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ʆɿʇ ï ʦʧʝʨʘʪʠʚʥʠʡ ʟʘʧʘʤôʷʪʦʚʫʶʯʠʡ ʧʨʠʩʪʨʽʡ 

ʆʄʈ ï ʦʜʠʥʠʮʷ ʤʦʣʦʜʰʦʛʦ ʨʦʟʨʷʜʫ 

ʆʇ ï ʦʧʝʨʘʮʽʡʥʠʡ ʧʽʜʩʠʣʶʚʘʯ 

ʇɸʍ ï ʧʦʚʝʨʭʥʝʚʽ ʘʢʫʩʪʠʯʥ ̔ʭʚʠʣʽ 

ʇɺɿ ï ʧʨʠʩʪʨʽʡ ʚʠʙʽʨʢʠ ʽ ʟʘʧʘʤôʷʪʦʚʫʚʘʥʥʷ  
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ʇɺʇ ï ʧʝʨʚʠʥʥʠʡ ʚʠʤʽʨʶʚʘʣʴʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ 

ʇɿʇ ï ʧʦʩʪʽʡʥʠʡ ʟʘʧʘʤôʷʪʦʚʫʶʯʠʡ  ʧʨʠʩʪʨʽʡ 

ʇʂ ï ʧʝʨʩʦʥʘʣʴʥʳʡ ʢʦʤʧôʁ ʪʝʨ 

ʇʅʏ ï ʧʝʨʝʪʚʦʨʶʚʘʯ ʥʘʧʨʫʛʘ-ʯʘʩʪʦʪʘ 

ʇɿ ï ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʇʇ ï ʧʨʠʡʤʘʯ-ʧʝʨʝʜʘʚʘʯ 

ʇʇʇ ï ʧʝʨʝʪʚʦʨʶʚʘʯ ʧʨʦʬ̔ʣʁ  ʧʦʚʝʨʭʥ ̔

ʇɯɺʉ ï ʧʦʣ̔ʤʝʪʨʠʯʥʘ ̔ʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤ̔ʨʁ ʚʘʣʴʥʘ ʩʠʩʪʝʤʘ 

ʈɿʇ ï ʨʝʛ̔ʩʪʨ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ 

ʈʇʅ ï ʨʝʛ̔ʩʪʨ ʧʦʩʣʜ̔ʦʚʥʦʛʦ ʥʘʙʣʠʞʝʥʥ̫ 

ʈʃɯ ï ʨʝʚʝʨʩʠʚʥʠʡ ʣʽʯʠʣʴʥʠʢ ̔ʤʧʫʣʴʩʚ̔ 

ʈʋ ï ʨ̔ʟʥʠʮʝʚʝ ʨʽʚʥʷʥʥʷ 

ʉ ï ʩʝʥʩʦʨ 

ʉɼ ï ʩʠʩʪʝʤʘ ʜʘ̔ʛʥʦʩʪʠʢʠ 

ʉɯ ï ʩʠʩʪʝʤʘ ʜ̔ʝʥʪʠʬʢ̔ʘʮ̔ʾ 

ɿɺʊ ï ʟʘʩʦʙʠ ʚʠʤʽʨʶʚʘʣʥɹʦʾ ʪʝʭʥʢ̔ʠ 

ʉʂ ï ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣ ʁ

ʉʂɺ ï ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ 

ʉʈʆ ï ʩʠʩʪʝʤʘ ʨʦʟʧ̔ʟʥʘʚʘʥʥ̫  ʦʙʨʘʟʚ̔ 

ʉɿɼ ï ʩʠʩʪʝʤʘ ʟʙʠʨʘʥʥʷ ʜʘʥʠʭ 

ʉʊʄ ï ʩʢʘʥʫʶʯʠʡ ʪʫʥʝʣʴʥʠʡ ʤ̔ʢʨʦʩʢʦʧ 

ʉʂ ï ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ 

ʊɿ ï ʪʝʭʥʯ̔ʥʝ ʟʘʚʜʘʥʥ ̫

ʊɯɺʉ ï ʪʝʣʝʤʝʪʨʠʯʥʘ ̔ʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʘ ʩʠʩʪʝʤʘ 

