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ɸʅʆʊɸʎɯʗ 

ʈʠʙʘʣʢʘ ɸ.ʆ. ɼʠʥʘʤʽʢʘ ʽ ʤʽʮʥʽʩʪʴ ʥʘʥʦʩʫʧʫʪʥʠʢʘ PolyItan-2-SAU ʥʘ ʝʪʘʧʽ 

ʚʠʚʝʜʝʥʥʷ ʥʘ ʦʨʙʽʪʫ. ï ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 05.02.09 ï ʜʠʥʘʤʽʢʘ ʪʘ ʤʽʮʥʽʩʪʴ ʤʘʰʠʥ. ï ʅʘʮʽʦʥʘʣʴʥʠʡ 

ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦè ʄʆʅ ʋʢʨʘʾʥʠ, ʂʠʾʚ, 2018. 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʘʥʘʣʽʟʫ ʜʠʥʘʤʽʢʠ ʽ ʤʽʮʥʦʩʪʽ 

ʥʘʥʦʩʫʧʫʪʥʠʢʘ (ʅʉ) PolyItna-2-SAU ʥʘ ʝʪʘʧʽ ʚʠʚʝʜʝʥʥʷ ʥʘ ʦʨʙʽʪʫ. ʅʉ ʙʫʚ 

ʩʪʚʦʨʝʥʠʡ ʚ ʅʊʋʋ ñʂʇɯ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦò ʚ ʨʘʤʢʘʭ ʤʽʞʥʘʨʦʜʥʦʛʦ 

ʤʽʞʫʥʽʚʝʨʩʠʪʝʪʩʴʢʦʛʦ ʧʨʦʝʢʪʫ QB50. ʌʫʥʢʮʽʦʥʘʣʴʥʠʤ ʧʨʠʟʥʘʯʝʥʥʷʤ ʅʉ ʻ 

ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʶ ʘʪʦʤʘʨʥʦʛʦ ʢʠʩʥʶ ʚ ʪʝʨʤʦʩʬʝʨʽ ɿʝʤʣʽ ʥʘ ʚʠʩʦʪʘʭ ʜʦ 400 ʢʤ. 

ʇʨʦʝʢʪʫʚʘʥʥʷ ʽ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʅʉ ʚʠʤʘʛʘʻ ʚʠʨʽʰʝʥʥʷ 

ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʟʘʚʜʘʥʴ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʘʥʘʣʽʟʦʤ ʜʠʥʘʤʽʢʠ ʽ ʤʽʮʥʦʩʪʽ. ʎʽ 

ʟʘʚʜʘʥʥʷ ʚʠʥʠʢʘʶʪʴ ʥʘ ʨʽʟʥʠʭ ʝʪʘʧʘʭ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʅʉ. ʊʘʢ, ʥʘ ʝʪʘʧʽ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʦʧʝʨʝʜʥʷ ʦʮʽʥʢʘ ʤʽʮʥʦʩʪʽ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʛʨʘʥʠʯʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ, ʱʦ ʤʦʞʫʪʴ ʜʽʷʪʠ ʥʘ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʝʣʝʤʝʥʪʠ ʅʉ; ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʽ 

ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʚʠʤʦʛ ʧʦ ʜʠʥʘʤʽʯʥʦʾ ʪʦʯʥʦʩʪʽ ʩʪʘʙʽʣʽʟʘʮʽʾ ʚ ʷʢʦʩʪʽ ʚʠʭʽʜʥʠʭ 

ʜʘʥʠʭ ʜʣʷ ʨʦʟʨʦʙʢʠ ʩʠʩʪʝʤ ʦʨʽʻʥʪʘʮʽʾ ʽ ʩʪʘʙʽʣʽʟʘʮʽʾ ʽ.ʪ.ʧ.. 

ʆʩʥʦʚʥʠʤ ʽ ʥʘʡʙʽʣʴʰ ʚʽʜʧʦʚʽʜʘʣʴʥʠʤ ʟ ʪʦʯʢʠ ʟʦʨʫ ʜʽʶʯʠʭ ʤʝʭʘʥʽʯʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥ ɹʻ ʝʪʘʧ ʚʠʚʝʜʝʥʥʷ ʅʉ ʥʘ ʥʘʚʢʦʣʦʟʝʤʥʫ ʦʨʙʽʪʫ. ʅʘ ʮʴʦʤʫ ʝʪʘʧʽ ʥʘ 

ʩʫʧʫʪʥʠʢ ʜʽʶʪʴ ʝʢʩʪʨʝʤʘʣʴʥʽ ʢʚʘʟʽʩʪʘʪʠʯʥʽ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ, ʽʥʪʝʥʩʠʚʥʽ 

ʚʽʙʨʘʮʽʡʥʽ, ʘʢʫʩʪʠʯʥʽ ʪʘ ʽʤʧʫʣʴʩʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷʤ, ʱʦ ʦʙʫʤʦʚʣʝʥʽ ʨʦʙʦʪʦʶ 

ʜʚʠʛʫʥʽʚ ʽ ʩʠʩʪʝʤ ʨʘʢʝʪʠ-ʥʦʩʽʷ (ʈʅ), ʘʝʨʦʜʠʥʘʤʽʯʥʠʤʠ ʚʧʣʠʚʘʤʠ, ʪʦʱʦ. 

ɿ ʦʛʣʷʜʫ ʥʘ ʩʫʯʘʩʥʽ ʪʝʥʜʝʥʮʽʾ ʩʢʦʨʦʯʝʥʥʷ ʪʝʨʤʽʥʽʚ ʧʨʦʝʢʪʫʚʘʥʥʷ, 

ʩʢʦʨʦʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʚʽʜʧʨʘʮʶʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʧʽʜʚʠʱʝʥʽ 

ʚʠʤʦʛʠ ʜʦ ʩʪʚʦʨʶʻʤʠʭ ʅʉ, ʨʦʣʴ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟʥʘʯʥʦ ʟʨʦʩʣʘ. 

ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ, ʧʨʦʚʝʜʝʥʝ ʥʘ ʨʘʥʥʽʭ ʩʪʘʜʽʷʭ ʨʦʟʨʦʙʢʠ ʅʉ, 

ʜʦʟʚʦʣʷʻ ʧʨʠʡʤʘʪʠ ʨʽʰʝʥʥʷ ʱʦʜʦ ʢʦʤʧʦʥʦʚʢʠ, ʧʦʙʫʜʦʚʠ ʩʭʝʤʠ ʥʝʩʫʯʦʾ 
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ʢʦʥʩʪʨʫʢʮʽʾ, ʟ ʚʠʩʦʢʠʤ ʩʪʫʧʝʥʝʤ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʦʮʽʥʶʚʘʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ 

ʜʽʶʪʴ ʥʘ ʅʉ ʥʘ ʨʽʟʥʠʭ ʝʪʘʧʘʭ ʡʦʛʦ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ. ʆʮʽʥʢʘ ʚʽʜʛʫʢʫ ʅʉ ʥʘ ʮʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʦʜʠʪʠ "ʚʽʨʪʫʘʣʴʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ" 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʥʘʪʫʨʥʝ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʷʢʠʭ ʚʘʞʢʦ ʧʨʦʚʝʩʪʠ ʚ 

ʥʘʟʝʤʥʠʭ ʫʤʦʚʘʭ. ʇʠʪʘʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʠ ʮʴʦʤʫ ʻ 

ʢʣʶʯʦʚʠʤ, ʦʩʢʽʣʴʢʠ ʚʽʜ ʮʴʦʛʦ ʟʘʣʝʞʠʪʴ ʧʨʘʚʠʣʴʥʽʩʪʴ ʧʨʠʡʥʷʪʠʭ ʨʽʰʝʥʴ ʽ 

ʦʜʝʨʞʫʚʘʥʠʭ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʘʮʽʦʥʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʅʉ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʨʦʙʢʘ ʘʜʝʢʚʘʪʥʠʭ ʽʤʽʪʘʮʽʡʥʠʭ ʤʦʜʝʣʝʡ (ɯʄ) ʽ ʝʬʝʢʪʠʚʥʠʭ 

ʤʝʪʦʜʠʢ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʧʨʫʞʝʥʦ-

ʜʝʬʦʨʤʦʚʘʥʥʦʛʦ ʩʪʘʥʫ (ʅɼʉ), ʘ ʪʘʢʦʞ ʦʮʽʥʢʘ ʤʽʮʥʦʩʪʽ ʅʉ ʧʨʠ ʜʽʾ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʨʽʟʥʠʭ ʝʪʘʧʘʭ ʞʠʪʪʝʚʦʛʦ ʮʠʢʣʫ ʻ ʘʢʪʫʘʣʴʥʠʤʠ. 

ʋ ʧʝʨʰʦʤʫ ʨʦʟʜʽʣʽ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʫʢʦʚʦʾ ʽ ʪʝʭʥʽʯʥʦʾ ʣʽʪʝʨʘʪʫʨʠ 

ʧʦ ʪʝʤʽ ʜʠʩʝʨʪʘʮʽʾ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʦʩʥʦʚʥʽ ʪʠʧʠ ʥʘʚʘʥʪʘʞʝʥʴ, ʱʦ ʜʽʶʪʴ ʥʘ 

ʢʦʩʤʽʯʥʽ ʘʧʘʨʘʪʠ (ʂɸ) ʥʘ ʝʪʘʧʽ ʚʠʚʝʜʝʥʥ ̫ʪʘ ʥʦʨʤʠ ʤʽʮʥʦʩʪʽ ʂɸ. ɺʽʜʟʥʘʯʝʥʦ, 

ʱʦ ʜʽʶʯʽ ʥʦʨʤʠ ʘʥʘʣʽʟʫ ʜʠʥʘʤʽʢʠ ʽ ʤʽʮʥʦʩʪʽ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ʂɸ ʚʢʣʶʯʘʶʪʴ ʚ 

ʩʝʙʝ ʞʦʨʩʪʢʽ ʦʙʤʝʞʝʥʥʷ ʜʦ ʽʤʽʪʘʮʽʡʥʠʭ ʤʦʜʝʣʝʡ, ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ 

ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ ʅɼʉ ʧʨʠ ʜʽʾ ʛʘʨʤʦʥʽʯʥʠʭ, ʚʠʧʘʜʢʦʚʠʭ ʪʘ ʫʜʘʨʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ. 

ʇʨʠʡʥʷʪʘ ʚ ʤʽʞʥʘʨʦʜʥʽʡ ʧʨʘʢʪʠʮʽ ʤʝʪʦʜʦʣʦʛʽʷ ʩʪʚʦʨʝʥʥʷ ʽʤʽʪʘʮʽʡʥʠʭ 

ʤʦʜʝʣʝʡ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʥʘʤʽʢʠ ʽ ʤʽʮʥʦʩʪʽ ʂɸ ʷʚʣʷʻ ʩʦʙʦʶ ʽʪʝʨʘʮʽʡʥʠʡ 

ʧʨʦʮʝʩ, ʷʢʠʡ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʢ ʨʦʟʨʘʭʫʥʢʦʚʠʭ, ʪʘʢ ʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʤʝʪʦʜʽʚ. ɺ ʟʚôʷʟʢʫ ʟʽ ʩʢʣʘʜʥʽʩʪʶ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ 

ʚʠʢʦʥʘʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʦʙôʻʢʪʽʚ ʧʨʠ ʾʭ ʨʦʟʨʘʭʫʥʢʦʚʦʤʫ ʘʥʘʣʽʟʽ ʰʠʨʦʢʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʤʝʪʦʜ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʄʉɽ), ʷʢʠʡ ʚ ʩʠʣʫ ʩʚʦʾʭ 

ʯʠʩʣʝʥʥʠʭ ʧʝʨʝʚʘʛ ʚʠʪʽʩʥʠʚ ʧʨʘʢʪʠʯʥʦ ʚʩʽ ʽʥʰʽ ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʽʚ ʜʠʥʘʤʽʢʠ ʽ 

ʤʽʮʥʦʩʪʽ ʂɸ. 

ʉʫʯʘʩʥʘ ʪʝʥʜʝʥʮʽʷ ʨʦʟʚʠʪʢʫ ʥʘʜʤʘʣʠʭ ʂɸ (ʤʘʩʘ < 10 ʢʛ) ʚʠʤʘʛʘʻ 

ʟʤʝʥʰʝʥʥʷ ʚʘʨʪʦʩʪʽ ʽ ʯʘʩʫ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʂɸ. ʊʫʪ ʦʪʨʠʤʘʚ ʨʦʟʚʠʪʦʢ ʪʘʢ 

ʟʚʘʥʠʡ ñʤʝʪʦʜ ʥʘʩʢʨʽʟʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷò, ʜʝ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ, ʪʘ ʤʦʜʝʨʥʽʟʘʮʽʷ 

ʽʩʥʫʶʯʠʭ ʂɸ ʧʨʦʚʦʜʠʪʴʩʷ ʽʪʝʨʘʮʽʡʥʦ ʥʘ ʦʩʥʦʚʽ ʝʜʠʥʦʾ ʽʤʽʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʟ 
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ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʞʝʥʝʨʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʪʘ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʩʢʦʨʦʯʝʥʦʾ ʧʨʦʛʨʘʤʠ ʚʽʙʨʦʜʠʥʘʤʽʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʂɸ. 

ʋ ʜʨʫʛʦʤʫ ʨʦʟʜʽʣʽ ʜʠʩʝʨʪʘʮʽʾ ʧʨʠʚʝʜʝʥʦ ʦʧʠʩ ʚʽʜʧʨʘʮʴʦʚʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ 

ʅʉ POLYITAN-2-SAU ʪʘ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ ʡʦʛʦ ʜʠʥʘʤʽʢʠ ʽ 

ʤʽʮʥʦʩʪ ̔ʥʘ ʝʪʘʧʽ ʚʠʚʝʜʝʥʥʷ ʥʘ ʦʨʙʽʪʫ. ʆʩʪʘʪʦʯʥʠʡ ʨʘʮʽʦʥʘʣʴʥʠʡ ʚʘʨʽʘʥʪ ʅʉ 

ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʩʫʢʫʧʥʽʩʪʴ ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʧʦʚ'ʷʟʘʥʠʭ ʩʠʩʪʝʤ (ʝʥʝʨʛʦʞʠʚʣʝʥʥʷ, 

ʫʧʨʘʚʣʽʥʥʷ, ʦʨʽʻʥʪʘʮʽʾ ʪʘ ʩʪʘʙʽʣʽʟʘʮʽʾ, ʪʝʣʝʤʝʪʨʠʯʥʦʛʦ ʢʦʥʪʨʦʣʶ, ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʫ, ʨʘʜʽʦʪʝʭʥʽʯʥʠʭ ʪʘ ʟʙʦʨʫ ʥʘʫʢʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ), ʷʢʽ ʨʦʟʤʽʱʝʥʽ 

ʥʘ ʥʝʩʫʯʦʤʫ ʢʘʨʢʘʩʽ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʻʶ ʚʩʽʻʾ ʘʧʘʨʘʪʫʨʠ ʅʉ 

ʩʣʫʞʠʪʴ ʩʠʩʪʝʤʘ ʝʥʝʨʛʦʞʠʚʣʝʥʥʷ (ʉɽɾ). ʅʘ ʅʉ ʧʝʨʝʜʙʘʯʝʥʽ ʜʞʝʨʝʣʘ 

ʧʦʧʦʚʥʝʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ - ʬʦʪʦʝʣʝʢʪʨʠʯʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ. ɰʭ ʦʙ'ʻʜʥʘʥʥʷ ʚ 

ʻʜʠʥʫ ʩʠʩʪʝʤʫ ʫʪʚʦʨʶʻ ʩʦʥʷʯʥʽ ʙʘʪʘʨʝʾ. ʅʘ POLYITAN-2-SAU ʚʩʪʘʥʦʚʣʝʥʽ 

ʥʘʩʪʫʧʥʽ ʜʘʪʯʠʢʠ: ʤʘʛʥʽʪʦʤʝʪʨ (ʜʣʷ ʦʨʽʻʥʪʘʮʽʾ ʧʦ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʶ ɿʝʤʣʽ), 

ʩʦʥʷʯʥʽ ʜʘʪʯʠʢʠ (ʧʨʠ ʦʨʽʻʥʪʘʮʽʾ ʥʘ ʉʦʥʮʝ) ʪʘ ʽʥʝʨʮʽʘʣʴʥʽ ʜʘʪʯʠʢʠ (ʛʽʨʦʩʢʦʧʠ), 

ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʚʽʜʭʠʣʝʥʥʷ ʅʉ ʱʦʜʦ ʽʥʝʨʮʽʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ. ɺ ʷʢʦʩʪʽ 

ʚʠʢʦʥʘʚʯʠʭ ʧʨʠʩʪʨʦʾʚ ʩʠʩʪʝʤʠ ʦʨʽʻʥʪʘʮʽʾ ʽ ʩʪʘʙʽʣʽʟʘʮʽʾ (ʉʆʉ) ʥʘ ʅʉ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʝʣʝʢʪʨʦʢʘʪʫʰʢʠ (ʤʘʛʥʽʪʥʘ ʩʪʘʙʽʣʽʟʘʮʽʷ), ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ 

ʟʦʚʥʽʰʥʽʭ ʧʘʥʝʣʷʭ ʅʉ ʪʘ ʝʣʝʢʪʨʦʤʘʭʦʚʠʢ ʜʣʷ ʟʤʽʥʠ ʢʽʥʝʪʠʯʥʦʛʦ ʤʦʤʝʥʪʫ ʽ, 

ʚʽʜʧʦʚʽʜʥʦ ʧʦʟʜʦʚʞʥʴʦʛʦ ʦʩʴʦʚʦʛʦ ʦʙʝʨʪʘʥʥʷ ʅʉ. ʌʫʥʢʮʽʦʥʘʣʴʥʠʤ 

ʧʨʠʟʥʘʯʝʥʥʷʤ ʅʉ POLYITAN-2-SAU ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʥʠʞʥʴʦʾ ʪʝʨʤʦʩʬʝʨʠ ʚ 

ʽʥʪʝʨʚʘʣʽ ʚʠʩʦʪ 200 - 380 ʢʤ. ɼʘʥʫ ʟʘʜʘʯʫ ʚʠʢʦʥʫʻ ʥʘʫʢʦʚʠʡ ʤʦʜʫʣʴ FIPEX. 

ɼʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʝʩʫʯʦʛʦ ʢʘʨʢʘʩʘ ʽ ʝʣʝʤʝʥʪʽʚ ʢʨʽʧʣʝʥʥʷ ʤʦʜʫʣʷ ʉʆʉ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʘʣʶʤʽʥʽʻʚʠʡ ʩʧʣʘʚ ɼ16, ʜʣʷ ʘʥʪʝʥʥʦʛʦ ʤʦʜʫʣʷ ʽ ʝʣʝʤʝʥʪʽʚ ɽʇ 

- ʘʣʶʤʽʥʽʻʚʠʡ ʩʧʣʘʚ ɸʄʛ6, ʜʣʷ ʥʝʩʫʯʠʭ ʩʪʽʡʦʢ ɽʇ - ʣʘʪʫʥʴ ʃ63, ʧʣʘʪʠ ɽʇ 

ʚʠʢʦʥʘʥʽ ʟ ʩʪʝʢʣʦ ʪʝʢʩʪʦʣʽʪʫ ʂɸʉʊ-ɺ. ʇʽʜ ʯʘʩ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʪʘ ʥʘ ʝʪʘʧʽ 

ʚʠʚʝʜʝʥʥʷ ʥʘ ʦʨʙʽʪʫ ʅʉ ʟʥʘʭʦʜʠʪʩʷ ʚ ʩʠʩʪʝʤʽ ʨʦʟʛʦʨʪʫʚʘʥʥʷ (ʧʫʩʢʦʚʦʤʫ 

ʢʦʥʪʝʡʥʝʨʽ). ʇʫʩʢʦʚʠʡ ʢʦʥʪʝʡʥʝʨ ʈ-POD (Poly Picosat Orbital Deployer) 

ʷʚʣʷʻʪʴʩʷ ʦʜʥʦʯʘʩʥʦ ʢʦʥʪʝʡʥʝʨʦʤ ʜʣʷ ʅʉ ʪʘ ʟʘʩʦʙʦʤ ʜʣʷ ʚʠʚʝʜʝʥʥʷ ʅʉ ʚ 

ʚʠʟʥʘʯʝʥʫ ʪʦʯʢʫ ʦʨʙʽʪʠ. P-POD ʚʠʛʦʪʦʚʣʝʥʠʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʣʶʤʽʥʽʻʚʦʛʦ 

ʩʧʣʘʚʫ 7075-ʊ73 ʯʝʨʝʟ ʡʦʛʦ ʚʠʩʦʢʫ ʤʽʮʥʽʩʪʴ ʽ ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʫ ʚʘʨʪʽʩʪʴ. ʂʦʞʝʥ 
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P-POD ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʧʝʨʝʚʝʟʝʥʥʷ 3-ʭ ʩʪʘʥʜʘʨʪʥʠʭ ʩʫʧʫʪʥʠʢʽʚ ʬʦʨʤʘʪʫ 

Cubesat1U. ʅʘ ʝʪʘʧʽ ʚʠʚʝʜʝʥʥʷ ʅʉ ʢʦʥʪʘʢʪʫʻ ʟ P-POD ʯʝʨʝʟ ʦʧʦʨʥʽ ʧʦʚʝʨʭʥʽ, 

ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʥʝʩʫʯʦʤʫ ʢʘʨʢʘʩʽ. 

ɺ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʘʥʘʣʽʟ ʜʠʥʘʤʽʢʠ ʽ ʤʽʮʥʦʩʪʽ ʅʉ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʨʦʟʚô̫ ʟʢʫ ʩʠʩʪʝʤʠ ʜʠʥʘʤʽʯʥʠʭ ʨʽʚʥʷʥʥ ɹ ʚ ʥʘʧʽʚʜʠʩʢʨʝʪʥʽʡ ʬʦʨʤʽ ʤʝʪʦʜʘ 

ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ. ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʅɼʉ ʚʽʜ ʜʽʾ ʧʝʨʝʚʘʥʪʘʞʝʥʴ ʟʘʛʘʣʴʥʘ 

ʩʠʩʪʝʤʘ ʜʠʥʘʤʽʯʥʠʭ ʨʽʚʥʷʥʴ ʩʧʨʦʱʫʝʪʴʩʷ ʜʦ ʢʚʘʟʽʩʪʘʪʠʯʥʦʾ ʬʦʨʤʠ. ɸʥʘʣʽʟ 

ʥʘʧʨʫʞʝʥʴ ʧʨʠ ʜʽʾ ʛʘʨʤʦʥʽʯʥʠʭ ʚʽʙʨʘʮʽʡ ʨʝʘʣʽʟʫʻʪʴʩʷ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʝʪʦʜʘ 

ʤʦʜʘʣʴʥʠʭ ʢʦʦʨʜʠʥʘʪ. ʇʨʠ ʜʽʾ ʩʪʘʮʽʦʥʘʨʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʩʧʝʢʪʨʘʣʴʥʠʡ ʤʝʪʦʜ ʚ ʢʦʤʙʽʥʘʮʽʾ ʟ ʤʝʪʦʜʦʤ ʤʦʜʘʣʴʥʠʭ 

ʢʦʦʨʜʠʥʘʪ. 

ʄʽʮʥʽʩʪʴ ʅʉ ʥʘ ʝʪʘʧʽ ʚʠʚʝʜʝʥʥʷ ʧʦʚʠʥʥʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠʩʷ ʧʨʠ 

ʢʦʤʧʣʝʢʩʥʽʡ ʜʽʾ ʢʚʘʟʽʩʪʘʪʠʯʥʠʭ ʧʝʨʝʚʘʥʪʘʞʝʥʴ, ʛʘʨʤʦʥʽʯʥʠʭ ʪʘ ʚʠʧʘʜʢʦʚʠʭ 

ʚʽʙʨʘʮʽʡ. ɺʠʙʽʨ ʧʦʣʦʞʝʥʥʷ ʅʉ ʚ ʛʨʫʟʦʚʦʤʫ ʚʽʜʩʽʢʫ ʈʅ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʧʨʦʚʝʜʝʥʥʷ ʤʽʮʥʽʩʥʦʛʦ ʽ ʜʠʥʘʤʽʮʥʦʛʦ ʘʥʘʣʽʟʫ ʅʉ ʧʨʠ ʜʽʾ ʥʘʚʘʥʪʘʞʝʥʴ ʚʟʜʦʚʞ 

ʡʦʛʦ ʧʦʟʜʦʚʞʥʴʦʾ ʘ ʪʘʢʦʞ ʧʦʧʝʨʝʯʥʠʭ ʦʩʝʡ X, Y, Z. ʄʽʥʽʤʘʣʴʥʘ ʜʦʧʫʩʪʠʤʘ 

ʚʣʘʩʥʘ ʯʘʩʪʦʪʘ ʢʦʣʠʚʘʥʴ ʅʉ ʥʝ ʧʦʚʠʥʥʘ ʙʫʪʠ ʤʝʥʰʦ ʁ ʟʘ ʨʦʙʦʯʫ ʯʘʩʪʦʪʫ 

ʜʚʠʛʫʥʽʚ ʈʅ (90 ɻʮ). ʇʘʨʘʤʝʪʨʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʢʚʘʟʽʩʪʘʪʠʯʥʠʭ 

ʧʝʨʝʚʘʥʪʘʞʝʥʴ, ʛʘʨʤʦʥʽʯʥʠʭ ʪʘ ʚʠʧʘʜʢʦʚʠʭ ʚʽʙʨʘʮʽʡ ʥʘʚʝʜʝʥʽ ʫ ʪʝʭʥʽʯʥʦʤʫ 

ʟʘʚʜʘʥʥʽ ʥʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʅʉ. 

ʋ ʪʨʝʪʴʦʤʫ ʨʦʟʜʽʣʽ ʜʠʩʝʨʪʘʮʽʾ ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʦʚʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ ʅɼʉ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʅʉ 

ʧʨʠ ʜʽʾ ʢʚʘʟʽʩʪʘʪʠʯʥʠʭ ʧʝʨʝʚʘʥʪʘʞʝʥʴ, ʛʘʨʤʦʥʽʯʥʠʭ ʽ ʚʠʧʘʜʢʦʚʠʭ ʚʽʙʨʘʮʽʡ ʥʘ 

ʝʪʘʧʽ ʚʠʚʝʜʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʻʜʠʥʦʾ ʽʤʽʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ (ɯʄ). 

ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʨʦʟʨʘʭʫʥʢʽʚ ɯʄ ʅʉ ʙʫʣʘ ʨʘʮʽʦʥʘʣʽʟʦʚʘʥʘ: ʚʠʣʫʯʝʥʦ ʟ 

ʨʦʟʛʣʷʜʫ ʝʣʝʤʝʥʪʠ ʅʉ, ʚʥʝʩʦʢ ʷʢʠʭ ʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ʽ ʞʦʨʩʪʢʦʩʪʽ 

ʩʠʣʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʅʉ ʻ ʥʝʩʫʪʪʻʚʠʤ: ʢʨʽʧʠʣʴʥʠʡ ʝʣʝʤʝʥʪ, ʜʘʪʯʠʢʠ ʩʦʥʮʷ, 

ʤʘʛʥʽʪʦʤʝʪʨ ʽ ʪ.ʜ. ʄʘʩʠ ʚʠʣʫʯʝʥʠʭ ʟ ʨʦʟʛʣʷʜʫ ʜʘʪʯʠʢʽʚ ʩʦʥʮʷ ʽ ʤʘʛʥʽʪʦʤʝʪʨʘ 

ʚʨʘʭʦʚʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʚʥʦʤʽʨʥʦʛʦ "ʨʦʟʤʘʟʫʚʘʥʥʷ" ʧʦ ʚʽʜʧʦʚʽʜʥʠʤ 

ʧʦʚʝʨʭʥʷʤ ʢʦʥʪʘʢʪʫ ʟ ʥʝʩʫʯʠʤ ʢʘʨʢʘʩʦʤ. ʄʘʩʘ ʢʨʽʧʣʝʥʥʷ ʚʨʘʭʦʚʘʥʘ ʟʘ 
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ʜʦʧʦʤʦʛʦʶ ʟʙʽʣʴʰʝʥʥʷ ʱʽʣʴʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʥʝʩʫʯʦʛʦ ʢʘʨʢʘʩʘ. ʅʘʫʢʦʚʠʡ 

ʤʦʜʫʣʴ (FIPEX) ʧʨʠʚʝʜʝʥʠʡ ʜʦ ʙʽʣʴʰ ʧʨʦʩʪʦ ʚʠʛʣʷʜʫ. ɸʥʪʝʥʥʠʡ ʤʦʜʫʣʴ 

ʘʧʨʦʢʩʠʤʦʚʘʥʦ ʧʣʘʩʪʠʥʦʶ, ʜʣʷ ʷʢʦʾ ʟʙʝʨʝʞʝʥʽ ʛʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ ʽ ʤʘʩʘ. 

ʇʣʘʪʠ ɭʇ ʧʨʝʜʩʪʘʚʠʣʠ ʫ ʚʠʛʣʷʜʽ ʧʣʘʩʪʠʥ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʤʘʩʘʤʠ. 

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʩʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʦʾ ʤʦʜʝʣʽ (ʉɽʄ) ʅʉ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʦʙô̒ ʤʥʽ, ʧʣʘʩʪʠʥʯʘʪʽ ʪʘ ʙʘʣʢʦʚʽ ʩʢʽʥʯʝʥʥʽ ʝʣʝʤʝʥʪʠ. ʉɽʄ 

ʩʪʚʦʨʶʚʘʣʘʩʴ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʧʘʢʝʪʽ ANSYS. 

ʂʚʘʟʽʩʪʘʪʠʯʥʽ ʧʝʨʝʚʘʥʪʘʞʝʥʷ, ʛʘʨʤʦʥʽʯʥʽ ʪʘ ʚʠʧʘʜʢʦʚʽ ʚʽʙʨʘʮʽʾ, ʱʦ ʜʽʶʪʴ 

ʥʘ ʅʉ, ʜʦʩʷʛʘʶʪʴ ʥʘʡʙʽʣʴʰʠʭ ʚʝʣʠʯʠʥ ʥʘ ʘʪʤʦʩʬʝʨʥʽʡ ʜʽʣʷʥʮʽ ʧʦʣʴʦʪʫ. ʇʨʠ 

ʘʥʘʣʽʟʽ ʤʽʮʥʦʩʪʽ ʮʝ ʚʨʘʭʦʚʫʻʪʴʩʷ ʢʦʤʙʽʥʫʚʘʥʥʷʤ ʩʪʘʪʠʯʥʠʭ ʪʘ ʜʠʥʘʤʽʯʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ. ʇʨʠ ʘʥʘʣʽʟʽ ʤʽʮʥʦʩʪʽ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʅʉ ʟʘʩʪʦʩʦʚʫʚʘʣʠ 

ʣʽʥʽʡʥʝ ʢʦʤʙʽʥʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʴ ʫ ʚʠʛʣʷʜʽ ʜʦʜʘʚʘʥʥʷ ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ 

ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʧʦ ʄʽʟʝʤʫ ʥʘʧʨʫʞʝʥʴ. 

ʊʝʭʥʦʣʦʛʽʷ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʂɸ ʧʝʨʝʜʙʘʯʘʻ ʚʨʘʭʫʚʘʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʙʝʟʧʝʢʠ ʧʨʠ ʤʽʮʥʽʩʥʦʤʫ ʘʥʘʣʽʟʽ. ʂʦʝʬʽʮʽʻʥʪʠ ʙʝʟʧʝʢʠ ʚʚʦʜʷʪʴʩʷ ʟ 

ʤʝʪʦʶ ʢʦʤʧʝʥʩʘʮʽʾ ʥʝʪʦʯʥʦʩʪʝʡ ʫ ʚʠʟʥʘʯʝʥʥʽ ʥʘʚʘʥʪʘʞʝʥʴ, ʫʤʦʚ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ, ʥʝʪʦʯʥʦʩʪʽ ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ ʽ ʪ.ʧ. ʂʦʝʬʽʮʽʻʥʪʠ ʙʝʟʧʝʢʠ 

ʚʠʙʠʨʘʣʠ ʟʛʽʜʥʦ ʩʪʘʥʜʘʨʪʽʚ ʝʚʨʦʧʝʡʩʴʢʦʛʦ ʢʦʩʤʽʯʥʦʛʦ ʘʛʝʥʩʪʘ ʜʣʷ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʅʉ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʨʠ 

ʘʥʘʣʽʟʽ ʤʽʮʥʦʩʪʽ ʝʣʝʢʪʨʦʥʥʠʭ ʧʣʘʪ ɽʇ, ʚʠʢʦʥʘʥʠʭ ʽʟ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, 

ʪʘʢʦʞ ʜʦʜʘʪʢʦʚʦ ʚʨʘʭʦʚʫʚʘʣʠ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʤʽʮʥʽʩʪʥʦʛʦ ʽ ʜʠʥʘʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʽʮʥʽʩʪʴ 

ʚʽʜʧʨʘʮʴʦʚʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʅʉ PolyItan-2-SAU ʥʘ ʝʪʘʧʽ ʚʠʚʝʜʝʥʥʷ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʜʣʷ ʫʩʽʭ ʚʘʨʽʘʥʪʽʚ ʨʦʟʤʽʱʝʥʥʷ ʅʉ ʫ ʛʨʫʟʦʚʦʤʫ ʚʽʜʩʽʢʫ ʈʅ. 

ɺʣʘʩʥʽ ʯʘʩʪʦʪʠ ʢʦʣʠʚʘʥʴ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʅʉ ʥʝ ʨʦʟʪʘʰʦʚʘʥʽ ʚ 

ʯʘʩʪʦʪʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʚʠʤʫʰʝʥʠʭ ʢʦʣʠʚʘʥʴ ʈʅ. 

ʏʝʪʚʝʨʪʠʡ ʨʦʟʜʽʣ ʧʨʠʩʚʷʯʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʚʽʜʧʨʘʮʶʚʘʥʥ ʁ

ʚʠʤʫʰʝʥʠʭ ʢʦʣʠʚʘʥʴ ʅʉ POLYITAN-2-SAU. ʄʝʪʦʶ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʻ ʚʠʟʥʘʯʝʥʥʷ ʚʣʘʩʥʠʭ ʯʘʩʪʦʪ ʢʦʣʠʚʘʥʴ, ʧʝʨʝʚʽʨʢʘ ʤʽʮʥʦʩʪʽ 
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ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʅʉ ʧʨʠ ʜʽʾ ʥʘʚʘʥʪʘʞʝʥʴ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʝʪʘʧʫ 

ʚʠʚʝʜʝʥʥʷ, ʪʘ ʚʝʨʠʬʽʢʘʮʽʾ ɯʄ ʅʉ ʟ ʤʝʪʦʶ ʫʪʦʯʥʝʥʥʷ. 

ʇ̔ ʜ ʯʘʩ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʅʉ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʦʩʴ 

ʦʜʥʦʯʘʩʥʦ ʜʚʘ ʘʢʩʝʣʝʨʦʤʝʪʨʠ. ʆʜʠʥ ʽʟ ʥʠʭ ʙʫʣʦ ʟʘʢʨʽʧʣʝʥʦ ʥʘ ʚʽʙʨʦʩʪʝʥʜʽ ʜʣʷ 

ʢʝʨʫʚʘʥʥʷʤ ʚʽʙʨʦʥʘʚʘʥʪʘʞʝʥʥʷʤ. ɼʨʫʛʠʡ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʜʣʷ ʚʠʤʽʨʶʚʘʥʴ 

ʚʽʙʨʦʧʨʠʩʢʦʨʝʥʴ ʚʽʜʛʫʢʫ ʥʘ ʥʘʡʙʽʣʴʰ ʥʘʚʘʥʪʘʞʝʥʠʭ (ʟʛʽʜʥʦ ʜʘʥʠʭ 

ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ) ʝʣʝʤʝʥʪʘʭ ʅʉ. ɿʘ ʘʥʘʣʽʟʦʤ ʨʝʟʫʣʴʪʘʪʽʚ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦ ʚʠʟʥʘʯʝʥʥʶ ʘʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ɸʏʍ) ʚʩʪʘʥʦʚʠʣʠ, ʱʦ ʥʠʞʥʷ ʨʝʟʦʥʘʥʩʥʘ ʯʘʩʪʦʪʘ ʢʦʣʠʚʘʥʴ ʅʉ 

ʚʽʜʧʦʚʽʜʘʻ ʧʘʨʮʽʘʣʴʥʽʡ ʚʣʘʩʥʽʡ ʯʘʩʪʦʪʽ ʢʦʣʠʚʘʥʴ ʤʘʭʦʚʠʢʘ ʉʆʉ ʽ ʩʪʘʥʦʚʠʪʴ 215 

ɻʮ, ʱʦ ʚʠʱʝ ʤʽʥʽʤʘʣʴʥʦʛʦ ʜʦʧʫʩʪʠʤʦʛʦ ʟʥʘʯʝʥʥʷ 90 ɻʮ. ʄʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 

ʨʽʟʥʠʮʽ ʚʣʘʩʥʠʭ ʯʘʩʪʦʪ ʢʦʣʠʚʘʥʴ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʅʉ ʜʦ ʽ ʧʽʩʣʷ 

ʧʨʦʚʝʜʝʥʥʷ ʧʦʚʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʚʠʧʨʦʙʫʚʘʥʴ ʜʦʨʽʚʥʶʻ 4.6%, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʚʽʜʩʫʪʥʽʩʪʴ ʚ ʥʠʭ ʜʝʬʝʢʪʽʚ (ʟʘʣʠʰʢʦʚʠʭ ʜʝʬʦʨʤʘʮʽʡ, ʪʨʽʱʠʥ, ʪʦʱʦ). 

ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʘʣʠ ʜʝʷʢʽ ʨʦʟʭʦʜʞʝʥʥʷ 

ʦʪʨʠʤʘʥʠʭ ɸʏʍ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʅʉ ʽʟ ʧʦʧʝʨʝʜʥʴʦ ʦʪʨʠʤʘʥʠʤʠ 

ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ ʜʘʥʠʤʠ. ɿʛʽʜʥʦ ʨʝʢʦʤʝʥʜʘʮʽʡ ɻʆʉʊʈ 56514-2015 ʽ ECSS-E-

HB-32-26A ʚʝʨʠʬʢ̔ʘʮ̫̔ ɯʄ ʧʦʣʷʛʘʣʘ ʫ ʚʘʨʽʶʚʘʥʥʽ ʞʦʨʩʪʢʽʩʪ ʁ ʢʦʥʪʘʢʪʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʪʘ ʫʪʦʯʥʝʥʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʜʝʤʧʬʫʚʘʥʥʷ. ʇʨʠ ʚʝʨʠʬʽʢʘʮʽʡʥʠʭ 

ʨʦʟʨʘʭʫʥʢʘʭ ʫʤʦʚʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʜʣʷ ʚʝʨʠʬʽʢʦʚʘʥʦʾ ɯʄ ʅʉ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʘʥʽʰʝ ʧʨʠʡʥʷʪʠʤ. ʊʘʢʦʞ ʚʠʢʦʥʫʚʘʣʠ ʫʪʦʯʥʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘ ʦʩʥʦʚʽ ʚʝʨʠʬʽʢʦʚʘʥʦʾ ɯʄ ʅʉ ʦʪʨʠʤʘʣʠ ɸʏʍ, 

ʨʦʟʧʦʜʽʣ ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʧʦ ʄʽʟʝʩʫ ʥʘʧʨʫʞʝʥʴ ʧʨʠ ʜʽʾ ʛʘʨʤʦʥʽʯʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʡʤʦʚʽʨʥʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʧʨʠ ʜʽʾ 

ʚʠʧʘʜʢʦʚʠʭ ʚʽʙʨʘʮʽʡ.  

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ, ʦʪʨʠʤʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʚʝʨʠʬʽʢʦʚʘʥʦʾ ɯʄ ʧʦʢʘʟʘʚ, ʱʦ 

ʧʝʨʰʘ ʚʣʘʩʥʘ ʯʘʩʪʦʪʘ ʢʦʣʠʚʘʥʴ ʅʉ ʟʤʝʥʰʠʣʘʩʴ ʧʨʠʙʣʠʟʥʦ ʥʘ 100 ɻʮ  ̔

ʩʪʘʥʦʚʠʪʴ 222 ɻʮ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʨʝʟʫʣʴʪʘʪʘʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ. 
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ʇʨʠ ʨʦʟʛʣʷʜʽ ʛʘʨʤʦʥʽʯʥʠʭ ʚʽʙʨʘʮʽʡ ʥʘʡʙʽʣʴʰ ʢʨʠʪʠʯʥʠʤ ʻ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʅʉ ʚʟʜʦʚʞ ʧʦʧʝʨʝʯʥʦʾ ʦʩʽ ʍ. ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʤʘʢʩʠʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ 

ʤʘʶʪʴ ʤʽʩʮʝ ʚ ʧʝʨʝʤʠʯʮʽ ʥʝʩʫʯʦʛʦ ʢʘʨʢʘʩʘ ʧʦʙʣʠʟʫ ʢʨʦʥʰʪʝʡʥʽʚ ʉʆʉ. 

