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ʄʠʣʝʚʩʢʠʡ ʂ.ɽ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ɻɼʋ ʅɻʊʋ,  ʯʣʝʥ-ʢʦʨʨʝʩʧʦʥʜʝʥʪ  ɸɺʅ; 

ʅʝʤʠʨʦʚʩʢʠʡ ʖ.ɺ., ʜ.ʬ.-ʤ.ʥ., ʧʨʦʬʝʩʩʦʨ, ʛʣʘʚʥʳʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʀʊʇʄ ʉʆ 

ʈɸʅ,  ʜʝʡʩʪʚʠʪʝʣʴʥʳʡ  ʯʣʝʥ ɸɺʅ; 

ʆʙʫʭʦʚʩʢʠʡ ɸ.ɼ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʟʘʤʝʩʪʠʪʝʣʴ ʟʘʚʝʜʫʶʱʝʛʦ ʢʘʬʝʜʨʳ ɸɻɼ; 

ʈʘʩʪʦʨʛʫʝʚ ɻ.ʀ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ, ʧʝʨʚʳʡ ʧʨʦʨʝʢʪʦʨ ʅɻʊʋ; 
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ʠʥʩʪʠʪʫʪʘ (ʬʠʣʠʘʣʘ) ʋʨʘʣʴʩʢʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʧʝʨʚʦʛʦ 
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ʏʠʯʠʥʜʘʝʚ ɸ.ɺ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ, ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ çʊʝʭʥʠʯʝʩʢʦʡ 
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ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʦʪʨʘʞʘʝʪ ʘʥʘʣʠʟ ʠʤʝʶʱʝʡʩʷ ʚ ʫʯʠʣʠʱʝ ʫʯʝʙʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʧʦ 

ʦʛʥʝʚʦʡ ʧʦʜʛʦʪʦʚʢʝ ʠ ʨʘʩʢʨʳʚʘʝʪ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ, ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ, ʩʪʨʝʣʢʦʚʦʛʦ 

ʦʨʫʞʠʷ, ʘ ʪʘʢʞʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʝʛʦ ʚ ʮʝʣʷʭ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʦʙʫʯʝʥʠʷ 

ʢʫʨʩʘʥʪʦʚ ʚ ʚʦʝʥʥʦʤ ʚʫʟʝ. 

This article reflects the analysis of the educational literature available in the school on fire 

training and reveals the directions of development, improvement, weapons, as well as its effective 

use for the purposes of quality cadets' training in a military higher educational institution. 

 

ɼʘʪʘ ʧʦʷʚʣʝʥʠʷ ʦʛʥʝʩʪʨʝʣʴʥʦʛʦ ʦʨʫʞʠʷ ʥʘ ʈʫʩʠ ʪʦʯʥʦ ʥʝ ʫʩʪʘʥʦʚʣʝʥʘ. ʉʨʝʜʠ 

ʜʦʢʫʤʝʥʪʦʚ ʢʦʪʦʨʳʝ ʩʦʭʨʘʥʠʣʠʩʴ ʧʝʨʚʦʝ ʫʧʦʤʠʥʘʥʠʝ ʦ ʙʦʝʚʦʤ ʧʨʠʤʝʥʝʥʠʠ ʵʪʦʛʦ ʦʨʫʞʠʷ 

ʦʪʥʦʩʠʪʩʷ ʢ 1382 ʛʦʜʫ. ʇʝʨʚʳʝ ʦʙʨʘʟʮʳ ʩʪʨʝʣʢʦʚʦʛʦ ʦʨʫʞʠʷ ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ ʢʦʨʦʪʢʫʶ 

ʛʣʘʜʢʦʩʪʝʥʥʫʶ ʪʨʫʙʫ, ʠʟʛʦʪʦʚʣʝʥʥʫʶ ʠʟ ʞʝʣʝʟʥʦʡ ʧʦʣʦʩʳ ʧʫʪʝʤ ʢʫʟʥʝʯʥʦʡ ʩʚʘʨʢʠ. ʉʪʨʝʣʴʙʘ 

ʠʟ ʜʘʥʥʦʛʦ ʦʨʫʞʠʷ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʢʨʫʛʣʳʤʠ (ʩʬʝʨʠʯʝʩʢʠʤʠ) ʧʫʣʷʤʠ, ʩʥʘʯʘʣʘ ʞʝʣʝʟʥʳʤʠ, ʘ 

ʟʘʪʝʤ ʤʝʜʥʳʤʠ ʠ ʩʚʠʥʮʦʚʳʤʠ. ʂʨʫʛʣʘʷ (ʰʘʨʦʚʘʷ) ʬʦʨʤʘ ʧʫʣʠ ʙʳʣʘ ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʦʡ ʜʣʷ 

ʛʣʘʜʢʦʩʪʚʦʣʴʥʦʛʦ ʦʨʫʞʠʷ, ʪʘʢ ʢʘʢ ʢʨʫʛʣʘʷ ʧʫʣʷ ʥʝ ʪʨʝʙʦʚʘʣʘ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚ ʧʦʣʝʪʝ. ʆʥʘ 

ʧʨʠʤʝʥʷʣʘʩʴ ʚʧʣʦʪʴ ʜʦ ʩʝʨʝʜʠʥʳ XIX  ʚʝʢʘ. ʇʦʨʦʭ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ ʚʠʜʝ ʧʦʨʦʭʦʚʦʡ ʤʷʢʦʪʠ, 

ʩʦʩʪʦʷʚʰʝʡ ʠʟ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʤʝʩʠ ʫʛʣʷ, ʩʝʨʳ ʠ ʩʝʣʠʪʨʳ, ʢʦʪʦʨʳʝ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʙʨʘʣʠʩʴ ʚ 

ʨʘʚʥʦʡ ʧʨʦʧʦʨʮʠʠ. ʇʦʷʚʣʝʥʠʝ ʩʥʘʯʘʣʘ ʬʠʪʠʣʴʥʦʛʦ ʘ ʟʘʪʝʤ ʢʨʝʤʥʝʚʦʛʦ ʟʘʤʢʦʚ (XV ʚʝʢ) 

ʩʜʝʣʘʣʠ ʦʨʫʞʠʝ ʤʘʩʩʦʚʳʤ. ʂʨʝʤʥʝʚʳʝ ʠ ʬʠʪʠʣʴʥʳʝ ʟʘʤʢʠ ʧʦʚʳʩʠʣʠ ʩʢʦʨʦʩʪʨʝʣʴʥʦʩʪʴ 

ʨʫʞʝʡ ʜʦ ʦʜʥʦʛʦ ʚʳʩʪʨʝʣʘ ʚ 3-4 ʤʠʥ. ʇʨʠ ʵʪʦʤ ʫʧʨʦʩʪʠʣʦʩʴ ʟʘʨʷʞʘʥʠʝ, ʧʦʚʳʩʠʣʠʩʴ 

ʙʘʣʣʠʩʪʠʯʝʩʢʠʝ ʢʘʯʝʩʪʚʘ ʦʨʫʞʠʷ, ʦʙʣʝʛʯʠʣʠʩʴ ʭʨʘʥʝʥʠʝ ʠ ʩʙʝʨʝʞʝʥʠʝ ʧʦʨʦʭʦʚ. ɺʚʝʜʝʥʠʝ 

ʫʜʘʨʥʦ-ʢʨʝʤʥʝʚʦʛʦ ʟʘʤʢʘ ʠ ʰʪʳʢʘ, ʢʦʪʦʨʳʡ ʧʦʷʚʠʣʩʷ ʚ ʥʘʯʘʣʝ XVII  ʚʝʢʘ ʠ ʩʜʝʣʘʣ ʨʫʞʴʝ 

ʧʨʠʛʦʜʥʳʤ ʜʣʷ ʨʫʢʦʧʘʰʥʦʛʦ ʙʦʷ, ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʪʦʤʫ, ʯʪʦ ʩʪʨʝʣʢʦʚʦʝ ʦʨʫʞʠʝ ʩʪʘʣʦ 

ʦʩʥʦʚʥʳʤ ʦʨʫʞʠʝʤ ʧʝʭʦʪʳ. ɻʣʘʜʢʦʩʪʚʦʣʴʥʦʝ, ʟʘʨʷʞʘʝʤʦʝ ʩ ʜʫʣʘ ʨʫʞʴʝ ʩ ʫʜʘʨʥʦ-ʢʨʝʤʥʝʚʳʤ 

ʟʘʤʢʦʤ ʠ ʰʪʳʢʦʤ ʩʦʩʪʦʷʣʦ ʥʘ ʚʦʦʨʫʞʝʥʠʠ ʚʩʝʭ ʘʨʤʠʡ ʧʦʯʪʠ ʜʦ ʩʝʨʝʜʠʥʳ XIX  ʚʝʢʘ. ɽʛʦ 

ʢʘʣʠʙʨ ʩʦʩʪʘʚʣʷʣ 18ï20 ʤʤ. ɺʝʩ ʧʫʣʠ ʠʟ ʩʚʠʥʮʘ ʩʦʩʪʘʚʣʷʣ ʦʢʦʣʦ 25 ʛ, ʘ ʚʝʩ ʟʘʨʷʜʘ 

ʧʨʠʥʠʤʘʣʩʷ ʨʘʚʥʳʤ ʧʦʣʦʚʠʥʝ ʚʝʩʘ ʧʫʣʠ. ɼʘʣʴʥʦʩʪʴ ʩʪʨʝʣʴʙʳ ʥʝ ʧʨʝʚʳʰʘʣʘ 250ï300 ʰʘʛʦʚ 

(170ï220 ʤ), ʘ ʤʝʪʢʦʩʪʴ ʙʳʣʘ ʚʝʩʴʤʘ ʥʝʚʳʩʦʢʦʡ. ʊʘʢ ʥʘ ʜʘʣʴʥʦʩʪʠ ʚ 300 ʰʘʛʦʚ ʚʝʨʦʷʪʥʦʩʪʴ 

ʧʦʧʘʜʘʥʠʷ ʚ ʨʦʩʪʦʚʫʶ ʬʠʛʫʨʫ ʥʝ ʧʨʝʚʳʰʘʣʘ 10%.[1] 

 ɺ 1706ï1709 ʛʦʜʘʭ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʧʦʣʥʦʝ ʧʝʨʝʚʦʦʨʫʞʝʥʠʝ ʨʫʩʩʢʦʡ ʘʨʤʠʠ ʫʜʘʨʥʦ-

ʢʨʝʤʥʝʚʳʤʠ ʨʫʞʴʷʤʠ, ʧʦʣʫʯʠʚʰʠʤʠ ʥʘʟʚʘʥʠʝ ʬʫʟʝʷ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ ʥʘ ʚʦʦʨʫʞʝʥʠʝ 

ʙʳʣ ʧʨʠʥʷʪ ʠ ʙʫʤʘʞʥʳʡ ʧʘʪʨʦʥ, ʚ ʢʦʪʦʨʦʤ ʧʫʣʷ ʠ ʦʪʚʝʰʝʥʥʳʡ ʟʘʨʷʜ ʧʦʨʦʭʘ ʟʘʚʝʨʪʳʚʘʣʠʩʴ ʚ 

ʣʠʩʪ ʙʫʤʘʛʠ ʠ ʟʘʢʣʝʠʚʘʣʠʩʴ. ɹʣʘʛʦʜʘʨʷ ʚʚʝʜʝʥʠʶ ʙʫʤʘʞʥʦʛʦ ʧʘʪʨʦʥʘ ʠ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʦʛʦ 

ʫʜʘʨʥʦ-ʢʨʝʤʥʝʚʦʛʦ ʟʘʤʢʘ ʩʢʦʨʦʩʪʨʝʣʴʥʦʩʪʴ ʨʫʞʝʡ ʫʚʝʣʠʯʠʣʘʩʴ ʜʦ 1ï1,5 ʚʳʩʪʨ./ʤʠʥ.  

ɺʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ XVIII  ʚʝʢʘ ʚ ʈʦʩʩʠʠ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʩʦʩʪʘʚ ʜʳʤʥʦʛʦ ʧʦʨʦʭʘ. ʂʘʢ 

ʧʦʢʘʟʘʣʠ ʠʩʧʳʪʘʥʠʷ, ʢʦʪʦʨʳʝ ʥʘʯʘʣʠʩʴ ʚ 1772 ʛʦʜʫ, ʨʫʩʩʢʠʡ ʧʦʨʦʭ ʚ 2ï3 ʨʘʟʘ ʧʦ 

ʤʝʪʘʪʝʣʴʥʳʤ ʩʚʦʡʩʪʚʘʤ ʧʨʝʚʦʩʭʦʜʠʣ ʘʥʛʣʠʡʩʢʠʡ ʠ ʬʨʘʥʮʫʟʩʢʠʡ ʧʦʨʦʭʘ. ɼʣʷ ʨʘʟʣʠʯʥʳʭ 

ʨʫʞʝʡ ʪʦʛʦ ʚʨʝʤʝʥʠ ʥʘʯʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʙʳʣʘ ʚ ʧʨʝʜʝʣʘʭ 457ï517 ʤ/ʩ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʣʦ 

ʜʦʩʪʘʪʦʯʥʦʝ ʧʨʦʙʠʚʥʦʝ ʠ ʫʙʦʡʥʦʝ ʜʝʡʩʪʚʠʝ ʧʫʣʠ: ʥʘ 200 ʰʘʛʦʚ ʧʨʦʙʠʚʘʣʘ 4ï5 ʜʦʩʦʢ, ʘ ʥʘ 300 
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ʰʘʛʦʚ ʫʙʠʚʘʣʘ ʣʦʰʘʜʴ. ʅʦ ʤʝʪʢʦʩʪʴ ʠʟ-ʟʘ ʙʦʣʴʰʦʛʦ ʨʘʩʩʝʠʚʘʥʠʷ ʧʫʣʴ ʦʩʪʘʚʘʣʘʩʴ ʧʣʦʭʦʡ. [2] 

ɺ 1814 ʛʦʜʫ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʢʘʧʩʶʣʴ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ ʤʝʜʥʳʡ ʢʦʣʧʘʯʦʢ, 

ʥʘ ʜʥʝ ʢʦʪʦʨʦʛʦ ʧʦʤʝʱʘʣʩʷ ʫʜʘʨʥʳʡ ʩʦʩʪʘʚ, ʟʘʢʨʳʪʳʡ ʬʦʣʴʛʦʡ. ʊʘʢʦʡ ʢʘʧʩʶʣʴ ʧʝʨʝʜ 

ʚʳʩʪʨʝʣʦʤ ʥʘʜʝʚʘʣʩʷ ʥʘ ʟʘʪʨʘʚʦʯʥʳʡ ʩʪʝʨʞʝʥʴ, ʫʢʨʝʧʣʝʥʥʳʡ ʩʙʦʢʫ ʢʘʟʝʥʥʦʡ ʯʘʩʪʠ ʩʪʚʦʣʘ. 

ɺʥʫʪʨʠ ʩʪʝʨʞʥʷ ʚʳʩʚʝʨʣʠʚʘʣʦʩʴ ʩʢʚʦʟʥʦʝ ʦʪʚʝʨʩʪʠʝ, ʩʣʫʞʠʚʰʝʝ ʧʨʦʜʦʣʞʝʥʠʝʤ 

ʟʘʪʨʘʚʦʯʥʦʛʦ ʦʪʚʝʨʩʪʠʷ ʚ ʩʪʚʦʣʝ. ɺ ʨʫʩʩʢʦʡ ʘʨʤʠʠ ʚ 1855 ʛʦʜʫ ʙʳʣʘ ʧʨʠʥʷʪʘ ʚʤʝʩʪʦ ʰʘʨʦʚʦʡ 

ʧʫʣʠ ʮʠʣʠʥʜʨʦʧʦʣʫʰʘʨʥʘʷ ʧʫʣʷ ʩ ʫʛʣʫʙʣʝʥʠʝʤ ʚ ʭʚʦʩʪʦʚʦʡ ʯʘʩʪʠ. ʕʪʘ ʧʫʣʷ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ 

ʧʦ ʪʠʧʫ ʬʨʘʥʮʫʟʩʢʦʡ ʧʫʣʠ. ʋʛʣʫʙʣʝʥʠʝ ʚ ʮʠʣʠʥʜʨʦʧʦʣʫʰʘʨʥʦʡ ʧʫʣʝ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʪʦʤʫ, 

ʯʪʦ ʝʝ ʩʪʝʥʢʠ ʚ ʭʚʦʩʪʦʚʦʡ ʯʘʩʪʠ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʧʦʨʦʭʦʚʳʭ ʛʘʟʦʚ ʨʘʩʰʠʨʷʣʠʩʴ ʠ 

ʧʨʠʞʠʤʘʣʠʩʴ ʢ ʩʪʝʥʢʘʤ ʩʪʚʦʣʘ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʫʤʝʥʴʰʘʣʩʷ ʧʨʦʨʳʚ ʧʦʨʦʭʦʚʳʭ ʛʘʟʦʚ, ʘ 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʥʘʯʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʧʫʣʠ. ɼʘʣʴʥʦʩʪʴ ʩʪʨʝʣʴʙʳ ʧʨʠ ʵʪʦʤ 

ʚʳʨʦʩʣʘ ʦʪ 300 ʜʦ 600 ʰʘʛʦʚ (ʦʪ 213 ʜʦ 426 ʤ). [3] 

ɺ 1498 ʛʦʜʫ ʎʦʣʴʥʝʨ (ʛ. ɺʝʥʘ), ʠʟʛʦʪʦʚʠʣ ʢʘʨʘʙʠʥ ʩ ʧʨʷʤʳʤʠ ʥʘʨʝʟʘʤʠ ʚ ʩʪʚʦʣʝ, 

ʢʦʪʦʨʳʡ ʩʯʠʪʘʝʪʩʷ ʧʝʨʚʳʤ ʦʙʨʘʟʮʦʤ ʥʘʨʝʟʥʦʛʦ ʦʨʫʞʠʷ.  

ɺ XVI  ʚʝʢʝ ʙʳʣʦ ʩʦʟʜʘʥʦ ʦʨʫʞʠʝ ʩ ʚʠʥʪʦʚʳʤʠ ʥʘʨʝʟʘʤʠ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʳʡ ʧʫʣʷ 

ʢʨʦʤʝ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʧʦʣʫʯʘʣʘ ʠ ʚʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʣʦ ʝʝ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʥʘ ʧʦʣʝʪʝ, ʘ ʟʘ ʩʯʝʪ ʵʪʦʛʦ ʧʦʚʳʩʠʣʠʩʴ ʤʝʪʢʦʩʪʴ ʠ ʜʘʣʴʥʦʩʪʴ ʩʪʨʝʣʴʙʳ.  

ɺ ʈʦʩʩʠʠ ʥʘʨʝʟʥʳʝ ʨʫʞʴʷ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʥʦʩʠʣʠ ʥʘʟʚʘʥʠʷ ʚʠʥʪʦʚʘʣʴʥʳʭ ʧʠʱʘʣʝʡ (ʜʦ 

XVIII  ʚʝʢʘ), ʟʘʪʝʤ ʰʪʫʮʝʨʦʚ, ʨʫʞʝʡ ʠ ʢʘʨʘʙʠʥʦʚ. ʉ ʩʝʨʝʜʠʥʳ XIX  ʚʝʢʘ ʚʩʝ ʚʠʜʳ ʥʘʨʝʟʥʦʛʦ 

ʦʨʫʞʠʷ ʧʦʣʫʯʠʣʠ ʦʬʠʮʠʘʣʴʥʦʝ ʥʘʟʚʘʥʠʝ çʚʠʥʪʦʚʢʘè. ʇʨʠ ʟʘʨʷʞʘʥʠʠ ʥʘʨʝʟʥʳʭ ʨʫʞʝʡ ʧʫʣʷ 

ʚʛʦʥʷʣʘʩʴ ʚ ʩʪʚʦʣ ʩ ʜʫʣʴʥʦʡ ʯʘʩʪʠ ʫʜʘʨʘʤʠ ʜʝʨʝʚʷʥʥʦʡ ʢʦʣʦʪʫʰʢʠ, ʘ ʟʘʪʝʤ ʧʨʦʪʘʣʢʠʚʘʣʘʩʴ 

ʧʦ ʢʘʥʘʣʫ ʩʪʚʦʣʘ ʫʜʘʨʘʤʠ ʰʦʤʧʦʣʘ. ʀʟ-ʟʘ ʵʪʦʛʦ ʩʢʦʨʦʩʪʨʝʣʴʥʦʩʪʴ ʥʘʨʝʟʥʦʛʦ ʦʨʫʞʠʷ ʙʳʣʘ 

ʦʯʝʥʴ ʥʠʟʢʦʡ, ʥʝ ʙʦʣʝʝ 1 ʚʳʩʪʨʝʣʘ ʚ 5 ʤʠʥ, ʧʦʵʪʦʤʫ ʇʝʪʨʦʤ I ʥʘʨʝʟʥʳʝ ʰʪʫʮʝʨʳ ʙʳʣʠ 

ʚʚʝʜʝʥʳ ʢʘʢ ʦʨʫʞʠʝ ʫʥʪʝʨ-ʦʬʠʮʝʨʦʚ ʠ ʤʝʪʢʠʭ ʩʪʨʝʣʢʦʚ. [4] 

ɺ ʈʦʩʩʠʠ ʚ 1867 ʛʦʜʫ ʙʳʣʠ ʧʨʠʥʷʪʳ ʥʘ ʚʦʦʨʫʞʝʥʠʝ 6-ʣʠʥʝʡʥʘʷ ʩʢʦʨʦʩʪʨʝʣʴʥʘʷ 

ʠʛʦʣʴʯʘʪʘʷ ʚʠʥʪʦʚʢʘ ʦʙʨʘʟʮʘ 1867 ʛʦʜʘ (ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʘʷ ʚʠʥʪʦʚʢʘ ʂʘʨʣʝ) ʠ ʙʫʤʘʞʥʳʡ 

ʫʥʠʪʘʨʥʳʡ ʧʘʪʨʦʥ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ɺʝʣʴʪʠʱʝʚʳʤ. ʆʩʥʦʚʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʙʫʤʘʞʥʳʭ 

ʧʘʪʨʦʥʦʚ ʚ ʪʦ ʚʨʝʤʷ ʩʯʠʪʘʣʠʩʴ ʠʭ ʜʝʰʝʚʠʟʥʘ, ʤʝʥʴʰʘʷ ʪʦʯʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʚ ʚʦʡʩʢʘʭ.  

ʌʨʘʥʮʫʟ ʃʝʬʦʰʝ ɺ 1853 ʛʦʜʫ ʧʨʝʜʣʦʞʠʣ ʧʘʪʨʦʥ ʩ ʤʝʜʥʦʡ ʛʠʣʴʟʦʡ ʩ ʙʦʢʦʚʦʡ 

ʰʧʠʣʴʢʦʡ ʜʣʷ ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʢʘʧʩʶʣʷ, ʢʦʪʦʨʘʷ ʜʝʣʘʣʘ ʧʘʪʨʦʥ ʦʧʘʩʥʳʤ ʚ ʩʣʫʞʝʙʥʦʤ 

ʦʙʨʘʱʝʥʠʠ.  

ɺ 1868 ʛʦʜʫ ʚ ʈʦʩʩʠʠ ʙʳʣ ʧʨʠʥʷʪ ʥʘ ʚʦʦʨʫʞʝʥʠʝ 4,2-ʣʠʥʝʡʥʳʡ (10,67-ʤʤ) 

ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʫʥʠʪʘʨʥʳʡ ʧʘʪʨʦʥ ʮʝʥʪʨʘʣʴʥʦʛʦ ʚʦʩʧʣʘʤʝʥʝʥʠʷ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ɻʦʨʣʦʚʳʤ ʠ 

ɻʫʥʠʫʩʦʤ. ʉʚʠʥʮʦʚʘʷ ʧʫʣʷ ʚʝʩʦʤ 24 ʛ ʠʤʝʣʘ ʚ ʧʝʨʝʜʥʝʡ ʯʘʩʪʠ ʟʘʢʨʫʛʣʝʥʠʷ, ʘ ʥʘ ʜʥʝ ï ʚʳʝʤʢʫ 

ʜʣʷ ʧʦʤʝʱʝʥʠʷ ʢʦʥʮʦʚ ʙʫʤʘʞʥʦʡ ʦʙʝʨʪʢʠ. ɻʠʣʴʟʘ ʠʤʝʣʘ ʙʫʪʳʣʦʯʥʫʶ ʬʦʨʤʫ. ɹʫʤʘʞʥʘʷ 

ʦʙʝʨʪʢʘ ʧʨʝʜʥʘʟʥʘʯʘʣʘʩʴ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʩʚʠʥʮʝʚʘʥʠʷ ʥʘʨʝʟʦʚ ʠ ʠʩʢʣʶʯʝʥʠʷ ʢʦʥʪʘʢʪʘ 

ʤʝʪʘʣʣʘ ʧʫʣʠ ʠ ʛʠʣʴʟʳ.  

ʈʫʩʩʢʠʡ ʦʬʠʮʝʨ ʧʦʣʢʦʚʥʠʢ ɻʘʥ ʚ 1876 ʛʦʜʫ ʧʨʝʜʣʦʞʠʣ ʩʚʝʨʪʥʫʶ ʤʝʪʘʣʣʠʯʝʩʢʫʶ 

ʛʠʣʴʟʫ ʠ ʙʨʦʥʝʙʦʡʥʫʶ ʧʫʣʶ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʩʪʘʣʴʥʦʛʦ ʩʝʨʜʝʯʥʠʢʘ ʠ ʩʚʠʥʮʦʚʦʡ ʨʫʙʘʰʢʠ, ʘ 

ʂʘʤʝʣʦʚ ʧʨʝʜʣʦʞʠʣ ʢʦʥʩʪʨʫʢʮʠʶ ʛʠʣʴʟʳ ʩʦ ʩʪʝʥʢʘʤʠ ʧʝʨʝʤʝʥʥʦʡ ʪʦʣʱʠʥʳ.  

ɺ 1870 ʛʦʜʫ ʧʨʠʥʷʪʘ ʥʘ ʚʦʦʨʫʞʝʥʠʝ ʚʠʥʪʦʚʢʘ ʦʙʨʘʟʮʘ 1870 ʛʦʜʘ, ʠʤʝʥʦʚʘʚʰʘʷʩʷ ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʠ ʚ ʚʦʡʩʢʘʭ ʚʠʥʪʦʚʢʦʡ ɹʝʨʜʘʥʘ ˉ2 ʠʣʠ Ăɹʝʨʜʘʥʢʘ". ʇʨʠʤʝʥʝʥʠʝ ʥʘʨʝʟʥʦʛʦ 

ʢʘʟʥʦʟʘʨʷʜʥʦʛʦ ʦʨʫʞʠʷ ʧʦʚʣʝʢʣʦ ʠʟʤʝʥʝʥʠʝ ʪʘʢʪʠʢʠ ʜʝʡʩʪʚʠʷ ʚʦʡʩʢ. [5] 

ɺ 1889 ʛʦʜʫ ʥʘʯʘʣʦʩʴ ʠ ʤʘʩʩʦʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ 3-ʣʠʥʝʡʥʳʭ (7,62-ʤʤ) ʧʘʪʨʦʥʦʚ. ʂ 

ʵʪʠʤ ʧʘʪʨʦʥʘʤ ʙʳʣʠ ʧʨʠʥʷʪʳ ʧʫʣʷ ʚ ʤʝʣʴʭʠʦʨʦʚʦʡ ʦʙʦʣʦʯʢʝ ʠ ʛʠʣʴʟʘ ʩ ʫʪʦʣʱʝʥʥʳʤ ʜʥʦʤ ʠ 

ʩʧʣʦʰʥʦʡ ʟʘʢʨʘʠʥʦʡ. ʈʫʩʩʢʠʡ ʧʘʪʨʦʥ ʦʢʘʟʘʣʩʷ ʣʝʛʯʝ, ʯʝʤ ʧʦʜʦʙʥʳʝ ʠʥʦʩʪʨʘʥʥʳʝ, ʠ ʦʙʣʘʜʘʣ 

ʙʦʣʴʰʠʤ ʧʨʦʙʠʚʥʳʤ ʜʝʡʩʪʚʠʝʤ. 1891 ʛʦʜʘ ʙʳʣʘ ʧʨʠʥʷʪʘ ʥʘ ʚʦʦʨʫʞʝʥʠʝ çʪʨʝʭʣʠʥʝʡʥʘʷ 

ʚʠʥʪʦʚʢʘ ʦʙʨ. 1891 ʛʦʜʘè, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʪʘʣʘʥʪʣʠʚʳʤ ʨʫʩʩʢʠʤ ʦʨʫʞʝʡʥʠʢʦʤ ʄʦʩʠʥʳʤ ʚ 

1849. 
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ɺ 1908 ʛʦʜʫ ʙʳʣ ʧʨʠʥʷʪ ʥʘ ʚʦʦʨʫʞʝʥʠʝ ʈʫʩʩʢʦʡ ʘʨʤʠʠ ʧʘʪʨʦʥ ʢ ʚʠʥʪʦʚʢʝ ʦʙʨʘʟʮʘ 

1891 ʛʦʜʘ. ʇʦ ʩʚʦʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʦʥ ʥʝ ʫʩʪʫʧʘʣ ʠʥʦʩʪʨʘʥʥʳʤ ʧʘʪʨʦʥʘʤ. ɼʘʥʥʳʡ ʧʘʪʨʦʥ 

ʩʪʦʠʪ ʥʘ ʚʦʦʨʫʞʝʥʠʠ ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. 

ʆʩʦʙʘʷ ʨʦʣʴ ʚ ʨʘʟʨʘʙʦʪʢʝ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʚʠʥʪʦʚʢʠ ʧʨʠʥʘʜʣʝʞʠʪ ʨʫʩʩʢʦʤʫ ʫʯʝʥʦʤʫ ʠ 

ʢʦʥʩʪʨʫʢʪʦʨʫ ʚ ʦʙʣʘʩʪʠ ʩʪʨʝʣʢʦʚʦʛʦ ʦʨʫʞʠʷ ʌʝʜʦʨʦʚʫ. ʉʢʦʥʩʪʨʫʠʨʦʚʘʥʥʘʷ ʠʤ ʚ1907 ʛʦʜʫ 

ʚʠʥʪʦʚʢʘ ʥʘ ʠʩʧʳʪʘʥʠʷʭ ʧʨʝʚʟʦʰʣʘ ʚʩʝ ʜʨʫʛʠʝ ʩʠʩʪʝʤʳ. ʕʪʦʪ ʥʦʚʳʡ ʚʠʜ ʦʨʫʞʠʷ ʧʦʣʫʯʠʣ 

ʥʘʟʚʘʥʠʝ çʘʚʪʦʤʘʪè.  

 ʇʠʩʪʦʣʝʪʳ-ʧʫʣʝʤʝʪʳ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʣʠʩʴ ʚʦ ʚʨʝʤʷ ɺʝʣʠʢʦʡ ʆʪʝʯʝʩʪʚʝʥʥʦʡ ʚʦʡʥʳ. 

ʋʜʘʯʥʳʤʠ ʢʦʥʩʪʨʫʢʮʠʷʤʠ ʩʪʘʣʠ 7,62-ʤʤ ʧʠʩʪʦʣʝʪ-ʧʫʣʝʤʝʪ ɼʷʛʪʷʨʝʚʘ  ʦʙʨ. 1940 ʛʦʜʘ,7,62-

ʤʤ ʧʠʩʪʦʣʝʪ-ʧʫʣʝʤʝʪ ʐʧʘʛʠʥʘ ʦʙʨ. 1941 ʛʦʜʘ ʠ 7,62-ʤʤ ʧʠʩʪʦʣʝʪ-ʧʫʣʝʤʝʪ ʉʫʜʘʝʚʘ ʦʙʨ. 1943 

ʛʦʜʘ. ʆʜʥʘʢʦ ʜʘʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʪʝʣʴʥʦʛʦ ʦʛʥʷ ʠʟ ʵʪʦʛʦ ʚʠʜʘ ʦʨʫʞʠʷ ʥʝ ʧʨʝʚʳʰʘʣʘ 200ï300ʤ, 

ʘ ʦʧʳʪ ʙʦʝʚʳʭ ʜʝʡʩʪʚʠʡ ʚʳʷʚʠʣ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʚʝʣʠʯʝʥʠʷ ʜʘʣʴʥʦʩʪʠ ʩʪʨʝʣʴʙʳ.  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʩʪʘʣ ʚʦʧʨʦʩ ʦ ʩʦʟʜʘʥʠʠ ʥʦʚʦʛʦ ʧʘʪʨʦʥʘ, ʢʦʪʦʨʳʡ ʧʦ ʙʘʣʣʠʩʪʠʯʝʩʢʠʤ 

ʜʘʥʥʳʤ, ʤʘʩʩʝ ʠ ʛʘʙʘʨʠʪʘʤ ʟʘʥʠʤʘʝʪ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʤʝʞʜʫ ʚʠʥʪʦʚʦʯʥʳʤ ʠ 

ʧʠʩʪʦʣʝʪʥʳʤ ʧʘʪʨʦʥʘʤʠ. ʕʪʘ ʟʘʜʘʯʘ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʚ 1943 ʛʦʜʫ ɽʣʠʟʘʨʦʚʳʤ. ʇʨʠʥʷʪʳʡ ʥʘ 

ʚʦʦʨʫʞʝʥʠʝ 7,62-ʤʤ ʧʘʪʨʦʥ ʦʙʨ. 1943 ʛʦʜʘ ʠʤʝʝʪ ʤʘʩʩʫ 16,2 ʛ, ʧʫʣʶ ʤʘʩʩʦʡ 7,9 ʛ, ʤʘʩʩʫ 

ʟʘʨʷʜʘ 1,6 ʛ. ʆʥ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʩ ʦʙʳʢʥʦʚʝʥʥʦʡ, ʪʨʘʩʩʠʨʫʶʱʝʡ, ʙʨʦʥʝʙʦʡʥʦ-

ʟʘʞʠʛʘʪʝʣʴʥʦʡ ʠʣʠ ʟʘʞʠʛʘʪʝʣʴʥʦʡ ʧʫʣʝʡ. ʇʦʜ ʧʘʪʨʦʥ ʦʙʨ. 1943 ʛʦʜʘ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ 

ʩʘʤʦʟʘʨʷʜʥʳʡ ʢʘʨʘʙʠʥ ʉʠʤʦʥʦʚʘ, ʨʫʯʥʦʡ ʧʫʣʝʤʝʪ ɼʝʛʪʷʨʝʚʘ ʠ ʧʦʣʫʯʠʚʰʠʡ ʚʩʝʤʠʨʥʫʶ 

ʠʟʚʝʩʪʥʦʩʪʴ ʘʚʪʦʤʘʪ ʂʘʣʘʰʥʠʢʦʚʘ.  

ʇʘʪʨʦʥ ʫʤʝʥʴʰʝʥʥʦʛʦ, 5,45-ʤʤ ʢʘʣʠʙʨʘ ʩ ʧʫʣʝʡ ʩʦ ʩʪʘʣʴʥʳʤ ʩʝʨʜʝʯʥʠʢʦʤ ʠ 

ʪʨʘʩʩʠʨʫʶʱʝʡ ʧʫʣʝʡ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʉʘʙʝʣʴʥʠʢʦʚʘ. ʄʘʣʦʢʘʣʠʙʝʨʥʘʷ 

ʧʫʣʷ, ʠʤʝʷ ʚʳʩʦʢʫʶ ʥʘʯʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʠ ʙʦʣʴʰʫʶ ʧʦʧʝʨʝʯʥʫʶ ʥʘʛʨʫʟʢʫ, ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʣʫʯʰʫʶ ʥʘʩʪʠʣʴʥʦʩʪʴ ʪʨʘʝʢʪʦʨʠʠ, ʦʙʣʘʜʘʝʪ ʭʦʨʦʰʝʡ ʧʨʦʙʠʚʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʠ ʫʙʦʡʥʦʡ 

ʩʠʣʦʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʜʚʦʜʷ ʠʪʦʛ ʜʘʥʥʦʤʫ ʢʨʘʪʢʦʤʫ ʠʩʪʦʨʠʯʝʩʢʦʤʫ ʵʢʩʢʫʨʩʫ, ʤʦʞʥʦ 

ʦʜʥʦʟʥʘʯʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʚʦ ʤʥʦʛʦʤ ʨʘʟʚʠʪʠʝ ʩʪʨʝʣʢʦʚʦʛʦ ʦʨʫʞʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʨʘʟʚʠʪʠʝʤ ʝʛʦ ʧʘʪʨʦʥʦʚ, ʘ ʨʦʩʩʠʡʩʢʠʝ ʦʨʫʞʝʡʥʠʢʠ, ʫʯʝʥʳʝ, ʢʦʥʩʪʨʫʢʪʦʨʳ ʠ ʤʘʩʪʝʨʘ, ʚʩʝʛʜʘ 

ʦʙʝʩʧʝʯʠʚʘʣʠ ʧʨʝʚʦʩʭʦʜʩʪʚʦ ʨʫʩʩʢʦʛʦ ʦʨʫʞʠʷ ʚ ʤʠʨʝ. 
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ɺʆʆʈʋɾɽʅʀɽ ɹʆɽɺʆʁ ʄɸʐʀʅʓ ɹʄʇ-3 

 

ɻʦʨʦʚʦʡ ʉʝʨʛʝʡ ɸʣʝʢʩʝʝʚʠʯ 

 

ʅʦʚʦʩʠʙʠʨʩʢʦʝ ʚʳʩʰʝʝ ʚʦʝʥʥʦʝ ʢʦʤʘʥʜʥʦʝ ʫʯʠʣʠʱʝ 

ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, gtasa@ngs.ru 

 

ʉʪʘʪʴʷ ʥʘʧʠʩʘʥʘ ʧʦ ʤʘʪʝʨʠʘʣʘʤ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʤ ʚ ʩʨʝʜʩʪʚʘʭ ʤʘʩʩʦʚʦʡ 

ʠʥʬʦʨʤʘʮʠʠ, ʦ ʩʦʟʜʘʥʠʠ, ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʙʦʝʚʦʡ ʤʘʰʠʥʳ ʧʝʭʦʪʳ ɹʄʇ-3, 

ʢʦʪʦʨʘʷ ʚ ʧʝʨʚʳʡ ʨʘʟ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʚʩʝʤʫ ʤʠʨʫ ʥʘ ʧʘʨʘʜʝ ʚ ʯʝʩʪʴ 45-ʛʦʜʦʚʱʠʥʳ ʧʦʙʝʜʳ ʚ 

ɺʝʣʠʢʦʡ ʆʪʝʯʝʩʪʚʝʥʥʦʡ ʚʦʡʥʝ. 

The Article is based on materials published in the media about the creation, technical 

characteristics of infantry fighting vehicle BMP-3, which was first shown to the world at the parade 

in honor of the 45th anniversary of the victory in the great Patriotic war. 

 

ɹʄʇ-3 (ʨʠʩʫʥʦʢ) ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʦʩʥʘʱʝʥʠʷ ʤʦʪʦʩʪʨʝʣʢʦʚʳʭ ʠ ʧʝʭʦʪʥʳʭ 

ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʠʭ ʤʦʙʠʣʴʥʦʩʪʠ, ʟʘʱʠʱʸʥʥʦʩʪʠ ʠ ʦʛʥʝʚʦʡ ʤʦʱʠ ʚ 

ʩʦʚʨʝʤʝʥʥʦʤ ʦʙʱʝʚʦʡʩʢʦʚʦʤ ʙʦʶ, ʘ ʪʘʢʞʝ ʠʭ ʦʛʥʝʚʦʡ ʧʦʜʜʝʨʞʢʠ ʧʨʠ ʜʝʡʩʪʚʠʠ ʚ ʧʝʰʝʤ 

ʧʦʨʷʜʢʝ. ʆʙʝʩʧʝʯʠʚʘʝʪ ʩʦʚʤʝʩʪʥʳʝ ʜʝʡʩʪʚʠʷ ʩ ʜʨʫʛʠʤʠ ʚʠʜʘʤʠ ʠ ʨʦʜʘʤʠ ʚʦʡʩʢ. 

 

 
ʈʠʩʫʥʦʢ ï ɹʄʇ-3 

 

100-ʤʤ ʦʨʫʜʠʝ ï ʧʫʩʢʦʚʘʷ ʫʩʪʘʥʦʚʢʘ (ʆʇʋ) ï ʤʦʱʥʦʝ ʫʥʠʚʝʨʩʘʣʴʥʦʝ ʘʨʪʠʣʣʝʨʠʡʩʢʦʝ 

ʩʨʝʜʩʪʚʦ ʧʦʜʜʝʨʞʢʠ ʧʝʭʦʪʳ, ʥʘʭʦʜʷʱʝʝʩʷ ʚ ʨʘʩʧʦʨʷʞʝʥʠʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʭʦʪʥʳʭ 

ʧʦʜʨʘʟʜʝʣʝʥʠʡ. 

ʇʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʦʩʥʘʱʝʥʠʷ ʙʦʝʚʳʭ ʤʘʰʠʥ ʧʝʭʦʪʳ (ɹʄʇ-3, ɹʄʇ-3ʄ). 

30-ʤʤ ʚʳʩʪʨʝʣ ʩ ʙʨʦʥʝʙʦʡʥʦ-ʧʦʜʢʘʣʠʙʝʨʥʳʤ ʩʥʘʨʷʜʦʤ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʦʨʘʞʝʥʠʷ 

ʰʠʨʦʢʦʡ ʥʦʤʝʥʢʣʘʪʫʨʳ ʤʘʰʠʥ ʣʸʛʢʦʡ ʚʝʩʦʚʦʡ ʢʘʪʝʛʦʨʠʠ. ʅʘ ʜʘʣʴʥʦʩʪʠ 2000 ʤ ï 

ʢʨʠʪʠʯʝʩʢʦʡ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʧʫʰʝʢ ʧʦ ʨʘʩʩʝʠʚʘʥʠʶ ʙʦʝʧʨʠʧʘʩʦʚ 

ʜʠʩʪʘʥʮʠʠ ï ʩʥʘʨʷʜ ʧʨʦʙʠʚʘʝʪ ʣʦʙʦʚʫʶ ʙʨʦʥʶ ʘʙʩʦʣʶʪʥʦʛʦ ʙʦʣʴʰʠʥʩʪʚʘ ʙʨʦʥʠʨʦʚʘʥʥʳʭ 

ʤʘʰʠʥ ʤʘʩʩʦʡ ʜʦ 20 ʪʦʥʥ, ʯʪʦ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʝʜʠʪʴ ʧʨʦʪʠʚʥʠʢʘ ʧʨʠ ʚʝʜʝʥʠʠ ʙʦʷ. 

ɺ ʩʚʦʸ ʚʨʝʤʷ ʥʘʫʢʘ ʦʧʨʝʜʝʣʠʣʘ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʳʤ (ʜʦʩʪʘʪʦʯʥʳʤ) ʧʫʣʝʤʸʪʥʳʤ ʦʛʥʸʤ 

ʥʘ ʧʦʜʘʚʣʝʥʠʝ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʧʣʦʪʥʦʩʪʴ ʦʛʥʷ ʚ ʧʦʣʦʩʝ ʥʘʩʪʫʧʣʝʥʠʷ ʥʝ ʤʝʥʝʝ 47 ʧʫʣʴ ʥʘ 

ʧʦʛʦʥʥʳʡ ʤʝʪʨ ʚ ʤʠʥʫʪʫ. ʉ ʫʯʸʪʦʤ ʩʧʘʨʝʥʥʦʛʦ ʧʫʣʝʤʸʪʘ, ʜʚʫʭ ʧʫʣʝʤʸʪʦʚ ʚ ʰʘʨʦʚʳʭ 

ʫʩʪʘʥʦʚʢʘʭ ʚ ʥʦʩʦʚʦʡ ʯʘʩʪʠ ʤʘʰʠʥʳ, ʘ ʪʘʢʞʝ ʪʘʙʝʣʴʥʳʭ ʘʚʪʦʤʘʪʦʚ ʤʦʪʦʩʪʨʝʣʢʦʚ çɹʄʇ-3è 

ʩʧʦʩʦʙʥʘ ʩʦʟʜʘʪʴ ʪʘʢʫʶ ʟʦʥʫ ʫʚʝʨʝʥʥʦʛʦ ʧʦʜʘʚʣʝʥʠʷ ʪʘʥʢʦʦʧʘʩʥʳʭ ʩʨʝʜʩʪʚ ʙʣʠʞʥʝʛʦ ʙʦʷ ʚ 

ʧʦʣʦʩʝ ʥʘʩʪʫʧʣʝʥʠʷ, ʧʨʠʢʨʳʪʴ ʦʛʥʸʤ ʩʧʝʰʝʥʥʳʭ ʤʦʪʦʩʪʨʝʣʢʦʚ, ʧʦʨʘʟʠʪʴ ʫʧʨʘʚʣʷʝʤʳʤ 

ʩʥʘʨʷʜʦʤ ʢʦʥʪʨʥʘʩʪʫʧʘʶʱʠʝ ʪʘʥʢʠ ʠʣʠ ʚʳʚʝʩʪʠ ʠʭ ʠʟ ʙʦʷ ʦʙʩʪʨʝʣʦʤ ʠʟ 30-ʤʤ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʧʫʰʢʠ. 
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ɹʦʝʢʦʤʧʣʝʢʪ 100-ʤʤ ʦʨʫʜʠʷ ʩʦʩʪʘʚʣʷʶʪ ʫʥʠʪʘʨʥʳʝ ʚʳʩʪʨʝʣʳ 2-ʭ ʪʠʧʦʚ ï ʩ 

ʦʩʢʦʣʦʯʥʳʤ ʬʫʛʘʩʥʳʤ ʩʥʘʨʷʜʦʤ ʠ ʩ ʇʊʋʈ ʨʘʟʨʘʙʦʪʘʥ ʅʀʄʀ. ʀʩʧʦʣʴʟʫʝʤʳʡ ʚ ʚʳʩʪʨʝʣʝ 

ʩʥʘʨʷʜ, ʨʘʥʝʝ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʜʣʷ ʙʫʢʩʠʨʫʝʤʦʡ ʧʫʰʢʠ çɹʉ-3è ʠ ʩʘʤʦʭʦʜʥʦʡ ʧʫʰʢʠ çʉʋ-

100è, ʠʤʝʶʱʠʡ ʪʦʣʩʪʦʩʪʝʥʥʳʡ ʢʦʨʧʫʩ ʠʟ ʩʪʘʣʠ ʉ-60, ʤʘʣʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʧʦʣʥʝʥʠʷ 

(0,108) ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʥʝʚʳʩʦʢʦʝ ʦʩʢʦʣʦʯʥʦʝ ʜʝʡʩʪʚʠʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʊʫʣʴʩʢʠʤ ʂʇɹ 

ʨʘʟʨʘʙʦʪʘʥ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ɸ.ɻ. ʐʠʧʫʥʦʚʘ ʠ ʉ.ʄ. ɹʝʨʝʟʠʥʘ ʥʦʚʳʡ 100-ʤʤ ʚʳʩʪʨʝʣ ʩ 

ʫʚʝʣʠʯʝʥʥʳʤʠ ʜʘʣʴʥʦʩʪʴʶ ʩʪʨʝʣʴʙʳ ʠ ʦʩʢʦʣʦʯʥʳʤ ʜʝʡʩʪʚʠʝʤ. ɺ ʢʘʯʝʩʪʚʝ ʟʘʤʝʥʳ ʰʪʘʪʥʦʡ 

ʇʊʋʈ, ʟʘʧʫʩʢʘʝʤʦʡ ʠʟ ʧʫʰʝʯʥʦʛʦ ʩʪʚʦʣʘ, ʨʘʟʨʘʙʦʪʘʥʘ ʥʦʚʘʷ ʇʊʋʈ çɸʨʢʘʥè ʩ ʫʚʝʣʠʯʝʥʥʦʡ 

ʜʘʣʴʥʦʩʪʴʶ ʧʦʣʸʪʘ ʜʦ 5500 ʤʝʪʨʦʚ ʠ ʙʨʦʥʝʧʨʦʙʠʚʘʝʤʦʩʪʴʶ ʜʦ 750 ʤʤ. ɺ ʈʦʩʩʠʠ ʘʢʪʠʚʥʦ 

ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ 40-ʤʤ ʩʥʘʨʷʜʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʩʢʦʣʦʯʥʦ-

ʧʫʯʢʦʚʳʝ ʩʥʘʨʷʜʳ, ʩʥʘʨʷʜʳ ʩ ʫʤʝʥʴʰʝʥʥʳʤ ʧʦʣʸʪʥʳʤ ʚʨʝʤʝʥʝʤ, ʩʥʘʨʷʜʳ ʩ ʢʦʣʴʮʝʚʳʤ 

ʧʦʨʘʞʘʶʱʠʤ ʵʣʝʤʝʥʪʦʤ, ʙʨʦʥʝʙʦʡʥʦ-ʦʩʢʦʣʦʯʥʳʝ ʩʥʘʨʷʜʳ ʧʨʷʤʦʛʦ ʧʦʧʘʜʘʥʠʷ ʠ ʪ.ʧ. 

ɺʢʣʶʯʝʥʠʝ ʧʦʜʦʙʥʳʭ ʩʥʘʨʷʜʦʚ ʚ ʙʦʝʢʦʤʧʣʝʢʪ ɹʄʇ ʧʦʟʚʦʣʠʣʦ ʙʳ ʨʝʟʢʦ ʨʘʩʰʠʨʠʪʴ 

ʪʘʢʪʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ɹʄʇ ʚ ʙʦʨʴʙʝ ʩ ʥʘʟʝʤʥʳʤʠ ʠ ʚʦʟʜʫʰʥʳʤʠ ʮʝʣʷʤʠ. 

ʅʘʯʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʆʌ ʩʥʘʨʷʜʘ ï 250 ʤ/ʩʝʢ. ʄʝʭʘʥʠʟʤ ʟʘʨʷʞʘʥʠʷ 

ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʩʦʩʪʦʠʪ ʠʟ ʢʦʥʚʝʡʝʨʘ, ʤʝʭʘʥʠʟʤʘ ʟʘʛʨʫʟʢʠ, ʜʦʩʳʣʘʪʝʣʷ ʠ 

ʤʝʭʘʥʠʟʤʘ ʚʳʙʨʦʩʘ. ʂʦʥʚʝʡʝʨ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʟʤʝʱʝʥʠʝ ʚʳʩʪʨʝʣʦʚ ʠ ʠʭ ʧʝʨʝʤʝʱʝʥʠʝ ʥʘ 

ʣʠʥʠʶ ʚʳʜʘʯʠ (ʚ ʧʣʦʩʢʦʩʪʴ ʟʘʨʷʞʘʥʠʷ), ʩ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʟʘʭʚʘʪ ʚʳʩʪʨʝʣʘ ʤʝʭʘʥʠʟʤʦʤ 

ʟʘʛʨʫʟʢʠ. ʂʘʨʢʘʩ ʢʦʥʚʝʡʝʨʘ, ʚ ʢʦʪʦʨʦʤ 22 ʘʨʪʚʳʩʪʨʝʣʘ ʫʣʦʞʝʥʳ ʚ ʣʦʪʢʠ ʠ ʬʣʘʥʮʳ ʛʠʣʴʟ 

ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʚ ʧʘʟʘʭ ʧʦʜʧʨʫʞʠʥʝʥʥʳʭ ʫʧʦʨʦʚ, ʨʘʟʤʝʱʸʥ ʧʦʜ ʧʦʣʦʤ ʙʦʝʚʦʛʦ ʦʪʜʝʣʝʥʠʷ ʠ 

ʤʦʞʝʪ ʚʨʘʱʘʪʴʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʩʣʝʜʥʝʛʦ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʠʣʠ ʨʫʯʥʦʛʦ 

(ʘʚʘʨʠʡʥʦʛʦ) ʧʨʠʚʦʜʘ. ʄʝʭʘʥʠʟʤ ʟʘʛʨʫʟʢʠ, ʟʘʭʚʘʪʳʚʘʷ ʚʳʩʪʨʝʣ ʠʟ ʢʦʥʚʝʡʝʨʘ, ʧʦʜʘʸʪ ʝʛʦ ʥʘ 

ʣʠʥʠʶ ʟʘʨʷʞʘʥʠʷ, ʦʪʢʫʜʘ ʚʳʩʪʨʝʣ ʜʦʩʳʣʘʪʝʣʝʤ ʧʦʜʘʸʪʩʷ (ʧʨʠ ʵʪʦʤ 2 ʮʝʧʠ ʚʳʜʚʠʛʘʶʪʩʷ ʠʟ 

ʨʝʜʫʢʪʦʨʘ ʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʧʘʨʘʣʣʝʣʴʥʦ, ʦʙʨʘʟʫʷ ʞʸʩʪʢʠʡ ʜʦʩʳʣʘʶʱʠʡ ʵʣʝʤʝʥʪ) ʚ ʟʘʨʷʜʥʫʶ 

ʢʘʤʦʨʫ ʦʨʫʜʠʷ. ʅʘ ʟʘʜʥʝʡ ʯʘʩʪʠ ʢʨʳʰʠ ʙʘʰʥʠ ʟʘʢʨʝʧʣʸʥ ʤʝʭʘʥʠʟʤ ʚʳʙʨʦʩʘ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʫʜʘʣʝʥʠʷ ʩʪʨʝʣʷʥʳʭ ʛʠʣʴʟ ʠʟ ʤʘʰʠʥʳ. ʇʊʋʈ ʚʤʝʩʪʝ ʩ ʦʨʫʜʠʝʤ ʠ 

ʘʧʧʘʨʘʪʫʨʦʡ ʫʧʨʘʚʣʝʥʠʷ ʩʦʩʪʘʚʣʷʶʪ ʢʦʤʧʣʝʢʩ ʫʧʨʘʚʣʷʝʤʦʛʦ ʚʦʦʨʫʞʝʥʠʷ. ʄʝʭʘʥʠʟʤ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʢʦʨʦʩʪʨʝʣʴʥʦʩʪʴ 10 ʚʳʩʪʨ./ʤʠʥ. ʉʠʩʪʝʤʘ ʥʘʚʝʜʝʥʠʷ ʇʊʋʈ ï 

ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʧʦ ʣʫʯʫ ʣʘʟʝʨʘ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʘʣʴʥʦʩʪʴ ʩʪʨʝʣʴʙʳ ï 4000 ʤʝʪʨʦʚ, 

ʤʠʥʠʤʘʣʴʥʘʷ ï 100 ʤʝʪʨʦʚ. ʂʫʤʫʣʷʪʠʚʥʘʷ ʙʦʝʚʘʷ ʯʘʩʪʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʨʦʥʝʧʨʦʙʠʚʘʝʤʦʩʪʴ 

660-700 ʤʤ. ʇʨʠ ʩʪʨʝʣʴʙʝ ʩ ʤʝʩʪʘ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʧʘʜʘʥʠʷ ʜʦʩʪʠʛʘʝʪ 0,8. ɺ ʮʝʣʦʤ ʂʋɺ 

ʧʦʜʦʙʝʥ ʢʦʤʧʣʝʢʩʫ çɹʘʩʪʠʦʥè, ʫʩʪʘʥʦʚʣʝʥʥʦʤʫ ʥʘ ʪʘʥʢʝ çʊ-55ʄè ʠ çʂʘʩʪʝʪè ʥʘ 100-ʤʤ 

ʧʨʦʪʠʚʦʪʘʥʢʦʚʦʡ ʧʫʰʢʝ çʄʊ-12è. 

ʋʩʪʘʥʦʚʣʝʥʥʘʷ ʚ ʝʜʠʥʦʡ ʩ ʦʨʫʜʠʝʤ ç2ɸ-70è ʤʘʩʢʝ ʧʫʰʢʝ ç2ɸ-72è (ʩʧʨʘʚʘ) ʠʤʝʝʪ 2-ʭ 

ʣʝʥʪʦʯʥʦʝ ʨʘʟʜʝʣʴʥʦʝ ʧʠʪʘʥʠʝ ʩ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʤ, ʠʣʠ ʨʫʯʥʳʤ ʧʝʨʝʟʘʨʷʞʘʥʠʝʤ, 

ʜʘʣʴʥʦʩʪʴ ʩʪʨʝʣʴʙʳ ʜʦ 4000 ʤʝʪʨʦʚ (ʵʬʬʝʢʪʠʚʥʘʷ ʜʘʣʴʥʦʩʪʴ 2000 ʤʝʪʨʦʚ) ʩ ʪʝʤʧʦʤ ʩʪʨʝʣʴʙʳ 

200-300 ʠʣʠ 550 ʚʳʩʪʨ./ʤʠʥ. 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʛʦ ʧʦʨʘʞʝʥʠʷ ʣʝʛʢʦʙʨʦʥʠʨʦʚʘʥʥʦʡ ʮʝʣʠ ʠʟ ʧʫʰʢʠ 

ç2ɸ-42è ʪʨʝʙʫʝʪʩʷ ʦʪ 3-ʭ ʜʦ 5-ʪʠ ʧʦʧʘʜʘʥʠʡ, ʘ ʧʨʠ ʩʪʨʝʣʴʙʝ ʠʟ ʦʨʫʜʠʷ ç2ɸ-70è ʧʦ ʪʝʤ ʞʝ 

ʮʝʣʷʤ ʜʦʩʪʘʪʦʯʥʦ ʦʜʥʦʛʦ ʧʦʧʘʜʘʥʠʷ ʦʩʢʦʣʦʯʥʦ-ʬʫʛʘʩʥʦʛʦ ʩʥʘʨʷʜʘ ʜʣʷ ʠʭ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʛʦ 

ʧʦʨʘʞʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʥʝ ʠʤʝʝʪ ʟʥʘʯʝʥʠʷ, ʥʘ ʢʘʢʫʶ ʜʘʣʴʥʦʩʪʴ ʚʝʜʸʪʩʷ ʩʪʨʝʣʴʙʘ ï ʥʘ 100 ʠʣʠ 

ʥʘ 4000 ʤʝʪʨʘ, ʤʦʱʥʳʡ ʟʘʨʷʜ ɺɺ (1,65 ʢʠʣʦʛʨʘʤʤ) ʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʦ çʨʘʟʚʦʨʘʯʠʚʘʝʪè 

ʣʝʛʢʦʙʨʦʥʠʨʦʚʘʥʥʳʝ ʢʦʨʧʫʩʘ ɹʄʇ ʠ ɹʊʈ. ʇʨʠ ʠʩʧʳʪʘʥʠʷʭ ʚʦ ʚʨʝʤʷ ʩʪʨʝʣʴʙʳ ʩʭʦʜʫ ʧʨʠ 

ʩʦʚʝʨʰʝʥʠʠ ʬʣʘʥʛʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʧʦ ʨʝʘʣʴʥʳʤ ʮʝʣʷʤ ʪʠʧʘ ɹʊʈ ʥʘ ʜʘʣʴʥʦʩʪʷʭ ʦʪ 3500 ʜʦ 

4200 ʤʝʪʨʘ, ʨʝʟʫʣʴʪʘʪʳ ʚʧʝʯʘʪʣʷʶʱʠʝ. ɹʦʣʴʰʠʝ ʫʛʣʳ ʚʦʟʚʳʰʝʥʠʷ ʧʦʜʦʙʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʚʦʦʨʫʞʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʶʪ ʨʝʰʝʥʠʝ ʦʛʥʝʚʳʭ ʟʘʜʘʯ ʧʦ ʫʥʠʯʪʦʞʝʥʠʶ ʚʳʩʦʢʦʨʘʩʧʦʣʦʞʝʥʥʳʭ 

ʮʝʣʝʡ, ʘ ʪʘʢʞʝ ʩʪʨʝʣʴʙʫ ʩ ʟʘʢʨʳʪʳʭ ʦʛʥʝʚʳʭ ʧʦʟʠʮʠʡ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʜʜʝʨʞʢʠ ʧʝʨʚʦʛʦ 

ʵʰʝʣʦʥʘ ʙʘʪʘʣʴʦʥʘ ʙʦʝʚʳʤʠ ʤʘʰʠʥʘʤʠ ʚʪʦʨʦʛʦ ʵʰʝʣʦʥʘ (ʨʝʟʝʨʚʘ) ʵʪʠʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ, ʧʨʠ 

ʫʩʣʦʚʠʠ ʧʦʜʚʦʟʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʙʦʝʢʦʤʧʣʝʢʪʘ ʜʣʷ ʦʨʫʜʠʡ ç2ɸ-70è. 

ʈʘʙʦʪʘ ʧʫʣʝʤʸʪʘ çʇʂʊè, ʨʘʟʤʝʱʸʥʥʦʛʦ ʚ ʪʦʡ ʞʝ ʤʘʩʢʝ ʩʣʝʚʘ ʦʪ ʧʫʰʢʠ, 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʚʦʝʡ ʩʠʩʪʝʤʦʡ ʧʠʪʘʥʠʷ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʧʘʪʨʦʥʥʦʡ ʣʝʥʪʳ, 

ʧʦʜʚʦʜʘ ʝʸ ʢ ʧʨʠʸʤʥʦʤʫ ʦʢʥʫ ʧʫʣʝʤʸʪʘ, ʦʪʚʦʜʘ ʠ ʩʙʦʨʘ ʩʪʨʝʣʷʥʳʭ ʛʠʣʴʟ ʠ ʣʝʥʪ ʧʫʣʝʤʸʪʘ, ʘ 
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ʪʘʢʞʝ ʟʚʝʥʴʝʚ ʣʝʥʪ ʧʫʰʢʠ ç2ɸ-72è. ɻʠʣʴʟʦʟʚʝʥʴʝʦʪʚʦʜ ʠʤʝʝʪ ʜʚʘ ʢʘʥʘʣʘ. ʇʦ ʦʜʥʦʤʫ ʠʟ ʥʠʭ 

ʦʪʚʦʜʷʪʩʷ ʛʠʣʴʟʳ, ʧʦ-ʜʨʫʛʦʤʫ ï ʟʚʝʥʴʷʤ. ʋʛʣʳ ʥʘʚʝʜʝʥʠʷ ʧʫʰʢʠ ʠ ʧʫʣʝʤʸʪʘ ʧʦ ʚʝʨʪʠʢʘʣʠ ʚ 

ʧʝʨʝʜʥʝʤ ʩʝʢʪʦʨʝ ʩʪʨʝʣʴʙʳ ʦʪ ï 6 ʜʦ + 60 ʛʨʘʜʫʩʦʚ, ʘ ʚ ʟʘʜʥʝʤ ʩʝʢʪʦʨʝ ʦʪ ï 2 ʜʦ + 64 ʛʨʘʜʫʩʘ. 

 çɹʄʇ-3è ʠʤʝʝʪ ʨʘʟʚʠʪʫʶ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʝʤ ʦʛʥʸʤ, ʚʢʣʶʯʘʶʱʫʶ ʧʨʠʮʝʣ ï 

ʧʨʠʙʦʨ ʥʘʚʝʜʝʥʠʷ ç1ʂ-13-2è, ʧʨʠʙʦʨ çʇʇɹ-2è, ʧʨʠʮʝʣ ç1ʇɿ-10è, ʧʨʠʙʦʨ çʊʅʇ-3ɺʕ-01-01è, 

ʩʪʘʙʠʣʠʟʘʪʦʨ ʚʦʦʨʫʞʝʥʠʷ ç2ʕ-52è, ʜʘʣʴʥʦʤʝʨ ç1ɼ-16è, ʙʘʣʣʠʩʪʠʯʝʩʢʠʡ ʚʳʯʠʩʣʠʪʝʣʴ ç1ɺ-

539è, ʜʘʪʯʠʢʠ ʢʨʝʥʘ, ʩʢʦʨʦʩʪʠ ʠ ʢʫʨʩʦʚʦʛʦ ʫʛʣʘ. ʇʨʠʮʝʣ ï ʧʨʠʙʦʨ ʥʘʚʝʜʝʥʠʷ (ʇʇʅ) ç1ʂ-13-

2è ʥʘʚʦʜʯʠʢʘ-ʦʧʝʨʘʪʦʨʘ ï ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ (ʜʥʝʚʥʘʷ ʠ ʧʘʩʩʠʚʥʦ-ʘʢʪʠʚʥʘʷ ʥʦʯʥʘʷ ʚʝʪʚʠ) ʩ 

ʥʝʟʘʚʠʩʠʤʦʡ ʩʪʘʙʠʣʠʟʘʮʠʝʡ ʧʦʣʷ ʟʨʝʥʠʷ ʚ ʜʚʫʭ ʧʣʦʩʢʦʩʪʷʭ. ʂʨʘʪʥʦʩʪʴ ʫʚʝʣʠʯʝʥʠʷ ʚ ʜʥʝʚʥʦʡ 

ʚʝʪʚʠ ï 8
ʭ
, ʚ ʥʦʯʥʦʡ ï 5,5

ʭ
. ʋʛʣʳ ʧʦʣʷ ʟʨʝʥʠʷ ʩʦʩʪʘʚʣʷʶʪ 5 ʛʨʘʜʫʩʦʚ ʠ 6 ʛʨʘʜʫʩʦʚ 40 ʤʠʥʫʪ. 

ʇʨʠʙʦʨ ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ ʬʫʥʢʮʠʠ ʧʨʠʙʦʨʘ ʥʘʚʝʜʝʥʠʷ ʢ ʋɺ (ʢʨʦʤʝ ʇʇʅ ʘʧʧʘʨʘʪʫʨʘ 

ʫʧʨʘʚʣʝʥʠʷ ʚʢʣʶʯʘʝʪ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ, ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ, ʵʣʝʢʪʨʦʥʥʳʡ ʙʣʦʢ) ʠ ʧʨʠʮʝʣʘ ʜʣʷ 

ʩʪʨʝʣʴʙʳ ʘʨʪʠʣʣʝʨʠʡʩʢʠʤʠ ʚʳʩʪʨʝʣʘʤʠ. ʉʪʨʝʣʴʙʘ ʇʊʋʈ ʚʝʜʸʪʩʷ ʪʦʣʴʢʦ ʚ ʩʚʝʪʣʦʝ ʚʨʝʤʷ 

ʩʫʪʦʢ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʡ ʧʨʠʮʝʣ ʥʘʚʦʜʯʠʢʘ-ʦʧʝʨʘʪʦʨʘ çʇʇɹ-2è ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʩʪʨʝʣʴʙʳ 

ʧʦ ʚʦʟʜʫʰʥʳʤ ʠ ʥʘʟʝʤʥʳʤ ʮʝʣʷʤ. ʇʨʠʙʦʨ ʧʝʨʠʩʢʦʧʠʯʝʩʢʠʡ, ʤʦʥʦʢʫʣʷʨʥʳʡ, ʩ ʢʨʘʪʥʦʩʪʴʶ 

ʫʚʝʣʠʯʝʥʠʷ 2,46-2,6
ʭ
 ʠ ʧʦʣʝʤ ʟʨʝʥʠʷ 25-28 ʛʨʘʜʫʩʦʚ. ʂʦʤʘʥʜʠʨ ʤʦʞʝʪ ʙʨʘʪʴ ʫʧʨʘʚʣʝʥʠʝ 

ʚʦʦʨʫʞʝʥʠʝʤ ʥʘ ʩʝʙʷ, ʜʣʷ ʩʪʨʝʣʴʙʳ ʧʦ ʚʦʟʜʫʰʥʳʤ ʠ ʥʘʟʝʤʥʳʤ ʮʝʣʷʤ ʦʥ ʠʩʧʦʣʴʟʫʝʪ 

ʤʦʥʦʢʫʣʷʨʥʳʡ ʧʝʨʠʩʢʦʧʠʯʝʩʢʠʡ ʧʨʠʮʝʣ ç1ʇɿ-10è ʩ ʫʚʝʣʠʯʝʥʠʝʤ 1,2
ʭ
 ʠ 4

ʭ
 ʠ ʧʦʣʝʤ ʟʨʝʥʠʷ 49 

ʠ 14 ʛʨʘʜʫʩʦʚ. ʂʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʧʨʠʙʦʨ ʥʘʙʣʶʜʝʥʠʷ çʊʂʅ-3ʄɹè ʧʘʩʩʠʚʥʦ-ʘʢʪʠʚʥʳʡ, 

ʜʥʝʚʥʘʷ ʚʝʪʚʴ ʠʤʝʝʪ ʫʚʝʣʠʯʝʥʠʝ 4,75-5
ʭ
 ʠ ʧʦʣʝ ʟʨʝʥʠʷ 9,5-10 ʛʨʘʜʫʩʦʚ, ʘ ʥʦʯʥʘʷ 2,85-3

ʭ
 ʠ 

7,75-8 ʛʨʘʜʫʩʦʚ. ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʜʚʫʭʧʣʦʩʢʦʩʪʥʦʡ ʩʪʘʙʠʣʠʟʘʪʦʨ ç2ʕ-52è ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʪʦʯʥʫʶ ʩʪʘʙʠʣʠʟʘʮʠʶ ʙʣʦʢʘ ʦʨʫʞʠʷ ï ʩʨʝʜʠʥʥʘʷ ʦʰʠʙʢʘ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚ ʨʝʞʠʤʝ çʘʚʪʦʤʘʪè 

ʧʨʠ ʜʚʠʞʝʥʠʠ ʤʘʰʠʥʳ ʩʦ ʩʢʦʨʦʩʪʴʶ 25 ʢʤ/ʯ ʥʝ ʧʨʝʚʳʰʘʝʪ 0,05 ʪʳʩʷʯʥʳʭ ʜʘʣʴʥʦʩʪʠ 

ʩʪʨʝʣʴʙʳ. ʋʩʪʘʥʦʚʣʝʥʥʳʡ ʥʘ ʤʘʩʢʝ ʙʣʦʢʘ ʦʨʫʞʠʷ ʣʘʟʝʨʥʳʡ ʜʘʣʴʥʦʤʝʨ ç1ɼ-16è ʠʟʤʝʨʷʝʪ 

ʜʘʣʴʥʦʩʪʠ ʦʪ 500 ʜʦ 4000 ʤʝʪʨʦʚ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 10 ʤʝʪʨʦʚ. ʂʨʦʤʝ ʫʢʘʟʘʥʥʳʭ ʧʨʠʙʦʨʦʚ 

ʦʧʝʨʘʪʦʨ ʠʤʝʝʪ ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ ʧʨʠʟʤʝʥʥʳʝ ʩʤʦʪʨʦʚʳʝ ʙʣʦʢʠ, ʢʦʤʘʥʜʠʨ ï ʥʝʩʢʦʣʴʢʦ 

ʧʨʠʟʤʝʥʥʳʭ ʙʣʦʢʦʚ ʧʦ ʧʝʨʠʤʝʪʨʫ ʣʶʢʘ. ɼʣʷ ʧʦʜʩʚʝʪʢʠ ʮʝʣʝʡ ʠ ʤʝʩʪʥʦʩʪʠ ʥʦʯʴʶ ʚʠʜʠʤʳʤ ʠ 

ʀʂ-ʠʟʣʫʯʝʥʠʝʤ ʠʤʝʝʪʩʷ ʙʦʛʘʪʦʝ ʦʩʚʝʪʠʪʝʣʴʥʦʝ çʚʦʦʨʫʞʝʥʠʝè ï ʬʘʨʳ çʌɻ-125è ʠ çʌɻ-127è, 

ʦʩʚʝʪʠʪʝʣʠ çʆʋ-5è ʠ çʆʋ-3ɻ-ɸ2è (ʆʋ-3ɻɸ-2ʄ) ʩ ʀʂ ï ʬʠʣʴʪʨʘʤʠ. 

ɺ ʙʦʨʪʘʭ ʜʝʩʘʥʪʥʦʛʦ ʦʪʜʝʣʝʥʠʷ ʠʤʝʶʪʩʷ ʧʦ ʜʚʝ ʘʤʙʨʘʟʫʨʳ ʜʣʷ ʩʪʨʝʣʴʙʳ ʠʟ ʦʨʫʞʠʷ 

ʜʝʩʘʥʪʘ, ʘʤʙʨʘʟʫʨʘ ʧʨʦʜʝʣʘʥʘ ʠ ʚ ʩʪʚʦʨʢʝ ʢʦʨʤʦʚʦʡ ʜʚʝʨʠ, ʭʦʪʷ ʧʦʣʴʟʦʚʘʪʴʩʷ ʝʶ ʥʝ ʩʣʠʰʢʦʤ 

ʫʜʦʙʥʦ. ɼʣʷ ʥʘʙʣʶʜʝʥʠʷ ʜʝʩʘʥʪ ʠʤʝʝʪ ʧʨʠʟʤʝʥʥʳʝ ʙʣʦʢʠ. ɺʥʫʪʨʠ ʤʘʰʠʥʳ ʚʦʟʷʪʩʷ çʈʇɻ-7è 

(ʠʣʠ çʈʇɻ-16è), ʧʷʪʴ çʈʇɻ-18è, ʠʣʠ çʈʇɻ-22è, ʜʚʝ ʇɿʈʂ çʉʪʨʝʣʘ-3è, ʠʣʠ çʀʛʣʘ-1è, 

ʧʷʪʥʘʜʮʘʪʴ ʛʨʘʥʘʪ çʌ-1è, ʤʦʛʫʪ ʧʝʨʝʚʦʟʠʪʴʩʷ ʝʜʠʥʳʝ ʧʫʣʝʤʸʪʳ çʇʂʄè, ʠʣʠ 

ʢʨʫʧʥʦʢʘʣʠʙʝʨʥʳʝ çʅʉɺ-ʉ-12,7è. ɺ ʤʘʰʠʥʘʭ ʛʨʘʥʘʪʦʤʸʪʥʳʭ ʚʟʚʦʜʦʚ ʤʦʪʦʩʪʨʝʣʢʦʚʳʭ 

ʙʘʪʘʣʴʦʥʦʚ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʢʨʝʧʣʝʥʠʝ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʛʨʘʥʘʪʦʤʸʪʘ ɸɻʉ-17 çʇʣʘʤʷè. 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ: 

1. http://army-news.ru/. 

2. http://www.sciencedebate2008.com/bmp-3-kharakteristiki/.ʅʘʫʯʥʦ-ʧʦʧʫʣʷʨʥʳʡ ʙʣʦʢ. 
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ɻʨʠʬ ɽʢʘʪʝʨʠʥʘ ʄʠʭʘʡʣʦʚʥʘ, ɻʫʩʴʢʦʚ ɸʥʘʪʦʣʠʡ ɺʘʩʠʣʴʝʚʠʯ, 

ʄʠʣʝʚʩʢʠʡ ʂʦʥʩʪʘʥʪʠʥ ɽʚʛʝʥʴʝʚʠʯ 

 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, grif .2015@stud.nstu.ru 

 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʦʙʣʝʤʳ ʩʦʚʨʝʤʝʥʥʦʡ ʢʫʤʫʣʷʪʠʚʥʦʡ ʩʢʚʘʞʠʥʥʦʡ 

ʧʝʨʬʦʨʘʮʠʠ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʳʭ ʧʨʝʜʣʘʛʘʝʪʩʷ ʥʦʚʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʩʢʚʘʞʠʥʥʦʛʦ 

ʢʫʤʫʣʷʪʠʚʥʦʛʦ ʧʝʨʬʦʨʘʪʦʨʘ. 

In the article the problems of modern cumulative borehole perforation are considered, on 

the basis of which it is proposed a new design of a downhole cumulative perforator. 

 

ʅʝʬʪʝ- ʠ ʛʘʟʦʜʦʙʳʚʘʶʱʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ï ʧʝʨʝʜʦʚʘʷ ʦʪʨʘʩʣʴ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ 

ʥʘʰʝʡ ʩʪʨʘʥʳ. ɺʪʦʨʠʯʥʦʝ ʚʩʢʨʳʪʠʝ ʧʨʦʜʫʢʪʠʚʥʳʭ ʧʣʘʩʪʦʚ ï ʧʝʨʬʦʨʘʮʠʷ ï ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʨʷʜʦʤ ʧʨʦʙʣʝʤ. ʄʘʣʝʥʴʢʘʷ ʧʣʦʱʘʜʴ ʩʝʯʝʥʠʡ ʧʝʨʬʦʨʘʮʠʦʥʥʳʭ ʢʘʥʘʣʦʚ, ʧʝʩʢʦʧʨʦʷʚʣʝʥʠʝ 

ʧʦʥʠʞʘʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʦʙʳʯʠ ʥʝʬʪʠ, ʘ ʨʘʟʨʫʰʝʥʠʝ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ ʩʢʚʘʞʠʥʳ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʝʱʝ ʙʦʣʴʰʠʤ ʫʙʳʪʢʘʤ.  

ʉʫʱʝʩʪʚʫʝʪ ʯʝʪʳʨʝ ʪʠʧʘ ʩʢʚʘʞʠʥʥʦʡ ʧʝʨʬʦʨʘʮʠʠ: ʪʦʨʧʝʜʥʳʡ, ʛʠʜʨʦʧʝʩʢʦʩʪʨʫʡʥʳʡ, 

ʧʫʣʝʚʦʡ, ʢʫʤʫʣʷʪʠʚʥʳʡ. ʊʦʨʧʝʜʥʳʡ ʩʧʦʩʦʙ ʧʝʨʬʦʨʘʮʠʠ ï ʚʟʨʳʚ, ʧʨʦʠʟʚʦʜʠʤʳʡ ʧʨʠ ʧʦʤʦʱʠ 

ʪʦʨʧʝʜʳ, ʚʭʦʜʷʱʝʡ ʚ ʧʣʘʩʪ ʠ ʨʘʩʪʨʝʩʢʠʚʘʶʱʝʡ ʢʘʥʘʣ ʚ ʥʝʤ ï ʩʦʟʜʘʝʪ ʧʝʨʬʦʨʘʮʠʦʥʥʳʝ 

ʢʘʥʘʣʳ ʛʣʫʙʠʥʦʡ ʜʦ 160 ʤʤ ʠ ʜʠʘʤʝʪʨʦʤ ʜʦ 22 ʤʤ. ʕʪʦʪ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦʡ ʠ ʵʬʬʝʢʪʠʚʥʳʡ 

ʩʧʦʩʦʙ ʧʝʨʬʦʨʘʮʠʠ ʧʨʠʤʝʥʷʝʪʩʷ ʪʘʢʞʝ ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʪʨʝʙʫʶʪʩʷ ʨʘʟʨʫʰʝʥʠʝ ʧʦʨʦʜ 

ʧʨʦʜʫʢʪʠʚʥʳʭ ʧʣʘʩʪʦʚ, ʦʙʨʳʚ ʩʢʚʘʞʠʥʥʳʭ ʪʨʫʙ, ʦʯʠʩʪʢʘ ʠʭ ʦʪ ʧʝʩʯʘʥʳʭ ʧʨʦʙʦʢ ʠ ʪ.ʜ. ɺ 

ʦʙʨʘʪʥʦʡ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʨʘʟʨʫʰʝʥʠʝ ʦʙʩʘʜʥʦʡ ʪʨʫʙʳ ʢʨʘʡʥʝ ʥʝʞʝʣʘʪʝʣʴʥʦ, ʪʦʨʧʝʜʥʘʷ 

ʧʝʨʬʦʨʘʮʠʷ ʠʤʝʝʪ ʥʠʟʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ: ʥʝʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʩʪʝʥʦʢ ʧʝʨʬʦʨʘʮʠʦʥʥʳʭ 

ʢʘʥʘʣʦʚ ʠ ʥʠʟʢʘʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʨʘʩʧʦʣʦʞʝʥʠʷ ʟʘʨʷʜʦʚ (ʜʦ 4 ʰʪʫʢ ʥʘ ʤʝʪʨ) ʥʝ 

ʜʘʶʪ ʧʦʣʫʯʠʪʴ ʙʦʣʴʰʫʶ ʧʣʦʱʘʜʴ ʧʨʦʙʠʪʠʷ ʩʢʚʘʞʠʥʥʦʡ ʪʨʫʙʳ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʦʨʧʝʜʥʦʡ 

ʧʝʨʬʦʨʘʮʠʠ, ʛʠʜʨʦʧʝʩʢʦʩʪʨʫʡʥʳʡ ʩʧʦʩʦʙ ʩʢʚʘʞʠʥʥʦʡ ʧʝʨʬʦʨʘʮʠʠ ʦʯʝʥʴ ʜʝʣʠʢʘʪʥʦ 

ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʦʙʩʘʜʥʫʶ ʪʨʫʙʫ ʠ ʮʝʤʝʥʪʥʦʝ ʢʦʣʴʮʦ. ʉʤʝʩʴ ʚʦʜʳ ʩ ʘʙʨʘʟʠʚʦʤ, ʥʘʛʥʝʪʘʝʤʘʷ 

ʢʦʤʧʨʝʩʩʦʨʘʤʠ ʠ ʚʳʩʪʨʝʣʠʚʘʶʱʘʷ ʧʦʜ ʙʦʣʴʰʠʤ ʜʘʚʣʝʥʠʝʤ ʠʟ ʩʦʧʝʣ ʧʝʨʬʦʨʘʪʦʨʘ, ʩʦʟʜʘʝʪ 

ʦʯʝʥʴ ʛʣʫʙʦʢʠʝ (ʜʦ 1 ʤ) ʠ ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʝʨʬʦʨʘʮʠʦʥʥʳʝ ʢʘʥʘʣʳ (ʱʝʣʠ). ʅʝʩʤʦʪʨʷ ʥʘ ʨʷʜ 

ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʜʦʩʪʦʠʥʩʪʚ, ʜʘʥʥʳʡ ʩʧʦʩʦʙ ʧʝʨʬʦʨʘʮʠʠ ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ, 

ʥʘʧʨʠʤʝʨ, ʪʨʝʙʫʝʪ ʦʯʝʥʴ ʙʦʣʴʰʠʭ ʤʘʪʝʨʠʘʣʴʥʳʭ ʚʣʦʞʝʥʠʡ ʠ ʧʦʣʥʦʛʦ ʩʦʙʣʶʜʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʠ ʨʘʙʦʪʳ, ʘ ʪʘʢʞʝ ʥʝ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʢ ʧʝʨʬʦʨʘʮʠʠ ʧʣʘʩʪʦʚ, ʚʧʠʪʳʚʘʶʱʠʭ 

ʞʠʜʢʦʩʪʴ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʥʝʛʦ, ʧʫʣʝʚʦʡ ʩʧʦʩʦʙ ʧʝʨʬʦʨʘʮʠʠ ï ʧʨʦʩʪʨʝʣ ʦʙʩʘʜʥʦʡ ʪʨʫʙʳ ʠ 

ʮʝʤʝʥʪʥʦʛʦ ʢʦʣʴʮʘ ʧʫʣʷʤʠ, ʦʩʫʱʝʩʪʚʣʷʝʤʳʡ ʩ ʧʦʤʦʱʴʶ ʜʝʪʦʥʘʮʠʠ ʚʟʨʳʚʯʘʪʦʛʦ ʚʝʱʝʩʪʚʘ - 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʢʦʥʦʤʠʯʝʥ. ʉ ʧʦʤʦʱʴʶ ʧʨʠʤʝʥʝʥʠʷ ʧʫʣʝʚʳʭ ʧʝʨʬʦʨʘʪʦʨʦʚ ʩʦʟʜʘʶʪʩʷ 

ʧʝʨʬʦʨʘʮʠʦʥʥʳʝ ʢʘʥʘʣʳ ʜʦ 145 ʤʤ ʚ ʜʣʠʥʫ ʠ ʜʦ 12,5 ʤʤ ʚ ʜʠʘʤʝʪʨʝ. ʅʘʩʪʦʣʴʢʦ ʞʝ ʫʜʦʙʥʳʤ 

ʚ ʧʨʠʤʝʥʝʥʠʠ, ʥʦ ʝʱʝ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʢʫʤʫʣʷʪʠʚʥʳʡ ʩʧʦʩʦʙ ʧʝʨʬʦʨʘʮʠʠ. 

ʂʫʤʫʣʷʪʠʚʥʳʝ ʧʝʨʬʦʨʘʪʦʨʳ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʥʝʩʢʦʣʴʢʦ ʝʜʠʥʠʮ, ʘ ʠʥʦʛʜʘ ʠ ʜʝʩʷʪʢʦʚ 

ʢʫʤʫʣʷʪʠʚʥʳʭ ʟʘʨʷʜʦʚ, ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʳ  ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʝʨʬʦʨʘʮʠʦʥʥʳʭ ʢʘʥʘʣʦʚ ʚ 

ʩʢʚʘʞʠʥʝ ʧʫʪʝʤ ʧʨʦʙʠʪʠʷ ʦʙʩʘʜʥʳʭ ʪʨʫʙ, ʮʝʤʝʥʪʥʳʭ ʢʦʣʝʮ ʠ ʜʘʣʴʥʝʡʰʝʛʦ ʛʠʜʨʦʨʘʟʨʳʚʘ 
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ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʣʘʩʪʘ ʢʫʤʫʣʷʪʠʚʥʦʡ ʩʪʨʫʝʡ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʙʦʨʴʙʳ ʩ 

ʧʝʩʢʦʧʨʦʷʚʣʝʥʠʝʤ. ʇʨʠ ʵʪʦʤ ʧʝʨʬʦʨʘʪʦʨ ʬʦʨʤʠʨʫʝʪ ʦʪʚʝʨʩʪʠʝ, ʥʝ ʨʘʟʨʫʰʘʷ 

ʟʘʮʝʤʝʥʪʠʨʦʚʘʥʥʦʝ ʟʘʪʨʫʙʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. ɼʣʠʥʘ ʧʝʨʬʦʨʘʮʠʦʥʥʳʭ ʢʘʥʘʣʦʚ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʩʦʩʪʘʚʣʷʝʪ ʜʦ 350 ʤʤ, ʘ ʠʭ ʜʠʘʤʝʪʨ ï ʜʦ 24,6 ʤʤ. ʇʣʦʱʘʜʴ ʨʘʩʧʦʣʦʞʝʥʠʷ ʟʘʨʷʜʦʚ ʥʘ 1 ʤʝʪʨ ï 

ʜʦ 16-18 ʰʪʫʢ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʦʜʝʣʠ ʧʝʨʬʦʨʘʪʦʨʘ. ʆʙʱʘʷ ʧʣʦʱʘʜʴ ʧʨʦʙʠʪʠʷ ʦʙʩʘʜʥʦʡ 

ʪʨʫʙʳ ʧʨʠ ʢʫʤʫʣʷʪʠʚʥʦʡ ʧʝʨʬʦʨʘʮʠʠ ʥʠʞʝ, ʯʝʤ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʱʝʣʝʚʦʛʦ 

ʛʠʜʨʦʧʝʩʢʦʩʪʨʫʡʥʦʛʦ ʩʧʦʩʦʙʘ ʧʝʨʬʦʨʘʮʠʠ, ʥʦ ʠʤʝʥʥʦ ʩʦʦʪʥʦʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʠ 

ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ ʢʫʤʫʣʷʪʠʚʥʳʭ ʧʝʨʬʦʨʘʪʦʨʦʚ ʜʝʣʘʶʪ ʵʪʦʪ ʚʠʜ ʧʝʨʬʦʨʘʮʠʠ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʩʨʝʜʠ ʦʩʪʘʣʴʥʳʭ. 

ʋʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʢʫʤʫʣʷʪʠʚʥʳʭ ʧʝʨʬʦʨʘʪʦʨʦʚ ʦʪʨʘʞʘʝʪʩʷ ʚ ʤʥʦʛʦʦʙʨʘʟʠʠ ʠʭ 

ʢʦʥʩʪʨʫʢʮʠʡ. ɺ ʮʝʣʦʤ ʢʫʤʫʣʷʪʠʚʥʳʝ ʧʝʨʬʦʨʘʪʦʨʳ ʜʝʣʷʪʩʷ ʥʘ ʢʦʨʧʫʩʥʳʝ ʠ ʙʝʩʢʦʨʧʫʩʥʳʝ. 

ʇʝʨʚʳʝ ʦʪʣʠʯʘʶʪʩʷ ʪʝʤ, ʯʪʦ ʟʘʨʷʜʳ ʨʘʟʤʝʱʝʥʳ ʚ ʪʦʣʩʪʦʩʪʝʥʥʦʤ, ʧʨʦʯʥʦʤ ʛʝʨʤʝʪʠʯʥʦʤ 

ʢʦʨʧʫʩʝ, ʪʦʛʜʘ ʢʘʢ ʚʦ ʚʪʦʨʦʤ  ʟʘʨʷʜʳ ʧʦʤʝʱʘʶʪʩʷ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʦʙʦʣʦʯʢʠ ʠʟ ʩʪʝʢʣʘ, 

ʢʝʨʘʤʠʢʠ, ʩʧʣʘʚʦʚ ʘʣʶʤʠʥʠʷ, ʧʣʘʩʪʤʘʩʩʳ ʠ ʪ.ʜ. ʂʦʨʧʫʩʥʳʝ ʧʝʨʬʦʨʘʪʦʨʳ ʙʦʣʝʝ ʱʘʜʷʱʝ 

ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʘ ʩʢʚʘʞʠʥʫ ʧʨʠ ʨʘʙʦʪʝ, ʥʦ ʠʤʝʶʪ ʤʘʣʫʶ ʜʣʠʥʫ (ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʤʝʪʨʦʚ), ʪʦʛʜʘ 

ʢʘʢ ʙʦʣʝʝ ʜʝʰʝʚʳʝ ʙʝʩʢʦʨʧʫʩʥʳʝ ʠʤʝʶʪ ʷʨʢʦ ʚʳʨʘʞʝʥʥʦʝ ʬʫʛʘʩʥʦʝ ʜʝʡʩʪʚʠʝ ʚ ʧʨʦʮʝʩʩʝ 

ʧʝʨʬʦʨʘʮʠʠ, ʧʨʠ ʵʪʦʤ ʟʘʩʦʨʷʷ ʩʢʚʘʞʠʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʦʙʣʦʤʢʘʤʠ ʚʟʦʨʚʘʚʰʠʭʩʷ ʦʙʦʣʦʯʝʢ 

ʢʫʤʫʣʷʪʠʚʥʳʭ ʟʘʨʷʜʦʚ, ʥʦ ʪʘʢʞʝ ʦʪʣʠʯʘʶʪʩʷ ʙʦʣʴʰʦʡ ʜʣʠʥʦʡ (ʜʦ 30 ʤ). 

ʂʫʤʫʣʷʪʠʚʥʳʝ ʟʘʨʷʜʳ ʧʝʨʬʦʨʘʪʦʨʦʚ, ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʝ ʚ ʩʦʚʨʝʤʝʥʥʦʡ 

ʥʝʬʪʝʜʦʙʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʩʦʜʝʨʞʘʪ ʢʦʥʠʯʝʩʢʫʶ ʢʫʤʫʣʷʪʠʚʥʫʶ ʚʳʝʤʢʫ. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʟʥʘʯʝʥʠʷ ʟʘʨʷʜʘ, ʢʦʥʩʪʨʫʢʮʠʷ ʠ ʤʘʪʝʨʠʘʣ ʚʦʨʦʥʦʢ ʠʤʝʶʪ ʥʝʢʦʪʦʨʳʝ 

ʨʘʟʣʠʯʠʷ [1], ʥʦ ʧʨʠ ʵʪʦʤ ʩʦʭʨʘʥʷʝʪʩʷ ʩʪʘʥʜʘʨʪʥʘʷ ʬʦʨʤʘ ʚʦʨʦʥʢʠ ï ʢʦʥʠʯʝʩʢʘʷ ʠ ʝʝ 

ʧʨʦʠʟʚʦʜʥʳʝ. ɺ ʪʝʦʨʠʠ ʩʪʨʫʝʦʙʨʘʟʦʚʘʥʠʷ ʢʫʤʫʣʷʪʠʚʥʘʷ ʩʪʨʫʷ, ʧʦʣʫʯʘʝʤʘʷ ʩʭʣʦʧʳʚʘʥʠʝʤ 

ʢʦʥʠʯʝʩʢʦʡ ʦʙʣʠʮʦʚʢʠ, ʦʧʠʩʳʚʘʝʪʩʷ ʢʘʢ ʜʣʠʥʥʘʷ ʪʦʥʢʘʷ ʤʝʪʘʣʣʠʯʝʩʢʘʷ ʧʨʦʚʦʣʦʢʘ, 

ʜʚʠʛʘʶʱʘʷʩʷ ʧʨʦʜʦʣʴʥʦ ʩ ʦʯʝʥʴ ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʴʶ [2]. ʊʦ ʝʩʪʴ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʚʦʟʤʦʞʥʦʩʪʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʜʠʘʤʝʪʨʘ ʧʨʦʙʠʪʠʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʫʤʫʣʷʪʠʚʥʳʭ 

ʢʦʥʠʯʝʩʢʠʭ ʚʦʨʦʥʦʢ ʚʝʩʴʤʘ ʦʛʨʘʥʠʯʝʥʳ. ʂ ʧʨʠʤʝʨʫ, ʚ ʢʘʪʘʣʦʛʝ ʬʨʘʥʮʫʟʩʢʦʡ ʢʦʤʧʘʥʠʠ 

Schlumberger [3], ʤʠʨʦʚʳʭ ʣʠʜʝʨʦʚ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʥʝʬʪʝʜʦʙʳʚʘʶʱʝʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʫʤʫʣʷʪʠʚʥʳʝ ʟʘʨʷʜʳ ʩ ʢʦʥʠʯʝʩʢʦʡ ʬʦʨʤʦʡ ʚʳʝʤʢʠ, ʧʨʠ 

ʵʪʦʤ ʤʘʢʩʠʤʘʣʴʥʳʡ ʜʠʘʤʝʪʨ ʚʭʦʜʥʦʛʦ ʧʝʨʬʦʨʘʮʠʦʥʥʦʛʦ ʢʘʥʘʣʘ ʜʣʷ ʵʪʠʭ ʟʘʨʷʜʦʚ ʥʝ 

ʧʨʝʚʳʰʘʝʪ ʜʶʡʤʘ, ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʦʙʳʯʠ ʠʩʢʦʧʘʝʤʳʭ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʢʦʣʠʯʝʩʪʚʦʤ ʝʜʠʥʠʮ ʟʘʨʷʜʦʚ. 

ɿʘʜʘʯʝʡ ʜʘʥʥʦʡ ʨʘʟʨʘʙʦʪʢʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 1, ʷʚʣʷʣʦʩʴ ʩʦʟʜʘʥʠʝ ʤʦʜʝʣʠ 

ʢʫʤʫʣʷʪʠʚʥʦʛʦ ʟʘʨʷʜʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʧʝʨʬʦʨʘʮʠʶ ʢʘʥʘʣʦʚ ʥʦʚʦʛʦ ʪʠʧʘ, ʢʦʪʦʨʳʝ 

ʧʦʟʚʦʣʷʪ ʧʦʚʳʩʠʪʴ ʦʙʲʝʤ ʧʨʠʪʦʢʘ ʥʝʬʪʠ ʠ ʛʘʟʘ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʧʣʦʱʘʜʠ ʧʨʦʙʠʪʠʷ ʪʨʫʙʳ 

ʠ ʧʣʦʱʘʜʝʡ ʩʝʯʝʥʠʡ ʧʝʨʬʦʨʘʮʠʦʥʥʳʭ ʢʘʥʘʣʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʟʘʨʷʜʘ ʚʦʟʤʦʞʥʦ 

ʫʥʠʪʘʨʥʦ ʠʣʠ ʚ ʩʦʩʪʘʚʝ ʢʫʤʫʣʷʪʠʚʥʦʛʦ ʧʝʨʬʦʨʘʪʦʨʘ. ʈʝʰʝʥʠʝ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ 

ʜʦʩʪʠʛʘʝʪʩʷ ʜʦʙʘʚʣʝʥʠʝʤ ʫʥʠʢʘʣʴʥʦʡ ʬʦʨʤʳ ʢʫʤʫʣʷʪʠʚʥʦʡ ʦʙʣʠʮʦʚʢʠ [4]. ɺ ʟʘʨʷʜ 

ʜʦʙʘʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʢʦʥʠʯʝʩʢʘʷ ʢʫʤʫʣʷʪʠʚʥʘʷ ʚʳʝʤʢʘ, ʥʦ ʠ ʢʦʣʴʮʝʚʘʷ. ʕʬʬʝʢʪʠʚʥʦʝ 

ʦʙʞʘʪʠʝ ʢʫʤʫʣʷʪʠʚʥʳʭ ʦʙʣʠʮʦʚʦʢ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʫʩʪʘʥʦʚʢʠ ʣʠʥʟʦʚʦʛʦ ʫʟʣʘ ʩ 

ʢʦʤʙʠʥʘʮʠʝʡ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʚʟʨʳʚʯʘʪʳʭ ʚʝʱʝʩʪʚ [5,6], ʪʝʤ ʩʘʤʳʤ ʦʙʝʩʧʝʯʠʚʘʷ 

ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʢʫʤʫʣʷʪʠʚʥʦʡ ʩʪʨʫʠ, ʠ ʢʦʣʴʮʝʚʦʡ ʢʫʤʫʣʷʪʠʚʥʦʡ ʧʝʣʝʥʳ. 
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ʈʠʩ. 1 ʂʫʤʫʣʷʪʠʚʥʳʡ ʩʢʚʘʞʠʥʥʳʡ ʧʝʨʬʦʨʘʪʦʨ: 

1 ï ʩʨʝʜʩʪʚʦ ʠʥʠʮʠʠʨʦʚʘʥʠʷ; 2 ï ʢʦʨʧʫʩ; 3,4,5 ï ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʚʟʨʳʚʯʘʪʳʝ 

ʚʝʱʝʩʪʚʘ; 6 ï ʣʠʥʟʦʚʳʡ ʫʟʝʣ; 7 - ʦʩʥʦʚʥʦʝ ʚʟʨʳʚʯʘʪʦʝ ʚʝʱʝʩʪʚʦ; 8 ï ʢʦʣʴʮʝʚʘʷ ʢʫʤʫʣʷʪʠʚʥʘʷ 

ʚʳʝʤʢʘ; 9 ï ʢʦʥʠʯʝʩʢʘʷ ʢʫʤʫʣʷʪʠʚʥʘʷ ʚʳʝʤʢʘ 

 

ɿʘ ʩʯʝʪ ʫʚʝʣʠʯʠʚʰʝʡʩʷ ʤʘʩʩʳ ʢʫʤʫʣʷʪʠʚʥʦʡ ʦʙʣʠʮʦʚʢʠ ʟʘʨʷʜʘ, ʜʦʩʪʠʛʥʫʪʦʡ 

ʠʟʤʝʥʝʥʠʝʤ ʝʝ ʬʦʨʤʳ, ʥʘ ʚʳʭʦʜʝ ʤʳ ʧʦʣʫʯʘʝʤ ʦʪʚʝʨʩʪʠʝ ʙʦʣʴʰʝʡ ʧʣʦʱʘʜʠ, ʯʪʦ ʧʦʚʳʰʘʝʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʝʨʬʦʨʘʮʠʦʥʥʳʭ ʨʘʙʦʪ. ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢ ʜʘʥʥʦʤʫ ʪʠʧʫ 

ʢʫʤʫʣʷʪʠʚʥʦʛʦ ʟʘʨʷʜʘ, ʧʨʠ ʚʩʝʭ ʝʛʦ ʦʪʣʠʯʠʷʭ ʦʪ ʦʙʳʯʥʳʭ ʧʝʨʬʦʨʘʮʠʦʥʥʳʭ ʟʘʨʷʜʦʚ, ʤʦʛʫʪ 

ʧʨʠʤʝʥʷʪʴʩʷ ʪʝ ʞʝ ʤʦʜʝʣʠ ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʥʩʪʨʫʢʮʠʠ ʠʟʜʝʣʠʷ ʧʦʜ ʦʧʨʝʜʝʣʝʥʥʳʝ ʥʫʞʜʳ 

ʥʝʬʪʝʜʦʙʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʥʘʟʚʘʪʴ ʜʘʥʥʳʡ ʟʘʨʷʜ ʫʥʠʚʝʨʩʘʣʴʥʳʤ. 

ʇʦʜʚʦʜʷ ʠʪʦʛʠ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ, ʧʝʨʝʥʠʤʘʷ ʩʫʱʝʩʪʚʫʶʱʠʡ ʦʧʳʪ ʚ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʝʩʧʝʩʪʦʚʳʭ ʦʙʣʠʮʦʚʦʢ, ʢʦʥʩʪʨʫʢʮʠʠ ʚʳʝʤʦʢ ʠ ʢʦʨʧʫʩʦʚ ʟʘʨʷʜʦʚ ʠ ʚʥʝʜʨʷʷ 

ʝʛʦ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠʟʜʝʣʠʡ ʥʦʚʦʛʦ ʪʠʧʘ, ʚ ʜʘʣʴʥʝʡʰʝʤ ʚʦʟʤʦʞʥʦ ʤʥʦʛʦʢʨʘʪʥʦ 

ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʪʦʨʠʯʥʦʛʦ ʚʩʢʨʳʪʠʷ ʧʨʦʜʫʢʪʠʚʥʳʭ ʧʣʘʩʪʦʚ ʠ, ʯʪʦ ʩʣʝʜʫʝʪ ʠʟ 

ʵʪʦʛʦ, ʧʨʠʙʳʣʴʥʦʩʪʴ ʜʦʙʳʯʠ ʥʝʬʪʠ ʠ ʛʘʟʘ ʚ ʮʝʣʦʤ. 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ: 
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ʋɼʂ 623.4 

ʆɹɿʆʈ ʇʋʊɽʁ ʋɺɽʃʀʏɽʅʀʗ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ɼɽʁʉʊɺʀʗ 

ɹʈʆʅɽɹʆʁʅʓʍ ʆʇɽʈɽʅʅʓʍ ʇʆɼʂɸʃʀɹɽʈʅʓʍ ʉʅɸʈʗɼʆɺ. 

 

ɻʳʥʛʘʟʦʚ ɼʤʠʪʨʠʡ ɺʣʘʜʠʤʠʨʦʚʠʯ, ʄʠʣʝʚʩʢʠʡ ʂʦʥʩʪʘʥʪʠʥ ɽʚʛʝʥʴʝʚʠʯ 

 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, gyngazov.2015@stud.nstu.ru 

 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʫʪʠ ʫʚʝʣʠʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʙʠʪʠʷ ʛʦʤʦʛʝʥʥʦʡ 

ʙʨʦʥʠ ʪʘʥʢʘ ʩʥʘʨʷʜʦʤ ʪʠʧʘ, ʙʨʦʥʝʙʦʡʥʦ ʦʧʝʨʝʥʥʳʡ ʧʦʜʢʘʣʠʙʝʨʥʳʡ ʩʥʘʨʷʜ (ɹʆʇʉ).  

The paper discusses ways to increase efficiency the penetration of a homogeneous armor of 

a tank with a projectile of the type, an armourïpiercing discarding sabot (APDS). The methods of 

their solutions are considered. 

 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ɹʆʇʉ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʠ ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʦʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʜʣʷ ʪʘʥʢʘ ʥʘʠʙʦʣʴʰʫʶ ʫʛʨʦʟʫ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ɹʆʇʉ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʚʳʪʝʩʥʠʣʠ ʠʟ ʙʦʝʢʦʤʧʣʝʢʪʦʚ ʪʘʥʢʦʚ ʢʫʤʫʣʷʪʠʚʥʦ-ʦʩʢʦʣʦʯʥʳʝ 

ʩʥʘʨʷʜʳ. 

ʆʩʥʦʚʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ɹʆʇʉ, ʦʙʫʩʣʦʚʠʚʰʠʤʠ 

ʧʨʠʦʨʠʪʝʪʥʦʩʪʴ ʠʭ ʨʘʟʨʘʙʦʪʢʠ, ʷʚʣʷʶʪʩʷ: 

1) ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʘʙʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ɹʆʇʉ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʫʤʫʣʷʪʠʚʥʳʤʠ 

ɹʇ ʢ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʜʝʩʪʨʫʢʪʠʚʥʳʤ ʚʦʟʜʝʡʩʩʪʚʠʷʤ ʩʦ ʩʪʦʨʦʥʳ ʙʨʦʥʝʚʦʡ ʟʘʱʠʪʳ ʟʘ ʩʯʝʪ ʝʝ 

ʤʥʦʛʦʩʣʦʡʥʦʩʪʠ, ʨʘʟʥʝʩʝʥʥʦʩʪʠ, ʥʘʣʠʯʠʷ ɼɿ (ʜʠʥʘʤʠʯʝʩʢʦʡ ʟʘʱʠʪʳ) (ʪʘʢ, ʩʥʠʞʝʥʠʝ 

ʙʨʦʥʝʧʨʦʙʠʚʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʳʭ ɹʆʇʉ ʥʘ ʤʥʦʛʦʩʣʦʡʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʟʘʱʠʪʳ ʚ 3-5 

ʨʘʟ ʤʝʥʴʰʝ, ʯʝʤ ʫ ʢʫʤʫʣʷʪʠʚʥʳʭ ɹʇ); 

2) ʙʦʣʝʝ ʤʦʱʥʦʝ ʟʘʙʨʦʥʝʚʦʝ ʜʝʡʩʪʚʠʝ ɹʆʇʉ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʫʤʫʣʷʪʠʚʥʳʤʠ 

ʩʥʘʨʷʜʘʤʠ; 

3) ʩʣʘʙʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʙʨʦʥʝʧʨʦʙʠʚʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʨʘʙʘʪʳʚʘʶʱʠʭ 

ʤʦʥʦʙʣʦʯʥʳʭ ʩʝʨʜʝʯʥʠʢʦʚ ʦʪ ʫʛʣʦʚ ʚʩʪʨʝʯʠ ʩ ʙʨʦʥʝʡ, ʚʧʣʦʪʴ ʜʦ ʫʛʣʦʚ ʚ 50
Á
; 

ʂ ʜʦʩʪʦʠʥʩʪʚʘʤ ɹʆʇʉ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʠ ʪʦ, ʯʪʦ ʜʣʠʥʘ ʠʭ ʪʨʘʝʢʪʦʨʠʠ ʚ ʙʨʦʥʝ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʧʦʜ ʫʛʣʦʤ (ʪʦʣʱʠʥʘ ʙʨʦʥʠ ʧʦ ʭʦʜʫ ʩʥʘʨʷʜʘ) ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʥʘ ʜʣʠʥʝ 

ʪʨʘʝʢʪʦʨʠʠ ʧʨʠ ʧʨʦʙʠʪʠʠ ʧʦ ʥʦʨʤʘʣʠ, ʘ ʙʣʘʛʦʜʘʨʷ ʪʦʤʫ, ʯʪʦ ʚ ʧʨʦʙʠʪʫʶ ʪʦʣʱʠʥʫ ʚʭʦʜʠʪ ʠ 

ʚʳʩʦʪʘ ʚʳʙʠʚʘʝʤʦʡ ʩ ʪʳʣʴʥʦʡ ʩʪʦʨʦʥʳ ʧʨʝʛʨʘʜʳ ʧʨʦʙʢʠ, ʤʦʞʝʪ ʥʘ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ 

ʤʠʣʠʤʤʝʪʨʦʚ ʧʨʝʚʳʰʘʪʴ ʜʣʠʥʫ ʪʨʘʝʢʪʦʨʠʠ ʧʦ ʥʦʨʤʘʣʠ. ʕʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠ ʥʦʨʤʘʣʠʟʘʮʠʷ 

(ʧʦʚʦʨʦʪ ʚ ʩʪʦʨʦʥʫ ʥʦʨʤʘʣʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʝʛʨʘʜʳ) ʩʥʘʨʷʜʘ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʪʳʣʴʥʳʭ 

ʩʣʦʝʚ ʧʨʝʛʨʘʜʳ [1]. 

ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ɹʆʇʉ ʩʚʷʟʘʥʦ ʩ ʨʝʘʣʠʟʘʮʠʝʡ ʢʦʥʮʝʧʮʠʠ ʧʦʨʘʞʝʥʠʷ ʪʘʥʢʦʚ ʩ 

ʧʝʨʚʦʛʦ ʚʳʩʪʨʝʣʘ ʥʘ ʜʘʣʴʥʦʩʪʷʭ 2,5é3,0 ʢʤ, ʘ ʚ ʧʝʨʩʧʝʢʪʠʚʝ ï ʜʦ 6 ʢʤ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʡ 

ʧʝʨʩʧʝʢʪʠʚʳ ʥʝʦʙʭʦʜʠʤʦ ʫʤʝʥʴʰʠʪʴ ʚʨʝʤʷ ʧʦʣʝʪʘ ʩʥʘʨʷʜʘ, ʩʚʝʩʪʠ ʢ ʤʠʥʠʤʫʤʫ ʦʰʠʙʢʠ ʧʨʠ 

ʧʦʜʛʦʪʦʚʢʝ ʢ ʩʪʨʝʣʴʙʝ ʠ ʫʚʝʣʠʯʠʪʴ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ ʜʝʡʩʪʚʠʷ ʧʦ ʮʝʣʠ ʥʘ ʧʨʝʜʝʣʴʥʦʡ 

ʜʘʣʴʥʦʩʪʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʛʥʷ. 
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ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʫʚʝʣʠʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʝʡʩʪʚʠʷ 

ɹʆʇʉ: 

1) ʧʦʚʳʰʝʥʠʝ ʥʘʯʘʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ ʤʝʪʘʥʠʷ ʩʥʘʨʷʜʦʚ; 

2) ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʥʘʨʷʜʘ ʩ ʧʨʝʛʨʘʜʦʡ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ 

ʧʦʪʝʨʠ ʩʢʦʨʦʩʪʠ ʧʦʣʝʪʘ ʩʥʘʨʷʜʘ ʥʘ ʪʨʘʝʢʪʦʨʠʠ ʠʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʨʘʟʛʦʥʘ ʩʥʘʨʷʜʘ ʜʦ 

ʚʩʪʨʝʯʠ ʩ ʧʨʝʛʨʘʜʦʡ; 

3) ʫʚʝʣʠʯʝʥʠʝ ʧʦʧʝʨʝʯʥʦʡ ʥʘʛʨʫʟʢʠ (ʦʪʥʦʰʝʥʠʷ ʤʘʩʩʳ ʘʢʪʠʚʥʦʡ ʯʘʩʪʠ ʩʥʘʨʷʜʘ ʢ 

ʧʣʦʱʘʜʠ ʝʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ) ʘʢʪʠʚʥʦʡ ʯʘʩʪʠ ʩʥʘʨʷʜʘ; 

4) ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʧʨʠʝʤʳ. 

 

ʇʦʚʳʰʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʤʝʪʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʤʝʪʘʪʝʣʴʥʳʭ 

ʟʘʨʷʜʦʚ. ʅʘʯʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʤʝʪʘʥʠʷ ʩʥʘʨʷʜʘ ʤʦʞʥʦ ʧʦʚʳʩʠʪʴ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʞʠʜʢʠʭ ʤʝʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ (ɾʄɺ) ï ʦʜʥʦ- ʠʣʠ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʭ, ʚ ʢʦʪʦʨʳʭ ʪʦʧʣʠʚʦ ʠ 

ʦʢʠʩʣʠʪʝʣʴ ʨʘʟʤʝʱʝʥʳ ʦʪʜʝʣʴʥʦ. ʕʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ  ʢ ʫʚʝʣʠʯʝʥʠʶ ʥʘʯʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ 

ʩʥʘʨʷʜʘ ʜʦ 2000 ʤ/ʩ ʠ ʙʦʣʝʝ. ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʪʘʥʢʘʤ ʦʩʦʙʝʥʥʦ ʚʘʞʝʥ ʬʘʢʪʦʨ ʫʚʝʣʠʯʝʥʠʷ 

ʙʦʝʢʦʤʧʣʝʢʪʘ, ʪʘʢ ʢʘʢ ɾʄɺ ʨʘʟʤʝʱʘʝʪʩʷ ʙʦʣʝʝ ʢʦʤʧʘʢʪʥʦ, ʯʝʤ ʧʦʨʦʭʦʚʦʡ ʟʘʨʷʜ ʚ ʛʠʣʴʟʝ. 

ʄʠʥʠʤʠʟʘʮʠʷ ʧʦʪʝʨʴ ʩʢʦʨʦʩʪʠ ʘʢʪʠʚʥʦʡ ʯʘʩʪʠ ʩʥʘʨʷʜʘ ʥʘ ʪʨʘʝʢʪʦʨʠʠ ʜʦʩʪʠʛʘʝʪʩʷ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʚʝʜʫʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʩʥʘʨʷʜʘ ʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʢʘʯʝʩʪʚ ʝʛʦ 

ʧʦʣʝʪʥʦʡ ʯʘʩʪʠ. ʋʤʝʥʴʰʝʥʠʝ ʜʠʘʤʝʪʨʘ ʘʢʪʠʚʥʦʡ ʯʘʩʪʠ ʩʥʘʨʷʜʘ ʠ ʨʘʟʤʘʭʘ ʧʝʨʴʝʚ 

ʩʪʘʙʠʣʠʟʘʪʦʨʘ, ʚʳʧʦʣʥʝʥʠʝ ʩʪʘʙʠʣʠʟʘʪʦʨʘ ʧʦʜʢʘʣʠʙʝʨʥʳʤ (ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʜʚʫʭʙʘʟʦʚʳʭ 

ʚʝʜʫʱʠʭ ʫʩʪʨʦʡʩʪʚ) ʧʦʟʚʦʣʷʶʪ ʩʦʢʨʘʪʠʪʴ ʧʦʪʝʨʠ ʩʢʦʨʦʩʪʠ ʩʥʘʨʷʜʘ ʧʨʠ ʧʦʣʝʪʝ ʢ ʮʝʣʠ. 

ɺʳʧʦʣʥʝʥʠʝ ʢʦʨʧʫʩʦʚ ɹʆʇʉ ʩ ʛʦʣʦʚʥʳʤʠ ʥʘʩʘʜʢʘʤʠ ʟʚʝʟʜʦʦʙʨʘʟʥʦʛʦ ʩʝʯʝʥʠʷ ʩʥʠʞʘʝʪ 

ʣʦʙʦʚʦʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʠ ʧʦʣʝʪʝ ʜʦ 5é10% [2,3]. ʋʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ 

ʩʥʘʨʷʜʦʚ ʚ ʧʦʣʝʪʝ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʧʨʠʤʝʥʝʥʠʝʤ ʚ ɹʆʇʉ ʪʚʝʨʜʦʪʦʧʣʠʚʥʦʛʦ ʠʣʠ 

ʞʠʜʢʦʩʪʥʦʛʦ ʨʝʘʢʪʠʚʥʦʛʦ ʜʚʠʛʘʪʝʣʷ. ɼʨʫʛʦʡ ʩʧʦʩʦʙ ʧʦʚʳʰʝʥʠʷ ʩʢʦʨʦʩʪʠ ï ʦʪʩʪʨʝʣ 

ʙʨʦʥʝʙʦʡʥʦʛʦ ʩʝʨʜʝʯʥʠʢʘ ʥʘ ʪʨʘʝʢʪʦʨʠʠ ʠʟ ʢʦʨʧʫʩʘ ʩʥʘʨʷʜʘ ʩ ʧʦʤʦʱʴʶ ʧʦʨʦʭʦʚʦʛʦ ʟʘʨʷʜʘ. 

ʕʪʦʪ ʩʧʦʩʦʙ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʧʦʨʘʞʝʥʠʷ ɼɿ: ʦʪʩʪʨʝʣʠʚʘʝʤʳʡ ʩʝʨʜʝʯʥʠʢ ʚʟʚʦʜʠʪ 

ɼɿ, ʘ ʢʦʨʧʫʩ ʩʥʘʨʷʜʘ ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʨʦʙʠʪʠʝ ʦʩʥʦʚʥʦʡ ʙʨʦʥʠ. ʇʨʝʜʩʪʘʚʣʷʝʪ ʦʧʨʝʜʝʣʝʥʥʳʡ 

ʠʥʪʝʨʝʩ ʚʦʟʤʦʞʥʦʩʪʴ ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʙʨʦʥʝʙʦʡʥʳʭ ʩʝʨʜʝʯʥʠʢʦʚ ʩ ʧʨʝʛʨʘʜʦʡ ʧʫʪʝʤ 

ʩʦʦʙʱʝʥʠʷ ʠʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʠʤʧʫʣʴʩʘ ʟʘ ʩʯʝʪ ʚʟʨʳʚʘ ɹɺɺ (ʙʨʠʟʘʥʪʥʦʛʦ ʚʟʨʳʚʯʘʪʦʛʦ 

ʚʝʱʝʩʪʚʘ) ʚ ʤʦʤʝʥʪ ʥʘʯʘʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʨʝʧʷʪʩʪʚʠʝʤ [4]. 

ʋʚʝʣʠʯʝʥʠʝ ʧʦʧʝʨʝʯʥʦʡ ʥʘʛʨʫʟʢʠ ʘʢʪʠʚʥʦʡ ʯʘʩʪʠ ʩʥʘʨʷʜʘ ï ʩʝʛʦʜʥʷ ʦʜʠʥ ʠʟ ʩʘʤʳʭ 

ʥʘʜʝʞʥʳʭ ʩʧʦʩʦʙʦʚ ʩʦʩʨʝʜʦʪʦʯʝʥʠʷ ʤʘʢʩʠʤʫʤʘ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʥʘ ʤʠʥʠʤʘʣʴʥʦʡ 

ʧʣʦʱʘʜʠ ʢʦʥʪʘʢʪʘ ɹʆʇʉ ʩ ʧʨʝʛʨʘʜʦʡ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʧʦʚʳʰʝʥʠʝ ʙʨʦʥʝʧʨʦʙʠʚʘʝʤʦʩʪʠ. 

ʊʘʢʦʡ ʩʧʦʩʦʙ ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥ ʩ ʧʦʤʦʱʴʶ ʫʜʣʠʥʝʥʠʷ (ʦʪʥʦʰʝʥʠʷ ʜʣʠʥʳ ʩʝʨʜʝʯʥʠʢʘ 

ʢ ʜʠʘʤʝʪʨʫ) ʠʣʠ ʧʣʦʪʥʦʩʪʠ ʘʢʪʠʚʥʦʡ ʯʘʩʪʠ ʩʥʘʨʷʜʘ. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʘʣʠʯʠʝ ʚ 

ʩʥʘʨʷʜʝ ʤʘʣʦʧʣʦʪʥʦʛʦ ʚʝʜʫʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʠʟ ʧʨʝʩʩʦʚʘʥʥʦʡ ʧʦʨʦʭʦʚʦʡ 

ʩʤʝʩʠ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʯʘʩʪʴʶ ʧʦʨʦʭʦʚʦʛʦ ʟʘʨʷʜʘ. 

ʂ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤ ʧʨʠʝʤʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʥʘʨʷʜʦʚ 

ʧʨʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʳʭ ʧʨʠʤʝʥʷʶʪ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʚʳʩʦʢʦʧʣʦʪʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. ʄʘʢʩʠʤʘʣʴʥʳʡ ʵʬʬʝʢʪ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʥʦʛʦʩʣʦʡʥʳʭ 

ʩʝʨʜʝʯʥʠʢʦʚ ʩʥʘʨʷʜʦʚ. 
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ʇʦʜʚʦʜʷ ʠʪʦʛʠ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʝʡʩʪʚʠʷ 

ɹʆʇʉ ʥʝʦʙʭʦʜʠʤʦ: 

1) ʧʦʚʳʰʝʥʠʝ ʥʘʯʘʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ ʤʝʪʘʥʠʷ ʩʥʘʨʷʜʦʚ; 

2) ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʥʘʨʷʜʘ ʩ ʧʨʝʛʨʘʜʦʡ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ 

ʧʦʪʝʨʠ ʩʢʦʨʦʩʪʠ ʧʦʣʝʪʘ ʩʥʘʨʷʜʘ ʥʘ ʪʨʘʝʢʪʦʨʠʠ ʠʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʨʘʟʛʦʥʘ ʩʥʘʨʷʜʘ ʜʦ 

ʚʩʪʨʝʯʠ ʩ ʧʨʝʛʨʘʜʦʡ; 

3) ʫʚʝʣʠʯʝʥʠʝ ʧʦʧʝʨʝʯʥʦʡ ʥʘʛʨʫʟʢʠ (ʦʪʥʦʰʝʥʠʷ ʤʘʩʩʳ ʘʢʪʠʚʥʦʡ ʯʘʩʪʠ ʩʥʘʨʷʜʘ ʢ 

ʧʣʦʱʘʜʠ ʝʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ) ʘʢʪʠʚʥʦʡ ʯʘʩʪʠ ʩʥʘʨʷʜʘ; 

4) ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʧʨʠʝʤʳ. 
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(ɸʚʪʦʨʳ ɻʫʩʴʢʦʚ ɸ.ɺ., ʄʠʣʝʚʩʢʠʡ ʂ.ɽ., ɼʦʣʤʘʪʦʚ ɸ.ʉ., ʂʫʟʥʝʮʦʚ ɽ.ɸ.) 

3. ɺʣʠʷʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʣʫʯʝʡ ʫʜʘʨʥʠʢʘ ʙʨʦʥʝʙʦʡʥʦʛʦ-ʦʧʝʨʝʥʥʦʛʦ ʧʦʜʢʘʣʠʙʝʨʥʦʛʦ 
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4. ɹʘʙʢʠʥ ɸ.ɺ. (ʨʝʜ.) ʉʨʝʜʩʪʚʘ ʧʦʨʘʞʝʥʠʷ ʠ ʙʦʝʧʨʠʧʘʩʳ, ʊ.1, ʀʟʜ. ʄɻʊʋ ʠʤ ʅ.ʕ. 

ɹʘʫʤʘʥʘ, 2016 ï ʉ. 584 

  



  
 

17 
 

ʋɼʂ 623.5 

 

ɻɸɿʆɼʀʅɸʄʀʏɽʉʂʀʁ ʇʆɼʍʆɼ ʇʈʀ ɺʓʏʀʉʃɽʅʀʀ 

ɺʅʋʊʈʀɹɸʃʃʀʉʊʀʏɽʉʂʀʍ ʇɸʈɸʄɽʊʈʆɺ ʇʈʀ ɺʓʉʊʈɽʃɽ 

 

ʉ.ʌ. ɼʫʙʠʥʠʥʘ, ɽ.ɸ. ʍʤʝʣʴʥʠʢʦʚ, ʊ. ɽ. ɿʘʚʦʜʦʚʘ, ʂ.ɺ. ʉʤʘʛʠʥ  

 

ʅʠʞʥʝʪʘʛʠʣʴʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ, ʬʠʣʠʘʣ ʋʨʘʣʴʩʢʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʧʝʨʚʦʛʦ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʠ ɹ.ʅ.ɽʣʴʮʠʥʘ 

ʛ. ʅʠʞʥʠʡ ʊʘʛʠʣ, khmelnikov7@gmail.com 

 

ʈʘʩʩʤʦʪʨʝʥ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʡ ʤʝʪʦʜ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʥʫʪʨʠʙʘʣʣʠʩʪʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ ʚʳʩʪʨʝʣʝ. ɼʘʥʘ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʠ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ. 

ʇʨʠʚʝʜʝʥʳ ʛʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʜʘʚʣʝʥʠʷ ʧʦʨʦʭʦʚʳʭ ʛʘʟʦʚ ʧʨʠ ʚʳʩʪʨʝʣʝ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʚʦʣʥ ʜʘʚʣʝʥʠʷ ʧʦ ʢʘʥʘʣʫ ʩʪʚʦʣʘ ʦʨʫʜʠʷ. 

A gas-dynamic method for determining the interior ballistic characteristics of a shot is 

considered. The system of equations for the gas dynamic method is given. Graphs of the change in 

the pressure of powder gases during the shot and the propagation of pressure waves along the 

channel of the gun barrel are given. 

 

ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʚʥʫʪʨʠʙʘʣʣʠʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ ʚʳʩʪʨʝʣʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʠʩʧʦʣʴʟʫʶʪ ʜʚʘ ʤʝʪʦʜʘ: ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʠ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʡ. 

ʆʩʥʦʚʥʳʤ ʜʦʧʫʱʝʥʠʝʤ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʦʩʨʝʜʥʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʚʩʝʤʫ ʟʘʩʥʘʨʷʜʥʦʤʫ ʧʨʦʩʪʨʘʥʩʪʚʫ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʵʪʦʛʦ ʤʝʪʦʜʘ 

ʭʘʨʘʢʪʝʨʝʥ çʥʫʣʴ-ʤʝʨʥʳʡè ʧʦʨʷʜʦʢ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ. ʇʦʪʝʨʠ ʵʥʝʨʛʠʠ  (ʩʚʷʟʘʥʥʳʝ ʩ 

ʧʝʨʝʤʝʱʝʥʠʝʤ ʤʘʩʩʳ ʧʦʨʦʭʦʚʳʭ ʛʘʟʦʚ, ʧʦʨʦʭʦʚʦʛʦ ʟʘʨʷʜʘ, ʧʨʝʦʜʦʣʝʥʠʷ ʪʨʝʥʠʷ ʠ ʪ.ʜ.) 

ʫʯʠʪʳʚʘʶʪʩʷ ʚʚʝʜʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʬʠʢʪʠʚʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʠʩʢʫʩʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʶʪ 

ʬʘʢʪʠʯʝʩʢʫʶ ʤʘʩʩʫ ʩʥʘʨʷʜʘ. 

ɻʘʟʦʜʠʥʘʤʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʦʩʥʦʚʘʥ ʥʘ ʨʘʩʩʤʦʪʨʝʥʠʠ ʜʚʠʞʝʥʠʷ ʛʘʟʦʧʦʨʦʭʦʚʦʡ ʩʤʝʩʠ 

ʧʦ ʟʘʩʥʘʨʷʜʥʦʤʫ ʧʨʦʩʪʨʘʥʩʪʚʫ. ʇʨʠ ʵʪʦʤ ʚʩʝ ʚʥʫʪʨʠʙʘʣʣʠʩʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʦʧʠʩʳʚʘʶʪʩʷ 

ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. ɺ ʵʪʦʤ ʤʝʪʦʜʝ ʫʯʠʪʳʚʘʝʪʩʷ 

ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʚʣʝʥʠʷ, ʧʣʦʪʥʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʜʣʠʥʝ ʢʘʤʦʨʳ, 

ʧʦʨʷʜʦʢ ʟʘʜʘʯʠ ʤʦʞʝʪ ʙʳʪʴ ʦʜʥʦ-, ʜʚʫʭ ʠʣʠ  ʪʨʝʭʤʝʨʥʳʡ. ʇʨʠ ʵʪʦʤ ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʶʪʩʷ ʠ 

ʚʦʣʥʦʚʳʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʧʦʨʦʭʦʚʳʭ ʛʘʟʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʜʦʩʪʠʛʘʝʪʩʷ ʙʦʣʴʰʘʷ ʪʦʯʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʡ ʠ ʣʫʯʰʝʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʨʝʘʣʴʥʳʤ ʧʨʦʮʝʩʩʘʤ, 

ʧʨʦʠʩʭʦʜʷʱʠʤ ʧʨʠ ʚʳʩʪʨʝʣʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤ ʧʦʜʭʦʜʦʤ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʨʘʩʯʝʪʘ  ʚ ʩʣʫʯʘʝ ʦʜʥʦʤʝʨʥʦʛʦ ʧʦʨʷʜʢʘ 

ʟʘʜʘʯʠ ʜʝʣʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʜʦʧʫʱʝʥʠʷ [1-3] 

- ʚʩʝ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʠʟʤʝʥʷʶʪʩʷ ʪʦʣʴʢʦ ʚʜʦʣʴ ʦʩʠ ʩʪʚʦʣʘ, ʜʣʷ 

ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʢʘʥʘʣʘ ʩʪʚʦʣʘ ʠʭ ʟʥʘʯʝʥʠʷ ʚ ʣʶʙʦʡ ʪʦʯʢʝ ʦʜʠʥʘʢʦʚʳ; 

- ʜʝʬʦʨʤʠʨʦʚʘʥʠʝ ʩʪʝʥʦʢ ʩʪʚʦʣʘ ʠ ʟʘʨʷʜʥʦʡ ʢʘʤʦʨʳ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ;  

- ʩʪʝʥʢʠ ʩʪʚʦʣʘ ʠ ʟʘʨʷʜʥʦʡ ʢʘʤʦʨʳ ʛʘʟʦʥʝʧʨʦʥʠʮʘʝʤʳʝ; 

- ʧʦʨʦʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚ ʢʘʥʘʣʝ ʩʪʚʦʣʘ ʠ ʚ ʟʘʨʷʜʥʦʡ ʢʘʤʦʨʝ ʥʝʩʞʠʤʘʝʤ; 

- ʛʘʟʦʚʘʷ ʬʘʟʘ ʩʞʠʤʘʝʤʘ,  

- ʜʝʡʩʪʚʠʝ ʩʠʣʳ ʪʷʞʝʩʪʠ ʠ ʚʷʟʢʦʩʪʠ ʥʝ ʫʯʠʪʳʚʘʝʤ (ʢʨʦʤʝ ʤʝʞʬʘʟʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ); 

- ʪʝʯʝʥʠʝ ʛʘʟʘ ʤʝʞʜʫ ʧʦʨʦʭʦʚʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʠ ʚʥʫʪʨʠ ʧʦʨʦʭʦʚʳʭ ʵʣʝʤʝʥʪʦʚ (ʚ 

ʢʘʥʘʣʘʭ ʪʨʫʙʦʢ ʠ ʟʝʨʝʥ) ʦʜʠʥʘʢʦʚʦ; 

- ʪʝʨʤʦʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʜʚʠʞʝʥʠʷ 

ʧʦʨʦʭʦʚʳʭ ʛʘʟʦʚ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ;  

- ʨʘʩʩʪʦʷʥʠʷ, ʥʘ ʢʦʪʦʨʳʭ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʤʝʥʷʶʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ, 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʶʪ ʨʘʟʤʝʨʳ ʯʘʩʪʠʮ ʠ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ. 
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- ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʩʤʝʩʴ ʠʟ ʨʘʟʣʠʯʥʳʭ ʬʘʟ (ʛʘʟʦʚʦʡ 

ʬʘʟʳ ʠ ʧʦʨʦʭʦʚʳʭ ʵʣʝʤʝʥʪʦʚ), ʢʘʞʜʘʷ ʬʘʟʘ ʟʘʥʠʤʘʝʪ ʯʘʩʪʴ ʦʙʲʝʤʘ ʵʪʦʡ ʩʤʝʩʠ. 

- ʨʘʩʯʝʪ ʜʚʠʞʝʥʠʷ ʛʘʟʦʚʦʡ ʬʘʟʳ ʠ ʧʦʨʦʭʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʧʨʠ ʵʪʦʤ ʫʯʠʪʳʚʘʶʪʩʷ ʤʝʞʬʘʟʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

- ʪʝʧʣʦʦʪʜʘʯʘ ʢ ʛʦʨʷʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʨʦʭʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ. 

- ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ; ʜʚʠʞʝʥʠʝ ʩʥʘʨʷʜʘ ʥʘʯʠʥʘʝʪʩʷ 

ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʜʘʚʣʝʥʠʝ ʚ ʟʘʩʥʘʨʷʜʥʦʤ ʦʙʲʝʤʝ ʜʦʩʪʠʛʥʝʪ ʜʘʚʣʝʥʠʷ ʬʦʨʩʠʨʦʚʘʥʠʷ ʨ0. 

ɺ ʥʘʯʘʣʝ ʛʦʨʝʥʠʷ ʧʦʨʦʭʦʚʦʛʦ ʟʘʨʷʜʘ ʛʨʘʥʠʮʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʚʝʨʜʦʡ ʠ 

ʛʘʟʦʦʙʨʘʟʥʦʡ ʬʘʟ ʩʦʚʧʘʜʘʶʪ, ʥʦ, ʧʦ ʤʝʨʝ ʨʘʟʚʠʪʠʷ ʧʨʦʮʝʩʩʘ, ʪʚʝʨʜʘʷ ʬʘʟʘ ʦʪʩʪʘʝʪ ʦʪ 

ʛʘʟʦʦʙʨʘʟʥʦʡ ʬʘʟʳ, ʪʘʢ ʢʘʢ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʦʨʦʭʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʥʠʞʝ, ʯʝʤ ʫ ʧʦʨʦʭʦʚʳʭ 

ʛʘʟʦʚ. ɿʘ ʙʦʝʧʨʠʧʘʩʦʤ ʦʙʨʘʟʫʝʪʩʷ ʦʙʣʘʩʪʴ ʯʠʩʪʦʛʦ ʛʘʟʘ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʘʩʪʴ ʟʘʩʥʘʨʷʜʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʙʫʜʝʪ ʟʘʥʠʤʘʪʴ ʩʤʝʩʴ ʠʟ ʧʦʨʦʭʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʧʦʨʦʭʦʚʳʭ ʛʘʟʦʚ, ʘ ʯʘʩʪʴ 

ʪʦʣʴʢʦ ʧʦʨʦʭʦʚʳʝ ʛʘʟʳ (ʨʠʩ.1). 

 

 
ʈʠʩʫʥʦʢ1. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʛʘʟʦʧʦʨʦʭʦʚʦʡ ʩʤʝʩʠ 

 

ʇʦʨʦʭʦʚʦʡ ʟʘʨʷʜ ʤʦʞʝʪ ʠʤʝʪʴ ʨʘʟʣʠʯʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ, ʩʦʩʪʦʷʪʴ ʠʟ ʟʝʨʥʝʥʦʛʦ ʠʣʠ 

ʪʨʫʙʯʘʪʦʛʦ ʧʦʨʦʭʘ ʠʣʠ ʠʟ ʢʦʤʙʠʥʘʮʠʠ ʥʝʩʢʦʣʴʢʠʭ ʚʠʜʦʚ ʧʦʨʦʭʦʚ. ɺ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʤ ʧʦʜʭʦʜʝ ʚʭʦʜʷʪ: ʫʨʘʚʥʝʥʠʝ ʥʝʨʘʟʨʳʚʥʦʩʪʠ, ʫʨʘʚʥʝʥʠʝ 

ʜʚʠʞʝʥʠʷ, ʫʨʘʚʥʝʥʠʝ ʵʥʝʨʛʠʠ, ʘ ʪʘʢʞʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ, ʠʩʧʦʣʴʟʫʶʱʠʝʩʷ ʜʣʷ 

ʚʳʯʠʩʣʝʥʠʷ ʩʠʣ ʤʝʞʬʘʟʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʥʘʯʘʣʴʥʳʝ ʠ ʛʨʘʥʠʯʥʳʝ 

ʫʩʣʦʚʠʷ. ʇʨʠ ʵʪʦʤ ʨʘʩʯʝʪ ʜʚʠʞʝʥʠʷ ʢʘʞʜʦʡ ʬʘʟʳ (ʪ.ʝ. ʧʦʨʦʭʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʧʦʨʦʭʦʚʳʭ 

ʛʘʟʦʚ) ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ (ʠʥʜʝʢʩ j ʦʙʦʟʥʘʯʘʝʪ ʥʦʤʝʨ ʯʘʩʪʠ ʟʘʨʷʜʘ ï ʜʣʷ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʟʘʨʷʜʦʚ, j = 1, 2) [1]. 

ʇʨʠ ʨʘʩʯʝʪʝ ʚʥʫʪʨʠʙʘʣʣʠʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʫʨʘʚʥʝʥʠʷʭ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʧʦʜʭʦʜʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʘʢʘʷ ʚʝʣʠʯʠʥʘ, ʢʘʢ ʧʦʨʠʩʪʦʩʪʴ ï m. ʇʦʨʠʩʪʦʩʪʴ ʵʪʦ ï ʦʙʲʝʤ ʧʫʩʪʦʪ ʚ 

ʝʜʠʥʠʮʝ  ʦʙʲʝʤʘ, ʟʘʥʷʪʦʛʦ ʧʦʨʦʭʦʚʳʤʠ ʵʣʝʤʝʥʪʘʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʨʦʭʦʚʳʝ ʵʣʝʤʝʥʪʳ 

ʙʫʜʫʪ ʟʘʥʠʤʘʪʴ ʦʙʲʝʤ: 1-m. ʇʦ ʤʝʨʝ ʚʳʛʦʨʘʥʠʷ ʧʦʨʦʭʘ ʧʦʨʠʩʪʦʩʪʴ ʙʫʜʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ. ɺ 

ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʝʝ ʚʝʣʠʯʠʥʘ ʨʘʚʥʘ m = m0. ɿʥʘʯʝʥʠʝ m0 ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʟʥʘʷ 

ʧʣʦʪʥʦʩʪʴ ʟʘʨʷʞʘʥʠʷ ȹ. ɺ ʢʘʯʝʩʪʚʝ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʟʘʜʘʶʪʩʷ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ 

ʧʦʨʦʭʦʚʳʭ ʛʘʟʦʚ ʫ ʜʥʘ ʢʘʤʦʨʳ ʠ ʫ ʜʥʘ ʩʥʘʨʷʜʘ. 

ʉʢʦʨʦʩʪʴ ʩʥʘʨʷʜʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʝʨʝʟ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʝʛʦ ʮʝʥʪʨʘ ʤʘʩʩ ʠʣʠ ʧʨʠ 

ʨʝʰʝʥʠʠ ʢʦʤʧʣʝʢʩʥʦʡ ʟʘʜʘʯʠ ʧʦ ʨʘʩʯʝʪʫ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʠ ʚʳʩʪʨʝʣʝ, ʚʢʣʶʯʘʷ 

ʨʘʩʯʝʪ ʜʚʠʞʝʥʠʷ ʠ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʩʥʘʨʷʜʘ ʠ ʩʠʣ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ.  

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʚʥʫʪʨʠʙʘʣʣʠʩʪʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʨʝʰʘʝʪʩʷ ʯʠʩʣʝʥʥʦ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤ ʷʚʣʷʝʪʩʷ 

ʩʦʚʤʝʩʪʥʳʡ ʵʡʣʝʨʦ-ʣʘʛʨʘʥʞʝʚ ʤʝʪʦʜ, ʢʦʪʦʨʳʡ ʭʦʨʦʰʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʟʘʜʘʯ ʛʘʟʦʜʠʥʘʤʠʢʠ. 

ʋʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʮʝʥʪʨʘ ʤʘʩʩ ʪʨʫʙʯʘʪʦʛʦ ʟʘʨʷʜʘ ʨʝʰʘʝʪʩʷ ʤʝʪʦʜʦʤ ʕʡʣʝʨʘ [1]. 

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʛʦʨʝʥʠʷ ʧʦʨʦʭʦʚʦʛʦ ʟʘʨʷʜʘ ʧʨʠ ʫʩʣʦʚʠʠ ʧʦʩʪʦʷʥʥʦʡ ʧʦʨʠʩʪʦʩʪʠ 

ʧʦ ʜʣʠʥʝ ʟʘʨʷʜʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʜʘʚʣʝʥʠʷ ʦʪ ʢʦʦʨʜʠʥʘʪʳ ʙʦʝʧʨʠʧʘʩʘ ʧʨʠ ʝʛʦ 

ʜʚʠʞʝʥʠʠ ʧʦ ʢʘʥʘʣʫ ʩʪʚʦʣʘ (ʨʠʩ.2). ʅʘ ʛʨʘʬʠʢʝ ʧʨʠʚʦʜʷʪʩʷ ʢʨʠʚʘʷ ʠʟʤʝʥʝʥʠʷ ʜʘʚʣʝʥʠʷ ʫ ʜʥʘ 

ʙʦʝʧʨʠʧʘʩʘ, ʢʨʠʚʘʷ ʠʟʤʝʥʝʥʠʷ ʜʘʚʣʝʥʠʷ ʫ ʜʥʘ ʢʘʤʦʨʳ, ʢʨʠʚʘʷ ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʜʣʷ ʚʩʝʛʦ ʟʘʩʥʘʨʷʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʜʘʚʣʝʥʠʷ ʦʪ ʢʦʦʨʜʠʥʘʪʳ ʙʦʝʧʨʠʧʘʩʘ. ɿʘʚʠʩʠʤʦʩʪʴ pʩ(ʭ) 

ʦʧʠʩʳʚʘʝʪ ʢʦʣʝʙʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ. ʕʪʦ ʷʚʣʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʧʨʠ ʜʚʠʞʝʥʠʠ 
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ʙʦʝʧʨʠʧʘʩʘ, ʟʘ ʥʠʤ ʦʙʨʘʟʫʝʪʩʷ ʦʙʣʘʩʪʴ ʨʘʟʨʷʞʝʥʠʷ ʩ ʥʝʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʜʘʚʣʝʥʠʷ, 

ʢʦʪʦʨʘʷ ʟʘʪʝʤ ʟʘʧʦʣʥʷʝʪʩʷ ʧʦʨʦʭʦʚʳʤʠ ʛʘʟʘʤʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ ʧʦʚʳʰʝʥʠʶ 

ʜʘʚʣʝʥʠʷ. ʇʨʦʮʝʩʩ ʧʦʚʪʦʨʷʝʪʩʷ ʤʥʦʛʦʢʨʘʪʥʦ, ʪ.ʝ. ʧʨʦʠʩʭʦʜʷʪ ʧʦʩʪʦʷʥʥʳʝ ʨʝʟʢʠʝ ʢʦʣʝʙʘʥʠʷ 

ʚʝʣʠʯʠʥʳ ʜʘʚʣʝʥʠʷ, ʯʪʦ ʦʪʨʘʞʘʶʪ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʛʨʘʬʠʢʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ. 

 

 
ʈʠʩʫʥʦʢ 2. ʂʨʠʚʳʝ ʠʟʤʝʥʝʥʠʷ ʜʘʚʣʝʥʠʷ ʧʦʨʦʭʦʚʳʭ ʛʘʟʦʚ ʧʨʠ ʚʳʩʪʨʝʣʝ: ʭ ï 

ʢʦʦʨʜʠʥʘʪʘ ʙʦʝʧʨʠʧʘʩʘ, ʦʪʩʯʠʪʳʚʘʝʪʩʷ ʦʪ ʜʥʘ ʢʘʤʦʨʳ; - pʢ (ʭ) ï ʢʨʠʚʘʷ ʠʟʤʝʥʝʥʠʷ 

ʜʘʚʣʝʥʠʷ ʧʦʨʦʭʦʚʳʭ ʛʘʟʦʚ ʫ ʜʥʘ ʢʘʤʦʨʳ ʦʨʫʜʠʷ,  -pʩ(ʭ) ï ʢʨʠʚʘʷ ʠʟʤʝʥʝʥʠʷ ʜʘʚʣʝʥʠʷ 

ʧʦʨʦʭʦʚʳʭ ʛʘʟʦʚ ʫ ʜʥʘ ʜʚʠʞʫʱʝʛʦʩʷ ʙʦʝʧʨʠʧʘʩʘ, -pʩʠʥ(ʭ) ïʢʨʠʚʘʷ, ʧʦʣʫʯʝʥʥʘʷ ʠʥʪʝʨʧʦʣʷʮʠʝʡ 

ʟʘʚʠʩʠʤʦʩʪʠ pʩ(ʭ), -pmax(ʭ)  - ʢʨʠʚʘʷ ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʜʣʷ ʚʩʝʛʦ ʟʘʩʥʘʨʷʜʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʜʘʚʣʝʥʠʷ ʦʪ ʢʦʦʨʜʠʥʘʪʳ ʙʦʝʧʨʠʧʘʩʘ,  -ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʛʨʘʬʠʢ 

 

ɺ ʧʨʦʮʝʩʩʝ ʛʦʨʝʥʠʷ ʧʦʨʦʭʦʚʳʝ ʵʣʝʤʝʥʪʳ ʧʦʩʪʦʷʥʥʦ ʧʝʨʝʤʝʱʘʶʪʩʷ ʚ ʦʩʝʚʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʭ ʥʝʨʘʚʥʦʤʝʨʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʧʦ ʜʣʠʥʝ ʟʘʨʷʜʘ, 

ʦʙʨʘʟʫʶʪʩʷ ʦʙʣʘʩʪʠ ʩ ʚʳʩʦʢʦʡ ʠ ʥʠʟʢʦʡ ʧʦʨʠʩʪʦʩʪʴʶ, ʧʦʵʪʦʤʫ ʤʦʞʝʪ ʥʘʙʣʶʜʘʪʴʩʷ 

ʟʥʘʯʠʪʝʣʴʥʘʷ ʨʘʟʥʠʮʘ ʚ ʜʘʚʣʝʥʠʷʭ ʚ ʨʘʟʣʠʯʥʳʭ ʩʝʯʝʥʠʷʭ ʟʘʨʷʜʘ. ʂʨʦʤʝ ʪʦʛʦ, ʚʜʦʣʴ ʟʘʨʷʜʘ 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʚʦʣʥʳ ʜʘʚʣʝʥʠʷ (ʨʠʩ.4). ʕʪʦ ʷʚʣʝʥʠʝ ʚʳʟʳʚʘʶʪ ʣʦʢʘʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʩʢʦʨʦʩʪʠ ʛʦʨʝʥʠʷ ʧʦʨʦʭʘ ʚ ʦʙʣʘʩʪʷʭ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʵʪʦ ʷʚʣʝʥʠʝ ʤʦʞʝʪ 

ʥʘʙʣʶʜʘʪʴʩʷ ʠ ʚ ʨʘʡʦʥʝ ʜʥʘ ʙʦʝʧʨʠʧʘʩʘ, ʚ ʤʦʤʝʥʪ ʧʨʠʭʦʜʘ çʛʨʝʙʥʷè ʚʦʣʥʳ ʜʘʚʣʝʥʠʷ.   

ʇʨʠʤʝʥʝʥʠʝ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʧʦʟʚʦʣʷʝʪ ʫʯʝʩʪʴ ʤʥʦʞʝʩʪʚʦ ʬʘʢʪʦʨʦʚ, ʥʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʨʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʤ ʧʦʜʭʦʜʝ: ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʦʣʥ ʜʘʚʣʝʥʠʷ, 

ʧʝʨʝʤʝʱʝʥʠʝ ʧʦʨʦʭʘ ʚ ʢʘʤʦʨʝ, ʠʟʤʝʥʝʥʠʝ ʜʘʚʣʝʥʠʷ ʧʦʨʦʭʦʚʳʭ ʛʘʟʦʚ ʧʦ ʜʣʠʥʝ ʢʘʤʦʨʳ, ʪ.ʝ. 

ʦʧʠʩʘʪʴ ʨʝʘʣʴʥʳʡ ʧʨʦʮʝʩʩ ʛʦʨʝʥʠʷ ʧʦʨʦʭʦʚʦʛʦ ʟʘʨʷʜʘ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʨʘʩʯʝʪʘ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʙʦʝʧʨʠʧʘʩʘ ʧʨʠ 

ʚʳʩʪʨʝʣʝ. 
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ʈʠʩʫʥʦʢ 3. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʦʣʥ ʜʘʚʣʝʥʠʷ: ʘ ï ʊ = 0.0014170 ʩ, ʙ - ʊ = 0.0014403 ʩ,  

ʚ - ʊ = 0.0015544 ʩ; ʊ ï ʚʨʝʤʷ, Y0 ï ʦʩʝʚʘʷ ʢʦʦʨʜʠʥʘʪʘ,  m ï ʧʦʨʠʩʪʦʩʪʴ, p ï ʜʘʚʣʝʥʠʝ 

ʧʦʨʦʭʦʚʳʭ ʛʘʟʦʚ 
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ʇʈʀʄɽʅɽʅʀɽ ʄʅʆɻʆʉʃʆʁʅʓʍ ʆɹʃʀʎʆɺʆʂ ɺ ʂʆʅʉʊʈʋʂʎʀʗʍ 

ʂʋʄʋʃʗʊʀɺʅʓʍ ʀ ʉʅɸʈʗɼʆʌʆʈʄʀʈʋʖʑʀʍ ɿɸʈʗɼʆɺ 

 

ɼʝʤʦʨʝʮʢʠʡ ɼ.ɸ., ɾʫʯʝʥʢʦ ɼ.ʀ. 

 

ʉʘʤʘʨʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʊʝʭʥʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ 

ʛ.ʉʘʤʘʨʘ, Zagzag1094@gmail.com 

 

ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʧʨʠʤʝʥʝʥʠʶ ʤʥʦʛʦʩʣʦʡʥʳʭ ʦʙʣʠʮʦʚʦʢ ʚ ʢʦʥʩʪʨʫʢʮʠʷʭ 

ʢʫʤʫʣʷʪʠʚʥʳʭ ʠ ʩʥʘʨʷʜʦʬʦʨʤʠʨʫʶʱʠʭ ʟʘʨʷʜʦʚ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʟʘʨʷʜʦʚ ʪʠʧʘ çʫʜʘʨʥʦʝ ʷʜʨʦè. 

The article is devoted to the use of multilayer coatings in the construction of cumulative and 

projectile charges. The article describes various ways to improve the efficiency of charges such as 

"shock core". 

 

ʉ ʧʦʷʚʣʝʥʠʝʤ ʥʦʚʳʭ ʪʠʧʦʚ ʟʘʱʠʪʳ ʙʨʦʥʝʪʘʥʢʦʚʦʡ ʪʝʭʥʠʢʠ ʠ ʝʝ ʧʦʩʪʦʷʥʥʳʤ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ, ʧʦʷʚʠʣʘʩʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʢʫʤʫʣʷʪʠʚʥʳʭ 

ʩʨʝʜʩʪʚ ʧʦʨʘʞʝʥʠʷ, ʩʧʦʩʦʙʥʳʭ ʧʨʝʦʜʦʣʝʚʘʪʴ ʟʘʱʠʪʫ ʪʝʭʥʠʢʠ ʠ ʦʢʘʟʳʚʘʪʴ ʚʳʩʦʢʦʝ 

ʧʦʨʘʞʘʶʱʝʝ ʜʝʡʩʪʚʠʝ. ʇʦʠʩʢ ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ ʨʝʰʝʥʠʡ, ʧʦʚʳʰʘʶʱʠʭ ʙʨʦʥʝʧʨʦʙʠʚʥʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʝʡʩʪʚʠʷ ʢʫʤʫʣʷʪʠʚʥʳʭ ʙʦʝʧʨʠʧʘʩʦʚ, 

ʬʦʨʤʠʨʫʶʱʠʭ çʫʜʘʨʥʦʝ ʷʜʨʦè, ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ [1]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʥʦʚʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʢʫʤʫʣʷʪʠʚʥʳʭ 

ʦʙʣʠʮʦʚʦʢ (ʂʆ) ʷʚʣʷʶʪʩʷ ʫʣʫʯʰʝʥʠʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʠ ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʘ ʦʙʣʠʮʦʚʢʠ, ʦʧʪʠʤʠʟʘʮʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ 

ʬʦʨʤʳ ʠ ʨʘʟʤʝʨʦʚ ʦʙʣʠʮʦʚʢʠ, ʨʘʟʨʘʙʦʪʢʘ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ ʤʥʦʛʦʩʣʦʡʥʳʭ ʠ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʦʙʣʠʮʦʚʦʢ [2]. ɺʦʟʨʘʩʪʘʥʠʝ ʧʨʦʙʠʚʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʪʘʢʞʝ ʩʚʷʟʳʚʘʝʪʩʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʂʆ ʠʟ ʪʫʛʦʧʣʘʚʢʠʭ ʚʳʩʦʢʦʧʣʦʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʩʧʣʘʚʳ ʚʦʣʴʬʨʘʤʘ, 

ʦʙʝʜʥʝʥʥʳʡ ʫʨʘʥ). ʀʟʚʝʩʪʥʳ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʠ ʂɿ [3], ʫ ʢʦʪʦʨʳʭ ʚʥʫʪʨʝʥʥʠʡ ʩʣʦʡ ʂʆ 

ʠʟʛʦʪʦʚʣʝʥ ʠʟ ʧʦʨʦʰʢʦʚʦʛʦ ʧʩʝʚʜʦʩʧʣʘʚʘ ʚʦʣʴʬʨʘʤ-ʤʝʜʴ, ʧʦʣʫʯʝʥʥʦʛʦ ʤʝʪʦʜʦʤ 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʣʝʛʠʨʦʚʘʥʠʷ ʠ ʜʨ. 

