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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 
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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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ʆɹɽʉʇɽʏʀɺɸʖʑʀʍ ʇʆɺʓʐɽʅʀɽ ɹɽɿʆʇɸʉʅʆʉʊʀ 
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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%.   

 

 



22 

 

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.  

 