ɺʝʣʠʯʠʥʘ ʤʘʢʩʠʤʘʣʴʥʠʭ ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʧʦ ʄʽʟʝʩʫ ʥʘʧʨʫʞʝʥʴ ʩʪʘʥʦʚʠʪʴ 28.39 

ʄʇʘ. ʄʘʢʩʠʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ ʧʨʠ ʥʘʚʘʥʪʘʞʝʥʥʽ ʅʉ ʚʠʧʘʜʢʦʚʠʤʠ ʚʽʙʨʘʮʽʷʤʠ 

ʜʦʩʷʛʘʶʪʴʩʷ ʚ ʧʝʨʝʤʠʯʮʽ ʥʝʩʫʯʦʛʦ ʢʘʨʢʘʩʘ ʧʦʙʣʠʟʫ ʢʨʽʧʣʝʥʥʷ ʢʨʦʥʰʪʝʡʥʘ 
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The paper deals with a set of tasks related to strong and dynamic analysis, as a 

whole of the spacecraft (SC), as well as its individual elements at different stages of 

the life cycle. It is noted that during ground workout for determining the strength and 

dynamic characteristics of the SC used calculation, experimental and calculation and 

experimental methods in various combinations. The basic types of loads acting on the 

SC during the output stage are given. 

The standards of durability of SC are analyzed. It is noted that current norms of 

analysis of dynamics and durability in the design of SC include strict restrictions to 

simulation models, methods for studying dynamic characteristics and stress-strain 

state at the effect of harmonic, random and shock loads. 
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It is shown that the internationally accepted methodology of analysis of 

dynamics and strength of SC represents an iterative process, which involves the use 

of both computational and experimental methods. Due to the complexity of the 

constructive execution of the investigated objects, the finite elements method (FEM) 

is widely used here, which, by virtue of its numerous advantages, supplanted 

practically all other methods of calculating the dynamics and durability of SC. 

The feature of SC is the use of thin-walled structures. For the analysis of the 

dynamics and strength of such structures, the methods of the theory of elasticity, 

plates and shells, the theory of oscillations, etc. are usually used. In the case of the 

application of ITU, commonly used beam and lamellar finite elements (FE). When 

determining the amplitude-frequency characteristics of aircraft, carrier rockets, 

manned and automatic SC, beam models are often used, which is detailed in the 

works of Rabinovich, Zaretsky, Kolesnikov. To analyze the probabilistic 

characteristics of the stress-strain state of the structural elements of the SC, the use of 

the spectral method is regulated. He acquired development in the works of V.V. 

Bolotina, V.L. Biderman, VP Makeev, SV Petinova, V.A. Svetlitsky and other 

scholars. 

It is noted that the current trend of development of ultralow CA requires 

reducing the cost and time of creating new KAs. Therefore, a so-called "over-the-art 

design" method was developed, where the creation of new and modernization of 

existing SCs is carried out iteratively using engineering software complexes and with 

the use of a shortened program of vibration dynamical testing of SC. 

A description of the design process for the design of the nanosattelite (NS) and 

the formulation of the problem of research strength of the HC in the stage of 

withdrawal is made. The process of creating a rational design of the National 

Assembly is iterative. The mechanical component here is implemented according to 

the scheme "from simple to complex". At the beginning, the simplified conceptual 

model of the National Assembly is considered, which is consistently refined and 

complicated. At each stage of the design of the spacecraft, a full cycle of strength and 

dynamic research is carried out. The final working version of the NS POLYITAN-2-
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SAU includes a set of functionally related systems (power supply, control, orientation 

and stabilization, telemetric control, provision of thermal regime, radio engineering 

and collection of scientific information), which are located on the carcass. The NS 

frame is a rigid frame made of aluminum alloy D16. To provide power to all 

equipment of the NS is a power supply system (PSS). The PPS sources of electricity 

replenishment - photoelectric converters. Their unification into a single system forms 

solar panels (SP). The following sensors are installed on POLYITAN-2-SAU: a 

magnetometer (for orientation on the magnetic field of the Earth), solar sensors 

(when oriented to the Sun), and inertial sensors (gyroscopes) that determine the 

deviation of the NA relative to the inertial coordinate system. As actuators of SOS on 

the NC, electric rollers (magnetic stabilization) are used, which are located on the 

outer panels of the NA and the electromagnet for changing the kinetic moment and, 

respectively, the longitudinal axial rotation of the NS. The functional purpose of the 

NS Polythene-2-SAU is to study the lower thermosphere in the range of 200 - 380 

km. This task is performed by the scientific module FIPEX. 

The strength of the NS during the output stage shall be provided by the effect 

of quasi-static overloads, harmonic and random vibrations in the direction of three 

mutually perpendicular longitudinal and transverse axes X, Y, Z. The minimum 

permissible natural frequency of the oscillations of the NS shall not be less than 90 

Hz. Parameters of operational quasi-static overloads, harmonic and random vibrations 

are given in the technical specification for the manufacture of AC. Harmonic and 

random vibrations are transmitted to the NS from the transport container P-POD 

through the supporting surfaces. 

The results of computational studies of dynamic characteristics and NDS of 

constructive elements of the state of emergency under the influence of quasi-static 

overloads, harmonic and random vibrations at the output stage on the basis of a single 

discrete simulation model (SM) are presented. 

When creating the SM of the NS and its discrete analogue, the elements of the 

NA, whose contribution to ensuring the strength and rigidity of the NS power 

structure are insignificant, are excluded from consideration, such as a mounting 



 
 

11 

element, sun sensors, a magnetometer, etc. The masses removed from the 

consideration of the sensors of the sun and the magnetometer are taken into account 

with the help of uniform "smearing" on the corresponding surfaces of contact with 

the bearing frame. The weight of the fastener is taken into account by increasing the 

density of the bearing frame. The scientific module (FIPEX) is simpler. Antenna 

module is approximated by a plate for which geometric sizes and mass are preserved. 

PSS boards are presented in the form of plates with corresponding masses. 

The main purpose of the development of a FEM at the design stage is to 

conduct a preliminary modal analysis, to assess the structural strength under the 

action of harmonic and random vibration, and to create the basis for the experimental 

elaboration of the strength and reliability of the NS. 

The development of NS FEM is an iterative process. At the stage of sketch 

design of the National Assembly the calculations for durability using separate local 

models of its constructive elements were carried out. As a load at this stage, quasi-

static overloads were used taking into account the relevant safety factors. 

In the process of designing the bulla a general FEM of the assembly was 

developed. Carried out corrective calculations using quasi-static overloads, germic 

and random vibrations, taking into account real boundary conditions at the output 

stage. To create the FEM, volumetric, plate and beam finite elements were used. 

FEM was created in the ANSYS software package. 

The flight stage is the most difficult for the design of the NS in terms of 

strength due to the extreme loads that change during the flight of the launch vehicle 

and operate simultaneously. Quasistatic overload, harmonic and random vibration 

reach the largest values in the atmospheric flight segment and act simultaneously. In 

the analysis of strength, this is taken into account by combining static and dynamic 

loads. Regulatory documents provide 2 ways of combining: linear and quadratic. The 

combination means adding maximal values of von Mises equivalent stresses. 

The generally accepted ideology of SC design involves taking into account the 

safety factors in the analysis of strength. The safety factors are introduced to 

compensate for inaccuracies in determining loads, operating conditions, calculation 
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methods, etc. The safety factors are calculated according to the standards of the 

European Space Agency for operating and calculation loads. It should be noted that 

when analyzing the strength of electronic boards made of composite materials in 

accordance with the recommendations of normative documents, additionally took 

into account the overload factor. 

In the analysis of the strength of the structural elements of the NS, a linear 

combination of loads was used in connection with the large output values of 

equivalent stresses in relation to the quadratic combination. 

As a result of the analysis of the bearing capacity of the PolyItan-2-SAU, it 

was established that its strength at the output stage is ensured. 

The results of experimental studies showed significant differences in the 

received amplitude-frequency characteristics (AFC) constructive elements of the NS 

with the estimated data. Therefore, according to the recommendations of GOST-

56514-2015 and ECSS-E-HB-32-26A, the FEM was further verified by frequency 

characteristics. The verification of FEM is performed by varying the rigid parameters 

of finite elements that model the mounting of the attachments to the casing, the joints 

of the casing, the specific features of the design. Also, the geometric parameters of 

the structural elements were refined. 

For verification, based on the complete 3D model of the NS a "verification" 

geometric model and its FEM are created. On the basis of the obtained results, the 

FEM of the NS was verified. The verification was to vary the rigidity of contact 

elements in the FEM and to specify the damping coefficients. In the verification 

calculations carried out, the conditions of loading and the boundary conditions for the 

verified FEM NS correspond to the previously accepted. 

As a result of the numerical received AFC, the distribution of equivalent von 

Mises stresses under the action of harmonic and random loading. 

According to the results of the verification of the FEM, it has been established 

that the own frequencies of the oscillations of the orientation system shifted down by 

about 100 Hz. The lower self-oscillation frequency is 222 Hz, which corresponds to 

the results of the experimental study. 
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In the case of the action of harmonic vibrations, the most critical case is the 

case of a load on the axis X. Here, the maximum stresses occur in the jumper of the 

carrier frame near the orientation system brackets. The value of the maximum 

stresses is 28.39 MPa. The maximum stresses in the case of the loading of the NS by 

random vibrations are observed in the jumper of the carrier frame near the mounting 

bracket of the orientation system. In this case, the SSC for the interval 3ů is 103.56 

MPa. 

Keywords: strength, nano-satellites, random vibration, harmonic vibration, 

finite element method, the method of modal coordinates, dynamics and durability. 
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ɺʉʊʋʇ 

ɼʦʩʣʽʜʞʝʥʥʷ ʢʦʩʤʦʩʫ ʻ ʦʜʥʠʤ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʥʘʧʨʷʤʢʽʚ ʩʫʯʘʩʥʦʛʦ ʝʪʘʧʫ 

ʨʦʟʚʠʪʢʫ ʣʶʜʩʪʚʘ. ʇʝʨʝʩʣʽʜʫʚʘʥʽ ʮʽʣʽ ʪʫʪ ʤʦʞʫʪʴ ʤʘʪʠ ʨʽʟʥʠʡ ʭʘʨʘʢʪʝʨ: 

ʚʽʡʩʴʢʦʚʠʡ, ʢʦʤʝʨʮʽʡʥʠʡ ʘʙʦ ʩʫʪʦ ʥʘʫʢʦʚʠʡ, ʧʨʦʪʝ ʚʩʽ ʚʦʥʠ ʧʨʠʧʫʩʢʘʶʪʴ 

ʚʠʚʝʜʝʥʥʷ ʢʦʨʠʩʥʦʛʦ ʚʘʥʪʘʞʫ, ʟʦʢʨʝʤʘ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ (ʂɸ) ʥʘ ʟʘʜʘʥʫ 

ʥʘʚʢʦʣʦʟʝʤʥʫ ʦʨʙʽʪʫ. 

ʌʫʥʢʮʽʦʥʘʣʴʥʝ ʧʨʠʟʥʘʯʝʥʥʷ ʂɸ ʚʠʟʥʘʯʘʻ: ʚʠʙʽʨ ʦʨʙʽʪʠ, ʢʦʤʧʦʥʝʥʪʠ 

ʙʦʨʪʦʚʦʾ ʘʧʘʨʘʪʫʨʠ, ʧʨʠʩʪʨʦʾ ʜʣʷ ʦʨʽʻʥʪʘʮʽʾ ʪʘ ʩʪʘʙʽʣʽʟʘʮʽʾ, ʩʠʩʪʝʤʠ ʟʚ'ʷʟʢʫ ʟ 

ʥʘʟʝʤʥʠʤʠ ʧʫʥʢʪʘʤʠ ʽ ʪ.ʜ. ɺ ʜʘʥʠʡ ʯʘʩ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤʠ ʚʠʜʘʤʠ ʂɸ ʻ 

ʘʧʘʨʘʪʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ (ɼɿɿ), ʥʘʚʽʛʘʮʽʡʥʽ ʩʠʩʪʝʤʠ (ɻʣʦʥʘʩʩ, 

GPS, Galileo), ʩʠʩʪʝʤʠ ʟʚ'ʷʟʢʫ (ɻʦʥʝʮʴ, Iridium, Globalstar ʽ ʽʥ.), ʥʘʫʢʦʚʽ 

ʘʚʪʦʤʘʪʠʯʥʽ ʂɸ (ʌʦʪʦʥ / ɹʽʦʥ), ʦʨʙʽʪʘʣʴʥʽ ʩʪʘʥʮʽʾ (ʄʽʞʥʘʨʦʜʥʘ ʢʦʩʤʽʯʥʘ 

ʩʪʘʥʮʽʷ), ʧʽʣʦʪʦʚʘʥʽ ʽ ʤʽʞʧʣʘʥʝʪʥʽ ʂɸ.  

ɺ ʦʩʪʘʥʥʻ ʜʝʩʷʪʠʣʽʪʪʷ ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʟʥʘʯʥʝ ʟʨʦʩʪʘʥʥʷ ʯʠʩʣʘ ʟʘʧʫʩʢʽʚ ʂɸ, 

ʤʘʩʘ ʷʢʠʭ ʥʝ ʧʝʨʝʚʠʱʫʻ 10 ʢʛ, ʪʘʢ ʟʚʘʥʠʭ ʧʽʢʦ (ʜʦ 1 ʢʛ) ʽ ʥʘʥʦʩʧʫʪʥʠʢʽʚ (ʅʉ) 

(ʚʽʜ 1 ʜʦ 10 ʢʛ). ʊʨʘʜʠʮʽʡʥʦ ʪʘʢʽ ʩʫʧʫʪʥʠʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʥʘʚʯʘʥʥʷ ʪʘ 

ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʦʜʥʘʢ ʩʬʝʨʘ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʩʪʽʡʥʦ 

ʨʦʟʰʠʨʶʻʪʴʩʷ. ɺʘʞʣʠʚʫ ʨʦʣʴ ʚ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ ʚʽʜʽʛʨʘʻ ʩʪʘʥʜʘʨʪ çCubeSatè, 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʷʢʦʛʦ ʚʠʢʦʥʘʥʦ ʙʽʣʴʰʽʩʪʴ ʧʦʜʽʙʥʠʭ ʩʫʧʫʪʥʠʢʽʚ. 

ʇʦʷʚʘ ʩʪʘʥʜʘʨʪʫ çCubeSatè ʧʦʚ'ʷʟʘʥʝ ʟ ʥʝʦʙʭʽʜʥʽʩʪʶ ʨʦʟʚ'ʷʟʘʥʥʷ ʦʜʥʽʻʾ ʟ 

ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʧʨʦʙʣʝʤ ʧʽʜʛʦʪʦʚʢʠ ʬʘʭʽʚʮʽʚ ʫ ʢʦʩʤʽʯʥʽʡ ʛʘʣʫʟʽ - ʧʨʦʚʝʜʝʥʥʷ 

ʧʨʘʢʪʠʯʥʠʭ ʨʦʙʽʪ ʧʦ ʩʪʚʦʨʝʥʥʶ ʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʨʝʘʣʴʥʠʭ, ʥʝʭʘʡ ʥʘʚʽʪʴ 

ʥʘʡʧʨʦʩʪʽʰʠʭ, ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ. ʆʩʥʦʚʥʽ ʢʦʥʮʝʧʮʽʾ ʩʪʚʦʨʝʥʥʷ ʩʫʧʫʪʥʠʢʽʚ 

ʬʦʨʤʘʪʫ çCubeSatè ʧʦʣʷʛʘʶʪʴ ʚ ʥʘʩʪʫʧʥʦʤʫ: 

Å ʩʪʚʦʨʶʚʘʪʠ ʩʫʧʫʪʥʠʢ ʟʘ ʢʦʨʦʪʢʠʡ ʧʝʨʽʦʜ (1-2 ʨʦʢʠ); 

Å ʚʘʨʪʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʩʫʧʫʪʥʠʢʘ ʧʦʚʠʥʥʘ ʙʫʪʠ ʤʝʥʰʝ 50 ʪʠʩ. ʜʦʣ .; 

Å ʘʢʪʠʚʥʦ ʟʘʣʫʯʘʪʠ ʩʪʫʜʝʥʪʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʽ ʤʦʣʦʜʠʭ ʬʘʭʽʚʮʽʚ ʥʘ ʚʩʽʭ ʝʪʘʧʘʭ 

ʨʦʙʽʪ ʟ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʩʪʚʦʨʝʥʥʷ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʧʫʪʥʠʢʘ. 

ɯʩʥʫʶʯʘ ʩʠʩʪʝʤʘ ʧʨʦʝʢʪʫʚʘʥʥʷ ʥʦʚʠʭ ʂɸ ʷʢ ʚʝʣʠʢʠʭ, ʪʘʢ ʽ ʥʘʜʤʘʣʠʭ, 

ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʙʝʟʣʽʯ ʝʪʘʧʽʚ, ʪʘʢʠʭ ʷʢ ʚʠʙʽʨ ʢʦʥʮʝʧʮʽʾ, ʢʦʤʧʦʥʫʚʘʥʥʷ 
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ʩʫʧʫʪʥʠʢʘ, ʩʪʚʦʨʝʥʥʷ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ, 

ʨʦʟʨʘʭʫʥʢʦʚʦ-ʪʝʦʨʝʪʠʯʥʠʡ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʽ ʪ.ʜ.. 

ʇʨʦʝʢʪʫʚʘʥʥʷ ʽ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʅʉ ʚʠʤʘʛʘʻ ʚʠʨʽʰʝʥʥʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ 

ʟʘʚʜʘʥʴ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʘʥʘʣʽʟʦʤ ʤʽʮʥʦʩʪʽ. ʎʽ ʟʘʚʜʘʥʥʷ ʚʠʥʠʢʘʶʪʴ ʥʘ ʨʽʟʥʠʭ 

ʝʪʘʧʘʭ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʅʉ. ʊʘʢ, ʥʘ ʝʪʘʧʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʦʧʝʨʝʜʥʷ ʦʮʽʥʢʘ 

ʤʽʮʥʦʩʪʽ ʧʦʪʨʽʙʥʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʛʨʘʥʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʱʦ ʤʦʞʫʪʴ ʜʽ̫ʪʠ ʥʘ 

ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʝʣʝʤʝʥʪʠ ʅʉ ʥʘ ʨʽʟʥʠʭ ʞʠʪʪʝʚʦʛʦ ʮʠʢʣʫ, ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʽ 

ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʚʠʤʦʛ ʧʦ ʜʠʥʘʤʽʯʥʦʾ ʪʦʯʥʦʩʪʽ ʩʪʘʙʽʣʽʟʘʮʽʾ ʚ ʷʢʦʩʪʽ ʚʠʭʽʜʥʠʭ 

ʜʘʥʠʭ ʜʣʷ ʨʦʟʨʦʙʢʠ ʩʠʩʪʝʤ ʦʨʽʻʥʪʘʮʽʾ ʽ ʩʪʘʙʽʣʽʟʘʮʽʾ ʽ.ʪ.ʧ.. 

ʆʩʥʦʚʥʠʤ ʽ ʥʘʡʙʽʣʴʰ ʚʽʜʧʦʚʽʜʘʣʴʥʠʤ ʟ ʪʦʯʢʠ ʟʦʨʫ ʜʽʶʯʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʻ 

ʝʪʘʧ ʚʠʚʝʜʝʥʥʷ ʅʉ ʥʘ ʦʨʙʽʪʫ. ʅʘ ʮʴʦʤʫ ʝʪʘʧʽ ʥʘ ʅʉ ʜʽʶʪʴ ʤʘʢʩʠʤʘʣʴʥʽ ʧʦʩʪʽʡʥʽ 

ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʚ ʨʽʟʥʠʭ ʥʘʧʨʷʤʢʘʭ, ʱʦ ʦʙʫʤʦʚʣʝʥʽ ʨʦʙʦʪʦʶ ʜʚʠʛʫʥʽʚ ʽ ʩʠʩʪʝʤ 

ʈʅ. 

ɺʽʙʨʦʜʠʥʘʤʽʯʥʠʡ ʩʪʘʥ ʚʠʨʦʙʽʚ ʢʦʩʤʽʯʥʦʾ ʪʝʭʥʽʢʠ, ʱʦ ʪʨʘʥʩʧʦʨʪʫʶʪʴʩʷ ʥʘ 

ʈʅ, ʻ ʦʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʥʘʜʽʡʥʽʩʪʴ ʽ ʙʝʟʧʝʢʫ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʷʢ ʩʘʤʠʭ ʚʠʨʦʙʽʚ, ʪʘʢ ʽ ʢʦʤʧʣʝʢʩʫ ʥʦʩʽʡ - ʚʠʨʽʙ. ʈʽʚʥʽ ʚʽʙʨʘʮʽʡʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ, ʱʦ ʜʽʶʪʴ ʥʘ ʚʠʨʦʙʠ ʢʦʩʤʽʯʥʦʾ ʪʝʭʥʽʢʠ ʥʘ ʝʪʘʧʽ ʚʠʚʝʜʝʥʥʷ, 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʯʠʥʥʠʢʽʚ: ʩʪʘʜʽ ʾʧʦʣʴʦʪʫ, ʦʩʦʙʣʠʚʦʩʪ ̔ʢʦʥʩʪʨʫʢʮʽʾ ʈʅ, 

ʫʤʦʚ ʨʦʟʤʽʱʝʥʥʷ ʚʠʨʦʙʽʚ ʽ ʪ.ʜ. 

ɺʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʠʥʘʤʽʯʥʦʛʦ ʩʪʘʥʫ ʢʦʥʩʪʨʫʢʮʽʾ ʅʉ ʥʘ ʝʪʘʧʽ 

ʚʠʚʝʜʝʥʥʷ ʤʘʻ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ, ʪʘʢ ʷʢ ʨʽʚʥʽ ʢʦʣʠʚʘʥʴ ʢʦʥʩʪʨʫʢʮʽʾ ʚʠʨʦʙʫ ʻ 

ʚʠʟʥʘʯʘʣʴʥʠʤʠ ʧʨʠ ʦʮʽʥʮʽ ʽ ʧʽʜʪʚʝʨʜʞʝʥʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʽʮʥʦʩʪʽ ʪʘ 

ʥʘʜʽʡʥʦʩʪʽ. ʇʦʣʴʦʪʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʦʞʫʪʴ ʚʠʢʣʠʢʘʪʠ ʚʽʜʥʦʩʥʦ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ 

ʥʘʧʨʫʞʝʥʴ ʚ ʟʦʥʘʭ ʥʝʨʝʛʫʣʷʨʥʦʩʪʝʡ ʢʦʥʩʪʨʫʢʮʽʾ ʽ ʤʦʞʫʪʴ ʜʘʪʠ ʽʩʪʦʪʥʠʡ ʚʥʝʩʦʢ 

ʚ ʥʘʢʦʧʠʯʝʥʥʷ ʚʪʦʤʥʠʭ ʧʦʰʢʦʜʞʝʥʴ. ʇʦʜʽʙʥʘ ʟʘʜʘʯʘ ʚʠʥʠʢʘʻ ʪʘʢʦʞ ʧʨʠ ʦʮʽʥʮʽ 

ʤʦʞʣʠʚʦʩʪʽ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʚʠʨʦʙʫ ʥʘ ʽʥʰʠʭ ʥʦʩʽʷʭ (ʘʚʪʦʤʦʙʽʣʷʭ, ʣʽʪʘʢʘʭ, 

ʟʘʣʽʟʥʠʯʥʦʤʫ ʪʨʘʥʩʧʦʨʪʽ ʽ ʪ.ʧ.). 

ʎʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʞʫʪʴ ʙʫʪʠ ʦʪʨʠʤʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʘʙʦ 

ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʰʣʷʭʦʤ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʧʽʜʭʽʜ ʧʦʚ'ʷʟʘʥʠʡ ʟ ʚʝʣʠʢʠʤʠ 

ʯʘʩʦʚʠʤʠ ʽ ʤʘʪʝʨʽʘʣʴʥʠʤʠ ʚʠʪʨʘʪʘʤʠ. ʂʨʽʤ ʪʦʛʦ, ʚʽʥ ʥʝ ʜʦʟʚʦʣʷʻ ʚ ʜʦʩʪʘʪʥʽʡ 
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ʤʽʨʽ ʦʮʽʥʠʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʅɼʉ ʂɸ ʥʘ ʩʪʘʜʽʾ ʧʨʦʝʢʪʫʚʘʥʥʷ. ʈʦʟʨʘʭʫʥʢʦʚʠʡ 

ʧʽʜʭʽʜ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʝʬʝʢʪʠʚʥʦ ʦʮʽʥʠʪʠ ʧʘʨʘʤʝʪʨʠ ʜʠʥʘʤʽʯʥʦʛʦ ʅɼʉ ʚʞʝ ʥʘ 

ʝʪʘʧʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʂɸ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʻ ʥʘʙʘʛʘʪʦ ʤʝʥʰ ʚʠʪʨʘʪʥʠʤ. ɽʬʝʢʪʠʚʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʤʝʪʦʜʽʚ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʨʝʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢʽʩʪʶ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʤʝʪʦʜʠʢ ʽ ʤʦʜʝʣʝʡ, ʩʪʫʧʝʥʝʤ 

ʾʭ ʘʜʝʢʚʘʪʥʦʩʪʽ ʨʝʘʣʴʥʠʤ ʢʦʥʩʪʨʫʢʮʽʷʤ ʽ ʫʤʦʚʘʤ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʘ ʪʘʢʦʞ 

ʤʦʞʣʠʚʽʩʪʶ ʦʪʨʠʤʘʥʥʷ ʜʦʩʪʦʚʽʨʥʠʭ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ. 

ɿ ʦʛʣʷʜʫ ʥʘ ʩʫʯʘʩʥʽ ʪʝʥʜʝʥʮʽʾ ʱʦʜʦ ʩʢʦʨʦʯʝʥʥʷ ʪʝʨʤʽʥʽʚ ʧʨʦʝʢʪʫʚʘʥʥʷ, 

ʩʢʦʨʦʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʚʽʜʧʨʘʮʶʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʧʽʜʚʠʱʝʥʽ 

ʚʠʤʦʛʠ ʜʦ ʩʪʚʦʨʶʚʘʥʠʭ ʅʉ, ʨʦʣʴ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟʥʘʯʥʦ ʟʨʦʩʣʘ. 

ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ, ʧʨʦʚʝʜʝʥʝ ʥʘ ʨʘʥʥʽʭ ʩʪʘʜʽʷʭ ʨʦʟʨʦʙʢʠ, 

ʜʦʟʚʦʣʷʻ ʧʨʠʡʤʘʪʠ ʨʽʰʝʥʥʷ ʱʦʜʦ ʢʦʤʧʦʥʫʚʘʥʥʷ, ʧʦʙʫʜʦʚʠ ʩʭʝʤʠ ʥʝʩʫʯʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ, ʟ ʚʠʩʦʢʠʤ ʩʪʫʧʝʥʝʤ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʦʮʽʥʶʚʘʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ 

ʜʽʶʪʴ ʥʘ ʂɸ ʥʘ ʨʽʟʥʠʭ ʝʪʘʧʘʭ ʡʦʛʦ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ, ʚʽʜʛʫʢ ʅʉ ʥʘ ʮʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʦʜʠʪʠ "ʚʽʨʪʫʘʣʴʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ" ʝʣʝʤʝʥʪʽʚ, 

ʥʘʪʫʨʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʷʢʠʭ ʚʘʞʢʦ ʧʨʦʚʝʩʪʠ ʚ ʥʘʟʝʤʥʠʭ ʫʤʦʚʘʭ. ʇʠʪʘʥʥʷ 

ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʠ ʮʴʦʤʫ ʻ ʢʣʶʯʦʚʠʤ, ʦʩʢʽʣʴʢʠ ʚʽʜ ʮʴʦʛʦ 

ʟʘʣʝʞʠʪʴ ʧʨʘʚʠʣʴʥʽʩʪʴ ʧʨʠʡʥʷʪʠʭ ʨʽʰʝʥʴ ʽ ʦʜʝʨʞʫʚʘʥʠʭ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʨʘʮʽʦʥʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʅʉ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʨʦʙʢʘ ʘʜʝʢʚʘʪʥʠʭ ʽʤʽʪʘʮʽʡʥʠʭ ʤʦʜʝʣʝʡ (ɯʄ) ʽ 

ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʠʢ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʅɼʉ, ʘ ʪʘʢʦʞ 

ʦʮʽʥʢʘ ʤʽʮʥʦʩʪʽ ʅʉ ʧʨʠ ʜʽʾ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʨʽʟʥʠʭ ʝʪʘʧʘʭ 

ʞʠʪʪʝʚʦʛʦ ʮʠʢʣʫ ʻ ʘʢʪʫʘʣʴʥʦ .ʁ 

ʄʝʪʦʶ ʨʦʙʦʪʠ  ̒ʨʦʟʨʦʙʢʘ ʨʘʮʽʦʥʘʣʴʥʦʾ, ʟ ʪʦʯʢʠ ʟʦʨʫ ʤʽʮʥʦʩʪʽ, ʢʦʥʩʪʨʫʢʮʽʾ 

ʅʉ PolyItan-2-SAU ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʧʣʝʢʩʥʦʾ ʨʦʟʨʘʭʫʥʢʦʚʦ-

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʤʝʪʦʜʠʢʠ ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʥʘʤʽʢʠ ʽ ʤʽʮʥʦʩʪʽ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʅʉ ʥʘ ʝʪʘʧʽ ʚʠʚʝʜʝʥʥʷ, ʷʢʘ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʥʘʩʪʫʧʥʽ ʝʪʘʧʠ:  

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʚ ʨʦʙʦʪʽ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʥʘʩʪʫʧʥʽ 

ʟʘʜʘʯʽ: 
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1. ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʩʫʯʘʩʥʽ ʤʝʪʦʜʠʢʠ ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʥʘʤʽʢʠ ʽ ʤʽʮʥʦʩʪʽ 

ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ; 

2. ʩʪʚʦʨʠʪʠ ʘʜʝʢʚʘʪʥʫ ʜʠʥʘʤʽʯʥʫ ʽʤʽʪʘʮʽʡʥʫ ʤʦʜʝʣʴ ʥʘʥʦʩʫʧʫʪʥʠʢʘ; 

3. ʧʨʦʚʝʩʪʠ ʨʦʟʨʘʭʫʥʢʦʚʝ ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽ 

ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʥʘʥʦʩʫʧʫʪʥʠʢʘ ʧʨʠ ʜʽʾ ʥʘʚʘʥʪʘʞʝʥʴ, 

ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʝʪʘʧʫ ʡʦʛʦ ʚʠʚʝʜʝʥʥʷ ʥʘ ʦʨʙʽʪʫ;  

4. ʩʪʚʦʨʠʪʠ ʤʝʪʦʜʠʢʫ ʢʦʥʩʝʨʚʘʪʠʚʥʦʾ ʦʮʽʥʢʠ ʤʽʮʥʦʩʪʽ ʥʘʥʦʩʫʧʫʪʥʠʢʽʚ; 

5. ʧʨʦʚʝʩʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽ 

ʧʘʨʘʤʝʪʨʽʚ ʚʽʙʨʦʤʽʮʥʦʩʪʽ ʥʘʥʦʩʫʧʫʪʥʠʢʘ; 

6. ʧʨʦʚʝʩʪʠ ʚʝʨʠʬʽʢʘʮʽʶ ʽʤʽʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʥʘʥʦʩʫʧʫʪʥʠʢʘ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʚʽʜʧʨʘʮʶʚʘʥʥʷ. 

ʆʙ'ʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʤʦʜʫʣʴʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʅʉ PolyItan-2-SAU, ʱʦ 

ʚʠʢʦʥʘʥʘ ʧʦ ʥʝʛʝʨʤʝʪʠʯʥʽʡ ʩʭʝʤʽ, ʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʩʠʣʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʽ 

ʤʦʜʫʣʽʚ ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. 

ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ  ̒ʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ʅɼʉ ʝʣʝʤʝʥʪʽʚ 

ʢʦʥʩʪʨʫʢʮʽʾ ʅʉ PolyItan-2-SAU ʥʘ ʝʪʘʧʽ ʚʠʚʝʜʝʥʥʷ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ: 

1) ʉʪʚʦʨʝʥʦ ʨʘʮʽʦʥʘʣʴʥʫ ʢʦʥʩʪʨʫʢʮʽ ʁ ʥʘʥʦʩʫʧʫʪʥʠʢʘ PolyItan-2-SAU, 

ʷʢʠʡ ʙʫʣʘ ʟʘʧʫʱʝʥʦ ʥʘ ʥʘʚʢʦʣʦʟʝʤʥʫ ʦʨʙʽʪʫ 18 ʢʚʽʪʥʷ 2017 ʨʦʢʫ ʨʘʢʝʪʦʶ Atlas 

V ʽ ʷʢʠʡ ʙʝʟʘʚʘʨʽʡʥʦ ʬʫʥʢʮʽʦʥʫʻ ʥʘ ʧʨʦʪʷʟʽ 21 ʤʽʩʷʮʷ ʧʨʠ ʟʘʟʥʘʯʝʥʦʤʫ ʨʝʩʫʨʩʽ ʫ 

6 ʤʽʩʷʮʽʚ. ɹʽʣʴʰ ʥʽʞ ʪʨʠʨʘʟʦʚʝ ʧʝʨʝʚʠʱʝʥʥʷ ʨʝʩʫʨʩʫ ʢʦʥʩʪʨʫʢʮʽʾ 

ʥʘʥʦʩʫʧʫʪʥʠʢʘ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʜʘʣʦ ʚʠʙʨʘʥʽ ʤʝʪʦʜʠ ʦʮʽʥʢʠ ʡʦʛʦ ʜʠʥʘʤʽʢʠ ʽ 

ʤʽʮʥʦʩʪʽ; 

2) ɺʜʦʩʢʦʥʘʣʝʥʦ ʤʝʪʦʜʠʢʫ ʨʦʟʨʘʭʫʥʢʦʚʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʦʮʽʥʢʠ 

ʜʠʥʘʤʽʢʠ ʽ ʤʽʮʥʦʩʪʽ ʥʘʥʦʩʫʧʫʪʥʠʢʽʚ, ʷʢʘ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʚʠʟʥʘʯʝʥʥʷ 

ʜʝʪʝʨʤʽʥʦʚʘʥʠʭ ʪʘ ʡʤʦʚʽʨʥʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʦʢʘʣʴʥʦʛʦ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʽ 

ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙôʻʢʪʘ ʥʘ ʦʩʥʦʚʽ ʩʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʨʘʥʽʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ, ʜʘʥʘ ʤʝʪʦʜʠʢʘ ʙʘʟʫʻʪʴʩʷ 

ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʻʜʠʥʠʭ ʽʤʽʪʘʮʽʡʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʫʩʴʦʛʦ ʢʦʤʧʣʝʢʩʫ 

ʨʦʟʨʘʭʫʥʢʦʚʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ; 
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3) ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʩʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʽ ʤʦʜʝʣʽ (ʉɽʄ) ʨʝʘʣʴʥʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ ʥʘʥʦʩʫʧʫʪʥʠʢʘ ʥʘ ʦʩʥʦʚʽ ʩʪʘʥʜʘʨʪʥʠʭ ʝʣʝʤʝʥʪʽʚ ʨʽʟʥʦʾ ʨʦʟʤʽʨʥʦʩʪʽ, 

ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʚʦʜʠʪʠ ʾʭ ʫʪʦʯʥʝʥʥʷ ʽ ʫʩʢʣʘʜʥʝʥʥʷ ʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʽʚ ʽʩʥʫʶʯʽ ʧʨʦʛʨʘʤʥʽ ʢʦʤʧʣʝʢʩʠ ʩʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʽʟʫ; 

4) ɺʧʝʨʰʝ ʦʪʨʠʤʘʥʽ ʯʠʩʣʦʚʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʚ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʘʭ ʥʘʥʦʩʫʧʫʪʥʠʢʘ 

ʧʨʠ ʜʽʾ ʥʘʚʘʥʪʘʞʝʥʴ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʝʪʘʧʫ ʚʠʚʝʜʝʥʥʷ; 

5) ɺʩʪʘʥʦʚʣʝʥʦ ʤʽʥʽʤʘʣʴʥʦ ʥʝʦʙʭʽʜʥʽ ʦʙʩʷʛʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʪʘ 

ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʚʽʙʨʦʤʽʮʥʦʩʪʽ ʥʘʥʦʩʫʧʫʪʥʠʢʽʚ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ 

ʘʜʝʢʚʘʪʥʦ ʚʠʟʥʘʯʘʪʠ ʨʽʚʥʽ ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʥʘʥʦʩʫʧʫʪʥʠʢʽʚ, ʦʙˇʨʫʥʪʦʚʘʥʦ ʦʮʽʥʶʚʘʪʠ ʾʭ ʤʽʮʥʽʩʪʴ ʪʘ ʞʦʨʩʪʢʽʩʪʴ. 

 ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʫ: 

1. ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʦʚʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʦʮʽʥʢʠ 

ʜʠʥʘʤʽʢʠ ʽ ʤʽʮʥʦʩʪʽ ʥʘʥʦʩʫʧʫʪʥʠʢʽʚ ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʤʦʜʝʨʥʽʟʘʮʽʾ 

ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ ʽʥʰʠʭ ʬʦʨʤʘʪʽʚ; 

2. ʩʪʚʦʨʝʥʽ ʧʨʦʛʨʘʤʠ ʤʝʭʘʥʽʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ, ʷʢʘ ʚʠʟʥʘʯʘʻ ʤʽʥʽʤʘʣʴʥʦ 

ʥʝʦʙʭʽʜʥʽ ʦʙʩʷʛʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʚʽʙʨʦʤʽʮʥʦʩʪʽ 

ʥʘʥʦʩʫʧʫʪʥʠʢʽʚ ʜʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʾʭ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʪʘ ʤʽʮʥʦʩʪʽ; 

3. ʩʪʚʦʨʝʥʥʽ ʤʝʪʦʜʠʢʠ ʚʝʨʠʬʽʢʘʮʽʾ ʜʠʥʘʤʽʯʥʠʭ ʽʤʽʪʘʮʽʡʥʠʭ ʤʦʜʝʣʝʡ 

ʥʘʥʦʩʫʧʫʪʥʠʢʽʚ ʥʘ ʦʩʥʦʚʽ ʫʪʦʯʥʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʡʥʦʛʦ 

ʜʝʤʧʬʫʚʘʥʥʷ ʪʘ ʞʦʨʩʪʢʦʩʪʝʡ ʟʯʣʝʥʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʥʘʥʦʩʫʧʫʪʥʠʢʽʚ; 

4. ʩʪʚʦʨʝʥʥʽ ʢʦʥʩʝʨʚʘʪʠʚʥʦʾ ʤʝʪʦʜʠʢʠ ʦʮʽʥʢʠ ʤʽʮʥʦʩʪʽ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʥʘʥʦʩʫʧʫʪʥʠʢʽʚ. 
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1. ʂʆʉʄɯʏʅʀʁ ɸʇɸʈɸʊ ʗʂ ʄɽʍɸʅɯʏʅɸ ʉʀʉʊɽʄɸ 

ʂʦʞʝʥ ʂɸ ʧʨʦʭʦʜʠʪʴ ʥʘʩʪʫʧʥʽ ʦʩʥʦʚʥʽ ʝʪʘʧʠ ñʞʠʪʪʻʚʦʛʦò ʮʠʢʣʫ: 

ʧʨʦʝʢʪʫʚʘʥʥʷ, ʚʠʛʦʪʦʚʣʝʥʥʷ, ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ, ʚʠʚʝʜʝʥʥʷ ʥʘ ʦʨʙʽʪʫ ʪʘ 

ʦʨʙʽʪʘʣʴʥʘ ʝʢʩʧʣʫʘʪʘʮʽʷ. 

1.1 ɿʘʜʘʯʽ ʜʠʥʘʤʽʢʠ ʽ ʤʽʮʥʦʩʪʽ ʥʘ ʨʽʟʥʠʭ ʝʪʘʧʘʭ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʂɸ 

1.1.1.  ʇʨʦʝʢʪʫʚʘʥʥʷ ʽ ʥʘʟʝʤʥʝ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʂɸ  

ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʂɸ ʚʠʥʠʢʘʻ ʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʢʦʤʧʣʝʢʩ ʟʘʚʜʘʥʴ, 

ʧʦʚ'ʷʟʘʥʠʭ ʟ ʤʽʮʥʽʩʪʥʠʤ ʽ ʜʠʥʘʤʽʯʥʠʤ ʘʥʘʣʽʟʦʤ ʷʢ ʚʩʴʦʛʦ ʂɸ, ʪʘʢ ʽ ʦʢʨʝʤʠʭ 

ʡʦʛʦ ʝʣʝʤʝʥʪʽʚ ʥʘ ʨʽʟʥʠʭ ʝʪʘʧʘʭ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ. ʆʯʝʚʠʜʥʦ, ʢʦʥʩʪʨʫʢʮʽʷ ʂɸ 

ʧʦʚʠʥʥʘ ʤʘʪʠ ʥʝʦʙʭʽʜʥʫ ʤʽʮʥʽʩʪʴ ʽ ʞʦʨʩʪʢʽʩʪʴ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʟʝʤʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʂɸ ʽ ʡʦʛʦ ʚʠʚʝʜʝʥʥʷ ʥʘ ʨʦʙʦʯʫ ʦʨʙʽʪʫ. ʏʠʤ ʨʘʥʽʰʝ ʙʫʜʝ 

ʦʪʨʠʤʘʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʤʽʮʥʽʩʪʥʽ ʪʘ ʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʽ ʯʠʤ ʙʽʣʴʰʝ 

ʚʦʥʘ ʜʦʩʪʦʚʽʨʥʽʰʘ, ʪʠʤ ʤʝʥʰʝ ʽʪʝʨʘʮʽʡ ʙʫʜʝ ʧʦʪʨʽʙʥʦ ʟʨʦʙʠʪʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʨʘʮʽʦʥʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʂɸ, ʱʦ ʟʘʜʦʚʦʣʴʥʷʻ ʟʘʜʘʥʠʤ ʚʠʤʦʛʘʤ.  

