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ɸʅʆʊɸʎɯʗ 

ʂʦʤʽʩʘʨʝʥʢʦ ʆ.ʉ. ɯʥʬʦʣʦʛʽʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʩʪʚʦʨʝʥʥʷ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ï ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ 

ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 05.13.06 çɯʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾè. ï ʅʘʮʽʦʥʘʣʴʥʠʡ 

ʪʨʘʥʩʧʦʨʪʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʄʽʥʽʩʪʝʨʩʪʚʘ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘʾʥʠ, ʂʠʾʚ, 2020. 

 

ɼʠʩʝʨʪʘʮʽʷ ʧʨʠʩʚʷʯʝʥʘ ʧʽʜʚʠʱʝʥʥʶ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʦʧʠʩʫ 

ʪʝʭʥʦʣʦʛʽʾ ʩʪʚʦʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʌʄ). ʇʨʠ ʤʦʜʝʣʶʚʘʥʥʽ 

ʧʨʦʮʝʩʽʚ ʟʛʽʜʥʦ ʟʘʤʦʚʣʝʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʦʥʠ ʧʦʢʠ ʱʝ ʥʝ 

ʦʧʠʩʘʥʽ ʚ ʧʦʚʥʽʡ ʤʽʨʽ ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ (ɯʊ). 

ʊʦʤʫ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʽʥʬʦʣʦʛʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʧʨʦʮʝʩʽʚ ʩʪʚʦʨʝʥʥʷ 

ʥʦʚʠʭ ʜʣʷ ʤʘʡʙʫʪʥʴʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʥʦ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʪʘ 

ʢʦʥʩʪʨʫʢʮʽʡʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʫ ʥʝʩʪʘʮʽʦʥʘʨʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 

ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʙʝʟʧʝʢʠ ʦʙôʻʢʪʽʚ ʪʝʭʥʦʛʝʥʥʦ ʧʨʠʨʦʜʥʠʭ ʢʦʤʧʣʝʢʩʽʚ (ʊʇʂ) 

ʩʢʣʘʜʥʠʭ ʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤ (ʉɼʉ). 

ʋ ʚʩʪʫʧʽ ʥʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ 

ʚʽʜʦʤʠʭ ʧʫʙʣʽʢʘʮʽʡ ʦʙˇʨʫʥʪʦʚʘʥʦ ʘʢʪʫʘʣʴʥʽʩʪʴ ʚʠʙʨʘʥʦʾ ʪʝʤʠ ʽ ʧʦʩʪʘʚʣʝʥʦ 

ʥʘʫʢʦʚʝ ʟʘʚʜʘʥʥʷ, ʧʦʢʘʟʘʥʦ ʟʚ'ʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ 

ʽ ʪʝʤʘʤʠ. ɺʠʟʥʘʯʝʥʦ ʧʨʝʜʤʝʪ, ʦʙôʻʢʪ ʪʘ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʚʠʟʥʘʯʝʥʦ 

ʤʝʪʦʜʠ ʾʭ ʨʽʰʝʥʥʷ. ʅʘʜʘʥʘ ʥʘʫʢʦʚʘ ʥʦʚʠʟʥʘ, ʧʨʘʢʪʠʯʥʘ ʟʥʘʯʠʤʽʩʪʴ 

ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʧʫʙʣʽʢʘʮʽʾ ʽ ʘʧʨʦʙʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʩʪʚʦʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʌʄ). 

ʇʝʨʰʠʡ ʨʦʟʜʽʣ çɸʥʘʣʽʟ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ 

ʩʪʚʦʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚè. ʋ ʩʢʣʘʜʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ 

ʽʥʞʝʥʝʨʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʽʛʫ ʟʘ ʢʨʠʪʝʨʽʷʤʠ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ ʪʘ ʧʨʘʢʪʠʯʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʥʘʥʦ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʨʦʟʚ'ʷʟʘʥʥʷ ʘʢʪʫʘʣʴʥʠʭ ʟʘʜʘʯ 

ɯʊ. ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʧʦʢʘʟʘʣʠ, ʱʦ ʽʩʥʫʶʯʽ ʤʝʪʦʜʠ 

ʨʦʟʚ'ʷʟʘʥʥʷ ʟʘʜʘʯ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʩʪʚʦʨʝʥʥʷ ʌʄ ʥʝ ʚʨʘʭʦʚʫʶʪʴ 
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ʩʧʝʮʠʬʽʢʫ ʫʤʦʚ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʝʨʛʘʪʠʯʥʠʭ ʚʟʘʻʤʦʚʽʜʥʦʰʝʥʴ ʤʽʞ IAʉ ʫ 

ʪʠʤʯʘʩʦʚʦ ʩʧʽʣʴʥʽʡ ʇɽɺʆ ʟ ʻʜʠʥʠʤ ʽʥʬʦʨʤʘʮʽʡʥʠʤ ʧʨʦʩʪʦʨʦʤ (ɭɯʇ). 

ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʜʞʝʨʝʣ ʩʚʽʜʯʠʪʴ, ʱʦ ʢʦʞʝʥ ʝʢʩʧʝʨʪ ʟʘʩʪʦʩʦʚʫʻ ʚʣʘʩʥʽ 

ʇɸʂ, ʷʢʠʤ ʚʽʥ ʚʦʣʦʜʽʻ. ɺʥʘʩʣʽʜʦʢ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʦʾ ʨʦʟʙʽʞʥʦʩʪʽ 

ʦʙʽʟʥʘʥʦʩʪʝʡ IAʉ ʪʘ ʧʨʦʷʚʫ ʧʨʠʨʦʜʥʦʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ (ʩʢʣʘʜʥʦʩʪʽ ʧʦʚʥʦʛʦ 

ʦʧʠʩʫ ʽʥʩʪʨʫʢʮʽʡ ʧʦ ʝʢʩʧʣʫʘʪʘʮʽʾ ʢʦʥʢʨʝʪʥʠʭ ʧʨʦʛʨʘʤ ʜʘʥʦʛʦ ʨʦʟʨʦʙʥʠʢʘ) 

ʧʨʠ ʩʭʦʞʦʩʪʽ ʦʨʠʛʽʥʘʣʴʥʠʭ ʦʙôʻʢʪʠʚ ʪʘ ʽʥʥʦʚʘʮʽʡʥʦʾ ʚʽʜʤʽʥʥʦʩʪʽ ʟʘʤʦʚʣʝʥʠʭ 

ʩʧʝʮʽʘʣʽʟʘʮʽʡ ʚʠʥʠʢʘʻ ʪʝʨʤʽʥʦʣʦʛʽʯʥʘ ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʦʚʠʭ 

ʤʦʜʝʣʝʡ. ʅʘʧʨʠʢʣʘʜ, ʥʝ ʪʦʪʦʞʥʽ ʤʦʜʝʣʽ ʟʘ ʮʽʣʷʤʠ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ 

ʟʥʘʥʥʷ: ʛʝʦʤʝʪʨʽʾ ʪʘ ʪʦʧʦʣʦʛʽʾ; ʭʽʤʽʯʥʠʭ ʩʧʦʣʫʢ ʪʘ ʬʽʟʠʯʥʠʭ ʩʪʘʥʽʚ ʨʝʯʦʚʠʥʠ; 

ʪʝʨʤʦʜʠʥʘʤʽʢʠ ʟʦʚʥʽʰʥʽʭ ʚʽʜʥʦʰʝʥʴ ʪʘ ʚʥʫʪʨʽʰʥʽʭ ʷʚʠʱ ʩʪʽʡʢʦʩʪʽ ʙʫʜʦʚʠ 

ʧʨʠʨʦʜʥʠʭ ʪʘ ʰʪʫʯʥʠʭ ʌʄ. ʊʦʤʫ ʯʘʩʪʽʰʝ ʘʚʪʦʨʠ ʟʚʦʜʷʪʴ ʧʨʦʙʣʝʤʫ ʜʦ 

ʨʦʟʚôʷʟʢʫ ʯʘʩʪʢʦʚʦʾ ʘʢʪʫʘʣʴʥʦʾ ʟʘʜʘʯʽ. ɼʣʷ ʮʴʦʛʦ ʚʦʥʠ ʨʝʢʦʤʝʥʜʫʶʪʴ ʥʦʚʽ 

ʤʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. ɸʣʝ ʪʘʢʠʡ ʧʽʜʭʽʜ ʚʠʤʘʛʘʻ ʧʦʚʥʦʛʦ ʟʥʘʥʥʷ ʦʙʣʘʩʪʽ 

ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ɯʊ ʪʘ ʧʨʦʛʨʘʤʥʦ-ʘʧʘʨʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʫ. ɿ ʧʨʠʯʠʥ 

ʚʽʜʩʫʪʥʦʩʪʽ ʷʢʽʩʥʠʭ ʦʧʠʩʽʚ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ IAʉ-ʆʇʈ ï ʤʘʡʙʫʪʥʽʡ 

ʩʧʦʞʠʚʘʯ ɯʊ ʚʩʝ ʮʝ ʚ ʧʦʚʥʽʡ ʤʽʨʽ ʥʝ ʟʥʘʻ. ʅʘ ʚʩʽʭ ʨʽʚʥʷʭ ʽʻʨʘʨʭʽʯʥʠʭ 

ʚʟʘʻʤʦʜʽʡ ʨʽʟʥʠʭ ʬʘʭʽʚʮʽʚ, ʝʢʩʧʝʨʪʠ ʤʘʶʪʴ ʚʣʘʩʥʽ ʟʘʩʦʙʠ ɯʊ, ʩʭʦʚʠʱʘ ʜʘʥʠʭ 

ʪʘ ʙʘʛʘʪʦ ʜʦʜʘʪʢʽʚ. ʅʘ ʦʩʥʦʚʽ ʚʠʢʦʥʘʥʦʛʦ ʘʥʘʣʽʟʫ ʩʫʯʘʩʥʠʭ ʧʨʦʛʨʘʤʥʠʭ 

ʟʘʩʦʙʽʚ ɯʊ ʧʦʩʪʘʚʣʝʥʦ ʯʘʩʪʢʦʚʽ ʟʘʜʘʯʽ ʟʘ ʪʝʤʦʶ ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢʽ ʘʢʪʫʘʣʴʥʽ ʡ 

ʤʘʶʪʴ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ. 

ɼʨʫʛʠʡ ʨʦʟʜʽʣ çʆʙˇʨʫʥʪʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʩʪʚʦʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʟʘʩʦʙʘʤʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡè. ʇʨʦʚʝʜʝʥʦ 

ʩʪʨʫʢʪʫʨʠʟʘʮʽʶ ʤʦʜʝʣʝʡ ʽ ʤʝʪʦʜʽʚ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʚʠʢʦʥʘʥʥʷ ʬʫʥʢʮʽʡ ʽ ʟʘʚʜʘʥʴ 

ʧʦʣʽʝʨʛʘʪʠʯʥʠʭ ʚʠʨʦʙʥʠʯʠʭ ʦʨʛʘʥʽʟʘʮʽʡ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʌʄ. ɿʘʚʞʜʠ ʫ 

ʣʶʜʩʴʢʽʡ ʜʽʷʣʴʥʦʩʪʽ ʪʘ ʧʦʰʫʢʘʭ ʥʦʚʠʭ ɯʊ ʚʠʥʠʢʘʶʪʴ ʥʝʚʠʟʥʘʯʝʥʽ ʟʘʜʘʯʽ. 

ɿʘʚʜʘʥʥʷ (ʟʘʤʦʚʣʝʥʥʷ) ʦʧʠʩʫʶʪʴ ʦʙôʻʢʪ ʪʘ ʩʧʽʣʴʥʫ ʚʟʘʻʤʦʜʽʶ ʦʨʠʛʽʥʘʣʴʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ ʚʽʜʥʦʰʝʥʴ ʟʘ ʧʦʪʨʝʙ ʚʽʜʢʨʠʪʠʭ ʩʠʩʪʝʤ ʧʨʘʢʪʠʢʠ. 

ɯʥʬʦʨʤʘʮʽʡʥʽ ʜʘʥʽ BigDate ʧʨʦ ʪʘʢʽ ʦʧʠʩʠ ʯʘʩʪʽʰʝ ʻ ʫ ʣʽʥʛʚʽʩʪʠʯʥʠʭ ʬʦʨʤʘʭ.  
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ɺ ʜʠʩʝʨʪʘʮʽʾ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʢʦʥʮʝʧʪʫʘʣʴʥʦ-ʩʝʤʘʥʪʠʯʥʘ ʮʽʣʴʦʚʘ ʤʦʜʝʣʴ 

(ʂʉʎʄ), ʱʦ ʻʜʥʘʻ ʧʽʜ ʦʜʥʠʤ ʢʦʜʦʤ ʪʨʽʡʢʫ ʧʦʥʷʪʴ (STC ï Space Time Code). 

ʋʥʽʬʽʢʘʮʽʷ ʟʘʙʝʟʧʝʯʠʣʘ ʦʮʽʥʢʫ ʪʘ ʚʠʙʽʨ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʤʽʞ ʨʦʟʤʽʨʘʤʠ 

ʯʘʩʪʠʥʦʢ ʩʧʦʣʫʢ ʨʝʘʛʫʶʯʠʭ ʜʣʷ ʫʪʚʦʨʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʨʝʯʦʚʠʥʠ. 

ʂʦʥʩʪʨʫʢʪʠʚʥʽ ʰʘʨʠ ʡ ʧʨʦʰʘʨʢʠ (ʨʽʟʥʦʾ ʪʦʚʱʠʥʠ) ʦʙʠʨʘʶʪʴʩʷ ʟʘ ʟʘʜʘʥʠʤʠ 

ʢʨʠʪʝʨʽʷʤʠ. ɼʦʩʣʽʜʞʝʥʦ ʫʤʦʚʠ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʾ ʨʝʘʢʮʽʡ ʝʢʩʧʝʨʪʽʚ IAʉ. 

ʆʮʽʥʝʥʦ ʪʘ ʦʙˇʨʫʥʪʦʚʘʥʦ ʪʝʭʥʦʣʦʛʽʾ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʨʝʘʣʽʟʘʮʽʾ ʟʘʤʦʚʣʝʥʴ ʟʘ 

ʧʨʠʥʮʠʧʘʤʠ Agile ʜʣʷ ʢʦʤʧʣʝʢʩʥʠʭ ʦʙʯʠʩʣʝʥʴ ʟʘʤʦʚʣʝʥʠʭ ʦʙôʻʢʪʽʚ, ʱʦ 

ʤʦʜʝʣʶʻʤʦ. ɺʠʟʥʘʯʝʥʦ ʘʨʭʽʪʝʢʪʫʨʫ ʢʦʤʧʣʝʢʩʥʦʾ ʤʦʜʝʣʽ ï ʧʨʦʛʨʘʤʥʦʾ ʜʽʾ 

(ʂʄ-ʇɼ), ʪʝʭʥʦʣʦʛʽʯʥʽ ʫʤʦʚʠ ʪʘ ʟʘʩʦʙʠ ʬʦʨʤʫʚʘʥʥʷ ʧʦʯʘʪʢʦʚʠʭ ʩʪʘʥʽʚ 

ʧʦʣʽʝʨʛʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʦʙôʻʢʪʽʚ. ʈʝʞʠʤʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʨʝʘʣʽʟʫʶʪʴʩʷ ʫ ʬʦʨʤʘʭ ʧʽʜʩʠʩʪʝʤ ʜʠʩʧʝʪʯʝʨʩʴʢʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʪʘ 

ʘʚʪʦʤʘʪʠʯʥʠʭ ʧʽʜʩʠʩʪʝʤ ʧʣʘʥʫʚʘʥʥʷ ʨʝʞʠʤʽʚ. ʊʦʤʫ ʧʨʘʢʪʠʢʘ ʛʣʦʙʘʣʴʥʦʾ 

ʽʥʪʝʛʨʘʮʽʾ ʚʠʤʘʛʘʻ ʤʽʥʽʤʽʟʘʮʽʶ ʚʠʪʨʘʪ ÍÉÎВЎ† ʯʘʩʫ ɯɸʉ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʤʘʢʩʠʤʘʣʴʥʦ ʝʬʝʢʪʠʚʥʠʭ ʟʘʩʦʙʽʚ ʇɸʂ, ʫ ʤʝʞʘʭ çʭʤʘʨʥʠʭè ɯʊ ʤʝʨʝʞ. 

ʈʝʘʣʽʟʘʮʽʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʥʘʤʠ ʘʨʭʽʪʝʢʪʫʨʠ ʩʠʩʪʝʤʠ ʂʄ-ʇɼ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʝʨʛʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʩʪʚʦʨʝʥʥʷ ʌʄ ʥʝ ʤʘʻ 

ʧʨʠʥʮʠʧʦʚʠʭ ʦʙʤʝʞʝʥʴ. ɿʘ ʧʦʪʨʝʙ ɯʊS ʤʦʞʣʠʚʽ ʜʦʜʘʪʢʠ ʜʦ ʥʘʷʚʥʠʭ ʟʥʘʥʴ, 

ʨʝʩʫʨʩʽʚ, ʟʘʧʘʩʽʚ. ʈʦʟʚʠʪʦʢ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ ʪʘ ʧʨʠʢʣʘʜʥʦʾ 

ʤʘʪʝʤʘʪʠʢʠ ʙʫʜʝ ʟʥʽʤʘʪʠ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʩʢʣʘʜʥʦʱʽ ʫ ʚʠʨʽʰʝʥʥʽ, ʘʢʪʫʘʣʴʥʠʭ 

ʟʘʜʘʯ, ʷʢʽ ʚʘʞʢʽ ʟʘ ʢʨʠʪʝʨʽʷʤʠ ʟʥʘʯʥʠʭ ʚʠʪʨʘʪ ʨʝʩʫʨʩʽʚ ɯʊ. ʇʽʜʚʠʱʝʥʥʷ 

ʥʘʜʽʡʥʦʩʪʽ, ʟʨʦʩʪʘʥʥʷ ʰʚʠʜʢʦʜʽʾ ʪʘ ʦʙôʻʤʽʚ ʦʧʝʨʘʪʠʚʥʦʾ ʪʘ ʟʦʚʥʽʰʥʴʦʾ 

ʧʘʤôʷʪʽ, ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ çʭʤʘʨʥʦʾè ʪʝʭʥʦʣʦʛʽʾ. ɸʣʝ ʪʘʢʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʟʘʩʦʙʠ ʚ 

ʧʨʠʡʥʷʪʥʽ ʪʝʨʤʽʥʠ ʜʣʷ ʥʘʥʦʪʝʭʥʦʣʦʛʽʡ ʥʝ ʟʘʚʞʜʠ ʜʦʟʚʦʣʷʶʪʴ ʚʠʨʽʰʫʚʘʪʠ 

ʪʠʧʦʚʽ ʟʘʜʘʯʽ. ɯʥʬʦʣʦʛʽʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ, ʱʦ ʩʧʨʷʤʦʚʘʥʦ ʥʘ ʧʦʰʫʢ ʪʦʯʥʦ 

ʚʠʟʥʘʯʝʥʠʭ ʝʪʘʧʽʚ ʩʪʚʦʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʝʨʝʜʙʘʯʘʻ 

ʥʘʩʪʫʧʥʠʡ ʧʝʨʝʣʽʢ ʤʝʪʦʜʽʚ: 

Å ʩʢʣʘʜʘʥʥʷ ʪʘ ʫʧʦʨʷʜʢʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ, ʱʦ ʦʧʠʩʫʶʪʴ ʊʇʂ, 

ʨʦʙʦʪʫ ʦʨʠʛʽʥʘʣʴʥʠʭ ʦʙôʻʢʪʽʚ, ʨʝʘʢʮʽʷ ʌʄ ʚ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ; 
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Å ʨʦʟʨʦʙʣʝʥʥʷ ʤʝʪʦʜʽʚ ʽ ʩʧʦʩʦʙʽʚ ʨʦʟʚ'ʷʟʘʥʥʷ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʱʦʜʦ 

ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʚʟʘʻʤʦʜʽʡ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ; 

Å ʫʩʪʘʥʦʚʣʝʥʥʷ ʘʜʝʢʚʘʪʥʦʩʪʽ ʨʦʟʨʦʙʣʝʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, 

ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʪʝʤʫ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘ ʫʯʘʩʪʶ ʥʘʢʦʧʠʯʝʥʠʭ ʟʥʘʥʴ, ʪʘ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʬʘʢʪʠʯʥʠʤ ʜʘʥʠʤ, ʧʘʨʘʤʝʪʨʘʤ, ʢʨʠʪʝʨʽʷʤ, ʦʙʤʝʞʝʥʥʷʤ. 

ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʤʝʪʦʜʠʢʠ ʧʨʦʮʝʩʽʚ ʩʪʚʦʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ  ʜʦʟʚʦʣʷʻ ʇɸʂ ʂʄ-ʇɼ ʟʥʘʯʥʦ ʩʢʦʨʦʯʫʚʘʪʠ ʯʘʩ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʊʊʈ ʥʘ ʪʘʢʽ ʟʘʚʜʘʥʥʷ, ʷʢʽ ʧʦʜʽʙʥʽ ʪʘ ʟʘʧʘʤôʷʪʦʚʘʥʦ ʫ ʬʘʟʘʭ ʧʦʧʝʨʝʜʥʴʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘ ʪʝʤʦʶ ʥʝʦʙʭʽʜʥʠʭ ʙʘʟ ʜʘʥʠʭ ʜʦ ʩʠʤʚʦʣʴʥʦ ʩʬʦʨʤʦʚʘʥʠʭ 

ʤʦʜʝʣʝʡ. ɺʩʽ ʢʦʨʪʝʞʽ ʬʘʢʪʠʯʥʠʭ ʜʦʢʫʤʝʥʪʽʚ ʦʮʠʬʨʦʚʘʥʽ ʫ ʻʜʠʥʦʤʫ 

ʽʥʬʦʨʤʘʮʽʡʥʦʤʫ ʧʨʦʩʪʦʨʽ (ʘʥʘʣʽʟʫ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ, ʢʦʨʠʛʫʚʘʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʨʽʚʥʷʥʴ ʤʦʜʝʣʽ ʥʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʬʽʟʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʧʝʨʝʚʽʨʢʠ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʤʦʜʝʣʽ ʨʝʘʣʴʥʦʤʫ ʦʙ'ʻʢʪʫ ʽ 

ʘʢʪʫʘʣʽʟʘʮʽʷ ʽʥʬʦʣʦʛʽʯʥʠʭ ʢʦʨʪʝʞʽʚ). ɹʘʟʠ ʟʥʘʥʴ ʤʽʩʪʷʪʴ ʧʨʝʜʠʢʘʪʥʽ ʧʨʘʚʠʣʘ 

ʜʣʷ ʧʦʯʝʨʛʦʚʠʭ ʪʠʧʦʚʠʭ ʢʨʦʢʽʚ ʟʘʩʪʦʩʫʚʘʥʥʷ ʂʉʎʄ. ɯʥʪʝʛʨʘʮʽʷ ʧʦʚʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʇɽɺʆ ʧʝʨʝʜʙʘʯʘʻ: ʦʧʠʩ ʟ 

ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʢʦʥʢʨʝʪʥʠʭ ʜʽʡ ʇɽɺʆ; ʰʚʠʜʢʫ ʨʝʘʣʽʟʘʮʽʶ ʨʦʟʨʘʭʫʥʢʽʚ, 

ʤʦʜʝʣʶʚʘʥʥʷ, ʚʠʧʨʦʙʫʚʘʥʥʷ, ʢʦʨʠʛʫʚʘʥʥʷ ʪʘ ʦʬʦʨʤʣʝʥʥʷ ʊʊʈ; 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʫ ʧʨʦʤʠʩʣʦʚʠʭ ʤʘʩʰʪʘʙʘʭ ʇɽɺʆ ʘʢʪʫʘʣʴʥʠʭ ʊʇʂ. 

ʊʨʝʪʽʡ ʨʦʟʜʽʣ çʈʦʟʨʦʙʢʘ ʟʘʩʦʙʽʚ ʽʥʬʦʣʦʛʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʨʦʮʝʩʽʚ ʩʪʚʦʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʟʘʜʘʥʠʤʠ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʷʢʦʩʪʷʤʠè. ɹʘʟʦʚ ̔ʧʦʥʷʪʪ ̫ʧʨʦʮʝʩʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʌʄ 

ʧʝʨʝʜʙʘʯʘʶʪʴ ʧʦʙʫʜʦʚʫ ʬʘʟʦʚʠʭ ʜʽʘʛʨʘʤ, ʘ ʪʘʢʦʞ ʦʧʠʩʠ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ 

ʨʦʙʦʯʠʭ ʧʨʦʮʝʜʫʨ. ʉʠʥʪʝʟ ʌʄ ʤʦʞʣʠʚʠʡ ʟʛʽʜʥʦ ʩʝʤʘʥʪʠʢʠ ʣʽʥʛʚʽʩʪʠʯʥʠʭ 

ʧʦʥʷʪʴ, ʱʦ ʤʦʚʥʦ ʜʝʢʣʘʨʫʶʪʴ ʫ ʟʘʜʘʥʠʭ ʫʤʦʚʘʭ ʾʭ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

ʈʝʟʫʣʴʪʘʪʠ ʮʽʣʴʦʚʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʚʟʘʻʤʦʜʽʾ ʪʘ ʧʘʨʘʤʝʪʨʽʚ 

ʤʘʪʝʨʽʘʣʽʚ ʧʨʠ ʨʽʟʥʠʭ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʫʤʦʚʘʭ ʚʠʟʥʘʯʘʪʁʴʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʦʧʠʩʫ ʢʦʜʫ ʫʥʽʬʽʢʦʚʘʥʠʭ ʘʣʛʝʙʨʘʾʯʥʠʭ ʬʫʥʢʮʽʡ. ʆʩʦʙʣʠʚʦʩʪʽ ʧʦʢʨʦʢʦʚʦʛʦ 

ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ (ʥʘʧʨʠʢʣʘʜ, ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʢʝʨʘʤʽʯʥʠʭ ʩʢʣʘʜʦʚʠʭ ʥʘ 

ʙʘʟʽ ʜʦʮʽʣʴʥʠʭ ʌʄ) ʬʽʢʩʫʻʤʦ ʟʘʩʦʙʘʤʠ ʧʨʦʮʝʩʦʨʥʠʭ ʽʥʬʦʣʦʛʽʯʥʠʭ ʤʦʜʝʣʝʡ, 
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ʱʦ ʘʧʨʦʙʦʚʘʥʽ. ʆʧʠʩʠ ʧʦʯʘʪʢʦʚʦʛʦ ʪʘ ʮʽʣʴʦʚʦʛʦ ʩʢʣʘʜʫ ʪʘ ʩʪʨʫʢʪʫʨʠ ʌʄ, ʱʦ 

ʤʘʶʪʴ ʩʧʝʮʠʬʽʢʫ, ʩʝʤʘʥʪʠʢʫ, ʦʥʪʦʣʦʛʽʶ, ʢʦʜʦʚʘʥʠʡ ʤʽʩʪ ʧʦʥʷʪʴ ʦʜʥʦʟʥʘʯʥʦ 

ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʶ ʛʨʘʤʘʪʠʢʦʶ ʘʚʪʦʤʘʪʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ 

ʚʭ̔ ʜʥʠʭ ʟʘʚʜʘʥʴ ʪʘ ʂʉʎʄ. 

ʈʝʞʠʤʠ ʽʤʽʪʘʮʽʡʥʦʛʦ ʝʨʛʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʂʄ-ʇɼ, 

ʦʙʫʤʦʚʣʶʶʪʴ ʚʟʘʻʤʦʜʽʶ, ʷʢʘ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘʚʜʷʢʠ ʣʽʥʛʚʽʩʪʠʯʥʠʤ hʘʙʣʦʥʘʤ, 

ʟʨʦʟʫʤʽʣʠʭ ɯɸʉ ʪʘ ʩʧʨʠʡʥʷʪʠʭ ʇɸʂ ʢʘʥʘʣʽʚ ʚʽʜʜʘʣʝʥʦʛʦ ʟʚôʷʟʢʫ. ʉʠʤʚʦʣʴʥʘ 

ʢʦʤʫʥʽʢʘʮʽʷ ʟʘʙʝʟʧʝʯʫʻ ʷʢʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʥʘʥʴ, ʬʫʥʢʮʽʡ, ʜʦʩʚʽʜʫ ʡ 

ʤʽʩʮʝʚʦʾ ʩʠʨʦʚʠʥʠ. ɺ ʪʚʝʨʜʦʤʫ ʪʽʣʽ ʟ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʢʦʞʥʘ ʪʦʯʢʘ 

ʧʨʦʩʪʦʨʦʚʦʛʦ ʰʘʨʫ ʜʝʬʦʨʤʘʮʽʾ ʭʘʨʘʢʪʝʨʠʟʫʻ ʫʤʦʚʠ ʧʨʦʧʦʨʮʽʡʥʦʛʦ  

ʥʘʧʨʫʞʝʥʥʷ ʚ ʨʘʤʢʘʭ ʽʥʪʝʛʨʦ-ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʦʧʠʩʫ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ STC-

ʧʦʥʷʪʪʷ ʪʠʩʢ [ὒ Ὕ ]. 

ɿʘ ʫʤʦʚ 
0

, ,
l

k
l

s e e
D

= =  ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʥʘʥʥʷ k ï ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ ʌʄ, 

ʢʦʣʠ ʜʽʻ (ʚʠʢʦʥʫʻʪʴʩʷ) ʣʽʥʽʡʥʠʡ ʟʘʢʦʥ ɻʫʢʘ ʜʣʷ ʧʨʫʞʥʠʭ ʜʝʬʦʨʤʘʮʽʡ.  

ʅʘ ʧʨʘʢʪʠʮʽ ʰʘʨʠ ʨʝʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʦʜʥʦʯʘʩʥʦ ʨʝʘʛʫʶʪʴ ʥʘ 

ʨʦʟʪʷʛʫʚʘʥʥʷ (ʩʪʠʩʢ), ʟʤʽʥʫ ʦʙôʻʤʫ ʪʘ ʧʣʦʱʠʥʠ, ʱʦ ʚʨʘʭʦʚʫʶʪʴ ʚʽʜʧʦʚʽʜʥʠʤʠ 

ʤʦʜʫʣʷʤʠ ʖʥʛʘ (E) ʪʘ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʇʫʘʩʩʦʥʘ (m), ʘ ʪʘʢʦʞ G
t

g
= , ʜʝ 

ʧʦʪʨʽʙʥʦ ʟʥʘʪʠ ʤʦʜʫʣʴ ʟʩʫʚʫ ʥʘ ʢʫʪ g ʧʽʜ ʜʽʻʶ ʥʦʨʤʦʚʘʥʦʛʦ ʜʦʪʠʯʥʦʛʦ 

ʥʘʧʨʫʞʝʥʥʷ.  

ʋ ʦʙôʻʤʽ V ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʪʽʣʘ ʛʝʪʝʨʦʛʝʥʥʽ ʷʚʠʱʘ ʚʽʜʙʫʚʘʶʪʴʩʷ 

ʦʜʥʦʯʘʩʥʦ. ʊʦʤʫ ʚʽʜʥʦʰʝʥʥʷ, ʪʦʪʦʞʥʦ ʧʨʠʚʝʜʝʥ ̔ʜʦ ʦʜʥʦʛʦ ʽʥʪʝʛʨʦʚʘʥʦʛʦ 

ʧʨʦʮʝʩʫ ʡ ʤʘʩʰʪʘʙʫ, ʚʠʟʥʘʯʘʶʪʴ ʣʘʥʮʶʛ ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʢʦʜʦʚʘʥʠʭ ʧʦʥʷʪʴ. 

ɼʣʷ STC ʧʦʥʷʪʪʷ, ʷʢʝ ʣʽʥʛʚʽʩʪʠʯʥʦ ʬʽʢʩʫʻ 3D ʢʦʤʙʽʥʘʪʦʨʥʽ ʟʥʘʥʥʷ ʪʘ 

ʚʽʜʧʦʚʽʜʥʫ ʡʦʤʫ ʩʫʪʥʽʩʪʴ ʷʚʠʱʘ, ʟʘʩʪʦʩʫʻʤʦ ʫʥʽʬʽʢʦʚʘʥʠʡ ʢʦʜ, ʜʝ ʂʉʎʄ ʪʘ ʾʾ 

ʢʦʨʪʝʞ ʤʦʞʣʠʚʠʭ ʟʥʘʯʝʥʴ ʽʥʜʝʢʩʽʚ ”ȟὛȟὨ (SʊC ï Space time code) ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʫʧʦʨʷʜʢʦʚʘʥʠʭ ʧʨʦʩʪʦʨʽʚ ʟ ʮʝʥʪʨʦʤ (0,0). 
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ɿʘ ʢʦʜʦʤ STC ʨʦʟʨʦʙʣʝʥʘ ʧʦʚʥʘ ʩʫʢʫʧʥʽʩʪʴ ʙʘʟʦʚʠʭ 46 ʧʦʥʷʪʴ ʩʪʦʩʦʚʥʦ 

ʤʘʪʝʨʽʘʣʴʥʠʭ ʪʠʧʦʚʠʭ ʜʽʡ. ʇʨʠʢʣʘʜ ʟ 3 ʪʦʧʦʣʦʛʽʯʥʠʭ ʧʘʨ ʜʣʷ ʤʥʦʞʠʥʠ 

( , )d Sr"  ʧʦʥʷʪʴ ʥʘʜʘʻ ʚʽʜʧʦʚʽʜʥʫ ʦʮʽʥʢʫ ʢʽʣʴʢʦʩʪʽ ʩʧʽʚʚʽʜʥʦʰʝʥʴ. 

ʎʽʣʦʯʠʩʝʣʴʥʽ ʟʥʘʯʝʥʥʷ ʢʦʞʥʦʛʦ ʽʥʜʝʢʩʫ ( , , )S dr  3D ʚʠʤʽʨʫ ʜʦʜʘʪʢʦʚʦ 

ʬʽʢʩʫʶʪʴ ʙʘʟʦʚʫ ʤʝʪʨʦʣʦʛʽʯʥʫ ʨʦʟʤʽʨʥʽʩʪʴ ʟʘ ʤʽʞʥʘʨʦʜʥʠʤ ʩʪʘʥʜʘʨʪʦʤ 

2019 ʨ. (ʟʘʨʘʟ ʜʽʻ ʥʘ ʋʢʨʘʾʥʽ). ʃʘʥʮʶʛ ʚʽʜʧʦʚʽʜʘʻ ʙʘʟʦʚʽʡ ʩʠʩʪʝʤʽ ʨʦʟʤʽʨʥʦʩʪʽ. 

ʇʨʦʮʝʩʥʽ ʽʥʬʦʣʦʛʽʯʥʽ ʤʦʜʝʣʽ (ʇɯʄ), ʥʘʧʨʠʢʣʘʜ, ʜʣʷ 9 ʢʣʶʯʦʚʠʭ ʧʦʥʷʪʴ ʉɼʉ 

ʦʧʠʩʘʥʽ, ʷʢ ʩʠʤʚʦʣʴʥʦ-ʘʥʘʣʽʪʠʯʥʝ-ʩʪʝʧʝʥʝʚʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʢʦʜʽʚ ʫ ʥʘʩʪʫʧʥʠʭ 

ʜʚʦʙʽʯʥʠʭ ʪʦʪʦʞʥʦʩʪʷʭ: 

ʇʨʠʢʣʘʜʠ STC ʜʣʷ ʂʄ-ʇɼ ʚʽʜʟʥʘʯʘʶʪʴ ʩʫʪʥʽʩʪʴ, ʦʩʦʙʣʠʚʽʩʪʴ ʪʘ 

ʩʧʝʮʠʬʽʢʫ ʩʫʪʦ ʘʣʛʝʙʨʘʾʯʥʠʭ ʦʧʝʨʘʮʽʡ ʫ ʧʨʦʮʝʩʥʠʭ ʽʥʬʦʣʦʛʽʯʥʠʭ ʤʦʜʝʣʷʭ 

ʬʽʟʠʯʥʠʭ ʉɼʉ. ʊʦʤʫ, ʦʜʥʦʯʘʩʥʦ ʫ ʟʘʜʘʥʦʤʫ 3D ʧʨʦʩʪʦʨʦʚʦʤʫ ʦʙôʻʤʽ 

ʦʨʠʛʽʥʘʣʫ ʪʦʪʦʞʥʦʩʪʽ ʩʠʤʚʦʣʴʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʘʥʘʣʦʛʽʯʥʦ ʢʦʜʫʶʪʴ ʪʘʢʦʞ 3D 

ʜʠʥʘʤʽʯʥʽ ʷʚʠʱʘ ʧʨʦʮʝʩʽʚ ʟʛʠʥʘʥʥʷ, ʟʩʫʚʫ, ʢʫʪʦʚʦʛʦ ʢʨʫʯʝʥʥʷ. ʋ ʥʘʩʣʽʜʦʢ 

ʨʝʘʣʴʥʦ ʤʦʜʝʣʶʶʪʴʩʷ ʥʝʣʽʥʽʡʥʽ, ʛʚʠʥʪʦʚʽ, ʪʝʨʤʦʜʠʥʘʤʽʯʥʽ ʧʨʦʮʝʩʠ, 

ʥʝʩʪʘʮʽʦʥʘʨʥʽ ʩʠʣʦ-ʤʦʤʝʥʪʥʽ ʪʘ ʤʘʩʦʚʦ-ʝʥʝʨʛʝʪʠʯʥʽ ʬʘʟʦʚʽ ʧʝʨʝʪʚʦʨʝʥʥʷ. 

ʇʦʚʥʦʪʘ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʡ ʽʥʪʝʛʨʘʣʴʥʠʭ ʬʦʨʤ ʚʽʜʦʙʨʘʞʝʥʴ ʫ ʇɯʄ ʬʽʢʩʫʶʪʴ 

STC-ʢʦʜʠ ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ ʽʥʬʦʣʦʛʽʯʥʠʭ ʧʦʥʷʪʴ ʩʫʪʥʦʩʪʽ ʂʉʎʄ ʟʘʜʘʥʦʛʦ 

ʦʙôʻʢʪʘ ʩʢʣʘʜʥʦʾ ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ. 

ʊʦʚʱʠʥʘ ʡ ʛʫʩʪʠʥʘ ʤʘʪʝʨʽʘʣʫ ʢʦʞʥʦʛʦ ʧʨʦʰʘʨʢʫ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ, ʥʝʩʪʘʮʽʦʥʘʨʥʦʩʪʽ ʟʦʚʥʽʰʥʽʭ ʤʝʭʘʥʽʯʥʠʭ ʪʘ ʪʝʧʣʦʚʠʭ 

(ʤʦʨʦʟʦʩʪʽʡʢʽʩʪʴ) ʥʘʚʘʥʪʘʞʝʥʴ. ʄʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ (, ,E Gm  ʪʘ ʽʥʰʽ) 

ʤʘʪʝʨʽʘʣʫ ʌʄ ʧʽʜ ʚʧʣʠʚʦʤ ʅʇʉ ʟʤʽʥʶʶʪʴʩʷ. ʎʝ ʥʘʩʣʽʜʦʢ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʢʦʥʪʘʢʪʽʚ ʤʽʞ ʧʦʚʝʨʭʥʷʤʠ. ʈʦʣʴ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ (ʝʢʚʽʚʘʣʝʥʪʽʚ) - ʬʽʢʩʫʚʘʪʠ 

ʩʪʘʙʽʣʴʥʽʩʪʴ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʢʦʣʠʚʘʣʴʥʠʭ ʷʚʠʱ ʙʝʟ ʩʪʨʠʙʢʦʧʦʜʽʙʥʠʭ 

ʘʚʘʨʽʡʥʠʭ ʧʦʜʽʡ ʪʘ ʥʝʧʝʨʝʜʙʘʯʝʥʠʭ ʚʧʣʠʚʽʚ ʅʇʉ. ʉʘʤʝ ʪʦʤʫ ʥʦʩʽʡ ʩʣʽʜ 

ʨʦʟʧʦʜʽʣʠʪʠ ʥʘ ʯʘʩʪʢʫ ʨʝʯʦʚʠʥʠ, ʱʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʚʠʪʨʠʤʫʻ ʤʘʢʩʠʤʘʣʴʥʽ 

ʤʝʭʘʥʽʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʅʇʉ. ʊʦʜʽ 2-ʘ ʯʘʩʪʠʥʘ ʛʨʘʻ ʨʦʣʴ ʚôʷʞʫʯʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʤʽʞ ʩʘʤʠʤʠ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʥʦʩʽʷʤʠ ʪʘ ʥʘ ʛʨʘʥʠʮʷʭ ʢʦʥʪʘʢʪʽʚ ʟ 
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ʽʥʰʠʤʠ ʌʄ. ɺôʷʞʫʯʽ ʟʘʧʦʚʥʝʥʥʷ ʪʘ ʧʨʦʥʠʢʥʝʥʥʷ ʚʽʜʦʙʨʘʞʘʶʪʴ ʜʦʜʘʪʢʦʚʫ 

ʨʦʣʴ ʥʝʣʽʥʽʡʥʦʛʦ ʫʪʦʯʥʝʥʥʷ ʪʝʨʤʦʜʠʥʘʤʽʢʠ ʭʽʤʽʯʥʠʭ ʩʧʦʣʫʢ ʦʙôʻʢʪʽʚ ITʉ.  

ɿʘʧʨʦʧʦʥʦʚʘʥʝ ʢʦʜʦʚʦ-ʩʠʤʚʦʣʴʥʝ STC ʟʦʙʨʘʞʝʥʥʷ ʻ ʫʥʽʬʽʢʦʚʘʥʠʤ ʜʣʷ 

ʚʩʽʭ ʚʽʜʦʤʠʭ ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʘʥʘʣʽʪʠʯʥʦʛʦ ʦʧʠʩʫ ʜʠʥʘʤʽʢʠ, ʢʽʥʝʤʘʪʠʢʠ ʪʘ 

ʩʪʘʪʠʢʠ ʨʽʚʥʦʚʘʛʠ ʫ ʛʝʪʝʨʦʛʝʥʥʠʭ ʷʚʠʱʘʭ. ʉʫʪʥʦʩʪʽ ʧʦʥʷʪʪʷ ʂʉʎʄ, ʡʦʛʦ 

ʧʨʠʯʠʥʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʦʙôʻʢʪʠʚʥʦʛʦ ʩʪʚʦʨʝʥʥʷ ʪʘ ʩʧʝʮʠʬʽʢʫ ʧʦʨʦʜʞʝʥʥʷ 

ʥʘʩʣʽʜʢʦʚʠʭ ʨʝʟʫʣʴʪʫʶʯʠʭ ʝʬʝʢʪʽʚ, ʜʦʮʽʣʴʥʦ ʜʦʚʦʜʠʪʴ ʤʦʜʝʣʶʚʘʥʥʷ ʧʽʜ ʯʘʩ 

ʩʧʝʮʠʬʽʢʠ ʢʝʨʦʚʘʥʦʛʦ ʩʪʚʦʨʝʥʥʷ ʬʘʟʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʟʛʽʜʥʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ 

ʘʣʛʝʙʨʘʾʯʥʦʾ ʩʠʩʪʝʤʠ. ʊʝʤʘ ʪʨʠʚʽʘʣʴʥʠʭ ʦʙôʻʢʪʽʚ ɸ, ʚʞʝ ʥʘ ʧʦʯʘʪʢʫ ʚʝʨʙʘʣʴʥʦ 

ʦʧʠʩʘʥʘ ʝʢʩʧʝʨʪʘʤʠ ʨʽʟʥʠʭ ʛʘʣʫʟʝʡ.  

ɺ ʜʠʩʝʨʪʘʮʽʾ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʙʝʟʧʝʯʥʦʛʦ ʧʦʢʨʠʪʪʷ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ 

ʦʨʠʛʽʥʘʣʴʥʠʭ ʦʙôʻʢʪʽʚ ʬʦʨʤʘʣʽʟʘʮʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʩʢ̔ʥʯʝʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʙʘʟʦʚʠʭ ʧʦʨʦʜʞʫʶʯʠʭ ʧʦʥʷʪʴ-ʝʣʝʤʝʥʪʽʚ. ʇʨʦʮʝʩʦʨʥʦ ʽʥʬʦʣʦʛʽʯʥʽ ʤʦʜʝʣʽ 

(ʇɯʄ) ʚʽʜʦʙʨʘʞʘʶʪʴ ʟʛʽʜʥʦ ʟʘʚʜʘʥʴ ʪʘ ʧʦʪʨʝʙ ʥʘ ʤʽʩʮʝʚʫ ʥʘʷʚʥʫ ʩʠʨʦʚʠʥʫ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʝʨʛʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʤʝʪʦʶ ʮʽʣʴʦʚʦʛʦ ʩʪʚʦʨʝʥʥʷ 

(ʥʘʧʨʠʢʣʘʜ, ʌʄ ʟʤʽʮʥʶʶʯʠʭ, ʟʘʭʠʱʘʶʯʠʭ, ʚôʷʞʫʯʠʭ) ʤʘʪʝʨʽʘʣʽʚ. 

ʄʝʪʦʜ ʇɯʄ ʽ ʩʠʤʚʦʣʴʥʝ ʫʟʘʛʘʣʴʥʝʥʥʷ ʢʦʜʦʚʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

(ʽʤʽʪʘʮʽʡʥʠʭ ʪʘ ʥʘʪʫʨʥʠʭ) ʨʝʟʫʣʴʪʘʪʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʨʠʪʝʨʽʾʚ ʧʦʜʽʙʥʦʩʪʽ 

ʜʦʟʚʦʣʷʻ: 

Å ʫʟʛʦʜʠʪʠ ʢʽʣʴʢʽʩʪʴ ʢʨʠʪʠʯʥʠʭ ʟʘ ʚʠʪʨʘʪʘʤʠ ʨʝʩʫʨʩʽʚ ʟʘ ʷʢʠʭ ʦʙʠʨʘʻʤʦ 

ʫʤʦʚʠ ʧʨʦʚʝʜʝʥʥʷ ʥʘʪʫʨʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʦʙʽʪ ʂʄ-ʇɼ;  

Å ʚʠʟʥʘʯʠʪʠ ʥʘʡʤʝʥʰʫ ʢʽʣʴʢʽʩʪʴ ʬʽʟʠʯʥʠʭ ʚʝʣʠʯʠʥ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʛʝʪʝʨʦʛʝʥʥʠʡ ʩʪʘʥ ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʚʠʤʽʨʶʚʘʪʠ ʜʣʷ ʟʘʜʘʯ ʤʦʜʝʣʶʚʘʥʥʷ; 

Å ʦʧʨʘʮʶʚʘʪʠ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʽʚ ʌʄ, ʫʟʘʛʘʣʴʥʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ 

ʦʜʝʨʞʘʪʠ ʊʊʈ, ʟ ʦʧʠʩʘʤʠ ʜʣʷ ʦʧʠʩʫ ʢʽʥʝʪʠʢʠ ʩʢʣʘʜʥʦʛʦ ʧʨʦʮʝʩʫ; 

Å ʚʠʟʥʘʯʠʪʠ ʦʙʣʘʩʪʽ ɯʊS ʥʘ ʷʢʽ ʤʦʞʥʘ ʧʦʰʠʨʠʪʠ ʨʝʟʫʣʴʪʘʪʠ ʜʦʚʝʜʝʥʠʭ 

ʜʦ ʊʊʈ ʜʦʩʣʽʜʞʝʥʴ ʤʘʡʙʫʪʥʽʭ ʌʄ ʟʘ ʽʥʰʠʤʠ ʢʦʤʧʣʝʢʩʥʠʤʠ ʟʘʤʦʚʣʝʥʥʷʤʠ. 

ʇʨʠʨʦʜʥʽ ʪʘ ʰʪʫʯʥʽ ʤʘʪʝʨʽʘʣʠ ʚ ʘʨʭʽʚʽ ʂʄ-ʇɼ (ʤʽʥʝʨʘʣʴʥʘ ʩʠʨʦʚʠʥʘ ʪʘ 

ʧʨʦʜʫʢʪʠ ʤʽʩʮʝʚʦʛʦ ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ) ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʝʚʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ ʪʘ ʩʪʨʫʢʪʫʨʦʶ ʟôʻʜʥʘʥʴ ʤʽʞ ʝʣʝʤʝʥʪʘʤʠ. 
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ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʽʥʬʦʣʦʛʽʯʥʘ ʤʦʜʝʣʴ ʚʩʽʻʾ ʧʝʨʽʦʜʠʯʥʦʾ ʪʘʙʣʠʮʽ ʚʽʜʦʤʠʭ 

ʥʘ ʜʘʥʠʡ ʯʘʩ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʧʦʜʘʥʘ ʫ ʨʦʙʦʪʽ, ʷʢ ʬʨʘʛʤʝʥʪ ʧʦʚʥʦʛʦ ʦʧʠʩʫ 

ʙʘʟʠ ʜʘʥʠʭ. ʋʥʽʢʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʢʦʞʥʦʛʦ ʭʽʤʽʯʥʦʛʦ ʝʣʝʤʝʥʪʘ (Z ʟʘʨʷʜ, 

ʚʘʣʝʥʪʥʽʩʪʴ, ʦʩʦʙʣʠʚʽʩʪʴ ʢʚʘʥʪʦʚʦʾ ʙʫʜʦʚʠ e- ʦʨʙʽʪʘʣʝʡ, ʤʘʩʘ ʘʪʦʤʘ ʪʘ 

ʽʟʦʪʦʧʽʚ, ʽʥʰʽ ʘʪʨʠʙʫʪʠ ɹɼ) ʬʽʢʩʫʶʪʴʩʷ ʢʦʜʦʤ Z ʫ ʪʨʠʢʫʪʥʽʡ (k=3) ʧʦʚʥʽʡ 

ʤʦʜʝʣʽ. ɿʛʽʜʥʦ ʢʦʜʫʚʘʥʥʷ ʤʽʩʮʝʧʦʟʠʮʽʶʚʘʥʥʷ ʫ ʦʜʥʦʨʽʜʥʠʭ ʢʦʨʪʝʞʘʭ ɸʉ, ʉɺ, 

ɺɸ ʤʘʻʤʦ ʧʨʘʚʠʣʘ ʧʦʩʣʽʜʦʚʥʠʭ (n-1),n,(n+1) ʘʨʠʬʤʝʪʠʯʥʠʭ ʨʷʜ̔ʚ, ʬʽʛʫʨʥʠʭ 

ʯʠʩʝʣ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ, ʜʝ ʚʩʽ k ʪʘ n ʮʽʣʽ ʯʠʩʣʘ ʥʘʪʫʨʘʣʴʥʦʛʦ ʨʷʜʫ N. 

ɺʽʜʦʤʽ ʭʽʤʽʯʥʽ ʝʣʝʤʝʥʪʠ ʚʽʜʦʙʨʘʞʝʥʽ ʜʣʷ ʬʽʢʩʦʚʘʥʦʛʦ ʟʘ ʪʝʤʦʶ k=3 

ʚʝʨʰʠʥ ʪʨʠʢʫʪʥʠʢʽʚ (ʪʝʪʨʘʝʜʨʽʚ, ʧʽʨʘʤʽʜ) ʟ ʥʦʤʝʨʘʤʠ ʚʽʜ Z=1 ʜʣʷ ʚʦʜʥʶ ʅ, 

ʜʦ, ʥʘʧʨʠʢʣʘʜ, 88Ra ʨʘʜʽʶ,
 89ɸʩ ʘʢʪʠʥʽʶ, ʟʛʽʜʥʦ ʚʠʤʦʛ ʜʦ ʩʪʘʙʽʣʴʥʦʩʪʽ. ʋ 

ʥʘʩʪʫʧʥʠʭ (Z+ʽ) ʝʣʝʤʝʥʪʘʭ ʦʧʠʩʫ ʢʦʨʪʝʞʽʚ ʧʨʦʷʚʣʷʻʪʴʩʷ ʨʘʜʽʦʘʢʪʠʚʥʠʡ 

ʨʦʟʧʘʜ ʨʘʜʽʦʥʫʢʣʽʜʽʚ.  

ɼʣʷ ʽʥʰʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʱʦ ʤʦʞʣʠʚʦ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʨʷʜʦʤ 

ʧʦʜʽʙʥʦʩʪʽ ʫ ɹɼ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʥʘʯʝʥʥʷ n, ʪʨʝʙʘ ʢʦʜʫʚʘʪʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʧʘʨʘʤʝʪʨʫ k=4,5,6,7,8. ʊʦʜʽ ʧʨʦʩʪʦʨʦʚʽ ʬʽʛʫʨʠ-ʘʥʘʣʦʛʠ ʙʫʜʫʪʴ ʚʽʜʧʦʚʽʜʥʦ 

ʧʦʜʽʙʥʽ: ʟ k=iden ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʚʫʟʣʘʤʠ (ʢʚʘʜʨʘʪ, ʧʝʥʪʘʛʦʥ, ʛʝʢʩʘʛʦʥ, 

ʦʢʪʘʛʦʥ ʪʘ ʽʥʰʽ). ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʽʥʬʦʣʦʛʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʨʠʨʦʜʥʠʭ ʦʙôʻʢʪʽʚ ʪʘ ʧʽʜʩʠʩʪʝʤ ʜʫʞʝ ʝʬʝʢʪʠʚʥʠʡ ʜʣʷ ʘʨʠʬʤʝʪʠʟʘʮʽʾ 

ʢʦʜʦʚʦʛʦ ʫʥʽʢʘʣʴʥʦʛʦ ʥʦʤʝʨʫ-ʢʦʜʫ ʉɼʉ. ʊʦʤʫ ʫ ʧʘʤôʷʪʽ ʮʝʡ ʢʦʜ ʜʦʟʚʦʣʷʻ 

ʚʽʜʧʦʚʽʜʥʦ ʫʥʽʬʽʢʦʚʘʥʦʛʦ ʩʠʩʪʝʤʥʦʛʦ ʢʦʜʫ - ʢʦʤʧôʶʪʝʨʥʦʛʦ ʦʧʠʩʫ ʧʽʜʚʠʱʠʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʪʨʫʢʪʫʨʠʟʘʮʽʾ ʚʽʜʥʦʰʝʥʴ ʫ ʙʘʟʘʭ ʜʘʥʠʭ ʪʘ ʟʥʘʥʴ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʂʄ-ʇɼ. 

ʇʨʠʥʮʠʧʠ ʩʪʨʫʢʪʫʨʥʦʾ ʙʫʜʦʚʠ ʤʦʚʠ ʂʄ-ʇɼ ʘʥʘʣʦʛʽʯʥʽ ʜʣʷ ʚʩʽʭ ʬʦʨʤ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʚʠʢʦʥʘʥʥʷ ʬʫʥʢʮʽʡ ʽ ʟʘʚʜʘʥʴ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʘʤʠ ʩʪʚʦʨʝʥʥʷ 

ʩʢʣʘʜʝʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʅʠʞʯʝ ʥʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜʠ ʩʠʥʪʝʟʫ ʨʦʟʨʘʭʫʥʢʦʚʦ 

ʙʘʟʦʚʠʭ ʤʦʜʝʣʝʡ (ʈɹʄ) ʟʛʽʜʥʦ ʟʘʚʜʘʥʴ ʫʥʽʬʽʢʦʚʘʥʦʛʦ ʩʠʩʪʝʤʥʦʛʦ ʢʦʜʫ (ʋʉʂ) 

ʪʘ ʤʦʚʥʦ-ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ ʟʘʩʦʙʽʚ ʜʣʷ ʜʠʩʧʝʪʯʝʨʘ ʩʠʪʫʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 

ʤʦʜʫʣʷʤʠ ʩʫʪʥʦʩʪʝʡ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʭʦʚʠʱ. 

ʄʦʚʥʠʡ ʟʨʦʟʫʤʽʣʠʡ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʪʘ ʯʽʪʢʘ ʪʝʭʥʦʣʦʛʽʷ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ 
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ʬʫʥʢʮʽʦʥʘʣʫ ʤʦʜʝʣʶʚʘʥʥʷ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʧʨʠʩʢʦʨʝʥʥʷ ʧʨʦʛʨʘʤʥʠʭ ʜʽʡ ɯʊ. 

ɸʥʘʣʦʛʽʯʥʽ ʧʨʦʮʝʜʫʨʠ ʂʄ-ʇɼ ï çʙʽʙʣʽʦʪʝʢʘ ʟôʻʜʥʫʚʘʯʽʚè ʪʘ ʩʠʥʪʝʟʫ 

ʨʦʙʦʯʠʭ ʤʦʜʝʣʝʡ ʫʪʚʦʨʶʶʪʴ ʽʥʪʝʛʨʦʚʘʥʠʡ ʤʝʭʘʥʽʟʤ ʢʦʥʢʨʝʪʥʦʛʦ ʇɸʂ. 

ɼʣʷ ʬʦʨʤʫʚʘʥʥʷ ʚ ʧʘʤ'ʷʪʽ ʢʦʤʧôʶʪʝʨʘ, ʨʦʙʦʯʦʾ ʤʦʜʝʣʽ ʷʢʘ ʤʦʞʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʘʙʦ ʧʦʙʫʜʦʚʠ ʥʘ ʦʩʥʦʚʽ ʘʨʭʽʚʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʈɹʄ. 

ʂʨʽʤ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʥʘ ʟʘʚʜʘʥʥʷ ʚ ʂʄ-ʇɼ ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ, ʥʘʧʨʠʢʣʘʜ, ʧʦʜʨʽʙʥʝʥʥʷ, ʟʤʽʰʫʚʘʥʥʷ, ʩʪʠʩʢ, ʱʦ 

ʧʦʪʨʝʙʫʶʪʴ ʟʥʘʥʥʷ ʚʘʨʽʘʮʽʡ ʟʤʽʥʥʠʭ P, V, T, ʉ ʷʢʽ ʟʘʣʝʞʘʪʴ ʚʽʜ t ʪʘ 

ʪʝʤʧʝʨʘʪʫʨ 0q. ʉʢʣʘʜ ʪʘ ʢʽʥʮʝʚʠʡ ʧʨʦʜʫʢʪ ʟʘʤʽʥʶʻ ʥʘʷʚʥʽʩʪʴ ʘʙʦ ʚʽʜʩʫʪʥʦʩʪʽ 

ʉ ʜʦʤʽʰʦʢ. ʊʘʢʽ ʜʘʥʽ ʝʢʩʧʝʨʪ - ɯɸʉ ʤʘʻ ʫ ʚʠʛʣʷʜʽ ʨʦʟʨʘʭʫʥʢʦʚʦ-ʙʘʟʦʚʠʭ ʡ 

ʦʧʝʨʘʪʠʚʥʠʭ ʤʦʜʝʣʝʡ. 

ʏʝʪʚʝʨʪʠʡ ʨʦʟʜʽʣ çʆʮʽʥʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʟʘʩʦʙʽʚ 

ʽʥʬʦʣʦʛʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʩʪʚʦʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚè. ʅʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ, ʷʢʦʩʪʽ ʪʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʟʨʦʙʣʝʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʤʝʪʦʜʽʚ ʪʘ ʟʘʩʦʙʽʚ ʽʥʬʦʣʦʛʽʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʩʪʚʦʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘ ʟʘʤʦʚʣʝʥʥʷʤ 

ʪʘ ʚʠʤʦʛʘʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʽʩʮʝʚʦʾ ʩʠʨʦʚʠʥʠ ʟʛʽʜʥʦ ʩʬʝʨ ʝʢʩʧʣʫʘʪʘʮʽʾ ʊʇʂ.  

ʊʝʩʪʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʛʦ ʟʘʩʦʙʫ ʂʄ-ʇɼ ʚʠʢʦʥʘʥʦ ʜʣʷ ʧʨʦʮʝʩʽʚ 

ʩʪʚʦʨʝʥʥʷ ʟ ʥʘʷʚʥʦʾ ʩʠʨʦʚʠʥʠ (SIO2 ï ʧʨʠʨʦʜʥʠʡ ʧʽʩʦʢ ʪʘ ʚʫʛʣʝʦʨʛʘʥʽʯʥʽ 

ʤʽʩʮʝʚʽ ʩʧʦʣʫʢʠ) ʧʝʨʩʧʝʢʪʠʚʥʦʾ ʨʝʯʦʚʠʥʠ SiC ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ. ʆʙʨʘʥʦ 

ʧʦʢʘʟʥʠʢʠ ʜʣʷ ʘʣʤʘʟʫ 100%, ʫ ʷʢʦʩʪʽ ʝʪʘʣʦʥʘ ʢʨʠʩʪʘʣʽʯʥʦʾ ʤʽʮʥʦʩʪʽ. ʊʦʜʽ 

ʦʪʨʠʤʘʥʘ ʨʝʯʦʚʠʥʘ ʤʘʻ 99,5%. ɿ ʦʪʨʠʤʘʥʦʛʦ ʰʪʫʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟ 

ʪʝʤʧʝʨʘʪʫʨʦʶ ʧʣʘʚʣʝʥʥʷ 2730 0ʉ (ʛʫʩʪʠʥʘ 3,21 ʛ/ʩʤ-3) ʪʝʭʥʦʣʦʛʽʯʥʝ 

ʬʦʨʤʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʩʢʣʘʜʘʪʠ ʟʘʜʘʥʽ ʘʣʶʤʽʥʦ-ʤʘʪʨʠʯʥʽ ʢʦʤʧʦʟʠʪʠ. ʂʦʣʠ 

ʤʘʻʤʦ ʜʦ 250 ʢʨʠʩʪʘʣʽʯʥʠʭ ʧʨʦʩʪʦʨʦʚʠʭ ʬʦʨʤ SiC ʜʦʮʽʣʴʥʽ ʊʊʈ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʴʥʠʭ ʬʦʨʤ, ʱʦ ʢʨʘʱʝ ʨʝʘʛʫʶʪʴ ʥʘ ʤʝʭʘʥʽʯʥʽ ʪʘ 

ʪʝʤʧʝʨʘʪʫʨʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʂʚʘʟʽʧʝʨʽʦʜʠʯʥʽ, ʜʦʙʦʚʽ, ʩʝʟʦʥʥʽ ʪʘ ʨʽʯʥʽ ʮʠʢʣʠ 

ʟʤʽʥʠ ʚʦʣʦʛʦʩʪʽ, ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʩʦʥʷʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʅʇʉ ʚʧʣʠʚʘʶʪʴ ʥʘ 
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ʧʝʨʢʦʣʷʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʢʦʥʪʘʢʪʥʦʛʦ ʰʘʨʫ ʪʚʝʨʜʠʭ ʧʦʚʝʨʭʦʥʴ ʞʦʨʩʪʢʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʦʙôʻʢʪʽʚ ʊʇʂ.  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʨʦʙʣʝʥʠʭ ʤʝʪʦʜʽʚ ʽʥʬʦʣʦʛʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʨʠʚʝʣʦ ʜʦ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʽʥʪʝʨʬʝʡʩʥʠʭ ʚʟʘʻʤʦʜʽʡ ʪʘ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʪʠʧʽʚ ʧʨʠʤʽʪʠʚʽʚ ʜʣʷ ɯʊ: ʪʝʢʩʪʽʚ ʧʦʚʽʜʦʤʣʝʥʥʷ ʡ ʟʘʚʜʘʥʴ - ʥʘ 2,3%, ʤʦʚʥʠʭ 

ʚʢʘʟʽʚʦʢ ʝʨʛʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ï ʥʘ 36,81%, ʫʥʽʬʽʢʦʚʘʥʠʭ ʟʘʜʘʯ - ʥʘ 60%, 

ʧʨʦʮʝʜʫʨ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʦʢʨʘʱʝʥʥʷ ʫ ʩʝʨʝʜʥʴʦʤʫ ʥʘ 49,53%. ʎʽ ʨʝʟʫʣʴʪʘʪʠ 

ʥʘ ʧʨʘʢʪʠʮʽ ʩʚʽʜʯʘʪʴ ʧʨʦ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʡ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚ ʫʤʦʚʘʭ 

ʽʥʬʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʩʪʚʦʨʝʥʥʷ ʌʄ ʟʛʽʜʥʦ ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʟʘʤʦʚʣʝʥʥʷ.  

ʋ ʜʦʜʘʪʢʘʭ ʜʦ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʥʘʚʝʜʝʥʦ ʜʦʢʫʤʝʥʪʠ, ʱʦ 

ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ: ʘʢʪʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʜʠʩʝʨʪʘʮʽʾ 

ʫ ʚʠʨʦʙʥʠʮʪʚʦ ʽ ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʮʝʩ; ʩʚʽʜʦʮʪʚʘ ʧʨʦ ʨʝʻʩʪʨʘʮʽʶ ʘʚʪʦʨʩʴʢʦʛʦ 

ʧʨʘʚʘ; ʩʧʠʩʦʢ ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʧʨʘʮʴ ʟʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʾ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʪʨʘʥʩʧʦʨʪʥʘ ʙʝʟʧʝʢʘ, 

ʽʥʬʦʣʦʛʽʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ, ʧʦʜʽʙʥʽʩʪʴ ʤʘʪʝʨʽʘʣʽʚ, ʧʨʦʩʪʽʨ-ʯʘʩ, ʪʝʨʤʦʜʠʥʘʤʽʢʘ 

ʧʨʦʮʝʩʽʚ, ʜʦʢʫʤʝʥʪʘʣʴʥʽ ʨʽʰʝʥʥʷ. 
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The dissertation is devoted to increase of reliability of identification of the 

description of technology of creation of functional materials (FM). When modeling 

processes according to the ordered set of properties, they have not yet been fully 

described through the use of information technology (IT). Therefore, improving 

the quality of infographic modeling, the process of creating new for future use of 

structural, functional and structural-technological materials in a non-stationary 

environment is relevant for the safety of man-made complexes (TPK) of complex 

dynamic systems (SDS). 

In the introduction  on the basis of the conducted researches and the 

comparative analysis of known publications the urgency of the chosen subject is 

substantiated and the scientific task is set, connection of work with scientific 

programs, plans and subjects is shown. The subject, object and tasks of research 

are defined, methods of their decision are defined. Scientific novelty, practical 

significance of the obtained results and information on publications and 

approbation of the results of the research of the processes of creation of functional 

materials (FM) are given. 

The first section "Analysis of the current state of automated creation of 

functional materials".  As part of the automated system of engineering document 

management according to the criteria of the subject area and practical efficiency, 

the analysis of existing methods of solving current IT problems is performed. The 

results of the analysis of literature sources showed that the existing methods of 

solving problems of modeling the processes of creating FM do not take into 

account the specifics of their operating conditions and ergatic relationships 

between IAC in a temporary joint PEVO with a single information space (UIS). 



17 
 

The results of the analysis of sources show that each expert uses his own PAC, 

which he owns. Due to the interdisciplinary discrepancy of IAC awareness and the 

manifestation of natural uncertainty (the difficulty of a complete description of the 

operating instructions of specific programs of this developer) with the similarity of 

the original lenses and innovative differences of the ordered specializations there is 

a terminological mismatch of calculation models. For example, not identical 

models for the purpose of improving the accuracy of knowledge: geometry and 

topology; chemical compounds and physical states of matter; thermodynamics of 

external relations and internal phenomena of structure stability of natural and 

artificial FM. Therefore, the authors often reduce the problem to the solution of a 

partially relevant problem. To do this, they recommend new programming 

languages. But such an approach requires full knowledge of the rational use of IT 

and software and hardware. Due to the lack of quality descriptions for decision-

making IAC-ATS - the future consumer of IT does not fully know all this. At all 

levels of hierarchical interactions of different professionals, experts have their own 

IT tools, data warehouses and many applications. Based on the analysis of modern 

IT software, partial tasks on the research topic are set, which are relevant and have 

practical significance. 

The second section "Substantiation of methods of creating functional 

materials by means of information technology". The structuring of models and 

methods of automation of functions and tasks of polyergatic production 

organizations for the creation of FM is carried out. There are always uncertain 

challenges in human activities and the search for new IT. Tasks (orders) describe 

the object and the joint interaction of original properties and relationships for the 

needs of open systems of practice. BigDate information about such descriptions is 

more often available in linguistic forms. 

The dissertation proposes a conceptual-semantic target model (CSCM), 

which unites under one code three concepts (STC - Space Time Code). Unification 

provided the evaluation and selection of the ratios between the particle sizes of the 

compounds reacting to form the components of the substance. Structural layers and 



18 
 

layers (of different thickness) are selected according to the set criteria. The 

conditions of purposeful reactions of IAC experts are investigated. The 

technologies of automation of order realization according to the Agile principles 

for complex calculations of the ordered objects that we model are evaluated and 

substantiated. The architecture of the complex model - program action (KM-PD), 

technological conditions and means of forming the initial states of polyergatic 

modeling of objects are determined. Modes of complex research are realized in the 

forms of subsystems of dispatching management and automatic subsystems of 

planning of modes. Therefore, the practice of global integration requires 

minimizing the cost of ÍÉÎВЎ† IAS time and the use of the most effective 

means of PAC, within the "cloud" IT networks. 

The implementation of our proposed architecture of the KM-PD system for 

automation of ergatic modeling of FM creation processes has no fundamental 

limitations. If the needs of ITS, additions to the available knowledge, resources, 

stocks are possible. The development of computer technology and applied 

mathematics will remove computational difficulties in solving current problems 

that are difficult in terms of significant cost of IT resources. Improved reliability, 

increased speed and RAM and external memory, is typical of "cloud" technology. 

But such information tools in a reasonable time for nanotechnology do not always 

allow to solve typical problems. Infological modeling, aimed at finding well-

defined stages of creating functional materials provides the following list of 

methods: 

Å compilation and ordering of a system of equations describing TPK, the 

work of original objects, the reaction of FM in real conditions; 

Å development of methods and ways to solve a system of equations for the 

objective function of interactions between the components of functional materials; 

Å establishing the adequacy of the developed mathematical models that 

characterize the research topic with the participation of accumulated knowledge, 

and meet the actual data, parameters, criteria, limitations. 
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Substantiation of the methodology of processes of creation of functional 

materials allows PAK KM-PD to significantly reduce the time of TTR forecasting 

for such tasks, which are similar and remembered in the phases of previous 

application on the topic of necessary databases to symbolically formed models. All 

tuples of actual documents are digitized in a single information space (analysis of 

the mathematical model, adjustment of the parameters of the model equations 

based on the obtained physical modeling data, verification of the model's 

compliance with the real object and updating of info tuples). Knowledge bases 

contain predicate rules for alternate standard steps of KSCM application. The 

integration of a full set of decision support for PEVO provides: a description of the 

recommendations for specific actions of PEVO; rapid implementation of 

calculations, modeling, testing, adjustment and registration of TTR; introduction of 

topical TPK on an industrial scale of PEVO. 

The third section "Development of means of infographic modeling of 

processes of creation of functional materials with the set operational 

qualities".  The basic concepts of FM modeling processes include the construction 

of phase diagrams, as well as descriptions of multicomponent operating 

procedures. The synthesis of FM is possible according to the semantics of 

linguistic concepts that linguistically declare their mechanical properties under 

given conditions. The results of the target formation of the interaction structure and 

parameters of materials under different thermodynamic conditions are determined 

by describing the code of unified algebraic functions. Peculiarities of step-by-step 

formation of the structure (for example, composite ceramic components on the 

basis of expedient FM) are fixed by means of tested processor infographic models. 

Descriptions of the initial and target composition and structure of FM, having 

specificity, semantics, ontology, coded bridge of concepts are unambiguously 

reflected by the proposed grammar of automatic transformations of input tasks and 

KSCM. 

Modes of simulated ergatic modeling with the help of KM-PD determine the 

interaction that is achieved through linguistic templates, clear IAS and perceived 
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PAK remote communication channels. Symbolic communication ensures the 

quality of application of knowledge, functions, experience and local raw materials. 

In a solid made of functional materials, each point of the spatial strain layer 

characterizes the conditions of proportional stress in the framework of the integro-

differential description when applying the STC concept of pressure ὒ Ὕ . 

Under 
0

, ,
l

k
l

s e e
D

= = the conditions according to the knowledge of k - the 

modulus of elasticity of FM, when the linear Hooke's law for elastic deformations 

acts (is fulfilled). 

In practice, layers of real material respond simultaneously to stretching 

(compression), change in volume and plane, taking into account the corresponding 

Young's modules (E) and Poisson's ratios (m), as well G
t

g
=  as where you need to 

know the angle shift modulus under normalized tangential stress. 

In the volume V of the deformed body, heterogeneous phenomena occur 

simultaneously. Therefore, the relations, identically reduced to one integrated 

process and scale, define a chain of equivalent coded concepts. 

For STC, a concept that linguistically captures 3D combinatorial knowledge 

and the corresponding essence of the phenomenon, we apply a unified code, where 

KSCM and its tuple of possible values of indices ɟ, S, d (STC - Space time code) 

depend on ordered spaces with center). 

The STC code has developed a complete set of basic 46 concepts regarding 

material typical actions. An example of 3 topological pairs for ( , )d Sr"  a set of 

concepts provides an appropriate estimate of the number of relationships. 

Integer values ( , , )S dr  of each 3D measurement index additionally fix the 

basic metrological dimension according to the international standard of 2019 

(currently valid in Ukraine). The chain corresponds to the basic dimension system. 

Process infographic models (PIM), for example, for 9 key concepts of VTS are 

described as symbolic-analytical-power transformation of codes in the following 

two-way identities: 



21 
 

Examples of STC for KM-PD note the essence, feature and specificity of 

purely algebraic operations in process infological models of physical VTS. 

Therefore, at the same time, in a given 3D spatial volume of the original, the 

identities of symbolic transformations similarly encode 3D dynamic phenomena of 

the processes of bending, shear, and angular torsion. As a result, nonlinear, helical, 

thermodynamic processes, nonstationary force-moment and mass-energy phase 

transformations are actually modeled. The completeness of differential and integral 

forms of mappings in PIM is fixed by STC-codes of multidimensional infological 

concepts of the essence of KSCM of a given object of a complex dynamic system. 

The thickness and density of the material of each layer depends on the 

intensity, non-stationary external mechanical and thermal (frost resistance) loads. 

The mechanical properties (, ,E Gm  and others) of the FM material under the 

influence of NPS change. This is due to the peculiarities of the contacts between 

the surfaces. The role of boundary conditions (equivalents) is to fix the stability of 

operational oscillations without abrupt accidents and unforeseen effects of NPS. 

That is why the carrier should be distributed to the particle of the substance that 

structurally withstands the maximum mechanical loads of the NPS. Then the 2nd 

part plays the role of a binder between the most structural carriers and at the 

boundaries of contacts with other FM. Binder fillings and penetrations reflect the 

additional role of nonlinear refinement of the thermodynamics of chemical 

compounds in ITC facilities. 

The proposed code-symbol STC image is unified for all known physical 

processes of analytical description of dynamics, kinematics and statics of 

equilibrium in heterogeneous phenomena. The essence of the concept of KSCM, 

its causal features of objective creation and the specifics of the generation of 

consequential resulting effects, it is expedient to prove the modeling during the 

specifics of controlled creation of phase transformations according to the proposed 

algebraic system. The topic of trivial objects A is verbally described at the 

beginning by experts in various fields. 



22 
 

In the dissertation, in order to obtain a safe coating of the working surfaces 

of the original objects, the formalization consists of a finite number of basic 

generating concepts-elements. Processor-info models (PIM) reflect the application 

of ergatic modeling for the purpose of targeted creation (for example, FM of 

reinforcing, protective, binder) materials according to the tasks and needs of 

locally available raw materials. 

The method of PIM and symbolic generalization of code experimental 

(simulation and full-scale) results by means of similarity criteria allows: 

Å agree on the number of cost-critical resources for which we choose the 

conditions for field experimental work KM-PD; 

Å determine the smallest number of physical quantities that affect the 

heterogeneous state that need to be measured for modeling problems; 

Å process the results of FM experiments, generalize the effectiveness and 

obtain TTR, with descriptions to describe the kinetics of a complex process; 

Å identify areas of ITS to which the results of future FM studies on other 

complex orders can be extended. 

Natural and artificial materials in the KM-PD archive (mineral raw materials 

and products of local industrial production) are characterized by certain properties, 

chemical composition and structure of connections between elements. 

The proposed infographic model of the entire periodic table of currently 

known chemical elements is presented in the paper as a fragment of a complete 

description of the database. The unique properties of each chemical element (Z 

charge, valence, peculiarity of the quantum structure e- of orbitals, mass of the 

atom and isotopes, other attributes of the database) are fixed by the code Z in a 

triangular (k = 3) complete model. According to the coding of positioning in 

homogeneous tuples AS, SV, VA we have rules of consecutive (n-1), n, (n + 1) 

arithmetic series, figured numbers of the second order, where all k and n are 

integers of natural number N. 

Known chemical elements are mapped for fixed on the topic k = 3 vertices 

of triangles (tetrahedra, pyramids) with numbers from Z = 1 for hydrogen H, to, for 
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example, 88Ra radium, 89Ac sea anemone, according to the requirements for 

stability. The following (Z + i) elements of the description of tuples show 

radioactive decay of radionuclides. 

For other properties, which can be characterized by a number of similarities 

in the database depending on the value of n, it is necessary to encode using the 

parameter k = 4,5,6,7,8. Then the spatial figures-analogues will be similarly 

similar: with k = iden geometric nodes (square, pentagon, hexagon, octagon and 

others). The proposed method of infographic modeling of natural objects and 

subsystems is very effective for arithmetic of the code unique number-code of 

VTS. Therefore, in memory, this code allows, respectively, a unified system code - 

a computer description to increase the efficiency of structuring relationships in 

databases and knowledge of the proposed system KM-PD. 

The principles of the structural structure of the KM-PD language are similar 

for all forms of automation of functions and tasks of managing the processes of 

creating composite materials. The following are examples of the synthesis of 

computational base models (RBM) according to the tasks of the unified system 

code (USC) and language and organizational tools for the manager of situational 

management of modules of information repositories. 

Language-friendly tools and clear technology for the implementation of 

modeling functionality are aimed at accelerating software actions of IT. 

Similar procedures of KM-PD - "library of connectors" and synthesis of 

working models form the integrated mechanism of concrete PAK. 

To form in the computer's memory, a working model that can be used for 

calculations or construction based on archival information RBM. 

In addition to technological operations for tasks, KM-PD presents 

technological processes, such as grinding, mixing, compression, which require 

knowledge of variations of variables P, V, T, C that depend on t and temperatures 

0q . The composition and the final product replace the presence or absence of C 

impurities. Such data the expert - IAS has in the form of settlement-base and 

operational models. 
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The fourth section "Evaluation of the effectiveness of the proposed tools 

for infographic modeling of the processes of creating functional materials."  

The results of research of reliability, quality and efficiency of the developed 

complex of methods and means of infological modeling of processes of creation of 

functional materials under the order and requirements of use of local raw materials 

according to spheres of operation of TPK are resulted. 

Testing of the developed tool KM-PD was performed for the processes of 

creating from the available raw materials (SIO2 - natural sand and local carbon 

compounds) a promising substance SiC silicon carbide. Indicators for diamond 

100% were chosen as a standard of crystal strength. Then the resulting substance 

has 99.5%. From the obtained artificial material with a melting point of 2730 0C 

(density 3.21 g / cm-3) technological molding allows to make the specified 

aluminum-matrix composites. When we have up to 250 crystalline spatial forms of 

SiC, TTPs of functional material forms that respond better to mechanical and 

temperature loads are expedient. Quasi-periodic, daily, seasonal and annual cycles 

of changes in humidity, temperature and solar activity of NPS affect the 

percolation properties of the contact layer of solid surfaces of rigid structures of 

TPK objects. 

The use of developed methods of infographic modeling has led to improved 

quality of interface interactions and recognition of types of primitives for IT: 

message texts and tasks - by 2.3%, language instructions of ergatic modeling - by 

36.81%, unified tasks - by 60%, procedures that provides an improvement of an 

average of 49.53%. These results in practice testify to reliability and efficiency in 

the conditions of infological process of creation of FM according to the innovative 

order. 

The appendices to the dissertation contain documents confirming the 

practical significance: acts of introduction of dissertation materials into production 

and educational process; copyright registration certificates; list of published works 

on the topic of the dissertation. 
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ʉʇʀʉʆʂ ʋʄʆɺʅʀʍ ʉʂʆʈʆʏɽʅʔ ʊɸ ʇʆɿʅɸʏɽʅʔ 
 

API Application programing interface  

CASE Computer-Aided Software Engineering 

ʌM ʌʫʥʢʮʽʦʥʘʣʴʥʽ ʤʘʪʝʨʽʘʣʠ 

HMI  human machine inter connection 

IAS ɯʥʪʝʣʝʢʪʫʘʣʴʥʠʡ ʘʛʝʥʪ ʩʠʩʪʝʤʠ (Intelligent Agent Systems) 

ISO International Standard Organization 

IT  ɯʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ 

ɯʊʉ ʽʥʪʝʣʝʢʪʫʘʣʴʥʽ ʪʨʘʥʩʧʦʨʪʥʽ ʩʠʩʪʝʤʠ (Intelligent Transportation 

Systems) 

OS ʆʧʝʨʘʮʽʡʥʘ ʩʠʩʪʝʤʘ 

OSI  Open Systems Interconnection Basic Reference Model 

STC Space Time Code 

SCADA Super vervisory control and Date Acquisition 

TESIMFO  ʉʢʦʨʦʯʝʥʥʷ ʟ 7 ʧʦʥʷʪʴ. ʊʣʫʤʘʯʝʥʥʷ ʥʘ ʩʪʦʨʽʥʮʽ 85 

ɸɺɯɼʆ ʘʚʪʦʨʩʴʢʘ ʽʜʝ̫ ʜʽʻʚʦʛʦ ʦʙôʻʢʪʘ 

ɸʈʄ ɸʚʪʦʤʘʪʠʟʦʚʘʥʝ ʨʦʙʦʯʝ ʤʽʩʮʝ IAS-ʆʇʈ 

ɸʉɯɼ ɸʚʪʦʤʘʪʠʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʽʥʞʝʥʝʨʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʽʛʫ 

ɸʉʋʊʇ ɸʚʪʦʤʘʪʠʯʥʘ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ 

ɹʆʄ ʙʘʟʦʚʽ ʦʧʝʨʘʪʠʚʥʽ ʤʦʜʝʣʽ 

ɻɸʋ ʛʘʨʘʥʪʦʚʘʥʦʛʦ ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 

ɼʉʊʋ ɼʝʨʞʘʚʥʠʡ ʩʪʘʥʜʘʨʪ ʋʢʨʘʾʥʠ 

ɼʋʄ ɼʠʩʧʝʪʯʝʨ ʫʧʨʘʚʣʽʥʥʷ ʤʦʜʫʣʷʤʠ ʂʄ-ʇɼ 

ɭɯʇ ɭʜʠʥʠʡ ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʧʨʦʩʪʽʨ 

ɿʅʆʉ ʟʦʚʥʽʰʥʻ ʥʘʚʢʦʣʠʰʥʻ ʦʪʦʯʫʶʯʝ ʩʝʨʝʜʦʚʠʱʝ ɺʩʝʩʚʽʪʫ 

ʂʄ-ʇɼ ʢʦʤʧʣʝʢʩʥʘ ʤʦʜʝʣʴ-ʧʨʦʛʨʘʤʥʽ ʜʽʾ (ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʨʦʟʨʦʙʢʘ) 

ʂʉʎʄ ʂʦʥʮʝʧʪʫʘʣʴʥʦ ʩʝʤʘʥʪʠʯʥʘ ʮʽʣʴʦʚʘ ʤʦʜʝʣʴ 

ʆʇʈ ʆʩʦʙʘ, ʱʦ ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ (ʢʝʨʫʻ, ʫʧʨʘʚʣʷʻ, ʜʽʻ) 

ʇɸʂ ʇʨʦʛʨʘʤʥʦ-ʘʧʘʨʘʪʥʠʡ ʢʦʤʧʣʝʢʩ (ʟʘ ʧʦʪʨʝʙ ʢʦʨʠʩʪʫʚʘʯʽʚ ɯʊ) 
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ʇɽɺʆ ʇʦʣʽʝʨʛʘʪʠʯʥʽ ʚʠʨʦʙʥʠʯʽ ʦʨʛʘʥʽʟʘʮʽʾ (ʩʫʩʧʽʣʴʥʦʾ ʜʽʷʣʴʥʦʩʪʽ) 

ʇɯʄ ʇʨʦʮʝʩʦʨʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʤʦʜʝʣʽ (ʤʝʪʦʜʽʚ ʘʚʪʦʤʘʪʠʟʘʮʽʾ 

ʬʫʥʢʮʽʡ) 

ʇʏʂ ʇʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʡ ʢʦʥʪʠʥʫʫʤ (ʦʙôʻʢʪʥʦʾ ʧʨʠʨʦʜʠ ʨʝʯʝʡ) 

ʈɹʄ ʈʝʣʷʮʽʡʥʽ ʙʘʟʦʚʽ ʤʦʜʝʣʽ (ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʂʄ-ʇɼ) 

ʈʆʄ ʨʦʙʦʯʽ ʦʧʝʨʘʪʠʚʥʽ ʤʦʜʝʣʽ (ʜʣʷ ʇɸʂ ʇɯʄ ʪʘ ɼʋʄ ʂʄ-ʇɼ) 

ʉɸʅɯ ʩʬʝʨʘ ʘʚʪʦʤʘʪʠʟʘʮʽʡ ʥʘʫʢʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ (ʜʦʩʣʽʜʠ ʟʘʩʦʙʘʤʠ ɯʊ) 

ʉɸʇʈ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ (ʦʙôʻʢʪʽʚ ʉɼʉ) 

ʉɺʉ ʉʘʤʦʧʦʰʠʨʶʶʯʠʡ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʡ ʩʠʥʪʝʟ (ʨʝʯʦʚʠʥʠ) 

ʉɼʉ ʩʢʣʘʜʥʘ ʜʠʥʘʤʽʯʥʘ ʩʠʩʪʝʤʘ (ʱʦ ʧʨʦʛʥʦʟʫʻʤʦ ʪʘ ʤʦʜʝʣʶʻʤʦ) 

ʉʆʉ ʩʫʪʥʽʩʪʴ, ʦʩʦʙʣʠʚʽʩʪʴ, ʩʧʝʮʠʬʽʢʘ (ʤʦʜʝʣʝʡ, ʤʝʪʦʜʽʚ ʪʘ ʟʘʩʦʙʽʚ ɯʊ) 

ʉʋɹɼ ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʙʘʟʘʤʠ ʜʘʥʠʭ 

ʊɽʇ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ (ʨʝʘʣʽʟʘʮʽʾ ʊʊʈ ʚ ɯʊʉ) 

ʊʇʂ ʊʝʭʥʦʛʝʥʥʠʡ ʧʨʠʨʦʜʥʠʡ ʢʦʤʧʣʝʢʩ ʜʽʡ ʇɽɺʆ 

ʊʇʄ ʊʠʧʦʚʠʡ ʧʨʦʛʨʘʤʥʠʡ ʤʦʜʫʣʴ (ʫ ʙʽʙʣʽʦʪʝʮʽ ʂʄ-ʇɼ ʪʘ ʧʣʘʪʬʦʨʤ) 

ʊʊʈ ʊʝʭʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʽ ʨʽʰʝʥʥʷ (ɯʊʉ ʘʙʦ ʂʄ-ʇɼ) 

ʇʌʄ ʇʝʨʩʧʝʢʪʠʚʦ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʤʘʪʝʨʽʘʣʠ (ʧʨʦʜʫʢʪ ʡ ʪʦʚʘʨ ʇɽɺʆ 

ʜʣʷ ʊʇʂ) 

 

ʇʆɿʅɸʏɽʅʅʗ ʊɸ ʂʆɼ ʈʆɿʄɯʈʅʆʉʊɯ 

 

q ʪʝʤʧʝʨʘʪʫʨʘ 
Q ʊʝʧʣʦʧʝʨʝʜʘʯʘ, ʧʦʪʽʢ 

P  ʪʠʩʢ 

V  ʦʙôʻʤ 

v  ʰʚʠʜʢʽʩʪʴ 

E  ʝʥʝʨʛʽʷ 
s

dL Tr  ʧʦʣʽʥʦʤʽʘʣʴʥʠʡ ʢʦʜ 
2 2

0U L T- +=  ʧʨʦʚʽʜʥʽʩʪʴ 

f  ʯʘʩʪʦʪʘ 

l ʜʦʚʞʠʥʘ ʭʚʠʣʽ 
m ʽʥʝʨʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 
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ɺʉʊʋʇ 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʨʦʙʦʪʠ. ɿʛʽʜʥʦ ʩʪʘʪʠʩʪʠʢʠ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ International 

Data Corporation ʫ 2017 ʨ. ʦʙʩʷʛ ʩʪʚʦʨʝʥʠʭ ʣʶʜʩʪʚʦʤ ʜʘʥʠʭ ʚʞʝ ʩʪʘʥʦʚʠʚ 

ʙʣʠʟʴʢʦ 95,5*10  ɻʽʛʘʙʘʡʪ. ʅʘ 2020 ʨ. ʚʽʥ ʧʝʨʝʚʠʱʠʪʴ 104*10  ɻʽʛʘʙʘʡʪ. ʇʨʠ 

ʮʴʦʤʫ ʦʙʩʷʛ ʢʦʨʠʩʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʟʘ ʨʽʟʥʠʤʠ ʦʮʽʥʢʘʤʠ ʧʝʨʝʙʫʚʘʻ ʫ ʤʝʞʘʭ 23-

35%. ʆʙʩʷʛ ʜʘʥʠʭ, ʷʢʽ ʚʜʘʻʪʴʩʷ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʪʘ ʚʠʢʦʨʠʩʪʘʪʠ ʟʘʩʦʙʘʤʠ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ (ɯʊ) ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ï ʫ ʤʝʞʘʭ 1-3% ʚʽʜ 

ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʨʝʜʤʝʪʥʦʛʦ ʟʥʘʥʥʷ, ʱʦ ʩʢʣʘʜʘʻ 13% ʢʦʨʠʩʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ. ʊʦʤʫ, ʧʨʠ ʟʘʙʝʟʧʝʯʝʥʥʽ ʘʜʝʢʚʘʪʥʦʩʪʽ ʪʘ ʜʦʩʪʦʚʽʨʥʦʩʪʽ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʌʄ) ʫ 

ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʚʠʟʥʘʯʘʣʴʥʽ ʧʨʦʙʣʝʤʠ ʧʦʚôʷʟʘʥʽ ʥʝ ʟ ʥʝʦʙʭʽʜʥʽʩʪʶ ʚʝʣʠʢʠʭ 

ʦʙʩʷʛʽʚ ʜʘʥʠʭ, ʘ ʟ ʚʽʜʩʫʪʥʽʩʪʶ ʩʘʤʝ ʝʬʝʢʪʠʚʥʠʭ ʤʦʜʝʣʝʡ, ʤʝʪʦʜʽʚ ʪʘ ʟʘʩʦʙʽʚ 

ɯʊ. ʇʦʥʷʪʪʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ  ʤʘʪʝʨʽʘʣʽʚ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʽʜʝʾ 

ʤʦʞʣʠʚʦʩʪʽ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʤʦʚʣʝʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ  ʟʘ 

ʽʥʥʦʚʘʮʽʡʥʠʭ (ʧʦʢʠ ʱʝ ʥʝʽʩʥʫʶʯʠʭ ʥʘ ʧʨʘʢʪʠʮʽ) ʝʣʝʤʝʥʪʽʚ ʩʢʣʘʜʥʦʾ 

ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ (ʉɼʉ). ɽʨʛʘʪʠʯʥʽ (human machine inter connection (ʅʄɯ) 

ʟʘ ʘʢʪʠʚʥʦʶ ʫʯʘʩʪʶ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʛʝʥʪʫ ʩʠʩʪʝʤʠ (IAʉ) - ʣʶʜʠʥʠ 

ʦʧʝʨʘʪʦʨʘ) ʪʘ ʧʦʣʽʝʨʛʘʪʠʯʥʽ ʚʠʨʦʙʥʠʯʽ ʦʨʛʘʥʽʟʘʮʽʾ (ʇɽɺʆ) ʫ ʩʬʝʨʘʭ 

ʮʠʬʨʦʚʽʟʘʮʽʾ ʜʽʷʣʴʥʦʩʪʽ ʜʝʨʞʘʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʚʩʝ ʰʠʨʰʝ ʟʘʩʪʦʩʦʚʫʶʪʴ 

ʪʨʘʜʠʮʽʡʥʽ ʥʘʢʦʧʠʯʫʚʘʣʴʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʭʦʚʠʱʘ ʥʘ ʦʩʥʦʚʽ ʪʝʭʥʦʣʦʛʽʾ 

BigData. ɺ ʪʦʡ ʞʝ ʯʘʩ ʥʝʦʙʭʽʜʥʽ ʙʽʣʴʰ ʷʢʽʩʥʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʤʘʪʝʨʽʘʣʠ ʟʘ 

ʧʦʪʨʝʙ ʧʦʢʨʘʱʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʝʭʥʦʛʝʥʥʦ-ʧʨʠʨʦʜʥʠʭ ʢʦʤʧʣʝʢʩʽʚ (ʊʇʂ). 

ʊʦʤʫ, ʜʣʷ ʢʝʨʦʚʘʥʦʛʦ ʾʭ ʩʪʚʦʨʝʥʥʷ ʥʝʦʙʭʽʜʥʘ ʨʦʟʨʦʙʢʘ ʽʥʬʦʣʦʛʽʯʥʠʭ ʤʦʜʝʣʝʡ 

ʜʣʷ ʚʨʘʭʫʚʘʥʥʷ ʨʝʘʣʴʥʠʭ ʤʽʩʮʝʚʠʭ ʦʙʤʝʞʝʥʴ, ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʢʦʤʧʣʝʢʩʫ 

ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ, ʙʘʛʘʪʦʘʛʝʥʪʥʠʭ ʨʦʟʚô̫ ʟʫʚʘʯʽʚ, ʱʦ ʜʦʩʷʛʘʶʪʴ ʟʘʜʘʥʦʾ 

ʤʝʪʠ. ʉʘʤʝ ʮʝ ʩʢʣʘʜʘʻ ʚʘʞʣʠʚʝ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʝ ʟʘʚʜʘʥʥʷ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢʝ ʨʦʟʚôʷʟʫʻʪʴʩʷ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʨʽʟʥʦʤʘʥʽʪʪʷ ʽʥʬʦʣʦʛʽʯʥʦʾ 

ʽʥʪʝʛʨʘʮʽʾ ʪʘ ʢʦʜʦʚʠʭ ʚʟʘʻʤʦʜʽʡ ʧʨʠ ʦʙʨʦʙʣʝʥʥʽ ʧʦʪʦʢʽʚ ʜʘʥʠʭ. ɺ ʦʙôʻʢʪʘʭ 

ʢʦʞʥʦʾ ʩʢʣʘʜʥʦʾ ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ ʫʨʘʭʫʚʘʥʥʷ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʚʠʤʦʛ 
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ʧʨʘʢʪʠʢʠ ʥʝʤʦʞʣʠʚʝ ʙʝʟ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʩʪʫʧʦʚʦʛʦ ʥʘʙʣʠʞʝʥʥʷ ʜʦ 

ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ. ʇʨʦʮʝʩʠ ʩʪʚʦʨʝʥʥʷ 

ʬʫʥʢʮʦ̔ʥʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʯʘʩʪʽʰʝ ʧʝʨʝʜʙʘʯʘʶʪʴ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʦʙôʻʢʪʘʭ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤ ʟʛʽʜʥʦ ʧʨʦʛʨʘʤ ʟʘ ʧʦʪʨʝʙ ʪʨʘʥʩʧʦʨʪʫ.  

ʊʝʦʨʝʪʠʯʥʽ ʟʘʩʘʜʠ ʥʝʦʙʭʽʜʥʠʭ ʧʨʦʮʝʜʫʨ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʨʽʰʝʥʴ ʪʘ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʾʭ ʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤʘʭ ʦʙˇʨʫʥʪʫʚʘʣʠ ʫ ʩʚʦʾʭ ʨʦʙʦʪʘʭ 

ʇ.ɯ. ɸʥʜʦʥ, ʇ.ɯ. ɹʽʜʶʢ, ʈ.ʆ. ʜʽ ɹʦʨʪʽʥʽ, ɺ.ʄ. ɻʣʫʰʢʦʚ, ʄ.ɿ. ɿʛʫʨʦʚʩʴʢʠʡ, 

ɼ. ʂʥʫʪ, ʅ.ɼ. ʇʘʥʢʨʘʪʦʚʘ, ɹ.ʉ. ʈʘʜʦʚʩʴʢʠʡ, ɯ.ɺ. ʉʝʨʛʽʻʥʢʦ, W.B. Jonson, F.F. 

Lange, G.J. Zhang ʪʘ ʽʥʰ.̔ ʇʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ ʟʘʩʘʜ 

ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ ʚ ʩʚʦʾʭ ʨʦʙʦʪʘʭ ɸʣʴ-ɸʤʤʦʨʽ ɸ.ʅ., ɹʘʨʘʥʦʚ ɻ.ʃ., 

ɹʦʨʦʚʠʡ ʄ.ʆ., ɺʦʨʢʫʪ ʊ.ɸ., ɻʘʤʝʣʷʢ ɯ.ʇ., ɼʘʥʯʫʢ ɺ.ɼ., ʄʦʟʛʦʚʠʡ ɺ.ɺ., 

ʇʨʦʢʫʜʽʥ ɻ.ʉ., Lotfi A. Zadeh ʪʘ ʽʥʰʽ. ʇʦʥʷʪʪʷ ʽʥʬʦʣʦʛʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʦʟʥʘʯʘʻ, ʱʦ ʙʘʞʘʥʠʡ ʦʙôʻʢʪ ʦʧʠʩʫʻʪʴʩʷ ʫ ʢʘʪʝʛʦʨʽʡʥʠʭ ʧʦʥʷʪʪʷʭ, ʷʢʽ 

ʦʜʥʦʟʥʘʯʥʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʚʽʜʥʦʰʝʥʥʷ ʦʙôʻʢʪʘ ʫ ʮʠʬʨʦʚʠʭ 

ʤʦʜʝʣʷʭ ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʟʘʜʘʯ ʤʦʜʝʣʶʚʘʥʥʷ. ɿʘʚʜʘʥʥʷ ʧʽʜʚʠʱʝʥʥʷ 

ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʩʴʦʛʦʜʥʽ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʥʝ ʻ ʨʦʟʚôʷʟʘʥʠʤʠ, ʱʦ ʽ ʚʠʟʥʘʯʘʻ 

ʘʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ. 

ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. 

ɼʠʩʝʨʪʘʮʽʡʥʫ ʨʦʙʦʪʫ ʚʠʢʦʥʘʥʦ ʟʘ ʧʣʘʥʘʤʠ ʥʘʫʢʦʚʠʭ, ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ 

ʧʨʦʛʨʘʤ çʅʘʮʽʦʥʘʣʴʥʘ ʪʨʘʥʩʧʦʨʪʥʘ ʩʪʨʘʪʝʛʽʷ ʋʢʨʘʾʥʠ ʥʘ ʧʝʨʽʦʜ ʜʦ 2030 

ʨʦʢʫè (ʈʦʟʧʦʨʷʜʞʝʥʥʷ ʂʘʙʽʥʝʪʫ ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ ʚʽʜ 30.05.2018 ʨ. ˉ 430-

ʨ), çɼʝʷʢʽ ʧʠʪʘʥʥʷ ʚʠʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʩʪʨʦʢʦʚʠʭ ʧʨʽʦʨʠʪʝʪʥʠʭ ʥʘʧʨʷʤʽʚ 

ʽʥʥʦʚʘʮʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʛʘʣʫʟʝʚʦʛʦ ʨʽʚʥʷ ʥʘ 2017-2021 ʨʦʢʠè (ʇʦʩʪʘʥʦʚʘ 

ʂʘʙʽʥʝʪʫ ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ ʚʽʜ 18.10.2017 ʨ. ˉ 980). ʋ ʨʘʤʢʘʭ ʥʘʫʢʦʚʦ-

ʜʦʩʣʽʜʥʠʭ ʨʦʙʽʪ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʄʽʥʽʩʪʝʨʩʪʚʘ 

ʦʩʚʽʪʠ ʥʘʫʢʠ ʋʢʨʘʾʥʠ: çʊʝʭʥʽʯʥʽ ʪʘ ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʤʝʪʦʜʠʯʥʽ ʦʩʥʦʚʠ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʦʟʚʠʪʢʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʽ ʩʫʯʘʩʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡè (ʅɼʈ ˉ36 ɼʝʨʞʨʝʻʩʪʨʘʮʽʷ 0107U009612, 2017 ʨ., 

ʟ ʄʽʥʽʩʪʝʨʩʪʚʦʤ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘʾʥʠ).  
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ʄʝʪʘ ʪʘ ʥʘʫʢʦʚʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ: ʨʦʟʨʦʙʢʘ ʥʘʫʢʦʚʦ-ʤʝʪʦʜʦʣʦʛʽʯʥʦʛʦ ʘʧʘʨʘʪʫ ʜʣʷ 

ʽʥʬʦʣʦʛʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʩʠʥʪʝʟʫ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, 

ʩʧʨʷʤʦʚʘʥʦʛʦ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʪʘ ʧʨʠʩʢʦʨʝʥʥʷ ʦʙôʻʢʪʥʦ-

ʦʨʽʻʥʪʦʚʘʥʠʭ ʨʦʟʚôʷʟʢʽʚ ʜʠʩʢʨʝʪʥʠʭ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʠʭ ʟʘʜʘʯ ʧʦʰʫʢʫ 

ʨʘʮʽʦʥʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʩʪʚʦʨʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ.  