ʊʆ ï ʪʝʨʤʦʤʝʪʨ ʦʧʦʨʫ 

ʇɺɿ ï ʧʨʠʩʪʨʽʡ ʚʠʙ̔ʨʢʠ / ʟʙʝʨʽʛʘʥʥʷ 

ʌʄ ï ʬʘʟʦʚʘ ʤʦʜʫʣʷʮʽʷ 

ʌʅʏ ï ʬ̔ʣʴʪʨ ʥʠʞʥʭ̔ ʯʘʩʪʦʪ 

ʌʏʍ ï ʬʘʟʦʯʘʩʪʦʪʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʍ̔ʤʇʊ ï ʭ̔ʤ̔ʯʥʠʡ ʧʦʣʴʦʚʠʡ ʪʨʘʥʟʠʩʪʦʨ 

ʎɸʇ ï ʮʠʬʨʦ-ʘʥʘʣʦʛʦʚʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ 

ʏʄ ï ʯʘʩʪʦʪʥʦʤʦʜʫʣʴʦʚʘʥʠʡ ʩʠʛʥʘʣ 

ʐɯʄ ï ʰʠʨʦʪʥʦ- ʤ̔ʧʫʣʴʩʥʘ ʤʦʜʫʣʷʮʠ̔ ̫

ʐʇʌ ï ʰʚʠʜʢʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨʴʝ 

USB ï ʫʥ̔ʚʝʨʩʘʣʴʥʘʷ ʧʦʩʣʜ̔ʦʚʥʘ ʰʠʥʘ 
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ʇɽʈɽɼʄʆɺɸ 
 

ɿ ʤʦʤʝʥʪʫ ʧʫʙʣʽʢʘʮʽʾ ʧʽʜʨʫʯʥʠʢʘ çʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚ rʠʥʬʦʨ-

ʤʘʮʠʦʥʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠè (1976 ʨ.) ʚʽʜʦʤʦʛʦ ʚʯʝʥʦʛʦ ʚ ʛʘʣʫʟʽ 

ʚʠʤʽʨʶʚʘʥʴ ʇ.ʇ. ʆʨʥʘʪʩʴʢʦʛʦ ʧʨʦʡʰʣʦ ʙʽʣʴʰʝ 40-ʘ ʨʦʢʽʚ. ɸʚʪʦʨʠ ʮʴʦ-

ʛʦ ʚʠʜʘʥʥʷ ʫʷʚʣʷʶʪʴ ʚʩʽ ʪʨʫʜʥʦʱʽ ʧʦʜʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʟ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ (ɯɺʉ). ʋ ʚʠʜʘʥʥʽ ʟʙʝʨʝʞʝʥʘ ʤʝʪʦʜʠʢʘ ʚʠʢʣʘ-

ʜʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʟʛʘʜʘʥʦʛʦ ʚʠʱʝ ʧʽʜʨʫʯʥʠʢʘ ï ʪʝʦʨʝʪʠʯʥʽ ʦʩʥʦʚʠ ʘʜʘʧ-

ʪʦʚʘʥʽ ʜʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʩʥʦʚʥʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʤʦʜʫʣʽʚ ɯɺʉ. 

ʊʝʦʨʝʪʠʯʥʽ ʦʩʥʦʚʠ ɯɺʉ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝʪʦʜʠ ʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽ-

ʜʞʝʥʴ ʥʠʟʢʠ ʧʨʠʨʦʜʥʠʯʠʭ ʥʘʫʢ, ʚʢʣʶʯʘʶʯʠ ʩʫʯʘʩʥʫ ʤʘʪʝʤʘʪʠʢʫ ʽ ʬʽ-

ʟʠʢʫ, ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʨʽʟʥʦʧʣʘʥʦʚʠʭ ʟʘʚʜʘʥʴ ʚʠʤʽʨʶ-

ʚʘʥʴ. 

