʜʣʷ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʩʤʝʱʝʥʠʷ ʣʝʥʪʳ ʢ ʮʝʥʪʨʫ ʞʝʣʦʙʘ (ʨʠʩ. 2). 

Fʎ1 = Fʙ1 ï Fʛʨ1 ï Fʫʩ1. ʠ Fʎ3 = Fʛʨ3 ï Fʙ3 ï Fʫʩ3 ï 

ʮʝʥʪʨʦʩʪʨʝʤʠʪʝʣʴʥʘʷ ʩʠʣʘ ʜʣʷ ʙʦʢʦʚʦʛʦ ʨʦʣʠʢʘ, Fʎ2 = 

Fʛʨ2 ï Fʫʩ2 ï ʮʝʥʪʨʦʩʪʨʝʤʠʪʝʣʴʥʘʷ ʩʠʣʘ ʜʣʷ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʨʦʣʠʢʘ. ɻʜʝ Fʙi ï ʩʠʣʘ, ʚʦʟʥʠʢʘʶʱʘʷ ʦʪ 

ʙʦʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʛʨʫʟʘ, Fʛʨi ï ʩʠʣʘ, ʚʦʟʥʠʢʘʶʱʘʷ  ʦʪ 

ʚʝʩʘ ʛʨʫʟʘ ʠ ʣʝʥʪʳ, Fʫʩi ï ʩʠʣʘ, ʚʦʟʥʠʢʘʶʱʘʷ ʦʪ ʫʩʠʣʠʷ 

ʧʦʧʝʨʝʯʥʦʛʦ ʩʜʚʠʛʘ ʣʝʥʪʳ, ʜʣʷ i ï ʦʛʦ ʨʦʣʠʢʘ. 

ʇʨʠʥʠʤʘʷ ʚ ʨʘʩʯʝʪ ʜʘʥʥʳʝ ʚʩʝʡ ʩʠʩʪʝʤʳ, 

ʥʘʪʷʞʝʥʠʷ ʣʝʥʪʳ ʠ ʧʦʣʦʞʝʥʠʝ ʛʨʫʟʘ ʥʘ 

ʢʨʠʚʦʣʠʥʝʡʥʦʤ ʫʯʘʩʪʢʝ, ʟʘʜʘʯʝʡ ʧʨʦʝʢʪʥʦʛʦ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʛʦ ʨʘʩʯʝʪʘ ʢʨʠʚʦʣʠʥʝʡʥʦʛʦ ʫʯʘʩʪʢʘ 

ʣʝʥʪʦʯʥʦʛʦ ʢʦʥʚʝʡʝʨʘ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ʤʝʞʜʫ ʜʝʡʩʪʚʫʶʱʠʤʠ 

ʩʠʣʘʤʠ. 

ʋʩʣʦʚʠʝ ʥʝ ʩʤʝʱʝʥʠʷ ʣʝʥʪʳ ʥʘ ʨʦʣʠʢʦʦʧʦʨʝ ʧʨʠ ʜʚʠʞʝʥʠʠ ʧʦ ʢʨʠʚʦʣʠʥʝʡʥʦʤʫ 

ʫʯʘʩʪʢʫ ʣʝʥʪʦʯʥʦʛʦ ʢʦʥʚʝʡʝʨʘ: 

Fʛʨ ï Fʙ ï Fʫʩ1 = 0. 

ʈʠʩ. 1. ʂʦʥʚʝʡʝʨʥʘʷ ʣʝʥʪʘ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ 

ʠʟʛʠʙʦʤ, ʘʢʪʠʚʥʳʝ ʩʠʣʳ: FG ï ʩʠʣʘ 

ʚʦʟʥʠʢʘʶʱʘʷ ʦʪ ʚʝʩʘ ʛʨʫʟʘ ʠ ʣʝʥʪʳ, ʊ ï ʩʠʣʘ 

ʥʘʪʷʞʝʥʠʝ ʣʝʥʪʳ, lp ï ʰʘʛ ʫʩʪʘʥʦʚʢʠ 

ʨʦʣʠʢʦʦʧʦʨ, R ï ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ, FT = T* lp/R 

ï ʩʠʣʘ, ʚʦʟʥʠʢʘʶʱʘʷ ʦʪ ʫʩʠʣʠʷ ʧʦʧʝʨʝʯʥʦʛʦ 

ʩʜʚʠʛʘ ʣʝʥʪʳ, ɺ ï ʰʠʨʠʥʘ ʣʝʥʪʳ. 

ʈʠʩ. 2. ʉʠʣʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ 

ʨʦʣʠʢʦʦʧʦʨʝ ʦʪ ʛʨʫʟʘ ʠ ʣʝʥʪʳ 
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Abstract. The paper sets out by the preliminary results of computer simulation of studing wear 

of Rack and Pinion gear. The goal was to prepare computer models of used gear and an analysis 

of their stress-strain state. Obtained results are well comparable with results calculated 

previously by traditional methods. The main advantage is time savings for research. 
 

ɿʫʙʯʘʪʦ-ʨʝʝʯʥʳʝ ʧʝʨʝʜʘʯʠ ʧʦʣʫʯʠʣʠ ʚʝʩʴʤʘ ʰʠʨʦʢʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʨʠ 

ʧʝʨʝʤʝʱʝʥʠʠ ʤʘʰʠʥ, ʨʘʙʦʪʘʶʱʠʭ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʥʘʛʨʫʟʢʘʤʠ, ʧʨʠ ʜʠʥʘʤʠʯʝʩʢʦʤ 

ʭʘʨʘʢʪʝʨʝ ʠʭ ʧʨʠʣʦʞʝʥʠʷ. ɺʘʞʥʳʤ ʚʦʧʨʦʩʦʤ ʧʨʠ ʠʭ ʨʘʟʨʘʙʦʪʢʝ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʥʘ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠʭ ʨʝʩʫʨʩʘ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʚʘʨʠʘʥʪʦʚ. ʅʘʠʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʤ ʨʝʰʝʥʠʝʤ ʵʪʦʡ ʟʘʜʘʯʠ ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɼʣʷ ʝʛʦ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥ 

ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ APM WinMashine, ʢʦʪʦʨʳʡ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ 

ʨʘʩʯʸʪʥʳʭ ʤʦʜʝʣʝʡ ʩ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʭ ʥʘʧʨʷʞʸʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

(ʤʦʜʫʣʠ APM Studio ʠ APM Structure) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɺ 

ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʫʙʯʘʪʦʛʦ ʢʦʣʝʩʘ ʪʦʣʱʠʥʦʡ 80 ʤʤ, ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʠʟ 

ʩʪʘʣʠ 30ʍɻʉ ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʨʘʙʦʪʳ ʩ ʮʝʚʦʯʥʦʡ ʨʝʡʢʦʡ ʩ ʰʘʛʦʤ ʟʘʮʝʧʣʝʥʠʷ 150 

ʤʤ ʠ ʜʠʘʤʝʪʨʦʤ ʮʝʚʢʠ 75 ʤʤ, ʠʤʝʶʱʝʛʦ ʨʘʜʠʫʩ ʧʨʦʬʠʣʷ ʟʫʙʘ ʢʦʣʝʩʘ 78 ʤʤ. ɺʝʣʠʯʠʥʘ 

ʪʘʥʛʝʥʮʠʘʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʢʦʣʝʩʦ ʩʦʩʪʘʚʠʣʘ 400 ʢʅ. ʇʨʠ ʨʘʩʯʸʪʘʭ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʝʯʥʦʛʦ 

ʵʣʝʤʝʥʪʘ ʙʳʣʘ ʧʨʠʥʷʪʘ ʨʘʚʥʦʩʪʦʨʦʥʥʷʷ ʧʠʨʘʤʠʜʘ ʩ ʜʣʠʥʦʡ ʛʨʘʥʠ 7 ʤʤ. ɸʥʘʣʠʟʠʨʫʷ 

ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʘ ʪʚʝʨʜʦʪʝʣʴʥʦʡ ʤʦʜʝʣʠ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʥʘʛʨʫʞʝʥʥʳʤ 

ʤʝʩʪʦʤ ʷʚʣʷʝʪʩʷ ʥʦʞʢʘ ʟʫʙʘ. ʇʦʵʪʦʤʫ, ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʥʝʦʙʭʦʜʠʤʦ ʠʟʙʝʛʘʪʴ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ ʚ ʵʪʦʤ ʤʝʩʪʝ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʠʟʥʦʰʝʥʥʦʛʦ ʧʨʦʬʠʣʷ ʟʫʙʯʘʪʦʛʦ 

ʢʦʣʝʩʘ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʧʦʩʨʝʜʩʪʚʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʧʨʷʞʸʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʟʫʙʯʘʪʦʛʦ ʢʦʣʝʩʘ, ʧʨʦʬʠʣʴ ʟʫʙʴʝʚ ʢʦʪʦʨʦʛʦ ʠʤʝʝʪ ʤʝʥʴʰʠʡ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ 

ʩʝʯʝʥʠʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʩʭʦʜʥʦʤʫ ʧʨʦʬʠʣʶ. ʆʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʧʦʟʚʦʣʠʣʘ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʧʦʣʫʯʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ ʦʪ 

ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ ʢʦʣʝʩʘ ʤʦʞʝʪ ʙʳʪʴ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʘ 

ʫʨʘʚʥʝʥʠʝʤ ʧʨʷʤʦʡ ʣʠʥʠʠ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʜʝʪʝʨʤʠʥʘʮʠʠ R
2
=0.6859. ʕʢʚʠʚʘʣʝʥʪʥʳʝ 

ʥʘʧʨʷʞʝʥʠʷ ʚ ʵʣʝʤʝʥʪʘʭ ʢʦʣʝʩʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʶʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʨʘʜʠʫʩʘ 

ʧʨʦʬʠʣʷ ʟʫʙʘ. 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʢʘʟʘʣ ʭʦʨʦʰʫʶ ʩʭʦʜʠʤʦʩʪʴ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʨʘʥʝʝ ʧʨʦʚʝʜʸʥʥʳʭ ʤʦʜʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʤʘʰʠʥʝ ʪʨʝʥʠʷ ʉʄʎ-2 ʠ ʚ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. ʉʨʘʚʥʠʚʘʷ ʦʙʘ ʚʠʜʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʦʙʣʘʜʘʝʪ ʥʝʩʦʤʥʝʥʥʳʤʠ ʜʦʩʪʦʠʥʩʪʚʘʤʠ: 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʵʢʦʥʦʤʠʝʡ ʚʨʝʤʝʥʠ, ʩʥʠʞʝʥʠʝʤ ʤʘʪʝʨʠʘʣʴʥʳʭ ʟʘʪʨʘʪ, ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʩʚʦʙʦʜʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʢʦʥʪʘʢʪʠʨʫʶʱʝʛʦ ʧʨʦʬʠʣʷ. ʆʜʥʘʢʦ ʧʨʠ ʵʪʦʤ 

ʥʝʦʙʭʦʜʠʤʦ ʧʦʤʥʠʪʴ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʤʝʝʪ ʨʝʘʣʴʥʳʡ 

ʩʤʳʩʣ ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʝʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʙʘʟʘ, ʩ ʢʦʪʦʨʦʡ ʤʦʞʥʦ 

ʩʦʧʦʩʪʘʚʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ.  
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ʊɽʈʄʆʄɽʍɸʅʀʏɽʉʂɸʗ ʄʆɼɽʃʔ ɸɺʊʆʂʆʃɽɹɸʅʀʁ  

ʇʈʀ ʆɹʈɸɹʆʊʂɽ ʃɽɿɺʀʁʅʓʄ ʀʅʉʊʈʋʄɽʅʊʆʄ 

THERMO-MECHANICAL MODEL OF AUTO-OSCILLATIONS  

AT THE METAL PROCESSING 
 

ɻ.ʂ. ʂʦʨʝʥʜʷʩʝʚ ï ʤ.ʥ.ʩ. 

ʀʥʩʪʠʪʫʪ ʤʘʰʠʥʦʚʝʜʝʥʠʷ ʠʤ. ɸ.ɸ. ɹʣʘʛʦʥʨʘʚʦʚʘ ʈɸʅ 

 

Abstract. A thermo-mechanical model of the tool auto-oscillations at the metal processing was 

developed. This model is based on temperature dependence of ultimate strength dropping 

characteristic. In the paper we analyzed the steady-state solution of the model on stability. The 

analysis revealed that the model allows explaining qualitatively appearance of the auto-

oscillations. 

 

ʇʦʚʳʰʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʤʝʪʘʣʣʦʨʝʞʫʱʠʭ ʩʪʘʥʢʦʚ ʠ ʢʘʯʝʩʪʚʘ 

ʦʙʨʘʙʦʪʢʠ ʟʘʛʦʪʦʚʦʢ ʣʝʟʚʠʡʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʥʝʤʳʩʣʠʤʦ ʙʝʟ ʠʟʫʯʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʠ ʤʝʪʘʣʣʦʦʙʨʘʙʦʪʢʝ. 

ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʪʝʦʨʠʡ ʘʚʪʦʢʦʣʝʙʘʥʠʡ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʤʝʪʘʣʣʦʚ ʨʝʟʘʥʠʝʤ, 

ʦʜʥʘʢʦ, ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʥʝʪ ʝʜʠʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʘ ʧʨʠʨʦʜʫ ʵʪʦʛʦ ʷʚʣʝʥʠʷ. 

ʉʣʦʞʥʦʩʪʴ ʠ ʤʥʦʛʦʦʙʨʘʟʠʝ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʠ ʨʝʟʘʥʠʠ ʤʝʪʘʣʣʦʚ, 

ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʠ ʧʦʜʜʝʨʞʘʥʠʝ ʜʘʥʥʳʭ ʘʚʪʦʢʦʣʝʙʘʥʠʡ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ ʦʜʥʠʤ, ʘ ʥʝʩʢʦʣʴʢʠʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʷʚʣʝʥʠʷʤʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʤʝʞʜʫ ʩʦʙʦʡ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚʳʜʚʠʥʫʪʘ ʛʠʧʦʪʝʟʘ ʦ 

ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʠʨʦʜʝ ʜʘʥʥʳʭ ʘʚʪʦʢʦʣʝʙʘʥʠʡ. ʊʝʧʣʦʚʳʝ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, 

ʧʨʦʪʝʢʘʶʱʠʝ ʧʨʠ ʨʝʟʘʥʠʠ, ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ʄʝʭʘʥʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, 

ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʟʦʥʝ ʨʝʟʘʥʠʷ, ʧʨʠʚʦʜʷʪ ʢ ʠʥʪʝʥʩʠʚʥʦʤʫ ʪʝʧʣʦʚʳʜʝʣʝʥʠʶ, ʯʪʦ ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ ʚʳʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʠʟʜʝʣʠʷ ʠ 

ʠʥʩʪʨʫʤʝʥʪʘ. ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʚ ʤʘʪʝʨʠʘʣʝ ʟʘʛʦʪʦʚʢʠ ʧʨʦʠʩʭʦʜʷʪ 

ʩʪʨʫʢʪʫʨʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ, ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʠʟʤʝʥʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ. 

ʍʘʨʘʢʪʝʨ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʠ ʪʝʧʣʦʚʳʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʧʨʦʮʝʩʩʘ 

ʨʝʟʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʚ ʩʠʩʪʝʤʝ çʨʝʟʝʮ-ʟʘʛʦʪʦʚʢʘè 

ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʠʭ ʘʚʪʦʢʦʣʝʙʘʥʠʡ. 

ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʤʝʪʘʣʣʦʚ, ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʨʝʟʘʥʠʝʤ, ʭʘʨʘʢʪʝʨʥʘ ʧʘʜʘʶʱʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ůʚ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. ʉʠʣʘ ʨʝʟʘʥʠʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʟʘʚʠʩʠʪ ʦʪ ůʚ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʦʧʠʩʳʚʘʝʪʩʷ ʵʤʧʠʨʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ: 

. ʇʨʠ ʧʦʜʩʪʘʥʦʚʢʝ ʚ ʜʘʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʚʳʨʘʞʝʥʠʷ ůʚ= ůʚ(Ū) ʧʦʣʫʯʘʝʤ ʟʘʚʠʩʠʤʦʩʪʴ 

Pz(Ū), ʢʦʪʦʨʘʷ ʪʘʢʞʝ ʠʤʝʝʪ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʫʛʦʣ ʥʘʢʣʦʥʘ. ʄʘʪʝʤʘʪʠʯʝʩʢʠ ʤʦʜʝʣʴ 

ʘʚʪʦʢʦʣʝʙʘʥʠʡ ʨʝʟʮʘ ʙʳʣʘ ʦʧʠʩʘʥʘ ʩʠʩʪʝʤʦʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ: 

 

(1) 

 

(2) 

ʛʜʝ m ï ʤʘʩʩʘ ʢʦʣʝʙʣʶʱʝʛʦʩʷ ʵʣʝʤʝʥʪʘ; k ʠ b ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢʦʵʬʬʠʮʠʝʥʪ ʞʝʩʪʢʦʩʪʠ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪ ʚʷʟʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ; F0 ï ʩʠʣʘ ʨʝʟʘʥʠʷ ʙʝʟ ʫʯʝʪʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʨʘʟʫʧʨʦʯʥʝʥʠʷ ʤʘʪʝʨʠʘʣʘ; ɢ- ʢʦʵʬʬʠʮʠʝʥʪ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʫʛʦʣ ʥʘʢʣʦʥʘ ʧʨʷʤʦʡ F(Ū); 

Ū0 - ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ; M - ʥʘʛʨʝʚʘʝʤʘʷ ʤʘʩʩʘ; ʉ ï ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ; 

H ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ; j - ʤʝʭʘʥʠʯʝʩʢʠʡ ʵʢʚʠʚʘʣʝʥʪ ʪʝʧʣʦʪʳ; v ï ʩʢʦʨʦʩʪʴ 

ʛʣʘʚʥʦʛʦ ʜʚʠʞʝʥʠʷ ʩʪʘʥʢʘ. ʋʨʘʚʥʝʥʠʝ (1) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʨʘʚʥʝʥʠʝ ʢʦʣʝʙʘʥʠʡ ʨʝʟʮʘ, 

ʘ ʚʳʨʘʞʝʥʠʝ (2) ʷʚʣʷʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ. ɼʣʷ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʙʳʣʦ 

ʧʦʣʫʯʝʥʦ ʨʝʰʝʥʠʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʫʩʪʘʥʦʚʠʚʰʝʤʫʩʷ ʨʝʞʠʤʫ. ɸʥʘʣʠʟ ʵʪʦʛʦ ʨʝʰʝʥʠʷ ʥʘ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʩʠʩʪʝʤʝ çʨʝʟʝʮ-ʟʘʛʦʪʦʚʢʘè ʪʝʦʨʝʪʠʯʝʩʢʠ ʚʦʟʤʦʞʥʘ ʧʦʪʝʨʷ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʠʭ ʘʚʪʦʢʦʣʝʙʘʥʠʡ. 

q

ʚmz CP

0Fkuubum

))(()( 0 uvjFHCM
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ʆʇʊʀʄɸʃʔʅʆɽ ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ ʂʈɸʅɸ-ʄɸʅʀʇʋʃʗʊʆʈɸ 

ʊʈɸʅʉʇʆʈʊʅʆ-ʊɽʍʅʆʃʆɻʀʏɽʉʂʆʁ ʄɸʐʀʅʓ  

ɼʃʗ ʉɺɸʈʂʀ ʊʈʋɹʆʇʈʆɺʆɼʆɺ 

OPTIMAL DESIGN OF A TRUNK PIPELINE WELDING  

MACHINE CRANE-MANIPULATOR 
 

ʀ.ɸ. ʃʘʛʝʨʝʚ ï ʘʩʧ. 

ɹʨʷʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

Abstract. The optimal design method for the trunk pipeline welding machine crane-manipulator 

is under consideration in this article. The method is based on total hydrocylinders load and stress 

minimization. 

 

ʎʝʣʴʶ ʦʧʪʠʤʠʟʘʮʠʠ ʪʨʝʭʟʚʝʥʥʦʛʦ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʢʨʘʥʘ-ʤʘʥʠʧʫʣʷʪʦʨʘ 

ʪʨʘʥʩʧʦʨʪʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʤʘʰʠʥʳ ʜʣʷ ʩʚʘʨʢʠ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʥʘ 

ʩʪʘʜʠʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʝ ʚʳʷʚʣʝʥʠʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʟʝʨʚʦʚ 

ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʝʛʦ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʠ ʠ ʤʘʪʝʨʠʘʣʘ, ʘ ʪʘʢʞʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʣʦʚʦʛʦ ʛʠʜʨʦʧʨʠʚʦʜʘ ʢʨʘʥʦʚʦ-ʤʘʥʠʧʫʣʷʮʠʦʥʥʦʡ ʫʩʪʘʥʦʚʢʠ.  

ɿʘʜʘʯʫ ʥʝʣʠʥʝʡʥʦʡ ʫʩʣʦʚʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʢʨʘʥʘ-ʤʘʥʠʧʫʣʷʪʦʨʘ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ 

ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʜʣʷ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʩʭʝʤʳ ʪʨʝʙʫʝʪʩʷ ʥʘʡʪʠ ʪʘʢʦʝ 

ʩʦʯʝʪʘʥʠʝ ʝʝ ʚʘʨʴʠʨʫʝʤʳʭ ʨʘʟʤʝʨʦʚ, ʧʨʠ ʢʦʪʦʨʦʤ ʜʦʩʪʠʛʘʝʪʩʷ ʤʠʥʠʤʫʤ ʦʧʪʠʤʠʟʠʨʫʝʤʦʛʦ 

ʢʨʠʪʝʨʠʷ ʢʘʯʝʩʪʚʘ (ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ) ʩ ʫʯʝʪʦʤ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ, ʢʦʤʧʦʥʦʚʦʯʥʳʭ ʠ 

ʧʨʦʯʥʦʩʪʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ. 

ɽʩʣʠ ʤʦʜʝʨʥʠʟʘʮʠʷ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʧʦʚʳʰʝʥʠʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʣʦʚʦʛʦ 

ʛʠʜʨʦʧʨʠʚʦʜʘ ʢʨʘʥʘ-ʤʘʥʠʧʫʣʷʪʦʨʘ, ʚ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʩʣʦʚʠʝ ʤʠʥʠʤʫʤʘ ʩʫʤʤʳ ʤʘʢʩʠʤʘʣʴʥʳʭ ʪʷʛʦʚʳʭ ʫʩʠʣʠʡ, ʨʘʟʚʠʚʘʝʤʳʭ 

ʛʠʜʨʦʮʠʣʠʥʜʨʘʤʠ ʚ ʧʨʦʮʝʩʩʝ ʜʚʠʞʝʥʠʷ: 

ʎ1 = a1U1 + a2U2 Ÿ min 

ʛʜʝ  U1 ʠ U2 ï ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʰʪʦʢʠ 

ʛʠʜʨʦʮʠʣʠʥʜʨʦʚ ʧʨʠʚʦʜʘ ʨʫʢʦʷʪʠ ʠ ʩʪʨʝʣʳ ʢʨʘʥʘ-ʤʘʥʠʧʫʣʷʪʦʨʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʅ);  

a1 ʠ a2 ï ʚʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ (ʦʙʳʯʥʦ a1 = a2 = 1). 

ɽʩʣʠ ʤʦʜʝʨʥʠʟʘʮʠʷ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʧʦʚʳʰʝʥʠʝ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ ʢʨʘʥʘ-

ʤʘʥʠʧʫʣʷʪʦʨʘ, ʚ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʩʣʦʚʠʝ 

ʤʠʥʠʤʫʤʘ ʩʫʤʤʳ ʤʘʢʩʠʤʘʣʴʥʳʭ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʪʨʝʭ ʩʝʢʮʠʷʭ ʧʨʠ 

ʜʚʠʞʝʥʠʷʭ ʨʫʢʦʷʪʠ ʠ ʩʪʨʝʣʳ: 

ʎ2 = c1ů1 + c2 ů 2 + c3 ů 3 Ÿ min 

ʛʜʝ  ů1, ů2, ů3 ï ʤʘʢʩʠʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʨʫʢʦʷʪʠ, ʩʪʨʝʣʝ, ʧʦʚʦʨʦʪʥʦʡ ʢʦʣʦʥʥʝ ʢʨʘʥʘ-

ʤʘʥʠʧʫʣʷʪʦʨʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʇʘ); ʩ1, ʩ2, ʩ3  ï ʚʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʣʠʷʥʠʷ ʚʢʣʘʜʘ 

ʥʘʧʨʷʞʝʥʠʷ ʚ ʵʣʝʤʝʥʪʝ ʢʨʘʥʘ-ʤʘʥʠʧʫʣʷʪʦʨʘ. 

ʆʧʪʠʤʠʟʘʮʠʷ ʧʦ ʧʝʨʚʦʤʫ ʢʨʠʪʝʨʠʶ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʠʥʠʤʠʟʘʮʠʶ ʥʝʦʙʭʦʜʠʤʳʭ 

ʟʥʘʯʝʥʠʡ ʤʦʱʥʦʩʪʠ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʠʣʦʚʦʛʦ ʛʠʜʨʦʧʨʠʚʦʜʘ ʢʨʘʥʘ. ʇʨʠʤʝʥʝʥʠʝ 

ʦʧʪʠʤʘʣʴʥʦʡ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʩʭʝʤʳ ʧʨʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʤʘʰʠʥʳ ɸʉʊ-4-ɸ 

ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʥʦʤʠʥʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʠ ʧʦʜʘʯʠ  ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʜʦ 50%. 

ʆʧʪʠʤʠʟʘʮʠʷ ʧʦ ʚʪʦʨʦʤʫ ʢʨʠʪʝʨʠʶ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦ ʨʘʚʥʦʤʝʨʥʦʝ ʠ ʧʦʣʥʦʝ (ʥʝ 

ʤʝʥʝʝ 90%) ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʠ ʢʨʘʥʘ-

ʤʘʥʠʧʫʣʷʪʦʨʘ.  

ʇʦʚrh ʝʥʠʝ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ ʤʘʰʠʥʳ ʫʚʝʣʠʯʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʧʦʜʦʙʥʳʭ ʢʨʘʥʦʚ-ʤʘʥʠʧʫʣʷʪʦʨʦʚ ʚ ʩʚʷʟʠ ʩ ʨʘʩʰʠʨʝʥʠʝʤ ʥʦʤʝʥʢʣʘʪʫʨʳ ʧʝʨʝʤʝʱʘʝʤʳʭ 

ʠʤʠ ʛʨʫʟʦʚ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʩ ʩʦʢʨʘʱʝʥʠʝʤ ʯʠʩʣʘ ʪʠʧʦʨʘʟʤʝʨʦʚ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʪʨʫʙʦʧʨʦʚʦʜʦʚ  ʛʨʫʟʦʧʦʜʲʝʤʥʳʭ ʤʘʰʠʥ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ 

ʫʜʘʣʝʥʥʳʭ ʠ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʨʘʡʦʥʦʚ ʈʌ. 
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FORWARD KINEMATICSô GEOMETRICAL INTERPRETATION  

FOR PARALLEL MANIPULATOR WITH THREE DEGREES OF FREEDOM 
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2 
ʅʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɺʴʝʪʥʘʤ, 

3 
ʀʥʩʪʠʪʫʪ ʤʘʰʠʥʦʚʝʜʝʥʠʷ ʠʤ. ɸ.ɸ. ɹʣʘʛʦʥʨʘʚʦʚʘ ʈɸʅ 

 

Abstract. Geometrical approach on forward kinematics of parallel manipulator with three 

degrees of freedom was developed. Basics of solution algorithm are presented in the paper. 

  

ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʧʘʨʘʣʣʝʣʴʥʳʭ ʤʘʥʠʧʫʣʷʪʦʨʦʚ ʧʨʷʤʘʷ ʟʘʜʘʯʘ ʦ ʧʦʣʦʞʝʥʠʠ ʥʝ 

ʠʤʝʝʪ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ, ʧʦʵʪʦʤʫ ʜʣʷ ʝʝ ʨʝʰʝʥʠʷ ʧʨʠʤʝʥʷʶʪʩʷ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ. 

ɽʩʣʠ ʟʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʚʜʦʣʴ ʢʘʢʦʡ-ʣʠʙʦ ʪʨʘʝʢʪʦʨʠʠ, ʪʦ ʜʦʩʪʘʪʦʯʥʦ ʚ ʢʘʯʝʩʪʚʝ ʥʘʯʘʣʴʥʦʛʦ 

ʧʨʠʙʣʠʞʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʰʝʥʠʝ ʵʪʦʡ ʞʝ ʟʘʜʘʯʠ ʚ ʧʨʝʜʳʜʫʱʝʡ ʪʦʯʢʝ, ʦʜʥʘʢʦ ʝʩʣʠ 

ʪʨʝʙʫʝʪʩʷ ʧʦʣʫʯʠʪʴ ʨʝʰʝʥʠʝ ʚ ʦʪʜʝʣʴʥʦ ʚʟʷʪʦʡ ʪʦʯʢʝ, ʪʦ ʧʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ 

ʥʝʚʦʟʤʦʞʥʦ, ʠ ʚʦʟʥʠʢʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʨʝʰʝʥʠʷ, ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʤʘʥʠʧʫʣʷʪʦʨʘ. 

ɺ ʩʚʷʟʠ ʩ ʫʢʘʟʘʥʥʳʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ, ʜʦʩʪʦʚʝʨʥʳʡ 

ʦʪʚʝʪ ʥʘ ʚʦʧʨʦʩ ʦ ʪʦʤ, ʢʘʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʝʰʝʥʠʡ ʠʤʝʝʪ 

ʧʨʷʤʘʷ ʟʘʜʘʯʘ ʦ ʧʦʣʦʞʝʥʠʷʭ, ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ 

ʘʥʘʣʠʪʠʯʝʩʢʠ. ʆʜʥʘʢʦ ʵʪʦʪ ʚʦʧʨʦʩ ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠ. 

ʂʘʞʜʘʷ ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʮʝʧʴ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ 

ʤʘʥʠʧʫʣʷʪʦʨʘ (ʨʠʩ. 1) ʧʨʠ ʥʝʠʟʤʝʥʥʦʤ ʫʛʣʝ ʧʦʚʦʨʦʪʘ 

ʚʭʦʜʥʦʡ ʧʘʨʳ ʜʦʧʫʩʢʘʝʪ ʪʘʢʠʝ ʧʦʣʦʞʝʥʠʷ ʚʳʭʦʜʥʦʛʦ ʟʚʝʥʘ, 

ʢʦʪʦʨʳʝ ʧʨʠʥʘʜʣʝʞʘʪ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ 

ʮʠʣʠʥʜʨ ʩ ʦʙʨʘʟʫʶʱʠʤʠ, ʷʚʣʷʶʱʠʤʠʩʷ ʜʫʛʘʤʠ ʠʟʚʝʩʪʥʦʛʦ 

ʨʘʜʠʫʩʘ (ʨʠʩ. 2). 

 

 
ʈʠʩ. 2. 

ʊʦʯʢʠ, ʚ ʢʦʪʦʨʳʭ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʝʨʝʩʝʢʘʶʪʩʷ ʚʩʝ ʪʨʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʙʫʜʫʪ ʷʚʣʷʪʴʩʷ 

ʨʝʰʝʥʠʷʤʠ ʧʨʷʤʦʡ ʟʘʜʘʯʠ ʦ ʧʦʣʦʞʝʥʠʷʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʙʦʨ ʘʜʝʢʚʘʪʥʦʛʦ ʥʘʯʘʣʴʥʦʛʦ 

ʧʨʠʙʣʠʞʝʥʠʷ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʥʘ ʦʩʥʦʚʝ ʚʠʟʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. 

ʈʠʩ. 1. 
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THE SINGULARITIES OF THE PLANAR ROBOTIC TRIPOD  
 

ɸ.ɹ. ʃʘʩʪʦʯʢʠʥ
1
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 ï ʘʩʧ.,  

ɺ.ɸ. ɻʣʘʟʫʥʦʚ
1
 ï ʜ.ʪ.ʥ., ʧʨʦʬ., ʟʘʚ. ʣʘʙ., ʏʘʥ ʂʫʘʥʛ

2
 ï ʘʩʧ. 

1 
ʀʄɸʐ ʈɸʅ 

2 
ʅʘʮʠʦʥʘʣʴʥʳʡ ʪʨʘʥʩʧʦʨʪʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ɺʴʝʪʥʘʤʘ 

 

Abstract. In this work the authors observe the planar robotic tripod and analyze its singularities. 

The analysis is based on the theory of screws. There exist two types of singularity. 

 

ɹʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʤʝʭʘʥʠʟʤʳ ʧʘʨʘʣʣʝʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʦʙʣʘʜʘʶʪ 

ʧʦʚʳʰʝʥʥʦʡ ʪʦʯʥʦʩʪʴʶ ʠ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴʶ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʤʝʭʘʥʠʟʤʘʤʠ ʩ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʆʜʥʘʢʦ, ʚʚʠʜʫ ʟʘʤʢʥʫʪʦʡ ʩʪʨʫʢʪʫʨʳ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ 

ʮʝʧʝʡ, ʩʫʱʝʩʪʚʫʶʪ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʷʟʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ 

ʦʩʦʙʳʭ ʧʦʣʦʞʝʥʠʡ ʤʝʭʘʥʠʟʤʘ. ʈʘʟʣʠʯʘʶʪ ʜʚʘ ʪʠʧʘ ʦʩʦʙʳʭ ʧʦʣʦʞʝʥʠʡ: ʧʦʣʦʞʝʥʠʷ, ʢʦʛʜʘ 

ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʫʧʨʘʚʣʷʝʤʘʷ ʧʦʜʚʠʞʥʦʩʪʴ, ʠ ʧʦʪʝʨʷ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ. ɼʘʥʥʳʝ ʵʬʬʝʢʪʳ 

ʙʳʣʠ ʥʘʤʠ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʳ ʥʘ ʧʨʠʤʝʨʝ ʧʣʦʩʢʦʛʦ ʪʨʠʧʦʜʘ ʩ ʚʨʘʱʘʪʝʣʴʥʳʤʠ 

ʜʚʠʛʘʪʝʣʷʤʠ. ʇʦʪʝʨʷ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ ʥʘʩʪʫʧʘʝʪ ʧʨʠ ʫʩʣʦʚʠʠ, ʢʦʛʜʘ ʤʘʪʨʠʮʘ, 

ʦʧʠʩʳʚʘʶʱʘʷ ʟʚʝʥʦ ʠ ʩʦʩʪʦʷʱʘʷ ʠʟ ʚʠʥʪʦʚ ʩʦʩʪʘʚʣʷʶʱʠʭ ʝʛʦ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʘʨ, 

ʚʳʨʦʞʜʘʝʪʩʷ, ʧʨʠ ʵʪʦʤ  ʚʩʝ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʧʘʨʳ ʚʳʩʪʨʘʠʚʘʶʪʩʷ ʧʘʨʘʣʣʝʣʴʥʦ (ʨʠʩ. 1ɸ). 

ʅʘʣʠʯʠʝ ʤʛʥʦʚʝʥʥʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʜʣʷ ʪʨʠʧʦʜʘ ʥʘʩʪʫʧʘʝʪ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ 

ʚʳʨʦʞʜʘʝʪʩʷ ʤʘʪʨʠʮʘ, ʦʧʠʩʳʚʘʶʱʘʷ ʩʠʣʦʚʳʝ ʚʠʥʪʳ (ʨʠʩ. 2ɹ), ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʚʳʭʦʜʥʦʝ 

ʟʚʝʥʦ ʤʝʭʘʥʠʟʤʘ, ʢʨʦʤʝ ʪʦʛʦ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʧʦʜʦʙʥʘʷ ʩʠʥʛʫʣʷʨʥʦʩʪʴ ʧʨʦʷʚʠʪʩʷ ʚ ʩʣʫʯʘʝ 

ʝʩʣʠ ʩʠʣʦʚʳʝ ʚʠʥʪʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʜʚʠʞʝʥʠʝ ʚʳʭʦʜʥʦʛʦ ʟʚʝʥʘ, ʧʝʨʝʩʝʢʫʪʩʷ ʚ ʦʜʥʦʡ 

ʪʦʯʢʝ. ʊʘʢʞʝ ʚʦʟʤʦʞʥʦ ʩʦʯʝʪʘʥʠʝ ʜʚʫʭ ʵʪʠʭ ʪʠʧʦʚ ʦʩʦʙʳʭ ʧʦʣʦʞʝʥʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʘʢʝʪ ʧʣʘʥʘʨʥʦʛʦ ʪʨʠʧʦʜʘ ʚʝʜʝʪ ʩʝʙʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʩʯʝʪʥʳʤʠ 

ʜʘʥʥʳʤʠ. ɺʦʟʤʦʞʥʦʩʪʴ ʥʘʭʦʞʜʝʥʠʷ ʪʦʯʝʢ ʦʩʦʙʳʭ ʧʦʣʦʞʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʛʘʪʴ ʠʭ ʝʱʝ 

ʥʘ ʩʪʘʜʠʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʟʘʜʘʯʠ ʧʦ ʧʝʨʝʤʝʱʝʥʠʶ ʚʳʭʦʜʥʦʛʦ ʟʚʝʥʘ. 

 

 

                                 
ʈʠʩ 1. ʆʩʦʙʳʝ ʧʦʣʦʞʝʥʠʷ ʧʣʘʥʘʨʥʦʛʦ ʪʨʠʧʦʜʘ 

 s  x s
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ʅʆɺʓɽ ʄɽʍɸʅʀɿʄʓ ʇɸʈɸʃʃɽʃʔʅʆʁ ʉʊʈʋʂʊʋʈʓ  

 

NEW PARALLEL STRUCTURE MECHANISMS 

 
ɸ.ɽ. ʃʳʩʦʛʦʨʩʢʠʡ

1
 ï ʘʩʧ., ɸ.ɺ. ʂʘʣʝʥʜʘʨʝʚ

1
 ï ʘʩʧ.,  

ɺʫ ɺʘʥ ʏʳʦʥʛ
2
 ï ʘʩʧ., ɺʫ ɺʘʥ ʂʫʠ

2
 ï ʘʩʧ.  

1 
ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʢʩʪʠʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɸ.ʅ. ʂʦʩʳʛʠʥʘ, 

2
ʅʘʮʠʦʥʘʣʴʥʳʡ ʪʨʘʥʩʧʦʨʪʥʳʡ ʠʥʩʪʠʪʫʪ ɺʴʝʪʥʘʤʘ 

 

Abstract. Parallel mechanisms have many applications but this area is extending constantly. 

Many publications of the XIII World Congress on MMT represent new parallel structure 

mechanisms. 

 

ʄʝʭʘʥʠʟʤʳ ʧʘʨʘʣʣʝʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠʤʝʶʪ ʤʥʦʛʦ ʧʨʠʤʝʥʝʥʠʡ, ʦʜʥʘʢʦ ʵʪʘ ʦʙʣʘʩʪʴ 

ʚʩʝ ʚʨʝʤʷ ʨʘʩʰʠʨʷʝʪʩʷ. ʄʥʦʛʠʝ ʧʫʙʣʠʢʘʮʠʠ ʚ ʪʨʫʜʘʭ XIII  ɺʩʝʤʠʨʥʦʛʦ ʢʦʥʛʨʝʩʩʘ ʧʦ ʊʄʄ 

ʧʦʩʚʷʱʝʥʳ ʵʪʠʤ ʤʝʭʘʥʠʟʤʘʤ. ʇʨʠʚʝʜʝʤ ʥʝʢʦʪʦʨʳʝ ʧʨʠʤʝʨʳ. 

 
                  ʈʠʩ. 1               ʈʠʩ. 2   

 ʄʝʭʘʥʠʟʤʳ ʥʘ ʨʠʩ. 1 ʠ 2 ʧʦʢʘʟʳʚʘʶʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʟʚʠʪʠʝ ʢʦʥʮʝʧʮʠʠ ʨʦʙʦʪʘ 

ɼʝʣʴʪʘ ʠ ʨʦʙʦʪʦʚ ʩ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʨʘʟʚʷʟʢʦʡ. 

    
    ʈʠʩ. 3     ʈʠʩ. 4 

ʄʝʭʘʥʠʟʤʳ ʥʘ ʨʠʩ. 3 ʠ 4 ʧʦʢʘʟʳʚʘʶʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʟʚʠʪʠʝ ʢʦʥʮʝʧʮʠʠ 

ʩʬʝʨʠʯʝʩʢʠʭ ʨʦʙʦʪʦʚ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʥʘʣʠʯʠʝ ʧʘʨ, ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʚ ʦʜʥʦʡ ʪʦʯʢʝ.  
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ʄɸʊɽʄɸʊʀʏɽʉʂʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ɸɼɸʇʊʀɺʅʆɻʆ 

ɺʅʋʊʈʀʊʈʋɹʅʆɻʆ ʈʆɹʆʊɸ 

MATHEMATICAL MODELING OF ADAPTIVE IN-PIPE ROBOT 
ɸ.ɺ. ʄʘʣʴʯʠʢʦʚ ï ʘʩʧ. 

çʖʛʦ-ɿʘʧʘʜʥʳʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

Abstract. In this paper the robotic system designed for inspection operating properties of 

pipelines was described. A mathematical modeling of snake-like robot motion was carried out. 

The optimal constructive parameters and robot control system properties were defined. 

 

ʆʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʩʪʘʣʦ 

ʦʙʝʩʧʝʯʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʠʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʨʘʟʨʘʙʦʪʘʥʳ ʤʥʦʞʝʩʪʚʦ ʩʧʦʩʦʙʦʚ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʜʠʘʛʥʦʩʪʠʢʠ 

ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʳ. ʅʘʠʙʦʣʝʝ ʧʨʦʛʨʝʩʩʠʚʥʳʤ ʠ ʵʬʬʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʦʩʥʘʱʝʥʥʳʭ ʩʠʩʪʝʤʘʤʠ ʜʘʪʯʠʢʦʚ ʠ ʩʧʦʩʦʙʥʳʭ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʧʝʨʝʤʝʱʘʪʴʩʷ ʧʦ ʪʨʫʙʦʧʨʦʚʦʜʫ. ʇʨʦʚʝʜʝʥʥʳʡ ʘʚʪʦʨʦʤ ʨʘʙʦʪʳ ʘʥʘʣʠʟ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ, ʧʦʢʘʟʘʣ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʩʧʦʩʦʙʘ 

ʧʝʨʝʤʝʱʝʥʠʷ ʧʨʠʥʮʠʧ ʜʚʠʞʝʥʠʷ ʟʤʝʠ ʧʦʟʚʦʣʠʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʫʩʪʨʦʡʩʪʚʘ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʟʤʝʝʧʦʜʦʙʥʳʭ ʨʦʙʦʪʦʚ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʪʨʫʙʳ ʧʨʦʠʩʭʦʜʠʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢʦʨʧʫʩʦʤ, ʯʪʦ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʫʚʝʣʠʯʠʚʘʝʪ ʩʠʣʫ 

ʪʨʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʫʶ ʨʦʙʦʪʫ ʫʜʝʨʞʠʚʘʪʴʩʷ ʚ ʚʝʨʪʠʢʘʣʴʥʳʭ ʠ ʥʘʢʣʦʥʥʳʭ ʪʨʫʙʘʭ, ʘ ʩ 

ʜʨʫʛʦʡ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʝʪ ʠ ʫʜʝʰʝʚʣʷʝʪ ʢʦʥʩʪʨʫʢʮʠʶ, ʧʦʚʳʰʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ 

ʟʘʛʨʷʟʥʝʥʠʶ, ʯʪʦ ʥʝʤʘʣʦʚʘʞʥʦ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʙʳʪʦʚʳʭ 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ. 

ɿʤʝʝʧʦʜʦʙʥʳʡ ʨʦʙʦʪ ʩʦʩʪʦʠʪ ʠʟ 6 ʟʚʝʥʴʝʚ, ʩʦʝʜʠʥʝʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʰʘʨʥʠʨʘʤʠ ʠ 

ʧʨʠʚʦʜʠʤʳʤʠ ʚ ʜʚʠʞʝʥʠʝ 5 ʥʝʟʘʚʠʩʠʤʳʤʠ ʧʨʠʚʦʜʘʤʠ (ʨʠʩʫʥʦʢ 1). ɺ ʢʦʥʩʪʨʫʢʮʠʠ 

ʦʪʩʫʪʩʪʚʫʶʪ ʩʧʝʮʠʘʣʴʥʳʝ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʢʦʣʝʩʘ ʠʣʠ ʛʫʩʝʥʠʮʳ, ʘ 

ʧʝʨʝʤʝʱʝʥʠʝ ʚʥʫʪʨʠ ʪʨʫʙʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʠʟʤʝʥʷʝʤʦʡ ʛʝʦʤʝʪʨʠʠ ʨʦʙʦʪʘ. 

 
ʈʠʩ. 1. ɸʣʛʦʨʠʪʤ ʧʨʷʤʦʣʠʥʝʡʥʦʛʦ ʜʚʠʞʝʥʠʷ ʟʤʝʝʧʦʜʦʙʥʦʛʦ ʨʦʙʦʪʘ 

 

ɸʣʛʦʨʠʪʤ ʜʚʠʞʝʥʠʷ ʫʩʪʨʦʡʩʪʚʘ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʬʘʟ: ʩʥʘʯʘʣʘ ʨʦʙʦʪ 

ʬʠʢʩʠʨʫʝʪ ʟʘʜʥʶʶ ʯʘʩʪʴ ʚ ʪʨʫʙʝ ʠ ʧʝʨʝʤʝʱʘʝʪ ʧʝʨʝʜʥʶʶ ʯʘʩʪʴ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ 

ʜʚʠʞʝʥʠʷ. ʇʦʩʣʝ ʵʪʦʛʦ ʨʦʙʦʪ ʬʠʢʩʠʨʫʝʪ ʧʝʨʝʜʥʶʶ ʯʘʩʪʴ, ʠ ʧʦʜʪʷʛʠʚʘʝʪ ʟʘʜʥʶʶ, ʪʝʤ 

ʩʘʤʳʤ ʦʩʫʱʝʩʪʚʣʷʷ ʧʝʨʝʤʝʱʝʥʠʝ ʚʥʫʪʨʠ ʪʨʫʙʳ. 

ɺ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʙʳʣʘ ʩʦʟʜʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʦʛʦ 

ʜʚʠʞʝʥʠʷ ʨʦʙʦʪʘ, ʧʨʦʚʝʜʝʥʦ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. ʊʘʢʞʝ, ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ 

ʘʣʛʦʨʠʪʤʳ ʜʚʠʞʝʥʠʷ ʨʦʙʦʪʘ ʠ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʘʤʠ. ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣ ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʷ ʚʥʫʪʨʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ. 
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ɺʓʉʆʂʆʊʆʏʅʓʁ ʈʋʏʅʆʁ ʆɼʅʆʐʇʀʅɼɽʃʔʅʓʁ ɻɸʁʂʆɺɪʈʊ  

ʇʈʗʄʆɻʆ ɼɽʁʉʊɺʀʗ ʅʆɺʆɻʆ ʂʃɸʉʉɸ 

 

HIGH-PRECISION MANUAL SINGLE-SPINDLE SCREWDRIVER 

WITH DIRECT ACTION 

 
ʖ.ʅ. ʄʘʪʨʦʩʦʚʘ ï ʢ.ʪ.ʥ., ʜʦʮ., ʖ.ɿ. ɾʠʪʥʠʢʦʚ ï ʜ.ʪ.ʥ., ʧʨʦʬ., ʀ.ɺ. ɾʠʪʥʠʢʦʚʘ ï ʘʩʧ. 

ʂʦʚʨʦʚʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʘʢʘʜʝʤʠʷ ʠʤ. ɺ.ɸ. ɼʝʛʪʷʨʸʚʘ 

 

Abstract. The kinematic structure of the new-class' manual single-spindle screwdriver with 

improved accuracy is proposed. 

 

ɺ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʪʨʝʙʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʦʩʝʚʳʭ ʩʠʣ ʟʘʪʷʞʢʠ 

ʨʝʟʴʙʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʇʦʛʨʝʰʥʦʩʪʠ ʥʝ ʜʦʣʞʥʳ ʧʨʝʚʳʰʘʪʴ 10% ʦʪ ʥʦʤʠʥʘʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ. 

ɸʚʪʦʨʘʤʠ ʨʘʟʨʘʙʦʪʘʥʘ ʦʨʠʛʠʥʘʣʴʥʘʷ ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʨʫʯʥʦʛʦ 

ʦʜʥʦʰʧʠʥʜʝʣʴʥʦʛʦ ʛʘʡʢʦʚʸʨʪʘ ʥʦʚʦʛʦ ʢʣʘʩʩʘ (ʨʠʩ. 1) ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ʦʩʝʚʦʡ ʩʠʣʳ 

ʟʘʪʷʞʢʠ ʚ ʧʨʝʜʝʣʘʭ 5õ8%. ɻʘʡʢʦʚʝʨʪ  ʩʦʩʪʦʠʪ ʠʟ ʜʚʠʛʘʪʝʣʷ 1, ʧʣʘʥʝʪʘʨʥʦʛʦ ʨʝʜʫʢʪʦʨʘ 2,3, 

ʤʫʬʪʳ ʧʨʝʜʝʣʴʥʦʛʦ ʤʦʤʝʥʪʘ 4, ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯ, ʰʧʠʥʜʝʣʷ 5, ʧʘʪʨʦʥʘ 6, ʨʳʯʘʛʘ ʜʣʷ 

ʧʝʨʝʢʣʶʯʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʚʨʘʱʝʥʠʷ ʠ ʩʠʩʪʝʤʳ ʠʟʤʝʨʝʥʠʷ ʫʛʣʘ ʧʦʚʦʨʦʪʘ. 

 
ʈʠʩ.1. ʂʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʛʘʡʢʦʚʝʨʪʘ 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʦʙʦʩʥʦʚʘʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʠ ʪʝʭʥʦʣʦʛʠʠ ʩʙʦʨʢʠ ʩʦʝʜʠʥʝʥʠʡ 

ʨʘʟʨʘʙʦʪʘʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʩʙʦʨʢʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʩʙʦʨʢʠ ʠ ʠʩʧʳʪʘʥʠʷ ʛʘʡʢʦʚʸʨʪʘ ʧʦʜʪʚʝʨʜʠʣʠ 

ʪʦʯʥʦʩʪʴ ʦʩʝʚʳʭ ʩʠʣ ʟʘʪʷʞʢʠ ʚ ʫʢʘʟʘʥʥʳʭ ʧʨʝʜʝʣʘʭ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ɾʠʪʥʠʢʦʚ ʖ.ɿ., ʄʘʪʨʦʩʦʚʘ ʖ.ʅ., ɾʠʪʥʠʢʦʚʘ ʀ.ɺ. ɺʳʩʦʢʦʪʦʯʥʳʡ ʨʫʯʥʦʡ 

ʦʜʥʦʰʧʠʥʜʝʣʴʥʳʡ ʛʘʡʢʦʚʸʨʪ ʧʨʷʤʦʛʦ ʜʝʡʩʪʚʠʷ ʥʦʚʦʛʦ ʢʣʘʩʩʘ 
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ʉʆʉʊʆʗʅʀɽ ʃʀʊʓʍ ɸɺʊʆʄʆɹʀʃʔʅʓʍ ʂʆʃɽʉ  

ʇʈʀ ʋɼɸʈʅʓʍ ʅɸɻʈʋɿʂɸʍ 

 

MODELING AND STRESS-STRAIN STATE  

OF ALLOY AUTOMOTIVE WHEELS AT IMPACT LOADS 
 

ɺ.ɺ. ʄʠʨʦʥʦʚʘ ï ʩʪ. ʧʨʝʧ., ʀ.ɺ. ɼʝʤʴʷʥʫʰʢʦ ï ʜ.ʪ.ʥ., ʧʨʦʬ.,  

ɽ.ʄ. ʃʦʛʠʥʦʚ ï ʘʩʧ. 

ʄɸɼɻʊʋ (ʄɸɼʀ) 

 

Abstract. The purpose of the present paper is the analysis of dynamic impact effect for vehicle 

light alloy wheels of few types, which can be occurred in various situations on the road (head-on 

crash, drift, crash with other car). This study was applied to simulate the impact behavior caused 

by a dynamic loading of vehicle wheels by impact testing of various type wheels according to 

the scheme of certification tests with static and dynamic strain measurement for definition of 

deformation fields and impact stresses. Results of experiments were compared with FEM 

calculations results, which have allowed to formulate demands to optimum FEM's models for a 

casting aluminums alloys wheels and to show the capability of prediction of behavior and 

reliability of wheels at impact loading with tires and without the tire according to FEM analysis 

at a simulative static loading. 

 

ʀʟʣʦʞʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʫʜʘʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʦʚʝʜʝʥʠʝ ʢʦʣʝʩ 

ʘʚʪʦʤʦʙʠʣʷ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ  ʚʦʟʜʝʡʩʪʚʠʝ ʫʜʘʨʥʳʭ ʥʘʛʨʫʟʦʢ ʥʘ ʢʦʣʝʩʥʳʡ ʫʟʝʣ ʘʚʪʦʤʦʙʠʣʷ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʷʭ (ʥʘʝʟʜ ʥʘ ʧʨʝʧʷʪʩʪʚʠʝ, ʟʘʥʦʩ, ʩʪʦʣʢʥʦʚʝʥʠʝ ʩ ʜʨʫʛʠʤ 

ʘʚʪʦʤʦʙʠʣʝʤ). 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʥʘ ʫʜʘʨʥʦʤ ʩʪʝʥʜʝ ʩ ʰʠʥʦʡ ʠ ʙʝʟ 

ʰʠʥʳ, ʜʣʷ ʢʦʣʝʩ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʥʟʦʤʝʪʨʠʠ ʠ ʩʢʦʨʦʩʪʥʦʡ 

ʬʦʪʦʩʲʝʤʢʠ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʘʥʘʣʠʟʘ ʨʘʩʯʝʪʥʳʭ 

ʤʦʜʝʣʝʡ ʢʦʣʝʩʥʦʛʦ ʫʟʣʘ, ʧʦʩʪʨʦʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʄʂʕ, ʯʪʦ ʜʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ 

ʤʝʪʦʜʘ ʠ ʦʮʝʥʢʠ ʥʘʜʝʞʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʢʦʣʝʩ ʨʘʟʣʠʯʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ. 
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ɼʀʅɸʄʀʂɸ ʈɸɹʆʊʓ ʄɽʍɸʅʀɿʄɸ ʉɺʆɹʆɼʅʆɻʆ ʍʆɼɸ 

ʀʄʇʋʃʔʉʅʆʁ ɹɽʉʉʊʋʇɽʅʏɸʊʆʁ ʇɽʈɽɼɸʏʀ 

 

THE DYNAMICS OF THE PULSED VARIABLE SPEED GEAR  

ONE-WAY MECHANISM 
 

ʆ.ɻ. ʄʦʭʦʚʘ ï ʘʩʧ., ɺ. ɻ. ʂʘʨʘʙʘʥʴ ï ʢ.ʪ.ʥ., ʜʦʮ.  

ɺʦʣʛʦʛʨʘʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 
 

Abstract. Paper describes investigation of the one-way mechanism dynamics for pulsed 

continuously variable transmission. The control problem was formulated. 

 

ʇʦʜ ʙʝʩʩʪʫʧʝʥʯʘʪʦʡ ʧʝʨʝʜʘʯʝʡ ʧʦʥʠʤʘʝʪʩʷ ʤʝʭʘʥʠʟʤ ʜʣʷ ʧʣʘʚʥʦʛʦ ʠʟʤʝʥʝʥʠʷ 

ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʯʠʩʣʘ, ʪ.ʝ. ʦʪʥʦʰʝʥʠʷ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʚʝʜʫʱʝʛʦ ʟʚʝʥʘ ʢ ʯʘʩʪʦʪʝ 

ʚʨʘʱʝʥʠʷ ʚʝʜʦʤʦʛʦ. ɹʝʩʩʪʫʧʝʥʯʘʪʘʷ ʧʝʨʝʜʘʯʘ ï ʯʘʩʪʴ ʚʘʨʠʘʪʦʨʘ, ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ ʠʟ 

ʦʜʥʦʡ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʙʝʩʩʪʫʧʝʥʯʘʪʳʭ ʧʝʨʝʜʘʯ ʠ ʫʩʪʨʦʡʩʪʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʠʭ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ. 

ʇʨʠʤʝʥʝʥʠʝ ʙʝʩʩʪʫʧʝʥʯʘʪʳʭ ʧʨʠʚʦʜʦʚ ʤʘʰʠʥ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʧʣʘʚʥʦʝ 

ʠʟʤʝʥʝʥʠʝ ʠʭ ʩʢʦʨʦʩʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ 

ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ ʠ ʚʳʧʫʩʢʘ ʢʘʯʝʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ. 

ʀʤʧʫʣʴʩʥʫʶ ʤʝʭʘʥʠʯʝʩʢʫʶ ʧʝʨʝʜʘʯʫ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ ʤʝʭʘʥʠʯʝʩʢʠʡ 

ʛʝʥʝʨʘʪʦʨ ʢʦʣʝʙʘʥʠʡ ʩ ʨʝʛʫʣʠʨʫʝʤʦʡ ʘʤʧʣʠʪʫʜʦʡ ʩ ʤʝʭʘʥʠʟʤʦʤ ʩʚʦʙʦʜʥʦʛʦ ʭʦʜʘ (ʄʉʍ), 

ʧʦʟʚʦʣʷʶʱʠʤ ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʢʦʣʝʙʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʚʝʜʦʤʦʛʦ ʚʘʣʘ ʚ 

ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʝ.  

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʦʩ ʠʥʪʝʨʝʩ ʢ ʤʝʭʘʥʠʯʝʩʢʠʤ ʠʤʧʫʣʴʩʥʳʤ 

ʧʝʨʝʜʘʯʘʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʙʝʩʩʪʫʧʝʥʯʘʪʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʩʢʦʨʦʩʪʠ ʚ ʧʨʠʚʦʜʘʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʘʰʠʥ. ʆʙʳʯʥʦ ʚʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʚʝʜʫʱʝʛʦ ʚʘʣʘ ʫ ʵʪʠʭ ʧʝʨʝʜʘʯ 

ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʢʦʣʝʙʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ, ʢʦʪʦʨʦʝ ʩ ʧʦʤʦʱʴʶ ʄʉʍ ʚʥʦʚʴ 

ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʚʦ ʚʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ, ʥʦ ʫʞʝ ʚʝʜʦʤʦʛʦ ʚʘʣʘ. ʄʝʭʘʥʠʟʤ, 

ʧʨʝʦʙʨʘʟʫʶʱʠʡ ʚʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʚʝʜʫʱʝʛʦ ʚʘʣʘ ʧʝʨʝʜʘʯʠ ʚ ʢʦʣʝʙʘʪʝʣʴʥʦʝ 

ʜʚʠʞʝʥʠʝ ʟʚʝʥʘ, ʞʝʩʪʢʦ ʩʚʷʟʘʥʥʦʛʦ ʩ ʚʝʜʫʱʠʤ ʟʚʝʥʦʤ ʄʉʍ, ʥʘʟʳʚʘʶʪ ʧʨʝʦʙʨʘʟʫʶʱʠʤ 

ʤʝʭʘʥʠʟʤʦʤ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʝʦʙʨʘʟʫʶʱʠʭ ʤʝʭʘʥʠʟʤʦʚ ʚ ʠʤʧʫʣʴʩʥʳʭ ʧʝʨʝʜʘʯʘʭ ʧʨʠʤʝʥʷʶʪ 

ʨʘʟʣʠʯʥʳʝ ʨʳʯʘʞʥʳʝ, ʟʫʙʯʘʪʦ-ʨʳʯʘʞʥʳʝ ʠ ʢʫʣʘʯʢʦʚʳʝ ʤʝʭʘʥʠʟʤʳ. 

ɼʠʥʘʤʠʢʘ ʨʘʙʦʪʳ ʄʉʍ ʚʥʦʩʠʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚ ʨʘʙʦʪʫ ʧʝʨʝʜʘʯʠ. 

ʈʘʙʦʪʘ ʄʉʍ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʯʝʪʳʨʝ ʬʘʟʳ: ʚʢʣʶʯʝʥʠʝ, ʚʢʣʶʯʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ, 

ʚʳʢʣʶʯʝʥʠʝ, ʚʳʢʣʶʯʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ. ʇʝʨʝʭʦʜ ʢ ʢʘʞʜʦʡ ʬʘʟʝ ʦʙʫʩʣʦʚʣʝʥ ʢʦʥʩʪʨʫʢʮʠʝʡ, 

ʧʦʢʘʟʘʪʝʣʷʤʠ ʪʦʯʥʦʩʪʠ, ʤʘʪʝʨʠʘʣʘʤʠ, ʨʘʙʦʯʝʡ ʩʨʝʜʦʡ ʠ ʩʦʯʝʪʘʥʠʝʤ ʧʨʦʯʠʭ ʫʩʣʦʚʠʡ 

ʨʘʙʦʪʳ ʤʝʭʘʥʠʟʤʘ. ʂʘʞʜʘʷ ʧʦʩʣʝʜʫʶʱʘʷ ʬʘʟʘ ʟʘʚʠʩʠʪ ʦʪ ʧʨʝʜʳʜʫʱʝʡ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʧʦʟʚʦʣʠʣʠ ʠʩʩʣʝʜʦʚʘʪʴ ʨʷʜ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ. ʇʨʠ ʧʝʨʝʭʦʜʥʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʤʝʭʘʥʠʟʤʘ ʩʚʦʙʦʜʥʦʛʦ ʭʦʜʘ ʥʘʙʣʶʜʘʝʪʩʷ  

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʙʦʪʳ ʟʘ ʩʯʝʪ ʠʤʧʫʣʴʩʥʦʛʦ  ʭʘʨʘʢʪʝʨʘ ʜʚʠʞʝʥʠʷ. 

ʅʘ ʦʩʥʦʚʝ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʛʨʘʬʦʘʥʘʣʠʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʧʦʩʪʨʦʝʥ ʘʣʛʦʨʠʪʤ 

ʜʚʠʞʝʥʠʷ ʚʳʭʦʜʥʦʛʦ ʚʘʣʘ ʧʨʝʦʙʨʘʟʫʶʱʝʛʦ ʤʝʭʘʥʠʟʤʘ 

ɼʣʷ ʧʣʘʥʠʨʦʚʘʥʠʷ ʟʘʜʘʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʩʠʩʪʝʤʳ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʦʙʨʘʪʥʫʶ 

ʟʘʜʘʯʫ ʦ ʧʦʣʦʞʝʥʠʠ ʤʝʭʘʥʠʟʤʘ. ʉʫʪʴ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʩʦʩʪʦʠʪ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʪʨʝʙʫʝʤʳʭ 

ʧʝʨʝʤʝʱʝʥʠʡ ʟʚʝʥʴʝʚ ʩʠʩʪʝʤʳ ʧʦ ʟʘʜʘʥʥʦʤʫ ʟʘʢʦʥʫ ʜʚʠʞʝʥʠʷ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ. ɼʣʷ ʵʪʦʛʦ 

ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʨʘʙʦʪʳ ʧʨʝʦʙʨʘʟʫʶʱʝʛʦ ʤʝʭʘʥʠʟʤʘ, ʧʦʩʪʨʦʝʥʳ 

ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʝʦʙʨʘʟʫʶʱʝʛʦ ʤʝʭʘʥʠʟʤʘ ʧʨʠ ʥʝʠʟʤʝʥʥʦʤ ʠ 

ʫʚʝʣʠʯʠʚʘʶʱʝʤʩʷ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʝ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʣʦʛʠʢʦʡ ʚʢʣʶʯʝʥʠʷ ʠ ʚʳʢʣʶʯʝʥʠʷ 

ʤʝʭʘʥʠʟʤʘ ʩʚʦʙʦʜʥʦʛʦ ʭʦʜʘ ʧʦʩʪʨʦʝʥʘ ʜʠʥʘʤʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ. 
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ʆ.ɻ. ʄʫʛʠʥ ï ʘʩʧ., ʆ.ʆ. ʄʫʛʠʥ ï ʩ.ʥ.ʩ., ʢ.ʪ.ʥ.  
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Abstract. The main trends in the mechanical transmission on the basis of the epicycloid and 

hypocycloid. Results are based on patent search. Research is a basis for a number of original 

inventions, at selection and introduction of most effective of them. 

 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʘʶʪ ʧʣʘʥʝʪʘʨʥʦ-ʮʝʚʦʯʥʳʝ 

ʧʝʨʝʜʘʯʠ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʥʝʮʝʥʪʨʦʠʜʥʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʮʝʚʦʯʥʦʛʦ ʟʘʮʝʧʣʝʥʠʷ, ʢʘʢ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʪʨʘʜʠʮʠʦʥʥʳʤ ʟʫʙʯʘʪʳʤ ʤʝʭʘʥʠʟʤʘʤ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʮʠʢʣʦʠʜʘʣʴʥʳʭ 

ʟʘʮʝʧʣʝʥʠʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʘʢʠʤ ʨʝʜʫʢʪʦʨʘʤ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʚʦʣʴʚʝʥʪʥʦʛʦ ʟʫʙʯʘʪʦʛʦ ʟʘʮʝʧʣʝʥʠʷ. ʕʪʠ ʧʝʨʝʜʘʯʠ ʦʙʣʘʜʘʶʪ 

ʫʤʝʥʴʰʝʥʥʳʤʠ ʦʙʲʸʤʘʤʠ ʠ ʛʘʙʘʨʠʪʘʤʠ, ʤʝʥʴʰʝʡ ʤʘʩʩʦʡ, ʧʦʚʳʰʝʥʥʦʡ ʥʝʩʫʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴʶ. ɺʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʨʝʜʫʢʪʦʨʦʚ (ʠ 

ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʦʚ), ʧʦʩʪʨʦʝʥʥʳʭ ʧʦ ʜʘʥʥʳʤ ʩʭʝʤʘʤ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʜʘʯʠ 

ʜʚʠʞʝʥʠʷ ʯʝʨʝʟ ʚʟʘʠʤʦʜʩʪʚʫʶʱʠʝ ʙʝʟ ʟʫʙʯʘʪʳʭ ʟʘʮʝʧʣʝʥʠʡ ʪʝʣʘ, ʨʘʟʜʝʣʸʥʥʳʝ ʤʝʞʜʫ 

ʩʦʙʦʡ ʧʦʜʰʠʧʥʠʢʘʤʠ ʢʘʯʝʥʠʷ, ʯʪʦ ʚʝʜʸʪ ʢ ʦʪʩʫʪʩʪʚʠʶ ʩʢʦʣʴʞʝʥʠʷ, ʧʝʨʝʜʘʯʠ ʜʚʠʞʝʥʠʷ 

ʯʝʨʝʟ ʤʝʭʘʥʠʟʤ ʢʘʯʝʥʠʷ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʧʦʚʳʰʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʧʝʨʝʜʘʯ. ʀʟʛʦʪʘʚʣʠʚʘʝʤʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʪʝʯʝʩʪʚʝʥʥʳʝ 

ʨʝʜʫʢʪʦʨʳ ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ ʚ ʦʜʥʦʡ ʩʪʫʧʝʥʠ ʧʝʨʝʜʘʪʦʯʥʳʭ ʦʪʥʦʰʝʥʠʡ ʜʦ 200-500. 

ʇʣʘʥʝʪʘʨʥʦ-ʮʝʚʦʯʥʘʷ ʧʝʨʝʜʘʯʘ - ʨʝʜʫʢʪʦʨ ʚ ʩʚʦʝʡ ʦʩʥʦʚʝ ʚ ʦʜʥʦʡ ʩʪʫʧʝʥʠ ʩʦʜʝʨʞʠʪ 

ʩʣʝʜʫʶʱʠʝ ʵʣʝʤʝʥʪʳ: ʚʭʦʜʥʦʡ ʵʢʩʮʝʥʪʨʠʢʦʚʳʡ ʚʘʣ, ʩʝʧʘʨʘʪʦʨ ʩ ʟʘʢʨʝʧʣʸʥʥʳʤʠ ʥʘ ʥʸʤ 

ʨʦʣʠʢʘʤʠ, ʢʦʨʧʫʩ ʩ ʧʨʦʬʠʣʠʨʦʚʘʥʥʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ, ʧʦ ʢʦʪʦʨʳʤ ʦʙʢʘʪʳʚʘʶʪʩʷ 

ʨʦʣʠʢʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʪʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ ʦʩʝʡ ʨʦʣʠʢʦʚ ʚʦʩʧʨʦʠʟʚʦʜʠʪ 

ʵʧʠʮʠʢʣʦʠʜʫ ʠʣʠ ʛʠʧʦʮʠʢʣʦʠʜʫ  ʠ ʤʝʭʘʥʠʟʤ ʧʝʨʝʜʘʯʠ ʜʚʠʞʝʥʠʷ ʩ ʩʝʧʘʨʘʪʦʨʘ ʥʘ 

ʚʳʭʦʜʥʦʡ ʚʘʣ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʚʝʩʪʝʥ ʨʷʜ ʧʘʪʝʥʪʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʧʣʘʥʝʪʘʨʥʦ-ʮʝʚʦʯʥʳʭ ʨʝʜʫʢʪʦʨʦʚ ʠ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʦʚ. ʆʩʥʦʚʥʦʝ ʪʨʝʙʦʚʘʥʠʝ ʢ 

ʠʩʩʣʝʜʫʝʤʦʤʫ ʦʙʲʝʢʪʫ ï ʜʦʣʛʦʚʝʯʥʦʩʪʴ, ʩʧʦʩʦʙʥʦʩʪʴ ʚʦʩʧʨʠʥʠʤʘʪʴ ʚʳʩʦʢʠʝ ʧʠʢʦʚʳʝ 

ʥʘʛʨʫʟʢʠ ʙʝʟ ʫʱʝʨʙʘ ʜʣʷ ʩʝʙʷ, ʤʠʥʠʤʘʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʙʩʣʫʞʠʚʘʥʠʶ. ʅʘʫʯʥʳʝ 

ʨʘʟʨʘʙʦʪʢʠ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʧʨʠʚʦʜʷʪ ʢ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʠ ʤʦʜʝʨʥʠʟʘʮʠʠ 

ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʫʩʪʨʦʡʩʪʚ.  

ʎʝʣʴ ʧʨʦʚʝʜʸʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ï ʧʦʚʳʩʠʪʴ ʩʦʟʜʘʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʡ ʧʨʦʜʫʢʮʠʠ 

ʩ ʚʳʩʦʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʠ ʩʥʠʞʝʥʠʷ ʨʠʩʢʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ.  

ɸʥʘʣʠʟ ʪʝʥʜʝʥʮʠʡ ʨʘʟʚʠʪʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʘʟʨʘʙʦʪʦʢ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʧʦʟʚʦʣʠʣ 

ʦʩʫʱʝʩʪʚʠʪʴ ʚʳʙʦʨ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ.  

ʇʦʣʫʯʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʜʣʷ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʠ ʨʫʢʦʚʦʜʠʪʝʣʝʡ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ 

ʚʘʞʥʦʡ ʠ ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʧʨʠʥʷʪʠʷ ʜʘʣʴʥʝʡʰʠʭ ʨʝʰʝʥʠʡ ʩ ʮʝʣʴʶ ʫʩʧʝʰʥʦʛʦ 

ʚʳʧʦʣʥʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʚ ʮʝʣʦʤ. 

ʅʘʰʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʨʷʜʘ ʦʨʠʛʠʥʘʣʴʥʳʭ ʠʟʦʙʨʝʪʝʥʠʡ, ʧʨʠ 

ʦʪʙʦʨʝ ʠ ʚʥʝʜʨʝʥʠʠ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʠʟ ʥʠʭ, ʦʪʢʨʳʚʘʝʪʩʷ ʰʠʨʦʢʘʷ ʧʝʨʩʧʝʢʪʠʚʘ ʧʦ 

ʧʨʦʠʟʚʦʜʩʪʚʫ ʢʘʯʝʩʪʚʝʥʥʦʡ  ʧʨʦʜʫʢʮʠʠ ʩ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ ʧʝʨʝʜʘʯʠ 

ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ. 
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ʀʥʩʪʠʪʫʪ ʤʘʰʠʥʦʚʝʜʝʥʠʷ ʠʤ. ɸ.ɸ.ɹʣʘʛʦʥʨʘʚʦʚʘ ʈɸʅ 

 

Abstract. A lot of problems in mechanisms optimal design have multiple characteristics which 

have to be optimized simultaneously. Various methods of multiobjective optimization and Pareto 

front analysis are discussed. 

ɿʘʜʘʯʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʠʥʪʝʟʘ ʢʦʥʩʪʨʫʢʮʠʠ ʤʝʭʘʥʠʟʤʦʚ ʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʳʙʦʨʘ 

ʫʧʨʘʚʣʝʥʠʷ ʠʤʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʪʳʩʢʘʥʠʠ ʪʘʢʠʭ ʜʦʧʫʩʪʠʤʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʳʝ 

ʦʙʝʩʧʝʯʘʪ ʦʧʪʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦ ʦʜʥʦʤʫ ʠʣʠ ʥʝʩʢʦʣʴʢʠʤ ʢʨʠʪʝʨʠʷʤ 

(ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ, ʧʦʢʘʟʘʪʝʣʷʤ ʢʘʯʝʩʪʚʘ). ɹʦʣʴʰʠʥʩʪʚʦ ʪʘʢʠʭ ʟʘʜʘʯ ʷʚʣʷʶʪʩʷ 

ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʳʤʠ. ɺ ʯʘʩʪʥʦʩʪʠ ʜʣʷ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ, ʦʧʪʠʤʠʟʠʨʫʶʪʩʷ ʪʘʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʘʢ ʤʘʥʝʚʨʝʥʥʦʩʪʴ, ʞʝʩʪʢʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ, ʪʦʯʥʦʩʪʴ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ, 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʦʣʝʟʥʘʷ ʥʘʛʨʫʟʢʘ, ʨʘʟʤʝʨʳ ʨʘʙʦʯʝʡ ʦʙʣʘʩʪʠ ʠ ʜʨʫʛʠʝ. 

ɼʣʷ ʦʮʝʥʢʠ ʚʘʨʠʘʥʪʦʚ ʚ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʪʨʦʠʪʴ 

ʬʫʥʢʮʠʠ ʦʪʦʙʨʘʞʝʥʠʷ ʚ ʢʨʠʪʝʨʠʘʣʴʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. ɼʣʷ ʟʘʜʘʯ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʳʙʦʨʘ 

ʧʘʨʘʤʝʪʨʦʚ ʤʝʭʘʥʠʟʤʦʚ ʭʘʨʘʢʪʝʨʥʳʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʵʪʠ ʬʫʥʢʮʠʠ ʟʘʜʘʶʪʩʷ ʥʝʷʚʥʦ ʠ 

ʚʳʯʠʩʣʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʨʘʙʦʪʳ ʤʝʭʘʥʠʟʤʘ. 

ʇʦʵʪʦʤʫ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠʩʩʣʝʜʫʝʪʩʷ ʧʫʪʝʤ ʚʘʨʴʠʨʦʚʘʥʠʷ ʠʩʢʦʤʳʭ 

ʧʝʨʝʤʝʥʥʳʭ ʚ ʜʦʧʫʩʪʠʤʳʭ ʧʨʝʜʝʣʘʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʠʟʚʦʜʠʪʩʷ ʛʝʥʝʨʘʮʠʷ ʜʠʩʢʨʝʪʥʦʛʦ 

ʥʘʙʦʨʘ ʘʣʴʪʝʨʥʘʪʠʚ ï ʦʪʣʠʯʘʶʱʠʭʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʥʘʙʦʨʦʚ ʠʩʢʦʤʳʭ ʧʘʨʘʤʝʪʨʦʚ. ʉʨʝʜʠ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʦʜʭʦʜʦʚ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʤʝʪʦʜ ʃʇŰ (ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ) 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ [1], ʘ ʪʘʢʞʝ ʵʚʦʣʶʮʠʦʥʥʳʝ (ʛʝʥʝʪʠʯʝʩʢʠʝ) ʘʣʛʦʨʠʪʤʳ, ʠʤʝʶʱʠʝ 

ʤʥʦʞʝʩʪʚʦ ʤʦʜʠʬʠʢʘʮʠʡ. 

ʈʝʰʝʥʠʝ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʡ ʟʘʜʘʯʠ ʚ ʪʝʦʨʠʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʧʨʠʥʷʪʦ ʜʝʣʠʪʴ 

ʥʘ ʜʚʘ ʵʪʘʧʘ. ʇʝʨʚʳʡ ï ʤʥʦʛʦʤʝʨʥʘʷ ʦʧʪʠʤʠʟʘʮʠʷ ï ʟʘʚʝʨʰʘʝʪʩʷ ʚʳʜʝʣʝʥʠʝʤ ʤʥʦʞʝʩʪʚʘ 

ʇʘʨʝʪʦ-ʦʧʪʠʤʘʣʴʥʳʭ ʚʘʨʠʘʥʪʦʚ, ʜʘʣʝʝ ʥʝ ʩʨʘʚʥʠʤʳʭ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʬʦʨʤʘʣʴʥʦʡ 

ʤʘʪʝʤʘʪʠʢʠ. ɺʪʦʨʦʡ ï ʩʦʙʩʪʚʝʥʥʦ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʳʡ ʘʥʘʣʠʟ, ʚ ʢʦʪʦʨʦʤ ʫʯʠʪʳʚʘʝʪʩʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʧʨʝʜʧʦʯʪʝʥʠʷʭ ʣʠʮʘ, ʧʨʠʥʠʤʘʶʱʝʛʦ ʨʝʰʝʥʠʝ (ʃʇʈ). ʇʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʤʝʭʘʥʠʟʤʦʚ ʪʘʢʘʷ ʠʥʬʦʨʤʘʮʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʦʪ ʵʢʩʧʝʨʪʦʚ, 

ʢʦʥʩʪʨʫʢʪʦʨʦʚ, ʢʦʥʝʯʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʉʫʱʝʩʪʚʫʝʪ ʮʝʣʦʝ ʤʥʦʞʝʩʪʚʦ ʢʦʨʨʝʢʪʥʳʭ 

ʧʨʦʮʝʜʫʨ ʚʳʷʩʥʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʘʞʥʦʩʪʠ ʢʨʠʪʝʨʠʝʚ [2], ʧʦʟʚʦʣʷʶʱʠʭ ʩʫʟʠʪʴ 

ʤʥʦʞʝʩʪʚʦ ʇʘʨʝʪʦ ʩ ʮʝʣʴʶ ʚʳʙʦʨʘ ʢʦʥʝʯʥʦʛʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʘʨʠʘʥʪʘ. ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʛʦ ʚʳʙʦʨʘ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʩʝ ʰʠʨʝ ʧʨʠʤʝʥʷʶʪʩʷ ʢʦʤʧʴʶʪʝʨʥʳʝ 

ʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ (ʉʇʇʈ). 

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʷʤʦʡ ʘʥʘʣʠʟ ʤʥʦʞʝʩʪʚʘ ʇʘʨʝʪʦ ʤʦʞʝʪ ʜʘʪʴ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚ 

ʚʳʙʦʨʝ ʩʧʝʮʠʘʣʠʟʘʮʠʠ ʠ ʥʘʧʨʘʚʣʝʥʠʡ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɽʩʣʠ ʠʤʝʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʦʙʨʘʟʮʦʚ ʢʦʥʢʫʨʝʥʪʦʚ (ʢʦʤʤʝʨʯʝʩʢʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ) ʠʣʠ ʧʨʦʪʠʚʥʠʢʦʚ 

(ʚʦʝʥʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ), ʪʦ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʚʳʜʝʣʝʥʠʝ ʷʜʨʘ ʠ ʨʘʩʩʤʦʪʨʝʥʠʝ 

ʪʝʭ ʦʙʣʘʩʪʝʡ ʢʨʠʪʝʨʠʘʣʴʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʚ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʦ 

ʧʨʝʠʤʫʱʝʩʪʚʦ. 
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Abstract. The kinematics of independent five-link wheel suspension was considered. The 

position problem is solved numerically using modifications of Newton's and Gaussôs methods. 

The offered computation procedure is universal for all types of mechanisms with the closed 

kinematic chains.  

 

ʀʟʫʯʝʥʠʝ ʬʫʥʢʮʠʠ ʧʦʣʦʞʝʥʠʷ ʧʣʦʩʢʠʭ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʩ 

ʟʘʤʢʥʫʪʳʤʠ ʢʠʥʝʤʘʪʠʯʝʩʢʠʤʠ ʮʝʧʷʤʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʪʨʫʜʥʦʩʪʠ. ʕʪʘ 

ʬʫʥʢʮʠʷ ʤʦʞʝʪ ʙʳʪʴ ʥʝʷʚʥʦ ʟʘʜʘʥʘ ʚ ʚʠʜʝ ʩʠʩʪʝʤʳ ʥʝʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ 

ʫʨʘʚʥʝʥʠʡ fi(x1, é, xn) = 0, i = 1, é, n, ʚʳʨʘʞʘʶʱʠʭ ʩʚʷʟʠ.  

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʤʝʭʘʥʠʟʤʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʝʟʘʚʠʩʠʤʘʷ ʧʝʨʝʜʥʷʷ ʧʦʜʚʝʩʢʘ ʩ 

ʧʷʪʴʶ ʞʝʩʪʢʠʤʠ ʟʚʝʥʴʷʤʠ, ʠʤʝʶʱʘʷ 1 ʩʪʝʧʝʥʴ ʩʚʦʙʦʜʳ. ɿʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ 

ʟʚʝʥʴʝʚ ʧʦʜʚʝʩʢʠ ʧʦ ʟʘʜʘʥʥʦʤʫ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʧʦʣʦʞʝʥʠʶ ʢʦʣʝʩʘ ʠʤʝʝʪ ʨʘʟʤʝʨʥʦʩʪʴ n = 

17 ʠ ʪʨʝʙʫʝʪ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ.  

ɽʩʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʘʙʦʪʳ ʧʦʩʣʝʜʥʠʭ ʣʝʪ, ʩʚʷʟʘʥʥʳʭ ʩ ʯʠʩʣʝʥʥʳʤ ʨʝʰʝʥʠʝʤ 

ʟʘʜʘʯʠ ʦ ʧʦʣʦʞʝʥʠʠ, ʪʦ ʤʦʞʥʦ ʦʙʥʘʨʫʞʠʪʴ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ, ʛʜʝ ʘʚʪʦʨʳ 

ʧʳʪʘʶʪʩʷ ʨʘʟʨʘʙʦʪʘʪʴ ʩʚʦʡ, ʥʦʚʳʡ ʯʠʩʣʝʥʥʳʡ ʤʝʪʦʜ, ʧʨʠʤʝʥʠʤʳʡ ʪʦʣʴʢʦ ʢ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ ʤʝʭʘʥʠʟʤʘ. ɿʘʯʘʩʪʫʶ ʧʨʝʜʣʘʛʘʝʤʳʝ ʤʝʪʦʜʳ ʷʚʣʷʶʪʩʷ ʥʝ ʦʙʦʩʥʦʚʘʥʥʳʤʠ, 

ʤʝʜʣʝʥʥʦ ʩʭʦʜʷʱʠʤʠʩʷ ʠ ʥʝ ʵʬʬʝʢʪʠʚʥʳʤʠ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦ ʧʦʣʦʞʝʥʠʠ ʥʘʤʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʪʝʨʘʮʠʦʥʥʳʡ ʤʝʪʦʜ 

ʅʴʶʪʦʥʘ, ʦʙʦʙʱʝʥʥʳʡ ʥʘ ʤʥʦʛʦʤʝʨʥʳʡ ʩʣʫʯʘʡ. ɺʳʙʠʨʘʷ ʥʝʢʦʪʦʨʦʝ ʥʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʚʝʢʪʦʨʘ ʥʝʠʟʚʝʩʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ x
0
 = (x1

0
, é, xn

0
), ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʧʨʠʙʣʠʞʝʥʠʷ x

k+1
 

ʥʘʭʦʜʷʪ ʧʫʪʝʤ ʨʝʰʝʥʠʷ ʫʞʝ ʣʠʥʝʡʥʦʡ ʩʠʩʪʝʤʳ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ (ʉʃɸʋ): 

)()(

)()(

1

11 1

k

n

n

i i

k

ni

kn

i i

k

i

xfzxJ

xfzxJ

dd
>

dd

, 

ʛʜʝ ʯʠʩʣʘ)( k

ji xJ
d
ʩʦʩʪʘʚʣʷʶʪ ʷʢʦʙʠʘʥ ʠʩʭʦʜʥʦʡ ʥʝʣʠʥʝʡʥʦʡ ʩʠʩʪʝʤʳ. ʈʝʰʝʥʠʝʤ ʉʃɸʋ 

ʷʚʣʷʝʪʩʷ ʚʝʢʪʦʨ ʧʨʠʨʘʱʝʥʠʡ z, ʪʘʢ ʯʪʦ zxx kk ddd1 . 

ɼʣʷ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʉʃɸʋ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʤʝʪʦʜ ɻʘʫʩʩʘ ʩ 

ʚʳʜʝʣʝʥʠʝʤ ʛʣʘʚʥʦʛʦ ʵʣʝʤʝʥʪʘ ʧʦ ʩʪʦʣʙʮʫ. ɺ ʧʨʦʮʝʩʩʝ ʨʝʰʝʥʠʷ ʙʳʣ ʚʳʷʚʣʝʥ ʨʷʜ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʧʨʦʙʣʝʤ ʠ ʩʣʦʞʥʦʩʪʝʡ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚʩʧʦʤʦʛʘʪʝʣʴʥʘʷ ʤʘʪʨʠʮʘ ʉʃɸʋ ʚ 

ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʦʢʘʟʳʚʘʣʘʩʴ ʚʳʨʦʞʜʝʥʥʦʡ ʠʣʠ ʧʣʦʭʦ ʦʙʫʩʣʦʚʣʝʥʥʦʡ. ʇʦʵʪʦʤʫ ʙʳʣ 

ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʨʝʛʫʣʷʨʠʟʘʮʠʠ ʧʦ ʊʠʭʦʥʦʚʫ.  

ʄʝʪʦʜ ʅʴʶʪʦʥʘ ʧʦʢʘʟʘʣ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʘʢ ʚ ʩʢʦʨʦʩʪʠ ʚʳʯʠʩʣʝʥʠʡ, ʪʘʢ ʠ 

ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʜʠʘʧʘʟʦʥʘ ʭʦʜʘ ʢʦʣʝʩʘ. ʆʩʥʦʚʥʦʝ ʞʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʝʛʦ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ. ʆʧʠʩʘʥʥʳʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʝʪʦʜʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ 

ʨʘʩʯʝʪʝ ʧʦʣʦʞʝʥʠʷ ʩʘʤʳʭ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʩ ʟʘʤʢʥʫʪʳʤʠ ʢʠʥʝʤʘʪʠʯʝʩʢʠʤʠ 

ʮʝʧʷʤʠ. 
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ʅɸ ʊʆʏʅʆʉʊʔ ʇʆɿʀʎʀʆʅʀʈʆɺɸʅʀʗ  

ʇʗʊʀʂʆʆʈɼʀʅɸʊʅʆɻʆ ʉʊɸʅʂɸ ʉ ʏʇʋ 

THE RESEARCH OF INFLUENCE OF COOLING SYSTEM 

ON ACCURACY OF POSITIONING 5-AXES CNC MACHINE TOOL 
ʀ.ɺ. ʅʠʢʫʣʠʯʝʚ

1
 ï ʘʩʧ., ʅ.ɸ. ʉʝʨʢʦʚ

2
 ï ʢ.ʪ.ʥ., ʩ.ʥ.ʩ. 

1
 ʄɻʊʋ "ʉʪʘʥʢʠʥ" 

2
 ʀʥʩʪʠʪʫʪ ʤʘʰʠʥʦʚʝʜʝʥʠʷ ʠʤ. ɸ.ɸ. ɹʣʘʛʦʥʨʘʚʦʚʘ ʈɸʅ 

 

Abstract. A heat allocation in carrying system of the machine tool influences to accuracy of the 

basic knots. During research the connection between temperature change of knots in the machine 

tool and deviations of the casual component of positioning is established.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʘʷ ʦʙʨʘʙʦʪʢʘ ʤʝʪʘʣʣʦʚ ʨʝʟʘʥʠʝʤ ʧʨʠʦʙʨʝʪʘʝʪ 

ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ. ɼʣʷ ʵʪʠʭ ʮʝʣʝʡ ʚ ʤʝʪʘʣʣʦʨʝʞʫʱʠʭ ʩʪʘʥʢʘʭ  

ʧʨʠʤʝʥʷʶʪʩʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʝ ʰʧʠʥʜʝʣʠ ʩ ʚʩʪʨʦʝʥʥʳʤʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷʤʠ. ɼʨʫʛʦʡ 

ʧʨʦʛʨʝʩʩʠʚʥʦʡ ʪʝʥʜʝʥʮʠʝʡ ʨʘʟʚʠʪʠʷ ʩʪʘʥʢʦʚ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʙʝʟʨʝʜʫʢʪʦʨʥʳʭ 

ʧʨʠʚʦʜʦʚ (direct drive) ʥʘ ʙʘʟʝ ʣʠʥʝʡʥʳʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʜʣʷ ʣʠʥʝʡʥʳʭ ʢʦʦʨʜʠʥʘʪ ʠ ʥʘ 

ʙʘʟʝ ʩʠʥʭʨʦʥʥʳʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʤʘʛʥʠʪʘʤʠ ʠ ʧʦʣʳʤ ʨʦʪʦʨʦʤ ʜʣʷ 

ʫʛʣʦʚʳʭ ʢʦʦʨʜʠʥʘʪ. ʇʨʠ ʨʘʙʦʪʝ ʫʢʘʟʘʥʥʳʭ ʧʨʠʚʦʜʦʚ ʚʳʜʝʣʷʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʪʝʧʣʘ (10% ʧʦʪʨʝʙʣʷʝʤʦʡ ʵʥʝʨʛʠʠ). ɺʳʜʝʣʷʝʤʦʝ ʪʝʧʣʦ ʦʪʚʦʜʠʪʩʷ ʦʪ ʩʪʘʥʢʘ ʚ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ ʩ ʭʦʣʦʜʠʣʴʥʳʤ ʘʛʨʝʛʘʪʦʤ, 

ʥʘʭʦʜʷʱʠʤʩʷ ʨʷʜʦʤ ʩʦ ʩʪʘʥʢʦʤ. ʅʝʧʨʝʨʳʚʥʦʝ ʚʳʜʝʣʝʥʠʝ ʪʝʧʣʘ ʚ ʥʝʩʫʱʝʡ ʩʠʩʪʝʤʝ ʩʪʘʥʢʘ 

ʠ ʦʪʚʦʜ ʝʛʦ ʚ ʨʝʣʝʡʥʦʤ ʨʝʞʠʤʝ ʧʨʠʚʦʜʠʪ ʢ ʮʠʢʣʠʯʝʩʢʦʤʫ ʠʟʤʝʥʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ 

ʦʩʥʦʚʥʳʭ ʫʟʣʦʚ ʩʪʘʥʢʘ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʪʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʘʥʢʘ. 

ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʦʩʥʦʚʥʳʭ ʫʟʣʦʚ ʩʪʘʥʢʘ ʥʘ ʩʫʤʤʘʨʥʳʝ ʦʪʢʣʦʥʝʥʠʷ 

ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʦʨʛʘʥʦʚ ʩʪʘʥʢʘ ʷʚʣʷʝʪʩʷ  ʪʘʢʠʤ ʞʝ ʩʫʱʝʩʪʚʝʥʥʳʤ, ʢʘʢ ʠ ʚʣʠʷʥʠʝ 

ʧʝʨʚʠʯʥʳʭ ʦʪʢʣʦʥʝʥʠʡ ʤʝʭʘʥʠʟʤʦʚ ʥʝʩʫʱʝʡ ʩʠʩʪʝʤʳ (ʦʪʢʣʦʥʝʥʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ, 

ʩʪʘʪʠʯʝʩʢʠʝ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʜʝʬʦʨʤʘʮʠʠ).  

ʎʝʣʴ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʷʣʘ ʚ ʠʟʫʯʝʥʠʠ ʤʝʭʘʥʠʟʤʘ ʚʣʠʷʥʠʷ ʘʣʛʦʨʠʪʤʘ 

ʨʘʙʦʪʳ ʭʦʣʦʜʠʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ ʥʘ ʦʪʢʣʦʥʝʥʠʷ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʧʦ ʢʘʞʜʦʡ ʦʪʜʝʣʴʥʦʡ 

ʫʧʨʘʚʣʷʝʤʦʡ ʢʦʦʨʜʠʥʘʪʝ ʧʨʝʮʠʟʠʦʥʥʦʛʦ (ʢʣʘʩʩ ʪʦʯʥʦʩʪʠ ɸ) 5 ʢʦʦʨʜʠʥʘʪʥʦʛʦ 

ʤʥʦʛʦʮʝʣʝʚʦʛʦ ʩʪʘʥʢʘ ʤʦʜ. ʄʉ -300 (ʆɸʆ "ʅʀɸʊ"). 

ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʮʠʢʣʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʩʥʦʚʥʳʭ ʫʟʣʦʚ ʩʪʘʥʢʘ, ʚʳʟʚʘʥʥʳʡ ʨʘʙʦʪʦʡ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ, 

ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʩʣʫʯʘʡʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʦʪʢʣʦʥʝʥʠʷ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ. ʋʤʝʥʴʰʝʥʠʝ 

ʜʠʘʧʘʟʦʥʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʝʨʝʢʣʶʯʝʥʠʷ ʭʦʣʦʜʠʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ ʩ 19 Ñ 1C 

ʥʘ ʜʠʘʧʘʟʦʥ  19 Ñ 0,1C ʧʦʟʚʦʣʠʣʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʠʪʴ ʩʣʫʯʘʡʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ 

ʦʪʢʣʦʥʝʥʠʷ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʜʣʷ ʢʘʞʜʦʡ ʠʟ 5 ʫʧʨʘʚʣʷʝʤʳʭ ʢʦʦʨʜʠʥʘʪ ʠ ʜʦʩʪʠʛʥʫʪʴ 

ʟʘʜʘʥʥʳʭ ʥʦʨʤ ʪʦʯʥʦʩʪʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ, ʝʩʪʝʩʪʚʝʥʥʦ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʦʚʤʝʩʪʥʦ ʩ 

ʧʨʦʚʝʜʝʥʠʝʤ ʢʦʨʨʝʢʮʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ. ɼʘʣʝʝ, ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ 

ʪʝʧʣʦʚʦʡ ʨʝʞʠʤ ʚ ʦʩʥʦʚʥʳʭ ʫʟʣʘʭ ʩʪʘʥʢʘ (ʩʪʘʥʠʥʘ, ʧʦʚʦʨʦʪʥʳʝ ʩʪʦʣʳ, ʩʪʦʡʢʘ, 

ʰʧʠʥʜʝʣʴʥʘʷ ʙʘʙʢʘ) ʚʳʭʦʜʠʪ ʥʘ ʫʩʪʘʥʦʚʠʚʰʠʡʩʷ ʮʠʢʣʦʚʦʡ ʨʝʞʠʤ ʧʨʠʤʝʨʥʦ ʯʝʨʝʟ 2 ʯʘʩʘ 

ʧʦʩʣʝ ʚʢʣʶʯʝʥʠʷ ʩʪʘʥʢʘ (ʢʨʠʚʳʝ ʦʪʢʣʦʥʝʥʠʡ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʧʝʨʝʩʪʘʶʪ ʧʦʩʪʝʧʝʥʥʦ 

ʩʤʝʱʘʪʴʩʷ ʩʦ ʚʨʝʤʝʥʝʤ) ʠ ʫʞʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʤʝʥʷʝʪʩʷ ʚ ʪʝʯʝʥʠʝ ʥʘʙʣʶʜʘʝʤʳʭ 

ʠʥʪʝʨʚʘʣʦʚ ʚʨʝʤʝʥʠ (8-10 ʯʘʩʦʚ).   

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʟʫʯʝʥʠʝ ʠ ʥʘʙʣʶʜʝʥʠʝ çʩʚʷʟʠè ʧʦʚʝʜʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʦʪʢʣʦʥʝʥʠʷ (ʢʨʠʚʦʡ) ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʩ ʬʠʢʩʠʨʦʚʘʥʠʝʤ ʚʨʝʤʝʥʠ 

ʚʢʣʶʯʝʥʠʷ ʭʦʣʦʜʠʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʡ ʧʨʠʟʥʘʢ 

ʦʮʝʥʢʠ ʧʨʘʚʠʣʴʥʦʩʪʠ ʨʘʙʦʪʳ (ʥʘʩʪʨʦʡʢʠ) ʭʦʣʦʜʠʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʠʟʤʝʨʠʪʝʣʴʥʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʎʂʇ ʧʨʠ ʀʄɸʐ ʈɸʅ çʀʩʩʣʝʜʦʚʘʥʠʝ ʠ ʜʠʘʛʥʦʩʪʠʢʘ ʪʦʯʥʦʩʪʠ ʤʘʰʠʥè.  
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THE ADAPTIVE STROKE MECHANISM WITH VARIABLE STRUCTURE 
 

ɼ.ɸ. ʅʦʚʠʢʦʚ ï ʘʩʩ., ɺ.ʅ. ɹʘʢʫʨʠʥ ï ʩʪʫʜ. 

ʌɻɹʆʋ ɺʇʆ çʋʣʴʷʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

Abstract. The stroke mechanism with variable structure is considered. Structure change arises 

when the position of the mass changes over the rack. There is stroke mass capture at critical 

angles of the mechanismôs members. Then mechanism passes in stroke operation mode. The 

mechanism is capable for strokes in dependence on technological environment properties. 

 

ɺ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʪʝʭʥʠʢʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘʭʦʜʷʪ ʤʝʭʘʥʠʟʤʳ, 

ʠʩʧʦʣʴʟʫʶʱʠʝ ʵʬʬʝʢʪ ʫʜʘʨʘ ʜʣʷ ʛʝʥʝʨʠʨʦʚʘʥʠʷ ʙʦʣʴʰʠʭ ʧʦ ʚʝʣʠʯʠʥʝ ʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʭ 

ʧʦ ʜʣʠʪʝʣʴʥʦʩʪʠ ʫʩʠʣʠʡ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ.  