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʨʦʟʚôʷʟʘʪʠ ʪʘʢʽ ʥʘʫʢʦʚʽ 

ʟʘʜʘʯʽ:  

1. ʇʨʦʘʥʘʣʽʟʫʚʘʪʠ ʩʫʯʘʩʥʠʡ ʩʪʘʥ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʩʪʚʦʨʝʥʥʷ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ.  

2. ʆʙˇʨʫʥʪʫʚʘʪʠ ʤʝʪʦʜʠ ʩʪʚʦʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʟʘʩʦʙʘʤʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

3. ʈʦʟʨʦʙʠʪʠ ʟʘʩʦʙʠ ʽʥʬʦʣʦʛʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ 

ʩʪʚʦʨʝʥʥʷ ʌM ʟ ʟʘʜʘʥʠʤʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʷʢʦʩʪʷʤʠ. 

4. ʆʮʽʥʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʟʘʩʦʙʽʚ ʽʥʬʦʣʦʛʽʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʩʪʚʦʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʽʥʬʦʣʦʛʽʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. 

ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ï ʤʦʜʝʣʽ, ʤʝʪʦʜʠ ʪʘ ʟʘʩʦʙʠ ʝʨʛʘʪʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʙʘʟ ʜʘʥʠʭ ʜʣʷ ʽʥʬʦʣʦʛʽʯʥʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ 

ʩʠʥʪʝʟʫ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʄʝʪʦʜʠ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ ʙʘʟʫʶʪʴʩʷ ʥʘ 

ʟʘʩʪʦʩʫʚʘʥʥʽ: ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʟʘʩʦʙʽʚ; ʧʨʦʛʨʘʤʥʦʾ ʽʥʞʝʥʝʨʽʾ; ʟʦʢʨʝʤʘ 

ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʪʘ ʩʠʥʪʝʟʫ ʧʨʦʛʨʘʤʥʦ-ʘʧʘʨʘʪʥʦʾ 

ʚʟʘʻʤʦʜʽʾ; ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ ʪʝʦʨʽʾ ʤʥʦʞʠʥ; ʝʢʩʧʝʨʪʥʠʭ ʤʝʪʦʜʽʚ ʜʣʷ 

ʣʽʥʛʚʽʩʪʠʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʡ ʝʨʛʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘ ʙʘʟʽ ʣʦʛʽʢʠ, 

ʧʦʜʽʙʥʦʩʪʽ, ʨʦʟʤʽʨʥʦʩʪʽ; ʪʝʦʨʽʾ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʛʨʘʬʽʚ ʽ ʩʪʨʫʢʪʫʨ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʆʩʥʦʚʥʠʡ ʥʘʫʢʦʚʠʡ 

ʨʝʟʫʣʴʪʘʪ ʧʦʣʷʛʘʻ ʫ ʨʦʟʨʦʙʮʽ ʥʘʫʢʦʚʦ-ʤʝʪʦʜʦʣʦʛʽʯʥʦʛʦ ʘʧʘʨʘʪʫ ʜʣʷ 

ʽʥʬʦʣʦʛʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʩʠʥʪʝʟʫ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, 
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ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʪʘ ʧʨʠʩʢʦʨʝʥʥʷ ʦʙôʻʢʪʥʦ-

ʦʨʽʻʥʪʦʚʘʥʠʭ ʨʦʟʚôʷʟʢʽʚ ʜʠʩʢʨʝʪʥʠʭ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʠʭ ʟʘʜʘʯ ʧʦʰʫʢʫ 

ʨʘʮʽʦʥʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʩʪʚʦʨʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ. 

ɺʧʝʨʰʝ: 

- ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʘ ʪʘ ʨʦʟʨʦʙʣʝʥʘ ʘʣʛʝʙʨʘʾʯʥʘ ʩʠʩʪʝʤʘ 

ʽʥʬʦʣʦʛʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʩʪʚʦʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, 

ʷʢʘ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʚʽʜʦʤʠʭ ʤʝʪʦʜʽʚ, ʂʄ-ʇɼ ʢʦʤʧʣʝʢʩʥʦ ʚʠʟʥʘʯʘʻ ʧʦʚʥʦʪʫ 

ʢʦʜʽʚ ʙʘʟʦʚʠʭ ʧʦʥʷʪʴ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʨʠʩʢʦʨʠʪʠ ʨʦʟʚôʷʟʢʠ ʧʨʷʤʠʭ ʪʘ 

ʦʙʝʨʥʝʥʠʭ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʠʭ ʟʘʜʘʯ ʩʠʥʪʝʟʫ ʽʥʥʦʚʘʮʽʡʥʠʭ ʌʄ; 

- ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʦ ʪʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʘʥʘʣʽʪʠʯʥʫ 

ʩʠʩʪʝʤʫ ʢʦʜʫʚʘʥʥʷ ʣʘʥʮʶʛʦʚʠʭ ʧʨʦʮʝʩʽʚ ʩʪʚʦʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʷʢʘ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʧʦʙʘʡʪʥʠʤʠ ʦʧʠʩʘʤʠ ʟʘʙʝʟʧʝʯʫʻ 

ʙʽʥʘʨʠʟʘʮʽʶ ʧʨʠʩʢʦʨʝʥʥʷ, ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽ ʪʦʯʥʦʩʪʽ ʚʭʽʜʥʠʭ ʽ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ. 

ʋʜʦʩʢʦʥʘʣʝʥʦ:  

- ʤʦʜʝʣʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʽʥʬʦʣʦʛʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʨʦʮʝʩʽʚ ʩʪʚʦʨʝʥʥʷ ʌʄ ʜʣʷ ʤʘʡʙʫʪʥʴʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʷʢʘ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʚʽʜʦʤʠʭ ʚʨʘʭʦʚʫʻ ʪʝʭʥʽʯʥʝ ʦʙʣʘʜʥʘʥʥʷ ʟʘʩʦʙʽʚ ʫʧʨʘʚʣʽʥʥʷ ʟ ʤʝʪʦʶ 

ʟʙʝʨʝʞʝʥʥʷ ʾʭ ʩʪʽʡʢʦʩʪʽ ʜʦ ʢʦʨʠʩʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ; 

- ʤʝʪʦʜʠʢʫ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʟʘ ʢʨʠʪʝʨʽʷʤʠ ʤʝʭʘʥʽʯʥʦʾ ʤʽʮʥʦʩʪʽ ʟôʻʜʥʘʥʥʷ 

ʧʦʚʝʨʭʦʥʴ ʫʤʦʚ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʘ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʚʽʜʦʤʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʦʻʜʥʫʻ: ʢʦʜʦʚʘʥʽ ʧʨʝʜʠʢʘʪʠ ʮʽʣʴʦʚʦʛʦ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʫ ʚʠʛʣʷʜʽ ʙʘʛʘʪʦʨʽʚʥʝʚʠʭ ʩʪʨʫʢʪʫʨ, ʟʘʚʜʘʥʴ ʪʘ 

ʜʠʨʝʢʪʠʚʥʦ-ʢʦʤʘʥʜʥʠʭ ʣʽʥʛʚʽʩʪʠʯʥʠʭ ʬʦʨʤ, ʬʫʥʢʮʽʡ, ʦʧʠʩʽʚ ʜʽʷʣʴʥʦʩʪʽ; 

- ʤʝʪʦʜʠʢʫ ʚʠʢʦʥʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʧʨʦʮʝʜʫʨ ʤʦʜʝʣʶʚʘʥʥʷ 

ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ, ʷʢʘ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ, ʟʘʟʥʘʯʘʻ ʩʪʨʫʢʪʫʨʥʽ 

ʚʟʘʻʤʦʟʚôʷʟʢʠ ʧʨʦʪʷʛʦʤ ʟʘʜʘʥʦʛʦ ʯʘʩʫ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʫʭʠʣʝʥʥʷ ʚʽʜ 

ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ ʩʝʨʝʜʦʚʠʱʘ. 

ʅʘʙʫʣʦ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ: 

- ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʪʘ ʤʝʪʦʜʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʬʫʥʢʮʽʡ ʪʘ ʟʘʚʜʘʥʴ ʟ 

ʧʦʙʫʜʦʚʠ ʥʦʚʠʭ ʧʨʦʮʝʩʽʚ ʤʦʜʝʣʶʚʘʥʥʷ, ʫ ʷʢʠʭ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʯʠʩʝʣʴʥʠʭ 
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ʧʨʦʮʝʜʫʨ ʨʦʟʚ'ʷʟʢʽʚ, ʨʝʘʣʽʟʫʶʪʴʩʷ ʩʠʤʚʦʣʴʥʦ-ʘʥʘʣʽʪʠʯʥʽ ʩʪʝʧʝʥʝʚʽ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʢʦʜʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʨʠʩʢʦʨʝʥʽ ʜʽʾ ʧʨʝʜʠʢʘʪʠʚʥʦ 

ʢʝʨʦʚʘʥʦʛʦ ʩʪʚʦʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ; 

- ʩʪʨʘʪʝʛʽʷ ʫʧʨʘʚʣʽʥʥʷ ʦʙ'ʻʢʪʘʤʠ ʟ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ, ʷʢʘ 

ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʚʽʜʦʤʠʭ ʜʦʟʚʦʣʷʻ: ʧʝʨʝʜʙʘʯʠʪʠ ʝʬʝʢʪʠʚʥʽ ʢʦʤʧʝʥʩʘʮʽʡʥʽ 

ʤʝʭʘʥʽʟʤʠ, ʱʦʙ ʫʥʠʢʥʫʪʠ ʥʝʙʘʞʘʥʠʭ ʧʦʜʽʡ; 

- ʪʝʭʥʦʣʦʛʽʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʂʄ-ʇɼ ʫ ʧʦʣʽʝʨʛʘʪʠʯʥʠʭ ʚʠʨʦʙʥʠʯʠʭ 

ʦʨʛʘʥʽʟʘʮʽʷʭ, ʷʢʘ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʚʽʜʦʤʠʭ ʧʨʠʩʢʦʨʶʻ: ʢʦʤʧʣʝʢʩʥʫ ʚʟʘʻʤʦʜʽʶ 

ʝʢʩʧʝʨʪʽʚ ʨʽʟʥʠʭ ʛʘʣʫʟʝʡ ʟʥʘʥʴ, ʜʣʷ ʩʠʥʪʝʟʫ ʧʦʪʨʽʙʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʤʽʥʽʤʽʟʘʮʽʾ 

ʚʠʪʨʘʪ ʨʝʩʫʨʩʽʚ ʚ ʫʤʦʚʘʭ ʣʽʥʛʚʽʩʪʠʯʥʦʾ ʥʝʧʦʚʥʦʪʠ. 

ɼʦʩʪʦʚʽʨʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ɼʦʩʪʦʚʽʨʥʽʩʪʴ 

ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʽʚ ʝʨʛʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ, ʧʦʩʪʘʥʦʚʢʦʶ ʧʨʦʮʝʩʽʚ ʩʠʤʚʦʣʴʥʦʾ ʪʘ ʯʠʩʣʦʚʦʾ 

ʦʙʨʦʙʢʠ ʜʘʥʠʭ, ʩʧʽʚʧʘʜʽʥʥʷʤ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʝʩʪʫʚʘʥʥʷ ʪʘ ʜʦʩʪʦʚʽʨʥʠʤʠ 

ʬʘʢʪʘʤʠ ʥʘʪʫʨʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ, ʫʟʛʦʜʞʝʥʽʩʪʶ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʽʥʰʠʭ ʘʚʪʦʨʽʚ 

ʜʣʷ ʝʪʘʣʦʥʥʠʭ ʟʘʜʘʯ ʚʽʜʧʦʚʽʜʥʦ ʪʝʦʨʽʾ ʩʠʩʪʝʤ ʧʦʜʽʙʥʦʩʪʽ ʪʘ ʨʦʟʤʽʨʥʦʩʪʽ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ 

ʨʦʟʨʦʙʢʘ ʥʘʫʢʦʚʦ-ʤʝʪʦʜʦʣʦʛʽʯʥʦʛʦ ʘʧʘʨʘʪʫ ʜʣʷ ʽʥʬʦʣʦʛʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʨʦʮʝʩʽʚ ʩʠʥʪʝʟʫ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʧʽʜʚʠʱʝʥʥʷ 

ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʪʘ ʧʨʠʩʢʦʨʝʥʥʷ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʭ ʨʦʟʚôʷʟʢʽʚ ʜʠʩʢʨʝʪʥʠʭ 

ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʠʭ ʟʘʜʘʯ ʧʦʰʫʢʫ ʧʨʦʮʝʩʽʚ ʩʪʚʦʨʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ. 

ɿʦʢʨʝʤʘ, ʮʽ ʤʝʪʦʜʠ ʚʧʨʦʚʘʜʞʝʥʦ ʫ ʥʘʫʢʦʚʠʭ ʨʝʟʫʣʴʪʘʪʘʭ ʜʦʩʣʽʜʞʝʥʥʷ, 

ʪʘ ʧʽʜʪʚʝʨʜʞʝʥʦ ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʥʘ ʊʆɺ çʉʦʬʪʣʘʡʥ ɯʊè (ʘʢʪ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʚʽʜ 28.12.2018 ʨ.), ɻɸ çɸʩʦʮʽʘʮʽʷ ʬʘʭʽʚʮʽʚ ʫ ʩʬʝʨʽ ʮʠʚʽʣʴʥʦʛʦ ʟʘʭʠʩʪʫè (ʘʢʪ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʽʜ 21.12.2018 ʨ.), ʪʘ ʋʧʨʘʚʣʽʥʥʷ çɽʢʦʣʦʛʽʾ, 

ʝʥʝʨʛʦʤʝʥʝʜʞʤʝʥʪʫ ʪʘ ʦʭʦʨʦʥʠ ʧʨʘʮʽè ʄʘʨʽʫʧʦʣʴʩʴʢʦʾ ʤʽʩʴʢʦʾ ʨʘʜʠ (ʘʢʪ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʽʜ 26.11.2018 ʨ.), ʘ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ 

ʥʘʚʯʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʫ ɼɺʅɿ çʇʨʠʘʟʦʚʩʴʢʦʤʫ ʜʝʨʞʘʚʥʦʤʫ ʪʝʭʥʽʯʥʦʤʫ 

ʫʥʽʚʝʨʩʠʪʝʪʽè (ʘʢʪ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʽʜ 13.11.2018 ʨ.) ʪʘ ʅʘʮʽʦʥʘʣʴʥʦʤʫ 

ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ (ʘʢʪ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʽʜ 31.01.2020 ʨ.).  
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ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ʊʝʦʨʝʪʠʯʥʽ ʧʦʣʦʞʝʥʥʷ, ʨʦʟʨʦʙʢʠ ʪʘ 

ʚʠʩʥʦʚʢʠ, ʷʢʽ ʥʘʚʝʜʝʥʽ ʫ ʜʠʩʝʨʪʘʮʽʾ, ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʩʘʤʦʩʪʽʡʥʠʭ ʥʘʫʢʦʚʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʘʚʪʦʨʘ. ɺʩʽ ʪʝʦʨʝʪʠʯʥʽ, ʤʝʪʦʜʦʣʦʛʽʯʥʽ ʽ ʢʦʥʮʝʧʪʫʘʣʴʥʽ ʨʦʟʨʦʙʢʠ, 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʧʫʥʢʪʽ çʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚè, ʦʪʨʠʤʘʥʽ 

ʘʚʪʦʨʦʤ ʩʘʤʦʩʪʽʡʥʦ. ʇʨʠ ʧʽʜʛʦʪʦʚʮʽ ʧʫʙʣʽʢʘʮʽʡ ʟʽ ʩʧʽʚʘʚʪʦʨʘʤʠ ʚʥʝʩʦʢ ʘʚʪʦʨʘ 

ʙʫʚ ʚʠʟʥʘʯʘʣʴʥʠʤ: ʫ [2, 5, 8, 11] ï ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠ ʪʘ ʟʘʩʦʙʠ ʽʥʬʦʣʦʛʽʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʫ [1, 4, 6, 10] ï ʨʦʟʨʦʙʣʝʥʦ ʩʪʨʫʢʪʫʨʥʦ-ʣʽʥʛʚʽʩʪʠʯʥʽ ʤʝʪʦʜʠ 

ʚʟʘʻʤʥʦ-ʦʜʥʦʟʥʘʯʥʦʛʦ ʢʦʜʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʰʘʙʣʦʥʽʚ, ʫ [3, 7, 9, 12] ï 

ʤʝʪʦʜʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʫ ʪʦʯʢʘʭ ʨʦʟʛʘʣʫʞʝʥʥʷ ʜʽʾ ʟʘʩʦʙʽʚ ɯʊ. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ 

ʨʦʙʦʪʠ ʜʦʧʦʚʽʜʘʣʠʩʴ ʪʘ ʦʙʛʦʚʦʨʶʚʘʣʠʩʷ ʥʘ 10-ʡ, 13-ʡ ʄʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʚʦ-

ʪʝʭʥʽʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ çʇʨʦʙʣʝʤʠ ʽʥʬʦʨʤʘʪʠʟʘʮʽʾè (ʤ. ʂʠʾʚ, ɼʋʊ, 2016-

2019 ʨʨ.), XIII ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çɸʚʽʘ-2017è 

(ʤ. ʂʠʾʚ, ʅɸʋ, 2017 ʨ.), LXXIɯ - LXXV ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ 

ʧʨʦʬʝʩʦʨʩʴʢʦ-ʚʠʢʣʘʜʘʮʴʢʦʛʦ ʩʢʣʘʜʫ, ʘʩʧʽʨʘʥʪʽʚ, ʩʪʫʜʝʥʪʽʚ ʪʘ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ 

ʚʽʜʦʢʨʝʤʣʝʥʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʧʽʜʨʦʟʜʽʣʽʚ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ (ʤ. ʂʠʾʚ, ʅʊʋ, 2016-2019 ʨʨ.), ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ 

ʢʦʥʬʝʨʝʥʮʽʾ çʈʦʟʙʫʜʦʚʘ ʝʢʦʥʦʤʽʯʥʦʾ ʦʩʚʽʪʠ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʦʩʥʦʚ ʬʽʥʘʥʩʦʚʦʾ 

ʛʨʘʤʦʪʥʦʩʪʽ ʫʯʥʽʚʩʴʢʦʾ ʤʦʣʦʜʽ ï ʦʩʥʦʚʘ ʨʦʟʚʠʪʢʫ ʛʨʦʤʘʜʷʥʩʴʢʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ 

ʪʘ ʩʪʘʥʦʚʣʝʥʥʷ ʝʢʦʥʦʤʽʢʠ ʟʥʘʥʴè (ʤ. ʂʠʾʚ, ɯʥʩʪʠʪʫʪ ʦʙʜʘʨʦʚʘʥʦʾ ʜʠʪʠʥʠ 

ʅɸʇʅ ʋʢʨʘʾʥʠ, 2017 ʨ.), 2-ʛʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ 

çɸʝʨʦʢʦʩʤʽʯʥʽ ʪʝʭʥʦʣʦʛʽʾè (ʤ. ʂʠʾʚ, ɼʝʨʞʘʚʥʝ ʢʦʩʤʽʯʥʝ ʘʛʝʥʪʩʪʚʦ ʋʢʨʘʾʥʠ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʮʝʥʪʨ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʚʠʧʨʦʙʫʚʘʥʥʷ ʢʦʩʤʽʯʥʠʭ ʟʘʩʦʙʽʚ, 2018 ʨ.), 

ɯɯ ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ (ʤ. ʂʠʾʚ, ʂʅʋ ʽʤ. 

ʊ.ʐʝʚʯʝʥʢʘ, 2018 ʨ.), ɺʩʝʫʢʨʘʾʥʩʴʢʽʡ ʥʘʫʢʦʚʦ-ʤʝʪʦʜʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ 

çʇʨʦʙʣʝʤʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷè (ʤ.ʂʘʤôʷʥʩʴʢʝ, ɼɼʊʋ, 2018 ʨ.), 78 

ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʇʨʦʙʣʝʤʠ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ 

ʨʦʟʚʠʪʢʫ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫè (ʤ. ɼʥʽʧʨʦ, ɼʅʋɾɼ ʽʤ. ʘʢʘʜʝʤʽʢʘ 

ɺ.ʃʘʟʘʨʷʥʘ, 2018 ʨ.). 
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ʇʫʙʣʽʢʘʮʽʾ. ʇʦ ʪʝʤʽ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʦʧʫʙʣʽʢʦʚʘʥʦ 27 ʥʘʫʢʦʚʠʭ 

ʧʨʘʮʴ, ʽʟ ʥʠʭ: 11 ʩʪʘʪʝʡ ʫ ʚʠʜʘʥʥʷʭ ʽʥʦʟʝʤʥʠʭ ʜʝʨʞʘʚ ʘʙʦ ʫ ʥʘʫʢʦʚʠʭ 

ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʧʝʨʝʣʽʢʫ ʟʘʪʚʝʨʜʞʝʥʠʭ ɼɸʂ ʋʢʨʘʾʥʠ, 12 

ʧʨʘʮʴ ʘʧʨʦʙʘʮʽʡʥʦʛʦ ʭʘʨʘʢʪʝʨʫ, 1 ʢʦʣʝʢʪʠʚʥʘ ʤʦʥʦʛʨʘʬʽʷ, 3 ʩʚʽʜʦʮʪʚʘ ʧʨʦ 

ʨʝʻʩʪʨʘʮʽʶ ʘʚʪʦʨʩʴʢʦʛʦ ʧʨʘʚʘ ʥʘ ʪʚʽʨ.  

ʉʪʨʫʢʪʫʨʘ ʽ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʘʥʦʪʘʮʽʾ, ʧʝʨʝʣʽʢʫ ʫʤʦʚʥʠʭ ʧʦʟʥʘʯʝʥʴ, ʚʩʪʫʧʫ, ʯʦʪʠʨʴʦʭ ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ, 

ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʪʘ ʜʦʜʘʪʢʽʚ. ɿʘʛʘʣʴʥʠʡ ʦʙʩʷʛ ʩʢʣʘʜʘʻ 

280 ʩʪʦʨʽʥʦʢ, ʟ ʷʢʠʭ 120 ʩʪʦʨʽʥʦʢ ʦʩʥʦʚʥʦʛʦ ʪʝʢʩʪʫ, 32 ʨʠʩʫʥʢʘ, 42 ʪʘʙʣʠʮʽ ʪʘ 

57 ʬʦʨʤʫʣ.  
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ʈʆɿɼɯʃ 1 

ɸʅɸʃɯɿ ʉʋʏɸʉʅʆɻʆ ʉʊɸʅʋ ɸɺʊʆʄɸʊʀɿʆɺɸʅʆɻʆ ʉʊɺʆʈɽʅʅʗ 

ʌʋʅʂʎɯʆʅɸʃʔʅʀʍ ʄɸʊɽʈɯɸʃɯɺ 
 

1.1. ɸʥʘʣʽʟ ʧʨʦʙʣʝʤʥʠʭ ʟʘʚʜʘʥʴ ʚ ʪʝʭʥʦʣʦʛʽʷʭ ʤʘʡʙʫʪʥʴʦʛʦ 

ʩʪʚʦʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

 

ʇʝʨʩʧʝʢʪʠʚʠ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤ 

(ITʉ) ʧʦʢʠ ʱʝ ʬʦʨʤʫʶʪʴ ʫʤʦʚʠ ʛʝʪʝʨʦʛʝʥʥʦʾ ʽʥʪʝʛʨʘʮʽʾ ʫ ʩʚʽʪʦʚʫ ʪʨʘʥʩʧʦʨʪʥʫ 

ʤʝʨʝʞʫ ʟ ʪʨʘʥʩʢʦʥʪʠʥʝʥʪʘʣʴʥʠʤʠ ʩʧʦʣʫʯʝʥʥʷʤʠ ʚʩʽʭ ʧʨʦʚʽʜʥʠʭ ʜʝʨʞʘʚ, 

ʚʢʣʶʯʘʶʯʠ ʧʦʪʝʥʮʽʘʣ ʋʢʨʘʾʥʠ [164]. ɺʝʣʠʢʦʤʘʩʰʪʘʙʥʘ ʽʥʪʝʛʨʘʮʽʷ ʜʣʷ 

ʧʦʜʦʣʘʥʥʷ ʥʝʛʘʪʠʚʥʠʭ ʪʝʥʜʝʥʮʽʡ ʧʝʨʝʜʙʘʯʘʻ ʧʨʠʥʮʠʧʠ ʩʠʥʝʨʛʝʪʠʢʠ ʥʘ ʧʦʯʘʪʢʫ 

XXI  ʩʪʦʣʽʪʪʷ, ʘʣʝ ʥʝ ʚʨʘʭʦʚʫʻ ʟʘʛʨʦʟʠ ʞʠʪʪʷ ʜʦ ʧʝʨʝʜʚʽʩʥʠʢʽʚ ʢʨʠʟʠ ʥʘ ʧʣʘʥʝʪʽ 

ɿʝʤʣʷ. ɼʝʷʢʽ ʥʘʷʚʥʦ ʽʩʥʫʶʯʽ ʪʝʭʥʦʣʦʛʽʾ ʩʪʚʦʨʝʥʥʷ ʌʄ ʧʨʦʚʽʜʥʽ ʚʯʝʥʽ-ʝʢʩʧʝʨʪʠ 

ʚʽʜʥʦʩʷʪʴ ʜʦ ʧʨʦʙʣʝʤʥʠʭ ʷʚʠʱ: ʥʝ ʩʪʘʮʽʦʥʘʨʥʽʩʪʴ ʨʝʛʽʦʥʘʣʴʥʠʭ ʫʤʦʚ ʜʣʷ ʞʠʪʪʷ; 

ʛʣʦʙʘʣʴʥʽ ʧʨʠʨʦʜʥʦ-ʢʣʽʤʘʪʠʯʥʽ ʟʤʽʥʠ, ʚʢʣʶʯʘʶʯʠ ʟʙʽʣʴʰʝʥʥʷ ʽʥʪʝʨʚʘʣʽʚ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʢʦʣʠʚʘʥʴ; ʧʽʜʚʠʱʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʛʨʦʟʣʠʚʠʭ ʛʘʟʽʚ ʚʽʜ 

ʚʠʢʠʜʽʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʡ ʪʨʘʥʩʧʦʨʪʥʦʾ ʛʘʣʫʟʽ; ʟʨʦʩʪʘʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʫ ʚʩʽʭ 

ʩʬʝʨʘʭ; ʟʥʠʢʥʝʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʬʦʨʤ ʙʽʦʦʙôʻʢʪʽʚ; ʟʨʦʩʪʘʥʥʷ 

ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʝʧʽʜʝʤʽʡ ʟ ʤʘʩʦʚʦʶ ʟʘʛʠʙʝʣʣʶ ʧʪʘʭʽʚ, ʪʚʘʨʠʥ, ʣʶʜʠʥʠ; 

ʤʘʩʰʪʘʙʥʝ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʪʦʨʛʽʚʣʽ ʟʙʨʦʻʶ ʪʘ ʾʾ ʽʤʦʚʽʨʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ; ʟʙʽʛ 

ʥʝʛʘʪʠʚʥʠʭ ʢʨʠʟʦʚʠʭ ʢʦʣʠʚʘʥʴ ʫ ʨʝʟʦʥʘʥʩʽ ʬʦʨʩ-ʤʘʞʦʨʥʽ ʨʫʡʥʽʚʥʽ ʢʘʪʘʩʪʨʦʬʠ. 

ʋ ʩʚʽʪʽ ʥʘʫʢʦʚʽ ʟʥʘʥʥʷ ʧʨʦ ʤʘʪʝʨʽʘʣʠ [156] ʢʣʘʩʠʬʽʢʫʶʪʴ, ʷʢ ʷʚʠʱʘ ʥʘ ʙʘʟʦʚʠʭ 

ʥʘʧʨʷʤʘʭ: ʬʽʟʠʯʥʠʡ, ʭʽʤʽʯʥʠʡ, ʙʽʦʣʦʛʽʯʥʠʡ. ʉʘʤʝ ʚʦʥʠ ʬʦʨʤʫʶʪʴ ʚʩʽ ʚʽʜʦʤʽ 

(ʪʘʙʣ. 1.1) ʤʘʪʝʨʽʘʣʴʥʽ ʦʙôʻʢʪʠ, ʷʢ ʧʨʠʨʦʜʥʽ ʙʦ ʽʩʥʫʶʪʴ ʫ ɺʩʝʩʚʽʪʽ, ʪʘʢ ʡ ʰʪʫʯʥʽ 

ʫ ʥʘʩʣʽʜʦʢ ʣʶʜʩʴʢʦʾ ʚʠʨʦʙʥʠʯʦʾ ʡ ʦʨʛʘʥʽʟʘʮʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʚʢʣʶʯʘʶʯʠ: 

ʪʝʭʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ɯʊ ʪʘ ʽʻʨʘʨʭʽʯʥʦʛʦ ʨʦʟʦʩʝʨʝʜʞʝʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 

ʥʠʤʠ. ʉʫʯʘʩʥʽ ʽʥʥʦʚʘʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ, ʱʦ ʚ ʫʤʦʚʘʭ ʧʦʪʦʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚ 

ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʣʶʜʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ʚʞʝ ʘʧʨʦʙʫʶʪʴ ʥʘʜʘʥʦ ʥʘʧʨʠʢʣʘʜ, ʚ 

(ʪʘʙʣ. 1.2) [20].  
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ʊʘʙʣʠʮʷ 1.1 ï ʂʦʥʮʝʧʪʫʘʣʴʥʘ ʩʠʩʪʝʤʘʪʠʢʘ ʧʦʥʷʪʪʷ ʧʝʨʩʧʝʢʪʠʚʥʽ ʩʢʣʘʜʝʥʽ ʤʘʪʝʨʽʘʣʠ (ʇʌʄ) ʤʘʡʙʫʪʥʴʦʛʦ ʨʦʟʚʠʪʢʫ ITʉ 

ʇʨʠʨʦʜʥʽ ʜʞʝʨʝʣʘ ɺʩʝʩʚʽʪʫ 

ʇʝʨʩʧʝʢʪʠʚʥʽ 

ʩʢʣʘʜʝʥʽ ʤʘʪʝʨʽʘʣʠ 

ʟ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ 

ʐʪʫʯʥʽ ʜʞʝʨʝʣʘ ʥʦʦʩʬʝʨʠ 

ʂʦʩʤʦʩ ɸʪʤʦʩʬʝʨʘ ʇʣʘʥʝʪʘ ʆʩʚʽʪʘ ʡ ʥʘʚʯʘʥʥʷ 
ʇʨʦʤʠʩʣʦʚʽ 

ʧʝʨʚʠʥʥʽ 

ʉʧʝʮʽʘʣʴʥʽ 

ʚʪʦʨʠʥʥʽ 

ʂʦʨʠʩʥʽ 

ʢʦʤʧʣʝʢʩʥʽ 

ɻʘʣʘʢʪʠʢʠ ɻʘʟʠ ɿʝʤʣʝʪʨʫʩʠ ɼʠʪʷʯʘ ɻʘʟʦʧʦʜʽʙʥʽ ʉʧʝʮ ʣʝʪʶʯʽ ɽʥʝʨʛʦʧʘʣʠʚʘ 

ɿʚʽʨʢʠ ʇʘʨʠ ɺʫʣʢʘʥʠ ʐʢʽʣʴʥʘ ʈʽʜʠʥʦʧʦʜʽʙʥʽ ʉʧʝʮ ʪʝʢʫʯʽ ʂʦʤʧʦʟʠʪʠ 

ʇʣʘʥʝʪʠ ɹʽʦʣʝʪʫʯʽ ʇʫʩʪʝʣʽ ɺʅɿ ʊʚʝʨʜʽ ʬʦʨʤʠ ʉʧʝʮ ʞʦʨʩʪʢʽ ɺôʷʞʫʯʽ 

ɸʩʪʝʨʦʾʜʠ ɽʢʦ ʦʙôʻʢʪʠ ʃʽʩʦʩʪʝʧ ɻʫʤʘʥʽʪʘʨʥʘ  

ɯʊ 

ʊʝʭʥʦʣʦʛʽʯʥʽ ʉʧʝʮ ʩʫʤʽʰʽ ʉʪʘʥʜʘʨʪ 

ʝʣʝʤʝʥʪʠ 

ʄʝʪʝʦʨʠʪʠ ʇʪʘʭʠ ɹʽʦʦʙôʻʢʪʠ ʊʝʭʥʽʯʥʘ ʍʽʤʽʯʥʽ ʉʧʝʮ ʧʨʦʜʫʢʪʠ ɹʘʟʦʚʽ ʜʝʪʘʣʽ 

ʂʦʤʝʪʠ, ʧʠʣ, 

ʭʚʦʩʪʠ 

ʇʠʣ ɽʢʩʢʨʝʤʝʥʪʠ ɺʠʨʦʙʥʠʯʘ ʆʨʛʘʥʽʯʥʽ *  ʂʦʤʧʣʝʢʪʫʶʯʽ ʂʦʥʩʪʨʫʢʮʽʾ 

ʋʛʨʫʧʦʚʘʥʥʷ ɽʢʦ ʟʦʥʠ  ɽʢʦʩʠʩʪʝʤʠ ʅʘʫʢʦʚʘ 

ɯʊ  

ɸʉɯɼ 

ʉʠʨʦʚʠʥʘ ʊʦʚʘʨʠ ʇʝʨʩʧʝʢʪʠʚʥʽ 

ʧʦʩʣʫʛʠ ʟʘ 

ʟʘʤʦʚʣʝʥʥʷʤ 

ʇɽɺʆ: ʜʦʙʫʚʘʥʥʷ, ʧʝʨʝʨʦʙʢʘ, ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʂʘʜʨʠ IAS ɯʊʉ ʇɽɺʆ: ʚʠʨʦʙʥʠʮʪʚʦ, ʩʠʥʪʝʟ, ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ 

*ʏʘʩʪʢʦʚʠʡ ʧʨʠʢʣʘʜ. ɺʫʛʣʝʮʝʚʽ ʤʘʪʝʨʽʘʣʠ, ʱʦ ʩʪʚʦʨʝʥʽ ʟʘ ʙʘʟʦʚʠʤ ʩʢʣʘʜʦʤ, ʷʢ ʥʝʦʨʛʘʥʽʯʥʽ, ʦʨʛʘʥʽʯʥʽ ʪʘ 

ʛʝʪʝʨʦʛʝʥʥʽ 
2 6

4 12,011

2

2 Z

mp C =
 

ɺʠʩʦʢʘ ʪʚʝʨʜʽʩʪʴ, ʪʫʛʦʧʣʘʚʢʽʩʪʴ, ʞʘʨʦ ʡ ʭʽʤʽʯʥʘ ʩʪʽʡʢʽʩʪʴ   ʈʽʟʥʦʤʘʥʽʪʪʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ 

ɸʣʤʘʟʠ ʂʘʨʙʽʜʠ ʢʘʨʙʽʥ 
ʂʦʥʮʝʥʪʨʘʮʽʷ 

ʛʨʘʬʽʪ ʚʫʛʽʣʣʷ 
ʆʨʛʘʥʽʯʥʽ ʩʧʦʣʫʢʠ ʙʽʦʦʙôʻʢʪʽʚ, ʪʚʘʨʠʥ, , ʧʪʘʭʽʚ, ʨʦʩʣʠʥ 

ʉʧʝʮ ʪʝʭʥʽʢʘ 

ʅʘʬʪʘ 

ʪʦʨʬ 

ʛʘʟʠ 

ɺʫʛʣʝʚʦʜʠ ɾʠʨʠ  ɹʽʣʢʠ 

ɽʥʝʨʛʝʪʠʢʘ 
ɺʠʨʦʙʥʠʯʝ ʪʘ ʭʘʨʯʦʚʝ ʧʝʨʩʦʥʘʣʴʥʝ ʩʧʦʞʠʚʘʥʥʷ 

(ʘʩʬʘʣʴʪʠ, ʙʝʪʦʥʠ, ʙʽʪʫʤʠ ɯʊʉ) 
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ʊʘʙʣʠʮʷ 1.2 ï ʉʫʯʘʩʥʽ (2020 ʨ.) ʤʘʪʝʨʽʘʣʠ ʪʘ ʬʦʨʤʦʪʚʦʨʝʥʥʷ ʮʽʣʴʦʚʠʭ ʇʌʄ ʟ ʢʝʨʦʚʘʥʠʤ ʬʘʟʦʚʠʤ ʩʢʣʘʜʦʤ ʢʦʤʧʦʥʝʥʪʽʚ 

ʉʬʝʨʘ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʮʽʣʴʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ 

ʇʌʄ 

ɺʠʟʥʘʯʘʣʴʥʘ ʰʪʫʯʥʦ 

ʩʪʚʦʨʝʥʘ ʚʣʘʩʪʠʚʽʩʪʴ 

ʤʘʪʝʨʽʘʣʫ 

ʇʨʠʢʣʘʜʠ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʣʷ 

ʧʨʘʢʪʠʢʠ ʣʶʜʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ  

ʩʫʪʥʽʩʪʴ, ʦʩʦʙʣʠʚʽʩʪʴ, ʩʧʝʮʠʬʽʢʘ (ʉʆʉ) 

ʉʪʚʦʨʝʥʥʷ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʰʘʨʫ 

ʇʌʄ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʩʧʦʩʽʙ 

ʜʽʻʚʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ 

1 2 3 4 

ʊʨʘʥʩʧʦʨʪ ʥʘ çʤʘʛʥʽʪʥʽʡ 

ʧʦʜʫʰʮʽè ʰʚʠʜʢʽʩʪʴ >500 

ʢʤ/ʛʦʜ. ʅʘʫʢʘ: 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʛʥʽʪʠ ʚ 

ʧʨʠʩʢʦʨʶʚʘʯʘʭ ʯʘʩʪʠʥʦʢ 

ɺʝʣʠʢʦʛʦ ʘʥʜʨʦʥʥʦʛʦ 

ʢʦʣʘʡʜʝʨʫ (LHC) 

ʅʘʜʧʨʦʚʽʜʥʽʩʪʴ ʟʘ ʨʘʭʫʥʦʢ 

ʥʘʜʧʣʠʥʥʦʩʪʽ ʪʝʯʽʾ 4He ʢʝʨʦʚʘʥʽ 

ʤʘʛʥʽʪʥʽ ʧʦʣʷ ʢʨʠʪʠʯʥʠʭ 

ʟʥʘʯʝʥʴ 

ʂʚʘʥʪʦʚʘ ʨʽʜʠʥʘ  

ʪʝʦʨʝʪʠʯʥʠʡ ʦʧʠʩ ʟʛʽʜʥʦ çʧʝʨʰʠʭ ʧʨʠʥʮʠʧʽʚè 

ʽʥʪʝʨʚʘʣʠ-ʤʽʣʽʢʝʣʴʚʽʥʦʚʽ ʪʝʤʧʝʨʘʪʫʨʠ 

ʂʦʣʠʚʘʣʴʥʽ ʨʫʭʠ ʫ ʇʏʂ: ʬʦʪʦʥʠ, 

ʤʘʛʥʦʥʠ, ʢʚʘʟʽʯʘʩʪʠʥʢʠ, ʧʣʘʟʤʦʥʠ, 

ʝʢʩʠʪʦʥʠ, ʧʦʣʷʨʦʥʠ, ʝʣʝʢʪʨʦʥʠ, 

ʜʽʨʢʠ ʪʘ ʽʥʰʽ. 

ʊʨʠʙʦʪʝʭʥʽʥʽ ʤʘʪʝʨʽʘʣʠ ʚ 

ʫʤʦʚʘʭ ʪʝʨʪʷ ʙʝʟ ʤʘʩʪʠʣʘ 

ʫ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʟʥʘʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ. 

ɸʚʽʘʮʽʡʥʦ-ʨʘʢʝʪʥʽ 

ʜʚʠʛʫʥʠ, ʟ ʧʣʘʟʤʦʚʠʤ 

ʥʦʩʽʻʤ. 

ɺʠʩʦʢʽ ʤʽʮʥʦʩʪʽ, ʞʠʪʪʻʚʠʡ ʮʠʢʣ 

ʪʨʠʙʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʟ 

ʩʪʘʙʽʣʴʥʠʤ ʪʝʨʪʷʤ, ʤʽʮʥʦʩʪʽ ʥʘ 

ʩʪʠʩʢ. 

ɺʪʫʣʢʠ ʩʦʧʝʣ ʨʝʘʢʪʠʚʥʠʭ ʜʚʠʛʫʥʽʚ ʥʘ ʙʘʟʽ ʩʠʩʪʝʤ 

TiC-xFe ʪʘ TiFexC, ʱʦ ʣʝʛʦʚʘʥʽ ʙʦʨʦʤ ʚʽʜ (0,5% ʜʦ 

2% ʤʘʩ.) ʯʠʩʪʦʪʦʶ 99,98%. ʇʣʽʚʢʘ B2O3ʩʣʫʛʫʻ 

ʤʘʩʪʠʣʦʤ ʪʘ ʫʪʚʦʨʶʻ ʙʦʨʘʪʠ (FeB2O3 ʪʘ TiO2B2O3). 

ɿʨʘʟʦʢ TiC-30Fe ʤʘʻ ʥʠʞʯʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ, 

ʚʠʱʫ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ, ʥʽʞ ʩʪʘʣʴ 45 (f=0,15) 

ɽʢʟʦʪʝʨʤʽʯʥʽ ʨʝʘʢʮʽʾ ʚʟʘʻʤʦʜʽʾ 

ʢʦʤʧʦʥʝʥʪʽʚ ʩʫʤʽʰʽ ʟʘ ʫʤʦʚ 

ʽʥʽʮʽʘʣʽʟʘʮʽʾ ʉɺʉ ʧʨʦʮʝʩʫ 

ʫʪʚʦʨʝʥʥʷ ʪʚʝʨʜʠʭ ʢʽʥʮʝʚʠʭ 

ʧʨʦʜʫʢʪʽʚ ʟ ʪʚʝʨʜʠʤ ʢʘʨʢʘʩʦʤ, ʫ 

ʧʨʦʤʽʞʢʘʭ ʷʢʦʛʦ ʻ ʤôʷʢʘ ʩʢʣʘʜʦʚʘ 

(ʪʚʝʨʜʠʡ ʨʦʟʯʠʥ ʙʦʨʫ). ʉʝʨʝʜʥʽʡ 

ʨʦʟʤʽʨ ʟʝʨʥʘ 3-5ʤʢʤ ʟʘʙʝʟʧʝʯʫʻ 

ʜʨʽʙʥʦʟʝʨʥʠʩʪʠʡ ʩʪʨʫʢʪʫʨʠ 

ʽʥʪʝʨʤʝʪʘʣʽʜʽʚ. 

ɼʦʨʦʞʥʦ-ʪʨʘʥʩʧʦʨʪʥʘ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ. ɹʽʪʫʤʥʝ 

ʧʦʢʨʠʪʪʷ, ʙʝʪʦʥʥʠʭ, 

ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʠʭ 

ʘʚʪʦʜʦʨʽʛ 

ʉʪʽʡʢʽʩʪʴ ʙʽʪʫʤʽʚ ʫ ʚʦʜʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ, ʷʢʘ ʦʙʫʤʦʚʣʶʻʪʴʩʷ 

ʚʤʽʩʪʦʤ ʤʘʩʝʣ, ʩʤʦʣ ʽ 

ʘʩʬʘʣʴʪʝʥʽʚ; ʤʽʮʥʽʩʪʶ 

ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ ʟʚ'ʷʟʢʽʚ; 

ʧʨʠʣʠʧʘʥʥʷ ʙʽʪʫʤʫ ʜʦ ʢʘʤ'ʷʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ (ʘʜʛʝʟʽʷ), ʷʢʘ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʙʽʪʫʤʽʚ); 

ʧʦʛʦʜʦʩʪʽʡʢʽʩʪʶ ʙʽʪʫʤʽʚ, ʪʦʙʪʦ 

ʟʜʘʪʥʽʩʪʶ ʧʨʦʪʠʩʪʦʷʪʠ ʚʧʣʠʚʫ 

ʘʪʤʦʩʬʝʨʥʠʭ ʬʘʢʪʦʨʽʚ ʚ 

ʝʣʝʤʝʥʪʘʭ ʩʧʦʨʫʜ 

ɹʫʜʽʚʥʠʮʪʚʘ ʜʦʨʦʞʥʽʭ ʧʦʢʨʠʪʪʽʚ: ʧʦʚʝʨʭʥʝʚʫ 

ʦʙʨʦʙʢʫ ʙʽʪʫʤʦʤ ʜʦʨʦʛʠ, ˇʨʫʥʪʫ, ʦʩʥʦʚʠ; 

ʧʨʦʩʦʯʝʥʥʷ ʙʽʪʫʤʦʤ ʜʦʨʦʛʠ; 

ʧʦʢʨʠʪʪʷ ʜʦʨʦʛʠ ʙʽʪʫʤʦʤ, ʧʦʧʝʨʝʜʥʴʦ ʟʤʽʰʘʥʠʤ ʟ 

ʢʘʤ'ʷʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʚ ʘʩʬʘʣʴʪʦʟʤʽʰʫʚʘʯʽ; 

ʟʤʽʰʘʥʥʷ ʙʽʪʫʤʫ ʟ ʢʘʤ'ʷʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʥʘ ʜʦʨʦʟʽ. 

ɼʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʤʘʩʪʠʢ ʢʦʨʠʩʪʫʶʪʴʩʷ ʪʘʢʠʤʠ 

ʩʦʨʪʘʤʠ ʦʢʠʩʣʝʥʦʛʦ ʙʽʪʫʤʫ, ʷʢʽ ʜʘʶʪʴ ʤʽʮʥʠʡ 

ʟʘʭʠʩʥʠʡ ʧʦʢʨʠʚ (ʥʝ ʧʣʘʚʠʪʴʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʥʝ ʨʫʡʥʫʻʪʴʩʷ ʧʽʜ 

ʜʽʻʶ ʰʘʨʫ ʟʝʤʣʽ), ʜʦʩʠʪʴ ʝʣʘʩʪʠʯʥʠʭ ʱʦʙ ʥʝ 

ʨʦʟʪʨʽʩʢʫʚʘʪʠʩʷ ʧʨʠ ʫʜʘʨʘʭ ʧʽʜ ʯʘʩ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʽ ʫʢʣʘʜʘʥʥʷ ʪʨʫʙ. 

ɿʘʩʪʦʩʦʚʫʶʪʴ ʤʘʩʪʠʢʠ ʷʢ ʜʣʷ 

ʦʩʥʦʚʥʦʛʦ ʽʟʦʣʷʮʽʡʥʦʛʦ ʰʘʨʫ, ʪʘʢ ʽ 

ʽʟʦʣʷʮʽʡʥʠʡ ʘʙʦ ʧʨʦʪʠʢʦʨʦʟʽʡʥʠʡ 

ʤʘʪʝʨʽʘʣ ʧʨʠ ʙʫʜʽʚʥʠʮʪʚʽ 

ʤʘʛʽʩʪʨʘʣʴʥʠʭ ʛʘʟʦʧʨʦʚʦʜʽʚ, 

ʥʘʬʪʦʧʨʦʚʦʜʽʚ ʽ ʪʨʫʙʦʧʨʦʚʦʜʽʚ 

ʜʣʷ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ. 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣʠʮʽ 1.2 

1 2 3 4 

ɻʘʣʫʟʽ ʪʝʭʥʽʢʠ: 

ʧʨʠʣʘʜʦʙʫʜʫʚʘʥʥʷ, 

ʘʢʫʩʪʠʢʠ, ʝʣʝʢʪʨʦʥʽʢʠ, 

ʚʠʤʽʨʶʚʘʥʥʷ. 

ʉʝʥʩʦʨʠ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ 

ʜʣʷ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ 

ʩʪʨʫʢʪʫʨʠ N-Si/SiO2(Ni) 

ɯʦʥʠ ʣʫʞʥʠʭ ʤʝʪʘʣʽʚ ʽ ʧʨʦʪʦʥʽʚ, 

ʱʦ ʣʦʢʘʣʽʟʦʚʘʥʽ ʚ ʩʪʨʫʢʪʫʨʥʠʭ 

ʢʘʥʘʣʘʭ ʢʚʘʨʮʫ, ʷʢ ʧʘʨʘʤʝʪʨʥʽ 

ʮʝʥʪʨʠ, ʱʦ ʢʦʤʧʝʥʩʫʶʪʴ 

ʟʘʨʷʜʠ, ʷʢʽ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʟʦʚʥʽʰʥʽʭ ʯʠʥʥʠʢʽʚ ʚʧʣʠʚʫ. 

ɯʩʥʫʚʘʥʥʷ ʤʘʛʥʽʪʦʨʝʟʠʩʪʠʚʥʦʛʦ 

ʝʬʝʢʪʫ ʚ ʧʦʯʝʨʛʦʚʠʭ ʧʘʨʘʭ 

ʤʝʪʘʣʽʚ ʟ ʬʝʨʦʤʘʛʥʽʪʥʠʤʠ ʪʘ 

ʥʝʤʘʛʥʽʪʥʠʤʠ ʮʽʣʴʦʚʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

ʇʘʨʘʤʘʛʥʽʪʥʽ ʜʦʤʽʰʢʠ-ʮʝʥʪʨʠ ʚʧʣʠʚʫ ʥʘ ʦʧʪʠʯʥʽ, 

ʤʝʭʘʥʽʯʥʽ ʪʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʠʨʦʙʽʚ ʟ 

ʢʚʘʨʮʫ ʨʝʘʛʫʚʘʪʠ ʥʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ, ʪʝʧʣʦʚʽ ʥʘʜʪʦ 

ʚʠʩʦʢʦʯʘʩʪʦʪʥʽ ʧʦʣʷ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʡ 

ʢʦʩʤʽʯʥʦʾ ʨʘʜʽʘʮʽʾ. ʄʦʥʦʢʨʠʩʪʘʣʽʯʥʽ ʧʣʘʩʪʠʥʠ 

ʢʨʝʤʥʽʶ ʂɽʌ-4,5(100) 

ʂʝʨʦʚʘʥʝ ʨʝʥʪʛʝʥʽʚʩʴʢʝ ʪʘ ʛʘʤʤʘ-

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʠʢʣʠʢʘʻ ʚ 

ʩʪʨʫʢʪʫʨʽ ʢʚʘʨʮʫ ʟʘ ʨʘʭʫʥʦʢ 

ʬʦʪʦʝʬʝʢʪʫ ʪʘ ʝʬʝʢʪʫ ʢʦʤʧʪʦʥʘ 

ʝʣʝʢʪʨʦʥʥʽ ʚʽʜʜʘʯʽ ʽ ʜʽʨʢʠ. 

ʈʫʭʣʠʚʽʩʪʴ ʽʦʥʽʚ ʅ+, Li+, Na+ ʧʨʠ 

ʦʧʨʦʤʽʥʝʥʥʽ ʢʚʘʨʮʫ ʫʪʚʦʨʶʻ 

ʧʘʨʘʤʘʛʥʽʪʥʽ ʮʝʥʪʨʠ AlO- ʽ Ti3+/Li +  

ʩʧʦʪʚʦʨʶʶʯʠ [AlO4] ʪʝʪʨʘʝʜʨʠ 

ʽʥʰʠʡ ʧʨʠʢʣʘʜ, ZrSiO4 

ʨʦʟʧʘʜʘʻʪʴʩʷ ʥʘ ʬʘʟʠ ZrO2 ʪʘ SiO2 

ʌʽʣʴʪʨʫʚʘʣʴʥʘ ʧʦʨʠʩʪʘ 

ʤʝʪʘʣʦʢʝʨʘʤʽʢʘ ï 

ʧʨʦʜʫʢʪ ʧʦʨʦʰʢʦʚʦʾ 

ʤʝʪʘʣʫʨʛʽʾ, ʱʦ 

ʧʝʨʝʨʦʙʣʷʻ ʚʽʜʭʦʜʠ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ. 

ʇʨʠʟʥʘʯʝʥʥʷ: 

ʬʽʣʴʪʨʫʚʘʥʥʷ 

ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʛʘʟʽʚ 

ʜʚʠʛʫʥʽʚ ʟ ʢʘʪʘʣʽʪʠʯʥʠʤʠ 

ʥʝʡʪʨʘʣʽʟʘʪʦʨʘʤʠ. 

ʐʠʨʦʢʠʡ ʜʽʘʧʘʟʦʥ ʧʦʨʠʩʪʦʩʪʽ, 

ʧʨʦʥʠʢʥʝʥʥʷ, ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, 

ʪʝʨʤʦ-ʢʦʨʦʟʽʡʥʘ ʩʪʽʡʢʽʩʪʴ, 

ʥʝʯʫʪʣʠʚʽʩʪʴ ʜʦ ʫʜʘʨʽʚ ʟʘʚʜʷʢʠ 

ʢʝʨʦʚʘʥʦʛʦ ʬʦʨʤʦʪʚʦʨʝʥʥʷ 

ʤʝʪʘʣʝʚʦʾ ʩʪʨʫʢʪʫʨʠ  (10-

300ʤʢʤ) ʪʘ ʮʽʣʴʦʚʠʭ ʧʘʨ ʜʣʷ 

ʬʽʣʴʪʨʘʮʽʾ. 

ʈʝʩʫʨʩʥʦ-ʝʥʝʨʛʦʦʱʘʜʥʝ ʬʽʣʴʪʨʫʚʘʥʥʷ ʟʘʚʜʷʢʠ 

ʧʦʨʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟ ʟʘʜʘʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

ʂʦʤʧʦʥʝʥʪʠ ʰʠʭʪʠ: ʩʘʧʦʥʽʪ; Al2O3; Fe3O4; 

ʧʘʨʦʫʪʚʦʨʶʚʘʯʽ. ʈʽʟʥʽ ʟʘ ʧʦʪʨʝʙ: CH4N2O; 

C2nH4n+2On+1;CaCO3; NHCO3; (CO(NH2)2); NaClé 

ʉɺʉ-ʧʨʦʮʝʩʠ ʩʘʤʦʧʦʰʠʨʶʚʘʥʦʛʦ 

ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʠʥʪʝʟʫ 

(800-18000ʉ) ʰʣʷʭʦʤ ʩʧʽʢʘʥʥʷ 

ʩʧʨʝʩʦʚʘʥʠʭ ʧʦʨʦʰʢʽʚ ʟ 

ʧʘʨʦʫʪʚʦʨʶʚʘʯʘʤʠ. 

ɯʥʞʝʥʝʨʥʽ ʰʪʫʯʥʽ ʧʣʽʚʢʠ. 

ʄʝʪʘʣʦʬʫʣʝʨʝʥʦʚʽ 

ʢʣʘʪʨʘʪʠ ʤʝʪʘʣʽʚ (Bi, Sb, 

In) 

ʋʥʽʢʘʣʴʥʽ ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʤʝʪʘʣʫ, ʥʦʩʽʷ ʤʽʮʥʦʩʪʽ ʚ 

ʪʝʪʨʘʝʜʨʠʯʥʠʭ ʽ ʦʢʪʘʝʜʨʠʯʥʠʭ, 

ʚʥʫʪʨʽʰʥʴʦʤʦʣʝʢʫʣʷʨʥʠʭ 

ʧʦʨʦʞʥʠʥʘʭ ʢʨʠʩʪʘʣʫ ʬʫʣʝʨʠʪʫ 

ʉ60 (ɹʫʢʠʙʦʣ) 

ɼʚʦʢʦʤʧʦʥʝʥʪʥʽ ʧʣʽʚʢʠ ʩʠʩʪʝʤʠ ʉ60-Bi ʩʠʥʪʝʟ 

ʢʝʨʦʚʘʥʠʤʠ ʽʦʥʦʧʣʘʟʤʦʚʠʤʠ ʩʧʦʩʦʙʘʤʠ ʥʦʚʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʮʽʣʴʦʚʘ ʧʦʣʽʤʝʨʠʟʘʮʽʷ ʬʫʣʝʨʠʪʽʚ 

ɯʦʥʥʝ ʦʧʨʦʤʽʥʝʥʥʷ ʬʫʣʝʨʠʪʫ ʜʣʷ 

ʢʝʨʦʚʘʥʦʛʦ ʬʦʨʤʦʪʚʦʨʝʥʥʷ-

ʙʦʤʙʘʨʜʫʚʘʥʥʷ Bi ʤʝʪʘʣʝʚʦʶ 

ʜʦʤʽʰʢʦʶ ʚ ʚʘʢʫʫʤʽ. 

 

ʄʝʜʠʮʠʥʘ ʝʥʜʦʧʨʦʪʝʟ 

ʪʨʠʚʘʣʽ ʽʤʧʣʘʥʪʘʥʪʠ. 

1. ɹʽʦʢʝʨʘʤʽʯʥʽ ʧʦʢʨʠʪʪʷ 

ʥʘ ʤʝʪʘʣʝʚʽ ʚʠʨʦʙʠ 

ɹʽʦʩʫʤʽʩʥʽʩʪʴ ʽʟ ʪʢʘʥʠʥʘʤʠ 

ʦʨʛʘʥʽʟʤʫ ʣʶʜʠʥʠ ʙʝʟ ʟʘʟʦʨʫ 

(ʦʩʪʝʦʽʥʪʝʛʨʘʮʽʷ) ʤʽʞ ʽʤʧʣʘʥʪʦʤ 

ʪʘ ʢʽʩʪʢʦʶ 

ɻʽʜʨʦʢʩʠʘʣʘʪʠʪ (ɻɸ) ʥʘ ʤʝʪʘʣʝʚʦʤʫ ʽʤʧʣʘʥʪʘʥʪʽ ʚ 

ʦʨʪʦʧʝʜʽʾ ʡ ʩʪʦʤʘʪʦʣʦʛʽʾ ʤʽʢʨʦʧʣʘʟʤʦʚʦʛʦ 

ʢʝʨʦʚʘʥʦʛʦ ʥʘʧʠʣʶʚʘʥʥʷ 

ɻʘʟʦʪʝʨʤʽʯʥʝ ʥʘʧʠʣʶʚʘʥʥʷ 

ʧʣʘʟʤʦʚʠʤ ʩʪʨʫʤʝʥʝʤ ʜʣʷ 

ʬʦʨʤʫʚʘʥʥʷ ʟʘʜʘʥʦʛʦ ʰʘʨʫ ʫ 

ʯʠʩʪʦʤʫ ʘʨʛʦʥʽ 
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ʈʦʟʚʠʪʦʢ ʩʫʯʘʩʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ ʦʙʫʤʦʚʣʶʻ 

ʥʘʢʦʧʠʯʫʚʘʥʥʷ ʟʥʘʥʴ ʚ ʬʦʨʤʽ ʪʘʙʣʠʮʴ. ʅʘʩʘʤʧʝʨʝʜ ʚʦʥʠ ʬʽʢʩʫʶʪʴ ʥʘʫʢʦʚʦ-

ʪʝʭʥʽʯʥʽ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʜʦʩʷʛʥʝʥʥʷ ʧʨʦ ʽʥʥʦʚʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ P  ʪʘ 

ʚʽʜʥʦʰʝʥʥʷ R ʦʟʥʘʯʝʥʠʭ Sʦʙôʻʢʪʽʚ ʦʧʠʩʫ ʟʥʘʥʴ ɯʊ ʜʣʷ ITʉ. ɿʛʽʜʥʦ ʢʦʞʥʦʾ 

ʪʘʙʣʠʮʽ [157] ʜʦʮʽʣʴʥʦ ʬʽʢʩʫʚʘʪʠ ʢʦʨʪʝʞʽ. 

1 2, ,...,klK k k=< >, (1.1) 

ʜʝ 1k  - ʥʘʟʚʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚ ʤʫʣʴʪʠʤʦʚʥʽʡ ʣʽʥʛʚʽʩʪʠʮʽ; 

2k - ʦʧʠʩ ʚʠʟʥʘʯʘʣʴʥʦʾ (ʢʣʶʯʦʚʦʾ) ʚʣʘʩʪʠʚʦʩʪʽ; 

k i  - ʩʫʪʥʦʩʪʽ, ʦʩʦʙʣʠʚʦʩʪʽ, ʩʧʝʮʠʬʽʢʘ ʧʨʘʢʪʠʢʠ ʟʘʩʪʦʩʫʚʘʥʥʷ; 

lk - ʢʨʦʢʠ ʭʘʨʘʢʪʝʨʠʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʟʘʩʪʦʩʫʚʘʥʥʷ.  

ɿʥʘʯʥʝ ʝʚʦʣʶʮʽʡʥʦ ʟʨʦʩʪʘʶʯʝ ʨʽʟʥʦʤʘʥʽʪʪʷ ʧʦʪʨʝʙ ʣʶʜʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ, 

ʪʝʭʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʜʦʩʷʛʥʝʥʴ ʟ ʤʝʭʘʥʽʟʘʮʽʾ, ʘʚʪʦʤʘʪʠʟʘʮʽʾ, ʽʥʬʦʨʤʘʪʠʟʘʮʽʾ, 

ʫʧʨʘʚʣʽʥʥʷ ʩʢʣʘʜʥʠʤʠ ʜʠʥʘʤʽʯʥʠʤʠ ʩʠʩʪʝʤʘʤʠ (ʉɼʉ) ʟʘʙʝʟʧʝʯʠʣʠ ʽʩʥʫʚʘʥʥʷ 

ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ [156]. ʋ ʚʣʘʩʥʠʭ ʪʝʤʘʪʠʯʥʠʭ ʜʦʚʽʜʥʠʢʘʭ ʜʣʷ ɯɸʉ 

ʢʦʞʥʘ ʛʘʣʫʟʴ ʟʥʘʥʴ ʟʘ ʥʘʧʨʷʤʘʤʠ (ʧʨʦʝʢʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʝ ʜʦʢʫʤʝʥʪʫʚʘʥʥʷ, 

ʜʦʩʣʽʜʥʦ-ʪʝʩʪʦʚʽ ʚʠʧʨʦʙʫʚʘʥʥʷ, ʝʢʩʧʣʫʘʪʘʮʽʡʥʦ-ʚʠʨʦʙʥʠʯʝ ʡ ʦʨʛʘʥʽʟʘʮʽʡʥʦ-

ʪʝʭʥʦʣʦʛʽʯʥʝ ʫʧʨʘʚʣʽʥʥʷ [79, 83]) ʬʽʢʩʫʻ ʛʦʣʦʚʥʽ ʚʠʟʥʘʯʘʣʴʥʽ ʤʘʪʝʨʽʘʣʠ [156]. 

ɿʥʘʯʥʘ ʯʘʩʪʢʘ ʟʥʘʥʴ ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʫ ʪʘʙʣʠʯʥʽʡ ʬʦʨʤʽ. ɺʦʥʘ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ 

ʟ ʉʋɹɼ ʯʠʩʝʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʢʦʥʢʨʝʪʥʠʭ ʘʪʨʠʙʫʪʽʚ. ɿʛʽʜʥʦ ɼʉʊʋ, ʥʘʧʨʠʢʣʘʜ, 

ʤʝʪʘʣʠ ʞʘʨʦʩʪʽʡʢʽ ʡ ʪʫʛʦʧʣʘʚʢʽ ʩʧʣʘʚʠ ʤʘʶʪʴ ʫʥʽʬʽʢʦʚʘʥʠʡ ʢʦʨʪʝʞ ʘʪʨʠʙʫʪʽʚ.  

1 2 10,b ,...,bB b=< >, (1.2) 

ʜʝ 
1b  - ʦʧʠʩ ʤʘʪʝʨʽʘʣʫ, ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʪʝʨʤʽʯʥʦʛʦ ʽʥʪʝʨʚʘʣʫ;  

2b - ʛʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ [ʄʇʘ]; 

3b  - ʧʨʦʧʦʨʮʽʡʥʘ ʤʝʞʘ ʪʝʢʫʯʦʩʪʽ [ʇʘ*ʩ]; 

4b  - ʤʝʞʘ ʚʪʦʤʥʦʾ ʤʽʮʥʦʩʪʽ (ʚʠʪʨʠʚʘʣʦʩʪʽ) [ʄʇʘ]; 

5b  - ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ [ɻʇʘ] ʪʘ ʽʥʰʽ ʚʣʘʩʪʠʚʦʩʪʽ; 

é 

10b  - ʢʦʝʬʽʮʽʻʥʪ ʣʽʥʽʡʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ *106 [1/ʂ]. 
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ɺ ʨʠʥʢʦʚʠʭ ʫʤʦʚʘʭ ʜʽʷʣʴʥʦʩʪʽ ʽʩʥʫʶʪʴ ʜʦʚʽʜʥʠʢʠ ʪʘ ʝʣʝʢʪʨʦʥʥʽ ʉʋɹɼ 

ʘʚʪʦʥʦʤʥʦ ʡ ʷʢ ʚʽʜʦʤʽ ʚʽʜʦʤʯʽ ʪʝʤʘʪʠʯʥʦ-ʧʦʪʦʯʥʽ ʜʦʢʫʤʝʥʪʠ. ɸʣʝ ʚʦʥʠ 

ʥʝʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʨʦʟʚʠʪʢʫ ʪʨʘʥʟʘʢʮʽʡ ʡ ʪʨʘʥʩʬʝʨʫ ʟʥʘʥʴ ɯʊ ʧʦ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʤ ʤʝʨʝʞʘʤ.  

ɼʣʷ ʤʘʡʙʫʪʥʽʭ ITʉ ʧʦʢʠ ʱʝ ʥʝ ʩʬʦʨʤʦʚʘʥʽ ʢʘʪʘʣʦʛʠ ʡ ʜʦʚʽʜʥʠʢʠ ʟ 

ʪʝʭʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ (ʊʊʈ) - ʧʨʦʧʦʟʠʮʽʡ ʥʘ ʤʦʞʣʠʚʽ ʬʦʨʤʠ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʇʌʄ. ʎʝ ʥʘʩʣʽʜʦʢ ʥʝʟʥʘʥʥʷ, ʥʝ ʟʘʚʝʨʰʝʥʥʷ ʧʦʰʫʢʫ, ʜʦʩʣʽʜʞʝʥʴ, 

ʪʝʩʪʫʚʘʥʥʷ ï ʚʠʧʨʦʙʫʚʘʥʥʷ ʘʚʪʦʨʩʴʢʠʭ ʽʜʝʡ ʜʽʻʚʦʛʦ ʦʙôʻʢʪʘ (ɸɺɯɼʆ), ʱʦʙ 

ʧʦʣʝʛʰʠʪʠ ʞʠʪʪʷ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ [33, 59, 62, 95], ʷʢʝ ʧʦʩʪʽʡʥʦ 

ʨʦʟʚʠʚʘʻʪʴʩʷ ʟʘ ʨʽʟʥʠʤʠ ʛʘʣʫʟʷʤʠ ʣʶʜʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ. ɼʠʩʝʨʪʘʥʪʦʤ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʬʽʢʩʫʚʘʪʠ ʚʽʜʦʤʽ ʜʘʥʽ (ʪʘʙʣ. 1.1 ʪʘ 1.2), ʪʘ ʟʥʘʥʥʷ, ʱʦ ʧʦʪʨʽʙʥʽ 

ʜʣʷ ʤʘʡʙʫʪʥʽʭ (ʧʨʦʝʢʪʽʚ ʪʘ ʧʨʦʛʨʘʤ 2020-2030-2050) ʨʦʢʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ɯʊʉ 

ɭʚʨʦʩʦʶʟʫ [99], ʫ ʚʠʛʣʷʜʽ ʢʣʘʩʠʬʽʢʘʮʽʡʥʦʛʦ ʜʝʨʝʚʘ ʇʌʄ ʧʦʥʷʪʴ. ʇʨʠʯʠʥʥʦ-

ʥʘʩʣʽʜʢʦʚʽ ʚʽʜʥʦʰʝʥʥʷ ʚ (ʪʘʙʣ. 1.3) ʟʘʬʽʢʩʦʚʘʥʽ ʧʦʨʷʜʢʦʤ ʥʘʩʣʽʜʫʚʘʥʥʷ. 

ʅʝʬʦʨʤʘʣʴʥʽ (ʪʚʦʨʯʽ ʬʫʥʢʮʽʾ IAS ʇɽɺʆ) ʢʦʤʧʦʥʝʥʪʠ ʥʘ ʮʽʡ ʜʽʘʛʨʘʤʽ ʥʝ 

ʚʽʜʦʙʨʘʞʝʥʽ. ɺ ʮʽʣʦʤʫ ʧʦʚʥʠʡ ʘʨʩʝʥʘʣ ʟʘʩʦʙʽʚ ɯʊ ʧʦʚʠʥʝʥ ʥʘʜʘʪʠ ʫʤʦʚʠ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʩʠʥʝʨʛʝʪʠʯʥʠʭ [18] ʨʝʟʫʣʴʪʘʪʽʚ. ʄʫʣʴʪʠʘʛʝʥʪʥʘ ʪʚʦʨʯʽʩʪʴ 

<ʧʨʦʛʥʦʟʫʚʘʥʥʷ-ʧʣʘʥʫʚʘʥʥʷ-ʧʨʦʛʨʘʤʫʚʘʥʥʷ-ʧʨʠʡʥʷʪʪʷ ʚʠʟʥʘʯʘʣʴʥʠʭ ʨʽʰʝʥʴ> 

ʥʘ ʚʩʽʭ ʤʘʡʙʫʪʥʽʭ ʝʪʘʧʘʭ ʨʝʘʣʴʥʦʛʦ ʚʠʨʦʙʥʠʯʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʇʌʄ 

ʘʢʪʠʚʽʟʦʚʘʥʘ ʧʦʪʨʝʙʘʤʠ ɯʊʉ ʨʘʟʦʤ ʟ ʨʽʟʥʦʤʘʥʽʪʪʷʤ ʧʝʨʩʦʥʘʣʴʥʦʾ ʜʽʷʣʴʥʦʩʪʽ 

IAS. 

ʅʘʷʚʥʽʩʪʴ ʩʫʯʘʩʥʠʭ Internet ʡ ʟʘʩʦʙʽʚ çʭʤʘʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡè ʥʝ ʚʠʢʣʶʯʘʻ 

ʾʭ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ (ʪʘʙʣ. 1.3 ʪʘ 1.4). ʅʘʚʧʘʢʠ, ʮʝ ʩʧʦʥʫʢʘʻ ʪʨʘʥʩʬʦʨʤʘʮʽʶ, 

ʤʦʜʝʨʥʽʟʘʮʽʶ, ʤʦʜʠʬʽʢʘʮʽʶ, ʚʠʥʠʢʥʝʥʥʷ ʥʦʚʠʭ ʛʥʫʯʢʠʭ ʡ ʢʦʤʧʣʝʢʩʥʠʭ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʜʦʜʘʪʢʽʚ ɯʊ. ʂʦʤʧʣʝʢʩʥʘ ʽʥʪʝʛʨʘʮʽʷ ʥʘ ʝʨʛʘʪʠʯʥʠʭ ʧʨʠʥʮʠʧʘʭ 

ʅʄɯ (human machine inter connection) ʜʦʮʽʣʴʥʘ. ɸʣʝ ʜʣʷ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ 

ʟʘʚʞʜʠ ʧʦʪʨʽʙʥʘ ʚʠʧʝʨʝʜʞʝʥʘ ʨʦʟʨʦʙʢʘ ʧʦʥʷʪʽʡʥʦʛʦ ʘʧʘʨʘʪʫ ʩʪʦʩʦʚʥʦ ʟʘʩʦʙʽʚ 

ʽʥʬʦʣʦʛʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʨʝʘʣʴʥʦʛʦ ʩʪʚʦʨʝʥʥʷ ʇʌʄ.  
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ʊʘʙʣʠʮʷ 1.3 ï ʇʦʥʷʪʪʷ ʝʚʦʣʶʮʽʡʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʥʘ ʧôʷʪʠ ʽʻʨʘʨʭʽʯʥʠʭ 

ʨʽʚʥʷʭ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʭ ʢʨʦʢʽʚ ʫ ʤʘʡʙʫʪʥʻ 

ˉ 

ʧ/ʧ 

ʉʪʘʥ 

ʤʘʻ 

ʙʫʪʠ Ÿ 

ʇʝʨʩʧʝʢʪʠʚʥʽ 

ʩʢʣʘʜʝʥʽ 

ʤʘʪʝʨʽʘʣʠ Ÿ 

ɹʫʜʫʪʴ 

ʢʝʨʫʚʘʪʠ 

ʬʫʥʢʮʽʾ Ÿ 

ɹʫʜʫʪʴ ʟʘʩʦʙʠ ʱʦʙ 

ʝʢʩʧʣʫʘʪʫʚʘʪʠ 

ʇʌʄ 

1 2 3 4 

1 

ʇʦʩʪʘʯʘʣʴʥʠʢʠ 

ʝʣʝʤʝʥʪʽʚ 

ʩʠʨʦʚʠʥʠ 

ɿʘʤʦʚʥʠʢʠ 

ʧʨʦʝʢʪʠ ʡ 

ʢʦʥʩʪʨʫʢʪʦʨʠ 

ɿʙʽʨ ʪʘ ʥʘʢʦʧʠʯʝʥʥʷ 

ʟʥʘʥʴ 

ʉʧʝʮ ʜʦʜʘʪʢʠ 

ʫʪʦʯʥʝʥʥʷ 

2 

ɺʠʨʦʙʥʠʢʠ 

ʪʦʚʘʨʥʠʭ 

ʨʝʯʦʚʠʥ 

ʄʝʥʝʜʞʝʨʠ 

ʚʫʟʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ 

ʄʦʜʝʣʶʚʘʥʥʷ ʊʊʈ ʪʘ 

ʬʫʥʢʮʽʡ ʘʛʨʝʛʘʪʽ 

ɼʝʪʘʣʽʟʘʮʽʷ ʟʥʷʪʪʷ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ 

3 

ɺʠʨʦʙʥʠʢʠ 

ʪʦʚʘʨʽʚ ʟʘ 

ʤʘʪʝʨʽʘʣʘʤʠ 

ʇʨʦʝʢʪʘʥʪʠ 

ʤʘʰʠʥ ʡ ʩʠʩʪʝʤ 

ʊʝʨʤʦʜʠʥʘʤʽʢʘ 

ʤʦʜʝʣʶʚʘʥʥʷ ʉɼʉ 

ʈʝʛʣʘʤʝʥʪʘʮʽʷ 

ʜʽʘʛʥʦʩʪʠʢʘ 

ʢʦʥʪʨʦʣʶ ʧʨʦʮʝʜʫʨ 

ʚʽʜʥʦʚʣʝʥʥʷ 

4 

ʎʝʥʪʨʠ 

ʩʝʨʪʠʬʽʢʘʮʽʾ ʡ 

ʢʦʥʪʨʦʣʶ 

ʨʝʛʣʘʤʝʥʪʥʠʭ 

ʷʢʦʩʪʝʡ 

ɹʽʟʥʝʩ ʝʢʦʥʦʤʽʢʘ 

ʧʨʠʚʘʙʣʠʚʦʩʪʽ 

ʨʦʟʚʠʪʢʫ 

ʈʦʟʨʘʭʫʥʢʠ  

ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʦʛʦ 

ʧʦʢʘʟʥʠʢʘ (ʊɽʇ) 

ʆʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʽʚ 

ʢʦʦʧʝʨʘʮʽʾ 

5 ɿʚʽʪ ʩʪʘʥʫ 
ʇʣʘʥ-ʦʯʽʢʫʚʘʥʥʷ 

ʛʨʘʬʽʢ ʩʧʦʞʠʚʘʯʽ 

ʄʦʜʝʣʴʥʽ ʬʘʢʪ ʡ 

ʝʬʝʢʪ 

ʈʝʢʦʤʝʥʜʘʮʽʾ ʇʌʄ 

ʥʘ ʨʝʘʣʽʟʘʮʽʾ ʡ 

ʪʠʨʘʞʫʚʘʥʥʷ 

 

ʊʘʙʣʠʮʷ 1.4 ï ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʧʦʭʠʙʢʘ ʜʣʷ ʜʘʥʠʭ ( )xx l°  ʪʘ ( )yy l°  

ʆʧʝʨʘʮʽʷ ʦʧʝʨʘʪʦʨʘ ɸʙʩʦʣʶʪʥʘ ɺʽʜʥʦʩʥʘ 

( )x xZ x y= +ä  ( )( )x yZ x y l l= + ° + x y

z x y

l l x y

x y x y x y
d d d

+
= = +
+ + +

 

( )x xZ x y= -ä  ( )( )x yZ x y l l= - ° + x y

z x y

l l x y

x y x y x y
d d d

+
= = +
- - -

 

iZ x=Ô  ʜʦʙʫʪʦʢ x yZ xy yl xl= ° °  yx
z x y

ll

x y
d d d= + = + 

x

y

x l
Z

y l

°
=
°

 ʜʽʣʝʥʥʷ 
2

y xxl ylx
Z

y y

+
= °  

y x yx
z x y

x l y l ll

x yx

y

d d d
+

= + = = + 

f

f
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 '( ) ( ) ( )x xf f x l f x l f xD = = ° - 
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ʊʘʙʣʠʮʷ 1.5 ï ʈʝʟʫʣʴʪʘʪʠ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ ʧʨʦʙʣʝʤʥʠʭ ʬʫʥʢʮʽʡ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʩʪʚʦʨʝʥʥʷ ʇʌʄ 

ˉ 

ʧ/ʧ 

ʉʆʉ ʧʨʦʙʣʝʤʥʦʾ 

ʧʨʠʯʠʥʠ 
ʅʘʩʣʽʜʢʦʚʽ ʩʧʦʩʦʙʠ ʧʦʜʦʣʘʥʥʷ ʩʢʣʘʜʥʦʩʪʽ 

1 

ɺʠʩʦʢʘ ʚʘʨʪʽʩʪʴ 

ʣʦʛʽʩʪʠʢʠ 

ʩʠʨʦʚʠʥʠ 

ʉʫʪʪʻʚʝ ʟʥʠʞʝʥʥʷ ʚʘʨʪʦʩʪʽ ʧʦʩʪʘʯʘʥʥʷ ʩʠʨʦʚʠʥʠ ʟʘ 

ʨʘʭʫʥʦʢ ʤʽʩʮʝʚʠʭ ʣʦʢʘʣʴʥʠʭ ʜʞʝʨʝʣ ʡ ʧʝʨʝʨʦʙʢʠ 

ʚʽʜʭʦʜʽʚ, ʷʢʽ ʜʣʷ ʝʢʦʙʝʟʧʝʢʠ ʧʦʪʨʽʙʥʦ ʫʪʠʣʽʟʫʚʘʪʠ 

2 
ɺʠʩʦʢʘ ʯʠʩʪʦʪʘ 

ʭʽʤʽʯʥʠʭ ʨʝʘʛʝʥʪʽʚ 

ʇʦʚʥʘ ʬʦʨʤʘʣʽʟʘʮʽʷ ʦʧʠʩʽʚ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ 

ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ  

ʚʠʢʦʥʘʚʯʠʤʠ ʦʨʛʘʥʘʤʠ ʨʦʙʦʪʽʚ 

3 

ɺʠʩʦʢʘ ʪʦʯʥʽʩʪʴ 

ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʪʘ ʾʾ 

ʚʘʨʪʽʩʪʴ 

ɼʠʩʢʨʝʪʥʠʡ ʦʧʠʩ ʟʘʩʪʦʩʫʚʘʥʥʷ ɯʊ ʤʝʨʝʞ  

ʥʘ ʙʘʟʽ ʉɸʅɯ, ɸʉɯɼ, ʉɸʇʈ, ɸʉʋʊʇ  

ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʇɸʂ ʥʘ ʧʨʠʥʮʠʧʘʭ CASE ʡ SCADA 

4 

ɿʥʘʯʥʝ ʟʨʦʩʪʘʥʥʷ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ 

ʩʢʣʘʜʥʦʩʪʽ 

ʧʨʦʛʥʦʟʫ ʇʌʄ 

ʉʢʦʨʦʯʝʥʘ ʜʠʨʝʢʪʠʚʥʦ-ʢʦʤʘʥʜʥʘ ʤʦʚʘ ʜʣʷ ʧʝʨʝʭʦʜʫ ʥʘ 

ʩʠʩʪʝʤʥʽ ʧʨʠʥʮʠʧʠ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ ʉɼʉ  

ʥʘ ʧʨʠʥʮʠʧʘʭ ʩʠʤʚʦʣʴʥʦʛʦ ʦʙʯʠʩʣʝʥʥʷ ʪʘ ʝʨʛʘʪʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ 

5 

ʅʝʚʠʟʥʘʯʝʥʽʩʪʴ 

ʨʝʘʣʴʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ 

ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʧʨʦʛʥʦʟʥʦʾ 

ʜʦʚʛʦʚʽʯʥʦʩʪʽ 

ʤʘʪʝʨʽʘʣʽʚ 

ʈʦʟʢʨʠʪʪʷ ʧʨʠʯʠʥ ʧʨʦʙʣʝʤʥʠʭ ʟʦʥ ʦʙˇʨʫʥʪʫʚʘʥʥʷ, 

ʧʦʚʥʦʛʦ ʩʢʣʘʜʫ, ʩʪʨʫʢʪʫʨʠ ʪʘ ʬʫʥʢʮʽʡ, ʧʘʨʘʤʝʪʨʠʟʘʮʽʷ 

ʢʦʥʪʘʢʪʥʠʭ ʚʟʘʻʤʦʜʽʡ, ʘ ʪʘʢʦʞ ʧʽʜʚʠʱʝʥʥʷ ʦʙʽʟʥʘʥʦʩʪʽ 

IAS ʰʣʷʭʦʤ  

ʝʨʛʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʧʨʝʜʠʢʘʪʠʚʥʦʛʦ ʦʧʠʩʫ 

ʢʦʤʧʣʝʢʩʥʦ-ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʊʊʈ ʇʌʄ 

6 

ɿʘʩʪʦʩʫʚʘʥʥʷ 

ʥʝʧʝʨʝʜʙʘʯʝʥʠʭ 

ʩʠʪʫʘʪʠʚʥʦ-

ʛʝʪʝʨʦʛʝʥʥʠʭ 

ʢʦʤʫʥʽʢʘʮʽʡ 

ɿʘʟʜʘʣʝʛʽʜʴ ʚʝʨʠʬʽʢʦʚʘʥʽ ʧʨʦʛʥʦʟʥʽ ʬʫʥʢʮʽʾ ʜʣʷ ʟʘʚʜʘʥʴ 

ʧʝʨʝʜʙʘʯʝʥʦʛʦ ʨʦʟʚʠʪʢʫ ʜʠʨʝʢʪʠʚʥʦ-ʢʦʤʘʥʜʥʠʭ ʤʦʚ 

ʜʽʘʣʦʛʫ ʥʘ ʛʥʫʯʢʠʭ ʧʨʠʥʮʠʧʘʭ ʟʘʤʦʚʯʫʚʘʥʥʷ ʇɯʄ, ʱʦ 

ʧʽʜʚʠʱʫʶʪʴ ʦʙʯʠʩʣʶʚʘʣʴʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʜʝʪʘʣʽʟʦʚʘʥʠʭ  

ʬʨʘʛʤʝʥʪʽʚ ʂʉʎʄ, ʈɹʄ, ʈʆʄ, ɹʆʄ 

7 

ʅʝʚʽʜʦʤʽʩʪʴ 

ʚʟʘʻʤʦʚʽʜʥʦʩʠʥ 

ʩʠʥʝʨʛʝʪʠʯʥʠʭ 

ʩʧʝʢʪʨʽʚ ʟʨʦʩʪʘʥʥʷ 

ʨʠʟʠʢʽʚ ʫ ʥʘʩʣʽʜʦʢ 

ʟʙʽʣʴʰʝʥʥʷ ʬʦʨʤʠ 

ʧʨʦʥʠʢʥʝʥʥʷ 

ʬʘʢʪʦʨʽʚ ɿʅʆʉ 

ɿʘʚʯʘʩʥʝ ʘʜʝʢʚʘʪʥʝ ʚʨʘʭʫʚʘʥʥʷ ʨʝʘʣʴʥʦ ʚʠʟʥʘʯʝʥʠʭ 

ʪʝʥʜʝʥʮʽʡ ʟʤʽʥ ʉɼʉ ʪʘ ɿʅʆʉ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ 

ʚʠʨʦʙʥʠʯʠʭ ʡ ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ ʟʘʚʜʘʥʴ ʡ ʬʫʥʢʮʽʡ ʥʘ 

ʧʨʠʥʮʠʧʘʭ ʧʦʛʣʠʙʣʝʥʥʷ ʦʧʠʩʫ ʩʫʪʥʦʩʪʽ ʤʝʪʦʜʽʚ ɯʊ, 

ʦʩʦʙʣʠʚʦʩʪʽ ʤʦʚ ʢʦʤʫʥʽʢʘʮʽʾ ʩʧʝʮʠʬʽʢʠ ʘʣʛʝʙʨʠ ʜʣʷ 

ʽʥʬʦʣʦʛʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʢʝʨʦʚʘʥʠʭ ʉɼʉ ʟ 

ʜʝʪʘʣʽʟʦʚʘʥʠʤʠ ʦʧʠʩʘʤʠ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʩʢʣʘʜʝʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʫ ʨʦʟʰʠʨʝʥʦʤʫ ʩʧʝʢʪʨʽ ʪʝʤʧʝʨʘʪʫʨʥʠʭ 

ʨʝʞʠʤʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʘʡʙʫʪʥʽʭ ʦʙôʻʢʪʽʚ ʪʨʘʥʩʧʦʨʪʥʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʩʚʽʪʫ 
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1.2 ɸʥʘʣʽʟ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʽʜʭʦʜʽʚ ʥʦʨʤʘʪʠʚʥʦʾ ʙʘʟʠ ISO ʪʘ ʤʦʚ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʟʘ ʢʨʠʪʝʨʽʷʤʠ ʪʦʯʥʦʩʪʽ ʽ ʰʚʠʜʢʦʩʪʽ ʤʦʜʝʣʶʚʘʥʥʷ 

ʩʢʣʘʜʥʦʾ ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ. 

 

ʄʽʞʥʘʨʦʜʥʠʡ ʢʦʤʽʪʝʪ ISO ʚʠʟʥʘʯʠʚ ʩʪʘʥʜʘʨʪ OSI [21, 37] ʜʣʷ 

ʚʽʜʢʨʠʪʠʭ ʩʠʩʪʝʤʥʠʭ ʚʟʘʻʤʦʜʽʡ ʟʘʩʦʙʘʤʠ ɯʊ. ʇʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ 

ʽʥʬʦʨʤʘʪʠʟʘʮʽʾ ʚ ʫʩʽʭ ʩʬʝʨʘʭ ʩʫʩʧʽʣʴʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʫʜʦʩʢʦʥʘʣʝʥʥʽ ʜʽʾ ʇɽɺʆ ʟʘʚʜʷʢʠ ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʧʦʩʣʫʛ Internet ʪʘ ʽʥʰʠʭ 

ʣʦʢʘʣʴʥʠʭ ʤʝʨʝʞ. ʅʘʚʯʘʣʴʥʽ, ʥʘʫʢʦʚʽ ʫʩʪʘʥʦʚʠ ʪʘ ʾʭ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ 

ʥʘʢʦʧʠʯʫʶʪʴ ʟʘʩʦʙʠ ɯʊ. 

ɯʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʟʘ ʩʪʘʥʜʘʨʪʦʤ OSI ʥʝ 

ʦʙʤʝʞʫʶʪʴ softs hard skills, ʘʣʝ ʨʝʛʣʘʤʝʥʪʫʶʪʴ ʫʥʽʬʽʢʦʚʘʥʽ ʨʽʚʥʽ ʽʻʨʘʨʭʽʯʥʦʾ 

ʚʟʘʻʤʦʜʽʾ ʥʘ ʧʝʨʩʦʥʘʣʴʥʠʭ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʨʦʙʦʯʠʭ ʤʽʩʮʷʭ (ɸʈʄ ʨʽʟʥʦʛʦ 

ʨʝʘʣʴʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʨʤʽʥʘʣʴʥʠʭ ʟʘʩʦʙʽʚ ʝʣʝʢʪʨʦʥʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʟʚôʷʟʢʫ) [21, 31, 35-38, 50, 83]. 

ʅʦʨʤʘʪʠʚʥʫ ʙʘʟʫ ʩʪʘʥʜʘʨʪʫ OSI ʽʣʶʩʪʨʫʻ (ʪʘʙʣ. 1.6). ʄʦʙʽʣʴʥʠʡ ʟʚ'ʷʟʦʢ 

ʰʚʠʜʢʦʾ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʚʽʜ ʘʙʦʥʝʥʪʘ ʚʽʜʧʨʘʚʥʠʢʘ ʜʦ ʽʥʰʦʛʦ ʦʪʨʠʤʫʚʘʯʘ 

ʟʘʙʝʟʧʝʯʫʻ ʜʽʘʣʦʛ ʫ ʙʫʜʴ-ʷʢʠʡ ʯʘʩ, ʫ ʙʫʜʴ-ʷʢʦʤʫ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʽ ʥʘ 

ʧʣʘʥʝʪʽ, ʟʘ ʨʽʟʥʠʭ ʧʦʛʦʜʥʦ-ʢʣʽʤʘʪʠʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ. ʉʪʘʥʜʘʨʪ Next 

Generation Internet (NGI) ʧʝʨʝʜʙʘʯʘʻ ʤʦʚʥʠʡ (ʛʦʣʦʩʦʚʠʡ) ʟʚôʷʟʦʢ ʜʣʷ ʢʦʞʥʦʛʦ 

ʢʦʨʠʩʪʫʚʘʯʘ-ʩʧʦʞʠʚʘʯʘ, ʧʦʩʣʫʛ Internet, ʟʘʩʪʦʩʦʚʫʻ ʻʜʠʥʫ ʨʦʟʰʠʨʝʥʠʡ ʘʜʨʝʩʫ 

(ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʨʠʣʘʜʫ, ʤʽʩʪʘ, ʜʝʨʞʘʚʠ). ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʘ ʜʦʜʘʪʢʦʚʘ 

ʚʟʘʻʤʦʟʘʣʝʞʥʽʩʪʴ (ʽʥʬʦʣʦʛʽʷ) ʤʽʞ ʨʝʘʣʴʥʠʤ ʤʦʙʽʣʴʥʠʤ ʥʦʤʝʨʦʤ ʧʨʠʣʘʜʫ, 

ʜʦʤʝʥʥʠʤʠ ʨʝʩʫʨʩʘʤʠ ʪʘ ɯʈ-ʘʜʨʝʩʘʤʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʧʝʮʠʬʽʢʠ IPV4 ʪʘ IPV6 

ʥʘ ʝʪʘʧʘʭ ʫʜʦʩʢʦʥʘʣʝʥʥʷ Internet ʧʦʩʣʫʛ [54, 55, 99]. 

ʊʝʥʜʝʥʮʽʷ ʜʽʣʦʚʦʾ ʘʢʪʠʚʥʦʩʪʽ ʟʘ ʘʢʪʫʘʣʴʥʠʤʠ ʥʘʧʨʷʤʘʤʠ ʡ ʧʨʦʛʨʘʤʘʤʠ 

ʜʝʨʞʘʚʥʦʛʦ ʨʽʚʥʷ ʚʠʟʥʘʯʘʻ ʩʪʘʪʠʩʪʠʢʘ. ʅʘʧʨʠʢʣʘʜ, ʥʘʮʽʦʥʘʣʴʥʘ ʩʣʫʞʙʘ 

ʪʝʭʥʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʦ ʧʨʦʙʣʝʤʘʤ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʙʽʟʥʝʩʫ 

ʟʘʙʝʟʧʝʯʫʻ ʜʦʩʪʫʧ ʜʦ ʙʽʣʴʰ ʥʽʞ 2,7 ʤʣʥ ʧʨʦʜʫʢʪʽʚ ɯʊ ʫ ʬʦʨʤʽ ʟʚʽʪʥʠʭ 

ʜʦʢʫʤʝʥʪʽʚ. ɼʦ ʮʴʦʛʦ ʬʦʥʜʫ ʉʐɸ ʜʦʜʘʻʪʴʩʷ ʪʘ ʽʥʜʝʢʩʫʻʪʴʩʷ ʙʽʣʴʰ 100 ʪʠʩ 
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ʥʦʚʠʭ ʜʦʢʫʤʝʥʪʽʚ ʟʘ ʨʽʢ. ʊʘʢʽ ʧʨʠʥʮʠʧʠ ʨʦʟʚʠʚʘʶʪʴ ʽʥʰʽ ʧʨʦʚʽʜʥʽ ʜʝʨʞʘʚʠ. 

ʋʢʨʘʾʥʩʴʢʠʡ ʮʝʥʪʨ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʪʘ ʝʢʦʥʦʤʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʦʙʩʣʫʛʦʚʫʻ 

ʙʽʣʴʰ 35 ʪʠʩ ʢʦʨʠʩʪʫʚʘʯʽʚ ʟ ʟʘʧʠʪʘʤʠ ʥʘ 2 ʪʠʩ ʤʘʪʝʨʽʘʣʽʚ, ʘʙʦ 100 ʪʠʩ 

ʪʝʤʘʪʠʯʥʠʭ ɯʊ ʟʘʤʦʚʣʝʥʴ. ɺ ʩʬʝʨʽ ʽʥʬʦʨʤʘʪʠʟʘʮʽʾ ʜʦʩʣʽʜʞʝʥʴ ʥʘʤʠ ʚʠʟʥʘʯʝʥʽ 

ʧʨʽʦʨʠʪʝʪʥʽ ʧʨʦʙʣʝʤʠ (ʥʘʩʪʫʧʥʽ ʇʇʽ).  

ʇʇ1. ɯʥʪʝʛʨʘʮʽʷ ʟʘ ʥʘʧʨʷʤʦʤ çʮʠʬʨʦʚʦʛʦè ʩʫʩʧʽʣʴʩʪʚʘ ʥʘ ʙʘʟʽ 

ʥʘʮʽʦʥʘʣʴʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʬʦʥʜʽʚ ʡ ʩʭʦʚʠʱ, ʱʦ ʩʝʨʪʠʬʽʢʦʚʘʥʽ [1, 21, 37]. 

ʇʇ2. ʇʦʢʨʘʱʝʥʥʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʜʨʫʢʦʚʘʥʠʭ ʜʦʢʫʤʝʥʪʽʚ ʪʘ 

ʥʝʜʨʫʢʦʚʘʥʠʭ ʨʦʙʽʪ ʟ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʤʠ ʨʝʩʫʨʩʘʤʠ. ʑʦʨʽʯʥʦ ʜʦʜʘʻʪʴʩʷ ʚ 

ʋʢʨʘʾʥʽ ʙʽʣʴʰ 10 ʪʠʩ ʟʘʭʠʱʝʥʠʭ ʜʠʩʝʨʪʘʮʽʡ, ʟʘʛʘʣʴʥʠʤ ʦʙôʻʤʦʤ ʜʦ 100 ɻʙʘʡʪ. 

ʇʇ3. ɻʘʨʤʦʥʽʟʘʮʽʷ ʟ ISO ʫʢʨʘʾʥʩʴʢʠʭ ʚʽʜʦʤʯʠʭ, ʜʝʨʞʘʚʥʠʭ ʩʪʘʥʜʘʨʪʽʚ 

ʧʦ ʚʩʽʡ ʩʬʝʨʽ ʽʥʬʦʨʤʘʪʠʟʘʮʽʾ ʥʘ ʬʦʨʤʫʚʘʥʥʷ (ʩʪʚʦʨʝʥʥʷ ʡ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ) 

ʨʝʩʫʨʩʥʦ-ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʘʟʠ çʮʠʬʨʦʚʦʛʦè ʩʫʩʧʽʣʴʩʪʚʘ ʥʦʦʩʬʝʨʠ [33-37]. 

ʇʇ4. ɹʘʛʘʪʦʤʦʚʥʽʩʪʴ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʫ ʩʚʽʪʦʚʦʤʫ ʽʥʬʦʨʤʘʮʽʡʥʦʤʫ 

ʧʨʦʩʪʦʨʽ ʥʘʢʦʧʠʯʫʚʘʥʥʷ ʘʚʪʦʥʦʤʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ ʬʘʢʪʽʚ ʥʝʯʠʩʣʦʚʠʭ 

ʟʦʙʨʘʞʝʥʴ [1-4], ʚʢʣʶʯʘʶʯʠ ʥʦʚʽʪʥʽ  ʇʌʄ. 

ʇʇ5. ʇʦʜʦʣʘʥʥʷ ʧʦʣʽʥʦʤʽʘʣʴʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ 

ʩʢʣʘʜʥʦʩʪʽ. ɿʘʪʨʠʤʢʠ ʝʬʝʢʪʠʚʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʫʶʯʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʧʨʦʜʫʢʪʽʚ. ɿʘ ʣʽʥʽʻʶ çɸ ʩʠʛʥʘʣʠ ʧʦʚʽʜʦʤʣʝʥʥʷ ï ʉ-ʧʦʥʷʪʪʷ ʦʙôʻʢʪʘ ï ɺ 

ʩʭʦʚʠʱʝ ʜʘʥʠʭè ʧʦʩʣʽʜʦʚʥʘ ʮʠʬʨʦʚʘ ʪʝʭʥʦʣʦʛʽʷ ʚʽʜʜʘʣʷʻ ʚʥʫʪʨʽʰʥʽʡ ʦʧʠʩ 

ʩʪʘʥʽʚ ʜʘʥʠʭ [107-150] ʦʨʠʛʠʥʘʣʴʥʦʛʦ ʇʌʄ.  