ʉ ʮʝʣʴʶ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʙʠʚʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢʫʤʫʣʷʪʠʚʥʳʭ ʟʘʨʷʜʦʚ, ʬʦʨʤʠʨʫʶʱʠʭ 

çʫʜʘʨʥʦʝ ʷʜʨʦè, ʚ ʌɻɹʆʋ ɺʆ çʉʘʤɻʊʋè ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʠʤʝʥʷʪʴ ʢʫʤʫʣʷʪʠʚʥʳʝ ʦʙʣʠʮʦʚʢʠ 

ʚ ʤʥʦʛʦʩʣʦʡʥʦʤ ʠʩʧʦʣʥʝʥʠʠ. ʄʥʦʛʦʩʣʦʡʥʘʷ ʦʙʣʠʮʦʚʢʘ ʩʦʩʪʦʠʪ ʠʟ ʥʘʨʫʞʥʦʛʦ ʩʣʦʷ, 

ʠʟʛʦʪʘʚʣʠʚʘʝʤʦʛʦ ʠʟ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʘʢ ʤʝʜʴ, ʘʣʶʤʠʥʠʡ, ʩʪʘʣʴ, ʠ ʚʥʫʪʨʝʥʥʝʛʦ ʩʣʦʷ ʠʟ 

ʚʳʩʦʢʦʧʣʦʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢʠʭ ʢʘʢ, ʚʦʣʴʬʨʘʤ ʠ ʤʦʣʠʙʜʝʥ, ʠʟʛʦʪʘʚʣʠʚʘʝʤʘʷ ʧʨʠ ʧʦʤʦʱʠ 

ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʜʝʪʦʥʘʮʠʦʥʥʦʛʦ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʡ [4]. ʇʨʠ ʧʦʤʦʱʠ 

ʤʝʪʦʜʦʚ ʜʝʪʦʥʘʮʠʦʥʥʦʛʦ ʥʘʧʳʣʝʥʠʝ ʚʦʟʤʦʞʥʦ ʠʟʛʦʪʦʚʣʝʥʠʝ ʤʥʦʛʦʩʣʦʡʥʳʭ ʂʆ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʩʦʢʦʧʣʦʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɼʦʩʪʦʠʥʩʪʚʘʤʠ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʩʧʦʩʦʙʘ 

ʷʚʣʷʶʪʩʷ: ʥʠʟʢʘʷ ʧʦʨʠʩʪʦʩʪʴ ʬʦʨʤʠʨʫʝʤʦʛʦ ʧʦʢʨʳʪʠʷ, ʚʳʩʦʢʘʷ ʘʜʛʝʟʠʷ ʩ ʤʘʪʝʨʠʘʣʦʤ 

ʧʦʜʣʦʞʢʠ, ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʪʝʨʤʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʧʦʟʚʦʣʷʶʱʝʝ ʠʟʙʝʛʘʪʴ ʥʝʞʝʣʘʪʝʣʴʥʳʭ 

ʪʝʨʤʦʥʘʧʨʷʞʝʥʠʡ ʠ ʢʦʨʦʙʣʝʥʠʷ ʪʦʥʢʦʩʪʝʥʥʳʭ ʦʙʣʠʮʦʚʦʢ ʟʘ ʩʯʝʪ ʠʤʧʫʣʴʩʥʦʛʦ ʭʘʨʘʢʪʝʨʘ 

ʧʨʦʮʝʩʩʘ, ʙʳʩʪʨʦʪʘ ʧʨʦʮʝʩʩʘ (ʥʘʧʳʣʷʝʤʳʡ ʩʣʦʡ ʬʦʨʤʠʨʫʝʪʩʷ ʟʘ ʥʝʩʢʦʣʴʢʦ ʩʝʢʫʥʜ). 
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ʊʘʢ ʞʝ, ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʝʡʩʪʚʠʷ ʟʘʨʷʜʦʚ ʪʠʧʘ çʫʜʘʨʥʦʝ ʷʜʨʦè 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʥʦʛʦʩʣʦʡʥʳʝ ʦʙʣʠʮʦʚʢʠ, ʫ ʢʦʪʦʨʳʭ ʦʜʠʥ ʠʟ ʩʣʦʝʚ ʚʳʧʦʣʥʝʥ ʠʟ 

ʨʝʘʢʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʣʘ. ɿʘʜʘʯʘʤʠ ʪʘʢʦʛʦ ʟʘʨʷʜʘ ʩʪʘʥʦʚʷʪʩʷ ʥʝ ʪʦʣʴʢʦ ʧʨʦʙʠʪʠʝ ʙʨʦʥʠ, ʥʦ ʠ 

ʟʘʥʝʩʝʥʠʝ ʨʝʘʢʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʟʘ ʙʨʦʥʶ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ 

ʧʦʨʘʞʘʶʱʝʝ ʠ ʟʘʞʠʛʘʪʝʣʴʥʦʝ ʜʝʡʩʪʚʠʝ. 

ʉ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʦʡ ʬʦʨʤʳ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʂʆ 

ʩʥʘʨʷʜʦʬʦʨʤʠʨʫʶʱʝʛʦ ʟʘʨʷʜʘ, ʚʳʧʦʣʥʝʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ 

ʬʦʨʤʠʨʦʚʘʥʠʷ çʫʜʘʨʥʦʛʦ ʷʜʨʘè. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʧʦʚʳʰʝʥʠʷ ʧʨʦʙʠʚʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʂɿ ʪʠʧʘ çʫʜʘʨʥʦʝ ʷʜʨʦè ʟʘ ʩʯʝʪ 

ʧʨʠʤʝʥʝʥʠʷ ʚʳʩʦʢʦʧʣʦʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʤʥʦʛʦʩʣʦʡʥʦʡ ʂʆ. ʆʧʨʝʜʝʣʝʥʳ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʂʆ: ʤʝʜʥʦʡ ʧʦʜʣʦʞʢʠ ʠ ʚʳʩʦʢʦʧʣʦʪʥʦʛʦ ʧʦʢʨʳʪʠʷ. 

ʋʩʪʘʥʦʚʣʝʥ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʡ ʨʝʞʠʤ ʬʦʨʤʠʨʦʚʘʥʠʷ çʫʜʘʨʥʦʛʦ ʷʜʨʘè. 
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ʋɼʂ 623.5 

 

ʇʈʀʄɽʅɽʅʀɽ ʄʆɼɽʃʀ ɼʀʌʌʋɿʀʆʅʅʆɻʆ ɻʆʈɽʅʀʗ ɺ ʈɸʉʏɽʊɸʍ 

ʂʆʅɽʏʅʆʁ ɹɸʃʃʀʉʊʀʂʀ ʇʆʈɸɾɸʖʑʀʍ ʕʃɽʄɽʅʊʆɺ, ʉʆɼɽʈɾɸʑʀʍ 

ʈɽɸʂʎʀʆʅʅʓɽ ʄɸʊɽʈʀɸʃʓ 

 

ʉ.ʉ. ʀʣʴʠʥ, ɽ.ɸ. ʍʤʝʣʴʥʠʢʦʚ, ʊ. ɽ. ɿʘʚʦʜʦʚʘ, ʂ.ɺ. ʉʤʘʛʠʥ, ʀ.ʀ. ɺʝʥʜʝʨ 

 

ʅʠʞʥʝʪʘʛʠʣʴʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ, ʬʠʣʠʘʣ ʋʨʘʣʴʩʢʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʧʝʨʚʦʛʦ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʠ ɹ.ʅ.ɽʣʴʮʠʥʘ 

ʛ. ʅʠʞʥʠʡ ʊʘʛʠʣ, khmelnikov7@gmail.com 

 

ɺ ʩʚʷʟʠ ʩ ʧʦʩʪʦʷʥʥʦʡ ʤʦʜʝʨʥʠʟʘʮʠʝʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʨʝʜʩʪʚ ʧʦʨʘʞʝʥʠʷ ʠ 

ʙʦʝʧʨʠʧʘʩʦʚ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʦʟʥʠʢʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʧʦʠʩʢʝ ʥʦʚʳʭ ʚʠʜʦʚ ʩʥʘʨʷʞʝʥʠʷ. 

ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʘʚʪʦʨʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʪʦʨʦʧʣʘʩʪʘ ʚ 

ʢʘʯʝʩʪʚʝ ʨʝʘʢʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʧʦʩʦʙʥʦʛʦ ʟʘʤʝʥʠʪʴ ʚʟʨʳʚʯʘʪʳʝ ʚʝʱʝʩʪʚʘ ʚ 

ʙʦʝʧʨʠʧʘʩʘʭ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʧʦʨʘʞʝʥʠʷ ʣʝʛʢʦʙʨʦʥʠʨʦʚʘʥʥʳʭ ʠ ʣʝʛʢʦʫʷʟʚʠʤʳʭ ʮʝʣʝʡ. ɺ 

ʩʪʘʪʴʝ ʦʪʨʘʞʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʨʦʮʝʩʩʘ ʧʨʦʥʠʢʘʥʠʷ ʬʪʦʨʦʧʣʘʩʪʦʚʦʛʦ ʫʜʘʨʥʠʢʘ ʚ ʧʨʝʛʨʘʜʳ ʠʟ ʣʝʛʢʠʭ ʩʧʣʘʚʦʚ. ɼʣʷ ʫʯʝʪʘ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʵʥʝʨʛʠʠ ʚʳʜʝʣʷʶʱʝʡʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦ ʚʨʝʤʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʧʨʦʪʠʚʦʪʦʯʥʦʛʦ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʧʣʘʤʝʥʠ.. 

In connection with the continuous modernization of the production of weapons and 

ammunition, now there is a need to find new types of equipment. In this article, the authors consider 

the possibility of using fluoroplastic as a reactive material capable of replacing explosives in 

ammunition used to defeat lightly armored and easily vulnerable targets. The article reflects the 

results of experiments and mathematical modeling of the penetration process of fluoroplastic 

ammunition into targets from light alloys. To account for the additional energy released as a result 

of the interaction during the simulation, the counterflow diffusion flame method was used. 

 

ʆʩʥʦʚʥʘʷ ʤʘʩʩʘ ʮʝʣʝʡ, ʧʨʦʪʠʚ ʢʦʪʦʨʳʭ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ, ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʤʘʣʦʢʘʣʠʙʝʨʥʳʝ ʙʦʝʧʨʠʧʘʩʳ, ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʧʝʨʝʜʥʝʤ ʢʨʘʝ. ʇʦʨʘʞʝʥʠʝ 

ʣʝʛʢʦʙʨʦʥʠʨʦʚʘʥʥʦʡ ʪʝʭʥʠʢʠ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʩʣʝʜʫʶʱʠʭ ʬʠʟʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ: 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ (ʵʢʠʧʘʞ, ʧʨʠʙʦʨʳ, ʩʠʣʦʚʘʷ ʫʩʪʘʥʦʚʢʘ, ʪʦʧʣʠʚʥʳʝ ʙʘʢʠ); 

ʟʘʞʠʛʘʪʝʣʴʥʦʛʦ ʜʝʡʩʪʚʠʷ (ʩʠʣʦʚʘʷ ʫʩʪʘʥʦʚʢʘ, ʤʘʩʣʦʩʠʩʪʝʤʳ, ʪʦʧʣʠʚʦʧʨʦʚʦʜʳ ʠ ʪʦʧʣʠʚʥʳʝ 

ʙʘʢʠ) ʠ ʠʥʠʮʠʠʨʫʶʱʝʛʦ ʜʝʡʩʪʚʠʷ (ʜʝʪʦʥʘʮʠʷ ʙʦʝʢʦʤʧʣʝʢʪʘ).  

ʇʨʠʤʝʥʷʝʤʘʷ, ʜʣʷ ʧʦʨʘʞʝʥʠʷ ʃɹʊ ʠ ʣʝʛʢʦʫʷʟʚʠʤʦʡ ʪʝʭʥʠʢʠ (ʃʋʊ) ʙʦʝʧʨʠʧʘʩʳ (ɹʇ) 

ʠ ʧʦʨʘʞʘʶʱʠʝ ʵʣʝʤʝʥʪʳ (ʇʕ) ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʛʨʫʧʧʳ (ʨʠʩ.1). ʕʪʦ ʧʘʩʩʠʚʥʳʝ (ʙʝʟ 

ʵʥʝʨʛʦʥʦʩʠʪʝʣʷ) ʠ ʘʢʪʠʚʥʳʝ (ʩ ʵʥʝʨʛʦʥʦʩʠʪʝʣʝʤ). ʎʝʣʠ ʧʦʨʘʞʘʶʪʩʷ ʧʘʩʩʠʚʥʳʤʠ ɹʇ ʟʘ ʩʯʝʪ 

ʨʝʘʣʠʟʘʮʠʠ ʜʠʩʩʠʧʘʮʠʠ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʘ ʘʢʪʠʚʥʳʤʠ ï ʚ ʦʩʥʦʚʥʦʤ ʟʘ ʩʯʝʪ ʵʥʝʨʛʠʠ 

ʜʝʪʦʥʘʮʠʠ ʚʟʨʳʚʯʘʪʳʭ ʚʝʱʝʩʪʚ.  

mailto:khmelnikov7@gmail.com
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ʈʠʩʫʥʦʢ 1. ʊʠʧʳ ʙʦʝʧʨʠʧʘʩʦʚ ʠ ʩʧʦʩʦʙʳ ʧʦʨʘʞʝʥʠʷ ʮʝʣʝʡ ʩ ʠʭ ʧʨʠʤʝʥʝʥʠʝʤ 

 

ɸʢʪʠʚʥʳʝ ʙʦʝʧʨʠʧʘʩʳ ʚʝʩʴʤʘ ʵʬʬʝʢʪʠʚʥʳ ʜʣʷ ʧʦʨʘʞʝʥʠʷ ʃɹʊ ʠ ʃʋʊ. ʆʜʥʘʢʦ, 

ʩʥʘʨʷʞʝʥʥʳʝ ɺɺ ʙʦʝʧʨʠʧʘʩʳ ʩʣʦʞʥʳ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ, ʥʝʙʝʟʦʧʘʩʥʳ ʚ ʦʙʨʘʱʝʥʠʠ. ɺ ʩʣʫʯʘʝ 

ʤʘʣʦʢʘʣʠʙʝʨʥʦʛʦ ʩʥʘʨʷʜʘ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ɺɺ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʳ ʩʨʝʜʩʪʚʘ ʠʥʠʮʠʠʨʦʚʘʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʟʘʤʝʥʝ ʵʥʝʨʛʦʥʦʩʠʪʝʣʷ ʥʘ ʤʝʥʝʝ ʦʧʘʩʥʦʝ ʚ 

ʦʙʨʘʱʝʥʠʠ ʚʝʱʝʩʪʚʦ. 

ʉ ʩʝʨʝʜʠʥʳ 80 ʛʦʜʦʚ 20 ʚʝʢʘ ʚ ʋʨʘʣʴʩʢʦʤ ʬʝʜʝʨʘʣʴʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʚʝʜʫʪʩʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʨʝʘʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʢʘʯʝʩʪʚʝ ʩʥʘʨʷʞʝʥʠʷ 

ʤʘʣʦʢʘʣʠʙʝʨʥʳʭ ʙʦʝʧʨʠʧʘʩʦʚ ʠ ʛʦʪʦʚʳʭ ʇʕ. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʭʦʜʷʱʠʭ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʙʦʝʧʨʠʧʘʩʦʚ ʤʘʣʦʛʦ 

ʢʘʣʠʙʨʘ, ʩʥʘʨʷʞʝʥʥʳʭ ʈʄ ʩ ʧʨʝʛʨʘʜʘʤʠ ʠʟ ʣʝʛʢʠʭ ʩʧʣʘʚʦʚ, ʘʚʪʦʨʘʤʠ ʙʳʣ ʧʨʦʚʝʜʝʥ ʨʷʜ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʧʨʦʥʠʢʘʥʠʷ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʚʪʦʨʘʤʠ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʭʠʤʠʯʝʩʢʘʷ ʵʢʟʦʪʝʨʤʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ, 

ʧʨʦʠʩʭʦʜʷʱʘʷ ʧʨʠ ʫʜʘʨʝ ʬʪʦʨʦʧʣʘʩʪʦʚʦʛʦ ʫʜʘʨʥʠʢʘ ʦʙ ʘʣʶʤʠʥʠʡ ʩʦʜʝʨʞʘʱʫʶ ʧʨʝʛʨʘʜʫ ʥʘ 

ʩʢʦʨʦʩʪʷʭ ʚʩʪʨʝʯʠ ʙʦʣʝʝ 600 ʤ/ʩ. ɼʣʷ ʠʟʫʯʝʥʠʷ ʜʘʥʥʦʛʦ ʬʝʥʦʤʝʥʘ ʠ ʝʛʦ ʜʘʣʴʥʝʡʰʝʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʥʦʚʳʭ ʪʠʧʦʚ ʙʦʝʧʨʠʧʘʩʦʚ ʘʚʪʦʨʘʤʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 

ʚʩʝʩʪʦʨʦʥʥʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʜʙʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʘʜʝʢʚʘʪʥʦ 

ʦʪʨʘʞʘʶʱʝʡ ʫʩʣʦʚʠʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʬʪʦʨʦʧʣʘʩʪʦʚʦʛʦ ʫʜʘʨʥʠʢʘ ʩ 

ʧʨʝʛʨʘʜʘʤʠ ʠʟ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ. 

ʈʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʨʘʩʯʝʪʘ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʨʦʥʠʢʘʥʠʷ ʫʜʘʨʥʠʢʘ ʠʟ ʈʄ ʚ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʦʡ ʧʦʩʪʘʥʦʚʢʝ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʷʜʘ ʤʝʪʦʜʦʚ, ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʚ ʩʣʝʜʫʶʱʠʭ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʘʭ: 

çʂʦʥʝʯʥʘʷ ʙʘʣʣʠʩʪʠʢʘè, çʊʀʄ-2Dè, çANSYS Autodynè. 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʯʠʩʣʝʥʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʚʭʦʜʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤ 

ʵʢʩʧʝʨʠʤʝʥʪʘ. ʈʘʩʯʝʪʳ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʙʝʟ ʫʯʝʪʘ ʚʣʠʷʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʵʥʝʨʛʠʠ, 

ʨʝʘʣʠʟʫʝʤʦʡ ʭʠʤʠʯʝʩʢʦʡ ʵʢʟʦʪʝʨʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʝʡ. ɺ ʧʨʦʮʝʩʩʝ ʨʘʩʯʝʪʘ ʙʳʣʠ ʚʳʙʨʘʥʳ 

ʤʦʜʝʣʠ, ʦʧʠʩʳʚʘʶʱʠʝ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʠʨʦʚʘʥʠʝ ʫʜʘʨʥʠʢʘ (ʄʠʟʝʩ) ʠ ʧʨʝʛʨʘʜʳ 

(ʤʦʜʝʣʠ ɼʞʦʥʩʦʥʘ ï ʂʫʢʘ, ɻʣʫʰʘʢʘ, ʄʠʟʝʩʘ), ʠ ʨʘʟʣʠʯʥʳʝ ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʤʘʪʝʨʠʘʣʘ 

ʫʜʘʨʥʠʢʘ ʠ ʧʨʝʛʨʘʜʳ (ʋʈʉ ɿʘʙʘʙʘʭʠʥʘ ʠ çʙʘʨʦʪʨʦʧʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴè) ʜʣʷ ʘʜʝʢʚʘʪʥʦʛʦ 

ʦʧʠʩʘʥʠʷ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ɼʣʷ ʨʘʩʯʝʪʦʚ ʚ ʧʨʦʛʨʘʤʤʘʭ ʊʀʄ-2D ʠ ʂʦʥʝʯʥʘʷ 

ʙʘʣʣʠʩʪʠʢʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ ʢʨʫʧʥʳʭ ʯʘʩʪʠʮ [3]. ɼʣʷ ʨʘʩʯʝʪʘ ʚ ʧʨʦʛʨʘʤʤʝ ANSYS 

Autodyn ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ ʩʛʣʘʞʝʥʥʳʭ ʯʘʩʪʠʮ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 

1.  
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ʊʘʙʣʠʮʘ 1. ʇʘʨʘʤʝʪʨʳ ʦʙʲʝʤʘ ʢʘʚʝʨʥʳ ʦʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʬʪʦʨʦʧʣʘʩʪʦʚʦʛʦ ʫʜʘʨʥʠʢʘ 

ʩ ʘʣʶʤʠʥʠʝʚʦʡ ʧʨʝʛʨʘʜʦʡ (Ï13mm, m=8.6ʛʨ) 
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ʤ/ʩ ʩʤ
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 ʩʤ
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507 0,065 0,077 0,015 0,073 0,756 0,269 1,200 

685 0,537 0,682 0,064 0,693 1,859 1,182 1,450 

930 3,270 3,147 0,620 2,607 2,723 4,259 4,000 

1108 6,055 5,827 2,276 4,049 3,934 8,766 6,500 

1406 13,010 11,742 6,369 7,050 6,904 17,309 11,500 

 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʤʦʜʝʣʠ ʄʠʟʝʩʘ ʠ ɻʣʫʰʘʢʘ ʜʘʶʪ ʷʚʥʦ 

ʟʘʚʳʰʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʦʙʲʝʤʫ ʢʘʚʝʨʥʳ ʠ ʥʝ ʫʯʠʪʳʚʘʝʪ ʚʣʠʷʥʠʝ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ 

ʧʨʠ ʨʘʩʯʝʪʝ ʩ ʋʈʉ ɿʘʙʘʙʘʭʠʥʘ ʜʣʷ ʘʣʶʤʠʥʠʷ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʘʚʪʦʨʦʚ, ʧʨʦʮʝʩʩ 

ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʫʜʘʨʥʠʢʘ ʠʟ ʈʄ ʠ ʧʨʝʛʨʘʜʳ ʙʦʣʝʝ ʪʦʯʥʦ ʦʧʠʩʳʚʘʝʪʩʷ 

ʤʦʜʝʣʴʶ ɼʞʦʥʩʦʥʘ-ʂʫʢʘ ʩ ʋʈʉ ʚ ʬʦʨʤʝ ʙʘʨʦʪʨʦʧʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ.  

ɼʣʷ ʫʯʝʪʘ ʚʣʠʷʥʠʷ ʭʠʤʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʥʘ ʧʨʦʮʝʩʩ ʧʨʦʥʠʢʘʥʠʷ ʚ ʤʝʪʦʜ ʢʨʫʧʥʳʭ 

ʯʘʩʪʠʮ ʚʚʝʜʝʥ ʙʣʦʢ ʨʘʩʯʝʪʘ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ ʧʦ ʤʦʜʝʣʠ CDF (ʨʠʩ.2). ʅʘʧʨʷʤʫʶ ʧʨʦʛʨʘʤʤʥʳʡ 

ʢʦʤʧʣʝʢʩ ANSYS Autodyn ʥʝ ʤʦʞʝʪ ʩʦʯʝʪʘʪʴ ʧʨʦʮʝʩʩʳ ʛʦʨʝʥʠʷ ʠ ʧʨʦʥʠʢʘʥʠʷ, ʪ.ʦ., ʙʳʣʘ 

ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ ʧʨʝʜʩʪʘʚʠʪʴ ʧʨʦʥʠʢʘʶʱʠʡ ʙʦʝʧʨʠʧʘʩ ʢʘʢ ʤʥʦʛʦʩʣʦʡʥʫʶ 

ʢʦʥʩʪʨʫʢʮʠʶ, ʚ ʢʦʪʦʨʦʡ ʥʝʯʝʪʥʳʝ ʩʣʦʠ ʧʨʦʥʠʢʘʶʪ ʢʘʢ ʪʚʝʨʜʦʝ ʪʝʣʦ, ʘ ʯʝʪʥʳʝ ʩʣʦʠ ʛʦʨʷʪ 

(ʨʠʩ.3).  ʈʝʟʫʣʴʪʘʪ ʨʘʩʯʝʪʘ ʦʙʲʸʤʘ ʢʘʚʝʨʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʠʢʠ CDF, ʨʝʘʣʠʟʦʚʘʥʥʳʡ 

ʚ ʜʚʫʭ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʘʭ, (ʨʠʩ. 4), ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ 

ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ ANSYS Autodyn, ʧʨʝʚʳʰʘʶʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ.  

 

 

ʈʠʩʫʥʦʢ 2. ʄʦʜʝʣʴ ʧʨʦʪʠʚʦʪʦʯʥʦʛʦ 

ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʧʣʘʤʝʥʠ 

ʈʠʩʫʥʦʢ 3. ʄʦʜʝʣʴ ʧʦʩʣʦʡʥʦʛʦ 

ʛʦʨʝʥʠʷ 
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ʈʠʩʫʥʦʢ 4. ɿʘʚʠʩʠʤʦʩʪʴ ʦʙʲʝʤʘ ʢʘʚʝʨʥʳ ʦʪ ʥʘʯʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʩʦʫʜʘʨʝʥʠʷ 

ʬʪʦʨʦʧʣʘʩʪʦʚʦʛʦ ʫʜʘʨʥʠʢʘ ʩ ʘʣʶʤʠʥʠʡ ʩʦʜʝʨʞʘʱʝʡ ʧʨʝʛʨʘʜʦʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʠʢʠ 

CDF 

ɺʳʚʦʜʳ: 

1. ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʬʪʦʨʦʧʣʘʩʪʦʚʦʛʦ ʫʜʘʨʥʠʢʘ ʩ ʧʨʝʛʨʘʜʦʡ ʥʘ ʦʩʥʦʚʝ ʘʣʶʤʠʥʠʷ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ 

ʥʘʯʘʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ ʩʦ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʴ ʪʦʯʥʦʩʪʠ. 

2. ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʨʘʩʯʝʪʘ ʚ ʧʨʦʛʨʘʤʤʝ çʂʦʥʝʯʥʘʷ ʙʘʣʣʠʩʪʠʢʘè ʧʦʟʚʦʣʷʝʪ 

ʨʘʩʩʯʠʪʳʚʘʪʴ ʢʠʥʝʪʠʯʝʩʢʫʶ ʠ ʭʠʤʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʧʨʦʥʠʢʘʶʱʝʛʦ ʙʦʝʧʨʠʧʘʩʘ 

ʦʜʥʦʚʨʝʤʝʥʥʦ. 

3. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʘʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʬʪʦʨʦʧʣʘʩʪ, ʚ ʢʘʯʝʩʪʚʝ 

ʵʥʝʨʛʦʥʦʩʠʪʝʣʷ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ ʨʘʟʨʘʙʦʪʢʫ ʥʦʚʳʭ ʪʠʧʦʚ ʤʘʣʦʢʘʣʠʙʝʨʥʳʭ ʙʦʝʧʨʠʧʘʩʦʚ 

(ʧʘʪʝʥʪʳ ˉ. 2582322, 2625991). 
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ʊʈɽʅɸɾɽʈʅɸʗ ɹɸɿɸ ʀ ɽɽ ʈʆʃʔ ɺ ʇʆɼɻʆʊʆɺʂɽ ʉʇɽʎʀɸʃʀʉʊʆɺ 

 

ʀʥʴʰʠʥ ʖʨʠʡ ʖʨʴʝʚʠʯ 

 

ʅʦʚʦʩʠʙʠʨʩʢʦʝ ʚʳʩʰʝʝ ʚʦʝʥʥʦʝ ʢʦʤʘʥʜʥʦʝ ʫʯʠʣʠʱʝ,  

ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, inshin@list.ru 

 

ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʦʪʨʘʞʘʝʪ ʚʦʧʨʦʩʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʨʝʥʘʞʝʨʥʦʡ ʙʘʟʳ ʧʦ ʦʛʥʝʚʦʡ 

ʧʦʜʛʦʪʦʚʢʝ ʠ ʨʘʩʢʨʳʚʘʝʪ ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʝʸ ʨʘʟʚʠʪʠʷ, ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ, ʘ 

ʪʘʢʞʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʩʣʫʰʘʪʝʣʝʡ ʚ ʚʦʝʥʥʦʤ 

ʚʫʟʝ. 

This article reflects the use of the training base for fire training and reveals the direction 

and prospects of its development, improvement, as well as effective use for quality training of 

students in military University. 

 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ ʠ ʢʘʯʝʩʪʚʝʥʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʚʦʝʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ 

ʥʝʦʙʭʦʜʠʤʦ ʥʘʣʠʯʠʝ ʩʦʚʨʝʤʝʥʥʦʡ ʪʨʝʥʘʞʝʨʥʦʡ ʙʘʟʳ, ʧʦʟʚʦʣʷʶʱʝʡ ʧʦʚʳʩʠʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʢʘʯʝʩʪʚʦ ʫʩʚʦʝʥʠʷ ʤʘʪʝʨʠʘʣʘ, ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʨʠʦʙʨʝʪʝʥʠʶ ʠ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʦʙʫʯʘʝʤʳʤʠ ʥʘʚʳʢʦʚ ʚ ʜʝʡʩʪʚʠʷʭ ʧʨʠ ʚʦʦʨʫʞʝʥʠʠ.  

ʊʨʝʥʘʞʝʨʥʘʷ ʙʘʟʘ ʜʦʣʞʥʘ ʦʪʚʝʯʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʩʥʦʚʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ [1]: 

- ʙʳʪʴ ʘʜʘʧʪʠʨʦʚʘʥʥʦʡ ʢ ʭʘʨʘʢʪʝʨʫ ʙʫʜʫʱʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚʳʧʫʩʢʥʠʢʦʚ; 

- ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦʮʝʩʩʘ ʧʨʠʚʠʪʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʥʘʚʳʢʦʚ; 

- ʦʙʝʩʧʝʯʠʚʘʪʴ ʤʘʢʩʠʤʘʣʴʥʫʶ ʥʘʛʣʷʜʥʦʩʪʴ ʚ ʦʙʫʯʝʥʠʠ;  

- ʙʳʪʴ ʧʨʦʩʪʦʡ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʙʝʟʦʪʢʘʟʥʦʡ ʚ ʨʘʙʦʪʝ.  

ɼʣʷ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʪʨʝʥʘʞʝʨʥʦʡ ʙʘʟʳ ʥʝʦʙʭʦʜʠʤʦ ʚʩʝʩʪʦʨʦʥʥʝ ʠʟʫʯʘʪʴ ʦʧʳʪ ʝʝ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʘʨʤʠʷʭ ʠʥʦʩʪʨʘʥʥʳʭ ʛʦʩʫʜʘʨʩʪʚ. 

ʇʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ʚʦʦʨʫʞʸʥʥʳʭ ʩʠʣʘʭ ʘʨʤʠʡ ʌʈɻ, ʉʐɸ ʠ ʨʷʜʘ ʜʨʫʛʠʭ ʩʪʨʘʥ ʙʦʣʴʰʦʝ 

ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʝ ʠ ʚʥʝʜʨʝʥʠʶ ʛʨʫʧʧʦʚʳʭ ʫʯʝʙʥʦ-ʪʨʝʥʠʨʦʚʦʯʥʳʭ ʩʨʝʜʩʪʚ, ʜʣʷ 

ʧʦʜʛʦʪʦʚʢʠ ʵʢʠʧʘʞʝʡ ʙʨʦʥʠʨʦʚʘʥʥʳʭ ʤʘʰʠʥ.  

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʠʩʧʦʣʴʟʫʶʪ ʩʧʝʮʠʘʣʴʥʳʝ ʪʨʝʥʘʞʸʨʳ ʜʣʷ ʦʙʫʯʝʥʠʷ ʦʜʥʦʡ ʠʣʠ 

ʥʝʩʢʦʣʴʢʠʤ ʦʧʝʨʘʮʠʷʤ. 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʧʨʠʤʝʥʷʶʪ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ 

ʦʪʨʘʙʘʪʳʚʘʝʪʩʷ ʢʦʤʧʣʝʢʩ ʬʫʥʢʮʠʡ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʩʧʝʮʠʘʣʠʩʪʘ, ʘ ʪʘʢʞʝ ʧʨʦʚʦʜʠʪʩʷ 

ʦʙʫʯʝʥʠʝ ʚʳʧʦʣʥʝʥʠʶ ʦʪʜʝʣʴʥʳʭ ʙʦʝʚʳʭ ʟʘʜʘʯ ʚ ʩʦʩʪʘʚʝ ʵʢʠʧʘʞʘ ʠ ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʚ ʮʝʣʦʤ.  

ʅʘʢʦʧʣʝʥʥʳʡ ʟʘʨʫʙʝʞʥʳʡ ʦʧʳʪ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ ʣʦʛʠʯʥʦʤ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ 

ʧʦʚʳʰʝʥʠʠ ʩʣʦʞʥʦʩʪʠ ʫʯʝʙʥʳʭ ʟʘʜʘʯ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʯʝʙʥʦ-ʪʨʝʥʠʨʦʚʦʯʥʳʭ ʩʨʝʜʩʪʚ 

ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʮʝʣʝʡ ʦʙʫʯʝʥʠʷ ʧʨʠ ʩʫʱʝʩʪʚʝʥʥʦʤ ʩʥʠʞʝʥʠʠ ʦʙʱʠʭ ʟʘʪʨʘʪ. 

ɸʥʘʣʠʟ ʩʦʩʪʦʷʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʪʨʝʥʘʞʝʨʥʦʡ ʙʘʟʳ ʚ ʚʦʝʥʥʦʤ ʚʫʟʝ ʧʦʢʘʟʘʣ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʚ ʝʝ ʤʦʜʝʨʥʠʟʘʮʠʠ ʠ ʦʙʥʦʚʣʝʥʠʠ.  

ʅʘʠʙʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʨʝʰʝʥʠʠ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʤʦʞʝʪ ʙʳʪʴ 

ʦʩʥʘʱʝʥʠʝ ʚʳʩʰʠʭ ʚʦʝʥʥʦ-ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ ʛʨʫʧʧʦʚʳʤʠ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʤʠ 

ʪʨʝʥʘʞʸʨʘʤʠ, ʧʦʟʚʦʣʷʶʱʠʤʠ ʦʙʫʯʘʪʴ ʩʣʫʰʘʪʝʣʝʡ ʫʧʨʘʚʣʝʥʠʶ ʦʛʥʝʤ ʙʦʝʚʳʭ ʤʘʰʠʥ ʠ 

ʧʦʜʨʘʟʜʝʣʝʥʠʡ. 

ʆʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʠ ʵʬʬʝʢʪʠʚʥʳʭ ʬʦʨʤ ʦʙʫʯʝʥʠʷ ʩʣʫʰʘʪʝʣʝʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʝʥʘʞʝʨʦʚ ʷʚʣʷʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠʝ ʪʨʝʥʠʨʦʚʢʠ. ʇʨʦʚʝʜʝʥʠʝ ʦʛʥʝʚʳʭ 

ʪʨʝʥʠʨʦʚʦʢ, ʫʩʣʦʚʥʦ ʤʦʞʥʦ ʧʦʜʝʣʠʪʴ ʥʘ ʜʚʘ ʵʪʘʧʘ.  

ʇʝʨʚʳʡ ʵʪʘʧ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʦʜʛʦʪʦʚʢʫ ʟʘʥʷʪʠʷ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʛʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ, ʚ 

ʪʦʤ ʯʠʩʣʝ, ʧʦʜʛʦʪʦʚʢʘ ʪʨʝʥʘʞʝʨʥʦʡ ʙʘʟʳ.  

ɺʪʦʨʦʡ ʵʪʘʧ ï ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʦʚʝʜʝʥʠʝ ʟʘʥʷʪʠʷ ʩ ʤʘʢʩʠʤʘʣʴʥʦ ʵʬʬʝʢʪʠʚʥʳʤ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʝʥʘʞʝʨʦʚ.  

ʅʘ ʵʪʘʧʝ ʧʦʜʛʦʪʦʚʢʠ ʨʝʰʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

- ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʥʘʚʳʢʦʚ ʚ ʜʝʡʩʪʚʠʷʭ ʧʨʠ ʚʦʦʨʫʞʝʥʠʠ; 

- ʧʨʦʚʝʨʢʘ ʫʨʦʚʥʷ ʛʦʪʦʚʥʦʩʪʠ ʦʙʫʯʘʝʤʳʭ ʢ ʟʘʥʷʪʠʷʤ. 

ɼʣʷ ʯʝʛʦ ʚ ʯʘʩʳ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʦʙʫʯʘʝʤʳʝ ʚʳʧʦʣʥʷʶʪ ʫʧʨʘʞʥʝʥʠʷ ʥʘ 

ʵʣʝʢʪʨʦʥʥʳʭ ʪʨʝʥʘʞʝʨʘʭ, ʘ ʪʘʢʞʝ ʪʨʝʥʠʨʫʶʪʩʷ ʚ ʜʝʡʩʪʚʠʷʭ ʧʨʠ ʚʦʦʨʫʞʝʥʠʠ ʙʦʝʚʳʭ ʤʘʰʠʥ 

ʥʘ ʫʯʝʙʥʳʭ ʙʘʰʥʷʭ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʢʘʬʝʜʨʝ ʩ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʠʩʧʦʣʴʟʫʝʪʩʷ ʵʣʝʢʪʨʦʥʥʳʡ 

ʪʨʝʥʘʞʝʨ ʜʣʷ ʩʪʨʝʣʢʦʚʦʛʦ ʦʨʫʞʠʷ ʠ ʩʨʝʜʩʪʚ ʙʣʠʞʥʝʛʦ ʙʦʷ 9ʌ6014 [3].  

ʆʙʦʨʫʜʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʪʨʝʥʘʞʸʨʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʧʦʣʥʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʬʫʥʢʮʠʡ: 

- ʩʦʟʜʘʥʠʝ ʚʠʨʪʫʘʣʴʥʦʡ ʩʨʝʜʳ, ʦʪʨʘʞʘʶʱʝʡ ʩʠʣʳ ʠ ʩʨʝʜʩʪʚʘ ʧʨʦʪʠʚʥʠʢʘ ʠ ʠʤʠʪʘʮʠʶ 

ʠʭ ʧʝʨʝʤʝʱʝʥʠʷ; 

- ʠʤʠʪʘʮʠʶ ʩʪʨʝʣʴʙʳ ʦʙʫʯʘʝʤʳʭ ʠ ʧʦʨʘʞʝʥʠʷ ʦʛʥʝʤ ʩʨʝʜʩʪʚ ʧʨʦʪʠʚʥʠʢʘ; 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝʤ ʪʨʝʥʘʞʸʨ ʧʦʟʚʦʣʷʝʪ: 

- ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʤʠʪʘʪʦʨʳ ʦʨʫʞʠʷ, ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʙʦʝʚʦʛʦ; 

- ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʨʘʩʭʦʜ ʙʦʝʧʨʠʧʘʩʦʚ ʚ ʙʦʶ; 

- ʠʤʠʪʠʨʦʚʘʪʴ ʚʝʜʝʥʠʝ ʦʛʥʷ ʠ ʦʪʜʘʯʫ ʦʪ ʚʳʩʪʨʝʣʘ; 

- ʠʤʠʪʠʨʦʚʘʪʴ ʟʚʫʢʠ ʙʦʷ; 

- ʤʦʜʝʣʠʨʦʚʘʪʴ ʙʘʣʣʠʩʪʠʢʫ ʚʦʦʨʫʞʝʥʠʷ; 

- ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʦʙʩʪʘʥʦʚʢʫ ʨʝʞʠʤʘʭ: çʉʪʨʝʣʢʦʚʘʷ ʧʦʣʦʩʘè, ç3Dè.  

 ʆʜʥʘʢʦ ʚ ʭʦʜʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʨʝʥʘʞʸʨʘ ʥʘʙʣʶʜʘʣʠʩʴ ʩʙʦʠ: 

- ʦʪʢʘʟ ʥʝʢʦʪʦʨʳʭ ʦʙʨʘʟʮʦʚ ʩʪʨʝʣʢʦʚʦʛʦ ʦʨʫʞʠʷ; 

- ʩʙʦʡ ʚ ʨʘʙʦʪʝ ʟʘʨʷʜʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʥʝʢʦʪʦʨʳʭ ʚʠʜʦʚ ʦʨʫʞʠʷ; 

- ʩʙʦʠ ʚ ʨʘʙʦʪʝ ʧʨʦʛʨʘʤʤʳ. 

ɺʳʷʚʣʝʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ ʠ ʩʙʦʠ ʚ ʨʘʙʦʪʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʪʨʝʥʘʞʸʨʘ ʧʦʩʣʝ ʫʩʪʨʘʥʝʥʠʷ 

ʩʧʝʮʠʘʣʠʩʪʦʤ (ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ʠʟʛʦʪʦʚʠʪʝʣʷ), ʯʝʨʝʟ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʧʦʚʪʦʨʷʣʠʩʴ ʚʥʦʚʴ, ʯʪʦ 

ʧʦʟʚʦʣʠʣʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʪʨʝʥʘʞʸʨʘʤ ʜʘʥʥʦʛʦ ʪʠʧʘ ʪʨʝʙʫʝʪʩʷ ʟʘʚʦʜʩʢʘʷ ʜʦʨʘʙʦʪʢʘ.  

ʆʜʥʘʢʦ ʥʝʦʙʭʦʜʠʤʦ ʧʦʤʥʠʪʴ, ʯʪʦ ʵʣʝʢʪʨʦʥʥʳʝ ʪʨʝʥʘʞʸʨʳ ʥʝ ʟʘʤʝʥʷʝʪ ʙʦʝʚʫʶ 

ʩʪʨʝʣʴʙʫ, ʘ ʚʳʩʪʫʧʘʶʪ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ:  

- ʧʦʣʫʯʝʥʠʷ ʧʝʨʚʦʥʘʯʘʣʴʥʳʭ ʥʘʚʳʢʦʚ ʧʨʘʚʠʣʴʥʦʛʦ ʧʨʠʮʝʣʠʚʘʥʠʷ ʠ ʦʪʨʘʙʦʪʢʠ ʧʣʘʚʥʦʛʦ 

ʩʧʫʩʢʘ ʢʫʨʢʘ;  

- ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʳʰʝʯʥʦʡ ʧʘʤʷʪʠ ʫ ʩʪʨʝʣʢʘ ʥʘ ʧʨʘʚʠʣʴʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʚʳʩʪʨʝʣʘ;  

- ʜʘʣʴʥʝʡʰʝʛʦ ʧʦʚʳʰʝʥʠʷ ʤʘʩʪʝʨʩʪʚʘ;  

- ʦʪʨʘʙʦʪʢʠ ʥʘʚʳʢʦʚ ʠʥʪʫʠʪʠʚʥʦʡ ʩʪʨʝʣʴʙʳ (ʩʪʨʝʣʴʙʘ ʥʘ ʚʩʢʠʜʢʫ, ʥʝ ʮʝʣʷʩʴ);  

- ʦʪʨʘʙʦʪʢʠ ʥʘʚʳʢʦʚ ʩʪʨʝʣʴʙʳ ʩ ʦʨʫʞʠʝʤ, ʦʩʥʘʱʸʥʥʳʤ ʣʘʟʝʨʥʳʤ ʮʝʣʝʫʢʘʟʘʪʝʣʝʤ.  

ʆʩʥʦʚʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʨʘʟʚʠʪʠʷ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʨʝʥʘʞʸʨʦʚ ʷʚʣʷʝʪʩʷ 

ʨʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʚʦʟʤʦʞʥʦʩʪʝʡ:  

- ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʢʘʟʘʪʴ ʥʘ ʵʢʨʘʥʝ ʤʦʥʠʪʦʨʘ ʪʨʘʝʢʪʦʨʠʶ ʧʨʠʮʝʣʠʚʘʥʠʷ ʠ ʪʦʯʢʫ 

ʧʦʧʘʜʘʥʠʷ ʚʳʩʪʨʝʣʘ;  

- ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʦʜʠʪʴ ʪʨʝʥʠʨʦʚʢʫ ʧʦ ʧʦʷʚʣʷʶʱʠʤʩʷ, ʜʚʠʞʫʱʠʤʩʷ ʠ ʞʠʚʳʤ 

ʤʠʰʝʥʷʤ ʩ ʧʦʤʦʱʴʶ ʣʘʟʝʨʥʦʛʦ ʪʨʝʥʘʞʸʨʘ;  

- ʧʦʚʳʰʝʥʠʝ ʥʘʜʸʞʥʦʩʪʠ ʨʘʙʦʪʳ ʘʧʧʘʨʘʪʫʨʳ;  

- ʨʘʟʚʠʪʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʩ ʮʝʣʴʶ ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʣʥʦʮʝʥʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ 

ʧʦ ʩʪʨʝʣʢʘʤ;  

- ʨʘʟʨʘʙʦʪʢʘ ʘʚʪʦʥʦʤʥʳʭ ʣʘʟʝʨʥʳʭ ʪʨʝʥʘʞʸʨʦʚ ʩ ʵʣʝʢʪʨʦʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʝʡ ʧʦʧʘʜʘʥʠʷ 

ʚ ʤʠʰʝʥʴ.  

ʆʧʳʪ ʨʘʙʦʪʳ ʩ ʪʨʝʥʘʞʸʨʘʤʠ ʧʦʢʘʟʳʚʘʝʪ ʚʳʩʦʢʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʭ ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʟʘʥʷʪʠʡ ʧʦ ʦʛʥʝʚʦʡ ʧʦʜʛʦʪʦʚʢʝ. ʇʨʦʚʝʜʝʥʥʳʡ ʥʘ ʢʘʬʝʜʨʝ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʵʣʝʢʪʨʦʥʥʦʛʦ ʪʨʝʥʘʞʝʨʘ ʜʣʷ ʩʪʨʝʣʢʦʚʦʛʦ ʦʨʫʞʠʷ ʠ ʩʨʝʜʩʪʚ ʙʣʠʞʥʝʛʦ ʙʦʷ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʫʯʝʙʥʳʝ ʛʨʫʧʧʳ ʩʣʫʰʘʪʝʣʝʡ ʧʨʦʰʝʜʰʠʝ ʥʘʢʘʥʫʥʝ ʩʪʨʝʣʴʙʳ ʪʨʝʥʘʞʝʨʥʫʶ 

ʧʦʜʛʦʪʦʚʢʫ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʩʪʨʝʣʴʙʝ, ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʧʨʘʞʥʝʥʠʡ ʫʯʝʙʥʳʭ 



  
 

29 
 

(ʢʦʥʪʨʦʣʴʥʳʭ) ʩʪʨʝʣʴʙ, ʠʤʝʣʠ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʨʝʟʫʣʴʪʘʪʳ, ʘ ʧʨʦʮʝʥʪ ʚʳʧʦʣʥʝʥʠʷ ʩʦʩʪʘʚʠʣ ï 

100%. 

ʇʦʣʦʞʠʪʝʣʴʥʳʤ ʬʘʢʪʦʨʦʤ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʨʝʥʘʞʸʨʦʚ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʠʚʠʚʘʪʴ ʦʙʫʯʘʝʤʳʤ ʫʤʝʥʠʷ ʠ ʥʘʚʳʢʠ ʚ ʜʝʡʩʪʚʠʷʭ ʧʨʠ ʚʦʦʨʫʞʝʥʠʠ ʙʝʟ ʠʟʣʠʰʥʝʛʦ ʨʘʩʭʦʜʘ 

ʙʦʝʧʨʠʧʘʩʦʚ ʠ ʤʦʪʦʨʝʩʫʨʩʘ. 

ʂʘʢʦʚʳ ʞʝ ʧʫʪʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʠʤʝʥʝʥʠʷ ʪʨʝʥʘʞʝʨʥʦʡ ʙʘʟʳ: 

ʚʦ-ʧʝʨʚʳʭ ï ʩʦʜʝʨʞʘʥʠʝ ʪʨʝʥʘʞʝʨʦʚ ʚ ʨʘʙʦʯʝʤ ʩʦʩʪʦʷʥʠʠ, ʧʦʩʪʦʷʥʥʦʝ ʠʭ 

ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʨʝʤʦʥʪ; 

ʚʦ-ʚʪʦʨʳʭ ï ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢ ʧʨʦʚʝʜʝʥʠʷ ʟʘʥʷʪʠʡ ʧʦʟʚʦʣʷʶʱʝʡ ʦʧʪʠʤʘʣʴʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʨʝʥʘʞʝʨʳ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʦʭʚʘʪʦʤ ʦʙʫʯʘʝʤʳʭ; 

ʚ-ʪʨʝʪʴʠʭ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʪʨʝʥʠʨʦʚʦʢ ʚ ʯʘʩʳ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ 

ʨʘʙʦʪʳ ʥʘʢʘʥʫʥʝ ʧʨʦʚʝʜʝʥʠʷ ʩʪʨʝʣʴʙ ʠ ʦʛʥʝʚʳʭ ʪʨʝʥʠʨʦʚʦʢ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ ʥʘʨʷʜʫ ʩ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʧʦʩʪʘʚʢʦʡ ʪʨʝʥʘʞʝʨʦʚ, ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʩʦʟʜʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʪʨʝʥʠʨʦʚʦʯʥʳʭ ʧʨʦʛʨʘʤʤ ʠ ʩʨʝʜʩʪʚ ʩʠʣʘʤʠ ʦʙʫʯʘʝʤʳʭ.  

ʅʘʧʨʠʤʝʨ, ʚ ʚʦʝʥʥʦʤ ʚʫʟʝ ʦʜʥʠʤ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʛʦ ʚʦʧʨʦʩʘ ʷʚʣʷʝʪʩʷ 

ʚʦʝʥʥʦ-ʥʘʫʯʥʘʷ ʨʘʙʦʪʘ ʩʣʫʰʘʪʝʣʝʡ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʨʝʥʘʞʝʨʥʦʡ ʠ ʙʘʟʳ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʢʘʯʝʩʪʚʘ 

ʧʨʦʚʝʜʝʥʠʷ ʦʛʥʝʚʳʭ ʪʨʝʥʠʨʦʚʦʢ ʠ ʩʪʨʝʣʴʙ.  

ʈʘʟʚʠʪʠʝ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʫʯʝʙʥʦ-ʤʘʪʝʨʠʘʣʴʥʦʡ ʙʘʟʳ, ʘ ʪʘʢʞʝ ʤʘʩʩʦʚʦʝ ʚʥʝʜʨʝʥʠʝ 

ʠ ʧʨʠʤʝʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʨʝʥʘʞʝʨʦʚ ʧʦʟʚʦʣʠʪ: 

- ʦʙʝʩʧʝʯʠʪʴ ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʦʝ ʦʙʫʯʝʥʠʝ ʩʣʫʰʘʪʝʣʝʡ ʜʝʡʩʪʚʠʷʤ ʧʨʠ ʚʦʦʨʫʞʝʥʠʠ ʠ 

ʤʝʪʢʦʡ ʩʪʨʝʣʴʙʝ; 

- ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʨʘʩʭʦʜ ʤʘʪʝʨʠʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʥʘ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ; 

- ʩʦʟʜʘʪʴ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʫʩʧʝʰʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʨʝʥʘʞʸʨʥʦʡ ʙʘʟʳ, 

ʧʫʪʸʤ ʧʦʜʙʦʨʘ ʠ ʦʙʫʯʝʥʠʷ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ  

(ʠʥʩʪʨʫʢʪʦʨʦʚ). 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ: 
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ʎʝʣʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʟʜʘʥʠʠ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʥʫʪʨʝʥʥʝʡ ʩʪʦʨʦʥʳ ʙʨʦʥʝʞʠʣʝʪʘ ʜʣʷ ʢʦʤʬʦʨʪʥʦʛʦ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ʈʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ, ʢʘʩʘʶʱʠʝʩʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʙʨʦʥʝʞʠʣʝʪʘ ʢʘʢ ʘʚʪʦʥʦʤʥʦʡ ʩʠʩʪʝʤʳ. ʈʘʟʨʘʙʦʪʘʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ 

ʫʩʪʨʦʡʩʪʚʘ. ʇʨʦʠʟʚʝʜʝʥ ʘʥʘʣʠʟ ʦʩʥʦʚʥʳʭ ʙʣʦʢʦʚ ʧʨʝʜʣʘʛʘʝʤʦʡ ʩʠʩʪʝʤʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ.  

The purpose of the work is to create a system of automatic temperature control of the inner 

side of the vest for comfortable use. Questions concerning features of development of system of 

regulation of temperature of bullet-proof vest as autonomous system are considered. The structural 

scheme of the device is developed. The analysis of the main blocks of the proposed control system is 

made. 

 

ɺ ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʥʦʩʠʪʝʣʴ ʙʨʦʥʝʞʠʣʝʪʘ ʨʠʩʢʫʝʪ ʧʦʣʫʯʠʪʴ ʪʝʧʣʦʚʦʡ ʫʜʘʨ 

ʚʩʣʝʜʩʪʚʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʥʦʰʝʥʠʷ ʙʨʦʥʝʞʠʣʝʪʘ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʤʘʪʝʨʠʘʣ ʠʟ ʢʦʪʦʨʦʛʦ 

ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʙʨʦʥʝʞʠʣʝʪʳ ʠʤʝʝʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʪʝʤʥʫʶ ʨʘʩʮʚʝʪʢʫ, ʘ ʪʘʢʞʝ 

ʙʨʦʥʝʧʣʘʩʪʠʥʳ ʥʝ ʧʨʦʧʫʩʢʘʶʪ ʚʦʜʷʥʳʭ ʧʦʨʦʚ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʥʪʝʥʩʠʚʥʦʤʫ ʥʘʛʨʝʚʫ ʚ 

ʩʦʣʥʝʯʥʫʶ ʧʦʛʦʜʫ ʠ ʦʪʩʫʪʩʪʚʠʝ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʩʧʦʩʦʙʘ ʦʭʣʘʞʜʝʥʠʷ ʦʨʛʘʥʠʟʤʘ. ʂ ʪʦʤʫ ʞʝ, 

ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʣʘ ʟʥʘʯʠʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʘʢʪʠʚʥʦʩʪʠ ʠ ʚʥʠʤʘʪʝʣʴʥʦʩʪʠ 

ʥʦʩʠʪʝʣʷ. ʉʣʘʙʳʝ ʩʪʦʨʦʥʳ ʥʦʰʝʥʠʷ ʙʨʦʥʝʞʠʣʝʪʘ ʩʭʝʤʘʪʠʯʥʦ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 1.  

ɺ ʢʘʯʝʩʪʚʝ ʨʝʰʝʥʠʷ ʧʦʜʦʙʥʦʡ ʧʨʦʙʣʝʤʳ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʟʨʘʙʦʪʘʪʴ ʩʠʩʪʝʤʫ 

ʩʧʦʩʦʙʥʫʶ ʩʥʠʟʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʙʨʦʥʝʞʠʣʝʪʘ, ʪʝʤ ʩʘʤʳʤ ʧʦʥʠʞʘʷ 

ʪʝʤʧʝʨʘʪʫʨʫ ʪʝʣʘ ʯʝʣʦʚʝʢʘ ʚʦ ʚʨʝʤʷ ʥʦʰʝʥʠʷ ʙʨʦʥʝʞʠʣʝʪʘ. ʉʠʩʪʝʤʘ ʦʭʣʘʞʜʝʥʠʷ ʠʣʠ ʥʘʛʨʝʚʘ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʵʣʝʤʝʥʪʘʭ ʇʝʣʴʪʴʝ, ʧʨʠ ʧʦʜʘʯʠ ʥʘ ʥʠʭ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ, ʦʜʥʘ 

ʩʪʦʨʦʥʘ ʦʭʣʘʞʜʘʝʪʩʷ, ʚʪʦʨʘʷ ʩʪʦʨʦʥʘ ʥʘʛʨʝʚʘʝʪʩʷ. ʉʘʤʠ ʵʣʝʤʝʥʪʳ ʦʭʣʘʞʜʘʶʪ ʚʦʜʦʙʣʦʢ, 

ʧʦʩʣʝ ʯʝʛʦ ʦʭʣʘʞʜʝʥʥʘʷ ʞʠʜʢʦʩʪʴ ʧʦʩʪʫʧʘʝʪ ʚ ʪʝʧʣʦʥʦʩʠʪʝʣʠ, ʥʘʭʦʜʷʱʠʝʩʷ ʩ ʚʥʫʪʨʝʥʥʝʡ 

ʩʪʦʨʦʥʳ ʙʨʦʥʝʞʠʣʝʪʘ. 

 
ʈʠʩʫʥʦʢ 1 ï ʅʝʜʦʩʪʘʪʢʠ ʥʦʰʝʥʠʷ ʙʨʦʥʝʞʠʣʝʪʘ 
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ʇʦʣʫʯʘʝʤʳʡ ʵʬʬʝʢʪ ʪʝʨʤʦʨʝʛʫʣʠʨʦʚʘʥʠʷ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʵʬʬʝʢʪʘ 

ʇʝʣʴʪʴʝ. ɼʘʥʥʳʡ ʵʬʬʝʢʪ ʙʳʣ ʚʟʷʪ ʟʘ ʦʩʥʦʚʫ ʙʣʘʛʦʜʘʨʷ ʤʥʦʞʝʩʪʚʫ ʧʨʝʠʤʫʱʝʩʪʚ ʧʝʨʝʜ 

ʘʥʘʣʦʛʘʤʠ. ʕʣʝʤʝʥʪ ʇʝʣʴʪʴʝ ʧʦʟʚʦʣʷʝʪ ʩʦʚʤʝʱʘʪʴ ʚ ʦʜʥʦʡ ʩʠʩʪʝʤʝ ʬʫʥʢʮʠʶ ʥʘʛʨʝʚʘ ʠ 

ʦʭʣʘʞʜʝʥʠʷ. ʊʘʢ ʞʝ ʜʘʥʥʳʝ ʵʣʝʤʝʥʪʳ ʠʤʝʶʪ ʜʣʠʪʝʣʴʥʳʡ ʩʨʦʢ ʩʣʫʞʙʳ ʜʦ 200 000 ʨʘʙʦʯʠʭ 

ʯʘʩʦʚ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 10-12 ʣʝʪ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʫ ʥʠʭ ʥʝ ʠʤʝʝʪʩʷ ʩʧʝʮʠʘʣʴʥʳʭ 

ʪʨʝʙʦʚʘʥʠʡ ʜʣʷ ʤʦʥʪʘʞʘ ʠ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʕʣʝʤʝʥʪʳ ʇʝʣʴʪʴʝ ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʤʠ ʧʨʠ ʜʦʣʞʥʦʤ ʦʪʚʦʜʝ ʪʝʧʣʘ ʩ 

ʛʦʨʷʯʝʡ ʩʪʦʨʦʥʳ ʵʣʝʤʝʥʪʘ. ʆʩʥʦʚʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʤʦʜʫʣʝʡ ʷʚʣʷʶʪʩʷ:  

¶ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʯʠʩʪʦʪʘ; 

¶ ʦʪʩʫʪʩʪʚʠʝ ʨʘʙʦʯʠʭ ʞʠʜʢʦʩʪʝʡ ʠ ʛʘʟʦʚ; 

¶ ʙʝʩʰʫʤʥʦʩʪʴ ʨʘʙʦʪʳ; 

¶ ʤʘʣʳʡ ʨʘʟʤʝʨ ʠ ʚʝʩ; 

¶ ʚʳʩʦʢʘʷ ʥʘʜʝʞʥʦʩʪʴ - ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʥʘʨʘʙʦʪʢʠ ʥʘ ʦʪʢʘʟ ʥʝ ʤʝʥʝʝ 200 000 

ʯʘʩʦʚ; 

¶ ʚʦʟʤʦʞʥʦʩʪʴ ʧʣʘʚʥʦʛʦ ʠ ʪʦʯʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ  

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ; 

¶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʤʝʭʘʥʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ; 

¶ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʚ ʣʶʙʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʧʦʣʦʞʝʥʠʠ; 

¶ ʣʝʛʢʦʩʪʴ ʧʝʨʝʭʦʜʘ ʠʟ ʨʝʞʠʤʘ ʦʭʣʘʞʜʝʥʠʷ ʚ ʨʝʞʠʤ ʥʘʛʨʝʚʘ; 

¶ ʦʪʩʫʪʩʪʚʠʝ ʜʚʠʞʫʱʠʭʩʷ ʠ ʠʟʥʘʰʠʚʘʶʱʠʭʩʷ ʯʘʩʪʝʡ. 

ɺ ʭʦʜʝ ʨʝʰʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʜʘʯʠ ʙʳʣʘ ʩʠʥʪʝʟʠʨʦʚʘʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ 

ʩʠʩʪʝʤʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʙʨʦʥʝʞʠʣʝʪʘ (ʨʠʩ. 2). 

 
ʈʠʩʫʥʦʢ 2 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ 

 

ʉʠʩʪʝʤʘ ʥʘʭʦʜʠʪʩʷ ʩ ʚʥʫʪʨʝʥʥʝʡ ʩʪʦʨʦʥʳ ʙʨʦʥʝʞʠʣʝʪʘ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʣʝʜʫʶʱʫʶ ʢʦʥʩʪʨʫʢʮʠʶ: ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʙʨʦʥʝʞʠʣʝʪʘ ʥʘʭʦʜʠʪʩʷ ʘʢʢʫʤʫʣʷʪʦʨʥʳʡ ʙʣʦʢ 

(ɸʢ.ɹ.) ʠʤʝʶʱʠʡ ʩʪʘʥʜʘʨʪʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ, ʩʦʩʪʘʚʣʷʶʱʝʝ 12 ɺ, ʠ ʤʘʣʦʛʘʙʘʨʠʪʥʦʝ 

ʫʧʨʘʚʣʷʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ (ʋʋ). ʉ ʧʦʤʦʱʴʶ ʵʣʝʤʝʥʪʦʚ ʫʧʨʘʚʣʝʥʠʷ ʙʣʦʢʘ ʟʘʜʘʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ (ɹɿʊ), ʥʘ ʧʘʥʝʣʠ ʫʧʨʘʚʣʝʥʠʷ ʥʦʩʠʪʝʣʴ ʙʨʦʥʝʞʠʣʝʪʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʥʘʠʙʦʣʝʝ 
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ʧʦʜʭʦʜʷʱʠʡ ʜʣʷ ʩʝʙʷ ʨʝʞʠʤ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ. ɼʘʣʝʝ ʦʩʥʦʚʥʫʶ ʬʫʥʢʮʠʶ ʚʳʧʦʣʥʷʶʪ 

ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ (ʄ1, é, ʄn), ʦʭʣʘʞʜʘʷ ʠʣʠ ʥʘʛʨʝʚʘʷ ʚʦʜʷʥʦʡ ʙʣʦʢ 

(ɺ.ɹʣ.), ʠʟ ʢʦʪʦʨʦʛʦ ʞʠʜʢʦʩʪʴ ʧʦʩʪʫʧʘʝʪ ʚ ʪʝʧʣʦʥʦʩʠʪʝʣʠ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʩ ʚʥʫʪʨʝʥʥʝʡ 

ʩʪʦʨʦʥʳ ʙʨʦʥʝʞʠʣʝʪʘ, ʪʝʤ ʩʘʤʳʤ ʩʥʠʞʘʷ ʪʝʤʧʝʨʘʪʫʨʫ ʪʝʣʘ. ʂʦʣʠʯʝʩʪʚʦ ʤʦʜʫʣʝʡ ʚ ʩʠʩʪʝʤʝ 

ʟʘʚʠʩʠʪ ʦʪ ʤʦʜʠʬʠʢʘʮʠʠ ʙʨʦʥʝʞʠʣʝʪʘ.  ɼʚʠʞʝʥʠʝ ʞʠʜʢʦʩʪʠ ʧʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷʤ ʟʘʜʘʝʪ 

ʤʘʣʦʤʦʱʥʳʡ, ʧʦʜʭʦʜʷʱʠʡ ʜʣʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʡ ʠ ʥʝʧʨʝʨʳʚʥʦʡ ʨʘʙʦʪʳ, ʙʝʩʰʫʤʥʳʡ ʥʘʩʦʩ 

(ʅ), ʥʘʧʨʠʤʝʨ ʥʘʩʦʩ ʤʘʨʢʠ DC30ɸ-1230 [1]. ʆʪʚʦʜ ʪʝʧʣʘ ʦʪ ʛʦʨʷʯʝʡ ʩʪʦʨʦʥʳ ʤʦʜʫʣʷ  

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʠʩʪʝʤʦʡ ʨʘʙʦʪʘʶʱʝʡ ʥʘ ʦʩʥʦʚʝ ʨʘʜʠʘʪʦʨʘ (ʈ) ʠ ʤʦʱʥʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ (ɺ), 

ʥʘʧʨʠʤʝʨ ʤʘʨʢʠ Corsair AF120 Performance Edition [2], ʩ ʟʘʜʥʝʡ ʩʪʦʨʦʥʳ ʙʨʦʥʝʞʠʣʝʪʘ. 

ʆʭʣʘʞʜʝʥʥʘʷ ʞʠʜʢʦʩʪʴ ʚ ʪʝʧʣʦʥʦʩʠʪʝʣʷʭ ʩʥʠʞʘʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʪʝʣʘ.  

ɺ ʢʘʯʝʩʪʚʝ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʙʳʣʘ ʚʳʙʨʘʥʘ ʚʦʜʘ, ʦʥʘ ʷʚʣʷʝʪʩʷ ʥʝʪʦʢʩʠʯʥʳʤ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʤ ʚʝʱʝʩʪʚʦʤ, ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʪʝʧʣʦʝʤʢʦʩʪʴʶ, ʣʝʛʢʦ ʮʠʨʢʫʣʠʨʫʝʪ, ʘ 

ʪʘʢʞʝ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʙʳʩʪʨʦʡ ʜʦʣʠʚʢʠ ʚ ʩʠʩʪʝʤʫ ʚʚʠʜʫ ʩʚʦʝʡ ʜʦʩʪʫʧʥʦʩʪʠ. ʊʘʢ ʞʝ ʚ 

ʨʦʣʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʘʥʪʠʬʨʠʟ ʠʟ-ʟʘ ʝʛʦ ʚʳʩʦʢʠʭ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, 

ʥʠʟʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʦʪʣʦʞʝʥʠʷ ʩʦʣʝʡ ʠ ʥʘʢʠʧʠ, ʦʜʥʘʢʦ ʵʪʠʣʝʥʛʣʠʢʦʣʴ ʚʭʦʜʷʱʠʡ ʚ ʩʦʩʪʘʚ 

ʙʦʣʴʰʠʥʩʪʚʘ ʘʥʪʠʬʨʠʟʦʚ ʢʨʘʡʥʝ ʪʦʢʩʠʯʝʥ, ʙʳʩʪʨʦ ʚʩʘʩʳʚʘʝʪʩʷ ʚ ʦʨʛʘʥʠʟʤ ʯʝʨʝʟ ʢʦʞʫ ʠ ʚ 

ʜʳʭʘʪʝʣʴʥʳʝ ʧʫʪʠ. ʊʘʢ ʞʝ ʪʝʧʣʦʥʦʩʠʪʝʣʴ ʥʘ ʦʩʥʦʚʝ ʵʪʠʣʝʥʛʣʠʢʦʣʷ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʦʧʘʩʥʦʩʪʴ. 

ɺ ʩʠʩʪʝʤʫ ʚʢʣʶʯʝʥ ʘʜʘʧʪʠʚʥʳʡ ʨʝʛʫʣʷʪʦʨ (ɸʜ.ʈ.)  ʧʦʟʚʦʣʷʶʱʠʡ 

ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʪʦʢʘ. ɸʜʘʧʪʠʚʥʳʡ ʨʝʛʫʣʷʪʦʨ ʠʟʤʝʥʷʝʪ 

ʧʘʨʘʤʝʪʨʳ ʫʧʨʘʚʣʷʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʥʫʪʨʠ 

ʙʨʦʥʝʞʠʣʝʪʘ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʜʘʪʯʠʢ (ɼ). ɺ ʢʘʯʝʩʪʚʝ ʜʘʪʯʠʢʘ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥ ʨʝʟʠʩʪʦʨ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʛʠʙʢʦʡ ʧʣʘʩʪʠʥʳ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʡ 

ʤʝʭʘʥʠʯʝʩʢʠʤ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʨʦʥʝʞʠʣʝʪʘ, ʦʜʥʘʢʦ 

ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʜʘʥʥʳʤ ʪʠʧʦʤ ʜʘʪʯʠʢʘ ʜʦʚʦʣʴʥʦ ʤʘʣʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʘʤʠ 

ʙʳʣ ʚʳʙʨʘʥ ʜʘʪʯʠʢ ʥʘ ʦʩʥʦʚʝ ʪʝʨʤʦʧʘʨʳ, ʦʙʣʘʜʘʶʱʠʡ ʙʦʣʴʰʝʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ 

ʠʟʤʝʥʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ, ʘ ʪʘʢʞʝ ʧʨʦʩʪʦʪʦʡ ʤʦʥʪʘʞʘ.  

ʉʠʩʪʝʤʘ ʷʚʣʷʝʪʩʷ ʫʩʪʦʡʯʠʚʦʡ ʢ ʤʝʭʘʥʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ʠ ʫʩʣʦʚʠʷʤ ʚʥʝʰʥʝʡ 

ʩʨʝʜʳ, ʙʣʘʛʦʜʘʨʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʟʘʱʠʪʝ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʆʙʣʘʩʪʴ ʛʝʥʝʨʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʪʦʢʘ (ʆɻʊ), ʚʭʦʜʷʱʘʷ ʚ ʨʘʙʦʯʫʶ ʦʙʣʘʩʪʴ 

ʩʠʩʪʝʤʳ (ʈʆʉ) ʧʦʩʪʨʦʝʥʘ ʥʘ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʘʭ, ʩʧʦʩʦʙʥʳʭ ʛʝʥʝʨʠʨʦʚʘʪʴ ʢʘʢ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ (ʜʦ 0 ʛʨʘʜʫʩʦʚ ʎʝʣʴʩʠʷ), ʪʘʢ ʠ ʚʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ (ʜʦ 

80 ʛʨʘʜʫʩʦʚ ʎʝʣʴʩʠʷ), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʯʠʪʘʪʴ ʩʠʩʪʝʤʫ ʫʥʠʚʝʨʩʘʣʴʥʦʡ, ʘ ʠʤʝʥʥʦ, 

ʧʦʟʚʦʣʷʶʱʝʡ ʢʘʢ ʦʭʣʘʞʜʘʪʴ ʯʝʣʦʚʝʢʘ, ʪʘʢ ʠ ʩʦʛʨʝʚʘʪʴ ʝʛʦ. 

ʉʠʩʪʝʤʘ ʧʨʝʜʧʦʣʘʛʘʝʪ 2 ʨʘʙʦʯʠʭ ʨʝʞʠʤʘ: 

¶ ɸʢʪʠʚʥʳʡ ʨʝʞʠʤ ï ʙʣʘʛʦʜʘʨʷ ʚʩʪʨʦʝʥʥʦʤʫ ʜʘʪʯʠʢʫ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʚʳʙʠʨʘʝʪ ʤʦʱʥʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ ʠʣʠ ʥʘʛʨʝʚʘ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʢʦʤʬʦʨʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ; 

¶ ʕʢʩʪʨʝʥʥʳʡ ʨʝʞʠʤ ï ʩʠʩʪʝʤʘ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʦʩʫʱʝʩʪʚʣʷʝʪ 

ʦʭʣʘʞʜʝʥʠʝ ʠʣʠ ʥʘʛʨʝʚ ʜʦ ʧʦʣʥʦʡ ʨʘʟʨʷʜʢʠ ʘʢʢʫʤʫʣʷʪʦʨʦʚ. 

ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʚʦʜʷʥʦʛʦ ʙʣʦʢʘ ʙʳʣʠ ʚʳʙʨʘʥʳ ʘʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚʳ ʠʤʝʶʱʠʝ 

ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ:  

¶ ɺʳʩʦʢʘʷ ʪʝʧʣʦʦʪʜʘʯʘ. ʄʝʪʘʣʣ ʙʳʩʪʨʦ ʥʘʛʨʝʚʘʝʪʩʷ ʠ ʪʘʢ ʞʝ ʙʳʩʪʨʦ ʦʪʜʘʝʪ 

ʪʝʧʣʦ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʇʦʣʦʚʠʥʘ ʵʥʝʨʛʠʠ ʧʝʨʝʜʘʝʪʩʷ ʯʝʨʝʟ ʠʟʣʫʯʝʥʠʝ, ʘ ʦʩʪʘʪʦʢ ï ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʢʦʥʚʝʢʮʠʠ. ɼʣʷ ʵʪʦʛʦ ʫʩʪʘʥʦʚʣʝʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʨʝʙʨʘ. 

¶ ʄʘʣʳʡ ʚʝʩ ï ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʘʝʪ ʤʦʥʪʘʞʥʳʝ ʨʘʙʦʪʳ. 

¶ ʅʠʟʢʘʷ ʮʝʥʘ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʠ ʤʝʜʥʳʤʠ ʘʥʘʣʦʛʘʤʠ 

ʘʣʶʤʠʥʠʝʚʳʝ ʧʨʠʙʦʨʳ ʙʦʣʝʝ ʜʦʩʪʫʧʥʳ ʠ ʧʨʠ ʵʪʦʤ ʚʝʩʴʤʘ ʵʬʬʝʢʪʠʚʥʳ. 

¶ ʇʨʦʯʥʦʩʪʴ. ʈʘʩʩʯʠʪʳʚʘʝʪʩʷ ʥʘ ʜʘʚʣʝʥʠʝ ʚ 12 ʘʪʤʦʩʬʝʨ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʳʣʘ ʦʪʨʘʙʦʪʘʥʘ ʩʠʩʪʝʤʘ ʦʪʚʦʜʘ ʪʝʧʣʘ ʦʪ ʛʦʨʷʯʝʡ ʩʪʦʨʦʥʳ ʤʦʜʫʣʷ, 

ʨʘʟʨʘʙʦʪʘʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ, ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʘʥʘʣʦʛʦʚ. ʅʘ 

ʜʘʥʥʳʡ ʤʦʤʝʥʪ, ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʘʷ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʬʦʨʤʘ ʨʘʜʠʘʪʦʨʘ, 

ʢʦʥʩʪʨʫʢʮʠʷ ʨʘʙʦʯʝʡ ʦʙʣʘʩʪʠ ʩʠʩʪʝʤʳ ʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʜʙʦʨ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ 
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ʩʠʩʪʝʤʳ. ʇʨʦʠʟʚʦʜʩʪʚʦ ʛʦʪʦʚʦʡ ʩʠʩʪʝʤʳ ʧʣʘʥʠʨʫʝʪʩʷ ʩʦʟʜʘʪʴ ʥʘ ʙʘʟʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʨʝʩʫʨʩʦʚ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʚ ʜʘʥʥʦʤ ʫʩʪʨʦʡʩʪʚʝ ʧʨʝʜʧʨʠʷʪʠʡ. ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʦʪʢʨʳʚʘʝʪ 

ʮʝʣʳʡ ʨʷʜ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʩʦʟʜʘʥʠʶ ʩʘʤʦʡ ʨʘʟʥʦʦʙʨʘʟʥʦʡ ʩʧʝʮʦʜʝʞʜʳ ʩ 

ʩʠʩʪʝʤʦʡ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ. 

ɺʘʞʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʙʨʦʥʝʞʠʣʝʪʘ ʚʳʩʪʫʧʘʝʪ ʝʛʦ ʚʝʩ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʦʜʥʦʡ ʠʟ 

ʦʩʥʦʚʥʳʭ ʮʝʣʝʡ ʷʚʣʷʝʪʩʷ ʤʠʥʠʤʠʟʘʮʠʷ ʛʘʙʘʨʠʪʦʚ ʩʠʩʪʝʤʳ, ʩʥʠʞʝʥʠʝ ʚʝʩʘ ʟʘ ʩʯʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʣʶʤʠʥʠʝʚʳʭ ʨʘʜʠʘʪʦʨʦʚ. 

ɸʥʘʣʦʛʦʤ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ, ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʰʚʝʡʮʘʨʩʢʠʭ ʠʥʞʝʥʝʨʦʚ. ɺ 

ʙʨʦʥʝʞʠʣʝʪ ʚʩʪʨʘʠʚʘʶʪʩʷ ʥʘʧʦʣʥʝʥʥʳʝ ʚʦʜʦʡ ʧʦʜʫʰʢʠ, ʞʠʜʢʦʩʪʴ ʠʩʧʘʨʷʝʪʩʷ ʯʝʨʝʟ 

ʤʝʤʙʨʘʥʳ, ʩʥʠʞʘʷ ʪʝʤʧʝʨʘʪʫʨʫ ʪʝʣʘ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʵʪʦʡ ʩʠʩʪʝʤʳ ʥʠʞʝ, ʠ ʠʤʝʝʪ ʨʷʜ 

ʥʝʜʦʩʪʘʪʢʦʚ: ʚʦʜʘ ʚ ʧʦʜʫʰʢʘʭ ʥʝ ʪʦʣʴʢʦ ʠʩʧʘʨʷʝʪʩʷ, ʥʦ ʠ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʪʝʯʢʠ ʦʪ 

ʚʦʟʜʝʡʩʪʚʠʷ ʚʥʝʰʥʝʛʦ ʙʨʦʥʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ, ʪʨʝʙʫʝʪʩʷ ʧʦʩʪʦʷʥʥʘʷ ʜʦʣʠʚʢʘ ʞʠʜʢʦʩʪʠ ʚ 

ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʘ ʪʘʢ ʞʝ ʩʠʩʪʝʤʘ ʰʚʝʡʮʘʨʩʢʠʭ ʠʥʞʝʥʝʨʦʚ ʥʝ ʠʤʝʝʪ ʬʫʥʢʮʠʠ ʥʘʛʨʝʚʘ. 

ʇʦʩʣʝʜʥʠʝ ʫʧʦʤʠʥʘʥʠʷ ʵʪʦʡ ʩʠʩʪʝʤʳ ʦʪʥʦʩʷʪʩʷ ʢ 2012 ʛʦʜʫ, ʪʘʢ ʯʪʦ ʝʩʪʴ ʦʩʥʦʚʘʥʠʷ 

ʧʦʣʘʛʘʪʴ, ʯʪʦ ʜʘʥʥʘʷ ʩʠʩʪʝʤʘ ʥʝ ʧʦʣʫʯʠʣʘ ʜʦʣʞʥʦʛʦ ʚʥʠʤʘʥʠʷ ʠʟ-ʟʘ ʝʝ ʥʝʵʬʬʝʢʪʠʚʥʦʩʪʠ [3]. 

ʆʩʥʦʚʥʳʤʠ ʧʦʪʨʝʙʠʪʝʣʷʤʠ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʤʦʛʫʪ ʩʪʘʪʴ ʨʘʟʣʠʯʥʳʝ ʩʠʣʦʚʳʝ 

ʩʪʨʫʢʪʫʨʳ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ʄʠʥʠʩʪʝʨʩʪʚʦ ʚʥʫʪʨʝʥʥʠʭ ʜʝʣ, ɺʦʦʨʫʞʝʥʥʳʝ ʩʠʣʳ, 

ʌʝʜʝʨʘʣʴʥʘʷ ʩʣʫʞʙʘ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʘ ʪʘʢ ʞʝ ʯʘʩʪʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ: ʯʘʩʪʥʳʝ ʦʭʨʘʥʥʳʝ 

ʧʨʝʜʧʨʠʷʪʠʷ, ʩʣʫʞʙʘ ʠʥʢʘʩʘʮʠʠ ʠ ʪ.ʧ.). ɼʣʷ ʢʘʞʜʳʭ ʩʪʨʫʢʪʫʨ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʨʘʟʣʠʯʥʘʷ 

ʤʦʜʠʬʠʢʘʮʠʷ ʩʠʩʪʝʤʳ. 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ: 

1. ʅʘʩʦʩ 12 ʚʦʣʴʪ ʮʠʨʢʫʣʷʮʠʦʥʥʳʡ 240 ʣʠʪʨʦʚ ʚ ʯʘʩ. DC30A-1230. ï ʆʆʆ "ʖʥʠʪʝʭ" - 

ʀʥʪʝʨʥʝʪ-ʤʘʛʘʟʠʥ "ɸʚʪʦʥʦʤʢʘ". ʀʩʪʦʯʥʠʢ: http://shzl.ru/catalog/?g=237-Nasos-12-volt-

cirkuljacionnij-240-litrov-v-chas-DC30A-1230 (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 12.12.2017). 

2. 120-ʤʤ ʚʝʥʪʠʣʷʪʦʨʳ, ʯʘʩʪʴ II: 32 ʤʦʜʝʣʠ ʩʦ ʩʢʦʨʦʩʪʴʶ ʚʳʰʝ 1350 ʦʙ/ʤʠʥ. 

ʃʘʙʦʨʘʪʦʨʠʷ ʪʝʭʥʦʣʦʛʠʡ. ʀʩʪʦʯʥʠʢ: https://www.overclockers.ru/lab/print/60628/ 

Test_i_obzor_chetyreh_effektivnyh_modelej_120_mm_ventilyatorov_AeroCool_Corsair_Lepa_i_

NoiseBlocker.html#4 (ɼʘʪʘ ʦʙʨʘʱʝʥʠʷ: 12.01.2018). 

3. ɹʨʦʥʝʞʠʣʝʪʳ ʩ ʩʠʩʪʝʤʦʡ ʦʭʣʘʞʜʝʥʠʷ ʦʪ EMPɸ. 

ʀʩʪʦʯʥʠʢ:https://www.gearshout.net/bronezhiletyi-s-sistemoy-ohlazhdeniya-dlya-leta-ot-empa/ 

(ɼʘʪʘ ʦʙʨʘʱʝʥʠʷ 22.12.2017). 
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ɸʅɸʃʀɿ ʀ ʊɽʅɼɽʅʎʀʀ ʈɸɿɺʀʊʀʗ ʂʆʄʇʃɽʂʉʆɺ ɸʂʊʀɺʅʆʁ ʀ ʇɸʉʉʀɺʅʆʁ 

ɿɸʑʀʊʓ ʆɹʒɽʂʊʆɺ ɹʈʆʅɽʊɸʅʂʆɺʆɻʆ ɺʆʆʈʋɾɽʅʀʗ ʆʊ 

ɺʓʉʆʂʆʊʆʏʅʆɻʆ ʆʈʋɾʀʗ 

 

ʐʝʣʛʠʥʩʢʠʡ ɸʣʝʢʩʘʥʜʨ ʖʨʴʝʚʠʯ, ʉʘʤʦʡʣʦʚ ʃʝʦʥʠʜ ɸʣʝʢʩʘʥʜʨʦʚʠʯ 

 

ʅʦʚʦʩʠʙʠʨʩʢʦʝ ʚʳʩʰʝʝ ʚʦʝʥʥʦʝ ʢʦʤʘʥʜʥʦʝ ʫʯʠʣʠʱʝ, 

ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, lenya.samoylov.1958@mail.ru 

 

ʉʪʘʪʴʷ ʦʪʨʘʞʘʝʪ ʚʦʧʨʦʩʳ ʨʝʰʝʥʠʷ ʟʘʱʠʪʳ ʦʙʲʝʢʪʦʚ ʙʨʦʥʝʪʘʥʢʦʚʦʛʦ ʚʦʦʨʫʞʝʥʠʷ 

ʦʪ ʚʳʩʦʢʦʪʦʯʥʦʛʦ ʦʨʫʞʠʷ. ʇʦʢʘʟʘʥʳ ʧʫʪʠ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ ʦʙʲʝʢʪʦʚ 

ʙʨʦʥʝʪʘʥʢʦʚʦʛʦ ʚʦʦʨʫʞʝʥʠʷ ʩ ʮʝʣʴʶ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʦʪ ʚʳʩʦʢʦʪʦʯʥʦʛʦ 

ʦʨʫʞʠʷ  

The article shows issues of development of armored items from high accuracy weapons. 

There are also shown the ways of complexing systems of development of armored items in the focus 

of protecting from high accuracy weapons. 

 

ɹʦʨʴʙʘ ʩ ʦʙʲʝʢʪʘʤʠ ʙʨʦʥʝʪʘʥʢʦʚʦʛʦ ʚʦʦʨʫʞʝʥʠʷ (ʆɹʊɺ) ʷʚʣʷʝʪʩʷ ʧʝʨʚʦʦʯʝʨʝʜʥʦʡ 

ʟʘʜʘʯʝʡ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʭ ʨʦʜʦʚ ʚʦʡʩʢ, ʧʨʠ ʵʪʦʤ ʩʫʱʝʩʪʚʝʥʥʘʷ, ʘ ʧʦʨʦʡ ʠ ʨʝʰʘʶʱʘʷ ʨʦʣʴ ʥʘ 

ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʦʪʚʦʜʠʪʩʷ ʚʳʩʦʢʦʪʦʯʥʳʤ ʙʦʝʧʨʠʧʘʩʘʤ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʦʜʥʠʤ ʠʟ 

ʧʨʠʦʨʠʪʝʪʥʳʭ ʚʦʧʨʦʩʦʚ ʧʨʠ ʚʝʜʝʥʠʠ ʙʦʝʚʳʭ ʜʝʡʩʪʚʠʡ ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝ ʟʘʜʘʯ ʧʦʜʘʚʣʝʥʠʷ 

ʵʪʠʭ ʩʠʩʪʝʤ.  

ʋʩʧʝʰʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚʩʝʭ ʙʦʝʚʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʆɹʊɺ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʦʙʝʩʧʝʯʝʥʠʷ 

ʜʦʩʪʘʪʦʯʥʦʡ ʟʘʱʠʱʸʥʥʦʩʪʠ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʪʠʭ ʮʝʣʝʡ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʠ 

ʩʦʚʝʨʰʝʥʩʪʚʫʶʪʩʷ ʢʦʤʧʣʝʢʩʳ ʘʢʪʠʚʥʦʡ ʠ ʧʘʩʩʠʚʥʦʡ ʟʘʱʠʪʳ ʆɹʊɺ. 

ʂ ʢʦʤʧʣʝʢʩʫ ʘʢʪʠʚʥʦʡ ʟʘʱʠʪʳ (ʂɸɿ) ʦʪʥʦʩʷʪʩʷ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʩʠʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʦʜʣʝʪʘʶʱʝʡ ʢ ʆɹʊɺ ʙʦʝʧʨʠʧʘʩ ʩ ʮʝʣʴʶ 

ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʝʛʦ ʧʦʧʘʜʘʥʠʝ ʚ ʦʙʲʝʢʪ, ʠʣʠ ʭʦʪʷ ʙʳ ʦʩʣʘʙʠʪʴ ʧʦʩʣʝʜʩʪʚʠʷ ʪʘʢʦʛʦ ʧʦʧʘʜʘʥʠʷ. 

ʕʪʘ ʮʝʣʴ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʨʘʟʨʫʰʝʥʠʷ, ʣʠʙʦ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʛʦ 

ʩʨʘʙʘʪʳʚʘʥʠʷ ʙʦʝʚʦʡ ʯʘʩʪʠ ʙʦʝʧʨʠʧʘʩʘ (ʇʊʋʈ, ʩʥʘʨʷʜʘ, ʛʨʘʥʘʪʳ ʈʇɻ), ʘ ʪʘʢʞʝ ʚ ʠʟʤʝʥʝʥʠʠ 

ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʝʥʝʪʨʘʪʦʨʘ (ɹʇʉ, ʇʊʋʈ ʪʠʧʘ LOSAT)  

ɼʦʙʠʪʴʩʷ ʵʬʬʝʢʪʘ ʚʦʟʜʝʡʩʪʚʠʷ ʤʦʞʥʦ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʜʚʫʭ ʫʩʣʦʚʠʡ. ɺʦ-ʧʝʨʚʳʭ, 

ʜʦʣʞʥʘ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʘ ʞʝʩʪʢʘʷ ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʤʦʤʝʥʪʘ ʧʦʜʣʝʪʘ ʘʪʘʢʫʶʱʝʛʦ ʙʦʝʧʨʠʧʘʩʘ 

ʩʦ ʚʩʪʨʝʯʥʳʤ ʟʘʧʫʩʢʦʤ ʠ ʧʦʜʨʳʚʦʤ ʟʘʱʠʪʥʦʛʦ ʢʦʥʪʨʙʦʝʧʨʠʧʘʩʘ. ɺʦ-ʚʪʦʨʳʭ, ʩʘʤ ʫʨʦʚʝʥʴ 

ʩʠʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʠ ʧʦʜʨʳʚʝ ʢʦʥʪʨʙʦʝʧʨʠʧʘʩʘ ʜʦʣʞʝʥ ʙʳʪʴ ʜʦʩʪʘʪʦʯʝʥ ʜʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʵʬʬʝʢʪʘ ʟʘʱʠʪʳ.  

ʆʙʝʩʧʝʯʠʪʴ ʚʳʧʦʣʥʝʥʠʝ ʧʝʨʚʦʛʦ ʫʩʣʦʚʠʷ ʧʦʤʦʛʘʝʪ ʚʚʝʜʝʥʠʝ ʚ ʩʦʩʪʘʚ ʂɸɿ ʩʨʝʜʩʪʚ 

ʦʙʥʘʨʫʞʝʥʠʷ, ʚʪʦʨʦʛʦ ï ʢʦʥʩʪʨʫʢʮʠʷ ʙʦʝʚʦʡ ʯʘʩʪʠ ʢʦʥʪʨʙʦʝʧʨʠʧʘʩʘ [1] 

 ʇʝʨʚʳʤ ʠʟʚʝʩʪʥʳʤ ʩʝʨʠʡʥʳʤ ʪʘʥʢʦʚʳʤ ʂɸɿ ʩʪʘʣ ʦʪʝʯʝʩʪʚʝʥʥʳʡ ʢʦʤʧʣʝʢʩ çɼʨʦʟʜè 

[2].  ʇʦʜʨʳʚ ʦʩʢʦʣʦʯʥʦʡ ʙʦʝʚʦʡ ʯʘʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʫʜʘʣʝʥʠʠ 7ʤ ʦʪ ʪʘʥʢʘ. 

ʉʬʦʨʤʠʨʦʚʘʚʰʠʡʩʷ ʧʦʪʦʢ ʦʩʢʦʣʢʦʚ ʧʦʚʨʝʞʜʘʝʪ ʘʪʘʢʫʶʱʠʡ ʙʦʝʧʨʠʧʘʩ, ʨʘʟʨʫʰʘʝʪ 

ʢʫʤʫʣʷʪʠʚʥʫʶ ʚʦʨʦʥʢʫ ʣʠʙʦ ʚʳʟʳʚʘʝʪ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʝ ʩʨʘʙʘʪʳʚʘʥʠʝ ʚʟʨʳʚʘʪʝʣʷ ʙʦʝʚʦʡ 

ʯʘʩʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʦʚʩʝʤ ʫʩʪʨʘʥʷʝʪʩʷ ʠʣʠ ʭʦʪʷ ʙʳ ʦʩʣʘʙʣʷʝʪʩʷ ʜʝʡʩʪʚʠʝ ʢʫʤʫʣʷʪʠʚʥʦʡ 

ʩʪʨʫʠ.  

ʊʦʪ ʞʝ ʧʨʠʥʮʠʧ ʟʘʣʦʞʝʥ ʚ ʦʩʥʦʚʫ ʂɸɿ çɸʨʝʥʘè, ʚʦʢʨʫʛ ʙʘʰʥʠ ʚ ʢʦʣʴʮʝʚʦʤ 

ʢʨʦʥʰʪʝʡʥʝ ʫʩʪʘʥʦʚʣʝʥʳ ʚ ʩʧʝʮʠʘʣʴʥʳʭ ʇʋ 26 ʢʦʥʪʨʙʦʝʧʨʠʧʘʩʦʚ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʜʝʡʩʪʚʠʷ. 

ʈʃʉ ʦʙʥʘʨʫʞʠʚʘʝʪ ʘʪʘʢʫʶʱʠʡ ʙʦʝʧʨʠʧʘʩ ʥʘ ʜʘʣʴʥʦʩʪʠ ʦʢʦʣʦ 50 ʤ ʦʪ ʆɹʊɺ ʠ ʧʝʨʝʭʦʜʠʪ ʚ 

ʨʝʞʠʤ ʦʧʨʝʜʝʣʝʥʠʷ ʝʛʦ ʪʨʘʝʢʪʦʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ.  
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ʇʨʦʮʝʩʩʦʨ ʘʥʘʣʠʟʠʨʫʝʪ ʫʛʨʦʟʫ ʠ ʚʳʙʠʨʘʝʪ ʢʦʥʪʨʙʦʝʧʨʠʧʘʩ, ʟʘʱʠʱʘʶʱʠʡ ʜʘʥʥʳʡ 

ʩʝʢʪʦʨ ʘʪʘʢʠ. ʇʨʠ ʨʘʟʨʳʚʝ ʧʦʪʦʢ ʦʩʢʦʣʢʦʚ ʩ ʥʠʞʥʝʡ ʩʪʝʥʢʠ ʢʦʥʪʝʡʥʝʨʘ ʚʩʪʨʝʯʥʦ ʩʚʝʨʭʫ 

ʧʦʨʘʞʘʝʪ ʘʪʘʢʫʶʱʫʶ ʨʘʢʝʪʫ. ɺʨʝʤʷ ʦʪ ʝʝ ʦʙʥʘʨʫʞʝʥʠʷ ʜʦ ʧʦʨʘʞʝʥʠʷ ʥʝ ʧʨʝʚʳʰʘʝʪ 70 ʤʩ. 

ɿʦʥʘ ʨʘʟʣʝʪʘ ʦʩʢʦʣʢʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʟʘʱʠʪʫ ʥʝ ʪʦʣʴʢʦ ʩʚʦʝʛʦ, ʥʦ ʠ ʩʦʩʝʜʥʠʭ ʩʝʢʪʦʨʦʚ ʘʪʘʢʠ, 

ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʢʨʘʪʥʦʩʪʴ ʟʘʱʠʪʳ.  

ʇʨʠʤʝʨʳ ʟʘʨʫʙʝʞʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʂɸɿ ʤʦʛʫʪ ʙʳʪʴ ʫʧʦʤʷʥʫʪʳ ʠʟʨʘʠʣʴʩʢʠʝ ʢʦʤʧʣʝʢʩʳ 

Trophy ʬʠʨʤʳ Rafael ʠ Iron Fist Active Protection ʬʠʨʤʳ IMI, ʝʚʨʦʧʝʡʩʢʠʝ ʨʘʟʨʘʙʦʪʢʠ AWISS 

ʛʝʨʤʘʥʩʢʦʡ ʬʠʨʤʳ Diehl Munition systems, SPATEM, ʬʨʘʥʮʫʟʩʢʦʛʦ ʢʦʥʮʝʨʥʘ GIAT Industrie, 

SCUDO ʠʪʘʣʴʷʥʩʢʦʡ ʬʠʨʤʳ Oto Melara, ʘ ʪʘʢʞʝ ʘʤʝʨʠʢʘʥʩʢʠʝ ʧʨʦʛʨʘʤʤʳ ʦʧʳʪʥʦ-

ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʨʘʙʦʪ CIAPS, IAAPS, FCLAS  

ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʨʘʟʣʠʯʘʶʪʩʷ ʠ ʙʦʝʧʨʠʧʘʩʳ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʨʘʟʨʘʙʦʪʦʢ ʠʟ ʇʋ 

ʟʘʧʫʩʢʘʶʪʩʷ ʦʩʢʦʣʦʯʥʦ-ʬʫʛʘʩʥʳʝ ʛʨʘʥʘʪʳ, ʧʦʨʘʞʘʶʱʠʝ ʨʘʢʝʪʫ ʦʩʢʦʣʢʘʤʠ (Trophy, 

SPATEM, CARD). ɺ ʦʪʣʠʯʠʝ ʦʪ ʥʠʭ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ ʂɸɿ Iron Fist ʚʳʙʨʘʥ ʩʧʦʩʦʙ 

ʙʝʟʦʩʢʦʣʦʯʥʦʛʦ ʬʫʛʘʩʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʩʥʘʨʷʜ, ʘ ʚ ʂɸɿ CICM ʧʨʠʤʝʥʝʥʘ ʩʭʝʤʘ 

ʢʘʨʪʝʯʥʦʛʦ ʚʳʩʪʨʝʣʘ, ʢʦʛʜʘ ʠʟ ʩʪʚʦʣʘ ʇʋ ʥʘʚʩʪʨʝʯʫ ʨʘʢʝʪʝ ʚʳʙʨʘʩʳʚʘʝʪʩʷ ʧʦʪʦʢ ʠʟ 55 

ʩʪʘʣʴʥʳʭ ʰʘʨʦʚ. ɺ ʩʦʩʪʘʚ ʂɸɿ Quick Kill  ʚʭʦʜʠʪ ʢʦʥʪʝʡʥʝʨ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʚʝʨʪʠʢʘʣʴʥʦ 

ʨʘʢʝʪʘʤʠ. ʇʦʩʣʝ ʩʪʘʨʪʘ ʦʥʠ ʩʦʚʝʨʰʘʶʪ ʨʘʟʚʦʨʦʪ ʚ ʚʦʟʜʫʭʝ ʠ ʧʨʠ ʧʦʜʨʳʚʝ ʘʪʘʢʫʶʪ ʨʘʢʝʪʫ 

ʥʘʧʨʘʚʣʝʥʥʳʤ ʧʦʪʦʢʦʤ ʦʩʢʦʣʢʦʚ. 

ʂʦʤʧʣʝʢʩ SLID ʪʦʞʝ ʠʩʧʦʣʴʟʫʝʪ ʧʨʦʪʠʚʦʨʘʢʝʪʫ, ʩʦʚʝʨʰʘʶʱʫʶ ʤʘʥʝʚʨ ʠ ʩʥʘʙʞʝʥʥʫʶ 

ʩʦʙʩʪʚʝʥʥʦʡ ʛʦʣʦʚʢʦʡ ʩʘʤʦʥʘʚʝʜʝʥʠʷ (ɻʉʅ) [3]. 

ʇʨʝʮʠʟʠʦʥʥʳʡ ʙʳʩʪʨʳʡ ʨʘʟʚʦʨʦʪ ʇʋ ʣʠʙʦ ʤʘʥʝʚʨ ʧʨʦʪʠʚʦʨʘʢʝʪʳ ʧʝʨʝʜ ʚʳʩʪʨʝʣʦʤ 

ʧʨʠʚʦʜʷʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʜʣʠʥʝʥʠʶ ʚʨʝʤʝʥʠ ʮʠʢʣʘ ʟʘʱʠʪʳ, ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʶʪ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʫʶ ʥʘʜʝʞʥʦʩʪʴ ʢʦʤʧʣʝʢʩʘ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʫʩʣʦʞʥʷʶʪ ʟʘʜʘʯʫ ʈʃʉ, ʪʨʝʙʫʷ 

ʫʚʝʣʠʯʝʥʠʷ ʜʦ ʩʦʪʝʥ ʤʝʪʨʦʚ ʜʘʣʴʥʦʩʪʠ ʨʝʛʠʩʪʨʘʮʠʠ ʘʪʘʢʫʶʱʝʛʦ ʙʦʝʧʨʠʧʘʩʘ. 

ʂɸɿ çɿʘʩʣʦʥè ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʚʪʦʥʦʤʥʫʶ ʩʠʩʪʝʤʫ, ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ 

ʜʚʫʢʨʘʪʥʫʶ ʟʘʱʠʪʫ ʯʘʩʪʠ ʧʨʦʝʢʮʠʠ ʤʘʰʠʥʳ. ɼʣʷ ʟʘʱʠʪʳ ʣʙʘ ʠ ʢʦʨʤʳ ʪʘʥʢʘ ʜʦʩʪʘʪʦʯʥʦ 

ʫʩʪʘʥʦʚʠʪʴ ʧʦ ʦʜʥʦʤʫ ʤʦʜʫʣʶ, ʜʣʷ ʟʘʱʠʪʳ ʙʦʨʪʦʚʦʡ ʧʨʦʝʢʮʠʠ ʥʫʞʥʳ ʜʚʘ ʤʦʜʫʣʷ. ʇʣʘʥʦʚʘʷ 

ʧʨʦʝʢʮʠʷ ʪʦʞʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʢʨʳʪʘ ʤʦʜʫʣʝʤ ʦʪ ʙʦʝʧʨʠʧʘʩʦʚ, ʜʝʣʘʶʱʠʭ ʧʝʨʝʜ ʮʝʣʴʶ 

çʛʦʨʢʫè (ʇʊʋʈ Javelin, Hellfire). ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ ʦʩʥʘʱʝʥʠʝ ʂɸɿ çɿʘʩʣʦʥè ʫʢʨʘʠʥʩʢʠʭ 

ʪʘʥʢʦʚ  ʊ-84 ʠ ʊ-64ɹʅ. ɹʳʣʘ ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ ʦʩʥʘʱʝʥʠʷ ʧʦʣʴʩʢʦʡ ɹʄʇ Rosomak ʂɸɿ 

Szerszen-ʫʢʨʘʠʥʩʢʦ-ʧʦʣʴʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʝʡ ʂɸɿ çɿʘʩʣʦʥè. 

ɸʥʘʣʦʛʠʯʥʘʷ ʨʘʟʨʘʙʦʪʢʘ ɸɸʉ (Active Armour Concept) ʛʝʨʤʘʥʩʢʦʡ ʬʠʨʤʦʡ IBD. 

ʈʦʣʴ ʧʘʩʩʠʚʥʦʡ ʟʘʱʠʪʳ ʆɹʊɺ ʠʛʨʘʝʪ ʙʨʦʥʠʨʦʚʘʥʥʳʝ ʢʦʨʧʫʩʘ ʆɹʊɺ. ʂʘʢ ʧʨʘʚʠʣʦ 

ʙʨʦʥʷ ʢʦʤʧʦʟʠʪʥʘʷ, ʪʦ ʝʩʪʴ ʤʥʦʛʦʩʣʦʡʥʘʷ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʨʘʟʣʠʯʥʦʡ 

ʧʣʦʪʥʦʩʪʠ. ʈʘʟʥʠʮʘ ʚ ʧʣʦʪʥʦʩʪʠ ʧʨʠʤʝʥʷʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʟʘʩʪʘʚʣʷʝʪ ʩʥʘʨʷʜ ʠʣʠ ʇʊʋʈ ʢʘʢ 

ʙʳ ñʟʘʚʷʟʥʫʪʴò ʚ ʙʨʦʥʝ, ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʨʦʙʠʪʴ ʙʨʦʥʶ ʥʘʧʨʷʤʫʶ.  

ʊʘʢʞʝ ʧʨʠʤʝʥʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʡ ʟʘʱʠʪʳ (ɼɿ) ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ 

ʞʠʚʫʯʝʩʪʴ ʆɹʊɺ. ɺ ʦʙʱʝʤ ʚʠʜʝ ɼɿ ʩʦʩʪʦʠʪ ʠʟ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʥʪʝʡʥʝʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ 

ʵʣʝʤʝʥʪʳ ɼɿ ʠ ʨʘʟʤʝʱʘʝʤʳʭ ʧʦʚʝʨʭ ʦʩʥʦʚʥʦʡ ʙʨʦʥʠ  

ʆʥʘ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʧʨʦʙʠʚʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʙʦʝʧʨʠʧʘʩʘ, ʧʦʩʨʝʜʩʪʚʦʤ ʤʝʪʘʥʠʷ ʝʤʫ 

ʥʘʚʩʪʨʝʯʫ ʥʘʧʨʘʚʣʝʥʥʳʤ ʝʤʫ ʥʘʚʩʪʨʝʯʫ ʟʘʨʷʜʦʤ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʣʘʩʪʠʥ. ʇʨʠ ʧʦʧʘʜʘʥʠʠ 

ʇʊʋʈ ʚ ɼɿ, ʦʥʘ ʩʚʦʠʤ ʥʘʧʨʘʚʣʝʥʥʳʤ ʜʝʡʩʪʚʠʝʤ ʩʙʠʚʘʝʪ ʢʫʤʫʣʷʪʠʚʥʫʶ ʩʪʨʫʶ ʇʊʋʈ ï 

ʛʣʘʚʥʳʡ ʝʛʦ ʧʦʨʘʞʘʶʱʠʡ ʬʘʢʪʦʨ.  

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʦʚ ʙʦʨʴʙʳ ʩ ʫʧʨʘʚʣʷʝʤʳʤ ʦʨʫʞʠʝʤ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ 

ʧʘʩʩʠʚʥʳʭ ʩʨʝʜʩʪʚ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ: ʣʦʞʥʳʝ 

ʮʝʣʠ (ʃʎ), ʠʤʠʪʠʨʫʶʱʠʝ ʭʘʨʘʢʪʝʨʥʳʝ ʧʨʠʟʥʘʢʠ ʟʘʱʠʱʘʝʤʦʛʦ ʦʙʲʝʢʪʘ; ʤʘʩʢʠʨʫʶʱʠʝ ʠ 

ʵʢʨʘʥʠʨʫʶʱʠʝ ʟʘʚʝʩʳ ʜʣʷ ʧʨʝʨʳʚʘʥʠʷ ʦʧʪʠʯʝʩʢʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʢʘʥʘʣʘ çʮʝʣʴ ï 

ʧʨʠʝʤʥʦʝ ʫʩʪʨʦʡʩʪʚʦè; ʠ ʩʨʝʜʩʪʚʘ ʤʘʩʢʠʨʦʚʢʠ ʜʣʷ ʩʥʠʞʝʥʠʷ ʚʠʟʫʘʣʴʥʦʡ ʠ ʪʝʧʣʦʚʦʡ 

ʟʘʤʝʪʥʦʩʪʠ ʮʝʣʠ.  
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ɼʣʷ ʥʘʨʫʰʝʥʠʷ ʧʨʦʮʝʩʩʘ ʥʘʚʝʜʝʥʠʷ ʥʘ ʆɹʊɺ ʫʧʨʘʚʣʷʝʤʦʛʦ ʙʦʝʧʨʠʧʘʩʘ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʪʨʝʙʫʝʪʩʷ ʞʝʩʪʢʘʷ ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʤʦʤʝʥʪʘ ʝʛʦ ʧʦʜʣʝʪʘ ʠ ʜʝʡʩʪʚʠʷ 

ʧʦʤʝʭʠ. ʏʪʦʙʳ ʝʝ ʦʙʝʩʧʝʯʠʪʴ, ʥʫʞʥʦ ʫʩʧʝʪʴ ʟʘ ʚʨʝʤʷ ʘʪʘʢʠ ʩʦʙʨʘʪʴ ʜʦʩʪʘʪʦʯʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʦʪʠʚʥʠʢʝ, ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʘʪʘʢʫʶʱʝʝ ʇʊʉ, (ʧʨʦʪʠʚʦʪʘʥʢʦʚʳʭ ʩʨʝʜʩʪʚʦ) 

ʚʳʙʨʘʪʴ ʩʧʦʩʦʙ ʟʘʱʠʪʳ ʠ ʧʦʩʣʝ ʵʪʦʛʦ ʘʢʪʠʚʠʟʠʨʦʚʘʪʴ ʧʦʤʝʭʦʚʳʝ ʩʨʝʜʩʪʚʘ. ʈʝʰʠʪʴ ʪʘʢʫʶ 

ʟʘʜʘʯʫ ʤʦʞʝʪ ʪʦʣʴʢʦ ʩʠʩʪʝʤʘ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʦʡ ʚʭʦʜʷʪ ʧʨʠʙʦʨʳ ʨʝʛʠʩʪʨʘʮʠʠ ʘʪʘʢʠ ʇʊʉ, 

ʙʣʦʢ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ʢʦʤʧʣʝʢʪ ʩʨʝʜʩʪʚ ʧʦʩʪʘʥʦʚʢʠ ʧʦʤʝʭ. 

ʂʘʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʩʪʝʧʝʥʠ ʚʘʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʨʝʜʩʪʚ ʧʦʜʘʚʣʝʥʠʷ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘʨʷʜʫ ʩʦ ʩʥʠʞʝʥʠʝʤ ʦʧʪʠʯʝʩʢʦʡ ʠ ʪʝʧʣʦʚʦʡ ʟʘʤʝʪʥʦʩʪʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ 

ʤʝʨʘʤʠ, ʧʨʠʤʝʥʝʥʠʝ ʧʘʩʩʠʚʥʳʭ ʧʦʤʝʭ ʚ ʚʠʜʝ ʃʎ ʠ ʟʘʚʝʩ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤ, 

ʜʝʰʝʚʳʤ ʠ ʵʬʬʝʢʪʠʚʥʳʤ ʩʨʝʜʩʪʚʦʤ ʟʘʱʠʪʳ ʚʦʝʥʥʦʡ ʪʝʭʥʠʢʠ.  

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ 

ʟʘʱʠʪʳ ʆɹʊɺ ʷʚʣʷʝʪʩʷ ʤʦʜʝʨʥʠʟʘʮʠʷ ʙʦʝʧʨʠʧʘʩʦʚ ʧʦʩʪʘʥʦʚʱʠʢʦʚ ʧʦʤʝʭ (ɹʇʇ) ʟʘ ʩʯʝʪ: 

ʤʠʥʠʤʠʟʘʮʠʠ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ; ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʦʚʳʭ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ 

ʩʦʩʪʘʚʦʚ ʩʥʘʨʷʞʝʥʠʷ (ʚ ʪ.ʯ. ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ); ʨʘʟʨʘʙʦʪʢʠ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʩʭʝʤ ɹʇʇ ʤʦʜʫʣʴʥʦʛʦ (ʩʝʢʮʠʦʥʥʦʛʦ) ʪʠʧʘ, ʨʘʩʰʠʨʷʶʱʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʨʝʘʣʠʟʫʶʱʠʭ ʧʦʪʝʥʮʠʘʣ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ 

ʧʦʤʝʭʦʚʦʛʦ ʩʥʘʨʷʞʝʥʠʷ. 

ʄʦʜʫʣʴʥʳʡ (ʧʦʨʮʠʦʥʥʳʡ) ʧʨʠʥʮʠʧ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʤʝʭ ʠ ʢʦʤʧʦʥʦʚʢʠ ʩʥʘʨʷʞʝʥʠʷ ʚ 

ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʭ ɹʇʇ ʨʘʟʣʠʯʥʳʭ ʢʘʣʠʙʨʦʚ ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ ʚʘʨʴʠʨʦʚʘʪʴ ʚʠʜʘʤʠ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʩʥʘʨʷʞʝʥʠʷ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʣʝʛʢʦ ʘʜʘʧʪʠʨʦʚʘʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʠʤʠʪʘʮʠʦʥʥʳʭ ʠ ʤʘʩʢʠʨʫʶʱʠʭ ʧʦʤʝʭ ʢ ʪʨʝʙʦʚʘʥʠʷʤ ʧʦ ʟʘʱʠʪʝ ʢʦʥʢʨʝʪʥʳʭ ʦʙʲʝʢʪʦʚ ʩ 

ʫʯʝʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʭ ʬʠʟʠʯʝʩʢʠʭ ʧʦʣʝʡ ʠ ʪʘʢʪʠʢʠ ʙʦʝʚʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. [4]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʨʝʜʠ ʧʘʩʩʠʚʥʳʭ ʩʨʝʜʩʪʚ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʦʝ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʝ 

(ʆʕʇ) ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʩʨʝʜʩʪʚʘ ʦʜʥʦʨʘʟʦʚʦʛʦ ʧʨʠʤʝʥʝʥʠʷ 

(ʩʙʨʘʩʳʚʘʝʤʳʝ ʠʣʠ ʚʳʩʪʨʝʣʠʚʘʝʤʳʝ). ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʟʘ ʨʫʙʝʞʦʤ 

ʧʦʩʪʫʧʠʣʠ ʥʘ ʚʦʦʨʫʞʝʥʠʝ ʪʘʢʠʝ ʩʠʩʪʝʤʳ ʢʘʢ: çGALIXè (ʌʨʘʥʮʠʷ) ʠ ʜʨ. ɺ ʵʪʠʭ ʩʠʩʪʝʤʘʭ ʚ 

ʢʘʯʝʩʪʚʝ ʣʦʞʥʳʭ ʪʝʧʣʦʚʳʭ ʮʝʣʝʡ (ʃʊʎ) ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʠʨʦʪʝʭʥʠʯʝʩʢʠʡ ʀʂ ʪʨʘʩʩʝʨ, 

ʠʟʣʫʯʘʶʱʠʡ ʪʝʧʣʦʚʫʶ ʵʥʝʨʛʠʶ, ʵʢʚʠʚʘʣʝʥʪʥʫʶ ʠʟʣʫʯʝʥʠʶ ʚʦʝʥʥʦʡ ʪʝʭʥʠʢʠ.  

ɸʥʘʣʠʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʀʂ ʠʟʣʫʯʝʥʠʷ ʧʠʨʦʪʝʭʥʠʯʝʩʢʠʭ ʃʊʎ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʥʠ 

ʠʤʠʪʠʨʫʶʪ ʦʜʠʥ ʠʟ ʛʣʘʚʥʳʭ ʧʨʠʟʥʘʢʦʚ ʟʘʱʠʱʘʝʤʦʛʦ ʦʙʲʝʢʪʘ ï ʠʥʪʝʛʨʘʣʴʥʫʶ ʤʦʱʥʦʩʪʴ ʀʂ 

ʠʟʣʫʯʝʥʠʷ ʚ ʟʘʜʘʥʥʦʤ ʩʧʝʢʪʨʘʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ (ʚ ʦʩʥʦʚʥʦʤ, ʚ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʤ), ʙʣʘʛʦʜʘʨʷ 

ʯʝʤʫ ʦʥʠ ʜʦʩʪʘʪʦʯʥʦ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʣʠʩʴ ʧʨʦʪʠʚ ʊɻʉ ʧʝʨʚʦʛʦ ʧʦʢʦʣʝʥʠʷ. ʆʜʥʠʤ ʠʟ 

ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʧʘʩʩʠʚʥʦʛʦ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʷʚʣʷʝʪʩʷ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ʥʘ ʦʧʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʨʝʜʘʶʱʝʡ ʩʨʝʜʳ çʮʝʣʴ ï ʆʕʃè ʧʫʪʝʤ ʧʦʩʪʘʥʦʚʢʠ ʜʳʤʦʚʳʭ 

ʟʘʚʝʩ. ʕʪʦʪ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ ʦʙʝʩʧʝʯʝʥʥʳʤ ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʨʝʜʩʪʚʘʤʠ 

ʧʦʩʪʘʥʦʚʢʠ ʚ ʚʠʜʝ ʨʘʟʣʠʯʥʳʭ ʜʳʤʦʛʝʥʝʨʘʪʦʨʦʚ, ʘʨʪʠʣʣʝʨʠʡʩʢʠʭ ʩʥʘʨʷʜʦʚ ʠ ʤʠʥ, 

ʩʧʝʮʠʘʣʴʥʳʭ ʘʚʠʘʮʠʦʥʥʳʭ ʧʨʠʙʦʨʦʚ ʠ ʪ.ʜ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʢʝ ʜʳʤʦʚʳʭ ʠ ʘʵʨʦʟʦʣʴʥʳʭ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʆɹʊɺ 

ʧʨʠʜʘʝʪʩʷ ʚʩʝ ʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ. ʂʘʢ ʩʯʠʪʘʶʪ ʟʘ ʨʫʙʝʞʦʤ, ʛʣʘʚʥʦʝ ʠʭ ʜʦʩʪʦʠʥʩʪʚʦ ï 

ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ (ʩʢʨʳʪʠʝ ʢʘʢ ʧʦʜʚʠʞʥʳʭ, ʪʘʢ ʠ ʩʪʘʮʠʦʥʘʨʥʳʭ ʦʙʲʝʢʪʦʚ), 

ʚʳʩʦʢʘʷ ʛʦʪʦʚʥʦʩʪʴ ʢ ʧʨʠʤʝʥʝʥʠʶ ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ ʩʪʦʠʤʦʩʪʴ.  

ʆʜʥʦ ʠʟ ʛʣʘʚʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʳʤʦʚʳʤ ʤʘʩʢʠʨʦʚʦʯʥʳʤ ʩʨʝʜʩʪʚʘʤ ï 

ʨʘʩʰʠʨʝʥʠʝ ʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʦ ʩʢʨʳʪʠʶ ʚʦʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʙʦʣʝʝ ʰʠʨʦʢʦʤ ʩʧʝʢʪʨʘʣʴʥʦʤ 

ʜʠʘʧʘʟʦʥʝ. ʕʪʦ ʪʨʝʙʦʚʘʥʠʝ ʫʞʝ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʨʷʜʝ ʥʦʚʳʭ ʨʘʟʨʘʙʦʪʦʢ. ʂʘʢ ʩʦʦʙʱʘʣʦʩʴ ʚ 

ʟʘʨʫʙʝʞʥʦʡ ʧʝʯʘʪʠ, ʚ ʉʐɸ ʩʦʟʜʘʥʘ ʜʳʤʦʚʘʷ 66-ʤʤ ʛʨʘʥʘʪʘ ʄ76, ʢʦʪʦʨʘʷ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʧʦʤʝʭ ʩʨʝʜʩʪʚʘʤ ʥʘʚʝʜʝʥʠʷ ʦʨʫʞʠʷ, ʨʘʙʦʪʘʶʱʠʤ ʚ ʚʠʟʫʘʣʴʥʦʤ ʠ ʚʦ ʚʩʝʭ ʀʂ 

ʜʠʘʧʘʟʦʥʘʭ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʠʤʝʶʱʠʭʩʷ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ: 

- ʚ ʮʝʣʦʤ ʂɸɿ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʵʬʬʝʢʪʠʚʥʦʝ ʩʨʝʜʩʪʚʦ, ʩʧʦʩʦʙʥʦʝ ʩʦʨʚʘʪʴ 

ʘʪʘʢʫ ʇʊʉ ʩ ʢʫʤʫʣʷʪʠʚʥʳʤʠ ʙʦʝʚʳʤʠ ʯʘʩʪʷʤʠ, ʥʝʩʢʦʣʴʢʦ ʩʥʠʟʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʚʦʟʜʝʡʩʪʚʠʷ ʢʠʥʝʪʠʯʝʩʢʠʭ ʙʦʝʧʨʠʧʘʩʦʚ. ɺ ʫʩʣʦʚʠʷʭ ʣʦʢʘʣʴʥʳʭ ʢʦʥʬʣʠʢʪʦʚ ʂɸɿ ʨʝʰʘʝʪ 

ʟʘʜʘʯʫ ʟʘʱʠʪʳ ʆɹʊɺ ʦʪ ʇʊʈʂ ʠ ʇʊʉ ʙʣʠʞʥʝʛʦ ʙʦʷ; 

-  ʚ ʪʦ ʞʝ ʚʨʝʤʷ, ʥʘʜʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʂɸɿ ʚ ʧʨʠʥʮʠʧʝ ʥʝ ʤʦʞʝʪ ʟʘʱʠʪʠʪʴ ʦʪ 

ʙʦʝʧʨʠʧʘʩʦʚ ʪʠʧʘ çʫʜʘʨʥʦʝ ʷʜʨʦè, ʩʨʘʙʘʪʳʚʘʥʠʝ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʫʜʘʣʝʥʠʠ ʙʦʣʝʝ 50ʤ 

ʦʪ ʆɹʊɺ, ʘ ʩʘʤʦ ʷʜʨʦ ʤʘʣʦ ʧʦʜʚʝʨʞʝʥʦ ʚʩʪʨʝʯʥʦʤʫ ʟʘʱʠʪʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ; 

- ʧʦ ʤʥʝʥʠʶ ʟʘʨʫʙʝʞʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʨʘʟʚʝʜʳʚʘʪʝʣʴʥʳʭ 

ʩʠʩʪʝʤ ʧʨʠʚʝʜʝʪ ʢ ʨʘʩʰʠʨʝʥʠʶ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʠʤʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ. ʇʦʵʪʦʤʫ 

ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʜʳʤʦʚʳʝ ʩʨʝʜʩʪʚʘ ʜʦʣʞʥʳ ʙʳʪʴ ʤʥʦʛʦʩʧʝʢʪʨʘʣʴʥʳʤʠ, ʜʣʷ ʥʠʭ ʧʦʪʨʝʙʫʝʪʩʷ 

ʦʪʨʘʙʦʪʢʘ ʥʦʚʳʭ ʩʧʦʩʦʙʦʚ ʠ ʪʘʢʪʠʢʠ ʧʨʠʤʝʥʝʥʠʷ; 

- ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʘʢʪʠʚʥʘʷ ʠ ʧʘʩʩʠʚʥʘʷ ʟʘʱʠʪʘ ʩʪʘʥʦʚʠʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ 

ʵʣʝʤʝʥʪʦʤ ʦʩʥʘʱʝʥʠʷ ʆɹʊɺ; 

- ʟʘʜʘʯʘ ʩʦʭʨʘʥʝʥʠʷ ʙʦʝʚʳʭ ʢʘʯʝʩʪʚ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʆɹʊɺ, ʢʘʢ ʦʩʥʦʚʳ ʩʫʭʦʧʫʪʥʳʭ 

ʚʦʡʩʢ, ʤʦʞʝʪ ʙʳʪʴ ʫʩʧʝʰʥʦ ʨʝʰʝʥʘ ʪʦʣʴʢʦ ʧʨʠ ʫʩʣʦʚʠʠ ʧʦʥʠʤʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʠ ʛʨʫʧʧʦʚʳʭ ʩʠʩʪʝʤ ʠʭ ʟʘʱʠʪʳ; 

- ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʝ ʩʧʦʩʦʙʳ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ ʟʘʱʠʪʳ ʆɹʊɺ ʦʨʛʘʥʠʯʥʦ 

ʜʦʧʦʣʥʷʶʪ ʙʦʝʚʫʶ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʫʧʨʘʚʣʷʶʱʫʶ ʩʠʩʪʝʤʫ ʠ ʷʚʣʷʶʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ, ʘ ʚ 

ʨʷʜʝ ʩʣʫʯʘʝʚ ʠ ʝʜʠʥʩʪʚʝʥʥʦ ʚʦʟʤʦʞʥʳʤ, ʦʪʚʝʪʦʤ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʇʊʉ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ.  

- ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʘʟʤʝʱʝʥʠʷ ʚʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʚʠʜʳ ʟʘʱʠʪʳ ʷʚʣʷʶʪʩʷ 

ʢʦʥʢʫʨʝʥʪʥʳʤʠ ʠʟ-ʟʘ ʦʛʨʘʥʠʯʝʥʠʡ ʧʦ ʤʘʩʩʝ ʠ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʶ, ʘ ʪʘʢʞʝ ʧʨʦʪʠʚʦʨʝʯʠʚʦʩʪʠ 

ʪʨʝʙʦʚʘʥʠʡ ʩʦʚʤʝʩʪʥʦʡ ʢʦʤʧʦʥʦʚʢʠ ʥʘ ʆɹʊɺ. [5]. 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ: 

1 ɻʫʤʝʥʶʢ ɻ.ɸ., ɽʚʜʦʢʠʤʦʚ ɺ.ʀ., ɸʥʜʨʶʱʝʥʢʦ ʄ.ʉ. ʅʝʢʦʥʪʘʢʪʥʘʷ ʟʘʱʠʪʘ ʙʦʝʚʦʡ 

ʪʝʭʥʠʢʠ // ʉ-ʇ. 2009 C.148 

2. ʊʘʥʢʠ. ʄʠʥʩʢ: ʇʦʧʫʨʨʠ, 2000.ʉ 410 

3.ɸʢʪʠʚʥʘʷ ʟʘʱʠʪʘ SLID ɹʊɺʊ ʚ ʍʍI ʚʝʢʝ,2007. ʈʝʩʫʨʩ Internet/ ʂʦʜ ʜʦʩʪʫʧʘ: 

http://btvt.narod/ru/3/slid/htm 

4. ɺʝʩʪʥʠʢ ɸʢʘʜʝʤʠʠ ʚʦʝʥʥʳʭ ʥʘʫʢ, ˉ3 (24), ï ʄ.2008, ʉ.110 

5. ʉʘʤʦʡʣʦʚ ʃ.ɸ. çʂʦʤʧʣʝʢʩʠʨʦʚʘʥʠʝ ʩʧʦʩʦʙʦʚ ʟʘʱʠʪʳ ʦʙʲʝʢʪʦʚ ʙʨʦʥʝʪʘʥʢʦʚʦʡ 

ʪʝʭʥʠʢʠ ʦʪ ʚʳʩʦʢʦʪʦʯʥʦʛʦ ʦʨʫʞʠʷè // ʊʨʫʜʳ ʍVII ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, 20-22 ʘʧʨʝʣʷ 2016ʛ. çʅʘʫʢʘ, ʇʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʆʙʦʨʦʥʘè. 

ʉ.135  

  



  
 

38 
 

ʋɼʂ 551.510.42 

 

ɺʈɽɼʅʓɽ ɺʓɹʈʆʉʓ ʉ ʆʊʈɸɹʆʊɸɺʐʀʄʀ ɻɸɿɸʄʀ ɼʀɿɽʃʗ 

 

ʉʘʬʨʦʥʦʚ ʉʝʨʛʝʡ ɺʘʩʠʣʴʝʚʠʯ 

 

ʅʦʚʦʩʠʙʠʨʩʢʦʝ ʚʳʩʰʝʝ ʚʦʝʥʥʦʝ ʢʦʤʘʥʜʥʦʝ ʫʯʠʣʠʱʝ 

ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, safronowS@mail.ru 

 

ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʦʪʨʘʞʘʝʪ ʚʥʠʤʘʥʠʷ ʚʦʧʨʦʩʘʤ ʦʮʝʥʢʠ ʜʠʟʝʣʝʡ ʧʦ ʢʦʤʧʣʝʢʩʥʳʤ 

ʧʦʢʘʟʘʪʝʣʷʤ ʚʳʙʨʦʩʦʚ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʩ ʦʪʨʘʙʦʪʘʚʰʠʤʠ ʛʘʟʘʤʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʪʝʥʜʦʚʳʭ 

ʠʩʧʳʪʘʥʠʡ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʨʩʠʨʦʚʘʥʠʷ ʜʠʟʝʣʷ. 

This article reflects the attention to the assessment of diesel engines for complex indicators 

of emissions of harmful substances with exhaust gases on the basis of bench tests and the possibility 

of forcing diesel. 

 

ɺ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ ʥʝ ʫʜʝʣʝʥʦ ʜʦʩʪʘʪʦʯʥʦʛʦ ʚʥʠʤʘʥʠʷ ʚʦʧʨʦʩʘʤ 

ʦʮʝʥʢʠ ʜʠʟʝʣʝʡ ʧʦ ʢʦʤʧʣʝʢʩʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ, ʪʘʢʠʤ ʢʘʢ ʫʜʝʣʴʥʳʡ ʧʨʠʚʝʜʝʥʥʳʡ 

ʥʦʨʤʦʦʙʲʝʤ, ʢʨʠʪʝʨʠʡ ʪʝʭʥʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ. ʆʙʳʯʥʦ ʘʚʪʦʨʳ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʠʣʠ 

ʬʘʢʪʠʯʝʩʢʠʤʠ ʚʳʙʨʦʩʘʤʠ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʩ ʦʪʨʘʙʦʪʘʚʰʠʤʠ ʛʘʟʘʤʠ ʠʣʠ ʧʦʢʘʟʘʪʝʣʷʤʠ 

ʫʜʝʣʴʥʳʭ ʚʳʙʨʦʩʦʚ, ʧʦʟʚʦʣʷʶʱʠʤʠ ʧʨʦʠʟʚʦʜʠʪʴ ʪʦʣʴʢʦ ʦʮʝʥʢʠ ʩʦʦʪʚʝʪʩʪʚʠʷ 

ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʥʦʨʤʘʤ. ʊʘʢʠʝ ʚʦʧʨʦʩʳ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʮʝʣʦʤ ʨʷʜʝ ʨʘʙʦʪ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ 

ʟʘʨʫʙʝʞʥʳʭ ʘʚʪʦʨʦʚ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʩʚʝʜʝʥʠʷ, ʧʨʠʚʦʜʠʤʳʝ ʘʚʪʦʨʘʤʠ ʨʘʟʨʦʟʥʝʥʳ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʜʘʥʥʳʝ ʧʦʣʫʯʝʥʳ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʝʛʫʣʠʨʦʚʢʘʭ, ʥʘ ʨʘʟʣʠʯʥʳʭ ʜʚʠʛʘʪʝʣʷʭ, ʠʤʝʶʱʠʭ 

ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʢʦʤʧʣʝʢʪʘʮʠʠ, ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɼʣʷ ʦʜʥʦʟʥʘʯʥʦʡ 

ʦʮʝʥʢʠ ʤʦʱʥʦʩʪʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚʩʝ ʠʩʧʳʪʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʩ ʩʦʙʣʶʜʝʥʠʝʤ 

ʪʨʝʙʦʚʘʥʠʡ ʩʪʘʥʜʘʨʪʦʚ ʚ ʮʝʣʷʭ ʧʦʣʫʯʝʥʠʷ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʥʘ ʦʜʥʦʤ ʜʚʠʛʘʪʝʣʝ. ʕʪʦ ʜʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʚʦʟʤʦʞʥʦʩʪʠ 

ʬʦʨʩʠʨʦʚʘʥʠʷ ʜʠʟʝʣʷ, ʥʦ ʠ ʧʦʩʣʝʜʩʪʚʠʷ ʚʦʟʜʝʡʩʪʚʠʷ ʬʦʨʩʠʨʦʚʘʥʠʷ ʥʘ ʵʢʦʣʦʛʠʯʝʩʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʠ ʢʦʨʨʝʢʪʠʨʦʚʘʥʠʝ ʧʦʩʣʝʜʥʠʭ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʩʨʘʚʥʠʪʝʣʴʥʳʭ ʜʘʥʥʳʭ ʙʳʣʠ ʦʙʨʘʙʦʪʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ, 

ʚʢʣʶʯʘʶʱʠʝ ʠʟʤʝʨʝʥʠʷ ʧʦ ɻʆʉʊ ʈ 41.49-2003 ʠ ɻʆʉʊ ʈ 41.24-2003 ʜʳʤʥʦʩʪʠ 

ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ ʠ ʚʳʙʨʦʩʦʚ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʩ ʦʪʨʘʙʦʪʘʚʰʠʤʠ ʛʘʟʘʤʠ. ɼʠʟʝʣʴ ʙʳʣ 

ʩʦʙʨʘʥ ʩʦʛʣʘʩʥʦ ʦʙʱʠʤ ʪʝʭʥʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʧʨʝʜʧʨʠʷʪʠʷ ʠʟʛʦʪʦʚʠʪʝʣʷ. ʄʝʪʦʜʳ 

ʠʩʧʳʪʘʥʠʡ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ɻʆʉʊ ʈ 41.83-99 ʜʣʷ ʜʠʟʝʣʝʡ. ʊʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ 

ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʩʪʘʥʜʘʨʪʘʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʳʙʨʦʩʦʚ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʩ ʦʪʨʘʙʦʪʘʚʰʠʤʠ 

ʛʘʟʘʤʠ ʧʦ 13-ʨʝʞʠʤʥʦʤʫ ʮʠʢʣʫ ʧʦʣʫʯʝʥʳ ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʜʠʟʝʣʷ 8ʏʅ 12/13, ʦʙʦʨʫʜʦʚʘʥʥʦʛʦ 

ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʦʡ. ʈʝʞʠʤʳ ʧʦ ʠʩʧʳʪʘʥʥʦʤʫ ʮʠʢʣʫ ʠʤʠʪʠʨʦʚʘʣʠʩʴ ʧʫʪʝʤ 

ʫʩʪʘʥʦʚʢʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ ʠ ʠʟʤʝʨʝʥʠʷ ʥʘʛʨʫʟʢʠ ʪʦʨʤʦʟʥʳʤ 

ʫʩʪʨʦʡʩʪʚʦʤ ʩ ʢʦʨʨʝʢʪʠʨʦʚʢʦʡ ʪʦʧʣʠʚʦʧʦʜʘʯʠ ʜʠʟʝʣʷ, ʦʪʨʝʛʫʣʠʨʦʚʘʥʥʦʛʦ ʥʘ ʥʦʤʠʥʘʣʴʥʫʶ 

ʤʦʱʥʦʩʪʴ 235 ʢɺʪ ʧʨʠ 2200 ʤʠʥ-1, ʠ ʠʤʝʶʱʝʛʦ ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ 204 ʛ/(ʢɺʪĿʯ). 

ʉʪʝʥʜ ʦʙʦʨʫʜʦʚʘʥ ʩʦʛʣʘʩʥʦ ɻʆʉʊ 21393-75, ɻʆʉʊ ʈ 41.49-2003, ɻʆʉʊ ʈ 41.24-2003. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʦʙʦʙʱʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʜʠʟʝʣʷ ʧʦ ʫʜʝʣʴʥʦʤʫ ʵʬʬʝʢʪʠʚʥʦʤʫ ʨʘʩʭʦʜʫ ʪʦʧʣʠʚʘ ʠ ʫʨʦʚʥʝʤ 

ʚʨʝʜʥʳʭ ʚʳʙʨʦʩʦʚ. ʉʦʟʜʘʚʘʝʤʦʝ ʨʘʟʨʷʞʝʥʠʝ ʠʤʠʪʠʨʦʚʘʣʦʩʴ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʧʦʣʦʞʝʥʠʷ 

ʟʘʩʣʦʥʢʠ, ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʚ ʩʠʩʪʝʤʝ ʚʧʫʩʢʘ, ʠ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠʩʴ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ ʧʴʝʟʦʤʝʪʨʘ. 

ʇʨʠ ʵʪʦʤ ʤʘʢʩʠʤʘʣʴʥʦʝ ʨʘʟʨʷʞʝʥʠʝ ʥʘ ʚʧʫʩʢʝ ʩʦʩʪʘʚʣʷʣʦ æʈɺʇ=7 ʢʇʘ, ʥʘ ʚʳʧʫʩʢʝ 

ʧʦʩʣʝ ʪʫʨʙʦʢʦʤʧʨʝʩʩʦʨʘ ʧʦʜʜʝʨʞʠʚʘʣʦʩʴ ʈʚʧ=10 ʢʇʘ, ʧʨʠ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ 2200 ʤʠʥ-1. 

ʋʛʦʣ ʦʧʝʨʝʞʝʥʠʷ ʧʦʜʘʯʠ ʩʦʩʪʘʚʣʷʝʪ ɗ=31 ʛʨʘʜ, ʧ.ʢ.ʚ. ʜʦ ɺʄʊ ʧʨʠ ʨʝʛʫʣʠʨʦʚʢʝ ʧʦ 

ʪʦʧʣʠʚʥʦʤʫ ʥʘʩʦʩʫ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʤʦʜʝʣʠ 33720.03 ʗɿɼɸ. ʇʨʠʩʘʜʢʘ ʚ ʪʦʧʣʠʚʦ ʥʝ 
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ʜʦʙʘʚʣʷʣʘʩʴ. ʌʦʨʩʫʥʢʠ ʤʦʜʝʣʠ 27350 ʙʳʣʠ ʦʪʨʝʛʫʣʠʨʦʚʘʥʳ ʥʘ ʜʘʚʣʝʥʠʝ ʥʘʯʘʣʘ ʚʧʨʳʩʢʘ 

23,34 ʄʇʘ. ʊʝʤʧʝʨʘʪʫʨʳ ʦʭʣʘʞʜʘʶʱʝʡ ʞʠʜʢʦʩʪʠ ʠ ʤʘʩʣʘ ʧʦʜʜʝʨʞʠʚʘʣʠʩʴ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

tʦʭʣ = 90Ñ2ʦʉ, tM =90Ñ2ÁC. 

ʀʩʧʳʪʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʥʘ ʪʦʧʣʠʚʝ ʧʦ ɻʆʉʊ 305-82 ʃ-0,2-40; ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʤʘʩʣʦ 

ʋʬʘʣʶʙ ʍɼ ʕʢʩʪʨʘ 15W 40. ʋʩʣʦʚʠʷ ʠʩʧʳʪʘʥʠʡ ʙʳʣʠ ʩʣʝʜʫʶʱʠʤʠ: ʪʝʤʧʝʨʘʪʫʨʘ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚ ʙʦʢʩʝ T0=295...298 K, ʘʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ ɺ0=757é762 ʤʤ ʨʪ. 

ʩʪʦʣʙʘ, ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ W0=75é80 %. 

ʇʨʠ ʠʩʧʳʪʘʥʠʷʭ ʥʘ ʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʨʝʞʠʤʘʭ ʧʨʦʠʟʚʦʜʠʣʩʷ ʦʪʙʦʨ ʦʪʨʘʙʦʪʘʚʰʠʭ 

ʛʘʟʦʚ ʥʘ ʚʳʭʦʜʝ ʠʟ ʚʳʧʫʩʢʥʦʛʦ ʢʦʣʣʝʢʪʦʨʘ ʠ ʧʦʩʣʝ ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ ʥʘ ʘʥʘʣʠʟ ʩʦʩʪʘʚʘ 

ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʠ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ. 

ʀʟʤʝʥʝʥʠʝ ʤʦʱʥʦʩʪʥʳʭ, ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 

ʧʦ ʚʥʝʰʥʠʤ ʩʢʦʨʦʩʪʥʳʤ ʠ ʥʘʛʨʫʟʦʯʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ.  

ʆʪʜʝʣʴʥʦ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʚʣʠʷʥʠʝ ʩʢʦʨʦʩʪʥʦʛʦ ʠ ʥʘʛʨʫʟʦʯʥʦʛʦ ʨʝʞʠʤʦʚ ʥʘ ʫʨʦʚʥʝ 

ʚʨʝʜʥʳʭ ʚʳʙʨʦʩʦʚ ʠ ʤʦʱʥʦʩʪʴ ʜʠʟʝʣʷ 8ɺʏ 12/13. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦ 13-ʨʝʞʠʤʥʦʤʫ 

ʠʩʧʳʪʘʪʝʣʴʥʦʤʫ ʮʠʢʣʫ ʙʝʟ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʚʥʝʰʥʝʡ ʩʢʦʨʦʩʪʥʦʡ ʠ ʥʘʛʨʫʟʦʯʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʥʝ ʜʘʶʪ ʢʦʥʢʨʝʪʥʳʭ ʦʪʚʝʪʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʩʚʷʟʳʚʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ 

ʠʟʤʝʥʝʥʠʷ ʤʦʱʥʦʩʪʥʳʭ, ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ 

ʜʠʟʝʣʷ. 

ʇʦʵʪʦʤʫ, ʥʘ ʨʷʜʫ ʩ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʧʦ 13-ʨʝʞʠʤʥʦʤʫ ʮʠʢʣʫ, ʧʨʦʚʝʜʝʥʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʦ ʩʢʦʨʦʩʪʥʳʤ ʠ ʥʘʛʨʫʟʦʯʥʳʤ ʨʝʞʠʤʘʤ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʧʳʪʘʥʠʡ ʜʠʟʝʣʷ ʧʦ ʚʥʝʰʥʝʡ ʩʢʦʨʦʩʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʚ ʜʠʘʧʘʟʦʥʝ 

1200...2200 ʤʠʥ-1 ʦʙʥʘʨʫʞʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʚʳʙʨʦʩʦʚ ʦʢʩʠʜʦʚ ʘʟʦʪʘ, 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʠ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ ʚʳʙʨʦʩʳ ʦʢʩʠʜʦʚ ʘʟʦʪʘ ʚʦʟʨʘʩʪʘʶʪ ʠ 

ʠʤʝʶʪ ʤʘʢʩʠʤʫʤ ʧʨʠ n=2100 ʤʠʥ
-1
. ɺʳʙʨʦʩʳ ʊʏ ʚʦʟʨʘʩʪʘʶʪ ʠ ʜʦʩʪʠʛʘʶʪ ʤʘʢʩʠʤʫʤʘ ʧʨʠ n=2200 ʤʠʥ

-1
. 

ʍʘʨʘʢʪʝʨ ʚʳʙʨʦʩʦʚ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʪʘʢʦʚ, ʯʪʦ ʧʨʠ nʄ=1200 ʤʠʥ
-1
ʠʭ ʫʨʦʚʝʥʴ ʤʘʢʩʠʤʘʣʝʥ. ɺʳʙʨʦʩʳ ʉʆ ʠʤʝʶʪ min 

ʧʨʠ n=1800 ʤʠʥ
-1
. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʧʳʪʘʥʠʡ ʜʠʟʝʣʷ ʧʦ ʥʘʛʨʫʟʦʯʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ 2200 ʤʠʥ -1 ʪʘʢʞʝ 

ʦʙʥʘʨʫʞʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʳʙʨʦʩʦʚ NOx, ʉʆ, CxHy ʠ ʊʏ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚʳʙʨʦʩʳ 

ʦʢʩʠʜʦʚ ʘʟʦʪʘ ʠʤʝʶʪ ʚʦʟʨʘʩʪʘʶʱʠʡ ʧʦ ʧʘʨʘʙʦʣʝ ʭʘʨʘʢʪʝʨ, ʠʟʤʝʥʷʶʪʩʷ ʧʨʠ ʨʦʩʪʝ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʜʘʚʣʝʥʠʷ ʈʝ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0 ʜʦ 1,05 ʄʇʘ ʚʦʟʨʘʩʪʘʶʪ ʩ 1,51 ʜʦ 6,62 ʛ/ʤ3. 

ɺʳʙʨʦʩʳ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʧʨʠ ʨʦʩʪʝ ʈʝ ʚ ʪʦʤ ʞʝ ʜʠʘʧʘʟʦʥʝ ʩ 4,72 ʛ/ʤ3 ʜʦ 0,45 ʛ/ʤ3, ʘ ʚʳʙʨʦʩʳ 

ʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʉʆ ʩʥʠʞʘʶʪʩʷ ʩ 22,3 ʜʦ 2,2 ʛ/ʤ3 ʧʨʠ 70-ʧʨʦʮʝʥʪʥʦʡ ʥʘʛʨʫʟʢʝ. ʀʤʝʶʪ 

ʤʠʥʠʤʫʤ ʧʨʠ ʥʘʛʨʫʟʢʝ 70-75 %, ʘ ʟʘʪʝʤ, ʨʦʩʪ ʜʦ 5,1 ʛ/ʤ3. ɺʳʙʨʦʩʳ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʊʏ 

ʚʦʟʨʘʩʪʘʶʪ ʩ 0,012 ʜʦ 0,18 ʛ/ʤ3. ʇʨʠ ʵʪʦʤ ʤʠʥʠʤʫʤʳ ʚʳʙʨʦʩʦʚ ʧʨʦʜʫʢʪʦʚ ʥʝʧʦʣʥʦʛʦ 

ʩʛʦʨʘʥʠʷ ʉʆ, CxHy, ʊʏ ʥʝ ʩʦʚʧʘʜʘʶʪ ʧʦ ʥʘʛʨʫʟʢʝ ʩ ʤʘʢʩʠʤʫʤʦʤ ʚʳʙʨʦʩʦʚ ʦʢʩʠʜʦʚ ʘʟʦʪʘ 

NOx. ʇʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʦʣʝʡ ʚʨʝʜʥʳʭ ʚ ʦʙʱʝʡ ʪʦʢʩʠʯʥʦʩʪʠ ʦʪʨʘʙʦʪʘʚʰʠʭ 

ʛʘʟʦʚ. ʊʘʢ ʥʘ ʜʦʣʶ ʦʢʩʠʜʘ ʘʟʦʪʘ NOx ʧʨʠʭʦʜʠʪʩʷ 97,36%, ʦʢʩʠʜ ʫʛʣʝʨʦʜʘ ʉʆ - 1,92 %, 

ʫʛʣʝʚʦʜʦʨʦʜʳ CxHy - 0,35 %, ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʊʏ - 0,35 %. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʮʝʥʢʠ ʩʜʝʣʘʥ ʚʳʚʦʜ 

ʦ ʪʦʤ, ʯʪʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʧʨʠ ʣʶʙʳʭ ʠʟʤʝʥʝʥʠʷʭ ʚ ʨʘʙʦʯʝʤ ʧʨʦʮʝʩʩʝ ʩʣʝʜʫʝʪ ʦʙʨʘʱʘʪʴ 

ʚʥʠʤʘʥʠʝ ʥʘ ʩʥʠʞʝʥʠʝ ʚʳʙʨʦʩʦʚ ʩ ʦʪʨʘʙʦʪʘʚʰʠʤʠ ʛʘʟʘʤʠ ʦʢʩʠʜʦʚ ʘʟʦʪʘ ʠ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ. 

ʇʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʮʝʥʢʠ ʫʨʦʚʥʝʡ ʚʨʝʜʥʳʭ 

ʚʳʙʨʦʩʦʚ ʩ ʦʪʨʘʙʦʪʘʚʰʠʤʠ ʛʘʟʘʤʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʳʧʦʣʥʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ɽʕʂ ʆʆʅ, ʦʧʨʝʜʝʣʝʥʠʝ ʩʪʘʜʠʠ 

ʚʳʧʦʣʥʝʥʠʷ ʦʛʨʘʥʠʯʝʥʠʡ. ɺ ʵʪʠʭ ʮʝʣʷʭ ʧʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ ʜʠʟʝʣʷ 8ʏʅ 12/13 ʧʦ 13-ʨʝʞʠʤʥʦʤʫ 

ʠʩʧʳʪʘʪʝʣʴʥʦʤʫ ʮʠʢʣʫ. ʇʦʩʣʝ ʵʪʦʛʦ ʦʙʥʘʨʫʞʝʥʥʳʝ ʫʨʦʚʥʠ ʚʨʝʜʥʳʭ ʚʳʙʨʦʩʦʚ ʩʨʘʚʥʠʚʘʣʠʩʴ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ 

ʩʪʘʥʜʘʨʪʦʚ ɽɺʈʆ-3, ɽɺʈʆ-4, ɽɺʈʆ-5, ɽɺʈʆ-6. 

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝ ʩʢʘʟʘʥʥʦʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʝʩʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʯʠʩʪʢʠ ʦʪʨʘʙʦʪʘʚʰʠʭ 

ʛʘʟʦʚ, ʥʘʧʨʠʤʝʨ, ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʥʝʡʪʨʘʣʠʟʘʪʦʨʘʭ. ʋʯʠʪʳʚʘʷ ʨʝʟʫʣʴʪʘʪʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠ 

ʦʙʦʛʘʱʝʥʠʠ ʩʚʝʞʝʛʦ ʟʘʨʷʜʘ ʢʠʩʣʦʨʦʜʦʤ ʥʘ ʚʧʫʩʢʝ, ʜʦʣʞʥʦ ʧʨʦʠʟʦʡʪʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʚʳʙʨʦʩʦʚ 

ʦʢʩʠʜʦʚ ʘʟʦʪʘ. ɽʩʣʠ ʦʙʨʘʪʠʪʴʩʷ ʢ ʜʘʥʥʳʤ, ʤʦʞʥʦ ʦʙʥʘʨʫʞʠʪʴ, ʯʪʦ ʠ ʪʘʢ ʚʳʩʦʢʠʝ ʫʨʦʚʥʠ ʚʳʙʨʦʩʦʚ ʦʢʩʠʜʦʚ ʘʟʦʪʘ, 

ʧʨʝʚʳʰʘʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷ ʩʪʘʥʜʘʨʪʦʚ ɽɺʈʆ-6, ʜʦʣʞʥʳ ʧʦʚʳʩʠʪʴʩʷ ʠ ʣʠʰʴ ʫʩʫʛʫʙʠʪʴ ʧʨʦʙʣʝʤʥʫʶ ʩʠʪʫʘʮʠʶ. 
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ɼʘʥʥʳʝ ʛʦʚʦʨʷʪ ʦ ʪʦʤ, ʯʪʦ ʙʝʟ ʫʩʪʘʥʦʚʢʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ ʠ ʩʘʞʝʚʦʛʦ 

ʬʠʣʴʪʨʘ (ʬʠʣʴʪʨʘ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ) ʫʨʦʚʥʠ ʚʳʙʨʦʩʦʚ ʚ ʜʘʥʥʦʡ ʢʦʤʧʣʝʢʪʘʮʠʠ ʜʠʟʝʣʷ ʥʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ʥʦʨʤʘʤ ɽɺʈʆ-3, ɽɺʈʆ-4, ɽɺʈʆ-5, ɽɺʈʆ-6. ʇʨʠ ʵʪʦʤ ʦʙʨʘʱʘʶʪ 

ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ ʢʨʘʪʥʦʩʪʠ ʧʨʝʚʳʰʝʥʠʷ ʥʦʨʤ ʜʘʞʝ ʧʨʠ ʫʩʪʘʥʦʚʢʝ ʩʠʩʪʝʤ ʩʥʠʞʝʥʠʷ 

ʚʨʝʜʥʳʭ ʚʳʙʨʦʩʦʚ ʚ ʫʢʘʟʘʥʥʦʡ ʚ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʢʦʤʧʣʝʢʪʘʮʠʠ. ʊʘʢ ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʨʝʚʳʰʝʥʠʝ ʥʦʨʤ ʚʳʙʨʦʩʦʚ ʦʢʩʠʜʦʚ ʘʟʦʪʘ: ɽɺʈʆ-4 - ʚ 1,16 ʨʘʟʘ, ɽɺʈʆ-5 - ʚ 2,2 ʨʘʟʘ; ɽɺʈʆ-6 

- ʚ 10,12 ʨʘʟ. ʇʨʝʚʳʰʝʥʠʝ ʥʦʨʤ ʚʳʙʨʦʩʦʚ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʩ ʦʪʨʘʙʦʪʘʚʰʠʤʠ ʛʘʟʘʤʠ 

ʩʦʩʪʘʚʣʷʝʪ ɽɺʈʆ-4 - ʚ 0,85 ʨʘʟʘ, ɽɺʈʆ-5 - ʚ 0,85 ʨʘʟʘ; ɽɺʈʆ-6 - ʚ 1,70 ʨʘʟ. ʇʦʚʳʰʝʥʠʝ ʥʦʨʤ 

ʚʳʙʨʦʩʦʚ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʩʦʩʪʘʚʣʷʝʪ: ɽɺʈʆ-3 - ʚ 0,99 ʨʘʟʘ; ɽɺʈʆ-4 - ʚ 1,30 ʨʘʟʘ, ɽɺʈʆ-5 - ʚ 

2,39 ʨʘʟʘ ʠ ɽɺʈʆ-6 - ʚ 4,61 ʨʘʟʘ. ʇʨʝʚʳʰʝʥʠʝ ʥʦʨʤ ʚʳʙʨʦʩʦʚ ʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʩʦʩʪʘʚʣʷʝʪ: 

ɽɺʈʆ-3 - 1,87 ʨʘʟ; ɽɺʈʆ-4 - 4,90 ʨʘʟʘ, ɽɺʈʆ-5 - ʚ 4,90 ʨʘʟʘ ʠ ɽɺʈʆ-6 - 4,90 ʨʘʟʦʚ. 