ʇʨʠ ʥʘʟʝʤʥʦʤʫ ʚʽʜʧʨʘʮʶʚʘʥʥʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʽʮʥʽʩʪʥʠʭ ʽ ʜʠʥʘʤʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʂɸ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʦʟʨʘʭʫʥʢʦʚʽ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʽ 

ʨʦʟʨʘʭʫʥʢʦʚʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʤʝʪʦʜʠ ʚ ʨʽʟʥʠʭ ʧʦʻʜʥʘʥʥʷʭ [1-13].  

ʅʘ ʨʘʥʥʽʭ ʝʪʘʧʘʭ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ 

ʩʪʚʦʨʶʶʪʴʩʷ ʽʤʽʪʘʮʽʡʥʽ ʤʦʜʝʣʽ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʚʦʜʠʪʠ ʘʥʘʣʽʟ ʤʽʮʥʦʩʪʽ, 

ʞʦʨʩʪʢʦʩʪʽ, ʚʠʟʥʘʯʘʪʠ ʚʣʘʩʥʽ ʯʘʩʪʦʪʠ ʽ ʬʦʨʤʠ ʢʦʣʠʚʘʥʴ ʂɸ ʽ ʦʢʨʝʤʠʭ ʡʦʛʦ 

ʝʣʝʤʝʥʪʽʚ. ʇʦ ʤʽʨʽ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʂɸ ʽʤʽʪʘʮʽʡʥʽ ʤʦʜʝʣʽ ʧʦʩʣʽʜʦʚʥʦ 

ʫʪʦʯʥʶʶʪʴʩʷ [13] ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʜʦʚʛʦʚʽʯʥʦʩʪʽ 

ʚʠʨʦʙʫ. 

1.1.2. ʊʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʪʘ ʚʠʚʝʜʝʥʥʷ ʥʘ ʦʨʙʽʪʫ 

ʇʽʜ ʯʘʩ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʜʦ ʤʽʩʮʷ ʩʪʘʨʪʫ ʪʘ ʚʠʚʝʜʝʥʥʷ ʥʘ ʦʨʙʽʪʫ (ʨʠʩ.1.1) 

ʂɸ ʧʽʜʜʘʻʪʴʩʷ ʢʚʘʟʽʩʪʘʪʠʯʥʠʤ ʽ ʜʠʥʘʤʽʯʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ. ɿʙʫʨʝʥʥʷ ʤʦʞʫʪʴ 

ʤʘʪʠ ʦʧʝʨʘʮʽʡʥʝ ʧʦʭʦʜʞʝʥʥʷ (ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʘʙʦ ʩʪʠʢʦʚʢʘ), ʘʝʨʦʜʠʥʘʤʽʯʥʝ 
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ʧʦʭʦʜʞʝʥʥʷ (ʚʽʪʝʨ ʟ ʧʦʨʠʚʘʤʠ), ʘʙʦ ʨʦʙʦʪʘ ʜʚʠʛʫʥʽʚ (ʧʦʟʜʦʚʞʥʻ ʧʨʠʩʢʦʨʝʥʥʷ, 

ʥʘʨʦʩʪʘʥʥʷ ʪʷʛʠ ʪʘ ʽʥ.). ɿʛʽʜʥʦ [2,6,8,9,12] ʝʪʘʧ ʚʠʚʝʜʝʥʥʷ ʂɸ ʥʘ ʦʨʙʽʪʫ 

ʷʚʣʷʻʪʴʩʷ ʥʘʡʙʽʣʴʰ ʚʽʜʧʦʚʽʜʘʣʴʥʠʤ ʟ ʪʦʯʢʠ ʟʦʨʫ ʘʥʘʣʽʟʫ ʢʚʘʟʽʩʪʘʪʠʯʥʦʾ, 

ʚʽʙʨʘʮʽʡʥʦʾ ʪʘ ʚʪʦʤʥʦʾ ʤʽʮʥʦʩʪʽ.  

 

ʈʠʩ.1.1. ʇʨʦʮʝʩ ʚʠʚʝʜʝʥʥʷ ʂɸ ʥʘ ʦʨʙʽʪʫ ɿʝʤʣʽ ʥʘ ʈʅ ʉʦʶʟ 2 

ʅʘ ʨʠʩ.1.2 ʥʘʚʝʜʝʥʦ ʛʨʘʬʽʢ ʟʤʽʥʠ ʧʦʚʟʜʦʚʞʥʽʭ ʧʨʠʩʢʦʨʝʥʴ ʧʽʜ ʯʘʩ 

ʧʦʣʴʦʪʫ ʨʘʢʝʪʠ-ʥʦʩʽʷ (ʈʅ) ʉʦʶʟ 2 [14]. ʅʘʡʙʽʣʴʰʽ ʧʦʚʟʜʦʚʞʥʽ ʧʨʠʩʢʦʨʝʥʥʷ 

ʜʦʩʷʛʘʶʪʴʩʷ ʥʝʟʘʜʦʚʛʦ ʜʦ ʤʦʤʝʥʪʫ ʩʢʠʜʘʥʥʷ ʧʝʨʰʦʾ ʩʪʫʧʝʥʽ ʪʘ ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ 

4.0 g. 



 
 

25 

ʈʠʩ.1.2. ʊʠʧʦʚʝ ʧʦʜʦʚʞʥʻ ʩʪʘʪʠʯʥʝ ʧʨʠʩʢʦʨʝʥʥʷ ʈʅ ʉʦʶʟ 2 

ɼʞʝʨʝʣʦʤ ʛʘʨʤʦʥʽʯʥʠʭ ʚʽʙʨʘʮʽʡ ʩʣʫʞʘʪʴ ʢʦʣʠʚʘʥʥʷ ʨʽʟʥʠʭ ʘʛʨʝʛʘʪʽʚ ʽ 

ʧʽʜʩʠʩʪʝʤ ʈʅ ʧʽʜ ʯʘʩ ʜʝʷʢʠʭ ʧʝʨʝʭʽʜʥʠʭ ʬʘʟ ʧʦʣʴʦʪʫ (ʨʠʩ.1.3). ɼʽʘʧʘʟʦʥ 

ʛʘʨʤʦʥʽʯʥʠʭ ʚʽʙʨʘʮʽʡ ʩʢʣʘʜʘʻ 5-100 ɻʮ, ʘ ʪʠʧʦʚʘ ʪʨʠʚʘʣʽʩʪʴ ʜʽʾ ʛʘʨʤʦʥʽʯʥʠʭ 

ʚʽʙʨʘʮʽʡ - 6 ʭʚ.  

 

ʈʠʩ.1.3. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʘʨʤʦʥʽʯʥʠʭ ʚʽʙʨʘʮʽʡ ʚ ʽʥʪʝʨʬʝʡʩʥʠʭ ʪʦʯʢʘʭ  

ʈʅ ʉʦʶʟ 2 
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ɺʠʧʘʜʢʦʚ ̔ ʚʽʙʨʘʮʽ ʾ (ʜʽʘʧʘʟʦʥ ʯʘʩʪʦʪ 20-2000 ɻʮ), ʱʦ ʜʽʶʪʴ ʥʘ ʂɸ, 

ʚʠʢʣʠʢʘʥ ̔ʨʦʙʦʪʦ  ʁʜʚʠʛʫʥʽʚ ʈʅ ʪʘ ʘʢʫʩʪʠʯʥʠʤ ʚʧʣʠʚʦʤ (ʜʽʘʧʘʟʦʥ 20-10000 ɻʮ). 

ʇʨʠ ʮʴʦʤʫ, ʤʘʢʩʠʤʘʣʴʥʽ ʨʽʚʥʽ ʟʙʫʨʝʥʥʷ ʜʽʶʪʴ ʚʽʜ ʩʪʘʨʪʫ ʜʦ ʤʦʤʝʥʪʫ ʩʢʠʜʘʥʥʷ 

1-ʦʾ ʩʪʫʧʝʥʽ ʈʅ (ʨʠʩ.1.4.). 

 

ʈʠʩ.1.4. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʧʘʜʢʦʚʠʭ ʚʽʙʨʘʮʽʡ ʜʣʷ ʽʥʪʝʨʬʝʡʩʥʠʭ ʪʦʯʦʢ ʈʅ ʉʦʶʟ 

2 ʥʘ ʧʝʨʰʽʡ ʩʪʘʜʽʾ ʧʦʣʴʦʪʫ 

ɼʞʝʨʝʣʦʤ ʫʜʘʨʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʻ ʨʽʟʥʽ ʧʽʨʦʪʝʭʥʽʯʥʽ ʧʨʠʩʪʨʦʾ ʈʅ (ʧʦʜʽʣ 

ʩʪʫʧʝʥʽʚ ʨʘʢʝʪʠ, ʩʢʠʜʘʥʥʷ ʦʙʪʽʯʥʠʢʘ, ʜʦʜʘʪʢʦʚʠʭ ʧʘʣʠʚʥʠʭ ʙʘʢʽʚ ʽ ʪ. ʜ.) ʽ ʪʘʢʦʞ 

ʜʝʷʢʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʙʦʪʠ ʂɸ (ʚʽʜʜʽʣʝʥʥʷ ʂɸ ʚʽʜ ʈʅ, ʨʦʟʢʨʠʪʪʷ 

ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ, ʨʽʟʥʠʭ ʘʥʪʝʥ ʽ ʽʥʰʠʭ ʧʽʜʩʠʩʪʝʤ). ʊʠʧʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʫʜʘʨʥʦʛʦ 

ʩʧʝʢʪʨʘ ʥʘ ʝʪʘʧʽ ʚʠʚʝʜʝʥʥʷ [14] ʧʨʠʚʝʜʝʥʽ ʥʘ ʨʠʩ.1.5.  
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ʈʠʩ.1.5. ʇʘʨʘʤʝʪʨʠ ʫʜʘʨʥʦʛʦ ʩʧʝʢʪʨʘ ʈʅ ʉʦʶʟ 2  

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʣʦʚʠʭ ʪʘ ʢʽʥʝʤʘʪʠʯʥʠʭ ʚʧʣʠʚʽʚ, 

ʥʘʚʝʜʝʥʠʭ ʥʘ ʨʠʩ.1.2 -1.5, ʚʠʟʥʘʯʝʥʽ ʜʣʷ ʤʽʩʮʴ ʢʨʽʧʣʝʥʥʷ ʂɸ ʜʦ ʘʜʘʧʪʝʨʘ ʈʅ, 

ʤʘʶʪʴ ʚʠʢʣʶʯʥʦ ʽʣʶʩʪʨʘʪʠʚʥʠʡ ʭʘʨʘʢʪʝʨ ʪʘ ʨʽʟʥʷʪʴʩʷ ʜʣʷ ʢʦʞʥʦʛʦ ʪʠʧʫ ʈʅ. 

ɺʠʭʦʜʷʯʠ ʽʟ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʨʠʩ.1.1-1.5 ʚʠʧʣʠʚʘʻ, ʱʦ ʥʘ ʝʪʘʧʽ ʚʠʚʝʜʝʥʥʷ 

ʩʠʣʦʚʝ ʪʘ ʚʽʙʨʘʮʽʡʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʂɸ ʻ ʝʢʩʪʨʝʤʘʣʴʥʠʤ. ʊʦʤʫ ʪʫʪ ʚʠʤʘʛʘʻʪʴʩʷ 

ʧʨʦʚʝʜʝʥʥʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʤʽʮʥʽʩʪʥʦʛʦ ʽ ʜʠʥʘʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʂɸ, ʷʢʠʡ ʚʢʣʶʯʘʻ 

ʚ ʩʝʙʝ [1-13]: 

- ʘʥʘʣʽʟ ʤʽʮʥʦʩʪʽ ʥʘ ʜʽʶ ʢʚʘʟʽʩʪʘʪʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ; 

- ʘʥʘʣʽʟ ʚʣʘʩʥʠʭ ʯʘʩʪʦʪ ʪʘ ʬʦʨʤ ʢʦʣʠʚʘʥʴ ʝʣʝʤʝʥʪʽʚ ʂɸ; 

- ʘʥʘʣʽʟ ʚʽʙʨʦʤʽʮʥʦʩʪʽ ʧʨʠ ʜʽʾ ʛʘʨʤʦʥʽʯʥʠʭ ʚʽʙʨʘʮʽʡ; 

-ʘʥʘʣʽʟ ʚʽʙʨʦʤʽʮʥʦʩʪʽ ʧʨʠ ʜʽʾ ʚʠʧʘʜʢʦʚʠʭ ʚʽʙʨʘʮʽʡ; 

- ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʜʽʶ ʩʪʘʪʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ; 

- ʚʽʙʨʦʤʽʮʥʽʩʪʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ; 

- ʘʥʘʣʽʟ ʜʠʥʘʤʽʯʥʦʛʦ ʅɼʉ ʧʨʠ ʽʤʧʫʣʴʩʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʚ ʩʢʣʘʜʽ ʟʘʩʦʙʽʚ 

ʚʠʚʝʜʝʥʥʷ. 

1.1.3. ʌʫʥʢʮʽʦʥʫʚʘʥʥʷ ʥʘ ʦʨʙʽʪʽ 

ɺ ʧʨʦʮʝʩʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʂɸ ʥʘ ʦʨʙʽʪʽ ʚʠʥʠʢʘʶʪʴ ʟʘʜʘʯʽ, ʧʦʚ'ʷʟʘʥʽ ʟ 

ʘʥʘʣʽʟʦʤ ʜʠʥʘʤʽʯʥʦʾ ʩʪʘʙʽʣʽʟʘʮʽʾ ʦʙ'ʻʢʪʘ [15,16]. ɸʢʪʫʘʣʴʥʽʩʪʴ ʾʭ ʚʠʟʥʘʯʘʻʪʴʩʷ, 
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ʧʦ-ʧʝʨʰʝ, ʥʝʫʭʠʣʴʥʠʤ ʧʦʩʠʣʝʥʥʷʤ ʚʠʤʦʛ ʜʦ ʪʦʯʥʦʩʪʽ ʩʪʘʙʽʣʽʟʘʮʽʾ ʜʣʷ ʩʫʯʘʩʥʠʭ 

ʘʧʘʨʘʪʽʚ, ʘ ʧʦ-ʜʨʫʛʝ, ʪʠʤ, ʱʦ ʮʽ ʟʘʜʘʯʽ ʟʘʟʚʠʯʘʡ ʥʝ ʚʠʨʽʰʫʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʽ ʦʨʽʻʥʪʘʮʽʾ ʘʧʘʨʘʪʫ [17, 18]. ʉʧʨʘʚʘ ʚ ʪʦʤʫ, 

ʱʦ ʨʝʛʣʘʤʝʥʪʦʚʘʥʽ ʨʽʚʥʽ ʜʦʧʫʩʪʠʤʠʭ ʚʽʜʭʠʣʝʥʴ ʂɸ - ʜʫʛʦʚʽ ʩʝʢʫʥʜʠ, 

ʜʝʩʷʪʠʪʠʩʷʯʥʽ ʯʘʩʪʢʠ ʛʨʘʜʫʩʘ ʚ ʩʝʢʫʥʜʫ ʽ ʪ.ʧ. ʟʥʘʭʦʜʷʪʴʩʷ ʧʦʟʘ ʜʽʘʧʘʟʦʥʫ 

ʯʫʪʣʠʚʦʩʪʽ ʽʩʥʫʶʯʠʭ ʜʘʪʯʠʢʽʚ ʧʦʣʦʞʝʥʥʷ ʢʦʨʧʫʩʫ. ʇʨʠʯʦʤʫ ʟʙʫʨʝʥʥʷ ʢʦʨʧʫʩʫ 

ʂɸ, ʱʦ ʚʠʢʣʠʢʘʶʪʴʩʷ ʚʧʣʠʚʘʤʠ ʚʽʜ ʚʥʫʪʨʽʰʥʽʭ ʜʞʝʨʝʣ, ʚʠʷʚʣʷʶʪʴʩʷ, ʷʢ 

ʧʨʘʚʠʣʦ, ʧʦʟʘ ʨʦʙʦʯʦʛʦ ʯʘʩʪʦʪʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ. ɼʞʝʨʝʣʦʤ 

ʟʙʫʨʝʥʥʷ ʪʫʪ ʻ ʙʦʨʪʦʚʽ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʽ ʧʨʠʩʪʨʦʾ - ʧʨʠʚʦʜʠ ʦʨʽʻʥʪʘʮʽʾ ʧʘʥʝʣʝʡ 

ʉɹ ʽ ʘʥʪʝʥ, ʩʢʘʥʝʨʠ, ʚʝʥʪʠʣʷʪʦʨʠ ʪʘ ʽʥ.. ʅʘʫʢʦʚʘ ʘʧʘʨʘʪʫʨʘ ʪʘʢʦʞ ʤʦʞʝ ʙʫʪʠ 

ʜʞʝʨʝʣʦʤ ʚʥʫʪʨʽʰʥʽʭ ʟʙʫʨʝʥʴ ʢʦʩʤʽʯʥʦʛʦ ʦʙ'ʻʢʪʘ [19,20]. ɺʝʣʠʯʠʥʘ ʮʠʭ ʟʙʫʨʝʥʴ 

ʟʥʘʯʥʦ ʤʝʥʰʘ, ʥʽʞ ʥʘ ʝʪʘʧʽ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʪʘ ʚʠʚʝʜʝʥʥʷ, ʪʦʤʫ ʚʦʥʠ ʥʝ 

ʚʥʦʩʷʪʴ ʩʫʪʪʻʚʦʛʦ ʚʥʝʩʢʫ ʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʂɸ. 

1.2. ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʥʘʤʽʢʠ ʽ ʤʽʮʥʦʩʪʽ ʂɸ 

1.2.1. ʈʦʟʨʘʭʫʥʢʦʚʽ ʤʝʪʦʜʠ 

ʗʢ ʙʫʣʦ ʟʘʟʥʘʯʝʥʦ ʚ ʧ.1.1.2, ʥʘ ʝʪʘʧʽ ʚʠʚʝʜʝʥʥʷ ʥʘ ʂɸ ʜʽʶʪʴ ʥʘʡʙʽʣʴʰʽ 

ʢʽʥʝʤʘʪʠʯʥʽ ʪʘ ʩʠʣʦʚʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʽ ʤʦʞʫʪʴ ʩʧʨʠʯʠʥʠʪʠ ʨʫʡʥʫʚʘʥʥʷ 

ʢʦʥʩʪʨʫʢʮʽʾ ʘʙʦ ʦʢʨʝʤʠʭ ʾʾ ʝʣʝʤʝʥʪʽʚ. ʊʦʤʫ ʜʦ ʤʝʪʦʜʽʚ ʽ ʨʝʟʫʣʴʪʘʪʽʚ ʘʥʘʣʽʟʫ 

ʜʠʥʘʤʽʢʠ ʽ ʤʽʮʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ ʂɸ ʧʨʝʜ'ʷʚʣʷʶʪʴ ʩʝʨʡʦʟʥʽ ʚʠʤʦʛʠ. 

ɺ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʨʦʟʚʠʪʦʢ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ ʜʦʟʚʦʣʷʻ ʰʠʨʦʢʦ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʽʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ (ɯʄ) ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʧʨʠ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʽ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʦʙôʻʢʪʘ. ɯʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ - ʮʝ ʤʝʪʦʜ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʧʨʠ ʷʢʦʤʫ ʩʠʩʪʝʤʘ, ʱʦ ʚʠʚʯʘʻʪʴʩʷ, ʟʘʤʽʥʶʻʪʴʩʷ ʤʘʪʝʤʘʪʠʯʥʦʶ 

ʤʦʜʝʣʣʶ, ʷʢʘ ʟ ʜʦʩʪʘʪʥʴʦʶ ʪʦʯʥʽʩʪʶ ʦʧʠʩʫʻ ʨʝʘʣʴʥʫ ʩʠʩʪʝʤʫ [2,6,13].  

ʉʪʚʦʨʝʥʥʷ ɯʄ ʩʫʯʘʩʥʦʛʦ ʂɸ ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʚʠʙʦʨʫ ʡʦʛʦ ʢʦʥʮʝʧʮʽʾ ʪʘ 

ʨʦʟʨʦʙʢʠ 3D ʤʦʜʝʣʽ, ʥʘ ʦʩʥʦʚʽ ʷʢʦʾ ʘʥʘʣʽʟʫʶʪʴʩʷ ʨʽʟʥʦʤʘʥʽʪʥʽ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ 

ʧʨʦʮʝʩʠ, ʱʦ ʦʙʫʤʦʚʣʝʥʽ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷʤ, ʚʠʚʝʜʝʥʥʷʤ ʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷʤ ʂɸ. 

ɯʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʤʦʞʝ ʚʠʢʦʥʫʚʘʪʠʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʥʘʣʽʪʠʯʥʠʭ 

ʪʘ ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ ʘʙʦ ʾʭ ʢʦʤʙʽʥʘʮʽʾ. ʂɸ ï ʩʢʣʘʜʥʘ ʤʝʭʘʥʽʯʥʘ 
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ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʘ ʩʠʩʪʝʤʘ, ʦʧʠʩʘʥʥʷ ʷʢʦʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʥʘʣʽʪʠʯʥʠʭ ʤʝʪʦʜʽʚ 

ʩʢʣʘʜʥʝ, ʚʠʪʨʘʪʥʝ ʽ ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʥʝʤʦʞʣʠʚʝ. ʋ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʤʝʪʦʜ 

ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʄʉɽ) ʚ ʩʠʣʫ ʩʚʦʾʭ ʯʠʩʣʝʥʥʠʭ ʧʝʨʝʚʘʛ ʚʠʪʽʩʥʠʚ 

ʧʨʘʢʪʠʯʥʦ ʚʩʽ ʽʥʰʽ ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʽʚ ʜʠʥʘʤʽʢʠ ʽ ʤʽʮʥʦʩʪʽ ʂɸ [2,13]. 

ʆʩʥʦʚʥʽ ʩʢʣʘʜʥʦʩʪʽ, ʷʢʽ ʜʦʚʦʜʠʪʴʩʷ ʜʦʣʘʪʠ ʧʨʠ ʨʦʟʨʦʙʮʽ ʩʢʽʥʯʝʥʥʦ-

ʝʣʝʤʝʥʪʥʠʭ ʤʦʜʝʣʝʡ (ʉɽʄ), ʧʦʚ'ʷʟʘʥʽ ʟ ʥʝʣʽʥʽʡʥʠʤʠ ʝʬʝʢʪʘʤʠ, ʩʧʝʮʠʬʽʯʥʠʤʠ 

ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʥʝʪʨʘʜʠʮʽʡʥʠʭ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʠʭ ʨʽʰʝʥʴ, ʢʦʥʪʘʢʪʥʠʤʠ 

ʟʘʜʘʯʘʤʠ ʥʘ ʛʨʘʥʠʮʷʭ ʩʧʨʷʞʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʂɸ, ʥʝʦʙʭʽʜʥʽʩʪʶ ʚʚʝʜʝʥʥʷ 

ʫʤʦʚʥʠʭ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʉɽ), ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʽʥʪʝʛʨʘʣʴʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʫʢʫʧʥʦʩʪʽ ʟ'ʻʜʥʘʥʠʭ ʤʽʞ ʩʦʙʦʶ ʘʙʦ ʚʟʘʻʤʦʜʽʶʯʠʭ ʝʣʝʤʝʥʪʽʚ 

ʢʦʥʩʪʨʫʢʮʽʾ. ʆʩʦʙʣʠʚʦʛʦ ʧʽʜʭʦʜʫ ʚʠʤʘʛʘʶʪʴ ʤʝʭʘʥʽʟʤʠ ʽ ʛʝʦʤʝʪʨʠʯʥʦ ʟʤʽʥʥʽ 

ʢʦʥʩʪʨʫʢʮʽʾ. ʊʘʢʦʞ ʚʠʥʠʢʘʶʪʴ ʪʨʫʜʥʦʱʽ, ʧʦʚ'ʷʟʘʥʽ ʟ ʥʝʚʠʟʥʘʯʝʥʽʩʪʶ ʧʘʨʘʤʝʪʨʽʚ 

ʜʝʤʧʬʫʚʘʥʥʷ. 

ʗʢ ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʚʝʜʽʥʢʠ ʢʦʥʩʪʨʫʢʮʽʾ ʥʘ ʨʽʟʥʠʭ ʝʪʘʧʘʭ 

ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʥʘ ʦʩʥʦʚʽ ʯʠʩʝʣʴʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʧʦʪʫʞʥʽ ʫʥʽʚʝʨʩʘʣʴʥʽ ʧʨʦʛʨʘʤʥʽ ʢʦʤʧʣʝʢʩʠ (ʇʂ). ʅʘʡʧʦʧʫʣʷʨʥʽʰʽ ʚ ʟʘʜʘʯʘʭ 

ʜʠʥʘʤʽʢʠ ʽ ʤʽʮʥʦʩʪʽ - ʮʝ ANSYS [13,21,22] ʽ NASTRAN [12,13]. 

ʋ ʧʨʦʮʝʩʽ ʄʂɽ ʨʦʟʨʘʭʫʥʢʽʚ ʟʜʽʡʩʥʶʶʪʴʩʷ ʦʧʝʨʘʮʽʾ ʟ ʤʘʪʨʠʮʷʤʠ ʚʠʩʦʢʦʾ 

ʨʦʟʤʽʨʥʦʩʪʽ. ʈʦʟʤʽʨʥʽʩʪʴ ʤʘʪʨʠʮʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʽʣʴʢʽʩʪʶ ʚʫʟʣʽʚ, ʩʪʫʧʝʥʝʡ 

ʩʚʦʙʦʜʠ ʽ ʪʠʧʦʤ ʟʘʩʪʦʩʦʚʫʚʘʥʠʭ ʉɽ: ʣʽʥʽʡʥʽ, ʜʚʦ- ʘʙʦ ʪʨʠʚʠʤʽʨʥʽ. ʗʢ ʧʨʘʚʠʣʦ, 

ʚʦʥʘ ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ ʩʦʪʝʥʴ ʜʦ ʤʽʣʴʡʦʥʽʚ, ʧʨʠʯʦʤʫ ʧʦʚʥʠʡ ʮʠʢʣ 

ʟʘʜʘʯ ʜʠʥʘʤʽʢʠ ʽ ʤʽʮʥʦʩʪʽ, ʚʢʣʶʯʘʶʯʠ ʤʦʜʝʣʶʚʘʥʥʷ ʚʽʙʨʘʮʽʡʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʽ 

ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʧʨʦʙʫʚʘʥʴ, ʧʝʨʝʜʙʘʯʘʻ 

ʙʘʛʘʪʦʨʘʟʦʚʝ ʧʨʦʚʝʜʝʥʥʷ ʽ ʮʠʢʣʽʯʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʽʚ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʜʣʷ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʣʦʢʘʣʴʥʦʛʦ ʅɼʉ ʚ ʢʨʠʪʠʯʥʠʭ ʟ 

ʪʦʯʢʠ ʟʦʨʫ ʤʽʮʥʦʩʪʽ ʝʣʝʤʝʥʪʘʭ ʂɸ ʜʦʚʦʜʠʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʦʜʘʪʢʦʚʽ, 

ʙʽʣʴʰ ʜʝʪʘʣʽʟʦʚʘʥʽ ʣʦʢʘʣʴʥʽ ʬʨʘʛʤʝʥʪʠ ʤʦʜʝʣʽ [13]. ʇʨʠ ʮʴʦʤʫ ʽʟ ʟʘʛʘʣʴʥʦʾ 

ʤʦʜʝʣʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʽ ʩʠʣʦʚʽ ʬʘʢʪʦʨʠ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʽʚ ʣʦʢʘʣʴʥʠʭ ʬʨʘʛʤʝʥʪʽʚ. 

ʆʩʦʙʣʠʚʽʩʪʶ ʂɸ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʦʥʢʦʩʪʽʥʥʠʭ ʥʝʩʫʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʷʢʽ 
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ʤʦʞʫʪʴ ʤʘʪʠ ʚʠʜʦʚʞʝʥʫ ʬʦʨʤʫ. ʊʦʥʢʦʩʪʽʥʥʽ ʧʽʜʢʨʽʧʣʝʥʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ 

ʝʣʝʤʝʥʪʠ ʂɸ ʧʨʠ ʚʽʜʥʦʩʥʦ ʤʘʣʽʡ ʤʘʩʽ ʤʘʶʪʴ ʚʠʩʦʢʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʞʦʨʩʪʢʦʩʪʽ 

ʪʘ ʤʽʮʥʦʩʪʽ. ɼʣʷ ʘʥʘʣʽʟʫ ʜʠʥʘʤʽʢʠ ʽ ʤʽʮʥʦʩʪʽ ʪʘʢʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟʘʟʚʠʯʘʡ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝʪʦʜʠ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ, ʧʣʘʩʪʠʥ ʪʘ ʦʙʦʣʦʥʦʢ, ʪʝʦʨʽʾ ʢʦʣʠʚʘʥʴ 

ʽ ʪ.ʧ.. ʋ ʚʠʧʘʜʢʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʄʉɽ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʙʘʣʢʦʚʽ ʪʘ 

ʧʣʘʩʪʠʥʯʘʪʽ ʉɽ [23-26]. 

ʇʨʠ ʚʠʟʥʘʯʝʥʽ ʘʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ 

ʯʘʩʪʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʙʘʣʢʦʚʽ ʤʦʜʝʣʽ [27-31]. ɺʦʥʠ ʚʠʤʘʛʘʶʪʴ ʚʽʜʥʦʩʥʦ 

ʥʝʚʝʣʠʢʦʛʦ ʦʙ'ʻʤʫ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ, ʘʣʝ ʤʘʶʪʴ ʟʘʜʦʚʽʣʴʥʫ ʪʦʯʥʽʩʪʴ ʪʽʣʴʢʠ ʚ 

ʦʙʣʘʩʪʽ ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʠʭ ʯʘʩʪʦʪ, ʜʝ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʙʘʣʢʦʚʽ ʬʦʨʤʠ 

ʚʠʤʫʰʝʥʠʭ ʢʦʣʠʚʘʥʴ [28-30]. ʊʦʤʫ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʛʘʨʤʦʥʽʯʥʠʭ ʪʘ ʚʠʧʘʜʢʦʚʠʭ 

ʚʽʙʨʘʮʽʡ, ʱʦ ʤʘʶʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʜʽʾ, ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʜʦʩʪʦʚʽʨʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʝʨʝʤʽʱʝʥʴ, ʰʚʠʜʢʦʩʪʝʡ ʪʘ ʧʨʠʩʢʦʨʝʥʴ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ 

ʚʠʩʦʢʦʯʘʩʪʦʪʥʽ ʩʢʣʘʜʦʚʽ, ʷʢʠʤ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʙʦʣʦʥʢʦʚʽ ʬʦʨʤʠ ʟʛʠʥʥʠʭ 

ʢʦʣʠʚʘʥʴ [56, 80, 82], ʘ ʪʘʢʦʞ ʪʨʴʦʭʤʽʨʥʽ ʧʨʫʞʥʽ ʝʣʝʤʝʥʪʠ [13]. 

ʗʢ ʚʞʝ ʙʫʣʦ ʚʽʜʟʥʘʯʝʥʦ, ʚ ʧʨʦʮʝʩʽ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʜʦ ʤʽʩʮʷ ʧʫʩʢʫ ʽ ʧʽʜ 

ʯʘʩ ʧʦʣʴʦʪʫ ʚ ʩʦʩʪʘʚʽ ʈʅ ʂɸ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʧʜ̔ ʜʽʻʶ ʚʠʧʘʜʢʦʚʠʭ 

ʚʽʙʨʘʮʽʡ. ɺ ʟʚôʷʟʢʫ ʟ ʮʠʤ, ʅɼʉ ʂɸ ʥʘ ʝʪʘʧʽ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʽ ʚʠʚʝʜʝʥʥʷ ʙʫʜʝ 

ʤʽʩʪʠʪʠ ʩʪʦʭʘʩʪʠʯʥʽ ʩʢʣʘʜʦʚʽ. 

ʆʩʥʦʚʥʠʤʠ ʨʦʙʦʪʘʤʠ ʚ ʜʦʩʣʽʜʞʝʥʥʽ ʤʽʮʥʦʩʪʽ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʧʨʠ 

ʚʠʧʘʜʢʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʻ ʧʨʘʮʽ ɺ.ɺ.ɹʦʣʦʪʽʥʘ, [32-41], ɼ.ʅ. ʈʝʰʝʪʦʚʘ [42-

44], ʉ.ʉ. ɼʤʠʪʨʠʯʝʥʢʦ [45-48], ɸ.ʉ. ɻʫʩʻʚʘ [49-62], ɺ.ʉ. ʉʪʨʝʣʷʻʚʘ [63-65], 

ʄ.ʄ. ʉʪʝʧʥʦʚʘ [66], ɹ.ɺ. ɹʦʡʮʦʚʘ [67-69], ɺ.ɸ. ʉʚʽʪʣʠʮʴʢʦʛʦ [70], ɯ.ɺ. 

ɻʘʜʦʣʽʥʦʾ [71-73], ʅ.ɯ. ɻʨʽʥʝʥʢʦ [74-76], ɺ.ʊ. ʊʨʦʱʝʥʢʦ [77-81], ʉ.ɺ. ʉʝʨʝʥʩʝʥʘ 

[82-85], ʪʘ ʨʷʜ ʽʥʰʠʭ ʘʚʪʦʨʽʚ. ʈʝʟʫʣʴʪʘʪʠ ʮʠʭ ʨʦʙʽʪ ʟʥʘʡʰʣʠ ʰʠʨʦʢʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ. ʇʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʤʝʪʦʜʽʚ 

ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʨʦʟʨʘʭʫʥʢʽʚ ʦʧʦʨʫ ʚʪʦʤʽ ʢʦʥʩʪʨʫʢʮʽʡ ʧʨʠ ʚʠʧʘʜʢʦʚʠʭ 

ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʟʘʣʠʰʘʻʪʴʩʷ ʘʢʪʫʘʣʴʥʠʤ ʽ ʚ ʜʘʥʠʡ ʯʘʩ. 

ɸʚʪʦʨʠ ʨʦʙʽʪ [32-41,71-73,49-62] ʥʘ ʦʩʥʦʚʽ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʧʘʜʢʦʚʠʭ 

ʧʨʦʮʝʩʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ ʦʪʨʠʤʘʣʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʟʤʽʥʠ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʽ 
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ʢʦʝʬʽʮʽʻʥʪʘ ʚʘʨʽʘʮʽʾ ʨʦʟʧʦʜʽʣʫ ʘʤʧʣʽʪʫʜ ʥʘʧʨʫʞʝʥʴ ʧʨʠ ʩʭʝʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʫ 

ʤʝʪʦʜʦʤ ʧʦʚʥʠʭ ʮʠʢʣʽʚ ʽ ʜʦʱʫ ʚʽʜ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ 

ʚʠʧʘʜʢʦʚʠʡ ʧʨʦʮʝʩ: ʤʘʪʝʤʘʪʠʯʥʝ ʦʯʽʢʫʚʘʥʥʷ, ʜʠʩʧʝʨʩʽʷ, ʢʦʨʝʣʷʮʽʡʥʽ (ʤʦʤʝʥʪʥʽ) 

ʬʫʥʢʮʽʾ.  

ʋ ʥʦʨʤʘʭ ʤʽʮʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʡ ʂɸ [1-18] ʧʝʨʝʜʙʘʯʝʥʽ ʜʚʽ ʢʦʥʮʝʧʮʽʾ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʅʉ: ʥʘ ʙʝʟʧʝʯʥʠʡ ʨʝʩʫʨʩ ʽ ʥʘ ʙʝʟʧʝʯʥʫ 

ʧʦʰʢʦʜʞʫʚʘʥʽʩʪʴ. ɼʣʷ ʦʙʦʭ ʧʽʜʭʦʜʽʚ ʚʚʦʜʷʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʠ ʥʘʜʽʡʥʦʩʪʽ ʽ 

ʢʦʝʬʽʮʽʻʥʪʠ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʤʽʞ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʧʨʦʙʫʚʘʥʴ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ, 

ʧʦʣʽʛʦʥʥʠʭ ʽ ʨʝʘʣʴʥʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʫʤʦʚʘʭ. ɼʣʷ ʧʨʠʩʢʦʨʝʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ 

ʥʦʨʤʫʶʪʴʩʷ ʚʠʜʠ ʪʘ ʨʽʚʥʽ ʬʦʨʩʫʚʘʥʥʷ, ʫʤʦʚʠ ʧʨʦʚʝʜʝʥʥʷ, ʘ ʪʘʢʦʞ ʢʦʝʬʽʮʽʻʥʪʠ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʨʝʘʣʴʥʠʤ ʫʤʦʚʘʤ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ɼʽʶʯʽ ʥʦʨʤʠ ʘʥʘʣʽʟʫ ʜʠʥʘʤʽʢʠ ʽ ʤʽʮʥʦʩʪʽ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ʂɸ [1-18] 

ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ ʥʘʩʪʫʧʥʽ ʧʦʣʦʞʝʥʥʷ: 

1. ʂɸ ʜʦʮʽʣʴʥʦ ʜʦʩʣʽʜʞʫʚʘʪʠ ʥʘ ʦʩʥʦʚʽ ɯʄ ʫ ʚʠʛʣʷʜʽ ʧʨʦʩʪʦʨʦʚʦ ʾ

ʩʢʣʘʜʦʚʦʾ ʩʠʩʪʝʤʠ ʜʝʬʦʨʤʫʻʤʠʭ ʩʪʨʠʞʥʽʚ, ʧʣʘʩʪʠʥ, ʦʙʦʣʦʥʦʢ ʽ ʪʨʠʚʠʤʽʨʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʜʣʷ ʩʪʘʪʠʯʥʦʛʦ ʽ ʜʠʥʘʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʷʢʦʾ, ʷʢ ʚʽʜʟʥʘʯʝʥʦ ʚʠʱʝ, 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʩʝʨʪʠʬʽʢʦʚʘʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʢʦʤʧʣʝʢʩʠ ʥʘ ʦʩʥʦʚʽ ʄʉɽ;  

2. ʅʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʽ ʜʽʶʪʴ ʥʘ ʂɸ, ʚʠʟʥʘʯʘʶʪʴʩʷ ʫʤʦʚʘʤʠ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ (ʥʘʟʝʤʥʝ, ʧʦʚʽʪʨʷʥʝ, ʪʦʱʦ), ʪʠʧʦʤ ʈʅ ʥʘ ʷʢʠʭ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʡʦʛʦ ʚʠʚʝʜʝʥʥʷ ʥʘ ʦʨʙʽʪʫ ɿʝʤʣʽ, ʫʤʦʚʘʤʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽ ʪ.ʧ. ;  

3. ʆʢʨʝʤʦ ʚʠʜʽʣʷʶʪʴʩʷ ʚʠʧʘʜʢʠ ʟʘ ʦʮʽʥʢʦʶ ʚʽʙʨʦ-ʤʽʮʥʽʩʪʥʠʭ ʪʘ 

ʫʜʘʨʥʦ-ʤʽʮʥʽʩʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʦʥʩʪʨʫʢʮʽʾ ʂɸ ʧʨʠ ʨʽʟʥʠʭ ʚʘʨʽʘʥʪʘʭ 

ʥʘʚʘʥʪʘʞʝʥʥʷ; 

4. ɯʩʪʦʪʥʝ ʟʥʘʯʝʥʥʷ ʤʘʻ ʚʠʙʽʨ ʤʝʪʦʜʽʚ ʜʠʥʘʤʽʯʥʦʛʦ ʽ ʤʽʮʥʽʩʪʥʦʛʦ 

ʘʥʘʣʽʟʫ. ʊʘʢ ʷʢ ʜʣʷ ʂɸ ʚʠʟʥʘʯʘʣʴʥʠʤ ʢʨʠʪʝʨʽʻʤ ʻ ʟʙʝʨʝʞʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʠ ʟʘʜʘʥʽʡ ʪʨʠʚʘʣʦʩʪʽ ʨʦʙʦʪʠ, ʪʦ ʚ ʥʦʨʤʘʭ [2,6,8] ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ 

ʧʨʦʚʝʜʝʥʥʷ ʜʠʥʘʤʽʯʥʦʛʦ ʪʘ ʤʽʮʥʽʩʪʥʦʛʦ ʘʥʘʣʽʟʫ ʢʦʥʩʪʨʫʢʮʽʾ ʂɸ ʧʦ 

ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ. ʈʦʟʨʘʭʫʥʢʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʠʟʥʘʯʘʶʪʴ ʷʢ 

ʜʦʙʫʪʦʢ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʤʠʪʪʻʚʦʛʦ ʟʥʘʯʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

(ʜʘʣʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ) ʥʘ ʢʦʝʬʽʮʽʻʥʪ ʙʝʟʧʝʢʠ (ʧ.1.2.2.), 
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ʧʨʠʟʥʘʯʝʥʥʷ ʷʢʦʛʦ ï ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʜʽʡʥʫ ʝʢʩʧʣʫʘʪʘʮʽʶ ʢʦʥʩʪʨʫʢʮʽʾ ʙʝʟ 

ʥʘʢʦʧʠʯʝʥʥʷ ʟʘʣʠʰʢʦʚʠʭ ʜʝʬʦʨʤʘʮʽʡ; 

5. ɺ ʜʠʥʘʤʽʯʥʦʤʫ ʽ ʤʽʮʥʽʩʪʥʽʩʪʥʦʤʫ ʘʥʘʣʽʟ ̔ʂɸ ʧʨʠ ʜʽʾ ʚʠʧʘʜʢʦʚʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʪʦʜʠ ʩʪʘʪʠʩʪʠʯʥʦʾ ʜʠʥʘʤʽʢʠ, ʷʢʽ 

ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʠʪʠ ʚʠʨʦʛʽʜʥʽʩʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʅɼʉ ʚ ʝʣʝʤʝʥʪʘʭ 

ʢʦʥʩʪʨʫʢʮʽʾ ʂɸ ʟʘ ʚʽʜʦʤʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ (ʩʠʣʦʚʠʭ, 

ʢʽʥʝʤʘʪʠʯʥʠʭ). ɿʘʟʚʠʯʘʡ ʚʠʧʘʜʢʦʚʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʜʽʶʪʴ ʥʘ ʈʅ ʪʘ ʂɸ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʫʤʦʚʘʤ ʩʪʘʮʽʦʥʘʨʥʦʩʪʽ [1-6,85-89], ʪʦʤʫ ʰʠʨʦʢʝ ʧʦʰʠʨʝʥʥʷ 

ʦʪʨʠʤʘʚ ʤʝʪʦʜ ʩʧʝʢʪʨʘʣʴʥʠʭ ʨʦʟʢʣʘʜʘʥʴ (ʩʧʝʢʪʨʘʣʴʥʠʡ ʤʝʪʦʜ).  