ɺʦʟʙʫʞʜʝʥʠʝ ʫʜʘʨʥʳʭ ʥʘʛʨʫʟʦʢ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʚʨʘʪʥʦ-

ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʫʜʘʨʥʦʡ ʤʘʩʩʳ ʠ ʝʝ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʩʦʫʜʘʨʝʥʠʡ ʩ ʨʘʙʦʯʠʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ. ɺʦʟʚʨʘʪʥʦ-ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ  ʜʚʠʞʝʥʠʝ ʫʜʘʨʥʦʡ ʤʘʩʩʳ ʤʦʞʝʪ ʙʳʪʴ 

ʦʩʫʱʝʩʪʚʣʝʥʦ ʩ ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ ʫʩʪʨʦʡʩʪʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ 

ʚʳʜʝʣʠʤ ʢʣʘʩʩ ʘʜʘʧʪʠʚʥʳʭ ʫʜʘʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʧʝʨʝʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ (ʨʠʩ. 1). 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʘʜʘʧʪʠʚʥʦʛʦ ʫʜʘʨʥʦʛʦ ʤʝʭʘʥʠʟʤʘ: 1 ï ʢʨʠʚʦʰʠʧ, 2 ï ʰʘʪʫʥ, 3 ï ʢʦʨʦʤʳʩʣʦ, 

4 ï ʫʜʘʨʥʠʢ, 5 ï ʩʪʦʡʢʘ, 6 ï ʨʘʙʦʯʠʡ ʠʥʩʪʨʫʤʝʥʪ, 7 ï ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʨʝʜʘ 

 

ʋʜʘʨʥʳʡ ʤʝʭʘʥʠʟʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʷʪʠʟʚʝʥʥʳʡ ʤʝʭʘʥʠʟʤ, ʩʦʩʪʦʷʱʠʡ ʠʟ 

ʢʨʠʚʦʰʠʧʘ 1, ʰʘʪʫʥʘ 2, ʢʦʨʦʤʳʩʣʘ 3, ʫʜʘʨʥʦʡ ʤʘʩʩʳ 4 ʠ ʢʦʨʧʫʩʘ 5 (ʩʪʦʡʢʠ ʤʝʭʘʥʠʟʤʘ). 

ʐʘʨʥʠʨʥʦ-ʨʳʯʘʞʥʳʡ ʤʝʭʘʥʠʟʤ ʦʙʝʩʧʝʯʠʚʘʝʪ ʟʘʭʚʘʪ ʫʜʘʨʥʦʡ ʤʘʩʩʳ, ʝʝ ʚʟʚʦʜ ʠ ʩʞʘʪʠʝ 

ʧʨʫʞʠʥʳ, ʢʦʪʦʨʘʷ ʟʘʪʝʤ ʦʩʫʱʝʩʪʚʣʷʝʪ ʨʘʟʛʦʥ ʫʜʘʨʥʦʡ ʤʘʩʩʳ ʠ ʝʝ ʩʦʫʜʘʨʝʥʠʝ ʩ 

ʠʥʩʪʨʫʤʝʥʪʦʤ 6.                 

ʋʛʦʣ ʧʝʨʝʜʘʯʠ ʜʚʠʞʝʥʠʷ ʦʪ ʰʘʪʫʥʘ ʢ ʢʦʨʦʤʳʩʣʫ ʚ ʢʨʘʡʥʠʭ ʧʦʣʦʞʝʥʠʷʭ ʢʨʠʚʦʰʠʧʘ 

ʟʘʚʠʩʠʪ ʦʪ ʧʦʣʦʞʝʥʠʷ ʫʜʘʨʥʦʡ ʤʘʩʩʳ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʠʟʤʝʥʠʪʴʩʷ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ 

ʩʪʦʡʢʠ 5 ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʥʩʪʨʫʤʝʥʪʘ 6. ʂʘʢ ʪʦʣʴʢʦ ʫʛʦʣ ʧʝʨʝʜʘʯʠ ʜʚʠʞʝʥʠʷ ʜʦʩʪʠʛʥʝʪ 

ʩʚʦʝʛʦ ʢʨʠʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ, ʠʩʢʣʶʯʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʜʚʠʞʝʥʠʷ ʢʦʨʦʤʳʩʣʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʜʘʨʥʦʡ ʤʘʩʩʳ. ʊʝʤ ʩʘʤʳʤ ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ ʧʝʨʝʜʘʯʘ ʜʚʠʞʝʥʠʷ ʦʪ ʰʘʪʫʥʘ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʫʜʘʨʥʦʡ ʤʘʩʩʝ, ʩʞʘʪʠʝ ʨʘʙʦʯʝʡ ʧʨʫʞʠʥʳ ʠ ʥʘʢʦʧʣʝʥʠʝ ʧʦʪʝʥʮʠʘʣʴʥʦʡ 

ʵʥʝʨʛʠʠ.  

ɺ ʢʦʥʮʝ ʚʟʚʦʜʘ ʫʜʘʨʥʦʡ ʤʘʩʩʳ ʫʛʦʣ ʧʝʨʝʜʘʯʠ ʜʚʠʞʝʥʠʷ ʦʪ ʰʘʪʫʥʘ ʢ ʢʦʨʦʤʳʩʣʫ 

ʚʳʭʦʜʠʪ ʠʟ ʟʦʥʳ ʢʨʠʪʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ. ʄʝʭʘʥʠʟʤ ʧʨʠʦʙʨʝʪʘʝʪ ʚʪʦʨʫʶ ʩʪʝʧʝʥʴ ʩʚʦʙʦʜʳ 

ʠ ʫʜʘʨʥʘʷ ʤʘʩʩʘ ʟʘ ʩʯʝʪ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ, ʥʘʢʦʧʣʝʥʥʦʡ ʚ ʧʨʫʞʠʥʝ, ʨʘʟʛʦʥʷʝʪʩʷ ʠ 

ʥʘʥʦʩʠʪ ʫʜʘʨ ʧʦ ʠʥʩʪʨʫʤʝʥʪʫ.     

ɺʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʫʜʘʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚ ʵʪʠʭ 

ʩʭʝʤʘʭ ʫʜʘʝʪʩʷ ʩʚʷʟʘʪʴ ʯʝʨʝʟ ʠʥʩʪʨʫʤʝʥʪ ʧʦʣʦʞʝʥʠʝ ʫʜʘʨʥʦʡ ʤʘʩʩʳ ʠ ʩʚʦʡʩʪʚʘ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʚʦʡʩʪʚ ʩʨʝʜʳ ʩʠʩʪʝʤʘ 

ʩʧʦʩʦʙʥʘ ʚʦʟʙʫʞʜʘʪʴ ʫʜʘʨʥʳʝ ʥʘʛʨʫʟʢʠ. ɺ ʵʪʦʤ ʧʨʦʷʚʣʷʶʪʩʷ ʝʝ ʘʜʘʧʪʠʚʥʳʝ ʩʚʦʡʩʪʚʘ. 
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ʋɼɸʈʅʓʍ ʉʀʉʊɽʄ ʉ ʈɸɿʈʓɺʅʓʄʀ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸʄʀ 

 

MOVEMENT PROCESSES MODELING IN THE STROKE SYSTEMS 

WITH EXPLOSIVE CHARACTERISTICS 
 

ɼ.ɸ. ʅʦʚʠʢʦʚ - ʘʩʩ.  

ʌɻɹʆʋ ɺʇʆ çʋʣʴʷʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

Abstract. The paper describes the movement model of the stroke system. The system was 

considered at periodic force impact with alterable directions. The stroke occurs when the force 

are changing its direction. Calculation of parameters of stroke system was carried out. The 

systemôs movement modeling results are presented. 

 

ʇʨʠ ʩʦʟʜʘʥʠʠ ʫʜʘʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ 

ʨʘʮʠʦʥʘʣʴʥʳʭ ʟʘʢʦʥʦʚ ʜʚʠʞʝʥʠʷ ʫʜʘʨʥʦʡ ʤʘʩʩʳ. ʅʘ ʨʝʞʠʤ ʜʚʠʞʝʥʠʷ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ 

ʤʥʦʞʝʩʪʚʦ ʬʘʢʪʦʨʦʚ, ʢ ʯʠʩʣʫ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʩʠʣʳ, ʨʘʟʛʦʥʷʶʱʠʝ ʤʘʩʩʫ ʜʣʷ 

ʥʘʥʝʩʝʥʠʷ ʫʜʘʨʘ ʠ ʦʪʚʦʜʷʱʠʝ ʝʝ ʚ ʠʩʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʟʘʜʘʥʥʳʡ ʧʝʨʠʦʜ ʤʝʞʜʫ ʫʜʘʨʘʤʠ, 

ʚʨʝʤʷ ʧʝʨʝʢʣʶʯʝʥʠʷ ʩʠʣ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʩʢʦʨʦʩʪʠ ʫʜʘʨʥʠʢʘ ʠ ʜʨʫʛʠʝ.  

ʄʦʜʝʣʴ ʚʠʙʨʦʫʜʘʨʥʦʡ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ ʩ ʨʘʟʨʳʚʥʳʤʠ 

ʬʫʥʢʮʠʷʤʠ ʩʠʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʩ ʥʝʣʠʥʝʡʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʫʜʘʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ʈʘʟʨʘʙʦʪʘʥʘ ʧʨʦʮʝʜʫʨʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ  ʜʚʠʞʝʥʠʷ ʫʜʘʨʥʦʡ ʩʠʩʪʝʤʳ ʧʨʠ 

ʧʝʨʠʦʜʠʯʝʩʢʦʤ ʩʠʣʦʚʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʩ ʫʯʝʪʦʤ ʚʦʟʤʦʞʥʳʭ ʤʥʦʛʦʢʨʘʪʥʳʭ ʫʜʘʨʦʚ (ʷʚʣʝʥʠʷ 

ʜʨʝʙʝʟʛʘ) ʟʘ ʧʝʨʠʦʜ ʩʠʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʈʝʰʝʥʠʝ ʵʪʦʡ ʧʨʦʙʣʝʤʳ  ʥʘʡʜʝʥʦ ʧʫʪʝʤ 

ʦʧʨʝʜʝʣʝʥʠʷ ʤʠʥʠʤʘʣʴʥʦʛʦ ʯʠʩʣʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʫʜʘʨʦʚ, ʧʨʝʚʳʰʝʥʠʝ ʢʦʪʦʨʦʛʦ 

ʧʦʟʚʦʣʷʝʪ ʩ ʟʘʜʘʥʥʳʤ ʫʨʦʚʥʝʤ ʧʦʛʨʝʰʥʦʩʪʠ ʦʪʩʝʢʘʪʴ ʧʦʩʣʝʜʫʶʱʠʝ ʤʘʣʳʝ ʧʝʨʝʤʝʱʝʥʠʷ 

ʫʜʘʨʥʠʢʘ ʠ ʦʧʨʝʜʝʣʷʪʴ ʥʘʯʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʩʣʝʜʫʶʱʝʛʦ ʮʠʢʣʘ ʜʚʠʞʝʥʠʷ. 

ʈʘʟʨʘʙʦʪʘʥ ʧʨʦʙʣʝʤʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʜʚʠʞʝʥʠʷ ʚʠʙʨʦʫʜʘʨʥʳʭ ʩʠʩʪʝʤ ʩ ʫʯʝʪʦʤ ʩʦʫʜʘʨʝʥʠʡ, ʨʘʟʨʳʚʥʳʭ ʬʫʥʢʮʠʡ ʩʠʣʦʚʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʙʲʝʢʪ, ʷʚʣʝʥʠʷ ʜʨʝʙʝʟʛʘ, ʛʨʘʬʠʯʝʩʢʠʤ ʠ ʯʠʩʣʦʚʳʤ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝʤ 

ʧʘʨʘʤʝʪʨʦʚ ʜʚʠʞʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʬʠʢʩʠʨʦʚʘʥʠʝʤ ʜʣʠʪʝʣʴʥʦʩʪʠ 

ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʧʨʝʜʝʣʴʥʳʭ ʮʠʢʣʦʚ ʜʚʠʞʝʥʠʷ; ʚʢʣʶʯʝʥʠʝʤ ʚ ʩʠʩʪʝʤʫ ʙʣʦʢʘ 

ʩʣʫʯʘʡʥʳʭ ʠʟʤʝʥʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ, ʧʦʟʚʦʣʷʶʱʠʤ ʚʚʦʜʠʪʴ ʩʣʫʯʘʡʥʦʝ ʤʘʣʦʝ ʦʪʢʣʦʥʝʥʠʝ 

ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ. 

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʭʘʨʘʢʪʝʨʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ 

ʚʠʙʨʦʫʜʘʨʥʦʡ ʩʠʩʪʝʤʳ, ʢʦʛʜʘ ʝʝ ʧʘʨʘʤʝʪʨʳ ʨʝʘʣʠʟʫʶʪ ʩʣʦʞʥʳʡ ʧʝʨʝʭʦʜʥʦʡ ʧʨʦʮʝʩʩ. 

 

 

ʈʠʩ. 1. ɼʠʘʛʨʘʤʤʳ ʜʚʠʞʝʥʠʷ ʫʜʘʨʥʦʡ ʤʘʩʩʳ ( )x x t , ( )v v t ʠ ʬʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ  

ʈʘʟʨʘʙʦʪʘʥʘ ʧʨʦʮʝʜʫʨʘ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ʚʠʙʨʦʫʜʘʨʥʦʡ ʩʠʩʪʝʤʳ ʧʨʠ ʨʘʟʣʠʯʥʦʤ 

ʬʘʟʦʚʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʤʦʤʝʥʪʘ ʧʝʨʝʢʣʶʯʝʥʠʷ ʩʠʣ ʢ ʚʨʝʤʝʥʠ ʥʘʥʝʩʝʥʠʷ ʫʜʘʨʘ. 
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ɺ ʉʆɽɼʀʅɽʅʀʀ ʉʊɽʈɾʅɽʁ  

THE CARRYING OVER ENERGY OF THE LONGITUDINAL DEFORMATION 

WAVE IN THE RODS JOINTS 
ʀ.ɸ. ʅʦʚʠʢʦʚʘ ï ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ  

ʌɻɹʆʋ ɺʇʆ çʋʣʴʷʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

Abstract. The paper gives a review of transformation of longitudinal strain wave with constant 

intensity in the heterogeneous rods and elastic element joints. The article describes a technique 

for calculating the parameters of generated strain waves in the rod system, strain wave energy 

and wave energy transfer efficiency. 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʘ ʟʘʜʘʯʘ ʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʧʨʦʜʦʣʴʥʦʡ ʚʦʣʥʳ ʜʝʬʦʨʤʘʮʠʠ ʥʘ 

ʛʨʘʥʠʮʝ ʨʘʟʥʦʨʦʜʥʳʭ ʩʪʝʨʞʥʝʡ ʩ ʫʧʨʫʛʠʤ ʵʣʝʤʝʥʪʦʤ. ʉʭʝʤʘ ʩʪʝʨʞʥʝʚʦʡ ʩʠʩʪʝʤʳ 

ʠʟʦʙʨʘʞʝʥʘ  ʥʘ ʨʠʩ. 1.  

 
ʈʠʩ. 1. ʉʭʝʤʘ ʩʪʝʨʞʥʝʚʦʡ ʩʠʩʪʝʤʳ: 1, 2 ï ʩʪʝʨʞʥʠ, 3 ï ʫʧʨʫʛʠʡ ʵʣʝʤʝʥʪ 

ɺ ʩʣʫʯʘʝ, ʥʘʧʨʠʤʝʨ, ʧʘʜʘʶʱʝʡ ʚʦʣʥʳ ʧʦʩʪʦʷʥʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʦʨʤʠʨʫʝʤʘʷ ʚ 

ʩʪʝʨʞʥʝ 2 ʚʦʣʥʘ ʦʧʠʩʳʚʘʝʪʩʷ ʬʫʥʢʮʠʝʡ 
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a E A
 ï ʦʪʥʦʰʝʥʠʝ ʚʦʣʥʦʚʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ  ʩʪʝʨʞʥʷ 1 ʠ ʩʪʝʨʞʥʷ 2;  

1E , 
2E  ï ʤʦʜʫʣʠ ʫʧʨʫʛʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʩʪʝʨʞʥʝʡ;  

1A , 
2A  ï ʧʣʦʱʘʜʠ ʧʦʧʝʨʝʯʥʳʭ ʩʝʯʝʥʠʡ ʩʪʝʨʞʥʝʡ; 

1a , 
2a  ï ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥ ʜʝʬʦʨʤʘʮʠʡ ʚ ʩʪʝʨʞʥʷʭ;  

2 2

k l
k

E A
ï ʦʪʥʦʰʝʥʠʝ ʞʝʩʪʢʦʩʪʠ ʫʧʨʫʛʦʛʦ ʵʣʝʤʝʥʪʘ ʢ ʧʨʦʜʦʣʴʥʦʡ ʞʝʩʪʢʦʩʪʠ 

ʝʜʠʥʠʮʳ ʜʣʠʥʳ ʩʪʝʨʞʥʷ 2;  

t
t

T
 ï ʦʪʥʦʰʝʥʠʝ ʪʝʢʫʱʝʛʦ ʚʨʝʤʝʥʠ t  ʢ T ;  

2

l
T

a
 ï ʚʨʝʤʷ ʧʨʦʭʦʞʜʝʥʠʷ ʚʦʣʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʨʘʩʩʪʦʷʥʠʷ l  ʚʦ ʚʪʦʨʦʤ 

ʩʪʝʨʞʥʝ;  

T
T

T
 ï ʦʪʥʦʰʝʥʠʝ ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʘʜʘʶʱʝʡ ʚʦʣʥʳ T   ʢ T . 

ʇʦʣʫʯʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʣʠʷʥʠʝ ʥʘ 

ʧʨʦʮʝʩʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʘʜʘʶʱʝʡ ʚʦʣʥʳ ʣʠʥʝʡʥʦʡ ʬʦʨʤʳ (ʪʨʝʫʛʦʣʴʥʦʡ ʩ ʥʘʨʘʩʪʘʶʱʝʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ, ʪʨʝʫʛʦʣʴʥʦʡ ʩ ʫʙʳʚʘʶʱʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ, ʧʨʷʤʦʫʛʦʣʴʥʦʡ, 

ʪʨʘʧʝʮʝʠʜʘʣʴʥʦʡ) ʞʝʩʪʢʦʩʪʠ ʫʧʨʫʛʦʛʦ ʵʣʝʤʝʥʪʘ, ʩʦʦʪʥʦʰʝʥʠʷ ʚʦʣʥʦʚʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ 

ʩʪʝʨʞʥʝʡ, ʜʣʠʪʝʣʴʥʦʩʪʠ ʜʝʡʩʪʚʠʷ ʧʘʜʘʶʱʝʡ ʚʦʣʥʳ, ʩʦʦʪʥʦʰʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʟʚʫʢʘ ʚ 

ʤʘʪʝʨʠʘʣʝ ʩʦʧʨʷʞʝʥʥʳʭ ʩʪʝʨʞʥʝʡ. 
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ʇʆɺʆʈʆʊɸ ʇʃɸʅʐɸʁɹʓ 5-ʂʆʆʈɼʀʅɸʊʅʆɻʆ ʉʊɸʅʂɸ ʄʉ-300 

RESEARCH OF DYNAMICS THE DIRECT DRIVE  

OF THE ROTARY TABLE 5-COORDINATE MACHINE TOOL MC-300 
ʆ. ʄ. ʆʨʝʰʢʠʥ

1
 ï ʘʩʧ., ʅ. ɸ. ʉʝʨʢʦʚ

2
 ï ʢ.ʪ.ʥ., ʩ.ʥ.ʩ. 

1 
ʆɸʆ çʅʀɸʊè 

2 
ʀʥʩʪʠʪʫʪ ʤʘʰʠʥʦʚʝʜʝʥʠʷ ʠʤ. ɸ.ɸ. ɹʣʘʛʦʥʨʘʚʦʚʘ ʈɸʅ 

 

Abstract. Research the dynamics of the electric drive is important for support the machine tool's 

accuracy. Experiments were conducted to measure the response of the system "faceplate - drive - 

control system". 

 

5-ʢʦʦʨʜʠʥʘʪʥʳʝ ʤʥʦʛʦʮʝʣʝʚʳʝ ʩʪʘʥʢʠ ʩ ʏʇʋ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ  ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʫʜʘ, ʘ ʪʘʢʞʝ ʪʦʯʥʦʩʪʴ ʚʳʧʫʩʢʘʝʤʳʭ ʤʘʰʠʥ 

(ʧʦʣʥʘʷ ʦʙʨʘʙʦʪʢʘ ʜʝʪʘʣʠ ʩ ʦʜʥʦʡ ʫʩʪʘʥʦʚʢʠ, ʵʬʬʝʢʪʠʚʥʘʷ ʦʙʨʘʙʦʪʢʘ çʩʣʦʞʥʳʭ 

ʩʢʫʣʴʧʪʫʨʥʳʭè ʧʦʚʝʨʭʥʦʩʪʝʡ). ʇʦ ʜʘʥʥʳʤ JIMTOF ʩ 2000 ʛ. ʧʦ 2006 ʛ. ʜʦʣʷ 5-

ʢʦʦʨʜʠʥʘʪʥʳʭ ʤʥʦʛʦʮʝʣʝʚʳʭ ʩʪʘʥʢʦʚ ʩ ʏʇʋ ʚʳʨʦʩʣʘ ʩ 8,2% ʜʦ 34,2% ʢ ʦʙʲʸʤʫ 

ʚʳʧʫʩʢʘʝʤʳʭ ʩʪʘʥʢʦʚ ʩ ʏʇʋ. ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 5-

ʢʦʦʨʜʠʥʘʪʥʳʭ ʤʥʦʛʦʮʝʣʝʚʳʭ ʩʪʘʥʢʦʚ ʩ ʏʇʋ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʙʝʟʨʝʜʫʢʪʦʨʥʳʭ 

ʧʨʠʚʦʜʦʚ (direct drive) ʥʘ ʙʘʟʝ ʣʠʥʝʡʥʳʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʜʣʷ ʣʠʥʝʡʥʳʭ ʢʦʦʨʜʠʥʘʪ ʠ ʥʘ 

ʙʘʟʝ ʩʠʥʭʨʦʥʥʳʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʤʘʛʥʠʪʘʤʠ ʠ ʧʦʣʳʤ ʨʦʪʦʨʦʤ ʜʣʷ 

ʫʛʣʦʚʳʭ ʢʦʦʨʜʠʥʘʪ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʙʝʟʨʝʜʫʢʪʦʨʥʳʭ ʧʨʠʚʦʜʦʚ, 

ʚʩʪʨʦʝʥʥʳʭ ʚ 5-ʢʦʦʨʜʠʥʘʪʥʳʝ ʤʥʦʛʦʮʝʣʝʚʳʝ ʩʪʘʥʢʠ ʩ ʏʇʋ, ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʠ 

ʝʸ ʨʝʰʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦ ʢʘʢ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʵʪʠʭ ʩʪʘʥʢʦʚ,  ʪʘʢ ʠ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʤʝʪʦʜʠʢʠ ʠʭ ʥʘʩʪʨʦʡʢʠ ʚ ʧʨʦʮʝʩʩʝ ʩʙʦʨʢʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʆʙʲʝʢʪʦʤ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʢʨʫʛʣʳʡ ʧʦʚʦʨʦʪʥʳʡ ʩʪʦʣ (ʧʣʘʥʰʘʡʙʘ, 

ʧʦʚʦʨʘʯʠʚʘʝʤʘʷ ʙʝʟʨʝʜʫʢʪʦʨʥʳʤ ʧʨʠʚʦʜʦʤ ʦʪ ʩʠʩʪʝʤʳ ʏʇʋ) 5-ʢʦʦʨʜʠʥʘʪʥʦʛʦ ʩʪʘʥʢʘ ʤʦʜ. 

ʄʉ ï 300 ʩ ʏʇʋ Sinumerik 840 D ʠ ʧʨʠʚʦʜʥʦʛʦ ʤʦʜʫʣʷ SIMODRIVE 611D. 

ʌʫʥʢʮʠʦʥʘʣʴʥʦ ʤʦʜʫʣʴ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠʚʦʜʦʤ ʧʦʚʦʨʦʪʥʦʛʦ ʩʪʦʣʘ (ʢʦʦʨʜʠʥʘʪʘ C), ʪʘʢʞʝ 

ʢʘʢ ʠ ʤʦʜʫʣʠ ʫʧʨʘʚʣʝʥʠʷ ʧʦ ʢʘʞʜʦʡ ʠʟ ʦʩʪʘʣʴʥʳʭ 4-ʭ ʢʦʦʨʜʠʥʘʪ, ʩʦʩʪʦʠʪ ʠʟ 3-ʭ ʢʦʥʪʫʨʦʚ 

(ʫʧʨʘʚʣʝʥʠʝ ʧʦ ʪʦʢʫ, ʫʧʨʘʚʣʝʥʠʝ ʧʦ ʩʢʦʨʦʩʪʠ, ʫʧʨʘʚʣʝʥʠʝ ʧʦ ʧʦʣʦʞʝʥʠʶ). ʅʘ ʨʠʩ. 1 

ʧʦʢʘʟʘʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʢʨʫʛʣʦʛʦ ʧʦʚʦʨʦʪʥʦʛʦ ʩʪʦʣʘ. 

ɺ ʭʦʜʝ ʧʨʦʚʝʜʸʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠʟʤʝʨʷʣʩʷ ʦʪʢʣʠʢ ʩʠʩʪʝʤʳ çʧʣʘʥʰʘʡʙʘ ï 

ʧʨʠʚʦʜ ï ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷè ʚ ʚʠʜʝ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʤʝʞʜʫ ʟʘʜʘʥʥʳʤ ʠ ʜʝʡʩʪʚʠʪʝʣʴʥʳʤ 

ʫʛʣʦʚʳʤ ʧʦʣʦʞʝʥʠʝʤ ʧʣʘʥʰʘʡʙʳ ʥʘ ʚʥʝʰʥʝʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʚ ʚʠʜʝ ʩʢʘʯʢʦʦʙʨʘʟʥʦ 

ʠʟʤʝʥʷʶʱʝʡʩʷ ʥʘʛʨʫʟʢʠ. ʈʘʩʩʦʛʣʘʩʦʚʘʥʠʝ 

ʙʳʣʦ ʠʟʤʝʨʝʥʦ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ 

ʧʘʨʘʤʝʪʨʦʚ ʥʘʩʪʨʦʡʢʠ ʚʩʝʭ 3 ʢʦʥʪʫʨʦʚ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʢʨʫʛʣʳʤ ʧʦʚʦʨʦʪʥʳʤ 

ʩʪʦʣʦʤ, ʚʢʣʶʯʘʷ ʧʘʨʘʤʝʪʨʳ, ʦʧʨʝʜʝʣʷʝʤʳʝ 

ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ 

ʧʨʦʮʝʜʫʨʳ ʦʧʪʠʤʠʟʘʮʠʠ, ʧʨʝʜʣʘʛʘʝʤʦʡ ʬ. 

Siemens AG. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʙʳʣʘ ʠʟʤʝʨʝʥʘ 

ʩʪʘʪʠʯʝʩʢʘʷ ʞʝʩʪʢʦʩʪʴ ʥʝʩʫʱʝʡ ʩʠʩʪʝʤʳ 

çʧʣʘʥʰʘʡʙʘ ï ʧʨʠʚʦʜ ï ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷè. 

 

ʈʠʩ. 1. ʂʦʥʩʪʨʫʢʮʠʷ ʧʦʚʦʨʦʪʥʦʛʦ ʩʪʦʣʘ 
ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ  

ʠʟʤʝʨʠʪʝʣʴʥʦʝ ʠ ʥʘʛʨʫʞʘʶʱʝʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʎʂʇ ʧʨʠ ʀʄɸʐ ʈɸʅ  

çʀʩʩʣʝʜʦʚʘʥʠʝ ʠ ʜʠʘʛʥʦʩʪʠʢʘ ʪʦʯʥʦʩʪʠ ʤʘʰʠʥè. 
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RECOMMENDATIONS FOR CHOOSING PARAMETERS BRAKE 

MECHANISMS OF THE TRACTOR TRAIN 
ɸ.ʖ. ʇʦʞʠʜʘʝʚʘ ï ʩʪʫʜ., ʈ.ʅ. ɼʸʤʢʠʥ ï ʤʘʛʠʩʪʨ, ʃ.ɺ. ʃʫʢʠʝʥʢʦ ï ʜ.ʪ.ʥ., ʧʨʦʬ. 

 ʌɻɹʆʋ ʅʦʚʦʤʦʩʢʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪ ʈʍʊʋ ʠʤ. ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ,  

ʌɻɹʆʋ ʊɻʇʋ ʠʤ. ʃ.ʅ. ʊʦʣʩʪʦʛʦ 

       

Abstract. On the basis of research of superficial model by a method of final elements is 

minimum possible thickness of a brake disk is defined, dependence for definition of the 

necessary brake moment is offered. 

 

ʈʘʙʦʪʘ ʪʦʨʤʦʟʥʳʭ ʫʩʪʨʦʡʩʪʚ ʦʧʨʝʜʝʣʷʝʪ ʙʝʟʦʧʘʩʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʨʘʢʪʦʨʥʳʭ 

ʧʦʝʟʜʦʚ, ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʱʠʭʩʷ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ. ɿʥʘʯʝʥʠʝ ʪʦʨʤʦʟʥʳʭ ʫʩʪʨʦʡʩʪʚ 

ʚʦʟʨʘʩʪʘʝʪ ʚ ʩʚʷʟʠ ʩ ʠʥʪʝʥʩʠʬʠʢʘʮʠʝʡ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʫʚʝʣʠʯʝʥʠʝʤ ʜʚʠʞʫʱʠʭʩʷ ʤʘʩʩ, 

ʩʢʦʨʦʩʪʝʡ ʧʝʨʝʤʝʱʝʥʠʷ ʠ ʯʘʩʪʦʪʳ ʪʦʨʤʦʞʝʥʠʡ. ʅʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʤʥʦʛʦʜʠʩʢʦʚʳʝ ʬʨʠʢʮʠʦʥʥʳʝ ʠ ʜʠʩʢʦʚʦ-ʢʦʣʦʜʦʯʥʳʝ ʪʦʨʤʦʟʘ ʩ ʥʝʩʫʱʝʡ ʢʦʥʩʪʨʫʢʮʠʝʡ ʚ 

ʚʠʜʝ ʩʠʣʦʚʦʡ ʩʢʦʙʳ. ʂ ʜʦʩʪʦʠʥʩʪʚʘʤ ʧʝʨʚʳʭ ʦʪʥʦʩʷʪʩʷ ʙʦʣʴʰʘʷ ʵʥʝʨʛʦʸʤʢʦʩʪʴ, 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʪʦʨʤʦʟʥʳʝ ʤʦʤʝʥʪʳ ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʭ ʨʘʟʤʝʨʘʭ ʩʘʤʦʛʦ ʪʦʨʤʦʟʘ; 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʨʘʙʦʪʳ; ʙʦʣʴʰʘʷ ʩʫʤʤʘʨʥʘʷ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʥʠʷ; 

ʫʨʘʚʥʦʚʝʰʝʥʥʦʩʪʴ ʪʦʨʤʦʟʘ; ʪʨʝʥʠʝ ʧʦ ʧʣʦʩʢʦʩʪʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʨʘʚʥʦʤʝʨʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ  ʜʘʚʣʝʥʠʷ ʧʦ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʥʠʷ; ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʪʦʨʤʦʟʥʦʛʦ ʤʦʤʝʥʪʘ 

ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʚʨʘʱʝʥʠʷ ʪʦʨʤʦʟʥʦʛʦ ʚʘʣʘ.  ɼʠʩʢʦʚʦ-ʢʦʣʦʜʦʯʥʳʝ ʪʦʨʤʦʟʘ  ʩ ʥʝʩʫʱʝʡ 

ʢʦʥʩʪʨʫʢʮʠʝʡ ʚ ʚʠʜʝ ʩʠʣʦʚʦʡ ʩʢʦʙʳ  ʦʪʣʠʯʘʶʪʩʷ ʚʝʩʴʤʘ ʤʘʣʳʤ ʦʪʥʦʰʝʥʠʝʤ ʧʣʦʱʘʜʠ 

ʬʨʠʢʮʠʦʥʥʳʭ ʥʘʢʣʘʜʦʢ ʢ ʥʦʤʠʥʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʥʠʷ ʪʦʨʤʦʟʥʦʛʦ ʜʠʩʢʘ. ʇʨʠ 

ʪʦʨʤʦʞʝʥʠʠ ʜʦ 95% ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʥʠʷ ʜʠʩʢʘ ʧʝʨʠʦʜʠʯʝʩʢʠ ʚʳʭʦʜʠʪ ʠʟ ʢʦʥʪʘʢʪʘ ʩ 

ʬʨʠʢʮʠʦʥʥʳʤʠ ʥʘʢʣʘʜʢʘʤʠ ʠ ʩʚʦʙʦʜʥʦ ʦʤʳʚʘʝʪʩʷ ʚʦʟʜʫʭʦʤ. ʋʜʝʣʴʥʘʷ ʵʥʝʨʛʦʸʤʢʦʩʪʴ 

ʜʠʩʢʦʚʦ-ʢʦʣʦʜʦʯʥʳʭ ʚʳʰʝ ʫʜʝʣʴʥʦʡ ʵʥʝʨʛʦʸʤʢʦʩʪʠ ʤʥʦʛʦʜʠʩʢʦʚʳʭ ʬʨʠʢʮʠʦʥʦʚ ʚ 10 ʨʘʟ. 

ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʜʠʩʢʦʚʦ-ʢʦʣʦʜʦʯʥʳʝ ʪʦʨʤʦʟʘ ʦʙʝʩʧʝʯʠʚʘʪʴ ʨʝʘʣʠʟʘʮʠʶ ʙʦʣʝʝ 

ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʤʦʤʝʥʪʦʚ. ʆʜʥʘʢʦ, ʜʣʷ ʠʭ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʥʝʦʙʭʦʜʠʤ ʪʱʘʪʝʣʴʥʳʡ 

ʚʳʙʦʨ ʬʨʠʢʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʙʨʘʥ ʪʨʘʢʪʦʨʥʳʡ ʧʦʝʟʜ (ʪʨʘʢʪʦʨ ʄʊɿ 80, 

ʤʘʩʩʦʡ 3346 ʢʛ ʩ ʧʨʠʮʝʧʦʤ 2ʇʊʉ-4,5 ʠ ʛʨʫʟ 4,5ʪ., ʫʛʣʳ ʧʦʜʲʸʤʘ ʪʨʘʢʪʦʨʘ ʩ ʧʨʠʮʝʧʦʤ ʥʘ 

ʩʫʭʦʤ ʥʝʟʘʜʝʨʥʸʥʥʦʤ ʛʨʫʥʪʝ 12 ʛʨʘʜʫʩʦʚ, ʪʦʨʤʦʟʘ ï ʜʠʩʢʦʚʳʝ, ʩʫʭʠʝ) ʜʚʠʞʫʱʠʡʩʷ ʩʦ 

ʩʢʦʨʦʩʪʴʶ 30ʢʤ/ʯ ʚ ʫʩʣʦʚʠʷʭ ʠʥʪʝʥʩʠʚʥʦʛʦ ʜʚʠʞʝʥʠʷ ʥʘ ʨʦʚʥʦʤ ʫʯʘʩʪʢʝ. ɼʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ ʠ ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʣʱʠʥʳ ʜʠʩʢʘ ʪʦʨʤʦʟʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ  APM WinMashine ʙʳʣʘ ʩʦʩʪʘʚʣʝʥʘ ʨʘʩʯʸʪʥʘʷ ʤʦʜʝʣʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʋʯʠʪʳʚʘʷ ʥʝʟʥʘʯʠʪʝʣʴʥʫʶ ʪʦʣʱʠʥʫ ʜʠʩʢʘ 

(ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠʟʤʝʥʷʣʘʩʴ ʦʪ 4 ʜʦ 8 ʤʤ), ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʤʦʜʝʣʴ ʩ ʜʣʠʥʦʡ ʩʪʦʨʦʥʳ ʢʦʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʪʠʧʘ DKT, ʩ ʜʠʩʢʨʝʪʥʳʤ 

ʥʘʣʦʞʝʥʠʝʤ ʪʝʦʨʠʠ ʂʠʨʭʛʦʬʘ - 4 ʤʤ. ɺ ʢʘʯʝʩʪʚʝ ʥʘʛʨʫʟʦʯʥʳʭ ʬʘʢʪʦʨʦʚ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ: ʥʦʨʤʘʣʴʥʦʝ ʫʩʠʣʠʝ (ʚ ʨʘʩʯʸʪʘʭ ʠʟʤʝʥʷʣʘʩʴ ʦʪ 1000 ʜʦ 10000 ʅ) ʠ 

ʪʝʤʧʝʨʘʪʫʨʘ (300
0
 ʉ). ʂʨʦʤʝ ʵʪʦʛʦ, ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʙʦʪʳ ʪʦʨʤʦʟʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʪʦʨʤʦʟʥʦʛʦ ʜʠʩʢʘ. ɸʥʘʣʠʟ 

ʧʨʦʚʝʜʸʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʟʚʦʣʠʣ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʥʘʟʥʘʯʘʪʴ ʪʦʣʱʠʥʫ ʜʠʩʢʘ ʤʝʥʝʝ 4,5 

ʤʤ ʥʝ ʨʘʮʠʦʥʘʣʴʥʦ, ʪ.ʢ. ʧʨʠ ʵʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʫʩʪʘʣʦʩʪʥʦʡ ʧʨʦʯʥʦʩʪʠ ʙʫʜʝʪ 

ʤʝʥʴʰʝ 1. ʇʨʠ ʵʪʦʤ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʪʦʨʤʦʟʥʦʛʦ ʜʠʩʢʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʘ ʜʣʷ ʵʪʦʛʦ ʩʪʘʣʴ 45ʍ  ʢʦʪʦʨʘʷ 

ʠʤʝʝʪ ʪʘʢʦʡ ʞʝ ʟʘʧʘʩ ʧʨʦʯʥʦʩʪʠ ʢʘʢ ʠ ʜʠʩʢ ʠʟ ʩʪʘʣʠ 30 ʍɻʉ. ʆʜʥʘʢʦ, ʧʨʠ ʵʪʦʤ ʟʘʪʨʘʪʳ ʥʘ 

ʠʟʛʦʪʦʚʣʝʥʠʝ ʙʫʜʫʪ ʤʝʥʴʰʝ ʥʘ 10,8%. ʊʦʣʱʠʥʫ ʪʦʨʤʦʟʥʦʛʦ ʜʠʩʢʘ ʥʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʥʘʟʥʘʯʘʪʴ ʤʝʥʝʝ 4,5 ʤʤ, ʠʩʭʦʜʷ ʠʟ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʧʘʩʘ 

ʧʨʦʯʥʦʩʪʠ. 
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ʀ ɼʀʅɸʄʀʏɽʉʂʀʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ɸʕʈʆʉʊɸʊʀʏɽʉʂʆɻʆ 

ʐʇʀʅɼɽʃʔʅʆɻʆ ʋɿʃɸ ʉʆ ʉʌɽʈʀʏɽʉʂʀʄʀ  

ʆʇʆʈʅʓʄʀ ʇʆɺɽʈʍʅʆʉʊʗʄʀ 

 

SEGMENT MODEL FOR DETERMINING THE STATIC AND DYNAMIC 

SPHERICAL AEROSTATIC SPINDLE ASSEMBLY CHARACTERISTICS  
 

ʈ.ɸ. ʇʦʰʝʭʦʥʦʚ ï ʘʩʧ. 

ʄɻʊʋ ʠʤʝʥʠ ʅ.ʕ.ɹʘʫʤʘʥʘ 

 

Abstract. The report describes a mathematical model that allows the identification of static and 

dynamic characteristic spindle with spherical aerostatic supports. 

 

ʈʘʩʯʝʪ ʩʠʣʦʚʳʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʰʧʠʥʜʝʣʷ ʧʨʝʮʠʟʠʦʥʥʦʛʦ ʩʪʘʥʢʘ ʥʘ 

ʩʬʝʨʠʯʝʩʢʠʭ ʘʵʨʦʩʪʘʪʠʯʝʩʢʠʭ ʦʧʦʨʘʭ ʩʚʷʟʘʥ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʨʝʰʘʪʴ ʫʨʘʚʥʝʥʠʝ 

ʈʝʡʥʦʣʴʜʩʘ ʚ ʥʝʣʠʥʝʡʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʯʠʩʣʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ. ʊʘʢʦʡ ʨʘʩʯʝʪ ʦʩʣʦʞʥʷʝʪʩʷ 

ʪʝʤ, ʯʪʦ ʩʦʩʪʦʷʥʠʝ ʘʵʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʩʣʦʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʩʝʤʠ ʰʝʩʪʴʶ ʦʙʦʙʱʝʥʥʳʤʠ 

ʢʦʦʨʜʠʥʘʪʘʤʠ ʠ ʰʝʩʪʴʶ ʦʙʦʙʱʝʥʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ ʰʧʠʥʜʝʣʷ. ɼʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʜʘʥʥʦʡ 

ʪʨʫʜʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʘ ʫʧʨʦʱʝʥʥʘʷ ʩʝʛʤʝʥʪʥʘʷ ʤʦʜʝʣʴ ʩʬʝʨʠʯʝʩʢʦʡ ʘʵʨʦʩʪʘʪʠʯʝʩʢʦʡ 

ʦʧʦʨʳ. ʉʬʝʨʠʯʝʩʢʘʷ ʦʧʦʨʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʙʳʣʘ ʨʘʟʜʝʣʝʥʘ ʥʘ ʩʝʛʤʝʥʪʳ, ʧʨʠʣʝʛʘʶʱʠʝ ʢ 

ʦʪʚʝʨʩʪʠʷʤ ʥʘʜʜʫʚʘ. ʇʦʩʣʝ ʨʷʜʘ ʜʦʧʫʱʝʥʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʚʣʝʥʠʷ p  ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚ 

ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʩʝʛʤʝʥʪʘ ʠ ʝʛʦ ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʘʷ ʩʠʣʘ F  ʩʪʘʣʠ ʦʧʨʝʜʝʣʷʪʴʩʷ ʯʝʨʝʟ 

ʥʦʨʤʘʣʴʥʦʝ ʩʤʝʱʝʥʠʝ 
nu  ʠ ʥʦʨʤʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ 

nV  ʰʧʠʥʜʝʣʷ ʮʝʥʪʨʘ ʩʝʛʤʝʥʪʘ. ɺ 

ʬʘʟʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʝʛʤʝʥʪʘ 
n nu V  ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʠʥʪʝʨʧʦʣʷʮʠʷ ʢʦʤʧʦʥʝʥʪ ʩʠʣʳ F  

ʜʚʫʭʤʝʨʥʳʤ ʧʦʣʠʥʦʤʦʤ ʠ ʦʮʝʥʝʥʳ ʛʨʘʥʠʮʳ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʳʭ ʜʘʥʥʫʶ ʠʥʪʝʨʧʦʣʷʮʠʶ 

ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ. ɼʣʷ ʣʶʙʳʭ ʩʤʝʱʝʥʠʡ ʠ ʩʢʦʨʦʩʪʝʡ ʰʧʠʥʜʝʣʷ ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ 

ʥʦʨʤʘʣʴʥʳʝ ʩʤʝʱʝʥʠʷ ʠ ʥʦʨʤʘʣʴʥʳʝ ʩʢʦʨʦʩʪʠ ʰʧʠʥʜʝʣʷ ʚ ʮʝʥʪʨʝ ʢʘʞʜʦʛʦ ʩʝʛʤʝʥʪʘ, ʧʦ 

ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʳʤ ʟʘʚʠʩʠʤʦʩʪʷʤ ʚʳʯʠʩʣʠʪʴ ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʠʝ ʩʠʣʳ ʜʘʚʣʝʥʠʷ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʰʧʠʥʜʝʣʷ ʠ ʩʫʤʤʘʨʥʳʝ ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʠʝ ʦʧʦʨʥʳʝ ʨʝʘʢʮʠʠ. ʅʘ ʦʩʥʦʚʘʥʠʠ 

ʵʪʦʛʦ ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʜʠʥʘʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʰʧʠʥʜʝʣʷ, ʦʧʦʨʥʳʝ ʨʝʘʢʮʠʠ, ʤʘʩʩʦʚʫʶ 

ʥʘʛʨʫʟʢʫ, ʠ ʚʥʝʰʥʝʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʠʤʠʪʠʨʫʶʱʠʝ ʩʠʣʫ ʨʝʟʘʥʴʝ. ɼʘʥʥʘʷ ʜʠʥʘʤʠʯʝʩʢʘʷ 

ʤʦʜʝʣʴ ʧʦʟʚʦʣʠʣʘ ʧʦʣʫʯʠʪʴ ʩʪʘʪʠʯʝʩʢʠʝ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʰʧʠʥʜʝʣʴʥʦʛʦ 

ʫʟʣʘ. 
 

 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ 

ʮʝʣʝʚʦʡ ʧʨʦʛʨʘʤʤʳ "ʈʘʟʚʠʪʠʝ ʥʘʫʯʥʦʛʦ  

ʧʦʪʝʥʮʠʘʣʘ ʚʳʩʰʝʡ ʰʢʦʣʳ (2009-2010 ʛʦʜʳ)" 

ˉ 2.1.2/5277 ʠ ʛʨʘʥʪʦʤ CRDF ʅʆʎ ï 018 
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ʄɽʍɸʊʈʆʅʅʓʍ ʄʆɼʋʃɽʁ 

 

THE MACHINE-TOOLS DESIGN BASED  

ON UNIFIED MECHATRONIC MODULES 
 

ɹ.ʄ. ʈʳʚʢʠʥ ï ʘʩʧ. 

ʌɻɹʆʋ ɺʇʆ ʄɻʊʋ çʉʪʘʥʢʠʥè, ʢʘʬʝʜʨʘ çʉʪʘʥʢʠè 

 

Abstract . The problem of increase in the machine-tools production efficiency was considered. 

The turning lathe units were presented as unified mechatronic modules. 

 

ʇʨʠʙʣʠʞʝʥʠʝ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ ʩʪʘʥʢʦʟʘʚʦʜʦʚ ʢ ʫʩʣʦʚʠʷʤ ʩʙʦʨʦʯʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ 

ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʘ ʠʤʝʥʥʦ:  

 ʠʟʛʦʪʦʚʣʝʥʠʝ ʥʦʚʳʭ ʩʪʘʥʢʦʚ ʚ ʩʞʘʪʳʝ ʩʨʦʢʠ ʟʘ ʩʯʝʪ ʰʠʨʦʢʦʡ ʫʥʠʬʠʢʘʮʠʠ; 

 ʩʦʢʨʘʱʝʥʠʝ ʟʘʪʨʘʪ, ʧʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʙʣʘʛʦʜʘʨʷ ʠʟʛʦʪʦʚʣʝʥʠʶ 

ʤʝʭʘʪʨʦʥʥʳʭ ʤʦʜʫʣʝʡ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ. 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʪʘʥʢʠ ʪʦʢʘʨʥʦʡ ʛʨʫʧʧʳ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʨʘʟʤʝʨʥʳʭ 

ʨʷʜʦʚ ʪʦʢʘʨʥʳʭ ʦʙʨʘʙʘʪʳʚʘʶʱʠʡ ʮʝʥʪʨʦʚ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʠ ʦʩʥʦʚʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʢʦʤʧʣʝʢʪʫʶʱʠʭ ʠʟʜʝʣʠʡ, ʚʳʧʦʣʥʝʥʥʳʭ ʚ ʚʠʜʝ ʤʝʭʘʪʨʦʥʥʳʭ ʤʦʜʫʣʝʡ. ɼʘʣʝʝ 

ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʦʩʥʦʚʥʳʝ  ʪʠʧʦʨʘʟʤʝʨʳ (ʦʙʨʘʙʘʪʳʚʘʝʤʳ ʜʠʘʤʝʪʨʳ), ʤʝʭʘʪʨʦʥʥʳʝ ʤʦʜʫʣʠ 

(ʪʘʢʠʝ ʢʘʢ ï ʤʦʪʦʨ-ʰʧʠʥʜʝʣʴ, ʨʝʚʦʣʴʚʝʨʥʘʷ ʛʦʣʦʚʢʘ, ʧʨʠʚʦʜ ʧʦʜʘʯ ʠ ʜʨ.).  ʉʦʩʪʘʚʣʝʥʳ 

ʜʠʘʛʨʘʤʤʳ ʟʘʚʠʩʠʤʦʩʪʠ ʪʠʧʦʨʘʟʤʝʨʘ ʦʪ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ: ʦʪ ʤʦʱʥʦʩʪʠ, ʯʘʩʪʦʪʳ 

ʚʨʘʱʝʥʠʷ, ʤʦʤʝʥʪʘ. ɺʳʷʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʪʘʥʢʘ ʦʪ ʪʠʧʦʨʘʟʤʝʨʘ. 

ɼʘʣʝʝ ʧʦ ʧʦʣʫʯʝʥʥʳʤ ʜʠʘʛʨʘʤʤʘʤ ʚʩʝ ʩʪʘʥʢʠ ʙʳʣʠ ʨʘʟʙʠʪʳ ʥʘ ʛʨʫʧʧʳ. ɼʣʷ ʢʘʞʜʦʡ ʠʟ 

ʛʨʫʧʧ, ʚ ʦʙʱʝʤ, ʠ ʜʣʷ ʢʘʞʜʦʛʦ ʪʠʧʦʨʘʟʤʝʨʘ ʚ ʯʘʩʪʥʦʩʪʠ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʨʝʞʠʤʳ 

ʨʝʟʘʥʠʷ. ʉʦʟʜʘʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʠ ʪʨʝʭʤʝʨʥʳʝ ʤʦʜʝʣʠ ʤʝʭʘʪʨʦʥʥʳʭ ʤʦʜʫʣʝʡ. 

ʇʨʦʚʝʜʝʥʳ ʩʪʘʪʠʯʝʩʢʠʝ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʥʘ ʞʝʩʪʢʦʩʪʴ. 
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ʉʀʅʊɽɿ ɼɺʋʍʇʆʊʆʏʅʓʍ ʂʆʈʆɹʆʂ ʇɽʈɽɼɸʏ  

ʇʆ ʉʊʈʋʂʊʋʈʅʓʄ ʉʍɽʄɸʄ 

TWO-STREAM TRANSMISSIONSô SYNTHESIS BY MEANS OF STRUCTURES 
ʂ.ɹ. ʉʘʣʘʤʘʥʜʨʘ ï ʢ.ʪ.ʥ., ʩ.ʥ.ʩ., ɹ.ʃ. ʉʘʣʘʤʘʥʜʨʘ ï ʢ.ʪ.ʥ., ʚ.ʥ.ʩ. 

ʀʥʩʪʠʪʫʪ ʤʘʰʠʥʦʚʝʜʝʥʠʷ ʠʤ. ɸ.ɸ. ɹʣʘʛʦʥʨʘʚʦʚʘ ʈɸʅ 
 

Abstract. One of the modern trends in transmissions design is the increase in the number speed 

ratios. Two-stream transmissions allow obtaining greater number of speeds with fewer clutches. 

The synthesis method is proposed. Examples of 8 and 12-speed transmissions synthesis are 

presented.  
 

ʏʝʤ ʙʦʣʴʰʝ ʩʪʫʧʝʥʝʡ ʚ ʢʦʨʦʙʢʝ ʧʝʨʝʜʘʯ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ, ʪʝʤ ʣʫʯʰʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʧʨʘʚʣʝʥʠʷ ʠ ʪʦʧʣʠʚʥʦʡ ʵʢʦʥʦʤʠʯʥʦʩʪʠ.  

ʉ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʦʙʦʙʱʝʥʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʩʭʝʤ (ʩʤ. ɺʦʣʢʦʚ ɼ.ʇ., ʂʨʘʡʥʝʚ ɸ.ʌ. 

ʇʣʘʥʝʪʘʨʥʳʝ, ʚʦʣʥʦʚʳʝ ʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʧʝʨʝʜʘʯʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʠ ʜʦʨʦʞʥʳʭ ʤʘʰʠʥ - 

ʄ.: ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 1968) ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʩʪʨʫʢʪʫʨʥʳʝ ʩʭʝʤʳ ʜʚʫʭʧʦʪʦʯʥʳʭ 

ʤʥʦʛʦʩʢʦʨʦʩʪʥʳʭ ʢʦʨʦʙʦʢ ʧʝʨʝʜʘʯ (ʨʠʩ. 1 ʘ, ʨʠʩ. 2 ʘ). ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʪʘʢʠʝ ʢʦʨʦʙʢʠ 

ʧʝʨʝʜʘʯ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʚ ʢʘʞʜʦʤ ʠʟ ʤʝʭʘʥʠʟʤʦʚ ʥʝ ʪʦʣʴʢʦ ʦʧʨʝʜʝʣʝʥʥʦʝ ʯʠʩʣʦ 

ʨʝʞʠʤʦʚ, ʥʦ ʠ ʩʫʤʤʫ ʩʦʯʝʪʘʥʠʡ ʵʪʠʭ ʨʝʞʠʤʦʚ, ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʫʚʝʣʠʯʠʪʴ ʢʦʣʠʯʝʩʪʚʦ 

ʩʪʫʧʝʥʝʡ ʚ ʢʦʨʦʙʢʝ ʧʨʠ ʤʝʥʴʰʝʤ ʯʠʩʣʝ ʫʧʨʘʚʣʷʶʱʠʭ ʵʣʝʤʝʥʪʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʤʦʱʥʦʩʪʴ 

ʥʘ ʚʳʭʦʜʥʦʝ ʟʚʝʥʦ ʧʝʨʝʜʘʝʪʩʷ ʜʚʫʤʷ ʧʦʪʦʢʘʤʠ, ʯʪʦ ʫʤʝʥʴʰʘʝʪ ʥʘʛʨʫʟʢʠ ʥʘ ʚʥʫʪʨʝʥʥʠʝ 

ʤʝʭʘʥʠʟʤʳ. ʇʦʜʩʪʘʚʣʷʷ ʩʭʝʤʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʭʘʥʠʟʤʦʚ ʚ ʩʪʨʫʢʪʫʨʥʫʶ ʩʭʝʤʫ, ʤʦʛʫʪ 

ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʜʚʫʭʧʦʪʦʯʥʳʝ ʢʦʨʦʙʢʠ ʧʝʨʝʜʘʯ ʩ ʪʨʝʙʫʝʤʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 
 

 

 
 

ʘ ʙ ʚ 

ʈʠʩ. 1. ʇʨʠʤʝʨ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʠʥʪʝʟʘ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʩʭʝʤʳ 8-ʤʠ ʩʪʫʧʝʥʯʘʪʦʡ 

ʜʚʫʭʧʦʪʦʯʥʦʡ ʢʦʨʦʙʢʠ ʧʝʨʝʜʘʯ ʩ ʜʠʬʬʝʨʝʥʮʠʘʣʦʤ, ʩʫʤʤʠʨʫʶʱʠʤ ʩʠʣʦʚʳʝ ʧʦʪʦʢʠ 

(US Patent Application 2011/0245014) 
 

 

 

 

ʘ ʙ ʚ 

ʈʠʩ. 2. ʇʨʠʤʝʨ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʠʥʪʝʟʘ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʩʭʝʤʳ 12-ʪʠ ʩʪʫʧʝʥʯʘʪʦʡ ʜʚʫʭʧʦʪʦʯʥʦʡ 

ʢʦʨʦʙʢʠ ʧʝʨʝʜʘʯ ʩ ʜʠʬʬʝʨʝʥʮʠʘʣʦʤ, ʨʘʩʧʨʝʜʝʣʷʶʱʠʤ ʩʠʣʦʚʳʝ ʧʦʪʦʢʠ (ʇʘʪʝʥʪ ʈʌ ˉ 2391588). 

ʆʙʦʟʥʘʯʝʥʠʷ ʥʘ ʨʠʩʫʥʢʘʭ: I, O ï ʚʭʦʜʥʦʝ ʠ ʚʳʭʦʜʥʦʝ ʟʚʝʥʴʷ; ʩ ï ʫʧʨʘʚʣʷʶʱʠʝ 

ʵʣʝʤʝʥʪʳ; G ï ʜʚʫʭʟʚʝʥʥʳʝ ʟʫʙʯʘʪʳʝ ʤʝʭʘʥʠʟʤʳ ʩ 1-ʡ ʩʪʝʧʝʥʴʶ ʩʚʦʙʦʜʳ; GB ï 

ʚʥʫʪʨʝʥʥʷʷ ʢʦʨʦʙʢʘ ʧʝʨʝʜʘʯ, ʩʦʩʪʦʷʱʘʷ ʪʦʣʴʢʦ ʠʟ ʤʝʭʘʥʠʟʤʦʚ G; D ï ʜʠʬʬʝʨʝʥʮʠʘʣ; m, n 

ï ʟʚʝʥʴʷ ʜʠʬʬʝʨʝʥʮʠʘʣʘ D. 
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ɼʀʅɸʄʀʏɽʉʂʀʁ ɸʅɸʃʀɿ ʅʆʉʀʄʓʍ ʈʆɹʆʊʆɺ ʉ ʇʈʀɺʆɼɸʄʀ 

ʅɸ ʆʉʅʆɺɽ ʉʆʂʈɸʑɸɽʄʓʍ ʇʆʃʀʄɽʈ ɻɽʃɽʁ 

DYNAMIC ANALYSIS OF WEARABLE ROBOTS WITH CONTRACTILE 

POLYMER GEL ACTUATORS 
 

ʉ.ɸ. ʉʘʨʛʩʷʥ
 1,2

 ï ʠʥʞ.-ʠʩʩʣ., ʄ.ɻ. ɸʨʫʪʶʥʷʥ
 2
 ï ʢ. ʪ. ʥ., ʧʨʦʬ. 

ɺ. ɸʨʘʢʝʣʷʥ
 1
 ï ʜ.ʪ.ʥ., ʧʨʦʬ. 

1 
ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ ʧʨʠʢʣʘʜʳʭ ʥʘʫʢ, ʈʝʥ, ʌʨʘʥʮʠʷ 

2  
ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʠʥʞʝʥʝʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ɸʨʤʝʥʠʠ, ɽʨʝʚʘʥ, ɸʨʤʝʥʠʷ 

 

Abstract. A dynamic model of an actuator of a wearable robot: biomechatronic exoskeleton is 

presented. The actuator is based on a contractile polymer gel which undergoes volume changes 

in response to changes in pH. The system uses an acid-base reaction to directly convert chemical 

to mechanical energy. The direct dynamic problem of the motion of wearable robot is solved, 

and a low variation of pH is determined. 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʦʷʚʠʣʩʷ ʥʦʚʳʡ ʪʠʧ ʧʨʠʚʦʜʦʚ, ʨʘʙʦʯʠʡ ʧʨʠʥʮʠʧ ʢʦʪʦʨʦʛʦ 

ʧʦʭʦʞ ʥʘ ʧʨʠʥʮʠʧ ʯʝʣʦʚʝʯʝʩʢʦʡ ʤʳʱʮʳ, ʘ ʩʦʢʨʘʱʘʝʤʳʡ ʤʘʪʝʨʠʘʣ, ʧʨʠʚʦʜʠʪʩʷ ʚ ʜʝʡʩʪʚʠʝ 

ʩ ʧʦʤʦʱʴʶ ʭʠʤʠʯʝʩʢʠʭ ʠʣʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ. ʇʨʠʤʝʨʦʤ ʪʘʢʦʛʦ ʧʨʠʚʦʜʘ ʷʚʣʷʝʪʩʷ 

ʩʦʢʨʘʱʘʝʤʳʡ ʧʦʣʠʤʝʨ-ʛʝʣʴ, ʢʦʪʦʨʳʡ ʧʦʜʚʝʨʛʘʝʪʩʷ ʠʟʤʝʥʝʥʠʶ ʦʙʲʝʤʘ ʚ ʦʪʚʝʪ ʥʘ 

ʠʟʤʝʥʝʥʠʝ ʨH. ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʣʠʤʝʨ-ʛʝʣʠʚʳʭ ʧʨʠʚʦʜʦʚ ʠʩʧʦʣʴʟʦʚʘʥ 

ʘʥʪʘʛʦʥʠʩʪʠʯʝʩʢʠʡ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʤʳʱʮ. 

ʄʦʜʝʣʴ ʧʨʠʚʦʜʘ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʢʦʤʧʦʥʝʥʪ: ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, 

ʩʦʢʨʘʱʘʝʤʳʭ ʧʦʣʠʤʝʨ-ʛʝʣʠʝʚʳʭ ʚʦʣʦʢʦʥ ʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ɻʠʜʨʘʚʣʠʯʝʩʢʘʷ 

ʩʠʩʪʝʤʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʨʝʜʫ, ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ ʧʨʦʠʩʪʝʢʘʥʠʷ ʢʠʩʣʦʪʥʦ ï ʭʠʤʠʯʝʩʢʦʡ 

ʨʝʘʢʮʠʠ. ʉʦʢʨʘʱʘʝʤʳʝ ʧʦʣʠʤʝʨ-ʛʝʣʠʝʚʳʝ ʚʦʣʦʢʥʘ ʧʦʜʚʝʨʛʘʶʪʩʷ ʠʟʤʝʥʝʥʠʶ ʦʙʲʝʤʘ ʚ 

ʦʪʚʝʪ ʥʘ ʠʟʤʝʥʝʥʠʝ ʨH. ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʯʠʪʘʪʴ ʟʥʘʯʝʥʠʝ ʨH ʚ 

ʨʘʩʪʚʦʨʠʪʝʣʝ: 

o o o o

o o o

-log([HA] - [B] ), [HA] - [B] 0
pH = 

14+log([B] - [HA]), [HA] - [B] 0
 

ʛʜʝ A ʠ ɺ ï ʦʙʦʟʥʘʯʘʶʪ ʢʦʣʠʯʝʩʪʚʦ ʢʠʩʣʦʪʳ ʠ ʱʝʣʦʯʠ ʚ ʨʘʩʪʚʦʨʝ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʈʘʩʩʤʦʪʨʝʥʥʘ ʧʨʷʤʘʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʟʘʜʘʯʘ, ʛʜʝ ʠʟʚʝʩʪʥʳ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ 

ʥʦʩʠʤʦʛʦ ʨʦʙʦʪʘ ʠ ʥʘʜʦ ʦʧʨʝʜʝʣʠʪʴ ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʩʠʩʪʝʤʫ ʩʠʣʳ. ʋʯʠʪʳʚʘʷ, ʯʪʦ 

ʜʝʡʩʪʚʫʶʱʠʝ ʩʠʣʳ ʤʝʥʷʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʷ ʨH, ʦʧʨʝʜʝʣʝʥ ʟʘʢʦʥ ʠʟʤʝʥʝʥʠʷ 

ʨHi ʜʣʷ ʢʘʞʜʦʛʦ i-ʦʛʦ ʟʚʝʥʘ ʙʠʦʤʝʭʘʪʨʦʥʥʦʛʦ ʵʢʟʦʩʢʝʣʝʪʘ. ɼʠʥʘʤʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʤʫ ʫʨʘʚʥʝʥʠʶ: 
2 2

i i i mi i i mi i i 1i 2iJ q +2R b q +2R k q =R (F -F ), i=1..N, 

ʛʜʝ N ï ʯʠʩʣʦ ʟʚʝʥʴʝʚ ʥʦʩʠʤʦʛʦ ʨʦʙʦʪʘ,  

iq ,
iq ,

iq -ʦʙʦʙʱʝʥʥʳʝ ʢʦʨʜʠʥʘʪʳ, ʩʢʦʨʦʩʪʴ ʠ ʫʩʢʦʨʝʥʠʝ i-ʦʛʦ ʟʚʝʥʘ ʥʦʩʠʤʦʛʦ ʨʦʙʦʪʘ, 

iJ  - ʠʥʝʨʮʠʷ ʟʚʝʥʘ,  

iR  - ʨʘʜʠʫʩ ʨʦʣʠʢʘ,  

mib  - ʜʝʤʧʬʠʨʦʚʘʥʠʝ ʧʨʠʚʦʜʘ,  

mik  - ʞʝʩʪʢʦʩʪʴ ʧʨʠʚʦʜʘ,  

1i 2iF ,F  - ʩʠʣʳ i-ʦʛʦ ʧʨʠʚʦʜʘ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʠ ʫʧʨʘʚʣʷʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʠʟʤʝʥʝʥʠʷ ʨHi. 

ʅʘ ʦʩʥʦʚʝ ʜʦʩʪʠʛʥʫʪʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʨʦʩʪ ʨʅ ʧʨʠʚʦʜʠʪ ʢ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʨʦʩʪʫ ʜʝʠʩʪʚʫʶʱʠʭ ʩʠʣ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʘʢʦʥʫ 

ʜʚʠʞʝʥʠʷ ʢʘʞʜʦʛʦ ʟʚʝʥʘ ʙʠʦʤʝʭʘʪʨʦʥʥʦʛʦ ʵʢʟʦʩʢʝʣʝʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʤʝʥʠʷʷ 

ʟʥʘʯʝʥʠʝ ʨH, ʤʦʞʥʦ ʫʧʨʘʚʣʷʪʴ ʜʚʠʞʝʥʠʝʤ ʧʨʠʚʦʜʘ, ʪʦ ʝʩʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤ 

ʙʠʦʤʝʭʘʪʨʦʥʥʳʤ ʵʢʟʦʩʢʝʣʝʪʦʤ.  
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ʉʀʉʊɽʄɸ ɸɼɸʇʊɸʎʀʀ ɸɺʊʆʊʈɸʅʉʇʆʈʊʅʓʍ  

ʉʈɽɼʉʊɺ ʂ ʋʉʃʆɺʀʗʄ ɼɺʀɾɽʅʀʗ 

MOTOR VEHICLE OPERATING CONDITION ADAPTING SYSTEM 
ʇ.ʀ. ʉʘʨʢʠʩʦʚ ï ʘʩʧ. 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

çʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʅ.ʕ. ɹʘʫʤʘʥʘè 

 

Abstract. Article represents multidisciplinary research of four-axle vehicle with lift axles. Issues 

of upgrade and development of necessary units are considered in details, new units were 

designed. 

ʉʦʚʨʝʤʝʥʥʳʡ ʤʠʨ ʥʝ ʤʦʞʝʪ 

ʩʫʱʝʩʪʚʦʚʘʪʴ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʚ 

ʪʝʢʫʱʝʤ ʩʦʩʪʦʷʥʠʠ. ʂʣʠʤʘʪʠʯʝʩʢʠʝ 

ʠʟʤʝʥʝʥʠʷ ʠʤʝʶʪ ʥʝʦʙʨʘʪʠʤʳʡ ʭʘʨʘʢʪʝʨ. 

ʅʦ ʚʦʟʤʦʞʥʦ ʣʠ ʩʝʛʦʜʥʷ ʧʨʝʜʩʪʘʚʠʪʴ 

ʞʠʟʥʴ ʙʝʟ ʪʨʘʥʩʧʦʨʪʘ? ɽʜʠʥʩʪʚʝʥʥʳʤ 

ʚʳʭʦʜʦʤ ʷʚʣʷʝʪʩʷ ʙʘʣʘʥʩ, ʠʣʠ ʪʘʢ 

ʥʘʟʳʚʘʝʤʘʷ ʵʢʦʣʦʛʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʘʷ 

ʪʨʘʥʩʧʦʨʪʥʘʷ ʩʠʩʪʝʤʘ. ʅʦ ʜʣʷ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʜʚʠʞʝʥʠʷ ʢ ʥʝʡ ʥʝʜʦʩʪʘʪʦʯʥʦ ʨʝʰʝʥʠʡ ʂʠʦʪʩʢʦʛʦ ʧʨʦʪʦʢʦʣʘ ï ʥʝʪ 

ʪʝʭʥʦʣʦʛʠʡ, ʥʝʪ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʅʫʞʥʳ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʪʦʯʢʠ: ʵʢʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ 

ʨʝʰʝʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʝʛʦʜʥʷ ʟʘʜʘʯ. 

ɺʥʝʜʨʠʪʴ ʪʘʢʠʝ ʜʦʨʦʛʠʝ ʠ ʩʧʝʮʠʬʠʯʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʨʳʥʦʢ ʩʣʦʞʥʦ. ʉʦʛʣʘʩʥʦ 

ʘʥʘʣʠʟʫ ʨʳʥʢʘ, ʩʝʛʦʜʥʷ ʥʫʞʥʳ ʤʝʥʴʰʠʝ ʛʘʙʘʨʠʪʳ ʠ ʙʦʣʴʰʘʷ ʛʨʫʟʦʧʦʜʲʸʤʥʦʩʪʴ 

ʦʜʥʦʚʨʝʤʝʥʥʦ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʰʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ï ʪʦ ʝʩʪʴ ʧʨʠʙʳʣʴ. ɺ ʵʪʦʤ 

ʩʚʝʪʝ ʘʢʪʫʘʣʴʥʘ ʢʦʥʮʝʧʮʠʷ ʯʝʪʳʨʸʭʦʩʥʳʭ ʰʘʩʩʠ ʩ ʪʨʘʥʩʬʦʨʤʠʨʫʝʤʳʤ ʜʚʠʞʠʪʝʣʝʤ, ʪʦ 

ʝʩʪʴ ʩ ʧʦʜʲʸʤʥʦʡ ʙʘʣʘʥʩʠʨʥʦʡ ʪʝʣʝʞʢʦʡ, ʧʦʜʥʠʤʘʶʱʝʡʩʷ ʧʨʠ ʧʦʨʦʞʥʝʤ ʭʦʜʫ. 

ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʢʨʘʱʝʥʠʝ ʠʟʥʦʩʘ ʰʠʥ ʠ ʪʨʘʥʩʤʠʩʩʠʠ, ʩʥʠʞʝʥʠʝ ʨʘʩʭʦʜ 

ʪʦʧʣʠʚʘ ʠ ʚʳʙʨʦʩʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ, ʥʘʨʷʜʫ ʩ ʧʦʚʳʰʝʥʠʝʤ ʧʦʢʘʟʘʪʝʣʝʡ ʤʘʥʸʚʨʝʥʥʦʩʪʠ.  

ɺ ʨʘʙʦʪʝ ʚʳʧʦʣʥʝʥ ʧʨʦʚʝʨʦʯʥʳʡ ʨʘʩʯʸʪ ʥʘʧʨʷʞʸʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʥʝʩʫʱʝʡ ʩʠʩʪʝʤʳ, ʠʩʩʣʝʜʦʚʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʛʨʫʟʢʠ ʧʦ ʦʩʷʤ, ʜʠʥʘʤʠʢʘ 

ʢʨʠʚʦʣʠʥʝʡʥʦʛʦ ʜʚʠʞʝʥʠʷ. ʉʢʦʨʦʩʪʴ, ʨʝʛʣʘʤʝʥʪʠʨʫʝʤʘʷ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʥʘ 

ʫʧʨʘʚʣʷʝʤʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʩʦʢʨʘʪʠʣʘʩʴ ʥʘ 9% ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʨʘʜʠʮʠʦʥʥʦʡ ʩʭʝʤʳ. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʚʦʧʨʦʩʳ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʥʦʚʦʡ ʩʭʝʤʳ ʰʘʩʩʠ.  

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʦʪʢʣʶʯʝʥʠʷ ʧʨʠʚʦʜʘ ʥʘ ʧʦʜʲʸʤʥʳʝ ʦʩʠ ʧʨʠʚʝʣʘ ʢ ʜʦʨʘʙʦʪʢʝ 

ʨʘʟʜʘʪʦʯʥʦʡ ʢʦʨʦʙʢʠ ʩ ʧʨʠʦʨʠʪʝʪʦʤ ʫʥʠʬʠʢʘʮʠʠ. ɺʥʝʜʨʝʥʳ ʜʚʘ ʤʝʭʘʥʠʟʤʘ ʦʪʢʣʶʯʝʥʠʷ 

ʧʨʠʚʦʜʘ ï ʜʣʷ ʧʝʨʝʜʥʝʛʦ ʤʦʩʪʘ ʠ ʜʣʷ ʪʝʣʝʞʢʠ.  

ɸʥʘʣʠʟ ʪʦʨʤʦʟʥʦʡ ʜʠʥʘʤʠʢʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʝʨʝʜʥʷʷ ʦʩʴ ʚʦʩʧʨʠʥʠʤʘʝʪ ʚʦʟʨʦʩʰʫʶ 

ʥʘʛʨʫʟʢʫ. ʇʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʘʥ ʜʠʩʢʦʚʳʡ ʪʦʨʤʦʟ ʟʘʢʨʳʪʦʛʦ ʪʠʧʘ ï ʢʦʣʦʜʢʠ ʨʘʟʞʠʤʘʶʪʩʷ ʚ 

ʜʚʘ ʨʘʟʥʝʩʸʥʥʳʭ ʜʠʩʢʘ. ʕʪʦ ʛʠʙʨʠʜ ʜʠʩʢʦʚʦʛʦ ʠ ʙʘʨʘʙʘʥʥʦʛʦ ʪʦʨʤʦʟʘ ï ʝʩʪʴ ʙʘʨʘʙʘʥ, ʥʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʥʠʷ ï ʧʣʦʩʢʠʝ. 

ʇʨʦʚʝʜʝʥʳ ʢʦʥʩʫʣʴʪʘʮʠʠ ʩ ʠʥʞʝʥʝʨʘʤʠ ʟʘʚʦʜʘ Knorr-Bremse ʚʦ ʌʨʘʥʮʠʠ, ʛ. ʃʠʟʴʸ. 

ʀʟʛʦʪʦʚʣʝʥ ʧʨʦʪʦʪʠʧ ʚ ʤʘʩʰʪʘʙʝ 1:4, ʧʦʣʫʯʝʥʳ ʜʚʘ ʧʘʪʝʥʪʘ ʥʘ ʧʦʣʝʟʥʫʶ ʤʦʜʝʣʴ: 

ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʈʌ ˉ102584; ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʈʌ ˉ105253. 

ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʷʚʣʷʶʪʩʷ ʤʝʥʴʰʠʡ ʠʟʥʦʩ, ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ, ʚʳʙʨʦʩʳ, ʠ ʣʫʯʰʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʤʘʥʸʚʨʝʥʥʦʩʪʠ ʠ ʧʨʦʭʦʜʠʤʦʩʪʠ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʦʪʥʦʩʷʪʩʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦʝ 

ʫʩʣʦʞʥʝʥʠʝ ʪʦʨʤʦʟʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʨʘʟʜʘʪʦʯʥʦʡ ʢʦʨʦʙʢʠ ʠ ʫʩʪʨʦʡʩʪʚʘ ʧʦʜʲʸʤʘ ʪʝʣʝʞʢʠ. 

ʉʝʛʦʜʥʷ ʩʫʱʝʩʪʚʫʶʪ ʘʚʪʦʤʦʙʠʣʠ ʩ ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʩʭʝʤʦʡ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʩʝʡ ʠ 

ʨʫʣʝʚʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ï ʥʘ ʥʠʭ ʬʦʨʤʠʨʫʝʪʩʷ ʩʪʘʙʠʣʴʥʳʡ ʩʧʨʦʩ, ʥʦ ʧʦʜʲʸʤʥʘʷ ʦʩʴ ʪʘʤ 

ʪʦʣʴʢʦ ʦʜʥʘ. ʊʦ ʝʩʪʴ ʨʘʟʨʘʙʦʪʘʥʥʦʝ ʰʘʩʩʠ ʧʨʝʜʧʦʣʘʛʘʝʪ ʙʦʣʝʝ ʧʨʦʜʚʠʥʫʪʳʡ ʫʨʦʚʝʥʴ, ʯʪʦ, 

ʢʘʢ ʧʦʢʘʟʳʚʘʝʪ ʤʠʨʦʚʘʷ ʧʨʘʢʪʠʢʘ, ʚʦʩʪʨʝʙʦʚʘʥʦ, ʧʝʨʩʧʝʢʪʠʚʥʦ ʠ ʘʢʪʫʘʣʴʥʦ. 

 

ʈʠʩ. 1. ʆʙʱʠʡ ʚʠʜ ʰʘʩʩʠ 
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ʈʠʩ. 1. 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʄɸʅʀʇʋʃʗʊʆʈʆɺ ɼʃʗ ʇɽʈɽɼɸʏʀ ʐʊʋʏʅʓʍ 

ʀɿɼɽʃʀʁ ɺ ɸʉʇɽʂʊɽ ʊʈɽʅʀʗ 

RESEARCH OF THE MANIPULATORS (THAT USED FOR PIECE WARES 

TRANSFER) IN THE FRICTION ASPECT 
ʅ.ɸ.ʉʝʨʝʜʘ ï ʘʩʧ. 

ʌɻɹʆʋ ɺʇʆ çʂʘʣʠʥʠʥʛʨʘʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

Abstract. The manipulators have a wide utilization in the automated technological lines where is 

necessary the piece wares transfer. Seven manipulatorôs designs were developed. The 

manipulators research in friction aspect should be given a particular attention. 

 

ɺ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʣʠʥʠʷʭ ʣʸʛʢʦʡ, ʧʠʱʝʚʦʡ ʠ ʨʳʙʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʨʦʮʝʩʩ 

ʧʝʨʝʜʘʯʠ ʰʪʫʯʥʳʡ ʠʟʜʝʣʠʡ ʠʟ ʧʦʟʠʮʠʠ ʚ ʧʦʟʠʮʠʶ ʠʣʠ ʦʪ ʤʘʰʠʥʳ ʢ ʤʘʰʠʥʝ ʥʝʨʝʜʢʦ 

ʣʠʤʠʪʠʨʫʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʤʘʰʠʥ ʠ ʣʠʥʠʡ, ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʵʥʝʨʛʦʟʘʪʨʘʪ ʥʘ 

ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʧʨʦʮʝʩʩʘ ʧʝʨʝʜʘʯʠ ʠʟʜʝʣʠʡ. ɺ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʚʘʞʥʦʡ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʘ 

ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʯʪʦ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʜʦʩʪʠʛʘʝʪʩʷ 

ʧʫʪʸʤ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʨʝʜʩʪʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʧʝʨʝʜʘʯʠ ʰʪʫʯʥʳʭ ʠʟʜʝʣʠʡ. ɼʣʷ 

ʨʝʰʝʥʠʷ ʪʘʢʦʡ ʟʘʜʘʯʠ ʨʘʟʨʘʙʦʪʘʥʳ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʩʭʝʤʳ ʩʝʤʠ ʤʘʥʠʧʫʣʷʪʦʨʦʚ ʜʣʷ 

ʧʝʨʝʜʘʯʠ ʰʪʫʯʥʳʭ ʠʟʜʝʣʠʡ.  

ʂʘʞʜʳʡ ʤʘʥʠʧʫʣʷʪʦʨ ʩʦʜʝʨʞʠʪ ʧʝʨʝʜʘʪʦʯʥʳʡ ʤʝʭʘʥʠʟʤ 1, ʠʩʧʦʣʥʠʪʝʣʴʥʳʡ 

ʤʝʭʘʥʠʟʤ 2 ʩ ʛʫʙʢʘʤʠ 3 ʜʣʷ ʧʝʨʝʜʘʯʠ ʠʟʜʝʣʠʡ ʠ ʧʨʠʚʦʜ 4 (ʨʠʩ. 1). ʇʨʠ ʵʪʦʤ ʫʩʪʨʦʡʩʪʚʘ 

ʨʘʟʣʠʯʘʶʪʩʷ ʩʪʨʫʢʪʫʨʦʡ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʮʝʧʝʡ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʝʨʝʜʘʪʦʯʥʳʭ, ʘ 

ʠʥʦʛʜʘ ʠ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ. ʊʘʢ, ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʮʝʧʠ ʤʘʥʠʧʫʣʷʪʦʨʦʚ 

ʩʦʜʝʨʞʘʪ ʩʣʝʜʫʶʱʠʝ ʧʝʨʝʜʘʪʦʯʥʳʝ ʤʝʭʘʥʠʟʤʳ: ʤʥʦʛʦʟʚʝʥʥʳʡ ʨʳʯʘʞʥʳʡ ʤʝʭʘʥʠʟʤ, 

ʧʦʩʪʨʦʝʥʥʳʡ ʥʘ ʙʘʟʝ ʮʝʥʪʨʘʣʴʥʦʛʦ ʢʨʠʚʦʰʠʧʥʦ-ʢʦʨʦʤʳʩʣʦʚʦʛʦ ʤʝʭʘʥʠʟʤʘ; ʢʫʣʠʩʥʳʡ 

ʤʝʭʘʥʠʟʤ ʩ ʧʝʨʝʤʝʥʥʦʡ ʜʣʠʥʦʡ ʢʫʣʠʩʳ, ʩʦʚʝʨʰʘʶʱʝʡ ʩʣʦʞʥʦʝ ʜʚʠʞʝʥʠʝ (ʨʠʩ.1); 

ʤʥʦʛʦʟʚʝʥʥʳʡ ʟʫʙʯʘʪʦ-ʨʳʯʘʞʥʳʡ ʤʝʭʘʥʠʟʤ; ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʨʳʯʘʞʥʦ-ʟʫʙʯʘʪʳʡ 

ʤʝʭʘʥʠʟʤ ʩ ʚʳʭʦʜʥʳʤ ʟʚʝʥʦʤ, ʩʦʚʝʨʰʘʶʱʠʤ ʚʦʟʚʨʘʪʥʦ-ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ. 

ʉʣʝʜʫʝʪ ʚʳʜʝʣʠʪʴ ʤʘʥʠʧʫʣʷʪʦʨʳ ʢʘʨʫʩʝʣʴʥʦʛʦ ʪʠʧʘ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʧʦ ʜʚʘ 

ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʦʨʛʘʥʘ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. ʈʘʟʣʠʯʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʮʝʧʝʡ ʤʘʥʠʧʫʣʷʪʦʨʦʚ 

ʦʧʨʝʜʝʣʷʶʪ ʪʘʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʩʦʚʝʨʰʝʥʩʪʚʘ ʫʩʪʨʦʡʩʪʚ, ʢʘʢ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʪʦʯʥʦʩʪʴ 

ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʡ ʧʝʨʝʜʘʯʠ ʠʟʜʝʣʠʡ, ʢʦʤʧʘʢʪʥʦʩʪʴ ʫʩʪʨʦʡʩʪʚ, ʧʨʦʩʪʦʪʘ 

ʦʙʩʣʫʞʠʚʘʥʠʷ, ʤʘʩʩʘ ʧʝʨʝʜʘʚʘʝʤʳʭ ʠʟʜʝʣʠʡ, ʯʠʩʣʦ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʘʨ (ʧʘʨ ʪʨʝʥʠʷ).  

ʂʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʦʜʥʦʛʦ ʠʟ ʤʘʥʠʧʫʣʷʪʦʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1.  

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʤʘʥʠʧʫʣʷʪʦʨʳ ʜʣʷ ʧʝʨʝʜʘʯʠ ʰʪʫʯʥʳʭ ʠʟʜʝʣʠʡ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ 

ʢʘʢ ʫʩʪʨʦʡʩʪʚʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʘʨʘʤʠ ʪʨʝʥʠʷ: 

çʰʘʨʥʠʨ ʚʨʘʱʝʥʠʷè, çʢʫʣʠʩʘ ï ʢʘʤʝʥʴè, 

ʩʦʧʨʷʞʝʥʠʷ: ʟʫʙʯʘʪʦʝ (ʨʝʝʯʥʦʝ) ʟʘʮʝʧʣʝʥʠʝ ʠ 

ʢʦʧʠʨ, ʧʘʨʳ ʩ ʧʨʦʪʷʞʸʥʥʳʤ ʢʦʥʪʘʢʪʦʤ, ʘ ʪʘʢʞʝ 

ʧʘʨʳ ʩ ʥʝʨʘʚʥʦʚʝʣʠʢʠʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʪʨʝʥʠʷ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʪʨʝʥʠʷ ʜʣʷ 

ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʧʘʨ, ʠʭ ʚʳʙʦʨ ʠ ʦʙʦʩʥʦʚʘʥʠʝ 

ʨʘʟʣʠʯʥʳ ʠ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʫʩʣʦʚʠʷʤʠ 

ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʤʘʥʠʧʫʣʷʪʦʨʦʚ ʜʣʷ ʧʝʨʝʜʘʯʠ ʰʪʫʯʥʳʭ ʠʟʜʝʣʠʡ ʚ 

ʘʩʧʝʢʪʝ ʪʨʝʥʠʷ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʜʘʣʴʥʝʡʰʝʤʫ 

ʨʘʟʚʠʪʠʶ ʩʠʥʪʝʟʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʘʰʠʥ. 
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TYPE SYNTHESIS OF PARALLEL MECHANISMS CLASS  

WITH PLANAR MOTION OF A MOVING PLATFORM 
 

ʈ.ɸ. ʉʠʜʦʨʝʥʢʦ, ɸ.ɺ. ʏʠʯʚʘʨʠʥ ï ʢ.ʪ.ʥ. 

ʉʪʘʨʦʦʩʢʦʣʴʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʅʀʊʋ çʄʀʉʠʉè 

 

Abstract. By means of a technique based on the screw theory, structural synthesis of a class of 

the parallel mechanisms with planar motion of a moving platform is executed.  

 

ʈʘʩʩʤʦʪʨʠʤ ʢʣʘʩʩ ʧʘʨʘʣʣʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʧʦʜʚʠʞʥʘʷ ʧʣʘʪʬʦʨʤʘ ʢʦʪʦʨʳʭ 

ʩʦʚʝʨʰʘʝʪ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ, ʪ.ʝ. ʣʠʥʝʡʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʚ ʥʝʢʦʪʦʨʦʡ 

ʧʣʦʩʢʦʩʪʠ ʠ ʧʦʚʦʨʦʪʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʵʪʦʡ ʧʣʦʩʢʦʩʪʠ 

ɺ ʣʶʙʦʤ ʥʝ ʦʩʦʙʦʤ ʧʦʣʦʞʝʥʠʠ ʛʨʫʧʧʘ ʩʠʣʦʚʳʭ ʚʠʥʪʦʚ ʧʘʨʘʣʣʝʣʴʥʦʡ 

ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʮʝʧʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʘʢʦʤʫ ʤʝʭʘʥʠʟʤʫ, ʩʦʩʪʦʠʪ ʠʟ ʚʩʝʭ ʩʠʣʦʚʳʭ 

ʚʠʥʪʦʚ ʩ ʙʝʩʢʦʥʝʯʥʳʤ ʧʘʨʘʤʝʪʨʦʤ , ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʧʣʦʩʢʦʩʪʠ ʜʚʠʞʝʥʠʷ ʠ ʚʩʝʭ 

ʩʠʣʦʚʳʭ ʚʠʥʪʦʚ ʩ ʥʫʣʝʚʳʤ ʧʘʨʘʤʝʪʨʦʤ 0, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʵʪʦʡ ʧʣʦʩʢʦʩʪʠ, ʪ.ʝ. 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 02 1 -ʯʣʝʥʥʫʶ ʛʨʫʧʧʫ. ʕʪʦʡ ʧʘʨʘʣʣʝʣʴʥʦʡ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ 

ʮʝʧʠ ʤʦʞʥʦ ʧʦʩʪʘʚʠʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʚʠʨʪʫʘʣʴʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʫʶ ʮʝʧʴ 

ʊʘʢ ʢʘʢ ʛʨʫʧʧʘ ʩʠʣʦʚʳʭ ʚʠʥʪʦʚ ʧʘʨʘʣʣʝʣʴʥʦʡ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʮʝʧʠ ʷʚʣʷʝʪʩʷ 

ʣʠʥʝʡʥʦʡ ʢʦʤʙʠʥʘʮʠʝʡ ʛʨʫʧʧ ʩʠʣʦʚʳʭ ʚʠʥʪʦʚ ʚʩʝʭ ʝʝ ʦʧʦʨ, ʪʦ ʛʨʫʧʧʘ ʩʠʣʦʚʳʭ ʚʠʥʪʦʚ 

ʣʶʙʦʡ ʦʧʦʨʳ ʧʘʨʘʣʣʝʣʴʥʦʡ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʮʝʧʠ ʷʚʣʷʝʪʩʷ ʧʦʜʛʨʫʧʧʦʡ ʛʨʫʧʧʳ ʝʝ 

ʩʠʣʦʚʳʭ ʚʠʥʪʦʚ. 

ʂʦʤʙʠʥʘʮʠʠ ʧʦʜʛʨʫʧʧ ʩʠʣʦʚʳʭ ʚʠʥʪʦʚ, ʦʙʨʘʟʫʶʱʠʭ ʟʘʜʘʥʥʫʶ ʛʨʫʧʧʫ ʩʠʣʦʚʳʭ 

ʚʠʥʪʦʚ ʤʦʛʫʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʠʟ ʫʨʘʚʥʝʥʠʷ 6 3ic  ʛʜʝ ic  ð ʧʦʨʷʜʦʢ ʧʦʜʛʨʫʧʧʳ 

ʩʠʣʦʚʳʭ ʚʠʥʪʦʚ,  ð ʯʠʩʣʦ ʠʟʙʳʪʦʯʥʳʭ ʩʚʷʟʝʡ. 

ɼʣʷ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʧʦʜʛʨʫʧʧ ʛʨʫʧʧʳ ʩʠʣʦʚʳʭ ʚʠʥʪʦʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʮʝʧʠ ʦʩʫʱʝʩʪʚʠʤ ʩʠʥʪʝʟ 3-ʧʦʜʚʠʞʥʳʭ ʦʜʥʦʢʦʥʪʫʨʥʳʭ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ 

ʮʝʧʝʡ, ʚʢʣʶʯʘʶʱʠʭ ʚʠʨʪʫʘʣʴʥʫʶ ʮʝʧʴ. 

ɼʣʷ ʧʨʦʩʪʦʪʳ, ʥʦ, ʥʝ ʪʝʨʷʷ ʦʙʱʥʦʩʪʠ, ʜʘʣʝʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ 

ʮʝʧʠ, ʩʦʩʪʦʷʱʠʝ ʪʦʣʴʢʦ ʠʟ ʚʨʘʱʘʪʝʣʴʥʳʭ ʠ ʧʦʩʪʫʧʘʪʝʣʴʥʳʭ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʘʨ ʧʝʨʚʦʛʦ 

ʧʦʨʷʜʢʘ. ʀʟ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʦʧʦʨ ʩʣʝʜʫʝʪ ʦʪʙʨʦʩʠʪʴ ʪʝ, ʚ ʢʦʪʦʨʳʭ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ 

ʚʠʥʪʳ ʚʩʝʭ ʧʘʨ, ʢʨʦʤʝ ʚʭʦʜʷʱʠʭ ʚ ʚʠʨʪʫʘʣʴʥʫʶ ʮʝʧʴ, ʣʠʥʝʡʥʦ ʟʘʚʠʩʠʤʳ. 

ʉʪʨʫʢʪʫʨʳ ʦʧʦʨ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʦʜʥʦʢʦʥʪʫʨʥʳʭ 

ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʮʝʧʝʡ ʧʦʩʨʝʜʩʪʚʦʤ ʫʜʘʣʝʥʠʷ ʚʠʨʪʫʘʣʴʥʦʡ ʮʝʧʠ 

ʇʘʨʘʣʣʝʣʴʥʘʷ ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʫʯʝʥʘ ʧʦʩʨʝʜʩʪʚʦʤ ʩʙʦʨʢʠ 

ʧʦʣʫʯʝʥʥʳʭ ʦʧʦʨ, ʚʳʙʨʘʥʥʳʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʤʙʠʥʘʮʠʷʤʠ ʛʨʫʧʧ ʩʠʣʦʚʳʭ ʚʠʥʪʦʚ, 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʨʘʥʝʝ. ʇʨʠ ʩʙʦʨʢʝ ʜʦʣʞʥʦ ʩʦʙʣʶʜʘʪʴʩʷ ʩʣʝʜʫʶʱʝʝ ʫʩʣʦʚʠʝ: ʣʠʥʝʡʥʘʷ 

ʢʦʤʙʠʥʘʮʠʷ ʛʨʫʧʧ ʩʠʣʦʚʳʭ ʚʠʥʪʦʚ ʦʧʦʨ ʜʦʣʞʥʘ ʩʦʩʪʘʚʣʷʪʴ 02 1 -ʯʣʝʥʥʫʶ ʛʨʫʧʧʫ. 

ɼʘʣʝʝ ʚʳʙʠʨʘʶʪʩʷ ʧʨʠʚʦʜʥʳʝ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʧʘʨʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ 

ʩʣʝʜʫʶʱʠʤʠ ʫʩʣʦʚʠʷʤʠ: 

ï ʧʨʠʚʦʜʥʳʝ ʧʘʨʳ ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʩʧʦʣʦʞʝʥʳ ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʚʥʦʤʝʨʥʦ; 

ï ʧʨʠʚʦʜʥʳʝ ʧʘʨʳ ʞʝʣʘʪʝʣʴʥʦ ʨʘʩʧʦʣʘʛʘʪʴ ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʣʠ ʙʣʠʞʝ ʢ ʥʝʤʫ; 

ï ʥʝ ʜʦʣʞʥʦ ʙʳʪʴ ʧʘʩʩʠʚʥʳʭ ʧʦʩʪʫʧʘʪʝʣʴʥʳʭ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʘʨ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʳ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʧʘʨʘʣʣʝʣʴʥʳʝ ʤʝʭʘʥʠʟʤʳ, ʧʦʜʚʠʞʥʘʷ 

ʧʣʘʪʬʦʨʤʘ ʢʦʪʦʨʳʭ ʩʦʚʝʨʰʘʝʪ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ, ʩʦʩʪʦʷʱʠʝ ʠʟ 

ʚʨʘʱʘʪʝʣʴʥʳʭ ʠ ʧʦʩʪʫʧʘʪʝʣʴʥʳʭ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʘʨ. 
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʇʆɺɽɼɽʅʀʗ ɸɺʊʆʎʀʉʊɽʈʅ  

ʇʈʀ ʈɸɿʃʀʏʅʓʍ ɺʀɼɸʍ ʅɸɻʈʋɾɽʅʀʗ 

ʀ ʆʇʊʀʄʀɿɸʎʀʗ ʂʆʅʉʊʈʋʂʎʀʀ 

 

MODELING THE CONDUCT OF ROAD TANK CAR UNDER VARIOUS  

LOADING AND OPTIMIZATION OF THE DESIGN 

 
ɸ.ʀ.ʉʪʘʨʦʩʪʠʥ ï ʘʩʧ. 

ʀ.ɺ. ɼʝʤʴʷʥʫʰʢʦ ï ʜ.ʪ.ʥ., ʧʨʦʬ., ʈ.ʅ. ʄʷʩʥʠʮʢʠʡ ï ʢ.ʪ.ʥ. 

ʄɸɼɻʊʋ (ʄɸɼʀ) 

 

Abstract.  The work is devoted to research of behavior of shells of tank vehicles at various 

types of loading. For calculation of the space vehicle structure the method of finite elements is 

used. The application for automated construction of finite-element model of a tanker with 

possibility of change its geometrical characteristics is developed. Possibility of repeated 

calculation of shell of a tanker depending on the chosen parameters that allows to apply a multi-

method designing for further optimization of a design is realized. 

 

ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʦʚʝʜʝʥʠʷ ʢʦʨʧʫʩʦʚ ʘʚʪʦʮʠʩʪʝʨʥ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʚʠʜʘʭ ʥʘʛʨʫʞʝʥʠʷ. ɼʣʷ ʨʘʩʯʝʪʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʮʠʩʪʝʨʥʳ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʈʘʟʨʘʙʦʪʘʥʦ ʧʨʠʣʦʞʝʥʠʝ ʜʣʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʧʦʩʪʨʦʝʥʠʷ  ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʦʡ ʤʦʜʝʣʠ ʘʚʪʦʮʠʩʪʝʨʥʳ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʟʤʝʥʝʥʠʷ ʝʝ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʈʝʘʣʠʟʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʨʘʩʯʝʪʘ ʢʦʨʧʫʩʘ 

ʘʚʪʦʮʠʩʪʝʨʥʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʙʨʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ ʤʝʪʦʜ 

ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʥʩʪʨʫʢʮʠʠ. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʉʊɸʊʀʉʊʀʏɽʉʂʀʍ 

ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʆʐʀɹʂʀ ʀʅʊɽʈʇʆʃʗʎʀʀ ʊʈɸɽʂʊʆʈʀʁ 

ʇɽʈɽʄɽʑɽʅʀʗ ɻʈʋɿɸ 

ʇʈʆʉʊʈɸʅʉʊɺɽʅʅʆɻʆ ʄɸʅʀʇʋʃʗʊʆʈɸ ʉ ɻʀɹʂʀʄʀ ʅʀʊʗʄʀ 

STATISTICAL ANALYSIS OF POSITIONING ERROR FOR SPATIAL  

MANIPULATOR WITH FLEXIBLE CABLES 
 

ʆ.ɻ. ʊʦʣʩʪʫʥʦʚ ï ʘʩʧ, ʖ.ɸ. ɺʘʣʶʢʝʚʠʯ ï ʢ.ʪ.ʥ., ʜʦʮ.  

ʌɻɹʆʋ ɺʇʆ çʖʞʥʦ-ʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʵʢʦʥʦʤʠʢʠ ʠ ʩʝʨʚʠʩʘè 

 

Abstract. In this work author makes a statistical analysis of positioning error for spatial 

manipulator with flexible cables. Author makes analysis of variance, standard deviation and 

maximum value of positioning error. In article also proposes a method for generating line 

segments of linear trajectories. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʢʘʢ ʚ ʈʦʩʩʠʠ, ʪʘʢ ʠ ʟʘ ʨʫʙʝʞʦʤ ʚʦʟʨʘʩʪʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʢ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʠ ʨʘʟʨʘʙʦʪʢʝ ʤʘʥʠʧʫʣʷʪʦʨʦʚ ʩ ʧʘʨʘʣʣʝʣʴʥʦʡ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʚ 

ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʦʥʠ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʥʘʨʦʜʥʦʛʦ 

ʭʦʟʷʡʩʪʚʘ ʠ ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʣʘʩʩʠʯʝʩʢʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʤʘʥʠʧʫʣʷʪʦʨʦʚ ʦʙʣʘʜʘʶʪ 

ʧʦʚʳʰʝʥʥʦʡ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʞʝʩʪʢʦʩʪʴʶ, ʪʦʯʥʦʩʪʴʶ, ʘ ʪʘʢʞʝ ʧʦʥʠʞʝʥʥʦʡ 

ʵʥʝʨʛʦʝʤʢʦʩʪʴʶ.  