ɽʚʦʣʶʮʽʡʥʠʡ ʘʣʝ ʩʪʨʽʤʢʠʡ ʨʦʟʚʠʪʦʢ ɯʊ ʟʤʽʥʠʚ ʨʝʘʣʴʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʤʽʞ ʦʙʩʷʛʘʤʠ ʢʦʜʫ ʪʠʧʦʚʠʭ ʧʨʦʛʨʘʤʥʠʭ ʤʦʜʫʣʽʚ (ʊʇʄ) ʪʘ ʩʝʨʚʽʩʦʤ ʧʦ ʾʾ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʶ ʟʛʽʜʥʦ ʟʘʚʜʘʥʥʷ. ʋ XX ʩʪʦʣʽʪʪʽ ʧʦʢʘʟʥʠʢ ʫ ʚʽʜʩʦʪʢʘʭ ʥʝ 

ʧʝʨʝʚʠʱʫʚʘʚ (50/50), ʟʘʨʘʟ ʚʞʝ ʧʝʨʝʚʠʱʫʻ (20/80). ʉʘʤʝ ʪʘʢʽ ʬʘʢʪʠ 

ʦʟʥʘʯʘʶʪʴ, ʱʦ ʧʽʜʚʠʱʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʢʦʤʧôʶʪʝʨʽʚ ʥʘ 4 ʧʦʨʷʜʢʠ ʜʦʟʚʦʣʠʪʴ 

ʦʪʨʠʤʘʪʠ ʦʯʽʢʫʚʘʥʠʡ ʝʬʝʢʪ ʚʽʜ ʧʨʘʛʤʘʪʠʢʠ, ʜʦʜʘʪʢʽʚ ʣʠʰʝ ʥʘ ʧʦʨʷʜʦʢ. ɿʘʡʚʽ 

(ʜʦ 90%) ʚʠʪʨʘʪʠ (ʯʘʩʫ, ʧʘʤôʷʪʽ, ʘʧʘʨʘʪʫʨʠ ʟ ʧʨʦʮʝʩʦʨʘʤʠ) ʩʧʦʞʠʚʘʶʪʴʩʷ ʥʘ 

ʩʘʤʦʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʤʦʚ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʡ ʦʪʨʠʤʘʥʥʷ ʩʭʦʚʘʥʠʭ ʜʘʥʠʭ [2, 31]. 
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ʊʘʢʠʤ ʯʠʥʦʤ ʦʪʨʠʤʘʥʥʷ ʊʊʈ ʟʘ ʢʨʠʪʝʨʽʷʤʠ ʷʢʦʩʪʽ (ʰʚʠʜʢʦʩʪʽ ʧʦʚʥʦʪʠ-

ʢʦʤʧʣʝʢʩʥʦʩʪʽ, ʪʦʯʥʦʩʪʽ-ʜʦʩʪʦʚʽʨʥʦʩʪʽ) ʤʦʜʝʣʶʚʘʥʥʷ ʉɼʉ ʤʦʞʝ ʩʪʘʪʠ 

ʨʝʘʣʴʥʠʤ, ʷʢʱʦ ʟʘʤʽʩʪʴ ʪʨʘʜʠʮʽʡʥʠʭ ɯʊ (ʚʠʪʨʘʪʠ ʜʦ 90%) ʧʦʚʝʨʥʫʪʠ ʥʘ ʥʦʚʠʭ 

ʧʨʠʥʮʠʧʘʭ ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪʠ ʜʦ (50%-60%). ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʜʚʽʡʥʦʛʦ ʚ 

ʜʽʘʣʦʛʫ (ʧʨʷʤʦʛʦ ʡ ʟʚʦʨʦʪʥʦʛʦ) ʧʦʪʦʢʫ ʧʨʦʮʝʩʽʚ ʧʝʨʝʪʚʦʨʝʥʴ ʥʘ ʨʽʚʥʽ (50/50) 

ʚʠʥʠʢʘʻ ʟʘʚʜʘʥʥʷ ʥʘ ʨʦʟʨʦʙʢʫ ʽʥʬʦʣʦʛʽʯʥʠʭ ʤʦʜʝʣʝʡ ʟ ʦʙʩʷʛʦʤ ʚʽʜʥʦʩʥʠʭ 

ʚʠʪʨʘʪ ʥʘ ʢʦʜʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʥʘ ʨʽʚʥʽ (15-20%). 

ʇʨʠʥʮʠʧ ʮʝʥʪʨʘʣʽʟʘʮʽʾ ʫʧʨʘʚʣʽʥʥʷ ʚ ʻʜʠʥʽʡ ʩʠʩʪʝʤʽ ʣʦʢʘʣʴʥʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʩʽʤʘ ʝʣʝʢʪʨʦʥʥʠʤʠ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʨʝʩʫʨʩʘʤʠ (ʢʦʥʪʝʥʪʦʤ) 

ʤʦʞʣʠʚʦ ʬʦʨʤʫʣʶʚʘʪʠ ʟʘ ʨʽʟʥʠʤʠ ʚʘʨʽʘʥʪʘʤʠ. ɺ1 ï ʫʧʨʘʚʣʽʥʥʷ ʨʝʩʫʨʩʥʠʤʠ 

ʘʢʪʠʚʘʤʠ. ɺ2 ï ʫʧʨʘʚʣʽʥʥʷ ʢʦʥʪʝʥʪʦʤ. ɺ3 ï ʘʥʘʣʦʛʽʯʥʦ ɸʉɯɼ ï ʩʘʤʠʤʠ 

ʜʦʢʫʤʝʥʪʘʤʠ. ɺ4 ï ʫʧʨʘʚʣʽʥʥʷ ʝʪʘʧʘʤʠ ʩʪʘʥʽʚ ʞʠʪʪʻʚʠʭ ʮʠʢʣʽʚ ʽʥʬʦʨʤʘʮʽʾ. 

ɺ5 ï ʫʧʨʘʚʣʽʥʥʷ ʢʘʥʘʣʘʤʠ ʡ ʰʢʘʣʘʤʠ ʟʘ ʧʦʪʦʢʘʤʠ ʜʘʥʠʭ. ɺ6 ï ʛʽʙʨʠʜʥʝ 

ʫʧʨʘʚʣʽʥʥʷ ʥʘ ʧʨʠʥʮʠʧʘʭ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʦʙʽʟʥʘʥʦʩʪʽ [1, 35]. 

ɺʩʽ ʚʘʨʽʘʥʪʠ ʟʚʝʨʪʘʶʪʴ ʯʘʩʪʢʦʚʫ ʫʚʘʛʫ ʥʘ ʩʧʦʩʽʙ ʧʘʨʥʠʭ ʚʽʜʥʦʩʠʥ. 

ʈʝʘʣʴʥʦ ʽʩʥʫʶʪʴ ʩʠʩʪʝʤʥʽ ʚʥʫʪʨʽʰʥʽ ʢʚʘʥʪʦʚʽ ʦʙʤʝʞʝʥʥʷ ʚ ʨʦʟʫʤʽʥʥʽ ʷʚʥʠʭ 

ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʪʘ ʥʝʷʚʥʠʭ (ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʫ ʟʘʚʜʘʥʥʽ ʜʝʪʘʣʽʟʦʚʘʥʠʭ 

ʦʧʝʨʘʮʽʡ) ʬʫʥʢʮʽʡ ʜʠʥʘʤʽʯʥʦʛʦ (ʙʘʛʘʪʦʢʨʦʢʦʚʦʛʦ ʡ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʛʦ) 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʥʘ ʧʨʠʥʮʠʧʘʭ ʦʧʪʠʤʽʟʘʮʽʾ ʈ. ɹʝʣʣʤʘʥʘ [89-93]. 

ɸʥʘʣʽʟ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʽʜʭʦʜʽʚ ʟ ʤʦʞʣʠʚʦʾ ʨʝʘʣʽʟʘʮʽʾ ʚʠʱʝʦʟʥʘʯʝʥʠʭ 

ʚʘʨʽʘʥʪʽʚ ʫʧʨʘʚʣʽʥʥʷ ʊʇʄ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʦʢʘʣʴʥʦ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ 

ʜʠʩʧʝʪʯʝʨʘ ʫʧʨʘʚʣʽʥʥʷ ʤʦʜʫʣʷʤʠ (ɼʋʄ) ʢʦʤʧʣʝʢʩʥʦʾ ʤʦʜʝʣʽ-ʧʨʦʛʨʘʤʥʦʾ ʜʽʾ 

(ʂʄ-ʇɼ) ʜʦʟʚʦʣʷʻ ʦʟʥʘʯʠʪʠ ʪʘʢʽ ʧʨʠʯʠʥʠ. ʇʦ-ʧʝʨʰʝ, ʚ ʨʠʥʢʦʚʠʭ ʫʤʦʚʘʭ 

ʢʦʥʢʫʨʝʥʮʽʾ ʨʽʟʥʽ ʬʽʨʤʠ ʟ ʤʝʪʦʶ ʨʝʢʣʘʤʠ ʚʣʘʩʥʠʭ ʧʨʦʜʫʢʪʽʚ ʟʘʤʽʩʪʴ ʦʧʠʩʫ 

ʢʦʥʢʨʝʪʥʠʭ ʧʨʦʝʢʪʥʠʭ ʨʽʰʝʥʴ ʟʚʝʨʪʘʶʪʴ ʫʚʘʛʫ ʥʘ ʤʦʜʥʠʡ ʙʨʝʥʜ-ʩʪʷʛ. ʎʝ 

ʜʦʟʚʦʣʷʻ ʢʦʥʪʨʦʣʶʚʘʪʠ ʩʬʝʨʠ ʾʭ ʚʧʣʠʚʫ ʥʘ ʧʦʧʠʪ ʩʧʦʞʠʚʘʯʽʚ ʧʨʦʜʫʢʪʽʚ ɯʊ. 

ʇʦ-ʜʨʫʛʝ ʢʦʥʢʫʨʝʥʮʽʷ ʟ ʙʘʞʘʥʥʷ ʰʚʠʜʰʝ ʟʘ ʽʥʰʠʭ ʚʠʡʪʠ ʥʘ ʨʠʥʦʢ 

ʤʘʩʦʚʦʛʦ ʩʧʦʞʠʚʘʥʥʷ ʥʝ ʚʠʪʨʘʯʘʻ ʨʝʩʫʨʩʠ ʥʘ ʜʦʙʨʦʪʥʠʡ ʥʦʚʠʡ ʧʨʦʜʫʢʪ, ʘ 

ʪʠʨʘʞʫʻ ʩʪʘʨʝ-ʥʝʷʚʥʝ ʰʣʷʭʦʤ ʥʘʜʙʫʜʦʚʠ ʟʘʩʦʙʽʚ ʫʧʨʘʚʣʽʥʥʷ. ɹʘʟʦʚʘ ʨʽʟʥʠʮʷ 

ʤʽʞ ʬʽʨʤʘʤʠ ʟʘʣʠʰʘʻʪʴʩʷ ʧʨʠ ʤʦʞʣʠʚʠʭ ʽʥʪʝʨʬʝʡʩʥʠʭ ʘʥʘʣʦʛʽʷʭ ʜʽʾ 
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ʢʦʨʠʩʪʫʚʘʯʽʚ ï IAS. ɺ ʪʨʝʪʴʦʤʫ ʚʠʧʘʜʢʫ ʩʠʥʦʥʽʤʽʯʥʽ ʪʝʨʤʽʥʦʣʦʛʽʯʥʽ ʯʠ ʥʘʚʽʪʴ 

ʩʝʤʽʦʪʠʯʥʽ ʟʤʽʥʠ ʙʝʟ ʙʘʟʦʚʦʛʦ ʥʦʚʦʛʦ ʧʦʥʷʪʽʡʥʦʛʦ ʘʧʘʨʘʪʫ ʥʝ ʧʦʪʨʝʙʫʶʪʴ 

ʟʥʘʯʥʠʭ ʚʠʪʨʘʪ ʨʝʩʫʨʩʽʚ ʥʘ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʡ ʟʘ ʨʘʭʫʥʦʢ ʦʟʥʘʯʝʥʦʾ 

ʤʦʜʝʨʥʽʟʘʮʽʾ ʯʠ ʤʦʜʠʬʽʢʘʮʽʾ ʬʽʨʤʘ ʚʠʭʦʜʠʪʴ ʥʘ ʨʠʥʦʢ, ʱʦʙ ʟʘʚʦʶʚʘʪʠ 

ʤʘʡʙʫʪʥʽ ʧʝʨʝʚʘʛʠ ʟʨʦʩʪʘʥʥʷ ʧʦʪʨʝʙ ʟʘ ʟʘʤʦʚʣʝʥʥʷʤʠ. 

ʋʟʘʛʘʣʴʥʝʥʥʷ ʧʽʜʭʦʜʽʚ Integrated Document Management (IDM), Business 

Process Management (BPM) ʪʘ Enterprise Content Management (ECM) ʜʦʟʚʦʣʷʻ 

ʜʣʷ ʟʘʜʘʯ ʥʘʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʦʟʥʘʯʠʪʠ ʥʘʩʪʫʧʥʠʡ ʢʦʨʪʝʞ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

(ʤʦʚ, ʽʥʪʝʨʬʝʡʩʽʚ, ʤʝʪʦʜʽʚ) ʟʘʩʦʙʽʚ: ɸ ʚʚʝʜʝʥʥʷ ʚʭʽʜʥʠʭ ʟʘʚʜʘʥʴ, ʜʠʨʝʢʪʠʚ, 

ʥʘʢʘʟʽʚ, ʦʧʠʩʽʚ; ɺ ï ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʟʙʝʨʽʛʘʥʥʷ ʡ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʠʭ, ʤʦʜʝʣʝʡ, 

ʦʧʝʨʘʥʜʽʚ (ʪʝʢʩʪʠ, ʪʘʙʣʠʮʽ, ʚʽʜʝʦʟʦʙʨʘʞʝʥʥʷ ʦʨʠʛʽʥʘʣʽʚ); ʉ ï ʫʧʨʘʚʣʽʥʥʷ 

ʚʩʽʤʘ ʨʝʞʠʤʘʤʠ ʚʩʝʨʝʜʠʥʽ ʇɸʂ ʟʛʽʜʥʦ ʤʦʚʥʦ-ʣʽʥʛʚʽʩʪʠʯʥʠʭ ʟʘʚʜʘʥʴ. ʊʦʜʽ 

ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʟʘʤʦʚʯʝʥʥʷ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʪʨʘʥʟʘʢʮʽʡ (Big Data) ʥʝʦʙʭʽʜʥ ̔

ʬʫʥʢʮʽ ʾʥʘ ʢʦʞʥʦʤʫ ʝʪʘʧ ̔ʦʙʨʦʙʢʠ ʜʣʷ ʝʨʛʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʉɼʉ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʜʠʩʝʨʪʘʥʪʦʤ ʢʦʥʮʝʧʮʽʷ ʇɸʂ ʂʄ-ʇɼ ʦʨʽʻʥʪʦʚʘʥʘ ʥʘ 

ʟʘʜʦʚʦʣʝʥʥʷ Web-ʧʦʪʨʝʙ ʧʨʘʢʪʠʢʠ ʇɽɺʆ. ʉʫʪʪʻʚʽ ʢʨʠʪʝʨʽʾ ʪʦʯʥʦʩʪʽ ʽ 

ʰʚʠʜʢʦʩʪʽ ʢʦʥʢʨʝʪʥʠʭ ʦʙʯʠʩʣʝʥʴ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʜʦʜʘʪʢʦʚʠʭ ʽʥʬʦʣʦʛʽʯʥʠʭ 

ʉ-ʤʦʜʝʣʝʡ (ʧʦʚʥʦʪʠ, ʘʜʝʢʚʘʪʥʦʩʪʽ, ʘʢʪʫʘʣʴʥʦʩʪʽ ʤʦʜʝʣʝʡ ɸʈɯ) ʚʢʣʶʯʘʶʪʴ 

ʙʘʛʘʪʦʨʽʚʥʝʚʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ɿʘ OSI ʩʪʘʥʜʘʨʪʦʤ ʢʦʤʽʪʝʪʫ ISO ʟʛʽʜʥʦ 

ʟʘʤʦʚʣʝʥʴ IAS ʇɽɺʆ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʚʽʟʫʘʣʽʟʦʚʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʥʝʦʙʭʽʜʥʽ 

ʚʽʜʧʦʚʽʜʥʽ ɸʈɯ ʜʦʜʘʪʢʠ [1-8]. ʇʨʦʮʝʩʦʨʥʘ ʽʥʬʦʣʦʛʽʯʥʘ ʤʦʜʝʣʴ (ʇɯʄ) ʧʦʻʜʥʫʻ 

ʨʦʟʧʦʜʽʣʝʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʨʝʩʫʨʩʠ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʤʦʜʝʣʶʚʘʥʥʷ ʉɼʉ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʟʘʩʦʙʽʚ ʦʧʠʩʫ: ʥʝʦʜʥʦʨʽʜʥʦʾ ʪʝʤʘʪʠʢʠ; ʨʽʟʥʦʾ ʩʝʤʘʥʪʠʢʠ, ʦʥʪʦʣʦʛʽʾ, 

ʛʨʘʤʘʪʠʢʠ; ʢʦʜʦʚ ̔ ʪʝʭʥʽʢʠ ʩʝʤʽʦʪʠʢʠ ʤʦʚʥʠʭ ʽʥʪʝʨʬʝʡʩʥʠʭ ʚʠʨʘʟʽʚ, 

ʢʘʪʘʣʦʛʽʟʘʮʽʾ, ʽʥʜʝʢʩʫʚʘʥʥʷ, ʢʦʤʧʣʝʢʩʥʦʛʦ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ, ʢʦʥʪʨʦʣʶ ʡ 

ʫʧʨʘʚʣʽʥʥʷ. ʇɯʄ, ʷʢ ʜʠʥʘʤʽʯʥʘ ʩʪʨʘʪʝʛʽʯʥʘ ʢʘʨʪʘ ʝʨʛʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʤʦʞʣʠʚʠʭ ʦʧʪʠʤʘʣʴʥʠʭ ʨʝʘʣʽʟʘʮʽʡ ʟʘʟʜʘʣʝʛʽʜʴ ʫʟʛʦʜʞʫʻʪʴʩʷ. ʃʠʰʝ ʪʦʜʽ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʜʦʣʘʥʥʷ ʧʨʦʙʣʝʤ ʚ (ʊʘʙʣ. 1.4) ʡ ʦʧʪʠʤʽʟʘʮʽʾ ɸʈɯ ʜʽʷʣʴʥʦʩʪʽ 

ʢʦʤʧʘʥʽʡ IAS ʨʽʟʥʠʭ ʇɽɺʆ (ʢʦʨʠʩʪʫʚʘʯʽʚ, ʩʧʽʚʚʠʢʦʥʘʚʮʽʚ-ʩʝʨʚʽʩʫ, 

ʩʧʦʞʠʚʘʯʽʚ ʊʊʈ ʡ ʧʨʦʜʫʢʪʽʚ ɯʊ). 
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1.3. ɸʥʘʣʽʟ ʟʤʽʥʥʠʭ ʫʤʦʚ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘ ʧʦʪʨʝʙ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ɺʽʜʦʤʽ ʫ ʬʦʨʤʘʭ ʪʝʧʣʦʚʠʭ ʝʬʝʢʪʽʚ ʯʠʩʝʣʴʥʽ ʬʘʢʪʠ ʧʨʦʷʚʫ ʨʫʭʽʚ ʘʪʦʤʽʚ 

ʪʘ ʾʭ ʫʛʨʫʧʦʚʘʥʴ ʚ ʨʝʯʦʚʠʥʘʭ [81, 82]. ɹʘʟʦʚʠʤ ʨʝʧʝʨʥʠʤ ʩʪʘʥʦʤ 0S  ʟ 

ʧʦʯʘʪʢʦʚʠʤʠ ʬʽʟʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʤʘʪʝʨʽʾ ʚʠʟʥʘʯʘʻʤʦ, ʷʢ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʫ ʤʘʪʝʤʘʪʠʯʥʫ ʪʦʯʢʫ ʫʤʦʚʥʦʛʦ ʇʏʂ. ɺ ʩʪʘʥʽ 0S  ʙʝʟ 

ʤʘʪʝʨʽʘʣʴʥʠʡ ʽʟʦʣʴʦʚʘʥʠʡ ʧʨʦʩʪʽʨ ʟʘ ʘʙʩʪʨʘʢʮʽʻʶ ʯʠʩʪʦʛʦ ʢʦʩʤʽʯʥʦʛʦ 

ʚʘʢʫʫʤʫ ʤʘʻ ʥʫʣʴʦʚʫ 0

0 0 Kq=  ʪʝʤʧʝʨʘʪʫʨʫ ʟʛʽʜʥʦ ʰʢʘʣ ʂʝʣʴʚʽʥʘ [103, 104]. ʋ 

ʦʟʥʘʯʝʥʠʭ ʫʤʦʚʘʭ ʭʘʨʘʢʪʝʨʠʟʫʻʤʦ ʟʘ ʘʙʩʦʣʶʪʥʠʤ ʥʫʣʝʤ ʢʚʘʥʪʦʚʠʤʠ 

ʟʘʢʦʥʘʤʠ ʇʏʂ, ʷʢ ʥʘʩʪʫʧʥʠʡ ʢʦʜ-ʦʧʠʩ ʩʪʘʥʫ. 

0 0

0 0L T S= , (1.3) 

ʜʝ L  - ʩʠʤʚʦʣ ʧʨʦʩʪʦʨʦʚʠʭ ʚʽʜʥʦʰʝʥʴ ʜʚʦʭ ʩʢʣʘʜʦʚʠʭ ʫ ʇʏʂ;  

T  - ʩʠʤʚʦʣ ʯʘʩʦʚʠʭ ʧʨʦʮʝʩʽʚ ʟ ʜʚʦʤʘ ʩʢʣʘʜʦʚʠʤʠ ʫ ʮʽʣʴʦʚʦʤʫ ʇʏʂ. 

ʗʢʱʦ ʥʘ ʛʨʘʥʠʯʥʠʭ (ʧʦʛʨʘʥʠʯʥʠʭ) ʜʠʩʢʨʝʪʥʠʭ ʚʥʫʪʨʽʰʥʽʭ ʬʦʨʤʘʭ 

ʜʘʥʦʛʦ ʇʏʂ ʚʩʪʘʥʦʚʠʪʠ ʤʝʪʨʠʢʫ ʙʽʣʴʰ ʰʠʨʦʢʦʛʦ ʦʧʠʩʫ ɿʅʆʉ, ʪʦ ʪʨʝʙʘ 

ʚʽʜʧʦʚʽʜʥʦ ʪʝʦʨʽʾ ʧʦʜʽʙʥʦʩʪʽ ʪʘ ʨʦʟʤʽʨʥʦʩʪʽ [175, 176] ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʚʽʜʦʤʽ 

ʧʦʥʷʪʪʷ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʨʽʟʥʠʭ ʛʘʣʫʟʝʡ ʫ ʚʠʛʣʷʜʽ ʦʧʠʩʫ [107-150]:  

1 0

1L T+ +
 - ʚʽʜʩʪʘʥʴ ʧʨʦʪʷʛʫ ʘʙʦ ʰʣʷʭ ʽʩʥʫʚʘʥʥʷ ʜʦʚʞʠʥʠ [ʤ];  

2 0

2L T+ +
 - ʧʣʦʱʘ ʧʦʚʝʨʭʥʽ, ʱʦ ʜʚʦʚʠʤʽʨʥʘ [ʤ2]; 

3 0

3L T+ +
 - ʦʙôʻʤ ʧʨʦʩʪʦʨʫ ɽʚʢʣʽʜʘ ʟʘ ʪʨʴʦʤʘ ʚʠʤʽʨʘʤʠ [ʤ3]. 

ɸʥʘʣʦʛʽʯʥʦ ʜʣʷ ʧʦʥʷʪʴ ʯʘʩʦʚʠʭ ʟʤʽʥʥʠʭ ʷʚʠʱ ʬʦʨʤʘʣʽʟʫʻʤʦ ʦʧʠʩʠ: 

0 1

1L T++  - ʩʪʨʽʣʢʘ ʯʘʩʫ ʚʠʟʥʘʯʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʨʫʭʫ [ʩ]; 

0 2

2L T++  - ʧʦʚʝʨʭʥʷ ʯʘʩʫ ʫ ʜʚʦʚʠʤʽʨʥʦʤʫ ʚʠʧʘʜʢʫ ʧʝʨʰʠʭ ʜʽʡ [ʩ2]; 

0 3

3L T++  - ʦʙʩʷʛ ʚʠʪʨʘʪ ʯʘʩʫ, ʷʢ ʪʨʠʚʠʤʽʨʥʽ 3D ʚʝʢʪʦʨʥʽ ʧʦʜʽʾ [ʩ3]; 

0 1 0 1 1

1 1( )L T L T- + -

- +=  - ʯʘʩʪʦʪʘ ʧʝʨʽʦʜʠʯʥʠʭ ʟʤʽʥ ʘʙʦ ʮʠʢʣʽʚ ʚʠʟʥʘʯʘʣʴʥʦʛʦ 

ʧʨʦʮʝʩʫ [ʩ-1]=[ɻʝʨʮ]; 

0 2 0 1 2 1

2 1{( ) }L T L T- + -

- +=  - ʢʫʪʦʚʝ ʧʨʠʩʢʦʨʝʥʥʷ ʱʽʣʴʥʦʩʪʽ ʧʘʨʥʠʭ ʩʫʤʽʩʥʠʭ [ʩ-2] 

ʧʦʜʽʡ ʫ ʻʜʠʥʦʤʫ ʇʏʂ ʟʘ ʢʦʥʢʨʝʪʥʠʡ ʮʠʢʣ [107-150]. 
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ɹʽʣʴʰʽʩʪʴ ʧʨʠʨʦʜʥʠʭ ʷʚʠʱ ʟʘ ʥʘʫʢʦʚʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ, ʷʢ ʬʽʟʠʯʥʽ, ʭʽʤʽʯʥʽ, ʙʽʦʣʦʛʽʯʥʽ, ʩʦʮʽʘʣʴʥʽ, ʛʫʤʘʥʽʪʘʨʥʽ ʪʘ ʽʥʰʽ 

ʥʘʧʨʷʤʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʟʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʾ ʟ ʥʘʛʦʣʦʩʦʤ ʥʘ ʧʨʦʮʝʩʠ ʩʪʚʦʨʝʥʥʷ 

ʇʌʄ ʜʣʷ ʢʦʞʥʦʛʦ ʜʠʩʢʨʝʪʥʦʛʦ ʇʏʂ ʧʦʪʨʝʙʫʶʪʴ ʜʝʪʘʣʽʟʘʮʽʾ ʧʦʜʽʡ ʚʽʜʥʦʩʥʦ 

ʧʦʯʘʪʢʦʚʦʛʦ 0S  ʩʪʘʥʫ ʫ ʬʦʨʤʘʭ ʥʘʩʪʫʧʥʦʛʦ ʦʧʠʩʫ: 

1 1

2L T+ +

+
 - ʪʨʠʚʘʣʽʩʪʴ ʚʽʜʩʪʘʥʽ ʪʘ ʯʘʩʦʚʦʛʦ ʽʥʪʝʨʚʘʣʫ, ʜʝ ʻ ʟʘʬʽʢʩʦʚʘʥʽ 

ʧʨʦʮʝʩʠ ʫ ʇʏʂ [ʤ*ʩ]; 

1 1

0L T- + - ʧʨʦʚʽʜʥʽʩʪʴ (ʪʝʧʣʦʚʘ ʧʨʠʢʣʘʜ) ʤʦʞʣʠʚʦʛʦ ʧʨʦʥʠʢʥʝʥʥʷ [ʤ-1*ʩ]; 

2 2

0L T- + - ʤʘʛʥʽʪʥʝ ʧʨʦʥʠʢʥʝʥʥʷ (ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʘ ʥʘʥʦʧʨʠʨʦʜʘ ʻ 

ʙʘʟʦʚʦʶ) ʚʢʣʶʯʥʦ ʧʽʜ ʯʘʩ ʪʝʧʣʦʚʠʭ ʷʚʠʱ ʤʘʢʨʦʤʘʩʰʪʘʙ ʧʨʦʷʚʫ ʟ 

ʬʨʦʥʪʘʣʴʥʠʤ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷʤ ʫ ʇʏʂ [ʤ-2*ʩ+2] [107-150]. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʥʘʤʠ ʚʠʱʝ ʽʣʶʩʪʨʘʪʠʚʥʘ ʬʦʨʤʘ ʜʚʦʩʪʫʧʝʥʝʚʦʛʦ 

ʧʦʣʽʥʦʤʫ ʟʜʽʡʩʥʶʻ ʦʧʠʩ ʷʚʠʱ ʧʽʜ ʯʘʩ ʩʪʚʦʨʝʥʥʷ ʡ ʝʢʩʧʣʫʘʪʘʮʽʾ ʇʌʄ. ɼʽʡʩʥʦ, 

ʙʫʜʴ-ʷʢʘ ʧʦʪʨʝʙʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʥʰʠʭ ʰʢʘʣ ʜʣʷ ʯʠʩʝʣʴʥʦʛʦ ʦʟʥʘʯʝʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʥʝ ʟʤʽʥʶʻ ʙʘʟʦʚʦʛʦ ʢʦʜʫ ʚʽʜʥʦʰʝʥʥʷ ʷʢ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʧʦʥʷʪʪʷ 

ʷʢʽʩʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ɺʽʜʭʠʣʝʥʥʷ ʚʽʜ ʙʘʟʦʚʦʛʦ ʩʪʘʥʫ 0 0( )S q  ʜʦʮʽʣʴʥʦ 

ʧʦʷʩʥʶʚʘʪʠ ʥʘ ʙʫʜʴ-ʷʢʽʡ ʤʦʚʽ ʩʫʩʧʽʣʴʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʣʽʥʛʚʽʩʪʠʯʥʦ-

ʩʝʤʽʦʪʠʯʥʠʭ ʦʧʠʩʽʚ ʜʣʷ ʚʩʽʭ ʤʘʡʙʫʪʥʽʭ ʦʧʠʩʽʚ ʪʝʨʤʦʜʠʥʘʤʽʢʠ ʉɼʉ. ʆʙʨʘʥʠʡ 

ʢʦʜ ï ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ ʜʠʥʘʤʽʯʥʽ ʪʝʨʤʽʥʠ ʫ ʤʝʞʘʭ ɯʊ ʪʝʭʥʦʣʦʛʽʡ. ʇʨʠ 

ʚʠʙʦʨʽ ʜʦʮʽʣʴʥʦʾ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ ʰʢʘʣʠ, ʥʘʧʨʠʢʣʘʜ ʥʘʥʦ 910-¹  ʘʙʦ ʪʝʨʘ 910+¹ , 

ʘʙʦ ʽʥʰʦʾ 10S  ʯʠ 10rʮʝ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʦ ʫ ʟʘʧʠʩʘʭ ʚ ʢʚʘʜʨʘʪʥʠʭ 

ʜʫʞʢʘʭ. ʎʽ ʩʫʪʦ ʧʨʦʩʪʽ ʜʽʾ. ɺʦʥʠ ʥʝ ʟʤʽʥʶʶʪʴ ʢʦʜʫ S

d SL Tr r

°

= + ʪʦʤʫ, ʱʦ ʧʦʨʷʜ 

ʦʜʥʦʟʥʘʯʥʦ ʱʝ ʻ ʦʧʠʩ [10lʤ10K c] ʨʦʟʤʽʨʥʦʩʪʽ ʟ ʤʦʞʣʠʚʽʩʪʶ ʽʥʪʝʨʧʨʝʪʫʚʘʪʠ 

ʢʦʥʢʨʝʪʥʽ ,l k  ʧʘʨʘʤʝʪʨʠ [107-150]. ʉʘʤʝ ʮʝ ʜʦʟʚʦʣʷʻ ʥʘʤ ʜʝ ʪʨʝʙʘ, 

ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʘʩʪʨʦʥʦʤʽʾ ʧʝʨʝʭʦʜʠʪʠ ʥʘ ʘʩʪʨʦʥʦʤʽʯʥʽ ʰʢʘʣʠ ʜʣʷ ʚʽʜʩʪʘʥʝʡ 

ʪʘ ʯʘʩʦʚʠʭ ʽʥʪʝʨʚʘʣʽʚ. ɼʘʥʠʡ ʧʨʠʥʮʠʧ ʟʘʬʽʢʩʦʚʘʥʠʡ ʫ ʤʽʞʥʘʨʦʜʥʠʭ 

ʤʝʪʨʦʣʦʛʽʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ, ʱʦ ʚʞʝ ʜʽʻ ʟ 2019 ʨʦʢʫ [103, 104]. 

ʊʦʤʫ ʟʙʝʨʽʛʘʶʯʠ ʥʝʦʙʭʽʜʥʽ ʩʪʘʥʜʘʨʪʠ OSI ʧʝʨʝʭʦʜʠʤʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʜʦ ʘʥʘʣʽʟʫ ʚʠʢʣʶʯʥʦ ʜʣʷ ɯʊ ʬʦʨʤ ʦʧʠʩʫ 00 ( ) SupTq q< < ʪʝʨʤʦʜʠʥʘʤʽʢʠ ʟʘ 



57 
 

ʜʦʧʦʤʦʛʦʶ ʙʘʟʦʚʠʭ ʪʝʨʤʽʥʽʚ. ʃʽʪʦʧʠʩʥʘ ʩʪʘʪʠʩʪʠʢʘ ʬʽʢʩʫʻ ʥʝ ʣʠʰʝ ʬʘʢʪʠ, 

ʧʦʜʽʾ, ʢʘʪʘʩʪʨʦʬʠ ʪʦʙʪʦ ʧʨʘʛʤʘʪʠʢʫ ʤʠʥʫʣʦʛʦ ʞʠʪʪʷ, ʘ ʡ ʱʝ ʪʝʤʧʝʨʘʪʫʨʥʽ 

ʧʘʨʘʤʝʪʨʠ ʟʤʽʥʠ ʫ ʢʦʥʢʨʝʪʥʽʡ ʤʽʩʮʝʚʦʩʪʽ ʛʝʦʬʽʟʠʯʥʦʛʦ ʧʨʦʩʪʦʨʫ (ʨʠʩ 1.1-1.4). 

ʆʟʥʘʯʝʥʽ ʪʝʨʤʦʜʠʥʘʤʽʯʥʽ ʟʤʽʥʠ ʻ ʧʨʦʷʚʦʤ ʚʘʨʽʘʮʽʡ ʩʦʥʷʯʥʦ-ʟʝʤʥʠʭ 

ʚʟʘʻʤʦʟʚôʷʟʢʽʚ ʪʘ ʛʣʦʙʘʣʴʥʦ-ʢʣʽʤʘʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʨʘʟʦʤ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʣʦʢʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʘʨʘʤʝʪʨʫ ʫ ʇʏʂ ʙʫʜʴ-ʷʢʦʾ ɯʊʉ. 

ɺʽʜʦʤʦ, ʱʦ ʜʣʷ ɯʊ ʦʧʠʩʽʚ ʯʘʩʪʽʰʝ ʩʫʧʨʦʚʦʜʞʫʶʪʴ ʥʝ ʩʫʪʥʽʩʪʴ 

ʪʣʫʤʘʯʝʥʥʷ, ʘ ʣʠʰʝ ʧʦʰʠʨʝʥʝ ʧʦʥʷʪʪʷ <ʝʥʝʨʛʽʷ> ʢʦʥʢʨʝʪʥʦʾ ʬʦʨʤʠ. 

ʅʘʧʨʠʢʣʘʜ: ʪʝʧʣʦʚʘ, ʤʝʭʘʥʽʯʥʘ, ʷʜʝʨʥʘ, ʤʦʣʝʢʫʣʷʨʥʘ, ʝʣʝʢʪʨʠʯʥʘ, ʤʘʛʥʽʪʥʘ, 

ʛʨʘʚʽʪʘʮʽʡʥʘ ʪʘ ʽʥʰʘ ʬʦʨʤʘ ʝʥʝʨʛʽʾ. ɿʘʤʽʩʪʴ ʨʽʟʥʦʤʘʥʽʪʥʦʾ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʤʠ 

ʬʽʢʩʫʻʤʦ ʣʠʰʝ ʦʜʠʥ ʢʦʜ ï ʧʦʥʷʪʪʷ ʙʘʟʦʚʦʾ ʩʫʪʥʦʩʪʽ. ɺ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʜʣʷ 

ʪʝʨʤʦʜʠʥʘʤʽʢʠ ʙʫʜʝ ʥʘʩʪʫʧʥʠʡ ʧʝʨʚʠʥʥʠʡ ʙʘʟʦʚʠʡ ʦʧʠʩ [6-8] 

Eq¹ ʮʝ ʝʥʝʨʛʽʷ: 5 4

1L T+ -

+
[ʤ5ʩ-4], (1.4) 

ʜʝ ʥʝ ʪʨʝʙʘ ʧʦʷʩʥʶʚʘʪʠ ʥʽ ʩʘʤ ʢʦʜ ʥʽ ʦʜʠʥʠʮʽ ʚʠʤʽʨʫ (ʰʢʘʣʠ). ɺʩʷ 

ʤʥʦʞʠʥʘ ʥʘʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ 46 ʧʦʥʷʪʴ ʟʘʧʠʩʫʻʪʴʩʷ ʦʜʥʘʢʦʚʦ ʟʘ ʻʜʠʥʠʤ 

ʧʨʘʚʠʣʦʤ ʦʟʥʘʯʝʥʥʷ ʩʫʪʥʦʩʪʽ, ʦʩʦʙʣʠʚʦʩʪʽ ʪʘ ʩʧʝʮʠʬʽʢʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʇɸʂ ɯʊ 

ʙʫʜʴ-ʷʢʠʤʠ ʢʦʤʧʝʪʝʥʪʥʠʤʠ ʝʢʩʧʝʨʪʘʤʠ ï IAS ʇɽɺʆ ɯʊʉ. ɿʘʧʠʩʫ ʙʽʥʘʨʥʽʡ 

(ʜʚʽʡʢʦʚʽʡ ʬʦʨʤʽ) ʢʦʜʫ S

dL Tr  ʜʣʷ "ʇɸʂɯʊÍ  ʚʽʜʧʦʚʽʜʥʦ ʩʫʪʥʦʩʪʽ ʡʦʛʦ 

ʘʣʛʦʨʠʪʤʫ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʧʦʜʘʣʴʰʠʭ ʧʨʦʮʝʩʦʨʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʊʇʄ. 

ʆʩʦʙʣʠʚʽʩʪʴ ʢʦʜʫ (1.4) ʦʟʥʘʯʘʻ, Ū ʥʘ ʙʫʜʴ-ʷʢʽʡ ʤʦʚʽ ʚʭʽʜʥʠʭ ʟʘʚʜʘʥʴ 

ʣʶʜʠʥʠ. ʈʦʙʠʤʦ ʚʽʜʧʦʚʽʜʥʝ ʬʦʨʤʫʚʘʥʥʷ ʟʨʦʟʫʤʽʣʠʤʠ ʪʝʨʤʽʥʘʤʠ ʟʘ 

ʩʪʘʥʜʘʨʪʦʤ ISO. ʇʨʠʢʣʘʜ ʜʠʚʠʩʴ ʚ (1.4) ʣʽʚʦʨʫʯ ʚʽʜ ʢʦʜʫ, ʜʝ ʟʘ ʮʠʤ ʧʨʘʚʠʣʦʤ 

ʟʘʩʪʦʩʦʚʘʥʦ (ʪʦʪʦʞʥʽʩʪʴ Eq¹  ʪʣʫʤʘʯʠʤʦ ʪʝʤʧʝʨʘʪʫʨʘ ʮʝ ʝʥʝʨʛʽʷ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʨʦʮʝʩʫ). ʑʝ ʨʘʟ ʟʚʝʨʪʘʻʤʦ ʫʚʘʛʫ, ʱʦ ʨʦʙʦʯʫ ʤʦʚʫ ʮʴʦʛʦ ʟʘʧʠʩʫ 

ʦʙʠʨʘʶʪʴ ʝʢʩʧʝʨʪʠ ï IAS ʇɽɺʆ ɯʊʉ, ʥʘʧʨʠʢʣʘʜ, ʘʥʛʣ. < Eq¹  is energy>. 

ʉʧʝʮʠʬʽʢʘ ʢʦʜʫ (1.4) ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʧʨʠʥʮʠʧʘʤʠ çʟʘʤʦʚʣʝʥʥʷè 

ʣʶʜʠʥʦʶ. ʂʦʜ (1.4) ʦʜʥʦʯʘʩʥʦ ʟʘʬʽʢʩʦʚʘʥʠʡ ʟʘ ʤʦʞʣʠʚʠʤʠ ʇɯʄ ʡ 

ʚʽʜʧʦʚʽʜʥʠʤʠ ʨʦʟʤʽʨʥʦʩʪʷʤʠ. ɸʣʝ ʷʚʥʘ ʬʦʨʤʘ ʇɯʄ, ʱʦ ʧʨʘʚʦʨʫʯ ʟôʷʚʣʷʻʪʴʩʷ 

ʣʠʰʝ ʟʘʚʜʷʢʠ ɸʈɯ ʚʽʜʧʦʚʽʜʥʠʤ ʜʽʷʤ ʟʘ ʨʝʛʣʘʤʝʥʪʘʤʠ ɯʊ ʩʠʩʪʝʤʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʇɸʂ. ɼʦʚʝʜʝʥʥʷ ʜʦ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʩʣʷ 
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ʚʝʨʠʬʽʢʘʮʽʾ, ʪʝʩʪʫʚʘʥʥʷ, ʚʠʧʨʦʙʫʚʘʥʴ ʚʢʣʶʯʘʶʯʠ 0 0 0

0( ) ( ) ( )i SupT T Tq q q< <  

ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʡ ʽʥʪʝʨʚʘʣ ʥʘ ʢʦʥʪʨʦʣʴʥʠʭ ʝʪʘʣʦʥʥʠʭ ʟʘʜʘʯʘʭ. ʅʘʢʦʧʠʯʝʥʥʷ 

ʩʪʘʪʠʩʪʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʘʣʽ ʚʠʢʦʥʫʻʤʦ ʫ ʚʽʜʥʦʩʥʠʭ 
0

0

( )
0 1

( )

i

Sup

T

T

q

q
< < ʟʤʽʥʥʠʭ 

ʦʜʠʥʠʮʷʭ. ɿʨʦʙʠʤʦ ʤʦʞʣʠʚʽ ʪʣʫʤʘʯʝʥʥʷ ʮʠʭ ʧʨʘʚʠʣ, ʱʦ ʟʨʘʟʫ ʧʨʦʩʪʦ 

ʧʝʨʝʚʽʨʠʪʠ ʬʘʭʽʚʮʷʤʠ. ɺʽʜʦʤʦ, ʱʦ ʪʝʧʣʦʚʘ 0q>  ʝʥʝʨʛʽʷ ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʘʪʠ A  

ʨʦʙʦʪʫ. ʅʘʛʘʜʘʻʤʦ ʥʘʩʪʫʧʥʽ ʪʦʪʦʞʥʦʩʪʽ [107-150]. 

<ɽʥʝʨʛʽʷ ï ʮʝ ʤʦʤʝʥʪ ʩʠʣʠ> ( )( )5 4 4 4 1 0

1 0 1L T L T L T A+ - + - +

+ +¹ = ¹, (1.5) 

ʜʝ ʢʦʜ ʩʠʣʠ 4 4

0L T+ -, ʢʦʜ ʚʽʜʩʪʘʥʽ 1 0

1L T+ +
 ʫ ʜʘʥʦʤʫ ʨʦʟʫʤʽʥʥʽ ʮʝ ʧʣʝʯʝ ʜʽʾ. 

ɺʽʜʦʤʠʡ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʡ ʟʘʢʦʥ 
1P V

PV
R R

q
å õ

= =æ ö
ç ÷

, ʜʝ ʢʦʝʬʽʮʽʻʥʪ 
1

C
R

å õ
=æ ö
ç ÷

 

ʩʪʘʥʜʘʨʪʥʠʡ ʜʣʷ ʚʩʽʭ ʨʦʟʨʘʭʫʥʢʽʚ. ʊʦʤʫ ʤʦʞʣʠʚʦ ʟʨʦʙʠʪʠ ʦʧʠʩ  

( )( )2 4 3 0 5 4

2 3 1LE c P V L T L T Tq - + -

- + +¹ ¹ = = , (1.6) 

ɺ ʜʘʥʦʤʫ ʧʨʘʚʠʣʽ-ʧʨʝʜʠʢʘʪʽ ʟôʷʚʣʷʻʪʴʩʷ ʢʦʜ 2 4

2L T-- , ʱʦ ʦʟʥʘʯʘʻ P  ʪʠʩʢ. 

ɼʽʡʩʥʦ ʚʠʟʥʘʯʝʥʥʷ ʧʦʥʷʪʪʷ ʪʠʩʢʫ ʥʝʩʫʧʝʨʝʯʣʠʚʦ ʡ ʦʜʥʦʟʥʘʯʥʦ [107-150] 
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ɸʥʘʣʦʛʽʯʥʦ ʚʠʢʦʥʫʻʤʦ ʧʝʨʝʚʽʨʢʫ ʧʦʥʷʪʪʷ <Eq¹ > ʟʘ ʽʥʰʠʤ ʧʨʘʚʠʣʦʤ: 
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ɼʘʥʠʡ ʚʠʩʥʦʚʦʢ ʟʨʦʙʣʝʥʠʡ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʽʟʫ (ʪʘʙʣ. 1.7) 

ʥʘʩʪʫʧʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʬʦʨʤʘʣʽʟʘʮʽʾ ʟʥʘʥʥʷ ʪʨʴʦʭ ʚʠʟʥʘʯʘʣʴʥʠʭ ʬʦʨʤ 

ʨʦʟʢʨʠʪʪʷ ʧʨʘʛʤʘʪʠʢʠ ʪʝʧʣʦʚʠʭ ʷʚʠʱ [107-150]. 

ɸʣʛʝʙʨʘʾʯʥʽ ʦʧʝʨʘʮʽʾ ʟ ʢʦʜʘʤʠ ʧʦʥʷʪʴ ʬʽʟʠʯʥʦʾ ʩʫʪʥʦʩʪʽ ʥʘ ʙʘʟʽ ʢʦʜʽʚ 

ʩʪʝʧʝʥʝʚʠʭ ʬʦʨʤ ʜʚʦʯʣʝʥʥʦʛʦ ʜʦʙʫʪʢʫ ʟʘ ʧʨʘʚʠʣʦʤ ʘʣʛʝʙʨʘʾʯʥʦʛʦ ʩʫʤʫʚʘʥʥʷ 

(ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʥʘʢʽʚ) ʽʥʜʝʢʩʽʚ ʜʦʟʚʦʣʷʶʪʴ ʩʫʪʪʻʚʦ ʨʦʟʰʠʨʠʪʠ ʩʬʝʨʫ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʟʘʜʘʯ ʜʠʥʘʤʽʢʠ ʇʌʄ (ʪʘʙʣ. 1.8 ʪʘ 1.9). 

ʊʘʢʠʤ ʯʠʥʦʤ ʤʘʪʝʤʘʪʠʯʥʠʡ ʦʧʠʩ ʬʽʟʠʯʥʠʭ ʫʤʦʚ ʩʪʦʩʦʚʥʦ ʟʤʽʥʠ 

ʬʘʟʦʚʠʭ ʩʪʘʥʽʚ ʜʦʟʚʦʣʷʻ ʚʠʨʽʰʫʚʘʪʠ ʙʘʛʘʪʦ ʟʘʜʘʯ ʧʨʘʢʪʠʢʠ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ 
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ʜʣʷ ʨʽʟʥʠʭ ʛʘʣʫʟʝʡ ʟʥʘʥʴ (ʦʜʥʦʨʽʜʥʽ, ʥʝʦʜʥʦʨʽʜʥʽ). ɺ ʥʝʦʜʥʦʨʽʜʥʠʭ ʩʢʣʘʜʝʥʠʭ 

ʤʘʪʝʨʽʘʣʘʭ ʪʘ ʩʝʨʝʜʦʚʠʱʘʭ ʙʫʚʘʶʪʴ ʜʝʬʝʢʪʠ (ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ, ʚʢʣʶʯʝʥʥʷ, 

ʧʫʩʪʦʪʠ, ʜʦʤʽʰʢʠ, ʪʨʽʱʠʥʠ ʽ ʪʜ). ʇʨʠʢʣʘʜʝʥʥʷ F ʩʠʣʠ ɿʅʆʉ ʜʦ ʇʌʄ 

ʩʪʚʦʨʶʻ ʟʩʫʚ ʘʪʦʤʽʚ ʥʘʷʚʥʦʾ ʨʝʰʽʪʢʠ ʤʦʣʝʢʫʣ ʨʝʯʦʚʠʥʠ. ʗʢʱʦ ʧʨʦʮʝʩʦʤ 

ʥʘʛʨʽʚʘʥʥʷ ʩʪʚʦʨʠʪʠ ʟʚʦʨʦʪʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʪʦ ʮʷ ʧʝʨʚʠʥʘ ʜʝʬʦʨʤʘʮʽʷ 

ʢʦʤʧʝʥʩʫʻʪʴʩʷ ʽ ʟʥʠʢʘʻ. ɽʬʝʢʪ ʦʙʫʤʦʚʣʝʥʠʡ ʪʠʤ, ʱʦ ʘʪʦʤʠ ʧʦʚʝʨʥʫʪʴʩʷ ʫ 

ʚʠʭʽʜʥʝ ʧʦʣʦʞʝʥʥʷ ʷʢʝ ʚʦʥʠ ʟʘʡʤʘʣʠ ʚ ʨʝʰʽʪʢʘʭ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ ʬʘʟʠ 

ʜʦ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ ʩʪʘʥʫ ʥʘʚʘʥʪʘʞʝʥʥʷ [71,156]. 

ɼʚʦʙʽʯʥʠʡ ʢʦʤʙʽʥʦʚʘʥʠʡ ʧʦʢʨʦʢʦʚʠʡ ʧʨʦʮʝʩ ʭʘʨʘʢʪʝʨʠʟʫʻʤʦ, ʷʢ ʷʚʠʱʝ 

ʧʦʚʝʨʥʝʥʥʷ ʚʠʭʽʜʥʦʾ ʬʦʨʤʠ ʟʨʘʟʢʘ. ʇʨʦʮʝʩ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʩʪʫʧʥʠʭ ʯʠʥʥʠʢʽʚ: 

ʛʝʦʤʝʪʨʽʾ ʽ ʦʙôʻʤʫ (ʤʘʩʠ ʟʨʘʟʢʘ); ʥʘʷʚʥʦʩʪʽ ʢʦʥʪʘʢʪʥʠʭ ʟʦʥ ʪʘ ʨʝʘʣʴʥʠʭ ʫʤʦʚ 

(ʣʽʥʽʡʥʠʭ, ʦʩʴʦʚʠʭ, ʧʦʚʟʜʦʚʞʥʽʭ, ʧʣʦʱʠʥʥʠʭ ʪʘ ʢʫʪʦʚʠʭ, ʦʙôʻʤʥʠʭ ʪʘ 

ʛʝʪʝʨʦʛʝʥʥʠʭ) ʚʪʨʫʯʘʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ; ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʦʤʧʦʥʝʥʪ 

ʤʘʪʝʨʽʘʣʫ ʟʘ ʝʬʝʢʪʦʤ ʚʽʜʥʦʚʣʝʥʥʷ ʬʦʨʤʠ (ʧʝʪʣʷ ʛʽʩʪʝʨʝʟʠʩʫ) [88-91, 156]. 

ɺʽʜʦʤʠʡ ʪʘʢʦʞ ʜʨʫʛʠʡ ʝʬʝʢʪ ʥʘʜʧʨʫʞʥʦʩʪʽ (ɽʅʇ). ʇʨʦʷʚ ʮʴʦʛʦ ʝʬʝʢʪʫ 

ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʧʽʩʣʷ ʣʽʥʽʡʥʦʾ ʯʘʩʪʠʥʠ ʟʘ ʟʘʢʦʥʦʤ ɻʫʢʘ ʧʦʯʠʥʘʻʪʴʩʷ 

ʥʝʣʽʥʽʡʥʘ ʬʘʟʘ ʟʤʝʥʰʝʥʥʷ ʤʝʭʘʥʽʯʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ. ʋ ʜʽʘʧʘʟʦʥʽ 

ʧʨʦʷʚʫ ɽʅʇ ʟʚʦʨʦʪʥʘ ʜʝʬʦʨʤʘʮʽʷ ʜʦʟʚʦʣʷʻ ʧʦʚʝʨʥʫʪʠʩʷ ʫ ʢʦʣʽ ʁʥʝʣʽʥʽʡʥʦʾ 

ʟʘʣʝʞʥʦʩʪʽ. ɺ ʢʦʥʪʨʦʣʴʦʚʘʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ ʬʘʟʦʚʠʭ ʘʤʧʣʽʪʫʜʥʠʭ 

ʜʝʬʦʨʤʘʮʽʡ ʜʚʦʚʽʜʩʦʪʢʦʚʠʭ ʟʤʽʥ ʟʫʩʠʣʴ ʤʦʞʝ ʧʦʚʪʦʨʶʚʘʪʠʩʴ ʜʦ 5*106 ʮʠʢʣʽʚ, 

ʩʘʤʝ ʪʘʢʠʡ ʧʨʦʷʚ ɽʅʇ ʤʘʡʞʝ ʥʘ 3 ʧʦʨʷʜʢʠ ʧʝʨʝʚʠʱʫʻ ʤʘʪʝʨʽʘʣʠ ʷʢʽ ʥʝ 

ʤʘʶʪʴ ʜʘʥʦʾ ʚʣʘʩʪʠʚʦʩʪʽ.  

ɺʨʘʭʫʚʘʥʥʷ ɽʅʇ ʫ ʟʦʥʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʜʦʟʚʦʣʷʻ ʜʣʷ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʽʜʚʠʱʠʪʠ ʥʘʜʽʡʥʽʩʪʴ ʚʠʨʦʙʫ ʇʌʄ. ʇʨʘʛʤʘʪʠʢʘ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʨʝʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʧʦʪʨʝʙʫʻ ʧʽʜ ʯʘʩ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ 

ʩʪʚʦʨʝʥʥʷ ʤʘʪʝʨʽʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʚʠʨʦʙʫ ʚʠʤʘʛʘʻ ʚʠʢʣʶʯʝʥʥʷ ʥʝʙʘʞʘʥʠʭ 

ʥʘʩʣʽʜʢʽʚ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʢʦʣʠʚʘʥʴ.  
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ʊʘʙʣʠʮʷ 1.7 ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ 5 ʬʦʨʤ ʜʝʬʝʢʪʦʧʨʦʷʚʫ ʟʘ ʜʦʩʚʽʜʦʤ ʚʧʣʠʚʽʚ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʮʠʢʣʽʚ ʜʽʾ. 

ˉ 

ʧ/ʧ 

ɺʠʨʦʙʥʠʯʽ ʬʘʢʪʦʨʠ ʇʦʟʠʮʽʾ ʦʙôʻʢʪʽʚ ʫ ʇʏʂ ʊʝʨʤʦʜʠʥʘʤʽʯʥʽ ʬʘʢʪʦʨʠ 

ʇʦʭʠʙʢʠ ɾʎ 

ʉɸʇʈ 

ʇʨʠʯʠʥʥʘ ʫʤʦʚʘ 

ʥʝʜʦʣʽʢ 

ʆʢʨʝʤʠʡ 

ʧʨʦʷʚ 

ʧʦʨʫʰʝʥʴ 

ʏʘʩʪʢʘ 

ʩʠʩʪʝʤʠ 

ʆʙôʻʢʪʠ ʧʨʦʮʝʩʽʚ 

ʜʝʬʝʢʪʦʧʨʦʷʚʫ 

ʌʦʨʤʘ 

ʧʨʦʷʚʫ 

ʇʨʠʢʣʘʜʠ 

ʘʚʘʨʽʡʥʦʛʦ ʩʪʘʥʫ 

1 ʇʨʦʝʢʪ ʚ ʮʽʣʦʤʫ 

ʇʦʨʫʰʝʥʥʷ 

ʩʪʘʥʜʘʨʪʽʚ 

ʨʝʛʣʘʤʝʥʪʽʚ ʊʊʈ 

ʧʨʘʚʠʣ 

ISO OSI 

ɼʉʊʋ 

ʉʇʇʈ 

ɸʉɯɼ 

ʂʦʨʧʫʩ  

ʟʘʭʠʩʥʘ ʩʬʝʨʘ 

ʂʦʥʪʘʢʪʥʽ ʧʦʚʝʨʭʥʽ 

ʚʦʜʦʚʽʜʚʽʜ ʥʝʩʫʯʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʢʨʽʧʣʝʥʥʷ 

ʬʫʥʜʘʤʝʥʪʠ ʦʧʦʨʠ 

ʇʦʨʫʰʝʥʥʷ 

ʮʽʣʽʩʥʦʾ 

ʝʤʝʨʞʝʥʪʥʦʩʪʽ 

ɿʤʽʥʠ ʛʝʦʤʝʪʨʽʾ 

ʨʦʟʨʠʚ ʤʝʭʘʥʽʯʥʠʡ 

ʧʦʞʝʞʘ 

ʥʝʧʨʘʮʝʟʜʘʪʥʽʩʪʴ 

2 

ʇʨʘʢʪʠʢʘ ʨʦʙʽʪ 

ʪʝʭʥʦʣʦʛʽʾ ʟʙʦʨʢʠ 

ʣʦʛʽʩʪʠʢʠ 

ʅʝʜʦʣʽʢʠ ʇɽɺʆ 

ʥʦʨʤ ʧʨʘʚʠʣ 

ʛʨʘʬʽʢʽʚ 

ʉʊɼʂ 

ʚʠʨʦʙʥʠʯʽ 

ʤʦʥʪʘʞ 

ʪʨʘʥʩʧʦʨʪ 

ɸʛʨʝʛʘʪʠ 

ʤʘʰʠʥʠ  

ʨʦʙʦʪʠ 

ɼʚʠʛʫʥʠ ʩʠʣʦʚʽ 

ʜʨʦʪʠ ʤʝʭʘʥʽʟʤʠ 

ʨʦʙʦʯʽ ʦʨʛʘʥʠ 

ʚʠʢʦʥʘʚʯʽ ʜʽʾ 

ʉʠʣʦʚʘ 

ʜʝʬʦʨʤʘʮʽʷ 

ʤʘʪʝʨʽʘʣʽʚ 

ʊʨʽʱʠʥʠ, ʧʦʨʽʟʠ, 

ʟʥʦʩ ʨʦʟʰʘʨʫʚʘʥʥʷ, 

ʟʛʠʥ, ʢʨʫʯʝʥʥʷ 

ʚʠʣʫʯʝʥʥʷ ʦʙôʻʤʥʽ 

ʟʤʽʥʠ 

3 ʃʶʜʩʴʢʠʡ ʬʘʢʪʦʨ 

ʆʙʤʝʞʝʥʘ 

ʨʦʙʦʯʘ ʟʜʘʪʥʽʩʪʴ 

ʢʦʤʧʝʪʝʥʪʥʽʩʪʴ 

ʦʙʽʟʥʘʥʽʩʪʴ 

ɿʘʧʽʟʥʝʥʥʷ 

ʥʝʪʦʯʥʽʩʪʴ 

ʧʦʤʠʣʢʠ 

ʚʽʜʤʦʚʘ 

IAS ʆʇʈ 

ʝʢʩʧʝʨʪʠ 

ʩʧʽʚʚʠʢʦʥʘʚʮʽ 

ɺʪʨʘʪʘ ʷʢʦʩʪʽ 

ʥʝʘʜʝʢʚʘʪʥʽʩʪʴ, 

ʩʫʧʝʨʝʯʣʠʚʽʩʪʴ, 

ʥʝʫʟʛʦʜʞʝʥʽʩʪʴ 

ɺʟʘʻʤʦʜʽʷ ʚʧʣʠʚ 

ʬʘʢʪʦʨʽʚ ɿʅʆʉ 

ʂʦʨʦʟʽʷ, ʝʨʦʟʽʷ, 

ʚʽʙʨʘʮʽʷ, ʰʫʤʠ, 

ʽʩʢʨʠ, ʜʫʛʘ, ʢʦʨʦʥʘ, 

ʚʠʪʨʘʪʠ ʨʫʡʥʫʚʘʥʥʷ 

4 
ɿʚ'ʷʟʦʢ ʽʥʪʝʨʬʝʡʩ 

ʢʘʥʘʣʽʚ 

ɹʘʛʘʪʦʟʘʜʘʯʥʘ 

ʢʦʥʢʨʝʪʥʽʩʪʴ 

ʬʫʥʢʮʽʦʥʘʣʫ 

ʂʦʣʽʟʽʾ, ʟʙʽʡ, 

ʥʝʘʜʝʢʚʘʪʥʽ 

ʜʽʾ 

ʊʨʘʥʩ ʣʽʥʽʾ 

ʟôʻʜʥʘʥʥʷ, 

ʧʝʨʝʜʘʯʽ 

ɸʚʪʦʤʘʪʠʟʦʚʘʥʽ 

ʨʦʙʦʯʽ ʤʽʩʮʷ 

ʘʧʘʨʘʪʫʨʘ Internet 

ʌʘʟʦʚʽ 

ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʭʽʤʽʯʥʽ ʨʝʘʢʮʽʾ 

ʈʦʟʯʠʥʝʥʥʷ 

ʟʚʦʣʦʞʝʥʥʷ 

ʨʦʟʧʣʘʚʣʝʥʥʷ 

ʧʦʙʽʯʥʽ ʷʚʠʱʘ 

5 
ʇʨʦʷʚ ʬʦʨʤʠ 

ʜʝʬʝʢʪʽʚ 

ɺʠʧʘʜʢʦʚʽʩʪʴ 

ʩʢʣʘʜʥʽʩʪʴ 

ʚʟʘʻʤʦʟʘʣʝʞʥʽʩʪʴ 

ʛʝʪʝʨʦʛʝʥʥʽʩʪʴ 

ʊʨʽʱʠʥʠ, 

ʣʦʢʘʣʴʥʽ 

ʛʨʫʧʦʚʽ 

ʟʦʥʥʽ 

ʤʘʩʰʪʘʙʥʽ 

ʊʨʠʙʦʥʽʢʘ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʟʘʩʦʙʠ ʨʝʩʫʨʩʠ 

ɿʤʽʥʠ ʧʦʢʘʟʥʠʢʽʚ 

ʥʘʜʽʡʥʦʩʪʽ 

ʞʠʚʫʯʦʩʪʽ ʩʪʽʡʢʦʩʪʽ 

ʂʦʤʧʣʝʢʩʥʽ 

ʟʤʽʥʠ ʩʪʘʥʫ 

ɺʪʨʘʪʘ ʤʽʮʥʦʩʪʽ 

ʜʦʚʛʦʚʽʯʥʦʩʪʽ 

ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ 

ʛʝʪʝʨʦʛʝʥʥʽ 

ʨʫʡʥʫʚʘʥʥʷ 

ʢʘʩʢʘʜʥʽ ʧʦʜʽʾ 

ʨʦʟʚʠʪʦʢ ʘʚʘʨʽʡ 
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ʊʘʙʣʠʮʷ 1.8 ʂʣʘʩʠʬʽʢʘʮʽʷ 7 ʚʠʜʽʚ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʧʘʨʥʠʭ ʧʨʦʮʝʩʽʚ ʚ 

ʪʝʭʥʦʣʦʛʽʷʭ ʩʪʚʦʨʝʥʥʷ ʇʌʄ 

ˉ 

ʧ/ʧ 

ʗʚʠʱʝ 

ʧʨʦʮʝʩ 
ʉʫʪʥʽʩʪʴ ʆʩʦʙʣʠʚʽʩʪʴ ʉʧʝʮʠʬʽʢʘ 

1 2 3 4 5 

1 
ɺʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʧʦʛʣʠʥʘʥʥʷ 

ɺʽʜ ʜʞʝʨʝʣʘ 

ʤʘʩʦʶ 

ɺʝʢʪʦʨʥʝ 

ʦʙôʻʤʦʤ 

ʈʝʩʫʨʩ 

ʧʦʪʝʥʮʽʘʣ 

ʩʧʨʦʤʦʞʥʽʩʪʴ 

2 
ʇʨʦʥʠʢʥʝʥʥʷ  

ʬʨʦʥʪ ʨʫʭʫ 

ɺ ʮʽʣʦʤʫ 

ʚʣʘʩʥʘ 

ʆʧʽʨ ʇʏʂ 

ʚʟʘʻʤʦʜʽʷ 

ʇʦʜʦʣʘʥʥʷ 

ʤʘʩʠ ʤʘʪʝʨʽʾ 

3 
ʅʘʛʨʽʚ 

ʦʭʦʣʦʜʞʝʥʥʷ 

ɿʨʦʩʪʘʥʥʷ ʪʘ 

ʩʧʘʜʘʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ 

ʈʝʘʛʫʚʘʥʥʷ 

ʛʘʣʴʤʫʚʘʥʥʷ 

ɼʝʢʦʤʧʦʟʠʮʽʷ 

ʩʪʘʙʽʣʽʟʘʮʽʷ 

4 
ʌʘʟʦʚʽ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʪʘʥʫ 

ʂʨʠʪʠʯʥʽ 

ʦʙʤʝʞʝʥʽ ʟʦʥʠ 

ʪʝʤʧʝʨʘʪʫʨʠ 

ʅʘʷʚʥʽʩʪʴ 

ʘʢʪʠʚʘʪʦʨʽʚ 

ʂʦʥʮʝʥʪʨʘʮʽʷ 

ʱʽʣʴʥʽʩʪʴ 

5 ɿʤʽʥʠ ʬʦʨʤ ʝʥʝʨʛʽʾ 
ɽʢʟʦʛʝʥʥʽ 

ʝʥʜʦʛʝʥʥʽ 

ɿʘ ʫʤʦʚ ʇʏʂ 

ʟʚʦʨʦʪʥʽ 

ɿʘʢʦʥʠ 

ʧʨʠʨʦʜʠ 

ʩʪʘʙʽʣʴʥʽ 

6 ʆʙʤʽʥ ʤʘʩʘʤʠ 
ʍʽʤʽʯʥʽ 

ʨʝʘʢʮʽʾ 

ɼʠʩʠʧʘʮʽʷ 

ʩʠʥʪʝʟ 

ɺʽʜʜʘʣʝʥʥʷ 

ʧʨʦʜʫʢʪʽʚ 

ʽʥʪʝʛʨʘʮʽʷ 

7 
ɻʝʪʝʨʦʛʝʥʥʘ 

ʚʟʘʻʤʦʜʽʷ 

ɿʙʽʛ ʙʘʛʘʪʴʦʭ 

ʦʙʩʪʘʚʠʥ 

ʇʨʠʯʠʥʥʦ 

ʥʘʩʣʽʜʢʦʚʽʡ 

ʨʦʟʚʠʪʦʢ ʧʦʜʽʡ 

ʃʦʢʘʣʴʥʘ 

ʬʨʘʢʪʘʣʴʥʽʩʪʴ 

ʦʙʫʤʦʚʣʝʥʘ 

ʝʤʝʨʞʝʥʪʥʦ 
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ʊʘʙʣʠʮʷ 1.9 ï ʇʨʠʢʣʘʜʠ 7 ʧʨʝʜʠʢʘʪʠʚʥʠʭ ʦʧʠʩʽʚ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ 

ʷʚʠʱ ʟʤʽʥʠ ʬʘʟʦʚʠʭ ʩʪʘʥʽʚ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ˉ 

ʧ/ʧ 

ʇʨʝʜʠʢʘʪʠʚʥʠʡ 

ʦʧʠʩ 
ʊʨʽʡʢʘ ʚʠʟʥʘʯʘʣʴʥʠʭ ʟʤʽʥʥʠʭ ʘʪʨʠʙʫʪʽʚ 

1 2 3 4 5 

1 
ɿʘʢʦʥ 

ʪʝʨʤʦʜʠʥʘʤʽʢʠ 
ʊʠʩʢ ʆʙôʻʤ ʇʏʂ 

ɻʫʩʪʠʥʘ 

ʨʝʯʦʚʠʥʠ 

2 
ʄʘʩʘ ʨʝʯʦʚʠʥʠ  

ʦʙôʻʤʫ ʇʏʂ 

mR
M

PV

q
=  0 Varq=  P Var=  

3 
ʉʢʣʘʜ ʩʫʤʽʰʽ ʚ 

ʦʙôʻʤʥʠʭ ʯʘʩʪʢʘʭ 1

n

i i

i

M Mj
=

=ä  
ij - ʦʙôʻʤʥʽ ʯʘʩʪʢʠ  

(%) ʩʢʣʘʜʫ 

iM  - 

ʤʦʣʝʢʫʣʷʨʥʽ 

ʯʘʩʪʢʠ 

ʢʦʤʧʦʥʝʥʪʽʚ 

4 

ʈʦʙʦʪʘ ʩʠʣ 

ʪʝʨʤʦʜʠʥʘʤʽʢʠ 

dS pdV dq e= +  

P  - ʪʠʩʢ 

ʉʪʠʩʢ 

V Var=  Vare=

ʟʫʩʠʣʣʷ 

S - ʝʥʪʨʦʧʽʷ 

5 

ʉʠʣʠ ʚʧʣʠʚʫ ʜʣʷ 

ʜʽʾ 

4 4

0L T
L

q + -µ
=

µ
 

5 4

1L T+ -

+
  

ʝʥʝʨʛʽʷ 

ʆʙôʻʤ  

ʇʏʂ 

ɼʦʚʞʠʥʘ ʜʽʾ 

1 0

1L T+ +
 

6 

ʂʫʪʦʚʝ 

ʧʨʠʩʢʦʨʝʥʥʷ ʤʘʩʠ 

2
3 4

1L T
x y

q + -

-

µ
=

µ µ
 

ʐʚʠʜʢʽʩʪʴ 

ʧʝʨʝʜʘʯʽ  

ʜʽʾ 

6 4

2L T+ -

-
 

ʆʙôʻʤ  

ʇʏʂ 

3 0

3L T+ +
 

ɻʫʩʪʠʥʘ  

constr=  

7 

ʄʘʩʦʚʘ ʢʽʣʴʢʽʩʪʴ 

ʨʝʯʦʚʠʥʠ 

3 2

1 2

E
L T

c

+ -

+ =  

ʂʫʪʦʚʝ 

ʧʨʠʩʢʦʨʝʥʥʷ 

ʤʘʩʠ 

3 4

1L T+ -

-
 

ʇʨʦʩʪʽʨ ʧʦʜʽʡ ʫ 

ʇʏʂ 

( )( ) ( )0 1 0 1 0 2

1 1 2L T L T L T+ + +

+ + +=  

ʇʏʂ 

ʛʫʩʪʠʥʘ  

constr=  
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ɺ ʮʶ ʟʘʜʘʯʫ ʚʭʦʜʷʪʴ ʥʘʩʪʫʧʥʽ ʩʢʣʘʜʦʚʽ: 1. ʚʽʜʤʦʚʠ ʟ ʥʘʩʣʽʜʢʦʤ 

ʥʘʢʦʧʠʯʫʚʘʥʥʷ ʜʝʬʝʢʪʽʚ; 2. ʭʠʙʥʽ, ʧʦʤʠʣʢʦʚʽ ʚʽʜʢʣʶʯʝʥʥʷ ʟʘʩʦʙʽʚ ʟʘʭʠʩʪʫ ʫ 

ʥʘʩʣʽʜʦʢ ʥʘʢʦʧʠʯʫʚʘʥʥʷ ʟʘ ʽʥʪʝʨʚʘʣ ʯʘʩʫ ʟʘʧʽʟʥʝʥʴ ʧʨʦʮʝʜʫʨ ʚʽʜʥʦʚʣʝʥʥʷ; 3. 

ʥʝʘʜʝʢʚʘʪʥʝ ʫʧʨʘʚʣʽʥʥʷ ʮʠʢʣʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʫ ʥʝʣʽʥʽʡʥʠʭ ʷʚʠʱʘʭ 

ʚʟʘʻʤʦʟʘʣʝʞʥʦʩʪʽ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʪʘ ʤʝʭʘʥʽʯʥʠʭ ʟʤʽʥ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʚʠʨʦʙʫ ɯʊʉ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʚʠʧʨʦʙʫʚʘʥʴ ʧʨʠʥʮʠʧʫ ʟʘʭʠʩʪʫ ʤʝʭʘʥʽʯʥʦʾ 

ʤʽʮʥʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʚʠʨʦʙʫ ʜʦʚʦʜʷʪʴ, ʱʦ ʚ ʥʦʨʤʘʣʴʥʠʭ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ 

ʫʤʦʚʘʭ ʨʦʙʦʪʠ ʥʦʩʽʷ ʩʠʣʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ (ʤʝʪʘʣʠ, ʩʧʣʘʚʠ, ʧʣʘʩʪʤʘʩʠ, 

ʧʦʣʽʝʪʠʣʝʥ) ɽʅʇ ʜʦʟʚʦʣʷʻ ʚ 1,9 ʨʘʟʽʚ ʙʽʣʴʰʝ ʚʠʪʨʠʤʫʚʘʪʠ ʩʠʣʦʚʠʡ ʚʧʣʠʚ ʥʽʞ 

ʟʘ ʪʨʘʜʠʮʽʡʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ ʥʘʷʚʥʠʭ ʪʨʘʜʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ [156].   

ʂʦʤʧʣʝʢʩʥʝ ʧʦʻʜʥʘʥʥʷ ʚʩʽʭ ʚʽʜʦʤʠʭ ʤʝʪʦʜʽʚ ʟʘʭʠʩʪʫ ʜʦʮʽʣʴʥʦ ʧʨʠ 

ʬʦʨʤʫʚʘʥʥʽ ʧʨʦʧʦʟʠʮʽʡ ʥʘ ʩʪʚʦʨʝʥʥʷ ʇʌʄ ʜʣʷ ɯʊʉ. ɻʘʨʘʥʪʦʚʘʥʝ ʦʪʨʠʤʘʥʥʷ 

ʤʘʡʙʫʪʥʽʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʝʬʝʢʪʽʚ ʚʽʜ ʇʌʄ ʽʩʥʫʻ ʣʠʰʝ ʟʘ ʫʤʦʚ 

ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ɯʊ ʥʘ ʝʪʘʧʘʭ: ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʧʣʘʥʫʚʘʥʥʷ; 

ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ; ʝʢʩʧʣʫʘʪʘʮʽʡʥʦ ʪʦʯʥʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʡ 

ʫʧʨʘʚʣʽʥʥʷ ʨʝʞʠʤʘʤʠ ʨʦʙʦʪʠ ʦʙôʻʢʪʽʚ ʉɼʉ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʽʟʥʦʤʘʥʽʪʪʷ 

ʝʬʝʢʪʽʚ ʢʚʘʟʽʧʝʨʽʦʜʠʯʥʠʭ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʷʚʠʱ. 
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1.4. ɯʜʝʷ ʥʦʚʦʛʦ ʥʘʫʢʦʚʦ-ʤʝʪʦʜʠʯʥʦʛʦ ʘʧʘʨʘʪʫ ʽʥʥʦʚʘʮʽʡʥʠʭ ʟʘʩʦʙʽʚ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʘ ʢʦʥʮʝʧʪʫʘʣʴʥʘ ʩʭʝʤʘ ʜʦʩʣʽʜʞʝʥʥʷ ʦʙʯʠʩʣʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʽʥʬʦʣʦʛʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʠʥʮʠʧʦʚʦ ʩʧʨʦʱʫʻ ʟʘʜʘʯʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʚʠʧʨʦʙʫʚʘʥʥʷ, 

ʦʮʽʥʶʚʘʥʥʷ ʧʨʠʨʦʜʥʠʭ ʡ ʰʪʫʯʥʠʭ ʬʽʟʠʯʥʠʭ ʪʽʣ, ʭʽʤʽʯʥʠʭ ʨʝʯʦʚʠʥ, ʙʽʦʣʦʛʽʯʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʝʨʛʦʥʦʤʽʯʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡ, ʝʢʦʥʦʤʽʯʥʠʭ ʢʦʦʧʝʨʘʮʽʡ. ɯʥʪʝʛʨʘʮʽʷ 

ʫʩʢʣʘʜʥʝʥʥʷ ʦʙôʻʢʪʠʚʥʦ ʨʽʟʥʠʭ ʩʬʝʨ ʚʟʘʻʤʦʜʽʾ ʟʘʚʞʜʠ ʧʦʨʦʜʞʫʻ ʧʨʦʪʠʨʽʯʯʷ. 

ɿʨʦʩʪʘʥʥʷ ʥʦʚʠʭ ʧʦʪʨʝʙ ʧʨʘʢʪʠʢʠ ʟ ʨʦʟʚʠʪʢʫ ʦʙʫʤʦʚʣʶʻ ʪʦʯʥʠʡ ʧʦʚʥʠʡ 

ʦʧʠʩ ʚʠʤʦʛ ʨʠʥʢʫ ʙʘʟʦʚʠʭ TESIMFO ʩʫʪʥʦʩʪʝʡ. ɸʣʝ ʩʘʤʝ ʙʘʟʦʚʽ ʨʝʩʫʨʩʠ ʚʩʽ 

ʦʙʤʝʞʝʥʽ ʪʠʤ ʧʘʯʝ ʜʣʷ ʩʢʣʘʜʝʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ ʟôʷʚʣʷʻʪʴʩʷ ʧʦʚʥʘ 

100% ʟʘʣʝʞʥʽʩʪʴ ʷʢʦʩʪʽ, ʥʘʜʽʡʥʦʩʪʽ, ʚʽʜʤʦʚʦ ʩʪʽʡʢʦʾ ʞʠʚʫʯʦʩʪʽ ʊʊʈ 

ʛʘʨʘʥʪʦʚʘʥʦʛʦ ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ (ɻɸʋ). ʈʝʟʫʣʴʪʘʪʠ ʢʦʥʪʨʦʣʶ, 

ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʱʦ ʦʪʨʠʤʫʻʤʦ (ʤʘʡʞʝ optima) ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʥʦʚʠʭ ɯʊ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʥʘʤʠ ɸɺɯɼʆ ʦʟʥʘʯʘʻ, ʱʦ ʚʽʜ ʽʥʬʦʣʦʛʽʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʟʘʣʝʞʠʪʴ ʤʘʡʙʫʪʥʻ ʥʘ ʚʩʽʭ ʥʝʦʙʭʽʜʥʠʭ ʝʪʘʧʘʭ 

ʣʶʜʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ. ʊʘʤ ʜʝ ʪʘ ʢʦʣʠ ʚʠʥʠʢʘʻ (ʫʩʢʣʘʜʥʝʥʘ, ʛʝʪʝʨʦʛʝʥʥʘ) ʟʘʛʨʦʟʘ 

ʙʝʟʧʝʢʠ ʞʠʪʪʷ ʫ ʬʦʨʤʘʭ ʨʠʟʠʢʽʚ ʪʘ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ, ʦʙʦʚôʷʟʢʦʚʦ ʧʽʜ ʯʘʩ 

ʤʦʜʝʣʶʚʘʥʥʷ ʉɼʉ ʧʦʪʨʽʙʥʦ ʚʽʜʦʙʨʘʞʘʪʠ ʚʧʣʠʚʠ ɿʅʆʉ. 

ʉʫʯʘʩʥʘ ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʚʠʢʦʥʘʥʥʷ ʬʫʥʢʮʽʡ ʽ ʟʘʚʜʘʥʴ ʚʠʨʦʙʥʠʯʦʛʦ ʡ 

ʦʨʛʘʥʽʟʘʮʽʡʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ (ʌɺʆʋ) ʤʦʞʣʠʚʘ ʣʠʰʝ ʟʘ ʥʘʷʚʥʽʩʪʶ ʚʽʜʦʤʦʩʪʝʡ 

ʧʨʦ ʚʣʘʩʪʠʚʦʩʪʽ ʦʙôʻʢʪʽʚ ʉɼʉ, ɿʅʆʉ ʪʘ ʾʭ ʚʟʘʻʤʦʜʽʾ. ɼʦʢʫʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʧʨʦ 

ʥʝʦʙʭʽʜʥʽ ʪʨʠʢʦʤʧʦʥʝʥʪʥʽ ʚʽʜʦʤʦʩʪʽ ʤʽʩʪʷʪʴ ʤʘʪʝʤʘʪʠʯʥʽ ʦʧʠʩʠ ʟʘ 

ʩʪʘʥʜʘʨʪʥʠʤʠ ʧʨʘʚʠʣʘʤʠ ʡ ʥʦʩʽʷʤʠ ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʢʦʤʧôʶʪʝʨʥʠʭ ʧʨʦʪʦʢʦʣʽʚ 

ɯʊ. ʊʦʤʫ ʤʘʪʝʤʘʪʠʯʥʠʡ ʦʧʠʩ ʮʝ: ʪʝʢʩʪ ʥʘ ʚʽʜʧʦʚʽʜʥʽʡ ʤʦʚʽ ʜʦʢʫʤʝʥʪʘ ɸʉɯɼ; 

ʙʘʣʘʥʩʽ ʨʽʚʥʷʥʥʷ ʡ ʫʤʦʚʠ ʽʩʥʫʚʘʥʥʷ ʫ ʚʠʛʣʷʜʽ ʥʝʨʽʚʥʦʩʪ;̔ ʪʘʙʣʠʮʽ, ʜʽʘʛʨʘʤʠ, 

ʛʨʘʬʽʢʠ, ʨʽʟʥʽ ʬʦʨʤʠ ʚʽʟʫʘʣʽʟʘʮʽʾ ʪʠʧʦʚʠʭ ʚʽʜʦʤʦʩʪʝʡ. ʂʦʞʝʥ ʤʘʪʝʤʘʪʠʯʥʠʡ 

ʦʧʠʩ ʮʝ ʟʘ ʧʨʠʥʮʠʧʘʤʠ ʩʧʨʦʱʝʥʥʷ ï ʤʦʜʝʣʴ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʨʝʘʣʴʥʽ ʟʚôʷʟʢʠ, 

ʟôʻʜʥʘʥʥʷ, ʢʦʤʫʥʽʢʘʮʽʡʥʽ ʧʦʪʦʢʠ ʪʘ ʩʪʘʥʠ ʤʽʞ ʬʦʨʤʘʣʽʟʦʚʘʥʠʤʠ ʤʘʪʝʤʘʪʠʯʥʠʤʠ 

ʪʦʯʢʘʤʠ ʫ ʦʙʨʘʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ. ɺʽʜʦʤʦ, ʱʦ ʩʪʘʥʠ ʡ ʧʦʪʦʢʠ ʤʦʞʣʠʚʦ 

ʦʧʠʩʘʪʠ ʷʢ: ʩʪʘʪʠʯʥʽ-ʥʝʟʤʽʥʥʽ; ʜʠʥʘʤʽʯʥʽ ï ʟʤʽʥʥʽ ʫ ʤʝʞʘʭ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʘʭ; 
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ʩʪʦʭʘʩʪʠʯʥʽ ʡʤʦʚʽʨʥʦʩʪʽ, ʢʦʣʠ ʟʤʽʥʠ ʤʦʞʣʠʚʦ ʦʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ ʩʪʘʪʠʩʪʠʯʥʦ ʾ

ʟʘʣʝʞʥʦʩʪ ̔ʚʽʜ ʚʟʘʻʤʦʜʽʡ ʦʙôʻʢʪʽʚ ʧʝʚʥʦʛʦ ʇʏʂ. ɺʠʧʘʜʢʦʚʽ ʧʨʦʮʝʩʠ ʤʦʞʫʪʴ 

ʧʦʻʜʥʫʚʘʪʠ ʧʝʨʰʽ ʜʚʘ ʚʠʜʠ ʬʦʨʤʘʣʽʟʘʮʽʾ ʤʘʪʝʤʘʪʠʯʥʠʭ ʦʧʠʩʽʚ ʉɼʉ [107-150]. 

ʇʨʝʜʩʪʘʚʣʝʥʥʷ ʦʙôʻʢʪʘ ʉɼʉ ʫ ʚʠʛʣʷʜʽ ʤʦʜʝʣʽ ʟ ʟʘʬʽʢʩʦʚʘʥʠʤʠ ʟʚôʷʟʢʘʤʠ ʫ 

ɿʅʆʉ ʜʦʟʚʦʣʷʻ ʥʘʜʘʪʠ ʫʟʘʛʘʣʴʥʝʥʠʡ ʬʦʨʤʘʣʴʥʠʡ ʤʘʪʝʤʘʪʠʯʥʠʡ ʦʧʠʩ ʫ ʚʠʛʣʷʜʽ  

ὣ ὊὢȟὣȟὤӶȟὟȟὝ, (1.9) 

ʜʝ ὸɴ Ὕ ʧʦʪʦʯʥʠʡ ʦʧʠʩ ʢʦʞʥʦʛʦ ʟ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʇʏʂ ʥʘ 

ʽʥʪʝʨʚʘʣʽ ὸ ὸ Ὕ; ὟᶰὟ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ Ὦᶅ ρȟὛ ʩʝʨʝʜ ʧʦʚʥʦʛʦ 

ʚʝʢʪʦʨʫ Ὗ ʢʝʨʫʚʘʥʥʷ ʟʛʽʜʥʦ ʨʝʘʣʽʟʘʮʽʾ ʟʘʢʦʥʽʚ ʫʧʨʘʚʣʽʥʥʷ; ὤ ᶰὤӶ ʬʘʢʪʦʨʠ 

ɿʅʆʉ Ὧᶅ ρȟά ʩʝʨʝʜ ὤӶ ʚʧʣʠʚʽʚ ʥʘ ʦʙôʻʢʪ ʫ ʚʠʛʣʷʜʽ ʟʙʫʨʝʥʴ, ʟʘʚʘʜ, ʟʤʽʩʪʦʚʠʭ 

ʟʤʽʥ ʫ ʥʘʩʣʽʜʦʢ ʢʦʥʪʘʢʪʥʠʭ ʜʽʡ, ʥʘ ʷʢʽ OY ʨʝʘʛʫʻ; ὣᶰὣ ʚʠʭʽʜʥʝ ʟʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʫ Ὥᶅ ρȟὲ ʩʝʨʝʜ ʧʦʚʥʦʛʦ ʚʠʭʽʜʥʦʛʦ ʧʦʪʦʢʫ ὣ ʚʠʤʽʨʶʚʘʥʥʷ; ὢᶰὢ 

ʚʭʽʜʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʣʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚʩʽʭ ὰᶅ ρȟὶ 

ʚʠʟʥʘʯʝʥʠʭ ʢʘʥʘʣʽʚ ʧʘʨʘʤʝʪʨʠʟʘʮʽʾ ʟʘʜʘʯʥʠʭ ʉʆʉ ʟʘʚʜʘʥʴ ʥʘ ʤʦʜʝʣʶʚʘʥʥʷ. 

ʂʣʶʯʦʚʘ ʽʜʝʷ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʛʘʻ ʫ ʧʝʨʝʪʚʦʨʝʥʥʽ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʬʦʨʤʘʣʽʟʤʽʚ [106, 152], ʱʦ ʬʽʢʩʫʶʪʴ ʚʠʟʥʘʯʘʣʴʥʽ ʤʥʦʞʠʥʠ, ʫ 

ʩʪʨʫʢʪʫʨʦʚʘʥʽ ʤʦʜʝʣʽ ʟ ʚʽʜʦʙʨʘʞʝʥʥʷʤ ʚʠʟʥʘʯʘʣʴʥʠʭ ʟôʻʜʥʘʥʴ ʤʽʞ ʦʟʥʘʯʝʥʠʤʠ 

ʩʢʣʘʜʦʚʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʱʦ ʚʟʘʻʤʦʜʽʶʪʴ ʪʘ ʪʘʢʠʤ ʯʠʥʦʤ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʬʦʨʤʫʚʘʥʥʷ ʷʚʥʠʭ, ʪʦʯʥʠʭ, ʜʦʩʪʦʚʽʨʥʠʭ ʦʮʽʥʦʢ ʤʘʡʙʫʪʥʽʭ ʊʊʈ, ʘʢʪʫʘʣʴʥʠʭ ʜʣʷ 

ʧʨʘʢʪʠʢʠ ʜʦʩʷʛʥʝʥʥʷ ʮʽʣʴʦʚʠʭ ʦʙôʻʢʪʠʚʥʠʭ ʟʤʽʥ ʫ ʧʨʠʨʦʜʥʠʭ ʨʝʘʣʽʷʭ. ʄʘʡʙʫʪʥʽ 

ʟʤʽʥʠ ʙʫʜʫʪʴ ʨʝʘʣʽʟʦʚʘʥʽ ʟʘʩʦʙʘʤʠ ɻɸʋ ʟ ʦʙʦʚôʷʟʢʦʚʠʤ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʬʽʟʠʯʥʦ 

ʥʘʷʚʥʠʭ TESIMFO ʨʝʩʫʨʩʽʚ. ʄʦʜʝʣʶʚʘʥʥʷ ʟʘʩʦʙʘʤʠ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʠʭ ɯʊ 

ʣʠʰʝ ʟʘʙʝʟʧʝʯʫʻ ʟʥʘʯʥʫ ʝʢʦʥʦʤʽʶ. çʑʦ ʥʘʩ ʯʝʢʘʻ ʫ ʜʘʣʝʢʦʤʫ ʤʘʡʙʫʪʥʴʦʤʫ?è ʟʘ 

ʫʤʦʚ ʥʝ ʚʠʪʨʘʯʘʥʥʷ ʢʦʰʪʦʚʥʠʭ ʦʙʤʝʞʝʥʠʭ ʨʝʩʫʨʩʽʚ ʥʘ ʟʘʡʚʽ ʤʘʨʥʽ ʧʦʰʫʢʠ 

çʙʘʞʘʥʠʭ ʤʨʽʡè, ʷʢʽ ʟʚʠʯʘʡʥʦ ʥʝ ʚʠʟʥʘʯʝʥʽ ʜʦʩʠʪʴ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʡ ʰʚʠʜʢʦ 

ʚʠʩʣʦʚʣʶʶʪʴʩʷ ʥʘ ʙʫʜʴ-ʷʢʠʭ ʤʦʚʘʭ ʣʶʜʩʴʢʦʛʦ ʦʙʛʦʚʦʨʝʥʥʷ [107-150]. ɼʘʥʠʡ 

ʧʽʜʭʽʜ ʬʦʨʤʘʣʽʟʦʚʘʥʦ ʫ ʚʠʛʣʷʜʽ ʢʦʥʮʝʧʪʫʘʣʴʥʠʭ ʪʨʴʦʭ ʩʭʝʤ ʜʝʪʘʣʽʟʘʮʽʾ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʷʚʥʠʭ, ʚʽʜʦʤʠʭ ʟʘʩʦʙʽʚ ɯʊ ʪʘ ʧʦʢʠ ʱʝ ʥʝʚʽʜʦʤʠʭ ʜʦʜʘʪʢʽʚ, ʷʢʽ 

ʦʪʨʠʤʫʻʤʦ ʫ ʧʦʜʘʣʴʰʠʭ ʨʦʟʜʽʣʘʭ 2 ʪʘ 4 ʧʽʩʣʷ ʨʦʟʨʦʙʢʠ ʟʘ ʦʙˇʨʫʥʪʦʚʘʥʠʤ 

ʧʣʘʥʦʤ (ʨʠʩ. 1.1-1.2). 
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ʈʠʩʫʥʦʢ 1.1 - ʃʦʛʽʯʥʘ ʢʦʤʧʦʟʠʮʽʷ ʩʪʨʫʢʪʫʨʥʠʭ ʯʘʩʪʠʥ ʜʠʩʝʨʪʘʮʽʾ 

ɸʢʪʫʘʣʴʥʠʡ ʟʘʧʠʪ ʧʨʘʢʪʠʢʠ ɯʊʉ. ʅʘʟʚʘ ʪʝʤʠ ɯʊ 

ʅʘʧʨʷʤʠ ʪʘ ʮʽʣʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʨʦʟʨʦʙʢʦʶ  

ʘʨʭʽʪʝʢʪʫʨʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʩʦʙʽʚ ɯʊ 

ʅʘʫʢʦʚʽ ʩʠʩʪʝʤʥʽ ʩʫʪʥʦʩʪʽ  

ʚʟʘʻʤʦʟʘʣʝʞʥʠʭ ʷʚʠʱ ʪʝʨʤʦʜʠʥʘʤʽʢʠ 

ʤʽʞ ʦʙôʻʢʪʘʤʠ ʉɼʉ ʡ ʩʝʨʝʜʦʚʠʱʝʤ  

ʉʧʝʮʽʘʣʽʟʦʚʘʥʘ ʤʦʚʘ ʜʠʨʝʢʪʠʚʥʦ-ʢʦʤʘʥʜʥʦʛʦ ʢʝʨʫʚʘʥʥʷ 

ʢʦʤʧʣʝʢʩʥʠʤʠ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʧʨʦʮʝʩʘʤʠ 

ʋʥʽʬʽʢʘʮʽʷ 

ʪʠʧʦʚʠʭ ʟʘʜʘʯ ʪʘ 

ʟʘʚʜʘʥʴ (ʪʠʧʦʚʠʭ 

ʟʘʜʘʯʥʠʭ ʩʠʩʪʝʤ) 

ɸʚʪʦʤʘʪʠ 

ʘʢʪʫʘʣʴʥʠʭ 

ʩʠʤʚʦʣʴʥʠʭ 

ʧʝʨʝʪʚʦʨʝʥʴ 

ʂʦʥʪʨʦʣʴ ʪʘ 

ʚʽʟʫʘʣʽʟʘʮʽʷ 

ʮʽʣʴʦʚʠʭ 

ʧʦʢʘʟʥʠʢʽʚ 

ʋʟʘʛʘʣʴʥʝʥʥʷ 

ʤʥʦʞʠʥ ɸ 

ʋʟʘʛʘʣʴʥʝʥʥʷ 

ʤʥʦʞʠʥ ɺ 

ʋʟʘʛʘʣʴʥʝʥʥʷ 

ʤʥʦʞʠʥ ʉ 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʢʦʤʧʦʥʝʥʪ ʪʘ ʘʣʛʝʙʨʘʾʯʥʦ-ʩʠʤʚʦʣʴʥʦʾ 

ʩʠʩʪʝʤʠ, ʱʦ ʚʠʥʦʩʷʪʴʩʷ ʥʘ ʟʘʭʠʩʪ 

ʈʝʢʦʤʝʥʜʘʮʽʾ ʪʘ ʧʨʦʧʦʟʠʮʽʾ ʥʘ ʧʦʜʘʣʴʰʝ ʜʦʩʣʽʜʞʝʥʥʷ ʡ 

ʨʦʟʰʠʨʝʥʥʷ ʦʙʣʘʩʪʽ ʚʧʨʦʚʘʜʞʝʥʥʷ 



67 
 

 

ʈʠʩʫʥʦʢ 1.2 - ʉʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʬʨʘʛʤʝʥʪ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ 

ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʥʘʫʢʦʚʦʛʦ ʟʘʚʜʘʥʥʷ ʟʘ ʪʝʤʦʶ 

ʄʝʪʘ ʫʜʦʩʢʦʥʘʣʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ 

ʇʨʝʜʤʝʪ, ʤʦʜʝʣʽ, ʤʝʪʦʜʠ ʪʘ 

ʟʘʩʦʙʠ ɯʊ ʜʣʷ ʟʘʜʘʯ 

ʽʥʬʦʣʦʛʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ɸʢʪʫʘʣʴʥʘ ʥʘʫʢʦʚʘ ʧʨʦʙʣʝʤʘ ʦʙʣʘʩʪʽ ɯʊ 

ʅʘʫʢʦʚʝ ʟʘʚʜʘʥʥʷ ʥʘ ʨʦʟʚʠʪʦʢ ʽʥʬʦʣʦʛʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʇʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʘʤʠ ʩʪʚʦʨʝʥʥʷ ʧʝʨʩʧʝʢʪʠʚʥʠʭ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ɯʊʉ  

ʟʘʚʜʷʢʠ ʤʝʪʦʜʘʤ ʽʥʬʦʣʦʛʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ  

ʨʝʘʣʴʥʠʭ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʷʚʠʱ ʪʘ ʧʨʠʨʦʜʥʠʭ ʧʦʪʦʢʽʚ 

ɸʣʛʝʙʨʘʾʟʘʮʽʷ ʣʽʥʛʚʽʩʪʠʯʥʠʭ ʬʫʥʢʮʽʡ ʽ ʟʘʚʜʘʥʴ ʇɽɺʆ 

ɺʭʽʜʥʽ ʜʘʥʽ ʄʝʪʦʜʠ 

ʧʝʨʝʪʚʦʨʝʥʴ 

ɺʠʭʽʜʥʽ 

ʬʦʨʤʠ 

ʋʥʽʚʝʨʩʘʣʴʥʘ ʩʠʤʚʦʣʴʥʘ ʘʣʛʝʙʨʘʾʟʘʮʽʷ ʤʥʦʞʠʥ ʇɸʂ 

ʇʦʯʘʪʢʦʚʽ 

ʜʘʥʽ 
ʄʝʪʦʜʠ 

ʩʠʤʚʦʣʴʥʠʭ 

ʧʝʨʝʪʚʦʨʝʥʴ 

ʇʨʦʤʽʞʥʠʡ 

ʦʧʠʩ 

ʉʠʪʫʘʪʠʚʥʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʇɯʄ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟʛʽʜʥʦ 

ʪʝʤʘʪʠʯʥʦ-ʢʦʤʧʣʝʢʩʥʦʛʦ ʟʘʚʜʘʥʥʷ 

ɿʘʚʜʘʥʥʷ 

ʨʝʟʫʣʴʪʘʪ 

ʨʽʰʝʥʥʷ 

ʄʝʪʦʜ 

ʨʦʟʚôʷʟʘʥʥʷ 

ʯʠ ʜʦʚʝʜʝʥʥʷ 

ʟʘʜʘʯʽ 

ʊʊʈ 

ʦʮʽʥʢʠ 

ʷʢʦʩʪʽ 

ʂʦʨʪʝʞʽ ʨʽʚʥʽʚ ʽʻʨʘʨʭʽʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʂʄ-ʇɼ 

ɸ 

ɺ 

ʉ 
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ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï 

ʜʽʷʣʴʥʽʩʪʴ ʇɽɺʆ ɯʊʉ ʟ 

ʽʥʥʦʚʘʮʽʡʥʠʤʠ 

ʤʘʪʝʨʽʘʣʘʤʠ  ʚ ʫʤʦʚʘʭ 

çʟʝʣʝʥʦʾè ʝʢʦʥʦʤʽʢʠ 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ï ʥʘʫʢʦʚʝ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʤʝʪʦʜʠʯʥʠʭ 

ʧʦʣʦʞʝʥʴ ʱʦʜʦ ʚʽʜʥʝʩʝʥʥʷ 

ʇʌʄ ʜʦ ʤʘʡʙʫʪʥʽʭ  ʚʠʤʦʛ  

ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʩʪʽʡʢʦʾ ʝʢʦʣʦʛʽʾ 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï 

ʩʫʢʫʧʥʽʩʪʴ ʧʨʦʮʝʩʽʚ ʽ ʤʝʪʦʜʽʚ 

ʫʧʨʘʚʣʽʥʥʷ ʜʽʷʣʴʥʦʩʪʽ  

ʇɽɺʆ ɯʊʉ ʚ ʫʤʦʚʘʭ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʟʤʽʥ ɿʅʆʉ 

 

ɻɯʇʆʊɽɿɸ 1. ʈʦʟʚʠʪʦʢ ɯʊ ʫʤʦʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ 

ʜʽʷʣʴʥʦʩʪʽ ʇɽɺʆ ɯʊʉ ʟʘʙʝʟʧʝʯʫʻ ʩʪʚʦʨʝʥʥʷ 

ʇʌʄ ʟ ʽʥʥʦʚʘʮʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ (ɸɺɯɼʆ) 

ɽʢʩʧʝʨʪʥʠʡ ʘʥʘʣʽʟ 

ʇɽɺʆ ɯʊS: 

ʟʘʛʘʣʴʥʘ ʦʮʽʥʢʘ ER-ʜʽʘʛʨʘʤ ʚʟʘʻʤʦʜʽʾ 

ʢʦʤʧʣʝʢʩʥʠʭ ʩʭʦʚʠʱ ʽʥʬʦʨʤʘʮʽʾ ʚ ɯʊ 
ʜʽʷʣʴʥʦʩʪʽ ʝʢʩʧʝʨʪʽʚ ʇɽɺʆ; 

ʦʮʽʥʢʘ ʧʨʽʦʨʠʪʝʪʥʠʭ ʥʘʧʨʷʤʽʚ 

ʜʦʩʣʽʜʞʝʥʴ ʽ ʨʦʟʨʦʙʦʢ; 
ʦʮʽʥʢʘ ʤʽʩʮʝʚʠʭ ʜʞʝʨʝʣ ʧʦʩʪʘʯʘʥʥʷ 

ʩʠʨʦʚʠʥʠ ʡ ʘʢʪʠʚʫʶʯʠʭ ʨʝʯʦʚʠʥ ʜʣʷ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʩʪʚʦʨʝʥʥʷ 
ʧʝʨʩʧʝʢʪʠʚʦ ʩʢʣʘʜʝʥʠʭ ʤʘʪʝʨʽʘʣʽʚ; 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʇɯʄ 

 
ɽ-ʊɽʍʅʆʃʆɻɯʗ 

ɺʠʟʥʘʯʝʥʥʷ ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ 

ʤʝʪʦʜʦʣʦʛʽʯʥʠʭ ʦʩʥʦʚ 

ʧʦʣʽʝʨʛʘʪʠʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 

ʧʨʦʮʝʩʘʤʠ ʩʪʚʦʨʝʥʥʷ ʇʌʄ 

ɸʧʨʦʙʘʮʽʷ ʽ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʣʽʥʛʚʽʩʪʠʯʥʠʭ ʬʦʨʤ ʇɸʂ, 

ʬʫʥʢʮʽʡ, ʟʘʚʜʘʥʴ ʪʘ ʤʦʚ 

ʢʝʨʫʚʘʥʥʷ ʟʘʩʦʙʘʤʠ ʇɯʄ 

ɺʠʷʚʣʝʥʥʷ ʙʘʟʦʚʠʭ ʧʦʥʷʪʴ ʚ 

ʦʙʣʘʩʪʽ ɯʊ ʜʽʷʣʴʥʦʩʪʽ ʇɽɺʆ 

ɯʊʉ, ʨʦʟʨʦʙʢʘ ʇɯʄ ʪʘ ER-

ʜʽʘʛʨʘʤ ʙʘʟ ʜʘʥʠʭ ʜʣʷ 

ʧʨʦʮʝʩʽʚ ʩʪʚʦʨʝʥʥʷ ʇʌʄ  

ʇʨʠʩʢʦʨʝʥʥʷ ʦʪʨʠʤʘʥʥʷ 

ʨʝʟʫʣʴʪʘʪʽʚ ʝʨʛʘʪʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʩʦʙʘʤʠ ɯʊ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ 

ʩʪʚʦʨʝʥʥʷ ʇʌʄ ʟ ʽʥʥʦʚʘʮʽʡʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʜʣʷ ɯʊʉ 

ɯʊ ʟʜʽʡʩʥʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʧʨʦʮʝʩʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ 

ʢʝʨʦʚʘʥʦʛʦ ʦʙʣʽʢʫ ɹɿ, ɹɼ, 

ʊʇʄ, ʇɯʄ, ʤʝʪʦʶ ʷʢʠʭ ʻ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʪʚʦʨʝʥʥʷ 

ʇʌʄ 

ʈʠʩʫʥʦʢ 1.3 ï ʉʪʨʫʢʪʫʨʥʦ-ʣʦʛʽʯʥʘ ʩʭʝʤʘ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ɻɯʇʆʊɽɿɸ 2. ɽʢʦʟʘʙʝʟʧʝʯʥʽ ʇʌʄ ʚʧʣʠʚʘʪʠʤʫʪʴ ʥʘ 

ʟʨʦʩʪʘʥʥʷ ʽʥʥʦʚʘʮʽʡʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʝʢʩʧʝʨʪʽʚ ʽ ʥʘ 

ʧʨʠʩʢʦʨʝʥʥʷ ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʟʘʚʯʘʩʥʠʭ ʊʊʈ ʜʣʷ ɯʊS 

ɿʘʧʣʘʥʦʚʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ɸʅɸʃɯɿ ʉʋʏɸʉʅʆɻʆ ʉʊɸʅʋ ʄɽʊʆɼɯɺ ʊɸ ɿɸʉʆɹɯɺ ɸɺʊʆʄɸʊʀɿɸʎɯɰ ɽʈɻɸʊʀʏʅʆɻʆ 

ʋʇʈɸɺʃɯʅʅʗ ʇʈʆʎɽʉɸʄʀ ʂʆʄʋʅɯʂɸʎɯʁʅʆɰ ɺɿɸɭʄʆɼɯɰ ɺ ɯʊ 

 

ɯʥʬʦʣʦʛʽʯʥʠʡ ʘʥʘʣʽʟ 

ʇɽɺʆ ɯʊS: 
ʘʥʘʣʽʟ ʦʙʩʷʛʽʚ 

ʚʠʪʨʘʪ ʨʝʩʫʨʩʽʚ ɯʊ ʥʘ 

ʤʘʪʝʨʽʘʣʴʥʦ-ʪʝʭʥʽʯʥʝ 
ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ 

ʷʢʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ 
ʜʣʷ ʦʙôʻʢʪʽʚ 

ʪʨʘʥʩʧʦʨʪʥʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ; 
 

ɿɸʄʆɺʃɽʅʅʗ 

ɿʦʚʥʽʰʥʻ ʥʘʚʢʦʣʠʰʥʻ 
ʦʪʦʯʫʶʯʝ ʩʝʨʝʜʦʚʠʱʝ: 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʬʘʢʪʦʨʽʚ ʛʝʪʝʨʦʛʝʥʥʦʛʦ 
ʚʧʣʠʚʫ ʥʘ ʇʌʄ, ʱʦ 

ʚʠʟʥʘʯʘʶʪʴ 

ʬʫʥʢʮʽʦʥʘʣʴʥʫ 
ʘʢʪʠʚʥʽʩʪʴ ʤʝʭʘʥʽʟʤʽʚ 

ʤʘʰʠʥ, ʢʦʤʧʣʝʢʩʽʚ ʪʘ 

ʧʽʜʩʠʩʪʝʤ ʽ ʦʨʛʘʥʽʟʘʮʽʡ 
ʇɽɺʆ ɯʊS 

ɿɸɺɼɸʅʅʗ 

OS, ʇɸʂ, ʉʋɹɼ: 
ʘʥʘʣʽʟ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ 
ɯʊ, ʱʦ ʩʧʨʠʷʻ 

ʚʧʨʦʚʘʜʞʝʥʥʶ 

ʨʝʟʫʣʴʪʘʪʽʚ  
ʝʨʛʘʪʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ 

ʛʝʪʝʨʦʛʝʥʥʠʭ 
ʧʨʦʮʝʩʽʚ ʚ ʉɼʉ 

 

ʄʆɼɽʃɯ 

ʌʦʨʤʫʚʘʥʥʷ ʤʝʪʦʜʠʢʠ ʦʮʽʥʢʠ 

ʤʦʜʝʣʝʡ ʪʘ ʤʝʪʦʜʽʚ ʝʨʛʘʪʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʥʘʤʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʩʪʚʦʨʝʥʥʷ ʇʌʄ 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʧʨʦʙʣʝʤʠ ʽ ʧʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʴ ʜʦʩʣʽʜʞʝʥʥʷ 

ɺʠʟʥʘʯʝʥʥʷ ʽʥʬʦʣʦʛʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʪʨʘʻʢʪʦʨʽʾ  

ʝʢʦʙʝʟʧʝʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʇɽɺʆ ɯʊʉ 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʟʘʚʜʘʥʴ ʫʧʨʘʚʣʽʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʮʝʩʦʨʥʦ-ʽʥʬʦʣʦʛʽʯʥʠʭ ʤʦʜʝʣʝʡ 

ɼʦʩʣʽʜʞʝʥʥʷ ʪʝʦʨʝʪʠʯʥʦʾ 

ʩʫʪʥʦʩʪʽ 46 ʧʦʥʷʪʴ, ʚʢʣʶʯʘʶʯʠ 

ʝʢʦʙʝʟʧʝʯʥʫ ʝʢʩʧʣʫʘʪʘʮʽʶ ʇʌʄ, 

ʙʝʟʧʝʯʥʽ ʪʝʨʤʦʜʠʥʘʤʽʯʥʽ 

ʧʨʦʮʝʩʠ 

ɿʥʘʯʝʥʥʷ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʩʪʚʦʨʝʥʥʷ 

ʇʌʄ ʫ ʟʘʛʘʣʴʥʽʡ 

ʪʨʘʥʩʧʦʨʪʥʽʡ ʩʠʩʪʝʤʽ 
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1.5. ʄʝʪʘ ʽ ʟʘʜʘʯʽ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ: ʨʦʟʨʦʙʢʘ ʥʘʫʢʦʚʦ-ʤʝʪʦʜʦʣʦʛʽʯʥʦʛʦ ʘʧʘʨʘʪʫ ʜʣʷ 

ʽʥʬʦʣʦʛʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʩʠʥʪʝʟʫ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, 

ʩʧʨʷʤʦʚʘʥʦʛʦ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʪʘ ʧʨʠʩʢʦʨʝʥʥʷ ʦʙôʻʢʪʥʦ-

ʦʨʽʻʥʪʦʚʘʥʠʭ ʨʦʟʚôʷʟʢʽʚ ʜʠʩʢʨʝʪʥʠʭ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʠʭ ʟʘʜʘʯ ʧʦʰʫʢʫ 

ʨʘʮʽʦʥʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʩʪʚʦʨʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ.  