ʈʦʟʚʠʪʦʢ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʤʝʪʦʜʫ ʚ ʜʦʩʣʽʜʞʝʥʥʽ ʚʠʧʘʜʢʦʚʠʭ ʢʦʣʠʚʘʥʴ ʽ ʚ 

ʟʘʜʘʯʘʭ ʦʮʽʥʢʠ ʚʪʦʤʥʦʾ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʟʥʘʡʰʣʦ ʚ ʨʦʙʦʪʘʭ ɺ.ɺ. ɹʦʣʦʪʽʥʘ [33-41], 

ɸ.ʉ. ɻʫʩʝʚʘ [48-61], ɺ.ɸ. ʉʚʝʪʣʠʮʴʢʦʛʦ [69], ɯ.ɺ. ɻʘʜʦʣʽʥʘ [70-72] ʪʘ ʽʥʰʠʭ. 

ɼʦʚʛʦʚʽʯʥʽʩʪʴ, ʥʘʜʽʡʥʽʩʪʴ ʽ ʙʝʟʧʝʢʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʻ ʦʜʥʠʤʠ ʟ 

ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʚʠʤʦʛ, ʱʦ ʧʨʝʜ'ʷʚʣʷʶʪʴʩʷ ʜʦ ʂɸ. ʈʝʩʫʨʩ ʩʠʣʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʂɸ ʚ ʦʩʥʦʚʥʦʤʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʨʦʮʝʩʘʤʠ ʥʘʢʦʧʠʯʝʥʥʷ ʥʝʟʚʦʨʦʪʥʠʭ ʫʰʢʦʜʞʝʥʴ 

ʚ ʾʭ ʝʣʝʤʝʥʪʘʭ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʷʢ ʤʝʭʘʥʽʯʥʦʛʦ, ʪʘʢ ʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʦʛʦ 

ʧʦʭʦʜʞʝʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʧʦʰʢʦʜʞʝʥʥʷ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʨʝʩʫʨʩ ʩʠʣʦʚʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ, ʤʦʞʫʪʴ ʤʘʪʠ ʟʤʽʰʘʥʠʡ ʭʘʨʘʢʪʝʨ. ʇʨʠʢʣʘʜʦʤ ʪʘʢʦʛʦ ʨʦʜʫ 

ʧʦʰʢʦʜʞʝʥʴ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʰʢʦʜʞʝʥʥʷ, ʚʠʢʣʠʢʘʥʽ ʩʪʘʨʽʥʥʷʤ, ʟʥʦʰʫʚʘʥʥʷʤ, 

ʢʦʨʦʟʽʻʶ ʽ ʚʪʦʤʦʶ. ʋ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʚʠʟʥʘʯʘʣʴʥʠʤ ʻ ʧʨʦʮʝʩ ʥʘʢʦʧʠʯʝʥʥʷ 

ʚʪʦʤʥʠʭ ʧʦʰʢʦʜʞʝʥʴ. 

ɼʣʷ ʘʥʘʣʽʟʫ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʂɸ ʨʝʛʣʘʤʝʥʪʦʚʘʥʦ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʧʨʘʚʠʣʘ ʄʘʡʥʝʨʘ [2], ʜʝ ʩʫʤʘʨʥʝ ʧʦʰʢʦʜʞʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ: 

Ὀ В      (1.1) 

ʪʫʪ ὲ„  ï ʢʽʣʴʢʽʩʪʴ ʮʠʢʣʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠ ʘʤʧʣʽʪʫʜʽ ʥʘʧʨʫʞʝʥʴ „; ὔ„  ï 

ʢʽʣʴʢʽʩʪʴ ʮʠʢʣʽʚ ʜʦ ʨʫʡʥʫʚʘʥʥʷ ʧʨʠ ʘʤʧʣʽʪʫʜʽ ʥʘʧʨʫʞʝʥʴ „;  ï 

ʧʦʰʢʦʜʞʝʥʥʷ ʧʨʠ ʘʤʧʣʽʪʫʜʽ ʥʘʧʨʫʞʝʥʴ „.  

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟʛʽʜʥʦ [1] ʚʠʨʦʙʠ ʈʂʊ ʚ ʷʢʠʭ ʚʽʜʩʫʪʥʽ ʛʝʨʤʝʪʠʯʥʽ 

ʚʽʜʩʽʢʠ ʥʝ ʧʽʜʣʷʛʘʶʪʴ ʦʮʽʥʮʽ ʜʦʚʛʦʚʽʯʥʦʩʪʽ.  
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ʇʨʠ ʘʥʘʣʽʟʽ ʜʠʥʘʤʽʢʠ ʽ ʤʽʮʥʦʩʪʽ ʂɸ ʥʘ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʝʪʘʧʘʭ ʞʠʪʪʻʚʦʛʦ 

ʮʠʢʣʫ ʚʠʧʘʜʢʦʚʽ ʧʨʦʮʝʩʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʘʤʽʥʶʶʪʴʩʷ ʜʝʷʢʠʤʠ ʩʭʝʤʘʪʠʟʦʚʘʥʠʤʠ 

ʘʥʘʣʦʛʘʤʠ, ʷʢʠʤ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʝʚʥʽ ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ ʘʤʧʣʽʪʫʜ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ɺ [85,88,103] ʚʽʜʦʙʨʘʞʝʥʦ ʚʝʣʠʢʝ ʯʠʩʣʦ ʤʝʪʦʜʽʚ ʩʭʝʤʘʪʠʟʘʮʽʾ, ʦʙʛʨʫʥʪʫʚʘʥʥʷʤ 

ʷʢʠʭ ʩʣʫʞʘʪʴ ʣʦʛʽʯʥʽ, ʘ ʯʘʩʦʤ ʝʚʨʠʩʪʠʯʥʽ ʤʽʨʢʫʚʘʥʥʷ. ɯʩʥʫʚʘʥʥʷ ʟʥʘʯʥʦʛʦ ʯʠʩʣʘ 

ʤʝʪʦʜʽʚ ʩʭʝʤʘʪʠʟʘʮʽʾ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ ʧʦʷʩʥʶʻʪʴʩʷ, ʚ ʦʩʥʦʚʥʦʤʫ, 

ʚʽʜʩʫʪʥʽʩʪʶ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʧʨʦ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʥʘʢʦʧʠʯʝʥʥʷ 

ʚʪʦʤʥʠʭ ʧʦʰʢʦʜʞʝʥʴ ʧʨʠ ʚʧʣʠʚʽ ʨʷʜʫ ʬʘʢʪʦʨʽʚ, ʪʘʢʠʭ ʷʢ ʧʨʦʤʽʞʥʽ ʮʠʢʣʠ 

ʧʨʦʮʝʩʽʚ, ʧʦʨʷʜʦʢ ʯʝʨʛʫʚʘʥʥʷ ʨʽʚʥʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʢʦʥʮʝʥʪʨʘʮʽʷ ʥʘʧʨʫʞʝʥʴ, 

ʚʝʣʠʯʠʥʘ ʥʘʧʨʫʞʫʚʘʥʠʭ ʦʙʩʷʛʽʚ, ʤʘʩʰʪʘʙʥʠʡ ʬʘʢʪʦʨ [85,88,103]. 

1.2.2. ɺʠʙʽʨ ʢʦʝʬʽʮʽʻʥʪʽʚ ʙʝʟʧʝʢʠ ʧʨʠ ʘʥʘʣʽʟʽ ʤʽʮʥʦʩʪʽ ʂɸ 

ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘ ʤʽʮʥʽʩʪʴ ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ ʪʘ ʚʨʘʭʦʚʫʚʘʪʠ 

ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʙʝʟʧʝʢʠ ʜʣʷ ʚʩʽʭ ʝʪʘʧʽʚ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʂɸ. ʂʦʝʬʽʮʽʻʥʪ 

ʙʝʟʧʝʢʠ ʚʚʦʜʠʪʴʩʷ ʜʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʧʨʠʧʫʱʝʥʴ ʫ ʚʠʟʥʘʯʝʥʥʽ ʥʘʚʘʥʪʘʞʝʥʴ, ʫʤʦʚ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ, ʥʝʪʦʯʥʦʩʪʽ ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ ʽ ʪ.ʜ. ɺʠʙʽʨ ʯʠʩʝʣʴʥʦʛʦ 

ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʙʝʟʧʝʢʠ ʻ ʚʘʞʣʠʚʠʤ ʽ ʚʽʜʧʦʚʽʜʘʣʴʥʠʤ ʤʦʤʝʥʪʦʤ 

ʤʽʮʥʽʩʪʥʦʛʦ ʘʥʘʣʽʟʘ ʂɸ [2,4,8]. ʇʨʠ ʚʽʜʦʤʦʤʫ ʟʥʘʯʝʥʥʽ ʢʦʝʬʽʮʽʻʥʪʘ ʙʝʟʧʝʢʠ 

ʨʦʟʨʘʭʫʥʢʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʥʦʞʝʥʥʷʤ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʢʦʝʬʽʮʽʻʥʪ ʙʝʟʧʝʢʠ [2,4,8].  

ɿʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʙʝʟʧʝʢʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʚʠʧʘʜʢʽʚ ʽ 

ʧʨʠʟʥʘʯʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ ʂɸ ʤʦʞʫʪʴ ʟʤʽʥʶʚʘʪʠʩʷ ʚ ʰʠʨʦʢʠʭ ʤʝʞʘʭ.  

ɺ [8,104] ʥʘʚʝʜʝʥʘ ʪʘʙʣʠʮʷ ʨʝʢʦʤʝʥʜʦʚʘʥʠʭ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʽʚ ʙʝʟʧʝʢʠ 

ʜʣʷ ʨʘʢʝʪʥʦʾ ʪʝʭʥʽʢʠ. ɿʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʙʝʟʧʝʢʠ ʜʣʷ ʦʩʥʦʚʥʠʭ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʈʅ ʽ ʂɸ, ʷʢʽ ʚʠʢʦʥʘʥʽ ʽʟ ʽʟʦʪʨʦʧʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʟʤʽʥʶʶʪʴʩʷ ʚʽʜ 1.25 ʜʦ 2.25, ʘ ʫ ʚʠʧʘʜʢʫ ʮʠʢʣʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ - f = 4.0 

[104]. ʗʢ ʫʞʝ ʟʘʟʥʘʯʘʣʦʩʷ, ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘ 

ʤʽʮʥʽʩʪʴ ʚʩʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʦʞʥʘ ʫʤʦʚʥʦ ʨʦʟʜʽʣʠʪʠ ʥʘ ʩʪʘʪʠʯʥʝ, ʜʠʥʘʤʽʯʥʝ 

(ʛʘʨʥʦʤʽʥʯʽ ʽ ʚʠʧʘʜʢʦʚʽ ʚʽʙʨʘʮʽʾ, ʽʤʫʣʴʩʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ) ʽ ʮʠʢʣʽʯʥʝ. ɺ ʟʚ'ʷʟʢʫ ʟ 

ʮʠʤ, ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʨʠ ʢʦʝʬʽʮʽʻʥʪʘ ʙʝʟʧʝʢʠ [104]: 
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- ʩʪʘʪʠʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʙʝʟʧʝʢʠ - fʩʪ; 

- ʜʠʥʘʤʽʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʙʝʟʧʝʢʠ - fʜʠʥ; 

- ʢʦʝʬʽʮʽʻʥʪ ʙʝʟʧʝʢʠ ʧʦ ʮʠʢʣʽʯʥʦʾ ʤʽʮʥʦʩʪʽ - fʮʠʢʣ. 

ʉʪʘʪʠʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʙʝʟʧʝʢʠ ʂɸ ʟʤʽʥʶʻʪʴʩʷ ʚ ʤʝʞʘʭ 1.25-1.5; 

ʜʠʥʘʤʽʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ - ʚ ʤʝʞʘʭ 1.5-1.8; ʢʦʝʬʽʮʽʻʥʪ ʙʝʟʧʝʢʠ ʧʦ ʮʠʢʣʽʯʥʽʡ 

ʤʽʮʥʦʩʪʽ: ʧʦ ʥʘʧʨʫʞʝʥʥʷʤ fʮʠʢʣ Ó 2.0, ʟʘ ʜʝʬʦʨʤʘʮʽʷʤʠ fʮʠʢʣ Ó 4.0. ʇʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʘʥʽʟʦʪʨʦʧʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʦʜʘʪʢʦʚʦ ʚʨʘʭʦʚʫʶʪʴ ʢʦʝʬʽʮʽʻʥʪ 

(k=1.25), ʱʦ ʚʠʩʪʫʧʘʻ ʤʥʦʞʥʠʢʦʤ ʜʦ ʚʠʱʝʟʘʟʥʘʯʝʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʙʝʟʧʝʢʠ [8]. 

 

1.2.3. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʤʝʪʦʜʠ  

ɼʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʜʠʥʘʤʽʢʠ ʽ ʤʽʮʥʦʩʪʽ ʂɸ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʧʝʮʽʘʣʴʥʽ ʤʝʪʦʜʠʢʠ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʟʘʚʜʘʥʥʽ ʟʦʚʥʽʰʥʴʦʛʦ 

ʚʧʣʠʚʫ ʥʘ ʢʦʥʩʪʨʫʢʮʽʶ ʂɸ ʽ ʚʠʤʽʨʫ ʚʽʜʛʫʢʫ ʢʦʥʩʪʨʫʢʮʽʾ ʘʙʦ ʦʢʨʝʤʠʭ ʾʾ 

ʝʣʝʤʝʥʪʽʚ ʥʘ ʮʝʡ ʚʧʣʠʚ. 

ʇʨʦʛʨʘʤʠ ʪʘ ʤʝʪʦʜʠʢʠ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʦʙʽʪ 

ʨʝʛʣʘʤʝʥʪʦʚʘʥʽ ʽ ʥʘʚʝʜʝʥʽ ʚ [1,4,9,12,83,91,95,96,98,100,103] ʪʘ ʚ ʙʽʣʴʰʦʩʪʽ 

ʚʠʧʘʜʢʽʚ ʧʦʚʪʦʨʶʶʪʴ ʨʦʟʨʘʭʫʥʢʦʚʽ ʝʪʘʧʠ ʧʨʦʻʢʪʫʚʘʥʥʷ ʂɸ (ʧ.1.1.2). 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʘʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʂɸ ʪʘ ʡʦʛʦ ʦʢʨʝʤʠʭ 

ʝʣʝʤʝʥʪʽʚ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ [1,4,9,12,83,91,95]. 

¶ ʟʙʫʨʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʙʨʦʩʪʝʥʜʽʚ (ʣʽʥʽʡʥʘ ʘʙʦ ʣʦʛʘʨʠʬʤʽʯʥʘ 

ʨʦʟʛʦʨʪʢʘ ʧʦ ʯʘʩʪʦʪʽ); 

¶ ʟʙʫʨʝʥʥʷ ʘʢʫʩʪʠʯʥʠʤ ʧʦʣʝʤ; 

¶ ʥʦʨʤʦʚʘʥʝ ʫʜʘʨʥʝ ʟʙʫʨʝʥʥʷ (ʫʜʘʨʥʠʡ ʤʦʣʦʪʦʢ);  

¶ ʥʝʥʦʨʤʦʚʘʥʝ ʫʜʘʨʥʝ ʟʙʫʨʝʥʥʷ. 

ɽʢʩʧʝʨʝʤʝʥʪʘʣʴʥʝ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʚʽʙʨʦʤʽʮʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ ʂɸ ʧʨʠ 

ʛʘʨʤʦʥʽʯʥʠʭ ʪʘ ʚʠʧʘʜʢʦʚʠʭ ʚʽʙʨʘʮʽʷʭ ʟʘʟʚʠʯʘʡ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘ ʚʽʙʨʦʩʪʝʥʜʘʭ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʣʦʛʘʨʠʬʤʽʯʥʦʾ ʨʦʟʛʦʨʪʢʠ ʧʦ ʯʘʩʪʦʪʽ [1,4,9,12,83,91,95]. 

ʋʜʘʨʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʜʚʦʭ ʚʠʜʘʭ. ʋ ʧʝʨʰʦʤʫ 

ʚʠʧʘʜʢʫ ʮʝ ʽʤʧʫʣʴʩ (ʟʘʟʚʠʯʘʡ ʥʘʧʽʚʩʠʥʫʩ) ʟ ʬʽʢʩʦʚʘʥʦʶ ʘʤʧʣʽʪʫʜʦʶ ʪʘ ʯʘʩʦʤ ʜʽʾ 
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[ʫʜʘʨʥʳʝ ʠʩʧʳʪʘʥʠʷ ʈʂʊ]. ɺ ʜʨʫʛʦʤʫ ʚʠʧʘʜʢʫ ʫʜʘʨʥʳʡ ʽʤʧʫʣʴʩ 

ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʫʜʘʨʥʦʛʦ ʩʧʝʢʪʨʫ ʥʘʚʘʥʪʘʞʝʥʴ [ECSS, NASA]. ɺ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʜʫ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʫʜʘʨʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʠʙʠʨʘʻʪʴʩʷ 

ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʧʨʦʛʨʘʤʘ ʚʠʧʨʦʙʫʚʘʥʴ [1,4,9,12,83,91,95]. 

 

1.2.4. ʈʦʟʨʘʭʫʥʢʦʚʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʧʽʜʭʽʜ 

ʗʢ ʧʨʘʚʠʣʦ, ʂɸ ʽ ʫ ʪʦʤʫ ʯʠʩʣʽ ʅʉ ʷʚʣʷʻ ʩʦʙʦʶ ʤʝʭʘʥʽʯʥʫ ʩʠʩʪʝʤʫ, ʱʦ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʝʨʚʠʥʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ï ʢʦʨʧʫʩʫ, ʪʘ ʚʪʦʨʠʥʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ - 

ʥʘʚʽʩʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ (ʅʆ). ɺʪʦʨʠʥʥʫ ʢʦʥʩʪʨʫʢʮʽʶ ʬʦʨʤʫʶʪʴ ʝʣʝʤʝʥʪʠ 

ʩʠʩʪʝʤ: ʘʧʘʨʘʪʫʨʘ, ʘʚʪʦʤʘʪʠʢʘ, ʜʚʠʛʫʥʠ, ʤʝʭʘʥʽʟʤʠ, ʧʨʠʚʦʜʠ, ʙʘʢʠ, ʙʘʣʦʥʠ ʽ ʪ. 

ʧ., ʟ'ʻʜʥʘʥʽ ʛʽʜʨʘʚʣʽʯʥʠʤʠ, ʧʥʝʚʤʘʪʠʯʥʠʤʠ, ʝʣʝʢʪʨʠʯʥʠʤʠ ʢʦʤʫʥʽʢʘʮʽʷʤʠ. ɺʩʽ 

ʚʦʥʠ ʢʨʽʧʣʷʪʴʩʷ ʜʦ ʢʦʨʧʫʩʫ ʘʙʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ, ʘʙʦ ʯʝʨʝʟ ʧʨʦʤʽʞʥʽ ʢʦʥʩʪʨʫʢʮʽʾ: 

ʢʨʦʥʰʪʝʡʥʠ, ʦʧʦʨʠ, ʬʣʘʥʮʽ, ʨʘʤʠ, ʬʝʨʤʠ ʽ ʪ. ʜ.  

ɺʝʣʠʯʠʥʘ ʢʚʘʟʽʩʪʘʪʠʯʥʠʭ ʧʝʨʝʚʘʥʪʘʞʝʥʴ, ʱʦ ʜʽʶʪʴ ʥʘ ʚʪʦʨʠʥʥʫ 

ʢʦʥʩʪʨʫʢʮʽʶ ʥʘ ʝʪʘʧʽ ʚʠʚʝʜʝʥʥʷ, ʚʽʜʦʤʘ (ʨʠʩ.1.2), ʘʣʝ ʜʣʷ ʚʽʙʨʘʮʽʡʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʮʝ ʥʝ ʪʘʢ, ʦʩʢʽʣʴʢʠ ʚʦʥʦ ʧʨʠʭʦʜʠʪʴ ʥʘ ʧʝʨʚʠʥʥʫ ʢʦʥʩʪʨʫʢʮʽʶ ʚ 

ʤʽʩʮʷʭ ʢʨʽʧʣʝʥʥʷ ʂɸ ʜʦ ʘʜʘʧʪʝʨʘ ʈʅ. ɼʣʷ ʚʪʦʨʠʥʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʚʽʙʨʘʮʽʡʥʠʤ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʻ ʨʝʘʢʮʽʷ ʩʠʣʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʥʘ ʟʦʚʥʽʰʥʽ ʚʽʙʨʘʮʽʡʥʽ ʟʙʫʨʝʥʥʷ. 

ɺ ʟʚôʷʟʢʫ ʟ ʮʠʤ, ʥʘʡʙʽʣʴʰ ʥʝʙʝʟʧʝʯʥʠʤ, ʟ ʪʦʯʢʠ ʟʦʨʫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ʂɸ 

ʻ ʚʽʙʨʘʮʽʡʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʚʦʥʦ ʜʽʻ, ʷʢ ʧʨʘʚʠʣʦ, ʚ ʰʠʨʦʢʦʤʫ 

ʯʘʩʪʦʪʥʦʤʫ ʜʽʘʧʘʟʦʥʽ, ʚ ʷʢʦʤʫ ʤʦʞʣʠʚʽ ʨʝʟʦʥʘʥʩʥʽ ʷʚʠʱʘ, ʱʦ ʤʦʞʫʪʴ ʟʥʘʯʥʦ 

ʟʙʽʣʴʰʠʪʠ ʘʤʧʣʽʪʫʜʠ ʢʽʥʝʤʘʪʠʯʥʠʭ ʽ ʩʠʣʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʝʣʝʤʝʥʪʽʚ ʽ ʚʫʟʣʽʚ 

ʂɸ. 

ɺ ʮʽʣʦʤʫ, ʩʫʯʘʩʥʝ ʨʦʟʨʘʭʫʥʢʦʚʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʥʘʤʽʢʠ 

ʽ ʤʽʮʥʦʩʪʽ ʂɸ [104] ʤʦʞʣʠʚʦ ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʝʢʽʣʴʢʘ ʝʪʘʧʽʚ (ʨʠʩ.1.6). 
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ʈʠʩ.1.6. ʉʭʝʤʘ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʨʘʮʽʦʥʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʂɸ 

ʅʘ ʦʩʥʦʚʽ 3D ʤʦʜʝʣʽ ʂɸ ʙʫʜʫʻʪʴʩʷ ʉɽʄ, ʱʦ ʘʜʝʢʚʘʪʥʦ ʚʽʜʦʙʨʘʞʘʻ ʡʦʛʦ 

ʤʘʩʦʚʦ-ʽʥʝʨʮʽʡʥʽ ʪʘ ʞʦʨʩʪʢʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʎʷ ʤʦʜʝʣʴ ʽ ʾʾ ʜʠʩʢʨʝʪʥʠʡ 

ʘʥʘʣʦʛ ʻ ʦʩʥʦʚʦʶ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʠʥʘʤʽʯʥʦʛʦ ʽ ʤʽʮʥʽʩʪʥʦʛʦ ʘʥʘʣʽʟʫ 

ʢʦʥʩʪʨʫʢʮʽʾ ʂɸ. ʇʨʠ ʮʴʦʤʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʅɼʉ ʚ ʝʣʝʤʝʥʪʘʭ ʢʦʥʩʪʨʫʢʮʽʾ ʂɸ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʥʦʨʤʘʪʠʚʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ, ʘ ʪʘʢʦʞ ʯʠʩʣʦ ʮʠʢʣʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ, 

ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʫʤʦʚʘʤ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʅʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ ʤʦʞʥʘ 

ʚʠʟʥʘʯʠʪʠ ʛʨʘʥʠʯʥʠʡ ʩʪʘʥ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʟʘʧʘʩʠ ʤʽʮʥʦʩʪʽ 

ʪʘ ʥʘʜʽʡʥʽʩʪʴ ʂɸ. 

ʈʦʟʨʦʙʣʝʥʘ ɯʄ, ʾʾ ʜʠʩʢʨʝʪʥʠʡ ʘʥʘʣʦʛ ʽ ʨʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʜʦʟʚʦʣʷʶʪʴ 

ʟʜʽʡʩʥʠʪʠ ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʚʘʣʽʬʽʢʘʮʽʡʥʦʛʦ ʟʨʘʟʢʫ ʂɸ ʪʘ ʧʨʦʚʝʩʪʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʤʽʮʥʦʩʪʽ: ʧʨʠʟʥʘʯʠʪʠ ʤʽʩʮʷ ʫʩʪʘʥʦʚʢʠ 

ʘʢʩʝʣʝʨʦʤʝʪʨʽʚ, ʚʠʜʽʣʠʪʠ ʧʘʨʘʤʝʪʨʠ ʽ ʝʣʝʤʝʥʪʠ ʤʦʜʝʣʽ, ʱʦ ʧʽʜʣʷʛʘʶʪʴ 

ʧʝʨʝʚʽʨʮʽ ʪʘ ʫʪʦʯʥʝʥʥʶ. 

ʋ ʧʨʦʮʝʩʽ ʧʦʜʘʣʴʰʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʧʝʨʝʚʽʨʷʻʪʴʩʷ 

ʽ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʤʽʮʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ, ʘ ʪʘʢʦʞ ʧʨʦʚʦʜʷʪʴʩʷ ʚʠʤʽʨʶʚʘʥʥʷ, ʱʦ 



 
 

37 

ʫʪʦʯʥʶʶʪ ɹʽ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʦʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ɯʄ ʥʘ ʦʩʥʦʚʽ ʾʾ ʜʠʩʢʨʝʪʥʦʛʦ 

ʘʥʘʣʦʛʫ. ɼʘʣʽ ʧʨʦʚʦʜʠʪʴʩʷ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ, ʦʪʨʠʤʘʥʠʭ ʚ ʧʨʦʮʝʩʽ 

ʚʠʧʨʦʙʫʚʘʥʴ. ɿʜʽʡʩʥʶʻʪʴʩʷ ʚʝʨʠʬʽʢʘʮʽʷ ʉɽʄ, ʪʦʙʪʦ ʧʨʦʚʦʜʷʪʴʩʷ ʨʦʟʨʘʭʫʥʢʠ, 

ʱʦ ʤʦʜʝʣʶʶʪʴ ʧʨʦʮʝʩ ʥʘʚʘʥʪʘʞʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʠ ʚʠʧʨʦʙʫʚʘʥʥʷʭ, ʱʦ 

ʧʽʜʪʚʝʨʜʞʫʶʪʴ (ʘʙʦ ʥʽ) ʩʪʫʧʽʥʴ ʘʜʝʢʚʘʪʥʦʩʪʽ ɯʄ ʪʘ ʉɽʄ. ɺʝʨʠʬʽʢʦʚʘʥʘ ʟʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʧʨʦʙʫʚʘʥʴ ʉɽʄ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʝʬʝʢʪʠʚʥʠʭ 

ʨʦʟʨʘʭʫʥʢʽʚ ʂɸ ʧʨʠ ʟʤʽʥʝʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʚʥʝʩʝʥʥʷ ʟʤʽʥ ʚ 

ʢʦʥʩʪʨʫʢʮʽʶ, ʤʦʜʝʨʥʽʟʘʮʽʾ ʚʠʨʦʙʫ ʘʙʦ ʨʦʟʨʦʙʢʠ ʢʦʥʩʪʨʫʢʮʽʾ ʥʦʚʦʛʦ ʚʠʨʦʙʫ 

ʧʦʜʽʙʥʦʛʦ ʢʣʘʩʫ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʧʨʠʡʥʷʪʦ ʥʘʟʠʚʘʪʠ ñʤʝʪʦʜʦʤ ʥʘʩʢʨʽʟʥʦʛʦ 

ʧʨʦʝʢʪʫʚʘʥʥʷò [104]. 

1.3. ɺʠʩʥʦʚʢʠ ʟʘ ʨʦʟʜʽʣʦʤ 1 

1. ʈʦʟʛʣʷʥʫʪʦ ʦʩʥʦʚʥʽ ʝʪʘʧʠ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʂɸ, ʷʢʽ ʟ ʪʦʯʢʠ ʟʦʨʫ ʟʘʜʘʯ 

ʤʽʮʥʦʩʪʽ, ʷʢʽ ʚʢʣʶʯʘʶʪʴ ʧʨʦʝʢʪʫʚʘʥʥʷ ʽ ʥʘʟʝʤʥʝ ʚʽʜʧʨʘʮʶʚʘʥʥʷ, 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʽ ʚʠʚʝʜʝʥʥʷ, ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʥʘ ʦʨʙʽʪʽ;  

2. ʈʦʟʛʣʷʥʫʪʦ ʦʩʥʦʚʥʽ ʤʝʪʦʜʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʱʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʧʘʨʘʤʝʪʨʽʚ ʅɼʉ, ʜʠʥʘʤʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʪʘʢʽ ʷʢ ʤʝʪʦʜ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʤʦʜʘʣʴʥʠʭ ʢʦʦʨʜʠʥʘʪ 

ʪʘ ʩʧʝʢʪʨʘʣʴʥʠʭ ʨʦʟʢʣʘʜʝʥʴ; 

3. ʈʦʟʛʣʷʥʫʪʦ ʤʝʪʦʜʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʤʦʜʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ, ʷʢʽ ʤʦʞʫʪʴ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʂɸ ʽ ʦʢʨʝʤʠʭ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ;  

4. ʇʦʢʘʟʘʥʦ, ʱʦ ʧʦʻʜʥʘʥʥʷ ʟʛʘʜʘʥʠʭ ʚʠʱʝ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ ʙʽʣʴʰ ʚʠʩʦʢʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʚʠʟʥʘʯʝʥʥʷ ʅɼʉ ʽ ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʂɸ. 
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2 ʇʆʉʊɸʅʆɺʂɸ ɿɸɼɸʏɯ ɼʆʉʃɯɼɾɽʅʅʗ ʄɯʎʅʆʉʊɯ 

ʅɸʅʆʉʋʇʋʊʅɯʂɸ POLYITAN-2 ʅɸ ɽʊɸʇɯ ɺʀɺɽɼɽʅʅʗ 

2.1 ʈʦʙʦʯʠʡ ʚʘʨʽʘʥʪ ʢʦʥʩʪʨʫʢʮʽʾ ʅʉ PolyItan-2-SAU 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʬʦʨʤʘʪʫ CubeSat-2U ʟʥʘʯʥʦ ʩʧʨʦʱʫʻ ʧʨʦʮʝʩ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʂɸ, ʦʩʢʽʣʴʢʠ ʚʠʟʥʘʯʘʻ ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʅʉ ʪʘ ʤʘʩʦʚʦ-ʛʘʙʘʨʠʪʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʊʦʤʫ, ʟ ʪʦʯʢʠ ʟʦʨʫ ʤʽʮʥʦʩʪʽ, ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʣʠʰʘʶʪʴʩʷ 

ʧʠʪʘʥʥʷ ʢʦʤʧʦʥʦʚʢʠ, ʚʠʙʦʨʫ ʤʘʪʝʨʽʘʣʽʚ ʩʠʣʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ, ʨʘʮʽʦʥʘʣʴʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʤʝʥʪʥʦʾ ʙʘʟʠ. 

ʇʨʦʮʝʩ ʩʪʚʦʨʝʥʥʷ ʨʘʮʽʦʥʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʂɸ ʻ ʽʪʝʨʘʮʽʡʥʠʤ (ʨʠʩ.1.6). 

ʄʝʭʘʥʽʯʥʘ ʩʢʣʘʜʦʚʘ ʪʫʪ ʨʝʘʣʽʟʫʻʪʴʩʷ ʧʦ ʩʭʝʤʽ ñʚʽʜ ʧʨʦʩʪʦʛʦ ʜʦ ʩʢʣʘʜʥʦʛʦò. ʅʘ 

ʧʦʯʘʪʢʫ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʩʧʨʦʱʝʥʘ ʢʦʥʮʝʧʪʫʘʣʴʥʘ ʤʦʜʝʣʴ ʂɸ, ʷʢʘ ʧʦʩʣʽʜʦʚʥʦ 

ʫʪʦʯʥʶʻʪʴʩʷ ʪʘ ʫʩʢʣʘʜʥʶʻʪʴʩʷ. ʅʘ ʢʦʞʥʦʤʫ ʝʪʘʧʽ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ 

ʂɸ ʚʠʢʦʥʫʻʪʴʩʷ ʚʝʩʴ ʮʠʢʣ ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʦʧʠʩʘʥʽ ʚ ʧ.1.2. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ 

ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʤʽʮʥʽʩʪʥʦʛʦ ʽ ʜʠʥʘʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʂɸ ʜʦʮʽʣʴʥʦ ʢʝʨʫʚʘʪʠʩʷ 

ʤʝʪʦʜʦʤ ʥʘʩʢʨʽʟʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ [104], ʷʢʠʡ ʧʝʨʝʜʙʘʯʘʻ ʧʦʝʪʘʧʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʻʜʠʥʦʾ, ʘʣʝ ʪʘʢʦʾ, ʱʦ ʫʪʦʯʥʶʻʪʴʩʷ ɯʄ ʪʘ ʾʾ ʜʠʩʢʨʝʪʥʦʛʦ ʘʥʘʣʦʛʘ. 

ʆʩʪʘʪʦʯʥʠʡ ʨʦʙʦʯʠʡ ʚʘʨʽʘʥʪ ʅʉ POLYITAN-2-SAU, ʷʢʠʡ ʚʠʢʦʥʘʥʦʛʦ ʧʦ 

ʥʝʛʝʨʤʝʪʠʯʥʽʡ ʩʭʝʤʽ, (ʨʠʩ.2.1-2.2) ʷʚʣʷʻ ʩʦʙʦʶ ʩʫʢʫʧʥʽʩʪʴ ʬʫʥʢʮʽʦʥʘʣʴʥʦ 

ʧʦʚ'ʷʟʘʥʠʭ ʩʠʩʪʝʤ (ʝʥʝʨʛʦʞʠʚʣʝʥʥʷ, ʫʧʨʘʚʣʽʥʥʷ, ʦʨʽʻʥʪʘʮʽʾ ʪʘ ʩʪʘʙʽʣʽʟʘʮʽʾ, 

ʪʝʣʝʤʝʪʨʠʯʥʦʛʦ ʢʦʥʪʨʦʣʶ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʫ, ʨʘʜʽʦʪʝʭʥʽʯʥʠʭ ʪʘ 

ʟʙʦʨʫ ʥʘʫʢʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ), ʷʢʽ ʨʦʟʤʽʱʝʥʽ ʥʘ ʥʝʩʫʯʦʤʫ ʢʘʨʢʘʩʽ. ʅʝʩʫʯʠʡ ʢʘʨʢʘʩ 

ʅʉ ʷʚʣʷʻ ʩʦʙʦʶ ʞʦʨʩʪʢʫ ʨʘʤʫ, ʚʠʛʦʪʦʚʣʝʥʫ ʟ ʘʣʶʤʽʥʽʻʚʦʛʦ ʩʧʣʘʚʫ ɼ16 

(ʨʠʩ.2.3ʘ). ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʻʶ ʚʩʽʻʾ ʘʧʘʨʘʪʫʨʠ ʅʉ ʩʣʫʞʠʪʴ 

ʩʠʩʪʝʤʘ ʝʥʝʨʛʦʞʠʚʣʝʥʥʷ (ʉɽɾ). ʇʦʩʪʽʡʥʽ ʜʞʝʨʝʣʘ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ, 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʪʨʴʦʤʘ ʘʢʫʤʫʣʷʪʦʨʘʤʠ, ʥʝ ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʅʉ 

ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷʤ ʧʨʦʪʷʛʦʤ ʯʘʩʫ ʝʢʩʧʣʫʘʪʘʮʽʾ (3 ʤʽʩʷʮʽ). ʊʦʤʫ ʥʘ ʅʉ 

ʧʝʨʝʜʙʘʯʝʥʽ ʜʞʝʨʝʣʘ ʧʦʧʦʚʥʝʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ - ʬʦʪʦʝʣʝʢʪʨʠʯʥʽ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽ. ɰʭ ʦʙ'ʻʜʥʘʥʥʷ ʚ ʻʜʠʥʫ ʩʠʩʪʝʤʫ ʫʪʚʦʨʶʻ ʩʦʥʷʯʥʽ ʙʘʪʘʨʝʾ (ʉɹ) 

(ʨʠʩ.2.1). 
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ʈʠʩ.2.3. ʆʩʥʦʚʥʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʝʣʝʤʝʥʪʠ POLYITAN-2, ʘ ï ʩʠʣʦʚʠʡ 

ʢʘʨʢʘʩ, ʙ ï ʥʘʫʢʦʚʠʡ ʤʦʜʫʣʴ, ʚ ï ʝʣʝʢʪʨʦʥʥʘ ʧʣʘʪʬʦʨʤʘ, ʛ ï ʩʠʩʪʝʤʘ ʦʨʽʻʥʪʘʮʽʾ ʠ 

ʩʪʘʙʽʣʽʟʘʮʽʾ 

ʂʦʥʩʪʨʫʢʮʽʷ ʉɽɾ ʜʦʩʪʘʪʥʴʦ ʩʢʣʘʜʥʘ, ʪʘʢ ʷʢ ʥʘ ʅʉ ʥʘʢʣʘʜʘʶʪʴʩʷ ʤʘʩʦ-

ʛʘʙʘʨʠʪʥʽ ʦʙʤʝʞʝʥʥʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʦʙʤʝʞʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʉɹ ʽ, ʦʪʞʝ, 

ʉɽɾ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʅʉ ʧʨʦʪʷʛʦʤ ʚʠʢʦʥʘʥʥʷ ʤʽʩʽʾ ʧʦʚʠʥʝʥ 

ʚʠʢʦʥʫʚʘʪʠʩʷ ʝʥʝʨʛʝʪʠʯʥʠʡ ʙʘʣʘʥʩ, ʩʫʪʴ ʷʢʦʛʦ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ 

ʩʝʨʝʜʥʴʦʜʦʙʦʚʘ ʧʦʪʫʞʥʽʩʪʴ ʩʧʦʞʠʚʘʯʽʚ ʝʥʝʨʛʽʾ ʥʝ ʧʦʚʠʥʥʘ ʧʝʨʝʚʠʱʫʚʘʪʠ 

ʩʝʨʝʜʥʴʦʜʦʙʦʚʦʾ ʧʦʪʫʞʥʦʩʪʽ ʜʞʝʨʝʣ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. ɼʦʧʫʩʢʘʻʪʴʩʷ ʢʦʨʦʪʢʦʯʘʩʥʝ 

ʧʝʨʝʚʠʱʝʥʥʷ ʨʽʚʥʷ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʦʜʥʘʢ, ʧʨʦʪʷʛʦʤ ʜʦʙʠ 

ʝʥʝʨʛʝʪʠʯʥʠʡ ʙʘʣʘʥʩ ʧʦʚʠʥʝʥ ʙʫʪʠ ʚʽʜʥʦʚʣʝʥʠʡ. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʦʙʤʝʞʝʥʠʭ ʤʘʩʦʚʠʭ ʽ ʛʘʙʘʨʠʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʅʉ ʱʝ 

ʦʜʥʠʤ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤ ʧʨʠʟʥʘʯʝʥʥʷʤ ʉɽɾ ʻ ʤʘʢʩʠʤʘʣʴʥʘ ʝʥʝʨʛʦʚʽʜʜʘʯʘ ʟ 

ʦʜʠʥʠʮʽ ʧʣʦʱʽ ʉɹ.  