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʷʚʣʷʝʪʩʷ ʧʘʨʘʣʣʝʣʴʥʳʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ 

ʤʘʥʠʧʫʣʷʪʦʨ (ʇʄ) ʩ ʛʠʙʢʠʤʠ ʥʠʪʷʤʠ (ʩʤ. ʨʠʩ.) ʧʦʟʚʦʣʷʶʱʠʡ ʧʝʨʝʤʝʱʘʪʴ ʦʙʲʝʢʪʳ 

ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩʚʦʝʡ ʨʘʙʦʯʝʡ ʟʦʥʳ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ 

(ʙʦʣʝʝ 1Ĭ10
6
 ʤ

3
) ʩ ʧʦʚʳʰʝʥʥʦʡ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʧʨʠ ʧʦʥʠʞʝʥʥʦʡ 

ʤʘʪʝʨʠʘʣʦʝʤʢʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ. ʊʘʢʦʡ ʇʄ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʪʘʢʠʭ ʦʪʨʘʩʣʷʭ 

ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʢʘʢ ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʛʝʦʣʦʛʠʷ ʠ 

ʜʨʫʛʠʭ. 

 
ʈʠʩ.1. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʤʘʥʠʧʫʣʷʪʦʨ ʩ ʛʠʙʢʠʤʠ ʥʠʪʷʤʠ 

ɺʝʩʴʤʘ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʦʰʠʙʢʠ ʣʠʥʝʡʥʦʡ ʠʥʪʝʨʧʦʣʷʮʠʠ ʪʨʘʝʢʪʦʨʠʠ ʧʝʨʝʤʝʱʝʥʠʷ ʛʨʫʟʘ ʇʄ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʡ 

ʧʦʟʚʦʣʠʪ ʦʧʨʝʜʝʣʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʪʦʯʥʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ ʦʙʲʝʢʪʦʚ ʦʪ ʧʘʨʘʤʝʪʨʦʚ 

ʧʨʠʤʝʥʷʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʇʄ. ɼʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʰʠʙʢʠ ʣʠʥʝʡʥʦʡ ʠʥʪʝʨʧʦʣʷʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʠʟʚʝʩʪʥʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘʢʠʝ ʢʘʢ ʜʠʩʧʝʨʩʠʷ, ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ, ʘ ʪʘʢʞʝ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʦʰʠʙʢʠ ʠʥʪʝʨʧʦʣʷʮʠʠ, ʢʦʪʦʨʳʝ ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʚ ʧʨʝʜʝʣʘʭ ʚʩʝʡ 

ʟʦʥʳ ʦʙʩʣʫʞʠʚʘʥʠʷ ʇʄ ʩ ʧʦʤʦʱʴʶ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʩʧʦʩʦʙʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʝʤʝʡʩʪʚʘ 

ʦʪʨʝʟʢʦʚ ʧʨʷʤʳʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʰʠʙʢʠ ʣʠʥʝʡʥʦʡ ʠʥʪʝʨʧʦʣʷʮʠʠ ʦʪʨʝʟʢʦʚ ʧʨʷʤʳʭ ʦʪ ʠʭ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʟʦʥʳ ʦʙʩʣʫʞʠʚʘʥʠʷ ʇʄ. 
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ʇʆɺʓʐɽʅʀɽ ɾɽʉʊʂʆʉʊʀ ʐʇʀʅɼɽʃʔʅʆɻʆ ʋɿʃɸ ʉʊɸʅʂɸ 

ɼʃʗ ʆɹʈɸɹʆʊʂʀ ɻʆʈɹʓʃʗ 

INCREASE OF RIGIDITY OF OPERATED SPINDLE UNIT OF THE MACHINE 

FOR PROCESSING SLABS 
 

ɸ.ɸ. ʌʦʤʠʥ - ʢ.ʪ.ʥ., ʜʦʮ., ɸ. ɸ. ʄʘʨʳʰʝʚ - ʤʘʛʠʩʪʨʘʥʪ 

ɺʣʘʜʠʤʠʨʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ 

ʠʤ. ɸʣʝʢʩʘʥʜʨʘ ɻʨʠʛʦʨʴʝʚʠʯʘ ʠ ʅʠʢʦʣʘʷ ɻʨʠʛʦʨʴʝʚʠʯʘ ʉʪʦʣʝʪʦʚʳʭ 

 

Abstract. A great influence on the product quality and performance of the processes of 

mechanical processing provides the rigidity of the technological system. In the experimental 

studies several recommendations to improve the rigidity of the electrically operated spindle host 

machine for processing slabs were withdrawn. 

ɹʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ ʢʘʯʝʩʪʚʦ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʧʨʦʮʝʩʩʦʚ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʦʢʘʟʳʚʘʝʪ ʞʝʩʪʢʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, 

ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʵʪʦʪ ʧʘʨʘʤʝʪʨ ʥʝʦʙʭʦʜʠʤʦ ʧʦʚʳʰʘʪʴ ʥʝ ʪʦʣʴʢʦ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʤʝʪʘʣʣʦʚ ʠ 

ʩʧʣʘʚʦʚ, ʥʦ ʠ ʜʨʫʛʠʭ ʤʘʪʝʨʠʘʣʦʚ. ɸʚʪʦʨʘʤʠ ʥʘ ʙʘʟʝ ɺʣʘʜʠʤʠʨʩʢʦʛʦ ʠʥʥʦʚʘʮʠʦʥʥʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ ʨʘʟʨʘʙʦʪʘʥ ʠ ʠʟʛʦʪʦʚʣʝʥ ʩʪʘʥʦʢ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʛʦʨʙʳʣʷ (ʧʘʪʝʥʪ 

ʥʘ ʧʦʣʝʟʥʫʶ ʤʦʜʝʣʴ ˉ 95589) ʧʦʟʚʦʣʷʶʱʠʡ ʧʨʦʚʦʜʠʪʴ ʙʦʣʝʝ ʛʣʫʙʦʢʫʶ ʧʝʨʝʨʘʙʦʪʢʫ 

ʜʨʝʚʝʩʠʥʳ. ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʞʝʩʪʢʦʩʪʠ ʰʧʠʥʜʝʣʴʥʦʛʦ ʫʟʣʘ ʬʘʩʦʥʥʦʡ ʬʨʝʟʳ, 

ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʫʩʪʘʥʦʚʦʯʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦ ʚʝʨʪʠʢʘʣʴʥʳʤ ʥʘʧʨʘʚʣʷʶʱʠʤ ʪʠʧʘ 

ʣʘʩʪʦʯʢʠʥʦʛʦ ʭʚʦʩʪʘ. ʇʦʩʣʝ ʥʘʩʪʨʦʡʢʠ ʩʪʘʥʢʘ ʥʘ ʟʘʜʘʥʥʳʡ ʨʘʟʤʝʨ (ʪʨʝʙʫʝʤʫʶ ʪʦʣʱʠʥʫ) 

ʛʦʪʦʚʦʛʦ ʠʟʜʝʣʠʷ ʰʧʠʥʜʝʣʴʥʳʡ ʫʟʝʣ ʞʝʩʪʢʦ ʬʠʢʩʠʨʫʝʪʩʷ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ. 

ɾʝʩʪʢʦʩʪʴ ʠʟʤʝʨʷʣʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʦʩʠ ʰʧʠʥʜʝʣʷ, ʢʦʪʦʨʦʝ 

ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʦʜʘʯʠ ʛʦʨʙʳʣʷ. ɺʥʝʰʥʶʶ ʩʠʣʦʚʫʶ ʥʘʛʨʫʟʢʫ ʧʨʠʢʣʘʜʳʚʘʣʠ ʢ 

ʰʧʠʥʜʝʣʴʥʦʤʫ ʫʟʣʫ ʩʪʫʧʝʥʯʘʪʦ ʩ ʰʘʛʦʤ 250 ʅ, ʥʘʯʠʥʘʷ ʦʪ 0 ʜʦ 1500 ʅ. ʏʠʩʣʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ ʧʨʠʢʣʘʜʳʚʘʝʤʦʡ ʩʠʣʳ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʜʠʥʘʤʦʤʝʪʨʦʤ, ʘ ʫʧʨʫʛʠʝ ʧʝʨʝʤʝʱʝʥʠʷ, 

ʚʳʟʚʘʥʥʳʝ ʜʝʡʩʪʚʫʶʱʝʡ ʩʠʣʦʡ, ״ ʠʥʜʠʢʘʪʦʨʦʤ ʯʘʩʦʚʦʛʦ ʪʠʧʘ ʩ ʪʦʯʥʦʩʪʴʶ 0,01 ʤʤ. ʇʦʩʣʝ 

ʜʦʚʝʜʝʥʠʷ ʥʘʛʨʫʟʢʠ ʜʦ ʤʘʢʩʠʤʫʤʘ 1500 ʅ ʩʠʣʫ ʩ ʫʢʘʟʘʥʥʳʤ ʠʥʪʝʨʚʘʣʦʤ ʫʤʝʥʴʰʘʣʠ ʜʦ 0.  

ɺʝʪʚʴ ʥʘʛʨʫʟʢʠ ʛʨʘʬʠʢʘ ʞʝʩʪʢʦʩʪʠ ʥʝ ʩʦʚʧʘʜʘʝʪ ʩ ʚʝʪʚʴʶ ʨʘʟʛʨʫʟʢʠ. ʇʦʩʣʝ ʩʥʷʪʠʷ 

ʥʘʛʨʫʟʢʠ ʫʧʨʫʛʘʷ ʜʝʬʦʨʤʘʮʠʷ ʰʧʠʥʜʝʣʷ ʥʝ ʧʨʠʥʠʤʘʝʪ ʥʫʣʝʚʳʭ ʟʥʘʯʝʥʠʡ, ʘ ʦʩʪʘʪʦʯʥʘʷ 

ʜʝʬʦʨʤʘʮʠʷ ʯʠʩʣʝʥʥʦ ʨʘʚʥʘ ʚʝʣʠʯʠʥʝ ʟʘʟʦʨʦʚ ʩʦʧʨʷʛʘʝʤʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʫʟʣʘ ʩʪʘʥʢʘ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʞʝʩʪʢʦʩʪʠ ʰʧʠʥʜʝʣʴʥʦʛʦ ʫʟʣʘ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

ʩʠʣʫ P ʧʨʠʢʣʘʜʳʚʘʝʤ ʧʦʜ ʫʛʣʦʤ 180Á ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʚʳʤ ʩʣʫʯʘʝʤ. ʕʢʩʧʝʨʠʤʝʥʪʳ 

ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʟʘʢʨʝʧʣʝʥʥʦʡ ʠ ʥʝʟʘʢʨʝʧʣʝʥʥʦʡ ʥʘʧʨʘʚʣʷʶʱʝʡ çʣʘʩʪʦʯʢʠʥ ʭʚʦʩʪè. 

ʋʧʨʫʛʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʰʧʠʥʜʝʣʷ ʧʨʠ ʟʘʢʨʝʧʣʝʥʥʦʡ ʦʭʚʘʪʳʚʘʝʤʦʡ ʥʘʧʨʘʚʣʷʶʱʝʡ ʠ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʠʣʝ 1500 ʅ ʩʦʩʪʘʚʠʣʦ 0,27 ʤʤ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʦʜʦʣʴʥʦʡ ʧʦʜʘʯʠ ʛʦʨʙʳʣʷ, 

ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʞʝʩʪʢʦʩʪʠ 5555,6 ʅ/ʤʤ. ʇʨʠ ʥʘʛʨʫʞʝʥʠʠ ʰʧʠʥʜʝʣʷ ʫʩʠʣʠʝʤ ʪʦʡ ʞʝ 

ʚʝʣʠʯʠʥʳ, ʥʦ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʧʦʜʘʯʝ ʛʦʨʙʳʣʷ, ʧʝʨʝʤʝʱʝʥʠʝ ʩʦʩʪʘʚʠʣʦ 

0,238 ʤʤ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʞʝʩʪʢʦʩʪʠ 6202,5 ʅ/ʤʤ ʠ ʚ 1,12 ʨʘʟʘ ʧʨʝʚʳʰʘʝʪ ʞʝʩʪʢʦʩʪʴ 

ʧʦʣʫʯʝʥʥʫʶ ʚ ʧʨʝʜʳʜʫʱʝʤ ʩʣʫʯʘʝ. ʆʩʪʘʪʦʯʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʧʦʩʣʝ ʥʘʛʨʫʞʝʥʠʷ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʜʘʯʠ ʨʘʚʥʘ 0,015 ʤʤ, ʘ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ 0,005 ״ ʤʤ.  

ʇʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ ʥʘʛʨʫʞʝʥʠʠ ʰʧʠʥʜʝʣʴʥʦʛʦ ʫʟʣʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʜʘʯʠ ʛʦʨʙʳʣʷ, 

ʥʦ ʩ ʥʝʟʘʢʨʝʧʣʝʥʥʦʡ ʥʘʧʨʘʚʣʷʶʱʝʡ ʧʦʣʫʯʠʣʠ ʧʝʨʝʤʝʱʝʥʠʝ ʰʧʠʥʜʝʣʷ 2,37 ʤʤ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʞʝʩʪʢʦʩʪʠ 632,9 ʅ/ʤʤ, ʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʧʦʜʘʯʝ, 1,195 ״ 

ʤʤ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʞʝʩʪʢʦʩʪʠ 1255,2 ʅ/ʤʤ. ɾʝʩʪʢʦʩʪʴ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʧʦʜʘʯʝ, ʚʳʰʝ ʚ 1,98 ʨʘʟʘ. ʆʩʪʘʪʦʯʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʧʦʩʣʝ ʥʘʛʨʫʞʝʥʠʷ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʜʘʯʠ ʨʘʚʥʘ 0,07ʤʤ, ʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ 0,02 ״ ʤʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʞʝʩʪʢʦʩʪʠ ʰʧʠʥʜʝʣʴʥʦʛʦ ʫʟʣʘ 

ʩʪʘʥʢʘ ʧʝʨʝʜ ʦʙʨʘʙʦʪʢʦʡ ʛʦʨʙʳʣʷ ʦʭʚʘʪʳʚʘʝʤʫʶ ʥʘʧʨʘʚʣʷʶʱʫʶ ʣʘʩʪʦʯʢʠʥʦʛʦ ʭʚʦʩʪʘ 

ʥʝʦʙʭʦʜʠʤʦ ʟʘʢʨʝʧʠʪʴ, ʘ ʰʧʠʥʜʝʣʴʥʳʡ ʫʟʝʣ ʨʘʩʧʦʣʘʛʘʪʴ ʪʘʢ, ʯʪʦʙʳ ʩʠʣʦʚʘʷ ʥʘʛʨʫʟʢʘ 

ʧʨʠʞʠʤʘʣʘ ʰʧʠʥʜʝʣʴ ʢ ʥʘʧʨʘʚʣʷʶʱʝʡ. 
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EFFICIENCY OF EQUILIBRATION OF TORQUE REACTION 

 
ʄ.ʉ.ʍʘʡʜʘʢʠʥ ï ʢ.ʪ.ʥ. 

ʀʥʩʪʠʪʫʪ ʤʘʰʠʥʦʚʝʜʝʥʠʷ ʠʤ. ɸ.ɸ.ɹʣʘʛʦʥʨʘʚʦʚʘ ʈɸʅ, ʄʦʩʢʚʘ 

 

Abstract. Engine vibrations testify to its disbalance - basic deficiency of engines. The author 

considers modes of an balance of forces and the moments acting in engines. Classification of 

balancer systems of engines to destination and to constructive signs is stated. Constructions of 

various balancer systems are presented. Recommendations of application of classification are 

made. 

 

ʈʦʩʪ ʤʦʱʥʦʩʪʠ ʠ ʙʳʩʪʨʦʭʦʜʥʦʩʪʠ ʜʚʠʛʘʪʝʣʝʡ ʫʚʝʣʠʯʠʣʠ ʠʭ ʚʠʙʨʦʥʘʛʨʫʞʝʥʥʦʩʪʴ. 

ʇʦʵʪʦʤʫ ʧʨʠ ʩʦʟʜʘʥʠʠ ʢʘʞʜʦʡ ʥʦʚʦʡ ʤʦʜʝʣʠ ʜʚʠʛʘʪʝʣʷ ʥʝʦʙʭʦʜʠʤʦ ʫʜʝʣʷʪʴ ʩʝʨʴʝʟʥʦʝ 

ʚʥʠʤʘʥʠʝ ʧʨʦʙʣʝʤʝ ʫʤʝʥʴʰʝʥʠʷ ʝʛʦ ʢʦʣʝʙʘʥʠʡ. ʈʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʫʩʣʦʞʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ 

ʧʨʠʤʝʥʷʶʪʩʷ ʜʚʠʛʘʪʝʣʠ ʩ ʥʝʧʦʣʥʦʩʪʴʶ ʫʨʘʚʥʦʚʝʰʝʥʥʳʤʠ ʩʠʣʘʤʠ ʠʥʝʨʮʠʠ ʜʚʠʞʫʱʠʭʩʷ 

ʤʘʩʩ ʢʨʠʚʦʰʠʧʥʦ-ʰʘʪʫʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʠ ʩ 

ʧʦʚʳʰʝʥʥʦʡ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴʶ ʢʨʫʪʷʱʝʛʦ 

ʤʦʤʝʥʪʘ.  

ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʚʦʟʤʫʱʘʶʱʠʭ 

ʚʦʟʜʝʡʩʪʚʠʡ, ʚʳʟʳʚʘʶʱʠʭ ʢʦʣʝʙʘʥʠʷ ʩʠʣʦʚʦʛʦ 

ʘʛʨʝʛʘʪʘ, ʥʘ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝʞʠʤʝ ʨʘʙʦʪʳ 

ʜʚʠʛʘʪʝʣʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʝʛʦ ʚʥʝʰʥʝʡ 

ʥʝʫʨʘʚʥʦʚʝʰʝʥʥʦʩʪʠ ï ʧʨʠʥʮʠʧʠʘʣʴʥʦʤ 

ʥʝʜʦʩʪʘʪʢʝ ʧʦʨʰʥʝʚʳʭ ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ 

ʩʛʦʨʘʥʠʷ (ɼɺʉ).  ʇʨʠʯʠʥʦʡ 

ʥʝʫʨʘʚʥʦʚʝʰʝʥʥʦʩʪʠ ʜʚʠʛʘʪʝʣʷ ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ 

ʥʝʫʨʘʚʥʦʚʝʰʝʥʥʳʝ ʩʠʣʳ ʠʥʝʨʮʠʠ ʚʦʟʚʨʘʪʥʦ-

ʧʦʩʪʫʧʘʪʝʣʴʥʦ ʜʚʠʞʫʱʠʭʩʷ ʠ ʚʨʘʱʘʶʱʠʭʩʷ 

ʤʘʩʩ, ʤʦʤʝʥʪʳ ʦʪ ʵʪʠʭ ʩʠʣ, ʘ ʪʘʢʞʝ 

ʦʧʨʦʢʠʜʳʚʘʶʱʠʡ ʤʦʤʝʥʪ ʜʚʠʛʘʪʝʣʷ.  

ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʦʪʨʠʮʘʪʝʣʴʥʳʭ 

ʧʦʩʣʝʜʩʪʚʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʠʙʨʘʮʠʷʤʠ, 

ʜʚʠʛʘʪʝʣʴ ʜʦʣʞʝʥ ʙʳʪʴ ʫʨʘʚʥʦʚʝʰʝʥ, ʪ.ʝ. 

ʜʦʣʞʥʘ ʙʳʪʴ ʩʦʟʜʘʥʘ ʪʘʢʘʷ ʩʠʩʪʝʤʘ ʩʠʣ, ʚ 

ʢʦʪʦʨʦʡ ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʠʝ ʩʠʣ ʠ ʠʭ ʤʦʤʝʥʪʳ 

ʜʦʣʞʥʳ ʙʳʪʴ ʧʦʩʪʦʷʥʥʳ ʧʦ ʚʝʣʠʯʠʥʝ ʠ ʥʘʧʨʘʚʣʝʥʠʶ ʠʣʠ ʨʘʚʥʳ ʥʫʣʶ. 

ʂʦʣʝʙʘʥʠʷ ʜʚʠʛʘʪʝʣʷ, ʥʘ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝʞʠʤʝ ʨʘʙʦʪʳ,  ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʝʛʦ 

ʚʥʝʰʥʝʡ ʥʝʫʨʘʚʥʦʚʝʰʝʥʥʦʩʪʠ ï ʧʨʠʥʮʠʧʠʘʣʴʥʦʤ ʥʝʜʦʩʪʘʪʢʝ ʧʦʨʰʥʝʚʳʭ ʜʚʠʛʘʪʝʣʝʡ 

ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ. ɸʚʪʦʨʦʤ ʨʘʩʩʤʦʪʨʝʥʳ ʩʧʦʩʦʙʳ ʫʨʘʚʥʦʚʝʰʠʚʘʥʠʷ ʩʠʣ ʠ ʤʦʤʝʥʪʦʚ, 

ʜʝʡʩʪʚʫʶʱʠʭ ʚ ʜʚʠʛʘʪʝʣʷʭ. ʀʟʣʦʞʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʤʝʭʘʥʠʟʤʦʚ ʫʨʘʚʥʦʚʝʰʠʚʘʥʠʷ 

ʨʷʜʥʳʭ ɼɺʉ ʧʦ ʥʘʟʥʘʯʝʥʠʶ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤ ʧʨʠʟʥʘʢʘʤ. ʆʧʠʩʘʥʳ ʢʦʥʩʪʨʫʢʮʠʠ 

ʨʘʟʣʠʯʥʳʭ  ʤʝʭʘʥʠʟʤʦʚ ʫʨʘʚʥʦʚʝʰʠʚʘʥʠʷ. ɺ ʟʘʢʣʶʯʝʥʠʠ ʜʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʨʠʤʝʥʝʥʠʷ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʜʚʠʛʘʪʝʣʝʡ.  
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ɻɽʆʄɽʊʈʀʏɽʉʂʀʁ ʄɽʊʆɼ ʈɸʉʏɽʊɸ ɼʀʅɸʄʀʂʀ  

ʄɽʍɸʅʀɿʄʆɺ ʇɸʈɸʃʃɽʃʔʅʆʁ ʉʊʈʋʂʊʋʈʓ 

 

GEOMETRICAL METHOD FOR SOLVING  

OF PARALLEL MECHANISMS DYNAMICS 
 

ɸ.ɺ. ʏʠʯʚʘʨʠʥ
1
 ï ʢ.ʪ.ʥ., ʃ.ɸ. ʈʳʙʘʢ

2
 ï ʜ.ʪ.ʥ., ʧʨʦʬ. 

1 
ʉʪʘʨʦʦʩʢʦʣʴʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʅʀʊʋ çʄʀʉʠʉè 

2
 ɹʝʣʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɺ.ɻ. ʐʫʭʦʚʘ 

 

Abstract. Is proved that Jacobean of parallel mechanism, and, hence, all its dynamic 

characteristics, depend, only from a translational matrix, and is entirely defined by geometry of 

the parallel mechanism. 

 

ʈʘʩʩʤʦʪʨʠʤ ʦʙʦʙʱʝʥʥʳʡ ʧʘʨʘʣʣʝʣʴʥʳʡ ʤʝʭʘʥʠʟʤ, ʠʤʝʶʱʠʡ n ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʠ 

n ʦʧʦʨ. ɼʣʷ ʧʨʦʩʪʦʪʳ, ʥʦ, ʥʝ ʪʝʨʷʷ ʦʙʱʥʦʩʪʠ, ʜʘʣʝʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ 

ʮʝʧʠ, ʩʦʩʪʦʷʱʠʝ ʪʦʣʴʢʦ ʠʟ ʚʨʘʱʘʪʝʣʴʥʳʭ ʠ ʧʦʩʪʫʧʘʪʝʣʴʥʳʭ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʘʨ ʧʝʨʚʦʛʦ 

ʧʦʨʷʜʢʘ. 

ɺ ʥʝʧʦʜʚʠʞʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʩʚʷʟʘʥʥʦʡ ʩ ʦʩʥʦʚʘʥʠʝʤ ʧʘʨʘʣʣʝʣʴʥʦʛʦ 

ʤʝʭʘʥʠʟʤʘ, ʦʙʦʟʥʘʯʠʚ ʟʘ ip  ʚʝʢʪʦʨ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʢʨʝʧʣʝʥʠʷ ʦʧʦʨ ʢ ʧʦʜʚʠʞʥʦʡ 

ʧʣʘʪʬʦʨʤʝ, ʘ ʟʘ ib  ʚʝʢʪʦʨ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʢʨʝʧʣʝʥʠʷ ʦʧʦʨ ʢ ʦʩʥʦʚʘʥʠʶ, ʨʝʰʝʥʠʝ 

ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ ʢʠʥʝʤʘʪʠʢʠ ʠʤʝʝʪ ʚʠʜ 

 2 , 1, , .i i i i i i np b p b  

ʇʨʦʜʠʬʬʝʨʝʥʮʠʨʦʚʘʚ ʵʪʦ ʫʨʘʚʥʝʥʠʝ ʧʦ ʚʨʝʤʝʥʠ, ʧʦʣʫʯʘʝʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ 

ʗʢʦʙʠʘʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʳ: 

 , 1, , .i i i i i i np b p  

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʛʣʦʙʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʦ ʚ ʚʠʜʝ 
 At B  

ʛʜʝ , , i i i

i i i

i i

diag
Qr p b

A m B m
p b

.  

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, i ip p Qr , ʛʜʝ Q  ð ʤʘʪʨʠʮʘ ʧʦʚʦʨʦʪʘ ʧʦʜʚʠʞʥʦʡ ʩʠʩʪʝʤʳ 

ʢʦʦʨʜʠʥʘʪ, ʩʚʷʟʘʥʥʦʡ ʩ ʧʦʜʚʠʞʥʦʡ ʧʣʘʪʬʦʨʤʦʡ, ʩ ʥʝʧʦʜʚʠʞʥʦʡ ʩʠʩʪʝʤʦʡ ʢʦʦʨʜʠʥʘʪ, 

ʩʚʷʟʘʥʥʦʡ ʩ ʦʩʥʦʚʘʥʠʝʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʠʜʥʦ, ʯʪʦ ʗʢʦʙʠʘʥ ʩʠʩʪʝʤʳ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʩʝ ʝʝ 

ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʟʘʚʠʩʷʪ, ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʦʪ ʤʘʪʨʠʮʳ ʧʦʚʦʨʦʪʘ, ʠ ʚʩʝʮʝʣʦ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʝʦʤʝʪʨʠʝʡ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ. 



142 

 

ʋʉʊʈʆʁʉʊɺʆ ʀʅɽʈʎʀʆʅʅʆɻʆ ʊʀʇɸ ɼʃʗ ɸʃʄɸɿʅʆɻʆ 

ɺʓɻʃɸɾʀɺɸʅʀʗ ʆʊɺɽʈʉʊʀʁ 

A DEVICE OF INERTIAL TYPE FOR DIAMOND SMOOTHING OF HOLES 
ɸ.ʅ. ʐʚʝʮʦʚ ï ʤʘʛʠʩʪʨʘʥʪ, ɼ.ʃ. ʉʢʫʨʘʪʦʚ ï ʜ.ʪ.ʥ., ʧʨʦʬ. 

ʉʘʤʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

Abstract. We propose a design and describe principles of operation of a device for diamond 

smoothing of holes in machine and mechanism elements. 

 

ɼʣʷ ʘʣʤʘʟʥʦʛʦ ʚʳʛʣʘʞʠʚʘʥʠʷ ʦʪʚʝʨʩʪʠʡ ʨʘʟʨʘʙʦʪʘʥʦ ʫʩʪʨʦʡʩʪʚʦ, ʢʦʥʩʪʨʫʢʮʠʷ 

ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. ʋʩʪʨʦʡʩʪʚʦ ʚ ʩʝʙʷ ʚʢʣʶʯʘʝʪ: ʭʚʦʩʪʦʚʠʢ 1; ʢʦʨʧʫʩ 2; 

ʛʨʫʟʳ 3; ʥʦʞʢʫ 4; ʚʠʥʪ ʢʨʝʧʣʝʥʠʷ ʘʣʤʘʟʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ 5; ʘʣʤʘʟʥʳʡ ʠʥʩʪʨʫʤʝʥʪ 6; ʚʠʥʪ 

ʠ ʛʘʡʢʘ ʢʨʝʧʣʝʥʠʷ ʜʝʨʞʘʚʢʠ ʘʣʤʘʟʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ 7; ʧʦʣʟʫʥ 8; ʧʨʫʞʠʥʘ ʩʞʘʪʠʷ 9. 

ʋʩʪʨʦʡʩʪʚʦ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʇʨʠ ʩʦʦʙʱʝʥʠʠ ʫʩʪʨʦʡʩʪʚʫ 

ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʦʪ ʰʧʠʥʜʝʣʷ ʩʪʘʥʢʘ ʯʝʨʝʟ ʭʚʦʩʪʦʚʠʢ 1, ʛʨʫʟʳ 1 (ʨʠʩ. 2) 

ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʥʘ ʨʳʯʘʛʘʭ 2, ʧʝʨʝʤʝʱʘʶʪ ʨʳʯʘʛʠ 3 ʠ ʦʩʠ 6, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ ʩ 

ʨʳʯʘʛʘʤʠ 3 ʯʝʨʝʟ ʧʦʣʟʫʥʳ 7. ʇʨʠ ʵʪʦʤ ʧʦʣʟʫʥʳ 7 ʧʝʨʝʜʚʠʛʘʷʩʴ, ʟʘʩʪʘʚʣʷʶʪ ʩʞʠʤʘʪʴʩʷ 

ʧʨʫʞʠʥʳ 4 ʠ ʨʘʟʞʠʤʘʶʪ ʧʨʫʞʠʥʳ 5. ʋʩʠʣʠʝ, ʩʦʟʜʘʚʘʝʤʦʝ ʧʨʫʞʠʥʘʤʠ 5, ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʚʦʟʚʨʘʪ ʤʝʭʘʥʠʟʤʘ ʚ ʠʩʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʘ ʧʨʫʞʠʥʳ 4 ʧʨʝʧʷʪʩʪʚʫʶʪ ʧʦʷʚʣʝʥʠʶ 

ʧʝʨʝʢʦʩʦʚ ʧʨʠ ʜʚʠʞʝʥʠʠ ʧʦʣʟʫʥʦʚ 6 ʠ ʦʙʣʝʛʯʘʶʪ ʨʘʙʦʪʫ ʧʦ ʚʦʟʚʨʘʪʫ ʤʝʭʘʥʠʟʤʘ ʚ 

ʠʩʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ. 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʦʩʠ 8 ʧʝʨʝʤʝʱʘʶʪʩʷ ʚʤʝʩʪʝ ʩ ʨʳʯʘʛʘʤʠ 3.ʉ ʦʜʥʦʡ ʠʟ ʦʩʝʡ 8, 

ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʧʦʣʟʫʥ 8 (ʨʠʩ. 1), ʧʝʨʝʤʝʱʘʶʱʫʶʩʷ ʚ ʢʦʨʧʫʩʝ 

ʫʩʪʨʦʡʩʪʚʘ ʠ ʠʤʝʶʱʫʶ ʚʝʣʠʯʠʥʫ ʭʦʜʘ ʨʘʚʥʫʶ 15 ʤʤ, ʠ ʜʘʣʝʝ ʯʝʨʝʟ ʥʦʞʢʫ 4 ʫʩʪʨʦʡʩʪʚʘ ʥʘ 

ʘʣʤʘʟʥʳʡ ʠʥʩʪʨʫʤʝʥʪ. ʈʘʜʠʘʣʴʥʘʷ ʩʠʣʘ yP , ʩ ʢʦʪʦʨʦʡ ʘʣʤʘʟʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʝʡʩʪʚʫʝʪ ʥʘ 

ʦʙʨʘʙʘʪʳʚʘʝʤʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʘʩʩʦʡ ʛʨʫʟʦʚ 3 ʠ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ 

ʰʧʠʥʜʝʣʷ ʩʪʘʥʢʘ. ʀʟʤʝʥʷʷ ʵʪʠ ʧʘʨʘʤʝʪʨʳ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʪʨʝʙʫʝʤʳʝ ʫʩʠʣʠʷ 

ʚʳʛʣʘʞʠʚʘʥʠʷ. 

ʅʘʣʘʜʢʘ ʥʘ ʦʙʨʘʙʘʪʳʚʘʝʤʳʡ ʨʘʟʤʝʨ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʧʝʨʝʤʝʱʝʥʠʷ ʥʦʞʢʠ 

ʚʜʦʣʴ ʧʘʟʘ ʧʦʣʟʫʥʘ 8 ʠ ʬʠʢʩʠʨʫʝʪʩʷ ʚʠʥʪʘʤʠ. 

ɼʘʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ 

ʚʳʛʣʘʞʠʚʘʥʠʷ ʦʪʚʝʨʩʪʠʡ ʚ ʜʠʘʧʘʟʦʥʝ ʜʠʘʤʝʪʨʦʚ 

ʦʪ 43 ʜʦ 139 ʤʤ. 

 

ʈʠʩ. 1. ʋʩʪʨʦʡʩʪʚʦ ʜʣʷ ʘʣʤʘʟʥʦʛʦ 

ʚʳʛʣʘʞʠʚʘʥʠʷ ʦʪʚʝʨʩʪʠʡ 

 

ʈʠʩ. 3. ʈʘʙʦʯʠʡ ʤʝʭʘʥʠʟʤ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ 

ʘʣʤʘʟʥʦʛʦ ʚʳʛʣʘʞʠʚʘʥʠʷ ʦʪʚʝʨʩʪʠʡ 

 

ʈʠʩ. 2. ʈʘʙʦʯʠʡ ʤʝʭʘʥʠʟʤ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ 

ʘʣʤʘʟʥʦʛʦ ʚʳʛʣʘʞʠʚʘʥʠʷ ʦʪʚʝʨʩʪʠʡ 
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ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʓʁ ʉʊɽʅɼ  

ʄɸʅʀʇʋʃʗʊʆʈɸ ʇɸʈɸʃʃɽʃʔʅʆʁ ʉʊʈʋʂʊʋʈʓ 

THE EXPERIMENTAL STAND  

OF THE PARALLEL STRUCTURE MANIPULATOR 
ʄ.ɸ. ʐʠʨʠʥʢʠʥ - ʘʩʧ., ɺ.ɸ. ɻʣʘʟʫʥʦʚ ï ʜ.ʪ.ʥ., ʧʨʦʬ., ʉ.ɺ. ʍʝʡʣʦ ï ʢ.ʪ.ʥ., ʜʦʮ. 

ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʢʩʪʠʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɸ.ʅ. ʂʦʩʳʛʠʥʘ 

 

Abstract. In the given work the description of a design of a breadboard model of the 

manipulator of parallel structure with four degrees of freedom is presented. 

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʧʠʩʘʥʠʝ ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʤʘʥʠʧʫʣʷʪʦʨʘ 

ʧʘʨʘʣʣʝʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩ ʯʝʪʳʨʴʤʷ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ. ɼʘʥʥʘʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ 

ʫʩʪʘʥʦʚʢʘ ʩʦʩʪʦʠʪ ʠʟ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʨʘʤʳ-ʦʩʥʦʚʘʥʠʷ, ʥʘ ʢʦʪʦʨʦʡ ʫʩʪʘʥʦʚʣʝʥʳ ʯʝʪʳʨʝ 

ʰʘʛʦʚʳʭ ʜʚʠʛʘʪʝʣʷ, ʧʦʜʚʠʞʥʦʡ ʚʳʭʦʜʥʦʡ ʧʣʘʪʬʦʨʤʳ, 

ʧʝʨʝʤʝʱʘʝʤʦʡ ʧʦʩʨʝʜʩʪʚʦʤ ʪʨʝʭ ʘʥʘʣʦʛʠʯʥʳʭ 

ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʮʝʧʝʡ, ʢʦʥʪʨʦʣʣʝʨʘ ʫʧʨʘʚʣʝʥʠʷ 

ʰʘʛʦʚʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ ʠ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ. ɼʚʠʞʝʥʠʷ 

ʧʦʜʚʠʞʥʦʡ ʧʣʘʪʬʦʨʤʳ ʧʦ ʚʝʨʪʠʢʘʣʠ ʨʘʟʚʷʟʘʥʳ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʚʠʞʝʥʠʡ ʚ ʧʣʦʩʢʦʩʪʠ ʧʦ ʪʨʝʤ 

ʢʦʦʨʜʠʥʘʪʘʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʜʚʠʞʝʥʠʷʤʠ çʧʦʜʥʷʪʴ-ʦʧʫʩʪʠʪʴè ʜʦʩʪʘʪʦʯʥʦ ʚʢʣʶʯʘʪʴ 

ʚ ʨʘʙʦʪʫ ʣʠʰʴ ʦʜʠʥ ʜʚʠʛʘʪʝʣʴ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ 

ʧʝʨʝʤʝʱʝʥʠʷ (ʚ ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚʨʘʱʘʪʝʣʴʥʳʡ 

ʰʘʛʦʚʳʡ ʜʚʠʛʘʪʝʣʴ ʩ ʧʝʨʝʜʘʯʝʡ ʚʠʥʪ-ʛʘʡʢʘ). ʊʘʢ ʢʘʢ 

ʦʩʥʦʚʥʳʝ ʩʠʣʳ ʪʷʞʝʩʪʠ ʜʝʡʩʪʚʫʶʪ ʥʘ ʚʝʨʪʠʢʘʣʴʥʳʝ 

ʧʝʨʝʤʝʱʝʥʠʷ, ʪʦ ʵʪʦ ʪʨʝʙʫʝʪ ʫʩʪʘʥʦʚʢʠ ʜʚʠʛʘʪʝʣʷ 

ʧʦʚʳʰʝʥʥʦʡ ʤʦʱʥʦʩʪʠ. ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʝʨʝʤʝʱʝʥʠʝʤ 

ʧʦʜʚʠʞʥʦʡ ʧʣʘʪʬʦʨʤʳ ʚ ʧʣʦʩʢʦʩʪʠ ʜʦʩʪʘʪʦʯʥʦ ʪʨʝʭ 

ʚʨʘʘɦʪʝʣʴʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʤʝʥʴʰʝʡ ʤʦʱʥʦʩʪʠ. ɼʣʷ 

ʘʥʘʣʠʟʘ ʧʝʨʝʤʝʱʝʥʠʡ ʚʳʭʦʜʥʦʛʦ ʟʚʝʥʘ 

ʤʘʥʠʧʫʣʷʮʠʦʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʪʨʘʝʢʪʦʨʠʡ ʧʨʠʤʝʥʷʣʩʷ ʣʘʟʝʨʥʳʡ ʤʦʜʫʣʴ, ʩʚʝʪʷʱʠʡ ʚ 

çʢʨʝʩʪè. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ: 
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ʊɽʈʄʆʅɸʇʈʗɾɽʅʅʆɻʆ ʉʆʉʊʆʗʅʀʗ ʈʆʊʆʈɸ ʂʆʄʇʈɽʉʉʆʈʆɺ 

 

MULTIDISCIPLINARY NUMERICAL SIMULATION OF THERMAL-STRESS 

STATE OF COMRESSORS ROTOR 

 
ɻ.ɻ. ʖʨʯʝʥʢʦ ï ʠʥʞ., ʖ.ʄ. ʊʝʤʠʩ ï ʜ.ʪ.ʥ., ʧʨʦʬ., ɸ.ɺ. ʉʝʣʠʚʘʥʦʚ ï ʥʘʯ. ʩʝʢʪʦʨʘ 

ʌɻʋʇ ʎʀɸʄ ʠʤ. ʇ.ʀ. ɹʘʨʘʥʦʚʘ, ʛ. ʄʦʩʢʚʘ 

 

Abstract. To obtain more accuracy data about heat-transfer coefficient distribution and another 

secondary flow parameters which are used as boundary conditions for calculation of thermal-

stress state of HPC rotor, the method of calculating secondary flow on the base of combining 

one-dimensional and two-dimensional flow models is developed. 

 

 ʆʧʨʝʜʝʣʝʥʠʝ ʪʝʨʤʦʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʜʝʪʘʣʝʡ ʛʦʨʷʯʝʡ ʯʘʩʪʠ ɻʊɼ ʦʪʥʦʩʠʪʩʷ 

ʢ ʩʣʦʞʥʳʤ ʧʨʦʙʣʝʤʘʤ ʤʥʦʛʦʜʠʩʮʠʧʣʠʥʘʨʥʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʘ ʢʘʞʜʦʤ ʚʨʝʤʝʥʥʦʤ ʰʘʛʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯ ʛʘʟʦʚʦʡ 

ʜʠʥʘʤʠʢʠ, ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʨʠʩ. 1). 

 ɺ ʨʘʙʦʪʝ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʨʘʩʯʝʪʫ ʪʝʯʝʥʠʷ ʛʘʟʘ ʚʦ ʚʪʦʨʠʯʥʦʤ ʪʨʘʢʪʝ. 

ʀʟʚʝʩʪʥʳ ʤʝʪʦʜʠʢʠ ʪʘʢʦʛʦ ʨʘʩʯʝʪʘ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʦʩʪʨʦʝʥʠʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʝʪʠ ʠ 

ʦʜʥʦʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʪʝʯʝʥʠʷ. ʆʜʥʘʢʦ ʚ ʤʝʞʜʠʩʢʦʚʳʭ ʧʦʣʦʩʪʷʭ ʂɺɼ ʨʝʘʣʠʟʫʝʪʩʷ 

ʮʠʨʢʫʣʷʮʠʦʥʥʦʝ ʪʝʯʝʥʠʝ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʧʨʠʤʝʥʝʥʠʝ ʦʜʥʦʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʥʝ ʜʘʝʪ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʇʦʵʪʦʤʫ ʚ ʝʜʠʥʫʶ ʨʘʩʯʝʪʥʫʶ ʩʭʝʤʫ ʦʙʲʝʜʠʥʝʥʳ 

ʦʜʥʦʤʝʨʥʳʝ ʤʦʜʝʣʠ ʪʝʯʝʥʠʷ ʚ ʢʘʥʘʣʘʭ ʠ ʜʚʫʤʝʨʥʳʝ ʤʦʜʝʣʠ ʪʝʯʝʥʠʷ ʚ ʧʦʣʦʩʪʷʭ, ʯʪʦ 

ʧʦʟʚʦʣʠʣʦ ʫʪʦʯʥʠʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ ʚ 

ʤʝʞʜʠʩʢʦʚʳʭ ʧʦʣʦʩʪʷʭ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʦʩʫʱʝʩʪʚʣʝʥ ʙʦʣʝʝ ʪʦʯʥʳʡ 

ʨʘʩʯʝʪ ʪʝʨʤʦʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʨʦʪʦʨʘ ʂɺɼ. 

 

ʈʠʩ. 1. ɸʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʪʝʨʤʦʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 
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ʉ ʆʊʈʓɺʆʄ ʆʊ ʇʆɺɽʈʍʅʆʉʊʀ 

 

INVESTIGATION OF DYNAMICS OF THE ROBOT MOVING  

WITH THE JUMPS FROM THE SURFACE  
 

ʉ.ʌ. ʗʮʫʥ ï ʜ.ʪ.ʥ., ʧʨʦʬ., ʃ.ʖ. ɺʦʣʢʦʚʘ ï ʘʩʧ., ɸ.ɺ. ɺʦʨʦʯʘʝʚ ï ʩʪʫʜ. 

ʖʛʦ-ɿʘʧʘʜʥʳʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʂʫʨʩʢ 

 

Abstract. In paper the construction and mathematical model of the jumping robot, dynamics of 

its movement, phases of jump are considered. 

 

ʇʨʳʛʘʶʱʠʡ ʨʦʙʦʪ (ʨʠʩ. 1 ʘ) ʩʦʩʪʦʠʪ ʠʟ ʢʦʨʧʫʩʘ 1 ʠ ʟʚʝʥʴʝʚ 2 ʠ 3. ʈʦʙʦʪ ʧʨʠʚʦʜʠʪʩʷ 

ʚ ʜʚʠʞʝʥʠʝ ʧʨʠ ʧʦʤʦʱʠ ʪʨʝʭ ʧʨʠʚʦʜʦʚ 4, 5, 6, ʫʛʣʳ Ŭ12 ʠ Ŭ23 ʦʧʨʝʜʝʣʷʶʪ ʧʦʣʦʞʝʥʠʝ 

ʟʚʝʥʴʝʚ ʨʦʙʦʪʘ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ. ʇʨʠʚʦʜʳ 4 ʠ 6 ʩʦʟʜʘʶʪ ʤʦʤʝʥʪʳ ʄ12 ʠ ʄ23, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʧʦʚʦʨʦʪ ʢʦʨʧʫʩʘ ʨʦʙʦʪʘ ʥʘ ʪʨʝʙʫʝʤʳʡ ʫʛʦʣ ʜʦ ʝʛʦ ʦʪʨʳʚʘ ʦʪ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʧʨʠʚʦʜ 5 ʩʦʟʜʘʝʪ ʩʠʣʫ F12, ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʦʪʦʨʦʡ ʨʦʙʦʪ ʦʩʫʱʝʩʪʚʣʷʝʪ 

ʧʨʳʞʦʢ. 

ʅʘ ʨʠʩ. 1 ʙ ʧʦʢʘʟʘʥʘ ʫʧʨʦʱʝʥʥʘʷ ʨʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʧʨʳʛʘʶʱʝʛʦ ʨʦʙʦʪʘ. ʂʦʨʧʫʩ 

ʨʦʙʦʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʷʤʦʫʛʦʣʴʥʠʢ ʩ ʨʘʟʤʝʨʘʤʠ 2ʘĬ2b. ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʨʦʙʦʪ 

ʜʚʠʞʝʪʩʷ ʚ ʥʝʧʦʜʚʠʞʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʆʭʫ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ F12 ʠ ʤʦʤʝʥʪʘ ʄ12, 

ʝʛʦ ʧʦʣʦʞʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʙʦʙʱʝʥʥʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ʭʉ, ʫʉ, . ʂʦʨʧʫʩ ʧʝʨʠʦʜʠʯʝʩʢʠ 

ʢʦʥʪʘʢʪʠʨʫʝʪ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʚ ʜʚʫʭ ʪʦʯʢʘʭ ɸ ʠ ɺ, ʨʘʚʥʦʫʜʘʣʝʥʥʳʭ ʦʪ ʝʛʦ ʮʝʥʪʨʘ ʤʘʩʩ ʉ, 

ʧʨʠʯʝʤ ʚ ʪʦʯʢʝ ɸ ʧʨʠ ʢʦʥʪʘʢʪʝ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʜʝʡʩʪʚʫʶʪ ʩʠʣʳ ʥʦʨʤʘʣʴʥʦʡ ʨʝʘʢʮʠʠ NA ʠ  

ʩʫʭʦʛʦ ʪʨʝʥʠʷ Ffr, ʘ ʚ ʪʦʯʢʝ ɺ ï ʪʦʣʴʢʦ ʥʦʨʤʘʣʴʥʘʷ ʨʝʘʢʮʠʷ NB.  

 
ʘ         ʙ  

ʈʠʩ. 1. ʘ ï ʦʙʱʠʡ ʚʠʜ ʨʦʙʦʪʘ, ʙ ï ʨʘʩʯʝʪʥʘʷ ʩʭʝʤʘ  

 

ʂʘʞʜʳʡ ʧʨʳʞʦʢ ʨʦʙʦʪʘ ʤʦʞʥʦ ʨʘʟʙʠʪʴ ʥʘ ʜʚʘ ʵʪʘʧʘ: 1 ï ʥʘʭʦʞʜʝʥʠʝ ʨʦʙʦʪʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʧʨʠ ʵʪʦʤ ʢʦʨʧʫʩ ʤʦʞʝʪ ʜʚʠʛʘʪʴʩʷ ʧʨʷʤʦʣʠʥʝʡʥʦ, ʧʦʚʦʨʘʯʠʚʘʪʴʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʧʦʜʚʠʞʥʦʡ ʪʦʯʢʠ ɸ, ʩʦʚʝʨʰʘʪʴ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ, 2 ï ʧʦʣʝʪ 

(ʜʚʠʞʝʥʠʝ ʩ ʦʪʨʳʚʦʤ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ). ɺ ʤʦʜʝʣʠ ʧʨʠʥʷʪʦ, ʯʪʦ ʵʪʘʧ ʧʦʣʝʪʘ ʥʘʯʠʥʘʝʪʩʷ, 

ʢʦʛʜʘ ʚʝʨʪʠʢʘʣʴʥʘʷ ʢʦʦʨʜʠʥʘʪʘ ʪʦʯʢʠ ɸ ʧʨʝʚʳʩʠʪ ʥʝʢʦʪʦʨʦʝ ʟʥʘʯʝʥʠʝ ʫ
*
, ʦʧʨʝʜʝʣʷʝʤʦʝ 

ʨʘʚʝʥʩʪʚʦʤ ʥʫʣʶ ʥʦʨʤʘʣʴʥʦʡ ʨʝʘʢʮʠʠ NA. ʉʯʠʪʘʝʤ, ʯʪʦ ʧʨʠ ʧʨʠʟʝʤʣʝʥʠʠ ʨʦʙʦʪʘ ʥʘ 

ʦʧʦʨʥʫʶ ʪʦʯʢʫ ɸ (ɺ) ʧʨʦʠʩʭʦʜʠʪ ʘʙʩʦʣʶʪʥʦ ʥʝʫʧʨʫʛʠʡ ʫʜʘʨ. ʇʦʩʣʝ ʵʪʦʛʦ ʮʠʢʣ ʧʨʳʞʢʘ 

ʧʦʚʪʦʨʷʝʪʩʷ.  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʧʨʳʛʘʶʱʝʛʦ ʨʦʙʦʪʘ, ʟʘʢʣʶʯʘʶʱʝʝʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʚʣʠʷʥʠʷ 

ʤʦʤʝʥʪʘ ʄ12 ʠ ʩʠʣʳ F12 ʥʘ ʚʳʩʦʪʫ ʠ ʜʣʠʥʫ ʧʨʳʞʢʘ. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʀ ʈɸɿʈɸɹʆʊʂɸ  

ɼɺʋʅʆɻʆɻʆ ʐɸɻɸʖʑɽɻʆ ɸʇʇɸʈɸʊɸ 

 

INVESTIGATION AND DEVELOPMENT  

OF TWO-LEGGED WALKING MACHINE 
 

ʉ.ʌ. ʗʮʫʥ - ʜ.ʪ.ʥ., ʧʨʦʬ., ʄ.ʉ. ʇʦʥʝʜʝʣʴʯʝʥʢʦ ï ʘʩʧ.  

ʖʛʦ-ɿʘʧʘʜʥʳʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʂʫʨʩʢ 

 

Abstract. In article is presented the design of the walking biped robot of anthropomorphous 

type. Robot can move on difficult surfaces at the expense of adaptation of contact elements to a 

moving surface. 

 

 ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʦ ʤʥʦʛʠʭ ʪʝʭʥʠʯʝʩʢʠ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥʘʭ ʤʠʨʘ ʧʨʦʚʦʜʠʪʩʷ 

ʨʘʟʨʘʙʦʪʢʘ ʜʚʫʥʦʛʠʭ ʰʘʛʘʶʱʠʭ ʨʦʙʦʪʦʚ. ʊʘʢʠʝ ʘʧʧʘʨʘʪʳ ʧʨʠ ʜʚʠʞʝʥʠʠ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ 

ʦʧʦʨʳ ʣʠʰʴ ʥʝʢʦʪʦʨʳʝ ʪʦʯʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʦʣʝʩʥʳʭ ʠ ʛʫʩʝʥʠʯʥʳʭ 

ʤʘʰʠʥ, ʠʤʝʶʱʠʭ ʥʝʧʨʝʨʳʚʥʫʶ ʢʦʣʝʶ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ 

ʧʨʦʭʦʜʠʤʦʩʪʴ ʨʦʙʦʪʘ. ʈʘʟʨʘʙʘʪʳʚʘʝʤʳʡ ʰʘʛʘʶʱʠʡ ʨʦʙʦʪ ʩʦʩʪʦʠʪ ʠʟ 7 ʟʚʝʥʴʝʚ, 

ʩʦʝʜʠʥʝʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʜʝʩʷʪʴʶ ʤʦʪʦʨ-ʨʝʜʫʢʪʦʨʘʤʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʚʝʨʝʥʥʫʶ 

ʧʦʭʦʜʢʫ (ʨʠʩ. 1 ʘ, ʙ). ʊʘʟʦʙʝʜʨʝʥʥʳʝ ʠ ʛʦʣʝʥʦʩʪʦʧʥʳʝ çʩʫʩʪʘʚʳè (ʨʠʩ. 1 ʘ, ʜ, ʝ) 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʘʢʪʠʚʥʳʝ ʜʚʫʭʢʦʦʨʜʠʥʘʪʥʳʝ ʰʘʨʥʠʨʳ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʳʤ ʨʦʙʦʪ 

ʦʩʪʘʝʪʩʷ ʫʩʪʦʡʯʠʚʳʤ ʧʨʠ ʧʝʨʝʜʚʠʞʝʥʠʠ ʟʘ ʩʯʝʪ ʩʤʝʱʝʥʠʷ ʮʝʥʪʨʘ ʤʘʩʩ ʚ ʧʦʧʝʨʝʯʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ. ɺ ʪʘʟʦʙʝʜʨʝʥʥʦʤ çʩʫʩʪʘʚʝè ʚʦʟʤʦʞʝʥ ʧʦʚʦʨʦʪ ʙʝʜʨʘ ʥʘ ʫʛʦʣ ʜʦ 90Á, 

ʢʦʣʝʥʥʳʡ çʩʫʩʪʘʚè ʨʦʙʦʪʘ (ʨʠʩ. 1 ʚ, ʛ) ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʚʦʨʦʪ ʟʚʝʥʘ çʛʦʣʝʥʴè ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʟʚʝʥʘ çʙʝʜʨʦè ʜʦ 140Á , ʘ ʩʪʦʧʘ ʩʧʦʩʦʙʥʘ ʨʘʟʚʝʨʥʫʪʴʩʷ ʥʘ ʫʛʦʣ ʜʦ 30Á, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʨʝʦʜʦʣʝʚʘʪʴ ʧʨʝʧʷʪʩʪʚʠʷ ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʠʭ ʨʘʟʤʝʨʦʚ. ʅʘ ʩʪʦʧʘʭ ʥʦʛ ʨʦʙʦʪʘ (ʨʠʩ. 1 ʜ, ʝ) 

ʨʘʩʧʦʣʦʞʝʥʳ ʢʦʥʪʘʢʪʥʳʝ ʵʣʝʤʝʥʪʳ, ʚ ʢʦʪʦʨʳʭ ʫʩʪʘʥʦʚʣʝʥʳ ʜʘʪʯʠʢʠ ʜʘʚʣʝʥʠʷ, 

ʥʝʦʙʭʦʜʠʤʳʝ ʢʘʢ ʜʣʷ ʩʪʘʪʠʯʝʩʢʦʛʦ, ʪʘʢ ʠ ʜʣʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʛʨʫʟʢʠ ʚʦ 

ʚʨʝʤʷ ʭʦʜʴʙʳ. ʂʘʞʜʳʡ ʧʨʠʚʦʜ ʦʩʥʘʱʝʥ ʩʠʩʪʝʤʦʡ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʥʘ ʙʘʟʝ ʵʥʢʦʜʝʨʘ. 

 

 
ʘ         ʙ        ʚ       ʛ        ʜ         ʝ    ʞ 

ʈʠʩ. 1. ʘ ï 3D ʤʦʜʝʣʴ ʦʙʱʝʛʦ ʚʠʜʘ ʨʦʙʦʪʘ, ʙ ï ʦʙʱʠʡ ʚʠʜ ʨʦʙʦʪʘ, ʚ ï 3D ʤʦʜʝʣʴ ʢʦʣʝʥʥʦʛʦ 

ʩʫʩʪʘʚʘ ʨʦʙʦʪʘ, ʛ ï ʢʦʣʝʥʥʳʡ ʩʫʩʪʘʚ ʨʦʙʦʪʘ, ʜ ï 3D ʤʦʜʝʣʴ ʩʪʦʧʳ ʨʦʙʦʪʘ, ʝ ï ʩʪʦʧʘ 

ʨʦʙʦʪʘ, ʞ ï 3D ʤʦʜʝʣʴ ʜʘʪʯʠʢʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ 

 

ʊʘʢ ʞʝ, ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʰʘʛʘʶʱʠʡ ʘʧʧʘʨʘʪ ʫʩʧʝʰʥʦ ʧʝʨʝʤʝʱʘʣʩʷ ʠ ʧʨʝʦʜʦʣʝʚʘʣ 

ʨʘʟʣʠʯʥʳʝ ʧʨʝʧʷʪʩʪʚʠʷ, ʚʘʞʥʦ ʠʤʝʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʭʘʨʘʢʪʝʨʝ ʠ ʩʦʩʪʦʷʥʠʠ ʩʨʝʜʳ, ʚ 

ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʜʚʠʞʝʥʠʝ, ʧʦʵʪʦʤʫ ʩʪʦʧʳ ʰʘʛʘʶʱʝʛʦ ʨʦʙʦʪʘ ʩʥʘʙʞʝʥʳ 

ʜʘʪʯʠʢʘʤʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ (ʨʠʩ. 1 ʞ).  

ʐʘʛʘʶʱʠʡ ʨʦʙʦʪ  ʤʦʞʝʪ ʧʝʨʝʤʝʱʘʪʴʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʜʚʠʞʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʚʳʙʠʨʘʶʪʩʷ ʩ ʫʯʝʪʦʤ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʜʘʪʯʠʢʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʩʪʦʧʘʭ.  

  



ʉɽʂʎʀʗ 6.

ɹʠʦʤʝʭʘʥʠʢʘ ʠ ʤʝʜʠʮʠʥʩʢʠʝ

ʪʝʭʥʦʣʦʛʠʠ 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ɺʃʀʗʅʀʗ ʋʃʔʊʈɸɿɺʋʂɸ ʅɸ ʇʈʆʎɽʉʉ 

ʌʆʈʄʀʈʆɺɸʅʀʗ ʄʀʂʈʆʇʆʈʀʉʊʆʁ ʉʊʈʋʂʊʋʈʓ 

ʇʃɸɿʄɽʅʅʓʍ ʄɽʊɸʃʃʆʂɽʈɸʄʀʏɽʉʂʀʍ ʇʆʂʈʓʊʀʁ 

 

RESEARCH ULTRASOUND EFFECTS ON MICROPOROUS STRUCTURE THE 

CERMET COATING DURING PLASMA SPRAYING 
 

ʀ.ʇ. ɻʨʠʰʠʥʘ - ʘʩʧ. ɸ.ɺ. ʃʷʩʥʠʢʦʚʘ - ʜ.ʪ.ʥ., ʧʨʦʬ.,  

ʅ.ɺ. ɹʝʢʨʝʥʝʚ - ʜ.ʪ.ʥ., ʧʨʦʬ., ʆ.ɸ. ɼʫʜʘʨʝʚʘ - ʢ.ʪ.ʥ., ʜʦʮ.,  

ʉʘʨʘʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʖ.ɸ. ɻʘʛʘʨʠʥʘ 

 
Abstract. A qualitative model of ultrasonic vibrations of the basis influencing the formation of 

microporous structure in plasma coating is developed. Experimental study of the surface of 

titanium-hydroxyapatite plasma spraying coatings is carried out. It had been established that 

duringthe plasma spraying the base gives ultrasonic vibrations so that we can watch the 

formation in agglomerates of spheroidal homogeneous micropores coating, whose sizes are 

determined by combination of parameters acoustic effects and modes of plasma spraying. 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠ ʧʦʤʦʱʠ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʤʝʪʘʣʣʦʢʝʨʘʤʠʯʝʩʢʦʛʦ ʪʠʪʘʥ-ʛʠʜʨʦʢʩʠʘʧʘʪʠʪʦʚʦʛʦ 

ʧʦʢʨʳʪʠʷ ʤʠʢʨʦʧʦʨ ʩ ʨʘʟʤʝʨʘʤʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʥʘʥʦʜʠʘʧʘʟʦʥʫ ʨʘʟʤʝʨʦʚ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʥʘʧʳʣʝʥʠʶ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʫʩʪʘʥʦʚʢʝ ʵʣʝʢʪʨʦʧʣʘʟʤʝʥʥʦʛʦ 

ʥʘʧʳʣʝʥʠʷ ɺʈɽʉ 744.3227.001. ʇʨʠʤʝʥʷʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʨʝʞʠʤʳ ʚʦʟʜʝʡʩʪʚʠʷ 

ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʢʦʣʝʙʘʥʠʡ: ʯʘʩʪʦʪʘ f = 22 ʢɻʮ ʠ ʘʤʧʣʠʪʫʜʘ A = 4-18 ʤʢʤ. ʕʣʝʢʪʨʦʧʣʘʟʤʝʥʥʦʝ 

ʥʘʧʳʣʝʥʠʝ ʪʠʪʘʥʦʚʦʛʦ ʧʦʜʩʣʦʷ ʥʘ ʧʦʜʚʝʨʛʥʫʪʳʝ ʚʦʟʜʫʰʥʦ-ʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʝ ʧʣʘʩʪʠʥʢʠ 

ʪʠʪʘʥʘ ʨʝʘʣʠʟʦʚʳʚʘʣʦʩʴ  ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ 35ɺ, ʩʠʣʝ ʪʦʢʘ 450ɸ, ʜʠʩʪʘʥʮʠʠ ʥʘʧʳʣʝʥʠʷ 100 ʤʤ 

ʠ ʜʠʩʧʝʨʩʥʦʩʪʠ ʪʠʪʘʥʦʚʦʛʦ ʧʦʨʦʰʢʘ ʇʊʉ (ʊʋ 14-1-3086-80) 100-120 ʤʢʤ. ʈʘʩʭʦʜ ʘʨʛʦʥʘ 

ʩʦʩʪʘʚʣʷʣ 55-60 ʣ/ʤʠʥ. ʅʘʧʳʣʝʥʠʝ ʧʦʨʦʰʢʘ ʛʠʜʨʦʢʩʠʘʧʘʪʠʪʘ (ɻɸ) ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʧʨʠ ʩʠʣʝ 

ʪʦʢʘ 450 ɸ, ʥʘʧʨʷʞʝʥʠʠ 35 ɺ, ʜʠʩʪʘʥʮʠʠ 80 ʠ 120 ʤʤ, ʜʠʩʧʝʨʩʥʦʩʪʠ 70-75 ʤʢʤ ʠ ʨʘʩʭʦʜʝ 

ʘʨʛʦʥʘ 65-70 ʣ/ʤʠʥ. ʈʘʩʭʦʜ ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʝʛʦ ʛʘʟʘ ʧʦʜʜʝʨʞʠʚʘʣʩʷ ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʫʨʦʥʝ 5 Ñ 

0,5 ʣ/ʤʠʥ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʣʘʟʤʝʥʥʦʛʦ ʥʘʧʳʣʝʥʠʷ ʩ ʚʦʟʜʝʡʩʪʚʠʝʤ ʫʣʴʪʨʘʟʚʫʢʘ ʚ ʢʘʤʝʨʝ 

ʫʩʪʘʥʦʚʢʠ ʙʳʣ ʨʘʟʤʝʱʝʥ ʧʴʝʟʦʢʝʨʘʤʠʯʝʩʢʠʡ ʠʟʣʫʯʘʪʝʣʴ ʩ ʫʩʪʨʦʡʩʪʚʦʤ ʟʘʢʨʝʧʣʝʥʠʷ 

ʦʙʨʘʟʮʦʚ. ʇʠʪʘʥʠʝ ʠʟʣʫʯʘʪʝʣʶ ʩʦʦʙʱʘʣʦʩʴ ʦʪ ʛʝʥʝʨʘʪʦʨʘ ʋɿɻ-ʀ ʨʘʟʨʘʙʦʪʢʠ ʆʆʆ 

çʋʣʴʪʨʘʟʚʫʢ-ʊɽʆè (ʛ. ʉʘʨʘʪʦʚ). ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʨʘʟʮʳ ʧʦʜʚʝʨʛʘʣʠʩʴ ʚʦʟʜʫʰʥʦ-ʘʙʨʘʟʠʚʥʦʡ 

ʦʙʨʘʙʦʪʢʝ ʥʘ ʫʩʪʘʥʦʚʢʝ çʏʘʡʢʘ-20è. ʇʝʨʝʜ ʥʘʧʳʣʝʥʠʝʤ ʧʣʘʩʪʠʥʳ ʩ ʧʦʣʫʯʝʥʥʳʤ 

ʤʠʢʨʦʨʝʣʴʝʬʦʤ ʧʦʜʚʝʨʛʘʣʠʩʴ ʦʯʠʩʪʢʝ ʦʪ ʞʠʨʦʚʳʭ ʟʘʛʨʷʟʥʝʥʠʡ ʥʘ ʫʩʪʘʥʦʚʢʝ ʋɿ ʦʯʠʩʪʢʠ ʇɹʉ 

ɻɸʃʉ. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ 

ʠʟʦʙʨʘʞʝʥʠʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨ ɸɻʇʄ-6ʄ, ʵʣʝʤʝʥʪʳ ʩʪʨʫʢʪʫʨʳ ʩ ʨʘʟʤʝʨʘʤʠ ʤʝʥʝʝ 1 ʤʢʤ 

ʠʟʫʯʘʣʠʩʴ ʥʘ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʤ ʤʠʢʨʦʩʢʦʧʝ ʉʄʄ-2000.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʧʣʘʟʤʝʥʥʦʤ ʥʘʧʳʣʝʥʠʠ 

ʤʝʪʘʣʣʦʢʝʨʘʤʠʯʝʩʢʠʭ ʧʦʢʨʳʪʠʡ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʩʦʦʙʱʝʥʠʝʤ ʧʦʜʣʦʞʢʝ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ 

ʢʦʣʝʙʘʥʠʡ ʚ ʠʭ ʘʛʣʦʤʝʨʘʪʘʭ ʧʨʦʪʝʢʘʶʪ ʢʘʚʠʪʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʧʨʠʚʦʜʷʱʠʝ ʢ 

ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʤʠʢʨʦʧʫʟʳʨʴʢʦʚ, ʦʙʨʘʟʫʶʱʠʭ ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʘʛʣʦʤʝʨʘʪʦʚ  ʢʘʚʝʨʥʳ-

ʧʦʨʳ, ʨʘʟʤʝʨʳ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ ʨʝʞʠʤʦʚ ʥʘʧʳʣʝʥʠʷ ʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ. ʇʨʠ ʘʤʧʣʠʪʫʜʘʭ ʢʦʣʝʙʘʥʠʡ ʧʦʜʣʦʞʢʠ ʙʦʣʝʝ 15 ʤʢʤ ʥʘ ʯʘʩʪʦʪʝ 22 ʢɻʮ ʠ 

ʩʢʦʨʦʩʪʠ ʯʘʩʪʠʮ, ʧʨʝʚʳʰʘʶʱʝʡ 24 ʤ/ʩ, ʚ ʧʦʢʨʳʪʠʠ ʦʙʨʘʟʫʶʪʩʷ ʧʦʨʳ ʨʘʟʤʝʨʘʤʠ ʜʦ 0,3 ʤʢʤ, 

ʢʦʣʠʯʝʩʪʚʦ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ ʜʦ 30% ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʦʨ. ʅʘ ʥʘʥʦʫʨʦʚʥʝ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠ  ʘʤʧʣʠʪʫʜʝ 8 ʤʢʤ ʧʨʠʤʝʨʥʦ  80% ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʘʟʳʚʘʝʪʩʷ ʧʦʢʨʳʪʦʡ 

ʣʫʥʢʘʤʠ ʩ ʧʦʧʝʨʝʯʥʳʤʠ ʨʘʟʤʝʨʘʤʠ 100-160 ʥʤ ʠ ʛʣʫʙʠʥʦʡ ʦʢʦʣʦ 6 ʥʤ; ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʘʤʧʣʠʪʫʜʳ ʜʦ 15 ʤʢʤ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʷ ʧʦʚʝʨʭʥʦʩʪʴ ʘʛʣʦʤʝʨʘʪʘ ʧʦʢʨʳʪʘ ʢʨʘʪʝʨʦʦʙʨʘʟʥʳʤʠ 

ʣʫʥʢʘʤʠ ʨʘʟʤʝʨʘʤʠ 150-300 ʥʤ ʠ ʛʣʫʙʠʥʦʡ ʜʦ 50 ʥʤ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʯʠʪʘʪʴ ʫʣʴʪʨʘʟʚʫʢ ʦʜʥʠʤ 

ʠʟ ʠʥʩʪʨʫʤʝʥʪʦʚ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ ʧʣʘʟʤʦʥʘʧʳʣʝʥʥʳʭ ʤʝʪʘʣʣʦʢʝʨʘʤʠʯʝʩʢʠʭ ʧʦʢʨʳʪʠʡ. 
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THE CONTROL SYSTEM OF ARTIFICIAL HEART 
ʀ.ɸ.ɽʬʨʝʤʦʚ ï ʘʩʧ. 
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Abstract. Research in the field of building management systems artificial heart man are 

considered. The results of the system development and results of the first laboratory tests. 

Described the overall system design, system design and results of the first results of laboratory 

tests. 

 

ʈʘʟʚʠʪʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʦʙʣʘʩʪʠ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʠ 

ʤʠʢʨʦʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʧʦʟʚʦʣʷʝʪ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʝ ʩʠʩʪʝʤʳ ʜʣʷ 

ʣʶʙʳʭ ʦʪʨʘʩʣʝʡ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʷʚʣʷʶʪʩʷ ʩʠʩʪʝʤʳ 

ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ ʯʝʣʦʚʝʢʘ ʠ ʚ ʯʘʩʪʥʦʩʪʠ ï ʠʩʢʫʩʩʪʚʝʥʥʦʝ ʩʝʨʜʮʝ. 

ʂ ʧʦʜʦʙʥʳʤ ʩʠʩʪʝʤʘʤ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʢʨʘʡʥʝ ʩʪʨʦʛʠʝ ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʪʝʭʥʠʯʝʩʢʠʤ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʧʘʨʘʤʝʪʨʘʤ. ɼʣʷ ʧʨʠʚʝʜʝʥʠʷ ʚ ʜʝʡʩʪʚʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʩʝʨʜʮʘ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʨʝʭʬʘʟʥʳʝ ʜʚʠʛʘʪʝʣʠ ʩ ʜʘʪʯʠʢʘʤʠ ʭʦʣʣʘ, ʪʘʢ ʢʘʢ ʦʥʠ ʠʤʝʶʪ ʜʦʩʪʘʪʦʯʥʫʶ 

ʤʦʱʥʦʩʪʴ ʠ ʚʘʨʴʠʨʫʝʤʳʝ ʧʘʨʘʤʝʪʨʳ ʨʘʙʦʪʳ.  

ʆʙʱʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʵʣʝʢʪʨʦʥʥʦʡ 

ʯʘʩʪʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʩʝʨʜʮʘ ʧʨʠʚʝʜʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ.  

 ʄʠʢʨʦʢʦʥʪʨʦʣʣʝʨ, ʩ ʨʘʟʨʘʙʦʪʘʥʥʳʤ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤ ʧʨʦʛʨʘʤʤʥʳʤ 

ʦʙʝʩʧʝʯʝʥʠʝʤ ʦʩʫʱʝʩʪʚʣʷʝʪ ʫʧʨʘʚʣʝʥʠʝ ʠ 

ʢʦʥʪʨʦʣʴ ʨʘʙʦʪʳ ʪʨʝʭʬʘʟʥʦʛʦ ʜʚʠʛʘʪʝʣʷ. 

ʇʦʩʢʦʣʴʢʫ ʜʚʠʛʘʪʝʣʴ ʠʤʝʝʪ ʙʦʣʴʰʫʶ ʤʦʱʥʦʩʪʴ, 

ʥʦ ʜʦʣʞʝʥ ʨʘʙʦʪʘʪʴ ʦʪ ʘʚʪʦʥʦʤʥʦʛʦ ʧʠʪʘʥʠʷ, ʪʦ 

ʨʘʙʦʪʘ ʩ ʥʠʤ ʜʦʣʞʥʘ ʧʨʦʚʦʜʠʪʴʩʷ ʥʘ ʤʘʣʳʭ 

ʥʘʧʨʷʞʝʥʠʷʭ (ʜʦ 12 ɺ), ʥʦ ʩ ʙʦʣʴʰʠʤ ʪʦʢʦʤ. 

ʇʦʵʪʦʤʫ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʩʠʣʦʚʦʡ ʢʘʩʢʘʜ, ʢʦʪʦʨʳʡ ʧʨʝʦʙʨʘʟʫʝʪ ʩʠʛʥʘʣʳ ʫʧʨʘʚʣʝʥʠʷ, 

ʧʦʩʪʫʧʘʶʱʠʭ ʦʪ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ, ʚ ʤʦʱʥʳʝ ʩʠʛʥʘʣʳ ʜʣʷ ʜʚʠʛʘʪʝʣʷ. ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʩʢʦʨʦʩʪʴʶ ʚʨʘʱʝʥʠʷ ʜʚʠʛʘʪʝʣʷ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʪʨʠ ʢʘʥʘʣʘ ʰʠʨʦʪʥʦ-ʠʤʧʫʣʴʩʥʦʛʦ 

ʤʦʜʫʣʷʪʦʨʘ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ. ɼʘʥʥʦʝ ʨʝʰʝʥʠʝ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʪʘʥʦʚʠʪʴ 

ʥʝʦʙʭʦʜʠʤʫʶ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ, ʤʘʢʩʠʤʘʣʴʥʦ ʩʥʠʟʠʚ ʪʦʢ ʧʦʪʨʝʙʣʝʥʠʷ. ɼʣʷ 

ʥʘʩʪʨʦʝʢ ʧʘʨʘʤʝʪʨʦʚ, ʢʦʥʪʨʦʣʷ ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʩʚʷʟʘʥ ʩ ʧʝʨʩʦʥʘʣʴʥʳʤ 

ʢʦʤʧʴʶʪʝʨʦʤ, ʥʘ ʢʦʪʦʨʦʤ ʫʩʪʘʥʦʚʣʝʥʦ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʨʘʟʨʘʙʦʪʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʢʦʥʪʨʦʣʣʝʨʘ ʠ 

ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʣʝʜʫʶʱʠʝ ʬʫʥʢʮʠʠ ʫʧʨʘʚʣʝʥʠʷ 

ʜʚʠʛʘʪʝʣʝʤ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʩʝʨʜʮʘ: 

Å ɿʘʧʫʩʢ/ʦʩʪʘʥʦʚʢʘ ʜʚʠʛʘʪʝʣʷ 

Å ʀʟʤʝʥʝʥʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʚʨʘʱʝʥʠʷ 

Å ʇʦʰʘʛʦʚʦʝ ʜʚʠʞʝʥʠʝ 

Å ʈʝʞʠʤ ʙʠʝʥʠʷ ï ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʦʧʝʨʝʤʝʥʥʦʝ ʚʨʘʱʝʥʠʝ ʜʚʠʛʘʪʝʣʷ ʚ ʨʘʟʥʳʝ 

ʩʪʦʨʦʥʳ ʩ ʟʘʜʘʥʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʦʙʦʨʦʪʦʚ 

Å ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʩʠʩʪʝʤʘ ʧʨʦʰʣʘ ʧʝʨʚʳʝ ʫʩʧʝʰʥʳʝ ʠʩʧʳʪʘʥʠʷ. ʉʠʩʪʝʤʘ ʙʫʜʝʪ 

ʜʦʨʘʙʘʪʳʚʘʪʴʩʷ ʠ ʜʦʧʦʣʥʷʪʴʩʷ ʥʦʚʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʙʠʝʥʠʝ ʩ ʨʘʟʥʦʡ 

ʩʢʦʨʦʩʪʴʶ ʚʨʘʱʝʥʠʷ ʜʣʷ ʦʙʦʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʜʚʠʞʝʥʠʷ, ʤʦʥʠʪʦʨʠʥʛ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ 

(ʪʝʤʧʝʨʘʪʫʨʘ, ʚʨʝʤʷ ʥʘʨʘʙʦʪʢʠ, ʢʦʣʠʯʝʩʪʚʦ ʚʳʧʦʣʥʝʥʥʳʭ çʫʜʘʨʦʚè ʩʝʨʜʮʘ ʠ ʪ.ʜ.), 

ʩʠʩʪʝʤʦʡ ʨʝʟʝʨʚʥʦʛʦ ʧʝʨʝʢʣʶʯʝʥʠʷ ʥʘ ʟʘʧʘʩʥʦʡ ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʠ ʜʨʫʛʠʤʠ. 
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MAIN PROBLEMS OF LOGIC SYNTHESIS  

- THE DIVISION AND MERGE PROBLEMS 
 

ʍ.ʂ.ʅ.ʅʛʫʝʥ
1
 ï ʘʩʧ., ɼ.ʄ.ʄʘʣʠʥʠʯʝʚ

2 
ï ʜʦʮ. 

1 
ʅʘʮʠʦʥʘʣʴʥʳʡ ʤʦʨʩʢʦʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ.ʍʘʡʬʦʥ (ɺʴʝʪʥʘʤ) 

2 
ʄʦʩʢʦʚʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʩʚʷʟʠ ʠ ʠʥʬʦʨʤʘʪʠʢʠ 

 

Abstract. Perspective development of the element base for modern technical devices and 

systems is user-programmable matrixes. The incipient division and merge problems are solved 

by the special computational algorithms. 

 

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ ʩʦʚʨʝʤʝʥʥʳʭ 

ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ ʠ ʩʠʩʪʝʤ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʷʚʣʷʶʪʩʷ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʝ 

ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʚʝʥʪʠʣʴʥʳʝ ʤʘʪʨʠʮʳ (ʇʇɺʄ), ʩʦʯʝʪʘʶʱʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʩʪʘʥʜʘʨʪʥʳʭ 

ʠʣʠ ʟʘʢʘʟʥʳʭ ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʭʝʤ ʠ ʚʝʥʪʠʣʴʥʳʭ ʤʘʪʨʠʮ ʩ ʫʜʦʙʩʪʚʘʤʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʫʩʪʨʦʡʩʪʚ, ʢʦʪʦʨʳʝ ʧʨʦʛʨʘʤʤʠʨʫʶʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ. ʇʨʦʙʣʝʤʘ ʣʦʛʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ 

ʇʇɺʄ ʛʦʨʘʟʜʦ ʩʣʦʞʥʝʝ, ʯʝʤ ʫ ʪʨʘʜʠʮʠʦʥʥʳʭ ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʭʝʤ ʠʣʠ ʚʝʥʪʠʣʴʥʳʭ ʤʘʪʨʠʮ, 

ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʢʘʢ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʘʨʭʠʪʝʢʪʫʨʳ ʠʭ ʙʘʟʠʩʥʳʭ ʙʣʦʢʦʚ, ʪʘʢ ʠ ʙʦʣʝʝ 

ʩʣʦʞʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ ʥʠʤʠ ʚ ʢʨʠʩʪʘʣʣʘʭ. 

ʉʠʣʴʥʳʤ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʤʦʤʝʥʪʦʤ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʘʣʛʦʨʠʪʤʘ ʩ ʧʦʟʠʮʠʠ 

ʩʦʢʨʘʱʝʥʠʷ ʦʙʲʝʤʘ ʧʝʨʝʙʦʨʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʤʠʥʠʤʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʠʱʝʪʩʷ ʥʝ ʚʦ 

ʚʩʝʡ ʪʘʙʣʠʮʝ ʜʣʠʥʦʡ 2n, ʘ ʣʠʰʴ ʩʨʝʜʠ Cin ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʛʜʝ n - ʦʙʱʝʝ ʯʠʩʣʦ ʘʨʛʫʤʝʥʪʦʚ, 

a i -ʯʠʩʣʦ ʘʨʛʫʤʝʥʪʦʚ ʥʘ ʢʦʥʢʨʝʪʥʦʤ ʷʨʫʩʝ. 

ɿʘʜʘʯʫ ʩʣʠʷʥʠʷ - ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʝʰʘʪʴ ʧʫʪʝʤ ʘʥʘʣʠʟʘ ʪʘʙʣʠʮʳ ʬʫʥʢʮʠʠ 

ʘʚʪʦʢʦʨʨʝʣʷʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʙʫʣʝʚʦʡ ʬʫʥʢʮʠʠ (ɹʌ). ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ 

ʜʚʘ ʚʦʟʤʦʞʥʳʭ ʫʨʦʚʥʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʩʣʠʷʥʠʷ. ʅʘ ʙʦʣʝʝ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʟʘʜʘʯʘ 

ʩʣʠʷʥʠʷ ʨʝʰʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʠʩʭʦʜʥʦʡ ɹʌ, ʥʦ ʠ ʩ ʫʯʝʪʦʤ ʨʘʥʝʝ ʧʨʦʚʝʜʝʥʥʦʡ ʝʝ  

ʜʝʢʦʤʧʦʟʠʮʠʠ. ʇʨʠ ʵʪʦʤ ʟʘʜʘʯʘ ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʣʦʞʥʷʝʪʩʷ ʠʟ-ʟʘ ʩʫʱʝʩʪʚʝʥʥʦʛʦ 

ʫʚʝʣʠʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʧʝʨʝʙʠʨʘʝʤʳʭ ʚʘʨʠʘʥʪʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʚʦʟʤʦʞʥʳʭ 

ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʝʨʘʨʭʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʪʘʙʣʠʮʳ ʬʫʥʢʮʠʠ ʘʚʪʦʢʦʨʨʝʣʷʮʠʠ ɹʌ ʥʘ ʧʨʝʜʤʝʪ ʧʦʠʩʢʘ ʧʘʨ ʝʝ 

ʟʥʘʯʝʥʠʡ, ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʦʪʦʨʳʭ ʫʯʘʩʪʚʫʝʪ ʥʝ ʙʦʣʝʝ ʪʨʝʭ ʚʭʦʜʦʚ çCLBè. 

ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʨʢʘ ʫʩʣʦʚʠʷ ʦʙ ʦʛʨʘʥʠʯʝʥʠʠ ʦʙʱʝʛʦ ʯʠʩʣʘ 

ʚʭʦʜʦʚ ʧʷʪʴʶ. ʊʘʢʦʡ ʧʦʨʷʜʦʢ ʧʨʦʚʝʨʢʠ ʢʘʥʜʠʜʘʪʦʚ ʥʘ ʚʦʟʤʦʞʥʦʝ ʩʣʠʷʥʠʝ ʦʙʫʩʣʦʚʣʝʥ ʪʝʤ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʦʤ, ʯʪʦ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʚʭʦʜʦʚ ʚʩʝʛʜʘ ʦʛʨʘʥʠʯʝʥʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʥʝʨʘʚʝʥʩʪʚʘʤʠ: ʉn3 ʉn4 ʉn5, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʦʢʨʘʱʝʥʠʶ ʦʙʱʝʛʦ ʯʠʩʣʘ ʧʝʨʝʙʠʨʘʝʤʳʭ 

ʚʘʨʠʘʥʪʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʢʪʨʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ɹʌ ʚ ʙʘʟʠʩʝ ʋʦʣʰʘ 

ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʨʘʟʜʝʣʝʥʠʷ ʠ ʩʣʠʷʥʠʷ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ. 
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NUMERICAL SIMULATION OF AIR FLOW AND HEAT TRANSFER 

IN A REAL HUMAN NASAL CAVITY 
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ʋʯʨʝʞʜʝʥʠʝ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ  

ʀʥʩʪʠʪʫʪ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʤʝʭʘʥʠʢʠ ʠʤ. ʉ.ɸ.ʍʨʠʩʪʠʘʥʦʚʠʯʘ ʉʆ ʈɸʅ 

 

Abstract. The present work is devoted to study of air flow in nasal cavity. The air flow 

visualization has been carried out, the flow development along nasal cavity has been considered, 

and there have been presented the main parameters which influenced on the state of received 

flow. In the present work the geometric models of several concrete people are examined. The 

shape of the nasal cavity is modeled with the use of the Gambit graphical software system and 

tomography data. A numerical solution is obtained by the Fluent commercial software system. 

 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʘʢʪʠʚʥʦ ʠʟʫʯʘʝʪʩʷ ʪʝʯʝʥʠʝ ʚʦʟʜʫʭʘ ʚ ʥʦʩʦʚʦʡ ʧʦʣʦʩʪʠ ʯʝʣʦʚʝʢʘ 

ʥʘ ʦʩʥʦʚʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. ʈʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʝʤʝ ʧʦʩʚʷʱʝʥʦ ʤʥʦʛʦ ʟʘʨʫʙʝʞʥʳʭ 

ʨʘʙʦʪ ʠ ʥʝʩʢʦʣʴʢʦ ʦʪʝʯʝʩʪʚʝʥʥʳʭ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʝʯʝʥʠʷ ʚʦʟʜʫʭʘ ʚ ʜʳʭʘʪʝʣʴʥʦʤ ʪʨʘʢʪʝ 

ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ, ʪʘʢ ʢʘʢ ʩʝʡʯʘʩ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʥʦʚʳʝ ʤʝʪʦʜʳ ʚʚʝʜʝʥʠʷ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʯʝʨʝʟ ʥʦʩ. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʘʝʪ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʦʚʦʜʠʪʴ ʚʠʨʪʫʘʣʴʥʳʝ ʦʧʝʨʘʮʠʠ ʥʘ ʥʦʩʦʚʦʡ ʧʦʣʦʩʪʠ ʯʝʣʦʚʝʢʘ ʧʝʨʝʜ ʨʝʘʣʴʥʳʤ 

ʭʠʨʫʨʛʠʯʝʩʢʠʤ ʚʤʝʰʘʪʝʣʴʩʪʚʦʤ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʛʝʦʤʝʪʨʠʷ ʥʦʩʦʚʦʡ ʧʦʣʦʩʪʠ ʯʝʣʦʚʝʢʘ ʤʦʜʝʣʠʨʦʚʘʣʘʩʴ ʧʦ ʩʝʨʠʠ 

ʪʦʤʦʛʨʘʤʤ, ʚʳʧʦʣʥʝʥʥʳʭ ʚ ʧʘʨʘʣʣʝʣʴʥʳʭ ʢʦʨʦʥʘʨʥʳʭ ʩʝʯʝʥʠʷʭ. ʊʦʤʦʛʨʘʬʠʯʝʩʢʠʝ 

ʩʥʠʤʢʠ ʧʦʣʫʯʝʥʳ ʥʘ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʪʦʤʦʛʨʘʬʝ ʩ ʰʘʛʦʤ 2õ5 ʤʤ. ʇʦʩʪʨʦʝʥʠʝ ʛʝʦʤʝʪʨʠʠ 

ʤʦʜʝʣʠ ʠ ʨʘʩʯʝʪʳ ʚ ʨʘʤʢʘʭ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ ï ʉʪʦʢʩʘ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʧʘʢʝʪʘ 

ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ ñFluentò ʠ ʝʛʦ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʨʝʧʨʦʮʝʩʩʦʨʘ ñGambitò. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʙʦʪʳ ʧʨʦʚʝʜʝʥʘ ʚʠʟʫʘʣʠʟʘʮʠʷ ʪʝʯʝʥʠʷ ʚ ʥʦʩʦʚʦʡ ʧʦʣʦʩʪʠ 

ʯʝʣʦʚʝʢʘ ʦʪ ʚʝʩʪʠʙʶʣʷ ʥʦʩʘ ʜʦ ʥʘʯʘʣʘ ʥʦʩʦʛʣʦʪʢʠ (ʭʦʘʥʳ). ʈʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʜʣʷ 

ʨʝʞʠʤʦʚ ʚʜʦʭʘ ʠ ʚʳʜʦʭʘ, ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʷ. ʇʦʣʫʯʝʥʳ 

ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʩʩʦʚʦʛʦ ʨʘʩʭʦʜʘ ʦʪ ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʷ ʠ ʟʘʚʠʩʠʤʦʩʪʠ, ʦʧʠʩʳʚʘʶʱʠʝ 

ʧʨʦʛʨʝʚ ʚʜʳʭʘʝʤʦʛʦ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ (ʟʘʚʠʩʠʤʦʩʪʠ ʤʠʥʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ 

ʩʝʯʝʥʠʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʦʩʨʝʜʥʸʥʥʦʡ ʧʦ ʤʘʩʩʝ, ʦʪ ʜʣʠʥʳ ʥʦʩʦʚʦʛʦ ʭʦʜʘ). ʇʨʝʜʩʪʘʚʣʝʥʳ 

ʧʦʣʷ ʩʢʦʨʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʢʦʨʦʥʘʨʥʳʭ ʠ ʩʘʛʠʪʪʘʣʴʥʳʭ ʩʝʯʝʥʠʷʭ ʧʨʠ ʚʜʦʭʝ ʠ ʚʳʜʦʭʝ. 

ʋʩʪʘʥʦʚʣʝʥʦ ʥʘʣʠʯʠʝ ʟʦʥ ʚʦʟʚʨʘʪʥʦʛʦ ʪʝʯʝʥʠʷ ʠ ʟʘʩʪʦʡʥʳʭ ʦʙʣʘʩʪʝʡ ʚ ʥʦʩʦʚʦʡ ʧʦʣʦʩʪʠ, 

ʩʜʝʣʘʥʳ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦʙ ʠʭ ʨʦʣʠ ʚ ʧʨʦʮʝʩʩʝ ʜʳʭʘʥʠʷ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʜʘʚʣʝʥʠʷ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʥʦʩʦʚʫʶ ʧʝʨʝʛʦʨʦʜʢʫ ʩʦ ʩʪʦʨʦʥʳ ʧʨʘʚʦʛʦ 

ʠ ʣʝʚʦʛʦ ʥʦʩʦʚʳʭ ʭʦʜʦʚ ʚ ʧʨʦʮʝʩʩʝ ʜʳʭʘʥʠʷ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʪʦʨʦʛʦ, ʚʝʨʦʷʪʥʦ, ʤʦʞʥʦ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʠʩʢʨʠʚʣʝʥʠʷ ʥʦʩʦʚʦʡ ʧʝʨʝʛʦʨʦʜʢʠ.  

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʧʨʦʚʝʜʝʥʠʷ 

ʚʠʨʪʫʘʣʴʥʦʛʦ ʭʠʨʫʨʛʠʯʝʩʢʦʛʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʚ ʥʦʩʦʚʦʡ ʧʦʣʦʩʪʠ ʯʝʣʦʚʝʢʘ. ɺʠʨʪʫʘʣʴʥʦʝ 

ʦʧʝʨʠʨʦʚʘʥʠʝ ʜʦʣʞʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪʴ ʢʘʯʝʩʪʚʦ ʧʨʦʚʦʜʠʤʳʭ ʨʝʘʣʴʥʳʭ ʦʧʝʨʘʮʠʡ, 

ʪʘʢ ʢʘʢ ʩ ʧʦʤʦʱʴʶ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʤʦʞʥʦ ʫʯʝʩʪʴ ʚʩʝ ʦʩʦʙʝʥʥʦʩʪʠ ʪʨʝʭʤʝʨʥʦʛʦ ʧʦʪʦʢʘ ʚ 

ʥʦʩʦʚʦʡ ʧʦʣʦʩʪʠ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʘʥʘʪʦʤʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʜʦ ʧʨʦʚʝʜʝʥʠʷ ʦʧʝʨʘʮʠʠ ʠ ʧʦ 

ʩʝʨʠʠ ʤʦʜʝʣʠʨʫʝʤʳʭ ʦʧʝʨʘʮʠʡ ʧʦʜʦʙʨʘʪʴ ʜʣʷ ʧʘʮʠʝʥʪʘ ʦʧʪʠʤʘʣʴʥʳʡ ʚʘʨʠʘʥʪ ʧʨʦʚʝʜʝʥʠʷ 

ʭʠʨʫʨʛʠʯʝʩʢʦʛʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ.  
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NEURAL ENGENEERING APPROACH TO BIOPROSTHESIS 
 

ʀ.ɺ. ʉʪʝʧʘʥʷʥ - ʢ.ʪ.ʥ., ɺ.ʀ.ʉʚʠʨʠʥ ï ʠʥʞ.  

ʀʥʩʪʠʪʫʪ ʤʘʰʠʥʦʚʝʜʝʥʠʷ ʠʤ.ɸ.ɸ.ɹʣʘʛʦʥʨʘʚʦʚʘ ʈɸʅ 

 

Abstract. Intellectual information system of manipulator for biomechanical control of 

bioprosthesis was described. Neurophysiological model of auditory and visual analyzers created. 

The models are promising for bioprosthesis and medico-social rehabilitation. 

 

 

ʆʧʠʩʘʥʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʙʠʦʤʝʭʘʥʠʯʝʩʢʠʤ ʨʝʛʫʣʷʪʦʨʦʤ ʙʠʦʧʨʦʪʝʟʘ. ʈʘʟʨʘʙʦʪʢʘ ʦʩʥʦʚʘʥʘ ʥʘ ʥʝʡʨʦʢʦʤʧʴʶʪʝʨʝ 

ñʕʤʙʨʠʦʥò, ʩʦʟʜʘʥʥʦʤ ɺ.ɼ. ʎʳʛʘʥʢʦʚʳʤ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʘʢʘʜʝʤʠʢʘ ʇ.ʂ. ɸʥʦʭʠʥʘ. 

ʀʩʩʣʝʜʫʝʤʳʡ ʥʝʡʨʦʢʠʙʝʨʥʝʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʙʠʦʧʨʦʪʝʟʠʨʦʚʘʥʠʶ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʪʝʦʨʠʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʠʩʪʝʤ ʘʢʘʜʝʤʠʢʘ ʇ.ʂ. ɸʥʦʭʠʥʘ ʠ ʥʘ ʪʨʫʜʘʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʬʠʟʠʦʣʦʛʦʚ  

ɸ.ɸ. ʋʭʪʦʤʩʢʦʛʦ, ʀ.ʄ. ʉʝʯʝʥʦʚʘ, ʀ.ʇ. ʇʘʚʣʦʚʘ. 

ʈʘʟʨʘʙʦʪʢʘ ʘʢʪʫʘʣʴʥʘ ʜʣʷ ʜʝʪʝʡ ʩ ʚʨʦʞʜʝʥʥʳʤʠ ʘʥʦʤʘʣʠʷʤʠ ʦʧʦʨʥʦ-ʜʚʠʛʘʪʝʣʴʥʦʛʦ 

ʘʧʧʘʨʘʪʘ. ʉʨʝʜʠ ʚʩʝʭ ʧʦʨʦʢʦʚ ʨʘʟʚʠʪʠʷ  ʵʪʠ ʘʥʦʤʘʣʠʠ ʟʘʥʠʤʘʶʪ ʦʜʥʦ ʠʟ ʧʝʨʚʳʭ ʤʝʩʪ, ʧʨʠ 

ʵʪʦʤ 
3
/4 ʠʭ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʧʦʨʦʢʠ ʨʘʟʚʠʪʠʷ ʢʦʥʝʯʥʦʩʪʝʡ.  ʂʦʤʧʣʝʢʩʥʳʤʠ ʢʣʠʥʠʯʝʩʢʠʤʠ, 

ʛʝʥʝʪʠʯʝʩʢʠʤʠ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤʠ  ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʘʷ ʜʦʣʷ 

ʚʨʦʞʜʝʥʥʳʭ ʧʦʨʦʢʦʚ ʨʘʟʚʠʪʠʷ ʩʚʷʟʘʥʘ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʅʝʡʨʦʢʠʙʝʨʥʝʪʠʢʘ ʫʞʝ ʜʦʚʦʣʴʥʦ ʜʘʚʥʦ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʘʥʘʣʠʟʝ ʛʝʥʦʤʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʥʘʧʨʠʤʝʨ ʜʣʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʢʦʜʠʨʫʶʱʠʭ ʠ ʥʝ ʢʦʜʠʨʫʶʱʠʭ 

ʫʯʘʩʪʢʦʚ ɼʅʂ ʠ ʧʨʝʜʩʢʘʟʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʦʚ.  ʅʘ ʦʩʥʦʚʝ ʙʠʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʣʦʛʘʨʠʬʤʠʯʝʩʢʘʷ ʩʚʷʟʴ ʥʝʡʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ɸʥʦʭʠʥʘ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʢʦʜʘ 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ɼʅʂ ʯʝʣʦʚʝʢʘ. ɹʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʘʣʛʝʙʨʳ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʢʦʜʘ 

ʧʦ ʉ.ɺ. ʇʝʪʫʭʦʚʫ ʚ ʩʚʷʟʠ ʩ ʠʭ ʩʪʨʫʢʪʫʨʥʳʤʠ ʘʥʘʣʦʛʘʤʠ ï ʘʣʛʝʙʨʘʤʠ ʥʝʡʨʦʥʥʳʭ ʤʘʪʨʠʮ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʝʤʝʡʩʪʚʦ ʥʝʡʨʦʥʥʳʭ ʤʘʪʨʠʮ ʤʦʞʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʛʠʧʝʨʢʦʤʧʣʝʢʩʥʳʭ ʯʠʩʝʣ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʘʣʛʝʙʨʘʤʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʢʦʜʘ. 

ʅʘʡʜʝʥʥʘʷ ʣʦʛʘʨʠʬʤʠʯʝʩʢʘʷ  ʩʚʷʟʴ ʤʝʞʜʫ ʩʝʤʝʡʩʪʚʘʤʠ ʤʘʪʨʠʮ ʩʣʫʞʠʪ 

ʙʠʦʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʦʙʦʩʥʦʚʘʥʠʝʤ ʥʝʡʨʦʢʠʙʝʨʥʝʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʢ 

ʙʠʦʧʨʦʪʝʟʠʨʦʚʘʥʠʶ.  

ʉʦʟʜʘʥʳ ʥʝʡʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʩʣʫʭʦʚʦʛʦ ʠ  ʟʨʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘʪʦʨʦʚ. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʠʥʚʘʨʠʘʥʪʳ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʧʨʠ ʧʦʚʦʨʦʪʘʭ ʟʨʠʪʝʣʴʥʦʛʦ ʦʙʨʘʟʘ ʥʘ 

ʨʘʟʣʠʯʥʳʝ ʫʛʣʳ. ʇʦʩʪʨʦʝʥʘ ʤʦʜʝʣʴ ʚʠʟʫʘʣʴʥʦʛʦ ʨʘʩʧʦʟʥʘʚʘʪʝʣʷ ʙʫʢʚ ʘʣʬʘʚʠʪʘ. ʅʝʡʨʦʯʠʧ 

ʩ ʚʠʨʪʫʘʣʴʥʳʤ ʧʨʠʥʮʠʧʦʤ ʦʨʛʘʥʠʟʘʮʠʠ ʥʝʡʨʦʥʦʚ ʨʝʘʣʠʟʫʝʪʩʷ ʥʘ ʙʘʟʝ ʇʃʀʉ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʤʦʜʝʣʠ ʧʝʨʩʧʝʢʪʠʚʥʳ ʜʣʷ ʙʠʦʧʨʦʪʝʟʠʨʦʚʘʥʠʷ ʠ ʤʝʜʠʢʦ-ʩʦʮʠʘʣʴʥʦʡ 

ʨʝʘʙʠʣʠʪʘʮʠʠ. 