ʊʘʢʦʝ ʩʦʩʪʦʷʥʠʝ ʫʨʦʚʥʝʡ ʚʨʝʜʥʳʭ ʚʳʙʨʦʩʦʚ ʩ ʦʪʨʘʙʦʪʘʚʰʠʤʠ ʛʘʟʘʤʠ ʥʝ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʚʠʛʘʪʝʣʶ 8ʏʅ 12/13 ʚ ʰʪʘʪʥʦʡ ʢʦʤʧʣʝʢʪʘʮʠʠ ʙʳʪʴ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʤ ʥʘ 

ʤʠʨʦʚʦʤ ʨʳʥʢʝ, ʘ ʘʚʪʦʤʦʙʠʣʷʤ ʩ ʵʪʠʤʠ ʜʚʠʛʘʪʝʣʷʤʠ ʧʝʨʝʤʝʱʘʪʴʩʷ ʩʚʦʙʦʜʥʦ ʚ ʩʪʨʘʥʘʭ ɽʕʉ. 

ʇʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤ ʚʧʨʳʩʢʘ çCommon Railè ʥʝ ʜʘʶʪ ʧʦʣʥʦʛʦ ʵʬʬʝʢʪʘ ʧʦ ʩʥʠʞʝʥʠʶ 

ʚʨʝʜʥʳʭ ʚʳʙʨʦʩʦʚ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʜʦ ʫʨʦʚʥʝʡ ʪʨʝʙʦʚʘʥʠʡ ɽɺʈʆ-6 ʠ ʧʦʪʨʝʙʫʝʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʥʝʡʪʨʘʣʠʟʘʪʦʨʘʭ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʙʦʪ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ 

ʚʳʚʦʜʳ: 

1. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʫʨʦʚʥʠ ʚʨʝʜʥʳʭ ʚʳʙʨʦʩʦʚ ʩ ʦʪʨʘʙʦʪʘʚʰʠʤʠ ʛʘʟʘʤʠ ʜʠʟʝʣʝʡ 

ʧʨʝʚʳʰʘʶʪ ʪʨʝʙʦʚʘʥʠʷ ʩʪʘʥʜʘʨʪʘ ɽɺʈʆ-6; 

2. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚ ʦʙʱʝʡ ʪʦʢʩʠʯʥʦʩʪʠ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ ʜʠʟʝʣʷ ʥʘ ʦʪʜʝʣʴʥʳʝ 

ʥʦʨʤʠʨʫʝʤʳʝ ʢʦʤʧʦʥʝʥʪʳ ʧʨʠʭʦʜʠʪʩʷ: ʥʘ ʜʦʣʶ NOx - 98.33 %; ʥʘ ʜʦʣʶ ʉʆ - 0,24 %; ʥʘ 

ʜʦʣʶ ʫʛʣʝʚʦʜʦʨʦʜʦʚ - 0,99 %; ʥʘ ʜʦʣʶ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ - 0,17 %; 

3. ʆʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʨʝʛʫʣʠʨʦʚʢʠ ʫʩʪʘʥʦʚʦʯʥʦʛʦ ʫʛʣʘ ʦʧʝʨʝʞʝʥʠʷ ʥʘʯʘʣʘ 

ʧʦʜʘʯʠ ʪʦʧʣʠʚʘ 27 ʜʦ 35
ʦ
 ʧ.ʢ.ʚ. ʜʦ ɺʄʊ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʟʘ ʮʠʢʣ 

ʠʩʧʳʪʘʥʠʡ ʩ 52,35 ʜʦ 49,95 ʢʛ/ʮʠʢʣ ʩ ʤʠʥʠʤʫʤʦʤ ʧʨʠ ɗ=31
ʦ
 ʧ.ʢ.ʚ. ʜʦ ɺʄʊ ʨʘʚʥʦʤ 47,94 

ʢʛ/ʮʠʢʣ; 
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ʋɼʂ 623.4 

 

ʅɸʋʏʅʓɽ ʉʇʆʉʆɹʓ ʂʆʈʈɽʂʊʀʈʆɺʂʀ ɼɺʀɾɽʅʀʗ ʉʅɸʈʗɼɸ 

 

ʉʝʨʘʷ ɸʣʝʢʩʘʥʜʨʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ  

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʄʠʣʝʚʩʢʠʡ ʂʦʥʩʪʘʥʪʠʥ ɽʚʛʝʥʴʝʚʠʯ ʢ.ʪ.ʥ ʜʦʮʝʥʪ 

 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, seraya.2016@stud.nstu.ru 

 

ʇʦʨʘʞʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʦʩʢʦʣʦʯʥʦ-ʬʫʛʘʩʥʳʭ ʩʥʘʨʷʜʦʚ (ʆʌʉ) ʟʘʚʠʩʠʪ ʦʪ 

ʩʦʦʪʥʦʰʝʥʠʷ ʢʘʣʠʙʨʘ ʦʨʫʜʠʷ ʠ ʙʨʦʥʠʨʦʚʘʥʠʷ ʮʝʣʠ. ʊʘʢ, ʩʥʘʨʷʜʳ ʢʘʣʠʙʨʦʤ 50 ʤʤ ʠ ʤʝʥʝʝ 

ʵʬʬʝʢʪʠʚʥʳ ʧʨʦʪʠʚ ʩʘʤʦʣʝʪʦʚ ʠ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, 75-85 ʤʤ ð ʣʝʛʢʠʭ ʪʘʥʢʦʚ ʩ 

ʧʨʦʪʠʚʦʧʫʣʴʥʳʤ ʙʨʦʥʠʨʦʚʘʥʠʝʤ, 122 ʤʤ - ʩʨʝʜʥʠʭ ʪʘʥʢʦʚ, ʪʘʢʠʭ ʢʘʢ ʊ-34, 152 ʤʤ - ʚʩʝʭ 

ʚʠʜʦʚ ʙʨʦʥʠʨʦʚʘʥʥʦʡ ʪʝʭʥʠʢʠ. 

ʅʘʥʦʩʠʤʳʝ ʧʦʚʨʝʞʜʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʷʪ ʦʪ ʫʜʘʣʝʥʥʦʩʪʠ ʮʝʣʠ ʜʦ ʪʦʯʢʠ 

ʧʘʜʝʥʠʷ, ʧʦʵʪʦʤʫ ʜʘʞʝ ʥʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʫʜʘʣʝʥʥʦʩʪʠ ʩʥʘʨʷʜ ʢʘʣʠʙʨʦʤ 122ð152 ʤʤ 

ʥʘʥʦʩʠʪ ʚʝʩʴʤʘ ʥʝʩʫʱʝʩʪʚʝʥʥʳʝ ʧʦʚʨʝʞʜʝʥʠʷ.  

ɺ ʨʘʙʦʪʝ ʦʙʩʫʞʜʘʝʪʩʷ ʚʦʧʨʦʩ ʦ ʢʦʨʨʝʢʪʠʨʦʚʢʝ ʜʚʠʞʝʥʠʷ ʩʥʘʨʷʜʦʚ ʢʣʘʩʩʘ ʆʌʉ. 

The damaging ability of high-explosive fragmentation shells (OPS) depends on the ratio of 

the caliber of the gun and the reservation of the target. Thus, shells caliber of 50 mm and less 

effective against aircraft and road transport, 75-85 mm - light tanks with anti-bullet armor, 122 

mm-medium tanks, such as T-34, 152 mm-all types of armored vehicles. 

The damage caused essentially depends on the remoteness of the target to the point of 

incidence, so even at a small distance the projectile with a caliber of 122-152 mm inflicts very 

insignificant damages. 

The paper discusses the issue of correcting the movement of shells of the class OFS. 

 

ʉʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʡ ʩʧʝʢʪʨ ʦʩʢʦʣʦʯʥʦ-ʬʫʛʘʩʥʳʭ ʩʥʘʨʷʜʦʚ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʴ 

ʩʪʨʝʣʴʙʳ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʢʦʨʨʝʢʮʠʠ. ʇʦʣʫʯʝʥʥʳʡ 

ʨʝʟʫʣʴʪʘʪ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʫʩʣʦʞʥʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʩʥʘʨʷʜʘ, ʫʩʣʦʚʠʡ ʩʪʨʝʣʴʙʳ, ʘ ʦʪʩʶʜʘ 

ʩʣʝʜʫʝʪ ʫʚʝʣʠʯʝʥʠʝ ʩʪʦʠʤʦʩʪʠ ʥʘ ʜʘʥʥʳʡ ʩʧʦʩʦʙ ʦʩʥʘʱʝʥʠʷ ʩʥʘʨʷʜʦʚ. ʋʚʝʣʠʯʝʥʠʝ 

ʜʘʣʴʥʦʩʪʠ ʧʦʣʝʪʘ ʩʥʘʨʷʜʘ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʫʚʝʣʠʯʝʥʠʝ ʵʣʣʠʧʩʘ ʨʘʩʩʝʠʚʘʥʠʷ. ɸ ʵʪʦ ʪʘ 

ʧʨʦʙʣʝʤʘ, ʢʦʪʦʨʫʶ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʘʪʴ. 

 ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʘʫʯʥʳʝ ʧʦʜʭʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʤʧʫʣʴʩʥʦʡ ʠ 

ʢʦʨʨʝʢʮʠʠ ʣʘʟʝʨʥʳʤ ʜʘʣʴʥʦʤʝʨʦʤ-ʮʝʣʝʫʢʘʟʘʪʝʣʝʤ, ʠ ʧʨʝʜʣʘʛʘʶʪʩʷ ʤʝʪʦʜʳ 

ʜʠʩʪʘʥʮʠʦʥʥʦʟʦʥʜʠʨʦʚʘʥʥʦʡ ʠʤʧʫʣʴʩʥʦʡ ʢʦʨʨʝʢʮʠʠ. 

ʅʘʫʯʥʳʝ ʧʦʜʭʦʜʳ ʠʤʧʫʣʴʩʥʦʡ ʠ ʢʦʨʨʝʢʮʠʠ ʣʘʟʝʨʥʳʤ ʜʘʣʴʥʦʤʝʨʦʤ-ʮʝʣʝʫʢʘʟʘʪʝʣʝʤ 

ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʧʦʚʣʝʢʣʠ ʟʘ ʩʦʙʦʡ  ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʩʥʘʨʷʜʘ ʦʪ 

ʠʟʤʝʥʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʘʤʦʛʦ ʢʦʨʧʫʩʘ, ʩʙʦʨʦʯʥʳʭ ʝʜʠʥʠʮ, ʢʘʤʦʨʳ, ʯʪʦ ʠ 

ʧʨʠʚʝʣʦ ʢ ʠʟʤʝʥʝʥʠʶ ʫʩʣʦʚʠʡ ʧʨʠ ʩʪʨʝʣʴʙʝ, ʭʨʘʥʝʥʠʠ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ.   

ɺ ʧʨʝʜʣʘʛʘʝʤʦʤ ʧʦʜʭʦʜʝ - ʜʠʩʪʘʥʮʠʦʥʥʦʟʦʥʜʠʨʦʚʘʥʥʦʡ ʠʤʧʫʣʴʩʥʦʡ ʢʦʨʨʝʢʮʠʠ, 

ʩʪʘʚʠʪʴʩʷ ʟʘʜʘʯʘ, ʥʝ ʠʟʤʝʥʷʷ ʫʩʣʦʚʠʡ ʟʘʨʷʞʘʥʠʷ, ʫʩʣʦʚʠʡ ʩʪʨʝʣʴʙʳ,  ʪʘʙʣʠʮ ʩʪʨʝʣʴʙ ʠ ʪʜ., ʪʦ 

ʝʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʠ ʦʪʨʘʙʦʪʘʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʠ ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʩʪʨʝʣʴʙ, 

ʨʘʟʨʘʙʦʪʘʪʴ ʢʦʥʩʪʨʫʢʮʠʶ ʩʥʘʨʷʜʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʶ ʢʦʨʨʝʢʮʠʶ ʜʚʠʞʝʥʠʷ, ʪʦ ʝʩʪʴ 

ʫʚʝʣʠʯʝʥʠʝ ʪʦʯʥʦʩʪʠ ʧʦʧʘʜʘʥʠʷ ʚ ʮʝʣʴ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʜʘʣʴʥʦʩʪʠ.  
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ʇʨʝʜʣʘʛʘʝʤʳʡ ʧʦʜʭʦʜ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʚʳʩʪʨʝʣʝ ʩʥʘʨʷʜ ʜʚʠʞʝʪʩʷ ʧʦ ʟʘʜʘʥʥʦʡ 

ʪʨʘʝʢʪʦʨʠʠ, ʢʦʪʦʨʘʷ ʩʦʟʜʘʝʪʩʷ ʫʛʣʦʤ ʙʨʦʩʘʥʠʷ ʠ ʜʘʚʣʝʥʠʝʤ ʧʦʨʦʭʦʚʳʭ ʛʘʟʦʚ ʚ ʢʦʨʧʫʩʝ 

ʩʪʚʦʣʘ ʨʠʩ.ʘ) ɺ ʤʦʤʝʥʪ ʚʳʣʝʪʘ 

ʩʥʘʨʷʜʘ, ʟʘ ʩʯʝʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ, 

ʩʥʘʨʷʜ ʥʘʯʠʥʘʝʪ ʦʪʢʣʦʥʷʪʴʩʷ ʦʪ 

ʧʨʝʜʧʦʣʘʛʘʝʤʦʡ ʪʨʘʝʢʪʦʨʠʠ, ʯʝʤ 

ʜʘʣʴʰʝ ʥʘʭʦʜʠʪʩʷ ʮʝʣʴ, ʪʝʤ 

ʩʠʣʴʥʝʝ ʧʦʛʨʝʰʥʦʩʪʴ. ɼʣʷ ʩʧʦʩʦʙʘ 

ʫʜʘʣʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʠ ʦʥ 

ʩʢʘʥʠʨʫʝʪ ʫʯʘʩʪʦʢ ʟʝʤʣʠ, 

ʧʦʣʫʯʘʝʪ ʩʠʛʥʘʣ ʦʪ ʮʝʣʠ ʦ ʝʝ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʠ (ʢʦʦʨʜʠʥʘʪʳ), 

ʧʨʦʜʦʣʞʘʝʪ ʜʚʠʞʝʥʠʝ ʠ ʢʦʛʜʘ 

ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʝʨʭʥʝʡ 

ʪʦʯʢʠ, ʧʨʦʠʟʚʦʜʠʪ ʢʦʨʨʝʢʮʠʶ 

ʪʨʘʝʢʪʦʨʠʠ (ʚ ʵʪʦʡ ʪʦʯʢʝ ʩʢʦʨʦʩʪʴ 

ʤʠʥʠʤʘʣʴʥʘ). ʆʥ ʠʤʝʝʪ ʩʚʦʶ 

ʥʘʯʘʣʴʥʫʶ ʪʨʘʝʢʪʦʨʠʠ ʠ 

ʪʨʝʙʫʝʤʫʶ ʪʨʘʝʢʪʦʨʠʶ ʜʣʷ 

ʧʦʨʘʞʝʥʠʷ ʮʝʣʠ, ʚ ʚʦʟʜʫʭʝ 

ʧʨʦʠʩʭʦʜʠʪ ʢʦʨʨʝʢʮʠʷ ʝʛʦ ʧʦʣʝʪʘ 

ʥʘ ʧʦʣʫʯʝʥʥʫʶ ʜʝʣʴʪʫ ŭ (ʫʛʦʣ 

ʨʘʟʥʠʮʳ ʤʝʞʜʫ ʪʨʝʙʫʝʤʦʡ ʠ ʠʤʝʶʱʝʡʩʷ ʪʨʘʝʢʪʦʨʠʷʤʠ) ʨʠʩ.ʙ). ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ 

ʫʤʝʥʴʰʘʝʪʩʷ ʨʘʩʩʝʠʚʘʥʠʝ ʠ ʧʦʚʳʰʘʝʪʩʷ ʢʫʯʥʦʩʪʴ ʩʪʨʝʣʴʙʳ.  

ɺʪʦʨʦʡ ʩʧʦʩʦʙ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʠʩʧʦʣʴʟʫʝʤ ʰʪʘʪʥʳʡ ʩʥʘʨʷʜ ʥʘ ʤʘʢʩʠʤʘʣʴʥʳʭ 

ʨʘʩʩʪʦʷʥʠʷʭ ʠ ʧʳʪʘʝʤʩʷ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʚ ʝʛʦ ʵʣʣʠʧʩʝ ʨʘʩʩʝʠʚʘʥʠʷ. ʆʥ ʤʦʞʝʪ ʫʧʘʩʪʴ ʥʘ 

ʵʣʣʠʧʩ ʦʯʝʥʴ ʙʦʣʴʰʦʡ ʧʣʦʱʘʜʴʶ ʠ ʪʦʛʜʘ ʧʦʨʘʞʘʶʱʝʝ ʜʝʡʩʪʚʠʝ ʤʠʥʠʤʘʣʴʥʦ ʨʠʩ.3.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʏʪʦʙʳ ʫʚʝʣʠʯʠʪʴ ʪʦʯʥʦʩʪʴ ʥʝʦʙʭʦʜʠʤʦ ʫʚʝʣʠʯʠʪʴ ʢʦʣ-ʚʦ ʩʥʘʨʷʜʦʚ, ʯʪʦ ʥʝ ʦʩʦʙʦ 

ʵʢʦʥʦʤʠʯʥʦ. ʀ ʪʦʛʜʘ, ʧʦʩʪʘʚʣʝʥʥʘʷ ʧʝʨʝʜ ʥʘʤʠ ʟʘʜʘʯʘ ʵʪʦ ʧʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʩʪʨʝʣʴʙʳ 

ʩʥʘʨʷʜʦʚ ʠʩʧʦʣʴʟʫʝʤʳʭ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʘʣʴʥʦʩʪʠ. 
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ʇʨʝʜʧʦʣʘʛʘʝʤʦʝ ʫʩʪʨʦʡʩʪʚʦ ʨʠʩ.4. ʩʦʜʝʨʞʠʪ 1-ʚʟʨʳʚʘʪʝʣʴ, 2-ʢʦʨʧʫʩ, 3-ʨʘʟʨʳʚʥʦʡ 

ʟʘʨʷʜ, 9-ʚʝʜʫʱʠʝ ʧʦʷʩʢʠ, 8-ʮʝʥʪʨʠʨʫʶʱʠʝ ʫʪʦʣʱʝʥʠʝ, ʪʘʢ ʞʝ ʩʦʜʝʨʞʠʪ ʚ ʮʝʥʪʨʝ 4-ʢʦʣʙʫ, 

ʚʥʫʪʨʴ ʢʦʪʦʨʦʡ ʧʦʤʝʱʝʥʳ 5-ʩʪʘʣʴʥʦʡ ʰʘʨʠʢ ʠ 6-ʤʘʛʥʠʪ, ʘ ʪʘʢ ʞʝ 7-ʚʟʨʳʚʘʪʝʣʴ. 

ʂʦʨʨʝʢʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʧʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʥʦʚʦʡ ʪʨʘʝʢʪʦʨʠʠ, 

ʘʢʪʠʚʠʨʫʝʪʩʷ 6-ʤʘʛʥʠʪ, ʢʦʪʦʨʳʡ ʧʨʠʚʦʜʠʪ ʚ ʜʚʠʞʝʥʠʝ 5-ʰʘʨʠʢ, ʦʥ ʩʤʝʱʘʝʪʩʷ ʚ 4-ʢʦʣʙʝ ʥʘ 

ʦʧʨʝʜʝʣʝʥʥʦʝ ʨʘʩʩʪʦʷʥʠʝ, ʢʦʪʦʨʦʝ ʠʟʤʝʨʷʝʪ ʜʘʪʯʠʢ, ʜʣʷ ʥʫʞʥʦʛʦ ʥʘʤ ʩʤʝʱʝʥʠʷ ʥʘ ʫʛʦʣ 

ʜʝʣʴʪʘ ʩʥʘʨʷʜʘ ʚ ʚʦʟʜʫʭʝ, ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʱʝʥʠʝ ʮʝʥʪʨʘ ʤʘʩʩ. ʀʜʝʪ ʥʫʪʘʮ-ʧʨʝʮʝʩʩʠʦʥʦʝ 

ʜʚʠʞʝʥʠʝ. ʉʥʘʨʷʜ ʥʘʢʣʦʥʷʝʪʩʷ ʠ ʧʦʜ ʥʫʞʥʳʤ ʫʛʣʦʤ ʧʨʦʠʩʭʦʜʠʪ ʚʟʨʳʚ 7-ʚʟʨʳʚʘʪʝʣʷ ʚ 

ʜʦʥʥʦʡ ʯʘʩʪʠ ʩʥʘʨʷʜʘ, ʢʦʪʦʨʳʡ ʠ ʟʘʜʘʝʪ ʦʢʦʥʯʘʪʝʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʩʥʘʨʷʜʘ.   

ɺʳʚʦʜ 

ʊʝʭʥʠʯʝʩʢʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʩʥʘʨʷʜʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʫʣʫʯʰʝʥʠʝ 

ʪʦʯʥʦʩʪʠ ʧʦʧʘʜʘʥʠʷ ʚ ʮʝʣʴ ʥʘ ʣʶʙʳʭ ʨʘʩʩʪʦʷʥʠʷ ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʦʚʳʰʝʥʠʝ ʢʫʯʥʦʩʪʠ 

ʩʪʨʝʣʴʙʳ, ʟʘ ʩʯʝʪ ʪʦ, ʯʪʦ ʩʦʜʝʨʞʠʪ ʚ ʮʝʥʪʨʝ ʢʦʣʙʫ, ʚʥʫʪʨʴ ʢʦʪʦʨʦʡ ʧʦʤʝʱʝʥʳ ʩʪʘʣʴʥʦʡ 

ʰʘʨʠʢ ʠ ʤʘʛʥʠʪ, ʯʪʦ ʧʦʤʦʛʘʝʪ ʰʘʨʠʢʫ ʧʝʨʝʤʝʱʘʪʴʩʷ ʠ ʤʝʥʷʪʴ ʮʝʥʪ ʤʘʩʩ ʩʥʘʨʷʜʘ, ʘ ʪʘʢ ʞʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʚʟʨʳʚʘʪʝʣʴ, ʢʦʪʦʨʳʡ ʧʦʚʳʰʘʝʪ ʩʢʦʨʦʩʪʴ ʠ ʟʘʜʘʝʪ ʪʦʯʥʦʝ ʧʦʧʘʜʘʥʠʝ ʚ ʮʝʣʴ 

ʥʘ ʣʶʙʳʭ ʨʘʩʩʪʦʷʥʠʷʭ. 
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ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʧʠʩʘʥʠʝ ʙʘʣʣʠʩʪʠʯʝʩʢʦʛʦ ʛʣʘʜʢʦʩʪʚʦʣʴʥʦʛʦ 

ʘʨʪʠʣʣʝʨʠʡʩʢʦʛʦ ʩʪʚʦʣʘ ʢʘʣʠʙʨʦʤ 20 ʤʤ ʠ ʜʣʠʥʦʡ 3 ʤʝʪʨʘ 85 ʩʤ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʠʟʜʝʣʠʡ ʩ 

ʚʟʨʳʚʯʘʪʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʥʘ ʧʘʨʘʤʝʪʨʳ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ɹʘʣʣʠʩʪʠʯʝʩʢʘʷ ʫʩʪʘʥʦʚʢʘ ʩʧʦʩʦʙʥʘ ʨʘʟʛʦʥʷʪʴ ʤʝʪʘʝʤʳʡ ʵʣʝʤʝʥʪ ʜʦ ʩʢʦʨʦʩʪʝʡ, 

ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤʦʡ STANAG 4496. 

The paper presents a description of the ballistic smoothbore artillery barrel caliber of 20 mm 

and a length of 3 meters 85 cm for testing products with explosive materials on the parameters of 

their operational safety. The ballistic unit is able to accelerate the thrown element to speeds regulated 

by the STANAG 4496 system. 

 

ʆʪʝʯʝʩʪʚʝʥʥʳʝ ʙʦʝʧʨʠʧʘʩʳ ʠʩʧʳʪʳʚʘʶʪʩʷ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʪʨʝʙʦʚʘʥʠʷʤ ʩʪʘʥʜʘʨʪʦʚ, 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʚ 1973 - 1981 ʛ.ʛ. ɺ ʵʪʠʭ ʩʪʘʥʜʘʨʪʘʭ ʦʪʨʘʞʝʥʦ ʧʦʥʠʤʘʥʠʝ ʧʨʦʙʣʝʤʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ 

ʫʷʟʚʠʤʦʩʪʠ ɹʇ ʚ ʢʦʥʮʝ 60-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʚʝʢʘ. ʅʘʠʙʦʣʝʝ ʧʦʣʥʳʡ ʥʘʙʦʨ ʠʩʧʳʪʘʥʠʡ ɹʇ 

ʧʨʝʜʫʩʤʦʪʨʝʥ ʆʉʊ ɺ 84-756-73, ʢʦʪʦʨʳʡ ʢʘʩʘʝʪʩʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʤʠʥʥʦ-ʧʦʜʚʦʜʥʦʛʦ ʦʨʫʞʠʷ 

(ʄʇʆ) ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʴ ʚ ʦʙʨʘʱʝʥʠʠ ʠ ʥʘʜʝʞʥʦʩʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. 

ʀʩʧʳʪʘʥʠʷ ʜʣʷ ʙʦʝʧʨʠʧʘʩʦʚ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʧʦʜʪʚʝʨʞʜʝʥʠʝ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, 

ʦʩʥʦʚʘʥʠʷ ʙʝʟʦʧʘʩʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʙʦʝʧʨʠʧʘʩʦʚ ʚ ʫʩʣʦʚʠʷʭ ʚʝʨʦʷʪʥʳʭ ʠ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʫʛʨʦʟ.  

ʀʤʝʝʪʩʷ ʚ ʚʠʜʫ ʥʘʛʨʝʚ, ʚʦʟʜʝʡʩʪʚʠʝ ʙʳʩʪʨʦʣʝʪʷʱʝʛʦ ʦʩʢʦʣʢʘ, ʢʫʤʫʣʷʪʠʚʥʦʡ ʩʪʨʫʠ ʠ ʪ.ʜ. 

ɺʩʝ ʵʪʦ ʧʨʠʚʝʣʦ ʢ ʧʦʷʚʣʝʥʠʶ ʥʦʚʦʛʦ ʢʣʘʩʩʘ ʙʦʝʧʨʠʧʘʩʦʚ ï çʙʦʝʧʨʠʧʘʩʳ ʧʦʥʠʞʝʥʥʦʛʦ ʨʠʩʢʘè 

(ɹʇʈ) ʠʣʠ ʙʦʝʧʨʠʧʘʩʦʚ, ʩʪʦʡʢʠʭ ʢ ʦʧʘʩʥʳʤ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ (ɹʇʉɺɺ) [1, 2]. 

ʉʠʩʪʝʤʘ STANAG 4496 ʨʝʛʣʘʤʝʥʪʠʨʫʝʪ ʧʨʦʚʝʜʝʥʠʝ ʠʩʧʳʪʘʥʠʡ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ 

ʙʳʩʪʨʦʣʝʪʷʱʝʛʦ ʦʩʢʦʣʢʘ ʥʘ ʠʟʜʝʣʠʝ ʩ ɺɺ ʧʨʠ ʤʘʩʩʝ ʤʝʪʘʝʤʦʛʦ ʩʪʘʣʴʥʦʛʦ ʦʩʢʦʣʢʘ. 18,6 ʛ ʠ 

ʩʢʦʨʦʩʪʠ ʝʛʦ ʤʝʪʘʥʠʷ 1830 Ñ 60 ʤ/ʩ ʠ 2530 Ñ 90 ʤ/ʩ [3-5]. 

ɼʘʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʷʪ ʩʪʨʘʥʳ ʆʆʅ ʠ ʅɸʊʆ. ɺ ʢʘʯʝʩʪʚʝ ʤʝʪʘʝʤʳʭ ʦʙʲʝʢʪʦʚ 

ʠʩʧʦʣʴʟʫʶʪ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʤʘʩʩʦʡ 18,6 ʛ ʩ ʚʝʜʫʱʠʤ ʧʦʷʩʢʦʤ, ʥʘʧʨʠʤʝʨ ʠʟ ʬʪʦʨʦʧʣʘʩʪʘ. 

ɺ ʉʘʤʘʨʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʪʝʭʥʠʯʝʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʥʘ ʢʘʬʝʜʨʝ ʊʊʍɺ 

ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʛʣʘʜʢʦʩʪʚʦʣʴʥʦʡ ʘʨʪʠʣʣʝʨʠʡʩʢʦʡ ʫʩʪʘʥʦʚʢʠ ʢʘʣʠʙʨʦʤ 20 ʤʤ ʩ 

ʜʣʠʥʦʡ ʩʪʚʦʣʘ 3850 ʤʤ, ʩʦ ʩʢʦʨʦʩʪʷʤʠ ʨʘʟʛʦʥʘ ʤʝʪʘʝʤʦʛʦ ʬʨʘʛʤʝʥʪʘ 1850Ñ50 ï 2500Ñ50 ʤ/ʩ. 

ʀʟʤʝʨʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʦʣʝʪʘ ʤʝʪʘʝʤʦʛʦ ʦʙʲʝʢʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʢʦʥʪʘʢʪʥʳʭ 

ʜʘʪʯʠʢʦʚ ʥʘ ʟʘʤʳʢʘʥʠʝ. ɺ ʢʘʯʝʩʪʚʝ ʩʠʩʪʝʤ ʠʟʤʝʨʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʯʘʩʪʦʪʦʤʝʨʳ, 

ʙʘʣʣʠʩʪʠʯʝʩʢʠʡ ʭʨʦʥʦʤʝʪʨ ʈʋʐ-ʄʇ ʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʘʷ ʮʠʬʨʦʚʘʷ ʢʘʤʝʨʘ. 

ɿʘ ʦʩʥʦʚʫ ʙʳʣʘ ʚʟʷʪʘ ʧʫʰʢʘ ʅʅ-30, ʜʣʠʥʘ ʢʦʪʦʨʦʡ ʙʳʣʘ ʫʚʝʣʠʯʝʥʘ ʜʦ 3850 ʤʤ. 

ʆʙʱʠʡ ʚʠʜ ʙʘʣʣʠʩʪʠʯʝʩʢʦʛʦ ʩʪʝʥʜʘ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 1. 
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ʈʠʩʫʥʦʢ 1 ï ɹʘʣʣʠʩʪʠʯʝʩʢʠʡ ʩʪʝʥʜ 

 

ɺʦ ʚʥʫʪʨʴ ʥʘʨʝʟʥʦʛʦ ʩʪʚʦʣʘ ʢʘʣʠʙʨʦʤ 30 ʤʤ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ 19 ʚʢʣʘʜʳʰʝʡ ʩ 

ʚʥʫʪʨʝʥʥʠʤ ʦʪʚʝʨʩʪʠʝʤ ʜʠʘʤʝʪʨʦʤ 20 ʤʤ. ɺʢʣʘʜʳʰʠ ʧʣʦʪʥʦ ʧʨʠʪʷʛʠʚʘʣʠʩʴ ʜʨʫʛ ʢ ʜʨʫʛʫ, ʠ 

ʟʘʪʝʤ ʩʪʚʦʣ ʦʙʨʘʙʘʪʳʚʘʣʩʷ ʨʘʟʚʝʨʪʢʦʡ. ʄʝʪʘʝʤʳʡ ʦʙʲʝʢʪ ʧʦ ʤʘʩʩʝ ʠ ʨʘʟʤʝʨʘʤ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʪʨʝʙʦʚʘʥʠʷʤ ʩʠʩʪʝʤʳ STANAG 4496. ɿʘʪʚʦʨ ʠ ʩʠʩʪʝʤʘ ʚʦʩʧʣʘʤʝʥʝʥʠʷ 

ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

  
ʈʠʩʫʥʦʢ 2 ï ʉʠʩʪʝʤʘ ʠʥʠʮʠʠʨʦʚʘʥʠʷ 

 

ɼʚʘ ʙʘʣʣʠʩʪʠʯʝʩʢʠʭ ʩʪʚʦʣʘ ʢʘʣʠʙʨʦʤ 30 ʤʤ ʙʳʣʠ ʩʦʝʜʠʥʝʥʳ ʩʧʝʮʠʘʣʴʥʦʡ ʤʫʬʪʦʡ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʱʘʷ ʜʣʠʥʘ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʛʦ ʩʪʚʦʣʘ ʩʦʩʪʘʚʠʣʘ 3850 ʤʤ. 

ɹʘʣʣʠʩʪʠʯʝʩʢʠʡ ʩʪʚʦʣ, ʩʥʘʙʞʝʥ ʩʠʩʪʝʤʦʡ ʚʘʢʫʫʤʠʨʦʚʘʥʠʷ, ʧʦʢʘʟʘʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 3. 
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ʈʠʩʫʥʦʢ 3 ï ʉʠʩʪʝʤʘ ʚʘʢʫʫʤʠʨʦʚʘʥʠʷ ʩʪʚʦʣʘ 

 

ʊʘʢʠʭ ʩʪʚʦʣʦʚ ʙʳʣʦ ʠʟʛʦʪʦʚʣʝʥʦ ʚ ʢʦʣʠʯʝʩʪʚʝ ʜʚʫʭ ʰʪʫʢ ï ʦʜʠʥ ʩʪʘʮʠʦʥʘʨʥʳʡ, 

ʜʨʫʛʦʡ ï ʧʝʨʝʜʚʠʞʥʦʡ (ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʥʘ ʥʘʪʫʨʥʳʭ ʠʟʜʝʣʠʷʭ ʢʘʣʠʙʨʦʤ ʦʪ 85 ʜʦ 

152 ʤʤ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʢʘʬʝʜʨʝ ʊʊʍɺ ʉʘʤɻʊʋ ʠʟʛʦʪʦʚʣʝʥʘ ʙʘʣʣʠʩʪʠʯʝʩʢʘʷ ʫʩʪʘʥʦʚʢʘ, 

ʩʧʦʩʦʙʥʘʷ ʧʨʦʚʦʜʠʪʴ ʠʩʧʳʪʘʥʠʷ ʥʘ ʚʦʟʜʝʡʩʪʚʠʝ ʙʳʩʪʨʦʣʝʪʷʱʠʤ ʦʩʢʦʣʢʦʤ ʧʨʠ ʩʢʦʨʦʩʪʷʭ 

ʩʦʫʜʘʨʝʥʠʷ, ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤʦʡ STANAG 4496. 
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ʋɼʂ 623.5 

 

ʈɸɿʈɸɹʆʊʂɸ ʇɽʈʉʇɽʂʊʀɺʅʓʍ ʂʆʅʉʊʈʋʂʎʀʁ ʈɸɼʀʆʇʈʆɿʈɸʏʅʓʍ 

ɹʆɽʇʈʀʇɸʉʆɺ 

 

ʗ.ɺ. ʊʶʨʠʥ, ɽ.ɸ. ʍʤʝʣʴʥʠʢʦʚ, ʊ. ɽ. ɿʘʚʦʜʦʚʘ,  

ʂ.ɺ. ʉʤʘʛʠʥ, ʉ.ʌ. ɼʫʙʠʥʠʥʘ, ʄ.ʖ. ʉʝʤʘʰʢʦ 

 

ʅʠʞʥʝʪʘʛʠʣʴʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ, ʬʠʣʠʘʣ ʋʨʘʣʴʩʢʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʧʝʨʚʦʛʦ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʠ ɹ.ʅ.ɽʣʴʮʠʥʘ, 

ʛ. ʅʠʞʥʠʡ ʊʘʛʠʣ, khmelnikov7@gmail.com 

 

ʈʘʟʨʘʙʦʪʘʥ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʨʷʜ ʚʘʨʠʘʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ ʨʘʜʠʦʧʨʦʟʨʘʯʥʳʭ 

ʙʦʝʧʨʠʧʘʩʦʚ (ɹʇ) ʩ ʟʘʤʝʥʦʡ ʤʘʪʝʨʠʘʣʦʚ ʢʦʨʧʫʩʘ ʥʘ ʢʦʤʧʦʟʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʜʠʦʧʨʦʟʨʘʯʥʳʭ ʙʦʝʧʨʠʧʘʩʦʚ ʥʘ ʦʩʥʦʚʝ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʚʥʫʪʨʝʥʥʝʡ ʠ ʚʥʝʰʥʝʡ ʙʘʣʣʠʩʪʠʢʠ ʚ ʜʚʫʤʝʨʥʦʡ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʧʦʩʪʘʥʦʚʢʝ. 

A number of variants of designs of radio-transparent ammunition were developed and 

analyzed with replacement of the shell materials with composite materials. Strength characteristics 

of radio-transparent ammunition are analyzed by setting up two-dimensional and three-

dimensional problems of internal and external ballistics. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʙʨʦʥʠʨʦʚʘʥʥʦʡ ʪʝʭʥʠʢʠ ʦʙʝʩʧʝʯʝʥʘ ʘʢʪʠʚʥʦʡ 

ʟʘʱʠʪʦʡ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʘʢʪʠʚʥʘʷ ʟʘʱʠʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʩʪʝʤʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ 

ʨʘʟʥʝʩʝʥʥʳʭ ʧʦ ʧʝʨʠʤʝʪʨʫ ʤʘʰʠʥʳ ʤʦʜʫʣʝʡ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʦʙʣʘʜʘʝʪ ʩʦʙʩʪʚʝʥʥʦʡ 

ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʩʪʘʥʮʠʝʡ (ʈʃʉ). ʈʃʉ ʦʙʥʘʨʫʞʠʚʘʝʪ ʧʦʜʣʝʪʘʶʱʠʡ ʩʥʘʨʷʜ, ʧʦʩʣʝ ʯʝʛʦ 

ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʨʫʰʝʥʠʝ ʝʛʦ ʧʫʪʝʤ ʚʳʩʪʨʝʣʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʧʨʦʪʠʚʦʟʘʨʷʜʦʤ.  

ʉʫʱʝʩʪʚʫʶʱʠʝ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʙʦʝʧʨʠʧʘʩʳ ʥʠʢʘʢ ʥʝ ʟʘʱʠʱʝʥʳ ʦʪ ʢʦʤʧʣʝʢʩʦʚ 

ʘʢʪʠʚʥʦʡ ʟʘʱʠʪʳ, ʧʦʩʢʦʣʴʢʫ ʥʝ ʦʙʣʘʜʘʶʪ ʜʦʩʪʘʪʦʯʥʦʡ ʟʘʱʠʪʦʡ ʦʪ ʦʙʥʘʨʫʞʝʥʠʷ ʈʃʉ. ɹʳʣʘ 

ʧʦʩʪʘʚʣʝʥʘ ʮʝʣʴ ʨʘʟʨʘʙʦʪʘʪʴ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʷʜ ʚʘʨʠʘʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ 

ʨʘʜʠʦʧʨʦʟʨʘʯʥʳʭ ɹʇ ʩ ʟʘʤʝʥʦʡ ʤʘʪʝʨʠʘʣʘ ʢʦʨʧʫʩʘ ʥʘ ʨʘʜʠʦʧʨʦʟʨʘʯʥʳʝ. 

ɹʦʝʧʨʠʧʘʩ ʨʝʰʝʥʦ ʙʳʣʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʜʣʷ ʘʨʪʠʣʣʝʨʠʡʩʢʦʡ ʩʠʩʪʝʤʳ ʢʘʣʠʙʨʘ 57 ʤʤ. 

ɿʘ ʦʩʥʦʚʫ ʙʝʨʸʪʩʷ 57 ʤʤ ʫʥʠʪʘʨʥʳʡ ʙʦʝʧʨʠʧʘʩ ʋʆʈ-281ʋ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʜʠʦʧʨʦʟʨʘʯʥʦʩʪʠ ʙʦʝʧʨʠʧʘʩʦʚ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤʠ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ: ʙʘʟʘʣʴʪʦʚʦʝ 

ʚʦʣʦʢʥʦ, ʩʪʝʢʣʦʚʦʣʦʢʥʦ, ʫʛʣʝʨʦʜʥʦʝ ʚʦʣʦʢʥʦ. ʀʩʭʦʜʷ ʠʟ ʘʥʘʣʠʟʘ (ʪʘʙʣ. 1), ʣʫʯʰʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʦʙʣʘʜʘʝʪ ʙʘʟʘʣʴʪʦʚʦʝ ʚʦʣʦʢʥʦ, ʪʘʢ ʢʘʢ ʦʥʦ ʠʤʝʝʪ ʥʘʠʙʦʣʴʰʫʶ ʪʝʤʧʝʨʘʪʫʨʫ 

ʧʣʘʚʣʝʥʠʷ ʠ ʧʨʦʯʥʦʩʪʴ. ʊʘʢ ʞʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʙʘʟʘʣʴʪʦʚʦʛʦ ʥʝʧʨʝʨʳʚʥʦʛʦ ʚʦʣʦʢʥʘ 

ʟʥʘʯʠʪʝʣʴʥʦ ʜʝʰʝʚʣʝ ʜʨʫʛʠʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

 

ʊʘʙʣʠʮʘ 1 - ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʦʣʦʢʦʥ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʋʛʣʝʚʦʣʦʢʥʦ ʉʪʝʢʣʦʚʦʣʦʢʥʦ ɹʅɺ 

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ 

ʨʘʩʪʷʞʝʥʠʠ, ɻʇʘ 
3,5 4,6 5,5 

ʄʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʧʨʠ 

ʨʘʩʪʷʞʝʥʠʠ, ɻʇʘ 
400 86 200 

ʇʣʦʪʥʦʩʪʴ, 103Ŀʢʛ/ʤ3 1,9 2,5 2,66 

ʊʝʤʧʝʨʘʪʫʨʦʩʪʦʡʢʦʩʪʴ, 
ʦ
ʉ 600-700 500 800 

 

ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʨʘʙʦʪʳ ʩʪʘʣʘ ʨʘʟʨʘʙʦʪʢʘ ʢʦʥʩʪʨʫʢʮʠʡ ɹʇ ʚ ʧʦʣʠʤʝʨʥʦʤ ʢʦʨʧʫʩʝ, 

ʥʘ ʦʩʥʦʚʝ ʰʪʘʪʥʳʭ 57-ʤʤ ʩʥʘʨʷʜʦʚ. ʊʦʣʱʠʥʘ ʩʪʝʥʦʢ ʢʦʨʧʫʩʘ ʚʳʙʠʨʘʣʘʩʴ ʧʨʠ ʵʩʢʠʟʥʦʤ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʦʨʠʝʥʪʠʨʦʚʦʯʥʦ, ʪʘʢ ʢʘʢ ʥʫʞʥʦ ʩʦʭʨʘʥʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʤʝʱʝʥʠʷ ʚ 

mailto:khmelnikov7@gmail.com
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ʢʦʨʧʫʩʝ ʛʦʪʦʚʳʭ ʧʦʨʘʞʘʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʟʘʣʠʪʳʭ ʚ ʢʦʤʧʘʫʥʜʝ. ʅʘʣʠʯʠʝ ʚ ʢʦʥʩʪʨʫʢʮʠʠ 

ʚʥʫʪʨʝʥʥʝʡ ʦʩʢʦʣʦʯʥʦʡ ʨʫʙʘʰʢʠ ʩʧʦʩʦʙʩʪʚʫʝʪ  ʧʦʚʳʰʝʥʠʶ ʧʨʦʯʥʦʩʪʠ ʢʦʨʧʫʩʘ, 

ʠʩʧʳʪʳʚʘʶʱʝʛʦ ʥʘʛʨʫʟʢʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʜʚʠʞʝʥʠʠ ʙʦʝʧʨʠʧʘʩʘ ʧʦ ʢʘʥʘʣʫ ʩʪʚʦʣʘ. ʇʨʠ 

ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʩʦʭʨʘʥʠʪʴ ʤʦʛʫʱʝʩʪʚʦ ʙʦʝʧʨʠʧʘʩʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʟʘʜʘʥʥʦʛʦ ʧʦʨʘʞʘʶʱʝʛʦ 

ʦʩʢʦʣʦʯʥʦʛʦ ʜʝʡʩʪʚʠʷ.  

çʖʞʥʦ-ʋʨʘʣʴʩʢʠʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʫʥʠʚʝʨʩʠʪʝʪʦʤè ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʚʘʨʠʘʥʪ 

ʢʦʥʩʪʨʫʢʮʠʠ ɹʇ (ʨʠʩ.1). ʂʦʥʩʪʨʫʢʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʢʦʨʧʫʩʘ, ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʠʟ ʩʪʝʢʣʦʚʦʣʦʢʥʘ, 

ʙʘʟʘʣʴʪʦʚʦʛʦ ʥʝʧʨʝʨʳʚʥʦʛʦ ʚʦʣʦʢʥʘ ʠʣʠ ʫʛʣʝʚʦʣʦʢʥʘ. ɺ ʢʦʨʧʫʩ ʚʢʣʘʜʳʚʘʝʪʩʷ ʨʫʙʘʰʢʘ, 

ʩʦʩʪʦʷʱʘʷ ʠʟ ʰʘʨʠʢʦʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʘʣʶʤʦʦʢʩʠʜʥʦʡ ʥʘʥʦʢʝʨʘʤʠʢʠ ʩ ʥʘʧʦʣʥʝʥʠʝʤ 

ʢʦʤʧʘʫʥʜʥʦʡ ʩʤʦʣʳ ʠ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʟʨʳʚʘʪʝʣʷ, ʚʳʧʦʣʥʝʥʥʦʛʦ ʚ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʝ. 

ʂ ʩʦʞʘʣʝʥʠʶ, ʧʨʦʯʥʦʩʪʥʳʝ, ʚʥʝʰʥʝ- ʠ ʚʥʫʪʨʠʙʘʣʣʠʩʪʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ, 

ʯʪʦ ʜʘʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʥʝ ʧʨʦʭʦʜʠʪ ʠʩʧʳʪʘʥʠʝ ʥʘ ʧʨʦʯʥʦʩʪʴ ʠ ʥʝ ʦʙʣʘʜʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴʶ 

ʥʘ ʧʦʣʝʪʝ, ʧʦʵʪʦʤʫ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʨʘʩʯʝʪʥʳʭ ʤʦʜʝʣʝʡ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʨʷʜ 

ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʳʭ ʚʘʨʠʘʥʪʦʚ. 

 

 
ʈʠʩʫʥʦʢ 1. ʂʦʥʩʪʨʫʢʮʠʷ ʨʘʜʠʦʧʨʦʟʨʘʯʥʦʛʦ ʙʦʝʧʨʠʧʘʩʘ, ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʌɻɸʆʋ ɺʆ 

çʖʋʨɻʋè. 

 

ʇʝʨʚʳʡ ʚʘʨʠʘʥʪ: ʢʣʘʩʩʠʯʝʩʢʘʷ ʢʦʤʧʦʥʦʚʢʘ ʩ ʫʪʦʣʱʸʥʥʳʤ ʜʥʦʤ, ɻʇʕ ʠ ʚʝʜʫʱʠʤ 

ʫʩʪʨʦʡʩʪʚʦʤ ʠʟ ʤʘʪʝʨʠʘʣʘ ʢʦʨʧʫʩʘ (ʨʠʩ. 2ʘ). 

ɺʪʦʨʦʡ ʚʘʨʠʘʥʪ: ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʨʝʜʳʜʫʱʝʛʦ ʣʠʰʴ ʛʨʝʙʝʥʯʘʪʦʡ ʬʦʨʤʦʡ ʚʝʜʫʱʝʛʦ 

ʫʩʪʨʦʡʩʪʚʘ (ʨʠʩ. 2ʙ). 

ʊʨʝʪʠʡ ʚʘʨʠʘʥʪ: ʧʨʝʜʣʦʞʝʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʩ ʟʘʧʨʝʩʩʦʚʘʥʥʳʤ ʚʝʜʫʱʠʤ ʧʦʷʩʢʦʤ ʠʟ 

ʧʦʣʠʢʘʨʙʦʥʘʪʘ. ʆʪʣʠʯʘʝʪʩʷ ʦʪ 1 ʠ 2 ʚʘʨʠʘʥʪʦʚ ʙʦʣʝʝ ʪʦʣʩʪʳʤ ʜʥʦʤ, ʚʦ ʠʟʙʝʞʘʥʠʝ 

ʨʘʟʨʫʰʝʥʠʷ ʢʦʨʧʫʩʘ ʧʦʜ ʚʝʜʫʱʠʤ ʫʩʪʨʦʡʩʪʚʦʤ (ʨʠʩ. 2ʚ). 

ʏʝʪʚʸʨʪʳʡ ʚʘʨʠʘʥʪ: ʚʝʜʫʱʝʝ ʫʩʪʨʦʡʩʪʚʦ ʛʨʝʙʝʥʯʘʪʦʡ ʬʦʨʤʳ ʚʳʧʦʣʥʝʥʦ ʚ ʚʠʜʝ 

ʣʝʡʥʝʨʘ ʧʦ ʚʩʝʤʫ ʢʦʨʧʫʩʫ (ʨʠʩ. 2ʛ). 

ʇʦʩʢʦʣʴʢʫ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʳʣ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʝʥ ʚʝʩ ʠ ʢʦʥʩʪʨʫʢʮʠʷ 

ɹʇ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʨʘʩʯʝʪʳ ʚʥʫʪʨʝʥʥʝʡ ʙʘʣʣʠʩʪʠʢʠ ʜʣʷ ʧʨʝʜʣʘʛʘʝʤʳʭ ʚʘʨʠʘʥʪʦʚ 

ʢʦʥʩʪʨʫʢʮʠʡ ʨʘʜʠʦʧʨʦʟʨʘʯʥʦʛʦ ɹʇ. ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ, ʢʦʪʦʨʘʷ ʨʝʰʘʣʘʩʴ ʥʘ ʵʪʦʤ ʵʪʘʧʝ - 

ʧʦʜʙʦʨ ʥʘʚʝʩʢʠ ʧʦʨʦʭʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ ʜʫʣʴʥʦʡ ʩʢʦʨʦʩʪʠ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʡ 

ʨʘʩʯʝʪ ʚʥʫʪʨʠʙʘʣʣʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʦʩʥʦʚʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ 

ʧʨʦʚʦʜʠʣʩʷ ʚ ʧʨʦʛʨʘʤʤʝ OZVB ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʥʘ ʢʘʬʝʜʨʝ ʉʧʝʮʠʘʣʴʥʦʛʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ 

(ʉʄ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʷʩʥʠʣʠ, ʯʪʦ ʠʟ ʨʷʜʘ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʧʦʨʦʭʦʚ ʤʦʛʫʪ ʧʦʜʦʡʪʠ: ʉʌ033 

ʥʘʚʝʩʢʦʡ 600 ʛʨʘʤʤ; ɺʊ ʥʘʚʝʩʢʦʡ 600 ʛʨʘʤʤ; ɺʊʍ-10 ʥʘʚʝʩʢʦʡ 700 ʛʨʘʤʤ; 4/1 ʥʘʚʝʩʢʦʡ 600 

ʛʨʘʤʤ; 5/1 ʥʘʚʝʩʢʦʡ 500 ʠ 600 ʛʨʘʤʤ. 
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ɼʣʷ ʙʦʣʝʝ ʛʣʫʙʦʢʦʛʦ ʧʦʥʠʤʘʥʠʷ ʧʨʦʮʝʩʩʘ ʨʝʰʝʥʦ ʙʳʣʦ ʧʨʦʚʝʩʪʠ ʨʘʩʯʝʪ ʩ 

ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʤ ʧʦʜʭʦʜʦʤ ʢ ʨʝʰʝʥʠʶ ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʠ ʚʥʫʪʨʝʥʥʝʡ ʙʘʣʣʠʩʪʠʢʠ. ɺ 

ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʧʦʨʦʭʘ ʙʳʣ ʚʳʙʨʘʥ ʧʦʨʦʭ 6/7 ʨʘʟʥʦʡ ʥʘʚʝʩʢʠ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ 

ʚʥʫʪʨʠʙʘʣʣʠʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤ ʚʘʨʠʘʥʪʦʤ ʙʫʜʝʪ 

ʥʘʚʝʩʢʘ ʧʦʨʦʭʘ 400 ʛʨʘʤʤ.  

 
ʈʠʩʫʥʦʢ 2. ʇʨʝʜʣʘʛʘʝʤʳʝ ʚʘʨʠʘʥʪʳ ʢʦʥʩʪʨʫʢʮʠʡ ʨʘʜʠʦʧʨʦʟʨʘʯʥʦʛʦ ʙʦʝʧʨʠʧʘʩʘ 

 

ɺ ʧʨʦʛʨʘʤʤʝ çʇʨʦʯʥʦʩʪʴè, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʥʘ ʢʘʬʝʜʨʝ ʉʄ, ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ 

ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʯʝʪʳʨʝʭ ʧʨʝʜʣʘʛʘʝʤʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʙʦʝʧʨʠʧʘʩʘ ʥʘ ʦʩʥʦʚʝ 

ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʢʨʠʚʳʭ ʜʘʚʣʝʥʠʡ, ʧʦʩʪʨʦʝʥʥʳʭ ʧʨʠ ʨʘʩʯʝʪʝ ʚʥʫʪʨʠʙʘʣʣʠʩʪʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʜʣʷ ʥʘʚʝʩʦʢ ʧʦʨʦʭʘ 5/1 ʤʘʩʩʦʡ 500 ʛʨʘʤʤ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʝʪʘ ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʪʦʨʦʡ ʠ ʯʝʪʚʝʨʪʳʡ ʚʘʨʠʘʥʪ ʢʦʥʩʪʨʫʢʮʠʠ ʥʝ ʚʳʜʝʨʞʠʚʘʶʪ ʤʘʢʩʠʤʘʣʴʥʳʭ 

ʜʘʚʣʝʥʠʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʨʫʰʝʥʠʶ ɺʋ ʠ ʜʦʥʥʦʡ ʯʘʩʪʠ ʙʦʝʧʨʠʧʘʩʦʚ, ʘ ʧʝʨʚʳʡ ʠ ʪʨʝʪʠʡ 

ʚʘʨʠʘʥʪʳ ʢʦʥʩʪʨʫʢʮʠʠ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ʧʨʦʯʥʦʩʪʠ ï ʧʨʘʚʠʣʴʥʦ ʬʦʨʤʠʨʫʶʪʩʷ 

ʥʘʨʝʟʳ, ʥʘʧʨʷʞʝʥʠʷ ʥʝ ʜʦʩʪʠʛʘʶʪ ʧʨʝʜʝʣʦʚ ʪʝʢʫʯʝʩʪʠ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʦʪʜʝʣʴʥʳʭ ʤʝʩʪ ʚ 

ʟʦʥʝ ʦʢʦʥʯʘʥʠʷ ɺʋ, ʦʜʥʘʢʦ ʚʝʣʠʯʠʥʘ ʵʪʠʭ, ʥʘʧʨʷʞʝʥʠʡ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʳʤ 

ʧʣʘʩʪʠʯʝʩʢʠʤ ʜʝʬʦʨʤʘʮʠʷʤ ʟʘʧʦʷʩʢʦʚʦʡ ʯʘʩʪʠ. 

ɼʣʷ ʧʝʨʚʦʛʦ ʚʘʨʠʘʥʪʘ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ɹʇ ʙʳʣ ʧʨʦʚʝʜʝʥ ʨʘʩʯʝʪ 

ʚʥʝʰʥʝʙʘʣʣʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʅʘ ʜʘʣʴʥʦʩʪʠ 4 000 ʤʝʪʨʦʚ ʙʫʜʝʪ ʠʤʝʪʴ ʙʦʢʦʚʦʝ 

ʦʪʢʣʦʥʝʥʠʝ 1,5 ʤʝʪʨʦʤ, ʘ ʧʨʠ ʧʨʝʜʧʦʣʘʛʘʝʤʦʡ ʧʨʠʮʝʣʴʥʦʡ ʜʘʣʴʥʦʩʪʠ 6000 ʤʝʪʨʦʚ ʩʥʘʨʷʜ 

ʠʤʝʝʪ ʙʦʢʦʚʦʝ ʦʪʢʣʦʥʝʥʠʝ ʥʝ ʙʦʣʝʝ 4 ʤʝʪʨʦʚ (ʨʠʩ. 3). 

ɺʳʚʦʜʳ:  

1. ʈʘʩʩʤʦʪʨʝʥ ʚʘʨʠʘʥʪ ʢʦʥʩʪʨʫʢʮʠʠ ʨʘʜʠʦʧʨʦʟʨʘʯʥʦʛʦ ɹʇ çʖʞʥʦ-ʋʨʘʣʴʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘè. ʇʨʦʯʥʦʩʪʥʳʝ ʠ ʚʥʝʰʥʝ ʙʘʣʣʠʩʪʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʢʦʪʦʨʦʛʦ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʢʦʥʩʪʨʫʢʮʠʷ ʥʝ ʚʳʜʝʨʞʠʚʘʝʪ ʨʘʩʯʝʪʘ ʧʨʦʯʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʘ ʧʦʣʝʪʝ.  

2. ʀʟ 4 ʧʨʝʜʣʦʞʝʥʥʳʭ ʚʘʨʠʘʥʪʦʚ ʢʦʥʩʪʠʪʫʮʠʡ ʣʫʯʰʠʤ ʚʘʨʠʘʥʪʦʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʧʨʦʯʥʦʩʪʠ ʢʦʨʧʫʩʘ ʷʚʣʷʝʪʩʷ 1 ʚʘʨʠʘʥʪ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʨʘʙʦʪʘ ʥʦʩʠʪ ʥʘʯʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʙʫʜʝʪ ʠʤʝʪʴ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ 

ʚ ʙʫʜʫʱʝʤ.  
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 ʈʠʩʫʥʦʢ 3. ʈʘʩʯʝʪ ʚʥʝʰʥʝʙʘʣʣʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʝʨʚʦʛʦ ʚʘʨʠʘʥʪʘ 

ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʨʘʜʠʦʧʨʦʟʨʘʯʥʦʛʦ ɹʇ 
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ɺ ʤʘʪʝʨʠʘʣʘʭ ʨʘʙʦʪʳ ʦʙʩʫʞʜʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʠʟʥʦʩʘ ʬʦʨʤʦʦʙʨʘʟʫʶʱʝʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ, ʚʦʟʥʠʢʘʶʱʘʷ ʧʨʠ ʤʘʩʩʦʚʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʪʦʥʢʦʩʪʝʥʥʳʭ ʬʘʩʦʥʥʳʭ ʧʦʣʳʭ 

ʜʝʪʘʣʝʡ ï "ʛʠʣʴʟ", ʨʘʥʝʝ ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʩʨʦʢʘ ʩʣʫʞʙʳ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʤʘʩʩʦʚʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʷʚʣʷʝʪʩʷ ʠʟʛʦʪʦʚʣʝʥʠʝ ʦʜʥʦʪʠʧʥʦʡ ʧʨʦʜʫʢʮʠʠ ʩ ʥʠʟʢʦʡ ʩʝʙʝʩʪʦʠʤʦʩʪʴʶ ʚ 

ʙʦʣʴʰʠʭ ʦʙʲʝʤʘʭ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʀʟʥʦʩ ʬʦʨʤʦʦʙʨʘʟʫʶʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ 

ʣʠʩʪʦʚʦʡ ʰʪʘʤʧʦʚʢʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʟʤʝʥʝʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ, 

ʰʝʨʦʭʦʚʘʪʦʩʪʠ, ʦʙʨʘʟʦʚʘʥʠʝ ʩʢʦʣʦʚ ʠ ʪʨʝʱʠʥ. ɺʩʝ ʵʪʦ ʚʝʜʝʪ ʣʠʙʦ ʢ ʙʨʘʢʫ ʧʨʦʜʫʢʮʠʠ, ʣʠʙʦ 

ʢ ʧʨʦʩʪʦʷʤ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʧʦʪʝʨʷʤ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʩʘʤʳʭ ʫʷʟʚʠʤʳʭ ʤʝʩʪ ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʥʘʧʨʷʞʝʥʠʡ ʚ ʧʫʘʥʩʦʥʝ, ʚʦʟʥʠʢʘʶʱʠʭ 

ʧʨʠ ʧʨʦʪʷʞʢʝ ʛʠʣʴʟʳ ʯʝʨʝʟ ʤʘʪʨʠʮʳ. 

In the materials of the work is discussed the problem of wear of the forming tool, which 

arises in the mass production of thin-walled shaped hollow parts - "sleeves", previously calculated 

lifetime. A ʩharacteristic of mass production is the production of the same type of products with low 

prime cost in large volumes for a long time. Wear of the forming tool of sheet punching is a change 

in the geometric dimensions, roughness, the formation of chips and cracks. All this leads either to 

the marriage of products, or to production delays, and, consequently, to economic losses. For 

determiningthe most vulnerable places of the instrument, an analysis of the stresses in the punch 

that occur when the core is pushed through the matrix. 

 

ɺʚʝʜʝʥʠʝ 

ʇʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʛʠʣʴʟ ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʦʜʥʠʤ ʠʟ 

ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʚʳʪʷʞʢʘ ʩ ʫʪʦʥʝʥʠʝʤ. ɺʳʪʷʞʢʘ ʩ ʫʪʦʥʝʥʠʝʤ, ʦʪʥʦʩʠʪʩʷ ʢ ʢʣʘʩʩʫ 

ʪʦʣʩʪʦʣʠʩʪʦʚʦʡ ʰʪʘʤʧʦʚʢʠ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʮʝʩʩ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʧʦʣʦʡ ʜʝʪʘʣʠ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʫʪʸʤ ʧʨʠʥʫʜʠʪʝʣʴʥʦʛʦ ʫʪʦʥʝʥʠʷ ʩʪʝʥʢʠ ʟʘʛʦʪʦʚʢʠ ʧʨʠ ʝʸ ʧʨʦʪʷʛʠʚʘʥʠʠ 

ʯʝʨʝʟ ʦʜʥʫ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʤʘʪʨʠʮ. ɺ ʦʙʱʝʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩʧʦʩʦʙʦʚ ʰʪʘʤʧʦʚʢʠ ʤʦʞʥʦ 

ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʩʧʦʩʦʙʳ ʚʳʪʷʞʢʠ ʩ ʫʪʦʥʝʥʠʝʤ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝ: 

ï ʧʦ ʬʦʨʤʝ ʠʩʭʦʜʥʦʡ ʟʘʛʦʪʦʚʢʠ ʠ ʰʪʘʤʧʫʝʤʦʡ ʜʝʪʘʣʠ; 

ï ʧʦ ʚʠʜʫ ʜʚʠʞʝʥʠʷ ʟʘʛʦʪʦʚʢʠ ʠ ʨʘʙʦʯʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ; 

ï ʧʦ ʩʭʝʤʝ ʧʨʠʣʦʞʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʠʣ; 

ï ʧʦ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʫʩʣʦʚʠʷʤ; 

ï ʧʦ ʩʢʦʨʦʩʪʥʳʤ ʫʩʣʦʚʠʷʤ; 

ï ʧʦ ʫʩʣʦʚʠʷʤ ʪʨʝʥʠʷ; 

ï ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʤʘʪʨʠʮ; 

ï ʧʦ ʪʠʧʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʘʩʪʢʠ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

ɺ ʧʘʪʨʦʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʨʠʤʝʥʷʶʪ ʚʳʪʷʞʢʫ ʥʘ ʧʨʝʩʩʘʭ ʠ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʙʣʦʢʘʭ, ʥʘ ɸʈʃ ʯʝʨʝʟ ʦʜʥʫ ʠʣʠ ʜʚʝ ʤʘʪʨʠʮʳ ʠʟ ʢʦʣʧʘʯʢʦʚ, ʧʦʣʫʯʝʥʥʳʭ 

ʩʚʸʨʪʢʦʡ ʩ ʫʪʦʥʝʥʠʝʤ, ʙʝʟ ʠʭ ʥʘʛʨʝʚʘ, ʚ ʫʩʣʦʚʠʷʭ ʩʪʘʪʠʯʝʩʢʦʡ ʠ ʩʢʦʨʦʩʪʥʦʡ ʰʪʘʤʧʦʚʢʠ 

[3,4,5]. 

ʆʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʰʪʘʤʧʫð ʩʪʦʡʢʦʩʪʴ ʚ ʨʘʙʦʪʝ ʠ 

ʪʦʯʥʦʩʪʴ.ʉʪʦʡʢʦʩʪʴ ʰʪʘʤʧʘ ʚ ʨʘʙʦʪʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦʤ ʜʝʪʘʣʝʡ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ 

ʰʪʘʤʧʦʤ ʜʦ ʟʘʤʝʥʳ ʠʣʠ ʜʦ ʟʘʪʦʯʢʠ. ʇʫʘʥʩʦʥ ʩʯʠʪʘʝʪʩʷ ʠʟʥʦʰʝʥʥʳʤʠ, ʝʩʣʠ ʦʥ ʧʦʪʝʨʷʣʠ 

ʨʘʙʦʯʠʝ ʨʘʟʤʝʨʳ ʥʘʩʪʦʣʴʢʦ, ʯʪʦ ʥʘ ʥʠʭ ʥʝʣʴʟʷ ʠʟʛʦʪʦʚʣʷʪʴ ʜʝʪʘʣʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 
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ʪʝʭʥʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ. ʀʟʥʦʩ ʧʫʘʥʩʦʥʘ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʩʣʦʞʥʦʤ ʧʨʦʬʠʣʝ - ʤʝʩʪʝ ʧʝʨʝʭʦʜʘ 

ʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʜʨʫʛʫʶ. ʄʝʩʪʘ ʧʝʨʝʭʦʜʘ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

ʈʠʩʫʥʦʢ 1.ʇʫʘʥʩʦʥ 

 

ʉʪʦʡʢʦʩʪʴ ʰʪʘʤʧʘ ʟʘʚʠʩʠʪ ʦʪ ʨʷʜʘ ʧʨʠʯʠʥ: ʦʪ ʤʘʪʝʨʠʘʣʘ ʧʫʘʥʩʦʥʘ ʛʠʣʴʟʳ, ʢʘʯʝʩʪʚʘ 

ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, ʢʘʯʝʩʪʚʘ ʦʙʨʘʙʦʪʢʠ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʫʘʥʩʦʥʘ, ʪʦʯʥʦʩʪʠ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʩʙʦʨʢʠ ʰʪʘʤʧʘ, ʩʦʙʣʶʜʝʥʠʷ ʧʨʘʚʠʣ ʵʢʩʧʣʫʘʪʘʮʠʠ ʰʪʘʤʧʦʚ, ʩʤʘʟʢʘ ʰʪʘʤʧʘ 

ʚʦ ʚʨʝʤʷ ʨʘʙʦʪʳ.ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʙʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥʳʩʣʝʜʫʶʱʠʝ ʮʝʣʠ ʠ ʟʘʜʘʯʠ. 

ʎʝʣʴ: 

- ʧʨʝʜʣʦʞʠʪʴ ʚʦʟʤʦʞʥʳʝ ʚʘʨʠʘʥʪʳ ʤʦʜʝʨʥʠʟʘʮʠʠ ʧʫʘʥʩʦʥʘ. 

ɿʘʜʘʯʠ: 

-ʠʟʫʯʠʪʴ ʤʘʪʝʨʠʘʣ, ʠʟ ʢʦʪʦʨʦʛʦ ʠʟʛʦʪʘʚʣʠʚʘʝʪʩʷ ʧʫʘʥʩʦʥ, ʘ ʪʘʢʞʝ ʨʘʩʩʤʦʪʨʝʪʴ 

ʘʥʘʣʦʛʠ; 

- ʠʟʫʯʠʪʴ ʤʘʪʝʨʠʘʣ, ʠʟ ʢʦʪʦʨʦʛʦ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʛʠʣʴʟʳ; 

- ʧʨʦʚʝʩʪʠʧʨʦʯʥʦʩʪʥʦʡ ʘʥʘʣʠʟ ʢʦʥʩʪʨʫʢʮʠʠ; 

-ʫʩʪʘʥʦʚʠʪʴ ʚʦʟʤʦʞʥʳʭ ʧʨʠʯʠʥ ʧʦʣʦʤʢʠ ʧʫʘʥʩʦʥʘ. 

ʇʨʦʯʥʦʩʪʥʦʡ ʘʥʘʣʠʟ ʧʫʘʥʩʦʥʘ 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʥʘʧʨʷʞʝʥʠʷ ʚ ʧʫʘʥʩʦʥʝ, 

ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʧʨʦʪʷʞʢʝ ʛʠʣʴʟʳ ʯʝʨʝʟ ʤʘʪʨʠʮʳ. ɼʣʷ ʵʪʦʛʦ ʟʘʜʘʜʠʤʩʷ ʩʣʝʜʫʶʱʠʤʠ 

ʠʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ: 

- ʤʘʪʝʨʠʘʣ ʛʠʣʴʟʳ ïʜʚʦʡʥʘʷ (ʧʨʦʩʪʘʷ) ʣʘʪʫʥʴ ʃ68, ʩʦʜʝʨʞʘʱʘʷ 68% ʤʝʜʠ, 32% ʮʠʥʢʘ. 

ʆʥʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʬʘʟʥʦʡ ʧʦ ʩʪʨʫʢʪʫʨʝ ʠ ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʴʶ, ʜʦʩʪʘʪʦʯʥʦʡ 

ʧʨʦʯʥʦʩʪʴʶ ʠ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʴʶ. 

- ʤʘʪʝʨʠʘʣ ʧʫʘʥʩʦʥʘ -  ʩʪʘʣʴ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʘʷ ʫʛʣʝʨʦʜʠʩʪʘʷ ʩʪʘʣʴ ʤʘʨʢʠ ʋ10. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʘʣʠ ʧʨʠʚʝʜʝʥʳ, ʚʟʷʪʳ ʠʟ ɻʆʉʊ 1435-99 [1], ʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ɸʥʘʣʦʛʘʤʠ ʩʪʘʣʠ ʋ10 ʷʚʣʷʶʪʩʷ: ʋ11, ʋ12, ʋ12ɸ; 

 - ʥʘʛʨʫʟʢʦʡ ʜʝʡʩʪʚʫʶʱʝʡ ʚʜʦʣʴ ʦʩʠ ʧʫʘʥʩʦʥʘ, ʷʚʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝ ʨʘʩʯʝʪʥʦʛʦ 

ʜʘʚʣʝʥʠʷ ʚʳʪʷʞʢʠ ʠ ʨʘʚʥʷʝʪʩʷ, F=50 ʢʅ. 
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 ʊʘʙʣʠʮʘ . ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.  

ʇʣʦʪʥʦʩʪʴ 

ɟ, ʢʛ/ʤ3 

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ 

ůB, ʄʇʘ 

ʄʦʜʫʣʴ ʖʥʛʘ 

ɽ, ɻʇʘ 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʇʫʘʥʩʦʥʘ 

v 

7810 750 210 0.28 

ʈʘʩʯʝʪʳ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ ANSYS 17.2 AcademicResearch. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʫʘʥʩʦʥʘ, ʩʦ ʩʣʝʜʫʶʱʠʤʠ 

ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ:  ʤʝʩʪʦ ʟʘʢʨʝʧʣʝʥʠʷ(ʪʦʯʢʘ ɸ)-ʞʝʩʪʢʘʷ ʟʘʜʝʣʢʘ ʠ ʤʝʩʪʦ ʧʨʠʣʘʛʘʝʤʦʡ 

ʥʘʛʨʫʟʠ F(ʪʦʯʢʘ ɺ). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 2. ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʫʘʥʩʦʥʘ 
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ʉʦʛʣʘʩʥʦ ʢʦʥʝʯʥʦʤʫ ʨʘʩʯʝʪʫ (ʨʠʩʫʥʦʢ 3), ʥʘʧʨʷʞʝʥʠʝ ʚ ʤʝʩʪʘʭ ʧʝʨʝʭʦʜʘ ʜʦʩʪʠʛʘʝʪ 

ů=500 ʄʇʘ, ʯʪʦ ʤʝʥʝʝ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ [ůB]=750 ʄʇʘ [1]. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, 

ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ n =1.5, ʯʪʦ ʤʝʥʝʝ ʪʨʝʙʫʝʤʦʛʦ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ n=1.7, 

ʩʦʛʣʘʩʥʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ [2]:  

 
ʈʠʩʫʥʦʢ 3. ʅʘʧʨʷʞʝʥʠʝ ʚ ʧʫʘʥʩʦʥʝ ʧʦ ʄʠʟʝʩʫ, ʄʇʘ. 

ɺʳʚʦʜ 

ʉʦʛʣʘʩʥʦ ʨʘʩʯʝʪʫ, ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʟʜʝʣʠʷ ʥʝʦʙʭʦʜʠʤʦ ʧʦʚʳʩʠʪʴ. 

ʕʪʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ, ʧʦʡʜʷ ʩʣʝʜʫʶʱʠʤʠ ʧʫʪʷʤʠ: 

-  ʟʘʤʝʥʘ ʩʪʘʣʠ ʋ10 ʥʘ ʤʘʪʝʨʠʘʣ ʩ ʙʦʣʝʝ ʣʫʯʰʠʤʠ ʧʨʦʯʥʦʩʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ; 

- ʠʟʤʝʥʝʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʧʫʘʥʩʦʥʘ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʧʨʦʚʝʩʪʠ ʙʦʣʝʝ ʧʦʜʨʦʙʥʳʡ ʘʥʘʣʠʟ ʅɼʉ ʧʫʘʥʩʦʥʘ ʩ ʫʯʝʪʦʤ 

ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ: ʩʢʦʨʦʩʪʴ ʨʘʙʦʪʳ, ʪʝʤʧʝʨʘʪʫʨʘ, ʪʨʝʥʠʝ, ʢʘʯʝʩʪʚʦ ʤʘʪʝʨʠʘʣʘ 

ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʰʪʘʤʧʫʝʤʦʛʦ ʠʟʜʝʣʠʷ. 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ: 

1. ɻʆʉʊ 1435-99 ʇʨʫʪʢʠ, ʧʦʣʦʩʳ ʠ ʤʦʪʢʠ ʠʟ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʡ ʥʝʣʝʛʠʨʦʚʘʥʥʦʡ ʩʪʘʣʠ. 

2. ʉʪʦʨʦʞʝʚ ʄ. ɺ., ʊʝʦʨʠʷ ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʦʚ ʜʘʚʣʝʥʠʝʤ: ʫʯʝʙ. ʜʣʷ ʚʫʟʦʚ/ ʄ. ɺ. 

ʉʪʦʨʦʞʝʚ, ɽ. ɸ. ʇʦʧʦʚ. ï ʄ.: ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 1977. ï 423 ʩ. 

3. ɸʛʝʝʚ, ʅ. ʇ., ʊʝʭʥʦʣʦʛʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʘʪʨʦʥʦʚ ʩʪʨʝʣʢʦʚʦʛʦ ʦʨʫʞʠʷ. ʏ. 2. ʇʨʦʮʝʩʩʳ 

ʰʪʘʤʧʦʚʢʠ / ʅ. ʇ. ɸʛʝʝʚ, ɻ. ɸ. ɼʘʥʠʣʠʥ, ɺ. ʇ. ʆʛʦʨʦʜʥʠʢʦʚ; ɹʘʣʪ. ʛʦʩ.ʪʝʭʥ. ʫʥ-ʪ. ï ʉʇʙ., 

2006. ï 533 ʩ. 

4. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʦʚ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʥʘʨʷʜʦʚ : ʫʯʝʙ. 

ʧʦʩʦʙʠʝ / ɸ. ɺ. ɻʫʩʴʢʦʚ, ʂ. ɽ. ʄʠʣʝʚʩʢʠʡ . - 2-ʝ ʠʟʜ. - ʅʦʚʦʩʠʙʠʨʩʢ : ʀʟʜ-ʚʦ ʅɻʊʋ, 2017. - ʏ. 

2. 

5. ʊʝʦʨʠʷ ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʦʚ ʜʘʚʣʝʥʠʝ : ʫʯʝʙ. ʧʦʩʦʙʠʝ / ɸ. ɺ. ɻʫʩʴʢʦʚ, ʂ. ɽ. 

ʄʠʣʝʚʩʢʠʡ. - ʅʦʚʦʩʠʙʠʨʩʢ : ʀʟʜ-ʚʦ ʅɻʊʋ, 2015. 
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ʋɼʂ 623.438.5 

 

ɸʅɸʃʀɿ ɹʈʆʅɽɺʆʁ ɿɸʑʀʊʓ ʊɸʅʂʆɺ 

 

ʀ.ɼ. ʐʘʜʨʠʥ, ɽ.ɸ. ʍʤʝʣʴʥʠʢʦʚ, ʊ. ɽ. ɿʘʚʦʜʦʚʘ, ʂ.ɺ. ʉʤʘʛʠʥ, ʀ.ʀ. ɺʝʥʜʝʨ 

 

ʅʠʞʥʝʪʘʛʠʣʴʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ, ʬʠʣʠʘʣ ʋʨʘʣʴʩʢʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʧʝʨʚʦʛʦ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʠ ɹ.ʅ.ɽʣʴʮʠʥʘ, 

ʛ. ʅʠʞʥʠʡ ʊʘʛʠʣ, khmelnikov7@gmail.com 

 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʘ ʵʚʦʣʶʮʠʷ ʙʨʦʥʝʚʦʡ ʟʘʱʠʪʳ ʪʘʥʢʦʚ, ʦʪ ʚʨʝʤʝʥʠ ʠʭ ʧʦʷʚʣʝʥʠʷ 

ʠ ʜʦ ʥʘʰʠʭ ʜʥʝʡ. ʇʨʠʚʝʜʝʥʳ ʦʧʠʩʘʥʠʝ, ʦʩʦʙʝʥʥʦʩʪʠ, ʥʝʜʦʩʪʘʪʢʠ ʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʚʩʝʭ ʚʠʜʦʚ 

ʠ ʪʠʧʦʚ ʟʘʱʠʪʳ ʪʘʥʢʦʚ ʦʪ ʨʘʟʣʠʯʥʳʭ ʧʨʦʪʠʚʦʪʘʥʢʦʚʳʭ ʩʨʝʜʩʪʚ. ʈʘʩʩʤʦʪʨʝʥʳ 

ʩʦʚʨʝʤʝʥʥʳʝ ʩʧʦʩʦʙʳ ʟʘʱʠʪʳ ʪʘʥʢʦʚ.  ʇʦʢʘʟʘʥʳ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʨʘʟʨʘʙʦʪʢʠ ʚ ʦʙʣʘʩʪʠ 

ʟʘʱʠʪʳ ʪʘʥʢʦʚ. 

In this project, the evolution of armor protection of tanks was considered from the time of 

their appearance to our days. The description, features, disadvantages and advantages are 

described for all types and kinds of tank protection against various anti-tank weapons. The method 

of operation of various means against engagement for armored vehicles was described. Modern 

methods of tank protection was considered. Promising developments was shown for the field of tank 

protection. 

 

ʇʨʦʙʣʝʤʘ çʙʨʦʥʷ ï ʩʥʘʨʷʜè ʜʦʩʪʘʪʦʯʥʦ ʩʪʘʨʘ. ʇʦʷʚʣʝʥʠʝ ʠ ʙʫʨʥʦʝ ʨʘʟʚʠʪʠʝ 

ʙʨʦʥʝʙʦʡʥʦ-ʧʦʜʢʘʣʠʙʝʨʥʳʭ ʩʥʘʨʷʜʦʚ (ɹʇʉ) ʠ ʢʫʤʫʣʷʪʠʚʥʳʭ ʩʥʘʨʷʜʦʚ (ʂʉ), ʜʘʣʦ ʪʦʣʯʦʢ ʢ 

ʢʘʯʝʩʪʚʝʥʥʦʤʫ ʨʘʟʚʠʪʠʶ ʙʨʦʥʝʚʦʡ ʟʘʱʠʪʳ. ʇʨʦʠʟʦʰʸʣ ʧʝʨʝʭʦʜ ʦʪ ʤʦʥʦʣʠʪʥʦʡ ʩʪʘʣʴʥʦʡ 

ʙʨʦʥʠ ʢ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ ʙʨʦʥʝʚʳʤ ʩʪʨʫʢʪʫʨʘʤ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʧʦʤʠʤʦ 

ʩʪʘʣʴʥʳʭ ʙʨʦʥʝʚʳʭ ʩʣʦʸʚ ʨʷʜ ʜʨʫʛʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʫʩʪʨʦʡʩʪʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʟʘʱʠʪʫ 

ʙʨʦʥʝʪʝʭʥʠʢʠ ʚ ʨʘʤʢʘʭ ʧʨʠʝʤʣʝʤʦʡ ʤʘʩʩʳ ʙʨʦʥʠʨʦʚʘʥʠʷ. 

ɹʨʦʥʝʙʦʡʥʳʝ ʩʝʨʜʝʯʥʠʢʠ ʩʥʘʨʷʜʦʚ ʪʠʧʘ APFSDS (Armor Piercing Fin-stabilized 

Discarding Sabot) ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʠ ʚ ʦʙʦʟʨʠʤʦʡ ʧʝʨʩʧʝʢʪʠʚʝ, ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʜʣʷ 

ʣʦʙʦʚʦʡ ʟʘʱʠʪʳ ʪʘʥʢʘ ʥʘʠʙʦʣʴʰʫʶ ʫʛʨʦʟʫ. ʕʪʠ ʩʥʘʨʷʜʳ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʩʘʤʳʭ 

ʧʝʨʝʜʦʚʳʭ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʚʦʦʨʫʞʝʥʠʠ ʚ ʩʪʨʘʥʘʭ ʅɸʊʆ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʙʨʦʥʝʙʦʡʥʦ 

ʦʧʝʨʸʥʥʳʝ ʧʦʜʢʘʣʠʙʝʨʥʳʝ ʩʥʘʨʷʜʳ (ɹʆʇʉ) ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʚʳʪʝʩʥʠʣʠ ʠʟ 

ʙʦʝʢʦʤʧʣʝʢʪʦʚ ʪʘʥʢʦʚ ʂʉ. ʀʟ ʚʩʝʛʦ ʩʧʝʢʪʨʘ ʩʨʝʜʩʪʚ ʧʦʨʘʞʝʥʠʷ ʪʘʥʢʦʚ, ʨʝʘʣʴʥʫʶ 

ʢʦʥʢʫʨʝʥʮʠʶ ɹʆʇʉ ʤʦʛʫʪ ʩʦʩʪʘʚʠʪʴ ʪʦʣʴʢʦ ʧʨʦʪʠʚʦʪʘʥʢʦʚʳʝ ʫʧʨʘʚʣʷʝʤʳ ʨʘʢʝʪʳ (ʇʊʋʈ) ʩ 

ʪʘʥʜʝʤʥʳʤʠ ʢʫʤʫʣʷʪʠʚʥʳʤʠ ʙʦʝʚʳʤʠ ʯʘʩʪʷʤʠ (ɹʏ).  

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʩʪʦʨʠʠ ʩʦʟʜʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʙʨʦʥʝʚʦʡ ʟʘʱʠʪʳ 

ʪʘʥʢʦʚ. ʇʦʠʩʢ ʧʝʨʩʧʝʢʪʠʚ ʝʸ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ. 

ʆʩʥʦʚʦʡ, ʠ ʥʘʯʘʣʴʥʦʡ ʩʪʫʧʝʥʴʶ, ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʥʦʚʳʭ ʙʨʦʥʝʚʳʭ ʧʨʝʛʨʘʜ ʠ/ʠʣʠ 

ʙʨʦʥʠ, ʜʣʷ ʙʨʦʥʝʪʝʭʥʠʢʠ, ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʥʠʭ. ʆʩʥʦʚʫ ʙʨʦʥʝʚʦʡ ʩʪʘʣʠ 

ʩʦʩʪʘʚʣʷʶʪ ï ʚʳʩʦʢʦʧʨʦʯʥʳʝ ʩʪʘʣʠ.  

ʇʦ ʩʧʦʩʦʙʫ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʘʣʴ ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʢʘʪʘʥʥʫʶ ʠ ʣʠʪʫʶ.  

Å ʂʘʪʘʥʥʘʷ ʩʪʘʣʴ (ʧʨʦʢʘʪ) ï ʵʪʦ ʩʪʘʣʴ, ʢʦʪʦʨʘʷ ʧʦʜʚʝʨʛʘʝʪʩʷ ʦʙʨʘʙʦʪʢʝ ʥʘ 

ʧʨʦʢʘʪʥʦʤ ʩʪʘʥʝ. ʀʟ-ʟʘ ʵʪʦʛʦ ʝʸ ʚʥʝʰʥʠʡ ʩʣʦʡ ʩʪʘʥʦʚʠʪʩʷ ʪʚʸʨʞʝ, ʘ ʩʘʤʘ ʦʥʘ ʩʪʘʥʦʚʠʪʩʷ 

ʧʨʦʯʥʝʝ; 

Å ʃʠʪʘʷ ʩʪʘʣʴ ï ʵʪʦ ʩʪʘʣʴ, ʢʦʪʦʨʘʷ ʦʪʣʠʚʘʝʪʩʷ ʚ ʬʦʨʤʘʭ ʜʣʷ ʣʠʪʴʷ. ʆʥʘ ʤʝʥʝʝ 

ʫʩʪʦʡʯʠʚʘʷ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʩʥʘʨʷʜʦʚ ʯʝʤ ʢʘʪʘʥʥʘʷ. 

ʇʦ ʧʨʠʥʷʪʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩʪʘʣʴʥʘʷ ʙʨʦʥʷ ʙʳʚʘʝʪ ʜʚʫʭ ʚʠʜʦʚ: ʧʨʦʪʠʚʦʧʫʣʴʥʘʷ ʠ 

ʧʨʦʪʠʚʦʩʥʘʨʷʜʥʘʷ (ʨʠʩ.1). 

Å ʊʦʣʱʠʥʘ ʧʨʦʪʠʚʦʧʫʣʴʥʦʡ ʙʨʦʥʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʧʨʝʚʳʰʘʝʪ 30 ʤʤ. ʆʥʘ 

ʜʦʣʞʥʘ ʟʘʱʠʱʘʪʴ ʦʪ ʧʫʣʴ, ʪʘʢʞʝ ʦʪ ʦʩʢʦʣʢʦʚ ʩʥʘʨʷʜʦʚ, ʛʨʘʥʘʪ ʠ ʤʠʥ.  

Å ɹʨʦʥʷ ʪʦʣʱʠʥʦʡ 40 ʤʤ ʠ ʙʦʣʝʝ, ʷʚʣʷʝʪʩʷ ʧʨʦʪʠʚʦʩʥʘʨʷʜʥʦʡ, ʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 
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ʦʪ ʩʚʦʝʡ ʪʦʣʱʠʥʳ ʜʦʣʞʥʘ ʩʣʫʞʘʱʝʡ ʟʘʱʠʪʦʡ ʦʪ ʩʥʘʨʷʜʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʘʣʠʙʨʘ. 

ʇʨʦʪʠʚʦʩʥʘʨʷʜʥʘʷ ʩʪʦʡʢʦʩʪʴ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩʚʷʟʘʥʘ ʩ ʪʘʢʠʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ, ʢʘʢ ʧʨʦʯʥʦʩʪʴ, ʫʧʨʫʛʦʩʪʴ, ʚʷʟʢʦʩʪʴ, ʪʚʸʨʜʦʩʪʴ.  

ʊʚʸʨʜʦʩʪʴ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʧʨʦʥʠʢʘʥʠʷ ʩʨʝʜʩʪʚʘ ʧʦʨʘʞʝʥʠʷ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʨʷʜʫ ʩ ʚʳʩʦʢʦʡ ʪʚʸʨʜʦʩʪʴʶ ʙʨʦʥʝʚʳʝ 

ʩʪʘʣʠ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʚʳʩʦʢʠʤʠ ʧʣʘʩʪʠʯʥʦʩʪʴʶ ʠ ʚʷʟʢʦʩʪʴʶ. ʕʪʠ ʜʚʘ ʩʚʦʡʩʪʚʘ ʙʨʦʥʝʚʦʡ 

ʩʪʘʣʠ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ.  

ʉʪʘʣʴʥʫʶ ʙʨʦʥʶ ʧʦ ʚʥʫʪʨʝʥʥʝʤʫ ʩʪʨʦʝʥʠʶ ʠ ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʧʦʜʨʘʟʜʝʣʷʶʪ 

ʥʘ ʜʚʘ ʪʠʧʘ: ʛʦʤʦʛʝʥʥʫʶ ʠ ʛʝʪʝʨʦʛʝʥʥʫʶ. 1. ɻʦʤʦʛʝʥʥʘʷ ʙʨʦʥʷ ïʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʦʜʥʦʨʦʜʥʦʩʪʴʶ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦ ʪʦʣʱʠʥʝ 

ʧʣʠʪ; 2. ɻʝʪʝʨʦʛʝʥʥʘʷ ʙʨʦʥʷ ï ʠʤʝʝʪ ʨʘʟʣʠʯʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦ ʪʦʣʱʠʥʝ ʣʠʩʪʘ.  

 
ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʙʨʦʥʠʨʦʚʘʥʠʷ ʪʘʥʢʘ ʊ-34 ʦʙʨ. 1940 ʛʦʜʘ (ʛʣʘʚʥʳʡ ʚʠʜ) 

 

ɺ ʩʚʷʟʠ ʩ ʫʣʫʯʰʝʥʠʝʤ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʧʦʚʳʰʝʥʠʝʤ ʧʨʦʯʥʦʩʪʠ ʢʦʨʧʫʩʦʚ ʠ 

ʩʝʨʜʝʯʥʠʢʦʚ ʧʫʣʴ ʠ ʙʨʦʥʝʙʦʡʥʳʭ ʩʥʘʨʷʜʦʚ ʛʝʪʝʨʦʛʝʥʥʘʷ ʩʪʘʣʴʥʘʷ ʙʨʦʥʷ ʧʦʪʝʨʷʣʘ ʩʚʦʸ 

ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʦ ʩʪʦʡʢʦʩʪʠ. ʇʦʵʪʦʤʫ, ʦʩʥʦʚʥʳʤ ʪʠʧʦʤ ʩʦʚʨʝʤʝʥʥʦʡ ʪʘʥʢʦʚʦʡ ʙʨʦʥʠ 

ʷʚʣʷʝʪʩʷ ʩʪʘʣʴʥʘʷ ʛʦʤʦʛʝʥʥʘʷ ʙʨʦʥʷ. 

ʆʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ ʤʦʥʦʣʠʪʥʦʛʦ ʩʪʘʣʴʥʦʛʦ ʙʨʦʥʠʨʦʚʘʥʠʷ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʥʘ 

ʟʘʚʝʨʰʘʶʱʝʡ ʩʪʘʜʠʠ ɺʪʦʨʦʡ ʄʠʨʦʚʦʡ ʚʦʡʥʳ (ɺʄɺ), ʢʦʛʜʘ ʙʨʦʥʠʨʦʚʘʥʠʝ ʪʘʥʢʦʚ ʧʨʦʰʣʦ 

ʥʘʩʪʦʷʱʝʝ ʠʩʧʳʪʘʥʠʝ. ʊʘʢ, ʢ ʢʦʥʮʫ ʚʦʡʥʳ, ɻʝʨʤʘʥʠʷ ʦʙʟʘʚʝʣʘʩʴ ʩʚʝʨʭʪʷʞʸʣʳʤ ʪʘʥʢʦʤ 

Panzerkampfwagen VIII  çMausè. ʆʥ ʥʘʛʣʷʜʥʦ ʧʦʢʘʟʘʣ ʩʚʦʶ ʥʝʫʷʟʚʠʤʦʩʪʴ ʦʪ ʣʶʙʦʛʦ 

ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʧʨʦʪʠʚʦʪʘʥʢʦʚʦʛʦ ʩʨʝʜʩʪʚʘ (ʇʊʉ). ʅʦ ʧʦʣʥʘʷ ʙʝʟʟʘʱʠʪʥʦʩʪʴ ʦʪ ʚʦʟʜʫʰʥʳʭ 

ʘʪʘʢ, ʢʨʘʡʥʝ ʥʠʟʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʤʦʙʠʣʴʥʦʩʪʠ, ʧʨʠʚʝʣʠ ʢ ʧʦʣʥʦʤʫ ʧʨʠʥʷʪʠʶ ʪʦʛʦ ʬʘʢʪʘ, ʯʪʦ 

ʤʦʥʦʣʠʪʥʘʷ ʩʪʘʣʴʥʘʷ ʙʨʦʥʷ ʠʟʞʠʣʘ ʩʝʙʷ. ʊʨʝʙʦʚʘʣʦʩʴ ʥʦʚʦʝ ʩʨʝʜʩʪʚʦ ʙʨʦʥʝʚʦʡ ʟʘʱʠʪʳ 

ʪʝʭʥʠʢʠ. 

ʇʝʨʚʳʤʠ ʨʘʟʨʘʙʦʪʢʘʤʠ, ʧʨʠʟʚʘʥʥʳʤʠ ʧʦʚʳʩʠʪʴ ʩʪʦʡʢʦʩʪʴ ʙʨʦʥʝʚʳʭ ʧʨʝʛʨʘʜ ʩʣʫʞʠʣʠ 

ʥʝʢʦʪʦʨʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʧʨʠʸʤʳ. ʆʜʥʠʤ ʠʟ ʩʘʤʳʭ ʧʨʦʩʪʳʭ ʧʨʠʸʤʦʚ ʷʚʣʷʝʪʩʷ ʧʨʠʜʘʥʠʝ 

ʫʛʣʘ ʥʘʢʣʦʥʘ ʙʨʦʥʝʧʣʠʪʘʤ. ʊʦ ʝʩʪʴ, ʙʨʦʥʝʚʳʝ ʧʣʠʪʳ ʧʦʣʫʯʘʣʠ ʫʛʦʣ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʥʦʨʤʘʣʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʥʘ ʩʥʘʨʷʜ ʜʝʡʩʪʚʫʶʪ ʘʩʩʠʤʝʪʨʠʯʥʳʝ ʩʠʣʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʳʟʚʘʪʴ 

ʨʠʢʦʰʝʪ ʩʥʘʨʷʜʘ ʦʪ ʧʣʠʪʳ ʠʣʠ ʞʝ ʧʨʠ ʝʛʦ ʧʨʦʥʠʢʘʥʠʠ ʚ ʧʨʝʛʨʘʜʫ ʥʝʦʙʭʦʜʠʤʦ ʙʫʜʝʪ ʧʨʦʙʠʪʴ 

ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʫʶ ʪʦʣʱʠʥʫ ʙʨʦʥʠ. ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʫʛʦʣ ʥʘʢʣʦʥʘ ʙʨʦʥʠ ʧʨʝʚʳʰʘʝʪ 65Á, 

ʵʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʨʠʢʦʰʝʪʫ ʩʥʘʨʷʜʦʚ ʠʣʠ ʢ ʠʭ ʨʘʟʨʫʰʝʥʠʶ.  

ʇʝʨʚʘʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ʧʨʦʪʠʚʦʩʥʘʨʷʜʥʘʷ ʙʨʦʥʷ ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʡ ʢʦʤʙʠʥʘʮʠʶ 

ʩʪʘʣʴʥʳʭ ʧʣʠʪ ʨʘʟʥʦʡ ʪʚʸʨʜʦʩʪʠ. ʊʘʢʦʡ ʩʧʦʩʦʙ ʙʨʦʥʠʨʦʚʘʥʠʷ ʪʘʥʢʦʚ ʥʘʟʳʚʘʣʩʷ ï ʙʨʦʥʷ ʩ 

ʪʚʸʨʜʳʤ ʩʣʦʝʤ. ɼʘʥʥʘʷ ʙʨʦʥʷ ʠʤʝʣʘ ʬʦʨʤʫ ʥʘʚʝʩʥʳʭ ʧʣʠʪ ʩ ʪʚʸʨʜʳʤ ʚʝʨʭʥʠʤ ʩʣʦʝʤ (ʅɺ = 

3924 ʄʇʘ), ʦʥʘ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʥʘ ʥʝʢʦʪʦʨʳʭ ʥʝʤʝʮʢʠʭ ʪʘʥʢʘʭ ʚʨʝʤʸʥ ɺʄɺ. ɼʘʥʥʳʡ 

ʩʧʦʩʦʙ ʙʨʦʥʠʨʦʚʘʥʠʷ ʙʦʣʴʰʝ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ. 
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ɽʱʸ ʦʜʥʦ ʥʦʚʰʝʩʪʚʦ, ʢʦʪʦʨʦʝ ʙʳʣʦ ʧʨʠʟʚʘʥʦ ʜʣʷ ʩʥʠʞʝʥʠʷ ʙʨʦʥʝʧʨʦʙʠʚʘʝʤʦʩʪʠ 

ʢʫʤʫʣʷʪʠʚʥʳʭ ʟʘʨʷʜʦʚ ʙʳʣʦ ʥʘʡʜʝʥʦ ʚ ʫʩʪʘʥʦʚʢʝ ʥʘ ʪʘʥʢ, ʧʘʢʝʪʦʚ ʠʟ ʨʘʟʥʝʩʸʥʥʳʭ ʣʠʩʪʦʚ. 

ʅʦ, ʢʘʢ ʦʢʘʟʘʣʦʩʴ, ʦʥʠ ʪʘʢʞʝ ʵʬʬʝʢʪʠʚʥʦ ʩʧʨʘʚʣʷʣʠʩʴ ʠ ʩ ɹʆʇʉ, ʪʠʧʘ APFSDF. ʉʫʪʴ 

ʢʦʥʩʪʨʫʢʮʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʝʩʢʦʣʴʢʠʭ ʣʠʩʪʘʭ, ʨʘʟʥʝʩʸʥʥʳʭ ʚʦʟʜʫʰʥʳʤʠ ʟʘʟʦʨʘʤʠ. ʊʘʢʠʝ 

ʧʘʢʝʪʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʨʷʜʝ ʢʦʥʩʪʨʫʢʮʠʡ ʟʘʨʫʙʝʞʥʳʭ ʪʘʥʢʦʚ. ʅʦ ʚʧʦʩʣʝʜʩʪʚʠʠ, ʦʪ 

ʧʨʠʤʝʥʝʥʠʷ ʪʘʢʠʭ ʤʥʦʛʦʩʣʦʡʥʳʭ ʧʘʢʝʪʦʚ ʦʪʢʘʟʘʣʠʩʴ. ʕʪʦ ʙʳʣʦ ʩʚʷʟʘʥʦ ʩ ʠʭ ʚʳʩʦʢʦʡ ʤʘʩʩʦʡ. 

ʅʦ ʩʘʤʳʤ ʟʥʘʯʠʤʳʤ ʧʨʦʨʳʚʦʤ ʚ ʚʦʧʨʦʩʝ ʟʘʱʠʪʳ ʪʘʥʢʦʚ ʦʪ ʂʉ, ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʙʨʦʥʝʚʳʭ ʧʨʝʛʨʘʜ. ʉʫʪʴ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʙʨʦʥʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʚʫʭ ʠʣʠ ʙʦʣʝʝ ʩʣʦʸʚ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠ/ʠʣʠ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ. ʇʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʛʦʤʦʛʝʥʥʦʡ ʩʪʘʣʴʥʦʡ ʙʨʦʥʸʡ, ʢʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ʙʨʦʥʷ ʠʤʝʝʪ ʣʫʯʰʫʶ 

ʧʨʦʪʠʚʦʢʫʤʫʣʷʪʠʚʥʫʶ ʩʪʦʡʢʦʩʪʴ. ʇʝʨʚʳʤ ʩʝʨʠʡʥʳʤ ʆɹʊ, ʦʙʣʘʜʘʶʱʠʤ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ 

ʙʨʦʥʸʡ ʙʳʣ ʊ-64ɸ. 

ʉʣʝʜʫʶʱʝʡ ʩʪʫʧʝʥʴʶ ʟʘʱʠʪʳ ʪʘʥʢʘ ʦʪ ʂʉ ʷʚʠʣʘʩʴ ʜʠʥʘʤʠʯʝʩʢʘʷ ʟʘʱʠʪʘ (ʨʠʩ. 2). 

ʊʝʨʤʠʥʫ çʜʠʥʘʤʠʯʝʩʢʘʷ ʟʘʱʠʪʘè (ɼɿ) ʜʘʥʦ ʩʣʝʜʫʶʱʝʝ ʦʧʨʝʜʝʣʝʥʠʝ ï ʵʪʦ ʟʘʱʠʪʥʦʝ 

ʫʩʪʨʦʡʩʪʚʦ, ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʢʦʪʦʨʦʛʦ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʥʘʧʨʘʚʣʝʥʥʳʡ ʚʟʨʳʚ ʟʘʨʷʜʘ ɺɺ 

ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʧʦʧʘʚʰʠʡ ʚ ʪʘʥʢ ʩʥʘʨʷʜ ʚ ʮʝʣʷʭ ʨʝʟʢʦʛʦ ʩʥʠʞʝʥʠʷ ʝʛʦ ʧʨʦʙʠʚʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ. ɼʣʷ ʫʩʪʘʥʦʚʢʠ ʕɼɿ ʥʘ ʪʘʥʢ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʠʭ ʵʬʬʝʢʪʠʚʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʪʨʝʙʫʝʪʩʷ ʩʦʟʜʘʥʠʝ ʩʧʝʮʠʘʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʫʟʣʘʤʠ ʝʸ ʢʨʝʧʣʝʥʠʷ ʢ 

ʦʩʥʦʚʥʦʡ ʙʨʦʥʝ. ʕʪʫ ʢʦʥʩʪʨʫʢʮʠʶ ʥʘʟʳʚʘʶʪ ʢʦʤʧʣʝʢʩʦʤ ʜʠʥʘʤʠʯʝʩʢʦʡ ʟʘʱʠʪʳ (ʂɼɿ). 

ɿʘʨʷʜʳ ɺɺ, ʦʙʨʘʟʫʶʪ ʵʣʝʤʝʥʪʳ ʜʠʥʘʤʠʯʝʩʢʦʡ ʟʘʱʠʪʳ (ʕɼɿ). ʆʥʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ 

ʩʧʝʮʠʘʣʴʥʳʭ ʙʨʦʥʝʚʳʭ ʢʦʥʪʝʡʥʝʨʘʭ.  

ʇʦ ʨʘʩʧʦʣʦʞʝʥʠʶ ʙʨʦʥʝʚʳʭ ʢʦʥʪʝʡʥʝʨʦʚ ʥʘ ʪʘʥʢʝ, ʚʩʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʟʘʱʠʪʘ ʜʝʣʠʪʩʷ 

ʥʘ ʥʘʚʝʩʥʫʶ ɼɿ (ʠʣʠ ʧʨʦʪʠʚʦʢʫʤʫʣʷʪʠʚʥʫʶ; ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʘʥʢʘ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʩʥʠʞʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʂʉ) ʠ ʚʩʪʨʦʝʥʥʫʶ ɼɿ (ʠʣʠ ʫʥʠʚʝʨʩʘʣʴʥʫʶ, 

ʨʘʟʤʝʱʘʝʪʩʷ ʚʥʫʪʨʠ ʙʨʦʥʝʚʳʭ ʫʟʣʦʚ ʪʘʥʢʘ; ʜʝʡʩʪʚʫʝʪ ʧʨʦʪʠʚ ʚʩʝʭ ʪʠʧʦʚ ʧʨʦʪʠʚʦʪʘʥʢʦʚʳʭ 

ʩʥʘʨʷʜʦʚ). 

 
ʈʠʩʫʥʦʢ 2. ʋʥʠʚʝʨʩʘʣʴʥʘʷ ɼɿ ʂʦʥʪʘʢʪ-5 

 

ʇʦʷʚʣʝʥʠʝ ʇʊʋʈ ʩ ʪʘʥʜʝʤʥʳʤʠ ɹʏ, ʧʦʜʪʦʣʢʥʫʣʠ ʢ ʨʘʟʨʘʙʦʪʢʝ ʘʢʪʠʚʥʦʡ ʟʘʱʠʪʳ 

ʪʘʥʢʘ. ʕʪʦ ʩʠʩʪʝʤʘ ʟʘʱʠʪʳ, ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʢʦʪʦʨʦʡ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʩ ʧʦʤʦʱʴʶ 

ʩʨʝʜʩʪʚ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʪʘʥʢʝ, ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʧʦʜʣʝʪʘʶʱʠʡ ʢ ʥʝʤʫ ʩʥʘʨʷʜ ʠ ʥʘ ʵʪʦʪ 

ʩʥʘʨʷʜ ʦʢʘʟʳʚʘʝʪʩʷ ʚʦʟʜʝʡʩʪʚʠʝ ʚ ʮʝʣʷʭ ʝʛʦ ʨʘʟʨʫʰʝʥʠʷ ʠʣʠ, ʩʥʠʞʝʥʠʷ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ɸʢʪʠʚʥʘʷ ʟʘʱʠʪʘ ʪʘʥʢʦʚ, ʧʦʷʚʠʣʘʩʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ ʠ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ 

ʩʨʝʜʩʪʚʦʤ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʇʊʉ. ʇʦ ʧʨʠʥʮʠʧʫ ʚʦʟʜʝʡʩʪʚʠʷ ʂɸɿ ʜʝʣʠʪʩʷ ʥʘ ʩʠʩʪʝʤʫ ʦʧʪʠʢʦ-

ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʦʜʘʚʣʝʥʠʷ ʠ ʩʠʩʪʝʤʫ ʩ ʦʪʩʪʨʝʣʠʚʘʝʤʳʤʠ ʟʘʱʠʪʥʳʤʠ ʟʘʨʷʜʘʤʠ. 

ʉʠʩʪʝʤʘ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ (ʂʆʕʇ) ï ʵʪʦ ʩʨʝʜʩʪʚʦ 

ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ ʥʘʨʫʰʝʥʠʷ ʥʦʨʤʘʣʴʥʦʡ ʨʘʙʦʪʳ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ 

ʥʘʚʝʜʝʥʠʷ ʠ ʧʨʠʮʝʣʠʚʘʥʠʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʚʳʩʦʢʦʪʦʯʥʳʭ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʫʭʫʜʰʝʥʠʝʤ ʠʭ 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʧʣʦʪʴ ʜʦ ʧʦʣʥʦʡ ʥʝʡʪʨʘʣʠʟʘʮʠʠ, ʪʦ ʝʩʪʴ ʦʙʝʩʧʝʯʝʥʠʝʤ ʥʝʧʦʧʘʜʘʥʠʷ ʚ ʪʘʥʢ 

ʩʥʘʨʷʜʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʝʛʦ ʧʦʨʘʟʠʪʴ (ʩʨʳʚ ʘʪʘʢʠ ʧʨʦʪʠʚʥʠʢʘ). 

ʅʦ ʥʝʩʤʦʪʨʷ ʥʘ, ʚʩʶ ʨʘʟʚʠʪʦʩʪʴ ʪʝʭʥʦʣʦʛʠʡ ʚ ʚʦʧʨʦʩʝ ʙʨʦʥʝʚʦʡ ʟʘʱʠʪʳ ʪʘʥʢʦʚ, 

ʨʘʟʨʘʙʦʪʢʠ ʩʦʚʨʝʤʝʥʥʳʭ ʇʊʉ, ʪʦʞʝ ʥʝ ʩʪʦʷʪ ʥʘ ʤʝʩʪʝ. ʇʦʵʪʦʤʫ, ʚʦʧʨʦʩ ʦ ʙʨʦʥʠʨʦʚʘʥʠʠ 

ʪʝʭʥʠʢʠ ʙʫʜʝʪ ʚʩʝʛʜʘ ʘʢʪʫʘʣʴʥʳʤ. ɼʘʣʝʝ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʨʘʟʨʘʙʦʪʢʠ ʚ ʵʪʦʡ 

ʦʙʣʘʩʪʠ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʫʞʝ ʥʘʯʠʥʘʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʪʘʥʢʘʭ. 

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʙʨʦʥʝʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʙʨʦʥʠʨʦʚʘʥʠʷ 

ʙʦʝʚʳʭ ʤʘʰʠʥ, ʷʚʣʷʝʪʩʷ ʢʝʨʘʤʠʢʘ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʝʸ ʫʥʠʢʘʣʴʥʳʤʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. ɼʣʷ ʢʝʨʘʤʠʢʠ ʭʘʨʘʢʪʝʨʥʦ ʩʦʯʝʪʘʥʠʝ ʤʘʣʦʡ ʧʣʦʪʥʦʩʪʠ, ʩ ʯʨʝʟʚʳʯʘʡʥʦ ʚʳʩʦʢʦʡ 

ʧʨʦʯʥʦʩʪʴʶ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʸ ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʢʦʤʧʦʥʝʥʪʦʚ ʤʥʦʛʦʩʣʦʡʥʦʡ 

ʙʨʦʥʠ ʙʨʦʥʝʪʘʥʢʦʚʦʡ ʪʝʭʥʠʢʠ. ʅʦ, ʢʝʨʘʤʠʢʘ ï ʭʨʫʧʢʠʡ ʤʘʪʝʨʠʘʣ, ʦʥʘ ʜʝʬʦʨʤʠʨʫʝʪʩʷ ʪʦʣʴʢʦ 

ʚ ʫʧʨʫʛʦʡ ʦʙʣʘʩʪʠ ʠ ʧʦ ʜʦʩʪʠʞʝʥʠʶ ʢʨʠʪʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʦʥʘ ʨʘʟʨʫʰʘʝʪʩʷ, ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝ ʧʝʨʝʭʦʜʷ ʚ ʧʣʘʩʪʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ. 

ʅʦ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ, ʠ ʤʘʣʦʠʟʫʯʝʥʥʳʭ ʩʧʦʩʦʙʦʚ ʙʨʦʥʠʨʦʚʘʥʠʷ ʪʘʥʢʦʚ 

ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʩʧʦʩʦʙʳ ʟʘʱʠʪʳ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʘʢʪʠʚʥʳʭ 

ʤʝʪʦʜʦʚ ʟʘʱʠʪʳ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʧʦʨʘʞʝʥʠʠ ʙʦʝʧʨʠʧʘʩʦʚ ʧʦʣʝʤ ʦʩʢʦʣʢʦʚ, ʧʨʦʜʫʢʪʘʤʠ 

ʚʟʨʳʚʘ ʠ ʤʝʪʘʝʤʳʤʠ ʠʤ ʥʘʚʩʪʨʝʯʫ ʧʣʘʩʪʠʥʘʤʠ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ 

ʟʘʱʠʪʳ ʩʥʠʞʝʥʠʝ ʙʨʦʥʝʧʨʦʙʠʚʘʝʤʦʩʪʠ ʩʥʠʞʘʝʪʩʷ ʧʫʪʸʤ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʦʨʘʞʘʶʱʠʡ 

ʵʣʝʤʝʥʪ (ʢʫʤʫʣʷʪʠʚʥʫʶ ʩʪʨʫʶ, ʩʥʘʨʷʜ ʠ ʜʨ.) ʧʨʦʥʠʢʘʶʱʠʡ ʚ ʢʦʤʙʠʥʠʨʦʚʘʥʥʫʶ ʙʨʦʥʶ, 

ʩʠʣʴʥʳʭ ʠʤʧʫʣʴʩʥʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʠ ʪʦʢʦʚ. ʇʨʝʠʤʫʱʝʩʪʚʘ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ 

ʟʘʱʠʪʳ ʩʚʷʟʘʥʳ ʩ ʝʛʦ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ. ʰʠʨʦʢʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʫʧʨʘʚʣʝʥʠʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʵʥʝʨʛʠʝʡ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʴʶ.  

ʈʘʟʣʠʯʘʶʪ ʪʨʠ ʦʩʥʦʚʥʳʭ ʪʠʧʘ ʟʘʱʠʪʳ, ʙʘʟʠʨʫʶʱʠʭʩʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʠʣʴʥʳʭ 

ʠʤʧʫʣʴʩʥʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʪʦʢʦʚ: 

Å ʕʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʟʘʱʠʪʘ (ʕʣɼɿ) ï ʚʦʟʜʝʡʩʪʚʠʝ ʤʦʱʥʳʤ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʠʤʧʫʣʴʩʦʤ ʥʘ ʩʨʝʜʩʪʚʦ ʧʦʨʘʞʝʥʠʷ; 

Å ʄʘʛʥʠʪʦʜʠʥʘʤʠʯʝʩʢʘʷ ʟʘʱʠʪʘ (ʄɼɿ) ï ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʤʝʪʘʥʠʝ ʧʣʘʩʪʠʥ ʥʘ 

ʩʨʝʜʩʪʚʦ ʧʦʨʘʞʝʥʠʷ. ʉʦʯʝʪʘʝʪ ʚ ʩʝʙʝ ʧʨʠʥʮʠʧʳ ʘʢʪʠʚʥʦʡ ʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʟʘʱʠʪʳ, ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʠʤʧʫʣʴʩʥʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʜʣʷ ʨʘʟʛʦʥʘ ʙʨʦʥʝʚʳʭ ʧʣʘʩʪʠʥ; 

Å ʕʣʝʢʪʨʦʪʝʨʤʠʯʝʩʢʘʷ ʟʘʱʠʪʘ (ʕʊɿ) ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʱʥʳʭ ʠʤʧʫʣʴʩʦʚ ʪʦʢʦʚ 

ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʨʘʙʦʯʝʛʦ ʪʝʣʘ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʤʝʪʘʥʠʝ 

ʧʦʨʘʞʘʶʱʠʭ ʧʣʘʩʪʠʥ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʷʚʣʷʝʪʩʷ ʥʘʠʤʝʥʝʝ ʠʟʫʯʝʥʥʳʤ ʪʠʧʦʤ ʟʘʱʠʪʳ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʝ ʪʠʧʳ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʟʘʱʠʪʳ ʫʩʪʫʧʘʶʪ ʙʦʣʝʝ 

ʧʨʦʩʪʦʡ ʠ ʜʝʰʸʚʦʡ ɼɿ. ʆʩʥʦʚʥʳʤ ʦʛʨʘʥʠʯʠʪʝʣʝʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ 

ʩʧʦʩʦʙʦʚ ʟʘʱʠʪʳ ʷʚʣʷʶʪʩʷ ʦʙʲʸʤ ʠ ʤʘʩʩʘ ʥʘʢʦʧʠʪʝʣʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʦʧʨʝʜʝʣʷʝʤʳʝ 

ʪʨʝʙʫʝʤʦʡ ʵʥʝʨʛʦʸʤʢʦʩʪʴʶ (ʜʦ 20é30 ʄʜʞ/ʤ3). 
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ʋɼʂ 623.4 

 

ɸʅɸʃʀɿ ʇɽʈʉʇɽʂʊʀɺ ʈɸɿɺʀʊʀʗ ʆʈʋɾʀʗ ʅɽʃɽʊɸʃʔʅʆɻʆ ɼɽʁʉʊɺʀʗ 

 

ʐʘʨʢʦʚ ɸʣʝʢʩʘʥʜʨ ɺʘʣʝʨʴʝʚʠʯ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʄʠʣʝʚʩʢʠʡ ʂʦʥʩʪʘʥʪʠʥ ɽʚʛʝʥʴʝʚʠʯ 

 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, sharkov.sashunya@mail.ru 

 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʘʨʠʘʥʪʳ ʩʥʘʨʷʞʝʥʠʷ ʧʨʦʜʫʢʪʦʚ (ʦʨʫʞʠʷ) ʥʝʣʝʪʘʣʴʥʦʛʦ 

ʜʝʡʩʪʚʠʷ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʝʩʝʯʝʥʠʷ ʙʝʩʧʦʨʷʜʢʦʚ ʠ ʥʝʡʪʨʘʣʠʟʘʮʠʠ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʫʯʘʩʪʥʠʢʦʚ ʧʨʦʪʠʚʦʩʪʦʷʥʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʫʘʣʴʥʦ ʧʨʠʤʝʥʝʥʠʝ 

ʩʧʝʮʠʘʣʴʥʳʭ ʩʨʝʜʩʪʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʧʦʜʘʚʣʝʥʠʷ ʞʠʚʦʡ ʩʠʣʳ ʫʩʣʦʚʥʦʛʦ ʧʨʦʪʠʚʥʠʢʘ 

ʙʝʟ ʨʝʘʣʴʥʦʡ ʫʛʨʦʟʳ ʜʣʷ ʞʠʟʥʠ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʨʘʟʥʳʝ ʚʘʨʠʘʥʪʳ ʦʨʫʞʠʷ 

ʥʝʣʝʪʘʣʴʥʦʛʦ ʜʝʡʩʪʚʠʷ.  

 

ʊʝʤʘ ʘʢʪʫʘʣʴʥʘ, ʪʘʢ ʢʘʢ ʫʯʘʩʪʠʝ ʚʦʦʨʫʞʝʥʥʳʭ ʩʠʣ ʚ ʤʠʨʦʪʚʦʨʯʝʩʢʠʭ ʦʧʝʨʘʮʠʷʭ 

ʧʦʨʦʜʠʣʦ ʧʦʚʳʰʝʥʥʳʡ ʩʧʨʦʩ ʥʘ ʩʧʝʮʠʘʣʴʥʳʝ ʚʠʜʳ ʙʦʝʧʨʠʧʘʩʦʚ ʠ ʩʨʝʜʩʪʚ ʚʦʦʨʫʞʝʥʠʷ ʥʝ 

ʩʤʝʨʪʝʣʴʥʦʛʦ ʜʝʡʩʪʚʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʥʝʡʪʨʘʣʠʟʘʮʠʠ 

ʧʨʦʪʠʚʦʙʦʨʩʪʚʫʶʱʠʭ ʩʠʣ ʚ ʟʦʥʘʭ ʢʦʥʬʣʠʢʪʦʚ ʜʣʷ ʠʟʙʝʛʘʥʠʷ ʯʝʣʦʚʝʯʝʩʢʠʭ ʞʝʨʪʚ.   

ɿʘʠʥʪʝʨʝʩʦʚʘʥʥʦʩʪʴ ʚ ʩʦʟʜʘʥʠʠ ʩʨʝʜʩʪʚ ʥʝ ʣʝʪʘʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʩʝʛʦʜʥʷ ʘʢʪʠʚʥʦ 

ʧʨʦʷʚʣʷʶʪ ʠ ʧʨʘʚʦʦʭʨʘʥʠʪʝʣʴʥʳʝ ʦʨʛʘʥʳ. ʀʭ ʟʘʜʘʯʘʤʠ ʷʚʣʷʝʪʩʷ ʟʘʜʝʨʞʘʥʠʝ ʠ ʣʠʢʚʠʜʘʮʠʷ 

ʭʦʨʦʰʦ ʚʦʦʨʫʞʝʥʥʳʭ ʧʨʝʩʪʫʧʥʳʭ ʛʨʫʧʧ ʚ ʫʩʣʦʚʠʷʭ ʛʦʨʦʜʘ, ʯʪʦ ʤʦʞʝʪ ʚʝʩʪʠ ʢ ʞʝʨʪʚʘʤ 

ʩʨʝʜʠ ʥʘʩʝʣʝʥʠʷ.   

ʆʪʜʝʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ʜʣʷ ʧʨʘʚʦʦʭʨʘʥʠʪʝʣʴʥʳʭ ʦʨʛʘʥʦʚ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝ ʣʝʪʘʣʴʥʦʛʦ ʦʨʫʞʠʷ ʧʨʠ ʣʦʢʘʣʠʟʘʮʠʠ ʤʘʩʩʦʚʳʭ ʙʝʩʧʦʨʷʜʢʦʚ, ʧʨʠʤʝʥʝʥʠʷ 

ʥʝ ʩʤʝʨʪʝʣʴʥʳʭ ʩʧʝʮʠʘʣʴʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ ʟʘʜʝʨʞʘʥʠʷ ʦʙʳʯʥʳʭ ʧʨʝʩʪʫʧʥʠʢʦʚ, ʧʦʜʘʚʣʝʥʠʷ 

ʧʨʦʪʝʩʪʫʶʱʠʭ ʚ ʦʢʥʘʭ ʠʣʠ ʘʚʪʦʤʦʙʠʣʷʭ, ʜʝʟʦʨʠʝʥʪʘʮʠʷ ʜʣʷ ʟʘʜʝʨʞʘʥʠʷ ʦʪʜʝʣʴʥʳʭ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʤʘʩʩʦʚʳʭ ʙʝʩʧʦʨʷʜʢʦʚ ʥʘ ʫʣʠʮʘʭ ʛʦʨʦʜʦʚ ʠʣʠ ʩʪʘʜʠʦʥʘʭ ʜʣʷ ʫʩʧʝʰʥʦʛʦ 

ʧʣʝʥʝʥʠʷ.  

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʘʥʪʠʪʝʨʨʦʨʠʩʪʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚʘʭ ʟʘʱʠʪʳ 

ʦʙʲʝʢʪʦʚ, ʚ ʚʦʦʨʫʞʝʥʠʠ ʩʣʫʞʙ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʯʘʩʪʥʳʭ ʦʭʨʘʥʥʠʢʦʚ, ʘ ʪʘʢʞʝ ʚ 

ʣʠʮʝʥʟʠʨʦʚʘʥʥʳʭ ʩʨʝʜʩʪʚʘʭ ʜʣʷ ʩʘʤʦʦʙʦʨʦʥʳ ʛʨʘʞʜʘʥ ʠ ʚ ʯʠʩʣʝ ʩʦʟʜʘʚʘʝʤʳʭ ʦʙʨʘʟʮʦʚ, ʠ ʚ 

ʚʝʜʫʱʠʭʩʷ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʦʧʳʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʨʘʙʦʪʘʭ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ:  

1. ʂʦʥʪʘʢʪʥʦʝ ʦʨʫʞʠʝ ʧʣʝʥʝʥʠʷ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘ ʜʠʩʪʘʥʮʠʷʭ ʜʦ 5 ʤʝʪʨʦʚ. ʂ ʥʝʤʫ 

ʦʪʥʦʩʷʪʩʷ ʙʣʦʢʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʵʣʝʢʪʨʦʨʘʟʨʷʜʘ ʠ çʵʣʝʢʪʨʦʰʦʢʝʨʳè ʢʦʥʪʘʢʪʥʳʝ [3ï5]. 

ʕʬʬʝʢʪʠʚʥʦ ʧʨʦʪʠʚ ʥʝʚʦʦʨʫʞʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʧʦʤʝʱʝʥʠʷʭ ʧʦʟʚʦʣʷʝʪ ʜʝʟʦʨʠʝʥʪʠʨʦʚʘʪʴ 

ʦʙʲʝʢʪ ʠ ʩʦʚʝʨʰʠʪʴ ʧʣʝʥʝʥʠʝ. ʀʤʝʝʪ ʥʝʜʦʩʪʘʪʢʠ: ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʦ ʚ ʫʩʣʦʚʠʷʭ 

ʫʜʘʣʝʥʠʷ ʠʣʠ ʬʠʟʠʯʝʩʢʦʡ ʟʘʱʠʱʸʥʥʦʩʪʠ ʙʠʦʦʙʲʝʢʪʦʚ.  

2. ʆʨʫʞʠʝ ʩʨʝʜʥʝʡ ʜʘʣʴʥʦʩʪʠ ʜʝʡʩʪʚʠʷ, ʵʪʦ ʜʳʤʦʚʳʝ ʛʨʘʥʘʪʳ, ʙʣʦʢʠ ʤʝʪʘʥʠʷ 

ʛʨʘʥʘʪ, ʩʚʝʪʦʰʫʤʦʚʳʝ ʛʨʘʥʘʪʳ [6 ï 8]. ʀʤʝʶʪ ʥʝʜʦʩʪʘʪʢʠ: ʧʦʨʘʞʘʶʪ ʥʝ ʦʜʠʥ ʪʨʝʙʫʝʤʳʡ 

ʦʙʲʝʢʪ, ʘ ʙʦʣʴʰʫʶ ʧʣʦʱʘʜʴ. ʆʙʲʝʢʪ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʙʨʦʩʠʪʴ ʛʨʘʥʘʪʫ ʩ ʭʠʤʠʯʝʩʢʦʡ 

ʩʤʝʩʴʶ ʦʙʨʘʪʥʦ ʢ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤ ʧʨʘʚʦʦʭʨʘʥʠʪʝʣʴʥʳʭ ʦʨʛʘʥʦʚ; ʥʝ ʧʦʟʚʦʣʷʶʪ ʧʦʨʘʞʘʪʴ 

ʦʙʲʝʢʪʳ ʚ ʦʢʥʘʭ ʚʳʩʦʪʥʳʭ ʟʜʘʥʠʡ ʠʣʠ ʙʳʩʪʨʦ ʧʝʨʝʤʝʱʘʶʱʠʭʩʷ ʘʚʪʦʤʦʙʠʣʷʭ; ʜʘʣʴʥʦʩʪʴ 

ʜʝʡʩʪʚʠʷ ʥʝʜʦʩʪʘʪʦʯʥʘ ʜʣʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʧʨʘʚʦʦʭʨʘʥʠʪʝʣʴʥʳʭ ʦʨʛʘʥʦʚ.  

3. ɹʦʝʧʨʠʧʘʩʳ ʜʣʷ ʛʣʘʜʢʦʩʪʚʦʣʴʥʦʛʦ ʦʨʫʞʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʚʝʩʪʠ ʧʨʠʮʝʣʴʥʳʡ 

ʦʛʦʥʴ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʜʠʩʪʘʥʮʠʠ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʨʝʟʠʥʦʚʳʝ ʧʫʣʠ, ʤʠʥʦʤʸʪʥʳʝ ʤʠʥʳ ʩ 

ʧʣʘʩʪʠʢʦʚʳʤʠ 32 ʤʤ ʧʦʨʘʞʘʶʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ; ʧʫʣʠ ʩ ʭʠʤʠʯʝʩʢʦʡ ʩʤʝʩʴʶ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ 

ʛʣʘʚʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ï ʦʧʘʩʥʦʩʪʴ ʧʦʚʨʝʞʜʝʥʠʷ ʙʠʦʦʙʲʝʢʪʘ, ʘ ʪʘʢʞʝ ʥʝ ʜʦʩʪʘʪʦʯʥʘʷ 

ʜʝʟʦʨʠʝʥʪʘʮʠʷ ʚ ʩʣʫʯʘʝ ʧʦʧʘʜʘʥʠʷ [9 ï 12].  
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ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʦʟʤʦʞʥʦʩʪʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʘ ʘʥʘʣʠʟʠʨʫʝʪʩʷ 

ʧʘʪʝʥʪʥʘʷ ʠʥʬʦʨʤʘʮʠʷ, ʟʘʧʨʦʩʳ ʧʦʪʨʝʙʠʪʝʣʝʡ, ʪʝʥʜʝʥʮʠʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʜʘʥʥʦʡ 

ʛʨʫʧʧʳ ʦʜʥʦʨʦʜʥʦʡ ʧʨʦʜʫʢʮʠʠ ʧʝʨʝʜʦʚʳʤʠ ʟʘʨʫʙʝʞʥʳʤʠ ʬʠʨʤʘʤʠ, ʠʥʜʝʢʩ 

ʪʝʨʨʦʨʠʩʪʠʯʝʩʢʦʡ ʫʛʨʦʟʳ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʠʭ ʘʥʘʣʠʟʦʚ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʛʨʫʧʧʘ ʧʨʦʜʫʢʮʠʠ, ʢʦʪʦʨʘʷ ʧʨʠʥʘʜʣʝʞʠʪ 

ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ.  

ʈʘʩʩʤʘʪʨʠʚʘʶʪ ʧʦʩʣʝʜʥʠʡ ʰʝʩʪʠʣʝʪʥʠʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ, ʢʦʪʦʨʳʡ ʥʘʟʳʚʘʶʪ ʚʨʝʤʝʥʝʤ 

ʦʩʥʦʚʘʥʠʷ ʧʨʦʛʥʦʟʘ. ʇʝʨʚʳʡ ʛʦʜ (ʥʫʣʝʚʦʡ) ʙʝʨʫʪ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʠʩʭʦʜʥʦʛʦ ʫʨʦʚʥʷ. ʇʦʜʩʯʠʪʘʚ ʯʠʩʣʦ ʧʘʪʝʥʪʦʚ, ʚʳʜʘʥʥʳʭ ʚ ʪʝʯʝʥʠʠ ʧʝʨʚʦʛʦ (ʥʫʣʝʚʦʛʦ) ʛʦʜʘ, 

ʠ ʧʨʠʥʷʚ ʝʛʦ ʟʘ ʠʩʭʦʜʥʫʶ ʚʝʣʠʯʠʥʫ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʨʘʚʥʝʥʠʷ ʧʦʣʫʯʝʥʥʦʡ ʚʝʣʠʯʠʥʳ ʩ ʯʠʩʣʦʤ 

ʧʘʪʝʥʪʦʚ ʚ ʢʘʞʜʳʡ ʠʟ ʧʦʩʣʝʜʫʶʱʠʭ ʛʦʜʦʚ ʜʝʣʘʶʪ ʚʳʚʦʜ ʦ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ 

ʦʙʝ̡ʢʪʘ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʠʣʠ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʪʝʭʥʠʢʠ [13].  

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʥʝʣʝʪʘʣʴʥʦʛʦ ʦʨʫʞʠʷ ʥʘʯʘʣʘ ʨʘʩʪʠ ʩ ʥʘʯʘʣʘ ʜʚʘʜʮʘʪʴ ʧʝʨʚʦʛʦ ʚʝʢʘ, 

ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʨʘʟʣʠʯʥʳʤʠ ʢʦʥʬʣʠʢʪʘʤʠ ʩ ʫʯʘʩʪʠʝʤ ʤʠʨʥʦʛʦ ʥʘʩʝʣʝʥʠʷ. ʀʥʜʝʢʩ 

ʪʝʨʨʦʨʠʩʪʠʯʝʩʢʦʡ ʫʛʨʦʟʳ ʧʦ ʤʠʨʫ ʚ ʮʝʣʦʤ ʦʯʝʥʴ ʚʳʩʦʢ, ʥʘʯʠʥʘʷ ʦʪ 0 (ʥʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ) ʠ 

ʟʘʢʘʥʯʠʚʘʷ ʥʘ 10 (ʥʘʠʚʳʩʰʠʡ ʫʨʦʚʝʥʴ). 

ʇʨʠʚʦʜʠʪʩʷ ʠʥʜʝʢʩ ʥʝʢʦʪʦʨʳʭ ʩʪʨʘʥ. 

ʀʨʘʥ (9,96) 

ʉʠʨʠʷ (8,587) 

ʋʢʨʘʠʥʘ (7,132) 

ʂʠʪʘʡ (6,108) 

ʌʨʘʥʮʠʷ (5,603) 

ʈʦʩʩʠʷ (5,43) 

ʉʐɸ (4,877) 

ʀʪʘʣʠʷ (2,363) 

ʇʦʨʪʫʛʘʣʠʷ (0,058) 

ʊʝʨʨʦʨʠʩʪʳ ʙʝʨʫʪ ʤʠʨʥʳʭ ʣʶʜʝʡ ʚ ʟʘʣʦʞʥʠʢʠ ʚ ʮʝʣʷʭ ʧʨʠʢʨʳʪʠʷ ʩʚʦʠʭ ʧʦʟʠʮʠʡ ʠ 

ʩʘʤʠʭ ʩʝʙʷ. ʇʨʠʤʝʥʝʥʠʝ ʧʦʨʘʞʘʶʱʝʛʦ ʦʨʫʞʠʷ ʩʪʘʣʦ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ ʠ ʦʧʘʩʥʦ, ʚʝʜʴ ʤʦʛʣʠ 

ʧʦʩʪʨʘʜʘʪʴ ʥʝʚʠʥʥʳʝ ʣʶʜʠ, ʥʘʧʨʠʤʝʨ ʩʨʝʜʥʠʡ ʨʘʜʠʫʩ ʧʦʨʘʞʝʥʠʷ ʛʨʘʥʘʪ ʩ 

ʭʣʦʨʘʮʝʪʦʬʝʥʦʥʦʤ ʩʦʩʪʘʚʣʷʝʪ 5 ʤʝʪʨʦʚ. ʊʦʛʜʘ ʧʨʘʚʦʦʭʨʘʥʠʪʝʣʴʥʳʝ ʦʨʛʘʥʳ ʥʘʯʘʣʠ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʟʠʥʦʚʳʝ ʧʫʣʠ, ʯʪʦ ʥʝ ʫʙʠʚʘʣʠ, ʥʦ ʥʘʥʦʩʠʣʠ ʦʛʨʦʤʥʳʡ ʫʨʦʥ ʞʠʚʳʤ ʦʙʲʝʢʪʘʤ, 

ʢʘʢ ʠ ʪʝʨʨʦʨʠʩʪʠʯʝʩʢʠʤ, ʪʘʢ ʠ ʤʠʨʥʳʤ. ʉʧʨʦʩ ʥʘ ʦʨʫʞʠʝ ʥʝ ʩʤʝʨʪʝʣʴʥʦʛʦ ʜʝʡʩʪʚʠʷ ï ʪʘʢ 

ʥʘʟʳʚʘʝʤʦʝ ʥʝʣʝʪʘʣʴʥʦʝ - ʚ ʤʠʨʝ ʨʘʩʪʝʪ ʧʦ ʤʝʨʝ ʘʢʪʠʚʠʟʘʮʠʠ ʪʝʨʨʦʨʠʩʪʦʚ. ʂʦʣʠʯʝʩʪʚʦ 

ʨʘʟʨʘʙʦʪʦʢ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ.   

ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʥʝʢʦʥʪʘʢʪʥʳʝ ʙʦʝʧʨʠʧʘʩʳ ʜʣʷ ʛʣʘʜʢʦʩʪʚʦʣʴʥʦʛʦ 

ʦʨʫʞʠʷ ʜʣʷ ʪʦʯʝʯʥʦʡ ʜʦʩʪʘʚʢʠ ʧʦʨʘʞʘʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʢ ʪʨʝʙʫʝʤʳʤ ʙʠʦʦʙʲʝʢʪʘʤ, ʠʭ 

ʜʝʟʦʨʠʝʥʪʘʮʠʠ ʠ ʜʘʣʴʥʝʡʰʝʛʦ ʫʩʧʝʰʥʦʛʦ ʧʣʝʥʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʥʦʩʪʴʶ ʠʟʙʝʛʘʪʴ 

ʣʶʙʦʛʦ ʧʦʨʘʞʝʥʠʷ ʦʢʨʫʞʘʶʱʠʭ ʦʙʲʝʢʪʦʚ [1, 2]. ʀʟʚʝʩʪʥʦ ʥʝʤʘʣʦ ʩʣʫʯʘʝʚ, ʢʦʛʜʘ 

ʙʘʥʜʛʨʫʧʧʠʨʦʚʢʠ ʧʨʠʢʨʳʚʘʶʪʩʷ ʤʠʨʥʳʤʠ ʞʠʪʝʣʷʤʠ. ʇʨʷʤʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʪʨʘʜʠʮʠʦʥʥʳʤʠ 

ʩʨʝʜʩʪʚʘʤʠ ʧʦʨʘʞʝʥʠʷ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝʚʦʟʤʦʞʥʦ, ʩʧʘʩʪʠ ʩʠʪʫʘʮʠʶ ʤʦʛʫʪ ʣʠʰʴ ʩʨʝʜʩʪʚʘ, 

ʚʨʝʤʝʥʥʦ ʚʳʚʦʜʷʱʠʝ ʞʠʚʫʶ ʩʠʣʫ ʠʟ ʩʪʨʦʷ.   

ʆʜʥʠʤ ʠʟ ʢʦʨʨʝʢʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʆʅɼ, ʚʭʦʜʷʱʠʤ ʚ 

ʩʠʩʪʝʤʫ ʢʨʠʪʝʨʠʝʚ ʠ ʪʨʝʙʦʚʘʥʠʡ, ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʫʨʦʚʝʥʴ ʩʦʮʠʘʣʴʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ. ɼʘʥʥʳʡ 

ʢʨʠʪʝʨʠʡ ʚ ʮʝʣʦʤ ʧʨʦʩʪ : ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʢʦʥʢʨʝʪʥʦʛʦ ʦʙʨʘʟʮʘ ʆʅɼ ʩʣʝʜʫʝʪ ʜʦʙʠʚʘʪʴʩʷ 

ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʵʪʦʛʦ ʫʨʦʚʥʷ, ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʛʦʚʦʨʠʪʴ ʦʙ ʦʪʢʘʟʝ ʦʪ 

ʦʙʳʯʥʳʭ ʩʨʝʜʩʪʚ ʦʛʥʝʚʦʛʦ ʧʦʨʘʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʦ ʜʘʥʥʦʤʫ ʢʨʠʪʝʨʠʶ ʷʚʣʷʶʪʩʷ 

ʥʝʧʨʠʝʤʣʝʤʳʤʠ ʚ ʩʠʣʦʚʳʭ ʦʧʝʨʘʮʠʷʭ ʥʝʚʦʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʠʟ-ʟʘ ʚʘʞʥʦʩʪʠ ʛʫʤʘʥʠʪʘʨʥʳʭ 

ʘʩʧʝʢʪʦʚ. ʋʨʦʚʝʥʴ ʩʦʮʠʘʣʴʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʥʘʧʨʠʤʝʨ, ʩ ʧʦʤʦʱʴʶ 



  
 

61 
 

ʩʦʮʠʦʣʦʛʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʫʪʸʤ ʦʧʨʦʩʘ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ ʠ 

ʘʥʘʣʠʟʦʤ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ.  

ʇʨʠʤʝʥʝʥʠʝ ʥʝ ʣʝʪʘʣʴʥʦʛʦ ʦʨʫʞʠʷ ʚ ʧʨʦʪʠʚʦʚʝʩ ʘʛʨʝʩʩʠʚʥʦʤʫ ʧʦʚʝʜʝʥʠʶ 

ʧʨʘʚʦʥʘʨʫʰʠʪʝʣʝʡ ʦʪʨʘʞʘʝʪ ʛʫʤʘʥʥʦʩʪʴ ʠ ʥʝ ʧʨʦʪʠʚʦʨʝʯʠʪ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʥʦʨʤʘʤ ʠ 

ʩʦʛʣʘʰʝʥʠʷʤ [14].  
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ʈɸɿʈɸɹʆʊʂɸ ʂʆʅʉʊʈʋʂʎʀʀ ɹʈʆʅɽɹʆʁʅʆ-ɿɸɾʀɻɸʊɽʃʔʅʆɻʆ ʉʅɸʈʗɼɸ ʂ 

ɸʈʊʀʃʃɽʈʀʁʉʂʆʁ ʉʀʉʊɽʄɽ ʂɸʃʀɹʈɸ 57 ʤʤ 

 

ʐʠʨʷʝʚʘ ɺ.ʖ.; ʍʤʝʣʴʥʠʢʦʚ ɽ.ɸ.; ʉʤʘʛʠʥ ʂ.ɺ.  

 

ʅʠʞʥʝʪʘʛʠʣʴʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ, ʬʠʣʠʘʣ ʋʨʘʣʴʩʢʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʧʝʨʚʦʛʦ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʠ ɹ.ʅ.ɽʣʴʮʠʥʘ, 

ʛ. ʅʠʞʥʠʡ ʊʘʛʠʣ, khmelnikov7@gmail.com 

   

 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʦʟʜʘʥʠʝ ʥʦʚʦʛʦ ʪʠʧʘ ʧʦʜʢʘʣʠʙʝʨʥʦʛʦ ʙʨʦʥʝʙʦʡʥʦ-

ʟʘʞʠʛʘʪʝʣʴʥʦʛʦ ʙʦʝʧʨʠʧʘʩʘ ʜʣʷ ʧʫʰʢʠ ʢʘʣʠʙʨʘ 57 ʤʤ. ʇʨʦʠʟʚʦʜʠʪʩʷ ʩʨʘʚʥʝʥʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʙʦʝʧʨʠʧʘʩʘ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʰʪʘʪʥʦʛʦ ʙʨʦʥʝʙʦʡʥʦʛʦ 

ʙʦʝʧʨʠʧʘʩʘ ʢʘʣʠʙʨʘ 57 ʤʤ.  ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʙʦʝʧʨʠʧʘʩʘ. 

The creation of a new type of sub-caliber armor-piercing incendiary ammunition for a 57 

mm cannon is discussed in this article. The characteristics of the proposed ammunition are 

compared with the characteristics of the standard armor-piercing ammunition of 57 mm. The 

advantages of the proposed ammunition are considered. 

 

ɸʥʘʣʠʟ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʙʨʦʥʝʚʦʡ ʪʝʭʥʠʢʠ ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʫʚʝʣʠʯʝʥʠʷ ʦʛʥʝʚʦʡ ʤʦʱʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʦʙʨʘʟʮʦʚ, ʥʘʧʨʠʤʝʨ, ʥʘ ɹʄʇ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʫʩʪʘʥʦʚʠʪʴ ʙʦʣʝʝ ʤʦʱʥʦʝ ʚʦʦʨʫʞʝʥʠʝ ï ʘʨʪʠʣʣʝʨʠʡʩʢʫʶ ʩʠʩʪʝʤʫ ʢʘʣʠʙʨʘ 57 

ʤʤ ʚʤʝʩʪʦ ʩʪʦʷʱʝʡ ʥʘ ɹʄʇ ʧʨʝʜʳʜʫʱʝʛʦ ʧʦʢʦʣʝʥʠʷ 30-ʤʤ ʘʨʪʠʣʣʝʨʠʡʩʢʦʡ ʩʠʩʪʝʤʳ. 

ʇʨʝʜʧʦʣʘʛʘʝʤʘʷ ʘʨʪʠʣʣʝʨʠʡʩʢʘʷ ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʠʤʝʪʴ ʫʚʝʣʠʯʝʥʥʫʶ ʜʘʣʴʥʦʩʪʴ ʧʨʷʤʦʛʦ 

ʚʳʩʪʨʝʣʘ ʠ ʧʦʚʳʰʝʥʥʦʝ ʤʦʛʫʱʝʩʪʚʦ ʚʭʦʜʷʱʠʭ ʚ ʢʦʤʧʣʝʢʪ ʙʦʝʧʨʠʧʘʩʦʚ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʪʨʝʙʫʝʪʩʷ ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ ʙʦʝʧʨʠʧʘʩ, ʩʧʦʩʦʙʥʳʡ ʧʦʨʘʞʘʪʴ ʙʨʦʥʠʨʦʚʘʥʥʳʝ ʮʝʣʠ, ʠʤʝʶʱʠʝ 

ʵʢʚʠʚʘʣʝʥʪʥʫʶ ʙʨʦʥʝʚʫʶ ʟʘʱʠʪʘ ʪʦʣʱʠʥʦʡ ʧʦʨʷʜʢʘ 100 ʤʤ. 

ʉʝʛʦʜʥʷ ʥʘ ʚʦʦʨʫʞʝʥʠʠ ʥʘʭʦʜʠʪʩʷ ʙʨʦʥʝʙʦʡʥʦ-ʪʨʘʩʩʠʨʫʶʱʠʡ ʩʥʘʨʷʜ ɹʈ-281 (ʨʠʩ. 1).  

ʇʦ ʜʘʥʥʳʤ ʪʘʙʣʠʮʳ ʩʪʨʝʣʴʙ [1] ʪʘʢʦʡ ʩʥʘʨʷʜ ʧʨʠ ʥʘʯʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ 1000 ʤ/ʩ ʠ ʫʛʣʝ 

ʧʦʜʭʦʜʘ ʢ ʧʨʝʛʨʘʜʝ 90ϊ ʥʘ ʜʘʣʴʥʦʩʪʠ 1 ʢʤ ʧʨʦʙʠʚʘʝʪ 100 ʤʤ ʙʨʦʥʠ.  ʅʝʜʦʩʪʘʪʢʦʤ ʪʘʢʦʛʦ 

ʙʦʝʧʨʠʧʘʩʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʘʣʴʥʦʩʪʠ ʩʪʨʝʣʴʙʳ ʫʤʝʥʴʰʘʝʪʩʷ ʩʢʦʨʦʩʪʴ, ʠ ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ ʫʤʝʥʴʰʘʝʪʩʷ ʛʣʫʙʠʥʘ ʧʨʦʙʠʪʠʷ.  

ɺ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʳʡ ʥʘ ʦʩʥʦʚʝ ʧʘʪʝʥʪʘ 

ˉ2582322 ʦʪ 18.11.2014 ʛ. [5] ʧʦʜʢʘʣʠʙʝʨʥʳʡ ʙʨʦʥʝʙʦʡʥʦ-ʟʘʞʠʛʘʪʝʣʴʥʳʡ ʩʥʘʨʷʜ (ʨʠʩ. 2). 

ʆʜʥʠʤ ʠʟ ʧʨʝʠʤʫʱʝʩʪʚ ʪʘʢʦʛʦ ʩʥʘʨʷʜʘ ʷʚʣʷʝʪʩʷ ʝʛʦ ʟʘʞʠʛʘʪʝʣʴʥʦʝ ʜʝʡʩʪʚʠʝ, ʢʦʪʦʨʦʝ ʫ 

ʰʪʘʪʥʦʛʦ ʩʥʘʨʷʜʘ ʦʪʩʫʪʩʪʚʫʝʪ. ɿʘʞʠʛʘʪʝʣʴʥʦʝ ʜʝʡʩʪʚʠʝ ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʸʤ ʧʨʠʤʝʥʝʥʠʷ ʥʘʥʦ 

ʩʤʝʩʠ ʬʪʦʨʦʧʣʘʩʪʘ ʩ ʘʣʶʤʠʥʠʝʤ ʠ ʪʠʪʘʥʦʤ. ʇʨʝʜʣʘʛʘʝʤʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʧʦʟʚʦʣʷʝʪ ʚ ʧʨʦʮʝʩʩʝ 

ʧʨʦʙʠʪʠʷ ʙʨʦʥʠ ʟʘʥʝʩʪʠ ʟʘ ʥʝʝ ʟʘʞʠʛʘʪʝʣʴʥʳʡ ʩʦʩʪʘʚ ʠ ʪʝʤ ʩʘʤʳʤ ʩʦʟʜʘʪʴ ʥʝʦʙʭʦʜʠʤʳʡ 

ʟʘʞʠʛʘʪʝʣʴʥʳʡ ʵʬʬʝʢʪ.  
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ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʩʨʘʚʥʝʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʩʨʘʚʥʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʠ  

ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʦʛʦ ʙʦʝʧʨʠʧʘʩʦʚ ʧʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ʧʘʨʘʤʝʪʨʦʚ ʚʥʝʰʥʝʡ ʙʘʣʣʠʩʪʠʢʠ ʦʙʦʠʭ 

ʙʦʝʧʨʠʧʘʩʦʚ. ɼʣʷ ʨʘʩʯʝʪʘ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʬʦʨʤʳ (i) 

ʜʘʥʥʦʛʦ ʙʦʝʧʨʠʧʘʩʘ.  

ʇʦ ʟʘʢʦʥʫ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʌ. ʉʠʘʯʯʠ [3]:  
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ʛʜʝ ʩ1 = 0,0049231, ʩ2 = -0,043823, ʩ3 = 0,097576, ʩ4 = 0,16973,  ʩ5 =- 1,0858, ʩ6 = 1,9086, 

H ï ʚʳʩʦʪʘ ʛʦʣʦʚʥʦʡ ʯʘʩʪʠ ʩʥʘʨʷʜʘ, d ï ʢʘʣʠʙʨ ʩʥʘʨʷʜʘ. 

ʈʘʩʯʝʪ ʚʥʝʰʥʝʡ ʙʘʣʣʠʩʪʠʢʠ  ʧʨʦʚʦʜʠʣʩʷ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ ʚ çʉʇʆ ʈʃʉ 

ʃʋʏ-83ʄ ʃʋʏ-88ʄè (ʉʂɹ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʌʂʇ ʅʊʀʀʄ). ʅʘʯʘʣʴʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʨʘʩʯʝʪʘ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.  

  

ʈʠʩʫʥʦʢ 2 ï ɹʨʦʥʝʙʦʡʥʦ-

ʟʘʞʠʛʘʪʝʣʴʥʳʡ ʩʥʘʨʷʜ 57 ʤʤ; 1-ʢʦʨʧʫʩ, 

2-ʜʝʤʧʬʝʨ, 3-ʪʚʝʨʜʦʩʧʣʘʚʥʳʡ 

ʩʝʨʜʝʯʥʠʢ, 4-ʬʪʦʨʦʧʣʘʩʪ, 5-ʚʝʜʫʱʠʡ 

ʧʦʷʩʦʢ, 6-ʪʨʘʩʩʝʨ 

ʈʠʩʫʥʦʢ 1 ï ɹʨʦʥʝʙʦʡʥʦ-ʪʨʘʩʩʠʨʫʶʱʠʡ ʩʥʘʨʷʜ 

57 ʤʤ ɹʈ-281; 1-ʢʦʨʧʫʩ, 2-ʙʨʦʥʝʙʦʡʥʳʡ 

ʥʘʢʦʥʝʯʥʠʢ, 3-ʙʘʣʣʠʩʪʠʯʝʩʢʠʡ ʥʘʢʦʥʝʯʥʠʢ, 4-

ʟʘʨʷʜ ɺɺ, 5-ʚʝʜʫʱʠʡ ʧʦʷʩʦʢ, 6-ʚʟʨʳʚʘʪʝʣʴ, 7-

ʧʠʨʦʪʝʭʥʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʪʨʘʩʩʝʨʘ, 8-ʢʦʨʧʫʩ 

ʪʨʘʩʩʝʨʘ 
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ʊʘʙʣʠʮʘ 1. ʅʘʯʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʨʘʩʯʝʪʘ ʚʥʝʰʥʝʪʨʘʝʢʪʦʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

 ʐʪʘʪʥʳʡ, 57-ʤʤ ʇʨʝʜʣʘʛʘʝʤʳʡ, 57-ʤʤ 

ʄʘʩʩʘ, ʢʛ 2,8 3,789 

ɼʣʠʥʘ, ʤ 0,24 0,258 

ɼʣʠʥʘ ʛʦʣʦʚʥʦʡ ʯʘʩʪʠ, ʤ 0,105 0,101 

ʇʦʣʦʞʝʥʠʝ ʮʝʥʪʨʘ ʤʘʩʩ, ʤ 0,07327 0,093522 

ʂʦʵʬʬʠʮʠʝʥʪ ʬʦʨʤʳ 1,23 1,25 

 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʝʜʣʘʛʘʝʤʳʡ ʩʥʘʨʷʜ ʥʘ ʜʘʣʴʥʦʩʪʠ 1 

ʢʤ ʧʨʠ ʥʘʯʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ 960 ʤ/ʩ, ʠʤʝʝʪ ʩʢʦʨʦʩʪʴ ʙʦʣʴʰʝ, ʯʝʤ ʰʪʘʪʥʳʡ ʙʨʦʥʝʙʦʡʥʳʡ. ʕʪʦ 

ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʧʦʜʢʘʣʠʙʝʨʥʳʡ ʩʥʘʨʷʜ ʧʦ ʤʘʩʩʝ ʧʨʝʚʳʰʘʝʪ ʰʪʘʪʥʳʡ ʟʘ ʩʯʸʪ ʥʘʣʠʯʠʷ 

ʩʝʨʜʝʯʥʠʢʘ ʠ ʜʝʤʧʬʝʨʘ, ʤʘʪʝʨʠʘʣʳ ʢʦʪʦʨʳʭ ʠʤʝʶʪ ʙʦʣʴʰʫʶ ʧʣʦʪʥʦʩʪʴ (ʪʘʙʣ.2, ʨʠʩ2.)  