ʗʢ ʧʨʘʚʠʣʦ, ʥʘ ʝʪʘʧʽ ʟʘʧʫʩʢʫ ʈʅ ʘʥʪʝʥʠ ʅʉ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʩʢʣʘʜʝʥʦʤʫ 

ʩʪʘʥʽ ʽ ʥʝʦʙʭʽʜʥʦ ʚʩʪʘʥʦʚʠʪʠ ʾʭ ʫ ʨʦʙʦʯʠʡ ʩʪʘʥ ʧʽʩʣʷ ʚʽʜʜʽʣʝʥʥʷ. ɺʠʨʽʰʝʥʥʷ ʮʽʻʾ 
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ʧʨʦʙʣʝʤʠ ʟʜʽʡʩʥʶʻ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ, ʷʢʘ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʜʘʪʯʠʢʠ ʪʘ 

ʚʠʢʦʥʘʚʯʽ ʧʨʠʩʪʨʦʾ. ʈʦʟʛʦʨʪʘʥʥʷ ʘʥʪʝʥ ʚ ʨʦʙʦʯʝ ʧʦʣʦʞʝʥʥʷ ʧʦʯʠʥʘʻʪʴʩʷ ʟ 

ʪʠʤʯʘʩʦʚʦʶ ʟʘʪʨʠʤʢʦʶ ʧʽʩʣʷ ʚʽʜʜʽʣʝʥʥʷ ʜʣʷ ʚʽʜʭʦʜʫ ʅʉ ʥʘ ʧʝʚʥʫ ʚʽʜʩʪʘʥʴ ʚʽʜ 

ʥʝʩʫʯʦʾ ʩʪʫʧʝʥʽ ʈʅ ʟ ʤʝʪʦʶ ʫʥʠʢʥʝʥʥʷ ʟʽʪʢʥʝʥʥʷ ʟ ʩʠʩʪʝʤʦʶ ʚʠʚʝʜʝʥʥʷ. 

ʌʫʥʢʮʽʦʥʫʚʘʥʥʷ ʅʉ ʚʠʤʘʛʘʻ ʡʦʛʦ ʧʝʚʥʦʾ ʦʨʽʻʥʪʘʮʽʾ ʚ ʧʨʦʩʪʦʨʽ. ɺ ʷʢʦʩʪʽ 

ʦʨʽʻʥʪʠʨʫ ʜʣʷ ʅʉ ʩʣʫʞʘʪʴ ɿʝʤʣʷ ʪʘ ʉʦʥʮʝ. ɿʘʚʜʘʥʥʷʤ ʩʪʘʙʽʣʽʟʘʮʽʾ ʻ ʫʪʨʠʤʘʥʥʷ 

ʅʉ ʚ ʟʘʜʘʥʦʤʫ ʧʦʣʦʞʝʥʥʽ ʽʟ ʟʘʜʘʥʦʶ ʪʦʯʥʽʩʪʶ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʪʦʛʦ, ʱʦ ʢʫʪʦʚʘ 

ʦʨʽʻʥʪʘʮʽʷ ʽ ʩʪʘʙʽʣʽʟʘʮʽʷ ʅʉ ʚʠʢʦʥʫʻʪʴʩʷ ʦʜʥʽʻʶ ʽ ʪʽʻʶ ʞ ʘʧʘʨʘʪʫʨʦʶ, ʮʽ ʜʚʽ 

ʩʠʩʪʝʤʠ ʯʘʩʪʦ ʦʙ'ʻʜʥʫʶʪʴ ʚ ʦʜʥʫ, ʷʢʫ ʧʨʠʡʥʷʪʦ ʥʘʟʠʚʘʪʠ ʩʠʩʪʝʤʦʶ ʦʨʽʻʥʪʘʮʽʾ 

ʪʘ ʩʪʘʙʽʣʽʟʘʮʽʾ (ʉʆʉ).  

ʅʘ POLYITAN-2-SAU ʚʩʪʘʥʦʚʣʝʥʽ ʥʘʩʪʫʧʥʽ ʜʘʪʯʠʢʠ: ʤʘʛʥʽʪʦʤʝʪʨ (ʜʣʷ 

ʦʨʽʻʥʪʘʮʽʾ ʧʦ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʶ ɿʝʤʣʽ), ʩʦʥʷʯʥʽ ʜʘʪʯʠʢʠ (ʧʨʠ ʦʨʽʻʥʪʘʮʽʾ ʥʘ 

ʉʦʥʮʝ) ʘ ʪʘʢʦʞ ʽʥʝʨʮʽʘʣʴʥʽ ʜʘʪʯʠʢʠ (ʛʽʨʦʩʢʦʧʠ), ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʚʽʜʭʠʣʝʥʥʷ ʅʉ 

ʱʦʜʦ ʽʥʝʨʮʽʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ. ɺ ʷʢʦʩʪʽ ʚʠʢʦʥʘʚʯʠʭ ʧʨʠʩʪʨʦʾʚ ʉʆʉ ʥʘ 

ʅʉ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʝʣʝʢʪʨʦʢʘʪʫʰʢʠ (ʤʘʛʥʽʪʥʘ ʩʪʘʙʽʣʽʟʘʮʽʷ), ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ 

ʥʘ ʟʦʚʥʽʰʥʽʭ ʧʘʥʝʣʷʭ ʅʉ ʪʘ ʝʣʝʢʪʨʦʤʘʭʦʚʠʢ (ʨʠʩ.2.4) ʜʣʷ ʟʤʽʥʠ ʢʽʥʝʪʠʯʥʦʛʦ 

ʤʦʤʝʥʪʫ ʽ, ʚʽʜʧʦʚʽʜʥʦ ʧʦʟʜʦʚʞʥʴʦʛʦ ʦʩʴʦʚʦʛʦ ʦʙʝʨʪʘʥʥʷ ʅʉ.  

 

ʈʠʩ.2.4. ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʝʣʝʢʪʨʦʤʘʭʦʚʠʢʦʚʦʛʦ ʜʚʠʛʫʥʘ-ʩʪʘʙʽʣʽʟʘʪʦʨʘ  

 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʚʠʟʥʘʯʝʥʥʷ ʢʦʦʨʜʠʥʘʪ (ʧʨʦʩʪʦʨʦʚʦʛʦ ʧʦʣʦʞʝʥʥʷ) 

ʅʉ ʥʘ ʥʴʦʛʦ ʚʩʪʘʥʦʚʣʝʥʘ ʥʘʚʽʛʘʮʽʡʥʘ ʘʧʘʨʘʪʫʨʘ ʩʧʦʞʠʚʘʯʘ (ʅɸʉ). 
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ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʫʤʦʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʘʧʘʨʘʪʫʨʠ ʥʘ ʙʦʨʪʫ ʅʉ ʧʨʠ ʟʤʽʥʽ 

ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʦʩʚʽʪʣʝʥʠʭ ʽ ʥʝʦʩʚʽʪʣʝʥʠʭ ʜʽʣʷʥʢʘʭ ʚ ʟʥʘʯʥʠʭ ʤʝʞʘʭ ʜʦ ʩʢʣʘʜʫ 

ʙʦʨʪʦʚʠʭ ʩʠʩʪʝʤ ʂɸ ʚʭʦʜʠʪʴ ʩʠʩʪʝʤʘ ʪʝʨʤʦʨʝʛʫʣʶʚʘʥʥʷ (ʉʊʈ). ʆʩʥʦʚʥʠʤ 

ʟʘʚʜʘʥʥʷʤ ʮʽʻʾ ʩʠʩʪʝʤʠ ʻ ʟʤʝʥʰʝʥʥʷ ʜʽʘʧʘʟʦʥʫ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʝʣʝʤʝʥʪʘʭ 

ʙʦʨʪʦʚʦʾ ʘʧʘʨʘʪʫʨʠ. ʉʊʈ ʤʽʩʪʠʪʴ ʟʦʚʥʽʰʥʽ ñʩʝʥʜʚʽʯò ʧʘʥʝʣʽ ʅʉ, ʚʝʨʭʥʽ ʰʘʨʠ 

ʷʢʠʭ ʚʠʢʦʥʘʥʽ ʟ ʚʫʛʣʝʚʦʣʦʢʥʘ ʕʣʫʨ,  ̔ʚ ʷʢʦʩʪʽ ʥʘʧʦʚʥʶʚʘʯʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʩʦʪʦʧʣʘʩʪ ʽʟ ʘʣʶʤʽʥʽʻʚʦʾ ʬʦʣʴʛʠ ɸʄʛ2-ʅ (ʨʠʩ.2.5). 

 

ʈʠʩ.2.5. ʂʦʥʩʪʨʫʢʪʠʚʥʝ ʚʠʢʦʥʘʥʥʷ ʩʦʪʦʧʘʥʝʣʽ 

ɼʣʷ POLYITAN-2-SAU ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜ ʥʘʟʝʤʥʦʛʦ ʮʝʥʪʨʫ 

ʫʧʨʘʚʣʽʥʥʷ ʧʦʣʴʦʪʦʤ (ʎʋʇ). ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʝʨʝʜʘʯʽ ʢʦʤʘʥʜ ʫʧʨʘʚʣʽʥʥʷ ʟ 

ʎʋʇ ʥʘ ʙʦʨʪ ʅʉ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʦʤʘʥʜʥʘ ʨʘʜʽʦʣʽʥʽʷ. ʅʘʧʨʷʤʦʢ ʧʝʨʝʜʘʯʽ 

ʽʥʬʦʨʤʘʮʽʾ ʧʦ ʮʽʡ ʨʘʜʽʦʣʽʥʽʾ - çɿʝʤʣʷ-ɹʦʨʪè. ʉɽɾ, ʅɸʉ, ʉʆʉ, ʪʘ ʩʠʩʪʝʤʘ 

ʫʧʨʘʚʣʽʥʥʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʦʙôʻʜʥʘʥʥʽ ʚ ʦʜʠʥ ʤʦʜʫʣʴ - ʝʣʝʢʪʨʦʥʥʫ ʧʣʘʪʬʦʨʤʫ 

(ʨʠʩ.2.6). 
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ʈʠʩ.2.6. ɻʝʦʤʝʪʨʠʯʥʘ ʤʦʜʝʣʴ ʝʣʝʢʪʨʦʥʥʦʾ ʧʣʘʪʬʦʨʤʠ ʅʉ POLYITAN-2.  1 

ï ʙʦʨʪʦʚʘ ʮʠʬʨʦʚʘ ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʤʘʰʠʥʘ (ɹʎʆʄ), 2 ïʨʘʜʽʦʣʽʥʽʷ, 3 ï ʙʣʦʢ 

ʫʧʨʘʚʣʽʥʥʷ ʉʆʉ, 4- ʩʠʩʪʝʤʘ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ, 5- ʘʢʫʤʫʣʷʪʦʨʥʠʡ ʙʣʦʢ.  

 

ʌʫʥʢʮʽʦʥʘʣʴʥʠʤ ʧʨʠʟʥʘʯʝʥʥʷʤ ʅʉ POLYITAN-2-SAU ʻ ʜʦʩʣʽʜʞʝʥʥʷ 

ʥʠʞʥʴʦʾ ʪʝʨʤʦʩʬʝʨʠ ʚ ʽʥʪʝʨʚʘʣʽ ʚʠʩʦʪ 200 - 380 ʢʤ [4]. ɺ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʥʘ ʅʉ 

ʚʩʪʘʥʦʚʣʝʥʦ ʜʘʪʯʠʢ ʘʪʦʤʘʨʥʦʛʦ ʢʠʩʥʶ (FIPEX). 

 

ʈʠʩ.2.7. ɼʘʪʯʠʢ ʘʪʦʤʘʨʥʦʛʦ ʢʠʩʥʶ (FIPEX)  
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2.2 ɺʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ 

 ɼʣʷ ʥʝʩʫʯʦʛʦ ʢʘʨʢʘʩʘ ʽ ʝʣʝʤʝʥʪʽʚ ʢʨʽʧʣʝʥʥʷ ʤʦʜʫʣʷ ʉʆʉ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʘʣʶʤʽʥʽʻʚʠʡ ʩʧʣʘʚ ɼ16, ʜʣʷ ʘʥʪʝʥʥʦʛʦ ʤʦʜʫʣʷ ʽ ʝʣʝʤʝʥʪʽʚ ɽʇ 

- ʘʣʶʤʽʥʽʻʚʠʡ ʩʧʣʘʚ ɸʄʛ6, ʜʣʷ ʥʝʩʫʯʠʭ ʩʪʽʡʦʢ ɽʇ - ʣʘʪʫʥʴ ʃ63, ʧʣʘʪʠ ɽʇ 

ʚʠʢʦʥʘʥʽ ʟ ʩʪʝʢʣʦ ʪʝʢʩʪʦʣʽʪʫ ʂɸʉʊ-ɺ. ʌʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʚʝʜʝʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʧʨʠʚʝʜʝʥʽ ʚ ʪʘʙʣ.2.1. ʪʘ ʪʘʙʣ. 2.2. 

ʊʘʙʣʠʮʷ 2.1.  

ʌʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʠʭ ʽʟʦʪʨʦʧʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ (ʤʝʪʘʣʽʚ ʽ ʩʧʣʘʚʽʚ) 

ɽʣʝʤʝʥʪʠ 

ʅʉ 
ʄʘʪʝʨʽʘʣ E, ʄʇʘ ɡ ůʪ, ʄʇʘ ɟ, ʢʛ/ʤ

3
 ůɺ, ʄʇʘ 

ɸʥʪʝʥʥʠʡ 

ʤʦʜʫʣʴ, 

ʝʣʝʤʝʥʪʠ 

ɽʇ 

ɸʄɻ6 71000 0.3 145 2640 305 

ʅʝʩʫʯʠʡ 

ʢʘʨʢʘʩ, 

ʝʣʝʤʝʥʪ 

ʢʨʽʧʣʝʥʥʷ 

ʤʦʜʫʣʷ 

ʩʠʩʪʝʤʠ 

ʦʨʽʻʥʪʘʮʽʾ 

ɼ16 72000 0.3 320 2770 450 

ʅʝʩʫʯʽ 

ʩʪʽʡʢʠ ɽʇ 
ʃ63 116000 0.35 - 8840 290 

 

ʊʘʙʣʠʮʷ 2.2. 

ʌʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʠʭ ʘʥʽʟʦʪʨʦʧʥʠʭ ʥʝʤʝʪʘʣʽʯʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ɽʣʝʤʝʥʪʠ 

ʅʉ 
ʄʘʪʝʨʽʘʣ E, ʄʇʘ ɡ ɟ, ʢʛ/ʤ

3
 

ʚ

ʨs, ʄʇʘ ʚ

ʩʞs , ʄʇʘ 

ʇʣʘʪʠ ɽʇ ʂɸʉʊ-ɺ
 

21000 0.11 1800 85
 

130 

ɺ ʪʘʙʣ.2.1,2.2 ʧʨʠʡʥʷʪʠ ʧʦʟʥʘʯʝʥʥʷ: E ï ʤʦʜʫʣʴ ʖʥʛʘ; u - ʢʦʝʬʽʮʽʝʥʪ 

ʇʫʘʩʦʥʘ; ɟ ï ʛʫʩʪʠʥʘ ʤʘʪʝʨʽʘʣʫ; ʚs  ï ʛʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ; ʊs  - ʛʨʘʥʠʮʷ ʪʝʢʫʯʦʩʪʽ; 

ʚ

ʨs  - ʛʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ ʧʨʠ ʨʦʟʪʷʛʫ; 
ʚ

ʩʞs  - ʛʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ ʧʨʠ ʩʪʠʩʢʫ. 



 
 

45 

2.3 ɿʘʛʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʠʩʪʝʤʠ ʨʦʟʛʦʨʪʫʚʘʥʥʷ ʅʉ ʈʦlʫItan-2-SAU 

 

ʘ) 

 

ʙ) 

ʈʠʩ.2.8. ɿʘʛʘʣʴʥʠʡ ʚʠʜ ʩʠʩʪʝʤʠ P-POD (1-ʢʨʠʰʢʘ) - ʘ); ʉʠʩʪʝʤʘ 

ʨʦʟʛʦʨʪʫʚʘʥʥʷ P-POD ʚʠʜ ʩʧʝʨʝʜʫ ʫ ʚʽʜʢʨʠʪʦʤʫ ʧʦʣʦʞʝʥʥʽ (2 - ʥʘʧʨʘʚʣʷʶʯʽ 

ʨʝʡʢʠ, 3 ï ʧʨʫʞʠʥʥʠʡ ʰʪʦʚʭʘʯ) - ʙ) 

 

ʉʠʩʪʝʤʘ ʨʦʟʛʦʨʪʫʚʘʥʥʷ/ʧʫʩʢʦʚʠʡ ʢʦʥʪʝʡʥʝʨ ʈ-POD (Poly Picosat Orbital 

Deployer) [4] ʷʚʣʷʻʪʴʩʷ ʦʜʥʦʯʘʩʥʦ ʢʦʥʪʝʡʥʝʨʦʤ ʜʣʷ ʅʉ ʪʘ ʟʘʩʦʙʦʤ ʜʣʷ 

ʚʠʚʝʜʝʥʥʷ ʅʉ ʚ ʚʠʟʥʘʯʝʥʫ ʪʦʯʢʫ ʦʨʙʽʪʠ. P-POD ʻ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʦʶ, ʱʦ 

ʩʢʦʨʦʯʫʻ ʯʘʩ ʨʦʟʨʦʙʢʠ ʩʫʧʫʪʥʠʢʘ ʜʣʷ Cubesat-ʩʫʤʽʩʥʠʭ ʧʨʠʩʪʨʦʾʚ, P-POD 

ʚʠʛʦʪʦʚʣʝʥʠʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʣʶʤʽʥʽʻʚʦʛʦ ʩʧʣʘʚʫ 7075-ʊ73 ʯʝʨʝʟ ʡʦʛʦ 

ʚʠʩʦʢʫ ʤʽʮʥʽʩʪʴ ʽ ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʫ ʚʘʨʪʽʩʪʴ. ʂʦʞʝʥ P-POD ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ 

ʧʝʨʝʚʝʟʝʥʥʷ 3-ʭ ʩʪʘʥʜʘʨʪʥʠʭ ʩʫʧʫʪʥʠʢʽʚ ʬʦʨʤʘʪʫ Cubesat1U [ ].  

ʇʦ ʩʠʛʥʘʣʫ ʚʽʜ ʫʧʨʘʚʣʷʶʯʦʛʦ ʤʦʜʫʣʷ ʟʘʩʣʦʥʢʘ ʢʦʥʪʝʡʥʝʨʘ (ʨʠʩ.2.8ʘ) 

ʚʽʜʢʨʠʚʘʪ̒ʴʩʷ ʽ ʅʉ ʚʠʰʪʦʚʭʫʶʪʴʩʷ ʧʨʫʞʠʥʦʶ ʫʟʜʦʚʞ ʥʘʧʨʘʚʣʷʶʯʠʭ ʨʝʡʦʢ, 

ʚʠʢʠʜʘʶʪʴʩʷ ʥʘ ʦʨʙʽʪʫ ʽʟ ʚʽʜʥʦʩʥʦʶ ʰʚʠʜʢʽʩʪʶ ρͯȢφ ʤȾÃ.  

ɺʠʤʦʛʠ ʜʦ P-POD (ʟʘʛʘʣʴʥʽ, ʨʦʟʤʽʨʥʽ ʽ ʤʘʩʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʝʣʝʢʪʨʠʯʥʽ 

ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ) ʥʘʚʝʜʝʥʽ ʚ ʜʦʢʫʤʝʥʪʘʭ ʪʝʭʥʽʯʥʦʾ ʩʧʝʮʠʬʽʢʘʮʽʾ [63-66].  

ʇʨʦʮʝʩ ʽʥʪʝʛʨʘʮʽʾ ʅʉ ʚ ʩʠʩʪʝʤʫ ʨʦʟʛʦʨʪʫʚʘʥʥʷ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ.2.9.  

2 

3 
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ʈʠʩ.2.9. ɯʥʪʝʛʨʘʮʽʷ ʅʉ ʬʦʨʤʘʪʫ CubeSat ʚ P-POD 

ʅʘ ʝʪʘʧʽ ʚʠʚʝʜʝʥʥʷ ʅʉ ʢʦʥʪʘʢʪʫʻ ʟ P-POD ʯʝʨʝʟ ʦʧʦʨʥʽ ʧʦʚʝʨʭʥʽ, ʷʢʽ 

ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʥʝʩʫʯʦʤʫ ʢʘʨʢʘʩʽ. ʅʠʞʥʽʤʠ ʪʦʨʮʷʤʠ ʅʉ ʦʧʠʨʘʻʪʴʩʷ ʥʘ 

ʧʨʫʞʠʥʥʠʡ ʰʪʦʚʭʘʯ (ʨʠʩ.2.8.ʙ), ʚʝʨʭʥʽʤʠ ʥʘ ʢʨʠʰʢʫ ʧʫʩʢʦʚʦʛʦ ʢʦʥʪʝʡʥʝʨʘ. 

ɹʦʢʦʚʽ ʨʝʙʨʘ ʢʘʨʢʘʩʫ ʟʪʠʢʘʶʪʴʩʷ ʟ ʥʘʧʨʘʚʣʷʶʯʠʤʠ ʨʝʡʢʘʤʠ (ʨʠʩ.2.10). 

 

ʈʠʩ.2.10. ʆʧʦʨʥ ̔ʧʦʚʝʨʥ ̔ʥʝʩʫʯʦʛʦ ʢʘʨʢʘʩʫ ʅʉ POLYITAN-2-SAU: ɸ ï 

ʪʦʨʮʦʚ;̔ ɹ ï ʙʦʢʦʚʽ ʨʝʙʨʘ 
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2.4 ɸʥʘʣʽʟ ʤʽʮʥʦʩʪʽ ʅʉ ʈʦlʫItan-2-SAU ʥʘ ʝʪʘʧʽ ʚʠʚʝʜʝʥʥʷ 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʘʥʘʣʽʟ ʜʠʥʘʤʽʢʠ ʽ ʤʽʮʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ ʂɸ 

ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʨʦʟʚôʷʟʢʫ ʜʠʥʘʤʽʯʥʦʛʦ ʨʽʚʥʷʥʥʷ ʚ ʧʦʣʫʜʠʩʢʨʝʪʥʽʡ ʬʦʨʤʽ ʪʠʧʫ 

ʄʉɽ [4, 15,30]: 

[ ]{}[]{}[]{} (){ }M u C u K u F t+ + = ,    (2.1) 

ʜʝ: [ ]M  ð ʤʘʪʨʠʮʷ ʤʘʩ; []C  ð ʤʘʪʨʠʮʷ ʜʝʤʧʬʫʚʘʥʥʷ; []K  ð ʤʘʪʨʠʮʷ 

ʞʦʨʩʪʢʦʩʪʽ; {}u  ð ʚʝʢʪʦʨ ʚʫʟʣʦʚʠʭ ʧʨʠʩʢʦʨʝʥʴ;{}u  ð ʚʝʢʪʦʨ ʚʫʟʣʦʚʠʭ 

ʰʚʠʜʢʦʩʪʝʡ; {}u  ð ʚʝʢʪʦʨ ʚʫʟʣʦʚʠʭ ʧʝʨʝʤʽʱʝʥʴ; (){ }F t  ð ʚʝʢʪʦʨ ʚʫʟʣʦʚʠʭ 

ʩʠʣ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʩʠʣʦʚʦʤʫ ʽ/ʘʙʦ ʢʽʥʝʤʘʪʠʯʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʶ, ʚ 

ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʝ ʤʘʪʠ ʷʢ ʜʝʪʝʨʤʽʥʦʚʘʥʫ ʪʘʢ ʽ ʚʠʧʘʜʢʦʚʫ ʧʨʠʨʦʜʫ. 

ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʅɼʉ ʚʽʜ ʜʽʾ ʢʚʘʟʽʩʪʘʪʠʯʥʠʭ ʧʝʨʝʚʘʥʪʘʞʝʥʴ ʽʟ (2.1) 

ʚʠʢʣʶʯʘʶʪʴ ʜʚʘ ʣʽʚʠʭ ʜʦʜʘʥʢʘ: 

ὑ ό Ὂ.     (2.2) 

ɺʣʘʩʥʽ ʯʘʩʪʦʪʠ ʪʘ ʬʦʨʤʠ ʢʦʣʠʚʘʥʴ • ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʩʠʩʪʝʤʠ ‫ 

ʦʜʥʦʨʽʜʥʠʭ ʨʽʚʥʷʥʴ: 

ʚ ʧʨʦʩʪʦʨʽ ʯʘʩʫ   ὓ ό ὑ ό π,    (2.3) 

ʘʙʦ  

ʚ ʧʨʦʩʪʦʨʽ ʯʘʩʪʦʪʠ ὑ ‫ ὓ • π,    (2.4) 

ʜʝ i=1,2,3,...N; ʥʦʤʝʨ N ï ʚʽʜʧʦʚʽʜʘʻ ʚʝʨʭʥʽʡ ʤʝʞʽ ʨʦʟʛʣʷʜʫʚʘʥʦʛʦ ʯʘʩʪʦʪʥʦʛʦ 

ʜʽʘʧʘʟʦʥʫ. 

ʇʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʜʠʥʘʤʽʯʥʦʛʦ ʚʽʜʛʫʢʫ ʢʦʥʩʪʨʫʢʮʽʾ ʥʘ ʟʦʚʥʽʰʥʽ ʚʧʣʠʚʠ, 

ʷʢ ʜʝʪʝʨʤʽʥʦʚʘʥʦʾ ʪʘʢ ʽ ʩʪʦʭʘʩʪʠʯʥʦʾ ʧʨʠʨʦʜʠ, ʝʬʝʢʪʠʚʥʠʤ ʻ ʤʝʪʦʜ ʤʦʜʘʣʴʥʠʭ 

ʢʦʦʨʜʠʥʘʪ (ʄʄʂ) [ʣʠʪʝʨʘʪʫʨʘ ʧʦ ʄʄʂ], ʚ ʦʩʥʦʚʽ ʷʢʦʛʦ ʣʝʞʠʪʴ ʨʦʟʢʣʘʜ 

ʰʫʢʘʥʦʛʦ ʨʦʟʚʷôʟʢʫ (2.1) ʫ ʚʠʛʣʷʜʽ 

ό В • ή,    (2.5) 

ʜʝ ή ï ʚʝʢʪʦʨ ʚʫʟʣʦʚʠʭ ʧʝʨʝʤʽʱʝʥʴ ʚ ʛʦʣʦʚʥʠʭ ʢʦʦʨʜʠʥʘʪʘʭ. 

ʇʽʜʩʪʘʚʣʷʶʯʠ (2.5) ʚ (2.1) ʪʘ ʤʥʦʞʘʯʠ ʟʣʽʚʘ ʥʘ • ˟, ʤʘʻʤʦ 

• ˟ὓ В • ή • ˟ὅВ • ή • ˟ὅВ • ή • ˟Ὂὸ . (2.6) 

ɿ ʫʤʦʚʠ ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʽ ʚʣʘʩʥʠʭ ʬʦʨʤ ʢʦʣʠʚʘʥʴ [1], ʤʘʻʤʦ 
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• ˟ὓ • Ὁȟ     (2.7) 

    • ˟ὑ • ὨὭὥὫ‫ ,     (2.8) 

ʜʝ ɽ ï ʦʜʠʥʠʯʥʘ ʤʘʪʨʠʮʷ. 

ʆʜʥʽʻʶ ʟ ʫʤʦʚ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ ʤʦʜʘʣʴʥʠʭ ʢʦʦʨʜʠʥʘʪ 

ʻ ʫʤʦʚʘ ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ ʤʘʪʨʠʮ ̔ʜʝʤʧʬʫʚʘʥʥʷ # ʤʘʪʨʠʮʷʤ ʞʦʨʩʪʢʦʩʪʽ ὑ ʪʘ 

ʤʘʩ ὓ. ɺ ʟʚôʷʟʢʫ ʟ ʮʠʤ, ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʤʘʪʨʠʮ ̔ ʜʝʤʧʬʫʚʘʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʬʦʨʤʫʣʫ ʈʝʣʝʷ # ‌ὓ ‍ὑ [ɹʘʪʝ]. ʊʦʜʽ ʧʝʨʝʪʚʦʨʝʥʥʷ 

• ˟ὅ •  ʧʨʠʚʦʜʠʪʴ ʤʘʪʨʠʮʶ ʜʦ ʜʽʘʛʦʥʘʣʴʥʦʛʦ ʚʠʜʫ 

• ˟ὅ • ὨὭὥὫς‚‫ ὨὭὥὫς‐ ,  (2.9) 

ʜʝ ‚ ï ʢʦʻʬʽʮʽʻʥʪ ʤʦʜʘʣʴʥʦʛʦ ʜʝʤʧʬʫʚʘʥʥʷ ʜʣʷ i-ʦʾ ʬʦʨʤʠ ʢʦʣʠʚʘʥʴ. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʫʤʦʚ ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʽ ʩʠʩʪʝʤʘ ʄʉɽ (2.6) ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʘ ʫ 

ʚʠʛʣʷʜʽ ʩʫʢʫʧʥʦʩʪʽ ʥʝʟʚ'ʷʟʘʥʠʭ ʨʽʚʥʷʥʴ 

ή ς‚‫ή ‫ή Ὢ,   (2.10) 

ʪʫʪ Ὢ • ˟Ὂὸ , Ὥ ρȟςȟσȟȣȟὲ. 

ɼʣʷ ʛʘʨʤʦʥʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ  

Ὂὸ Ὂ Ὡ .     (2.11) 

ʈʦʟʚʷʟʦʢ (2.10) ʟ ʫʨʘʭʫʚʘʥʥʷʤ (2.11)  

ή ,    (2.12) 

 ʜʝ ή ʪʘ Ὢ ï ʚʽʜʧʦʚʽʜʥʦ ʢʦʤʧʣʝʢʩʥʽ ʘʤʧʣʽʪʫʜʠ ʚʽʙʨʦʧʝʨʝʤʽʱʝʥʴ ʪʘ 

ʛʘʨʤʦʥʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ Ὂὸ  ï ʩʪʘʮʽʦʥʘʨʥʠʡ ʚʠʧʘʜʢʦʚʠʡ ʚʝʢʪʦʨʥʠʡ ʧʨʦʮʝʩ, ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʥʘʤʽʢʠ ʂɸ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʪʦʜ ʩʧʝʢʪʨʘʣʴʥʠʭ 

ʨʦʟʢʣʘʜʝʥʴ [ɹʦʣʦʪʠʥ ʠ ʜʨʫʛʠʝ] ʩʫʤʽʩʥʦ ʟ ʄʄʂ. 

ɼʘʣʽ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʩʧʝʢʪʨʘʣʴʥʠʭ ʨʦʟʢʣʘʜʽʚ [6,7,9], 

ʧʨʝʜʩʪʘʚʠʣʠ ʩʪʘʮʽʦʥʘʨʥʠʡ ʚʠʧʘʜʢʦʚʠʡ ʚʧʣʠʚ ʽ ʨʦʟʚô̫ ʟʦʢ ʩʠʩʪʝʤʠ (2.7) ʚ 

ʢʘʥʦʥʽʯʥʽʡ ʬʦʨʤʽ 

() () ()i t

j j jf t f t F e dww w
+¤

-¤

= +ñ ,   (2.12) 
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() () ()i t

j j jy t y t Y e dww w
+¤

-¤

= +ñ ,      1,2,...,j n=   (2.13) 

ɿ ʦʛʣʷʜʫ ʥʘ ʩʪʦʭʘʩʪʠʯʥʫ ʦʨʪʦʛʦʥʘʣʴʥʩ̔ʪɹ ʩʧʝʢʪʨʽʚ (2.12) ʽ (2.13) ʚ 

ʧʨʦʩʪʦʨʽ ʯʘʩʪʦʪʠ ʧʝʨʝʜʘʚʘʣʴʥʽ ʬʫʥʢʮʽʾ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ (2.10), ʫʪʚʦʨʶʶʪʴ 

ʜʽʘʛʦʥʘʣʴʥʫ ʤʘʪʨʠʮʶ 

( )
(i )

jk

jk

j

H
L

d
w

w
= ,     (2.14) 

ʜʝ 
2 2(i ) 2j j jL iw w e w w= + - - ʌʫʨ'ʻ-ʦʙʨʘʟ ʦʧʝʨʘʪʦʨʘ ʨʽʚʥʷʥʥʷ (2.10); jkd  - ʜʝʣʴʪʘ 

ʂʨʦʥʝʢʝʨʘ; i ï ʫʷʚʥʘ ʦʜʠʥʠʮʷ. 

ʈʽʚʥʷʥʥʷ (2.10) ʚ ʧʨʦʩʪʦʨʽ ʯʘʩʪʦʪʠ ʤʘʻ ʚʠʜ  

() ( )()
1

n

j jk k

k

Y H i Fw w w
=

=ä ,    1,2,...,j n= .  (2.15) 

ʈʦʟʛʣʷʜʘʶʯʠ ʨʦʟʚ'ʷʟʦʢ ʩʪʦʭʘʩʪʠʯʥʦʾ ʟʘʜʘʯʽ ʚ ʤʦʤʝʥʪʘʭ, ʤʘʻʤʦ 

2

( ) ( ) ( )
jY j FS H i Sa aw w w= ,    (2.16) 

ʜʝ ( )FS aw  ʠ ( )YjS w  - ʩʧʝʢʪʨʘʣʴʥʽ ʱʽʣʴʥʦʩʪʽ ʚʽʜʧʦʚʽʜʥʦ ʚʝʢʪʦʨʽʚ ʟʦʚʥʽʰʥʴʦʛʦ 

ʚʧʣʠʚʫ ʽ ʘʤʧʣʽʪʫʜ ʨʦʟʢʣʘʜʫ (2.5) ʚʝʢʪʦʨʽʚ ʩʠʩʪʝʤʥʦʛʦ ʚʽʜʛʫʢʫ. 

ʗʢʱʦ ʥʘ ʩʠʩʪʝʤʫ ʜʽʻ ʢʽʣʴʢʘ ʩʪʦʭʘʩʪʠʯʥʦ ʥʝʟʘʣʝʞʥʠʭ ʟʦʚʥʽʰʥʽʭ 

ʢʽʥʝʤʘʪʠʯʥʠʭ ʘʙʦ ʩʠʣʦʚʠʭ ʬʘʢʪʦʨʽʚ, ʪʦ ʩʧʝʢʪʨʘʣʴʥʘ ʱʽʣʴʥʽʩʪʴ ʚʽʜʛʫʢʫ ʜʦʨʽʚʥʶʻ 

ʩʫʤʽ ʩʧʝʢʪʨʘʣʴʥʠʭ ʱʽʣʴʥʦʩʪʝʡ ʚʽʜ ʢʦʞʥʦʛʦ ʜʞʝʨʝʣʘ ʟʦʚʥʽʰʥʴʦʛʦ ʟʙʫʨʝʥʥʷ  

  Ὓ ‫ В Ὓ ‫ В Ὄ Ὥ‫Ὓ ‫ .  (2.17) 

 ʋ ʨʘʟʽ ʢʦʨʝʣʴʦʚʘʥʠʭ ʟʦʚʥʽʰʥʽʭ ʚʧʣʠʚʽʚ ʟ ʚʽʜʦʤʦʶ ʤʘʪʨʠʮʝʶ ʚʟʘʻʤʥʠʭ 

ʩʧʝʢʪʨʘʣʴʥʠʭ ʱʽʣʴʥʦʩʪʝʡ  

   Ὓ ‫ В В Ὄᶻ Ὥ‫Ὄ Ὥ‫Ὓ ‫ .  (2.18) 

ʊʫʪ * ʧʦʟʥʘʯʘʻ ʦʧʝʨʘʪʦʨ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʧʦʣʫʯʝʥʥʷ. 

ʆʪʨʠʤʘʥʽ ʩʧʝʢʪʨʘʣʴʥʽ ʱʽʣʴʥʦʩʪʽ ʫʟʘʛʘʣʴʥʝʥʠʭ ʢʦʦʨʜʠʥʘʪ Ὓ ‫  

ʜʦʟʚʦʣʷʶʪʴ ʥʘ ʦʩʥʦʚʽ ʬʦʨʤʫʣ ɺʽʥʝʨʘ-ʍʠʥʯʠʥʘ [6] ʽ ʨʦʟʢʣʘʜʫ (2.5) ʚʠʟʥʘʯʠʪʠ 

ʢʦʨʝʣʷʮʽʡʥʽ ʬʫʥʢʮʽʾ ʽ ʜʠʩʧʝʨʩʽʾ ʚʽʜʧʦʚʽʜʥʦ ʧʝʨʝʤʽʱʝʥʴ, ʰʚʠʜʢʦʩʪʝʡ, 

ʧʨʠʩʢʦʨʝʥʴ ʽ ʪ.ʧ. 
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ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʧʦ ʄʽʟʝʩʫ ʥʘʧʨʫʞʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʝʤʦ 

ʤʝʪʦʜʠʢʫ, ʥʘʚʝʜʝʥʫ ʚ [10]. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʥʝʾ, ʥʘʧʨʫʞʝʥʥ ̫ʚʠʨʘʞʘʪʁʩɹʷ ʷʢ 

     ὴ ὸ „ὸ ὃ „ὸ .   (2.19) 

ʊʫʪ ὃ ï ʩʠʤʝʪʨʠʯʥʘ, ʧʦʟʠʪʠʚʥʘ, ʥʘʧʽʚʚʠʟʥʘʯʝʥʘ ʤʘʪʨʠʮʷ ʢʦʝʬʽʮʽʻʥʪʽʚ.  

     „ὸ В ή ὸɰ ,   (2.20) 

ʜʝ ή ὸ  ï ʤʦʜʘʣʴʥʘ ʢʦʦʨʜʠʥʘʪʘ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ k-ʡ ʬʦʨʤʽ ʢʦʣʠʚʘʥʴ, ɰ  ï 

ʢʦʤʧʦʥʝʥʪʘ ʥʘʧʨʫʞʝʥʴ ʚ ʤʦʜʘʣʴʥʠʭ ʢʦʦʨʜʠʥʘʪʘʭ ʜʣʷ k-ʡ ʬʦʨʤʠ ʢʦʣʠʚʘʥʴ. 

ʇʽʜʩʪʘʥʦʚʢʘ (2.20) ʚ (2.19) ʥʘʤ ʜʘʻ 

ὴ ὸ В В ήὸ ή ὸɰ ὃɰ .  (2.21) 

ʇʨʘʢʪʠʯʥʠʡ ʽʥʪʝʨʝʩ ʚ ʘʥʘʣʽʟʽ ʤʽʮʥʦʩʪʽ ʧʨʝʜʩʪʘʚʣʷʻ ʚʠʟʥʘʯʝʥʥʷ 

ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʠʭ ʟʥʘʯʝʥʴ (ʉʂɿ) ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʧʦ ʄʟ̔ʝʩʫ ʥʘʧʨʫʞʝʥʴ 

„ В В ộήὭὸήὮὸỚɰὭ ὃɰὮ
ά
Ὦρ

ὲ
Ὥρ В В ɜɬά

Ὦρ
ὲ
Ὥρ . (2.22) 

ɼʝ  

Ὕ  ɰȟ ὃɰȟ,    (2.23) 

 ̔

ɜ ộήὭὸήὮὸỚ,      (2.24) 

ʫ ʚʠʨʘʟʽ (2.23) ɰȟ ï ʢʦʤʧʦʥʝʥʪʘ ʥʘʧʨʫʞʝʥʴ ʫ ʚʫʟʣʽ b ʜʣʷ -̔  ʾʬʦʨʤʠ ʢʦʣʠʚʘʥʴ. 

2.5 ʅʘʚʘʥʪʘʞʝʥʥʷ ʅʉ PolyItan-2-SAU ʥʘ ʝʪʘʧʽ ʚʠʚʝʜʝʥʥʷ 

ɿʛʽʜʥʦ [1-16], ʤʽʮʥʽʩʪʴ ʅʉ ʥʘ ʝʪʘʧʽ ʚʠʚʝʜʝʥʥʷ ʧʦʚʠʥʥʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠʩʷ 

ʧʨʠ ʚʧʣʠʚʽ ʥʘ ʥʴʦʛʦ ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʠʭ ʧʝʨʝʚʘʥʪʘʞʝʥʴ, ʛʘʨʤʦʥʽʯʥʠʭ ʪʘ 

ʚʠʧʘʜʢʦʚʠʭ ʚʽʙʨʘʮʽʡ ʚ ʥʘʧʨʷʤʢʫ ʪʨʴʦʭ ʚʟʘʻʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʭ ʧʦʟʜʦʚʞʥʴʦʾ 

ʽ ʧʦʧʝʨʝʯʥʠʭ ʦʩʝʡ X, Y, Z (ʨʠʩ.2.10). 