 

 

  



ʉɽʂʎʀʗ 7.

ɺr ʯʠʩʣʠʪʝʣɹʥr ʝ ʤʦʜʝʣʠ

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʠ ʠʥʬʦʨʤʘʮʠʦʥʥr ʝ ʪʝʭʥʦʣʦʛʠʠ 
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʍ ʇʈʆʎɽʉʉʆɺ 

ʉɺɽʈʍʇʃɸʉʊʀʏɽʉʂʆʁ ʌʆʈʄʆɺʂʀ ʀɿɼɽʃʀʁ ʀɿ 

ʊʈʋɼʅʆɼɽʌʆʈʄʀʈʋɽʄʓʍ ʉʇʃɸɺʆɺ 

SIMULATION OF SUPERPLASTIC FORMING TECHNOLOGICAL  

PROCESSES OF HARD ALLOYS PRODUCTS 
ʇ.ɸ. ɸʣʝʢʩʝʝʚ ï ʘʩʧ., ʂ.ɸ. ʊʫʨʢʠʥ ï ʘʩʧ. 

ʊʫʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

Abstract. The software for finite element simulation of superplastic forming is developed. The 

program uses a three-dimensional finite element and the various friction laws. The computer 

simulation of the superplastic forming of the sheet blanks was done. 

 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʵʪʘʧʦʚ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʩʚʝʨʭʧʣʘʩʪʠʯʝʩʢʦʡ ʬʦʨʤʦʚʢʠ ʷʚʣʷʝʪʩʷ ʨʘʩʯʝʪ ʨʝʞʠʤʦʚ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʭ 

ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʠʟʜʝʣʠʷ ʪʨʝʙʫʝʤʦʡ ʛʝʦʤʝʪʨʠʠ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ 

ʬʦʨʤʦʠʟʤʝʥʝʥʠʝ ʟʘʛʦʪʦʚʦʢ ʧʨʦʠʩʭʦʜʠʣʦ ʧʨʠ ʩʢʦʨʦʩʪʷʭ ʜʝʬʦʨʤʘʮʠʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʨʝʞʠʤʫ ʩʚʝʨʭʧʣʘʩʪʠʯʥʦʩʪʠ. 

ɼʣʷ ʨʘʩʯʝʪʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ 

ʩʚʝʨʭʧʣʘʩʪʠʯʝʩʢʦʡ ʬʦʨʤʦʚʢʠ ʨʘʟʨʘʙʦʪʘʥʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ 

ʤʝʪʦʜʝ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɺ ʧʨʦʛʨʘʤʤʝ ʠʩʧʦʣʴʟʦʚʘʥ ʠʟʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ ʦʙʲʝʤʥʳʡ 

ʢʦʥʝʯʥʳʡ ʵʣʝʤʝʥʪ. ɼʣʷ ʦʧʠʩʘʥʠʷ ʢʦʥʪʘʢʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʟʘʛʦʪʦʚʢʠ ʩ 

ʬʦʨʤʦʦʙʨʘʟʫʶʱʝʡ ʤʘʪʨʠʮʝʡ ʠʩʧʦʣʴʟʦʚʘʥʳ ʟʘʢʦʥʳ ʪʨʝʥʠʷ ɸʤʦʥʪʦʥʘ-ʂʫʣʦʥʘ, ɿʠʙʝʣʷ ʠ 

ɸ.ʅ. ʃʝʚʘʥʦʚʘ. ɼʣʷ ʦʧʠʩʘʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʜʝʬʦʨʤʠʨʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʤʦʜʝʣʠ ʚʷʟʢʦʡ ʠ ʚʷʟʢʦʧʣʘʩʪʠʯʝʩʢʦʡ ʩʨʝʜʳ. 

ɺ ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ ʚʳʧʦʣʥʝʥʦ ʢʦʤʧʴʶʪʝʨʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʢʦʨʦʙʯʘʪʦʡ ʜʝʪʘʣʠ ʠʟ ʪʨʫʜʥʦʜʝʬʦʨʤʠʨʫʝʤʦʛʦ 

ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ ɺʊ3-1 (ʈʠʩ. 1). ɼʣʷ ʟʘʜʘʥʥʦʡ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʩʢʦʨʦʩʪʠ ʜʝʬʦʨʤʘʮʠʠ 

ʨʘʩʩʯʠʪʘʥ ʨʝʞʠʤ ʥʘʛʨʫʞʝʥʠʷ ʟʘʛʦʪʦʚʢʠ ʜʘʚʣʝʥʠʝʤ ʛʘʟʦʚʦʡ ʩʨʝʜʳ. ʀʩʩʣʝʜʦʚʘʥʦ ʠʟʤʝʥʝʥʠʝ 

ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʟʘʛʦʪʦʚʢʠ ʚ ʚʳʙʨʘʥʥʳʭ ʪʦʯʢʘʭ. ʊʘʢʞʝ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʬʦʨʤʦʠʟʤʝʥʝʥʠʝ ʣʠʩʪʦʚʦʡ ʟʘʛʦʪʦʚʢʠ ʧʨʠ ʜʝʬʦʨʤʠʨʦʚʘʥʠʠ ʝʝ ʛʘʟʦʚʦʡ 

ʩʨʝʜʦʡ. 

 
ʘ 

 
        ʙ 

ʈʠʩ.1. ʌʦʨʤʦʠʟʤʝʥʝʥʠʝ ʣʠʩʪʦʚʦʡ ʟʘʛʦʪʦʚʢʠ  

ʚʨʝʤʷ ʬʦʨʤʦʚʢʠ 100 ʩ (ʘ) ʠ ʚʨʝʤʷ ʬʦʨʤʦʚʢʠ 950 ʩ (ʙ) 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʩʚʝʨʭʧʣʘʩʪʠʯʝʩʢʦʡ ʬʦʨʤʦʚʢʠ ʠʟʜʝʣʠʡ ʠʟ 

ʪʨʫʜʥʦʜʝʬʦʨʤʠʨʫʝʤʳʭ ʩʧʣʘʚʦʚ, ʦʮʝʥʠʪʴ ʬʦʨʤʦʠʟʤʝʥʝʥʠʝ ʟʘʛʦʪʦʚʢʠ ʚ ʧʨʦʮʝʩʩʝ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʝʝ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ. 
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THE PROGRAM FOR FEM MODELING OF THREE-DIMENSIONAL  

PROCESS OF COLD FORMING 
 

ɼ.ɸ. ɸʣʝʢʩʝʝʚ ï ʘʩʧ. 

ʊʫʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

Abstract. The paper describes the developed program, based on the finite element method, for 

modeling three-dimensional process of cold pressing. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʧʨʦʮʝʩʩʳ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ, ʚ 

ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʝʪʩʷ ʧʣʦʩʢʦʝ ʠʣʠ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʝ ʪʝʯʝʥʠʝ ʜʝʬʦʨʤʠʨʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʅʝʜʦʩʪʘʪʦʯʥʘʷ ʠʟʫʯʝʥʥʦʩʪʴ ʟʘʜʘʯ ʪʨʝʭʤʝʨʥʦʛʦ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʬʦʨʤʦʠʟʤʝʥʝʥʠʷ 

ʦʙʲʷʩʥʷʝʪʩʷ ʙʦʣʴʰʠʤʠ ʩʣʦʞʥʦʩʪʷʤʠ, ʚʦʟʥʠʢʘʶʱʠʤʠ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝ ʟʘʜʘʯ ʧʣʘʩʪʠʯʝʩʢʦʛʦ 

ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʪʨʝʭʤʝʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ. ʈʝʰʝʥʠʝ ʵʪʠʭ ʟʘʜʘʯ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ 

ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʜʦʩʪʠʞʝʥʠʡ ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʝʭʥʠʢʠ, ʪʝʦʨʠʠ 

ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʪʝʯʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʠ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʅʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʪʝʦʨʠʠ ʪʝʯʝʥʠʷ ʞʝʩʪʢʦʧʣʘʩʪʠʯʝʩʢʦʡ 

ʩʨʝʜʳ ʨʘʟʨʘʙʦʪʘʥ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ 

ʟʘʛʦʪʦʚʢʠ ʞʝʩʪʢʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ, ʚʢʣʶʯʘʶʱʠʡ ʤʦʜʫʣʴ ʧʦʜʛʦʪʦʚʢʠ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, 

ʨʘʩʯʝʪʥʦʝ ʷʜʨʦ ʠ ʤʦʜʫʣʴ ʚʠʟʫʘʣʠʟʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʦʚ. ʇʨʦʛʨʘʤʤʘ ʠʤʝʝʪ ʧʨʦʩʪʦʡ ʠ 

ʫʜʦʙʥʳʡ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʦʚʨʝʤʝʥʥʳʡ ʛʨʘʬʠʯʝʩʢʠʡ ʠʥʪʝʨʬʝʡʩ. 

ɺ ʧʨʦʛʨʘʤʤʝ ʠʩʧʦʣʴʟʦʚʘʥ ʧʦʰʘʛʦʚʳʡ ʤʝʪʦʜ, ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʝʤ, ʯʪʦ 

ʨʘʟʨʝʰʘʶʱʠʝ ʫʨʘʚʥʝʥʠʷ ʟʘʧʠʩʳʚʘʶʪʩʷ ʥʝ ʜʣʷ ʢʦʥʝʯʥʳʭ ʚʝʣʠʯʠʥ, ʘ ʜʣʷ ʠʭ ʧʨʠʨʘʱʝʥʠʡ ʚ 

ʧʨʝʜʝʣʘʭ ʢʘʞʜʦʛʦ ʰʘʛʘ. ʇʨʠʥʷʪʦ, ʯʪʦ ʜʝʬʦʨʤʠʨʫʝʤʳʡ ʤʘʪʝʨʠʘʣ ʷʚʣʷʝʪʩʷ ʥʝʩʞʠʤʘʝʤʳʤ, 

ʠʟʦʪʨʦʧʥʳʤ, ʦʙʣʘʜʘʶʱʠʡ ʜʝʬʦʨʤʘʮʠʦʥʥʳʤ ʠʟʦʪʨʦʧʥʳʤ ʫʧʨʦʯʥʝʥʠʝʤ. ʇʨʦʮʝʩʩ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʠʤ, ʠʟʦʪʝʨʤʠʯʝʩʢʠʤ ʠ ʥʝʩʪʘʮʠʦʥʘʨʥʳʤ. 

ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʥ ʪʨʝʭʤʝʨʥʳʡ ʠʟʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ 

ʚʦʩʴʤʠ ʫʟʣʦʚʦʡ ʵʣʝʤʝʥʪ. ʍʨʘʥʝʥʠʝ ʤʘʪʨʠʮʳ ʞʝʩʪʢʦʩʪʠ ʨʝʘʣʠʟʦʚʘʥʦ ʚ ʢʦʤʧʘʢʪʥʦʤ ʚʠʜʝ 

(ʧʨʦʬʠʣʴʥʳʡ ʤʝʪʦʜ). ɼʣʷ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʚ ʧʨʦʛʨʘʤʤʝ 

ʠʤʝʶʪʩʷ ʜʚʘ ʤʝʪʦʜʘ: ʧʨʷʤʦʡ ʠ ʤʝʪʦʜ ʩʦʧʨʷʞʝʥʥʳʭ ʛʨʘʜʠʝʥʪʦʚ. ɺ ʢʘʯʝʩʪʚʝ 

ʜʝʬʦʨʤʠʨʫʶʱʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʚʝʨʜʦʪʝʣʴʥʳʝ ʤʦʜʝʣʠ, ʩʦʟʜʘʥʥʳʝ ʚ CAD-

ʩʠʩʪʝʤʘʭ. ʇʨʠ ʵʪʦʤ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʠʤʧʦʨʪʠʨʫʝʤʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʦʛʨʘʥʠʯʝʥʠʡ ʥʝʪ. 

ʀʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʜʘʥʠʷ ʢʘʞʜʦʤʫ ʠʥʩʪʨʫʤʝʥʪʫ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʙʨʘʥʥʦʡ ʦʩʠ ʛʣʦʙʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ (X, Y ʣʠʙʦ Z) ʠ ʧʘʨʘʤʝʪʨʦʚ 

ʢʦʥʪʘʢʪʥʦʛʦ ʪʨʝʥʠʷ. 

ʇʨʦʛʨʘʤʤʘ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʚʘʪʴ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʨʝʩʫʨʩ 

ʧʣʘʩʪʠʯʥʦʩʪʠ ʟʘʛʦʪʦʚʢʠ ʠ ʵʥʝʨʛʦʩʠʣʦʚʳʝ ʧʘʨʘʤʝʪʨʳ ʥʘ ʚʩʝʤ ʧʫʪʠ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʨʦʮʝʩʩʘ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʬʦʨʤʦʠʟʤʝʥʝʥʠʷ. ɺʳʚʦʜ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʦʚ ʨʝʘʣʠʟʦʚʘʥ ʚ ʚʠʜʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʣʝʡ ʠ ʛʨʘʬʠʢʦʚ. 
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IMPROVEMENT OF VEHICLE SPEED SENSOR 
 

ɽ.ɺ.ɹʘʣʘʢʠʥʘ ï ʢ.ʪ.ʥ., ʜʦʮ., ɸ.ɸ.ʉʘʪʦʥʠʥ ï ʘʩʧ. 

ɺʦʣʛʦʛʨʘʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

Abstract. In this report the authors propose to improve the vehicle speed sensor using modern 

technology and wireless data transmission as well as microelectromechanical systems 

 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤʘʭ ʘʢʪʠʚʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ABS, ESP ʠ ʜʨ. ʠʩʧʦʣʴʟʫʶʪʩʷ  

ʜʘʪʯʠʢʠ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ (ɼʋʉ),  ʚ ʯʘʩʪʥʦʩʪʠ  ɼʋʉ ʢʦʣʝʩʘ ʘʚʪʦʤʦʙʠʣʷ. ɺ ʵʪʠʭ ʜʘʪʯʠʢʘʭ 

ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʢʦʣʝʩʘ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠʤʧʫʣʴʩʳ  ʠʣʠ 

ʚ ʘʥʘʣʦʛʦʚʳʡ ʩʠʛʥʘʣ, ʧʦʚʳʰʘʷ ʠʣʠ ʧʦʥʠʞʘʷ ʚʳʭʦʜʥʳʝ ʚʝʣʠʯʠʥʳ ʧʘʨʘʤʝʪʨʦʚ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʢʦʣʝʩʘ ʘʚʪʦʤʦʙʠʣʷ. ɺ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʩʠʛʥʘʣ ʠʣʠ ʠʤʧʫʣʴʩ ʩ ɼʋʉ ʧʦ ʧʨʦʚʦʜʘʤ ʥʠʟʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ ʜʘʣʝʝ ʧʦ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʰʠʥʝ CAN ʧʦʩʪʫʧʘʝʪ ʚ ʵʣʝʢʪʨʦʥʥʳʡ ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ (ʕɹʋ) 

ʘʚʪʦʤʦʙʠʣʴʥʳʤ ʜʚʠʛʘʪʝʣʝʤ.   

ʉʘʤ ʜʘʪʯʠʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ: ʨʦʪʦʨʥʦʛʦ 

ʜʠʩʢʘ ʩ ʮʠʢʣʠʯʝʩʢʠ ʠʟʤʝʥʷʶʱʠʤʠʩʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʠʣʠ ʩʪʨʫʢʪʫʨʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʘ 

ʪʘʢʞʝ ʵʣʝʤʝʥʪʘ, ʩʧʦʩʦʙʥʦʛʦ  ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʜʘʥʥʳʝ ʦ ʧʘʨʘʤʝʪʨʘʭ ʨʦʪʦʨʘ.   

ʆʜʥʘʢʦ, ʫʨʦʚʝʥʴ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʠ, 

ʤʠʢʨʦʵʣʝʢʪʨʦʤʝʭʘʥʠʢʠ ʠ ʙʝʩʧʨʦʚʦʜʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ ʩʧʦʩʦʙʩʪʚʫʝʪ  ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ 

ʨʝʘʣʠʟʘʮʠʠ ʥʝʢʦʪʦʨʳʭ ʩʧʦʩʦʙʦʚ ʠʟʤʝʨʝʥʠʷ, ʢʦʪʦʨʳʝ ʨʘʥʝʝ ʥʝ ʤʦʛʣʠ ʙʳʪʴ ʢʦʥʩʪʨʫʢʪʠʚʥʦ 

ʨʝʘʣʠʟʦʚʘʥʳ ʧʦ ʨʷʜʫ ʧʨʠʯʠʥ (ʩʨʘʚʥʠʪʝʣʴʥʦ ʙʦʣʴʰʠʝ ʛʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ, ʥʝʜʦʩʪʘʪʦʯʥʘʷ 

ʪʦʯʥʦʩʪʴ, ʩʣʦʞʥʦʩʪʴ ʠ ʜʦʨʦʛʦʚʠʟʥʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʪ.ʜ.). 

ʈʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʠʢʨʦʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ ʫʩʪʨʦʡʩʪʚ 

ʥʘ ʠʭ ʦʩʥʦʚʝ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʥʝʩʪʠ ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʢʦʥʩʪʨʫʢʮʠʶ ʫʩʪʘʥʦʚʢʠ 

ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʩʠʩʪʝʤ. ʀʩʧʦʣʴʟʫʷ ʧʨʝʠʤʫʱʝʩʪʚʘ ʜʘʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʘ ʠʤʝʥʥʦ, ʢʦʤʧʘʢʪʥʦʩʪʴ ʨʘʟʤʝʨʦʚ ʧʦʜʦʙʥʳʭ ʜʘʪʯʠʢʦʚ, ʤʳ ʤʦʞʝʤ  ʫʩʪʘʥʦʚʠʪʴ 

ɼʋʉ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʩʘʤ ʦʙʲʝʢʪ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʵʪʦ ï ʘʚʪʦʤʦʙʠʣʴʥʦʝ ʢʦʣʝʩʦ ʠʣʠ 

ʩʦʧʨʷʞʸʥʥʳʝ ʩ ʥʠʤ ʚʨʘʱʘʶʱʠʝʩʷ ʜʝʪʘʣʠ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʧʝʨʝʜʘʯʘ ʩʠʛʥʘʣʘ 

ʦʪ ʜʘʪʯʠʢʘ ʢ ʕɹʋ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʚʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʟʘʪʨʫʜʥʝʥʘ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʥʘʤʠ 

ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʝʩʧʨʦʚʦʜʥʳʭ ʪʝʭʥʦʣʦʛʠʡ Wi-Fi ʠ Bluetooth ʜʣʷ ʨʝʰʝʥʠʷ 

ʧʦʩʪʘʚʣʝʥʥʦʡ ʧʨʦʙʣʝʤʳ. ʕʪʦ ʥʝ ʪʦʣʴʢʦ ʧʦʤʦʛʘʝʪ ʦʩʫʱʝʩʪʚʠʪʴ ʩʚʷʟʴ ʤʝʞʜʫ ʩʝʥʩʦʨʦʤ ʠ 

ʢʦʥʪʨʦʣʣʝʨʦʤ, ʥʦ ʠ ʠʟʙʘʚʣʷʝʪ ʵʣʝʢʪʨʦʩʠʩʪʝʤʫ ʘʚʪʦʤʦʙʠʣʷ ʦʪ çʣʠʰʥʝʡè ʧʨʦʚʦʜʢʠ. 

ɻʣʘʚʥʳʤ ʞʝ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʪʘʢʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ɼʋʉ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ 

ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʟʘ ʩʯʸʪ ʠʩʢʣʶʯʝʥʠʷ ʚʣʠʷʥʠʷ ʟʘʟʦʨʦʚ ʚ ʮʝʧʠ ʧʘʨ 

ʠʟʥʦʩʘ ʢʦʣʝʩʘ ʠ ʧʦʜʚʝʩʢʠ ʥʘ ʝʛʦ ʩʠʛʥʘʣ. ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ ʧʦʚʳʰʝʥʠʝ ʥʘʜʸʞʥʦʩʪʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ɼʋʉ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʩʝʡ ʮʝʧʠ ʩʠʩʪʝʤʳ ʚʩʣʝʜʩʪʚʠʝ ʦʪʩʫʪʩʪʚʠʷ 

ʧʨʦʚʦʜʦʚ ʠ ʵʣʝʤʝʥʪʦʚ ʢʨʝʧʣʝʥʠʷ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʳ ʟʘʥʠʤʘʝʤʩʷ ʨʝʰʝʥʠʝʤ ʧʨʦʙʣʝʤʳ ʦʙʨʘʙʦʪʢʠ ʩʚʷʟʠ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʠʩʢʣʶʯʝʥʠʝ ʚʣʠʷʥʠʷ ʫʩʢʦʨʝʥʠʷ ʠʣʠ ʟʘʤʝʜʣʝʥʠʷ ʘʚʪʦʤʦʙʠʣʷ ʥʘ ʩʠʛʥʘʣ 

ʜʘʪʯʠʢʘ. 
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ʇʈʀʄɽʅɽʅʀɽ ʂʆʄʇʔʖʊɽʈʅʓʍ ʊɽʍʅʆʃʆɻʀʁ ʀ ʕʂʉʇɽʈʊʅʓʍ 

ʉʀʉʊɽʄ ɺ ʕʃɽʂʊʈʆʆɹʆʈʋɼʆɺɸʅʀʀ ɸɺʊʆʄʆɹʀʃʗ 

 

THE COMPUTER TECHNOLOGY AND EXPERT SYSTEM  

FOR AUTOMOBILE ELECTRIC EQUIPMENT 
 

ɺ.ɸ.ɹʘʩʢʘʢʦʚ ï ʩʪʫʜ., ʖ.ɸ.ʌʝʦʬʘʥʦʚʘ ï ʩʪʫʜ., ɻ.ʉ.ʉʝʨʛʫʰʠʥ ï ʩʪʫʜ. 

ʄʦʩʢʦʚʩʢʠʡ ʘʚʪʦʤʦʙʠʣʴʥʦ-ʜʦʨʦʞʥʳʡ  

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʄɸɼʀ) 

 

Abstract. The modern automobile is a complex system consisting of many electric and 

electronic parts. Onboard computer system controls all processes which occur during vehicle 

operation. This article is about perspectives of using up-to-date computer technologies in 

vehicles. 

 

ʉʠʩʪʝʤʘ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ï ʩʣʦʞʥʳʡ ʢʦʤʧʣʝʢʩ ʫʩʪʨʦʡʩʪʚ, ʢʦʪʦʨʳʡ ʩʣʫʞʠʪ ʜʣʷ 

ʩʦʛʣʘʩʦʚʘʥʥʦʡ ʨʘʙʦʪʳ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʭ ʫʟʣʦʚ ʠ ʘʛʨʝʛʘʪʦʚ ʩʦʚʨʝʤʝʥʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷ, 

ʦʪʚʝʯʘʶʱʠʡ ʟʘ ʙʝʟʦʧʘʩʥʦʩʪʴ ʚʦʜʠʪʝʣʷ ʠ ʧʘʩʩʘʞʠʨʦʚ.  

ʇʦʵʪʦʤʫ, ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʥʘʜʝʞʥʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʵʪʦʡ ʩʠʩʪʝʤʳ, 

ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʦʥʠ ʧʨʠʤʝʥʷʶʪʩʷ 

ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʘʚʪʦʤʦʙʠʣʷ.  

ʅʘ ʩʦʚʨʝʤʝʥʥʳʭ ʘʚʪʦʤʦʙʠʣʷʭ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʙʦʨʪʦʚʳʝ ʢʦʤʧʴʶʪʝʨʳ. ʂʦʪʦʨʳʝ ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʟʚʦʣʷʶʪ ʚʝʩʪʠ ʙʦʨʪʦʚʫʶ ʜʠʘʛʥʦʩʪʠʢʫ ʠ ʫʧʨʘʚʣʝʥʠʝ ʫʟʣʘʤʠ ʘʚʪʦʤʦʙʠʣʷ.  

ɹʦʨʪʦʚʘʷ ʜʠʘʛʥʦʩʪʠʢʘ ʘʚʪʦʤʦʙʠʣʝʡ ʨʝʰʘʝʪ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʆʧʨʝʜʝʣʝʥʠʝ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʦʰʠʙʦʢ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʛʘʪʝʣʷ ʠ ʩʘʤʦʛʦ ʜʚʠʛʘʪʝʣʷ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ ʫʭʫʜʰʝʥʠʶ ʧʘʨʘʤʝʪʨʦʚ 

ʜʚʠʛʘʪʝʣʷ, ʘ ʪʘʢʞʝ ʢ ʚʳʭʦʜʫ ʠʟ ʩʪʨʦʷ ʜʚʠʛʘʪʝʣʷ ʠʣʠ ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. 

2. ʀʥʬʦʨʤʠʨʦʚʘʥʠʝ ʚʦʜʠʪʝʣʷ ʦ ʥʘʣʠʯʠʠ ʥʝʠʩʧʨʘʚʥʦʩʪʠ. 

3. ʉʦʭʨʘʥʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʙʥʘʨʫʞʝʥʥʦʡ ʥʝʠʩʧʨʘʚʥʦʩʪʠ. 

4. ɸʢʪʠʚʠʟʘʮʠʶ ʘʚʘʨʠʡʥʳʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʛʘʪʝʣʝʤ, ʠ 

ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʠʝʤʣʝʤʳʭ ʭʦʜʦʚʳʭ ʢʘʯʝʩʪʚ ʘʚʪʦʤʦʙʠʣʷ, ʧʨʝʜʦʪʚʨʘʱʘʷ ʚʳʭʦʜ ʠʟ ʩʪʨʦʷ 

ʜʨʫʛʠʭ (ʠʩʧʨʘʚʥʳʭ) ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤʳ. 

ʊʘʢʞʝ ʙʦʨʪʦʚʦʡ ʢʦʤʧʴʶʪʝʨ ʧʦʟʚʦʣʷʝʪ ʫʧʨʘʚʣʷʪʴ ʠ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʠʩʪʝʤʳ 

ʢʦʤʬʦʨʪʘ ʘʚʪʦʤʦʙʠʣʷ (ʥʘʧʨʠʤʝʨ ʕʉʇ, ʢʣʠʤʘʪ-ʢʦʥʪʨʦʣʴ, ʦʙʦʛʨʝʚ ʩʪʝʢʦʣ, ʦʩʚʝʱʝʥʠʝ 

ʩʘʣʦʥʘ ʠ ʜʨ.). 

ɺ ʥʝʢʦʪʦʨʳʭ ʘʚʪʦʤʦʙʠʣʷʭ ʙʦʨʪʦʚʦʡ ʢʦʤʧʴʶʪʝʨ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʠ ʨʫʯʥʦʤ 

ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʧʦʟʚʦʣʷʝʪ ʫʧʨʘʚʣʷʪʴ ʩʠʩʪʝʤʦʡ ʧʠʪʘʥʠʷ, ʘʥʪʠ-ʧʨʦʙʫʢʩʦʚʦʯʥʦʡ, ʢʦʥʪʨʦʣʝʤ 

ʪʷʛʠ ʜʚʠʛʘʪʝʣʷ, ʞʝʩʪʢʦʩʪʴʶ ʧʦʜʚʝʩʢʠ. ʄʦʞʥʦ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʜʝʣʘʪʴ ʤʦʱʥʝʝ 

ʠʣʠ, ʥʘʦʙʦʨʦʪ, ʫʤʝʥʴʰʘʪʴ ʤʦʱʥʦʩʪʴ ʘʚʪʦʤʦʙʠʣʷ ʜʣʷ ʧʦʥʠʞʝʥʠʷ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʠ 

ʨʝʘʣʠʟʘʮʠʠ ʙʦʣʝʝ ʧʣʘʚʥʦʛʦ ʥʘʯʘʣʘ ʜʚʠʞʝʥʠʷ (ʜʣʷ çʧʨʦʙʦʢè) ʫ ʤʦʱʥʳʭ ʜʚʠʛʘʪʝʣʝʡ. 

ɹʦʨʪʦʚʦʡ ʢʦʤʧʴʶʪʝʨ ʥʝʦʙʭʦʜʠʤ ʚʦʜʠʪʝʣʶ ʜʣʷ ʧʦʣʥʦʛʦ ʧʦʥʠʤʘʥʠʷ ʠ ʢʦʥʪʨʦʣʷ 

ʩʦʩʪʦʷʥʠʷ ʝʛʦ ʘʚʪʦʤʦʙʠʣʷ. ɸ ʪʘʢʞʝ, ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ 

ʩʠʩʪʝʤʘʭ ʘʚʪʦʤʦʙʠʣʷ, ʯʪʦʙʳ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʪʨʘʥʠʪʴ ʠʭ ʥʘ ʨʘʥʥʝʡ ʩʪʘʜʠʠ ʠ 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʫʱʝʨʙ, ʢʦʪʦʨʳʡ ʦʥʠ ʤʦʛʫʪ ʧʨʠʯʠʥʠʪʴ. 

ɺ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚ ʄɸɼʀ ʨʘʟʨʘʙʦʪʘʥ ʧʨʦʪʦʪʠʧ ʵʢʩʧʝʨʪʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʜʚʠʛʘʪʝʣʝʤ ʘʚʪʦʤʦʙʠʣʷ ʥʘ ʙʘʟʝ ʤʠʚʘʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʆʥʘ ʧʦʟʚʦʣʷʝʪ ʧʨʦʛʨʘʤʤʥʦ 

ʚʦʩʩʦʝʜʠʥʠʪʴ ʥʝʩʢʦʣʴʢʦ ʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤ ʚʦʝʜʠʥʦ. ʕʪʦʪ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʩ ʚʳʩʦʢʦʡ 

ʩʢʦʨʦʩʪʴʶ ʦʙʨʘʙʘʪʳʚʘʪʴ ʜʘʥʥʳʝ ʠ ʬʦʨʤʠʨʦʚʘʪʴ ʫʧʨʘʚʣʷʶʱʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʜʚʠʛʘʪʝʣʴ ʠ 

ʜʨʫʛʠʝ ʩʠʩʪʝʤʳ. ɹʣʘʛʦʜʘʨʷ ʤʠʚʘʨʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʩʠʩʪʝʤʘ ʣʝʛʢʦ ʤʘʩʰʪʘʙʠʨʫʝʪʩʷ. 
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ʌɽʅʆʄɽʅʆʃʆɻʀʏɽʉʂʀɽ ʄʆɼɽʃʀ ʀ ʇɸʈɸʃʃɽʃʔʅʓɽ 

ɸʃɻʆʈʀʊʄʓ, ʀʉʇʆʃʔɿʋɽʄʓɽ ɼʃʗ ʄʆɼɽʃʀʈʆɺɸʅʀʗ 

ʉɺʆʁʉʊɺ ʄɸɻʅʀʊʆɸʂʊʀɺʅʓʍ ʕʃɸʉʊʆʄɽʈʆɺ, 

ʇʈʀʄɽʅʗɽʄʓʍ ɺ ɹɸʄʇɽʈɸʍ ʊʈɸʅʉʇʆʈʊʅʓʍ ʉʈɽɼʉʊɺ 

 

PHENOMENOLOGICAL MODELS AND THE PARALLEL ALGORITHMS USED 

FOR MODELLING OF PROPERTIES THE MAGNETORHEOLOGICAL 

ELASTOMERS, APPLIED IN BUMPERS OF VEHICLES 
 

ɺ.ɺ.ɹʦʛʜʘʥʦʚ
1
 ï ʢ.ʪ.ʥ., ʜʦʮ., ʂ.ɺ. ʅʝʬʝʜʝʚ

2
 ï ʢ.ʬ.-ʤ.ʥ., ɺ.ʖ. ʂʘʧʠʪʘʥ

2
 ï ʘʩʧ. 

1
 ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çʄɸʄʀè 

2
 ɼɺʌɻʋ (ɼʘʣʴʥʝʚʦʩʪʦʯʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ) 

 

Abstract. Article tells about the most perspective approaches to research the behaviour of 

system magnetic micro- and nanoparticles in magnetorheological elastomers depending on 

external conditions with use of methods of numerical modeling. The developed author's software 

for supercomputer clusters on the basis of superscaled parallel algorithm of calculation the 

properties of MR-elastomers can essentially reduce the time expenses for researches. 

 

ʇʨʠʤʝʥʝʥʠʝ ʚ ʙʘʤʧʝʨʘʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʥʦʚʳʭ ʩʤʘʨʪ-ʩʪʨʫʢʪʫʨ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʪʘʢʠʭ ʢʘʢ ʤʘʛʥʠʪʦʘʢʪʠʚʥʳʝ ʵʣʘʩʪʦʤʝʨʳ (ʄɸʕ), ʩʪʘʚʠʪ ʧʝʨʝʜ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ 

ʢʦʥʩʪʨʫʢʮʠʡ ʤʥʦʞʝʩʪʚʦ ʚʦʧʨʦʩʦʚ, ʥʘʧʨʠʤʝʨ, ʢʘʢʠʤʠ ʤʘʛʥʠʪʥʳʤʠ ʠ ʫʧʨʫʛʠʤʠ ʩʚʦʡʩʪʚʘʤʠ 

ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʄɸʕ, ʯʪʦʙʳ ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʟʘʜʘʯʘʤ ʦʙʝʩʧʝʯʝʥʠʷ 

ʵʥʝʨʛʦʧʦʛʣʦʱʝʥʠʷ ʠ ʪʨʘʚʤʦʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʘʚʪʦʤʦʙʠʣʴʥʦʤ ʪʨʘʥʩʧʦʨʪʝ? ʄʦʞʥʦ ʣʠ ʝʱʝ 

ʥʘ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʧʦʜʙʦʨʘ ʪʘʢʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʤʘʨʪ-

ʤʘʪʝʨʠʘʣʦʚ, ʟʥʘʷ ʥʘʛʨʫʟʢʠ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦ (ʊʉ) ʧʨʠ 

ʩʪʦʣʢʥʦʚʝʥʠʠ (ʩ ʧʨʝʧʷʪʩʪʚʠʝʤ ʠʣʠ ʧʝʰʝʭʦʜʦʤ), ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʩʠʩʪʝʤʳ 

ʤʠʢʨʦ- ʠ ʥʘʥʦʯʘʩʪʠʮ ʚ ʄɸʕ, ʧʦʤʝʱʝʥʥʳʭ ʚʦ ʚʥʝʰʥʝʝ ʫʧʨʘʚʣʷʶʱʝʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ? ʂʘʢ 

ʩʚʷʟʘʥʳ ʠʩʢʦʤʳʝ ʤʘʛʥʠʪʦʫʧʨʫʛʠʝ ʩʚʦʡʩʪʚʘ ʤʘʛʥʠʪʦʘʢʪʠʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʝʛʦ ʩʪʨʫʢʪʫʨʦʡ, 

ʩ ʚʠʜʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ, ʧʦ ʬʦʨʤʝ, ʨʘʟʤʝʨʘʤ, ʤʘʛʥʠʪʥʳʤ ʤʦʤʝʥʪʘʤ ʠ ʩʦʩʪʦʷʥʠʷʤ 

(ʤʥʦʛʦʜʦʤʝʥʥʦʡ, ʦʜʥʦʜʦʤʝʥʥʦʡ, ʢʚʘʟʠʜʦʤʝʥʥʦʡ ʠʣʠ ʧʩʝʚʜʦʜʦʤʝʥʥʦʡ ʤʘʛʥʠʪʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʯʘʩʪʠʮ), ʢʨʠʪʠʯʝʩʢʠʤ ʧʦʣʷʤ ʦʙʨʘʱʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, ʚʦʟʤʦʞʥʳʤ 

ʥʘʣʠʯʠʝʤ ʜʚʫʭ ʠ ʙʦʣʝʝ ʬʘʟ ʤʘʛʥʠʪʥʳʭ ʯʘʩʪʠʮ, ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʯʘʩʪʠʮ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ ʚ 

ʧʦʣʠʤʝʨʠʟʦʚʘʥʥʦʡ ʤʘʪʨʠʮʝ, ʘ ʪʘʢʞʝ ʩ ʚʷʟʢʦʫʧʨʫʛʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʩʘʤʦʡ ʤʘʪʨʠʮʳ? 

ʆʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʦʜʭʦʜʦʚ ʜʣʷ ʦʪʚʝʪʘ ʥʘ ʧʦʩʪʘʚʣʝʥʥʳʝ ʚʦʧʨʦʩʳ ï 

ʵʪʦ ʢʦʤʧʣʝʢʩʥʦʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʚʝʜʝʥʠʷ ʩʠʩʪʝʤʳ 

ʤʘʛʥʠʪʥʳʭ ʤʠʢʨʦ- ʠ ʥʘʥʦʯʘʩʪʠʮ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʝʪʦʜʦʚ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʈʘʟʨʘʙʘʪʳʚʘʝʤʦʝ ʘʚʪʦʨʩʢʦʝ ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʥʳʭ ʢʣʘʩʪʝʨʦʚ ʥʘ ʦʩʥʦʚʝ ʩʚʝʨʭʤʘʩʰʪʘʙʠʨʫʝʤʦʛʦ 

ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʨʘʩʯʸʪʘ ʩʚʦʡʩʪʚ ʄɸʕ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʝʥʥʳʝ 

ʟʘʪʨʘʪʳ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɼʣʷ ʵʪʠʭ ʮʝʣʝʡ ʚ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʤ ʌʝʜʝʨʘʣʴʥʦʤ ʋʥʠʚʝʨʩʠʪʝʪʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʥʳʡ ʢʣʘʩʪʝʨ çSunè ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʧʦʨʷʜʢʘ 4 ʊʬʣʦʧʩ 

ʩ 480 ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʷʜʨʘʤʠ. ʌʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʪʨʦʠʪʩʷ ʥʘ ʜʘʥʥʳʭ ʦ 

ʤʦʨʬʦʣʦʛʠʠ ʨʝʘʣʴʥʳʭ ʄɸʕ, ʢʦʪʦʨʳʝ ʘʚʪʦʨʳ ʧʦʣʫʯʘʶʪ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ 

ʢʦʥʢʨʝʪʥʳʤʠ ʄɸʕ-ʦʙʨʘʟʮʘʤʠ. ʂʘʢ ʧʦʢʘʟʘʣʠ ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ, 

ʧʦʚʝʜʝʥʠʝ ʤʠʢʨʦ- ʠ ʥʘʥʦʯʘʩʪʠʮ, ʧʨʝʜʩʢʘʟʘʥʥʦʝ ʤʦʜʝʣʷʤʠ ʚ ʜʦʩʪʘʪʦʯʥʦʡ ʩʪʝʧʝʥʠ ʪʦʯʥʦʩʪʠ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʦʜʝʣʴʥʦʤʫ ʵʢʩʧʝʨʠʤʝʥʪʫ ʩ ʄɸʕ-ʦʙʨʘʟʮʘʤʠ ʥʘ ʜʠʥʘʤʠʯʝʩʢʦʝ ʥʘʛʨʫʞʝʥʠʝ, 

ʠʤʠʪʠʨʫʶʱʝʝ ʢʘʢ ʩʪʦʣʢʥʦʚʝʥʠʝ ʊʉ ʩ ʧʝʰʝʭʦʜʦʤ ʥʘ ʥʝʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʠ, ʪʘʢ ʠ ʊʉ ʩ 

ʥʝʧʦʜʚʠʞʥʳʤ ʧʨʝʧʷʪʩʪʚʠʝʤ ʥʘ ʩʢʦʨʦʩʪʷʭ, ʧʨʝʚʳʰʘʶʱʠʭ 60 ʢʤ/ʯʘʩ. 
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AUTOMATED METHOD OF CALCULATION OF WORKPIECE RETENTION 

FORCE ON CNC LATHES 
 

ʀ. ɺ. ɹʦʨʱʝʚʩʢʠʡ 

ɺʦʣʛʦʛʨʘʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

Abstract. Developed an algorithm for workpiece retention force calculation and created software 

in Delphi. Software allows calculation of cutting force components and workpiece retention force. 

Author had received certificate for the software. 

 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʘʣʛʦʨʠʪʤʳ ʜʣʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʚʳʙʦʨʘ 

ʚʝʣʠʯʠʥʳ ʟʘʞʠʤʥʦʛʦ ʫʩʠʣʠʷ ʟʘʛʦʪʦʚʦʢ ʚ ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʟʘʞʠʤʥʳʭ 

ʧʨʠʩʧʦʩʦʙʣʝʥʠʡ ʥʝ ʦʙʣʘʜʘʶʪ ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʴʶ. ʇʨʠʯʠʥʘ ʵʪʦʛʦ ʚ ʪʦʤ,  ʯʪʦ ʚ 

ʬʦʨʤʫʣʘʭ ʨʘʩʯʝʪʘ ʟʘʞʠʤʥʦʛʦ ʫʩʠʣʠʷ ʣʶʙʳʭ ʟʘʞʠʤʥʳʭ ʧʨʠʩʧʦʩʦʙʣʝʥʠʡ ʟʘʣʦʞʝʥʳ 

ʟʥʘʯʝʥʠʷ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʠʣʳ ʨʝʟʘʥʠʷ. ʂʣʘʩʩʠʯʝʩʢʠʝ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʩʠʣʳ  ʨʝʟʘʥʠʷ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʩʪʘʣʝʡ ʪʚʝʨʜʦʩʧʣʘʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʦʧʫʩʢʘʶʪ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʦʰʠʙʢʠ (100% ʠ ʙʦʣʝʝ) ʢʦʛʜʘ ʨʘʩʯʝʪ ʚʝʜʝʪʩʷ ʜʣʷ ʩʢʦʨʦʩʪʝʡ ʚʳʰʝ ʟʦʥʳ 

ʥʘʨʦʩʪʦʦʙʨʘʟʦʚʘʥʠʷ (ʧʦʣʫʯʠʩʪʦʚʘʷ ʠ ʯʠʩʪʦʚʘʷ ʦʙʨʘʙʦʪʢʘ). ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ 

ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʥʘʜʝʞʥʦʩʪʠ ʚʳʙʦʨʘ ʟʘʞʠʤʥʦʛʦ ʫʩʠʣʠʷ. ɼʘʥʥʘʷ ʧʨʦʙʣʝʤʘ 

ʚr ʟʚʘʥʘ ʪʝʤ, ʯʪʦ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʠʢʠ ʥʝ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʫʯʠʪʳʚʘʶʪ ʨʘʟʙʨʦʩ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʟʘʛʦʪʦʚʢʠ. ʏʘʩʪʠʯʥʳʤ ʨʝʰʝʥʠʝʤ ʜʘʥʥʦʡ 

ʧʨʦʙʣʝʤʳ ʤʦʛʣʦ ʙʳ ʩʪʘʪʴ ʧʨʦʚʝʜʝʥʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ 

ʩʚʦʡʩʪʚ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʦʚ. ʆʜʥʘʢʦ ʚ ʫʩʣʦʚʠʷʭ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʪʦ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, 

ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʠʢ ʥʝʜʦʧʫʩʪʠʤʦ ʚ ʨʘʟʨʘʙʦʪʢʝ ʘʣʛʦʨʠʪʤʘ ʜʣʷ ʩʪʘʥʢʦʚ ʩ 

ʏʇʋ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʙʳʣ ʚʳʙʨʘʥ ʤʝʪʦʜ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʝʣʠʯʠʥʳ ʪʝʨʤʦʕɼʉ 

ʧʨʦʙʥʦʛʦ (ʪʝʩʪʦʚʦʛʦ) ʧʨʦʭʦʜʘ, ʢʘʢ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʢʨʠʪʝʨʠʷ ʦʮʝʥʢʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʢʦʥʪʘʢʪʠʨʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʜʘʝʪ ʭʦʨʦʰʫʶ ʩʭʦʜʠʤʦʩʪʴ ʤʝʞʜʫ 

ʚʝʣʠʯʠʥʦʡ ʪʝʨʤʦʕɼʉ ʠ ʩʚʦʡʩʪʚʘʤʠ ʢʦʥʪʘʢʪʠʨʫʝʤʳʭ ʧʘʨ, ʦʥ ʪʘʢʞʝ ʧʨʦʩʪ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ, 

ʪʘʢ ʢʘʢ ʩʠʛʥʘʣ ʪʝʨʤʦʕɼʉ ʚʩʝʛʜʘ ʩʦʧʫʪʩʪʚʫʝʪ ʧʨʦʮʝʩʩʫ ʨʝʟʘʥʠʷ ʠ ʝʛʦ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ 

ʘʣʛʦʨʠʪʤʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʨʘʩʯʝʪʘ ʫʩʠʣʠʡ ʟʘʞʠʤʘ. 

ʅʘ ʦʩʥʦʚʝ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʧʨʦʙʥʦʛʦ ʧʨʦʭʦʜʘ ʙʳʣʠ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʳ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʠʣʳ ʨʝʟʘʥʠʷ. ʅʘ ʦʩʥʦʚʝ ʵʪʠʭ 

ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʠ ʥʘʧʠʩʘʥʘ ʧʨʦʛʨʘʤʤʘ ʜʣʷ 

ʕɺʄ ʥʘ ʷʟʳʢʝ Delphi. ʅʘ ʧʨʦʛʨʘʤʤʫ ʧʦʣʫʯʝʥʦ ʘʚʪʦʨʩʢʦʝ ʩʚʠʜʝʪʝʣʴʩʪʚʦ ˉ2010616141. 

ʇʨʦʛʨʘʤʤʘ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʦʧʝʨʘʪʠʚʥʳʡ ʨʘʩʯʝʪ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʠʣʳ ʨʝʟʘʥʠʷ ʠ 

ʫʩʠʣʠʷ ʟʘʞʠʤʘ ʟʘʛʦʪʦʚʦʢ. ʊʘʢʞʝ ʦʥʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʨʨʝʢʮʠʠ ʨʝʞʠʤʦʚ 

ʨʝʟʘʥʠʷ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʠʷ ʜʦʧʫʩʪʠʤʳʤ ʟʥʘʯʝʥʠʷʤ ʩʠʣʦʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. ɺ ʧʨʦʛʨʘʤʤʝ 

ʨʝʘʣʠʟʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʙʘʚʣʝʥʠʷ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ ʟʘʞʠʤʥʳʭ ʫʩʪʨʦʡʩʪʚ ʥʘ 

ʩʪʘʥʢʘʭ ʩ ʏʇʋ. 
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ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʀʅʌʈɸʂʈɸʉʅʓʍ ʆɹʒɽʂʊʀɺʆɺ 

 

HARDWARE METHODICAL MEANS OF MEASURING  

THE CHARACTERISTICS OF INFRARED LENSES  
 

ɼ.ɸ.ɻʘʡʩʠʥ ï ʤʘʛʠʩʪʨʘʥʪ, ɺ.ʀ.ʂʫʨʪ ï ʜ.ʪ.ʥ., ʧʨʦʬ. 

ʂʘʟʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

Abstract. Knowledge of infrared lenses characteristics facilitates the definition of opto-electronic 

products characteristics significantly. In the given work the possibility of automation of system 

for measurement of characteristics of infrared objectives is considered. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʦʭʨʘʥʷʶʪʩʷ ʚʳʷʚʣʝʥʥʳʝ ʨʘʥʝʝ ʪʝʥʜʝʥʮʠʠ ʜʘʣʴʥʝʡʰʝʛʦ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʙʣʘʛʦʜʘʨʷ ʰʠʨʦʢʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʩʤʝʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʘʩʬʝʨʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʫʣʫʯʰʝʥʠʶ ʪʝʭʥʦʣʦʛʠʠ ʥʘʥʝʩʝʥʠʷ 

ʧʨʦʩʚʝʪʣʷʶʱʠʭ ʧʦʢʨʳʪʠʡ, ʫʣʫʯʰʝʥʠʶ ʦʧʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʣʠʥʟ. 

ɺʚʝʜʝʥʠʝ ʚ ʦʧʪʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʜʣʷ ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʭ ʧʨʠʙʦʨʦʚ ʘʩʬʝʨʠʯʝʩʢʦʡ 

ʦʧʪʠʢʠ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʠʪʴ ʝʝ ʘʙʝʨʨʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʣʠʥʟ ʩ ʢʠʥʦʬʦʨʤʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ (ʧʦʜ ʢʠʥʦʬʦʨʤʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ 

ʧʦʥʠʤʘʝʪʩʷ ʩʝʪʢʘ ʠʣʠ ʧʦʣʦʩʢʠ, ʥʘʥʝʩʝʥʥʳʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʣʠʥʟʳ) ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʢʦʤʧʣʝʢʩʥʦʤʫ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ ʘʙʝʨʨʘʮʠʡ ʠ ʫʤʝʥʴʰʝʥʠʷ ʪʦʣʱʠʥʳ ʣʠʥʟ ʦʙʲʝʢʪʠʚʘ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʦʧʪʠʯʝʩʢʠʝ ʧʦʢʨʳʪʠʷ ʧʦʟʚʦʣʷʶʪ ʥʘʨʷʜʫ ʩ ʥʘʜʝʞʥʦʡ ʟʘʱʠʪʦʡ ʦʧʪʠʢʠ ʚ 

ʜʠʘʧʘʟʦʥʝ ʩʣʦʞʥʳʭ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʠʪʴ ʝʝ ʦʧʪʠʯʝʩʢʦʝ 

ʧʨʦʧʫʩʢʘʥʠʝ. 

ʆʧʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ (ʦʙʲʝʢʪʠʚʳ) ʷʚʣʷʶʪʩʷ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʭ 

ʩʠʩʪʝʤ ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ, ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʲʝʢʪʦʚ.  

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʙʲʝʢʪʠʚʘ ʠʟ ʚʩʝʛʦ ʩʦʩʪʘʚʘ ʧʘʨʘʤʝʪʨʦʚ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʦʧʪʦʵʣʝʢʪʨʦʥʥʫʶ ʩʠʩʪʝʤʫ ʚ ʮʝʣʦʤ, ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ: ʧʦʣʝ ʟʨʝʥʠʷ, 

ʩʧʝʢʪʨʘʣʴʥʳʡ ʨʘʙʦʯʠʡ ʜʠʘʧʘʟʦʥ, ʬʦʢʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ, ʜʠʘʤʝʪʨ ʢʨʫʞʢʘ ʨʘʩʩʝʷʥʠʷ. 

ɿʥʘʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʥʬʨʘʢʨʘʩʥʳʭ ʦʙʲʝʢʪʠʚʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʦʙʣʝʛʯʘʝʪ 

ʦʧʨʝʜʝʣʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʧʪʦʵʣʝʨʦʥʥʳʭ ʠʟʜʝʣʠʡ.  

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʥʬʨʘʢʨʘʩʥʳʭ ʦʙʲʝʢʪʠʚʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʫʩʪʘʥʦʚʢʘ 

ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʦʙʣʫʯʝʥʠʷ. ɺʥʝʜʨʝʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʫʩʪʘʥʦʚʢʠ 

ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʦʙʣʫʯʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʝʸ ʘʚʪʦʤʘʪʠʟʘʮʠʶ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩʠʩʪʝʤʳ, ʙʫʜʝʪ ʧʨʦʚʝʨʝʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʕʪʦ ʦʙʣʝʛʯʘʝʪ ʧʨʦʮʝʜʫʨʫ ʠʟʤʝʨʝʥʠʷ, ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ 

ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʷ, ʧʨʦʷʚʣʷʝʪʩʷ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ, ʧʨʦʮʝʜʫʨʫ ʧʨʦʚʝʨʢʠ 

ʦʙʲʝʢʪʠʚʦʚ ʧʨʠ ʩʝʨʠʡʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ. 
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ʇʆ ʄɸʈʐʈʋʊɸʄ ɺ ʄʆɼɽʃʀ ʊʈɸʅʉʇʆʈʊʅʆʁ ʉɽʊʀ 

 

ON THE DISTRIBUTION OF TRAVEL DEMAND COMPONENTS ON ROUTES 

IN THE TRANSPORT NETWORK MODEL 
 

ʂ.ɺ.ɻʠʥʟʙʫʨʛʩʢʠʡ ï ʘʩʧ. 

ʀʥʩʪʠʪʫʪ ʤʘʰʠʥʦʚʝʜʝʥʠʷ ʠʤ.ɸ.ɸ.ɹʣʘʛʦʥʨʘʚʦʚʘ ʈɸʅ 

 

Abstract. The algorithm of the distribution of travel demand components on routes in the 

network model is proposed. Travel demand of all transport units is taken into account in this 

algorithm. The aim of this distribution is efficient use of whole transport infrastructure. 

 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʘ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʘ, ʧʨʠʟʚʘʥʥʳʭ 

ʫʤʝʥʴʰʠʪʴ ʪʨʘʥʩʧʦʨʪʥʳʝ ʟʘʪʦʨʳ ʚ ʤʝʛʘʧʦʣʠʩʘʭ: ʚʚʝʜʝʥʠʝ ʧʣʘʪʥʳʭ ʫʯʘʩʪʢʦʚ ʠ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʬʘʢʪʠʯʝʩʢʦʡ ʟʘʛʨʫʟʢʝ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʡ ʩʝʪʠ ʩ ʧʦʤʦʱʴʶ 

ʀʥʪʝʨʥʝʪ ʩʝʨʚʠʩʦʚ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʪʦʠʤʦʩʪʠ ʧʨʦʝʟʜʘ ʠ ʟʘʛʨʫʟʢʝ ʥʘ 

ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʜʦʨʦʞʥʦʡ ʩʝʪʠ, ʢʘʞʜʦʤʫ ʫʯʘʩʪʥʠʢʫ ʜʚʠʞʝʥʠʷ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʳʙʨʘʪʴ 

ʧʦʜʭʦʜʷʱʠʡ ʝʤʫ ʤʘʨʰʨʫʪ ʜʚʠʞʝʥʠʷ. ʅʘ ʧʨʦʩʪʳʭ ʧʨʠʤʝʨʘʭ ʤʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʚʳʙʦʨ ʤʘʨʰʨʫʪʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʵʬʬʝʢʪʠʚʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʜʦʨʦʞʥʦʡ ʩʝʪʠ ʚ ʮʝʣʦʤ. ɺʦʟʤʦʞʥʦ, ʧʨʠ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʝʜʠʥʠʮ ʧʦ ʤʘʨʰʨʫʪʘʤ ʩʣʝʜʫʝʪ ʦʞʠʜʘʪʴ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʨʦʞʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ.  

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʚ ʪʘʢʦʡ ʟʘʜʘʯʝ ʚʳʩʪʫʧʘʝʪ ʪʨʘʥʩʧʦʨʪʥʳʡ ʩʧʨʦʩ ʠ 

ʟʘʜʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʜʦʨʦʞʥʦʡ ʩʝʪʠ. ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ï ʩʧʠʩʦʢ ʤʘʨʰʨʫʪʦʚ ʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʠʤ ʜʦʧʫʩʪʠʤʳʤʠ ʠʥʪʝʥʩʠʚʥʦʩʪʷʤʠ. ɺ ʢʘʯʝʩʪʚʝ ʜʦʨʦʞʥʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʦʜʝʣʴ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʝʪʠ, ʧʦʩʪʨʦʝʥʥʦʡ ʥʘ ʙʘʟʝ 

ʧʨʦʩʪʝʡʰʝʛʦ ʧʝʨʝʢʨʝʩʪʢʘ [1]. ʈʘʟʨʘʙʦʪʘʥʳ ʩʪʨʫʢʪʫʨʳ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʤʦʜʝʣʠ 

ʜʦʨʦʞʥʦʡ ʩʝʪʠ. ʇʦʩʪʨʦʝʥʳ ʧʨʦʮʝʜʫʨʳ ʧʦʠʩʢʘ ʤʥʦʞʝʩʪʚʘ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʭ ʤʘʨʰʨʫʪʦʚ 

ʜʣʷ ʢʘʞʜʦʡ ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʧʘʨʳ P-ʟʦʥ (ʜʣʷ ʢʘʞʜʦʡ ʧʘʨʳ ʧʫʥʢʪ ʦʪʧʨʘʚʣʝʥʠʷ ï ʧʫʥʢʪ 

ʥʘʟʥʘʯʝʥʠʷ). ʄʥʦʞʝʩʪʚʦ ʪʘʢʠʭ ʤʘʨʰʨʫʪʦʚ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʩʤʝʞʥʳʤʠ ʤʘʨʰʨʫʪʘʤʠ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʠʤʝʥʥʦ ʤʦʜʝʣʴ ʩʝʪʠ ʩ ʧʨʦʩʪʝʡʰʠʤ ʧʝʨʝʢʨʝʩʪʢʦʤ, ʪʘʢ ʢʘʢ ʚ ʵʪʦʡ ʤʦʜʝʣʠ 

ʜʣʷ ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʧʘʨʳ P-ʟʦʥ ʩʫʱʝʩʪʚʫʝʪ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʤʥʦʞʝʩʪʚʦ ʧʨʠʝʤʣʝʤʳʭ (ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʜʣʠʥʳ ʧʫʪʠ) ʩʤʝʞʥʳʭ ʤʘʨʰʨʫʪʦʚ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʦʟʤʦʞʥʦ ʦʞʠʜʘʪʴ 

ʥʘʠʙʦʣʝʝ ʥʘʛʣʷʜʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠʤʝʥʥʦ ʜʣʷ ʵʪʦʡ ʤʦʜʝʣʠ ʩʝʪʠ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʘʣʛʦʨʠʪʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʨʰʨʫʪʥʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ (ʢʦʤʧʦʥʝʥʪ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʧʨʦʩʘ) 

ʧʦ ʩʤʝʞʥʳʤ ʤʘʨʰʨʫʪʘʤ, ʧʨʠʟʚʘʥʥʳʡ ʦʙʝʩʧʝʯʠʪʴ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʟʘʛʨʫʟʢʠ, ʘ ʟʥʘʯʠʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʜʦʨʦʞʥʦʡ ʩʝʪʠ ʧʨʠ ʟʘʜʘʥʥʦʤ ʪʨʘʥʩʧʦʨʪʥʦʤ ʩʧʨʦʩʝ. 
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IMPLEMENTATION OF AN ALGORITHM FOR JOB COMPLEXES PLANNING 

BASED ON A-TRANSFORMING PROCESS MODEL 
 

ɸ.ʀ. ɻʦʣʝʥʢʦʚʩʢʠʡ
1
ï ʘʩʧ., ɸ.ʄ. ɺʘʣʫʝʚ

1,2
 ï ʜ.ʬ.-ʤ. ʥ., ʩ.ʥ.ʩ., ʜʦʮ. 

1
 ʀʥʩʪʠʪʫʪ ʤʘʰʠʥʦʚʝʜʝʥʠʷ ʠʤ. ɸ.ɸ.ɹʣʘʛʦʥʨʘʚʦʚʘ ʈɸʅ 

2
 ʄʦʩʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ (ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ) 

 

Abstract: This paper presents an implementation of an algorithm for job complex planning. The 

algorithm is based on the linear-transforming process model. Linear-transforming process means 

that work plan is represented as a set of steps which is considered as a dynamic linear problem. 

Main features of the algorithm implementation and some applications are presented. 

ɼʣʷ ʟʘʜʘʯ ʧʣʘʥʠʨʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʨʘʙʦʪ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ 

ʤʦʜʝʣʠ ʧʨʠʚʦʜʷʪʩʷ ʢ ʬʦʨʤʝ ʟʘʜʘʯ ʩʝʪʝʚʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʥʝ ʚʢʣʶʯʘʶʱʝʡ ʫʩʣʦʚʠʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʩʫʨʩʦʚ ʤʝʞʜʫ ʨʘʙʦʪʘʤʠ. ɿʜʝʩʴ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʜʣʷ ʥʘʙʦʨʘ n 

ʨʘʙʦʪ, ʩʚʷʟʘʥʥʳʭ ʦʪʥʦʰʝʥʠʝʤ ʧʨʝʜʰʝʩʪʚʦʚʘʥʠʷ ʠ ʫʩʣʦʚʠʷʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʩʫʨʩʦʚ-

ʤʦʱʥʦʩʪʝʡ m ʪʠʧʦʚ, ʩ ʢʨʠʪʝʨʠʝʤ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ï ʤʠʥʠʤʘʣʴʥʳʤ ʚʨʝʤʝʥʝʤ ʟʘʚʝʨʰʝʥʠʷ. 

ɼʠʥʘʤʠʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ, ʢʦʪʦʨʳʝ 

ʩʚʦʜʷʪʩʷ ʢ ʨʘʟʥʦʩʪʥʳʤ ʫʨʘʚʥʝʥʠʷʤ: 

( )
( ) , ʛʜʝ 0i

i mini i maxi

dx t
u t u u u

dt
ʝʩʣʠ ʨʘʙʦʪʘ ʚʳʧʦʣʥʷʝʪʩʷ, ʠʥʘʯʝ 0; iu t

 

ʠ ʫʩʣʦʚʠʷʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʩʫʨʩʦʚ,  1, ,
j

Rj

ij i R

i I

f u t u j m 

ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ [1], ʵʬʬʝʢʪʠʚʥʳʤ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʠʝ ʪʘʢʦʡ ʟʘʜʘʯʠ ʢʘʢ ʟʘʜʘʯʠ 

ʦʧʪʠʤʠʟʘʮʠʠ ʣʠʥʝʡʥʦ ʪʨʘʥʩʬʦʨʤʠʨʫʝʤʦʛʦ ʧʨʦʮʝʩʩʘ. ʀʟʥʘʯʘʣʴʥʦ ʩʪʨʦʠʪʩʷ ʦʧʦʨʥʳʡ ʧʣʘʥ 

ʨʘʙʦʪ, ʧʨʠʯʝʤ ʧʨʠʦʨʠʪʝʪ ʧʦʣʫʯʘʶʪ ʨʘʙʦʪʳ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʧʨʝʜʰʝʩʪʚʫʶʱʠʤʠ ʜʣʷ 

ʜʨʫʛʠʭ. ɿʘʪʝʤ ʧʦʣʫʯʝʥʥʳʡ ʧʣʘʥ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʟʘʜʘʯʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʣʠʥʝʡʥʦʛʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʝʛʦ ʦʧʪʠʤʠʟʘʮʠʷ ï ʩʪʨʦʠʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʜʦʧʫʩʪʠʤʳʭ ʧʣʘʥʦʚ ʨʘʙʦʪ, ʥʘ ʢʦʪʦʨʦʡ ʦʙʱʝʝ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʢʦʤʧʣʝʢʩʘ ʨʘʙʦʪ 

ʫʤʝʥʴʰʘʝʪʩʷ. ʇʨʠʤʝʨʳ ʧʦʩʪʨʦʝʥʠʷ ʦʧʦʨʥʳʭ ʧʣʘʥʦʚ ʠ ʧʦʵʪʘʧʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʩʫʨʩʦʚ 

ʩ ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʧʨʠʚʦʜʷʪʩʷ ʚ ʜʦʢʣʘʜʝ. ʇʨʦʛʨʘʤʤʘ ʥʘʧʠʩʘʥʘ ʥʘ 

ʧʣʘʪʬʦʨʤʝ Java  SE 1.6, ʩʨʝʜʘ ʨʘʟʨʘʙʦʪʢʠ Eclipse IDE 3.6 Helios, ʠʥʪʝʨʬʝʡʩ Swing \ Google 

Web Toolkit 2.3.1. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ ʚ ʬʦʨʤʘʪʝ Xml, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʨʘʙʦʪʘʪʴ ʩʦ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʤ ʬʦʨʤʘʪʦʤ, ʥʦ ʪʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʥʘʙʦʨ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʢʘʢ ʥʝʢʦʝ ʘʙʩʪʨʘʢʪʥʦʝ ʤʥʦʞʝʩʪʚʦ ʨʘʙʦʪ [2], ʢ ʢʦʪʦʨʦʤʫ ʤʦʞʥʦ 

ʜʝʣʘʪʴ ʟʘʧʨʦʩʳ ʧʨʠ ʧʦʤʦʱʠ ʤʝʭʘʥʠʟʤʦʚ XPath [3] ʠ XQuery [3]. ʕʪʠʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʦʙʨʘʪʥʘʷ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʧʨʠ ʤʦʜʠʬʠʢʘʮʠʷʭ ʜʘʥʥʳʭ ʠ ʠʭ ʬʦʨʤʘʪʘ, ʘ ʪʘʢ ʞʝ ʚʦʟʤʦʞʥʦʩʪʴ 

ʨʘʙʦʪʳ ʩ ʜʘʥʥʳʤʠ ʢʘʢ ʩ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ. 
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ʊʆʈʎʆɺʆʄ ʐʃʀʌʆɺɸʅʀʀ 

 

WORKPIECE TEMPERATURE MODELING AT A FLAT SURFACE GRINDING 

 

ɺ.ɻ.ɻʫʩʝʚ - ʜ.ʪ.ʥ., ʧʨʦʬ., ʉ.ɸ.ʅʘʟʘʨʝʥʢʦʚ ï ʤʘʛʠʩʪʨʘʥʪ, 

ʇ.ʉ.ʐʚʘʛʠʨʝʚ - ʘʩʧ. 

ɺʣʘʜʠʤʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤ. ɸʣʝʢʩʘʥʜʨʘ ɻʨʠʛʦʨʴʝʚʠʯʘ ʠ ʅʠʢʦʣʘʷ ɻʨʠʛʦʨʴʝʚʠʯʘ ʉʪʦʣʝʪʦʚʳʭ 

 

Abstract. Temperature of a workpiece tooled by discrete surface grinding tool was modeled by 

means of CAE software COSMOSWork and the results are presented hereby. The results were 

confirmed experimentally proving thermal factor decrease by 40% that opens new possibilities in 

burning free grinding conditions expansion as well as whole process performance improvement. 
 

ʇʣʦʩʢʦʝ ʪʦʨʮʦʚʦʝ ʰʣʠʬʦʚʘʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʴʰʠʤʠ ʧʣʦʱʘʜʷʤʠ ʢʦʥʪʘʢʪʘ 

ʠʥʩʪʨʫʤʝʥʪʘ ʩ ʟʘʛʦʪʦʚʢʦʡ (ʧʣʦʱʘʜʠ ʜʦʩʪʠʛʘʶʪ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʢʚʘʜʨʘʪʥʳʭ 

ʩʘʥʪʠʤʝʪʨʦʚ), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʥʪʝʥʩʠʚʥʳʤ ʪʝʧʣʦʚʳʚʝʜʝʥʠʷʤ ʚ ʟʦʥʝ ʨʝʟʘʥʠʷ ʠ ʧʦʷʚʣʝʥʠʶ 

ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʪʝʨʤʠʯʝʩʢʠʭ ʜʝʬʝʢʪʦʚ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʜʝʪʘʣʝʡ. ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ 

ʜʝʬʝʢʪʦʚ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʰʣʠʬʦʚʘʥʥʦʛʦ ʩʣʦʷ ʥʝʦʙʭʦʜʠʤʦ ʩʥʠʞʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʟʦʥʝ 

ʨʝʟʘʥʠʷ, ʯʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʧʝʨʠʦʜʠʯʝʩʢʠʤ ʠ ʤʥʦʛʦʢʨʘʪʥʳʤ ʧʨʝʨʳʚʘʥʠʝʤ ʧʨʦʮʝʩʩʘ ʨʝʟʘʥʠʷ 

ʚ ʪʝʯʝʥʠʝ ʢʘʞʜʦʛʦ ʦʙʦʨʦʪʘ ʠʥʩʪʨʫʤʝʥʪʘ. 

ʉʪʝʧʝʥʴ ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʟʦʥʝ ʨʝʟʘʥʠʷ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʟʘʛʦʪʦʚʢʠ ʟʘʚʠʩʠʪ ʦʪ 

ʧʨʠʤʝʥʷʝʤʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, ʧʦʵʪʦʤʫ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʳʙʨʘʣʠ ʪʨʠ 

ʢʦʥʩʪʨʫʢʮʠʠ ʰʣʠʬʦʚʘʣʴʥʳʭ ʢʨʫʛʦʚ ʜʣʷ ʧʣʦʩʢʦʛʦ ʪʦʨʮʦʚʦʛʦ ʰʣʠʬʦʚʘʥʠʷ: ʩʧʣʦʰʥʦʡ 

ʪʦʨʮʦʚʳʡ ʘʙʨʘʟʠʚʥʳʡ ʢʨʫʛ; ʩʙʦʨʥʳʡ ʢʨʫʛ, ʦʩʥʘʱʝʥʥʳʡ ʘʙʨʘʟʠʚʥʳʤʠ ʩʝʛʤʝʥʪʘʤʠ ʩʦ 

ʩʧʣʦʰʥʦʡ ʨʝʞʫʱʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ; ʩʙʦʨʥʳʡ ʢʨʫʛ, ʘʙʨʘʟʠʚʥʳʝ ʩʝʛʤʝʥʪʳ ʢʦʪʦʨʦʛʦ ʠʤʝʶʪ 

ʜʠʩʢʨʝʪʥʫʶ ʨʝʞʫʱʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʨʝʘʣʠʟʦʚʘʥʥʫʶ ʚ ʚʠʜʝ ʦʪʢʨʳʪʳʭ ʧʨʦʜʦʣʴʥʳʭ ʢʘʥʘʣʦʚ.  

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ, 

ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ ʚ ʩʦʚʨʝʤʝʥʥʦʤ CAE-ʢʦʤʧʣʝʢʩʝ COSMOSWorks. 

 
ʈʠʩ.1. ʊʝʤʧʝʨʘʪʫʨʘ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʛʦʪʦʚʢʠ ʧʨʠ ʰʣʠʬʦʚʘʥʠʠ 

ʨʘʟʣʠʯʥʳʤʠ ʢʨʫʛʘʤʠ. 

ɺ ʭʦʜʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʳʷʩʥʠʣʦʩʴ, 

ʯʪʦ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʟʘʛʦʪʦʚʢʠ ʜʠʩʢʨʝʪʥʳʤ 

ʢʨʫʛʦʤ, ʩʝʛʤʝʥʪʳ ʢʦʪʦʨʦʛʦ  ʠʤʝʶʪ 

ʢʘʥʘʣʳ, ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʛʦʪʦʚʢʠ ʩʦʩʪʘʚʠʣʘ 91,8 
0
ʉ, 

ʯʪʦ ʥʘ 78,3 
0
ʉ ʤʝʥʴʰʝ, ʯʝʤ ʧʨʠ 

ʰʣʠʬʦʚʘʥʠʠ ʩʧʣʦʰʥʳʤ ʪʦʨʮʦʚʳʤ 

ʘʙʨʘʟʠʚʥʳʤ ʢʨʫʛʦʤ ʠ ʥʘ 34,8 
0
ʉ, ʯʝʤ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʦʨʮʦʚʦʛʦ ʜʠʩʢʨʝʪʥʦʛʦ 

ʰʣʠʬʦʚʘʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʩʦ 

ʩʧʣʦʰʥʳʤʠ ʩʝʛʤʝʥʪʘʤʠ (ʨʠʩ.). 

ʇʦʣʫʯʝʥʥʳʝ ʚ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʜʘʥʥʳʝ ʧʦʜʪʚʝʨʞʜʝʥʳ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ: ʜʠʩʢʨʝʪʠʟʘʮʠʷ 

ʨʝʞʫʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʰʣʠʬʦʚʘʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚ ʟʦʥʝ ʨʝʟʘʥʠʷ, ʯʪʦ ʫʤʝʥʴʰʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʧʨʠʞʦʛʦʚ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ, 

ʤʠʢʨʦʪʨʝʱʠʥ, ʨʘʩʪʷʛʠʚʘʶʱʠʭ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʠ ʜʨʫʛʠʭ ʜʝʬʝʢʪʦʚ, ʩʥʠʞʘʶʱʠʭ 

ʢʘʯʝʩʪʚʦ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʫʶ ʥʘʜʝʞʥʦʩʪʴ ʜʝʪʘʣʝʡ. ʄʝʥʴʰʘʷ ʪʝʧʣʦʚʘʷ ʥʘʧʨʷʞʝʥʥʦʩʪʴ 

ʧʨʦʮʝʩʩʘ ʰʣʠʬʦʚʘʥʠʷ ʜʠʩʢʨʝʪʥʳʤ ʢʨʫʛʦʤ, ʦʩʥʘʱʝʥʥʳʤ ʩʝʛʤʝʥʪʘʤʠ ʩ ʢʘʥʘʣʘʤʠ, 

ʧʦʟʚʦʣʷʝʪ ʥʘʟʥʘʯʘʪʴ ʧʦʚʳʰʝʥʥʳʝ ʨʝʞʠʤʳ ʦʙʨʘʙʦʪʢʠ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ. 
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʋɼɸʈʅʆʁ ʉʀʉʊɽʄʓ ɺ ʉʃʋʏɸɽ 

ʇɽʈʀʆɼʀʏɽʉʂʆɻʆ ɼɺʀɾɽʅʀʗ 

IMPACT SYSTEM SIMULATION IN CASE OF PERIODIC MOTION 
ɸ.ɸ.ɼʦʟʦʨʦʚ ï ʘʩʧ., ɺ.ʂ.ʄʘʥʞʦʩʦʚ ï ʜ.ʪ.ʥ., ʧʨʦʬ. 

ʋʣʴʷʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 
Abstract. The motion of impact system taking into account a periodic exciting force and 

collisions due to restraints existence is considered.  

 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʫʜʘʨʥʘʷ ʩʠʩʪʝʤʘ (ʨʠʩ.1) ʧʨʠ ʜʝʡʩʪʚʠʠ ʥʘ ʫʜʘʨʥʠʢ ʤʘʩʩʦʡ m 

ʢʫʩʦʯʥʦ-ʧʦʩʪʦʷʥʥʦʡ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʣʳ ( )P t  ʠ ʩʠʣʳ ʫʧʨʫʛʦ ʩʞʘʪʦʡ ʧʨʫʞʠʥʳ 

ʞʝʩʪʢʦʩʪʴʶ c .  

 

 
ʈʠʩ.1. ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʫʜʘʨʥʦʡ ʩʠʩʪʝʤʳ  

 

ʋʜʘʨʥʠʢ ʩʦʚʝʨʰʘʝʪ ʚʦʟʚʨʘʪʥʦ-ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʚʜʦʣʴ ʦʩʠ ʭ, ʥʘʥʦʩʷ ʫʜʘʨʳ 

ʦʙ ʦʛʨʘʥʠʯʠʪʝʣʠ, ʧʦʣʦʞʝʥʠʝ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʦʨʜʠʥʘʪʘʤʠ 
cx  ʠ 

bx . ʂ ʧʨʘʚʦʤʫ 

ʦʛʨʘʥʠʯʠʪʝʣʶ ʫʜʘʨʥʠʢ ʧʝʨʝʤʝʱʘʝʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ 
1P. ʇʦʩʣʝ ʫʜʘʨʘ ʦ ʧʨʘʚʳʡ 

ʦʛʨʘʥʠʯʠʪʝʣʴ ʧʨʫʞʠʥʘ ʠ ʩʠʣʘ 
2P  ʧʝʨʝʤʝʱʘʶʪ ʫʜʘʨʥʫʶ ʤʘʩʩʫ ʢ ʣʝʚʦʤʫ ʦʛʨʘʥʠʯʠʪʝʣʶ. 

ɼʚʠʞʝʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʳ ʦʧʠʩʘʥʦ ʩʣʝʜʫʶʱʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ: 

1 1 12

2 2 1

/ 1 1 ,
( ) ( ), 1,2,3...

/ 1 ,        

ɸ P m, i T t i T t
x ɸ t l x A t i

ɸ P m, i T t t i T
 

ʅʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʠʤʝʶʪ ʚʠʜ: 00t
x x , 00t

x x , ʘ ʫʩʣʦʚʠʷ ʩʦʫʜʘʨʝʥʠʷ ʩʣʝʜʫʶʱʠʝ: 

1x k x  ʧʨʠ   ʠ  0cx x x , 
2x k x  ʧʨʠ   ʠ  0bx ʭ x . 

 ɺ ʬʦʨʤʫʣʘʭ 
2 c m, l ï ʜʣʠʥʘ ʧʨʫʞʠʥʳ ʚ ʩʚʦʙʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʭ ï ʢʦʦʨʜʠʥʘʪʘ 

ʫʜʘʨʥʠʢʘ, T ʧʝʨʠʦʜ, i ï ʥʦʤʝʨ ʧʝʨʠʦʜʘ, 
1t  ʜʣʠʪʝʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʷ ʩʠʣʳ ( )P t , x  ï 

ʩʢʦʨʦʩʪʴ ʫʜʘʨʥʠʢʘ ʧʝʨʝʜ ʥʘʥʝʩʝʥʠʝʤ ʫʜʘʨʘ, x  ï ʩʢʦʨʦʩʪʴ ʫʜʘʨʥʠʢʘ ʧʦʩʣʝ ʥʘʥʝʩʝʥʠʷ 

ʫʜʘʨʘ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʜʚʠʞʝʥʠʷ ʫʜʘʨʥʦʡ ʩʠʩʪʝʤʳ ʩ ʫʯʝʪʦʤ ʩʦʫʜʘʨʝʥʠʡ ʦʙ ʦʛʨʘʥʠʯʠʪʝʣʠ 

ʠ ʨʘʟʨʳʚʦʚ ʩʠʣʦʚʦʡ ʬʫʥʢʮʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠ ʷʚʣʝʥʠʠ ʜʨʝʙʝʟʛʘ ʧʦʟʚʦʣʠʣʦ ʫʩʪʘʥʦʚʠʪʴ ʨʷʜ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʦʟʥʠʢʘʶʱʠʭ ʢʦʣʝʙʘʥʠʡ. ʅʘ ʨʠʩ.2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʭʘʨʘʢʪʝʨʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʜʣʷ ʜʚʠʞʝʥʠʷ ʚʠʙʨʦʫʜʘʨʥʦʡ ʩʠʩʪʝʤʳ, ʢʦʛʜʘ ʝʝ ʧʘʨʘʤʝʪʨʳ ʨʝʘʣʠʟʫʶʪ ʩʣʦʞʥʳʡ ʫʜʘʨʥʳʡ 

ʧʨʦʮʝʩʩ. 

 

 
ʈʠʩ.2. ɼʠʘʛʨʘʤʤʳ ʧʝʨʝʤʝʱʝʥʠʷ ʠ ʩʢʦʨʦʩʪʠ ʫʜʘʨʥʠʢʘ 
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ʈɸɹʆʊɸ ʎʀʌʈʆɺʓʍ ʉʆɻʃɸʉʆɺɸʅʅʓʍ ʌʀʃʔʊʈʆɺ, 

ʈɽɸʃʀɿʋʖʑʀʍ ʅɽʇʈʗʄʆʁ ɸʃɻʆʈʀʊʄ ɺʓʏʀʉʃɽʅʀʗ 

ʌʋʅʂʎʀʀ ʂʆʈʈɽʃʗʎʀʀ 

 

WORK OF DIGITAL COORDINATED FILTERS REALIZING INDIRECT 

ALGORITHM FOR EVALUATION OF CORRELATIVE FUNCTION  
 

ɸ.ɺ.ɽʣʠʩʝʝʥʢʦʚ ï ʩʦʠʩʢʘʪʝʣʴ, ɼ.ʄ.ʄʘʣʠʥʠʯʝʚ ï ʜʦʮ., ɼ.ɸ.ʈʝʟʠʥʠʥ ï ʩʪʫʜ. 

ʄʦʩʢʦʚʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʩʚʷʟʠ ʠ ʠʥʬʦʨʤʘʪʠʢʠ 

 

Abstract. Work of the digital programmed coordinated filters realizing modified modular 

algorithm and processing multiple-valued signals is considered. The offered work algorithm for 

coordinated filters in comparison with known multiplicate algorithms is more high-speed 

because it doesn't perform a multiplication operation. 

 

ʆʩʦʙʝʥʥʦʩʪʴ ʤʦʜʫʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʚʳʯʠʩʣʝʥʠʷ ʬʫʥʢʮʠʠ ʢʦʨʨʝʣʷʮʠʠ ʩʦʩʪʦʠʪ ʚ 

ʪʦʤ, ʯʪʦ ʦʥ ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʳʤ ʥʫʣʶ ʧʨʠ ʧʦʣʥʦʤ ʩʦʚʧʘʜʝʥʠʠ ʚʭʦʜʥʦʛʦ ʠ ʦʧʦʨʥʦʛʦ 

ʩʠʛʥʘʣʦʚ. ʅʝʜʦʩʪʘʪʢʦʤ ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʧʨʠ 

ʚʳʯʠʩʣʝʥʠʠ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ. ʕʪʘ ʧʦʛʨʝʰʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʫʤʝʥʴʰʝʥʘ ʧʨʠ 

ʚʳʯʠʩʣʝʥʠʠ ʨʘʟʥʦʩʪʥʦ-ʤʦʜʫʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʘ. ɼʨʫʛʦʡ ʤʝʪʦʜ ʚʳʯʠʩʣʝʥʠʷ ʬʫʥʢʮʠʠ 

ʢʦʨʨʝʣʷʮʠʠ ï ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʤʦʜʫʣʴʥʳʡ ʘʣʛʦʨʠʪʤ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ 

ʧʦʛʨʝʰʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʷ. 

ʈʘʙʦʪʘ ʮʠʬʨʦʚʦʛʦ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʛʦ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʬʠʣʴʪʨʘ (ʎʇʉʌ), 

ʨʝʘʣʠʟʫʶʱʝʛʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʤʦʜʫʣʴʥʳʡ ʘʣʛʦʨʠʪʤ ʠ ʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ 

ʤʥʦʛʦʟʥʘʯʥʳʝ ʩʠʛʥʘʣʳ, ʧʨʦʠʩʭʦʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɺʭʦʜʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ʪʘʢʦʛʦ 

ʬʠʣʴʪʨʘ ʷʚʣʷʝʪʩʷ ʢʚʘʥʪʦʚʘʪʝʣʴ, ʢʦʪʦʨʳʡ ʢʚʘʥʪʫʝʪ ʩʠʛʥʘʣ ʥʘ ʥʝʩʢʦʣʴʢʦ ʛʨʘʜʘʮʠʡ. 

ʂʚʘʥʪʦʚʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʩʠʛʥʘʣʘ ʧʦʜʘʶʪʩʷ ʥʘ  ʤʥʦʛʦʟʥʘʯʥʫʶ ʩʜʚʠʛʦʚʫʶ ʜʠʩʢʨʝʪʥʫʶ 

ʣʠʥʠʶ ʟʘʜʝʨʞʢʠ ï ʩʜʚʠʛʘʶʱʠʡ ʨʝʛʠʩʪʨ, ʢʘʞʜʳʡ ʵʣʝʤʝʥʪ ʢʦʪʦʨʦʛʦ ʟʘʜʝʨʞʠʚʘʝʪ ʩʠʛʥʘʣ ʥʘ 

ʚʝʣʠʯʠʥʫ . ɺ ʧʦʩʪʦʷʥʥʦʤ ʟʘʧʦʤʠʥʘʶʱʝʤ ʫʩʪʨʦʡʩʪʚʝ (ʇɿʋ) ʭʨʘʥʷʪʩʷ ʟʥʘʯʝʥʠʷ ʦʧʦʨʥʳʭ 

ʩʠʛʥʘʣʦʚ, ʢʦʪʦʨʳʝ ʧʦʜʘʶʪʩʷ ʚ ʤʥʦʛʦʟʥʘʯʥʫʶ ʦʧʦʨʥʫʶ ʜʠʩʢʨʝʪʥʫʶ ʣʠʥʠʶ ʟʘʜʝʨʞʢʠ ï 

ʦʧʦʨʥʳʡ ʨʝʛʠʩʪʨ. ɺ ʧʝʨʚʦʤ ʚʳʯʠʪʘʶʱʝʤ ʫʩʪʨʦʡʩʪʚʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʨʘʟʨʷʜʥʦʝ 

ʚʳʯʠʪʘʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʪʩʯʝʪʦʚ ʚʭʦʜʥʦʛʦ ʠ ʦʧʦʨʥʦʛʦ ʩʠʛʥʘʣʦʚ. ɿʘʪʝʤ ʚʳʯʠʩʣʷʝʪʩʷ 

ʤʦʜʫʣʴ ʵʪʦʡ ʨʘʟʥʦʩʪʠ, ʢʦʪʦʨʳʡ ʧʦʜʘʝʪʩʷ ʥʘ ʦʜʠʥ ʠʟ ʚʭʦʜʦʚ ʚʪʦʨʦʛʦ ʚʳʯʠʪʘʶʱʝʛʦ 

ʫʩʪʨʦʡʩʪʚʘ. ʅʘ ʜʨʫʛʦʡ ʝʛʦ ʚʭʦʜ ʧʦʩʪʫʧʘʝʪ ʧʦʩʪʦʷʥʥʦʝ ʟʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʠʟ ʇɿʋ. 

ʇʦʣʫʯʝʥʥʳʡ ʧʨʠ ʵʪʦʤ ʨʝʟʫʣʴʪʘʪ ʧʦʩʪʫʧʘʝʪ ʚ ʩʫʤʤʘʪʦʨ, ʥʘ ʚʳʭʦʜʝ ʢʦʪʦʨʦʛʦ ʬʦʨʤʠʨʫʝʪʩʷ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ʤʦʜʫʣʴʥʘʷ ʬʫʥʢʮʠʷ ʢʦʨʨʝʣʷʮʠʠ. 

ʇʨʠ ʚʳʯʠʩʣʝʥʠʠ ʬʫʥʢʮʠʠ ʢʦʨʨʝʣʷʮʠʠ ʜʚʦʠʯʥʳʭ ʩʠʛʥʘʣʦʚ ʩ ʘʣʬʘʚʠʪʦʤ (0,1) ʤʦʞʝʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʦʧʝʨʘʮʠʷ ʠʥʚʝʨʩʠʠ ʩʫʤʤʳ ʧʦ mod2, ʘ ʜʣʷ ʩʠʛʥʘʣʦʚ ʩ ʘʣʬʘʚʠʪʦʤ (-1,1) 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʧʝʨʘʮʠʷ ʫʤʥʦʞʝʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʥʘʢʦʧʣʝʥʠʝʤ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʧʨʠ 

ʩʦʚʧʘʜʝʥʠʠ ʟʥʘʯʝʥʠʡ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʩʠʛʥʘʣʦʚ ʧʦʣʫʯʘʝʪʩʷ 1, ʘ ʧʨʠ ʥʝʩʦʚʧʘʜʝʥʠʠ 0. ɺʦ 

ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʧʨʠ ʩʦʚʧʘʜʝʥʠʠ ʟʥʘʯʝʥʠʡ ʪʘʢʞʝ ʧʦʣʫʯʘʝʪʩʷ 1, ʘ ʧʨʠ ʥʝʩʦʚʧʘʜʝʥʠʠ ʤʠʥʫʩ 1. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʤʦʜʫʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʝʛʦ 

ʧʨʦʩʪʦ ʨʝʘʣʠʟʦʚʘʪʴ ʥʘ ʮʠʬʨʦʚʳʭ ʵʣʝʤʝʥʪʘʭ. ʆʩʥʦʚʘʥʠʝʤ ʜʣʷ ʵʪʦʛʦ ʩʣʫʞʠʪ ʪʦ, ʯʪʦ ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʜʚʦʠʯʥʳʭ ʩʠʛʥʘʣʦʚ ʪʨʝʙʫʝʪʩʷ ʧʨʦʠʟʚʝʩʪʠ ʪʦʣʴʢʦ ʜʚʝ ʦʧʝʨʘʮʠʠ ʚʳʯʠʪʘʥʠʷ ʠ ʥʝ 

ʚʳʧʦʣʥʷʪʴ ʦʧʝʨʘʮʠʶ ʫʤʥʦʞʝʥʠʷ. 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʘʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʎʇʉʌ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʟʚʝʩʪʥʳʤ 

ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʳʤ ʘʣʛʦʨʠʪʤʦʤ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʠʤ, ʪʘʢ ʢʘʢ ʚ ʥʠʭ ʥʝ 

ʚʳʧʦʣʥʷʝʪʩʷ ʦʧʝʨʘʮʠʷ ʫʤʥʦʞʝʥʠʷ. 
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ʊʈɽʍʄɽʈʅʓɽ ʂɸʅʆʅʓ ʇʈʆʇʆʈʎʀʆʅɸʃʔʅʆʉʊʀ ɺ 

ʀʅʌʆʈʄɸʎʀʆʅʅʆʁ ʊɽʍʅʀʂɽ ʉʆɺʈɽʄɽʅʅʆɻʆ ʂʀʊɸʗ 

THREE-DIMENSIONAL PROPORTIONALITY CANONS IN THE 

INFORMATION TECHNICS OF MODERN CHINA 
ʖ.ɸ. ʀʛʥʘʪʴʝʚ ï ʢ.ʬ.-ʤ.ʥ., ʜʦʮ., ɽ.ʅ. ɼʘʚʳʜʦʚʘ, ʇ.ɸ. ʈʦʤʘʥʦʚʘ - ʩʪʫʜ.ʢʠ 

ʀʥʪʝʛʨʘʮʠʷ XXI  ʚʝʢ, ʄʦʩʢʚʘ 

Abstract. The results of Wurf- and Pentawurf-Analysis of about 350 objects of modern 

information technics, made in China, allow to formulate important conclusions, which can be 

used by the Russian information products industry. 

 ɺ ʜʦʢʣʘʜʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʚʫʨʬʦʚʦʛʦ ʠ ʧʝʥʪʘʚʫʨʬʦʚʦʛʦ ʘʥʘʣʠʟʘ ʧʨʠʤʝʨʥʦ 

350 ʦʙʲʝʢʪʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ, ʧʨʦʠʟʚʝʜʝʥʥʳʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ ʂʅʈ, ʘ ʪʘʢʞʝ 

ʜʝʣʘʶʪʩʷ ʥʝʢʦʪʦʨʳʝ ʚʳʚʦʜʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʦʪʝʯʝʩʪʚʝʥʥʳʭ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ.   

1. ʆʙʟʦʨ ʢʠʪʘʡʩʢʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ. ʆʪʙʦʨ ʦʙʨʘʟʮʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʪʝʭʥʠʢʠ ʂʠʪʘʷ ʜʣʷ ʮʝʣʝʡ ʚʫʨʬʦʚʦʛʦ ʠ ʧʝʥʪʘʚʫʨʬʦʚʦʛʦ ʘʥʘʣʠʟʘ ʧʨʦʚʦʜʠʣʩʷ ʧʦ ʤʘʪʝʨʠʘʣʘʤ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʠʟʜʘʥʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʜʦʩʪʠʞʝʥʠʷʤ ʢʠʪʘʡʩʢʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʤʳʩʣʠ ʚ 

ʦʙʣʘʩʪʠ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʠ ʩʝʪʠ çʀʥʪʝʨʥʝʪè. ʂʨʠʪʝʨʠʝʤ ʦʪʙʦʨʘ ʩʣʫʞʠʣʘ 

ʘʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʛʦ ʚʠʜʘ ʪʝʭʥʠʢʠ ʯʘʩʪʦʪʘ ʝʝ ʫʧʦʤʠʥʘʥʠʷ ʚ ʫʢʘʟʘʥʥʳʭ ʠʟʜʘʥʠʷʭ. 

 ʉʠʤʚʦʣʦʤ ʚʳʩʦʢʦʪʦʯʥʦʡ ʩʦʚʨʝʤʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ ʂʅʈ ʩʝʛʦʜʥʷ 

ʷʚʣʷʝʪʩʷ, ʧʦ-ʚʠʜʠʤʦʤʫ, iPhone4GS, ʢʦʪʦʨʳʡ ʰʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʳʥʢʘʭ ʈʦʩʩʠʠ, 

ɽʚʨʦʧʳ, ʉʐɸ ʠ ʜʨʫʛʠʭ ʩʪʨʘʥ ʤʠʨʘ: 

 
2. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. ʇʨʦʚʝʜʝʥʥʳʡ ʥʘʤʠ ʚʫʨʬʦʚʳʡ ʠ ʧʝʥʪʘʚʫʨʬʦʚʳʡ ʘʥʘʣʠʟ 

ʨʘʟʤʝʨʦʚ (ʜʣʠʥʳ, ʰʠʨʠʥʳ ʠ ʚʳʩʦʪʳ) ʦʢʦʣʦ 350 ʦʙʲʝʢʪʦʚ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʢ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʝ ʩʦʚʨʝʤʝʥʥʦʛʦ ʂʠʪʘʷ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʥʝʢʦʪʦʨʳʝ ʚʘʞʥʳʝ 

ʚʳʚʦʜʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʦʪʝʯʝʩʪʚʝʥʥʳʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ, ʟʘʥʷʪʳʤʠ 

ʨʘʟʨʘʙʦʪʢʦʡ ʘʥʘʣʦʛʠʯʥʦʡ ʪʝʭʥʠʢʠ: 

1) ʩʝʨʴʝʟʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ (ʥʘʧʨʠʤʝʨ, 

ʟʘʤʝʥʘ ʧʨʦʮʝʩʩʦʨʘ, ʫʩʪʘʥʦʚʢʘ ʞʝʩʪʢʦʛʦ ʜʠʩʢʘ ʠ ʧʨ.), ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʠʚʦʜʷʪ ʢ ʠʟʤʝʥʝʥʠʶ 

ʠʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʥʘʯʝʥʠʡ ʚʫʨʬʘ ʠ ʧʝʥʪʘʚʫʨʬʘ; ʵʪʠ ʠʟʤʝʥʝʥʠʷ, ʢʘʢ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʤ, ʥʝ ʷʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʙʠʦʤʝʪʨʠʠ ʠʣʠ ʬʘʥʪʘʟʠʠ ʜʠʟʘʡʥʝʨʘ, ʘ 

ʚʳʥʫʞʜʝʥʥʦʡ ʤʝʨʦʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʩʦʟʜʘʥʠʝ ʜʦʩʪʘʪʦʯʥʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʦʙʲʝʤʘ ʜʣʷ 

ʥʫʞʜ ʫʩʪʨʦʡʩʪʚʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʝʛʦ ʨʘʙʦʯʠʤʠ ʯʝʨʪʝʞʘʤʠ;   

2) ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʚʦʟʤʦʞʥʦʩʪʠ ʚʫʨʬʦʚʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʜʠʟʘʡʥʝʨʩʢʠʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʢʘʥʦʥʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ ʂʅʈ ʷʚʣʷʶʪʩʷ 

ʙʦʣʝʝ ʰʠʨʦʢʠʤʠ, ʯʝʤ ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʥʪʘʚʫʨʬʦʚʦʛʦ ʘʥʘʣʠʟʘ. 

 

ʃʠʪʝʨʘʪʫʨʘ 
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ʉʀʉʊɽʄɸ ʋʃʔʊʈɸɿɺʋʂʆɺʓʍ ʀɿʄɽʈɽʅʀʁ  

ʂʆʆʈɼʀʅɸʊ ʇʆʃʆɾɽʅʀʗ ɸʂʋʉʊʀʏɽʉʂʀ ɸʂʊʀɺʅʆɻʆ  

ʆɹʒɽʂʊɸ ʅɸ ʆʉʅʆɺɽ ʂʆʅʊʈʆʃʃɽʈɸ STM32 

ULTRASONIC MEASURING SYSTEM OF POSITION OF ACOUSTICALLY  

ACTIVE OBJECT ON THE BASIS OF CONTROLLER STM32 
 

ɼ.ɸ.ʂʘʥʮʝʜʘʣʦʚ ï ʤʘʛʠʩʪʨʘʥʪ, ɺ.ʀ.ʂʘʧʣʷ ï ʢ.ʪ.ʥ. 

ɺʦʣʞʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ɺʦʣʛɻʊʋ 

 

Abstract. The article reports on ultrasonic measuring system of position and orientation of 

objects in a working zone. Much attention is given to electrical circuit of measuring system, 

which is based on microcontroller STM32L.  

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʣʴʪʨʘʟʚʫʢʦʚʳʝ (ʋɿ) ʪʝʭʥʦʣʦʛʠʠ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ. ʇʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʋɿ ʩʠʩʪʝʤ ʠʟʤʝʨʝʥʠʷ 

ʢʦʦʨʜʠʥʘʪ ʧʦʣʦʞʝʥʠʷ ʘʢʫʩʪʠʯʝʩʢʠ ʘʢʪʠʚʥʦʛʦ ʦʙʲʝʢʪʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʠ 

ʜʠʘʛʥʦʩʪʠʢʠ ʋɿ ʢʦʦʨʜʠʥʘʪʥʳʭ ʤʘʥʠʧʫʣʷʪʦʨʦʚ. ʎʝʣʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʮʝʥʢʝ 

ʤʝʪʦʜʦʚ ʣʦʢʘʣʴʥʦʡ ʥʘʚʠʛʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ ʋɿ ʠʟʤʝʨʝʥʠʡ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʩʣʝʜʫʶʱʠʭ 

ʵʣʝʤʝʥʪʦʚ: 1) ʕɺʄ, ʦʩʥʘʱʝʥʥʘʷ ʇʆ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ; 2) 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ STM32L, ʩʦʝʜʠʥʝʥʥʳʡ ʯʝʨʝʟ ʠʥʪʝʨʬʝʡʩ USB ʩ ʕɺʄ; 3) ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʋɿ ʧʝʨʝʜʘʪʯʠʢʦʚ (MA40S4S); 4) ʋɿ ʧʨʠʸʤʥʠʢ (MA40S4R), ʩʦʝʜʠʥʸʥʥʳʡ ʯʝʨʝʟ ʩʭʝʤʫ 

ʫʩʠʣʝʥʠʷ ʩ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʤ (STM32L). 