ʊʝʦʨʝʪʠʯʥʽ ʦʩʥʦʚʠ ɯɺʉ ʫʤʦʚʥʦ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʚʘ ʥʘʧʨʷʤʠ: 

ʦʩʥʦʚʠ ʨʦʟʨʦʙʣʝʥʥʷ ʽ ʩʪʚʦʨʝʥʥʷ ɯɺʉ ʷʢ ʪʝʭʥʽʯʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʦʩʥʦʚʠ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ɯɺʉ ʷʢ ʘʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʥʥʷ, ʱʦ 

ʚʽʜʦʙʨʘʞʘʶʪʴ ʭʘʨʘʢʪʝʨʥʽ ʩʧʝʮʠʬʽʢʫ ʪʘ ʦʩʦʙʣʠʚʦʩʪʽ ʩʧʽʣʴʥʦʩʪʽ ʽ ʢʦʥʢ-

ʨʝʪʠʢʠ ʧʨʦʚʝʜʝʥʥʷ ʧʨʦʮʝʩʽʚ ʚʠʤʽʨʶʚʘʥʥʷ. 

ʋ ʮʽʡ ʢʥʠʟʽ (2-ʝ ʚʠʜʘʥʥʷ) ʚʠʢʣʘʜʝʥʽ, ʚ ʦʩʥʦʚʥʦʤʫ, ʤʘʪʝʨʽʘʣʠ ʜʨʫʛʦ-

ʛʦ ʥʘʧʨʷʤʫ ʜʦʩʣʽʜʞʝʥʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ɯɺʉ. 

ʇʨʦʮʝʩ ʚʠʤʽʨʶʚʘʥʥʷ ʻ ʨʝʘʣʽʟʘʮʽʻʶ ʪʝʦʨʽʾ, ʤʝʪʦʜʦʣʦʛʽʾ ʪʘ ʧʨʘʢʪʠʢʠ, 

ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʟʘʩʦʙʠ ʚʠʤʽʨʶʚʘʥʥʷ, ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʡ ʨʝʩʫʨʩ ʜʦ-

ʩʣʽʜʥʠʢʽʚ ʧʨʠ ʧʦʩʪʘʥʦʚʮʽ ʽ ʚʠʢʦʥʘʥʥʽ ʟʘʚʜʘʥʴ ʚʠʤʽʨʶʚʘʥʥʷ, ʦʙˇʨʫʥʪʫ-

ʚʘʥʥʷ ʤʝʪʦʜʫ ʚʠʤʽʨʶʚʘʥʥʷ, ʚʠʢʦʥʘʥʥʷ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ, 

ʨʦʟʨʦʙʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ, ʘʣʛʦʨʠʪʤʽʯʥʦʛʦ ʪʘ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝ-

ʯʝʥʥʷ ʜʣʷ ʦʧʨʘʮʶʚʘʥʥʷ ʜʘʥʠʭ ʚʠʤʽʨʶʚʘʥʴ, ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʫ ʽ 

ʚʠʟʥʘʯʝʥʥʷ ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʴ. 

ʂʣʘʩʠʯʥʽ ʦʧʝʨʘʮʽʾ ʧʨʦʮʝʩʫ ʚʠʤʽʨʶʚʘʥʥʷ ʜʦʧʦʚʥʝʥʽ ʦʧʝʨʘʮʽʷʤʠ ʟʘ-

ʭʠʩʪʫ ʜʘʥʠʭ ʚʠʤʽʨʶʚʘʥʴ, ʪʠʤ ʩʘʤʠʤ ʚʽʜʦʙʨʘʞʝʥʽ ʩʫʯʘʩʥʽ ʪʝʥʜʝʥʮʽʾ ʟʘ-

ʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. 

ʇʨʦʮʝʩ ʚʠʤʽʨʶʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʦʩʣʽʜʦʚʥʠʤ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʜʚʦʭ ʤʽʨ: ʬʽʟʠʯʥʦʾ ʤʽʨʠ (ʦʜʠʥʠʮʽ ʘʙʦ ʰʢʘʣʠ) ʧʨʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ 

ʾʾ ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʟʥʘʯʝʥʥʷʤ ʚʠʤʽʨʶʚʘʥʦʾ ʚʝʣʠʯʠʥʠ, ʘ ʪʘʢʦʞ ʥʦʨʤʦʚʘʥʦʾ 

ʽʤʦʚʽʨʥʽʩʥʦʾ ʤʽʨʠ ʜʣʷ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʫ ʚʠʤʽʨʶ-

ʚʘʥʥʷ ʽ ʡʦʛʦ ʷʢʦʩʪʽ (ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʦʯʥʦʩʪʽ). 

ɯɺʉ ʻ ʧʨʦʜʫʢʪʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʛʦ, ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʛʦ, ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ, ʚʠʨʦʙʥʠʯʦʛʦ, ʝʢʦʥʦʤʽʯʥʦʛʦ ʪʘ ʽʥʰʠʭ ʨʝʩʫʨʩʽʚ, ʽ ʚ 

ʽʥʪʝʛʨʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʚʽʜʦʙʨʘʞʘʻ ʨʽʚʝʥʴ ʨʦʟʚʠʪʢʫ ʽ ʤʦʞʣʠʚʦʩʪʽ ʽʥʬʦ-
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ʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ ʚ ʮʽʣʦʤʫ ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʥʘʫʢʦʚʦ-

ʧʨʠʢʣʘʜʥʠʭ ʟʘʚʜʘʥ ɹʤʝʪʨʦʣʦʛʽʾ. 

ʉʫʯʘʩʥʽ ɯɺʉ ʤʦʞʫʪʴ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʽ ʷʢ: 

ʨʝʘʣʴʥʽ ʘʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ ʚʠʤʽʨʶʚʘʥʴ; 

ʚʽʨʪʫʘʣʴʥʽ ɯɺʉ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʤʦʜʝʣʶʚʘʥʥʷ, ʚʢʣʶʯʘʶʯʠ ʽʤʽʪʘʮʽʡʥʝ, ʤʘʪʝ-

ʤʘʪʠʯʥʝ, ʬʽʟʠʯʥʝ, ʟ ʰʠʨʦʢʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʘʩʦʙʽʚ ʢʦʤʧ'ʶʪʝʨʥʦʾ  

ʪʝʭʥʽʢʠ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʽʤʽʪʘʮʽʡʥʦʛʦ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ. 

ɺʽʨʪʫʘʣʴʥʽ ɯɺʉ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʨʝʘʣʴʥʠʤʠ ʤʘʶʪʴ ʨʷʜ ʧʝʨʝʚʘʛ, ʾʭ ʨʝ-

ʘʣʽʟʘʮʽʷ ʚʠʤʘʛʘʻ ʤʝʥʰʠʭ ʯʘʩʦʚʠʭ, ʚʠʨʦʙʥʠʯʠʭ ʽ ʬʽʥʘʥʩʦʚʠʭ ʚʠʪʨʘʪ. 

ʆʜʥʘʢ, ʚ ʨʷʜʽ ʚʠʧʘʜʢʽʚ ʪʘʢʽ ɯɺʉ ʯʝʨʝʟ ʽʥʬʦʨʤʘʮʽʡʥʫ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ 

ʦʙ'ʻʢʪʘ ʚʠʤʽʨʶʚʘʥʴ ʥʝ ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʦʪʨʠʤʘʥʥʷ ʦʙ'ʻʢʪʠʚʥʠʭ ʜʦ-

ʩʪʦʚʽʨʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʽ ʪʦʤʫ ʧʦʪʨʽʙʥʦ ʧʨʦʚʝʩʪʠ ʥʘʪʫʨʥʠʡ ʚʠʤʽʨʶʚʘʣʴ-

ʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʝʘʣʴʥʠʭ ʩʠʩʪʝʤ. 

ʇʦʪʝʥʮʽʡʥʽ ʤʦʞʣʠʚʦʩʪʽ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤ ʥʘ ʝʪʘʧʽ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ 

ʨʦʟʚʠʪʢʫ ʩʫʩʧʽʣʴʩʪʚʘ ʟʥʘʯʥʦ ʟʨʦʩʣʠ, ʱʦ ʩʧʨʠʷʻ ʷʢ ʨʦʟʰʠʨʝʥʥʶ ʧʨʝʜ-

ʤʝʪʥʠʭ ʦʙʣʘʩʪʝʡ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʪʘʢ ʽ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʽʜʦʤʠʭ ʽ ʚʠʨʽʰʝʥʥʷ ʥʦʚʠʭ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʠʭ ʟʘʚʜʘʥ ɹ

ʚʠʤʽʨʶʚʘʥʴ. 