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʨʦʟʚôʷʟʘʪʠ ʪʘʢʽ ʥʘʫʢʦʚʽ ʟʘʜʘʯʽ:  

1. ʇʨʦʘʥʘʣʽʟʫʚʘʪʠ ʩʫʯʘʩʥʠʡ ʩʪʘʥ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʩʪʚʦʨʝʥʥʷ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ.  

2. ʆʙˇʨʫʥʪʫʚʘʪʠ ʤʝʪʦʜʠ ʩʪʚʦʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʟʘʩʦʙʘʤʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

3. ʈʦʟʨʦʙʠʪʠ ʟʘʩʦʙʠ ʽʥʬʦʣʦʛʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ 

ʩʪʚʦʨʝʥʥʷ ʌM ʟ ʟʘʜʘʥʠʤʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʷʢʦʩʪʷʤʠ. 

4. ʆʮʽʥʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʟʘʩʦʙʽʚ ʽʥʬʦʣʦʛʽʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʩʪʚʦʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʽʥʬʦʣʦʛʽʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. 

ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ï ʤʦʜʝʣʽ, ʤʝʪʦʜʠ ʪʘ ʟʘʩʦʙʠ ʝʨʛʘʪʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʙʘʟ ʜʘʥʠʭ ʜʣʷ ʽʥʬʦʣʦʛʽʯʥʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ 

ʩʠʥʪʝʟʫ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʄʝʪʦʜʠ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ ʙʘʟʫʶʪʴʩʷ ʥʘ 

ʟʘʩʪʦʩʫʚʘʥʥʽ: ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʟʘʩʦʙʽʚ; ʧʨʦʛʨʘʤʥʦʾ ʽʥʞʝʥʝʨʽʾ; ʟʦʢʨʝʤʘ 

ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʪʘ ʩʠʥʪʝʟʫ ʧʨʦʛʨʘʤʥʦ-ʘʧʘʨʘʪʥʦʾ 

ʚʟʘʻʤʦʜʽʾ; ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ ʪʝʦʨʽʾ ʤʥʦʞʠʥ; ʝʢʩʧʝʨʪʥʠʭ ʤʝʪʦʜʽʚ ʜʣʷ 

ʣʽʥʛʚʽʩʪʠʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʡ ʝʨʛʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘ ʙʘʟʽ ʣʦʛʽʢʠ, 

ʧʦʜʽʙʥʦʩʪʽ, ʨʦʟʤʽʨʥʦʩʪʽ; ʪʝʦʨʽʾ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʛʨʘʬʽʚ ʽ ʩʪʨʫʢʪʫʨ. 
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ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 1 

 

1. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʫ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʥʝ 

ʟʚʘʞʘʶʯʠ ʥʘ ʩʪʨʽʤʢʠʡ ʨʦʟʚʠʪʦʢ ɯʊ ʪʘ Internet ʢʦʤʫʥʽʢʘʮʽʡ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʨʝʘʣʴʥʠʡ ʨʦʟʨʠʚ ʩʧʘʜʢʦʻʤʥʦʩʪʽ ʥʘʫʢʦʚʠʭ ʧʦʢʦʣʽʥʴ ʇɸʂ ʟʘ ʥʘʧʨʷʤʘʤʠ 

ʧʦʜʦʣʘʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʩʢʣʘʜʥʦʩʪʽ ʤʦʜʝʣʶʚʘʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ 

ʧʨʦʮʝʩʽʚ ʩʪʚʦʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʇʌʄ). ʉʫʧʝʨʝʯʥʽʩʪʴ 

ʥʘʷʚʥʘ ʤʽʞ ʥʘʢʦʧʠʯʫʚʘʥʠʤʠ ʨʝʩʫʨʩʘʤʠ Webs Atif  ʡ ʧʦʪʨʝʙ ɸʈɯ ʟ 

ʧʨʠʩʢʦʨʝʥʥʷ ʽʤʽʪʘʮʽʡʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʜʣʷ ʤʘʡʙʫʪʥʽʭ ʉɼʉ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʢʦʤʧʦʟʠʪʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʟʘ ʧʦʪʨʝʙ ɯʊʉ. 

2. ʇʨʘʢʪʠʯʥʘ ʟʥʘʯʫʱʽʩʪʴ ʜʣʷ ɯʊʉ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚ ʜʦʜʘʪʢʦʚʠʭ 

ʤʦʜʝʣʷʭ, ʤʝʪʦʜʘʭ ʪʘ ʟʘʩʦʙʘʭ ʫʧʨʘʚʣʽʥʥʷ ʥʘʷʚʥʠʤʠ ʨʝʩʫʨʩʘʤʠ ɯʊ ʜʣʷ 

ʰʚʠʜʢʦʛʦ ʩʠʥʪʝʟʫ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʷʜʨʘ ʧʨʦʮʝʩʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʡ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʷʢʦʩʪʝʡ ʤʘʡʙʫʪʥʴʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʇʌʄ, ʷʢ ʰʪʫʯʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘ ʟʘʤʦʚʣʝʥʥʷʤʠ.  

3. ʉʫʯʘʩʥʠʡ ʩʪʘʥ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʥʘʫʢʦʚʠʭ ʪʝʤʘʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʨʦʟʧʦʨʦʰʝʥʦ ʥʘ ʙʘʛʘʪʦ ʘʚʪʦʥʦʤʥʠʭ ʥʘʧʨʷʤʽʚ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʩʦʙʽʚ ɯʊ ʜʣʷ 

ʩʫʪʦ ʚʫʟʴʢʠʭ ʜʦʜʘʪʢʽʚ ʚ ʩʧʝʮʽʘʣʴʥʠʭ ʟʘ ʤʘʡʙʫʪʥʽʤʠ ʟʘʤʦʚʣʝʥʥʷʤʠ ʪʘ 

ʢʨʠʪʝʨʽʷʤʠ ʨʝʞʠʤʘʭ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʦʧʝʨʘʪʠʚʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʉɼʉ. 

4. ɻʦʣʦʚʥʽ ʥʝʜʦʣʽʢʠ ʽʩʥʫʶʯʦʛʦ ʥʘʫʢʦʚʦ-ʤʝʪʦʜʠʯʥʦʛʦ ʘʧʘʨʘʪʫ, ʱʦ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ IT, ʦʙʫʤʦʚʣʝʥʽ ʥʝʥʘʣʝʞʥʠʤ ʨʽʚʥʝʤ ʚʨʘʭʫʚʘʥʥʷ 

ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʝʨʛʘʪʠʯʥʠʭ ʢʦʤʫʥʽʢʘʮʽʡ ʫ ʤʝʞʘʭ ʻʜʠʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ 

ʧʦʣʷ ʦʙʽʟʥʘʥʦʩʪʽ ʝʢʩʧʝʨʪʽʚ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʟʘ ʨʽʟʥʠʭ ʢʦʤʧʝʪʝʥʮʽʡ ʪʘ 

ʥʘʧʨʷʤʘʤʠ ɯʊʉ ʪʦʱʦ. 

5. ʈʦʟʨʠʚ ʤʽʞ ʥʘʫʢʦʶ ʪʠʧʫ <ʧʦʪʝʥʮʽʘʣ ʘʣʛʝʙʨʘʾʟʘʮʽʾ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʤʝʪʦʜʽʚ ʩʠʤʚʦʣʴʥʦʛʦ ʦʙʯʠʩʣʝʥʥʷ ʧʨʠʥʮʠʧʦʚʦ ʤʦʞʝ ʩʧʨʠʷʪʠ ʪʝʦʨʝʪʠʯʥʠʤ 

ʢʣʶʯʦʚʠʤ ʨʦʟʚôʷʟʢʦʤ> ʪʘ ʧʨʘʢʪʠʢʦʶ ʟʘ ʥʘʧʨʷʤʦʤ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ 

ʩʪʚʦʨʝʥʥʷ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ɯʊʉ 

ʦʙʫʤʦʚʣʝʥʠʡ ʥʘʷʚʥʽʩʪʶ ʧʨʦʪʠʨʽʯʯʷ. ɼʽʡʩʥʦ ʨʽʟʥʦʤʘʥʽʪʪʷ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ 

ʬʘʢʪʦʨʽʚ ɿʅʆʉ ʪʘ ʧʨʘʢʪʠʯʥʽ ʧʦʪʨʝʙʠ ʨʦʟʚʠʪʢʫ ɯʊʉ ʟʘʚʞʜʠ ʥʝ ʫʟʛʦʜʞʝʥʦ. 
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ʉʘʤʝ ʪʦʤʫ ʊʊʈ ʚ ʪʨʘʜʠʮʽʡʥʠʭ ɯʊ ʥʝ ʜʦʟʚʦʣʷʶʪʴ ʛʘʨʘʥʪʫʚʘʪʠ ʙʝʟʧʝʢʫ ʽ 

ʥʘʜʽʡʥʽʩʪʴ, ʧʨʠʙʫʪʢʦʚʽʩʪʴ ʽ ʝʢʦʣʦʛʽʯʥʽʩʪʴ ʥʘ ʪʨʠʚʘʣʽ ʪʝʨʤʽʥʠ ʝʢʩʧʣʫʘʪʘʮʽʾ 

(ʜʦ 20-30 ʨʦʢʽʚ ʽ ʙʽʣʴʰʝ). ʇʨʦʪʝ ʧʨʘʢʪʠʢʘ ʚʠʤʘʛʘʻ (ʧʦʢʠ ʱʝ) ʟʘʚʯʘʩʥʫ 

ʰʚʠʜʢʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʜʦʩʪʦʚʽʨʥʠʭ ʊʊʈ, ʰʣʷʭʦʤ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʤʘʡʙʫʪʥʽʭ ʉɼʉ ʚ ʫʤʦʚʘʭ ʧʨʠʨʦʜʥʠʭ ʚʘʨʽʘʮʽʡ 

ʧʨʦʷʚʫ ʚʧʣʠʚʽʚ ʟʘʚʞʜʠ ʥʝʟʘʣʝʞʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

6. ʉʫʪʥʽʩʪʴ ʽ ʘʢʪʫʘʣʴʥʽʩʪʴ ʟʘʛʘʣʴʥʦʛʦ ʥʘʫʢʦʚʦʛʦ ʟʘʚʜʘʥʥʷ 

ʢʚʘʣʽʬʽʢʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʛʘʻ ʫ ʨʦʟʨʦʙʮʽ ʽʥʥʦʚʘʮʽʡʥʠʭ 

ʽʥʬʦʣʦʛʽʯʥʠʭ ʤʦʜʝʣʝʡ ʉɼʉ. ʇʨʠʟʥʘʯʝʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʇɯʄ ï ʧʦʣʷʛʘʻ 

ʫ ʪʦʤʫ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʙʘʛʘʪʴʦʤ ʝʢʩʧʝʨʪʘʤ, ʧʨʦʝʢʪʘʥʪʘʤ, ʽʥʞʝʥʝʨʘʤ 

ʨʽʟʥʠʭ ʇɽɺʆ ʟʘʚʯʘʩʥʝ ʦʪʨʠʤʘʥʥʷ ʷʢʽʩʥʠʭ ʥʝʦʙʭʽʜʥʠʭ ʊʊʈ ʟʛʽʜʥʦ ʟʘʚʜʘʥʴ 

ʚʠʨʦʙʥʠʯʦʛʦ ʽ ʦʨʛʘʥʽʟʘʮʽʡʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʥʘ ʧʝʨʩʧʝʢʪʠʚʥʽ ʤʘʡʙʫʪʥʽ 

ʪʝʨʤʽʥʠ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʇʽʩʣʷ ʟʘʪʚʝʨʜʞʝʥʥʷ ʣʽʥʛʚʽʩʪʠʯʥʦ-ʤʦʚʥʦʛʦ ʦʧʠʩʫ 

ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ ʢʦʥʢʨʝʪʥʦʛʦ ʝʨʛʘʪʠʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʰʣʷʭʦʤ 

ʩʪʠʩʣʦʛʦ ʜʠʨʝʢʪʠʚʥʦ-ʢʦʤʘʥʜʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʇɸʂ ʤʦʚʦʶ ʂʄ-ʇɼ 

ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʇɯʄ ʟʘʙʝʟʧʝʯʫʶʪʴ ʘʚʪʦʤʘʪʠʯʥʠʡ ʩʠʥʪʝʟ ʜʣʷ ʙʘʟʦʚʠʭ ʽ 

ʨʦʙʦʯʠʭ ʨʝʟʫʣʴʪʫʶʯʠʭ ʤʦʜʝʣʝʡ ʚ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ. ɺʝʣʠʢʠʡ ʦʙʩʷʛ 

ʧʝʨʚʠʥʥʠʭ ʜʘʥʠʭ (Big Data) ʪʘ ʟ ʨʽʟʥʠʭ ʉʋɹɼ ʡ ʚʽʜʜʘʣʝʥʠʭ ʩʭʦʚʠʱ (ʭʤʘʨ) 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʇɯʄ ʘʚʪʦʤʘʪʠʯʥʦ ʪʨʘʥʩʬʦʨʤʫʶʪʴʩʷ ʫ ʦʧʝʨʘʪʠʚʥʽ, ʧʦʚʥʽ, 

ʪʦʯʥʽ, ʘʜʝʢʚʘʪʥʽ ʤʦʜʝʣʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʫʤʦʚʘʤ ʷʢʦʩʪʽ ʡ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʚʠʭʽʜʥʠʭ ʊʊʈ ʪʘ ʚʠʩʥʦʚʢʽʚ ʥʘ ʧʦʜʘʣʴʰʝ ʚʧʨʦʚʘʜʞʝʥʥʷ. 

7. ɼʘʥʝ ʢʦʥʢʨʝʪʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʡʙʽʣʴʰ ʧʦʚʥʦ ʜʦʚʦʜʠʪʴ 

ʜʦʮʽʣʴʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʽʥʬʦʣʦʛʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘ ʫʤʦʚ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʚʨʘʭʫʚʘʥʥʷ ʛʝʪʝʨʦʛʝʥʥʠʭ ʧʨʦʮʝʩʽʚ ʩʪʚʦʨʝʥʥʷ 

ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 
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ʈʆɿɼɯʃ 2 

ʆɹˆʈʋʅʊʋɺɸʅʅʗ ʄɽʊʆɼɯɺ ʉʊɺʆʈɽʅʅʗ ʌʋʅʂʎɯʆʅɸʃʔʅʀʍ 

ʄɸʊɽʈɯɸʃɯɺ ɿɸʉʆɹɸʄʀ ɯʅʌʆʈʄɸʎɯʁʅʀʍ ʊɽʍʅʆʃʆɻɯʁ 

 

2.1 ʆʩʥʦʚʠ ʽʥʬʦʨʤʘʮʽʡʥʦ ʾ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʧʦʥʷʪʽʡʥʠʡ ʘʧʘʨʘʪ 

ʨʦʟʚôʷʟʫʚʘʥʥʷ ʟʘʜʘʯ ʤʦʜʝʣʶʚʘʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ  

 

2.1.1. ʄʝʪʦʜʠ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʟʘʜʘʯ ʧʨʘʢʪʠʢʠ 

 

ʇʨʠ ʨʦʟʨʦʙʮʽ ʪʝʭʥʦʣʦʛʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʦʥʢʨʝʪʥʦʾ ʜʝʪʘʣʽ ʚʠʨʦʙʫ ʟʘʩʦʙʘʤʠ 

ɯʊ ʜʦʚʦʜʷʪʴ, ʷʢ ʚʨʘʭʦʚʫʚʘʪʠ ʤʝʪʦʜʘʤʠ ʝʨʛʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʩʦʙʽʚ ʘʚʪʦʤʘʪʠʢʠ ʢʦʤʧʣʝʢʩ ʬʘʢʪʦʨʽʚ, ʱʦ ʚ ʢʽʥʮʝʚʦʤʫ ʧʽʜʩʫʤʢʫ, 

ʚʠʟʥʘʯʘʶʪʴ ʚʠʙʽʨ ʇʘʨʝʪʦ ʦʧʪʠʤʘʣʴʥʠʭ ʨʽʰʝʥʴ ʇɽɺʆ. ʋ ʾʭ ʯʠʩʣʽ ʪʝʭʥʦʣʦʛʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʩʪʚʦʨʝʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʦʙʩʷʛ ʚʠʧʫʩʢʫ ʜʝʪʘʣʝʡ,  ʢʦʥʩʪʨʫʢʪʠʚʥʽ 

ʦʩʦʙʣʠʚʦʩʪʽ ʚʠʨʦʙʽʚ [175, 176] ʪʦʱʦ. 

ʊʝʤʘ ʥʘʫʢʦʚʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʧʨʦʙʣʝʤʥʠʭ ʩʠʪʫʘʮʽʷʭ ʩʪʠʩʣʦ ʟʘ 

ʤʝʭʘʥʽʟʤʽʚ ʟʘʩʪʦʩʫʚʘʥʥʷ ɯʊ ʚʠʟʥʘʯʘʻ ʧʦʜʘʣʴʰʠʡ ʪʝʢʩʪ, ʢʦʨʪʝʞ ʪʘ ʥʘʧʨʷʤʢʠ 

ʧʦʰʫʢʫ ʽʥʥʦʚʘʮʽʡ. ɺʦʥʠ ʦʙʫʤʦʚʣʝʥʽ ʟʥʘʯʥʠʤʠ ʪʨʫʜʥʦʱʘʤʠ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʟʘʜʘʯ 

ʧʨʘʢʪʠʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʞʝ ʚʧʨʦʚʘʜʞʝʥʠʭ ɯʊ: ʧʨʦʜʫʢʪʽʚ ʜʦʢʫʤʝʥʪʽʚ; 

ʚʠʨʦʙʥʠʯʠʭ ʧʣʘʪʬʦʨʤ; ʽʥʪʝʛʨʦʚʘʥʠʭ ʢʦʤʧʣʝʢʩʽʚ; ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʤʦʚ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʡ ʩʭʦʚʠʱ Big Data. ʊʨʫʜʥʦʱʽ ʩʢʣʘʜʝʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ɯʊ ʟʨʦʩʪʘʶʪʴ 

ʟʘʚʜʷʢʠ ʨʦʟʚʠʪʢʫ ʥʘʢʦʧʠʯʝʥʠʭ ʥʘʩʣʽʜʢʽʚ ʰʠʨʦʢʦʾ ʽʥʬʦʨʤʘʪʠʟʘʮʽʾ ʥʘ ʙʘʟʽ 

Internet. ʇʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʨʽʟʥʠʭ 

ʛʘʣʫʟʷʭ ʣʶʜʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ʟʘʣʝʞʘʪʴ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʚʽʜ ʰʚʠʜʢʦʩʪʽ (ʟʥʘʯʥʦʛʦ 

ʧʨʠʩʢʦʨʝʥʥʷ) ʩʪʚʦʨʝʥʥʷ ʟʘʩʦʙʽʚ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʚʠʢʦʥʘʥʥʷ ʬʫʥʢʮʽʡ ʽ ʟʘʚʜʘʥʴ 

ʚʠʨʦʙʥʠʯʦʛʦ (ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ) ʡ ʦʨʛʘʥʽʟʘʮʽʡʥʦʛʦ (ʝʨʛʘʪʠʯʥʦʛʦ) ʫʧʨʘʚʣʽʥʥʷ ʚ 

ʫʤʦʚʘʭ ʥʝʧʝʨʝʨʚʥʦʾ ʽʥʬʦʨʤʘʪʠʟʘʮʽʾ ʩʫʩʧʽʣʴʩʪʚʘ ʥʦʦʩʬʝʨʠ. ʂʽʣʴʢʽʩʪʴ ʩʧʦʞʠʚʘʯʽʚ 

ʧʨʦʜʫʢʪʽʚ ɯʊ ʟʥʘʯʥʦ ʚʠʧʝʨʝʜʞʘʻ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʯʠʩʝʣʴʥʽʩʪʶ ʧʨʦʬʝʩʽʡʥʠʭ 

ʧʨʦʛʨʘʤʽʩʪʽʚ. ʉʘʤʝ ʢʚʘʣʽʬʽʢʦʚʘʥʽ ʧʨʦʛʨʘʤʽʩʪʠ ʫ ɭɯʇ ʩʪʚʦʨʶʶʪʴ: ʟʘ 

ʟʘʤʦʚʣʝʥʥʷʤ, ʘ ʪʘʢʦʞ ʚʟʘʻʤʦʚʽʜʥʦʰʝʥʴ ʪʘ ʧʦʪʨʝʙ ʨʠʥʢʫ ʜʦʜʘʪʢʦʚʽ ɯʊ ʧʨʦʜʫʢʪʠ; 

ʘʚʪʦʤʘʪʠʟʫʶʪʴ ʚʣʘʩʥʽ ʧʨʦʮʝʩʠ ʨʦʟʨʦʙʢʠ, ʪʝʩʪʫʚʘʥʥʷ, ʚʝʨʠʬʽʢʘʮʽʾ, ʫʟʛʦʜʞʝʥʥʷ 
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ʪʦʚʘʨʽʚ ʡ ʧʦʩʣʫʛ. ʅʘʡʙʽʣʴʰ ʘʢʪʫʘʣʴʥʠʤ ʥʘʧʨʷʤʦʤ ʥʝ ʣʠʰʝ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʻ ʪʘʢʝ 

ʚʠʢʦʥʘʥʥʷ ʬʫʥʢʮʽʡ ʽ ʟʘʚʜʘʥʴ ʫʧʨʘʚʣʽʥʥʷ ʫ ʟʚʠʯʘʡʥʠʭ ʽ ʙʘʛʘʪʦʨʽʚʥʝʚʠʭ 

ʩʪʨʫʢʪʫʨʘʭ ɯʊ. ɽʬʝʢʪʠʚʥʝ ʢʝʨʫʚʘʥʥʷ ʥʝ ʧʦʪʨʝʙʫʻ ʚʽʜ ʢʣʽʻʥʪʽʚ ʥʝʧʨʦʬʝʩʽʦʥʘʣʽʚ 

(ʩʧʦʞʠʚʘʯʽʚ ɯʊ) ʪʨʠʚʘʣʦʛʦ ʦʯʽʢʫʚʘʥʥʷ ʥʦʚʠʭ ʜʦʜʘʪʢʽʚ (ʧʨʦʜʫʢʮʽʷ ɯʊ ʚʽʜ 

ʧʨʦʬʝʩʽʡʥʠʭ ʨʦʟʨʦʙʥʠʢʽʚ, ʬʽʨʤ, ʢʦʨʧʦʨʘʮʽʡ) ʪʘ ʥʘʚʯʘʥʥʷ ʥʠʤʠ ʢʦʨʠʩʪʫʚʘʪʠʩʴ. 

ɯʥʥʦʚʘʮʽʡʥʘ ʘʢʪʫʘʣʽʟʦʚʘʥʘ ʽʜʝʷ ʥʝʧʨʦʬʝʩʽʦʥʘʣʘ (ʡʦʛʦ ɸɺɯɼʆ) ʻ ʤʦʛʫʪʥʽʤ 

ʧʨʠʩʢʦʨʶʚʘʯʝʤ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʷʚʥʠʭ ʩʪʠʤʫʣʷʪʦʨʽʚ, ʪʨʝʥʘʞʝʨʽʚ 

ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʧʨʘʢʪʠʯʥʦʾ ʘʧʨʦʙʘʮʽʾ ʛʥʫʯʢʦʩʪʽ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ 

ʟʘʩʦʙʽʚ ɯʊ. ɼʣʷ ʤʘʡʙʫʪʥʽʭ ʧʨʦʝʢʪʽʚ, ʧʨʦʛʨʘʤ ʪʘ ʩʬʝʨ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟ ʤʝʪʦʶ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ, ʥʘʜʽʡʥʦʩʪʽ, ʞʠʚʫʯʦʩʪʽ, ʝʢʦʥʦʤʽʯʥʦʾ ʧʨʠʙʫʪʢʦʚʦʩʪʽ ʛʦʩʪʨʦ 

ʧʦʪʨʽʙʥʝ ʩʫʪʪʻʚʝ ʧʨʠʩʢʦʨʝʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʦʙʽʟʥʘʥʦʛʦ 

ɸɺɯɼʆ. ʊʘʢʠʤ ʯʠʥʦʤ ʤʘʩʦʚʘ ʪʚʦʨʯʘ ʜʽʷʣʴʥʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʽʚ ɯʊ ʜʦʟʚʦʣʠʪʴ 

ʧʨʠʩʢʦʨʶʚʘʪʠ ʪʝʤʧʠ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ (ʚʞʝ ʥʘ ʧʨʦʬʝʩʽʡʥʦʤʫ 

ʨʽʚʥʽ ʟ ʘʢʪʠʚʥʦʶ ʫʯʘʩʪʶ ʝʢʩʧʝʨʪʽʚ ʚʠʱʦʾ ʢʚʘʣʽʬʽʢʘʮʽʾ). ʎ ̔ ʩʧʝʮʽʘʣʽʩʪʠ ɯʊ 

ʦʙʽʟʥʘʥ ̔ʫ ʽʥʥʦʚʘʮʽʡʥʦʤʫ ɸɺɯɼʆ. ɺʦʥʦ ʚʞʝ ʘʧʨʦʙʦʚʘʥʦ (ʽʩʥʫʻ, ʦʧʠʩʫʻ ʢʣʶʯʦʚʽ 

ʪʝʭʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʽ ʨʽʰʝʥʥʷ). ʊʘʢʠʤ ʯʠʥʦʤ ʩʧʨʷʤʦʚʘʥʠʡ ʨʫʭ ʚʧʝʨʝʜ ʜʣʷ 

ʨʽʟʥʦʤʘʥʽʪʥʦʛʦ ʧʦʜʘʣʴʰʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ (ʽʩʥʫʚʘʥʥʷ ɸɺɯɼʆ ʟʥʘʡʰʦʚ 

ʥʝʧʨʦʬʝʩʽʦʥʘʣ ɯʊ, ʘʣʝ ʚʽʥ ʚʠʟʥʘʯʘʣʴʥʠʡ ʧʨʦʬʝʩʽʦʥʘʣ ʫ ʚʣʘʩʥʽʡ ʦʩʦʙʠʩʪʽʡ 

ʣʶʜʩʴʢʽʡ ʜʽʷʣʴʥʦʩʪʽ). ʊʦʤʫ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʧʨʠʥʮʠʧʠ, ʢʦʥʮʝʧʮʽʷ ʡ 

ʤʝʪʦʜʦʣʦʛʽʯʥʽ ʦʩʥʦʚʠ ʨʘʟʦʤ ʟ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʤʠ ʟʘʩʦʙʘʤʠ ʥʘʤʠ ʩʧʨʷʤʦʚʘʥʽ ʥʘ 

ʽʥʬʦʣʦʛʽʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʩʪʚʦʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ. ʇʦʰʫʢ ʚʠʢʦʥʫʶʪʴ IAS, ʱʦ ʩʧʨʠʷʶʪʴ ʜʦʩʷʛʥʝʥʥʶ ʤʘʡʙʫʪʥʽʭ 

ʘʢʪʫʘʣʴʥʠʭ ʧʦʪʨʝʙ ʚʠʨʦʙʥʠʯʦʾ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʧʨʘʢʪʠʢʠ ʪʨʘʥʩʧʦʨʪʥʦ-

ʝʥʝʨʛʝʪʠʯʥʠʭ ʛʘʣʫʟʝʡ ʪʘ ʟʜʘʪʥʽ ʟʘʜʘʚʘʪʠ ʬʫʥʢʮʽʾ ʥʦʩʽʾʚ ʥʘʚʘʥʪʘʞʝʥʴ ʤʘʡʙʫʪʥʽʭ 

ʧʦʪʦʢʽʚ ɯʊʉ. ʆʧʠʩʠ ʟʘʩʦʙʘʤʠ ɸʉɯɼ ʚʠʢʦʥʫʶʪʴʩʷ ʩʝʤʽʦʪʠʯʥʦ-ʣʽʥʛʚʽʩʪʠʯʥʠʤʠ 

ʤʦʚʘʤʠ ʟ ʬʨʘʛʤʝʥʪʘʤʠ ʧʨʠʨʦʜʥʠʭ ʡ ʰʪʫʯʥʠʭ (ʧʨʦʬʝʩʽʡʥʠʭ) ʚʠʩʣʦʚʣʶʚʘʥʴ ʜʣʷ 

ʤʘʡʙʫʪʥʽʭ ʧʦʪʨʝʙ, ʙʘʞʘʥʠʭ ʬʫʥʢʮʽʡ ʡ ʢʨʠʪʝʨʽʾʚ, ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʙʤʝʞʝʥʴ ʪʘ 

ʧʨʦʛʥʦʟʥʠʭ ʦʯʽʢʫʚʘʥʴ ʦʮʽʥʦʢ ʝʬʝʢʪʠʚʥʦʩʪʽ. ʊʝʢʩʪʠ ʩʬʦʨʤʦʚʘʥʽ ʟ 

ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʨʽʰʝʥʴ IAS ʇɽɺʆ [107-150]. 
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ʊʘʙʣʠʮʷ 2.1. - ɯʻʨʘʨʭʽʷ ɯʊ ʪʘ ʩʢʣʘʜ ʻʜʠʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʂʄ-ʇɼ 

ʈʽʚʥʽ 

ʚʟʘʻʤʦʟʚôʷʟʢʠ 
ʆʨʛʘʥʽʟʘʮʽʷ ʨʦʙʽʪ 

ʊʝʭʥʦʣʦʛʽʷ 

ʽʥʬʦʨʤʘʪʠʟʘʮʽʾ 

ɯʥʬʦʨʤʘʪʠʢʘ 

ʟʘʜʘʯ 

ʋʧʨʘʚʣʽʥʥʷ 

ʬʫʥʢʮʽʷʤʠ 
ʈʝʩʫʨʩʠ ʣʦʛʽʩʪʠʢʠ 

ʃʦʢʘʣʴʥʠʡ 
ʂʦʨʠʩʪʫʚʘʯʽ 

ɸʛʝʥʪʠ ʜʽʾ 

ɯʥʪʝʨʬʝʡʩ 

ʅʄɯ ʪʘ DTE 

ʇʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ 

ʃʶʜʩʴʢʘ ʤʦʚʘ 

ʅʘʜʩʠʩʪʝʤʠ 

ʇʨʘʛʤʘʪʠʢʘ 

ʇʨʠʨʦʜʥʠʡ ʽʥʪʝʣʝʢʪ 

ʧʝʨʩʦʥʠ 

ʄʽʩʴʢʠʡ 
ɺʠʨʦʙʥʠʮʪʚʦ 

ʩʧʽʚʧʨʘʮʷ 

ʈʦʙʦʪʠʟʘʮʽʷ ʪʘ 

ʨʦʙʦʪʦʪʝʭʥʽʢʘ 

ʊʨʘʥʩʣʷʮʽʷ 

ʇʨʦʬʝʩʽʡʥʘ ʤʦʚʘ 

ʉʠʩʪʝʤʠ 

ʉʝʤʘʥʪʠʢʘ 

ʐʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ 

ʢʦʤʧôʶʪʝʨʽʚ 

ʈʝʛʽʦʥʘʣʴʥʠʡ ʉʝʘʥʩʠ ʦʧʝʨʘʮʽʡʥʽ ʂʦʤʧôʶʪʝʨʥʝ ʚʽʢʥʦ 

ʂʝʨʫʚʘʥʥʷ 

ʧʨʦʮʝʩʘʤʠ 

ʏʘʩʦʚʽ ʪʨʘʬʽʢʠ 

ʄʝʪʘ ʤʦʜʫʣʽʚ 

ʉʠʥʪʘʢʩʠʩ 

ʏʘʩʦʚʽ ʟʘʪʨʠʤʢʠ ʟ 

ʨʝʘʣʽʟʘʮʽʾ ʜʽʡ 

ɼʝʨʞʘʚʥʠʡ 

ʊʨʘʥʩʧʦʨʪ 

ʨʽʟʥʦʤʘʥʽʪʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ 

ʂʦʤʫʥʽʢʘʮʽʡʥʝ 

ʦʙʣʘʜʥʘʥʥʷ DCE 

ʄʘʨʰʨʫʪʠʟʘʮʽʷ 

ɸʜʨʝʩʘʮʽʷ ʧʘʢʝʪʽʚ 

ʄʘʢʨʦʙʣʦʢʠ 

ɻʨʘʤʘʪʠʢʘ 

ʎʽʣʽʩʥʽʩʪʴ 

ʧʨʦʩʪʦʨʦʚʦʛʦ 

ʧʦʢʨʠʪʪʷ 

ʄʽʞʜʝʨʞʘʚʥʠʡ ʄʝʨʝʞʽ ʧʨʦʩʪʦʨʫ ʉʝʨʚʽʩʥʽ ʚʫʟʣʠ ʤʝʨʝʞ 

ɿʤʽʥʘ ʢʘʥʘʣʽʚ 

ʂʦʤʫʪʘʮʽʷ 

ʩʠʛʥʘʣʴʥʘ 

ʄʽʢʨʦ ʟʦʥʠ 

ʄʦʨʬʦʣʦʛʽʷ 

ʄʫʣʴʪʠʘʛʝʥʪʥʽʩʪʴ 

ʮʽʣʝʡ ʽ ʟʘʜʘʯ 

ʄʽʞʥʘʨʦʜʥʠʡ 
ʂʘʥʘʣ ʜʚʦʙʽʯʥʦʛʦ 

ʟʚôʷʟʢʫ 

ʆʧʪʦʝʣʝʢʪʨʦʥʥʠʡ 

ʧʦʪʽʢ 

ʇʦʪʽʢ ʜʘʥʠʭ 

ʂʝʨʫʚʘʥʥʷ 

ʩʠʛʥʘʣʘʤʠ 

ʄʽʥʽ ʝʣʝʤʝʥʪʠ 

ʌʦʥʦʣʦʛʽʷ 

ʇʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ 

ʪʝʭʥʽʢʠ 

ɻʣʦʙʘʣʴʥʠʡ 
ʌʽʟʠʯʥʠʡ ʨʽʚʝʥʴ 

AVL  

ʄʦʜʫʣʷʪʦʨ ʪʘ 

ʜʝʤʦʜʫʣʷʪʦʨ 

ʉʠʛʥʘʣʦʛʨʘʤʘ 

ʅʦʩʽʡ ʫ 

ʩʝʨʝʜʦʚʠʱʽ 

ʂʦʤʧʦʥʝʥʪ 

ɸʣʬʘʚʽʪ 

ʧʽʢʩʝʣʽʚ 

ʐʚʠʜʢʦʜʽʷ ʧʨʠʣʘʜʽʚ 

ʨʘʜʽʦʝʣʝʢʪʨʦʥʽʢʠ 
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ʈʠʩʫʥʦʢ 2.1 - ɹʘʟʦʚʽ ʬʫʥʢʮʽʾ ʢʦʤʧʦʥʝʥʪ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʽ 

ʢʦʤʫʥʽʢʘʮʽʡ 

ɽʨʛʘʪʠʯʥʽ ʩʠʩʪʝʤʠ 

 

ɼʽʘʣʦʛ ʽ ʚʽʟʫʘʣʽʟʘʮʽʷ 

ɽʨʛʘʪʠʯʥʽ ʩʠʩʪʝʤʠ 

 

ɼʽʘʣʦʛ ʽ ʚʽʟʫʘʣʽʟʘʮʽʷ 

ʇʨʦʛʨʘʤʥʦ ʘʧʘʨʘʪʥʠʡ ʢʦʤʧʣʝʢʩ 

 

ʈʦʟʚôʷʟʦʢ ʪʠʧʦʚʠʭ ʟʘʜʘʯ 

ʇʨʦʩʪʽʨ 4D 

ʦʨʠʛʽʥʘʣʠ ʽ ʦʙô̒ ʢʪʠ 

ʉʢʣʘʜʥʽ ʜʠʥʘʤʽʯʥʽ 

ʩʠʩʪʝʤʠ 

ʇʨʦʙʣʝʤʥʘ 

ʧʦʪʨʝʙʘ ʧʨʘʢʪʠʢʠ 

ɽɺʉ 

ʈʝʘʣʴʥʽ ʩʠʪʫʘʮʽʾ 

 

ʌʽʟʠʯʥʽ ʧʨʦʮʝʩʠ ʽ 

ʩʠʛʥʘʣʠ ʟ ʰʫʤʘʤʠ 

ʄʝʪʦʜʦʣʦʛʽʯʥʘ ʙʘʟʘ 

ʚʠʤʽʨʶʚʘʥʴ ʙʘʟʦʚʠʭ 

ʧʘʨʘʤʝʪʨʽʚ 

 
ʇʦʟʠʮʽʡʥʽ 

ʨʘʮʽʦʥʘʣʴʥʽ ʯʠʩʣʘ 

ʊʝʭʥʦʣʦʛʽʯʥʽ 

ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʫʧʨʘʚʣʷʶʯʽ ʩʠʩʪʝʤʠ 

ʪʘ ʪʝʭʥʽʯʥʝ 

ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ, 

ʚʽʟʫʘʣʽʟʘʮʽʾ ʪʘ 

ʧʝʨʝʨʦʙʢʠ ʨʝʯʝʡ 

ʈʝʘʣʽʟʘʮʽʷ ʪʘ 

ʝʥʪʝʨʧʨʝʪʘʮʽʷ 

ʨʽʰʝʥʥʷ ʫ 

ʧʨʠʨʦʜʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ 

ʂʦʥʪʘʢʪʥʘ ʟʦʥʘ 

ʙʘʛʘʪʦʧʦʣʶʩʥʠʢʠ 

  
ʋʥʽʬʽʢʦʚʘʥʽ ʧʦʪʦʢʠ 

ɸʥʘʣʦʛʦ-ʮʠʬʨʦʚʽ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʽ ʢʦʜʝʨʠ 

ɸʎʇ 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʚʠʜʽʚ 

ʽʥʪʝʨʬʝʡʩʥʠʭ ʟʘʩʦʙʽʚ: 

ʈʦʟʛʦʨʪʫʶʯʽ 

ɿʨʘʚʥʦʚʘʞʝʥʽ 

ʉʣʽʪʢʫʶʯʽ 

ʇʦʩʣʽʜʦʚʥʦ ʧʘʨʘʣʝʣʴʥʽ 

ɯʤʧʫʣʴʩʥʽ 

ʂʦʥʚʝʻʨʥʽ 

ɹʘʛʘʪʦʩʪʫʧʝʥʝʚʽ 

ɯʻʨʘʨʭʽʯʥʽ 

ɯʥʪʝʛʨʫʶʯʽ 

ʈʦʙʦʪʘ ʣʽʯʠʣʴʥʠʢʽʚ ɻʘʣʫʘ 

ɼʝʢʦʜʝʨʠ ʟʚʦʨʦʪʥʠʭ 

ʮʠʬʨʦʘʥʘʣʦʛʦʚʠʭ 

ʧʝʨʪʚʦʨʝʥʴ (ʎɸʇ) 

ʇʨʦʩʪʽʨ ND  

ʟʦʙʨʘʞʝʥʥʷ ʽ ʤʦʜʝʣʽ 

ʄʘʩʠʚʠ ʟ ʩʠʤʚʦʣʽʚ 

ʄʘʪʝʤʘʪʠʯʥʘ ʟʘʜʘʯʥʘ 

ʩʠʩʪʝʤʘ 

ɸʣʛʝʙʨʘʾʯʥʽ ʩʠʪʫʘʮʽʾ 

ʤʥʦʞʠʥʠ 

 

ɸʣʛʦʨʠʪʤʽʯʥʽ ʬʫʥʢʮʽʾ Ax=F, 

Ġ=S(t)+ ɝ(t) 

ʊʝʦʨʝʪʠʢʦ-ʯʠʩʣʦʚʽ ʘʣʛʝʙʨʠ ʽ 

ʣʦʛʽʢʠ 

ɹʽʥʘʨʥʠʡ ʙʘʟʠʩ {0,1}; RcC 

ʋʷʚʥʽ ʛʽʧʝʨʢʦʤʧʣʝʢʩʥʽ ʯʠʩʣʘ 

ɸʣʛʝʙʨʘʾʯʥʽ ʽ ʦʧʝʨʘʮʽʡʥʽ 

ʩʠʩʪʝʤʠ 

ɹʘʟʠ ʟʥʘʥʴ ʽ ʜʘʥʠʭ 

ɹʽʙʣʽʦʪʝʢʠ ʘʣʛʦʨʠʪʤʽʚ ʜʣʷ 

ʘʥʘʣʽʟʫ ʽ ʩʠʥʪʝʟʫ ʪʘ 

ʦʧʪʠʤʽʟʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ 

ʃʦʛʽʯʥʠʡ ʽ ʣʽʥʛʚʽʩʪʠʯʥʠʡ ʪʘ 

ʘʥʘʣʽʪʠʯʥʦ-ʯʠʩʝʣʴʥʠʡ 

ʨʦʟʚôʷʟʦʢ ʫ ʧʨʦʩʪʦʨʽ ʩʠʤʚʦʣʽʚ 
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ɺʠʤʦʛʠ ʜʦ ʰʚʠʜʢʦʩʪʽ, ʥʘʜʽʡʥʦʩʪʽ, ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʪʦʩʫʶʪʴʩʷ ʚʩʽʭ ʜʦ G5 

ʥʘʜʽʩʣʘʥʠʭ ʡ ʢʦʥʬʽʛʫʨʦʚʘʥʠʡ ʧʦʚʽʜʦʤʣʝʥʴ Internet. ɸʣʝ ʦʪʨʠʤʘʥʥʷ ʟʘʚʜʘʥʥʷ ʜʣʷ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘ ʩʪʘʥʜʘʨʪʦʤ ISO/IEC ʤʘʶʪʴ (ʫʟʘʛʘʣʴʥʝʥʥʷ 

ʜʦʢʫʤʝʥʪʽʚ) ʬʘʡʣʠ: ʪʝʢʩʪʦʚʽ, ʘʢʫʩʪʠʯʥʽ, ʛʨʘʬʽʯʥʽ, ʧʨʦʛʨʘʤʥʽ, ʩʠʛʥʘʣʦʛʨʘʤʥʽ, 

ʩʧʝʮʽʘʣʴʥʽ, ʛʽʙʨʠʜʥʽ. ʊʦʤʫ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʽʥʬʦʨʤʘʮʽʾ ʧʨʘʢʪʠʢʘ ʝ-mail 

ʧʨʦʧʦʥʫʻ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʷʢ ʤʽʥʽʤʫʤ ʪʨʠ ʦʨʛʘʥʽʟʘʮʽʡʥʽ ʧʘʧʢʠ: ʚʭʽʜʥʽ ʬʘʡʣʠ, 

ʚʠʭʽʜʥʽ ʚʽʜʧʦʚʽʜʽ ʡ ʢʦʧʽʾ ʥʘ ʱʦ ʨʝʘʛʫʚʘʣʠ; ʟʘʭʠʩʥʽ ʥʘ ʦʟʥʘʯʝʥʠʡ ʪʝʨʤʽʥ 

ʟʙʝʨʽʛʘʥʥʷ, ʟʘʩʪʦʩʫʚʘʥʥʷ, ʫʪʠʣʽʟʘʮʽʾ. ʄʦʞʣʠʚʽ ʱʝ ʡ ʽʥʰʽ ʜʦʧʦʤʽʞʥʽ, ʥʘʧʨʠʢʣʘʜ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ: ʪʝʤʘʪʠʯʥʽ; ʘʜʨʝʩʥʽ; ʧʨʝʜʤʝʪʥʽ; ʩʧʝʮ ʜʦʢʫʤʝʥʪʠ; ʩʪʘʪʠʩʪʠʯʥʽ; 

ʬʽʣʴʪʨʫʚʘʣʴʥʘ ʦʙʨʦʙʢʘ; ʢʘʪʘʣʦʛʠ, ʜʦʚʽʜʥʠʢʠ ʪʦʱʦ. ʉʘʤʝ ʪʦʤʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʇɸʂ ʂʄ-ʇɼ. ɺʽʥ ʟʘ ʩʪʘʥʜʘʨʪʘʤʠ Internet ʟʘʩʪʦʩʦʚʫʻ ʚʩʽ ʟʘʩʦʙʠ ɯʊ. ʅʘ ʨʽʟʥʠʭ 

ʩʝʤʽʦʪʠʯʥʦ-ʣʽʥʛʚʽʩʪʠʯʥʠʭ ʤʦʚʘʭ ʚʽʜʧʨʘʚʥʠʢʽʚ-ʩʧʽʚʚʠʢʦʥʘʚʮʽʚ [2, 11, 21-24] ʫ 

ʤʝʞʘʭ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ  ʤʦʞʣʠʚʘ ʦʙʨʦʙʢʘ ʟʘʜʘʥʠʭ ʟ ʦʧʠʩʽʚ Big Data.  

ʊʝʤʘʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʪʨʠʤʘʥʠʭ (ʦʧʝʨʘʪʠʚʥʦ ʯʠ ʥʘʢʦʧʠʯʝʥʠʭ ʟʘ 

ʪʨʠʚʘʣʠʡ ʯʘʩ HMI ʜʽʘʣʦʛʽʚ) ʧʦʚʽʜʦʤʣʝʥʴ ʨʝʘʣʽʟʫʻʪʴʩʷ ʜʘʣʽ ʟʘ ʨʦʟʨʦʙʣʝʥʠʤʠ 

ʤʝʪʦʜʘʤʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʥʘ ʧʨʠʥʮʠʧʘʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʧʝʮ ʇɯʄ. ɺʦʥʠ ʧʦʪʨʽʙʥʽ 

ʜʣʷ ʨʦʙʦʪʠ ʚ ʜʠʩʢʨʝʪʥʦʤʫ ʙʽʥʘʨʥʦʤʫ ʧʨʦʩʪʦʨʽ ʢʦʜʽʚ. ʂʦʞʥʝ ʜʚʽʡʢʦʚʝ ʂʄ-ʇɼ 

ʩʣʦʚʦ ʫ ʧʦʪʦʮʽ ʜʘʥʠʭ ɯʊ ʚ ʫʥʽʬʽʢʦʚʘʥʦʤʫ ʚʠʛʣʷʜʽ ʚ ʮʴʦʤʫ ʧʨʦʩʪʦʨʽ ʤʘʻ ʦʧʠʩ: 

ὓ ς ȟᶅὭ ρȟὔ, (2.1) 

ʜʝ ὓ  - ʢʦʜʦʚʘʥʝ ʧʦʥʷʪʪʷ ʽ ʩʣʦʚʘ (ʩʣʦʚʦʩʧʦʣʫʯʝʥʥʷ, ʪʝʢʩʪʫ, ʦʙôʻʢʪʘ ɯʊ); 

2 ï ʜʚʽʡʢʦʚʘ ʧʦʟʠʮʽʷ ʦʩʥʦʚʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʘʟʠ {0,1} ʫ ʟʥʘʢʦʨʦʟʨʷʜʽ;  

ὑ - ʢʽʣʴʢʽʩʪʴ ʙʽʪʽʚ ʜʣʷ ʦʧʠʩʫ ὓ  ʟʘ ʩʪʘʥʜʘʨʪʘʤʠ ʨʦʟʤʽʨʽʚ ʨʝʛʽʩʪʨʽʚ. 

ʇʨʝʜʠʢʘʪʠʚʥʠʡ ʩʪʠʩʣʠʡ j ʢʦʜ-ʦʧʠʩ ʇɯʄj ʤʘʻ ʪʘʢʫ ʩʪʨʫʢʪʫʨʫ 

ὖ”ȟὛȟὨ ς ȟᶅὮ ρȟάȟά ὑȟ (2.2) 

ʜʝ ὖ”ȟὛȟὨ - ʬʦʨʤʘʣʴʥʦ ʩʧʝʮʠʬʽʯʥʠʡ ʧʨʝʜʠʢʘʪʠʚʥʠʡ ʦʧʠʩ ʟ ʦʙʤʝʞʝʥʠʤ 

ʢʦʣʦʤ ʚʣʘʩʪʠʚʦʩʪʝʡ ά ὑ, ʘʣʝ ʷʢʠʡ ʛʘʨʘʥʪʫʻ IAS ʦʜʥʦʟʥʘʯʥʠʡ ʧʝʨʝʭʽʜ ʤʽʞ 

ʙʫʜʴ-ʷʢʠʤʠ ʜʚʦʤʘ ʟʚôʷʟʘʥʠʤʠ ʩʪʘʥʘʤʠ ɸʈɯ ʥʘ ʤʝʞʘʭ ʅʄɯ [2, 11, 21-24]. 
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2.1.2. ʇʦʥʷʪʽʡʥʠʡ ʘʧʘʨʘʪ ʦʧʠʩʫ ʟʘʜʘʯ ʤʦʜʝʣʶʚʘʥʥʷ ʟʛʽʜʥʦ ʟʘʤʦʚʣʝʥʴ 

ʥʘ ʩʪʚʦʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʽʥʩʪʨʫʤʝʥʪʘʤʠ ʂʄ-ʇɼ ʜʦʩʣʽʜʞʝʥʴ ʇʌʄ ʙʘʟʫʻʪʴʩʷ ʥʘ ʨʷʜ̔ 

ʤʝʪʦʜʽʚ ʟʘ ʘʣʛʝʙʨʘʾʯʥʠʤʠ ʦʙʯʠʩʣʝʥʥʷʤʠ (ὉᴼὉ) ʝʪʘʧʘʤʠ ʊʇʄ. 

ɽ1 ï ʄʝʪʦʜʠʢʘ ʩʠʤʚʦʣʴʥʠʭ ʦʙʯʠʩʣʝʥʴ ʚ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʤʫ ʘʥʘʣʽʟʽ. 

ɸʣʛʦʨʠʪʤʽʯʥʽ ʦʙʯʠʩʣʝʥʥʷ ʟʘʩʦʙʘʤʠ ɯʊ ʟ ʤʝʪʦʶ ʦʮʽʥʶʚʘʥʥʷ ʟʤʽʥʠ ʝʥʪʨʦʧʽʾ 

ʚʽʜʦʙʨʘʞʘʶʪʴ ʦʩʦʙʣʠʚʦʩʪʽ ʨʽʟʥʠʭ ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʬʦʨʤʫʚʘʥʥʷ ʇʌʄ. 

ʇʨʠ ʧʝʨʝʭʦʜʽ ʟ ʩʪʘʥʫ 1S  ʚ ʩʪʘʥ 2S  ʟʤʽʥʘ ʝʥʪʨʦʧʽʾ dSʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʜʦʤʠʤ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ [14, 156], ʜʝ ʟʥʘʢ ʨʽʚʥʦʩʪʽ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʦʙʦʨʦʪʥʦʛʦ ʧʨʦʮʝʩʫ, 

ʘ ʟʥʘʢ ʥʝʨʽʚʥʦʩʪʽ ï ʜʦ ʥʝʦʙʦʨʦʪʥʦʛʦ. 

ὨὛ . (2.3) 

ʋ ʟʚôʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʧʨʠ ʧʨʦʪʽʢʘʥʥʽ ʷʢ ʦʙʦʨʦʪʥʦʛʦ ʪʘʢ ʽ ʥʝʦʙʦʨʦʪʥʦʛʦ 

ʧʨʦʮʝʩʫ, ʝʥʪʨʦʧʽʷ ʻ ʬʫʥʢʮʽʻʶ ʩʪʘʥʫ, ʤʦʜʫʣʴ ʘʙʦ ʾʾ ʯʠʩʝʣʴʥʘ ʟʤʽʥʘ ʦʜʥʘʢʦʚʘ. ɼʣʷ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʢʽʥʮʝʚʦʾ ʟʤʽʥʠ ʝʥʪʨʦʧʽʾ ʥʝʦʙʭʽʜʥʦ ʢʦʨʠʩʪʫʚʘʪʠʩʴ ʤʘʪʝʤʘʪʠʯʥʠʤʠ 

ʬʦʨʤʫʣʘʤʠ ʜʣʷ ʟʚʦʨʦʪʥʠʭ ʧʨʦʮʝʩʽʚ, ʪʘʢ ʷʢ ʪʽʣʴʢʠ ʫ ʚʠʧʘʜʢʫ ʤʦʞʣʠʚʠʭ 

ʦʙʦʨʦʪʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʚʠʨʘʟʽ (2.1) ʩʪʦʾʪʴ ʟʥʘʢ ʨʽʚʥʦʩʪʽ.  

ɿʤʽʥʘ ʝʥʪʨʦʧʽʾ ʚ ʩʢʣʘʜʥʦʤʫ ʧʨʦʮʝʩʽ ʩʠʥʪʝʟʫ ʤʦʣʝʢʫʣ ʜʦʨʽʚʥʶʻ ʩʫʤʽ ʟʤʽʥ 

ʝʥʪʨʦʧʽʾ ʚ ʦʢʨʝʤʠʭ ʩʪʘʜʽʷʭ ʧʨʦʮʝʩʫ. ʇʨʠ ʷʢʽʡ-ʥʝʙʫʜʴ ʦʜʥʽʡ ʨʝʧʝʨʥʦ ʬʽʢʩʦʚʘʥʦʾ 

ʪʝʤʧʝʨʘʪʫʨʽ ʘʙʩʦʣʶʪʥʝ ʟʥʘʯʝʥʥʷ ʝʥʪʨʦʧʽʾ ʙʫʜʴ-ʷʢʦʾ ʨʝʯʦʚʠʥʠ ʤʦʞʥʘ 

ʨʦʟʨʘʭʫʚʘʪʠ, ʷʢʱʦ ʚʽʜʦʤʘ ʘʙʩʦʣʶʪʥʘ ʚʝʣʠʯʠʥʘ ʝʥʪʨʦʧʽʾ 3: 

2 1S S S= +D. (2.4) 

ɿʥʘʯʝʥʥʷ 1S  ʟʘʟʚʠʯʘʡ ʟʥʘʭʦʜʷʪʴ, ʥʘʧʨʠʢʣʘʜ, ʟ ʜʦʚʽʜʢʦʚʠʭ ʪʘʙʣʠʮʴ ʧʨʠ 

25Áʉ ʽ ʩʪʘʥʜʘʨʪʥʦʤʫ ʪʠʩʢʫ 1 ʘʪʤ [156]. 

ɿʤʽʥʘ ʝʥʪʨʦʧʽʾ ʦʙʯʠʩʣʶʶʪʴ ʟʘ ʘʣʛʦʨʠʪʤʦʤ ʊʇʄ ʡ ʪʘʢʠʤʠ ʨʽʚʥʷʥʥʷʤʠ: 

1. ɿʤʽʥʘ ʝʥʪʨʦʧʽʾ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ n ʤʦʣʝʡ ʙʫʜʴ-ʷʢʦʾ ʨʝʯʦʚʠʥʠ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ ʃ ʜʦ ʃ ʧʨʠ ʈ = const ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

Ў3  3 3  Î᷿ . (2.5) 

ʗʢʱʦ ʟʘʣʝʞʥʽʩʪʴ #Ð ʚʽʜ ʃ ʪʝʤʧʝʨʘʪʫʨʠ ʦʧʠʩʫʻʪʴʩʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦ, ʪʦ 

ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ ʥʘʧʨʠʢʣʘʜ, ʚʠʨʘʟ 
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#Ð Á  Âʃ  ̒ʃ, (2.6) 

ʜʣʷ n ʤʦʣʝʡ ʨʝʯʦʚʠʥʠ ʦʪʨʠʤʫʻʤʦ ʟʤʽʥʫ ʝʥʪʨʦʧʽʾ 

Ў3  ςȟσπσÎÁÌÇ  ÎÂʃ ʃ   Î ʃ ʃ . (2.7) 

ɽ2 ï ʄʝʪʦʜ ʟʤʽʥʠ ʽʟʦʙʘʨʥʦʛʦ ʪʘ ʽʟʦʭʦʨʥʦʛʦ ʧʦʪʝʥʮʽʘʣʽʚ. ʇʨʠʨʽʩʪ 

ʽʟʦʙʘʨʥʦʛʦ ʪʘ ʽʟʦʭʦʨʥʦʛʦ ʧʦʪʝʥʮʽʘʣʽʚ ʚ ʨʽʟʥʠʭ ʧʨʦʮʝʩʘʭ ʧʨʠ ʧʦʩʪʽʡʥʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ ʤʦʞʝ ʙʫʪʠ ʨʦʟʨʘʭʦʚʘʥʠʡ ʟʘ ʬʦʨʤʫʣʘʤʠ: 

ЎὋ ЎὌ —ЎὛȟ ʚʽʜʧʦʚʽʜʥʦ ЎὊ ЎὟ —ЎὛ. (2.8) 

ʈʦʟʨʘʭʫʥʦʢ ʟʤʽʥʠ ʽʟʦʙʘʨʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ ʧʦ ʟʥʘʯʝʥʥʷʤ 

ʩʪʘʥʜʘʨʪʥʠʭ ʝʥʪʘʣʴʧʽʾ ʪʘ ʝʥʪʨʦʧʽʾ. 

ɿʤʽʥʘ ʽʟʦʙʘʨʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ ʤʦʞʥʘ ʧʽʜʨʘʭʫʚʘʪʠ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʪʘʥʜʘʨʪʥʠʭ ʪʘʙʣʠʮʴ [79, 82, 83, 156] ʧʦ ʨʽʚʥʷʥʥʷʤ: 

Ў'  Ў( ʃЎ3, (2.9) 

ʜʝ 

Ў( ВЎ(̐ ̑̏̅ВЎ(̉ ̖̒, (2.10) 

ʪʘ 

Ў3 Ў3̐̑̏̅ Ў3̉̒Ȣ̖ 
(2.11) 

ɽ3 ï ɿʘʛʘʣʴʥʽ ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʘʜʽʘʙʘʪʠʯʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ. ɺ ʦʩʥʦʚʽ 

ʨʦʟʨʘʭʫʥʢʫ ʣʝʞʠʪʴ ʧʦʩʪʫʣʘʪ, ʱʦ ʚʩʝ ʪʝʧʣʦ, ʷʢʝ ʚʠʜʽʣʷʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʛʦʨʽʥʥʷ, ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʥʘʛʨʽʚʘʥʥʷ ʧʨʦʜʫʢʪʽʚ ʨʝʘʢʮʽʾ. ʊʦʜʽ ʟʘ ʘʜʽʘʙʘʪʠʯʥʫ 

ʪʝʤʧʝʨʘʪʫʨʫ ʛʦʨʽʥʥʷ ʧʨʠʡʤʘʻʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʧʨʠ ʷʢʽʡ ʯʠʩʣʦʚʝ ʟʥʘʯʝʥʥʷ 

ʝʥʪʘʣʴʧʽʾ ʧʨʦʜʫʢʪʽʚ ʟʛʦʨʘʥʥʷ ʩʧʽʚʧʘʜʘʻ ʟ ʪʝʧʣʦʚʠʤ ʝʬʝʢʪʦʤ ʨʝʘʢʮʽʾ [156]. 

ʈʦʟʨʘʭʫʥʢʠ ʧʨʦʚʦʜʷʪʴʩʷ, ʚʠʭʦʜʷʯʠ ʟ ʥʘʩʪʫʧʥʠʭ ʪʨʴʦʭ ʧʨʠʧʫʱʝʥʴ: 

1) ʩʢʣʘʜ ʧʨʦʜʫʢʪʽʚ ʨʝʘʢʮʽʾ ʪʦʯʥʦ ʚʽʜʦʤʠʡ; 

2) ʛʦʨʽʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʪʠʩʢʫ; 

3) ʚʩʝ ʪʝʧʣʦ, ʷʢʝ ʚʠʜʽʣʷʻʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʨʝʘʢʮʽʾ, ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ 

ʥʘʛʨʽʚʘʥʥʷ ʧʨʦʜʫʢʪʽʚ , ʱʦ ʫ ʩʧʽʣʴʥʦʤʫ ʦʙôʻʤʽ ʇʏʂ. 

ɽ4 ï ɽʥʪʘʣʴʧʽʡʥʠʡ ʤʝʪʦʜ ʚ ʫʤʦʚʘʭ ʘʜʽʘʙʘʪʠʯʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 

ʛʦʨʽʥʥʷ. ʈʦʟʨʘʭʫʥʦʢ ʘʜʽʘʙʘʪʠʯʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʝʥʪʘʣʴʧʽʡʥʠʤ ʤʝʪʦʜʦʤ 

ʧʨʦʚʦʜʷʪʴ, ʨʫʭʘʶʯʠʩʴ ʧʦ ʪʘʢ ʟʚʘʥʠʤ çʢʨʠʪʠʯʥʠʤ ʪʦʯʢʘʤè ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʽʡ ʦʩʽ. 
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çʂʨʠʪʠʯʥʽ ʪʦʯʢʠè ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʥʘʯʝʥʥʷʤ ʃ ʪʝʤʧʝʨʘʪʫʨ ʧʦʣʽʤʦʨʬʥʠʭ ʪʘ 

ʬʘʟʦʚʠʭ ʧʝʨʝʭʦʜʽʚ ʧʨʦʜʫʢʪʽʚ ʨʝʘʢʮʽʾ ʩʠʥʪʝʟʫ. ʊʘʢʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʽʚ 

ʦʙʫʤʦʚʣʝʥʘ ʪʠʤ, ʱʦ ʚ çʢʨʠʪʠʯʥʠʭ ʪʦʯʢʘʭè ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʥʘ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚ 

ʨʽʚʥʷʥʥʽ ʟʘʣʝʞʥʦʩʪʽ ʪʝʧʣʦʻʤʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʪʨʘʯʘʥʥʷ 

ʪʝʧʣʘ ʥʘ ʬʘʟʦʚʽ (ʧʦʣʽʤʦʨʬʥʽ) ʧʝʨʝʭʦʜʠ [107-150]. 

ʈʦʟʨʘʭʫʥʦʢ ʟʜʽʡʩʥʶʻʪʴʩʷ ʂʄ-ʇɼ ʟʘ ʥʘʩʪʫʧʥʠʤʠ ʧʽʜʝʪʘʧʘʤʠ: 

ʇʝʨʰʠʡ ʨʦʟʨʘʭʫʥʦʢ ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʣʷʭʦʤ ʚʧʦʨʷʜʢʫʚʘʥʥʷ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ 

ʚ ʧʦʨʷʜʢʫ ʫʧʦʨʷʜʢʦʚʘʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʟʥʘʯʝʥʴ çʢʨʠʪʠʯʥʠʭ ʪʝʤʧʝʨʘʪʫʨè. 

ɺʠʟʥʘʯʘʶʪʴ ʛʨʘʥʠʮʽ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʽʥʪʝʨʚʘʣʽʚ —, ʚ ʷʢʠʭ ʙʫʜʫʪʴ 

ʨʦʟʨʘʭʦʚʫʚʘʪʠʩʴ ʟʤʽʥʠ ʝʥʪʘʣʴʧʽʾ ʧʨʦʜʫʢʪʽʚ ʨʝʘʢʮʽʾ [107-150]. 

ɼʨʫʛʠʡ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʪʝʧʣʦʚʦʛʦ ʝʬʝʢʪʫ ʨʝʘʢʮʽʾ ὗ ʟʘ ʟʘʢʦʥʦʤ ɻʝʩʘ. 

ʊʨʝʪʽʡ ʜʣʷ ʨʘʭʫʥʢʫ ʟʤʽʥʠ ЎὌ ʝʥʪʘʣʴʧʽʾ ʧʨʦʜʫʢʪʽʚ ʨʝʘʢʮʽʾ ʚ ʢʦʞʥʦʤʫ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʽʥʪʝʨʚʘʣʽ, ʧʦʯʠʥʘʶʯʠ ʟ ʧʝʨʰʦʛʦ. ʆʪʨʠʤʘʥʝ ʟʥʘʯʝʥʥʷ 

ʧʦʨʽʚʥʶʶʪʴ ʟ ʪʝʧʣʦʚʠʤ ʝʬʝʢʪʦʤ ʨʝʘʢʮʽʾ. ʗʢʱʦ ʨʦʟʨʘʭʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʟʤʽʥʠ 

ʝʥʪʘʣʴʧʽʾ ʧʝʨʝʚʠʱʫʻ ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʨʝʘʢʮʽʾ, ʚʚʘʞʘʶʪʴ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʥʠʡ 

ʽʥʪʝʨʚʘʣ, ʚ ʷʢʦʤʫ ʟʥʘʭʦʜʠʪʴʩʷ ʨʦʙʦʯʘ ʪʝʤʧʝʨʘʪʫʨʘ ʛʦʨʽʥʥʷ, ʜʦʩʪʦʚʽʨʥʦ 

ʚʠʟʥʘʯʝʥʘ [107-150]. ɺ ʢʦʥʢʨʝʪʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ ʇɸʂ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʜʚʘ 

ʚʠʧʘʜʢʠ, ʚ ʷʢʠʭ: ʪʝʤʧʝʨʘʪʫʨʘ aq ʣʽʤʽʪʫʻʪʴʩʷ ʪʝʧʣʦʪʦʶ ʨʦʙʦʯʦʛʦ ʟʛʦʨʘʥʥʷ (ʨʠʩ. 

2.2, ʘ); ʪʝʧʣʦʪʦʶ 
fHD ʬʘʟʦʚʦʛʦ ʧʨʦʮʝʩʫ ʧʝʨʝʭʦʜʫ ʩʪʨʠʙʢʦʤ (ʨʠʩ. 2.2, ʙ) aq 

ʣʽʤʽʪʫʻʪʴʩʷ ʽʥʰʘ ʪʝʤʧʝʨʘʪʫʨʘ [107-150]. 

 

ʈʠʩʫʥʦʢ 2.2 - ɯʣʶʩʪʨʘʮʽʷ ʜʦ ʨʦʟʨʘʭʫʥʢʫ ʘʜʽʘʙʘʪʠʯʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 0q: ʘ ï 

ʪʝʤʧʝʨʘʪʫʨʘ ʨʝʘʢʮʽʾ ʣʽʤʽʪʫʻʪʴʩʷ ʪʝʧʣʦʪʦʶ ʟʛʦʨʘʥʥʷ; ʙ ï ʪʝʤʧʝʨʘʪʫʨʘ ʛʦʨʽʥʥʷ 

ʣʽʤʽʪʫʻʪʴʩʷ ʪʝʧʣʦʪʦʶ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʦʜʥʦʛʦ ʟ ʧʨʦʜʫʢʪʽʚ ʟʛʦʨʘʥʥʷ; 1 -
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ʪʝʧʣʦʪʘ ʨʝʘʢʮʽʾ ʛʦʨʽʥʥʷ ʧʦ ʨʽʚʥʷʥʥʶ ɻʝʩʘ; Ў( - ʟʤʽʥʘ ʝʥʪʘʣʴʧʽʾ ʧʨʦʜʫʢʪʽʚ 

ʨʝʘʢʮʽʾ ʧʦ ʨʽʚʥʷʥʥʶ ʂʽʨʛʦʬʘ; ʃ - çʢʨʠʪʠʯʥʘ ʪʦʯʢʘè; ʃ ï ʘʜʽʘʙʘʪʠʯʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʨʝʘʢʮʽʾ ʛʦʨʽʥʥʷ; Ў( - ʪʝʧʣʦʪʘ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʦʜʥʦʛʦ ʟ 

ʧʨʦʜʫʢʪʽʚ ʨʝʘʢʮʽʾ. 

 

ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ 0q  ʪʝʤʧʝʨʘʪʫʨʘ ʟʛʦʨʘʥʥʷ ʣʽʤʽʪʫʻʪʴʩʷ ʪʝʧʣʦʪʦʶ ʟʛʦʨʘʥʥʷ, 

ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 0

aq  ʪʝʤʧʝʨʘʪʫʨʠ ʛʦʨʽʥʥʷ ʥʝʦʙʭʽʜʥʦ ʦʙʯʠʩʣʠʪʠ ʨʽʚʥʷʥʥʷ: 

1 Ў( В ʊ᷿ #Ä1, (2.12) 

ʜʝ ʃ - ʰʫʢʘʥʘ ʘʜʽʘʙʘʪʠʯʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʟʛʦʨʘʥʥʷ; 

ʃ - ʣʽʚʘ ʛʨʘʥʠʮʷ ʨʦʟʛʣʷʥʫʪʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʽʥʪʝʨʚʘʣʫ; 

Ў( - ʪʝʧʣʦ, ʱʦ ʚ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ 298-ʃ ʧʦʛʣʠʥʘʻʪʴʩʷ ʧʨʦʜʫʢʪʘʤʠ ʨʝʘʢʮʽʾ; 

ʊ - ʩʪʝʭʽʦʤʝʪʨʠʯʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʧʝʨʝʜ ʧʨʦʜʫʢʪʘʤʠ ʨʝʘʢʮʽʾ ʛʦʨʽʥʥʷ; 

nï ʢʽʣʴʢʽʩʪʴ ʧʨʦʜʫʢʪʽʚ ʢʦʥʢʨʝʪʥʦʾ ʨʝʘʢʮʽʾ ʟʛʦʨʘʥʥʷ.  

ʈʦʟʚôʷʟʦʢ (2.12) ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʛʨʘʬʽʯʥʠʤ ʪʘ ʘʥʘʣʽʪʠʯʥʠʤ ʤʝʪʦʜʘʤʠ. 

ɻʨʘʬʽʯʥʦ ʨʦʟʚôʷʟʦʢ ʨʽʚʥʷʥʥʷ (2.12) ʦʪʨʠʤʫʻʪʴʩʷ ʧʦʙʫʜʦʚʦʶ ʢʨʠʚʦʾ 

ʧʦʛʣʠʥʘʶʯʦʛʦ ʨʝʯʦʚʠʥʦʶ ʪʝʧʣʘ ʚ ʨʦʟʛʣʷʥʫʪʦʤʫ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ. ʊʦʯʢʘ 

ʧʝʨʝʪʠʥʫ ʢʨʠʚʦʾ ʟ ʛʦʨʠʟʦʥʪʘʣʣʶ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʪʝʧʣʦʚʦʤʫ ʝʬʝʢʪʫ ʨʝʘʢʮʽʾ, 

ʚʠʟʥʘʯʘʻ ʰʫʢʘʥʫ 0q  ʪʝʤʧʝʨʘʪʫʨʫ. ɼʘʥʠʡ ʤʝʪʦʜ [156] ʚʠʢʣʶʯʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʧʨʦʚʝʜʝʥʥʷ ʪʨʫʜʦʤʽʩʪʢʦʛʦ ʽʥʪʝʛʨʫʚʘʥʥʷ (2.12) ʪʘ ʦʩʦʙʣʠʚʦ ʟʨʫʯʥʠʡ, ʢʦʣʠ 

ʧʨʦʜʫʢʪʦʤ ʨʝʘʢʮʽʾ ʷʚʣʷʻʪʴʩʷ ʦʜʥʘ ʮʽʣʴʦʚʘ ʨʝʯʦʚʠʥʘ ʜʣʷ ʇʌʄ. 

ʑʦʙ ʝʤʧʽʨʠʯʥʦ ʦʮʽʥʠʪʠ ʤʝʭʘʥʽʟʤ ʨʝʘʢʮʽʾ ʇɸʂ ʥʝʦʙʭʽʜʥʦ, ʥʘʧʨʠʢʣʘʜ, 

ʧʦʨʘʭʫʚʘʪʠ ʘʜʽʘʙʘʪʠʯʥʫ ʪʝʤʧʝʨʘʪʫʨʫ. ɺ ʟʘʣʝʞʥʦʩʪʽ [176, 181] ʚʽʜ ʘʜʽʘʙʘʪʠʯʥʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ, ʨʝʘʢʮʽʷ ʚ ʜʘʥʽʡ ʩʠʩʪʝʤʽ ʤʦʞʝ ʡʪʠ ʟʘ ʥʘʩʪʫʧʥʠʤʠ ʤʝʭʘʥʽʟʤʘʤʠ: 

ʧʨʠ — ρπππ˗ - ʛʦʨʽʥʥʷ ʚ ʩʠʩʪʝʤʽ ʚʽʜʩʫʪʥʻ ʽ ʩʠʥʪʝʟ ʥʝʤʦʞʣʠʚʠʡ, 

ʧʨʠ — ρπππ˗ - ʨʝʘʢʮʽʷ ʤʦʞʣʠʚʘ, ʡʜʝ ʛʦʨʽʥʥʷ, 

ʧʨʠ — ρψππ˗ - ʨʝʘʢʮʽʷ ʡʜʝ ʤʝʪʦʜʦʤ ʉɺʉ. 

ɽ5 ï ʄʝʪʦʜ ʽʥʪʝʛʨʦʚʘʥʦʾ ʦʮʽʥʢʠ ʧʦ ʪʝʧʣʦʻʤʥʦʩʪʽ ʪʘ ʝʥʪʘʣʴʧʽʾ 

ʘʜʽʘʙʘʪʠʯʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ. ʂʦʥʪʨʦʣʴʥʽ ʟʥʘʯʝʥʥʷ ʻ ʚʘʞʣʠʚʠʤʠ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ɺʦʥʠ ʜʦʟʚʦʣʷʶʪʴ ʧʝʨʝʢʦʥʘʪʠʩʴ ʚ ʪʦʤʫ, ʷʢʠʤ 

ʩʘʤʝ ʧʨʦʮʝʩʦʤ ʡʜʝ ʨʝʘʢʮʽʷ. ʇʨʠʢʣʘʜ, ʜʦʟʚʦʣʷʻ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʨʝʘʢʮʽʾ ʛʦʨʽʥʥʷ 
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ʙʫʜʫʪʴ ʽʪʠ ʩʘʤʦʩʪʽʡʥʦ, ʷʢʱʦ ʝʤʧʽʨʠʯʥʦ ʘʜʽʘʙʘʪʠʯʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʙʽʣʴʰʝ 1800 ʂ. 

ɸʜʽʘʙʘʪʠʯʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ 

ʜʘʥʠʭ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʨʽʚʥʷʥʥʷʤ [107-150]:  

Ў( ᷿ #Ä1. (2.13) 

 

ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʨʝʘʢʮʽʡ (Æ#φ"O (Æ" "# , ʷʢ ʩʘʤʝ ʙʫʜʝ ʧʝʨʝʙʽʛʘʪʠ 

ʧʨʦʮʝʩ ʨʦʙʠʤʦ ʫʪʦʯʥʝʥʥʷ, (ʨʠʩ. 2.2) ʘʜʽʘʙʘʪʠʯʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ.  

ʊʘʙʣʠʮʷ 2.2 - ʊʝʨʤʽʯʥʽ ʢʦʥʩʪʘʥʪʠ ʚʠʭʽʜʥʠʭ ʨʝʯʦʚʠʥ  

ʌʦʨʤʫʣʘ 

ʨʝʯʦʚʠʥʠ 

 

dH   

ɼʞ/ʤʦʣʴ 

 

dS 

ɼʞ/(ʤʦʣʴ*ʂ) 

 

Cp  

ɼʞ/(ʤʦʣʴ*ʂ) 

 

Cp = a+bT+cT-2 ɼʞ/(ʤʦʣʴ*ʂ) 

 

a B C 

C 0,00 5,74 8,54 17,1700000 0,0042700 -879000,00 

B 0,00 6,53 11,97 16,0560000 0,0100100 -628000,00 

B4C -62000,00 27,11 52,84 96,6190000 0,0219400 -4501000,00 

HfC -219240,00 -8,37 54,60 43,1789000 0,0066693 0,00 

HfB2 -358150,00 -8,79 49,75 73,7700000 0,0078115 -2301600,00 

 

ʊʝʧʣʦʪʘ ʨʝʘʢʮʽʾ ʚʟʘʻʤʦʜʽʾ (Æ# ̈ φ" ʜʦʨʽʚʥʶʻ 

ὗ ЎὌ ςππωρπˑ̇. 

ʂʽʣʴʢʽʩʪʴ ʪʝʧʣʘ ʦʮʽʥʶʻʤʦ ʨʽʚʥʷʥʥʷʤ: 

ЎὌ ᷿ ὅὨὗ — ςωψὥ — ςωψ , 

 

ЎὌ ᷿ ὅὨ— ρχπȟσψω— ςωψπȟπρτψχυχυ— ςωψ

— ςωψ. 

 

ɸʜʽʘʙʘʪʠʯʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʜʦʨʽʚʥʶʻ 1250ʂ (ʨʠʩ. 2.2), ʮʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, 

ʱʦ ʨʝʘʢʮʽʷ ʤʦʞʣʠʚʘ. ɺʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʮʝʩ ʪʚʝʨʜʦʬʘʟʥʦʛʦ  ʛʦʨʽʥʥʷ, ʘʣʝ ʦʟʥʘʯʠʪʠ 

çʡʜʝ ʮʷ ʨʝʘʢʮʽʷ ʟʘ ʤʝʭʘʥʽʟʤʦʤ ʉɺʉ ʯʠ ʥʽè - ʚʘʞʢʦ, ʧʨʦʪʝ, ʚʽʥ, ʷʢ ʧʦʢʘʟʫʶʪʴ 

ʧʦʜʘʣʴʰʽ ʝʢʩʧʝʨʠʤʝʥʪʠ, ʥʝ ʻ ʩʘʤʦʧʦʰʠʨʶʶʯʠʤ [107-150, 156]. 
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ʈʠʩʫʥʦʢ 2.3 ï ʇʨʠʢʣʘʜ ʟʛʽʜʥʦ ʟʘʚʜʘʥʥʷ. ʈʦʟʨʘʭʫʥʦʢ ʘʜʽʘʙʘʪʠʯʥʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ 

ʂʦʤʧʣʝʢʩʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʨʝʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʧʝʨʝʪʚʦʨʝʥʥʷ (ʢʝʨʦʚʘʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ ʥʘ ʚʩʽʭ ʽʻʨʘʨʭʽʯʥʠʭ ʨʽʚʥʷʭ ʦʨʛʘʥʽʟʘʮʽʾ ʦʨʠʛʽʥʘʣʴʥʠʭ ʦʙôʻʢʪʽʚ) 

ʨʝʘʣʽʟʘʮʽʾ ʰʣʷʭʦʤ ʩʪʚʦʨʝʥʥʷ ʧʦʝʪʘʧʥʠʭ, ʧʦʢʘʟʦʚʠʭ, ʧʦʯʝʨʛʦʚʠʭ, ʧʦʜʽʙʥʠʭ 

ʚʽʜʦʙʨʘʞʝʥʴ ʥʘ ʤʦʜʝʣʷʭ ʻʜʠʥʦʛʦ ʇɸʂ ʟʘ ʥʘʧʨʷʤʦʤ ʜʦʩʣʽʜʞʝʥʥʷ [107-150]. 

ʊʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʂʄ-ʇɼ ʢʣʘʩʠʬʽʢʦʚʘʥʦ ʥʘ ʪʨʠ ʥʘʩʪʫʧʥʽ ʝʪʘʧʠ: 

1. ɸʨʭʽʚʥʽ ʤʦʜʝʣʽ: ʘʪʝʩʪʘʮʽʡʥʽ, ʪʠʧʦʚʽ ʪʘ ʪʨʠʚʽʘʣʴʥʽ ʚʽʜʧʦʚʽʣʦ 

ʩʪʘʥʜʘʨʪʫ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʡʙʽʣʴʰ ʝʣʝʤʝʥʪʘʨʥʠʭ ʢʦʤʧʦʥʝʥʪ. ɼʣʷ ɯʊ ʮʝ ʤʦʞʫʪʴ 

ʙʫʪʠ: ʤʥʦʞʠʥʠ ʤʘʪʝʤʘʪʠʯʥʠʭ ʪʦʯʦʢ; ʝʣʝʤʝʥʪʠ ʛʨʫʧʦʚʠʭ ʪʘʙʣʠʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ɻʊʍ); ʥʘʡʙʽʣʴʰ ʧʦʚʥʠʡ ʦʧʠʩ ʫ ʚʠʛʣʷʜʽ ʘʪʨʠʙʫʪʠʚʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ (ʚʫʟʣʘ, ʚʝʨʰʠʥʠ, ʚʠʟʥʘʯʝʥʦʾ ʧʦʟʠʮʽʾ ʯʠ ʬʘʟʠ ʪʘ ʽʥʰʽ)ʢʦʥʢʨʝʪʥʦʾ 

(ʥʘʟʚʘʥʦʾ ʣʽʥʛʚʽʩʪʠʯʥʦ) ʪʦʯʢʠ [107-150]. 

2. ʈʦʟʨʘʭʫʥʢʦʚʦ-ʙʘʟʦʚʽ ʛʨʫʧʠ (ʈɹʄ) ʩʪʦʩʦʚʥʦ ʬʽʢʩʦʚʘʥʠʭ ʘʙʦ 

ʫʥʽʬʽʢʦʚʘʥʠʭ ʧʨʠʥʮʠʧʽʚ ʟôʻʜʥʘʥʥʷ (ʨʦʟôʻʜʥʘʥʥʷ ʪʦʯʦʢ, ʜʝ Q ʢʫʪʥʠʢʦʚʽ ʬʽʛʫʨʠ: 

ʨʝʙʨʘ, ʜʫʛʠ, ʣʽʥʽʾ ʜʣʷ ʜʚʦʭ ʪʦʯʦʢ ʧʦʯʘʪʢʫ ʪʘ ʢʽʥʮʷ; ʪʨʠʢʫʪʥʠʢʠ, ʯʦʪʠʨʠʢʫʪʥʠʢʠ 

ʪʘ ʜʘʣʽ ʙʫʜʴ-ʷʢʽ q ʢʫʪʥʠʢʠ, ʷʢʽ ʚ ʮʽʣʦʤʫ ʤʘʶʪʴ ʦʢʨʝʤʫ ʉʆʉ ʩʪʦʩʦʚʥʦ ʦʧʠʩʫ 

ʮʽʣʽʩʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʘ ʪʝʤʦʶ ʝʢʦʟʦʥʠ ɯʊʉ: ʛʝʥʝʨʘʪʦʨʠ, ʟôʻʜʥʫʚʘʯʽ, ʣʽʥʽʾ, 

ʰʠʥʠ, ʢʦʤʫʪʘʪʦʨʠ ʽʥʰʘ ʘʧʘʨʘʪʫʨʘ ʜʣʷ ʩʠʣʦʚʦʾ ʧʝʨʝʜʘʯʽ ʧʦʪʦʢʽʚ ʝʥʝʨʛʽʾ. 

3. ʈʦʙʦʯʽ ʦʧʝʨʘʪʠʚʥʽ ʤʦʜʝʣʽ (ʈʆʄ) ʉɼʉ ï ʢʦʥʢʨʝʪʥʠʭ ʪʠʧʦʚʠʭ 

ʤʝʨʝʞʥʠʭ ʬʨʘʛʤʝʥʪʽʚ ʚʠʟʥʘʯʝʥʠʭ ʧʨʘʢʪʠʢʦʶ ʨʦʟʨʘʭʫʥʢʽʚ ʜʣʷ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʨʝʘʣʴʥʠʭ ʦʙôʻʢʪʽʚ, ʷʢʽ ʚ ʨʝʤʦʥʪʥʠʭ ʨʦʙʦʪʘʭ ʟʘʩʪʦʩʦʚʫʶʪʴ ʇʌʄ. 
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ʋ ʇʏʂ ʉɼʉ ʟ ʘʢʪʠʚʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʪʝʧʣʘ AQ  ʜʣʷ ʨʽʚʥʷʥʴ ʪʝʨʤʦʜʠʥʘʤʽʢʠ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʌʄ) ʧʦʪʨʽʙʥʘ ʩʢʣʘʜʦʚʘ PQ , ʜʝ ʰʫʢʘʥʘ ʟʤʽʥʘ ʮʝ 

ʬʫʥʢʮʽʷ ʨʦʟʧʦʜʽʣʫ grad 0Cq  ʪʦʯʦʢ ʫ ʧʨʦʮʝʩʽ ʩʪʚʦʨʝʥʥʷ ʩʪʘʣʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʧʦʣʷ. ɿʘʜʘʯʽ ʚʨʘʭʫʚʘʥʥʷ ʉʆʉ ʬʘʢʪʦʨʽʚ ʯʘʩʦʚʦʛʦ ʚʧʣʠʚʫ ɿʅʆʉ ʩʧʦʯʘʪʢʫ 

ʦʪʨʠʤʘʥʥʷ ʦʧʠʩʫ ʷʚʥʠʭ ʫʤʦʚ ʧʦʪʨʝʙʫʶʪʴ ʬʦʨʤʠ ʂʦʰʽ [69, 106, 152]. 

( ) ( ) ( )

1 1

( , , , ) ( , , , )
i j

m n
t t t

A P

i j

d X
F x y z t F x y z t

dt = =

= -ä ää . (2.14) 

ɹʝʟʧʦʩʝʨʝʜʥʴʦ ʧʝʨʚʠʥʥʘ ʬʦʨʤʫʣʘ ʂʦʰʽ (2.14) ʥʝ ʤʦʞʝ ʙʫʪʠ ʨʦʟʚôʷʟʘʥʘ ʟ 

ʧʨʠʯʠʥ ʧʨʦʙʣʝʤʥʠʭ ʦʙʤʝʞʝʥʴ ʥʘ ʦʩʦʙʣʠʚʦʩʪʽ ɯʊ ʪʨʫʜʥʦʱʽ. ɺʦʥʠ ʟ ʯʦʪʠʨʴʦʭ 

ʢʣʘʩʠʬʽʢʦʚʘʥʠʭ ʦʧʠʩʽʚ ʥʘʩʪʫʧʥʽ [107-150]. 

01. ʌʫʥʢʮʽʾ 
AF  ʪʘ 

BF  ʥʝʣʽʥʽʡʥʽ ʪʘ ʟʘʜʘʥʽ ʚ ʥʝʷʚʥʦʤʫ (ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʥʝʚʠʟʥʘʯʝʥʦʤʫ ʙʝʟ ʽʪʝʨʘʮʽʾ) ʜʣʷ ʧʨʷʤʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʾʭ ʟʥʘʯʝʥʴ. 

02. ɺʟʘʻʤʦʜʽʷ ʤʽʞ ʬʫʥʢʮʽʷʤʠ 
AF  ʪʘ 

BF  ʟʘʣʝʞʠʪʴ ʫ ʢʦʞʥʫ ʤʠʪʴ ʯʘʩʫ ʚʽʜ 

ʨʝʘʣʴʥʠʭ ʯʘʩʦʚʠʭ ʟʤʽʥ ʧʦʟʠʮʽʡ ʪʘ ʩʪʘʥʽʚ ʩʢʣʘʜʦʚʠʭ ʦʙôʻʢʪʽʚ ʚʽʜʧʦʚʽʜʥʦ 

ʟʤʽʥʥʠʭ ʘʢʪʠʚʥʠʭ ʪʘ ʨʝʘʢʪʠʚʥʠʭ ʬʘʢʪʦʨʽʚ ʉɼʉ ʪʘ ɿʅʆʉ. 

03. ʂʦʞʥʘ ʧʨʠʨʦʜʥʘ ʬʦʨʤʘ CF  ʽʩʥʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʚʟʘʻʤʦʜʽʾ ʨʝʘʣʴʥʦ 

ʥʝʩʪʘʮʽʦʥʘʨʥʘ ʡ ʚʟʘʻʤʦʟʘʣʝʞʥʘ ʚʽʜ ʚʩʽʭ ʟʤʽʥʥʠʭ ʬʘʢʪʦʨʽʚ ʩʧʽʣʴʥʦʾ 

ʩʠʩʪʝʤʥʦʾ (ʩʪʨʫʢʪʫʨʥʦ-ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦ-ʢʽʥʝʤʘʪʠʯʥʦʾ) 

ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ, ʷʢʘ ʟʤʽʥʶʻʪʴʩʷ ʫ ʟʘʜʘʥʦʤʫ ʦʙôʻʤʽ ʇʏʂ. 

04. ʇʦʯʘʪʢʦʚʽ ʪʘ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʇʌʄ ʥʘ ʢʦʥʪʘʢʪʘʭ ʚʟʘʻʤʦʦʙʤʽʥʽʚ, ʜʝ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʨʠʯʠʥʥʽ ʜʽʾ ʪʘ ʥʘʩʣʽʜʢʦʚʽ ʧʨʦʪʠʜʽʾ (ʨʝʘʛʫʚʘʥʥʷ) ʪʘʢʦʞ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʦʩʪʦʨʦʚʠʭ 
BF  ʪʘ CF  ʢʦʦʨʜʠʥʘʪ (, ,x y z), ʷʢʽ ʟʤʽʥʶʶʪʴʩʷ ʟʘ 

ʯʘʩʦʤ t  ʪʘ ʚʘʨʽʶʶʪʴ ʟʤʽʥʠ ʩʪʘʥʽʚ ʤʘʪʝʨʽʘʣʴʥʠʭ ʦʙôʻʢʪʽʚ. 

ʊʦʜʽ ʤʘʻʤʦ ʻ ʨʝʟʫʣʴʪʘʪʠ ʢʦʥʢʨʝʪʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟʛʽʜʥʦ ʤʦʚʥʠʭ ʬʦʨʤ 

ʦʪʨʠʤʘʥʦʛʦ ʚʽʜ IAS ʟʘʜʘʯʥʦʛʦ ʟʘʚʜʘʥʥʷ (ʜʠʨʝʢʪʠʚʠ, ʥʘʢʘʟʠ, ʢʦʤʘʥʜʥʽ ʜʽʾ). 

ɻʦʣʦʚʥʽ ʢʨʠʪʝʨʽʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʟʘʩʦʙʽʚ ʂʄ-ʇɼ ʫ ʩʬʝʨʽ ɯʊ ʮʝ 

ʥʘʩʪʫʧʥʽ: ʪʦʯʥʽʩʪʴ, ʘʜʝʢʚʘʪʥʦʩʪʽ ʧʨʦʛʥʦʟʽʚ ʤʘʡʙʫʪʥʽʭ ʨʝʞʠʤʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʉɼʉ; ʰʚʠʜʢʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʊʊʈ ʙʝʟ ʟʘʡʚʠʭ ʟʘʪʨʠʤʦʢ ʯʘʩʫ ʥʘ ʪʨʠʚʘʣʽ 

ʦʯʽʢʫʚʘʥʥʷ; ʤʽʮʥʽʩʪʴ, ʥʘʜʽʡʥʽʩʪʴ ʇʌʄ ʙʝʟ ʤʦʞʣʠʚʠʭ ʧʦʤʠʣʦʢ IAS ʇɽɺʆ.  
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ʊʘʙʣʠʮʷ 2.3 ï ʈʝʩʫʨʩʠ ʦʙʽʟʥʘʥʦʩʪʽ ʫ ʚʠʛʣʷʜʽ TESIMFO (7 ʬʦʨʤ) 

ʚʽʜʧʦʚʽʜʥʠʭ ʦʧʠʩʽʚ ʥʘʜʘʻʤʦ ʚ ʪʘʙʣʠʯʥʽʡ ʬʦʨʤʽ. ʅʘʷʚʥʽ ɹɿ ʜʦʟʚʦʣʷʶʪʴ ʟʘ 

ʟʘʤʦʚʣʝʥʠʤʠ ʟʘʜʘʯʘʤʠ ʪʘ ʘʨʭʽʚʘʤʠ ʡ ʈɹʄ ʫ ʉʋɹɼ ʦʪʨʠʤʘʪʠ ʨʦʙʦʯʽ ʦʧʝʨʘʪʠʚʥʽ 

ʤʦʜʝʣʽ. ʅʘʧʨʠʢʣʘʜ: 

ˉʧ/ʧ ʂʦʜ ʉʦ ʅʘʜʙʫʜʦʚʘ ï ʜʦʜʘʪʢʠ 

1 T 3 ʏʘʩʦʚʘ ʩʠʪʫʘʪʠʚʥʽʩʪʴ (ʤʠʥʫʣʝ, ʟʘʨʘʟ, ʤʘʡʙʫʪʥʻ) 

2 E 4 

ɽʥʝʨʛʽʷ ʪʘ ʨʫʭ ʫ ʇʏʂ, ʧʦʜʦʣʘʥʥʷ ʚʽʜʩʪʘʥʽ Lr, ʧʝʨʝʤʽʱʝʥʥʷ 

(ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ) , , ,X X X X
¶ ¶¶ ¶¶¶

 ʧʦʭʽʜʥʠʡ ʨʷʜ 
i

i

L
i N

T

rå õµ
" Í æ ö

µç ÷
 

3 S 5 

ʉʫʙʩʪʘʥʮʽʷ (ʞʠʚʘ ï ʥʝ ʞʠʚʘ), ʪʽʣʦ, ʘʛʨʝʛʘʪʥʠʡ ʩʪʘʥ, 

ʣʶʜʠʥʘ-ʨʦʙʦʪ, ʧʣʘʟʤʘ ï ʛʘʟ-ʨʽʜʠʥʘ-ʪʚʝʨʜʝ ʪʽʣʦ; ʝʣʝʤʝʥʪʠ 

(ʯʘʩʪʠʥʢʠ-ʘʪʦʤ-ʤʦʣʝʢʫʣʘ ʫʛʨʫʧʫʚʘʥʥʷ ʬʨʘʛʤʝʥʪʽʚ 

(ʩʠʥʝʨʛʝʪʠʢʘ) 

4 I 6 
Information ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʚʩʽ ɯʊ ʦʧʠʩʠ, ʟʥʘʯʝʥʥʷ, ʟʥʘʢʠ, 

ʩʠʤʚʦʣʠ, ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʨʦʬʝʩʽʡʥʽ ʜʣʷ ʘʢʪʽʚ ʜʽʾ 

5 M 7 
ʄʘʪʝʨʽʘʣʠ ʇʌʄ ʥʦʩʽʾ ʥʘʚʘʥʪʘʞʝʥʴ (ʩʠʣ, ʤʦʤʝʥʪʽʚ, ʚʘʛʠ, 

ʚʧʣʠʚʽʚ) ɿʅʆʉ 

6 F 8 
ʌʽʥʘʥʩʦʚʽ ʨʦʟʨʘʭʫʥʢʠ, ʛʝʪʝʨʦʛʝʥʥʽ ʝʢʚʽʚʘʣʝʥʪʠ ʚ 

çʢʦʨʠʩʥʦʩʪʽè ʤʘʪʝʨʽʘʣʴʥʦʩʪʽ (ʧʨʦʜʫʢʪʽʚ, ʪʦʚʘʨʽʚ, ʧʦʩʣʫʛ) 

7 O 9 
Organization ʦʨʛʘʥʽʟʘʮʽʷ ʇɽɺʆ, ʊɽʊʆ, ʊɯʋʉ, ʝʨʛʘʤʘʪʠ 

ʚʩʝʩʚʽʪʫ, ʩʦʮʽʫʤʫ ʥʦʦʩʬʝʨʠ 

ʇʨʠʤʽʪʢʘ. ʊʣʫʤʘʯʝʥʥʷ ʢʦʜʫ ʥʘʜʘʥʘ ʥʘ ʜʘʥʽʡ ʩʪʦʨʽʥʮʽ ʜʠʩʝʨʪʘʮʽʾ. 