ɺʝʣʠʯʠʥʘ ʥʘʡʙʽʣʴʰʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʢʚʘʟʽʩʪʘʪʠʯʥʠʭ ʧʝʨʝʚʘʥʪʘʞʝʥʴ, 

ʱʦ ʜʽʶʪʴ ʥʘ ʝʪʘʧʽ ʟʘʧʫʩʢʫ ʩʪʘʥʦʚʠʪʴ 13.0x y za a a g= = =  [4].  

ʇʘʨʘʤʝʪʨʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʛʘʨʤʦʥʽʯʥʠʭ, ʚʠʧʘʜʢʦʚʠʭ ʚʽʙʨʘʮʽʡ ʪʘ 

ʽʤʧʫʣʴʩʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ.2.4-2.5. 
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ʊʘʙʣʠʮʘ 2.4.  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʘʨʤʦʥʽʯʥʠʭ ʚʽʙʨʘʮʽʡ 

ʏʘʩʪʦʪʘ ɸʤʧʣʠʪʫʜʘ 

[ɻʮ] [g] 

5-100 2.5 

100-125 1.3 

 

 ʂʽʥʝʤʘʪʠʯʥʝ ʟʙʫʨʝʥʥʷ ʟʘʜʘʚʘʣʠ ʫ ʬʦʨʤʽ ʰʠʨʦʢʦʩʤʫʛʦʚʦʛʦ 

ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ ʟ ʚʽʜʦʤʦʶ ʩʧʝʢʪʨʘʣʴʥʦʶ ʱʽʣʴʥʽʩʪʶ ʪʘʙʣ. 

2.5 [4]. 

ʊʘʙʣʠʮʘ 2.5. 

ʇʘʨʘʤʝʪʨʠ ʚʠʧʘʜʢʦʚʠʭ ʚʽʙʨʘʮʽʡ 

ʏʘʩʪʦʪʘ, ɻʮ ʉʧʝʢʪʨʘʣʴʥʘ ʱʽʣʴʥʽʩʪʴ ʧʨʠʩʢʦʨʝʥʴ, g
2
/ ɻʮ 

20 0.01125 

130 0.05625 

800 0.05625 

2000 0.01500 

 

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʽʤʧʫʣʴʩʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʝ ʪʘʢ ʟʚʘʥʠʤ ʫʜʘʨʥʠʤ 

ʩʧʝʢʪʨʦʤ, ʢʦʪʨʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʯʘʩʪʦʪʘʤʠ ʪʘ ʚʽʜʧʦʚʽʜʥʠʤʠ ʾʤ ʘʤʧʣʽʪʫʜʘʤʠ 

ʧʨʠʩʢʦʨʝʥʴ. 
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ʊʘʙʣʠʮʘ 2.6.  

ʇʘʨʘʤʝʪʨʠ ʫʜʘʨʥʦʛʦ ʩʧʝʢʪʨʫ ʥʘʚʘʥʪʘʞʝʥʴ 

ʏʘʩʪʦʪʘ ɸʤʧʣʠʪʫʜʘ 

[ɻʮ] [g] 

30 5 

100 100 

700 1500 

1000 2400 

1500 4000 

5000 4000 

10000 2000 

ɺ ʨʦʙʦʪʽ [83] ʧʨʠʚʦʜʷʪʴʩʷ ʤʽʥʽʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʽ ʚʝʣʠʯʠʥʠ ʫʜʘʨʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʣʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʝʣʝʤʝʥʪʽʚ ʂɸ (ʝʣʝʤʝʥʪʠ ʩʠʣʦʚʦʾ, ʝʣʝʢʪʨʦʥʥʝ 

ʦʙʣʘʜʥʥʷ, ʝʣʝʤʝʥʪʠ ʟʽ ʟʤʽʥʥʦʶ ʛʝʦʤʝʪʨʽʻʶ, ʪʦʱʦ) ʧʨʠ ʷʢʠʭ ʚʽʜʩʫʪʥʷ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʨʦʚʦʜʠʪʠ ʤʽʮʥʽʩʥʠʡ ʘʥʘʣʽʟ ʢʦʥʩʪʨʫʢʮʽʾ ʂɸ ʧʨʠ ʜʽʾ ʫʜʘʨʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. ʊʘʢʦʞ ʚ ʨʦʙʦʪʽ [83] ʟʘʟʥʘʯʘʻʪʴʩʷ, ʱʦ ʥʘʡʙʽʣʴʰ ʥʝʙʝʟʧʝʯʥʠʤ 

ʯʠʥʥʠʢʦʤ, ʷʢʠʡ ʧʦʨʦʜʞʫʻ ʫʜʘʨʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʻ ʚʽʜʩʽʯʢʘ ʜʚʠʛʫʥʘ ʦʩʪʘʥʥʴʦʛʦ 

ʩʪʫʧʝʥʷ ʈʅ. ʇʨʠ ʮʴʦʤʫ, ʚ ʝʣʝʤʝʥʪʘʭ ʂɸ ʥʝ ʚʠʢʥʠʢʘʻ ʢʨʠʪʠʯʥʠʭ ʚʝʣʠʯʠʥ 

ʥʘʧʨʫʞʝʥʴ. ʎʝ ʚʠʢʣʠʢʘʥʦ ʥʘʷʚʥʽʩʪʶ ʘʜʘʧʪʝʨʘ, ʢʦʥʩʪʨʫʢʮʽʷ ʷʢʦʛʦ ʤʘʻ ʚʠʩʦʢʽ 

ʜʝʤʧʬʫʶʯʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʘʥʘʣʽʟ ʤʽʮʥʦʩʪʽ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʅʉ PolyItan-2-SAU ʧʨʠ ʜʽʾ ʫʜʘʨʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʝ ʧʨʦʚʦʜʠʚʩʷ. 

ɺʠʩʥʦʚʢʠ ʟʘ ʨʦʟʜʽʣʦʤ 2 

1. ʈʦʟʛʣʷʥʫʪʦ ʧʨʦʮʝʩ ʩʪʚʦʨʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʥʘʥʦʩʫʧʫʪʥʠʢʘ, ʧʨʠʚʝʜʝʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

2. ʅʘʚʝʜʝʥʦ ʧʘʨʘʤʝʪʨʠ ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʦʛʦ ʢʦʥʪʝʡʥʝʨʘ ʪʘ ʫʤʦʚʠ 

ʨʦʟʤʽʱʝʥʥʷ ʅʉ ʚ ʥʴʦʤʫ. 

3. ʇʨʠʚʝʜʝʥʘ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʥʘʤʽʢʠ ʽ ʤʽʮʥʦʩʪʽ ʅʉ.  
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3 ɸʅɸʃɯɿ ʄɯʎʅʆʉʊɯ ʅʉ POLYITAN -2 ʅɸ ɽʊɸʇɯ ɺʀɺɽɼɽʅʅʗ 

ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ Ansys [10] ʚʠʟʥʘʯʠʣʠ 

ʜʝʪʝʨʤʽʥʽʩʪʠʯʥʽ ʪʘ ʩʪʦʭʘʩʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʅɼʉ ʚ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʝʣʝʤʝʥʪʘʭ ʅʉ ʧʨʠ ʜʽʾ ʢʚʘʟʠʩʪʘʪʠʯʥʠʭ ʧʝʨʝʚʘʥʪʘʞʝʥʴ, ʛʘʨʤʦʥʽʯʥʠʭ ʽ ʚʠʧʘʜʢʦʚʠʭ 

ʚʽʙʨʘʮʽʡ ʪʘ ̔ʤʧʫʣʴʩʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. ʊʘʢʦʞ ʚʠʟʥʘʯʠʣʠ ʚʣʘʩʥʽ ʯʘʩʪʦʪʠ ʪʘ ʬʦʨʤʠ 

ʢʦʣʠʚʘʥʴ ʅʉ ʚ ʜʽʘʧʘʟʦʥʽ 0-2000 ɻʮ. ʈʦʟʨʘʭʫʥʢʠ ʚʠʢʦʥʫʚʘʣʠʩʴ ʥʘ ʦʩʥʦʚʽ ʻʜʠʥʦʾ 

ʜʠʩʢʨʝʪʥʦʾ ɯʄ. ɽʢʩʧʣʫʘʪʘʮʽʡʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʥʘʚʝʜʝʥʽ ʚ 

ʧ.2.5. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʦ ʚʠʟʥʘʯʝʥʥʶ ʅɼʉ ʪʘ ʦʮʽʥʢʠ ʤʽʮʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ 

ʅʉ ʜʣʷ ʥʘʚʝʜʝʥʠʭ ʚʠʜʽʚ ʥʘʚʘʥʪʘʞʝʥʴ ʪʘ ʾʭ ʥʘʚʝʜʝʥʽ ʥʠʞʯʝ ʚ ʧ. 3.3 ï 3.7. 

3.1 ʉʪʚʦʨʝʥʥʷ ʩʢʽʥʯʝʥʦ-ʝʣʝʤʝʥʪʥʦ ʾʤʦʜʝʣʽ ʅʉ POLYITAN -2-SAU 

ʇʨʠ ʩʪʚʦʨʝʥʥʽ ɯʄ ʅʉ (ʨʠʩ.2.1) ʪʘ ʾʾ ʜʠʩʢʨʝʪʥʦʛʦ ʘʥʘʣʦʛʫ ʧʨʠʙʨʘʥʦ ʟ 

ʨʦʟʛʣʷʜʫ ʝʣʝʤʝʥʪʠ ʅʉ, ʚʥʝʩʦʢ ʷʢʠʭ ʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ʽ ʞʦʨʩʪʢʦʩʪʽ 

ʩʠʣʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʅʉ ʻ ʥʝʩʫʪʪʻʚʠʤ: ʢʨʽʧʠʣʴʥʠʡ ʝʣʝʤʝʥʪ, ʜʘʪʯʠʢʠ ʩʦʥʮʷ, 

ʤʘʛʥʽʪʦʤʝʪʨ ʽ ʪ.ʜ. ʄʘʩʠ ʚʠʢʣʶʯʝʥʠʭ ʟ ʨʦʟʛʣʷʜʫ ʜʘʪʯʠʢʽʚ ʩʦʥʮʷ ʽ ʤʘʛʥʽʪʦʤʝʪʨʘ 

ʚʨʘʭʦʚʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʚʥʦʤʽʨʥʦʛʦ "ʨʦʟʤʘʟʫʚʘʥʥʷ" ʧʦ ʚʽʜʧʦʚʽʜʥʠʤ 

ʧʦʚʝʨʭʥʷʤ ʢʦʥʪʘʢʪʫ ʟ ʥʝʩʫʯʠʤ ʢʘʨʢʘʩʦʤ. ʄʘʩʘ ʢʨʽʧʣʝʥʥʷ ʚʨʘʭʦʚʘʥʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʟʙʽʣʴʰʝʥʥʷ ʱʽʣʴʥʦʩʪʽ ʥʝʩʫʯʦʛʦ ʢʘʨʢʘʩʘ. FIPEX (ʨʠʩ.2.7) 

ʧʨʠʚʝʜʝʥʠʡ ʜʦ ʙʽʣʴʰ ʧʨʦʩʪʦ ʚʠʛʣʷʜʫ (ʨʠʩ.3.1). ɸʥʪʝʥʥʠʡ ʤʦʜʝʣʴ 

ʘʧʨʦʢʩʠʤʦʚʘʥʦ ʧʣʘʩʪʠʥʦʶ, ʜʣʷ ʷʢʦʾ ʟʙʝʨʝʞʝʥʽ ʛʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ ʽ ʤʘʩʘ. 

ʇʣʘʪʠ ɭʇ ʧʨʝʜʩʪʘʚʠʣʠ ʫ ʚʠʛʣʷʜʽ ʧʣʘʩʪʠʥ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʤʘʩʘʤʠ. ʈʝʟʫʣʴʪʘʪʠ ʧʦ 

ʩʧʨʦʱʝʥʥʶ 3D ʤʦʜʝʣʽ ʅʉ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ.3.2. 
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ʈʠʩ.3.1. ʉʧʨʦʱʝʥʘ ʛʝʦʤʝʪʨʠʯʥʘ ʤʦʜʝʣʴ FIPEX 

 

ʘ) 

 

ʙ) 

 

ʚ) 

ʈʠʩ.3.2. ɽʢʚʽʚʘʣʝʥʪʥʽ ʛʝʦʤʝʪʨʠʯʥʽ ʤʦʜʝʣʽ ʩʠʩʪʝʤʠ ʦʨʽʻʥʪʘʮʽʾ ï ʘ), ʝʣʝʢʪʨʦʥʥʠʡ 

ʧʣʘʪʬʦʨʤʠ ï ʙ), ʝʢʚʽʚʘʣʝʥʪʥʘ ʛʝʦʤʝʪʨʠʯʥʘ ʤʦʜʝʣʴ ʅʉ POLYITAN-2 ï ʚ) 

 

ʆʩʥʦʚʥʦʶ ʤʝʪʦʶ ʨʦʟʨʦʙʢʠ ʉɽʄ ʥʘ ʝʪʘʧʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʻ ʧʨʦʚʝʜʝʥʥʷ 

ʧʦʧʝʨʝʜʥʴʦʛʦ ʤʦʜʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ, ʦʮʽʥʢʠ ʤʽʮʥʦʩʪʽ ʚʪʦʨʠʥʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʠ 

ʜʽʾ ʥʘ ʅʉ ʛʘʨʤʦʥʽʡʥʠʭ ʽ ʚʠʧʘʜʢʦʚʠʭ ʚʽʙʨʘʮʽʡ, ʩʪʚʦʨʝʥʥʷ ʧʽʜˇʨʫʥʪʷ ʜʣʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʅʉ.  

ʈʦʟʨʦʙʢʘ ʽ ʩʪʚʦʨʝʥʥʷ ʉɽʄ ʅʉ, ʪʘʢ ʩʘʤʦ ʷʢ ʽ ʩʪʚʦʨʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʮʝ 

ʽʪʝʨʘʮʽʡʥʠʡ ʧʨʦʮʝʩ.  

ʅʘ ʝʪʘʧʽ ʝʩʢʽʟʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʅʉ ʧʨʦʚʦʜʠʣʠʩʴ ʨʦʟʨʘʭʫʥʢʠ ʥʘ ʤʽʮʥʽʩʪʴ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʢʨʝʤʠʭ ʣʦʢʘʣʴʥʠʭ ʤʦʜʝʣʝʡ ʡʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

ɺ ʷʢʦʩʪʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʮʴʦʤʫ ʝʪʘʧʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʢʚʘʟʽʩʪʘʪʠʯʥʽ 

ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʽʜʧʦʚʽʜʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʙʝʟʧʝʢʠ. 
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ɺ ʧʨʦʮʝʩʽ ʨʦʟʨʦʙʢʠ ʢʦʥʩʪʨʫʢʮʽʾ ʙʫʣʘ ʩʬʦʨʤʦʚʘʥʘ ʟʘʛʘʣʴʥʘ ʉɽʄ ʅʉ. 

ʇʨʦʚʦʜʠʣʠʩʴ ʫʪʦʯʥʶʶʯʽ ʨʦʟʨʘʭʫʥʢʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʚʘʟʽʩʪʘʪʠʯʥʠʭ 

ʧʝʨʝʚʘʥʪʘʞʝʥʴ, ʛʘʨʥʦʤʽʯʥʠʭ ʪʘ ʚʠʧʘʜʢʦʚʠʭ ʚʽʙʨʘʮʽʡ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʨʝʘʣʴʥʠʭ 

ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʥʘ ʝʪʘʧʽ ʚʠʚʝʜʝʥʥʷ. ʅʘ ʟʘʚʝʨʰʘʣʴʥʦʤʫ ʝʪʘʧʽ ʉɽʄ ʅʉ ʜʦʚʝʜʝʥʘ 

ʜʦ ʩʪʘʥʫ, ʱʦ ʦʧʠʩʘʥʠʡ ʥʠʞʯʝ. 

ɼʣʷ ʘʧʨʦʢʩʠʤʘʮʽʾ ʢʘʨʢʘʩʘ, ʥʘʫʢʦʚʦʛʦ ʤʦʜʫʣʷ, ʥʘʙʦʨʥʠʭ ʩʪʽʡʦʢ ɽʇ, 

ʘʢʫʤʫʣʷʪʦʨʽʚ ʽ ʘʥʪʝʥʥʦʛʦ ʤʦʜʫʣʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 20-ʪʠ ʚʫʟʣʦʚʽ 

ʛʝʢʩʘʛʦʥʘʣʴʥʠʭ ʩʢʽʥʯʝʥʥʽ ʝʣʝʤʝʥʪʠ (ʉɽ) SOLID186. ɼʣʷ ʘʧʨʦʢʩʠʤʘʮʽʾ 

ʢʨʦʥʰʪʝʡʥʽʚ ʉʆʉ ʽ ʝʣʝʢʪʨʦʥʥʠʭ ʧʣʘʪ ɽʇ ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʧʣʘʩʪʠʥʯʘʩʪʽ ʉɽ 

SHELL181 ʟ 4-ʤʘ ʰʘʨʘʤʠ ʧʦ ʪʦʚʱʠʥʽ. ɿʯʣʝʥʫʚʘʥʥʷ ʧʣʘʩʪʠʥʯʘʩʪʠʭ ʽ ʦʙ'ʻʤʥʠʭ 

ʉɽ ʟʜʽʡʩʥʶʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʝʟʤʘʩʩʦʚʠʭ ʞʦʨʩʪʢʠʭ ʟʚ'ʷʟʢʽʚ ʥʘ ʦʩʥʦʚʽ 

ʜʚʦʚʫʟʣʦʚʠʭ ʙʘʣʢʦʚʠʭ ʝʣʝʤʝʥʪʽʚ BEAM188. ʇʨʠ ʩʧʦʣʫʯʝʥʥʽ ʬʨʘʛʤʝʥʪʽʚ 

ʜʠʩʢʨʝʪʥʠʭ ʤʦʜʝʣʝʡ ʟ ʨʽʟʥʦʶ ʱʽʣʴʥʽʩʪʶ ʨʦʟʙʠʪʪʷ ʦʜʥʦʪʠʧʥʠʤʠ ʉɽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʢʦʥʪʘʢʪʥʽ ʝʣʝʤʝʥʪʠ CONTA174 ʽ TARGE170. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʉɽ ʙʫʜʫʪʴ ʥʘʚʝʜʝʥʽ ʥʠʞʯʝ. ʉɽʄ ʅʉ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 326 300 ʝʣʝʤʝʥʪʽʚ, ʱʦ 

ʤʽʩʪʷʪʴ1221504 ʚʫʟʣʠ (ʨʠʩ.3.3).  

 

ʈʠʩ.3.2. ʉɽʄ ʅʉ PolyItan-2-SAU 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʪʚʝʨʜʦʪʽʣʴʥ ̔ʘʧʨʦʢʩʠʤʘʮʽ ʾʜʣʷ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʅʉ, ʤʽʮʥʽʩʪʴ ʷʢʠʭ ʥʝ 

ʜʦʩʣʽʜʞʫʻʪʴʩʷ. ɺ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʮʝ ʤʘʭʦʚʠʢ ʉʆʉ ʪʘ FIPEX. ɺ ʧʨʦʛʨʘʤʥʦʤʫ 

ʢʦʤʧʣʝʢʩʽ Ansys ʪʚʝʨʜʦʪʽʣʴʥʽ ʪʽʣʘ ʚ ʉɽʄ ʘʧʨʦʢʩʠʤʫʶʪʴʩʷ ʤʘʩʦʚʠʤ ʝʣʝʤʝʥʪʦʤ 
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MASS21, ʜʣʷ ʷʢʦʛʦ ʟʘʜʘʻʪʴʩʷ ʤʘʪʨʠʮʷ ʤʘʩ ʨʦʟʤʽʨʥʽʩʪʶ 3Ĭ3. ɿʯʣʝʥʫʚʘʥʥʷ 

MASS21 ʟ ʉɽʄ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʤʝʥʪʽʚ BEAM188, ʢʦʤʙʽʥʘʮʽʷ 

ʷʢʠʭ ʟʘʙʝʟʧʝʯʫʻ ʧʝʨʝʜʘʯʫ ʩʠʣ ʪʘ ʤʦʤʝʥʪʽʚ. ʅʘʧʨʠʢʣʘʜ ʤʦʜʠʬʽʢʦʚʘʥʘ ʉɽʄ ʚ 

ʷʢʽʡ ʤʘʭʦʚʠʢ ʉʆʉ ʪʘ FIPEX ʘʧʨʦʢʩʠʤʦʚʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ MASS21 ʩʢʣʘʜʘʻʪʴʩʷ 

ʟ 275210 ʉɽ ʽʟ 1021341 ʚʫʟʣʘʤʠ (ʨʠʩ.2.4), ʱʦ ʥʘ 16% ʤʝʥʰʝ ʥʽʞ ʚ ʤʦʜʝʣʽ, ʱʦ 

ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ.3.2.  

 

ʈʠʩ.3.4. ʉɽʄ ʅʉ ʅʉ PolyItan-2-SAU ʟ ʪʚʝʨʜʦʪʽʣʴʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ 
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3.2 ɿʘʛʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʠʢʦʨʠʩʪʘʥʠʭ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ(ʉɽ) 

ʊʘʙʣʠʮʷ 3.1. 

ʂʦʨʦʪʢʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʠʢʦʨʠʩʪʘʥʠʭ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʉʢʽʥʯʝʥʥʽ 

ʝʣʝʤʝʥʪʠ(ʉɽ) 
ʬʦʨʤʘ 

ʏʠʩʣʦ 

ʚʫʟʣʽʚ ʥʘ 

ʦʜʠʥ 

ʝʣʝʤʝʥʪ 

ʉʪʫʧʽʥʴ 

ʩʚʦʙʦʜʠ 

ʥʘ 

ʚʫʟʦʣ(ʫ 

ʚʫʟʣʽ) 

ʉʪʨʫʢʪʫʨʥʽ 

ʢʦʤʧʦʥʝʥʪʠ ʚ 

ʟʘʯʝʧʣʝʥʥʽ ʟ ʪʠʧʦʤ 

ʝʣʝʤʝʥʪʘ 

ɯ. SOLID 186 
ʐʝʩʪʠʛʨʘʥʥʠʡ 

(ʛʝʢʩʘʛʦʥʘʣʴʥʠʡ) 
20 3 

ʥʝʩʫʯʠʡ ʢʘʨʢʘʩ, 

ʥʘʫʢʦʚʠʡ ʤʦʜʫʣʴ, 

ʩʠʣʦʚʽ ʝʣʝʤʝʥʪʠ 

ʝʣʝʢʪʨʦʥʥʦʾ 

ʧʣʘʪʬʦʨʤʠ, 

ʘʢʫʤʫʣʷʪʦʨʠ ʽ 

ʘʥʪʝʥʥʠʡ ʤʦʜʫʣʴ 

ɯɯ. SHELL 

181 

ɹʘʛʘʪʦʰʘʨʦʚʠʡ, 

ʧʣʘʩʪʠʥʯʘʩʪʠʡ 
4 6 

ʤʦʜʫʣʴ ʩʠʩʪʝʤʠ 

ʦʨʽʻʥʪʘʮʽʾ ʽ 

ʝʣʝʢʪʨʦʥʥʽ ʧʣʘʪʠ 

ɯɯɯ. BEAM 

188 
 2 6/7 

ɼʣʷ ʟʯʣʝʥʫʚʘʥʥʷ 

ʧʣʘʩʪʠʥʯʘʩʪʠʭ ʽ 

ʦʙ'ʻʤʥʠʭ 

ʉɽ(ʙʝʟʤʘʩʦʚʽ 

ʟʚôʷʟʢʠ) 

IV. CONTA 

174 
- - - 

ɿʯʣʝʥʫʚʘʥʥʷ 

ʦʙ'ʻʤʥʠʭ ʉɽ 

 20-ʪʠ ʚʫʟʣʦʚʠʡ ʛʝʢʩʘʛʦʥʘʣʴʥʠʡ ʩʢʽʥʯʝʥʥʠʡ ʝʣʝʤʝʥʪ SOLID186. 

ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʚʽʩʴʤʠ ʚʫʟʣʽʚ ʚ ʚʝʨʰʠʥʘʭ ʝʣʝʤʝʥʪʘ ʽ 12 ʚʫʟʣʽʚ ʥʘ ʨʝʙʨʘʭ.  

 
ʈʠʩ.3.5. 20-ʭ ʚʫʟʣʦʚʽʡ ʦʙôʻʤʥʠʡ  ʉɽ SOLID186 
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 ʉɽ SOLID186 ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʪʨʠʚʠʤʽʨʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʧʨʠ ʩʪʘʪʠʯʥʠʭ, ʜʠʥʘʤʽʯʥʠʭ ʽ ʪʝʧʣʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ. ʎʽ ʉɽ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ, ʱʦ ʤʽʩʪʷʪʴ ʥʝʨʝʛʫʣʷʨʥʦʩʪʽ ʽ 

ʜʦʩʠʪʴ ʜʦʙʨʝ ʦʧʠʩʫʶʪʴ ʟʤʽʥʠ ʥʘʧʨʫʞʝʥʴ ʽ ʧʝʨʝʤʽʱʝʥʴ, ʧʦʚʥʽʩʪʶ ʩʫʤʽʩʥʽ ʟʽ 

ʟʚʠʯʘʡʥʠʤʠ ʢʚʘʜʨʘʪʠʯʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʜʝʬʦʨʤʘʮʽʶ ʪʽʣʘ ʷʢ 

ʮʽʣʦʛʦ. ʂʦʥʩʪʨʫʢʪʠʚʥʽ ʝʣʝʤʝʥʪʠ ʅʉ, ʱʦ ʘʧʨʦʢʩʠʤʦʚʘʥʽ ʜʘʥʠʤ ʝʣʝʤʝʥʪʦʤ 

ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ.3.6 ï ʨʠʩ.3.11. 

 

 

ʈʠʩ.3.6. ʅʝʩʫʯʠʡ ʢʘʨʢʘʩ (636885 ʚʫʟʣʽʚ, 165030 ʝʣʝʤʝʥʪʽʚ) 

 

ʈʠʩ.3.7. ʅʘʫʢʦʚʠʡ ʤʦʜʫʣʴ (113754 ʚʫʟʣʽʚ, 31046 ʝʣʝʤʝʥʪʽʚ) 
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ʈʠʩ.3.8. ɸʥʪʝʥʥʠʡ ʤʦʜʫʣʴ (47034  ʚʫʟʣʽʚ, 11788 ʝʣʝʤʝʥʪʽʚ) 

 

ʈʠʩ.3.9. ʅʘʙʦʨʥʘ ʩʪʦʡʢʘ ʝʣʝʢʪʨʦʥʥʦʾ ʧʣʘʪʬʦʨʤʠ (22082 ʚʫʟʣʽʚ, 6927 ʝʣʝʤʝʥʪʽʚ) 

 

ʈʠʩ.3.10. ʄʘʭʦʚʠʢ (86255 ʚʫʟʣʽʚ, 19916 ʝʣʝʤʝʥʪʽʚ) 
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ʈʠʩ.3.11. ɸʢʫʤʫʣʷʪʦʨ (44405 ʚʫʟʣʽʚ, 10336 ʝʣʝʤʝʥʪʽʚ) 

 ʇʣʘʩʪʠʥʯʘʩʪʠʡ ʉɽ SHELL181 (ʨʠʩ.3.12) ʤʘʻ ʯʦʪʠʨʠ ʚʫʟʣʠ ʟ ʰʽʩʪʴʤʘ 

ʩʪʫʧʝʥʷʤʠ ʩʚʦʙʦʜʠ ʚ ʢʦʞʥʦʤʫ (ʧʝʨʝʤʽʱʝʥʥʷ ʚ ʥʘʧʨʷʤʢʘʭ ʦʩʝʡ X, Y, Z ʽ ʢʫʪʠ 

ʧʦʚʦʨʦʪʽʚ ʥʘʚʢʦʣʦ ʮʠʭ ʦʩʝʡ). ɽʣʝʤʝʥʪ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʪʦʚʱʠʥʦʶ ʽ ʬʽʟʠʯʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʤʘʪʝʨʽʘʣʫ ʪʘ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʪʦʥʢʦʩʪʽʥʥʠʭ 

ʧʨʦʩʪʦʨʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ʊʘʢʦʞ ʚʽʥ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ 

ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʧʣʘʩʪʠʥ. 

 

ʈʠʩ.3.12. 4-ʭ ʚʫʟʣʦʚʠʡ ʧʣʘʩʪʠʥʯʘʩʪʠʡ ʉɽ SHELL181 

 SHELL181 ʟ 4-ʤʘ ʰʘʨʘʤʠ ʧʦ ʪʦʚʱʠʥʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʜʣʷ 

ʘʧʨʦʢʩʠʤʘʮʽʾ ʢʨʽʧʣʝʥʥʷ ʤʦʜʫʣʷ ʩʠʩʪʝʤʠ ʦʨʽʻʥʪʘʮʽʾ ʜʦ ʥʝʩʫʯʦʛʦ ʢʘʨʢʘʩʫ ʽ 

ʝʣʝʢʪʨʦʥʥʠʭ ʧʣʘʪ (ʨʠʩ.3.13, ʨʠʩ.3.14). 
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ʈʠʩ.3.13. ʂʨʦʥʰʪʝʡʥ ʩʠʩʪʝʤʠ ʦʨʽʻʥʪʘʮʽʾ (2150 ʚʫʟʣʽʚ;2044 ʝʣʝʤʝʥʪʽʚ) 

 

ʈʠʩ.3.14. ɽʣʝʢʪʨʦʥʥʘ ʧʣʘʪʘ (1987 ʚʫʟʣʽʚ;1881 ʝʣʝʤʝʥʪʽʚ) 

 ɼʚʫʭʚʫʟʣʦʚʠʡ ʙʘʣʦʯʥʠʡ ʉɽ BEAM 188 ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʜʣʷ 

ʩʧʨʷʞʝʥʥʷ ʧʣʘʩʪʠʥʯʘʩʪʠʭ ʽ ʦʙ'ʻʤʥʠʭ ʉɽ. 
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ʈʠʩ.3.15. ɻʝʦʤʝʪʨʽʷ ʝʣʝʤʝʥʪʫ BEAM 188 

ʉɽ BEAM 188 ʧʨʠʜʘʪʥʠʡ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʙʘʣʢʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʱʦ ʤʘʶʪʴ 

ʧʦʤʽʨʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʦʚʞʠʥʠ ʽ ʪʦʚʱʠʥʠ. ɽʣʝʤʝʥʪ ʧʦʙʫʜʦʚʘʥʠʡ ʥʘ ʦʩʥʦʚʽ ʙʘʣʢʠ 

ʊʠʤʦʰʝʥʢʦ. BEAM 188 - ʣʽʥʽʡʥʠʡ (ʟ ʜʚʦʤʘ ʚʫʟʣʘʤʠ) ʧʨʦʩʪʦʨʦʚʠʡ ʙʘʣʢʦʚʠʡ ʉɽ ʦɦ 

ʤʘʻ ʰʽʩʪʴ ʩʪʫʧʝʥʽʚ ʩʚʦʙʦʜʠ ʚ ʢʦʞʥʦʤʫ ʚʫʟʣʽ. ɼʘʥʠʡ ʉɽ ʧʨʠʜʘʪʥʠʡ ʜʣʷ ʨʦʟʚô̫ʟʢʫ 

ʣʽʥʽʡʥʠʭ  ̔ ʥʝʣʽʥʽʡʥʠʭ ʟʘʜʘʯ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʝʣʠʢʠʭ ʧʦʚʦʨʦʪʽʚ ʽ (ʘʙʦ) ʚʝʣʠʢʠʭ 

ʜʝʬʦʨʤʘʮʽʡ. ʉɽ ɺɽɸʄ188 ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʷʢ ʜʣʷ ʜʦʚʛʠʭ, ʪʘʢ ʽ ʜʣʷ ʢʦʨʦʪʢʠʭ 

ʙʘʣʦʢ; ʧʽʜʪʨʠʤʫʻ ʩʪʠʩʥʫʪʝ ʢʨʫʪʽʥʥʷ, ʱʦ ʧʦʨʦʜʞʫʻ ʚ ʢʦʞʥʦʤʫ ʚʫʟʣʽ ʩʴʦʤʠʡ ʩʪʫʧʽʥʴ 

ʩʚʦʙʦʜʠ; ʜʦʧʫʩʢʘʻ ʟʤʽʥʫ ʽʥʝʨʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʫ ʚʠʛʣʷʜʽ 

ʬʫʥʢʮʽʾ ʨʦʟʪʷʛʫʚʘʥʥʷ ʫʟʜʦʚʞ ʦʩʽ. ɿʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʧʨʠ 

ʜʝʬʦʨʤʘʮʽʾ ʟʤʽʥʶʻʪʴʩʷ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʧʦʩʪʽʡʥʦʛʦ ʦʙ'ʻʤʫ ʝʣʝʤʝʥʪʘ.  

 ʂʦʥʪʘʢʪʥʽ ʝʣʝʤʝʥʪʠ CONTA174 ʽ TARGE170 ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ 

ʟʯʣʝʥʫʚʘʥʥʷ ʦʙ'ʻʤʥʠʭ ʉɽ. 



 
 

63 

ʇʦʚ'ʷʟʘʥʽ ʮʽʣʴʦʚʽ ʧʦʚʝʨʭʥʽ 

ʈʠʩ.3.16. ʄʽʩʮʝʧʦʣʦʞʝʥʥʷ ʛʝʦʤʝʪʨʽʾ ʪʘ ʚʫʟʣʽʚ CONTA174 3D ʧʦʚʝʨʭʥʷ-ʧʦʚʝʨʭʥʷ 

ʢʦʥʪʘʢʪʥʦʛʦ ʝʣʝʤʝʥʪʘ (8 ʚʫʟʣʽʚ) 

 CONTA174 ʽ TARGE170 ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʢʦʥʪʘʢʪʫ ʽ 

ʢʦʚʟʘʥʥʷ ʤʽʞ 3-D "ʮʽʣʴʦʚʠʤʠ" ʧʦʚʝʨʭʥʷʤʠ ʽ ʜʝʬʦʨʤʦʚʘʥʠʤʠ ʧʦʚʝʨʭʥʷʤʠ. ʎʝʡ 

ʝʣʝʤʝʥʪ ʤʘʻ ʪʨʠ ʩʪʫʧʝʥʽ ʩʚʦʙʦʜʠ ʚ ʢʦʞʥʦʤʫ ʚʫʟʣʽ, ʫ ʬʦʨʤʽ ʧʝʨʝʤʽʱʝʥʥ ɹʚ 

ʚʫʟʣʦʚʠʭ ʥʘʧʨʷʤʢʘʭ ʭ, ʫ, z. ʎʝʡ ʝʣʝʤʝʥʪ ʨʦʟʪʘʰʦʚʘʥʠʡ ʥʘ ʧʦʚʝʨʭʥʽ 3-D ʪʚʝʨʜʠʭ 

ʘʙʦ ʦʙʦʣʦʥʢʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʟ ʩʝʨʝʜʠʥʥʠʤʠ ʚʫʟʣʘʤʠ (SOLID92, SOLID95, 

HYPER158, VISCO89, SHELL91, SHELL93 ̔ SHELL99 ʽ MATRIX50). ɺʽʥ ʤʘʻ ʪʽ 

ʞ ʛʝʦʤʝʪʨʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʱʦ ʡ SOLLID (ʩʫʮʽʣʴʥʽ) ʯʠ SHELL (ʦʙʦʣʦʥʢʠ) 

ʧʦʚʝʨʭʥʽ ʝʣʝʤʝʥʪʽʚ, ʟ ʷʢʠʤ ʚʽʥ ʟ'ʻʜʥʘʥʠʡ (ʨʠʩ.3.16). ʂʦʥʪʘʢʪ ʚʽʜʙʫʚʘʻʪʴʩʷ, ʢʦʣʠ 

ʧʦʚʝʨʭʥʝʚʠʡ ʝʣʝʤʝʥʪ ʧʨʦʥʠʢʘʻ ʚ ʦʜʠʥ ʟ ʝʣʝʤʝʥʪʽʚ ʮʽʣʴʦʚʦʛʦ ʩʝʛʤʝʥʪʘ ʥʘ ʪʦʯʥʦ 

ʚʠʟʥʘʯʝʥʽʡ ʮʽʣʴʦʚʽʡ ʧʦʚʝʨʭʥʽ. 

3.3 ʅɼʉ ʅʉ PolyItan-2-SAU ʧʨʠ ʜʽʾ ʢʚʘʟʽʩʪʘʪʠʯʥʠʭ ʧʝʨʝʚʘʥʪʘʞʝʥʴ 

ʇʨʠ ʨʦʟʨʘʭʫʥʢʦʚʦʤʫ ʜʦʩʣʽʜʞʝʥʽ ʅɼʉ ʅʉ ʧʨʠ ʜʽʾ ʢʚʘʟʽʩʪʘʪʠʯʥʠʭ 

ʧʝʨʝʚʘʥʪʘʞʝʥʴ ʨʦʟʤʽʱʝʥʥʷ ʅʉ ʚ ʩʠʩʪʝʤʽ ʚʠʚʝʜʝʥʥʷ ʚʨʘʭʦʚʫʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʚʝʜʝʥʥʷ ʢʽʥʝʤʘʪʠʯʥʠʭ ʦʙʤʝʞʝʥʴ, - ʚʚʘʞʘʣʠ ʥʫʣʴʦʚʠʤʠ ʧʝʨʝʤʽʱʝʥʥʷ                             

( = = =0x y zu u u ) ʦʧʦʨʥʠʭ ʧʦʚʝʨʭʦʥʴ ʥʝʩʫʯʦʛʦ ʢʘʨʢʘʩʘ, ʟʘ ʚʠʥʷʪʢʦʤ ʧʦʟʜʦʚʞʥʽʭ                           

ʂʦʥʪʘʢʪʫʶʯʽ 
ʝʣʝʤʝʥʪʠ 

ʇʦʚʝʨʭʥʽ 

SOLID/SHELL 

ʝʣʝʤʝʥʪʽʚ 
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( 0zu ¸  ) ʜʣʷ ʙʦʢʦʚʳʭ ʨʝʙʝʨ (ʨʠʩ.2.10). ɺʝʣʠʯʠʥʘ ʢʚʘʟʽʩʪʘʪʠʯʥʠʭ ʧʨʠʩʢʦʨʝʥʴ 

13.0x y za a a g= = = . ʇʝʨʝʚʘʥʪʘʞʝʥʥʷ ʜʽʶʪʴ ʦʢʨʝʤʦ ʧʦ ʪʨʴʦʤ ʦʩʷʤ X,Y,Z. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʅʉ 

ʧʨʠ ʢʚʘʟʽʩʪʘʪʠʯʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ.3.17-3.19 ʪʘ ʪʘʙʣ.3.5. 

 

ʈʠʩ.3.17. ʈʦʟʧʦʜʽʣ ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʥʘʧʨʫʞʝʥʴ ʚ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʘʭ 

ʅʉ ʜʣʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦ ʦʩʽ X 

 

ʈʠʩ.3.18. ʈʦʟʧʦʜʽʣ ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʥʘʧʨʫʞʝʥʴ ʚ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʘʭ 

ʅʉ ʜʣʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦ ʦʩʽ Y 
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ʈʠʩ.3.19. ʈʦʟʧʦʜʽʣ ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʥʘʧʨʫʞʝʥʴ ʚ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʘʭ 

ʅʉ ʜʣʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦ ʦʩʽ Z 
ʊʘʙʣʠʮ ̫3.5.  