 
ʈʠʩ.1. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʪʨʫʢʪʫʨʥʳʝ ʵʣʝʤʝʥʪʳ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʫʩʪʘʥʦʚʢʠ: ʇʆ1 

ï ʘʣʛʦʨʠʪʤ ʦʙʨʘʙʦʪʢʠ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʕɺʄ; ʇʆ2 ï ʘʣʛʦʨʠʪʤ ʩʚʷʟʠ 

ʢʦʥʪʨʦʣʣʝʨʘ ʠ ʕɺʄ ʧʦ ʠʥʪʝʨʬʝʡʩʫ USB; S1, S2, S3 ï ʋɿ ʧʝʨʝʜʘʪʯʠʢʠ; R ï ʋɿ ʧʨʠʸʤʥʠʢ; 

MR ï ʧʦʜʚʠʞʥʳʡ ʦʙʲʝʢʪ. ʕɺʄ ʷʚʣʷʝʪʩʷ ʩʨʝʜʩʪʚʦʤ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʢʦʥʪʨʦʣʣʝʨʦʤ, 

ʘʢʫʩʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʤ ʦʙʲʝʢʪʦʤ ʠʟʤʝʨʝʥʠʡ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ.  

ʂʦʦʨʜʠʥʘʪʳ ʧʦʣʦʞʝʥʠʷ ʚʳʯʠʩʣʷʶʪʩʷ ʧʫʪʸʤ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ (3 ʋɿ 

ʧʝʨʝʜʘʪʯʠʢʘ) ʚ ʢʦʥʪʨʦʣʣʝʨʝ. ɺ ʢʘʯʝʩʪʚʝ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʜʣʷ ʜʘʥʥʦʡ ʫʩʪʘʥʦʚʢʠ ʙʳʣ 

ʚʳʙʨʘʥ STM32L ʧʦ ʨʷʜʫ ʧʨʠʯʠʥ: ʚʦ-ʧʝʨʚʳʭ, ʚ ʩʚʷʟʠ ʩ ʚʳʩʦʢʦʡ ʪʘʢʪʦʚʦʡ ʯʘʩʪʦʪʦʡ (72 

ʄɻʮ) ʠ ɸʎʇ (1 ʄɻʮ) ʦʜʥʫ ʦʧʝʨʘʮʠʶ ʠʟʤʝʨʝʥʠʷ ʤʦʞʝʤ ʩʦʧʨʦʚʦʜʠʪʴ 72-ʤʷ ʦʧʝʨʘʮʠʷʤʠ 

ʦʙʨʘʙʦʪʢʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʪʩʣʝʜʠʪʴ ʋɿ ʢʦʣʝʙʘʥʠʝ ʩ ʙʦʣʴʰʝʡ ʪʦʯʥʦʩʪʴʶ ʠ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʯʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʋɿ ʢʘʥʘʣʘ; ʚʦ-ʚʪʦʨʳʭ, ʜʣʷ ʜʘʥʥʦʡ 

ʫʩʪʘʥʦʚʢʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʳʩʦʢʘʷ ʜʦʙʨʦʪʥʦʩʪʴ ʨʝʟʦʥʘʪʦʨʘ (50-200); ʚ-ʪʨʝʪʴʠʭ, ʩʠʩʪʝʤʘ ʋɿ 

ʠʟʤʝʨʝʥʠʡ ʥʘ ʦʩʥʦʚʝ STM32L ʧʦʟʚʦʣʷʝʪ ʩʬʦʨʤʠʨʦʚʘʪʴ ʢʦʨʦʪʢʠʡ ʋɿ ʠʤʧʫʣʴʩ ʩʦ 

ʩʪʘʙʠʣʴʥʳʤ ʧʝʨʝʜʥʠʤ ʬʨʦʥʪʦʤ. ʄʘʢʝʪ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʠʣ ʚ ʨʝʘʣʴʥʦʤ 

ʚʨʝʤʝʥʠ ʧʨʦʚʝʩʪʠ ʦʮʝʥʢʫ ʪʦʯʥʦʩʪʠ ʧʨʦʚʦʜʠʤʳʭ ʠʟʤʝʨʝʥʠʡ, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʣʷʝʪ 1-5 ʤʤ.  
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ʂʈʀɺʆʃʀʅɽʁʅʆɻʆ ʊʈʋɹʆʇʈʆɺʆɼɸ ʉ ʅɽʉʊɸʎʀʆʅɸʈʅʓʄ  

ʇʆʊʆʂʆʄ ʉɾʀʄɸɽʄʆʁ ɾʀɼʂʆʉʊʀ 

 

NUMERICAL-ANALYTICAL INVESTIGATION OF CURVILINEAR PIPELINE 

DYNAMICS WITH A NONSTEADY FLOW OF COMPRESSIBLE FLUID 
 

ɼ.ɺ. ʂʘʧʠʪʘʥʦʚ ï ʘʩʩ., ɸ.ɸ. ɻʦʨʙʫʥʦʚʘ ï ʘʩʧ. 

ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ 

 

Abstract. Vibrations of curvilinear pipeline under a hydraulic shock in the flow of the 

transported liquid are investigated. 

 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʝʪʦʜʠʢʘ ʚʳʚʦʜʘ ʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠʟʛʠʙʥʦ-ʧʨʦʜʦʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʩʦʜʝʨʞʘʱʝʛʦ ʧʦʪʦʢ ʞʠʜʢʦʩʪʠ 

ʪʨʫʙʦʧʨʦʚʦʜʘ, ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ ʠʟ ʪʨʸʭ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ 

ʧʨ̫ʤʦʣʠʥʝʡʥʳʭ ʫʯʘʩʪʢʦʚ. ɺʝʢʪʦʨ ʧʝʨʝʤʝʱʝʥʠʷ ʦʙʦʣʦʯʢʠ ʪʨʫʙʦʧʨʦʚʦʜʘ, 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʢʘʢ ʠʟʦʛʥʫʪʳʡ ʩʪʝʨʞʝʥʴ ʩ ʞʸʩʪʢʦ ʟʘʢʨʝʧʣʸʥʥʳʤʠ ʢʦʥʮʘʤʠ, 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ )()(),( tTxXtxU . ʗʚʣʷʶʱʠʝʩʷ ʬʦʨʤʘʤʠ ʩʪʘʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ 

ʤʦʜʳ ʢʦʣʝʙʘʥʠʡ )(xX  ʥʘʭʦʜʷʪʩʷ ʘʥʘʣʠʪʠʯʝʩʢʠ ʩ ʫʯʸʪʦʤ ʩʦʛʣʘʩʦʚʘʥʠʷ ʛʨʘʥʠʯʥʳʭ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠ ʬʠʟʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʚ ʫʟʣʘʭ ʩʦʝʜʠʥʝʥʠʷ ʫʯʘʩʪʢʦʚ. ɼʣʷ ʢʦʤʧʦʥʝʥʪ 

ʚʝʢʪʦʨʘ )(xX  ʠʤʝʝʤ ʬʦʨʤʳ ʧʨʦʜʦʣʴʥʳʭ ʠ ʠʟʛʠʙʥʳʭ ʢʦʣʝʙʘʥʠʡ ʜʣʷ ʢʘʞʜʦʛʦ ʫʯʘʩʪʢʘ. 

ʋʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʬʦʨʤʝ ʫʨʘʚʥʝʥʠʡ ʃʘʛʨʘʥʞʘ 

ʚʪʦʨʦʛʦ ʨʦʜʘ. ɺ ʚʳʨʘʞʝʥʠʷʭ ʜʣʷ ʢʠʥʝʪʠʯʝʩʢʦʡ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʫʯʠʪʳʚʘʶʪʩʷ 

ʜʠʥʘʤʠʯʝʩʢʠʝ ʜʝʬʦʨʤʘʮʠʠ ʫʯʘʩʪʢʦʚ ʧʨʠ ʠʟʛʠʙʥʦʤ ʠ ʧʨʦʜʦʣʴʥʦʤ ʧʝʨʝʤʝʱʝʥʠʠ. 

ʆʙʦʙʱʸʥʥʳʝ ʥʝʧʦʪʝʥʮʠʘʣʴʥʳʝ ʩʠʣʳ ʫʯʠʪʳʚʘʶʪ ʪʨʝʥʠʝ ʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ʩʦ ʩʪʦʨʦʥʳ ʧʦʪʦʢʘ ʪʝʢʫʱʝʡ ʞʠʜʢʦʩʪʠ. ʕʪʦ ʚʦʟʜʝʡʩʪʚʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʘʚʣʝʥʠʝʤ ʞʠʜʢʦʩʪʠ 

ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʢʘʢ ʪʦʯʢʠ ʫʯʘʩʪʢʘʭ ʧʦʚʦʨʦʪʘ ʧʦʪʦʢʘ. ɻʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʠʣʳ 

ʥʘʭʦʜʷʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʠʣʠ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʦʧʠʩʳʚʘʶʱʠʭ 

ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʫʜʘʨ ʫʨʘʚʥʝʥʠʡ ʦʜʥʦʤʝʨʥʦʛʦ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʪʝʯʝʥʠʷ ʩʞʠʤʘʝʤʦʡ 

ʞʠʜʢʦʩʪʠ.  

ʇʨʠʯʠʥʦʡ ʚʦʟʥʠʢʘʶʱʠʭ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʦʪʦʢʘ ʚʳʥʫʞʜʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʩʣʫʞʠʪ ʚʦʣʥʦʚʦʡ ʧʨʦʮʝʩʩ, ʚʳʟʳʚʘʝʤʳʡ ʟʘʢʨʳʪʠʝʤ ʢʣʘʧʘʥʘ ʥʘ ʚʳʭʦʜʝ 

ʪʨʫʙʦʧʨʦʚʦʜʘ. ʏʠʩʣʝʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʘʨʘʤʝʪʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʧʨʦʮʝʩʩ ʜʝʬʦʨʤʘʮʠʠ ʪʨʫʙʦʧʨʦʚʦʜʘ ʠ ʚʦʣʥʦʚʦʛʦ ʧʨʦʮʝʩʩʘ ʚ 

ʧʦʪʦʢʝ ʞʠʜʢʦʩʪʠ, ʚʦʟʥʠʢʘʶʪ ʢʦʣʝʙʘʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʠʤʝʶʱʠʝ ʭʘʨʘʢʪʝʨ ʙʠʝʥʠʷ ʠʣʠ 

ʨʝʟʦʥʘʥʩʘ. ʕʪʠ ʢʦʣʝʙʘʥʠʷ ʠ ʚʦʟʥʠʢʘʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʠ 

ʩʣʫʞʠʪʴ ʧʨʠʯʠʥʦʡ ʨʘʟʨʫʰʝʥʠʷ. ʉʜʝʣʘʥ ʚʳʚʦʜ ʦʙ ʦʧʘʩʥʦʩʪʠ ʪʘʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʭ ʘʥʘʣʠʟʘ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʛʠʜʨʦʩʠʩʪʝʤ. 

ʈʘʩʯʸʪʳ, ʧʨʦʚʝʜʸʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʘʪʪʝʩʪʦʚʘʥʥʦʛʦ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʨʘʩʯʝʪʘ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʥʘ ʩʪʘʪʠʯʝʩʢʫʶ ʧʨʦʯʥʦʩʪʴ, 

ʚʠʙʨʦʧʨʦʯʥʦʩʪʴ ʠ ʩʝʡʩʤʠʯʝʩʢʠʝ ʚʦʟʜʝʡʩʪʚʠʷ (RANT), ʧʦʢʘʟʘʣʠ ʭʦʨʦʰʝʝ ʢʘʯʝʩʪʚʝʥʥʦʝ ʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʚʧʘʜʝʥʠʝ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʚʳʰʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʦʛʦ ʯʘʩʪʥʦʛʦ ʩʣʫʯʘʷ, ʜʦʧʫʩʢʘʶʱʝʛʦ 

ʧʨʠʤʝʥʝʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠ ʧʦʟʚʦʣʷʶʱʝʛʦ ʧʦʣʫʯʠʪʴ ʥʘʛʣʷʜʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ 

ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʦʮʝʩʩʘʭ ʠ ʢʘʯʝʩʪʚʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʦʪ ʧʘʨʘʤʝʪʨʦʚ, 

ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʠ ʚʦʟʤʫʱʝʥʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʨʢʠ, ʘ ʧʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠ ʢʦʨʨʝʢʮʠʠ ʩʣʦʞʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠ ʠʭ ʧʨʦʛʨʘʤʤʥʦʡ 

ʨʝʘʣʠʟʘʮʠʠ. 
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ʇʈʀʄɽʅʀʊɽʃʔʅʆ ʂ ɿɸɼɸʏɸʄ ɸʕʈʆɼʀʅɸʄʀʂʀ 

 

AUTOMATIC STUDY OF MESH CONVERGENCE APPLIED 

TO AERODYNAMIC PROBLEMS  
 

ʇ.ʀ. ʂʘʨʘʩʝʚ 
1,2

, ɸ.ɸ.ɸʥʜʨʝʢʘʡʪʝ 
1
, ɸ.ʉ.ʐʠʰʘʝʚʘ 

1
, ɸ.ɸ.ɸʢʩʝʥʦʚ 

1
 

1
ʆʆʆ çʊɽʉʀʉè 

2
 ʄʦʩʢʦʚʩʢʠʡ ʘʚʠʘʮʠʦʥʥʳʡ ʠʥʩʪʠʪʫʪ (ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ) 

 

Abstract. Study of mesh convergence is an important step in CFD calculations. The authors 

make an attempt to make this process automatic and thus reduce effort required to this process. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠʛʨʘʝʪ ʙʦʣʴʰʫʶ ʨʦʣʴ ʧʨʠ ʨʝʰʝʥʠʠ 

ʥʘʫʯʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ. ʆʥʦ ʜʘʝʪ ʙʦʣʴʰʫʶ ʩʚʦʙʦʜʫ ʚ ʧʨʦʚʦʜʠʤʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, 

ʧʦʟʚʦʣʷʝʪ ʠʩʢʣʶʯʠʪʴ ʚʣʠʷʥʠʝ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ, ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʥʘʪʫʨʥʳʤ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤ, ʫʩʢʦʨʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʥʠʟʠʪʴ ʠʭ ʪʨʫʜʦʝʤʢʦʩʪʴ ʠ ʩʪʦʠʤʦʩʪʴ. ʆʜʥʘʢʦ, 

ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʨʦʚʝʩʪʠ ʢʦʨʨʝʢʪʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩ ʧʦʤʦʱʴʶ ʯʠʩʣʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʛʦʪʦʚʠʪʴ ʧʨʦʝʢʪ. ɺʘʞʥʳʤ ʵʪʘʧʦʤ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʧʨʦʝʢʪʘ 

ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʭʦʜʠʤʦʩʪʠ ʧʦ ʩʝʪʢʝ. ʇʨʦʝʢʪ ʩʯʠʪʘʝʪʩʷ ʩʦʰʝʜʰʠʤʩʷ ʧʦ ʩʝʪʢʝ, 

ʢʦʛʜʘ ʨʝʟʫʣʴʪʘʪ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʠʟʤʝʣʴʯʝʥʠʠ ʩʝʪʢʠ. ʅʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʣʝʢʩʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʯʠʩʣʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʜʘʚʘʪʴ ʥʝʨʘʚʥʦʤʝʨʥʳʝ ʩʝʪʢʠ ʩ ʟʘʜʘʥʥʳʤ 

ʠʟʤʝʣʴʯʝʥʠʝʤ ʚ ʟʘʜʘʥʥʳʭ ʦʙʣʘʩʪʷʭ. ʆʜʥʘʢʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʭʦʜʠʤʦʩʪʠ ʧʦ ʩʝʪʢʝ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʚʨʫʯʥʫʶ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʤʝʪʦʜ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʭʦʜʠʤʦʩʪʠ ʧʦ 

ʩʝʪʢʝ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ FlowVision-HPC. ɺʦ FlowVision-HPC ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʦʨʪʦʛʦʥʘʣʴʥʘʷ ʣʦʢʘʣʴʥʦ ʘʜʘʧʪʠʚʥʘʷ ʩʝʪʢʘ ʩ ʧʦʜʩʝʪʦʯʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ʛʝʦʤʝʪʨʠʠ, ʝʩʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʜʘʚʘʪʴ ʟʦʥʳ ʠʟʤʝʣʴʯʝʥʠʷ ʩʝʪʢʠ ʜʦ ʟʘʜʘʥʥʦʛʦ ʫʨʦʚʥʷ ʚ ʫʢʘʟʘʥʥʳʭ ʦʙʣʘʩʪʷʭ, 

ʘ ʪʘʢʞʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʷʪʴ ʟʦʥʳ ʤʘʢʩʠʤʘʣʴʥʳʭ ʛʨʘʜʠʝʥʪʦʚ ʧʝʨʝʤʝʥʥʳʭ ʠ 

ʧʨʦʚʦʜʠʪʴ ʚ ʥʠʭ ʠʟʤʝʣʴʯʝʥʠʝ ʩʝʪʢʠ ʜʦ ʫʢʘʟʘʥʥʦʛʦ ʫʨʦʚʥʷ.  

ɺ ʦʩʥʦʚʫ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʤʝʪʦʜʘ ʧʦʣʦʞʝʥʦ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ 

ʠʟʤʝʣʴʯʝʥʠʝ ʩʝʪʢʠ ʚ ʦʙʣʘʩʪʷʭ ʚʳʩʦʢʠʭ ʛʨʘʜʠʝʥʪʦʚ. ʀʟʤʝʣʴʯʝʥʠʝ ʧʨʦʚʦʜʠʪʩʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʥʘʯʘʣʘ ʦʢʦʣʦ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩʪʝʥʦʢ ʚ ʨʘʡʦʥʘʭ ʧʦʛʨʘʥʠʯʥʳʭ ʩʣʦʝʚ, ʘ, 

ʟʘʪʝʤ, ʚ ʦʙʣʘʩʪʷʭ ʚʳʩʦʢʠʭ ʛʨʘʜʠʝʥʪʦʚ ʜʘʚʣʝʥʠʷ. ʀʟʤʝʣʴʯʝʥʠʝ ʠʜʝʪ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ 

ʭʘʨʘʢʪʝʨʥʳʝ ʟʥʘʯʝʥʠʷ, ʧʦʣʫʯʘʝʤʳʝ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ, ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʤ ʠʟʤʝʣʴʯʝʥʠʠ 

ʠʟʤʝʥʷʶʪʩʷ ʙʦʣʴʰʝ, ʯʝʤ ʥʘ ʦʜʠʥ ʧʨʦʮʝʥʪ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʤʝʪʦʜ ʧʨʠʤʝʥʝʥ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʭʦʜʠʤʦʩʪʠ ʧʦ ʩʝʪʢʝ ʜʣʷ 

ʟʘʜʘʯ ʘʵʨʦʜʠʥʘʤʠʢʠ. 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʭʦʜʠʤʦʩʪʠ ʧʦ ʩʝʪʢʝ ʩʫʱʝʩʪʚʝʥʥʦ 

ʩʦʢʨʘʱʘʝʪ ʪʨʫʜʦʟʘʪʨʘʪʳ ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ ʠ ʩʥʠʞʘʝʪ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʨʘʙʦʪʥʠʢʫ. ɼʘʥʥʳʡ ʤʦʜʫʣʴ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ 

ʫʧʨʦʱʝʥʠʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʯʝʪʦʚ ʠ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʰʠʨʦʢʦʛʦ ʢʣʘʩʩʘ ʟʘʜʘʯ 

ʘʵʨʦʜʠʥʘʤʠʢʠ. 
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ʈɸɿʈɸɹʆʊʂɸ ʄɸʊɽʄɸʊʀʏɽʉʂʆʁ ʄʆɼɽʃʀ ʇʈʆʎɽʉʉɸ ʉʋʐʂʀ  

ʀ ʉʀʉʊɽʄʓ ʋʇʈɸɺʃɽʅʀʗ ʇʈʆʎɽʉʉʆʄ 

 

DEVELOPMENT OF A MATHEMATICAL MODEL  

AND THE CONTROL SYSTEM OF THE DRYING PROCESS 
 

ɼ.ʉ. ʂʘʨʧʦʚʠʯ ï ʢ.ʪ.ʥ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

 

Abstract. This article describes a mathematical model of drying hard gelatin capsules with 

optimizing the process. 

 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʥʘʜ ʩʦʟʜʘʥʠʝʤ ʵʬʬʝʢʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʩʫʰʢʠ 

ʪʚʝʨʜʳʭ ʞʝʣʘʪʠʥʦʚʳʭ ʢʘʩʫʣ (ʊɾʂ) ʥʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʣʠʥʠʠ çTWO DECK TESè (ʉʐɸ) 

ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʧʦ ʦʩʥʦʚʥʳʤ ʢʘʥʘʣʘʤ ʫʧʨʘʚʣʝʥʠʷ ʠ 

ʚʦʟʤʫʱʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʫʨʘʚʥʝʥʠʷ ʜʠʥʘʤʠʢʠ ʟʚʝʥʴʝʚ ʵʪʠʭ ʩʭʝʤ ʦʧʨʝʜʝʣʷʶʪ, ʠʩʭʦʜʷ ʠʟ 

ʫʨʘʚʥʝʥʠʡ ʪʝʧʣʦʚʦʛʦ ʠ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʙʘʣʘʥʩʦʚ ʠ ʨʷʜʘ ʵʤʧʠʨʠʯʝʩʢʠʭ ʩʦʦʪʥʦʰʝʥʠʡ. ʀʟ 

ʫʨʘʚʥʝʥʠʡ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʧʝʨʝʜʘʪʦʯʥʳʭ ʬʫʥʢʮʠʡ ʧʦ ʢʘʥʘʣʘʤ 

çʠʟʤʝʥʝʥʠʝ ʧʦʜʘʯʠ ʪʝʧʣʘ ð ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘè, çʠʟʤʝʥʝʥʠʝ ʧʦʜʘʯʠ ʪʝʧʣʘ 

ð ʠʟʤʝʥʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘè, çʠʟʤʝʥʝʥʠʝ ʧʦʜʘʯʠ ʪʝʧʣʘ ð ʠʟʤʝʥʝʥʠʝ 

ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ ʤʘʪʝʨʠʘʣʘè. ʇʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʧʦ ʧʝʨʚʦʤʫ ʢʘʥʘʣʫ ʠʤʝʝʪ ʚʠʜ: 
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ʛʜʝ T1, Tc, Td ï ʧʦʩʪʦʷʥʥʳʝ ʚʨʝʤʝʥʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʠʥʝʨʮʠʦʥʥʦʩʪʴ ʩʫʰʠʣʢʠ ʢʘʢ 

ʪʝʧʣʦʚʦʛʦ ʦʙʲʝʢʪʘ, ʠʥʝʨʮʠʦʥʥʦʩʪʴ ʩʘʤʦʛʦ ʧʨʦʮʝʩʩʘ ʩʫʰʢʠ, ʠʥʝʨʮʠʦʥʥʦʩʪʴ ʧʨʦʮʝʩʩʘ 

ʩʤʝʰʝʥʠʷ ʚʦʟʜʫʭʘ ʚ ʩʫʰʠʣʢʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; k1, k2 ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʩʠʣʝʥʠʷ, 

ʫʯʠʪʳʚʘʶʱʠʝ ʩʚʷʟʴ ʤʝʞʜʫ ʠʟʤʝʥʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʪʝʧʣʘ, ʧʦʩʪʫʧʘʶʱʝʛʦ ʚ ʩʫʰʠʣʢʫ ʠ 

ʠʟʤʝʥʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ, ʘ ʪʘʢʞʝ ʦʪʢʣʦʥʝʥʠʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʳʜʝʣʝʥʠʷ ʚʣʘʛʠ 

ʠʟ ʤʘʪʝʨʠʘʣʘ ʠ ʠʟʤʝʥʝʥʠʝʤ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ ʚʦʟʜʫʭʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɼʣʷ ʥʘʡʜʝʥʥʦʡ ʤʦʜʝʣʠ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʨʘʟʣʠʯʥʳʝ ʘʣʛʦʨʠʪʤʳ ʫʧʨʘʚʣʝʥʠʷ: ʥʘ 

ʦʩʥʦʚʝ ʢʣʘʩʩʠʯʝʩʢʠʭ ʇʀɼ-ʟʘʢʦʥʦʚ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ fuzzy-ʨʝʛʫʣʷʪʦʨʦʚ, ʠ 

ʦʧʪʠʤʘʣʴʥʳʭ ʧʦ ʙʳʩʪʨʦʜʝʡʩʪʚʠʶ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʠʤʠʪʘʮʠʦʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ, ʧʦʟʚʦʣʷʶʱʠʭ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤ, 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ.1. 

 
ʈʠʩ. 1. ɻʨʘʬʠʢʠ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʩʫʰʢʦʡ 
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ ɼʀʅɸʄʀʂʀ ʇʈʆʉʊʈɸʅʉʊɺɽʅʅʆɻʆ  

ʌʈɽɿɽʈʆɺɸʅʀʗ ʇʆɼɸʊʃʀɺʓʍ ʉʃʆɾʅʆʇʈʆʌʀʃʔʅʓʍ ɼɽʊɸʃɽʁ 

ʉ ʋʏɽʊʆʄ ʀɿʄɽʅɽʅʀʗ ʀʍ ɼʀʅɸʄʀʏɽʉʂʀʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ  
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Abstract. Paper is devoted to the numerical modeling algorithm elaboration for spatial milling 

process dynamics analysis. Simulation of cutting forces is performed by means of geometry 

modeling algorithm considering complex shape of the detail surface and milling tool. Dynamics 

of the detail is modeled by means of FEM (model is reconstructed while the material removal). 

The obtained results make it possible to conclude about the milling process quality, to predict 

cutting forces and surface finish shape, to calculate the efficient processing conditions at which 

the amplitude of the generated vibrations does not exceed the admissible level.  

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʩʦ ʩʣʦʞʥʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ 

ʬʦʨʤʦʡ ʠ ʚʳʩʦʢʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʧʦ ʪʦʯʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʫ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ 5-ʪʠ ʢʦʦʨʜʠʥʘʪʥʳʝ ʦʙʨʘʙʘʪʳʚʘʶʱʠʝ ʮʝʥʪʨʳ. ʇʨʠʤʝʥʝʥʠʝ ʪʘʢʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʠʪʴ ʩʣʦʞʥʳʡ ʧʨʦʬʠʣʴ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʠ ʟʘ ʦʜʠʥ 

ʫʩʪʘʥʦʚ, ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ, ʨʘʩʰʠʨʠʪʴ ʥʦʤʝʥʢʣʘʪʫʨʫ ʚʳʧʫʩʢʘʝʤʳʭ 

ʠʟʜʝʣʠʡ. ʆʜʥʠʤ ʠʟ ʥʝʜʦʩʪʘʪʢʦʚ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʩʣʦʞʥʦʩʪʴ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʨʘʩʯʝʪʘ ʤʘʨʰʨʫʪʘ ʦʙʨʘʙʦʪʢʠ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʣʦʞʥʦʩʪʠ ʚʦʟʥʠʢʘʶʪ ʚ 

ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ ʬʨʝʟʝʨʦʚʘʥʠʝʤ ʧʦʜʘʪʣʠʚʳʭ ʩʣʦʞʥʦʧʨʦʬʠʣʴʥʳʭ ʜʝʪʘʣʝʡ, ʪʘʢʠʭ ʢʘʢ 

ʣʦʧʘʪʢʠ ʢʦʣʝʩ ʪʫʨʙʠʥ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʬʨʝʟʝʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʝʨʳʚʠʩʪʳʡ 

ʧʨʦʮʝʩʩ ʨʝʟʘʥʠʷ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʚ ʩʠʩʪʝʤʝ ʬʨʝʟʘ-ʜʝʪʘʣʴ ʥʝʠʟʙʝʞʥʦ ʚʦʟʙʫʞʜʘʶʪʩʷ ʚʠʙʨʘʮʠʠ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ: ʚʳʥʫʞʜʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʠʟ-ʟʘ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ ʠʟʤʝʥʝʥʠʷ ʩʠʣ 

ʨʝʟʘʥʠʷ ʠ ʨʝʛʝʥʝʨʘʪʠʚʥʳʝ ʢʦʣʝʙʘʥʠʷ. ɺʪʦʨʦʡ ʪʠʧ ʚʠʙʨʘʮʠʡ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʤ ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʫʭʫʜʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʦʙʨʘʙʦʪʘʥʥʦʡ ʜʝʪʘʣʠ. ʀʩʢʣʶʯʠʪʴ ʧʦʷʚʣʝʥʠʝ 

ʨʝʛʝʥʝʨʘʪʠʚʥʳʭ ʚʠʙʨʘʮʠʡ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ ʧʦʟʚʦʣʷʝʪ ʨʘʮʠʦʥʘʣʴʥʳʡ ʚʳʙʦʨ ʨʝʞʠʤʦʚ 

ʦʙʨʘʙʦʪʢʠ ʥʘ ʦʩʥʦʚʝ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʧʨʦʮʝʩʩʘ ʬʨʝʟʝʨʦʚʘʥʠʷ.  

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʢʦʥʮʝʧʮʠʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʬʨʝʟʝʨʦʚʘʥʠʷ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʩʣʦʞʥʦʧʨʦʬʠʣʴʥʳʭ ʧʦʜʘʪʣʠʚʳʭ ʜʝʪʘʣʝʡ. 

ɼʚʠʞʝʥʠʝ ʤʦʜʝʣʠ ʬʨʝʟʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʫʩʠʣʠʡ ʨʝʟʘʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ 

ʦʧʠʩʳʚʘʝʪʩʷ ʩʠʩʪʝʤʦʡ ʆɼʋ 2-ʦʛʦ ʧʦʨʷʜʢʘ, ʘ ʜʚʠʞʝʥʠʝ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʜʝʪʘʣʠ ï ʧʨʠ 

ʧʦʤʦʱʠ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʋʩʠʣʠʷ ʨʝʟʘʥʠʷ ʚʳʯʠʩʣʷʶʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʤʦʜʝʣʝʡ 

ʩʠʣ ʨʝʟʘʥʠʷ ʧʨʠ ʧʦʤʦʱʠ ʘʣʛʦʨʠʪʤʘ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʫʯʠʪʳʚʘʶʱʝʛʦ 

ʤʝʭʘʥʠʟʤ ʟʘʧʘʟʜʳʚʘʥʠʷ. ʂʦʥʝʯʥʦʵʣʝʤʝʥʪʥʘʷ ʤʦʜʝʣʴ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʜʝʪʘʣʠ 

ʧʝʨʝʩʪʨʘʠʚʘʝʪʩʷ ʧʦ ʤʝʨʝ ʩʥʷʪʠʷ ʤʘʪʝʨʠʘʣʘ - ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʯʠʪʳʚʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʝʪʘʣʠ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ.  ʈʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ, 

ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʚʳʯʠʩʣʷʪʴ ʫʩʠʣʠʷ ʨʝʟʘʥʠʷ, ʧʦʛʨʝʰʥʦʩʪʠ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʘʤʧʣʠʪʫʜʳ ʚʠʙʨʘʮʠʡ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʜʝʪʘʣʝʡ ʩʦ ʩʣʦʞʥʳʤ ʧʨʦʬʠʣʝʤ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʚʳʙʦʨʘ ʨʘʮʠʦʥʘʣʴʥʳʭ ʨʝʞʠʤʦʚ 

ʦʙʨʘʙʦʪʢʠ. 
ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʧʨʦʝʢʪʘ  

çʈʘʟʨʘʙʦʪʢʘ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʦʪʝʯʝʩʪʚʝʥʥʳʭ  
ʥʘʩʦʩʥʳʭ ʘʛʨʝʛʘʪʦʚ ʥʦʚʦʛʦ ʢʣʘʩʩʘ  

ʜʣʷ ʪʨʘʥʩʧʦʨʪʘ ʥʝʬʪʠ (ʠʤʧʦʨʪʦʟʘʤʝʱʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ)è  

ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ  

ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʌ  

(ʇʦʩʪʘʥʦʚʣʝʥʠʝ ʧʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ˉ218). 
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ʌɻɹʆʋ ɺʇʆ ʄɻʊʋ çʉʊɸʅʂʀʅè 

 
Abstract. At present article considered basic features of using automation equipment to remote 

acquisition, transmitting and safekeeping of technological data. There were used blighty 

produced equipment. Also there were identified advantages of using wireless technologies for 

transmitting data at production. 

 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ
1
 ʩʪʘʚʠʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʠʥʮʠʧʦʚ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚ 

ʫʜʘʣʝʥʥʦʛʦ ʩʙʦʨʘ, ʧʝʨʝʜʘʯʠ ʠ ʭʨʘʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʚʦʟʤʦʞʥʳʭ ʩʣʫʯʘʝʚ ʠʭ ʠʥʪʝʛʨʘʮʠʠ ʚ ʩʦʩʪʘʚ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ. 

ɼʠʩʪʘʥʮʠʦʥʥʳʡ ʩʙʦʨ ʜʘʥʥʳʭ ʩ ʧʨʠʙʦʨʦʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʜʘʝʪ ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʩʠʩʪʝʤ 

ɸʉʋʊʇ ʪʘʢʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʢʘʢ ʫʜʦʙʩʪʚʦ ʠ ʩʢʦʨʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʩ ʦʙʲʝʢʪʦʚ 

ʫʧʨʘʚʣʝʥʠʷ.  

ʇʨʠʤʝʥʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʠ ʩʙʦʨʘ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ: 

 ʉʦʢʨʘʪʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʢʘʙʝʣʴʥʳʝ ʢʦʤʤʫʥʠʢʘʮʠʠ, ʠʜʫʱʠʝ ʢ ʜʘʪʯʠʢʘʤ; 

 ʇʨʠʙʣʠʟʠʪʴ ʤʦʱʥʦʩʪʴ ʩʦʚʨʝʤʝʥʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ ʢ ʦʙʲʝʢʪʫ 

ʫʧʨʘʚʣʝʥʠʷ;  

 ʀʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠʥʮʠʧ ʤʦʜʫʣʴʥʦʩʪʠ, ʜʝʣʘʷ ʦʪʜʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʠ ʫʟʣʳ ʩʠʩʪʝʤʳ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʟʘʚʠʩʠʤʳʤʠ ʠ ʘʚʪʦʥʦʤʥʳʤʠ; 

 ɺʚʦʜʠʪʴ ʚ ʩʪʨʦʡ ʥʝ ʚʩʶ ʩʠʩʪʝʤʫ ʩʨʘʟʫ, ʘ ʧʦʵʪʘʧʥʦ; 

 ɹʳʩʪʨʦ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʚʥʦʚʴ ʩʦʟʜʘʚʘʝʤʳʝ ʩʠʩʪʝʤʳ ʚ ʦʙʱʫʶ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʩʝʪʴ 

ʧʨʝʜʧʨʠʷʪʠʷ. 

ʅʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ ʠ ʜʦʩʪʫʧʥʳʤ ʷʚʣʷʝʪʩʷ ʩʙʦʨ ʜʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ GSM, 

ʦʩʥʦʚʥʳʤ ʧʣʶʩʦʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʩʚʷʟʠ ʥʘ ʙʘʟʝ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʩʦʪʦʚʳʭ ʩʝʪʝʡ, ʧʦʢʨʳʚʘʶʱʠʭ ʙʦʣʴʰʫʶ ʪʝʨʨʠʪʦʨʠʶ. 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʢʘʢ ʢʘʞʜʦʛʦ ʠʩʧʦʣʴʟʫʝʤʦʛʦ 

ʧʨʠʙʦʨʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʪʘʢ ʠ ʦʨʛʘʥʠʟʦʚʘʥʥʦʡ ʩ ʠʭ ʧʦʤʦʱʴʶ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ. ʆʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ ʩʠʩʪʝʤʳ ʵʪʦ: 

 ʋʜʘʣʝʥʥʦʝ ʧʦʣʫʯʝʥʠʝ ʜʘʥʥʳʭ ʩ ʧʨʠʙʦʨʦʚ ʫʯʝʪʘ, ʚ ʨʝʞʠʤʝ ʦʥʣʘʡʥ; 

 ʆʧʝʨʘʪʠʚʥʘʷ ʟʘʧʠʩʴ, ʭʨʘʥʝʥʠʝ ʠ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʨʘʟʣʠʯʥʳʤʠ 

ʨʝʞʠʤʘʤʠ; 

 ɺʦʟʤʦʞʥʦʩʪʴ ʟʘʧʠʩʠ ʟʘʘʨʭʠʚʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʥʘ ʚʥʝʰʥʠʭ ʥʦʩʠʪʝʣʷʭ; 

 ʉʚʦʝʚʨʝʤʝʥʥʦʝ ʦʧʦʚʝʱʝʥʠʝ ʦ ʚʳʭʦʜʝ ʠʟ ʩʪʨʦʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʈʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ ʩʠʩʪʝʤʳ ʫʜʘʣʝʥʥʦʛʦ ʩʙʦʨʘ ʜʘʥʥʳʭ ʩ ʫʯʝʪʦʤ ʠʥʪʝʛʨʘʮʠʠ 

ʜʘʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʩʦʩʪʘʚ ʦʪʢʨʳʪʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʳ ʏʇʋ. 

 

 
1 
ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʦ ʜʦʛʦʚʦʨʫ ˉ 02.120.11.2733-ʄʂ  

ʛʨʘʥʪʘ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ  

ʜʣʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʤʦʣʦʜʳʭ  

ʨʦʩʩʠʡʩʢʠʭ ʫʯʝʥʳʭ ʄʂ-2733.2010.8 
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PRE-PROCESSING PARAMETERS 

FOR THE DIAGNOSIS OF TECHNICAL CONDITION 

OF THE HYDRAULIC DRIVE USING NEURAL NETWORKS 
 

ɽ.ɸ. ʃʘʛʝʨʝʚʘ ï ʘʩʧ. 

ɹʨʷʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

Abstract. Artificial Neural Networks processes numeric data type only. It's necessary to encode 

input datasets of neural network, considering that they often has non-numeric data type. In this 

work author solve the problems concerned with learning datasets encoding, because time and 

quality of learning neural networks depends on it. 

 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʤʝʪʦʜʘ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʛʠʜʨʦʧʨʠʚʦʜʘ, ʧʝʨʚʦʝ ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʨʝʘʣʠʟʦʚʘʪʴ - ʵʪʦ ʧʦʜʛʦʪʦʚʠʪʴ ʜʘʥʥʳʝ, ʧʦʩʢʦʣʴʢʫ 

ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʤʦʞʝʪ ʦʙʨʘʙʘʪʳʚʘʪʴ ʪʦʣʴʢʦ ʯʠʩʣʦʚʳʝ ʜʘʥʥʳʝ. ɿʘʯʘʩʪʫʶ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ, 

ʧʦʜʘʚʘʝʤʳʝ ʥʘ ʥʝʡʨʦʥʥʫʶ ʩʝʪʴ, ʙʳʚʘʶʪ ʨʘʟʣʠʯʥʳʭ ʥʝʯʠʩʣʦʚʳʭ ʪʠʧʦʚ, ʧʦʵʪʦʤʫ ʚʦʟʥʠʢʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʭ ʢʦʜʠʨʦʚʘʥʠʷ. ʇʨʠ ʦʧʠʩʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʥʝʡʨʦʘʨʭʠʪʝʢʪʫʨ, ʧʨʝʜʧʦʣʘʛʘʶʪ 

ʯʪʦ ʜʘʥʥʳʝ ʜʣʷ ʦʙʫʯʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʥʫʞʥʦʤ ʚʠʜʝ. ʆʜʥʘʢʦ, ʵʪʘʧ ʧʨʝʜʦʙʨʘʙʦʪʢʠ  

ʤʦʞʝʪ ʩʪʘʪʴ ʥʘʠʙʦʣʝʝ ʪʨʫʜʦʝʤʢʠʤ ʵʣʝʤʝʥʪʦʤ ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʘʥʘʣʠʟʘ. ʂʘʯʝʩʪʚʦ ʠ ʩʢʦʨʦʩʪʴ 

ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʪʘʢʞʝ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ ʪʦʛʦ, ʚ ʢʘʢʦʤ ʚʠʜʝ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʠʥʬʦʨʤʘʮʠʷ ʜʣʷ ʝʝ ʦʙʫʯʝʥʠʷ. 

ʅʘ ʚʭʦʜ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʧʦʜʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʚʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ 

ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʩʚʦʠʤ ʧʨʝʜʦʙʨʘʙʦʪʯʠʢʦʤ, ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʨʝʘʣʠʟʘʮʠʠ ʩʦʩʪʘʚʥʦʛʦ ʧʨʝʜʦʙʨʘʙʦʪʯʠʢʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʥʝʟʘʚʠʩʠʤʳʭ 

ʯʘʩʪʥʳʭ ʧʨʝʜʦʙʨʘʙʦʪʯʠʢʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʛʤʦʠʜʘʣʴʥʦʡ ʬʫʥʢʮʠʠ. ʂʘʞʜʳʡ ʯʘʩʪʥʳʡ 

ʧʨʝʜʦʙʨʘʙʦʪʯʠʢ ʦʙʨʘʙʘʪʳʚʘʝʪ ʦʜʥʦ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʪʝʩʥʦ ʩʚʷʟʘʥʥʳʭ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ. 

ʎʝʣʴ ʵʪʦʡ ʦʙʨʘʙʦʪʢʠ - ʩʜʝʣʘʪʴ ʪʘʢ, ʯʪʦʙʳ ʢʘʞʜʘʷ ʢʦʤʧʦʥʝʥʪʘ ʚʝʢʪʦʨʘ ʜʘʥʥʳʭ ʣʝʞʘʣʘ ʚ 

ʦʪʨʝʟʢʝ [-1; 1] ʠʣʠ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʥʝ ʩʣʠʰʢʦʤ ʜʘʣʝʢʦ ʚʳʭʦʜʠʣʘ ʟʘ ʝʛʦ ʧʨʠʜʝʣʳ, ʠ ʝʸ 

ʭʘʨʘʢʪʝʨʥʳʡ ʨʘʟʙʨʦʩ ʪʦʞʝ ʙʳʣ ʙʳ ʝʜʠʥʠʯʥʳʤ, ʘ ʨʝʟʫʣʴʪʘʪʳ ʥʝʡʨʦʩʝʪʝʚʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʝ ʜʦʣʞʥʳ ʟʘʚʠʩʝʪʴ ʦʪ ʝʜʠʥʠʮ ʠʟʤʝʨʝʥʠʷ ʵʪʠʭ ʚʝʣʠʯʠʥ. ʆʙʱʠʡ ʧʨʠʥʮʠʧ 

ʧʨʝʜʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʩʦʩʪʦʠʪ ʚ ʤʘʢʩʠʤʠʟʘʮʠʠ ʵʥʪʨʦʧʠʠ ʚʭʦʜʦʚ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ. 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʜʠʘʛʥʦʩʪʠʢʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʛʠʜʨʦʧʨʠʚʦʜʘ ʫʯʠʪʳʚʘʝʪʩʷ 

ʨʷʜ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ, ʚʢʣʶʯʘʶʱʠʝ ʥʝ ʪʦʣʴʢʦ ʯʠʩʣʦʚʳʝ ʜʘʥʥʳʝ, ʥʦ ʪʘʢʞʝ 

ʢʘʯʝʩʪʚʝʥʥʳʝ ʠ ʙʠʥʘʨʥʳʝ ʧʨʠʟʥʘʢʠ. ʇʦʵʪʦʤʫ ʩʦʩʪʘʚʥʦʡ ʧʨʝʜʦʙʨʘʙʦʪʯʠʢ ʜʦʣʞʝʥ ʚʢʣʶʯʘʪʴ 

ʧʨʝʜʦʙʨʘʙʦʪʯʠʢʠ ʯʝʪʳʨʝʭ ʪʠʧʦʚ: ʧʨʝʜʦʙʨʘʙʦʪʯʠʢ ʯʠʩʣʦʚʳʭ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ, 

ʧʨʝʜʦʙʨʘʙʦʪʯʠʢ ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʭ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ, ʧʨʝʜʦʙʨʘʙʦʪʯʠʢ 

ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ, ʧʨʝʜʦʙʨʘʙʦʪʯʠʢ ʙʠʥʘʨʥʳʭ ʧʨʠʟʥʘʢʦʚ. 

ʇʦʤʠʤʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʧʨʝʜʦʙʨʘʙʦʪʯʠʢ ʜʦʣʞʝʥ 

ʩʦʢʨʘʱʘʪʴ ʠʟʙʳʪʦʯʥʦʩʪʴ ʜʘʥʥʳʭ, ʧʦʩʢʦʣʴʢʫ ʟʘʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʦ ʥʘʩʢʦʣʴʢʦ ʧʦʣʝʟʥʳ ʪʝ ʠʣʠ 

ʠʥʳʝ ʚʭʦʜʥʳʝ ʧʝʨʝʤʝʥʥʳʝ ʜʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ ʟʥʘʯʝʥʠʡ ʚʳʭʦʜʦʚ. ʇʦʩʢʦʣʴʢʫ ʠʟʙʳʪʦʯʥʦʩʪʴ 

ʜʘʥʥʳʭ ʤʦʞʝʪ ʫʚʝʣʠʯʠʚʘʝʪ ʩʣʦʞʥʦʩʪʴ ʦʙʫʯʝʥʠʷ. ʉʞʘʪʠʝ ʜʘʥʥʳʭ, ʫʤʝʥʴʰʝʥʠʝ ʩʪʝʧʝʥʠ ʠʭ 

ʠʟʙʳʪʦʯʥʦʩʪʠ,  ʠʩʧʦʣʴʟʫʶʱʝʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʚ ʥʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʩʫʱʝʩʪʚʝʥʥʦ 

ʦʙʣʝʛʯʘʝʪ ʧʦʩʣʝʜʫʶʱʫʶ ʨʘʙʦʪʫ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʚʳʜʝʣʷʷ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʥʝʟʘʚʠʩʠʤʳʝ 

ʧʨʠʟʥʘʢʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʧʨʝʜʦʙʨʦʙʦʪʯʠʢʘ, ʧʨʠʚʦʜʷʱʝʛʦ ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ 

ʢ ʝʜʠʥʦʤʫ ʤʘʩʰʪʘʙʫ, ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʩʢʦʨʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʦʙʫʯʝʥʠʷ ʠ ʨʘʙʦʪʳ 

ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʜʠʘʛʥʦʩʪʠʢʠ. 
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ʉʍɽʄ ɹɸɿʀʈʆɺɸʅʀʗ ɿɸɻʆʊʆɺʂʀ 

FORMALIZATION OF QUALITY ASSESSMENT LOCATING 

CHARTS OF WORKPIECE 
 

ʖ.ɸ. ʃʝʦʥʦʚ - ʩʪ. ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ɹʨʷʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

Abstract. Consider automatic selection locating charts of workpiece for purpose of synthesis 

individual technological processes. Presents the selection criteria that determine the quality of 

locating charts. 

 

ʆʜʥʦʡ ʠʟ ʧʦʜʟʘʜʘʯ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ (ʊʇ) ʦʙʨʘʙʦʪʢʠ 

ʟʘʛʦʪʦʚʢʠ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʩʭʝʤ ʙʘʟʠʨʦʚʘʥʠʷ. ɺ ʜʦʩʪʫʧʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʘʭ 

ʦʧʠʩʳʚʘʶʪʩʷ ʧʨʘʚʠʣʘ ʚʳʙʦʨʘ ʩʭʝʤ ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʪʠʧʠʟʘʮʠʠ ʜʝʪʘʣʝʡ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʦʧʳʪʘ ʪʝʭʥʦʣʦʛʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ 

ʚʳʙʦʨʘ ʨʘʮʠʦʥʘʣʴʥʳʭ ʩʭʝʤ ʙʘʟʠʨʦʚʘʥʠʷ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʥʝʜʦʩʪʘʪʢʠ: 

ʦʪʩʫʪʩʪʚʫʝʪ ʯʝʪʢʘʷ ʬʦʨʤʘʣʠʟʘʮʠʷ ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ; ʫʯʠʪʳʚʘʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ 

ʚʳʙʦʨ ʩʭʝʤ; ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʥʝ ʜʘʶʪ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʦʮʝʥʦʢ ʢʘʯʝʩʪʚʘ ʩʭʝʤ 

ʙʘʟʠʨʦʚʘʥʠʷ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʭ ʥʝʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʩʠʥʪʝʟʝ ʝʜʠʥʠʯʥʳʭ ʊʇ; 

ʥʝʚʦʟʤʦʞʥʦ ʫʯʠʪʳʚʘʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʫʩʣʦʚʠʷ ʧʨʝʜʧʨʠʷʪʠʷ. 

ɼʣʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʝʜʠʥʠʯʥʳʭ ʊʇ ʥʝʦʙʭʦʜʠʤʘ 

ʬʦʨʤʘʣʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʚʳʙʦʨʘ ʩʭʝʤ ʙʘʟʠʨʦʚʘʥʠʷ. ʇʨʠʯʝʤ ʜʣʷ ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ 

ʢʘʯʝʩʪʚʘ ʟʘʛʦʪʦʚʢʠ (ʟʘʛʦʪʦʚʢʘ ʧʝʨʝʜ ʦʧʝʨʘʮʠʝʡ) ʥʫʞʥʦ ʧʨʝʜʣʦʞʠʪʴ ʥʝ ʦʜʥʫ ʩʭʝʤʫ, ʘ 

ʥʝʩʢʦʣʴʢʦ ʩ ʚʳʷʚʣʝʥʥʳʤʠ ʦʮʝʥʢʘʤʠ ʢʘʯʝʩʪʚʘ, ʵʪʦ ʧʦʟʚʦʣʠʪ ʚ ʜʘʣʴʥʝʡʰʝʤ ʦʧʨʝʜʝʣʠʪʴ 

ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ (ʤʘʨʰʨʫʪʳ) ʦʙʨʘʙʦʪʢʠ ʟʘʛʦʪʦʚʢʠ ʠ ʚʳʙʨʘʪʴ ʠʟ ʥʠʭ ʣʫʯʰʠʡ. 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜʠʢʘ ʚʳʙʦʨʘ, ʚ ʢʦʪʦʨʦʡ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʢʨʠʪʝʨʠʠ, 

ʚʣʠʷʶʱʠʝ ʥʘ ʢʘʯʝʩʪʚʦ ʩʭʝʤ: ʧʦʛʨʝʰʥʦʩʪʴ ʩʭʝʤʳ ʙʘʟʠʨʦʚʘʥʠʷ; ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ 

ʨʝʘʣʠʟʘʮʠʶ ʩʭʝʤʳ ʫʩʪʘʥʦʚʢʠ; ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʝ ʚʨʝʤʷ; ʧʣʦʱʘʜʴ ʛʣʘʚʥʦʡ 

ʙʘʟʳ; ʫʩʪʦʡʯʠʚʦʩʪʴ ʟʘʛʦʪʦʚʢʠ ʧʨʠ ʙʘʟʠʨʦʚʘʥʠʠ ʧʦ ʛʣʘʚʥʦʡ ʙʘʟʝ; ʜʦʩʪʫʧʥʦʩʪʴ 

ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ; ʜʦʩʪʫʧʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʘʟʦʚʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ; 

ʢʦʤʧʘʢʪʥʦʩʪʴ ʨʘʩʧʦʣʦʞʝʥʠʷ ʙʘʟʦʚʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. 

ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʘʣʛʦʨʠʪʤʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʚʳʙʦʨʘ ʷʚʣʷʶʪʩʷ ʩʭʝʤʳ 

ʙʘʟʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʣʫʯʝʥʳ ʢʦʤʙʠʥʠʨʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʩʦʯʝʪʘʥʠʡ ʧʦʚʝʨʭʥʦʩʪʝʡ 

(ʙʘʟ). ʉʭʝʤʳ ʧʦʜʙʠʨʘʶʪʩʷ ʜʣʷ ʫʢʘʟʘʥʥʳʭ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʧʨʠʯʝʤ ʦʥʠ 

ʜʦʣʞʥʳ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʪʨʝʙʫʝʤʦʤʫ ʙʘʟʠʨʦʚʘʥʠʶ (ʫʢʘʟʳʚʘʶʪʩʷ ʚʠʜʳ ʣʠʰʘʝʤʳʭ ʩʪʝʧʝʥʝʡ 

ʩʚʦʙʦʜʳ ʟʘʛʦʪʦʚʢʠ). ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʩʭʝʤʳ ʩʛʝʥʝʨʠʨʦʚʘʥʳ, ʥʝʦʙʭʦʜʠʤʦ ʦʮʝʥʠʪʴ ʠʭ 

ʢʘʯʝʩʪʚʦ. ɼʣʷ ʠʤʝʶʱʠʭʩʷ ʩʭʝʤ (ʘʣʴʪʝʨʥʘʪʠʚ) ʧʦʜʩʯʠʪʳʚʘʶʪʩʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʧʦ 

ʢʘʞʜʦʤʫ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʢʨʠʪʝʨʠʝʚ. ɺ ʥʘʯʘʣʝ ʨʘʙʦʪʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʝʝ ʥʘʩʪʨʦʡʢʘ. ʕʢʩʧʝʨʪ-ʪʝʭʥʦʣʦʛ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʩʪʝʧʝʥʴ ʧʨʝʚʦʩʭʦʜʩʪʚʘ ʜʣʷ 

ʢʘʞʜʦʛʦ ʢʨʠʪʝʨʠʷ. 

ɼʘʣʝʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʚʝʨʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʦʮʝʥʦʢ ʩ ʧʦʤʦʱʴʶ ʦʜʥʦʛʦ ʠʟ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʤʝʪʦʜʦʚ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʙʳʣ 

ʚʳʙʨʘʥ ʤʝʪʦʜ ʘʥʘʣʠʟʘ ʠʝʨʘʨʭʠʡ, ʪʘʢ ʢʘʢ ʦʥ ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʳʤ ʠ ʥʘʛʣʷʜʥʳʤ, ʘ ʪʘʢʞʝ 

ʧʦʣʥʦʩʪʴʶ ʧʦʜʭʦʜʠʪ ʜʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ. 

ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʥʦʡ ʥʘʫʯʥʦʡ ʨʘʙʦʪʳ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ 

ʩʠʩʪʝʤʘ, ʚ ʢʦʪʦʨʦʡ ʛʝʥʝʨʠʨʫʶʪʩʷ ʚʦʟʤʦʞʥʳʝ ʩʭʝʤʳ ʙʘʟʠʨʦʚʘʥʠʷ ʠ ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʩʭʝʤ 

ʧʦʜʩʯʠʪʳʚʘʝʪʩʷ ʦʮʝʥʢʘ ʢʘʯʝʩʪʚʘ. ɼʘʥʥʘʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʤʦʞʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʪʝʭʥʦʣʦʛʦʤ ʜʣʷ ʧʦʠʩʢʘ ʩʭʝʤ ʙʘʟʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʚʭʦʜʠʪʴ ʚ ʩʦʩʪʘʚ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʨʝʰʘʶʱʝʛʦ ʟʘʜʘʯʫ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʊʇ. 
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Abstract. In last time research of contact interaction is the most rational with use programs of 

mathematical modeling analysis. In this article described the case using the LS-DYNA program 

and received model results are compared with nature experiment. 

 

ʇʨʠʤʝʥʷʝʤʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʝʪʦʜʳ ʠʟʛʦʪʦʚʣʝʥʠʷ ʛʥʫʪʳʭ ʧʨʦʬʠʣʝʡ  ʫʩʪʘʨʝʣʠ  

ʠ  ʥʝ  ʦʪʚʝʯʘʶʪ  ʪʨʝʙʦʚʘʥʠʷʤ,  ʧʨʝʜʲʷʚʣʷʝʤʳʤ  ʢ  ʪʝʭʥʦʣʦʛʠʠ  ʠ  ʦʙʦʨʫʜʦʚʘʥʠʶ,  ʘ  

ʠʤʝʥʥʦ  ʢʦʤʧʘʢʪʥʦʩʪʴ,  ʤʦʙʠʣʴʥʦʩʪʴ, ʙʳʩʪʨʦʧʝʨʝʦʩʥʘʱʘʝʤʦʩʪʴ ʪʘʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 

ʤʘʣrʡ ʩʨʦʢ ʦʢʫʧʘʝʤʦʩʪʠ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠ  ʦʙʦʨʫʜʦʚʘʥʠʷ.    ʇʦʵʪʦʤʫ  ʨʘʟʨʘʙʦʪʢʘ  

ʥʦʚʳʭ  ʪʝʭʥʦʣʦʛʠʡ,  ʢʦʪʦʨʳʝ  ʦʪʚʝʯʘʣʠ  ʙʳ  ʵʪʠʤ  ʪʨʝʙʦʚʘʥʠʷʤ, ʷʚʣʷʶʪʩʷ ʘʢʪʫʘʣʴʥʦʡ 

ʟʘʜʘʯʝʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ.    ʇʝʨʝʭʦʜ ʦʪ ʩʪʘʨʦʡ ʪʝʭʥʦʣʦʛʠʠ ʢ ʥʦʚʦʡ ʪʨʝʙʫʝʪ ʥʝʤʘʣʳʭ 

ʬʠʥʘʥʩʦʚʳʭ  ʚʣʦʞʝʥʠʡ,  ʙʦʣʴʰʦʡ  ʪʝʦʨʝʪʠʯʝʩʢʦʡ  ʠ  ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ  ʙʘʟʳ,  ʛʜʝ  

ʤʦʞʥʦ  ʙʳʣʦ ʥʘʙʠʨʘʪʴ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʥʘʢʦʧʣʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʠ ʦʧʳʪ. ɺʩʝ ʵʪʦ ʤʦʞʝʪ 

ʟʘʪʷʛʠʚʘʪʴʩʷ ʥʘ ʤʥʦʛʠʝ ʛʦʜʳ.   ɺʳʭʦʜʦʤ ʠʟ ʵʪʦʡ ʩʠʪʫʘʮʠʠ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʧʨʠʤʝʥʝʥʠʝ 

ʢʦʤʧʴʶʪʝʨʥʳʭ  ʧʨʦʛʨʘʤʤ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʤʝʪʦʜʝ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ  

ʩ  ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʨʝʘʣʴʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ. ɼʣʷ  ʧʨʦʮʝʩʩʦʚ 

ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʦʚ ʜʘʚʣʝʥʠʝʤ ʥʘʠʙʦʣʝʝ ʘʜʝʢʚʘʪʥʳʤ ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʚ 

LS-DYNA . ɼʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʧʦʟʚʦʣʷʝʪ ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʦʡ ʧʨʦʮʝʩʩ ʚ 

ʦʙʨʘʙʦʪʢʝ ʤʝʪʘʣʣʦʚ ʜʘʚʣʝʥʠʝʤ (ʆʄɼ).  

LS-DYNA - ʤʥʦʛʦʮʝʣʝʚʘʷ ʧʨʦʛʨʘʤʤʘ, ʠʩʧʦʣʴʟʫʶʱʘʷ ʷʚʥʫʶ ʧʦʩʪʘʥʦʚʢʫ  ʤʝʪʦʜʘ 

ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ - ʧʨʝʜʥʘʟʥʘʯʝʥʘ  ʜʣʷ  ʘʥʘʣʠʟʘ  ʥʝʣʠʥʝʡʥʦʛʦ  ʜʠʥʘʤʠʯʝʩʢʦʛʦ  ʦʪʢʣʠʢʘ  

ʪʨʝʭʤʝʨʥʳʭ  ʥʝʫʧʨʫʛʠʭ  ʩʪʨʫʢʪʫʨ. ʇʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʧʨʦʮʝʩʩ ʨʝʰʝʥʠʷ 

ʢʦʥʪʘʢʪʥʳʭ ʟʘʜʘʯ, ʘ ʪʘʢʞʝ ʤʥʦʞʝʩʪʚʦ  ʬʫʥʢʮʠʡ ʧʦ ʧʨʦʚʝʨʢʝ ʧʦʣʫʯʘʝʤʦʛʦ  ʨʝʰʝʥʠʷ 

ʧʦʟʚʦʣʷʶʪ ʠʥʞʝʥʝʨʘʤ ʚʦ  ʚʩʝʤ  ʤʠʨʝ  ʫʩʧʝʰʥʦ ʨʝʰʘʪʴ  ʩʣʦʞʥʝʡʰʠʝ  ʟʘʜʘʯʠ  ʫʜʘʨʘ,  

ʨʘʟʨʫʰʝʥʠʷ ʠ ʬʦʨʤʦʚʘʥʠʷ. 

ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʚ ʚʠʜʝ ʪʦʥʢʦʩʪʝʥʥʳʭ 

ʧʨʦʬʠʣʝʡ. ʂ ʦʜʥʦʤʫ ʠʟ ʪʘʢʠʭ ʤʝʪʦʜʦʚ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʝ ʦʙʞʘʪʠʝʤ ʠʣʠ 

ʨʝʜʫʮʠʨʦʚʘʥʠʝʤ ʪʨʫʙʥʦʡ ʟʘʛʦʪʦʚʢʠ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʠʟʛʦʪʘʚʣʠʚʘʪʴ  ʧʨʦʬʠʣʠ  

ʨʘʟʣʠʯʥʦʛʦ  ʧʦʧʝʨʝʯʥʦʛʦ  ʩʝʯʝʥʠʷ  ʟʘʤʢʥʫʪʦʛʦ  ʚʠʜʘ  ʠ  ʠʤʝʝʪ  ʨʷʜ  ʧʨʝʠʤʫʱʝʩʪʚ  ʧʝʨʝʜ  

ʪʨʘʜʠʮʠʦʥʥʳʤʠ  ʤʝʪʦʜʘʤʠ  ʠʟʛʦʪʦʚʣʝʥʠʷ  ʠʟ  ʧʣʦʩʢʦʡ  ʟʘʛʦʪʦʚʢʠ.   

ɺ ʧʨʦʛʨʘʤʤʝ LS-DYNA ʤʦʜʝʣʠʨʦʚʘʣʩʷ  ʧʨʦʮʝʩʩ  ʦʙʞʘʪʠʷ  ʪʨʫʙʥʦʡ ʟʘʛʦʪʦʚʢʠ ʚ 

ʨʦʣʠʢʦʚʳʭ ʢʘʣʠʙʨʘʭ. ʀʥʩʪʨʫʤʝʥʪ ʙʳʣ ʨʘʩʩʯʠʪʘʥ ʥʘ ʠʟʛʦʪʦʚʣʝʥʠʝ ʠʟ ʢʨʫʛʣʦʡ ʪʨʫʙʥʦʡ 

ʟʘʛʦʪʦʚʢʠ ʧʨʦʬʠʣʷ ʢʚʘʜʨʘʪʥʦʛʦ ʩʝʯʝʥʠʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʳ ʧʦʟʚʦʣʷʝʪ ʝʱʝ ʥʘ 

ʩʪʘʜʠʠ ʨʘʟʨʘʙʦʪʢʠ ʨʦʣʠʢʦʚʦʡ ʦʩʥʘʩʪʢʠ ʧʦʢʘʟʘʪʴ ʢʘʢʦʡ ʙʳ ʙʳʣ ʧʨʦʬʠʣʴ ʧʨʠ ʨʝʘʣʴʥʦʤ 

ʠʟʛʦʪʦʚʣʝʥʠʠ ʜʘʥʥʦʡ  ʦʩʥʘʩʪʢʠ, ʧʦʢʘʟʘʪʴ ʜʝʬʝʢʪʳ, ʚ ʩʣʫʯʘʝ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ, ʘ ʪʘʢʞʝ 

ʥʘʧʨʷʞʝʥʥʦ - ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚ ʣʶʙʦʤ ʤʝʩʪʝ ʧʨʦʬʠʣʷ, ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ. ʀʩʧʦʣʴʟʫʝʤʘʷ ʧʨʦʛʨʘʤʤʘ ʧʦʟʚʦʣʷʝʪ ʪʘʢʞʝ ʦʮʝʥʠʪʴ ʢʦʥʪʘʢʪʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, 

ʥʘʧʨʠʤʝʨ, ʟʥʘʯʝʥʠʝ ʥʦʨʤʘʣʴʥʳʭ ʠ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʘ,  ʯʪʦ 

ʘʢʪʫʘʣʴʥʦ ʧʨʠ  ʠʟʛʦʪʦʚʣʝʥʠʠ ʧʨʦʬʠʣʝʡ ʠʟ ʟʘʛʦʪʦʚʢʠ  ʩ  ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʥʝʩʝʥʥʳʤ 

ʧʦʢʨʳʪʠʝʤ. 

ɼʘʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ: 

1. ʈʘʟʥʳʝ ʤʘʪʝʨʠʘʣʳ ʜʝʬʦʨʤʠʨʫʶʪʩʷ ʧʦ-ʨʘʟʥʦʤʫ; 

2. ʊʨʝʙʫʶʪʩʷ ʨʘʟʥʳʝ ʫʩʠʣʠʷ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ; 

3. ʌʦʨʤʘ ʢʦʥʝʯʥʦʛʦ ʧʨʦʬʠʣʷ ʜʣʷ ʨʘʟʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʨʘʟʥʘʷ. 
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ʉ ʅɸʇʈʗɾɽʅʀɽʄ ʅɸʉʓʑɽʅʀʗ 

 

ANALYSIS OF BENDING OF VISCOPLASTIC SHEET  

WITH THE USE OF A MATERIAL MODEL WITH A SATURATION STRESS 
  

 ɽ.ɸ. ʃʷʤʠʥʘ
1
 ï ʩ.ʥ.ʩ., Zhang Hu

2
 ï Master student  

1
 ʋʯʨʝʞʜʝʥʠʝ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ  

ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʝʭʘʥʠʢʠ ʠʤ. ɸ.ʖ. ʀʰʣʠʥʩʢʦʛʦ ʈɸʅ  
2 
Beihang University 

 

Abstract. A viscoplastic model with a saturation stress is adopted to describe the process of 

bending under plane strain conditions. It is hypothesized that such a model is adequate for hard-

to-deform materials at elevated temperature. Experiment has been completed to verify the 

theoretical solution. 

 

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʙʦʪʢʠ ʜʘʚʣʝʥʠʝʤ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʪʝʨʘʪʫʨʘʭ 

ʦʙʳʯʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚʷʟʢʦʧʣʘʩʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ. ʈʝʰʝʥʠʷ ʧʦ ʪʘʢʠʤ ʤʦʜʝʣʷʤ ʢʘʯʝʩʪʚʝʥʥʦ 

ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʜʝʘʣʴʥʦ ʞʝʩʪʢʦʧʣʘʩʪʠʯʩʝʢʠʭ ʨʝʰʝʥʠʡ. ɼʣʷ ʢʣʘʩʩʘ 

ʪʨʫʜʥʦʜʝʬʦʨʤʠʨʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ 

ʤʦʜʝʣʠ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʩʚʦʡʩʪʚʘʤʠ ʦʙʝʠʭ ʢʣʘʩʩʠʯʝʩʢʠʭ ʚʷʟʢʦʧʣʘʩʪʠʯʝʩʢʠʭ ʠ ʠʜʝʘʣʴʥʦ 

ʞʝʩʪʢʦʧʣʘʩʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. ʊʘʢʠʝ ʤʦʜʝʣʠ ʧʦʣʫʯʘʶʪʩʷ, ʝʩʣʠ ʚʚʝʩʪʠ ʚ 

ʚʷʟʢʦʧʣʘʩʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʥʘʧʨʷʞʝʥʠʝ ʥʘʩʳʱʝʥʠʷ [1]. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʜʣʷ ʪʘʢʦʡ 

ʤʦʜʝʣʠ ʩʪʨʦʠʪʩʷ ʧʦʣʫ-ʘʥʘʣʠʪʠʯʝcʢʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʠʟʛʠʙʘ ʰʠʨʦʢʦʛʦ ʣʠʩʪʘ. ʆʩʥʦʚʦʡ 

ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʨʝʰʝʥʠʷ ʷʚʣʷʝʪʩʷ ʫʨʘʚʥʝʥʠʷ ʩʚʷʟʠ ʵʡʣʝʨʦʚʳʭ (x ʠ y

 

2 2
cos 2 , sin 2

x s s y s
a a

H a a a H a a
     

ɿʜʝʩʴ a ï ʧʘʨʘʤʝʪʨ, ʟʘʚʩʷʱʠʡ ʦʪ ʚʨʝʤʝʥʠ, s ï ʥʝʠʟʚʝʩʪʥʘʷ ʬʫʥʢʮʠʷ a ʠ H ï ʥʘʯʘʣʴʥʘʷ 

ʪʦʣʱʠʥʘ ʧʦʣʦʩʳ. ʇʨʝʜʣʦʞʝʥʦ ʦʙʦʙʱʝʥʠʝ ʧʦʣʫʯʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʥʘ ʧʨʦʮʝʩʩ 

ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʠʟʛʠʙʘ ʠ ʨʘʩʪʷʞʝʥʠʷ. ɺʳʧʦʣʥʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʥʘ ʘʣʶʤʠʥʠʝʚʦʤ ʩʧʣʘʚʝ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 20
0
ʉ, 200

0
ʉ ʠ 300

0
ʉ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ (ʨʠʩʫʥʦʢ).  
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ʇʈʀ ʆʉɸɼʂɽ ʂʆʅʀʏɽʉʂʀʄʀ ɹʆʁʂɸʄʀ 

 

FORMATION OF A LAYER OF INTENSIVE PLASTIC DEFORMATION IN THE 

VICINITY OF THE FRICTION SURFACE IN UPSETTING OF CONICAL DIES 
 

ɽ.ɸ. ʃʷʤʠʥʘ
1
 ï ʩ.ʥ.ʩ. ʆ.ɺ. ʅʦʚʦʞʠʣʦʚʘ

2
 ï ʜʦʮ. 

1
 ʋʯʨʝʞʜʝʥʠʝ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʝʭʘʥʠʢʠ  

ʠʤ. ɸ.ʖ. ʀʰʣʠʥʩʢʦʛʦ ʈɸʅ 
2 
ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ. ʕ. ɹʘʫʤʘʥʘ 

 

Abstract. A narrow layer of fine grains is often formed in the vicinity of frictional interfaces in 

metal forming processes. The strain rate intensity factor can be used to predict the thickness of 

this layer and describe physical processes in the layer. The present paper deals with upsetting of 

hollow cylinders with conical dies. Both theoretical and experimental results are reported. 

 

ɺʦ ʤʥʦʛʠʭ ʧʨʦʮʝʩʩʘʭ ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʦʚ ʜʘʚʣʝʥʠʝʤ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʥʠʷ 

ʬʦʨʤʠʨʫʝʪʩʷ ʪʦʥʢʠʡ ʩʣʦʡ ʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ [1, 2]. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʣʱʠʥʳ 

ʵʪʦʛʦ ʩʣʦʷ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚʥʫʪʨʠ ʩʣʦʷ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʢʦʵʬʬʠʮʠʝʥʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʢʦʨʦʩʪʠ ʜʝʬʦʨʤʘʮʠʠ [2]. ʈʘʟʚʠʪʠʝ ʵʪʦʛʦ ʤʝʪʦʜʘ ʪʨʝʙʫʝʪ 

ʨʘʟʨʘʙʦʪʢʠ ʠ ʚʳʧʦʣʥʝʥʠʷ ʦʙʰʠʨʥʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ, ʧʦʜʢʨʝʧʣʝʥʥʦʡ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ. ʆʜʥʠʤʠ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʪʘʢʦʡ ʧʨʦʛʨʘʤʤʳ ʷʚʣʷʶʪʩʷ ʚʳʜʘʚʣʠʚʘʥʠʝ [2] ʠ ʦʩʘʜʢʘ [3]. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ 

ʠʩʩʣʝʜʫʝʪʩʷ ʦʩʘʜʢʘ ʦʙʨʘʟʮʦʚ ʢʦʥʠʯʝʩʢʠʤʠ ʙʦʡʢʘʤʠ. ʌʦʨʤʘ ʪʦʨʮʝʚʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʦʙʨʘʟʮʦʚ ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʩʦʚʧʘʜʘʝʪ ʩ ʬʦʨʤʦʡ ʠʥʩʪʨʫʤʝʥʪʘ. ʇʨʦʮʝʩʩ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʚʦʜʠʪʩʷ ʙʝʟ ʩʤʘʟʢʠ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʫʜʝʣʴʥʳʭ ʩʠʣ ʪʨʝʥʠʷ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʣʷ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʘ ʚ ʪʦʥʢʦʤ ʩʣʦʝ 

ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʥʠʷ. ʌʦʨʤʘ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʥʝʩʢʦʣʴʢʠʭ ʩʪʘʜʠʡ ʦʩʘʜʢʠ ʧʦʢʘʟʘʥʘ ʥʘ 

ʨʠʩʫʥʢʝ. ʂʦʵʬʬʠʮʠʝʥʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʢʦʨʦʩʪʠ ʜʝʬʦʨʤʘʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ 

ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʨʝʰʝʥʠʷ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʪʝʦʨʝʤʝ ʦ ʚʝʨʭʥʝʡ ʦʮʝʥʢʝ. ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ 

ʪʦʣʱʠʥʳ ʩʣʦʷ ʠʥʪʝʥʩʠʚʥʳʭ ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ ʧʨʠʤʝʥʷʝʪʩʷ ʫʨʘʚʥʝʥʠʝ, 

ʧʨʝʜʣʦʞʝʥʥʦʝ ʚ [2] ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʤʘʪʝʨʠʘʣʘ, ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʚ [3]. 
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ʇʈʀʄɽʅɽʅʀɽ ʄʀɺɸʈʅʓʍ ʊɽʍʅʆʃʆɻʀʁ ʀ ʄɽʊʆɼʆɺ 

ʆʇʊʀʄʀɿɸʎʀʀ ɼʃʗ ʈɽʐɽʅʀʗ ʇʈɸʂʊʀʏɽʉʂʀʍ ɿɸɼɸʏ ɺ 

ʆɹʃɸʉʊʀ ʊɽʃɽʂʆʄʄʋʅʀʂɸʎʀʁ ʀ ʄɽɼʀɸɹʀɿʅɽʉɸ 

APPLICATION OF MIVAR TECHNOLOGIES AND OPTIMIZATION METHODS 

FOR SOLVING PRACTICAL PROBLEMS IN TELECOMMUNICATIONS AND 

MEDIA BUSINESS 
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ʄʦʩʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ (ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ) 

 
Abstract. Mivar method expands production methods in Expert System development. Using 

Computational Complex "UDAV" (Varlamov's Universal Designer of Algorithms) based on this 

method, complex problems in telecommunications and media business could be solved. 

ʄʠʚʘʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʨʘʟʚʠʚʘʶʪ ʧʨʦʜʫʢʮʠʠ ʠ ʩʝʪʠ ʇʝʪʨʠ ʩ ʧʝʨʝʭʦʜʦʤ ʢ 

ʜʚʫʜʦʣʴʥʳʤ ʤʠʚʘʨʥʳʤ ʣʦʛʠʢʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʩʝʪʷʤ (MIVAR nets), ʢʦʪʦʨʳʝ ʚʳʧʦʣʥʷʶʪ 

ʣʦʛʠʯʝʩʢʠʡ ʚʳʚʦʜ ʠ/ʠʣʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʩ ʣʠʥʝʡʥʦʡ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʴʶ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʤʠʚʘʨʥʦʛʦ ʧʦʜʭʦʜʘ ʨʝʘʣʠʟʦʚʘʥ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ (ʇʂ) 

"ʋɼɸɺ" (ʋʥʠʚʝʨʩʘʣʴʥʳʡ ɼʝʣʘʪʝʣʴ ɸʣʛʦʨʠʪʤʦʚ ɺʘʨʣʘʤʦʚʘ), ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʇʂ ʩ 

ʩʝʨʚʠʩʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʦʡ ʠ ʢʦʥʩʪʨʫʠʨʫʝʪ ʘʣʛʦʨʠʪʤʳ ʠʟ ʧʨʦʜʫʢʮʠʦʥʥʳʭ 

ʧʨʘʚʠʣ, ʧʨʦʮʝʜʫʨ ʠ ʬʫʥʢʮʠʡ, ʩʝʨʚʠʩʦʚ ʠ ʪ.ʜ. ʕʪʦ ʦʯʝʥʴ ʚʘʞʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʝʨʝʜ 

ʦʩʪʘʣʴʥʳʤʠ ʧʦʜʭʦʜʘʤʠ ʚ ʩʦʟʜʘʥʠʠ ʵʢʩʧʝʨʪʥʳʭ ʩʠʩʪʝʤ (ʕʉ), ʪʘʢ ʢʘʢ ʚ ʢʘʯʝʩʪʚʝ ʩʝʨʚʠʩʦʚ 

ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʝʘʣʠʟʘʮʠʠ ʜʨʫʛʠʭ ʤʝʪʦʜʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ: 

ʛʝʥʝʪʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ ʜʣʷ ʨʝʰʝʥʠʷ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʟʘʜʘʯ, ʥʝʡʨʦʩʝʪʠ, ʩʝʤʘʥʪʠʯʝʩʢʠʝ 

ʩʝʪʠ ʠ ʪ.ʜ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘ ʦʙʳʯʥʦʤ ʥʦʫʪʙʫʢʝ ʇʂ "ʋɼɸɺ" ʦʙʨʘʙʘʪʳʚʘʝʪ 

ʙʦʣʝʝ 1,17 ʤʣʥ. ʧʝʨʝʤʝʥʥʳʭ ʠ 3,5 ʤʣʥ. ʧʨʘʚʠʣ ʟʘ 3 ʯʘʩʘ, ʯʪʦ ʚ ʧʨʠʥʮʠʧʝ ʥʝʚʦʟʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʧʨʠ ʢʣʘʩʩʠʯʝʩʢʦʤ ʧʦʜʭʦʜʝ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʜʫʢʮʠʦʥʥʳʭ ʕʉ. 

ʉ ʧʦʤʦʱʴʶ ʇʂ "ʋɼɸɺ" ʤʦʞʥʦ ʨʝʰʘʪʴ ʧʨʠʢʣʘʜʥʳʝ ʟʘʜʘʯʠ ʠʟ ʨʘʟʥʳʭ ʧʨʝʜʤʝʪʥʳʭ 

ʦʙʣʘʩʪʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʟʘʜʘʯʠ. ʆʜʥʦʡ ʠʟ ʪʘʢʠʭ ʷʚʣʷʝʪʩʷ 

ʦʧʪʠʤʘʣʴʥʦʝ ʯʘʩʪʦʪʥʦ-ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ (ʏʊʇ) ʩʝʪʝʡ ʩʚʷʟʠ ʠ ʚʝʱʘʥʠʷ. 

ʈʝʰʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ ʣʦʛʠʯʝʩʢʠ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʜʚʘ ʵʪʘʧʘ: 

1. ʉ ʧʦʤʦʱʴʶ ʤʠʚʘʨʥʦʛʦ ʧʦʜʭʦʜʘ ʩʦʟʜʘʶʪʩʷ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʧʘʨʘʤʝʪʨʳ 

(ʨʘʩʧʦʣʦʞʝʥʠʝ, ʤʦʱʥʦʩʪʠ ʧʝʨʝʜʘʪʯʠʢʦʚ, ʚʳʩʦʪʳ ʠ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʘʥʪʝʥʥ ʠ 

ʜʨ.) ʧʝʨʝʜʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʩʝʪʠ ʩ ʧʦʤʦʱʴʶ ʦʙʱʝʧʨʠʥʷʪʳʭ ʵʚʨʠʩʪʠʢ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʙʘʟʝ 

ʟʥʘʥʠʡ ʕʉ, ʚʟʷʪʳʭ, ʥʘʧʨʠʤʝʨ, ʢʘʢ ʠʟ ʦʧʳʪʘ ʵʢʩʧʝʨʪʦʚ, ʪʘʢ ʠ ʠʟ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ. 

2. ʈʝʰʝʥʠʝ ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʡ ʟʘʜʘʯʠ ʏʊʇ ʩʝʪʠ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ 

ʥʘ ʝʸ ʧʘʨʘʤʝʪʨʳ. 

ʅʘ ʵʪʘʧʝ 2 ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʘʣʛʦʨʠʪʤʳ-ʩʝʨʚʠʩʳ, ʥʘʧʨʠʤʝʨ, ʛʝʥʝʪʠʯʝʩʢʦʛʦ 

ʧʦʠʩʢʘ, ʘʣʛʦʨʠʪʤʘ ʧʦʠʩʢʘ ʩ ʟʘʧʨʝʪʘʤʠ (Tabu Search) ʠ ʜʨʫʛʠʝ. 

ʕʪʘ ʩʠʩʪʝʤʘ ʷʚʣʷʝʪʩʷ ʯʘʩʪʥʳʤ ʩʣʫʯʘʝʤ ʕʉ "ʄɽɼʀɸ ʕʂʉʇɽʈʊ", ʚ ɹʘʟʝ ɿʥʘʥʠʡ 

ʢʦʪʦʨʦʡ, ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ, ʨʝʘʣʠʟʦʚʘʥʳ 29 ʧʘʨʘʤʝʪʨʦʚ ʠ 33 ʧʨʘʚʠʣʘ, ʠ ʵʪʘ ʕʉ ʫʞʝ 

ʨʝʰʘʝʪ ʩʣʝʜʫʶʱʠʝ ʧʨʠʢʣʘʜʥʳʝ ʟʘʜʘʯʠ ʠʟ ʦʙʣʘʩʪʠ ʤʝʜʠʘ: ʨʘʩʯʝʪ ʢʦʣʠʯʝʩʪʚʘ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʤʝʜʠʘ ʨʝʩʫʨʩʘ (ʥʘʧʨʠʤʝʨ, ʪʝʣʝʚʠʟʠʦʥʥʦʡ ʧʝʨʝʜʘʯʠ ʠʣʠ ʠʥʪʝʨʥʝʪ ʨʝʩʫʨʩʘ), 

ʨʝʡʪʠʥʛʘ ʨʝʩʫʨʩʘ, ʜʦʭʦʜʦʚ ʦʪ ʨʘʟʤʝʱʝʥʠʷ ʨʝʢʣʘʤʳ ʥʘ ʥʝʤ. 

ɺ ʧʝʨʩʧʝʢʪʠʚʝ ʩ ʧʦʤʦʱʴʶ ʵʪʦʡ ʕʉ ʙʫʜʫʪ ʨʝʰʘʪʴʩʷ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʝ, 

ʤʘʨʢʝʪʠʥʛʦʚʳʝ, ʘ ʪʘʢʞʝ ʟʘʜʘʯʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝʤ ʩʠʪʫʘʮʠʠ ʥʘ ʥʝʩʢʦʣʴʢʦ ʣʝʪ 

ʚʧʝʨʸʜ ("ʯʪʦ ʙʫʜʝʪ, ʝʩʣʠ ...?") ʧʨʠ ʠʟʤʝʥʷʝʤʳʭ ʫʩʣʦʚʠʷʭ ʥʘ ʤʝʜʠʘ ʨʳʥʢʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʠʚʘʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʥʘʢʦʧʣʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ 

ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʷʶʪ ʪʝʭʥʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʳʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ 

ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʠ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʝ ʵʢʩʧʝʨʪʥʳʝ ʩʠʩʪʝʤʳ, 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʧʘʢʝʪʳ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ. 
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PARAMETRIZATION USE AT CREATION OF TYPICAL PROCESSES 
ɼ.ɽ.ʄʘʢʩʠʤʦʚʩʢʠʡ ï ʘʩʧ.. 

ʌɻɹʆʋ ɺʇʆ ʄɻʊʋ çʉʊɸʅʂʀʅè 

 

Abstract. Automation is now playing a big role in creating products. It helps reduce pre-

production and reduce errors in manual design. In this regard, this work examines the main 

provisions of design and process design based on systems engineering design T-Flex CAD and 

process design Sytep MO. 

 

ʕʪʘʧ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʊʇ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʉɸʇʈ ʊʇ 

ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʜʠʘʣʦʛʦʚʦʤ ʨʝʞʠʤʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʊʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʈʝʜʘʢʪʦʨʘ ʉɸʇʈ 

ʊʇ. ʉʫʱʥʦʩʪʴ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʊʇ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʜʘʣʝʥʠʠ çʣʠʰʥʠʭè ʦʧʝʨʘʮʠʡ ʠ 

ʧʝʨʝʭʦʜʦʚ ʠʟ ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʊʇ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʝʜʠʥʠʯʥʦʡ ʜʝʪʘʣʠ. ʂ ʪʘʢʠʤ 

ʦʪʥʦʩʷʪʩʷ ʦʧʝʨʘʮʠʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʙʨʘʙʦʪʢʦʡ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʦʪʩʫʪʩʪʚʫʶʱʠʭ ʚ ʝʜʠʥʠʯʥʦʡ 

ʜʝʪʘʣʠ. ʂ çʣʠʰʥʠʤè ʧʝʨʝʭʦʜʘʤ ʦʪʥʦʩʷʪʩʷ ʪʝ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʦʣʝʝ ʚʳʩʦʢʦʝ, ʯʝʤ 

ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʚ ʯʝʨʪʝʞʝ, ʢʘʯʝʩʪʚʦ ʧʦʚʝʨʭʥʦʩʪʠ. 
ɼʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʵʪʘʧʘ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ, ʢʦʪʦʨʳʡ ʨʝʘʣʠʟʦʚʘʥ ʚ ʉɸʇʈ ʊʇ ʉʀʊɽʇ 4, 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʚ ʄɻʊʋ çʉʪʘʥʢʠʥè. 

ʅʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʬʣʘʥʮʘ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʧʝʨʝʤʝʥʥʳʝ ʠ 

ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʥʠʤʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʧʨʠ ʠʭ ʦʙʥʫʣʝʥʠʠ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʬʣʘʥʝʮ ʚ 

ʙʦʣʝʝ ʧʨʦʩʪʳʝ ʜʝʪʘʣʠ. ʇʘʨʘʤʝʪʨʠʟʦʚʘʥʥʳʡ ʬʣʘʥʝʮ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʢʦʤʧʣʝʢʩʥʘʷ 

ʜʝʪʘʣʴ, ʜʣʷ ʢʦʪʦʨʦʡ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʡ ʊʇ. ʂʘʞʜʦʤʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤʫ 

ʧʝʨʝʭʦʜʫ (ʦʧʝʨʘʮʠʠ) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʨʝʤʝʥʥʘʷ ʧʘʨʘʤʝʪʨʠʟʦʚʘʥʥʦʛʦ ʬʣʘʥʮʘ, ʧʨʠ 

ʦʙʥʫʣʝʥʠʠ ʢʦʪʦʨʦʡ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʠʩʯʝʟʘʝʪ ʩʚʷʟʘʥʥʳʡ ʩ ʥʝʡ ʧʝʨʝʭʦʜ (ʦʧʝʨʘʮʠʷ).  

ʉʣʝʜʫʶʱʠʡ ʵʪʘʧ ʨʘʙʦʪʳ - ʧʝʨʝʜʘʯʘ ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ ʩ ʯʝʨʪʝʞʘ ʚ 

ʩʠʩʪʝʤʫ ʉʀʊɽʇ ʄʆ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʭ ʜʣʷ ʩʚʷʟʠ ʩ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ 

ʧʝʨʝʤʝʥʥʳʤʠ, ʩʠʩʪʝʤʳ. ʆʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ - ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʠʧʦʚʳʭ 

ʊʇ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʜʣʷ, ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ, ʜʝʪʘʣʠ-ʧʨʝʜʩʪʘʚʠʪʝʣʷ. ʊʠʧʦʚʘʷ 

ʜʝʪʘʣʴ ʦʭʚʘʪʳʚʘʝʪ ʢʣʘʩʩ ʜʝʪʘʣʝʡ ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ 

ʧʨʠʟʥʘʢʘʤʠ. ʉʫʱʥʦʩʪʴ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʪʠʧʠʟʘʮʠʠ ʩʦʩʪʦʠʪ ʚ ʥʘʩʪʨʦʡʢʝ 

ʪʠʧʦʚʦʛʦ ʊʇ ʥʘ ʧʨʦʝʢʪʠʨʫʝʤʳʡ, ʘ ʪʘʢʞʝ ʚ ʨʘʩʯʝʪʝ ʧʘʨʘʤʝʪʨʦʚ ʠʣʠ ʠʭ ʚʚʦʜʝ ʩ ʧʦʤʦʱʴʶ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʜʘʢʪʦʨʘ: ʧʨʠ ʥʘʩʪʨʦʡʢʝ ʫʜʘʣʷʶʪʩʷ çʣʠʰʥʠʝè ʦʧʝʨʘʮʠʠ ʠ ʧʝʨʝʭʦʜʳ.  

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʊʇ ʚ ʉʀʊɽʇ ʄʆ 

ʨʝʘʣʠʟʦʚʘʥʘ ʩʭʝʤʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ. ʉʫʪʴ ʩʭʝʤʳ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʚ 

ʧʨʝʜʝʣʘʭ ʟʘʜʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʊʇ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʠʟʛʦʪʦʚʣʷʝʤʦʡ ʜʝʪʘʣʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʤʝʥʷʶʪʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ: ʢʦʪʦʨʳʝ 

ʦʪʦʙʨʘʞʘʶʪʩʷ ʢʘʢ ʚ ʪʘʙʣʠʮʝ ʊʇ, ʪʘʢ ʠ ʚʦ ʚʩʝʭ ʢʘʨʪʘʭ ʢʦʤʧʣʝʢʪʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʠ. ʉʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʦʡ ʨʝʘʣʠʟʘʮʠʷ PDM-ʪʝʭʥʦʣʦʛʠʠ, ʧʨʠ ʢʦʪʦʨʦʡ 

ʠʟʤʝʥʝʥʠʝ ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʜʝʪʘʣʝʡ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ 

ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʪʝʭʥʦʣʦʛʠʡ ʠ ʫʧʨʘʚʣʷʶʱʠʭ ʧʨʦʛʨʘʤʤ ʩʪʘʥʢʦʚ ʩ ʏʇʋ. 

ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʠʥʪʝʛʨʘʮʠʠ ʊ-FLEX CAD ʠ ʉʀʊɽʇ ʄʆ ʷʚʣʷʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ 

ʧʦʣʫʯʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʧʦʩʣʝ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʯʝʨʪʝʞʘ ʚ 

ʊ-FLEX CAD. ʀʟʤʝʥʝʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʠʟʜʝʣʠʷ ʧʨʠʚʦʜʠʪ ʢ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ 

ʤʦʜʠʬʠʢʘʮʠʠ ʯʝʨʪʝʞʘ. ʆʙʥʦʚʣʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʜʝʪʘʣʠ ʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠʟ 

ʯʝʨʪʝʞʘ ʧʦʩʪʫʧʘʶʪ ʚ ʩʠʩʪʝʤʫ ʉʀʊɽʇ, ʢʦʪʦʨʘʷ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʚʥʦʩʠʪ 

ʠʟʤʝʥʝʥʠʷ ʚʦ ʚʩʝ ʩʚʷʟʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʜʦʢʫʤʝʥʪʳ ʠ ʢʦʨʨʝʢʪʠʨʫʝʪ ʫʧʨʘʚʣʷʶʱʠʝ 

ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʩʪʘʥʢʦʚ ʩ ʏʇʋ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ ʚ ʩʠʩʪʝʤʘʭ T-Flex ʠ ʉʀʊɽʇ ʄʆ ʧʦʚʳʰʘʝʪ ʩʪʝʧʝʥʴ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 
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Abstract. Possibilities of compensation for parts curve profiles deviations during NC machining 

are considered. Features of NC program correction based on mathematical models of 

characteristics generation mechanisms for curve profiles machining are presented. 

  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʪʣʠʯʠʝ ʨʝʘʣʴʥʦʡ ʬʘʩʦʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʠ ʦʪ ʥʦʤʠʥʘʣʴʥʦʡ 

ʦʙʫʩʣʦʚʣʝʥʦ ʚʣʠʷʥʠʝʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ. ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʟʘʛʦʪʦʚʦʢ ʩ ʬʘʩʦʥʥʳʤʠ 

ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʥʘ ʩʪʘʥʢʘʭ ʩ ʏʇʋ ʥʝʢʦʪʦʨʳʝ ʧʦʛʨʝʰʥʦʩʪʠ ʤʦʞʥʦ ʩʢʦʤʧʝʥʩʠʨʦʚʘʪʴ, 

ʥʘʧʨʠʤʝʨ, ʧʦʛʨʝʰʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʟʘʛʦʪʦʚʢʠ ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʦʙʨʘʙʦʪʢʠ ʠʩʧʨʘʚʣʷʶʪ 

ʦʱʫʧʳʚʘʥʠʝʤ ʙʘʟʦʚʳʭ ʪʦʯʝʢ ʧʨʦʬʠʣʷ ʠ ʧʝʨʝʤʝʱʝʥʠʝʤ ʟʘʛʦʪʦʚʢʠ ʜʣʷ ʩʦʚʤʝʱʝʥʠʷ ʪʦʯʢʠ 

ʦʪʩʯʝʪʘ ʧʝʨʝʤʝʱʝʥʠʡ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʥʘʯʘʣʘ ʜʚʠʞʝʥʠʷ ʩʪʘʥʢʘ ʧʦ ʧʨʦʛʨʘʤʤʝ; ʪʝʧʣʦʚʳʝ 

ʜʝʬʦʨʤʘʮʠʠ ʰʧʠʥʜʝʣʷ ʠ ʠʥʩʪʨʫʤʝʥʪʘ ʦʪʩʣʝʞʠʚʘʶʪʩʷ ʜʘʪʯʠʢʘʤʠ ʧʝʨʝʤʝʱʝʥʠʡ, ʠ ʩʠʩʪʝʤʘ 

ʏʇʋ ʤʦʞʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʪʨʘʝʢʪʦʨʠʶ ʜʚʠʞʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʘʛʦʪʦʚʢʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʪʦʯʥʦʩʪʴ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʛʦʪʦʚʢʠ.  

ʉʦʩʪʘʚʣʷʶʱʠʝ ʧʦʛʨʝʰʥʦʩʪʠ, ʚʳʟʚʘʥʥʦʡ ʫʧʨʫʛʠʤʠ ʦʪʞʘʪʠʷʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴʶ ʧʨʠʧʫʩʢʘ ʥʘ ʦʙʨʘʙʦʪʢʫ, ʥʝʨʘʚʥʦʤʝʨʥʦʡ 

ʪʚʝʨʜʦʩʪʴʶ ʟʘʛʦʪʦʚʢʠ ʩʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʥʝʚʦʟʤʦʞʥʦ. ʉʦʩʪʘʚʣʷʶʱʠʝ ʵʪʦʡ ʧʦʛʨʝʰʥʦʩʪʠ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʩʠʣʦʚʳʤʠ ʬʘʢʪʦʨʘʤʠ ʠ ʞʝʩʪʢʦʩʪʴʶ ʟʘʛʦʪʦʚʢʠ, ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʵʣʝʤʝʥʪʦʚ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʤʦʞʥʦ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʩ ʧʦʤʦʱʴʶ ʢʦʨʨʝʢʮʠʠ ʫʧʨʘʚʣʷʶʱʠʭ ʧʨʦʛʨʘʤʤ. 

ʆʜʥʘʢʦ ʥʫʞʥʦ ʫʯʝʩʪʴ, ʯʪʦ ʧʘʨʘʤʝʪʨʳ ʦʙʨʘʙʦʪʢʠ ʬʘʩʦʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠʟʤʝʥʷʶʪʩʷ ʧʨʠ 

ʧʝʨʝʤʝʱʝʥʠʠ ʠʥʩʪʨʫʤʝʥʪʘ ʚʜʦʣʴ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʧʨʦʬʠʣʷ, ʘ ʫʧʨʫʛʠʝ ʩʚʦʡʩʪʚʘ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʤʝʥʷʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʠʣʦʞʝʥʠʷ ʩʠʣ, ʠ 

ʥʘʧʨʘʚʣʝʥʠʷ ʩʤʝʱʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʥʝ ʩʦʚʧʘʜʘʪʴ ʩ 

ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʜʝʡʩʪʚʠʷ ʩʠʣ.  

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʦʙʨʘʙʦʪʢʘ ʧʦʚʝʨʭʥʦʩʪʠ ʣʦʧʘʪʢʠ ʛʘʟʦʪʫʨʙʠʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʧʦʚʦʨʦʪʝ ʟʘʛʦʪʦʚʢʠ, ʧʝʨʝʤʝʱʝʥʠʠ ʠʥʩʪʨʫʤʝʥʪʘ ʧʦ ʪʨʝʤ ʢʦʦʨʜʠʥʘʪʘʤ ʠ 

ʧʦʚʦʨʦʪʝ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʧʣʦʩʢʦʩʪʠ ʧʦʚʦʨʦʪʘ ʟʘʛʦʪʦʚʢʠ. ʆʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ, 

ʦʧʨʝʜʝʣʷʶʱʠʤ ʧʦʛʨʝʰʥʦʩʪʴ, ʚʳʟʚʘʥʥʫʶ ʫʧʨʫʛʠʤʠ ʦʪʞʘʪʠʷʤʠ, ʷʚʣʷʝʪʩʷ ʤʘʣʘʷ ʞʝʩʪʢʦʩʪʴ 

ʟʘʛʦʪʦʚʢʠ. ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ ʨʝʟʘʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʠʟʛʠʙ ʣʦʧʘʪʢʠ ʠ ʩʢʨʫʯʠʚʘʥʠʝ 

ʧʨʦʬʠʣʷ ʧʝʨʘ, ʚʝʣʠʯʠʥʳ ʜʝʬʦʨʤʘʮʠʠ ʚ ʨʘʟʥʳʭ ʩʝʯʝʥʠʷʭ ʣʦʧʘʪʢʠ ʨʘʟʣʠʯʥʳ. ɼʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʩʪʦʷʥʩʪʚʘ ʜʝʬʦʨʤʘʮʠʡ ʣʦʧʘʪʢʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʧʦʣʦʞʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ 

ʥʝʦʙʭʦʜʠʤʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʩʠʣʫ ʨʝʟʘʥʠʷ ʠʟʤʝʥʝʥʠʝʤ ʟʥʘʯʝʥʠʡ ʫʛʣʦʚ ʥʘʢʣʦʥʘ ʬʨʝʟʳ, 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʢʦʨʦʩʪʴ ʨʝʟʘʥʠʷ ʠ ʧʦʜʘʯʠ.  