 

 
 

ʈʠʩ. 2 ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʩʥʘʨʷʜʦʚ ʦʪ ʜʘʣʴʥʦʩʪʠ ʧʦʣʝʪʘ 

 

 

ʊʘʙʣʠʮʘ 2.  

ʀʟʤʝʥʝʥʠʝ  ʩʢʦʨʦʩʪʠ ʦʪ ʜʘʣʴʥʦʩʪʠ ʧʦʣʝʪʘ 

ɺʨʝʤʷ 

ʧʦʣʸʪʘ, ʩ 

ʐʪʘʪʥʳʡ ʇʨʝʜʣʘʛʘʝʤʳʡ 

ɼʘʣʴʥʦʩʪʴ, ʤ ʉʢʦʨʦʩʪʴ, ʤ/ʩ ɼʘʣʴʥʦʩʪʴ, ʤ ʉʢʦʨʦʩʪʴ, ʤ/ʩ 

0,2 188,65 926,82 189,46 934,8 

0,4 370,85 895,48 373,99 910,68 

0,6 546,95 865,82 553,8 887,54 

0,8 717,28 837,73 729,07 865,36 

1 882,14 811,08 900 844,06 

1,2 1041,79 785,76 1066,74 823,6 
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ɼʘʣʴʥʦʩʪʴ, ʤ (ʅʘʯʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ Vo = 960 ʤ/ʩ) 

ʐʪʘʪʥʳʡ (ʧʦ ʪʘʙʣʠʮʝ ʩʪʨʝʣʴʙʳ) 

ʐʪʘʪʥʳʡ (ʤʦʜʝʣʴ) 

ʇʦʜʢʘʣʠʙʝʨʥʳʡ  
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ɹʦʣʴʰʘʷ ʤʘʩʩʘ ʠ ʩʢʦʨʦʩʪʴ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʩʥʘʨʷʜʘ ʛʦʚʦʨʷʪ ʦ ʪʦʤ, ʯʪʦ ʢʠʥʝʪʠʯʝʩʢʘʷ 

ʵʥʝʨʛʠʷ ʧʨʠ ʧʦʜʭʦʜʝ ʢ ʙʨʦʥʝ ʙʦʣʴʰʝ, ʯʝʤ ʵʥʝʨʛʠʷ ʰʪʘʪʥʦʛʦ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʝʣʠʯʠʥʘ 

ʚʥʝʜʨʝʥʠʷ ʚ ʧʨʝʛʨʘʜʫ ʜʦʣʞʥʘ ʙʳʪʴ ʙʦʣʴʰʝ.  

ɺʪʦʨʳʤ ʵʪʘʧʦʤ ʦʮʝʥʢʠ ʜʝʡʩʪʚʠʷ ʙʨʦʥʝʙʦʡʥʦ-ʟʘʞʠʛʘʪʝʣʴʥʦʛʦ ʙʦʝʧʨʠʧʘʩʘ ʷʚʣʷʝʪʩʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʧʨʦʥʠʢʘʥʠʷ ʩʥʘʨʷʜʘ ʚ ʙʨʦʥʶ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ ANSYS 

AUTODYN, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʤʫ ʜʣʷ ʨʘʩʯʸʪʘ ʟʘʜʘʯ ʤʝʭʘʥʠʢʠ ʩʧʣʦʰʥʳʭ ʩʨʝʜ ʥʘ ʣʘʛʨʘʥʞʝʚʳʭ 

ʩʝʪʢʘʭ (ʨʠʩ. 3). 

 

 
ʈʠʩʫʥʦʢ 3. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

 

ʄʦʜʝʣʴ ʙʨʦʥʠ ʟʘʜʘʚʘʣʘʩʴ ʧʦʣʫʙʝʩʢʦʥʝʯʥʦʡ ʧʨʝʛʨʘʜʦʡ ʠʟ ʩʪʘʣʠ ʤʘʨʢʠ ɸʂ-25 

ʪʦʣʱʠʥʦʡ 100 ʤʤ.  

ʉʢʦʨʦʩʪʴ ʧʦʜʭʦʜʘ ʩʥʘʨʷʜʦʚ ʢ ʧʨʝʛʨʘʜʝ ʥʘ ʜʘʣʴʥʦʩʪʠ 1 ʢʤ: ʰʪʘʪʥʳʡ ï 786 ʤ/ʩ, 

ʧʨʝʜʣʘʛʘʝʤʳʡ ï 823,6 ʤ/ʩ. ʂʦʥʝʯʥʳʡ ʰʘʛ ʨʘʩʯʝʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥ ʥʠʞʝ (ʨʠʩ. 4, ʨʠʩ. 5).  
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ɸʜʝʢʚʘʪʥʦʩʪʴ ʧʦʩʪʘʥʦʚʢʠ ʧʦʜʪʚʝʨʞʜʘʝʪ ʪʦ, ʯʪʦ ʰʪʘʪʥʳʡ ʙʦʝʧʨʠʧʘʩ ʧʨʦʙʠʚʘʝʪ ʧʨʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʢʦʨʦʩʪʠ ʧʦʜʭʦʜʘ ʧʣʠʪʫ ʪʦʣʱʠʥʦʡ 100 ʤʤ. ɸʥʘʣʠʟ ʢʘʨʪʠʥʳ ʧʨʦʙʠʪʠʷ 

ʧʨʝʜʣʘʛʘʝʤʳʤ ʧʦʜʢʘʣʠʙʝʨʥʳʤ ʙʦʝʧʨʠʧʘʩʦʤ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ:  

1) ʇʦʜʢʘʣʠʙʝʨʥʳʡ ʙʦʝʧʨʠʧʘʩ ʠʤʝʝʪ ʫʚʝʣʠʯʝʥʥʫʶ ʪʦʣʱʠʥʫ ʧʨʦʙʠʚʘʥʠʷ ʙʨʦʥʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩʦ ʰʪʘʪʥʳʤ; 

2) ʂʦʥʩʪʨʫʢʮʠʷ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʩʥʘʨʷʜʘ ʧʦʟʚʦʣʷʝʪ ʟʘʥʝʩʪʠ ʟʘʞʠʛʘʪʝʣʴʥʳʡ ʩʦʩʪʘʚ 

ʟʘ ʙʨʦʥʝʚʫʶ ʧʨʝʛʨʘʜʫ. 

ɺʳʚʦʜʳ: 

1. ʇʨʝʜʣʦʞʝʥ ʧʦʜʢʘʣʠʙʝʨʥʳʡ ʙʨʦʥʝʙʦʡʥʦ-ʟʘʞʠʛʘʪʝʣʴʥʳʡ ʩʥʘʨʷʜ ʢ 

ʘʨʪʠʣʣʝʨʠʡʩʢʦʡ ʩʠʩʪʝʤʝ ʢʘʣʠʙʨʘ 57 ʤʤ. 

2. ʇʨʦʚʝʜʝʥʥʦʝ ʩʨʘʚʥʝʥʠʝ ʚʥʝʰʥʝʡ ʠ ʢʦʥʝʯʥʦʡ ʙʘʣʣʠʩʪʠʢʠ ʜʚʫʭ ʙʦʝʧʨʠʧʘʩʦʚ 

ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʧʨʝʠʤʫʱʝʩʪʚʝ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʩʥʘʨʷʜʘ ʢʘʢ ʚ ʙʨʦʥʝʙʦʡʥʦʤ, ʪʘʢ ʠ ʚ 

ʟʘʞʠʛʘʪʝʣʴʥʦʤ ʜʝʡʩʪʚʠʠ. 

3. ɺ ʧʨʝʜʣʘʛʘʝʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʠʩʢʣʶʯʝʥ ʚʟʨʳʚʘʪʝʣʴ ʠ ʚʟʨʳʚʯʘʪʦʝ ʚʝʱʝʩʪʚʦ, ʯʪʦ 

ʜʝʣʘʝʪ ʧʦʜʢʘʣʠʙʝʨʥʳʡ ʙʨʦʥʝʙʦʡʥʦ-ʟʘʞʠʛʘʪʝʣʴʥʳʡ ʩʥʘʨʷʜ ʚʟʨʳʚʦʧʦʞʘʨʦʙʝʟʦʧʘʩʥʳʤ, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʢʨʠʪʝʨʠʝʚ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʙʦʝʧʨʠʧʘʩʦʚ.  

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ: 

1. ʊʘʙʣʠʮʳ ʩʪʨʝʣʴʙʳ 57-ʤʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʟʝʥʠʪʥʦʡ ʧʫʰʢʠ ʉ-60 ʧʦ ʥʘʟʝʤʥʳʤ 

ʮʝʣʷʤ [ʊʝʢʩʪ]: ʆʩʢʦʣʦʯʥʦ-ʪʨʘʩʩʠʨʫʶʱʘʷ ʛʨʘʥʘʪʘ ʙʨʦʥʝʙʦʡʥʦ-ʪʨʘʩʩʠʨʫʶʱʠʡ ʩʥʘʨʷʜ. 

ʊʉ/ɻʈɸʋ ˉ 225 / ʄ-ʚʦ ʦʙʦʨʦʥʳ ʉʉʉʈ. - 3-ʝ ʠʟʜ. - ʄʦʩʢʚʘ : ɺʦʝʥʠʟʜʘʪ, 1970. - 45 ʩ.; 20 ʩʤ. 

2. ɸ.ɺ. ɹʘʙʢʠʥ, ɺ.ɸ. ɺʝʣʜʘʥʦʚ, ɽ.ʌ. ɻʨʷʟʥʦʚ ʠ ʜʨ.; ʇʦʜ ʦʙʱ. ʨʝʜ. ɺ.ɺ. 

ʉʝʣʠʚʘʥʦʚʘ. ï ʉʨʝʜʩʪʚʘ ʧʦʨʘʞʝʥʠʷ ʠ ʙʦʝʧʨʠʧʘʩʳ: ʋʯʝʙʥʠʢ. ʀʟʜ-ʚʦ ʄɻʊʋ ʠʤ. ʅ.ʕ. ɹʘʫʤʘʥʘ, 

2008. ï 984 ʩ.  

3. ɯʥʪʝʛʨʦʚʘʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ / ʑʦʢʚʘʨʪʘʣʴʥʠʡ ʥʘʫʢʦʚʦ-

ʧʨʘʢʪʠʯʥʠʡ ʞʫʨʥʘʣ. ïʍʘʨʢʽʚ : ʅʊʋ çʍʇɯè, 2015. ï ˉ 3. ï 84 ʩ.  

4. LICENSE-ANSYS_hydryd_10-31-2012-4.39.12.  

5. ɹʨʦʥʝʙʦʡʥʳʡ ʧʦʜʢʘʣʠʙʝʨʥʳʡ ʩʥʘʨʷʜ // ʇʘʪʝʥʪ ʈʦʩʩʠʠ 

ˉ2014146315.2014/ʍʤʝʣʴʥʠʢʦʚ ɽ.ɸ., ʉʪʳʨʦʚ ɸ.ɺ. ʉʤʘʛʠʥ ʂ.ɺ. [ʠ ʜʨ.] 
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ʋɼʂ 662.43 

 

ʉʆʇʆʉʊɸɺʃɽʅʀɽ ɿɸɾʀɻɸʊɽʃʔʅʓʍ ʀʄʇʋʃʔʉʆɺ ʆʊ ʋɼɸʈʅʆ-ɺʆʃʅʆɺʆʁ 

ʊʈʋɹʂʀ ʀ ʕʃɽʂʊʈʆɺʆʉʇʃɸʄɽʅʀʊɽʃʗ ɺ ʂɸʇʉʖʃɽ-ɼɽʊʆʅɸʊʆʈɽ 

ʇʆɺʓʐɽʅʅʆʁ ɹɽɿʆʇɸʉʅʆʉʊʀ ɹɽɿ ʀɺɺ 

 

ʉ.ɸ. ʗʥʟʠʥ, ɼ.ʉ. ʀʛʦʰʠʥ, ɽ.ɸ. ʂʦʞʝʚʥʠʢʦʚ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ɸ.ɸ. ɻʠʜʘʩʧʦʚ 

 

ʉʘʤʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

ʛ. ʉʘʤʘʨʘ, semenyanzin@outlook.com, xtoca@samgtu.ru 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʟʫʯʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʤʝʥʳ ʵʣʝʢʪʨʦʚʦʩʧʣʘʤʝʥʠʪʝʣʷ (ʕɺ) ʥʘ 

ʫʜʘʨʥʦ-ʚʦʣʥʦʚʫʶ ʪʨʫʙʢʫ (ʋɺʊ) ʚ ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʨʘʥʝʝ ʵʣʝʢʪʨʦʜʝʪʦʥʘʪʦʨʝ ʧʦʚʳʰʝʥʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ (ʕɼ-ʇɹ) ʙʝʟ ʀɺɺ. ʀʩʧʳʪʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʠʥʠʮʠʠʨʦʚʘʥʠʠ ʩ ʧʦʤʦʱʴʶ 

ʋɺʊ ʥʝ ʚʩʝʛʜʘ ʥʘʙʣʶʜʘʝʪʩʷ ʧʝʨʝʭʦʜ ʛʦʨʝʥʠʷ ʊʕʅʘ ʚ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ 

ʦʙʦʣʦʯʢʠ (ʄʎʆ) ʚ ʜʝʪʦʥʘʮʠʶ. ɹʳʣʘ ʩʦʧʦʩʪʘʚʣʝʥʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʘ ʕɺ ʠ ʋɺʊ, 

ʩʦʩʪʘʚʣʷʶʱʘʷ ʦʪ 300 ʜʦ 316 ʤʩ (ʕɺ) ʠ ʤʝʥʝʝ 16 ʤʩ (ʋɺʊ). ʋʩʪʘʥʦʚʣʝʥʦ,  ʯʪʦ ʜʣʠʪʝʣʴʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘʯʘʣʴʥʦʛʦ ʠʤʧʫʣʴʩʘ ʦʪ ʕɺ ʚ ʕɼ-ʇɹ ʥʝʠʟʤʝʥʥʦ ʚʦʟʙʫʞʜʘʝʪ ʧʨʦʮʝʩʩ ʧʝʨʝʭʦʜʘ 

ʛʦʨʝʥʠʷ ʊʕʅʘ ʚ ʄʎʆ ʚ ʜʝʪʦʥʘʮʠʶ. ɺ ʫʩʣʦʚʠʷʭ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʛʦ 

ʠʤʧʫʣʴʩʘ ʋɺʊ ʧʝʨʝʭʦʜ ʛʦʨʝʥʠʷ ʊʕʅʘ ʚ ʄʎʆ ʚ ʜʝʪʦʥʘʮʠʶ ʥʦʩʠʪ ʚʝʨʦʷʪʥʦʩʪʥʳʡ ʭʘʨʘʢʪʝʨ. 

The possibility of replacing the electric match (EM) with a shock wave tube (SWT) in the 

developed non-primary explosive high-safety electric blasting cap (BC-HS) was experimentally 

studied. The tests showed that the deflagration-to-detonation transaction (DDT) of PETN in metal 

cylindrical confinement (MCC) is not obtained every time. The firing signal duration of EM and 

SWT were compared. The value of firing signal duration for EM was in range from 300 to 316 ms, 

for SWT this value was less than 16 ms. It was established that the long-time firing signal from EM 

of BC-HS reliably initiates the DDT of PETN in the MCC. When the BC-HS is initiated by the 

short-time SWT impulse, the DDT is highly questionable.  

 

ɺʦʧʨʦʩʳ ʧʦʚʳʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʚʦʟʙʫʞʜʝʥʠʷ ʜʝʪʦʥʘʮʠʠ, ʚ 

ʯʘʩʪʥʦʩʪʠ: ʵʣʝʢʪʨʦʜʝʪʦʥʘʪʦʨʦʚ (ʕɼ) ʠ ʥʝʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʘʧʩʶʣʝʡ-ʜʝʪʦʥʘʪʦʨʦʚ (ʅʕʂɼ) 

ʷʚʣʷʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ. ɺʳʩʦʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʕɼ ʠ ʅʕʂɼ ʜʦʩʪʠʛʘʝʪʩʷ ʠʩʢʣʶʯʝʥʠʝʤ ʠʟ ʠʭ 

ʢʦʥʩʪʨʫʢʮʠʠ ʠʥʠʮʠʠʨʫʶʱʠʭ ʚʟʨʳʚʯʘʪʳʭ ʚʝʱʝʩʪʚ (ʀɺɺ). ʈʘʥʝʝ ʦʧʠʩʘʥʘ ʢʦʥʩʪʨʫʢʮʠʷ  

(ʨʠʩ. 1) ʵʣʝʢʪʨʦʜʝʪʦʥʘʪʦʨʘ ʧʦʚʳʰʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ (ʕɼ-ʇɹ) ʙʝʟ ʀɺɺ [1-3].  

 

  
1 ï ʕɺ, 2 ï ʫʟʝʣ ʟʘʞʠʛʘʥʠʷ (ʘ ï ʊʉʉ; ʙ ï ʊʕʅ),   

3 ï ʊʕʅ ʚ ʄʎʆ, 4 ïʄʎʆ ʩ ʬʘʩʢʦʡ, 5 ï ʦʩʥʦʚʥʦʡ ʟʘʨʷʜ ɹɺɺ, 6 - ʛʠʣʴʟʘ ʂɼ 8-ʉ 

ʈʠʩʫʥʦʢ 1 - ʂʦʥʩʪʨʫʢʮʠʷ ʕɼ-ʇɹ ʤʛʥʦʚʝʥʥʦʛʦ ʜʝʡʩʪʚʠʷ ʙʝʟ ʀɺɺ 

 

ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʕɼ-ʇɹ ʦʩʥʦʚʘʥ ʥʘ ʧʝʨʝʭʦʜʝ ʛʦʨʝʥʠʷ ʙʨʠʟʘʥʪʥʦʛʦ ʚʟʨʳʚʯʘʪʦʛʦ 

ʚʝʱʝʩʪʚʘ (ɹɺɺ) ʊʕʅʘ 3 (ʨʠʩ. 1) ʚ ʦʙʦʣʦʯʢʝ 4 ʚ ʜʝʪʦʥʘʮʠʶ, ʢʦʪʦʨʘʷ ʚʳʟʳʚʘʝʪ ʜʝʪʦʥʘʮʠʶ 

ʦʩʥʦʚʥʦʛʦ ʟʘʨʷʜʘ ɹɺɺ - ʛʝʢʩʦʛʝʥʘ 5. ɻʦʨʝʥʠʝ ɹɺɺ ʚʦʟʙʫʞʜʘʝʪʩʷ ʵʣʝʢʪʨʦʚʦʩʧʣʘʤʝʥʠʪʝʣʝʤ 

(ʕɺ) 1, ʠʤʧʫʣʴʩ ʢʦʪʦʨʦʛʦ ʧʝʨʝʜʘʝʪʩʷ ʚ ʫʟʝʣ ʟʘʞʠʛʘʥʠʷ 2, ʩʦʩʪʦʷʱʠʡ ʠʟ ʚʦʩʧʣʘʤʝʥʠʪʝʣʴʥʦʛʦ 

ʩʦʩʪʘʚʘ ʊʉʉ (ʪʠʪʘʥ ʠ ʩʚʠʥʮʦʚʳʡ ʩʫʨʠʢ) 2ʘ ʠ ʊʕʅʘ 2ʙ. 

ɺ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʅʕʂɼ ʧʦʚʳʰʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

(ʅʕʂɼ-ʇɹ), ʧʨʠʚʝʜʝʥʥʦʡ ʥʘ ʨʠʩ. 2, ʕɺ ʙʳʣ ʟʘʤʝʥʝʥ ʥʘ ʫʜʘʨʥʦ-ʚʦʣʥʦʚʫʶ ʪʨʫʙʢʫ (ʋɺʊ).  

mailto:semenyanzin@outlook.com
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1 ï ʋɺʊ, 2,3,4,5,6 ʩʤ. ʨʠʩ 1 

ʈʠʩʫʥʦʢ 2 - ʂʦʥʩʪʨʫʢʮʠʷ ʅʕʂɼ-ʇɹ ʤʛʥʦʚʝʥʥʦʛʦ ʜʝʡʩʪʚʠʷ ʙʝʟ ʀɺɺ 

 

ʀʥʠʮʠʠʨʦʚʘʥʠʝ ʋɺʊ ʧʨʦʚʦʜʠʣʦʩʴ ʫʜʘʨʥʳʤ ʢʘʧʩʶʣʝʤ-ʚʦʩʧʣʘʤʝʥʠʪʝʣʝʤ çɾʝʚʝʣʦ-ʅè. 

ʆʜʥʘʢʦ ʠʩʧʳʪʘʥʠʷʤʠ, ʧʨʦʚʝʜʝʥʥʳʤʠ ʧʦ ɻʆʉʊʫ [4] ʧʫʪʝʤ ʧʦʜʨʳʚʘ ʚ ʧʦʜʨʳʚʥʦʡ ʢʘʙʠʥʝ  

ʅʕʂɼ-ʇɹ ʥʘ ʩʚʠʥʮʦʚʦʡ ʧʣʘʩʪʠʥʝ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʯʘʩʪʦʩʪʴ ʩʨʘʙʘʪʳʚʘʥʠʷ (ʧʨʦʙʠʪʠʝ 

ʦʪʚʝʨʩʪʠʷ ʚ ʩʚʠʥʮʦʚʦʡ ʧʣʘʩʪʠʥʝ) ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 20% ʠʟ 20 ʦʧʳʪʦʚ, ʘ ʜʦʣʞʥʘ ʙʳʪʴ 100%. 

ʕʪʦ ʧʦʙʫʜʠʣʦ ʘʚʪʦʨʦʚ ʩʦʧʦʩʪʘʚʠʪʴ ʟʘʞʠʛʘʪʝʣʴʥʳʝ ʠʤʧʫʣʴʩʳ ʋɺʊ ʠ ʕɺ. ʈʝʟʫʣʴʪʘʪʳ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 2 ʠ 3.  

ʌʠʢʩʘʮʠʷ ʧʨʦʜʫʢʪʦʚ ʚʟʨʳʚʯʘʪʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʠʩʪʝʢʘʶʱʠʭ ʚ ʚʦʟʜʫʭ ʦʪ ʋɺʊ ʠ ʕɺ  

ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʟʝʨʢʘʣʴʥʦʡ ʢʘʤʝʨʳ Sony SLT-A57 ʚ ʨʝʞʠʤʝ ʚʠʜʝʦʩʲʝʤʢʠ ʩʦ 

ʩʢʦʨʦʩʪʴʶ 60 ʢʘʜʨʦʚ ʚ ʩʝʢʫʥʜʫ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʨʘʩʢʘʜʨʦʚʢʦʡ ʚʠʜʝʦʟʘʧʠʩʠ. ʀʤʧʫʣʴʩ ʦʪ ʋɺʊ 

ʫʢʣʘʜʳʚʘʣʩʷ ʚ 1 ʢʘʜʨ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʣʘ 1/60 ʩ, ʪ.ʝ. ʚʨʝʤʷ ʜʝʡʩʪʚʠʷ ʠʤʧʫʣʴʩʘ 

ʋɺʊ ʥʝ ʧʨʝʚʳʰʘʣʘ 16 ʤʩ. ʀʤʧʫʣʴʩ ʕɺ ʫʢʣʘʜʳʚʘʣʩʷ ʚ 19 ʢʘʜʨʦʚ, ʪ.ʝ. ʚʨʝʤʷ ʜʝʡʩʪʚʠʷ 

ʠʤʧʫʣʴʩʘ ʕɺ ʩʦʩʪʘʚʣʷʣʦ ʥʝ ʤʝʥʝʝ 300 ʤʩ ʠ ʥʝ ʙʦʣʝʝ 316 ʤʩ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʨʝʤʷ ʜʝʡʩʪʚʠʷ 

ʕɺ ʚ 19 ʨʘʟ ʧʨʝʚʦʩʭʦʜʠʣʦ ʧʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʚʨʝʤʷ ʜʝʡʩʪʚʠʷ ʠʤʧʫʣʴʩʘ ʦʪ ʋɺʊ.  

 

 
 1 ï ʣʘʧʢʘ ʰʪʘʪʠʚʘ, 2 ï ʋɺʊ, 3 ï ʬʦʨʩ ʧʣʘʤʝʥʠ                                   

     

 ʈʠʩʫʥʦʢ 2 - ʥʘʯʘʣʴʥʳʡ ʠʤʧʫʣʴʩ ʋɺʊ           ʈʠʩʫʥʦʢ 3 ï ʥʘʯʘʣʴʥʳʡ ʠʤʧʫʣʴʩ ʕɺ 
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ɻʦʨʷʯʠʝ ʧʨʦʜʫʢʪʳ ʦʪ ʩʛʦʨʘʥʠʷ ʕɺ (ʚ ʦʩʥʦʚʥʦʤ ʛʘʟʦʦʙʨʘʟʥʳʝ ʧʨʦʜʫʢʪʳ ʠ ʪʦʣʴʢʦ 1 % 

K2SO4 (ʢ)), ʢʦʪʦʨʳʝ ʚʦʩʧʣʘʤʝʥʷʶʪ ʊʉʉ ʚ ʫʟʣʝ ʟʘʞʠʛʘʥʠʷ ʚ ʄʎʆ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʕɼ-ʇɹ, 

ʠʤʝʶʪ ʨʘʩʯʝʪʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ 1757,8 Áʉ ʠ, ʢʘʢ  çʛʨʝʣʢʘè, ʫʩʠʣʠʚʘʶʪ ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪ ʦʪ 

ʩʛʦʨʘʥʠʷ ʊʉʉ ʠ ʊʕʅʘ ʚ ʫʟʣʝ ʟʘʞʠʛʘʥʠʷ, ʢʦʪʦʨʳʡ ʧʝʨʝʜʘʝʪʩʷ ʢ ʯʠʩʪʦʤʫ ʊʕʅʫ ʚ ʄʎʆ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʠ ʩʦʩʪʘʚ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʕɺ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʧʫʪʝʤ ʨʘʩʯʝʪʘ ʧʦ ʧʨʦʛʨʘʤʤʝ 

Terra [5]. ʇʨʠ ʠʥʠʮʠʠʨʦʚʘʥʠʠ ʦʪ ʋɺʊ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʅʕʂɼ-ʇɹ ʠʟ-ʟʘ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʩʪʠ 

ʠʤʧʫʣʴʩʘ (ʭʦʪʷ ʨʘʩʯʝʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʜʫʢʪʦʚ ʨʘʙʦʪʳ ʋɺʊ ʩʦʩʪʘʚʣʷʝʪ 3300 Áʉ) ʪʘʢʦʡ 

çʛʨʝʣʢʠè ʥʝʪ, ʠ ʟʘʞʠʛʘʥʠʝ ʯʠʩʪʦʛʦ ʊʕʅʘ ʚ ʄʎʆ ʥʦʩʠʪ ʚʝʨʦʷʪʥʦʩʪʥʳʡ ʭʘʨʘʢʪʝʨ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʅʕʂɼ-ʇɹ ʪʨʝʙʫʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ 

ʥʦʚʦʛʦ ʫʟʣʘ ʟʘʞʠʛʘʥʠʷ, ʢʦʪʦʨʘʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠ ʧʨʦʚʦʜʠʪʩʷ ʘʚʪʦʨʘʤʠ. 
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ʆʇʈɽɼɽʃɽʅʀɽ ʂʆʕʌʌʀʎʀɽʅʊʆɺ ɺ ɿɸʂʆʅɽ ʉʆʇʈʆʊʀɺʃɽʅʀʗ 

ʉʂʋʃʔʇʊʋʈʅʆɻʆ ʇʃɸʉʊʀʃʀʅɸ 

 

ʃ.ʉ. ɼʘʫʪʦʚʘ, ɽ.ɸ. ɿʥʘʤʝʥʩʢʠʡ, ʗ.ʆ. ʇʘʚʣʦʚ 

 

ɹʘʣʪʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çɺʆɽʅʄɽʍè  

ʠʤ. ɼ.ʌ. ʋʩʪʠʥʦʚʘ, 

ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 326s@list.ru  

 

ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʦʧʨʝʜʝʣʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʟʘʢʦʥʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʢʫʣʴʧʪʫʨʥʦʛʦ 

ʧʣʘʩʪʠʣʠʥʘ ʧʨʦʥʠʢʘʥʠʶ ʩʬʝʨʠʯʝʩʢʦʛʦ ʠʤʠʪʘʪʦʨʘ ʧʦʨʘʞʘʶʱʝʛʦ ʵʣʝʤʝʥʪʘ. ɿʘʢʦʥ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʣʷ ʩʢʫʣʴʧʪʫʨʥʦʛʦ ʧʣʘʩʪʠʣʠʥʘ ʚ ʦʙʱʝʤ ʚʠʜʝ ʟʘʧʠʩʳʚʘʝʪʩʷ ʢʘʢ ʬʫʥʢʮʠʷ 

ʩʢʦʨʦʩʪʠ ʧʨʦʥʠʢʘʥʠʷ. ɽʩʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ ʜʦʤʠʥʠʨʫʶʱʝʝ ʚʣʠʷʥʠʝ ʧʨʦʯʥʦʩʪʥʦʡ, ʚʷʟʢʦʡ, 

ʣʠʙʦ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʪʦ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʟʘʢʦʥ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʣʷ ʩʪʝʧʝʥʥʦʡ ʬʦʨʤʝ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʢʦʥʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʢʫʣʴʧʪʫʨʥʦʛʦ 

ʧʣʘʩʪʠʣʠʥʘ ʧʨʦʚʝʜʝʥ ʥʘʪʫʨʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʥʝʚʤʘʪʠʯʝʩʢʦʡ ʤʝʪʘʪʝʣʴʥʦʡ 

ʫʩʪʘʥʦʚʢʠ. ʅʘ ʦʩʥʦʚʝ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʪʫʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʤʝʪʦʜʦʤ 

ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʥʘʡʜʝʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʟʘʢʦʥʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʢʫʣʴʧʪʫʨʥʦʛʦ 

ʧʣʘʩʪʠʣʠʥʘ. ʇʨʦʚʝʜʝʥʘ ʧʨʦʚʝʨʢʘ ʘʜʝʢʚʘʪʥʦʩʪʠ ʧʦʣʫʯʝʥʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ. ʉʠʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʡ 

ʬʫʥʢʮʠʝʡ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʘʚʠʣʴʥʦʤ ʚʳʙʦʨʝ ʝʝ ʚʠʜʘ ʠ 

ʭʦʨʦʰʝʤ ʢʘʯʝʩʪʚʝ ʘʧʧʨʦʢʩʠʤʘʮʠʠ. 

The article considers determination the penetration resistance law coefficients of sculpture 

plasticine for spherical model of strike element. The sculptural plasticine resistance law is 

generally written as a function of penetration rate. If we assume the dominant influence of the 

strength, viscous, or dynamic component of the resistance, we can present the resistance law for the 

power form. To determine the sculptural plasticine resistance law, an experiment with the use of 

pneumatic throwing device was carried out. On the basis of processing results of the experiment 

using the least squares method the sculptural plasticine resistance law coefficients were determine. 

The adequacy of the obtained approximation was checked using the correlation coefficient. A 

strong correlation between the approximating function and the experimental data indicates a 

correct choice of its type and a good quality of approximation. 

 

ʉʢʫʣʴʧʪʫʨʥʳʡ ʧʣʘʩʪʠʣʠʥ, ʥʘʨʘʚʥʝ ʩ ʙʘʣʣʠʩʪʠʯʝʩʢʠʤ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʠʟʫʯʝʥʠʠ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʨʘʞʘʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʤʷʛʢʠʝ ʪʢʘʥʠ. ɽʛʦ 

ʩʧʦʩʦʙʥʦʩʪʴ ʩʦʧʨʦʪʠʚʣʷʪʴʩʷ ʧʨʦʥʠʢʘʥʠʶ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ ʠ ʤʘʨʢʠ (ʪʚʝʨʜʳʡ ʣʠʙʦ ʤʷʛʢʠʡ). ʆʧʨʝʜʝʣʝʥʠʝ ʟʘʢʦʥʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʣʘʩʪʠʣʠʥʘ 

ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ ʣʘʙʦʨʘʪʦʨʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʦʤ ʠ ʨʝʘʣʴʥʳʤ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʦʨʘʞʘʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʥʘ ʙʠʦʦʙʲʝʢʪ, ʘ ʪʘʢʞʝ ʥʘʡʪʠ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʝ 

ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʦʧʳʪʘ. 
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ɿʘʚʠʩʠʤʦʩʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʣʘʩʪʠʣʠʥʘ ʦʪ ʩʢʦʨʦʩʪʠ ʧʨʦʥʠʢʘʥʠʷ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʬʦʨʤʝ 

(ʜʣʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʝʞʠʤʘ ʚʥʝʜʨʝʥʠʷ) ʫʯʠʪʳʚʘʝʪ ʧʨʦʯʥʦʩʪʥʦʝ, ʚʷʟʢʦʝ ʠ ʜʠʥʘʤʠʯʝʩʢʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʘ ʚ ʚʠʜʝ [1], [2] 
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ʛʜʝ iK  ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʚ ʟʘʢʦʥʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ; v  ï ʩʢʦʨʦʩʪʴ ʧʨʦʥʠʢʘʥʠʷ; i ï 

ʧʨʠʥʠʤʘʝʪ ʮʝʣʳʝ ʟʥʘʯʝʥʠʷ ʠʟ ʜʠʘʧʘʟʦʥʘ ʦʪ 0 ʜʦ 2, ʚʢʣʶʯʘʷ ʢʦʥʮʳ. ɽʩʣʠ ʩʯʠʪʘʪʴ, ʯʪʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʝʛʨʘʜʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʬʦʨʤʠʨʫʝʪʩʷ ʧʨʦʯʥʦʩʪʥʳʤ, ʚʷʟʢʠʤ 

ʣʠʙʦ ʜʠʥʘʤʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ, ʘ ʦʩʪʘʣʴʥʳʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ, ʪʦ 

ʟʘʢʦʥ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʝʛʨʘʜʳ ()vfp=  ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʪʝʧʝʥʥʦʡ ʬʫʥʢʮʠʝʡ 

 

 a
a= vKp , (1) 

 

ʘ ʫʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʫʜʘʨʥʠʢʘ ʟʘʧʠʩʘʪʴ ʢʘʢ 
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a-=Ö vsK

dx

dv
mv , (2) 

 

ʛʜʝ m ï ʤʘʩʩʘ ʫʜʘʨʥʠʢʘ; x ï ʢʦʦʨʜʠʥʘʪʘ, ʦʧʠʩʳʚʘʶʱʘʷ ʠʟʤʝʥʝʥʠʝ ʧʫʪʠ ʫʜʘʨʥʠʢʘ; s ï 

ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʫʜʘʨʥʠʢʘ; KŬ, Ŭ ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʚ ʟʘʢʦʥʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʧʨʝʛʨʘʜʳ. ʆʙʱʠʡ ʠʥʪʝʛʨʘʣ (2) ʧʨʠ Ŭ<2 ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ 
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sK
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h . (3) 

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʝʛʨʘʜʳ ʦʪ ʩʢʦʨʦʩʪʠ 

ʧʨʦʥʠʢʘʥʠʷ ʥʝʦʙʭʦʜʠʤʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ (ʪʘʙʣʠʮʘ). 

 

ʊʘʙʣʠʮʘ ï ʈʝʟʫʣʴʪʘʪʳ ʩʪʨʝʣʴʙʳ ʧʦ ʩʢʫʣʴʧʪʫʨʥʦʤʫ ʧʣʘʩʪʠʣʠʥʫ 

ʉʢʦʨʦʩʪʴ ʧʦʜʣʝʪʘ, 

ʤ/ʩ 
141 196 250 

ɻʣʫʙʠʥʘ 

ʧʨʦʥʠʢʘʥʠʷ, ʤ 
0,038 0,048 0,052 

 

ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʘʙʦʨʘʪʦʨʥʦʡ ʧʥʝʚʤʘʪʠʯʝʩʢʦʡ ʤʝʪʘʪʝʣʴʥʦʡ 

ʫʩʪʘʥʦʚʢʠ. ɺ ʢʘʯʝʩʪʚʝ ʤʝʪʘʝʤʦʛʦ ʪʝʣʘ ʚʳʩʪʫʧʘʣ ʩʪʘʣʴʥʦʡ ʰʘʨʠʢ ʤʘʩʩʦʡ 1ʛ. 

ʅʘʠʙʦʣʝʝ ʫʜʦʙʥʳʤ ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʣʷ ʟʘʚʠʩʠʤʦʩʪʠ (3), ʧʝʨʝʧʠʩʘʥʥʦʡ 

ʚ ʧʦʣʥʦʩʪʴʶ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʬʦʨʤʝ: 

 

 ( ) cln2lnln vAh a-+= ,  

 

ʛʜʝ hy ln= ; cln vx= ; 
a-

Ö=
a 2

1

sK

m
A . ʆʯʝʚʠʜʥʦ, ʯʪʦ ʦʙʦʟʥʘʯʠʚAb ln0 =  ʠ a-=21b  ʤʳ 

ʧʦʣʫʯʘʝʤ ʫʨʘʚʥʝʥʠʝ ʧʨʷʤʦʡ ʚʠʜʘ xbby 10+= . ɺʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ 

ʢʚʘʜʨʘʪʦʚ [3] ʜʣʷ ʦʪʳʩʢʘʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ b0 ʠ b1ʧʦʣʫʯʠʤ 
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ʊʝʧʝʨʴ, ʩ ʫʯʝʪʦʤ ʚʚʝʜʝʥʥʳʭ ʦʙʦʟʥʘʯʝʥʠʡ, ʥʘʡʜʝʤ 443,12 1=-=a b , 

30 10451,2 -Ö== bʝɸ , 
( )

91,25
2

K =
a-

=a
sA

m
, ʢʛ/ʤ

3
Ŀ(ʤ/ʩ)

2-Ŭ
.  

ʆʮʝʥʠʤ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʝʥʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʠ ʫʩʪʘʥʦʚʠʤ ʬʘʢʪ ʚʟʘʠʤʦʩʚʷʟʠ ʚʝʣʠʯʠʥ, 

ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʦʧʳʪʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ. ʇʦʣʫʯʝʥʥʦʝ 

ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʝ ʫʨʘʚʥʝʥʠʝ ʧʨʷʤʦʡ ʨʝʛʨʝʩʩʠʠ, ʠʤʝʝʪ ʫʛʣʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ (b1) ʨʘʚʥʳʡ 

ʪʘʥʛʝʥʩʫ ʫʛʣʘ ʥʘʢʣʦʥʘ ʧʨʷʤʦʡ ʢ ʦʩʠ OX. ʆʜʥʘʢʦ ʫʨʘʚʥʝʥʠʝ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʡ ʧʨʷʤʦʡ 

ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʠ ʚ ʚʠʜʝ ʫʨʘʚʥʝʥʠʷ ʦʙʨʘʪʥʦʡ ʨʝʛʨʝʩʩʠʠ: 

 

 ybbx
¡

+
¡

= 10
, (4) 

 

ʛʜʝ hy ln= , cln vx= , ʘ ʧʘʨʘʤʝʪʨʳ b0Ӣ ʠ b1Ӣ ʫʨʘʚʥʝʥʠʷ ʦʙʨʘʪʥʦʡ ʨʝʛʨʝʩʩʠʠ. ʇʨʠ ʵʪʦʤ 

ʢʦʵʬʬʠʮʠʝʥʪ ʦʙʨʘʪʥʦʡ ʨʝʛʨʝʩʩʠʠ b1Ӣ ʦʧʨʝʜʝʣʷʝʪ ʫʛʦʣ ʥʘʢʣʦʥʘ ʧʨʷʤʦʡ (4) ʢ ʦʩʠ OY. 

ʂʦʥʢʨʝʪʥʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʫʛʣʦʚʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʙʨʘʪʥʦʡ ʨʝʛʨʝʩʩʠʠ ʙʫʜʝʪ ʚʳʛʣʷʜʝʪʴ ʢʘʢ 
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ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ [4] ʚʚʝʜʝʤ ʢʘʢ ʩʨʝʜʥʝʝ ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʠʟ ʫʛʣʦʚʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʨʷʤʦʡ ʠ ʦʙʨʘʪʥʦʡ ʨʝʛʨʝʩʩʠʡ: 

 

 982,011 =
¡

= bbrxy ,  

 

ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʵʬʬʠʮʠʝʥʪʫ ʜʝʪʝʨʤʠʥʘʮʠʠ 964,0=hxy . ɿʥʘʯʝʥʠʝ xyr  ʙʣʠʟʢʦ ʢ 

ʝʜʠʥʠʮʝ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʠʣʴʥʦʡ ʩʚʷʟʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩ ʘʧʧʨʦʢʩʠʤʘʮʠʝʡ 

ʬʦʨʤʫʣʦʡ (1). ʊʘʢʞʝ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʣʠʟʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʝʪʝʨʤʠʥʘʮʠʠ ʢ ʝʜʠʥʠʮʝ 

ʛʦʚʦʨʠʪ ʦ ʣʠʥʝʡʥʦʡ ʩʚʷʟʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʬʘʢʪʦʨʦʚ, ʧʨʠ ʵʪʦʤ 96 % ʦʙʱʝʡ ʜʠʩʧʝʨʩʠʠ 

ʦʪʢʣʠʢʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦʣʫʯʝʥʥʳʤ ʫʨʘʚʥʝʥʠʝʤ ʨʝʛʨʝʩʩʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʨʝʜʝʣʝʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʠ ʚʠʜ ʟʘʢʦʥʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʢʦʪʦʨʳʡ ʚ 

ʦʢʦʥʯʘʪʝʣʴʥʦʤ ʚʠʜʝ ʜʣʷ ʩʢʫʣʴʧʪʫʨʥʦʛʦ ʧʣʘʩʪʠʣʠʥʘ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʢʘʢ 

 

 () 443,131091,25 vvp ÖÖ= . (5) 
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ɹʣʠʟʦʩʪʴ ʧʦʢʘʟʘʪʝʣʷ ʩʪʝʧʝʥʠ ʢ 2 ʛʦʚʦʨʠʪ ʦʙ ʦʧʨʝʜʝʣʷʶʱʝʤ ʚʢʣʘʜʝ ʩʠʣ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

(ʠʥʝʨʮʠʦʥʥʦʛʦ) ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʨʝʜʳ. ɻʣʫʙʠʥʘ ʧʨʦʥʠʢʘʥʠʷ ʩʬʝʨʠʯʝʩʢʦʛʦ ʠʤʠʪʘʪʦʨʘ 

ʧʦʨʘʞʘʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʨʘʞʝʥʠʝʤ 

(3), ʯʪʦ ʧʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ ʥʘʡʜʝʥʥʦʡ ʬʫʥʢʮʠʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ (5) ʦʢʦʥʯʘʪʝʣʴʥʦ ʜʘʝʪ 

 

 557,0
ʩ2

510822,8 v
d

m
h ÖÖÖ= - . (6) 

 

ɿʘʚʠʩʠʤʦʩʪʴ (4) ʷʚʣʷʝʪʩʷ ʠʩʭʦʜʥʦʡ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʪʦʣʱʠʥʳ ʧʣʘʩʪʠʣʠʥʦʚʳʭ ʙʣʦʢʦʚ, 

ʬʦʨʤʠʨʫʝʤʳʭ ʜʣʷ ʠʩʧʳʪʘʥʠʡ, ʘ ʪʘʢʞʝ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʦʮʝʥʢʠ ʩʢʦʨʦʩʪʠ ʚʩʪʨʝʯʠ 

ʧʦʨʘʞʘʶʱʝʛʦ ʵʣʝʤʝʥʪʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʟʘʜʘʥʥʫʶ ʛʣʫʙʠʥʫ ʧʨʦʥʠʢʘʥʠʷ. ɼʣʷ ʘʜʝʢʚʘʪʥʦʛʦ 

ʧʝʨʝʥʦʩʘ ʛʣʫʙʠʥ ʧʨʦʥʠʢʘʥʠʷ, ʧʦʣʫʯʘʝʤʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʘ ʧʦ ʬʦʨʤʫʣʝ (6), ʥʘ 

ʧʨʦʥʠʢʘʥʠʝ ʚ ʤʷʛʢʠʝ ʪʢʘʥʠ ʙʠʦʦʙʲʝʢʪʦʚ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 
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ʇʆɺʓʐɽʅʀɽ ʉʋʄʄɸʈʅʆɻʆ ʀʄʇʋʃʔʉɸ ʊʗɻʀ ʈɼʊʊ ʇʋʊɽʄ 

ʇʈʆʌʀʃʀʈʆɺɸʅʀʗ ɿɸʈʗɼʆɺ ʊɺɽʈɼʆɻʆ ʊʆʇʃʀɺɸ 

 

ɺʣʘʜʠʤʠʨ ɺʠʢʪʦʨʦʚʠʯ ʈʦʤʘʥʦʚ
1
, ɻʝʥʥʘʜʠʡ ʌʝʜʦʨʦʚʠʯ ʈʳʞʢʦʚ

1
,  

ɽʛʦʨ ʗʢʦʚʣʝʚʠʯ ɹʨʘʛʫʥʮʦʚ
1,2 
, ʄʘʨʢ ɺʘʜʠʤʦʚʠʯ ʂʨʘʚʝʮ

2
,  

ɽʛʦʨ ɸʣʝʢʩʝʝʚʠʯ ʂʫʟʥʝʮʦʚ
2
 

 
1
 ɸʆ ʀʥʩʪʠʪʫʪ ʧʨʠʢʣʘʜʥʦʡ ʬʠʟʠʢʠ, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ,  

2
ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʛ. ʅʦʚʦʩʠʙʠʨʩʢ 

 

ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʨʝʰʝʥʠʶ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʠ ʫʚʝʣʠʯʝʥʠʷ ʩʫʤʤʘʨʥʦʛʦ ʠʤʧʫʣʴʩʘ ʪʷʛʠ 

ʈɼʊʊ. ʇʨʝʜʣʦʞʝʥʦ ʫʚʝʣʠʯʝʥʠʝ ʩʫʤʤʘʨʥʦʛʦ ʠʤʧʫʣʴʩʘ ʪʷʛʠ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʪʨʝʙʫʝʤʳʭ 

ʨʘʩʭʦʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʈɼʊʊ ʜʦʩʪʠʛʘʪʴ ʟʘ ʩʯʝʪ ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ ʟʘʨʷʜʦʚ. ʇʦʢʘʟʘʥʦ, 

ʯʪʦ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʜʦʩʪʠʛʘʶʪʩʷ ʧʨʠʤʝʥʝʥʠʝʤ ʢʘʥʘʣʴʥʦ-ʱʝʣʝʚʳʭ ʟʘʨʷʜʦʚ. 

The work is devoted to solving the actual problem of increasing the total thrust pulse of a 

rocket engine solid fuel by increasing the mass perfection of the engine. It is proposed to increase 

the total momentum due to charge profiling. It is shown that the highest values are achieved by 

channel-slot charges. 

 

ɺ ʈɼʊʊ ʦʪʩʫʪʩʪʚʫʝʪ ʩʠʩʪʝʤʘ ʧʦʜʘʯʠ ʪʦʧʣʠʚʘ. ʅʝʦʙʭʦʜʠʤʦʝ ʥʘ ʚʩʝ ʚʨʝʤʷ ʨʘʙʦʪʳ 

ʜʚʠʛʘʪʝʣʷ ʪʦʧʣʠʚʦ ʥʘʭʦʜʠʪʩʷ ʚ ʢʘʤʝʨʝ ʩʛʦʨʘʥʠʷ, ʧʨʠ ʵʪʦʤ ʩʝʢʫʥʜʥʘʷ ʤʘʩʩʘ ʩʛʦʨʘʶʱʝʛʦ 

ʪʦʧʣʠʚʘ (ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʢʦʨʦʩʪʴʶ ʛʦʨʝʥʠʷ ʪʦʧʣʠʚʘ ʠ ʧʣʦʱʘʜʴʶ ʧʦʚʝʨʭʥʦʩʪʠ 

ʛʦʨʝʥʠʷ ʟʘʨʷʜʘ. ʇʦʵʪʦʤʫ ʬʦʨʤʘ ʠ ʨʘʟʤʝʨʳ ʪʦʧʣʠʚʥʦʛʦ ʟʘʨʷʜʘ ʥʘʨʷʜʫ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʪʦʧʣʠʚʘ ʧʦ ʩʢʦʨʦʩʪʠ ʛʦʨʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʜʚʠʛʘʪʝʣʷ: ʜʘʚʣʝʥʠʝ ʚ ʢʘʤʝʨʝ 

ʩʛʦʨʘʥʠʷ ʨʢ, ʪʷʛʫ ʈ ʠ ʚʨʝʤʷ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ Ű [1-4].  

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʈɼʊʊ ʷʚʣʷʝʪʩʷ ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ ʬʦʨʤʘ 

ʪʦʧʣʠʚʥʦʛʦ ʟʘʨʷʜʘ ʩʦ ʟʚʝʟʜʦʦʙʨʘʟʥʳʤ ʚʥʫʪʨʝʥʥʠʤ ʮʝʥʪʨʘʣʴʥʳʤ ʢʘʥʘʣʦʤ. ɺʳʙʦʨʦʤ ʜʠʘʤʝʪʨʘ 

D ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʣʠʥʳ ʟʘʨʷʜʘ L/D ʥʘ ʦʩʥʦʚʝ ʟʘʨʷʜʦʚ ʵʪʦʡ ʬʦʨʤʳ ʤʦʛʫʪ ʩʦʟʜʘʚʘʪʴʩʷ 

ʜʚʠʛʘʪʝʣʠ, ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʧʦ ʚʝʣʠʯʠʥʝ ʪʷʛʠ ʚ ʙʦʣʴʰʦʤ ʜʠʘʧʘʟʦʥʝ (10Á...10
7
 ʅ) ʠ ʧʦ ʚʨʝʤʝʥʠ 

ʨʘʙʦʪʳ ʚ ʧʨʝʜʝʣʘʭ 10Á... 10
2
 ʩ.  

ɺ ʟʘʨʷʜʝ ʩʦ ʟʚʝʟʜʦʦʙʨʘʟʥʳʤ ʮʝʥʪʨʘʣʴʥʳʤ ʢʘʥʘʣʦʤ ʥʘʨʫʞʥʘʷ ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ  

ʧʦʚʝʨʭʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʟʘʱʠʱʝʥʘ ʙʨʦʥʠʨʦʚʢʦʡ. ʇʦʚʝʨʭʥʦʩʪʴ ʛʦʨʝʥʠʷ ʪʘʢʦʛʦ ʟʘʨʷʜʘ 

ʦʙʨʘʟʦʚʘʥʘ ʚʥʫʪʨʝʥʥʠʤ ʢʘʥʘʣʦʤ, ʠʤʝʶʱʠʤ ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʚ ʬʦʨʤʝ ʤʥʦʛʦʣʫʯʝʚʦʡ 

ʟʚʝʟʜʳ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʟʘʨʷʜʦʤ ʩ ʮʝʥʪʨʘʣʴʥʳʤ ʮʠʣʠʥʜʨʠʯʝʩʢʠʤ ʢʘʥʘʣʦʤ ʟʘʨʷʜ ʩʦ 

ʟʚʝʟʜʦʦʙʨʘʟʥʳʤ ʢʘʥʘʣʦʤ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚ ʟʘʜʘʥʥʳʭ ʛʘʙʘʨʠʪʘʭ (D,L)ʧʦʣʫʯʠʪʴ ʙʦʣʴʰʫʶ 

ʚʝʣʠʯʠʥʫ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʛʦʨʝʥʠʷ, ʥʦ ʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ ʦʪʥʦʰʝʥʠʷ ʪʦʣʱʠʥʳ ʩʚʦʜʘ ʝ0 

ʢ ʜʠʘʤʝʪʨʫ ʟʘʨʷʜʘ D: ʝ0/D = 0,15...0,50 ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʭʫʜʰʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʤʘʩʩʦʚʦʛʦ 

ʩʦʚʝʨʰʝʥʩʪʚʘ ʜʚʠʛʘʪʝʣʷ ʘ ʪʘʢʞʝ ʙʦʣʝʝ ʥʠʟʢʠʡ ʩʫʤʤʘʨʥʳʡ ʠʤʧʫʣʴʩ ʪʷʛʠ ʈɼʊʊ. ɽʱʝ ʦʜʥʠʤ 

ʥʝʜʦʩʪʘʪʢʦʤ ʟʘʨʷʜʘ ʩʦ ʟʚʝʟʜʦʦʙʨʘʟʥʳʤ ʢʘʥʘʣʦʤ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʦʩʪʘʪʢʦʚ ʪʦʧʣʠʚʘ, 

ʜʝʛʨʝʩʩʠʚʥʦ ʜʦʛʦʨʘʶʱʠʭ ʧʨʠ ʥʠʟʢʠʭ ʜʘʚʣʝʥʠʷʭ ʚ ʢʘʤʝʨʝ ʩʛʦʨʘʥʠʷ ʠ ʥʝ ʜʘʶʱʠʭ ʚʢʣʘʜ ʚ 

ʩʫʤʤʘʨʥʳʡ ʠʤʧʫʣʴʩ ʪʷʛʠ. ɺ ʪʘʢʦʤ ʟʘʨʷʜʝ ʥʘʣʠʯʠʝ ʜʝʛʨʝʩʩʠʚʥʦ ʜʦʛʦʨʘʶʱʠʭ ʦʩʪʘʪʢʦʚ 

ʪʦʧʣʠʚʘ ʩʦʩʪʘʚʣʷʶʪ 6... 10% ʦʪ ʚʩʝʡ ʤʘʩʩʳ ʟʘʨʷʜʘ[1-3]. 

ɺ ʩʚʷʟʠ ʩ ʚʳʰʝʠʟʣʦʞʝʥʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʩʨʘʚʥʝʥʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʨʷʜʦʚ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ, ʩ ʮʝʣʴʶ ʧʦʠʩʢʘ ʬʦʨʤ ʟʘʨʷʜʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ 

ʫʩʪʨʘʥʠʪʴ ʧʦʷʚʣʝʥʠʝ ʜʝʛʨʝʩʩʠʚʥʦ ʜʦʛʦʨʘʶʱʠʭ ʦʩʪʘʪʢʦʚ ʪʦʧʣʠʚʘ, ʫʣʫʯʰʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ 

ʤʘʩʩʦʚʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʘ ʜʚʠʛʘʪʝʣʷ ʠ ʫʚʝʣʠʯʠʪʴ ʩʫʤʤʘʨʥʳʡ ʠʤʧʫʣʴʩ ʪʷʛʠ ʈɼʊʊ, ʥʦ ʧʨʠ ʵʪʦʤ 

ʧʦʟʚʦʣʷʶʱʠʭ ʪʘʢʞʝ ʨʝʛʫʣʠʨʦʚʘʪʴ ʧʦʚʝʨʭʥʦʩʪʴ ʛʦʨʝʥʠʷ ʠ ʨʘʩʭʦʜʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ 

ʪʨʝʙʫʝʤʳʭ ʧʨʝʜʝʣʘʭ ʟʥʘʯʝʥʠʡ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʚʝʟʜʦʦʙʨʘʟʥʳʭ ʪʦʧʣʠʚʥʳʭ 

ʟʘʨʷʜʦʚ ʩ ʢʘʥʘʣʴʥʦ-ʱʝʣʝʚʳʤʠ ʟʘʨʷʜʘʤʠ.  
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ʂʘʥʘʣʴʥʦ-ʱʝʣʝʚʦʡ ʟʘʨʷʜ ʧʦʣʫʯʠʣ ʠhʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʈɼʊʊ ʨʘʟʣʠʯʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ ʚʩʣʝʜʩʪʚʠʝ ʩʚʦʝʡ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ ʠ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʧʨʠ 

ʠʟʛʦʪʦʚʣʝʥʠʠ ʚʢʣʘʜʥʳʭ ʟʘʨʷʜʦʚ ʠʟ ʙʘʣʣʠʩʪʠʪʥʳʭ ʪʦʧʣʠʚ [1-3]. 

ʂʘʥʘʣʴʥʦ-ʱʝʣʝʚʦʡ ʟʘʨʷʜ ʠʤʝʝʪ ʧʦʚʝʨʭʥʦʩʪʴ ʛʦʨʝʥʠʷ, ʦʙʨʘʟʦʚʘʥʥʫʶ ʢʘʥʘʣʦʤ ʠ 

ʱʝʣʷʤʠ. ɼʦʩʪʦʠʥʩʪʚʦʤ ʵʪʦʛʦ ʪʠʧʘ ʟʘʨʷʜʦʚ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʝʩʧʝʯʠʪʴ ʣʶʙʦʡ ʠʟ 

ʟʘʢʦʥʦʚ ʚʳʛʦʨʘʥʠʷ: ʥʝʡʪʨʘʣʴʥʳʡ, ʧʨʦʛʨʝʩʩʠʚʥʳʡ ʠʣʠ ʜʠʛʨʝʩʩʠʚʥʳʡ. ʇʦʣʫʯʝʥʥʳʡ 

ʧʨʝʩʩʦʚʘʥʠʝʤ ʪʨʫʙʯʘʪʳʡ ʟʘʨʷʜ ʙʨʦʥʠʨʫʝʪʩʷ ʧʦ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦʩʣʝ ʯʝʛʦ ʩ ʪʦʨʮʘ 

ʧʨʦʧʠʣʠʚʘʶʪʩʷ ʠʣʠ ʬʨʝʟʝʨʫʶʪʩʷ ʱʝʣʠ ʥʘ ʥʫʞʥʫʶ ʛʣʫʙʠʥʫ ʚ ʥʝʦʙʭʦʜʠʤʦʤ ʢʦʣʠʯʝʩʪʚʝ.   

ʊʨʝʙʫʝʤʦʝ ʠʟʤʝʥʝʥʠʝ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʛʦʨʝʥʠʷ ʧʦ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʦʜʙʦʨʦʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʜʣʠʥʘʤʠ ʢʘʥʘʣʴʥʦʛʦ Lʠ 

ʱʝʣʝʚʦʛʦ L  ɦʫʯʘʩʪʢʦʚ. 

ɿʘ ʦʩʥʦʚʫ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʩ ʢʘʥʘʣʴʥʦ-ʱʝʣʝʚʳʤ ʟʘʨʷʜʦʤ ʚʟʷʪ ʟʘʨʷʜ  ʪʚʝʨʜʦʛʦ ʪʦʧʣʠʚʘ 

ʜʣʷ ʨʘʢʝʪʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʘʚʠʘʮʠʦʥʥʦʡ ʨʘʢʝʪʳ ʧʦ ʧʘʪʝʥʪʫ RU2459969 C1 F02K9/18 (2006.01) 

ʘʚʪʦʨʦʚ ʄʦʣʯʘʥʦʚʘ ɺ.ʌ., ʇʨʠʙʳʣʴʩʢʦʛʦ ʈ.ɽ., ʈʳʞʢʦʚʘ ɻ.ʌ. ʠ ʜʨ. [5]. 

ʕʪʦʪ ʟʘʨʷʜ ʪʚʝʨʜʦʛʦ ʪʦʧʣʠʚʘ ʨʘʢʝʪʥʦʛʦ ʜʚʠʛʘʪʝʣʷ (ʨʠʩ.1) ʘʚʠʘʮʠʦʥʥʦʡ ʨʘʢʝʪʳ 

ʩʦʜʝʨʞʠʪ ʟʘʙʨʦʥʠʨʦʚʘʥʥʫʶ ʧʦ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʝʨʝʜʥʝʤʫ ʪʦʨʮʫ ʰʘʰʢʫ ʪʚʝʨʜʦʛʦ 

ʨʘʢʝʪʥʦʛʦ ʪʦʧʣʠʚʘ ʩʦ ʟʚʝʟʜʦʦʙʨʘʟʥʳʤ ʢʘʥʘʣʦʤ. ɿʚʝʟʜʦʦʙʨʘʟʥʳʡ ʢʘʥʘʣ ʰʘʰʢʠ ʚʳʧʦʣʥʝʥ ʚ 

ʚʠʜʝ 6-ʣʫʯʝʚʦʡ ʟʚʝʟʜʳ ʩ ʨʘʚʥʦʤʝʨʥʦ ʯʝʨʝʜʫʶʱʠʤʠʩʷ ʚʳʩʪʫʧʘʤʠ ʠ ʚʧʘʜʠʥʘʤʠ ʩ ʰʠʨʠʥʦʡ (B) 

ʠ ʚʳʩʦʪʦʡ (H) ʚʳʩʪʫʧʦʚ ʟʚʝʟʜʦʦʙʨʘʟʥʦʛʦ ʢʘʥʘʣʘ 0,25...0,30ʝ, ʛʜʝ 

 

 Ὡ ̙ ̃̐, (1)  

 

d  h- ʜʠʘʤʝʪʨ ʧʦ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʰʘʰʢʠ, 

dʚʧ - ʜʠʘʤʝʪʨ ʢʘʥʘʣʘ ʰʘʰʢʠ ʧʦ ʚʧʘʜʠʥʘʤ ʟʚʝʟʜʦʦʙʨʘʟʥʦʛʦ ʧʨʦʬʠʣʷ,  

e - ʛʦʨʷʱʠʡ ʩʚʦʜ.  

ʌʦʨʤʘ ʟʘʨʷʜʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʚʫʭʨʝʞʠʤʥʦʩʪʴ ʨʘʩʭʦʜʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʢʝʪʥʦʛʦ 

ʜʚʠʛʘʪʝʣʷ ʟʘ ʩʯʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ S(e), p(Ű ), ʛʜʝ S - ʛʦʨʷʱʘʷ ʧʦʚʝʨʭʥʦʩʪʴ 

ʟʘʨʷʜʘ ʊʈʊ, p - ʜʘʚʣʝʥʠʝ ʚ ʢʘʤʝʨʝ ʩʛʦʨʘʥʠʷ (ʂʉ), ʚ ʚʠʜʝ ʬʦʨʩʘʞʥʦʛʦ ʨʝʞʠʤʘ ʠ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʚ ʦʩʥʦʚʥʦʤ ʧʨʦʛʨʝʩʩʠʚʥʦʛʦ ʤʘʨʰʝʚʦʛʦ ʨʝʞʠʤʘ (ʨʠʩ.2). ʊʘʢʘʷ ʬʦʨʤʘ ʟʘʨʷʜʘ 

ʧʦʪʨʝʙʦʚʘʣʘʩʴ ʜʣʷ ʩʥʠʞʝʥʠʷ ʚʣʠʷʥʠʝ ʬʘʢʝʣʘ ʈɼʊʊ ʩʪʘʨʪʫʶʱʠʭ ʘʚʠʘʮʠʦʥʥʳʭ ʨʘʢʝʪ ʚ 

ʨʝʞʠʤʝ ʟʘʣʧʘ ʠʟ-ʧʦʜ ʬʶʟʝʣʷʞʘ ʩʘʤʦʣʝʪʘ ʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ ʩʘʤʦʣʝʪʘ ʘ 

ʠʤʝʥʥʦ: ʠʩʢʣʶʯʠʪʴ ʧʦʤʧʘʞ ɸɼ, ʟʘ ʩʯʝʪ çʟʘʩʘʩʳʚʘʥʠʷè ʬʘʢʝʣʘ ʈɼʊʊ ʩʪʘʨʪʫʶʱʠʭ ʨʘʢʝʪ ʚ 

ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢ ɸɼ. 

 
ʈʠʩ.1. ɿʘʨʷʜ ʪʚʝʨʜʦʛʦ ʪʦʧʣʠʚʘ ʩʦ ʟʚʝʟʜʦʦʙʨʘʟʥʳʤ ʮʝʥʪʨʘʣʴʥʳʤ ʢʘʥʘʣʦʤ. 
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ʈʠʩ.2. ʈʘʩʭʦʜʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʘʢʝʪʥʦʛʦ ʜʚʠʛʘʪʝʣʷ 

 

ʐʘʰʢʘ ʪʚʝʨʜʦʛʦ ʨʘʢʝʪʥʦʛʦ ʪʦʧʣʠʚʘ ʩʦ ʟʚʝʟʜʦʦʙʨʘʟʥʳʤ ʢʘʥʘʣʦʤ ʚ ʚʠʜʝ 6-ʣʫʯʝʚʦʡ ʟʚʝʟʜʳ 

ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ.3. 

  
ʈʠʩ.3. ʐʘʰʢʘ ʪʚʝʨʜʦʛʦ ʨʘʢʝʪʥʦʛʦ ʪʦʧʣʠʚʘ ʩʦ ʟʚʝʟʜʦʦʙʨʘʟʥʳʤ ʢʘʥʘʣʦʤ ʚ ʚʠʜʝ 6-

ʣʫʯʝʚʦʡ ʟʚʝʟʜʳ 

 

ʈʘʟʤʝʨʳ ʰʘʰʢʠ ʟʘʨʷʜʘ ʚʟʷʪʳ: ʜʣʠʥʘ Lʰ=685 ʤʤ, ʜʠʘʤʝʪʨ ʰʘʰʢʠ d =h72,5 ʤʤ, ʜʠʘʤʝʪʨ 

ʢʘʥʘʣʘ dʢ=18 ʤʤ, ʜʠʘʤʝʪʨ ʚʧʘʜʠʥ ʢʘʥʘʣʘ dʚʧ=33 ʤʤ, ɺ=7.5 ʤʤ, ʅ=7.5 ʤʤ. ʄʘʩʩʘ ʰʘʰʢʠ 

ʩʦʩʪʘʚʠʣʘ 3,35 ʢʛ. ɺʨʝʤʷ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ лΣтф ͫΦ ʉʫʤʤʘʨʥʳʡ ʠʤʧʫʣʴʩ ʪʷʛʠ ʨʘʚʝʥ 8375ʅĿʩ. 

ʂʘʥʘʣʴʥʦ-ʱʝʣʝʚʘʷ ʰʘʰʢʘ ʪʚʝʨʜʦʛʦ ʪʦʧʣʠʚʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ.4. ɻʘʙʘʨʠʪʳ (ʜʣʠʥʘ, 

ʥʘʨʫʞʥʳʡ ʜʠʘʤʝʪʨ ʠ ʜʠʘʤʝʪʨ ʚʥʫʪʨʝʥʥʝʛʦ ʢʘʥʘʣʘ) ʢʘʥʘʣʴʥʦ-ʱʝʣʝʚʦʡ ʰʘʰʢʠ ʚʟʷʪʳ ʪʘʢʠʤʠ 

ʞʝ ʢʘʢ ʠ ʫ ʰʘʰʢʠ ʩʦ ʟʚʝʟʜʦʦʙʨʘʟʥʳʤ ʢʘʥʘʣʦʤ: ʜʣʠʥʘ Lʰ=685 ʤʤ, d =h72,5 ʤʤ, dʢ=18 ʤʤ. 

ʈʘʟʤʝʨʳ ʱʝʣʝʡ ʧʦʜʦʙʨʘʥʳ ʠʟ ʫʩʣʦʚʠʷ ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʇʦʙʝʜʦʥʦʩʮʝʚʘ ʜʣʷ 

ʜʘʚʣʝʥʠʷ ʚ ʢʘʤʝʨʝ ʈɼʊʊ 260 ʢʛʩ/ʩʤ
2
 ʠ ʨʘʩʭʦʜʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʈɼʊʊ, ʧʨʠʚʝʜʝʥʥʦʡ ʥʘ ʨʠʩ. 

1, ʚ ʯʘʩʪʠ ʬʦʨʩʘʞʥʦʛʦ ʨʝʞʠʤʘ.  
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ʈʠʩ.4. ʂʘʥʘʣʴʥʦ-ʱʝʣʝʚʘʷ ʰʘʰʢʘ ʪʚʝʨʜʦʛʦ ʨʘʢʝʪʥʦʛʦ ʪʦʧʣʠʚʘ 

 

ʄʘʩʩʘ ʢʘʥʘʣʴʥʦ-ʱʝʣʝʚʦʡ ʰʘʰʢʠ ʩʦʩʪʘʚʠʣʘ 3,75 ʢʛ. ɺʨʝʤʷ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ мΣлф ͫΦ 

ʉʫʤʤʘʨʥʳʡ ʠʤʧʫʣʴʩ ʪʷʛʠ ʨʘʚʝʥ 9250 ʅĿʩ. 

ʇʨʠʤʝʥʝʥʠʝ ʢʘʥʘʣʴʥʦ-ʱʝʣʝʚʦʛʦ ʟʘʨʷʜʘ ʧʦʟʚʦʣʠʣʦ ʫʚʝʣʠʯʠʪʴ ʤʘʩʩʫ ʪʦʧʣʠʚʘ ʥʘ 0,4 ʢʛ ʠ 

ʧʦʣʫʯʠʪʴ ʫʚʝʣʠʯʝʥʠʝ ʩʫʤʤʘʨʥʦʛʦ ʠʤʧʫʣʴʩʘ ʪʷʛʠ ʈɼʊʊ ʥʘ 12%, ʧʨʠ ʵʪʦʤ ʦʙʝʩʧʝʯʠʪʴ ʟʘʢʦʥ 

ʛʦʨʝʥʠʷ ʪʚʝʨʜʦʛʦ ʪʦʧʣʠʚʘ ʚ ʯʘʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʬʦʨʩʘʞʥʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʈɼʊʊ ʪʘʢʦʡ ʞʝ, 

ʢʘʢ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʟʚʝʟʜʦʦʙʨʘʟʥʦʛʦ ʟʘʨʷʜʘ. 

 

ɺʳʚʦʜʳ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʥʘʣʴʥʦ-ʱʝʣʝʚʦʛʦ ʟʘʨʷʜʘ ʧʦʟʚʦʣʷʝʪ: 

¶ ʧʦʣʫʯʠʪʴ ʫʚʝʣʠʯʝʥʠʝ ʩʫʤʤʘʨʥʦʛʦ ʠʤʧʫʣʴʩʘ ʪʷʛʠ ʈɼʊʊ; 

¶  ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʜʝʛʨʝʩʩʠʚʥʦ ʜʦʛʦʨʘʶʱʠʭ ʧʨʠ ʥʠʟʢʠʭ ʜʘʚʣʝʥʠʷʭ ʦʩʪʘʪʢʦʚ ʪʚʝʨʜʦʛʦ 
ʪʦʧʣʠʚʘ; 

¶  ʚʩʣʝʜʩʪʚʠʝ ʩʚʦʝʡ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ ʠ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʣʶʙʳʝ 

ʨʘʩʭʦʜʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʢʝʪʥʦʛʦ ʜʚʠʛʘʪʝʣʷ. 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ: 

1. ɸʙʫʛʦʚ ɼ. ʀ., ɹʦʙʳʣʝʚ ɺ. ʄ. ʊʝʦʨʠʷ ʠ ʨʘʩʯʝʪ ʨʘʢʝʪʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʪʚʝʨʜʦʛʦ 
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1 
ɸʆ ʀʥʩʪʠʪʫʪ ʧʨʠʢʣʘʜʥʦʡ ʬʠʟʠʢʠ, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ 

2
ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ 

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʣʫʯʰʝʥʠʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʬʦʨʤʳ ʅɸʈ ʉ-8, ʧʫʪʝʤ 

ʧʨʠʤʝʥʝʥʠʷ ʙʘʣʣʠʩʪʠʯʝʩʢʦʛʦ ʦʙʪʝʢʘʪʝʣʷ ʛʦʣʦʚʥʦʡ ʯʘʩʪʠ ʦʞʠʚʘʣʴʥʦʡ ʬʦʨʤʳ ʫʚʝʣʠʯʠʚʘʝʪ 

ʜʘʣʴʥʦʙʦʡʥʦʩʪʴ ʨʘʢʝʪ ʥʘ 20%. 

In this job, it is shown that the improvement of the aerodynamic shape of the uncontrolled 

aircraft missile S-8, by using the ballistic tip of the circular arc from increases the range by 20%. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʚʦʦʨʫʞʝʥʠʠ ʥʘʭʦʜʷʪʩʷ  ʨʘʢʝʪʳ ʉ-8ʂʆʄ, ʉ-8ɹʄ, ʉ-8ɼʄ, ʉ-8ʊ, 

ʉ-8ɼʌ,  ʉ-8-ʆʄ, ʉ-8ʇʄ, ʉ-8ʎʄ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 1, ʘ ʦʩʥʦʚʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʚʝʜʝʥʳ ʚ [1]. 

 
                                          ʉ-8ʇʄ             ʉ-8ʂʆʄ       ʉ-8ʊ           ʉ-8ɼʌ 

       ʉ-8ɹʄ            ʉ-8ʆʄ       ʉ-8ɼʄ         ʉ-8ʎʄ  

 

ʈʠʩ. 1. ʊʠʧʳ ʨʘʢʝʪ ʉ-8 
 

ʐʠʨʦʢʘʷ ʥʦʤʝʥʢʣʘʪʫʨʘ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʚ ɸʆ "ʀʥʩʪʠʪʫʪ ʧʨʠʢʣʘʜʥʦʡ ʬʠʟʠʢʠ" ʠ 

ʦʩʚʦʝʥʥʳʭ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʅɸʈ ʧʦʟʚʦʣʷʝʪ ʘʚʠʘʮʠʠ ʨʝʰʘʪʴ ʩʪʦʷʱʠʝ ʧʝʨʝʜ ʥʝʡ ʟʘʜʘʯʠ ʧʦ 

ʧʦʨʘʞʝʥʠʶ ʥʘʟʝʤʥʳʭ ʮʝʣʝʡ ʩʘʤʦʛʦ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ. ʅʝʫʧʨʘʚʣʷʝʤʳʝ ʘʚʠʘʮʠʦʥʥʳʝ ʨʘʢʝʪʳ 

ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʣʠʩʴ ʚʦ ʚʩʝʭ ʣʦʢʘʣʴʥʳʭ ʢʦʥʬʣʠʢʪʘʭ ʩ ʫʯʘʩʪʠʝʤ ʉʦʚʝʪʩʢʦʛʦ ʉʦʶʟʘ, ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʛʦʨʷʯʠʭ ʪʦʯʢʘʭ, ʛʜʝ ʜʝʡʩʪʚʫʝʪ ʨʦʩʩʠʡʩʢʘʷ ʘʨʤʠʷ ʠʣʠ 

ʘʚʠʘʮʠʷ ʨʦʩʩʠʡʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 
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ʋʯʠʪʳʚʘʷ ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʚʦʦʨʫʞʝʥʠʷ ʠ ʚʦʝʥʥʦʡ ʪʝʭʥʠʢʠ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ 

ʩʘʤʦʣʝʪʦʚ ʠ ʚʝʨʪʦʣʝʪʦʚ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʪʘʣʘ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʘ ʜʘʣʴʥʝʡʰʝʛʦ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʠʩʪʝʤ ʘʚʠʘʮʠʦʥʥʦʛʦ ʨʘʢʝʪʥʦʛʦ ʚʦʦʨʫʞʝʥʠʷ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʠ ʅɸʈ. ʆʧʳʪ ʚʦʝʥʥʳʭ ʢʦʥʬʣʠʢʪʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʣʷ ʘʚʠʘʮʠʠ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ 

ʧʨʠʦʙʨʝʪʘʝʪ ʧʨʝʦʜʦʣʝʥʠʝ ʩʨʝʜʩʪʚ ʇɺʆ. ɹʝʟʫʩʣʦʚʥʦ, ʨʘʜʠʢʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʵʪʦ 

ʥʘʭʦʞʜʝʥʠʝ ʨʘʢʝʪʦʥʦʩʠʪʝʣʝʡ (ʩʘʤʦʣʝʪʦʚ, ʚʝʨʪʦʣʝʪʦʚ) ʧʨʠ ʧʫʩʢʝ ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ ʥʝ 

ʜʦʩʪʫʧʥʳʭ ʜʣʷ ʩʨʝʜʩʪʚ ʧʨʦʪʠʚʦʚʦʟʜʫʰʥʦʡ ʦʙʦʨʦʥʳ (ʇɺʆ). ʇʨʠ ʵʪʦʤ ʜʘʣʴʥʦʩʪʠ ʜʝʡʩʪʚʠʷ 

ʘʚʠʘʮʠʦʥʥʳʭ ʨʘʢʝʪ ʜʦʣʞʥʳ ʧʨʝʚʳʰʘʪʴ ʜʘʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʷ ʨʘʢʝʪ ʩʨʝʜʩʪʚ ʇɺʆ ʜʣʷ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʨʘʞʝʥʠʷ ʵʪʠʭ ʩʨʝʜʩʪʚ ʇɺʆ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʟʘʭʦʜʘ 

ʨʘʢʝʪʦʥʦʩʠʪʝʣʝʡ (ʩʘʤʦʣʝʪʦʚ, ʚʝʨʪʦʣʝʪʦʚ) ʚ ʟʦʥʫ  ʜʝʡʩʪʚʠʷ ʇɺʆ.  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʚ ʮʝʣʷʭ ʨʘʩʰʠʨʝʥʠʷ ʙʦʝʚʳʭ ʠ ʪʘʢʪʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʘʚʠʘʮʠʦʥʥʳʭ 

ʥʦʩʠʪʝʣʝʡ (ʩʘʤʦʣʝʪʦʚ, ʚʝʨʪʦʣʝʪʦʚ) ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʝʜʧʨʠʥʷʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʝʨʳ ʧʦ 

ʫʚʝʣʠʯʝʥʠʶ ʜʘʣʴʥʦʩʪʠ ʩʪʨʝʣʴʙʳ ʅɸʈ. 

ʈʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʫʚʝʣʠʯʝʥʠʝ ʜʘʣʴʥʦʩʪʠ ʩʪʨʝʣʴʙʳ ʜʣʷ ʅɸʈ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʩʦʙʝʥʥʦ 

ʙʦʣʴʰʫʶ ʪʨʫʜʥʦʩʪʴ ʧʦ ʩʣʝʜʫʶʱʠʤ ʧʨʠʯʠʥʘʤ: 

ʉʫʱʝʩʪʚʫʶʪ ʞʝʩʪʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ  ʅɸʈ; 

ʉʫʱʝʩʪʚʫʶʪ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʩʦʩʪʘʚ ʪʦʧʣʠʚ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʫʚʝʣʠʯʝʥʠʷ ʜʘʣʴʥʦʩʪʠ ʩʪʨʝʣʴʙʳ ʅɸʈ 

ʉ-8 ʟʘ ʩʯʝʪ ʫʣʫʯʰʝʥʠʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʬʦʨʤʳ ʛʦʣʦʚʥʦʡ ʯʘʩʪʠ (ɻʏ). ʈʘʢʝʪʳ ʉ-8 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʧʦ ʬʦʨʤʝ ɻʏ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ ʭʦʨʦʰʦ ʦʧʠʩʘʥʳ ʤʝʪʦʜʳ ʫʚʝʣʠʯʝʥʠʷ ʜʘʣʴʥʦʙʦʡʥʦʩʪʠ ʩʥʘʨʷʜʦʚ ʠ 

ʨʘʢʝʪ ʟʘ ʩʯʝʪ ʫʣʫʯʰʝʥʠʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʬʦʨʤʳ, ʦʧʪʠʤʠʟʘʮʠʷ ʬʦʨʤʳ ʛʦʣʦʚʥʦʡ ʯʘʩʪʠ 

ʅɸʈ ʉ-8 ʥʝ ʧʨʦʚʦʜʠʣʘʩʴ, ʧʦʩʢʦʣʴʢʫ ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʜʘʣʴʥʦʩʪʠ ʧʫʩʢʘ ʥʘ ʤʦʤʝʥʪ ʠʭ ʨʘʟʨʘʙʦʪʢʠ 

ʙʳʣʠ ʥʝʚʳʩʦʢʠʝ ʠ ʣʝʛʢʦ ʚʳʧʦʣʥʷʣʠʩʴ. ʂʨʦʤʝ ʪʦʛʦ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠ ʩʠʣ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘ ʪʦʪ ʤʦʤʝʥʪ ʧʨʦʚʦʜʠʣʦʩʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ 

ʤʝʪʦʜʘʤʠ ʠ ʙʳʣʦ ʜʦʨʦʛʦʩʪʦʷʱʝʡ, ʜʣʠʪʝʣʴʥʦʡ ʧʦ ʚʨʝʤʝʥʠ ʦʧʝʨʘʮʠʝʡ. 

ɺ ʨʘʙʦʪʝ [2] ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʫʚʝʣʠʯʝʥʠʷ ʜʘʣʴʥʦʙʦʡʥʦʩʪʠ ʚ 

ʪʦʤ ʯʠʩʣʝ ʠ ʟʘ ʩʯʝʪ ʫʣʫʯʰʝʥʠʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɻʏ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʣʫʯʰʝʡ 

ʬʦʨʤʦʡ ɻʏ ʩʥʘʨʷʜʦʚ ʷʚʣʷʝʪʩʷ ʢʦʥʠʯʝʩʢʘʷ ʠʣʠ ʦʞʠʚʘʣʴʥʘʷ  (ʨʘʜʠʫʩ ʦʞʠʚʘʣʘ 5é15 ʢʣʙ.). 

ʊʠʧʠʯʥʳʝ ʬʦʨʤʳ ɻʏ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

 
ʈʠʩ. 2. ʊʠʧʠʯʥʳʝ ʬʦʨʤʳ ʟʘʦʩʪʨʝʥʥʳʭ ʛʦʣʦʚʥʳʭ ʯʘʩʪʝʡ ʘ) ï ʢʦʥʫʩ; ʙ) ï ʦʞʠʚʘʣʴʥʘʷ 

(ʧʘʨʘʙʦʣʠʯʝʩʢʘʷ) ʢʘʩʘʪʝʣʴʥʘʷ ʛʦʣʦʚʥʘʷ ʯʘʩʪʴ; ʚ) - ʦʞʠʚʘʣʴʥʘʷ (ʧʘʨʘʙʦʣʠʯʝʩʢʘʷ) ʩʝʢʫʱʘʷ 

ʛʦʣʦʚʥʘʷ ʯʘʩʪʴ; ʛ) ï ʢʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ʛʦʣʦʚʥʘʷ ʯʘʩʪʴ (ʢʦʥʫʩ ʩ ʦʞʠʚʘʣʦʤ) 

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʬʦʨʤʘ ɻʏ ʧʨʠʥʷʪʘ ʦʞʠʚʘʣʴʥʦʡ, ʩʦʧʨʷʛʘʝʤʦʡ ʧʦ ʢʘʩʘʪʝʣʴʥʦʡ ʩ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʯʘʩʪʴʶ ʨʘʢʝʪʳ. ʇʨʝʜʣʦʞʝʥ ʙʘʣʣʠʩʪʠʯʝʩʢʠʡ ʦʙʪʝʢʘʪʝʣʴ ʩ ʨʘʜʠʫʩʦʤ ʦʞʠʚʘʣʘ 

5 ʢʣʙ, ʧʦ ʛʘʙʘʨʠʪʘʤ ʥʝ ʚʳʭʦʜʷʱʠʡ ʟʘ ʧʨʝʜʝʣʳ ʦʙʪʝʢʘʪʝʣʝʡ ʩʫʱʝʩʪʚʫʶʱʠʭ ʛʦʣʦʚʥʳʭ ʯʘʩʪʝʡ 
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ʅɸʈ ʉ-8. ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʰʪʘʪʥʦʛʦ ʠʟʜʝʣʠʷ ʠ ʠʟʜʝʣʠʷ ʩ ʦʙʪʝʢʘʪʝʣʝʤ ʫʣʫʯʰʝʥʥʦʡ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʬʦʨʤʳ. ʈʘʙʦʪʘ 

ʚʳʧʦʣʥʝʥʘ ʨʘʩʯʝʪʥʳʤ ʤʝʪʦʜʦʤ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ Flow Simulation ʚʩʪʨʦʝʥʥʦʡ ʚ Solid 

Works. ʈʘʩʯʝʪ ʧʨʦʚʝʜʝʥ ʥʘ ʧʨʠʤʝʨʝ ʨʘʢʝʪʳ ʉ-8ɼʌ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʝʝ 3-D ʤʦʜʝʣʠ. 

ʆʧʨʝʜʝʣʷʣʘʩʴ ʩʠʣʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʨʘʩʩʯʠʪʳʚʘʣʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʘʢʝʪʳ ʧʨʠ ʨʘʟʥʳʭ ʩʢʦʨʦʩʪʷʭ ʧʦʣʝʪʘ. ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʦʚʦʜʠʣʩʷ ʪʨʘʝʢʪʦʨʥʳʡ ʨʘʩʯʝʪ ʜʣʷ 

ʪʠʧʦʚʳʭ ʫʩʣʦʚʠʡ ʧʫʩʢʘ ʅɸʈ ʉ-8 ʩ ʚʝʨʪʦʣʝʪʦʚ. ʅʘ ʨʠʩʫʥʢʘʭ 3 ʠ 4 ʧʦʢʘʟʘʥʦ ʦʙʪʝʢʘʥʠʝ ʅɸʈ ʉ-

8  ʩ ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʦʡ ɻʏ ʧʨʠ ʩʢʦʨʦʩʪʷʭ ʦʙʪʝʢʘʥʠʷ 1,3ʄ. ɼʣʷ ʧʨʠʚʝʜʝʥʥʦʛʦ ʩʣʫʯʘʷ 

ʨʘʩʩʯʠʪʘʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʦʩʪʘʚʣʷʣʠ ʉʭ =1.02 ʜʣʷ 

ʰʪʘʪʥʦʡ ʨʘʢʝʪʳ ʠ ʉʭ =0.72 ʜʣʷ ʨʘʢʝʪʳ ʩ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤ  ʦʙʪʝʢʘʪʝʣʝʤ. 

  

 
ʈʠʩ. 3. ʆʙʪʝʢʘʥʠʝ ʰʪʘʪʥʦʡ ʨʘʢʝʪʳ ʉ-8 ɼʌ ʧʦʪʦʢʦʤ ʚʦʟʜʫʭʘ ʩʦ ʩʢʦʨʦʩʪʴʶ 1,3ʄ 

  

 
ʈʠʩ. 4. ʆʙʪʝʢʘʥʠʝ ʰʪʘʪʥʦʡ ʨʘʢʝʪʳ ʉ-8 ɼʌ ʩ ʙʘʣʣʠʩʪʠʯʝʩʢʠʤ ʦʙʪʝʢʘʪʝʣʝʤ ʧʦʪʦʢʦʤ 

ʚʦʟʜʫʭʘ ʩʦ ʩʢʦʨʦʩʪʴʶ 1,3ʄ 

 

ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʨʘʝʢʪʦʨʠʡ ʜʣʷ ʅɸʈ ʉ-8   ʦʧʨʝʜʝʣʷʣʠʩʴ ʧʨʠ ʨʝʰʝʥʠʠ 

ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʃɸ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ.  

ʈʘʩʯʸʪʳ ʪʨʘʝʢʪʦʨʠʡ ʜʚʠʞʝʥʠʷ ʅɸʈ ʠ ʠʭ ʩʢʦʨʦʩʪʝʡ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʥʘ ʕɺʄ ʚ ʩʨʝʜʝ 

Microsoft Excel ʜʣʷ ʫʩʣʦʚʠʡ ʩʪʨʝʣʴʙʳ ʅɸʈ ʩ ʚʝʨʪʦʣʝʪʦʚ ʥʘ ʥʘʠʙʦʣʴʰʫʶ ʜʘʣʴʥʦʩʪʴ.  

ʋʩʣʦʚʠʷ ʧʫʩʢʘ ʅɸʈ ʩ ʚʝʨʪʦʣʝʪʘ: ʩʢʦʨʦʩʪʴ ʚʝʨʪʦʣʝʪʘ 50 ʤ/ʩ; ʫʛʦʣ ʢʘʙʨʠʨʦʚʘʥʠʷ 20
0
; 

ʚʳʩʦʪʘ ʧʦʣʝʪʘ 20ʤ. ɿʥʘʯʝʥʠʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʩʢʦʨʦʩʪʷʭ ʧʦʣʝʪʘ ʚʟʷʪʳ ʠʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʨʘʩʯʝʪʦʚ.  

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʪʨʘʝʢʪʦʨʠʠ ʧʦʣʝʪʘ ʰʪʘʪʥʦʡ ʅɸʈ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 5, 

ʪʨʘʝʢʪʦʨʠʠ ʧʦʣʝʪʘ ʰʪʘʪʥʦʡ ʅɸʈ ʩ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤ  ʦʙʪʝʢʘʪʝʣʝʤ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 6.  
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ʈʠʩ. 5. ʊʨʘʝʢʪʦʨʠʷ ʧʦʣʝʪʘ ʰʪʘʪʥʦʡ ʨʘʢʝʪʳ ʉ-8 ɼʌ 

 

 
ʈʠʩ. 6. ʊʨʘʝʢʪʦʨʠʷ ʧʦʣʝʪʘ ʰʪʘʪʥʦʡ ʨʘʢʝʪʳ ʉ-8 ɼʌ ʩ ʙʘʣʣʠʩʪʠʯʝʩʢʠʤ ʦʙʪʝʢʘʪʝʣʝʤ 

 
ʀʟ ʨʠʩʫʥʢʦʚ 5 ʠ 6 ʚʠʜʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʦʙʪʝʢʘʪʝʣʷ ʧʦʚʳʰʘʝʪ ʜʘʣʴʥʦʙʦʡʥʦʩʪʴ 

ʰʪʘʪʥʦʡ ʅɸʈ ʥʘ 20%.   

ʇʨʦʚʝʜʝʥʦ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʝ ʙʘʣʣʠʩʪʠʯʝʩʢʦʛʦ ʥʘʢʦʥʝʯʥʠʢʘ ʥʘ ʜʘʣʴʥʦʩʪʴ 

ʧʫʩʢʘ ʜʘʣʴʥʦʙʦʡʥʳʭ ʅɸʈ ʩ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʳʤ ʈɼʊʊ ʧʦʚʳʰʝʥʥʦʡ ʵʥʝʨʛʝʪʠʢʠ.   

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʪʨʘʝʢʪʦʨʠʠ ʧʦʣʝʪʘ ʅɸʈ, ʩ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʳʤ ʈɼʊʊ ʧʦʚʳʰʝʥʥʦʡ 

ʵʥʝʨʛʝʪʠʢʠ ʙʝʟ ʦʙʪʝʢʘʪʝʣʷ, ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 7. ʊʨʘʝʢʪʦʨʠʠ ʧʦʣʝʪʘ ʅɸʈ, ʩ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʦʙʪʝʢʘʪʝʣʝʤ ʠ ʩ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʳʤ ʈɼʊʊ ʧʦʚʳʰʝʥʥʦʡ ʵʥʝʨʛʝʪʠʢʠ, 

ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 8. ʇʦʣʫʯʝʥʦ ʧʦʚʳʰʝʥʠʝ ʜʘʣʴʥʦʙʦʡʥʦʩʪʠ ʪʘʢʞʝ ʥʘ 20%. 

 
ʈʠʩ. 7. ʊʨʘʝʢʪʦʨʠʷ ʧʦʣʝʪʘ ʨʘʢʝʪʳ ʉ-8 ɼʌ ʙʝʟ ʦʙʪʝʢʘʪʝʣʷ ʩ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʳʤ ʈɼʊʊ 
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ʈʠʩ. 8. ʊʨʘʝʢʪʦʨʠʷ ʧʦʣʝʪʘ ʨʘʢʝʪʳ ʉ-8 ɼʌ ʩ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʳʤ ʈɼʊʊ ʠ ʦʙʪʝʢʘʪʝʣʝʤ 

 

ɺʳʚʦʜʳ 

ʇʨʠʤʝʥʝʥʠʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʦʙʪʝʢʘʪʝʣʷ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʥʘ 20% 

ʜʘʣʴʥʦʙʦʡʥʦʩʪʴ ʅɸʈ ʉ- 8ɼʌ ʧʨʠ ʪʠʧʦʚʳʭ ʫʩʣʦʚʠʷʭ ʧʫʩʢʘ.  

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʦʧʪʠʤʠʟʘʮʠʠ ʘɻ ʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʅɸʈ, ʯʪʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʜʦʣʞʥʦ ʫʯʠʪʳʚʘʪɹʩʷ ʧʨʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʪʘʨʳʭ ʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʅɸʈ (ʛʘʙʘʨʠʪʳ, ʮʝʥʪʨ ʤʘʩʩ ʠ ʘɻ ʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 

ʥʘ ʚʩʝʭ ʥʦʚʳʭ ʅɸʈ ʜʦʣʞʥʳ ʙʳʪʴ ʦʧʪʠʤʠʟʠʨʦʚʘʥʳ ʠ ʠʜʝʥʪʠʯʥʳ). 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ: 

1. ʆʨʫʞʠʝ ʈʦʩʩʠʠ. ʄ.: ʀʟʜ. ʆʆʆ çɺʦʝʥʥʳʡ ʧʘʨʘʜè, 2006ʛ. 

2. ʉʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʘʨʪʠʣʣʝʨʠʡʩʢʠʭ ʩʠʩʪʝʤ. (ʆʙʟʦʨ ʧʦ 

ʤʘʪʝʨʠʘʣʘʤ ʦʪʢʨʳʪʦʡ ʧʝʯʘʪʠ). ʄ.: ʅʊʎ çʀʥʬʦʨʤʪʝʭʥʠʢʘè, ʆʙʦʨʦʥʥʘʷ ʪʝʭʥʠʢʘ, ˉ10-11, 

2005 ʛ. 
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ʋɼʂ 621.735.34 
 

ʉʇʆʉʆɹ ʀɿɻʆʊʆɺʃɽʅʀʗ ɺʓʉʆʂʆʇʈʆʏʅʓʍ ʊʆʅʂʆʉʊɽʅʅʓʍ 

 ʉʊɸʃʔʅʓʍ ʆɹʆʃʆʏɽʂ 

 

ʈʦʤʘʥʦʚ ɺʣʘʜʠʤʠʨ ɺʠʢʪʦʨʦʚʠʯ
1
, ʈʳʞʢʦʚ ɻʝʥʥʘʜʠʡ ʌʝʜʦʨʦʚʠʯ

1
,  

ɹʨʘʛʫʥʮʦʚ ɽʛʦʨ ʗʢʦʚʣʝʚʠʯ
1,2
, ɿʫʙʘʰʝʚʩʢʠʡ ʂʦʥʩʪʘʥʪʠʥ ʄʠʭʘʡʣʦʚʠʯ

2 

 

1
ɸʆ ʀʥʩʪʠʪʫʪ ʧʨʠʢʣʘʜʥʦʡ ʬʠʟʠʢʠ, ʈʦʩʩʠʷ, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ 

2
ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ 

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ ʩʧʦʩʦʙ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʦʥʢʦʩʪʝʥʥʳʭ ʚʳʩʦʢʦʧʨʦʯʥʳʭ 

ʩʪʘʣʴʥʳʭ ʦʙʦʣʦʯʝʢ, ʩʫʱʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʦʪʘʮʠʦʥʥʦʡ ʚʳʪʷʞʢʝ (ʈɺ) 

ʦʙʦʣʦʯʝʢ ʠʟ ʩʪʘʣʴʥʳʭ ʟʘʢʘʣʝʥʥʳʭ ʟʘʛʦʪʦʚʦʢ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʵʪʦʛʦ ʩʧʦʩʦʙʘ 

ʫʧʨʦʯʥʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʥʘʯʘʣʘ ʚ ʧʨʦʮʝʩʩʝ ʟʘʢʘʣʢʠ ʟʘʛʦʪʦʚʦʢ, 

ʘ ʟʘʪʝʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʈɺ. ʀʟʛʦʪʦʚʣʝʥʠʝ 

ʧʨʝʜʣʘʛʘʝʤʳʤ ʩʧʦʩʦʙʦʤ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʠ 

ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʠʟʜʝʣʠʷ ʤʝʥʴʰʝʡ ʤʘʩʩʳ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʪʦʣʱʠʥʳ ʩʪʝʥʢʠ. ʉʧʦʩʦʙ 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʛʘʟʦʚʳʭ ʙʘʣʣʦʥʦʚ ʠ ʪʨʫʙ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ,  

ʣʝʛʢʠʭ ʦʛʥʝʪʫʰʠʪʝʣʝʡ, ʢʦʨʧʫʩʦʚ ʛʠʜʨʦʮʠʣʠʥʜʨʦʚ ʠ ʨʘʢʝʪʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʛʠʣʴʟ ʩʥʘʨʷʜʦʚ ʠ 

ʮʠʣʠʥʜʨʦʚ ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ.     

In this work is proposed a method of manufacturing thin-walled high-strength steel shells, the 

essence of which lies in the rotary drawing of shells of tempered steel billets. It is shown that when 

applying this method, the hardening of the material occurs sequentially: first, in the process of 

hardening the blanks, and then as a result of the deformation hardening in the process of rotary 

drawing. Production in the offered way allows to obtain an additional gain of strength and to make 

products with a smaller weight at the expense of reduction of wall thickness. The method can be 

used for the manufacture of gas cylinders and high pressure pipes, light fire extinguishers, 

hydraulic cylinder and rocket engines housings, projectiles shells and cylinders of internal 

combustion engines. 

 

ɼʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʪʦʥʢʦʩʪʝʥʥʳʭ ʩʪʘʣʴʥʳʭ ʦʙʦʣʦʯʝʢ ʪʠʧʘ ʪʨʫʙ, 

ʙʘʣʣʦʥʦʚ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʢʦʨʧʫʩʦʚ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʨʘʢʝʪʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʜʘʚʣʝʥʠʝʤ. ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʧʦʣʫʯʠʣʠ ʛʦʨʷʯʘʷ ʠ ʭʦʣʦʜʥʘʷ ʰʪʘʤʧʦʚʢʘ, ʨʦʪʘʮʠʦʥʥʦʝ ʚʳʜʘʚʣʠʚʘʥʠʝ (ʈɺ) ʦʙʦʣʦʯʝʢ ʠʟ 

ʩʪʘʣʴʥʳʭ ʪʨʫʙʯʘʪʳʭ ʟʘʛʦʪʦʚʦʢ . 

ɼʝʬʦʨʤʘʮʠʦʥʥʦʝ ʫʧʨʦʯʥʝʥʠʝ, ʚʦʟʥʠʢʘʶʱʝʝ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʤʝʪʘʣʣʦʚ ʜʘʚʣʝʥʠʝʤ, ʥʝ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʜʘʞʝ ʧʨʠ ʙʦʣʴʰʠʭ, ʙʣʠʟʢʠʭ ʢ ʧʨʝʜʝʣʴʥʳʤ 

ʩʪʝʧʝʥʷʭ ʜʝʬʦʨʤʘʮʠʠ. ʇʦʵʪʦʤʫ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʦʙʳʯʥʦ ʧʦʣʫʯʘʶʪ 

ʦʢʦʥʯʘʪʝʣʴʥʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ ʩʪʘʣʴʥʳʭ ʦʙʦʣʦʯʝʢ ʧʦ ʨʝʞʠʤʘʤ: ʟʘʢʘʣʢʘ + ʦʪʧʫʩʢ. 

ʈʝʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʘʢʠʭ ʩʧʦʩʦʙʦʚ ʫʧʨʦʯʥʝʥʠʷ 

ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʪʦʥʢʦʩʪʝʥʥʳʭ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʦʙʦʣʦʯʝʢ ʥʘʪʘʣʢʠʚʘʝʪʩʷ ʥʘ ʨʷʜ ʪʨʫʜʥʦʩʪʝʡ: 

Ð ʟʘʢʘʣʢʘ ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʩʧʝʮʠʘʣʴʥʳʭ ʧʨʠʩʧʦʩʦʙʣʝʥʠʡ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʧʦʚʦʜʦʢ ʧʨʠ ʟʘʢʘʣʢʝ; 

Ð ʦʙʨʘʟʫʶʱʫʶʩʷ ʧʨʠ ʟʘʢʘʣʢʝ ʦʢʘʣʠʥʫ ʚʥʫʪʨʠ ʦʙʝʯʘʝʢ ʩʣʦʞʥʦ ʫʜʘʣʷʪʴ; 

Ð ʦʙʨʘʟʦʚʘʥʠʝ ʦʢʘʣʠʥʳ ʚʳʟʳʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ 

ʪʦʥʢʦʩʪʝʥʥʦʡ ʦʙʝʯʘʡʢʠ; 

Ð ʧʨʠ ʟʘʢʘʣʢʝ ʦʙʝʟʫʛʣʝʨʦʞʠʚʘʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ, ʯʪʦ ʜʣʷ ʪʦʥʢʦʩʪʝʥʥʳʭ 

ʦʙʦʣʦʯʝʢ ʚʳʟʳʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʩʚʦʡʩʪʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʥʝʦʙʭʦʜʠʤʘ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʩʧʦʩʦʙʦʚ ʠʟʛʦʪʦʚʣʝʥʠʷ ʣʝʛʢʠʭ 

ʪʦʥʢʦʩʪʝʥʥʳʭ ʚʳʩʦʢʦʧʨʦʯʥʳʭ  ʩʪʘʣʴʥʳʭ ʦʙʦʣʦʯʝʢ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ ʩʧʦʩʦʙ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʦʥʢʦʩʪʝʥʥʳʭ ʚʳʩʦʢʦʧʨʦʯʥʳʭ 
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ʩʪʘʣʴʥʳʭ ʦʙʦʣʦʯʝʢ ʩʫʱʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʦʪʘʮʠʦʥʥʦʡ ʚʳʪʷʞʢʝ (ʈɺ) ʦʙʦʣʦʯʝʢ ʠʟ 

ʩʪʘʣʴʥʳʭ ʟʘʛʦʪʦʚʦʢ ʠʤʝʶʱʠʭ ʚʳʩʦʢʫʶ ʧʨʦʯʥʦʩʪʴ, ʧʦʣʫʯʝʥʥʫʶ ʟʘʢʘʣʢʦʡ ʠ ʦʪʧʫʩʢʦʤ ʤʝʪʘʣʣʘ 

ʥʘ ʙʝʡʥʠʪ ʠʣʠ ʤʘʨʪʝʥʩʠʪ ʦʪʧʫʩʢʘ. ɺ ʵʪʦʤ ʩʧʦʩʦʙʝ ʫʧʨʦʯʥʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʧʨʦʠʩʭʦʜʠʪ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʥʘʯʘʣʘ ʚ ʧʨʦʮʝʩʩʝ ʟʘʢʘʣʢʠ ʘ ʟʘʪʝʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘʢʣʝʧʘ ʚ ʧʨʦʮʝʩʩʝ 

ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ. ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʥʝʚʦʟʤʦʞʥʦ ʧʨʦʩʫʤʤʠʨʦʚʘʪʴ ʚ ʧʦʣʥʦʡ 

ʤʝʨʝ ʧʨʦʯʥʦʩʪʴ ʚʦʟʥʠʢʘʶʱʘʷ ʚ ʤʘʪʝʨʠʘʣʝ ʧʨʠ ʟʘʢʘʣʢʝ ʠ ʧʨʦʯʥʦʩʪʴ ʦʪ ʥʘʢʣʝʧʘ. ʊʘʢ, 

ʥʘʧʨʠʤʝʨ, ʚ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥʘ ʦʙʨʘʙʦʪʢʘ ʧʦ ʩʭʝʤʝ ʟʘʢʘʣʢʘ ʥʘ 

ʤʘʨʪʝʥʩʠʪ + ʤʘʣʘʷ ʧʣʘʩʪʠʯʝʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ + ʥʠʟʢʠʡ ʦʪʧʫʩʢ (ʦʪʞʠʛ) ʥʘʟʳʚʘʝʤʘʷ 

ʤʘʨʬʦʨʤʠʥʛʦʤ [1]. ɽʩʣʠ ʩʦʟʜʘʪʴ ʚʳʩʦʢʫʶ ʧʨʦʯʥʦʩʪʴ ʚ ʟʘʛʦʪʦʚʢʝ ʩ ʧʦʤʦʱʴʶ ʟʘʢʘʣʢʠ ʠ 

ʦʪʧʫʩʢʘ ʥʘ ʤʘʨʪʝʥʩʠʪ, ʢʘʢ ʧʨʠ  ʤʘʨʬʦʨʤʠʥʛʝ, ʪʦ ʚʦʟʤʦʞʥʦʩʪʠ ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʠ 

ʥʝʚʝʣʠʢʠ ʠʟ-ʟʘ ʤʘʣʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ ʤʘʨʪʝʥʩʠʪʘ 3-5%. ɼʝʬʦʨʤʘʮʠʷ ʥʘ 3-5% ʥʝ ʧʦʟʚʦʣʠʪ 

ʧʦʣʫʯʠʪʴ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʜʝʪʘʣʠ. ʇʦʵʪʦʤʫ ʩʯʠʪʘʣʦʩʴ, ʯʪʦ ʤʘʨʬʦʨʤʠʥʛ ʧʨʠ 

ʨʦʪʘʮʠʦʥʥʦʡ ʚʳʪʷʞʢʝ, ʛʜʝ ʤʝʪʘʣʣ ʜʝʬʦʨʤʠʨʫʝʪʩʷ ʥʘ 30%-80%, ʥʝʚʦʟʤʦʞʝʥ ʠ ʧʦʵʪʦʤʫ ʥʝ 

ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʧʦʠʩʢ ʫʩʣʦʚʠʡ, ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʢʦʪʦʨʳʭ ʪʘʢʘʷ ʦʙʨʘʙʦʪʢʘ ʦʩʫʱʝʩʪʚʠʤʘ.  

ʉʧʦʩʦʙʥʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ ʢ ʦʙʨʘʙʦʪʢʝ ʜʘʚʣʝʥʠʝʤ ʦʙʳʯʥʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʝʜʝʣʴʥʦʡ 

ʩʪʝʧʝʥʴʶ ʜʝʬʦʨʤʘʮʠʠ (ɽʧʨ) ʧʨʠ ʢʦʪʦʨʦʡ ʨʘʟʨʫʰʝʥʠʝ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʥʘʟʥʘʯʘʪʴ ʤʘʢʩʠʤʘʣʴʥʫʶ ʩʪʝʧʝʥʴ ʜʝʬʦʨʤʘʮʠʠ 

(ɽʤʘʭ) ʥʘ 10-15% ʥʠʞʝ ʧʨʝʜʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ (ɽʧʨ). ʋʯʠʪʳʚʘʷ, ʯʪʦ ʈɺ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʝʡ 60-65% ʟʘ ʦʜʠʥ ʧʝʨʝʭʦʜ, ʪʦ ʧʨʝʜʝʣʴʥʘʷ 

ʜʝʬʦʨʤʘʮʠʷ ʩʦʩʪʘʚʠʪ 70-75%. ɺʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ: ʚʳʜʝʨʞʘʪ ʣʠ  ʪʘʢʫʶ ʧʨʝʜʝʣʴʥʫʶ ʩʪʝʧʝʥʴ 

ʜʝʬʦʨʤʘʮʠʠ ʟʘʢʘʣʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʙʝʟ ʨʘʟʨʫʰʝʥʠʷ?  

ʇʨʝʜʣʦʞʝʥʦ ʜʣʷ ʦʮʝʥʢʠ ʧʨʝʜʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʈɺ 

ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʪʦʥʢʦʩʪʝʥʥʳʭ ʩʪʘʣʴʥʳʭ ʦʙʦʣʦʯʝʢ ʠʩʧʦʣʴʟʦʚʘʪʴ ʟʘʚʠʩʠʤʦʩʪʴ  

                                      ɽʧʨ=y/(0,17+y/100),                                     (1) 
 ʦʧʨʝʜʝʣʷʶʱʝʡ ʩʚʷʟʴ ʤʝʞʜʫ ʧʨʝʜʝʣʴʥʦʡ ʩʪʝʧʝʥʴʶ ʜʝʬʦʨʤʘʮʠʠ ɽʧʨ ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʤ 

ʩʫʞʝʥʠʝʤ ʦʙʨʘʟʮʘ y ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʤʘʪʝʨʠʘʣʘ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʢʘʢ ʵʪʦ ʩʜʝʣʘʥʦ ʬʠʨʤʦʡ 

çʎʠʥʮʠʥʘʪʠè (ʉʐɸ) ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʝʜʝʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʈɺ ʢʦʥʠʯʝʩʢʠʭ ʜʝʪʘʣʝʡ. 

ʈʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʪʘʢʫʶ ʧʨʝʜʝʣʴʥʫʶ ʩʪʝʧʝʥʴ ʜʝʬʦʨʤʘʮʠʠ ʚʳʜʝʨʞʘʪ ʤʘʪʝʨʠʘʣʳ ʚ ʪʦʤ 

ʯʠʩʣʝ ʠ ʟʘʢʘʣʝʥʥʳʝ, ʫ ʢʦʪʦʨʳʭ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʫʞʝʥʠʝ y ʥʝ ʥʠʞʝ 30%, ʧʨʠ ʵʪʦʤ 

ʧʣʘʩʪʠʯʥʦʩʪʴ ʩʪʘʣʝʡ ʥʝ ʣʠʤʠʪʠʨʫʝʪʩʷ. 

ʕʪʦ ʫʩʣʦʚʠʝ ʥʝ ʪʦʣʴʢʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʢʨʫʛ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʦ ʠ ʥʘʢʣʘʜʳʚʘʝʪ 

ʪʨʝʙʦʚʘʥʠʝ ʢ ʠʭ ʩʪʨʫʢʪʫʨʥʦʤʫ ʩʦʩʪʦʷʥʠʶ, ʢʦʪʦʨʦʝ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʜʦʣʞʥʦ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʫʶ ʫʜʝʣʴʥʫʶ ʧʨʦʯʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ (sʚ/r), ʘ ʩ ʜʨʫʛʦʡ ʜʦʣʞʥʦ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʳʧʦʣʥʝʥʠʝ ʫʩʣʦʚʠʷ (1).  

ʇʨʠ ʚʳʙʦʨʝ ʤʘʪʝʨʠʘʣʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʪʘʢʞʝ ʨʫʢʦʚʦʜʩʪʚʦʚʘʪʴʩʷ ʠ ʩʣʝʜʫʶʱʠʤʠ ʦʙʱʠʤʠ 

ʪʨʝʙʦʚʘʥʠʷʤʠ [2]: 

§ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ, ʥʝʜʝʬʠʮʠʪʥʦʩʪʴ ʠ ʜʝʰʝʚʠʟʥʘ ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ; 

§ ʩʦʭʨʘʥʝʥʠʝ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʪʨʝʙʫʝʤʦʤ 

ʜʠʘʧʘʟʦʥʝ. 

ɸʥʘʣʠʟ ʩʚʦʡʩʪʚ ʩʪʘʣʝʡ ʚ ʨʘʟʣʠʯʥʦʤ ʩʪʨʫʢʪʫʨʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠʩʭʦʜʷ ʠʟ ʫʢʘʟʘʥʥʳʭ 

ʢʨʠʪʝʨʠʝʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʷʚʣʷʶʪʩʷ:  

¶ ʩʨʝʜʥʝʫʛʣʝʨʦʜʠʩʪʳʝ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʝ ʢʘʯʝʩʪʚʝʥʥʳʝ ʩʪʘʣʠ ʪʠʧʘ ʩʪʘʣʴ 40, ʩʪʘʣʴ 45 

ʧʦʩʣʝ ʟʘʢʘʣʢʠ ʠ ʦʪʧʫʩʢʘ ʠʤʝʶʱʠʝ  ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ Y>40%; 

¶ ʥʠʟʢʦʣʝʛʠʨʦʚʘʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʝ ʩʪʘʣʠ ʪʠʧʘ 30ʍɻʉɸ, 30ʍɻʉʅ2ɸ ʧʦʩʣʝ ʟʘʢʘʣʢʠ 

ʠ ʦʪʧʫʩʢʘ   ʠʤʝʶʱʠʝ  ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ  Y>40%; 

¶ ʥʠʟʢʦʣʝʛʠʨʦʚʘʥʥʳʝ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʩʪʘʣʠ ʪʠʧʘ 4ʍʉ, 5ʍʅʄ, 5ʍʅɺ, 4ʍʄʌʉ, 

ʠʤʝʶʱʠʝ  ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʩʣʝ ʟʘʢʘʣʢʠ ʠ ʦʪʧʫʩʢʘ Y>40%. 

ʆʪʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʥʘ ʢʦʨʧʫʩʘʭ ʈɼʊʊ.  ʂʦʨʧʫʩʘ 

ʨʘʢʝʪʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʠʟʛʦʪʘʚʣʠʚʘʣʠʩʴ ʠʟ ʩʪʘʣʠ 30ʍɻʉʅ2ɸ, 30ʍɻʉɸ, ʩʪʘʣʠ 40 ʨʦʪʘʮʠʦʥʥʳʤ 

ʚʳʜʘʚʣʠʚʘʥʠʝʤ ʟʘ ʦʜʠʥ ʧʝʨʝʭʦʜ ʟʘʛʦʪʦʚʦʢ, ʟʘʢʘʣʝʥʥʳʭ ʠ ʦʪʧʫʱʝʥʥʳʭ ʜʦ ʧʦʣʫʯʝʥʠʷ ʨʘʟʥʳʭ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ.  ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʟʘʛʦʪʦʚʦʢ ʠ ʢʦʨʧʫʩʦʚ ʩʦʩʪʘʚʣʷʣʠ:  



  
 

85 
 

1) 30ʍɻʉɸ ʙʝʟ ʪ.ʦ., ʧʦʩʣʝ ʈɺ ʦʜʠʥ ʧʝʨʝʭʦʜ sɺ=1060 ʄʧʘ; 

2) 30ʍɻʉɸ ʧʦʩʣʝ ʟʘʢʘʣʢʠ ʠ ʦʪʧʫʩʢʘ sɺ=960 ʄʧʘ, Y²50%, ʧʦʩʣʝ ʈɺ ʦʜʠʥ ʧʝʨʝʭʦʜ 

sɺ=1300 ʄʧʘ ; 

3) 30ʍɻʉɸ ʧʦʩʣʝ ʟʘʢʘʣʢʠ ʠ ʦʪʧʫʩʢʘ sɺ=1100 ʄʧʘ, Y²50%, ʧʦʩʣʝ ʈɺ ʦʜʠʥ ʧʝʨʝʭʦʜ 

sɺ=1600 ʄʧʘ ; 

4) 30ʍɻʉʅ2ɸ ʧʦʩʣʝ ʟʘʢʘʣʢʠ ʠ ʦʪʧʫʩʢʘ,  sɺ=1500 ʄʧʘ, Y²50%, ʧʦʩʣʝ ʈɺ ʦʜʠʥ ʧʝʨʝʭʦʜ 

sɺ=1800 ʄʧʘ ; 

5) 30ʍɻʉʅ2ɸ ʧʦʩʣʝ ʟʘʢʘʣʢʠ ʠ ʦʪʧʫʩʢʘ,  sɺ=1800 ʄʧʘ, Y²50%, ʧʦʩʣʝ ʈɺ ʦʜʠʥ ʧʝʨʝʭʦʜ 

sɺ=2200 ʄʧʘ; 

6) ʩʪʘʣʴ 40 ʧʦʩʣʝ ʟʘʢʘʣʢʠ ʠ ʦʪʧʫʩʢʘ,  sɺ=1500 ʄʧʘ, Y²40%,  ʧʦʩʣʝ ʈɺ ʦʜʠʥ ʧʝʨʝʭʦʜ 

sɺ=1800 ʄʧʘ; 

ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʧʨʝʜʝʣʷʣʠʩʴ ʠʩʧʳʪʘʥʠʝʤ ʦʙʨʘʟʮʦʚ ʥʘ ʨʘʟʨʳʚʥʦʡ ʤʘʰʠʥʳ ʈʄ-

105.  

ʊʝʤʧʝʨʘʪʫʨʘ ʟʘʢʘʣʢʠ ʠ ʦʪʧʫʩʢʘ ʦʙʝʩʧʝʯʠʚʘʣʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚ ʤʝʪʘʣʣʝ ʩʪʨʫʢʪʫʨ 

ʙʝʡʥʠʪʘ ʠ ʤʘʨʪʝʥʩʠʪʘ. 

ʉʥʷʪʠʝ ʦʢʘʣʠʥʳ ʠ ʦʙʝʟʫʛʣʝʨʦʞʝʥʥʦʛʦ ʩʣʦʷ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʥʘ ʟʘʛʦʪʦʚʢʘʭ ʩʥʷʪʠʝʤ 

ʧʨʠʧʫʩʢʘ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ. ʈʦʪʘʮʠʦʥʥʦʝ ʚʳʜʘʚʣʠʚʘʥʠʝ ʢʦʨʧʫʩʦʚ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ 

ʥʘ ʜʘʚʠʣʴʥʦ-ʚʳʪʷʞʥʦʤ ʩʪʘʥʢʝ ʤʦʜʝʣʠ DW 560-1/2-9/1 ʬʠʨʤʳ ñLeifeldò. ʈʦʪʘʮʠʦʥʥʦʝ 

ʚʳʜʘʚʣʠʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʪʨʝʤʷ ʨʦʣʠʢʘʤʠ  ʩ ʨʘʙʦʯʠʤʠ ʫʛʣʘʤʠ a1=15̄ , a2=20̄ , a3=33̄ , 

ʟʘʜʥʠʤ ʫʛʣʦʤ 10,̄ ʰʠʨʠʥʦʡ ʢʘʣʠʙʨʫʶʱʝʛʦ ʧʦʷʩʢʘ 3,5ʤʤ. 

ʈʝʞʠʤʳ ʨʦʪʘʮʠʦʥʥʦʛʦ ʚʳʜʘʚʣʠʚʘʥʠʷ: ʯʠʩʣʦ ʦʙʦʨʦʪʦʚ ʦʧʨʘʚʢʠ N=380 ʦʙ/ʤʠʥ., 

ʧʨʦʜʦʣʴʥʘʷ ʧʦʜʘʯʘ  S=380ʤʤ/ʤʠʥ. 

ʈʦʪʘʮʠʦʥʥʦʝ ʚʳʜʘʚʣʠʚʘʥʠʝ ʟʘʛʦʪʦʚʦʢ ʟʘ ʦʜʠʥ ʧʝʨʝʭʦʜ ʧʨʦʚʦʜʠʣʦʩʴ ʩʦ ʩʪʝʧʝʥʴʶ 

ʜʝʬʦʨʤʘʮʠʠ eº65%. ʇʨʠ ʵʪʦʤ ʨʘʟʨʫʰʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʢʦʨʧʫʩʘ ʧʦʩʣʝ ʨʦʪʘʮʠʦʥʥʦʛʦ 

ʚʳʜʘʚʣʠʚʘʥʠʷ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʢʦʨʧʫʩʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʯʝʨʪʝʞʫ. 

ʂʦʥʪʨʦʣʴ ʜʠʘʤʝʪʨʘʣʴʥʳʭ ʨʘʟʤʝʨʦʚ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʤʠʢʨʦʤʝʪʨʦʤ ʪʠʧʘ ʄʂ 75-100-0,01 ɻʆʉʊ 

6507-60 ʠ ʥʫʪʨʦʤʝʨʦʤ ʠʥʜʠʢʘʪʦʨʥʦʛʦ ʪʠʧʘ ʅʀ 75-100-0,01 ɻʆʉʊ 868-63.  

ʆʧʨʝʜʝʣʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠʟʜʝʣʠʷ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʦʪʘʮʠʦʥʥʦʛʦ 

ʚʳʜʘʚʣʠʚʘʥʠʷ ʧʨʦʯʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʢʦʨʧʫʩʘ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʣʘʩʴ ʥʘ 

ʥʝ ʤʝʥʝʝ ʯʝʤ 300ʄʇʘ. ʅʘ ʩʪʘʣʷʭ ʜʦʩʪʠʛʥʫʪʳ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʨʦʯʥʦʩʪʠ, ʢʦʪʦʨʳʝ 

ʥʝʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩ ʧʦʤʦʱʴʶ ʟʘʢʘʣʢʠ ʠʣʠ ʜʝʬʦʨʤʘʮʠʦʥʥʳʤ ʫʧʨʦʯʥʝʥʠʝʤ ʨʘʟʜʝʣʴʥʦ. 

ʄʠʥʠʤʘʣʴʥʳʝ ʪʦʣʱʠʥʳ ʩʪʝʥʦʢ ʢʦʨʧʫʩʦʚ, ʧʦʣʫʯʝʥʥʳʝ ʫʢʘʟʘʥʥʳʤ ʩʧʦʩʦʙʦʤ, ʩʦʩʪʘʚʣʷʣʠ 0,4 

ʤʤ.  

ɼʣʷ ʩʥʷʪʠʷ ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠʤʝʥʷʣʩʷ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʦʪʞʠʛ, ʥʝ 

ʠʟʤʝʥʷʶʱʠʡ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ (ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʝ ʚʳʰʝ 450
0
ʉ). ʇʨʠ ʪʘʢʦʤ ʦʪʞʠʛʝ 

ʦʢʘʣʠʥʘ ʥʝ ʦʙʨʘʟʫʝʪʩʷ, ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ ʥʝ ʦʙʝʟʫʛʣʝʨʦʞʠʚʘʝʪʩʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʘʛʘʝʤʳʡ ʩʧʦʩʦʙ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʩʪʘʣʴʥʳʭ ʪʦʥʢʦʩʪʝʥʥʳʭ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʢʦʨʧʫʩʦʚ ʨʘʢʝʪʥʦʛʦ ʜʚʠʛʘʪʝʣʷ. ʉʧʦʩʦʙ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥ ʪʘʢʞʝ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʛʘʟʦʚʳʭ ʙʘʣʣʦʥʦʚ ʠ ʪʨʫʙ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʣʝʛʢʠʭ 

ʦʛʥʝʪʫʰʠʪʝʣʝʡ, ʢʦʨʧʫʩʦʚ ʛʠʜʨʦʮʠʣʠʥʜʨʦʚ, ʛʠʣʴʟ ʩʥʘʨʷʜʦʚ ʠ ʮʠʣʠʥʜʨʦʚ ʜʚʠʛʘʪʝʣʝʡ 

ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ.  

 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ: 

1. ɻʫʣʷʝʚ ɸ.ʇ. ʄʝʪʘʣʣʦʚʝʜʝʥʠʝ.-ʄ.: ʄʝʪʘʣʣʫʨʛʠʷ, 1978ʛ. 

2. ɹʨʘʛʫʥʮʦʚ ɽ.ʗ., ʂʫʨʘʢʠʥ ɸ.ʇ., ʈʳʞʢʦʚ ɻ.ʌ. ɺʳʙʦʨ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʢʦʨʧʫʩʦʚ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʈɼʊʊ. - ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ. ʊʨʫʜʳ II ʄʝʞʜʫʥʘʨʦʜʥʦʡ 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ.-ʊʦʤʩʢ. ʀʟʜ-ʚʦ ʊʇʋ, 2004.-594ʩ.  
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ʀʉʉʃɽɼʆɺɸʅʀɽ ɺʃʀʗʅʀʗ ʇʃʆʊʅʆʉʊʀ ʉʅɸʈʗɾɽʅʀʗ ɹʈʆʅɿʆɺʆʁ ʇʋɼʈʆʁ 

ʀɿɼɽʃʀʁ ʇʆʉʊɸʅʆɺʑʀʂʆɺ ʍʄɿ ʅɸ ʌʆʈʄʋ, ʈɸɿʄɽʈʓ ʀ ʄɸʉʂʀʈʋʖʑʀɽ 

ʉɺʆʁʉʊɺɸ ɸʕʈʆɿʆʃʔʅʓʍ ʆɹʈɸɿʆɺɸʅʀʁ  

  

ɺʣʘʜʠʤʠʨ ɺʠʢʪʦʨʦʚʠʯ ʈʦʤʘʥʦʚ
1
, ɸʣʝʢʩʘʥʜʨ ɺʠʢʪʦʨʦʚʠʯ ɿʦʨʠʥ

1
,  

ɽʛʦʨ ʗʢʦʚʣʝʚʠʯ ɹʨʘʛʫʥʮʦʚ
1,2 
, ɽʚʛʝʥʠʡ ɸʣʝʢʩʘʥʜʨʦʚʠʯ ʂʦʨʥʘʢʦʚ

1,2
, 

ɸʥʜʨʝʡ ʉʝʨʛʝʝʚʠʯ ʀʚʘʥʦʚ
 3
, ʀʛʦʨʴ ɼʤʠʪʨʠʝʚʠʯ ʇʦʥʠʢʘʨʝʚ

3 

 
1
 ɸʆ ʀʥʩʪʠʪʫʪ ʧʨʠʢʣʘʜʥʦʡ ʬʠʟʠʢʠ, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ 

2
ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʛ. ʅʦʚʦʩʠʙʠʨʩʢ 

3
ɸʆ "ʅʄɿ "ʀʩʢʨʘ" ʛ. ʅʦʚʦʩʠʙʠʨʩʢ-ʇʘʰʠʥʦ 

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʧʣʦʪʥʦʩʪʠ ʩʥʘʨʷʞʝʥʠʷ ʙʨʦʥʟʦʚʦʡ ʧʫʜʨʦʡ 

ʠʟʜʝʣʠʡ ʧʦʩʪʘʥʦʚʱʠʢʦʚ ʍʄɿ ʥʘ ʤʘʩʢʠʨʫʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʵʨʦʟʦʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ, 

ʧʦʣʫʯʝʥʥʳʭ ʚʟʨʳʚʥʳʤ ʤʝʪʦʜʦʤ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ. ʇʦʢʘʟʘʥʦ ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ 

ʩʥʘʨʷʞʝʥʠʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʳʡ ʦʙʲʝʤ ʥʝʧʨʦʟʨʘʯʥʦʩʪʠ 

ʘʵʨʦʟʦʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ. 

In this work, an analysis is made of the influence of the density of brass powder IR munitions 

on the masking characteristics of aerosol formations obtained by the explosive dispersion method. 

It is shown that an increase in the density of the filling proportionately increases the maximum 

opacity of aerosol formations. 

 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʠʟʜʝʣʠʡ ʧʦʩʪʘʥʦʚʱʠʢʦʚ ʭʦʣʦʜʥʳʭ ʤʘʩʢʠʨʫʶʱʠʭ 

ʟʘʚʝʩ (ʍʄɿ) ʩʥʘʨʷʞʝʥʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʫʜʨʦʡ ʥʝʦʙʭʦʜʠʤʦ ʦʙʨʘʟʦʚʳʚʘʪʴ ʥʝʧʨʦʟʨʘʯʥʫʶ 

ʤʘʩʢʠʨʫʶʱʫʶ ʟʘʚʝʩʫ (ʄɿ) ʩ ʜʦʩʪʘʪʦʯʥʳʤʠ ʜʣʷ ʤʘʩʢʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ 

ʨʘʟʤʝʨʘʤʠ. ʇʦʩʪʘʥʦʚʢʘ ʘʵʨʦʟʦʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʥʝʦʙʭʦʜʠʤʳʭ ʨʘʟʤʝʨʦʚ ʤʦʞʝʪ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʟʨʳʚʥʦʛʦ ʤʝʪʦʜʘ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʡ 

ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʚʨʝʤʷ ʧʦʩʪʘʥʦʚʢʠ ʟʘʚʝʩʳ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʚʝʣʠʯʝʥʠʝ 

ʧʦʧʝʨʝʯʥʳʭ ʨʘʟʤʝʨʦʚ ʄɿ ʚ 1,5é2 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʟʘʚʝʩʘʤʠ, ʧʦʩʪʘʚʣʝʥʥʳʤʠ 

ʮʝʥʪʨʦʙʝʞʥʳʤ ʠʣʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ [1]. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʚʟʨʳʚʥʦʛʦ ʤʝʪʦʜʘ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ, ʥʝʦʙʭʦʜʠʤʦ ʩʥʘʨʷʞʘʪʴ ʠʟʜʝʣʠʝ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʘʵʨʦʟʦʣʝʦʙʨʘʟʫʶʱʝʛʦ ʩʦʩʪʘʚʘ (ɸʆʉ). ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ ʩʥʘʨʷʞʝʥʠʷ ʚ ʢʦʥʪʝʡʥʝʨʳ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʫʜʨʳ ʜʦ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʧʣʦʪʥʦʩʪʝʡ. ʇʨʠ ʵʪʦʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʟʨʳʚʥʦʛʦ 

ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʧʨʦʷʚʣʝʥʠʷ ʪʘʢʠʭ ʵʬʬʝʢʪʦʚ ʢʘʢ ʩʣʠʧʘʥʠʝ, ʩʚʘʨʠʚʘʥʠʝ, 

ʯʘʩʪʠʯʥʦʝ ʢʦʤʧʘʢʪʠʨʦʚʘʥʠʝ ʯʘʩʪʠʮ ʧʫʜʨʳ. ʇʦʵʪʦʤʫ ʩʫʱʝʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʧʣʦʪʥʦʩʪʠ ʩʥʘʨʷʞʝʥʠʷ ʙʨʦʥʟʦʚʦʡ ʧʫʜʨʳ ʥʘ ʬʦʨʤʫ, ʨʘʟʤʝʨʳ ʠ 

ʤʘʩʢʠʨʫʶʱʠʝ ʩʚʦʡʩʪʚʘ ʘʵʨʦʟʦʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʙʲʝʢʪʦʤ ʠʩʧʳʪʘʥʠʡ ʷʚʣʷʣʠʩʴ ʩʪʝʥʜʦʚʳʝ ʠʟʜʝʣʠʷ ʢʘʩʩʝʪʳ (ʩʤ. 

ʨʠʩʫʥʦʢ 1). ʀʟʜʝʣʠʷ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʚ ʩʪʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ (ʙʝʟ ʦʪʩʪʨʝʣʘ ʠʟ 

ʧʫʩʢʦʚʦʛʦ ʫʩʪʨʦʡʩʪʚʘ). 
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ʈʠʩ.1. ʂʦʥʩʪʨʫʢʪʠʚʥʘʷ ʩʭʝʤʘ ʠʩʧʳʪʫʝʤʦʛʦ ʩʪʝʥʜʦʚʦʛʦ ʠʟʜʝʣʠʷ  

ʆʩʦʙʝʥʥʦʩʪʠ ʩʥʘʨʷʞʝʥʠʷ ʩʪʝʥʜʦʚʦʛʦ ʠʟʜʝʣʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1 

ˉ 

ʠʟʜʝ-

ʣʠʷ 

ʆʩʦʙʝʥʥʦʩʪʠ ʩʙʦʨʢʠ ʠʟʜʝʣʠʡ 

ʉʥʘʨʷʞʝʥʠʝ 

ʇʣʦʪʥʦʩʪʴ 

ʩʥʘʨʷʞʝʥʠʷ, 

ɟ,ʛ/ʩʤ
3
 

(V=320ʩʤ
3
) 

ʄʘʩʩʘ 

ʧʫʜʨʳ, ʛ 
ɺɺ 

ʄʘʩʩʘ 

ɺɺ, ʛ 

ɓ=ʄʚʚ/ʄʧʫʜʨʳ 

1 ʕʢʩʧʝʨʠʤʝʥʪ ˉ1 1,31 420 ʧʝʥʪʦʣʠʪ 35 1/12 

2 ʕʢʩʧʝʨʠʤʝʥʪ ˉ2 3,20 1022 ʧʝʥʪʦʣʠʪ  35 1/29.2 

 ʇʨʠʤʝʯʘʥʠʷ:  

¶ ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ˉ1 ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʙʨʦʥʟʦʚʘʷ ʧʫʜʨʘ ʥʘʩʳʧʥʦʡ ʧʣʦʪʥʦʩʪʠ 

ɟ=1,31ʛ/ʩʤ
3
. ʉʥʘʨʷʞʝʥʠʝ ʢʦʥʪʝʡʥʝʨʦʚ ʧʫʜʨʦʡ  ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʫʩʠʣʠʝʤ ʨʫʢʠ. 

¶ ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ˉ2 ʩʥʘʨʷʞʝʥʠʝ ʢʦʥʪʝʡʥʝʨʦʚ ʧʫʜʨʦʡ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ 

ʧʨʝʩʩʦʚʘʥʠʝʤ ʥʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʤ ʧʨʝʩʩʝ ʫʩʠʣʠʝʤ 1 500 000 ʅ ʜʦ ʧʣʦʪʥʦʩʪʠ ɟ=3,2 ʛ/ʩʤ
3
. 

¶ ɺʦ ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ɺɺ ʧʝʥʪʦʣʠʪ ʤʘʨʢʠ 90/10 ʊʋ 7511903-

598-92 ʩʦʩʪʘʚʘ 90% ʊʕʅ, 10% ʪʨʦʪʠʣ ʥʘʩʳʧʥʦʡ ʧʣʦʪʥʦʩʪʠ. ʉʥʘʨʷʞʝʥʠʝ ʢʦʥʪʝʡʥʝʨʦʚ 

ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʫʩʠʣʠʝʤ ʨʫʢʠ. 

¶ ɺʦ ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʤʘʩʩʘ ɺɺ ʙʳʣʘ ʦʜʠʥʘʢʦʚʦʡ ʠ ʩʦʩʪʘʚʣʷʣʘ 35ʛ.  

ʀʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʧʦʣʠʛʦʥʝ ɸʆ çʅʄɿ çʀʩʢʨʘè. ʇʦʜʨʳʚ ʧʨʦʠʩʭʦʜʠʣ ʥʘ ʚʳʩʦʪʝ 

2ʤ. ʉʲʝʤʢʘ ʩ ʧʦʤʦʱʴʶ ʢʘʤʝʨ ʚʠʜʝʦʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʠʩʭʦʜʠʣʘ ʚ ʜʚʫʭ ʨʘʢʫʨʩʥʳʭ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʧʣʦʩʢʦʩʪʷʭ: ʬʨʦʥʪʘʣʴʥʦʡ ʠ ʧʨʦʬʠʣʴʥʦʡ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʚʠʜʝʦʩʲʝʤʢʠ 

ʦʧʨʝʜʝʣʷʣʠʩʴ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʘʵʨʦʟʦʣʴʥʳʭ 

ʦʙʨʘʟʦʚʘʥʠʡ ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʠ ʚʨʝʤʝʥʘʭ ʨʘʟʣʝʪʘ 

0.033ʩ, 0.067ʩ, 0.100ʩ, 3.000ʩ, 11.000ʩ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ  ʧʨʠʚʝʜʝʥʳ ʚ [2].  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʧʣʦʪʥʦʩʪʠ ʩʥʘʨʷʞʝʥʠʷ ʙʨʦʥʟʦʚʦʡ ʧʫʜʨʳ ʥʘ 

ʤʘʩʢʠʨʫʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʵʨʦʟʦʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ. 

ʅʘ ʨʠʩʫʥʢʘʭ 2.1 - 2.2, ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ, ʧʨʠʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʨʘʟʤʝʨʦʚ, ʬʦʨʤʳ ʠ 

ʤʘʩʢʠʨʫʶʱʠʭ ʩʚʦʡʩʪʚ ʘʵʨʦʟʦʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʠʟ ʙʨʦʥʟʦʚʦʡ ʧʫʜʨʳ, ʩʥʘʨʷʞʝʥʥʦʡ ʚ 

ʩʪʝʥʜʦʚʳʝ ʠʟʜʝʣʠʷ ʧʦ ʜʚʫʤ ʚʘʨʠʘʥʪʘʤ (ʩʤ. ʨʠʩ.1, ʪʘʙʣ.1) ʚ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ 0,067ʩ ʠ 11ʩ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʬʦʨʤʘ ʘʵʨʦʟʦʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʚʦ ʚʩʝʭ 

ʦʧʳʪʘʭ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʜʦ å3ʩ ʙʣʠʟʢʘ ʢ ʜʠʩʢʦʦʙʨʘʟʥʦʡ ʩ ʧʠʣʦʦʙʨʘʟʥʦʡ ʙʦʢʦʚʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ. ʀʥʪʝʥʩʠʚʥʦʝ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʨʝʜʝʣʘʭ 1ʩ. ʈʘʟʤʝʨʳ 

ʘʵʨʦʟʦʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʧʦʩʣʝ ʪʨʝʪʴʝʡ ʩʝʢʫʥʜʳ ʜʦʩʪʠʛʘʶʪ 13-15 ʤ. ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʚʝʪʨʘ ʠ 

ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʬʦʨʤʘ ʘʵʨʦʟʦʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʠʩʢʘʞʘʝʪʩʷ.  

ʆʙʥʘʨʫʞʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʚʣʠʷʥʠʷ ʩʥʘʨʷʞʝʥʠʷ ʥʘ ʤʘʩʢʠʨʫʶʱʠʝ ʩʚʦʡʩʪʚʘ ʘʵʨʦʟʦʣʴʥʳʭ 

ʦʙʨʘʟʦʚʘʥʠʡ. 
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ɸʵʨʦʟʦʣʴʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʦʪ ʢʦʥʪʝʡʥʝʨʦʚ ʩ ʧʣʦʪʥʦʩʪʴʶ ʩʥʘʨʷʞʝʥʠʷ ʙʨʦʥʟʦʚʦʡ ʧʫʜʨʳ 

ɟ=1,31ʛ/ʩʤ
3 
ʧʨʦʟʨʘʯʥʦ ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ ʥʘʯʠʥʘʷ ʩ ʤʦʤʝʥʪʘ ʦʙʨʘʟʦʚʘʥʠʷ å0.067ʩ 

(ʩʤ.ʨʠʩ.2.1ʘ, 2.2ʘ). 

ɸʵʨʦʟʦʣʴʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʦʪ ʢʦʥʪʝʡʥʝʨʦʚ ʩ ʧʣʦʪʥʦʩʪʴʶ ʩʥʘʨʷʞʝʥʠʷ ʙʨʦʥʟʦʚʦʡ ʧʫʜʨʳ 

ɟ=3,2 ʛ/ʩʤ
3
 ʥʝʧʨʦʟʨʘʯʥʦ ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʪʝʯʝʥʠʠ 

ʚʨʝʤʝʥʠ ʥʘʙʣʶʜʝʥʠʷ (å11ʩ), ʝʛʦ ʨʘʟʤʝʨʳ ʩʦʩʪʘʚʣʷʣʠ å13-15ʤ (ʩʤ. ʨʠʩ. 2ʙ). 

ʄʘʩʢʠʨʫʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʙʨʦʥʟʦʚʦʡ ʧʫʜʨʳ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʪʝʤ, ʯʪʦ, ʙʫʜʫʯʠ ʚʟʚʝʰʝʥʥʦʡ 

ʚ ʚʦʟʜʫʭʝ, ʦʥʘ ʦʙʨʘʟʫʝʪ ʥʝʩʬʝʨʠʯʝʩʢʠʡ ʘʵʨʦʟʦʣʴ, ʢʦʪʦʨʳʡ ʦʩʣʘʙʣʷʝʪ ʠʟʣʫʯʝʥʠʝ, ʥʘ ʥʝʛʦ 

ʧʦʧʘʜʘʶʱʝʝ. 

 
ʈʠʩ.2.1. ʉʨʘʚʥʝʥʠʝ ʨʘʟʤʝʨʦʚ ʠ ʬʦʨʤʳ ʘʵʨʦʟʦʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʠʟ ʙʨʦʥʟʦʚʦʡ ʧʫʜʨʳ, ɺɺ 

ʧʝʥʪʘʣʠʪ 35ʛ, ʚʠʜ ʩʧʝʨʝʜʠ, ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 0.067ʩ  

ʘ) ʤʘʩʩʘ ʩʥʘʨʷʞʝʥʠʷ 420 ʛ, ɟ=1,31 ʛ/ʩʤ
3
 

ʙ) ʤʘʩʩʘ ʩʥʘʨʷʞʝʥʠʷ 1022 ʛ, ɟ=3,2 ʛ/ʩʤ
3
 

 

 
ʈʠʩ.2.2. ʈʘʟʤʝʨ ʠ ʬʦʨʤʘ ʘʵʨʦʟʦʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʠʟ ʙʨʦʥʟʦʚʦʡ ʧʫʜʨʳ, ɺɺ ʧʝʥʪʘʣʠʪ 35ʛ, 

ʚʠʜ ʩʧʝʨʝʜʠ, ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 11ʩ 

ʘ) ʤʘʩʩʘ ʩʥʘʨʷʞʝʥʠʷ 420 ʛ, ɟ=1,31 ʛ/ʩʤ
3 

ʙ) ʤʘʩʩʘ ʩʥʘʨʷʞʝʥʠʷ 1022 ʛ, ɟ=3,2 ʛ/ʩʤ
3
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ɼʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʪʨʝʙʫʝʤʦʡ ʤʠʥʠʤʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʘʵʨʦʟʦʣʝʦʙʨʘʟʫʶʱʝʛʦ ʩʦʩʪʘʚʘ 

ɸʆr , ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʥʝʧʨʦʟʨʘʯʥʦʩʪʴ ʘʵʨʦʟʦʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ, ʠʩʧʦʣʴʟʫʝʤ ʢʨʠʪʝʨʠʡ [3]: 

3)(

1

ʢʨS

k
ɸʆ

Ö
=r

,

 (1) 

ʛʜʝ k -ʢʦʵʬʬʠʮʠʝʥʪ ʥʝʩʬʝʨʠʯʥʦʩʪʠ ʯʘʩʪʠʮ, ʧʨʠ ʨʘʚʥʦʚʝʨʦʷʪʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʯʘʩʪʠʮ k 

=2. ʉ ʫʯʝʪʦʤ ʥʝʧʨʷʤʦʫʛʦʣʴʥʦʩʪʠ ʯʘʩʪʠʮ ʢʦʵʬʬʠʮʠʝʥʪ k ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 1,25 ʨʘʟ ʠ ʨʘʚʝʥ 2.5;  

Sʢʨ, ʩʤ
2
/ʛ - ʢʨʦʶʱʘʷ  ʩʧʦʩʦʙʥʦʩʪʴ ʙʨʦʥʟʦʚʦʡ ʧʫʜʨʳ. 

ʈʘʩʩʯʠʪʘʥʳ ʧʣʦʪʥʦʩʪʠ ʥʝʧʨʦʟʨʘʯʥʦʩʪʠɸʆr  ʘʵʨʦʟʦʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʠʟ ʙʨʦʥʟʦʚʦʡ ʧʫʜʨʳ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʠʭ ʥʝʧʨʦʟʨʘʯʥʦʩʪʴ ( ʩʤ.ʪʘʙʣ. 2). 

ʄʘʢʩʠʤʘʣʴʥʦ (ʧʨʝʜʝʣʴʥʦ) ʜʦʧʫʩʪʠʤʳʡ ʦʙʲʝʤ ʘʵʨʦʟʦʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʧʨʠ 

ʧʨʝʚʳʰʝʥʠʠ ʢʦʪʦʨʦʛʦ ʘʵʨʦʟʦʣʴʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʩʪʘʥʦʚʷʪʩʷ ʧʨʦʟʨʘʯʥʳʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 

Vʧʨ=M/ ɸʆr ,      (2) 

ʛʜʝ ʄ - ʤʘʩʩʘ ʩʥʘʨʷʞʝʥʠʷ (ʧʫʜʨʳ) ʚ ʠʟʜʝʣʠʠ; 

ɸʆr  - ʧʣʦʪʥʦʩʪʴ ʥʝʧʨʦʟʨʘʯʥʦʩʪʠ ʘʵʨʦʟʦʣʝʦʙʨʘʟʫʶʱʝʛʦ ʩʦʩʪʘʚʘ ʚ (ʩʤ. ʪʘʙʣ. 2); 

Vʧʨ - ʧʨʝʜʝʣʴʥʳʡ ʦʙʲʝʤ ʥʝʧʨʦʟʨʘʯʥʦʩʪʠ ʤʘʩʢʠʨʫʶʱʝʡ ʟʘʚʝʩʳ (ʄɿ) ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ 

ʤʘʩʩʳ ʩʥʘʨʷʞʝʥʠʷ. 

ɺ ʪʘʙʣʠʮʝ 2 ʧʨʠʚʝʜʝʥʳ ʨʘʩʩʯʠʪʘʥʥʳʝ ʜʣʷ ʤʘʩʩʳ ʩʥʘʨʷʞʝʥʠʷ 420ʛ ʠ 1020 ʛ ʧʨʝʜʝʣʴʥʳʝ 

ʦʙʲʝʤʳ Vʧʨ ʄɿ, ʥʝʧʨʦʟʨʘʯʥʳʭ ʜʣʷ ʩʚʝʪʘ ʠ ʀʂ-ʠʟʣʫʯʝʥʠʷ. 

ʊʘʙʣʠʮʘ 2  

ʇʣʦʪʥʦʩʪʠ ʥʝʧʨʦʟʨʘʯʥʦʩʪʠ ʘʵʨʦʟʦʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʩʥʘʨʷʞʝʥʥʳʭ ʙʨʦʥʟʦʚʦʡ ʧʫʜʨʦʡ 

(ɹʇ) ʩ ʨʘʟʣʠʯʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʩʥʘʨʷʞʝʥʠʷ 
 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ɹʇ 
Sʢʨ,ʩʤ

2
/ʛ 

ʇʣʦʪʥʦʩʪʴ 

ʩʥʘʨʷʞʝʥʠʷ 

 ɟ, ʛ/ʩʤ
3
 

ʇʣʦʪʥʦʩʪʴ 

ʥʝʧʨʦʟʨʘʯʥʦʩʪʠ 

ɸʆr , ʛ/ʤ
3
 

ʇʨʝʜʝʣʴʥʳʡ 

ʦʙʲʝʤ 

ʥʝʧʨʦʟʨʘʯʥʦʩʪʠ 

Vʧʨ, ʤ
3 

ʨʘʩʯʝʪ 

ʕʢʩʧʝʨʠʤʝʥʪ 

ˉ1 
9000 

1,31 
2,93 

143,3 

ʕʢʩʧʝʨʠʤʝʥʪ 

ˉ2 
9000 

3,2 
2,93 

348,8 

 

ʀʟ ʪʘʙʣʠʮʳ ʚʠʜʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʩʥʘʨʷʞʝʥʠʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ 

ʤʘʢʩʠʤʘʣʴʥʳʡ ʦʙʲʝʤ ʥʝʧʨʦʟʨʘʯʥʳʭ ʘʵʨʦʟʦʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ Vʧʨ, ʤ
3
. ɽʩʣʠ ʧʨʠ ʚʟʨʳʚʥʦʤ 

ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʠ ʦʙʨʘʟʫʶʪʩʷ ʘʵʨʦʟʦʣʴʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʪʘʢʠʭ ʙʦʣʴʰʠʭ ʨʘʟʤʝʨʦʚ, ʯʪʦ ʦʥʠ 

ʧʨʝʚʳʰʘʶʪ ʧʦ ʦʙʲʝʤʫ ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ ʤʘʢʩʠʤʘʣʴʥʳʝ (ʧʨʝʜʝʣʴʥʳʝ) ʦʙʲʝʤʳ 

ʥʝʧʨʦʟʨʘʯʥʳʭ ʘʵʨʦʟʦʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ, ʪʦ ʪʘʢʠʝ ʘʵʨʦʟʦʣʴʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʟʨʘʯʥʳ. 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʨʘʩʯʝʪʥʳʭ ʟʥʘʯʝʥʠʡ ʤʘʢʩʠʤʘʣʴʥʳʭ ʦʙʲʝʤʦʚ ʥʝʧʨʦʟʨʘʯʥʳʭ ʘʵʨʦʟʦʣʴʥʳʭ 

ʦʙʨʘʟʦʚʘʥʠʡ ʠ ʨʘʟʤʝʨʦʚ ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʚʟʨʳʚʥʦʤ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʠ ʧʦʢʘʟʳʚʘʝʪ ʯʪʦ: 

1. ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʥʘʨʷʞʝʥʠʷ ʠʟ ʙʨʦʥʟʦʚʦʡ ʧʫʜʨʳ ʩ ʧʣʦʪʥʦʩʪʴʶ ɟ=3,2 ʛ/ʩʤ
3
 

ʚʟʨʳʚʥʦʝ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʟʤʝʨʳ ʘʵʨʦʟʦʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ, ʥʝ 

ʧʨʝʚʦʩʭʦʜʷʱʠʝ ʤʘʢʩʠʤʘʣʴʥʳʝ ʨʘʟʤʝʨʳ (ʦʙʲʝʤʳ) ʥʝʧʨʦʟʨʘʯʥʳʭ ʘʵʨʦʟʦʣʴʥʳʭ 

ʦʙʨʘʟʦʚʘʥʠʡ, ʧʦʵʪʦʤʫ ʘʵʨʦʟʦʣʴʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʦʙʨʘʟʫʶʪʩʷ ʥʝʧʨʦʟʨʘʯʥʳʤʠ. 

2. ʧʨʠ ʩʥʘʨʷʞʝʥʠʷ ʠʟʜʝʣʠʡ ʙʨʦʥʟʦʚʦʡ ʧʫʜʨʦʡ ʩ ʧʣʦʪʥʦʩʪʴʶ ɟ=1,31ʛ/ʩʤ
3
 ʚʟʨʳʚʥʦʝ 

ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʟʤʝʨʳ ʘʵʨʦʟʦʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ, ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʨʝʚʦʩʭʦʜʷʱʠʭ ʤʘʢʩʠʤʘʣʴʥʳʝ ʨʘʟʤʝʨʳ (ʦʙʲʝʤʳ) ʥʝʧʨʦʟʨʘʯʥʳʭ ʘʵʨʦʟʦʣʴʥʳʭ 

ʦʙʨʘʟʦʚʘʥʠʡ, ʧʦʵʪʦʤʫ ʘʵʨʦʟʦʣʴʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʩʪʘʥʦʚʷʪʩʷ ʧʨʦʟʨʘʯʥʳʤʠ ʫʞʝ ʚ 

ʤʦʤʝʥʪ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ. 
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ɺʳʚʦʜʳ 

1 ʋʚʝʣʠʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʩʥʘʨʷʞʝʥʠʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʳʡ 

ʦʙʲʝʤ ʥʝʧʨʦʟʨʘʯʥʦʩʪʠ ʘʵʨʦʟʦʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ Vʧʨ, ʤ
3
. 

2 ʈʘʟʤʝʨʳ ʘʵʨʦʟʦʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʧʨʠ ʚʟʨʳʚʥʦʤ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʠ ʠʟʜʝʣʠʡ ʢʘʣʠʙʨʘ 60 

ʤʤ ʜʦʩʪʠʛʘʶʪ 13-15 ʤ. 

3 ɸʵʨʦʟʦʣʴʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʦʪ ʠʟʜʝʣʠʡ ʩ ʧʣʦʪʥʦʩʪʴʶ ʩʥʘʨʷʞʝʥʠʷ ʙʨʦʥʟʦʚʦʡ ʧʫʜʨʳ    ɟ 

=1,31 ʛ/ʩʤ
3 
ʧʨʦʟʨʘʯʥʳ ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ ʥʘʯʠʥʘʷ ʩ ʤʦʤʝʥʪʘ ʦʙʨʘʟʦʚʘʥʠʷ å0.067ʩ. 

4 ɸʵʨʦʟʦʣʴʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʦʪ ʠʟʜʝʣʠʡ ʩ ʧʣʦʪʥʦʩʪʴʶ ʩʥʘʨʷʞʝʥʠʷ ʙʨʦʥʟʦʚʦʡ ʧʫʜʨʳ 

ʤʘʨʢʠ ɟ=3,2 ʛ/ʩʤ
3
 ʥʝʧʨʦʟʨʘʯʥʳ ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ 

ʪʝʯʝʥʠʠ ʚʨʝʤʝʥʠ ʥʘʙʣʶʜʝʥʠʷ (å11ʩ). 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ: 

1. ʖʨʦʚʩʢʠʡ ɽ.ʂ., ʀʚʘʥʠʷ ʉ.ʇ., ɹʦʝʧʨʠʧʘʩʳ ʧʘʩʩʠʚʥʳʭ ʧʦʤʝʭ ʜʣʷ 

ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʚʳʩʦʢʦʪʦʯʥʦʤʫ ʦʨʫʞʠʶ: ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ. ð ʅʦʚʦʩʠʙʠʨʩʢ: ʅɻʊʋ, 2002 ʛ. 

ð 56 ʩ.  

2. ʇʨʦʪʦʢʦʣ ʠʩʧʳʪʘʥʠʡ ˉ 39-04-18 çʉʪʝʥʜʦʚʳʝ ʠʩʧʳʪʘʥʠʷ ʠʟʜʝʣʠʡ 

ʧʦʩʪʘʥʦʚʱʠʢʦʚ ʍʄɿ ʢʘʣʠʙʨʘ 60 ʤʤ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʙʦʪ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʩʭʝʤ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ʧʦʨʦʰʢʦʚʳʭ ʩʦʩʪʘʚʦʚè, ɸʆ ʀʇʌ, ʅʦʚʦʩʠʙʠʨʩʢ, 2018 ʛ. 

3. ɹʨʘʛʫʥʮʦʚ ɽ.ʗ., ʈʦʤʘʥʦʚ ɺ.ɺ., ʍʨʝʙʪʦʚʘ ʄ.ʉ., ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʤʘʩʢʠʨʫʶʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʘʵʨʦʟʦʣʝʦʙʨʘʟʫʶʱʠʭ ʩʦʩʪʘʚʦʚ ʜʣʷ ʠʟʜʝʣʠʡ ʧʦʩʪʘʥʦʚʱʠʢʦʚ ʤʘʩʢʠʨʫʶʱʠʭ ʟʘʚʝʩ 

ʚ ʀʂ-ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ. ʅɸʋʂɸ. ʊɽʍʅʆʃʆɻʀʀ. ʀʅʅʆɺɸʎʀʀ //ʉʙʦʨʥʠʢ ʥʘʫʯʥʳʭ 

ʪʨʫʜʦʚ ʚ 10  ʯ. / ʧʦʜ ʨʝʜ. ʜ.ʪ.ʥ. ɻʫʩʴʢʦʚʘ ɸ.ɺ. ï ʅʦʚʦʩʠʙʠʨʩʢ: ʀʟʜ-ʚʦ ʅɻʊʋ, 2017. ï ʏʘʩʪʴ 10. 

ï 171 ʩ. 
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ʋɼʂ 623.463.54 

ʋɺɽʃʀʏɽʅʀɽ ɼɸʃʔʅʆʉʊʀ ʇʆʃɽʊɸ ʅɸʈ ʉ-8. 
 

ɺʣʘʜʠʤʠʨ ɺʠʢʪʦʨʦʚʠʯ ʈʦʤʘʥʦʚ
1
, ɻʝʥʥʘʜʠʡ ʌʝʜʦʨʦʚʠʯ ʈʳʞʢʦʚ

1
,  

ɽʛʦʨ ʗʢʦʚʣʝʚʠʯ ɹʨʘʛʫʥʮʦʚ
1,2 
, ʄʘʨʢ ɺʘʜʠʤʦʚʠʯ ʂʨʘʚʝʮ

2
, 

ɽʛʦʨ ɸʣʝʢʩʝʝʚʠʯ ʂʫʟʥʝʮʦʚ
2
 

 
1
 ɸʆ ʀʥʩʪʠʪʫʪ ʧʨʠʢʣʘʜʥʦʡ ʬʠʟʠʢʠ, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ 

2
ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʛ. ʅʦʚʦʩʠʙʠʨʩʢ 

 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʫʚʝʣʠʯʝʥʠʶ ʜʘʣʴʥʦʩʪʠ ʧʦʣʝʪʘ ʥʝʫʧʨʘʚʣʷʝʤʳʭ ʘʚʠʘʮʠʦʥʥʳʭ 

ʨʘʢʝʪ ʉ-8 ʟʘ ʩʯʝʪ ʫʣʫʯʰʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʘʩʩʦʚʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʘ ʜʚʠʛʘʪʝʣʷ. ʇʦʢʘʟʘʥʦ, 

ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʥʘʣʴʥʦ-ʱʝʣʝʚʦʛʦ ʟʘʨʷʜʘ ʪʚʝʨʜʦʛʦ ʪʦʧʣʠʚʘ ʠ ʩʪʘʣʴʥʳʭ ʚʳʩʦʢʦʧʨʦʯʥʳʭ 

ʪʦʥʢʦʩʪʝʥʥʳʭ ʢʦʨʧʫʩʦʚ ʧʦʟʚʦʣʠʣʦ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʈɼʊʊ  

ʫʣʫʯʰʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʤʘʩʩʦʚʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʘ ʩ 1,26 ʜʦ 0,62, ʚʜʚʦʝ ʫʚʝʣʠʯʠʪʴ ʩʫʤʤʘʨʥʳʡ 

ʠʤʧʫʣʴʩ ʪʷʛʠ ʈɼʊʊ ʅɸʈ ʉ-8 ʩ 6100 ʅĀʩ ʜʦ 14250 ʅĀʩ ʠ ʧʨʠ ʵʪʦʤ  ʫʚʝʣʠʯʠʪʴ ʜʘʣʴʥʦʩʪʴ 

ʧʦʣʝʪʘ ʚ 1,6 ʨʘʟ. 

This work is devoted to increasing the range of unguided S-8 air missiles, due to the 

improvement of the mass-perfection coefficient of the engine. The increase of the total impulse is 

proposed to be achieved by profiling the charges. It is shown that the highest indices are achieved 

by using channel-slot charges. 
  

ɺʚʠʜʫ ʥʠʟʢʦʡ ʙʦʝʚʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʝʫʧʨʘʚʣʷʝʤʳʭ ʘʚʠʘʮʠʦʥʥʳʭ ʨʘʢʝʪ (ʅɸʈ), 

ʦʙʫʩʣʦʚʣʝʥʥʦʡ: 

¶ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʜʘʣʴʥʦʩʪʴʶ ʧʦʣʝʪʘ; 

¶ ʚʳʩʦʢʠʤ ʧʣʦʱʘʜʥʳʤ ʨʘʩʩʝʷʥʠʝʤ ʠ ʨʘʩʭʦʜʦʤ ʙʦʝʧʨʠʧʘʩʦʚ; 

¶ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴʶ ʩʪʨʝʣʴʙʳ ʧʦ ʤʦʙʠʣʴʥʳʤ ʮʝʣʷʤ, 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʝʜʧʨʠʥʷʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʝʨʳ ʧʦ ʫʚʝʣʠʯʝʥʠʶ ʧʨʠʮʝʣʴʥʦʡ 

ʜʘʣʴʥʦʩʪʠ ʩʪʨʝʣʴʙʳ ʅɸʈ. ʇʨʠʯʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʪʘʢʪʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʘʚʠʘʮʠʦʥʥʳʤ 

ʥʦʩʠʪʝʣʷʤ ʦʪʢʨʳʚʘʶʪʩʷ ʧʨʠ ʩʪʨʝʣʴʙʝ ʪʦʣʴʢʦ ʩ ʚʳʩʦʪ ʥʝ ʤʝʥʝʝ 3500ʤ (ʜʘʣʴʥʦʩʪʠ ʙʦʣʝʝ 

6500ʤ), ʧʦʩʢʦʣʴʢʫ ʜʝʡʩʪʚʠʷ ʘʚʠʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʜʝʡʩʪʚʠʷ ʩʨʝʜʩʪʚ ʇɺʆ (ʇɿʈʂ) ʥʘ ʚʳʩʦʪʘʭ 

ʤʝʥʝʝ 3500ʤ ʙʝʟ ʩʧʝʮʠʘʣʴʥʳʭ ʤʝʨ ʟʘʱʠʪʳ ʩʪʘʥʦʚʷʪʩʷ ʥʝʜʦʧʫʩʪʠʤʳʤʠ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʫʚʝʣʠʯʝʥʠʷ ʜʘʣʴʥʦʩʪʠ ʩʪʨʝʣʴʙʳ ʅɸʈ 

ʉ-8 ʟʘ ʩʯʝʪ ʫʣʫʯʰʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʘʩʩʦʚʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʘ ʜʚʠʛʘʪʝʣʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʧʦʷʚʣʷʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʵʥʝʨʛʝʪʠʢʠ ʜʚʠʛʘʪʝʣʷ ʥʦ ʪʘʢʞʝ 

ʦʪʢʨʳʚʘʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʝ ʨʝʟʝʨʚʳ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʦʩʥʘʱʝʥʠʷ 

ʨʘʢʝʪʳ ʚ ʢʦʨʨʝʢʪʠʨʫʝʤʳʡ ʚʘʨʠʘʥʪ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʚʦʦʨʫʞʝʥʠʠ ʥʘʭʦʜʷʪʩʷ ʨʘʢʝʪʳ ʉ-8ʂʆʄ, ʉ-8ɹʄ, ʉ-8ɼʄ, ʉ-8ʊ, ʉ-

8ɼʌ, ʉ-8-ʆʄ, ʉ-8ʇʄ, ʉ-8ʎʄ [1]. ɺʩʝ ʨʘʢʝʪʳ ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʝʜʠʥʦʤ ʨʘʢʝʪʥʦʤ ʜʚʠʛʘʪʝʣʝ 

ʪʚʝʨʜʦʛʦ ʪʦʧʣʠʚʘ (ʈɼʊʊ), ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʚ ɸʆ "ʀʥʩʪʠʪʫʪ ʧʨʠʢʣʘʜʥʦʡ ʬʠʟʠʢʠ". ɺ 

ʢʦʥʩʪʨʫʢʮʠʠ ʜʚʠʛʘʪʝʣʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʦʛʨʝʩʩʠʚʥʳʝ ʤʝʪʦʜʳ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʢʦʨʧʫʩʘ ʠʟ 

ʛʦʪʦʚʦʛʦ ʘʣʶʤʠʥʠʝʚʦʛʦ ʧʨʦʢʘʪʘ ʤʝʪʦʜʦʤ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʰʪʘʤʧʦʚʢʠ, ʧʨʠʤʝʥʝʥʳ 

ʦʨʠʛʠʥʘʣʴʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʧʦ ʦʯʠʩʪʢʝ ʢʦʨʧʫʩʘ ʦʪ ʧʨʠʛʘʨʦʚ, ʧʨʠ ʥʘʥʝʩʝʥʠʠ 

ʪʝʧʣʦʟʘʱʠʪʥʳʭ ʠ ʜʝʢʦʨʘʪʠʚʥʦ-ʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ, ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʝʥʘ ʪʨʫʜʦʝʤʢʦʩʪʴ 

ʠʟʛʦʪʦʚʣʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʨʝʟʢʦ ʫʚʝʣʠʯʠʪʴ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʝʫʧʨʘʚʣʷʝʤʳʭ ʘʚʠʘʮʠʦʥʥʳʭ 

ʨʘʢʝʪ. ɺ 2007 ʛʦʜʫ ʚ ʩʚʷʟʠ ʩ ʫʪʝʨʝʡ ʢʘʯʝʩʪʚʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʘʣʶʤʠʥʠʝʚʳʭ 

ʪʨʫʙ ʙʳʣʘ ʧʨʦʠʟʚʝʜʝʥʘ ʟʘʤʝʥʘ ʘʣʶʤʠʥʠʝʚʦʛʦ ʢʦʨʧʫʩʘ ʥʘ ʢʦʨʧʫʩ ʠʟ ʚʳʩʦʢʦʧʨʦʯʥʦʡ ʩʪʘʣʠ 

30ʍɻʉɸ, ʧʨʠ ʵʪʦʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʈɼʊʊ ʦʩʪʘʣʠʩʴ ʧʨʝʞʥʠʤʠ. ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʈɼʊʊ ʉ-8 ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ.1. 

ɿʘʨʷʜ ʪʚʝʨʜʦʛʦ ʪʦʧʣʠʚʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʰʘʰʢʫ ʩʦ 

ʟʚʝʟʜʦʦʙʨʘʟʥʳʤ 3- ʣʫʯʝʚʳʤ ʢʘʥʘʣʦʤ. ɿʘʨʷʜ ʩʚʦʙʦʜʥʦ ʚʣʦʞʝʥʥʳʡ, ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʛʦʨʝʥʠʷ. 

ɿʘʨʷʜ ʩʦ ʟʚʝʟʜʦʦʙʨʘʟʥʳʤ ʢʘʥʘʣʦʤ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚ ʟʘʜʘʥʥʳʭ ʛʘʙʘʨʠʪʘʭ (D,L)ʧʦʣʫʯʠʪʴ 
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ʙʦʣʴʰʫʶ ʚʝʣʠʯʠʥʫ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʛʦʨʝʥʠʷ, ʥʦ ʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ ʦʪʥʦʰʝʥʠʷ 

ʪʦʣʱʠʥʳ ʩʚʦʜʘ ʝ0 ʢ ʜʠʘʤʝʪʨʫ ʟʘʨʷʜʘ D  ʝ0/D ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʭʫʜʰʠʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʤʘʩʩʦʚʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʘ ʜʚʠʛʘʪʝʣʷ, ʘ ʪʘʢʞʝ ʙʦʣʝʝ ʥʠʟʢʠʡ ʩʫʤʤʘʨʥʳʡ ʠʤʧʫʣʴʩ ʪʷʛʠ ʈɼʊʊ. 
 

ʊʘʙʣʠʮʘ 1 

ʂʘʣʠʙʨ, ʤʤ 80 

ɼʣʠʥʘ ʈɼʊʊ ʙʝʟ ʩʪʘʢʘʥʘ, ʤʤ 1055 

ʄʘʩʩʘ ʜʚʠʛʘʪʝʣʷ, ʢʛ 7 

ʄʘʩʩʘ ʟʘʨʷʜʘ ʊʊ, ʢʛ 

ʉʫʤʤʘʨʥʳʡ  ʠʤʧʫʣʴʩ ʪʷʛʠ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 

ʦʪ 60ę ʜʦ -60ęʉ, ʅ*ʉ  

3,1 

 

5450- 6100  

ɺʨʝʤʷ ʨʘʙʦʪʳ, ʩ 0,45-1,3 

 
ɽʱʝ ʦʜʥʠʤ ʥʝʜʦʩʪʘʪʢʦʤ ʟʘʨʷʜʘ ʩʦ ʟʚʝʟʜʦʦʙʨʘʟʥʳʤ ʢʘʥʘʣʦʤ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʦʩʪʘʪʢʦʚ 

ʪʦʧʣʠʚʘ, ʜʝʛʨʝʩʩʠʚʥʦ ʜʦʛʦʨʘʶʱʠʭ ʧʨʠ ʥʠʟʢʠʭ ʜʘʚʣʝʥʠʷʭ ʚ ʢʘʤʝʨʝ ʩʛʦʨʘʥʠʷ ʠ ʥʝ ʜʘʶʱʠʭ 

ʚʢʣʘʜ ʚ ʩʫʤʤʘʨʥʳʡ ʠʤʧʫʣʴʩ ʪʷʛʠ. ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʚʳʣʝʪʘ ʠʟ ʈɼʊʊ ʜʝʛʨʝʩʩʠʚʥʦ ʜʦʛʦʨʘʶʱʠʭ 

ʦʩʪʘʪʢʦʚ ʪʚʝʨʜʦʛʦ ʪʦʧʣʠʚʘ ʥʘʨʫʞʥʘʷ ʬʦʨʤʘ ʟʘʨʷʜʘ ʚʳʧʦʣʥʝʥʘ ʥʝ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʘ ʩ 

ʚʳʪʦʯʢʘʤʠ ʚʳʧʦʣʥʝʥʥʳʤʠ ʧʦ ʬʦʨʤʝ ʜʦʛʦʨʘʶʱʠʭ ʦʩʪʘʪʢʦʚ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ 

ʤʘʩʩʳ ʟʘʨʷʜʘ ʥʘ 6...10%. ʇʨʠʤʝʥʝʥʠʝ ʩʚʦʙʦʜʥʦ ʚʣʦʞʝʥʥʦʛʦ ʟʘʨʷʜʘ ʪʘʢʞʝ ʦʛʨʘʥʠʯʠʚʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʦ ʫʣʫʯʰʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʘʩʩʦʚʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʘ, ʧʦʩʢʦʣʴʢʫ ʪʨʝʙʫʝʪ 

ʙʦʣʴʰʠʭ ʟʘʟʦʨʦʚ ʤʝʞʜʫ ʢʦʨʧʫʩʦʤ ʠ ʟʘʨʷʜʦʤ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʧʦʣʥʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʧʦ 

ʚʝʣʠʯʠʥʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʇʦʙʝʜʦʥʦʩʮʝʚʘ ʜʣʷ ʜʘʚʣʝʥʠʷ ʚ ʢʘʤʝʨʝ ʈɼʊʊ 260 ʢʛʩ/ʩʤ
2
. 

 

 
ʈʠʩ.1. ɿʘʨʷʜ ʪʚʝʨʜʦʛʦ ʪʦʧʣʠʚʘ ʩʦ ʟʚʝʟʜʦʦʙʨʘʟʥʳʤ 3-ʣʫʯʝʚʳʤ ʮʝʥʪʨʘʣʴʥʳʤ ʢʘʥʘʣʦʤ. 

 
ʈʠʩ.2. ʐʪʘʪʥʳʡ ʈɼʊʊ ʜʣʷ ʅɸʈ ʉ-8 ʩʦ ʟʚʝʟʜʦʦʙʨʘʟʥʳʤ 3-ʭ ʣʫʯʝʚʳʤ ʟʘʨʷʜʦʤ ʪʚʝʨʜʦʛʦ 

ʪʦʧʣʠʚʘ. 

 

ʋʤʝʥʴʰʠʪʴ ʥʝʜʦʩʪʘʪʢʠ ʠ ʧʦʚʳʩʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʤʘʩʩʦʚʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʘ ʈɼʊʊ 

ʧʦʟʚʦʣʷʝʪ ʟʘʨʷʜ ʪʚʝʨʜʦʛʦ ʪʦʧʣʠʚʘ ʜʣʷ ʨʘʢʝʪʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʘʚʠʘʮʠʦʥʥʦʡ ʨʘʢʝʪʳ ʧʦ ʧʘʪʝʥʪʫ 

RU2459969 C1 F02K9/18 (2006.01) ʘʚʪʦʨʦʚ ʄʦʣʯʘʥʦʚʘ ɺ.ʌ., ʇʨʠʙʳʣʴʩʢʦʛʦ ʈ.ɽ., ʈʳʞʢʦʚʘ 

ɻ.ʌ. ʠ ʜʨ. [2]. ʕʪʦʪ ʟʘʨʷʜ ʪʚʝʨʜʦʛʦ ʪʦʧʣʠʚʘ ʨʘʢʝʪʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʘʚʠʘʮʠʦʥʥʦʡ ʨʘʢʝʪʳ 

ʩʦʜʝʨʞʠʪ ʟʘʙʨʦʥʠʨʦʚʘʥʥʫʶ ʧʦ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʝʨʝʜʥʝʤʫ ʪʦʨʮʫ ʰʘʰʢʫ ʪʚʝʨʜʦʛʦ 

ʨʘʢʝʪʥʦʛʦ ʪʦʧʣʠʚʘ ʩʦ ʟʚʝʟʜʦʦʙʨʘʟʥʳʤ ʢʘʥʘʣʦʤ. ɿʚʝʟʜʦʦʙʨʘʟʥʳʡ ʢʘʥʘʣ ʰʘʰʢʠ ʚʳʧʦʣʥʝʥ ʚ 

ʚʠʜʝ 6-ʣʫʯʝʚʦʡ ʟʚʝʟʜʳ ʩ ʨʘʚʥʦʤʝʨʥʦ ʯʝʨʝʜʫʶʱʠʤʠʩʷ ʚʳʩʪʫʧʘʤʠ ʠ ʚʧʘʜʠʥʘʤʠ.  

ʉʧʨʦʝʢʪʠʨʦʚʘʥ ʈɼʊʊ ʪʘʢʦʡ ʞʝ ʜʣʠʥʥʳ ʢʘʢ ʠ ʰʪʘʪʥʳʡ ʈɼʊʊ ʩ ʰʘʰʢʦʡ ʪʚʝʨʜʦʛʦ 

ʨʘʢʝʪʥʦʛʦ ʪʦʧʣʠʚʘ, ʟʘʙʨʦʥʠʨʦʚʘʥʥʦʡ ʧʦ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʩʦ ʟʚʝʟʜʦʦʙʨʘʟʥʳʤ 6-

ʣʫʯʝʚʳʤ ʢʘʥʘʣʦʤ, ʧʦʜʦʙʥʦ ʰʘʰʢʝ ʧʦ ʧʘʪʝʥʪʫ [2]. ʇʨʠ ʵʪʦʤ ʟʘʨʷʜ ʠʤʝʝʪ ʜʣʠʥʫ 885 ʤʤ, ʤʘʩʩʫ 
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5 ʢʛ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʚʝʨʜʦʛʦ ʪʦʧʣʠʚʘ ʩ ʫʜʝʣʴʥʳʤ ʠʤʧʫʣʴʩʦʤ 2500 ʤ/ʩ ʩʫʤʤʘʨʥʳʡ 

ʠʤʧʫʣʴʩ ʩʦʩʪʘʚʠʣ 12500 ʅĀʩ. ʄʘʩʩʘ ʩʪʘʣʴʥʦʛʦ ʢʦʨʧʫʩʘ ʈɼʊʊ ʩʦʩʪʘʚʠʣʘ 2,25 ʢʛ, ʤʘʩʩʘ ʈɼʊʊ 

9,2 ʢʛ. ʇʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʘʩʩʝ ɹʏ 7,5 ʢʛ ʤʘʩʩʘ ʨʘʢʝʪʳ ʥʝ ʧʨʝʚʳʩʠʣʘ ʤʘʢʩʠʤʘʣʴʥʦ 

ʜʦʧʫʩʪʠʤʫʶ ʤʘʩʩʫ 16,7 ʢʛ. ʂʦʵʬʬʠʮʠʝʥʪ ʤʘʩʩʦʚʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʘ ʜʚʠʛʘʪʝʣʷ ʠʟʤʝʥʠʣʩʷ ʩ 

1,26 (ʫ ʰʪʘʪʥʦʛʦ) ʜʦ 0,84. 

 ɿʘʨʷʜ ʜʣʷ ʅɸʈ ʉ-8 ʩ ʰʘʰʢʦʡ ʪʚʝʨʜʦʛʦ ʨʘʢʝʪʥʦʛʦ ʪʦʧʣʠʚʘ ʟʘʙʨʦʥʠʨʦʚʘʥʥʦʡ ʧʦ 

ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʩʦ ʟʚʝʟʜʦʦʙʨʘʟʥʳʤ 6-ʣʫʯʝʚʳʤ ʢʘʥʘʣʦʤ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ. 3, ʘ ʈɼʊʊ ʩ 

ʪʘʢʠʤ ʟʘʨʷʜʦʤ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ. 4.  

ɽʱʝ ʙʦʣʴʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʈɼʊʊ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝʤ 

ʢʘʥʘʣʴʥʦ-ʱʝʣʝʚʦʛʦ ʟʘʨʷʜʘ [4,5]. ʉʧʨʦʝʢʪʠʨʦʚʘʥ ʈɼʊʊ ʪʘʢʦʡ ʞʝ ʜʣʠʥʥʳ ʢʘʢ ʠ ʰʪʘʪʥʳʡ 

ʈɼʊʊ ʩ ʢʘʥʘʣʴʥʦ-ʱʝʣʝʚʳʤ ʟʘʨʷʜʦʤ. ʇʨʠ ʵʪʦʤ ʟʘʨʷʜ ʧʨʠ ʜʣʠʥʝ 885 ʤʤ ʠʤʝʝʪ ʤʘʩʩʫ 5,7 ʢʛ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʚʝʨʜʦʛʦ ʪʦʧʣʠʚʘ ʩ ʫʜʝʣʴʥʳʤ ʠʤʧʫʣʴʩʦʤ 2500ʤ/ʩ ʩʫʤʤʘʨʥʳʡ ʠʤʧʫʣʴʩ 

ʩʦʩʪʘʚʠʣ 14250 ʅĀʩ. ʄʘʩʩʘ ʈɼʊʊ 9,9 ʢʛ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ ʤʘʩʩʘ 

ʨʘʢʝʪʳ 16,7 ʢʛ ʘ ɹʏ 7,5 ʢʛ ʚʦʟʥʠʢʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʙʱʫʶ ʤʘʩʩʫ ʈɼʊʊ ʫʤʝʥʴʰʠʪʴ ʜʦ 9,2 ʢʛ. 

ʕʪʦ ʜʦʩʪʠʛʥʫʪʦ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʪʘʣʴʥʳʭ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʪʦʥʢʦʩʪʝʥʥʳʭ ʢʦʨʧʫʩʦʚ 

ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʧʦ ʩʧʦʩʦʙʫ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʦʪʘʮʠʦʥʥʦʡ ʚʳʪʷʞʢʠ ʟʘʢʘʣʝʥʥʳʭ ʟʘʛʦʪʦʚʦʢ [3]. 

ʂʦʵʬʬʠʮʠʝʥʪ ʤʘʩʩʦʚʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʘ ʜʚʠʛʘʪʝʣʷ ʠʟʤʝʥʠʣʩʷ ʜʦ 0,62. 

 

 
ʈʠʩ.3. ɿʘʨʷʜ ʪʚʝʨʜʦʛʦ ʪʦʧʣʠʚʘ ʩʦ ʟʚʝʟʜʦʦʙʨʘʟʥʳʤ 6- ʣʫʯʝʚʳʤ ʮʝʥʪʨʘʣʴʥʳʤ ʢʘʥʘʣʦʤ. 

 
ʈʠʩ.4. ʈɼʊʊ ʜʣʷ ʅɸʈ ʉ-8 ʩʦ ʟʚʝʟʜʦʦʙʨʘʟʥʳʤ 6-ʣʫʯʝʚʳʤ ʟʘʨʷʜʦʤ ʪʚʝʨʜʦʛʦ ʪʦʧʣʠʚʘ. 

 

ʂʘʥʘʣʴʥʦ-ʱʝʣʝʚʦʡ ʟʘʨʷʜ ʜʣʷ ʅɸʈ ʉ-8  ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ. 5, ʘ ʈɼʊʊ ʩ ʪʘʢʠʤ ʟʘʨʷʜʦʤ 

ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ. 6. 

 
ʈʠʩ.5. ʂʘʥʘʣʴʥʦ-ʱʝʣʝʚʦʡ ʟʘʨʷʜ ʪʚʝʨʜʦʛʦ ʪʦʧʣʠʚʘ. 
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ʈʠʩ.6. ʈɼʊʊ ʜʣʷ ʅɸʈ ʉ-8 ʩ ʢʘʥʘʣʴʥʦ-ʱʝʣʝʚʳʤ ʟʘʨʷʜʦʤ ʪʚʝʨʜʦʛʦ ʪʦʧʣʠʚʘ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʥʘʣʴʥʦ-ʱʝʣʝʚʦʛʦ ʟʘʨʷʜʘ ʪʚʝʨʜʦʛʦ ʪʦʧʣʠʚʘ ʠ ʩʪʘʣʴʥʳʭ 

ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʢʦʨʧʫʩʦʚ ʧʦʟʚʦʣʠʣʦ ʚʜʚʦʝ ʫʚʝʣʠʯʠʪʴ ʩʫʤʤʘʨʥʳʡ ʠʤʧʫʣʴʩ ʪʷʛʠ ʈɼʊʊ ʅɸʈ 

ʉ-8 ʩ 6100 ʅĀʩ ʜʦ 14250 ʅĀʩ, ʫʣʫʯʰʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʤʘʩʩʦʚʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʘ ʩ 1,26 ʜʦ 0,62 ʠ 

ʧʨʠ ʵʪʦʤ ʩʦʭʨʘʥʠʪʴ ʜʣʠʥʫ ʈɼʊʊ ʢʘʢ ʰʪʘʪʥʦʛʦ ʈɼʊʊ. 

ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʨʘʝʢʪʦʨʠʡ ʜʣʷ ʅɸʈ ʉ-8 ʩ ʨʘʟʣʠʯʥʳʤʠ  ʈɼʊʊ 

ʦʧʨʝʜʝʣʷʣʠʩʴ ʧʨʠ ʨʝʰʝʥʠʠ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʃɸ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ. ɺ 

ʧʨʦʝʢʮʠʠ ʥʘ ʦʩʠ ʩʢʦʨʦʩʪʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʚ ʧʦʣʝ ʩʠʣ ʪʷʞʝʩʪʠ 

ʧʨʠʥʠʤʘʶʪ ʚʠʜ: 
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ʛʜʝ m ï ʧʝʨʝʤʝʥʥʘʷ ʤʘʩʩʘ ʘʧʧʘʨʘʪʘ, V ï ʩʢʦʨʦʩʪʴ ʧʦʣʝʪʘ, t ï ʚʨʝʤʷ, P ï ʩʠʣʘ ʪʷʛʠ 

ʜʚʠʛʘʪʝʣʷ, X,Y ï ʩʠʣʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʧʦʜʲʝʤʥʘʷ ʩʠʣʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, Ϲ ï ʫʛʦʣ ʥʘʢʣʦʥʘ 

ʪʨʘʝʢʪʦʨʠʠ ʧʦʣʝʪʘ, g ï ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ, Rʟ ï ʨʘʜʠʫʩ ɿʝʤʣʠ, ʅ ï ʚʳʩʦʪʘ 

ʧʦʣʝʪʘ, a ï ʫʛʦʣ ʘʪʘʢʠ ʘʧʧʘʨʘʪʘ, jʜʚ ï ʫʛʦʣ ʫʩʪʘʥʦʚʢʠ ʜʚʠʛʘʪʝʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʜʦʣʴʥʦʡ 

ʦʩʠ ʘʧʧʘʨʘʪʘ. ɺ ʨʘʩʯʝʪʘʭ  ʧʨʠʥʠʤʘʣʦʩʴ, ʯʪʦ jʜʚ = 0, ʥʘʧʨʘʚʣʝʥʠʝ ʩʠʣʳ ʪʷʛʠ ʈ ʩʦʚʧʘʜʘʝʪ ʩ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʦʩʠ ʜʚʠʛʘʪʝʣʷ.  
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 ʫʯʠʪʳʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʮʝʥʪʨʦʩʪʨʝʤʠʪʝʣʴʥʦʛʦ ʫʩʢʦʨʝʥʠʷ, 

ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʢʨʠʚʠʟʥʦʡ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʇʨʦʮʝʜʫʨʘ ʨʘʩʯʝʪʘ ʫʯʠʪʳʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʘʪʤʦʩʬʝʨʳ ʢʘʢ ʧʣʦʪʥʦʩʪʴ, 

ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ ʠ ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʩʦʪʳ. 

ʂ ʫʨʘʚʥʝʥʠʷʤ ʜʚʠʞʝʥʠʷ (1) ʜʦʙʘʚʣʷʶʪʩʷ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ, ʩʚʷʟʳʚʘʶʱʠʝ 

ʜʘʣʴʥʦʩʪʴ L ʠ ʚʳʩʦʪʫ ʧʦʣʝʪʘ ʅ ʩʦ ʩʢʦʨʦʩʪʴʶ ʠ ʫʛʣʦʤ ʥʘʢʣʦʥʘ ʪʨʘʝʢʪʦʨʠʠ: 
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ʘ ʪʘʢʞʝ ʫʨʘʚʥʝʥʠʝ ʠʟʤʝʥʝʥʠʷ ʤʘʩʩʳ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʚʩʣʝʜʩʪʚʠʝ ʩʛʦʨʘʥʠʷ 

ʪʦʧʣʠʚʘ 

ñ-=
t

0
0 dt)( ʩGmtm ,         (3) 

ʛʜʝ Gʩ ï ʩʝʢʫʥʜʥʳʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ, m0 ï ʥʘʯʘʣʴʥʘʷ ʤʘʩʩʘ ʘʧʧʘʨʘʪʘ. 
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ʀʥʪʝʛʨʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (1)-(3) ʧʨʦʚʦʜʠʣʦʩʴ ʯʠʩʣʝʥʥʦ ʤʝʪʦʜʦʤ 

ʈʫʥʛʝ-ʂʫʪʪʘ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʩ ʧʦʩʪʦʷʥʥʳʤ ʰʘʛʦʤ ʧʦ ʚʨʝʤʝʥʠ.  

ʈʘʩʯʸʪʳ ʪʨʘʝʢʪʦʨʠʡ ʜʚʠʞʝʥʠʷ ʅɸʈ ʠ ʠʭ ʩʢʦʨʦʩʪʝʡ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʥʘ ʕɺʄ ʚ ʩʨʝʜʝ 

Microsoft Excel ʜʣʷ ʫʩʣʦʚʠʡ ʩʪʨʝʣʴʙʳ ʅɸʈ ʩ ʚʝʨʪʦʣʝʪʦʚ ʥʘ ʥʘʠʙʦʣʴʰʫʶ ʜʘʣʴʥʦʩʪʴ. ɿʥʘʯʝʥʠʷ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʢʦʨʦʩʪʷʭ ʧʦʣʝʪʘ ʚʟʷʪʳ ʠʟ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ  ʨʘʩʯʝʪʦʚ.  

ʋʩʣʦʚʠʷ ʧʫʩʢʘ ʅɸʈ ʩ ʚʝʨʪʦʣʝʪʘ: ʩʢʦʨʦʩʪʴ ʚʝʨʪʦʣʝʪʘ 50 ʤ/ʩ; ʫʛʦʣ ʢʘʙʨʠʨʦʚʘʥʠʷ 20
0
; 

ʚʳʩʦʪʘ ʧʦʣʝʪʘ 20ʤ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʪʨʘʝʢʪʦʨʠʡ ʧʦʣʝʪʘ ʅɸʈ ʩ ʨʘʟʣʠʯʥʳʤʠ ʈɼʊʊ 

ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 7-8. ʄʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʨʘʢʝʪ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʛʦ ʈɼʊʊ ʫʚʝʣʠʯʠʣʘʩʴ ʩ 440 ʤ/ʩ ʜʦ 1000 ʤ/ʩ. 

 

 
ʈʠʩ. 7.ʊʨʘʝʢʪʦʨʠʷ ʧʦʣʝʪʘ ʨʘʢʝʪʳ ʩʦ ʰʪʘʪʥʳʤ ʈɼʊʊ 

 

 
ʈʠʩ. 8.ʊʨʘʝʢʪʦʨʠʷ ʧʦʣʝʪʘ ʨʘʢʝʪʳ ʩ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʳʤ ʈɼʊʊ 
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ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʘʭ 7-8 ʚʠʜʥʦ, ʯʪʦ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʛʦ ʈɼʊʊ ʜʘʣʴʥʦʩʪʠ ʧʫʩʢʘ ʨʘʢʝʪ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʦʪ 5 ʢʤ 

(ʰʪʘʪʥʳʡ ʈɼʊʊ) ʜʦ 8 ʢʤ, ʧʨʠ ʵʪʦʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʝʜʝʥʠʷ ʙʦʝʚʳʭ ʜʝʡʩʪʚʠʡ ʚ 

ʫʩʣʦʚʠʷʭ ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʪʠʚʥʠʢʦʤ ʩʨʝʜʩʪʚ ʇɺʆ (ʧʝʨʝʥʦʩʥʳʭ ʇɿʈʂ). 
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ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥ ʤʝʪʦʜ ʠ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʤʘʩʢʠʨʫʶʱʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʨʦʰʢʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʩʧʝʮʠʟʜʝʣʠʡ. ʋʢʘʟʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʧʦʨʦʰʢʦʚ, ʦʙʦʟʥʘʯʝʥʳ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʧʦ ʢʦʪʦʨʳʤ ʦʥʠ ʦʮʝʥʠʚʘʶʪʩʷ, ʘ ʪʘʢʞʝ 

ʩʧʦʩʦʙʳ, ʢʦʪʦʨʳʤʠ ʧʨʦʚʦʜʠʪʩʷ ʦʮʝʥʢʘ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʪʝʣʴʥʳʭ 

ʠʟʤʝʨʝʥʠʡ ʤʘʩʢʠʨʫʶʱʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʨʦʧʫʩʢʘʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʧʦʨʦʰʢʦʚ ʨʘʟʣʠʯʥʳʭ ʤʘʨʦʢ ʠ ʩʪʨʘʥ-ʠʟʛʦʪʦʚʠʪʝʣʝʡ ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ, ʧʨʦʚʝʜʝʥ 

ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ. ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʥʠʞʝʥʠʷ ʪʨʫʜʦʝʤʢʦʩʪʠ, 

ʤʘʪʝʨʠʘʣʴʥʳʭ ʟʘʪʨʘʪ ʠ ʚʨʝʤʝʥʠ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʩʨʘʚʥʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʘʵʨʦʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤ ʚ ʥʘʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭ. 

The paper contains the method and the results of measuring metal powders masking 

abilities, which are used for ammunition. There is shown production technology for metal powders, 

itôs main characteristics and features, methods of evaluation, e.t.c. The results of comparative 

measurements of masking abilities and extinction coefficients for different types of metal powders 

are presented, the analysis of the obtained data is shown.The possibilities of reducing labor 

intensity, material costs,researching process time and string time are shown. 

 

ɺʚʝʜʝʥʠʝ 

ʆʜʥʦʡ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʚ ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʧʦʨʦʰʢʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʩʧʝʮʠʟʜʝʣʠʷʭ, ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʠʪʴ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʨʘʙʦʪʳ, 

ʦʙʝʩʧʝʯʠʪʴ ʙʦʣʝʝ ʢʦʨʨʝʢʪʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʡ, ʘ ʪʘʢʞʝ ʧʦʜʙʠʨʘʪʴ 

ʤʘʪʝʨʠʘʣʳ, ʥʘʠʙʦʣʝʝ ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʚʳʧʦʣʥʝʥʠʶ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ.  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʘʩʢʠʨʫʶʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʠ (ʄʉ) ʨʘʟʣʠʯʥʳʭ ʤʘʨʦʢ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʨʦʰʢʦʚ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʝʥʠʝ ʚʭʦʜʥʦʛʦ 

ʢʦʥʪʨʦʣʷ ʧʦʩʪʘʚʣʷʝʤʳʭ ʢʦʤʧʦʥʝʥʪ ʜʣʷ ʩʧʝʮʠʟʜʝʣʠʡ.  

 

ʆʙʲʝʢʪ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʀʩʩʣʝʜʦʚʘʥʠʶ ʧʦʜʚʝʨʛʘʣʠʩʴ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʧʦʨʦʰʢʠ, ʧʨʠʤʝʥʷʝʤʳʝ ʪʘʢʞʝ ʠ ʚ 

ʧʦʣʠʛʨʘʬʠʯʝʩʢʦʡ ʧʝʯʘʪʠ, ʘ ʠʤʝʥʥʦ ï ʙʨʦʥʟʦʚʳʝ ʧʫʜʨʳ (ɹʇ) ʨʘʟʣʠʯʥʳʭ ʤʘʨʦʢ. ɼʘʥʥʳʝ 

ʤʘʪʝʨʠʘʣʳ, ʥʝʩʤʦʪʨʷ ʥʘ ʫʩʪʦʷʚʰʝʝʩʷ ʥʘʟʚʘʥʠʝ, ʢʘʢ ʧʨʘʚʠʣʦ ʩʦʩʪʦʷʪ ʠʟ ʣʘʪʫʥʠ (Cu å 80%. 

Zn å 20%). ɹʇ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʵʨʦʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤ (ɸɼʉ)[5-9]. 

ʉʳʨʴʝʤ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ɹʇ ʩʣʫʞʠʪ ʢʨʫʧʥʳʡ ʧʦʨʦʰʦʢ (ʤʝʣʢʘʷ ʩʪʨʫʞʢʘ), ʧʦʣʫʯʝʥʥʳʡ 

ʬʨʝʟʝʨʦʚʘʥʠʝʤ ʩʣʠʪʢʦʚ ʥʝʦʙʭʦʜʠʤʦʛʦ ʤʘʪʝʨʠʘʣʘ [1]. ʇʦʨʦʰʦʢ ʩʤʝʰʠʚʘʶʪ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʧʣʝʥʢʦʦʙʨʘʟʫʶʱʠʤʠ ʜʦʙʘʚʢʘʤʠ, ʘ ʟʘʪʝʤ ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʟʤʝʣʴʯʝʥʠʝ ʚ ʤʦʣʦʪʢʦʚʳʭ ʜʨʦʙʠʣʢʘʭ 

ʠʣʠ ʰʘʨʦʚʳʭ ʤʝʣʴʥʠʮʘʭ. ʈʘʟʤʦʣ ʜʦ ʩʦʩʪʦʷʥʠʷ ʧʫʜʨʳ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ (ʜʦ 4-

5) ʩ ʧʦʩʪʝʧʝʥʥʳʤ ʩʥʠʞʝʥʠʝʤ ʜʠʘʤʝʪʨʘ ʨʘʟʤʘʣʳʚʘʶʱʠʭ ʰʘʨʦʚ ʦʪ 38-45 ʤʤ ʥʘ ʥʘʯʘʣʴʥʦʤ 

ʵʪʘʧʝ ʜʦ 10-15 ʤʤ ʥʘ ʟʘʚʝʨʰʘʶʱʝʤ ʧʨʠ ʦʢʦʥʯʘʪʝʣʴʥʦʤ ʨʘʟʤʦʣʝ. ʌʦʨʤʘ ʯʘʩʪʠʮ ʛʦʪʦʚʳʭ ʧʫʜʨ 

ʯʝʰʫʡʯʘʪʦʡ ʠʣʠ ʣʝʧʝʩʪʢʦʚʦʡ ʬʦʨʤʳ.  

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʙʨʦʥʟʦʚʳʭ ʧʫʜʨ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʧʘʨʘʤʝʪʨʘʤ. ʆʜʥʠʤ ʠʟ 

ʩʘʤʳʭ ʟʥʘʯʠʤʳʭ ʷʚʣʷʝʪʩʷ ʤʘʩʢʠʨʫʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 
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ʢʦʵʬʬʠʮʠʝʥʪ ʦʩʣʘʙʣʝʥʠʷ ʠʟʣʫʯʝʥʠʷ ʘʵʨʦʟʦʣʴʥʳʤ ʦʙʣʘʢʦʤ, ʧʦʣʫʯʝʥʥʳʡ ʧʨʠ ʨʘʩʭʦʜʝ 1 ʛ 

ʘʵʨʦʟʦʣʝʦʙʨʘʟʫʶʱʝʛʦ ʚʝʱʝʩʪʚʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 1 ʤ
3 
ʘʵʨʦʟʦʣʷ. ʆʮʝʥʢʝ ʧʦʜʚʝʨʛʘʝʪʩʷ ʤʘʩʩʦʚʘʷ 

ʤʘʩʢʠʨʫʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ (ʄʄʉ), ʨʘʩʩʯʠʪʳʚʘʝʤʘʷ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ[2]: 

 

tg ln
m

S
k-= , ʤ

2
/ʛ (1) 

 

ʛʜʝ: S ï ʧʣʦʱʘʜʴ ʇʕʊʌ ʧʣʝʥʢʠ, ʤ
2
;  

m ï ʤʘʩʩʘ ʥʘʧʳʣʝʥʥʦʛʦ ʥʘ ʧʣʝʥʢʫ ʧʦʨʦʰʢʘ, ʛ; 

k ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʨʘʚʥʦʚʝʨʦʷʪʥʦʝ ʧʦʣʦʞʝʥʠʝ ʯʘʩʪʠʮʳ ɹʇ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ, k=0,5.  

ʄʉ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦ ʬʦʨʤʫʣʝ (1), ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʶ ʯʘʩʪʠʮ ɹʇ ʚ 

ʪʨʝʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʟʚʝʩʪʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʚ ʨʘʙʦʪʝ [2] ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ 

ʄʄʉ, ʙʘʟʠʨʫʶʱʠʡʩʷ ʥʘ ʧʣʸʥʦʯʥʦʤ ʩʣʦʝ ʧʣʦʩʢʠʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʯʘʩʪʠʮ: 

- ʷʚʣʷʝʪʩʷ ʤʝʥʝʝ ʪʨʫʜʦʸʤʢʠʤ ʠ ʪʨʝʙʦʚʘʪʝʣʴʥʳʤ ʧʦ ʘʧʧʘʨʘʪʫʨʥʦʤʫ ʠ ʬʠʥʘʥʩʦʚʦʤʫ 

ʦʙʝʩʧʝʯʝʥʠʶ; 

- ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʝʥʴʰʫʶ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ, ʩʚʷʟʘʥʥʫʶ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʤʘʩʩʦʚʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʵʨʦʟʦʣʷ ʚ ɸɼʉ ʠ ʩ ʫʯʝʪʦʤ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʪʦʯʥʠʢʘ ʘʵʨʦʟʦʣʷ, 

ɸɼʉ ʠ ʘʪʤʦʩʬʝʨʳ; 

- ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʦʧʝʨʘʪʠʚʥʳʝ ʣʘʙʦʨʘʪʦʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʤʘʣʳʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʜʝʬʠʮʠʪʥʦʛʦ ʘʵʨʦʟʦʣʴʥʦʛʦ ʚʝʱʝʩʪʚʘ. 

ʕʪʦʪ ʤʝʪʦʜ ʧʨʦʚʝʨʝʥ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʟʘʨʫʙʝʞʥʳʭ ʘʚʪʦʨʦʚ ʚ ʘʵʨʦʟʦʣʴʥʦʡ ʢʘʤʝʨʝ ʠ ʚ ʥʘʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭ ʜʣʷ ʤʘʨʦʢ 

ɹʇ, ʠʤʝʶʱʠʭ ʙʣʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ 

ʧʣʦʪʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʧʫʜʨ [2]. 

ɼʨʫʛʦʡ ʚʘʞʥʳʡ ʧʘʨʘʤʝʪʨ - ʢʨʦʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴSʢʨ,ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷʧʣʦʱʘʜʴ, 

ʢʦʪʦʨʫʶ ʧʦʣʥʦʩʪʴʶ ʦʜʥʠʤ ʩʣʦʝʤ ʧʦʢʨʳʚʘʝʪ 1 ʛ ʧʦʨʦʰʢʘ. ʉʧʦʩʦʙ ʫʩʪʘʥʦʚʣʝʥʠʷ ʢʨʦʶʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ɹʇ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʦʢʫʤʝʥʪʘʮʠʝʡ ʥʘ ʥʝʸ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʙʨʦʥʟʦʚʦʡ ʧʫʜʨʳ ʜʣʷ 

ʦʬʩʝʪʥʦʡ ʧʝʯʘʪʠ (ɹʇʆ) ï ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʊʋ 48-21-5-72[3, 4]. 

ʆʧʨʝʜʝʣʝʥʠʝ ʢʨʦʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʦʩʫʱʝʩʪʚʣʷʶʪ ʚ ʧʨʷʤʦʫʛʦʣʴʥʦʤ ʩʦʩʫʜʝ, 

ʫʩʪʘʥʦʚʣʝʥʥʦʤ ʥʘ ʪʨʝʭ ʨʝʛʫʣʠʨʦʚʦʯʥʳʭ ʚʠʥʪʘʭ. ʇʦʧʝʨʝʢ ʩʦʩʫʜʘ ʥʘ ʝʛʦ ʙʦʨʪʘ ʢʣʘʜʫʪ ʜʚʝ 

ʩʪʝʢʣʷʥʥʳʝ ʧʦʣʦʩʢʠ ʰʠʨʠʥʦʡ 2-3 ʩʤ. ɹʦʨʪʘ ʩʦʩʫʜʘ ʠ ʧʦʣʦʩʢʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʪʠʨʘʶʪ 

ʧʘʨʘʬʠʥʦʤ ʠ ʧʦʣʠʨʫʶʪ ʤʷʛʢʦʡ ʪʢʘʥʴʶ. ɻʦʨʠʟʦʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʩʦʩʫʜ ʟʘʧʦʣʥʷʶʪ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʫʨʦʚʝʥʴ ʝʸ ʥʝ ʙʫʜʝʪ ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ ʙʦʨʪʦʚʳʭ 

ʢʨʦʤʦʢ ʩʦʩʫʜʘ.  

ʅʘ ʯʠʩʪʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʚʦʜʳ, ʦʛʨʘʥʠʯʝʥʥʫʶ ʧʦ ʜʣʠʥʝ ʜʚʫʤʷ ʩʪʝʢʣʷʥʥʳʤʠ ʧʦʣʦʩʢʘʤʠ, 

ʨʘʩʧʳʣʷʶʪ ʨʘʚʥʦʤʝʨʥʦ ʥʘʚʝʩʢʫ ʧʫʜʨʳ 0,05 ï 0,1 ʛ. ɿʘʪʝʤ ʧʦʣʦʩʢʠ ʩʜʚʠʛʘʶʪ ʪʘʢ, ʯʪʦʙʳ 

ʧʦʚʝʨʭʥʦʩʪʴ ʚʦʜʳ, ʧʦʢʨʳʪʘʷ ʧʫʜʨʦʡ, ʥʝ ʠʤʝʣʘ ʩʚʦʙʦʜʥʳʭ ʧʨʦʩʚʝʪʦʚ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʧʫʜʨʫ ʨʘʩʧʳʣʷʶʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ ʤʷʛʢʦʡ ʢʠʩʪʦʯʢʦʡ.  

ʂʠʩʪʦʯʢʦʡ ʩʦʙʠʨʘʶʪ ʠʟʣʠʰʥʠʝ ʩʣʦʠ ʧʫʜʨʳ, ʢʦʪʦʨʳʝ ʨʘʩʧʨʘʚʣʷʶʪ ʨʘʟʜʚʠʞʝʥʠʝʤ 

ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʣʦʩʦʢ. ʂʦʨʨʝʢʪʠʨʦʚʢʫ ʧʨʦʠʟʚʦʜʷʪ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʚʩʷ 

ʦʛʨʘʥʠʯʝʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʥʝ ʙʫʜʝʪ ʧʦʢʨʳʪʘ ʨʦʚʥʳʤ ʩʣʦʝʤ, ʠ ʜʚʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ 

ʠʟʤʝʨʝʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʧʦʩʣʝ ʧʦʚʪʦʨʥʦʛʦ ʩʜʚʠʞʝʥʠʷ ʠ ʨʘʟʜʚʠʞʝʥʠʷ ʧʦʣʦʩʦʢ, ʥʝ ʜʘʜʫʪ 

ʩʦʚʧʘʜʘʶʱʠʭ ʨʝʟʫʣʴʪʘʪʦʚ (ʨʘʩʭʦʞʜʝʥʠʝ ʥʝ ʙʦʣʝʝ 5% ʦʪʥ.). ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢʨʦʶʱʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ï ʦʪʥʦʰʝʥʠʝ ʧʣʦʱʘʜʠ ʚʦʜʳ, ʧʦʢʨʳʪʦʡ ʧʫʜʨʦʡ, ʢ ʤʘʩʩʝ ʥʘʚʝʩʢʠ. ɿʘ ʨʝʟʫʣʴʪʘʪ 

ʠʩʧʳʪʘʥʠʷ ʧʨʠʥʠʤʘʶʪ ʩʨʝʜʥʝʘʨʠʬʤʝʪʠʯʝʩʢʫʶ ʚʝʣʠʯʠʥʫ ʜʚʫʭ ʧʘʨʘʣʣʝʣʴʥʳʭ ʦʧʨʝʜʝʣʝʥʠʡ. 

ʇʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʄʄʉ ɹʇ, ʨʝʘʣʠʟʦʚʘʥʥʦʡ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, 

ʠʟʣʦʞʝʥʦ ʚ [2]. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʦʙʨʘʟʮʳ 

ʨʘʟʤʝʨʦʤ 100ʭ100 ʤʤĮ ʚ ʚʠʜʝ ʧʦʣʠʵʪʠʣʝʥʪʝʨʝʬʪʘʣʘʪʥʦʡ ʧʣʝʥʢʠ, ʧʨʦʟʨʘʯʥʦʡ ʚ ʚʠʜʠʤʦʤ ʠ 

ʠʥʬʨʘʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥʘʭ ʜʣʠʥ ʚʦʣʥ,ʩ ʥʘʥʝʩʝʥʥʳʤ ʥʘ ʥʝʸ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʚʥʦʤʝʨʥʳʤ ʩʣʦʝʤ 

ʧʫʜʨʳ. 
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ʀʟʤʝʨʝʥʠʷ ʄʉ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʧʫʩʢʘʥʠʷ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʬʦʪʦʤʝʪʨʘ ʚ 

ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ (ȹɚ=0,4-0,7 ʤʢʤ). 

ʉʨʘʚʥʝʥʠʶ ʧʦʜʚʝʨʛʘʣʠʩʴ ɹʇ ʨʘʟʣʠʯʥʳʭ ʤʘʨʦʢ, ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʳʭ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1. ʆʙʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʨʦʥʟʦʚʳʭ ʧʫʜʨ 

ˉ 

ʧ/ʧ 
ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʧʨʦʜʫʢʪʘ 

ʍʠʤʠʯʝʩʢʠʡ 

ʩʦʩʪʘʚ, % 
ʂʨʦʶʱʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ, 

Sʢʨ, ʩʤ
2
/ʛ 

ʇʨʦʠʟʚʦʜʠʪʝʣʴ 

(ʧʦʩʪʘʚʱʠʢ) ʧʨʦʜʫʢʪʘ 
Cu Zn 

1 

ʇʫʜʨʘ ʙʨʦʥʟʦʚʘʷ 

ɹʇʆ,  

ʊʋ48-21-5-72 

83-87 11-15 1870 

ʆɸʆ çʂʘʤʝʥʩʢ-

ʋʨʘʣʴʩʢʠʡ ʟʘʚʦʜ ʆʎʄè, 

ʈʦʩʩʠʷ 

2 
ʇʫʜʨʘ ʙʨʦʥʟʦʚʘʷ 

Brilliant 2500 RPG 
80 20 2400-3400 

AVLMETALPOWDERS, 

ɹʝʣʴʛʠʷ 
3 
ʇʫʜʨʘ ʙʨʦʥʟʦʚʘʷ 

9000 RPG 
80 20 5500-9500 

4 
ʇʫʜʨʘ ʙʨʦʥʟʦʚʘʷ 

Grade 800 RG 
70 30 4000-5200 

Shenzhen Yu Mingjie 

Pigments Co, ʂʠʪʘʡ 

5 
ʇʫʜʨʘ ʙʨʦʥʟʦʚʘʷ 

Grade 1200 RG 
70 30 

6500-11000 
Shenzhen Yu Mingjie 

Pigments Co, ʂʠʪʘʡ 
6 
ʇʫʜʨʘ ʙʨʦʥʟʦʚʘʷ 

Grade 1500 RG 
7800-13000 

 

ʈʝʟʫʣʴʪʘʪʳ 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʧʫʩʢʘʥʠʷ ɹʇ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʦʙʨʘʟʮʘʭ ʩ ʨʘʟʣʠʯʥʳʤʠ ʤʘʩʩʘʤʠ ʧʫʜʨ.  

ɺ ʪʘʙʣʠʮʝ 3 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʄʉ ɹʇ ʧʦ ʬʦʨʤʫʣʝ (1). ɿʥʘʯʝʥʠʷ ʄʉ 

ʥʘ ʧʣʦʩʢʦʩʪʠ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʄʉ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʧʦʵʪʦʤʫ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ (1)ʟʥʘʯʝʥʠʷ ʙʳʣʠ 

ʫʩʨʝʜʥʝʥʳ ʠ ʧʝʨʝʩʯʠʪʘʥʳ ʩ ʫʯʝʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪʘ k=0,5.  
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ʊʘʙʣʠʮʘ 2. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʧʫʩʢʘʥʠʷ ʙʨʦʥʟʦʚʳʭ ʧʫʜʨ 

ʊʠʧ ɹʇ 
ʄʘʩʩʘ ɹʇ, ʥʘʥʝʩʝʥʥʦʡ  

ʥʘ ʧʣʝʥʢʫ, ʤʛ 

ʂʦʵʬʬʠʮʠʝʥʪʳ 

ʧʨʦʧʫʩʢʘʥʠʷ ɹʇ,  ʦʪʥ. ʝʜ. 

ɹʇʆ 
40 0,22 

10 0,69 

Brilliant 2500 RPG 

16 0,18 

13 0,34 

16 0,23 

9000 RPG 
40 0,002 

10 0,22 

Grade 800 RG 

9,5 0,14 

12 0,11 

11 0,15 

Grade 1200 RG 

8 0,19 

8 0,14 

9 0,09 

Grade 1500 RG 

8 0,13 

5,5 0,16 

7 0,16 

 

ʊʘʙʣʠʮʘ 3. ʄʘʩʢʠʨʫʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʙʨʦʥʟʦʚʳʭ ʧʫʜʨ  

ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ  ʜʣʠʥ ʚʦʣʥ (ȹɚ=0,4-0,7 ʤʢʤ) 

ʊʠʧ ɹʇ ʄʄʉ ʥʘ ʧʣʦʩʢʦʩʪʠ, ʤ
2
/ʛ ʊʨʸʭʤʝʨʥʘʷʄʄʉ, ɔm (ɹʇ), ʤ

2
/ʛ 

ɹʇʆ 0,63Ñ0,08 0,31Ñ0,04 

Brilliant 2500 RPG 0,86Ñ0,08 0,43Ñ0,04 

9000 RPG 2,48Ñ0,18 1,24Ñ0,09 

Grade 800 RG 1,7Ñ0,12 0,85Ñ0,06 

Grade 1200 RG 2,2Ñ0,19 1,1Ñ0,09 

Grade 1500 RG 2,62Ñ0,3 1,31Ñ0,15 

 

  



  
 

101 
 

ʆʙʩʫʞʜʝʥʠʝ 

ɸʥʘʣʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʪʘʙʣʠʮʝ 3 ʠʥʬʦʨʤʘʮʠʠʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ 

ʜʣʠʥ ʚʦʣʥ ʟʘʨʫʙʝʞʥʳʝ ʤʘʨʢʠ ɹʇ ʠʤʝʶʪ ʤʘʩʩʦʚʫʶ ʄʉ, ʧʨʝʚʳʰʘʶʱʫʶ ʄʉ ʦʪʝʯʝʩʪʚʝʥʥʦʡ 

ʤʘʨʢʠ ɹʇʆ. ɸ ʠʤʝʥʥʦ: ʜʣʷ Brilliant 2500 RPGʧʨʝʚʳʰʝʥʠʝ ʚ 1,4 ʨʘʟʘ, ʜʣʷ 9000 RPG ï ʚ 4 ʨʘʟʘ, 

ʜʣʷ Grade 800 RG ï ʚ 2,7 ʨʘʟ, ʜʣʷ Grade 1200 RG ï ʚ 3,5 ʨʘʟ, ʜʣʷ Grade 1500 RG ï ʚ 4,2 ʨʘʟ. 

ʅʘʙʣʶʜʘʝʪʩʷ ʙʣʠʟʢʘʷ ʢ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴ ʄʄʉ ɹʇ ʦʪ ʝʸ ʟʘʚʦʜʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ï 

ʢʨʦʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ.  

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʪʨʝʙʦʚʘʥʠʷ, ʟʘʜʘʥʥʳʝ ʢ ʢʦʤʧʣʝʢʪʫʶʱʠʤ 

ʠʟʜʝʣʠʡ ʚ ʚʠʜʝ ʄʄʉ, ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʩ ʧʦʤʦʱʴʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʚ 

ʟʘʚʦʜʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʘ ʪʘʢʞʝ ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʣʦʩʢʠʭ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʯʘʩʪʠʮ, ʧʨʦʚʝʜʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʨʫʙʝʞʥʳʭ ʦʙʨʘʟʮʦʚ ɹʇ ʩ ʧʦʤʦʱʴʶ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ.  

 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʚ ʩʪʘʪʴʝ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɹʇ ʠ ʦʩʫʱʝʩʪʚʣʷʪʴ ʚʭʦʜʥʦʡ ʢʦʥʪʨʦʣʴ ʤʘʪʝʨʠʘʣʦʚ ʥʘ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʟʘʨʘʥʝʝ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʯʪʦ, ʚ ʢʦʥʝʯʥʦʤ ʩʯʸʪʝ, ʩʫʱʝʩʪʚʝʥʥʦ 

ʩʥʠʞʘʝʪ ʪʨʫʜʦʸʤʢʦʩʪʴ, ʤʘʪʝʨʠʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʠ ʚʨʝʤʷ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʩʨʘʚʥʠʪʝʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ɸɼʉ ʚ ʥʘʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭ.  

ʇʦʩʢʦʣʴʢʫ ʚ ʩʧʝʮʠʟʜʝʣʠʷʭ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʘʪʝʨʠʘʣʳ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʧʫʜʨ (ɹʇʆ) ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʂʨʦʤʝ ʪʦʛʦ, 

ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʤʝʪʦʜʠʢʠ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʥʳʭ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʨʦʰʢʦʚ ʠ ʧʦʜʙʦʨ ʩʦʩʪʘʚʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʥʝʦʙʭʦʜʠʤʳʝ ʄʉ.   
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ɺ ʨʘʙʦʪʝ ʦʧʠʩʘʥʦ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʬʠʟʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʠ ʜʚʠʞʝʥʠʠ 

ʤʝʪʘʝʤʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʙʘʣʣʠʩʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʝ. 

ʇʨʠʤʝʥʝʥʘ ʤʝʪʦʜʠʢʘ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠ ʠʟʫʯʝʥʠʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʫʟʣʘ ʪʨʝʥʠʷ ʤʝʪʘʝʤʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ 

ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʫʟʣʘ ʪʨʝʥʠʷ ʤʝʪʘʝʤʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, 

ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʠʟ ʚʳʩʦʢʦʫʛʣʝʨʦʜʠʩʪʦʡ ʩʪʘʣʠ. ʇʨʦʠʟʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʨʦʬʠʣʷ ʫʟʣʘ ʪʨʝʥʠʷ. ʅʘ ʦʩʥʦʚʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ 

ʩʜʝʣʘʥʳ ʚʳʚʦʜʳ ʦ ʚʣʠʷʥʠʠ ʬʠʟʠʯʝʩʢʠʭ, ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ ʫʟʣʘ ʪʨʝʥʠʷ ʥʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ ʜʚʠʞʝʥʠʠ ʚ ʙʣʦʢʝ. 

In the paper describes the numerical simulation of the physical process during the motion of 

a device being thrown in a ballistic installation moved. The technique of numerical modeling in 

studying the improved material of the friction unit of the device being thrown is applied. A study 

was made of the process of temperature change during the formation of a friction unit of a device 

being thrown, made of high-carbon steel. Calculations of the heat distribution during the formation 

of the profile of the friction unit are made. On the basis of theoretical calculations, conclusions are 

drawn about the effect of the physical, mechanical properties of the material of the friction unit on 

the heat distribution when moving in a block. 

 

1. ɺʚʝʜʝʥʠʝ 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʫʟʝʣ ʪʨʝʥʠʷ - ʮʝʣʴʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ, ʠʟʛʦʪʦʚʣʝʥʥʘʷ ʠʟ ʦʜʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ. ʇʨʦʬʠʣʴ ʫʟʣʘ ʪʨʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʯʝʨʝʜʦʚʘʥʠʝ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʚʳʩʪʫʧʦʚ 

ʠ ʚʧʘʜʠʥ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʦʢʨʫʞʥʦʩʪʠ (ʟʫʙʯʘʪʦʝ ʢʦʣʝʩʦ). ʈʘʙʦʪʘ ʫʟʣʘ ʪʨʝʥʠʷ ʚ ʨʘʟʛʦʥʥʦʤ 

ʙʣʦʢʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʧʦʚʝʨʭʥʦʩʪʷʤ ʚʳʩʪʫʧʘ ʠ ʚʧʘʜʠʥʳ, ʢʦʥʪʘʢʪʠʨʫʶʱʠʤ ʧʦ ʜʥʫ, ʧʦʣʷʤ 

ʠ ʛʨʘʥʷʤ ʥʘʨʝʟʦʚ ʂʘʞʜʳʡ ʫʯʘʩʪʦʢ ʧʦʚʝʨʭʥʦʩʪʠ (ʜʥʦ, ʧʦʣʝ, ʛʨʘʥʴ) ʫʟʣʘ, ʦʙʣʘʜʘʷ ʦʜʠʥʘʢʦʚʦʡ 

ʩʢʦʨʦʩʪʴʶ ʜʚʠʞʝʥʠʷ ʧʦ ʨʘʟʛʦʥʥʦʤʫ ʙʣʦʢʫ, ʚʦʩʧʨʠʥʠʤʘʝʪ ʨʘʟʣʠʯʥʳʝ ʥʘʛʨʫʟʢʠ. ʂʨʦʤʝ ʵʪʦʛʦ 

ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʚʳʩʪʫʧʘ ʟʘ ʩʯʝʪ ʨʘʟʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʝ 

ʩʣʦʠ ʢʘʞʜʦʛʦ ʜʝʬʦʨʤʠʨʫʶʪʩʷ ʧʦ-ʨʘʟʥʦʤʫ. 

ʇʨʠ ʜʚʠʞʝʥʠʠ ʫʩʪʨʦʡʩʪʚʘ ʧʦ ʢʘʥʘʣʫ ʢʦʤʧʣʝʢʩʘ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʫʟʣʘ 

ʪʨʝʥʠʷ ʜʦʩʪʠʛʘʶʪ ʚʝʣʠʯʠʥ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʣʘʚʣʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʦʜʥʦʛʦ ʠʟ ʪʨʫʱʠʭʩʷ ʪʝʣ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩʦʤ ʩʣʦʞʥʳʤ, 

ʨʝʩʫʨʩʦ- ʠ ʚʨʝʤʷʟʘʪʨʘʪʥʳʤ, ʧʦʵʪʦʤʫ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ 

ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʜʚʠʞʝʥʠʠ ʫʩʪʨʦʡʩʪʚʘ 

ʚ ʨʘʟʛʦʥʥʦʤ ʙʣʦʢʝ. 

2. ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʤʘʪʝʨʠʘʣʘ ʫʟʣʘ ʪʨʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʩʢʦʣʴʞʝʥʠʷ 

ʧʦ ʨʘʟʛʦʥʥʦʤʫ ʙʣʦʢʫ ʧʨʦʚʝʜʝʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ. 

ʇʨʠ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʠ ʩʜʝʣʘʥʳ ʩʣʝʜʫʶʱʠʝ ʜʦʧʫʱʝʥʠʷ: ʤʘʪʝʨʠʘʣ ʫʟʣʘ ʦʜʥʦʨʦʜʝʥ ʠ 

ʠʟʦʪʨʦʧʝʥ, ʬʠʟʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʦʩʪʦʷʥʥʳ, ʜʝʬʦʨʤʘʮʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʸʤʘ ʷʚʣʷʝʪʩʷ 

ʦʯʝʥʴ ʤʘʣʦʡ ʚʝʣʠʯʠʥʦʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʘʤʠʤ ʦʙʲʸʤʦʤ. ʇʦʚʝʨʭʥʦʩʪʠ ʧʦʣʷ, ʛʨʘʥʠ ʠ ʜʥʘ 

ʥʘʨʝʟʦʚ ʫʩʪʘʥʦʚʢʠ ʚʳʧʦʣʥʷʶʪ ʚ ʧʨʦʮʝʩʩʝ ʩʢʦʣʴʞʝʥʠʷ ʨʘʟʥʳʝ ʟʘʜʘʯʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 
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ʦʪʣʠʯʘʶʪʩʷ ʠ ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ ʫʯʘʩʪʢʦʚ ʧʦʚʝʨʭʥʦʩʪʠ ʫʟʣʘ ʪʨʝʥʠʷ. ʇʨʦʚʝʜʝʥʦ ʨʘʟʜʝʣʝʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʪʘʢʪʘ ʫʟʣʘ ʪʨʝʥʠʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʦʩʠ ʫʩʪʨʦʡʩʪʚʘ, ʥʘ ʪʨʠ 

ʫʯʘʩʪʢʘ, ʠʟʦʙʨʘʞʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 1: 1 ï ʩʬʦʨʤʠʨʦʚʘʥ ʧʦʣʝʤ ʥʘʨʝʟʘ, 2 ïʛʨʘʥʴʶ, 3 ï ʜʥʦʤ. 

 
ʈʠʩ. 1 - ʉʭʝʤʘ ʦʙʣʘʩʪʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ 

ʛʨʝʙʝʥʯʘʪʦʛʦ ʫʟʣʘ ʪʨʝʥʠʷ 

 

3. ʇʘʨʘʤʝʪʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ʊʝʤʧʝʨʘʪʫʨʘ (T) ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʣʶʙʦʡ ʪʦʯʢʝ, ʧʝʨʝʢʨʳʚʘʶʱʝʡ ʠʩʪʦʯʥʠʢ ʪʝʧʣʘ ʨʘʚʥʘ: 

Ὕ ςὗ Ⱦ,   (1) 

ʛʜʝ t ï ʚʨʝʤʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʪʝʧʣʘ (ʫʟʝʣ ʪʨʝʥʠʷ) ʯʝʨʝʟ ʪʦʯʢʫ ʨʘʟʛʦʥʥʦʛʦ 

ʙʣʦʢʘ, ʨʘʚʥʫʶ ὸ ; Ὧȟ”ȟὧ ï ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ʧʣʦʪʥʦʩʪʴ, ʪʝʧʣʦʝʤʢʦʩʪʴ ʤʘʪʝʨʠʘʣʘ. 

ʀʩʪʦʯʥʠʢʦʤ ʪʝʧʣʘ ʷʚʣʷʝʪʩʷ ʬʨʠʢʮʠʦʥʥʳʡ ʢʦʥʪʘʢʪ çʫʟʝʣ ʪʨʝʥʠʷ ï ʨʘʟʛʦʥʥʳʡ ʙʣʦʢè. 

ʊʝʤʧʝʨʘʪʫʨʘ ʥʘ ʢʦʥʪʘʢʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʠʩʳʚʘʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ: 

Ὕ ςὪὖ
Ⱦ Ⱦ   (2) 

ʂʦʵʬʬʠʮʠʝʥʪ F ʧʘʨʳ ʪʨʝʥʠʷ çʩʪʘʣʴ - ʩʪʘʣʴè ʟʘ ʥʘʯʘʣʴʥʦʝ ʚʨʝʤʷ ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʳʤ 

0,15. ʋʜʝʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʷʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ ʠ ʨʘʚʥʦ ʧʨʦʯʥʦʩʪʠ ʪʝʢʫʯʝʩʪʠ ʤʘʪʝʨʠʘʣʘ 

ʚʝʜʫʱʝʛʦ ʫʟʣʘ. ʉʦʛʣʘʩʥʦ ʪʝʦʨʠʠ, çʪʝʤʧʝʨʘʪʫʨʘ ʚʩʧʳʰʢʠè ʜʣʷ ʤʝʪʘʣʣʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʣʘʚʣʝʥʠʷ. ɼʣʷ ʫʛʣʝʨʦʜʠʩʪʦʡ ʩʪʘʣʠ ʦʙʨʘʟʮʦʚʦʛʦ ʫʟʣʘ ʪʨʝʥʠʷ ʦʥ ʨʘʚʝʥ 1467 ÁC, 

ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʤʧʝʨʘʪʫʨʝ ʧʣʘʚʣʝʥʠʷ 1497 ÁC ʤʠʥʫʩ ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, 

ʨʘʚʥʘʷ 30 ÁC. ɼʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʫʟʣʘ ʪʨʝʥʠʷ ʙʳʣʘ 

ʚʳʙʨʘʥʘ ʦʙʣʘʩʪʴ ʨʝʰʝʥʠʷ. ʀʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʝʢʘʨʪʦʚʘ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ. ʂʨʠʚʠʟʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʥʝ ʫʯʠʪʳʚʘʣʘʩʴ, ʪʘʢ ʢʘʢ ʜʠʘʤʝʪʨ ʫʟʣʘ ʥʘʤʥʦʛʦ ʙʦʣʴʰʝ ʰʠʨʠʥʳ ʜʥʘ, ʧʦʣʷ ʠ 

ʚʳʩʦʪʳ ʥʘʨʝʟʘ. 

ɹʳʣʦ ʨʝʰʝʥʦ ʫʨʘʚʥʝʥʠʝ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ: 

”ὅ ‗     (3) 

ʇʨʠ ʥʘʯʘʣʴʥʳʭ (t = 0) ʫʩʣʦʚʠʷʭ: 

‬Ὕ

‬ὼ
π 
ὢ πȟπ ὣ ὣ

ὢ  ὢȟπ ὣ ὣ 
 

Ћ4

ЋØ
πȟὣ πȟπ ὢ ὢ 

ʇʨʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʷʭ: 

Ὕ Ὕ ὸ  ὣ ὣȠ ὢ ὢ ὢ 

Ὕ Ὕ ὸ  ὢ ὢȠ ὣ ὣ ὣ 

Ὕ Ὕ ὸ  ὣ ὣȠ π ὢ ὢ 
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4. ʆʮʝʥʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʚʳʚʦʜʳ 

 
ʈʠʩ. 2 - ʀʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʫʯʘʩʪʢʘʭ ʧʦʚʝʨʭʥʦʩʪʠ ʫʟʣʘ ʪʨʝʥʠʷ ʧʨʠ ʜʚʠʞʝʥʠʠ 

ʫʩʪʨʦʡʩʪʚʘ ʧʦ ʢʘʥʘʣʫ ʨʘʟʛʦʥʥʦʛʦ ʙʣʦʢʘ ʚ ʫʩʣʦʚʠʷʭ ʧʦʣʥʦʛʦ ʢʦʥʪʘʢʪʘ 

 

ɸʥʘʣʠʟʠʨʫʷ ʧʦʣʫʯʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ T(t) ʥʘ ʠʩʩʣʝʜʫʝʤʳʭ ʫʯʘʩʪʢʘʭ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʳ ʚʩʝʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ (ʊ = 800Áʉ) ʧʨʝʚʳʰʘʶʪ ʪʝʤʧʝʨʘʪʫʨʫ 

ʥʘʯʘʣʘ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ (ʊʨʝʢʨʠʩʪʘʣʣ = 725Áʉ) ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t = 0,01 ʩ. ʄʘʢʩʠʤʘʣʴʥʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʩʦʩʪʘʚʣʷʝʪ ʊ = 1260Áʉ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

ʇʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʢʦʥʫʩʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʬʠʣʷ ʫʟʣʘ ʪʨʝʥʠʷ ʥʦʚʦʛʦ ʪʠʧʘ, 

ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʠʟ ʤʘʪʝʨʠʘʣʘ ʢʦʨʧʫʩʘ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ ʧʨʦʛʨʝʚʘʝʪʩʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 

400-500
ʦ
ʉ. 

ʆʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʢʦʨʧʫʩʦʤ 2-3 ʜʠʘʤʝʪʨʦʚ ʫʟʣʘ ʪʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʤʘʪʝʨʠʘʣʘ ʜʦʩʪʠʛʘʝʪ ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʥʪʝʥʩʠʚʥʦʛʦ ʥʘʛʨʝʚʘ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ ʤʘʪʝʨʠʘʣʘ ʫʟʣʘ ʪʨʝʥʠʷ 

ʨʝʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʠ ʧʝʨʝʭʦʜʠʪ ʚ ʠʜʝʘʣʴʥʦ-ʧʣʘʩʪʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ. 
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ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 1980. ï 136 ʩ.; 
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4. ʊʝʧʣʦʧʝʨʝʥʦʩ ʚ ʧʨʦʮʝʩʩʝ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʨʘʟʛʦʥʘ ʪʠʧʦʚʦʛʦ ʚʝʜʫʱʝʛʦ ʧʦʷʩʢʘ ʧʦ 

ʢʘʥʘʣʫ ʘʨʪʠʣʣʝʨʠʡʩʢʦʡ ʫʩʪʘʥʦʚʢʠ/ ɸ. ɺ. ɻʫʩʴʢʦʚ, ʂ. ɽ. ʄʠʣʝʚʩʢʠʡ, ʅ. ʌ. ʏʘʡʢʘ, ʗ. ʉ. ɿʝʟʶʣʠʥʩʢʠʡ // 

ʀʥʪʝʨʵʢʩʧʦ ɻɽʆ-ʉʠʙʠʨʴ-2015 : ʤʝʞʜʫʥʘʨ. ʥʘʫʯ. ʢʦʥʬ. çʉʠʙʆʧʪʠʢʘ-2015è : ʩʙ. ʤʘʪʝʨʠʘʣʦʚ ʚ 3 ʪ. ï 

ʅʦʚʦʩʠʙʠʨʩʢ : ʉɻʋɻʠʊ, 2015. ï ʊ. 3. ï ʉ. 107ï111. 

5. Guskov A. V. Experimental studies of the physical process for forming the profile of a 

friction unit in a ballistic installation / A. V. Guskov, M. A. Kormushkin, K. E. Milevskii // Journal of 

Physics: Conference Series. - 2017. - Vol. 919. 

6. Zezulinsky J. Mathematical modeling of heat friction contact master belt with the gun mount 

barrel during the process of high-speed motion / J. Zezulinsky, A. Guskov, K. Milevsky // MATEC Web of 

Conferences. - 2016. - Vol. 72 : Heat and mass transfer in the system of thermal modes of energy ï technical 

and technological equipment (HMTTSC-2016).  



  
 

105 
 

ʇɸʊɽʅʊʅʆ-ʀʅʌʆʈʄɸʎʀʆʅʅʓʁ ʆɹɿʆʈ ʉʇʆʉʆɹʆɺ ʂʈɽʇʃɽʅʀʗ ɺɽɼʋʑʀʍ 

ʇʆʗʉʂʆɺ ɸʈʊʀʃʃɽʈʀʁʉʂʀʍ ʉʅɸʈʗɼʆɺ 

 
ʐʫʤʢʦʚʘ ɸʣʝʢʩʘʥʜʨʘ ɽʚʛʝʥʴʝʚʥʘ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ɻʫʩʴʢʦʚ ɸ.ɺ., ʜ.ʪ.ʥ., ʜʦʮʝʥʪ 

 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, shumkova.1996@mail.ru 
 

ɺ ʩʪʘʪʴʝ ʧʨʦʚʝʜʝʥ ʧʘʪʝʥʪʥʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʦʙʟʦʨ ʢʨʝʧʣʝʥʠʷ ʚʝʜʫʱʠʭ ʧʦʷʩʢʦʚ 

ʘʨʪʠʣʣʝʨʠʡʩʢʠʭ ʩʥʘʨʷʜʦʚ. 

The article provide patent-information survey of manners of leading belts fastening of 

artillery shells. 

 

ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʚʝʜʫʱʠʭ ʧʦʷʩʢʦʚ ʠ ʪʝʭʥʦʣʦʛʠʠ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʢʣʶʯʝʚʳʭ ʬʘʢʪʦʨʦʚ ʚʣʠʷʶʱʠʭ ʥʘ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʢʣʘʩʩʠʯʝʩʢʠʭ ʘʨʪʠʣʣʝʨʠʡʩʢʠʭ 

ʙʦʝʧʨʠʧʘʩʦʚ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʠʞʝ ʦʙʟʦʨ ʧʘʪʝʥʪʥʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʚʳʧʦʣʥʝʥ ʧʦ 

ʦʪʢʨʳʪʳʤ ʠʩʪʦʯʥʠʢʘʤ [1,2] ʠ ʥʘʧʨʘʚʣʝʥ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʜʭʦʜʦʚ ʚ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ 

ʩʧʦʩʦʙʦʚ ʢʨʝʧʣʝʥʠʷ ʚʝʜʫʱʠʭ ʧʦʷʩʢʦʚ ʥʘ ʢʦʨʧʫʩʘʭ ʘʨʪʠʣʣʝʨʠʡʩʢʠʭ ʩʥʘʨʷʜʦʚ. 

ʎʝʣʴ ʨʘʙʦʪʳ: ʚʳʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʩʧʦʩʦʙʦʚ ʟʘʢʨʝʧʣʝʥʠʷ ɺʇ ʥʘ 

ʢʦʨʧʫʩʝ ʩʥʘʨʷʜʘ. 

ʇʨʦʘʥʘʣʠʟʠʨʫʝʤ ʧʘʪʝʥʪ çʉʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʢʘʥʘʚʦʢ ʧʦʜ ʚʝʜʫʱʠʡ ʧʦʷʩʦʢ 

ʘʨʪʠʣʣʝʨʠʡʩʢʠʭ ʩʥʘʨʷʜʦʚè [3]. 

ʉʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʢʘʥʘʚʦʢ ʧʦʜ ʚʝʜʫʱʠʡ ʧʦʷʩʦʢ ʘʨʪʠʣʣʝʨʠʡʩʢʠʭ ʩʥʘʨʷʜʦʚ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʨʘʩʪʦʯʢʝ ʢʘʥʘʚʦʢ ʩ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ 

ʢʦʨʧʫʩʘ ʩʥʘʨʷʜʘ ʩʪʝʥʢʘʤʠ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʢʦʥʠʯʝʩʢʠʤʠ ʚʳʩʪʫʧʘʤʠ ʥʘ ʪʦʨʮʝʚʳʭ 

ʢʨʦʤʢʘʭ ʢʘʥʘʚʦʢ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʟʘʢʘʪʢʦʡ ʚʳʩʪʫʧʦʚ ʚʥʫʪʨʴ ʢʘʥʘʚʦʢ, ʚʳʜʝʣʷʶʱʠʡʩʷ ʪʝʤ, ʯʪʦ 

ʨʘʩʪʦʯʢʫ ʢʘʥʘʚʦʢ ʩ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ ʢʦʨʧʫʩʘ ʩʥʘʨʷʜʘ 

ʩʪʝʥʢʘʤʠ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʢʦʥʠʯʝʩʢʠʤʠ ʚʳʩʪʫʧʘʤʠ ʥʘ ʪʦʨʮʝʚʳʭ ʢʨʦʤʢʘʭ ʢʘʥʘʚʦʢ 

ʦʩʫʱʝʩʪʚʣʷʶʪ ʩ ʚʳʧʦʣʥʝʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢʦʥʠʯʝʩʢʠʭ ʚʳʩʪʫʧʦʚ ʚʳʩʦʪʦʡ, ʨʘʚʥʦʡ 0,2-

0,3 ʛʣʫʙʠʥʳ ʢʘʥʘʚʢʠ. 

ʇʦʣʦʞʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʧʦʣʫʯʝʥʠʷ ʩʪʘʙʠʣʴʥʳʭ ʢʘʥʘʚʦʢ ʧʨʠ 

ʣʶʙʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʢʦʨʧʫʩʦʚ ʠ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʟʘʧʦʣʥʝʥʠʷ ʢʘʥʘʚʢʠ ʤʘʪʝʨʠʘʣʘʤʠ ʚʝʜʫʱʝʛʦ 

ʧʦʷʩʢʘ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʧʦʚʳʰʘʝʪʩʷ ʥʘʜʝʞʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ ʚʝʜʫʱʝʛʦ ʧʦʷʩʢʘ ʠ ʢʦʨʧʫʩʘ, ʘ 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʠ ʩʪʨʝʣʴʙʝ. 

ʆʜʥʘʢʦ ʥʝʜʦʩʪʘʪʢʦʤ ʠʟʦʙʨʝʪʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʥʘʷ ʪʨʫʜʦʝʤʢʦʩʪʴ ʠ ʜʦʨʦʛʦʚʠʟʥʘ 

ʠʟʛʦʪʦʚʣʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʤʥʦʛʦʦʧʝʨʘʮʠʦʥʥʦʩʪʴʶ. 

ʉʧʦʩʦʙ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʠ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʩʧʦʩʦʙʘ ʢʨʝʧʣʝʥʠʷ ʚʝʜʫʱʝʛʦ 

ʧʦʷʩʢʘ ʘʨʪʠʣʣʝʨʠʡʩʢʦʛʦ ʩʥʘʨʷʜʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʥʘʜʝʞʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ ʢʦʨʧʫʩʦʚ 

ʘʨʪʠʣʣʝʨʠʡʩʢʠʭ ʩʥʘʨʷʜʦʚ ʩ ʚʝʜʫʱʠʤʠ ʧʦʷʩʢʘʤʠ ʧʨʠ ʧʨʦʩʪʦʝ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʧʨʠʚʝʜʝʥ ʚ 

ʧʘʪʝʥʪʝ [4]. ɿʘʢʣʶʯʘʝʪʩʷ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʚʳʩʪʫʧʘ ʠ ʚʳʝʤʢʠ ʥʘ ʢʦʨʧʫʩʝ ʩʥʘʨʷʜʘ ʠ ʚʝʜʫʱʝʤ 

ʧʦʷʩʢʝ, ʩʦʚʤʝʱʝʥʠʠ ʚʳʩʪʫʧʘ ʩ ʚʳʝʤʢʦʡ ʠ ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʧʦʣʫʯʝʥʠʠ ʠʭ ʥʝʨʘʟʲʝʤʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʧʫʪʝʤ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʩʦʝʜʠʥʷʝʤʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚʝʜʫʱʝʛʦ ʧʦʷʩʢʘ 

ʠ ʢʦʨʧʫʩʘ ʩʥʘʨʷʜʘ, ʦʪʣʠʯʘʶʱʠʡʩʷ ʪʝʤ, ʯʪʦ ʥʘ ʟʘʜʥʝʤ ʮʝʥʪʨʠʨʫʶʱʝʤ ʫʪʦʣʱʝʥʠʠ ʢʦʨʧʫʩʘ 

ʩʥʘʨʷʜʘ ʬʦʨʤʠʨʫʶʪ ʧʦʣʦʛʠʡ ʢʦʥʠʯʝʩʢʠʡ ʨʘʜʠʘʣʴʥʳʡ ʚʳʩʪʫʧ ʚ ʚʠʜʝ ʦʩʪʨʦʫʛʦʣʴʥʦʛʦ 

ʪʨʝʫʛʦʣʴʥʠʢʘ ʚ ʩʝʯʝʥʠʠ, ʤʝʥʴʰʠʡ ʫʛʦʣ ʢʦʪʦʨʦʛʦ ʥʘʧʨʘʚʣʝʥ ʢ ʧʝʨʝʜʥʝʡ ʯʘʩʪʠ ʢʦʨʧʫʩʘ 

ʩʥʘʨʷʜʘ, ʚʳʝʤʢʫ ʚʳʧʦʣʥʷʶʪ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʝʜʫʱʝʛʦ ʧʦʷʩʢʘ ʠʜʝʥʪʠʯʥʦʡ ʬʦʨʤʳ 

ʩ ʚʳʩʪʫʧʦʤ ʚ ʤʝʩʪʝ ʩʦʝʜʠʥʝʥʠʷ, ʘ ʥʝʨʘʟʲʝʤʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʧʦʣʫʯʘʶʪ ʧʫʪʝʤ ʧʨʠʜʘʥʠʷ ʦʩʝʚʳʭ 

ʧʦʩʪʫʧʘʪʝʣʴʥʳʭ ʠ/ʠʣʠ ʚʨʘʱʘʪʝʣʴʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʚʝʜʫʱʝʤʫ ʧʦʷʩʢʫ ʠ ʢʦʨʧʫʩʫ ʩʥʘʨʷʜʘ 

(ʨʠʩʫʥʦʢ 1ʘ,ʙ,ʚ). 
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ʅʘ ʦʜʥʦʡ ʠʟ ʧʦʟʠʮʠʡ ʤʝʪʘʣʣʦʨʝʞʫʱʝʛʦ ʩʪʘʥʢʘ ʧʨʦʭʦʜʥʳʤ ʨʝʟʮʦʤ ʚ ʤʝʩʪʝ 

ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚʝʜʫʱʝʛʦ ʧʦʷʩʢʘ 3 (ʥʘ ʟʘʜʥʝʤ ʮʝʥʪʨʠʨʫʶʱʝʤ ʫʪʦʣʱʝʥʠʠ) 

ʦʙʪʘʯʠʚʘʶʪ ʢʦʨʧʫʩ 1 ʩʥʘʨʷʜʘ ʧʦ ʧʨʦʬʠʣʶ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʥʘ ʥʝʤ ʧʦʣʦʛʦʛʦ ʢʦʥʠʯʝʩʢʦʛʦ 

ʨʘʜʠʘʣʴʥʦʛʦ ʚʳʩʪʫʧʘ 2 ʰʠʨʠʥʦʡ l ʚ ʚʠʜʝ ʦʩʪʨʦʫʛʦʣʴʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ ʚ ʩʝʯʝʥʠʠ, ʤʝʥʴʰʠʡ 

ʫʛʦʣ Ŭ ʢʦʪʦʨʦʛʦ ʥʘʧʨʘʚʣʝʥ ʢ ʧʝʨʝʜʥʝʡ ʯʘʩʪʠ ʢʦʨʧʫʩʘ 1 (ʨʠʩʫʥʦʢ.1,ʘ). ʆʪʜʝʣʴʥʦ ʥʘ 

ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʝʜʫʱʝʛʦ ʧʦʷʩʢʘ 3 ʰʠʨʠʥʦʡ l ʨʘʩʪʦʯʥʳʤ ʨʝʟʮʦʤ ʚʳʧʦʣʥʷʶʪ 

ʚʳʝʤʢʫ 4 ʠʜʝʥʪʠʯʥʦʡ ʬʦʨʤʳ ʩ ʚʳʩʪʫʧʦʤ 2 ʚ ʤʝʩʪʝ ʠʭ ʩʦʝʜʠʥʝʥʠʷ ʧʦʜ ʫʛʣʦʤ Ŭ ʠ ʫʛʣʦʤ 

ʧʦʜʥʫʪʨʝʥʠʷ ɓ (ʨʠʩʫʥʦʢ 1,ʙ). ʉʦʚʤʝʱʝʥʠʝ ʚʳʩʪʫʧʘ 2 ʩ ʚʳʝʤʢʦʡ 4 ʠ ʚ ʧʦʩʣʝʜʫʶʱʝʤ 

ʧʦʣʫʯʝʥʠʝ ʠʭ ʥʝʨʘʟʲʝʤʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʶʪ ʟʘ ʩʯʝʪ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ 

ʩʦʝʜʠʥʷʝʤʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚʝʜʫʱʝʛʦ ʧʦʷʩʢʘ 3 ʠ ʢʦʨʧʫʩʘ 1 ʧʫʪʝʤ ʧʨʠʜʘʥʠʷ ʦʩʝʚʳʭ 

ʧʦʩʪʫʧʘʪʝʣʴʥʳʭ ʠ (ʠʣʠ) ʚʨʘʱʘʪʝʣʴʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʚʝʜʫʱʝʤʫ ʧʦʷʩʢʫ 3 ʠ ʢʦʨʧʫʩʫ 1 ʧʨʠ 

ʦʜʥʦʢʨʘʪʥʦʤ ʚʢʣʶʯʝʥʠʠ ʤʝʪʘʣʣʦʨʝʞʫʱʝʛʦ ʩʪʘʥʢʘ (ʨʠʩʫʥʦʢ 1,ʚ). 

 

 
ʈʠʩ.1. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʧʝʨʘʮʠʡ ʧʨʠ ʟʘʢʨʝʧʣʝʥʠʠ ɺʇ; 

ʘ) ʇʨʦʬʠʣʴ ʢʦʨʧʫʩʘ ʜʣʷ ʟʘʢʨʝʧʣʝʥʠʷ ɺʇ; 

ʙ) ʇʨʦʬʠʣʴ ɺʇ; 

ʚ) ʂʦʨʧʫʩ ʩ ʟʘʢʨʝʧʣʝʥʥʳʤ ɺʇ 

 

ʇʨʝʠʤʫʱʝʩʪʚʘ: 

-ʥʘʜʝʞʥʦʩʪʴ ʢʨʝʧʣʝʥʠʷ ɺʇ ʥʘ ʢʦʨʧʫʩʝ ʩʥʘʨʷʜʘ; 

-ʧʨʦʩʪʦʪʫ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʚʝʜʫʱʫʶ ʢ ʩʥʠʞʝʥʠʶ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʘʨʪʠʣʣʝʨʠʡʩʢʦʛʦ ʩʥʘʨʷʜʘ ʚ ʮʝʣʦʤ; 

-ʦʙʝʩʧʝʯʝʥʠʝ ʙʳʩʪʨʦʡ ʠ ʫʜʦʙʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʙʦʝʧʨʠʧʘʩʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʜʚʫʭ ʯʘʩʪʝʡ: 

ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʩʥʘʨʷʜʘ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʚʝʜʫʱʝʛʦ ʧʦʷʩʢʘ. 

ɸʣʴʪʝʨʥʘʪʠʚʥʳʡ ʤʝʪʦʜ ʜʦʨʘʙʦʪʢʠ ʚʝʜʫʱʝʛʦ ʧʦʷʩʢʘ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʧʘʪʝʥʪʝ çʉʧʦʩʦʙ 

ʜʦʨʘʙʦʪʢʠ ʚʝʜʫʱʝʛʦ ʧʦʷʩʢʘ ʢʦʨʧʫʩʘ ʫʪʠʣʠʟʠʨʦʚʘʥʥʦʛʦ ʘʨʪʠʣʣʝʨʠʡʩʢʦʛʦ ʩʥʘʨʷʜʘè [5], 

ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʚʳʩʪʫʧʘ ʠ ʚʳʝʤʢʠ ʥʘ ʢʦʨʧʫʩʝ ʩʥʘʨʷʜʘ ʠ ʚʝʜʫʱʝʤ ʧʦʷʩʢʝ, 

ʩʦʚʤʝʱʝʥʠʠ ʚʳʩʪʫʧʘ ʩ ʚʳʝʤʢʦʡ ʠ ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʧʦʣʫʯʝʥʠʠ ʠʭ ʥʝʨʘʟʲʝʤʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

ʧʫʪʝʤ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʩʦʝʜʠʥʷʝʤʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚʝʜʫʱʝʛʦ ʧʦʷʩʢʘ ʠ ʢʦʨʧʫʩʘ 

ʩʥʘʨʷʜʘ, ʦʪʣʠʯʘʶʱʠʡʩʷ ʪʝʤ, ʯʪʦ ʢʦʨʧʫʩ ʫʪʠʣʠʟʠʨʦʚʘʥʥʦʛʦ ʙʝʟ ʩʥʘʨʷʞʝʥʠʷ ʙʦʝʧʨʠʧʘʩʘ 

ʚʳʧʦʣʥʷʶʪ ʩ ʟʘʯʠʱʝʥʥʳʤʠ ʦʪ ʣʘʢʦʢʨʘʩʦʯʥʦʛʦ ʧʦʢʨʳʪʠʷ ʜʦ ʤʝʪʘʣʣʘ ʧʝʨʝʜʥʠʤ 

ʮʝʥʪʨʠʨʫʶʱʠʤ ʫʪʦʣʱʝʥʠʝʤ ʠ ʯʘʩʪʴʶ ʟʘʜʥʝʛʦ ʮʝʥʪʨʠʨʫʶʱʝʛʦ ʫʪʦʣʱʝʥʠʷ ʜʦ ʧʨʦʜʦʣʞʝʥʠʷ 

ʜʠʘʤʝʪʨʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʳʡ ʬʦʨʤʠʨʫʶʪ ʩʨʝʟʘʥʠʝʤ ʧʨʝʞʥʝʛʦ ʚʝʜʫʱʝʛʦ 

ʧʦʷʩʢʘ ʩ ʧʝʨʝʭʦʜʦʤ ʚ ʬʠʛʫʨʥʫʶ ʝʝ ʯʘʩʪʴ ʚ ʚʠʜʝ ʫʤʝʥʴʰʝʥʥʦʛʦ ʚʳʩʪʫʧʘʶʱʝʛʦ ʬʨʘʛʤʝʥʪʘ, ʘ 
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ʥʦʚʳʡ ʩʪʳʢʫʝʤʳʡ ʚʝʜʫʱʠʡ ʧʦʷʩʦʢ ʚʳʧʦʣʥʷʶʪ ʫʜʣʠʥʝʥʥʳʤ, ʩ ʚʳʝʤʢʦʡ ʥʘ ʚʥʫʪʨʝʥʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚʝʜʫʱʝʛʦ ʧʦʷʩʢʘ ʠʜʝʥʪʠʯʥʦʡ ʬʦʨʤʳ ʩ ʬʨʘʛʤʝʥʪʦʤ ʚʳʩʪʫʧʘ ʧʨʝʞʥʝʛʦ, 

ʩʨʝʟʘʥʥʦʛʦ ʚʝʜʫʱʝʛʦ ʧʦʷʩʢʘ ʠ ʯʘʩʪʴʶ, ʟʘʯʠʱʝʥʥʦʡ ʦʪ ʣʘʢʦʢʨʘʩʦʯʥʦʛʦ ʧʦʢʨʳʪʠʷ, 

ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʜʥʝʛʦ ʮʝʥʪʨʠʨʫʶʱʝʛʦ ʫʪʦʣʱʝʥʠʷ, ʧʨʠʯʝʤ ʦʢʦʥʯʘʪʝʣʴʥʫʶ ʩʪʳʢʦʚʢʫ ʯʘʩʪʝʡ 

ʦʩʫʱʝʩʪʚʣʷʶʪ ʧʨʠ ʜʦʩʳʣʢʝ ʩʥʘʨʷʜʘ ʚ ʩʪʚʦʣ ʦʨʫʜʠʷ ʠ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʳʩʪʨʝʣʘ ʟʘ ʩʯʝʪ 

ʦʙʞʘʪʠʷ ʯʘʩʪʠ ʧʦʷʩʢʘ ʩ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʬʦʨʤʦʡ ʚʳʝʤʢʠ ʠ ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʥʘʨʝʟʢʘʭ ʩʪʚʦʣʘ 

ʦʩʝʚʦʛʦ ʠ ʫʛʣʦʚʦʛʦ ʧʝʨʝʤʝʱʝʥʠʡ ʦʙʞʘʪʦʛʦ ʚʝʜʫʱʝʛʦ ʧʦʷʩʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʨʧʫʩʘ ʠ 

ʬʨʘʛʤʝʥʪʘ ʧʨʝʞʥʝʛʦ ʧʦʷʩʢʘ (ʨʠʩʫʥʦʢ 2), ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʣʝʜʫʶʱʫʶ ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʫʩʣʦʚʠʡ: 

- ʩʦʟʜʘʥʠʝ ʝʜʠʥʦʛʦ ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʩʥʘʨʷʜʘ ʚ ʧʨʦʮʝʩʩʝ ʫʪʠʣʠʟʘʮʠʠ ʦʙʳʯʥʦʛʦ ʜʣʷ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʘʨʪʩʠʩʪʝʤ ʦʜʠʥʘʢʦʚʦʛʦ ʢʘʣʠʙʨʘ; 

- ʦʙʝʩʧʝʯʝʥʠʝ ʙʳʩʪʨʦʡ ʠ ʫʜʦʙʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʙʦʝʧʨʠʧʘʩʘ ʢ ʙʦʝʚʦʤʫ ʧʨʠʤʝʥʝʥʠʶ 

ʩʠʣʘʤʠ ʚʦʡʩʢʦʚʳʭ ʯʘʩʪʝʡ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʙʠʣʴʥʦʛʦ ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ ʠʟʤʝʥʝʥʠʝ 

ʦʙʩʪʘʥʦʚʢʠ; 

- ʩʥʠʞʝʥʠʝ ʩʪʦʠʤʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʨʧʫʩʦʚ ʟʘ ʩʯʝʪ ʚʪʦʨʠʯʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʪ 

ʫʪʠʣʠʟʠʨʦʚʘʥʥʳʭ ʘʨʪʩʥʘʨʷʜʦʚ ʠ ʦʩʥʘʱʝʥʠʷ ʘʨʩʝʥʘʣʦʚ ʙʦʣʝʝ ʜʝʰʝʚʳʤʠ ʘʨʪʠʣʣʝʨʠʡʩʢʠʤʠ 

ʙʦʝʧʨʠʧʘʩʘʤʠ ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʠʷ ʚʥʫʪʨʠʚʠʜʦʚʦʡ ʫʥʠʬʠʢʘʮʠʠ ʫʢʘʟʘʥʥʳʭ ʙʦʝʧʨʠʧʘʩʦʚ. 

 
ʇʘʪʝʥʪ çɸʨʪʠʣʣʝʨʠʡʩʢʠʡ ʩʥʘʨʷʜ ʢ ʥʘʨʝʟʥʦʤʫ ʦʨʫʞʠʶè [7], [8]. 

 

ɸʨʪʠʣʣʝʨʠʡʩʢʠʡ ʩʥʘʨʷʜ ʢ ʥʘʨʝʟʥʦʤʫ ʦʨʫʞʠʶ, ʩʦʜʝʨʞʘʱʠʡ ʩʪʘʣʴʥʦʡ ʢʦʨʧʫʩ ʠ 

ʚʝʜʫʱʠʡ ʧʦʷʩʦʢ, ʚʳʧʦʣʥʝʥʥʳʡ ʟʘʝʜʠʥʦ ʩ ʢʦʨʧʫʩʦʤ, ʠʤʝʶʱʠʡ ʬʦʨʤʫ ʢʦʣʴʮʝʚʳʭ 

ʚʳʩʪʫʧʦʚ, ʨʘʟʜʝʣʝʥʥʳʭ ʢʦʣʴʮʝʚʳʤʠ ʢʘʥʘʚʢʘʤʠ, ʦʪʣʠʯʘʶʱʠʡʩʷ ʪʝʤ, ʯʪʦ ʢʘʞʜʳʡ ʚʳʩʪʫʧ 

ʚʝʜʫʱʝʛʦ ʧʦʷʩʢʘ ʠʤʝʝʪ ʯʝʪʥʦʝ ʯʠʩʣʦ ʯʝʨʝʜʫʶʱʠʭʩʷ ʩʝʛʤʝʥʪʦʚ ʩ ʥʦʨʤʘʣʴʥʦʡ ʰʠʨʠʥʦʡ ʠ 

ʩʝʛʤʝʥʪʦʚ ʩ ʫʪʦʥʝʥʠʷʤʠ, ʧʨʠ ʵʪʦʤ ʥʘ ʩʦʩʝʜʥʠʭ ʚʳʩʪʫʧʘʭ ʧʦʷʩʢʘ ʫʪʦʥʝʥʠʷ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʰʘʭʤʘʪʥʦʤ ʧʦʨʷʜʢʝ. ɺ ʤʦʤʝʥʪ ʟʘʭʦʜʘ ʩʥʘʨʷʜʘ ʚ ʥʘʨʝʟʥʫʶ ʯʘʩʪʴ ʢʘʥʘʣʘ 

ʩʪʚʦʣʘ ʚʳʩʪʫʧʳ ʚʝʜʫʱʝʛʦ ʧʦʷʩʢʘ ʜʝʬʦʨʤʠʨʫʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʦʡ ʥʘʨʝʟʦʚ 

ʢʘʥʘʣʘ ʩʪʚʦʣʘ, ʧʨʠʯʝʤ ʜʣʷ ʜʝʬʦʨʤʘʮʠʠ ʫʪʦʥʝʥʥʳʭ ʯʘʩʪʝʡ 4 (ʨʠʩʫʥʦʢ 3) ʪʨʝʙʫʝʪʩʷ 

ʧʨʠʣʦʞʠʪʴ ʤʝʥʴʰʫʶ ʥʘʛʨʫʟʢʫ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʝʬʦʨʤʘʮʠʝʡ ʵʣʝʤʝʥʪʦʚ ʚʳʩʪʫʧʦʚ 

ʥʦʨʤʘʣʴʥʦʡ ʰʠʨʠʥʳ 3. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʥʘ ʜʝʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʷʩʢʘ ʟʘʪʨʘʯʠʚʘʝʪʩʷ 

ʤʝʥʴʰʝ ʵʥʝʨʛʠʠ ʜʘʚʣʝʥʠʷ ʧʦʨʦʭʦʚʳʭ ʛʘʟʦʚ, ʯʝʤ ʥʘ ʜʝʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʷʩʢʘ ʩ ʚʳʩʪʫʧʘʤʠ 

ʙʝʟ ʫʪʦʥʝʥʠʡ. ʕʪʘ ʩʵʢʦʥʦʤʣʝʥʥʘʷ ʵʥʝʨʛʠʷ ʫʚʝʣʠʯʠʚʘʝʪ ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʩʥʘʨʷʜʘ, 

ʪʝʤ ʩʘʤʳʤ ʧʦʚʳʰʘʷ ʝʛʦ ʥʘʯʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʧʨʠ ʚʳʭʦʜʝ ʠʟ ʢʘʥʘʣʘ ʩʪʚʦʣʘ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʘʣʴʥʦʩʪʴ ʩʪʨʝʣʴʙʳ. ɺʳʪʝʩʥʷʝʤʳʡ ʧʦʣʝʤ ʥʘʨʝʟʘ ʤʘʪʝʨʠʘʣ ʚʳʩʪʫʧʦʚ 

ʩʚʦʙʦʜʥʦ ʨʘʟʤʝʱʘʝʪʩʷ ʚ ʢʦʣʴʮʝʚʳʭ ʢʘʥʘʚʢʘʭ ʤʝʞʜʫ ʚʳʩʪʫʧʘʤʠ ʠ ʚ ʢʘʥʘʣʝ ʩʪʚʦʣʘ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʩʪʘʝʪʩʷ. 
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ɺ ʧʘʪʝʥʪʝ [6] ʧʨʝʜʩʪʘʚʣʝʥ ʩʧʦʩʦʙ ʢʨʝʧʣʝʥʠʷ ʧʣʘʩʪʤʘʩʩʦʚʳʭ ʚʝʜʫʱʠʭ ʧʦʷʩʢʦʚ. 

ɿʘʜʘʯʝʡ, ʥʘ ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʡ ʥʘʧʨʘʚʣʝʥʦ ʥʘʩʪʦʷʱʝʝ ʠʟʦʙʨʝʪʝʥʠʝ, ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ 

ʦʧʪʠʤʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʣʠʪʴʷ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʠʟʚʝʩʪʥʦʡ ʢʦʤʧʦʟʠʮʠʠ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʘʩʪʤʘʩʩʦʚʦʛʦ ʚʝʜʫʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʤʘʣʦʢʘʣʠʙʝʨʥʳʭ ʩʥʘʨʷʜʦʚ ʩ 

ʫʣʫʯʰʝʥʥʳʤʠ ʩʣʫʞʝʙʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʩʪʦʡʢʦʩʪʴ ʢ ʨʘʩʪʨʝʩʢʠʚʘʥʠʶ. 

ʉʧʦʩʦʙ ʢʨʝʧʣʝʥʠʷ ʚ ʧʨʦʬʠʣʠʨʦʚʘʥʥʳʭ ʢʦʣʴʮʝʚʳʭ ʢʘʥʘʚʢʘʭ ʥʘ ʮʝʥʪʨʠʨʫʶʱʝʤ 

ʫʪʦʣʱʝʥʠʠ ʢʦʨʧʫʩʦʚ ʤʘʣʦʢʘʣʠʙʝʨʥʳʭ ʩʥʘʨʷʜʦʚ ʧʣʘʩʪʤʘʩʩʦʚʳʭ ʚʝʜʫʱʠʭ ʧʦʷʩʢʦʚ ʠʟ 

ʧʦʣʠʘʨʠʣʘʪʥʦʡ ʢʦʤʧʦʟʠʮʠʠ, ʩʦʜʝʨʞʘʱʝʡ 1 - 2 ʤʘʩ.% ʬʪʦʨʦʧʣʘʩʪʘ, ʣʠʪʴʝʤ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʚ 

ʥʘʛʨʝʪʫʶ ʬʦʨʤʫ, ʦʪʣʠʯʘʶʱʠʡʩʷ ʪʝʤ, ʯʪʦ ʚʨʝʤʷ ʚʧʨʳʩʢʘ ʤʝʨʥʦʡ ʤʘʩʩʳ ʧʦʣʠʘʨʠʣʘʪʥʦʡ 

ʢʦʤʧʦʟʠʮʠʠ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʣʠʪʴʷ 350 Ñ 5oC ʚ ʥʘʛʨʝʪʫʶ ʜʦ 120 Ñ 5oC ʣʠʪʴʝʚʫʶ ʬʦʨʤʫ 

ʚʳʜʝʨʞʠʚʘʶʪ ʚ ʜʠʘʧʘʟʦʥʝ 4 - 5 ʩ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʬʪʦʨʦʧʣʘʩʪʘ (ʪʚʝʨʜʦʡ ʧʦʣʠʤʝʨʥʦʡ 

ʩʤʘʟʢʠ) ʚ ʟʦʥʝ ʬʨʠʢʮʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʷʩʢʘ ʩ ʥʘʨʝʟʥʦʡ ʯʘʩʪʴʶ ʢʘʥʘʣʘ ʩʪʚʦʣʘ ʤʦʞʝʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʧʦʚʳʰʝʥʠʶ ʪʨʠʙʦʫʩʪʦʡʯʠʚʦʩʪʠ ʤʝʪʘʣʣʦʧʦʣʠʤʝʨʥʦʡ ʩʠʩʪʝʤʳ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʩʧʦʩʦʙ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʜʘʚʣʝʥʠʝ ʣʠʪʴʷ ʢʦʤʧʦʟʠʮʠʠ ʜʦ 

120 ʄʇʘ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʩʨʦʢ ʩʣʫʞʙʳ ʧʨʝʩʩʦʚʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʩʧʦʩʦʙ ʦʙʝʩʧʝʯʠʣ ʩʥʠʞʝʥʠʝ ʪʨʫʜʦʝʤʢʦʩʪʠ ʠ ʧʦʚʳʰʝʥʠʝ ʩʪʦʡʢʦʩʪʠ 

ʧʣʘʩʪʤʘʩʩʦʚʳʭ ʚʝʜʫʱʠʭ ʧʦʷʩʢʦʚ ʠʟ ʧʦʣʠʘʨʠʣʘʪʥʦʡ ʢʦʤʧʦʟʠʮʠʠ, ʧʦʚʳʰʝʥʠʝ 

ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʠ ʭʠʤʩʪʦʡʢʦʩʪʠ ʠʟʜʝʣʠʷ. 

 

ɺʳʚʦʜʳ:  

ɺr ʜʝʣʝʥʳ ʩʧʦʩʦʙʳ ʢʨʝʧʣʝʥʠʷ ɺʇ ʥʘ ʢʦʨʧʫʩ ʘʨʪʠʣʣʝʨʠʡʩʢʦʛʦ ʩʥʘʨʷʜʘ: ʚ ʢʘʥʘʚʢʫ 

ʩʣʦʞʥʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʳ; ʥʘ ʮʠʣʠʥʜʨʠʯʝʩʢʠ-ʢʦʥʠʯʝʩʢʠʡ ʫʯʘʩʪʦʢ ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʥʘ  

ʩ ʮʝʥʪʨʠʨʫʶʱʠʤ ʫʪʦʣʱʝʥʠʝʤ ɸʉ; ʥʘ ʩʬʦʨʤʠʨʦʚʘʥʥʳʡ ʧʨʦʬʠʣʴ ɺʇ ʫʪʠʣʠʟʠʨʦʚʘʥʥʦʛʦ 

ʢʦʨʧʫʩʘ ɸʉ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʣʘʩʪʤʘʩʩʦʚʦʛʦ ɺʇ, ʫʩʣʦʞʥʷʝʪ ʧʨʦʬʠʣʴ ʢʘʥʘʚʢʠ. 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʩʧʦʩʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʪʠʣʠʟʠʨʦʚʘʥʥʳʭ ʢʦʨʧʫʩʦʚ ɸʉ, ʙʝʟ ʦʪʜʝʣʝʥʠʷ 

ɺʇ ʦʪ ʢʦʨʧʫʩʘ. 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʠʩʢʣʶʯʠʪʴ ɺʇ ʢʘʢ ʦʪʜʝʣʴʥʫʶ ʜʝʪʘʣʴ, ʘ ʚʳʧʦʣʥʠʪʴ ɺʇ ʢʘʢ ʢʦʣʴʮʝʚʦʡ  

ʚʳʩʪʫʧ ʚ ʚʠʜʝ ʯʝʨʝʜʦʚʘʥʠʷ ʢʘʥʘʚʦʢ ʠ ʚʳʩʪʫʧʦʚ ʥʘ ʢʦʨʧʫʩʝ ʩʥʘʨʷʜʘ. 
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ʉɽʂʎʀʗ: ɺʓʉʆʂʆʕʅɽʈɻɽʊʀʏɽʉʂʀɽ 

ʂʆʅɼɽʅʉʀʈʆɺɸʅʅʓɽ ʉʀʉʊɽʄʓ 

 
ʋɼʂ 623.457 

 

ʆʇʈɽɼɽʃɽʅʀɽ ʋʗɿɺʀʄʆʉʊʀ ʕʃɽʄɽʅʊʆɺ ʂʆʅʉʊʈʋʂʎʀʀ 

ʂʆʅʊɽʁʅɽʈɸ, ʇʈɽɼʅɸɿʅɸʏɽʅʅʆɻʆ ɼʃʗ ʍʈɸʅɽʅʀʗ ʕʅɽʈɻʆʅɸʉʓʑɽʅʅʓʍ 

ʄɸʊɽʈʀɸʃʆɺ, ʂ ʄɽʍɸʅʀʏɽʉʂʀʄ ɺʆɿɼɽʁʉʊɺʀʗʄ 
 

ɹʘʢʠʨʦʚ ɸʣʴʙʝʨʪ ʈʝʚʘʣʴʝʚʠʯ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ ʇʦʧʦʚ ɸʣʝʢʩʘʥʜʨ ɻʝʥʥʘʜʴʝʚʠʯ,  

ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ ʅʫʨʤʫʭʘʤʝʪʦʚ ɸʥʜʨʝʡ ʊʘʛʠʨʦʚʠʯ; 

ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ ʈʦʛʦʞʠʥ ʇʘʚʝʣ ɺʠʢʪʦʨʦʚʠʯ 

 

ʉʘʤʘʨʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʊʝʭʥʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ,   

ʛ. ʉʘʤʘʨʘ, Fastex2@yandex.ru 

 
 

ɺr ʧʦʣʥʝʥʦ ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʦʡʢʦʩʪʠ ʢ ʧʨʦʩʪʨʝʣʫ ʧʫʣʝʡ 

ʢʘʣʠʙʨʘ 7,62 ʤʤ ʢʦʥʪʝʡʥʝʨʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʭʨʘʥʝʥʠʷ ʵʥʝʨʛʦʥʘʩʳʱʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʠ ʠʟʜʝʣʠʡ ʥʘ ʠʭ ʦʩʥʦʚʝ. ʇʨʝʜʣʦʞʝʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʟʘʱʠʪʫ ʠʟʜʝʣʠʡ ʠʟ 

ʵʥʝʨʛʦʥʘʩʳʱʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʪ ʪʝʧʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʧʨʦʩʪʨʝʣʘ ʧʫʣʝʡ ʠʟ 

ʩʪʨʝʣʢʦʚʦʛʦ ʦʨʫʞʠʷ. 

It was carried out computer simulation of resistance determination to shooting a bullet of 

7.62 mm caliber of container intended for storage of energy-intensive materials and products based 

on them. The proposed designs provide the protection of products from energy-packed materials 

from heat and shooting a bullet from small arms. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʙʣʶʜʘʝʪʩʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʪʝʨʨʦʨʠʟʤʘ ʠʟ ʦʨʫʜʠʷ ʨʘʜʠʢʘʣʴʥʦʛʦ 

ʩʧʦʩʦʙʘ ʩʦʮʠʘʣʴʥʦʛʦ ʧʨʦʪʝʩʪʘ ʚ ʦʨʫʜʠʝ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʠ ʧʦʣʠʪʠʯʝʩʢʦʛʦ ʜʦʤʠʥʠʨʦʚʘʥʠʷ 

ʥʝʢʦʪʦʨʳʤʠ ʨʘʟʚʠʪʳʤʠ ʩʪʨʘʥʘʤʠ, ʧʨʠʚʦʜʷʱʝʝ ʢ ʨʦʩʪʫ ʥʝʟʘʢʦʥʥʳʭ ʚʦʦʨʫʞʝʥʥʳʭ 

ʬʦʨʤʠʨʦʚʘʥʠʡ ʠ ʪʝʨʨʦʨʠʩʪʠʯʝʩʢʠʭ ʦʨʛʘʥʠʟʘʮʠʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʨʘʩʪʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ 

ʧʨʦʚʝʜʝʥʠʷ ʪʝʨʨʦʨʠʩʪʠʯʝʩʢʠʭ ʘʢʪʦʚ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʧʦ ʠʟʛʦʪʦʚʣʝʥʠʶ ʵʥʝʨʛʦʥʘʩʳʱʝʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʟʜʝʣʠʡ ʥʘ ʠʭ ʦʩʥʦʚʝ, ʩʧʦʩʦʙʥʳʭ ʩʦʟʜʘʪʴ ʫʛʨʦʟʫ ʞʠʟʥʠ ʠ ʟʜʦʨʦʚʴʶ ʣʶʜʝʡ, ʘ 

ʪʘʢʞʝ ʥʘʥʝʩʪʠ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʨʝʜ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ [1,2].  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʜʣʷ ʙʝʟʦʧʘʩʥʦʛʦ ʭʨʘʥʝʥʠʷ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ ʵʥʝʨʛʦʥʘʩʳʱʝʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʟʜʝʣʠʡ ʧʨʝʜʣʦʞʝʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʧʦʞʘʨʦʙʝʟʦʧʘʩʥʦʛʦ ʢʦʥʪʝʡʥʝʨʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ 

ʚʳʩʦʢʦʧʦʨʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʩʧʦʩʦʙʥʦʛʦ ʦʙʝʩʧʝʯʠʪʴ ʟʘʱʠʪʫ ʢʘʢ ʦʪ ʦʛʥʝʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚ 

ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʪʘʢ ʠ ʦʪ ʤʝʭʘʥʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʩʪʨʝʣʢʦʚʦʛʦ ʦʨʫʞʠʷ. 

ʉ ʮʝʣʴʶ ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʢʦʥʪʝʡʥʝʨʘ, ʧʨʦʚʝʜʝʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʧʨʦʙʠʪʠʷ ʩʪʝʥʢʠ ʢʦʥʪʝʡʥʝʨʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʦʙʦʡ ʢʦʤʙʠʥʘʮʠʶ 

ʩʪʘʣʴʥʳʭ ʧʣʘʩʪʠʥ ʪʦʣʱʠʥʦʡ 4 ʠ 6 ʤʤ ʠ ʚʳʩʦʢʦʧʦʨʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘʧʦʣʥʠʪʝʣʷ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʟʘʱʠʪʫ ʦʪ ʦʛʥʝʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ [3]. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥ ʚʥʝʰʥʠʡ ʚʠʜ ʠʩʭʦʜʥʦʡ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ ʟʘʱʠʪʥʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʢʦʤʙʠʥʘʮʠʠ ʩʪʘʣʴ 4 ʤʤ/ʩʪʘʣʴ 6 ʤʤ/ʚʳʩʦʢʦʧʦʨʠʩʪʳʡ 

ʥʘʧʦʣʥʠʪʝʣʴ. ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʩʪʘʜʠʠ ʧʨʦʮʝʩʩʘ ʧʨʦʙʠʪʠʷ ʧʫʣʝʡ 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʟʘʱʠʪʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. ʂʨʘʩʥʳʤ ʮʚʝʪʦʤ ʥʘ ʨʠʩʫʥʢʝ 2 ʚʳʜʝʣʝʥʳ ʟʦʥʳ 

ʨʘʟʨʫʰʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʝʱʠʥ. 
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ʈʠʩʫʥʦʢ 1 - ɺʥʝʰʥʠʡ ʚʠʜ ʨʘʩʯʝʪʥʦʡ 

ʤʦʜʝʣʠ: 

1- ʧʫʣʷ; 2 - ʩʪʘʣʴʥʘʷ ʧʣʘʩʪʠʥʘ 4 ʤʤ; 

3 ï ʩʪʘʣʴʥʘʷ ʧʣʘʩʪʠʥʘ 6 ʤʤ; 4 ï ʥʘʧʦʣʥʠʪʝʣʴ 

100 ʤʤ 

ʈʠʩʫʥʦʢ 2 - ɼʠʥʘʤʠʢʘ ʧʨʦʮʝʩʩʘ 

ʧʨʦʙʠʪʠʷ ʧʫʣʝʡ ʧʨʝʛʨʘʜʳ 

 

 

 

ʀʟ ʨʠʩʫʥʢʘ 2 ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʧʨʦʙʠʪʠʠ ʟʘʱʠʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʧʫʣʷ ʥʝ 

ʧʨʦʙʠʚʘʝʪ ʩʪʘʣʴʥʫʶ ʧʣʘʩʪʠʥʫ ʪʦʣʱʠʥʦʡ 6 ʤʤ, ʦʜʥʘʢʦ ʚʳʟʳʚʘʝʪ ʝʝ ʜʝʬʦʨʤʘʮʠʶ, ʢʦʪʦʨʘʷ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʨʘʜʠʘʣʴʥʳʭ ʠ ʢʦʣʴʮʝʚʳʭ ʪʨʝʱʠʥ ʚ ʤʘʪʝʨʠʘʣʝ ʥʘʧʦʣʥʠʪʝʣʷ, ʯʪʦ 

ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʦʪʢʦʣʫ ʤʘʪʝʨʠʘʣʘ ʠ ʥʘʨʫʰʝʥʠʶ ʮʝʣʦʩʪʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ ʢʦʥʪʝʡʥʝʨʘ. ɼʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʵʪʦʛʦ ʵʬʬʝʢʪʘ ʧʨʝʜʣʦʞʝʥʘ ʢʦʥʩʪʨʫʢʮʠʷ, ʨʘʩʯʝʪʥʘʷ ʤʦʜʝʣʴ ʢʦʪʦʨʦʡ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3, ʘ ʥʘ ʨʠʩʫʥʢʝ 4 ʧʦʢʘʟʘʥʘ ʜʠʥʘʤʠʢʘ ʧʨʦʩʪʨʝʣʘ ʝʝ ʧʫʣʝʡ [3]. 

 

 
 

ʈʠʩʫʥʦʢ 3 - ɺʥʝʰʥʠʡ ʚʠʜ ʨʘʩʯʝʪʥʦʡ 

ʤʦʜʝʣʠ: 

1- ʧʫʣʷ; 2 - ʩʪʘʣʴʥʘʷ ʧʣʘʩʪʠʥʘ 4 ʤʤ; 

3 ï ʥʘʧʦʣʥʠʪʝʣʴ 100 ʤʤ ; 4 ï ʩʪʘʣʴʥʘʷ 

ʧʣʘʩʪʠʥʘ 6 ʤʤ 

ʈʠʩʫʥʦʢ 4 - ɼʠʥʘʤʠʢʘ ʧʨʦʮʝʩʩʘ ʧʨʦʙʠʪʠʷ 

ʧʫʣʝʡ ʧʨʝʛʨʘʜʳ 
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ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʚʠʜʥʦ (ʩʤ. ʨʠʩʫʥʦʢ 4), ʯʪʦ ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʟʘʱʠʪʥʘʷ 

ʢʦʥʩʪʨʫʢʮʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʟʘʱʠʪʫ ʦʪ ʧʨʦʙʠʪʠʷ ʧʫʣʝʡ ʩʪʨʝʣʢʦʚʦʛʦ ʦʨʫʞʠʷ. ʇʨʠ ʵʪʦʤ 

ʧʨʦʠʩʭʦʜʠʪ ʫʜʝʨʞʘʥʠʝ ʦʪʢʦʣʦʪʳʭ ʯʘʩʪʝʡ ʤʘʪʝʨʠʘʣʘ ʥʘʧʦʣʥʠʪʝʣʷ ʩʪʘʣʴʥʳʤʠ ʣʠʩʪʘʤʠ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʭʨʘʥʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʮʝʣʦʩʪʥʦʩʪʠ ʩʣʦʷ ʥʘʧʦʣʥʠʪʝʣʷ. ʆʙʝ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʟʘʱʠʪʫ ʦʪ ʦʜʠʥʦʯʥʦʛʦ ʧʨʦʩʪʨʝʣʘ ʧʫʣʝʡ. ʆʜʥʘʢʦ 

ʧʨʠ ʤʥʦʛʦʢʨʘʪʥʦʤ ʧʨʦʩʪʨʝʣʝ ʧʫʣʝʡ, ʚʘʨʠʘʥʪ ʢʦʥʩʪʨʫʢʮʠʠ ʩ ʨʘʟʥʝʩʝʥʥʦʡ ʧʨʝʛʨʘʜʦʡ ʥʝ 

ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʥʝʦʙʭʦʜʠʤʫʶ ʟʘʱʠʪʫ ʢʦʥʪʝʡʥʝʨʘ ʭʨʘʥʝʥʠʷ ʠʟ-ʟʘ ʨʘʟʨʫʰʝʥʠʷ ʠ 

ʦʩʳʧʘʥʠʷ ʩʣʦʷ ʥʘʧʦʣʥʠʪʝʣʷ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ ʟʘʱʠʪʥʳʭ ʩʚʦʡʩʪʚ ʥʝ 

ʪʦʣʴʢʦ ʦʪ ʩʪʨʝʣʢʦʚʦʛʦ ʦʨʫʞʠʷ, ʥʦ ʪʘʢʞʝ ʠ ʦʪ ʪʝʧʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. 

ʉ ʮʝʣʴʶ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʦʡ ʟʘʱʠʪʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, 

ʚʳʧʦʣʥʝʥʳ ʥʘʪʫʨʥʳʝ ʠʩʧʳʪʘʥʠʷ (ʩʤ. ʨʠʩʫʥʦʢ 5) ʦʧʨʝʜʝʣʝʥʠʷ ʝʝ ʩʪʦʡʢʦʩʪʠ ʢ ʧʨʦʩʪʨʝʣʫ 

ʧʫʣʝʡ ʢʘʣʠʙʨʘ 7,62 ʤʤ. 

 

 
ʈʠʩʫʥʦʢ 5 ï ʇʨʝʜʣʘʛʘʝʤʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʢʦʥʪʝʡʥʝʨʘ: 

ʘ) ʩʪʘʣʴ/ʩʪʘʣʴ/ʚʳʩʦʢʦʧʦʨʠʩʪʳʡ ʥʘʧʦʣʥʠʪʝʣʴ; ʙ) ʩʪʘʣʴ/ ʚʳʩʦʢʦʧʦʨʠʩʪʳʡ ʥʘʧʦʣʥʠʪʝʣʴ /ʩʪʘʣʴ 

 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1 ï ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʦʙʨʘʟʮʦʚ ʟʘʱʠʪʳ 

ʆʙʨʘʟʝʮ ʩʪʘʣʴ/ʩʪʘʣʴ/ʚʳʩʦʢʦʧʦʨʠʩʪʳʡ ʥʘʧʦʣʥʠʪʝʣʴ 

ʊʦʣʱʠʥʘ ʩʣʦʷ  

ʚʳʩʦʢʦʧʦʨʠʩʪʦʛʦ 

ʥʘʧʦʣʥʠʪʝʣʷ, ʤʤ 

ʈʝʟʫʣʴʪʘʪ ʇʨʠʤʝʯʘʥʠʝ 

100 ʉʢʚʦʟʥʦʝ ʧʨʦʙʠʪʠʝ - 

150 
ʅʝʪ ʧʨʦʙʠʪʠʷ 

ʇʫʣʷ ʟʘʩʪʨʷʣʘ ʚ ʧʣʘʩʪʠʥʝ 6 ʤʤ 

ʇʫʣʷ ʟʘʩʪʨʷʣʘ ʚ ʩʣʦʝ ʥʘʧʦʣʥʠʪʝʣʷ 

ʉʢʚʦʟʥʦʝ ʧʨʦʙʠʪʠʝ - 

200 ʅʝʪ ʧʨʦʙʠʪʠʷ 
ʇʫʣʷ ʟʘʩʪʨʷʣʘ ʚ ʧʣʘʩʪʠʥʝ 6 ʤʤ 

ʇʫʣʷ ʟʘʩʪʨʷʣʘ ʚ ʩʣʦʝ ʥʘʧʦʣʥʠʪʝʣʷ 

ʆʙʨʘʟʝʮ ʩʪʘʣʴ/ʚʳʩʦʢʦʧʦʨʠʩʪʳʡ ʥʘʧʦʣʥʠʪʝʣʴ/ʩʪʘʣʴ 

100 

ʅʝʪ ʧʨʦʙʠʪʠʷ 

- 

150 - 

200 - 
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ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʚʠʜʥʦ, ʯʪʦ ʟʘʱʠʪʫ ʦʪ ʦʜʠʥʦʯʥʦʛʦ ʧʨʦʩʪʨʝʣʘ 

ʧʫʣʝʡ ʢʘʣʠʙʨʘ 7,62 ʤʤ ʦʙʝʩʧʝʯʠʚʘʶʪ ʦʙʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʩʪʝʥʢʠ ʢʦʥʪʝʡʥʝʨʘ. 

ʆʜʥʘʢʦ ʧʨʠ ʤʥʦʛʦʢʨʘʪʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʧʫʣʝʡ ʢʦʤʙʠʥʘʮʠʷ ʩʪʘʣʴ/ʩʪʘʣʴ/ʚʳʩʦʢʦʧʦʨʠʩʪʳʡ 

ʥʘʧʦʣʥʠʪʝʣʴ ʥʝ ʩʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʥʝʦʙʭʦʜʠʤʫʶ ʟʘʱʠʪʫ ʢʦʥʪʝʡʥʝʨʘ ʭʨʘʥʝʥʠʷ ʠʟ-ʟʘ 

ʨʘʟʨʫʰʝʥʠʷ ʠ ʦʩʳʧʘʥʠʷ ʩʣʦʷ ʤʘʪʝʨʠʘʣʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʟʘʱʠʪʳ ʵʥʝʨʛʦʥʘʩʳʱʝʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʟʜʝʣʠʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʥʩʪʨʫʢʮʠʶ ʢʦʥʪʝʡʥʝʨʘ ʭʨʘʥʝʥʠʷ, 

ʩʪʝʥʢʘ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʙʠʥʠʨʦʚʘʥʥʫʶ ʧʨʝʛʨʘʜʫ ʩʪʘʣʴ/ʚʳʩʦʢʦʧʦʨʠʩʪʳʡ 

ʥʘʧʦʣʥʠʪʝʣʴ/ʩʪʘʣʴ. ʆʩʥʘʱʝʥʠʝ ʧʝʨʝʜʚʠʞʥʳʭ ʠ ʩʪʘʮʠʦʥʘʨʥʳʭ ʩʢʣʘʜʦʚ ʭʨʘʥʝʥʠʷ 

ʢʦʥʩʪʨʫʢʮʠʷʤʠ ʩ ʚʳʩʦʢʦʧʦʨʠʩʪʳʤ ʥʘʧʦʣʥʠʪʝʣʝʤ ʧʦʟʚʦʣʠʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʠʭ ʟʘʱʠʪʫ 

ʦʪ ʚʥʝʰʥʝʛʦ ʪʝʧʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʘ ʪʘʢʞʝ ʦʪ ʤʝʭʘʥʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʩʪʨʝʣʢʦʚʦʛʦ ʦʨʫʞʠʷ. 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ: 
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ʫʯʝʙ. ʟʘʚʝʜʝʥʠʡ. ï ʄ.: ʀʟʜʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ "ɸʢʘʜʝʤʠʷ", 2003. ï 336 ʩ. 

3. ʆʬʠʮʠʘʣʴʥʘʷ ʣʠʮʝʥʟʠʷ ʧʨʠʦʙʨʝʪʝʥʘ ʫ ʦʬʠʮʠʘʣʴʥʦʛʦ ʚʝʥʜʦʨʘ ANSYS Germany 

GmbH ɿɸʆ çʂɸɼʌɽʄ ʉʠ-ɸʡ-ʕʩè. ʃʠʮʝʥʟʠʷ ʥʘ ʇʆ ANSYS Mechanical ʙʝʩʩʨʦʯʥʦ ʜʝʡʩʪʚʫʝʪ 

ʩ ʠʶʥʷ 2010 ʛ. (ʧʦʣʴʟʦʚʘʪʝʣʴ ˉ 395076). ʇʨʠ ʧʦʣʫʯʝʥʠʠ ʣʠʮʝʥʟʠʠ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʧʨʦʚʝʨʢʘ 

ɸʆ çʎʅʀʀ çɹʫʨʝʚʝʩʪʥʠʢè ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʪʨʝʙʦʚʘʥʠʷʤ ʣʠʮʝʥʟʠʨʦʚʘʥʠʷ ʥʘ ʩʪʦʨʦʥʝ ʚʝʥʜʦʨʘ 

ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʇʆ. ʌʘʢʪʦʤ ʧʨʦʭʦʞʜʝʥʠʷ ʧʨʦʚʝʨʢʠ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʙʝʩʩʨʦʯʥʦʡ 

ʣʠʮʝʥʟʠʠ. 
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ʋɼʂ 536.46 

 

ʆʉʆɹɽʅʅʆʉʊʀ ɻʆʈɽʅʀʗ ʄʆʅʆʃʀʊʅʓʍ ʏɸʉʊʀʎ ʊʀʊɸʅɸ 

  
1
ɹʝʣʦʫʩʦʚʘ ʅʘʪʘʣʴʷ ʉʝʨʛʝʝʚʥʘ, 

1
ɻʫʩʴʢʦʚ ɸʥʘʪʦʣʠʡ ɺʘʩʠʣʴʝʚʠʯ,

 

2
ɻʣʦʪʦʚ ʆʣʝʛ ɻʨʠʛʦʨʴʝʚʠʯ 

 
1
ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

2
ʀʥʩʪʠʪʫʪ ʭʠʤʠʯʝʩʢʦʡ ʢʠʥʝʪʠʢʠ ʠ ʛʦʨʝʥʠʷ ʠʤ. ɺ.ɺ. ɺʦʝʚʦʜʩʢʦʛʦ ʉʆ ʈɸʅ 

ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, nata.bel.94@mail.ru 

 

ʀʟʣʦʞʝʥʳ ʤʘʪʝʨʠʘʣʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʛʦʨʝʥʠʷ ʤʦʥʦʣʠʪʥʳʭ 

ʯʘʩʪʠʮ ʪʠʪʘʥʘ. ʆʧʨʝʜʝʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʛʦʨʷʱʠʭ ʯʘʩʪʠʮ, ʠʭ ʩʢʦʨʦʩʪʴ ʠ 

ʢʦʦʨʜʠʥʘʪʳ ʚ ʤʦʤʝʥʪ ʥʘʯʘʣʘ ʬʨʘʛʤʝʥʪʘʮʠʠ. ʄʝʪʦʜʦʤ ʚʠʜʝʦʩʲʸʤʢʠ ʠ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ 

ʦʧʨʝʜʝʣʝʥʳ ʭʘʨʘʢʪʝʨʥʳʝ ʚʨʝʤʝʥʘ ʛʦʨʝʥʠʷ ʠ ʧʝʨʝʭʦʜ ʢ ʬʨʘʛʤʝʥʪʘʮʠʠ, ʚʨʝʤʷ ʬʨʘʛʤʝʥʪʘʮʠʠ, 

ʦʢʦʥʯʘʥʠʝ ʛʦʨʝʥʠʷ. ʆʮʝʥʝʥ ʨʘʟʤʝʨ ʯʘʩʪʠʮ, ʧʨʠ ʢʦʪʦʨʦʤ ʠʟʤʝʥʷʝʪʩʷ ʨʝʞʠʤ ʬʨʘʛʤʝʥʪʘʮʠʠ.  

 

ɺʚʝʜʝʥʠʝ 

ʊʠʪʘʥ, ʢʘʢ ʦʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʠʟ-ʟʘ ʥʝʦʙʳʯʥʦʛʦ ʩʦʯʝʪʘʥʠʷ 

ʩʚʦʡʩʪʚ ʤʝʪʘʣʣʘ ʠ ʦʢʩʠʜʘ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʭʦʨʦʰʦ ʠʟʫʯʝʥʥʳʭ ʘʣʶʤʠʥʠʷ, ʤʘʛʥʠʷ 

ʠ ʙʦʨʘ, ʪʠʪʘʥ ï ʪʫʛʦʧʣʘʚʢʠʡ ʥʝʣʝʪʫʯʠʡ ʤʝʪʘʣʣ ʩ ʪʫʛʦʧʣʘʚʢʠʤ ʦʢʩʠʜʦʤ. ʇʣʦʪʥʦʩʪʴ ʦʢʩʠʜʘ 

(4,23 ʛ/ʩʤį) ʤʝʥʴʰʝ, ʯʝʤ ʫ ʤʝʪʘʣʣʘ (4,54 ʛ/ʩʤį). ɿʘʱʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʦʢʩʠʜʘ ʪʠʪʘʥʘ ʧʨʦʷʚʣʷʶʪ 

ʩʝʙʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ, ʙʣʘʛʦʜʘʨʷ ʧʣʝʥʢʝ ʦʢʩʠʜʘ, ʪʠʪʘʥ ʢʦʨʨʦʟʠʦʥʥʦ ʫʩʪʦʡʯʠʚ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨ 500-550Áʉ.  

ʊʠʪʘʥ, ʵʪʦ ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʠʡ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ 

ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʠʟʜʝʣʠʷʭ, ʥʦ ʪʘʢʞʝ ʪʠʪʘʥ ʷʚʣʷʝʪʩʷ ʧʠʨʦʬʦʨʥʳʤ ʤʝʪʘʣʣʠʯʝʩʢʠʤ 

ʛʦʨʯʁʠʤ, ʧʨʠʤʝʥʷʝʤʦʝ ʚ ʧʠʨʦʪʝʭʥʠʢʝ ʠ ʚ ʢʦʤʧʦʟʠʮʠʷʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʛʦʨʝʥʠʷ. ɺ 2005 

ʛʦʜʘ ʙʳʣʘ ʚʳʜʚʠʥʫʪʘ ʩ ʠʜʝʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʦʨʝʥʠʷ ʯʘʩʪʠʮ ʪʠʪʘʥʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʮʝʣʝʚʦʛʦ 

ʧʨʦʜʫʢʪʘ ï ʦʙʣʘʢʘ ʢʘʪʘʣʠʪʠʯʝʩʢʠ-ʘʢʪʠʚʥʳʭ ʯʘʩʪʠʮ TiO2 ʜʣʷ ʜʝʟʘʢʪʠʚʘʮʠʠ ʚʨʝʜʥʳʭ ʠʣʠ 

ʦʧʘʩʥʳʭ ʚʝʱʝʩʪʚ, ʦʢʘʟʘʚʰʠʭʩʷ ʚ ʘʪʤʦʩʬʝʨʥʦʤ ʚʦʟʜʫʭʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʭʥʦʛʝʥʥʦʡ ʢʘʪʘʩʪʨʦʬʳ 

ʠʣʠ ʪʝʨʨʦʨʠʩʪʠʯʝʩʢʦʛʦ ʘʢʪʘ [1]. ʆʜʠʥ ʠʟ ʚʘʨʠʘʥʪʦʚ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʡ ʠʜʝʠ ʥʘ ʧʨʘʢʪʠʢʝ ï 

ʨʘʟʨʘʙʦʪʢʘ ʩʧʝʮʠʘʣʴʥʦʡ ʧʠʨʦʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ [2], ʛʝʥʝʨʠʨʫʶʱʝʡ ʩʛʦʨʘʶʱʠʝ ʚ ʚʦʟʜʫʭʝ 

ʯʘʩʪʠʮʳ ʪʠʪʘʥʘ. ɼʣʷ ʦ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʩ ʮʝʣʴʶ ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʦʡ ʧʦʣʥʦʪʳ 

ʩʛʦʨʘʥʠʷ ʤʝʪʘʣʣʘ ʠ ʚʳʩʦʢʦʛʦ ʚʳʭʦʜʘ ʜʳʤʦʦʙʨʘʟʥʦʛʦ ʦʢʩʠʜʘ ʩ ʪʨʝʙʫʝʤʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, 

ʧʨʦʚʦʜʷʪʩʷ ʨʘʙʦʪʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʠʟʫʯʝʥʠʝ ʤʝʭʘʥʠʟʤʘ ʛʦʨʝʥʠʷ ʯʘʩʪʠʮ Ti ʚ ʚʦʟʜʫʭʝ [3-6], 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʨʘʟʫʶʱʠʭʩʷ ʯʘʩʪʠʮ TiO2 ʠ ʩʚʷʟʠ ʵʪʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩ ʨʝʞʠʤʦʤ ʛʦʨʝʥʠʷ 

ʤʘʪʝʨʠʥʩʢʠʭ ʯʘʩʪʠʮ Ti [2, 3, 6]. ʇʨʠ ʛʦʨʝʥʠʠ ʧʠʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩ ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʤ 

ʪʠʪʘʥʦʤ ʦʙʨʘʟʫʶʪʩʷ ʪʠʪʘʥʦʚʳʝ ʘʛʣʦʤʝʨʘʪʳ ʩ ʨʘʟʤʝʨʦʤ ʚ ʜʝʩʷʪʢʠ ʠ ʩʦʪʥʠ ʤʠʢʨʦʥ [2], ʠ 

ʠʤʝʥʥʦ ʠʭ ʪʨʝʙʫʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦ ʩʞʝʯʴ ʠ ʧʨʝʚʨʘʪʠʪʴ ʚ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʡ  ʦʢʩʠʜ. ɼʣʷ 

ʠʟʫʯʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠ ʤʝʭʘʥʠʟʤʘ ʛʦʨʝʥʠʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʢʨʫʧʥʳʭ ʪʠʪʘʥʦʚʳʭ ʯʘʩʪʠʮ 

(ʘʛʣʦʤʝʨʘʪʦʚ), ʨʘʟʨʘʙʦʪʘʥʘ ʩʧʝʮʠʘʣʴʥʘʷ ʤʝʪʦʜʠʢʘ, ʦʧʠʩʘʥʥʘʷ ʚ [6]. 

ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ɺ ʢʘʯʝʩʪʚʝ ʦʙʨʘʟʮʘ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʛʦʨʷʱʠʭ ʯʘʩʪʠʮ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʣʦʩʢʘ ʩ ʨʘʟʤʝʨʘʤʠ 

3Ĭ30Ĭ2 ʤʤ, ʠʟʛʦʪʦʚʣʝʥʥʫʶ ʠʟ ʙʝʟʤʝʪʘʣʴʥʦʡ ʢʦʤʧʦʟʠʮʠʠ-ʤʘʪʨʠʮʳ ʩ ʚʥʝʜʨʝʥʥʳʤʠ ʚ ʥʝʸ 

ʤʝʪʘʣʣʠʟʠʨʦʚʘʥʥʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ (ʦʙʳʯʥʦ 10-12 ʰʪʫʢ). ɺʢʣʶʯʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ 

ʤʦʥʦʣʠʪʥʳʝ ʤʠʥʠʘʪʶʨʥʳʝ ʧʣʦʩʢʠʝ ʢʫʩʦʯʢʠ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʪʠʪʘʥʘ. ɺʢʣʶʯʝʥʠʷ 

ʠʟʛʦʪʘʚʣʠʚʘʣʠ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʆʪ ʩʣʠʪʢʘ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʪʠʪʘʥʘ (ʯʠʩʪʦʪʘ 99.38 %) 

ʙʦʢʦʨʝʟʘʤʠ ʦʪʢʫʩʳʚʘʣʠ ʬʨʘʛʤʝʥʪ ʨʘʟʤʝʨʦʤ 2ï3 ʤʤ. ʌʨʘʛʤʝʥʪ ʨʘʩʧʣʶʱʠʚʘʣʠ ʥʘ ʪʠʪʘʥʦʚʦʡ 

ʥʘʢʦʚʘʣʴʥʝ ʪʠʪʘʥʦʚʳʤ ʤʦʣʦʪʢʦʤ, ʟʘʪʝʤ ʧʨʦʢʘʪʳʚʘʣʠ ʥʘ ʩʪʘʣʴʥʳʭ ʚʘʣʴʮʘʭ ʜʦ ʪʦʣʱʠʥʳ 50ï80 

ʤʢʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʣʠ ʪʠʪʘʥʦʚʳʡ çʣʝʧʝʩʪʦʢè, ʨʠʩ. 2, ʦʪ ʢʦʪʦʨʦʛʦ ʟʘʪʝʤ ʥʦʞʥʠʮʘʤʠ 

ʦʪʨʝʟʘʣʠ ʪʨʝʙʫʝʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʫʩʦʯʢʦʚ (ʪʠʧʠʯʥʦ 10) ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʠʭ ʚ ʦʜʥʦʤ ʦʙʨʘʟʮʝ (ʚ 

ʣʫʥʢʘʭ ʥʘ ʧʦʣʦʩʢʝ ʤʘʪʨʠʮʳ). ʂʘʢ ʚʠʜʥʦ ʥʘ ʨʠʩ. 2, ʨʘʟʤʝʨ ʢʫʩʦʯʢʦʚ-ʚʢʣʶʯʝʥʠʡ ʦʢʦʣʦ 1 ʤʤ. 
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ʕʢʩʧʝʨʠʤʝʥʪʳ ʩ ʨʘʟʥʳʤʠ ʬʦʨʤʘʤʠ ʢʫʩʦʯʢʦʚ (ʪʨʝʫʛʦʣʴʥʠʢ, ʢʚʘʜʨʘʪ, ʧʨʷʤʦʫʛʦʣʴʥʠʢ ʩ L/W å 

3) ʥʝ ʚʳʷʚʠʣʠ ʟʥʘʯʠʤʳʭ ʨʘʟʣʠʯʠʡ ʚ ʠʟʤʝʨʷʝʤʳʭ ʧʘʨʘʤʝʪʨʘʭ[7].  

 

 
 

ʈʠʩ. 1. ʊʠʪʘʥʦʚʳʡ çʣʝʧʝʩʪʦʢè ʠ ʦʪʨʝʟʘʥʥʳʝ ʦʪ ʥʝʛʦ ʯʘʩʪʠʮʳ-ʚʢʣʶʯʝʥʠʷ ʜʣʷ ʦʜʥʦʛʦ 

ʦʧʳʪʘ. 

 

ɺʝʩ ʣʝʧʝʩʪʢʘ 0.0100ï0.0400 ʛ, ʪʠʧʠʯʥʳʡ ʚʝʩ ʦʜʥʦʛʦ ʚʢʣʶʯʝʥʠʷ ʦʢʦʣʦ 0.0002 ʛ. ʇʨʷʤʦʝ 

ʚʟʚʝʰʠʚʘʥʠʝ ʚʢʣʶʯʝʥʠʡ ʩ ʪʨʝʙʫʝʤʦʡ ʪʦʯʥʦʩʪʴʶ ʥʝʚʦʟʤʦʞʥʦ, ʧʦʩʢʦʣʴʢʫ ʠʤʝʶʱʠʝʩʷ 

ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʧʦʣʫʤʠʢʨʦʚʝʩʳ ʄɺ 210-ɸ ʧʨʦʠʟʚʦʜʩʪʚʘ ɿɸʆ ʉʘʨʪʦʛʦʩʤ (ʈʦʩʩʠʷ), ʠʤʝʶʪ 

ʧʦʛʨʝʰʥʦʩʪʴ °0.0001 ʛ. ʇʨʦʙʣʝʤʘ ʨʝʰʘʝʪʩʷ ʧʫʪʝʤ ʟʘʤʝʥʳ ʚʟʚʝʰʠʚʘʥʠʡ ʨʝʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ 

ʥʘ ʚʟʚʝʰʠʚʘʥʠʷ ʠʭ çʤʦʜʝʣʝʡè, ʚʳʨʝʟʘʥʥʳʭ ʠʟ ʧʣʦʪʥʦʡ ʙʫʤʘʛʠ. ɺʝʩ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ 

ʚʢʣʶʯʝʥʠʷ ʣʝʛʢʦ ʧʝʨʝʩʯʠʪʘʪʴ ʠʟ ʚʝʩʘ ʝʛʦ ʙʫʤʘʞʥʦʡ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʫʷ ʦʪʥʦʰʝʥʠʝ ʚʝʩʦʚ 

ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʣʝʧʝʩʪʢʘ ʠ ʝʛʦ ʙʫʤʘʞʥʦʡ ʤʦʜʝʣʠ. ɿʥʘʷ ʚʝʩ ʢʫʩʦʯʢʦʚ-ʚʢʣʶʯʝʥʠʡ, ʥʘʯʘʣʴʥʳʝ 

ʜʠʘʤʝʪʨʳ ʯʘʩʪʠʮ ʧʦʩʣʝ ʧʣʘʚʣʝʥʠʷ ʠ ʩʪʷʛʠʚʘʥʠʷ ʚ ʩʬʝʨʫ ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʧʦ ʬʦʨʤʫʣʝ DTi = 

3
TiTi ˊɟ6m
, ʛʜʝ rTi = 4.5 ʛ/ʩʤ

3
 ïʧʣʦʪʥʦʩʪʴ ʪʠʪʘʥʘ. ʆʧʠʩʘʥʥʘʷ ʧʨʦʮʝʜʫʨʘ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʯʝʪʥʦʛʦ ʜʠʘʤʝʪʨʘ 1ï3 ʤʢʤ ʥʘ ʫʨʦʚʥʝ ʩʦʪʝʥ ʤʠʢʨʦʥ (ʚ 

ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʣʝʧʝʩʪʦʢ ʚ ʮʝʣʦʤ ʠ ʦʪʨʝʟʘʥʥʳʝ ʦʪ ʥʝʛʦ ʢʫʩʦʯʢʠ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʫʶ 

ʪʦʣʱʠʥʫ). 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʂʚʘʨʮʝʚʫʶ ʪʨʫʙʢʫ-ʜʝʨʞʘʪʝʣʴ ʦʙʨʘʟʮʘ 

ʟʘʢʨʝʧʣʷʣʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʥʘ ʚʳʩʦʪʝ 2ï3 ʤ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʧʦʣʦʩʢʘ ʤʘʪʨʠʮʳ 

ʥʘʭʦʜʠʣʘʩʴ ʥʘ ʥʠʞʥʝʡ ʩʪʦʨʦʥʝ ʪʨʫʙʢʠ, ʨʠʩ. 2.  