ʂʦʨʪʝʞ ʦʟʥʘʯʘʻ ʢʽʣʴʢʽʩʪʴ ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʪʠʚʥʠʭ ʟʘʜʘʯ ʧʨʘʢʪʠʢʠ, ʜʝ ʪʨʝʙʘ 

ʰʫʢʘʪʠ ï ʦʮʽʥʠʪʠ ʦʟʥʘʯʝʥʫ ʩʫʪʥʽʩʪʴ ʟʘ ʚʠʤʦʛʘʤʠ ʢʦʞʥʦʛʦ ʤʦʞʣʠʚʦʛʦ 

ʟʘʚʜʘʥʥʷ. ɼʠʚʠʩʴ ʧʝʨʝʣʽʢ ʪʠʧʦʚʠʭ ʟʘʧʠʪʘʥʴ, ʜʣʷ ʷʢʠʭ ʻ ʩʪʘʥʜʘʨʪʥʠʡ ʰʘʙʣʦʥ 

ʚʽʜʧʦʚʽʜʽ. 
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ʇʨʠʢʣʘʜʠ ʧʨʘʢʪʠʯʥʠʭ ʟʘʜʘʯ ʚ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʨʝʞʠʤʘʭ ʂʄ-ʇɼ 

ɿʘʜʘʯʘ 1. ɼʘʥʦ: ʪʚʝʨʜʝ ʤʘʪʝʨʽʘʣʴʥʝ ʪʽʣʦ ʟ ʚʽʜʧʦʚʽʜʥʠʤ ʧʘʨʘʤʝʪʨʘʤʠ ʦʧʠʩʫ 

ʚ ʪʘʙʣʠʯʥʽʡ ʬʦʨʤʽ ɻʊʍ ʟʘʜʘʥʠʭ ʟʥʘʯʝʥʴ ʢʦʥʩʪʘʥʪ. ʄʘʻʤʦ ʜʞʝʨʝʣʦ ʛʝʥʝʨʘʮʽʾ 

ʪʝʧʣʘ, ʱʦ ʦʧʠʩʘʥʦ ʫ ʚʠʛʣʷʜʽ ʬʫʥʢʮʽʾ 
0 0 0( ( , , ))Q x y zq . 

ʊʨʝʙʘ: ʚ ʤʘʪʝʨʽʘʣʽ ʟ ʟʘʜʘʥʠʤʠ ʧʦʯʘʪʢʦʚʠʤʠ ʪʘ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ 

ʦʪʨʠʤʘʪʠ ʦʧʠʩ ʇʏʂ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ. ʇʨʠ ʦʧʠʩʘʭ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ 

ʬʦʨʤʘʣʴʥʽ ʪʦʯʥʽ ʚʠʟʥʘʯʝʥʥʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʧʦʥʷʪʴ ʥʘʯʘʣʘ ʪʝʨʤʦʜʠʥʘʤʽʢʠ 

ʈʦʙʦʪʘ A Fdx PSdx PdVd = = = , ʘʥʘʣʽʪʠʯʥʦ ʪʦʯʥʦ ʦʮʽʥʶʻʪʴʩʷ ʩʠʣʘʤʠ 

2

12

1

A PdV=ñ ; 
1

n

i i

i

A x dxd
=

=ä ; 
12 2 1A U U= -  ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʬʦʨʤʘʤʠ. 

ɽʥʝʨʛʝʪʠʯʥʽ ʧʦʪʝʥʮʽʘʣʠ ʨʽʟʥʠʭ ʩʪʘʥʽʚ (2 1̧) ʤʘʶʪʴ ʧʝʚʥʠʡ ʛʨʘʜʽʻʥʪ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʷʢʘ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ Qd , ʱʦ ʥʘʜʘʥʦ ʉɼʉ, ʜʦʨʽʚʥʶʻ ʩʫʤʽ 

ʟʤʽʥ ʾʾ ʚʥʫʪʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ dU  ʪʘ ʨʦʙʦʪʠ, ʷʢʫ ʚʠʢʦʥʫʻ ʉɼʉ ʥʘʜ ɿʅʆʉ ʫ ʦʙʩʷʛʫ 

Ad  ʤʘʻ ʩʪʘʥʜʘʨʪʥʠʡ ʦʧʠʩ Q dU Ad d= + , 
12Q U A=D +, ʜʝ P const= , V const= , 

constq=  ʽʥʪʝʛʨʘʣʴʥʘ ʬʦʨʤʘ ʙʘʣʘʥʩʫ ʤʘʻ ʥʘʩʪʫʧʥʠʡ ʦʧʠʩ 

ɼʣʷ ʽʥʪʝʛʨʘʣʴʥʠʭ ʙʘʣʘʥʩʽʚ ʫ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʪʘ ʽʥʪʝʛʨʘʣʴʥʠʭ ʬʦʨʤʘʭ 

ʦʧʠʩʫ ʜʘʥʠʭ ʟʘʩʪʦʩʦʚʫʻʤʦ (2.1_ʧʦʥʷʪʪʷ ʝʥʪʨʦʧʽʷ 

( )
Q

dS
d

q
= , 

1 2 2 1

0
Q Q Qd d d

q q q
­ ­

= + ¢ñ ñ ñ . (2.15) 

1. ʆʩʥʦʚʥʫ ʙʘʟʫ ʪʝʨʤʦʜʠʥʘʤʽʢʠ ʥʘʜʘʻ ʪʝʦʨʝʤʘ ʅʝʨʩʪʘ. ʅʘʛʘʜʘʻʤʦ 

ʥʘʩʪʫʧʥʽ 4 ʝʢʚʽʚʘʣʝʥʪʠ ʬʦʨʤʫʣʶʚʘʥʴ: 

1) ʧʨʠ 0 0Kq =  ʤʘʻʤʦ 0S  ʟʥʘʯʝʥʥʷ ʷʢʦʩʪʽ 0Kq , ʢʦʣʠ ʘʙʩʦʣʶʪʥʠʡ ʥʫʣʴ 

0( 273,3 )C-  ʙʫʜʝ ʫʥʽʚʝʨʩʘʣʴʥʦʶ ʢʦʥʩʪʘʥʪʦʶ, ʷʢʘ ʥʝʟʤʽʥʥʘ ʡ 

ʥʝʟʘʣʝʞʥʘ ʚʽʜ ʙʫʜʴ-ʷʢʠʭ ʧʘʨʘʤʝʪʨʽʚ ʉɼʉ ( , , ( )...)P V tq ; 

2) ʧʨʠ ʫʤʦʚʽ 00 Kq­ , ʝʥʪʨʦʧʽʷ 0S S­ . ɯʥʪʝʛʨʘʣʠ 

x

y const

z

å õ
æ ö
¹æ ö

æ ö
ç ÷

; 

3) ʟʘ ʫʤʦʚ 00 Kq­  ʧʨʠʨʽʩʪ SD  ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʢʨʝʪʥʠʭ ʟʥʘʯʝʥʴ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʉɼʉ0S S­ ; 
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4) ʚʩʽ ʧʨʦʮʝʩʠ 00 Kq¹ , ʷʢʱʦ ʉɼʉ ʟʤʽʥʶʻ ʨʽʚʥʦʚʘʞʥʽ ʩʪʘʥʠ ʥʘʧʨʠʢʣʘʜ 

ʧʦʟʠʮʽʾ ʫ ʇʏʂ ʟʜʽʡʩʥʶʶʪʴʩʷ (ʚʠʢʦʥʫʶʪʴʩʷ) ʙʝʟ ʟʤʽʥ ʝʥʪʨʦʧʽʾ 
Qd

q

å õ
æ ö
ç ÷

. 

ʊʦʤʩʦʥ ʩʪʚʝʨʜʞʫʻ, ʱʦ ʥʝʤʦʞʣʠʚʠʡ ʮʠʢʣʽʯʥʠʡ ʧʨʦʮʝʩ, ʜʣʷ ʷʢʦʛʦ ʻʜʠʥʠʤ 

ʨʝʟʫʣʴʪʘʪʦʤ ʙʫʣʦ ʙ ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʝʧʣʦʪʠ, ʷʢʫ ʦʪʨʠʤʫʻ ʉɼʉ ʚʽʜ ɿʅʆʉ, ʫ 

ʨʦʙʦʪʫ ʙʝʟ ʟʤʽʥ, ʪʦʙʪʦ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ ʟʘ ʨʘʭʫʥʦʢ ʣʠʰʝ ʜʞʝʨʝʣ ɿʅʆʉ. 

ɿʤʝʥʰʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʫ ʤʝʞʘʭ ʢʦʣʦʚʦʛʦ ʮʠʢʣʽʯʥʦʛʦ 

ʧʨʦʮʝʩʫ ʥʝʤʦʞʣʠʚʦ. ɿʘʢʦʥʦʤʽʨʥʠʡ ʥʘʪʫʨʥʠʡ ʝʢʚʽʚʘʣʝʥʪ: ʥʝʤʦʞʣʠʚʠʡ ʧʨʦʮʝʩ, 

ʻʜʠʥʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʷʢʦʛʦ ʙʫʣʦ ʙ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚ ʨʦʙʦʪʫ ʚʩʴʦʛʦ 100% ʪʝʧʣʦʪʠ, 

ʷʢʫ ʦʪʨʠʤʫʻ ʮʷ ʉɼʉ [149]. ʅʘʧʨʷʤ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ʚʠʟʥʘʯʘʻ ʟʤʽʥʫ 

ʪʝʤʧʝʨʘʪʫʨʠ 1 2q q qD = - ʚʽʜ ʛʘʨʷʯʦʛʦ ʜʞʝʨʝʣʘ ʜʦ ʭʦʣʦʜʥʦʾ ʟʦʥʠ ʇʌʄ ʚʽʜʧʦʚʽʜʥʦ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʫ ʇʏʂ.  

ʋ ʤʝʞʘʭ ʣʦʢʘʣʴʥʦʛʦ ʜʠʩʢʨʝʪʥʦʛʦ ʧʨʦʮʝʩʫ ʢʝʨʦʚʘʥʦʾ ʦʙʨʦʙʢʠ ʟʘʜʘʯ 

ʫʧʨʘʚʣʽʥʥʷ ʢʦʜʠ ʚʽʜʦʙʨʘʞʘʶʪʴ ʧʦʛʦʜʞʝʥʥʷ: ” ʦʧʝʨʘʪʦʨʠ ʧʨʦʩʪʦʨʫ ʦʜʥʦʯʘʩʥʦ 

ʷʢʽ ʟʘʜʘʥʽ ʫ Ὓ ʦʧʝʨʘʥʜʽ ʱʦʙʠ ʨʝʘʣʽʟʫʚʘʪʠ ʫ ʇʏʂ ʥʝʦʙʭʽʜʥʽ Ὠ - ʜʽʾ. ʃʦʛʽʢʘ 

ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʨʝʘʣʽʟʫʻʪʴʩʷ ʥʘ ʥʝʧʝʨʝʨʚʥʠʭ ʟʥʘʯʝʥʥʷʭ ʢʦʜʽʚ ʇʏʂ ʟʛʽʜʥʦ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʟʘʜʘʯ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘ ʢʨʦʢʘʤʠ ʪʘ ʧʨʠʥʮʠʧʘʤʠ ʛʣʦʙʘʣʴʥʦʾ 

ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʜʠʥʘʤʽʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʈ. ɹʝʣʤʘʥʘ [174]. ʈʝʘʣʴʥʫ 

ʩʢʣʘʜʥʽʩʪʴ ʦʙôʻʢʪʽʚ ʧʨʠʨʦʜʠ ʪʠʧʫ ɯʊʉ ʧʦʜʦʣʘʻʤʦ ʟʘʚʜʷʢʠ ʩʫʤʫʚʘʥʥʶ 

(ʽʥʪʝʛʨʘʮʽʾ) ʢʽʥʮʝʚʠʭ (3.26) ʟʤʽʥ ʟʘ ʦʟʥʘʯʝʥʠʡ ὖ”ȟὛȟὨ ʢʨʦʢ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ 

ʪʘ ʽʥʬʦʣʦʛʽʯʥʦʛʦ ʚʠʨʽʰʝʥʥʷ ʧʦʪʦʢʫ ʢʝʨʦʚʘʥʠʭ ʟʘʜʘʯ. ʂʦʞʥʘ ʫʥʽʬʽʢʦʚʘʥʘ ʟʘʜʘʯʘ 

ʽʜʝʥʪʠʬʽʢʦʚʘʥʘ ʷʢ ʜʠʩʢʨʝʪʥʘ Ὠ ʜʽʷ ʦʧʠʩʫ, ʫ ʧʨʦʩʪʦʨʦʚʦ ὒ ʪʘ ʯʘʩʦʚʦʤʫ Ὕ 

ʢʦʥʪʠʥʫʫʤʽ ɭɯʇ (ʜʠʚʠʩʴ ʨʦʟʜʽʣ 2.4.2). ɼʠʩʢʨʝʪʥʽ ʩʪʨʠʙʢʠ ʟʘʩʦʙʘʤʠ ʊʇʄ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʷʢ ʧʨʷʤʽ (ʷʚʥʽ), ʪʘʢ ʡ ʟʚʦʨʦʪʥʽ (ʥʝʷʚʥʽ, ʱʦ ʟʘʤʦʚʯʫʻ IAS) ʧʨʦʮʝʩʠ 

ʽʪʝʨʘʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʨʤʦʜʠʥʘʤʽʢʠ ʇʌʄ. 

ʇʨʠʢʣʘʜ ʫʥʽʬʽʢʦʚʘʥʦʛʦ ʦʧʠʩʫ ʇɯʄ ʫ ʬʦʨʤʘʣʴʥʠʭ ʧʨʝʜʠʢʘʪʘʭ ʥʘʜʘʥʦ (ʫ 

ʪʘʙʣʠʮʽ 2.4) ʜʣʷ ʇɸʂ ʂʄ-ʇɼ. ɺ ʝʢʚʽʚʘʣʝʥʪʥʽʡ ʬʦʨʤʽ ʤʝʪʘ-ʧʨʝʜʠʢʘʪ P(x) 

ʟʘʤʽʱʫʻ ʦʧʠʩ ὖ”ȟὛȟὨ ʟʘ ʫʤʦʚ ὼ ”ȟὛȟὨ ʪʘ Ὦɴ Ὅ (ʚ ʪʘʙʣʠʮʽ 1) ʟʘʤʽʩʪʴ j 

ʽʥʜʝʢʩʽʚ ʷʚʥʦ ʦʧʠʩʘʥʘ ʣʽʥʛʚʽʩʪʠʯʥʘ ʥʦʪʘʮʽʷ, ʱʦ ʟʨʦʟʫʤʽʣʘ ʜʣʷ IAS, ʷʢʠʡ 

ʧʨʘʚʦʨʫʯ ʟʛʘʜʫʻ ʧʨʦ ʦʙʣʘʩʪʴ ʽʩʪʠʥʥʦʩʪʽ ʦʟʥʘʯʝʥʦʛʦ ʧʨʝʜʠʢʘʪʘ ʜʣʷ 
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ʚʝʨʠʬʽʢʦʚʘʥʠʭ ʟʘʜʘʯ, ʩʝʤʘʥʪʠʢʠ, ʣʦʛʽʢʠ, ʦʙʣʘʩʪʝʡ (ʪʘʙʣʠʮʷ 2.1) ʜʠʨʝʢʪʠʚʥʦ-

ʢʦʤʘʥʜʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʂʄ-ʇɼ (ʜʠʚʠʩʴ ʨʦʟʜʽʣ 2.1). ɿʘʧʨʦʧʦʥʦʚʘʥʽ (ʪʘʙʣʠʮʽ 2.4, 

2.5) ʟʘʙʝʟʧʝʯʫʶʪʴ ʚ ʚʫʟʣʦʚʠʭ ʩʪʘʥʘʭ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʉʇʇʈ (ʪʘʙʣʠʮʽ ʨʽʰʝʥʥʷ). 

ʂʦʜʦʚʘʥʽ ʇɺʄ ʷʢ ʟʘʩʦʙʠ ʉʇʇʈ ʧʦʪʨʽʙʥʽ ʜʣʷ ʯʽʪʢʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʘʜʝʢʚʘʪʥʠʭ 

ʧʦʢʨʦʢʦʚʠʭ ʨʽʰʝʥʴ, ʱʦ ʚ ʮʽʣʦʤʫ ʟʥʘʯʥʦ ʩʢʦʨʦʯʫʶʪʴ ʪʝʨʤʽʥʠ ʨʦʟʨʦʙʢʠ 

ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʠʭ ʩʢʣʘʜʥʠʭ ʜʦʜʘʪʢʽʚ ɯʊ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʙˇʨʫʥʪʫʚʘʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʊʊʈ ʥʘ ʤʘʡʙʫʪʥʽ ʇʌʄ [107-150]. 

ʇʨʦʮʝʩ ʬʘʟʦʚʦʛʦ ʩʪʨʠʙʢʦʧʦʜʽʙʥʦʛʦ ʧʝʨʝʭʦʜʫ ʫ ʥʦʚʠʡ ʩʪʘʥ ʤʦʞʣʠʚʦ 

ʟʘʬʽʢʩʫʚʘʪʠ ʟʥʘʯʝʥʥʷʤ m ʦʩʪʘʥʥʴʦʾ ʟʤʽʥʠ ʚʝʣʠʯʠʥʠ S. ʅʘʧʨʠʢʣʘʜ: ʤʘʻʤʦ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ ὖ ȟὖ ȟȣȟὖȟȣȟὖ ὖ. ʂʦʨʪʝʞ ʪʘ ʡʦʛʦ IAS ʽʥʪʝʨʧʨʝʪʘʮʽʷ 

ʣʽʥʛʚʽʩʪʠʯʥʦ ʟʘʤʽʱʫʻʪʴʩʷ ʥʘ ʚʝʢʪʦʨ ʬʘʟʦʚʠʭ ʟʤʽʥʥʠʭ ʯʠ ʩʢʦʨʦʯʝʥʦ ʷʢ ʚʝʢʪʦʨ 

ʩʪʘʥʫ (ʜʠʚʠʩʴ ʨʦʟʜʽʣ 1.3). ɸʥʘʣʽʪʠʯʥʝ ʨʽʚʥʷʥʥʷ ʧʨʦʮʝʩʫ, ʱʦ ʧʦʩʣʽʜʦʚʥʦ 

ʤʦʜʝʣʶʻʤʦ, ʜʦʮʽʣʴʥʦ ʷʚʥʦ ʚʠʟʥʘʯʘʪʠ, ʷʢ ʜʠʩʢʨʝʪʥʽ ʚʽʜʥʦʰʝʥʥʷ [152] 

ὖ   ὖ Ƞή ȟ (2.16) 

ʜʝ    ï ʘʥʘʣʽʪʠʯʥʠʡ ʦʧʠʩ ʣʦʛʽʢʦ-ʘʣʛʝʙʨʘʾʯʥʠʭ ʦʧʝʨʘʪʦʨʽʚ ʙʘʟʠ ʂʄ-ʇɼ; 

ὖ  ̓  ́ή - ʚʽʜʧʦʚʽʜʥʽ ʦʧʝʨʘʥʜʠ-ʦʧʠʩʠ ʢʦʨʪʝʞʥʠʭ ʩʪʘʥʽʚ, ʷʢʽ ʤʦʞʣʠʚʦ n ʨʘʟʽʚ 

ʦʙʯʠʩʣʶʚʘʪʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʘʷʚʥʠʭ ʧʦʪʦʯʥʠʭ ʜʘʥʠʭ. 

ʂʽʥʮʝʚʽ n ʪʘ (n+1) ʢʨʦʢʠ ʧʨʘʢʪʠʯʥʦ ʟʘʚʝʨʰʫʶʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʂʄ-ʇɼ    

ʨʝʢʫʨʝʥʪʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ. ʅʘ ʧʨʠʢʽʥʮʽ ʢʦʞʥʦʛʦ    ʨʦʙʠʤʦ ʧʝʨʝʚʽʨʢʠ ʫʤʦʚ 

ʉʊɼʂ. ʂʦʥʪʨʦʣʶʻʤʦ ʮʽʣʴʦʚʽ ʟʥʘʯʝʥʥʷ: ὖ  ʷʢʽ ʟʚʠʯʘʡʥʦ ʟʘʜʘʥʽ (ʤʦʞʣʠʚʦ ʡ 

ʥʝʷʚʥʽʡ ʟʛʦʨʥʫʪʽʡ ʬʦʨʤʽ); ʢʨʠʪʝʨʽʾ ʷʢʦʩʪʽ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʥʘʜʽʡʥʦʩʪʽ ʫ ʚʠʛʣʷʜʽ ή 

ʢʦʨʪʝʞʽʚ ʪʘʢʦʞ ʦʧʠʩʘʥʦ ʡ ʟʘʜʘʥʦ. ɼʽʡʩʥʦ ʤʦʞʣʠʚʦ ʜʦʜʘʪʢʦʚʦ ʜʣʷ ʢʦʞʥʦʾ ʟʘʜʘʯʽ 

ʧʨʘʢʪʠʢʠ ʦʮʽʥʠʪʠ ʚʝʢʪʦʨʥʫ ʚʟʘʻʤʦʜʽʶ. ʅʘʧʨʠʢʣʘʜ, ʟʛʽʜʥʦ ʚʠʨʘʟʫ  

ὕ ὖ ὖ Ƞή ȟᶅή ήȟήȟȣȟή  (2.17) 
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ʊʘʙʣʠʮʷ 2.4 ï ʆʧʠʩʘʭ ʟʘʚʜʘʥʴ ʜʣʷ ʇɸʂ ʂʄ-ʇɼ ʥʘ ʧʨʠʥʮʠʧʘʭ 

ʜʠʨʝʢʪʠʚʥʦ-ʢʦʤʘʥʜʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ.  

ˉ 

ʧ/ʧ 

ɺʽʢʥʦ 

<ʜʠʨʝʢʪʠʚʠ ʂʄ-ʇɼ> 

ʢʦʨʪʝʞ <ɼ> 

ʢʣʘʚʽʰʽ ʘʢʪʫʘʣʽʟʘʮʽʾ 

ʦʧʝʨʘʪʦʨʽʚ ╟▪  

ɺʽʢʥʦ 

<ʢʦʤʘʥʜʠ ʢʝʨʫʚʘʥʥʷ>  

ʢʦʨʪʝʞ <ʂʻɼ> 

ʢʣʘʚʽʰʽ ʘʢʪʫʘʣʽʟʘʮʽʾ 

ʦʧʝʨʘʪʦʨʽʚ ▲□ ʥʘʢʘʟʽʚ 

ɺʽʢʥʦ 

<ʫʤʦʚʠ ʟʘʚʝʨʰʝʥʥʷ>  

ʢʦʨʪʝʞ <ʤʦʞʣʠʚʦʩʪʽ > 

ʢʣʘʚʽʰʽ ʨʝʟʫʣʴʪʘʪʽʚ 

ⱬȟ╢ȟ▀ ʩʠʪʫʘʮʽʡ 

1 2 3 4 

1 
ʇʦʙʫʜʦʚʘ ʘʨʭʽʚʫ ʟʘ ʪʝʤʦʶ 

<ʦʧʠʩ> 

M.RI.S ʽʜʝʥʪʠʬʽʢʘʪʦʨ 

ʤʦʜʝʣʽ 
ɻʨʫʧʦʚʘ ʧʦʨʮʽʷ ʜʘʥʠʭ ɻʊʍ 

2 
ɽʢʩʧʦʨʪ ʥʘ DCE <ʦʧʠʩ> 

ʢʽʥʝʮʴ 

ɺʘʨʽʘʥʪʠ: ʪʽʣʴʢʠ, ʦʢʨʽʤ, 

ʨʘʮʦʥ 
ʂʦʨʪʝʞ ʥʦʤʝʨʽʚ ʝʣʝʤʝʥʪʽʚ 

3 
ʉʠʥʪʝʟ ʤʦʜʝʣʽ 

M.RI.S^<ʈʆʄ> ʦʧʠʩ ʢʽʥʝʮʴ 
M.RI.S <ʈʆʄ> ʢʦʨʪʝʞ ʛʨʫʧ ɺʠʜ ʦʧʝʨʘʮʽʾ ʜʘʥʠʭ 

4 
ʇʦʙʫʜʦʚʘ ʈɹʄ (ɸʨʭʽʚ) 

<ʦʧʠʩ ʚʘʨʽʘʥʪʠ> ʢʽʥʝʮʴ 

<ʈɹʄ> ʢʦʨʪʝʞ ʛʨʫʧ ʊʇʄ 

ʽʜʝʥʪʠʬʽʢʘʪʦʨ 
ɺʠʜ ʧʦʨʮʽʾ ʯʘʩʪʦʢ 

5 
ʈʝʜʘʛʫʚʘʥʥʷ ʬʘʡʣʽʚ ɹɼ 

M.RI.S  ʥʘʟʚʘ, ʦʧʠʩ, ʢʽʥʝʮʴ 

ʂʦʨʝʢʮʽʷ <ʱʦ ʨʦʙʠʪʠ> 

ʬʦʨʤʘʪ ʢʦʨʪʝʞ ʚʠʜʽʚ ʯʘʩʪʦʢ 
ʂʦʨʪʝʞ ʥʦʤʝʨʽʚ-ʧʦʟʠʮʽʡ 

6 
ʂʦʤʫʪʘʮʽʾ ʟʚôʷʟʢʽʚ M.RI.S 

ʥʘʟʚʘ, ʦʧʠʩ, ʢʽʥʝʮʴ 

ʇʝʨʝʢʣʶʯʠʪʠ, ʚʽʜʢʣʶʯʠʪʠ, 

ʚʢʣʶʯʠʪʠ 

ʂʦʨʪʝʞ ʥʦʤʝʨʽʚ ʨʝʙʝʨ 

ʛʨʘʬʘ 

7 

ʆʧʝʨʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ 

ʥʘʟʚʘ ʨʝʞʠʤʽʚ ʩʪʘʜʽʡ ʦʧʠʩ, 

ʢʥ̔ʝʮʴ 

ʊʠʧʦʚʽ ʰʘʙʣʦʥʠ ʡ ʢʦʨʪʝʞʽ ʂʦʥʪʝʢʩʪʥʽ ʢʦʤʝʥʪʘʨʽ 

 

ʊʘʙʣʠʮʷ 2.5 ï ʇʨʠʢʣʘʜ ʧʨʝʜʠʢʘʪʽʚ ʦʜʥʦʤʽʩʥʠʭ ʪʘ ʜʚʦʤʽʩʥʠʭ ʫ ʤʝʞʘʭ 

ʪʘʙʣʠʮʴ ʽʩʪʠʥʥʦʩʪʽ ʇɸʂ ʂʄ-ʇɼ 

ˉ 

ʧ/ʧ 

ʇʨʝʜʠʢʘʪ ╟●: 

ʣʽʥʛʚʽʩʪʠʯʥʘ ʥʦʪʘʮʽʷ 

ʆʙʣʘʩʪʴ ʟʥʘʯʝʥʴ true ʦʟʥʘʯʝʥʠʭ 

ʟʤʽʥʥʠʭ ●ᶅ╟ꜗ►▫▬▄►◄◐ 

1 
is id(x) 

ʄʥʦʞʠʥʘ ʽʜʝʥʪʠʬʽʢʘʪʦʨʽʚ ʧʝʚʥʦʛʦ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ ʇɸʂ 

2 
is list(x) 

ʄʥʦʞʠʥʘ ʩʪʨʫʢʪʫʨ ʜʘʥʠʭ ʫ ʚʠʛʣʷʜʽ 

ʩʧʠʩʢʫ ʚʽʜʥʦʩʥʦ ὼᶅ‭ὢ ʢʦʨʪʝʞ 

3 

is block(x) 

ʄʥʦʞʠʥʘ ʦʧʝʨʘʪʦʨʽʚ ʟʘʚʜʘʥʥʷ 

ʚʽʜʧʦʚʽʜʥʦ ʤʦʚʠ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ  

4 is odd(x) ʄʥʦʞʠʥʘ ʥʝʧʘʨʥʠʭ ʮʽʣʠʭ ʯʠʩʝʣ, ὼᶅ‭ὔ 
5 

is equal(x,y) 
ɼʚʦʤʽʩʥʘ ʤʥʦʞʠʥʘ ʯʠʩʝʣ, ʱʦ (ὼȟώ ὔ 

ʜʦʨʽʚʥʶʶʪʴ ʮʽʣʠʤ ʟʥʘʯʝʥʥʷʤ 

6 
is component(x,y) 

ʄʥʦʞʠʥʘ ʩʪʨʫʢʪʫʨ ʢʦʤʧʣʝʢʩʥʠʭ ʜʘʥʠʭ 

(content) 

7 
ὖὼȟὼȟȣȟὼ  

n ï ʤʽʩʥʠʡ ʧʨʝʜʠʢʘʪ ʚʠʩʣʦʚʣʝʥʥʷ ʥʘ 

ʤʥʦʞʠʥʘʭ ʢʦʤʧʣʝʢʩʫ n ʟʤʽʥʥʠʭ 
*ʇʨʠʤʽʪʢʘ: ʧʝʨʝʜ ʧʨʝʜʠʢʘʪʦʤ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʟʥʘʯʝʥʥʷ ʢʚʘʥʪʦʨʽʚ ὼᶅ (ʜʣʷ ʚʩʽʭ ʭ 

ʤʥʦʞʠʥʠ) ʘʙʦ ὼɱ (ʜʣʷ ʜʝʷʢʠʭ ʦʢʨʝʤʠʭ ʭ, ʱʦ ʷʚʥʦ ʟʚôʷʟʘʥʽ ʢʚʘʥʪʦʨʦʤ). 
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2.2 ʊʦʧʦʣʦʛʽʯʥʽ ʪʘ ʛʝʦʤʝʪʨʠʯʥʽ ʚʽʜʦʙʨʘʞʝʥʥʷ ʚ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʤʦʜʝʣʷʭ ʚʟʘʻʤʦʜʽʾ ʢʦʤʧʦʥʝʥʪʽʚ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʦʙôʻʢʪʽʚ 

 

ʇʨʦʮʝʩʦʨʥʘ ʽʥʬʦʣʦʛʽʯʥʘ ʤʦʜʝʣʴ (ʇɯʄ) ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʮʽʣʴʦʚʦʛʦ 

ʨʝʟʫʣʴʪʘʪʫ ɯʊ ʟʘʩʦʙʘʤʠ ʰʪʫʯʥʠʭ ʮʠʬʨʦʚʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ (ʎʆʉ) ʟ 

ʧʨʦʛʨʘʤʥʦʶ ʦʙʨʦʙʢʦʶ ʜʘʥʠʭ ʚʟʘʻʤʦʟʚôʷʟʫʻ ʪʨʽʡʢʫ ʧʦʥʷʪʴ ɸ, ɺ, ʉ: ɸ ï ʤʦʚʘ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʚʜʘʥʥʷ, ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʪʘ ʚʠʭʽʜʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ; ɺ ï ʤʦʚʘ 

ʮʠʬʨʦʚʦʛʦ (ʜʚʽʡʢʦʚʦʛʦ-ʙʽʥʘʨʥʦʛʦ) ʧʨʦʛʨʘʤʦʚʘʥʦʛʦ ʘʚʪʦʤʘʪʘ; ʉ ï ʩʧʝʮ 

ʩʪʨʫʢʪʫʨʘ ʘʚʪʦʤʘʪʘ (ʤʘʰʠʥʘ ʊʶʨʽʥʛʘ) [152] ʘʜʨʝʩʥʦʾ ʢʦʤʫʥʽʢʘʮʽʾ [107-150].  

ʂʦʤʧʝʪʝʥʮʽʷ ʪʘ ʦʙʽʟʥʘʥʽʩʪʴ ʟʥʘʯʥʦʶ ʙʽʣʴʰʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʽʚ (ʥʝ ʬʘʭʦʚʠʭ 

ʧʨʦʛʨʘʤʽʩʪʽʚ, ʥʝ ʩʧʝʮʽʘʣʽʩʪʽʚ ʫ ʩʬʝʨʽ ɯʊ, ʚʢʣʶʯʘʶʯʠ ʩʪʚʦʨʝʥʥʷ ʇɸʂ ʪʘ 

ʽʥʩʪʨʫʤʝʥʪʠ ʽʥʪʝʛʨʦʚʘʥʠʭ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤ) ʦʙʤʝʞʫʻʪʴʩʷ ʫʷʚʣʝʥʥʷʤʠ 

ʩʢʣʘʜʥʦʩʪʽ ʇɸʂ. ɿʘʧʨʦʧʦʥʦʚʘʥʝ ʥʘʤʠ ʧʦʥʷʪʪʷ ʇɯʄ ʽʜʝʥʪʠʬʽʢʫʻ ʚʥʫʪʨʽʰʥʶ 

ʩʪʨʫʢʪʫʨʫ ʎʆʉ, ʘ ʪʘʢʦʞ ʦʧʝʨʘʮʽʡʥʽ ʩʠʩʪʝʤʠ, ʱʦ ʦʨʛʘʥʽʟʫʶʪʴ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʽ 

ʧʨʦʮʝʩʠ ɯʊ. ʊʘʢʠʤ ʯʠʥʦʤ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʽʚ (IAS ï ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ 

ʘʛʝʥʪʽʚ ʩʠʩʪʝʤ ʪʘ ʦʜʥʦʯʘʩʥʦ ʦʩʽʙ, ʱʦ ʧʨʠʡʤʘʶʪʴ ʨʽʰʝʥʥʷ (ʆʇʈ), ʢʦʨʪʝʞʽ ʇɯʄ 

ʢʦʨʠʩʥʽ ʜʣʷ ʚʽʜʧʦʚʽʜʥʠʭ ʨʽʟʥʠʭ ʛʘʣʫʟʝʡ ʣʶʜʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ʫ ʤʝʞʘʭ ʇɽɺʆ. 

ʇʦʥʷʪʪʷ ʇɯʄ ʭʘʨʘʢʪʝʨʠʟʫʻ ʎʆʉ ʪʘ ɯʊ ʫ ʚʠʛʣʷʜʽ ʛʨʘʬʽʯʥʠʭ ʝʢʚʽʚʘʣʝʥʪʽʚ 

ʩʢʣʘʜʥʠʭ ʚʽʜʢʨʠʪʠʭ ʦʙôʻʢʪʽʚ (ʨʠʩ. 2.5 ʪʘ ʨʠʩ. 2.5). 

ʈʝʘʣʴʥʽ ʩʢʣʘʜʥʽ ʧʨʠʨʦʜʥʽ ʦʙôʻʢʪʠ (ʟʽ ʩʢʣʘʜʝʥʠʭ ʯʘʩʪʦʢ-ʤʘʪʝʨʽʘʣʽʚ) ʤʘʶʪʴ 

ʽʥʰʽ ʛʝʦʤʝʪʨʠʯʥʽ ʡ ʧʦʪʦʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ: ʢʫʪʠ, ʛʨʘʥʽ ʧʦʚʝʨʭʥʽ ʪʘ ʦʙôʻʤʠ. ɸʣʝ 

ʽʩʥʫʶʪʴ ʟʘʢʦʥʠ ʧʨʠʨʦʜʠ, ʱʦ ʟʘʬʽʢʩʦʚʘʥʽ ʥʘ ʤʥʦʞʠʥʘʭ ʨʽʟʥʦʾ ʛʝʪʝʨʦʛʝʥʥʦʾ 

ʧʨʠʨʦʜʠ ʫ ʚʠʛʣʷʜʽ ʤʘʪʝʤʘʪʠʯʥʠʭ ʟʥʘʥʴ ʛʝʦʤʝʪʨʽʾ, ʪʨʠʛʦʥʦʤʝʪʨʽʾ, ʣʦʛʽʢʠ ʪʘ 

ʪʦʧʦʣʦʛʽʾ. ʅʘ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʨʠʩʫʥʢʘʭ ʤʦʞʥʘ ʙʘʯʠʪʠ ʩʫʪʪʻʚʫ ʩʫʪʥʽʩʪʴ, 

ʦʩʦʙʣʠʚʽʩʪʴ ʪʘ ʩʧʝʮʠʬʽʢʫ (ʉʆʉ) ʨʦʣʽ ʧʦʥʷʪʪʷ ʇɯʄ ʚ ʩʬʝʨʽ ʤʦʜʝʣʶʚʘʥʥʷ 

ʩʧʽʣʴʥʦʾ ʜʽʷʣʴʥʦʩʪʽ (ʢʦʞʥʦʛʦ IASÍʇɽɺʆ). ɯʥʩʪʨʫʤʝʥʪʘʣʴʥʝ ʧʨʠʟʥʘʯʝʥʥʷ ʇɯʄ 

ʝʬʝʢʪʠʚʥʦ ʥʘ ʧʨʠʥʮʠʧʘʭ ɼʞʦʥʘ ʬʦʥ ʅʝʡʤʘʥʘ ʪʦʜʽ, ʢʦʣʠ ʪʨʝʙʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ 

ʚʩʝ ʙʽʣʴʰ ʟʨʦʩʪʘʶʯʫ (Big Data) ʩʢʣʘʜʥʫ ʜʠʥʘʤʽʯʥʫ ʩʠʩʪʝʤʫ (ʉɼʉ) ʟʽ ʰʪʫʯʥʠʭ 

ʎʆʉ ʪʘ ʟʘʩʦʙʽʚ ɯʊ, ʱʦ ʨʦʟʦʩʝʨʝʜʞʝʥʽ ʫ ɭɯʇ [107-150].  
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ʈʠʩʫʥʦʢ 2.4 - ʋʷʚʘ ʂʉʎʄ ɯʊ, ʷʢ ʩʬʝʨ {A, B, C} ʣʦʢʘʣʽʟʦʚʘʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʟʽ ʩʢʣʘʜʝʥʠʭ ʚʟʘʻʤʦʟʘʣʝʞʥʦʩʪʝʡ 

 

ʈʠʩʫʥʦʢ 2.5 - ʋʷʚʘ ʂʉʎʄ ɯʊ, ʷʢ ʢʫʙʫ ʟ ɯʊ ʪʝʪʨʘʝʜʨʦʤ {A, B, C, D} 

ʩʪʨʫʢʪʫʨʠ, ʱʦ ʚʢʣʘʜʝʥʘ ʫ ʩʬʝʨʫ ʜʽʷʣʴʥʦʩʪʽ ʇɽɺʆ 

 

ʈʠʩʫʥʦʢ 2.6 ï ʇʨʠʥʮʠʧ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ ʰʘʙʣʦʥʽʚ ʡ ʬʦʨʤʘʪʽʚ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ 

ʢʦʥʢʨʝʪʥʦʾ ʜʽʾ ï ʟʘʜʘʥʦʾ ʦʧʝʨʘʮʽʾ ʫ ʚʠʛʣʷʜʽ ʩʭʦʚʘʥʠʭ ʦʧʝʨʘʥʜʽʚ  

ʂʦʜ 

ʦʧʝʨʘʮʽʾ ʂ 

ʨʦʟʨʷʜʽʚ 

ʇʨʠʟʥʘʢ 

ʩʧʦʩʦʙʽʚ 

ʘʜʨʝʩʘʮʽʾ 

ɸʜʨʝʩʠ 

ʦʧʝʨʘʥʜʽʚ, 

m ʨʦʟʨʷʜʽʚ 

ʏʘʩʪʢʘ 1 ɸʜʨʝʩʥʘ ʯʘʩʪʢʘ 

ɼʦʚʞʠʥʘ ʬʦʨʤʘʪʫ 

ɸ 

ɺ 

D 

C 

ɸ 

ɺ 

C 
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ɺʣʘʩʪʠʚʽʩʪʴ ʇɯʄ ʧʨʠʰʚʠʜʰʫʚʘʪʠ ʚʠʨʽʰʝʥʥʷ ʦʩʦʙʠʩʪʠʭ ʪʘ ʘʢʪʫʘʣʴʥʠʭ 

ʟʘʜʘʯ ʧʨʘʢʪʠʢʠ ʜʫʞʝ ʢʦʨʠʩʥʘ ʜʣʷ ʽʥʬʦʨʤʘʪʠʟʘʮʽʾ ʩʫʩʧʽʣʴʩʪʚʘ. ʈʽʟʥʠʮʷ ʤʽʞ 

ʂʉʎʄ-Ŭ ʪʘ ʂʉʎʄ-ɓ ʧʨʠ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ ʟʘ OSI ʫʥʽʬʽʢʦʚʘʥʦʛʦ ʧʦʥʷʪʪʷ ʇɯʄ 

ʧʦʣʷʛʘʻ ʚ ʩʪʝʧʝʥʽ ʨʦʟʫʤʥʦʾ ʦʙʽʟʥʘʥʦʩʪʽ IAS. ɿʥʘʥʥʷ ʚʠʟʥʘʯʘʣʴʥʠʭ ʧʦʥʷʪʴ ʤʦʚ ʪʘ 

ʩʠʤʚʦʣʽʚ ʜʦʧʦʤʘʛʘʶʪʴ ʣʶʜʠʥʽ ʟʘʤʦʚʯʫʚʘʪʠ ʬʨʘʛʤʝʥʪʠ Big Data, ʱʦʙʠ ʷʢʽʩʥʦ 

ʝʬʝʢʪʠʚʥʦ ʪʘ ʥʘʜʽʡʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʥʘʷʚʥʽ (ʂʄ-ʇɼ) ʨʝʩʫʨʩʠ ɯʊ ʟʘ ʧʦʪʨʝʙ 

ʇɽɺʆ. ʋ ʜʘʥʦʤʫ ʢʦʥʪʝʢʩʪʽ ʫʚʘʛʘ ʜʦ ʟʥʘʥʥʷ ʩʘʤʝ ʇɯʄ ʦʟʥʘʯʘʻ ʧʦʛʣʠʙʣʝʥʥʷ ʫ 

ʩʬʝʨʫ ʪʦʧʦʣʦʛʽʯʥʠʭ ʚʽʜʥʦʰʝʥʴ ʤʽʞ ʩʢʣʘʜʦʚʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʉɼʉ, ʥʘʧʨʠʢʣʘʜ: 

ʟ ʢʫʙʽʚ, ʩʬʝʨ, ʧʽʨʘʤʽʜ, ʧʨʠʟʤ ʜʣʷ ʦʙôʻʢʪʽʚ ʧʨʠʨʦʜʠ; ʜʣʷ ʰʪʫʯʥʠʭ ʦʙôʻʢʪʽʚ, ʱʦ 

ʜʦʧʦʚʥʶʶʪʴ ʤʦʜʝʣʽ ɯʊ (ʮʝ ʬʘʡʣʠ, ʤʘʩʠʚʠ, ʙʣʦʢʠ, ʤʦʜʫʣʽ, ʰʘʙʣʦʥʠ, ʟʘʧʠʩʠ, 

ʙʽʪʦʚʽ ʩʠʤʧʣʝʢʩʠ ï ʢʦʜʠ [77, 179-180]). 

ʅʘʜʘʻʤʦ ʣʠʰʝ ʪʽ ʧʦʥʷʪʪʷ, ʷʢʽ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʨʦʮʝʩʠ ʩʢʣʘʜʘʥʥʷ 

ʢʦʤʧʦʟʠʮʽʡ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʤʘʶʪʴ ʨʦʟʤʽʨʠ, ʬʦʨʤʫ ʪʘ ʧʝʚʥʫ ʪʨʠʚʘʣʫ ʩʪʘʙʽʣʴʥʽʩʪʴ 

ʽʩʥʫʚʘʥʥʷ ʇʌʄ. ɼʣʷ ʙʫʜʴ-ʷʢʦʛʦ ʽʜʝʘʣʴʥʦ ʘʙʩʪʨʘʢʪʥʦʛʦ ʪʨʠʢʫʪʥʠʢʘ ʟ , ,a b c 

ʚʽʜʦʤʽ ʛʝʦʤʝʪʨʠʯʥʽ ʚʽʜʥʦʰʝʥʥʷ ʜʦʚʞʠʥʠ ʡʦʛʦ ʩʪʦʨʽʥ, ʱʦ ʧʦʧʘʨʥʦ 

ʧʝʨʝʪʠʢʘʶʪʴʩʷ ʫ ʚʝʨʰʠʥʘʭ [69-152]. ʈʘʜʽʫʩ ʢʦʣʘ ʦʧʠʩʘʥʦʛʦ ʥʘʚʢʦʣʦ ABCD  ʟ 

ʚʝʨʰʠʥ ʪʘ ʮʝʥʪʨʦʤ ʢʦʣʘ ʡ ʧʝʨʝʪʠʥʫ ʧʝʨʧʝʥʜʠʢʫʣʷʨʽʚ, ʱʦ ʚʩʪʘʥʦʚʣʝʥʽ ʟ ʡʦʛʦ 

ʮʝʥʪʨʫ ʜʦ ʩʝʨʝʜʠʥʠ ʚʽʜʧʦʚʽʜʥʠʭ , ,a b c ʩʪʦʨʽʥ ʪʨʠʢʫʪʥʠʢʘ, ʤʦʞʣʠʚʦ 

ʦʙʯʠʩʣʶʚʘʪʠ ʫ ʪʨʴʦʭ ʚʘʨʽʘʥʪʘʭ [152] 

2sin 2sin 2sin

a b c
R

A B C
= = = , (2.18) 

ʜʝ sin , sin , sinA B C ʚʽʜʧʦʚʽʜʥʽ ʟʥʘʯʝʥʥʷ ʪʨʠʛʦʥʦʤʝʪʨʠʯʥʦʾ ʬʫʥʢʮʽʾ sinʚʽʜ 

ʟʘʜʘʥʦʛʦ ʢʫʪʘ ( ), ,A B CÏ Ï Ï  ʫ ʮʴʦʤʫ ʪʨʠʢʫʪʥʠʢʫ ABC. ʈʘʜʽʫʩ ʚʧʠʩʘʥʦʛʦ ʚ ABCD  

ʢʦʣʘ r R<  ʟ ʮʝʥʪʨʦʤ ʧʝʨʝʪʠʥʫ ʙʽʩʝʢʪʨʠʩ, ʱʦ ʧʦʜʽʣʷʶʪʴ ʚʽʜʧʦʚʽʜʥʠʡ ʢʫʪ ʥʘʚʧʽʣ 

ʪʘ ʩʧʨʷʤʦʚʫʶʪʴ ʜʦ ʧʨʦʪʠʣʝʞʥʦʾ ʩʪʦʨʦʥʠ, ʦʙʯʠʩʣʶʻʤʦ ʪʝʞ ʫ ʪʨʴʦʭ ʚʘʨʽʘʥʪʘʭ 

( )( )( )
4 sin sin sin

2 2 2 2 2 2

p a p b p c A B C A B C
r ptg tg tg R

p

- - -
= = = , (2.19) 

ʜʝ 
1

( )
2

p a b c= + + ʥʘʧʽʚʩʫʤʘ, ʷʢʫ , ,a b c ʩʪʦʨʦʥʠ ʩʢʣʘʜʘʶʪʴ ʫ ʚʠʛʣʷʜʽ 

ʧʝʨʠʤʝʪʨʘ ʮʴʦʛʦ ʪʨʠʢʫʪʥʠʢʘ. 
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ɺʽʜʥʦʰʝʥʥʷ ʤʽʞ r  ʪʘ R ʪʦʪʦʞʥʝ 4sin sin sin 1
2 2 2

r A B C

R
= < ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ 

ʪʨʠʢʫʪʥʠʢʘ. ʂʦʥʪʨʦʣʴ: ʢʦʣʠ ʨʽʚʥʦʩʪʦʨʦʥʥʽʡ ʪʨʠʢʫʪʥʠʢ ʟ ʢʫʪʘʤʠ 

60A B CÏ =Ï =Ï =, ʪʦʜʽ 4 0,5 0,5 0,5 0,5 1
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ɺʽʜʥʦʰʝʥʥʷ ʚʢʣʘʜʝʥʦʩʪʽ ʤʽʞ ʢʫʙʦʤ (2 , ,k ka R D S V= =  ʟ ʨʝʙʨʘʤʠ) ʪʘ 

ʚʧʠʩʘʥʠʤ ʚ ʥʴʦʛʦ ʩʬʝʨʠʯʥʠʤ ʪʽʣʦʤ (0 0, ,V S R) ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʘʩʪʫʧʥʠʤ 

ʘʣʛʝʙʨʘʾʯʥʠʤ ʟʥʘʥʥʷʤ ʤʥʦʞʠʥ ʦʧʠʩʫ ʚʢʣʘʜʝʥʠʭ ʧʨʦʩʪʦʨʽʚ [107-150] 
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ɸʣʛʝʙʨʘʾʯʥʽ ʟʥʘʥʥʷ ʛʝʦʤʝʪʨʽʾ ʪʘ ʪʦʧʦʣʦʛʽʾ ʢʦʤʧʦʥʝʥʪʽʚ ʇʌʄ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʪʦʯʥʽʩʪʴ ʜʽʘʛʥʦʩʪʠʢʠ ʪʘ ʢʦʥʪʨʦʣʶ ʦʧʝʨʘʪʠʚʥʠʭ ʟʘʚʜʘʥʴ ʪʘ 

ʩʫʧʨʦʚʦʜʞʫʶʯʠʭ ʾʭ ʧʘʨʘʤʝʪʨʽʚ ʟ ʯʠʩʣʘʤʠ ʟʥʘʯʝʥʥʷ ʡ ʨʦʟʤʽʨʥʽʩʪʶ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʘʣʛʦʨʠʪʤʽʚ ʉʊɼʂ ʂʄ-ʇɼ ʧʦʷʩʥʶʻ ʜʣʷ ʤʥʦʞʠʥʠ ʙʘʛʘʪʦʢʫʪʥʠʭ 
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ʦʧʫʢʣʠʭ ʪʽʣ ʘʙʦ ʙʘʛʘʪʦʛʨʘʥʥʠʢʽʚ ʙʝʟ ʯʠʩʝʣʴʥʠʭ n ʦʙʤʝʞʝʥʴ ʚʽʜʦʤʝ ʪʦʧʦʣʦʛʽʯʥʝ 

ʚʽʜʥʦʰʝʥʥʷ ɽʡʣʝʨʘ [25, 69, 152] 

B+G-R=const=2, (2.20) 

ʜʝ ɺ ï ʚʩʽ ʚʫʟʣʠ ʘʙʦ ʚʝʨʰʠʥʠ, ʷʢ ʪʦʯʢʠ ʧʝʨʝʪʠʥʫ 3 ʛʨʘʥʝʡ (ɻ) ʫ ʧʨʦʩʪʦʨʽ V 

ʯʠ 2 ʧʨʷʤʠʭ ʥʘ S ʧʣʦʱʠʥʽ; ɻ ï ʚʩʽ ʧʣʦʩʢʽ ʛʨʘʥʽ ʜʘʥʦʛʦ ʙʘʛʘʪʦʛʨʘʥʥʠʢʘ, ʷʢ 

ʮʽʣʽʩʥʦʛʦ ʪʽʣʘ ʫ ʇʏʂ; R ï ʧʦʚʥʘ ʢʽʣʴʢʽʩʪʴ ʨʝʙʝʨ (ɸ ʯʠ ʜʫʛ, ʩʪʦʨʽʥ), ʱʦ ʥʘʧʨʷʤʫ 

ʟôʻʜʥʫʶʪʴ ʚʫʟʣʠ ʢʦʞʥʦʾ ʛʨʘʥʽ. ʇʨʠʢʣʘʜ ʜʣʷ ʪʝʪʨʘʝʜʨʘ ʧʽʜʪʚʝʨʜʞʫʻ (3), 4ɺ+4ɻ-

6ʈ=2. ʉʘʤʝ ʪʘʢʽ ʪʦʧʦʣʦʛʽʯʥʽ ʪʦʪʦʞʥʦʩʪʽ ʜʦʮʽʣʴʥʽ ʜʣʷ ʉʊɼʂ ʡ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʧʨʠʥʮʠʧʽʚ ʟʘʤʦʚʯʫʚʘʥʥʷ ʫ ʟʘʜʘʯʘʭ ʢʦʥʪʨʦʣʶ ʽʩʪʠʥʠ ʦʩʦʙʣʠʚʦ ʫ ʚʠʧʘʜʢʘʭ 

ʤʦʜʝʣʶʚʘʥʥʷ ʩʢʣʘʜʝʥʠʭ ʪʽʣ ʢʣʘʩʫ ʇʌʄ ʟʛʽʜʥʦ ʟʘʚʜʘʥʴ ʦʩʦʙʣʠʚʦ ʜʦʜʘʪʢʦʚʠʭ. 

ʌʫʥʜʘʤʝʥʪʘʣʴʥʘ ʜʣʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʇɸʂ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʨʦʣʴ 

ʇɯʄ ʧʦʣʷʛʘʻ ʥʝ ʚ ʚʠʨʽʰʝʥʥʽ ʢʦʥʢʨʝʪʥʦʾ ʟʘʜʘʯʽ, ʘ ʚ ʟʘʙʝʟʧʝʯʝʥʥʽ ʛʘʨʘʥʪʦʚʘʥʠʭ 

ʫʤʦʚ ʨʦʟʚôʷʟʘʥʥʷ ʤʥʦʞʠʥʠ ʧʦʜʽʙʥʠʭ ʟʘʜʘʯ, ʱʦ ʥʘʣʝʞʘʪʴ ʨʦʟʰʠʨʝʥʽʡ ʩʠʩʪʝʤʽ ʟ 

ʬʽʢʩʦʚʘʥʠʤʠ ʟʘʧʠʩʘʤʠ ʦʧʠʩʽʚ ʢʦʤʧʦʥʝʥʪ ʢʣʘʩʽʚ ɸ, ɺ, ʉ ʧʦʥʷʪʴ [107-150]. 

ʊʴʶʨʠʥʛ ʡ ʅʝʡʤʘʥ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʟʘʢʨʽʧʠʣʠ ʚʣʘʩʪʠʚʦʩʪʽ ʟʘʧʘʤôʷʪʘʥʥʷ 

ʩʠʛʥʘʣʽʚ, ʟʥʘʢʽʚ, ʩʠʤʚʦʣʽʚ ʪʘ ʥʘ ʾʭ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʫ ʚʠʛʣʷʜʽ ʝʣʝʤʝʥʪʽʚ ʘʣʬʘʚʽʪʫ ɯʊ. 

ʊʦʤʫ ʉ ʩʪʨʫʢʪʫʨʘʤʠ ʮʠʬʨʦʚʠʭ ʘʚʪʦʤʘʪʽʚ ʘʙʦ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʤʘʰʠʥ, 

ʢʦʤʧʣʝʢʩʽʚ, ʂʄ-ʇɼ ʩʠʩʪʝʤ, ʟʘʩʪʦʩʦʚʫʶʪʴ ʟʘʧʨʦʛʨʘʤʦʚʘʥʽ ʬʦʨʤʠ ʇɯʄ ʜʣʷ 

ʢʦʤʫʥʽʢʘʮʽʾ ʥʘ ʟʦʚʥʽʰʥʽʭ ʪʘ ʚʥʫʪʨʽʰʥʽʭ ʨʽʚʥʷʭ ʽʻʨʘʨʭʽʾ (ʨʠʩ. 2.7) [107-150]. 

ʆʧʠʩʘʥʘ ʥʘ ʨʠʩʫʥʢʘʭ 2.1-2.7 ʇɯʄ ʜʦʟʚʦʣʷʻ ʛʘʨʘʥʪʫʚʘʪʠ ʧʦʪʦʢʠ 

ʝʚʦʣʶʮʽʡʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʢʦʤʘʥʜ, ʜʘʥʠʭ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʨʦʛʨʘʤʥʠʭ 

ʬʨʘʛʤʝʥʪʽʚ ʫ ʢʝʨʦʚʘʥʽʡ ʧʘʤôʷʪʽ. ɿʘʚʜʷʢʠ ʚʘʨʽʘʮʽʷʤ ʫ A CÆ  ʢʦʤʧʦʥʝʥʪʘʭ ʟʤʽʩʪ ʪʘ 

ʩʪʘʥ ʚ ʧʘʤôʷʪʽ ʂʄ-ʇɼ ʜʠʥʘʤʽʯʥʦ ʟʤʽʥʶʻʪʴʩʷ. ɺ ʢʦʥʢʨʝʪʥʠʭ ʨʝʘʣʽʟʘʮʽʷʭ 

ʩʧʝʮʽʘʣʴʥʠʭ ʇɸʂ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʽ ʥʝʦʙʭʽʜʥʽ ʜʦʜʘʪʢʦʚʽ ʢʦʤʧʦʥʝʥʪʠ ʪʘ 

ʚʽʜʧʦʚʽʜʥʦ ʥʠʭ ʦʩʦʙʣʠʚʽ (ʢʽʣʴʢʽʩʥʽ ʪʘ ʷʢʽʩʥʽ) ʬʦʨʤʠ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʾ ʚʟʘʻʤʦʜʽʾ. 

ʊʦʜʽ ʟʛʽʜʥʦ ʟʘʤʦʚʣʝʥʴ ʡ ʧʦʪʨʝʙ ʦʩʦʙʣʠʚʦʾ ʢʘʪʝʛʦʨʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ ʇɽɺʆ ʙʫʜʝ 

ʩʪʚʦʨʝʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʝʤʝʨʞʝʥʪʥʦʩʪʽ ʤʘʡʙʫʪʥʽʭ ʇʌʄ. 
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ʈʠʩʫʥʦʢ 2.7 - ɯʥʬʦʣʦʛʽʯʥʘ ʤʦʜʝʣʴ ʧʦʪʦʢʽʚ ʦʧʝʨʘʪʦʨʽʚ ʡ ʦʧʝʨʘʥʜʽʚ 

ʥʝʦʙʭʽʜʥʦʾ ʪʝʭʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʚʟʘʻʤʦʜʽʾ ɯʊ ʫ ʤʝʞʘʭ ʫʟʘʛʘʣʴʥʝʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʪʨʠʨʽʚʥʝʚʦʛʦ ʩʢʣʘʜʘʥʥʷ ʮʠʬʨʦʚʦʛʦ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʜʣʷ 

ʨʦʟʚôʷʟʘʥʥʷ ʟʘʚʜʘʥʴ IAS. ʧʨʦʮʝʩʦʨʘʤʠ (ʥʘʥʦ-ʤʽʢʨʦ ȿ ʤʽʜ-̔ʤʘʢʨʦ ȿ ʛʽʛʘ-ʤʝʪʘ). 

*ʇʨʠʤʽʪʢʘ. LC ï Location Counter (Program-PC ȿ Instruction-IC) 

ʆʧʝʨʘʪʠʚʥʠʡ 

ʜʽʘʣʦʛ IAS 

ɺʫʟʦʣ ʢʦʤʫʪʘʮʽʾ ʥʘʷʚʥʠʭ ʢʘʥʘʣʽʚ 

ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʟʘʻʤʦʜʽʾ 

ɸʉɯD 

ʇɽɺʆ 

ʂʝʨʦʚʘʥʘ ʧôʷʥʷʪʴ 

ʢʦʤʘʥʜ ʪʘ ʜʘʥʠʭ 

ʐʚʠʜʢʽ ʨʝʛʽʩʪʨʠ 

ɸʜʨʝʩʥʽ MAR ɹʫʬʝʨʥʽ MBR 

ʈʝʛʽʩʪʨ IR 

ʢʦʤʘʥʜ 

ʈʝʛʽʩʪʨʠ 

ʨʦʙʦʯʽ 

ɯʥʪʝʨʧʨʝʪʘʪʦʨ 

ʃʽʯʠʣʴʥʠʢ 

ʘʜʨʝʩ LC 

ʊʘʡʤʝʨ ɿʘʛʘʣʴʥʽ 

ʨʝʛʽʩʪʨʠ 

ɿʘʧʠʪʠ ʥʘ ʧʝʨʝʨʠʚʘʥʥʷ 

ɸ 

ɺ 

C 

ɯʻʨʘʨʭʽʷ 

ʧʘʤôʷʪʽ 

ʩʝʨʝʜʦʚʠʱʘ 

ɺʢʣʘʜʝʥʽ 

ʯʘʩʦʚʽ 

ʽʥʪʝʨʚʘʣʠ 

ʇʨʽʦʨʠʪʝʪ 

ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʜʽʾ 
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ʅʘ ʝʪʘʧʘʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʇɯʄ ʥʝ ʤʘʻ ʜʝʪʘʣʴʥʠʭ ʧʦʚʥʠʭ ʦʧʠʩʽʚ 

ʚʽʜʧʦʚʽʜʥʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘ ʟʚôʷʟʢʽʚ ʤʽʞ ʥʠʤʠ ʫ ʬʽʟʠʯʥʽʡ ʨʝʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ 

ʘʧʘʨʘʪʫʨʠ ʎʆʉ ʪʘ ʢʦʤʽʨʦʢ ʬʽʟʠʯʥʦʾ ʧʘʤôʷʪʽ. ɿʘʩʪʦʩʦʚʫʻʪʴʩʷ ʩʠʤʚʦʣʴʥʦ-

ʟʥʘʢʦʚʘ ʬʦʨʤʘ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʢʦʜʫʚʘʥʥʷ ʢʦʤʘʥʜ (ʦʧʝʨʘʪʦʨʽʚ) ʪʘ ʚʽʜʧʦʚʽʜʥʠʭ 

(ʦʧʝʨʘʥʜʽʚ) ʜʘʥʠʭ. ɼʽʡʩʥʦ ʥʘ ʚʽʜʧʦʚʽʜʥʦʤʫ ʽʻʨʘʨʭʽʯʥʦʤʫ ʨʽʚʥʽ ɯʊ ʟʘ 

ʧʨʠʥʮʠʧʘʤʠ ʽʤʧʣʽʢʘʮʽʾ  (
i j j iS S VS S­ ­ ) ʦʜʥʦʯʘʩʥʦ ʽʩʥʫʶʪʴ ʜʚʦʙʽʯʥʽ ʟʚʦʨʦʪʥʽ 

ʟʚôʷʟʢʠ ï ʧʝʨʝʪʚʦʨʝʥʥʷ ʟ ʦʜʥʦʛʦ ʧʦʧʝʨʝʜʥʴʦʛʦ ʩʪʘʥʫ iS  ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʚ 

ʽʥʰʠʡ jS , 
1

2
i j" ¸  ʜʣʷ ʂ ʢʨʦʢʫ [107-150]. 

ʊʘʢʠʤ ʯʠʥʦʤ ʟʘ ʩʪʘʥʜʘʨʪʦʤ (ISO-OSI) ʇɯʄ ʟʘʙʝʟʧʝʯʫʻ ʛʦʨʠʟʦʥʪʘʣʴʥʫ 

ʜʝʪʘʣʽʟʘʮʽʶ ʧʨʦʮʝʩʦʨʥʠʭ ʧʦʪʦʢʽʚ ʪʘ ʚʝʨʪʠʢʘʣʴʥʽ ʽʻʨʘʨʭʽʯʥʽ ʩʪʨʘʪʝʛʽʯʥʦ-

ʛʣʠʙʠʥʥʽ ʟʚôʷʟʢʠ ʚʽʜʧʦʚʽʜʥʦ ʧʦʥʷʪʴ OSI (ʧʨʘʛʤʘʪʠʢʘ, ʩʝʤʘʥʪʠʢʘ, ʩʝʤʽʦʪʠʢʘ, 

ʦʥʪʦʣʦʛʽʷ, ʩʠʥʪʘʢʩʠʩ, ʛʨʘʤʘʪʠʢʘ, ʤʦʨʬʦʣʦʛʽʷ ʨʘʟʦʤ ʟ ʬʦʥʝʪʠʢʦʶ ʪʘ ʘʣʬʘʚʽʪʦʤ 

ʢʦʜʦʚʦʛʦ ʙʘʟʠʩʫ). ɺʩʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʙʣʦʢʠ ʇɸʂ ʚ ʫʤʦʚʘʭ ʜʽʘʣʦʛʦʚʦʛʦ 

ʣʶʜʩʴʢʦʛʦ ʟʘʤʦʚʯʫʚʘʥʥʷ ʟʘʙʝʟʧʝʯʫʶʪʴ ʦʙʤʽʥʠ ʜʘʥʠʤʠ ʫ ʚʠʛʣʷʜʽ ʜʚʽʡʢʦʚʠʭ 

ʯʠʩʝʣ ʚʽʜʧʦʚʽʜʥʦʾ ʨʦʟʨʷʜʥʦʩʪʽ. ʎʝ ʟʥʘʯʥʦ ʟʤʝʥʰʫʻ ʦʙʩʷʛʠ (Big Data) ʧʘʤôʷʪʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʝʬʝʢʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ ʚʩʽʤʘ ʥʘʷʚʥʠʤʠ ʨʝʩʫʨʩʘʤʠ ʇɸʂ ʪʘ 

ɯʊ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʝʨʫʚʘʥʥʷ ʢʦʤʧʦʥʝʥʪʘʤʠ ʬʽʟʠʯʥʠʭ ʘʧʘʨʘʪʽʚ ʎʆʉ, ʱʦ 

ʚʠʨʽʰʫʶʪʴ ʢʦʥʢʨʝʪʥʽ ʟʘʜʘʯʽ. ɺʦʥʠ ʟʘʜʘʥʽ ʚ ʩʬʝʨʽ ɸ ʟ ʣʽʥʛʚʽʩʪʠʯʥʠʤʠ 

ʟʚʠʯʘʡʥʠʤʠ ʬʦʨʤʘʤʠ ʤʦʚʥʦʛʦ ʩʧʽʣʢʫʚʘʥʥʷ ʇɽɺʆ. ʌʽʟʠʯʥʽ ʢʦʥʢʨʝʪʥʽ 

ʘʧʘʨʘʪʠ, ʤʘʰʠʥʠ ʪʘ ʢʦʤʧʣʝʢʩʠ ʤʦʞʫʪʴ ʚʽʜʧʨʘʮʴʦʚʫʚʘʪʠ ʧʦʪʽʢ ʟ ʧʘʢʝʪʥʠʭ 

ʩʪʠʩʣʠʭ ʢʦʤʘʥʜ ïʟʘʚʜʘʥʴ. ʄʫʣʴʪʠ ʧʨʦʛʨʘʤʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ ʎʆʉ 

ʨʝʘʣʽʟʫʶʪʴ ʚ ʂʄ-ʇɼ ʘʙʦ MFT ʟ ʬʽʢʩʦʚʘʥʦʶ ʢʽʣʴʢʽʩʪʶ ʟʘʜʘʯ ʘʙʦ MVT ʟʽ 

ʟʤʽʥʥʦʶ ʢʽʣʴʢʽʩʪʶ (ʩʫʤʽʰ) ʟʘʜʘʯ [9, 26-32]. 

ʊʦʤʫ ʢʦʞʥʝ ʟʘʚʜʘʥʥʷ ʮʝ ʢʦʥʢʨʝʪʥʠʡ ʮʽʣʴʦʚʠʡ ʦʧʠʩ ʨʦʙʦʪʠ, ʱʦ 

ʟʘʤʦʚʣʝʥʘ. ʄʦʞʣʠʚʦ ʫ ʤʝʞʘʭ ʦʜʥʦʛʦ ʜʠʨʝʢʪʠʚʥʦʛʦ ʟʘʚʜʘʥʥʷ ʦʜʨʘʟʫ ʥʘʜʘʚʘʪʠ 

ʦʧʠʩ ʜʝʢʽʣʴʢʦʭ ʟʘʚʜʘʥʴ-ʥʘʢʘʟʽʚ. ʅʘ ʮʴʦʤʫ ɸ ʨʽʚʥʽ ʟʘʚʜʷʢʠ ʩʠʤʚʦʣʴʥʠʭ ʦʧʠʩʽʚ 

ʚʞʝ ʦʪʨʠʤʫʻʤʦ: ʥʝʦʙʭʽʜʥʫ ʷʢʽʩʪʴ-ʛʥʫʯʢʽʩʪʴ; ʝʬʝʢʪʠʚʥʽʩʪʴ-ʤʽʥʽʤʽʟʘʮʽʶ ʚʠʪʨʘʪ 

ʨʝʩʫʨʩʽʚ ʙʝʟ ʦʯʽʢʫʚʘʥʥʷ; ʢʦʨʠʩʥʽʩʪʴ-ʚʠʩʦʢʫ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ; ʨʘʮʽʦʥʘʣʴʥʫ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʙʝʟ ʟʘʡʚʠʭ ʟʘʪʨʠʤʦʢ ʪʘ ʚʠʪʨʘʪ ʤʘʰʠʥʥʦʛʦ ʯʘʩʫ. 
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ʅʘ ʨʽʚʥʷʭ ɺ ʫ ʬʽʢʩʦʚʘʥʠʭ ʬʦʨʤʘʪʘʭ ʨʝʘʣʽʟʫʻʪʴʩʷ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʚʚʦʜʫ 

ï ʚʠʚʦʜʫ ʽʥʬʦʨʤʘʮʽʾ ʧʦ ʚʩʽʤ ʢʘʥʘʣʘʤ ʢʦʥʢʨʝʪʥʦʾ ʢʦʤʫʥʽʢʘʮʽʾ. ʎʽʣʝʩʧʨʷʤʦʚʘʥʘ 

ʢʦʦʨʜʠʥʘʮʽʷ ʥʘ ʧʨʠʥʮʠʧʘʭ OSI ʨʝʘʣʽʟʫʻ ʬʽʟʠʯʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʧʦʪʦʢʽʚ, ʱʦ 

ʧʦʨʦʜʞʝʥʽ ʟʛʽʜʥʦ ʟʘʚʜʘʥʴ ʟ ɸ ʩʬʝʨʠ. ɺʠʩʦʢʽ ʧʦʢʘʟʥʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ɺ ʩʬʝʨʠ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʝʪʦʜʠ ʨʦʟʧʦʜʽʣʫ ʯʘʩʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʤôʷʪʽ ʧʨʦʮʝʩʘʤʠ ʧʨʠ 

ʤʥʦʞʠʥʥʠʭ ʜʦʩʪʫʧʘʭ. ʉʠʪʫʘʪʠʚʥʽ ʯʘʩʦʚʽ ʤʦʤʝʥʪʠ ʚʠʟʥʘʯʘʻ ʧʣʘʥʫʚʘʣʴʥʠʢ ʪʘ 

ʟʘʚʘʥʪʘʞʥʠʢ ʜʣʷ ʩʧʽʣʴʥʦʾ ʢʦʦʨʜʠʥʘʮʽʾ ʢʝʨʦʚʘʥʦʩʪʽ ʧʘʤôʷʪʽ ʇɸʂ ʂʄ-ʇɼ. 

ʇʦʥʷʪʪʷ ʨʦʙʦʯʦʛʦ ʧʨʦʩʪʦʨʫ ʧʘʤôʷʪʽ ʧʝʨʝʜʙʘʯʘʻ ʟʥʘʥʥʷ ʘʨʭʽʪʝʢʪʫʨʠ ʩʭʦʚʠʱ 

Big Data ʟ ʟʘʧʨʦʧʦʥʦʚʘʥʠʤʠ ʽʜʝʥʪʠʬʽʢʘʪʦʨʘʤʠ ʈɹʄ, ʈʆʄ, ɹʆʄ ʪʘ ʤʝʪʦʜʽʚ 

ʩʝʛʤʝʥʪʘʮʽʾ (ʨʦʟʧʦʜʽʣʫ ʟʘ ʘʜʨʝʩʘʤʠ) ʬʘʡʣʽʚ. ʇʽʜ ʯʘʩ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʂʄ-ʇɼ 

ʡ ʨʝʘʣʽʟʫʻʤʦ ʥʘ ʤʥʦʞʠʥʽ ʉ-ʢʦʤʧʦʥʝʥʪʠ ʜʠʥʘʤʽʯʥʦʾ ʚʽʨʪʫʘʣʴʥʦʩʪʽ ʩʪʘʥʽʚ 

ʘʜʨʝʩʥʦʛʦ ʢʦʨʪʝʞʫ ʫʧʨʘʚʣʽʥʥʷ ʜʦʩʪʫʧʦʤ ʜʦ ʦʧʝʨʘʥʜʽʚ-ʩʝʛʤʝʥʪʽʚ. 

ɺ ʂʄ-ʇɼ ʙʘʟʦʚʘ ʩʠʩʪʝʤʘ ʉ ʟ ʮʠʬʨʦʚʠʭ ʘʚʪʦʤʘʪʽʚ ʪʘ ʦʧʝʨʘʮʽʡʥʘ 

ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʚʠʨʽʰʝʥʥʷ ʢʦʞʥʦʾ ʘʢʪʫʘʣʽʟʦʚʘʥʦʾ ʟʘʜʘʯʽ. 

ʋʤʦʚʘ ʚʠʢʦʥʘʥʥʷ ʧʽʩʣʷ ʧʨʦʭʦʜʞʝʥʥʷ ɸ ʪʘ ɺ ʩʬʝʨ, ʢʦʣʠ ʚʞʝ ʟʘʚʘʥʪʘʞʝʥʽ ʡ 

ʥʘʣʘʛʦʜʞʝʥʽ ʜʘʥʽ ʙʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʢʝʨʦʚʘʥʽʡ ʧʘʤôʷʪʽ ʪʘ ʫ ʾʾ ʰʚʠʜʢʠʭ (ʨʠʩ. 2.4) 

ʨʝʛʽʩʪʨʘʭ. ʆʧʠʩʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʥʘ ʨʽʚʥʽ ʉ ʤʦʞʣʠʚʦ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʟ 

ʨʽʟʥʠʭ ʪʦʯʦʢ ʟʦʨʫ ʽʟ ʟʘʛʘʣʴʥʠʤ ʦʧʠʩʦʤ ʫ ʚʠʛʣʷʜʽ ER-ʜʽʘʛʨʘʤ. ʇʦʚʥʘ 

ʦʨʛʘʥʽʟʘʮʽʷ ʧʘʨʘʣʝʣʴʥʦʾ ʨʦʙʦʪʠ ʧʽʜ ʯʘʩ ʚʠʨʽʰʝʥʥʷ ʢʦʥʢʨʝʪʥʠʭ ʟʘʚʜʘʥʴ ʡ 

ʟʘʜʘʯ ʧʝʨʝʜʙʘʯʘʻ ʽʥʪʝʛʨʘʮʽʶ ʥʘʩʪʫʧʥʠʭ ʉ ʬʫʥʢʮʽʡ [107-150]: 

- ʢʦʦʨʜʠʥʘʮʽʷ ʡ ʫʧʦʨʷʜʢʫʚʘʥʥʷ ʟʘʚʜʘʥʴ ʡ ʟʘʜʘʯ, ʧʣʘʥʫʚʘʥʥʷ ʡ 

ʢʝʨʫʚʘʥʥʷ ʧʦʪʦʢʘʤʠ ʦʙʨʦʙʢʠ ʧʦʨʮʽʡ ʧʨʦʪʦʢʦʣʴʥʠʭ ʜʘʥʠʭ;  

- ʥʘʣʘʰʪʫʚʘʥʥʷ ʢʦʥʢʨʝʪʥʠʭ ʬʦʨʤ (ʰʘʙʣʦʥʽʚ) ʚʚʦʜʫ-ʚʠʜʘʯʽ ʜʘʥʠʭ;  

- ʟʘʭʠʩʪ ʚʽʜ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʠʭ ʚʪʨʫʯʘʥʥʷ ʚ ʉ ʧʨʦʩʪʽʨ; 

- ʫʧʨʘʚʣʽʥʥʷ ʟʦʚʥʽʰʥʽʤʠ ʪʘ ʚʥʫʪʨʽʰʥʽʤʠ ʨʝʩʫʨʩʘʤʠ ʨʦʟʧʦʜʽʣʝʥʦʾ 

ʜʠʥʘʤʽʯʥʦʾ ʧʘʤôʷʪʽ ʫ ʤʝʞʘʭ ɭɯʇ ʚʢʣʶʯʘʶʯʠ çʭʤʘʨʥʽè ɯʊ;  

- ʢʦʥʪʨʦʣʶʚʘʥʥʷ ʢʦʣʽʟʽʡ, ʚʽʜʥʦʚʣʝʥʥʷ, ʢʦʨʠʛʫʚʘʥʥʷ ʧʦʭʠʙʦʢ. 

ʆʨʛʘʥʽʟʫʶʯʘ ʧʨʦʛʨʘʤʘ ʟ ʥʘʟʚʦʶ ʤʦʥʽʪʦʨ ʨʝʘʣʽʟʫʻ ʧʨʦʛʨʘʤʥʝ ʫʧʨʘʚʣʽʥʥʷ 

ʫ ʤʝʞʘʭ ʉ ʧʽʜʩʠʩʪʝʤʠ ʟʘ ʚʩʪʘʥʦʚʣʝʥʠʤ ʩʪʘʥʜʘʨʪʦʤ ʧʦʢʨʦʢʦʚʦʾ ʦʙʨʦʙʢʠ 

ʦʧʠʩʽʚ ʥʘ ʤʦʚʽ ʫʧʨʘʚʣʽʥʥʷ ʟʘʚʜʘʥʥʷʤʠ. ɺ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ (ʨʠʩ. 2.4) ʜʣʷ 
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ʜʠʨʝʢʪʠʚʥʦ-ʢʦʤʘʥʜʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʙʫʣʘ ʟʘʧʨʦʧʦʥʦʚʘʥʘ (ʜʠʚʠʩʴ ʨʦʟʜʽʣ 3) 

ʤʦʚʘ ʂʄ-ʇɼ. 

ʃʦʛʽʢʘ ʨʦʙʦʪʠ ʤʦʥʽʪʦʨʽʚ (ʨʠʩ. 2.5) ʥʘʩʪʫʧʥʘ. ɺʚʝʜʝʥʥʷ ʧʦʨʮʽʾ ʟʘʚʜʘʥʥʷ 

ʪʘ ʦʨʛʘʥʽʟʘʮʽʷ ʩʪʘʥʫ ʨʦʙʦʯʦʾ ʧʘʤôʷʪʽ ʟ ʨʝʛʽʩʪʨʘʤʠ ʢʦʤʘʥʜ ʪʘ ʜʘʥʠʭ ʥʝʦʙʭʽʜʥʦ 

ʜʣʷ ʦʙʨʦʙʢʠ ʢʦʞʥʦʾ ʧʦʨʮʽʾ. ʇʦʩʣʽʜʦʚʥʘ ʨʦʙʦʪʘ ʡ ʥʝʦʙʭʽʜʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʨʝʘʣʽʟʫʻ ʂʄ-ʇɼ ʟʛʽʜʥʦ ʦʪʨʠʤʘʥʠʭ ʚʽʜ IAS ʟʘʚʜʘʥʴ. ʉʧʦʯʘʪʢʫ ʮʝ - ʦʨʛʘʥʽʟʘʮʽʷ 

ʬʘʟʠ ʦʧʝʨʘʮʽʡʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʢʨʦʢʫ ʟʘʚʜʘʥʥʷ. ʇʦʪʽʤ ʨʝʘʣʽʟʘʮʽʷ ʡ 

ʢʦʥʪʨʦʣʴ ʢʨʦʢʫ ʦʪʨʠʤʘʥʥʷ ʦʯʽʢʫʚʘʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ. ʗʢʱʦ ʚʠʟʥʘʯʝʥʘ ʢʦʣʽʟʽʷ, 

ʪʦʜʽ ʩʧʝʮʽʘʣʴʥʘ ʧʨʦʮʝʜʫʨʘ ʚʽʜʥʦʚʣʝʥʥʷ ʙʝʟ ʧʦʭʠʙʦʢ. ʇʽʩʣʷ ʦʪʨʠʤʘʥʥʷ ʊʊʈ ʫ 

ʚʽʜʧʦʚʽʜʥʦʤʫ ʬʦʨʤʘʪʽ ʚʠʢʦʥʫʻʪʴʩʷ ʧʝʨʝʚʽʨʢʘ <ʢʽʥʝʮʴ ʟʘʚʜʘʥʥʷ>. ʗʢʱʦ çʪʘʢè, 

ʪʦʜʽ ʚʠʭʽʜ ʪʘ ʧʝʨʝʜʘʯʘ ʫʧʨʘʚʣʽʥʥʷ ʥʘ ʘʢʪʠʚʽʟʘʮʽʶ ʚʚʦʜʫ ʥʘʩʪʫʧʥʦʛʦ ʟʘʚʜʘʥʥʷ. 

ʗʢʱʦ çʥʽè, ʪʦʜʽ (ʱʝ ʥʝ ʚʩʽ ʢʨʦʢʠ ʟʘʚʝʨʰʝʥʽ ʜʣʷ ʥʘʩʪʫʧʥʦʾ ʦʙʨʦʙʢʠ) 

ʚʥʫʪʨʽʰʥʷ ʧʨʦʛʨʘʤʘ ʟʘʙʝʟʧʝʯʫʻ ʩʠʛʥʘʣ çʧʦʢʠ ʱʝ ʥʝ ʟʘʚʝʨʰʝʥʦʛʦ ʟʘʚʜʘʥʥʷè. 

ʂʦʤʘʥʜʥʝ (ʧʨʦʛʨʘʤʥʝ ʂʄ-ʇɼ) ʫʧʨʘʚʣʽʥʥʷ ʙʘʟʫʻʪʴʩʷ ʥʘ ʪʨʴʦʭ ʦʙʣʘʩʪʷʭ 

ʘʜʨʝʩʦʚʘʥʦʾ ʧʘʤôʷʪʽ ï ʩʝʛʤʝʥʪʘʭ: ʢʦʜʽʚ, ʜʘʥʠʭ, ʩʪʝʢʘ. ʉʝʛʤʝʥʪ ʢʦʜʽʚ ʤʽʩʪʠʪʴ 

ʢʦʜʠ ʢʦʤʘʥʜ, ʷʢʽ ʘʜʨʝʩʦʚʘʥʽ CS ʨʝʛʽʩʪʨʦʤ ʢʦʜʽʚ ʪʘ IP (Instruction Pointer)  

ʧʦʢʘʟʥʠʢʦʤ ʢʦʤʘʥʜʠ ʟʘʤʽʱʝʥʥʷ [107-150] ʫ ʧʘʤôʷʪʽ. ʉʝʛʤʝʥʪ ʤʽʩʪʠʪʴ 

ʟʤʽʩʪʦʚʥʽ ʜʘʥʽ ʡ ʢʦʥʩʪʘʥʪʠ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʨʦʙʦʪʠ. ɸʜʨʝʩʘʪ ʩʝʛʤʝʥʪʘ ʜʘʥʠʭ ʻ ʫ 

DS ʨʝʛʽʩʪʨʽ. ʉʝʛʤʝʥʪ ʩʪʝʢʘ ʤʽʩʪʠʪʴ ʫʤʦʚʠ ʧʨʦʜʦʚʞʝʥʥʷ ʨʦʙʦʪʠ, ʜʣʷ ʯʦʛʦ 

ʤʽʩʪʠʪʴ ʘʜʨʝʩ ʧʦʚʝʨʥʝʥʥʷ ʟ ʧʨʦʛʨʘʤʥʦʛʦ ʤʦʜʫʣʷ ʪʘ ʚʽʜʧʦʚʽʜʥʽ ʜʘʥʽ. ʈʝʛʽʩʪʨʠ: 

SS ʤʽʩʪʷʪʴ ʧʦʯʘʪʢʦʚʫ ʘʜʨʝʩʫ ʩʪʝʢʘ; SP ï ʟʤʽʱʝʥʥʷ ʚ ʩʝʛʤʝʥʪʽ ʧʘʤôʷʪʽ. 

ɿʤʽʩʪʦʚʥʽ ʟʥʘʯʝʥʥʷ ʚ ʢʦʤʽʨʢʘʭ ʧʘʤôʷʪʽ ʘʙʦ ʨʝʛʽʩʪʨʘʭ ʚʠʟʥʘʯʘʻʤʦ, ʷʢ ʦʧʝʨʘʥʜʠ. 

ʆʧʝʨʘʥʜ ʮʝ ʨʝʟʫʣʴʪʘʪ ʧʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʨʦʙʦʪʠ ʦʧʝʨʘʪʦʨʘ 

(ʘʨʠʬʤʝʪʠʯʥʦ-ʣʦʛʽʯʥʦʛʦ ʧʨʠʩʪʨʦʶ). ʉʘʤʝ ʚʽʥ ʚʽʜʧʦʚʽʜʥʦ ʚʭʽʜʥʠʭ ʢʦʤʘʥʜ ʪʘ 

ʚʠʟʥʘʯʝʥʠʭ ʟʥʘʯʝʥʴ (ʦʮʽʥʦʢ) ʧʦʧʝʨʝʜʥʽʭ ʜʘʥʠʭ (ʦʧʝʨʘʥʜʽʚ) ʡ ʧʽʩʣʷ ʚʠʢʦʥʘʥʥʷ 

ʢʦʤʘʥʜʠ ʦʧʝʨʘʪʦʨʘ ʚʠʜʘʻ ʪʘ ʚʽʜʩʠʣʘʻ ʨʝʟʫʣʴʪʘʪ ʜʽʾ ʜʣʷ ʧʝʨʝʭʦʜʫ ʜʦ 

ʥʘʩʪʫʧʥʦʛʦ ʢʨʦʢʫ. ʊʘʢʠʤ ʯʠʥʦʤ ʫʥʽʬʽʢʦʚʘʥʘ ʦʙʨʘʥʘ ʤʦʚʘ ʂʄ-ʇɼ ʫʧʨʘʚʣʽʥʥʷ 

ʜʦʟʚʦʣʷʻ ʤʘʪʠ ʪʠʧʦʚʽ ʧʨʦʛʨʘʤʠ ʜʣʷ ʟʘʟʜʘʣʝʛʽʜʴ ʫʟʛʦʜʞʝʥʠʭ ʤʦʜʫʣʴʥʠʭ 

ʬʫʥʢʮʽʡ. ɯʜʝʘʣʴʥʘ ʧʨʦʛʨʘʤʘ ʘʙʦ ʊʇʄ (ʪʠʧʦʚʠʡ ʧʨʦʛʨʘʤʥʠʡ ʤʦʜʫʣʴ) ʮʝ ʦʧʠʩ 

ʦʙʨʘʥʦʶ ʤʦʚʦʶ ʟʛʽʜʥʦ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʢʦʤʘʥʜ ʦʧʝʨʘʪʦʨʽʚ ʪʘ ʚʽʜʧʦʚʽʜʥʠʭ 
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ʦʧʝʨʘʪʦʨʽʚ. ʌʽʢʩʘʮʽʷ ʫʤʦʚ ʩʪʚʦʨʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ, ʷʢʽ ʽʥʪʝʨʧʨʝʪʫʻʤʦ, ʧʦʪʨʽʙʥʘ 

ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘ ʫʯʘʩʪʶ ʇɯʄ ʟʘʜʘʥʦʾ ʟʘʜʘʯʽ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ. 

ʄʘʡʞʝ ʚʩʽ ʧʦʢʘʟʥʠʢʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʟʘʩʦʙʽʚ ɯʊ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ 

ʧʨʘʢʪʠʢʠ ʟʘʣʝʞʘʪʴ ʚʽʜ ʩʪʨʫʢʪʫʨʠ ʢʦʤʘʥʜ (ʨʠʩ. 2.5). ʂʽʣʴʢʽʩʥʽ ʟʥʘʯʝʥʥʷ 

ʨʦʟʨʷʜʽʚ ʚʠʟʥʘʯʘʶʪʴ ʚʠʨʘʟʠ 
2logk K² ; 2logl L² ; 

2logm M² , ʜʝ , ,K L M  ʚʝʨʭʥʽ 

ʦʙʤʝʞʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʚʽʜʧʦʚʽʜʥʠʭ ʯʠʩʝʣʴʥʠʭ ʟʥʘʯʝʥʴ ʤʥʦʞʠʥ. ʂʦʤʘʥʜʠ ʂʄ-

ʇɼ ʙʫʚʘʶʪʴ: ʥʫʣʴ ʘʜʨʝʩʥʽ; ʦʜʥʦ-, ʜʚʦʭ-, ʪʨʴʦʭ- ʪʘ ʯʦʪʠʨʠʘʜʨʝʩʥʽ. ʊʦʤʫ 

ʪʠʧʦʚʠʡ ʩʪʨʫʢʪʫʨʥʠʡ ʟʘʧʠʩ ʬʦʨʤʘʪʽʚ ʥʘʩʪʫʧʥʠʡ: 
1 1 2 1 2 3 1 2 3 4; ; ; ;k k k k ka aa aaa aaaa. 

ɺʨʘʭʫʚʘʥʥʷ ʩʧʝʮʠʬʽʢʠ ʤʝʪʦʜʽʚ ʨʝʘʣʽʟʘʮʽʾ ʘʣʛʦʨʠʪʤʽʚ ʤʽʢʨʦʧʨʦʛʨʘʤʥʦʛʦ 

ʚʠʨʽʰʝʥʥʷ ʢʦʞʥʦʾ ʫʥʽʬʽʢʦʚʘʥʦʾ ʟʘʜʘʯʽ ʟʘʙʝʟʧʝʯʫʻ ʛʥʫʯʢʽʩʪʴ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʪʘ 

ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʽʚ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. ʂʣʘʩʠʬʽʢʘʮʽʷ ʜʘʥʦʛʦ ʥʘʧʨʷʤʢʫ ʥʘʩʪʫʧʥʘ. 

ɿʘ ʪʠʧʦʤ ɿʇ ï ʜʠʥʘʤʽʯʥʽ ʡ ʩʪʘʪʠʯʥʽ. ɿʘ ʩʧʦʩʦʙʦʤ ʢʦʜʫʚʘʥʥʷ ʤʽʢʨʦʦʧʝʨʘʮʽʡ 

ʛʦʨʠʟʦʥʪʘʣʴʥʽ, ʚʝʨʪʠʢʘʣʴʥʽ, ʛʽʙʨʠʜʥʽ. ɿʘ ʯʘʩʦʚʠʤʠ ʮʠʢʣʘʤʠ ï ʩʠʥʭʨʦʥʥʽ ʡ 

ʘʩʠʥʭʨʦʥʥʽ. ɿʘ ʢʽʣʴʢʽʩʪʶ ʛʨʫʧ ʩʧʽʣʴʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʯʘʩʽ ʦʜʥʦʬʘʟʥʽ ʡ 

ʙʘʛʘʪʦʬʘʟʥʽ. ɿʘ ʧʨʠʥʮʠʧʘʤʠ ʘʜʨʝʩʘʮʽʾ - ʧʨʷʤʽ ʡ ʦʧʦʩʝʨʝʜʢʦʚʘʥʽ. ʆʟʥʘʯʝʥʝ 

ʜʦʟʚʦʣʠʣʦ ʚʽʜʟʥʘʯʠʪʠ ʬʦʨʤʠ ʫʧʨʘʚʣʽʥʥʷ ʡ ʜʝʰʠʬʨʦʚʮʽ ʩʣʽʚ. 

ʄʥʦʞʠʥʘ ʚʘʨʽʘʥʪʽʚ ʚʠʱʝʦʟʥʘʯʝʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʢʣʘʩʠʬʽʢʘʮʽʾ ʦʭʦʧʣʶʻ 

ʤʦʞʣʠʚʽ 192 ʩʭʝʤʥʠʭ ʊʊʈ ʩʪʦʩʦʚʥʦ ʨʝʘʣʽʟʘʮʽʾ ʙʣʦʢʽʚ ʫʧʨʘʚʣʽʥʥʷ ʦʧʝʨʘʮʽʷʤʠ 

ʟʘ ʧʦʪʨʝʙ ʟʘʜʘʯʥʠʭ ʩʠʪʫʘʮʽʡ. ʄʦʞʣʠʚʽ ʚʠʧʘʜʢʠ ʢʦʣʠ ʧʨʠʥʮʠʧ ʤʽʢʨʦ 

ʧʨʦʛʨʘʤʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʚʞʝ ʥʝ ʛʘʨʘʥʪʫʻ ʜʣʷ ʙʘʛʘʪʦʟʘʜʘʯʥʦʩʪʽ ʝʢʦʥʦʤʽʯʥʫ, 

ʢʦʤʧʣʝʢʩʥʫ ʟʘ ʟʘʪʨʘʪʘʤʠ ʯʘʩʫ, ʨʦʟʤʽʨʽʚ ʧʘʤôʷʪʽ, ʛʥʫʯʢʽʩʪʴ ʫʧʨʘʚʣʽʥʥʷ. ʆʮʽʥʢʘ 

ʩʢʣʘʜʥʦʩʪʽ 0S  ʪʦʜʽ ʦʮʽʥʶʻʪʴʩʷ ʢʽʣʴʢʽʩʪʶ ʜʦ 200 ʚʫʟʣʽʚ ʛʨʘʬʽʚ, ʷʢʽ 

ʚʽʜʦʙʨʘʞʫʶʪʴ ʣʦʛʽʢʫ ʤ̔ ʢʨʦʘʣʛʦʨʠʪʤʫ ʚʽʜʧʦʚʽʜʥʦʛʦ ʙʣʦʢʘ ʧʨʦʛʨʘʤʥʦʾ ʯʘʩʪʢʠ 

ʤʦʥʽʪʦʨʘ. ʇʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʮʠʬʨʦʚʠʭ ʘʚʪʦʤʘʪʽʚ ʡ ʎʆʉ 

ʨʝʘʣʽʟʫʻʪʴʩʷ ʥʘ ʧʨʠʥʮʠʧʘʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʧʝʨʘʮʽʡ ʥʘʜ ʙʽʥʘʨʥʠʤʠ ʰʘʨʘʤʠ 

ʟʤʽʥʥʦʾ ʩʠʪʫʘʪʠʚʥʦʾ ʜʦʚʞʠʥʠ. ʅʘʧʨʠʢʣʘʜ, ʫʤʦʚʥʘ ʘʜʨʝʩʘʮʽ ̫ʚ 12  ̔64 ʙʽʪʘʭ ʫ 

ʚʠʛʣʷʜʽ ʦʧʝʨʘʥʜʽʚ ʇɯʄ ʪʘ ʢʦʤʘʥʜ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. ʆʮʽʥʢʘ ʜʦʚʞʠʥʠ 

ʫʥʽʬʽʢʦʚʘʥʦʛʦ ʧʨʦʪʦʢʦʣʫ ʡ ʬʦʨʤʘʪʫ ʥʘʜʘʻ ʥʘʩʪʫʧʥʽ ʟʥʘʯʝʥʥʷ. 

ʆʜʥʦ ʘʜʨʝʩʥʘ ʢʦʤʘʥʜʘ: 6+1*12=18 ʙʽʪ. 
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ɼʚʦʘʜʨʝʩʥʘ ʢʦʤʘʥʜʘ: 6+2*12=30 ʙʽʪ. 

ʊʨʠʜʨʝʩʥʘ ʢʦʤʘʥʜʘ: 6+3*12=42 ʙʽʪʘ. 

ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʧʨʠ ʜʦʚʞʠʥʽ ʢʦʤʽʨʢʠ ɿʇ=64 ʨʦʟʨʷʜʠ, ʟʘ ʦʜʥʝ 

ʟʚʝʨʥʝʥʥʷ ʜʦ ʧʘʤôʷʪʽ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ: 3 ʦʜʥʦ ʘʜʨʝʩʥʽ ʢʦʤʘʥʜʠ; 2 ʜʚʦʘʜʨʝʩʥʽ; 

ʦʜʥʫ ʪʨʠ ʘʜʨʝʩʥʫ ʢʦʤʘʥʜʫ. ɺ ʪʦʡ ʞʝ ʯʘʩ ʧʨʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ ʨʝʛʽʩʪʨʽʚ 

ʤʦʞʣʠʚʦ ʦʪʨʠʤʘʪʠ: 4 ʢʦʤʘʥʜʠ ʪʠʧʫ RR; 2 ʢʦʤʘʥʜʠ ʪʠʧʫ RX; ʦʜʥʫ ʪʠʧʫ SS ʟʘ 

ʧʦʚʥʦʛʦ ʯʠ ʥʘʧʽʚʧʦʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʠʭ. ɹʘʡʪʦʚʘ ʦʨʛʘʥʽʟʘʮʽʷ ʧʘʤôʷʪʽ 

ʜʦʮʽʣʴʥʘ: ʜʣʷ ʢʦʤʘʥʜ ʟ ʬʦʨʤʘʪʘʤʠ ʚʽʜ ʦʜʥʦʛʦ ʜʦ ʰʝʩʪʠ ʙʘʡʪʽʚ; ʜʣʷ ʦʧʝʨʘʥʜʽʚ 

ʬʦʨʤʘʪ ʜʚʘ ʙʘʡʪ ʘʙʦ 16 ʙʽʪ ʟʘʜʦʚʽʣʴʥʠʡ ʜʣʷ ʨʦʟʨʦʙʣʝʥʠʭ ʦʧʠʩʽʚ ʇɯʄ. 

ʉʧʝʮʽʘʣʴʥʘ ʩʣʫʞʙʦʚʘ ʧʨʦʛʨʘʤʘ ʜʠʩʧʝʪʯʝʨ ʂʄ-ʇɼ (ʤʦʥʽʪʦʨ, ʩʫʧʝʨʚʽʟʦʨ) 

ʢʝʨʫʻ ʚʽʜʧʦʚʽʜʥʦ ʧʦʨʮʽʡ ʦʪʨʠʤʘʥʠʭ ʢʦʜʽʚ: ʜʠʨʝʢʪʠʚ, ʥʘʢʘʟʽʚ ʪʘ ʧʦʢʘʞʯʠʢʽʚ 

ʫʤʦʚ ʨʝʘʣʽʟʘʮʽʾ ʦʙʯʠʩʣʝʥʴ. ɺ ʜʘʥʽʡ ʜʠʩʝʨʪʘʮʽʾ ʧʦʜʘʣʴʰʘ ʜʝʪʘʣʽʟʘʮʽʷ ʪʘ ʟʘʜʘʯʽ 

ʦʧʪʠʤʽʟʘʮʽʾ ʤʫʣʴʪʠʧʨʦʛʨʘʤʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʟ ʤʦʞʣʠʚʠʤʠ ʬʦʨʤʘʤʠ 

ʧʝʨʝʨʠʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʊʇʄ ʥʝ ʨʦʟʛʣʷʜʘʣʠʩʴ. ʋʚʘʛʘ ʙʫʣʘ ʩʧʨʷʤʦʚʘʥʘ ʥʘ 

ʽʥʬʦʣʦʛʽʯʥʠʭ ʘʩʧʝʢʪʘʭ ʝʨʛʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʟ ʩʢʣʘʜʝʥʠʤʠ 

ʤʘʪʝʨʽʘʣʘʤʠ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʚ ʟʤʽʥʥʠʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʫʤʦʚʘʭ, ʱʦ 

ʧʨʦʛʥʦʟʫʶʪʴ ʡ ʧʝʨʝʜʙʘʯʘʶʪʴ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʢʠ, ʢʦʥʩʪʨʫʢʪʦʨʠ, ʧʨʦʝʢʪʘʥʪʠ ʪʘ 

ʟʘʤʦʚʥʠʢʠ ʨʦʟʚʠʪʢʫ ɯʊʉ [107-150]. 