ʇʨʠ ʪʦʯʝʥʠʠ ʬʘʩʦʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʘʣʢʘ ʪʨʫʙʦʵʣʝʢʪʨʦʩʚʘʨʦʯʥʦʛʦ ʩʪʘʥʘ ʥʘ 

ʫʧʨʫʛʠʝ ʦʪʞʘʪʠʷ ʟʘʤʝʪʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʥʝ ʪʦʣʴʢʦ ʨʘʜʠʘʣʴʥʘʷ, ʥʦ ʠ ʦʩʝʚʘʷ 

ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʠʣʳ ʨʝʟʘʥʠʷ. ʆʩʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʚʝʣʠʯʠʥʫ 

ʧʦʛʨʝʰʥʦʩʪʠ, ʦʢʘʟʳʚʘʶʪʩʷ ʫʧʨʫʛʠʝ ʦʪʞʘʪʠʷ ʵʣʝʤʝʥʪʦʚ ʩʪʘʥʢʘ. ʇʘʨʘʤʝʪʨʳ ʦʙʨʘʙʦʪʢʠ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʟʘʜʘʥʥʫʶ ʪʦʯʥʦʩʪʴ, ʧʨʝʜʣʦʞʝʥʦ ʦʧʨʝʜʝʣʷʪʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʟʤʝʥʝʥʠʡ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʠʣʳ ʨʝʟʘʥʠʷ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʧʨʦʬʠʣʷ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʟʤʝʥʝʥʠʷʤʠ 

ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʜʘʯʠ ʠ ʫʛʣʘ ʠʥʩʪʨʫʤʝʥʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʨʘʟʣʠʯʥʦʡ ʞʝʩʪʢʦʩʪʠ ʧʝʨʝʜʥʝʡ ʙʘʙʢʠ ʚ ʦʩʝʚʦʤ ʠ ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ ʠ ʠʟʤʝʥʝʥʠʷ 

ʜʠʘʤʝʪʨʘ ʟʘʛʦʪʦʚʢʠ ʚʜʦʣʴ ʧʨʦʬʠʣʷ. 

ɺʚʦʜ ʘʣʛʦʨʠʪʤʦʚ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ʦʙʨʘʙʦʪʢʠ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ 

ʦʧʠʩʘʥʠʠ ʤʝʭʘʥʠʟʤʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʛʨʝʰʥʦʩʪʝʡ, ʚ ʫʧʨʘʚʣʷʶʱʫʶ ʧʨʦʛʨʘʤʤʫ 

ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʬʘʩʦʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ.  
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ʇʆʉʊɸʅʆɺʂɸ ɿɸɼɸʏʀ ʆ ʅɸʍʆɾɼɽʅʀʀ ʊɽʄʇɽʈɸʊʋʈʅʆɻʆ 

ʇʆʃʗ ʇʈʀ ʃɸɿɽʈʅʆʄ ʊɽʈʄʀʏɽʉʂʆʄ ʋʇʈʆʏʅɽʅʀʀ 

PROBLEM OF TEMPERATURE FIELD FINDING AT LASER HARDENING 
ɺ.ɺ. ʄʝʜʚʝʜʝʚ ï ʘʩʧ. 

ɺʦʣʛʦʛʨʘʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

Abstract. Mathematical model for finding the temperature field was produced. It may be useful 

for numerical determination of the temperature field whilst the laser treatment of the 

instrumental cutting edges runs. 

 

ʊʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʧʨʦʮʝʩʩʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ 

ʚʝʱʝʩʪʚʦʤ ʧʦʜʨʦʙʥʦ ʠʟʫʯʝʥʳ ʚ ʨʘʙʦʪʘʭ ɸ.ɻ. ɻʨʠʛʦʨʴʷʥʮʘ, ɸ.ʅ. ʉʘʬʦʥʦʚʘ, ʉ.ʇ. ʄʫʨʟʠʥʘ, 

ʚ ʢʦʪʦʨʳʭ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʝʪʦʚ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʫʧʨʦʱʝʥʥʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ. ʆʜʥʘʢʦ, ʠʩʭʦʜʷ ʠʟ ʘʥʘʣʠʟʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ, ʧʦʛʨʝʰʥʦʩʪʴ ʟʥʘʯʝʥʠʡ ʨʘʩʯʝʪʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 10ï15%. ɹʦʣʝʝ 

ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʠ ʪʦʯʥʳʤ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ. 

ʈʘʩʩʤʦʪʨʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʣʘʟʝʨʥʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʫʧʨʦʯʥʝʥʠʷ 

ʩʪʘʣʴʥʦʛʦ ʙʨʫʩʘ ʥʝʧʨʝʨʳʚʥʳʤ ʣʘʟʝʨʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʩ ʦʜʥʦʤʦʜʦʚʳʤ (TEM00) ʩʦʩʪʘʚʦʤ 

ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ, ʚ ʨʝʞʠʤʝ ʙʝʟ ʦʧʣʘʚʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ (ʨʠʩ.1) ʥʘ ʦʩʥʦʚʝ 

ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʚ ʪʨʝʭʤʝʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ: 
 

( ) ( ) ( ( ) grad( )) 0pT C T T t T Tdiv . 

 
ʈʠʩ.1. ʉʭʝʤʘ ʪʝʧʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

 

ʇʨʠʥʷʪʳʝ ʜʦʧʫʱʝʥʠʷ: 1) ʪʝʧʣʦʚʦʡ ʠʩʪʦʯʥʠʢ ï ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʥʦʨʤʘʣʴʥʦ-ʢʨʫʛʦʚʦʡ 

ʩ ʧʣʦʪʥʦʩʪʴʶ ʤʦʱʥʦʩʪʠ 
1

2 2 2 23 exp 3ʧq P R x y R ; 2) ʩʨʝʜʘ ï ʦʜʥʦʨʦʜʥʘ ʠ 

ʠʟʦʪʨʦʧʥʘ, ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʚʠʩʷʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʟʘʜʘʶʪʩʷ 

ʵʤʧʠʨʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ; 3) ʜʝʡʩʪʚʠʷ ʚʥʫʪʨʝʥʥʠʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʩʪʦʢʦʚ ʪʝʧʣʘ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʬʘʟʦʚʳʤʠ ʧʨʝʚʨʘʱʝʥʠʷʤʠ, ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ; 4) ʢʦʥʚʝʢʮʠʦʥʥʳʡ ʠ ʨʘʜʠʘʮʠʦʥʥʳʡ 

ʪʝʧʣʦʦʙʤʝʥ ʦʪ ʪʦʨʮʝʚʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʝ ʚʚʦʜʠʪʩʷ ʚʚʠʜʫ ʤʘʣʦʩʪʠ ʠʭ ʧʣʦʱʘʜʠ.  

ʂʨʘʝʚʳʝ ʫʩʣʦʚʠʷ: 1) ʜʦ ʥʘʯʘʣʘ ʦʙʨʘʙʦʪʢʠ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦ ʚʩʝʭ ʪʦʯʢʘʭ ʨʘʚʥʘ 

ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 
0( , , ,0)T x y z T; 2) ʩ ʥʘʯʘʣʘ ʠ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʧʨʦʮʝʩʩʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʚ ʦʙʣʘʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ,  x t y  

ʜʝʡʩʪʚʫʝʪ ʥʦʨʤʘʣʴʥʦ-ʢʨʫʛʦʚʦʡ ʠʩʪʦʯʥʠʢ ʪʝʧʣʦʪʳ, ʧʦʣʦʞʝʥʠʝ ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʢʦʨʦʩʪʴʶ v ʦʙʨʘʙʦʪʢʠ ( ) ( , ,0, ) ʧT T x y t z q, ʧʨʠ ,x y ; 3) ʦʙʨʘʙʘʪʳʚʘʝʤʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ ʚʥʝ ʦʙʣʘʩʪʠ ʠʩʪʦʯʥʠʢʘ ʥʘʛʨʝʚʘ ɋ ʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ 

ʦʭʣʘʞʜʘʶʪʩʷ ʚʦʟʜʫʭʦʤ ( ) ( , ,0, ) TT T x y t z q, ʧʨʠ ,x y , ʛʜʝ 
Tq ï ʧʦʣʥʘʷ ʪʝʧʣʦʦʪʜʘʯʘ 

ʩ ʧʦʚʝʨʭʥʦʩʪʠ; 4) ʦʩʪʘʣʴʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʣʘ ʧʨʠʥʠʤʘʶʪʩʷ ʧʘʩʩʠʚʥʳʤʠ 

( , , , ) ( , , , ) 0T y z t x T x z t y . 

ʆʜʥʦ ʠʟ ʚʦʟʤʦʞʥʳʭ ʧʨʠʤʝʥʝʥʠʡ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ï ʪʝʧʣʦʚʦʡ ʨʘʩʯʝʪ ʧʨʠ ʣʘʟʝʨʥʦʤ 

ʫʧʨʦʯʥʝʥʠʠ ʣʝʟʚʠʡʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. 
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ʆʉʆɹɽʅʅʆʉʊʀ ʈɽɸʃʀɿɸʎʀʀ ʄʀɺɸʈʅʆʁ ʂʆʅʎɽʇʎʀʀ 

ɺ ʉʀʉʊɽʄɸʍ ʋʇʈɸɺʃɽʅʀʗ ʄʅʆɻʆʉɺʗɿʅʓʄʀ  

ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʄʀ ʇʈʆʎɽʉʉɸʄʀ ʅɸ ʆʉʅʆɺɽ  

ʏɽʊʂʀʍ ʃʆɻʀʏɽʉʂʀʍ ʈɽɻʋʃʗʊʆʈʆɺ 

FEATURES OF REALIZATION OF THE MIVAR CONCEPT IN CONTROL  

SYSTEMS OF MULTILINKED PROCESSES BASED ON PRECISE LOGIC  

CONTROLLERS 
 

ɽ.ɸ.ʄʫʨʘʚʴʝʚʘ ï ʢ.ʪ.ʥ., ʜʦʮ. 

ʌʠʣʠʘʣ ʌɻɹʆʋ ɺʇʆ çʋʬʠʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

Abstract. Realization of the mivar concept in control systems of multilinked processes based on 

precise logic controllers is suggested. This paper shows features of using both the mivar concept 

and precise term for process control tasks. 

 

ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʤʠʚʘʨʥʦʡ ʢʦʥʮʝʧʮʠʠ ʚ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʜʣʷ ʩʥʠʞʝʥʠʷ ʚʨʝʤʝʥʠ ʦʪʢʣʠʢʘ ʧʦʷʚʠʣʘʩʴ ʧʨʠ 

ʠʭ ʨʝʘʣʠʟʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʯʝʪʢʠʭ ʣʦʛʠʯʝʩʢʠʭ ʨʝʛʫʣʷʪʦʨʦʚ (ʏʃʈ), ʦʩʦʙʝʥʥʦʩʪʴʶ ʢʦʪʦʨʳʭ 

ʷʚʣʷʝʪʩʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʯʝʪʢʠʭ ʪʝʨʤʦʚ. 

ʀʤʝʥʥʦ ʦʥʠ ʩʦʟʜʘʣʠ ʚ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʨʝʜʝ ʣʦʛʠʯʝʩʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʤʥʦʛʦʤʝʨʥʦʛʦ) ʫʩʣʦʚʠʷ ʘʜʝʢʚʘʪʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚʝʨʙʘʣʴʥʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʦʙʲʝʢʪʘʤʠ 

ʧʨʠ ʦʪʨʘʙʦʪʢʝ ʚ ʢʘʞʜʦʤ ʮʠʢʣʝ ʩʢʘʥʠʨʦʚʘʥʠʷ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʘ ʥʝ ʚʩʝʡ ʩʠʩʪʝʤʳ 

ʧʨʦʜʫʢʮʠʦʥʥʳʭ ʧʨʘʚʠʣ, ʘ ʪʦʣʴʢʦ ʝʸ ʥʝʙʦʣʴʰʦʡ ʯʘʩʪʠ, ʘʢʪʫʘʣʴʥʦʡ ʚ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ. 

ɺ ʜʦʢʣʘʜʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ ʧʝʨʝʤʝʥʥʳʭ 

ʣʦʛʠʯʝʩʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʯʝʪʢʠʭ ʪʝʨʤʦʚ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʚ ʵʪʦʡ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʠʤʝʝʪʩʷ ʪʦʣʴʢʦ ʦʜʠʥ ʪʝʨʤ, ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʨʘʚʥʦ ʣʦʛʠʯʝʩʢʦʡ ʝʜʠʥʠʮʝ. 

ʀʤʝʥʥʦ ʵʪʦʪ ʪʝʨʤ ʷʚʣʷʝʪʩʷ ʥʦʩʠʪʝʣʝʤ ʘʢʪʫʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʀ ʧʨʦʚʝʨʷʪʴ ʣʦʛʠʯʝʩʢʦʝ 

ʩʦʩʪʦʷʥʠʝ ʦʩʪʘʣʴʥʳʭ ʪʝʨʤʦʚ ʥʝ ʠʤʝʝʪ ʩʤʳʩʣʘ. ʇʦʵʪʦʤʫ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ 

ʬʘʟʟʠʬʠʢʘʮʠʠ ʘʢʪʠʚʥʳʡ ʪʝʨʤ ʢʘʞʜʦʛʦ ʧʘʨʘʤʝʪʨʘ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʦʛʦ ʥʦʤʝʨʘ ʧʨʘʚʠʣʘ. ʀ ʘʢʪʠʚʠʟʠʨʦʚʘʪʴ ʥʫʞʥʳʡ ʪʝʨʤ ʚʳʭʦʜʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʢʘʢʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʳʡ ʥʦʤʝʨ ʩʪʘʣ ʘʢʪʠʚʝʥ. 

ʕʬʬʝʢʪʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʦʛʦ ʥʦʤʝʨʘ ʩʪʘʥʝʪ ʩʥʠʞʝʥʠʝ ʚʨʝʤʝʥʠ ʦʪʢʣʠʢʘ 

ʨʝʛʫʣʷʪʦʨʘ. 

ʇʨʝʜʣʦʞʝʥʘ ʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʥʦʛʦʤʝʨʥʦʛʦ ʯʝʪʢʦʛʦ 

ʣʦʛʠʯʝʩʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ (ʄʏʃʈ). ʇʨʦʛʨʘʤʤʘ, ʨʝʘʣʠʟʫʶʱʘʷ ʄʏʃʈ, ʧʦʩʪʨʦʝʥʘ ʚ ʚʠʜʝ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʩʠʪʫʘʮʠʦʥʥʳʭ ʧʦʜʧʨʦʛʨʘʤʤ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʚʳʨʘʙʘʪʳʚʘʝʪ 

ʫʧʨʘʚʣʷʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʪʝʨʤʫ, ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ 

ʨʘʚʥʦ ʣʦʛʠʯʝʩʢʦʡ ʝʜʠʥʠʮʝ. ʇʦʵʪʦʤʫ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨ ʚ ʪʝʢʫʱʝʤ ʮʠʢʣʝ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʦʪʨʘʙʘʪʳʚʘʝʪ ʥʝ ʚʩʶ ʩʠʩʪʝʤʫ ʧʨʦʜʫʢʮʠʦʥʥʳʭ ʧʨʘʚʠʣ ʨʝʛʫʣʷʪʦʨʘ, ʘ ʪʦʣʴʢʦ ʦʜʥʫ ʠʟ 

ʫʧʦʤʷʥʫʪʳʭ ʩʠʪʫʘʮʠʦʥʥʳʭ ʧʦʜʧʨʦʛʨʘʤʤ, ʦʙʲʝʤ ʢʦʪʦʨʦʡ ʩʦʩʪʘʚʣʷʝʪ ʥʝʩʢʦʣʴʢʦ ʧʨʦʮʝʥʪʦʚ 

ʦʪ ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʧʨʦʛʨʘʤʤʳ, ʨʝʘʣʠʟʫʶʱʝʡ ʄʏʃʈ. 

ɺ ʜʦʢʣʘʜʝ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʧʨʝʠʤʫʱʝʩʪʚʘʭ ʧʦʩʪʨʦʝʥʠʷ 

ʢʦʤʧʝʥʩʘʪʦʨʦʚ ʚʟʘʠʤʥʦʛʦ ʚʣʠʷʥʠʷ ʢʦʥʪʫʨʦʚ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʄʏʃʈ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ 

ʯʝʪʢʠʭ ʣʦʛʠʯʝʩʢʠʭ ʨʝʛʫʣʷʪʦʨʘʭ ʠʤʝʝʪʩʷ ʙʦʣʴʰʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʣʷ ʩʠʥʪʝʟʘ ʪʘʢʠʭ 

ʢʦʤʧʝʥʩʘʪʦʨʦʚ ʚ ʚʠʜʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ (ʢʦʤʧʝʥʩʠʨʫʶʱʝʡ) ʩʠʩʪʝʤʳ ʧʨʦʜʫʢʮʠʦʥʥʳʭ 

ʧʨʘʚʠʣ. 

ɹʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʤʠʚʘʨʥʦʡ ʪʘʙʣʠʮʳ ʣʦʛʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ ʫʜʘʣʦʩʴ 

ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ ʙʘʟʫ ʧʨʘʚʠʣ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʢʘʣʦʯʥʦʡ ʧʝʯʴʶ ʮʝʦʣʠʪʦʩʦʜʝʨʞʘʱʠʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʣʷ ʢʨʝʢʠʥʛʘ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʠ ʩ ʙʦʣʴʰʠʤ 

ʧʨʦʮʝʥʪʦʤ ʚʳʭʦʜʘ ʩʚʝʪʣʦʛʦ ʤʦʪʦʨʥʦʛʦ ʪʦʧʣʠʚʘ ʥʘ ʦʜʥʫ ʪʦʥʥʫ ʩʳʨʦʡ ʥʝʬʪʠ.  



183 

 

ʄɸʊɽʄɸʊʀʏɽʉʂʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ 

ʕʃɽʂʊʈʆʄɽʍɸʅʀʏɽʉʂʆʁ ʉʀʉʊɽʄʓ ʉ ʇɽʈɽʄɽʅʅʓʄ 

ʄʆʄɽʅʊʆʄ ʀʅɽʈʎʀʀ ɺ ʆɹʃɸʉʊʀ ʇɽʈɺʆɻʆ 

ʇɸʈɸʄɽʊʈʀʏɽʉʂʆɻʆ ʈɽɿʆʅɸʅʉɸ 

MATHEMATICAL MODELING OF ELECTROMECHANICAL SYSTEM WITH 

VARIABLE MOMENT OF INERTIA IN THE REGION OF THE FIRST 

PARAMETRIC RESONANCE 
 

ɼ.ɸ. ʅʝʩʪʝʨʦʚʘ ï ʩʪʫʜ., ɸ.ɺ. ʅʝʩʪʝʨʦʚ ï ʢ.ʪ.ʥ, ʜʦʮ., ʉ.ɺ. ʅʝʩʪʝʨʦʚ ï ʢ.ʪ.ʥ, ʜʦʮ. 

ʂʫʙʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

Abstract. Results of mathematical modeling of electromechanical system with variable moment 

of inertia in the region of the second parametric resonance are offered. The range of change of 

frequency of the moment of inertia in which in system occurrence of the first parametrical 

resonance is possible is defined. 

 

ʉʨʝʜʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʨʦʪʦʨʥʦʛʦ ʪʠʧʘ ʦʩʦʙʳʤʠ ʜʠʥʘʤʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʦʙʣʘʜʘʶʪ ʪʝ ʫʩʪʘʥʦʚʢʠ, ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ (ʄʀ) ʨʦʪʦʨʦʚ ʢʦʪʦʨʳʭ ʠʟʤʝʥʷʝʪʩʷ 

ʧʝʨʠʦʜʠʯʝʩʢʠ. ʕʪʦ ʧʨʠʜʘʝʪ ʠʭ ʵʣʝʢʪʨʦʧʨʠʚʦʜʫ ʩʚʦʡʩʪʚʘ ʧʝʨʠʦʜʠʯʝʩʢʠ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ 

ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ (ʕʄʉ), ʚ ʢʦʪʦʨʦʡ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʚʦʟʤʦʞʝʥ 

ʧʝʨʚʳʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ ʨʝʟʦʥʘʥʩ. ʇʦʩʢʦʣʴʢʫ ʦʥ ʷʚʣʷʝʪʩʷ ʢʨʘʡʥʝ ʥʝʞʝʣʘʪʝʣʴʥʳʤ, 

ʫʩʪʘʥʦʚʣʝʥʠʝ ʫʩʣʦʚʠʡ ʝʛʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠʤʝʝʪ ʚʘʞʥʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ. 

ʇʨʠ ʨʝʰʝʥʠʠ ʵʪʦʡ ʟʘʜʘʯʠ ʜʠʥʘʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʩ ʧʝʨʝʤʝʥʥʳʤ ʄʀ 

ʠ ʞʝʩʪʢʠʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʷʟʷʤʠ ʙʳʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ 

ʦʜʥʦʤʘʩʩʦʚʦʡ ʕʄʉ, ʩʫʤʤʘʨʥʳʡ ʄʀ ʢʦʪʦʨʦʡ ʠʟʤʝʥʷʝʪʩʷ ʧʝʨʠʦʜʠʯʝʩʢʠ 

)cos1()( ʩʨ tJtJ , 

ʛʜʝ ʩʨJ  ï ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʄʀ ʕʄʉ; ,  ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʘʤʧʣʠʪʫʜʘ ʠ 

ʯʘʩʪʦʪʘ ʧʝʨʝʤʝʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʄʀ ʕʄʉ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʪʦʡ ʕʄʉ ʦʧʨʝʜʝʣʝʥ ʜʠʘʧʘʟʦʥ 

ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ ʝʝ ʄʀ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʛʦ ʚ ʩʠʩʪʝʤʝ ʚʦʟʤʦʞʥʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ 

ʧʝʨʚʦʛʦ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʨʝʟʦʥʘʥʩʘ. ɻʨʘʥʠʯʥʳʝ ʟʥʘʯʝʥʠʷ ʯʘʩʪʦʪʳ ʵʪʦʛʦ ʜʠʘʧʘʟʦʥʘ 

ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

2211)1(
2,1 ʤʤʵʵ

2
ʤʵʤʵ 4224 TTTTTTTT , 

ʛʜʝ ɻT  ï ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʧʦʩʪʦʷʥʥʘʷ ʚʨʝʤʝʥʠ ʕʄʉ; ʤT  ï ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʘʷ 

ʧʦʩʪʦʷʥʥʘʷ ʚʨʝʤʝʥʠ ʩʪʘʮʠʦʥʘʨʥʦʡ ʯʘʩʪʠ ʕʄʉ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʠʥʠʤʘʣʴʥʘʷ ʘʤʧʣʠʪʫʜʘ ʄʀ min  ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʝʡ ʯʘʩʪʦʪʘ 

ʝʛʦ ʠʟʤʝʥʝʥʠʷ 
)1(

0 , ʧʨʠ ʢʦʪʦʨʳʭ ʚ ʕʄʉ ʝʱʝ ʚʦʟʤʦʞʝʥ ʧʝʨʚʳʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ 

ʨʝʟʦʥʘʥʩ, ʟʘʚʠʩʷʪ ʪʦʣʴʢʦ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʯʘʩʪʠ ʩʠʩʪʝʤʳ ʵT  ʠ ʤT . 

ɿʘʚʠʩʠʤʦʩʪʴ ),( ʤʵ
)1(

0 TTf  ʠʤʝʝʪ ʵʢʩʪʨʝʤʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. ʇʨʠʯʝʤ ʚʝʣʠʯʠʥʘ 
)1(

0  

ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʨʠ ʵʤ TT , ʢʦʪʦʨʦʝ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ 

ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʧʦʩʪʦʷʥʥʦʡ ʚʨʝʤʝʥʠ ʩʪʘʮʠʦʥʘʨʥʦʡ ʯʘʩʪʠ ʕʄʉ ʤT . 

1)1(
0 ʤmax 2T . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʳ 

ʧʦʟʚʦʣʷʶʪ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʕʄʉ ʩ ʧʝʨʝʤʝʥʥʳʤ ʤʦʤʝʥʪʦʤ ʠʥʝʨʮʠʠ 

ʚʳʙʠʨʘʪʴ ʠʭ ʧʘʨʘʤʝʪʨʳ ʠ ʨʝʞʠʤʳ ʨʘʙʦʪʳ, ʠʩʢʣʶʯʘʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚ 

ʵʪʠʭ ʩʠʩʪʝʤʘʭ ʧʝʨʚʦʛʦ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʨʝʟʦʥʘʥʩʘ.  
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ʆʉʆɹɽʅʅʆʉʊʀ ʄʆɼɽʃʀʈʆɺɸʅʀʗ ʇʈʆʎɽʉʉɸ  

ʄʅʆɻʆʂʆʆʈɼʀʅɸʊʅʆʁ ʕʃɽʂʊʈʆʕʈʆɿʀʆʅʅʆʁ ɺʓʈɽɿʂʀ 

ɺ ʀʅʊɽɻʈʀʈʆɺɸʅʅʓʍ CAD/CAM -ʉʀʉʊɽʄɸʍ  

 

MODELLING PROCESS FEATURES OF THE MULTI-AXIS WIRE  

ELECTRICAL DISCHARGE MACHINE PROGRAMMING  

IN THE INTEGRATED CAD/CAM-SYSTEMS 
 

ɸ.ɸ. ʆʢʫʥʴʢʦʚʘ ï ʢ.ʪ.ʥ., ʩʪ. ʧʨʝʧ., ʚ.ʥ.ʩ. 

ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çʉʊɸʅʂʀʅè 

 

Abstract. The article presents the method of the CNC-machine programming in the integrated 

CAD/CAM-systems by the example of the programming four-axis wire electrical discharge 

machining. 

 

ʇʨʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʜʝʪʘʣʝʡ ʧʨʝʩʩ-ʬʦʨʤ, 

ʰʪʘʤʧʦʚ, ʰʘʙʣʦʥʦʚ, ʬʘʩʦʥʥʳʭ ʨʝʟʮʦʚ ʠ ʪ.ʧ. ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʜʛʦʪʦʚʠʪʴ ʫʧʨʘʚʣʷʶʱʫʶ ʧʨʦʛʨʘʤʤʫ ʥʘ ʩʪʘʥʦʢ ʩ 

ʏʇʋ ʚ ʧʦʣʥʦʤ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʧʦ ʪʦʯʥʦʩʪʠ ʠ ʛʝʦʤʝʪʨʠʠ ʜʝʪʘʣʠ ʩʦʛʣʘʩʥʦ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 3D-ʤʦʜʝʣʠ. ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʦʮʝʩʩʘ ʤʥʦʛʦʢʦʦʨʜʠʥʘʪʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʫ ʩʧʝʮʠʘʣʠʩʪʘ ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ ʪʨʫʜʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʟʦʥʳ ʦʙʨʘʙʦʪʢʠ 

ʜʝʪʘʣʠ ʚ ʢʦʤʧʴʶʪʝʨʥʦʡ ʩʨʝʜʝ, ʥʘʧʨʠʤʝʨ, ʚ ʩʣʫʯʘʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʯʝʪʳʨʝʭ-ʢʦʦʨʜʠʥʘʪʥʦʡ 

ʵʣʝʢʪʨʦʵʨʦʟʠʦʥʥʦʡ ʚʳʨʝʟʢʠ ʜʝʪʘʣʠ, ʚʝʨʭʥʠʡ ʠ ʥʠʞʥʠʡ ʢʦʥʪʫʨ ʢʦʪʦʨʦʡ ʥʝ ʩʦʛʣʘʩʦʚʘʥʥʳ 

ʤʝʞʜʫ ʩʦʙʦʡ. 

ɺ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ CAD/CAM-ʩʠʩʪʝʤʘʭ ʪʨʘʜʠʮʠʦʥʥʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʚʘ ʦʩʥʦʚʥʳʭ 

ʩʧʦʩʦʙʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʨʘʝʢʪʦʨʠʠ ʦʙʨʘʙʦʪʢʠ ʜʝʪʘʣʠ. ʇʝʨʚʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʵʩʢʠʟʠʨʦʚʘʥʠʝ ʦʙʦʠʭ ʢʦʥʪʫʨʦʚ ʚ ʧʘʨʘʣʣʝʣʴʥʦ ʣʝʞʘʱʠʭ ʧʣʦʩʢʦʩʪʷʭ ʩ 

ʫʢʘʟʘʥʠʝʤ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʥʠʤʠ. ɺʪʦʨʦʡ ï ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʚʳʙʦʨ ʩʝʛʤʝʥʪʦʚ 

ʧʦʚʝʨʭʥʦʩʪʠ ʟʦʥʳ ʦʙʨʘʙʦʪʢʠ ʜʝʪʘʣʠ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ ʦʩʥʦʚʥʦʡ ʧʣʦʩʢʦʩʪʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʨʘʙʦʯʝʤʫ ʩʪʦʣʫ ʩʪʘʥʢʘ. 

ʅʘ ʧʨʘʢʪʠʢʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʜʝʪʘʣʠ, ʢʦʣʠʯʝʩʪʚʦ ʩʝʛʤʝʥʪʦʚ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʦʪʦʨʳʭ ʧʦ ʚʝʨʭʥʝʤʫ ʠ ʥʠʞʥʝʤʫ ʢʦʥʪʫʨʫ ʨʘʟʣʠʯʥʦʝ, ʘ ʬʦʨʤʦʦʙʨʘʟʫʶʱʘʷ ʧʦʚʝʨʭʥʦʩʪʴ 

ʤʝʞʜʫ ʢʦʥʪʫʨʘʤʠ ʤʦʞʝʪ ʦʪʩʫʪʩʪʚʦʚʘʪʴ. ɺ ʧʦʜʦʙʥʳʭ ʩʣʫʯʘʷʭ, ʢʦʪʦʨʳʝ ʪʠʧʠʯʥʳ ʜʣʷ 

ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʬʘʩʦʥʥʳʭ ʜʝʪʘʣʝʡ ʩ ʫʥʠʢʘʣʴʥʳʤ ʧʨʦʬʠʣʝʤ, ʥʝʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʥʠ 

ʦʜʠʥ ʠʟ ʫʢʘʟʘʥʥʳʭ ʩʧʦʩʦʙʦʚ. ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʟʦʥʫ ʦʙʨʘʙʦʪʢʠ ʜʝʪʘʣʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʘ ʢʦʥʪʫʨʘ ʧʨʝʜʩʪʘʚʣʷʝʤ ʢʘʢ ʥʝʧʨʝʨʳʚʥʳʡ ʩʧʣʘʡʥʦʚʳʡ ʩʝʛʤʝʥʪ. 

ɿʘʪʝʤ ʧʨʦʘʥʘʣʠʟʠʨʫʝʤ ʚʠʟʫʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʧʦʜʥʫʪʨʝʥʠʡ ʧʦ ʢʦʥʪʫʨʫ 

(ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʫʛʣʘ ʥʘʢʣʦʥʘ ʩʪʝʥʢʠ). ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʠʩʢʣʶʯʠʪʴ ʟʘʨʝʟʳ ʜʝʪʘʣʠ, ʘ ʪʘʢʞʝ 

ʙʣʦʢʠʨʦʚʘʥʠʝ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʜʝʪʘʣʠ ʚ ʟʘʛʦʪʦʚʢʝ, ʨʘʩʧʦʣʦʞʠʤ ʧʦ ʚʝʨʭʥʝʤʫ ʢʦʥʪʫʨʫ ʜʝʪʘʣʠ 

ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ ʫʟʣʦʚ ʩʦʛʣʘʩʦʚʘʥʠʷ. ɼʘʣʝʝ ʚ ʥʠʞʥʝʤ ʢʦʥʪʫʨʝ ʤʦʜʝʣʠ ʚʳʧʦʣʥʷʶʪʩʷ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʧʦʩʪʨʦʝʥʠʷ ʚ ʪʦʯʢʘʭ ʫʟʣʦʚ ʩʦʛʣʘʩʦʚʘʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʘʝʤ 

ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ ʩʦʛʣʘʩʦʚʘʥʥʳʭ ʩʝʛʤʝʥʪʦʚ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʠ, ʢʦʪʦʨʘʷ 

ʩʠʥʭʨʦʥʠʟʠʨʫʝʤ ʚ ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ. ʇʦ ʧʦʣʫʯʝʥʥʦʤʫ ʥʘʙʦʨʫ ʩʝʛʤʝʥʪʦʚ 

ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʠ ʤʦʜʝʣʠʨʫʝʤ ʪʨʘʝʢʪʦʨʠʠ ʦʙʨʘʙʦʪʢʠ ʜʝʪʘʣʠ ʦʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʳ ʨʝʰʝʥʘ ʟʘʜʘʯʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʦʥʳ ʦʙʨʘʙʦʪʢʠ 

ʜʝʪʘʣʠ ʚ ʢʦʤʧʴʶʪʝʨʥʦʡ ʩʨʝʜʝ ʜʣʷ ʜʝʪʘʣʝʡ ʩ ʥʘʣʠʯʠʝʤ ʜʚʫʭ ʥʝʩʦʛʣʘʩʦʚʘʥʥʳʭ ʧʦ ʬʦʨʤʝ ʠ 

ʨʘʟʤʝʨʘʤ ʢʦʥʪʫʨʦʚ ʜʣʷ ʦʧʝʨʘʮʠʠ ʯʝʪʳʨʝʭ-ʢʦʦʨʜʠʥʘʪʥʦʡ ʵʣʝʢʪʨʦʵʨʦʟʠʦʥʥʦʡ ʚʳʨʝʟʢʠ. 

ʈʘʟʨʘʙʦʪʢʘ ʙʳʣʘ ʫʜʦʩʪʦʝʥʘ ʙʨʦʥʟʦʚʦʡ ʤʝʜʘʣʠ ʠ ʜʠʧʣʦʤʘ ʥʘ 10-ʡ ʶʙʠʣʝʡʥʦʤ 

ʄʝʞʜʫʥʘʨʦʜʥʦʤ ʩʘʣʦʥʝ ʠʟʦʙʨʝʪʝʥʠʡ çʂʦʥʢʫʨʩ ʃʝʧʠʥè ʛ. ʇʘʨʠʞʝ (ʌʨʘʥʮʠʷ), ʢʦʪʦʨʳʡ 

ʧʨʦʭʦʜʠʣ ʩ 28 ʘʧʨʝʣʷ ʧʦ 8 ʤʘʷ 2011 ʛ. 
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DEVELOPMENT OF HIGHLY PRODUCTIVE METHOD OF TUBE CUTTING 
 

ɸ.ɸ.ʇʣʝʰʘʢʦʚ 

ɺʦʣʛʦʛʨʘʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

Abstract. In this work author makes an attempt to develop a highly productive method of tube 

cutting. It is based on whirling kinematics and includes separation of carbide-tipped cutting tools 

into groups with similar cutting properties. The method ensures high productivity for account of 

increased cutters lifetime and minimized servicing time required for tool change.  

 

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʜʣʷ ʤʝʪʦʜʘ ʚʳʙʨʘʥʘ ʚʠʭʨʝʚʘʷ ʩʭʝʤʘ ʨʝʟʘʥʠʷ, ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʝʤʘʷ ʥʘ ʪʨʫʙʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ. ʇʨʘʢʪʠʢʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʳʷʚʠʣʘ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ 

ʵʪʦʡ ʩʭʝʤʳ. ʉʨʝʜʠ ʥʠʭ ï ʦʪʩʫʪʩʪʚʠʝ ʥʘʜʝʞʥʦʡ ʤʝʪʦʜʠʢʠ ʥʘʟʥʘʯʝʥʠʷ ʨʝʞʠʤʦʚ ʨʝʟʘʥʠʷ ʠ, 

ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʜʘʥʥʦʡ ʩʪʦʡʢʦʩʪʠ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʧʨʦʠʟʚʦʜʠʪʝʣʴ ʩʪʘʥʢʘ ʨʝʢʦʤʝʥʜʫʝʪ ʨʝʞʠʤʳ ʨʝʟʘʥʠʷ ʜʣʷ ʪʚʝʨʜʦʩʧʣʘʚʥʳʭ 

ʧʣʘʩʪʠʥ ʦʧʨʝʜʝʣʝʥʥʦʡ ʤʘʨʢʠ. ʆʜʥʘʢʦ, ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ ʜʨʫʛʦʡ ʤʘʨʢʠ 

ʠʣʠ ʠʥʩʪʨʫʤʝʥʪʘ ʪʦʡ ʞʝ ʤʘʨʢʠ, ʥʦ ʜʨʫʛʦʛʦ ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʨʝʞʠʤʳ ʨʝʟʘʥʠʷ ʫʞʝ ʥʝ 

ʷʚʣʷʶʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤʠ ʠ ʥʝ ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʪʴ ʪʨʝʙʫʝʤʦʡ ʩʪʦʡʢʦʩʪʠ ʠʥʩʪʨʫʤʝʥʪʘ. 

ʇʨʘʢʪʠʢʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʝʧʦʩʪʦʷʥʩʪʚʦ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ ʜʘʞʝ ʚ ʨʘʤʢʘʭ ʦʜʥʦʡ ʧʘʨʪʠʠ 

ʪʚʝʨʜʦʩʧʣʘʚʥʳʭ ʧʣʘʩʪʠʥ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʟʥʘʯʠʪʝʣʴʥʦʝ (ʜʦ 200%) ʨʘʩʭʦʞʜʝʥʠʝ ʨʘʩʯʝʪʥʦʛʦ 

ʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʦʚ ʩʪʦʡʢʦʩʪʠ ʠʥʩʪʨʫʤʝʥʪʘ. ʇʣʘʩʪʠʥʳ ʠʟʥʘʰʠʚʘʶʪʩʷ 

ʥʝʨʘʚʥʦʤʝʨʥʦ, ʵʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʥʘʜʝʞʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʨʝʟʢʠ ʪʨʫʙʥʦʛʦ ʧʨʦʢʘʪʘ ʠ 

ʝʛʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʟʘ ʩʯʝʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʚʨʝʤʝʥʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʩʪʘʥʢʘ, 

ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʟʘʤʝʥʳ ʠʟʥʦʩʠʚʰʠʭʩʷ ʧʣʘʩʪʠʥ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʨʘʟʜʝʣʝʥʠʷ ʨʝʞʫʱʝʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ, ʧʦʩʪʫʧʘʶʱʝʛʦ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʥʘ ʛʨʫʧʧʳ ʧʦ ʟʥʘʯʝʥʠʶ ʨʝʞʫʱʠʭ ʩʚʦʡʩʪʚ. 

ɺʠʭʨʝʚʘʷ ʨʘʟʨʝʟʥʘʷ ʛʦʣʦʚʢʘ ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʣʝʟʚʠʡʥʳʤ ʩʙʦʨʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ. ɺ 

ʦʜʥʫ ʛʦʣʦʚʢʫ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʦʪ 11 ʜʦ 18 ʪʚʝʨʜʦʩʧʣʘʚʥʳʭ ʧʣʘʩʪʠʥ. ɻʦʣʦʚʢʘ ʩʯʠʪʘʝʪʩʷ 

ʚʳʰʝʜʰʝʡ ʠʟ ʩʪʨʦʷ, ʢʦʛʜʘ ʠʟʥʘʰʠʚʘʝʪʩʷ ʦʜʥʘ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʧʣʘʩʪʠʥ ʠ ʜʘʣʴʥʝʡʰʘʷ 

ʦʙʨʘʙʦʪʢʘ ʩʪʘʥʦʚʠʪʩʷ ʥʝʚʦʟʤʦʞʥʦʡ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʪʨʝʙʫʝʪʩʷ ʦʩʪʘʥʦʚ ʩʪʘʥʢʘ, 

ʦʧʨʝʜʝʣʝʥʠʝ ʢʨʠʪʠʯʝʩʢʠ ʠʟʥʦʩʠʚʰʠʭʩʷ ʧʣʘʩʪʠʥ ʠ ʠʭ ʟʘʤʝʥʘ. ʕʪʠ ʜʝʡʩʪʚʠʷ ʪʨʝʙʫʶʪ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʚʨʝʤʝʥʠ. ʀʜʝʷ ʤʝʪʦʜʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʝʩʣʠ ʚʝʩʴ ʥʘʙʦʨ ʧʣʘʩʪʠʥ 

ʙʫʜʝʪ ʦʙʣʘʜʘʪʴ ʙʣʠʟʢʠʤʠ ʧʦ ʟʥʘʯʝʥʠʶ ʨʝʞʫʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʪʦ ʚʩʝ ʧʣʘʩʪʠʥʳ ʙʫʜʫʪ 

ʠʟʥʘʰʠʚʘʪʴʩʷ ʨʘʚʥʦʤʝʨʥʦ. ʊʦʛʜʘ ʧʨʠ ʦʩʪʘʥʦʚʝ ʟʘʤʝʥʷʪʴʩʷ ʙʫʜʫʪ ʥʝ ʦʪʜʝʣʴʥʳʝ ʧʣʘʩʪʠʥʳ, 

ʘ ʚʩʷ ʨʝʞʫʱʘʷ ʛʦʣʦʚʢʘ. ʕʪʦ ʜʝʡʩʪʚʠʝ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʠʭ ʟʘʪʨʘʪ ʚʨʝʤʝʥʠ ʠ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʝʞʝ. 

ɺ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʦʮʝʥʢʠ ʨʝʞʫʱʠʭ ʩʚʦʡʩʪʚ ʪʚʝʨʜʦʩʧʣʘʚʥʳʭ ʧʣʘʩʪʠʥ ʚ ʤʝʪʦʜʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʝʣʠʯʠʥʘ ʪʝʨʤʦʕɼʉ ʧʨʦʙʥʦʛʦ (ʪʝʩʪʦʚʦʛʦ) ʧʨʦʭʦʜʘ. ʕʪʘ ʚʝʣʠʯʠʥʘ ʠʤʝʝʪ 

ʭʦʨʦʰʫʶ ʩʭʦʜʠʤʦʩʪʴ ʩ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʨʦʚʝʨʷʝʤʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. 

ʇʨʦʙʥʳʡ ʧʨʦʭʦʜ ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩ ʧʦʤʦʱʴʶ ʦʪʜʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʚʝʣʠʯʠʥ ʪʝʨʤʦʕɼʉ ʧʨʦʙʥʦʛʦ ʧʨʦʭʦʜʘ ʧʘʨʪʠʷ ʠʥʩʪʨʫʤʝʥʪʘ 

ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʛʨʫʧʧʳ ʩ ʙʣʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʚʝʣʠʯʠʥ, ʠʟ ʢʦʪʦʨʳʭ ʟʘʪʝʤ ʬʦʨʤʠʨʫʶʪ 

ʥʘʙʦʨʳ ʜʣʷ ʨʝʞʫʱʠʭ ʛʦʣʦʚʦʢ. ʂʘʞʜʦʡ ʛʨʫʧʧʝ ʧʣʘʩʪʠʥ ʥʘʟʥʘʯʘʶʪʩʷ ʩʚʦʠ ʨʝʞʠʤʳ ʨʝʟʘʥʠʷ, 

ʧʨʠʯʝʤ ʛʨʫʧʧʝ ʩ ʤʝʥʴʰʠʤ ʟʥʘʯʝʥʠʝʤ ʚʝʣʠʯʠʥʳ ʪʝʨʤʦʕɼʉ ʧʨʦʙʥʦʛʦ ʧʨʦʭʦʜʘ ʥʘʟʥʘʯʘʶʪʩʷ 

ʤʝʥʴʰʠʝ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ ʠ ʧʦʜʘʯʠ, ʯʝʤ ʛʨʫʧʧʝ ʩ ʙʦʣʴʰʠʤ ʟʥʘʯʝʥʠʝʤ ʚʝʣʠʯʠʥʳ 

ʪʝʨʤʦʕɼʉ ʧʨʦʙʥʦʛʦ ʧʨʦʭʦʜʘ. 

ʄʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦ ʩʦʢʨʘʪʠʪʴ ʧʦʛʨʝʰʥʦʩʪʴ ʨʘʩʯʝʪʘ ʧʦ ʩʪʦʡʢʦʩʪʠ ʜʦ 

10% ʦʪ ʟʘʜʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʯʪʦ ʩʯʠʪʘʝʪʩʷ  ʧʨʠʝʤʣʝʤʳʤ ʜʣʷ ʟʘʚʦʜʩʢʦʡ ʧʨʘʢʪʠʢʠ. 
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ʊʫʣʴʩʢʠʡ ʇʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʀʥʩʪʠʪʫʪ 

 

Abstract. After analyzing the various systems of modern technological equipment for machine 

tools NC, identifying their typical pats and modules, as well as spatial-dimensional 

communications between the application has been developed to system of the automated 

designing çʂʆʄʇɸʉ-3Dè, with allows to synthesize the special technological equipped with 

automatic generation of design documentation to it. 

 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʙʦʣʴʰʠʥʩʪʚʦ ʧʨʝʜʧʨʠʷʪʠʡ ʧʝʨʝʰʣʦ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʝ, 

ʦʩʥʘʱʸʥʥʦʝ ʯʠʩʣʦʚʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʦʩʥʘʱʝʥʠʝʤ (ʩʪʘʥʢʠ ʩ ʏʇʋ) ʠ, ʭʦʪʷ, ʦʩʥʦʚʥʳʤ 

ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʪʘʢʠʭ ʩʪʘʥʢʦʚ ʷʚʣʷʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʝ ʠʩʢʣʶʯʝʥʠʝ ʨʫʯʥʦʛʦ ʪʨʫʜʘ ʚ 

ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ ʩʪʘʥʢʦʤ ʟʘʛʦʪʦʚʢʠ, ʩʘʤ ʧʦ ʩʝʙʝ ʩʪʘʥʦʢ ʙʝʩʧʦʤʦʱʝʥ. ʏʪʦʙʳ ʩʪʘʥʦʢ 

ʪʦʯʥʦ ʚʳʧʦʣʥʠʣ ʪʨʝʙʫʝʤʫʶ ʟʘʜʘʯʫ, ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʧʨʦʛʨʘʤʤʫ, ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ 

ʚʳʧʦʣʥʝʥʠʝ ʥʝʦʙʭʦʜʠʤʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ. ʇʨʠ ʵʪʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ 

ʪʝʭʥʦʣʦʛ ʜʦʣʞʝʥ ʛʨʘʤʦʪʥʦ ʚʳʙʨʘʪʴ ʠʥʩʪʨʫʤʝʥʪ ʠ ʦʩʥʘʩʪʢʫ ʢ ʩʪʘʥʢʫ, ʜʣʷ ʯʝʛʦ ʝʤʫ 

ʥʝʦʙʭʦʜʠʤʦ ʙʫʜʝʪ ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʙʦʣʴʰʠʤ ʧʝʨʝʯʥʝʤ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʢʘʪʘʣʦʛʦʚ, 

ʦʪʦʙʨʘʪʴ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʨʷʜʘ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʦʩʥʘʩʪʢʠ, ʠʤʝʶʱʠʭʩʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʠ 

ʚʳʙʨʘʪʴ ʥʝʦʙʭʦʜʠʤʳʡ.  

ʇʨʦʮʝʩʩ ʦʟʥʘʢʦʤʣʝʥʠʷ ʩ ʦʩʥʘʱʸʥʥʦʩʪʴʶ ʧʨʝʜʧʨʠʷʪʠʷ ʟʘʥʠʤʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ 

ʚʨʝʤʝʥʠ, ʘ ʝʩʣʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʙʦʣʴʰʘʷ ʥʦʤʝʥʢʣʘʪʫʨʘ ʧʨʠʤʝʥʷʝʤʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, ʪʦ 

ʦʟʥʘʢʦʤʠʪʴʩʷ ʩʦ ʚʩʝʤ ʧʝʨʝʯʥʝʤ ʦʩʥʘʩʪʢʠ ʠ, ʯʪʦ ʩʘʤʦʝ ʛʣʘʚʥʦʝ, ʫʜʝʨʞʠʚʘʪʴ ʵʪʦʪ ʦʙʲʸʤ 

ʠʥʬʦʨʤʘʮʠʠ ʚ ʧʘʤʷʪʠ, ʩʪʘʥʦʚʠʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʪʨʫʜʥʦʚʳʧʦʣʥʠʤʦʡ ʟʘʜʘʯʝʡ. ʇʦʵʪʦʤʫ 

ʢʦʣʣʝʢʪʠʚ ʥʘʰʝʡ ʛʨʫʧʧʳ ʢʘʬʝʜʨʳ ʊʝʭʥʦʣʦʛʠʠ ʄʘʰʠʥʦʩʪʨʦʝʥʠʷ ʟʘʜʘʣʩʷ ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ 

ʙʠʙʣʠʦʪʝʢʠ ʩʫʱʝʩʪʚʫʶʱʝʡ ʦʩʥʘʩʪʢʠ ʢ ʩʪʘʥʢʘʤ ʩ ʏʇʋ (ʪʦʢʘʨʥʳʤ ʠ ʬʨʝʟʝʨʥʳʤ) ʠ 

ʨʘʟʨʘʙʦʪʘʣ ʧʨʦʛʨʘʤʤʫ, ʧʦʟʚʦʣʷʶʱʫʶ ʚʳʙʨʘʪʴ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʦʝ ʦʩʥʘʱʝʥʠʝ ʩʪʘʥʢʘ 

ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʢʦʥʢʨʝʪʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʟʘʜʘʯʠ. ɼʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ, ʢʘʢ ʧʨʠʣʦʞʝʥʠʝ 

ʢ ʩʠʩʪʝʤʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʂʆʄʇɸʉ-3D, ʧʦʟʚʦʣʷʝʪ ʩʠʥʪʝʟʠʨʦʚʘʪʴ 

ʩʧʝʮʠʘʣʴʥʦʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʩʥʘʱʝʥʠʝ ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʬʦʨʤʠʨʦʚʘʥʠʝʤ 

ʢʦʥʩʪʨʫʢʪʦʨʩʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʚʳʙʨʘʪʴ ʠʟ 

ʠʤʝʶʱʝʛʦʩʷ ʩʧʝʮʠʘʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʥʝʦʙʭʦʜʠʤʳʡ ʠ ʩʦʩʪʘʚʠʪʴ ʠʟ ʠʤʝʶʱʝʛʦʩʷ 

ʩʧʝʮʠʘʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ, ʧʫʪʸʤ ʩʦʯʣʝʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʩʧʝʮʠʘʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. 

ʀʥʪʝʨʬʝʡʩ ʩʧʝʮʠʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦ ʚʳʙʦʨʫ ʪʠʧʦʚʳʭ ʤʦʜʫʣʝʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʘʩʪʢʠ ʠ ʩʠʥʪʝʟʘ ʥʘ ʠʭ ʦʩʥʦʚʝ ʵʣʝʤʝʥʪʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʩʥʘʱʝʥʠʷ 

ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʦʧʝʨʘʮʠʡ, ʦʙʝʩʧʝʯʠʚʘʝʪ: ʚʳʙʦʨ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʬʠʨʤʳ ʧʨʦʠʟʚʦʜʠʪʝʣʷ 

ʦʩʥʘʱʝʥʠʷ, ʚʳʙʦʨ ʪʠʧʘ ʠ ʧʘʨʘʤʝʪʨʦʚ ʦʩʥʘʱʝʥʠʷ (ʪʠʧ ʧʘʪʨʦʥʘ, ʰʧʠʥʜʝʣʴʥʦʡ ʛʦʣʦʚʢʠ), 

ʧʨʠ ʵʪʦʤ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʚʠʜʝʪʴ ʠʟʦʙʨʘʞʝʥʠʝ ʫʞʝ ʚʳʙʨʘʥʥʦʛʦ ʠʤ ʦʩʥʘʱʝʥʠʷ. ʇʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʣʝʛʢʦ ʟʘʤʝʥʠʪʴ ʪʦʪ ʠʣʠ ʠʥʦʡ ʤʦʜʫʣʴ ʦʩʥʘʩʪʢʠ ʠʣʠ 

ʧʘʨʘʤʝʪʨ ʤʦʜʫʣʷ, ʧʨʠ ʵʪʦʤ ʧʨʦʛʨʘʤʤʘ ʩʢʦʨʨʝʢʪʠʨʫʝʪ ʠʟʦʙʨʘʞʝʥʠʝ, ʘ ʪʘʢʞʝ ʚʩʝ ʜʘʥʥʳʝ ʧʦ 

ʚʚʝʜʸʥʥʳʤ ʠʟʤʝʥʝʥʠʷʤ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʤʦʛʫʪ ʙʳʪʴ ʧʝʨʝʜʘʥʳ CAM-ʧʨʠʣʦʞʝʥʠʶ 

ɺʝʨʪʠʢʘʣʴ, ʛʜʝ ʙʫʜʝʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʤʘʨʰʨʫʪʥʘʷ ʢʘʨʪʘ. 
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ʄʦʩʢʦʚʩʢʠʡ ʘʚʪʦʤʦʙʠʣʴʥʦ-ʜʦʨʦʞʥʳʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

 

Abstract. Mivar technologies allow creating a new generation of the information systems 

accumulating a great number of data and processing unlimited quantity of logical rules. Such 

systems allow realizing work with a complex and unlimited context. Hence, computers start 

working with the sense of information and the logic artificial intellect is arisen! 

 

ʄʠʚʘʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ ʵʚʦʣʶʮʠʦʥʥʦ ʥʘʢʘʧʣʠʚʘʪʴ ʣʶʙʳʝ ʦʙʲʝʤʳ 

ʜʘʥʥʳʭ ʠ ʣʦʛʠʯʝʩʢʠ ʦʙʨʘʙʘʪʳʚʘʪʴ ʠʭ ʩ ʣʠʥʝʡʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʴʶ. ʅʘ ʦʩʥʦʚʝ 

ʤʠʚʘʨʦʚ ʩʦʟʜʘʥ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʋɼɸɺ, ʢʦʪʦʨʳʡ ʦʙʨʘʙʘʪʳʚʘʝʪ ʙʦʣʝʝ 1,17 ʤʣʥ 

ʧʝʨʝʤʝʥʥʳʭ ʠ ʙʦʣʝʝ 3,5 ʤʣʥ ʧʨʘʚʠʣ ʥʘ ʦʙʳʯʥʳʭ ʢʦʤʧʴʶʪʝʨʘʭ ʠ ʥʦʫʪʙʫʢʘʭ.  

ʄʠʚʘʨʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʥʘ ʥʦʚʦʤ ʫʨʦʚʥʝ ʧʝʨʝʡʪʠ ʢ ʨʘʙʦʪʝ ʩ ʙʦʣʴʰʠʤʠ 

ʢʦʥʪʝʢʩʪʘʤʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʤʦʜʝʣʷʤʠ ʧʨʝʜʤʝʪʥʳʭ ʦʙʣʘʩʪʝʡ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʦʚʨʝʤʝʥʥʳʭ ʟʘʜʘʯ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ, ʚʢʣʶʯʘʷ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʦʙʨʘʟʦʚ, ʧʦʠʩʢ 

ʠʥʬʦʨʤʘʮʠʠ, ʧʝʨʝʚʦʜ ʠ ʘʥʥʦʪʠʨʦʚʘʥʠʝ ʪʝʢʩʪʦʚ, ʘ ʪʘʢʞʝ ʚ ʜʨʫʛʠʭ ʧʨʦʙʣʝʤʘʭ ʦʙʣʘʩʪʠ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʙʦʪʳ ʩ ʦʛʨʦʤʥʳʤʠ ʠ 

ʩʪʨʫʢʪʫʨʥʦ ʩʣʦʞʥʳʤʠ ʢʦʥʪʝʢʩʪʘʤʠ. ʇʦ ʩʫʱʝʩʪʚʫ, ʢʦʥʪʝʢʩʪ - ʵʪʦ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ 

ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʚ ʢʦʪʦʨʦʡ ʝʩʪʴ ʜʘʥʥʳʝ ʠ ʧʨʘʚʠʣʘ ʠʭ ʦʙʨʘʙʦʪʢʠ. ɺ ʦʧʨʝʜʝʣʝʥʥʦʤ 

ʩʤʳʩʣʝ, ʘʜʝʢʚʘʪʥʳʡ ʢʦʥʪʝʢʩʪ ʠ ʝʩʪʴ "ʩʤʳʩʣ ʠʥʬʦʨʤʘʮʠʠ".  

ʆʜʥʦʚʨʝʤʝʥʥʦʩʪʴ ʥʘʢʦʧʣʝʥʠʷ ʬʘʢʪʦʚ ʠ ʦʙʨʘʙʦʪʢʠ ʤʠʣʣʠʦʥʦʚ ʧʨʘʚʠʣ ʚ ʤʠʚʘʨʥʳʭ 

ʩʠʩʪʝʤʘʭ ʧʦʟʚʦʣʷʶʪ ʧʝʨʝʡʪʠ ʢ ʩʦʟʜʘʥʠʶ ʩʣʦʞʥʳʭ ʠ ʤʥʦʛʦʫʨʦʚʥʝʚʳʭ ʢʦʥʪʝʢʩʪʦʚ ʠ 

ʘʜʝʢʚʘʪʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʧʨʝʜʤʝʪʥʳʭ ʦʙʣʘʩʪʝʡ. ʉʣʦʞʥʳʝ ʢʦʥʪʝʢʩʪʳ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʧʦʟʚʦʣʷʪ ʥʘ ʥʦʚʦʤ ʫʨʦʚʥʝ ʨʝʰʘʪʴ ʚʩʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʟʘʜʘʯʠ ʥʘ ʦʩʥʦʚʝ ʨʘʙʦʪʳ 

"ʢʦʤʧʴʶʪʝʨʦʚ ʩʦ ʩʤʳʩʣʦʤ ʠʥʬʦʨʤʘʮʠʠ". ʂʘʢ ʪʦʣʴʢʦ ʢʦʤʧʴʶʪʝʨʳ ʥʘʯʥʫʪ ʨʘʙʦʪʘʪʴ ʩʦ 

ʩʤʳʩʣʦʤ, ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʩʦʟʜʘʥʠʠ ʧʦʣʥʦʮʝʥʥʦʛʦ ʣʦʛʠʯʝʩʢʦʛʦ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ. ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʚʦʟʤʦʞʥʦʩʪʠ ʤʠʚʘʨʦʚ ʧʦ ʩʦʟʜʘʥʠʶ 

ʩʣʦʞʥʳʭ ʢʦʥʪʝʢʩʪʦʚ ʥʝ ʦʙʥʘʨʫʞʝʥʳ, ʪ.ʢ. ʚʦʟʤʦʞʥʦʩʪʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʢʦʤʧʴʶʪʝʨʥʳʭ 

ʩʠʩʪʝʤ, ʦʙʲʝʜʠʥʝʥʥʳʭ ʩʝʪʷʤʠ ʠ ʛʨʠʜ-ʪʝʭʥʦʣʦʛʠʷʤʠ, ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟʛʨʘʥʠʯʥʳ. 

   
ʄʠʚʘʨʳ => ɹɼ + ʃʦʛʠʢʘ => ʂʦʥʪʝʢʩʪ => ʉʤʳʩʣ => ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ! 

ɺʳʚʦʜ. ʄʠʚʘʨʳ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ ʥʦʚʦʝ ʧʦʢʦʣʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, 

ʥʘʢʘʧʣʠʚʘʶʱʠʭ ʦʛʨʦʤʥʳʝ ʦʙʲʝʤʳ ʜʘʥʥʳʭ ʠ ʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʥʝʦʛʨʘʥʠʯʝʥʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʣʦʛʠʯʝʩʢʠʭ ʧʨʘʚʠʣ. ʊʘʢʠʝ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʶʪ ʨʝʘʣʠʟʦʚʘʪʴ ʨʘʙʦʪʫ ʩʦ ʩʣʦʞʥʳʤ 

ʠ ʥʝʦʛʨʘʥʠʯʝʥʥʳʤ ʢʦʥʪʝʢʩʪʦʤ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʦʤʧʴʶʪʝʨʳ ʥʘʯʠʥʘʶʪ ʨʘʙʦʪʘʪʴ ʩʦ 

ʩʤʳʩʣʦʤ ʠʥʬʦʨʤʘʮʠʠ ʠ ʨʦʞʜʘʝʪʩʷ ʣʦʛʠʯʝʩʢʠʡ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ! 
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Abstract. In article discribed university complex efficiency improvement through the technique 

implementation for the management effectiveness evaluation. Proposed special features for the 

decision making process automation: simulation modeling tools application for the decision 

making process improvement. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʦʪʥʦʰʝʥʠʷ, 

ʨʝʘʣʠʟʫʝʤʳʝ ʚ ʧʨʦʮʝʩʩʝ ʫʧʨʘʚʣʝʥʠʷ ʦʙʲʝʢʪʘʤʠ ʫʥʠʚʝʨʩʠʪʝʪʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. ɺ ʭʦʜʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʩʪʘʥʦʚʢʘ ʚʦʧʨʦʩʘ ʦ ʩʧʝʮʠʬʠʢʝ ʪʝʢʫʱʝʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʫʥʠʚʝʨʩʠʪʝʪʩʢʠʤ ʢʦʤʧʣʝʢʩʦʤ ʠ ʚʝʨʦʷʪʥʦʛʦ ʵʪʘʣʦʥʥʦʛʦ.  

ʆʩʦʙʝʥʥʦʩʪʴ ʨʝʟʫʣʴʪʠʨʫʶʱʝʡ, ʵʪʘʣʦʥʥʦʡ ʤʦʜʝʣʠ ʫʧʨʘʚʣʝʥʠʷ ʩʦʮʠʘʣʴʥʦ-

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ, ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʪʨʘʞʝʥʠʠ ʜʚʫʭ ʚʝʢʪʦʨʦʚ ʦʮʝʥʢʠ ʩʠʩʪʝʤʳ: 

ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ; ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ. 

ʆʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ, ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʥʘʣʠʯʠʝ ʫ ʣʠʮʘ, 

ʧʨʠʥʠʤʘʶʱʝʛʦ ʨʝʰʝʥʠʷ ʜʘʥʥʳʭ, ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʨʝʰʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʨʢʠ 

ʧʨʠʤʝʥʠʤʦʩʪʠ ʵʪʦʛʦ ʨʝʰʝʥʠʷ ʧʦʩʣʝ ʝʛʦ ʚʳʨʘʙʦʪʢʠ. ɺʪʦʨʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʦʮʝʥʢʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʚʷʟʘʥʘ ʩ ʪʝʨʤʠʥʦʤ çʜʝʷʪʝʣʴʥʦʩʪʴè ʠ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʫʩʧʝʭ ʦʨʛʘʥʠʟʘʮʠʠ ʚ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʝʸ ʫʯʘʩʪʥʠʢʦʚ ʠ ʧʘʨʪʥʸʨʦʚ. ʆʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʦʨʛʘʥʠʟʘʮʠʠ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʪʘʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʦʥʩʦʣʠʜʠʨʦʚʘʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʢʦʪʦʨʦʝ 

ʩʬʦʨʤʠʨʦʚʘʥʦ ʜʣʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʚ ʮʝʣʦʤ ʠ ʝʸ ʦʙʲʝʢʪʦʚ ʚ ʯʘʩʪʥʦʩʪʠ.  

ʇʨʝʜʣʦʞʝʥʥʘʷ ʘʚʪʦʨʩʢʘʷ ʤʝʪʦʜʠʢʘ ʚʳʷʚʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʫʧʨʘʚʣʝʥʠʷ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʢʘʢ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ 

ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʪʘʢ ʠ ʨʘʟʨʘʙʦʪʢʫ ʫʥʠʢʘʣʴʥʦʛʦ ʥʘʙʦʨʘ ʧʦʢʘʟʘʪʝʣʝʡ, 

ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʦʪʥʦʰʝʥʠʡ.  

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩ ʮʝʣʴʶ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʢʫʱʝʛʦ ʧʨʦʮʝʩʩʘ ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʡ, ʧʨʠʤʝʥʷʣʘʩʴ ʩʨʝʜʘ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ Arena. ʇʦʩʪʨʦʝʥʥʘʷ ʚ ʵʪʦʡ 

ʩʨʝʜʝ ʠʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ çʢʘʢ ʝʩʪʴè ʠ çʢʘʢ ʜʦʣʞʥʦ ʙʳʪʴè ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ  

ʝʜʠʥʳʤʠ ʠʩʭʦʜʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʣʷ ʚʩʝʭ ʩʫʱʥʦʩʪʝʡ, ʠʩʩʣʝʜʫʝʤʳʭ ʚ ʤʦʜʝʣʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʤʠʪʘʮʠʠ ʥʦʨʤʠʨʦʚʘʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: ʢʦʣʠʯʝʩʪʚʦ ʟʘʷʚʦʢ (ʩʫʱʥʦʩʪʝʡ) ʧʦ 

ʢʦʣʠʯʝʩʪʚʫ ʧʦʩʪʫʧʠʚʰʠʭ ʚ ʩʠʩʪʝʤʫ ʟʘʷʚʦʢ, ʚʨʝʤʷ ʧʨʝʙʳʚʘʥʠʷ ʚ ʩʠʩʪʝʤʝ ʟʘʷʚʦʢ 

(ʩʫʱʥʦʩʪʝʡ) ʥʦʨʤʠʨʦʚʘʥʳ ʧʦ ʦʙʱʝʤʫ ʚʨʝʤʝʥʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʉʦʛʣʘʩʥʦ ʠʪʦʛʦʚʦʡ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ çʢʘʢ ʜʦʣʞʥʦ ʙʳʪʴè, ʫʤʝʥʴʰʝʥʠʷ 

ʚʨʝʤʝʥʠ ʛʝʥʝʨʘʮʠʠ ʠʪʦʛʦʚʦʛʦ ʨʝʰʝʥʠʷ ʩʣʝʜʫʝʪ ʦʞʠʜʘʪʴ ʥʘ ʫʨʦʚʥʝ ʥʝ ʤʝʥʝʝ 40%, 

ʫʤʝʥʴʰʝʥʠʷ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʣʠʮ ʧʨʠʥʠʤʘʶʱʠʭ ʨʝʰʝʥʠʷ ʥʝ ʤʝʥʝʝ ʯʝʤ ʥʘ 10% ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʴʶ ʚʘʨʠʘʥʪʘ çʢʘʢ ʝʩʪʴè. ʉʦʟʜʘʥʥʘʷ ʠʤʠʪʘʮʠʦʥʥʘʷ 

ʤʦʜʝʣʴ ʚ ʜʚʫʭ ʚʘʨʠʘʥʪʘʭ ʚʢʣʶʯʝʥʘ ʚ ʢʦʤʧʣʝʢʩ ʩʨʝʜʩʪʚ ʩʨʝʜʳ ʘʥʘʣʠʟʘ ʫʧʨʘʚʣʷʶʱʠʭ 

ʚʦʟʜʝʡʩʪʚʠʡ ʩ ʮʝʣʴʶ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʮʝʥʦʢ ʚʨʝʤʝʥʠ ʛʝʥʝʨʘʮʠʠ ʠ ʜʘʣʴʥʝʡʰʝʛʦ ʢʦʥʪʨʦʣʷ 

ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ.  

ʋʢʘʟʘʥʥʳʡ ʢʦʤʧʣʝʢʩ ʤʝʨ ʜʦʧʦʣʥʷʝʪ ʩʠʩʪʝʤʫ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʧʦʚʳʰʝʥʠʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ, ʪʘʢ ʢʘʢ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʩʙʦʨ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʘʨʘʤʝʪʨʘʭ ʫʧʨʘʚʣʝʥʠʷ ʠ 

ʚʢʣʶʯʘʝʪ ʩʭʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʦʙʲʝʢʪʦʤ ʥʘ ʦʩʥʦʚʝ ʧʨʝʜʣʦʞʝʥʥʦʡ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ʇʨʠ ʵʪʦʤ ʧʨʦʛʥʦʟʠʨʫʝʪʩʷ ʨʝʰʝʥʠʝ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʟʘʜʘʯ: ʫʤʝʥʴʰʝʥʠʝ ʚʨʝʤʝʥʠ ʛʝʥʝʨʘʮʠʠ 

ʠʪʦʛʦʚʦʛʦ ʨʝʰʝʥʠʷ,  ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʣʠʮ ʧʨʠʥʠʤʘʶʱʠʭ ʨʝʰʝʥʠʷ. 
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VIA ELECTRICITY CABLE WITH CROSSTALK 
 

ɼ. ɸ. ʈʳʙʦʣʦʚʣʝʚ - ʘʜʲʶʥʢʪ, ʂ. ɸ. ɹʘʪʝʥʢʦʚ - ʢ.ʪ.ʥ., ʜʦʢʪʦʨʘʥʪ 

Aʢʘʜʝʤʠʷ ʌʉʆ ʈʦʩʩʠʠ, ʛ. ʆʨʝʣ, ʈʦʩʩʠʷ 

 

Abstract. Crosstalk is one of the main limiting factors in the data rates of modern 

communication systems via electricity cable (such as DSL systems). In this paper, one approach 

is proposed to mitigate this impairment. The model complication presented holds the promise to 

increase achievable data rates by taking into account the crosstalk. 

 

ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʪʝʥʜʝʥʮʠʡ ʨʘʟʚʠʪʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ ʩʚʷʟʠ ʷʚʣʷʝʪʩʷ 

ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʫʩʣʫʛ, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʝʥʠʝ ʠʭ ʢʦʣʠʯʝʩʪʚʘ. ɺ ʵʪʦʡ 

ʩʚʷʟʠ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʦʢʘʟʳʚʘʝʪʩʷ ʙʣʠʟʢʦʝ ʢ ʦʧʪʠʤʘʣʴʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʩʫʨʩʘ 

ʢʘʙʝʣʴʥʳʭ ʣʠʥʠʡ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʩʝʪʷʤ ʘʙʦʥʝʥʪʩʢʦʛʦ 

ʜʦʩʪʫʧʘ, ʦʩʥʦʚʫ ʢʦʪʦʨʳʭ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʩʦʩʪʘʚʣʷʶʪ ʢʘʙʝʣʠ ʩ ʤʝʜʥʳʤʠ 

ʪʦʢʦʧʨʦʚʦʜʷʱʠʤʠ ʞʠʣʘʤʠ, ʵʪʘ ʟʘʜʘʯʘ ʪʨʘʢʪʫʝʪʩʷ ʢʘʢ ʪʨʝʙʦʚʘʥʠʝ ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ 

ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʠ/ʠʣʠ ʝʸ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʦ ʩʫʱʝʩʪʚʫʶʱʠʤ ʤʝʜʥʳʤ ʢʘʙʝʣʷʤ ʩʚʷʟʠ. 

ʉʨʝʜʠ ʩʧʦʩʦʙʦʚ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʳʜʝʣʠʪʴ ʧʦʜʭʦʜ, 

ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʚ ʩʝʤʝʡʩʪʚʝ ʪʝʭʥʦʣʦʛʠʡ DSL (Digital Subscriber Line, ʮʠʬʨʦʚʘʷ 

ʘʙʦʥʝʥʪʩʢʘʷ ʣʠʥʠʷ (ʎɸʃ)) ʠ ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʤʥʦʛʦʧʘʨʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ 

(multi-pair bonding) ʥʝʩʢʦʣʴʢʠʭ ʣʠʥʠʡ ʩʚʷʟʠ ʚ ʝʜʠʥʳʡ ʢʘʥʘʣ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʩʦʚʨʝʤʝʥʥʳʝ DSL ʪʝʭʥʦʣʦʛʠʠ ʠ ʠʭ ʤʦʜʠʬʠʢʘʮʠʠ ʚ ʩʣʫʯʘʝ ʧʦʪʨʝʙʥʦʩʪʠ 

ʘʙʦʥʝʥʪʘ ʩʧʦʩʦʙʥʳ ʫʚʝʣʠʯʠʚʘʪʴ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʚ ʜʚʘ ʠ ʙʦʣʝʝ ʨʘʟ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʪʝʭ 

ʞʝ ʦʛʨʘʥʠʯʝʥʠʡ ʧʦ ʜʦʩʪʦʚʝʨʥʦʩʪʠ. 

ʆʜʥʘʢʦ ʩʦʚʨʝʤʝʥʥʳʝ ʤʦʜʝʣʠ ʩʠʩʪʝʤ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ, ʨʝʘʣʠʟʫʶʱʠʝ 

ʚʦʟʤʦʞʥʦʩʪʴ ʤʥʦʛʦʧʘʨʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʎɸʃ (ʪʘʢʠʝ ʢʘʢ Multi-Pair DSL Bonding, Vectored 

DSL, SuperMIMO DSL), ʧʦʜʨʘʟʫʤʝʚʘʶʪ ʨʘʩʩʤʦʪʨʝʥʠʝ ʣʠʥʠʡ ʩʚʷʟʠ ʚ ʚʠʜʝ ʥʝʟʘʚʠʩʠʤʳʭ 

ʧʫʪʝʡ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ, ʘ ʠʭ ʚʣʠʷʥʠʝ (ʝʩʣʠ ʦʥʦ ʧʨʠʩʫʪʩʪʚʫʝʪ) ʩʯʠʪʘʶʪ ʧʝʨʝʭʦʜʥʳʤʠ 

ʧʦʤʝʭʘʤʠ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʭʦʨʦʰʦ ʠʩʩʣʝʜʦʚʘʥʥʳʤʠ ʤʦʜʝʣʷʤʠ 

ʫhʤʦʚ. ɼʘʥʥʦʝ ʜʦʧʫʱʝʥʠʝ ʟʥʘʯʠʪʝʣʴʥʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʣʠʥʠʡ 

ʩʚʷʟʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʧʦʩʢʦʣʴʢʫ ʥʝ ʫʯʠʪʳʚʘʝʪ ʘʧʨʠʦʨʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʨʠʤʝʥʷʝʤʳʭ ʤʝʪʦʜʘʭ ʤʦʜʫʣʷʮʠʠ ʠ ʢʦʜʠʨʦʚʘʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʟʥʠʢʘʝʪ ʧʨʦʪʠʚʦʨʝʯʠʝ ʤʝʞʜʫ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʤʦʜʝʣʷʤʠ ʩʠʩʪʝʤ 

ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʩʦʚʦʢʫʧʥʦʩʪʠ ʣʠʥʠʡ ʩʚʷʟʠ, ʦʩʥʦʚʘʥʥʳʤʠ (ʤʦʜʝʣʷʤʠ) ʥʘ 

ʥʝʟʘʚʠʩʠʤʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥʥʳʭ ʣʠʥʠʡ, ʠ ʥʘʣʠʯʠʝʤ ʚʣʠʷʥʠʷ ʤʝʞʜʫ ʥʠʤʠ. ɼʘʥʥʦʝ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʜʝʣʘʝʪ ʥʝʦʙʭʦʜʠʤʳʤ ʨʘʟʨʘʙʦʪʢʫ ʠ ʧʨʠʤʝʥʝʥʠʝ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʤʦʜʝʣʝʡ 

ʩʠʩʪʝʤ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ, ʙʘʟʦʡ ʢʦʪʦʨʳʭ ʜʦʣʞʥʳ ʷʚʣʷʪʴʩʷ ʤʦʜʝʣʠ ʣʠʥʠʡ ʩʚʷʟʠ, 

ʫʯʠʪʳʚʘʶʱʠʝ ʚʟʘʠʤʥʦʝ ʚʣʠʷʥʠʝ ʵʪʠʭ ʣʠʥʠʡ ʜʨʫʛ ʥʘ ʜʨʫʛʘ ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʘʧʨʠʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʝʪʦʜʘʭ ʤʦʜʫʣʷʮʠʠ ʠ ʢʦʜʠʨʦʚʘʥʠʷ. ʈʝʟʫʣʴʪʘʪʦʤ 

ʧʦʜʦʙʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʠʩʪʝʤ 

ʩʚʷʟʠ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʩʧʦʣʴʟʫʶʱʠʭ ʥʝʩʢʦʣʴʢʦ ʣʠʥʠʡ ʩʚʷʟʠ, ʧʫʪʝʤ ʨʘʟʨʘʙʦʪʢʠ ʘʣʛʦʨʠʪʤʦʚ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʫʯʠʪʳʚʘʶʱʠʭ ʚʟʘʠʤʥʦʝ ʚʣʠʷʥʠʝ ʵʪʠʭ ʣʠʥʠʡ ʜʨʫʛ ʥʘ ʜʨʫʛʘ. 

ʉʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʥʝʠʟʙʝʞʥʳʡ ʨʦʩʪ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʠ ʪʘʢʠʭ 

ʘʣʛʦʨʠʪʤʦʚ, ʩʚʷʟʘʥʥʳʡ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʫʯʝʪʘ ʷʚʣʝʥʠʡ ʚʟʘʠʤʥʦʛʦ ʚʣʠʷʥʠʷ ʣʠʥʠʡ ʜʨʫʛ 

ʥʘ ʜʨʫʛʘ ʚ ʤʦʜʝʣʷʭ ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ, ʦʙʫʩʣʦʚʠʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʥʳʭ ʟʘʪʨʘʪ ʚ ʚʠʜʝ ʧʦʚʳʰʝʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ ʨʝʘʣʠʟʘʮʠʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ. 
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Abstract. This work presents analytical method for calculation of 2D contact in dovetail 

attachment and comparison with numerical results obtained with Code-Aster for contact between 

rounded punch and semi-infinite plane. 

ʆʩʝʚʦʡ ʢʦʤʧʨʝʩʩʦʨ ɻʊɼ ʠʤʝʝʪ ʨʷʜ ʩʪʫʧʝʥʝʡ, ʢʦʪʦʨʳʝ ʩʦʩʪʦʷʪ ʠʟ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ ʠ 

ʥʝʧʦʜʚʠʞʥʦʛʦ ʩʪʘʪʦʨʘ.  ʈʘʙʦʯʝʝ ʢʦʣʝʩʦ ʩʦʩʪʦʠʪ ʠʟ ʜʠʩʢʘ, ʥʘ ʢʦʪʦʨʦʤ ʢʨʝʧʷʪʩʷ ʣʦʧʘʪʢʠ. ɺ 

ɻʊɼ ʩ ʦʩʝʚʳʤ ʧʦʪʦʢʦʤ,  ʣʦʧʘʪʢʠ ʨʦʪʦʨʘ ʩʦʝʜʠʥʝʥʳ ʩ ʜʠʩʢʦʤ ʧʨʠ ʧʦʤʦʱʠ ʟʘʤʢʘ. ɿʘʤʦʢ 

ʣʦʧʘʪʢʠ ʚʭʦʜʠʪ ʚ ʢʦʥʪʘʢʪ ʩ ʧʘʟʦʤ ʜʠʩʢʘ. ɿʘʤʢʠ ʣʦʧʘʪʦʢ ʪʠʧʘ "ʣʘʩʪʦʯʢʠʥ ʭʚʦʩʪ" ʚ 

ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʦʤʧʨʝʩʩʦʨʘʭ ɺɼ ʠ ʪʫʨʙʠʥ ʅɼ, ʘ ʪʘʢ ʞʝ  ʚ ʚʝʥʪʠʣʷʪʦʨʘʭ. ɿʘʤʢʠ 

ʵʪʠʭ ʪʠʧʦʚ ʤʦʛʫʪ ʙʳʪʴ ʧʨʷʤʳʤʠ ʠʣʠ ʢʨʠʚʦʣʠʥʝʡʥʳʤʠ. ʂʨʠʚʦʣʠʥʝʡʥʦʝ ʢʨʝʧʣʝʥʠʝ 

ʫʚʝʣʠʯʠʚʘʝʪ ʢʦʥʪʘʢʪʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ.  

  
 

(ʘ) (ʙ) (ʚ) 

ʈʠʩ.1. ʘ ï ʥʘʢʣʦʥʸʥʥʳʡ ʰʪʘʤʧ, ʙ ï ʢʦʥʪʘʢʪʥʳʝ ʜʘʚʣʝʥʠʷ ʠ ʚ ï ʵʢʚʠʚʘʣʝʥʪʥʳʝ 

ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʄʂʕ. 

ɺʨʘʱʝʥʠʝ ʨʦʪʦʨʘ ʚʦ ʚʨʝʤʷ ʚʟʣʝʪʘ ʧʨʦʠʟʚʦʜʠʪ ʨʘʜʠʘʣʴʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ  ʧʝʨʘ 

ʣʦʧʘʪʢʠ, ʢʦʪʦʨʦʝ ʟʘʢʨʝʧʣʝʥʦ ʩ ʧʦʤʦʱʴʶ ʟʘʤʢʘ ʥʘ ʜʠʩʢʝ. ɺ ʤʝʩʪʝ ʢʦʥʪʘʢʪʘ ʮʝʥʪʨʦʙʝʞʥʳʝ 

ʩʠʣʳ ʧʦʨʦʞʜʘʶʪ ʥʦʨʤʘʣʴʥʫʶ ʠ ʪʘʥʛʝʥʮʠʘʣʴʥʫʶ ʟʘʛʨʫʟʢʠ ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʤʠʢʨʦ-

ʧʝʨʝʤʝʱʝʥʠʷ .  ɺʦ ʚʨʝʤʷ ʧʦʣʸʪʘ ʥʘ ʢʨʝʡʩʝʨʩʢʦʡ ʩʢʦʨʦʩʪʠ ʪʘʢʞʝ ʝʩʪʴ ʥʘʛʨʫʟʢʠ ʩʚʷʟʘʥʥʳʝ ʩ 

ʚʠʙʨʘʮʠʷʤʠ. ʕʪʦ ʤʘʣʦ ʠʥʪʝʥʩʠʚʥʳʝ ʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʥʘʛʨʫʟʢʠ. ʏʪʦʙʳ ʧʨʦʝʢʪʠʨʦʚʘʪʴ 

ʣʦʧʘʪʢʠ ʥʫʞʥʦ ʟʥʘʪʴ ʥʘʧʨʷʞʝʥʠʷ ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʘ. ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜ ʜʣʷ ʨʝʰʝʥʠʷ ʢʦʥʪʘʢʪʥʦʡ ʟʘʜʘʯʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ 

ʢʨʝʧʣʝʥʠʡ. ʄʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʜʚʫʭʤʝʨʥʫʶ ʟʘʜʘʯʫ ʠ ʩʯʠʪʘʝʤ ʯʪʦ ʢʦʥʪʘʢʪ ʚ ʢʨʝʧʣʝʥʠʝ 

ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʤʦʪʨʝʥ ʢʘʢ ʢʦʥʪʘʢʪ ʥʘʢʣʦʥʸʥʥʦʛʦ ʰʪʘʤʧʘ ʩ ʧʣʦʩʢʠʤ ʦʩʥʦʚʘʥʠʝʤ ʧʨʠ 

ʜʝʡʩʪʚʠʠ ʥʦʨʤʘʣʴʥʦʡ ʠ ʪʘʥʛʝʥʮʠʘʣʴʥʦʡ ʩʠʣʳ ʠ ʤʦʤʝʥʪʘ (ʩʤ. ʈʠʩ.2(ʘ)). ʈʝʰʝʥʠʝ ʵʪʦʡ 

ʟʘʜʘʯʠ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ɻʦʨʷʯʝʚʦʡ. ʕʪʦʪ ʤʝʪʦʜ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚʦ ʚʨʝʤʷ ʧʝʨʚʳʭ 

ʵʪʘʧʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʢʨʝʧʣʝʥʠʡ. ʆʥ ʤʦʞʝʪ ʪʦʞʝ ʧʦʟʚʦʣʷʪʴ ʙʳʩʪʨʦ ʦʮʝʥʠʪʴ  

ʜʝʤʧʬʠʨʦʚʘʥʠʝ ʩʫʭʦʛʦ ʪʨʝʥʠʷ ʚʦ ʚʨʝʤʷ ʢʦʣʝʙʘʥʠʡ. ʕʪʦʪ ʤʝʪʦʜ ʠʩʧʦʣʴʟʫʝʪ ʛʠʧʦʪʝʟʫ 

ʧʦʣʫʙʝʩʢʦʥʝʯʥʳʭ ʦʙʣʘʩʪʝʡ. ɼʣʷ ʧʨʦʚʝʨʢʠ ʠ ʦʮʝʥʢʠ ʧʦʛʨʝʰʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ 

ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ ʚʘʨʠʘʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʚʦʙʦʜʥʦʛʦ ʧʘʢʝʪʘ ʄʂʕ Code-Aster ʨʘʟʨʘʙʦʪʘʥʘ 

ʢʦʤʧʘʥʠʡ EDF. ʕʪʦʪ ʧʘʢʝʪ ʨʝʰʘʝʪ ʢʦʥʪʘʢʪʥʳʝ ʟʘʜʘʯʠ ʘʣʛʦʨʠʪʤʦʤ ʢʦʥʪʠʥʫʘʣʴʥʳʭ 

ʛʠʙʨʠʜʥʳʭ ʢʦʥʪʘʢʪʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʇʨʦʩʪʦʡ ʧʨʠʤʝʨ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʮʝʣʠ ʧʨʦʚʝʨʠʪʴ 

ʧʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ (ʩʤ. ʈʠʩ.3ʙ,ʈʠʩ.4ʚ). 
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1
ʄʦʩʢʦʚʩʢʠʡ ʘʚʪʦʤʦʙʠʣʴʥʦ-ʜʦʨʦʞʥʳʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

2
ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʥʘʣʦʛʦʚʘʷ ʘʢʘʜʝʤʠʷ ʄʠʥʠʩʪʝʨʩʪʚʘ ʌʠʥʘʥʩʦʚ ʈʌ, 

3
ʄʦʩʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ (ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ) 

 

Abstract. All carried out experiments have shown linear computing complexity of MIVAR 

method of processing data and rules confirming the theory about linear computing complexity of 

MIVAR networks and MIVAR logic conclusion. 

 

ʉʦʟʜʘʥʦ ʫʞʝ ʥʝʩʢʦʣʴʢʦ ʧʨʦʛʨʘʤʤ - ʧʨʦʪʦʪʠʧʦʚ ʤʠʚʘʨʥʳʭ ʵʢʩʧʝʨʪʥʳʭ ʩʠʩʪʝʤ. ɼʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩʦʟʜʘʥ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʋɼɸɺ ʩ 

ʛʝʥʝʨʘʪʦʨʦʤ ʤʠʚʘʨʥʳʭ ʤʘʪʨʠʮ ʙʦʣʴʰʠʭ ʨʘʟʤʝʨʦʚ. ɻʝʥʝʨʘʪʦʨ ʫʩʪʨʦʝʥ ʪʘʢ, ʯʪʦʙʳ ʨʝʰʝʥʠʝ 

ʚʩʝʛʜʘ ʩʫʱʝʩʪʚʦʚʘʣʦ, ʘ ʝʛʦ ʥʘʭʦʞʜʝʥʠʝ ʪʨʝʙʦʚʘʣʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʯʠʩʣʘ 

ʰʘʛʦʚ ʠʩʢʦʤʦʛʦ ʘʣʛʦʨʠʪʤʘ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʙʦʣʝʝ ʯʝʤ ʥʘ 

15 ʢʦʤʧʴʶʪʝʨʘʭ ʠ ʥʘ ʚʳʯʠʩʣʠʪʝʣʴʥʦʤ ʢʣʘʩʪʝʨʝ. ʆʰʠʙʢʘ ʠʟʤʝʨʝʥʠʷ ʥʝ ʧʨʝʚʳʰʘʣʘ 3 %. 

ɺʳʷʚʠʣʠ: ʦʩʥʦʚʥʳʤ ʦʛʨʘʥʠʯʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʨʝʩʫʨʩ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʢʦʤʧʴʶʪʝʨʘ ʠ 

ʢʦʨʨʝʢʪʥʦʩʪʴ ʨʘʙʦʪʳ ʩ ʥʝʡ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ ʦʧʝʨʘʮʠʦʥʥʳʝ 

ʩʠʩʪʝʤʳ: Windows ʠ MacOS. ʅʘʧʨʠʤʝʨ, ʠʩʧʦʣʴʟʦʚʘʣʠ: ʥʝʪʙʫʢ Acer, IntelÈ AtomÊ CPU 

N270 @1.60GHz, ʆɿʋ 1ɻɹ, Windows 7 ʅʘʯʘʣʴʥʘʷ; ʠ ʥʦʫʪʙʫʢ Acer Inc., AMD Athlon(tm) 64 

Processor 3000+ 1,80 GHz, ʆɿʋ 512 ʄɹ, Microsoft Windows XP Home Edition ʚʝʨʩʠʷ 2002 

SP2. ɼʣʷ Windows ʧʦʣʫʯʠʣʠ: 150 000 ʦʙʲʝʢʪʦʚ ʠ 450 000 ʧʨʘʚʠʣ ʥʘ ʢʦʤʧʴʶʪʝʨʝ ʩ Intel 

Core 2 Quad 2,83 ɻʛʮ, ʆɿʋ 4 ɻʙ ʠ ʚʨʝʤʷ ʨʝʰʝʥʠʷ 47 ʤʠʥʫʪ. ɹʳʣʘ ʩʦʟʜʘʥʘ ʤʥʦʛʦʧʦʪʦʯʥʘʷ 

ʚʝʨʩʠʷ ʋɼɸɺ ʥʘ ʷʟʳʢʝ C++ ʠ ʩ MPI ʜʣʷ ʩʠʩʪʝʤ ʩ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʧʘʤʷʪʴʶ. ʅʘ ʨʠʩ. 1 

ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠ ʩʫʤʤʘʨʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʧʨʦʮʝʩʩʦʚ N=8, NS = 3, NC=4, C = 3. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ, ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʢʦʣʠʯʝʩʪʚʫ ʧʨʘʚʠʣ. 

ʅʘ ʥʦʫʪʙʫʢʝ MacBook (MacOSX ʚʝʨʩʠʠ 10.6.7, Intel Core 2DUO 2 ɻʛʮ, ʆɿʋ DDR3 

4 ɻʙ) ʵʢʩʧʝʨʠʤʝʥʪʳ (ʨʠʩ. 2) ʜʦʩʪʠʛʣʠ: 1 170 007 ʦʙʲʝʢʪʦʚ, 3 510 015 ʧʨʘʚʠʣ ʠ ʚʨʝʤʷ 

ʨʝʰʝʥʠʷ 200 ʤʠʥʫʪ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ: ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʘʪʦʤʥʳʤʠ ʩʪʘʥʮʠʷʤʠ - 15 000 

ʧʨʘʚʠʣ; ʦʧʠʩʘʥʠʝ ʚʩʝʡ ʧʨʦʛʨʘʤʤʳ ʩʨʝʜʥʝʡ ʰʢʦʣʳ ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ɺʋɿʘ ʚ ʩʫʤʤʝ ʥʝ 

ʧʨʝʚʳʩʠʪ 100 000 ʧʨʘʚʠʣ. ʅʘʧʦʤʥʠʤ, ʯʪʦ ʢʣʘʩʩʠʯʝʩʢʠʝ (NP-ʧʦʣʥʳʝ) ʧʨʦʜʫʢʮʠʦʥʥʳʝ ʠ 

ʧʨʝʜʠʢʘʪʥʳʝ ʣʦʛʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʥʝ ʤʦʛʣʠ ʨʘʙʦʪʘʪʴ ʠ ʩ ʩʦʪʥʝʡ ʧʨʘʚʠʣ.  

  
ʈʠʩ. 1.       ʈʠʩ. 2. 

ɺʳʚʦʜ. ɺʩʝ ʧʨʦʚʝʜʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ ʣʠʥʝʡʥʫʶ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʩʣʦʞʥʦʩʪʴ 

ʤʠʚʘʨʥʦʛʦ ʤʝʪʦʜʘ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʠ ʧʨʘʚʠʣ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʪʝʦʨʠʶ ʦ ʣʠʥʝʡʥʦʡ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʠ ʤʠʚʘʨʥʳʭ ʩʝʪʝʡ ʠ ʤʠʚʘʨʥʦʛʦ ʣʦʛʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ.  

- 3,5 ʤʣʥ.  
  ʧʨʘʚʠʣ 
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ɸʅɸʃʀɿ ʂʆʅʉʊʈʋʂʎʀʁ 

 

VIBRATION TESTS AND FINITE ELEMENT ALALYSIS OF THE STRUCTURES 

 

ɺ.ɺ. ʉʠʥʛʠʥ ï ʤʘʛʠʩʪʨʘʥʪ, ɸ.ʀ. ɹʝʣʦʫʩʦʚ ï ʢ.ʪ.ʥ., ʜʦʮ. 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

Abstract. An approach to study the dynamic behavior of structures on basis of the finite element 

analysis is presented. The simulation results were used at the preparation of vibratory tests. For 

instance the simulation and experimentation for measurement system component are performed 

and the dynamic elastic modulus for brush electrodes is determined. 

 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʚʠʙʨʦʠʩʧʳʪʘʥʠʡ ʚʳʧʦʣʥʷʝʪʩʷ ʦʮʝʥʢʘ ʧʨʝʜʧʦʣʘʛʘʝʤʳʭ ʫʩʣʦʚʠʡ 

ʨʘʙʦʪʳ ʢʦʥʩʪʨʫʢʮʠʠ. ʆʧʨʝʜʝʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʝ ʚʠʜʳ ʥʘʛʨʫʟʦʢ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʵʪʠʤ ʩʦʩʪʘʚʣʷʝʪʩʷ ʪʝʭʥʠʯʝʩʢʦʝ ʟʘʜʘʥʠʝ, ʚ ʢʦʪʦʨʦʤ ʫʢʘʟʳʚʘʶʪʩʷ ʜʠʥʘʤʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʲʝʢʪʘ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʩ ʮʝʣʴʶ 

ʧʦʚʳʰʝʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ.  

ʇʨʠ ʩʪʝʥʜʦʚʳʭ ʠʩʧʳʪʘʥʠʷʭ ʦʯʝʥʴ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʪʦ, ʯʪʦ ʜʠʥʘʤʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤʳ ʟʘʚʠʩʷʪ ʦʪ ʚʠʜʘ ʝʝ ʟʘʢʨʝʧʣʝʥʠʷ.  

ʇʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʧʨʦʛʨʘʤʤʳ ʠʩʧʳʪʘʥʠʡ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʢʨʝʧʣʝʥʠʡ 

ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʠʩʧʳʪʘʪʝʣʴʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ, ʞʝʣʘʪʝʣʴʥʦ ʧʦʩʪʨʦʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʜʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤʳ ʜʦ ʵʪʘʧʘ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʵʢʦʥʦʤʠʪʴ ʚʨʝʤʷ ʠ ʨʝʩʫʨʩʳ.   

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʝʥ ʨʷʜ ʟʘʜʘʯ. ɺ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ ʧʝʨʚʦʡ ʟʘʜʘʯʠ 

ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠʩʧʳʪʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʥʘ ʧʣʘʪʬʦʨʤʝ ʚʠʙʨʦʩʪʝʥʜʘ. 

ʆʧʨʝʜʝʣʝʥʳ ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʥʩʦʣʴʥʦʡ ʙʘʣʢʠ ʩ ʨʘʟʥʳʤʠ ʚʘʨʠʘʥʪʘʤʠ 

ʟʘʢʨʝʧʣʝʥʠʷ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʜʘʪʯʠʢʦʚ. ɼʣʷ ʘʥʘʣʠʟʘ ʠ ʩʨʘʚʥʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦʩʪʨʦʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ 

ʦʧʨʝʜʝʣʝʥʳ ʯʘʩʪʦʪʳ ʠ ʬʦʨʤʳ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ ʜʣʷ ʢʦʥʩʦʣʴʥʦʡ ʙʘʣʢʠ.  

ɺ ʨʘʤʢʘʭ ʚʪʦʨʦʡ ʟʘʜʘʯʠ ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʚʠʙʨʘʮʠʦʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʢʦʤʧʦʥʝʥʪʘ 

ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʩ ʮʝʣʴʶ ʪʝʩʪʠʨʦʚʘʥʠʷ ʝʛʦ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ. ʅʘ ʵʪʘʧʝ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʢʨʝʧʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʘ ʚ ʝʛʦ ʨʝʘʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ 

ʚʳʷʚʠʪʴ ʚʦʟʤʦʞʥʳʝ ʥʝʜʦʩʪʘʪʢʠ ʠ ʧʦʚʨʝʞʜʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʠ ʜʝʡʩʪʚʫʶʱʝʤ ʫʨʦʚʥʝ 

ʥʘʛʨʫʟʦʢ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʩʦʩʪʘʚʣʝʥʘ ʧʨʦʛʨʘʤʤʘ ʜʠʥʘʤʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ. ʇʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʵʣʝʤʝʥʪʦʚ ʢʨʝʧʣʝʥʠʡ ʠʟʜʝʣʠʷ ʢ ʧʣʘʪʬʦʨʤʝ ʚʠʙʨʦʩʪʝʥʜʘ, ʘ ʪʘʢʞʝ ʜʣʷ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʦʮʝʥʢʠ ʝʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʘ ʪʚʝʨʜʦʪʝʣʴʥʘʷ 

ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʘʷ ʤʦʜʝʣʴ. ʇʨʦʚʝʜʝʥ ʜʠʥʘʤʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʠ ʧʦʣʫʯʝʥʳ ʩʦʙʩʪʚʝʥʥʳʝ 

ʯʘʩʪʦʪʳ ʠ ʬʦʨʤʳ ʢʦʣʝʙʘʥʠʡ ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʫʩʢʦʨʝʥʠʡ ʧʨʠ 

ʚʳʥʫʞʜʝʥʥʦʤ ʜʚʠʞʝʥʠʠ. 

ʊʨʝʪʴʷ ʟʘʜʘʯʘ ʧʦʩʚʷʱʝʥʘ ʦʧʨʝʜʝʣʝʥʠʶ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ɽɼ  

ʵʣʝʢʪʨʦʱʝʪʦʢ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠ ʧʨʦʜʦʣʴʥʳʭ ʢʦʣʝʙʘʥʠʷʭ ʥʘʛʨʫʞʝʥʥʦʛʦ ʦʙʨʘʟʮʘ 

ʧʦ ʚʝʣʠʯʠʥʝ ʧʝʨʚʦʡ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʧʳʪʘʥʠʡ ʤʝʪʦʜʠʢʘ 

ʦʧʨʝʜʝʣʝʥʠʷ ɽɼ ʜʦʨʘʙʦʪʘʥʘ ʠ ʧʨʠʤʝʥʝʥʘ ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʦʙʨʘʟʮʘʭ. ɼʣʷ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʚʝʣʠʯʠʥʳ ɽɼ ʧʦʩʪʨʦʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ.  

ɺ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ ʦʪʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʥʝʯʥʦ-

ʵʣʝʤʝʥʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʠʟʜʝʣʠʡ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʠ 

ʧʨʦʚʝʜʝʥʠʠ ʚʠʙʨʘʮʠʦʥʥʳʭ ʠʩʧʳʪʘʥʠʡ. ɺʳʷʚʣʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʵʪʠʤ 

ʧʦʜʭʦʜʦʤ, ʘ ʪʘʢʞʝ ʩ  ʘʥʘʣʠʟʦʤ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʠʭ ʠʥʪʝʨʧʨʝʪʘʮʠʝʡ.  

ɺʳʰʝʠʟʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ, ʘʚʠʘʮʠʦʥʥʦʡ, 

ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʡ ʠ ʜʨʫʛʠʭ ʦʪʨʘʩʣʷʭ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʢʦʥʪʨʦʣʷ 

ʪʝʭʥʠʯʝʩʢʠʭ ʠʟʜʝʣʠʡ. 
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ɸ.ɺ.ʉʪʨʠʞʠʯʝʥʢʦ - ʘʩʧ. 

ɺʦʣʛʦʛʨʘʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 
Abstract. The algorithm of management by process of drying of the wood, based on continuous 

control of humidity of a material is offered 

 

ʉʫʰʢʘ ʜʨʝʚʝʩʠʥʳ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʳʡ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʠʡʩʷ ʪʝʧʣʦ- ʠ ʤʘʩʩʦʦʙʤʝʥʥʦʤ, ʘ ʪʘʢʞʝ ʠʟʤʝʥʝʥʠʝʤ ʨʘʟʤʝʨʦʚ ʠ ʬʦʨʤʳ 

ʠʟʜʝʣʠʷ. ʇʨʦʮʝʩʩ ʩʫʰʢʠ ʜʨʝʚʝʩʠʥʳ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʵʪʘʧʦʚ 

ʜʝʨʝʚʦʦʙʨʘʙʦʪʢʠ, ʪʘʢ ʢʘʢ ʦʪ ʢʘʯʝʩʪʚʘ ʝʸ ʧʨʦʚʝʜʝʥʠʷ ʟʘʚʠʩʠʪ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʠʟʜʝʣʠʷ ʠ ʝʛʦ 

ʧʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ. 

ɼʣʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʩʫʰʢʠ ʥʝʦʙʭʦʜʠʤ ʥʝʧʨʝʨʳʚʥʳʡ ʢʦʥʪʨʦʣʴ 

ʚʣʘʞʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ. ɸʣʛʦʨʠʪʤ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʩʫʰʢʠ ʜʨʝʚʝʩʠʥʳ: 

 

ʅɽʊɼɸ

.ʊʈɽɹ

.ʈɸɺʅʇʆɺ

ʧʨʦʮʝʩʩʘ

ɿʘʚʝʨʰʝʥʠʝ

ʅɽʊɼɸ

ʦʚʚʝʥʪʠʣʷʪʦʨ

ɺʢʣʶʯʝʥʠʝ

ʦʚʚʝʥʪʠʣʷʪʦʨ

ɺʳʢʣʶʯʝʥʠʝ

 
ɼʘʥʥrʡ ʘʣʛʦʨʠʪʤ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʩʫʰʢʠ ʦʩʥʦʚʘʥ ʥʘ ʩʨʘʚʥʝʥʠʠ ʪʝʢʫʱʝʡ 

ʩʨʝʜʥʝʠʥʪʝʛʨʘʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʩ ʪʨʝʙʫʝʤʳʤ ʟʥʘʯʝʥʠʝʤ ʚʣʘʞʥʦʩʪʠ.  

ʇʨʠ ʢʘʤʝʨʥʦʡ ʩʫʰʢʝ ʜʨʝʚʝʩʠʥʳ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʠ ʥʘʠʙʦʣʝʝ ʙʳʩʪʨʦ ʠʩʧʘʨʷʝʪʩʷ 

ʚʣʘʛʘ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʠʟ ʥʘʨʫʞʥʳʭ ʩʣʦʸʚ ʜʨʝʚʝʩʠʥʳ, ʪ.ʝ. ʚʣʘʞʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ 

ʇʆɺʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʦʡ ʨʘʚʥʦʚʝʩʥʦʡ ʚʣʘʞʥʦʩʪʠ ʜʨʝʚʝʩʠʥʳ ʈɸɺʅ. ʇʨʠ ʩʫʰʢʝ 

ʧʠʣʦʤʘʪʝʨʠʘʣʦʚ ʦʧʨʝʜʝʣʷʶʱʠʤ ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ ʚʣʘʛʦʧʨʦʚʦʜʥʦʩʪʠ, ʠ ʧʦʢʘ ʚʣʘʛʘ 

ʧʦʜʚʦʜʠʪʩʷ ʦʪ ʚʥʫʪʨʝʥʥʠʭ ʩʣʦʝʚ ʤʘʪʝʨʠʘʣʘ ʢ ʧʦʚʝʨʭʥʦʩʪʥʳʤ, ʚʣʘʛʦʦʪʜʘʯʘ ʦʪʩʫʪʩʪʚʫʝʪ, ʠ 

ʤʦʞʥʦ ʦʪʢʣʶʯʠʪʴ ʧʨʠʥʫʜʠʪʝʣʴʥʫʶ ʮʠʨʢʫʣʷʮʠʶ ʘʛʝʥʪʘ ʩʫʰʢʠ. ʇʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʚʣʘʛʠ ʟʘ 

ʩʯʝʪ ʜʠʬʬʫʟʠʠ ʠʟ ʚʥʫʪʨʝʥʥʠʭ ʩʣʦʝʚ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʚʣʘʞʥʦʩʪʴ 

ʇʆɺʩʪʘʥʦʚʠʪʩʷ ʙʦʣʴʰʝ ʨʘʚʥʦʚʝʩʥʦʡ, ʠ ʧʦʩʣʝ ʚʢʣʶʯʝʥʠʷ ʧʨʠʥʫʜʠʪʝʣʴʥʦʡ ʮʠʨʢʫʣʷʮʠʠ 

ʘʛʝʥʪʘ ʩʫʰʢʠ ʫʜʘʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʧʨʦʮʝʩʩʘ ʚʣʘʛʦʦʪʜʘʯʠ. ʆʪʢʣʶʯʝʥʠʝ ʚʝʥʪʠʣʷʪʦʨʦʚ 

ʩʫʰʠʣʴʥʦʡ ʢʘʤʝʨʳ ʚ ʪʝ ʧʝʨʠʦʜʳ ʧʨʦʮʝʩʩʘ ʩʫʰʢʠ, ʢʦʛʜʘ ʚʣʘʛʦʦʪʜʘʯʘ ʦʪʩʫʪʩʪʚʫʝʪ, 

ʧʦʟʚʦʣʠʪ ʨʝʘʣʠʟʦʚʘʪʴ ʧʦʪʝʥʮʠʘʣ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʚ ʜʝʨʝʚʦʦʙʨʘʙʦʪʢʝ. 

ʇʨʠ ʩʫʰʢʝ ʚ ʤʘʪʝʨʠʘʣʝ ʠʟ-ʟʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʚʣʘʛʠ ʚ ʢʘʧʠʣʣʷʨʘʭ ʠ 

ʤʠʢʨʦʤʝʥʠʩʢʘʭ ʚʦʟʥʠʢʘʶʪ ʨʘʩʪʷʛʠʚʘʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ. ɽʩʣʠ ʵʪʠ ʥʘʧʨʷʞʝʥʠʷ ʜʦʩʪʠʛʘʶʪ 

ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʜʨʝʚʝʩʠʥʳ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʧʦʧʝʨʝʢ ʚʦʣʦʢʦʥ, ʪʦ ʚ ʜʨʝʚʝʩʠʥʝ ʧʨʦʠʩʭʦʜʷʪ 

ʥʝʦʙʨʘʪʠʤʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ (ʨʘʩʪʨʝʩʢʠʚʘʥʠʝ). ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ 

ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ, ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʫʩʫʰʢʘ ʨʘʟʣʠʯʥʳʭ ʩʣʦʝʚ ʜʨʝʚʝʩʠʥʳ ʙʳʣʘ 

ʨʘʚʥʦʤʝʨʥʦʡ. ɼʣʷ ʵʪʦʛʦ ʚʦ ʚʨʝʤʷ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʧʝʨʠʦʜʘ ʩʫʰʢʠ ʥʝʦʙʭʦʜʠʤʦ ʟʘʤʝʜʣʠʪʴ 

ʚʣʘʛʦʦʪʜʘʯʫ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ, ʧʨʦʛʨʝʚʘʷ ʜʨʝʚʝʩʠʥʫ ʧʨʠ ʚʳʩʦʢʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 
ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ. 
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ʌʀʃʔʊʈɸʎʀʗ ɺɽʂʊʆʈʅʓʍ ʇʆʃɽʁ 

ɺ ɿɸɼɸʏɽ ʆʎɽʅʂʀ ɼɽʌʆʈʄɸʎʀʀ ʄɸʊɽʈʀɸʃʆɺ  

ʄɽʊʆɼʆʄ ʂʆʈʈɽʃʗʎʀʀ ʎʀʌʈʆɺʓʍ ʀɿʆɹʈɸɾɽʅʀʁ 

FILTERING OF VECTOR FIELDS IN THE PROBLEM OF ESTIMATING THE 

DEFORMATION OF MATERIALS BY DIGITAL IMAGE CORRELATION 
ɺ. ɺ. ʊʠʪʢʦʚ ï ʘʩʧ., ʉ.ɺ. ʇʘʥʠʥ ï ʜ.ʪ.ʥ., ʜʦʮ., ʇ. ʉ. ʃʶʙʫʪʠʥ ï ʢ.ʪ.ʥ. 

ʋʯʨʝʞʜʝʥʠʝ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ  

ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʧʨʦʯʥʦʩʪʠ ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʉʠʙʠʨʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈɸʅ 

 

Abstract. During the present work research the effect of filtering of vector fields on the quality 

of the measurement of deformation of materials by digital image correlation were analyzed. 

Conclusions are drawn on applicability of various methods of a filtration for the given problem.  

 

ʆʧʪʠʢʦ-ʪʝʣʝʚʠʟʠʦʥʥʳʡ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʦʜʭʦʜʦʚ ʜʣʷ ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʜʝʬʦʨʤʘʮʠʠ ʠ ʨʘʟʨʫʰʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦ-

ʥʝʦʜʥʦʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʣʝʞʠʪ ʧʦʩʪʨʦʝʥʠʝ ʚʝʢʪʦʨʦʚ ʧʝʨʝʤʝʱʝʥʠʡ, 

ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʦʧʨʝʜʝʣʝʥʠʠ ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʪʦʢʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʨʝʙʫʝʪ ʨʝʰʝʥʠʝ 

ʟʘʜʘʯʘ ʫʤʝʥʴʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʟʘʚʝʜʦʤʦ ʥʝʚʝʨʥʳʭ ʚʝʢʪʦʨʦʚ ʧʝʨʝʤʝʱʝʥʠʡ. ʆʥʠ 

ʚʦʟʥʠʢʘʶʪ, ʢʘʢ ʚ ʨʝʟʫʣʴʪʘʪʝ ʟʘʰʫʤʣʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ, ʪʘʢ ʠ ʧʦʷʚʣʝʥʠʷ ʪʨʝʱʠʥ, ʘ ʟʥʘʯʠʪ, 

ʧʦʣʫʯʘʝʤʳʝ ʚʙʣʠʟʠ ʪʨʝʱʠʥʳ ʚʝʢʪʦʨʘ ʤʦʛʫʪ ʥʝ ʥʝʩʪʠ ʬʠʟʠʯʝʩʢʦʛʦ ʩʤʳʩʣʘ. 

ɼʣʷ ʬʠʣʴʪʨʘʮʠʠ ʚʝʢʪʦʨʥʳʭ ʧʦʣʝʡ ʨʝʘʣʠʟʦʚʘʥʳ ʤʝʪʦʜʳ, ʦʧʠʩʘʥʥʳʝ ʚ ʨʘʙʦʪʝ [1]: 

ʤʝʜʠʘʥʥʳʡ; ʩʢʦʣʴʟʷʱʝʛʦ ʩʨʝʜʥʝʛʦ; ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ 1, 2, ʛʠʙʨʠʜʥʳʡ. ʇʨʦʚʝʜʝʥʦ 

ʪʝʩʪʠʨʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʬʠʣʴʪʨʘʮʠʠ ʧʫʪʝʤ ʦʙʨʘʙʦʪʢʠ ʤʦʜʝʣʴʥʳʭ ʚʝʢʪʦʨʥʳʭ ʧʦʣʝʡ ʩ ʮʝʣʴʶ 

ʚʳʷʚʣʝʥʠʷ ʬʠʣʴʪʨʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʤʘʢʩʠʤʘʣʴʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʬʠʣʴʪʨʘʮʠʠ. 

ʄʦʜʝʣʴʥʳʤ ʚʝʢʪʦʨʥʳʤ ʧʦʣʝʤ ʙʳʣʦ ʚʳʙʨʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʠʧʘ ʫʩʪʘʣʦʩʪʥʦʡ ʪʨʝʱʠʥʳ, 

ʢʦʪʦʨʦʝ ʠʟʫʯʝʥʦ ʠ ʭʦʨʦʰʦ ʦʧʠʩʘʥʦ ʚ ʤʝʭʘʥʠʢʝ ʨʘʟʨʫʰʝʥʠʷ [2, 3]. ʐʫʤ, ʚʥʦʩʠʤʳʡ 

ʙʦʣʴʰʠʥʩʪʚʦʤ ʜʘʪʯʠʢʦʚ ʚʠʜʝʦʩʠʛʥʘʣʘ, ʙʳʣ ʤʦʜʝʣʠʨʦʚʘʥ ʩʣʫʯʘʡʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʩ 

ʛʘʫʩʩʦʚʳʤ ʠʣʠ ʧʫʘʩʩʦʥʦʚʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ. 

ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʬʠʣʴʪʨʘʮʠʠ ʧʨʦʚʦʜʠʣʘʩʴ ʧʦ ʚʝʣʠʯʠʥʝ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ 

ʦʪʢʣʦʥʝʥʠʷ (ʉʂʆ) ʧʦʣʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʝʬʦʨʤʘʮʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʬʠʣʴʪʨʘʮʠʷ ʩʢʦʣʴʟʷʱʝʛʦ ʩʨʝʜʥʝʛʦ ʜʘʝʪ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ ï ʧʦʣʝ ʜʝʬʦʨʤʘʮʠʠ 

ʜʘʣʝʢʦ ʦʪ ʦʨʠʛʠʥʘʣʘ, ʭʦʪʷ ʉʂʆ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʝʬʦʨʤʘʮʠʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʬʠʣʴʪʨʘʮʠʠ 

ʫʤʝʥʴʰʠʣʦʩʴ ʚ 5 ʠ 12 ʨʘʟ. ʇʨʠʤʝʥʝʥʠʝ ʛʠʙʨʠʜʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʪʘʢʞʝ ʢʘʢ ʠ ʌʉʉ 

ʧʦʢʘʟʳʚʘʝʪ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ. ʄʝʜʠʘʥʥʘʷ ʬʠʣʴʪʨʘʮʠʷ ʧʦʢʘʟʳʚʘʝʪ ʣʫʯʰʠʝ 

ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʫʤʝʥʴʰʝʥʠʶ ʉʂʆ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʝʬʦʨʤʘʮʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʬʠʣʴʪʨʘʮʠʝʡ ʩʢʦʣʴʟʷʱʝʛʦ ʩʨʝʜʥʝʛʦ ʠ ʛʠʙʨʠʜʥʦʡ ʬʠʣʴʪʨʘʮʠʝʡ. ʆʪʩʫʪʩʪʚʫʝʪ ʨʘʟʤʳʪʠʝ ʧʦʣʷ 

ʜʝʬʦʨʤʘʮʠʡ, ʥʦ ʧʦʷʚʣʷʶʪʩʷ ʣʦʞʥʳʝ ʧʠʢʠ. ʇʝʨʚʳʡ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʬʠʣʴʪʨ ʣʫʯʰʝ ʚʩʝʭ 

ʦʩʪʘʣʴʥʳʭ ʬʠʣʴʪʨʦʚ ʩʥʠʞʘʝʪ ʉʂʆ ʨʘʩʯʝʪʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʝʬʦʨʤʘʮʠʠ. ʌʠʣʴʪʨʘʮʠʷ 

ʚʪʦʨʳʤ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ ʬʠʣʴʪʨʦʤ ʠʤʝʝʪ ʨʝʟʫʣʴʪʘʪʳ ʩʭʦʞʠʝ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʬʠʣʴʪʨʘʮʠʠ ʧʝʨʚʳʤ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ ʬʠʣʴʪʨʦʤ. ʆʪʣʠʯʠʝʤ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʚʪʦʨʦʡ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʬʠʣʴʪʨ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʧʦʷʚʣʝʥʠʝ ʥʦʚʳʭ ʣʦʞʥʳʭ ʧʠʢʦʚ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʩʨʝʜʠ ʠʩʩʣʝʜʫʝʤʳʭ ʤʝʪʦʜʦʚ ʬʠʣʴʪʨʘʮʠʠ ʙʳʣʠ ʚʳʙʨʘʥʳ ʜʚʘ ï ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ 

ʬʠʣʴʪʨ 1 ʠ 2 ï ʜʘʶʱʠʝ ʥʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʬʠʣʴʪʨʘʮʠʠ. 
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ʅɽʁʈʆʉɽʊɽɺɸʗ ʆʇʊʀʄʀɿɸʎʀʗ ʉʆʉʊɸɺɸ ʀɿʆʃʗʎʀʆʅʅʆɻʆ 

ʄɸʊɽʈʀɸʃɸ ʇʆ ʕʂʉʇʃʋɸʊɸʎʀʆʅʅʓʄ ʇɸʈɸʄɽʊʈɸʄ 

 

NEURAL NETWORK OPTIMIZATION FOR STRUCTURE OF INSULATING 

MATERIAL ON OPERATIONAL PARAMETERS 
 

ɻ.ʕ.ʊʫʢʝʝʚʘ ï ʤʘʛʠʩʪʨ, ɸ.ʈ.ʄʫʭʫʪʜʠʥʦʚ - ʜʦʮ., ʜ.ʪ.ʥ., ʇ.ɽ.ʃʶʙʠʤʦʚ ï ʘʩʧ.  

ʂʘʟʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 
Abstract. The aim of this work is a development of neural network models to predict 

performance parameters (such as bending strength) for based on epoxy. 
 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʧʦʢʩʠʜʥʳʝ ʧʦʣʠʤʝʨʳ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ  ʜʣʷ 

ʠʟʦʣʷʮʠʠ ʠ ʟʘʱʠʪʳ ʧʦʢʨʳʪʠʡ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʫʜʘʯʥʳʤ ʩʦʯʝʪʘʥʠʝʤ ʚ ʥʠʭ ʚʳʩʦʢʠʭ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʭʠʤʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʠ ʠ ʭʦʨʦʰʠʭ ʵʣʝʢʪʨʦʠʟʦʣʷʮʠʦʥʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʩ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴʶ ʠʩʭʦʜʥʳʭ ʩʤʦʣ ʠ ʢʦʤʧʦʟʠʮʠʡ ʥʘ ʠʭ ʦʩʥʦʚʝ. ɼʣʷ 

ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʠʟʦʣʷʮʠʠ ʠʟ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʳ ʥʫʞʥʦ ʩʦʩʪʘʚʠʪʴ ʧʨʘʚʠʣʴʥʫʶ 

ʧʨʦʧʦʨʮʠʶ ʚʭʦʜʷʱʠʭ ʚ ʝʸ ʩʦʩʪʘʚ ʧʣʘʩʪʠʬʠʢʘʪʦʨʘ ʠ ʦʪʚʝʨʜʠʪʝʣʷ, ʠ ʦʧʨʝʜʝʣʠʪʴ 

ʢʘʯʝʩʪʚʝʥʥʫʶ ʤʝʭʘʥʠʯʝʩʢʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʢʦʤʧʦʟʠʪʘ. ʇʦʵʪʦʤʫ ʘʢʪʫʘʣʴʥʳʤ ʚʦʧʨʦʩʦʤ 

ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʥʝʡʨʦʩʝʪʝʚʦʡ ʤʦʜʝʣʠ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʩʦʩʪʘʚʘ ʠʟʦʣʷʮʠʦʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʠʟʛʠʙʝ.  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʥʝʡʨʦʩʝʪʝʚʦʡ ʤʦʜʝʣʠ ʜʣʷ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ (ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʦʯʥʦʩʪʴ ʥʘ ʠʟʛʠʙ) 

ʠʟʦʣʷʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʦʩʥʦʚʝ ʵʧʦʢʩʠʜʥʦʡ ʢʦʤʧʦʟʠʮʠʠ. 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʨʝʜʘ ʨʘʟʨʘʙʦʪʢʠ NeuroPro, ʜʦʩʪʦʠʥʩʪʚʦʤ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʟʥʘʯʠʤʦʩʪʠ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʢʦʪʦʨʘʷ ʦʪʦʙʨʘʞʘʝʪʩʷ 

ʚ ʚʠʜʝ ʛʠʩʪʦʛʨʘʤʤʳ. ɿʥʘʯʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʚʚʦʜʠʣʠʩʴ ʚ ʙʘʟʫ ʟʥʘʥʠʡ ʙʝʟ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʪʩʝʚʘ. ɿʘʪʝʤ ʵʪʘ ʙʘʟʘ ʜʘʥʥʳʭ ʧʦʤʝʱʘʣʘʩʴ ʚ ʧʨʦʛʨʘʤʤʫ NeuroPro, ʛʜʝ 

ʩʦʟʜʘʚʘʣʘʩʴ ʠʩʢʫʩʩʪʚʝʥʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ (ʀʅʉ), ʪ.ʝ. ʦʧʨʝʜʝʣʷʣʠʩʴ ʚʭʦʜʥʳʝ ʠ ʚʳʭʦʜʥʳʝ 

ʜʘʥʥʳʝ, ʝʝ ʩʪʨʫʢʪʫʨʘ. ɺʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʷʚʣʷʶʪʩʷ: ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ 

ʩʦʩʪʘʚʘ (%), ʧʣʦʪʥʦʩʪʴ (ʛ/ʩʤ
3
), ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ (ʢɼʞ/ʢʛ), ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʯʥʦʩʪʴ 

(tg ŭ), ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ (ɝ). ɺʳʭʦʜʥʦʡ ʧʘʨʘʤʝʪʨ ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʠʟʛʠʙʝ. 

ʇʦʩʣʝ ʯʝʛʦ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʦʙʫʯʝʥʠʝ ʟʘʜʘʥʥʦʡ ʅʉ ʧʦ ʟʘʣʦʞʝʥʥʦʤʫ ʘʣʛʦʨʠʪʤʫ ʠ 

ʪʝʩʪʠʨʦʚʘʥʠʝ ʦʙʫʯʝʥʥʦʡ ʩʝʪʠ. ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʧʨʦʠʟʚʦʜʠʣʩʷ ʚʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʀʅʉ (ʦʧʨʝʜʝʣʷʣʦʩʴ ʦʧʪʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʢʨʳʪʳʭ ʩʣʦʝʚ ï 1 ʠ ʢʦʣʠʯʝʩʪʚʦ 

ʥʝʡʨʦʥʦʚ ʚ ʩʣʦʷʭ ï 10), ʘ ʪʘʢʞʝ ʤʝʪʦʜʘ ʦʧʪʠʤʠʟʘʮʠʠ (ʜʣʷ ʥʘʰʝʡ ʤʦʜʝʣʠ ï ʩʦʧʨʷʞʝʥʥʳʝ 

ʛʨʘʜʠʝʥʪʳ.) ʇʦʵʪʦʤʫ ʦʙʱʝʝ ʯʠʩʣʦ ʰʘʛʦʚ ʦʙʫʯʝʥʠʷ ʤʝʪʦʜʦʤ ʩʦʧʨʷʞʝʥʥʳʭ ʛʨʘʜʠʝʥʪʦʚ 

ʩʦʩʪʘʚʠʣ 17 ʮʠʢʣʦʚ ʜʣʷ ʜʘʥʥʦʡ ʚʳʙʦʨʢʠ ʠʟ 6 ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʀʟʫʯʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʠʟʛʠʙʝ ʥʘ ʦʩʥʦʚʘʥʠʠ ʚʚʦʜʠʤʳʭ ʚ ʧʨʦʛʨʘʤʤʥʦʝ ʩʨʝʜʩʪʚʦ 

ʜʘʥʥʳʭ. ʇʦʩʣʝ ʦʙʫʯʝʥʠʷ ʩʠʩʪʝʤʳ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʪʝʩʪʠʨʦʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʧʦʢʘʟʘʣʦ 

ʪʦʯʥʦʩʪʴ ʧʨʦʛʥʦʟʘ ʜʦ 3% ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʥʝʡʨʦʩʝʪʝʚʘʷ ʤʦʜʝʣʴ ʜʣʷ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ  ʧʘʨʘʤʝʪʨʦʚ (ʧʨʦʯʥʦʩʪʴ ʥʘ ʠʟʛʠʙ) ʠʟʦʣʷʮʠʦʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʥʘ ʦʩʥʦʚʝ ʵʧʦʢʩʠʜʥʦʡ ʢʦʤʧʦʟʠʮʠʠ ʠ ʧʦʢʘʟʘʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʝʡʨʦʩʝʪʝʚʦʛʦ 

ʧʦʜʭʦʜʘ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ. 
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ɸɺʊʆʄʆɹʀʃʔʅʓʍ ʂʆʃɽʉ 
 

INFORMATION TECHNOLOGY IN THE MANUFACTURE OF CAST 

AUTOMOTIVE WHEELS 
 

 

ɸ.ʀ.ʋʟʘʢʦʚ - ʘʩʧ., ɸ.ʄ. ɺʘʩʴʢʦʚʩʢʠʡ ï ʜ.ʪ.ʥ., ʧʨʦʬ.  

ʄɸɼɻʊʋ (ʄɸɼʀ) 

 

 

Abstract. The article reviews the questions of automation of foundry manufacture of disks of 

automobile wheels from aluminum foundry alloys with the use of methods of modern system of 

engineering. 

Presented the result of the analysis of technology of molding by the automated foundry cars as 

the object of developed and justified structure of the process control system of casting. 

 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʣʠʪʝʡʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʠʩʢʦʚ 

ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʢʦʣʝʩ ʠʟ ʘʣʶʤʠʥʠʝʚʳʭ ʣʠʪʝʡʥʳʭ ʩʧʣʘʚʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ 

ʩʦʚʨʝʤʝʥʥʦʡ ʩʠʩʪʝʤʦʪʝʭʥʠʢʠ. 

ʇʨʠʚʝʜʝʥ ʘʥʘʣʠʟ ʪʝʭʥʦʣʦʛʠʠ ʣʠʪʴʷ ʥʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʣʠʪʝʡʥʳʭ ʤʘʰʠʥʘʭ ʢʘʢ 

ʦʙʲʝʢʪʘ, ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʦʙʦʩʥʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʣʠʪʴʷ.  
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ɸʅɸʃʀɿ ʄɽʊʆɼʆɺ ʂɸʃʀɹʈʆɺʂʀ ʀɿʄɽʈʀʊɽʃʔʅʓʍ ʉʊɽʅɼʆɺ 

ɼʃʗ ʊɽʇʃʆɺʀɿʀʆʅʅʓʍ ʇʈʀɹʆʈʆɺ 

THE ANALYSIS METHODS OF CALIBRATION OF MEASURING STANDS FOR 

THERMOVISION DEVICES 
ʈ.ʅ.ʌʘʨʟʠʝʚ 

ʂʘʟʘʥʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ 

 
Abstract. In this work the author are considered two methods of calibration - an experimentally-

settlement method of rationing of measuring stands in sizes of a difference of power brightness 

and differences of radiating temperatures. 

 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʤʝʪʦʜʦʚ ʢʘʣʠʙʨʦʚʢʠ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʪʝʥʜʦʚ 

ʜʣʷ ʪʝʧʣʦʚʠʟʠʦʥʥʳʭ ʧʨʠʙʦʨʦʚ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʜʚʘ ʤʝʪʦʜʘ ʢʘʣʠʙʨʦʚʢʠ - 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʨʘʩʯʝʪʥʳʡ ʤʝʪʦʜ ʥʦʨʤʠʨʦʚʘʥʠʷ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʪʝʥʜʦʚ ʚ ʚʝʣʠʯʠʥʘʭ 

ʨʘʟʥʦʩʪʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʷʨʢʦʩʪʠ (ʈʕʗ) ʠ ʨʘʟʥʦʩʪʠ ʨʘʜʠʘʮʠʦʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ (ʈʈʊ), ʠ 

ʤʝʪʦʜ ʢʘʣʠʙʨʦʚʢʠ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʪʝʥʜʦʚ ʥʘ ʦʩʥʦʚʝ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʨʘʜʠʦʤʝʪʨ-

ʢʦʤʧʘʨʘʪʦʨʘ ʂ-100ʄ. 

ɺ ʭʦʜʝ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʤʝʪʦʜʦʚ ʢʘʣʠʙʨʦʚʢʠ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʪʝʥʜʦʚ ʠ 

ʢʦʥʪʨʦʣʴʥʦ-ʧʦʚʝʨʦʯʥʦʡ ʘʧʧʘʨʘʪʫʨʳ (ʂʇɸ) ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʪʝʩʪ-ʦʙʲʝʢʪʦʚ ʧʦʢʘʟʘʣʦ, 

ʯʪʦ ʦʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ, ʚʣʠʷʶʱʠʤ ʥʘ ʪʦʯʥʦʩʪʴ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʈʈʊ ʷʚʣʷʝʪʩʷ ʬʦʥʦʚʦʝ 

ʠʟʣʫʯʝʥʠʝ (ʠʟʣʫʯʝʥʠʝ ʩʪʝʥʦʢ ʢʦʨʧʫʩʘ ʠ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʪʝʥʜʘ).  

ʊʝʩʪ-ʦʙʲʝʢʪʳ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʚ ʚʠʜʝ ʜʠʘʬʨʘʛʤ ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ ʠ ʨʘʟʤʝʨʦʚ. ʆʥʠ 

ʧʦʚʪʦʨʷʶʪ ʚʠʜʠʤʳʝ ʫʛʣʦʚʳʝ ʨʘʟʤʝʨʳ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʮʝʣʝʡ ʠ ʬʦʥʦʚ. ʆʙʳʯʥʦ ʦʥʠ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʧʝʨʝʜ ʠʟʣʫʯʘʪʝʣʝʤ ʠ ʥʘʭʦʜʷʪʩʷ ʚ ʬʦʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʦʙʲʝʢʪʠʚʘ 

ʢʦʣʣʠʤʘʪʦʨʘ. 

ʊʘʢ, ʈʈʊ ʚ ʉʂʀ-ɼ (ʩʪʝʥʜ ʢʘʣʠʙʨʦʚʦʯʥʳʡ ʠʟʤʝʨʠʪʝʣʴʥʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ) ʩ 

ʧʨʦʧʫʩʢʘʶʱʝ-ʦʪʨʘʞʘʶʱʠʤʠ ʤʠʨʘʤʠ ʬʦʨʤʠʨʫʝʪʩʷ ʟʘ ʩʯʝʪ ʠʟʣʫʯʝʥʠʷ ʦʪ ʥʘʛʨʝʚʘʝʤʦʛʦ 

ʠʩʪʦʯʥʠʢʘ ʠ ʠʟʣʫʯʝʥʠʷ ʦʪʨʘʞʝʥʥʦʛʦ ʦʪ ʩʪʝʥʦʢ ʢʦʨʧʫʩʘ. ʊʝʤʧʝʨʘʪʫʨʘ ʤʠʨʳ ʩʯʠʪʘʝʪʩʷ 

ʨʘʚʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩʪʝʥʦʢ ʢʦʨʧʫʩʘ. ʉʪʘʙʠʣʠʟʘʮʠʷ ʨʘʟʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʵʣʝʢʪʨʦʥʥʦʡ ʩʠʩʪʝʤʦʡ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʘʢʮʠʝʡ ʜʘʪʯʠʢʦʚ ʪʝʤʧʝʨʘʪʫʨ 

(ʵʣʝʤʝʥʪʦʚ ʩʦʧʨʦʪʠʚʣʝʥʠʷ) ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʠʟʣʫʯʘʪʝʣʝ ʠ ʥʘ ʦʧʨʘʚʝ, ʚ 

ʢʦʪʦʨʦʡ ʫʩʪʘʥʦʚʣʝʥʘ ʧʣʘʩʪʠʥʢʘ ʩ ʤʠʨʘʤʠ. ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʫʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʤʠʨʳ, ʟʘ ʩʯʝʪ ʥʘʛʨʝʚʘ ʠʩʪʦʯʥʠʢʦʤ ʠʟʣʫʯʝʥʠʷ, ʚʳʟʳʚʘʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ ʩʪʘʙʠʣʠʟʘʮʠʶ 

ʫʨʦʚʥʷ ʟʘʜʘʚʘʝʤʦʡ ʨʘʟʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨ, ʪ. ʝ. ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠʟʣʫʯʘʪʝʣʷ. 

ɺʣʠʷʥʠʝ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʩʪʝʥʦʢ ʢʦʨʧʫʩʘ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, ʯʝʤ ʥʘ 

ʧʣʘʩʪʠʥʢʫ ʩ ʤʠʨʘʤʠ, ʪ. ʝ. ʊʤ ʤʠʨ > ʊʤ ʢʦʨʧ , ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʫʨʦʚʥʷ ʈʈʊ ʥʘ 

ʚʳʭʦʜʝ ʢʦʣʣʠʤʘʪʦʨʦʚ ʚ ʧʨʦʮʝʩʩʝ ʠʩʧʳʪʘʥʠʡ. 

ʈʝʘʣʴʥʦʝ ʥʝʨʘʚʝʥʩʪʚʦ ʪʝʤʧʝʨʘʪʫʨʳ ʤʠʨʳ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (ʊʤʠʨ Í ʊʘ), 

ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʚ ʩʪʝʥʜʘʭ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʠʟʣʫʯʘʶʱʝ-ʧʨʦʧʫʩʢʘʶʱʠʤʠ ʤʠʨʘʤʠ. 

ɺ ʮʝʣʷʭ ʫʩʪʨʘʥʝʥʠʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ, ʩʚʷʟʘʥʥʦʡ ʩ ʥʝʨʘʚʝʥʩʪʚʦʤ ʪʝʤʧʝʨʘʪʫʨ ʤʠʨʳ 

ʠ ʢʦʨʧʫʩʘ, ʜʘʪʯʠʢʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʩʪʝʥʢʘʭ 

ʢʦʨʧʫʩʘ. ʆʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ, ʧʨʠʚʦʜʷʱʠʤʠ ʢ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʤʫ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʶ 

ʪʝʤʧʝʨʘʪʫʨ ʤʝʞʜʫ ʠʟʣʫʯʘʪʝʣʝʤ ʠ ʤʠʨʦʡ ʷʚʣʷʶʪʩʷ:  

- ʥʘʣʠʯʠʝ ʣʫʯʠʩʪʦʛʦ ʠ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ ʤʝʞʜʫ ʠʩʪʦʯʥʠʢʦʤ ʬʦʥʦʚʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʠ ʤʠʨʦʡ;  

- ʫʤʝʥʴʰʝʥʠʝ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʟʘ ʩʯʝʪ ʥʘʣʠʯʠʷ  ñʪʝʨʤʦʙʘʨʴʝʨʦʚò  ʚ ʤʝʩʪʘʭ ʢʦʥʪʘʢʪʘ 

ʤʠʨʳ ʩ ʢʦʨʧʫʩʦʤ ʉʂʀ-ɼ  ʠ ʦʩʦʙʝʥʥʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʫʨʝʣʝʡ ʠʣʠ ʜʨʫʛʠʭ ʫʩʪʨʦʡʩʪʚ 

ʜʣʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩʤʝʥʳ ʤʠʨ; 

- ʥʝʢʦʨʨʝʢʪʥʦʝ ʠʟʤʝʨʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʤʠʨʳ ʊ2, ʪ.ʢ. ʠʟ-ʟʘ ʤʘʣʳʭ ʨʘʟʤʝʨʦʚ ʤʠʨ  ʠ  

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʙʳʩʪʨʦʡ ʠʭ ʩʤʝʥʳ ʚ ʧʨʦʮʝʩʩʝ ʠʩʧʳʪʘʥʠʡ, ʪʝʨʤʦʜʘʪʯʠʢ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʝ 

ʥʘ ʤʠʨʝ, ʘ ʥʘ ʢʦʨʧʫʩʝ ʪʫʨʝʣʠ ʩ ʤʠʨʘʤʠ.   
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Abstract. Computing experiments based on developed mathematical models of blank 

deformation during isothermal stamping and superplastic forming were carried out. This 

numerical simulation permitted to develop the enabling technology of production of turbojet 

engine wide chord hollow fan blade. 

 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʦʚʳʭ ʚʳʩʦʢʦʵʢʦʥʦʤʠʯʥʳʭ ʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʭ 

ʪʫʨʙʦʨʝʘʢʪʠʚʥʳʭ ʜʚʫʭʢʦʥʪʫʨʥʳʭ ʜʚʠʛʘʪʝʣʝʡ (ʊʈɼɼ) ʥʝʦʙʭʦʜʠʤʦ ʦʩʚʦʝʥʠʝ ʨʷʜʘ 

ʢʣʶʯʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʆʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʜʝʪʘʣʝʡ ʘʚʠʘʮʠʦʥʥʦʛʦ 

ʜʚʠʛʘʪʝʣʷ ʷʚʣʷʝʪʩʷ ʣʦʧʘʪʢʘ ʚʝʥʪʠʣʷʪʦʨʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʪʷʛʠ, 

ʩʦʟʜʘʚʘʝʤʦʡ ʜʚʠʛʘʪʝʣʝʤ. ʉʥʠʞʝʥʠʝ ʚʝʩʘ ʣʦʧʘʪʢʠ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʥʝʦʙʭʦʜʠʤʳʭ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʂʇɼ ʜʚʠʛʘʪʝʣʷ ʠ 

ʫʣʫʯʰʝʥʠʶ ʚʩʝʭ ʝʛʦ ʧʘʨʘʤʝʪʨʦʚ. ʇʦʵʪʦʤʫ ʩʦʟʜʘʥʠʝ ʧʦʣʦʡ ʣʦʧʘʪʢʠ ʚʝʥʪʠʣʷʪʦʨʘ ʠ 

ʨʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ ʝʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʷʚʣʷʶʪʩʷ ʚʘʞʥʝʡʰʠʤʠ ʟʘʜʘʯʘʤʠ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʣʦʡ ʣʦʧʘʪʢʠ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ 

ʦʩʥʦʚʥʳʭ ʦʧʝʨʘʮʠʡ: ʜʠʬʬʫʟʠʦʥʥʘʷ ʩʚʘʨʢʘ ʥʝʩʢʦʣʴʢʠʭ ʪʠʪʘʥʦʚʳʭ ʣʠʩʪʦʚ ʚ ʧʣʦʩʢʫʶ 

ʟʘʛʦʪʦʚʢʫ; ʠʟʦʪʝʨʤʠʯʝʩʢʘʷ ʰʪʘʤʧʦʚʢʘ ʵʪʦʡ ʟʘʛʦʪʦʚʢʠ ʜʣʷ ʧʨʠʜʘʥʠʷ ʝʡ ʩʣʦʞʥʦʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʬʦʨʤʳ ʠ ʩʚʝʨʭʧʣʘʩʪʠʯʝʩʢʘʷ ʬʦʨʤʦʚʢʘ (ʉʇʌ) ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʟʘʛʦʪʦʚʢʠ ʚ ʢʦʥʝʯʥʫʶ ʜʝʪʘʣʴ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʚʥʫʪʨʝʥʥʝʛʦ ʩʠʣʦʚʦʛʦ 

ʥʘʙʦʨʘ, ʧʦʜʢʨʝʧʣʷʶʱʝʛʦ ʚʥʝʰʥʠʝ ʦʙʰʠʚʢʠ ʣʦʧʘʪʢʠ. 

ʏʪʦʙʳ ʠʟʛʦʪʦʚʠʪʴ ʢʘʯʝʩʪʚʝʥʥʫʶ ʜʝʪʘʣʴ, ʥʝʦʙʭʦʜʠʤʦ ʥʝ ʪʦʣʴʢʦ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʥʝʦʙʭʦʜʠʤʦʝ ʬʦʨʤʦʠʟʤʝʥʝʥʠʝ ʟʘʛʦʪʦʚʢʠ ʥʘ ʢʘʞʜʦʤ ʧʝʨʝʭʦʜʝ, ʥʦ ʠ ʫʯʠʪʳʚʘʪʴ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʥʘʩʣʝʜʩʪʚʝʥʥʦʩʪʴ ʦʧʝʨʘʮʠʡ. ɺ ʯʘʩʪʥʦʩʪʠ, ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʚʣʠʷʥʠʝ 

ʢʨʠʚʠʟʥʳ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʨʳʪʘ ʟʘʛʦʪʦʚʢʠ ʧʦʩʣʝ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʰʪʘʤʧʦʚʢʠ ʥʘ ʢʘʯʝʩʪʚʦ 

ʠʟʛʦʪʘʚʣʠʚʘʝʤʦʡ ʜʝʪʘʣʠ ʥʘ ʦʧʝʨʘʮʠʠ ʉʇʌ. ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ ʪʘʢʫʶ 

ʟʘʛʦʪʦʚʢʫ, ʧʨʠ ʰʪʘʤʧʦʚʢʝ ʢʦʪʦʨʦʡ ʚ ʥʝʡ ʙʫʜʝʪ ʚʦʟʥʠʢʘʪʴ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦʝ ʥʘʧʨʷʞʝʥʥʦ-

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʝʦʙʭʦʜʠʤʦ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʰʪʘʤʧʦʚʦʡ 

ʦʩʥʘʩʪʢʠ, ʠ ʩʘʤʦʛʦ ʧʨʦʮʝʩʩʘ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʰʪʘʤʧʦʚʢʠ, ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʢʦʪʦʨʳʭ 

ʬʦʨʤʠʨʫʶʪ ʨʘʟʥʳʝ ʫʩʣʦʚʠʷ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ, ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʥʝʦʜʠʥʘʢʦʚʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ ʧʦ ʪʝʣʫ ʟʘʛʦʪʦʚʢʠ. ʇʦʵʪʦʤʫ, ʜʣʷ ʨʝʰʝʥʠʷ 

ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʠʪʝʨʘʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʚ ʢʦʪʦʨʦʤ 

ʧʦʩʣʝ ʘʥʘʣʠʟʘ ʰʪʘʤʧʦʚʢʠ ʦʜʥʦʛʦ ʚʘʨʠʘʥʪʘ ʟʘʛʦʪʦʚʢʠ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʰʪʘʤʧʦʚʦʡ 

ʦʩʥʘʩʪʢʝ ʚʥʦʩʠʣʠʩʴ ʠʟʤʝʥʝʥʠʷ ʚ ʢʦʥʩʪʨʫʢʮʠʶ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʧʨʦʚʦʜʠʣʩʷ 

ʩʣʝʜʫʶʱʠʡ ʙʣʦʢ ʨʘʩʯʝʪʦʚ. ɸʥʘʣʠʟ ʧʨʦʚʦʜʠʣʩʷ ʧʫʪʝʤ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ 

ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʙʳʣʘ ʩʦʟʜʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ʧʨʦʮʝʩʩʘ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʰʪʘʤʧʦʚʢʠ. 

ʂʘʯʝʩʪʚʦ ʛʦʪʦʚʦʡ ʜʝʪʘʣʠ ʦʮʝʥʠʚʘʝʪʩʷ ʧʦʩʣʝ ʧʦʩʣʝʜʥʝʡ ʦʧʝʨʘʮʠʠ ʉʇʌ ʜʝʪʘʣʠ. ɼʣʷ 

ʘʥʘʣʠʟʘ ʦʧʝʨʘʮʠʠ ʉʇʌ ʙʳʣʘ ʩʦʟʜʘʥʘ ʜʨʫʛʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʦʧʠʩʳʚʘʶʱʘʷ 

ʧʦʚʝʜʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʤʘʣʳʭ ʩʢʦʨʦʩʪʷʭ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ. ɸʥʘʣʠʟ ʦʧʝʨʘʮʠʠ 

ʩʚʝʨʭʧʣʘʩʪʠʯʝʩʢʦʡ ʬʦʨʤʦʚʢʠ ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ ʭʘʨʘʢʪʝʨʥʳʝ ʚʠʜʳ ʚʦʟʤʦʞʥʦʛʦ ʙʨʘʢʘ, ʠʭ 

ʧʨʠʯʠʥʳ ʠ ʥʝʦʙʭʦʜʠʤʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʡ ʜʝʪʘʣʠ. 

ʇʨʦʚʝʜʝʥʥʘʷ ʨʘʙʦʪʘ ʧʦʟʚʦʣʠʣʘ ʨʘʟʨʘʙʦʪʘʪʴ ʵʬʬʝʢʪʠʚʥʫʶ ʪʝʭʥʦʣʦʛʠʶ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʦʣʦʡ ʣʦʧʘʪʢʠ ʚʝʥʪʠʣʷʪʦʨʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ ʟʘʜʘʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʠʟʜʝʣʠʷ. 
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ʈɸɿʈɸɹʆʊʂɸ ʄʀɺɸʈʅʆʁ ʕʂʉʇɽʈʊʅʆʁ ʉʀʉʊɽʄʓ ɼʃʗ 

ʈɽʐɽʅʀʗ ɿɸɼɸʏ ɺ ʆɹʃɸʉʊʀ ɻɽʆʄɽʊʈʀʀ, ʉ ɹʆʃɽɽ ʏɽʄ 170 

ʇʈʆɼʋʂʎʀʆʅʅʓʄʀ ʇʈɸɺʀʃɸʄʀ ɺ ʈɽɸʃʔʅʆʄ ɺʈɽʄɽʅʀ 

DEVELOPMENT OF REAL-TIME MIVAR EXPERT SYSTEM FOR THE 

SOLUTION OF PROBLEMS IN GEOMETRY, WITH MORE THAN 

170 PRODUCTION RULES 
ʄ.ʆ. ʏʠʙʠʨʦʚʘ

1 
ï ʩʪʫʜ., ʆ.ʆ. ɺʘʨʣʘʤʦʚ

2
 ï ʜ.ʪ.ʥ., ʧʨʦʬ. 

1
ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʷʜʝʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʄʀʌʀ,  

2
ʄʦʩʢʦʚʩʢʠʡ ʘʚʪʦʤʦʙʠʣʴʥʦ-ʜʦʨʦʞʥʳʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

 

Abstract. MIVAR expert system "UDAV. The geometry" solves all the tasks for 39 objects and 

177 rules in real time helping both  teachers and students. 

 

ʈʝʰʝʥʠʝ ʟʘʜʘʯ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʚ ʦʙʣʘʩʪʠ ʛʝʦʤʝʪʨʠʠ ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʠʤ ʪʝʩʪʦʚʳʤ 

ʧʨʠʤʝʨʦʤ ʜʣʷ ʵʢʩʧʝʨʪʥʳʭ ʩʠʩʪʝʤ ʩ ʣʦʛʠʯʝʩʢʠʤ ʚʳʚʦʜʦʤ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʣʦʛʠʯʝʩʢʠʡ 

ʚʳʚʦʜ ʵʪʦ ʧʦʣʥʦ-ʧʝʨʝʙʦʨʥʘʷ ʟʘʜʘʯʘ ʩ ʬʘʢʪʦʨʠʘʣʴʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʴʶ, 

ʢʦʪʦʨʘʷ ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʧʨʘʚʠʣ. ʆʙʣʘʩʪʴ "ɻʝʦʤʝʪʨʠʷ. ʊʨʝʫʛʦʣʴʥʠʢʠ" ʭʦʨʦʰʦ 

ʠʟʫʯʝʥʘ ʠ ʦʧʠʩʘʥʘ ʚ ʫʯʝʙʥʠʢʘʭ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʤʳ ʚʟʷʣʠ 39 ʦʙʲʝʢʪʦʚ-ʧʝʨʝʤʝʥʥʳʭ (ʫʛʣʳ, 

ʩʪʦʨʦʥʳ, ʚʳʩʦʪʳ ʠ ʪ.ʜ.), ʢʦʪʦʨʳʝ ʦʧʠʩʳʚʘʶʪʩʷ 177 ʧʨʘʚʠʣʘʤʠ - ʟʘʚʠʩʠʤʦʩʪʷʤʠ ʦʜʥʠʭ 

ʦʙʲʝʢʪʦʚ ʦʪ ʜʨʫʛʠʭ. ʈʝʰʝʥʠʝ ʟʘʜʘʯ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʧʦ ʟʘʜʘʥʥʦʤʫ ʥʘʙʦʨʫ ʚʭʦʜʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ("ʜʘʥʦ") ʥʘʜʦ ʥʘʡʪʠ ʚʳʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ ("ʥʘʡʪʠ"). ʋʯʝʥʠʢʫ ʠʟʚʝʩʪʥʳ ʚʩʝ 

ʫʨʘʚʥʝʥʠʷ ʠ ʟʘʚʠʩʠʤʦʩʪʠ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. ʊʦʛʜʘ ʧʦʜ ʢʘʞʜʫʶ "ʟʘʜʘʯʫ" ʥʘʜʦ ʩʦʩʪʘʚʠʪʴ 

ʘʣʛʦʨʠʪʤ ʝʝ ʨʝʰʝʥʠʷ, ʟʘʪʝʤ ʚʳʯʠʩʣʠʪʴ ʠ ʧʦʣʫʯʠʪʴ ʠʟ "ʜʘʥʦ" ʪʨʝʙʫʝʤʳʝ "ʥʘʡʪʠ".  

ʀʟʚʝʩʪʥʦ 2 ʤʝʪʦʜʘ ʨʝʰʝʥʠʷ: 1) ʣʦʛʠʯʝʩʢʠʤ ʚʳʚʦʜʦʤ ʩʪʨʦʠʪʴ ʘʣʛʦʨʠʪʤʳ ʠ 

2) ʩʬʦʨʤʠʨʦʚʘʪʴ ʤʘʪʨʠʮʫ ʚʩʝʭ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʣʶʙʳʭ ʥʘʙʦʨʦʚ "ʜʘʥʦ" ʠ "ʥʘʡʪʠ". ɺ ʧʝʨʚʦʤ 

ʩʣʫʯʘʝ ʜʣʷ ʧʨʝʜʠʢʘʪʦʚ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʣʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦʤ ʧʨʘʚʠʣ, ʪ.ʝ. 

177! (ʬʘʢʪʦʨʠʘʣ). ɼʣʷ ʚʪʦʨʦʛʦ ʩʣʫʯʘʷ ʧʦʜ ʢʘʞʜʳʡ ʥʘʙʦʨ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ 

ʪʨʝʙʫʝʪʩʷ ʜʦ 39! ʩʪʨʦʢ ʤʘʪʨʠʮʳ. ʆʙʘ ʚʘʨʠʘʥʪʘ ʥʝ ʦʩʫʱʝʩʪʚʠʤʳ ʥʘ ʧʨʘʢʪʠʢʝ.  

ɽʩʪʴ ʪʨʝʪʠʡ ʚʘʨʠʘʥʪ: ʤʠʚʘʨʥʳʝ ʩʝʪʠ, ʢʦʪʦʨʳʝ ʫʧʨʘʚʣʷʶʪʩʷ ʧʦʪʦʢʦʤ ʚʭʦʜʥʳʭ 

ʜʘʥʥʳʭ ʠ ʤʦʛʫʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʘʣʛʦʨʠʪʤʳ ʩ ʣʠʥʝʡʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 

ʩʣʦʞʥʦʩʪʴʶ ʣʦʛʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ. ʅʦʩʦʚ ɸ.ɺ. ʨʝʘʣʠʟʦʚʘʣ ʤʠʚʘʨʥʳʡ ʤʝʪʦʜ ʚ ʧʨʦʛʨʘʤʤʝ 

"ʋɼɸɺ", ʢʦʪʦʨʘʷ ʨʝʰʘʝʪ ʚʩʝ ʟʘʜʘʯʠ ʜʣʷ 39 ʦʙʲʝʢʪʦʚ ʠ 177 ʧʨʘʚʠʣ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ.  

ʅʘ ʦʩʥʦʚʝ ʦʧʨʦʩʘ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʩʨʝʜʥʝʡ ʰʢʦʣʳ ʙʳʣ ʚʳʷʚʣʝʥ ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʳʡ 

ʠʥʪʝʨʬʝʡʩ ʧʨʦʝʢʪʘ, ʧʦʢʘʟʘʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 1: ʩʥʘʯʘʣʘ ʟʘʜʘʶʪ "ʜʘʥʦ" ʠ "ʥʘʡʪʠ", ʟʘʪʝʤ 

ʧʨʦʛʨʘʤʤʘ ʚʳʯʠʩʣʷʝʪ ʧʝʨʝʤʝʥʥʳʝ ʠ ʨʠʩʫʝʪ ʘʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ.  

ʇʨʘʢʪʠʯʝʩʢʘʷ ʧʦʣʴʟʘ: ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʤʦʞʝʪ ʛʦʪʦʚʠʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʟʘʜʘʥʠʷ ʠ 

ʧʨʦʚʝʨʷʪʴ ʢʦʥʪʨʦʣʴʥʳʝ ʟʘʜʘʥʠʷ, ʘ ʫʯʝʥʠʢʠ ʩʘʤʠ ʧʦʣʫʯʘʶʪ ʦʙʲʷʩʥʝʥʠʷ ʚ ʧʨʦʛʨʘʤʤʝ.  

     
ʈʠʩ. 1. 

ɺʳʚʦʜ. ʄʠʚʘʨʥʘʷ ʵʢʩʧʝʨʪʥʘʷ ʩʠʩʪʝʤʘ "ʋɼɸɺ. ɻʝʦʤʝʪʨʠʷ" ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʨʝʰʘʝʪ ʚʩʝ 

ʟʘʜʘʯʠ ʜʣʷ 39 ʦʙʲʝʢʪʦʚ ʠ 177 ʧʨʘʚʠʣ, ʯʪʦ ʧʦʤʦʛʘʝʪ ʠ ʫʯʠʪʝʣʷʤ, ʠ ʫʯʝʥʠʢʘʤ.  
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ʆʇʊʀʄʀɿɸʎʀʀ ʌʆʈʄʓ ɼɽʊɸʃɽʁ  

ɻɸɿʆʊʋʈɹʀʅʅʆɻʆ ɼɺʀɻɸʊɽʃʗ  

 

PROCESS ORGANIZATION  

OF GAS TURBINE ENGINE PARTS OPTIMIZATION  

 
ɼ.ɸ. ʗʢʫʰʝʚ ï ʥʘʯʘʣʴʥʠʢ ʩʝʢʪʦʨʘ 

ʌɻʋʇ ʎʝʥʪʨʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ ʘʚʠʘʮʠʦʥʥʦʛʦ ʤʦʪʦʨʦʩʪʨʦʝʥʠʷ ʠʤ. ʇ.ʀ. ɹʘʨʘʥʦʚʘ  

 

Abstract. Concepts of using optimization technologies for structural design are considered. 

Results were obtained using developed FE analysis program connected with SQP optimization 

procedure. 

 

ʈʘʩʩʤʦʪʨʝʥʳ ʦʙʱʠʝ ʧʨʠʥʮʠʧʳ ʠ ʧʨʠʤʝʨʳ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʦʧʪʠʤʠʟʘʮʠʠ 

ʬʦʨʤʳ ʜʝʪʘʣʠ ʧʨʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʜʝʪʘʣʝʡ ʠ ʫʟʣʦʚ ʛʘʟʦʪʫʨʙʠʥʥʳʭ 

ʜʚʠʛʘʪʝʣʝʡ (ɻʊɼ). ʇʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʥʦʚʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʷʚʣʷʝʪʩʷ ʠʪʝʨʘʮʠʦʥʥʳʤ ʠ 

ʤʥʦʛʦʩʪʘʜʠʡʥʳʤ, ʠ ʦʧʪʠʤʘʣʴʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʢʘʢ ʦʜʠʥ ʠʟ ʵʪʘʧʦʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʩʦʢʨʘʱʘʝʪ ʪʨʫʜʦʝʤʢʦʩʪʴ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʷ ʥʘʡʪʠ ʥʘʠʣʫʯʰʫʶ ʢʦʥʩʪʨʫʢʮʠʶ, 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʫʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʠ ʧʨʦʯʥʦʩʪʥʳʤ ʦʛʨʘʥʠʯʝʥʠʷʤ ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ 

ʤʠʥʠʤʫʤ ʟʘʜʘʥʥʦʡ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ. 

ʇʨʦʮʝʩʩ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ʩʪʘʜʠʡ: ʬʦʨʤʠʨʦʚʘʥʠʝ ʬʫʥʢʮʠʠ 

ʮʝʣʠ, ʢʨʠʪʝʨʠʝʚ ʠ ʦʛʨʘʥʠʯʝʥʠʡ; ʧʘʨʘʤʝʪʨʠʟʘʮʠʷ ʜʝʪʘʣʝʡ ʠ ʚʳʙʦʨ ʫʧʨʘʚʣʷʝʤʳʭ 

ʧʘʨʘʤʝʪʨʦʚ; ʩʦʟʜʘʥʠʝ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ; ʚʳʙʦʨ ʤʝʪʦʜʘ ʦʧʪʠʤʠʟʘʮʠʠ; ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ 

ʦʧʪʠʤʠʟʘʮʠʠ. 

ɺʳʙʦʨ ʬʫʥʢʮʠʠ ʮʝʣʠ, ʢʨʠʪʝʨʠʝʚ ʠ ʦʛʨʘʥʠʯʝʥʠʡ ʟʘʚʠʩʠʪ ʦʪ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ 

ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʥʘʟʥʘʯʝʥʠʷ ʜʝʪʘʣʠ ʠʣʠ ʢʦʥʩʪʨʫʢʮʠʠ. ʈʘʩʩʤʦʪʨʝʥʳ ʨʘʟʣʠʯʥʳʝ ʬʫʥʢʮʠʠ 

ʮʝʣʠ: ʤʠʥʠʤʫʤ ʤʘʩʩʳ ʠ ʥʘʧʨʷʞʝʥʠʡ, ʤʘʢʩʠʤʫʤ ʞʝʩʪʢʦʩʪʠ ʠ ʪ.ʜ. ʌʫʥʢʮʠʷ ʮʝʣʠ 

ʦʧʨʝʜʝʣʷʝʪ ʥʘʙʦʨ ʦʛʨʘʥʠʯʝʥʠʡ, ʥʘʢʣʘʜʳʚʘʝʤʳʭ ʥʘ ʧʘʨʘʤʝʪʨʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʥʘ 

ʧʘʨʘʤʝʪʨʳ ʩʦʩʪʦʷʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ: ʨʘʟʤʝʨʳ, ʥʘʧʨʷʞʝʥʠʷ, ʧʝʨʝʤʝʱʝʥʠʷ ʠ ʜʨ. ʇʨʠ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ ʧʨʦʮʝʩʩʝ ʜʝʪʘʣʠ ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ 

ʧʘʨʘʤʝʪʨʠʟʦʚʘʥʥʳʭ ʦʙʲʝʢʪʦʚ. ʌʦʨʤʫ ʜʝʪʘʣʠ ʠʣʠ ʢʦʥʩʪʨʫʢʮʠʠ ʟʘʜʘʝʪ ʚʝʢʪʦʨ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʦʩʪʨʦʠʪʴ ʟʘʤʢʥʫʪʫʶ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʤʦʜʝʣʴ 

ʜʝʪʘʣʠ ʠʣʠ ʢʦʥʩʪʨʫʢʮʠʠ. ɺʳʙʦʨ ʫʧʨʘʚʣʷʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʟʘʚʠʩʠʪ ʦʪ ʮʝʣʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʠ ʦʛʨʘʥʠʯʝʥʠʡ. ʉʣʦʞʥʦʩʪʴ ʠ ʧʦʨʷʜʦʢ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ ʦʧʨʝʜʝʣʷʶʪ ʜʦʧʫʩʢʘʝʤʘʷ 

ʪʦʯʥʦʩʪʴ ʨʘʩʯʝʪʘ ʠ ʨʘʩʧʦʣʘʛʘʝʤʦʝ ʚʨʝʤʷ ʥʘ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ. ɺʳʙʦʨ ʤʝʪʦʜʘ ʦʧʪʠʤʠʟʘʮʠʠ 

ʩʚʷʟʘʥ ʩ ʟʘʜʘʥʠʝʤ ʧʘʨʘʤʝʪʨʦʚ, ʨʘʟʤʝʨʥʦʩʪʴʶ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʛʣʘʜʢʦʩʪʴʶ 

ʬʫʥʢʮʠʡ ʮʝʣʠ ʠ ʦʛʨʘʥʠʯʝʥʠʡ, ʧʦʩʪʦʷʥʥʳʤ ʠʣʠ ʧʝʨʝʤʝʥʥʳʤ ʥʘʙʦʨʦʤ ʦʛʨʘʥʠʯʝʥʠʡ ʧʦ 

ʠʪʝʨʘʮʠʷʤ. 

ʅʘ ʨʷʜʝ ʧʨʠʤʝʨʦʚ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʧʝʨʘ ʣʦʧʘʪʢʠ ʠ ʜʠʩʢʘ ʢʦʤʧʨʝʩʩʦʨʘ 

ʧʦʢʘʟʘʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʩʨʝʜʩʪʚ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ 

ʟʘʚʠʩʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʨʝʰʝʥʠʷ ʦʪ ʚʳʙʨʘʥʥʳʭ ʢʨʠʪʝʨʠʝʚ ʠ ʦʛʨʘʥʠʯʝʥʠʡ. ʈʘʩʩʤʦʪʨʝʥʘ 

ʟʘʜʘʯʘ ʩʥʠʞʝʥʠʷ ʤʘʩʩʳ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʧʦʣʫʯʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʚ ʣʦʧʘʪʢʝ ʠ ʜʠʩʢʝ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʛʦ ʪʨʝʙʦʚʘʥʠʷʤ ʠ ʦʛʨʘʥʠʯʝʥʠʷʤ ʧʦ 

ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ ʠ ʧʨʦʯʥʦʩʪʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʤʦʜʫʣʷ 

ʘʥʘʣʠʟʘ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʄʂʕ) ʠ ʤʦʜʫʣʷ ʦʧʪʠʤʠʟʘʮʠʠ 

ʥʘ ʦʩʥʦʚʝ ʘʣʛʦʨʠʪʤʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʢʚʘʜʨʘʪʠʯʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ. ʋʥʠʚʝʨʩʘʣʴʥʦʩʪʴ 

ʢʦʤʧʣʝʢʩʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥ ʧʦʟʚʦʣʷʝʪ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʫʣʷ ʘʥʘʣʠʟʘ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʨʘʟʣʠʯʥʳʝ ʧʨʦʛʨʘʤʤʳ ʄʂʕ. 

  



ʉɽʂʎʀʗ 8.

ɺʠʙʨʘʮʠʦʥʥr ʝ ʧʨʦʮʝʩʩr ʠ ʩʠʩʪʝʤr ,

ʚʠʙʨʘʮʠʦʥʥʘ̫ ʜʠʘʛʥʦʩʪʠʢʘ 
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ʇʈʀ ɺʓʉʆʂʆʉʂʆʈʆʉʊʅʆʁ ʆɹʈɸɹʆʊʂɽ 

 

METHOD FOR DETERMINING VIBRATION-FREE FREQUENCIES  

OF TOOL ROTATION FOR HIGH-SPEED MACHINING 
 

ʇ.ɸ. ɹʳʢʦʚ ï ʘʩʧ., ɺ.ʄ. ʋʪʝʥʢʦʚ ï ʜ.ʪ.ʥ., ʧʨʦʬ., ʟʘʚ. ʢʘʬ. 

ʄɻʊʋ ʠʤ. ʅ.ʕ. ɹʘʫʤʘʥʘ 

 

Abstract. In this work the authors expound two variants of method for determining vibration-

free frequencies of tool rotation for high-speed machining. It is also an example of the 

experimental use of one of them. 

 

ɺʳʩʦʢʦʩʢʦʨʦʩʪʥʘʷ ʦʙʨʘʙʦʪʢʘ (ɺʉʆ) ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʨʦʛʨʝʩʩʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ 

ʜʣʷ ʬʨʝʟʝʨʦʚʘʥʠʷ.  

ʆʜʥʦ ʠʟ ʧʨʝʠʤʫʱʝʩʪʚ ɺʉʆ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ ʚʦʟʜʝʡʩʪʚʠʷ 

ʠʥʩʪʨʫʤʝʥʪʘ ʥʘ ʟʘʛʦʪʦʚʢʫ, ʢʦʪʦʨʳʝ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʶʪ ʯʘʩʪʦʪʳ ʩʦʙʩʪʚʝʥʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʠʤʝʶʱʠʭ ʥʘʠʙʦʣʴʰʠʝ ʘʤʧʣʠʪʫʜʳ ʠ ʩʧʦʩʦʙʥʳʭ 

ʚʳʟʚʘʪʴ ʚʠʙʨʘʮʠʠ. 

ʉʦʚʨʝʤʝʥʥʳʡ ʠʥʩʪʨʫʤʝʥʪ, ʠʟʛʦʪʦʚʣʝʥʥʳʡ ʠʟ ʪʚʝʨʜʦʛʦ ʩʧʣʘʚʘ ʠ ʠʤʝʶʱʠʡ 

ʩʚʝʨʭʪʚʝʨʜʦʝ ʧʦʢʨʳʪʠʝ ʜʦʣʞʝʥ ʨʘʙʦʪʘʪʴ ʙʝʟ ʚʠʙʨʘʮʠʡ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʲʝʤʘ ʤʘʪʝʨʠʘʣʘ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʢʘʯʝʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʨʠʝʤʣʝʤʦʡ 

ʩʪʦʡʢʦʩʪʠ. 

ʄʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʙʝʟʚʠʙʨʘʮʠʦʥʥʳʭ ʯʘʩʪʦʪ ʚʨʘʱʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʠ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʤ ʬʨʝʟʝʨʦʚʘʥʠʠ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʘ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ. 

ʇʝʨʚʳʡ ʩʧʦʩʦʙ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʦʚʝʜʝʥʠʠ ʧʨʦʙʥʳʭ ʧʨʦʭʦʜʦʚ ʥʘ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ 

ʜʦʧʫʩʪʠʤʳʭ ʯʘʩʪʦʪ ʚʨʘʱʝʥʠʷ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʛʣʫʙʠʥʦʡ ʨʝʟʘʥʠʷ ʠ ʦʜʠʥʘʢʦʚʦʡ ʧʦʜʘʯʝʡ ʥʘ 

ʟʫʙ. ʇʦʩʣʝ ʵʪʦʛʦ ʛʣʫʙʠʥʘ ʨʝʟʘʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ ʯʘʩʪʦʪʳ, ʧʨʠ ʢʦʪʦʨʳʭ ʚʦʟʥʠʢʣʠ 

ʚʠʙʨʘʮʠʠ, ʠʩʢʣʶʯʘʶʪʩʷ ʠʟ ʜʘʣʴʥʝʡʰʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʣʠʙʦ ʜʦʩʪʠʛʘʝʪʩʷ 

ʧʨʝʜʝʣʴʥʘʷ ʛʣʫʙʠʥʘ ʨʝʟʘʥʠʷ ʜʣʷ ʜʘʥʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʠʣʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʘʢʘʷ ʛʣʫʙʠʥʘ, 

ʧʨʠ ʢʦʪʦʨʦʡ ʚʠʙʨʘʮʠʠ ʚʦʟʥʠʢʘʶʪ ʥʘ ʣʶʙʦʡ ʯʘʩʪʦʪʝ. ɼʘʣʝʝ ʧʦʜʩʯʠʪʳʚʘʝʪʩʷ ʦʙʲʝʤ ʩʥʷʪʦʡ 

ʩʪʨʫʞʢʠ ʠ ʚʳʷʚʣʷʶʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʨʝʞʠʤʳ. 

ɺʪʦʨʦʡ ʩʧʦʩʦʙ ʦʪʣʠʯʘʝʪʩʷ ʧʦʨʷʜʢʦʤ ʜʝʡʩʪʚʠʡ ʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ 

ʧʨʝʜʝʣʴʥʦʡ ʛʣʫʙʠʥʳ ʨʝʟʘʥʠʷ ʜʣʷ ʢʘʞʜʦʡ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʰʧʠʥʜʝʣʷ. 

ɼʣʷ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʧʝʨʚʦʛʦ ʚʘʨʠʘʥʪʘ ʤʝʪʦʜʠʢʠ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʢʘʬʝʜʨʳ 

ʄʊ-1 ʙʳʣ ʧʨʦʚʝʜʝʥ ʵʢʩʧʝʨʠʤʝʥʪ. ɺʦ ʚʨʝʤʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʩʣʝʜʫʶʱʝʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ: ʬʨʝʟʝʨʥʦ-ʛʨʘʚʠʨʦʚʘʣʴʥʳʡ 3-ʭ ʢʦʦʨʜʠʥʘʪʥʳʡ ʩʪʘʥʦʢ ʩ ʏʇʋ ʧʦʨʪʘʣʴʥʦʛʦ 

ʪʠʧʘ CAM 1520 ʬʠʨʤʳ VHF, ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ʜʣʷ ʘʥʘʣʠʟʘ ʩʠʣ ʨʝʟʘʥʠʷ ʬʠʨʤʳ 

Kistler, ʦʜʥʦʟʫʙʳʝ ʬʨʝʟʳ, ʜʠʘʤʝʪʨʦʤ 6 ʤʤ ES-HB-600-6-140-40 ʬʠʨʤʳ VHF. ʄʘʪʝʨʠʘʣ 

ʟʘʛʦʪʦʚʢʠ ï ɺ95 ʇʯ ʊ2. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʛʨʘʬʠʢʠ ʩʠʣ ʨʝʟʘʥʠʷ ʜʣʷ 

ʯʘʩʪʦʪ ʚʨʘʱʝʥʠʷ ʦʪ 20000 ʜʦ 50000 ʦʙ/ʤʠʥ, ʧʨʠ ʛʣʫʙʠʥʘʭ ʨʝʟʘʥʠʷ ʦʪ 0,1 ʜʦ 2 ʤʤ. 

ʈʝʢʦʤʝʥʜʦʚʘʥʥʘʷ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʜʣʷ ʬʨʝʟ ʩʦʩʪʘʚʣʷʣʘ 25000 ʦʙ/ʤʠʥ, ʦʜʥʘʢʦ, 

ʧʦʩʣʝ ʘʥʘʣʠʟʘ ʛʨʘʬʠʢʦʚ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʳʤʠ ʯʘʩʪʦʪʘʤʠ ʷʚʣʷʶʪʩʷ 33000 ʠ 

41000 ʦʙ/ʤʠʥ, ʘ ʨʝʟʦʥʘʥʩʥʳʝ ʯʘʩʪʦʪʳ 23000, 38000 ʠ 48000 ʦʙ/ʤʠʥ. 

ʊʘʢ ʞʝ ʢʦʩʚʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʩʠʣ ʨʝʟʘʥʠʷ, ʚ ʢʘʯʝʩʪʚʝ 

ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʝʬʦʨʤʘʮʠʠ ʜʝʪʘʣʠ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʌʎʇ "ʅʘʫʯʥʳʝ ʠ ʥʘʫʯʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʠʝ ʢʘʜʨʳ 

ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʈʦʩʩʠʠ" ʥʘ 2009-2013 ʛʦʜʳ. 
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OF THE SPATIAL VIBRATION ISOLATION DEVICES 
 

ɽ.ɻ. ɻʫʨʦʚʘ ï ʢ.ʪ.ʥ, ʜʦʮ., ʩʧʝʮʠʘʣʠʩʪ ʧʦ ʠʥʥʦʚʘʮʠʷʤ  

ʌɹʆʋ ɺʇʆ çʅʦʚʦʩʠʙʠʨʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘè 

 

Abstract: Considers the technique of describing the spatial vibration and vibration isolation 

using ideal mathematical apparatusï quaternions. 

  

ʉʝʛʦʜʥʷ ʦʜʥʦʡ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʷʚʣʷʝʪʩʷ ʰʫʤ ʠ ʚʠʙʨʘʮʠʷ, ʩʦʟʜʘʚʘʝʤʳʝ 

ʨʘʙʦʪʘʶʱʠʤʠ ʤʘʰʠʥʘʤʠ ʠ ʤʝʭʘʥʠʟʤʘʤʠ. ɼʘʥʥʘʷ ʠʥʞʝʥʝʨʥʘʷ ʟʘʜʘʯʘ ʥʘʠʙʦʣʝʝ ʦʩʪʨʦ ʩʪʦʠʪ 

ʚ ʘʚʪʦʤʦʙʠʣʝʩʪʨʦʝʥʠʠ, ʩʫʜʦʩʪʨʦʝʥʠʠ, ʣʦʢʦʤʦʪʠʚʦʩʪʨʦʝʥʠʠ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚʦ ʚʩʝʭ 

ʦʙʣʘʩʪʷʭ ʪʝʭʥʠʢʠ. ɺʠʙʨʘʮʠʷ, ʛʝʥʝʨʠʨʫʝʤʘʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʫʩʪʘʥʦʚʢʘʤʠ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʩʨʝʜʩʪʚ, ʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʥʘʜʸʞʥʦʩʪʴ ʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ 

ʨʘʟʣʠʯʥʳʭ ʫʩʪʨʦʡʩʪʚ. ʆʩʦʙʝʥʥʦ ʦʧʘʩʥʳ ʪʘʢʠʝ ʢʦʣʝʙʘʥʠʷ ʜʣʷ ʯʝʣʦʚʝʢʘ, ʚʳʟʳʚʘʷ 

ʨʘʟʣʠʯʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ.  

ʂʘʢ ʠʟʚʝʩʪʥʦ ʚʠʙʨʘʮʠʷ ï ʧʨʦʠʟʚʦʣʴʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ. ɼʣʷ ʝʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʨʝʜʣʘʛʘʝʪʩʷ ʙʳʩʪʨʳʡ ʤʝʪʦʜ ʦʧʠʩʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʚʠʙʨʘʮʠʠ, ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ - ʢʚʘʪʝʨʥʠʦʥʳ. ɻʠʧʝʨʢʦʤʧʣʝʢʩʥʳʝ ʯʠʩʣʘ 

ʧʦʟʚʦʣʷʶʪ ʫʚʠʜʝʪʴ, ʢʘʢ ʠʟʤʝʥʠʪʩʷ ʩʫʤʤʘʨʥʳʡ ʚʝʢʪʦʨ ʢʦʣʝʙʘʥʠʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʦʮʝʥʠʪʴ 

ʤʛʥʦʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚʠʙʨʘʮʠʠ ʚʦ ʚʩʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩ ʧʦʤʦʱʴʶ ʦʜʥʦʛʦ ʫʨʘʚʥʝʥʠʷ: 

k)t(zj)t(yi)t(x)t(u)t(q ,                                      (1) 

ʛʜʝ )t(q - ʦʙʱʠʡ ʚʝʢʪʦʨ ʚʠʙʨʘʮʠʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ; )t(u  - ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʧʦʣʦʞʝʥʠʷ 

ʚʝʢʪʦʨʘ ʚʠʙʨʘʮʠʠ; )();();( tztytx - ʢʦʦʨʜʠʥʘʪʥʳʝ ʧʦʣʦʞʝʥʠʷ ʪʦʯʢʠ ʚʠʙʨʘʮʠʠ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ; k;j;i  - ʝʜʠʥʠʯʥʳʝ ʚʝʢʪʦʨʳ (ʦʨʪʳ); )t(r - ʘʤʧʣʠʪʫʜʘ ʚʝʢʪʦʨʘ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ; e  - ʥʘʧʨʘʚʣʷʶʱʠʡ ʚʝʢʪʦʨ. 

ʀʟ ʫʨʘʚʥʝʥʠʷ (1) ʚʠʜʥʦ, ʯʪʦ ʩ ʧʦʤʦʱʴʶ ʢʚʘʪʝʨʥʠʦʥʦʚ ʤʦʞʥʦ ʫʯʝʩʪʴ ʚʝʣʠʯʠʥʫ 

ʞʝʩʪʢʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʘʞʜʦʡ ʦʩʠ ʠ ʘʤʧʣʠʪʫʜʫ ʢʦʣʝʙʘʥʠʡ ʚ ʣʶʙʦʡ ʪʦʯʢʝ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ʇʨʠʤʝʥʝʥʠʝ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʜʣʷ ʦʧʠʩʘʥʠʷ ʚʠʙʨʘʮʠʦʥʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦʟʚʦʣʷʝʪ ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʪʨʝʭʤʝʨʥʳʭ ʚʠʙʨʦʠʟʦʣʠʨʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ. 

ɺ ʩʚʷʟʠ ʩ ʚʳʰʝʩʢʘʟʘʥʥʳʤ, ʧʨʝʜʣʘʛʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʡ ʪʨʝʭʤʝʨʥʳʡ ʚʠʙʨʦʠʟʦʣʷʪʦʨ, 

ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʧʦʣʥʦʩʪʴʶ ʦʪʚʝʯʘʪʴ ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʚʠʙʨʦʠʟʦʣʷʮʠʠ.  ʄʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʪʘʢʠʭ ʚʠʙʨʦʠʟʦʣʠʨʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ 

ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʘʧʧʘʨʘʪʝ - ʛʠʧʝʨʢʦʤʧʣʝʢʩʥʳʝ ʯʠʩʣʘ: 

)t(r)t(u)t(q ,                                                        (2) 

ʛʜʝ  )t(u  - ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʚʝʢʪʦʨʘ ʚʠʙʨʘʮʠʠ; )t(r - ʘʤʧʣʠʪʫʜʘ ʚʝʢʪʦʨʘ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ʂʚʘʪʝʨʥʠʦʥʳ ʧʦʟʚʦʣʷʶʪ ʦʧʠʩʘʪʴ ʤʛʥʦʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʚʠʙʨʘʮʠʠ ʠ ʫʯʝʩʪʴ ʠʭ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʚʠʙʨʦʠʟʦʣʠʨʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ. 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʪʨʝʭʦʩʥʳʡ ʚʠʙʨʦʠʟʦʣʷʪʦʨ ʩ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʢʦʤʧʝʥʩʘʮʠʝʡ ʞʝʩʪʢʦʩʪʠ, 

ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪʴ ʠʜʝʘʣʴʥʫʶ ʚʠʙʨʦʠʟʦʣʷʮʠʶ ʢʘʢ ʧʨʠ ʧʦʩʪʦʷʥʥʳʭ ʧʦ 

ʚʝʣʠʯʠʥʝ, ʪʘʢ ʠ ʧʨʠ ʧʨʦʠʟʚʦʣʴʥʦ ʤʝʥʷʶʱʠʭʩʷ ʥʘʛʨʫʟʢʘʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʩʝʭ ʪʨʝʭ ʦʩʝʡ 

ʦʜʥʦʚʨʝʤʝʥʥʦ. ʊʨʝʭʤʝʨʥʳʡ ʚʠʙʨʦʠʟʦʣʷʪʦʨ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʣʶʙʦʡ ʦʙʣʘʩʪʠ 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʠ ʪʝʭʥʠʢʠ, ʘ ʪʘʢʞʝ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʦʯʝʥʴ ʵʬʬʝʢʪʠʚʥʳʤ ʜʣʷ ʟʘʱʠʪʳ 

ʯʝʣʦʚʝʢʘ ʦʪ ʚʠʙʨʘʮʠʡ, ʛʝʥʝʨʠʨʫʝʤʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʫʩʪʘʥʦʚʢʘʤʠ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʩʨʝʜʩʪʚ.  
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Abstract. A coupled model of quartz oscillator electric circuit and quartz resonator as a 

distributed system is represented. Influence of external vibratory field and quartz plate surface 

quality on oscillator dynamics is analyzed.  

 

ʂʚʘʨʮʝʚʳʡ ʛʝʥʝʨʘʪʦʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʝʥʝʨʘʪʦʨ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ, ʚ 

ʢʦʪʦʨʦʤ ʨʦʣʴ ʨʝʟʦʥʘʥʩʥʦʛʦ ʢʦʥʪʫʨʘ ʠʛʨʘʝʪ ʢʚʘʨʮʝʚʳʡ ʨʝʟʦʥʘʪʦʨ. ʆʩʥʦʚʥʳʤ ʵʣʝʤʝʥʪʦʤ 

ʨʝʟʦʥʘʪʦʨʘ ʷʚʣʷʝʪʩʷ ʢʚʘʨʮʝʚʘʷ ʧʣʘʩʪʠʥʘ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʜʠʥʘʤʠʢʠ 

ʢʚʘʨʮʝʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʧʨʝʜʧʦʣʘʛʘʶʪ ʝʛʦ ʨʘʩʩʤʦʪʨʝʥʠʝ ʪʦʣʴʢʦ ʢʘʢ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʭʝʤʳ. 

ʇʨʠ ʵʪʦʤ ʢʚʘʨʮʝʚʳʡ ʨʝʟʦʥʘʪʦʨ ʟʘʤʝʥʷʝʪʩʷ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʭʝʤʦʡ, 

ʧʘʨʘʤʝʪʨʳ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʶʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. ʈʘʩʯʝʪ ʩʭʝʤʳ 

ʢʚʘʨʮʝʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʩʧʝʮʠʘʣʴʥʳʭ ʧʨʦʛʨʘʤʤ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʣʠʷʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʬʘʢʪʦʨʦʚ ʥʘ ʜʠʥʘʤʠʢʫ ʛʝʥʝʨʘʪʦʨʘ. ɺʣʠʷʥʠʝ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ, ʜʘʚʣʝʥʠʝ 

ʚʦʟʜʫʭʘ, ʚʥʝʰʥʠʝ ʚʠʙʨʘʮʠʠ, ʠʟʫʯʘʝʪʩʷ ʪʦʣʴʢʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. ɺʣʠʷʥʠʝ ʞʝ ʢʘʯʝʩʪʚʘ 

ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʢʚʘʨʮʝʚʦʡ ʧʣʘʩʪʠʥʳ ʦʧʠʩʘʥʦ ʪʦʣʴʢʦ ʢʘʯʝʩʪʚʝʥʥʦ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʚʷʟʘʥʥʘʷ ʤʦʜʝʣʴ ʜʠʥʘʤʠʢʠ ʢʚʘʨʮʝʚʦʛʦ 

ʛʝʥʝʨʘʪʦʨʘ ʢʘʢ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʭʝʤʳ ʠ ʢʚʘʨʮʝʚʦʡ ʧʣʘʩʪʠʥʳ ʢʘʢ ʩʠʩʪʝʤʳ ʩ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʧʨʠʯʝʤ ʧʣʘʩʪʠʥʘ ʟʘʢʣʶʯʝʥʘ ʚ ʦʙʲʝʤʝ ʚʦʟʜʫʭʘ. ɼʣʷ 

ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʚʥʝʰʥʝʛʦ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ʠ ʢʘʯʝʩʪʚʘ ʦʙʨʘʙʦʪʢʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʩʪʠʥʳ ʥʘ ʜʠʥʘʤʠʢʫ ʛʝʥʝʨʘʪʦʨʘ. 

ɺʥʝʰʥʝʝ ʢʠʥʝʤʘʪʠʯʝʩʢʦʝ ʚʦʟʙʫʞʜʝʥʠʝ ʫʯʠʪʳʚʘʝʪʩʷ ʚ ʚʠʜʝ ʧʝʨʝʥʦʩʥʳʭ ʩʠʣ 

ʠʥʝʨʮʠʠ. ɺ ʨʘʙʦʪʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʠ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ 

ʯʘʩʪʦʪʳ ʛʝʥʝʨʘʪʦʨʘ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʘʤʧʣʠʪʫʜʳ ʚʠʙʨʘʮʠʡ. ʈʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʜʣʷ 

ʘʤʧʣʠʪʫʜ ʚʠʙʨʘʮʠʡ ʚ ʠʥʪʝʨʚʘʣʘʭ ʦʪ 0 ʜʦ Ñ5g, (g - ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ), 

ʜʝʡʩʪʚʫʶʱʠʭ ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ ʧʘʨʘʣʣʝʣʴʥʦ ʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʵʣʝʢʪʨʦʜʘʤ, ʥʘʭʦʜʷʱʠʤʩʷ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʩʪʠʥʳ. ʋʩʪʘʥʦʚʣʝʥʦ ʦʪʢʣʦʥʝʥʠʝ ʬʦʨʤʳ ʩʠʛʥʘʣʘ ʦʪ ʩʠʥʫʩʦʠʜʘʣʴʥʦʡ, 

ʯʪʦ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʨʝʘʣʴʥʦʡ ʥʝʣʠʥʝʡʥʦʩʪʠ ʩʠʩʪʝʤʳ.  ɸʥʘʣʠʟ ʩʧʝʢʪʨʘ ʛʝʥʝʨʠʨʫʝʤʦʛʦ 

ʩʠʛʥʘʣʘ ʧʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʚʳʨʘʞʝʥʥʦʡ ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʳ ʛʝʥʝʨʘʪʦʨʘ (f = 24,6 

ʄɻʮ), ʘ ʥʘʣʠʯʠʝ ʟʥʘʯʠʪʝʣʴʥʳʭ ʬʘʟʦʚʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚʙʣʠʟʠ ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʳ 

ʦʙʫʩʣʦʚʣʝʥʦ ʦʪʣʠʯʠʝʤ ʬʦʨʤʳ ʩʠʛʥʘʣʘ ʦʪ ʩʠʥʫʩʦʠʜʘʣʴʥʦʡ. ɺ ʨʘʙʦʪʝ ʪʘʢʞʝ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʘʷ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʯʘʩʪʦʪʳ (ʂʅʏ)  ʢʚʘʨʮʝʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ, ʨʘʩʩʯʠʪʳʚʘʝʤʘʷ 

ʟʘ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ʧʦʨʷʜʢʘ 10
-6
 ʩʝʢ. ʆʪʤʝʯʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʚʥʝʰʥʝʛʦ 

ʢʠʥʝʤʘʪʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʂʅʏ ʛʝʥʝʨʘʪʦʨʘ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʝʛʦ ʚʠʙʨʦʟʘʱʠʪʳ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʢʘʯʝʩʪʚʘ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʢʚʘʨʮʝʚʦʡ ʧʣʘʩʪʠʥʳ ʥʘ 

ʜʠʥʘʤʠʢʫ ʛʝʥʝʨʘʪʦʨʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʪʨʝʭʩʣʦʡʥʘʷ ʤʦʜʝʣʴ ʧʣʘʩʪʠʥʳ. ʇʨʠ ʵʪʦʤ ʧʣʘʩʪʠʥʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʦʩʪʦʷʱʝʡ ʠʟ ʪʨʝʭ ʩʣʦʝʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʚʥʫʪʨʝʥʥʝʛʦ 

ʪʨʝʥʠʷ. ʅʘʨʫʞʥʳʝ ʩʣʦʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ, ʥʘʨʫʰʝʥʥʳʡ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʦʡ. ɺʥʫʪʨʝʥʥʠʡ ʩʣʦʡ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ. ɺ ʪʘʢʦʡ ʤʦʜʝʣʠ ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʤʠʢʨʦʛʝʦʤʝʪʨʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʩʪʠʥʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʮʠʢʣʠʯʝʩʢʠ 

ʠʟʤʝʥʷʶʱʠʭʩʷ ʥʘʧʨʷʞʝʥʠʡ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʠʟʤʝʥʝʥʠʝʤ ʯʘʩʪʦʪʳ ʛʝʥʝʨʘʪʦʨʘ. ɺ ʨʘʙʦʪʝ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜʠʢʘ ʪʘʢʦʛʦ ʫʯʝʪʘ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʠʟʫʯʝʥʠʠ ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ 

ʪʨʝʱʠʥ ʚ ʧʣʘʩʪʠʥʝ ʦʪ ʚʨʝʤʝʥʠ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʧʨʠʯʠʥʳ ʜʦʣʛʦʚʨʝʤʝʥʥʦʛʦ ʫʭʦʜʘ 

ʯʘʩʪʦʪʳ ʢʚʘʨʮʝʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʩ ʧʦʟʠʮʠʡ ʤʝʭʘʥʠʢʠ.  
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ʈɸʉʏɽʊ ʄɽʊʆɼʆʄ ʂʆʅɽʏʅʓʍ ʆɹʒɽʄʆɺ ʂʆʕʌʌʀʎʀɽʅʊʆɺ 

ʇʈʀʉʆɽɼʀʅɽʅʅʆʁ ʄɸʉʉʓ ʀ ɼɽʄʇʌʀʈʆɺɸʅʀʗ ɼʃʗ 

ɺʀɹʈʀʈʋʖʑʀʍ ɺ ɾʀɼʂʆʉʊʀ ʎʀʃʀʅɼʈʀʏɽʉʂʀʍ ʊɽʃ 

CALCULATION OF ADDED MASS AND DAMPING COEFFICIENTS OF 

VIBRATING IN FLUID CYLINDRICAL BODIES BY FINITE VOLUME METHOD 
ɽ.ʉ. ʂʨʫʪʴʢʦ ð ʘʩʧ., ʌ.ɼ. ʉʦʨʦʢʠʥ ð ʜ.ʪ.ʥ., ʧʨʦʬ. 

ʄɻʊʋ ʠʤ. ʅ.ʕ.ɹʘʫʤʘʥʘ 

 

Abstract. An evaluation of added mass and damping coefficients method is proposed for 

cylindrical body vibrating in fluid. The solution is achieved with the aid of open source finite 

volume code OpenFOAM. The results are verified by analytical solution. 

 

ʇʨʠ ʦʙʦʩʥʦʚʘʥʠʠ ʧʨʦʯʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʨʘʙʦʪʳ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, 

ʪʘʢʠʭ ʢʘʢ ʘʢʪʠʚʥʘʷ ʟʦʥʘ ʚʦʜʦ-ʜʦʜʷʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʨʝʘʢʪʦʨʘ, ʪʨʝʙʫʝʪʩʷ ʧʨʦʚʦʜʠʪʴ 

ʨʘʟʣʠʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʩʪʘʪʠʯʝʩʢʦʤʫ ʠ ʜʠʥʘʤʠʯʝʩʢʦʤʫ ʥʘʛʨʫʞʝʥʠʶ ʵʣʝʤʝʥʪʦʚ 

ʢʦʥʩʪʨʫʢʮʠʠ. ɼʠʥʘʤʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʧʦʚʝʜʝʥʠʷ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ð 

ʪʝʧʣʦʚʳʜʝʣʷʶʱʠʭ ʩʙʦʨʦʢ ð ʪʨʝʙʫʝʪ ʫʯʝʪʘ ʥʘʣʠʯʠʷ ʧʦʪʦʢʘ ʪʝʧʣʦʥʦʩʠʪʝʣʷ. ʇʨʠʥʠʤʘʷ ʚʦ 

ʚʥʠʤʘʥʠʝ ʩʣʦʞʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʪʝʧʣʦʚʳʜʝʣʷʶʱʝʡ ʩʙʦʨʢʠ ʠ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʚ ʘʢʪʠʚʥʦʡ 

ʟʦʥʝ, ʧʦʣʥʦʤʘʩʰʪʘʙʥʳʡ ʜʠʥʘʤʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʩʚʷʟʥʦʡ ʟʘʜʘʯʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʪʦʢʘ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʠ ʵʣʝʤʝʥʪʦʚ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʚʩʣʝʜʩʪʚʠʝ 

ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ. ɺ ʧʦʜʦʙʥʳʭ ʩʣʫʯʘʷʭ ʚʣʠʷʥʠʝ ʞʠʜʢʦʩʪʠ 

ʧʨʠʚʦʜʷʪ ʢ ʩʚʦʡʩʪʚʘʤ ʢʦʥʩʪʨʫʢʮʠʠ, ʚʚʦʜʷ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʤʘʩʩʫ ʠ ʢʦʵʬʬʠʮʠʝʥʪ 

ʜʝʤʧʬʠʨʦʚʘʥʠʷ, ʠ ʚʳʧʦʣʥʷʶʪ ʨʝʰʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʟʘʜʘʯʠ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʠʩʦʝʜʠʥʝʥʥʦʡ ʤʘʩʩʳ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʝʤʧʬʠʨʦʚʘʥʠʷ 

ʜʣʷ ʦʙʲʝʢʪʦʚ ʩʦ ʩʣʦʞʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʝʦʤʝʪʨʠʝʡ ʷʚʣʷʝʪʩʷ ʥʝʪʨʠʚʠʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

ɸʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʣʠʰʴ ʜʣʷ ʧʨʦʩʪʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, 

ʧʦʵʪʦʤʫ ʜʣʷ ʨʝʰʝʥʠʷ ʧʦʜʦʙʥʳʭ ʟʘʜʘʯ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ, ʪʘʢʠʝ ʢʘʢ 

ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʦʙʲʝʤʦʚ. 

ɺ ʨʘʙʦʪʝ ʦʧʠʩʳʚʘʝʪʩʷ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʨʠʩʦʝʜʠʥʝʥʥʦʡ ʤʘʩʩʳ ʠ ʜʝʤʧʬʠʨʦʚʘʥʠʷ 

ʜʣʷ ʢʦʣʝʙʘʥʠʷ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʪʝʣʘ ʚ ʢʦʥʮʝʥʪʨʠʯʥʦʤ 

ʟʘʟʦʨʝ, ʟʘʧʦʣʥʝʥʥʳʤ ʞʠʜʢʦʩʪʴʶ (ʨʠʩʫʥʦʢ 1), ʥʘ ʦʩʥʦʚʝ 

ʨʝʰʝʥʠʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʦʙʲʝʤʦʚ. ɼʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʳʙʨʘʥ ʧʘʢʝʪ 

ʧʨʦʛʨʘʤʤ ʩ ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ OpenFOAM. 

ʇʦʜʚʠʞʥʘʷ ʩʨʝʜʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʷʟʢʦʡ ʥʝʩʞʠʤʘʝʤʦʡ 

ʥʴʶʪʦʥʦʚʩʢʦʡ ʞʠʜʢʦʩʪʴʶ, ʩʦʩʪʦʷʥʠʝ ʢʦʪʦʨʦʡ ʦʧʠʩʳʚʘʝʪʩʷ 

ʫʨʘʚʥʝʥʠʝʤ ʅʘʚʴʝ-ʉʪʦʢʩʘ. ʊʝʯʝʥʠʝ ʞʠʜʢʦʩʪʠ ʚ ʟʘʟʦʨʝ 

ʧʨʠʥʷʪʦ ʣʘʤʠʥʘʨʥʳʤ. ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ, 

ʧʦʣʫʯʝʥʥʳʭ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʧʦ ʤʝʪʦʜʫ ʢʦʥʝʯʥʳʭ 

ʦʙʲʝʤʦʚ ʠ ʨʝʰʝʥʠʝʤ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʫʨʘʚʥʝʥʠʡ ʯʠʩʣʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʫʩʪʘʥʦʚʣʝʥʦ ʭʦʨʦʰʝʝ 

ʩʦʛʣʘʩʦʚʘʥʠʝ ʜʚʫʭ ʨʝʰʝʥʠʡ. ɹʳʣʠ ʚʳʧʦʣʥʝʥʳ ʩʝʨʠʠ 

ʨʘʩʯʝʪʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ ʮʠʣʠʥʜʨʘ ʠ ʚʷʟʢʦʩʪʠ ʞʠʜʢʦʩʪʠ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʚʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʨʠʩʦʝʜʠʥʝʥʥʦʡ 

ʤʘʩʩʳ ʠ ʜʝʤʧʬʠʨʦʚʘʥʠʷ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ ʦ ʚʦʟʤʦʞʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʘ OpenFOAM ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʞʠʜʢʦʩʪʠ ʥʘ ʜʚʠʞʝʥʠʷ 

ʪʝʣ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʨʘʟʚʠʚʘʪʴ ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʤʝʪʦʜʠʢʫ ʜʣʷ ʫʯʝʪʘ 

ʩʞʠʤʘʝʤʦʩʪʠ ʞʠʜʢʦʩʪʠ ʠ ʝʝ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʘ ʪʘʢ ʞʝ ʜʣʷ ʫʯʝʪʘ ʨʝʘʣʴʥʳʭ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʪʝʧʣʦʚʳʜʝʣʷʶʱʠʭ ʩʙʦʨʦʢ. 

ʈʠʩ. 1. ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ 



206 

 

ɺʃʀʗʅʀɽ ɺʗɿʂʆ-ʋʇʈʋɻʆɻʆ ʆʉʅʆɺɸʅʀʗ ʅɸ ʌɸɿʆɺʋʖ 

ʉʀʅʍʈʆʅʀɿɸʎʀʖ ɸʉʀʅʍʈʆʅʅʓʍ ʕʃɽʂʊʈʆɼɺʀɻɸʊɽʃɽʁ 

 

INFLUENCE OF THE IS VISCOUS-ELASTIC BASIS ON PHASE 

SYNCHRONIZATION OF ASYNCHRONOUS ELECTRIC MOTORS 

 
ɸ.ɺ. ʃʝʦʥʪʴʝʚʘ ï ʘʩʧ. 

ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʬʠʣʠʘʣ ʀʥʩʪʠʪʫʪʘ ʤʘʰʠʥʦʚʝʜʝʥʠʷ ʠʤ. ɸ.ɸ. ɹʣʘʛʦʥʨʘʚʦʚʘ ʈɸʅ 

 

Abstract. In work questions of synchronization of unbalanced rotors of the asynchronous 

electric motors established on the general is viscous-elastic basis are studied. The reasons of 

occurrence of a mode of synchronization are established. In work the mathematical model of 

system of three engines is considered. In the second approach of a method of averaging the 

stationary mode of frequency synchronization is found out. 