 
ʈʠʩ. 2. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘ.  

1- ʦʙʨʘʟʝʮ, 2- ʯʘʰʢʘ ʇʝʪʨʠ, 3- ʬʦʪʦʘʧʧʘʨʘʪ.  
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ʇʦʣʦʩʢʫ ʤʘʪʨʠʮʳ ʧʦʜʞʠʛʘʣʠ ʩ ʢʦʥʮʘ, ʚʳʩʪʫʧʘʶʱʝʛʦ ʟʘ ʪʦʨʝʮ ʪʨʫʙʢʠ-ʜʝʨʞʘʪʝʣʷ. ʇʦ 

ʤʝʨʝ ʧʨʦʭʦʞʜʝʥʠʷ ʚʦʣʥʳ ʛʦʨʝʥʠʷ ʧʦ ʧʦʣʦʩʢʝ ʤʘʪʨʠʮʳ, ʚʢʣʶʯʝʥʠʷ ʚʦʩʧʣʘʤʝʥʷʶʪʩʷ ʠ 

ʚʳʙʨʘʩʳʚʘʶʪʩʷ ʠʟ ʤʘʪʨʠʮʳ. ɺʳʣʝʪʝʚʰʠʝ ʯʘʩʪʠʮʳ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʛʦʨʷʱʠʝ ʩʬʝʨʳ, ʩʚʦʙʦʜʥʦ 

ʧʘʜʘʶʱʠʝ ʚ ʚʦʟʜʫʭʝ. ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʦʠʟʚʦʜʠʣʠ ʚʠʜʝʦʩʲʝʤʢʫ ʧʘʜʘʶʱʠʭ ʛʦʨʷʱʠʭ 

ʯʘʩʪʠʮ ʮʠʬʨʦʚʦʡ ʬʦʪʦʢʘʤʝʨʦʡ ʩʦ ʩʢʦʨʦʩʪʴʶ ʩʲʸʤʢʠ 25 ʠʣʠ 500 ʢʘʜʨʦʚ ʚ ʩʝʢʫʥʜʫ. ɺ 

ʧʨʦʚʝʜʸʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʨʠʥʫʜʠʪʝʣʴʥʦʝ ʛʘʰʝʥʠʝ ʯʘʩʪʠʮ ʥʝ ʧʨʠʤʝʥʷʣʠ, ʘ ʙʦʣʴʰʘʷ 

ʚʳʩʦʪʘ ʧʘʜʝʥʠʷ (ʜʦ 3 ʤ) ʦʙʝʩʧʝʯʠʚʘʣʘ ʩʛʦʨʘʥʠʝ ʯʘʩʪʠʮ ʠʩʩʣʝʜʫʝʤʳʭ ʨʘʟʤʝʨʦʚ ʚ ʧʦʣʸʪʝʭ[8]. 

ʆʪʦʙʨʘʥʥʳʝ ʤʘʪʝʨʠʥʩʢʠʝ ʯʘʩʪʠʮʳ, ʘ ʪʘʢʞʝ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʝ ʧʨʦʜʫʢʪʳ ʛʦʨʝʥʠʷ (ʂʇɻ) 

ʠʩʩʣʝʜʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʩʢʦʧʘ. ʆʩʦʙʝʥʥʦʩʪʴ ʛʦʨʝʥʠʷ ʪʠʪʘʥʦʚʳʭ ʯʘʩʪʠʮ ʠ ʪʠʪʘʥʦʚʳʭ 

ʘʛʣʦʤʝʨʘʪʦʚ ï ʷʚʣʝʥʠʝ ʬʨʘʛʤʝʥʪʘʮʠʠ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʚ ʜʚʫʭ ʨʝʞʠʤʘʭ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩ. 2, ʘ ʠʤʝʥʥʦ: ʣʠʙʦ ʚ ʚʠʜʝ ʦʜʥʦʢʨʘʪʥʦʛʦ ʚʟʨʳʚʘ ʛʦʨʷʱʝʡ ʯʘʩʪʠʮʳ ʩʦ 

ʟʚʝʟʜʦʦʙʨʘʟʥʳʤ ʨʘʟʣʸʪʦʤ ʬʨʘʛʤʝʥʪʦʚ, ʣʠʙʦ ʚ ʚʠʜʝ ʨʘʩʪʷʥʫʪʦʛʦ ʚʦ ʚʨʝʤʝʥʠ ʦʪʩʪʨʝʣʘ 

ʤʥʦʞʝʩʪʚʘ ʤʝʣʢʠʭ ʯʘʩʪʠʮ-ʬʨʘʛʤʝʥʪʦʚ ʦʪ ʤʘʪʝʨʠʥʩʢʦʡ ʯʘʩʪʠʮʳ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʧʦʩʣʝʜʥʝʡ. ɺ 

ʵʪʦʤ ʨʝʞʠʤʝ ʬʦʪʦʛʨʘʬʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʪʨʝʢʘ ʛʦʨʷʱʝʡ ʯʘʩʪʠʮʳ ʩ ʦʪʣʝʪʘʶʱʠʤʠ 

ʬʨʘʛʤʝʥʪʘʤʠ ʧʦ ʬʦʨʤʝ ʥʘʧʦʤʠʥʘʝʪ ʝʣʦʚʫʶ ʚʝʪʚʴ. ʈʝʞʠʤ çʝʣʦʚʘʷ ʚʝʪʚʴè ʥʘʙʣʶʜʘʣʠ ʚ [9] ʜʣʷ 

ʘʛʣʦʤʝʨʘʪʦʚ ʜʠʘʤʝʪʨʦʤ 300, 390 ʠ 480 ʤʢʤ. ʈʝʞʠʤ çʟʚʝʟʜʘè ʥʘʙʣʶʜʘʣʠ ʜʣʷ ʯʘʩʪʠʮ 240 ʠ 280 

ʤʢʤ ʚ [10] ʠ ʯʘʩʪʠʮ ʚ ʜʠʘʧʘʟʦʥʝ 20ï125 ʤʢʤ ʚ [11]. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʷʚʣʝʥʠʝ ʬʨʘʛʤʝʥʪʘʮʠʠ 

ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ ʛʦʨʝʥʠʷ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʠʩʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ ʚ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʡ ʦʢʩʠʜ, ʧʨʠʯʸʤ ʨʝʞʠʤ çʟʚʝʟʜʘè ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ. 

ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ [9] ʠ [10] ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʤʝʥʘ ʨʝʞʠʤʘ ʬʨʘʛʤʝʥʪʘʮʠʠ ʠʤʝʝʪ ʤʝʩʪʦ 

ʧʨʠʤʝʨʥʦ ʚ ʜʠʘʧʘʟʦʥʝ ʨʘʟʤʝʨʦʚ 250ï300 ʤʢʤ. ʇʨʠ ʵʪʦʤ ʯʘʩʪʠʮʳ ʚ [9] ʙʳʣʠ 

ʘʛʣʦʤʝʨʘʮʠʦʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ (ʠʟʥʘʯʘʣʴʥʦ ʩʦʩʪʦʷʣʠ ʠʟ 31 % ʩʚʷʟʫʶʱʝʛʦ ʠ 69 % ʯʘʩʪʠʮ 

ʪʠʪʘʥʘ ʩ ʨʘʟʤʝʨʦʤ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʤʝʣʴʯʝ 50 ʤʢʤ), ʘ ʯʘʩʪʠʮʳ 240 ʠ 280 ʤʢʤ ʚ [9] ʙʳʣʠ 

ʤʦʥʦʣʠʪʥʳʤʠ (ʠʭ ʧʦʣʫʯʘʣʠ ʠʟ ʪʠʪʘʥʦʚʳʭ ʧʨʦʚʦʣʦʢ ʚʳʩʦʢʦʡ ʯʠʩʪʦʪʳ). ʀʟ ʩʢʘʟʘʥʥʦʛʦ 

ʩʣʝʜʫʝʪ, ʯʪʦ ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʥʘ ʨʝʞʠʤʘ 

ʬʨʘʛʤʝʥʪʘʮʠʠ, ʘ ʪʘʢʞʝ ʠ ʫʩʪʘʥʦʚʣʝʥʠʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʬʨʘʛʤʝʥʪʘʮʠʠ ʠ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʝʘʛʠʨʦʚʘʥʠʷ ʘʛʣʦʤʝʨʘʪʦʚ ʠ ʤʦʥʦʣʠʪʥʳʭ ʯʘʩʪʠʮ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʘʞʥʳʤ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʛʦʨʝʥʠʷ.   

 

 
ʨʠʩ.2. ʚʠʜʳ ʬʨʘʛʤʝʥʪʘʮʠʠ 

ʘ- çʟʚʝʟʜʘè 

b- çʝʣʦʚʘʷ ʚʝʪʚʴè 

 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʠ ʵʚʦʣʶʮʠʠ ʯʘʩʪʠʮ ʨʘʟʨʘʙʦʪʘʥʘ ʙʫʢʚʝʥʥʘʷ ʥʦʪʘʮʠʷ. 

ʉʣʝʜʫʶʱʠʝ ʩʦʙʳʪʠʷ ʦʙʦʟʥʘʯʘʶʪʩʷ ʙʫʢʚʘʤʠ b, e, s ʠ z: çbè (begin) ï ʥʘʯʘʣʦ ʬʨʘʛʤʝʥʪʘʮʠʠ, 

çeè (end) ï ʢʦʥʝʮ ʬʨʘʛʤʝʥʪʘʮʠʠ, çsè (stop) ï ʧʨʠʥʫʜʠʪʝʣʴʥʦʝ ʛʘʰʝʥʠʝ ʯʘʩʪʠʮʳ ʥʘ ʜʥʝ ʯʘʰʢʠ 

ʇʝʪʨʠ, çzè (zero) ï çʠʩʯʝʟʥʦʚʝʥʠʝè ʯʘʩʪʠʮʳ, ʨʠʩ.3. 
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ʈʠʩ.3 ɺʠʜʝʦʛʨʘʤʤʘ ï ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʢʘʜʨʦʚ ʛʦʨʝʥʠʷ ʯʘʩʪʠʮʳ Ti ʚ ʩʚʦʙʦʜʥʦʤ 

ʧʘʜʝʥʠʠ ʚ ʚʦʟʜʫʭʝ. çbè (begin) ï ʥʘʯʘʣʦ ʬʨʘʛʤʝʥʪʘʮʠʠ, çeè (end) ï ʢʦʥʝʮ ʬʨʘʛʤʝʥʪʘʮʠʠ 

 

ʈʠʩ. 4 ʜʝʤʦʥʩʪʨʠʨʫʝʪ çʞʠʟʥʝʥʥʳʡ ʮʠʢʣè ʪʠʧʠʯʥʳʡ ʜʣʷ ʢʨʫʧʥʳʭ (300ï500 ʤʢʤ) ʯʘʩʪʠʮ. 

ʕʪʦ ʨʠʩʫʥʦʢ ʩʦʙʨʘʥ ʠʟ ʬʨʘʛʤʝʥʪʦʚ ʢʘʜʨʦʚ ʚʠʜʝʦʟʘʧʠʩʠ ʧʦʩʨʝʜʩʪʚʦʤ ʪʝʭʥʦʣʦʛʠʠ ʚʳʨʝʟʘʪʴ-

ʚʩʪʘʚʠʪʴ. ʅʘ ʨʠʩ. 4 ʧʨʝʜʩʪʘʚʣʝʥ ʚʝʩʴ ʪʨʝʢ ʯʘʩʪʠʮʳ ʦʪ ʝʝ ʚʳʭʦʜʘ ʠʟ ʦʙʨʘʟʮʘ (ʩʦʙʳʪʠʝ 0) ʜʦ 

çʠʩʯʝʟʥʦʚʝʥʠʷè (ʩʦʙʳʪʠʝ z). 

 

 
ʈʠʩ. 4. ɺʠʜʝʦʟʘʧʠʩʴ ʜʣʷ ʢʨʫʧʥʦʡ (300ï500 ʤʢʤ) Ti ʯʘʩʪʠʮʳ, ʩʚʦʙʦʜʥʦ ʧʘʜʘʶʱʝʡ ʚ 

ʚʦʟʜʫʭʝ. 

 

ʆʙʱʘʷ ʢʘʨʪʠʥʘ ʧʦʚʝʜʝʥʠʷ ʯʘʩʪʠʮ Ti ʧʨʠ ʛʦʨʝʥʠʠ. ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʜʘʥʥʳʝ ʦ 

ʥʘʩʪʫʧʣʝʥʠʠ ʩʦʙʳʪʠʡ b, e, z. ɼʚʠʞʝʥʠʝ ʯʘʩʪʠʮ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. 

ʉʦʙʳʪʠʷ b and e ʝʩʪʴ ʥʘʯʘʣʦ ʠ ʢʦʥʝʮ ʬʨʘʛʤʝʥʪʘʮʠʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʌʨʘʛʤʝʥʪʘʮʠʠ 

ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʪʠʧʫ ñʝʣʦʚʘʷ ʚʝʪʚʴò, ʠ ʥʘ ʨʠʩ. 4 ʚʠʜʥʦ, ʯʪʦ ʤʝʞʜʫ ʤʝʪʢʘʤʠ ʩʦʙʳʪʠʡ b and e 

ʪʨʝʢ ʯʘʩʪʠʮʳ çʣʦʭʤʘʪʳʡè ʠʟ-ʟʘ ʦʪʩʪʨʝʣʘ ʤʝʣʢʠʭ ʬʨʘʛʤʝʥʪʦʚ. ɺʝʨʪʠʢʘʣʴʥʳʡ ʦʪʨʝʟʦʢ ç50 ʩʤè 

ʦʧʨʝʜʝʣʷʝʪ ʤʘʩʰʪʘʙ ʠʟʦʙʨʘʞʝʥʠʷ. ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʜʣʠʥʘ ʪʨʝʢʘ ʙʦʣʝʝ 2 ʤ. 

ɻʦʨʠʟʦʥʪʘʣʴʥʳʝ ʣʠʥʠʠ ʩʣʝʚʘ ʦʪ ʪʨʝʢʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʛʨʘʥʠʮʘʤʠ ʫʯʘʩʪʢʦʚ ʪʨʝʢʘ, 

ʧʨʠʥʘʜʣʝʞʘʱʠʤ ʦʪʜʝʣʴʥʳʤ ʢʘʜʨʘʤ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʦʥʠ ʜʝʣʷʪ ʪʨʝʢ ʥʘ ʫʯʘʩʪʢʠ, ʢʦʪʦʨʳʝ 

ʯʘʩʪʠʮʘ ʧʨʦʣʝʪʘʣʘ ʟʘ 1/30 ʩ. 

ʆʪʤʝʪʠʤ ʥʝʢʦʪʦʨʳʝ ʥʘʙʣʶʜʘʝʤʳʝ ʦʩʦʙʝʥʥʦʩʪʠ. 

(1) ɼʦ ʥʘʯʘʣʘ ʬʨʘʛʤʝʥʪʘʮʠʠ (ʚʳʰʝ ʪʦʯʢʠ b) ʯʘʩʪʠʮʘ ʧʘʜʘʝʪ ʚʝʨʪʠʢʘʣʴʥʦ, ʬʨʘʛʤʝʥʪʘʮʠʷ 

ʚʳʟʳʚʘʝʪ ʥʝʙʦʣʴʰʠʝ ʚʦʟʤʫʱʝʥʠʷ ʝʝ ʜʚʠʞʝʥʠʷ (ʦʪʢʣʦʥʝʥʠʝ ʪʨʘʝʢʪʦʨʠʠ ʦʪ ʧʨʷʤʦʣʠʥʝʡʥʦʡ). 

(2) ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʬʨʘʛʤʝʥʪʘʮʠʠ (ʥʠʞʝ ʪʦʯʢʠ e) ʩʢʦʨʦʩʪʴ ʯʘʩʪʠʮʳ ʟʘʤʝʪʥʦ 

ʩʥʠʞʘʝʪʩʷ. ʊʨʝʢ ʯʘʩʪʠʮʳ ʧʦʩʪʝʧʝʥʥʦ ʩʫʞʘʝʪʩʷ ʠ ʪʫʩʢʥʝʝʪ, ʠ ʥʠʞʝ ʪʦʯʢʠ z ʯʘʩʪʠʮʫ ʫʞʝ ʥʝ 

ʚʠʜʥʦ. 
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ɿʘʢʣʶʯʝʥʠʝ  

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʨʝʜʝʣʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ: ʵʪʘʧʳ ʠ ʪʠʧʳ ʛʦʨʝʥʠʷ; ʚʠʜʳ 

ʬʨʘʛʤʝʥʪʘʮʠʠ ʤʦʥʦʣʠʪʥʳʭ ʤʘʪʝʨʠʥʩʢʠʭ ʯʘʩʪʠʮ ʪʠʪʘʥʘ ʜʠʘʤʝʪʨʦʤ 300ï500 ʤʢʤ; ʵʚʦʣʶʮʠʠ 

ʯʘʩʪʠʮʳ ï ʬʨʘʛʤʝʥʪʘʮʠʷ, ʜʣʷ ʯʘʩʪʠʮ 300-500 ʤʢʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʩʦʭʨʘʥʝʥʠʝʤ 

ʤʘʪʝʨʠʥʩʢʦʡ ʯʘʩʪʠʮʳ (ʚʠʜ ʨʘʟʣʝʪʘ ʬʨʘʛʤʝʥʪʦʚ ʥʘʧʦʤʠʥʘʝʪ çʝʣʦʚʫʶ ʚʝʪʚʴè).  
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ʋɼʂ 662.1/.4  

 

ʆʎɽʅʂɸ ɺʃʀʗʅʀʗ ʉɺɽʈʍʅʀɿʂʀʍ ʊɽʄʇɽʈɸʊʋʈ ʅɸ ʐʊɸʊʅʓɽ ʀ 

ʌʆʈʄʆɺɸʅʅʓɽ ʇʈʆʂɸʊʂʆʁ ɿɸʈʗɼʓ ʇʈʀ ʅɸɻʈʋɿʂɸʍ, 

ʀʄʀʊʀʈʋʖʑʀʍ ɸʈʊʀʃʃɽʈʀʁʉʂʀʁ ɺʓʉʊʈɽʃ 

 

ɹʦʛʦʤʦʣʦʚ ɸʣʝʢʩʝʡ ɼʤʠʪʨʠʝʚʠʯ; ʇʦʧʦʚ ɸʣʝʢʩʘʥʜʨ ɻʝʥʥʘʜʴʝʚʠʯ;  

ʅʫʨʤʫʭʘʤʝʪʦʚ ɸʥʜʨʝʡ ʊʘʛʠʨʦʚʠʯ; ʈʦʛʦʞʠʥ ʇʘʚʝʣ ɺʠʢʪʦʨʦʚʠʯ 

 

ʉʘʤʘʨʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʊʝʭʥʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ,   

ʛ. ʉʘʤʘʨʘ, Fastex2@yandex.ru 

 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʣʦʚʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʨʳʚʥʳʭ ʟʘʨʷʜʦʚ ʢ ʥʘʛʨʫʟʢʘʤ ʘʨʪʠʣʣʝʨʠʡʩʢʦʛʦ ʚʳʩʪʨʝʣʘ ʧʦʩʣʝ 

ʠʭ ʜʣʠʪʝʣʴʥʦʛʦ ʭʨʘʥʝʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʤʠʥʫʩ 60
¯
ʉ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʪʝʤʧʝʨʘʪʫʨʘʤ ʘʨʢʪʠʯʝʩʢʦʡ ʟʦʥʳ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʛʜʝ ʨʘʩʧʦʣʘʛʘʶʪʩʷ 

ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʚʦʝʥʥʳʝ ʙʘʟʳ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʯʝʪʳʨʝʭ ʪʠʧʦʚ ʚʟʨʳʚʯʘʪʳʭ ʚʝʱʝʩʪʚ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʩʥʘʨʷʞʝʥʠʠ ʰʪʘʪʥʳʭ ʩʨʝʜʩʪʚ ʧʦʨʘʞʝʥʠʷ. 

 The paper presents the results of determining the conditions ensuring the safety of the 

application of explosive charges to artillery shot loads after their long storage at temperatures 

minus 60 ÁC, which corresponds to the temperatures of the Arctic zone of the Russian Federation, 

where Russian military bases are located. The analysis of four types of explosives, used for the 

detection of standard weapons. 

 

ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʭʨʘʥʝʥʠʷ, ʧʨʠʩʫʱʠʭ ʩʨʝʜʥʝʡ ʧʦʣʦʩʝ ʈʦʩʩʠʠ, ʧʨʦʚʦʜʠʣʠʩʴ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʮʝʥʢʝ ʩʪʦʡʢʦʩʪʠ ʨʘʟʨʳʚʥʦʛʦ ʟʘʨʷʜʘ ʢ ʜʠʥʘʤʠʯʝʩʢʠʤ ʥʘʛʨʫʟʢʘʤ 

ʘʨʪʠʣʣʝʨʠʡʩʢʦʛʦ ʚʳʩʪʨʝʣʘ [1-2]. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʧʨʠʯʠʥ ʧʨʝʞʜʝʚʨʝʤʝʥʥʳʭ ʚʟʨʳʚʦʚ ʚ ʢʘʥʘʣʝ 

ʩʪʚʦʣʘ ʦʨʫʜʠʷ. ʇʨʠʯʠʥʦʡ ʧʨʝʞʜʝʚʨʝʤʝʥʥʳʭ ʨʘʟʨʳʚʦʚ ʤʦʛʫʪ ʙʳʪʴ ʚʦʟʜʫʰʥʳʝ ʨʘʢʦʚʠʥʳ ʚ 

ʜʦʥʥʦʡ ʯʘʩʪʠ ʟʘʨʷʜʘ.  

ʂʨʠʪʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʙʣʶʜʮʝʦʙʨʘʟʥʳʭ ʪʨʝʱʠʥ ʠ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʦʧʨʝʜʝʣʷʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʢʦʧʨʘ ʤʘʨʢʠ ʂ-44-IV ʩ ʤʘʩʩʦʡ ʩʙʨʘʩʳʚʘʥʠʷ ʛʨʫʟʘ 210 

ʢʛ ʩ ʚʳʩʦʪʳ ʩʙʨʘʩʳʚʘʥʠʷ 1,5 ʤ ʠ ʥʘʚʝʩʢʦʡ ʠʩʧʳʪʫʝʤʦʛʦ ɺɺ ʜʦ 50 ʛ. 

ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʘʙʦʪʝ [3] ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʥʘ ʢʦʧʨʘʭ ʂ-44-IV ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ 

ʜʝʬʝʢʪʘʭ ʚ ʟʘʨʷʜʘʭ ʠʟ A-IX-1 ʠ A-IX-2 ʚ ʚʠʜʝ ʨʘʩʩʣʦʝʥʥʳʭ ʪʨʝʱʠʥ ʨʘʟʤʝʨʦʤ ʙʦʣʝʝ 2 ʤʤ 

ʜʦʣʞʝʥ ʧʨʦʠʟʦʡʪʠ ʧʨʝʞʜʝʚʨʝʤʝʥʥʳʡ ʨʘʟʨʳʚ ʚ ʢʘʥʘʣʝ ʩʪʚʦʣʘ. 

ʉ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʙʝʟʦʧʘʩʥʳʭ ʫʩʣʦʚʠʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʨʳʚʥʳʭ ʟʘʨʷʜʦʚ, 

ʧʦʣʫʯʝʥʥʳʭ ʧʨʦʢʘʪʢʦʡ, ʚ ʨʘʙʦʪʝ [1] ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʚʝʣʠʯʠʥʘ ʫʩʘʜʢʠ ʠ ʦʮʝʥʝʥ ʭʘʨʘʢʪʝʨ 

ʦʙʨʘʟʦʚʘʥʠʷ ʚʦʟʤʦʞʥʳʭ ʜʝʬʝʢʪʦʚ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʧʳʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʢʦʧʨʝ ʂ-44-IV ʙʝʟ ʪʦʨʤʦʟʥʳʭ ʫʩʪʨʦʡʩʪʚ ʧʦ 

ʞʝʩʪʢʦʡ ʩʭʝʤʝ ʠʩʧʳʪʘʥʠʡ ʥʘ ʠʟʜʝʣʠʷʭ, ʩʥʘʨʷʞʝʥʥʳʭ A-IX-2, A-IX-1, ʪʨʦʪʠʣʦʤ ʠ ʦʢʬʦʣʦʤ. 

ʀʩʧʳʪʫʝʤʳʝ ʦʙʨʘʟʮʳ ʧʦʜʚʝʨʛʘʣʠʩʴ ʚʦʟʜʝʡʩʪʚʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʤʠʥʫʩ 60
¯
ʉ ʚ 

ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʢʘʤʝʨʝ ʂʊʂ-800 ʧʨʠ ʚʨʝʤʝʥʠ ʚʳʜʝʨʞʢʠ 90 ʤʠʥʫʪ, ʟʘʪʝʤ ʠʩʧʳʪʳʚʘʣʠʩʴ ʥʘ 

ʢʦʧʨʝ ʂ-44-IV (ʨʠʩʫʥʦʢ 1). 
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ʘ) ʙ) 

ʈʠʩʫʥʦʢ 1 - ɺʥʝʰʥʠʡ ʚʠʜ ʟʘʨʷʜʦʚ ʠ ʩʙʦʨʦʢ 

ʘ) - ɿʘʨʷʜ ʧʨʦʢʘʪʥʳʡ (ʩʣʝʚʘ) ʠ ʧʨʝʩʩʦʚʘʥʥʳʡ (ʩʧʨʘʚʘ) ʚ ʩʙʦʨʢʘʭ; 

ʙ) ï ʟʘʨʷʜʳ ʠ ʩʙʦʨʢʠ ʧʦʩʣʝ ʚʳʜʝʨʞʢʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʤʠʥʫʩ 60
0
 ʉ 

ɺʳʩʦʪʘ ʠ ʜʠʘʤʝʪʨ ʟʘʨʷʜʦʚ ʩʦʩʪʘʚʣʷʣʘ 30 ʤʤ. ʊʝʤʧʝʨʘʪʫʨʘ ʟʘʨʷʜʦʚ (-60
¯
ʉ). ɺʳʩʦʪʳ 

ʩʙʨʦʩʘ ʛʨʫʟʘ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʪʠʧʘ ʩʥʘʨʷʜʘ ʦʧʨʝʜʝʣʷʣʠʩʴ ʠʟ ʨʘʙʦʪʳ [3]. ʆʩʥʦʚʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1. ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʦʙʨʘʟʮʦʚ ʧʨʠ ʜʠʥʘʤʠʯʝʩʢʦʤ ʥʘʛʨʫʞʝʥʠʠ 

ʊʠʧ ʟʘʨʷʜʘ 

ʠ (ʥʦʤʝʨ ʦʧʳʪʘ) 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 

ʪʠʧ ʩʥʘʨʷʜʘ 

ɺʝʣʠʯʠʥʘ ʫʩʘʜʢʠ (ʤʤ) 

ʠ ʨʝʟʫʣʴʪʘʪ ʠʩʧʳʪʘʥʠʡ 

ʐʘʰʢʘ ʠʟ A-IX-2 (1-10) 
57 ʤʤ 

0,2 

ʇʨʦʢʘʪʥʳʡ ʵʣʝʤʝʥʪ ʠʟ A-IX-2 (11-20) 0,15 

ʐʘʰʢʘ ʠʟ A-IX-2 (21-30) 
100 ʤʤ 

1,0 

ʇʨʦʢʘʪʥʳʡ ʵʣʝʤʝʥʪ ʠʟ A-IX-2 (31-40) 0,8 

ʐʘʰʢʘ ʠʟ A-IX-2 (41-50) 
122 ʤʤ 

1,9 

ʇʨʦʢʘʪʥʳʡ ʵʣʝʤʝʥʪ ʠʟ A-IX-2 (51-60) 1,35 

ʐʘʰʢʘ ʠʟ A-IX-2 (61-70) 
152 ʤʤ 

ɼʝʪʦʥʘʮʠʷ: 100% ʦʧʳʪʦʚ 

ʇʨʦʢʘʪʥʳʡ ʵʣʝʤʝʥʪ ʠʟ A-IX-2 (71-80) 1,45 

ʐʘʰʢʘ ʠʟ A-IX-1 (1-10) 
57 ʤʤ 

0,2 

ʇʨʦʢʘʪʥʳʡ ʵʣʝʤʝʥʪ ʠʟ A-IX-1 (11-20) 0,16 

ʐʘʰʢʘ ʠʟ A-IX-1 (21-30) 
100 ʤʤ 

1,1 

ʇʨʦʢʘʪʥʳʡ ʵʣʝʤʝʥʪ ʠʟ A-IX-1 (31-40) 0,9 

ʐʘʰʢʘ ʠʟ A-IX-1 (41-50) 
122 ʤʤ 

2,0 

ʇʨʦʢʘʪʥʳʡ ʵʣʝʤʝʥʪ ʠʟ A-IX-1 (51-60) 1,4 

ʐʘʰʢʘ ʠʟ A-IX-1 (61-70) 
152 ʤʤ 

ɼʝʪʦʥʘʮʠʷ: 100% ʦʧʳʪʦʚ 

ʇʨʦʢʘʪʥʳʡ ʵʣʝʤʝʥʪ ʠʟ A-IX-1 (71-80) 1,5 

ʐʘʰʢʘ ʠʟ ʪʨʦʪʠʣʘ (1-10) 
57 ʤʤ 

0,24 

ʇʨʦʢʘʪʥʳʡ ʵʣʝʤʝʥʪ ʠʟ ʪʨʦʪʠʣʘ (11-20) 0,18 

ʐʘʰʢʘ ʠʟ ʪʨʦʪʠʣʘ (21-30) 
100 ʤʤ 

1,2 

ʇʨʦʢʘʪʥʳʡ ʵʣʝʤʝʥʪ ʠʟ ʪʨʦʪʠʣʘ (31-40) 0,9 

ʐʘʰʢʘ ʠʟ ʪʨʦʪʠʣʘ (41-50)  

122 ʤʤ 

 

2,1 

ʇʨʦʢʘʪʥʳʡ ʵʣʝʤʝʥʪ ʠʟ ʪʨʦʪʠʣʘ (51-60) 1,45 
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ʐʘʰʢʘ ʠʟ ʪʨʦʪʠʣʘ (61-70) 
152 ʤʤ 

ɺʟʨʳʚʥʦʝ ʛʦʨʝʥʠʝ 40 % 

ʦʧʳʪʦʚ, ʜʝʪʦʥʘʮʠʷ 60 % 

ʦʧʳʪʦʚ 

ʇʨʦʢʘʪʥʳʡ ʵʣʝʤʝʥʪ ʠʟ ʪʨʦʪʠʣʘ (71-80) 1,5 

ʐʘʰʢʘ ʠʟ ʦʢʬʦʣʘ (1-10) 
57 ʤʤ 

0,19 

ʇʨʦʢʘʪʥʳʡ ʵʣʝʤʝʥʪ ʠʟ ʦʢʬʦʣʘ (11-20) 0,14 

ʐʘʰʢʘ ʠʟ ʦʢʬʦʣʘ (21-30) 
100 ʤʤ 

0,90 

ʇʨʦʢʘʪʥʳʡ ʵʣʝʤʝʥʪ ʠʟ ʦʢʬʦʣʘ (31-40) 0,76 

ʐʘʰʢʘ ʠʟ ʦʢʬʦʣʘ (41-50) 
122 ʤʤ 

1,9 

ʇʨʦʢʘʪʥʳʡ ʵʣʝʤʝʥʪ ʠʟ ʦʢʬʦʣʘ (51-60) 1,45 

ʐʘʰʢʘ ʠʟ ʦʢʬʦʣʘ (61-70) 
152 ʤʤ 

ɼʝʪʦʥʘʮʠʷ 100% ʦʧʳʪʦʚ 

ʇʨʦʢʘʪʥʳʡ ʵʣʝʤʝʥʪ ʠʟ ʦʢʬʦʣʘ (71-80) 1,5 

 

ɺ ʩʣʫʯʘʷʭ ʩ ʠʩʧʳʪʘʥʠʷʤʠ, ʠʤʠʪʠʨʫʶʱʠʤʠ ʥʘʛʨʫʟʢʠ ʧʨʠ ʚʳʩʪʨʝʣʝ ʘʨʪʠʣʣʝʨʠʡʩʢʦʛʦ 

ʦʩʢʦʣʦʯʥʦ-ʬʫʛʘʩʥʦʛʦ ʩʥʘʨʷʜʘ (ʆʌʉ) ʢʘʣʠʙʨʦʤ 57, 100 ʠ 122 ʤʤ ʦʭʣʘʞʜʝʥʥʳʭ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʳ (-60
¯
 ʉ) ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʘʢ ʩʪʘʪʠʯʝʩʢʦʡ, ʪʘʢ ʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʚʩʝ ʚʠʜʳ 

ʦʙʨʘʟʮʦʚ ʠʤʝʣʠ ʫʩʘʜʢʫ ʙʝʟ ʨʘʟʚʠʪʠʷ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʠ ʧʝʨʝʭʦʜʘ ʥʘ ʨʝʞʠʤ ʚʟʨʳʚʯʘʪʦʛʦ 

ʧʨʝʚʨʘʱʝʥʠʷ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʟʨʳʚʥʳʝ ʟʘʨʷʜʳ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʧʦ ʧʨʦʢʘʪʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ, ʦʙʣʘʜʘʶʪ ʤʝʥʴʰʝʡ ʫʩʘʜʢʦʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʩʩʦʚʘʥʥʳʤʠ ʠʟʜʝʣʠʷʤʠ ʥʘ 

ʚʝʣʠʯʠʥʫ ʜʦ 30 %. 

ʇʨʠ ʠʩʧʳʪʘʥʠʷʭ ʩ ʚʳʩʦʪʳ ʧʘʜʝʥʠʷ ʛʨʫʟʘ 1100 ʤʤ ʥʘ ʦʙʨʘʟʮʳ, ʦʭʣʘʞʜʝʥʥʳʝ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʳ ʤʠʥʫʩ 60
 ̄
ʉ (ʠʤʠʪʘʮʠʷ ʥʘʛʨʫʟʦʢ ʧʨʠ ʚʳʩʪʨʝʣʝ 152 ʤʤ ʆʌʉ), ʧʨʦʠʩʭʦʜʠʣʘ 

ʜʝʪʦʥʘʮʠʷ ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʘʰʝʢ ʠʟ A-IX-2, A-IX-1 ʠ ʦʢʬʦʣʘ ʚ 100 % ʩʣʫʯʘʝʚ ʠ ʜʝʪʦʥʘʮʠʷ 

(60% ʩʣʫʯʘʝʚ) ʠ ʚʟʨʳʚʥʦʝ ʛʦʨʝʥʠʝ (40% ʩʣʫʯʘʝʚ) ʜʣʷ ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʘʰʝʢ ʠʟ ʪʨʦʪʠʣʘ. 

ʉʥʘʨʷʜʳ, ʩʥʘʨʷʞʝʥʥʳʝ ʧʦ ʧʨʦʢʘʪʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʧʨʝʪʝʨʧʝʚʘʣʠ ʣʠʰʴ ʫʩʘʜʢʫ ʦʢʦʣʦ 1,45 ʤʤ 

ʙʝʟ ʨʘʟʚʠʪʠʷ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʠ ʧʝʨʝʭʦʜʘ ʥʘ ʨʝʞʠʤ ʚʟʨʳʚʯʘʪʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʛʨʫʟʢʠ ʧʨʠ ʚʳʩʪʨʝʣʝ ʠʟ ʘʨʪʠʣʣʝʨʠʡʩʢʦʛʦ ʦʨʫʜʠʷ ʢʘʣʠʙʨʦʤ 152 ʤʤ, ʚ 

ʫʩʣʦʚʠʷʭ ʩʚʝʨʭʥʠʟʢʠʭ ʘʨʢʪʠʯʝʩʢʠʭ ʪʝʤʧʝʨʘʪʫʨ (ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʟʘʨʷʜʘ ʤʠʥʫʩ 60
¯
ʉ) ʩ 

ʚʳʩʦʢʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʧʨʠʚʝʜʫʪ ʢ ʝʛʦ ʜʝʪʦʥʘʮʠʠ ʚ ʢʘʥʘʣʝ ʩʪʚʦʣʘ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʟʘʨʷʜʦʚ, ʬʦʨʤʦʚʘʥʥʳʭ ʧʨʦʢʘʪʢʦʡ, ʩ ʪʝʤ ʞʝ ʚʝʱʝʩʪʚʦʤ, ʠʩʧʳʪʘʥʠʷ ʥʝ ʧʨʠʚʦʜʷʪ ʢ ʜʝʪʦʥʘʮʠʠ, 

ʯʪʦ ʷʚʣʷʝʪʩʷ ʫʩʣʦʚʠʝʤ ʙʝʟʦʧʘʩʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʆʌʉ ʢʘʣʠʙʨʘ 152 ʤʤ, ʩʥʘʨʷʞʝʥʥʳʭ 

ʧʨʦʢʘʪʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ, ʚ ʫʩʣʦʚʠʷʭ ʘʨʢʪʠʯʝʩʢʦʛʦ ʢʣʠʤʘʪʘ. 
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ʇʨʝʜʩʪʘʚʣʝʥ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʩʧʳʰʢʠ ʚʟʨʳʚʯʘʪʳʭ 

ʚʝʱʝʩʪʚ ʠ ʦʢʠʩʣʠʪʝʣʝʡ ʧʨʠ ʧʦʤʦʱʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʩʢʘʥʠʨʫʶʱʝʛʦ ʢʘʣʦʨʠʤʝʪʨʘ ɼʉʂ-

500.  ʇʦʣʫʯʝʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʝʧʣʘ ʚ ʧʝʯʢʝ ɼʉʂ, 

ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʩʠʥʪʝʟʘ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʥʘʛʨʝʚʘ ʦʧʨʝʜʝʣʝʥʥʳʭ ʟʦʥ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʙʣʦʢʘ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʩʧʦʩʦʙʘʤʠ. 

An alternative method for determining the flash point of explosives and oxidizers using 

differential scanning calorimeterDSK-500 is presented. The model is obtained in the structure of 

the process of heat glue DSK peck required to solve the problem of synthesis of automatic 

temperature control system has grown certain zones measurement block classical ways. 

 

ʈʘʙʦʪʘ ʧʨʦʚʦʜʠʣʘʩʴ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ ˉ 

16-08-01103 ʘ. 

 

ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʪʝʧʣʦʚʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ (ʕʄ) ʷʚʣʷʝʪʩʷ 

ʦʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʠ ʯʨʝʟʚʳʯʘʡʥʦ ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ɿʥʘʥʠʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʚʝʱʝʩʪʚ, ʦʧʨʝʜʝʣʝʥʠʷ ʙʝʟʦʧʘʩʥʳʭ ʫʩʣʦʚʠʡ ʠʭ ʩʠʥʪʝʟʘ, 

ʨʘʩʯʸʪʘ ʩʨʦʢʦʚ ʭʨʘʥʝʥʠʷ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

ʉʚʝʜʝʥʠʷ ʦ ʤʝʭʘʥʠʟʤʝ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʜʘʥʥʳʝ ʦ ʨʝʘʢʮʠʷʭ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʕʄ 

ʧʦʟʚʦʣʷʶʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʫʜʝʣʴʥʫʶ ʤʦʱʥʦʩʪʴ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ ʵʪʠʭ 

ʤʘʪʝʨʠʘʣʦʚ. ʇʨʠ ʩʠʥʪʝʟʝ ʥʦʚʳʭ ʕʄ ʥʝ ʤʝʥʝʝ ʘʢʪʫʘʣʴʥʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʬʠʟʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʚʝʱʝʩʪʚʘ, ʧʨʠʯʝʤ ʜʝʣʘʪʴ ʵʪʦ ʥʝʦʙʭʦʜʠʤʦ ʫʞʝ ʥʘ ʧʝʨʚʳʭ ʤʠʣʣʠʛʨʘʤʤʘʭ ʧʨʦʜʫʢʪʦʚ. 

ʅʘ ʙʘʟʝ ʩʘʤʘʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ʩ ʨʷʜʦʤ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ 

ʨʝʰʝʥʠʝ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʟʘʜʘʯ (ʨʠʩʫʥʦʢ 1). 

 

 
ʈʠʩʫʥʦʢ 1 ï ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʩʢʘʥʠʨʫʶʱʠʡ ʢʘʣʦʨʠʤʝʪʨ ɼʉʂ-500 
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ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚʝʱʝʩʪʚ ʧʦʩʨʝʜʩʪʚʦʤ ʤʝʪʦʜʘ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ 

ʷʚʣʷʝʪʩʷ ʧʦʜʜʝʨʞʘʥʠʝ ʟʘʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʥʘʛʨʝʚʘ ʚ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʷʯʝʡʢʝ [1,2]. ʕʪʦ 

ʚʦʟʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʧʫʪʝʤ ʩʦʟʜʘʥʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʪʝʧʣʦʚʳʤ 

ʧʦʪʦʢʦʤ ʚ ʠʟʤʝʨʠʪʝʣʴʥʦʤ ʙʣʦʢʝ. 

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʩʢʘʥʠʨʫʶʱʠʡ ʢʘʣʦʨʠʤʝʪʨ ɼʉʂ-500 ʧʦ ʧʨʠʥʮʠʧʫ ʜʝʡʩʪʚʠʷ 

ʦʪʥʦʩʠʪʩʷ ʢ ʢʘʣʦʨʠʤʝʪʨʘʤ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ, ʚ ʢʦʪʦʨʳʭ ʠʩʩʣʝʜʫʝʤʳʡ ʦʙʨʘʟʝʮ ʠ ʦʙʨʘʟʝʮ 

ʩʨʘʚʥʝʥʠʷ (ʥʘʟʳʚʘʝʤʳʡ ʪʘʢʞʝ ʵʪʘʣʦʥʦʤ) ʥʘʛʨʝʚʘʶʪ ʦʜʠʥʘʢʦʚʳʤ ʦʙʨʘʟʦʤ, ʚ ʭʦʜʝ ʥʘʛʨʝʚʘʥʠʷ 

ʠʟʤʝʨʷʶʪ ʠ ʨʝʛʠʩʪʨʠʨʫʶʪ ʨʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ ʵʪʠʭ ʦʙʨʘʟʮʦʚ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʫʶ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤʫ ʪʝʧʣʦʚʦʤʫ ʧʦʪʦʢʫ. ʊʝʧʣʦʪʘ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʠʣʠ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʧʣʦʱʘʜʠ ʧʠʢʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʢʨʠʚʦʡ (ʨʠʩʫʥʦʢ 2). 

 

 

 

 
ʈʠʩʫʥʦʢ 2 ï ʊʝʨʤʦʛʨʘʤʤʘ ʩ ɼʉʂ-500 ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ ɼʉʂ 

 

 

 

 

 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʨʦʮʝʩʩʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʝʧʣʘ ʚ ʠʟʤʝʨʠʪʝʣʴʥʦʤ 

ʙʣʦʢʝ ʫʩʪʨʦʡʩʪʚʘ ɼʉʂ ʦʧʠʨʘʝʪʩʷ ʥʘ ʦʩʦʙʝʥʥʦʩʪʠ ʝʛʦ ʢʦʥʩʪʨʫʢʮʠʠ. ʀʟ ʦʙʦʙʱʝʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʧʝʯʢʠ ʫʩʪʨʦʡʩʪʚ ɼʉʂ ʚʠʜʥʦ (ʨʠʩʫʥʦʢ 3), ʯʪʦ ʦʪ ʢʦʨʧʫʩʘ ʧʝʯʢʠ 3, ʚ ʢʦʪʦʨʳʡ 

ʚʩʪʨʦʝʥʳ ʥʘʛʨʝʚʘʪʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ, ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ ʧʝʨʝʜʘʝʪʩʷ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʦʜʣʦʞʢʝ 1, ʩ 

ʧʦʤʦʱʴʶ ʵʬʬʝʢʪʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʚ ʦʙʣʘʩʪʷʭ ʠʭ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ, ʢʦʥʚʝʢʪʠʚʥʦʛʦ 

ʪʝʧʣʦʦʙʤʝʥʘ ʧʦʩʨʝʜʩʪʚʦʤ ʩʚʦʙʦʜʥʦʡ ʢʦʥʚʝʢʮʠʠ ʛʘʟʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʝʞʜʫ ʧʦʜʣʦʞʢʦʡ ʠ 

ʢʨʳʰʢʦʡ 4, ʘ ʪʘʢʞʝ ʩ ʧʦʤʦʱʴʶ ʣʫʯʠʩʪʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ. ʇʦʜʣʦʞʢʘ ʠʤʝʝʪ ʬʦʨʤʫ ʢʨʫʛʣʦʡ 

ʧʣʘʩʪʠʥʳ, ʥʘ ʢʦʪʦʨʦʡ ʨʘʩʧʦʣʦʞʝʥʳ ʠʩʩʣʝʜʫʝʤʳʝ ʚʝʱʝʩʪʚʘ. ɺ ʙʣʦʢʝ ʠʤʝʶʪʩʷ ʪʝʨʤʦʧʘʨʳ 2, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʝʱʝʩʪʚ, ʥʘʛʨʝʚʘʝʤʳʭ ʥʘ ʧʦʜʣʦʞʢʝ ʠ 

ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ 5, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʧʦʜ 

ʧʦʜʣʦʞʢʦʡ. 
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ʈʠʩʫʥʦʢ 3 ï ʉʪʨʫʢʪʫʨʘ ʧʝʯʢʠ ɼʉʂ 

 

ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʣʶʙʦʛʦ ʚʟʨʳʚʯʘʪʦʛʦ ʚʝʱʝʩʪʚʘ (ɺɺ) ʷʚʣʷʝʪʩʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʚʩʧʳʰʢʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʘʥʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ɻʆʉʊ ʈ 

22.2.07-94 çɺʝʱʝʩʪʚʘ ʚʟʨʳʚʯʘʪʳʝ ʠʥʠʮʠʠʨʫʶʱʠʝ. ʄʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚʩʧʳʰʢʠè [3]. ʇʨʦʮʝʩʩ ʧʦʜʛʦʪʦʚʢʠ, ʧʨʦʚʝʜʝʥʠʷ ʠ ʧʦʨʷʜʦʢ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʷ 

ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʜʦʣʛʠʤ ʠ ʪʨʫʜʦʟʘʪʨʘʪʥʳʤ. ʂʦ ʚʩʝʤʫ ʵʪʦʤʫ ʜʦʙʘʚʣʷʶʪʩʷ ʦʩʦʙʳʝ ʪʨʝʙʦʚʘʥʠʷ 

ʢ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ɿʘ ʦʩʥʦʚʫ ʧʦʩʪʨʦʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʙʳʣʦ ʧʨʠʥʷʪʦ ʫʨʘʚʥʝʥʠʝ ʠʟʤʝʥʝʥʠʷ 

ʵʥʪʘʣʴʧʠʠ ʚ ʵʣʝʤʝʥʪʘʨʥʦʤ ʦʙʲʝʤʝ, ʧʦʩʨʝʜʩʪʚʦʤ ʚʥʦʩʠʤʦʡ ʠʟʚʥʝ ʪʝʧʣʦʪʳ, ʯʪʦ ʦʪʨʘʞʘʝʪ 

ʬʠʟʠʢʫ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʜʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʙʣʦʢʘ [4]. 
2 2 2

2 2 2
,

T T T T
dQ ʉ dV dt dVdt

t x y z

å õµ µ µ µ
= r =l + +æ öæ öµ µ µ µç ÷

 
(

1) 

ʛʜʝ Q  ï ʵʥʪʘʣʴʧʠʷ, C  ï ʪʝʧʣʦʝʤʢʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʧʦʜʣʦʞʢʠ, r ï ʧʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ 

ʧʦʜʣʦʞʢʠ, dV  ï ʵʣʝʤʝʥʪʘʨʥʳʡ ʦʙʲʝʤ, T
t

µ
µ

 ï ʧʨʠʨʘʱʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, l ï ʢʦʵʬʬʠʮʠʝʥʪ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, , ,x y z ï ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʧʝʨʝʤʝʥʥʳʝ ʚ ʜʝʢʘʨʪʦʚʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. 

ʇʨʠ ʵʪʦʤ ʪʝʧʣʦ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʜʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʢʦʦʨʜʠʥʘʪʳ r, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡ ʨʘʜʠʘʣʴʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ. ʊʦʛʜʘ ʫʨʘʚʥʝʥʠʝ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ (1) ʟʘʧʠʰʝʪʩʷ ʚ ʚʠʜʝ ʦʜʥʦʤʝʨʥʦʛʦ ʫʨʘʚʥʝʥʠʷ: 

( ) ( ) ( )2

2

, , ,1
.

0 .

T r t T r t T r t
a

t r rr

r R

å õµ µ µ
æ ö= +
æ öµ µµç ÷

¢ ¢

 
(

2) 

ɿʜʝʩʴ ( ),T r t  ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʜʣʦʞʢʠ, ʟʘʚʠʩʷʱʘʷ ʦʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠ ʚʨʝʤʝʥʥʦʡ 

ʢʦʦʨʜʠʥʘʪ; a
C
l=
r

 ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ; R  ï ʨʘʜʠʫʩ ʧʦʜʣʦʞʢʠ. 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ (2), ʜʦʣʞʥʦ ʦʪʨʘʞʘʪʴ ʦʪʢʣʠʢ ʦʙʲʝʢʪʘ ʥʘ ʥʝʢʦʪʦʨʳʡ ʪʦʯʝʯʥʳʡ 

ʠʩʪʦʯʥʠʢ. ʊʘʢʠʤ ʨʝʰʝʥʠʝʤ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʬʫʥʢʮʠʷ ɻʨʠʥʘ ʚʠʜʘ ( ), ,G r tx -t, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʠʤʧʫʣʴʩʥʫʶ ʧʝʨʝʭʦʜʥʫʶ ʬʫʥʢʮʠʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ [5]. 

ʇʨʝʜʩʪʘʚʠʤ ʫʨʘʚʥʝʥʠʝ (2) ʢʘʢ 

( ) ( ) ( )
( )( )

2

2

, , ,1
,

T r t T r t T r t
a r t

t r rr

å õµ µ µ
= + +d -x d -tæ ö
æ öµ µµç ÷

 
(

3) 

ʛʜʝ d ï ʠʤʧʫʣʴʩʥʘʷ ʬʫʥʢʮʠʷ ɼʠʨʘʢʘ, x ʠ t ï ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʠ ʚʨʝʤʝʥʥʘʷ 

ʧʝʨʝʤʝʥʥʳʝ.  
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ʈʝʰʘʷ (3) ʤʝʪʦʜʦʤ ʨʘʟʜʝʣʝʥʠʷ ʚʨʝʤʝʥʥʦʡ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʧʝʨʝʤʝʥʥʳʭ, ʧʦʣʫʯʠʤ 

ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʟʘʢʦʥʘ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʚʠʜʝ: 

( ) ( ) ()2
1 0, expT r t C ak t J kr= - . 

(

4) 

ɿʜʝʩʴ 1C  ï ʩʚʦʙʦʜʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʚʨʝʤʝʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ; k  ï 

ʢʦʵʬʬʠʮʠʝʥʪ, ʧʦʣʫʯʝʥʥʳʡ ʧʫʪʝʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʚʨʝʤʝʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʧʝʨʝʤʝʥʥʦʡ r ; ()0J kr  ï ʬʫʥʢʮʠʷ ɹʝʩʩʝʣʷ ʧʝʨʚʦʛʦ ʨʦʜʘ ʧʦʨʷʜʢʘ 0. 

ʂʦʵʬʬʠʮʠʝʥʪ 1C  ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʟʥʘʯʝʥʠʡ, ʟʘʚʠʩʷʱʠʭ ʦʪ ʥʘʯʘʣʴʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, ʬʫʥʢʮʠʡ ɹʝʩʩʝʣʷ ʧʝʨʚʦʛʦ ʨʦʜʘ ʧʦʨʷʜʢʦʚ 0 ʠ 1. 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦʡ ʤʦʜʝʣʠ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ ʠʩʧʦʣʴʟʫʝʤ ʟʘʧʠʩʴ ʨʝʰʝʥʠʷ 

(4) ʚ ʙʝʟʨʘʟʤʝʨʥʦʡ ʬʦʨʤʝ: 

 

( )

()

( )

( ) ( )
( ) ( )21

02 2
0 1 0 1

, 2
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n n
n n n n

J k RT r t
J k r ak t

T r R k J k R J k R

¤

=

ë û
î î

= + -ì ü
è ø+î îê úí ý

ä . 
    

(5) 

ʛʜʝ ( )1 nJ k  ï ʬʫʥʢʮʠʷ ɹʝʩʩʝʣʷ ʧʝʨʚʦʛʦ ʨʦʜʘ ʧʦʨʷʜʢʘ 1, nk  ï ʢʦʨʥʠ ʬʫʥʢʮʠʡ ɹʝʩʩʝʣʷ, 1r  

ï ʥʦʨʤʠʨʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ r . 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʚ ʧʦʜʣʦʞʢʝ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʷʯʝʡʢʠ, ʦʧʠʩʘʥʥʦʝ 

ʫʨʘʚʥʝʥʠʝʤ (5), ʩ ʫʯʝʪʦʤ ʥʦʨʤʠʨʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ r , 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 4. ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʩʧʨʘʚʝʜʣʠʚʘ ʜʣʷ ʫʩʣʦʚʠʷ ʧʦʩʪʦʷʥʩʪʚʘ ʪʝʧʣʦʚʦʛʦ 

ʧʦʪʦʢʘ, ʠʜʫʱʝʛʦ ʦʪ ʥʘʛʨʝʚʘʪʝʣʷ ʢ ʛʨʘʥʠʮʘʤ ʧʦʜʣʦʞʢʠ ʙʝʟ ʫʯʝʪʘ ʦʪʚʦʜʘ ʪʝʧʣʘ 

ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʜʘʪʯʠʢʘʤʠ (ʪʝʨʤʦʧʘʨʘʤʠ). 

ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʥʝʢʦʪʦʨʳʭ ʦʙʨʘʟʮʘʭ ʠʥʠʮʠʠʨʫʶʱʠʭ ɺɺ ʠ 

ʙʨʠʟʘʥʪʥʳʭ ɺɺ (ɹɺɺ), ʧʦʨʦʭʦʚ, ʩʤʝʩʝʚʳʭ ʨʘʢʝʪʥʳʭ ʪʚʸʨʜʳʭ ʪʦʧʣʠʚ ʠ ʠʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʤʝʪʦʜʦʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩ ʧʦʤʦʱʴʶ ʢʘʣʦʨʠʤʝʪʨʘ ɼʉʂ-500 ʙʳʣʘ 

ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʩʧʳʰʢʠ (ʨʠʩʫʥʦʢ 5).  

 

ʈʠʩʫʥʦʢ 4 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʚ ʧʦʜʣʦʞʢʝ 

ʧʝʯʢʠ ɼʉʂ-500 

 
ʈʠʩʫʥʦʢ 5 ï ʊʠʧʠʯʥʘʷ ʪʝʨʤʦʛʨʘʤʤʘ 

ʨʘʟʣʦʞʝʥʠʷ ɹɺɺ 
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ʂʣʶʯʝʚʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʠ ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʦʢʨʘʱʝʥʠʝ 

ʚʨʝʤʝʥʠ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʣʳʭ ʠ ʩʚʝʨʭʤʘʣʳʭ ʤʘʩʩ 

ʠʩʩʣʝʜʫʝʤʳʭ ʚʝʱʝʩʪʚ, ʯʪʦ, ʙʝʟʫʩʣʦʚʥʦ, ʘʢʪʫʘʣʴʥʦ ʧʨʠ ʘʥʘʣʠʟʝ ʚʳʩʦʢʦʤʦʱʥʳʭ ʕʄ. 

ʋʢʘʟʘʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʩʥʠʞʘʶʪ ʪʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ.  ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʡ ʤʝʪʦʜʠʢʠ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ 

ʘʣʛʦʨʠʪʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʩʧʳʰʢʠ ʠ ʝʛʦ ʧʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ. 

ʂʨʦʤʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʩʧʳʰʢʠ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ, ʘ ʪʘʢʞʝ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʠʟʚʝʩʪʥʳʭ ʩʤʝʩʝʚʳʭ ʨʘʢʝʪʥʳʭ ʪʚʝʨʜʳʭ ʪʦʧʣʠʚ (ʉʈʊʊ) ʷʚʣʷʝʪʩʷ 

ʧʨʠʤʝʥʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʦʢʠʩʣʠʪʝʣʝʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʛʦʨʝʥʠʷ 

ʉʈʊʊ. ʅʘʤʠ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʚ ʢʘʯʝʩʪʚʝ ʠʥʩʪʨʫʤʝʥʪʘ ʵʢʩʧʨʝʩʩʥʦʡ ʦʮʝʥʢʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ 

ʦʢʠʩʣʠʪʝʣʝʡ ʧʨʠʤʝʥʠʪʴ ʤʝʪʦʜ ɼʊɸ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ. 

ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʚ ʢʘʣʦʨʠʤʝʪʨʝ ɼʉʂ-500 ʷʚʣʷʝʪʩʷ 

ʫʯʝʪ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʛʨʝʰʥʦʩʪʠ, ʚʦʟʥʠʢʘʶʱʝʡ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʋʤʝʥʴʰʝʥʠʝ ʜʘʥʥʦʛʦ 

ʨʦʜʘ ʧʦʛʨʝʰʥʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʢʦʨʦʩʪʷʭ 

ʥʘʛʨʝʚʘ ʚʝʱʝʩʪʚʘ ʚ ʠʟʤʝʨʠʪʝʣʴʥʦʤ ʙʣʦʢʝ ʫʩʪʨʦʡʩʪʚʘ. ʊʘʢʞʝ ʧʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ 

ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʧʨʦʛʨʘʤʤʥʦʡ ʢʦʨʨʝʢʮʠʠ 

ʜʘʥʥʳʭ ʧʦ ʨʘʩʩʯʠʪʘʥʥʦʡ ʪʝʧʣʦʚʦʡ ʤʦʜʝʣʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʚ ʠʟʤʝʨʠʪʝʣʴʥʦʤ ʙʣʦʢʝ 

ʩ ʫʯʝʪʦʤ ʵʬʬʝʢʪʦʚ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʣʫʯʠʩʪʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ. 

ɺ ʩʦʚʦʢʫʧʥʦʩʪʠ ʠʤʝʝʪʩʷ ʦʪʝʯʝʩʪʚʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ, 

ʧʦʟʚʦʣʷʶʱʘʷ ʨʝʰʘʪʴ ʨʷʜ ʘʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ ʚ ʦʙʣʘʩʪʠ ʚʦʦʨʫʞʝʥʠʷ, ʚʦʝʥʥʦʡ ʠ ʩʧʝʮʠʘʣʴʥʦʡ 

ʪʝʭʥʠʢʠ, ʠ ʠʤʷ ʝʡ ɼʉʂ-500 
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ʋɼʂ 623.5 

 

ʋʏɽʊ ɺʃʀʗʅʀʗ ʅɽʈɸɺʅʆʄɽʈʅʆʁ ʇʆʈʀʉʊʆʉʊʀ ɿɸʈʗɼɸ  

ʅɸ ɼɸɺʃɽʅʀɽ ɺ ʂɸʅɸʃɽ ʉʊɺʆʃɸ ʆʈʋɼʀʗ 
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ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʨʦʭʦʚʦʛʦ ʟʘʨʷʜʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ 

ʟʝʨʥʝʥʥʳʭ ʧʦʨʦʭʦʚʳʭ ʵʣʝʤʝʥʪʦʚ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʤʦʜʝʣʠ, ʧʦʟʚʦʣʷʶʱʝʡ 

ʫʯʝʩʪʴ ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʨʦʭʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦ ʜʣʠʥʝ ʟʘʨʷʜʘ ʧʨʠ ʨʘʩʯʝʪʝ 

ʚʥʫʪʨʠʙʘʣʣʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʦʩʥʦʚʝ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ. 

Modeling the formation of powder charge, consisting of grains of powder elements is 

discussed in the article. The purpose of this work is creation of model, which allows accounting 

uneven distribution of powder elements along the length of the charge in the calculation interior 

ballistics characteristics based on gas-dynamic approach. 

 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʘʨʪʠʣʣʝʨʠʡʩʢʦʛʦ ʚʦʦʨʫʞʝʥʠʷ ʚʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʦʧʨʝʜʝʣʝʥʠʝ 

ʚʝʣʠʯʠʥʳ ʜʘʚʣʝʥʠʷ ʧʦʨʦʭʦʚʳʭ ʛʘʟʦʚ, ʩʢʦʨʦʩʪʠ ʙʦʝʧʨʠʧʘʩʘ ʧʨʠ ʚʳʩʪʨʝʣʝ ʠ ʜʨʫʛʠʭ 

ʚʥʫʪʨʠʙʘʣʣʠʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʡ 

ʧʦʜʭʦʜ. ʆʜʥʘ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʦʜʝʣʝʡ ʛʦʨʝʥʠʷ ʧʦʨʦʭʘ, ʜʚʠʞʝʥʠʷ ʧʦʨʦʭʦʚʳʭ 

ʛʘʟʦʚ ʠ ʧʦʨʦʭʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʧʦʜʭʦʜʘ ʦʧʠʩʘʥʘ ʚ ʪʨʫʜʘʭ [1], [3]. ɺ 

ʩʫʱʝʩʪʚʫʶʱʝʡ ʤʦʜʝʣʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʨʦʭʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦ ʜʣʠʥʝ ʟʘʨʷʜʘ ʚ ʥʘʯʘʣʴʥʳʡ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʩʯʠʪʘʝʪʩʷ ʨʘʚʥʦʤʝʨʥʳʤ, ʯʪʦ ʥʝ ʚʧʦʣʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʘʣʴʥʳʤ ʧʨʦʮʝʩʩʘʤ, 

ʥʘʙʣʶʜʘʝʤʳʤ ʧʨʠ ʚʳʩʪʨʝʣʝ. ʇʦʵʪʦʤʫ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʨʦʭʦʚʦʛʦ 

ʟʘʨʷʜʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʟʝʨʥʝʥʥʳʭ ʧʦʨʦʭʦʚʳʭ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʪ ʫʯʝʩʪʴ 

ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʨʦʭʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦ ʜʣʠʥʝ ʟʘʨʷʜʘ. 

ɽʩʣʠ ʩʯʠʪʘʪʴ ʧʦʨʠʩʪʦʩʪʴ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʠʟʤʝʥʷʶʱʝʡʩʷ ʚʝʣʠʯʠʥʦʡ, 

ʟʘʚʠʩʷʱʝʡ ʦʪ ʧʦʣʦʞʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʵʣʝʤʝʥʪʘ ʦʙʲʝʤʘ ʚʥʫʪʨʠ ʢʘʤʦʨʳ, ʪʦ ʤʦʞʥʦ 

ʧʦʩʪʨʦʠʪʴ ʥʦʚʫʶ ʤʦʜʝʣʴ, ʩ ʥʝʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʦʨʦʭʦʚʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʤʦʜʝʣʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʨʷʜʘ ʫʯʠʪʳʚʘʝʪ ʩʣʝʜʫʶʱʠʝ ʬʘʢʪʦʨʳ: 

1)ʇʨʠ ʟʘʩʳʧʢʝ ʟʝʨʥʝʥʥʦʛʦ ʧʦʨʦʭʘ ʚ ʛʠʣʴʟʫ ʢʘʞʜʳʡ ʠʟ ʧʦʨʦʭʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʠʥʠʤʘʝʪ 

ʩʣʫʯʘʡʥʦʝ ʧʦʣʦʞʝʥʠʝ ʠ ʦʨʠʝʥʪʘʮʠʶ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

2)ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʧʦʨʦʭʦʚʦʡ ʵʣʝʤʝʥʪ ʧʦʧʘʣ ʥʘ ʥʠʞʝʣʝʞʘʱʠʡ ʩʣʦʡ ʧʦʨʦʭʘ, ʦʥ ʤʦʞʝʪ 

ʧʨʦʜʦʣʞʠʪʴ ʜʚʠʞʝʥʠʝ ʚʜʦʣʴ ʙʦʢʦʚʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʫʞʝ ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʦʙʲʝʤʘ ʧʦʨʦʭʘ (ʪʦ 

ʝʩʪʴ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ çʦʩʳʧʘʥʠʝè ʟʘʨʷʜʘ). 

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʨʦʭʦʚʦʛʦ ʟʘʨʷʜʘ ʟʘʩʥʘʨʷʜʥʳʡ ʦʙʲʝʤ, 

ʟʘʧʦʣʥʷʝʤʳʡ ʧʦʨʦʭʦʤ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʧʫʩʪʦʪʝʣʦʛʦ ʮʠʣʠʥʜʨʘ ʪʦʛʦ ʞʝ ʦʙʲʝʤʘ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚʝʨʪʠʢʘʣʴʥʦ. ɺ ʩʣʫʯʘʝ ʜʚʫʤʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʦʣʴʢʦ 

ʦʜʥʦ ʚʝʨʪʠʢʘʣʴʥʦʝ ʩʝʯʝʥʠʝ ʮʠʣʠʥʜʨʘ, ʧʨʦʭʦʜʷʱʝʝ ʯʝʨʝʟ ʝʛʦ ʦʩʴ ʩʠʤʤʝʪʨʠʠ. ʇʨʠ ʵʪʦʤ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʆʍ0Y0 (ʨʠʩ. 1).ʎʠʣʠʥʜʨ ʟʘʧʦʣʥʷʝʪʩʷ ʧʦʨʦʭʦʚʳʤʠ 

ʵʣʝʤʝʥʪʘʤʠ. ʂʘʞʜʳʡ ʧʦʨʦʭʦʚʦʡ ʵʣʝʤʝʥʪ ʚʦʟʥʠʢʘʝʪ ʥʘ ʚʝʨʭʥʝʤ ʩʨʝʟʝ ʮʠʣʠʥʜʨʘ ʚ 

ʧʨʦʠʟʚʦʣʴʥʦʡ ʪʦʯʢʝ ʦʩʠ ʆʍ0 - ʪʦʯʢʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʵʣʝʤʝʥʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʩʧʦʣʦʞʝʥʠʶ 

ʝʛʦ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. ɿʘʪʝʤ ʦʥ ʧʘʜʘʝʪ ʚʥʠʟ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ 

ʜʦʩʪʠʛʘʝʪ ʜʥʘ ʮʠʣʠʥʜʨʘ ʠʣʠ ʜʨʫʛʠʭ ʧʦʨʦʭʦʚʳʭ ʵʣʝʤʝʥʪʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʦʜ ʥʠʤ. ʇʦʩʣʝ 

ʵʪʦʛʦ ʥʘ ʚʝʨʭʥʝʤ ʩʨʝʟʝ ʮʠʣʠʥʜʨʘ ʚʦʟʥʠʢʘʝʪ ʥʦʚʳʡ ʧʦʨʦʭʦʚʦʡ ʵʣʝʤʝʥʪ. ʇʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ 

ʧʦʨʦʭʦʚʦʡ ʵʣʝʤʝʥʪ ʤʦʞʝʪ ʠʤʝʪʴ ʧʨʦʠʟʚʦʣʴʥʫʶ ʦʨʠʝʥʪʘʮʠʶ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʪʦ ʝʩʪʴ ʝʛʦ ʦʩʴ 

ʩʠʤʤʝʪʨʠʠ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʣʶʙʦʡ ʫʛʦʣ Ŭ ʩ ʦʩʴʶ ʆʍ0.  
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ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʧʘʜʘʶʱʠʡ ʧʦʨʦʭʦʚʦʡ ʵʣʝʤʝʥʪ ʜʦʩʪʠʛʘʝʪ ʩʣʦʷ ʥʠʞʝʣʝʞʘʱʠʭ ʵʣʝʤʝʥʪʦʚ, 

ʦʥ ʤʦʞʝʪ ʦʩʪʘʥʦʚʠʪʴʩʷ ʠʣʠ ʞʝ ʧʨʦʜʦʣʞʠʪʴ ʜʚʠʞʝʥʠʝ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʣʦʞʝʥʠʷ ʮʝʥʪʨʘ 

ʪʷʞʝʩʪʠ ʵʣʝʤʝʥʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʯʢʠ ʦʧʦʨʳ. ʇʨʠ ʨʘʩʯʝʪʝ ʜʚʠʞʝʥʠʷ ʧʦʨʦʭʦʚʦʛʦ ʵʣʝʤʝʥʪʘ 

ʢʨʦʤʝ ʦʩʥʦʚʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʆʍ0Y0 ʜʣʷ ʢʘʞʜʦʛʦ ʧʘʜʘʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʩʪʨʦʠʪʩʷ ʝʱʝ 

ʦʜʥʘ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʆXYZ, ʩʚʷʟʘʥʥʘʷ ʩ ʧʦʨʦʭʦʚʳʤ ʵʣʝʤʝʥʪʦʤ. ɿʘ ʥʘʯʘʣʦ ʢʦʦʨʜʠʥʘʪ 

ʧʨʠʥʷʪʘ ʪʦʯʢʘ ʆ ï ʮʝʥʪʨ ʪʷʞʝʩʪʠ ʵʣʝʤʝʥʪʘ.  

 

 
ʈʠʩʫʥʦʢ 1. ʇʨʦʮʝʩʩ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʨʦʭʦʚʦʛʦ ʵʣʝʤʝʥʪʘ ʠ ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ 

ʧʦʨʦʭʦʚʦʡ ʵʣʝʤʝʥʪ ʚ ʤʦʤʝʥʪ ʧʘʜʝʥʠʷ 

 

ʅʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʵʣʝʤʝʥʪ ʧʦʩʣʝ ʝʛʦ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʩ ʜʨʫʛʠʤʠ ʵʣʝʤʝʥʪʘʤʠ 

ʜʝʡʩʪʚʫʶʪ ʩʠʣʘ ʪʷʞʝʩʪʠ, ʩʠʣʳ ʨʝʘʢʮʠʠ ʦʧʦʨʳ ʠ ʩʠʣʳ ʪʨʝʥʠʷ. ʇʨʠ ʨʘʩʯʝʪʝ ʠʩʧʦʣʴʟʫʶʪʩʷ  

ʫʨʘʚʥʝʥʠʷ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚ ʧʨʦʝʢʮʠʷʭ ʥʘ ʦʩʠ ʭ ʠ y ʠ ʫʨʘʚʥʝʥʠʝ ʚʨʘʱʝʥʠʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ z, ʘ ʪʘʢʞʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʩʠʣ. 

ʇʨʠ ʨʝʰʝʥʠʠ ʫʨʘʚʥʝʥʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʘʢʞʝ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʧʨʠ ʢʦʪʦʨʦʤ ʥʘʛʨʫʟʢʠ, 

ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʵʣʝʤʝʥʪ, ʠʟʤʝʥʷʶʪʩʷ ʠ ʧʨʠʤʝʥʝʥʠʝ ʫʨʘʚʥʝʥʠʡ ʩʪʘʥʦʚʠʪʩʷ ʥʝʚʦʟʤʦʞʥʳʤ, 

ʧʨʠ ʵʪʦʤ ʨʘʩʯʝʪ ʧʨʝʢʨʘʱʘʝʪʩʷ. ɺʦʟʤʦʞʥʳ ʩʣʝʜʫʶʱʠʝ ʫʩʣʦʚʠʷ ʧʨʝʢʨʘʱʝʥʠʷ ʨʘʩʯʝʪʘ: 

ʧʝʨʝʭʦʜ ʢ ʩʚʦʙʦʜʥʦʤʫ ʧʘʜʝʥʠʶ ʵʣʝʤʝʥʪʘ, ʧʨʝʢʨʘʱʝʥʠʝ ʜʚʠʞʝʥʠʷ ʵʣʝʤʝʥʪʘ, ʧʨʝʢʨʘʱʝʥʠʝ 

ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʵʣʝʤʝʥʪʘ ʧʨʠ ʧʨʦʜʦʣʞʝʥʠʠ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ, ʠʟʤʝʥʝʥʠʝ 

ʧʦʣʦʞʝʥʠʷ ʪʦʯʢʠ ʦʧʦʨʳ (ʨʠʩ.2). 
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ʈʠʩʫʥʦʢ 2. ʋʩʣʦʚʠʷ ʧʨʝʢʨʘʱʝʥʠʷ ʨʘʩʯʝʪʘ: ʘ - ʩʚʦʙʦʜʥʦʝ ʧʘʜʝʥʠʝ ʵʣʝʤʝʥʪʘ, ʙ ï 

ʦʩʪʘʥʦʚʢʘ ʵʣʝʤʝʥʪʘ, ʚ ï ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʵʣʝʤʝʥʪʘ, ʛ ï ʚʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ 

ʵʣʝʤʝʥʪʘ, ʜ -ʠʟʤʝʥʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʪʦʯʢʠ ʦʧʦʨʳ; Ox, Oy ï ʦʩʠ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ, ʆ ï ʮʝʥʪʨ 

ʪʷʞʝʩʪʠ ʵʣʝʤʝʥʪʘ, G ï ʩʠʣʘ ʪʷʞʝʩʪʠ, N1, N2 ï ʩʠʣʳ ʨʝʘʢʮʠʠ ʦʧʦʨ, Fʪʨ1, Fʪʨ2 ï ʩʠʣʳ ʪʨʝʥʠʷ, 

h ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʦʩʴʶ Oy ʠ ʣʠʥʠʝʡ ʜʝʡʩʪʚʠʷ ʩʠʣʳ ʨʝʘʢʮʠʠ ʦʧʦʨʳ N1, ȹr ï ʨʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʦʩʴʶ Ox ʠ ʣʠʥʠʝʡ ʜʝʡʩʪʚʠʷ ʩʠʣʳ ʨʝʘʢʮʠʠ ʦʧʦʨʳ N2, a ï ʜʣʠʥʘ ʧʘʜʘʶʱʝʛʦ ʵʣʝʤʝʥʪʘ 

ʚʜʦʣʴ ʦʩʠ Ox, h2 ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʦʩʴʶ Oy ʠ ʣʠʥʠʝʡ ʜʝʡʩʪʚʠʷ ʩʠʣʳ ʨʝʘʢʮʠʠ ʦʧʦʨʳ N2, r ï 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʦʩʴʶ Ox ʠ ʣʠʥʠʷʤʠ ʜʝʡʩʪʚʠʷ ʩʠʣ ʪʨʝʥʠʷ Fʪʨ1 ʠ Fʪʨ2, ɤ, ɤô ï ʫʛʣʦʚʳʝ 

ʩʢʦʨʦʩʪʠ ʧʦʚʦʨʦʪʘ ʵʣʝʤʝʥʪʘ, ʉ1 ï ʧʝʨʚʘʷ ʪʦʯʢʘ ʦʧʦʨʳ, ʉ2 ï ʚʪʦʨʘʷ ʪʦʯʢʘ ʦʧʦʨʳ 

 

ɿʘʜʘʯʘ ʨʝʰʘʣʘʩʴ ʚ ʜʚʫʤʝʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ, ʩ ʧʦʤʦʱʴʶ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ 

ʕɺʄ. ʇʨʠ ʵʪʦʤ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʝ ʩʝʯʝʥʠʝ ʨʘʟʙʠʚʘʣʦʩʴ ʥʘ ʦʪʜʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʩ ʨʘʟʤʝʨʘʤʠ 

ȹʭ ʠ ȹʫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣ ʩʬʦʨʤʠʨʦʚʘʥ ʜʚʫʤʝʨʥʳʡ ʤʘʩʩʠʚ ʵʣʝʤʝʥʪʦʚ. ʇʨʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʜʚʠʞʝʥʠʷ ʧʦʨʦʭʦʚʦʛʦ ʵʣʝʤʝʥʪʘ, ʫʨʘʚʥʝʥʠʷ ʦʩʥʦʚʥʦʡ ʩʠʩʪʝʤʳ ʨʝʰʘʶʪʩʷ 

ʯʠʩʣʝʥʥʦ, ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʕʡʣʝʨʘ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʝʛʫʣʷʨʥʘʷ ʚʨʝʤʝʥʥʘʷ 

ʩʝʪʢʘ. 

ʇʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʧʘʜʘʶʱʝʛʦ ʧʦʨʦʭʦʚʦʛʦ ʵʣʝʤʝʥʪʘ ʧʨʦʚʦʜʠʪʩʷ ʧʨʦʚʝʨʢʘ 

ʚʳʧʦʣʥʝʥʠʷ ʫʩʣʦʚʠʡ ʧʨʝʢʨʘʱʝʥʠʷ ʨʘʩʯʝʪʘ, ʝʩʣʠ ʥʠ ʦʜʥʦ ʠʟ ʫʩʣʦʚʠʡ ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ, ʨʘʩʯʝʪ 

ʧʨʦʜʦʣʞʘʝʪʩʷ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʣʦʞʝʥʠʝ ʧʦʨʦʭʦʚʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʩʣʝʜʫʶʱʠʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 

tn+1, ʝʩʣʠ ʢʘʢʦʝ-ʣʠʙʦ ʫʩʣʦʚʠʝ ʚʳʧʦʣʥʷʝʪʩʷ, ʧʦʨʷʜʦʢ ʨʘʩʯʝʪʘ ʠʟʤʝʥʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ 

ʧʨʘʚʠʣʘʤʠ, ʦʧʠʩʘʥʥʳʤʠ ʚʳʰʝ. ʇʦʩʣʝ ʧʦʣʥʦʡ ʦʩʪʘʥʦʚʢʠ ʧʦʨʦʭʦʚʦʛʦ ʵʣʝʤʝʥʪʘ, ʵʣʝʤʝʥʪʘʤ 

ʤʘʩʩʠʚʘ, ʚ ʢʦʪʦʨʳʭ ʦʥ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʘʭʦʜʠʪʩʷ, ʧʨʠʩʚʘʠʚʘʝʪʩʷ ʟʥʘʯʝʥʠʝ 1 ʠ ʧʨʦʮʝʩʩ 

ʨʘʩʯʝʪʘ ʧʝʨʝʤʝʱʝʥʠʡ ʧʦʨʦʭʦʚʦʛʦ ʵʣʝʤʝʥʪʘ ʟʘʢʘʥʯʠʚʘʝʪʩʷ, ʛʝʥʝʨʠʨʫʝʪʩʷ ʥʦʚʳʡ ʧʦʨʦʭʦʚʦʡ 

ʵʣʝʤʝʥʪ. 

ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʦʙʱʘʷ ʤʘʩʩʘ ʧʦʨʦʭʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʮʠʣʠʥʜʨʝ ʜʦʩʪʠʛʥʝʪ ʟʥʘʯʝʥʠʷ, 

ʨʘʚʥʦʛʦ ʥʦʤʠʥʘʣʴʥʦʡ ʤʘʩʩʝ ʧʦʨʦʭʦʚʦʛʦ ʟʘʨʷʜʘ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝ ʧʦʨʠʩʪʦʩʪʠ ʜʣʷ ʚʩʝʭ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʝʯʝʥʠʡ ʮʠʣʠʥʜʨʘ, ʘ ʪʘʢʞʝ ʧʣʦʪʥʦʩʪʴ ʟʘʨʷʞʘʥʠʷ ʜʣʷ ʚʩʝʛʦ ʦʙʲʝʤʘ ʮʠʣʠʥʜʨʘ. 

ʅʘ ʦʩʥʦʚʝ ʩʦʩʪʘʚʣʝʥʥʦʡ ʤʦʜʝʣʠ ʙʳʣ ʧʨʦʚʝʜʝʥ ʨʷʜ ʨʘʩʯʝʪʦʚ ʧʦ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʧʦʨʦʭʦʚʦʛʦ ʟʘʨʷʜʘ ʜʣʷ ʧʫʰʢʠ ɸʂ-230. ʅʘ ʨʠʩʫʥʢʝ 3 ʧʦʢʘʟʘʥʘ ʢʘʨʪʠʥʘ ʟʘʧʦʣʥʝʥʠʷ ʮʠʣʠʥʜʨʘ 

ʧʦʨʦʭʦʚʳʤʠ ʵʣʝʤʝʥʪʘʤʠ. ʈʠʩʫʥʦʢ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʜʥʦʤʫ ʠʟ ʨʘʩʯʝʪʦʚ ʠ ʠʟʦʙʨʘʞʘʝʪ ʯʘʩʪʴ 

ʟʘʩʥʘʨʷʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ (ʜʣʠʥʦʡ 48 ʤʤ) ʚ ʥʘʯʘʣʝ (ʘ)  ʠ ʚ ʢʦʥʮʝ (ʙ) ʝʛʦ ʟʘʧʦʣʥʝʥʠʷ. 

 
ʈʠʩʫʥʦʢ 3. ʅʘʯʘʣʦ (ʘ) ʠ ʦʢʦʥʯʘʥʠʝ (ʙ) ʟʘʧʦʣʥʝʥʠʷ ʮʠʣʠʥʜʨʘ; D = 40 ʤʤ, L = 48 ʤʤ, d = 

2,5 ʤʤ, l = 2,9 ʤʤ, ȹʭ = ȹʫ = 0,1 ʤʤ   
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ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʧʦʨʠʩʪʦʩʪʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʝʯʝʥʠʡ ʮʠʣʠʥʜʨʘ ʤʦʛʫʪ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʪʴʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʉʨʝʜʥʷʷ 

ʧʦʨʠʩʪʦʩʪʴ ʟʘʨʷʜʘ ʪʘʢʞʝ ʠʟʤʝʥʷʝʪʩʷ ʚ ʥʝʢʦʪʦʨʳʭ ʧʨʝʜʝʣʘʭ  ï ʦʥʘ ʟʘʚʠʩʠʪ ʦʪ ʫʨʦʚʥʷ 

ʟʘʧʦʣʥʝʥʠʷ ʛʠʣʴʟʳ ʧʦʨʦʭʦʚʳʤʠ ʵʣʝʤʝʥʪʘʤʠ (ʚʜʦʣʴ ʦʩʠ  ʆY0). 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ ʚʣʠʷʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʨʠʩʪʦʩʪʠ ʧʦ ʜʣʠʥʝ ʟʘʨʷʜʘ ʥʘ 

ʚʝʣʠʯʠʥʫ ʜʘʚʣʝʥʠʡ ʧʦʨʦʭʦʚʳʭ ʛʘʟʦʚ ʧʨʠ ʚʳʩʪʨʝʣʝ, ʜʣʷ ʚʩʝʭ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʟʘʨʷʜʦʚ ʥʘ 

ʦʩʥʦʚʝ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʚʥʫʪʨʠʙʘʣʣʠʩʪʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ. 

ɻʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʜʘʚʣʝʥʠʡ ʧʦʨʦʭʦʚʳʭ ʛʘʟʦʚ ʚ ʨʘʡʦʥʝ ʜʥʘ ʙʦʝʧʨʠʧʘʩʘ -  p_ʩ (x), ʚ 

ʨʘʡʦʥʝ ʜʥʘ ʢʘʤʦʨʳ - p_ʢ (x), ʘ ʪʘʢʞʝ ʛʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʙʦʝʧʨʠʧʘʩʘ V 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 4. ʅʘ ʨʠʩʫʥʢʘʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʘʢʞʝ ʢʨʠʚʳʝ ʠʟʤʝʥʝʥʠʷ ʜʘʚʣʝʥʠʷ 

ʧʦʨʦʭʦʚʳʭ ʛʘʟʦʚ ʚ ʩʣʫʯʘʝ ʧʦʩʪʦʷʥʥʦʡ ʧʦʨʠʩʪʦʩʪʠ ʧʦ ʜʣʠʥʝ ʟʘʨʷʜʘ. ɺʩʝ ʢʨʠʚʳʝ ʥʘ ʛʨʘʬʠʢʘʭ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʜʘʚʣʝʥʠʡ ʧʦʨʦʭʦʚʳʭ ʛʘʟʦʚ ʦʪ ʢʦʦʨʜʠʥʘʪʳ ʜʥʘ ʙʦʝʧʨʠʧʘʩʘ 

x. ʅʫʣʝʚʦʝ ʟʥʘʯʝʥʠʝ ʧʦ ʦʩʠ x ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʥʫ ʢʘʤʦʨʳ ʦʨʫʜʠʷ. 

ɺʳʚʦʜʳ: 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʦʨʠʩʪʦʩʪʠ ʧʦ ʜʣʠʥʝ ʟʘʨʷʜʘ ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʧʨʦʮʝʩʩ ʛʦʨʝʥʠʷ ʧʦʨʦʭʦʚʦʛʦ ʟʘʨʷʜʘ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘ ʚʝʣʠʯʠʥʫ ʜʘʚʣʝʥʠʡ ʧʦʨʦʭʦʚʳʭ ʛʘʟʦʚ, ʥʘʙʣʶʜʘʝʤʳʭ ʚ ʧʨʦʮʝʩʩʝ ʚʳʩʪʨʝʣʘ. 

ɼʣʷ ʟʘʨʷʜʦʚ ʩ ʦʜʠʥʘʢʦʚʦʡ ʩʨʝʜʥʝʡ ʧʦʨʠʩʪʦʩʪʴʶ, ʥʦ ʨʘʟʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʦʨʠʩʪʦʩʪʠ, ʤʘʢʩʠʤʘʣʴʥʳʝ ʜʘʚʣʝʥʠʷ ʧʦʨʦʭʦʚʳʭ ʛʘʟʦʚ ʤʦʛʫʪ ʦʪʣʠʯʘʪʴʩʷ ʚʝʩʴʤʘ ʟʥʘʯʠʪʝʣʴʥʦ.  

ʅʘʙʣʶʜʘʝʤʦʝ ʷʚʣʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʚ ʥʝʢʦʪʦʨʳʭ ʟʘʨʷʜʘʭ  ʩʫʱʝʩʪʚʫʶʪ ʦʙʣʘʩʪʠ ʩ 

ʨʝʟʢʠʤ ʧʝʨʝʧʘʜʦʤ ʧʦʨʠʩʪʦʩʪʠ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʨʦʪʢʦʤ ʦʪʨʝʟʢʝ ʜʣʠʥʳ ʟʘʨʷʜʘ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʣʦʢʘʣʴʥʦʤʫ ʧʦʚʳʰʝʥʠʶ (ʠʣʠ ʩʥʠʞʝʥʠʶ) ʜʘʚʣʝʥʠʷ ʚ ʵʪʠʭ ʦʙʣʘʩʪʷʭ ʚ ʧʨʦʮʝʩʩʝ 

ʛʦʨʝʥʠʷ ʧʦʨʦʭʘ. 

 
ʈʠʩʫʥʦʢ 7. ʂʨʠʚʳʝ ʠʟʤʝʥʝʥʠʷ ʜʘʚʣʝʥʠʷ ʧʦʨʦʭʦʚʳʭ ʛʘʟʦʚ ʧʨʠ ʚʳʩʪʨʝʣʝ: ʘ - ʚ ʨʘʡʦʥʝ ʜʥʘ 

ʢʘʤʦʨʳ ʨʢ(ʭ), ʙ ïʚ ʨʘʡʦʥʝ ʜʥʘ ʙʦʝʧʨʠʧʘʩʘ ʨʩ(ʭ), ʚ ï ʛʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʙʦʝʧʨʠʧʘʩʘ; 

 - ʨʘʩʯʝʪ ˉ 1, - ʨʘʩʯʝʪ ˉ 2, - ʨʘʩʯʝʪ ˉ 3, - ʨʘʩʯʝʪ ˉ 4, - ʨʘʩʯʝʪ ˉ 5, 

- ʨʘʩʯʝʪ ˉ 6, - ʨʘʩʯʝʪ ˉ 7, - ʨʘʩʯʝʪ ˉ 8,  - ʨʘʩʯʝʪ ˉ 9, - ʨʘʩʯʝʪ ˉ 10, - 

ʨʘʩʯʝʪ ˉ 11, - ʨʘʩʯʝʪ ˉ 12, - ʨʘʩʯʝʪ ˉ 13, - ʨʘʩʯʝʪ ˉ 14, - ʨʘʩʯʝʪ ˉ 15, - 

ʨʘʩʯʝʪ ˉ 16, - ʨʘʩʯʝʪ ˉ 17, - ʨʘʩʯʝʪ ˉ 18, - ʨʘʩʯʝʪ ˉ 19, - ʨʘʩʯʝʪ ˉ 20, - 

ʨʘʩʯʝʪ ʧʨʠ ʫʩʣʦʚʠʠ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʨʠʩʪʦʩʪʠ,  -ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ 

ʛʨʘʬʠʢ 
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ʇʈʀʄɽʅɽʅʀɽ ɺɿʈʓɺʏɸʊʓʍ ɺɽʑɽʉʊɺ ʉ ʇʆʅʀɾɽʅʅʆʁ 

ʏʋɺʉʊɺʀʊɽʃʔʅʆʉʊʔʖ ʇʈʀ ʋʇʈʆʏʅɽʅʀʀ ɺɿʈʓɺʆʄ ʉʊɸʃʀ 110ɻ13ʃ 

 

ɸ.ʉ. ɼʦʣʤʘʪʦʚ, ʂ.ʅ. ʄʘʢʘʨʦʚʘ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ɸ.ɺ. ɻʫʩʴʢʦʚ 

 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, al.dolmatow88@yandex.ru  

 

ɺ ʩʪʘʪʴʝ ʧʨʦʚʦʜʠʪʩʷ ʦʙʟʦʨ ʩʫʱʝʩʪʚʫʶʱʠʭ ʚʟʨʳʚʯʘʪʳʭ ʚʝʱʝʩʪʚ (ɺɺ), ʢʦʪʦʨʳʝ 

ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʜʣʷ ʫʧʨʦʯʥʝʥʠʷ ʚʟʨʳʚʦʤ ʩʪʘʣʠ 110ɻ13ʃ. ʇʨʝʜʣʘʛʘʝʤʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ 

ʤʘʪʝʨʠʘʣʳ ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʧʦ ʩʚʦʠʤ ʧʘʨʘʤʝʪʨʘʤ ʜʝʪʦʥʘʮʠʠ ʠʩʧʦʣʴʟʫʝʤʳʤ 

ʩʦʩʪʘʚʘʤ, ʥʦ ʧʨʠ ʵʪʦʤ ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʨʝʚʦʩʭʦʜʠʪʴ ʠʩʧʦʣʴʟʫʝʤʳʝ 

ʩʦʩʪʘʚʳ. ʈʘʩʩʤʦʪʨʝʥʳ ʩʤʝʩʠ ʪʨʦʪʠʣʘ ʩ ʛʝʢʩʦʛʝʥʦʤ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʘʣʶʤʠʥʠʷ, ʩʤʝʩʠ 

ʪʨʦʪʠʣʘ ʩ ʊʕʅʦʤ (ʧʝʥʪʦʣʠʪ). ʇʨʝʜʣʦʞʝʥ ʢ ʧʨʠʤʝʥʝʥʠʶ ʩʦʩʪʘʚ ʪʨʦʪʠʣʘ ʩ 

ʥʠʪʨʦʪʨʠʘʟʦʣʦʥʦʤ ï ʤʘʣʦʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ɺɺ. 

The article reviews the existing explosives, which can be used to harden the explosion of 

110G13L steel. The proposed energetic materials should correspond in their detonation parameters 

to the compositions used, but at the same time the sensitivity parameters exceed the used 

compositions. Mixtures of TNT and hexogen with addition of aluminum, pentolite. A composition of 

TNT with nitrotriazolone - a low-sensitivity explosive, has been proposed. 

 

ʋʜʘʨʥʦ-ʚʦʣʥʦʚʦʝ ʥʘʛʨʫʞʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʫʧʨʦʯʥʝʥʠʷ ʢʨʝʩʪʦʚʠʥ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʩʪʨʝʣʦʯʥʳʭ ʧʝʨʝʚʦʜʦʚ, ʢʦʪʦʨʦʝ ʫʣʫʯʰʘʝʪ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʤʘʪʝʨʠʘʣʘ ʠʟʜʝʣʠʷ ï ʩʪʘʣʴ 110ɻ13ʃ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʩʨʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʇʨʦʮʝʩʩ 

ʫʧʨʦʯʥʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʜʨʳʚʝ ʟʘʨʷʜʘ ʚʟʨʳʚʯʘʪʦʛʦ ʚʝʱʝʩʪʚʘ (ɺɺ)[1,2]. 

ɸʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʚʟʨʳʚʥʳʭ 

ʨʘʙʦʪ ʧʦ ʫʧʨʦʯʥʝʥʠʶ ʥʘ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʘʞʥʦʡ 

ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʚʟʨʳʚʯʘʪʳʭ ʚʝʱʝʩʪʚ ʩ ʧʦʥʠʞʝʥʥʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ, ʩʧʦʩʦʙʦʚ ʧʦʥʠʞʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʜʘʥʥʳʭ ʩʦʩʪʘʚʦʚ ʚ ʫʧʨʦʯʥʝʥʠʠ ʚʟʨʳʚʦʤ. 

ɺ ʢʘʯʝʩʪʚʝ ɺɺ ʜʣʷ ʥʘʛʨʫʞʝʥʠʷ ʠʟʜʝʣʠʡ ʯʘʩʪʦ ʧʨʠʤʝʥʷʶʪ ʃɺɺ-11 ʠʣʠ ʊɻ 50/50 [3]. ʀʭ 

ʩʚʦʡʩʪʚʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ. 

 

ʊʘʙʣʠʮʘ 1. ʉʚʦʡʩʪʚʘ ʚʟʨʳʚʯʘʪʳʭ ʚʝʱʝʩʪʚ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʥʘʛʨʫʞʝʥʠʷ 

ʉʚʦʡʩʪʚʘ ʃɺɺ-11 ʊɻ 50/50 

ʉʢʦʨʦʩʪʴ ʜʝʪʦʥʘʮʠʠ, ʤ/ʩ 7400 7570 

ʇʣʦʪʥʦʩʪʴ, ʛ/ʩʤ3 1,42 1.70 

ɼʘʚʣʝʥʠʝ ʥʘ ʬʨʦʥʪʝ, ʢʙʘʨ 170 210 

ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʫʜʘʨʫ (ʚʳʩʦʪʘ ʧʘʜʝʥʠʝ ʛʨʫʟʘ ʤʘʩʩʦʡ 10 ʢʛ) 5 ʩʤ 12 ʩʤ 

ʊʝʤʧʝʨʘʪʫʨʘ ʚʩʧʳʰʢʠ, ʛʨʘʜ ʉ 230 226 

 

ʀʩʭʦʜʷ ʠʟ ʩʚʦʡʩʪʚ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʪʘʙʣ. 1), ɺɺ ʜʣʷ ʫʧʨʦʯʥʝʥʠʷ ʜʦʣʞʥʳ 

ʠʤʝʪʴ ʩʢʦʨʦʩʪʴ ʜʝʪʦʥʘʮʠʠ 7,4-7,6 ʢʤ/ʩ ʠ ʜʘʚʣʝʥʠʝ ʥʘ ʬʨʦʥʪʝ ʦʪ 170 ʜʦ 210 ʙʘʨ [4]. ʉʣʦʞʥʘʷ 

ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʬʦʨʤʘ ʠʟʜʝʣʠʷ ʟʘʪʨʫʜʥʷʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʩʳʧʥʳʭ ɺɺ, ʧʦʵʪʦʤʫ 

ʠʩʧʦʣʴʟʫʶʪ ʧʣʘʩʪʠʯʝʩʢʠʝ (ʃɺɺ-11) ʠʣʠ ʣʠʪʴʝʚʳʝ ʩʦʩʪʘʚʳ (ʊɻ 50/50), ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʥʝʦʙʭʦʜʠʤʫʶ ʪʦʣʱʠʥʫ ɺɺ. 

ɼʣʷ ʫʧʨʦʯʥʝʥʠʷ ʚʟʨʳʚʦʤ ʣʠʪʴʝʚʳʤʠ ʩʦʩʪʘʚʘʤʠ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʚʘʪʴ ʬʦʨʤʳ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʟʘʨʷʜʦʚ ʩ ʟʘʜʘʥʥʳʤʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʃʠʪʳʝ ʩʦʩʪʘʚʳ ʩ ʪʨʦʪʠʣʦʤ 

ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʚ ʨʘʩʧʣʘʚʣʝʥʥʳʡ ʪʨʦʪʠʣ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ 

ʜʦʙʘʚʣʷʶʪ ʫʚʣʘʞʥʸʥʥʦʝ ɺɺ ʠ ʜʨʫʛʠʝ ʜʦʙʘʚʢʠ (ʧʦʣʠʤʝʨʳ ʠ ʜʨʫʛʦʝ). ʉʤʝʩʴ ʥʘʛʨʝʚʘʶʪ ʠ 
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ʧʝʨʝʤʝʰʠʚʘʶʪ ʜʦ ʠʩʧʘʨʝʥʠʷ ʚʦʜʳ ʠ ʩʤʘʯʠʚʘʥʠʷ ʨʘʩʧʣʘʚʦʤ ʪʨʦʪʠʣʘ ʪʚʸʨʜʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʜʦʙʘʚʣʝʥʥʳʭ ʚʝʱʝʩʪʚ. ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ ʧʨʦʠʩʭʦʜʠʪ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʠ ʟʘʪʚʝʨʜʝʚʘʥʠʝ ʩʤʝʩʠ 

[5]. 

ʇʦʜʦʙʥʳʝ ʩʦʩʪʘʚʳ ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʦʱʥʳʝ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ɺɺ ʪʘʢʠʝ ʢʘʢ 

ʊʕʅ ʠ ʛʝʢʩʦʛʝʥ, ʢʦʪʦʨʳʝ ʚ ʨʘʩʧʣʘʚʝ ʩ ʪʨʦʪʠʣʦʤ ʧʦʟʚʦʣʷʶʪ ʧʦʚʳʩʠʪʴ ʤʦʱʥʦʩʪʴ ʩʤʝʩʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʦʪʠʣʦʤ, ʥʦ ʧʨʠ ʵʪʦʤ ʩʦʭʨʘʥʠʪʴ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ 

ʤʝʭʘʥʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ. ʇʨʠʤʝʨʦʤ ʪʘʢʦʛʦ ʩʦʩʪʘʚʘ ʷʚʣʷʝʪʩʷ ʧʝʥʪʦʣʠʪ. 

ʇʝʥʪʦʣʠʪ ï ʣʠʪʴʝʚʘʷ ʩʤʝʩʴ ʪʨʦʪʠʣʘ ʠ ʊʕʅʘ. ʇʨʠ ʩʦʜʝʨʞʘʥʠʠ ʊʕʅʘ 50%, ʧʣʦʪʥʦʩʪʠ 

1,66 ʛ/ʩʤ
3 
ʩʦʩʪʘʚ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʩʚʦʡʩʪʚʘ: ʩʢʦʨʦʩʪʴ ʜʝʪʦʥʘʮʠʠ 7450 ʤ/ʩ, ʜʘʚʣʝʥʠʝ ʥʘ 

ʬʨʦʥʪʝ ʫʜʘʨʥʦʡ ʚʦʣʥʳ 250 ʢʙʘʨ, ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ 76,4 ʉ, ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ ʫʜʘʨʫ ʧʨʠ 

ʧʘʜʝʥʠʠ ʛʨʫʟʘ ʤʘʩʩʦʡ 10 ʢʛ ʩ ʚʳʩʦʪʳ 25 ʩʤ. ʇʨʠ ʧʣʦʪʥʦʩʪʠ 1,7 ʛ/ʩʤ
3 
ʩʢʦʨʦʩʪʴ ʜʝʪʦʥʘʮʠʠ 7530 

ʤ/ʩ. ɼʣʷ ʧʝʥʪʦʣʠʪʘ ʩʫʱʝʩʪʚʫʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʜʝʪʦʥʘʮʠʠ ʦʪ ʧʣʦʪʥʦʩʪʠ: 

D=5480+3100(p-1), ʛʜʝ ʨ ï ʧʣʦʪʥʦʩʪʴ ʚʝʱʝʩʪʚʘ [6]. ʀʟʤʝʥʷʷ ʧʣʦʪʥʦʩʪʴ ʫʢʘʟʘʥʥʦʛʦ ɺɺ ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʧʘʨʘʤʝʪʨʳ ʜʝʪʦʥʘʮʠʠ ʜʣʷ ʚʟʨʳʚʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ, ʧʨʠ ʵʪʦʤ ʥʝ 

ʠʟʤʝʥʷʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʫʜʘʨʫ. 

ɼʨʫʛʠʤ ʩʧʦʩʦʙʦʤ ʧʦʥʠʞʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ɺɺ ʷʚʣʷʝʪʩʷ ʜʦʙʘʚʣʝʥʠʝ ʚ ʩʦʩʪʘʚ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʜʦʙʘʚʦʢ, ʪʘʢʠʭ ʢʘʢ ʘʣʶʤʠʥʠʡ. ʂ ʪʘʢʠʤ ʩʦʩʪʘʚʘʤ ʦʪʥʦʩʷʪʩʷ ʩʤʝʩʠ ʪʨʦʪʠʣʘ, 

ʛʝʢʩʦʛʝʥʘ ʠ ʘʣʶʤʠʥʠʷ - ʊɻɸ (ʪʘʙʣʠʮʘ 2) [7]. 

 

ʊʘʙʣʠʮʘ 2. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʠʪʴʝʚʳʭ ʩʤʝʩʝʡ ʊɻɸ 

ɺʟʨʳʚʯʘʪʦʝ 

ʚʝʱʝʩʪʚʦ 

ʇʣʦʪʥʦʩʪʴ, 

ʛ/ʩʤ
3
 

ʉʢʦʨʦʩʪʴ 

ʜʝʪʦʥʘʮʠʠ, 

ʤ/ʩ 

ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

ʢ ʫʜʘʨʫ (ʧʘʜʝʥʠʝ 

ʛʨʫʟʘ ʤʘʩʩʦʡ 10 

ʢʛ), ʩʤ 

ɹʨʠʟʘʥʪʥʦʩʪʴ ʧʦ 

ʂʘʩʪʫ (ʪʨʦʪʠʣ 

3,6), ʤʤ 

ʊɻɸ70/15/15 1.72 6960 24 4,5 

ʊɻɸ50/25/25 1.85 7680 24 4,9 

ʊɻɸ50/20/30 1.80 7400 24 4,7 

ʊɻɸ40/45/15 1.79 7500 24 5,3 

 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʩʦʩʪʘʚ ʣʠʪʴʝʚʳʭ ʩʤʝʩʝʡ ʊɻɸ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʡ ʚʳʚʦʜ: 

ʤʝʥʷʷ ʩʦʦʪʥʦʰʝʥʠʝ ʜʦʙʘʚʦʢ ʛʝʢʩʦʛʝʥʘ ʠ ʘʣʶʤʠʥʠʷ ʚ ʩʤʝʩʠ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ɺɺ ʩ 

ʥʝʦʙʭʦʜʠʤʦʡ ʩʢʦʨʦʩʪʴʶ ʜʝʪʦʥʘʮʠʠ, ʧʨʠ ʵʪʦʤ ʥʝ ʫʚʝʣʠʯʠʚʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʩʦʩʪʘʚʘ ʢ 

ʫʜʘʨʫ. ʇʨʠ ʚʚʝʜʝʥʠʝ ʚ ʩʤʝʩʴ ɺɺ ʘʣʶʤʠʥʠʷ ï ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʛʦʨʶʯʝʛʦ ʢʦʤʧʦʥʝʥʪʘ - 

ʚʟʨʳʚʥʦʝ ʨʘʟʣʦʞʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʜʚʝ ʩʪʘʜʠʠ: ʩʥʘʯʘʣʘ ʜʝʪʦʥʠʨʫʝʪ ʦʩʥʦʚʥʦʝ ɺɺ, ʟʘʪʝʤ 

ʤʝʪʘʣʣ ʨʝʘʛʠʨʫʝʪ ʩ ʧʨʦʜʫʢʪʘʤʠ ʚʟʨʳʚʘ, ʫʚʝʣʠʯʠʚʘʷ ʝʛʦ ʵʥʝʨʛʠʶ. 

ɼʣʷ ʧʦʥʠʞʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʚʦʟʤʦʞʥʦ ʪʘʢʞʝ ʧʨʠʤʝʥʝʥʠʝ ʩʤʝʩʠ ʪʨʦʪʠʣʘ ʩ ʜʨʫʛʠʤ 

ʤʘʣʦʯʫʚʩʪʚʠʪʝʣʴʥʳʤ, ʥʦ ʤʦʱʥʳʤ ɺɺ. ʇʨʠʤʝʨʦʤ ʪʘʢʦʛʦ ʩʦʩʪʘʚʘ ʷʚʣʷʝʪʩʷ ʩʤʝʩʴ ʪʨʦʪʠʣʘ ʠ 

ʥʠʪʨʦʪʨʠʘʟʦʣʦʥʘ (ʅʊʆ). ʅʊʆ ï ʪʝʨʤʦʩʪʦʡʢʦʝ, ʤʘʣʦʯʫʚʩʪʚʠʪʝʣʴʥʦʝ ɺɺ. ʇʨʠ ʧʣʦʪʥʦʩʪʠ 1,69 

ʛ/ʩʤ
3 
ʠʤʝʝʪ ʩʢʦʨʦʩʪʴ ʜʝʪʦʥʘʮʠʠ 7770 ʤ/ʩ, ʧʨʠ ʧʣʦʪʥʦʩʪʠ 1,87 ʛ/ʩʤ

3 
8200 ʤ/ʩ. ɼʘʚʣʝʥʠʝ 

ʜʝʪʦʥʘʮʠʠ ʧʨʠ ʧʣʦʪʥʦʩʪʠ 1,781 ʛ/ʩʤ3 ʠ ʜʠʘʤʝʪʨʝ ʟʘʨʷʜʘ 41,3 ʤʤ ï28,4 ɻʇʘ. ʏʫʚʩʪʚʠʪʝʣʝʥ ʢ 

ʫʜʘʨʫ ʧʨʠ ʧʘʜʝʥʠʠ ʛʨʫʟʘ ʤʘʩʩʦʡ 2,5 ʢʛ ʩ ʚʳʩʦʪʳ 290 ʩʤ (ʪʨʦʪʠʣ 148 ʩʤ). ʉʤʝʩʠ ʪʨʦʪʠʣʘ ʠ 

ʅʊʆ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʟʘʛʨʘʥʠʮʝʡ ʜʣʷ ʩʥʘʨʷʞʝʥʠʷ ʙʦʝʧʨʠʧʘʩʦʚ. ʇʨʠʤʝʨʦʤ ʧʦʜʦʙʥʦʛʦ 

ʩʦʩʪʘʚʘ ʷʚʣʷʝʪʩʷ ARX-4024, ʩʦʩʪʦʷʱʠʡ ʠʟ 65% ʅʊʆ ʠ 35% ʪʨʦʪʠʣʘ. ʇʨʠ ʜʘʥʥʦʤ 

ʩʦʦʪʥʦʰʝʥʠʠ ɺɺ, ʩʦʩʪʘʚ ʠʤʝʝʪ ʩʢʦʨʦʩʪʴ ʜʝʪʦʥʘʮʠʠ 7810 ʤ/ʩ ʧʨʠ ʧʣʦʪʥʦʩʪʠ 1,8 ʛ/ʩʤ
3
. ɼʨʫʛʠʝ 

ʣʠʪʴʝʚʳʝ ʩʦʩʪʘʚʳ ʅʊʆ ʠ ʪʨʦʪʠʣʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3 [8]. 
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ʊʘʙʣʠʮʘ 3. ʉʦʩʪʘʚ ʠ ʚʟʨʳʚʯʘʪʳʝ ʩʚʦʡʩʪʚʘ ʣʠʪʴʝʚʳʭ ɺɺ ʩ ʅʊʆ. 

ʉʦʩʪʘʚ ʅʊʆ, 

% 

ʊʨʦʪʠʣ

, % 

ɼʦʙʘʚʢʠ, 

% 

ʉʢʦʨʦʩʪʴ 

ʜʝʪʦʥʘʮʠʠ, 

ʤ/ʩ 

ʇ
ʣ
ʦ
ʪ
ʥ
ʦ
ʩ
ʪ
ʴ
,
 
ʛ
/
ʩ
ʤ

3
 ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ 

ʋ
ʜ
ʘ
ʨ
ʫ
,
 
ʩ
ʤ
 
(
ʛ
ʨ
ʫ
ʟ
 

5
 
ʢ
ʛ
,
 
5
0
%
 

ʚ
ʟ
ʨ
ʳ
ʚ
ʦ
ʚ
)

 

ʊ
ʨ
ʝ
ʥ
ʠ
ʶ
,
 
ʅ

 

ʕ
ʣ
ʝ
ʢ
ʪ
ʨ
ʠ
ʯ
ʝ
ʩ
ʢ
ʦ
ʤ

ʫ
 
ʨ
ʘ
ʟ
ʨ
ʷ
ʜ
ʫ
,
 
ɼ
ʞ

 

ʊʅʊʆ 50 50 - 7340 1,74 91,5 41,5 0,062 

THTO/O

D 

52 42 - 6900 1,61 >200 - - 

THTO I 42 34 Al, 19 6670 1,76 >200 - - 

THTO II 42 32 Al, 19 6840 1,74 >200 53 0,040 

AFX-644 40 30 Al, 20 6960 1,70 >200 60,8 0,040 

 

ʀʟ ʧʨʠʤʝʨʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 3 ʚʠʜʥʦ, ʯʪʦ ʠʟʤʝʥʷʷ ʧʘʨʘʤʝʪʨʳ ʩʦʦʪʥʦʰʝʥʠʷ 

ʥʠʪʨʦʪʨʠʘʟʦʣʦʥʘ ʠ ʪʨʦʪʠʣʘ ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʧʘʨʘʤʝʪʨʳ ʜʝʪʦʥʘʮʠʠ ʜʣʷ 

ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ɺɺ ʚ ʫʧʨʦʯʥʝʥʠʠ ʚʟʨʳʚʦʤ. 

ɺʳʚʦʜ: 

ʆʙʟʦʨ ʩʫʱʝʩʪʚʫʶʱʠʭ ɺɺ ʧʦʢʘʟʘʣ, ʯʪʦ ʜʣʷ ʫʧʨʦʯʥʝʥʠʷ ʚʟʨʳʚʦʤ ʫʜʦʚʣʝʪʚʦʨʷʶʪ 

ʚʟʨʳʚʯʘʪʳʝ ʩʦʩʪʘʚʳ ʥʘ ʦʩʥʦʚʝ ʪʨʦʪʠʣʘ ʠ ɺɺ ʧʦʥʠʞʝʥʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʥʠʪʨʦʪʨʠʘʟʦʣʦʥ 

(ʅʊʆ). ʀʟʤʝʥʷʷ ʩʦʦʪʥʦʰʝʥʠʝ ʪʨʦʪʠʣʘ ʠ ʅʊʆ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʧʘʨʘʤʝʪʨʳ 

ʜʝʪʦʥʘʮʠʠ ʜʣʷ ʫʧʨʦʯʥʝʥʠʷ ʠ ʥʝʦʙʭʦʜʠʤʳʝ ʧʘʨʘʤʝʪʨʳ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ.  

ʉʤʝʩʠ ʊɻɸ ʠ ʧʝʥʪʦʣʠʪʘ ʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʜʣʷ ʫʧʨʦʯʥʝʥʠʷ, ʠʟʤʝʥʷʷ ʠʭ ʩʦʦʪʥʦʰʝʥʠʝ 

ʚ ʩʦʩʪʘʚʝ ɺɺ, ʥʦ ʠʭ ʧʘʨʘʤʝʪʨʳ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʥʝ ʥʘʤʥʦʛʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʧʨʠʤʝʥʷʝʤʳʭ 

ɺɺ. 
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ʀʉʂʈʆɺʆɽ ʇʃɸɿʄɽʅʅʆɽ ʉʇɽʂɸʅʀɽ ʊɽʇʃʆɿɸʑʀʊʅʓʍ ʄɽʊɸʃʃ-

ʂɽʈɸʄʀʏɽʉʂʀʍ ʂʆʄʇʆɿʀʊʆɺ 
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ʀʥʩʪʠʪʫʪ ɻʠʜʨʦʜʠʥʘʤʠʢʠ ʠʤ. ʃʘʚʨʝʥʪʴʝʚʘ ʉʆ ʈɸʅ,  

ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, esmax@ya.ru  

 

ʇʨʠʚʝʜʝʥ ʢʨʘʪʢʠʡ ʦʙʟʦʨ ʥʝʢʦʪʦʨʳʭ ʨʘʙʦʪ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʢʦʤʧʦʟʠʪʥʳʭ ʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʝ ʠʪʪʨʠʡ-ʮʠʨʢʦʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ ʠ ʞʘʨʦʧʨʦʯʥʳʭ ʩʧʣʘʚʦʚ, 

ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʪʝʧʣʦʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʷʭ(ʊɿʇ) ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ 

ʵʣʝʢʪʨʦʠʩʢʨʦʚʦʛʦ ʧʣʘʟʤʝʥʥʦʛʦ ʩʧʝʢʘʥʠʷ (SPS)    

A review of some works of investigation of promising composite structures based on yttrium-

zirconium ceramics and heat-resistant alloys used in thermal protection coatings obtained by the 

method of spark plasma sintering (SPS).   

 

ʄʝʪʦʜ ʠʩʢʨʦʚʦʛʦ ʧʣʘʟʤʝʥʥʦʛʦ ʩʧʝʢʘʥʠʷ (SPS)[1] ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʝʩʩʦʚʘʥʠʠ ʧʦʨʦʰʢʘ ʚ 

ʛʨʘʬʠʪʦʚʦʡ ʧʨʝʩʩ-ʬʦʨʤʝ ʚ ʚʘʢʫʫʤʝ ʠ ʝʛʦ ʥʘʛʨʝʚʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʪʝʢʘʥʠʷ ʠʤʧʫʣʴʩʥʦʛʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʯʝʨʝʟ ʩʧʝʢʘʝʤʳʡ ʤʘʪʝʨʠʘʣ. ʇʨʦʮʝʩʩ ʩʧʝʢʘʥʠʷ ʚ SPS, ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ, ʟʘʚʝʨʰʘʝʪʩʷ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʤʠʥʫʪ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʧʦʣʫʯʘʪʴ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠʟ ʧʦʨʦʰʢʦʚ. ʕʪʠʤ ʤʝʪʦʜʦʤ 

ʢʦʥʩʦʣʠʜʠʨʦʚʘʥʳ ʪʘʢʠʝ ʪʫʛʦʧʣʘʚʢʠʝ ʤʘʪʝʨʠʘʣʳ, ʢʘʢ ʢʘʨʙʠʜ ʢʨʝʤʥʠʷ(SiC) ʠ ʚʦʣʴʬʨʘʤʘ(WC) 

ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʜʦʙʘʚʦʢ. ʅʘʥʝʩʝʥʠʝ ʧʦʢʨʳʪʠʡ ʥʘ ʙʦʣʴʰʠʝ ʧʣʦʱʘʜʠ ʠʣʠ ʢʨʠʚʦʣʠʥʝʡʥʳʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʜʘʥʥʳʤ ʤʝʪʦʜʦʤ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʟʘʪʨʫʜʥʠʪʝʣʴʥʳʤ, ʥʦ ʩ 

ʝʛʦ ʧʦʤʦʱʴʶ ʚʦʟʤʦʞʥʦ ʙʳʩʪʨʦ ʧʦʣʫʯʘʪʴ ʦʙʨʘʟʮʳ ʠʟ ʩʣʦʠʩʪʳʭ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-

ʛʨʘʜʠʝʥʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʳʭ ʩ ʮʝʣʴʶ ʨʘʟʨʘʙʦʪʢʠ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ 

ʠʩʧʳʪʘʥʠʷ ʥʦʚʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʩʦʩʪʘʚʦʚ ʠ ʩʪʨʫʢʪʫʨ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʤʝʪʦʜʦʚ ʥʘʧʳʣʝʥʠʷ ʠ ʦʩʘʞʜʝʥʠʷ ʪʝʧʣʦʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ, SPS ʠʤʝʝʪ ʥʝʢʦʪʦʨʳʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ, ʢʘʢ ʦʪʩʫʪʩʪʚʠʝ ʟʘʛʨʷʟʥʝʥʠʷ ʭʠʤʠʯʝʩʢʠʤʠ ʚʝʱʝʩʪʚʘʤʠ ʠ ʦʧʘʩʥʳʭ ʛʘʟʦʚ, 

ʤʠʥʠʤʘʣʴʥʳʡ ʨʘʩʭʦʜ ʤʘʪʝʨʠʘʣʘ, ʠ ʦʯʝʥʴ ʙʳʩʪʨʳʡ ʧʨʦʮʝʩʩ ʩʧʝʢʘʥʠʷ.  

ʊʝʧʣʦʟʘʱʠʪʥʳʝ(ʪʝʨʤʦʙʘʨʴʝʨʥʳʝ) ʤʘʪʝʨʠʘʣʳ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʟʘʱʠʪʳ ʵʣʝʤʝʥʪʦʚ 

ʤʘʰʠʥ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʚʳʩʦʢʠʭ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ. ʅʘʠʙʦʣʴʰʝʝ ʧʨʠʤʝʥʝʥʠʝ ʦʥʠ ʥʘʰʣʠ 

ʧʨʠ ʟʘʱʠʪʝ ʣʦʧʘʪʦʢ ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʧʦʨʰʥʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʜʠʟʝʣʴʥʳʭ 

ʜʚʠʛʘʪʝʣʝʡ, ʧʨʦʢʘʪʥʳʭ ʨʦʣʠʢʦʚ ʜʣʷ ʛʦʨʷʯʝʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʤʝʪʘʣʣʦʚ ʠ ʜʨ. ɺ 

ʪʝʧʣʦʟʘʱʠʪʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʦʢʨʳʪʠʷʭ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʫʩʣʦʚʠʷʭ ʪʝʧʣʦʚʳʭ ʧʝʨʝʤʝʥʥʳʭ 

ʠʣʠ ʮʠʢʣʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ, ʚʦʟʥʠʢʘʶʪ ʤʠʢʨʦʪʨʝʱʠʥʳ ʠ ʨʘʩʩʣʦʝʥʠʝ, ʢʦʪʦʨʳʝ ʚ ʠʪʦʛʝ 

ʧʨʠʚʦʜʷʪ ʢ ʨʘʟʨʫʰʝʥʠʶ ʧʦʢʨʳʪʠʷ. ʈʘʟʨʘʙʦʪʢʘ ʪʘʢʠʭ ʢʦʤʧʦʟʠʪʦʚ ʠʜʝʪ ʚ ʥʝʩʢʦʣʴʢʠʭ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʪʘʢʠʭ ʢʘʢ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʳʭ ʩʬʝʨʠʯʝʩʢʠʭ ʧʦʨʦʰʢʦʚ, 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʛʨʘʜʠʝʥʪʥʳʭ ʩʣʦʝʚ ʠ ʧʦʣʫʯʝʥʠʝ ʥʘʥʦʩʪʨʫʢʪʫʨʥʳʭ ʧʦʢʨʳʪʠʡ. 

ʀʜʝʘʣʴʥʦʝ ʟʘʱʠʪʥʦʝ ʧʦʢʨʳʪʠʝ ʜʦʣʞʥʦ ʙʳʪʴ ʫʩʪʦʡʯʠʚʦ ʢ ʵʨʦʟʠʠ ʠ ʢʦʨʨʦʟʠʠ, ʦʙʣʘʜʘʪʴ 

ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʩʪʦʡʢʦʩʪʴʶ, ʘ ʟʘʱʠʱʘʝʤʦʝ ʧʦʢʨʳʪʠʝ ʧʨʠ ʵʪʦʤ ʥʝ ʜʦʣʞʥʦ ʪʝʨʷʪʴ ʩʚʦʠʭ 

ʩʚʦʡʩʪʚ ʠʟ-ʟʘ ʪʝʭ ʞʝ ʧʨʦʮʝʩʩʦʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʠ ʜʝʛʨʘʜʘʮʠʠ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ.  

ɺ ʨʘʙʦʪʝ [2] ʩ ʧʦʤʦʱʴʶ ʠʩʢʨʦʚʦʛʦ ʧʣʘʟʤʝʥʥʦʛʦ ʩʧʝʢʘʥʠʷ ʧʦʣʫʯʘʣʠ ʩʠʩʪʝʤʫ ʊɿʇ, 

ʩʦʩʪʦʷʱʫʶ ʠʟ ʧʣʘʩʪʠʥʳ ʞʘʨʦʩʪʦʡʢʦʛʦ ʥʠʢʝʣʝʚʦʛʦ ʩʧʣʘʚʘ, ʧʦʨʦʰʢʘ ʘʜʛʝʟʠʚʥʦʛʦ ʧʦʜʩʣʦʷ, 

ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʙʘʨʴʝʨʘ ʠʟ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ, ʧʦʣʫʯʘʝʤʦʛʦ in-situ ʠʟ ʠʩʭʦʜʥʦʡ ʬʦʣʴʛʠ 

ʘʣʶʤʠʥʠʷ, ʠ ʜʠʦʢʩʠʜʘ ʮʠʨʢʦʥʠʷ(YSZ). ʂʦʨʨʦʟʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʧʦʣʫʯʠʣʘʩʴ 

ʚʳʰʝ, ʯʝʤ ʫ ʧʦʢʨʳʪʠʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʣʘʟʤʝʥʥʳʤ ʥʘʧʳʣʝʥʠʝʤ. 

ʀʥʪʝʨʝʩʥʳʤ ʠ ʘʢʪʠʚʥʦ ʠʩʩʣʝʜʫʝʤʳʤ ʩʧʦʩʦʙʦʤ ʫʣʫʯʰʝʥʠʷ ʩʚʦʡʩʪʚ ʊɿʇ ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʦʙʘʚʦʢ ʘʛʝʥʪʦʚ ʩʘʤʦʟʘʣʝʯʠʚʘʥʠʷ ʤʠʢʨʦʪʨʝʱʠʥ. ʅʦʚʠʟʥʘ ʠ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ 

ʧʨʝʜʣʘʛʘʝʤʦʡ ʨʘʟʨʘʙʦʪʢʠ ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʛʝʥʪʘ MoSi2, ʧʦʢʘʟʘʥʳ ʚ ʨʘʙʦʪʝ [3], 
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ʛʜʝ ʚʧʝʨʚʳʝ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʦʙʘʚʦʢ MoSi2 ʚ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʡ ʠʪʪʨʠʝʤ 

ʜʠʦʢʩʠʜ ʮʠʨʢʦʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʪʝʨʤʦʙʘʨʴʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʵʬʬʝʢʪʦʤ 

ʩʘʤʦʟʘʣʝʯʠʚʘʥʠʷ ʤʠʢʨʦʪʨʝʱʠʥ. ʄʝʭʘʥʠʟʤ ʩʘʤʦʟʘʣʝʯʠʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ 

ʧʨʦʭʦʞʜʝʥʠʠ ʪʨʝʱʠʥʳ ʯʝʨʝʟ ʚʢʣʶʯʝʥʠʝ MoSi2, ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʯʠʥʘʝʪʩʷ 

ʦʢʠʩʣʠʪʝʣʴʥʘʷ ʨʝʘʢʮʠʷ ʠ ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ (SiO2 ʠ ZrSiO4) ʟʘʧʦʣʥʷʶʪ ʪʨʝʱʠʥʫ.  

ɺ ʨʘʙʦʪʝ [4] ʧʦʣʫʯʝʥ ʢʦʤʧʦʟʠʪ YSZ-MoSi2 ʤʝʪʦʜʦʤ ʠʩʢʨʦʚʦʛʦ ʧʣʘʟʤʝʥʥʦʛʦ ʩʧʝʢʘʥʠʷ, 

ʚʳʙʨʘʥʥʳʡ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʤʦʜʝʣʴʥʳʡ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʨʘʙʦʪʝ [5] 

ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʚʢʣʶʯʝʥʠʡ MoSi2 ʥʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʊɿʇ, ʢʦʪʦʨʘʷ ʚʳʰʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʯʠʩʪʦʛʦ YSZ, ʯʪʦ ʦʟʥʘʯʘʝʪ ʫʭʫʜʰʝʥʠʝ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʧʦʢʨʳʪʠʷ. 

ɼʦʙʘʚʢʠ MoSi2 ʚ ʙʦʨʦʩʠʣʠʢʘʪʥʦʝ ʩʪʝʢʣʦ ʪʘʢ ʞʝ ʧʨʠʜʘʶʪ ʝʤʫ ʩʚʦʡʩʪʚʘ ʩʘʤʦʟʘʣʝʯʠʚʘʝʤʦʩʪʠ 

ʧʨʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʨʘʙʦʪʢʝ, ʪʘʢ ʧʦʢʘʟʘʥʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʜʦ 86% ʦʪ ʚʝʣʠʯʠʥʳ 

ʧʦʪʝʨʷʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʥʘ ʠʟʛʠʙ ʦʙʨʘʟʮʘ ʩ ʟʘʣʝʯʝʥʥʦʡ ʮʘʨʘʧʠʥʦʡ [6]. ʇʨʠ 

ʵʪʦʤ ʤʘʢʩʠʤʘʣʴʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʧʦʣʫʯʝʥʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʙʣʠʟʢʠʭ ʢ 

ʪʝʤʧʝʨʘʪʫʨʝ ʩʧʝʢʘʥʠʷ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ - 1400 ʉ, ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʧʨʠ 900 ʉ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʩʦʩʪʘʚʠʣʦ ʣʠʰʴ ʦʢʦʣʦ 30% ʧʨʦʯʥʦʩʪʠ.  

ʇʦʥʠʞʝʥʠʝ ʪʝʧʣʦʟʘʱʠʪʥʳʭ ʩʚʦʡʩʪʚ ʧʦʢʨʳʪʠʷ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ MoSi2 

ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʧʨʦʙʣʝʤ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʊɿʇ ʩʦ ʩʚʦʡʩʪʚʦʤ ʩʘʤʦʟʘʣʝʯʠʚʘʥʠʷ 

ʪʨʝʱʠʥ ʠ ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʅʝʦʙʭʦʜʠʤʳ ʨʘʙʦʪʳ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʣʠʷʥʠʷ 

ʩʪʨʫʢʪʫʨʳ ʠ ʧʦʨʠʩʪʦʩʪʠ ʧʦʢʨʳʪʠʷ ʩ ʜʦʙʘʚʢʘʤʠ MoSi2 ʜʣʷ ʚʦʟʤʦʞʥʦʛʦ ʩʥʠʞʝʥʠʷ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʧʦʚʳʰʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʧʦʢʨʳʪʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʘʛʝʥʪʦʚ 

ʩʘʤʦʟʘʣʝʯʠʚʘʥʠʷ ʪʘʢ ʞʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʦʢʠʩʣʷʶʱʠʝʩʷ ʧʨʠ 

ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʥʘʧʨʠʤʝʨ, ʢʘʨʙʠʜʳ ʢʨʝʤʥʠʷ SiC ʠ ʪʠʪʘʥʘ TiC.  

ʈʘʩʩʤʦʪʨʝʥʥʳʡ ʵʬʬʝʢʪ ʩʘʤʦʟʘʣʝʯʠʚʘʥʠʷ ʤʠʢʨʦʪʨʝʱʠʥ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʨʘʙʦʯʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʢʘʢ ʚ ʩʣʫʯʘʝ ʣʦʧʘʪʦʢ ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʪʘʢ ʞʝ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʚʦʟʤʦʞʥʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʢʝʨʘʤʠʯʝʩʢʠʭ ʧʦʢʨʳʪʠʡ ʧʫʪʝʤ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ.  

ʈʘʙʦʪʘ ʧʦʜʛʦʪʦʚʣʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ˉ 18-33-

00713. 
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ʕʅɽʈɻɽʊʀʏɽʉʂʀʍ ʄɸʊɽʈʀɸʃʆɺ 
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ɺ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʪʝʧʣʦʢʠʥʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ (ʵʥʝʨʛʠʠ 

ʘʢʪʠʚʘʮʠʠ (Eʘ) ʠ ʟʥʘʯʝʥʠʝ Qk0) ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ CTEM. ʈʘʩʯʝʪ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʚʝʜʝʥ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʨʠʪʝʨʠʷ ʟʘʞʠʛʘʥʠʷ. 

The paper presents the results of calculation of heat and power parameters (activation energy 

(Ea) and the Qk0) of the energy material using the CTEM software. Calculation of parameters is 

carried out with the use of the ignition criterion. 

 

1. ɺʚʝʜʝʥʠʝ 

ʀʟʫʯʝʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʟʘʞʠʛʘʥʠʷ ʠ ʛʦʨʝʥʠʷ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ 

ʟʘʜʘʯʝʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʭ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ʂʦʥʜʝʥʩʠʨʦʚʘʥʥʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ 

ʤʘʪʝʨʠʘʣʳ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʝ ʪʦʣʴʢʦ ʚ ʚʦʝʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʥʦ ʠ ʚ 

ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ ʦʪʨʘʩʣʷʭ, ʚ ʯʘʩʪʥʦʩʪʠ, ʠʭ ʧʨʠʤʝʥʷʶʪ ʚ ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ ʜʣʷ ʨʘʢʝʪ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʦʜʝʣʠ ʟʘʞʠʛʘʥʠʷ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʝʛʦ ʪʝʧʣʦʢʠʥʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. 

ʆʙʦʟʥʘʯʝʥʠʝ: t - ʚʨʝʤʷ [ʩ], x - ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʢʦʦʨʜʠʥʘʪʘ [ʤʤ], Vc - ʩʢʦʨʦʩʪʴ ʛʦʨʝʥʠʷ 

ʪʚʝʨʜʦʛʦ ʪʦʧʣʠʚʘ [ʤʤ/ʩ], V - ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʛʘʟʘ [ʤ/ʩ], p- ʜʘʚʣʝʥʠʝ [ʄʇʘ], yi - 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʤʘʩʩʦʚʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʭʠʤʠʯʝʩʢʦʡ ʢʦʤʧʦʥʝʥʪʳ, xi- ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʤʦʣʴʥʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʭʠʤʠʯʝʩʢʦʡ ʢʦʤʧʦʥʝʥʪʳ, M i - ʤʦʣʝʢʫʣʷʨʥʳʡ ʚʝʩ i-ʛʦ ʢʦʤʧʦʥʝʥʪʘ [ʢʛ/ʢʤʦʣʴ], R 

- ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ [ʢɼʞ/(ʢʛĀʂ], L - ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʪʘ ʠʩʧʘʨʝʥʠʷ ʪʚʝʨʜʦʡ 

ʬʘʟʳ [ʢɼʞ/ʢʛ], D - ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ [ʤ
2
/ʩ], q - ʫʜʝʣʴʥʳʡ ʚʥʝʰʥʠʡ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ ʢ 

ʧʦʚʝʨʭʥʦʩʪʠ ʛʦʨʝʥʠʷ [ʢɼʞ/ʤ
2
], f ï ʯʘʩʪʦʪʘ ʧʫʣʴʩʘʮʠʡ [1/ʩ], Ŭgi [ʢʛ/ʤ

2
], Ŭcj [1/ʤ] - 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʛʣʦʱʝʥʠʷ ʛʘʟʦʚʦʡ ʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʡ ʬʘʟ ʚ ʟʘʢʦʥʝ ɹʫʛʝʨʘ. ʀʥʜʝʢʩʳ: c - 

ʧʘʨʘʤʝʪʨʳ ʪʚʝʨʜʦʡ ʬʘʟʳ, l - ʧʘʨʘʤʝʪʨ ʞʠʜʢʦʡ ʬʘʟʳ 1, 2, 3 -- ʢʦʤʧʦʥʝʥʪʳ ʛʘʟʦʚʦʡ ʬʘʟʳ (ʧʘʨ, 

ʧʦʣʫʧʨʦʜʫʢʪ, ʢʦʥʝʯʥʳʡ ʧʨʦʜʫʢʪ), s - ʧʘʨʘʤʝʪʨʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʛʦʨʝʥʠʷ, m - ʧʘʨʘʤʝʪʨʳ 

ʪʦʯʢʠ ʧʣʘʚʣʝʥʠʷ. 

 

2. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʴ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʤ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ CTEM [1]. 

 

ʊʘʙʣʠʮʘ 1 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʠʝ 

ʇʣʦʪʥʦʩʪʴ ɟ, ʢʛ/ʤ
3 

1,72Ā10
3 

ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ɚ, ʢɺʪ/ʤĀʂ 2,3027Ā10
-4 

ʋʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ c, ʢɼʞ/ʢʛĀʂ 1,256 

ʕʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ Ea, ʢɼʞ/ʤʦʣʴ 200
 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ Tʧʣ, ʂ 575 

ʋʜʝʣʴʥʳʡ ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪ ʭʠʤ. ʨʝʘʢʮʠʠ Q, ʢɼʞ/ʢʛ 1 700 

ʇʨʝʜʵʢʩʧʦʪʝʥʮʠʘʣʴʥʳʡ ʤʥʦʞʠʪʝʣʴ ʚ ʫʨʘʚʥʝʥʠʠ ɸʨʨʝʥʠʫʩʘ 

k0, ʩ
-1 

10
19 
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ʌʠʟʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʦʧʠʩʳʚʘʝʪ ʛʦʨʝʥʠʝ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʪʦʨʦʛʦ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʝʛʦ ʠʩʪʦʯʥʠʢʘ ʧʨʦʠʩʭʦʜʠʪ ʥʘʛʨʝʚʘʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʪʝʧʣʘ ʚʥʫʪʨʴ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʡ 

ʬʘʟʳ. ɺʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʣʘʚʣʝʥʠʷ ʪʚʝʨʜʦʡ ʬʘʟʳ ʦʙʨʘʟʫʝʪʩʷ ʩʣʦʡ 

ʞʠʜʢʦʡ ʬʘʟʳ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʷʪ ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʠ ʠʩʧʘʨʝʥʠʝ ʛʘʟʦʚʦʡ ʬʘʟʳ (ʨʠʩ.1). 

 

 
ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ 

ɼʣʷ ʧʨʠʚʝʜʝʥʥʦʡ ʦʙʣʘʩʪʠ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʩʣʝʜʫʶʱʫʶ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʜʚʠʞʫʱʝʡʩʷ ʧʦʚʝʨʭʥʦʩʪʴʶ ʛʦʨʝʥʠʷ: 

a) ʪʚʝʨʜʘʷ ʬʘʟʘ (Rx)t(x m ¢¢ ) 

ʥʘ ʛʨʘʥʠʮʝ 
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b) ʞʠʜʢʘʷ ʬʘʟʘ (
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ʫʯʝʪʦʤ ʝʛʦ ʧʦʛʣʦʱʝʥʠʷ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ, 
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ɻʘʟʦʚʘʷ ʬʘʟʘ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʨʝʘʛʠʨʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʧʘʨʘ ʠ ʛʦʨʶʯʝʛʦ ʛʘʟʘ, 

ʠʤʝʶʱʠʭ ʦʜʠʥʘʢʦʚʫʶ ʪʝʤʧʝʨʘʪʫʨʫ, ʘ ʪʘʢʞʝ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ. ɽʩʣʠ ʧʨʠ ʨʘʩʯʝʪʝ 

ʫʯʠʪʳʚʘʪʴ ʚʦʟʤʦʞʥʦʝ ʜʝʡʩʪʚʠʝ ʠʩʢʨʦʚʦʛʦ ʟʘʨʷʜʘ,  ʜʘʶʱʝʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʪʝʧʣʦʚʳʜʝʣʝʥʠʝ 

ʤʦʱʥʦʩʪʴʶ W, ʪʦ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʛʘʟʦʚʦʡ ʬʘʟʳ (0xx L ¢¢ ) ʧʨʠʤʝʪ ʚʠʜ: 
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ɺ ʤʦʤʝʥʪ ʟʘʞʠʛʘʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ ʟʘʞʠʛʘʥʠʷ [2] 
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3. ʈʝʟʫʣʴʪʘʪʳ 

ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʪʨʠ ʩʝʨʠʠ ʨʘʩʯʝʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ CTEM. ɺʘʨʴʠʨʦʚʘʣʩʷ 

ʧʘʨʘʤʝʪʨ Ŭ, ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ ʣʫʯʠʩʪʦʡ ʵʥʝʨʛʠʠ. ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʵʪʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʟʤʝʥʷʝʪʩʷ ʧʨʦʟʨʘʯʥʦʩʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʉʦʛʣʘʩʥʦ ʟʘʢʦʥʫ 

ɹʫʛʝʨʘ-ʃʘʤʙʝʨʪʘ-ɹʝʨʘ ʠʟʤʝʥʝʥʠʝ Ŭ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʨʘʩʩʪʦʷʥʠʝ, ʢʦʪʦʨʦʝ ʧʨʦʭʦʜʠʪ 

ʧʦʪʦʢ, ʧʨʝʞʜʝ ʯʝʤ ʧʦʛʣʦʪʠʪʩʷ ʚ ʤʘʪʝʨʠʘʣʝ. ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

 

 

 

ʊʘʙʣʠʮʘ 2 ï ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ 

ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʠʝ 

ɟ, ʢʛ/ʤ
3 

1,72Ā10
3 

ɚ, ʢɺʪ/ʤĀʂ 2,3027Ā10
-4 

c, ʢɼʞ/ʢʛĀʂ 1,256 

Ea, ʢɼʞ/ʢʤʦʣʴ 2Ā10
5 

Tʧʣ, ʂ 575 

Qm, ʢɼʞ/ʢʛ 100 

Q, ʢɼʞ/ʢʛ 1 700 

k0, ʩ
-1 

10
19 

q, ʢɺʪ/ʤ
2 

1 200 1 000 800 600 400 

Ŭ, 1/ʤ 8 000 10 000 100 000 

 

 

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʧʣʦʢʠʥʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʨʝʘʢʮʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʫʩʣʦʚʠʝ (11), 

ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʫʩʣʦʚʠʷ (10) ʠ ʩʫʪʴ ʢʦʪʦʨʦʛʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʚʦʩʧʣʘʤʝʥʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʤʦʤʝʥʪ, ʢʦʛʜʘ ʩʢʦʨʦʩʪʴ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ ʦʪ ʧʨʦʪʝʢʘʥʠʷ 

ʵʢʟʦʪʝʨʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʚ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʡ ʬʘʟʝ ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʦʡ ʩʢʦʨʦʩʪʠ ʪʝʧʣʦʦʪʚʦʜʘ 

ʚʥʫʪʨʴ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʡ ʬʘʟʳ ʧʨʠ ʜʝʡʩʪʚʠʠ ʚʥʝʰʥʝʛʦ ʠʩʪʦʯʥʠʢʘ ʪʝʧʣʘ 
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(11) 

ɺʝʣʠʯʠʥʫ ʪʝʤʧʝʨʘʪʫʨʳ ʠʥʝʨʪʥʦʛʦ ʥʘʛʨʝʚʘ Tʟ ʥʘʭʦʜʠʤ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ 

     
ɿɿ t

c

q
TT

rpl

2
0+=  

(12) 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3. 
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ʊʘʙʣʠʮʘ 3 ï ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ 

Ŭ = 8 000 1/ʤ Ŭ = 10 000 1/ʤ Ŭ = 100 000 1/ʤ 

q, 

ʢɺʪ/ʤ
2
 

tʟ, ʩ Tʟ, ʂ q, 

ʢɺʪ/ʤ
2
 

tʟ, ʩ Tʟ, ʂ q, 

ʢɺʪ/ʤ
2
 

tʟ, ʩ Tʟ, ʂ 

1 200 0,015 530,4 1 200 0,014 522,6 1 200 0,011 497,3 

1 000 0,019 516,1 1 000 0,0197 520,0 1 000 0,015 492,0 

800 0,029 513,5 800 0,028 509,8 800 0,023 490,2 

600 0,048 506,0 600 0,05 510,3 600 0,037 480,9 

400 0,097 495,3 400 0,096 494,3 400 0,076 472,8 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 3, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʥʝʰʥʝʛʦ ʧʦʪʦʢʘ q ʚʨʝʤʷ ʟʘʞʠʛʘʥʠʷ 

ʫʤʝʥʴʰʘʝʪʩʷ, ʘ ʚʝʣʠʯʠʥʘ ʠʥʝʨʪʥʦʛʦ ʥʘʛʨʝʚʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʩʣʦʷ ʙʝʟ ʚʣʠʷʥʠʷ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ ʦʪ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 

ʀʟ ʫʩʣʦʚʠʷ (11) ʩʣʝʜʫʝʪ, ʯʪʦ ʥʘʢʣʦʥ ʧʨʷʤʦʡ ʚ ʢʦʦʨʜʠʥʘʪʘʭ (ln(Tʟ/qʣ),1/Tʟ) ʨʘʚʥʷʝʪʩʷ 

ʚʝʣʠʯʠʥʝ  E/2R, ʘ ʦʪʨʝʟʦʢ, ʦʪʩʝʢʘʝʤʳʡ ʝʶ ʥʘ ʦʩʠ ʦʨʜʠʥʘʪ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʝʣʠʯʠʥʝ ɸ=0,5 

lnE/ɚQk0R (ʨʠʩ.2). ɺ ʚʳʨʘʞʝʥʠʠ ʜʣʷ ɸ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ɚR ʠʟʚʝʩʪʥʳ ʟʘʨʘʥʝʝ. ʇʦ 

ʛʨʘʬʠʢʫ ʜʣʷ Ŭ = 8 000 1/ʤ ʥʘʭʦʜʠʤ ʟʥʘʯʝʥʠʝ E = 134 ʢɼʞ/ʤʦʣʴ ʠ Qk0 = 3,6Ā10
18

 ʢɼʞ/ʢʛĀʩ. ʇʦ 

ʛʨʘʬʠʢʫ ʜʣʷ Ŭ = 10 000 1/ʤ ʥʘʭʦʜʠʤ ʟʥʘʯʝʥʠʝ E = 153 ʢɼʞ/ʤʦʣʴ ʠ Qk0 = 3,8Ā10
20

 ʢɼʞ/ʢʛĀʩ. ʇʦ 

ʛʨʘʬʠʢʫ ʜʣʷ Ŭ = 100 000 1/ʤ ʥʘʭʦʜʠʤ ʟʥʘʯʝʥʠʝ E = 165 ʢɼʞ/ʤʦʣʴ ʠ Qk0 = 5,8Ā10
22

 ʢɼʞ/ʢʛĀʩ. 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ (ln(Ts/q))/(1/Ts) ʧʨʠ Ŭ = 100 000 1/ʤ 

 

  

y = 9919,6x - 20,817 

-1 
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0 
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4. ɺʳʚʦʜʳ 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʨʠʪʝʨʠʷ ʟʘʞʠʛʘʥʠʷ ʨʘʩʩʯʠʪʘʥʳ ʟʥʘʯʝʥʠʷ 

ʪʝʧʣʦʢʠʥʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ ʢʦʵʬʬʠʮʠʝʥʪʘʭ Ŭ, ʨʘʚʥʳʭ 8 000 1/ʤ, 10 000 1/ʤ ʠ 100 000 

1/ʤ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ Ŭ ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ 

ʩʦ 134 ʢɼʞ/ʤʦʣʴ ʜʦ 165 ʢɼʞ/ʤʦʣʴ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʟʥʘʯʝʥʠʝ Qk0 ʠʟʤʝʥʷʝʪʩʷ ʩʦ 3,6Ā10
18

 

ʢɼʞ/ʢʛĀʩ ʜʦ 5,8Ā10
22 
ʢɼʞ/ʢʛĀʩ. ɺʝʨʦʷʪʥʦ, ʪʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʪʝʧʣʦʢʠʥʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʦʙʫʩʣʦʚʣʝʥʦ  ʪʝʤ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ Ŭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʩʪʘʥʦʚʠʪʩʷ 

ʤʝʥʝʝ ʧʨʦʟʨʘʯʥʳʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʜʘʥʥʳʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ 

ʪʝʧʣʦʢʠʥʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʧʦʤʦʱʴʶ ʢʨʠʪʝʨʠʷ ʟʘʞʠʛʘʥʠʷ 

ʭʦʨʦʰʦ ʨʘʙʦʪʘʝʪ ʜʣʷ ʥʝʧʨʦʟʨʘʯʥʳʭ ʪʝʣ. ɼʣʷ ʧʨʦʟʨʘʯʥʳʭ ʪʝʣ ʪʨʝʙʫʝʪʩʷ ʫʪʦʯʥʷʪʴ ʢʨʠʪʝʨʠʡ 

ʟʘʞʠʛʘʥʠʷ ʠ ʚʚʦʜʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʧʦʛʣʦʱʝʥʠʝ ʚʥʝʰʥʝʛʦ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʚ ʧʨʦʟʨʘʯʥʦʤ ʪʝʣʝ.  

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ: 

1.  ʊʝʦʨʠʷ ʛʦʨʝʥʠʷ ʠ ʚʟʨʳʚʘ: ʫʯʝʙ. ʧʦʩʦʙʠʝ / ʃ. ʂ. ɻʫʩʘʯʝʥʢʦ, ɺ. ɽ. ɿʘʨʢʦ, ɸ. ɼ. ʈʳʯʢʦʚ, 

ʉ. ʇ. ʀʚʘʥʠʷ, ɺ. ʅ. ɻʦʨʘʰ. ï ʅʦʚʦʩʠʙʠʨʩʢ: ʀʟʜ-ʚʦ ʅɻʊʋ, 2007. ï 120 ʩ. 

2. ɸʚʝʨʩʦʥ ɸ.ʕ., ʈʦʟʝʥʙʘʥʜ ɺ.ʀ. ʇʨʠʙʣʠʞʝʥʥʳʝ ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ ʢʨʠʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ 

ʟʘʞʠʛʘʥʠʷ. // ʌʠʟʠʢʘ ʛʦʨʝʥʠʷ ʠ ʚʟʨʳʚʘ, 1968, ˉ4. ï 519-525 ʩ. 
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ʋɼʂ 547.414.1; 547.796.1 

 

ʇʆʃʋʏɽʅʀɽ N-(1-ʄɽʊʀʃʊɽʊʈɸɿʆʃ-5-ʀʃ)-ɼʀʅʀʊʈʆɸʎɽʊʀʄʀɼɸʄʀɼɸ 

 

ʇʦʚʘʨʦʚʘ ʃ.ɺ., ɻʫʜʢʦʚʘ ɿ.ʉ. 

ʅʘʫʯʥʳʝ ʨʫʢʦʚʦʜʠʪʝʣʠ: ɿʘʣʦʤʣʝʥʢʦʚ ɺ.ɸ., ɻʠʜʘʩʧʦʚ ɸ.ɸ. 

 

ʉʘʤʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʉʘʤʘʨʘ, xtoca@samgtu.ru  

 

ʅʘʡʜʝʥ ʤʝʪʦʜ ʭʠʤʠʯʝʩʢʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ N-(1-ʤʝʪʠʣʪʝʪʨʘʟʦʣ-5-ʠʣ)-

ʪʨʠʥʠʪʨʦʘʮʝʪʠʤʠʜʘʤʠʜʘ ʚ N-(1-ʤʝʪʠʣʪʝʪʨʘʟʦʣ-5-ʠʣ)-ʜʠʥʠʪʨʦʘʮʝʪʠʤʠʜʘʤʠʜ, ʢʦʪʦʨʳʡ 

ʷʚʣʷʝʪʩʷ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ ʩʪʨʫʢʪʫʨʥʳʤ ʘʥʘʣʦʛʦʤ 1,1-ʜʠʘʤʠʥʦ-2,2-

ʜʠʥʠʪʨʦʵʪʠʣʝʥʘ ʩ 1-ʤʝʪʠʣ-ʪʝʪʨʘʟʦʣʴʥʳʤ ʟʘʤʝʩʪʠʪʝʣʝʤ.  

A method for the chemical conversion of N-(1-methyltetrazol-5-yl)-trinitroacetimidamide to 

N-(1-methyltetrazol-5-yl)-dinitroacetimidamide, which is, in crystallic form, a structural analogue 

of 1,1-diamino-2,2-dinitroethylene with a 1-methyl-tetrazole substituent, has been found. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʦ ʚʩʝʤ ʤʠʨʝ ʘʢʪʠʚʥʦ ʚʝʜʫʪʩʷ ʨʘʙʦʪʳ ʧʦ ʧʦʣʫʯʝʥʠʶ ʠ ʠʟʫʯʝʥʠʶ 

ʩʚʦʡʩʪʚ ʚʟʨʳʚʯʘʪʳʭ ʚʝʱʝʩʪʚ, ʧʨʦʷʚʣʷʶʱʠʭ ʤʘʣʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʥʘʯʘʣʴʥʳʤ 

ʠʤʧʫʣʴʩʘʤ, ʪ.ʝ. ʤʝʭʘʥʠʯʝʩʢʠʤ, ʪʝʧʣʦʚʳʤ ʠ ʜʨʫʛʠʤ ʚʠʜʘʤ ʚʦʟʜʝʡʩʪʚʠʡ. ʊʘʢʠʝ ʩʦʝʜʠʥʝʥʠʷ 

ʙʦʣʝʝ ʙʝʟʦʧʘʩʥʳ ʚ ʦʙʨʘʱʝʥʠʠ, ʯʝʤ ʪʨʘʜʠʮʠʦʥʥʳʝ ʙʨʠʟʘʥʪʥʳʝ ʚʟʨʳʚʯʘʪʳʝ ʚʝʱʝʩʪʚʘ ʠ ʦʥʠ 

ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʙʦʝʧʨʠʧʘʩʘʭ ʧʦʥʠʞʝʥʥʦʛʦ ʨʠʩʢʘ. 1,1-ɼʠʘʤʠʥʦ-2,2-

ʜʠʥʠʪʨʦʵʪʠʣʝʥ (ɼɸɼʅʕ) ʠʟʚʝʩʪʥʦʝ ʤʘʣʦʯʫʚʩʪʚʠʪʝʣʴʥʦʝ ʙʨʠʟʘʥʪʥʦʝ ʚʟʨʳʚʯʘʪʦʝ ʚʝʱʝʩʪʚʦ [1, 

2]. ʀʟʚʝʩʪʥʳ ʨʘʙʦʪʳ ʧʦʩʚʷʱʝʥʥʳʭ ʧʦʣʫʯʝʥʠʶ ʠ ʠʟʫʯʝʥʠʶ ʩʚʦʡʩʪʚ ʧʨʦʠʟʚʦʜʥʳʭ ɼɸɼʅʕ 

ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʠʥʪʝʨʝʩ ʢʘʢ ʤʘʣʦʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʵʥʝʨʛʦʥʘʩʳʱʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, 

ʥʘʧʨʠʤʝʨ, 1-ʘʤʠʥʦ-1-ʛʠʜʨʘʟʠʥʦ-2,2-ʜʠʥʠʪʨʦʵʪʠʣʝʥ ʠ ʜʨʫʛʠʝ [1-3]. 