ʋʥʽʬʽʢʦʚʘʥʘ ʧʣʘʪʬʦʨʤʘ IACPaaS [49, 64] ʧʽʜʪʨʠʤʫʻ ʪʨʠ ʤʦʜʝʣʽ ʥʘʜʘʥʥʷ 

ʩʝʨʚʽʩʽʚ - ʈʘʘS, SʘʘS ʽ DʘʘS. ʅʘ ʨʠʩ. 2.1 ʩʧʨʘʚʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʦʜʝʣʴ ʥʘʜʘʥʠʭ 

ʩʝʨʚʽʩʽʚ ʧʣʘʪʬʦʨʤʠ IACPaaS, ʟʣʽʚʘ - ʩʪʘʥʜʘʨʪʥʽ ʤʦʜʝʣʽ ʥʘʜʘʥʥʷ ʩʝʨʚʽʩʽʚ PaaS, 

SaaS ʽ DaaS ʚ çʭʤʘʨʥʠʭè [6, 41, 60] ʧʣʘʪʬʦʨʤʘʭ. ʈʠʩʫʥʦʢ ʜʦʟʚʦʣʷʻ ʧʦʨʽʚʥʷʪʠ 

ʥʘʙʽʨ ʢʦʤʧʦʥʝʥʪʽʚ ʧʣʘʪʬʦʨʤʠ IACPaaS ʽ ʥʘʙʦʨʠ ʢʦʤʧʦʥʝʥʪʽʚ ʚ ʽʥʰʠʭ 

ʭʤʘʨʥʠʭ ʧʣʘʪʬʦʨʤʘʭ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʝʘʣʽʟʦʚʘʥʠʤʠ ʚ ʾʭ ʨʘʤʢʘʭ ʤʦʜʝʣʷʤʠ 

ʥʘʜʘʥʥʷ ɯʊ ʩʝʨʚʽʩʽʚ. ɸʨʭʽʪʝʢʪʫʨʫ ʧʣʘʪʬʦʨʤʠ (ʨʠʩ. 2.2) ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ 

ʯʦʪʠʨʠ ʣʦʛʽʯʥʠʭ ʨʽʚʥʷ: ʩʠʩʪʝʤʥʠʡ ʨʽʚʝʥʴ, ʨʽʚʝʥʴ ʫʧʨʘʚʣʽʥʥʷ, ʩʝʨʚʽʩʥʠʡ ʽ 

ʙʽʙʣʽʦʪʝʯʥʠʡ ʨʽʚʥʽ. 
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2.3 ɼʠʩʢʨʝʪʥʽ ʟʘʜʘʯʽ ʧʨʦʛʥʦʟʫ ʡ ʚʠʧʨʦʙʫʚʘʥʥʷ ʤʝʪʦʜʘʤʠ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʩʪʚʦʨʝʥʥʷ ʨʝʯʦʚʠʥ ʚ ʪʝʨʤʦʭʽʤʽʯʥʠʭ ʨʝʘʢʪʦʨʘʭ  

 

ʇɸʂ ʂʄ-ʇɼ ʩʢʣʘʜʝʥʦ ʟ ʫʥʽʬʽʢʦʚʘʥʦʾ ʚʽʜʦʤʦʾ ʧʣʘʪʬʦʨʤʠ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʾ 

ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʇɯʄ ʇʌʄ. 

1. ʉʠʩʪʝʤʥʠʡ ʨʽʚʝʥʴ (ʨʽʚʝʥʴ ɺʽʨʪʫʘʣʴʥʦʾ ʤʘʰʠʥʠ). ʇʣʘʪʬʦʨʤʘ IACPaaS 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʨʦʮʝʩʦʨʽʚ: ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ; ʚʠʨʽʰʫʚʘʯʽʚ ʟʘʚʜʘʥʴ; 

ʽʥʪʝʨʬʝʡʩʫ ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʝʤʘʪʠʯʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. ʂʦʞʝʥ ʟ ʮʠʭ ʧʨʦʮʝʩʦʨʽʚ 

ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʘʨʭʽʪʝʢʪʫʨʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʭʤʘʨʥʠʭ ɯʊ ʩʝʨʚʽʩʽʚ. 

2. ɹʽʙʣʽʦʪʝʯʥʠʡ ʨʽʚʝʥʴ ʜʣʷ ʌʦʥʜʫ ʧʣʘʪʬʦʨʤʠ ʽ ʌʦʥʜʫ ʢʦʨʠʩʪʫʚʘʯʘ. ʌʦʥʜ 

ʧʣʘʪʬʦʨʤʠ ʽ ʌʦʥʜ ʢʦʨʠʩʪʫʚʘʯʘ - ʮʝ ʙʘʛʘʪʦ ʦʜʠʥʠʮʴ ʟʙʝʨʽʛʘʥʥʷ ʨʽʟʥʠʭ ʚʠʜʽʚ ʽ 

ʨʽʚʥʽʚ ʘʙʩʪʨʘʢʮʽʾ. ɿʤʽʩʪʦʚʥʦ ʮʝ ʟʙʝʨʝʞʝʥʽ ʙʘʟʠ ʜʘʥʠʭ ʽ ʟʥʘʥʴ, ʾʭ ʢʦʥʮʝʧʪʫʘʣʴʥʽ 

ʤʦʜʝʣʽ (ʤʝʪʘʽʥʬʦʨʤʘʮʽʷ): ʚʠʨʽʰʫʚʘʯʽ ʟʘʚʜʘʥʴ; ʘʛʝʥʪʠ; ʰʘʙʣʦʥʠ ʧʦʚʽʜʦʤʣʝʥʴ; 

ʤʦʜʝʣʽ ʘʙʩʪʨʘʢʪʥʦʛʦ ʧʨʠʟʥʘʯʝʥʦʛʦ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ ʽʥʪʝʨʬʝʡʩʫ ʽ ʪ.ʧ.. 

3. ʉʝʨʚʽʩʥʠʡ ʨʽʚʝʥ ɹʻ ʩʫʢʫʧʥʽʩʪʶ ʩʝʨʚʽʩʽʚ ʽ ʦʙʦʣʦʥʦʢ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ɯʊ 

ʩʝʨʚʽʩʽʚ. ɺʠʜʽʣʷʶʪʴʩʷ ʧʨʠʢʣʘʜʥʽ ʩʝʨʚʽʩʠ, ʱʦ ʩʪʚʦʨʶʚʘʥʽ ʨʦʟʨʦʙʥʠʢʘʤʠ ʜʣʷ 

ʚʠʨʽʰʝʥʥʷ ʧʨʠʢʣʘʜʥʠʭ ʟʘʚʜʘʥʴ. ʉʧʝʮʽʘʣʴʥʽ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʽ ʩʝʨʚʽʩʠ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʽʜʪʨʠʤʢʫ ʚʽʜʧʦʚʽʜʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʨʦʟʨʦʙʢʠ ʩʝʨʚʽʩʽʚ ʽ ʦʙʦʣʦʥʦʢ, 

ʨʦʙʽʪ ɯʊ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʨʦʟʚʠʪʢʫ ʌʦʥʜʫ. 

4. ʈʽʚʝʥʴ ʫʧʨʘʚʣʽʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʙʘʟʦʚʠʤ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʤ ʩʝʨʚʽʩʦʤ 

ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ, ʷʢʠʡ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ 

ʜʦʩʪʫʧʫ ʜʦ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʧʣʘʪʬʦʨʤʠ IACPaaS ʽ ʫʧʨʘʚʣʽʥʥʷ 

ʧʨʘʚʘʤʠ ʜʦʩʪʫʧʫ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʢʣʘʜʥʠʭ ʪʘ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʩʝʨʚʽʩʽʚ, 

ʨʦʟʨʦʙʣʝʥʠʭ ʥʘ ʙʘʟʽ ʧʣʘʪʬʦʨʤʠ. 

ʊʠʧʦʚʽ ʟʘʩʦʙʠ ʤʘʥʽʧʫʣʶʚʘʥʥʷ ʜʣʷ IAS. ɺʠʨʽʰʫʚʘʯʽ ʟʘʚʜʘʥʴ ʟʘʚʞʜʠ 

ʨʦʟʨʦʙʣʷʶʪʴ ʥʘ ʦʩʥʦʚʽ ʘʛʝʥʪʥʦʛʦ ʧʽʜʭʦʜʫ: ʚʠʨʽʰʫʚʘʯ ʟʘʚʜʘʥʴ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʤʥʦʞʠʥʠ ʷʢʦʛʦ ʦʙʤʽʥʶʶʪʴʩʷ ʧʦʚʽʜʦʤʣʝʥʥʷʤʠ IAS. ʉʝʨʝʜ ʘʛʝʥʪʽʚ ʚʠʨʽʰʫʚʘʚ 

ʚʠʜʽʣʷʶʪʴʩʷ ʢʦʨʝʥʝʚʽ (ʧʦʯʠʥʘʻ ʧʨʘʮʶʚʘʪʠ ʧʝʨʰʠʤ). ɯʥʪʝʨʬʝʡʩʥʠʡ ʢʦʥʪʨʦʣʝʨ 

ʟʘʙʝʟʧʝʯʫʻ ʩʧʦʣʫʯʝʥʥʷ ʟ ʚʠʨʽʰʫʚʘʯʘʤʠ ʟʘʚʜʘʥʴ ʢʦʨʠʩʪʫʚʘʯʽʚ ʯʝʨʝʟ ʽʥʪʝʨʬʝʡʩ ʽ 

ʧʝʨʝʣʽʢ ʦʙʨʦʙʥʠʭ ʘʛʝʥʪʽʚ. ʈʦʟʨʦʙʢʘ ʢʦʜʫ ʘʛʝʥʪʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘ ʤʦʚʽ Java. 
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ʇʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ web-ʽʥʪʝʨʬʝʡʩ ʤʦʞʝ ʙʫʪʠ ʩʪʚʦʨʝʥʠʡ ʜʝʢʽʣʴʢʦʤʘ 

ʩʧʦʩʦʙʘʤʠ: ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘʙʦʨʫ ʽʥʪʝʨʬʝʡʩʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʧʽʜʪʨʠʤʫʚʘʥʠʭ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʤ ʽʥʪʝʨʬʝʡʩʥʠʤ ʘʛʝʥʪʦʤ çɺʠʜè, ʘ ʪʘʢʦʞ ʟʘʩʦʙʘʤʠ JavaScript ʽ 

Flash. ʈʦʟʨʦʙʢʘ ʚʠʨʽʰʫʚʘʯʽʚ ʟʘʚʜʘʥʴ ʜʦʢʣʘʜʥʦ ʦʧʠʩʘʥʘ ʚ [50]. 

ʂʦʞʝʥ ʚʠʨʽʰʫʚʘʯ ʟʘʚʜʘʥʴ ʧʨʝʜʩʪʘʚʣʷʻʤʦ ʢʦʨʝʥʝʚʠʤ ʦʨʛʨʘʬʦʤ, ʷʢʠʡ 

ʧʦʨʦʜʞʝʥʠʡ ʪʘ ʟʙʝʨʽʛʘʻʪʴʩʷ ʚ ʌʦʥʜʽ ʧʣʘʪʬʦʨʤʠ ʤʝʪʘʽʥʬʦʨʤʘʮʽʾ ʚʠʨʽʰʫʚʘʯʽʚ 

ʟʘʚʜʘʥʴ (ʜʠʚ. Http://www.swsys.ru/uploaded/image/ 2018-3 / 2018-3-dop / 11.jpg), 

ʽʥʪʝʨʧʨʝʪʫʻʪʴʩʷ ʷʢ ʘʙʩʪʨʘʢʪʥʠʡ ʩʠʥʪʘʢʩʠʩ ʤʦʚʠ ʩʧʝʮʠʬʽʢʘʮʽʾ ʚʠʨʽʰʫʚʘʯʽʚ 

ʟʘʚʜʘʥʴ [107-150]. 

ɸʛʝʥʪ ʜʝʢʣʘʨʘʪʠʚʥʦ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʢʦʨʝʥʝʚʠʭ ʆʨʛʨʘʬ, ʷʢʠʡ 

ʧʦʨʦʜʞʝʥʠʡ ʧʦ ʟʙʝʨʽʛʘʻʪʴʩʷ ʚ ʌʦʥʜʽ ʧʣʘʪʬʦʨʤʠ ʤʝʪʘʽʥʬʦʨʤʘʮʽʾ ʘʛʝʥʪʽʚ [23. 24], 

ʽʥʪʝʨʧʨʝʪʫʻʪʴʩʷ ʷʢ ʘʙʩʪʨʘʢʪʥʠʡ ʩʠʥʪʘʢʩʠʩ ʤʦʚʠ ʩʧʝʮʠʬʽʢʘʮʽʾ ʘʛʝʥʪʽʚ. ɼʝʷʢʽ 

ʪʝʨʤʽʥʘʣʴʥʽ ʚʝʨʰʠʥʠ ʤʝʨʝʞʽ, ʷʢʘ ʦʧʠʩʫʻ ʘʛʝʥʪʘ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʦʙ'ʻʢʪʘʤʠ ʩʦʨʪʠ. 

ɹʽʥʘʨʥʽ ʜʘʥʽ ʤʽʩʪʷʪʴ, ʷʢ ʚʠʭʽʜʥʠʡ, ʪʘʢ ʽ ʚʠʢʦʥʫʚʘʥʠʡ ʢʦʜ ʘʛʝʥʪʘ [26]. 

ʂʦʞʝʥ ʰʘʙʣʦʥ ʧʦʚʽʜʦʤʣʝʥʴ ʻ ʤʝʪʘʽʥʬʦʨʤʘʮʽʻʶ, ʱʦ ʽʥʪʝʨʧʨʝʪʫʻʪʴʩʷ ʷʢ 

ʘʙʩʪʨʘʢʪʥʠʡ ʩʠʥʪʘʢʩʠʩ ʤʦʚʠ ʧʦʚʽʜʦʤʣʝʥʴ ʘʛʝʥʪʽʚ. ɼʝʷʢʽ ʪʝʨʤʽʥʘʣʴʥʽ ʚʝʨʰʠʥʠ 

ʦʨʛʨʘʬʘ, ʱʦ ʦʧʠʩʫʻ ʰʘʙʣʦʥ ʧʦʚʽʜʦʤʣʝʥʴ, ʪʘʢʦʞ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʦʙ'ʻʢʪʘʤʠ ʩʦʨʪʠ ʙʽʥʘʨʥʽ ʜʘʥʽ, ʱʦ ʤʽʩʪʷʪʴ ʤʝʪʦʜʠ ʩʪʚʦʨʝʥʥʷ ʪʘ ʦʙʨʦʙʢʠ 

ʧʦʚʽʜʦʤʣʝʥʴ [1, 7, 9]. ɹʽʥʘʨʥʽ ʘʪʨʠʙʫʪʠ ʇɯʄ ʇʌʄ ʜʘʥʦ ʚ ʨʦʟʜʽʣʽ 3.  

ʇʨʝʜʩʪʘʚʣʝʥʥʷ ʚʩʽʭ ʜʘʥʠʭ ʧʣʘʪʬʦʨʤʠ ʚ ʬʦʨʤʽ ʢʦʨʝʥʝʚʠʭ ʽʻʨʘʨʭʽʯʥʠʭ 

ʦʨʛʨʘʬʽʚ ʟʘʙʝʟʧʝʯʫʻ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ ʾʭ ʦʙʨʦʙʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʻʜʠʥʦʛʦ 

ʧʨʦʛʨʘʤʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ (API) ʜʣʷ ʜʦʩʪʫʧʫ ʜʦ ʦʜʠʥʠʮʴ ʟʙʝʨʽʛʘʥʥʷ ʚʩʽʭ ʪʠʧʽʚ, ʘ 

ʪʘʢʦʞ ʻʜʠʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʩʝʨʚʽʩʫ ʧʣʘʪʬʦʨʤʠ - ʩʪʨʫʢʪʫʨʥʦʛʦ ʨʝʜʘʢʪʦʨʘ 

(ʜʣʷ ʾʭ ʬʦʨʤʫʚʘʥʥʷ ʽ ʩʫʧʨʦʚʦʜʫ). ɿʙʝʨʝʞʝʥʽ ʥʘ ʧʣʘʪʬʦʨʤʽ ʜʘʥʽ ʤʦʞʫʪʴ ʙʫʪʠ 

ʝʢʩʧʦʨʪʦʚʘʥʽ ʚ ʟʦʚʥʽʰʥʽ ʬʦʨʤʘʪʠ, ʢʽʣʴʢʽʩʪʴ ʷʢʠʭ ʨʦʟʰʠʨʶʚʘʥʽʩʪʴ. 
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ʈʠʩʫʥʦʢ 2.8 ï ɹʘʟʦʚʘ ʘʨʭʽʪʝʢʪʫʨʘ ʧʣʘʪʬʦʨʤʠ ʇɸʂ ɯʊʉ 

IACPaaS Intelligent Application, 

Control and Platform as a 

Servise 

ɺʽʨʪʫʘʣʴʥʽ ʨʦʙʦʯʽ ʤʽʩʮʷ 

ʇʨʠʢʣʘʜʥʽ ʩʝʨʚʽʩʠ 

ʉʝʨʝʜʦʚʠʱʘ ʨʦʟʨʦʙʢʠ 
ʩʝʨʚʽʩʽʚ ʧʦ ʨʽʟʥʠʤ 

ʪʝʭʥʦʣʦʛʽʷʤ 

ʉʝʨʝʜʦʚʠʱʘ ʩʪʚʦʨʝʥʥʷ 
ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ɼʘʥʽ 

ʄʝʪʘʽʥʬʦʨʤʘʮʽʷ 

ɹʘʟʠ ʟʥʘʥʴ 

ɹʘʟʠ ʜʘʥʠʭ 

ɺʠʨʽʰʫʚʘʯʽ ʟʘʜʘʯ 

ɸʛʝʥʪʠ 

ʐʘʙʣʦʥʠ 

ʧʦʚʽʜʦʤʣʝʥʴ 

ɺʽʨʪʫʘʣʴʥʘ ʤʘʰʠʥʘ ʧʣʘʪʬʦʨʤʠ 
IACPaaS 

ɿʚôʷʟʫʶʯʝ ʪʘ ʩʠʩʪʝʤʥʝ  

(ʩʝʨʚʝʨʥʝ) ʇʆ 

ʆʧʝʨʘʮʽʡʥʘ ʩʠʩʪʝʤʘ (Linux) 

ʉʝʨʚʝʨʠ (ʦʙʯʠʩʣʶʚʘʣʴʥʽ 

ʨʝʩʫʨʩʠ) 

ʈʝʩʫʨʩʠ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ 

ʄʝʨʝʞʝʚʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ 
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DaaS Desktop as a 

Service 

ɺʽʨʪʫʘʣʴʥʽ 
ʨʦʙʦʯʽ ʤʽʩʮʷ 

Saas: Software as 

a Service 

ɼʦʜʘʪʢʠ 

ɼʘʥʽ 

ʉʝʨʝʜʦʚʠʱʝ 

ʚʠʢʦʥʘʥʥʷ 
(Runtime) 

ɿʚôʷʟʥʝ ʇʆ 

(Middleware) 

ʄʝʨʝʞʝʚʘ 
ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ 

 

ʈʝʩʫʨʩʠ ʜʣʷ 

ʟʙʝʨʝʞʝʥʥʷ 
ʜʘʥʠʭ 

 

ʉʝʨʚʝʨʠ 

(ʦʙʯʠʩʣʶʚʘʣʴʥʽ 

ʨʝʩʫʨʩʠ) 

ʐʘʨ  

ʚʽʨʪʫʘʣʽʟʘʮʽʾ 

ʆʧʝʨʘʮʽʡʥʘ 
ʩʠʩʪʝʤʘ 

ɼʘʥʽ 

ʉʝʨʝʜʦʚʠʱʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ 

(Runtime) 

ɿʚôʷʟʥʝ ʇʆ 

(Middleware) 

ʄʝʨʝʞʝʚʘ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ 

ʈʝʩʫʨʩʠ ʜʣʷ 
ʟʙʝʨʝʞʝʥʥʷ 

ʜʘʥʠʭ 

ʉʝʨʚʝʨʠ 

(ʦʙʯʠʩʣʶʚʘʣʴʥʽ 

ʨʝʩʫʨʩʠ) 

ʐʘʨ  

ʚʽʨʪʫʘʣʽʟʘʮʽʾ 

ʆʧʝʨʘʮʽʡʥʘ 

ʩʠʩʪʝʤʘ 
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PaaS: Software as a 
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ʈʠʩʫʥʦʢ 2.9 ï ɯʥʪʝʛʨʦʚʘʥʽ ʨʽʚʥʽ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʜʣʷ ʨʦʟʚôʷʟʫʚʘʥʥʷ 

ʧʦʪʦʯʥʠʭ ʟʘʜʘʯ PFS 

ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ 

ɹʘʟʦʚʘ ʪʝʭʥʦʣʦʛʽʷ  
ʨʦʟʨʦʙʢʠ ʩʝʨʚʽʩʽʚ 

ʊʝʭʥʦʣʦʛʽʷ ʨʦʟʨʦʙʢʠ 
ʩʝʨʚʽʩʽʚ ʟ ʘʛʝʥʪʘʤʠ, 

ʧʨʠʻʜʥʘʥʠʤʠ ʜʦ 
ʤʝʪʘʽʥʬʦʨʤʘʮʽʾ 

ʊʝʭʥʦʣʦʛʽʷ ʨʦʟʨʦʙʢʠ 

ʩʝʨʚʽʩʽʚ ʟ ʽʥʪʝʛʨʦʚʘʥʠʤʠ 

ʚʽʨʪʫʘʣʴʥʠʤʠ 
ʩʝʨʝʜʦʚʠʱʘʤʠ 

ʆʙʦʣʦʥʢʘ ʤʝʜʠʯʥʦʾ 

ʜʽʘʛʥʦʩʪʠʢʠ 

ʆʙʦʣʦʯʢʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ 

ʦʙʣʘʩʪʠ ʚʝʨʠʬʠʢʘʮʠʠ 

ʠʥʪʫʠʪʠʚʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚ 

ʆʙʦʣʦʥʢʘ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʪʦʢʽʚ ʫ 

ʨʦʟʚʠʥʝʥʽʡ ʤʽʩʴʢʽʡ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʽ 

ʆʙʦʣʦʥʢʘ 

ʉʝʨʚʽʩ ʧʦ ʜʽʘʛʥʦʩʪʠʮʽ 

 ʛʦʩʪʨʠʭ ʢʦʥʬʣʽʢʪʽʚ 

ʉʝʨʚʽʩ ʜʣʷ ʚʝʨʠʬʽʢʘʮʽʾ ʜʦʢʘʟʽʚ 

ʚ ʘʨʠʬʤʝʪʠʮʽ 

ʉʝʨʚʽʩ ʜʣʷ ʚʝʨʠʬʽʢʘʮʽʾ  

ʜʦʢʘʟʽʚ ʩʪʚʝʨʜʞʝʥʥʽ ʪʝʦʨʽʾ 

ʛʨʘʥʠʮʴ 

ʉʝʨʚʽʩ ʜʣʷ ʚʝʨʠʬʽʢʘʮʽʾ  

ʜʦʢʘʟʽʚ ʩʪʚʝʨʜʞʝʥʴ ʧʨʦ 

ʛʨʘʥʠʮʽ ʢ̫ ʬʫʥʢʮʽʶ 

ʉʝʨʚʽʩ ʜʣʷ ʽʥʪʝʛʨʦʚʘʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʧʦʪʦʢʽʚ 

ʇʨʠʢʣʘʜʥʳʝ ʩʝʨʚʠʩʳ 

ʉʝʨʚʽʩʥʠʡ ʨʽʚʝʥʴ 

 

 

ʄʝʪʘʽʥʬʦʨʤʘʮʽʷ 

ɯʥʬʦʨʤʘʮʽʷ 

ʐʘʙʣʦʥ ʧʦʚʽʜʦʤʣʝʥʴ 

ɸʛʝʥʪ 

ɯʥʪʝʛʨʦʚʘʥʽ 

ʚʠʨʽʰʫʚʘʯʽ ʟʘʜʘʯ 

ʌʦʥʜ ʧʣʘʪʬʦʨʤʠ 

 
ʄʝʪʘʽʥʬʦʨʤʘʮʽʷ 

 

ɯʥʬʦʨʤʘʮʽʷ 

 

ʐʘʙʣʦʥ ʧʦʚʽʜʦʤʣʝʥʴ 

 

ɸʛʝʥʪ 

ɯʥʪʝʛʨʦʚʘʥʽ 

ʚʠʨʽʰʫʚʘʯʽ ʟʘʜʘʯ 

 

ʌʦʥʜ ʧʣʘʪʬʦʨʤʠ 

ɹʠʙʣʠʦʪʝʯʥʳʡ ʫʨʦʚʝʥʴ 
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ʉʠʩʪʝʤʥʠʡ 

ʨʽʚʝʥʴ 
ʈʽʚʝʥʴ ʢʝʨʫʚʘʥʥʷ 

 

ʉʧʝʮʽʘʣʽʟʦʚʘʥʽ ʪʝʭʥʦʣʦʛʽʾ 
ʨʦʟʨʦʙʢʠ ʩʝʨʚʽʩʽʚ 
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ʈʝʘʣʽʟʘʮʽʷ ʩʧʽʣʴʥʦʾ ʨʦʟʨʦʙʢʠ ɯʉ ʂʄ-ʇɼ ʽ ʾʭ ʢʦʤʧʦʥʝʥʪʽʚ. ʂʦʞʥʦʤʫ 

ʟʘʨʝʻʩʪʨʦʚʘʥʦʤʫ ʢʦʨʠʩʪʫʚʘʯʫ ʧʣʘʪʬʦʨʤʠ ʥʘʜʘʻʪʴʩʷ ʚʽʨʪʫʘʣʴʥʝ ʘʚʪʦʤʘʪʠʟʦʚʘʥʝ 

ʨʦʙʦʯʝ ʤʽʩʮʝ - ɸʈʄ. ɽʢʩʧʝʨʪʠ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʚʽʜʧʦʚʽʜʥʠʡ ʥʘʙʽʨ ʽʥʩʪʨʫʤʝʥʪʽʚ 

ʫʧʨʘʚʣʽʥʥʷ ʦʩʦʙʠʩʪʠʤʠ ʜʘʥʠʤʠ ʽ ʩʝʨʚʽʩʘʤʠ ʢʦʨʠʩʪʫʚʘʯʘ. 

ʂʦʨʠʩʪʫʚʘʯʽ ʧʣʘʪʬʦʨʤʠ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʪʘʢʽ ʪʠʧʠ: ʚʽʜʜʘʣʝʥʠʡ ʝʢʩʧʝʨʪ 

ʇɽɺʆ ɯʊʉ, ʟʘʨʝʻʩʪʨʦʚʘʥʠʡ ʢʦʨʠʩʪʫʚʘʯ ʽ ʮʽʣʴʦʚʠʡ ʢʦʨʠʩʪʫʚʘʯ. ʇʝʨʰʦʤʫ 

ʜʦʩʪʫʧʥʘ ʦʙʤʝʞʝʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ, ʚʽʥ ʤʦʞʝ ʧʝʨʝʛʣʷʥʫʪʠ ʚʤʽʩʪ ʌʦʥʜʫ 

ʧʣʘʪʬʦʨʤʠ. ʇʽʩʣʷ ʨʝʻʩʪʨʘʮʽʾ ʥʘ ʧʣʘʪʬʦʨʤʽ, ʚʽʥ ʤʘʻ ʜʦʩʪʫʧ ʜʦ ʜʽʘʣʦʛʽʚ, ʡʦʤʫ 

ʥʘʜʘʶʪʴʩʷ ɸʈʄ ʽ ʥʘʙʽʨ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʩʝʨʚʽʩʽʚ: ʟʘʧʫʩʢ; 

ʩʪʚʦʨʝʥʥʷ ʦʙʦʣʦʥʦʢ ʧʦ ʟʘʧʨʦʧʦʥʦʚʘʥʠʤ ʪʝʭʥʦʣʦʛʽʷʤ; ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙʦʣʦʥʦʢ; 

ʧʦʢʨʘʱʝʥʥʷ ʥʦʚʠʭ ʨʦʙʽʪ ʽ ʪʝʭʥʦʣʦʛʽʡ ʂʄ-ʇɼ. 

ʎʽʣʴʦʚʽ ʢʦʨʠʩʪʫʚʘʯʽ ʤʦʞʫʪʴ ʤʘʪʠ ʜʦʜʘʪʢʦʚʽ ʩʣʫʞʙʦʚʽ ʨʦʣʽ: ʢʝʨʫʶʯʠʡ 

ʦʜʠʥʠʮʝʶ ʟʙʝʨʽʛʘʥʥʷ; ʘʜʤʽʥʽʩʪʨʘʪʦʨ ʨʦʟʜʽʣʫ; ʢʝʨʽʚʥʠʢ ʥʘ ʾʾ ʦʩʥʦʚʽ ʛʨʫʧʦʚʦʾ 

ʨʦʟʨʦʙʢʠ ʢʦʤʧʦʥʝʥʪʽʚ ʦʙʦʣʦʥʢʠ ʘʙʦ ʩʝʨʚʽʩʫ. ʂʝʨʽʚʥʠʢ ʛʨʫʧʠ ʚʠʟʥʘʯʘʻ ʽ 

ʟʘʧʨʦʰʫʻ ʫʯʘʩʥʠʢʽʚ ʦʨʛʘʥʽʟʦʚʘʥʦʾ ʛʨʫʧʠ, ʨʦʟʧʦʜʽʣʷʻ ʨʦʣʽ, ʧʨʠʟʥʘʯʘʻ ʪʝʨʤʽʥʠ 

ʚʠʢʦʥʘʥʥʷ, ʘ ʪʘʢʦʞ ʬʦʨʤʫʻ (ʧʝʨʝʜʘʻ) ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ ʨʝʩʫʨʩʠ. 

ʂʨʽʤ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʩʣʫʞʙʦʚʠʭ ʨʦʣʝʡ ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʫ 

ʧʣʘʪʬʦʨʤʠ ʻ ʘʜʤʽʥʽʩʪʨʘʪʦʨ ʂʄ-ʇɼ ʧʣʘʪʬʦʨʤʠ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʥʘʙʽʨ 

ʨʦʟʜʽʣʽʚ ʌʦʥʜʫ ʚ ʮʽʣʦʤʫ. ɺʽʥ ʧʨʠʟʥʘʯʘʻ ʘʜʤʽʥʽʩʪʨʘʪʦʨʽʚ ʨʦʟʜʽʣʽʚ, ʙʣʦʢʫʻ 

ʢʦʨʠʩʪʫʚʘʯʽʚ, ʷʢʱʦ ʚʦʥʠ ʧʦʨʫʰʫʶʪʴ ʨʝʛʣʘʤʝʥʪ ʧʣʘʪʬʦʨʤʠ. 

ʋ ʨʽʟʥʠʭ ʜʞʝʨʝʣʘʭ ʤʦʞʥʘ ʪʘʢʦʞ ʟʫʩʪʨʽʪʠ ʽ ʽʥʰʽ ʪʝʦʨʽʾ ʧʨʦ ʢʣʘʩʠʬʽʢʘʮʽʶ 

ʉʇʇʈ (Hevner ʽ Power, Holsapple ʽ Whinston Golden, Alter) [8, 16, 17]. ʋʚʘʛʫ 

ʚʘʨʪʦ ʟʚʝʨʥʫʪʠ ʥʘ ʢʣʘʩʠʬʽʢʘʮʽʶ Alter'a. ʄʦʞʣʠʚʦ ʨʦʟʙʠʪʠ ʚʩʽ ʉʇʇʈ ʥʘ 7 ʨʽʟʥʠʭ 

ʢʣʘʩʽʚ. ʅʘ ʜʘʥʠʡ ʯʘʩ ʮʶ ʢʣʘʩʠʬʽʢʘʮʽʶ ʤʦʞʥʘ ʦʮʽʥʠʪʠ, ʷʢ ʟʘʩʪʘʨʽʣʘ. ʊʘʢʦʞ 

ʉʇʇʈ ʤʦʞʫʪʴ ʙʫʪʠ ʢʣʘʩʠʬʽʢʦʚʘʥʽ ʥʘ ʦʩʥʦʚʽ ʪʠʭ ʜʘʥʠʭ, ʟ ʷʢʠʤʠ ʚʦʥʠ ʧʨʘʮʶʶʪʴ. 

ʋʤʦʚʥʦ ʩʠʩʪʝʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʨʦʟʜʽʣʝʥʽ ʥʘ ʦʧʝʨʘʪʠʚʥʽ ʪʘ ʩʪʨʘʪʝʛʽʯʥʽ. 

ʆʧʝʨʘʪʠʚʥʽ ʩʠʩʪʝʤʠ - ʩʠʩʪʝʤʠ, ʩʧʨʦʝʢʪʦʚʘʥʽ ʜʣʷ ʥʝʛʘʡʥʦʛʦ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʟʤʽʥʠ, 

ʱʦ ʚʽʜʙʫʣʠʩʷ ʙʫʜʴ-ʷʢʠʭ ʫʤʦʚ ʚ ʩʠʪʫʘʮʽʾ ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʥʘʧʨʠʢʣʘʜ ʧʨʠ 

ʫʧʨʘʚʣʽʥʥʽ ʧʦʪʦʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʇɽɺʆ ɯʊʉ. ʉʪʨʘʪʝʛʽʯʥʽ ʩʠʩʪʝʤʠ - ʮʝ ʂʄ-ʇɼ, 

ʷʢʘ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʘʥʘʣʽʟ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʨʽʟʥʦʨʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʦʜʝʨʞʫʻ ʟ 
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ʨʽʟʥʠʭ ʜʞʝʨʝʣ. ʆʩʥʦʚʥʦʶ ʤʝʪʦʶ ʪʘʢʠʭ ʉʇʇʈ ʻ ʟʥʘʭʦʜʞʝʥʥʷ ʚʘʨʽʘʥʪʽʚ 

ʘʣʴʪʝʨʥʘʪʠʚ ʨʦʟʚʠʪʢʫ ʟʛʽʜʥʦ ʟʘʚʜʘʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʥʘ ʇʌʄ ʨʽʟʥʠʭ 

ʬʘʢʪʦʨʽʚ ɿʅʆʉ: ʩʪʘʥ ʮʽʣʴʦʚʠʭ ʩʪʨʘʪʝʛʽʡ ʇɽɺʆ; ʟʤʽʥʠ ʚ ʟʘʢʦʥʦʜʘʚʩʪʚʽ ɯʊʉ; 

ʟʤʽʥʠ ʤʽʩʮʝʚʠʭ ʨʠʥʢʽʚ; ʣʦʛʽʩʪʠʢʠ ʧʦʩʪʘʯʘʥʥʷ ʩʠʨʦʚʠʥʠ, ʘʚʘʨʽʡʥʽ ʧʦʜʽʾ ʪʘ 

ʥʝʙʘʞʘʥʽ ʟʘʪʨʠʤʢʠ ʪʦʱʦ [70]. 

ʉʠʩʪʝʤʠ ʧʝʨʰʦʛʦ ʪʠʧʫ (ʪʦʙʪʦ ʦʧʝʨʘʪʠʚʥʽ) ʚʽʜʦʤʽ ʷʢ Executive 

Information Systems - EIS. ʊʘʢʽ ʩʠʩʪʝʤʠ ʻ ʥʘʙʦʨʦʤ ʢʽʥʮʝʚʠʭ ʟʚʽʪʽʚ, ʩʪʚʦʨʝʥʠʭ ʥʘ 

ʦʩʥʦʚʽ ʜʝʷʢʠʭ ʜʘʥʠʭ ʟ ʪʨʘʥʟʘʢʮʽʡʥʦʾ ɯʉ ʇɽɺʆ, ʚ ʽʜʝʘʣʽ ʨʝʘʣʴʥʦ ʚ ʨʝʞʠʤʽ 

çonlineè EIS ʚʽʜʦʙʨʘʞʘʶʪʴ ʛʦʣʦʚʥʽ ʘʩʧʝʢʪʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʬʫʥʢʮʽʡ ʽ ʟʘʚʜʘʥʴ 

ʚʠʨʦʙʥʠʯʦʛʦ ʡ ʦʨʛʘʥʽʟʘʮʽʡʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʟʘʚʜʷʢʠ ʽʥʩʪʨʫʤʝʥʪʽʚ ɯʊ. 

ʉʠʩʪʝʤʠ ʜʨʫʛʦʛʦ ʪʠʧʫ ʂʄ-ʇɼ (ʩʪʨʘʪʝʛʽʯʥʽ) - ʮʝ ʩʠʩʪʝʤʠ, ʷʢʽ 

ʧʝʨʝʜʙʘʯʘʶʪʴ ʜʦʩʠʪʴ ʛʣʠʙʦʢʝ ʧʨʦʨʦʙʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. ʉʪʨʘʪʝʛʽʯʥʽ ʇɸʂ ʂʄ-

ʇɼ ʩʧʝʮʽʘʣʴʥʦ ʧʝʨʝʪʚʦʨʝʥʽ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʾʭ ʝʢʩʧʝʨʪʘʤ ʙʫʣʦ ʟʨʫʯʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʇʌʄ ʚ ʧʨʦʮʝʩʽ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʴ. ʅʝʚʽʜ'ʻʤʥʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʉʇʇʈ ʂʄ-ʇɼ ʻ ʧʨʝʜʠʢʘʪʠʚʥʽ ʘʣʛʝʙʨʘʾʯʥʽ 

ʧʨʘʚʠʣʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. ɺʦʥʠ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʘʛʨʝʛʦʚʘʥʠʭ ʜʘʥʠʭ ʇɯʄ, 

ʘʢʪʠʚʥʠʭ ʤʦʜʝʣʷʭ (ʈɹʄ, ʈʆʄ, ɹʆʄ, ɻʊʍ ʪʦʱʦ). ʊʦʤʫ ʂʄ-ʇɼ ʜʦʟʚʦʣʷʻ IAS 

ʇɽɺʆ ɯʊʉ ʦʙˇʨʫʥʪʦʚʫʚʘʪʠ ʩʚʦʾ ʨʽʰʝʥʥʷ, ʘ ʪʘʢʦʞ ʟʥʠʞʫʚʘʪʠ ʨʠʟʠʢʠ. ʉʠʩʪʝʤʠ 

ʜʨʫʛʦʛʦ ʪʠʧʫ ʂʄ-ʇɼ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʥʘʡʙʽʣʴʰ ʟʘʪʨʝʙʫʚʘʥʽ. ʊʝʭʥʦʣʦʛʽʯʥʦ ʇɸʂ 

ʂʄ-ʇɼ ʙʫʜʫʶʪʴʩʷ ʥʘ ʧʨʠʥʮʠʧʘʭ ʘʥʘʣʽʟʫ ʜʘʥʠʭ (OLAP) ʙʘʛʘʪʦʚʠʤʽʨʥʦʛʦ ʪʘ 

ʨʝʟʫʣʴʪʘʪʽʚ ʚ ʬʦʨʤʘʪʘʭ ʇʈ ʧʨʝʜʩʪʘʚʣʝʥʥʷ. ʇʨʠ ʨʦʟʚʠʪʢʫ ʉʇʇʈ ʂʄ-ʇɼ ʪʘʢʦʞ 

ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ Web-ʪʝʭʥʦʣʦʛʽʾ [107-150].  

ɸʨʭʽʪʝʢʪʫʨʠ ʩʠʩʪʝʤ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ 

ʜʝʥʴ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʘʨʭʽʪʝʢʪʫʨʠ ʥʘ ʥʘʡʙʽʣʴʰ ʧʦʧʫʣʷʨʥʽ ʪʠʧʠ ʉʇʇʈ: 1. 

ʬʫʥʢʮʽʦʥʘʣʴʥʘ ʉʇʇʈ; 2. ʥʝʟʘʣʝʞʥʽ ʚʽʪʨʠʥʠ ʜʘʥʠʭ; 3. ʜʚʦʨʽʚʥʝʚʝ ʩʭʦʚʠʱʝ 

ʜʘʥʠʭ; 4. ʪʨʠʨʽʚʥʝʚʝ ʩʭʦʚʠʱʝ ʜʘʥʠʭ [85, 86, 166]. 

ʌʫʥʢʮʽʦʥʘʣʴʥʽ ʉʇʇʈ. ɰʭ ʘʨʭʽʪʝʢʪʫʨʠʘ ʥʘʡʙʽʣʴʰ ʧʨʦʩʪʘ. ɺʦʥʠ ʧʦʰʠʨʝʥʽ 

ʚ ʦʨʛʘʥʽʟʘʮʽʷʭ, ʱʦ ʥʝ ʩʪʘʚʣʷʪʴ ʧʝʨʝʜ ʩʦʙʦʶ ʛʣʦʙʘʣʴʥʠʭ ʟʘʚʜʘʥʴ ʽ ʤʘʶʪʴ 

ʥʝʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʨʦʟʚʠʪʢʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ɺʽʜʤʽʥʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʉʇʇʈ ʻ ʪʝ, ʱʦ ʘʥʘʣʽʟʫ ʧʽʜʜʘʶʪʴʩʷ ʜʘʥʽ, ʱʦ ʤʽʩʪʷʪʴʩʷ ʚ 
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ʦʧʝʨʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ. ʇʝʨʝʚʘʛʘʤʠ ʧʦʜʽʙʥʠʭ ʉʇʇʈ ʻ ʢʦʤʧʘʢʪʥʽʩʪʴ ʯʝʨʝʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʜʥʽʻʾ ʧʣʘʪʬʦʨʤʠ ʽ ʦʧʝʨʘʪʠʚʥʽʩʪʴ ʚ ʟʚ'ʷʟʢʫ ʟ ʚʽʜʩʫʪʥʽʩʪʶ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʝʨʝʚʘʥʪʘʞʫʚʘʪʠ ʜʘʥʽ ʚ ʩʧʝʮʽʘʣʽʟʦʚʘʥʫ ʩʠʩʪʝʤʫ. ɿ ʥʝʜʦʣʽʢʽʚ ʤʦʞʥʘ 

ʚʽʜʟʥʘʯʠʪʠ ʥʘʩʪʫʧʥʽ: ʟʚʫʞʝʥʥʷ ʢʦʣʘ ʧʠʪʘʥʴ; ʟʥʠʞʝʥʥʷ ʷʢʦʩʪʽ ʜʘʥʠʭ ʯʝʨʝʟ 

ʚʽʜʩʫʪʥʽʩʪʴ ʝʪʘʧʫ ʾʭ ʦʯʠʱʝʥʥʷ; ʟʙʽʣʴʰʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʦʧʝʨʘʮʽʡʥʫ 

ʩʠʩʪʝʤʫ ʟ ʤʦʞʣʠʚʽʩʪʶ ʧʨʠʧʠʥʝʥʥʷ ʾʾ ʨʦʙʦʪʠ. 

ʉʇʇʈ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʝʟʘʣʝʞʥʽ ʚʽʪʨʠʥʠ ʜʘʥʠʭ. ɿʘʩʪʦʩʦʚʫʶʪʴʩʷ 

ʚ ʚʝʣʠʢʠʭ ʦʨʛʘʥʽʟʘʮʽʷʭ, ʱʦ ʤʘʶʪʴ ʢʽʣʴʢʘ ʧʽʜʨʦʟʜʽʣʽʚ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʚʽʜʜʽʣʠ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ʂʦʞʥʘ ʢʦʥʢʨʝʪʥʘ ʚʽʪʨʠʥʘ ʜʘʥʠʭ ʩʪʚʦʨʶʻʪʴʩʷ ʜʣʷ 

ʚʠʨʽʰʝʥʥʷ ʧʝʚʥʠʭ ʟʘʚʜʘʥʴ ʽ ʦʨʽʻʥʪʦʚʘʥʘ ʥʘ ʦʢʨʝʤʝ ʢʦʣʦ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʎʝ 

ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʻ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʧʦʜʽʙʥʠʭ ʩʪʨʫʢʪʫʨ 

ʜʦʩʠʪʴ ʧʨʦʩʪʦ. ɿ ʥʝʛʘʪʠʚʥʠʭ ʤʦʤʝʥʪʽʚ ʤʦʞʥʘ ʚʽʜʟʥʘʯʠʪʠ ʪʝ, ʱʦ ʜʘʥʽ 

ʙʘʛʘʪʦʨʘʟʦʚʦ ʚʚʦʜʷʪʴʩʷ ʚ ʨʽʟʥʽ ʚʽʪʨʠʥʠ, ʪʦʤʫ ʤʦʞʫʪʴ ʜʫʙʣʶʚʘʪʠʩʷ. 

ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʚʝʣʠʢʠʭ ʢʦʤʧʘʥʽʷʭ, ʜʘʥʽ ʷʢʠʭ ʢʦʥʩʦʣʽʜʦʚʘʥʽ ʚ ʻʜʠʥʫ 

ʩʠʩʪʝʤʫ. ɺʠʟʥʘʯʝʥʥʷ ʽ ʩʧʦʩʦʙʠ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ 

ʫʥʽʬʽʢʦʚʘʥʽ. ʅʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʦʨʤʘʣʴʥʦʾ ʨʦʙʦʪʠ ʧʦʜʽʙʥʦʾ ʉʇʇʈ ʧʦʪʨʽʙʥʦ 

ʚʠʜʽʣʠʪʠ ʩʧʝʮʽʘʣʽʟʦʚʘʥʫ ʢʦʤʘʥʜʫ, ʷʢʘ ʙʫʜʝ ʾʾ ʦʙʩʣʫʛʦʚʫʚʘʪʠ. ʊʘʢʘ ʘʨʭʽʪʝʢʪʫʨʘ 

ʉʇʇʈ ʧʦʟʙʘʚʣʝʥʘ ʥʝʜʦʣʽʢʽʚ ʧʦʧʝʨʝʜʥʴʦʾ, ʘʣʝ ʚ ʥʽʡ ʥʝʤʘʻ ʤʦʞʣʠʚʦʩʪʽ 

ʩʪʨʫʢʪʫʨʫʚʘʪʠ ʜʘʥʽ ʜʣʷ ʦʢʨʝʤʠʭ ʛʨʫʧ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʘ ʪʘʢʦʞ ʦʙʤʝʞʫʚʘʪʠ ʜʦʩʪʫʧ 

ʜʦ ʽʥʬʦʨʤʘʮʽʾ. ʄʦʞʫʪʴ ʚʠʥʠʢʥʫʪʠ ʪʨʫʜʥʦʱʽ ʟ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʩʠʩʪʝʤʠ. 

ʉʇʇʈ ʥʘ ʦʩʥʦʚʽ ʪʨʠʨʽʚʥʝʚʘʣʦ ʩʭʦʚʠʱʘ ʜʘʥʠʭ. ʊʘʢʽ ʉʇʇʈ ʟʘʩʪʦʩʦʚʫʶʪʴ 

ʩʭʦʚʠʱʝ ʜʘʥʠʭ, ʟ ʷʢʦʛʦ ʬʦʨʤʫʶʪʴʩʷ ʚʽʪʨʠʥʠ ʜʘʥʠʭ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʛʨʫʧʘʤʠ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʷʢʽ ʚʠʨʽʰʫʶʪʴ ʧʦʜʽʙʥʽ ʟʘʚʜʘʥʥʷ. 

ʄʝʪʦʜʠ ʧʦʙʫʜʦʚʠ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʧʨʠʡʥʷʪʦ ʚʽʜʥʦʩʠʪʠ ʜʦ ʦʙʣʘʩʪʽ 

ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ. ɹʽʣʴʰʽʩʪʴ ʘʥʘʣʽʪʠʯʥʠʭ ʤʝʪʦʜʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ 

ʪʝʭʥʦʣʦʛʽʾ Data Mining - ʮʝ ʚʽʜʦʤʽ ʤʘʪʝʤʘʪʠʯʥʽ ʘʣʛʦʨʠʪʤʠ ʽ ʤʝʪʦʜʠ. ʅʦʚʠʤ ʚ ʾʭ 

ʟʘʩʪʦʩʫʚʘʥʥʽ ʻ ʤʦʞʣʠʚʽʩʪʴ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʪʠʭ ʯʠ ʽʥʰʠʭ 

ʢʦʥʢʨʝʪʥʠʭ ʧʨʦʙʣʝʤ, ʦʙʫʤʦʚʣʝʥʘ ʤʦʞʣʠʚʦʩʪʷʤʠ, ʱʦ ʟ'ʷʚʠʣʠʩʷ ʪʝʭʥʽʯʥʠʭ ʽ 

ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʙʽʣʴʰʽʩʪʴ ʤʝʪʦʜʽʚ Data Mining ʙʫʣʠ 

ʨʦʟʨʦʙʣʝʥʽ ʚ ʨʘʤʢʘʭ ʪʝʦʨʽʾ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ                . 
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ʈʠʩʫʥʦʢ 2.10 ï ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʫʟʘʛʘʣʴʥʝʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʽʥʪʝʛʨʘʮʽʾ ʉʇʇʈ 

 

ʈʠʩʫʥʦʢ 2.11 ï ɸʨʭʽʪʝʢʪʫʨʘ ʤʫʣʴʪʠʜʠʩʮʠʧʣʽʥʘʨʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʫ 

ɭɯʇ ʟʘʩʦʙʘʤʠ ʇɸʂ Data Mining 

 

ʈʠʩʫʥʦʢ 2.12 ï ɸʨʭʽʪʝʢʪʫʨʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʉʇʇʈ ʩʝʨʚʽʩʽʚ Internet ʜʣʷ 

ʭʤʘʨʥʦʾ ʚʟʘʻʤʦʜʽʾ ɯʊ ʫ ʂʄ-ʇɼ. 

4. ʅʝʡʨʦʤʝʨʝʞʽ 

1. ʊʝʦʨʽʷ ʙʘʟ ʜʘʥʠʭ 

2. ʆʧʝʨʘʪʠʚʥʘ 

ʘʥʘʣʽʪʠʯʥʘ ʦʙʨʦʙʢʘ 

3. ɽʬʝʢʪʠʚʥʽ 

ʨʦʟʨʘʭʫʥʢʠ 

5. ɽʢʩʧʝʨʪʥʽ 

ʩʠʩʪʝʤʠ 

6. ʈʦʟʧʽʟʥʘʚʘʥʥʷ 

ʦʙʨʘʟʽʚ 

7. ɺʽʟʫʘʣʽʟʘʮʽʷ 

ʜʘʥʠʭ 

8. ʉʪʘʪʠʩʪʠʢʘ 

9. ɯʥʬʦʨʤʘʮʽʡʥʠʭ 

ʧʦʪʽʢ 

10. ʉʭʦʚʠʱʝ ʜʘʥʠʭ 

Data  

Mining 

ɸʨʭʽʚʥʝ 

ʩʝʨʝʜʦʚʠʱʝ 

 

ʉʬʝʨʘ 

ʜʚʦʙʽʯʥʠʭ  

ʢʦʤʫʥʽʢʘʮʽʡ 

 
ʆʧʝʨʘʪʦʨ 

IAS-ʆʇʈ 

 

 

 

 

 
ʇʽʜʩʠʩʪʝʤʘ 

ʚʚʦʜʫ  

(ʉʋɹɼ-OLTP) 

 

 

ʇʽʜʩʠʩʪʝʤʘ 

ʟʙʝʨʝʞʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ 

(ʉʋɹɼ 

ʪʘ/ʘʙʦ 

ʩʭʦʚʠʱʝ 

ʜʘʥʠʭ) 

ʉʆʉ 

ʇɯʄ 

ʇʌʄ 

ʇʽʜʩʠʩʪʝʤʘ 

ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʧʦʰʫʢʦʚʦʛʦ ʘʥʘʣʽʟʫ 

(ʉʋɹɼ, SQL) 

ʇʽʜʩʠʩʪʝʤʘ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʘʥʘʣʽʟʫ 

(OLAP) 

ʇʽʜʩʠʩʪʝʤʘ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ 

ʘʥʘʣʽʟʫ  

(Data Mining) 

ɽʢʩʧʝʨʪ 

ɸʥʘʣʽʪʠʢ 

ʇɽɺʆ 
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ʄʝʪʦʜ ʻ ʥʦʨʤʦʶ ʘʙʦ ʧʨʘʚʠʣʦʤ, ʧʝʚʥʠʤ ʰʣʷʭʦʤ, ʨʽʰʝʥʥʷʤ ʟʘʜʘʯʽ 

ʪʝʦʨʝʪʠʯʥʦʛʦ, ʧʨʘʢʪʠʯʥʦʛʦ, ʧʽʟʥʘʚʘʣʴʥʦʛʦ, ʫʧʨʘʚʣʽʥʩʴʢʦʛʦ ʭʘʨʘʢʪʝʨʫ. 

ɹʝʟʧʦʩʝʨʝʜʥʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʟʙʝʨʝʞʝʥʥʷ ʜʘʥʠʭ. ɺʠʭʽʜʥʽ ʜʘʥʽ 

ʟʙʝʨʽʛʘʶʪʴʩʷ ʚ ʷʚʥʦʤʫ ʜʝʪʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʥʘ ʩʪʘʜʽʷʭ ʧʨʦʛʥʦʩʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ/ʘʙʦ ʘʥʘʣʽʟʫ ʚʠʥʷʪʢʽʚ. ɿʘʪʨʠʤʢʠ ʥʘ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟʨʦʩʪʘʶʪʴ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʥʘʜʚʝʣʠʢʠʭ ʙʘʟ ʜʘʥʠʭ. ʅʘʧʨʠʢʣʘʜ 

ʆʜʠʥ ʟʨʘʟʦʢ ʰʘʙʣʦʥ ʽʥʬʦʨʤʘʮʽʾ ʚʠʪʷʛʫʻʪʴʩʷ ʟ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʧʨʠ 

ʪʝʭʥʦʣʦʛʽʾ ʜʠʩʪʠʣʷʮʽʾ. ɿʘʜʘʯʘ ʧʝʨʝʪʚʦʨʠʪʠ ʚ ʽʥʰʽ ʬʦʨʤʘʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʾ, 

ʩʪʨʫʢʪʫʨʘ ʷʢʠʭ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʝʪʦʜʫ ʊʇʄ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʛʦ ʇɸʂ. ʅʘʛʘʜʘʻʤʦ, 

ʱʦ ʜʝʨʝʚʘ ʨʽʰʝʥʴ ʤʦʞʫʪʴ ʙʫʪʠ ʣʝʛʢʦ ʧʝʨʝʪʚʦʨʝʥʽ ʚ ʥʘʙʦʨʠ ʩʠʤʚʦʣʴʥʠʭ ʧʨʘʚʠʣ 

ʰʣʷʭʦʤ ʛʝʥʝʨʘʮʽʾ ʦʜʥʦʛʦ ʧʨʘʚʠʣʘ ʧʦ ʰʣʷʭʫ ʚʽʜ ʢʦʨʝʥʷ ʜʝʨʝʚʘ ʜʦ ʡʦʛʦ 

ʪʝʨʤʽʥʘʣʴʥʽʡ ʚʝʨʰʠʥʠ. ɼʝʨʝʚʘ ʨʽʰʝʥʴ ʽ ʣʦʛʽʯʥʽ ʧʨʘʚʠʣʘ ʬʘʢʪʠʯʥʦ ʻ ʨʽʟʥʠʤʠ 

ʩʧʦʩʦʙʘʤʠ ʚʠʨʽʰʝʥʥʷ ʦʜʥʽʻʾ ʟʘʜʘʯʽ. ɺʦʥʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʣʠʰʝ ʟʘ ʩʚʦʾʤʠ 

ʤʦʞʣʠʚʦʩʪʷʤʠ. ʊʘʢ ʨʝʘʣʽʟʘʮʽʷ ʧʨʘʚʠʣ ʟʜʽʡʩʥʶʻʪʴʩʷ ʙʽʣʴʰ ʧʦʚʽʣʴʥʠʤʠ 

ʘʣʛʦʨʠʪʤʘʤʠ, ʥʽʞ ʽʥʜʫʢʮʽʷ ʜʝʨʝʚ ʨʽʰʝʥʴ [19-22]. 

ɿʛʽʜʥʦ ʤʦʚʥʦʛʦ ʟʘʚʜʘʥʥʷ ʧʦʰʫʢʫ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʚʠʢʦʥʫʻʪʴʩʷ 

ʢʦʜʦʚʘʥʦʶ ʘʥʘʣʽʪʠʯʥʦʶ ʩʠʩʪʝʤʦʶ. ʇʨʠʥʮʠʧʠ ɻʊʍ ʪʘ ʢʨʦʩ-ʪʘʙʣʠʮʴ ʟʘʙʝʟʧʝʯʫʻ 

ʨʝʘʣʽʟʘʮʽʶ ʦʩʥʦʚʥʦʛʦ ʟʘʚʜʘʥʥʷ ʚʠʷʚʣʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʫ ʚʠʛʣʷʜʽ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʚʠʨʘʟʽʚ - ʨʽʚʥʷʥʴ. ʇɯʄ ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʣʠʰʝ ʟ ʧʦʥʷʪʪʷʤʠ 

ʨʽʟʥʠʭ ʪʠʧʽʚ. ʊʦʤʫ ʦʧʠʩʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʟʘʢʦʜʦʚʘʥʽ ʚʽʜʧʦʚʽʜʥʠʤ ʯʠʥʦʤ. ɼʣʷ 

ʽʣʶʩʪʨʘʮʽʾ ʤʝʪʦʜʽʚ ʜʘʥʦʾ ʛʨʫʧʠ, ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʥʘʩʪʫʧʥʽ ʪʘʙʣ. 2.6 ʪʘ ʪʘʙʣ. 2.7 

ʜʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ʮʽʣʴʦʚʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʩʦʙʘʤʠ ʇɸʂ ʂʄ-ʇɼ [107-150]. 
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ʊʘʙʣʠʮʷ 2.6 ï ʄʝʪʦʜʠ ʚʠʨʽʰʝʥʥʷ ʘʣʛʦʨʠʪʤʽʚ Data Mining 

ˉ 

ʧ\ʧ 
ɸʥʘʣʽʟʫʡ ʧʨʦʛʨʘʤʫʚʘʥʥʷ Big Data ʉʠʥʪʝʟʫʡ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʊʊʈ 

1 
ʨʽʟʥʦʤʘʥʽʪʥʽ ʇʊʄ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʽ 

ʙʽʙʣʽʦʪʝʢʘ ʽʥʰʠʭ ʤʝʪʦʜʽʚ 
ʧʨʦʩʪʽʨ ʦʧʦʨʥʠʭ ʚʝʢʪʦʨʽʚ 

2 
ʝʚʦʣʶʮʽʡʥʽ ʽ ʛʝʥʝʪʠʯʥʽ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ  
Apriori ʘʩʦʮʽʘʪʠʚʥʠʭ ʧʨʘʚʠʣ 

3 ʽʻʨʘʨʭʽʯʥʠʡ ʢʣʘʩʪʝʨʥʠʡ ʘʥʘʣʽʟ ʩʠʤʚʦʣʴʥʽ ʜʝʨʝʚʘ 

4 ʥʝʽʻʨʘʨʭʽʯʥʽ k-ʩʝʨʝʜʥʽʭ ʽ k-ʤʝʜʽʘʥʠ  ʰʪʫʯʥʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ 

5 ʢʦʨʝʣʷʮʽʡʥʦ-ʨʝʛʨʝʩʽʡʥʠʡ ʘʥʘʣʽʟ k-ʥʘʡʙʣʠʞʯʦʛʦ ʩʫʩʽʜʘ 

6 ʣʽʥʽʡʥʘ ʨʝʛʨʝʩʽʷ ʦʙʤʝʞʝʥʠʡ ʧʝʨʝʙʨ̔ 

 

ʊʘʙʣʠʮʷ 2.7 ï ʢʨʠʪʝʨʽʾ ʘʨʭʽʪʝʢʪʫʨʥʠʭ ʨʽʰʝʥʴ ʩʪʚʦʨʝʥʥʷ ʙʘʛʘʪʦʨʽʚʥʝʚʠʭ, 

ʪʝʨʠʪʦʨʽʘʣʴʥʦ ʨʦʟʦʩʝʨʝʜʞʝʥʠʭ ʢʦʤʧôʶʪʝʨʥʠʭ ɸʈʄ IAS ʇɽɺʆ 

ɯʤʧʦʨʪ ɽʢʩʧʦʨʪ 

ʈʝʞʠʤʠ 

ʨʦʙʦʪʠ 

ʝʪʘʧʠ 

ʇʨʠʯʠʥʠ ʅʘʩʣʽʜʢʠ 

ɺʭʽʜʥʽ ʜʘʥʽ 

ʧʦʪʦʢʠ 

ʟʘʚʜʘʥʴ 

ʈʝʟʫʣʴʪʘʪʠ 

ʪʝʭʥʽʢʦ-

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʨʽʰʝʥʥʷ 

ʅʘʷʚʥʽ 

ʨʝʩʫʨʩʠ ɽʉʋ 

ʌʘʢʪʠ 

ʟʘʢʦʥʠ 

IAS ʻ ʇɽɺʆ? ɿʚʽʪʠ ʊʊʈ! ɸʥʘʣʽʟ ʟʘʜʘʯ ɿʥʘʥʥʷ 
ʆʙôʻʢʪʠ 

ʘʛʝʥʪʠ 

ɼʠʨʝʢʪʠʚʠ ʊʝʢʩʪʠ ʇʣʘʥʫʚʘʥʥʷ 
ʇʨʘʚʠʣʘ 

ʨʝʛʣʘʤʝʥʪ 

ʉʠʤʚʦʣʠ 

ʘʜʨʝʩʠ 

ʅʘʢʘʟʠ ɻʨʘʬʽʢʠ ʢʘʨʪʠ 
ɺʠʢʦʥʘʥʥʷ 

ʤʦʜʝʣʶʚʘʥʥʷ 
ɸʥʘʣʽʪʠʢʠ 

ɼʦʩʪʦʚʽʨʥʽʩʪʴ 

ʧʦʚʥʦʪʠ 

ʬʫʥʢʮʽʦʥʘʣ 

ʅʘʩʪʘʥʦʚʠ 
ɼʽʘʛʨʘʤʠ 

ʟʦʙʨʘʞʝʥʥʷ 

ʆʮʽʥʶʚʘʥʥʷ 

ʢʦʥʪʨʦʣʴ 
ʃʦʛʽʢʠ 

ɼʦʩʪʦʚʽʨʥʽʩʪʴ 

ʽʩʪʠʥʥʽʩʪʴ 

ɼʦʢʫʤʝʥʪʠ 
ɼʽʻʚʽ ʧʨʦʝʢʪʠ 

ʧʨʦʛʨʘʤ 

ʈʝʘʣʽʟʘʮʽʷ 

ʽʥʪʝʨʧʨʝʪʘʮʽʷ 

ʂʦʥʩʪʨʫʢʪʠʚʠ 

ʢʦʤʧʦʟʠʮʽʾ 

ɾʠʚʫʯʽʩʪʴ 

ʩʪʽʡʢʽʩʪʴ 
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ʊʘʙʣʠʮʷ 2.8 - ʌʫʥʜʘʤʝʥʪʘʣʴʥʽ ʘʢʩʽʦʤʠ ʟ ʷʢʠʭ ʩʪʚʦʨʶʶʪʴʩʷ ʥʘʩʣʽʜʢʦʚʽ 

ʤʦʜʝʣʽ ʩʪʦʩʦʚʥʦ ʧʝʨʽʦʜʠʯʥʦʾ ʩʠʩʪʝʤʠ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ [14, 82, 104]. 

 

ɸʢʩʽʦʤʘ 

ʧʨʠʥʮʠʧ 

ʽʻʨʘʨʭʽʾ 

ʇʨʝʜʠʢʘʪ ʉʆʉ ʬʫʥʜʘʤʝʥʪʫ ʪʘ 

ʧʦʷʩʥʝʥʥʷ 

ʋʤʦʚʠ ʽʩʥʫʚʘʥʥʷ 

ʟʤʽʩʪʦʚʥʠʡ ʜʦʜʘʪʦʢ 

1 

ʉʪʘʥ ʘʪʦʤʥʦʾ ʦʙʦʣʦʥʢʠ ʚʠʟʥʘʯʘʶʪʴ 4 

ʢʚʘʥʪʦʚʽ ʯʠʩʣʘ , , , sn l m m  

n-ʛʦʣʦʚʥʝ ʯʠʩʣʦ ʢʚʘʥʪʫ; 

n  -ʦʨʙʽʪʘʣʴʥʠʡ ʤʦʤʝʥʪ ʝʣʝʤʝʥʪʘ e; 

m -ʧʨʦʝʢʮʽʷ l ʥʘ ʦʧʦʨʥʠʡ ʚʝʢʪʦʨ; 

sm  -ʧʨʦʝʢʮʽʷ ʩʧʽʥʘ ʪʘ ʪʦʡ ʩʘʤʠʡ ʚʝʢʪʦʨ 

ʎʽʣʦʯʠʩʝʣʴʥʽ ʟʥʘʯʝʥʥʷ 

ʤʦʞʣʠʚʠʭ ʩʪʘʥʽʚ 
1,2,3,... ;n= à¤ 

0,1,2,...( 1);l n= -  

0, 1, 2,..., ;m l= ° ° ° 

1 2.sm =°  

2 

ʇʨʠʥʮʠʧ ʇʘʫʣʽ ʚ ʘʪʦʤʽ ʣʠʰʝ ʦʜʠʥ e 

ʽʩʥʫʻ ʚ ʩʪʘʥʽ, ʱʦ ʦʧʠʩʘʥʠʡ ʯʠʩʣʘʤʠ 

, , , sn l m m  

n 1 2 3 4 5 

ʦʙʦʣʦʥʢʘ K L M N O 

max e  2 8 18 32 50 

ɽʣʝʢʪʨʦʥʥʘ ʦʙʦʣʦʥʢʘ (ʰʘʨ) ʮʝ 

ʩʫʢʫʧʥʽʩʪʴ e  ʟ ʦʜʥʘʢʦʚʠʤ ʛʦʣʦʚʥʠʤ 

ʢʚʘʥʪʦʚʠʤ ʯʠʩʣʦʤ n. ʂʦʣʠ ʩʫʢʫʧʥʽʩʪʴ 

l  ʤʘʻ ʦʜʥʘʢʦʚʽ ʯʠʩʣʘ n  ʪʘ l  ʪʦ ʮʝ ʙʫʜʝ 

ʧʽʜʦʙʦʣʦʥʢʘ 

ʄʘʢʩʠʤʘʣʴʥʝ ʯʠʩʣʦ 

ʝʣʝʢʪʨʦʥʽʚ ʟ ʦʜʥʘʢʦʚʠʤ 

ʛʦʣʦʚʥʠʤ ʢʚʘʥʪʦʚʠʤ 

ʯʠʩʣʦʤ n  ʟʘʜʦʚʦʣʴʥʷʻ 

ʫʤʦʚʽ 
1

2

0

2(2 1) 2
n

i

l n
-

=

+ = ³ä  

 

3 

ʆʙʦʣʦʥʢʠ e  ʟʘʧʦʚʥʶʶʪʴʩʷ ʫ ʢʦʞʥʦʤʫ 

ʰʘʨʽ ʧʦʩʣʽʜʦʚʥʦ ʜʦ ʟʘʚʝʨʰʝʥʥʷ. ʈʽʟʥʽ 

ʟʥʘʯʝʥʥʷ l  

( 1)l n= - 0 1 2 3 4 

ʇʽʜ ʦʙʦʣʦʥʢʘ S P d f g 

max e  2 6 10 14 18 

ʍʚʠʣʴʦʚʘ ʬʫʥʢʮʽʷ Y ʘʪʦʤʘ ʮʚʽʣʦʤʫ 

ʚʠʟʥʘʯʘʻ ʩʪʘʥ ʚʟʘʻʤʦʜʽʾ e  ʤʽʞ ʩʦʙʦʶ 

ɽʣʝʢʪʨʦʥʥʘ 

ʢʦʥʬʽʛʫʨʘʮʽʷ ʘʪʦʤʘ ʮʝ 

ʦʧʠʩ( , )nN l n l , ʜʝ nN l  - 

ʢʽʣʴʢʽʩʪʴ ʝʣʝʢʪʨʦʥʽʚ ʚ 

ʧʽʜʦʙʦʣʦʥʮʽ 

ʧʦʩʣʽʜʦʚʥʦʛʦ ʨʷʜʫ ʟ 

ʢʦʜʠ ,n l  

4 

ʗʜʨʦ ʘʪʦʤʘ ʩʪʽʡʢʝ ʪʦʜʽ, ʢʦʣʠ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʩʪʘʥʽ ʟ ʥʘʡʤʝʥʰʠʤʠ 

ʟʥʘʯʝʥʥʷʤʠ ʝʥʝʨʛʽʾ 

ɯʩʥʫʶʯʽ ʥʝʨʘʜʽʦʘʢʪʠʚʥʽ 

ʝʣʝʤʝʥʪʠ ʤʘʶʪʴ 

ʩʝʨʝʜʥʽʡ ʞʠʪʪʻʚʠʡ ʮʠʢʣ 

>108 ʨʦʢʽʚ 
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ʊʘʙʣʠʮʷ 2.9 - ʋʤʦʚʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʜʽʙʥʦʩʪ ̔ʪʘ ʨʦʟʤʽʨʥʦʩʪʽ ʩʢʣʘʜʦʚʠʭ 

ʯʘʩʪʢʦʚʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʩʠʥʪʝʟʦʚʘʥʠʭ ʘʛʨʝʛʘʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ˉ ʧ/ʧ 
ʅʘʟʚʘ ʌʫʥʜʘʤʝʥʪʘʣʴʥʝ ʚʽʜʥʦʰʝʥʥʷ 

ʌʦʨʤʘ ʆʜʥʦʤʽʨʥʝ ɼʚʦʤʽʨʥʝ ʊʨʠʚʠʤʽʨʥʝ 

1 2 3 4 5 

1 ʉʠʣʦʚʘ ɺʝʢʪʦʨ F  ʊʠʩʢ P  ʇʦʣʝ ʪʝʥʟʦʨ   

2 
ʇʨʦʩʪʦʨʦʚʘ 

ʛʝʦʤʝʪʨʠʯʥʘ 

ʂʨʠʚʘ ʣʽʥʽʷ 

( )

b

a

L f l dl=ñ  

ɻʨʘʥʴ ʧʣʦʱʘ 

( )S s dSx¡ ¡=ñ  

ʆʙôʻʤ 

( )V v dv= Yñññ 

3 ʏʘʩʦʚʘ ʧʦʜʽʷ 
ʉʧʨʷʤʦʚʘʥʠʡ ʨʷʜ 

t TÍ  

ʇʘʨʘʣʝʣʴʥʽ 

ʧʨʦʮʝʩʠ 

1 2T T³  

ʆʜʥʦʤʽʨʥʽ 

ʛʝʪʝʨʦʛʝʥʥʽ 

ʷʚʠʱʘ 1 2 3T T T³ ³  

4 ɽʥʝʨʛʝʪʠʯʥʘ 
ʇʦʪʝʥʮʽʡʥʘ 

ʧʦʟʠʮʽʡʥʘ 

ʂʽʥʝʤʘʪʠʯʥʘ 

ʪʨʘʻʢʪʦʨʥʘ 

ɼʠʥʘʤʽʯʥʘ 

ʚʘʨʽʘʪʠʚʥʘ 

5 ʊʝʧʣʦʚʘ 
ɺʥʫʪʨʽʰʥʷ 

1( )S VÇ=Ç  
ɽʥʪʘʣʴʧʽʷ 

( , )I I S P=  

ʊʝʨʤʦʜʠʥʘʤʽʯʥʽ 

ʧʦʪʝʥʮʽʘʣʠ 
( , , )T PfÇ  

6 ʄʝʭʘʥʽʯʥʘ 
ʐʚʠʜʢʽʩʪʴ 

ʩʧʨʷʤʫʚʘʥʥʷ 

ʇʨʠʩʢʦʨʝʥʥʷ 

ʧʨʦʝʢʮʽʡʥʘ 

ɯʤʧʫʣʴʩʠ 

ʨʦʟʧʦʜʽʣʝʥʽ 

7 

ʇʦʪʽʢ P ʪʝʯʽʷ 
( )Q q  ʩʪʨʫʤ 

ʇʫʘʟʝʣʷ 

ɻʨʘʜʽʻʥʪ 
P

l
 

ʱʽʣʴʥʽʩʪʴ S 

ʚôʷʟʢʽʩʪʴ M 

ʆʧʽʨ ʨʦʟʭʽʜ 

q(s) 

ʊʫʨʙʫʣʝʥʪʥʽʩʪʴ 

ʯʠʩʣʦ R 

ʈʝʡʥʦʣʴʜʘ 

8 ʌʘʟʦʚʠʡ ʩʪʘʥ 

ʊʚʝʨʜʝ ʪʽʣʦ 

ʦʩʥʦʚʘ 

ʽʥʚʘʨʽʘʥʪʥʘ 

ʩʪʘʙʽʣʴʥʽʩʪʴ 

ʈʽʜʠʥʘ 

ʧʝʨʝʚʘʞʥʝ 

ʧʨʦʥʠʢʥʝʥʥʷ 

ɻʘʟ ï ʧʣʘʟʤʘ 

ʟʥʘʯʥʘ ʜʠʬʫʟʽʷ 

9 

ʉʢʣʘʜʥʘ 

ʛʽʙʨʠʜʥʘ 

ʢʦʤʧʦʟʠʮʽʡʥʘ 

ʆʢʨʝʤʽ ʝʣʝʤʝʥʪʠ, 

ʜʝʪʘʣʴʥʽ ʯʘʩʪʢʠ 

ʣʦʢʘʣʴʥʠʭ 

ʦʙʤʝʞʝʥʴ 

ʇʘʨʥʽ 

ʟôʻʜʥʘʥʥʷ 

ʣʘʥʮʶʛʠ 

ʚʟʘʻʤʦʜʽʾ 

ʉʠʥʝʨʛʝʪʠʯʥʽ 

ʨʽʟʥʦʤʘʥʽʪʪʷ 

ʚʽʜʥʦʰʝʥʴ ɾʎ 
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2.4 ʇʨʝʜʠʢʘʪʠʚʥʽ ʬʦʨʤʠ ʤʦʚʠ ʜʠʨʝʢʪʠʚʥʦ-ʢʦʤʘʥʜʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʪʘ 

ʤʝʭʘʥʽʟʤʠ ʩʠʥʪʝʟʫ ʮʽʣʴʦʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

 

2.4.1. ʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʦʤʫʥʽʢʘʮʽʡ ʥʘ ʧʨʠʥʮʠʧʘʭ ʟʤʽʥʠ 

ʤʦʚʥʠʭ ʬʦʨʤ ʥʘ ʢʦʜʦʚʽ 

 

ʇʨʝʜʠʢʘʪʠʚʥʽ ʟʥʘʥʥʷ ʪʘ ʤʦʜʫʣʽ ʉʊɼʂ ʂʄ-ʇɼ ʦʙʫʤʦʚʣʶʶʪʴ ʝʬʝʢʪ  

ʥʘʢʦʧʠʯʫʚʘʥʥʷ ʫ ʚʫʟʣʦʚʠʭ ʢʨʦʢʘʭ ʚʽʜʧʦʚʽʜʝʡ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʧʠʪʘʥʥʷ 

ʥʘʩʪʫʧʥʠʭ ʪʠʧʽʚ: ʑʦ ʜʦʙʨʝ ʟʨʦʙʠʚ ʊʊɸʽ?; ʑʦ ʪʨʝʙʘ ʱʝ ʟʨʦʙʠʪʠ ʜʣʷ ʷʢʦʛʦ 

ʢʨʘʱʦʛʦ?; ʑʦ ʥʝ ʪʨʝʙʘ ʙʽʣʴʰʝ ʨʦʙʠʪʠ ʫ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚʘʭ ʱʦ ʟʘʬʽʢʩʦʚʘʥʽ?; 

ʑʦ ʥʦʚʦʛʦ ʥʝʩʝ ʦʪʨʠʤʘʥʠʡ (ʨʘʥʽʰʝ ʥʝ ʚʽʜʦʤʠʡ) ʤʘʪʝʨʽʘʣ; ʏʠ ʽʩʥʫʻ ʧʝʨʝʣʽʢ 

ʤʝʭʘʥʽʯʥʠʭ-ʬʽʟʠʯʥʠʭ-ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ ʚʽʜʦʤʽ ʬʘʢʪʦʨʠ ʚʧʣʠʚʫ ɿʅʆʉ. 

ɿʘʢʣʶʯʥʽ ʚʽʜʧʦʚʽʜʽ ʦʯʽʢʫʻʤʦ ʫ ʚʠʛʣʷʜʽ çʗʢʽ ʟʘ Excel ʟʘʩʦʙʠ ʧʦʢʨʘʱʠʣʠ ʷʢʦʶ 

ʚʘʨʪʽʩʪʶ ʘʜʘʧʪʘʮʽʶ ʜʦ ʚʠʤʦʛ ʟʘʤʦʚʥʠʢʽʚè. ʆʮʽʥʢʠ ʟʘ ʥʘʷʚʥʠʭ ʜʘʥʠʭ ʧʨʦʩʪʦ 

ʦʪʨʠʤʘʪʠ. ʊʨʝʙʘ ʨʘʭʫʚʘʪʠ ʝʥʝʨʛʦʚʠʪʨʘʪʠ ʥʘ ʫʪʠʣʽʟʘʮʽʶ ʚʽʜʭʦʜʽʚ, ʚʢʣʶʯʥʦ 

ВὉ Вὓ, ʜʝ ʄ- ʩʤʽʪʪʷ [107-150]. 

ʂʦʞʥʘ ʯʘʩʪʢʦʚʘ ʦʮʽʥʢʘ ʢʦʤʧʣʝʢʩʥʠʭ ʩʪʘʥʽʚ ʦʙôʻʢʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʧʦʩʣʽʜʦʚʥʠʭ ʬʫʥʢʮʽʡ (SF-sequential function) ʪʠʧʠ f, ʷʢʘ ʚʽʜʦʙʨʘʞʘʻ ὪȡὍO π 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʠʯʠʥʥʦ-ʥʘʩʣʽʜʢʦʚʦʛʦ ʨʝʘʛʫʚʘʥʥʷ (ʨʝʟʫʣʴʪʘʪʫ ʜʽʾ ʧʦʩʣʽʜʦʚʥʦʾ 

ʤʘʰʠʥʠ (SM-sequential machine). ɺ ʘʥʘʣʦʛʦʚʽʡ ʬʦʨʤʽ (SC- sequential circuit) ʟ 

ʧʝʚʥʦʶ ʢʽʣʴʢʽʩʪʶ ʩʪʘʥʽʚ ʤʦʞʣʠʚʦ ʪʘʢʦʞ ʦʧʠʩʘʪʠ ʨʝʛʫʣʷʨʥʦʶ ʤʦʚʦʶ (RL-

regular language). ʇʨʠʟʥʘʯʝʥʥʷ RL ï ʛʘʨʘʥʪʫʚʘʪʠ ʦʜʥʦʟʥʘʯʥʽʩʪʴ ʨʦʟʧʽʟʥʘʥʥʷ 

ʩʣʽʚ ʢʽʥʝʯʥʠʤʠ ʘʚʪʦʤʘʪʘʤʠ (FSA ï finite state automation) [8]. ʉʣʽʜ ʧʽʜʢʨʝʩʣʠʪʠ 

ʱʦ, ʧʦʟʥʘʯʝʥʥʷ ɯ ʪʘ 0 ʢʦʜʫʻ ʢʽʥʮʝʚʽ ʤʥʦʞʠʥʠ ʚʽʜʧʦʚʽʜʥʦ ʚʭʽʜʥʠʭ (in) ʪʘ 

ʚʠʭʽʜʥʠʭ (off) ʩʧʝʮʽʘʣʴʥʠʭ (ʘʣʬʘʚʽʪ) ʩʠʤʚʦʣʽʚ, ʱʦ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʧʨʘʚʠʣʘʤ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ ʫ ʚʠʛʣʷʜʽ ʜʝʢʘʨʪʦʚʦʛʦ ʜʦʙʫʪʢʫ (CP-cartesian 

product). ʇʦʷʩʥʝʥʥʷ ʟʨʦʙʠʤʦ ʟʘ ʧʨʠʢʣʘʜʦʤ f ʧʝʨʝʪʚʦʨʝʥʥʷ (AT-algorithm 

transducer) ʦʧʠʩʦʤ RL ʟʘ ʙʘʛʘʪʴʤʘ ʢʨʠʪʝʨʽʷʤʠ: 

ὃȟήᴼήȟὼȠ   Ὅ ὃȟὄȟὅ, ʚʭʽʜ 

ὄȟήᴼήȟᾀȠ  ὕ ὼȟώȟᾀ, ʚʠʭʽʜ 
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ȟ˞ήᴼήȟώȠ   ὗ ̍̎̏̇̉̎́ ̨̒̓́̎̃. 

ʇʦʩʣʽʜʦʚʥʽ ʧʨʦʮʝʩʠ ɸʊ ʜʣʷ FSA ʯʠ SM (SC) ʬʽʢʩʫʶʪʴ ʧʨʘʚʠʣʘ RL ʪʘ 

ʘʣʛʝʙʨʠ CP. ʆʧʠʩ ʫ ʩʠʤʚʦʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ɯʊ ʚʠʟʥʘʯʘʻ ʬʫʥʢʮʽʾ ʟʤʽʥ ʟʘʚʜʷʢʠ 

ʧʝʨʝʭʦʜʫ (Ὅz ὗ ᴼὗ, ʘ ʪʘʢʦʞ ʬʫʥʢʮʽʶ ʨʝʟʫʣʴʪʘʪʫ-ʚʠʭʦʜʫ Ὅz ὗ ᴼπ. 

ʅʘʚʝʜʝʥʠʡ ʧʨʠʢʣʘʜ ʧʦʷʩʥʶʻ, ʱʦ ʚʭʽʜʥʠʡ ʟʘʧʠʩ ʨʷʜʦʢ ABBBC ʨʝʟʫʣʴʪʘʪʠʚʥʦ 

ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʫ ʚʠʭʽʜʥʠʡ ʨʷʜʦʢ xzzzy ʬʽʢʩʦʚʘʥʦʛʦ ʘʣʛʦʨʠʪʤʽʯʥʦ 

ʫʧʦʨʷʜʢʦʚʘʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ. ɺʽʜʦʤʦ, ʱʦ FSA, ʷʢ ʘʣʛʦʨʠʪʤ ʄʫʨʘ [69], ʟʘʙʝʟʧʝʯʫʻ 

ʟʥʘʯʝʥʥʷ ʚʠʭʽʜʥʦʛʦ ʩʠʤʚʦʣʫ ʥʘ ʢʦʞʥʽʡ ʩʪʘʜʽʾ SF ʫ ʬʫʥʢʮʽʦʥʘʣʴʥʽʡ ʟʘʣʝʞʥʦʩʪʽ 

ʣʠʰʝ ʚʽʜ ʧʦʪʦʯʥʦʛʦ ʧʦʢʨʦʢʦʚʦʛʦ ʩʪʘʥʫ. ʐʣʷʭʦʤ ʜʦʜʘʪʢʦʚʦʛʦ ʨʦʟʰʠʨʝʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʪʘʥʽʚ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʝʢʚʽʚʘʣʝʥʪʥʠʡ FSA*, ʷʢ [79] ʘʣʛʦʨʠʪʤ 

ʄʫʨʘ. ʉʣʽʜ ʧʽʜʢʨʝʩʣʠʪʠ, ʱʦ ʮʽʣʴʦʚʠʡ ʨʝʟʫʣʴʪʘʪ ʨʦʙʦʪʠ AT ʬʽʢʩʫʻ ʮʽʣʽʩʥʠʡ 

ʥʘʙʽʨ ʩʠʤʚʦʣʽʚ (ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʨʷʜʦʢ-ʦʧʠʩ), ʟʘʤʽʩʪʴ ʣʠʰʝ ʦʜʥʦʛʦ ʢʦʜʫ-

ʩʠʤʚʦʣʫ ʘʙʝʪʢʠ. ʅʘʛʘʜʘʻʤʦ ʦʧʝʨʘʪʦʨʠ. String ʚʝʢʪʦʨ, ʨʷʜʦʢ, ʧʦʩʣʽʜʦʚʥʠʡ ʟʘʧʠʩ 

ʩʠʤʚʦʣʽʚ (ʣʘʥʮʶʛ ʩʠʤʚʦʣʽʚ). ʆʜʥʦʤʽʨʥʠʡ ʤʘʩʠʚ ʟ ʧʦʢʘʟʥʠʢʘʤʠ ʛʨʘʥʠʮʴ flexible, 

ʚʢʘʟʽʚʢʠ ὭὲὪ άὭὲὭ
̨̑̏̈̍̑

̨̎̓̆̑̃́̌̉ ̘̝̈̎́̆̎
ÍÁØὛόὴ ʩʣʦʚʦ ὓ ς ʘʙʦ ʧʦʥʷʪʪʷ. 

String manipulation ʧʨʦʮʝʜʫʨʠ ʨʦʙʦʪʠ ʟ ʣʘʥʮʶʛʦʚʠʤʠ ʦʧʠʩʘʤʠ ʦʧʝʨʘʮʽʡ. 

ʊʘʢ string segment ʮʝ ʜʝʢʦʤʧʦʟʠʮʽʷ string matching: ʧʦʰʫʢ ʧʦʨʽʚʥʷʥʥʷ; string 

substring ʟʘʤʽʥʘ ʝʢʚʽʚʘʣʝʥʪʥʠʤʠ ʦʧʠʩʘʤʠ; ʟʘʧʘʤôʷʪʦʚʫʚʘʥʥʷ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ; 

concatenation ʟʯʝʧʣʝʥʥʷ connected ʜʣʷ ʧʦʙʫʜʦʚʠ ʢʦʤʧʦʟʠʮʽʡ. Stride ʢʨʦʢ ʧʦ 

ʽʥʜʝʢʩʫ ὲ ὲ ρ dope vector structured programming variable (record) 

structured systems analysis subgraph (G (V, E) group, x-1, x*y sullsst ʧʽʜʩʧʠʩʦʢ 

subschema (ʧʽʜʩʭʝʤʘ), subscript (ʧʽʜ ʩʪʨʦʢʦʚʠʡ ʽʥʜʝʢʩ). MS machine simulation 

ʘʥʘʣʦʛ ɽʆʄ ʤʦʜʝʣʶʚʘʥʥʷ ʫ ʬʦʨʤʘʣʴʥʦʤʫ ʩʝʥʩʽ. ʊʦʜʽ ʢʦʥʢʨʝʪʥʠʡ ʬʽʟʠʯʥʠʡ 

ʪʝʭʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʘʛʨʝʛʘʪ (ʊʊɸ) ʟʤʽʱʘʻʤʦ ʽʥʰʠʤ FSA. ʆʧʠʩʠ RL ʤʦʚʦʶ 

ʧʦʩʣʽʜʦʚʥʠʭ ʬʫʥʢʮʽʡ SF ʟʘʩʪʦʩʦʚʫʻʤʦ ʟ ʤʝʪʦʶ ʩʧʨʦʱʝʥʥʷ ʧʨʦʮʝʜʫʨ ʦʪʨʠʤʘʥʥʷ 

ʚʠʭʽʜʥʠʭ ʨʝʘʢʮʽʡ ɸʊ ʫ ʚʠʛʣʷʜʽ ʮʽʣʴʦʚʠʭ ʦʧʠʩʽʚ ʨʝʟʫʣʴʪʘʪʫ. ʊʝʦʨʝʪʠʯʥʽ ʟʘʩʘʜʠ 

ɯʊ ʤʦʜʝʣʶʚʘʥʥʷ ʉɼʉ ʦʙôʻʢʪʽʚ ɯʊʉ ʦʙˇʨʫʥʪʦʚʘʥʽ ʽʜʝʘʣʴʥʠʤʠ ʘʙʩʪʨʘʢʪʥʠʤʠ 

ʤʘʰʠʥʘʤʠ ʊʶʨʽʥʛʘ (Turing) ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʧʦʥʷʪʴ ʝʢʚʽʚʘʣʝʥʪʫʚʘʥʥʷ (machine 

equivalence) ʬʫʥʢʮʽʡ. ʄʦʜʝʣʶʚʘʥʥʷ ʟʘʩʦʙʘʤʠ ʄ2 ʤʦʞʣʠʚʦ ʣʠʰʝ ʢʦʣʠ ʟʥʘʡʜʝʥʦ 
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ɸʊ, ʷʢʠʡ ʧʦ ʜʘʥʠʤ ʄ1 ʪʘ ʈ1 ʜʦʟʚʦʣʷʻ ʧʦʨʦʜʞʫʚʘʪʠ ʧʦʜʽʙʥʫ ʧʘʨʫ ʄ2 ʪʘ ʈ2 ʟ 

Ὣ ̓  ́Ὤ ʽʟʦʤʦʨʬʥʠʤʠ ʬʫʥʢʮʽʷʤʠ. 
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ʇʨʷʤʝ ʢʦʜʫʚʘʥʥʷ:   Çȡ
- ᴼ-
0ᴼ0

 

ɿʚʦʨʦʪʥʝ ʢʦʜʫʚʘʥʥʷ:    Èȡ
- ᴼ-
0ᴼ0

 

ʈʠʩʫʥʦʢ 2.13 ï ʇʨʠʥʮʠʧʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʉɼʉ ʟʘʩʦʙʘʤʠ 

ʦʧʠʩʽʚ ʫ ʚʠʛʣʷʜʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʬʫʥʢʮʽʡ 

 

ʈʠʩʫʥʦʢ 2.14 ï ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʟʚôʷʟʢʽʚ ʫ ʂʄ-ʇɼ 

 

 

 

ʈʠʩʫʥʦʢ 2.15 ï ʈʦʟʨʘʭʫʥʢʦʚʘ ʤʦʜʝʣʴ ʦʧʪʠʤʽʟʘʮʽʾ ʨʝʟʫʣʴʪʘʪʫ Y ʧʨʦʜʫʢʪʫ 

 

 

enter go out 

ʇʏʂ 

ɿʅʆʉ 

ɺʠʤʦʛ + 

ʢʦʤʧʦʥʝʥʪʠ 
ʇʌʄ 

ɯʊʉ, ʂʂʄ, 

ʦʙôʻʢʪʠ  

ʅʘʪʫʨʥʠʡ ʬʽʟʠʯʥʠʡ 

ʧʨʦʮʝʩ ʊʊɸ=ʄ1 

ʦʙôʻʢʪ ʇʏʂ 

ʄʦʜʝʣʴ ʄ2 

FSA ɭɯʇ 

ɯʊ ʧʨʦʮʝʩ ʈ2 

ὢᴆ 

ὢᴆ 
 

ὣᴆ 
 

ὣᴆ 

RL 

code 
SF code 

͍ͻ͒͜ ͍͙ͻ͒͜ 
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ʊʘʙʣʠʮʷ 2.10 ï ʇʨʠʢʣʘʜ ʢʘʪʘʣʦʛʫ ʜʘʥʠʭ ʧʨʦ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʚʽʜʦʤʠʭ ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʦʟʥʘʯʝʥʠʤʠ ʟʘ ʟʘʧʠʪʘʤʠ ʊɽʇ 

ʅʘʟʚʘ 

ʤʘʪʝʨʽʘʣʫ 

ʑʽʣʴʥʽʩʪʴ 

ɟ, ʢʛ/ʤ3 

ʄʽʮʥʽʩʪʴ 

ů, ɻʇʘ 

ʄʦʜʫʣʴ 

ʖʥʛʘ ɽ, 

ɻʇʘ 

ʇʫʘʩʩʦʥʘ 

ɛ, ʢʦʝʬ. 

l, ʤʢʤ 

ʄʽʜʴ 8900 0,25 125 0,3  

ʉʪʘʣʴ 7800 0,4 210 0,3 50-100 

ʊʠʪʘʥ 4500 0,3-0,45 110 0,32  

ɸʣʶʤʽʥʽʡ 2700 0,07 70 0,32  

ɺʦʣʦʢʥʘ 

ʙʦʨʫ 

2600 2,5-3 400-450 0,1 50-200 

ʉʢʣʦ 

ʚʦʣʦʢʥʘ 

2500 2,4-3,5 69-86 0,25 7-10 

ɺʫʛʣʝʮʝʚʽ  2250  1000 0,3 1 

ʚʦʣʦʢʥʘ 2000-1750 2,5-4 200-350 0,3 7-10 

ɹʝʨʠʣʽʡ 1850 0,25-0,5 250-450 0,32 250 

ʅʘʥʦʪʨʫʙʢʠ 

ʭʽʨʘʣʴʥʽ 

1400  1240 0,3 0,01 

ʟʠʛʟʘʛʠ 1330  648 0,33 001 

ʇʦʣʽʝʬʽʨʥʽ 

ʩʤʦʣʠ 

1100 0,02-0,1 1,5-4,5   

ɽʧʦʢʩʠʜʥʽ 

ʩʤʦʣʠ 

1000 0,04-0,12 3-5 0,3-0,4  

 

ʊʘʙʣʠʮʷ 2.11 ï ʇʦʟʥʘʯʝʥʥʷ ʟʤʽʥʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʝʡ, ʱʦ 

ʚʽʜʦʙʨʘʞʘʶʪʴ i, j, k ʯʘʩʪʢʦʚʽ ʬʽʟʠʯʥʽ ʷʚʠʱʘ, ʧʨʦʮʝʩʠ, ʩʪʘʥʠ ʫ ʻʜʠʥʦʤʫ 

ʨʝʘʢʮʽʡʥʦʤʫ ʇʏʂ, ʜʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʮʽʣʴʦʚʝ ʬʦʨʤʦʪʚʦʨʝʥʥʷ ʇʌʄ. 

ˉ 

ʧ\ʧ 
ʇʦʪʽʢ q ̔ʻ Q ʇʦʪʝʥʮʽʘʣ uj ʻ U 

ʂʦʝʬʽʮʽʻʥʪʠ 

ʂʢ=const 

1 ʄʘʩʦʚʠʡ ʨʫʭ 
ʂʦʥʮʝʥʪʨʘʮʽʷ 

ʨʝʯʦʚʠʥʠ 
ʂʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʾ 

2 ɽʥʝʨʛʽʷ ʧʦʪʦʢʫ 
ʐʚʠʜʢʽʩʪʴ ʟʤʽʥʠ 

ʧʦʪʫʞʥʦʩʪʽ 

ʇʦʪʫʞʥʽʩʪʴ 

ʝʥʝʨʛʦʧʦʪʦʢʫ 

3 ʊʝʧʣʦʧʝʨʝʜʘʯʘ ʊʝʤʧʝʨʘʪʫʨʘ ʊʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ 

4 ʑʽʣʴʥʽʩʪʴ ʩʪʨʫʤʫ 
ɽʣʝʢʪʨʠʯʥʘ 

ʥʘʧʨʫʛʘ 
ɽʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ 

5 ɽʣʝʢʪʨʠʯʥʘ ʽʥʜʫʢʮʽʷ ɽʣʝʢʪʨʠʯʥʠʡ ʟʘʨʷʜ 
ɼʽʝʣʝʢʪʨʠʯʥʝ 

ʧʨʦʥʠʢʥʝʥʥʷ 

6 ʄʘʛʥʽʪʥʘ ʽʥʜʫʢʮʽʷ 
ʄʘʛʥʽʪʥʠʡ 

ʧʦʪʝʥʮʽʘʣ 

ʄʘʛʥʽʪʥʝ 

ʧʨʦʥʠʢʥʝʥʥʷ 

7 ɯʤʧʫʣʴʩʥʠʡ ʟʘʨʷʜ 
ʆʙôʻʤʥʘ 

ʰʚʠʜʢʽʩʪʴ 
ʉʠʣʘ ʜʽʾ 
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ɼʠʥʘʤʽʢʘ ʧʨʦʮʝʩʽʚ ʟʽ ʟʤʽʥʘʤʠ ʩʪʘʥʽʚ ʤʘʪʝʨʽʘʣʽʚ (ʪʘʙʣ. 2.11) ʦʧʠʩʫʻʪʴʩʷ ʥʘ 

ʙʘʟʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʥʷʪʪʷ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʡ ʧʦʪʝʥʮʽʘʣ, ʷʢʠʡ ʧʦʚʥʽʩʪʶ ʚʠʟʥʘʯʘʻ 

ʤʘʢʨʦʩʪʘʥ ʩʠʩʪʝʤʠ ʯʝʨʝʟ ʾʾ ʙʘʟʦʚʽ ʧʘʨʘʤʝʪʨʠ.  

ɼʠʬʝʨʝʥʮʽʘʣʴʥʝ ʚʠʟʥʘʯʝʥʥʷ ʤʘʣʠʭ ʧʨʠʨʦʩʪʽʚ dF ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ 
1 2( , ,..., )nF F x x x=  ʤʘʻ ʚʠʛʣʷʜ [152] 

'

1 2

1

( , ,..., ) ( )
n

n i i

i i

dF
dF x x x x dx

dx=

=ä  
(2.19) 

ʜʝ ʽʥʜʝʢʩ '

ix  ʚʠʟʥʘʯʘʻ ʫʤʦʚʫ ʥʝʟʘʣʝʞʥʦʩʪʽ ʟʤʽʥʥʠʭ j ix x̧  ʷʢʽ ʚ ʪʘʢʽʡ ʦʧʝʨʘʮʽʾ 

ʬʽʢʩʫʶʪʴʩʷ ʷʢ const ʧʨʠ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʽ ʧʦ ix  ʚʩʽʭ ʽʥʰʠʭ ʟʤʽʥʥʠʭ. 

ɺʩʽ ʟʘʩʪʦʩʦʚʘʥʽ ʪʝʨʤʦʜʠʥʘʤʽʯʥʽ ʧʦʪʝʥʮʽʘʣʠ ʦʜʥʦʟʥʘʯʥʦ ʤʘʶʪʴ 

ʤʘʪʝʤʘʪʠʯʥʠʡ ʦʧʠʩ ʟʛʽʜʥʦ (ʪʘʙʣʠʮʽ 2.8). ɺ ʜʘʥʽʡ ʪʘʙʣʠʮʽ ʧʘʨʘʤʝʪʨʠ <U,F,I,G> 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ ʧʽʜ ʯʘʩ ʬʦʨʤʦʪʚʦʨʝʥʥʷ ʤʘʪʝʨʽʘʣʫ-ʨʝʟʫʣʴʪʘʪʫ ʩʠʥʪʝʟʫ 

ʇʌʄ ʤʘʶʪʴ ʥʘʩʪʫʧʥʝ ʪʣʫʤʘʯʝʥʥʷ: S ï ʝʥʪʨʦʧʽʷ; T ï ʪʝʤʧʝʨʘʪʫʨʘ ʟʘ 

ʚʽʜʧʦʚʽʜʥʦʶ ʰʢʘʣʦʶ; V ï ʦʙôʻʤ [ʤ3]; P ï ʪʠʩʢ, ʷʢ ʟʤʽʥʘ ʩʪʘʥʫ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ 

ʩʠʩʪʝʤʠ, ʱʦ ʜʦʩʣʽʜʞʫʻʤʦ [107-150].  