 

ɺ ʧʨʠʨʦʜʝ ʠ ʪʝʭʥʠʢʝ ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʚʩʪʨʝʯʘʝʪʩʷ ʜʦʚʦʣʴʥʦ ʯʘʩʪʦ ʠ ʠʛʨʘʝʪ ʢʘʢ 

ʧʦʣʦʞʠʪʝʣʴʥʫʶ, ʪʘʢ ʠ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʨʦʣʴ. ʆʜʥʘ ʠʟ ʧʨʠʯʠʥ ʤʥʦʛʠʭ ʘʚʘʨʠʡ ʚ ʵʥʝʨʛʦʝʤʢʦʤ 

ʦʙʦʨʫʜʦʚʘʥʠʠ ʷʚʣʷʝʪʩʷ ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʯʘʩʪʦʪ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʦʚ, ʧʦʩʨʝʜʩʪʚʦʤ ʚʠʙʨʘʮʠʠ 

ʦʩʥʦʚʘʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʝʡ. ʈʝʞʠʤʳ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʚʦʟʥʠʢʘʶʪ ʧʨʦʠʟʚʦʣʴʥʦ 

ʧʨʠ ʧʦʜʭʦʜʷʱʠʭ ʧʘʨʘʤʝʪʨʘʭ ʢʦʥʩʪʨʫʢʮʠʠ, ʪʘʢʠʝ ʨʝʞʠʤʳ ʫʩʪʦʡʯʠʚʳ ʠ ʨʘʟʨʫʰʠʪʴ ʠʭ 

ʦʯʝʥʴ ʩʣʦʞʥʦ. ʇʦʵʪʦʤʫ ʟʘʜʘʯʘ ʦ ʚʳʷʚʣʝʥʠʠ ʩʪʘʮʠʦʥʘʨʥʳʭ ʨʝʞʠʤʦʚ ʩʠʥʭʨʦʥʠʟʘʮʠʠ, ʠʭ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʵʬʬʝʢʪʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʚ 

ʢʦʥʩʪʨʫʢʮʠʷʭ ʩʦ ʤʥʦʛʠʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʚʠʙʨʘʮʠʠ, ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʳʭ ʟʘʜʘʯ 

ʤʝʭʘʥʠʢʠ ʠ ʪʝʭʥʠʢʠ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʦʧʠʩʳʚʘʶʱʘʷ ʜʚʠʞʝʥʠʝ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ, 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʠʩʪʝʤʫ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ 

0cossin
3

1

2

i

iiiiii rmpyykym """""" , 

0sin,, iiiiiiiiiii yrmLHI """""" , 3..1i  

ʛʜʝ y  ï ʣʠʥʝʡʥʘʷ ʢʦʦʨʜʠʥʘʪʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʚʠʙʨʘʮʠʶ ʦʩʥʦʚʘʥʠʷ, 
i
 ï ʫʛʣʳ 

ʦʪʢʣʦʥʝʥʠʷ ʵʢʩʮʝʥʪʨʠʢʦʚ ʦʪ ʦʩʠ y , m  ï ʤʘʩʩʘ ʦʩʥʦʚʘʥʠʷ, p  ï ʢʦʵʬʬʠʮʠʝʥʪ ʫʧʨʫʛʦʩʪʠ 

ʦʩʥʦʚʘʥʠʷ, k  ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʩʩʠʧʘʮʠʠ ʦʩʥʦʚʘʥʠʷ, 
im  ï ʤʘʩʩʳ ʵʢʩʮʝʥʪʨʠʢʦʚ ʧʝʨʚʦʛʦ, 

ʚʪʦʨʦʛʦ ʠ ʪʨʝʪʴʝʛʦ ʜʚʠʛʘʪʝʣʝʡ, 
ir  ï ʨʘʜʠʫʩʳ ʠʥʝʨʮʠʠ ʵʢʩʮʝʥʪʨʠʢʦʚ (ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʳ), 

iI  

ï ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʨʦʪʦʨʦʚ ʚ ʦʪʩʫʪʩʪʚʠʝ ʜʠʩʙʘʣʘʥʩʘ, 
iiiL ",  ï ʜʚʠʞʫʱʠʡ ʤʦʤʝʥʪʳ, 

iiiH ",  ï ʤʦʤʝʥʪʳ ʩʠʣ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʨʘʱʝʥʠʶ ʨʦʪʦʨʦʚ. ʇʝʨʚʦʝ ʫʨʘʚʥʝʥʠʝ ʦʧʠʩʳʚʘʝʪ 

ʚʳʥʫʞʜʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʧʣʘʪʬʦʨʤʳ, ʚʪʦʨʦʝ, ʪʨʝʪʴʝ ʠ ʯʝʪʚʝʨʪʦʝ ʫʨʘʚʥʝʥʠʷ ʦʧʠʩʳʚʘʶʪ 

ʜʠʥʘʤʠʢʫ ʠʩʪʦʯʥʠʢʦʚ ʚʦʟʙʫʞʜʝʥʠʷ, ʪ.ʝ. ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʦʚ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʧʝʨʚʦʛʦ, 

ʚʪʦʨʦʛʦ ʠ ʪʨʝʪʴʝʛʦ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʅʘʣʠʯʠʝ ʚ ʩʠʩʪʝʤʝ ʤʘʣʦʛʦ ʧʘʨʘʤʝʪʨʘ ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ ʵʪʫ ʩʠʩʪʝʤʫ 

ʧʨʠʙʣʠʞʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ. ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʧʨʠʙʣʠʞʝʥʥʦʛʦ 

ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʣʠʥʝʡʥʳʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʩ ʤʘʣʳʤ ʧʘʨʘʤʝʪʨʦʤ 

ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʦʩʨʝʜʥʝʥʠʷ. ɺʦ ʚʪʦʨʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʤʝʪʦʜʘ ʦʙʥʘʨʫʞʝʥʳ ʨʝʟʦʥʘʥʩʥʳʝ 

ʩʦʦʪʥʦʰʝʥʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʵʬʬʝʢʪ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʤʝʞʜʫ ʪʨʝʤʷ ʜʚʠʛʘʪʝʣʷʤʠ ʚ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ, ʪ.ʝ. ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʜʚʠʛʘʪʝʣʝʡ ʙʣʠʟʢʠ ʤʝʞʜʫ ʩʦʙʦʡ, ʥʦ ʜʘʣʝʢʠ 

ʦʪ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ ʧʣʘʪʬʦʨʤʳ. 
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʇʈʆɼʆʃʔʅʆɻʆ ʋɼɸʈɸ ʉʊʋʇɽʅʏɸʊʆɻʆ 

ʉʊɽʈɾʅʗ ʆ ɾɪʉʊʂʋʖ ʇʈɽɻʈɸɼʋ ʂɸʂ ʄɽʍɸʅʀʏɽʉʂʆʁ  

ʉʀʉʊɽʄʓ ʉ ɼʀʉʂʈɽʊʅʓʄʀ ʄɸʉʉɸʄʀ ʀ ʋʇʈʋɻʀʄʀ  

ʕʃɽʄɽʅʊɸʄʀ 

MODELLING OF THE LONGITUDINAL IMPACT OF THE STEPPED BAR  

ON A RIGID BARRIER AS MECHANICAL SYSTEM WITH DISCRETE  

MASSES AND ELASTIC ELEMENTS 
 

ʂ.ʉ. ʃʠʩʪʨʦʚʘ ï ʘʩʧ. 

ɻʆʋ ɺʇʆ çʋʣʴʷʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè  

 

Abstract. The model of the longitudinal impact of rod as mechanical system with finite number 

of degrees of freedom was designed. The equations of the motion are transformed to type, when 

in structure of the equations a parameter, defining velocity of the sound in rodôs material, is 

presented. This allows direct comparison of the results with one for wave model of longitudinal 

impact. 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʜʦʣʴʥʦʛʦ ʫʜʘʨʘ ʩʪʫʧʝʥʯʘʪʦʛʦ ʩʪʝʨʞʥʷ 

ʤʘʩʩʦʡ  
cm, ʜʚʠʞʫʱʝʛʦʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ v, ʦ ʞʝʩʪʢʫʶ ʧʨʝʛʨʘʜʫ (ʨʠʩ. 

1ʘ) ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʦʜʝʣʴ, ʚ ʢʦʪʦʨʦʡ ʩʪʫʧʝʥʯʘʪʳʡ ʩʪʝʨʞʝʥʴ 

ʧʨʝʜʩʪʘʚʣʝʥ n-ʤ ʢʦʣʠʯʝʩʪʚʦʤ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʩ ʤʘʩʩʘʤʠ 1m , 2m , é, 
2nm , 

1nm , 
nm  (ʨʠʩ. 1ʙ), ʩʚʷʟʘʥʥʳʭ ʫʧʨʫʛʠʤʠ 

ʵʣʝʤʝʥʪʘʤʠ ʞʝʩʪʢʦʩʪʴʶ jc  (ʨʠʩ. 1ʚ). ɼʚʠʞʝʥʠʝ j-ʡ ʤʘʩʩʳ 

ʦʧʠʩʳʚʘʝʪʩʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʝʤ ʚʠʜʘ 

1 1 1( ) ( )j j j j j j j jm u c u u c u u , j=1,2,é,n-1,n  (1). ʇʨʠ ʥʘʯʘʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ t=0 , ,0j ju u  , ,0j ju u  ʧʨʝʦʙʨʘʟʫʝʤ ʫʨʘʚʥʝʥʠʷ (1) ʢ ʚʠʜʫ: 

2 2
1

1 1( ) ( )
j

j j j j j

o o

n aA n a
u u u u u

lT lT
, ʛʜʝ 1

1

j

j

j

A
A

A
 ʠ 

o

l
T

a
 (2) , 

ʛʜʝ n ï ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ ʩʪʝʨʞʥʷ, a ï ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʟʚʫʢʘ ʚ ʤʘʪʝʨʠʘʣʝ ʩʪʝʨʞʥʷ, 1,j jA A  ï ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ 

ʵʣʝʤʝʥʪʘ ʩʪʝʨʞʥʷ, 
oT ï ʚʨʝʤʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʳ ʧʦ ʩʪʝʨʞʥʶ, ʜʣʠʥʦʡ l. 

ʅʘ ʦʩʥʦʚʝ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ (2) ʩʪʨʦʠʤ ʜʠʘʛʨʘʤʤʫ ʩʠʣ, ʚʦʟʥʠʢʘʶʱʠʭ 

ʚ ʫʜʘʨʥʦʤ ʩʝʯʝʥʠʠ 1 (ʨʠʩ. 1ʘ). ɿʥʘʯʝʥʠʝ ʩʠʣ ʧʨʝʜʩʪʘʚʣʷʝʤ ʚ ʙʝʟʨʘʟʤʝʨʥʦʤ ʚʠʜʝ 

,n o n

n

n A u a
P P , ʛʜʝ ,

n
n o

o

A
A

A
 , n

n

u
u

l
 ʠ 

o

t
t

T
 . ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʳ ʜʠʘʛʨʘʤʤʳ ʩʠʣ 

ʚ ʫʜʘʨʥʦʤ ʩʝʯʝʥʠʠ 1 (ʨʠʩ. 1ʘ) ʧʨʠ ʫʜʘʨʝ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʛʦ ʩʪʝʨʞʥʷ ʩ ʨʘʚʥʦʡ ʜʣʠʥʦʡ 

ʩʪʫʧʝʥʝʡ ʠ ʦʪʥʦʰʝʥʠʝʤ ʧʣʦʱʘʜʝʡ ʧʦʧʝʨʝʯʥʳʭ ʩʝʯʝʥʠʡ ʩʪʫʧʝʥʠ ʩʪʝʨʞʥʷ ʩʦ ʩʚʦʙʦʜʥʳʤ 

ʪʦʨʮʦʤ 2 (ʨʠʩ. 1ʘ) ʠ ʩʪʫʧʝʥʠ ʩ ʫʜʘʨʥʳʤ ʩʝʯʝʥʠʝʤ 1 (ʨʠʩ. 1ʘ) ʨʘʚʥʦʤ 2.  

ɼʠʘʛʨʘʤʤʘ 1 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʩʩʤʦʪʨʝʥʥʦʡ 

ʜʠʩʢʨʝʪʥʦʡ ʤʦʜʝʣʠ ʧʨʠ ʨʘʟʙʠʝʥʠʠ ʢʘʞʜʦʡ ʩʪʫʧʝʥʠ 

ʩʪʝʨʞʥʷ ʥʘ 10 ʵʣʝʤʝʥʪʦʚ (2 ʩʪʫʧʝʥʠ, n = 20); 2 - 2 

ʩʪʫʧʝʥʠ, n=200; ʜʠʘʛʨʘʤʤʘ 3 ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʨʝʟʫʣʴʪʘʪʫ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʚʦʣʥʦʚʦʡ ʤʦʜʝʣʠ ʧʨʦʜʦʣʴʥʦʛʦ ʫʜʘʨʘ. ʂʘʢ ʚʠʜʥʦ ʠʟ 

ʜʠʘʛʨʘʤʤ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʯʠʩʣʘ ʫʯʘʩʪʢʦʚ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʪʦʯʥʦʩʪʴ ʨʝʰʝʥʠʷ. ʊʘʢʞʝ ʠʟ 

ʜʠʘʛʨʘʤʤ ʚʠʜʥʦ ʩʦʦʪʚʝʪʩʪʚʠʝ ʭʘʨʘʢʪʝʨʘ ʥʘʛʨʫʞʝʥʠʷ 

ʩʪʫʧʝʥʯʘʪʦʛʦ ʩʪʝʨʞʥʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʧʦʜʭʦʜʘʭ ʢ 

ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ (ʜʠʩʢʨʝʪʥʘʷ ʠ ʚʦʣʥʦʚʘʷ ʤʦʜʝʣʠ). 
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ʆ ʇʈɽɼʇʆʉʓʃʂɸʍ ɼʃʗ ɸɺʊʆɹɸʃɸʅʉʀʈʆɺʂʀ ʈʆʊʆʈʆɺ
*  

BACKGROUNDS FOR SELF-BALANCED ROTOR 
 

ɸ.ʅ.ʅʠʢʠʬʦʨʦʚ ï ʩ.ʥ.ʩ., ʢ.ʪ.ʥ. 

ʀʄɸʐ ʈɸʅ 

 

Abstract. These theses are about dynamics of horizontal, subcritical, unbalanced rotor with an 

enclosure which is filled by the heavy or magnetic fluid and contains rigid bodies (light or heavy 

balls or hollow cylinder). Research purpose is a detection of the stable rotor rotation with the 

comparatively low amplitude of lateral oscillations.  

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʧʝʨʝʯʥʦʡ ʚʠʙʨʘʮʠʠ ʨʦʪʦʨʘ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʝʛʦ ʯʝʨʝʟ ʩʣʦʡ 

ʞʠʜʢʦʩʪʠ ʩ ʧʣʘʚʘʶʱʠʤ ʵʣʝʤʝʥʪʦʤ, ʪʨʝʙʫʝʪ ʨʘʩʩʤʦʪʨʝʥʠʷ ʩʠʩʪʝʤʳ ñʨʦʪʦʨ - ʩʨʝʜʘ - 

ʵʣʝʤʝʥʪò ʩ ʫʯʝʪʦʤ ʠʭ ʧʦʜʚʠʞʥʦʩʪʠ, ʫʧʨʫʛʦʩʪʠ ʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʣ. ʇʨʠ ʪʘʢʦʡ 

ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʠ ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʝʥʠʝ ʠ ʦʧʠʩʘʥʠʝ ʥʦʚʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʚʣʠʷʥʠʝʤ ʥʘ ʜʚʠʞʝʥʠʝ ʨʦʪʦʨʥʦʡ ʩʠʩʪʝʤʳ ʨʝʟʫʣʴʪʠʨʫʶʱʝʡ ʫʧʨʫʛʠʭ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʣ, ʢʦʪʦʨʘʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʢʚʘʜʨʘʪʫ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ. 

ɺ ʩʣʫʯʘʝ ʧʦʣʦʛʦ ʮʠʣʠʥʜʨʘ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʤʝʭʘʥʠʟʤ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʩʣʝʜʫʶʱʝʤ. ʇʨʠ ʚʨʘʱʝʥʠʠ ʨʦʪʦʨʘ ʞʠʜʢʦʩʪʴ, ʥʘʭʦʜʷʱʘʷʩʷ ʚ ʝʛʦ ʧʦʣʦʩʪʠ, ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʩʠʣ ʪʨʝʥʠʷ ʚʨʘʱʘʝʪʩʷ ʩʠʥʭʨʦʥʥʦ ʩ ʨʦʪʦʨʦʤ ʠ ʧʨʠʚʦʜʠʪ ʚ ʪʘʢʦʝ ʞʝ ʚʨʘʱʝʥʠʝ ʮʠʣʠʥʜʨ. ʇʨʠ 

ʵʪʦʤ ʦʥʘ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʧʦ ʧʝʨʠʬʝʨʠʠ ʧʦʣʦʩʪʠ, ʦʪʞʠʤʘʷ ʮʠʣʠʥʜʨ ʢ ʮʝʥʪʨʫ ʚʨʘʱʝʥʠʷ, 

ʧʦʩʢʦʣʴʢʫ ʝʛʦ ʤʘʩʩʘ mʮ ʤʝʥʴʰʝ ʤʘʩʩʳ, ʚʳʪʝʩʥʝʥʥʦʡ ʠʤ ʪʷʞʝʣʦʡ ʞʠʜʢʦʩʪʠ mʚʳʪ.ʞ, ʯʪʦ 

ʤʦʞʥʦ ʧʦʢʘʟʘʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠ.  

ʈʝʟʫʣʴʪʠʨʫʶʱʘʷ ʵʣʝʤʝʥʪʘʨʥʳʭ ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʚʥʫʪʨʠ ʚʩʝʛʦ 

ʦʙʲʝʤʘ ʧʦʣʦʛʦ ʮʠʣʠʥʜʨʘ Vʮ ʧʨʠ ʨʘʩʧʦʣʦʞʝʥʠʠ ʝʛʦ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ r ʦʪ ʦʩʠ 

ʚʨʘʱʝʥʠʷ, ʨʘʚʥʘ: 

[ ʮ(VʮïVʛ)+ ʛVʛ] rɤ
2
=mʮrɤ

2
, ʛʜʝ ʮ - ʧʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʮʠʣʠʥʜʨʘ, ʛ ʠ Vʛ - 

ʧʣʦʪʥʦʩʪʴ ʠ ʦʙʲʝʤ ʛʘʟʘ, ɤ - ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ. 

ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʨʝʟʫʣʴʪʠʨʫʶʱʘʷ ʵʣʝʤʝʥʪʘʨʥʳʭ ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ 

ʵʪʦʪ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʦʙʲʝʤ, ʚ ʩʣʫʯʘʝ ʝʩʣʠ ʙʳ ʦʥ ʙʳʣ ʟʘʥʷʪ ʪʷʞʝʣʦʡ ʞʠʜʢʦʩʪʴʶ: 

ʞVʮrɤ
2
=mʚʳʪ.ʞrɤ

2
. 

ʆʪʩʶʜʘ ʧʨʠ ʨʘʜʠʘʣʴʥʳʭ ʧʝʨʝʤʝʱʝʥʠʷʭ ʮʠʣʠʥʜʨʘ ʩ ʤʘʩʩʦʡ ʤʝʥʴʰʝ ʤʘʩʩʳ, 

ʚʳʪʝʩʥʝʥʥʦʡ ʠʤ ʞʠʜʢʦʩʪʠ, ʚʦʟʥʠʢʘʝʪ ʣʠʥʝʡʥʘʷ ʩʠʣʘ F1=(mʚʳʪ.ʞïmʮ)rɤ
2
, ʧʝʨʝʤʝʱʘʶʱʘʷ 

ʮʠʣʠʥʜʨ ʢ ʦʩʠ ʚʨʘʱʝʥʠʷ, ʢʦʪʦʨʘʷ ʠʩʯʝʟʘʝʪ ʪʦʣʴʢʦ ʧʨʠ ʩʦʚʧʘʜʝʥʠʠ ʝʛʦ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʩ 

ʦʩʴʶ ʚʨʘʱʝʥʠʷ (r=0). 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʛʥʠʪʥʦʡ ʞʠʜʢʦʩʪʠ ʠ ʤʘʛʥʠʪʥʦʛʦ ʮʠʣʠʥʜʨʘ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʦʩʪʠʞʠʤ ʠ ʤʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʠʡ ʤʝʭʘʥʠʟʤ ʩʘʤʦʮʝʥʪʨʦʚʢʠ. ʊʘʢ ʢʘʢ ʧʦʣʝ 

ʚʦʢʨʫʛ ʮʠʣʠʥʜʨʘ ʩʠʤʤʝʪʨʠʯʥʦ, ʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚ ʤʘʛʥʠʪʥʦʡ ʞʠʜʢʦʩʪʠ ʪʘʢʞʝ 

ʩʠʤʤʝʪʨʠʯʥʦ, ʠ ʥʘ ʮʝʥʪʨʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʤʘʛʥʠʪʥʳʡ ʮʠʣʠʥʜʨ ʜʝʡʩʪʚʫʶʪ 

ʫʨʘʚʥʦʚʝʰʠʚʘʶʱʠʝ ʤʘʛʥʠʪʥʳʝ ʩʠʣʳ. ʇʨʠ ʩʤʝʱʝʥʠʠ ʮʠʣʠʥʜʨʘ-ʤʘʛʥʠʪʘ ʦʪ ʮʝʥʪʨʘʣʴʥʦʛʦ 

ʧʦʣʦʞʝʥʠʷ ʩʠʤʤʝʪʨʠʷ ʧʦʣʷ ʥʘʨʫʰʘʝʪʩʷ; ʘ ʠʤʝʥʥʦ ʥʘ ʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ 

ʮʠʣʠʥʜʨʘ, ʢʦʪʦʨʘʷ ʜʘʣʴʰʝ ʦʪ ʮʝʥʪʨʘ, ʤʘʛʥʠʪʥʳʝ ʩʠʣʳ ʠ ʧʦʣʝ ʧʦʣʫʯʘʶʪʩʷ ʥʘʠʙʦʣʴʰʠʤʠ. 

ʇʨʠ ʵʪʦʤ ʤʘʛʥʠʪʥʘʷ ʞʠʜʢʦʩʪʴ ʩʪʷʛʠʚʘʝʪʩʷ ʚ ʵʪʫ ʟʦʥʫ, ʠ ʜʘʚʣʝʥʠʝ ʚ ʥʝʡ ʜʦʩʪʠʛʘʝʪ 

ʤʘʢʩʠʤʫʤʘ ʠʤʝʥʥʦ ʪʘʤ, ʛʜʝ ʧʦʣʝ ʥʘʠʙʦʣʴʰʝʝ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ ʥʘ ʮʠʣʠʥʜʨ ʜʝʡʩʪʚʫʝʪ 

ʚʦʟʚʨʘʱʘʶʱʘʷ (ʮʝʥʪʨʠʨʫʶʱʘʷ) ʩʠʣʘ F2 ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʢ ʮʝʥʪʨʫ. 

ʆʧʠʩʘʥʥʳʝ ʵʬʬʝʢʪʳ ʧʦʣʦʞʝʥʳ ʚ ʦʩʥʦʚʫ ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʫʨʘʚʥʦʚʝʰʠʚʘʥʠʷ ʨʦʪʦʨʦʚ. ʇʦʩʪʨʦʝʥʳ ʛʨʫʙʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʘ ʪʘʢʞʝ 

ʚʳʧʦʣʥʝʥʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʠ ʥʘʪʫʨʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ. 

ʈʘʟʨʘʙʘʪʳʚʘʝʤʦʝ ʘʚʪʦʙʘʣʘʥʩʠʨʫʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ ʷʚʣʷʝʪʩʷ ʧʘʩʩʠʚʥʦʡ ʩʠʩʪʝʤʦʡ 

ʚʠʙʨʦʛʘʰʝʥʠʷ ʢʦʣʝʙʘʥʠʡ ʥʝʫʨʘʚʥʦʚʝʰʝʥʥʦʛʦ ʨʦʪʦʨʘ, ʠ ʧʦʵʪʦʤʫ ʙʫʜʝʪ ʦʪʣʠʯʘʪʴʩʷ 

ʧʨʦʩʪʦʪʦʡ ʠ ʥʘʜʝʞʥʦʩʪʴʶ. 
*ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʈʌʌʀ ʛʨʘʥʪ ˉ 11-08-90434-ʋʢʨ_ʬ_ʘ. 
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PRECONDITIONS OF OCCURRENCE OF MICROHYDRAULIC BLOWS 

IN THE WORKING ENVIRONMENT OF HYDRAULIC SUPPORT 
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Abstract. Tests of different design options for hydraulic outriggers revealed the presence of 

metal in the working environment of suspensions ranging in size from 10
-8
 to 10

-6 m. It has been 

suggested that these particles arise from the small hydraulic impacts. Hydraulic impacts, in 

turn, are caused by collapse of cavitation bubbles in the fluid. Cavitation zone may 

eventually be produced in large bubbles - bubble clusters. Cavitation bubbles in the fluid are the 

result of the turbulent flow of fluid into the throttle channel hydraulic support. 

   

 ʆʩʥʦʚʥʳʝ ʧʨʠʯʠʥʳ, ʧʨʦʚʦʮʠʨʫʶʱʠʝ ʧʦʷʚʣʝʥʠʝ ʢʘʚʠʪʘʮʠʦʥʥʳʭ ʟʦʥ, ʨʘʩʩʤʦʪʨʝʥʳ  

ʥʘ ʧʨʠʤʝʨʝ ʛʠʜʨʦʦʧʦʨʳ ʆɻ-90. ʕʪʦʪ ʪʠʧ ʛʠʜʨʦʦʧʦʨʳ ʧʨʝʜʥʘʟʥʘʯʝʥ ʧʦʜ ʩʪʘʪʠʯʝʩʢʫʶ 

ʥʘʛʨʫʟʢʫ 90 ʢʛ, ʜʠʥʘʤʠʯʝʩʢʫʶ ʥʘʛʨʫʟʢʫ ʜʦ 70 ʤ/c
2
 ʠ ʨʘʙʦʪʫ ʚ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ ʜʦ 500 

ɻʮ.   

 ɻʠʜʨʦʦʧʦʨʘ ʩʦʜʝʨʞʠʪ ʜʚʝ ʢʘʤʝʨʳ: ʨʘʙʦʯʫʶ ʠ ʢʦʤʧʝʥʩʘʮʠʦʥʥʫʶ, ʨʘʟʜʝʣʝʥʥʳʝ 

ʛʠʙʢʦʡ ʜʠʘʬʨʘʛʤʦʡ. ɼʨʦʩʩʝʣʴʥʳʝ ʦʪʚʝʨʩʪʠʷ ʚ ʜʠʘʬʨʘʛʤʝ ʤʦʞʥʦ ʨʘʟʤʝʩʪʠʪʴ ʠ ʚ ʝʝ ʫʟʣʘʭ ʠ 

ʚ ʧʫʯʥʦʩʪʷʭ. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʜʨʦʩʩʝʣʴʥʳʭ ʦʪʚʝʨʩʪʠʡ ʚ ʫʟʣʘʭ ʜʠʘʬʨʘʛʤʳ 

ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʝ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʯʝʨʝʟ ʥʠʭ ʧʨʦʠʩʭʦʜʠʪ ʢʘʢ ʚ ʥʝʧʦʜʚʠʞʥʦʡ ʧʝʨʝʛʦʨʦʜʢʝ 

ʠ ʵʬʬʝʢʪ ʥʘʩʪʨʦʡʢʠ ʛʠʜʨʦʦʧʦʨʳ ʥʘ ʟʘʜʘʥʥʫʶ ʯʘʩʪʦʪʫ ʩʧʝʢʪʨʘ ʦʪʩʫʪʩʪʚʫʝʪ. ɼʣʷ 

ʫʚʝʣʠʯʝʥʠʷ ʘʤʧʣʠʪʫʜʳ n ʦʡ ʛʘʨʤʦʥʠʢʠ ʚ ʧʫʯʥʦʩʪʷʭ, ʦʙʨʘʟʫʶʱʝʡ ʩʪʦʷʯʠʝ ʚʦʣʥʳ, ʥʘ 

ʜʠʘʬʨʘʛʤʝ ʤʦʞʥʦ ʚʳʧʦʣʥʷʪʴ ʦʪʚʝʨʩʪʠʷ. ʇʨʠ ʵʪʦʤ ʚ ʧʫʯʥʦʩʪʷʭ ʢʦʣʝʙʘʥʠʡ ʜʠʘʬʨʘʛʤʳ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʩʪʨʦʡʢʠ ʥʘ ʟʘʜʘʥʥʳʝ ʯʘʩʪʦʪʳ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʜʨʦʩʩʝʣʴʥʳʝ ʦʪʚʝʨʩʪʠʷ ʤʝʥʴʰʝʡ ʧʣʦʱʘʜʠ.   

 ʇʨʠ ʨʘʙʦʪʝ ʛʠʜʨʦʦʧʦʨʳ, ʥʘʩʪʨʦʝʥʥʦʡ ʥʘ ʦʧʨʝʜʝʣʝʥʥʫʶ ʯʘʩʪʦʪʫ ʩʧʝʢʪʨʘ ʚʭʦʜʥʦʛʦ 

ʚʠʙʨʦʩʠʛʥʘʣʘ ʯʝʨʝʟ ʜʨʦʩʩʝʣʴʥʳʝ ʦʪʚʝʨʩʪʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʧʫʯʥʦʩʪʷʭ ʜʠʘʬʨʘʛʤʳ, 

ʨʘʙʦʯʘʷ ʞʠʜʢʦʩʪʴ ʧʨʦʪʝʢʘʝʪ ʩ ʙʦʣʴʰʝʡ ʩʢʦʨʦʩʪʴʶ, ʯʝʤ ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ 

ʫʟʣʘʭ ʜʠʘʬʨʘʛʤʳ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʠʩʩʠʧʘʮʠʷ ʵʥʝʨʛʠʠ ʢʦʣʝʙʘʥʠʡ ʥʘ ʜʘʥʥʦʡ ʯʘʩʪʦʪʝ ʙʫʜʝʪ 

ʚʳʰʝ. ɻʠʜʨʦʦʧʦʨʳ ʧʦʜʦʙʥʦʛʦ ʪʠʧʘ ʤʦʞʥʦ ʥʘʩʪʨʘʠʚʘʪʴ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʝ ʯʘʩʪʦʪʳ ʠ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʢʘʢ ʟʘʛʨʘʜʠʪʝʣʴʥʳʝ ʫʟʢʦʧʦʣʦʩʥʳʝ ʬʠʣʴʪʨʳ. 

 ɸʥʘʣʦʛʠʯʥʳʝ ʧʨʦʮʝʩʩʳ ʧʨʦʠʩʭʦʜʷʪ ʧʨʠ ʩʤʝʥʝ ʧʦʣʷʨʥʦʩʪʠ ʚʭʦʜʥʦʛʦ ʚʠʙʨʦʩʠʛʥʘʣʘ.  

 ʂʦʥʩʪʨʫʢʮʠʷ ʜʘʥʥʦʡ ʛʠʜʨʦʦʧʦʨʳ ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʘʟʲʝʤʥʳʡ ʚʘʨʠʘʥʪ ʠʩʧʦʣʥʝʥʠʷ. 

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʵʢʩʧʝʨʠʤʝʥʪʠʨʦʚʘʪʴ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʦʩʪʘʚʘʤʠ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ. 

ɼʝʤʧʬʠʨʦʚʘʥʠʝ ʢʦʣʝʙʘʥʠʡ ʚ ʛʠʜʨʦʦʧʦʨʝ ʧʨʦʠʩʭʦʜʠʪ, ʚ ʦʩʥʦʚʥʦʤ, ʟʘ ʩʯʝʪ ʩʠʣ 

ʠʥʝʨʮʠʠ ʢʦʣʝʙʣʶʱʝʡʩʷ ʞʠʜʢʦʩʪʠ ʚ ʨʘʙʦʯʝʡ ʠ ʢʦʤʧʝʥʩʘʮʠʦʥʥʦʡ ʧʦʣʦʩʪʷʭ, ʜʨʦʩʩʝʣʴʥʳʭ 

ʢʘʥʘʣʘʭ ʠ ʟʘ ʩʯʝʪ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ʩʣʦʝʚ ʞʠʜʢʦʩʪʠ ʧʨʠ ʝʝ ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʠ. ɼʘʥʥʘʷ 

ʢʦʥʩʪʨʫʢʮʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʴʰʫʶ ʜʠʩʩʠʧʘʮʠʶ ʵʥʝʨʛʠʠ ʢʦʣʝʙʘʥʠʡ ʥʘ ʨʝʟʦʥʘʥʩʥʳʭ 

ʯʘʩʪʦʪʘʭ. 

ʇʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʢʨʠʪʠʯʝʩʢʦʝ ʯʠʩʣʦ 

ʈʝʡʥʦʣʴʜʩʘ ʥʝ ʫʥʠʚʝʨʩʘʣʴʥʦ ʠ ʯʪʦ ʥʘ ʧʨʦʮʝʩʩ ʣʘʤʠʥʘʨʥʦ-ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʧʝʨʝʭʦʜʘ 

ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʞʠʜʢʦʩʪʠ ʠʣʠ ʛʘʟʘ. 

ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʛʠʜʨʦʦʧʦʨʳ ʧʨʠʚʦʜʠʪ ʢ 

ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʚ ʜʨʦʩʩʝʣʴʥʳʭ ʢʘʥʘʣʘʭ ʝʸ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʪʝʯʝʥʠʷ. 

ʅʝʠʟʙʝʞʥʳʤ ʩʣʝʜʩʪʚʠʝʤ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʪʝʯʝʥʠʷ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʚ ʜʨʦʩʩʝʣʴʥʳʭ 

ʢʘʥʘʣʘʭ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʢʘʚʠʪʘʮʠʦʥʥʳʭ ʧʫʟʳʨʴʢʦʚ ī ʧʫʟʳʨʴʢʦʚʳʭ ʢʣʘʩʪʝʨʦʚ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʚ ʧʫʟʳʨʴʢʠ ʙʦʣʴʰʦʛʦ ʨʘʟʤʝʨʘ (ʜʦ ʦʙʲʸʤʘ 

ʚʦʟʜʫʰʥʦʡ ʧʦʣʦʩʪʠ ʨʘʚʥʦʛʦ 1 ʩʤ
3
 ʠ ʙʦʣʝʝ), ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʬʘʢʪʦʨʦʤ, 

ʚʣʝʢʫʱʠʤ ʢ ʧʦʩʪʝʧʝʥʥʦʡ ʨʘʟʛʝʨʤʝʪʠʟʘʮʠʠ ʛʠʜʨʦʦʧʦʨʳ. 
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ʉ ʇʔɽɿʆʕʃɽʂʊʈʀʏɽʉʂʀʄ ɺʆɿɹʋɼʀʊɽʃɽʄ ʂʆʃɽɹɸʅʀʁ 

RESONANS TURNING Of THE ROD SYSTEM  

WITH PIESOELECTRIC EXCITATION 
ʂ.ɸ.ʇʠʯʫʛʠʥ ï ʥ.ʩ. 

ʀʥʩʪʠʪʫʪ ʤʘʰʠʥʦʚʝʜʝʥʠʷ ʠʤ.ɸ.ɸ.ɹʣʘʛʦʥʨʘʚʦʚʘ ʈɸʅ 
 

Abstract. The optimization problem of rod oscillatory system parameters ultrasonic 

technological set is solved. Lengths of the rods exciting by the piezoelement and frequency of 

oscillations from a condition of realization of the maximum amplitude at the restrictions caused 

by mechanical strength of system elements and a condition of electric a piezoelment durability. 

 

ʐʠʨʦʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʨʝʞʥʝʚʳʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʚ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʢʘʭ ʚʳʥʫʞʜʘʝʪ ʠʩʢʘʪʴ ʩʧʦʩʦʙʳ ʠʭ ʥʘʩʪʨʦʡʢʠ ʥʘ ʦʧʪʠʤʘʣʴʥʳʝ 

ʨʝʞʠʤʳ ʨʘʙʦʪʳ. ʊʘʢʦʡ ʥʘʩʪʨʦʡʢʦʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʷʚʣʷʝʪʩʷ ʨʝʟʦʥʘʥʩʥʘʷ ʥʘʩʪʨʦʡʢʘ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʤʘʢʩʠʤʘʣʴʥʫʶ ʘʤʧʣʠʪʫʜʫ ʢʦʣʝʙʘʥʠʡ ʨʘʙʦʯʝʛʦ ʪʦʨʮʘ ʩʪʝʨʞʥʝʚʦʡ 

ʩʠʩʪʝʤʳ [1].  

ʉʭʝʤʘ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʩʪʨʝʞʥʝʚʦʡ ʩʠʩʪʝʤʳ ʩ ʧʨʦʜʦʣʴʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʚʦʣʥʦʚʦʜʦʚ 

ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1, ʛʜʝ 1, 3 ï ʚʦʣʥʦʚʦʜʳ ʜʣʠʥʦʡ 1l ,
3l ; 2 ï ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʚʦʟʙʫʜʠʪʝʣʴ 

ʢʦʣʝʙʘʥʠʡ (ʧʴʝʟʦʵʣʝʤʝʥʪ), 4 ï ʨʘʙʦʯʠʡ ʪʦʨʝʮ ʩʪʝʨʞʥʝʚʦʡ ʩʠʩʪʝʤʳ. ɺʦʟʙʫʜʠʪʝʣʴ 

ʢʦʣʝʙʘʥʠʡ ʧʦʣʫʯʘʝʪ ʧʠʪʘʥʠʝ ʦʪ ʛʝʥʝʨʘʪʦʨʘ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ. 

 
ʈʠʩ. 1. ʊʠʧʦʚʘʷ ʩʭʝʤʘ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʩʪʝʨʞʥʝʚʦʡ ʩʠʩʪʝʤʳ 

 

ɺ ʨʘʙʦʪʝ ʧʨʠʚʦʜʷʪʩʷ ʫʨʘʚʥʝʥʠʷ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʚʦʟʙʫʜʠʪʝʣʷ ʠ ʟʘʧʠʩʘʥʥʳʝ ʚ 

ʦʧʝʨʘʪʦʨʥʦʤ ʚʠʜʝ ʫʨʘʚʥʝʥʠʷ ʢʦʣʝʙʘʥʠʡ ʩʪʝʨʞʥʝʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ 

ʫʨʘʚʥʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʩʣʦʚʠʡ ʩʚʷʟʠ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ 

ʨʘʚʝʥʩʪʚʝ ʜʣʠʥ ʩʪʝʨʞʥʝʡ ʥʘʠʣʫʯʰʝʡ ʨʝʟʦʥʘʥʩʥʦʡ ʥʘʩʪʨʦʡʢʦʡ ʷʚʣʷʝʪʩʷ ʩ ʨʝʞʠʤ ʩ 

ʯʘʩʪʦʪʦʡ, ʨʘʚʥʦʡ  ʧʘʨʮʠʘʣʴʥʦʡ ʯʘʩʪʦʪʝ ʩʪʝʨʞʥʝʡ. ʇʨʠ ʪʘʢʦʡ ʥʘʩʪʨʦʡʢʝ ʩʠʩʪʝʤʘ ʨʘʙʦʪʘʝʪ ʚ 

ʨʝʞʠʤʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʛʘʩʠʪʝʣʷ, ʢʦʛʜʘ ʚ ʦʪʩʫʪʩʪʚʠʝ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʪʦʨʮʳ ʧʴʝʟʦʵʣʝʤʝʥʪʘ 

ʥʝʧʦʜʚʠʞʥʳ, ʘ ʢʦʣʝʙʘʥʠʷ ʩʪʝʨʞʥʝʡ ʫʨʘʚʥʦʚʝʰʠʚʘʶʪ ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʥʝʤ ʩʠʣʳ. 

ɸʥʘʣʦʛʠʯʥʳʡ ʨʝʟʫʣʴʪʘʪ ʙʳʣ ʧʦʣʫʯʝʥ ʚ [2]. ʀʤʝʥʥʦ ʪʘʢʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ. ɺ ʜʦʢʣʘʜʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʦʩʪʠʛʘʝʤʘʷ 

ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ ʦʛʨʘʥʠʯʝʥʘ ʪʨʝʙʦʚʘʥʠʷʤʠ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʯʥʦʩʪʴʶ ʧʴʝʟʦʵʣʝʤʝʥʪʘ 

ɺ ʨʘʙʦʪʝ ʨʝʰʘʝʪʩʷ ʦʙʱʘʷ ʟʘʜʘʯʘ, ʟʘʢʣʶʯʘʶʱʘʷʩʷ ʚ ʦʪʳʩʢʘʥʠʠ ʥʘʠʣʫʯʰʝʛʦ 

ʩʦʦʪʥʦʰʝʥʠʷ ʜʣʠʥ ʩʪʝʨʞʥʝʡ, ʧʨʠ ʢʦʪʦʨʦʤ ʜʦʩʪʠʛʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʘʤʧʣʠʪʫʜʘ 

ʢʦʣʝʙʘʥʠʡ ʨʘʙʦʯʝʛʦ ʪʦʨʮʘ. ʇʨʠ ʵʪʦʤ ʫʯʠʪʳʚʘʶʪʩʷ ʦʛʨʘʥʠʯʝʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʴʶ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ ʠ ʫʩʣʦʚʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ 

ʧʴʝʟʦʵʣʝʤʝʥʪʘ.  
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ɸʅɸʃʀɿ ʈɽʐɽʅʀʁ ʋʈɸɺʅɽʅʀʗ ʄɸʊʔɽ ʇʈʀ ʄʆɼɽʃʀʈʆɺɸʅʀʀ 

ʅɽʉʊɸʎʀʆʅɸʈʅʆɻʆ ʕʃɽʂʊʈʆʇʈʀɺʆɼɸ 

 

DECISION ANALYSIS OF MATHIEU EQUATION IN SIMULATION OF 

NONSTATIONARY ELECTRIC DRIVE 
 

ɸ.ɸ.ʇʨʠʭʦʜʴʢʦ ï ʩʪʫʜ., ɸ.ɺ.ʅʝʩʪʝʨʦʚ ï ʜʦʮ., ʢ.ʪ.ʥ., ʉ.ɺ.ʅʝʩʪʝʨʦʚ ï ʜʦʮ., ʢ.ʪ.ʥ. 

ʂʫʙʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

Abstract. The mathematical model of an asynchronous electric drive with unbalanced rotor and 

the decisions of Mathieu equation on base of modified diagrams with the equal-sized lines as 

well as the method for their usage are suggested. Amplitude limitation problem of rotor 

oscillations is solved by means of the parametric synthesis and mounting of an auxiliary bearing. 

 

ɺ ʜʦʢʣʘʜʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʮʠʬʨʦʚʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʩʠʥʭʨʦʥʥʦʛʦ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʛʠʨʦʩʢʦʧʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʝʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ ʩʣʫʞʠʪ ʥʝʦʜʥʦʨʦʜʥʦʝ ʫʨʘʚʥʝʥʠʝ ʄʘʪʴʝ: 

( 2 cos2 ) ( )y a q y f . 

ʈʝʰʝʥʠʝ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʦʧʠʩʳʚʘʝʪ ʜʚʠʞʝʥʠʝ (ʥʫʪʘʮʠʶ) ʥʝʫʨʘʚʥʦʚʝʰʝʥʥʦʛʦ 

ʨʦʪʦʨʘ, ʚʨʘʱʘʶʱʝʛʦʩʷ ʚ ʫʧʨʫʛʠʭ ʦʧʦʨʘʭ, ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʩʠʣ ʩʪʘʪʦʨʘ. 

ʅʘʟʚʘʥʥʳʝ ʩʠʣʳ ʧʨʠʜʘʶʪ ʥʫʪʘʮʠʠ ʭʘʨʘʢʪʝʨ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ, ʪ. ʢ. ʞʝʩʪʢʦʩʪʴ 

ʦʧʦʨ ʨʦʪʦʨʘ ʩʪʘʥʦʚʠʪʩʷ ʧʝʨʠʦʜʠʯʝʩʢʠ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ. ɸʥʘʣʠʟ ʬʫʥʢʮʠʡ )(y  ʧʦʟʚʦʣʷʝʪ 

ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʦʛʨʘʥʠʯʝʥʠʷ ʥʫʪʘʮʠʠ ʨʦʪʦʨʘ ʜʦʧʫʩʪʠʤʳʤʠ ʟʥʘʯʝʥʠʷʤʠ 
ʜʦʧ( )y ɸ  ʥʘ 

ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ. 

ɺ ʭʦʜʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʫʩʪʘʥʦʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʫʩʪʦʡʯʠʚʳʭ 

ʨʝʰʝʥʠʡ ʫʨʘʚʥʝʥʠʷ ʄʘʪʴʝ )(y  ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʝʛʦ ʢʦʵʬʬʠʮʠʝʥʪʦʚ a ʠ q. ʇʨʝʜʣʦʞʝʥʦ 

ʥʘʡʜʝʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʠʟʦʙʨʘʞʘʪʴ ʛʨʘʬʠʯʝʩʢʠ ʚ ʚʠʜʝ ʣʠʥʠʡ ʨʘʚʥʦʡ ʘʤʧʣʠʪʫʜʳ 

(ʠʟʦʘʤʧʣʠʪʫʜ). ʈʘʟʨʘʙʦʪʘʥʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ɸʡʥʩʘ-ʉʪʨʝʪʪʘ, ʦʪʣʠʯʘʶʱʘʷʩʷ 

ʦʪ ʢʣʘʩʩʠʯʝʩʢʦʡ ʜʠʘʛʨʘʤʤʳ ʥʘʣʠʯʠʝʤ ʠʟʦʘʤʧʣʠʪʫʜ, ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʤʝʪʦʜʠʢʘ ʝʸ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ ʚʳʙʦʨʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʨʘʚʥʝʥʠʷ ʄʘʪʴʝ, ʧʨʠ ʢʦʪʦʨʳʭ ʫʩʪʦʡʯʠʚʳʝ 

ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ )(y  ʧʨʠʥʘʜʣʝʞʘʪ ʦʙʣʘʩʪʠ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ. 

ʈʘʩʩʤʦʪʨʝʥʘ ʪʘʢʞʝ ʩʠʪʫʘʮʠʷ, ʢʦʛʜʘ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤ ʩʠʥʪʝʟʦʤ ʥʝ ʫʜʘʝʪʩʷ ʨʝʰʠʪʴ 

ʧʨʦʙʣʝʤʫ ʦʛʨʘʥʠʯʝʥʠʷ ʥʫʪʘʮʠʠ ʨʦʪʦʨʘ. ʇʨʝʜʣʦʞʝʥʘ ʧʦʜʰʠʧʥʠʢʦʚʘʷ ʦʧʦʨʘ ʜʣʷ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʛʘʰʝʥʠʷ ʢʦʣʝʙʘʥʠʡ ʨʦʪʦʨʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʚʳʧʦʣʥʝʥʠʝ ʫʩʣʦʚʠʷ 

ʜʦʧ( )y ɸ . ɼʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʧʦʨʳ ʨʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩ 

ʫʯʝʪʦʤ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʥʫʪʘʮʠʠ. ʏʘʩʪʦʪʥʳʝ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ, ʘ ʪʘʢʞʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʳʚʦʜʳ ʚʳʨʘʙʦʪʘʥʳ. 
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ʇʆɼʐʀʇʅʀʂʆɺ ʂɸʏɽʅʀʗ 

 

DIRECTED VIBRATION BURNISHING OF BEARINGS 
 

ɸ.ɺ. ʇʳʣʴʥʦʚʘ ï ʘʩʧ. 

ʉʘʤʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

Abstract. In article the questions of improvement of quality of ball bearings by vibrational 

burnishing are considered. 

ʇʨʠ ʚʚʝʜʝʥʠʠ ʚʠʙʨʘʮʠʡ ʧʨʠ ʩʙʦʨʢʝ ʧʦʜʰʠʧʥʠʢʦʚ ʢʘʯʝʥʠʷ, ʚʦʟʤʦʞʥʦ, 

ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʫʧʨʘʚʣʷʪʴ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʢʦʥʪʘʢʪʥʳʭ ʩʚʷʟʝʡ ʠ ʧʨʦʮʝʩʩʦʤ ʧʨʠʨʘʙʦʪʢʠ 

ʧʦʜʰʠʧʥʠʢʦʚ, ʪʝʤ ʩʘʤʳʤ  ʧʝʨʝʥʦʩʷ ʨʝʞʠʤ ʧʨʠʨʘʙʦʪʢʠ ʠʟ ʵʪʘʧʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘ ʩʪʘʜʠʶ 

ʩʙʦʨʢʠ. ʂ ʦʜʥʦʤʫ ʠʟ ʢʦʣʝʮ ʧʨʠʢʣʘʜʳʚʘʶʪ ʫʣʴʪʨʘʟʚʫʢʦʚʳʝ ʢʦʣʝʙʘʥʠʷ, ʘ ʜʨʫʛʦʝ 

ʧʦʜʚʝʨʛʘʶʪ ʧʨʠʥʫʜʠʪʝʣʴʥʦʤʫ ʚʨʘʱʝʥʠʶ, ʩʦʦʙʢʘʪʳʚʘʷ ʩ ʩʦʙʩʪʚʝʥʥʳʤ ʢʦʤʧʣʝʢʪʦʤ ʪʝʣ 

ʢʘʯʝʥʠʷ. ʋʧʨʘʚʣʷʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʠ ʵʪʦʤ ʙʫʜʫʪ ʷʚʣʷʪʴʩʷ ʘʤʧʣʠʪʫʜʘ, ʯʘʩʪʦʪʘ, ʬʘʟʘ, 

ʩʭʝʤʘ ʚʚʝʜʝʥʠʷ ʢʦʣʝʙʘʥʠʡ, ʘ ʪʘʢʞʝ ʚʨʝʤʷ ʠʭ ʜʝʡʩʪʚʠʷ ʥʘ ʫʟʣʳ ʧʦʜʰʠʧʥʠʢʘ ʢʘʯʝʥʠʷ. 

ʇʨʦʠʟʚʦʜʷ ʜʦ ʧʨʠʨʘʙʦʪʢʠ ʘʥʘʣʠʟ ʚʠʙʨʘʮʠʡ, ʬʦʨʤʠʨʫʝʤʳʭ ʧʨʠ ʚʨʘʱʝʥʠʠ ʧʦʜʰʠʧʥʠʢʘ ʦʪ 

ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʡ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʜʦ ʝʛʦ ʧʦʣʥʦʡ ʦʩʪʘʥʦʚʢʠ (ʥʘ ʚʳʙʝʛʝ), ʤʦʞʥʦ 

ʢʦʩʚʝʥʥʦ ʦʮʝʥʠʪʴ ʢʘʯʝʩʪʚʦ ʧʦʜʰʠʧʥʠʢʦʚʦʛʦ ʫʟʣʘ. ʆʩʫʱʝʩʪʚʠʚ ʘʥʘʣʦʛʠʯʥʳʡ ʘʥʘʣʠʟ ʧʦʩʣʝ 

ʧʨʠʨʘʙʦʪʢʠ ʧʦʜʰʠʧʥʠʢʦʚʦʛʦ ʫʟʣʘ ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʜʠʘʛʥʦʩʪʠʢʫ ʠ ʦʧʨʝʜʝʣʠʪʴ ʩʪʝʧʝʥʴ 

ʫʣʫʯʰʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʧʦʜʰʠʧʥʠʢʘ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ: ʚʠʙʨʦʘʢʪʠʚʥʦʩʪʴ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʦʪʘʭ ʚʨʘʱʝʥʠʷ, ʚʨʝʤʷ ʚʳʙʝʛʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʜʰʠʧʥʠʢʦʚʦʛʦ ʫʟʣʘ. 

ʈʘʟʨʘʙʦʪʘʥʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʮʝʩʩʦʚ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ 

ʧʨʠʨʘʙʦʪʢʠ, ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʢʦʥʪʨʦʣʝʤ ʢʦʤʧʣʝʢʩʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʧʦ 

ʟʥʘʯʝʥʠʷʤ ʢʦʪʦʨʳʭ ʩʫʜʷʪ ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʧʨʠʨʘʙʦʪʢʠ ʠ ʪʝʭʥʠʯʝʩʢʦʤ 

ʩʦʩʪʦʷʥʠʠ ʧʦʜʰʠʧʥʠʢʘ. ʉʭʝʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. 

 

 
ʈʠʩ. 1. ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʮʝʩʩʦʚ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ 

ʧʨʠʨʘʙʦʪʢʠ ʧʦʜʰʠʧʥʠʢʦʚ ʢʘʯʝʥʠʷ (1-ʧʨʠʨʘʙʘʪʳʚʘʝʤʳʡ ʧʦʜʰʠʧʥʠʢ, 2 - ʧʨʦʤʝʞʫʪʦʯʥʳʡ 

ʧʦʜʰʠʧʥʠʢ, 3 - ʩʠʣʦʠʟʤʝʨʠʪʝʣʴʥʳʡ ʜʘʪʯʠʢ, 4 ï ʦʧʨʘʚʢʘ, 5,6 - ʜʘʪʯʠʢʠ ʚʠʙʨʘʮʠʠ, 7 ï 

ʢʦʥʮʝʥʪʨʘʪʦʨ, 8 - ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ, 9 - ʜʘʪʯʠʢ ʯʘʩʪʦʪʳ 

ʚʨʘʱʝʥʠʷ, 10 ï ʰʢʠʚ, 11 ï ʚʘʣ). 
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ʅɸ ʆʉʅʆɺɽ ɽɻʆ ɸʂʋʉʊʀʏɽʉʂʀʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ 

 

IDENTIFICATION OF RUN-OUT ROTOR AT NO-LOAD ON BASED HIS 

ACOUSTICAL CHARACTERISTICS 
 

ɸ.ɽ.ʉʝʬʝʨʷʥ ï ʩʪʫʜ., ɸ.ɺ.ʅʝʩʪʝʨʦʚ ï ʢ.ʪ.ʥ., ʜʦʮ., ʉ.ɺ.ʅʝʩʪʝʨʦʚ ï ʢ.ʪ.ʥ., ʜʦʮ. 

ʂʫʙʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

Abstract. Paper presents an identification method for the free spinning rotor or a 

parameterization method of the rotor motion equation. This is based on the regression analysis of 

experimental sound characteristics which is measured at free shutdown of rotor. 

 

ʇʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ ʦʩʥʦʚʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʨʦʪʦʨʘ 

ʚʨ( ) ( )T d dt t M t , ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʘʢʫʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʦʩʣʝʜʥʝʛʦ: ʜʠʥʘʤʠʯʝʩʢʦʡ ( )AL t  ʠ ʩʪʘʪʠʯʝʩʢʦʡ ( )AL . ʇʦʜ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʧʦʥʠʤʘʶʪ ʟʘʚʠʩʠʤʦʩʪʴ ʫʨʦʚʥʷ ʟʚʫʢʘ (ʛʨʦʤʢʦʩʪʠ) ʚʨʘʱʘʶʱʝʛʦʩʷ ʨʦʪʦʨʘ 

ʧʨʠ ʝʛʦ ʩʚʦʙʦʜʥʦʤ ʚʳʙʝʛʝ ʦʪ ʚʨʝʤʝʥʠ, ʢʦʛʜʘ 0)(ʚʨtM  ʠ ( ) 0.t  ʆʯʝʚʠʜʥʦ, ʯʪʦ 

ʬʫʥʢʮʠʷ )(tLA  ʫʙʳʚʘʝʪ ʤʦʥʦʪʦʥʥʦ. ʇʦʵʪʦʤʫ ʩʥʘʯʘʣʘ ʰʫʤ ʨʦʪʦʨʘ ʟʘʧʠʩʳʚʘʶʪ ʚ ʟʚʫʢʦʚʦʡ 

ʬʘʡʣ, ʘ ʟʘʪʝʤ ʧʦʜʚʝʨʛʘʶʪ ʬʠʣʴʪʨʘʮʠʠ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 

ʩʠʛʥʘʣʘ. ʇʦʩʣʝʜʥʶʶ "ʩʛʣʘʞʠʚʘʶʪ" ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘʭʦʜʷʪ 

ʠʩʢʦʤʫʶ ʘʢʫʩʪʠʯʝʩʢʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʨʦʪʦʨʘ )(tLA  ʢʘʢ ʣʠʥʝʡʥʫʶ ʨʝʛʨʝʩʩʠʦʥʥʫʶ 

ʤʦʜʝʣʴ 

 0 1( ) .AL t b b t  (1) 

ʇʦʜ ʩʪʘʪʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʧʦʜʨʘʟʫʤʝʚʘʶʪ ʟʘʚʠʩʠʤʦʩʪʴ ʫʨʦʚʥʷ ʟʚʫʢʘ 

ʩʪʘʙʠʣʴʥʦ ʚʨʘʱʘʶʱʝʛʦʩʷ ʨʦʪʦʨʘ ʦʪ ʝʛʦ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ, ʢʦʛʜʘ ʚʨ( ) constM t  ʠ 

( ) constt . ɽʝ ʪʘʢʞʝ ʩʪʨʦʷʪ ʧʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ ʢʘʢ ʣʦʛʘʨʠʬʤʠʯʝʩʢʫʶ 

ʨʝʛʨʝʩʩʠʦʥʥʫʶ ʤʦʜʝʣʴ ʚʠʜʘ 

 1 2( ) lg .AL c c  (2) 

ʉʦʛʣʘʩʥʦ ʧʨʠʥʷʪʦʡ ʤʦʜʝʣʠ ʜʚʠʞʝʥʠʷ ʨʦʪʦʨʘ ʝʛʦ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʫʙʳʚʘʝʪ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ 
/( ) .t Tt e  

ʇʦʜʩʪʘʥʦʚʢʘ ʵʪʦʡ ʬʫʥʢʮʠʠ ʚ ʫʨʘʚʥʝʥʠʝ (2) ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʨʝʛʨʝʩʩʠʠ  

ʧʨʝʚʨʘʱʘʝʪ ʝʛʦ ʚ ʣʠʥʝʡʥʦʝ 

 1
1 2

lg
( , ) ( lg ) .A

c e
L t c c t

T
 (3) 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʫʨʘʚʥʝʥʠʷ (1) ʠ (3) ʵʢʚʠʚʘʣʝʥʪʥʳ (ʨʘʚʥʦʩʠʣʴʥʳ). ʇʦʵʪʦʤʫ ʨʘʚʥʳ 

ʤʝʞʜʫ ʩʦʙʦʡ ʠʭ ʢʦʵʬʬʠʮʠʝʥʪʳ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʩʢʦʤʘʷ ʧʦʩʪʦʷʥʥʘʷ ʚʨʝʤʝʥʠ ʨʘʚʥʘ 

.lg
1

1

b

c
eT  

ʇʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʮʝʥʢʝ ʧʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ T ʧʨʝʜʣʘʛʘʝʤʳʤ ʤʝʪʦʜʦʤ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʘʷ. ɺʳʚʦʜ ʩʜʝʣʘʥ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʨʘʚʥʠʪʝʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʥʘʟʚʘʥʥʳʤ ʤʝʪʦʜʦʤ ʠ ʢʣʘʩʩʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ 

ʩʚʦʙʦʜʥʦʛʦ ʚʳʙʝʛʘ ʨʦʪʦʨʘ. ʂʨʦʤʝ ʪʦʛʦ, ʜʦʢʣʘʜ ʩʦʜʝʨʞʠʪ ʢʨʘʪʢʠʡ ʦʙʟʦʨ ʤʝʪʦʜʦʚ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ, ʦʙʦʩʥʦʚʘʥʠʝ ʨʝʛʨʝʩʩʠʦʥʥʦʡ ʤʦʜʝʣʠ (1) ʠ ʧʨʦʛʨʘʤʤʫ ʜʘʣʴʥʝʡʰʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. 
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THE CONTROL SYSTEM SOFTWARE  

FOR ACTIVE MAGNETIC ROTOR MACHINES 
  

ɸ.ʅ. ʉʪʘʨʠʢʦʚ ï ʢ.ʪ.ʥ. 

ɺʣʘʜʠʤʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʙʨʘʪʴʝʚ ʉʪʦʣʝʪʦʚʳʭ 

 

Abstract. The increase in capacities of rotor machines and increase of operational requirements 

to their bearing knots, demands creation of the basic knots allowing to perceive the considerable 

dynamic loadings, capable to provide high degree of reliability and control. One of decisions of 

the given problem is the active magnetic bearing. 

 

ʋʚʝʣʠʯʝʥʠʝ ʤʦʱʥʦʩʪʝʡ ʨʦʪʦʨʥʳʭ ʤʘʰʠʥ ʠ ʧʦʚʳʰʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 

ʪʨʝʙʦʚʘʥʠʡ ʢ ʠʭ ʧʦʜʰʠʧʥʠʢʦʚʳʤ ʫʟʣʘʤ, ʪʨʝʙʫʝʪ ʩʦʟʜʘʥʠʷ ʦʧʦʨʥʳʭ ʫʟʣʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ 

ʚʦʩʧʨʠʥʠʤʘʪʴ ʟʥʘʯʠʪʝʣʴʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ, ʩʧʦʩʦʙʥʳʝ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʫʶ 

ʩʪʝʧʝʥʴ ʥʘʜʝʞʥʦʩʪʠ ʠ ʢʦʥʪʨʦʣʷ. ʆʜʥʠʤ ʠʟ ʨʝʰʝʥʠʡ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ ʘʢʪʠʚʥʳʡ 

ʤʘʛʥʠʪʥʳʡ ʧʦʜʰʠʧʥʠʢ (ɸʄʇ). 

ʄʘʛʥʠʪʥʳʡ ʧʦʜʚʝʩ ʨʦʪʦʨʘ ʠʤʝʝʪ ʧʷʪʴ ʢʘʥʘʣʦʚ ʫʧʨʘʚʣʝʥʠʷ. ʆʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʨʘʟʜʝʣʴʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʧʦʜʚʝʩʦʤ, ʧʨʠ ʢʦʪʦʨʦʤ ʢʘʞʜʳʡ ʢʘʥʘʣ ʫʧʨʘʚʣʷʝʪʩʷ ʘʚʪʦʥʦʤʥʦ, ʧʦ 

ʩʠʛʥʘʣʫ ʩʚʦʝʛʦ ʜʘʪʯʠʢʘ ʧʦʣʦʞʝʥʠʷ ʠ ʠʤʝʝʪ ʦʜʥʫ ʫʧʨʘʚʣʷʝʤʫʶ ʢʦʦʨʜʠʥʘʪʫ, ʪ.ʝ. ʦʜʥʫ 

ʩʪʝʧʝʥʴ ʩʚʦʙʦʜʳ. ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʦʙʲʝʢʪ ʫʧʨʘʚʣʝʥʠʷ ʥʝʫʩʪʦʡʯʠʚ. ʏʪʦʙʳ ʝʛʦ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ, ʘ ʪʘʢʞʝ ʧʨʠʜʘʪʴ ʝʤʫ ʞʝʣʘʝʤʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʢʘʯʝʩʪʚʘ, ʚ ʢʘʥʘʣ 

ʫʧʨʘʚʣʝʥʠʷ ʚʚʦʜʠʪʩʷ ʨʝʛʫʣʷʪʦʨ. ʕʪʦ ð ʜʠʥʘʤʠʯʝʩʢʦʝ ʟʚʝʥʦ, ʥʘ ʚʭʦʜ ʢʦʪʦʨʦʛʦ ʧʦʩʪʫʧʘʝʪ 

ʩʠʛʥʘʣ ʩ ʜʘʪʯʠʢʘ ʧʦʣʦʞʝʥʠʷ, ʘ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ð ʪʦʢ ʠʣʠ ʥʘʧʨʷʞʝʥʠʝ, ʫʩʠʣʝʥʥʳʡ ʜʦ 

ʥʝʦʙʭʦʜʠʤʦʛʦ ʫʨʦʚʥʷ, ʧʦʜʘʝʪʩʷ ʥʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪ ʠ ʫʧʨʘʚʣʷʝʪ ʤʘʛʥʠʪʥʦʡ ʩʠʣʦʡ  

ʉʪʘʚʠʪʩʷ ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʢʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʜʚʝʩʘ ʩ ʫʧʨʘʚʣʝʥʠʝʤ ʧʦ ʪʦʢʫ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʝʛʫʣʷʪʦʨʦʚ 

ʮʠʬʨʦʚʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ɸʇʄ. 

ʀʩʧʦʣʴʟʫʝʤʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ National Instruments 

ʉʨʝʜʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ LabVIEW 2011 

ɼʘʥʥʦʝ ʇʆ ʧʦʟʚʦʣʷʝʪ ʦʪʣʘʜʠʪʴ ʩʠʩʪʝʤʫ ʩʪʘʙʠʣʠʟʘʮʠʠ ʨʦʪʦʨʘ, ʚʚʝʜʷ ʧʨʦʛʨʘʤʤʥʦ ʚ 

ʢʘʥʘʣ ʫʧʨʘʚʣʝʥʠʷ ʨʝʛʫʣʷʪʦʨ. ʉʠʛʥʘʣ ʫʧʨʘʚʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʨʦʪʦʨʘ ʦʙʨʘʙʘʪʳʚʘʣʩʷ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʇʀɼ- ʨʝʛʫʣʷʪʦʨʘ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʣʷ ʢʦʪʦʨʦʛʦ 

ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʧʦ ʠʟʚʝʩʪʥʦʡ ʤʝʪʦʜʠʢʝ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ʣʝʞʠʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʨʘʪʥʳʭ 

ʟʘʜʘʯ ʜʠʥʘʤʠʢʠ ʢ ʧʦʜʚʝʩʫ ʩ ʫʧʨʘʚʣʝʥʠʝʤ ʧʦ ʪʦʢʫ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ. 

ʆʙʲʝʢʪ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʥʝʨʮʠʦʥʥʦʝ ʟʚʝʥʦ ʩ ʧʝʨʝʜʘʪʦʯʥʦʡ 

ʬʫʥʢʮʠʝʡ 1/(ms
2
), ʦʭʚʘʯʝʥʥʦʝ ʚʥʫʪʨʝʥʥʝʡ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ ʩ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʫʩʠʣʝʥʠʷ, ʨʘʚʥʳʤ çʦʪʨʠʮʘʪʝʣʴʥʦʡè ʞʝʩʪʢʦʩʪʠ ʧʦʜʚʝʩʘ ʩʫ. ɺʭʦʜʥʦʡ 

ʩʠʛʥʘʣ, ʧʦʣʫʯʝʥʥʳʡ ʩ ʜʘʪʯʠʢʘ ʧʦʣʦʞʝʥʠʷ, ʠʤʝʝʪ ʩʠʥʫʩʦʠʜʘʣʴʥʫʶ ʬʦʨʤʫ, ʛʜʝ ʘʤʧʣʠʪʫʜʘ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʪʢʣʦʥʝʥʠʶ ʚʘʣʘ, ʘ ʯʘʩʪʦʪʘ - ʪʝʢʫʱʝʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ, ʦʙ/ʤʠʥ. 

ɼʘʥʥʦʝ ʇʆ ʜʣʷ ɸʄʇ ʧʦʟʚʦʣʷʝʪ ʚʳʨʘʙʦʪʘʪʴ ʫʧʨʘʚʣʷʶʱʠʡ ʪʦʢ, ʟʘʜʘʚ ʦʩʥʦʚʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʦʩʝʚʦʛʦ ʠ ʜʚʫʭ ʨʘʜʠʘʣʴʥʳʭ ʧʦʜʰʠʧʥʠʢʦʚ, ʦʧʨʝʜʝʣʠʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ, ʜʣʷ ʢʘʞʜʦʛʦ ʢʦʥʪʫʨʘ ʫʧʨʘʚʣʝʥʠʷ. 
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ʆʇʆʈʅʓʄ ʅɸɻʈʋɿʂɸʄ 

DEVELOPMENT OF CONTROL SYSTEMS FOR SHAFTING MISALIGNMENT 

OF TURBINE UNITS BY BEARING LOADS 
 

ɼ.ɺ.ʊʘʨʘʜʘʡ - ʢ.ʪ.ʥ., ʟʘʚ. ʣʘʙ. ʚʠʙʨʘʮʠʠ, ɺ.ʉ.ɻʫʜʦʰʥʠʢʦʚ ï ʠʥʞ. 

ʆɸʆ çɺʊʀè 

 

Abstract. Traditional method of finding shafting misalignments requires disassembly of the 

coupling compounds, but sometimes disassembly is impossible or unacceptable. Thus, methods 

that donôt require disassembly of the coupling compounds must be developed. 

 

ʊʨʘʜʠʮʠʦʥʥʦ ʧʨʦʚʝʨʢʘ ʮʝʥʪʨʦʚʢʠ ʚʘʣʦʧʨʦʚʦʜʦʚ ʪʫʨʙʦʘʛʨʝʛʘʪʦʚ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦ 

ʧʦʣʫʤʫʬʪʘʤ, ʜʣʷ ʯʝʛʦ ʪʨʝʙʫʝʪʩʷ ʨʘʟʙʦʨʢʘ ʤʫʬʪʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ. ɺ ʧʝʨʠʦʜ ʧʨʦʚʝʜʝʥʠʷ 

ʨʝʤʦʥʪʘ ʧʨʦʚʝʨʢʘ ʮʝʥʪʨʦʚʢʠ ʧʦ ʧʦʣʫʤʫʬʪʘʤ ʥʝ ʚʳʟʳʚʘʝʪ ʢʘʢʠʭ-ʣʠʙʦ ʟʘʪʨʫʜʥʝʥʠʡ. 

ʆʜʥʘʢʦ ʪʘʢʦʡ ʧʦʜʭʦʜ ʥʝʧʨʠʤʝʥʠʤ ʜʣʷ ʦʮʝʥʢʠ ʨʘʩʮʝʥʪʨʦʚʦʢ ʚ ʤʝʞʨʝʤʦʥʪʥʳʡ ʧʝʨʠʦʜ, 

ʢʦʛʜʘ ʨʘʟʙʦʨʢʘ ʤʫʬʪ ʥʝʞʝʣʘʪʝʣʴʥʘ. 

ɺʊʀ ʚʳʧʦʣʥʝʥ ʨʷʜ ʨʘʙʦʪ ʧʦ ʦʮʝʥʢʝ ʨʘʩʮʝʥʪʨʦʚʦʢ ʚʘʣʦʧʨʦʚʦʜʦʚ ʧʦ ʟʥʘʯʝʥʠʷʤ 

ʜʝʬʦʨʤʘʮʠʡ ʚʝʨʭʥʝʡ ʬʫʥʜʘʤʝʥʪʥʦʡ ʧʣʠʪʳ ʠ ʩʪʘʪʦʨʥʳʭ ʯʘʩʪʝʡ ʪʫʨʙʦʘʛʨʝʛʘʪʘ. 

ʇʝʨʝʤʝʱʝʥʠʷ ʦʧʦʨ ʤʦʛʫʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʧʫʪʸʤ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʩʧʝʮʠʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʊʘʢʞʝ ʤʦʞʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʫʯʸʪ ʚʩʧʣʳʪʠʷ 

ʰʝʝʢ ʨʦʪʦʨʦʚ ʧʦ ʜʘʪʯʠʢʘʤ ʚʘʣʘ. 

ʇʨʝʜʣʦʞʝʥʳ ʨʝʰʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʧʨʝʜʝʣʷʪʴ ʨʘʩʮʝʥʪʨʦʚʢʠ ʚʘʣʦʧʨʦʚʦʜʦʚ ʧʦ 

ʠʟʤʝʨʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ ʦʧʦʨʥʳʭ ʥʘʛʨʫʟʦʢ ʚʘʣʦʧʨʦʚʦʜʘ. ʆʧʦʨʥʳʝ ʥʘʛʨʫʟʢʠ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʧʨʠ ʧʦʤʦʱʠ ʛʠʜʨʦʬʠʮʠʨʦʚʘʥʥʦʡ ʫʩʪʘʥʦʚʢʠ ʠ ʤʘʣʦʛʘʙʘʨʠʪʥʳʭ ʩʠʣʦʠʟʤʝʨʠʪʝʣʴʥʳʭ 

ʜʦʤʢʨʘʪʦʚ. ʋʩʪʘʥʦʚʢʘ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ ʥʘʛʨʫʟʢʠ ʩ ʪʦʯʥʦʩʪʴʶ ʚ 1%. 

ɿʘʜʘʯʘ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʩʤʝʱʝʥʠʡ ʦʧʦʨ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʦʥʪʘʞʥʦʡ ʣʠʥʠʠ 

ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
],[][]][[ 0RRxK  

ʛʜʝ ][K  ð ʤʘʪʨʠʮʘ NN  ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʣʠʷʥʠʷ, ][ x  ðʥʝʠʟʚʝʩʪʥʳʡ ʚʝʢʪʦʨ 1N  

ʧʝʨʝʤʝʱʝʥʠʡ ʦʧʦʨ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʦʥʪʘʞʥʦʡ ʣʠʥʠʠ, ][R  ð ʚʝʢʪʦʨ 1N  ʠʟʤʝʨʝʥʥʳʭ 

ʦʧʦʨʥʳʭ ʥʘʛʨʫʟʦʢ, ][ 0R  ð ʚʝʢʪʦʨ 1N  ʥʦʤʠʥʘʣʴʥʳʭ ʦʧʦʨʥʳʭ ʥʘʛʨʫʟʦʢ. ɼʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʪʨʠʮʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʣʠʷʥʠʷ ʨʝʰʘʝʪʩʷ ʟʘʜʘʯʘ ʦʙ ʠʟʤʝʥʝʥʠʠ ʩʠʣʦʚʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʚ ʚʘʣʦʧʨʦʚʦʜʝ ʦʪ ʝʜʠʥʠʯʥʳʭ ʩʤʝʱʝʥʠʡ ʦʧʦʨ ʩ ʫʯʸʪʦʤ ʠʭ ʧʦʜʘʪʣʠʚʦʩʪʠ (ʧʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʩ ʫʯʸʪʦʤ ʚʩʧʣʳʪʠʷ ʥʘ ʤʘʩʣʷʥʦʤ ʩʣʦʝ). ʊʘʢʞʝ ʤʘʪʨʠʮʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʚʣʠʷʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʩʬʦʨʤʠʨʦʚʘʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʧʫʪʸʤ. 

ɿʘʜʘʯʘ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʩʤʝʱʝʥʠʡ ʦʧʦʨ ʷʚʣʷʝʪʩʷ ʧʣʦʭʦ ʦʙʫʩʣʦʚʣʝʥʥʦʡ 

(ʥʝʫʩʪʦʡʯʠʚʦʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʤʘʣʳʤ ʧʦʛʨʝʰʥʦʩʪʷʤ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ), ʧʦʵʪʦʤʫ ʪʨʝʙʫʝʪ 

ʩʧʝʮʠʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʨʝʰʝʥʠʶ. ʅʘʧʨʠʤʝʨ, ʚʦʟʤʦʞʥʘ ʬʦʨʤʫʣʠʨʦʚʢʘ ʟʘʜʘʯʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʩʮʝʥʪʨʦʚʦʢ, ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʪʨʝʙʫʝʪʩʷ ʨʝʰʝʥʠʝ ʧʝʨʝʦʧʨʝʜʝʣʸʥʥʦʡ ʟʘʜʘʯʠ 

(ʚ ʩʤʳʩʣʝ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʫʩʪʦʡʯʠʚʦʝ ʨʝʰʝʥʠʝ. ɼʨʫʛʦʡ 

ʧʦʜʭʦʜ ʫʯʠʪʳʚʘʝʪ ʬʘʢʪ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʦʧʦʨʥʳʭ ʥʘʛʨʫʟʦʢ ʦʪ ʩʤʝʱʝʥʠʷ ʚʘʣʦʧʨʦʚʦʜʘ ʢʘʢ 

ʞʝʩʪʢʦʛʦ ʮʝʣʦʛʦ. ʊʦʛʜʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʝʨʝʭʦʜ ʢ ʫʩʪʦʡʯʠʚʦʡ ʩʠʩʪʝʤʝ ʨʘʟʤʝʨʥʦʩʪʠ 2N Ĭ
2N . ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʧʨʦʠʩʭʦʜʠʪ ʦʧʨʝʜʝʣʝʥʠʝ ʩʤʝʱʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʢʦʪʦʨʦʡ 

ʙʘʟʦʚʦʡ ʧʨʷʤʦʡ, ʦʜʥʘʢʦ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʨʘʩʮʝʥʪʨʦʚʦʢ ʵʪʦʪ ʬʘʢʪ ʥʝ ʠʤʝʝʪ ʥʠʢʘʢʦʛʦ 

ʟʥʘʯʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʜʣʷ ʠʭ ʦʧʨʝʜʝʣʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʦʪʥʦʩʠʪʝʣʴʥʦʤ 

ʧʦʣʦʞʝʥʠʠ ʦʧʦʨ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʮʝʥʪʨʦʚʦʢ ʧʦ 

ʦʧʦʨʥʳʤ ʥʘʛʨʫʟʢʘʤ,  ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥ ʢ ʧʨʠʤʝʥʝʥʠʶ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʥʝ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʨʘʟʙʦʨʢʘ ʤʫʬʪʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ. 
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ʂʆɻɽʅɽʈɸʊʆʈʅʓɽ ʊɽʍʅʆʃʆɻʀʀ: 

ɺʆɿʄʆɾʅʆʉʊʀ ʀ ʇɽʈʉʇɽʂʊʀɺʓ 

 

COGENERATION TECHNOLOGIES: OPPORTUNITIES AND PROSPECTS 

 
ʆ.ɸ. ʌʠʣʠʥʘ - ʩʪ. ʧʨʝʧʦʜʘʚʘʪʝʣʴ, ʖ.ɸ. ʗʨʦʩʣʘʚʮʝʚ -  ʢ.ʪ.ʥ., ʜʦʮ. 

ʂʘʟʘʥʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ 

 

Abstract. With increase of ecological culture and necessity of reduction of consumption of fossil 

kinds of fuel there is a necessity for highly effective ways of transformation and energy 

development. Traditional separate manufacture of the electric power condenser power stations 

and heat coppers ð the ineffective technology conducting to loss of energy with heat of 

departing gases. Independent installations of the combined manufacture of thermal and electric 

energy ð cogenerators ð have appeared a successful technological solution of a problem. 
 
ɻʊʋ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʜʝʣʝʥʳ ʥʘ ʜʚʝ ʦʩʥʦʚʥʳʝ ʯʘʩʪʠ ð ʛʘʟʦʛʝʥʝʨʘʪʦʨ ʠ ʩʠʣʦʚʫʶ 

ʪʫʨʙʠʥʫ, ʨʘʟʤʝʱʝʥʥʳʝ ʚ ʦʜʥʦʤ ʢʦʨʧʫʩʝ. ɻʘʟʦʛʝʥʝʨʘʪʦʨ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʪʫʨʙʦʢʦʤʧʨʝʩʩʦʨ 

ʠ ʢʘʤʝʨʫ ʩʛʦʨʘʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʩʦʟʜʘʝʪʩʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʧʦʪʦʢ ʛʘʟʘ, 

ʚʦʟʜʝʡʩʪʚʫʶʱʠʡ ʥʘ ʣʦʧʘʪʢʠ ʩʠʣʦʚʦʡ ʪʫʨʙʠʥʳ. ʊʝʧʣʦʚʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʫʪʠʣʠʟʘʮʠʝʡ ʪʝʧʣʘ ʚʳʭʣʦʧʥʳʭ ʛʘʟʦʚ ʩ ʧʦʤʦʱʴʶ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ, 

ʚʦʜʦʛʨʝʡʥʦʛʦ ʠʣʠ ʧʘʨʦʚʦʛʦ ʢʦʪʣʘ-ʫʪʠʣʠʟʘʪʦʨʘ. ɻʊʋ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʨʘʙʦʪʫ ʥʘ ʜʚʫʭ 

ʚʠʜʘʭ ʪʦʧʣʠʚʘ ð ʞʠʜʢʦʤ ʠ ʛʘʟʦʦʙʨʘʟʥʦʤ. ʇʦʩʪʦʷʥʥʘʷ ʨʘʙʦʪʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ ʛʘʟʝ, ʘ ʚ 

ʨʝʟʝʨʚʥʦʤ (ʘʚʘʨʠʡʥʦʤ) ʨʝʞʠʤʝ ʧʨʦʠʩʭʦʜʠʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʧʝʨʝʭʦʜ ʥʘ ʜʠʟʝʣʴʥʦʝ 

ʪʦʧʣʠʚʦ. ʆʧʪʠʤʘʣʴʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ɻʊʋ ð ʢʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ʚʳʨʘʙʦʪʢʘ ʪʝʧʣʦʚʦʡ ʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. ɻʊʋ ʧʨʦʠʟʚʦʜʷʪ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ, 

ʯʝʤ ʛʘʟʦʧʦʨʰʥʝʚʳʝ ʘʛʨʝʛʘʪʳ, ʠ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʢʘʢ ʚ ʙʘʟʦʚʦʤ ʨʝʞʠʤʝ, ʪʘʢ ʠ ʜʣʷ ʧʦʢʨʳʪʠʷ 

ʧʠʢʦʚʳʭ ʥʘʛʨʫʟʦʢ. 

ɻʘʟʦʪʫʨʙʠʥʥʳʝ ʊʕʉ ʥʘ ʙʘʟʝ ɻʊʋ ʦʙʣʘʜʘʶʪ ʩʣʝʜʫʶʱʠʤʠ ʜʦʩʪʦʠʥʩʪʚʘʤʠ: ð 

ʚʳʩʦʢʘʷ ʥʘʜʝʞʥʦʩʪʴ: ʨʝʩʫʨʩ ʨʘʙʦʪʳ ʦʩʥʦʚʥʳʭ ʫʟʣʦʚ ʩʦʩʪʘʚʣʷʝʪ ʜʦ 150 ʪʳʩ. ʯʘʩ., ʘ ʨʝʩʫʨʩ 

ʨʘʙʦʪʳ ʜʦ ʢʘʧʠʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʘ ð 50 ʪʳʩ. ʯʘʩ.; 

ð ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʦʧʣʠʚʘ (ʂʀʊ) ʧʨʠ ʧʦʣʥʦʡ ʫʪʠʣʠʟʘʮʠʠ ʪʝʧʣʘ 

ʜʦʩʪʠʛʘʝʪ 85%; 

ð ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ: ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʫʩʣʦʚʥʦʛʦ ʪʦʧʣʠʚʘ ʥʘ ʦʪʧʫʩʢ 1 ʢɺʪ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʩʦʩʪʘʚʣʷʝʪ 0,2 ʢʛ ʫ. ʪ., ʘ ʥʘ ʦʪʧʫʩʢ 1 ɻʢʘʣ ʪʝʧʣʘ ð 0,173 ʢʛ ʫ.ʪ.; 

ð ʢʦʨʦʪʢʠʡ ʩʨʦʢ ʦʢʫʧʘʝʤʦʩʪʠ ʠ ʥʝʙʦʣʴʰʠʝ ʩʨʦʢʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ð ʜʦ 10ï12 

ʤʝʩʷʮʝʚ (ʧʨʠ ʥʘʣʠʯʠʠ ʥʝʦʙʭʦʜʠʤʳʭ ʩʦʛʣʘʩʦʚʘʥʠʡ ʠ ʨʘʟʨʝʰʝʥʠʡ); 

ð ʥʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ ʢʘʧʠʪʘʣʴʥʳʭ ʚʣʦʞʝʥʠʡ ð ʥʝ ʙʦʣʝʝ $600 ʟʘ ʫʩʪʘʥʦʚʣʝʥʥʳʡ 

ʢʠʣʦʚʘʪʪ ʚ ʧʨʝʜʝʣʘʭ ʧʣʦʱʘʜʢʠ ɻʊʋ ʊʕʉ; 

ð ʚʦʟʤʦʞʥʦʩʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʨʘʙʦʪʦʡ ɻʊʋ, 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʝ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʩʪʘʥʮʠʠ. 
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ʆʉʆɹɽʅʅʆʉʊʀ ʇʈʆɽʂʊʀʈʆɺɸʅʀʗ ʀ ʈɸʉʏɽʊɸ 

ʇʈʆʉʊʈɸʅʉʊɺɽʅʅʆʁ ɺʀɹʈʆʀɿʆʃʀʈʋʖʑɽʁ ʇʆɼɺɽʉʂʀ  

FEATURES OF DESIGN AND CALCULATION  

OF SPATIAL VIBROISOLATING SUSPENSION  
ɸ.ɽ.ʐʦʭʠʥ ï ʥ.ʩ. 

ʀʥʩʪʠʪʫʪ ʤʘʰʠʥʦʚʝʜʝʥʠʷ ʠʤ.ɸ.ɸ.ɹʣʘʛʦʥʨʘʚʦʚʘ ʈɸʅ 

 

Abstract. A mathematical model of spatial flexible-rod vibroisolating suspension, describing 

motion of protected object, is considered. An algorithm of solving the problem of spatial 

displacements of the object under the action of static forces and vibration applied in an arbitrary 

direction is proposed. The coefficients of stiffness matrix of the suspension and its 

eigenfrequencies are determined depending on the position of static equilibrium. It is shown that, 

for given external dimensions of the design and depending on the requirements, different 

dynamic properties of the suspension could be obtained by varying both geometrical parameters 

and fastening conditions of the rods.  

 

ɼʣʷ ʚʠʙʨʦʟʘʱʠʪʳ ʧʨʠʙʦʨʦʚ ʠ ʘʧʧʘʨʘʪʫʨʳ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʩʨʝʜʩʪʚʘʭ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʘʤʳʝ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʫʧʨʫʛʠʭ ʧʦʜʚʝʩʦʢ, ʚʳʙʦʨ 

ʢʦʪʦʨʳʭ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʭʘʨʘʢʪʝʨʘ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʚʦʟʤʫʱʝʥʠʷ. ɺ 

ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʚʥʝʰʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʙʲʝʢʪʫ 

ʚʠʙʨʦʟʘʱʠʪʳ ʧʨʦʠʟʚʦʣʴʥʳʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ 

ʧʦʜʚʝʩʦʢ. ʇʦʤʠʤʦ ʚʠʙʨʘʮʠʠ, ʥʘ ʦʙʲʝʢʪ ʚʠʙʨʦʟʘʱʠʪʳ ʤʦʛʫʪ ʜʝʡʩʪʚʦʚʘʪʴ ʤʝʜʣʝʥʥʦ 

ʤʝʥʷʶʱʠʝʩʷ ʚʦ ʚʨʝʤʝʥʠ ʠʣʠ ʧʦʩʪʦʷʥʥʳʝ ʥʘʛʨʫʟʢʠ, ʧʨʠʯʝʤ ʥʘʧʨʘʚʣʝʥʠʝ ʠʭ ʜʝʡʩʪʚʠʷ ʪʘʢ 

ʞʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʠʟʚʦʣʴʥʳʤ. ʕʪʠ ʥʘʛʨʫʟʢʠ ʚʳʟʳʚʘʶʪ ʠʟʤʝʥʝʥʠʝ ʧʦʣʦʞʝʥʠʷ 

ʩʪʘʪʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʩʠʩʪʝʤʳ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʷʪ ʢʦʣʝʙʘʥʠʷ, ʘ ʚ 

ʥʝʣʠʥʝʡʥʦʡ  ʩʠʩʪʝʤʝ, ʪʘʢ ʞʝ ʧʨʠʚʦʜʷʪ ʢ ʠʟʤʝʥʝʥʠʶ ʝʸ ʞʝʩʪʢʦʩʪʠ. ɹʦʣʴʰʠʥʩʪʚʦ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʧʦʜʚʝʩʦʢ ʩʦʟʜʘʥʳ ʥʘ ʦʩʥʦʚʝ ʢʦʤʙʠʥʘʮʠʠ 

ʣʠʥʝʡʥʳʭ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʭ ʫʧʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʚʠʥʪʦʚʳʝ ʧʨʫʞʠʥʳ. ʀʭ 

ʧʨʠʤʝʥʝʥʠʝ, ʦʩʦʙʝʥʥʦ ʚ ʦʙʣʘʩʪʠ ʥʠʟʢʠʭ ʯʘʩʪʦʪ, ʦʛʨʘʥʠʯʝʥʦ ʨʷʜʦʤ ʬʘʢʪʦʨʦʚ ʪʘʢʠʭ ʢʘʢ: 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʠʝ ʛʘʙʘʨʠʪʳ; ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʤʝʞʚʠʪʢʦʚʦʛʦ ʢʦʥʪʘʢʪʘ, ʢʦʪʦʨʳʡ 

ʚʳʟʳʚʘʝʪ ʘʢʫʩʪʠʯʝʩʢʠʡ ʰʫʤ ʠ ʧʦʚʳʰʝʥʥʳʡ ʠʟʥʦʩ ʵʣʝʤʝʥʪʦʚ, ʠ ʪ.ʜ.  

ɼʣʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʚʠʙʨʦʟʘʱʠʪʳ ʧʨʝʜʣʦʞʝʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʧʦʜʚʝʩʢʠ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʠʩʪʝʤʫ ʠʟ ʰʝʩʪʠ ʦʜʠʥʘʢʦʚʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʢʨʠʚʦʣʠʥʝʡʥʳʭ ʛʠʙʢʠʭ 

ʩʪʝʨʞʥʝʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʩʠʤʤʝʪʨʠʯʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ ʠ ʦʩʠ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʵʪʦʡ ʧʣʦʩʢʦʩʪʠ, ʧʨʦʭʦʜʷʱʠʭ ʯʝʨʝʟ ʮʝʥʪʨ ʤʘʩʩ ʟʘʱʠʱʘʝʤʦʛʦ ʦʙʲʝʢʪʘ, 

ʤʦʜʝʣʠʨʫʝʤʦʛʦ ʰʘʨʦʤ. ʈʘʟʨʘʙʦʪʘʥʘ ʨʘʩʯʝʪʥʘʷ ʤʦʜʝʣʴ ʧʦʜʚʝʩʢʠ, ʚ ʢʦʪʦʨʦʡ ʤʘʩʩʳ ʛʠʙʢʠʭ 

ʩʪʝʨʞʥʝʡ ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ, ʚʩʣʝʜʩʪʚʠʝ ʠʭ ʤʘʣʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʘʩʩʦʡ ʟʘʱʠʱʘʝʤʦʛʦ 

ʦʙʲʝʢʪʘ, ʘ ʧʦʚʝʜʝʥʠʝ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ ʦʧʠʩʳʚʘʝʪʩʷ ʩʠʩʪʝʤʦʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʠ 

ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʤʝʭʘʥʠʢʠ ʛʠʙʢʠʭ ʩʪʝʨʞʥʝʡ. ɸʥʘʣʠʟ ʩʠʩʪʝʤʳ ʦʩʣʦʞʥʸʥ ʪʝʤ, ʯʪʦ 

ʦʥʘ ʥʝ ʪʦʣʴʢʦ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʥʝʣʠʥʝʡʥʘʷ, ʥʦ ʠ ʩʪʘʪʠʯʝʩʢʠ ʥʝʦʧʨʝʜʝʣʠʤʘʷ, ʧʦʵʪʦʤʫ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʝʸ ʜʠʥʘʤʠʢʠ ʧʨʠʤʝʥʷʝʪʩʷ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʘʣʛʦʨʠʪʤ. 

ʇʨʠ ʟʘʜʘʥʥʳʭ ʤʘʩʩʘʭ ʠ ʛʘʙʘʨʠʪʘʭ ʢʦʥʩʪʨʫʢʮʠʠ ʦʧʨʝʜʝʣʝʥʳ ʨʘʮʠʦʥʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʩʪʝʨʞʥʝʡ ʚ ʢʦʥʩʪʨʫʢʮʠʠ 

ʧʦʜʚʝʩʢʠ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʢʨʠʪʝʨʠʷʤ ʤʠʥʠʤʫʤʘ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʠ ʠʭ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʙʣʠʟʦʩʪʠ ʜʨʫʛ ʢ ʜʨʫʛʫ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʫʩʣʦʚʠʡ ʟʘʢʨʝʧʣʝʥʠʷ ʩʪʝʨʞʥʝʡ ʥʘ ʩʚʦʡʩʪʚʘ 

ʧʦʜʚʝʩʢʠ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʫʧʨʫʛʦ-ʚʷʟʢʠʭ ʰʘʨʥʠʨʦʚ ʚʤʝʩʪʦ ʞʝʩʪʢʦʛʦ 

ʟʘʢʨʝʧʣʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʩʥʠʟʠʪʴ ʝʸ ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ ʠ ʧʦʚʳʩʠʪʴ 

ʜʝʤʧʬʠʨʦʚʘʥʠʝ, ʥʦ ʠ ʙʣʘʛʦʧʨʠʷʪʥʳʤ ʦʙʨʘʟʦʤ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʧʨʦʯʥʦʩʪʠ ʩʪʝʨʞʥʝʡ, 

ʚʩʣʝʜʩʪʚʠʝ ʩʥʠʞʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ ʚ ʤʝʩʪʘʭ ʠʭ ʟʘʢʨʝʧʣʝʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʘʥʘʣʠʟʘ ʚʣʠʷʥʠʷ ʩʪʘʪʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʩʚʦʡʩʪʚʘ ʧʦʜʚʝʩʢʠ ʦʧʨʝʜʝʣʝʥʘ ʦʙʣʘʩʪʴ 

ʧʝʨʝʤʝʱʝʥʠʡ ʦʙʲʝʢʪʘ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʡ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʣʠʥʝʡʥʘʷ. 
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ʂʆʅʉʊʈʋʂʊʀɺʅʓʍ ʕʃɽʄɽʅʊʆɺ ɸɺʊʆʄʆɹʀʃʗ 

EVALUATION OF STRENGTH AND FATIGUE DURABILITY FOR 

AUTOMOBILE CONSTRUCTIVE ELEMENTS 
ɸ.ɺ.ɸʥʜʨʦʥʠʢ ï ʤʘʛʠʩʪʨʘʥʪ, ɸ.ʅ.ʉʘʚʢʠʥ ï ʜ.ʪ.ʥ., ʧʨʦʬ., ɸ.ʉ.ɻʦʨʦʙʮʦʚ ï ʜ.ʪ.ʥ., ʧʨʦʬ. 

ɺʦʣʛʦʛʨʘʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

Abstract. Static strength and fatigue analysis were performed for element of automobile 

suspension, which is undergone by variable external loads in magnitude, frequency and direction 

of application. Dangerous places of this element were defined in terms of possible fatigue 

collapse. Approximate fatigue life for element of suspension was computed. Sequence of actions 

in analysis and features of interaction for used programs, SolidWorks and FRUND, were also 

described. 

 

ɸʚʪʦʤʦʙʠʣʠ-ʚʥʝʜʦʨʦʞʥʠʢʠ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʧʝʨʝʜʚʠʞʝʥʠʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʧʦ 

ʛʨʫʥʪʦʚʳʤ ʠ ʙʫʣʳʞʥʠʢʦʚʳʤ ʜʦʨʦʛʘʤ, ʧʦʵʪʦʤʫ ʫʟʣʘʤ, ʘʛʨʝʛʘʪʘʤ ʠ ʜʝʪʘʣʷʤ ʪʘʢʠʭ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʚ ʚʦʧʨʦʩʘʭ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʜʦʣʞʥʦ 

ʙʳʪʴ ʫʜʝʣʝʥʦ ʧʦʚʳʰʝʥʥʦʝ ʚʥʠʤʘʥʠʝ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʦʙʲʝʢʪʦʤ ʠʟʫʯʝʥʠʷ ʩʪʘʣ 

ʚʝʨʭʥʠʡ ʨʳʯʘʛ ʧʦʜʚʝʩʢʠ ʦʜʥʦʛʦ ʠʟ ʪʘʢʠʭ ʘʚʪʦʤʦʙʠʣʝʡ, ʧʦʜʚʝʨʛʘʶʱʠʡʩʷ ʚ ʧʨʦʮʝʩʩʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʦʟʜʝʡʩʪʚʠʶ ʧʝʨʝʤʝʥʥʳʭ ʥʘʛʨʫʟʦʢ ʨʘʟʣʠʯʥʦʡ ʘʤʧʣʠʪʫʜʳ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʠ 

ʚʦʟʥʠʢʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʩʪʠ ʝʛʦ ʧʨʦʯʥʦʩʪʥʦʡ ʘʥʘʣʠʟ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʦʙʣʘʩʪʝʡ ʩ 

ʥʘʠʙʦʣʴʰʝʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʥʘʧʨʷʞʝʥʠʡ, ʧʨʦʚʝʨʠʪʴ ʥʘ ʧʨʝʜʤʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ 

ʫʩʪʘʣʦʩʪʥʳʭ ʪʨʝʱʠʥ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʨʘʟʨʫʰʝʥʠʷ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤ: SolidWorks, ʦʙʝʩʧʝʯʠʚʰʝʡ 

ʧʨʦʚʝʜʝʥʠʝ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʳʭ ʘʥʘʣʠʟʦʚ, ʫʩʪʘʥʦʚʣʝʥʠʝ ʤʝʩʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ 

ʠ ʚʦʟʤʦʞʥʦʛʦ ʫʩʪʘʣʦʩʪʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ, ʘ ʪʘʢʞʝ ʚʳʯʠʩʣʝʥʠʝ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ 

ʫʩʪʘʣʦʩʪʥʦʛʦ ʩʨʦʢʘ ʩʣʫʞʙʳ, FRUND, ʚ ʢʦʪʦʨʦʤ ʙʳʣʘ ʩʦʟʜʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ʘʚʪʦʤʦʙʠʣʷ-ʚʥʝʜʦʨʦʞʥʠʢʘ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʦʣʫʯʝʥʳ ʚʨʝʤʝʥʥʳʝ ʨʝʘʣʠʟʘʮʠʠ ʥʘʛʨʫʞʝʥʠʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʚʪʦʤʦʙʠʣʷ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʪʠʧʘʭ ʜʦʨʦʞʥʦʛʦ ʧʦʢʨʳʪʠʷ, MathCAD, ʚ ʢʦʪʦʨʦʤ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʦʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ 

ʩʧʝʢʪʨʦʚ ʧʦ ʤʝʪʦʜʠʢʝ ʧʦʜʩʯʝʪʘ ʮʠʢʣʦʚ ñrainflowò. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʦʚ ʧʨʠʙʣʠʟʠʪʝʣʴʥʳʡ ʫʩʪʘʣʦʩʪʥʳʡ ʩʨʦʢ ʩʣʫʞʙʳ ʩʦʩʪʘʚʠʣ 13,1 

ʣʝʪ ʧʨʠ ʥʝʧʨʝʨʳʚʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʚʪʦʤʦʙʠʣʷ ʥʘ ʜʦʨʦʞʥʦʤ ʧʦʣʦʪʥʝ ʠʟ ʙʫʣʳʞʥʠʢʘ, 

ʚʥʦʩʷʱʝʤ ʥʘʠʙʦʣʴʰʠʡ ʚʢʣʘʜ ʚ ʫʩʪʘʣʦʩʪʥʫʶ ʧʦʚʨʝʞʜʘʝʤʦʩʪʴ ʚʝʨʭʥʝʛʦ ʨʳʯʘʛʘ ʧʦʜʚʝʩʢʠ. 

 
ʈʠʩ. 1. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʘʚʪʦʤʦʙʠʣʷïʚʥʝʜʦʨʦʞʥʠʢʘ, ʚʳʧʦʣʥʝʥʥʘʷ ʚ FRUND (ʘ) ʠ 

ʵʧʶʨʘ ʫʩʪʘʣʦʩʪʥʦʛʦ ʩʨʦʢʘ ʩʣʫʞʙʳ ʚʝʨʭʥʝʛʦ ʨʳʯʘʛʘ ʧʦʜʚʝʩʢʠ, ʧʦʣʫʯʝʥʥʘʷ ʚ SolidWorks (ʙ) 

ʘ ʙ 