ʈʘʥʝʝ ʥʘʤʠ ʙʳʣ ʧʦʣʫʯʝʥ N-(1-ʤʝʪʠʣʪʝʪʨʘʟʦʣ-5-ʠʣ)-ʪʨʠʥʠʪʨʦʘʮʝʪʠʤʠʜʘʤʠʜ (1), ʢʦʪʦʨʳʡ 

ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʤʦʱʥʳʤ ʵʥʝʨʛʦʥʘʩʳʱʝʥʥʳʤ ʚʝʱʝʩʪʚʦʤ [4]. ʉʦʝʜʠʥʝʥʠʝ 1 ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʪʘʢʞʝ ʠʥʪʝʨʝʩ ʜʣʷ ʠʟʫʯʝʥʠʷ ʝʛʦ ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʊʨʠʥʠʪʨʦʤʝʪʠʣʴʥʳʡ ʬʨʘʛʤʝʥʪ ʚ 

ʩʪʨʫʢʪʫʨʝ 1 ʤʦʞʝʪ ʩʥʠʞʘʪʴ ʭʠʤʠʯʝʩʢʫʶ ʠ ʪʝʨʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʵʪʦʛʦ ʚʝʱʝʩʪʚʘ, ʘ 

ʪʘʢʞʝ ʧʨʠʜʘʚʘʪʴ ʝʤʫ ʙʦʣʴʰʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʠʥʠʪʨʦʤʝʪʠʣʴʥʳʤ 

ʘʥʘʣʦʛʦʤ. ʇʦʵʪʦʤʫ ʙʳʣʘ ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ ʤʦʜʠʬʠʢʘʮʠʠ ʩʪʨʫʢʪʫʨʳ 1 ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʟʘʤʝʱʝʥʥʳʡ ʘʥʘʣʦʛ ɼɸɼʅʕ. ʇʫʪʝʤ ʭʠʤʠʯʝʩʢʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʙʳʣ 

ʧʦʣʫʯʝʥ N-(1-ʤʝʪʠʣʪʝʪʨʘʟʦʣ-5-ʠʣ)-ʜʠʥʠʪʨʦʘʮʝʪʠʤʠʜʘʤʠʜ (3), ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʧʨʦʠʟʚʦʜʥʦʝ ɼɸɼʅʕ ʩ 1-ʤʝʪʠʣʪʝʪʨʘʟʦʣʴʥʳʤ ʟʘʤʝʩʪʠʪʝʣʝʤ. ʇʨʦʠʟʚʦʜʥʦʝ 3 ʙr ʣʦ ʧʦʣʫʯʝʥʦ 

ʠʟ 1 ʚ ʜʚʝ ʩʪʘʜʠʠ. ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʡʦʜʠʩʪʦʛʦ ʥʘʪʨʠʷ ʩ 1 ʚ ʩʨʝʜʝ ʘʮʝʪʦʥʘ 

ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʥʘʪʨʠʝʚʘʷ ʩʦʣʴ ʜʠʥʠʪʨʦʤʝʪʠʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ 2.  
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ʇʫʪʝʤ ʧʦʜʢʠʩʣʝʥʠʷ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ 2, ʙʳʣ ʧʦʣʫʯʝʥ N-(1-ʤʝʪʠʣʪʝʪʨʘʟʦʣ-5-ʠʣ)-

ʜʠʥʠʪʨʦʘʮʝʪʠʤʠʜʘʤʠʜ (3)  
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ʉʪʨʦʝʥʠʝ ʧʨʦʜʫʢʪʘ 3 ʧʦʜʪʚʝʨʞʜʝʥʦ ʜʘʥʥʳʤʠ ʀʂ-, ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʈʉɸ. ʇʦ 

ʜʘʥʥʳʤ ʈʉɸ ʩʦʝʜʠʥʝʥʠʝ 3  ʚ ʢʨʠʩʪʘʣʣʝ ʩʫʱʝʩʪʚʫʝʪ ʚ ʚʠʜʝ ʮʚʠʪʪʝʨ-ʠʦʥʥʦʡ ʩʦʣʠ (ʈʠʩʫʥʦʢ 1) 

ʠ ʷʚʣʷʝʪʩʷ ʟʘʤʝʱʝʥʥʳʤ ʘʥʘʣʦʛʦʤ ɼɸɼʅʕ.  

 
ʈʠʩʫʥʦʢ 1 ï ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ  N-(1-ʤʝʪʠʣʪʝʪʨʘʟʦʣ-5-ʠʣ)-

ʜʠʥʠʪʨʦʘʮʝʪʠʤʠʜʘʤʠʜʘ (3)  ʧʦ ʜʘʥʥʳʤ ʈʉɸ ʚ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʘʪʦʤʦʚ ʪʝʧʣʦʚʳʤʠ 

ʵʣʣʠʧʩʦʠʜʘʤʠ ʘʪʦʤʥʳʭ ʩʤʝʱʝʥʠʡ ʩ 50%-ʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ 

 

ʆʜʥʘʢʦ 
1
ʅ ʗʄʈ ʩʧʝʢʪʨ 3 ʩʥʷʪʳʡ ʚ ʨʘʩʪʚʦʨʝ ʘʮʝʪʦʥʘ-d6 ʠʤʝʣ ʦʩʦʙʝʥʥʦʩʪʠ. ʆʙʥʘʨʫʞʝʥʦ, 

ʥʘʣʠʯʠʝ ʧʨʦʪʦʪʨʦʧʥʦʡ ʪʘʫʪʦʤʝʨʠʠ ʚ ʩʨʝʜʝ ʘʮʝʪʦʥʘ-d6, ʢʦʪʦʨʦʝ ʧʨʦʪʝʢʘʝʪ, ʦʯʝʚʠʜʥʦ, 

ʚʩʣʝʜʩʪʚʠʝ ʜʠʩʩʦʮʠʘʮʠʠ 3. ʇʨʦʠʟʚʦʜʥʦʝ 3 ʥʘʭʦʜʠʪʩʷ ʚ ʨʘʚʥʦʚʝʩʠʠ ʩ ʜʠʥʠʪʨʦʤʝʪʠʣʴʥʳʤ 

ʪʘʫʪʦʤʝʨʦʤ 4 ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʧʦʩʣʝʜʥʝʛʦ.  
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʦ ʥʦʚʦʝ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʝ ʧʨʦʠʟʚʦʜʥʦʝ ɼɸɼʅʕ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʝʝ ʠʥʪʝʨʝʩ ʢʘʢ ʵʥʝʨʛʦʥʘʩʳʱʝʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʦʛʦ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʠʟʫʯʘʶʪʩʷ.  
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ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʥʘʥʝʩʝʥʠʷ ʢʝʨʘʤʠʯʝʩʢʠʭ ʧʦʢʨʳʪʠʡ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʠʟ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ ʠ ʦʢʩʠʜʘ ʮʠʨʢʦʥʠʷ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ ʠʪʪʨʠʝʤ (YSZ) ʩ ʧʦʤʦʱʴʶ 

ʜʝʪʦʥʘʮʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ CCDS2000. ʇʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʧʘʨʘʤʝʪʨʦʚ ʥʘʧʳʣʝʥʠʷ ʠ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʧʦʢʨʳʪʠʡ ʠʟ Al2O3 ʠ YSZ.  

The paper present results of deposition of ceramic coatings from aluminum oxide and yttria-

stabilized zirconia (YSZ) by the CCDS2000 detonation complex. Calculations of sputtering 

parameters and microstructural studies of coating samples with Al2O3 and YSZ were carried out.  

 

ɺʚʝʜʝʥʠʝ 

ɼʝʪʦʥʘʮʠʦʥʥʦʝ ʥʘʧʳʣʝʥʠʝ (ɼʅ) ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʚʳʩʦʢʦʧʨʦʯʥʳʝ ʥʠʟʢʦʧʦʨʠʩʪʳʝ 

ʢʝʨʘʤʠʯʝʩʢʠʝ ʠ ʤʝʪʘʣʣʦʢʝʨʘʤʠʯʝʩʢʠʝ ʧʦʢʨʳʪʠʷ [1-3]. ʇʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʧʨʠʚʝʜʝʥʦ ʚ ʨʘʙʦʪʘʭ [1-7]. ɺ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ ʤʝʪʦʜʦʚ ʪʝʨʤʠʯʝʩʢʦʛʦ ʥʘʧʳʣʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʥʝʧʨʝʨʳʚʥʳʝ ʧʨʦʮʝʩʩʳ, ɼʅ ʷʚʣʷʝʪʩʷ ʠʤʧʫʣʴʩʥʳʤ, ʩʦʩʪʦʷʱʠʤ ʠʟ ʩʝʨʠʠ 

ʚʳʩʪʨʝʣʦʚ. ɺ ʀɻʠʃ ʉʆ ʈɸʅ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʥʦʚʦʝ ʧʦʢʦʣʝʥʠʝ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʜʝʪʦʥʘʮʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʢʦʤʧʴʶʪʝʨʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ CCDS2000 (Computer-controlled 

Detonation Spraying). ʕʪʦ ʫʩʪʨʦʡʩʪʚʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʦʯʥʦʝ ʠ ʛʠʙʢʦʝ ʫʧʨʘʚʣʝʥʠʝ ʚʩʝʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʥʘʧʳʣʝʥʠʷ (ʩʦʩʪʘʚ ʠ ʟʘʨʷʜ ʚʟʨʳʚʯʘʪʦʡ ʛʘʟʦʚʦʡ ʩʤʝʩʠ, ʢʦʣʠʯʝʩʪʚʦ ʥʘʧʳʣʷʝʤʦʛʦ 

ʧʦʨʦʰʢʘ ʥʘ ʢʘʞʜʳʡ ʚʳʩʪʨʝʣ ʠ ʪ. ʜ.). ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝʢʦʪʦʨʳʝ ʩʚʦʡʩʪʚʘ 

ʧʦʢʨʳʪʠʡ ʠʟ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ ʠ YSZ. 

ʆʢʩʠʜ ʘʣʶʤʠʥʠʷ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʦʡ ʠʥʞʝʥʝʨʥʦʡ ʢʝʨʘʤʠʢʦʡ 

ʙʣʘʛʦʜʘʨʷ ʧʨʝʢʨʘʩʥʦʤʫ ʩʦʯʝʪʘʥʠʶ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ 

ʩʪʦʠʤʦʩʪʠ. ʇʦʢʨʳʪʠʷ ʠʟ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ, ʥʘʥʝʩʝʥʥʳʝ ʛʘʟʦʪʝʨʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ, 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʜʝʪʘʣʝʡ ʠ ʧʦʣʫʯʝʥʠʷ ʪʝʧʣʦʟʘʱʠʪʥʳʭ ʠ 

ʵʣʝʢʪʨʦʠʟʦʣʷʮʠʦʥʥʳʭ ʩʣʦʝʚ ʥʘ ʤʝʪʘʣʣʘʭ. 

ʆʢʩʠʜ ʮʠʨʢʦʥʠʷ, ʦʙʣʘʜʘʶʱʠʡ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʣʘʚʣʝʥʠʷ (ʙʦʣʝʝ 2700
0
ʉ) ʠ 

ʥʠʟʢʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʊɿʇ ʥʘ ʜʝʪʘʣʷʭ ʨʘʢʝʪʥʳʭ, 

ʨʝʘʢʪʠʚʥʳʭ ʠ ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ. YSZ ʧʦʟʚʦʣʷʝʪ ʜʦʚʝʩʪʠ ʞʘʨʦʩʪʦʡʢʦʩʪʴ ʠʟʜʝʣʠʡ ʩ 

ʧʦʢʨʳʪʠʷʤʠ ʜʦ 1200-1300
0
ʉ. ʅʘʧʨʠʤʝʨ, ʚ [8] ʦʧʠʩʘʥʳ ʪʝʨʤʦʙʘʨʴʝʨʥʳʝ ʩʣʦʠ ʠʟ ZrO2-7Y2O3 

ʥʘ ʣʦʧʘʪʢʘʭ ʛʘʟʦʚʳʭ ʪʫʨʙʠʥ, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʚʘʢʫʫʤʥʦʛʦ ʦʩʘʞʜʝʥʠʷ. ɼʝʣʘʶʪʩʷ 

ʧʦʧʳʪʢʠ ʥʘʥʝʩʝʥʠʷ ʪʝʨʤʦʙʘʨʴʝʨʥʳʭ ʩʣʦʝʚ ʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ɼʅ [9].  

ʀʩʧʦʣʴʟʫʝʤʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʇʨʦʮʝʩʩ ʥʘʧʳʣʝʥʠʷ ʚʳʧʦʣʥʷʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʘ CCDS2000 ʚ ʩʦʯʝʪʘʥʠʠ ʩʦ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤ 3-ʭ ʢʦʦʨʜʠʥʘʪʥʳʤ ʤʘʥʠʧʫʣʷʪʦʨʦʤ, ʧʦʢʘʟʘʥʥʳʤ ʥʘ ʨʠʩ.1.   

 



  
 

144 
 

 
ʈʠʩ. 1. ɼʝʪʦʥʘʮʠʦʥʥʳʡ ʢʦʤʧʣʝʢʩ CCDS2000. 

 

ʆʧʪʠʤʘʣʴʥʳʡ ʨʝʞʠʤ ʥʘʧʳʣʝʥʠʷ ʜʣʷ ʣʶʙʦʛʦ ʧʦʨʦʰʢʦʦʙʨʘʟʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʣʠʙʦ 

ʨʘʩʩʯʠʪʳʚʘʶʪ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ LIH, ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʚ ʀɻʠʃ ʉʆ ʈɸʅ ʠʣʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʷʶʪ ʩ ʧʦʤʦʱʴʶ ʘʥʘʣʠʟʘ ʤʦʨʬʦʣʦʛʠʠ ʜʝʪʦʥʘʮʠʦʥʥʳʭ ʩʧʣʵʪʦʚ [4, 

10]. ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʦʙʘ ʧʦʜʭʦʜʘ. 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʩʦʩʪʘʚʘ ʚʟʨʳʚʯʘʪʦʡ ʩʤʝʩʠ, ʥʘʰʠ ʨʘʩʯʝʪʳ ʠ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʜʣʷ ʥʘʧʳʣʝʥʠʷ ʦʢʩʠʜʥʦʡ ʢʝʨʘʤʠʢʠ ʧʨʠʛʦʜʥʘ ʩʤʝʩʴ C2H2 + 2,5O2. ʉʢʦʨʦʩʪʴ ʬʨʦʥʪʘ 

ʜʝʪʦʥʘʮʠʠ ʚ ʵʪʦʡ ʩʤʝʩʠ ʩʦʩʪʘʚʣʷʝʪ 2424 ʤ/ʩ, ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʜʫʢʪʦʚ ʜʝʪʦʥʘʮʠʠ 4215 ʂ, ʘ 

ʤʘʩʩʦʚʘʷ ʩʢʦʨʦʩʪʴ ʜʝʪʦʥʘʮʠʦʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʟʘ ʬʨʦʥʪʦʤ ʜʝʪʦʥʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 1108 ʤ/ʩ [4]. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʘʡʜʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʞʠʤʳ ʥʘʧʳʣʝʥʠʷ ʜʣʷ ʧʦʨʦʰʢʦʚ Al 2O3 ʠ 

YSZ, ʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʦʙʨʘʟʮʳ ʧʦʢʨʳʪʠʡ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ.   

ʇʦʢʨʳʪʠʷ Al 2O3 ʩʬʦʨʤʠʨʦʚʘʥʳ ʧʫʪʝʤ ʥʘʧʳʣʝʥʠʷ ʧʦʨʦʰʢʘ ʢʦʨʫʥʜʘ ʤʘʨʢʠ ʄ28, 

ʤʦʨʬʦʣʦʛʠʷ ʯʘʩʪʠʮ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2ʘ. ʇʦʢʨʳʪʠʷ ʜʠʦʢʩʠʜʘ ʮʠʨʢʦʥʠʷ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ ʦʢʩʠʜʦʤ ʠʪʪʨʠʷ ʥʘʧʳʣʷʣʠʩʴ ʠʟ ʧʦʨʦʰʢʘ Sulzer Metco YSZ 204NS, ʨʠʩ. 

2ʙ. 

 
ʈʠʩ. 2. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʠʩʭʦʜʥʳʭ ʧʦʨʦʰʢʦʚ: a - Al 2O3, ʙ - YSZ. 

 

ʀʟʫʯʝʥʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʢʨʳʪʠʡ ʚʢʣʶʯʘʶʪ ʘʜʛʝʟʠʶ, ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ, ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʠ 

ʧʦʨʠʩʪʦʩʪʴ. ʄʠʢʨʦʩʪʨʫʢʪʫʨʫ ʠʟʫʯʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʤʠʢʨʦʩʢʦʧʘ 

OLYMPUS GX-51 ʠ ʩʢʘʥʠʨʫʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ Carl Zeiss EVO50 XVP. 

ʀʩʧʳʪʘʥʠʷ ʥʘ ʧʨʦʯʥʦʩʪʴ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʥʘ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʤʘʰʠʥʝ TC-FR/00TL ʤʝʪʦʜʘʤʠ, 

ʦʧʠʩʘʥʥʳʤʠ ʚ [11, 12]. ʇʦʨʠʩʪʦʩʪʴ ʧʦʢʨʳʪʠʷ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʥʘ ʤʠʢʨʦʩʢʦʧʝ OLYMPUS GX-

51 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Olympus analysis 

Stream Essentials 1.9.1. ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ ʠʟʤʝʨʷʣʠ ʩ ʧʦʤʦʱʴʶ ʪʚʝʨʜʦʤʝʨʘ EMCO-TEST 

DuraScan-50. 
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ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ ʥʠʟʢʦʧʦʨʠʩʪʳʭ ɼʅ ʧʦʢʨʳʪʠʡ ʜʦʩʪʠʛʘʝʪ ʟʥʘʯʝʥʠʷ HV0,2 1200 [13]. 

ʅʘʰʠ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʦʢʨʳʪʠʷ ʠʟ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ, ʥʘʥʝʩʝʥʥʳʝ ʤʝʪʦʜʦʤ 

CCDS2000, ʤʦʛʫʪ ʠʤʝʪʴ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ HV0,2 1400 ʠ ʙʦʣʝʝ. ʆʪʤʝʪʠʤ, ʯʪʦ ʧʦʢʨʳʪʠʝ ʠʟ 

ʧʣʘʟʤʝʥʥʦʛʦ ʥʘʧʳʣʝʥʥʦʛʦ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ ʠʤʝʝʪ 8,7-9,8% ʧʦʨʠʩʪʦʩʪʠ ʠ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ 

HV0,3 925-950 [14, 15]. ʍʦʪʷ ʪʘʢʘʷ ʧʦʨʠʩʪʦʩʪʴ ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʫʣʫʯʰʝʥʠʝ 

ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʊɿʇ. ɸʜʛʝʟʠʷ ʥʘʰʠʭ ʜʝʪʦʥʘʮʠʦʥʥʳʭ ʢʝʨʘʤʠʯʝʩʢʠʭ ʧʦʢʨʳʪʠʡ, 

ʥʘʥʝʩʝʥʥʳʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʩʪʘʣʴʥʫʶ ʧʦʜʣʦʞʢʫ, ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʟʥʘʯʝʥʠʷ 60 ʄʇʘ. ɺ 

ʠʩʧʳʪʘʥʠʷʭ ʨʘʟʨʳʚ ʧʨʦʠʩʭʦʜʠʪ ʚʜʦʣʴ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ(YSZ)/ʩʪʘʣʴ. 

ɸʜʛʝʟʠʷ ʧʦʢʨʳʪʠʷ ʠʟ ʢʝʨʘʤʠʢʠ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʤʘʪʝʨʠʘʣʘ ʧʦʜʣʦʞʢʠ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ 

ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʩʣʦʡ WC/Co, NiCr ʠʣʠ NiCrAlY  ʬʦʨʤʠʨʫʝʪʩʷ ʤʝʞʜʫ Al 2O3 ʠ ʩʪʘʣʴʶ, 

ʧʨʦʯʥʦʩʪʴ ʥʘ ʨʘʟʨʳʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 90 ʄʇʘ, ʘ ʨʘʟʨʳʚ ʧʨʦʠʩʭʦʜʠʪ ʚʥʫʪʨʠ ʩʣʦʷ ʦʢʩʠʜʘ 

ʘʣʶʤʠʥʠʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʘʜʛʝʟʠʦʥʥʦʛʦ ʩʣʦʷ ʤʝʞʜʫ ʩʪʘʣʴʶ ʠ ʢʝʨʘʤʠʢʦʡ 

ʷʚʣʷʝʪʩʷ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʘʜʛʝʟʠʠ, ʥʦ ʠ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ 

ʨʘʟʥʠʮʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʢʨʳʪʠʶ ʥʝ 

ʦʪʢʘʣʳʚʘʪʴʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʮʠʢʣʠʯʝʩʢʠʭ ʪʝʧʣʦʚʳʭ ʥʘʛʨʫʟʦʢ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʧʣʘʟʤʝʥʥʦʝ 

ʧʦʢʨʳʪʠʝ Al2O3-13wt% TiO2 ʠʤʝʝʪ ʤʘʢʩʠʤʘʣʴʥʫʶ ʧʨʦʯʥʦʩʪʴ ʩʚʷʟʠ 41,2 ʄʇʘ ʧʦʩʣʝ ʦʪʞʠʛʘ 

ʧʨʠ 5000 Á ʉ [16].  

ʀʟʦʙʨʘʞʝʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʧʦʢʨʳʪʠʡ ʠʟ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ ʠ YSZ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʧʦʨʠʩʪʦʩʪʴ ʧʦʢʨʳʪʠʡ Al 2O3 ʦʯʝʥʴ ʥʠʟʢʘʷ, YSZ ʧʦʢʨʳʪʠʝ ʦʪʣʠʯʘʝʪʩʷ ʥʘʣʠʯʠʝʤ ʨʘʟʚʠʪʦʡ 

ʩʪʨʫʢʪʫʨʳ ʤʠʢʨʦʪʨʝʱʠʥ, ʠʟ-ʟʘ ʯʝʛʦ ʧʦʨʠʩʪʦʩʪʴ ʪʘʢʠʭ ʧʦʢʨʳʪʠʡ ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ. 

 

 
ʈʠʩ. 3. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ Al 2O3 (a) ʠ YSZ (ʙ) ʧʦʢʨʳʪʠʡ. 

 

ʀʟʤʝʨʝʥʠʷ ʧʦʨʠʩʪʦʩʪʠ ʧʦʜʪʚʝʨʞʜʘʶʪ ʵʪʦ, ʠʭ ʟʥʘʯʝʥʠʷ 0,6% ʜʣʷ Al 2O3 ʠ 4,5% ʜʣʷ 

ʧʦʢʨʳʪʠʷ ʠʟ YSZ. ʊʝʭʥʦʣʦʛʠʷ CCDS2000 ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ 

ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʧʦʢʨʳʪʠʷ. ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ Al2O3 ʠ YSZ 

ʧʦʢʨʳʪʠʡ ʩʦʩʪʘʚʠʣʘ ʚ ʩʨʝʜʥʝʤ 1500 HV200 ʠ 1000 HV200 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʉʦʭʨʘʥʝʥʠʝ ʥʝʢʦʪʦʨʦʡ ʧʦʨʠʩʪʦʩʪʠ ʚ ʜʝʪʦʥʘʮʠʦʥʥʳʭ YSZ-ʧʦʢʨʳʪʠʷʭ ʧʦʟʚʦʣʷʝʪ 

ʨʘʩʩʯʠʪʳʚʘʪʴ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʭ ʧʦ ʦʩʥʦʚʥʦʤʫ ʥʘʟʥʘʯʝʥʠʶ ï ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʊɿʇ, ʧʨʠ 

ʵʪʦʤ ʚʘʞʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʥʦʛʦʩʣʦʡʥʳʭ ʠ 

ʛʨʘʜʠʝʥʪʥʳʭ ʢʦʤʧʦʟʠʪʦʚ [1]. ɼʨʫʛʦʝ ʧʨʠʤʝʥʝʥʠʝ YSZ ï ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʛʥʝʟʘʱʠʪʳ ʥʘ 

ʨʘʟʦʚʳʭ ʠʟʜʝʣʠʷʭ, ʢʦʛʜʘ ʪʨʝʙʫʝʪʩʷ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ (ʜʦ 2000
ʦ
ʉ ʠ 

ʚʳʰʝ) ʛʘʟʦʚʳʭ ʧʦʪʦʢʦʚ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʨʘʟʨʫʰʝʥʠʝ ʠʟʜʝʣʠʷ ʚ ʪʝʯʝʥʠʝ ʧʦʣʫʯʘʩʘ ʠ ʤʝʥʝʝ. 

ɿʘʢʣʶʯʝʥʠʝ 

ɼʝʪʦʥʘʮʠʦʥʥʳʡ ʢʦʤʧʣʝʢʩ CCDS2000 ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʡ ʦʢʩʠʜʦʚ 

ʘʣʶʤʠʥʠʷ ʠ YSZ. ʂʝʨʘʤʠʯʝʩʢʠʝ ʧʦʢʨʳʪʠʷ ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʘʜʛʝʟʠʶ (ʜʦ 60 ʄʇʘ). ʆʢʩʠʜ 

ʘʣʶʤʠʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʠʟʢʦʡ ʧʦʨʠʩʪʦʩʪʴʶ (0,6%) ʠ ʚʳʩʦʢʦʡ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴʶ (ʙʦʣʝʝ 

1500 HV0,2). ʇʦʢʨʳʪʠʷ ʠʟ YSZ ʧʦʣʫʯʠʣʠ ʩ ʧʦʨʠʩʪʦʩʪʴʶ 4,5% ʠ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴʶ ʥʘ ʫʨʦʚʥʝ 

1000 HV100. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ˉ 

18-33-00713.  
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ʇʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʧʝʨʭʣʦʨʘʪʘ 

ʘʤʤʦʥʠʷ ʠ ʛʝʢʩʦʛʝʥʘ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ ʧʫʪʝʤ ʚʦʟʜʝʡʩʪʚʠʷ 

ʚʠʙʨʘʮʠʠ. ʈʘʩʩʤʦʪʨʝʥʳ ʧʫʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʨʝʘʢʮʠʦʥʥʳʭ ʮʝʥʪʨʦʚ ʠ ʜʠʩʣʦʢʘʮʠʡ ʚ 

ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚʘʭ. 

The crystal structure of ammonium perchlorate and hexogen monocrystals was studied after 

mechanical activation by vibration. The ways of formation of reaction centers and dislocations in 

high-energy crystalline substances are considered 

 

ʄʝʭʘʥʠʯʝʩʢʘʷ ʘʢʪʠʚʘʮʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, 

ʤʝʪʘʣʣʦʚ ʦʩʪʘʚʣʷʝʪ ʧʘʤʷʪʴ ʚ ʠʭ ʩʪʨʫʢʪʫʨʝ. ʏʘʩʪʴ ʵʥʝʨʛʠʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʨʘʙʦʪʫ, ʥʘʧʨʘʚʣʝʥʥʫʶ ʥʘ ʠʟʤʝʣʴʯʝʥʠʝ ʢʨʠʩʪʘʣʣʦʚ (ʜʝʬʦʨʤʘʮʠʷ ʚ ʨʘʟʣʠʯʥʳʭ 

ʝʝ ʬʦʨʤʘʭ). ʇʨʠ ʵʪʦʤ ʛʝʥʝʨʠʨʫʶʪʩʷ ʜʝʬʝʢʪʳ ʩʪʨʫʢʪʫʨʳ ʦʪ ʥʫʣʴʤʝʨʥʳʭ ʜʦ 3-ʭ ʤʝʨʥʳʭ, 

ʢʦʪʦʨʳʝ ʩʘʤʠ ʩʣʫʞʘʪ ʢʦʥʮʝʥʪʨʘʪʦʨʘʤʠ ʥʘʧʨʷʞʝʥʠʡ ʠ ʠʩʪʦʯʥʠʢʘʤʠ ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ. 

ʆʙʲʝʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʛʝʢʩʦʛʝʥ, ʉʈʊʊ ʩʦʩʪʘʚʘ ʛʝʢʩʦʛʝʥ-ʙʫʪʠʣʢʘʫʯʫʢ-ʧʝʨʭʣʦʨʘʪ 

ʘʤʤʦʥʠʷ-ɸʉɼ-1. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʪʝʨʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ 

ʘʥʘʣʠʟ, ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ. 

ʄʝʭʘʥʠʯʝʩʢʘʷ ʘʢʪʠʚʘʮʠʷ: "ʘ" - ʚʠʙʨʘʮʠʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʚʠʙʨʦʣʦʪʢʘ; 

"ʙ" ïʚʠʙʨʘʮʠʷ-ʢʦʣʝʙʘʥʠʝ ʚʠʙʨʦʣʦʪʢʘ ʩ ʤʝʣʶʱʠʤʠ ʰʘʨʘʤʠ; 

"ʚ" ï ʚʠʙʨʘʮʠʷ - ʫʜʘʨʥʦ-ʚʦʣʥʦʚʦʡ ʨʝʞʠʤ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʢʘʟʘʥʦ[1,2], ʯʪʦ ʨʘʟʨʫʰʝʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʪʘʢʠʤʠ 

ʧʨʦʮʝʩʩʘʤʠ ʢʘʢ ʦʙʨʘʟʦʚʘʥʠʝ ʨʘʜʠʢʘʣʦʚ, ʩʚʝʯʝʥʠʝ, ʛʘʟʦʚʳʜʝʣʝʥʠʝ ʠ ʪ.ʜ. ʆʙʨʘʟʦʚʘʥʠʝ ʥʦʚʳʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʟʤʝʣʴʯʝʥʠʷ ʚ ʚʠʜʝ ʛʨʘʥʠʮ ʢʨʠʩʪʘʣʣʦʚ, ʘ ʪʘʢʞʝ 

ʚʥʫʪʨʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʜʝʬʝʢʪʳ ʩʣʫʞʘʪ ʮʝʥʪʨʘʤʠ ʘʢʪʠʚʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ. ʉʢʦʨʦʩʪʴ ʵʪʠʭ ʨʝʘʢʮʠʡ ʟʘʚʠʩʠʪ ʥʝ ʩʪʦʣʴʢʦ ʦʪ ʚʠʜʘ, ʩʢʦʣʴʢʦ 

ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʜʝʬʝʢʪʦʚ.  

ɺʟʨʳʚʯʘʪʳʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ ʥʝ ʷʚʣʷʶʪʩʷ ʠʩʢʣʶʯʝʥʠʷʤʠ ʠʟ ʧʨʘʚʠʣ, ʚʩʝ ʯʪʦ 

ʢʘʩʘʝʪʩʷ ʜʨʫʛʠʭ ʢʣʘʩʩʦʚ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʩʚʦʡʩʪʚʝʥʥʦ ʠ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʤ 

ʤʘʪʝʨʠʘʣʘʤ (ɺʄ). ʀʭ ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʩʦʩʪʦʠʪ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʮʝʧʦʯʢʠ 

ʧʨʝʚʨʘʱʝʥʠʡ: ʪʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ-ʛʦʨʝʥʠʝ-ʚʟʨʳʚ-ʜʝʪʦʥʘʮʠʷ ʠ ʚʳʩʚʦʙʦʞʜʝʥʠʝʤ 

ʙʦʣʴʰʝʡ ʵʥʝʨʛʠʠ ʟʘ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ. 

ɺ ʩʚʷʟʠ ʩ ʯʝʤ, ʘʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ ʚ ɺʄ ʠʤʝʝʪ 

ʙʦʣʴʰʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ. ɺ ʪʝʭʥʦʣʦʛʠʷʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ɺʄ ʤʝʭʘʥʠʯʝʩʢʘʷ ʘʢʪʠʚʘʮʠʷ, 

ʥʘʧʨʠʤʝʨ, ʠʟʤʝʣʴʯʝʥʠʝ, ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ, ʧʦʩʢʦʣʴʢʫ ʧʨʦʮʝʩʩ ʭʘʦʪʠʯʝʥ. ʉʢʦʨʦʩʪʴ ʨʘʟʨʫʰʝʥʠʷ 

ʢʨʠʩʪʘʣʣʦʚ ʥʝ ʢʦʥʪʨʦʣʠʨʫʝʤʘ ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʨʝʩʩʦʚʘʥʠʷ, ʩʚʦʙʦʜʥʦʛʦ ʣʠʪʴʷ ʠ ʵʢʩʪʨʫʟʠʠ, ʚ 

ʢʦʪʦʨʳʭ ʥʘʛʨʫʟʢʠ ʤʦʛʫʪ ʙʳʪʴ ʚʳʰʝ, ʯʝʤ ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ, ʦʜʥʘʢʦ ʩʢʦʨʦʩʪʴ ʜʝʬʦʨʤʘʮʠʠ 

ʥʠʞʝ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʦʩʥʦʚʥʦʤ ʵʪʠ ʪʝʭʥʦʣʦʛʠʠ ʫʧʦʪʨʝʙʠʤʳ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʪʦʧʣʠʚ ʚ ʚʷʟʢʦ-

ʪʝʢʫʯʝʤ ʩʦʩʪʦʷʥʠʠ, ʚ ʢʦʪʦʨʦʤ ʤʘʪʨʠʮʘ (ʢʘʫʯʫʢ) ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ɺʄ ʧʨʦʚʦʜʠʣʠʩʴ ʧʦ ʩʭʝʤʝ, ʢʦʛʜʘ ʥʘ ʦʙʨʘʟʝʮ, 

ʧʦʤʝʱʝʥʥʳʡ ʚ ʛʝʨʤʝʪʠʯʥʳʡ ʫʟʝʣ, ʥʘʭʦʜʷʱʠʡʩʷ ʤʝʞʜʫ ʜʚʫʤʷ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ 
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ʧʦʚʝʨʭʥʦʩʪʷʤʠ, ʢʦʥʪʘʢʪʠʨʫʶʱʠʤʠ ʩ ʫʜʘʨʥʠʢʦʤ, ʧʝʨʝʜʘʶʱʠʤ ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ ʩ 

ʟʘʜʘʥʥʳʤʠ ʯʘʩʪʦʪʦʡ ʠ ʘʤʧʣʠʪʫʜʦʡ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʘʩʪʦʪʳ ʠ ʘʤʧʣʠʪʫʜʳ, ʘ ʪʘʢʞʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ 

ʚʠʙʨʘʮʠʠ ʨʝʛʠʩʪʨʠʨʦʚʘʣʦʩʴ ʨʘʟʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʛʘʟʦʦʙʨʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ ʨʘʟʣʦʞʝʥʠʷ. ʉʪʝʧʝʥʴ 

ʨʘʟʣʦʞʝʥʠʷ ʠʩʧʳʪʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʦʪ 0,01% ʜʦ ʥʝʩʢʦʣʴʢʠʭ %. ʇʨʠ ʵʪʦʤ 

ʧʝʨʝʭʦʜʘ ʨʘʟʣʦʞʝʥʠʷ ʚʦ ʚʟʨʳʚ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ. ɺ ʪʦʞʝ ʚʨʝʤʷ, ʝʩʣʠ ʛʦʚʦʨʠʪʴ ʦ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʚʠʙʨʦʥʘʛʨʫʟʢʝ (ʧʦ ʩʭʝʤʝ ʚ), ʦʧʨʝʜʝʣʷʝʤʦʡ ʧʦ ʯʘʩʪʦʩʪʠ ʚʟʨʳʚʦʚ (ʏɺ), ʪʦ 

ʚ ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ ʠʩʧʳʪʘʥʠʡ ʨʘʟʥʳʝ ɺʄ ʧʨʦʷʚʣʷʶʪ ʨʘʟʥʫʶ ʯʘʩʪʦʩʪʴ ʦʪ 0 ʜʦ 100% (ʠʟ 

25 ʠʩʧʳʪʘʥʠʡ). ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʏɺ ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʦʡ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʧʦ ʩʪʝʧʝʥʠ 

ʦʧʘʩʥʦʩʪʠ ɺʄ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʭʨʘʥʝʥʠʠ ʠ ʧʝʨʝʚʦʟʢʝ. ʆʜʥʘʢʦ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʤʝʭʘʥʠʟʤʘ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ɺʄ ʧʨʠ ʚʠʙʨʦʚʦʟʜʝʡʩʪʚʠʠ ʥʝʦʙʭʦʜʠʤʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʠʩʩʣʝʜʦʚʘʪʴ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʩʪʦʠʪ ʚ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ɺʄ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʧʝʨʝʨʘʙʦʪʢʠ, ʭʨʘʥʝʥʠʷ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ  ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʊʘʢʠʤʠ ʢʦʥʪʨʦʣʠʨʫʝʤʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤʠ 

ʨʝʟʫʣʴʪʘʪʳ ʤʝʭʘʥʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ ʤʦʛʫʪ ʙʳʪʴ ʧʘʨʘʤʝʪʨʳ ʪʦʥʢʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ (ʊʂʉ), ʭʠʤʠʯʝʩʢʘʷ ʩʪʦʡʢʦʩʪʴ, ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʧʨʝʚʨʘʱʝʥʠʷ, ʩʪʝʧʝʥʴ ʨʘʟʣʦʞʝʥʠʷ (Ŭ), ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝ (ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ) ʢʦʥʜʝʥʩʠʨʫʝʤʳʭ 

ʧʨʦʜʫʢʪʦʚ ʚ ʘʥʘʣʠʟʠʨʫʝʤʦʤ ʦʙʨʘʟʮʝ, ʚʟʷʪʦʤ ʧʦʩʣʝ ʠʩʧʳʪʘʥʠʷ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʥʪʨʦʣʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʝʨʭʣʦʨʘʪʘ ʘʤʤʦʥʠʷ (ʇʍɸ) 

ʬʨʘʢʮʠʠ 315 ʤʢʤ (ɼ-160) ʧʨʦʰʝʜʰʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ ʠʟʤʝʣʴʯʝʥʠʷ ʚ ʤʝʣʴʥʠʮʘʭ 

ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʥʝʚʤʦ-, ʚʠʙʨʦ-, ʘʵʨʦʟʦʣʴ- 

ʤʦʜʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʚʘʞʥʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʤʝʩʝʚʦʛʦ 

ʪʚʝʨʜʦʛʦ ʨʘʢʝʪʥʦʛʦ ʪʦʧʣʠʚʘ (ʉʈʊʊ) ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʵʢʩʪʨʫʟʠʝʡ ʥʘ ʦʩʥʦʚʝ 

ʤʝʭʘʥʦʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʦʢʠʩʣʠʪʝʣʷ. ʉʨʝʜʠ ʥʠʭ ʭʠʤʠʯʝʩʢʘʷ ʩʪʦʡʢʦʩʪʴ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʭʨʘʥʝʥʠʷ, ʩʢʦʨʦʩʪʴ ʛʦʨʝʥʠʷ, ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʤʝʭʘʥʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ (ʈʌɸ) ʧʘʨʘʤʝʪʨʳ ʊʂʉ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ 

ɺʄ ʠʟʤʝʥʷʶʪʩʷ ʭʘʦʪʠʯʝʩʢʠ, ʦʜʥʘʢʦ ʭʠʤʠʯʝʩʢʘʷ ʩʪʦʡʢʦʩʪʴ ʠ ʧʦʣʦʞʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʦʩʪʘʶʪʩʷ ʥʝʠʟʤʝʥʥʳʤʠ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʫʩʣʦʚʠʡ ʜʝʬʦʨʤʘʮʠʠ ʠ ʧʘʨʘʤʝʪʨʦʚ 

ʥʘʛʨʫʞʝʥʠʷ. 

ʅʝʩʢʦʣʴʢʦ ʧʨʦʪʠʚʦʨʝʯʠʚʦ ʚʳʛʣʷʜʷʪ ʨʝʟʫʣʴʪʘʪʳ ʘʢʪʠʚʘʮʠʠ ʛʝʢʩʦʛʝʥʘ [3] ʠ ʘʟʠʜʘ ʩʚʠʥʮʘ 

[4] (ʧʦ ʩʭʝʤʝ ʚ).  

ɽʩʣʠ ʩʫʜʠʪʴ ʧʦ ʪʝʨʤʦʛʨʘʤʤʘʤ ʤʦʞʥʦ ʧʨʠʡʪʠ ʢ ʚʳʚʦʜʫ ʦ ʛʣʫʙʦʢʦʡ ʩʪʝʧʝʥʠ 

ʘʤʦʨʬʠʟʘʮʠʠ ʚʠʙʨʦʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ, ʧʦʩʢʦʣʴʢʫ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚʩʧʳʰʢʠ ʩ ʚʳʩʦʢʠʤ ʪʝʧʣʦʚʳʤ ʵʬʬʝʢʪʦʤ ʧʨʘʢʪʠʯʝʩʢʠ  

ʚʳʨʦʞʜʘʝʪʩʷ. ʆʜʥʘʢʦ ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʈʌɸ ʩʪʝʧʝʥʴ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʚʟʷʪʳʭ ʜʣʷ 

ʘʥʘʣʠʟʘ ʠʟ ʪʝʭ ʞʝ ʧʨʦʙ, ʯʪʦ ʠ ʜʣʷ ɼʊɸ ʚʳʩʦʢʘʷ ʠ ʛʦʚʦʨʠʪʴ ʦʙ ʘʤʦʨʬʠʟʘʮʠʠ ʥʝ ʢʦʨʨʝʢʪʥʦ. 

ɼʣʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʜʠʘʧʘʟʦʥʘ ʧʘʨʘʤʝʪʨʦʚ ʚʠʙʨʘʮʠʠ (ʧʦ ʚʠʙʨʦʫʩʢʦʨʝʥʠʶ ʦʪ 1ʤ/ʩ
2
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ʤ/ʩ
2
) ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʨʘʟʣʠʯʠʷ ʚ ʟʥʘʯʝʥʠʠ ʛʝʥʝʨʠʨʫʝʤʦʡ ʵʥʝʨʛʠʠ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʧʨʦʠʩʭʦʜʷʱʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʚ ʛʝʢʩʦʛʝʥʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʪʝʧʝʥʠ ʠʟʤʝʣʴʯʝʥʠʷ, 

ʧʘʨʘʤʝʪʨʦʚ ʊʂʉ ʟʥʘʯʠʤʳʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʜʝʣʴʥʳʭ ʉʈʊʊ, ʢ ʢʦʪʦʨʳʤ 

ʦʪʥʦʩʠʪʩʷ ʩʢʦʨʦʩʪʴ ʛʦʨʝʥʠʷ ʦʩʪʘʶʪʩʷ ʥʝʠʟʤʝʥʥʳʤʠ. ɼʣʷ ʢʦʨʨʝʢʪʥʦʩʪʠ ʩʨʘʚʥʝʥʠʷ 

ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʩʦʩʪʘʚ ʤʦʜʝʣʴʥʳʭ ʉʈʊʊ ʛʝʢʩʦʛʝʥ ʚʚʦʜʠʣʩʷ ʪʦʣʴʢʦ ʩ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ 200ʤʢʤ. 

ʅʝʦʜʥʦʢʨʘʪʥʦ ʜʦʢʘʟʳʚʘʣʦʩʴ [1], ʚ ʪʦʤ ʯʠʩʣʝ ʘʚʪʦʨʘʤʠ, ʦ ʩʫʱʝʩʪʚʫʶʱʝʤ ʚʣʠʷʥʠʠ 

ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʤʝʭʘʥʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ ʥʘ ʩʦʚʦʢʫʧʥʦʩʪʴ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʇʍɸ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ ʬʨʘʢʮʠʡ (4-10)ʤʢʤ, (165-315)ʤʢʤ. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʚ ʫʩʣʦʚʠʷʭ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʫ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ 

ʇʍɸ ʥʘʙʣʶʜʘʝʪʩʷ: 

- ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʊʂʉ (ʩʤʝʱʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʤʝʞʧʣʦʩʢʦʩʪʥʳʭ ʨʘʩʩʪʦʷʥʠʡ, 

ʠʩʢʘʞʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʠ ʠʟʤʝʥʝʥʠʝ ʩʪʝʧʝʥʠ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ, ʨʘʟʤʝʨʘ ʙʣʦʢʦʚ, 
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ʠʟʤʝʥʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʤʘʢʩʠʤʫʤʦʚ, 

ʧʣʦʪʥʦʩʪʠ ʜʠʩʣʦʢʘʮʠʡ); 

-ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʤʦʜʝʣʴʥʳʭ ʩʤʝʩʝʡ ʉʈʊʊ ʥʘ ʦʩʥʦʚʝ ʤʝʭʘʥʦʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʇʍɸ ʢ 

ʤʝʭʘʥʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ (ʭʠʤʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʠ, ʩʢʦʨʦʩʪʠ ʛʦʨʝʥʠʷ, ʧʦʣʦʞʝʥʠʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʪʝʤʧʝʨʘʪʫʨ (ʊʅʊʈ, ʊɺʊʈ, ʊʚʩʧ). 

ʀʩʭʦʜʷ ʠʟ ʪʦʛʦ, ʯʪʦ ʜʝʬʝʢʪʥʦʩʪʴ ʦʙʨʘʟʮʘ, ʚ ʯʘʩʪʥʦʩʪʠ ʧʣʦʪʥʦʩʪʴ ʜʠʩʣʦʢʘʮʠʡ, 

ʨʝʛʫʣʠʨʫʝʤʘ ʠ, ʢʘʢ ʚʳʷʩʥʠʣʦʩʴ, ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʧʨʠʨʦʜʘ ɺʄ, 

ʚʠʜ ʤʝʭʘʥʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ ʠ ʧʘʨʘʤʝʪʨʳ ʚʦʟʜʝʡʩʪʚʠʷ, ʠʩʩʣʝʜʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʚʳʰʝʥʠʷ ʩʢʦʨʦʩʪʠ ʛʦʨʝʥʠʷ ʤʦʜʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʩʦʩʪʘʚʘ ʛʝʢʩʦʛʝʥ-ʇʍɸ-ʙʫʪʠʣʢʘʫʯʫʢ-ɸʉɼ-

1, ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʚʠʙʨʦʚʦʟʜʝʡʩʪʚʠʷ. 

ɺ ʮʝʣʷʭ ʠʩʢʣʶʯʝʥʠʷ ʚʣʠʷʥʠʷ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʥʘ ʩʢʦʨʦʩʪʴ ʛʦʨʝʥʠʷ ʤʦʜʝʣʴʥʦʛʦ ʉʈʊʊ ʠʟ 

ʦʙʱʝʡ ʤʘʩʩʳ ʚʠʙʨʦʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʧʦ ʩʭʝʤʝ "ʘ" ʇʍɸ ʧʫʪʝʤ ʧʨʦʩʝʠʚʘʥʠʷ ʦʪʙʠʨʘʣʠ 

ʢʨʠʩʪʘʣʣʳ ʩʦ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ ʦʢʦʣʦ 165 ʤʢʤ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʢʘʢ 

ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʯʘʩʪʠʮ, ʪʘʢ ʠ ʠʟ ʦʙʱʝʡ ʤʘʩʩʳ ʠʤʝʶʱʠʭ ʧʝʨʚʦʥʘʯʘʣʴʥʦ 

ʪʨʝʙʫʝʤʳʡ ʨʘʟʤʝʨ. 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʠʙʨʦʘʢʪʠʚʘʮʠʠ ʧʦ ʩʭʝʤʝ "ʘ" ʩʦʩʪʘʚʣʷʝʪ 15 ʤʠʥʫʪ. ʄʦʜʝʣʴʥʦʝ 

ʉʈʊʊ ʧʦʣʫʯʝʥʦ ʧʫʪʝʤ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʚ ʣʘʙʦʨʘʪʦʨʥʦʤ ʩʤʝʩʠʪʝʣʝ. 

ʈʝʟʫʣʴʪʘʪʳ, ʠʣʣʶʩʪʨʠʨʫʶʱʠʝ ʩʚʷʟʴ ʧʣʦʪʥʦʩʪʠ ʜʠʩʣʦʢʘʮʠʡ ʠ ʩʢʦʨʦʩʪʠ ʛʦʨʝʥʠʷ 

ʤʦʜʝʣʴʥʦʛʦ ʉʈʊʊ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʠʙʨʦʘʢʪʠʚʘʮʠʠ ʦʢʠʩʣʠʪʝʣʷ ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1 ï ʉʢʦʨʦʩʪʴ ʛʦʨʝʥʠʷ ʤʦʜʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʩʦʩʪʘʚʘ ʛʝʢʩʦʛʝʥ-ʇʍɸ-ʙʫʪʠʣʢʘʫʯʫʢ-

ɸʉɼ-1 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʙʨʦʘʢʪʠʚʘʮʠʠ ʇʍɸ 

 ̄ ɺʠʙʨʦʫʩʢʦʨʝʥʠʝ ʤ/ʩ
2 
ʇʣʦʪʥʦʩʪʴ ʜʠʩʣʦʢʘʮʠʡ, ʩʤ

-2
(ʨʘʩʯʝʪʥʦʝ 

ʟʥʘʯʝʥʠʝ) 

ʩʢʦʨʦʩʪʴ ʛʦʨʝʥʠʷ ʤ/ʩ 

1 - 2Ŀ10
3
-4Ŀ10

3 
5,0 

2 1 2,7Ŀ10
3
-3,1Ŀ10

3
 5,5 

3 3  6,4 

4 5 3,7Ŀ10
3
-4,1Ŀ10

3
 7,1 

5 9 5Ŀ10
3
 9,3 

ɸʚʪʦʨʳ ʧʦʣʘʛʘʶʪ, ʯʪʦ ʦʜʠʥ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʚʘʨʠʘʥʪʦʚ ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʛʦʨʝʥʠʷ 

ʤʦʜʝʣʴʥʳʭ ʪʦʧʣʠʚ ʩʦʩʪʦʠʪ ʚ ʢʦʥʪʨʦʣʠʨʦʚʘʥʠʠ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʊʂʉ ʚ ʯʘʩʪʥʦʩʪʠ 

ʫʚʝʣʠʯʝʥʠʠ ʧʣʦʪʥʦʩʪʠ ʜʠʩʣʦʢʘʮʠʡ. 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ: 

1 ɽʧʠʬʘʥʦʚ ɺ.ɹ. ʄʝʭʘʥʠʯʝʩʢʘʷ ʘʢʪʠʚʘʮʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ: ʤʦʥʦʛʨʘʬʠʷ / 

ɽʧʠʬʘʥʦʚ ɺ.ɹ., ʉʳʯ ɽ.ʀ. // ʉʘʤʘʨʘ: ʆʆʆ çʀʟʜʘʪʝʣʴʩʪʚʦ ɸʉɻɸʈɼè, 2016. 228 ʩ. 

2 ɹʦʣʜʳʨʝʚ ɺ.ɺ. ʄʝʭʘʥʦʭʠʤʠʷ ʠ ʤʝʭʘʥʠʯʝʩʢʘʷ ʘʢʪʠʚʘʮʠʷ ʪʚʝʨʜʳʭ ʚʝʱʝʩʪʚ. ï ʋʩʧʝʭʠ 

ʭʠʤʠʠ. ï ɺʳʧ. 75(3). ï 2006 ï ʉ. 204-218 

3 ɸʚʚʘʢʫʤʦʚ ɽ.ɻ. ʄʝʭʘʥʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʘʢʪʠʚʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ / ɸʚʚʘʢʫʤʦʚ 

ɽ.ɻ. ï ʄ., ʅʘʫʢʘ, 1986.ï 304 ʩ. 

4 ʃʦʛʠʥʦʚ ʅ.ʇ. ʈʘʟʣʦʞʝʥʠʝ ʘʟʠʜʘ ʩʚʠʥʮʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʠʙʨʘʮʠʠ / ʌɻɺ. 1993. ˉ4. ʉ. 

88-91. 
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ʉʈɸɺʅɽʅʀɽ ʇʈʆʎɽʉʉʆɺ ɺɿʈʓɺʅʆɻʆ ʆɹɾɸʊʀʗ ɼɺʋʍʉʃʆʁʅʓʍ 

ʊʈʋɹʆʂ ʂʆʈʋʅɼ / ʄɽɼʔ ʀ ʂʆʈʋʅɼ/ɸʃʖʄʀʅʀʁ 

 

ʆ.ɸ. ɿʠʤʦʛʣʷʜʦʚʘ
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʀ.ɸ.ɹʘʣʘʛʘʥʩʢʠʡ ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ 

 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʅʦʚʦʩʠʙʠʨʩʢ 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ ʚʟʨʳʚʥʦʤ ʦʙʞʘʪʠʠ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʢʫʤʫʣʷʪʠʚʥʳʭ ʦʙʣʠʮʦʚʦʢ 

ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʢʫʤʫʣʷʪʠʚʥʳʭ ʩʪʨʫʡ, ʝʩʣʠ ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ ʚ ʦʙʣʠʮʦʚʢʝ ʧʨʝʚʳʰʘʝʪ 

ʩʢʦʨʦʩʪʴ ʜʝʪʦʥʘʮʠʠ ʟʘʨʷʜʘ ɺɺ [1]. 

ɺ ʨʘʙʦʪʝ [2] ʙʳʣʦ ʠʟʫʯʝʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʛʠʧʝʨʩʢʦʨʦʩʪʥʦʛʦ ʧʦʪʦʢʘ ʢʝʨʘʤʠʯʝʩʢʠʭ 

ʯʘʩʪʠʮ ʧʨʠ ʦʙʞʘʪʠʠ ʢʦʨʫʥʜʦʚʳʭ ʪʨʫʙʦʢ ʠ ʝʛʦ ʜʝʡʩʪʚʠʝ ʧʦ ʩʪʘʣʴʥʦʡ ʤʠʰʝʥʠ. ʆʜʥʘʢʦ, ʧʨʠ 

ʚʟʨʳʚʥʦʤ ʦʙʞʘʪʠʠ ʢʝʨʘʤʠʯʝʩʢʠʭ ʪʨʫʙʦʢ ʥʝ ʬʦʨʤʠʨʫʶʪʩʷ ʩʧʣʦʰʥʳʝ ʢʫʤʫʣʷʪʠʚʥʳʝ ʩʪʨʫʠ.  

ɺ ʩʪʘʪʴʝ [3] ʙʳʣʦ ʚʳʩʢʘʟʘʥʦ ʠ ʯʠʩʣʝʥʥʦ ʦʙʦʩʥʦʚʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʦʣʫʯʝʥʠʷ ʛʠʧʝʨʩʢʦʨʦʩʪʥʳʭ ʩʧʣʦʰʥʳʭ ʢʫʤʫʣʷʪʠʚʥʳʭ ʩʪʨʫʡ ʧʨʠ ʚʟʨʳʚʥʦʤ ʦʙʞʘʪʠʠ 

ʜʚʫʭʩʣʦʡʥʳʭ ʢʦʨʫʥʜ / ʤʝʜʴ ʪʨʫʙʦʢ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʯʠʩʣʝʥʥʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʚʟʨʳʚʥʦʛʦ ʦʙʞʘʪʠʷ ʤʝʜʥʦʡ 

ʠ ʘʣʶʤʠʥʠʝʚʦʡ ʪʨʫʙʦʢ. 

 

1. ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯ. 

 
ʈʠʩ.1. ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯ 

1-ɺɺ (Comp B), 2-ʢʝʨʘʤʠʯʝʩʢʘʷ ʪʨʫʙʢʘ, 3-ʤʝʜʥʘʷ ʪʨʫʙʢʘ/ʘʣʶʤʠʥʠʝʚʘʷ ʪʨʫʙʢʘ, 4-ʩʪʘʣʴʥʘʷ 

ʧʨʝʛʨʘʜʘ 

 

ʄʦʜʝʣʠʨʦʚʘʣʠʩʴ ʜʚʘ ʚʘʨʠʘʥʪʘ ʚʟʨʳʚʥʦʛʦ ʦʙʞʘʪʠʷ ʜʚʫʭʩʣʦʡʥʳʭ ʪʨʫʙʦʢ. ʇʝʨʚʳʡ 

ʚʘʨʠʘʥʪ: ʧʘʨʘ ʢʦʨʫʥʜ/ʤʝʜʴ; ʚʪʦʨʦʡ ʚʘʨʠʘʥʪ: ʧʘʨʘ ʢʦʨʫʥʜ/ʘʣʶʤʠʥʠʡ.   

ɺʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ ʤʝʜʥʦʡ/ʘʣʶʤʠʥʠʝʚʦʡ ʪʨʫʙʢʠ =6 ʤʤ, ʚʥʝʰʥʠʡ ʜʠʘʤʝʪʨ 

ʤʝʜʥʦʡ/ʘʣʶʤʠʥʠʝʚʦʡ ʪʨʫʙʢʠ =7.4 ʤʤ. ɺʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ ʢʝʨʘʤʠʯʝʩʢʦʡ ʪʨʫʙʢʠ =7.4 ʤʤ, 

ʚʥʝʰʥʠʡ ʜʠʘʤʝʪʨ ʢʝʨʘʤʠʯʝʩʢʦʡ ʪʨʫʙʢʠ =11.8 ʤʤ. ɺʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ ɺɺ =11.8 ʤʤ, 

ʚʥʝʰʥʠʡ ʜʠʘʤʝʪʨ=30 ʤʤ. ɼʣʠʥʘ ʪʨʫʙʦʢ ʠ ɺɺ =100 ʤʤ. ʐʠʨʠʥʘ ʞʝʣʝʟʥʦʡ ʧʨʝʛʨʘʜʳ 50 ʤʤ, 

ʚʳʩʦʪʘ=40 ʤʤ. 

ɿʘʜʘʯʠ ʨʝʰʘʣʠʩʴ ʚ ʜʚʫʤʝʨʥʦʡ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʥʘ ʥʝʧʦʜʚʠʞʥʦʡ 

ʵʡʣʝʨʦʚʦʡ ʩʝʪʢʝ. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ 30 ʷʯʝʝʢ ʥʘ 1 ʤʤ. 
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2. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

 
 

ʈʠʩ.2. ʆʙʞʘʪʠʝ ʤʝʜʥʦʡ ʪʨʫʙʢʠ. Time= 3.7 ʤʢʩ 

 
ʈʠʩ.3. ʆʙʞʘʪʠʝ ʘʣʶʤʠʥʠʝʚʦʡ ʪʨʫʙʢʠ. Time=3.000 ʤʢʩ 

   
ʘ)        ʙ) 

ʈʠʩ.4. ʉʢʦʨʦʩʪʴ ʦʙʞʘʪʠʷ ʪʨʫʙʢʠ: ʘ) ʠʟ ʤʝʜʠ 1.4297 m/ms; ʙ) ʠʟ ʘʣʶʤʠʥʠʷ4,2807 m/ms 
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ʘ)       ʙ) 

ʈʠʩ.5.ɼʘʚʣʝʥʠʝ ʚ ʪʦʯʢʝ ʩʭʣʦʧʳʚʘʥʠʷ ʘ) ʤʝʜʥʦʡ ʪʨʫʙʢʠ 0.50211 TPa; ʙ) ʘʣʶʤʠʥʠʝʚʦʡ ʪʨʫʙʢʠ 

0,13335  TPa 

 
ʈʠʩ.6.ʆʙʨʘʟʦʚʘʥʠʝ ʢʫʤʫʣʷʪʠʚʥʦʡ ʩʪʨʫʠ ʚ ʤʝʜʥʦʡ ʪʨʫʙʢʝ. Time=5.0 ʤʢʩ 

 
ʈʠʩ.7. ʆʙʨʘʟʦʚʘʥʠʝ ʢʫʤʫʣʷʪʠʚʥʦʡ ʩʪʨʫʠ ʚ ʘʣʶʤʠʥʠʝʚʦʡ ʪʨʫʙʢʝ. Time=4.0 ʤʢʩ 
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ʘ)       ʙ) 

ʈʠʩ.8. ʇʨʦʬʠʣʴ ʩʢʦʨʦʩʪʠ ʚʜʦʣʴ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʘ) ʚ ʤʝʜʥʦʡ ʪʨʫʙʢʝ 21.983 m/ms; ʙ) ʚ ʪʨʫʙʢʝ 

ʠʟ ʘʣʶʤʠʥʠʷ 24.667  m/ms 

 
ʘ)       ʙ) 

ʈʠʩ.9. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚʜʦʣʴ ʦʩʠ ʩʠʤʤʝʪʨʠʠ: ʘ) ʤʝʜʥʘʷ ʪʨʫʙʢʘ 0.32775 TPa; ʙ) 

ʘʣʶʤʠʥʠʝʚʘʷ ʪʨʫʙʢʘ 0.12105 TPa 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ. 

ʊʘʙʣʠʮʘ 

ʇʘʨʘʤʝʪʨ ʇʘʨʘ ʢʦʨʫʥʜ/ʤʝʜʴ ʇʘʨʘ ʢʦʨʫʥʜ/ʘʣʶʤʠʥʠʡ 

Y-Velocity max, ʩʢʦʨʦʩʪʴ ʦʙʞʘʪʠʷ 

ʪʨʫʙʢʠ 

1.4297 m/ms 

Time=3.7 ʤʢʩ 

4,2807 m/ms 

Time=3.0 ʤʢʩ 

P max, ʜʘʚʣʝʥʠʝ ʚ ʪʦʯʢʝ 

ʩʭʣʦʧʳʚʘʥʠʷ 

0.50211 TPa 

Time=3.7 ʤʢʩ 

0,13335  TPa 

Time=3.0 ʤʢʩ 

X-Velocity max, ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ 

ʢʫʤʫʣʷʪʠʚʥʦʡ ʩʪʨʫʠ 

21.983 m/ms 

Time=5.0 ʤʢʩ 

24.667  m/ms 

Time=4.0 ʤʢʩ 

P max, ʜʘʚʣʝʥʠʝ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ 

ʢʫʤʫʣʷʪʠʚʥʦʡ ʩʪʨʫʠ 

0.32775 TPa 

Time=5.0 ʤʢʩ 

0.12105 TPa 

Time=4.0 ʤʢʩ 
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ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʤʝʪʘʪʝʣʴʥʳʭ ʟʘʨʷʜʦʚ ʩ ʜʝʚʷʪʥʘʜʮʘʪʠʢʘʥʘʣʴʥʳʤʠ ʧʦʨʦʭʘʤʠ. ʆʧʨʝʜʝʣʝʥʳ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʟʘʢʦʥʘ ʛʦʨʝʥʠʷ ʜʝʚʷʪʥʘʜʮʘʪʠʢʘʥʘʣʴʥʦʛʦ ʧʦʨʦʭʘ. 

ʈʘʟʨʘʙʦʪʘʥʘ ʠ ʨʝʘʣʠʟʦʚʘʥʘ ʤʦʜʝʣʴ ʚʥʫʪʨʝʥʥʝʡ ʙʘʣʣʠʩʪʠʢʠ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʧʦʨʦʭʦʚʳʭ 

ʟʘʨʷʜʦʚ. ʇʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʧʦ ʧʦʜʙʦʨʫ ʟʘʨʷʜʘ ʜʣʷ 152-ʤʤ ʘʨʪʠʣʣʝʨʠʡʩʢʦʛʦ ʦʨʫʜʠʷ. ʅʘ 

ʦʩʥʦʚʘʥʠʠ ʩʨʘʚʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʰʪʘʪʥʦʛʦ ʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʙʘʣʣʠʩʪʠʯʝʩʢʦʛʦ 

ʨʝʰʝʥʠʷ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʜʝʚʷʪʥʘʜʮʘʪʠʢʘʥʘʣʴʥʳʭ ʧʦʨʦʭʦʚ ʚ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʤʝʪʘʪʝʣʴʥʳʭ ʟʘʨʷʜʘʭ. 

The article consider exploring of combined charges with 19-hole propellants usage 

possibility. Coefficients for geometric burning law process were determined. Model of interior 

ballistics multicomponents charges was elaborated and implemented. Charge choosing calculations 

for 152-mm caliber artillery gun were made. Based on a comparison of calculations results 

conclusion about usage possibility of 19-hole propellants in combined charges was made. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʟʘ ʛʨʘʥʠʮʝʡ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ 

ʜʝʚʷʪʥʘʜʮʘʪʠʢʘʥʘʣʴʥʳʝ ʧʦʨʦʭʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʫʶ ʧʨʦʛʨʝʩʩʠʚʥʦʩʪʴ 

ʛʦʨʝʥʠʷ. ɼʘʥʥʳʝ ʧʦʨʦʭʘ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʤʝʪʘʪʝʣʴʥʳʭ ʟʘʨʷʜʘʭ ʄ231, ʄ232 (ʉʐɸ), 

"ʖʥʠʬʣʝʢʩ-2 IM" (ʐʚʝʮʠʷ), ʠ DM72/DM92 (ɻʝʨʤʘʥʠʷ) [1]. 

 

 
ʈʠʩʫʥʦʢ 1 ï ɼʝʚʷʪʥʘʜʮʘʪʠʢʘʥʘʣʴʥʳʝ ʧʦʨʦʭʦʚʳʝ ʵʣʝʤʝʥʪʳ R5730ʩ ʬʠʛʫʨʥʳʤ 

ʦʙʚʦʜʦʤ ʜʣʷ ʟʘʨʷʜʦʚ DM72/DM92 

 

ʆʜʥʠʤ ʠʟ ʚʘʨʠʘʥʪʦʚ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ʧʦʨʦʭʦʚ ʷʚʣʷʶʪʩʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ 

ʤʝʪʘʪʝʣʴʥʳʝ ʟʘʨʷʜʳ, ʚʢʣʶʯʘʶʱʠʝ ʚ ʩʝʙʷ ʥʝʩʢʦʣʴʢʦ ʤʘʨʦʢ ʧʦʨʦʭʘ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʪʦʣʱʠʥʦʡ 

ʛʦʨʷʱʝʛʦ ʩʚʦʜʘ ʠ ʚʨʝʤʝʥʝʤ ʛʦʨʝʥʠʷ. ʂʘʢ ʧʨʘʚʠʣʦ, ʵʪʦ ʧʝʨʝʤʝʥʥʳʝ ʟʘʨʷʜʳ, ʧʦʟʚʦʣʷʶʱʠʝ 
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ʫʤʝʥʴʰʘʪʴ ʥʘʚʝʩʢʫ ʧʦʨʦʭʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʟʘʜʘʥʥʦʡ ʥʘʯʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ. ʇʦ ʤʝʨʝ ʠʟʚʣʝʯʝʥʠʷ 

ʧʫʯʢʦʚ ʧʦʨʦʭʘ ʠʟ ʟʘʨʷʜʘ ʩʫʱʝʩʪʚʝʥʥʦ ʧʘʜʘʝʪ ʧʣʦʪʥʦʩʪʴ ʟʘʨʷʞʘʥʠʷ ʘʨʪʠʣʣʝʨʠʡʩʢʦʛʦ ʦʨʫʜʠʷ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʣʥʦʪʳ ʩʛʦʨʘʥʠʷ ʤʝʪʘʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ ʧʝʨʚʳʤʠ ʠʟ ʥʝʛʦ ʜʦʣʞʥʳ 

ʠʟʚʣʝʢʘʪʴʩʷ ʧʦʨʦʭʘ ʩ ʙʦʣʴʰʠʤ ʚʨʝʤʝʥʝʤ ʛʦʨʝʥʠʷ. ʉʝʨʴʝʟʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ 

ʤʝʪʘʪʝʣʴʥʳʭ ʟʘʨʷʜʦʚ ʷʚʣʷʝʪʩʷ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʙʘʣʣʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʦʣʥʦʛʦ ʧʦʩʪʦʷʥʥʦʛʦ ʟʘʨʷʜʘ, ʧʦʣʥʦʩʪʴʶ ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʦʜʥʦʡ ʤʘʨʢʠ ʧʦʨʦʭʘ ʩ ʦʧʪʠʤʘʣʴʥʦ 

ʧʦʜʦʙʨʘʥʥʳʤ ʚʨʝʤʝʥʝʤ ʛʦʨʝʥʠʷ. ʅʘʣʠʯʠʝ ʚ ʩʦʩʪʘʚʝ ʧʝʨʝʤʝʥʥʳʭ ʟʘʨʷʜʦʚ ʙʳʩʪʨʦʛʦʨʷʱʠʭ 

ʧʦʨʦʭʦʚ ʧʨʦʚʦʮʠʨʫʝʪ ʙʳʩʪʨʳʡ ʨʦʩʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʣʦʪʥʦʩʪʠ 

ʟʘʨʷʞʘʥʠʷ. 

ʇʨʠʤʝʥʝʥʠʝ ʧʨʦʛʨʝʩʩʠʚʥʦ ʛʦʨʷʱʠʭ ʜʝʚʷʪʥʘʜʮʘʪʠʢʘʥʘʣʴʥʳʭ ʧʦʨʦʭʦʚ ʧʦʟʚʦʣʷʝʪ ʠʤʝʪʴ 

ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʫʶ ʧʦʣʥʫʶ ʧʣʦʱʘʜʴ ʛʦʨʝʥʠʷ ʚ ʥʘʯʘʣʴʥʦʤ ʧʝʨʠʦʜʝ ʠ ʙʳʩʪʨʦ ʫʚʝʣʠʯʠʪʴ ʝʸ 

ʧʦʩʣʝ ʧʨʦʛʦʨʘʥʠʷ ʧʦʨʦʭʦʚʳʭ ʧʫʯʢʦʚ ʩ ʤʝʥʴʰʝʡ ʪʦʣʱʠʥʦʡ ʛʦʨʷʱʝʛʦ ʩʚʦʜʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʤʫ ʟʘʨʷʜʫ ʥʘ ʤʘʢʩʠʤʘʣʴʥʳʭ ʧʣʦʪʥʦʩʪʷʭ ʟʘʨʷʞʘʥʠʷ ʠʤʝʪʴ ʙʘʣʣʠʩʪʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʫʩʪʫʧʘʶʱʠʝ ʧʦʣʥʳʤ ʧʦʩʪʦʷʥʥʳʤ ʟʘʨʷʜʘʤ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʦʨʝʥʠʷ ʜʝʚʷʪʥʘʜʮʘʪʠʢʘʥʘʣʴʥʦʛʦ ʧʦʨʦʭʘ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʦʜʝʣʴ ʧʨʝʜʣʦʞʝʥʥʘʷ ʚ [2]: 
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ʛʜʝ 12e  - ʪʦʣʱʠʥʘ ʛʦʨʷʱʝʛʦ ʩʚʦʜʘ, c2  ʠ D  - ʜʣʠʥʘ ʠ ʥʘʨʫʞʥʳʡ ʜʠʘʤʝʪʨ ʧʦʨʦʭʦʚʦʛʦ 

ʟʝʨʥʘ, d  - ʜʠʘʤʝʪʨ ʢʘʥʘʣʘ, n  - ʢʦʣʠʯʝʩʪʚʦ ʢʘʥʘʣʦʚ ʚ ʟʝʨʥʝ. 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʤʘʩʩʘ ʩʛʦʨʝʚʰʝʛʦ ʧʦʨʦʭʘ ʚ ʤʦʤʝʥʪ ʨʘʩʧʘʜʘ ʧʦʨʦʭʦʚʦʛʦ ʵʣʝʤʝʥʪʘ ʥʘ 

ʜʝʛʨʝʩʩʠʚʥʦ ʜʦʛʦʨʘʶʱʠʝ ʦʩʪʘʪʢʠ: 

 )1( 111 m+l+k=y
s

. 

ʄʘʢʩʠʤʘʣʴʥʳʡ ʨʘʜʠʫʩ ʦʢʨʫʞʥʦʩʪʝʡ, ʚʧʠʩʘʥʥʳʭ ʚ ʜʝʛʨʝʩʩʠʚʥʦ ʜʦʛʦʨʘʶʱʠʝ ʧʨʠʟʤʳ: 

 )2(1772,0 1ed+=r  

ʆʪʥʦʩʠʪʝʣʴʥʘ ʪʦʣʱʠʥʘ ʩʛʦʨʝʚʰʝʛʦ ʩʣʦʷ ʧʦʨʦʭʘ 
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ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʪʦʣʱʠʥʘ ʩʛʦʨʝʚʰʝʛʦ ʩʣʦʷ ʧʦʨʦʭʘ 
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ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥ ʟʘʢʦʥ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʨʦʭʦʚʳʭ ʛʘʟʦʚ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʜʚʫʭ ʯʘʩʪʝʡ, ʛʜʝ 

y1 ʦʧʠʩʳʚʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʧʦʨʦʭʦʚʳʭ ʛʘʟʦʚ ʜʦ ʨʘʩʧʘʜʘ ʟʝʨʥʘ, ʘ y2 ʧʦʩʣʝ. 
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1(
1
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1

zzzz Öm+Öl+ÖÖk=y   

 ;2)1z(2)1z(21)1z(
2s
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ø
éê
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ɺʭʦʜʝ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʜʣʷ ʛʠʧʦʪʝʪʠʯʝʩʢʦʛʦ ʧʠʨʦʢʩʠʣʠʥʦʚʦʛʦ ʧʦʨʦʭʘ ʤʘʨʢʠ 

25/19 ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʢʦʥʘ ʛʦʨʝʥʠʷ: 

 

ʊʘʙʣʠʮʘ 1 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʦʨʝʥʠʷ ʜʝʚʷʪʥʘʜʮʘʪʠʢʘʥʘʣʴʥʦʛʦ ʧʦʨʦʭʘ 

ɼʦ ʨʘʩʧʘʜʘ ʇʦʩʣʝ ʨʘʩʧʘʜʘ 

1
k  0,613 

2
k  0,326 

1
l 0,365 

2
l  2,229 

1
m  -0,035 

2
m  -3,974 

ɼʣʷ ʨʘʩʯʝʪʘ ʧʨʦʮʝʩʩʘ ʚʳʩʪʨʝʣʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʤʝʪʘʪʝʣʴʥʦʛʦ 

ʟʘʨʷʜʘ ʙʳʣʘ ʘʜʘʧʪʠʨʦʚʘʥʘ ʤʦʜʝʣʴ ʧʨʝʜʣʦʞʝʥʥʘʷ ʚ [2,3,4]. ʏʠʩʣʝʥʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʤʦʜʝʣʠ 

ʦʩʫʱʝʩʪʚʣʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʷʚʥʦʛʦ ʤʝʪʦʜʘ ʈʫʥʛʝ-ʂʫʪʪʳ 4-ʛʦ ʧʦʨʷʜʢʘ ʪʦʯʥʦʩʪʠ. ɺ 

ʢʘʯʝʩʪʚʝ ʦʧʦʨʥʦʛʦ ʚʘʨʠʘʥʪʘ ʙʘʣʣʠʩʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 152-ʤʤ ʧʫʰʢʘ ʩ 

ʟʘʨʷʜʦʤ ʧʠʨʦʢʩʠʣʠʥʦʚʦʛʦ ʩʝʤʠʢʘʥʘʣʴʥʦʛʦ ʧʦʨʦʭʘ, ʠʤʝʶʱʝʛʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ 320 

ʄʇʘ ʠ ʥʘʯʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʩʥʘʨʷʜʘ 945 ʤ/ʩ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭ ʞʝ ʟʥʘʯʝʥʠʡ ʦʙʲʝʤʘ ʟʘʨʷʜʥʦʡ 

ʢʘʤʦʨʳ ʠ ʧʫʪʠ ʩʥʘʨʷʜʘ ʧʦ ʢʘʥʘʣʫ ʩʪʚʦʣʘ, ʥʘ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʤ ʟʘʨʷʜʝ ʩʦʩʪʦʷʱʝʤ ʠʟ ʩʤʝʩʠ 

ʧʦʨʦʭʦʚ 9/7 (ʚ ʥʠʞʥʝʤ ʧʫʯʢʝ) ʠ 25/19 ʚ ʦʩʪʘʣʴʥʳʭ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 
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ʊʘʙʣʠʮʘ 2 ï ʈʘʩʯʝʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʧʝʨʝʤʝʥʥʦʛʦ ʟʘʨʷʜʘ ʩ 

ʜʝʚʷʪʥʘʜʮʘʪʠʢʘʥʘʣʴʥʳʤ ʧʦʨʦʭʦʤ. 

ɿʘʨʷʜ ʉʢʦʨʦʩʪʴ ʩʥʘʨʷʜʘ, ʤ/ʩ ʄʘʢʩʠʤʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ, ʄʇʘ 

ʇʦʣʥʳʡ 943,29 343,81 

ʇʝʨʚʳʡ 810,88 245,87 

ɺʪʦʨʦʡ 694,29 179,58 

ʊʨʝʪʠʡ 592,45 133,98 

ʏʝʪʚʝʨʪʳʡ 506,47 99,03 

ʇʷʪʳʡ 430,23 73,62 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʜʝʚʷʪʥʘʜʮʘʪʠʢʘʥʘʣʴʥʳʭ 

ʧʦʨʦʭʦʚ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʧʝʨʝʤʝʥʥʳʝ ʟʘʨʷʜʳ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʫʩʪʫʧʘʶʱʠʝ ʧʦ ʩʚʦʠʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʧʦʣʥʳʤ ʥʝʧʝʨʝʤʝʥʥʳʤ ʟʘʨʷʜʘʤ ʩ ʩʝʤʠʢʘʥʘʣʴʥʳʤʠ ʧʦʨʦʭʘʤʠ. ʆʩʚʦʝʥʠʝ 

ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʝʚʷʪʥʘʜʮʘʪʠʢʘʥʘʣʴʥʳʭ ʧʦʨʦʭʦʚ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʘʨʪʠʣʣʝʨʠʠ. 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ: 

1. ɿʘʨʫʙʝʞʥʳʝ ʤʦʜʫʣʴʥʳʝ ʤʝʪʘʪʝʣʴʥʳʝ ʟʘʨʷʜʳ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] - ʠʥʪʝʨʥʝʪ ʨʝʩʫʨʩ 

- ʨʝʞʠʤ ʜʦʩʪʫʧʘ - http://militaryarticle.ru/zarubezhnoe-voennoe-obozrenie/2011-zvo/8026-

zarubezhnye-modulnye-metatelnye-zarjady, ʩʚʦʙʦʜʥʳʡ [ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 10.05.2018] ï ɿʘʛʣ. ʩ 

ʵʢʨʘʥʘ 

2. ɺ.ʌ. ɿʘʭʘʨʝʥʢʦʚ. ɺʥʫʪʨʝʥʥʷʷ ʙʘʣʣʠʩʪʠʢʘ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʘʨʪʠʣʣʝʨʠʡʩʢʠʭ ʦʨʫʜʠʡ. ʉʇʙ.: ɹʘʣʪ. ʛʦʩ. ʪʝʭʥ. ʫʥ-ʪ., 2010 ʛ. ï 276 ʩ. 

3. ʄ.ɽ. ʉʝʨʝʙʨʷʢʦʚ. ɺʥʫʪʨʝʥʥʷʷ ʙʘʣʣʠʩʪʠʢʘ ʩʪʚʦʣʴʥʳʭ ʩʠʩʪʝʤ ʠ ʧʦʨʦʭʦʚʳʭ ʨʘʢʝʪ.  

ʀʟʜ. 3-ʝ, ʜʦʧ. ʠ ʧʝʨʝʨʘʙ. ʄ.: ʆɹʆʈʆʅɻʀɿ, 1962 ʛ. ï 703 ʩ. 

4. ɽ.ɺ. ʏʫʨʙʘʥʦʚ. ʂʨʘʪʢʠʡ ʢʫʨʩ ʙʘʣʣʠʩʪʠʢʠ. ʀʟʜ. 2-ʝ, ʠʩʧʨ. ʉʇʙ.: ɹʘʣʪ. ʛʦʩ. ʪʝʭʥ. ʫʥ-ʪ., 

2006 ʛ. ï 291 ʩ.  
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ʉɽʂʎʀʗ: ʈɸʂɽʊʅʆ-ʂʆʉʄʀʏɽʉʂɸʗ ʊɽʍʅʀʂɸ. 

ʉʀʉʊɽʄʓ ʋʇʈɸɺʃɽʅʀʗ ʃɽʊɸʊɽʃʔʅʓʄʀ 

ɸʇʇɸʈɸʊɸʄʀ 
 

ʋɼʂ 629.73.07 

 

ʈɸɿʈɸɹʆʊʂɸ ʄɸʃʓʍ ɹɽʉʇʀʃʆʊʅʓʍ ʃɽʊɸʊɽʃʔʅʓʍ ɸʇʇɸʈɸʊʆɺ 

 

ɼ. ʂ. ɹʘʨʘʥʦʚʘ, ʂ. ʃ. ʗʤʰʘʥʦʚ, ɸ. ʆ. ʂʠʩʝʣʝʚ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʜʦʢʪʦʨ ʪʝʭʥ. ʥʘʫʢ, ʟʘʚ. ʢʘʬ. ɸʀʋʉ ɺ. ʅ. ʃʝʛʢʠʡ  

 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ,  

e-mail: da180197@yandex.ru  

 

ɺ ʜʦʢʣʘʜʝ ʨʘʩʩʤʦʪʨʝʥʳ ʧʝʨʩʧʝʢʪʠʚʳ ʩʦʟʜʘʥʠʷ ʚ ʅɻʊʋ ʤʘʣʳʭ ʠ ʤʠʢʨʦ ï ɹʇʃɸ  

The report examines the prospects for the creation of small and micro unmanned aerial 

vehicles in NSTU. 

 

ɺʚʝʜʝʥʠʝ 

ʈʘʟʨʘʙʦʪʢʘ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ (ɹʇʃɸ) ï ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʡ 

ʨʘʟʚʠʪʠʷ ʘʚʠʘʮʠʠ. ʉʦʟʜʘʝʪʩʷ ʰʠʨʦʢʘʷ ʥʦʤʝʥʢʣʘʪʫʨʘ ʙʝʩʧʠʣʦʪʥʳʭ ʘʧʧʘʨʘʪʦʚ ï ʦʪ 

ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʜʦ ʤʘʣʳʭ ʠ ʤʠʢʨʦ-ɹʇʃɸ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʥʘ 

ʥʘʨʦʜʥʦʭʦʟʷʡʩʪʚʝʥʥʦʝ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʝ ʧʨʠʤʝʥʝʥʠʝ. ɹʦʝʚʳʝ ʩʘʤʦʣʝʪʳ 6-ʛʦ ʧʦʢʦʣʝʥʠʷ 

ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʚ ʜʚʫʭ ʚʘʨʠʘʥʪʘʭ: ʧʠʣʦʪʠʨʫʝʤʦʤ ʠ ʙʝʩʧʠʣʦʪʥʦʤ. 

ʉʝʛʦʜʥʷ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʠ ʧʨʦʠʟʚʦʜʠʪʴ ʣʝʛʢʠʝ ɹʇʃɸ ʚ ʩʦʩʪʦʷʥʠʠ ʤʥʦʛʠʝ ʦʨʛʘʥʠʟʘʮʠʠ, 

ʨʘʙʦʪʳ ʚʝʜʫʪʩʷ, ʚ ʪʦʤ ʯʠʩʣʝ, ʥʘ ʢʘʬʝʜʨʝ ɸʀʋʉ ʌʃɸ ʅɻʊʋ. ɹʦʣʴʰʦʝ ʯʠʩʣʦ ʨʦʩʩʠʡʩʢʠʭ 

ʢʦʤʧʘʥʠʡ ʚʳʧʫʩʢʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʢʘʯʝʩʪʚʝʥʥʳʝ ʦʙʨʘʟʮʳ ʤʘʣʳʭ ɹʇʃɸ, ʩʧʦʩʦʙʥʳʭ ʩʦʚʝʨʰʘʪʴ 

ʧʦʣʝʪʳ ʥʘ ʤʘʣʳʭ ʚʳʩʦʪʘʭ. ʊʘʢʠʝ ɹʇʃɸ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʦʩʩʠʡʩʢʠʤʠ ʩʠʣʦʚʳʤʠ ʚʝʜʦʤʩʪʚʘʤʠ, 

ʄʏʉ ʈʦʩʩʠʠ, ʛʨʘʞʜʘʥʩʢʠʤʠ ʢʦʤʧʘʥʠʷʤʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦ ʟʘʢʘʟʫ ʄʠʥʦʙʦʨʦʥʳ ʈʦʩʩʠʠ ʚ ʩʪʨʘʥʝ ʚʝʜʫʪʩʷ ʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ 

ɹʇʃɸ ʪʨʝʭ ʪʠʧʦʚ: 

ʇʝʨʚʳʡ ʠʟ ʥʠʭ ï ʵʪʦ ʩʨʝʜʥʝʚʳʩʦʪʥʳʡ ʦʧʝʨʘʪʠʚʥʦ-ʪʘʢʪʠʯʝʩʢʠʡ ɹʇʃɸ çʀʥʦʭʦʜʝʮè ʩ 

ʚʟʣʝʪʥʳʤ ʚʝʩʦʤ ʜʦ ʦʜʥʦʡ ʪʦʥʥʳ. 

ɺʪʦʨʦʡ ï çɸʣʴʪʠʫʩè, ʚʝʩʦʤ ʜʦ ʧʷʪʠ ʪʦʥʥ, ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʙʦʣʴʰʦʡ ʚʳʩʦʪʦʡ ʠ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʧʦʣʝʪʘ. 

ʊʨʝʪʠʡ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʨʦʩʩʠʡʩʢʠʡ ɹʇʃɸ ï ʵʪʦ ʪʷʞʝʣʳʡ ʫʜʘʨʥʳʡ ɹʇʃɸ, 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʡ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ çʆʭʦʪʥʠʢè. ʉʝʨʠʡʥʳʭ ʘʥʘʣʦʛʦʚ ʜʘʥʥʦʛʦ ʘʧʧʘʨʘʪʘ ʚ ʤʠʨʝ 

ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʝʪ, ʥʦ ʨʘʙʦʪʳ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚʝʜʫʪʩʷ ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ [1]. 

 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ɹʇʃɸ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ, 

ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʩʚʦʠʤ ʨʘʟʤʝʨʘʤ, ʚʥʝʰʥʝʤʫ ʚʠʜʫ, ʜʘʣʴʥʦʩʪʠ ʧʦʣʝʪʘ ʠ ʚʳʧʦʣʥʷʝʤʳʤ 

ʬʫʥʢʮʠʷʤ. 

ɹʇʃɸ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʚʠʜʳ: 

1. ʇʦ ʩʧʦʩʦʙʫ ʫʧʨʘʚʣʝʥʠʷ ʠ ʩʪʝʧʝʥʠ ʠʭ ʘʚʪʦʥʦʤʥʦʩʪʠ (ʥʝʫʧʨʘʚʣʷʝʤʳʝ, 

ʜʠʩʪʘʥʮʠʦʥʥʦ ʫʧʨʘʚʣʷʝʤʳʝ, ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ); 

2. ʇʦ ʩʚʦʝʤʫ ʨʘʟʤʝʨʫ (ʤʠʢʨʦ (ʜʦ 10 ʢʛ), ʤʠʥʠ (ʜʦ 50 ʢʛ), ʤʠʜʠ (ʜʦ ʦʜʥʦʡ ʪʦʥʥʳ), 

ʪʷʞʝʣʳʝ (ʩ ʚʝʩʦʤ ʙʦʣʴʰʝ ʪʦʥʥʳ)); 

3. ʇʦ ʛʣʫʙʠʥʝ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ (ʩʪʨʘʪʝʛʠʯʝʩʢʠʝ, ʦʧʝʨʘʪʠʚʥʳʝ, ʪʘʢʪʠʯʝʩʢʠʝ); 

4. ʇʦ ʥʘʟʥʘʯʝʥʠʶ (ʤʥʦʛʦʮʝʣʝʚʳʝ, ʮʝʣʝʚʳʝ); 
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5. ʇʦ ʢʨʘʪʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ (ʤʥʦʛʦʨʘʟʦʚʳʝ, ʦʜʥʦʨʘʟʦʚʳʝ); 

6. ʇʦ ʩʧʦʩʦʙʫ ʩʪʘʨʪʘ (ʘʵʨʦʜʨʦʤʥʦʛʦ ʩʪʘʨʪʘ, ʩʪʘʨʪ ʩ ʢʘʪʘʧʫʣʴʪʳ, ʩʪʘʨʪ ʩ ʨʫʢʠ, 

ʚʝʨʪʠʢʘʣʴʥʘʷ ʚʟʣʝʪ ʧʦʩʘʜʢʘ); 

7. ʇʦ ʩʧʦʩʦʙʫ ʚʦʟʚʨʘʱʝʥʠʷ (ʧʦʩʘʜʢʘ ʧʨʠ ʧʦʤʦʱʠ ʰʘʩʩʠ, ʩʧʫʩʢ ʥʘ ʧʘʨʘʰʶʪʝ, 

ʧʘʜʝʥʠʝ ʥʘ ʫʣʦʚʠʪʝʣʴ) [1,2]. 

 

ʈʘʟʚʠʪʠʝ ʤʘʣʳʭ ʠ ʤʠʢʨʦ-ɹʇʃɸ. 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʩʸ ʙʦʣʝʝ ʘʢʪʠʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʦʚʦʤʫ 

ʧʝʨʩʧʝʢʪʠʚʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ ʨʘʟʚʠʪʠʷ ɹʇʃɸ ï ʤʘʣʳʭ ʠ ʤʠʢʨʦ-ɹʇʃɸ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʤ, ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʜʣʷ ʧʦʤʦʱʠ ʚ ʙʦʝʚʳʭ ʜʝʡʩʪʚʠʷʭ ʤʘʣʳʤ ʛʨʫʧʧʘʤ ʚʦʝʥʥʦʩʣʫʞʘʱʠʭ. 

ʇʦʚʳʰʝʥʥʳʡ ʠʥʪʝʨʝʩ ʢ ʵʪʦʤʫ ʢʣʘʩʩʫ ʘʧʧʘʨʘʪʦʚ ʚʳʟʚʘʥ ʧʦʷʚʣʝʥʠʝʤ ʥʦʚʳʭ ʜʦʩʪʠʞʝʥʠʡ 

ʚ ʦʙʣʘʩʪʠ ʤʠʥʠʘʪʶʨʠʟʘʮʠʠ ʢʦʤʧʦʥʝʥʪ ʃɸ ʠ ʥʦʚʳʭ ʚʦʝʥʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʢʦʥʮʝʧʮʠʡ 

ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ ʚʦʦʨʫʞʝʥʥʦʡ ʙʦʨʴʙʳ. 

ʄʘʣʳʝ ɹʇʃɸ ʤʦʛʫʪ ʨʝʰʘʪʴ ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʚʦʝʥʥʳʭ, ʩʧʝʮʠʘʣʴʥʳʭ ʠ ʛʨʘʞʜʘʥʩʢʠʭ 

ʟʘʜʘʯ, ʥʘʧʨʠʤʝʨ, ʪʘʢʠʭ, ʢʘʢ: 

1. ʇʨʦʚʝʜʝʥʠʝ ʨʘʟʚʝʜʢʠ çʟʘ ʭʦʣʤʦʤè (ʚʥʝ ʧʨʝʜʝʣʦʚ ʧʨʷʤʦʡ ʚʠʜʠʤʦʩʪʠ ï ʥʘ 

ʫʜʘʣʝʥʠʠ ʜʦ 10 ʢʤ, ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʜʦ 1 ʯʘʩʘ, ʩʦ ʩʢʦʨʦʩʪʴʶ ʦʪ 10 ʜʦ 20 ʤ/ʩ); 

2. ɺʳʧʦʣʥʝʥʠʝ ʬʫʥʢʮʠʠ ʨʝʪʨʘʥʩʣʷʪʦʨʘ ʩʚʷʟʠ; 

3. ʆʩʫʱʝʩʪʚʣʝʥʠʝ ʭʠʤʠʯʝʩʢʦʡ ʨʘʟʚʝʜʢʠ ʠ ʤʦʥʠʪʦʨʠʥʛʘ; 

4. ʆʩʫʱʝʩʪʚʣʝʥʠʝ ʦʧʝʨʘʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʜʚʠʞʝʥʠʷ, ʢʦʥʪʨʦʣʷ ʛʨʘʥʠʮ, 

ʧʨʦʪʠʚʦʧʦʞʘʨʥʦʛʦ ʜʦʟʦʨʘ ʠ ʩʧʘʩʘʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ, ʤʦʥʠʪʦʨʠʥʛʘ ʚ ʣʝʩʥʦʤ ʭʦʟʷʡʩʪʚʝ, 

ʥʘʙʣʶʜʝʥʠʷ ʞʠʚʦʡ ʧʨʠʨʦʜʳ, ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʬʦʪʦʩʲʝʤʢʠ ʥʝʜʚʠʞʠʤʦʩʪʠ ʠ ʜʨ. [3]. 

 

ɺ ʨʘʙʦʪʝ [8] ʠʟʣʘʛʘʶʪʩʷ ʢʦʥʮʝʧʪʫʘʣʴʥʳʝ ʦʩʥʦʚʳ ʥʦʚʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ 

ʙʝʩʧʠʣʦʪʥʳʭ ʨʘʟʚʝʜʳʚʘʪʝʣʴʥʳʭ ʠ ʫʜʘʨʥʳʭ ʘʧʧʘʨʘʪʦʚ ï ʤʠʥʠʘʪʶʨʠʟʘʮʠʠ ʠ ʩʦʟʜʘʥʠʷ 

ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʤʠʥʠ- ʠ ʤʠʢʨʦ-ʢʣʘʩʩʘ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʟʤʦʞʥʳʝ 

ʦʙʣʘʩʪʠ ʮʝʣʝʚʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʠ ʘʩʧʝʢʪʳ ʪʝʭʥʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʤʠʥʠ-ɹʃɸ, ʦʩʚʝʱʘʶʪʩʷ 

ʨʘʙʦʪʳ, ʧʨʦʚʦʜʠʤʳʝ ʋʧʨʘʚʣʝʥʠʝʤ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʘʟʨʘʙʦʪʦʢ ʄʆ ʉʐɸ 

DARPA, ʧʦ ʦʩʥʦʚʥʳʤ ʢʦʤʧʦʥʝʥʪʘʤ ʪʘʢʠʭ ʘʧʧʘʨʘʪʦʚ: ʣʝʪʘʪʝʣʴʥʦʤʫ ʘʧʧʘʨʘʪʫ, ʵʥʝʨʛʦʩʠʣʦʚʦʡ 

ʫʩʪʘʥʦʚʢʝ, ʜʚʠʛʘʪʝʣʶ, ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʝ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʜʘʪʯʠʢʘʤ, ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ, 

ʥʘʚʠʛʘʮʠʠ. 

 

ʅʘʧʨʘʚʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠ ʩʦʟʜʘʥʠʠ ʤʘʣʳʭ ʠ ʤʠʢʨʦ- ɹʇʃɸ  
ʅʠʟʢʠʝ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ (ʨʘʟʤʝʨʥʦʩʪʴ, ʫʤʥʦʞʝʥʥʘʷ ʥʘ ʩʢʦʨʦʩʪʴ) ʠʤʝʶʪ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʤʘʩʰʪʘʙʘ ʠ ʘʵʨʦʜʠʥʘʤʠʢʠ ʘʧʧʘʨʘʪʦʚ, ʩʢʦʨʦʩʪʝʡ ʤʠʢʨʦ-

ɹʇʃɸ. ʅʝʙʦʣʴʰʠʝ ʨʘʟʤʝʨʳ ʤʘʣʳʭ ʠ ʤʠʢʨʦ-ɹʇʃɸ ʧʨʠʚʦʜʷʪ ʢ ʚʳʩʦʢʠʤ ʦʪʥʦʰʝʥʠʷʤ 

çʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʢ ʦʙʲʝʤʫè ʠ ʩʪʨʦʛʠʤ ʚʝʩʦʚʳʤ ʠ ʦʙʲʝʤʥʳʤ ʦʛʨʘʥʠʯʝʥʠʷʤ. 

ʊʨʘʜʠʮʠʦʥʥʘʷ ʧʘʨʘʜʠʛʤʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʘʤʦʣʝʪʘ ï çʟʘʧʦʣʥʝʥʠʝ ʦʙʦʣʦʯʢʠè ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʟʜʝʩʴ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʠʤʘ [1].  

ʊʨʝʙʫʝʪʩʷ ʦʧʪʠʤʠʟʘʮʠʷ ʥʘʙʦʨʘ ʢʦʤʧʦʥʝʥʪʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʫʧʨʘʚʣʷʶʱʝʡ ʩʠʩʪʝʤʳ 

ɹʇʃɸ: 

1). ʂʦʤʧʣʝʢʩʠʨʦʚʘʥʥʦʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʦʝ ʠ ʫʧʨʘʚʣʷʶʱʝʝ ʦʙʦʨʫʜʦʚʘʥʠʝ 

ɹʇʃɸ ʚʢʣʶʯʘʝʪ ʙʦʨʪʦʚʫʶ ʧʨʦʮʝʩʩʦʨʥʫʶ ʧʣʘʪʬʦʨʤʫ, ʨʘʜʠʦ ï ʠ ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʝ ʩʝʥʩʦʨʳ, ʘ 

ʪʘʢʞʝ ʢʦʤʧʦʥʝʥʪʳ ʥʘ ʦʩʥʦʚʝ ʄʕʄʉ ï ʪʝʭʥʦʣʦʛʠʡ. ʅʘʚʠʛʘʮʠʷ ʠ ʪʝʣʝʤʝʪʨʠʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤ GPS ʜʦʩʪʘʪʦʯʥʦ ʵʥʝʨʛʦʟʘʪʨʘʪʥʘ ʜʣʷ ʤʘʣʳʭ ʠ ʤʠʢʨʦ-ɹʇʃɸ. 

ʇʨʠʤʝʥʝʥʠʝ ʠʥʝʨʮʠʘʣʴʥʦʡ ʥʘʚʠʛʘʮʠʠ ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ ʛʠʨʦʩʢʦʧʦʚ ʩ ʥʠʟʢʠʤ ʜʨʝʡʬʦʤ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʢʩʝʣʝʨʦʤʝʪʨʦʚ. ʇʦʣʝʪʳ ʚ ʛʦʨʦʜʩʢʠʭ ʢʚʘʨʪʘʣʘʭ ʩ ʩʫʞʘʶʱʠʤʠʩʷ 

ʢʦʨʠʜʦʨʘʤʠ ʫʣʠʮ ʩʣʦʞʥʦʡ ʛʝʦʤʝʪʨʠʠ, ʥʘʣʠʯʠʝ ʜʚʠʞʫʱʠʭʩʷ ʧʨʝʧʷʪʩʪʚʠʡ ʦʧʨʝʜʝʣʷʶʪ 

ʫʩʣʦʚʠʷ ʠ ʦʛʨʘʥʠʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʜʝʣʘʶʪ ʥʝʵʬʬʝʢʪʠʚʥʳʤ ʦʧʝʨʘʪʠʚʥʦʝ ʫʯʘʩʪʠʝ ʦʧʝʨʘʪʦʨʘ ʚ 

ʫʧʨʘʚʣʝʥʠʠ ʧʦʣʝʪʦʤ ʜʣʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʨʠʣʦʞʝʥʠʡ [2]. ʇʨʠ ʦʙʤʝʥʝ ʜʘʥʥʳʤʠ ʩʞʘʪʠʝ 

ʧʦʣʫʯʝʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʥʘ ʙʦʨʪʫ ʪʨʝʙʫʝʪ ʩʦʛʣʘʩʦʚʘʥʠʷ ʩ ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʤʠ ʩʦʪʦʚʳʤʠ 

ʩʠʩʪʝʤʘʤʠ ʩʚʷʟʠ [4]; 
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2).ʄʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ɹʇʃɸ ʧʨʠ ʦʛʨʘʥʠʯʝʥʠʷʭ ʧʦ 

ʚʝʩʫ ʠ ʵʥʝʨʛʝʪʠʢʝ, ʤʦʛʫʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʩʦʢʦʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ ʩ ʜʝʪʘʣʷʤʠ, ʚʳʧʦʣʥʷʶʱʠʤʠ ʨʷʜ ʬʫʥʢʮʠʡ. ʅʘʧʨʠʤʝʨ, ʢʨʳʣʦ ʤʦʞʝʪ ʩʣʫʞʠʪʴ 

ʵʣʝʤʝʥʪʦʤ ʨʘʜʠʦʘʥʪʝʥʥʳ ʠʣʠ ʦʧʪʦʵʣʝʢʪʨʦʥʥʦʛʦ ʩʝʥʩʦʨʘ. ʀʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ ʤʦʞʝʪ ʙʳʪʴ 

ʯʘʩʪʴʶ ʢʦʥʩʪʨʫʢʮʠʠ ʬʶʟʝʣʷʞʘ. ɼʘʥʥʳʡ ʫʨʦʚʝʥʴ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʩʠʥʝʨʛʝʪʠʢʠ ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʨʝʚʳʰʘʝʪ ʧʦʢʘʟʘʪʝʣʠ ʢʦʥʩʪʨʫʢʮʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʩʘʤʦʣʝʪʦʚ [2]; 

3).ʋʩʪʦʡʯʠʚʦʩʪʴ ʫʧʨʘʚʣʷʝʤʦʛʦ ʧʦʣʝʪʘ ï ʚʘʞʥʘʷ ʟʘʜʘʯʘ ʜʣʷ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʤʘʣʳʭ ɹʇʃɸ. 

ʆʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʠʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʠʣʳ ʠ ʤʦʤʝʥʪʳ, ʩʦʟʜʘʚʘʝʤʳʝ ʚ ʧʦʣʝʪʝ, ʪʨʫʜʥʦ 

ʧʨʝʜʩʢʘʟʫʝʤʳ, ʥʦ ʩʫʱʝʩʪʚʝʥʥʳ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ ʧʦʣʝʪʘ. ʅʝʫʩʪʦʡʯʠʚʳʝ ʧʦʪʦʢʠ, 

ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʘʪʤʦʩʬʝʨʥʳʭ ʧʦʨʳʚʦʚ ʠʣʠ ʤʘʥʝʚʨʠʨʦʚʘʥʠʷ ʘʧʧʘʨʘʪʘ, ʦʩʦʙʝʥʥʦ ʩʠʣʴʥʦ 

ʧʨʦʷʚʣʷʶʪʩʷ ʜʣʷ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʤʘʩʰʪʘʙʘ ʤʠʥʠ ʠ ʤʠʢʨʦ ʩ ʥʝʩʫʱʝʩʪʚʝʥʥʳʤ 

ʤʦʤʝʥʪʦʤ ʠʥʝʨʮʠʠ ʠ ʤʘʣʦʡ ʥʘʛʨʫʟʢʦʡ ʥʘ ʢʨʳʣʦ. ɼʣʷ ʤʘʣʳʭ ɹʇʃɸ ʪʨʝʙʫʝʪʩʷ ʧʦʣʥʦʩʪʴʶ 

ʫʯʠʪʳʚʘʪʴ ʪʨʝʭʤʝʨʥʫʶ ʘʵʨʦʜʠʥʘʤʠʢʫ ʦʙʪʝʢʘʥʠʷ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʯʠʩʣʘʭ ʈʝʡʥʦʣʴʜʩʘ, 

ʦʪʣʠʯʥʫʶ ʦʪ ʜʚʫʤʝʨʥʦʛʦ ʦʙʪʝʢʘʥʠʷ ʧʣʘʩʪʠʥʳ. ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠʨʦʜʥʳʝ ʘʥʘʣʦʛʠ 

ɹʇʃɸ ʪʦʛʦ ʞʝ ʤʘʩʰʪʘʙʘ ʠʩʧʦʣʴʟʫʶʪ ʜʨʫʛʦʡ ʠʩʪʦʯʥʠʢ ʥʝʫʩʪʦʡʯʠʚʦʡ ʘʵʨʦʜʠʥʘʤʠʢʠ ï 

ʤʘʰʫʱʠʝ ʢʨʳʣʴʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ ʠ ʪʷʛʠ [1].  

ɼʣʷ ʤʘʣʳʭ ɹʇʃɸ ʪʨʝʙʫʝʪʩʷ ʫʯʠʪʳʚʘʪʴ ʪʨʝʭʤʝʨʥʫʶ ʘʵʨʦʜʠʥʘʤʠʢʫ ʦʙʪʝʢʘʥʠʷ ʧʨʠ ʙʦʣʝʝ 

ʥʠʟʢʠʭ ʯʠʩʣʘʭ ʈʝʡʥʦʣʴʜʩʘ, ʦʪʣʠʯʥʫʶ ʦʪ ʚʘʨʠʘʥʪʘ ʜʚʫʤʝʨʥʦʛʦ ʦʙʪʝʢʘʥʠʷ ʧʣʘʩʪʠʥʳ. 

ʉʪʘʙʠʣʠʟʘʮʠʷ ʠ ʫʧʨʘʚʣʝʥʠʝ ʪʘʢʠʤʠ ʘʧʧʘʨʘʪʘʤʠ ʪʨʝʙʫʶʪ ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʠʭ ʘʚʪʦʥʦʤʥʳʭ 

ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ [1] ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʛʦ ʂʇɼ ʜʚʠʛʘʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ. 

ɼʚʠʛʘʪʝʣʴʥʳʝ ʫʩʪʘʥʦʚʢʠ ʤʘʣʦʛʦ ʤʘʩʰʪʘʙʘ ʜʦʣʞʥʳ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 

ʪʨʝʙʦʚʘʥʠʷʤ ʧʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʝʤʢʦʩʪʠ ʠ ʫʜʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ [4]. 

ɺ ʅʦʚʦʩʠʙʠʨʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʪʝʭʥʠʯʝʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʚ 2017ʛ. ʧʨʦʰʝʣ ʢʦʥʢʫʨʩ 

ʧʨʦʝʢʪʦʚ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʚ ʨʘʤʢʘʭ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʘ çʅɻʊʋ 

ʠʥʪʝʛʨʘʮʠʦʥʥʳʡ ʚʫʟ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʢʘʜʨʦʚ ʘʚʠʘʮʠʦʥʥʦʡ ʠ ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ 

ʨʝʛʠʦʥʘè ʩʦʛʣʘʩʥʦ ʇʨʦʛʨʘʤʤʝ ʦʧʦʨʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ.  

ɼʘʥʥʳʡ ʢʦʥʢʫʨʩ ʚʳʠʛʨʘʣʘ ʢʦʤʘʥʜʘ ʠʟ ʧʷʪʠ ʩʪʫʜʝʥʪʦʚ ʬʘʢʫʣʴʪʝʪʘ ʣʝʪʘʪʝʣʴʥʳʭ 

ʘʧʧʘʨʘʪʦʚ: ʐʤʠʜʪ ʆʪʪʦ ʉʝʨʛʝʝʚʠʯ, ʂʠʩʝʣʝʚ ɸʣʝʢʩʘʥʜʨ ʆʣʝʛʦʚʠʯ, ɽʤʝʣʴʷʥʦʚ ɺʣʘʜʠʤʠʨ 

ɺʠʢʪʦʨʦʚʠʯ, ʄʘʨʢʠʥ ɺʘʩʠʣʠʡ ɺʣʘʜʠʩʣʘʚʦʚʠʯ, ʗʤʰʘʥʦʚ ʂʦʥʩʪʘʥʪʠʥ ʃʝʦʥʠʜʦʚʠʯ.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʥʢʫʨʩʘ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʩʪʫʜʝʥʪʘʤʠ ʌʃɸ ʅɻʊʋ ʤʦʞʝʪ ʙʳʪʴ 

ʨʘʟʨʘʙʦʪʘʥ ɹʇʃɸ ʩ ʚʝʨʪʠʢʘʣʴʥʳʤ ʚʟʣʝʪʦʤ ʠ ʧʦʩʘʜʢʦʡ, ʧʦʣʝʪʘ ʚ ʨʝʞʠʤʝ ʩʘʤʦʣʝʪʘ, ʧʦʣʝʪʘ ʧʦ 

ʟʘʜʘʥʥʳʤ ʪʦʯʢʘʤ.  

ɺ ʧʨʦʮʝʩʩʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʨʦʨʘʙʦʪʢʠ ʦʧʨʝʜʝʣʝʥ ʢʣʘʩʩ ɹʇʃɸ (ʈʠʩʫʥʦʢ 1) ʢʘʢ 

ʤʥʦʛʦʮʝʣʝʚʦʡ. ʇʦ ʧʨʘʚʠʣʘʤ ʛʨʘʥʘʪʘ ʧʨʝʜʫʩʤʦʪʨʝʥ ʚʝʨʪʠʢʘʣʴʥʳʡ ʩʧʦʩʦʙ ʩʪʘʨʪʘ ʠ ʧʦʩʘʜʢʠ. 

ʋʯʘʩʪʥʠʢʘ ʧʨʦʝʢʪʘ ʨʝʰʠʣʠ ʧʨʦʙʣʝʤʫ ʩ ʥʠʟʢʠʤʠ ʯʠʩʣʘʤʠ ʈʝʡʥʦʣʴʜʩʘ, ʚʳʙʨʘʚ ʦʧʪʠʤʘʣʴʥʳʡ 

ʧʨʦʬʠʣʴ ʜʣʷ ʟʘʜʘʥʥʦʡ ʢʨʝʡʩʝʨʩʢʦʡ ʩʢʦʨʦʩʪʠ. ʂʦʥʩʪʨʫʢʪʦʨʩʢʠʝ ʟʘʜʘʯʠ ʧʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʶ 

ʩʠʩʪʝʤ ʚ ʢʦʨʧʫʩʝ ɹʇʃɸ ʨʝʰʘʶʪʩʷ ʠʟʛʦʪʦʚʣʝʥʠʝʤ ʜʝʪʘʣʝʡ ʬʶʟʝʣʷʞʘ ʠ ʦʪʩʝʢʦʚ ʥʘ 3D 

ʧʨʠʥʪʝʨʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʧʪʠʤʠʟʠʨʦʚʘʥʳ ʚʝʩ, ʨʘʟʤʝʨʳ ʠ ʬʦʨʤʘ ʘʧʧʘʨʘʪʘ. ʇʨʦʙʣʝʤʘ ʩʦ ʩʚʷʟʴʶ 

ʨʝʰʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ çʀʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦè ʇʆ, ʢʦʪʦʨʦʝ ʧʨʠ ʧʦʪʝʨʝ ʩʚʷʟʠ ʙʫʜʝʪ ʫʧʨʘʚʣʷʪʴ 

ɹʇʃɸ ʘʚʪʦʥʦʤʥʦ, ʜʦ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʢʦʤʘʥʜ ʧʦ ʨʘʜʠʦʢʘʥʘʣʫ. 

ɺʦʧʨʦʩ ʧʦ ʤʠʥʠʤʠʟʘʮʠʠ ʵʥʝʨʛʦʟʘʪʨʘʪ ɹʇʃɸ ʨʝʰʝʥ ʩ ʧʦʤʦʱʴʶ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʢʨʳʣʴʝʚ, ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʦʜʦʣʞʠʪʴ ʧʦʣʝʪ ʚ ʩʘʤʦʣʝʪʥʦʤ ʨʝʞʠʤʝ. ɼʘʥʥʳʡ ʨʝʞʠʤ 

ʟʥʘʯʠʪʝʣʴʥʦ ʵʢʦʥʦʤʠʯʥʝʡ, ʯʝʤ ʚʝʨʪʦʣʝʪʥʳʡ ʨʝʞʠʤ. 

ʅʘʚʠʛʘʮʠʷ ʨʝʰʝʥʘ ʧʨʠʤʝʥʝʥʠʝʤ GPS ʜʘʪʯʠʢʘ ʩ ʘʢʩʝʣʝʨʦʤʝʪʨʦʤ ʠ ʛʠʨʦʩʢʦʧʦʤ, 

ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʧʦʣʫʯʝʥʘ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʥʘʚʠʛʘʮʠʠ.  

ʅʘ ʩʝʛʦʜʥʷ ɹʇʃɸ ʌʃɸ ʅɻʊʋ ʥʘʭʦʜʠʪʩʷ ʥʘ ʩʪʘʜʠʠ ʦʪʣʘʜʢʠ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʩʙʦʨʢʠ.  

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘ ʙʦʨʪʫ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʚ ʅɻʊʋ ɹʇʃɸ 

ʦʧʪʦʵʣʝʢʪʨʦʥʥʦʡ ʠ ʨʘʜʠʦʯʘʩʪʦʪʥʦʡ ʘʚʠʦʥʠʢʠ (ʚʳʩʦʪʦʤʝʨʳ, ʜʘʣʴʥʦʤʝʨʳ, ʦʙʥʘʨʫʞʠʪʝʣʠ 

ʧʨʝʧʷʪʩʪʚʠʡ, ʬʦʪʦʤʘʪʨʠʯʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʥʘʚʝʜʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ, ʢʘʥʘʣʳ 

ʪʝʣʝʤʝʪʨʠʠ) [5-7], ʘ ʪʘʢʞʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ɹʇʃɸ ʤʠʢʨʦʵʣʝʢʪʨʦʥʥʳʭ ʠ ʤʠʢʨʦʤʝʭʘʥʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʫʧʨʘʚʣʝʥʠʷ (ʄʕʄʉ), ʦʙʲʝʜʠʥʷʶʱʠʭ ʚ ʩʝʙʝ ʤʠʢʨʦʵʣʝʢʪʨʦʥʥʳʝ ʠ 

ʤʠʢʨʦʤʝʭʘʥʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʫʧʨʘʚʣʝʥʠʷ. 
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ɸʜʘʧʪʘʮʠʷ ʣʘʟʝʨʥʳʭ ʜʘʪʯʠʢʦʚ ʚʳʩʦʪʳ ʠ ʨʘʩʩʪʦʷʥʠʷ ʜʣʷ ʥʦʩʠʪʝʣʷ ʧʦʟʚʦʣʷʝʪ ʥʘ 

ʠʥʪʝʨʚʘʣʝ ʜʦ 40-100 ʤ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʯʝʪʘʥʠʝ ʦʩʥʦʚʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʙʦʨʪʦʚʦʡ ʦʧʪʦʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʧʨʠ ʨʘʙʦʪʝ ʚ ʨʝʘʣʴʥʦʡ ʟʘʤʫʪʥʝʥʥʦʡ 

ʘʪʤʦʩʬʝʨʝ ʧʦ ʧʦʚʝʨʭʥʦʩʪʷʤ ʩʦ ʩʣʫʯʘʡʥʳʤʠ ʦʪʨʘʞʘʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɺ ʠʪʦʛʝ ʤʦʞʝʪ ʙʳʪʴ 

ʧʦʣʫʯʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ɹʇʃɸ ʜʦ ʦʙʲʝʢʪʦʚ ʚ ʧʨʝʜʝʣʘʭ ʥʠʞʥʝʡ ʧʦʣʫʩʬʝʨʳ ʠ ʚ 

ʙʦʢʦʚʦʡ ʦʙʣʘʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʇʨʠʤʝʥʝʥʠʝ ʘʜʘʧʪʠʚʥʳʭ ʥʘʥʦʩʝʢʫʥʜʥʳʭ ʜʘʣʴʥʦʤʝʨʥʳʭ 

ʜʘʪʯʠʢʦʚ ʪʘʢʞʝ ʧʝʨʩʧʝʢʪʠʚʥʦ ʚ ʚʳʩʦʢʦʠʥʬʦʨʤʘʪʠʚʥʳʭ ʦʧʪʠʢʦ-ʣʦʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʩ 

ʨʘʩʧʦʟʥʘʚʘʥʠʝʤ ʪʨʝʭʤʝʨʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ. 

 

 
ʈʠʩʫʥʦʢ 1 - 3D - ʄʦʜʝʣʴ ʦʜʥʦʛʦ ʠʟ ʚʘʨʠʘʥʪʦʚ ɹʇʃɸ ʅɻʊʋ 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʤʘʣʳʝ ʠ ʤʠʢʨʦ-ɹʇʃɸ ʩʘʤʦʣʝʪʥʦʡ ʩʭʝʤʳ ʩ ʛʘʙʘʨʠʪʘʤʠ ʦʪ 15-

20ʩʤ, ʚʝʩʦʤ ʦʪʦ 50ʛ ʠ ʤʦʱʥʦʩʪʴʶ ʩʠʩʪʝʤʳ ʧʠʪʘʥʠʷ ʦʪ 8-10ɺʪ ʤʦʛʫʪ ʠʤʝʪʴ ʜʚʠʛʘʪʝʣʴʥʳʝ 

ʫʩʪʘʥʦʚʢʠ, ʪʨʝʙʫʶʱʠʝ ʧʦʯʪʠ 90% ʦʪ ʩʫʤʤʘʨʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ɹʇʃɸ, ʦʩʪʘʚʣʷʷ ʪʦʣʴʢʦ 10% ʜʣʷ 

ʩʠʩʪʝʤ ʘʚʠʦʥʠʢʠ, ʩʚʷʟʠ, ʥʘʚʠʛʘʮʠʠ, ʪʝʣʝʤʝʪʨʠʠ. 

ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʚʪʦʥʦʤʥʳʭ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʭ ʬʦʨʤʠʨʦʚʘʥʠʡ ʥʘ ʙʘʟʝ ʢʦʤʧʣʝʢʩʦʚ 

ɹʇʃɸ, ʩʧʦʩʦʙʥʳʭ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʚʝʩʪʠ ʙʦʝʚʳʝ ʜʝʡʩʪʚʠʷ, ʥʝʦʙʭʦʜʠʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ 

ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦ ʪʘʢʠʤ ʚʘʞʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ, ʢʘʢ: 

 

1. ʈʘʟʚʠʪʠʝ ʚʘʞʥʝʡʰʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ɹʇʃɸ - ʘʚʠʦʥʠʢʠ (ʚʳʩʦʪʦʤʝʨʳ, ʜʘʣʴʥʦʤʝʨʳ, 

ʦʙʥʘʨʫʞʠʪʝʣʠ ʧʨʝʧʷʪʩʪʚʠʡ, ʬʦʪʦʤʘʪʨʠʯʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ); 

2. ʇʨʠʤʝʥʝʥʠʝ ʚ ɹʇʃɸ ʤʠʢʨʦʵʣʝʢʪʨʦʥʥʳʭ ʠ ʤʠʢʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ 

ʫʧʨʘʚʣʝʥʠʷ; 

3. ʉʦʟʜʘʥʠʝ ʦʧʪʠʯʝʩʢʦʛʦ ʠ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʩʢʨʳʪʥʦʩʪʠ ʠ 

ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʦʩʪʠ ɹʇʃɸ; 

4. ʈʘʟʨʘʙʦʪʢʘ ʚʦʜʦʨʦʜʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʠ ʜʚʠʛʘʪʝʣʝʡ ʥʘ ʠʥʳʭ ʧʨʠʥʮʠʧʘʭ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʫʚʝʣʠʯʠʪʴ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ɹʇʃɸ; 

5. ʉʦʟʜʘʥʠʝ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʠ çʫʤʥʳʭ ʤʘʪʝʨʠʘʣʦʚè, ʠʟʤʝʥʷʶʱʠʭ ʩʚʦʶ ʬʦʨʤʫ 

(ʠʣʠ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʥʢʨʝʪʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʧʨʠʤʝʥʝʥʠʷ) ʧʦʜ 

ʚʣʠʷʥʠʝʤ ʚʥʝʰʥʠʭ ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ.  

6. ʉʦʟʜʘʥʠʝ ʙʠʦʧʦʣʠʤʝʨʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʫʣʴʪʨʘ ʣʝʛʢʠʭ 

ʩʚʝʨʭʧʨʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʤʘʣʦʟʘʤʝʪʥʦʩʪʠ ʜʣʷ ʢʦʨʧʫʩʦʚ 

ɹʇʃɸ. 
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ɿɸʑʀʊɸ ʅɸɼɺʆɼʅʓʍ ʆɹʒɽʂʊʆɺ ʆʊ ɺʓʉʆʂʆʊʆʏʅʆɻʆ ʆʈʋɾʀʗ. 

 

ʂ.ɸ. ɹʫʟʤʘʢʦʚ, ɸ.ʆ. ʃʝʦʥʦʚ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʢʘʬʝʜʨʳ ɸʀʋʉ ʀ.ʇ. ʂʨʦʧʘʯʝʚʘ 

 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, Graf_wow@mail.ru  

 

ʈʘʟʚʠʪʠʝ ʚʳʩʦʢʦʪʦʯʥʦʛʦ ʦʨʫʞʠʷ ʪʨʝʙʫʝʪ ʟʘʱʠʪʳ ʚʦʝʥʥʳʭ ʢʦʨʘʙʣʝʡ. ɸʢʪʠʚʥʳʝ 

ʤʝʪʦʜʳ ʟʘʱʠʪʳ ʧʨʝʜʧʦʣʘʛʘʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʪʠʚʦʨʘʢʝʪ ʜʣʷ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ 

ʢʦʨʘʙʝʣʴʥʳʤ ʠ ʙʝʨʝʛʦʚʳʤ ʢʦʤʧʣʝʢʩʘʤ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʧʨʦʪʠʚʥʠʢʘ ʪʨʝʙʫʶʪ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʟʘʪʨʘʪ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʩʨʝʜʩʪʚ ʧʘʩʩʠʚʥʦʡ ʟʘʱʠʪʳ ʧʫʪʝʤ ʧʦʩʪʘʥʦʚʢʠ ʣʦʞʥʳʭ 

ʮʝʣʝʡ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʘʵʨʦʟʦʣʴʥʳʤʠ ʧʦʤʝʭʘʤʠ (ʜʳʤʦʚʳʝ ʟʘʚʝʩʳ). 

Recently, high-precision weapons are progressing in their development. Increased combat 

capabilities for overcoming, fire suppression of air defense systems and the destruction of objects 

anywhere in the world, at any time of the day, in any climatic conditions. The frontiers of the WTO 

launch are being removed, the visibility of the attacking means is decreasing, combined guidance 

systems are used, and the speeds of flight are increased.I will introduce with the development and 

progression of precision weapons, and protection against it, including the protection of nuclear 

cruisers, is also developing. But it is not always profitable and effective to use only active methods 

of protection against precision weapons. 

 

ʂʨʳʣʘʪʳʝ ʨʘʢʝʪʳ ʢʣʘʩʩʘ çTomahawkè ʦʪʥʦʩʷʪʩʷ ʢ ʩʠʩʪʝʤʘʤ ʚʳʩʦʢʦʪʦʯʥʦʛʦ ʦʨʫʞʠʷ. 

ʂʨʳʣʘʪʘʷ ʨʘʢʝʪʘ (ʂʈ) ʠʤʝʝʪ ʢʦʤʙʠʥʠʨʦʚʘʥʥʫʶ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʠ ʥʘʚʝʜʝʥʠʷ. ʆʥʘ 

ʩʦʩʪʦʠʪ ʠʟ ʨʷʜʘ ʩʠʩʪʝʤ ʥʘʚʝʜʝʥʠʷ: 

1. ʀʥʝʨʮʠʘʣʴʥʘʷ; 

2. ʇʦ ʨʝʣʴʝʬʫ ʤʝʩʪʥʦʩʪʠ (TERCOM); 

3. ʕʣʝʢʪʨʦʥʥʦ-ʦʧʪʠʯʝʩʢʘʷ (DSMAC); 

4. ʉ ʧʦʤʦʱʴʶ GPS.  

5. ʅʘ ʧʨʦʪʠʚʦʢʦʨʘʙʝʣʴʥʳʭ ʤʦʜʠʬʠʢʘʮʠʷʭ ʩʪʦʠʪ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ 

ʥʘʚʝʜʝʥʠʷ. 

ʂʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʥʘʚʝʜʝʥʠʷ ʨʘʢʝʪʳ ʦʧʨʝʜʝʣʷʝʪ ʊʊʍ ʨʘʢʝʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ: 

1. ɿʘ ʩʯʝʪ ʥʠʟʢʦʡ ʚʳʩʦʪʳ ʧʦʣʝʪʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

çʊʦʤʘʛʘʚʢè ʠ ʜʨʫʛʠʝ ʂʈ ʷʚʣʷʶʪʩʷ ʧʨʦʙʣʝʤʦʡ ʜʣʷ ʩʨʝʜʩʪʚ ʇɺʆ; 

2. ʈʘʢʝʪʳ ʦʙʣʘʜʘʶʪ ʚʝʩʴʤʘ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ; 

3. ʕʪʦ ʦʨʫʞʠʝ ʥʝ ʧʦʧʘʜʘʝʪ ʧʦʜ ʜʝʡʩʪʚʠʝ ʩʦʛʣʘʰʝʥʠʡ ʦ ʢʨʳʣʘʪʳʭ ʨʘʢʝʪʘʭ; 

4. ʂʈ çʊʦʤʘʛʘʚʢè ʠʤʝʶʪ ʥʠʟʢʫʶ ʩʪʦʠʤʦʩʪʴ ʦʙʩʣʫʞʠʚʘʥʠʷ (ʝʩʣʠ ʩʨʘʚʥʠʚʘʪʴ ʩ 

ʙʘʣʣʠʩʪʠʯʝʩʢʠʤʠ ʨʘʢʝʪʘʤʠ); 

5. ɼʘʥʥʦʝ ʦʨʫʞʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʜʦʨʦʛʦʝ: ʩʪʦʠʤʦʩʪʴ ʦʜʥʦʡ ʨʘʢʝʪʳ ʥʘ 2014 ʛʦʜ 

ʩʦʩʪʘʚʣʷʣʘ 1,45 ʤʣʥ ʜʦʣʣʘʨʦʚ, ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʤʦʜʠʬʠʢʘʮʠʡ ʦʥʘ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 2 ʤʣʥ 

ʜʦʣʣʘʨʦʚ; 

6. ʋʥʠʚʝʨʩʘʣʴʥʦʩʪʴ: ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʙʦʝʚʳʭ ʯʘʩʪʝʡ, ʘ ʪʘʢʞʝ ʨʘʟʥʳʝ ʩʧʦʩʦʙʳ 

ʧʦʨʘʞʝʥʠʷ ʦʙʲʝʢʪʦʚ ʧʦʟʚʦʣʷʶʪ ʧʨʠʤʝʥʷʪʴ Tomahawk ʧʨʦʪʠʚ ʨʘʟʣʠʯʥʳʭ ʮʝʣʝʡ. 
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ʈʠʩʫʥʦʢ 1 -  ʂʨʳʣʘʪʘʷ ʨʘʢʝʪʘ çTomahawkè 

 

ʅʘ ʧʨʠʤʝʨʝ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ ʧʨʦʪʠʚʦʚʦʟʜʫʰʥʦʡ ʦʙʦʨʦʥʳ ʘʪʦʤʥʦʛʦ ʢʨʝʡʩʝʨʘ çʇʝʪʨ 

ɺʝʣʠʢʠʡè ʨʘʩʩʤʦʪʨʠʤ ʘʢʪʠʚʥʫʶ ʩʠʩʪʝʤʫ ʟʘʱʠʪʳ ʢʦʨʘʙʣʝʡ ʦʪ ʚʳʩʦʢʦʪʦʯʥʦʛʦ ʦʨʫʞʠʷ. ʅʘ 

ʢʨʝʡʩʝʨʝ ʫʩʪʘʥʦʚʣʝʥʳ ʪʘʢʠʝ ʩʠʩʪʝʤʳ ʢʘʢ:  

1. ʂʦʤʧʣʝʢʩ ʉ-300;  

2. ɼʚʝ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʝ ʩʪʘʥʮʠʠ;  

3. ɿʝʥʠʪʥʳʡ ʨʘʢʝʪʥʳʡ ʢʦʤʧʣʝʢʩ çʂʠʥʞʘʣè;  

4. ʐʝʩʪʴ ʟʝʥʠʪʥʳʭ ʘʨʪʠʣʣʝʨʠʡʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ çʂʦʨʪʠʢè. 

ʂʦʤʧʣʝʢʩʥʘʷ ʩʪʨʫʢʪʫʨʘ ʇɺʆ ʢʦʨʘʙʣʷ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʵʰʝʣʦʥʠʨʦʚʘʥʥʫʶ ʦʙʦʨʦʥʫ. ʉ 

ʪʘʢʦʡ ʩʠʩʪʝʤʦʡ ʟʘʱʠʪʦʡ ʢʨʝʡʩʝʨ ʩʧʦʩʦʙʝʥ ʦʙʝʩʧʝʯʠʪʴ ʦʙʦʨʦʥʫ, ʢʘʢ ʩʘʤʦʤʫ ʩʝʙʝ, ʪʘʢ ʠ ʜʣʷ 

ʜʨʫʛʠʭ ʢʦʨʘʙʣʝʡ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʢʦʨʘʙʝʣʴʥʦʡ ʘʚʠʘʥʦʩʥʦʡ ʛʨʫʧʧʳ. ɺ ʨʘʙʦʪʝ [3] 

ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʦ ʨʘʢʝʪʥʦʤ ʚʦʦʨʫʞʝʥʠʠ ʥʘʜʚʦʜʥʦʛʦ ʬʣʦʪʘ. 

ʅʝ ʚʩʝʛʜʘ ʦʧʨʘʚʜʘʥʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʢʪʠʚʥʳʝ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ, ʪʘʢ ʢʘʢ ʦʥʠ ʩʥʠʞʘʶʪ 

ʩʢʨʳʪʥʦʩʪʴ ʢʦʨʘʙʣʷ ʠ ʛʦʨʘʟʜʦ ʜʦʨʦʞʝ ʧʘʩʩʠʚʥʳʭ ʩʠʩʪʝʤ ʟʘʱʠʪʳ.  

ʊʘʢ ʢʘʢ ʢʦʨʘʙʣʴ ʦʙʣʘʜʘʝʪ ʧʘʩʩʠʚʥʦʡ ʩʠʩʪʝʤʦʡ ʟʘʱʠʪʳ, ʪʘʢʦʡ ʢʘʢ ʟʘʜʳʤʣʝʥʠʝ ʢʦʨʘʙʣʷ ʚ 

ʪʝʯʝʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʤʠʥʫʪ, ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʧʘʩʩʠʚʥʫʶ ʩʠʩʪʝʤʫ, ʪʘʢʫʶ 

ʢʘʢ ʣʦʞʥʘʷ ʮʝʣʴ. 

ʃʦʞʥʫʶ ʮʝʣʴ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʜʚʫʤʷ ʤʝʪʦʜʘʤʠ: 

1. ʂʦʛʜʘ ʢʦʨʘʙʣʴ ʩʪʦʠʪ ʥʘ ʷʢʦʨʝ; 

2. ʂʦʛʜʘ ʢʦʨʘʙʣʴ ʥʘʭʦʜʠʪʩʷ ʚ ʜʚʠʞʝʥʠʠ; 

 

ʈʘʩʩʤʦʪʨʠʤ ʧʝʨʚʳʡ ʚʘʨʠʘʥʪ. 

 
 

ʈʠʩʫʥʦʢ 2 -  ʇʦʣʦʞʝʥʠʝ ʢʦʨʘʙʣʷ ʠ ʝʛʦ ʤʫʣʷʞʝʡ: ʢʦʨʘʙʣʴ ʩʪʦʠʪ ʥʘ ʷʢʦʨʝ 
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ɺ ʵʪʦʡ ʩʠʪʫʘʮʠʠ ʢʦʨʘʙʣʴ ʤʦʞʝʪ ʟʘʥʷʪʴ ʦʜʥʫ ʠʟ 5 ʟʘʜʳʤʣʝʥʥʳʭ ʧʦʟʠʮʠʡ. ʅʘ ʦʩʪʘʣʴʥʳʭ 

ʟʘʜʳʤʣʝʥʥʳʭ ʧʦʟʠʮʠʷʭ ʙʫʜʫʪ ʧʦʩʪʘʚʣʝʥʳ ʥʘʜʫʚʥʳʝ ʤʫʣʷʞʠ, ʢʦʪʦʨʳʡ ʙʫʜʫʪ ʠʤʠʪʠʨʦʚʘʪʴ 

ʢʦʨʘʙʣʶ, ʪʦ ʝʩʪʴ ʩʦʟʜʘʚʘʪʴ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʝ ʩʠʛʥʘʣʳ, ʥʘ ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʨʝʘʛʠʨʦʚʘʪʴ ʂʈ.  

ʊʘʢ ʞʝ ʙʫʜʝʪ ʩʦʟʜʘʚʘʪʴʩʷ ʪʝʧʣʦʚʦʡ ʀʂ ʩʠʛʥʘʣ, ʯʪʦʙʳ ʪʘʢʞʝ ʧʝʨʝʥʘʧʨʘʚʠʪʴ ʨʘʢʝʪʫ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʧʝʨʚʦʤ ʤʝʪʦʜʝ ʪʦʯʥʦʩʪʴ ʧʦʧʘʜʘʥʠʷ ʂʈ ʙʫʜʝʪ ʨʘʚʥʘ 1/5.  

ʊʘʢ ʞʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠ ʜʨʫʛʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʢʦʨʘʙʣʝʡ, ʜʦʧʫʩʪʠʤ 1/3 ʠʣʠ 1/4 ʠ 

ʪ.ʜ. ʅʦ ʵʪʦʪ ʩʧʦʩʦʙ ʟʘʱʠʪʳ ʙʫʜʝʪ ʵʢʦʥʦʤʠʯʝʩʢʠ ʦʧʨʘʚʜʘʥ, ʝʩʣʠ ʢʦʨʘʙʣʴ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ 

ʥʘʭʦʜʠʪʩʷ ʥʘ ʦʜʥʦʤ ʤʝʩʪʝ. 

 

 
 

ʈʠʩʫʥʦʢ 3 - ʇʝʨʝʜʚʠʞʝʥʠʝ ʢʦʨʘʙʣʷ: 2-ʤʫʣʷʞ ʢʦʨʘʙʣʷ. 3-ʜʳʤʦʚʘʷ ʟʘʚʝʩʘ 

 

ʇʨʠ ʚʪʦʨʦʤ ʤʝʪʦʜʝ ʟʘʱʠʪʳ, ʢʦʛʜʘ ʢʦʨʘʙʣʴ ʠʥʬʦʨʤʠʨʦʚʘʥ ʦ ʧʨʠʙʣʠʞʝʥʠʝ ʢ ʥʝʤʫ 

ʨʘʢʝʪʳ, ʟʘʨʘʥʝʝ ʛʦʪʦʚʠʪʩʷ ʜʳʤʦʚʘʷ ʟʘʚʝʩʘ ʪʘʢʘʷ, ʯʪʦʙʳ ʚ ʥʝʡ ʤʦʞʥʦ ʙʳʣʦ ʧʝʨʝʜʚʠʛʘʪʴʩʷ 

ʢʦʨʘʙʣʶ ʙʝʟ ʘʪʘʢʠ ʥʘ ʥʝʛʦ. ʅʘ ʪʦʤ ʤʝʩʪʝ, ʛʜʝ ʨʘʢʝʪʦʡ ʙʳʣ ʟʘʬʠʢʩʠʨʦʚʘʥ ʢʦʨʘʙʣʴ, ʩʪʘʚʠʪʩʷ 

ʤʫʣʷʞ ʢʦʨʘʙʣʷ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʫʣʷʞ ʢʦʨʘʙʣʷ ʜʦʣʞʝʥ ʧʨʠʥʷʪʴ ʫʜʘʨ ʧʨʦʪʠʚʥʠʢʘ ʥʘ ʩʝʙʷ, ʘ ʩʘʤ 

ʟʘʱʠʱʘʝʤʳʡ ʢʦʨʘʙʣʴ ʩʙʠʪʴ ʨʘʢʝʪʫ.  

ʇʨʝʠʤʫʱʝʩʪʚʘ ʩʦʯʝʪʘʥʠʷ ʤʫʣʷʞʘ ʠ ʜʳʤʦʚʦʡ ʟʘʚʝʩʳ ʚ ʪʦʤ, ʯʪʦ ʇʂʈ ʧʦʣʝʪʠʪ ʧʦ 

ʠʥʝʨʮʠʠ ʚ ʤʫʣʷʞ, ʘ ʪʘʢʞʝ ʥʝʣʴʟʷ ʙʫʜʝʪ ʧʝʨʝʡʪʠ ʥʘ ʨʫʯʥʳʝ ʫʧʨʘʚʣʝʥʠʷ ʪʘʢ, ʢʘʢ ʚʦʢʨʫʛ 

ʢʦʨʘʙʣʷ ʠ ʤʫʣʷʞʘ ʧʦʩʪʘʚʣʝʥʘ ʜʳʤʦʚʘʷ ʟʘʚʝʩʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦ ʢʘʤʝʨʘʤ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ 

ʨʘʢʝʪʳ, ʥʘʚʝʜʝʥʠʝ ʥʝ ʦʙʝʩʧʝʯʠʪ ʧʦʨʘʞʝʥʠʝ ʢʦʨʘʙʣʷ.  

 

ɺʳʚʦʜ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʘʩʩʠʚʥʘʷ ʤʘʩʢʠʨʦʚʢʘ çʤʫʣʷʞè ʵʬʬʝʢʪʠʚʥʘ ʠ ʤʘʣʦ ʟʘʪʨʘʪʥʘ ʧʦ 

ʩʪʦʠʤʦʩʪʠ. ʅʦ ʨʝʘʣʠʟʦʚʘʪʴ ʝʝ ʩʣʦʞʥʦ ʪʘʢ, ʢʘʢ ʪʨʝʙʫʶʪʩʷ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʥʘʧʨʠʤʝʨ, 

ʠʟʛʦʪʦʚʣʝʥʠʝ ʤʫʣʷʞʝʡ (ʨʘʟʤʝʨʦʤ ʩ ʢʦʨʘʙʣʴ), ʩʦʟʜʘʥʠʝ ʠʩʪʦʯʥʠʢʦʚ ʪʝʧʣʦʚʦʛʦ ʠ 

ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʧʦʣʷ.  

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ: 

1. Militaryarms.ru [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. 

URL:https://militaryarms.ru/boepripasy/rakety/tomagavk/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 8.04.2018).  

2. TVVEZDA [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. 

URL:https://tvzvezda.ru/news/opk/content/201712271323-2yjo.htm (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 8.04.2018). 

3. ʈʘʢʝʪʥʦʝ ʚʦʦʨʫʞʝʥʠʝ ʥʘʜʚʦʜʥʦʛʦ ʬʣʦʪʘ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ].  

http://alternathistory.com/raketnoe-vooruzhenie-nadvodnogo-flota-orly-otechestva . 

http://alternathistory.com/raketnoe-vooruzhenie-nadvodnogo-flota-orly-otechestva
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ʋɼʂ623.465.1 

 

ʊɽʅɼɽʅʎʀʀ ʈɸɿɺʀʊʀʗ ʉʀʉʊɽʄ ʅɸɺɽɼɽʅʀʗ ʂʈʓʃɸʊʓʍ ʈɸʂɽʊ  

 

ɺʝʨʝʤʯʫʢ ʆʢʩʘʥʘ ʃʝʦʥʠʜʦʚʥʘ, ʀʩʘʢʦʚ ɼʤʠʪʨʠʡ ʉʝʨʛʝʝʚʠʯ,  

ɻʦʣʴʜʙʝʨʛ ʄʠʭʘʠʣ ɸʨʢʘʜʴʝʚʠʯ, ʃʝʛʢʠʡ ɺʣʘʜʠʤʠʨ ʅʠʢʦʣʘʝʚʠʯ 

 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, okveremchyk@gmail.com 

 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʚʠʜʦʚ ʚʳʩʦʢʦʪʦʯʥʦʛʦ ʦʨʫʜʠʷ ʷʚʣʷʶʪʩʷ ʢʨʳʣʘʪʳʝ ʨʘʢʝʪʳ, 

ʟʘʜʘʯʘʤʠ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ  ʧʦʨʘʞʝʥʠʝ ʥʘʟʝʤʥʳʭ ʠ ʥʘʜʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʦʙʳʯʥʳʤʠ 

(ʦʩʢʦʣʦʯʥʦ-ʬʫʛʘʩʥʳʤʠ ʠʣʠ ʢʫʤʫʣʷʪʠʚʥʳʤʠ ʙʦʝʧʨʠʧʘʩʘʤʠ), ʠʣʠ  ʷʜʝʨʥʳʤʠ ʙʦʝʧʨʠʧʘʩʘʤʠ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʢʨʳʣʘʪʳʭ ʨʘʢʝʪ (ʂʈ) ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʟʘʜʘʥʥʫʶ ʜʘʣʴʥʦʩʪʴ 

ʩʪʨʝʣʴʙʳ, ʟʘʜʘʥʥʫʶ ʪʦʯʥʦʩʪʴ ʥʘʚʝʜʝʥʠʷ ʚʳʩʦʢʫʶ ʪʝʭʥʠʯʝʩʢʫʶ ʥʘʜʝʞʥʦʩʪʴ, ʚʳʩʦʢʫʶ 

ʟʘʱʠʱʝʥʥʦʩʪʴ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʩʨʝʜʩʪʚ ʇɺʆ ʠ ʈʕɹ ʧʨʦʪʠʚʥʠʢʘ. ʉʦʚʨʝʤʝʥʥʳ ʢʨʳʣʘʪʳʝ 

ʨʘʢʝʪʳ ʦʪʥʦʩʷʪʩʷ ʢ ʢʘʪʝʛʦʨʠʠ çʚʳʩʦʢʦʪʦʯʥʦʝ ʦʨʫʞʠʝè, ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʜʝʣʝʥʳ ʥʘ 

ʪʘʢʪʠʯʝʩʢʠʝ ʢʨʳʣʘʪʳʝ ʨʘʢʝʪ (ʊʂʈ, ʜʘʣʴʥʦʩʪʴ ʩʪʨʝʣʴʙʳ ʜʦ 300 ï 500 ʢʤ), ʠ 

ʩʪʨʘʪʝʛʠʯʝʩʢʠʝ ʢʨʳʣʘʪʳʝ ʨʘʢʝʪʳ (ʉʂʈ, ʜʘʣʴʥʦʩʪʴ ʩʪʨʝʣʴʙʳ ʜʦ 5000 ï 7000  ʢʤ.). 

ʂʨʳʣʘʪʳʝ ʨʘʢʝʪʳ ʤʦʛʫʪ ʟʘʧʫʩʢʘʪʴʩʷ ʩ ʥʘʟʝʤʥʳʭ ʫʩʪʘʥʦʚʦʢ (ʘʚʪʦʤʦʙʠʣʴʥʳʭ, 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ), ʤʦʨʩʢʠʭ ʫʩʪʘʥʦʚʦʢ, ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʢʦʥʪʝʡʥʝʨʥʳʭ ʫʩʪʘʥʦʚʦʢ, ʩ 

ʩʘʤʦʣʝʪʦʚ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʂʈ ʦʩʥʘʱʝʥʳ ʩʠʩʪʝʤʘʤʠ  ʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʨʝʰʘʶʪ ʪʨʠ ʦʩʥʦʚʥʳʝ 

ʟʘʜʘʯʠ: ʚʳʚʦʜ ʚ ʟʘʜʘʥʥʳʡ ʨʘʡʦʥ, ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʮʝʣʝʡ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʮʝʣʝʡ ʤʝʞʜʫ ʝʝ 

ʘʪʘʢʫʶʱʠʤʠ ʨʘʢʝʪʘʤʠ (ʪ.ʝ. ʟʘʜʘʯʫ ʮʝʣʝʫʢʘʟʘʥʠʷ), ʥʘʚʝʜʝʥʠʝ ʢʘʞʜʦʡ  ʨʘʢʝʪʳ ʥʘ ʟʘʜʘʥʥʫʶ 

ʮʝʣʴ,  ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʝ ʩʨʝʜʩʪʚʘʤ ʈʕɹ ʧʨʦʪʠʚʥʠʢʘ. ɼʣʷ ʩʦʚʨʝʤʝʥʥʳʭ ʢʨʳʣʘʪʳʭ ʨʘʢʝʪ 

ʧʨʠʤʝʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʩʠʩʪʝʤʳ  ʥʘʚʝʜʝʥʠʷ: ʠʥʝʨʮʠʘʣʴʥʳʝ ʠ ʘʩʪʨʦʥʘʚʠʛʘʮʠʦʥʥʳʝ 

ʩʠʩʪʝʤʳ ʚʳʚʝʜʥʠʷ ʂʈ ʚ ʥʫʞʥʳʡ ʨʘʡʦʥ, ʩʠʩʪʝʤʳ çʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʦʚè ʜʣʷ ʚʳʜʝʣʝʥʠʷ 

ʦʙʲʝʢʪʦʚ ʧʦʨʘʞʝʥʠʷ ʥʘ ʬʦʥʝ ʤʝʩʪʥʳʭ ʧʨʝʜʤʝʪʦʚ ʠ ʧʨʝʜʤʝʪʦʚ ʤʘʩʢʠʨʦʚʢʠ ʦʙʲʝʢʪʦʚ 

ʧʦʨʘʞʝʥʠʷ , ʩʠʩʪʝʤʳ ʪʝʣʝʫʧʨʘʚʣʝʥʠʷ ʠ ʩʘʤʦʥʘʚʝʜʝʥʠʷ  ʥʘ ʚʳʙʨʘʥʥʳʝ( ʥʘʟʥʘʯʝʥʥʳʭ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʮʝʣʝʫʢʘʟʘʥʠʷ) ʮʝʣʠ. ʉʠʩʪʝʤʳ ʩʘʤʦʥʘʚʝʜʝʥʠʷ ʙʳʚʘʶʪ ʥʝʩʢʦʣʴʢʠʭ ʚʠʜʦʚ: 

ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʝ, ʠʥʬʨʘʢʨʘʩʥʳʝ, ʟʚʫʢʦʚʳʝ ʠ ʦʧʪʠʯʝʩʢʠʝ. ʂʘʞʜʘʷ ʠʟ ʵʪʠʭ ʩʠʩʪʝʤ 

ʩʘʤʦʥʘʚʝʜʝʥʠʷ, ʠʩʧʦʣʴʟʫʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʚʠʜ ʵʥʝʨʛʠʠ, ʠʟʣʫʯʘʝʤʦʡ ʮʝʣʴʶ, ʤʦʞʝʪ ʙʳʪʴ 

ʘʢʪʠʚʥʦʡ, ʧʦʣʫʘʢʪʠʚʥʦʡ ʠʣʠ ʧʘʩʩʠʚʥʦʡ. 

One of main types of the high-precision tool are cruise missiles which main developing 

objectives are fire range increasing, targeting accuracy on the final site of a trajectory, and also 

lethality increasing. Cruise missiles are equipped with a control system that solves three main 

objectives: aiming at the target, stabilization of flight and management of fuel consumption. 

Systems of telecontrol and homing are applied to cruise missiles. Systems of homing happen several 

types: radio, infrared, sound and optical. Each of these systems of homing, using the corresponding 

type of the energy radiated by the purpose can be active, semi-active or passive. 

 

ɺʚʝʜʝʥʠʝ 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʩʦʚʨʝʤʝʥʥʳʭ ʚʦʡʥ ʠ ʚʦʝʥʥʳʭ ʢʦʥʬʣʠʢʪʦʚ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʨʝʰʘʶʱʫʶ ʨʦʣʴ ʚ ʨʝʰʝʥʠʠ ʚʦʝʥʥʳʭ ʟʘʜʘʯ ʩʳʛʨʘʣʦ ʚʳʩʦʢʦʪʦʯʥʦʝ ʦʨʫʞʠʝ 

(ɺʊʆ). ʍʘʨʘʢʪʝʨ ʨʘʟʨʘʙʦʪʦʢ ʠ ʧʨʠʤʝʥʝʥʠʷ ɺʊʆ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʝʛʦ 

ʚʠʜʦʚ ʷʚʣʷʶʪʩʷ ʢʨʳʣʘʪʳʝ ʨʘʢʝʪʳ (ʂʈ), ʠʩʧʦʣʴʟʫʶʱʠʝ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʥʘʚʝʜʝʥʠʷ [1]. 

ʇʨʦʪʦʪʠʧʦʤ ʩʦʚʨʝʤʝʥʥʳʭ ʢʨʳʣʘʪʳʭ ʨʘʢʝʪ ʷʚʣʷʝʪʩʷ ʢʨʳʣʘʪʘʷ ʨʘʢʝʪʘ FZG-76/V-1, 

ʩʦʩʪʦʷʚʰʘʷ ʥʘ ʚʦʦʨʫʞʝʥʠʠ ʘʨʤʠʠ ɻʝʨʤʘʥʠʠ ʚ ʩʝʨʝʜʠʥʝ ɺʪʦʨʦʡ ʤʠʨʦʚʦʡ ʚʦʡʥʳ. ʉʠʩʪʝʤʘ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʡ ʘʚʪʦʧʠʣʦʪ ʥʘ ʙʘʟʝ ʛʠʨʦʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʡ ʧʣʘʪʬʦʨʤʳ, 

ʫʜʝʨʞʠʚʘʶʱʝʡ ʨʘʢʝʪʫ ʥʘ ʟʘʜʘʥʥʦʤ ʧʨʠ ʩʪʘʨʪʝ ʢʫʨʩʝ ʠ ʚʳʩʦʪʝ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʧʦʣʝʪʘ, ʘ 

ʘʥʝʤʦʤʝʪʨ ʦʪʩʣʝʞʠʚʘʣ ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʮʝʣʠ. ʅʘʚʝʜʝʥʠʝ ʥʘ ʮʝʣʴ ʚʳʧʦʣʥʷʣʦʩʴ ʧʝʨʝʜ ʩʪʘʨʪʦʤ 
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ʧʦ ʤʘʛʥʠʪʥʦʤʫ ʢʦʤʧʘʩʫ, ʢʦʪʦʨʳʡ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ [2].  

ʊʦʯʥʦʩʪʴ ʥʘʚʝʜʝʥʠʷ ʂʈ (ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ) 

ʩʦʩʪʘʚʣʷʣʘ ʥʝʩʢʦʣʴʢʦ ʢʠʣʦʤʝʪʨʦʚ ʧʨʠ ʜʘʣʴʥʦʩʪʠ ʧʫʩʢʘ ʜʦ  80 ʢʤ, ʯʪʦ ʧʦʟʚʦʣʷʣʦ ʧʨʠ  

ʜʦʩʪʘʪʦʯʥʦ ʤʦʱʥʳʭ ʙʦʝʚʳʭ  ʯʘʩʪʷʭ ʦʩʢʦʣʦʯʥʦïʬʫʛʘʩʥʦʛʦ ʜʝʡʩʪʚʠʷ ʙʫʢʚʘʣʴʥʦ  

ʪʝʨʨʦʨʠʟʠʨʦʚʘʪʴ ʥʘʩʝʣʝʥʠʝ ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ  ʧʨʠ ʯʘʩʪʳʭ  ʫʜʘʨʘʭ (ʧʦ ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ ʟʘ 

ʛʦʜʳ ʚʪʦʨʦʡ ʤʠʨʦʚʦʡ ʚʦʡʥʳ ʙʳʣʦ ʚʳʧʫʱʝʥʦ ʦʢʦʣʦ 8000 ʂʈ ʪʠʧʘ ʌɸʋ-1 ʠ ʌɸʋï2). 