ʋʤʦʚʠ ʤʦʜʝʣʶʚʘʥʥʷ ʉɼʉ ʟ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʧʦʜʽʙʥʦʩʪʽ ʡ ʨʦʟʤʽʨʥʦʩʪʽ 

ʤʦʜʝʣʝʡ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʬʦʨʤʦʪʚʦʨʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ. ʇʨʠ 

ʘʣʛʦʨʠʪʤʽʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥʥʷʭ ʜʣʷ ʟʤʽʩʪʦʚʥʦʛʦ ʦʧʠʩʫ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤ 

ʪʘ ʧʨʦʮʝʩʽʚ ʬʦʨʤʦʪʚʦʨʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʤʦʞʣʠʚʦ ʟʘʩʪʦʩʫʚʘʪʠ ʥʘʩʪʫʧʥʫ 

ʜʦʚʽʜʥʠʢʦʚʫ ʪʘʙʣʠʮʶ. ʇʨʠʢʣʘʜ ʤʦʜʝʣʶʚʘʥʥʷ ʚʽʜʦʤʦʛʦ ʧʨʦʮʝʩʫ ʚʠʨʦʙʥʠʮʪʚʘ 

ʙʽʪʫʤʥʠʭ ʝʤʫʣʴʩʽʡ. ɿʘʜʘʯʘ ʧʦʢʨʘʱʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʠʩʦʢʦʷʢʽʩʥʠʭ 

ʛʽʜʨʦʟʘʭʠʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚ ʫʤʦʚʘʭ ʤʦʞʣʠʚʦʩʪʽ ʪʨʠʚʘʣʦʾ ʢʦʨʦʟʽʾ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʾʭ 

ʫʜʦʩʢʦʥʘʣʶʻ ʙʫʜʽʚʥʠʮʪʚʦ, ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ɯʊʉ [107-150]. 

ʋʟʘʛʘʣʴʥʝʥʠʡ ʘʛʨʝʛʘʪ ʤʦʜʝʣʶʚʘʥʥʷ ʚʽʜʦʙʨʘʞʘʻ ʥʘʩʪʫʧʥʫ ʩʭʝʤʫ 

ʧʝʨʝʪʚʦʨʝʥʥʷ (ʨʠʩ. 2.14) ʚʭʽʜʥʠʭ (enter) ʨʝʯʦʚʠʥ ὢᴆ Ὢὢȟὢȟὢ  ʫ ʚʠʭʽʜʥʽ (go 

out) ʧʨʦʜʫʢʪʠ ʮʽʣʴʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ὣᴆ Ὢὣȟὣȟὣ  ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʪʝʭʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʘʛʨʝʛʘʪʫ (ʊʊɸ) ʟ ʧʝʨʝʭʽʜʥʦʶ 

ʬʫʥʢʮʽʻʶ W(P) ʪʘ ʚʥʫʪʨʽʰʥʽʤʠ ʢʦʥʪʨʦʣʴʦʚʘʥʠʤʠ ʩʪʘʥʘʤʠ ὤᴆ Ὢ ὤȟὤȟὤ . 
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ʉʭʝʤʘ ʘʣʛʝʙʨʘʾʯʥʦʛʦ ʦʧʠʩʫ ʚʭʦʜʦ-ʚʠʭʽʜʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʘʛʨʝʛʘʪʦʤ 

ʧʦʪʦʢʫ ʍ ʨʝʯʦʚʠʥ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ὣᴆ ʧʨʦʜʫʢʪʫ ʟʛʽʜʥʦ ʟʘʤʦʚʣʝʥʥʷ ʥʘ ʦʜʷʛ ʜʦʨʦʛʠ 

ʟ ʩʪʚʦʨʝʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʮʽʣʴʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʅʝʭʘʡ ʦʪʨʠʤʘʥʘ ʩʠʨʦʚʠʥʘ ʟ 

ʧʨʠʩʫʪʥʽʩʪʶ Ca, Mg, Fe ʪʘ ʽʥʰʠʭ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʬʦʨʤʫʶʪʴ ʭʽʤʽʯʥʽ 

ʚʽʜʦʤʽ ʩʧʦʣʫʢʠ: ʭʣʦʨʠʜʽʚ, ʩʫʣʴʬʘʪʽʚ, ʛʽʜʨʦʢʘʨʙʦʥʘʪʽʚ. ɺʭʽʜʥʠʡ ʧʦʪʽʢ ʨʝʯʦʚʠʥ ᴆs 

ʤʘʻ ʪʨʠʢʦʤʧʦʥʝʥʪʥʠʡ ʥʘʩʪʫʧʥʠʡ ʩʢʣʘʜ: ʍ1 ï ʥʘʧʦʚʥʶʚʘʯ; ʍ2 ï ʮʽʣʴʦʚʘ ʥʝʩʫʯʘ 

ʩʪʨʫʢʪʫʨʥʘ ʢʦʤʧʦʥʝʥʪʘ (ʙʽʪʫʤ, ʥʘʧʨʠʢʣʘʜ bitumen ʤʘʨʢʠ ɹʅɼ 90/130 [79]; ʍ3 ï 

ʽʥʽʮʽʘʣʽʟʘʪʦʨ-ʤʦʜʠʬʽʢʘʪʦʨ ʨʝʘʢʮʽʡʥʠʭ ʫʤʦʚ ʜʦʩʷʛʥʝʥʥʷ ʮʽʣʴʦʚʦʛʦ ʨʝʟʫʣʴʪʘʪʫ. 

ɼʣʷ ʩʪʽʡʢʦʩʪʽ ʛʽʜʨʦʬʽʣʴʥʦ-ʣʽʧʦʬʽʣʴʥʦʛʦ ʙʘʣʘʥʩʫ (ɻʃɹ [79]) ʫ ʚʠʛʣʷʜʽ 

ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ (ʇɸʈ [79] ʧʨʠʨʦʜʥʠʭ ʪʘ (ʘʙʦ) ʰʪʫʯʥʠʭ) ʨʦʙʠʤʦ 

ʦʧʠʩ ʫʯʘʩʥʠʢʽʚ ʨʝʘʢʮʽʡʥʠʭ ʫʤʦʚ ʚʭʽʜʥʦʾ ʩʠʨʦʚʠʥʠ ʨʘʟʦʤ ʟ ʜʦʤʽʰʢʘʤʠ. 

ɺʥʫʪʨʽʰʥʽʡ ʢʦʥʪʨʦʣʴʦʚʘʥʠʡ ʩʪʘʥ ὤᴆ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʘʛʨʝʛʘʪʫ ʤʘʻ ʩʢʣʘʜʦʚʽ: 

Z1 - ʪʠʩʢ ʩʫʤʽʰʽ ʥʘ ʚʭʦʜʽ ʚ ʢʘʚʽʪʘʮʽʡʥʠʡ ʜʠʩʧʝʨʛʘʪʦʨ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʦʙôʻʤʥʫ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʠʣʦ-ʤʦʤʝʥʪʥʦʛʦ ʜʠʥʘʤʽʯʥʦʛʦ ʢʘʚʽʪʘʮʽʡʥʦʛʦ ʧʨʦʮʝʩʫ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ; Z2 ï ʧʘʨʘʤʝʪʨʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʙôʻʤʥʦʛʦ ʧʦʣʷ ʟ 

ʚʽʜʟʥʘʯʝʥʥʷʤ ʩʪʘʥʫ ʙʽʪʫʤʫ (~120-130 0C) ʫ ʚʭʦʜʫ ʜʦ ʚʫʟʣʘ ʝʤʫʣʴʛʫʚʘʥʥʷ ʪʘ 

ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ (~200 0C), ʢʦʣʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʧʽʥʶʚʘʥʥʷ ʡ ʚʠʭʽʜ ʩʢʣʘʜʦʚʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ; Z3 ï ʧʦʢʘʟʥʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʝʭʥʦʣʦʛʽʾ ʮʽʣʴʦʚʦʛʦ ʬʦʨʤʦʪʚʦʨʝʥʥʷ 

ʧʨʦʜʫʢʪʫ ʟʘ ʫʤʦʚ ʜʣʷ ʊʊɸ ʤʘʪʠ ʯʘʩʪʢʠ ʙʽʪʫʤʫ ʚ ʨʦʟʯʠʥʽ (30-70%), ʟʥʘʯʝʥʥʷ pH 

(ʜʣʷ ʢʘʪʽʦʥʥʦʛʦ pH=1,8-2,2, ʘ ʜʣʷ ʘʥʽʦʥʥʦʛʦ pH=9-12) ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ 

ʝʤʫʣʴʛʘʪʦʨʘ, ʘ ʪʘʢʦʞ ʯʠʩʣʘ ʢʘʚʽʪʘʮʽʾ ʫ ʥʘʡʢʨʘʱʦʤʫ ʨʝʞʠʤʽ ʧʝʨʝʤʽʰʫʚʘʥʥʷ [79]. 

ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʜʠʥʘʤʽʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʚʭʽʜʥʦʛʦ ʧʦʪʦʢʫ ᴆs ʟʘ 

ʢʦʥʪʨʦʣʴʦʚʘʥʠʤʠ ʪʘ ʨʝʛʫʣʴʦʚʘʥʠʤʠ ʨʝʞʠʤʘʤʠ ὤᴆ ʚʥʫʪʨʽʰʥʴʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʘʛʨʝʛʘʪʫ ʛʘʨʘʥʪʫʻ ʦʪʨʠʤʘʥʥʷ ʚʠʭʽʜʥʦʛʦ ὣᴆ ʙʽʪʫʤʥʦʛʦ ʧʨʦʜʫʢʪʫ, ʷʢ ʚʘʞʣʠʚʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʫ ʜʦʨʦʞʥʴʦʤʫ ʙʫʜʽʚʥʠʮʪʚʽ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ɯʊʉ ʤʘʡʙʫʪʥʴʦʛʦ. 

ʊʨʘʜʠʮʽʡʥʽ ʪʝʭʥʽʯʥʽ ʝʣʝʤʝʥʪʠ ʪʘʢʠʭ ʧʨʦʮʝʩʽʚ ʜʣʷ ʊʊɸ ʽʩʥʫʶʪʴ [79, 81, 82, 99].  
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ʊʘʙʣʠʮʷ 2.12 ï ʊʝʨʤʦʜʠʥʘʤʽʯʥʽ ʧʦʪʝʥʮʽʘʣʠ ʫ ʨʦʟʨʘʭʫʥʢʘʭ ʂʄ-ʇɼ 

ʅʘʟʚʘ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ 
ɹʘʟʦʚʽ ʟʘʣʝʞʥʦʩʪʽ 

ʋʤʦʚʥʽ ʟʤʽʥʥʽ 

ʯʘʩʪʢʦʚʽ ʧʦʭʽʜʥʽ 

ɺʥʫʪʨʽʰʥʷ ʝʥʝʨʛʽʷ 
( ) ( , )U U S U S V= =  Ὗ ὟὛȟὠ 

dU TdS PdV= -  

( )V

dU
T

dS
=  

( )S

dU
P

dV
=-  

ɺʽʣʴʥʘ ʝʥʝʨʛʽʷ 

ɻʝʣʴʤʛʦʣʴʮʘ ʽʟʦʪʝʨʤʽʯʥʠʡ 

ʧʦʪʝʥʮʽʘʣ 

( , ),F F T V F U TS= = - 

dF SdT PdV=- -  

( )V

dF
S

dT
=-  

( )T

dF
P

dV
=-  

ɽʥʪʘʣʴʧʽʷ (ʪʝʧʣʦʤʽʩʪʢʽʩʪʴ) 
( , )I I S P= , I U PV= +  

dT TdS VdP= +  

( )P

dI
T

dS
=  

( )S

dI
V

dP
=  

ʊʝʨʤʦʜʠʥʘʤʽʯʥʠʡ 

ʧʦʪʝʥʮʽʘʣ ɻʽʙʩʘ, ʘʙʦ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʡ 

ʧʦʪʝʥʮʽʘʣ 

( , , )G U T P , 

G U TS PV F PV I TS= - + = + = - 

dG SdT VdP=- +  

( )P

dG
S

dT
=-  

( )V

dG
V

dP
=  

 

ʊʘʙʣʠʮʷ 2.13 - ʃʽʥʛʚʽʩʪʠʯʥʽ ʬʦʨʤʠ ʟʥʘʥʴ ʦʨʽʻʥʪʦʚʘʥʠʭ ʧʦʚʽʜʦʤʣʝʥʴ. 

ʇʝʨʝʨʘʭʫʥʢʠ ʟ ʦʜʥʽʻʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʜʦ ʽʥʰʦʾ ʫ ʇʏʂ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ 

ˉ 

ʧ/

ʧ 

ʆʧʠʩ ʬʦʨʤʘʣʴʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʩʢʣʘʜʥʠʭ 

ʦʙôʻʢʪʽʚ 

ʇʦʥʷʪʪʷ 

ʮʽʣʽʩʥʦʩʪʽ ʪʘ 

ʚʢʣʘʜʝʥʦʩʪʽ 

ʇʨʠʢʣʘʜ ʦʢʨʝʤʦʾ ʥʦʪʘʮʽʾ 

1. 
ʂʦʥʩʪʘʥʪʠ ʪʠʧʦʚʠʭ 

ʩʠʤʚʦʣʴʥʠʭ ʧʦʟʥʘʯʝʥʴ 

2
3,14

2

r

r

p
p= =  , exp, Ae Np =  

2. 
ʉʠʤʚʦʣʠ ʘʣʛʝʙʨʘʾʯʥʠʭ 

ʬʫʥʢʮʽʡ g:Y Z­  

ʇʨʘʚʠʣʦ ( )y f x=  

: ,f E Y x E­ " Í  
{}1 2 3( ); ( ); ; [ ]f x F x x R xy  

3. ʃʦʛʽʯʥʽ ʟʚôʷʟʢʠ {} 
ʃʦʛʽʢʘ ɹʫʣʷ true, 

false 

ɼʽʘʛʨʘʤʠ ɽʡʣʝʨʘ-ɺʝʥʘ. ʊʘʙʣʠʮʽ 

ʉʂʅʌ, ʉʇʅʌ, ʉɼʅʌ 

4. 

ʂʚʘʥʪʦʨʠ 

ʧʨʝʜʠʢʘʪʠʚʥʠʭ ʬʦʨʤ 

P(x) 

ɯʩʥʫʻ ʝʣʝʤʝʥʪ ʭ 

ʜʣʷ ʚʩʽʭ ʝʣʝʤʝʥʪʽʚ 

( ) ( )xP xʘʙʦxx$ Í  

( ) ( )xP xʘʙʦxx" Í  

5. 

ɸʜʨʝʩʥʽ ʙʘʟʦʚʽ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽ 

ʚʽʜʥʦʰʝʥʥʷ 

ʊʨʠʛʦʥʦʤʝʪʨʽʷ 

ʢʫʪʽʚ, ʛʝʦʤʝʪʨʽʷ 

ʚʽʜʩʪʘʥʽ 

sin sin 2sin cos
2 2

a b a b
a b

+ -
+ =  

2 2Z x y= +  

6. 
ʂʘʥʘʣʴʥʽ ʧʘʨʥʽ ʚʠʨʘʟʠ ʪʘ 

ʨʽʚʥʷʥʥʷ 

ɿʘʢʦʥʠ, 

ʪʦʪʦʞʥʦʩʪʽ, 

ʙʘʣʘʥʩʠ 
2 4 2 4 22 2KOH H SO K SO H O+ = +  

7. 
ʉʪʨʫʢʪʫʨʦʚʘʥʽ ʤʦʚʥʽ 

ʢʦʥʩʪʨʫʢʮʽʾ 

ʈʝʯʝʥʥʷ, ʘʙʟʘʮʠ, 

ʨʦʟʜʽʣʠ, ʛʣʘʚʠ 

ʄʦʣʝʢʫʣʠ 
2H O ʨʦʟʯʠʥʠ ʩʽʣʴ 

( )NaCl  ʚ ʇʏʂ 
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ʂʘʚʽʪʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʙʽʪʫʤʥʠʭ ʝʤʫʣʴʩʽʡ ʪʘ ʰʣʷʭʠ 

ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʭʽʤʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʘ ʪʘʢʦʞ ʫʤʦʚʠ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʙʽʪʫʤʥʠʭ ʜʦʨʦʞʥʽʭ ʝʤʫʣʴʩʽʡ) ʚʽʜʦʤʽ [79]. ʅʝ ʚʠʟʥʘʯʝʥʽ, ʥʝ ʦʧʠʩʘʥʽ ʡ ʪʦʤʫ 

ʥʝʚʽʜʦʤʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʤʘʡʙʫʪʥʽʭ ʥʘʫʢʦʚʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʙʘʟʽ ʽʥʥʦʚʘʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʊʊʈ ʟ ʬʦʨʤʦʪʚʦʨʝʥʥʷʤ future ʇʌʄ.  

ʇʨʘʢʪʠʯʥʘ ʚʽʜʧʦʚʽʜʥʦ ʥʝ ʩʪʘʮʽʦʥʘʨʥʽʩʪʴ ʥʘ ʚʭʦʜʽ ʪʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʚʩʝʨʝʜʠʥʽ ʊʊɸ, ʷʢʘ ʩʪʚʦʨʝʥʘ ʬʘʢʪʦʨʘʤʠ ʚʧʣʠʚʫ ɿʅʆʉ, ʫ ʥʘʩʣʽʜʦʢ ʦʙʫʤʦʚʣʶʻ 

ʟʘʚʞʜʠ ʚʘʨʽʶʚʘʥʥʷ ʩʢʣʘʜʦʚʠʭ ʚʝʢʪʦʨʫ ʇʌʄ 1 2 3( , , )yY f y y y=  ʘʙʦ ʛʦʪʦʚʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʜʣʷ ɯʊʉ. ʇʦʰʫʢ ɯʊ ʟʛʽʜʥʦ ʦʧʠʩʽʚ ʟʘʚʜʘʥʥʷ ʥʘ ʮʽʣʴʦʚʝ ʫʧʨʘʚʣʽʥʥʷ ʪʘ 

ʥʝʦʙʭʽʜʥʠʭ ʟʘʩʦʙʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʩʪʚʦʨʝʥʥʷ ʇʌʄ ʥʝʤʦʞʣʠʚʝ ʙʝʟ ʬʦʨʤʘʣʽʟʘʮʽʾ 

ʦʙôʻʢʪʽʚ ʪʘ ʧʨʦʮʝʩʽʚ, ʱʦ ʟʤʽʥʶʶʪʴʩʷ ʘʚʪʦʤʘʪʠʟʫʶʪʴʩʷ, ʢʝʨʫʶʪʴʩʷ, ʟʤʽʥʶʶʪʴʩʷ.  

ɺʠʱʝ ʦʟʥʘʯʝʥʠʡ ʧʨʠʢʣʘʜ ʜʦʟʚʦʣʷʻ ʟʘʧʠʩʘʪʠ ʢʦʥʢʨʝʪʥʠʡ ʧʨʦʜʫʢʪ 

ʢʦʥʢʨʝʪʥʦʛʦ ʊʊɸ ʫ ʣʽʥʛʚʽʩʪʠʯʥʦʤʫ ʚʠʛʣʷʜʽ ʇɯʄ ʟʘ ʘʧʨʦʙʦʚʘʥʠʤ ʪʘ 

ʚʝʨʠʬʽʢʦʚʘʥʠʤ [69, 152] ʧʨʝʜʠʢʘʪʠʚʥʠʤ ʧʨʘʚʠʣʦʤ:  

ʗʂʑʆ: {ʦʟʥʘʯʝʥʘ ʷʢʽʩʪʴ ʚʭʽʜʥʦʾ ʩʫʤʽʰʽ ʩʠʨʦʚʠʥʥʠʭ ʨʝʯʦʚʠʥ X  ʪʘ ʫʤʦʚʠ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʨʝʞʠʤʫ ʬʦʨʤʦʪʚʦʨʝʥʥʷ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʛʘʨʘʥʪʦʚʘʥʠʤ ʦʙʣʘʩʪʷʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʟʥʘʯʝʥʦʛʦ ʘʧʘʨʘʪʥʦʛʦ ʽʥʞʝʥʝʨʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʟ ʟʘʩʦʙʘʤʠ ʢʦʥʪʨʦʣʶ ʫʧʨʘʚʣʽʥʥʷ Z },  

ʊʆɼɯ: [ʟʘ ʫʤʦʚʠ ʥʝ ʧʝʨʝʚʠʱʝʥʥʷ ʥʦʨʤ ʽʥʪʝʥʩʠʚʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʧʨʦʜʫʢʪ ʥʘ ʚʠʭʦʜʽ ʛʦʪʦʚʦʛʦ ʜʦ ʚʞʠʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ Y  ʚʽʜʧʦʚʽʜʘʻ ʥʦʨʤʘʤ ʟ 

ʷʢʽʩʪʶ ʩʪʘʥʜʘʨʪʫ (ISO/ɼʉʊʋ) ʪʘ ʪʨʠʚʘʣʦʩʪʽ ʯʘʩʫ ʥʘʧʨʘʮʶʚʘʥʥʷ ʥʘ ʚʽʜʤʦʚʫ]. 

ʊʘʢʠʤ ʯʠʥʦʤ ʚ ʜʘʥʦʤʫ ʧʨʠʢʣʘʜʽ ʧʦʢʘʟʘʥʘ ʨʦʣʴ ʤʝʪʦʜʫ ʧʣʘʥʫʚʘʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʫ ( , , , )Y F t X Z W= . ʎʽʣʴ ʚʠʟʥʘʯʝʥʥʷ ʩʪʨʫʢʪʫʨʠ W ʊʊɸ ʪʘ ʚʩʽ 

( , , ) i j ki j k X Y Z" Í  ʧʨʦʝʢʮʽ ʾ ʥʘ ʪʨʠʛʨʘʥʥʠʢ ʘʛʨʝʛʘʪʽʚ W (ʙʣʦʯʥʦ-ʤʦʜʫʣʴʥʠʭ) 

ʧʝʨʝʪʚʦʨʝʥʴ ʧʘʨʘʤʝʪʨʽʚ. ʅʘʩʣʽʜʦʢ ʦʧʠʩʽʚ ʚʣʘʩʥʠʭ, ʩʧʽʣʴʥʠʭ ʚʟʘʻʤʦʜʽʡ, ʫ 

ʛʣʦʙʘʣʴʥʦ ʧʦʟʠʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ ʢʦʦʨʜʠʥʘʪ ʜʣʷ ʥʘʷʚʥʠʭ ʙʘʛʘʪʴʦʭ ʧʝʨʝʪʚʦʨʝʥʴ 

ʧʽʜʩʠʣʶʻ ʚʘʞʣʠʚʽʩʪʴ ʤʦʜʝʣʝʡ ʪʘ ʟʘʩʦʙʽʚ ʇɯʄ. ʈʝʘʣʴʥʽ ʨʽʟʥʦʤʘʥʽʪʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ 

ʧʨʦʮʝʩʠ, ʱʦʙʠ ʜʘʣʽ ʝʬʝʢʪʠʚʥʦ ʤʦʜʝʣʶʚʘʪʠ, ʤʘʶʪʴ ʷʚʥʽ ʦʧʠʩʠ ʟ ʚʨʘʭʫʚʘʥʥʷʤ 

ʧʨʝʜʠʢʘʪʠʚʥʠʭ ʚʠʱʝʥʘʚʝʜʝʥʠʭ ʧʨʘʚʠʣ. ʏʘʩʪʽʰʝ ʥʝʚʽʜʦʤʽ ʬʘʢʪʠʯʥʽ ʝʬʝʢʪʠ ʟ 

ʦʟʥʘʯʝʥʥʷʤ, ʦʧʠʩʫ ʚʟʘʻʤʦʚʧʣʠʚʽʚ ʚʘʨʽʘʪʠʚʥʠʭ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ ɿʅʆʉ ʥʘ 
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ʮʽʣʴʦʚʠʡ ʪʦʚʘʨʥʠʡ ʤʘʪʝʨʽʘʣ. ʊʦʤʫ ʙʝʟ ʇɯʄ ʥʝʤʦʞʣʠʚʦ ʰʚʠʜʢʦ ʡ ʜʦʩʠʪʴ ʪʦʯʥʦ 

ʤʦʜʝʣʶʶʪʴ ʤʘʡʙʫʪʥʻ ʪʘ ʚʠʟʥʘʯʘʶʪʴ ʷʢʽʩʪʴ ʧʨʦʛʥʦʟʫ. ʎʝ ʩʫʪʪʻʚʦ ʟʘʚʜʷʢʠ ʊʊʈ, 

ʙʦ ʣʶʜʠʥʘ ʘʢʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʧʦʢʘʟʥʠʢʠ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ 

ʩʪʽʡʢʦʩʪʽ ʪʘ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ɯʊʉ. ʅʘʩʢʨʽʟʥʘ ʪʝʭʥʦʣʦʛʽʷ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʧʨʦʛʨʘʤʥʦ-ʜʠʩʧʝʪʯʝʨʩʴʢʠʤ ʫʧʨʘʚʣʽʥʥʷʤ ʮʽʣʴʦʚʠʤʠ ʧʨʦʮʝʩʘʤʠ 

ʩʪʚʦʨʝʥʥʷ ʤʘʡʙʫʪʥʽʭ ʇʌʄ ʟ ʽʥʥʦʚʘʮʽʡʥʠʤʠ ʧʨʦʛʨʝʩʠʚʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

ʤʦʞʝ ʙʫʪʠ ʬʦʨʤʘʣʽʟʦʚʘʥʘ ʫ ʪʘʙʣʠʯʥʽʡ ʬʦʨʤʽ Plan ʜʣʷ ʚʽʜʧʦʚʽʜʥʠʭ ʝʪʘʧʽʚ 

ʦʙʽʟʥʘʥʦʩʪʽ ʟʥʘʥʥʷ ʝʢʩʧʝʨʪʽʚ ʟʘʚʜʷʢʠ ʽʥʩʪʨʫʤʝʥʪʽʚ ɯʊ [5, 6]. 

ʉʝʤʽʦʪʠʢʘ ʪʘ ʣʽʥʛʚʽʩʪʠʢʘ ʟʥʘʥʴ ʥʘ ʝʪʘʧʘʭ ʽʥʬʦʣʦʛʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʜʦʟʚʦʣʷʻ ʩʪʨʫʢʪʫʨʫʚʘʪʠ ʬʨʘʛʤʝʥʪʠ ɯʊ ʫ ʚʠʛʣʷʜʽ ʣʘʥʮʶʛʦʚʠʭ ʦʧʠʩʽʚ ʟ SPR 

ʢʦʤʧʦʥʝʥʪ. ʇʝʨʚʠʥʥʽ ʢʦʜʠ ʚʠʟʥʘʯʘʶʪʴ ʢʦʨʪʝʞʽ ʪʘ ʥʘʩʪʫʧʥʽ ʩʫʪʥʦʩʪʽ 

1 2( , ,..., )kS S S S  - ʩʫʙʩʪʘʥʮʽʾ. ʂʦʨʪʝʞ Ὥᶅ ρȟὯ ʜʣʷ Si ʥʘʟʚ ʮʽʣʽʩʥʦʛʦ ʦʙôʻʢʪʘ ʪʘ ʡʦʛʦ 

ʝʣʝʤʝʥʪʽʚ ʚʽʜʧʦʚʽʜʥʦ ʽʻʨʘʨʭʽʯʥʠʤ ʨʘʥʛʘʤ SPR ʜʝʨʝʚʘ ʢʦʨʪʝʞʽ ʢʣʘʩʠʬʽʢʘʮʽʾ; 

ʚʽʜʦʙʨʘʞʘʻ ʪʦʧʦʣʦʛʽʯʥʫ ʜʝʢʦʤʧʦʟʠʮʽʶ. 1 2( , ,..., )iP P P P  ʮʝ ʥʘʟʚʠ Pi ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʮʽʣʽʩʥʦʛʦ ʦʙôʻʢʪʘ ʪʘ ʡʦʛʦ ʢʚʘʣʽʬʽʢʦʚʘʥʠʭ ʷʢʦʩʪʝʡ ʚʽʜʧʦʚʽʜʥʦʛʦ ʨʽʚʥʷ 

ʧʨʽʦʨʠʪʝʪʥʦʛʦ ʧʝʨʰʦʯʝʨʛʦʚʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. ʂʦʨʪʝʞʽ 
1 2( , ,..., )mR R R R  - ʥʘʟʚʠ 

ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ Rj ʚʽʜʥʦʰʝʥʴ (ʷʢ ʚʥʫʪʨʽʰʥʽʭ ʪʘʢ ʽ ʟʦʚʥʽʰʥʽʭ) 

ʧʨʘʢʪʠʯʥʠʭ ʘʢʪʽʚ ʜʽʾ, ʚʟʘʻʤʦʜʽʾ ʪʘ ʚʟʘʻʤʦʚʽʜʥʦʰʝʥʴ ʫ ʤʝʞʘʭ ʦʟʥʘʯʝʥʦʾ SPR 

ʩʢʣʘʜʥʦʾ ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ (ʉɼʉ). ʇʦʚʥʘ ʢʘʨʪʘ ʚʟʘʻʤʦʜʽʡ ɿʅʆʉźʉɼʉ 

ʟʘʜʦʢʫʤʝʥʪʦʚʘʥʦ ʟʛʽʜʥʦ ʦʧʠʩʫ ʟ ʚʽʜʦʤʠʭ ʟʨʦʟʫʤʽʣʠʭ ʪʝʨʤʽʥʽʚ ʡ ʚʠʟʥʘʯʝʥʴ. 

ɼʣ̔ʦʚʘ ʽʥʬʦʨʤʘʮʽʷ ʧʦʪʨʽʙʥʘ ʜʣʷ ʝʢʩʧʝʨʪʥʦʾ ʩʧʽʣʴʥʦʪʠ ʟ ʧʨʦʬʝʩʽʡʥʦʶ 

ʦʨʛʘʥʽʟʘʮʽʻʶ (ʩʧʝʮʽʘʣʴʥʽʩʪʴ 05.13.06 ï ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ). ɼʘʥʽ ʧʨʠʥʮʠʧʠ 

ʤʦʜʝʣʶʚʘʥʥʷ ʉɼʉ ʫ ʢʦʥʢʨʝʪʥʠʭ ʟʘʜʘʯʘʭ ʜʦʟʚʦʣʷʶʪʴ ɯʊ ʨʦʙʠʪʠ ʨʦʟʛʦʨʥʫʪʽ 

ʣʦʛʽʢʦ-ʩʝʤʘʥʪʠʯʥʽ ʦʧʠʩʠ ʦʙôʻʢʪʘ. ɼʣʷ ʟʦʙʨʘʞʝʥʦʛʦ ʥʘ ʨʠʩ. 2.8 ʟʘ ʥʘʩʪʫʧʥʠʤʠ 

ʣʽʥʛʚʽʩʪʠʯʥʠʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʥʘʜʘʻʤʦ ʪʣʫʤʘʯʝʥʥʷ ʽʥʬʦʣʦʛʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʨʝʘʣʴʥʠʭ ʧʨʦʤʠʩʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʩʪʚʦʨʝʥʥʷ ʇʌʄ ʟʘ ʟʘʤʦʚʣʝʥʥʷʤ. ʇʝʨʝʭʽʜ ʚʽʜ 

ʣʶʜʩʴʢʦʾ ʣʽʥʛʚʽʩʪʠʯʥʦ ʫʥʽʬʽʢʦʚʘʥʦʾ ʤʦʜʠ ʜʦ ʬʦʨʤʘʣʴʥʦ ʢʦʜʦʚʦʛʦ ʦʧʠʩʫ 

ʨʦʙʠʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʦ. ʊʦʤʫ ʥʘ ʚʭʦʜʽ ʤʘʻʤʦ ʧʦʪʽʢ ʢʦʜʦʚʠʭ ʧʦʥʷʪʴ, ʱʦ 

ʚʠʟʥʘʯʘʶʪʴ [107-150] ʥʘʩʪʫʧʥʝ: 

:X= ʚʭʽʜʥʠʡ ʧʦʪʽʢ ʨʝʯʦʚʠʥ ʜʣʷ ʊʊɸ ʧʝʨʝʪʚʦʨʶʚʘʯʘ.  
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1 2 3( , , )X X X X=  ï ʩʢʣʘʜʦʚʽ ʢʣʶʯʦʚʽ ʢʦʤʧʦʥʝʥʪʠ ʧʝʨʰʦʛʦ ʨʘʥʛʫ ʍ. 

1 :X = ʥʘʧʦʚʥʶʚʘʯ ʪʘ ʬʦʨʤʫʚʘʯ ʚʭʽʜʥʦʛʦ ʛʝʪʝʨʦʛʝʥʥʦ-ʜʠʥʘʤʽʯʥʦʛʦ ʧʦʪʦʢʫ 

1x XÍ  ʜʣʷ ʢʦʥʢʨʝʪʥʦ ʦʙʨʘʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. 

11 12 13 14 15 16 17 18( , _ ,_ ,_ ,_ ,_ , )X X Ca X Mg X Fe X ʭʣʦʨʠʜʠ X ʩʫʣʴʬʘʪʠ X ʛʽʜʨʦʢʘʨʙʦʥʘʪʠ X ʚʦʜʘ= = = = = = = = 

1 1 1 1 2 1( , ,..., )k k k kendX X X X=  ʟʘʷʚʠ ʜʣʷ ʢ-ʛʦ ʨʘʥʛʫ ʚʠʟʥʘʯʘʣʴʥʠʭ ʩʢʣʘʜʦʚʠʭ, ʷʢʽ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʽʻʨʘʨʭʽʯʥʫ ʙʫʜʦʚʫ ʢʦʤʧʦʥʝʥʪ. 

2 :X = ʮʽʣʴʦʚʘ ʥʝʩʫʯʘ ʩʪʨʫʢʪʫʨʥʘ- ʍ ʬʦʨʤʫʣʘ, ʢʦʤʧʦʥʝʥʪʘ ʧʝʨʰʦʛʦ ʨʘʥʛʫ. 

21 22 23 24( _ , _ , )X X ʤʘʨʢʘ ʙʽʪʫʤʫ X ʜʦʜʘʪʢʦʚʽ ʚʫʛʣʝʚʦʜʠ X ʥʘʧʦʚʥʶʚʘʯʽ= = = = . 

21 2 1 2 2 2( , ,..., )i i iendX X X X=  ʧʦʷʩʥʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʧʝʨʰʦʛʦ ʨʘʥʛʫ 

ʢʦʤʧʦʥʝʥʪ, ʱʦ ʩʧʨʠʷʶʪʴ ʽʥʥʦʚʘʮʽʡʥʫ ʽʻʨʘʨʭʽʯʥʫ ʙʫʜʦʚʫ ʇʌʄ. 

3 :X = ʨʝʯʦʚʠʥʠ, ʟʛʽʜʥʦ ʜʦʢʫʤʝʥʪʦʚʘʥʦʛʦ ʧʝʨʝʣʽʢʫ ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ 

ʛʘʨʘʥʪʦʚʘʥʦ ʦʪʨʠʤʘʪʠ ʥʦʚʽ ʮʽʣʴʦʚʽ ʨʝʟʫʣʴʪʘʪʠ. 

31 32 33 34 3( , , ,..., )mX X X X X=  ʜʦʜʘʪʢʦʚʽ ʧʦʚʝʨʭʥʝʚʦ ʘʢʪʠʚʥʽ ʨʝʯʦʚʠʥʠ 

ʧʨʠʨʦʜʥʠʭ ʘʙʦ ʰʪʫʯʥʠʭ ʨʝʯʦʚʠʥ ʨʝʛʫʣʷʪʦʨʽʚ ʧʦʚʝʨʭʥʝʚʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʢʦʥʪʘʢʪʫ ʟ ʬʘʢʪʦʨʘʤʠ ɿʅʆʉ. 

3 3 1 3 2 3( , ,..., )m m mk mendX X X X=  ʢʦʨʪʝʞ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʫʤʦʚ ʊʊʈ ʥʘ ʧʨʦʮʝʩ 

ʚʠʢʦʥʘʥʥʷ ʚʢʣʘʜʫ ʜʦʜʘʪʢʦʚʠʭ ʨʝʯʦʚʠʥ ʦʟʥʘʯʝʥʦʛʦ ʢʣʘʩʫ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʪʝʭʥʦʣʦʛʽʾ ʦʧʨʘʮʶʚʘʥʥʷ ʊʊɸ ʦʙʨʘʥʦʛʦ 

ʽʥʞʝʥʝʨʥʦʛʦ ʘʛʨʝʛʘʪʫ ʥʘ ʡʦʛʦ ʚʠʭʦʜʽ ʦʪʨʠʤʫʻʤʦ ʥʘʩʪʫʧʥʠʡ ʢʦʜʦʚʘʥʠʡ ʦʧʠʩ. 

1 :Y = ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʟʦʚʥʽʰʥʽʡ ʩʪʘʥ ʬʽʟʠʯʥʦʛʦ ʨʝʘʣʴʥʦʛʦ ʪʽʣʘ ʟ ʮʽʣʴʦʚʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʜʘʥʦʾ ʯʝʨʛʠ ʘʛʨʝʛʘʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʫ çʥʘʧʽʚʧʨʦʜʫʢʪè, ʷʢʱʦ 

ʊʊɸ -̔ʪʝ ʥʝ ʢʽʥʮʝʚʠʡ ʫ ʢʦʥʚʝʻʨʽ. 

11 13 14 15( , , )Y Y Y Y=  ʫʥʽʬʽʢʦʚʘʥʠʡ ʦʧʠʩ ʚʽʜʧʦʚʽʜʥʠʭ ʩʢʣʘʜʦʚʠʭ ʪʘʢʪʠʢʦ-

ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʊʊʍ), ʷʢʽ ʟʘʬʽʢʩʦʚʘʥʽ ʫ ʢʦʥʢʨʝʪʥʠʭ ʽʥʪʝʨʚʘʣʘʭ 

ʜʦʟʚʦʣʝʥʠʭ ʟʥʘʯʝʥʴ ʜʣʷ ʢʦʞʥʦʾ ʩʢʣʘʜʦʚʦʾ 
2 1iy Y=Í ʟ ʦʧʠʩʦʤ ʽʥʪʝʨʚʘʣʽʚ. 

1 1 1 1 2 1( , ,..., )k k k kendY Y Y Y=  ï ʩʢʣʘʜʦʚʽ ʜʝʪʘʣʴʥʽ ʬʨʘʛʤʝʥʪʠ ʢ-ʛʦ ʨʽʚʥʷ ʦʧʠʩʫ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʟʥʘʯʝʥʴ ʚʽʜʧʦʚʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʥʦʨʤʦʚʘʥʽ, ʫʟʛʦʜʞʝʥʽ ʪʘ 

ʦʙʦʚôʷʟʢʦʚʦ ʢʦʥʪʨʦʣʶʶʪʴʩʷ ʡ ʜʦʢʫʤʝʥʪʫʶʪʴʩʷ ʟʘʩʦʙʘʤʠ ʂʄ-ʇɼ. 
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2 :Y = ʮʽʣʴʦʚʘ ʥʝʩʫʯʘ ʬʦʨʤʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʩʪʘʥʫ ʤʘʪʝʨʽʘʣʫ, ʷʢʘ ʫ 

ʟʘʛʘʣʴʥʦʤʫ ʟʥʘʯʝʥʥʽ ʭʘʨʘʢʪʝʨʠʟʫʻ ʧʦʪʝʥʮʽʘʣ ʩʪʘʥʫ ʥʘʜʽʡʥʦʩʪʽ, ʞʠʚʫʯʦʩʪʽ ʪʘ 

ʜʦʚʛʦʚʽʯʥʦʩʪʽ ɾʎ ʥʘ ʪʝʨʤʽʥ ʤʘʡʙʫʪʥʽʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. 

21 23 24 25( , , )Y Y Y Y=  ʮʽʣʴʦʚʘ ʥʝʩʫʯʘ ʢʦʤʧʦʥʝʥʪʘ ʟ ʚʽʜʧʦʚʽʜʥʠʭ ʩʢʣʘʜʦʚʠʭ ʜʘʥʦʛʦ 

ʨʘʥʛʫ ʽʻʨʘʨʭʽʯʥʦʛʦ ʦʧʠʩʫ. ʊʊʍ ʚʫʟʣʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʘʪʝʨʽʘʣʫ. 

21 2 1 2 2 2( , ,..., )i i iendY Y Y Y=  ʥʝʦʙʭʽʜʥʽ ʧʦʷʩʥʝʥʥʷ ʪʘ ʢʦʤʝʥʪʘʨʽ ʜʣʷ IAS-ʆʇʈ 

ʩʪʦʩʦʚʥʦ ʚʽʟʫʘʣʽʟʘʮʽʾ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʘ ʨʝʘʣʴʥʠʭ ʫʤʦʚ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ 

ʬʦʨʤʦʪʚʦʨʝʥʥʷ ʟ ʢʦʥʪʨʦʣʴʦʚʘʥʠʤʠ ʪʘ ʟʘʬʽʢʩʦʚʘʥʠʤʠ ʬʘʢʪʘʤʠ ʪʨʝʥʜʽʚ ʟ 

ʦʮʽʥʢʘʤʠ ( : )<=> ʚʽʜʥʦʩʥʦ ʩʠʤʝʪʨʠʯʥʦʛʦ ʫʤʦʚʥʦʛʦ ʟʥʘʯʝʥʥʷ [152]. 

3 :Y = ʩʧʝʢʪʨʘʣʴʥʽ ʜʦʜʘʪʢʦʚʽ ʜʽʘʛʥʦʩʪʠʯʥʽ ʩʪʘʥʠ,  ʟʥʘʥʥʷ ʷʢʠʭ ʨʦʟʰʠʨʶʻ 

ʩʬʝʨʫ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟʘʚʜʷʢʠ ʟ ʩʠʥʝʨʛʝʪʠʯʥʠʤ 

ʫʟʛʦʜʞʝʥʥʷʤ ʤʘʡʙʫʪʥʽʭ ʨʝʞʠʤʽʚ ʥʘʚʘʥʪʘʞʝʥʴ (ʩʪʘʪʠʢʘ ʢʚʘʟʽʧʝʨʽʦʜʠʯʥʠʭ 

ʜʦʚʛʦʪʨʠʚʘʣʠʭ ʮʠʢʣʽʚ, ʜʠʥʘʤʽʢʘ ʯʘʩʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʝʢʩʪʨʝʤʘʣʴʥʽ ʫʜʘʨʠ, 

ʟʙʫʨʝʥʥʷ, ʟʘʚʘʜʠ) ʜʦ ʟʘʢʦʥʽʚ ʛʝʪʝʨʦʛʝʥʥʠʭ ʧʨʦʮʝʩʽʚ ʨʝʘʛʫʚʘʥʥʷ ʜʘʥʦʛʦ 

ʩʬʦʨʤʦʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʅʘʧʨʠʢʣʘʜ, ʇʌʄ ï ʧʣʠʪʠ ʫ ʧʨʦʮʝʩʽ ʚʧʨʦʚʘʜʞʝʥʥʷ. 

ʈʦʟʢʨʠʪʪʷ ʦʧʠʩʫ 3Y  ʯʝʨʝʟ ʩʢʣʘʜʦʚʽ 
31Y  ʪʘ 

3mY  ʜʦʮʽʣʴʥʦ ʪʦʤʫ, ʱʦ ʚ ʫʤʦʚʘʭ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʘʪʝʨʽʘʣ ʤʦʞʝ ʧʨʦʷʚʠʪʠ ʢʫʤʫʣʷʪʠʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʫ ʥʘʩʣʽʜʦʢ 

ʨʝʘʣʴʥʠʭ ʘʢʪʽʚ ʚʧʣʠʚʫ ʬʘʢʪʦʨʽʚ ʜʽʾ ɿʅʆʉ. ʎʝ ʟʘʚʞʜʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʩʢʣʘʜʥʠʭ 

ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʫʤʦʚʘʭ. ɹʽʣʴʰʽʩʪʴ ʪʘʢʠʭ ʪʝʥʜʝʥʮʽʡ, ʷʢ ʢʣʘʩʠʬʽʢʦʚʘʥʠʭ 

çʚʠʧʘʜʢʽʚ ʟ ʧʝʨʝʜʙʘʯʫʚʘʥʠʤʠ ʧʨʦʷʚʘʤʠè ʟʘʬʽʢʩʫʚʘʣʘ ʧʨʘʢʪʠʢʘ ʧʦʧʝʨʝʜʥʽʭ 

ʨʦʢʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʘʪʝʨʽʘʣʽʚ ʂʉʐɼʆ ʟʘ ʜʫʞʝ ʪʨʠʚʘʣʠʡ ʽʩʪʦʨʠʯʥʠʡ ʪʝʨʤʽʥ 

ʨʦʟʚʠʪʢʫ ʚ ʪʨʘʥʩʧʦʨʪʥʽʡ ʛʘʣʫʟʽ. ʅʘʛʘʜʘʻʤʦ ʬʽʟʠʯʥʫ ʩʫʪʥʽʩʪʴ ʪʝʨʤʽʥʫ çʂʘʚʽʪʘʮʽʷ 

ï ʮʝ ʢʦʥʮʝʥʪʨʘʮʽʷ ʚ ʤʘʣʦʤʫ ʦʙôʻʤʽ ʩʠʣ, ʝʥʝʨʛʽʾ ʘʙʦ ʽʥʰʦʾ ʬʽʟʠʯʥʦʾ ʬʦʨʤʠ ʟ 

ʤʦʞʣʠʚʠʤ ʷʚʠʱʝʤ ʩʘʤʦʬʦʢʫʩʫʚʘʥʥʷ ʝʥʝʨʛʦʤʘʩʦʚʠʭ ʧʦʪʦʢʽʚ ʫ ʢʦʥʢʨʝʪʥʠʭ 

(P,V,ⱥ,C,t) ʩʝʨʝʜʦʚʠʱʘʭè [156]. 

ʊʘʢʽ ʷʚʠʱʘ ʟʘʤʦʚʣʷʶʪʴ ʇɽɺʆ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʢʦʥʢʨʝʪʥʠʭ ʊʊɸ. ʉʘʤʝ 

ʚʦʥʠ ʧʝʨʝʪʚʦʨʶʶʪʴ ʚʭʽʜʥʽ ʍ ʨʝʯʦʚʠʥʠ ʫ ʚʠʭʽʜʥʽ ʋ ʧʨʦʜʫʢʪʠ-ʤʘʪʝʨʽʘʣʠ. ɿʘʚʜʷʢʠ 

ʩʧʝʮʽʘʣʴʥʠʤʠ ʽʥʞʝʥʝʨʥʠʤ ʟʘʩʦʙʘʤ ʨʝʘʣʽʟʘʮʽʾ ʪʨʘʥʩʬʦʨʤʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʫ 

ʢʦʥʢʨʝʪʥʦʤʫ ʘʛʨʝʛʘʪʽ ʚʽʜʙʫʚʘʶʪʴʩʷ (ʂʄ-ʇɼ ʚʽʟʫʘʣʽʟʫʻ ʚʘʨʽʘʥʪʠ) 

ʮʽʣʝʩʧʨʷʤʦʚʘʥʽ ʧʦʯʝʨʛʦʚʽ ʛʝʪʝʨʦʛʝʥʥʽ ʷʚʠʱʘ.   
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2.4.2. ʋʤʦʚʠ ʜʣʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʜʦʜʘʪʢʽʚ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

 

ɺ ʨʦʙʦʯʠʭ ʦʙôʻʤʘʭ ʊʊɸ ʟ̔  ʟʤʽʥʘʤʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʦʨʤʠ ʥʘ ʧʨʦʪʷʟʽ 

ʜʠʥʘʤʽʯʥʠʭ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʚʽʜʙʫʚʘʶʪʴʩʷ (ʤʦʜʝʣʴʥʦ ʽʤʽʪʘʮʽʡʥʦ) 

ʩʢʦʥʩʪʨʫʡʦʚʘʥʽ ʬʨʦʥʪʘʣʴʥʽ ʟʤʽʥʠ. ɺ ʫʟʘʛʘʣʴʥʝʥʦʤʫ ʦʧʠʩʽ ʩʢʣʘʜʥʠʭ 

ʜʠʥʘʤʽʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʥʝʦʙʭʽʜʥʦ ʚʽʜʦʙʨʘʟʠʪʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʩʢʣʘʜʦʚʽ 

ʝʤʝʨʜʞʝʥʪʥʠʭ ʚʟʘʻʤʦʟʚôʷʟʢʽʚ ʪʘ ʚʟʘʻʤʦ ʪʨʘʥʩʬʦʨʤʘʮʽʾ. ʄʦʜʝʣʶʚʘʥʥʷ ʷʢ 

ʜʠʥʘʤʽʯʥʝ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʨʝʧʝʨʥʠʭ ʩʪʘʥʽʚ ʫ ʧʦʪʦʢʦʚʦʤʫ (ʧʦ ʩʪʘʜʽʡʥʦʤʫ, 

ʧʦʝʪʘʧʥʦʤʫ, ʧʦʯʝʨʛʦʚʦʤʫ) ʧʨʦʮʝʩʽ ʜʣʷ ʢʦʞʥʦʛʦ ʣʦʢʘʣʴʥʦʛʦ ʇʏʂ ij  

ʚʽʜʧʦʚʽʜʥʦʾ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʟʦʥʠ ʊʊɸ ʧʦ ʤʽʨʽ ʚʽʜʜʘʣʝʥʥʷ 1Z  ʚʽʜ ʍ ʚʭʽʜʥʠʭ 

ʽʥʪʝʨʬʝʡʩʥʠʭ ʚʫʟʣʽʚ, ʟʘʙʝʟʧʝʯʫʻ ʜʦʩʷʛʥʝʥʥʷ ʩʪʘʥʫ 
2Z  ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ 

ʷʜʨʘ. ʊʘʤ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʨʦʮʝʩʠ ʢʘʨʜʠʥʘʣʴʥʦʛʦ ʩʠʥʪʝʟʫ ʥʦʚʠʭ ʝʬʝʢʪʠʚʥʠʭ 

ʬʦʨʤ ʜʦ ʧʦʩʪʫʧʦʚʦʛʦ ʥʘʙʣʠʞʝʥʥʷ 3Z  ʜʦ ʽʥʪʝʨʬʝʡʩʥʠʭ Y ʚʠʭʽʜʥʠʭ ʚʫʟʣʽʚ. 

ʊʦʜʽ ʦʮʽʥʶʻʤʦ ʷʢʦʩʪʽ ʥʘʜʘʥʥʷ ʧʨʦʜʫʢʪʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʫ ʮʽʣʽʩʥʽʡ (future) ɯʊʉ. ʊʘʢʽ ʧʨʦʮʝʩʠ ʟʙʽʣʴʰʝʥʥʷ ʦʙʩʷʛʽʚ 

ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʰʚʠʜʢʦ ʥʘʢʦʧʠʯʫʻ Big Data ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ ʩʧʝʮʩʭʦʚʠʱʘʭ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʦʙʩʷʛʽʚ Big Data ʦʙʫʤʦʚʠʣʠ ʧʝʨʝʭʽʜ ʥʘ ʢʦʜʠ ʚ ʨʝʞʠʤʘʭ 

ʧʦʰʫʢʫ ʢʦʥʢʨʝʪʥʠʭ ʜʘʥʠʭ ʪʘ ʤʦʜʝʣʝʡ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʦ ʥʘ ʧʨʠʥʮʠʧʘʭ ʫʥʽʚʝʨʩʘʣʴʥʦʾ ʜʝʩʷʪʢʦʚʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ (ʋɼʂ). 

ɺ ʋʢʨʘʾʥʽ ʟ 1962 ʨʦʢʫ ʋɼʂ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʜʦʢʫʤʝʥʪʦʦʙʽʛʫ. ɿʘʨʘʟ ʚʽʜʦʤʦ 

ʧʨʦ ʤʽʞʥʘʨʦʜʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʋɼʂ (UDC) ʦʩʦʙʣʠʚʦ ʜʣʷ ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ 

ʜʦʢʫʤʝʥʪʽʚ ʟ ʧʨʠʨʦʜʥʠʭ ʽ ʧʨʠʢʣʘʜʥʠʭ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ. ʇʨʘʢʪʠʢʘ ʩʚʽʜʯʠʪʴ, ʱʦ 

ʙʽʣʴʰ 70% ʟʥʘʥʴ ʟ ʮʠʭ ʢʣʘʩʽʚ (5 ʽ 6) ʧʨʠ ʟʥʘʯʝʥʥʷʭ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ 

ʧʨʠʢʣʘʜʥʦʾ ʪʝʭʥʦʣʦʛʽ ʾ [85, 86, 166] ʦʙʫʤʦʚʣʶʶʪʴ ʦʩʦʙʣʠʚʦʩʪʽ ʜʽʣʝʥʥʷ ʫ 

ʧʦʰʫʢʦʚʠʭ ʪʘʙʣʠʮʷʭ.  

ʋɼʂ ʷʢ ʽʻʨʘʨʭʽʯʥʘ ʢʦʤʙʽʥʘʮʽʡʥʘ ʢʣʘʩʠʬʽʢʘʮʽʡʥʘ ʩʠʩʪʝʤʘ ʟʘ ʩʪʨʫʢʪʫʨʦʶ 

ʜʝʨʝʚʘ ʤʘʻ: ʦʩʥʦʚʥʫ ʪʘʙʣʠʮʶ; ʜʦʧʦʤʽʞʥʽ ʪʘʙʣʠʮʽ, ʘʙʝʪʢʦʚʦ-ʧʨʝʜʤʝʪʥʠʡ 

ʧʦʢʘʟʥʠʢ. ɯʥʜʝʢʩʦʚʘʥʘ ʙʘʟʘ ʋɼʂ (ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʇɯʄ ʂʄ-ʇɼ ʘʥʘʣʦʛʽʯʥʦ) 
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ʦʜʥʦʨʽʜʥʘ, ʮʠʬʨʦʚʘ, ʜʝʩʷʪʢʦʚʘ, ʽʻʨʘʨʭʽʯʥʘ. ʂʦʞʝʥ ʦʩʥʦʚʥʠʡ ʢʣʘʩ ʧʦʜʽʣʷʻʪʴʩʷ 

ʥʘ ʜʝʩʷʪʴ ʚʽʜʜʽʣʽʚ. ɼʘʣʽ ʢʦʞʝʥ ʚʽʜʜʽʣ ʤʘʻ ʜʝʩʷʪʴ ʜʝʪʘʣʴʥʠʭ ʨʦʟʜʽʣʽʚ. ʇʦʚʥʝ 

ʜʝʨʝʚʦ ʧʨʠ ʂ ʽʻʨʘʨʭʽʯʥʠʭ ʨʽʚʥʷʭ ʩʪʨʫʢʪʫʨʥʦʾ ʜʝʢʦʤʧʦʟʠʮʽʾ ʪʘ ʽʥʜʝʢʩʘʮʽʾ 

ʜʦʟʚʦʣʷʻ ʤʘʪʠ Sup=10K ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʟʥʘʯʝʥʴ. ɯʥʜʝʢʩʠ ʤʦʞʣʠʚʦ 

ʽʥʪʝʨʧʨʝʪʫʚʘʪʠ, ʷʢ ʜʝʩʷʪʢʦʚʽ ʜʨʦʙʠ. ʋ ʜʝʩʷʪʢʦʚʦʤʫ ʨʷʜʽ ʮʠʬʨ ʋɼʂ 

ʟʘʩʪʦʩʦʚʫʻʤʦ ʧʨʘʚʠʣʘ: ʜʣʷ ʦʩʥʦʚʥʠʭ ʧʽʜʨʦʟʜʽʣʽʚ ʦʙʠʨʘʻʤʦ ʮʠʬʨʠ ʚʽʜ 2 ʜʦ 8; 

ʮʠʬʨʘ 1 ʮʝ ʨʝʟʝʨʚ ʜʣʷ ʩʫʪʦ ʥʦʚʠʭ ʧʦʥʷʪʴ ʘʙʦ ʫʟʘʛʘʣʴʥʝʥʴ ʦʩʥʦʚʥʠʭ 

ʬʫʥʢʮʽʦʥʘʣʽʚ; ʮʠʬʨʘ 9 ʥʘʡʯʘʩʪʽʰʝ ʦʟʥʘʯʘʻ çʽʥʰʽè ʪʦʙʪʦ ʜʦʜʘʪʢʦʚʽ ʪʝʤʘʪʠʯʥʽ 

ʪʣʫʤʘʯʝʥʥʷ. ɼʣʷ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʩʢʣʘʜʥʠʭ ʯʘʩʪʦʢ ʘʙʦ ʧʦʜʽʣʦʢ ʥʘ 

ʦʜʥʦʤʫ ʩʪʫʧʝʥʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʦʢʪʘʚʥʠʡ ʤʝʪʦʜ. 

ʃʦʛʽʯʥʘ ʧʦʙʫʜʦʚʘ ʋɼʂ ʦʟʥʘʯʘʻ, ʱʦ ʢʦʞʝʥ ʥʘʩʪʫʧʥʠʡ (next+1) ʟʥʘʢ ʽ 

ʽʥʜʝʢʩʠ ʚʽʜʦʙʨʘʞʘʻ ʨʽʚʝʥʴ ʢʣʘʩʠʬʽʢʘʮʽʾ. ɸ ʩʘʤʝ ʪʘʢ: ʥʘ ʧʝʨʰʦʤʫ ʩʪʫʧʝʥʽ 

ʽʥʜʝʢʩʠ ʦʜʥʦʟʥʘʯʥʽ; ʥʘ ʜʨʫʛʦʤʫ ʣʠʰʝ ʜʚʦʟʥʘʯʥʽ; ʥʘ ʪʨʝʪʴʦʤʫ ʚʞʝ ʪʨʠʟʥʘʯʥʽ; 

ʪʘ ʧʦʜʘʣʴʰʦʤʫ ʂ-ʨʽʚʥʽ ʦʧʠʩ ʂ-ʟʥʘʯʥʠʡ (ʘʙʦ q). ʊʘʢʠʤ ʯʠʥʦʤ ʋɼʂ-ʇɯʄ ʇʌʄ 

ʟʨʫʯʥʘ ʚ ʧʦʰʫʢʦʚʠʭ ʤʘʩʠʚʘʭ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʂʄ-ʇɼ ʟʘ ʧʦʚʥʠʤ 

ʬʫʥʢʮʽʦʥʘʣʦʤ ʩʬʝʨʠ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. ʅʘʧʨʠʢʣʘʜ, ʪʝʤʠ ʇʌʄ 

ʚʢʣʶʯʘʶʪʴ ʩʣʫʞʙʦʚʽ ʧʨʦʮʝʜʫʨʠ: ʜʝʪʘʣʽʟʦʚʘʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ; ʜʦʧʦʚʥʝʥʥʷ 

ʧʦʧʝʨʝʜʥʴʦʾ ʢʚʘʣʽʬʽʢʘʮʽʾ ʪʘ ʜʝʪʘʣʽʟʘʮʽʾ ʦʧʠʩʫ; ʩʠʥʪʝʟʫ ʰʣʷʭʦʤ ʫʟʘʛʘʣʴʥʝʥʥʷ, 

ʟʛʦʨʪʘʥʥʷ, ʝʢʚʽʚʘʣʝʥʪʫʚʘʥʥʷ, ʩʪʠʩʢʘʥʥʷ ʯʠ ʬʦʨʤʫʚʘʥʥʷ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʢʦʜʫ 

ʙʫʜʴ-ʷʢʦʛʦ ʬʨʘʛʤʝʥʪʫ, ʛʨʫʧʠ, ʤʥʝʤʦʥʽʯʥʦʾ ʧʽʜʤʥʦʞʠʥʠ) ʫ ʤʝʞʘʭ ʚʞʝ 

ʬʦʨʤʘʣʽʟʦʚʘʥʦʾ, ʩʪʨʫʢʪʫʨʦʚʘʥʦʾ ʦʟʥʘʯʝʥʦʾ ʤʥʦʞʠʥʠ. ɺʨʘʭʫʚʘʥʥʷ ʬʘʢʪʦʨʽʚ 

ɽʉʋ ʇɽɺʆ ʪʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʧʨʘʮʽ ʣʶʜʠʥʠ IAS-ʆʇʈ ʤʘʡʞʝ ʥʝ ʦʙʤʝʞʝʥʦ. 

ʇʨʦʩʪʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʚʠ, ʣʽʥʛʚʽʩʪʠʯʥʠʭ ʧʦʥʷʪʴ, ʽʥʜʝʢʩʽʚ ʜʦʟʚʦʣʷʻ ʟʘ 

ʧʨʘʚʠʣʘʤʠ ʋɼʂ (ʇɯʄ) ʦʙʩʣʫʛʦʚʫʚʘʪʠ Big Data ʫ ʬʦʨʤʘʪʘʭ ʚʽʟʫʘʣʽʟʘʮʽʾ 

ʽʥʬʦʨʤʘʮʽʾ: ʛʦʣʦʛʨʘʤʠ, ʢʘʨʪʠ, ʤʥʝʤʦʥʽʯʥʽ ʽʜʝʦʛʨʘʤʠ, ʬʦʪʦ, TV ʪʘ ʢʽʥʦ 

ʟʦʙʨʘʞʝʥʥʷ ʫ ʪʘʙʣʠʮʷʭ ʟ ʘʜʝʢʚʘʪʥʦ-ʧʨʝʜʤʝʪʥʠʤ (ʧʽʢʩʝʣʴʥʦ ʦʙôʻʢʪʠʚʥʠʤ 

ʩʧʝʢʪʨʦʤ) ʧʦʢʘʟʥʠʢʽʚ ʟʘ ʙʘʛʘʪʴʤʘ ʉʆʉ. ʉʣʽʜ ʧʽʜʢʨʝʩʣʠʪʠ, ʱʦ ʩʘʤʝ 

ʨʦʟʤʽʱʝʥʥʷ ʢʦʞʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʥʘ ʢʣʘʚʽʰʘʭ, ʙʽʣʷ ʢʥʦʧʦʢ, ʙʽʣʷ ʟʦʙʨʘʞʝʥʴ 

(ʽʢʦʥ, ʬʦʪʦ) ʥʘ ʢʦʤʘʥʜʥʠʭ ʧʘʥʝʣʷʭ, ʟʤʽʥʥʠʭ ʜʣʷ ʜʽʘʣʦʛʦʚʠʭ ʽʥʪʝʨʬʝʡʩʥʠʭ 

ʚʽʢʦʥ (ʣʦʢʘʣʴʥʠʭ ʟʦʥ ʫʚʘʛʠ) ʬʽʢʩʫʻ ʚʠʟʥʘʯʘʣʴʥʫ ʢʦʥʩʪʨʫʢʪʠʚʥʫ ʪʝʭʥʦʣʦʛʽʶ. 
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ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʧʨʠʥʮʠʧʠ ʢʦʜʫʚʘʥʥʷ ʇɯʄ ʛʘʨʘʥʪʫʶʪʴ ʮʽʣʝʩʧʨʷʤʦʚʘʥʝ 

ʚʨʘʭʫʚʘʥʥʷ ʝʨʛʦʥʦʤʽʯʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ, ʷʢʽʩʪʴ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʫʯʘʩʪʽ ʢʦʥʢʨʝʪʥʦʾ ʣʁ ʜʠʥʠ ʫ ʢʦʥʪʫʨʘʭ ʫʧʨʘʚʣʽʥʥʷ ʇɽɺʆ ʚ ʟʘʜʘʯʥʦʤʫ 

ʧʨʦʩʪʦʨʽ ʟʤʽʥʠ ʩʪʘʥʽʚ ʟ ʤʝʪʦʶ ʜʦʩʷʛʥʝʥʥʷ ʧʝʨʩʦʥʘʣʴʥʦ IAS ʨʝʟʫʣʴʪʘʪʫ. 

ʌʦʨʤʘʣʴʥʘ ʘʣʛʦʨʠʪʤʽʯʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʚʠʟʥʘʯʘʻ ʥʘʩʪʫʧʥʽ ʢʣʘʩʠ ʟʘʜʘʯ.  

ɸ. ʩʪʘʥʜʘʨʪʥʽ, ʪʠʧʦʚʽ ʘʣʛʦʨʠʪʤʽʟʦʚʘʥʽ, ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʽ ʜʦ ʥʘʷʚʥʦʩʪʽ 

ʙʽʙʣʽʦʪʝʢʠ ʊʇʄ. ʅʘʧʨʠʢʣʘʜ, ʢʣʘʩ ʟʘʜʘʯ ʯʠʩʝʣʴʥʦʛʦ ʽʥʪʝʛʨʫʚʘʥʥʷ ʰʫʢʘʥʦʛʦ 

ʛʨʘʬʽʢʫ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʱʦ ʟʘʜʘʥʘ [152] ʚʽʜʦʤʘ ʷʚʥʘ ʬʦʨʤʘ ʂʦʰʽ 

0( , , )
d X

pX F X X t
dt
= = , 

(2.20) 

ʜʝ 
d

p
dt
=  ʦʟʥʘʯʝʥʥʷ ʟʚʦʨʦʪʥʦʛʦ ʦʧʝʨʘʪʦʨʘ, ʘ ʩʘʤʝ ʦʧʝʨʘʪʦʨʘ 

ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʘ X, ʱʦ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜʥʦʩʥʦ ʚʟʘʻʤʦʟʘʣʝʞʥʦʩʪʽ ʟ 

ʢʣʶʯʦʚʦʶ ʟʤʽʥʦʶ t, ʷʢ ʥʝʟʘʣʝʞʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʥʝʧʝʨʝʨʚʥʦʩʪʽ ʧʦʜʽʡ; 

0( , , )F X X t  - ʩʠʤʚʦʣʴʥʠʡ ʚʠʨʘʟ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʧʦʭʽʜʥʦʾ, ʱʦ 

ʣʽʚʦʨʫʯ, ʚʽʜ ʚʝʢʪʦʨʫ ʟʤʽʥʥʠʭ n ʧʘʨʘʤʝʪʨʽʚ 1 2{ , ,..., ,..., }i nX x x x x= ,ʢʦʣʠ ʚʠʟʥʘʯʝʥʦ 

ʟʥʘʯʝʥʥʷ ʧʦʯʘʪʢʦʚʦʾ ʪʦʯʢʠ ʟʘ ʫʤʦʚ, ʱʦ ʧʘʨʘʤʝʪʨʠ ʟʘʜʘʥʽ ʟ ʦʜʥʘʢʦʚʦʶ 

ʪʦʯʥʽʩʪʶ ʚʠʤʽʨʫ [96]. 

0 1 2{ (0), (0),..., (0),..., (0)}i nX x x x x= . (2.21) 

ɺ. ɽʚʨʠʩʪʠʯʥʠʡ ʢʣʘʩ ʟʘʜʘʯ, ʢʦʣʠ ʝʢʩʧʝʨʪʠ ʤʦʞʫʪʴ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦ 

ʦʪʨʠʤʘʪʠ ʧʝʚʥʠʡ ʪʚʦʨʯʠʡ ʨʝʟʫʣʴʪʘʪ, ʘʣʝ ʟ ʧʨʠʯʠʥ ʚʽʜʩʫʪʥʦʩʪʽ ʪʝʦʨʝʪʠʯʥʦʛʦ 

ʧʽʜˇʨʫʥʪʷ ʪʘ ʜʦʢʘʟʫ ʧʨʦ ʢʽʣʴʢʽʩʪʴ (ʦʜʥʦ, ʜʚʘ, ʙʘʛʘʪʦ) ʨʦʟʚôʷʟʢʽʚ ʢʦʥʢʨʝʪʥʦʾ 

ʟʘʜʘʯʽ ʥʝ ʚ ʟʤʦʟʽ ʦʙˇʨʫʥʪʫʚʘʪʠ ʯʦʤʫ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʦʮʽʥʢʘ ʊʊʈ ʦʙʨʘʥʘ. 

ʉ. ʉʠʣʴʥʦ (ʟʥʘʯʥʦ) ʩʢʣʘʜʥʽ ʫʥʽʢʘʣʴʥʽ ʟʘʜʘʯʽ, ʷʢʽ ʬʦʨʤʘʣʴʥʦ ʤʦʞʣʠʚʦ 

ʚʽʜʥʝʩʪʠ ʜʦ ʢʣʘʩʫ ɸ. ɸʣʝ ʢʽʣʴʢʽʩʪʴ ix ʟʤʽʥʠ ʧʨʠ n­¤ ʚʝʜʝ ʜʦ ʪʦʛʦ, ʱʦ 

ʤʝʨʝʞʝʚʝ ʧʦʻʜʥʘʥʥʷ ʜʫʞʝ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʢʦʤʧôʶʪʝʨʽʚ ʫ ʥʘʩʣʽʜʦʢ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ Big Data ʤʝʪʦʜʘʤʠ ʜʽʘʛʥʦʩʪʠʢʠ ʉɼʉ ʟʘ ʫʤʦʚ ʜʝʢʦʤʧʦʟʠʮʽʾ 

ʟʘʜʘʯʽ ʥʘ ʩʫʢʫʧʥʽʩʪʴ ʦʙôʻʢʪʠʚ ʤʝʥʰʦʾ ʩʢʣʘʜʥʦʩʪʽ ʥʝ ʜʦʟʚʦʣʷʻ ʟʘʩʦʙʘʤ 

ʽʥʪʝʨʥʝʪ ʦʪʨʠʤʫʚʘʪʠ ʰʚʠʜʢʦ ʧʨʘʢʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ. 
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ɺ ʧʨʘʢʪʠʯʥʠʭ ʧʦʪʨʝʙʘʭ ʧʦʜʦʣʘʪʠ ʟʘ ʙʘʞʘʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ ʧʨʠʯʠʥʥʦ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠ ̔ ʦʙʤʝʞʝʥʷ ʻ ʥʘʩʪʫʧʥʽ ʥʝʛʘʨʘʟʜʠ: ʯʠʩʝʣʴʥʦʾ ʥʝʩʪʽʡʢʦʩʪʽ 

(ʨʦʟʙʽʞʥʦʩʪʽ) ʽʪʝʨʘʮʽʡʥʠʭ ʧʨʦʮʝʜʫʨ; ʥʝʘʜʝʢʚʘʪʥʦʩʪʽ ʥʝʧʦʜʽʙʥʦʩʪʽ ʧʦʚʝʜʽʥʢʠ 

ʨʝʘʣʴʥʦ ʧʦʚʥʦʾ ʤʦʜʝʣʽ ʉɼʉ; ʥʝʤʦʞʣʠʚʦʩʪʽ ʪʦʯʥʦ ʢʦʥʪʨʦʣʶʚʘʪʠ ʚʩʽ 

ʚʟʘʻʤʦʟʚôʷʟʢʠ ʤʽʞ ʨʽʟʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʤʥʦʞʠʥ ʛʝʪʝʨʦʛʝʥʥʠʭ ʧʨʦʮʝʩʽʚ; 

ʦʙʤʝʞʝʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʩʫʢʫʧʥʦʩʪʽ ʢʦʤʧôʶʪʝʨʽʚ; ʥʝʟʜʘʪʥʽʩʪʴ ʨʘʟʦʤ 

ʩʠʥʭʨʦʥʽʟʫʚʘʪʠ ʘʢʪʫʘʣʴʥ ̔ ʊʊʈ ʜʣʷ ʥʘʙʣʠʞʝʥʥʷ ʜʦ ʤʘʡʙʫʪʥʴʦʛʦ ʙʘʞʘʥʦʛʦ 

ʩʪʘʥʫ ʉɼʉ ʱʦʙ ʦʪʨʠʤʘʪʠ ʮʽʣʴʦʚʠʡ ʨʝʟʫʣʴʪʘʪ ʟʘ ʥʝʦʙʭʽʜʥʠʡ ʽʥʪʝʨʚʘʣ ʯʘʩʫ. 

ɿʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʟʘʜʘʯ ʧʨʘʢʪʠʢʠ ʤʦʞʣʠʚʦ ʨʦʟʚôʷʟʫʚʘʪʠ ʟʘʚʜʷʢʠ 

ʪʘʙʣʠʯʥʽʡ ʬʦʨʤʽ ʟʚôʷʟʫʚʘʥʥʷ (ʧʨʠʢʣʘʜ ʪʘʙʣʠʮʷ 2.9) ʧʨʦʤʽʞʥʠʭ ʩʢʣʘʜʦʚʠʭ ʫ 

ʢʣʶʯʦʚʽ ʧʘʨʘʤʝʪʨʠ ʉɼʉ [107-150]. 

ɸʨʭʽʪʝʢʪʫʨʘ ʇɸʂ ʂʄ-ʇɼ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʥʘʷʚʥʠʭ ʟʘʩʦʙʽʚ ɯʊ, ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʫʢʦʚʦ-ʤʝʪʦʜʠʯʥʠʭ ʧʦʣʦʞʝʥʴ 

ʨʦʟʧʦʜʽʣʫ ʬʫʥʢʮʽʡ ʥʘ ʚʩʽʭ ʨʽʚʥʷʭ ʽʻʨʘʨʭʽʯʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʚ ʝʨʛʘʪʠʯʥʠʭ 

(ʧʦʣʽʝʨʛʘʪʠʯʥʠʭ-ʇɽɺʆ) ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʽʥʥʷ ʢʦʤʫʥʽʢʘʮʽʡʥʠʤʠ ʧʨʦʮʝʩʘʤʠ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ʅʦʚʽʡ ʰʣʷʭ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʦʙʫʤʦʚʣʝʥʠʡ: 

ʨʦʟʨʦʙʢʦʶ ʟʘʚʜʷʢʠ ʟʘʩʦʙʘʤ ʝʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʽʛʫ ʫʥʽʬʽʢʦʚʘʥʦ 

ʨʦʟʰʠʨʝʥʦʛʦ ʧʦʥʷʪʽʡʥʦʛʦ ʥʘʫʢʦʚʦ-ʤʝʪʦʜʠʯʥʦʛʦ ʘʧʘʨʘʪʫ ʚ ʬʦʨʤʽ 

ʣʽʥʛʚʽʩʪʠʯʥʠʭ ʦʧʠʩʽʚ ʜʣʷ ʦʙʽʟʥʘʥʦʩʪʽ IAS ʪʘ ʝʢʩʧʝʨʪʽʚ; ʨʦʟʨʦʙʢʦʶ ʟʘʩʦʙʽʚ ʥʘ 

ʙʘʟʽ ʤʝʪʦʜʽʚ ʽʥʬʦʣʦʛʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʙʽʥʘʨʥʠʤ ʢʦʜʫʚʘʥʥʷʤ ʘʚʪʦʤʘʪʥʠʭ 

ʜʽʡ ʪʘ ʧʝʨʝʪʚʦʨʝʥʴ; ʨʦʟʨʦʙʢʦʶ ʩʧʝʮʽʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ ʚʟʘʻʤʦʜʽʾ 

ʟʛʽʜʥʦ ʢʦʥʢʨʝʪʥʦ ʚʠʟʥʘʯʝʥʠʭ (ʧʨʝʜʠʢʘʪʠʚʥʦ ʜʣʷ ʯʘʩʪʢʦʚʠʭ ʟʘʚʜʘʥʴ). 

ʂʦʤʧʣʝʢʩʥʝ ʚʨʘʭʫʚʘʥʥʷ ʚʩʽʭ ʬʫʥʢʮʽʡ ʪʘ ʦʙʤʝʞʝʥʴ ʜʦ ʩʠʪʫʘʮʽʡʥʠʭ 

ʤʦʞʣʠʚʦʩʪʝʡ ʛʘʨʘʥʪʫʻ ʽʥʥʦʚʘʮʽʡʥʝ ʦʪʨʠʤʘʥʥʷ ʮʽʣʴʦʚʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʟʛʽʜʥʦ 

ʧʦʪʦʢʽʚ ʟʘʚʜʘʥʴ IAS. ʇʨʠʥʮʠʧʠ ʪʚʦʨʯʦʾ ʩʫʤʽʩʥʦʩʪʽ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ 

ʦʙʽʟʥʘʥʦʩʪʽ IAS ʪʘ ʟʥʘʥʥʷ ʦʨʽʻʥʪʦʚʘʥʠʭ ʰʪʫʯʥʠʭ ʟʘʩʦʙʽʚ ɯʊ ʟ ʧʽʜʪʨʠʤʢʦʶ 

real-time ʤʦʚʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʪʝʭʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʨʽʰʝʥʥʷʤʠ ʚ ʫʤʦʚʘʭ 

ʨʝʘʣʴʥʦʛʦ ʨʠʟʠʢʫ ʪʘ ʧʨʠʨʦʜʥʦʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʛʘʨʘʥʪʫʶʪʴ ʩʪʚʦʨʝʥʥʷ 

ʽʥʥʦʚʘʮʽʡʥʠʭ ʧʨʦʜʫʢʪʽʚ ɯʊ ʨʦʟʰʠʨʝʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ.  
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ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 2 

 

1. ɺʽʜʦʙʨʘʞʝʥʥʷ ʫ ʚʠʛʣʷʜʽ ʧʦʜʽʙʥʠʭ ʢʨʠʪʝʨʽʘʣʴʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ, 

ʨʝʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʉɼʉ ʪʘ ʾʾ ʩʢʣʘʜʦʚʠʭ ʌʄ ʧʦʪʨʝʙʫʻ ʥʦʚʠʭ ʤʝʪʦʜʽʚ 

ʢʦʥʪʨʦʣʶ (ʜʽʘʛʥʦʩʪʠʢʠ) ʡ ʛʘʨʘʥʪʫʚʘʥʥʷ ʘʜʝʢʚʘʪʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ, ʱʦʙʠ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʪʦʯʥʽʩʪʴ, ʘ ʪʘʢʦʞ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʽʚ ʤʦʜʝʣʶʚʘʥʥʷ. 

ɺ̔ ʜʧʦʚʽʜʥʦʩʪʽ ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʪʘ ʧʨʦʮʝʩʥʠʭ ʚʽʜʥʦʰʝʥʴ ʨʝʘʢʮʽʡʥʦʛʦ 

ʚʘʨʽʶʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʚ ʜʠʥʘʤʽʯʥʠʭ ʩʠʪʫʘʮʽʷʭ ʟʘ ʫʤʦʚ ʪʦʯʥʦʛʦ 

ʧʦʟʠʮʽʶʚʘʥʥʷ ʩʪʘʥʽʚ ʜʦʩʷʞʥʽ ʫ ʛʝʦʤʝʪʨʠʯʥʠʭ ʽ ʪʦʧʦʣʦʛʽʯʥʠʭ ʧʨʦʩʪʦʨʘʭ 

ʜʠʩʢʨʝʪʥʠʭ ʟʘʜʘʯ ʜʠʥʘʤʽʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʤʘʡʙʫʪʥʽʭ ʧʨʦʮʝʩʽʚ ʟʛʽʜʥʦ 

ʤʝʪʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʩʪʚʦʨʝʥʥʷ ʡ ʝʢʩʧʣʫʘʪʘʮʽʾ ʇʌʄ. 

2. ɹʘʛʘʪʦʩʪʫʧʝʥʝʚʽ ʧʨʦʮʝʩʠ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ ʩʪʚʦʨʝʥʥʷ 

ʽʥʥʦʚʘʮʽʡʥʠʭ ʇʌʄ ʦʜʥʦʯʘʩʥʦ ʧʦʪʨʝʙʫʶʪʴ ʨʝʘʣʽʟʘʮʽʾ ʧʘʨʘʣʝʣʴʥʠʭ 

ʣʦʛʽʩʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʟ ʪʦʯʥʦʶ ʢʦʦʨʜʠʥʘʮʽʻʶ ʬʘʟʦʚʠʭ ʩʪʘʥʽʚ ʽ ʤʦʤʝʥʪʽʚ 

ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʨʝʘʛʝʥʪʽʚ ʫ ʣʦʢʘʣʴʥʦʤʫ ʦʙʤʝʞʝʥʦʤʫ ʇʏʂ ʥʘ ʢʦʞʥʦʤʫ 

ʝʪʘʧʽ ʢʝʨʦʚʘʥʦʛʦ ʩʠʥʪʝʟʫ ʟʘʩʦʙʘʤʠ ɯʊ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʨʝʘʣʽʟʘʮʽʾ ʮʽʣʴʦʚʠʭ ʊʊʈ. 

3. ʈʦʟʰʠʨʝʥʥʷ ʪʚʦʨʯʠʭ ʬʦʨʤ ʘʢʪʠʚʥʦʾ ʫʯʘʩʪʽ IAS ʪʘ ʝʢʩʧʝʨʪʽʚ 

ʇɽɺʆ ʚ ʧʨʦʮʝʩʘʭ ʩʪʚʦʨʝʥʥʷ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ɯʊʉ ʧʦʪʨʝʙʫʻ ʚʨʘʭʫʚʘʥʥʷ ʣʶʜʩʴʢʦʛʦ ʬʘʢʪʦʨʫ ʡ ʤʦʚ ʇɸʂ ʜʣʷ 

ʜʠʨʝʢʪʠʚʥʦ-ʢʦʤʘʥʜʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʩʧʝʮʽʘʣʴʥʠʤʠ ʟʘʩʦʙʘʤʠ ʢʦʨʠʛʫʚʘʥʥʷ 

ʧʝʚʥʦʾ ʥʝʪʦʯʥʦʩʪʽ ʧʦʧʝʨʝʜʥʽʭ ʦʢʨʝʤʠʭ ʜʘʥʠʭ ʥʘ ʝʪʘʧʘʭ ʚʚʦʜʫ ʥʦʚʠʭ ʟʘʚʜʘʥʴ 

ʥʘ ʤʦʜʝʣʶʚʘʥʥʷ ʯʠ ʚʽʜʥʦʚʣʝʥʥʷ ʷʢʦʩʪʽ ʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʚʟʘʻʤʦʜʽʾ ʂʄ-ʇɼ. 

4. ʋ ʚʠʧʘʜʢʘʭ ʢʦʣʽʟʽʡ ʘʙʦ ʟʙʦʾʚĚ ʥʝʢʦʨʝʢʪʥʦʾ ʜʽʾ ʯʠ ʧʦʤʠʣʢʦʚʦʾ 

ʨʦʙʦʪʠ ʣʶʜʠʥʠ ʟʘʩʦʙʠ ʇɸʂ ʂʄ-ʇɼ ʛʘʨʘʥʪʫʶʪʴ ʚʽʜʥʦʚʣʝʥʥʷ ʷʢʦʩʪʽ ʪʘ 

ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʦʧʠʩʫ, ʱʦ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʇɯʄ ʪʘ ʧʨʘʚʠʣ ʪʝʭʥʽʯʥʦʾ 

ʜʽʘʛʥʦʩʪʠʢʠ ʽ ʢʦʥʪʨʦʣʶ ʩʠʪʫʘʪʠʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʉɼʉ ʚʽʜʧʦʚʽʜʥʦ ʙʽʥʘʨʥʠʭ 

ʢʦʜʽʚ ʘʚʪʦʤʘʪʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʻʜʠʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʦʙôʻʢʪʘ. 

ʅʘʷʚʥʽʩʪʴ ʟʘʩʦʙʽʚ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʇɯʄ (ʯʠ ʚʽʜʩʫʪʥʽʩʪʴ ʇɸʂ ʂʄ-ʇɼ) ʩʫʪʪʻʚʦ 

ʚʧʣʠʚʘʻ ʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʩʪʽʡʢʽʩʪʴ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʝʨʛʘʪʠʯʥʠʭ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ, ʷʢʽ ʦʜʥʦʯʘʩʥʦ ʨʝʘʣʽʟʫʶʪʴ ʫʪʠʣʽʟʘʮʽʶ 
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ʤʽʩʮʝʚʠʭ ʟʘʙʨʫʜʥʝʥ ɹ ʝʢʦʣʦʛʽʾ ʜʦʚʢʽʣʣʷ ʷʢ ʩʠʨʦʚʠʥʠ ʚ ʨʝʞʠʤʘʭ real-time 

ʧʦʪʦʢʦʚʦʛʦ ʢʝʨʦʚʘʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʜʠʩʢʨʝʪʥʠʭ ʟʘʜʘʯ ʧʨʦʛʥʦʟʫ ʡ ʚʠʧʨʦʙʫʚʘʥʥʷ 

ʧʨʦʮʝʩʽʚ ʩʪʚʦʨʝʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʨʝʯʦʚʠʥ ʚ ʧʨʦʤʠʩʣʦʚʠʭ ʨʝʘʢʪʦʨʘʭ.  

5. ɻʽʙʨʠʜʥʘ ʪʝʭʥʦʣʦʛʽʷ ʽʥʪʝʛʨʫʚʘʥʥʷ ɯʊ ʥʘ ʙʘʟʽ ʩʧʽʣʴʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ 

ʟ çʭʤʘʨʥʠʤʠè ʩʝʨʚʽʩʘʤʠ ʪʘ ʜʦʜʘʪʢʦʚʦ ʩʠʥʪʝʟʦʚʘʥʠʭ ʚʽʜʧʦʚʽʜʥʦ ʉʆʉ ʧʦʪʦʢʽʚ 

ʟʘʤʦʚʣʝʥʴ ʩʪʚʦʨʶʻ ʨʝʟʫʣʴʪʘʪʠʚʥ ̔ʧʝʨʝʚʘʛʠ ʤʘʡʙʫʪʥʴʦʛʦ ʪʠʧʫ ʇɸʂ ʂʄ-ʇɼ 

ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʬʫʥʢʮʽʡ ʽ ʟʘʚʜʘʥʴ ʚʠʨʦʙʥʠʯʦʛʦ ʡ ʦʨʛʘʥʽʟʘʮʽʡʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 

ʰʣʷʭʦʤ ʜʦʧʦʚʥʝʥʥʷ ʡ ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʩʥʫʶʯʠʭ ʨʝʩʫʨʩʽʚ. ɹʘʟʦʚʽ 

ʬʫʥʢʮʽʦʥʘʣʴʥ ̔ ʤʝʪʦʜʠ ʂʄ-ʇɼ ʡ ʢʦʤʧôʶʪʝʨʥ ̔ ʟʘʩʦʙʠ, ʱʦ ʙʘʛʘʪʦʨʘʟʦʚʦ 

ʧʨʦʪʝʩʪʦʚʘʥʽ, ʚʝʨʠʬʽʢʦʚʘʥʽ, ʚʽʟʫʘʣʽʟʦʚʘʥʽ, ʩʪʚʦʨʶʶʪʴ ʬʫʥʢʮʽʦʥʘʣʴʥʽ 

ʤʘʪʝʨʽʘʣʠ ʝʬʝʢʪʠʚʥʦ ʟʘ ʧʦʪʦʯʥʠʭ ʧʦʪʨʝʙ ʧʨʘʢʪʠʢʠ. ʂʦʤʧʣʝʢʩʥʘ ʽʻʨʘʨʭʽʷ 

ʚʽʜʢʨʠʪʦʩʪʽ, ʩʫʪʥʦʩʪʽ, ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʟʘʩʦʙʽʚ ʽʥʩʪʨʫʤʝʥʪʽʚ ʂʄ-ʇɼ ʚʠʟʥʘʯʘʻ 

ʫʤʦʚʠ ʚ ʽʥʥʦʚʘʮʽʡʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʜʣʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʧʝʨʝʜʙʘʯʝʥʥʷ ʟʘ 

ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʠʤʠ ʟʘʤʦʚʣʝʥʥʷʤʠ ʥʘ ʥʦʚ̔ ʢʦʥʩʪʨʫʢʪʠʚʥ ̔ ʥʦʩʽʾ, ʱʦ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʧʦʪʨ̔ʙʥ̔ ʜʣʷ ʨʽʟʥʠʭ ʩʬʝʨ ʣʶʜʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ. 

6. ʅʘʞʘʣʴ ʤʦʜʝʣʽ, ʤʝʪʦʜʠ ʪʘ ʟʘʩʦʙʠ ɯʊ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘ 

ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ, ʥʝ ʧʨʠʩʪʦʩʦʚʘʥʽ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʾ ʽʥʪʝʛʨʘʮʽʾ ʦʧʝʨʘʪʦʨʽʚ ʪʘ 

ʦʧʝʨʘʥʜʽʚ (ʚʦʥʠ ʤʦʞʫʪʴ ʢʦʤʫʥʽʢʫʚʘʪʠ ʟʘʚʜʷʢʠ ʰʠʨʦʢʦʛʦ ʨʦʟʚʠʪʢʫ Internet, 

ʘʣʝ ʨʦʟʦʩʝʨʝʜʞʝʥʽ ʧʦ ʙʘʡʪʘʤ Big Data ʥʝ ʧʨʠʩʪʦʩʦʚʘʥʽ ʜʦ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ 

ʽʥʪʝʨʬʝʡʩʽʚ, ʤʦʚ ʪʝʤʘʪʠʯʥʦʛʦ ʩʧʝʮʠʬʽʯʥʦʛʦ ʜʠʥʘʤʽʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

ʛʝʪʝʨʦʛʝʥʥʦʛʦ, ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʛʦ, ʙʘʛʘʪʦʝʪʘʧʥʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʤʘʡʙʫʪʥʴʦʛʦ ʩʪʘʥʫ ʪʝʭʥʦʣʦʛʽʡ).  

7. ɿʘ ʪʘʢʠʭ ʫʤʦʚ ʦʙôʻʢʪʠʚʥʦ ʚʠʥʠʢʘʻ ʥʘʫʢʦʚʘ ʟʘʜʘʯʘ ʨʦʟʨʦʙʢʠ 

ʤʝʪʦʜʫ, ʤʝʪʦʜʠʢʠ, ʤʦʜʝʣʝʡ ʪʘ ʟʘʩʦʙʽʚ ɯʊ, ʱʦ ʢʦʤʧʣʝʢʩʥʦ ʥʘ ʦʩʥʦʚʽ 

ʢʦʜʦʚʘʥʦʛʦ ʻʜʠʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʨʦʩʪʦʨʫ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʬʝʢʪʠʚʥʠʭ 

ʽʥʩʪʨʫʤʝʥʪʽʚ ʟʘʙʝʟʧʝʯʘʪʴ ʥʦʚʝ ʧʨʠʩʢʦʨʝʥʥʷ ʩʠʥʪʝʟʫ ʟʘʤʦʚʣʝʥʠʭ ʨʝʩʫʨʩʽʚ, ʷʢʝ 

ʜʦʟʚʦʣʷ ̒ ʜʦʩʷʛʘʪʠ ʤʝʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽʥʬʦʣʦʛʽʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʩʪʚʦʨʝʥʥʷ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʟʘ ʟʘʤʦʚʣʝʥʥʷʤʠ ʪʘ ʤʽʞʥʘʨʦʜʥʠʤʠ ʧʦʪʨʝʙʘʤʠ ʧʦʜʘʣʴʰʦʛʦ ʽʥʥʦʚʘʮʽʡʥʦʛʦ 

ʨʦʟʚʠʪʢʫ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤ. 
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ʈʆɿɼɯʃ 3 

ʈʆɿʈʆɹʂɸ ɿɸʉʆɹɯɺ ɯʅʌʆʃʆɻɯʏʅʆɻʆ ʄʆɼɽʃʖɺɸʅʅʗ 

ʇʈʆʎɽʉɯɺ ʉʊɺʆʈɽʅʅʗ ʌʋʅʂʎɯʆʅɸʃʔʅʀʍ ʄɸʊɽʈɯɸʃɯɺ ɿ 

ɿɸɼɸʅʀʄʀ ɽʂʉʇʃʋɸʊɸʎɯʁʅʀʄʀ ʗʂʆʉʊʗʄʀ 
 

3.1. ʎʽʣʴʦʚʘ ʩʧʨʷʤʦʚʘʥʽʩʪʴ ʙʘʟʦʚʠʭ ʧʦʥʷʪʴ ʩʝʤʽʦʪʠʢʠ ɯʊ ʜʣʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ  ʩʪʚʦʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

 

3.1.1. ɭʜʠʥʠʡ ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʧʨʦʩʪʨ̔ ʧʨʦʛʨʘʤʥʦ-ʘʧʘʨʘʪʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ ʂʄ-ʇɼ 

 

ɺ ʤʝʞʘʭ ʩʢʣʘʜʥʽʡ ʩʠʩʪʝʤʽ ʚʟʘʻʤʦʟʚôʷʟʢʽʚ ʦʧʠʩ ʝʨʛʘʪʠʯʥʠʭ ʮʽʣʝʡ ɯʊ 

ʧʦʚôʷʟʘʥʦ ʟ ʚʠʟʥʘʯʝʥʥʷʤ ʪʠʧʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʢʦʜʫʚʘʥʥʷ. ʄʝʪʘ ʩʝʥʩʫ ʮʝ 

ʫʪʚʦʨʝʥʥʷ ʟʥʘʥʥʷ ʢʦʤʧʣʝʢʩʥʠʭ ʟʥʘʢʽʚ ʪʘ ʯʘʩʪʢʦʚʠʭ ʤʦʜʝʣʝʡ ʦʧʠʩʽʚ ʟʘʜʘʯ ɯʊ. 

ʉʝʥʩʦʚʠʡ ʟʤʽʩʪ ʩʠʤʚʦʣʴʥʦ ʾʤʦʜʝʣʽ ʮʝ ʩʪʚʦʨʝʥʥʷ ʟʘ ʯʘʩʦʤ ʥʦʚʽ ʚʠʚʽʜʥʽ ʟʥʘʥʥʷ. 

ʆʪʨʠʤʘʥʽ IAS ʜʝʪʘʣʽ ʥʝ ʟʚʦʜʷʪʴʩʷ ʜʦ ʧʝʨʚʠʥʥʠʭ ʟʥʘʯʝʥʴ ʦʢʨʝʤʠʭ ʟʥʘʢʽʚ. ɺ 

ʧʨʘʢʪʠʯʥʦʤʫ ʟʘʩʪʦʩʫʚʘʥʥʽ ʩʝʤʽʦʪʠʢʠ ʟʘʩʦʙʘʤʠ ɯʊ ʩʪʚʦʨʶʶʪʴʩʷ ʦʧʠʩʠ 

ʟʥʘʢʦʚʠʭ ʤʦʜʝʣʝʡ ʪʘ ʨʝʘʣʴʥʠʭ ʩʠʪʫʘʮʽʡ. ʄʦʜʝʣʴ ʟʛʽʜʥʦ ʩʪʘʥʜʘʨʪʽʚ [ISO-

OSI,76] ʤʘʻ ʩʝʤʘʥʪʠʯʥʝ, ʩʠʥʪʘʢʩʠʯʥʝ ʪʘ ʧʨʘʛʤʘʪʠʯʥʝ ʟʥʘʯʝʥʥʷ. ʇʨʠʢʣʘʜʠ 

ʪʨʴʦʭ ʢʣʘʩʽʚ ʙʘʟʦʚʠʭ ʦʧʝʨʘʮʽʡ ʇɸʂ ʚʽʜʦʤʘ ʜʣʷ (ʪʘʙʣ. 3.1) ʩʠʤʚʦʣʴʥʠʭ 

ʚʠʟʥʘʯʝʥʴ ʦʧʝʨʘʪʦʨʽʚ ʡ ʦʧʝʨʘʥʜʽʚ. ʋ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʠʭ ʪʘ ʚʟʘʻʤʦʦʙʫʤʦʚʣʝʥʠʭ 

ʧʨʦʮʝʩʘʭ ɯʊ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʦʚʦʾ ʢʦʞʥʦʾ ʧʘʨʠ ʩʝʤʽʦʪʠʢʠ ʧʦʪʨʝʙʫʶʪʴ ʾʭ 

ʚʽʜʧʦʚʽʜʥʦʾ ʽʥʪʝʨʧʨʝʪʘʮʽʾ. ɼʣʷ ʤʘʡʙʫʪʥʽʭ ɯʊ ʜʦʮʽʣʴʥʦ ʨʦʟʨʽʟʥʷʪʠ ʪʘ ʬʽʢʩʫʚʘʪʠ 

ʧʨʦʮʝʩʠ: ʜʝʢʦʤʧʦʟʠʮʽʾ ï ʨʦʟʤʝʞʫʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʟʘʜʘʯ ʥʘ ʧʨʦʩʪʽ ʟ 

ʫʪʚʦʨʝʥʥʷʤ ʦʟʥʘʯʝʥʦʛʦ ʘʣʛʦʨʠʪʤʽʯʥʦʛʦ ʟʚôʷʟʢʫ ʤʽʞ ʥʠʤʠ; ʧʨʠʩʢʦʨʝʥʦʛʦ 

ʯʠʩʣʝʥʥʷ ʦʧʝʨʘʮʽʡ ʪʘ ʬʫʥʢʮʽʡ ʘʥʘʣʽʟʫ, ʧʦʰʫʢʫ, ʩʠʥʪʝʟʫ future object; 

ʧʦʙʫʜʦʚʠ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʘʜʝʢʚʘʪʥʠʭ ʨʦʙʦʯʠʭ ʤʦʜʝʣʝʡ; ʽʥʪʝʨʧʨʝʪʘʮʽʾ 

ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʨʽʰʝʥʥʷ ʚʠʱʝʦʟʥʘʯʝʥʠʭ çʧʨʦʩʪʠʭè ʟʘʜʘʯ; ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʧʨʦʛʨʘʤʥʦ-ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʝʨʝʜʦʚʠʱ; ʘʨʭʽʚʽʚ ʪʘ ʙʽʙʣʽʦʪʝʢ ʧʨʠ ʥʘʷʚʥʦʩʪʽ 

ʦʧʝʨʘʥʜʽʚ ï ʚʠʭ̔ʜʥʠʭ ʜʘʥʠʭ (ʟʘʜʘʥʠʭ ʤʦʜʝʣʝʡ); ʦʧʝʨʘʪʦʨʽʚ ʛʘʨʘʥʪʦʚʘʥʦ-

ʘʜʘʧʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ, ʷʢʝ ʚʢʣʶʯʘʻ ʦʮʽʥʢʠ ʩʠʪʫʘʮʽʡ, ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʪʘ 
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ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʧʦʜʽʡ; ʟʨʦʩʪʘʥʥʷ ʦʙʽʟʥʘʥʦʩʪʽ IAS, ʷʢ ʟʥʘʥʥʷ ʩʠʤʚʦʣʴʥʦʛʦ 

ʪʚʦʨʝʥʥʷ, ʘ ʪʘʢʦʞ ʫʟʘʛʘʣʴʥʝʥʥʷ, ʚʽʟʫʘʣʽʟʘʮʽʾ, ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʘ ʬʦʨʤʫʚʘʥʥʷ 

ʮʽʣʽʩʥʦʾ ʻʜʠʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʤʦʜʝʣʽ (ɭɯʄ) ɯʊ [107-150]. 

ɺʠʨʽʰʝʥʥʷ ʟʘʩʦʙʘʤʠ ɯʊ ʩʢʣʘʜʥʠʭ ʟʘʜʘʯ ʧʨʘʢʪʠʢʠ ʡ ʩʪʚʦʨʝʥʥʷ ʇʌʄ 

ʧʦʚôʷʟʘʥʦ ʟ ʘʢʪʠʚʥʠʤʠ, ʮʽʣʝʩʧʨʷʤʦʚʘʥʠʤʠ ʧʨʦʮʝʩʘʤʠ: ʛʝʥʝʨʘʮʽʾ, 

ʧʝʨʝʪʚʦʨʝʥʥʷ, ʧʝʨʝʜʘʯʽ, ʬʦʨʤʫʚʘʥʥʷ ʨʽʟʥʠʭ ʟʥʘʢʦʚʠʭ ʤʦʜʝʣʝʡ. ɿʛʽʜʥʦ 

ʦʪʨʠʤʘʥʠʭ ʧʦʥʷʪʴ IAS ʤʦʞʝ ʧʝʨʝʪʚʦʨʶʚʘʪʠ ʾʭ ʟʘʩʦʙʘʤʠ ɯʊ ʫ ʢʦʥʢʨʝʪʥʽ ʊʊʈ. 

ɺ ʦʟʥʘʯʝʥʽ ʤʦʤʝʥʪʠ ʡ ʬʘʟʠ ʧʨʦʮʝʩʽʚ ʩʪʚʦʨʝʥʥʷ ʇʌʄ ʚʠʢʦʥʘʚʯʠʤʠ ʦʨʛʘʥʘʤʠ 

ʉɼʉ ʚʠʢʦʥʫʻʪʴʩʷ ʨʝʘʣʽʟʘʮʽʷ ʫʧʨʘʚʣʽʥʥʷ ʟʘʧʣʘʥʦʚʘʥʠʤʠ ʜʽʷʤʠ [5, 6, 74]. 