ʋ ʧʨʦʛʥʦʟʘʭ ʨʦʟʚʠʪʢʫ ɯɺʉ ʘʚʪʦʨʠ ʩʦʣʽʜʘʨʥʽ ʟ ʽʥʰʠʤʠ ʢʦʣʝʛʘʤʠ - 

ʬʘʭ̔ʚʮʷʤʠ ʟ ʚʠʤʽʨʶʚʘʥʴ. ʅʽʷʢʽ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦ-

ʛʽʡ ʚʠʤʽʨʶʚʘʥɹ, ʚʢʣʶʯʘʶʯʠ ʢʦʤʧ'ʶʪʝʨʥʽ ʪʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʽ, ʥʝ ʧʨʠʚʝʣʠ, 

ʥʝ ʧʨʠʚʦʜʷʪʴ ʽ ʥʝ ʤʦʞʫʪʴ ʦʯʝʚʠʜʥʦ ʧʨʠʚʝʩʪʠ ʚ ʤʘʡʙʫʪʥʴʦʤʫ ʜʦ ʨʦʟʰʠ-

ʨʝʥʥʷ ʥʦʤʝʥʢʣʘʪʫʨʠ ʚʠʤʽʨʶʚʘʥʴ ʚʝʣʠʯʠʥ ʧʦʢʠ ʚʽʜʩʫʪʥʽ ʚʽʜʧʦʚʽʜʥʽ ʩʝʥ-

ʩʦʨʠ, ʱʦ ʬʦʨʤʫʶʪʴ ʧʝʨʚʠʥʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʠ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʚʟʘʻʤʦʜʽʾ 

ʾʭ ʟ ʦʙ'ʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ. ʇʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ɯɺʉ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʾʭ 

ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠ, ʚʢʣʶʯʘʶʯʠ ʢʚʘʥʪʦʚʫ ʤʝʪʨʦʣʦʛʽʶ ʪʘ 

ʥʘʥʦʪʝʭʥʦʣʦʛʽʾ, ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʷ ʨʦʟʨʦʙʣʝʥʥʷʤ ʥʦʚʠʭ 

ʧʨʠʥʮʠʧʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʘ ʩʪʚʦʨʝʥʥʷ ʥʘ ʾʭ ʦʩʥʦʚʽ ʥʦʚʠʭ ʚʠʜʽʚ ʩʝʥ-

ʩʦʨʽʚ. 

ɸʚʪʦʨʠ ʚʠʩʣʦʚʣʶʶʪʴ ʱʠʨʫ ʧʦʜʷʢʫ ʨʝʮʝʥʟʝʥʪʘʤ - ʘʢʘʜʝʤʽʢʫ ʅɸʅ 

ʋʢʨʘʾʥʠ, ʜʦʢʪʦʨʫ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨʫ ɹ.ʉ. ʉʪʦʛʥʽʶ (ɯʥʩʪʠʪʫʪ 

ʝʣʝʢʪʨʦʜʠʥʘʤʽʢʠ ʅɸʅ ʋʢʨʘʾʥʠ) ʪʘ ʜʦʢʪʦʨʫ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨʫ, 

ʟʘʚʽʜʫʚʘʯʫ ʢʘʬʝʜʨʠ ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ʽʤʝʥʽ ʆ. ɻʦʥʯʘʨʘ ɺ.ʇ. ʄʘʣʘʡʯʫʢʫ ʟʘ ʟʘʫʚʘʞʝʥʥʷ ʪʘ ʨʝʢʦʤʝʥʜʘʮʽʾ ʚ 

ʥʘʧʠʩʘʥʥʽ ʢʥʠʛʠ. 

 

ʂʠʾʚ, ʚʝʩʥʘ 2017                                                       ɺʽʜ ʘʚʪʦʨʚ̔
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1.1. ʆʩʥʦʚʥʽ ʟʘʚʜʘʥʥʷ ʚʠʤʽʨʶʚʘʥʴ 
 

ʈʦʣʴ ʚʠʤʽʨʶʚʘʥʴ ʫ ʧʽʟʥʘʥʥʽ ʩʚʽʪʫ. ʇʝʨʰʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ 

ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʜʘʚʥʽʭ ʯʘʩʽʚ  ʩʪʘʥʦʚʣʝʥʥʷ ʞʠʪʪʷ ʽ ʩʚʽʜʦʤʦʾ 

ʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʠ ʥʘ ɿʝʤʣʽ. ʗʢ ʣʽʯʙʘ ʽ ʦʙʯʠʩʣʶʚʘʥʥʷ, ʚʠʤʽʨʶʚʘʥʥʷ 

ʧʦʩʣʫʞʠʣʠ ʚʽʜʧʨʘʚʥʦʶ ʪʦʯʢʦʶ ʧʦʷʚʠ ʤʘʪʝʤʘʪʠʯʥʠʭ ʜʠʩʮʠʧʣʽʥ, ʚ ʧʝʨ-

ʰʫ ʯʝʨʛʫ ʛʝʦʤʝʪʨʽʾ, ʘ ʚ ʧʦʜʘʣʴʰʦʤʫ ʩʪʘʣʠ ʧʦʪʫʞʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʨʦ-

ʟʚʠʪʢʫ ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠ. ɯʩʪʦʨʽʷ ʟʝʤʥʦʾ ʮʠʚʽʣʽʟʘʮʽʾ ï ʮʝ ʰʣʷʭ, ʷʢʠʡ 

ʧʨʦʡʰʣʦ ʣʶʜʩʪʚʦ ʚʽʜ ʥʘʡʧʨʦʩʪʽʰʠʭ ʚʠʤʽʨʶʚʘʥʴ ʦʩʥʦʚʘʥʠʭ ʥʘ ʚʠʢʦʨʠ-

ʩʪʘʥʥʽ ʦʨʛʘʥʽʚ ʧʦʯʫʪʪʽʚ ʣʶʜʠʥʠ, ʜʦ ʤʝʪʨʦʣʦʛʽʾ ï ʥʘʫʢʠ ʧʨʦ 

ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ. ʄʝʪʨʦʣʦʛʽʷ ʙʫʣʘ ʽ ʣʠʰʘʻʪʴʩʷ ʦʩʥʦʚʦʶ 

ʤʝʪʦʜʦʣʦʛʽʾ ʥʘʫʢʦʚʦʛʦ ʧʽʟʥʘʥʥʷ ʩʚʽʪʫ. 

ɼʣʷ  ʧʨʘʢʪʠʢʠ ʚʠʤʽʨʶʚʘʥʴ ʚ ʩʪʨʫʢʪʫʨʽ ʤʝʪʨʦʣʦʛʽʾ ʚʠʜʽʣʷʶʪʴ 

ʥʘʩʪʫʧʥʽ ʥʘʧʨʷʤʠ: 

ʪʝʦʨʽʶ ʚʠʤʽʨʶʚʘʥʴ ʚʢʣʶʯʘʶʯʠ ʪʝʦʨʝʪʠʯʥʽ ʦʩʥʦʚʠ (ʪʝʦʨʽʶ) ʽʥʬʦʨ-

ʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ ( ɯɺʉ); 

ʧʨʠʢʣʘʜʥʫ ʤʝʪʨʦʣʦʛʽʶ, ʷʢʘ ʚʢʣʶʯʘʻ ʤʝʪʦʜʠ, ʩʧʦʩʦʙʠ, ʪʝʭʥʽʯʥʽ, ʽʥ-

ʬʦʨʤʘʮʽʡʥʽ, ʧʨʦʛʨʘʤʥʽ ʪʘ ʽʥʰʽ ʟʘʩʦʙʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʻʜʥʦʩʪʽ 

ʚʠʤʽʨʶʚʘʥʴ; 

ʟʘʢʦʥʦʜʘʚʯʫ ʤʝʪʨʦʣʦʛʽʶ, ʱʦ ʚʢʣʶʯʘʻ ʟʘʢʦʥʦʜʘʚʯʽ ʘʢʪʠ, ʩʪʘʥʜʘʨʪʠ, 

ʨʝʢʦʤʝʥʜʘʮʽʾ ʪʦʱʦ, ʷʢʽ ʨʝʛʣʘʤʝʥʪʫʶʪʴʩʷ ʽ ʢʦʥʪʨʦʣʶʶʪʴʩʷ ʜʝʨʞʘʚʦʶ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʻʜʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʴ. 