ɼʦ ʩʝʨʝʜʠʥʳ 60 ïʭ  ʧʫʪʝʤ ʥʘʩʪʦʡʯʠʚʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʂʈ, ʫʜʘʣʦʩʴ ʜʦʩʪʠʛʥʫʪʴ 

ʪʦʯʥʦʩʪʠ ʩʪʨʝʣʴʙʳ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʤʝʪʨʦʚ ʧʨʠ ʜʘʣʴʥʦʩʪʠ ʩʪʨʝʣʴʙʳ ʜʦ ʩʦʪʝʥ 

ʢʠʣʦʤʝʪʨʦʚ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʦʚʨʝʤʝʥʥʳʝ ʂʈ( ʥʘʧʨʠʤʝʨ, ʘʤʝʨʠʢʘʥʩʢʠʝ ʢʨʳʣʘʪʳʝ ʨʘʢʝʪʳ 

çʊʦʤʘʛʘʚʢè ʠ ʨʦʩʩʠʡʩʢʠʝ ʢʨʳʣʘʪʳʝ ʨʘʢʝʪʳ çʂʘʣʠʙʨè) ï ʵʪʦ ʩʚʝʨʭʟʚʫʢʦʚʦʚʳʝ ʠ 

ʛʠʧʝʨʟʚʫʢʦʚʳʝ ʣʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ, ʦʩʥʘʱʝʥʥʳʝ  ʵʬʬʝʢʪʠʚʥʳʤʠ ʠ ʧʦʩʪʦʷʥʥʦ 

ʨʘʟʚʠʚʘʶʱʠʤʠʩʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ  ʫʧʨʘʚʣʷʶʱʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʨʠ 

ʜʘʣʴʥʦʩʪʷʭ ʧʫʩʢʘ ʚ ʥʝʩʢʦʣʴʢʦ ʩʦʪ ʢʠʣʦʤʝʪʨʦʚ  ʦʙʝʩʧʝʯʠʚʘʪʴ ʉʂʆ ʜʦ 0,2 ï 0,5ʤ (ʨʘʢʝʪʘ 

ʧʦʧʘʜʘʝʪ ʚ ʦʪʢʨʳʪʳʡ ʣʶʢ ʪʘʥʢʘ ʠʣʠ ʚʣʝʪʘʝʪ ʚ ʪʨʫʙʫ ʊʕʎ), ʘ ʧʨʠ ʩʪʨʝʣʴʙʝ ʜʦ 5000 ʢʤ ʉʂʆ 

ʩʦʩʪʘʚʣʷʝʪ 1 ï 1, 5ʤ (ʥʘʧʨʠʤʝʨ, ʘʤʝʨʠʢʘʥʩʢʠʝ ç ʊʦʤʘʛʘʚʢʠè ʧʦʧʘʜʘʣʠ ʪʦʯʥʦ ʚ ʮʝʥʪʨ 

ʟʘʱʠʱʸʥʥʳʭ   ʘʥʛʘʨʦʚ ʜʣʷ ʩʘʤʦʣʝʪʦʚ ʩʠʨʠʡʩʢʠʭ ɺɺʉ ʠ ʩʢʣʘʜʩʢʠʭ ʧʦʤʝʱʝʥʠʡ, ʘ ʈʦʩʩʠʡʩʢʠʝ 

çʂʘʣʠʙʨʳè ʧʦʧʘʜʘʣʠ ʚ ʮʝʥʪʨ ʢʦʣʦʥʥ ʠʟ 3-4 ʤʘʰʠʥ ʛʨʫʧʧʠʨʦʚʦʢ ʀɻʀʃ ʠʣʠ ʞʝ ʧʦʧʘʜʘʣʠ 

ʪʦʯʥʦ ʚ ʩʝʨʝʜʠʥʫ ʟʘʛʣʫʙʣʝʥʥʳʭ ʢʦʤʘʥʜʥʳʭ ʧʫʥʢʪʦʚ). 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ 

ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ - ʩʦʚʦʢʫʧʥʦʩʪʴ ʢʦʤʧʦʥʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʧʦʣʦʞʝʥʠʝ 

ʨʘʢʝʪʳ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʣʠ, ʚʳʧʦʣʥʷʶʪ ʨʘʩʯʝʪ ʥʫʞʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʧʦʣʝʪʘ(ʪ.ʥ. 

ç ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʪʨʘʝʢʪʦʨʠʠè) ʠ ʫʜʝʨʞʠʚʘʶʪ ʨʘʢʝʪʫ ʥʘ ʪʨʘʝʢʪʦʨʠʠ- ʟʘʩʪʘʚʣʷʶʪ ʜʚʠʛʘʪʴʩʷ ʚ 

ʠʪʦʛʝ ʧʦ ʦʧʪʠʤʘʣʴʥʦʡ ʪ.ʥ. çʜʠʥʘʤʠʯʝʩʢʦʡ ʪʨʘʝʢʪʦʨʠʠè, ʙʣʠʟʢʦʡ ʢ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ [3]. 

ɺ ʧʨʦʮʝʩʩʝ ʧʦʣʝʪʘ ʢʨʳʣʘʪʦʡ ʨʘʢʝʪʳ ʩʦʚʨʝʤʝʥʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʨʝʰʘʝʪ 

ʦʩʥʦʚʥʳʝ ʟʘʜʘʯʠ: 

ʥʘʚʝʜʝʥʠʝ ʥʘ ʮʝʣʴ ï ʵʪʦ ʩʧʦʩʦʙ ʫʧʨʘʚʣʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʨʘʢʝʪʘʤ ʟʘʜʘʶʪʩʷ ʧʘʨʘʤʝʪʨʳ 

ʜʚʠʞʝʥʠʷ, ʚʳʚʦʜʷʱʠʝ ʠʭ ʢ ʦʙʲʝʢʪʘʤ ʧʨʦʪʠʚʥʠʢʘ, ʥʘʤʝʯʝʥʥʳʤ ʜʣʷ ʧʦʨʘʞʝʥʠʷ [4].  

ʩʪʘʙʠʣʠʟʘʮʠʷ ʧʦʣʝʪʘ ï ʵʪʦ ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʢʦʤʧʝʥʩʘʮʠʷ ʚʣʠʷʥʠʷ ʚʥʝʰʥʠʭ ʠ 

ʚʥʫʪʨʝʥʥʠʭ ʚʦʟʤʫʱʝʥʠʡ, ʠ ʠʭ  ʢʦʤʧʝʥʩʘʮʠʷ ʩ ʫʯʝʪʦʤ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ 

(ʜʦʧʫʩʪʠʤʳʭ ʜʣʷ ʜʘʥʥʦʡ ʨʘʢʝʪʳ) [5].  

ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʠ ʚʳʙʦʨ ʮʝʣʝʡ ʜʣʷ ʧʦʨʘʞʝʥʠʷ; 

ʧʨʝʦʜʦʣʝʥʠʝ ʩʠʩʪʝʤʳ ʇɺʆ ʧʨʦʪʠʚʥʠʢʘ; 

ʧʨʝʦʜʦʣʝʥʠʝ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʩʠʩʪʝʤʳ ʈʕɹ ʧʨʦʪʠʚʥʠʢʘ; 

ʫʧʨʘʚʣʝʥʠʝ ʨʘʩʭʦʜʦʤ ʪʦʧʣʠʚʘ - ʦʙʝʩʧʝʯʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʘʩʭʦʜʘ 

ʪʦʧʣʠʚʘ ʠ ʧʦʣʥʦʛʦ ʚʳʛʦʨʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ (ʛʦʨʶʯʝʛʦ ʠ ʦʢʠʩʣʠʪʝʣʷ) [5]. 

ɼʣʷ ʥʘʚʝʜʝʥʠʷ ʂʈ ʥʘ ʟʘʜʘʥʥʳʝ ʮʝʣʠ ʧʨʠʤʝʥʷʶʪʩʷ ʩʠʩʪʝʤʳ ʚʳʚʝʜʝʥʠʷ  ʂʈ ʚ ʟʘʜʘʥʥʳʝ 

ʨʘʡʦʥ, ʩʠʩʪʝʤʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠ ʚʳʙʦʨʘ ʮʝʣʝʡ, ʠ ʩʠʩʪʝʤʳ ʩʘʤʦʥʘʚʝʜʝʥʠʷ ʥʘ ʥʘʟʥʘʯʝʥʥʫʶ 

ʮʝʣʴ. 

ʉʠʩʪʝʤʳ ʚʳʚʦʜʘ ʂʈ ʚ ʟʘʜʘʥʥʳʡ ʨʘʡʦʥ 

ʀʭ ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʚʥʫʪʨʝʥʥʠʝ (ʠʥʝʨʮʠʘʣʴʥʳʝ) ʩʠʩʪʝʤʳ ʚʳʚʦʜʘ, 

ʚʥʝʰʥʠʝ (ʘʩʪʨʦʥʘʚʠʛʘʮʠʦʥʥʳʝ) ʩʠʩʪʝʤʳ ʚʳʚʦʜʘ, ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʚʳʚʦʜʘ. 

ʀʥʝʨʮʠʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʚʳʚʦʜʘ (ʀʉɺ) ʧʨʠʤʝʥʷʣʠʩʴ, ʢʘʢ ʦʩʥʦʚʥʳʝ ʩʠʩʪʝʤʳ ʜʦ ʥʘʯʘʣʘ 

80-ʭ ʛʦʜʦʚ ʠ ʧʦʩʪʦʷʥʥʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʣʠʩʴ ʩ ʤʦʤʝʥʪʘ ʩʚʦʝʛʦ ʩʦʟʜʘʥʠʷ ʚ ɻʝʨʤʘʥʠʠ 

(ʩʝʨʝʜʠʥʘ 30-ʭ ʛʦʜʦʚ). ʆʩʥʦʚʦʡ ʀʉɺ ʷʚʣʷʶʪʩʷ ʛʠʨʦʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʝ ʧʣʘʪʬʦʨʤʳ ( 

ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʘʥʘʣʦʛʦʚʳʭ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚʘʭ - ʛʠʨʦʩʢʦʧʘʭ, 

ʜʘʪʯʠʢʘʭ ʣʠʥʝʡʥʳʭ ʫʩʢʦʨʝʥʠʡ, ʘ ʟʘʪʝʤ - ʥʘ ʣʘʟʝʨʥʳʭ ʢʦʣʴʮʝʚʳʭ ʛʠʨʦʩʢʦʧʘʭ ʠ ʨʘʟʣʠʯʥʳʭ  

ʘʥʘʣʦʛʦʚʦ - ʮʠʬʨʦʚʳʭ ʠ ʮʠʬʨʦʚʳʭ ʫʩʪʨʦʡʩʪʚʘʭ), ʙʦʨʪʦʚʳʝ ʘʢʩʝʣʝʨʦʤʝʪʨʳ( ʠʟʤʝʨʠʪʝʣʠ 

ʩʢʦʨʦʩʪʠ) ʠ ʦʜʦʤʝʪʨʳ( ʠʟʤʝʨʠʪʝʣʠ ʨʘʩʩʪʦʷʥʠʡ), ʙʦʨʪʦʚʳʝ ʚʳʩʦʪʦʤʝʨʳ . ɺ ʘʚʪʦʧʠʣʦʪ ʂʈ 

ʟʘʢʣʘʜʳʚʘʝʪʩʷ ʪ.ʥ. çʤʘʨʰʨʫʪʥʘʷ ʢʘʨʪʘ è, ʚ ʢʦʪʦʨʦʡ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʟʘʧʠʩʳʚʘʝʪʩʷ 

ʧʦʣʦʞʝʥʠʝ ʦʩʝʡ ʨʘʢʝʪʳ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʝʝ ʩʢʦʨʦʩʪʴ ʠ ʚʳʩʦʪʘ (ʧʨʠ ʵʪʦʤ ʩ ʧʦʤʦʱʴʶ 

ʧʣʘʪʬʦʨʤʳ ʬʠʢʩʠʨʫʝʪʩʷ ʥʘʯʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʦʩʝʡ ʨʘʢʝʪʳ ʚ ʤʦʤʝʥʪ ʩʪʘʨʪʘ). 
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çʂʠʥʝʤʘʪʠʯʝʩʢʘʷè (ʪ.ʝ ʨʘʩʯʝʪʥʘʷ ʪʨʘʝʢʪʦʨʠʷ) ʧʦʣʝʪʘ, ʢʦʪʦʨʘʷ ʩʝʛʦʜʥʷ ʤʦʞʝʪ ʙʳʪʴ 

ʨʘʟʨʘʙʦʪʘʥʘ ʥʘ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʮʝʣʝʡ ʠ ʚʚʝʜʝʥʘ ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ ʮʝʣʠ ʟʘ 

ʥʝʩʢʦʣʴʢʦ ʩʝʢʫʥʜ ʜʦ ʩʪʘʨʪʘ ʂʈ ( ʥʘʟʝʤʥʳʤ ʠʣʠ ʢʦʨʘʙʝʣʴʥʳʤ ʨʘʩʯʝʪʦʤ ʫʩʪʘʥʦʚʢʠ ʟʘʧʫʩʢʘ  

ʂʈ, ʰʪʫʨʤʘʥʦʤ - ʦʧʝʨʘʪʦʨʦʤ ʙʦʨʪʦʚʦʛʦ ʦʨʫʞʠʷ ʙʦʤʙʘʨʜʠʨʦʚʱʠʢʘ). ʂʨʦʤʝ ʵʪʦʛʦ, ʤʦʛʫʪ 

ʚʩʪʨʘʠʚʘʪʴʩʷ çʢʘʨʪʳ ʧʨʦʬʠʣʝʡ ʤʝʩʪʥʦʩʪʠè, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʩʨʘʚʥʠʚʘʪʴ ʨʝʘʣʴʥʫʶ ʢʘʨʪʫ 

ʤʝʩʪʥʦʩʪʠ ʩ ʟʘʣʦʞʝʥʥʦʡ ʠ ʪʝʤ ʩʘʤʳʤ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʧʦʣʝʪ ʂʈ. 

ɼʦʩʪʦʠʥʩʪʚʦʤ ʠʥʝʨʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤ ʚʳʚʝʜʝʥʠʷ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ 

ʧʦʤʝʭʦʟʘʱʠʱʸʥʥʦʩʪʴ ʠ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚʥʝʰʥʠʭ (ʥʘʟʝʤʥʳʭ, 

ʚʦʟʜʫʰʥʳʭ  ʠ ʢʦʩʤʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ) ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʦʙʲʝʢʪʦʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 

ʥʘʚʝʜʝʥʠʷ, ʘ ʦʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ - ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʧʨʠ ʥʘʢʦʧʣʝʥʠʠ 

ʦʰʠʙʦʢ ʧʦ ʤʝʨʝ ʧʦʣʝʪʘ ʂʈ. 

ɸʩʪʨʦʥʘʚʠʛʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʚʳʚʦʜʘ ʨʘʙʦʪʘʶʪ ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʠʩʪʝʤ ʛʣʦʙʘʣʴʥʦʛʦ  

ʛʝʦʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ (ʥʘʧʨʠʤʝʨ , GPS ʜʣʷ ʩʪʨʘʥ ʚʦʝʥʥʦʛʦ ʙʣʦʢʘ ʅɸʊʆ ʠʣʠ çɻʣʦʥʘʩè ʜʣʷ 

ʩʪʨʘʥ ʆɼʂɹ), ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʧʫʪʥʠʢʦʚʳʝ ʠ ʥʘʟʝʤʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ. ʆʩʥʦʚʥʳʤ 

ʜʦʩʪʦʠʥʩʪʚʦʤ ʘʩʪʨʦʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʥʘʚʝʜʝʥʠʷ, ʘ 

ʦʩʥʦʚʥʳʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ ʷʚʣʷʶʪʩʷ ʧʦʜʚʝʨʞʝʥʥʦʩʪʴ ʚʣʠʷʥʠʶ ʚʥʝʰʥʠʭ ʧʦʤʝʭ , ʧʦʩʪʘʚʣʝʥʥʳʭ 

ʧʨʦʪʠʚʥʠʢʦʤ, ʠ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚʥʝʰʥʠʭ ʦʙʲʝʢʪʦʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. 

ʂʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʚʳʚʝʜʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʦʩʪʦʠʥʩʪʚʘ ʦʙʝʠʭ 

ʩʠʩʪʝʤ ʚʳʚʝʜʝʥʠʷ ʧʨʠ ʩʥʠʞʝʥʠʠ ʚʣʠʷʥʠʷ ʠʭ ʥʝʜʦʩʪʘʪʢʦʚ. ʇʨʠ ʵʪʦʤ ʧʦ ʩʠʪʫʘʮʠʠ ʚʦʟʤʦʞʥʦ 

ʧʝʨʝʢʣʶʯʝʥʠʝ ʩ ʦʜʥʦʡ ʩʠʩʪʝʤʳ ʚʳʚʝʜʝʥʠʷ ʥʘ ʜʨʫʛʫʶ (ʥʘʧʨʠʤʝʨ, ʧʨʠ ʩʣʦʞʥʦʡ ʧʦʤʝʭʦʚʦʡ 

ʦʙʩʪʘʥʦʚʢʝ ʠʣʠ ʚʳʭʦʜʝ ʠʟ ʩʪʨʦʷ ʯʘʩʪʠ ʚʥʫʪʨʝʥʥʝʡ ʠʣʠ ʚʥʝʰʥʝʡ ʩʠʩʪʝʤʳ ʚʳʚʦʜʘ). 

ʉʠʩʪʝʤʘ ʩʘʤʦʥʘʚʝʜʝʥʠʷ ð ʩʦʚʦʢʫʧʥʦʩʪʴ ʫʩʪʨʦʡʩʪʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ 

ʘʚʪʦʥʦʤʥʦʛʦ ʚʳʚʦʜʘ ʤʝʪʘʪʝʣʴʥʦʛʦ ʩʥʘʨʷʜʘ ʥʘ ʮʝʣʴ ʠ ʤʠʥʠʤʠʟʘʮʠʠ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʥʝʝ ʙʝʟ 

ʫʯʘʩʪʠʷ ʵʢʠʧʘʞʘ ʠʣʠ ʚʥʝʰʥʠʭ ʩʨʝʜʩʪʚ ʫʧʨʘʚʣʝʥʠʷ. 

ʅʘ ʙʦʨʪʫ ʨʘʢʝʪʳ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʩʧʝʮʠʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʘʷ 

ʦʧʨʝʜʝʣʷʝʪ ʩʚʦʝ ʧʦʣʦʞʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʣʠ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʢʦʣʝʙʘʥʠʡ 

(ʨʘʜʠʦʚʦʣʥʳ, ʚʠʜʠʤʳʝ ʩʚʝʪʦʚʳʝ ʠ ʥʝʚʠʜʠʤʳʝ ʠʥʬʨʘʢʨʘʩʥʳʝ ʣʫʯʠ) ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʥʘʚʦʜʠʪʩʷ ʥʘ ʥʝʝ. 

ʉʠʩʪʝʤʳ ʩʘʤʦʥʘʚʝʜʝʥʠʷ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ: ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʝ, ʠʥʬʨʘʢʨʘʩʥʳʝ 

(ʪʝʧʣʦʚʳʝ), ʟʚʫʢʦʚʳʝ ʠ ʦʧʪʠʯʝʩʢʠʝ. ʂʘʞʜʘʷ ʠʟ ʵʪʠʭ ʩʠʩʪʝʤ ʩʘʤʦʥʘʚʝʜʝʥʠʷ, ʠʩʧʦʣʴʟʫʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʚʠʜ ʵʥʝʨʛʠʠ, ʠʟʣʫʯʘʝʤʦʡ ʮʝʣʴʶ, ʤʦʞʝʪ ʙʳʪʴ ʘʢʪʠʚʥʦʡ, ʧʦʣʫʘʢʪʠʚʥʦʡ ʠʣʠ 

ʧʘʩʩʠʚʥʦʡ. 

ɸʢʪʠʚʥʳʝ ʩʠʩʪʝʤʳ ʩʘʤʦʥʘʚʝʜʝʥʠʷ ʧʦʤʠʤʦ ʧʨʠʸʤʥʠʢʘ ʦʙʣʘʜʘʶʪ ʠ ʧʝʨʝʜʘʪʯʠʢʦʤ 

(ʠʟʣʫʯʘʪʝʣʝʤ) - ʫʩʪʨʦʡʩʪʚʦʤ, ʠʟʣʫʯʘʶʱʠʤ ʟʦʥʜʠʨʫʶʱʠʝ ʩʠʛʥʘʣʳ ʠ ʦʙʣʫʯʘʶʱʠʤ ʠʤʠ ʮʝʣʴ. 

ɼʘʪʯʠʢ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘʩʪʨʦʝʥ ʜʣʷ ʧʨʠʝʤʘ ʦʪʨʘʞʝʥʥʳʭ ʦʪ ʮʝʣʠ ʵʭʦ-ʩʠʛʥʘʣʦʚ. ʇʦʜ 

ʧʦʣʫʘʢʪʠʚʥʳʤ ʩʘʤʦʥʘʚʝʜʝʥʠʝʤ ʧʦʥʠʤʘʶʪ ʪʘʢʫʶ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ, ʢʦʛʜʘ ʮʝʣʴ ʦʙʣʫʯʘʝʪʩʷ 

ʠʩʪʦʯʥʠʢʦʤ ʵʥʝʨʛʠʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʚʥʝ ʨʘʢʝʪʳ, ʘ ʦʪʨʘʞʝʥʥʘʷ ʦʪ ʮʝʣʠ ʵʥʝʨʛʠʷ ʧʨʠʥʠʤʘʝʪʩʷ 

ʧʨʠʝʤʥʠʢʦʤ ʨʘʢʝʪʳ. ʇʘʩʩʠʚʥʳʝ ʩʠʩʪʝʤʳ ʠʩʧʦʣʴʟʫʶʪ ʵʥʝʨʛʠʶ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟʣʫʯʘʝʤʫʶ 

ʮʝʣʴʶ [3]. 

 

4.ʕʪʘʧʳ ʨʘʟʨʘʙʦʪʢʠ ʢʨʳʣʘʪʳʭ ʨʘʢʝʪ 

ʇʝʨʚʘʷ ʙʦʝʚʘʷ ʢʨʳʣʘʪʘʷ ʨʘʢʝʪʘ FZG-76/V-1 

ʇʝʨʚʦʡ ʙʦʝʚʦʡ ʢʨʳʣʘʪʦʡ ʨʘʢʝʪʦʡ ʙʳʣʘ ʥʝʤʝʮʢʘʷ FZG-76/V-1, ʙʦʣʝʝ 8000 ʢʦʪʦʨʳʭ 

ʙʳʣʦ ʧʨʠʤʝʥʝʥʦ, ʧʨʠʯʝʤ, ʚ ʦʩʥʦʚʥʦʤ, ʧʦ ʮʝʣʷʤ ʚ ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ.  

ɽʩʣʠ ʩʫʜʠʪʴ ʧʦ ʩʦʚʨʝʤʝʥʥʳʤ ʤʝʨʢʘʤ ʪʦ ʝʝ ʩʠʩʪʝʤʘ ʥʘʚʠʛʘʮʠʠ ʙʳʣʘ ʜʦʩʪʘʪʦʯʥʦ 

ʧʨʠʤʠʪʠʚʥʦʡ: ʘʚʪʦʧʠʣʦʪ ʥʘ ʙʘʟʝ ʛʠʨʦʩʢʦʧʘ ʚʳʜʝʨʞʠʚʘʣ ʢʫʨʩ, ʘ ʘʥʝʤʦʤʝʪʨ ʨʘʩʩʪʦʷʥʠʝ ʜʦ 

ʮʝʣʠ. ʈʘʢʝʪʘ ʚʳʩʪʘʚʣʷʣʘʩʴ ʧʦ ʥʘʤʝʯʝʥʥʦʤʫ ʢʫʨʩʫ ʧʝʨʝʜ ʟʘʧʫʩʢʦʤ ʠ ʥʘ ʥʝʡ ʚʳʩʪʘʚʣʷʣʦʩʴ 

ʨʘʩʯʝʪʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʮʝʣʠ ʠ ʢʘʢ ʪʦʣʴʢʦ ʦʜʦʤʝʪʨ ʫʢʘʟʳʚʘʣ, ʯʪʦ ʨʘʢʝʪʘ ʥʘʭʦʜʠʪʩʷ ʥʘʜ 

ʮʝʣʴʶ, ʘʚʪʦʧʠʣʦʪ ʫʚʦʜʠʣ ʝʸ ʚ ʢʨʫʪʦʝ ʧʠʢʠʨʦʚʘʥʠʝ. ʈʘʢʝʪʘ ʦʙʣʘʜʘʣʘ ʪʦʯʥʦʩʪʴʶ ʚ ʦʢʦʣʦ ʤʠʣʠ 

ʠ ʵʪʦʛʦ ʙʳʣʦ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʙʦʤʙʘʨʜʠʨʦʚʢʠ ʢʨʫʧʥʳʭ ʛʦʨʦʜʩʢʠʭ ʮʝʣʝʡ, ʪʘʢʠʭ ʢʘʢ ʃʦʥʜʦʥ.  

ɻʣʘʚʥʦʡ ʮʝʣʴʶ ʙʦʤʙʘʨʜʠʨʦʚʦʢ ʙʳʣʦ ʪʝʨʨʦʨʠʟʠʨʦʚʘʥʠʝ ʛʨʘʞʜʘʥʩʢʦʛʦ ʥʘʩʝʣʝʥʠʷ ʠ 

ʦʪʚʣʝʯʝʥʠʝ ʚʦʠʥʩʢʠʭ ʩʠʣ ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ ʦʪ ʥʘʩʪʫʧʘʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ, ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʠʭ ʥʘ 
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ʚʳʧʦʣʥʝʥʠʝ ʟʘʜʘʯ ʇɺʆ. 

ʇʝʨʚʘʷ ʘʤʝʨʠʢʘʥʩʢʘʷ ʢʨʳʣʘʪʘʷ ʨʘʢʝʪʘ JB-2 - ʢʦʧʠʷ ʥʝʤʝʮʢʦʡ V-1 

ɺ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʩʣʝʚʦʝʥʥʳʡ ʧʝʨʠʦʜ ʉʐɸ ʠ ʉʉʉʈ ʚʦʩʩʦʟʜʘʣʠ V-1 ʠ ʥʘʯʘʣʠ 

ʨʘʟʚʠʪʠʝ ʩʚʦʠʭ ʩʦʙʩʪʚʝʥʥʳʭ ʧʨʦʛʨʘʤʤ ʢʨʳʣʘʪʳʭ ʨʘʢʝʪ. ʇʝʨʚʦʝ ʧʦʢʦʣʝʥʠʝ ʪʝʘʪʨʘ ʚʦʝʥʥʳʭ 

ʜʝʡʩʪʚʠʡ ʠ ʪʘʢʪʠʯʝʩʢʦʛʦ ʷʜʝʨʥʦʛʦ ʦʨʫʞʠʷ ʚʳʟʚʘʣʦ ʩʦʟʜʘʥʠʝ ʢʨʳʣʘʪʳʭ ʨʘʢʝʪ ʩʝʨʠʠ Regulus 

ɺʄʉ ʉʐɸ, ʩʝʨʠʠ Mace/Matador ɺɺʉ ʉʐɸ ʠ ʩʦʚʝʪʩʢʠʭ ʩʝʨʠʡ ʂʦʤʝʪʘ ʂʉ-1 ʠ ʂʦʤʝʪʘ-20 ʠ 

ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʠ ʥʘʚʠʛʘʮʠʠ. ɺʩʝ ʵʪʠ ʨʘʢʝʪʳ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʠʩʧʦʣʴʟʫʶʪ 

ʘʚʪʦʧʠʣʦʪʳ ʥʘ ʦʩʥʦʚʝ ʪʦʯʥʳʭ ʛʠʨʦʩʢʦʧʦʚ, ʥʦ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʠ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʪʨʘʝʢʪʦʨʠʠ 

ʨʘʢʝʪʳ ʧʦ ʢʘʥʘʣʘʤ ʨʘʜʠʦʩʚʷʟʠ ʪʘʢ, ʯʪʦ ʷʜʝʨʥʘʷ ʙʦʝʛʦʣʦʚʢʘ ʤʦʛʣʘ ʙʳʪʴ ʜʦʩʪʘʚʣʝʥʘ ʢʘʢ ʤʦʞʥʦ 

ʪʦʯʥʝʝ. ʇʨʦʤʘʭʘ ʚ ʩʦʪʥʠ ʤʝʪʨʦʚ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʫʤʝʥʴʰʠʪʴ ʠʟʙʳʪʦʯʥʦʝ 

ʜʘʚʣʝʥʠʝ, ʧʨʦʠʟʚʝʜʝʥʥʦʝ ʷʜʝʨʥʦʡ ʙʦʝʛʦʣʦʚʢʦʡ, ʙʳʣʦ ʥʠʞʝ ʣʝʪʘʣʴʥʦʛʦ ʧʦʨʦʛʘ ʫʢʨʝʧʣʝʥʥʳʭ 

ʮʝʣʝʡ. ɺ 1950-ʭ ʛʦʜʘʭ ʥʘ ʚʦʦʨʫʞʝʥʠʝ ʧʦʩʪʫʧʠʣʠ ʧʝʨʚʳʝ ʢʦʥʚʝʥʮʠʦʥʘʣʴʥʳʝ ʧʦʩʣʝʚʦʝʥʥʳʝ 

ʪʘʢʪʠʯʝʩʢʠʝ ʢʨʳʣʘʪʳʝ ʨʘʢʝʪʳ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʪʠʚʦʢʦʨʘʙʝʣʴʥʦʛʦ ʦʨʫʞʠʷ. ɺ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʥʘ ʤʘʨʰʝʚʦʤ ʫʯʘʩʪʢʝ ʪʨʘʝʢʪʦʨʠʠ ʥʘʚʝʜʝʥʠʝ ʧʨʦʜʦʣʞʘʣʦʩʴ ʥʘ ʦʩʥʦʚʝ ʛʠʨʦʩʢʦʧʘ, ʘ 

ʠʥʦʛʜʘ ʠ ʢʦʨʨʝʢʪʠʨʦʚʘʣʦʩʴ ʧʦ ʨʘʜʠʦʩʚʷʟʠ, ʪʦʯʥʦʩʪʴ ʥʘʚʝʜʝʥʠʷ ʥʘ ʢʦʥʝʯʥʦʤ ʫʯʘʩʪʢʝ 

ʪʨʘʝʢʪʦʨʠʠ ʦʙʝʩʧʝʯʠʚʘʣʘʩʴ ɻʉʅ ʩ ʈʃʉ ʤʘʣʦʡ ʜʘʣʴʥʦʩʪʠ ʜʝʡʩʪʚʠʷ, ʧʦʣʫʘʢʪʠʚʥʦʡ ʥʘ ʩʘʤʳʭ 

ʨʘʥʥʠʭ ʚʝʨʩʠʷʭ, ʥʦ ʚʩʢʦʨʝ ʚʳʪʝʩʥʝʥʥʦʡ ʘʢʪʠʚʥʳʤʠ ʨʘʜʘʨʘʤʠ. ʈʘʢʝʪʳ ʵʪʦʛʦ ʧʦʢʦʣʝʥʠʷ ʣʝʪʷʪ 

ʥʘ ʩʨʝʜʥʠʭ ʠ ʙʦʣʴʰʠʭ ʚʳʩʦʪʘʭ, ʧʨʠ ʘʪʘʢʝ ʧʠʢʠʨʫʷ ʥʘ ʮʝʣʴ. 

ʄʝʞʢʦʥʪʠʥʝʥʪʘʣʴʥʘʷ ʢʨʳʣʘʪʘʷ ʨʘʢʝʪʘ çNorthrop SM-62 Snarkè 

ʉʣʝʜʫʶʱʠʡ ʚʘʞʥʳʡ ʵʪʘʧ ʚ ʪʝʭʥʦʣʦʛʠʠ ʥʘʚʠʛʘʮʠʠ ʢʨʳʣʘʪʳʭ ʨʘʢʝʪ ʧʦʩʣʝʜʦʚʘʣ ʩ 

ʧʨʠʥʷʪʠʝʤ ʥʘ ʚʦʦʨʫʞʝʥʠʝ ʤʝʞʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʢʨʳʣʘʪʳʭ ʨʘʢʝʪ ʥʘʟʝʤʥʦʛʦ ʙʘʟʠʨʦʚʘʥʠʷ 

Northrop SM-62 Snark, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʘʚʪʦʥʦʤʥʦʛʦ ʧʦʣʝʪʘ ʥʘʜ ʧʦʣʷʨʥʳʤʠ ʨʝʛʠʦʥʘʤʠ 

ʜʣʷ ʘʪʘʢʠ ʢʨʫʧʥʳʤʠ ʷʜʝʨʥʳʤʠ ʙʦʝʛʦʣʦʚʢʘʤʠ ʮʝʣʝʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʉʦʚʝʪʩʢʦʛʦ ʉʦʶʟʘ. 

 ʄʝʞʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʧʨʝʜʩʪʘʚʠʣʠ ʧʝʨʝʜ ʢʦʥʩʪʨʫʢʪʦʨʘʤʠ ʟʘʜʘʯʫ - 

ʩʦʟʜʘʪʴ ʨʘʢʝʪʫ ʩʧʦʩʦʙʥʫʶ ʧʦʨʘʞʘʪʴ ʮʝʣʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʚ ʜʝʩʷʪʴ ʨʘʟ ʙʦʣʴʰʝ, ʯʝʤ ʵʪʦ ʤʦʛʣʠ 

ʦʙʝʩʧʝʯʠʪʴ ʙʦʣʝʝ ʨʘʥʥʠʝ ʚʝʨʩʠʠ ʢʨʳʣʘʪʳʭ ʨʘʢʝʪ. ʅʘ Snark ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʥʘʜʣʝʞʘʱʘʷ 

ʠʥʝʨʮʠʘʣʴʥʘʷ ʥʘʚʠʛʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʠʩʧʦʣʴʟʫʶʱʘʷ ʛʠʨʦʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʡ ʧʣʘʪʬʦʨʤʫ ʠ 

ʪʦʯʥʳʝ ʘʢʩʝʣʝʨʦʤʝʪʨʳ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʜʚʠʞʝʥʠʷ ʨʘʢʝʪʳ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʘ ʪʘʢʞʝ ʘʥʘʣʦʛʦʚʳʡ 

ʚʳʯʠʩʣʠʪʝʣʴ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʥʘʢʦʧʣʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʨʘʢʝʪʳ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ. ʆʜʥʘʢʦ ʚʩʢʦʨʝ ʚʳʷʚʠʣʘʩʴ ʧʨʦʙʣʝʤʘ, ʜʨʝʡʬ ʚ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʙʳʣ 

ʩʣʠʰʢʦʤ ʚʝʣʠʢ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʢʝʪʳ, ʘ ʦʰʠʙʢʠ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʳ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʦʢʘʟʘʣʠʩʴ ʢʫʤʫʣʷʪʠʚʥʳʤʠ - ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʛʨʝʰʥʦʩʪʴ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʥʘʢʘʧʣʠʚʘʣʘʩʴ ʥʘ ʪʨʘʝʢʪʦʨʠʠ ʧʦʣʝʪʘ. 

ʈʝʰʝʥʠʝʤ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʩʪʘʣʦ ʫʩʪʨʦʡʩʪʚʦ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʧʨʝʮʠʟʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʧʦʣʦʞʝʥʠʷ ʨʘʢʝʪʳ ʥʘ ʪʨʘʝʢʪʦʨʠʠ ʝʝ ʧʦʣʝʪʘ ʠ 

ʩʧʦʩʦʙʥʦʝ ʠʩʧʨʘʚʠʪʴ ʠʣʠ "ʧʨʠʚʷʟʘʪʴ" ʦʰʠʙʢʠ ʛʝʥʝʨʠʨʦʚʘʥʥʳʝ ʚ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ. ʕʪʦ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʠʜʝʷ ʠ ʩʝʛʦʜʥʷ ʦʩʪʘʝʪʩʷ ʮʝʥʪʨʘʣʴʥʦʡ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʫʧʨʘʚʣʷʝʤʦʛʦ ʦʨʫʞʠʷ. ʊʘʢ, ʥʘʢʦʧʣʝʥʥʳʝ ʦʰʠʙʢʠ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʧʝʨʠʦʜʠʯʝʩʢʠ 

ʩʚʦʜʷʪʩʷ ʢ ʦʰʠʙʢʝ ʧʦʟʠʮʠʦʥʥʦʛʦ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʧʨʠʙʦʨʘ. 

ʂʨʳʣʘʪʘʷ ʨʘʢʝʪʘ çMartin Matadorè 

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʙʳʣʘ ʧʨʠʤʝʥʝʥʘ ʘʩʪʨʦʥʘʚʠʛʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʠʣʠ 

ʦʨʠʝʥʪʘʮʠʷ ʧʦ ʟʚʝʟʜʘʤ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʦʧʪʠʯʝʩʢʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʦʩʫʱʝʩʪʚʣʷʶʱʝʝ 

ʫʛʣʦʚʳʝ ʠʟʤʝʨʝʥʠʷ ʠʟʚʝʩʪʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʟʚʝʟʜ ʠ ʠʩʧʦʣʴʟʫʶʱʘʷ ʠʭ ʜʣʷ ʨʘʩʯʝʪʘ ʧʦʣʦʞʝʥʠʷ 

ʨʘʢʝʪʳ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɸʩʪʨʦʥʘʚʠʛʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʦʢʘʟʘʣʠʩʴ ʚʝʩʴʤʘ ʪʦʯʥʦʡ, ʥʦ ʠ 

ʜʦʚʦʣʴʥʦ ʜʦʨʦʛʦʡ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠ ʩʣʦʞʥʦʡ ʚ ʦʙʩʣʫʞʠʚʘʥʠʠ. ʊʘʢʞʝ ʪʨʝʙʦʚʘʣʦʩʴ, ʯʪʦʙʳ 

ʨʘʢʝʪʳ, ʦʩʥʘʱʝʥʥʳʝ ʵʪʦʡ ʩʠʩʪʝʤʦʡ, ʣʝʪʝʣʠ ʥʘ ʙʦʣʴʰʦʡ ʚʳʩʦʪʝ ʚʦ ʠʟʙʝʞʘʥʠʝ ʚʣʠʷʥʠʷ 

ʦʙʣʘʯʥʦʩʪʠ ʥʘ ʣʠʥʠʶ ʚʠʟʠʨʦʚʘʥʠʷ ʢ ʟʚʝʟʜʘʤ. 

ʄʝʥʝʝ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʫʩʧʝʭ ʘʩʪʨʦʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʧʦʚʩʝʤʝʩʪʥʦ ʧʦʩʣʫʞʠʣ 

ʪʦʣʯʢʦʤ ʚ ʨʘʟʚʠʪʠʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʪʘʢʠʭ ʢʘʢ GPS ʠ 

ɻʃʆʅɸʉʉ. ʉʧʫʪʥʠʢʦʚʘʷ ʥʘʚʠʛʘʮʠʷ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʘʥʘʣʦʛʠʯʥʦʡ ʘʩʪʨʦʥʘʚʠʛʘʮʠʠ 

ʢʦʥʮʝʧʮʠʠ, ʥʦ ʚʤʝʩʪʦ ʟʚʝʟʜ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʩʧʫʪʥʠʢʠ ɿʝʤʣʠ ʥʘ ʧʦʣʷʨʥʳʭ 

ʦʨʙʠʪʘʭ, ʘ ʚʤʝʩʪʦ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʩʚʝʪʘ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʉɺʏ ʩʠʛʥʘʣʳ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʶʪʩʷ 
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ʠʟʤʝʨʝʥʠʷ ʧʩʝʚʜʦ-ʜʠʘʧʘʟʦʥʘ, ʘ ʥʝ ʫʛʣʦʚʳʝ ʠʟʤʝʨʝʥʠʷ. ɺ ʠʪʦʛʝ ʵʪʘ ʩʠʩʪʝʤʘ ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʥʠʟʠʣʘ ʨʘʩʭʦʜʳ ʠ ʧʦʟʚʦʣʠʣʘ ʦʩʫʱʝʩʪʚʣʷʪʴ ʦʧʨʝʜʝʣʝʥʠʝ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʥʘ ʚʩʝʭ ʚʳʩʦʪʘʭ ʚ 

ʣʶʙʳʭ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʷʭ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʪʝʭʥʦʣʦʛʠʠ ʩʧʫʪʥʠʢʦʚʦʡ ʥʘʚʠʛʘʮʠʠ ʙʳʣʠ 

ʠʟʦʙʨʝʪʝʥʳ ʚ ʥʘʯʘʣʝ 1960-ʭ ʛʦʜʦʚ, ʦʥʠ ʩʪʘʣʠ ʦʧʝʨʘʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʪʦʣʴʢʦ ʚ 1980-ʝ 

ʛʦʜʳ. 

ɺ 1960-ʝ ʛʦʜʳ ʧʨʦʠʟʦʰʣʠ ʩʫʱʝʩʪʚʝʥʥʳʝ ʫʣʫʯʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʠʥʝʨʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤ, ʘ 

ʪʘʢʞʝ ʫʚʝʣʠʯʠʣʘʩʴ ʩʪʦʠʤʦʩʪʴ ʪʘʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦ ʧʨʠʚʝʣʦ ʢ 

ʧʨʦʪʠʚʦʨʝʯʠʚʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʧʦ ʪʦʯʥʦʩʪʠ ʠ ʩʪʦʠʤʦʩʪʠ. ʂʘʢ ʨʝʟʫʣʴʪʘʪ ʚʦʟʥʠʢʣʘ ʥʦʚʘʷ 

ʪʝʭʥʦʣʦʛʠʷ ʚ ʦʙʣʘʩʪʠ ʥʘʚʠʛʘʮʠʠ ʢʨʳʣʘʪʳʭ ʨʘʢʝʪ ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʩʠʩʪʝʤʝ ʦʧʨʝʜʝʣʝʥʠʷ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʨʘʢʝʪʳ ʧʫʪʝʤ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ ʤʝʩʪʥʦʩʪʠ ʩ 

ʵʪʘʣʦʥʥʦʡ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʡ ʧʨʦʛʨʘʤʤʦʡ. ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʩʪʫʧʠʣʘ ʥʘ ʚʦʦʨʫʞʝʥʠʝ 

ʢʨʳʣʘʪʳʭ ʨʘʢʝʪ ʉʐɸ ʚ 1970-ʝ ʛʦʜʳ ʠ ʩʦʚʝʪʩʢʠʭ ʨʘʢʝʪ ʚ 1980-ʝ. ʊʝʭʥʦʣʦʛʠʷ TERCOM 

(ʩʠʩʪʝʤʘ ʮʠʬʨʦʚʦʡ ʢʦʨʨʝʣʷʮʠʠ ʩ ʨʝʣʴʝʬʦʤ ʤʝʩʪʥʦʩʪʠ ʙʣʦʢʘ ʥʘʚʝʜʝʥʠʷ ʢʨʳʣʘʪʦʡ ʨʘʢʝʪʳ) 

ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ, ʢʘʢ ʠ ʩʠʩʪʝʤʘ ʘʩʪʨʦʥʘʚʠʛʘʮʠʠ, ʜʣʷ ʦʙʥʫʣʝʥʠʷ ʩʦʚʦʢʫʧʥʳʭ ʠʥʝʨʮʠʘʣʴʥʳʭ 

ʩʠʩʪʝʤʥʳʭ ʦʰʠʙʦʢ. 

ʂʨʳʣʘʪʘʷ ʨʘʢʝʪʘ  çʂʦʤʝʪʘè 

ʊʝʭʥʦʣʦʛʠʷ TERCOM ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʘ ʧʦ ʟʘʤʳʩʣʫ, ʭʦʪʷ ʠ ʩʣʦʞʥʘ ʚ ʜʝʪʘʣʷʭ. 

ʂʨʳʣʘʪʘʷ ʨʘʢʝʪʘ ʥʝʧʨʝʨʳʚʥʦ ʠʟʤʝʨʷʝʪ ʚʳʩʦʪʫ ʤʝʩʪʥʦʩʪʠ ʧʦʜ ʪʨʘʝʢʪʦʨʠʝʡ ʩʚʦʝʛʦ ʧʦʣʝʪʘ, 

ʠʩʧʦʣʴʟʫʷ ʜʣʷ ʵʪʦʛʦ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʡ ʚʳʩʦʪʦʤʝʨ, ʠ ʩʨʘʚʥʠʚʘʝʪ ʨʝʟʫʣʴʪʘʪʳ ʵʪʠʭ ʠʟʤʝʨʝʥʠʡ 

ʩ ʧʦʢʘʟʘʥʠʷʤʠ ʙʘʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʚʳʩʦʪʦʤʝʨʘ. ʅʘʚʠʛʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ TERCOM ʪʘʢʞʝ 

ʭʨʘʥʠʪ ʚ ʩʝʙʝ ʮʠʬʨʦʚʳʝ ʢʘʨʪʳ ʚʳʩʦʪ ʤʝʩʪʥʦʩʪʠ, ʥʘʜ ʢʦʪʦʨʦʡ ʝʡ ʧʨʝʜʩʪʦʠʪ ʣʝʪʝʪʴ. ɿʘʪʝʤ ʩ 

ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ ʧʨʦʬʠʣʴ ʤʝʩʪʥʦʩʪʠ, ʥʘʜ ʢʦʪʦʨʳʤ ʧʨʦʣʝʪʘʝʪ ʨʘʢʝʪʘ, 

ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ ʩʦʭʨʘʥʝʥʥʦʡ ʚ ʧʘʤʷʪʠ ʮʠʬʨʦʚʦʡ ʢʘʨʪʦʡ ʚʳʩʦʪ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʠʪʴ ʥʘʠʣʫʯʰʝʝ 

ʠʭ ʩʦʦʪʚʝʪʩʪʚʠʝ. ʂʘʢ ʪʦʣʴʢʦ ʧʨʦʬʠʣʴ ʩʦʛʣʘʩʦʚʘʥ ʩ ʙʘʟʦʡ ʜʘʥʥʳʭ, ʤʦʞʥʦ ʩ ʙʦʣʴʰʦʡ 

ʪʦʯʥʦʩʪʴʶ ʦʧʨʝʜʝʣʠʪʴ ʧʦʣʦʞʝʥʠʝ ʨʘʢʝʪʳ ʥʘ ʮʠʬʨʦʚʦʡ ʢʘʨʪʝ, ʯʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʠʩʧʨʘʚʣʝʥʠʷ ʩʦʚʦʢʫʧʥʳʭ ʦʰʠʙʦʢ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʳ. 

TERCOM ʦʙʣʘʜʘʣʘ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʧʝʨʝʜ ʘʩʪʨʦʥʘʚʠʛʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ: ʦʥʘ 

ʧʦʟʚʦʣʷʣʘ ʢʨʳʣʘʪʳʤ ʨʘʢʝʪʘʤ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʦʣʝʪ ʥʘ ʧʨʝʜʝʣʴʥʦ ʥʠʟʢʦʡ ʚʳʩʦʪʝ ʥʝʦʙʭʦʜʠʤʦʡ 

ʜʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʇɺʆ ʧʨʦʪʠʚʥʠʢʘ, ʦʥʘ ʦʢʘʟʘʣʘʩʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʝʰʝʚʦʡ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠ 

ʦʯʝʥʴ ʪʦʯʥʦʡ (ʜʦ ʜʝʩʷʪʢʘ ʤʝʪʨʦʚ). ʕʪʦ ʙʦʣʝʝ ʯʝʤ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ 220 ʢʠʣʦʪʦʥʥʦʡ ʷʜʝʨʥʦʡ 

ʙʦʝʛʦʣʦʚʢʠ ʠ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ 500 ʢʠʣʦʛʨʘʤʤʦʚʦʡ ʢʦʥʚʝʥʮʠʦʥʘʣʴʥʦʡ ʙʦʝʛʦʣʦʚʢʠ 

ʧʨʠʤʝʥʷʝʤʦʡ ʧʨʦʪʠʚ ʤʥʦʞʝʩʪʚʘ ʪʠʧʦʚ ʮʝʣʝʡ. ʀ ʚʩʸ ʞʝ TERCOM ʥʝ ʙʳʣʘ ʣʠʰʝʥʘ 

ʥʝʜʦʩʪʘʪʢʦʚ. ʈʘʢʝʪʘ ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʙʳʣʘ ʧʨʦʣʝʪʝʪʴ ʥʘʜ ʫʥʠʢʘʣʴʥʦʡ ʭʦʣʤʠʩʪʦʡ ʤʝʩʪʥʦʩʪʴʶ, 

ʣʝʛʢʦ ʩʨʘʚʥʠʚʘʝʤʦʡ ʩ ʧʨʦʬʠʣʝʤ ʚʳʩʦʪʳ ʮʠʬʨʦʚʳʭ ʢʘʨʪ, ʦʙʣʘʜʘʣʘ ʧʨʝʚʦʩʭʦʜʥʦʡ ʪʦʯʥʦʩʪʴʶ. 

ʆʜʥʘʢʦ TERCOM ʦʢʘʟʘʣʘʩʴ ʥʝʵʬʬʝʢʪʠʚʥʘ ʥʘʜ ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʥʘʜ ʩʝʟʦʥʥʦ 

ʠʟʤʝʥʷʝʤʦʡ ʤʝʩʪʥʦʩʪʴʶ, ʪʘʢʦʡ ʢʘʢ ʧʝʩʯʘʥʳʝ ʜʶʥʳ ʠ ʤʝʩʪʥʦʩʪʴʶ ʩ ʨʘʟʣʠʯʥʦʡ ʩʝʟʦʥʥʦʡ 

ʦʪʨʘʞʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʨʘʜʘʨʘ, ʪʘʢʦʡ ʢʘʢ ʩʪʝʧʴ, ʪʫʥʜʨʘ ʠ ʪʘʡʛʘ, ʛʜʝ ʩʥʝʛʦʧʘʜʳ ʤʦʛʫʪ 

ʠʟʤʝʥʠʪʴ ʚʳʩʦʪʫ ʤʝʩʪʥʦʩʪʠ ʠʣʠ ʩʢʨʳʪʴ ʝʸ ʦʩʦʙʝʥʥʦʩʪʠ. ʆʛʨʘʥʠʯʝʥʥʘʷ ʝʤʢʦʩʪʴ ʵʣʝʢʪʨʦʥʥʦʡ 

ʧʘʤʷʪʠ ʨʘʢʝʪ ʯʘʩʪʦ ʟʘʪʨʫʜʥʷʣʘ ʭʨʘʥʝʥʠʝ ʜʦʩʪʘʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. 

ʂʨʳʣʘʪʘʷ ʨʘʢʝʪʘ çBoeing AGM-86 CALCMè 

ɹʫʜʫʯʠ ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʦʩʥʘʱʝʥʥʳʭ ʷʜʝʨʥʳʤʠ ʙʦʝʛʦʣʦʚʢʘʤʠ ʂʈ ʊʦʤʘʛʘʚʢ RGM-

109A ɺʄʌ ʠ AGM-86 ALCM ɺɺʉ, TERCOM ʙʳʣʘ ʷʚʥʦ ʥʝ ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʫʥʠʯʪʦʞʝʥʠʷ 

ʦʙʳʯʥʦʡ ʙʦʝʛʦʣʦʚʢʦʡ ʦʪʜʝʣʴʥʳʭ ʟʜʘʥʠʡ ʠʣʠ ʩʦʦʨʫʞʝʥʠʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ɺʄʉ ʉʐɸ 

ʦʩʥʘʩʪʠʣʠ TERCOM ʢʨʳʣʘʪʳʭ ʨʘʢʝʪ ʊʦʤʘʛʘʚʢ RGM-109C/D ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʦʡ 

ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʪʝʭʥʦʣʦʛʠʠ ʢʦʨʨʝʣʷʮʠʠ ʦʪʦʙʨʘʞʝʥʠʷ ʦʙʲʝʢʪʘ ʩ ʝʛʦ 

ʵʪʘʣʦʥʥʳʤ ʮʠʬʨʦʚʳʤ ʦʙʨʘʟʦʤ. ʕʪʘ ʪʝʭʥʦʣʦʛʠʷ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ 1980-ʝ ʛʦʜʳ ʥʘ 

ʙʘʣʣʠʩʪʠʯʝʩʢʠʭ ʨʘʢʝʪʘʭ ʇʝʨʰʠʥʛ II, ʩʦʚʝʪʩʢʠʭ ʂɸɹ-500/1500ʂʨ ʠ ʘʤʝʨʠʢʘʥʩʢʠʭ 

ʚʳʩʦʢʦʪʦʯʥʳʭ ʙʦʤʙʘʭ DAMASK/JDAM, ʘ ʪʘʢʞʝ ʥʘ ʧʦʩʣʝʜʥʠʭ ʢʠʪʘʡʩʢʠʭ ʫʧʨʘʚʣʷʝʤʳʭ 

ʧʨʦʪʠʚʦʢʦʨʘʙʝʣʴʥʳʭ ʨʘʢʝʪʥʳʭ ʢʦʤʧʣʝʢʩʘʭ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʙʦʨʴʙʳ ʩ ʘʚʠʘʥʦʩʮʘʤʠ. 

ʇʨʠ ʢʦʨʨʝʣʷʮʠʠ ʦʪʦʙʨʘʞʝʥʠʷ ʦʙʲʝʢʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʤʝʨʘ ʜʣʷ ʬʠʢʩʘʮʠʠ ʤʝʩʪʥʦʩʪʠ 

ʧʝʨʝʜ ʨʘʢʝʪʦʡ, ʘ ʟʘʪʝʤ ʠʥʬʦʨʤʘʮʠʷ ʩ ʢʘʤʝʨʳ ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ ʮʠʬʨʦʚʳʤ ʠʟʦʙʨʘʞʝʥʠʝʤ 

ʧʦʣʫʯʝʥʥʳʤ ʩ ʧʦʤʦʱʴʶ ʩʧʫʪʥʠʢʦʚ ʠʣʠ ʚʦʟʜʫʰʥʦʡ ʨʘʟʚʝʜʢʠ ʠ ʭʨʘʥʷʱʝʡʩʷ ʚ ʧʘʤʷʪʠ ʨʘʢʝʪʳ. 
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ʀʟʤʝʨʷʷ ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʠ ʩʤʝʱʝʥʠʝ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʪʦʯʥʦʛʦ ʩʦʚʧʘʜʝʥʠʷ ʜʚʫʭ 

ʠʟʦʙʨʘʞʝʥʠʡ, ʧʨʠʙʦʨ ʩʧʦʩʦʙʝʥ ʦʯʝʥʴ ʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʦʰʠʙʢʫ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʨʘʢʝʪʳ ʠ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʸ ʜʣʷ ʢʦʨʨʝʢʮʠʠ ʦʰʠʙʦʢ ʠʥʝʨʮʠʘʣʴʥʦʡ ʠ TERCOM ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. 

ɹʣʦʢ ʮʠʬʨʦʚʦʡ ʢʦʨʨʝʣʷʮʠʠ ʩʠʩʪʝʤʳ ʥʘʚʝʜʝʥʠʷ ʢʨʳʣʘʪʳʭ ʨʘʢʝʪ DSMAC ʠʩʧʦʣʴʟʫʝʤʳʡ ʥʘ 

ʥʝʩʢʦʣʴʢʠʭ ʙʣʦʢʘʭ ʂʈ ʊʦʤʘʛʘʚʢ ʙʳʣʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʪʦʯʥʳʤʠ, ʥʦ ʦʙʣʘʜʘʣ ʧʦʙʦʯʥʳʤʠ 

ʦʧʝʨʘʪʠʚʥʳʤʠ ʵʬʬʝʢʪʘʤʠ ʧʦʭʦʞʠʤʠ ʥʘ TERCOM, ʢʦʪʦʨʫʶ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʪʴ ʥʘ ʧʦʣʝʪ ʨʘʢʝʪʳ ʥʘʜ ʟʘʜʘʥʥʦʡ ʤʝʩʪʥʦʩʪʴʶ, ʦʩʦʙʝʥʥʦ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ 

ʙʣʠʟʦʩʪʠ ʦʪ ʮʝʣʠ. 

ɺ 1991ʛ. ʚʦ ʚʨʝʤʷ ʦʧʝʨʘʮʠʠ ɹʫʨʷ ʚ ʧʫʩʪʳʥʝ, ʵʪʦ ʧʨʠʚʝʣʦ ʢ ʪʦʤʫ, ʯʪʦ ʨʷʜ ʰʦʩʩʝʡʥʳʭ 

ʨʘʟʚʷʟʦʢ ʚ ɹʘʛʜʘʜʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʪʘʢʠʭ ʧʨʠʚʷʟʦʢ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʧʦʟʚʦʣʠʣʦ ʚʦʡʩʢʘʤ ʧʨʦʪʠʚʦʚʦʟʜʫʰʥʦʡ ʦʙʦʨʦʥʳ ʉʘʜʜʘʤʘ ʨʘʩʧʦʣʦʞʠʪʴ ʪʘʤ ʟʝʥʠʪʥʳʝ ʙʘʪʘʨʝʠ 

ʠ ʩʙʠʪʴ ʥʝʩʢʦʣʴʢʦ ʊʦʤʘʛʘʚʢʦʚ. ʊʘʢʞʝ ʢʘʢ ʠ TERCOM ʙʣʦʢ ʮʠʬʨʦʚʦʡ ʢʦʨʨʝʣʷʮʠʠ ʩʠʩʪʝʤʳ 

ʥʘʚʝʜʝʥʠʷ ʢʨʳʣʘʪʳʭ ʨʘʢʝʪ ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ ʩʝʟʦʥʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʢʦʥʪʨʘʩʪʘ ʤʝʩʪʥʦʩʪʠ. 

ʊʦʤʘʛʘʚʢʠ, ʦʩʥʘʱʝʥʥʳʝ DSMAC, ʪʘʢʞʝ ʥʝʩʣʠ ʣʘʤʧʳ-ʚʩʧʳʰʢʠ ʜʣʷ ʦʩʚʝʱʝʥʠʷ ʤʝʩʪʥʦʩʪʠ ʚ 

ʥʦʯʥʦʝ ʚʨʝʤʷ. 

ɺ 1980-ʝ ʛʦʜʳ ʚ ʘʤʝʨʠʢʘʥʩʢʠʝ ʢʨʳʣʘʪʳʝ ʨʘʢʝʪʳ ʙʳʣʠ ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʧʝʨʚʳʝ 

ʧʨʠʝʤʥʠʢʠ GPS. ʊʝʭʥʦʣʦʛʠʷ GPS ʙʳʣʘ ʧʨʠʚʣʝʢʘʪʝʣʴʥʘ, ʧʦʩʢʦʣʴʢʫ ʦʥʘ ʧʦʟʚʦʣʷʣʘ ʨʘʢʝʪʝ 

ʧʦʩʪʦʷʥʥʦ ʠʩʧʨʘʚʣʷʪʴ ʩʚʦʠ ʠʥʝʨʮʠʘʣʴʥʳʝ ʦʰʠʙʢʠ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʨʝʣʴʝʬʘ ʤʝʩʪʥʦʩʪʠ ʠ 

ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ, ʘ ʪʘʢʞʝ ʦʥʘ ʜʝʡʩʪʚʦʚʘʣʘ ʦʜʠʥʘʢʦʚʦ ʢʘʢ ʥʘʜ ʚʦʜʦʡ, ʪʘʢ ʠ ʥʘʜ ʟʝʤʣʝʡ. 

ʕʪʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʩʦʧʨʦʚʦʞʜʘʣʠʩʴ ʩʣʘʙʦʡ ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʦʩʪʴʶ GPS, ʪʘʢ ʢʘʢ 

ʩʠʛʥʘʣ GPS ʠʟʥʘʯʘʣʴʥʦ ʩʣʘʙʳʡ, ʚʦʩʧʨʠʠʤʯʠʚʳʡ ʢ ʵʬʬʝʢʪʫ "ʧʦʚʪʦʨʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ" (ʢʦʛʜʘ 

ʩʠʛʥʘʣ GPS ʦʪʨʘʞʘʝʪʩʷ ʦʪ ʨʝʣʴʝʬʘ ʤʝʩʪʥʦʩʪʠ ʠʣʠ ʟʜʘʥʠʡ) ʠ ʠʟʤʝʥʝʥʠʶ ʪʦʯʥʦʩʪʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʧʨʠʥʠʤʘʝʤʳʭ ʩʧʫʪʥʠʢʦʚ ʠ ʪʦʤʫ, ʢʘʢ ʦʥʠ ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ 

ʦʨʙʠʪʘʤ. ɺʩʝ ʢʨʳʣʘʪʳʝ ʨʘʢʝʪʳ ʉʐɸ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʩʥʘʱʝʥʳ ʧʨʠʝʤʥʠʢʘʤʠ GPS ʠ 

ʧʘʢʝʪʦʤ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʥʘʚʝʜʝʥʠʷ, ʧʨʠʯʝʤ ʚ ʢʦʥʮʝ 1980-ʭ ʠ ʥʘʯʘʣʝ 1990-ʭ ʛʦʜʦʚ 

ʪʝʭʥʦʣʦʛʠʶ ʤʝʭʘʥʠʯʝʩʢʦʡ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʟʘʤʝʥʠʣʠ ʙʦʣʝʝ ʜʝʰʝʚʦʡ ʠ ʙʦʣʝʝ ʪʦʯʥʦʡ 

ʠʥʝʨʮʠʘʣʴʥʦʡ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ ʥʘ ʢʦʣʴʮʝʚʳʭ ʣʘʟʝʨʥʳʭ ʛʠʨʦʩʢʦʧʘʭ. 

ʂʨʳʣʘʪʘʷ ʨʘʢʝʪʘ  çAGM-158 JASSMè 

ʇʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʪʦʯʥʦʩʪʴʶ GPS, ʧʦʩʪʝʧʝʥʥʦ ʨʝʰʘʶʪʩʷ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ 

ʰʠʨʦʢʦʜʠʘʧʘʟʦʥʥʳʭ ʤʝʪʦʜʦʚ GPS (Wide Area Differential GPS), ʧʨʠ ʢʦʪʦʨʳʭ ʜʝʡʩʪʚʠʪʝʣʴʥʳʝ 

ʢʦʨʨʝʢʮʠʦʥʥʳʝ ʩʠʛʥʘʣʳ ʜʣʷ ʜʘʥʥʦʛʦ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʧʦʣʦʞʝʥʠʷ, ʪʨʘʥʩʣʠʨʫʶʪʩʷ ʥʘ 

ʧʨʠʝʤʥʠʢ GPS ʧʦ ʨʘʜʠʦʢʘʥʘʣʫ (ʚ ʩʣʫʯʘʝ ʘʤʝʨʠʢʘʥʩʢʠʭ ʨʘʢʝʪ ʠʩʧʦʣʴʟʫʝʪʩʷ WAGE -Wide 

Area GPS Enhancement). ʆʩʥʦʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʩʠʛʥʘʣʦʚ ʵʪʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ 

ʨʘʜʠʦʥʘʚʠʛʘʮʠʦʥʥʳʝ ʤʘʷʢʠ ʠ ʩʧʫʪʥʠʢʠ ʥʘ ʛʝʦʩʪʘʮʠʦʥʘʨʥʦʡ ʦʨʙʠʪʝ. ʅʘʠʙʦʣʝʝ ʪʦʯʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʧʦʜʦʙʥʦʛʦ ʨʦʜʘ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʚ ʉʐɸ ʚ 1990-ʝ ʛʦʜʳ, ʩʧʦʩʦʙʥʳ ʠʩʧʨʘʚʠʪʴ 

ʦʰʠʙʢʠ GPS ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʜʶʡʤʦʚ ʚ ʪʨʝʭ ʠʟʤʝʨʝʥʠʷʭ ʠ ʷʚʣʷʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʳʤʠ, 

ʯʪʦʙʳ ʧʦʧʘʩʪʴ ʨʘʢʝʪʦʡ ʜʘʞʝ ʚ ʦʪʢʨʳʪʳʡ ʣʶʢ ʙʨʦʥʝʤʘʰʠʥʳ. 

ʇʨʦʙʣʝʤʳ ʩ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴʶ ʠ "ʧʦʚʪʦʨʥʳʤ ʠʟʦʙʨʘʞʝʥʠʝʤ" ʦʢʘʟʘʣʠʩʴ ʩʣʦʞʥʦ 

ʨʝʰʘʝʤʳʤʠ. ʆʥʠ ʧʨʠʚʝʣʠ ʢ ʚʥʝʜʨʝʥʠʶ ʪʝʭʥʦʣʦʛʠʠ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ "ʫʤʥʳʭ" ʘʥʪʝʥʥ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ "ʮʠʬʨʦʚʦʤ ʬʦʨʤʠʨʦʚʘʥʠʠ ʣʫʯʘ". ʊʝʭʥʦʣʦʛʠʷ ʩʣʦʞʥʘ ʚ ʨʝʘʣʠʟʘʮʠʠ.  

ʆʙʳʯʥʘʷ ʘʥʪʝʥʥʘ GPS ʧʨʠʥʠʤʘʝʪ ʩʠʛʥʘʣʳ ʩʦ ʚʩʝʡ ʚʝʨʭʥʝʡ ʧʦʣʫʩʬʝʨʳ ʥʘʜ ʨʘʢʝʪʦʡ, 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʢʣʶʯʘʷ ʩʧʫʪʥʠʢʠ GPS, ʘ ʪʘʢʞʝ ʚʨʘʞʝʩʢʠʝ ʧʦʤʝʭʠ. ʊʘʢ ʥʘʟʳʚʘʝʤʘʷ ʘʥʪʝʥʥʘ ʩ 

ʫʧʨʘʚʣʷʝʤʦʡ ʜʠʘʛʨʘʤʤʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ (Controlled Reception Pattern Antenna, CRPA) ʧʨʠ 

ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʩʠʥʪʝʟʠʨʫʝʪ ʫʟʢʠʝ ʧʫʯʢʠ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʢ 

ʧʨʝʜʧʦʣʘʛʘʝʤʦʤʫ ʤʝʩʪʦʨʘʩʧʦʣʦʞʝʥʠʶ ʩʧʫʪʥʠʢʦʚ GPS, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʘʥʪʝʥʥʘ 

ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʘ ʚʦ ʚʩʝʭ ʜʨʫʛʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. ɹʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ 

ʘʥʪʝʥʥ ʵʪʦʛʦ ʪʠʧʘ ʧʨʦʠʟʚʦʜʷʪ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ "ʥʫʣʠ" ʚ ʜʠʘʛʨʘʤʤʝ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʘʥʪʝʥʥʳ 

ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʠʩʪʦʯʥʠʢʠ ʧʦʤʝʭ ʜʣʷ ʦʩʣʘʙʣʝʥʠʷ ʠʭ ʚʣʠʷʥʠʷ. 

ʂʨʳʣʘʪʘʷ ʨʘʢʝʪʘ çʊʦʤʘʛʘʚʢè 

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʧʨʦʙʣʝʤ, ʧʨʦʷʚʠʚʰʠʭʩʷ ʚ ʥʘʯʘʣʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʨʳʣʘʪʳʭ ʨʘʢʝʪ AGM-

158 JASSM, ʙʳʣʠ ʨʝʟʫʣʴʪʘʪʦʤ ʧʨʦʙʣʝʤ ʩ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ ʧʨʠʝʤʥʠʢʘ GPS, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ ʨʘʢʝʪʘ ʪʝʨʷʣʘ ʩʧʫʪʥʠʢʠ GPS ʠ ʩʙʠʚʘʣʘʩʴ ʩ ʪʨʘʝʢʪʦʨʠʠ. 
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ʇʨʦʜʚʠʥʫʪʳʝ ʧʨʠʝʤʥʠʢʠ GPS ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʪʦʯʥʦʩʪʠ ʠ ʥʘʜʝʞʥʫʶ 

ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʥʘ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘʤ ʧʦʤʝʭ GPS. ʆʥʠ 

ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʥʳ ʧʨʦʪʠʚ ʩʣʦʞʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʦʤʝʭ ʜʣʷ ʩʠʩʪʝʤ GPS ʨʘʟʚʝʨʥʫʪʳʭ ʥʘ 

ʩʧʫʪʥʠʢʘʭ, ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʘʭ ʠʣʠ ʘʵʨʦʩʪʘʪʘʭ. 

ʇʦʩʣʝʜʥʝʝ ʧʦʢʦʣʝʥʠʝ ʘʤʝʨʠʢʘʥʩʢʠʭ ʢʨʳʣʘʪʳʭ ʨʘʢʝʪ ʠʩʧʦʣʴʟʫʝʪ GPS-ʠʥʝʨʮʠʘʣʴʥʫʶ 

ʩʠʩʪʝʤʫ ʥʘʚʝʜʝʥʠʷ, ʜʦʧʦʣʥʷʝʪ ʝʝ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʚ ʥʦʩʦʚʦʡ ʯʘʩʪʠ ʨʘʢʝʪʳ ʮʠʬʨʦʚʦʡ 

ʪʝʧʣʦʚʠʟʠʦʥʥʦʡ ʢʘʤʝʨʦʡ, ʧʨʝʩʣʝʜʫʶʱʝʡ ʮʝʣʴ ʦʙʝʩʧʝʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʜʦʙʥʳʝ DSMAC 

ʧʨʦʪʠʚ ʥʝʧʦʜʚʠʞʥʳʭ ʮʝʣʝʡ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ ʠ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʦʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʦʚ ʠ ʧʨʦʪʠʚ ʧʦʜʚʠʞʥʳʭ ʮʝʣʝʡ, ʪʘʢʠʭ ʢʘʢ 

ʟʝʥʠʪʥʦ-ʨʘʢʝʪʥʳʝ ʩʠʩʪʝʤʳ ʠʣʠ ʨʘʢʝʪʥʳʝ ʧʫʩʢʦʚʳʝ ʫʩʪʘʥʦʚʢʠ. ʃʠʥʠʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʧʨʦʠʩʭʦʜʷʪ ʦʪ ʪʝʭʥʦʣʦʛʠʠ JTIDS/Link-16, ʚʥʝʜʨʷʝʤʦʡ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʝʥʘʮʝʣʠʚʘʥʠʷ ʦʨʫʞʠʷ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʧʦʜʚʠʞʥʘʷ ʮʝʣʴ ʠʟʤʝʥʠʣʘ ʩʚʦʸ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʚ ʚʨʝʤʷ ʥʘʭʦʞʜʝʥʠʷ ʨʘʢʝʪʳ ʥʘ ʤʘʨʰʝ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʦʡ ʬʫʥʢʮʠʠ 

ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʟʘʚʠʩʠʪ ʦʪ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʦʙʣʘʜʘʶʱʠʭ ʨʘʟʚʝʜʢʦʡ ʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ 

ʚʳʷʚʣʝʥʠʷ ʪʘʢʠʭ ʧʝʨʝʤʝʱʝʥʠʡ ʮʝʣʠ.  

ɼʦʣʛʦʩʨʦʯʥʳʝ ʪʝʥʜʝʥʮʠʠ ʚ ʨʘʟʚʠʪʠʠ ʥʘʚʠʛʘʮʠʠ ʢʨʳʣʘʪʳʭ ʨʘʢʝʪ ʧʨʠʚʝʜʫʪ ʢ ʠʭ 

ʙʦʣʴʰʝʡ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʩʪʠ, ʙʦʣʴʰʝʡ ʘʚʪʦʥʦʤʥʦʩʪʠ, ʙʦʣʴʰʝʤʫ ʨʘʟʥʦʦʙʨʘʟʠʶ ʚ ʩʝʥʩʦʨʘʭ, 

ʧʦʚʳʰʝʥʥʦʡ ʥʘʜʝʞʥʦʩʪʠ ʠ ʩʥʠʞʝʥʠʶ ʩʪʦʠʤʦʩʪʠ. 

ʉʠʩʪʝʤʳ ʥʘʚʝʜʝʥʠʷ  ʪʘʢʪʠʯʝʩʢʠʭ ʢʨʳʣʘʪʳʭ ʨʘʢʝʪ 

ʆʩʥʦʚʥʦʡ ʠʜʝʝʡ ʚʩʝʭ ʢʨʳʣʘʪʳʭ ʨʘʢʝʪ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʵʪʦ ʦʨʫʞʠʝ ʤʦʞʝʪ ʙʳʪʴ 

ʟʘʧʫʱʝʥʦ ʚ ʮʝʣʴ ʚʥʝ ʧʨʝʜʝʣʦʚ ʜʦʩʷʛʘʝʤʦʩʪʠ ʩʠʩʪʝʤ ʧʨʦʪʠʚʦʚʦʟʜʫʰʥʦʡ ʠ ʧʨʦʪʠʚʦʨʘʢʝʪʥʦʡ 

ʦʙʦʨʦʥʳ ʧʨʦʪʠʚʥʠʢʘ ʩ ʮʝʣʴʶ ʥʝ ʧʦʜʚʝʨʛʘʪʴ ʩʪʘʨʪʦʚʫʶ ʧʣʘʪʬʦʨʤʫ ʦʪʚʝʪʥʦʡ ʘʪʘʢʝ. 

ɺ ʪʘʙʣʠʮʝ 1 ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʢʨʳʣʘʪʳʝ ʨʘʢʝʪʳ ʩ ʨʘʟʥʳʤʠ ʩʠʩʪʝʤʘʤʠ 

ʥʘʚʝʜʝʥʠʷ, ʘ ʪʘʢʞʝ ʠʭ ʦʩʥʦʚʥʳʝ ʪʘʢʪʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʊʊʍ). 

 

ʊʘʙʣʠʮʘ 1. ʊʊʍ ʢʨʳʣʘʪʳʭ ʨʘʢʝʪ 

ʅʘʟʚʘʥʠʝ ʍ-22 çɹʫʨʷè ʈ-27 (ɸɸ-10 

Alamo) 

ʂʉʈ ï 5ʇ 

ʊʠʧ ʂʈ ʂʈ ʢʣʘʩʩʘ 

çɺʦʟʜʫʭ-

ʚʦʟʜʫʭè 

ʂʈ ʚʦʟʜʫʰʥʦʛʦ 

ʙʘʟʠʨʦʚʘʥʠʷ 

ʉʪʘʪʫʩ ʉʦʩʪʦʠʪ  ʥʘ 

ʚʦʦʨʫʞʝʥʠʠ 

ʉʦʩʪʦʠʪ  ʥʘ 

ʚʦʦʨʫʞʝʥʠʠ 

ʉʥʷʪʘ ʩ 

ʚʦʦʨʫʞʝʥʠʷ 

ʈʘʟʨʘʙʦʪʯʠʢ ɸ.ʗ.ɹʝʨʝʟʥʷʢ 

(ʉʉʉʈ) 

ʂɹ çɺʳʤʧʝʣè 

(ʉʉʉʈ, ʈʦʩʩʠʷ) 

ɸ.ʗ. ɹʝʨʝʟʥʷʢ 

(ʉʉʉʈ) 

ʇʨʠʥʷʪʠʝ ʥʘ 

ʚʦʦʨʫʞʝʥʠʝ 

1971 ʛʦʜ 1990 ʛʦʜ 1969 ʛʦʜ 

ʉʠʩʪʝʤʘ 

ʥʘʚʝʜʝʥʠʷ 

ɸʢʪʠʚʥʘʷ ʠ 

ʧʘʩʩʠʚʥʘʷ 

ʇʦʣʫʘʢʪʠʚʥʘʷ ʇʘʩʩʠʚʥʘʷ 

ʊʘʢʪʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ɼʣʠʥʘ 11,6 ʤ 4 ʤ 10,6 ʤ 

ɼʠʘʤʝʪʨ 0,9 ʤ 0,23 ʤ 0,92 

ʈʘʟʤʘʭ ʢʨʳʣʘ 3,35 ʤ 0,97 ʤ 2,6 ʤ 

ʄʘʩʩʘ 5635 - 5780 ʢʛ 253 ʢʛ 3952 ʢʛ 

ʉʢʦʨʦʩʪʴ ʧʦʣʝʪʘ ʄ=3,5 - 4,6 ʄ=4,5 ʄ=3,0 

ɼʘʣʴʥʦʩʪʴ 

ʩʪʨʝʣʴʙʳ 

140 - 300 ʢʤ 58 ʢʤ 300-700 ʢʤ 

ɺʳʩʦʪʘ ʧʦʣʝʪʘ 25 ʢʤ 25 ʢʤ 22 ʢʤ 

ʅʦʩʠʪʝʣʴ ʊʫ-22 ʉʫ-27, ʉʫ-33, 

ʉʫ-35, ʄʠɻ-29, 

ʗʢ-141 

ʊʫ-16ʂʈʄ 
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ʍ-22 çɹʫʨʷè ð ʩʚʝʨʭʟʚʫʢʦʚʘʷ ʢʨʳʣʘʪʘʷ ʧʨʦʪʠʚʦʢʦʨʘʙʝʣʴʥʘʷ ʨʘʢʝʪʘ ʚʦʟʜʫʰʥʦʛʦ 

ʙʘʟʠʨʦʚʘʥʠʷ ʙʦʣʴʰʦʡ ʜʘʣʴʥʦʩʪʠ.  

ʈʘʢʝʪʘ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʘʚʠʘʮʠʦʥʥʦʛʦ ʨʘʢʝʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʂ-22. ʈʘʢʝʪʘ 

ʨʘʟʨʘʙʘʪʳʚʘʣʘʩʴ ʚ ʜʚʫʭ ʚʘʨʠʘʥʪʘʭ: ʜʣʷ ʧʦʨʘʞʝʥʠʷ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦ-ʢʦʥʪʨʘʩʪʥʳʭ ʪʦʯʝʯʥʳʭ 

ʮʝʣʝʡ (ʪ.ʝ. ʦʪʜʝʣʴʥʳʭ ʢʦʨʘʙʣʝʡ) ʠ ʧʣʦʱʘʜʥʳʭ ʮʝʣʝʡ (ʘʚʠʘʥʦʩʥʳʝ ʦʨʜʝʨʘ, ʢʦʥʚʦʠ, ʥʘʟʝʤʥʳʝ 

ʮʝʣʠ). ʉʠʩʪʝʤʫ ʥʘʚʝʜʝʥʠʷ ʂ-22ʋ ʨʘʟʨʘʙʘʪʳʚʘʣʦ ʂɹ-1 ɻʂʈʕ ʚ ʪʨʝʭ ʚʘʨʠʘʥʪʘʭ ð ʩ 

ʘʚʪʦʥʦʤʥʳʤ ʠʥʝʨʮʠʘʣʴʥʳʤ ʚʳʯʠʩʣʠʪʝʣʝʤ ʧʫʪʠ ʇʉʀ, ʘ ʪʘʢʞʝ ʩ ʘʢʪʠʚʥʦʡ ʠ ʧʘʩʩʠʚʥʦʡ 

ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʤʠ ɻʉʅ. ʈʘʢʝʪʘ ʦʩʥʘʱʘʣʘʩʴ ʬʫʛʘʩʥʦʡ ʠʣʠ ʩʧʝʮʠʘʣʴʥʦʡ ʙʦʝʚʦʡ ʯʘʩʪʴʶ 

(ɹʏ). 

 ɸʧʧʘʨʘʪʫʨʘ ʛʦʣʦʚʢʠ ʩʘʤʦʥʘʚʝʜʝʥʠʷ ʦʪʨʘʙʘʪʳʚʘʣʘʩʴ ʥʘ ʣʝʪʘʶʱʝʡ ʣʘʙʦʨʘʪʦʨʠʠ 

ʊʫ-16ʂ-22 [6]. 

ʈ-27ʈ (ʈ-27ʊ, ʈ-27ʇ) ð ʋʧʨʘʚʣʷʝʤʘʷ ʨʘʢʝʪʘ ʢʣʘʩʩʘ çʚʦʟʜʫʭ-ʚʦʟʜʫʭè ʩʨʝʜʥʝʡ 

ʜʘʣʴʥʦʩʪʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʧʦʨʘʞʝʥʠʷ ʚʦʟʜʫʰʥʳʭ ʮʝʣʝʡ (ʚʳʩʦʢʦʤʘʥʝʚʨʝʥʥʳʭ 

ʩʘʤʦʣʝʪʦʚ, ʚʝʨʪʦʣʝʪʦʚ ʠ ʪ.ʧ.) ʚ ʣʶʙʦʝ ʚʨʝʤʷ ʩʫʪʦʢ, ʥʘ ʚʩʝʭ ʨʘʢʫʨʩʘʭ ʧʨʠ ʥʘʣʠʯʠʠ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʠ ʦʨʛʘʥʠʟʦʚʘʥʥʳʭ ʧʦʤʝʭ, ʥʘ ʬʦʥʝ ʟʝʤʥʦʡ ʠ ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʝʡ.  

ʈ-27 ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʧʦʨʘʞʝʥʠʷ ʮʝʣʝʡ ʚ ʜʠʘʧʘʟʦʥʝ ʚʳʩʦʪ ʦʪ 20 ʤ ʜʦ 25 ʢʤ ʩ 

ʤʘʢʩʠʤʘʣʴʥʳʤ ʧʨʝʚʳʰʝʥʠʝʤ (ʧʨʠʥʠʞʝʥʠʝʤ) 10 ʢʤ ʧʨʠ ʩʢʦʨʦʩʪʠ ʮʝʣʝʡ ʜʦ 3500 ʢʤ/ʯ ʠ 

ʧʝʨʝʛʨʫʟʢʘʤʠ ʜʦ 8g. ɺʦʟʤʦʞʝʥ ʧʫʩʢ ʜʚʫʭ ʨʘʢʝʪ ʧʦ ʜʚʫʤ ʮʝʣʷʤ. ʆʙʝʩʧʝʯʝʥʘ ʛʦʪʦʚʥʦʩʪʴ ɻʉʅ ʢ 

ʧʨʠʤʝʥʝʥʠʶ ʯʝʨʝʟ ʩʝʢʫʥʜʫ ʧʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʮʝʣʝʫʢʘʟʘʥʠʷ ʦʪ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʚʦʦʨʫʞʝʥʠʝʤ ʥʦʩʠʪʝʣʷ ʪʠʧʘ ʄʠɻ-29.  

ɺʟʨʳʚʘʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʨʘʢʝʪ ʚʳʧʦʣʥʝʥʳ ʥʘ ʦʩʥʦʚʝ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ 

ʥʝʢʦʥʪʘʢʪʥʳʭ ʠ ʢʦʥʪʘʢʪʥʳʭ ʜʘʪʯʠʢʦʚ ʮʝʣʠ.  

ɺ ʢʦʤʧʦʥʦʚʢʝ ʨʘʢʝʪ ʨʝʘʣʠʟʦʚʘʥ ʤʦʜʫʣʴʥʳʡ ʧʨʠʥʮʠʧ ʢʦʥʩʪʨʫʢʮʠʠ. ʈʘʢʝʪʳ ʚʭʦʜʷʪ ʚ 

ʩʦʩʪʘʚ ʚʦʦʨʫʞʝʥʠʷ ʩʘʤʦʣʝʪʦʚ ʤʘʨʢʠ ʄʠɻ, ʉʫ ʠ ʜʨ.  

ʇʦʜʚʝʩʢʘ ʨʘʢʝʪʳ ʥʘ ʩʘʤʦʣʝʪ-ʥʦʩʠʪʝʣʴ, ʦʙʝʩʧʝʯʝʥʠʝ ʥʝʦʙʭʦʜʠʤʳʤ ʵʣʝʢʪʨʦʧʠʪʘʥʠʝʤ ʚ 

ʩʦʚʤʝʩʪʥʦʤ ʧʦʣʝʪʝ, ʙʦʝʚʦʡ ʧʫʩʢ ʠ ʘʚʘʨʠʡʥʳʡ ʩʙʨʦʩ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʘʚʠʘʮʠʦʥʥʦʛʦ ʧʫʩʢʦʚʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ɸʇʋ-470 ʠʣʠ ʘʚʠʘʮʠʦʥʥʦʛʦ ʢʘʪʘʧʫʣʴʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ɸʂʋ-470 [7]. 

ʂʉʈ-5 (ɼ-5) (ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʅɸʊʆ AS-6 Kingfish) ð ʩʦʚʝʪʩʢʘʷ ʩʚʝʨʭʟʚʫʢʦʚʘʷ 

ʢʨʳʣʘʪʘʷ ʨʘʢʝʪʘ ʚʦʟʜʫʰʥʦʛʦ ʙʘʟʠʨʦʚʘʥʠʷ ʜʘʣʴʥʝʛʦ ʨʘʜʠʫʩʘ ʜʝʡʩʪʚʠʷ ʘʚʠʘʮʠʦʥʥʦʛʦ 

ʨʘʢʝʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʂ-26. ʇʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʧʦʨʘʞʝʥʠʷ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦ-ʢʦʥʪʨʘʩʪʥʳʭ 

ʤʦʨʩʢʠʭ ʠʣʠ ʥʘʟʝʤʥʳʭ ʮʝʣʝʡ (ʥʘʜʚʦʜʥʳʝ ʢʦʨʘʙʣʠ, ʤʦʩʪʳ, ʧʣʦʪʠʥʳ, ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ) [8]. 

 

ɺʳʚʦʜʳ 

ʉʦʚʨʝʤʝʥʥʳʝ ʢʨʳʣʘʪʳʝ ʨʘʢʝʪʳ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʚʠʜʦʤ ʚʳʩʦʢʦʪʦʯʥʦʛʦ 

ʦʨʫʞʠʷ (ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʢʦʨʨʝʢʪʠʨʫʝʤʳʤʠ ʘʚʠʘʙʦʤʙʘʤʠ, ʩʠʩʪʝʤʘʤʠ ʟʘʣʧʦʚʦʛʦ ʦʛʥʷ ʠ  ʜʨʫʛʠʤʠ 

ʚʠʜʘʤʠ ɺʊʆ). 

ʉʠʩʪʝʤʳ ʥʘʚʝʜʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʂʈ ʷʚʣʷʶʪʩʷ ʩʣʦʞʥʳʤʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ 

ʩʠʩʪʝʤʘʤʠ, ʚ ʢʦʪʦʨʳʭ ʟʘʣʦʞʝʥʳ ʢʘʢ ʘʚʪʦʥʦʤʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ, ʪʘʢ ʠ 

ʩʦʚʨʝʤʝʥʥʳʝ ʚʥʝʰʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ. 

ʉʠʩʪʝʤʳ ʥʘʚʝʜʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʂʈ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʩʠʩʪʝʤʳ ʚʳʚʦʜʘ ʂʈ ʚ ʥʫʞʥʳʡ 

ʨʘʡʦʥ ʠ ʩʠʩʪʝʤʫ ʩʘʤʦʥʘʚʝʜʝʥʠʷ, ʘ ʪʘʢ ʞʝ ʩʠʩʪʝʤʳ ʚʳʙʦʨʘ ʦʙʲʝʢʪʘ ʧʦʨʘʞʝʥʠʷ, ʧʦʤʝʭʦʟʘʱʠʪʳ 

ʠ ʧʨʝʦʜʦʣʝʥʠʷ ʩʠʩʪʝʤʳ ʇɺʆ. 

ʉʠʩʪʝʤʳ  ʩʘʤʦʥʘʚʝʜʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʴʰʫʶ ʪʦʯʥʦʩʪʴ ʥʘʚʝʜʝʥʠʷ, ʯʝʤ 

ʪʝʣʝʫʧʨʘʚʣʷʝʤʘʷ ʩʠʩʪʝʤʘ. ʆʜʥʘʢʦ ʩʠʩʪʝʤʘ ʩʘʤʦʥʘʚʝʜʝʥʠʷ ʠʤʝʝʪ ʥʝʙʦʣʴʰʫʶ ʜʘʣʴʥʦʩʪʴ 

ʜʝʡʩʪʚʠʷ, ʯʪʦ ʩʯʠʪʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʝʝ ʥʝʜʦʩʪʘʪʢʦʤ. ʆʩʦʙʝʥʥʦʩʪʴ ʩʠʩʪʝʤʳ ʩʘʤʦʥʘʚʝʜʝʥʠʷ 

ʚ ʪʦʤ, ʯʪʦ ʦʪʥʦʩʠʪʝʣʴʥʳʝ  ʦʰʠʙʢʠ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʚʟʘʠʤʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʨʘʢʝʪʳ ʠ  ʮʝʣʠ  

ʫʤʝʥʴʰʘʶʪʩʷ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʨʘʢʝʪʦʡ ʠ ʮʝʣʴʶ. 

ɸʥʘʣʠʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʧʦʟʚʦʣʷʝʪ ʧʨʦʝʢʪʠʨʦʚʘʪʴ ʘʚʪʦʥʦʤʥʳʝ ʙʦʨʪʦʚʳʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ ʥʦʩʠʪʝʣʝʡ ɺʊʆ ʩ ʩʝʥʩʦʨʘʤʠ ʨʘʟʣʠʯʥʦʛʦ ʜʠʘʧʘʟʦʥʘ 

[9-12]. 
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ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʫʧʨʘʚʣʝʥʠʝ ʚʦʟʜʫʭʦʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʥʘ ʩʪʘʥʮʠʠ 

ʤʝʪʨʦʧʦʣʠʪʝʥʘ ʩ ʧʦʤʦʱʴʶ ʧʨʠʩʪʘʥʮʠʦʥʥʦʛʦ ʩʪʚʦʨʯʘʪʦʛʦ ʢʣʘʧʘʥʘ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʨʘʩʭʦʜʘ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ ʧʨʦʚʝʪʨʠʚʘʥʠʝ ʩʪʘʥʮʠʡ. ʆʙʩʫʞʜʘʝʪʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʚʦʟʜʫʭʦʨʘʩʧʨʝʜʝʣʝʥʠʝʤ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʨʠʪʝʨʠʡ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʦʚʝʪʨʠʚʘʥʠʝʤ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʧʦʪʨʝʙʣʷʝʤʘʷ ʤʦʱʥʦʩʪʴ ʩʪʘʥʮʠʦʥʥʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʩʢʨʳʪʠʷ ʩʪʚʦʨʦʢ ʢʣʘʧʘʥʘ, ʪʨʝʙʫʝʤʦʛʦ ʨʘʩʭʦʜʘ ʚʦʟʜʫʭʘ 

ʥʘ ʩʪʘʥʮʠʠ, ʜʣʠʪʝʣʴʥʦʩʪʠ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʧʦʝʟʜʘʤʠ. ɺ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʨʰʥʝʚʦʛʦ ʜʝʡʩʪʚʠʷ ʧʦʝʟʜʦʚ ʟʘ ʩʯʝʪ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʫʩʪʨʦʡʩʪʚʘ 

ʩʪʚʦʨʯʘʪʦʛʦ ʪʠʧʘ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩʦ ʩʪʘʥʮʠʦʥʥʳʤ ʚʝʥʪʠʣʷʪʦʨʦʤ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʨʘʩʭʦʜʘ 

ʚʦʟʜʫʭʘ ʯʝʨʝʟ ʩʪʘʥʮʠʶ ʤʝʪʨʦʧʦʣʠʪʝʥʘ. ʇʨʝʜʣʘʛʘʝʤʘʷ ʩʠʩʪʝʤʘ ʚʝʥʪʠʣʷʮʠʠ ʧʦʟʚʦʣʷʝʪ 

ʩʥʠʟʠʪʴ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʩʪʘʥʮʠʦʥʥʦʛʦ ʪʦʥʥʝʣʴʥʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ. 

This article considers the management of the metropolitan by means of the proximity valve to 

reduce the power consumption for airing stations. A functional diagram of the air distribution 

control system is discussed. The criterion of the optimal control of ventilation is considered. 

Presented power consumption, depending on the degree of opening of the valve stem, the required 

air flow at the station, the length of time between trains. The paper shows the possibility of using a 

piston type in conjunction with a station fan to increase air flow through a metro station. The 

proposed ventilation system can reduce the power consumption of the station tunnel fan. 

 

ʌʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʪʦʥʥʝʣʴʥʦʡ ʚʝʥʪʠʣʷʮʠʠ ʤʝʪʨʦʧʦʣʠʪʝʥʦʚ ʪʨʝʙʫʝʪ ʨʝʰʝʥʠʷ 

ʮʝʣʦʛʦ ʨʷʜʘ ʘʢʪʫʘʣʴʥʳʭ ʠ ʚʘʞʥʳʭ ʟʘʜʘʯ, ʛʣʘʚʥʦʡ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ 

ʪʨʝʙʫʝʤʳʭ ʤʠʢʨʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ ʚ ʧʘʩʩʘʞʠʨʩʢʠʭ ʠ ʩʣʫʞʝʙʥʳʭ 

ʧʦʤʝʱʝʥʠʷʭ ʩʪʘʥʮʠʡ. ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ ʧʦʜʟʝʤʥʳʭ 

ʩʦʦʨʫʞʝʥʠʷʭ ʤʝʪʨʦʧʦʣʠʪʝʥʘ ʷʚʣʷʝʪʩʷ ʚʝʣʠʯʠʥʘ ʦʙʲʝʤʘ ʚʦʟʜʫʭʘ ʥʘ ʩʪʘʥʮʠʠ, ʧʨʦʭʦʜʷʱʝʛʦ 

ʯʝʨʝʟ ʧʫʪʝʚʳʝ ʪʦʥʥʝʣʠ ʠ ʧʘʩʩʘʞʠʨʩʢʠʝ ʧʦʤʝʱʝʥʠʷ. ʕʪʘ ʚʝʣʠʯʠʥʘ ʟʘʚʠʩʠʪ ʦʪ ʫʨʦʚʥʷ 

ʧʘʩʩʘʞʠʨʦʧʦʪʦʢʘ ʠ ʠʟʤʝʥʷʝʪʩʷ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ. ɺ ʯʘʩʳ ʧʠʢ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʚʝʥʪʠʣʷʪʦʨʦʚ 

ʥʘʠʙʦʣʝʝ ʚʝʣʠʢʦ ʠ ʚʩʪʘʝʪ ʚʦʧʨʦʩ ʦʙ ʫʤʝʥʴʰʝʥʠʠ ʧʦʪʨʝʙʣʷʝʤʦʡ ʵʥʝʨʛʠʠ ʤʝʪʨʦʧʦʣʠʪʝʥʦʤ [1]. 

ɼʝʡʩʪʚʫʶʱʠʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʉʅʠʇ 32ï02 çʄʝʪʨʦʧʦʣʠʪʝʥʳè ʨʝʛʣʘʤʝʥʪʠʨʫʝʪ 

ʧʦʜʘʯʫ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ ʥʘ ʩʪʘʥʮʠʠ ʚ ʦʙʲʝʤʝ ʥʝ ʤʝʥʝʝ 50 ʤ
3
 ʥʘ ʦʜʥʦʛʦ ʯʝʣʦʚʝʢʘ ʚ ʯʘʩʳ 

çʧʠʢè ʠ ʥʝ ʤʝʥʝʝ 30 ʤ
3
 ʥʘ ʯʝʣʦʚʝʢʘ ʚ ʦʩʪʘʣʴʥʦʝ ʚʨʝʤʷ ʩʫʪʦʢ [3]. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʙʳʣ ʚʳʯʠʩʣʝʥ ʪʨʝʙʫʝʤʳʡ ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ ʥʘ 

ʩʪʘʥʮʠʠ çʆʢʪʷʙʨʴʩʢʘʷè (ʈʠʩ.1). 
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ʈʠʩʫʥʦʢ 1 ï ɻʨʘʬʠʢ ʨʘʩʭʦʜʘ ʚʦʟʜʫʭʘ ʥʘ ʧʣʘʪʬʦʨʤʝ ʩʪʘʥʮʠʠ çʆʢʪʷʙʨʴʩʢʘʷè. Qpaspot - 

ʪʨʝʙʫʝʤʳʡ ʧʦ ʧʘʩʩʘʞʠʨʦʧʦʪʦʢʫ ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ; Qvo+poezd ï ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ ʥʘ ʧʣʘʪʬʦʨʤʝ 

ʩʪʘʥʮʠʠ, ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥ ʩʦʚʤʝʩʪʥʳʤ ʜʝʡʩʪʚʠʝʤ ʩʪʘʥʮʠʦʥʥʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ 

ʠ ʜʚʠʞʫʱʠʤʠʩʷ ʧʦʝʟʜʘʤʠ 

 

ʀʩʭʦʜʷ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ ʥʝʦʙʭʦʜʠʤʘʷ ʚʝʣʠʯʠʥʘ ʨʘʩʭʦʜʘ ʚʦʟʜʫʭʘ ʚ ʯʘʩʳ çʧʠʢè ʩ 

8:00 ʜʦ 9:00 ʠ ʩ 16:00 ʜʦ 19:00 ʙʫʜʝʪ ʨʘʚʥʘ 40 ʤ
3
/c, ʚ ʜʥʝʚʥʦʝ ʚʨʝʤʷ ʩ 12:00 ʜʦ 16:00 - 20 ʤ

3
/c.  

ɺʧʝʨʚʳʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʟʘʜʘʥʥʳʡ ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ ʥʘ ʧʣʘʪʬʦʨʤʝ 

ʩʪʘʥʮʠʠ ʩʦʚʤʝʩʪʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʩʪʚʦʨʢʘʤʠ ʂɺʋ ʠ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʚʝʥʪʠʣʷʪʦʨʘ, 

ʦʪʩʣʝʞʠʚʘʷ ʧʦʨʰʥʝʚʦʝ ʜʝʡʩʪʚʠʝ ʧʦʝʟʜʦʚ (ʈʠʩ.2). ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʨʘʩʭʦʜʘ 

ʚʦʟʜʫʭʘ ʥʘ ʧʣʘʪʬʦʨʤʝ ʩʪʘʥʮʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʦʨʤʫʣʘ: 

 

ɼʆɹʉʊɺʉʊɺʇɼʇʇɼʇʂɺʋʂɺʋʂɺʋʇʃ QQQQQQQ +³+++³+= kk 2121 )( , 

 

ʛʜʝ kʂɺʋ ï ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʢʨʳʪʠʷ ʩʪʚʦʨʦʢ; Qɼʆɹ ï ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ, ʧʨʠʭʦʜʷʱʠʡ ʥʘ 

ʧʣʘʪʬʦʨʤʫ ʚʩʣʝʜʩʪʚʠʝ ʝʩʪʝʩʪʚʝʥʥʦʡ ʪʷʛʠ. 

 
ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʪʠʧʦʚʦʛʦ ʫʯʘʩʪʢʘ ʚʝʥʪʩʝʪʠ ʤʝʪʨʦʧʦʣʠʪʝʥʘ ʚ ʤʦʤʝʥʪ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʧʦʝʟʜʦʚ ʧʝʨʝʜ ʚʝʥʪʠʣʷʮʠʦʥʥʦʡ ʩʙʦʡʢʦʡ: Qʇɼʇ ï ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ, ʚʳʟʚʘʥʥʳʡ ʧʦʨʰʥʝʚʳʤ 

ʜʝʡʩʪʚʠʝʤ ʧʦʝʟʜʘ, Qʂɺʋ ï ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ ʯʝʨʝʟ ʢʣʘʧʘʥ ʂɺʋ,  Qʇʃ ï ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ ʯʝʨʝʟ 

ʧʣʘʪʬʦʨʤʝʥʥʳʡ ʟʘʣ ʩʪʘʥʮʠʠ; Qʉʊɺ ï ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ ʯʝʨʝʟ ʪʦʥʥʝʣʴʥʳʡ ʚʝʥʪʠʣʷʪʦʨ; ʂɺʋ ï 

ʩʪʚʦʨʯʘʪʳʡ ʨʝʛʫʣʷʪʦʨ ʚʦʟʜʫʭʦʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʢʣʘʧʘʥʘ ʚʝʥʪʠʣʷʮʠʦʥʥʦʛʦ 

ʫʪʝʧʣʸʥʥʦʛʦ. 

 

ʂʨʠʪʝʨʠʝʤ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʚʝʪʨʠʚʘʥʠʝʤ ʙʳʣʘ ʚʳʙʨʘʥʘ ʤʠʥʠʤʘʣʴʥʘʷ 

ʤʦʱʥʦʩʪʴ ʩʪʘʥʮʠʦʥʥʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ: 

 

ɼɺɺ

ʉʊɺ PQ
N

hh ³

³
= , 

 

ʛʜʝ ʈ ï ʜʘʚʣʝʥʠʝ ʚʦʟʜʫʭʘ, hɺ ï ʂʇɼ ʚʝʥʪʠʣʷʪʦʨʘ, hɼɺ ï ʂʇɼ ʧʨʠʚʦʜʥʦʛʦ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ. 
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ʊʘʙʣʠʮʘ 1 - ɿʥʘʯʝʥʠʷ ʧʦʪʨʝʙʣʷʝʤʦʡ ʤʦʱʥʦʩʪʠ ʧʨʠ ʨʘʟʥʳʭ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ  

ʂʦʣ-ʚʦ 

ʧʘʨ 

ʧʦʝʟʜʦʚ, 

ʰʪ 

Qʉʊɺ, 

ʤ
3
/ʩ 

kʂɺʋ 

ɼʝʣʴʪʘ ʊ, ʩ 
ʄʦʱʥʦʩʪʴ 

ʥʝʨʝʛʫʣʠʨʫʝʤʦʛʦ 

ʚʝʥʪʠʣʷʪʦʨʘ, ʢɺʪ 
0 50 100 150 200 250 

7 10 

0 0,16 0,142 0,129 0,129 0,129 0,129 

0,203 0,5 0,159 0,139 0,123 0,122 0,122 0,122 

1 0,159 0,139 0,122 0,12 0,12 0,121 

12 15 

0 0,449 0,363 0,302 0,301 0,332 0,405 

0,687 0,5 0,433 0,321 0,233 0,229 0,274 0,377 

1 0,43 0,317 0,222 0,217 0,262 0,37 

15 20 

0 0,958 0,76 0,621 0,727 0,91 0,939 

1,628 0,5 0,886 0,57 0,331 0,523 0,794 0,828 

1 0,871 0,539 0,271 0,472 0,765 0,812 

15 40 

0 8,855 8,243 7,835 8,123 8,71 8,898 

13,021 0,5 7,566 5,863 4,65 5,586 7,157 7,555 

1 7,222 4,916 3,23 4,586 6,595 7,01 

 

ʅʘ ʨʠʩ.3-4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʦʪʨʝʙʣʷʝʤʦʡ ʚʝʥʪʠʣʷʪʦʨʦʤ ʤʦʱʥʦʩʪʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʧʘʨʘʤʠ ʧʦʝʟʜʦʚ. 

 
ʈʠʩʫʥʦʢ 3 ï ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʦʪʨʝʙʣʷʝʤʦʡ ʚʝʥʪʠʣʷʪʦʨʦʤ ʤʦʱʥʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ 

ʤʝʞʜʫ ʧʘʨʘʤʠ ʧʦʝʟʜʦʚ 
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ʈʠʩʫʥʦʢ 4 ï ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʦʪʨʝʙʣʷʝʤʦʡ ʚʝʥʪʠʣʷʪʦʨʦʤ ʤʦʱʥʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ 

ʤʝʞʜʫ ʧʘʨʘʤʠ ʧʦʝʟʜʦʚ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʢʨʳʪʠʝ ʩʪʚʦʨʦʢ (ʂʢʚʫ=1) ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʩʪʘʥʮʠʦʥʥʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ, ʪʝʤ ʩʘʤʳʤ ʫʤʝʥʴʰʘʷ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ. ʇʨʠ ʵʪʦʤ ʤʠʥʠʤʘʣʴʥʦʝ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʜʦʩʪʠʛʘʝʪʩʷ ʚ ʪʦʤ ʤʦʤʝʥʪ, ʢʦʛʜʘ ʧʦʝʟʜʘ ʥʘ ʩʪʘʥʮʠʶ ʧʨʠʭʦʜʷʪ ʚ 

ʧʨʦʪʠʚʦʬʘʟʝ. 
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ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʘ ʩʠʩʪʝʤʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʨʷʤʦʪʦʯʥʦʛʦ ʚʦʟʜʫʰʥʦ-ʨʝʘʢʪʠʚʥʦʛʦ 

ʜʚʠʛʘʪʝʣʷ,  ʝʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʠ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʳ ʨʘʙʦʪʳ. ɼʣʷ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ ʩ 

ʮʝʣʴʶ ʤʠʥʠʤʠʟʘʮʠʠ ʚʨʝʤʝʥʠ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʨʝʛʫʣʷʪʦʨ ʯʘʩʪʦʪʥʳʤ 

ʤʝʪʦʜʦʤ ʩʠʥʪʝʟʘ. ʎʝʣʴ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʩʦʩʪʦʠʪ ʚ ʧʨʠʤʝʥʝʥʠʠ ʘʧʧʘʨʘʪʘ ʃɸʏʍ ʜʣʷ 

ʥʘʭʦʞʜʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ ʧʘʨʘʤʝʪʨʦʚ ʢʦʨʨʝʢʪʠʨʫʶʱʝʛʦ ʟʚʝʥʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʨʝʙʫʝʤʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʟʘʤʢʥʫʪʦʡ 

ʩʠʩʪʝʤʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʠʥʪʝʟʘ ʘʣʛʦʨʠʪʤʦʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʨʷʤʦʪʦʯʥʳʤ 

ʚʦʟʜʫʰʥʦ-ʨʝʘʢʪʠʚʥʳʤ ʜʚʠʛʘʪʝʣʝʤ ʧʦʣʫʯʝʥʘ ʥʦʚʘʷ ʧʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʨʝʛʫʣʷʪʦʨʘ ʩ 

ʫʯʝʪʦʤ ʚʚʝʜʝʥʠʷ ʢʦʨʨʝʢʪʠʨʫʶʱʝʛʦ ʟʚʝʥʘ.  

The article considers the system for regulating a ramjet air-jet engine, its functional and 

structural scheme of operation. For the control object in order to minimize the time of the transient 

process, the regulator is calculated by the frequency synthesis method. The purpose of this method 

is to use the LACHH device to find the structure and parameters of the correcting link that ensure 

the formation of the required quality indicators of transients in a closed system. As a result of the 

synthesis of algorithms for automatic control of a straight-flow air-driven engine, a new transfer 

function of the regulator was obtained, taking into account the introduction of the correcting link. 

 

ʇʨʷʤʦʪʦʯʥʳʡ ʚʦʟʜʫʰʥʦ-ʨʝʘʢʪʠʚʥʳʡ ʜʚʠʛʘʪʝʣʴ ʧʨʠʤʝʥʷʝʪʩʷ ʥʘ ʙʝʩʧʣʦʪʥʳʭ,  ʙʦʝʚʳʭ, 

ʢʨʳʣʘʪʳʭ ʨʘʢʝʪʘʭ ʦʜʥʦʨʘʟʦʚʦʛʦ ʧʨʠʤʝʥʝʥʠʷ, ʣʝʪʘʶʱʠʭ ʚ ʜʠʘʧʘʟʦʥʝ ʩʢʦʨʦʩʪʝʡ 2160-5400 

ʢʤ/ʯ. ɹʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʧʨʦʩʪʦʪʝ, ʜʝʰʝʚʠʟʥʝ ʠ ʥʘʜʝʞʥʦʩʪʠ ʦʥ ʧʨʝʜʧʦʯʪʠʪʝʣʝʥ. ʊʘʢ ʞʝ 

ʧʨʷʤʦʪʦʯʥʳʡ ʚʦʟʜʫʰʥʦ-ʨʝʘʢʪʠʚʥʳʡ ʜʚʠʛʘʪʝʣʴ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʣʝʪʘʶʱʠʭ ʤʠʥʦʤʝʪʘʭ. 

ʅʝʜʦʩʪʘʪʦʢ: ʥʝʨʘʙʦʪʦʩʧʦʩʦʙʝʥ ʧʨʠ ʥʠʟʢʠʭ ʩʢʦʨʦʩʪʷʭ ʧʦʣʝʪʘ, ʪʝʤ ʙʦʣʝʝ ʧʨʠ ʥʫʣʝʚʦʡ 

ʩʢʦʨʦʩʪʠ. ʅʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘ ʧʠʣʦʪʠʨʫʝʤʳʭ ʩʘʤʦʣʝʪʘʭ. 

ɼʚʠʛʘʪʝʣʴ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʠ ʨʝʛʫʣʷʪʦʨ ʦʙʨʘʟʫʝʪ ʟʘʤʢʥʫʪʫʶ ʩʠʩʪʝʤʫ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ (ʨʠʩʫʥʦʢ 1) .  

 

 
ʈʠʩʫʥʦʢ 1. ɹʣʦʢ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ. 

 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʦʮʝʩʩʦʚ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚ ʜʚʠʛʘʪʝʣʠ ʝʛʦ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʦʧʠʩʳʚʘʶʪʩʷ ʩʠʩʪʝʤʦʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʠʣʠ ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʝʡ. 

ʈʝʛʫʣʷʪʦʨ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʝʡ ʠʣʠ ʫʨʘʚʥʝʥʠʝʤ, ʫʯʠʪʳʚʘʶʱʠʝ 

ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʦʚ ʨʝʛʫʣʷʪʦʨʘ. ɺ ʨʝʛʫʣʷʪʦʨʘʭ ʩʠʣʦʚʳʭ ʫʩʪʘʥʦʚʦʢ 

ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʝ ʠ ʢʦʨʨʝʢʪʠʨʫʶʱʠʝ 

ʫʩʪʨʦʡʩʪʚʘ. ʉʪʘʙʠʣʠʟʠʨʫʶʱʠʝ ʵʣʝʤʝʥʪʳ ʨʝʛʫʣʷʪʦʨʦʚ ʦʙʳʯʥʦ ʦʙʝʩʧʝʯʠʚʘʶʪ ʨʝʛʫʣʠʨʦʚʘʥʠʝ 

ʧʦ ʧʨʦʠʟʚʦʜʥʳʤ ʠ ʢʦʤʧʝʥʩʘʮʠʶ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ [1].  

mailto:sergei-dvoreckii@mail.ru


  
 

180 
 

ʇʨʷʤʦʪʦʯʥʳʡ ʚʦʟʜʫʰʥʦ-ʨʝʘʢʪʠʚʥʳʡ ʜʚʠʛʘʪʝʣʴ (ʇɺʈɼ) ʢʘʢ ʦʙʲʝʢʪ ʨʝʛʫʣʠʨʦʚʘʥʠʷ: 

ʇɺʈɼ ʦʪʥʦʩʠʪʩʷ ʢ ʪʠʧʫ ʜʚʠʛʘʪʝʣʝʡ ʧʨʷʤʦʡ ʨʝʘʢʮʠʠ, ʚ ʢʦʪʦʨʳʭ ʪʷʛʘ ʩʦʟʜʘʝʪʩʷ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʟʘ ʩʯʝʪ ʨʝʘʢʪʠʚʥʦʡ ʩʪʨʫʠ, ʠʩʪʝʢʘʶʱʝʡ ʠʟ ʩʦʧʣʘ. ɺ ʇɺʈɼ  ʥʝʪ ʢʦʤʧʨʝʩʩʦʨʘ, ʠ 

ʫʚʝʣʠʯʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚʦʟʜʫʭʘ ʜʦʩʪʠʛʘʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʢʦʨʦʩʪʥʦʛʦ ʥʘʧʦʨʘ ʧʨʠ ʧʦʣʝʪʝ 

ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ. ʇɺʈɼ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʢʘʢ ʤʘʨʰʝʚʳʡ ʜʚʠʛʘʪʝʣʴ ʚ ʢʨʳʣʘʪʳʭ 

ʨʘʢʝʪʘʭ, ʘ ʪʘʢʞʝ ʚ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʘʭ ʙʦʣʴʰʦʡ ʜʘʣʴʥʦʩʪʠ. ʈʘʙʦʯʠʡ ʧʨʦʮʝʩʩ ʇɺʈɼ 

ʟʘʚʠʩʠʪ ʦʪ ʯʠʩʣʘ  ʧʦʣʝʪʘ. ʏʪʦʙʳ ʠʟʤʝʥʠʪʴ ʩʢʦʨʦʩʪʴ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʯʠʩʣʦ  ʧʦʣʝʪʘ, 

ʥʝʦʙʭʦʜʠʤʦ ʠʟʤʝʥʠʪʴ ʧʦʜʘʯʫ ʪʦʧʣʠʚʘ (Gʊ) ʚ ʜʚʠʛʘʪʝʣʴ.  ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʇɺʈɼ ʤʦʞʥʦ 

ʦʩʫʱʝʩʪʚʠʪʴ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ, ʘ ʪʘʢʞʝ ʠʟʤʝʥʝʥʠʝʤ ʩʝʯʝʥʠʡ ʜʠʬʬʫʟʦʨʘ ʠ 

ʨʝʘʢʪʠʚʥʦʛʦ ʩʦʧʣʘ. ʈʝʛʫʣʷʪʦʨ ʪʝʤʧʝʨʘʪʫʨʳ ʇɺʈɼ ʜʦʟʠʨʫʝʪ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʯʠʩʣʘ ʄ. ʇʦ ʧʨʠʥʮʠʧʫ ʜʝʡʩʪʚʠʷ ʵʪʦ ʥʝʟʘʤʢʥʫʪʳʡ ʨʝʛʫʣʷʪʦʨ [1].  

 
ʈʠʩʫʥʦʢ 2.  ʇɺʈɼ ʢʘʢ ʦʙʲʝʢʪ ʨʝʛʫʣʠʨʦʚʘʥʠʷ: 1- ʠʛʣʘ ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢʘ, 2-ʬʦʨʩʫʥʢʠ, 

3-ʢʘʤʝʨʘ ʩʛʦʨʘʥʠʷ, 4- ʨʝʘʢʪʠʚʥʦʝ ʩʦʧʣʦ. 

 

ʇʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʇɺʈɼ ʠʤʝʝʪ ʚʠʜ: ὡ ʊ

ʨ
Ȣ ɼʣʷ ʨʝʘʣʴʥʳʭ ʇɺʈɼ kT = 20, ʊ= 

1ʩ. ʊʘʢʞʝ ʫʯʠʪʳʚʘʷ ʚʥʫʪʨʝʥʥʶʶ ʜʠʥʘʤʠʢʫ ʜʚʠʛʘʪʝʣʷ ʚʚʦʜʠʪʩʷ ʘʧʝʨʠʦʜʠʯʝʩʢʦʝ ʟʚʝʥʦ ʩ 

ʤʘʣʳʤʠ ʟʥʘʯʝʥʠʷʤʠ k ʠ ʊ (k=1, ʊ= 0,1 ʩ.). ʉ ʫʯʝʪʦʤ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʤ ʠʩʩʣʝʜʫʝʤʘʷ 

ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʇɺʈɼ ʠʤʝʝʪ ʚʠʜ (ʨʠʩʫʥʦʢ 3). 

 
ʈʠʩʫʥʦʢ 3. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ  ʜʣʷ ʩʠʥʪʝʟʘ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʇɺʈɼ. 

 

ʇʨʝʜʩʪʘʚʠʚ ʧʝʨʝʜʘʪʦʯʥʫʶ ʬʫʥʢʮʠʶ ʚ ʚʠʜʝ ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, 

ʧʦʣʫʯʠʣʠ ʩʪʨʫʢʪʫʨʥʫʶ ʩʭʝʤʫ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ ʙʝʟ ʨʝʛʫʣʷʪʦʨʘ. ɺʳʧʦʣʥʠʚ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ (ʨʠʩʫʥʦʢ 4) ʚʳʷʩʥʠʣʠ, ʯʪʦ ʚʨʝʤʷ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʩʠʩʪʝʤʝ 

ʩʦʩʪʘʚʣʷʝʪ 3 ʩʝʢʫʥʜʳ.  



  
 

181 
 

 
ʈʠʩʫʥʦʢ 4. ʈʝʟʫʣʴʪʘʪ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʙʝʟ ʨʝʛʫʣʷʪʦʨʘ. 

 

ʉ ʮʝʣʴʶ ʤʠʥʠʤʠʟʘʮʠʠ ʚʨʝʤʝʥʠ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʦʠʟʚʝʜʝʤ ʨʘʩʯʝʪ 

ʢʦʨʨʝʢʪʠʨʫʶʱʝʛʦ ʟʚʝʥʘ ʯʘʩʪʦʪʥʳʤ ʤʝʪʦʜʦʤ ʩʠʥʪʝʟʘ. ɿʘʜʘʜʠʤ ʞʝʣʘʝʤʳʝ  ʧʦʢʘʟʘʪʝʣʠ 

ʢʘʯʝʩʪʚʘ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʜʣʷ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ: 

„ ςπϷ ʧʝʨʝʨʝʛʫʣʠʨʦʚʘʥʠʝ ʚʳʭʦʜʥʦʡ ʚʝʣʠʯʠʥʳȠὸʧ
ρ ʩʝʢʚʨʝʤʷ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘȠ ʝ ρϷ ʦʰʠʙʢʘ ʚ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝʞʠʤʝȢ    

ɺʳʧʦʣʥʠʚ ʧʨʦʮʝʜʫʨʫ ʯʘʩʪʦʪʥʦʛʦ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ, ʥʘʭʦʜʠʤ ʃɸʏʍ ʥʦʨʤʠʨʦʚʘʥʥʦʛʦ 

ʢʦʨʨʝʢʪʠʨʫʶʱʝʛʦ ʟʚʝʥʘ (ʨʠʩʫʥʦʢ 5). ʇʦ ʚʠʜʫ ʃɸʏʍ ʥʘʭʦʜʠʤ ʥʦʨʤʠʨʦʚʘʥʥʫʶ ʧʝʨʝʜʘʪʦʯʥʫʶ 

ʬʫʥʢʮʠʶ ʢʦʨʨʝʢʪʠʨʫʶʱʝʛʦ ʟʚʝʥʘ [2]. 

 

 
ʈʠʩʫʥʦʢ 5. ʃɸʏʍ ʢʦʨʨʝʢʪʠʨʫʶʱʝʛʦ ʟʚʝʥʘ. 

 

ὡʢ‫ Ὧ
Ὕὴ ρ Ὕὴ ρ

Ὕὴ ρ Ὕὴ ρ
υ
ὴ ρ πȟπρφὴ ρ

ρπὴ ρ πȟρὴ ρ

πȟπψὴ υȟπψὴ υ

υὴ υπȟυὴ υ
 

ɼʘʣʝʝ ʚʳʧʦʣʥʷʝʤ ʧʝʨʝʭʦʜ ʦʪ ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʠ ʢʦʨʨʝʢʪʠʨʫʶʱʝʛʦ ʟʚʝʥʘ ʢ 

ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʝ ʜʣʷ ʝʛʦ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ. 
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ʈʠʩʫʥʦʢ  6. ʈʝʟʫʣʴʪʘʪ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ, ʨʘʩʩʯʠʪʘʥʥʦʡ ʯʘʩʪʦʪʥʳʤ ʤʝʪʦʜʦʤ 

ʩʠʥʪʝʟʘ. 

 

ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʠʜʥʦ, ʯʪʦ ʚʨʝʤʷ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʩʠʩʪʝʤʝ 

ʙʣʘʛʦʜʘʨʷ ʚʚʝʜʝʥʠʶ ʢʦʨʨʝʢʪʠʨʫʶʱʝʛʦ ʟʚʝʥʘ  ʩʦʩʪʘʚʣʷʝʪ 1,3 ʩʝʢʫʥʜʳ.  ʇʦ ʧʦʣʫʯʝʥʥʳʤ 

ʧʘʨʘʤʝʪʨʘʤ ʢʦʨʨʝʢʪʠʨʫʶʱʝʛʦ ʟʚʝʥʘ ʝʛʦ ʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʢʘʢ ʯʝʪʳʨʝʭʧʦʣʶʩʥʠʢ ʥʘ ʙʘʟʝ 

RC ʠ RL ʵʣʝʤʝʥʪʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʨʘʩʯʝʪʝ ʢʦʨʨʝʢʪʠʨʫʶʱʝʛʦ ʟʚʝʥʘ ʯʘʩʪʦʪʥʳʤ ʤʝʪʦʜʦʤ ʩʠʥʪʝʟʘ, 

ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʨʝʛʫʣʷʪʦʨ, ʩʥʠʞʘʶʱʠʡ ʚʨʝʤʷ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩ 3 ʩʝʢʫʥʜ ʜʦ 1,3 

ʩʝʢʫʥʜʳ. ɸʣʛʦʨʠʪʤ ʫʧʨʘʚʣʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʡ ʥʘ ʦʩʥʦʚʝ ʩʠʥʪʝʟʘ ʇɺʈɼ, ʧʦʟʚʦʣʷʝʪ 

ʨʝʛʫʣʠʨʦʚʘʪʴ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʚ ʜʚʠʛʘʪʝʣʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʠʩʣʘ ʧʦʣʝʪʦʚ. 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ: 

1.ɼʦʙʨʦʥʨʘʚʦʚ ʆ.ɽ., ʂʠʨʠʣʝʥʢʦ ʖ.ʀ. ʆʩʥʦʚʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, 

ʘʚʪʦʤʘʪʳ ʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ. ʄ.: ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 1965. ï 450 ʩ. 

2. ɺʦʩʪʨʠʢʦʚ ɸ.ʉ., ʌʨʘʥʮʫʟʦʚʘ ɻ.ɸ. ʊʝʦʨʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ   ʨʝʛʫʣʠʨʦʚʘʥʠʷ. ï ʄ.: 

ɺʳʩʰʘʷ ʰʢʦʣʘ, 2003. ï 364 ʩ. 
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ʋɼʂ 535.31 

 

ʆʎɽʅʂɸ ɺʆɿʄʆɾʅʆʉʊʀ ʇʈʀʄɽʅɽʅʀʗ ʋʌ ʀɿʃʋʏɽʅʀʗ ɺ 

ʆʇʊʀʏɽʉʂʆʁ ʃʆʂɸʎʀʀ 

 

ɼʦʙʨʳʥʯʝʥʢʦ ɺʘʣʝʥʪʠʥʘ ɺʘʩʠʣʴʝʚʥʘ, ʤʘʛʠʩʪʨʘʥʪ; 

ʃʝʛʢʠʡ ɺʣʘʜʠʤʠʨ ʅʠʢʦʣʘʝʚʠʯ, ʜʦʢʪʦʨ ʪʝʭʥ. ʥʘʫʢ, ʟʘʚ. ʢʘʬ. ɸʀʋʉ; 

ɻʠʙʠʥ ʀʛʦʨʴ ʉʝʨʛʝʝʚʠʯ ʜʦʢʪʦʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʢʘʬ. ʆʀʊ 

 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, nomer47@mail.ru 

 

ʆʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʳʝ ʩʠʩʪʝʤʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʟʘ 

ʦʙʲʝʢʪʘʤʠ, ʨʘʙʦʪʘʶʪ ʚ ʚʠʜʠʤʦʤ, ʙʣʠʞʥʝʤ ʠ ʩʨʝʜʥʝʤ ʀʂ ʜʠʘʧʘʟʦʥʘʭ ʜʣʠʥ ʚʦʣʥ, ʢʦʪʦʨʳʝ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʚʣʠʷʥʠʶ ʬʦʥʦʚʦʛʦ (ʨʘʩʩʝʷʥʥʦʛʦ) ʠʟʣʫʯʝʥʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ 

ʦʙʥʘʨʫʞʠʪʝʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤ ʚ ʜʥʝʚʥʦʝ ʚʨʝʤʷ ʩʫʪʦʢ. 

ʈʘʙʦʪʘ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʦʡ ʩʠʩʪʝʤʳ ʚ ʋʌ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ ʧʦʟʚʦʣʷʝʪ ʦʩʣʘʙʠʪʴ 

ʚʣʠʷʥʠʷ ʩʦʣʥʝʯʥʦʛʦ ʬʦʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʇʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʣʠʥʝʝʢ 

ʋʌ ʜʠʘʧʘʟʦʥʘ ʥʘ ʦʩʥʦʚʝ ʘʨʩʝʥʠʜʘ ʛʘʣʣʠʷ, ʢʦʤʧʝʥʩʠʨʦʚʘʥʥʦʛʦ ʧʨʠʤʝʩʷʤʠ ʩ ʛʣʫʙʦʢʠʤʠ 

ʫʨʦʚʥʷʤʠ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʚ ʜʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʩʧʝʢʪʨʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʋʌ ʬʦʪʦʧʨʠʝʤʥʠʢʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʤʥʦʛʦʵʣʝʤʝʥʪʥʳʭ, 

ʧʦʢʘʟʳʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʣʦʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʋʌ ʜʠʘʧʘʟʦʥʘ. 

At present, optoelectronic systems designed for the detection and remote observation of 

objects operate in the visible, near and middle IR wavelengths that are sensitive to the influence of 

background radiation, which results in limiting the operation of these systems during the daytime. 

The operation of the optoelectronic system in the UV range of wavelengths would eliminate the 

interference created by solar radiation, which would allow the system to work at any time of the 

day. A small wavelength range: 0.2 õ 0.4 ɛm, allows to obtain a small value of the radiation 

attenuation coefficient. In order to assess the possibility of applying UV radiation in the optical 

location, materials were collected and analyzed, which showed that this possibility is promising, in 

view of the advantages of UV radiation over others. However, the subject of this work has been 

little studied and requires more careful study. 

 

ɺʚʝʜʝʥʠʝ 

ʀʟʣʫʯʝʥʠʝ ʦʧʪʠʯʝʩʢʦʛʦ ʜʠʘʧʘʟʦʥʘ (ʋʌ, ʚʠʜʠʤʳʡ ʠ ʀʂ) ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʘʪʤʦʩʬʝʨʫ ʠ 

ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʦʧʪʠʯʝʩʢʠʭ ʣʦʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ. ɼʣʷ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤ ʚ ʣʶʙʦʝ ʚʨʝʤʷ ʩʫʪʦʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʋʌ ʜʠʘʧʘʟʦʥ ʜʣʠʥ ʚʦʣʥ. 

ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʚʦʟʥʠʢʣʠ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʨʝʰʝʥʠʝ ʢʦʪʦʨʳʭ ʜʦʣʞʥʦ 

ʧʦʤʦʯʴ ʦʧʨʝʜʝʣʠʪʴ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʋʌ ʜʠʘʧʘʟʦʥʘ ʚ ʩʠʩʪʝʤʘʭ ʣʦʢʘʮʠʠ ʠ 

ʚʠʜʝʥʠʷ: 

1. ʀʟʫʯʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʦʟʦʥʦʚʦʛʦ ʩʣʦʷ ɿʝʤʣʠ ʥʘ ʋʌ ʠʟʣʫʯʝʥʠʝ. 

2. ʈʘʩʩʤʦʪʨʝʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚ ʩʣʦʷʭ ʟʝʤʥʦʡ ʘʪʤʦʩʬʝʨʳ. 

3. ʆʮʝʥʠʪʴ ʜʘʣʴʥʦʩʪʴ ʟʦʥʜʠʨʦʚʘʥʠʷ ʚ ʋʌ ʜʠʘʧʘʟʦʥʝ (ʧʨʠ ʥʘʣʠʯʠʠ ʤʘʪʝʨʠʘʣʦʚ). 

ʊʝʦʨʠʷ 
ʋʣʴʪʨʘʬʠʦʣʝʪʦʚʦʝ ʠʟʣʫʯʝʥʠʝ ï ʵʪʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʠʟʣʫʯʝʥʠʝ ʚ ʧʨʝʜʝʣʘʭ ʜʣʠʥ ʚʦʣʥ 

ʦʪ 1 ʜʦ 400 ʥʤ. ʆʙʣʘʩʪʴ ʋʌ ʩʧʝʢʪʨʘ ʫʩʣʦʚʥʦ ʜʝʣʷʪ ʥʘ  ʙʣʠʞʥʶʶ (200 ï 400 ʥʤ) ʠ ʚʘʢʫʫʤʥʫʶ 

(1 ï 200 ʥʤ) ʦʙʣʘʩʪʠ. ʇʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʣʠʞʥʷʷ ʦʙʣʘʩʪʴ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ 

ʪʝʤ, ʯʪʦ ʠʟʣʫʯʝʥʠʷ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ʙʦʣʝʝ 200 ʥʤ ʣʝʛʯʝ ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ ʥʝʢʦʪʦʨʳʝ ʛʘʟʳ (ʠ 

ʧʘʨʳ), ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʚ ʟʝʤʥʦʡ ʘʪʤʦʩʬʝʨʝ, ʘ ʠʤʝʥʥʦ: #/ȟ(/ȟ/ȟ/  [1]. ʕʪʦ ʤʦʞʥʦ 

ʦʪʤʝʪʠʪʴ ʠʩʭʦʜʷ ʠʟ ʨʠʩ. 1. 
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ʈʠʩ. 1. ʂʦʵʬʬʠʮʠʝʥʪʳ ʧʦʛʣʦʱʝʥʠʷ ʜʣʷ ʯʝʪʳʨʝʭ ʘʪʤʦʩʬʝʨʥʳʭ ʛʘʟʦʚ, ʠʛʨʘʶʱʠʭ ʚʘʞʥʫʶ 

ʨʦʣʴ ʚ ʧʦʛʣʦʱʝʥʠʠ ʩʦʣʥʝʯʥʦʛʦ ʫʣʴʪʨʘʬʠʦʣʝʪʘ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ʦʪ 100 ʜʦ 220 ʥʤ [2]. 

 

ʆʟʦʥ ʨʘʩʧʨʝʜʝʣʝʥ ʚ ʘʪʤʦʩʬʝʨʝ ʥʝʦʙʳʯʥʳʤ ʦʙʨʘʟʦʤ. ʆʥ ʦʙʨʘʟʫʝʪʩʷ ʚ ʚʝʨʭʥʠʭ ʩʣʦʷʭ 

ʘʪʤʦʩʬʝʨʳ ʠʟ ʢʠʩʣʦʨʦʜʘ, ʧʦʜʚʝʨʛʘʶʱʝʛʦʩʷ ʜʝʡʩʪʚʠʶ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʆʥʦ ʨʘʟʙʠʚʘʝʪ 

ʤʦʣʝʢʫʣʳ ʢʠʩʣʦʨʦʜʘ ʥʘ ʙʦʣʝʝ ʘʢʪʠʚʥʳʝ ʦʪʜʝʣʴʥʳʝ ʘʪʦʤʳ, ʯʘʩʪʴ ʢʦʪʦʨʳʭ ʩʦʝʜʠʥʷʝʪʩʷ ʚ 

ʪʨʝʭʘʪʦʤʥʳʝ ʤʦʣʝʢʫʣʳ ʦʟʦʥʘ. ʂʦʥʚʝʢʮʠʦʥʥʳʝ ʪʦʢʠ ʘʪʤʦʩʬʝʨʳ ʥʝʩʫʪ ʵʪʦʪ ʛʘʟ ʚʥʠʟ. ʅʦ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʟʦʥʘ ʥʝ ʤʦʞʝʪ ʫʩʪʘʥʦʚʠʪʴʩʷ, ʪʘʢ ʢʘʢ ʦʟʦʥ, ʝʜʚʘ ʜʦʩʪʠʛʥʫʚ 

ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ, ʨʝʘʛʠʨʫʝʪ ʩ ʤʠʥʝʨʘʣʘʤʠ ʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʚʝʱʝʩʪʚʘʤʠ, ʦʢʠʩʣʷʷ ʠʭ. 

ʆʢʠʩʣʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʦʟʦʥʘ ʥʘʤʥʦʛʦ ʚʳʰʝ, ʯʝʤ ʫ ʢʠʩʣʦʨʦʜʘ, ʠ ʦʥ ʧʨʘʢʪʠʯʝʩʢʠ 

ʤʛʥʦʚʝʥʥʦ ʠʩʯʝʟʘʝʪ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ. 

 
ʈʠʩ. 2. ɺʳʩʦʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʘʪʤʦʩʬʝʨʥʦʛʦ ʦʟʦʥʘ. 
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ʈʠʩ. 2 ʧʦʢʘʟʳʚʘʝʪ, ʢʘʢ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʘʪʤʦʩʬʝʨʥʳʡ ʦʟʦʥ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʩʦʪʳ ʥʘʜ 

ʫʨʦʚʥʝʤ ʤʦʨʷ [3]. ʆʪʩʶʜʘ ʚʠʜʥʦ, ʯʪʦ ʚ ʪʨʦʧʦʩʬʝʨʝ, ʛʜʝ ʨʘʙʦʪʘʶʪ ʣʘʟʝʨʥʳʝ ʩʠʩʪʝʤʳ ʣʦʢʘʮʠʠ 

ʠ ʚʠʜʝʥʠʷ, ʜʦ ʚʳʩʦʪ, ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʥʳʭ 10 ʢʤ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʦʟʦʥʘ ʤʘʣʘ 

[4]. ɺ ʩʪʨʘʪʦʩʬʝʨʝ ʞʝ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʨʝʟʢʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʋʌ 

ʠʟʣʫʯʝʥʠʷ ʥʘ ʚʳʩʦʪʝ ʜʦ 10 ʢʤ ʥʝ ʙʫʜʝʪ ʪʝʨʧʝʪʴ ʩʠʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʦʪ ʦʟʦʥʘ. 

ɺ ʨʘʙʦʪʝ [5] ʧʨʦʚʦʜʠʣʠʩʴ ʨʘʩʯʝʪʳ ʜʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʪʨʘʩʩʳ ʟʦʥʜʠʨʦʚʘʥʠʷ ʧʨʠ 

ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʡ ʜʘʣʴʥʦʩʪʠ ʚʠʜʠʤʦʩʪʠ  10 ʢʤ, ʙʝʟʦʙʣʘʯʥʦʡ ʘʪʤʦʩʬʝʨʝ  ʠ ʟʝʥʠʪʥʦʤ ʫʛʣʝ 

ʉʦʣʥʮʘ 45Á. ʕʥʝʨʛʠʷ ʚ ʠʤʧʫʣʴʩʝ ʜʣʷ ʚʩʝʭ ʣʘʟʝʨʦʚ ʙʳʣʘ ʟʘʜʘʥʘ ʦʜʠʥʘʢʦʚʦʡ ï 10 ʤɼʞ, 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʘ ï 10 ʥʩ. ʋʛʦʣ ʨʘʩʭʦʜʠʤʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʣʘʟʝʨʥʦʛʦ ʣʦʢʘʪʦʨʘ ʠ ʧʦʣʝ 

ʟʨʝʥʠʷ ʧʨʠʝʤʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ  ʪʘʢʞʝ ʙʳʣʠ ʦʜʠʥʘʢʦʚʳ ʠ ʙʳʣʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʨʘʚʥʳ 1 ʤʨʘʜ ʠ 2 ʤʨʘʜ. ʆʪʥʦʰʝʥʠʝʤ ʩʠʛʥʘʣ/ʰʫʤ = 10. ɸʣʴʙʝʜʦ ʧʦʚʝʨʭʥʦʩʪʠ ʣʘʤʙʝʨʪʦʚʩʢʦʛʦ 

ʦʪʨʘʞʘʪʝʣʷ = 0,1. ɼʘʥʥʳʝ ʟʘʥʝʩʝʥʳ ʚ ʪʘʙʣʠʮʫ 1. 

 

ʊʘʙʣʠʮʘ 1. ʇʨʝʜʝʣʴʥʳʝ ʜʘʣʴʥʦʩʪʠ ʟʦʥʜʠʨʦʚʘʥʠʷ. 

‗, ʤʢʤ 0,266 0,308 0,355 0,532 

ʇʨʝʜʝʣʴʥʘʷ ʜʘʣʴʥʦʩʪʴ ʟʦʥʜʠʨʦʚʘʥʠʷ, ʤ 2510 3310 3380 5690 

 

ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ ʚʠʜʥʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʘʣʴʥʦʩʪʠ ʦʙʥʘʨʫʞʝʥʠʷ ʚ ʋʌ ʜʠʘʧʘʟʦʥʝ 

ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʧʨʠ ʜʣʠʥʘʭ ʚʦʣʥ 0,308 ï 0,355 ʤʢʤ. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ, ʢʦʥʝʯʥʦ, ʭʫʞʝ, ʯʝʤ ʧʨʠ 

ʟʦʥʜʠʨʦʚʘʥʠʠ ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ ʠʟʣʫʯʝʥʠʷ, ʦʜʥʘʢʦ, ʠʭ ʤʦʞʥʦ ʫʚʝʣʠʯʠʪʴ, ʠʟʤʝʥʠʚ 

ʧʘʨʘʤʝʪʨʳ ʧʝʨʝʜʘʶʱʝʛʦ ʠ ʧʨʠʝʤʥʦʛʦ ʢʘʥʘʣʦʚ ʣʘʟʝʨʥʦʛʦ ʣʦʢʘʪʦʨʘ. 

Cʦʟʜʘʥ ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʟʘʜʝʣ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʥʦʛʦʵʣʝʤʝʥʪʥʳʭ ʋʌ 

ʧʨʠʝʤʥʠʢʦʚ ʥʘ ʦʩʥʦʚʝ GaAs. [6,7]. 

ʇʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʣʠʥʝʝʢ ʋʌ ʜʠʘʧʘʟʦʥʘ ʥʘ ʦʩʥʦʚʝ ʘʨʩʝʥʠʜʘ 

ʛʘʣʣʠʷ, ʢʦʤʧʝʥʩʠʨʦʚʘʥʥʦʛʦ ʧʨʠʤʝʩʷʤʠ ʩ ʛʣʫʙʦʢʠʤʠ ʫʨʦʚʥʷʤʠ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʚ ʜʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʩʧʝʢʪʨʘ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʩʧʝʢʪʨʘʣʴʥʦʤ 

ʜʠʘʧʘʟʦʥʝ (200 ï 400) ʥʤ ʩʪʨʫʢʪʫʨʳ ʥʘ ʦʩʥʦʚʝ ʘʨʩʝʥʠʜʘ ʛʘʣʣʠʷ, ʢʦʤʧʝʥʩʠʨʦʚʘʥʥʦʛʦ ʭʨʦʤʦʤ, 

ʦʙʣʘʜʘʶʪ ʪʦʢʦʚʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʜʦ 0,1ɸ/ɺʪ, ʧʦʨʦʛʦʚʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ï ʥʝ ʭʫʞʝ 10 
-

14
 ɺʪ/ɻʮ 

0,5
. [8,9] 

ʄʦʞʝʪ ʙʳʪʴ ʩʦʟʜʘʥ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʨʷʜ ʬʦʪʦʧʨʠʝʤʥʳʭ ʤʦʜʫʣʝʡ ʋʌ-ʜʠʘʧʘʟʦʥʘ 

ʣʠʥʝʡʯʘʪʦʛʦ ʠ ʤʘʪʨʠʯʥʦʛʦ ʪʠʧʦʚ: (128*1, 256*1, 128*2, 256*2, 512*2, 8*8, 4*16) ʩ ʨʘʟʤʝʨʘʤʠ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ 50-120ʤʢʤ ʜʣʷ ʤʥʦʛʦʩʧʝʢʪʨʘʣʴʥʳʭ ʩʠʩʪʝʤ. 

 

ɺʳʚʦʜʳ  
ʊʝʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʋʌ ʜʠʘʧʘʟʦʥʘ ʜʣʠʥ ʚʦʣʥ ʚ ʦʧʪʠʯʝʩʢʦʡ 

ʣʦʢʘʮʠʠ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʠ ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʠʷ 

ʙʦʣʝʝ ʧʦʜʨʦʙʥʳʭ ʨʘʩʯʝʪʦʚ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʥʮʠʧʦʚ ʧʦʩʪʨʦʝʥʠʷ ʠ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʋʌ 

ʬʦʪʦʧʨʠʝʤʥʠʢʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʤʥʦʛʦʵʣʝʤʝʥʪʥʳʭ, ʜʦʢʘʟʳʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʨʝʘʣʠʟʘʮʠʠ ʣʦʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʋʌ ʜʠʘʧʘʟʦʥʘ. 

 

 

  



  
 

186 
 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ: 

1. ʄʦʩʠʥ ʆ. ɺ. ʇʦʛʣʦʱʝʥʠʝ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʘʪʤʦʩʬʝʨʦʡ ʠ ʛʠʜʨʦʩʬʝʨʦʡ 

ɿʝʤʣʠ ʠ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʞʠʟʥʠ 

2. Berkner L. V., Marshall L. C., On the origin and rise of oxygen concentration in the 

earth's atmosphere, J. Atmospheric Sci., 22, 225-261 (1965). 

3. ɹʝʣʦʚ ʄ. ʃ., ɻʦʨʦʜʥʠʯʝʚ ɺ. ɸ., ʇʘʰʝʥʠʥʘ ʆ. ɽ. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ 

ʤʦʱʥʦʩʪʠ ʚʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ ʣʘʟʝʨʥʳʭ ʩʠʩʪʝʤ ʣʦʢʘʮʠʠ ʠ ʚʠʜʝʥʠʷ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ 

ʜʠʘʧʘʟʦʥʘ. 

4. ɿʘʰʘʢʫʝʚ ɿ. ʊ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʟʨʘʯʥʦʩʪʠ ʘʪʤʦʩʬʝʨʳ ʚ ʛʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʚ 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʤ ʜʠʘʧʘʟʦʥʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ. 

5. ɻʦʨʦʜʥʠʯʝʚ ɺ.ɸ., ʇʘʰʝʥʠʥʘ ʆ.ɽ., ɹʝʣʦʚ ʄ.ʃ., ʠ ʜʨ. ʆʮʝʥʢʘ ʜʘʣʴʥʦʩʪʠ  

ʦʙʥʘʨʫʞʝʥʠʷ ʩʠʩʪʝʤ ʣʘʟʝʨʥʦʡ ʣʦʢʘʮʠʠ ʋʌ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʜʠʘʧʘʟʦʥʘ. 

6. 3. ʂʨʠʚʯʝʥʢʦ ɺ.ɸ., ʃʦʧʘʝʚ ɼ.ɺ., ʇʘʱʝʥʢʦ ʇ.ɺ. ʠ ʜʨ. // ɾʊʌ. 2008. ʊ.78. ˉ8. ʉ. 

107. 

7. ɸʡʟʝʥʰʪʘʪ ɻ.ʀ., ɺʠʣʠʩʦʚʘ ʄ.ɼ., ɼʨʫʛʦʚʘ ɽ.ʇ. ʠ ʜʨ. // ɾʊʌ. 2006. ʊ.78. ˉ8. ʉ. 

46. 

8. ɺ.ʅ.ʃʝʛʢʠʡ, ɹ.ɺ.ɻʘʣʫʥ, ʂʠʩʝʣʝʚ ʄ.ɺ., ʊʦʣʙʘʥʦʚ ʆ.ʇ., ʊʷʞʝʚ ɸ.ɺ., ʄʦʢʝʝʚ 

ɼ.ʖ. ʌʦʪʦʧʨʠʝʤʥʳʡ ʩʪʝʥʜ ʋʌ ï ʜʠʘʧʘʟʦʥʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʩʠʛʥʘʣʘ ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʤʥʦʛʦʩʧʝʢʪʨʘʣʴʥʳʭ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤ. 21-ʷ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʬʦʪʦʵʣʝʢʪʨʦʥʠʢʝ ʠ ʧʨʠʙʦʨʘʤ ʥʦʯʥʦʛʦ ʚʠʜʝʥʠʷ. ïʄ: ʌɻʋʇ 

ʌʅʇʎ ʅʇʆ çʆʨʠʦʥè, 25 - 28 ʤʘʷ, 2010ʛ. ï ʩ. 161-162. 

9. ɺ.ʅ.ʃʝʛʢʠʡ, ɹ.ɺ.ɻʘʣʫʥ, ʄ.ɺ.ʂʠʩʝʣʝʚ, ʆ.ʇ.ʊʦʣʙʘʥʦʚ, ɼ.ʖ.ʄʦʢʝʝʚ, ɸ.ɺ.ʊʷʞʝʚ 

ɸʨʩʝʥʠʜ ʛʘʣʣʠʝʚʳʝ ʌʇʋ ʋʌ-ʜʠʘʧʘʟʦʥʘ ʜʣʷ ʤʥʦʛʦʩʧʝʢʪʨʘʣʴʥʳʭ ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤè. 

// çʇʨʠʢʣʘʜʥʘʷ ʬʠʟʠʢʘè. ï 2, 2011ʛ.-ʩ.115-118. 



  
 

187 
 

ʋɼʂ 520.2.075+66.012-52 

 

ʉʀʉʊɽʄɸ ʂʆʅʊʈʆʃʗ ʀ ʇʈʆʊʀɺʆɼɽʁʉʊɺʀʗ ɺ ʆʊʅʆʐɽʅʀʀ 

ɸʕʈʆɼʀʅɸʄʀʏɽʉʂʀʍ ʀ ʂʆʉʄʀʏɽʉʂʀʍ ʆɹʒɽʂʊʆɺ 

 

ɽʚʪʫʰʝʥʢʦ ʉʝʤʝʥ ɺʠʢʪʦʨʦʚʠʯ  

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ:  ʜʦʢʪʦʨ ʪʝʭʥ. ʥʘʫʢ, ʟʘʚ. ʢʘʬ. ɸʀʋʉ.ʅ. ʃʝʛʢʠʡ 

 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, evtyshenkosemen@mail.ru 

 

 

ɺ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ, ʨʘʙʦʪʘ ʢʦʪʦʨʳʭ ʩʚʷʟʘʥʥʘ ʩ ʜʚʠʞʝʥʠʝʤ ʥʝʙʝʩʥʳʭ ʪʝʣ, ʯʘʩʪʦ 

ʪʨʝʙʫʝʪʩʷ ʥʘʣʠʯʠʝ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʦʨʠʝʥʪʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʦʩʣʝʜʥʠʤ. 

ʋʧʨʦʱʝʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʦʨʠʝʥʪʘʮʠʠ ʠʤʝʶʪ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ, ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʢʦʪʦʨʳʭ 

ʩʪʘʚʠʪʩʷ ʧʦʜ ʚʦʧʨʦʩ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʠʭ ʧʨʠʤʝʥʝʥʠʷ. 

ʇʨʠʯʠʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʫʩʪʨʦʡʩʪʚʘ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʦʧʠʩʘʥʥʦʛʦ ʜʘʣʝʝ, 

ʩʪʘʣʘ ʚʳʩʦʢʘʷ ʮʝʥʘ, ʦʛʨʘʥʠʯʝʥʥʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʠ ʥʝʧʨʠʛʦʜʥʦʩʪʴ ʜʣʷ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʘʥʘʣʦʛʠʯʥʳʭ ʩʠʩʪʝʤ. 

In control systems, which work is related to the motion of celestial bodies, it's often 

necessary to have an automatic orientation of the equipment. Primitive orientation algorithms have 

series of disadvantages, therefore expediency of application of these algorithms is questioned due 

to this disadvantages. High price, limited functionality and unsuitability for modification of similar 

control systems are the reasons to develop the device and it's software which will be described 

below. 

 

ʉʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʢʦʩʤʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʨʞʠʚʘʪʴ 

ʟʘʜʘʥʥʳʡ ʫʛʦʣ ʦʨʠʝʥʪʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʝʙʝʩʥʦʤʫ ʪʝʣʫ. ʇʨʠʥʮʠʧ 

ʜʝʡʩʪʚʠʷ ʩʠʩʪʝʤʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʦʩʯʝʪʝ ʦʨʙʠʪʳ ʪʝʣʘ, ʦʧʨʝʜʝʣʝʥʠʠ ʫʛʣʦʚ ʵʣʝʚʘʮʠʠ 

(ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ) ʠ ʘʟʠʤʫʪʘ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘ ʥʝʛʦ. ʋʛʣʳ ʧʝʨʝʜʘʶʪʩʷ ʥʘ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʥʘ ʙʦʨʪʫ ʦʧʦʨʥʦ-ʧʦʚʦʨʦʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. 

ʄʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʫʧʨʘʚʣʷʝʪ ʰʘʛʦʚʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ ʦʧʦʨʥʦ-ʧʦʚʦʨʦʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʢʦʥʪʨʦʣʠʨʫʝʪ ʧʨʘʚʠʣʴʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʦʨʠʝʥʪʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʇʨʦʛʨʘʤʤʘ Orbitron (ʈʠʩ. 1) [1] ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʘʪʴ ʫʛʣʳ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘ ʃʫʥʫ, 

ʉʦʣʥʮʝ, ʘ ʪʘʢʞʝ ʣʶʙʦʡ ʦʙʲʝʢʪ ʜʣʷ ʢʦʪʦʨʦʛʦ ʠʤʝʶʪʩʷ ʜʘʥʥʳʝ ʦʙ ʦʨʙʠʪʝ ʠʣʠ ʪʨʘʝʢʪʦʨʠʠ ʚ 

ʬʦʨʤʘʪʝ TLE [2]. Orbitron ʩʦʜʝʨʞʠʪ ʬʫʥʢʮʠʦʥʘʣ, ʧʦʟʚʦʣʷʶʱʠʡ: 

1. ɿʘʛʨʫʞʘʪʴ ʩʚʝʞʠʝ ʵʣʝʤʝʥʪʳ TLE ʠʟ ʦʙʱʝʜʦʩʪʫʧʥʦʡ ʙʘʟʳ ʦʙʲʝʢʪʦʚ NORAD [3]  

2. ɺʝʩʪʠ ʚʳʙʨʘʥʥʳʡ ʦʙʲʝʢʪ  

3. ʆʧʨʝʜʝʣʷʪʴ ʚʝʣʠʯʠʥʫ ʜʦʧʣʝʨʦʚʩʢʦʛʦ ʩʜʚʠʛʘ ʯʘʩʪʦʪʳ  

4. ʊʨʘʥʩʣʠʨʦʚʘʪʴ ʨʘʩʩʯʠʪʘʥʥʳʝ ʜʘʥʥʳʝ ʚʦ ʚʥʝʰʥʶʶ ʧʨʦʛʨʘʤʤʫ (ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ 

ï ʚ ʧʨʦʛʨʘʤʤʫ ʢʦʥʪʨʦʣʷ ʧʦʚʦʨʦʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜ DDE [4] 
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ʈʠʩ. 1.  ʇʨʦʛʨʘʤʤʘ Orbitron 

 

ʇʨʦʛʨʘʤʤʘ ʫʧʨʘʚʣʝʥʠʷ ʧʦʚʦʨʦʪʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ (ʈʠʩ. 2) ʦʩʫʱʝʩʪʚʣʷʝʪ ʫʧʨʘʚʣʝʥʠʝ 

ʢʦʥʪʨʦʣʣʝʨʦʤ ʧʦʚʦʨʦʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ï ʦʪʜʘʝʪ ʫʧʨʘʚʣʷʶʱʠʝ ʢʦʤʘʥʜʳ ʥʘ ʫʩʪʘʥʦʚʢʫ ʫʛʣʦʚ, 

ʧʨʦʠʟʚʦʣʴʥʳʡ ʧʦʚʦʨʦʪ ʘʥʪʝʥʥʳ ʠ ʘʚʘʨʠʡʥʫʶ ʦʩʪʘʥʦʚʢʫ ʝʝ ʚʨʘʱʝʥʠʷ. ʆʪ ʢʦʥʪʨʦʣʣʝʨʘ ʚ 

ʧʨʦʛʨʘʤʤʫ ʧʝʨʝʜʘʶʪʩʷ ʦʪʯʝʪʳ ʦ ʚʳʧʦʣʥʝʥʠʠ ʢʦʤʘʥʜ, ʜʘʥʥʳʝ ʦ ʪʝʢʫʱʝʤ ʧʦʣʦʞʝʥʠʠ ʘʥʪʝʥʥʳ 

ʠ ʩʦʩʪʦʷʥʠʠ ʩʠʩʪʝʤʳ.  