ʑʦʙ ʦʪʨʠʤʘʪʠ ʟʥʘʥʥʷ, ʷʢʝ ʦʙôʻʜʥʫʻ ʬʘʢʪʠ ʽ ʨʝʟʫʣʴʪʘʪʠ ʥʝʦʙʭʽʜʥʘ 

ʙʘʛʘʪʦʨʽʚʥʝʚʽʩʪʴ ʪʘ ʙʘʛʘʪʦʝʪʘʧʥʽʩʪʴ ʧʨʦʮʝʩʽʚ ɯʊ. ɺʠʨʽʰʝʥʥʷ ʩʢʣʘʜʥʠʭ ʟʘʜʘʯ 

ʧʦʚôʷʟʘʥʽ ʟ ʧʦʷʚʦʶ ʚ ʟʥʘʢʘʭ, ʨʝʛʫʣʶʶʯʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʷʢ ʩʠʩʪʝʤʠ ʚʽʜʥʦʰʝʥʴ 

ʤʽʞ ʩʠʛʥʘʣʘʤʠ ʟʤʽʩʪʫ ʚ ʟʥʘʯʫʱʠʭ ʦʙôʻʢʪʘʭ. ɿʥʘʢ ʥʝ ʣʠʰʝ ʚʠʟʥʘʯʘʻ ʜʝʥʦʪʘʪ 

(ʪʝ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʘʥʠʤ ʟʥʘʢʦʤ ʂʄ-ʇɼ) [107], ʘʣʝ ʽ ʚʠʨʘʞʘʻ ʩʠʩʪʝʤʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʜʝʥʦʪʘʪʽʚ ʚ ʩʠʩʪʝʤʽ ʨʝʘʣʽʡ ʪʘ ʚ ʪʝʟʘʫʨʫʩʽ. ʊʘʢʽ ʚʣʘʩʪʠʚʦʩʪʽ ɯʊ ʚ 

ʫʩʽʭ ʧʨʦʮʝʩʘʭ ʇɽɺʆ ʬʽʢʩʫʶʪʴ ʚ ʢʦʥʮʝʧʪʫʘʣʴʥʠʭ ʤʦʜʝʣʷʭ, ʷʢʽ ʫʟʘʛʘʣʴʥʶʶʪʴ 

ʨʦʣʴ ʟʥʘʢʫ (ʢʦʜʫ-ʤʝʪʘ ʟʥʘʥʴ). ʅʘʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʢʦʜʠ ʪʘʙʣʠʮʴ, ʱʦ 

ʦʟʥʘʯʘʻʤʦ ʪʘ ʧʦʜʘʻʤʦ ʘʥʘʣʦʛʽʯʥʦ. 

ʂ1 - ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ʆʧʠʩ ʽʥʬʦʨʤʘʮʽʾ, ʷʢ ʽʜʝʘʣʴʥʠʡ ʟʘʜʫʤ, ɸɺɯɼʆ-

ʧʝʨʝʜʙʘʯʝʥʥʷ (ʦʧʠʩ) ʇʌʄ ʘʙʦ ʽʩʥʫʚʘʥʥʷ ʤʘʡʙʫʪʥʴʦʛʦ ʮʽʣʴʦʚʦʛʦ ɝ ʇʌʄ. 

ʂ2 - çʐʪʫʨʤ ʨʦʟʫʤʦʤè. ʎʝ ʧʦʰʫʢ ʘʥʘʣʦʛʽʚ, ʧʨʦʪʦʪʠʧʽʚ ʦʙˇʨʫʥʪʫʚʘʥʥʷ 

ʚʠʙʦʨʫ ʧʦʯʘʪʢʦʚʠʭ ʛʝʦʤʘʪʝʨʽʘʣʽʚ. ʇʨʠʨʦʜʥʽ ʥʘʷʚʥʽ ʦʙôʻʢʪʠ (ʜʞʝʨʝʣʘ ʚʽʜʦʤʽ) 

ʟʚʠʯʘʡʥʦ ʽʩʥʫʶʪʴ ʫ ʚʠʛʣʷʜʽ ʩʠʨʦʚʠʥʠ ʟ ʢʦʧʘʣʝʥ, ʘ ʪʘʢʦʞ ʧʨʦʜʫʢʪʫ, ʪʦʚʘʨʫ, ʪʘ 

ʧʦʩʣʫʛ ʥʘ ʧʦʩʪʘʯʘʥʥʷ ʟʛʽʜʥʦ ʟʘʤʦʚʣʝʥʥʷ ʇɽɺʆ ɯʊʉ. 

ʂ3 - ʩʠʩʪʝʤʘʪʠʟʘʮʽʷ ʤʦʜʝʣʝʡ, ʢʣʘʩʠʬʽʢʘʮʽʷ. ʆʧʠʩ, ʷʢ ʩʠʪʫʘʮʽʡʥʝ 

ʬʦʨʤʦʪʚʦʨʝʥʥʷ (ʦʯʠʱʝʥʠʭ ʚʽʜʬʽʣʴʪʨʦʚʘʥʠʭ ʨʘʬʽʥʦʚʘʥʠʭ ʛʝʦʤʘʪʝʨʽʘʣʽʚ) 

ʩʠʨʦʚʠʥʠ ʫ ʧʦʯʘʪʢʦʚʽ ʥʦʚʽ ʨʠʥʢʦʚʽ ʧʨʦʜʫʢʪʠ ʟʛʽʜʥʦ ɸɺɯɼʆ. 
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ʊʘʙʣʠʮʷ 3.1. ʊʨʠ ʢʣʘʩʠ ʙʘʟʦʚʠʭ ʦʧʝʨʘʮʽʡ, ʱʦ ʟʘʩʦʙʘʤʠ ʇɸʂ ʂʄ-ʇɼ ʨʝʘʣʽʟʫʶʪʴ ʜʽʾ ʩʠʤʚʦʣʴʥʦ ʚʠʟʥʘʯʝʥʽ, ʷʢ 

ʦʧʝʨʘʪʦʨʠ ʥʘʜ ʦʧʝʨʘʥʜʘʤʠ (ʪʠʧʫ X ʪʘ Y, ʷʢʽ ʦʟʥʘʯʝʥʽ ʷʢ Date) ʚ ɯʊ 

ˉ 

ʧ/ʧ 

1 ï ʘʣʛʝʙʨʘʾʯʥʽ ʡ ʘʨʠʬʤʝʪʠʯʥʽ 2 ï ʣʦʛʽʯʥʽ ʦʧʝʨʘʪʦʨʠ 3 ï ʚʽʜʥʦʰʝʥʥʷ ʟʤʽʥʥʠʭ 

ɿʥʘʢ 
ʆʧʠʩ 

ʜʽʾ 

ʉʝʤʘʥʪʠʢʘ 

ʦʙʣʘʩʪʽ ʜʽʾ 

ʆʧʠʩ 

ʫʤʦʚʠ 
ɿʥʘʯʝʥʥʷ ʪʠʧʫ Boolean 

ʆʧʠʩ 

ʧʦʨʽʚʥʷʥʥʷ 

ʉʫʪʥʽʩʪʴ 

ʨʝʟʫʣʴʪʘʪʫ 

ʦʙʯʠʩʣʝʥʥʷ 

1 + x+y ɼʦʜʘʚʘʥʥʷ x and y ʄʥʦʞʝʥʥʷ x>y ɹʽʣʴʰʝ 

2 - x-y ɺʽʜʥʽʤʘʥʥʷ x not y ɿʘʧʝʨʝʯʝʥʥʷ x<y ʄʝʥʰʝ 

3 - -x ɿʤʽʥʘ ʟʥʘʢʫ x xor y 
ɺʠʢʣʶʯʥʝ ʘʙʦ (ʟʥʘʯʝʥʥʷ ʭ 

ʪʘ ʫ ʥʝ ʩʧʽʚʧʘʜʘʶʪʴ) 
x+>=y 

ɹʽʣʴʰʝ ʘʙʦ 

ʜʦʨʽʚʥʶʻ 

4 *  x*y ʜʦʙʫʪʦʢ x or y ɼʚʦʙʽʯʥʠʡ ʚʠʙʽʨ  x<=y 
ʄʝʥʰʝ ʘʙʦ 

ʜʦʨʽʚʥʶʻ 

5 / x/y ɼʽʣʝʥʥʷ x eqv y 

ɽʢʚʽʚʘʣʝʥʪʥʽʩʪʴ (ʟʥʘʯʝʥʥʷ ʭ 

ʪʘ ʫ ʦʜʥʦʯʘʩʥʦ ʚʽʜʧʦʚʽʜʥʽ 

true ʘʙʦ False) 

x<>y 
ʅʝʤʘʻ 

ʪʦʪʦʞʥʦʩʪʽ 

6 \ x\y ɿʤʝʥʰʝʥʥʷ ʭ ʥʘ ʫ x imp y 
ɯʤʧʣʽʢʘʮʽʷ  

ʷʢʱʦ { x true}ʪʦʜʽ [y false] 
x=y 

ʈʽʚʥʽʩʪʴ 

ʪʦʪʦʞʥʘ 

7 Mod x mod y ʆʙʯʠʩʣʝʥʥʷ ʨʝʰʪʠ F=W 

ʇʨʠʟʥʘʯʝʥʥʷ ʜʽʾ 

formula=(ʦʧʠʩ ʦʧʝʨʘʪʦʨʽʚ ʪʘ 

ʦʧʝʨʘʥʜʽʚ) 

x is y 

ʇʦʩʠʣʘʥʥʷ 

ʤʽʞ 

ʦʙôʻʢʪʘʤʠ 

8 ^ ʭ̂y 
ʉʪʝʧʝʥʝʚʝ 

ʦʙʯʠʩʣʝʥʥʷ 
Function 

ʂʦʤʙʽʥʘʮʽʷ ʦʙôʻʢʪʽʚ, 

ʩʠʤʚʦʣʽʚ, ʟʤʽʥʥʠʭ, ʬʫʥʢʮʽʡ, 

ʧʨʦʮʝʜʫʨ 

x like y 

ɭ ʩʭʦʞʽʩʪʴ 

ʘʙʦ 

ʧʦʜʽʙʥʽʩʪʴ 
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ʂ4 - ʤʦʜʝʣʶʚʘʥʥʷ ʚʟʘʻʤʦʜʽʾ. ʆʧʠʩ ʢʦʣʠ ʧʦʢʠ ʱʝ ʥʝʚʠʟʥʘʯʝʥʽ ʨʝʘʣʴʥʽ 

ʮʽʣʴʦʚʽ ʚʠʪʨʘʪʠ (ʤʘʩʠ m, ʩʠʣ F=m*a ʪʘ ʝʥʝʨʛʽʾ Ὁ  ). ʄʦʞʣʠʚʝ ʧʦʢʨʦʢʦʚʝ 

ʽʪʝʨʘʮʽʡʥʝ ʚʠʢʣʘʜʝʥʥʷ Big Data ʙʽʣʴʰ ʜʝʪʘʣʴʥʝ. ʅʘʧʨʠʢʣʘʜ, ʦʧʠʩʫʻʤʦ 

ʢʦʥʢʨʝʪʥʽ ʝʪʘʧʠ ʩʘʤʦʩʠʥʪʝʟʫ (ʬʽʟ-ʭʽʤ-ʤʝʭ ʧʝʨʝʪʚʦʨʝʥʥʷ) ʚʭʽʜʥʠʭ ʭʽʤʽʯʥʠʭ 

ʩʧʦʣʫʢ. ɸʙʦ ʬʽʢʩʫʻʤʦ (ʩʪʘʥʠ ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯ) ʫ ʩʠʥʪʝʟʦʚʘʥʫ ʥʦʚʫ ʬʦʨʤʫ 

ʙʘʟʦʚʠʭ ʇʌʄ, ʷʢ ʨʝʯʦʚʠʥ ʤʘʪʝʨʽʘʣʴʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʤʘʡʙʫʪʥʴʦʛʦ ʊʇʂ. 

ʂ5 - ʝʬʝʢʪʠʚʥʝ ʜʦʚʝʜʝʥʥʷ. ʆʧʠʩ ʦʪʨʠʤʘʥʥʷ ʢʦʤʧʦʥʝʥʪ ʚʠʨʦʙʥʠʯʦʛʦ 

ʥʘʧʽʚʧʨʦʜʫʢʪʫ ʇʌʄ ʨʘʟʦʤ ʟ ʜʦʧʦʤʽʞʥʠʤʠ ʨʝʘʛʝʥʪʘʤʠ. ɿʘʩʪʦʩʦʚʫʶʪʴ 

ʩʫʢʫʧʥʦʩʪʽ (ʤʦʣʽ, ʦʙôʻʤʠ, ʤʘʩʠ, ʟʘʨʷʜʠ) ʢʦʥʮʝʥʪʨʦʚʘʥʠʭ ʯʘʩʪʦʢ ʤʘʪʝʨʽʾ. 

ʂ6 - ʘʜʨʝʩʥʘ ʨʘʮʽʦʥʘʣʽʟʘʮʽʷ. ʆʧʠʩ ʇʌʄ ʧʝʨʝʜʙʘʯʘʻ ʧʦʢʨʦʢʦʚʝ 

ʩʪʚʦʨʝʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢ ʧʨʦʜʫʢʪʫ ʫ ʟʘʤʦʚʣʝʥʽ ʪʦʚʘʨʥʽ ʬʦʨʤʠ.  

ʂ7 - ʢ̔ ʥʮʝʚʽ ʨʝʟʫʣʴʪʘʪʠ ʡ ʽʥʪʝʨʧʨʝʪʘʮʽʷ. ɿʤʽʩʪ ʦʧʠʩʫ ʛʝʪʝʨʦʛʝʥʥʠʭ 

ʧʨʦʮʝʩʽʚ ʉʊɼʂ (ʪʝʩʪʫʚʘʥʥʷ, ʚʠʧʨʦʙʫʚʘʥʥʷ, ʚʠʤʽʨʶʚʘʥʥʷ ɝ ʮʽʣʴʦʚʠʭ ʬʽʟʠʢʦ-

ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ) ʚʠʭʽʜʥʦʛʦ ʪʦʚʘʨʥʦʛʦ ʧʨʦʜʫʢʪʫ ʟʘʤʦʚʣʝʥʦʛʦ ʇʌʄ. 

ʆʧʠʩʠ ʜʣʷ ɸʉɯɼ ʤʽʩʪʷʪʴ ʩʪʚʦʨʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ, ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʬʘʡʣʽʚ. 

ʇʘʩʧʦʨʪ (ʜʦʢʫʤʝʥʪ) ï ʩʫʧʨʦʚʦʜʞʝʥʥʷ ʚʽʜʚʘʥʪʘʞʝʥʦʛʦ ʇʌʄ ʧʦʪʨʽʙʝʥ ʜʣʷ 

ʧʦʩʪʘʯʘʥʥʷ ʟʘʤʦʚʥʠʢʫ ʇɽɺʆ ʥʘ ʮʽʣʴʦʚʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʊʇʂ. ɺ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʘʭ (ʪʨʘʥʩʧʦʨʪʥʦʾ ʛʘʣʫʟʽ ʇɽɺʆ ɯʊʉ) ʤʘʻʤʦ ʦʧʠʩ ʚʩʽʭ 

ʊʊʈ. ɼʣʷ ʮʴʦʛʦ ʩʧʨʷʤʦʚʘʥʠʡ ʢʦʞʝʥ (ʥʘʢʦʧʠʯʝʥʠʡ ʜʦʢʫʤʝʥʪ-ʧʨʠʥʪ, ʱʦ, ʷʢ 

ʽʥʪʝʛʨʦʚʘʥʠʡ ʝʣʝʢʪʨʦʥʥʠʡ ʬʘʡʣ ɯʊ ʢʦʤʫʥʽʢʘʮʽʾ, ʩʪʨʘʪʠʬʽʢʦʚʘʥʠʡ, 

ʩʪʨʫʢʪʫʨʦʚʘʥʠʡ ʟ ʦʧʝʨʘʥʜʽʚ, ʦʧʝʨʘʪʦʨʽʚ, ʟʨʘʟʢʦʚʠʤ ʟʛʽʜʥʦ ɼʉʊʋ [83] ʥʘ 

ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ ʊʇʂ.  

ʄʦʚʘ ʩʝʤʽʦʪʠʢʠ ʫʧʨʘʚʣʽʥʥʷ ʨʝʞʠʤʘʤʠ ʨʦʙʦʪʠ ʇɸʂ ʂʄ-ʇɼ ʧʦʜʘʥʘ ʚ 

ʨʦʟʜʽʣʽ 3.7, ʘʣʝ ʚʠʭʽʜʥʽ ʜʘʥʽ ʥʘ ʧʦʯʘʪʢʫ ʜʦʩʣʽʜʞʝʥʥʷ ʉɼʉ ʽʥʽʮʽʶʶʪʴ 

ʢʦʥʮʝʧʪʫʘʣʴʥʦ-ʩʝʤʘʥʪʠʯʥʫ ʮʽʣʴʦʚʫ ʤʦʜʝʣʴ (ʂʉʎʄ). ʂʦʜʠ ʩʧʨʠʡʤʘʻ 

ʩʧʝʮʽʘʣʴʥʠʡ ʜʠʩʧʝʪʯʝʨ ʫʧʨʘʚʣʷʶʯʠʤʠ ʤʦʜʫʣʷʤʠ (ɼʋʄ) ʂʄ-ʇɼ. ɹʘʟʦʚʽ 

ʩʠʤʚʦʣʴʥʽ ʧʦʥʷʪʪʷ ʡʦʤʫ ʧʦʪʨʽʙʥʽ ʜʣʷ ʦʮʽʥʢʠ ʟʘʚʝʨʰʝʥʥʷ ʧʨʦʮʝʜʫʨ. ʇʦʯʘʪʦʢ 

ʘʢʪʠʚʽʟʫ ̒ɼʋʄ. ɿʘʢʽʥʯʝʥʥʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʡʦʛʦ ʧʨʠʟʫʧʠʥʷʻ.  
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3.1.2 ʉʝʤʽʦʪʠʢʘ ʧʨʦʮʝʩʦʨʥʠʭ ʽʥʬʦʣʦʛʽʯʥʠʭ ʤʦʜʝʣʝʡ ʤʝʪʦʜʘʤʠ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʦʧʠʩʫ ʟʘʚʜʘʥʴ ʽ ʬʫʥʢʮʽʡ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʜʘʯʥʠʭ 

ʦʙôʻʢʪʽʚ 

 

ɺ ʥʘʩʣʽʜʦʢ ʦʨʽʻʥʪʦʚʘʥʦʩʪʽ ʥʘ ʬʫʥʢʮʽʾ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʟʛʽʜʥʦ ʂʉʎʄ 

ʩʪʘʻ ʜʦʩʪʦʚʽʨʥʠʤ ʮʝʡ ʚʠʨʽʰʘʣʴʥʠʡ ʬʘʢʪ. ʉʪʚʦʨʝʥʽ (ʢʦʜʦʚʘʥʽ) ʦʧʝʨʘʪʠʚʥʽ 

ʨʦʙʦʯʽ ʢʦʤʧʣʝʢʩʠ ʤʦʜʝʣʝʡ ʩʠʪʫʘʪʠʚʥʦ ʟʛʽʜʥʦ ʟʘʚʜʘʥʴ IAS ʚʽʜʧʦʚʽʜʘʶʪʴ: ʤʝʪʽ 

ʪʘ ʟʘʜʘʯʘʤ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʜʘʥʦʛʦ ʦʙôʻʢʪʘ; ʚʠʤʦʛʘʤ ʪʘ ʫʤʦʚʘʤ, ʷʢʽ 

ʚʠʩʫʚʘʶʪʴʩʷ ʜʦ ʦʙôʻʢʪʘ; ʤʦʚʥʽʡ ʬʦʨʤʽ ʮʴʦʛʦ ʮʽʣʴʦʚʦʛʦ ʧʦʥʷʪʪʷ ʪʘ ʬʘʢʪʘʤ 

ʧʦʜʽʙʥʦʾ ʧʨʘʢʪʠʢʠ ɯʊ ɸʈɯ, ʩʪʘʥʜʘʨʪʘʤ ʩʫʯʘʩʥʠʭ ʢʘʥʘʣʽʚ ʢʦʤʧôʶʪʝʨʥʠʭ ʤʝʨʝʞ 

ʇɽɺʆ ʪʘ Internet ʚʢʣʶʯʘʶʯʠ ʾʭ ʬʘʡʣʦʚʽ ʽʥʪʝʨʬʝʡʩʥʽ ʦʙʤʽʥʠ.  

ʄʘʪʝʨʽʘʣʴʥʘ ʦʩʥʦʚʘ ʧʨʦʮʝʩʽʚ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ɯʊ ʫ ʙʫʜʴ-ʷʢʠʭ 

ʤʘʡʙʫʪʥʽʭ ʪʘ ʩʫʯʘʩʥʠʭ ʨʠʥʢʦʚʠʭ ʚʽʜʥʦʰʝʥʥʷʭ ʤʽʞ ʇɽɺʆ ʬʽʢʩʫʻ ʚʘʞʣʠʚʽʩʪʴ 

ʙʘʟʦʚʠʭ ʪʝʭʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʞʥʦʾ ʩʢʣʘʜʦʚʦʾ ʯʘʩʪʢʠ 

(ʝʣʝʤʝʥʪʘ, ʤʦʜʫʣʷ, ʘʛʨʝʛʘʪʫ, ʧʽʜʩʠʩʪʝʤʠ) ʚ ʮʽʣʽʩʥʽʡ ʬʽʟʠʯʥʦ ʨʝʘʣʴʥʽʡ ʉɼʉ. 

ʉʘʤʝ ʧʨʠʨʦʜʥʘ ʦʩʥʦʚʘ ʚʠʟʥʘʯʘʻ ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʢʦʥʢʨʝʪʥʠʭ ʨʝʩʫʨʩʽʚ 

ɯʊ, ʷʢʽ ʟʛʽʜʥʦ ʧʝʚʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʩʪʚʦʨʶʶʪʴ: ʧʨʦʜʫʢʪʠ, ʪʦʚʘʨʠ, ʧʦʩʣʫʛʠ. ɺʦʥʠ 

ʤʘʶʪʴ ʽʥʪʝʛʨʦʚʘʥʫ ʚʘʨʪʽʩʪʴ ʢʘʧʽʪʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ (ɺʂʉ). ɸʢʪʠʚʥʠʡ ʚʧʣʠʚ 

ʣʶʜʠʥʠ-ʦʧʝʨʘʪʦʨʘ, ʷʢʘ ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ ʚ ʪʨʫʜʦʚʠʭ ʚʽʜʥʦʰʝʥʥʷʭ (ʆʇʈ ʻ 

ʦʩʦʙʦʶ (IAS) ʇɽɺʆ) ʪʘ ʟʘʩʦʙʽʚ ʚʽʜʧʦʚʽʜʥʠʭ ɯʊ ʨʘʟʦʤ ʚʠʟʥʘʯʘʶʪʴ 

ʫʧʨʘʚʣʽʥʩʴʢʫ ʩʢʣʘʜʦʚʫ ɯʊʉ. ʈʽʟʥʦʤʘʥʽʪʪʷ ʉʆʉ ʬʦʨʤ, ʟʘʜʘʯ ʡ ʟʘʚʜʘʥʴ 

ʝʨʛʘʪʠʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʬʦʨʤʫʶʪʴ ʣʠʰʝ ʜʦʜʘʪʢʦʚʫ ʽʥʪʝʣʝʢʪʫʘʣʴʥʫ ʚʘʨʪʽʩʪʴ 

(ɼɯɺ). ʈʝʘʣʴʥʽ ʨʫʭʠ ʝʣʝʢʪʨʦʥʥʠʭ ʩʣʫʞʙʦʚʠʭ ʢʦʜʽʚ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʧʦʩʪʽʡʥʦ 

ʚʘʨʽʶʻʤʠʭ ʟʘʜʘʯ ʫʧʨʘʚʣʽʥʥʷʤ ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʜʦ ɺʂʉ. ɽʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʥʘ 

ʞʠʚʣʝʥʥʷ ʟʘʩʦʙʽʚ ʇɸʂ, ɯʊ ʪʘ Internet ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦʩʪʽʡʥʦ. ʊʦʤʫ ʚʦʥʦ 

ʚʘʨʽʶʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʪʘʨʠʬʽʚ ʥʘ ʨʠʥʢʘʭ ʧʦʩʣʫʛ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʾ ʚ 

ʽʥʚʝʩʪʠʮʽʡʥʦ-ʪʨʫʜʦʚʦʤʫ ʪʘ ʦʧʝʨʘʮʽʡʥʦʤʫ ʧʨʦʮʝʩʽ ʇɽɺʆ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ 

ʨʽʟʥʦʤʘʥʽʪʪʷ ʤʘʪʝʨʽʘʣʴʥʦ-ʚʠʨʦʙʥʠʯʠʭ ʦʩʥʦʚ ʚʦʥʠ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʧʦʥʷʪʴ 

ʨʝʩʫʨʩʽʚ ʪʘ ʟʘʧʘʩʽʚ ʟ ʧʝʚʥʠʤʠ ʪʝʭʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʦʙʤʝʞʝʥʥʷʤʠ 

ʧʘʨʘʤʝʪʨʽʚ ʯʠʩʝʣʴʥʠʭ ʟʥʘʯʝʥʴ ʢʽʣʴʢʦʩʪʽ ʪʘ ʷʢʦʩʪʽ ʘʪʨʠʙʫʪʽʚ ʧʨʠʨʦʜʥʠʭ ʥʦʩʽʾʚ. 
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ʉʢʣʘʜʦʚʽ ʚʠʪʨʘʪ ʫʧʨʘʚʣʽʥʥʷ ʟʘ ʢʘʪʝʛʦʨʽʻʶ ɼɯɺ ʦʟʥʘʯʘʶʪʴ ʧʨʦʮʝʩʠ ʦʙʣʽʢʫ 

(ʘʫʜʠʪʫ), ʢʦʥʪʨʦʣʶ, ʦʙʯʠʩʣʝʥʴ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ (ʘ ʪʘʢʦʞ ʨʝʟʫʣʴʪʘʪʽʚ, 

ʝʬʝʢʪʫ, ʢʦʨʠʩʪʽ) ʤʘʪʠ ʢʦʜʠ ʨʦʙʠʪʠ ʦʮʽʥʶʚʘʥʥʷ. ʌʘʢʪ ʧʨʠʡʥʷʪʪʷ ʊʊʈ ʥʘʜʘʻ 

ʩʧʝʮʦʧʠʩ - ʚʠʟʥʘʯʝʥʥʷ {ʱʦ ʩʘʤʝ, ʢʦʣʠ, ʜʝ, ʩʢʽʣʴʢʠ, ʥʘʚʽʱʦ}. ʇʨʝʜʠʢʘʪʠʚʥʘ 

ʬʦʨʤʘ ʬʘʢʪʫ ʣʦʛʽʯʥʠʭ ʚʠʩʣʦʚʣʶʚʘʥʴ ʫ ʚʽʜʧʦʚʽʜʷʭ ʩʢʣʘʜʘʻ ʦʩʥʦʚʫ ʛʨʘʬʽʢʽʚ 

ʧʦʜʘʣʴʰʠʭ ʧʣʘʥʦʚʠʭ ʨʦʙʽʪ. ɺʦʥʠ ʦʧʠʩʫʶʪʴ ʨʝʞʠʤʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ, ʩʧʦʩʦʙʠ 

ʢʦʦʧʝʨʘʮʽʾ ʪʘ ʣʦʛʽʩʪʠʯʥʽ ʢʦʤʧʦʟʠʮʽʾ ʬʦʨʤ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʆʧʪʠʤʽʟʘʮʽʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʽʟʥʠʭ ʟʘʩʦʙʽʚ ɯʊ ʧʦʨʦʜʞʫʻ ʤʝʪʦʜʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʬʫʥʢʮʽʡ ʽ 

ʟʘʚʜʘʥʴ ʚʠʨʦʙʥʠʯʦʛʦ ʡ ʦʨʛʘʥʽʟʘʮʽʡʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ [107-150]. ʊʦʤʫ ʚ ʂʄ-ʇɼ 

ʟʘ ʢʨʠʪʝʨʽʷʤʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʉɼʉ ʩʬʦʨʤʦʚʘʥʦ ʧʨʦʮʝʩʦʨʥʽ 

ʽʥʬʦʣʦʛʽʯʥʽ ʤʦʜʝʣʽ (ʇɯʄ). ɺʦʥʠ ʘʥʘʣʦʛʽʯʥʦ ʪʠʧʫ A, B, C ʤʫʣʴʪʠʧʨʦʛʨʘʤʥʦʛʦ 

ʙʘʛʘʪʦʟʘʜʘʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʨʝʩʫʨʩʘʤʠ ʪʘ ʟʘʧʘʩʘʤʠ ʜʘʥʠʭ ʡ ʟʥʘʥʴ ʥʘ ʚʩʽʭ 

ʽʻʨʘʨʭʽʯʥʠʭ ʨʽʚʥʷʭ ʇɽɺʆ ʪʘ ʂʉʎʄ ʦʙʩʣʫʛʦʚʫʶʪʴ ɼʋʄ ʫ ʤʝʞʘʭ ʇɸʂ ʪʠʧʫ 

ʂʄ-ʇɼ. ɻʦʣʦʚʥʝ ʬʫʥʢʮʽʦʥʘʣʴʥʝ ʧʨʠʟʥʘʯʝʥʥʷ ʇɯʄ ʇɸʂ ʂʄ-ʇɼ ʧʦʣʷʛʘʻ ʫ 

ʯʽʪʢʦʤʫ ʧʨʝʜʠʢʘʪʠʚʥʦʤʫ ʚʠʟʥʘʯʝʥʥʽ ʢʣʶʯʦʚʠʭ ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʢʦʜʽʚ A, B, C 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʦʨʥʠʭ ʨʝʞʠʤʽʚ ʚʟʘʻʤʦʜʽʾ. ʇɯʄ ʚʠʟʥʘʯʘʶʪʴ çʱʦ, ʷʢ, 

ʥʘʚʽʱʦè ʨʦʙʠʪʠ ʜʣʷ ʛʘʨʘʥʪʦʚʘʥʦʛʦ ʜʦʩʷʛʥʝʥʥʷ ʮʽʣʝʡ ʫʧʨʘʚʣʽʥʥʷ ʫ ʬʦʨʤʽ ʊʊʈ 

ʜʣʷ next ʢʨʦʢʽʚ. ʅʘ ʩʪʨʘʪʝʛʽʯʥʠʭ, ʪʘʢʪʠʯʥʠʭ ʪʘ ʦʧʝʨʘʮʽʡʥʠʭ ʝʪʘʧʘʭ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦ-ʘʥʘʣʽʪʠʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʂʄ-ʇɼ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʇɯʄ ʧʨʦʷʚʣʷʻʪʴʩʷ ʷʢ ʩʧʝʮʢʦʜ, ʱʦ ʟʙʽʣʴʰʫʻ ʂʂɼ ʇɽɺʆ. ʋ ʥʘʩʣʽʜʢʫ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʽʥʪʝʛʨʘʮʽʡʥʽ ʝʬʝʢʪʠ ʝʤʝʨʞʝʥʪʥʦʩʪʽ ʉɼʉ ʫ ʚʠʛʣʷʜʽ: ʧʽʜʚʠʱʝʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʡ ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ ɯʊ; ʧʦʢʨʘʱʝʥʥʷ ʨʝʥʪʘʙʝʣʴʥʦʩʪʽ ʡ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʇɸʂ; ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʟʙʘʣʘʥʩʦʚʘʥʦʩʪʽ ʝʢʦʥʦʤʽʯʥʠʭ ʘʢʪʠʚʽʚ ʡ 

ʦʧʠʩʽʚ; ʨʦʟʰʠʨʝʥʥʷ ʩʬʝʨʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʂʉʎʄ, ʇɯʄ ʚʢʣʶʯʘʶʯʠ 

ʽʥʚʝʩʪʠʮʽʡʥʫ ʧʨʠʚʘʙʣʠʚʽʩʪʴ ʂʄ-ʇɼ, ʘ ʪʘʢʦʞ ʜʦʩʚʽʜ ʨʦʟʚʠʪʢʫ ɯʊʉ [95]. 

ɸʥʘʣʦʛʽʷ ʟ ʚʽʜʦʤʦʶ ʩʠʩʪʝʤʦʶ Mathcad. ɼʣʷ ʢʣʘʩʫ ʟʘʩʦʙʽʚ ʚʠʨʽʰʝʥʥʷ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʟʘʜʘʯ ʟʘʩʪʦʩʦʚʘʥʦ ʪʝʢʩʪʦʚʽ ʨʝʜʘʢʪʦʨʠ ʝʣʝʢʪʨʦʥʥʽ ʪʘʙʣʠʮʽ ʪʘ 

ʧʘʢʝʪʠ. ɼʣʷ ʂʄ-ʇɼ ʤʘʻʤʦ ʨʦʟʰʠʨʝʥʥʷ ʧʨʦʬʝʩʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ IAS ʟʘ 

ʨʘʭʫʥʦʢ ʧʦʜʘʥʥʷ ʯʽʪʢʠʭ, ʜʦʩʪʦʚʽʨʥʠʭ, ʚʝʨʠʬʽʢʦʚʘʥʠʭ ʇɯʄ. ʄʦʚʘ ʚʽʟʫʘʣʽʟʘʮʽʾ 

ʨʝʯʝʥʴ ʫʧʨʘʚʣʽʥʥʷ ʟʘ ʧʨʠʥʮʠʧʘʤʠ ʟʨʦʟʫʤʽʣʠʭ ʟʘʤʦʚʣʝʥʴ ʥʝ ʟʤʽʥʶʻ 
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ʘʚʪʦʤʘʪʠʯʥʝ ʰʚʠʜʢʝ ʧʨʠʻʜʥʘʥʥʷ ʦʧʠʩʽʚ ʇɯʄ, ʱʦ ʚʽʜʥʦʚʣʶʶʪʴ ʧʦʚʥʦʪʫ 

ʬʫʥʢʮʽʡ, ʟʘʚʜʘʥʴ ʽ ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʯʠʩʣʝʥʴ [167] ʫ ʢʦʜʦʚʘʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ. 

ʌʦʨʤʠ ʢʦʜʦʚʘʥʠʭ ʢʦʨʪʝʞʽʚ ʟʽ ʩʢʣʘʜʝʥʠʤʠ IAS ʤʘʪʝʤʘʪʠʯʥʠʤʠ 

ʬʦʨʤʫʣʘʤʠ ʫ ʩʠʤʚʦʣʴʥʦʤʫ ʟʘ ʢʦʥʮʝʧʮʽʻʶ ʂʄ-ʇɼ ʚʠʛʣʷʜʽ ʧʦʜʽʙʥʽ 

ʘʥʘʣʦʛʦʚʠʤ ʬʫʥʢʮʽʷʤ. ʂʣʘʩʠʯʥʝ ʧʨʦʛʨʘʤʥʝ ʚʽʢʥʦ ʤʽʩʪʠʪʴ: ʚʝʨʭʥʽʡ ʨʷʜʦʢ 

ʟʘʛʦʣʦʚʢʫ; ʛʦʣʦʚʥʝ ʤʝʥʶ; ʧʘʥʝʣʽ ʽʥʩʪʨʫʤʝʥʪʽʚ; ʨʦʙʦʯʫ ʦʙʣʘʩʪʴ, ʚʥʠʟʫ ʨʷʜʦʢ 

ʩʪʘʥʫ. ɯʥʪʝʨʬʝʡʩ ʟʚʠʯʘʡʥʦ ʟʘʩʪʦʩʦʚʫʻ ribbon (ʨʷʜʦʢ ʟ ʙʘʟʦʚʠʤʠ ʝʣʝʤʝʥʪʘʤʠ). 

ɺʽʜʢʨʠʪʪʷ ʥʦʚʦʛʦ  ʜʦʢʫʤʝʥʪʫ ʟʘ ʢʦʥʮʝʧʮʽʻʶ ɸʉɯɼ ʦʙʫʤʦʚʣʶʻ ʥʘʟʚʠ Untitled 

ʚ ʨʷʜʢʫ ʥʘʟʚ ʬʘʡʣʽʚ ʟʘʛʦʣʦʚʢʫ. 

ʈʦʟʛʣʷʥʝʤʦ ʝʪʘʧ Plan ʟʘ ʢʦʥʮʝʧʮʽʻʶ Agile ʜʣʷ ʨʫʭʫ ʧʦʯʝʨʛʦʚʠʭ 

ʧʝʨʝʪʚʦʨʝʥʴ ɯʊ ʚʽʜ 0t begin¹  ʤʦʤʝʥʪʫ ʧʦʯʘʪʢʫ. ʏʝʨʝʟ k ʢʨʦʢʽʚ ʟʘʢʽʥʯʠʪʴʩʷ 

ʚʠʪʨʘʪʘ ʧʝʚʥʠʭ ʚʽʜʧʦʚʽʜʥʠʭ ʛʝʪʝʨʦʛʝʥʥʠʭ TESIMFO ʨʝʩʫʨʩʽʚ [72, 75, 76]. 

ʂʦʞʥʠʡ ʩʧʽʚʚʠʢʦʥʘʚʝʮʴ [45, 54] ʥʘ ʚʠʟʥʘʯʝʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʯʘʩʫ itD  ʧʝʨʝʜʘʻ 

ʩʚʽʡ ʥʘʧʨʘʮʴʦʚʘʥʠʡ ʨʝʟʫʣʴʪʘʪ. ʂʦʣʠ ʧʦʚʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʢʦʥʪʨʦʣʴ 

ʧʽʜʪʚʝʨʜʞʫʻ, ʱʦ ʚʩʽ m ʧʘʢʝʪʠ ʉʊɼʂ ʫʟʛʦʜʞʝʥʽ, ʘ ʪʘʢʦʞ ʚʠʤʦʛʠ, ʢʨʠʪʝʨʽʾ, 

ʨʝʞʠʤʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʪʘʢʪʠʢʦ-ʪʝʭʥʽʯʥʦʤʫ ʟʘʚʜʘʥʥʶ ï ʊʊɿ, 

ʤʦʞʣʠʚʽ ʧʦʜʘʣʴʰʽ ʜʽʾ IAS. ʐʣʷʭ ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʢʦʦʧʝʨʘʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʜʦ ʦʩʪʘʪʦʯʥʦʛʦ ʟʘʢʣʶʯʥʦʛʦ ʢʨʦʢʫ (nt end¹ ) ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʢʦʥʘʚʮʽʚ ʇɽɺʆ. ɿʘ 

ʧʨʠʥʮʠʧʘʤʠ Agile ʪʽʣʴʢʠ ʪʦʜʽ ʧʦʭʠʙʢʠ, ʚʽʜʭʠʣʝʥʥʷ ʪʘ ʥʝʜʦʣʽʢʠ ʢʦʨʝʛʫʶʪʴʩʷ ʫ 

ʤʦʤʝʥʪ 
1

m

n jn

n

T t
=

¸ä  ʢʦʣʠ ʷʢʽʩʴ ʦʢʨʝʤʽ ʧʘʨʘʤʝʪʨʠ (ʪʝʨʤʽʥʘʣʴʥʦʛʦ) ʩʪʘʥʫ ʉʊɼʂ 

ʧʦʢʠ ʱʝ ʥʝ ʚʽʜʧʦʚʽʜʘʶʪʴ ʊʊɿ. ɸʩʠʥʭʨʦʥʥʦ ʫ ʤʝʞʘʭ ʜʠʥʘʤʽʯʥʦʛʦ ʽʥʪʝʨʚʘʣʫ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʟʘʩʦʙʠ ʜʣʷ ʟʘʜʦʚʦʣʝʥʥʷ ʚʩʽʭ m ʚʠʤʦʛ ʜʦ ʪʝʨʤʽʥʘʣʴʥʦʛʦ mkS  

ʩʪʘʥʫ ʮʽʣʴʦʚʦʛʦ ʦʙôʻʢʪʫ ʉɼʉ. ʊʘʢʠʤ ʯʠʥʦʤ ʦʧʠʩ ʥʘ ʩʠʤʚʦʣʴʥʠʭ ʦʟʥʘʯʝʥʥʷʭ 

ʯʘʩʪʢʦʚʠʭ ʤʦʜʝʣʝʡ ʫ ʤʝʞʘʭ ʂʉʎʄ Plan ʟʘʙʝʟʧʝʯʫʻ ʜʦʩʪʦʚʽʨʥʽʩʪʴ, ʧʦʚʥʦʪʫ, 

ʛʥʫʯʢʽʩʪʴ ʂʄ-ʇɼ ʫ ʤʦʞʣʠʚʠʭ ʨʠʟʠʢʦʚʘʥʠʭ ʦʙʩʪʘʚʠʥʘʭ ʨʝʘʣʽʟʘʮʽʾ ɯʊ ʥʘ 

ʧʨʠʥʮʠʧʘʭ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʢʦʜʫʚʘʥʥʷ ʝʨʛʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ [107-150] 

ʉɼʉ. 
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ʊʘʙʣʠʮʷ 3.2 ï Agile ʽʥʪʝʛʨʦʚʘʥʘ ʻʜʥʽʩʪʴ ʬʫʥʢʮʽʡ ʪʘ ʟʘʚʜʘʥʴ ʫʧʨʘʚʣʽʥʥʷ 

ʚ ʮʠʢʣʘʭ ʝʨʛʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʦʙôʻʢʪʽʚ 

 

ɿʘʜʘʯʽ ʢʨʦʢʽʚ ʚ ʮʠʢʣʘʭ 

ʤʦʜʝʣʶʚʘʥʥʷ 

ɼʝʷʢʽ ʧʨʠʢʣʘʜʠ ʬʘʟʦʚʠʭ ʧʨʦʮʝʜʫʨ ʩʪʚʦʨʝʥʥʷ ʇʌʄ 

ɺʭʽʜʥʘ ʨʝʯʦʚʠʥʘ 

ʇʌʄ 

ɻʦʣʦʚʥʽ  

ʬʫʥʢʮʽʾ 

ʂʦʥʩʪʨʫʢʪʠʚʥʽ 

ʢʦʤʧʣʝʢʪʫʶʯʽ 

1 ï Plan 

ʇʣʘʥʫʚʘʥʥʷ 

ʇʨʦʛʥʦʟʫʚʘʥʥʷ 

ʧʦʩʪʘʯʘʥʥʷ  

ʨʝʩʫʨʩʽʚ  

ʈʝʞʠʤʠ ʨʦʙʦʪʠ 

ʣʘʥʮʶʛʦʚʠʭ 

ʢʘʩʢʘʜʽʚ 

ʇʦʯʝʨʛʦʚʽʩʪʴ 

ʬʫʥʢʮʽʡ ʟʤʽʥʠ 

ʚʽʜʥʦʚʣʝʥʥʷ ʪʘ 

ʨʦʙʦʯʠʭ ʜʽʡ 

2 - Decian 

ʇʦʙʫʜʦʚʘ ʤʦʜʝʣʝʡ 

ʈʦʟʨʘʭʫʥʦʢ 

ʧʘʨʘʤʝʪʨʽʚ 

ʈʦʟʨʘʭʫʥʦʢ 

ʝʢʚʽʚʘʣʝʥʪʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ɽʢʚʽʚʘʣʝʥʪʫʚʘʥʥʷ 

ʤʝʨʝʞʥʠʭ ʥʝʩʫʯʠʭ 

3 - 

Build 

ʉʠʩʪʝʤʥʘ 

ʦʧʪʠʤʽʟʘʮʽʷ 

ʈʽʚʝʥʴ 

ʛʘʨʘʥʪʦʚʘʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ 

ʈʦʟʧʦʜʽʣ ʨʝʩʫʨʩʽʚ 

ɺʪʨʘʪʠ ʤʽʮʥʦʩʪʽ ʧʽʜ 

ʯʘʩ ʥʘʧʨʘʮʶʚʘʥʥʷ ʥʘ 

ʚʽʜʤʦʚʫ 

ʈʦʟʨʘʭʫʥʢʦʚʠʡ 

ʘʥʘʣʽʟ  

ʈɹʄ 

ʉʪʽʡʢʽʩʪʴ ʪʘ 

ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʅʘʜʽʡʥʽʩʪʴ, 

ʩʪʽʡʢʽʩʪʴ, ʧʝʨʝʭʽʜʥʽ 

ʧʨʦʮʝʩʠ 

ɽʢʩʧʣʫʘʪʘʮʽʡʥʠʡ 

ʨʝʞʠʤ ʟʙʫʨʝʥʥʷ, 

ʩʪʽʡʢʽʩʪʴ 

4 - Test 

ʆʮʽʥʢʘ ʨʦʙʦʪʠ 

ʈʆʄ 

ʂʦʤʧʣʝʢʩʥʠʡ ʚʫʟʦʣ 

ʥʘʚʘʥʪʘʞʝʥʥʷ 
ɿʘʧʘʩ ʩʪʽʡʢʦʩʪʽ 

ʈʝʞʠʤʠ ʢʨʠʪʠʯʥʠʭ 

ʟʦʥ 

ʇʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʥʷ 
ɺʠʙʽʨ ʘʢʪʽʚ ʜʽʾ 

ɺʠʨʽʰʝʥʥʷ 

ʨʝʤʦʥʪʥʠʭ ʟʘʷʚʢʠ 

ɺʠʙʽʨ ʧʘʨʘʤʝʪʨʽʚ ʧʽʜ 

ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ 

5 ï Review 

ʌʦʨʤʫʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ 

ʊʝʢʩʪʦʚʽ ʜʦʢʫʤʝʥʪʠ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʟʚʽʪʫ 

ʉʠʩʪʝʤʠ 

ʚʽʜʦʙʨʘʞʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ 

ɻʨʘʬʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʷʢʦʩʪʽ ʇʌʄ 

 

 

ʈʠʩʫʥʦʢ 3.1 - ɿʘʩʪʦʩʫʚʘʥʥʷ Agile technology ʟʛʽʜʥʦ ʂʉʎʄ ʜʣʷ ʧʦʙʫʜʦʚʠ 

ʇʌʄ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ɯʊʉ 
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ʅʘ ʽʥʪʝʨʚʘʣʽ ʯʘʩʫ 0 jktD , ʜʝ j  ʢʽʣʴʢʽʩʪʴ ʦʜʥʦʯʘʩʥʦ ʣʠʰʝ ʥʘ k-ʢʨʦʮʽ 

ʚʠʢʦʥʫʚʘʥʠʭ ʧʨʦʮʝʩʽʚ 2, 3, 4...j=  ʥʘ ʧʝʨʰʽʡ ʬʘʟʽ 1k=  ʧʘʨʘʣʝʣʴʥʦʾ, ʪʦʙʪʦ 

ʘʚʪʦʥʦʤʥʦʾ ʨʦʙʦʪʠ. ʅʘ ʢʽʥʮʽ ʮʴʦʛʦ ʽʥʪʝʨʚʘʣʫ ʫ ʤʦʤʝʥʪ 1 0 1jT t=D  ʙʫʜʝ 

ʽʥʪʝʛʨʦʚʘʥʠʡ ʩʪʘʥ 1S  ʧʨʘʮʽ ʛʨʫʧʠ ʫʯʘʩʥʠʢʽʚ j  ʧʦ ʫʟʛʦʜʞʝʥʦʤʫ ʣʦʢʘʣʴʥʦʤʫ 

ʢʦʨʦʪʢʦ ʯʘʩʪʢʦʚʦʤʫ ʝʪʘʧʽ ʧʣʘʥʫ ï ʧʨʦʛʨʘʤʽ ʥʘ ʦʟʥʘʯʝʥʫ ʬʘʟʫ ʢʦʦʨʜʠʥʘʮʽʾ 

ʩʧʽʚʚʠʢʦʥʘʚʮʽʚ ʨʘʟʦʤ ʟ ʛʦʣʦʚʥʠʤ ʚʠʢʦʥʘʚʮʝʤ. ʅʘ ʚʩʽʭ ʥʘʩʪʫʧʥʠʭ ʬʘʟʘʭ 

1x k n< < ʤʘʻʤʦ ʜʚʦʙʽʯʥʽ ʜʠʩʢʨʝʪʥʽ ʧʦʜʽʾ. ʂʦʥʪʨʦʣʶʻʤʦ ʯʽʪʢʦ ʧʦʯʘʪʢʦʚʠʡ ʩʪʘʥ 

( 1) ( 1)S i ji k- - ʪʘ ʟʘʚʝʨʰʝʥʥʷ ʩʧʽʣʴʥʠʭ ʨʦʙʽʪ ʨʝʟʫʣʴʪʘʪʫ ijikS  ʟʘ ʨʘʭʫʥʦʢ 

ʜʦʩʷʛʥʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʯʘʩʫ 0 i kt t<D ¢ ʙʝʟ ʧʦʨʫʰʝʥʴ ʚʩʽʭ ʚʠʤʦʛ ʜʦ 

ʜʦʮʽʣʴʥʦʩʪʽ, ʷʢʦʩʪʽ, ʥʘʜʽʡʥʦʩʪʽ, ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʧʘʨʘʣʝʣʴʥʠʭ ʨʦʙʽʪ 

ʜʘʥʦʾ ʢʽʣʴʢʦʩʪʽ ʩʧʽʚʚʠʢʦʥʘʚʮʽʚ ʥʘ ʜʘʥʦʤʫ ʝʪʘʧʽ. ʇʽʜ ʢʦʞʥʠʤ ʝʪʘʧʦʤ k ʬʘʟʠ 

ʚʠʢʦʥʘʥʥʷ ʧʣʘʥʫ-ʛʨʘʬʽʢʫ ʩʧʽʣʴʥʠʭ ʨʦʙʽʪ ʨʦʟʫʤʽʻʪʴʩʷ ʥʘʩʪʫʧʥʝ. ɹʝʟʫʤʦʚʥʦ 

ʚʠʢʦʥʫʶʪʴʩʷ ʚʩʽ ʥʝʦʙʭʽʜʥʽ ʩʫʧʨʦʚʦʜʞʝʥʥʷ ʫ ʯʘʩʪʠʥʽ ʟʘʙʝʟʧʝʯʝʥʥʷ TESIMFO 

ʨʝʩʫʨʩʽʚ, ʱʦ ʥʝʦʙʭʽʜʥʽ ʡ ʜʦʩʪʘʪʥʽ ʫ ʢʦʥʢʨʝʪʥʠʭ ʦʙʩʷʛʘʭ ʟʘ ʢʦʥʢʨʝʪʥʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ ʷʢʦʩʪʽ [76]. ʊʘʢʠʤ ʯʠʥʦʤ ʫʤʦʚʥʦ ʜʽʻ ʘʢʩʽʦʤʘ ʧʨʦ 

ʩʘʤʦʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʢʦʞʥʦʛʦ ʊʇʄ ʘʙʦ ʩʧʽʚʚʠʢʦʥʘʚʮʷ ɼʋʄ ʜʣʷ ʛʦʣʦʚʥʦʛʦ 

ʚʠʢʦʥʘʚʮʷ ʟ ʛʘʨʘʥʪʦʚʘʥʠʤʠ ʨʝʞʠʤʘʤʠ ʉʊɼʂ: ʩʘʤʦʢʦʥʪʨʦʣʶ, ʫʧʨʘʚʣʽʥʥʷ ʪʘ 

ʣʦʛʽʩʪʠʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ [107]. ʊʘʢʠʤ ʯʠʥʦʤ ʚʩʽ TESIMFO ʨʝʩʫʨʩʠ ʯʽʪʢʦ 

ʦʧʠʩʘʥʽ, ʚʢʣʶʯʘʶʯʠ ʢʽʣʴʢʽʩʥʽ ʨʽʚʥʽ ʦʙʤʝʞʝʥʴ. ʉʘʤʝ ʪʘʢʘ ʘʚʪʦʤʘʪʠʟʘʮʽʷ, ʟʘ 

ʷʢʠʭ ʫʤʦʚ ʙʫʜʫʶʪʴ ʥʘʷʚʥʠʤʠ ʨʝʩʫʨʩʘʤʠ, ʨʦʟʨʠʚʘʻ ʪʝʦʨʝʪʠʯʥʝ çʧʦʨʦʯʥʽ ʢʦʣʘ 

ʥʝʩʢʽʥʯʝʥʥʦʩʪʽè, ʱʦ ʟʘʚʞʜʠ ʦʙʤʝʞʝʥʽ ʢʦʥʢʨʝʪʥʦʶ ʧʨʘʢʪʠʢʦʶ ʩʘʤʦʥʘʚʯʘʥʥʷ. 

ɿʘʬʽʢʩʦʚʘʥʽ ʚʭʽʜʥʽ ʫʤʦʚʠ ʟʘ ʦʧʠʩʦʤ ʚʠʜʫ ʨʦʙʦʪʠ ʜʦʟʚʦʣʠʣʠ 

ʬʦʨʤʘʣʽʟʫʚʘʪʠ ʚʽʜʥʦʰʝʥʥʷ ijkr RÍ  ʟʘ ʯʽʪʢʠʤ ʢʨʠʪʝʨʽʻʤ ʧʦʧʝʨʝʜʥʠʢʘ. ɼʣʷ 

ʢʦʞʥʦʛʦ ʫʯʘʩʥʠʢʘ ʧʣʘʥʫ ʚʟʘʻʤʦʜʽʾ ʥʘ ʜʠʩʢʨʝʪʥʽʡ ʨʝʰʽʪʮʽ ʧʨʦʩʪʦʨʫ ʨʝʘʣʽʟʘʮʽʾ 

ʟʘʚʜʘʥʴ ʟʘʬʽʢʩʦʚʘʥʘ ʧʘʨʘ (ʟʘʤʦʚʣʝʥʴ ʡ ʦʜʥʦʯʘʩʥʦ ʟʘʙʦʨʦʥ ʥʘ ʟʘʚʝʨʰʝʥʥʷ 

ʚʠʢʦʥʘʥʥʷ) ʜʦ ʤʦʤʝʥʪʫ ʧʦʚʥʦʛʦ ʟʘʜʦʚʦʣʝʥʥʷ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʷʢʦʩʪʽ, ʧʦʜʽʙʥʦʩʪʽ, ʝʬʝʢʪʠʚʥʦʩʪʽ. ʅʘʧʨʠʢʣʘʜ, ʚ ʧʨʦʮʝʩʽ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ ʥʘ 

ʽʥʪʝʨʚʘʣʽ ʥʝʧʝʨʝʨʚʥʦ ʦʮʽʥʶʻʪʴʩʷ ʬʫʥʢʮʽʦʥʘʣ [76]. 
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I G t x u dtj= +ñ , (3.1) 

ʜʝ ʬʫʥʢʮʽʾ G  ʪʘ j ʤʘʶʪʴ ʥʝʧʝʨʝʨʚʥʽ ʯʘʩʪʠʥʥʽ ʧʦʭʽʜʥʽ ʧʦ 1x  ʪʘ u  ʚʦʥʠ ʨʽʟʥʽ. 

ʊʦʧʦʣʦʛʽʷ ʚʽʜʧʦʚʽʜʥʘ ʽʥʪʝʨʚʘʣʘʤ ʯʘʩʫ ʪʘ ʢʨʦʢʦʚʦ-ʩʠʪʫʘʮʽʡʥʦ ʧʦʟʠʮʽʡʥʦʛʦ 

ʚʠʢʦʥʘʥʥʷ ʽʥʪʝʨʬʝʡʩʥʠʭ ʟôʻʜʥʘʥʴ ʜʣʷ ʽʻʨʘʨʭʽʯʥʦʛʦ ʮʽʣʴʦʚʦʛʦ ʢʝʨʫʚʘʥʥʷ 

ʜʠʥʘʤʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʉɼʉ ʟʛʽʜʥʦ ʟʘʤʦʚʣʝʥʴ IAS. 

ʆʧʠʩ ʧʣʘʥʦʚʦʛʦ (ʰʫʢʘʥʦʛʦ) ʪʨʘʻʢʪʦʨʥʦʛʦ ʨʫʭʫ ʘʙʦ ʧʨʦʛʨʘʤʥʦʛʦ 

ʩʢʣʘʜʝʥʦʛʦ ʧʨʦʮʝʩʫ ʚʟʘʻʤʦʜʽʾ ʜʠʩʢʨʝʜʠʪʫʻʪʴʩʷ ʥʘ ʧʦʚʥʽʡ ʤʥʦʞʠʥʽ ʫʯʘʩʥʠʢʽʚ 

ʨʦʙʽʪ ʟʘ ʢʣʶʯʦʚʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ. ɼʣʷ ʽʣʶʩʪʨʘʮʽʾ ʧʨʠʥʮʠʧʫ ʬʦʨʤʘʣʽʟʘʮʽʾ 

ʟʘʜʘʯʽ ʦʙʤʝʞʠʤʦ ʪʨʽʡʢʦʶ ʧʦʢʘʟʥʠʢʽʚ , ,Z T U< >, ʜʝ iZ ZÍ . ʊʦʜʽ ʢʦʜ ʟʘʚʜʘʥʥʷ 

iZ  ï ʧʦʢʘʟ, ʷʢʽʡ ʚʽʜʧʦʚʽʜʥʠʡ i  ʫʯʘʩʥʠʢ (1i=  ʬʽʢʩʫʻʪʴʩʷ ʟʘ ʛʝʥʝʨʘʣʴʥʠʤ 

ʚʠʢʦʥʘʚʮʝʤ [45], ʜʣʷ ʽʥʰʠʭ ʮʝ ʮʽʣʦʯʠʩʝʣʴʥʽ ʟʥʘʯʝʥʥʷ1 i l< ¢) ʚ ʽʥʪʝʨʚʘʣʽ. 

ʎʽʣʦʯʠʩʝʣʴʥʘ ʪʨʠʚʘʣʽʩʪʴ ʯʘʩʫ ʚʠʢʦʥʘʥʥʷ ʧʦʯʝʨʛʦʚʠʭ ʢʦʥʢʨʝʪʥʠʭ ʟʘʤʦʚʣʝʥʴ ʚ 

ʦʙʨʘʥʠʭ jt TÍ ʻʜʠʥʠʭ ʦʜʠʥʠʮʷʭ ʚʠʤʽʨʫ ʪʘ ʦʜʠʥʠʮʽ ʦʮʽʥʶʚʘʥʥʷ. ʅʘʧʨʠʢʣʘʜ, 1 

ʨʦʙʦʯʘ ʛʦʜʠʥʘ ʥʘ ʰʢʘʣʽ ʻʜʠʥʦʛʦ ʚʩʝʩʚʽʪʥʴʦʛʦ ʯʘʩʫ. ʎʽʣʦʯʠʩʝʣʴʥʽ ʚʠʪʨʘʪʠ 

ʨʝʩʫʨʩʽʚ ʥʘ ʫʧʨʘʚʣʽʥʥʷ ʚʠʨʦʙʥʠʯʠʤ ʧʨʦʮʝʩʦʤ ʟʛʽʜʥʦ ʟʘʜʘʥʦʛʦ ku UÍ  ʟʘʢʘʟʫ, 

ʯʘʩʦʚʦʾ ʪʨʠʚʘʣʦʩʪʽ ʪʘ ʢʨʠʪʝʨʽʾʚ ʦʮʽʥʶʚʘʥʥʷ. ʇʨʠʥʮʠʧʦʚʘ ʧʝʨʝʚʘʛʘ 

ʜʠʩʢʨʝʪʥʠʭ ʰʢʘʣ ʚʠʟʥʘʯʘʻ ʝʢʚʽʚʘʣʝʥʪʥʽ ʦʜʠʥʠʮʽ ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ ʽʥʪʝʛʨʦʚʘʥʝ 

ʟʥʘʯʝʥʥʷ ʦʙʩʷʛʫ ʜʦ ʦʪʨʠʤʘʥʥʷ ʟʘʤʦʚʣʝʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ. ɼʠʩʢʨʝʪʠʟʘʮʽʷ ʫ 

ʤʝʪʨʦʣʦʛʽʯʥʠʭ ʦʜʠʥʠʮʷʭ ʚʠʤʽʨʫ ʢʦʨʪʝʞʫ , ,Z T U< > ʜʦʟʚʦʣʷʻ ʤʘʪʠ ʧʦʯʘʪʢʦʚʫ 

Excel ʪʘʙʣʠʮʶ. ʅʘʧʨʠʢʣʘʜ, ʚʦʥʘ ʤʘʻ n ʨʷʜʢʽʚ ʚʽʜʧʦʚʽʜʥʦ ʢʽʣʴʢʦʩʪʽ 

ʜʝʪʘʣʽʟʦʚʘʥʠʭ ʟʘʤʦʚʣʝʥʴ. ʂʦʞʝʥ iZ  ʤʘʻ ʽʥʜʠʚʽʜʫʘʣʴʥʽʩʪʴ ʡ ʉʆʉ ʚʥʫʪʨʽʰʥʴʦʾ 

ʦʨʛʘʥʽʟʘʮʽʾ. ɺ ʨʘʤʢʘʭ ʢʘʣʝʥʜʘʨʥʦʛʦ ʧʣʘʥʫ-ʛʨʘʬʽʢʫ ʨʝʘʣʽʟʘʮʽʶ ʫʥʽʬʽʢʦʚʘʥʦʾ 

ʪʠʧʦʚʦʾ ʟʘʜʘʯʽ ʚ ʢʦʨʪʝʞʽ iZ  ʤʦʞʝʤʦ ʚʽʜʦʙʨʘʞʘʪʠ ʪʝʞ ʩʢʣʘʜʥʫ (ʚʥʫʪʨʽʰʥʶ) 

ʢʦʦʧʝʨʘʮʽʶ. ɼʣʷ ʮʴʦʛʦ ʧʦʧʝʨʝʜʥʴʦ ʧʦʚʠʥʥʽ ʙʫʪʠ ʦʪʨʠʤʘʥʽ ʚʽʜʧʦʚʽʜʥʽ ʦʮʽʥʢʠ 

ʛʘʨʘʥʪʦʚʘʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʦʟʥʘʯʝʥʦʛʦ ʟʘʢʘʟʫ. ɼʦ ʧʦʯʘʪʢʦʚʦʛʦ ʝʪʘʧʫ 

ʨʦʟʚôʷʟʫʚʘʥʥʷ ʟʘʜʘʯ ʜʘʥʦʛʦ ʢʣʘʩʫ ʧʨʦʛʨʘʤʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ɼʋʄ ʦʪʨʠʤʫʻ 

ʦʧʠʩ ʧʨʝʜʠʢʘʪʠʚʥʠʭ ʫʤʦʚ ʧʨʘʚʠʣ ʥʘʩʣʽʜʫʚʘʥʥʷ ʧʦʧʝʨʝʜʥʽʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʽʜ 

ʯʘʩ ʥʘʩʪʫʧʥʠʭ ʧʨʦʮʝʩʽʚ ʉɼʉ [107]. ʊʨʫʜʥʦʱʽ ʨʦʟʧʦʜʽʣʫ ʯʘʩʪʢʦʚʠʭ ʟʘʤʦʚʣʝʥʴ 
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ʧʦ ʚʠʢʦʥʘʚʮʷʤ (ʨʽʟʥʽ ʧʨʦʩʪʦʨʦʚʽ ʧʦʟʠʮʽʾ ʤʽʩʮʝ ʟʥʘʭʦʜʞʝʥʥʷ ʪʘ ʚʽʜʜʘʣʝʥʽʩʪʴ ʾʭ 

ʚʽʜ ɼʋʄ ʚʠʢʦʥʘʚʮʷ) ʪʘ ʫ ʻʜʠʥʦʤʫ ʧʦʪʦʯʥʦʤʫ ʯʘʩʽ ʦʙʫʤʦʚʣʝʥʽ ʧʨʠʯʠʥʘʤʠ 

ʯʝʨʛʦʚʦʛʦ ʥʘʩʣʽʜʫʚʘʥʥʷ ʟ ʜʦʜʘʚʘʥʥʷʤ ʥʦʚʠʭ ʘʜʝʢʚʘʪʥʠʭ ʩʠʪʫʘʮʽʷʤ ʜʘʥʠʭ. 

ɺʽʜʦʙʨʘʞʝʥʥʷ ʟʤʽʥ ʩʪʘʥʽʚ ï ʟʘʢʽʥʯʝʥʠʭ ʦʧʝʨʘʮʽʡ ʫ ʧʦʚʥʦʤʫ ʇʏʂ 

ʦʙʫʤʦʚʣʶʻ ʧʝʨʝʭʦʜʠ ʚʽʜ ʣʽʥʽʡʥʦʾ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʜʦ ʜʽʡ ʪʘ ʚʽʜʥʦʰʝʥʥʷ ʫ 

ʪʨʠʚʠʤʽʨʥʽ ʧʨʦʩʪʦʨʦʚʽ ʪʘ ʪʨʠʚʠʤʽʨʥʽ ʯʘʩʦʚʽ ʻʜʠʥʽ ʇʏʂ. ʈʝʟʫʣʴʪʫʶʯʽ 

ʧʝʨʝʤʽʱʝʥʥʷ ʜʣʷ ʧʨʦʩʪʦʨʫ X ʢʦʦʨʜʠʥʘʪʘ ʬʽʢʩʫʻ ʧʦʪʦʢʦʚʠʡ 1t  ʢʘʣʝʥʜʘʨʥʠʡ 

ʯʘʩ. ʊʦʜʽ ʢʦʦʨʜʠʥʘʪʠ Y ʪʘ Z ʜʣʷ ʧʨʦʩʪʦʨʫ ʙʫʜʫʪʴ ʜʦʧʦʤʽʞʥʽ ʜʣʷ ʊʊʈ ʽ ʙʫʜʫʪʴ 

ʚʠʟʥʘʯʘʪʠ ʚʽʜʭʠʣʝʥʥʷ ʟʘ ʦʨʪʦʛʦʥʘʣʴʥʠʤʠ ʥʘʧʨʷʤʘʤʠ. ɼʽʡʩʥʦ ʫ ʩʫʧʫʪʥʽʭ 

ʛʨʘʥʠʮʷʭ-ʧʣʦʱʠʥʘʭ ʷʚʥʽ ʦʙʯʠʩʣʝʥʥʷ ʥʝʚʠʟʥʘʯʝʥʠʭ ( )x y-  ʪʘ (x z)-  

ʜʦʧʦʚʥʶʶʪʴ ʚʽʜʥʦʰʝʥʥʷ ʫ ʪʨʠʚʠʤʽʨʥʦʤʫ ʝʡʣʝʨʝʚʦʤʫ ʧʨʦʩʪʦʨʽ ʩʧʽʣʴʥʦʾ 

ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ. ɺʽʜʭʠʣʝʥʥʷ ʫ ʧʣʦʱʠʥʽ XOZ  ʙʫʜʫʪʴ ʚʽʜʦʙʨʘʞʘʪʠ ʩʪʫʧʽʥʴ 

ʨʠʟʠʢʫ ʥʝ ʚʠʢʦʥʘʥʥʷ ʮʽʣʽʩʥʦʛʦ ʟʘʤʦʚʣʝʥʥʷ ʟʘ ʧʨʠʯʠʥ ʟʤʝʥʰʝʥʥʷ (ʪʦʙʪʦ 

ʚʽʜʜʘʣʝʥʥʷ) ʚʽʜ ʮʽʣʽ ʟʘ ʚʩʽʤʘ ʢʨʠʪʝʨʽʷʤʠ. ɺʽʜʭʠʣʝʥʥʷ ʫ ʧʣʦʱʠʥʽ XOY ʥʝʭʘʡ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʚʽʜʜʘʣʝʥʥʷ ʚʽʜ ʮʽʣʽ ʟʘ ʢʨʠʪʝʨʽʷʤʠ ʩʧʦʨʽʜʥʝʥʦʩʪʽ ʧʨʠʯʠʥʥʦ-

ʥʘʩʣʽʜʢʦʚʠʭ ʚʽʜʥʦʰʝʥʴ. ʇʘʨʘʣʝʣʴʥʘ ʜʽʷ ʟʘ ʫʤʦʚ ʝʩʪʘʬʝʪʥʦʾ ʧʝʨʝʜʘʯʽ 

ʘʚʪʦʤʘʪʠʟʫʻ ʽʥʰʽ ʨʦʙʦʪʠ ʟʘ ʦʧʠʩʦʤ ʦʙʨʘʥʦʛʦ ʢʦʨʪʝʞʫ ʇɯʄ. ʅʘʧʨʠʢʣʘʜ, 

ʤʦʞʣʠʚʽ ʩʫʪʪʻʚʽ ʥʘʙʣʠʞʝʥʥʷ ʚʠʢʦʥʘʚʮʷ ʜʦ ʮʽʣʽ ʪʘ ʟʙʝʨʽʛʘʥʥʷ ʨʝʩʫʨʩʫ ʥʘ 

ʩʚʦʻʯʘʩʥʽ ʬʘʟʠ ʨʝʘʢʮʽʾ ɼʋʄ ʉʊɼʂ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ, ʢʦʥʪʨʦʣʶ, ʪʝʩʪʫʚʘʥʥʷ 

ʩʢʣʘʜʥʠʭ ʦʙôʻʢʪʽʚ ʪʝʭʥʽʢʠ ʪʘ ʪʝʭʥʦʣʦʛʽʡ ʤʘʡʙʫʪʥʴʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʉɼʉ. 

ɿʥʘʯʥʽ ʧʨʦʙʣʝʤʥʽ ʪʨʫʜʥʦʱʽ ʩʣʽʜ ʚʠʟʥʘʯʘʪʠ ʘʥʘʣʦʛʽʯʥʦ ʟʘ ʨʽʟʥʠʤʠ 

ʯʘʩʦʚʠʤʠ ʚʽʜʥʦʰʝʥʥʷʤʠ. ʂʣʶʯʦʚʠʡ ʧʦʪʦʢʦʚʠʡ ʯʘʩ ʷʚʠʱʘ ʚʽʜʦʙʨʘʞʫʻʤʦ ʟʘ 1t  

ʚʽʩʩʶ ʚʽʜʣʽʢʫ ʤʘʩʰʪʘʙʥʠʭ ʦʜʠʥʠʮʴ ʰʚʠʜʢʦʩʪʽ ʤʦʜʝʣʴʥʦʛʦ ʨʫʭʫ ʫ ʇʏʂ. ʅʘ ʮʽ 

ʦʟʥʘʯʝʥʥʷ ʚʧʣʠʚʘʶʪʴ ʩʫʧʫʪʥʽ ʧʦʜʽʾ ʫ ʧʣʦʱʠʥʽ 1t 0 3t , ʱʦ ʢʦʦʨʜʠʥʫʶʪʴʩʷ ʟ 

ʧʣʦʱʠʥʦʶ XOZ  ʧʦʟʠʮʽʡʥʠʭ ʟʤʽʥ. ɿʘʧʘʩ ʯʘʩʫ ʟʘ ʚʽʩʩʶ 03t  ʚʽʜʦʙʨʘʞʫʻ 

ʤʦʞʣʠʚʽʩʪʴ ʟʘʚʯʘʩʥʦʛʦ ʢʦʨʠʛʫʚʘʥʥʷ ʧʦʜʽʡ ʪʘ ʚʽʜʜʘʣʝʥʥʷ ɹʆʅ ʚʽʜ ʅʆʅ ʟʘʛʨʦʟ 

ʪʘ ʨʠʟʠʢʽʚ. ɼʦʜʘʪʢʦʚʦ ʚʽʩʴ 0 
2t  ʜʦʟʚʦʣʷʻ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʧʨʠʩʢʦʨʝʥʥʷ ʯʠ 

ʛʘʣʴʤʫʚʘʥʥʷ ʬʘʟ ʚʠʢʦʥʘʥʥʷ ʜʽʡ, ʱʦ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʥʘʙʣʠʞʝʥʥʷ ʫ ʯʘʩʦʚʦʤʫ 
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ʚʠʤʽʨʽ ʜʦ ʧʣʘʥʦʚʦʛʦ ʚʠʢʦʥʘʥʥʷ ʚʩʽʭ ʚʠʤʦʛ ʡ ʢʨʠʪʝʨʽʾʚ ʟʘʚʝʨʰʝʥʥʷ ʩʢʣʘʜʥʦʛʦ 

ʟʘʤʦʚʣʝʥʥʷ ʥʘ ʩʪʚʦʨʝʥʥʷ ʇʌʄ [107-150]. 

ɿʘʩʦʙʘʤʠ ɯʊ, ʥʘʧʨʠʢʣʘʜ, MS Excel ʤʦʞʣʠʚʦ ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʘʣʛʦʨʠʪʤʠ 

ʩʪʚʦʨʝʥʥʷ ʢʨʘʱʦʛʦ ʢʘʣʝʥʜʘʨʥʦʛʦ ʧʘʥʫ ʨʦʙʽʪ ʇɽɺʆ ʟʘ ʫʯʘʩʪʶ ʛʦʣʦʚʥʦʛʦ 

ʚʠʢʦʥʘʚʮʷ ʪʘ ʚʩʽʭ ʡʦʛʦ ʩʧʽʚʚʠʢʦʥʘʚʮʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʱʝʦʟʥʘʯʝʥʠʭ 

ʦʙʤʝʞʝʥʴ ʪʘ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʨʠʯʠʥʥʦ-ʥʘʩʣʽʜʢʦʚʠʭ ʚʽʜʥʦʰʝʥʴ. ɺʚʝʜʝʥʥʷ 

ʚʽʜʧʦʚʽʜʥʦ ʪʘʙʣʠʮʽ ʟʘʚʜʘʥʴ ʚʩʽʭ ʧʦʯʘʪʢʦʚʠʭ ʜʘʥʠʭ ʡ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʚʦʜʠʪʴ IAS 

ʚʨʫʯʥʫ. ʊʘʙʣʠʯʥʠʡ ʧʨʦʮʝʩʦʨ ʧʦʙʫʜʦʚʘʥʠʡ ʟʘʚʜʷʢʠ ʦʧʠʩʫ ʬʫʥʢʮʽʡ, ʷʢʽ 

ʘʚʪʦʤʘʪʠʯʥʦ ʦʙʯʠʩʣʶʶʪʴʩʷ ʜʣʷ ʟʥʘʯʝʥʥʷ ʩʪʘʥʽʚ ʫ ʰʝʩʪʠʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ 

3 3n= + ʤʝʪʨʠʟʦʚʘʥʦʛʦ ʇʏʂ. ʇʦʪʦʯʥʽ ʦʮʽʥʢʠ ʚʠʪʨʘʪ ʥʘ ʟʘʚʝʨʰʝʥʽ ʝʪʘʧʠ 

ʜʦʟʚʦʣʷʶʪʴ ʬʽʢʩʫʚʘʪʠ ʨʽʟʥʽ ʚʠʪʨʘʪʠ ʨʝʘʣʽʟʘʮʽʾ ʩʪʨʘʪʝʛʽʡ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʣʘʥʫ-

ʛʨʘʬʽʢʫ ʢʦʦʨʜʠʥʦʚʘʥʠʭ ʨʦʙʽʪ. ʇʦʨʽʚʥʷʥʥʷ ʢʝʨʦʚʘʥʠʭ ʚʘʨʽʘʥʪʽʚ ʥʘʡʢʨʘʱʦʛʦ 

ʊʊʈ ʟʘʙʝʟʧʝʯʫʻ ʟʥʘʥʥʷ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʩʪʚʦʨʝʥʥʷ ʇʌʄ. 

ɺʠʟʥʘʯʠʤʦ ʨʽʚʥʽ ʩʪʨʫʢʪʫʨʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʉɼʉ ʨʝʘʣʴʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ɺʩʝʩʚʽʪʫ 

1. ɹʘʟʦʚʠʡ ʩʢʣʘʜ ʝʣʝʤʝʥʪʽʚ - ʯʘʩʪʦʢ (ʥʝʡʪʨʦʥ, ʧʨʦʪʦʥ, ʝʣʝʢʪʨʦʥ), ʷʢʽ 

ʟʜʘʪʥʽ ʚ ʙʘʟʦʚʠʭ ʫʤʦʚʘʭ ɿʅʆʉ ʬʦʨʤʫʚʘʪʠ 910-  ʘʪʦʤʘʨʥʠʡ ʥʘʥʦʨʽʚʝʥʴ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʫʛʨʫʧʫʚʘʥʴ. ʅʫʣʴʦʚʠʡ ʘʚʪʦʤʘʪʠʯʥʠʡ ʦʧʠʩ ʩʠʤʧʣʝʢʩʽʚ ʟʘ ʫʤʦʚ 

ʥʘʟʚ ʙʝʟ ʪʨʘʜʠʮʽʡ ʜʝʢʦʤʧʦʟʫʚʘʪʠ ʪʘ ʨʦʟʯʣʝʥʫʚʘʪʠ ʥʘ ʙʽʣʴʰ ʜʨʽʙʥʽ ʯʘʩʪʢʠ [10]. 

2. ɸʪʦʤʥʦ-ʤʦʣʝʢʫʣʷʨʥʠʡ ʩʢʣʘʜ ʨʝʯʦʚʠʥ, ʷʢʽ ʤʘʶʪʴ ʽʥʜʠʚʽʜʫʘʣʴʥʫ ʉʆʉ 

ʦʨʛʘʥʽʟʘʮʽʡʥʦʾ ʙʫʜʦʚʠ. ʇʝʨʰʠʡ ʦʧʠʩ ʩʠʤʧʣʝʢʩʽʚ ʧʨʠʯʠʥʥʦ-ʥʘʩʣʽʜʢʦʚʦʛʦ 

ʧʝʨʝʭʦʜʫ ʢʽʣʴʢʽʩʥʦʛʦ ʧʦʻʜʥʘʥʥʷ ʚʽʜʥʦʩʠʥ ʜʦ ʧʦʷʚʠ ʥʦʚʠʭ ʛʨʫʧʦʚʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ. ʅʦʚʘ ʷʢʽʩʪʴ ʦʙʫʤʦʚʣʝʥʘ ʟʘ ʨʘʭʫʥʦʢ ʥʦʚʦʾ ʢʦʤʧʦʟʠʮʽʡʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʪʘ ʚʽʜʧʦʚʽʜʥʠʭ ʧʨʠʨʦʜʥʠʭ ʫʤʦʚ ʜʦ ʟʙʝʨʝʞʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʜʘʥʦʾ 

ʝʣʝʤʝʥʪʘʨʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʟʛʽʜʥʦ ʟʘʢʦʥʫ ʭʽʤʽʯʥʠʭ ʧʝʨʽʦʜʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

3. ʂʣʽʪʠʥʥʠʡ ʩʢʣʘʜ ʟ ʚʣʘʩʥʦʶ ʚʥʫʪʨʽʰʥʴʦʶ ʦʨʛʘʥʽʟʘʮʽʻʶ. ɺʽʥ 

ʟʘʙʝʟʧʝʯʫʻ ʧʨʷʤʽ ʡ ʟʚʦʨʦʪʥʽ ʷʚʠʱʘ (ʽʥʪʝʛʨʘʮʽʾ ʪʘ ʜʽʣʝʥʥʷ, ʨʦʟʚʠʪʢʫ ʪʘ 

ʜʝʢʦʤʧʦʟʠʮʽʾ, ʟʣʠʪʪʷ ï ʧʦʻʜʥʘʥʥʷ ʪʘ ʩʪʽʡʢʦʩʪʽ-ʚʽʜʥʦʚʣʝʥʥʷ). ɼʨʫʛʠʡ ʦʧʠʩ 

ʩʠʤʧʣʝʢʩʽʚ ʟ ʪʠʧʦʚʠʤʠ ʩʪʨʫʢʪʫʨʥʦ-ʦʨʛʘʥʽʟʘʮʽʡʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʚʠʟʥʘʯʘʻ ʨʦʣʴ 

ʢʦʥʪʘʢʪʥʠʭ ʫʤʦʚ ɿʅʆʉ ʪʘ ʧʦʚʝʨʭʥʝʚʦ-ʦʙôʻʤʥʠʭ ʬʦʨʤ ʚʟʘʻʤʦʜʽʾ ʢʣʽʪʠʥʥʦʛʦ 
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ʧʨʦʩʪʦʨʫ. ʂʦʣʠ ʽʥʰʽ ʫʤʦʚʠ ʇʏʂ ʩʧʨʠʷʪʣʠʚʽ ʜʣʷ ʧʨʦʥʠʢʥʝʥʥʷ ʤʝʥʰʠʭ ʯʘʩʪʦʢ 

ɿʅʆʉ ʨʝʯʦʚʠʥʠ ʫ ʢʣʽʪʠʥʥʠʡ ʦʙôʻʢʪ, ʪʦʜʽ ʪʘʢʽ ʷʚʠʱʘ ʪʨʝʙʘ ʦʙʯʠʩʣʶʚʘʪʠ [80]. 

4. ʄʘʪʝʨʽʘʣʴʥʦ-ʪʢʘʥʠʥʥʠʡ ʩʢʣʘʜ ʟʘʙʝʟʧʝʯʫʻ ʧʦʷʚʫ ʥʦʚʠʭ ʛʨʫʧ ʦʨʛʘʥʽʚ ʟ 

ʦʩʦʙʣʠʚʠʤʠ ʝʣʝʤʝʥʪʘʨʥʠʤʠ ʩʪʘʙʽʣʴʥʠʤʠ ʬʫʥʢʮʽʷʤʠ. ʊʨʝʪʽʡ ʦʧʠʩ ʩʠʤʧʣʝʢʩʽʚ 

ʧʨʘʚʜʦʧʦʜʽʙʥʠʭ ʦʨʛʘʥʽʚ-ʬʫʥʢʮʽʡ ʟʘʙʝʟʧʝʯʫʻ ʯʽʪʢʠʡ ʪʝʨʤʽʥʘʣʴʥʦ ʛʨʘʥʠʯʥʠʡ 

ʨʽʚʝʥʴ ʬʦʨʤʦʪʚʦʨʝʥʥʷ ʪʘ ʚʠʟʥʘʯʘʶʪʴ ʨʦʟʧʦʜʽʣ ʬʫʥʢʮʽʡ ʽʥʪʝʨʬʝʡʩʥʠʭ 

ʚʟʘʻʤʦʚʽʜʥʦʰʝʥʴ ʤʽʞ ʦʨʛʘʥʦʤ ʟ ʪʢʘʥʠʥʥʦʶ ʦʙʦʣʦʥʢʦʶ ʚʥʫʪʨʽʰʥʽʭ ʦʢʦʣʽʚ ʪʘ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ɿʅʆʉ. ʅʘ ʮʴʦʤʫ ʨʽʚʥʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʩʪʘʙʽʣʴʥʽ ʝʣʝʤʝʥʪʘʨʥʽ 

ʛʝʪʝʨʦʛʝʥʥʽ ʬʫʥʢʮʽʾ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʤʘʢʨʦʨʽʚʥʷ ʦʨʛʘʥʽʟʘʮʽʾ ʉɼʉ [107-150]. 

5. ɸʛʨʝʛʘʪʥʠʡ ʩʢʣʘʜ ʦʨʛʘʥʽʟʤʽʚ ʽ ʩʧʝʮʽʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʩʪʚʦʨʝʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʢʦʤʧʣʝʢʩʽʚ. ʆʧʠʩʠ ʚʽʜʦʙʨʘʞʫʶʪʴ ʜʠʥʘʤʽʯʥʠʡ ʨʦʟʚʠʪʦʢ ʡ 

ʜʠʬʝʨʝʥʮʽʚʁʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʴ ʚʧʣʠʚʽʚ ʪʘ ʨʝʘʛʫʚʘʥʴ ʚʥʫʪʨʽʰʥʴʦʾ ʦʨʛʘʥʽʟʘʮʽʾ 

ʚ ʢʦʥʪʘʢʪʥʠʭ ʚʫʟʣʘʭ ʚʟʘʻʤʦʜʽʾ ʛʝʪʝʨʦʛʝʥʥʠʭ ʧʨʦʮʝʩʽʚ. ʏʝʪʚʝʨʪʠʡ ʦʧʠʩ 

ʩʠʤʧʣʝʢʩʽʚ ʟʘʙʝʟʧʝʯʫʻ ʪʠʧʦʚʫ ʘʛʨʝʛʘʮʽʶ ʥʦʩʽʾʚ. ʉʫʪʪʻʚʘ ʨʽʟʥʠʮʷ ʢʣʽʪʠʥʥʠʭ ʡ 

ʤʘʪʝʨʽʘʣʴʥʦ-ʪʢʘʥʠʥʥʠʭ ʤʘʪʝʨʽʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʨʦʜʞʫʻ ʯʠ ʩʪʚʦʨʶʻ 

ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʩʧʦʣʫʢʠ. ɸʛʨʝʛʘʪʥʠʡ ʩʪʘʥ ʢʚʘʣʽʬʽʢʫʻʤʦ ʜʣʷ: ʢʦʥʩʪʨʫʢʪʠʚʥʦ -

ʪʚʝʨʜʠʭ ʪʽʣ; ʨʽʜʠʥʥʠʭ ʧʦʪʦʢʽʚ ʩʫʤʽʰʝʡ ʯʠ ʚôʷʞʫʯʠʭ; ʣʝʪʫʯʠʭ ʩʧʦʣʫʢ ʟ 

ʛʘʟʦʧʦʜʽʙʥʠʤ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʤ ʨʫʭʦʤ ʚ ʟʤʽʥʥʠʭ ʦʙôʻʤʘʭ ʉɼʉ [107-150]. 

ɼʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʦʮʽʥʶʚʘʥʥʷ ʪʘ ʧʨʠʡʥʷʪʪʷ ʧʨʦʛʥʦʟʥʠʭ 

ʨʽʰʝʥʴ ʫ ʟʤʽʥʥʠʭ ʪʘ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ (ʨʠʩ. 3.1). ɼʦʩʚʽʜ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ɻɸʋ ʨʝʘʣʴʥʠʤʠ ʉɼʉ ʜʦʟʚʦʣʷʻ ʟʘʬʽʢʩʫʚʘʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʥʬʦʣʦʛʽʯʥʠʭ ʤʦʜʝʣʝʡ ʚ ʇɸʂ ʂʄ-ʇɼ, ʷʢʘ ʫ ʚʠʛʣʷʜʽ ʥʘʩʪʘʥʦʚ 

ʜʽʾ (ʱʦ ʟʨʦʙʠʪʠ) ʭʘʨʘʢʪʝʨʠʟʫʻ ʥʘʩʪʫʧʥʽ ʤʝʪʦʜʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ [107-150]. 

ʈ1. ʏʽʪʢʽʩʪʴ ʧʨʝʜʠʢʘʪʠʚʥʠʭ ʧʦʥʷʪʴ ʪʝʦʨʽʾ ʪʘ ʧʨʘʢʪʠʢʠ ʚ ʦʧʠʩʘʭ ɭɯʇ. 

ʈ2. ʆʜʥʦʟʥʘʯʥʽʩʪʴ ʟʘʚʜʘʥʴ ʩʪʨʘʪʠʬʽʢʘʮʽʾ, ʫʥʽʬʽʢʘʮʽʾ, ʜʝʢʦʤʧʦʟʠʮʽʾ ʪʘ 

ʽʻʨʘʨʭʽʯʥʠʭ ʚʽʜʥʦʰʝʥʴ ʧʦʚʥʦʛʦ ʢʦʥʪʝʢʩʪʫ ʛʨʫʧʦʚʠʭ ʪʠʧʦʚʠʭ ʩʠʪʫʘʮʽʡ. 

ʈ3. ɭʜʥʽʩʪʴ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʛʦ ʚʝʢʪʦʨʫ <ʤʝʪʘ, ʤʦʜʝʣʽ, 

ʤʝʪʦʜʠ, ʟʘʩʦʙʠ ɯʊ, ʥʘʩʪʘʥʦʚʠ-ʜʠʨʝʢʪʠʚʠ, ʰʚʠʜʢʽ ʜʽʾ, ʷʢʽʩʥʽ ʊʊʈ>. 
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ʈ4. ʅʘʢʦʧʠʯʝʥʥʷ ʧʨʘʢʪʠʯʥʦʛʦ ʜʦʩʚʽʜʫ, ʩʘʤʦʥʘʚʯʘʥʥʷ ʪʘ 

ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʷ ʚʽʜʧʦʚʽʜʥʦ ʚʠʨʽʰʝʥʴ ʪʠʧʦʚʠʭ ʟʘʜʘʯ ʪʘ ʘʣʛʦʨʠʪʤʽʯʥʦʛʦ ʦʧʠʩʫ 

ʧʨʝʜʠʢʘʪʠʚʥʠʭ ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ Big Data ʰʚʠʜʢʠʭ ʚʟʘʻʤʦʜʽʡ ʚ ʇɸʂ ʂʄ-ʇɼ.  

ʈ5. ɿʥʘʡʪʠ ʥʝʦʙʭʽʜʥʽ ʡ ʜʦʩʪʘʪʥʽ ʨʝʩʫʨʩʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʧʣʘʥʦʚʠʭ ʊʊʈ 

ʘʥʘʣʦʛʽʚ ʚ ʩʢʣʘʜʥʠʭ ʢʦʥʬʣʽʢʪʥʠʭ ʡ ʨʠʟʠʢʦʚʘʥʠʭ ʩʠʪʫʘʮʽʷʭ, ʢʦʣʠ ʥʝ ʤʦʞʣʠʚʦ 

ʟʚʝʨʪʘʪʠʩʴ ʜʦ ʝʢʩʧʝʨʪʽʚ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ çʭʤʘʨʥʠʭ ɯʊè. 

ʈ6. ɯʥʜʠʚʽʜʫʘʣʴʥʘ ʫʚʘʛʘ ʜʦ ʽʥʪʝʨʬʝʡʩʽʚ ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʢʘʥʘʣʽʚ, ʷʢʽ 

ʨʝʘʣʽʟʫʶʪʴ ʩʪʘʥʜʘʨʪ ISO-9004 ʡ ʧʨʠʥʮʠʧʠ ISO (ʚʽʜʢʨʠʪʽ ʩʠʩʪʝʤʠ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʚʟʘʻʤʦʜʽʡ) ʜʣʷ ʢʦʨʠʛʫʚʘʥʥʷ ʧʦʭʠʙʦʢ, ʚʽʜʥʦʚʣʝʥʥʷ 

ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʡ ʽʥʥʦʚʘʮʽʡʥʦʾ ʷʢʦʩʪʽ ʇɸʂ ʂʄ-ʇɼ [107-150]. 

ʈ7. ʇʨʝʜʠʢʘʪʠʚʥʽ ʧʨʘʚʠʣʘ ɯʊ ʪʘ ʬʦʨʤʘʣʽʟʦʚʘʥʠʡ ʜʦʩʚʽʜ ʧʨʘʢʪʠʢʠ 

ʩʧʨʷʤʦʚʫʚʘʪʠ ʥʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʝʪʝʨʦʛʝʥʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ, ʚʨʘʭʦʚʫʶʯʠ, 

ʱʦ ʚʠʱʝ ʦʟʥʘʯʝʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʩʪʦʩʫʶʪʴʩʷ ʚʩʽʭ ʩʫʯʘʩʥʠʭ ʬʽʟʠʯʥʠʭ ʟʘʩʦʙʽʚ. 

ʂʦʤʧʣʝʢʩʥʠʡ ʚʠʜʦʚʠʡ ʩʢʣʘʜ ʜʦʟʚʦʣʷʻ ʜʠʬʝʨʝʥʮʽʶʚʘʪʠ ʙʽʣʴʰ ʩʢʣʘʜʥʽ 

ʦʙôʻʢʪʠ (ʨʠʩ. 3.1), ʷʢʽ ʚ ʪʦʡ ʞʝ ʯʘʩ ʤʦʞʣʠʚʦ ʚʽʜʥʦʩʠʪʠ ʜʦ ʪʠʧʦʚʠʭ 

ʫʥʽʬʽʢʦʚʘʥʠʭ ʬʦʨʤ ʟ ʩʪʘʙʽʣʴʥʠʤʠ ʞʠʪʪʻʚʠʤʠ ʮʠʢʣʘʤʠ ʚʽʜʧʦʚʽʜʥʦʛʦ 

ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. ʇôʷʪʠʡ ʦʧʠʩ ʪʘʢʠʭ ʩʠʤʧʣʝʢʩʽʚ ʟʘʙʝʟʧʝʯʫʻ 

ʫʥʽʬʽʢʘʮʽʶ ʧʨʠʨʦʜʥʠʭ ʧʨʦʮʝʩʽʚ ʡ ʷʚʠʱ ʟʛʽʜʥʦ ʘʢʪʫʘʣʴʥʠʭ ʥʘʧʨʷʤʢʽʚ 

(ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʛʨʝʩʫ, ʚʢʣʶʯʘʶʯʠ ʩʪʚʦʨʝʥʥʷ ʩʢʣʘʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ 

ʥʝʦʙʭʽʜʥʠʭ) ʟʘ ʧʦʪʨʝʙ ʢʦʥʩʪʨʫʢʮʽʡ ʚʽʜʧʦʚʽʜʥʦ ʨʦʟʚʠʪʢʫ ɯʊʉ [33, 62, 95]. 

ɽʨʛʘʪʠʯʥʠʡ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʡ ʩʢʣʘʜ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʉɼʉ ʜʦʟʚʦʣʷʻ 

ʚʠʟʥʘʯʘʪʠ ʩʪʘʥʠ ʡ ʧʨʦʮʝʩʠ ʟ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʤʠ ʷʚʠʱʘʤʠ ʩʘʤʦʨʝʛʫʣʷʮʽʾ, 

ʩʘʤʦʚʽʜʥʦʚʣʝʥʥʷ, ʩʘʤʦʫʧʨʘʚʣʽʥʥʷ, ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ. ʐʦʩʪʠʡ ʨʽʚʝʥʴ ʦʧʠʩʫ 

ʪʘʢʠʭ (ʅʄɯ) ʩʠʤʧʣʝʢʩʽʚ ʟʘʯʽʧʘʻ ʤʦʚʥʽ ʣʽʥʛʚʽʩʪʠʯʥʽ ʬʦʨʤʠ ʧʨʦʷʚʫ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʚʽʜʥʦʩʠʥ ʜʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʦʙʦʚôʷʟʢʦʚʠʭ ʦʟʥʘʢ ʞʠʪʪʷ. ʊʦʤʫ 

ʽʥʬʦʣʦʛʽʯʥʽ ʤʦʜʝʣʽ ʧʦʚʠʥʥʽ: ʦʧʠʩʫʚʘʪʠ ʦʙʤʽʥʠ ʨʝʯʦʚʠʥ, ʝʥʝʨʛʽʾ, ʽʥʬʦʨʤʘʮʽʾ; 

ʜʝʪʘʣʽʟʫʚʘʪʠ ʥʝʧʝʨʝʨʚʥʽʩʪʴ, ʜʠʩʢʨʝʪʥʽʩʪʴ, ʮʽʣʽʩʥʽʩʪʴ; ʧʝʨʝʜʙʘʯʘʪʠ 

ʜʝʬʝʢʪʦʫʪʚʦʨʝʥʥʷ, ʚʽʜʥʦʚʣʝʥʥʷ, ʨʽʚʥʽ ʧʦʜʽʙʥʦʩʪʽ; ʩʧʨʷʤʦʚʫʚʘʪʠ ʩʪʚʦʨʝʥʥʷ 

ʞʠʚʫʯʦʩʪʽ, ʨʦʟʚʠʪʢʫ, ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʩʪʽʡʢʦʩʪʽ ʜʦ ʚʧʣʠʚʽʚ ʡʤʦʚʽʨʥʠʭ 

ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʬʘʢʪʦʨʽʚ ɿʅʆʉ. 
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ʈʠʩʫʥʦʢ 3.2 ʇʨʠʢʣʘʜ ER-ʜʽʘʛʨʘʤʠ ʜʽʘʣʦʛʫ, ʷʢ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʜʽʾ 

ʽʥʪʝʨʬʝʡʩʥʠʭ ʢʦʤʫʥʽʢʘʮʽʡ ʚ ʧʦʣʽʝʨʛʘʪʠʯʥʽʡ ʩʠʩʪʝʤʽ ʥʘ ʙʘʟʽ ʇɸʂ ʂʄ-ʇɼ  

 

IAS 
OS Windows  

ʂʄ-ʇɼ 

ʂʘʪʘʣʦʛ ʇɸʂ 

ʇɯʄ ʚ ɭɯʇ 

Internet 

ʉʭʦʚʠʱʘ 

ʃʽʥʛʚʽʩʪʠʯʥʽ ʬʦʨʤʠ 

ʚʚʝʜʝʥʥʷ ʟʘʤʦʚʣʝʥʥʷ 

ʎʽʣʴ ʟʘʚʜʘʥʥʷ 

ʧʨʽʦʨʠʪʝʪ ʟʥʘʥʥʷ 

ʄʦʥʽʪʦʨ ʇɸʂ 

ɼʽʘʣʦʛ IAS 

ʇʘʤ'ʷʪʴ ʂʄ-ʇɼ 

ʇɯʄ - ʢʣʶʯʽ 

ɹ̔ ʙʣ̔ʦʪʝʢʘ ɯʊ 

ɹɿ, ɹɼ, ʊʇʄ, ʇɯʄ 

Agile ʮʠʢʣʠ ʪʘ ʩʫʩʧʽʣʴʥʠʡ ʤʫʣʴʪʠʘʛʝʥʪʥʠʡ ʻʜʠʥʠʡ ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʧʨʦʩʪʽʨ (ɭɯʇ) ʦʙʽʟʥʘʥʦʩʪʽ 

ɭɯʇ 

ɼʦʢʫʤʝʥʪʘʣʴʥʦ ʫʟʛʦʜʞʝʥʽ ʧʦʨʮʽʾ ʟʘʚʜʘʥʥʷ 

ʉʊɼʂ - ʂʦʥʪʨʦʣʴ 

ʨʝʛʣʘʤʝʥʪʽʚ  

ʊ
ʠ
ʧ
ʦ
ʚ
ʽ
 
ʩ
ʠ
ʪ
ʫ
ʘ
ʮ
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ʾ

 ʢ
ʦ
ʤ
ʫ
ʥ
ʽ
ʢ
ʘ
ʮ
ʽ
ʡ
ʥ
ʠ
ʭ
 
ʜ
ʽ
ʘ
ʣ
ʦ
ʛ
ʽ
ʚ

 

ʇʦʚʥʝ 

ʚʽʜʥʦʚʣʝʥʥʷ 

ʨʝʛʣʘʤʝʥʪʫ 

ʉʪʘʪʫʩ  

ʟʘʷʚʢʠ 

ɿʘʷʚʢʠ ʇɯʄ ʬʦʨʤ    ʥʘ   ʩʠʪʫʘʪʠʚʥʽ ʦʙôʻʢʪʠ 

ʍ
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ʘ
ʨ
ʥ
ʽ
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ʦ
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ʧ
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ʣ
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ʟ
ʘ
ʩ
ʦ
ʙ
ʠ
 
ɯ
ʊ

 

ɼʚʽʡʢʦʚʽ ʇɯʄ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʦʾ ʘʚʪʦʤʘʪʠʟʘʮʽʾ 

ɿʚʽʪʠ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʷ 

ʨʝʟʫʣʴʪʘʪʽʚ  

ʇɽɺʆ 

ʌʦʨʤʠ ʜʦʢʫʤʝʥʪʽʚ 

ʄʦʚʥʠʡ  

ʧʦʪʦʯʥʠʡ ʽʥʪʝʣʝʢʪ 

ʽʥʪʝʨʬʝʡʩʫ 

ɭɯʇ 

ɸɺɯɼʆ 

ʟʘʜʫʤ 

ʟʘʚʜʘʥʥʷ 

ʆʧʠʩ ʧʦʭʠʙʦʢ 

ɯʥʪʝʣʝʢʪʫʘʣʴʥʘ 

ʧʽʜʪʨʠʤʢʘ ʜʽʘʣʦʛʫ 

ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ 

ɼʋʄ  

ʜʠʩʧʝʪʯʝʨ 

ʫʧʨʘʚʣʷʶʯʠʭ 

ʤʦʜʫʣʽʚ  

ʂʄ-ʇɼ 

ʄʦʚʥʘ ʜʦʧʦʤʦʛʘ 

ʢʦʤʝʥʪʘʨʽ 

ɹʽʪʦʚʽ  

ʢʦʨʪʝʞʽ 

ʉʄʆ 

ɸʚʪʦʤʘʪʠʯʥʝ 

ʦʙʩʣʫʛʦʚʫʚʘʥ

ʥʷ ʜʠʨʝʢʪʠʚ 

ʪʘ ʥʘʢʘʟʽʚ 

 






































































































































































































































