ʊʝʦʨʽʷ ɯɺʉ ʻ ʦʜʥʠʤ ʟ̔ ʦʩʥʦʚʥʠʭ ʥʘʧʨʷʤʽʚ ʪʝʦʨʽʾ ʚʠʤʽʨʶʚʘʥʴ, ʙʘ-

ʟʫʻʪʴʩʷ ʥʘ ʧʦʣʦʞʝʥʥʷʭ ʽ ʤʝʪʦʜʘʭ ʥʠʟʢʠ ʧʨʠʨʦʜʥʠʯʠʭ ʽ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, 

ʚ ʪʦʤʫ ʯʠʩʣʽ, ʪʝʦʨʽʾ ʩʠʛʥʘʣʽʚ ʽ ʩʠʩʪʝʤ, ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ, ʪʝʦʨʽʾ 

ʡʤʦʚʽʨʥʦʩʪʝʡ ʽ ʚʠʧʘʜʢʦʚʠʭ ʬʫʥʢʮʽʡ, ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ, ʦʙ-

ʯʠʩʣʶʚʘʣʴʥʦʾ ʤʘʪʝʤʘʪʠʢʠ, ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ ʽ ʢʚʘʥʪʦʚʦʾ ʤʝ-

ʭʘʥʽʢʠ. ɺʦʥʠ ʻ ʪʝʦʨʝʪʠʯʥʠʤ ʙʘʟʠʩʦʤ ʽ ʚʩʽʭ ʽʥʰʠʭ ʟʘʩʦʙʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʚʠʤʽʨʶʚʘʥʴ, ʷʢʽ ʚʠʢʦʥʫʶʪʴ ʣʠʰʝ ʯʘʩʪʠʥʫ ʬʫʥʢʮʽʡ ɯɺʉ.  

ʆʙô̒ ʢʪʠ, ʧʨʝʜʤʝʪʠ ʽ ʟʘʚʜʘʥʥʷ ʚʠʤʽʨʶʚʘʥʴ. ɺʠʤʽʨʶʚʘʥʥʷ ʫ ʧʨʘʢ-

ʪʠʯʥʽʡ ʜʽʷʣʴʥʦʩʪʽ ʩʫʩʧʽʣʴʩʪʚʘ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʪʘʢ ʯʘʩʪʦ ʽ ʫ ʪʘʢʠʭ ʨʽʟʥʦ-

ʤʘʥʽʪʥʠʭ ʬʦʨʤʘʭ, ʱʦ ʚʠʥʠʢʘʻ ʭʠʙʥʘ ʜʫʤʢʘ ʧʨʦ ʾʭ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ ʽ 

ʧʨʦʩʪʦʪʫ ʨʝʘʣʽʟʘʮʽʾ ï ʽʣʶʟʽʷ ʤʦʞʣʠʚʦʩʪʽ ʚʠʤʽʨʷʪʠ ʚʩʝ ʽ ʚ ʙʫʜʴ-ʷʢʠʡ ʯʘʩ. 

ɸʣʝ ʚ ʜʽʡʩʥʦʩʪʽ ʚʠʥʠʢʘʶʪʴ ʟʥʘʯʥʽ ʪʨʫʜʥʦʱʽ ʧʦʯʠʥʘʶʯʠ ʟ ʬʦʨʤʘʣʽʟʘʮʽʾ 

ʩʘʤʦʛʦ ʧʨʦʮʝʩʫ ʚʠʤʽʨʶʚʘʥʴ, ʧʨʦʛʥʦʟʫ ʡʦʛʦ ʨʝʟʫʣʴʪʘʪʫ, ʦʮʽʥʶʚʘʥʥʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʦʯʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʫ (ʧʦʭʠʙʢʠ, ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ) ʪʘ ʽʥ.  

ʆʙô̒ ʢʪʘʤʠ ʚʠʤʽʨʶʚʘʥʥʷ ʻ ʤʥʦʞʠʥʘ ʦʙôʻʢʪʠʚʥʦ ʽʩʥʫʶʯʠʭ ʷʚʠʱ ʽ 

ʝʬʝʢʪʽʚ, ʪʽʣ ʽ ʨʝʯʦʚʠʥ ʨʽʟʥʦʾ ʬʽʟʠʯʥʦʾ ʧʨʠʨʦʜʠ ʫ ʨʽʟʥʠʭ ʧʨʝʜʤʝʪʥʠʭ 

ʦʙʣʘʩʪʷʭ. ɿ ʤʝʪʦʶ ʾʭ ʫʧʦʨʷʜʢʫʚʘʥʥʷ ʚʚʝʜʝʤʦ ʥʘʩʪʫʧʥʝ.  