ɺʝʣʠʯʠʥʠ ʤʘʢʩʠʤʘʣʴʥʠʭ ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʥʘʧʨʫʞʝʥʴ ʜʣʷ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʻʣʝʤʝʥʪʽʚ ʅʉ ʧʨʠ ʜʽʾ ʢʚʘʟʽʩʪʘʪʠʯʥʠʭ ʧʝʨʝʚʘʥʪʘʞʝʥʴ 

ɭʣʝʤʝʥʪ 

ʢʦʥʩʪʨʫʢʮʽʾ 

X Y Z 

„̤̒̓́̓, ʄʇʘ 

ʇʝʨʝʤʠʯʢʘ 

ʥʝʩʫʯʦʛʦ 

ʢʘʨʢʘʩʫ 

140.7 27.57 7.06 

ʊʨʠʤʘʯ 

ʘʢʫʤʫʣʷʪʦʨʽʚ  
7.74 7.68 15.57 

ʅʘʙ̔ʨʥʘ ʩʪʽʡʢʘ 

ɭʇ 
9.34 9.54 2.34 

ʇʣʘʪʘ ɭʇ 0.48 0.58 1.34 

 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʅɼʉ ʚʠʟʥʘʯʠʣʠ ʥʘʡʙʽʣʴʰ 

ʥʘʚʘʥʪʘʞʝʥʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʝʣʝʤʝʥʪʠ ʅʉ PolyItan-2-SAU. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʥʘʡʙʽʣʴʰʽ ʝʢʚʽʚʘʣʝʥʪʥʽ ʥʘʧʨʫʞʝʥʥʷ ʧʦ ʄʽʟʝʩʫ „̆̒̓́̓ρτπȢχ ̇˜ ́ ʚʠʥʠʢʘʶʪʴ 

ʧʨʠ ʥʘʚʘʥʪʘʞʝʥʥʽ ʅʉ ʚ ʥʘʧʨʷʤʢʫ ʦʩʽ X  ̔ʤʘʶʪʴ ʤʽʩʮʝ ʚ ʧʝʨʝʤʠʯʮʽ ʥʝʩʫʯʦʛʦ 

ʢʘʨʢʘʩʘ (ʤʘʪʝʨʽʘʣ - ɼ16) ʚ ʪʦʯʢʘʭ ʢʨʽʧʣʝʥʥʷ ʢʨʦʥʰʪʝʡʥʘ ʉʆʉ (ʨʠʩ.3.20). ʋ 

ʩʚʦʶ ʯʝʨʛʫ, ʚ ʩʢʣʘʜʘʣʴʥʦʾ ʩʪʽʡʮʽ ɽʇ (ʤʘʪʝʨʽʘʣ - ʃ63) ʥʘʧʨʫʞʝʥʥʷ „̆̒̓́̓
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ωȢυτ ̇˜ ́ʨʝʘʣʟ̔ʫʶʪʩʷ ʥʘʚʘʥʪʘʞʝʥʥʽ ʅʉ ʚ ʥʘʧʨʷʤʢʫ ʦʩʽ Y ʚ ʦʢʦʣʠʮʽ ʢʦʥʪʘʢʪʫ ʟ 

ʮʝʥʪʨʘʣʴʥʦʾ ʧʣʘʪʦʶ. ɼʣʷ ʝʣʝʢʪʨʦʥʥʠʭ ʧʣʘʪ ɽʇ ʥʘʡʙʽʣʴʰ ʥʘʚʘʥʪʘʞʝʥʦʶ ʻ 

ʥʠʞʥʷ ʜʣʷ ʷʢʦʾ „̆̒̓́̓ρȢστ ̇˜ ́ ʧʨʠ ʥʘʚʘʥʪʘʞʝʥʥʽ ʅʉ ʚ ʥʘʧʨʷʤʢʫ ʦʩʽ Z ʚ 

ʪʦʯʢʘʭ ʢʦʥʪʘʢʪʫ ʟʽ ʩʢʣʘʜʘʣʴʥʠʤʠ ʩʪʽʡʢʘʤʠ.  

 

ʈʠʩ.3.20. ʈʦʟʧʦʜʽʣ ʥʘʧʨʫʞʝʥʴ ʚ ʧʝʨʝʤʠʯʮʽ ʥʝʩʫʯʦʛʦ ʢʘʨʢʘʩʘ ʥʘ ʜʽʣʷʥʮʽ 

ʢʨʽʧʣʝʥʥʷ ʢʨʦʥʰʪʝʡʥʘ ʉʆʉ ʜʣʷ ʚʘʨʽʘʥʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦ ʦʩʽ X 
 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʧʦ ʚʠʟʥʘʯʝʥʥʶ ʧʦʣʽʚ ʧʝʨʝʤʽʱʝʥʴ ʚ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʘʭ ʅʉ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ.3.21-3.23 ʪʘ ʪʘʙʣ.3.6. 

 

ʈʠʩ.3.21. ʇʦʣʝ ʧʝʨʝʤʽʱʝʥʴ ʚ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʘʭ ʅʉ ʜʣʷ ʚʘʨʽʘʥʪʘ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦ ʦʩʽ X 

175.86 ʄʇʘ 
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ʈʠʩ.3.22. ʇʦʣʝ ʧʝʨʝʤʽʱʝʥʴ ʚ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʘʭ ʜʣʷ ʚʘʨʽʘʥʪʘ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦ ʦʩʽ Y 
 

 

ʈʠʩ.3.23. ʇʦʣʝ ʧʝʨʝʤʽʱʝʥʴ ʚ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʘʭ ʅʉ ʜʣʷ ʚʘʨʽʘʥʪʘ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦ ʦʩʽ Z 
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ʊʘʙʣʠʮ ̫3.6.  

ɺʝʣʠʯʠʥʠ ʤʘʢʩʠʤʘʣʴʥʠʭ ʧʝʨʝʤʽʱʝʥʴ ʚ ʝʣʝʤʝʥʪʘʭ ʅʉ ʜʣʷ ʨʦʟʛʣʷʜʘʝʤʠʭ 

ʚʘʨ̔ʘʥʪ̔ʚ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ɭʣʝʤʝʥʪ 

ʢʦʥʩʪʨʫʢʮʽʾ 

X Y Z 

Dmax, ʤʤ 

ʄʘʭʦʚʠʢ 2.92Ŀ10
-2
 5.24Ŀ10

-3
 1.46Ŀ10

-3
 

ʊʨʠʤʘʯ 

ʘʢʫʤʫʣʷʪʦʨʽʚ  
1.53Ŀ10

-4
 1.74Ŀ10

-4
 6.00Ŀ10

-4
 

ʅʘʙ̔ʨʥʘ ʩʪʽʡʢʘ 

ɭʇ 
6.18Ŀ10

-3
 6.22Ŀ10

-3
 2.80Ŀ10

-4
 

ʇʣʘʪʘ ɭʇ 6.17Ŀ10
-3
 6.21Ŀ10

-3
 1.34Ŀ10

-2
 

 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʘ ʚʝʣʠʯʠʥʘ ʧʝʨʝʤʽʱʝʥʴ ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ 

ʥʘʚʘʥʪʘʞʝʥʥʽ ʅʉ ʚ ʥʘʧʨʷʤʢʫ ʦʩʽ X ʤʘʻ ʤʽʩʮʝ ʜʣʷ ʪʦʯʦʢ ʤʘʭʦʚʠʢʘ ʤʦʜʫʣʷ ʉʆʉ 

(ʨʠʩ.3.24) ʪʘ ʩʪʘʥʦʚʠʪʴ 23.92·10 ʤʤmax -D = . ʇʨʠ ʮʴʦʤʫ ʤʘʭʦʚʠʢ ʨʘʟʦʤ ʟ 

ʢʨʦʥʰʪʝʡʥʘʤʠ ʟʤʽʱʫʻʪʴʩʷ ʷʢ ʪʚʝʨʜʝ ʪʽʣʦ ʯʝʨʝʟ ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʫ ʞʦʨʩʪʢʦʩʪ ɹ

ʧʝʨʝʤʠʯʦʢ ʥʝʩʫʯʦʛʦ ʢʘʨʢʘʩʘ ʚ ʧʦʧʝʨʝʯʥʦʤʫ ʥʘʧʨʷʤʢʫ. 

 

ʈʠʩ.3.24. ʇʦʣʝ ʧʝʨʝʤʽʱʝʥʴ ʚ ʧʝʨʝʤʠʯʮʽ ʥʝʩʫʯʦʛʦ ʢʘʨʢʘʩʘ ʜʣʷ ʚʘʨʽʘʥʪʘ 

ʥʘʚʘʥʪʘʞʝʥʥʷ 

 

 ɼʘʥʽ ʨʦʟʨʘʭʫʥʢʽʚ ʅɼʉ ʚʠʱʝ ʟʘʟʥʘʯʝʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʅʉ 

ʜʣʷ ʽʥʰʠʭ ʚʘʨʽʘʥʪʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘʚʝʜʝʥʽ ʚ ɼʦʜʘʪʢʫ 1. 

23.79·10 ʤʤ-

175.86 ʄʇʘ 
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3.4 ɸʥʘʣʽʟ ʚʣʘʩʥʠʭ ʯʘʩʪʦʪ ʪʘ ʬʦʨʤ ʢʦʣʠʚʘʥʴ ʅʉ PolyItan-2-SAU 

 ɸʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʠ ̔ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʅʉ ʚʠʟʥʘʯʘʣʠʩʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʫʤʦʚ ʨʦʟʤʽʱʝʥʥʷ ʥʘ ʝʪʘʧʽ ʚʠʚʝʜʝʥʥʷ. ʋʤʦʚʠ ʨʦʟʤʽʱʝʥʥʷ ʅʉ ʚ ʩʠʩʪʝʤʽ 

ʨʦʟʛʦʨʪʫʚʘʥʥʷ ʚʨʘʭʦʚʫʚʘʣʠ ʚ ʉɽʄ ʟʘʱʝʤʣʝʥʥʷʤ ʚʝʨʭʥʽʭ ʽ ʥʠʞʥʽʭ ʪʦʨʮʽʚ 

ʢʘʨʢʘʩʘ ʧʦ ʚʩʽʤ ʩʪʫʧʝʥʷʭ ʩʚʦʙʦʜʠ ʽ ʟʚʽʣʴʥʝʥʥʷʤ ʧʦʟʜʦʚʞʥʽʭ ʣʽʥʽʡʥʠʭ 

ʧʝʨʝʤʽʱʝʥʴ ʥʘ ʙʽʯʥʠʭ ʨʝʙʨʘʭ ʢʘʨʢʘʩʘ (ʨʠʩ.2.10). 

 ʏʘʩʪʦʪʠ ʢʦʣʠʚʘʥʴ ʅʉ ʽ ʚʽʜʧʦʚʽʜʥʽ ʾʤ ʬʦʨʤʠ, ʚʠʟʥʘʯʝʥʽ ʫ ʜʽʘʧʘʟʦʥʽ 0-

2000 ɻʮ ʪʘ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣ.3.7 ʪʘ ʨʠʩ.3.25 ï 3.28.  

ʊʘʙʣʠʮʷ 3.7. 

ɼʝʷʢʽ ʯʘʩʪʦʪʠ ʪʘ ʚʽʜʧʦʚʽʜʥʽ ʬʦʨʤʠ ʢʦʣʠʚʘʥʴ ʅʉ 

ʅʦʤʝʨ 

ʯʘʩʪʦʪʠ 
ʏʘʩʪʦʪʘ, ɻʮ 

ʅʦʤʝʨ 

ʯʘʩʪʦʪʠ 
ʏʘʩʪʦʪʘ, ɻʮ 

ʅʦʤʝʨ 

ʯʘʩʪʦʪʠ 
ʏʘʩʪʦʪʘ, ɻʮ 

1 325,06 6 690,51 11 985,88 

2 673,92 7 905,11 12 1226,20 

3 678,15 8 912,16 13 1226,80 

4 678,59 9 948,01 14 1233,80 

5 682,07 10 948,35 15 1235,60 

16 1236,20 17 1239,30 18 1241,00 

19 1241,40 20 1242,60 21 1247,60 

22 1257,80 23 1410,90 24 1413,50 

25 1417,00 26 1419,30 
27 1430,00 

28 1763,40 29 2069,80 

 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ ɸʏʍ ʅʉ ʥʘ ʦʩʥʦʚʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʉɽʄ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʡʥʠʞʯʘ ʯʘʩʪʦʪʘ ʩʪʘʥʦʚʠʪʴ 325 ɻʮ. ʅʠʞʥʻ ʛʨʘʥʠʯʥʝ ʟʥʘʯʝʥʥʷ 

ʚʣʘʩʥʦʾ ʯʘʩʪʦʪʠ ʟʛʽʜʥʦ [4] ʩʪʘʥʦʚʠʪʴ 90ɻʮ, ʪʦʤʫ ʫʤʦʚʘ ʞʦʨʩʪʢʦʩʪʽ ʅʉ 

ʚʠʢʦʥʫʻʪʴʩʷ. 
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ʇʝʨʰʘ ʨʝʟʦʥʘʥʩʥʘ ʬʦʨʤʘ ʚʽʜʧʦʚʽʜʘʻ ʢʦʣʠʚʘʥʥʶ ʝʣʝʢʪʨʦʤʘʭʦʚʠʢʦʚʦʛʦ 

ʜʚʠʛʫʥʘ ʚ ʧʦʧʝʨʝʯʥʦʤʫ ʥʘʧʨʷʤʢʫ X (ʨʠʩ.3.25), ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʫ 

ʞʦʨʩʪʢʽʩʪʴ ʧʝʨʝʤʠʯʦʢ ʥʝʩʫʯʦʛʦ ʢʘʨʢʘʩʫ.  

 

ʈʠʩ.3.25. 1-ʰʘ ʬʦʨʤʘ ʢʦʣʠʚʘʥʴ ʅʉ (f =325.06 ɻʮ) 

ɼʨʫʛʽʡ ʬʦʨʤʽ ʢʦʣʠʚʘʥʴ ʚʽʜʧʦʚʽʜʘʻ ʢʦʣʠʚʘʥʥʷ ʧʣʘʪʠ ʩʠʩʪʝʤʠ 

ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ɽʇ (ʨʠʩ.3.26.). 

 

ʈʠʩ.3.26. 2-ʘ ʬʦʨʤʘ ʢʦʣʠʚʘʥʴ ʅʉ (f =673.92 ɻʮ) 
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3-ʪʷ ʬʦʨʤʘ ʢʦʣʠʚʘʥʴ ʚʽʜʧʦʚʽʜʘʻ ʢʦʣʠʚʘʥʥʶ ʚʝʨʭʥʴʦʾ ʧʣʘʪʠ ʫʧʨʘʚʣʽʥʥʷ 

ʤʦʜʫʣʷ ʉʆʉ ʪʘ ʧʣʘʪʠ ʙʦʨʪʦʚʦʾ ʮʠʬʨʦʚʦʾ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ɽʇ 

(ʨʠʩ.3.27). 

 

ʈʠʩ.3.27. 3-ʷ ʬʦʨʤʘ ʢʦʣʠʚʘʥʴ ɽʇ ʅʉ (f =678.15ɻʮ) 

 

4-ʪʘ ʬʦʨʤʘ ʢʦʣʠʚʘʥʴ ʚʽʜʧʦʚʽʜʘʻ ʢʦʣʠʚʘʥʥʶ ʪʨʴʦʭ ʚʝʨʭʥʽʭ ʧʣʘʪ: ʧʣʘʪʠ 

ʫʧʨʘʚʣʽʥʥʷ ʤʦʜʫʣʷ ʉʆʉ, ʙʦʨʪʦʚʦʾ ʮʠʬʨʦʚʦʾ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʪʘ 

ʨʘʜʽʦʣʽʥʽʾʾ ɽʇ (ʨʠʩ.3.28). 

 

 

ʈʠʩ.3.28. 4-ʘ ʬʦʨʤʘ ʢʦʣʠʚʘʥʴ ɽʇ ʅʉ (f =678.59 ɻʮ) 
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3.5 ʅɼʉ ʅʉ PolyItan-2-SAU ʧʨʠ ʜʽʾ ʛʘʨʤʦʥʽʯʥʠʭ ʚʽʙʨʘʮʽʡ 

ʈʦʟʤʽʱʝʥʥʷ ʅʉ ʚ ʩʠʩʪʝʤʽ ʚʠʚʝʜʝʥʥʷ ʚʨʘʭʦʚʫʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʚʝʜʝʥʥʷ 

ʢʽʥʝʤʘʪʠʯʥʠʭ ʦʙʤʝʞʝʥʴ, - ʚʚʘʞʘʣʠ ʥʫʣʴʦʚʠʤʠ ʧʝʨʝʤʽʱʝʥʥʷ (= = =0x y zu u u ) 

ʦʧʦʨʥʠʭ ʧʦʚʝʨʭʦʥʴ ʥʝʩʫʯʦʛʦ ʢʘʨʢʘʩʘ, ʟʘ ʚʠʥʷʪʢʦʤ ʧʦʟʜʦʚʞʥʽʭ (0zu ¸  ) ʜʣʷ 

ʙʦʢʦʚʳʭ ʨʝʙʝʨ (ʨʠʩ.2.10). ɻʘʨʤʦʥʽʯʥʽ ʚʽʙʨʘʮʽʾ ʟʘʜʘʚʘʣʠʩʴ ʧʦʣʝʤ ʩʠʣ ʽʥʝʨʮʽʾ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠʚʝʜʝʥʽ ʚ ʪʘʙʣ.2.4. ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ 

ʨʦʟʨʘʭʫʥʢʽʚ ʙʫʚ ʧʨʠʡʥʷʪʠʡ ʟʘʛʘʣʴʥʠʡ ʜʣʷ ʚʩʽʻʾ ʢʦʥʩʪʨʫʢʮʽʾ ʢʦʝʬʽʮʽʻʥʪ 

ʜʝʤʧʬʫʚʘʥʥʷ ʨʽʚʥʠʡ 0.02. ɻʘʨʤʦʥʽʯʥʽ ʚʽʙʨʘʮʽʾ ʜʽʶʪʴ ʦʢʨʝʤʦ ʧʦ ʪʨʴʦʤ ʦʩʷʤ 

X,Y,Z.  

ɺ ʨʝʟʫʣʴʪʘʪʽ ʤʦʜʝʣʶʚʘʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦ ʨʦʟʧʦʜʽʣ ʝʢʚʽʚʘʣʝʥʪʥʠʭ 

ʥʘʧʨʫʞʝʥʴ ʧʦ ʄʽʟʝʩʫ ʧʨʠ ʜʽʾ ʛʘʨʥʦʤʽʯʥʠʭ ʚʽʙʨʘʮʽʡ (ʨʠʩ.3.29-3.34). ɿʦʥʘ 

ʥʘʡʙʽʣʴʰʦʾ ʟʤʽʥʥʦʩʪʽ ʥʘʧʨʫʞʝʥʥ ɹ (29.78 ʄʇʘ) ʟʥʘʭʦʜʠʪʴʩʷ ʙʽʣʷ ʤʽʩʮʷ 

ʢʨʽʧʣʝʥʥʷ ʢʨʦʥʰʪʝʡʥʘ ʤʦʜʫʣʷ ʉʆʉ ʜʦ ʧʝʨʝʤʠʯʦʢ ʥʝʩʫʯʦʛʦ ʢʘʨʢʘʩʫ, ʧʨʠ 

ʘʤʧʣʽʪʫʜʽ ʚʽʙʨʦʧʨʠʩʢʦʨʝʥʴ ï 2.5g ʪʘ ʯʘʩʪʦʪʽ 100 ɻʮ. ɻʘʨʤʦʥʽʯʥʽ ʚʽʙʨʘʮʽʾ ʜʽʷʣʠ 

ʧʦ ʦʩʽ X. ɼʣʷ ʽʥʰʠʭ ʚʠʧʘʜʢʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʝʣʠʯʠʥʠ ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʥʘʧʨʫʞʝʥʴ 

ʟʥʘʯʥʦ ʤʝʥʰʽ. 

ʅʠʟʴʢʠʡ ʨʽʚʝʥʴ ʥʘʧʨʫʞʝʥʴ ʧʦʚô̫ ʟʘʥʠʡ ʟ ʪʠʤ, ʱʦ ʜʣʷ ʜʘʥʦʾ ʉɽʄ 

ʥʘʡʥʠʞʯʘ ʚʣʘʩʥʘ ʯʘʩʪʦʪʘ ʢʦʣʠʚʘʥʴ ʩʪʘʥʦʚʠʪʴ 325 ɻʮ (ʪʘʙʣ.3.7). ɺ ʟʚôʷʟʢʫ ʟ ʮʠʤ, 

ʧʨʠ ʥʘʚʘʥʪʘʞʝʥʽ ʅʉ ʛʘʨʤʦʥʽʯʥʠʤʠ ʚʽʙʨʘʮʽʷʤʠ (5-125 ɻʮ) ʨʝʟʦʥʘʥʩʠ ʚʽʜʩʫʪʥʽ. 
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ʈʠʩ.3.29. ʈʦʟʧʦʜʽʣ ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʥʘʧʨʫʞʝʥʴ ʚʽʜ ʜʽʾ ʛʘʨʤʦʥʽʯʥʠʭ (0-100 ɻʮ) 

ʚʽʙʨʘʮʽʡ ʧʦ ʚʽʩʽ X (ʤʘʢʩ 29.78 ʄʇʘ) 

 

 

ʈʠʩ.3.30. ʈʦʟʧʦʜʽʣ ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʥʘʧʨʫʞʝʥʴ ʚʽʜ ʜʽʾ ʛʘʨʤʦʥʽʯʥʠʭ (100-125 ɻʮ) 

ʚʽʙʨʘʮʽʡ ʧʦ ʚʽʩʽ X (ʤʘʢʩ 15.91 ʄʇʘ) 
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ʈʠʩ.3.31. ʈʦʟʧʦʜʽʣ ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʥʘʧʨʫʞʝʥʴ ʚʽʜ ʜʽʾ ʛʘʨʤʦʥʽʯʥʠʭ (0-100 ɻʮ) 

ʚʽʙʨʘʮʽʡ ʧʦ ʚʽʩʽ Y (ʤʘʢʩ 5.47 ʄʇʘ) 

 

 

ʈʠʩ.3.32. ʈʦʟʧʦʜʽʣ ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʥʘʧʨʫʞʝʥʴ ʚʽʜ ʜʽʾ ʛʘʨʤʦʥʽʯʥʠʭ (0-100 ɻʮ) 

ʚʽʙʨʘʮʽʡ ʧʦ ʚʽʩʽ Y (ʤʘʢʩ 2.75 ʄʇʘ) 
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ʈʠʩ.3.33. ʈʦʟʧʦʜʽʣ ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʥʘʧʨʫʞʝʥʴ ʚʽʜ ʜʽʾ ʛʘʨʤʦʥʽʯʥʠʭ (0-100 ɻʮ) 

ʚʽʙʨʘʮʽʡ ʧʦ ʚʽʩʽ Z (ʤʘʢʩ 1.28 ʄʇʘ) 

 

 

ʈʠʩ.3.34. ʈʦʟʧʦʜʽʣ ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʥʘʧʨʫʞʝʥʴ ʚʽʜ ʜʽʾ ʛʘʨʤʦʥʽʯʥʠʭ (100-125 ɻʮ) 

ʚʽʙʨʘʮʽʡ ʧʦ ʚʽʩʽ Z (ʤʘʢʩ 0.64 ʄʇʘ) 

 

3.6 ʅɼʉ ʅʉ PolyItan-2-SAU ʧʨʠ ʜʽʾ ʚʠʧʘʜʢʦʚʠʭ ʚʽʙʨʘʮʽʡ 

ɺʠʟʥʘʯʝʥʥʷ ʩʪʦʭʘʩʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʅɼʉ ʅʉ ʚʠʢʦʥʫʚʘʣʦʩʴ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ ʪʘʙʣ.2.5. ɺʠʧʘʜʢʦʚʽ ʚʽʙʨʘʮʽʾ ʧʨʠʢʣʘʜʘʣʠʩʴ ʜʦ 

ʦʧʦʨʥʠʭ ʥʝʩʫʯʠʭ ʧʦʚʝʨʭʦʥʴ ʩʠʣʦʚʦʛʦ ʢʘʨʢʘʩʫ ʅʉ (ʨʠʩ.2.10). ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ 

ʨʦʟʨʘʭʫʥʢʽʚ ʙʫʚ ʧʨʠʡʥʷʪʠʡ ʟʘʛʘʣʴʥʠʡ ʜʣʷ ʚʩʽʻʾ ʢʦʥʩʪʨʫʢʮʽʾ ʢʦʝʬʽʮʽʻʥʪ 
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ʜʝʤʧʬʫʚʘʥʥʷ ʨʽʚʥʠʡ 0.02. ɺʠʧʘʜʢʦʚʽ ʚʽʙʨʘʮʽʾ ʜʽʶʪʴ ʦʢʨʝʤʦ ʧʦ ʪʨʴʦʤ ʦʩʷʤ 

X,Y,Z.  

 ɺ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʦʪʨʠʤʘʥʽ ʨʦʟʧʦʜʽʣʠ ʉʂɿ 

ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʥʘʧʨʫʞʝʥʴ ʨʽʚʥʷ 3ů ʜʣʷ ʪʨʴʦʭ ʚʘʨʽʘʥʪʽʚ ʥʘʚʘʥʪʘʞʝʥʴ ʧʨʠʚʝʜʝʥʽ 

ʥʘ ʨʠʩ.3.35 ï 3.39 ʽ ʪʘʙʣ. 3.8. 

 
ʈʠʩ.3.35. ʈʦʟʧʦʜʽʣ ʉʂɿ ʥʘʧʨʫʞʝʥʴ ʨʽʚʥʷ 3ů ʚʽʜ ʜʽʾ ʚʠʧʘʜʢʦʚʠʭ ʚʽʙʨʘʮʽʡ 

ʚʽʜʥʦʩʥʦ ʚʽʩʽ X 

 

 
ʈʠʩ.3.36. ʈʦʟʧʦʜʽʣ ʉʂɿ ʥʘʧʨʫʞʝʥʴ ʨʽʚʥʷ 3ů ʚʽʜ ʜʽʾ ʚʠʧʘʜʢʦʚʠʭ ʚʽʙʨʘʮʽʡ 

ʚʽʜʥʦʩʥʦ ʚʽʩʽ Y 
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ʈʠʩ.3.37. ʈʦʟʧʦʜʽʣ ʉʂɿ ʥʘʧʨʫʞʝʥʴ ʨʽʚʥʷ 3ů ʚʽʜ ʜʽʾ ʚʠʧʘʜʢʦʚʠʭ ʚʽʙʨʘʮʽʡ 

ʚʽʜʥʦʩʥʦ ʚʽʩʽ Z 

 

  

ʘ ʙ 

ʈʠʩ.3.38. ʈʦʟʧʦʜʽʣ ʉʂɿ ʥʘʧʨʫʞʝʥʴ ʨʽʚʥʷ 3ů ʧʨʠ ʜʽʾ ʚʠʧʘʜʢʦʚʠʭ ʚʽʙʨʘʮʽʡ 

ʚʽʜʥʦʩʥʦ ʚʽʩʽ Y ʚ ʥʝʩʫʯʦʤʫ ʢʘʨʢʘʩʽ ï ʘ; ʤʘʢʩʠʤʘʣʴʥʝ ʉʂɿ ʥʘʧʨʫʞʝʥʴ ʚ 

ʥʝʩʫʯʦʤʫ ʢʘʨʢʘʩʽ ï ʙ 

 

  
ʘ ʙ 

ʈʠʩ.3.39. ʈʦʟʧʦʜʽʣ ʉʂɿ ʥʘʧʨʫʞʝʥʴ ʨʽʚʥʷ 3ů ʧʨʠ ʜʽʾ ʚʠʧʘʜʢʦʚʠʭ ʚʽʙʨʘʮʽʡ 

ʚʽʜʥʦʩʥʦ ʚʽʩʽ Z ʚ ʧʣʘʪʘʭ ɽʇ ï ʘ; ʤʘʢʩʠʤʘʣʴʥʝ ʉʂɿ ʥʘʧʨʫʞʝʥʴ ʚ ʧʣʘʪʘʭ ɽʇ ï ʙ 
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ʊʘʙʣ.3.8. 

ʄʘʢʩʠʤʘʣʴʥʽ ʉʂɿ ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʧʦ ʄʽʟʝʩʫ ʥʘʧʨʫʞʝʥʴ ʨʽʚʥʷ 3ů ʚ ʝʣʝʤʝʥʪʘʭ ʅʉ 

ɽʣʝʤʝʥʪ 

ʢʦʥʩʪʨʫʢʮʽʾ 

X Y Z 

ʚʠʧ

ʝs , ʄʇʘ 

ʇʝʨʝʤʠʯʢʘ 

ʥʝʩʫʯʦʛʦ 

ʢʘʨʢʘʩʫ 

8.58 60.39 59.48 

ʊʨʠʤʘʯ 

ʘʢʫʤʫʣʷʪʦʨʘ 
0.04 0.19 2.62 

ʅʘʙʽʨʥʘ ʩʪʽʡʢʘ 

ɽʇ 
7.89 14.66 24.36 

ʇʣʘʪʘ ɽʇ 0.66 0.82 18.24 

 ɿʦʥʘ ʥʘʡʙʽʣʴʰʦʾ ʟʤʽʥʥʦʩʪʽ ʉʂɿ ʥʘʧʨʫʞʝʥʴ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʧʝʨʝʤʠʯʮʽ 

ʥʝʩʫʯʦʛʦ ʢʘʨʢʘʩʫ ʧʦʙʣʠʟʫ ʢʨʽʧʣʝʥʥʷ ʢʨʦʥʰʪʝʡʥʽʚ ʤʦʜʫʣʷ ʉʆʉ (ʨʠʩ.3.32) ʫ 

ʚʠʧʘʜʢʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜʥʦʩʥʦ ʦʩʽ Y. ʄʘʢʩʠʤʘʣʴʥʝ ʉʂɿ ʥʘʧʨʫʞʝʥʴ ʫ ʧʣʘʪʘʭ 

ɽʇ ʜʦʩʷʛʘʻʪʴʩʷ ʙʽʣʷ ʤʽʩʮʷ ʢʨʽʧʣʝʥʥʷ ʧʣʘʪ ʜʦ ʥʘʙʦʨʥʦʾ ʩʪʦʡʢʠ ɽʇ (ʨʠʩ.3.33) ʜʣʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜʥʦʩʥʦ ʦʩʽ Z. 

 

ʈʠʩ.3.40. ʊʦʯʢʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʉʂɿ ʥʘʧʨʫʞʝʥʴ ʚ ʧʣʘʪʽ ɽʇ 
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ʈʠʩ.3.41. ʊʦʯʢʠ ʤʘʢʩʠʤʘʣʴʥʠʭ ʉʂɿ ʥʘʧʨʫʞʝʥʴ ʚ ʥʝʩʫʯʦʤʫ ʢʘʨʢʘʩʽ 

 

 ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʧʦ ʚʠʟʥʘʯʝʥʥʶ ʩʪʦʭʘʩʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʅɼʉ ʚ 

ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʻʣʝʤʝʥʪʘʭ ʅʉ ʥʘʚʝʜʝʥʽ ʚ ɼʦʜʘʪʢʫ 1. 

3.7 ɸʥʘʣʽʟ ʤʽʮʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʻʣʝʤʝʥʪʽʚ ʅʉ PolyItan-2-SAU 

ʗʢ ʟʘʟʥʘʯʘʣʦʩʴ ʚ ʧ 1.1.2, ʝʪʘʧ ʚʠʚʝʜʝʥʥʷ ʻ ʥʘʡʩʢʣʘʜʥʽʰʠʤ ʜʣʷ ʢʦʥʩʪʨʫʢʮʽʾ 

ʅʉ ʟ ʪʦʯʢʠ ʟʦʨʫ ʤʽʮʥʦʩʪʽ ʚ ʟʚ'ʷʟʢʫ ʟ ʝʢʩʪʨʝʤʘʣʴʥʠʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ 

ʟʤʽʥʶʶʪʴʩʷ ʧʽʜ ʯʘʩ ʧʦʣʴʦʪʫ ʈʅ. ʂʚʘʟʽʩʪʘʪʠʯʥʽ ʧʝʨʝʚʘʥʪʘʞʝʥʷ, ʛʘʨʤʦʥʽʯʥʽ ʪʘ 

ʚʠʧʘʜʢʦʚʽ ʚʽʙʨʘʮʽʾ ʜʦʩʷʛʘʶʪʴ ʥʘʡʙʽʣʴʰʠʭ ʚʝʣʠʯʠʥ ʥʘ ʘʪʤʦʩʬʝʨʥʽʡ ʜʽʣʷʥʮʽ 

ʧʦʣʴʦʪʫ ʪʘ ʜʽʶʪʴ ʦʜʥʦʯʘʩʥʦ. ʎʝ ʚʨʘʭʦʚʫʻʪʴʩʷ ʢʦʤʙʽʥʫʚʘʥʥʷʤ ʩʪʘʪʠʯʥʠʭ ʪʘ 

ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. ɺ [2] ʧʝʨʝʜʙʘʯʝʥʦ 2 ʩʧʦʩʦʙʘ ʢʦʤʙʽʥʫʚʘʥʥʷ: ʣʽʥʽʡʥʠʡ 

ʪʘ ʢʚʘʜʨʘʪʠʯʥʠʡ. ʇʽʜ ʢʦʤʙʽʥʫʚʘʥʥʷ ʨʦʟʫʤʽʻʪʴʩʷ ʜʦʜʘʚʘʥʥʷ ʤʘʢʩʠʤʘʣʴʥʠʭ 

ʟʥʘʯʝʥʴ ʥʘʧʨʫʞʝʥʴ.  

ʋʜʘʨʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʦʢʨʝʤʦ ʪʘ ʥʝ ʧʦʪʨʝʙʫʶʪʴ 

ʢʦʤʙʽʥʫʚʘʥʥʷ ʟ ʽʥʰʠʤʠ ʪʠʧʘʤʠ ʚʧʣʠʚʽʚ. 

ʉʫʯʘʩʥʘ ʽʜʝʘʣʦʽʛʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʂɸ [2] ʧʝʨʝʜʙʘʯʘʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʽʜʭʦʜʫ 

ñʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴò ʧʨʠ ʝʢʩʧʝʨʝʤʝʥʪʘʣʴʥʦʤʫ 

ʚʽʜʧʨʘʮʶʚʘʥʥʽ ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʦʤʫ ʘʥʘʣʽʟʽ ʤʽʮʥʦʩʪʽ ʅʉ. ɽʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ ʥʘʟʠʚʘʶʪʴ ʤʘʢʩʠʤʘʣʴʥʽ ʜʽʶʯʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʂɸ ʚ ʧʨʦʮʝʩʽ 
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ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ, ʚʠʚʝʜʝʥʥʷ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʈʦʟʨʘʭʫʥʢʦʚʽ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʤʥʦʞʝʥʥʷʤ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʥʘ ʚʽʜʧʦʚʽʜʥʠʡ ʢʦʝʬʽʮʽʝʥʪ ʙʝʟʧʝʢʠ 

[2].  

ʂʦʝʬʽʮʽʻʥʪʠ ʙʝʟʧʝʢʠ ʨʦʟʨʘʭʦʚʘʥʽ ʟʛʽʜʥʦ [ECSS Save factors] ʜʣʷ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʪʘ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ.3.9. 

ʊʘʙʣʠʮʷ 3.9 

ʂʦʝʬʽʮʽʻʥʪʠ ʙʝʟʧʝʢʠ ʜʣʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ 

ʊʠʧ ʥʘʚʘʥʪʘʞʝʥʥʷ 
ɽʢʩʧʣʫʘʪʘʮʽʡʥʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ 
Tf  

ʈʦʟʨʘʭʫʥʢʦʚʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ 
Bf  

ʂʚʘʟʽʩʪʘʪʠʯʥʽ 

ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ 
1.2 1.56 

ɻʘʨʤʦʥʽʯʥʽ ʚʽʙʨʘʮʽʾ 1.65 1.88 

ɺʠʧʘʜʢʦʚʽ ʚʽʙʨʘʮʽʾ 1.65 1.88 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʨʠ ʘʥʘʣʽʟʽ ʤʽʮʥʦʩʪʽ ʘʥʘʣʽʟʽ ʝʣʝʢʪʨʦʥʥʠʭ ʧʣʘʪ ɽʇ, 

ʪʘʢʦʞ ʜʦʜʘʪʢʦʚʦ ʚʨʘʭʦʚʫʚʘʣʠ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ 1.25k=  [35]. 

ʇʨʠ ʤʽʮʥʽʩʪʥʦʤʫ ʘʥʘʣʽʟʽ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʅʉ ʟʘʩʪʦʩʦʚʫʚʘʣʠ 

ʣʽʥʽʡʥʝ ʢʦʤʙʽʥʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʴ ʚ ʟʚʷʟʢʫ ʟ ʙʽʣʴʰʠʤʠ ʚʠʭʽʜʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ 

ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʥʘʧʨʫʞʝʥʴ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʢʦʤʙʽʥʫʚʘʥʥʷ. 

ʂʦʤʙʽʥʘʮʽʾ ʥʘʚʘʥʪʘʞʝʥʴ ʪʘ ʬʦʨʤʫʣʠ ʨʦʟʨʘʭʫʥʢʫ ʩʫʤʘʨʥʠʭ ʥʘʧʨʫʞʝʥʴ ʥʘʚʝʜʝʥʽ 

ʚ ʪʘʙʣ.3.10.  
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ʊʘʙʣʠʮʷ 3.10 

ʂʦʤʙʽʥʘʮʽʾ ʥʘʚʘʥʪʘʞʝʥʴ ʜʣʷ ʝʪʘʧʫ ʚʠʚʝʜʝʥʥʷ ʅʉ PolyItan-2-SAU 

 ̄ ʈʦʟʨʘʭʫʥʢʦʚʠʡ ʚʠʧʘʜʦʢ 
ʌʦʨʤʫʣʘ ʨʦʟʨʘʭʫʥʢʫ ʝʢʚʽʚʘʣʝʥʪʥʠʭ 

ʥʘʧʨʫʞʝʥʴ* 

1 ʂʚʘʟʽʩʪʘʪʠʯʥʽ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ 1_

ʩʪʘʪ

ʝs  

2 
ʂʚʘʟʽʩʪʘʪʠʯʥʽ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ 

+ ʛʘʨʤʦʥʽʯʥʽ ʚʽʙʨʘʮʽʾ 
2_

ʩʫʤ ʩʪʘʪ ʛʘʨ

ʝ ʝ ʝs s s= +  

3 
ʂʚʘʟʽʩʪʘʪʠʯʥʽ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ 

+ ʚʠʧʘʜʢʦʚʽ ʚʽʙʨʘʮʽʾ 
3_

ʩʫʤ ʩʪʘʪ ʚʠʧ

ʝ ʝ ʝs s s= +  

4 ɺʠʧʘʜʢʦʚʽ ʚʽʙʨʘʮʽʾ  4_

ʩʫʤ ʚʠʧ X ʚʠʧ Y ʚʠʧ Z

ʝ ʝ ʝ ʝs s s s- - -= + +  

5 

ʂʚʘʟʽʩʪʘʪʠʯʥʽ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ 

+ ʛʘʨʤʦʥʽʯʥʽ ʚʽʙʨʘʮʽʾ+ 

ʚʠʧʘʜʢʦʚʽ ʚʽʙʨʘʮʽʾ 

5_

ʩʫʤ ʩʪʘʪ ʛʘʨ ʚʠʧ

ʝ ʝ ʝ ʝs s s s= + +  

 

ʊʫʪ „ͺ̞
̒̓́̓, „̞

̄́̑
, „̞̃̉̐ ï ʚʽʜʧʦʚʽʜʥʦ ʥʘʧʨʫʞʝʥʥʷ ʧʨʠ ʢʚʘʟʽʩʪʘʪʠʯʥʠʭ 

ʧʝʨʝʚʘʥʪʘʞʝʥʥʷʭ, ʛʘʨʤʦʥʽʯʥʠʭ ʪʘ ʚʠʧʘʜʢʦʚʠʭ ʚʽʙʨʘʮʽʷʭ. 

ʋʤʦʚʠ ʤʽʮʥʦʩʪʽ ʅʉ ʚʩʪʘʥʦʚʣʝʥʽ [QB50]: 

1. ɺʽʜʩʫʪʥʽʩʪʴ ʧʣʘʩʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʧʨʠ ʜʽʾ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʥʷʭ; 

2. ɺʽʜʩʫʪʥʽʩʪʴ ʨʫʡʥʫʚʘʥʴ ʚ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʘʭ ʅʉ ʧʨʠ ʜʽʾ 

ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ. 

ɺʽʜʧʦʚʽʜʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʟʘʧʘʩʽʚ ʤʽʮʥʦʩʪʽ ʜʣʷ ʢʦʞʥʦʛʦ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ 

ʚʠʧʘʜʢʫ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ.3.11. 
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ʊʘʙʣʠʮʷ 3.11 

ʂʦʝʬʽʮʽʻʥʪʠ ʟʘʧʘʩʫ ʤʽʮʥʦʩʪʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʚʠʧʘʜʢʽʚ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʝʪʘʧʫ ʚʠʚʝʜʝʥʥʷ ʅʉ PolyItan-2-SAU 

ʈʦʟʨʘʭʫʥʢʦʚʠʡ 

ʚʠʧʘʜʦʢ 

ʂʦʝʬʽʮʽʻʥʪ ʟʘʧʘʩʫ ʤʽʮʥʦʩʪʽ 

ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʥʷʭ, 

ʊh  

ʂʦʝʬʽʮʽʻʥʪ ʟʘʧʘʩʫ ʤʽʮʥʦʩʪʽ 

ʧʨʠ ʨʦʟʨʘʭʫʥʢʦʚʠʭ 

ʥʘʚʘʥʪʘʞʝʥʥʷʭ, 

ɺh  

1 
1_ *

ʪ

ʩʪʘʪ T

ʝ ʩʪʘʪf

s

s
 

1_ *

ʚ

ʩʪʘʪ ɺ

ʝ ʩʪʘʪf

s

s
 

2 
ʪ

ʩʪʘʪ T ʛʘʨ T

ʝ ʩʪʘʪ ʝ ʜʠʥf f

s

s s+
 ʚ

ʩʪʘʪ ɺ ʛʘʨ ɺ

ʝ ʩʪʘʪ ʝ ʜʠʥf f

s

s s+
 

3 
ʪ

ʩʪʘʪ T ʚʠʧ T

ʝ ʩʪʘʪ ʝ ʜʠʥf f

s

s s+
 ʚ

ʩʪʘʪ ɺ ʚʠʧ ɺ

ʝ ʩʪʘʪ ʝ ʜʠʥf f

s

s s+
 

4 
4 _ *

ʪ

ʩʫʤ ʊ

ʝ ʜʠʥf

s

s
 

4 _ *

ʚ

ʩʫʤ ɺ

ʝ ʜʠʥf

s

s
 

5 
ʪ

ʩʪʘʪ T ʛʘʨ T ʚʠʧ T

ʝ ʩʪʘʪ ʝ ʜʠʥ ʝ ʜʠʥf f f

s

s s s+ +
 ʚ

ʩʪʘʪ ɺ ʛʘʨ ɺ ʚʠʧ ɺ

ʝ ʩʪʘʪ ʝ ʜʠʥ ʝ ʜʠʥf f f

s

s s s+ +
 

ʇʨʠʤʽʪʢʘ: ɼʣʷ ʝʣʝʤʝʥʪʽʚ, ʚʠʢʦʥʘʥʘʥʠʭ ʽʟ ʘʥʽʟʦʪʧʦʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʜʦʜʘʪʢʦʚʦ ʚʨʘʭʦʚʫʻʪʴʩʷ ʢʦʝʬʽʮʽʝʥʪ ʙʝʟʧʝʢʠ k = 1.25, ʷʢʠʡ ʻ ʤʥʦʞʥʠʢʦʤ ʜʦ 

ʽʥʰʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ. 

 ʄʘʢʩʠʤʘʣʴʥʽ ʩʫʤʘʨʥʽ ʝʢʚʽʚʘʣʝʥʪʥʽ ʥʘʧʨʫʞʝʥʥʷ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʚʠʧʘʜʢʘʤ (ʪʘʙʣ.3.11) ʪʘ ʚʽʜʧʦʚʽʜʥʽ ʾʤ ʢʦʝʬʽʮʽʻʥʪʠ ʟʘʧʘʩʽʚ 

ʤʽʮʥʦʩʪʽ ʧʨʠʚʝʜʝʥʽ ʚ ʪʘʙʣ.3.12.  
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ʊʘʙʣʠʮʷ 3.12 

ʄʘʢʩʠʤʘʣʴʥʽ ʚʝʣʠʯʠʥʠ ʥʘʧʨʫʞʝʥʥʴ ʪʘ ʚʽʜʧʦʚʽʜʥʽ ʾʤ ʢʦʝʬʽʮʽʻʥʪʠ ʟʘʧʘʩʽʚ 

ʤʽʮʥʦʩʪʽ ʚ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʘʭ ʅʉ PolyItan-2-SAU 

ʈʦʟʨʘʭʫʥʢʦʚʠʡ 

ʚʠʧʘʜʦʢ 
ʅʘʧʨʫʞʝʥʥʷ, ʄʇʘ ʊh  ɺh  

1 140.70 1.53 1.74 

2 170.48 1.19 1.69 

3 149.28 1.42 1.62 

4 128.45 1.22 1.58 

5 179.06 1.12 1.30 

 

 ɸʥʘʣʽʟ ʤʽʮʥʦʩʪʽ ʧʦʢʘʟʘʚ, ʱʦ ʥʘʡʙʽʣʴʰ ʥʝʙʝʟʧʝʯʥʠʤ  ̒ ʨʦʟʨʘʭʫʥʢʦʚʠʡ 

ʚʠʧʘʜʦʢ ˉ5 ʚ ʥʘʧʨʷʤʢʫ ʜʽʾ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦ ʦʩʽ X. ɼʣʷ ʥʴʦʛʦ ʢʦʝʬʽʮʽʻʥʪ ʟʘʧʘʩʫ 

ʤʽʮʥʦʩʪʽ ʨʽʚʥʠʡ –ˏ  ρȢρς. ʅʘʡʙʽʣʴʰ ʥʝʙʝʟʧʝʯʥʠʤ ʤʽʩʮʝʤ ʻ ʟʦʥʘ ʢʨʽʧʣʝʥʥʷ 

ʢʨʦʥʰʪʝʡʥʽʚ ʉʆʉ ʜʦ ʧʝʨʝʤʠʯʦʢ ʥʝʩʫʯʦʛʦ ʢʘʨʢʘʩʫ, ʤʘʢʩʠʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ 

ʩʪʘʥʦʚʣʷʪʴ 179.06 ʄʇʘ. ɼʣʷ ʧʣʘʪ ɽʇ ʢʨʠʪʠʯʥʠʤ ʻ ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʚʠʧʘʜʦʢ ˉ4 

ʧʨʠ ʥʘʚʘʥʪʘʞʝʥʴ ʧʦ ʦʩʽ Z. ɼʣʷ ʥʴʦʛʦ ʤʘʢʩʠʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ (19.6 ʄʇʘ) 

ʜʦʩʷʛʘʶʪʴʩʷ ʙʽʣʷ ʤʽʩʮʷ ʢʨʽʧʣʝʥʥʷ 3-ʦʾ ʧʣʘʪʠ ɽʇ ʜʦ ʥʘʙʽʨʥʦʾ ʩʪʽʡʢʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʤʽʮʥʽʩʪʥʦʛʦ ʘʥʘʣʽʟʫ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʽʮʥʽʩʪʴ ʅʉ PolyItan-2-

SAU ʥʘ ʝʪʘʧʽ ʚʠʚʝʜʝʥʥʷ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ. 

ɺʠʩʥʦʚʢʠ ʟʘ ʨʦʟʜʽʣʦʤ 3 

1. ɺʧʝʨʰʝ ʩʪʚʦʨʝʥʘ ʜʠʥʘʤʽʯʥʘ ʜʠʩʢʨʝʪʥʘ ʽʤʽʪʘʮʽʡʥʘ ʤʦʜʝʣʴ ʅʉ PolyItan-

2-SAU. 

2. ɺʧʝʨʰʝ ʦʪʨʠʤʘʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʥʘʧʨʫʞʝʥʴ ʚ ʝʣʝʤʝʥʪʘʭ 

ʢʦʥʩʪʨʫʢʮʽʾ ʅʉ ʧʨʠ ʜʽʾ ʥʘʚʘʥʪʘʞʝʥʴ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʝʪʘʧʫ 

ʚʠʚʝʜʝʥʥʷ.  

3. ɺʠʟʥʘʯʝʥʽ ʥʘʡʙʽʣʴʰ ʥʝʙʝʟʧʝʯʥʽ ʤʽʩʮʷ ʢʦʥʩʪʨʫʢʮʽʾ. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ 

ʤʽʮʥʦʩʪʽ ʅʉ ʧʦ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤ ʽ ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ. 

ɼʘʥʽ ʢʦʥʩʝʨʚʘʪʠʚʥʽ ʦʮʽʥʢʠ ʤʽʮʥʦʩʪʽ. 
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4. ɼʦʩʣʽʜʞʝʥʦ ʚʣʘʩʥʽ ʯʘʩʪʦʪʠ ʢʦʣʠʚʘʥʴ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʅʉ.ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʽʥʽʤʘʣʴʥʘ ʚʣʘʩʥʘ ʯʘʩʪʦʪʘ ʢʦʣʠʚʘʥʴ ʩʢʣʘʜʘʻ ʞ 

325 ɻʮ. 

5. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʣʷ ʜʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʅʉ ʛʘʨʤʦʥʽʯʥʽ ʚʽʙʨʘʮʽʾ ʥʝ 

ʚʥʦʩʷʪʴ ʩʫʪʪʻʚʦʛʦ ʚʥʝʩʢʫ ʚ ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ, ʦʩʢʽʣʴʢʠ ʚ ʧʦʣʦʩʽ ʜʽʾ 

ʛʘʨʤʦʥʽʯʥʠʭ ʚʽʙʨʘʮʽʡ ʚʽʜʩʫʪʥʽ ʨʝʟʦʥʘʥʩʠ. 

6. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʽʮʥʽʩʪʴ ʅʉ ʥʘ ʝʪʘʧʽ ʚʠʚʝʜʝʥʥʷ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ. 

ʄʽʥʽʤʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʟʘʧʘʩʫ ʤʽʮʥʦʩʪʽ ʩʢʣʘʜʘʻ 1.12ʊh=  ʽ ʚʽʜʧʦʚʽʜʘʻ 

ʨʦʟʨʘʭʫʥʢʦʚʦʤʫ ʚʠʧʘʜʢʫ ˉ5 ʧʨʠ ʜʽʾ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. 

ʇʨʠ ʮʴʦʤʫ, ʥʘʡʙʽʣʴʰ ʢʨʠʪʠʯʥʠʤ ʟ ʪʦʯʢʠ ʟʦʨʫ ʤʽʮʥʦʩʪʽ ʻ ʧʝʨʝʤʠʯʥʘ 

ʥʝʩʫʯʦʛʦ ʢʘʨʢʘʩʫ ʙʽʣʷ ʤʽʩʮʷ ʢʨʽʧʣʝʥʥʷ ʢʨʦʥʰʪʝʡʥʫ ʉʆʉ. 
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4 ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅɽ ɼʆʉʃɯɼɾɽʅʅʗ ʄɯʎʅʆʉʊɯ ʊɸ 
ɺɽʈʀʌɯʂɸʎɯʗ ʉɽʄ ʅʉ POLYITAN -2-SAU 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʚʽʜʧʨʘʮʶʚʘʥʥʷ, ʙʫʜʫʯʠ ʧʨʠʨʦʜʥʠʤ ʧʨʦʜʦʚʞʝʥʥʷʤ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʘʧʘʨʘʪʫ, ʟʘʚʝʨʰʫʻ ʧʨʦʮʝʩ ʩʪʚʦʨʝʥʥʷ ʂɸ. ʆʜʥʘʢ ʚʦʥʦ ʻ ʥʝ ʪʽʣʴʢʠ 

ʢʽʥʮʝʚʦʶ ʣʘʥʢʦʶ, ʘʣʝ ʽ ʥʘʡʪʽʩʥʽʰʠʤ ʯʠʥʦʤ ʧʝʨʝʧʣʽʪʘʻʪʴʩʷ ʟ ʽʥʰʠʤʠ ʝʪʘʧʘʤʠ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʂɸ. ʄʝʪʦʶ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʂɸ ʻ ʜʦʚʝʜʝʥʥʷ 

ʂɸ ʚ ʮʽʣʦʤʫ, ʘ ʪʘʢʦʞ ʡʦʛʦ ʙʣʦʢʽʚ ʽ ʘʛʨʝʛʘʪʽʚ ʜʦ ʩʪʘʥʫ, ʱʦ ʧʦʚʥʽʩʪʶ ʟʘʜʦʚʦʣʴʥʷʻ 

ʚʠʤʦʛʘʤ ʪʝʭʥʽʯʥʦʛʦ ʟʘʚʜʘʥʥʷ. 

ʆʙ'ʻʢʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʚʠʧʨʦʙʫʚʘʥʴ ʻ ʤʘʢʝʪ ʜʦʩʣʽʜʥʦʛʦ ʟʨʘʟʢʘ, ʜʦʩʣʽʜʥʠʡ 

ʟʨʘʟʦʢ ʽ ʧʨʦʤʠʩʣʦʚʠʡ ʟʨʘʟʦʢ. ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʢʦʥʪʨʦʣʴʥʦ - ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

(ʧʨʠʡʤʘʣʴʥʠʭ) ʚʠʧʨʦʙʫʚʘʥʴ, ʪʦ ʚʦʥʠ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʧʝʨʝʚʽʨʢʫ ʰʪʘʪʥʦʛʦ 

ʚʠʨʦʙʫ ʥʘ ʚʽʜʩʫʪʥʽʩʪʴ ʚʠʨʦʙʥʠʯʠʭ ʜʝʬʝʢʪʽʚ. ʇʨʦʛʨʘʤʘ ʮʠʭ ʚʠʧʨʦʙʫʚʘʥʴ 

ʚʢʣʶʯʘʻ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʦʢʨʝʤʠʭ ʬʨʘʛʤʝʥʪʽʚ 

ʚʠʨʦʙʠ ʥʘ ʚʧʣʠʚ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʫʤʦʚ ʧʝʨʝʜ ʾʭ ʤʦʥʪʘʞʝʤ, ʘ ʪʘʢʦʞ ʢʦʤʧʣʝʢʩʥʽ 

ʚʠʧʨʦʙʫʚʘʥʥʷ ʩʠʩʪʝʤ ʽ ʧʽʜʩʠʩʪʝʤ ʧʽʩʣʷ ʤʦʥʪʘʞʫ. 

ʆʩʥʦʚʥʽ ʟʘʚʜʘʥʥʷ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʚʠʧʨʦʙʫʚʘʥʴ 

ʩʢʣʘʜʥʦʾ ʪʝʭʥʽʯʥʦʾ ʩʠʩʪʝʤʠ [1] ʮʝ: 

- ʆʮʽʥʢʘ ʧʨʘʚʠʣʴʥʦʩʪʽ ʦʩʥʦʚʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʽ ʩʭʝʤʥʠʭ ʨʽʰʝʥʴ, 

ʧʦʢʣʘʜʝʥʠʭ ʚ ʦʩʥʦʚʫ ʧʨʦʝʢʪʫ ʂɸ, ʢʦʨʠʛʫʚʘʥʥʷ ʾʭ ʚ ʧʨʦʮʝʩʽ ʚʽʜʧʨʘʮʶʚʘʥʥʷ. 

- ʇʝʨʝʚʽʨʢʘ ʽ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʘʛʨʝʛʘʪʽʚ ʂɸ, ʦʢʨʝʤʠʭ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʚʫʟʣʽʚ ʽ ʧʨʠʣʘʜʽʚ ʚ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʫʤʦʚʘʭ ʽ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʾʭ 

ʚʟʘʻʤʦʜʽʾ ʚ ʟʘʛʘʣʴʥʽʡ ʢʦʥʩʪʨʫʢʪʠʚʥʽʡ ʩʭʝʤʽ. 

- ɺʠʟʥʘʯʝʥʥʷ ʣʴʦʪʥʦ-ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʂɸ ʚ ʧʦʚʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʫʤʦʚ 

ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

- ɺʽʜʧʨʘʮʶʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʂɸ. 

ʆʜʥʽʻʶ ʽʟ ʯʘʩʪʠʥ ʝʢʩʧʝʨʝʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʘʮʝʟʜʘʪʥʽʩʪʽ ʂɸ ʻ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚʽʙʨʦʤʽʮʥʦʩʪʽ ʂɸ [ʢʫʯʘ ɻʆʉʊʦʚ ʚʩʝʭ ʩʪʨʘʥ] ʥʘ ʻʪʘʧʘʭ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ, ʚʠʚʝʜʝʥʥʷ ʪʘ ʦʨʙʽʪʽʣʴʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʣʠʰʝ ʝʪʘʧ ʚʠʚʝʜʝʥʥʷ. 

ʇʨʦʚʝʜʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʥʝʦʙʭʽʜʥʽ ʜʣʷ: 



 
 

86 

Å ʧʝʨʝʚʽʨʢʠ ʤʝʭʘʥʽʯʥʠʭ ʪʘ ʝʣʝʢʪʨʠʯʥʠʭ ʟôʻʜʥʘʥʴ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ 

ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ; 

Å ʚʠʟʥʘʯʝʥʥʷ ʚʽʜʛʫʢʫ ʢʦʥʩʪʨʫʢʮʽʾ ʥʘ ʟʦʚʥʽʰʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʥʘʧʨʠʢʣʘʜ 

ʚʠʧʘʜʢʦʚʽ ʚʽʙʨʘʮʽʾ) ʪʘ ʧʝʨʝʚʽʨʢʠ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʤʝʪʦʜʠʢ; 

Å ʟʘʭʠʩʪʫ ʚʽʜ ʥʝʧʝʨʝʜʙʘʯʝʥʠʭ ʷʚʠʱ (ʥʘʧʨʠʢʣʘʜ, ʧʘʨʘʤʝʪʨʠʯʥʦʾ 

ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʨʝʟʝʨʚʫʘʨʽʚ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ); 

Å ʚʠʟʥʘʯʝʥʥʷ ʜʠʥʘʤʽʯʥʦʛʦ ʚʥʝʩʦʢʫ ʫ ʧʨʦʝʢʪʥʽ ʽʥʝʨʮʽʡʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

 ʆʩʥʦʚʥʽ ʪʠʧʠ ʤʝʭʘʥʽʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʂɸ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ.4.1. 

ʊʘʙʣ.4.1.  

ɸʥʘʣʽʟ ʽ ʪʠʧʠ ʚʠʧʨʦʙʫʚʘʥʴ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʝʨʠʬʽʢʘʮʽʾ ʅʉ 

ʅʘʚʘʥʪʘʞʝʥʥʷ ʊʠʧ ʘʥʘʣʽʟʫ ʊʠʧ ʝʢʩʧʝʨʠʤʝʥʪʫ 

ʉʪʘʪʠʯʥʝ & ʢʚʘʟʽʩʪʘʪʠʯʥʝ ʉʪʘʪʠʯʥʠʡ ʘʥʘʣʽʟ 
ʉʪʘʪʠʯʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ 

ɻʘʨʤʦʥʽʯʥʽ ʚʽʙʨʘʮʽʾ 

ʇʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ ʚ 

ʥʠʟʴʢʦʯʘʩʪʦʪʥʦʤʫ 

ʜʽʘʧʘʟʦʥʽ 

ɸʥʘʣʽʟ ʧʝʨʝʭʽʜʥʠʭ 

ʧʨʦʮʝʩʽʚ  

ɸʥʘʣʽʟ ʯʘʩʪʦʪʥʦʛʦ ʚʽʜʛʫʢʫ 

ɻʘʨʤʦʥʽʯʥʽ ʚʽʙʨʘʮʽʾ 

ʂʚʘʟʽʛʘʨʤʦʥʽʯʥʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ 

ʥʠʟʴʢʦʯʘʩʪʦʪʥʦʤʫ 

ʜʽʘʧʘʟʦʥʽ 

ɸʥʘʣʽʟ ʯʘʩʪʦʪʥʦʛʦ ʚʽʜʛʫʢʫ 

ɸʥʘʣʽʟ ʧʝʨʝʭʽʜʥʠʭ 

ʧʨʦʮʝʩʽʚ 

ɻʘʨʤʦʥʽʯʥʽ ʚʽʙʨʘʮʽʾ 

ɺʽʙʨʘʮʽ ʾʰʠʨʦʢʦʩʤʫʛʦʚʦʛʦ 

ʜʽʘʧʘʟʦʥʫ (ʚʠʧʘʜʢʦʚʘ ʪʘ 

ʘʢʫʩʪʠʯʥʘ) 

ɸʥʘʣʽʟ ʚʠʧʘʜʢʦʚʠʭ 

ʚʽʙʨʘʮʽʡ 

ɺʽʙʨʦʘʢʫʩʪʠʯʥʠʡ ʘʥʘʣʽʟ 

ɺʠʧʘʜʢʦʚʽ ʚʽʙʨʘʮʽʾ 

ɸʢʫʩʪʠʯʥʠʡ ʰʫʤ 

ɯʤʧʫʣʴʩʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ 
ɸʥʘʣʽʟ ʧʝʨʝʭʽʜʥʠʭ 

ʧʨʦʮʝʩʽʚ 
ʋʜʘʨʥʠʡ ʪʝʩʪ 

ʊʠʩʢ 

ʉʪʘʪʠʯʥʠʡ ʘʥʘʣʽʟ 

ʊʝʨʤʦʬʫʥʢʮʽʦʥʘʣʴʥʠʡ 

ʘʥʘʣʽʟ 

ʉʪʘʪʠʯʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ 

ʊʝʨʤʦʬʫʥʢʮʽʦʥʘʣʴʥʽ 

ʚʠʧʨʦʙʫʚʘʥʥʷ 

ʊʝʤʧʝʨʘʪʫʨʘ ʊʝʨʤʦʧʨʫʞʥʽʡ ʘʥʘʣʽʟ 
ʊʝʤʧʝʨʘʪʫʨʥʽ 

ʚʠʧʨʦʙʫʚʘʥʥʷ 

 

4.1. ʇʦʩʪʘʥʦʚʢʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ɺ ʟʚʷʟʢʫ ʟ ʚʽʜʩʫʪʥʽʩʪʶ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʙʘʟʠ ʜʣʷ ʧʨʦʚʝʜʝʥʷ ʜʦʩʣʽʜʽʚ ʥʘ 

ʢʚʘʟʽʩʪʘʪʠʯʥʝ ʪʘ ʽʤʧʫʣʴʩʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʙʫʣʦ ʚʠʨʽʰʝʥʦ, ʪʘ ʧʦʛʦʜʞʝʥʦ ʟ 

ʟʘʤʦʚʥʠʢʦʤ, ʧʽʜʪʚʝʨʜʠʪʠ ʤʽʮʥʽʩʪʴ ʅʉ ʣʠʰʝ ʟʘ ʜʦʧʦʤʦʛʦʶ ʄʉɽ.  
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ʇʨʦʛʨʘʤʘ ʚʠʧʨʦʙʫʚʘʥʴ ʅʉ ʤʘʻ ʥʘʩʪʫʧʥʠʡ ʚʠʜ: 

¶ ɺʠʟʥʘʯʝʥʥʷ ʚʣʘʩʥʠʭ ʯʘʩʪʦʪ ʢʦʣʠʚʘʥʴ 

¶ ɻʘʨʤʦʥʽʯʥʽ ʚʽʙʨʘʮʽʾ 

¶ ɺʠʧʘʜʢʦʚʽ ʚʽʙʨʘʮʽʾ 

¶ ɺʠʟʥʘʯʝʥʥʷ ʚʣʘʩʥʠʭ ʯʘʩʪʦʪ ʢʦʣʠʚʘʥʴ 

ʇʘʨʘʤʝʪʨʠ ʥʘʚʘʥʪʘʞʝʥʴ ʜʣʷ ʚʠʧʨʦʴʫʚʘʥʴ ʧʨʠʚʝʜʝʥʽ ʚ ʪʘʙʣ.4.2 -4.4 

ɿ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʨʝʟʦʥʘʥʩʥʠʭ ʯʘʩʪʦʪ ʅʉ ʽ ʡʦʛʦ ʢʦʤʧʣʝʢʪʫʶʯʠʭ, ʘ 

ʪʘʢʦʞ ʜʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʥʝʨʫʡʥʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʚ ʧʨʦʮʝʩʽ ʚʽʙʨʦʤʽʮʥʽʩʪʥʠʭ 

ʚʠʧʨʦʙʫʚʘʥʴ (ʟʘ ʢʨʠʪʝʨʽʻʤ ʚʽʜʩʫʪʥʦʩʪʽ ʟʩʫʚʫ ʨʝʟʦʥʘʥʩʥʠʭ ʯʘʩʪʦʪ), ʜʦ ʽ ʧʽʩʣʷ 

ʧʨʦʚʝʜʝʥʥʷ ʚʽʙʨʦʤʽʮʥʽʩʪʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʧʦ ʢʦʞʥʽʡ ʟ ʦʩʝʡ ʚʠʨʦʙʫ ʧʨʦʚʦʜʷʪʴ 

ʚʽʙʨʘʮʽʡʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʛʘʨʤʦʥʽʯʥʠʤʠ ʚʽʙʨʘʮʽʷʤʠ ʤʘʣʦʛʦ ʨʽʚʥʷ (ʪʘʙʣ.4.1).  

ʊʘʙʣʠʮʷ 4.2.  

ɺʠʟʥʘʯʝʥʥʷ ʚʣʘʩʥʠʭ ʯʘʩʪʦʪ ʢʦʣʠʚʘʥʴ 

ʉʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ɻʎʉ
 

ʊʠʧ ʥʘʚʘʥʪʘʞʝʥʥʷ ɻʘʨʤʦʥʽʯʥʠʡ 

ʐʚʠʜʢʽʩʪʴ 

ʨʦʟʛʦʨʪʫʚʘʥʥʷ 
2 ʦʢʪʘʚʠ / ʭʚ 

ʊʘʙʣʠʮ ̫4.3.  

ʇʘʨʘʤʝʪʨʠ ʛʘʨʤʦʥʽʯʥʠʭ ʚʽʙʨʘʮʽʡ 

ʉʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ɻʎʉ
 

ʐʚʠʜʢʽʩʪʴ ʨʦʟʛʦʨʪʫʚʘʥʥʷ 2 ʦʢʪʘʚʠ/ʭʚ 

ʇʘʨʘʤʝʪʨʠ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʏʘʩʪʦʪʘ ɸʤʧʣʠʪʫʜʘ 

[ɻʮ] [g] 

5-100 2,5 

100-125 1,3 
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ʊʘʙʣʠʮʘ 4.4 

ʇʘʨʘʤʝʪʨʠ ʚʠʧʘʜʢʦʚʠʭ ʚʽʙʨʘʮʽʡ 

ʉʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ɻʎʉ
 

ʉʂɿ* ʧʨʠʩʢʦʨʝʥʥʴ, g, ʜʣʷ 

ʧʦʣʦʩʠ ʯʘʩʪʦʪ 20-2000 ɻʮ 
8,03 

ʊʨʠʚʘʣʽʩʪʴ 120 cʝʢ 

ʇʘʨʘʤʝʪʨʠ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʏʘʩʪʦʪʘ ʉʧʝʢʪʨʘʣʴʥʘ ʱʽʣʴʥʽʩʪʴ 

[ɻʮ] [g
2
/ ɻʮ] 

20 0.01125 

130 0.05625 

800 0.05625 

2000 0.015 

ʇʨʠʤ̔ʪʢʘ: *  - ʉʂɿ - ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʘ ʚʝʣʠʯʠʥʘ ʧʨʠʩʢʦʨʝʥʴ  

ʆʙʣʘʜʥʘʥʥʷ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʦʩʴ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʚʠʧʨʦʙʫʚʘʥʴ 

ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ.4.5. 

ʊʘʙʣʠʮʷ 4.5  

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

 ̄ ʅʘʟʚʘ ʄʦʜʝʣʴ ʅʦʤʝʨ 

 
ɽʣʝʢʪʨʦʜʠʥʘʤʽʯʥʠʡ ʚʽʙʨʘʮʽʡʥʠʡ 

ʩʪʽʣ 
V850 2.31.1.3 

 ɸʢʩʝʣʝʨʦʤʝʪʨ DeltaTron 4533-B - 

 ɺʽʙʨʘʮʽʡʥʠʡ ʢʦʥʪʨʦʣʣʝʨ Bruel and Kjaer - 7542 - 

 ʊʝʨʤʦʛʽʜʨʦʤʝʪʨ Testo 608-H1 511.8 

 

ʇʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʴ ʅʉ PolyItan-2-SAU (ʨʠʩ. 4.1ʙ) ʨʦʟʤʽʱʝʥʠʡ 

ʚ ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʦʤʫ ʢʦʥʪʝʡʥʝʨʽ (ʊʂ) (ʨʠʩ. 1ʘ). ʊʂ ʤʘʻ ʨʦʟʤʽʨʠ 125 Ĭ 125 Ĭ 

240 ʤʤ ʽ ʤʘʩʫ 1.8 ʢʛ. ɿʘʛʘʣʴʥʘ ʤʘʩʘ ʅʉ ʪʘ ʊʂ ʩʢʣʘʜʘʻ 3,6 ʢʛ.  
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ɽʣʝʤʝʥʪʠ ʅʉ, ʱʦ ʨʦʟʢʨʠʚʘʶʪʴʩʷ (ʘʥʪʝʥʘ, ʰʪʘʥʛʘ ʤʘʛʥʽʪʦʤʝʪʨʘ) ʟʥʘʭʦʜʠʪʴʩʷ 

ʚ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʧʦʣʦʞʝʥʥʽ. 

 

ʘ 

 

ʙ 

ʈʠʩ.4.1. ʊʨʘʥʩʧʦʨʪʫʚʘʣʴʥʠʡ ʢʦʥʪʝʡʥʝʨ ï ʘ, ʛʝʦʤʝʪʨʠʯʥʘ ʤʦʜʝʣʴ ʅʉ 

PolyItan-2-SAU ʪʘ ʛʦʣʦʚʥʘ ʮʝʥʪʨʘʣʴʥʘ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ (ɻʎʉ) - ʙ 

 

 

ʈʠʩ.4.2. ʅʉ PolyItan-2, ʱʦ ʨʦʟʤʽʱʝʥʠʡ ʥʘ ʚʽʙʨʦʩʪʝʥʜʽ 
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ʈʠʩ.4.3. ɺʠʟʥʘʯʝʥʥʷ ʚʣʘʩʥʠʭ ʯʘʩʪʦʪ ʢʦʣʠʚʘʩʴ ʅʉ PolyItan-2 ʚʽʜʥʦʩʥʦ ʚʽʩʽ Z 

ʄʽʩʮʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʘʢʩʝʣʝʨʦʤʝʪʨʽʚ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ.6 ʪʘ ʨʠʩ.4.4-4.8. 
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ʊʘʙʣʠʮʷ 4.6.  

ʄʽʩʮʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʘʢʩʝʣʝʨʦʤʝʪʨʽʚ 

ɺʠʧʨʦʙʫʚʘʥʥʷ ɸʢʩʝʣʝʨʦʤʝʪʨ 

 1 2 3 

  ɺʠʟʥʘʯʝʥʥʷ ʚʣʘʩʥʠʭ ʯʘʩʪʦʪ ʢʦʣʠʚʘʥʴ 

ʚʽʩʴ X ʚʽʙʨʦʩʪʝʥʜ ʧʘʥʝʣʴ X+ ʚʝʨʭ ʊʂ ʚʝʨʭ 

ʚʽʩʴ Y ʚʽʙʨʦʩʪʝʥʜ ʧʘʥʝʣʴ Y+ ʚʝʨʭ ʊʂ ʚʝʨʭ 

ʚʽʩʴ Z ʚʽʙʨʦʩʪʝʥʜ ʬʽʧʝʢʩ - 

ɻʘʨʤʦʥʽʯʥʽ ʚʽʙʨʘʮʽʾ 

ʚʽʩʴ x ʚʽʙʨʦʩʪʝʥʜ ʧʘʥʝʣʴ X- (ʩʝʨʝʜʠʥʘ) ʊʂ ʚʝʨʭ 

ʚʽʩʴ Y ʚʽʙʨʦʩʪʝʥʜ ʧʘʥʝʣʴ Y+ ʚʝʨʭ 
ʢʨʦʥʰʪʝʡʥ 

ʤʘʭʦʚʠʢʘ 

ʚʽʩʴ Z ʚʽʙʨʦʩʪʝʥʜ ʬʽʧʝʢʩ  - 

ɺʠʧʘʜʢʦʚʽ ʚʽʙʨʘʮʽʾ 

ʚʽʩʴ x ʚʽʙʨʦʩʪʝʥʜ ʧʘʥʝʣʴ X+ (ʩʝʨʝʜʠʥʘ) 
ʢʨʦʥʰʪʝʡʥ 

ʤʘʭʦʚʠʢʘ 

ʚʽʩʴ Y ʚʽʙʨʦʩʪʝʥʜ ʧʘʥʝʣʴ Y+ (ʩʝʨʝʜʠʥʘ) 
ʢʨʦʥʰʪʝʡʥ 

ʤʘʭʦʚʠʢʘ 

ʚʽʩʴ Z ʚʽʙʨʦʩʪʝʥʜ ʬʽʧʝʢʩ  - 
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ʈʠʩ.4.4. ʈʦʟʪʘʰʫʚʘʥʥʷ 1-ʛʦ ʪʘ 2-ʛʦ ʘʢʩʝʣʝʨʦʤʝʪʨʽʚ ʧʨʠ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʥʘ 

ʛʘʨʤʦʥʽʯʥʽ ʚʽʙʨʘʮʽʾ ʧʦ ʚʽʩʽ ʍ 

 

 

ʈʠʩ.4.5. ʈʦʟʪʘʰʫʚʘʥʥʷ 3-ʛʦ ʘʢʩʝʣʝʨʦʤʝʪʨʘ ʧʨʠ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʥʘ ʚʠʧʘʜʢʦʚʽ 

ʚʽʙʨʘʮʽʾ ʧʦ ʚʽʩʽ ʍ 
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ʈʠʩ.4.6. ʈʦʟʪʘʰʫʚʘʥʥʷ ʘʢʩʝʣʝʨʦʤʝʪʨʽʚ ʧʨʠ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʥʘ ʛʘʨʤʦʥʽʯʥʽ 

ʚʽʙʨʘʮʽʾ ʧʦ ʚʽʩʽ Y 

 

 

ʈʠʩ.4.7. ʈʦʟʪʘʰʫʚʘʥʥʷ 3-ʛʦ ʘʢʩʝʣʝʨʦʤʝʪʨʘ ʧʨʠ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʥʘ ʚʠʧʘʜʢʦʚʽ 

ʚʽʙʨʘʮʽʾ ʧʦ ʚʽʩʽ Y 
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ʈʠʩ.4.8. ʈʦʟʪʘʰʫʚʘʥʥʷ ʘʢʩʝʣʝʨʦʤʝʪʨʽʚ ʧʨʠ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʥʘ ʪʠʧʠ ʥʘʚʘʥʪʘʞʝʥʴ 

ʧʦ ʚʽʩʽ Z 

 

4.2. ʈʝʟʫʣʴʪʘʪʠ ʜʠʥʘʤʽʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʅʉ 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ (ʨʠʩ.4.9-4.11, ʪʘʙʣ.4.7) ʧʦ 

ʚʠʟʥʘʯʝʥʥʶ ʘʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ɸʏʍ) ʚʩʪʘʥʦʚʠʣʠ, ʱʦ ʥʠʞʥʷ 

ʨʝʟʦʥʘʥʩʥʘ ʯʘʩʪʦʪʘ ʢʦʣʠʚʘʥʴ ʅʉ ʚʽʜʧʦʚʽʜʘʻ ʧʘʨʮʽʘʣʴʥʽʡ ʚʣʘʩʥʽʡ ʯʘʩʪʦʪʽ 

ʢʦʣʠʚʘʥʴ ʩʦʪʦʧʘʥʝʣʽ Y+ ʽ ʜʦʨʽʚʥʶʻ 94 ɻʮ, ʱʦ ʚʠʱʝ ʤʽʥʽʤʘʣʴʥʦʛʦ ʜʦʧʫʩʪʠʤʦʛʦ 

ʟʥʘʯʝʥʥʷ (90 ɻʮ). ʄʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʨʽʟʥʠʮʽ ʚʣʘʩʥʠʭ ʯʘʩʪʦʪ ʜʦʨʽʚʥʶʻ 4,6%, 

ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʽʜʩʫʪʥʽʩʪʴ ʜʝʬʝʢʪʽʚ ʚ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʘʭ ʅʉ [QB50-

System requiremets]. 
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ʈʠʩ.4.9. ɺʣʘʩʥʽ ʯʘʩʪʦʪʠ ʢʦʣʠʚʘʥʴ ʅʉ (ʚʽʩʴ ʍ)  

 

ʈʠʩ.4.10. ɺʣʘʩʥʽ ʯʘʩʪʦʪʠ ʢʦʣʠʚʘʥʴ ʅʉ (ʚʽʩʴ Y) 
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ʈʠʩ.4.11. ɺʣʘʩʥʽ ʯʘʩʪʦʪʠ ʢʦʣʠʚʘʥʴ ʅʉ (ʚʽʩʴ Z) 

 

ʊʘʙʣʠʮʷ 4.7.  

ɺʣʘʩʥʽ ʯʘʩʪʦʪʠ ʢʦʣʠʚʘʥʴ ʅʉ PolyItan-2 

ɺʽʩʴ 
ʄʦʜʘ 

ˉ 

ʏʘʩʪʦʪʘ (ɻʮ) 

ʧʝʨʰʠʡ ʜʦʩʣʽʜ 

ʏʘʩʪʦʪʘ (ɻʮ) 

ʜʨʫʛʠʡ ʜʦʩʣʽʜ 
ʈʦʟʙʽʞʥʽʩʪʴ (%) 

X 
1 168 161 4.4 

2 278 271 2.6 

Y 
1 98 94 4.1 

2 239 230 2.9 

Z 
1 228 218 4.6 

2 420 411 2.2 

 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʠʧʨʦʙʫʚʘʥʴ ʅʉ ʥʘ ʛʘʨʤʦʥʽʯʥʽ ʚʽʙʨʘʮʽʾ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʚʽʙʨʦʧʨʠʩʢʦʨʝʥʴ ʚʽʜʛʫʢʫ ʩʢʘʜʘʻ 2.91 g ʽ ʜʦʩʷʛʘʻʪʴʩʷ ʥʘ 

ʧʘʥʝʣʽ ʍ- ʧʨʠ ʥʘʚʘʥʪʘʞʝʥʥʽ ʅʉ ʦʩʽ ʍ ʥʘ ʯʘʩʪʦʪʽ 121 ɻʮ (ʨʠʩ.4.12). ɼʣʷ ʦʩʽ Y 

ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʚʽʙʨʦʧʨʠʩʢʦʨʝʥʥʷ ʩʪʘʥʦʚʠʪʴ 2,48 g, ʜʦʩʷʛʘʻʪʴʩʷ ʥʘ 
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ʧʘʥʝʣʽ Y + ʥʘ ʯʘʩʪʦʪʽ 112 ɻʮ (ʨʠʩ.4.13). ʇʨʠ ʥʘʚʘʥʪʘʞʝʥʽ ʅʉ ʧʦ ʦʩʽ Z 

ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʚʽʙʨʦʧʨʠʩʢʦʨʝʥʴ ʩʢʣʘʜʘʻ 1,91 g ʽ ʜʦʩʷʛʘʻʪʴʩʷ ʥʘ FIPEX 

ʥʘ ʯʘʩʪʦʪʽ 125 ɻʮ (ʨʠʩ.4.14).  

 

ʈʠʩ.4.12. ɺʽʙʨʦʧʨʠʩʢʦʨʝʥʥʷ ʚʽʜʛʫʢʫ ʧʨʠ ʛʘʨʤʦʥʽʯʥʠʭ ʢʦʣʠʚʘʥʥʷʭ (ʚʽʩʴ ʍ)  

ʈʠʩ.4.13. ɺʽʙʨʦʧʨʠʩʢʦʨʝʥʥʷ ʚʽʜʛʫʢʫ ʧʨʠ ʛʘʨʤʦʥʽʯʥʠʭ ʢʦʣʠʚʘʥʥʷʭ (ʚʽʩʴ Y) 
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ʈʠʩ.4.14. ɺʽʙʨʦʧʨʠʩʢʦʨʝʥʥʷ ʚʽʜʛʫʢʫ ʧʨʠ ʛʘʨʤʦʥʽʯʥʠʭ ʢʦʣʠʚʘʥʥʷʭ (ʚʽʩʴ Z) 

ʊʘʙʣʠʮʷ 4.8.  

ʈʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʛʘʨʤʦʥʽʯʥ ̔ʚʽʙʨʘʮʽ ʾ

 

ɺʠʧʨʦʙʫʚʘʥʷ ʅʉ ʥʘ ʚʠʧʘʜʢʦʚʽ ʚʽʙʨʘʮʽʾ ʧʦʢʘʟʘʣʠ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʘ 

ʜʠʩʧʝʨʩʽʷ ʚʽʙʨʦʧʨʠʩʢʦʨʝʥʴ ʚʽʜʛʫʢʫ ʩʢʣʘʜʘʻ 508g
2
 ʽ ʜʦʩʷʛʘʻʪʴʩʷ ʥʘ ʧʘʥʝʣʽ ʍ- ʧʨʠ 

ʥʘʚʘʥʪʘʞʝʥʥʽ ʧʦ ʦʩʽ X (ʨʠʩ.4.15). ɼʣʷ Y-ʦʩʽ, ʤʘʢʩʠʤʘʣʴʥʘ ʜʠʩʧʝʨʩʽʷ 

ʚʽʙʨʦʧʨʠʩʢʦʨʝʥʴ ʚʽʜʛʫʢʫ ʩʪʘʥʦʚʠʪʴ 18g
2
 ʽ ʜʦʩʷʛʘʻʪʴʩʷ ʥʘ ʧʘʥʝʣʽ Y+ (ʨʠʩ.4.16). 

ɼʣʷ ʦʩʽ-Z - 144g
2
 ʥʘ FIPEX (ʨʠʩ.4.17).  

 

ʊʘʙʣʠʮʷ 4.9.  
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ɸʢʩʝ

ʣʝʨʦʤ

ʝʪʨ 

ʚ̔ ʩʴ X ʚʽʩʴ Y ʚʽʩʴ Z 

ʇʨʠʩʢʦʨʝʥʥʷ,

g 

ʏʘʩʪʦʪʘ

,ɻʮ 

ʇʨʠʩʢʦʨʝʥʥʷ,

g 

ʏʘʩʪʦʪʘ

,ɻʮ 

ʇʨʠʩʢʦʨʝʥʥʷ, 

g 

ʏʘʩʪʦʪʘ

, ɻʮ 

2 3,65 121 2,48 112 1,91 125 

3 1,83 121 1,72 124 - - 


