ʆʙôʻʢʪʘʤʠ ʚʠʤʽʨʶʚʘʥʥʷ ʚ ʰʠʨʦʢʦʤʫ ʩʝʥʩʽ ʻ ʦʙôʻʢʪʠ ʨʽʟʥʦʾ ʧʨʠʨʦ-



ʈʦʟʜʽʣ 1. ɿʘʚʜʘʥʥʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ 
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ʜʠ, ʩʪʘʥ ʽ ʧʝʨʝʙʽʛ ʧʨʦʮʝʩʽʚ ʚ ʷʢʠʭ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʟʘ ʧʝʚʥʠʤʠ ʧʨʘʚʠʣʘ-

ʤʠ ʯʠʩʣʘʤʠ ʟ ʤʥʦʞʠʥʠ ʜʽʡʩʥʠʭ ʯʠʩʝʣ. 

ʆʙôʻʢʪʘʤʠ ʚʠʤʽʨʶʚʘʥʴ ʫ ʚʫʟʴʢʦʤʫ ʩʝʥʩʽ ʻ ʚʽʜʧʦʚʽʜʥʽ ʚʝʣʠʯʠʥʠ, ʷʢʽ 

ʟʛʽʜʥʦ ʽʩʥʫʶʯʠʭ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ ʚʠʟʥʘʯʘʶʪʴʩʷ ʪʘʢ. 

ɺʝʣʠʯʠʥʘ ï ʚʣʘʩʪʠʚʽʩʪʴ ʷʚʠʱʘ, ʪʽʣʘ ʘʙʦ ʨʝʯʦʚʠʥʠ, ʷʢʘ ʤʦʞʝ ʙʫʪʠ 

ʚʠʨʘʞʝʥʘ ʢʽʣʴʢʽʩʥʦ ʫ ʚʠʜʽ ʯʠʩʣʘ ʟ ʚʢʘʟʽʚʢʦʶ ʨʦʟʤʨ̔ʥʦʩʪ,̔ ʷʢ ʦʩʥʦʚʠ ʜʣʷ 

ʧʦʨʽʚʥʷʥʥʷ. 

ɿʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ ʫ ʧʨʦʩʪʦʨʽ ʽ ʯʘʩʽ . 

ʊʘʢʝ ʜʦʧʦʚʥʝʥʥʷ ʧʦ ʩʫʪʽ ʻ ʘʢʩʽʦʤʦʶ ʚʠʤʽʨʶʚʘʥʴ ʽ ʚʠʢʦʨʠʩʪʦʚʫʪ̒ɹ -

ʩʷ ʚ ʪʝʦʨʽʾ ɯɺʉ. ɼʠʥʘʤʽʢʘ ʟʤʽʥʠ ʟʥʘʯʝʥʴ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʝʣʠʯʠʥ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʾʭ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʽʜ ʯʘʩ ʬʦʨʤʫʚʘʥʥʷ ʧʝʨʚʠʥ-

ʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʚ ʜʦʩʣʽʜʞʝʥʥʷʭ ʨʽʟʥʠʭ ʦʙ'ʻʢʪʽʚ, ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʤʽʥʶʚʘ-

ʥʠʭ ʫ ʧʨʦʩʪʦʨʽ ʽ ʚ ʯʘʩʽ. ʍʘʨʘʢʪʝʨʥʠʤʠ ʧʨʠʢʣʘʜʘʤʠ ʻ ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʦ-

ʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ  ̔ʚʽʙʨʘʮʽʡʥʠʭ ʧʦʣʽʚ. 

ɼʣʷ ʦʧʠʩʫ ʷʚʠʱ ʽ ʧʨʦʮʝʩʽʚ, ʘ ʪʘʢʦʞ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʴʥʠʭ ʪʽʣ ʚʠ-

ʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʚʝʣʠʯʠʥʠ, ʯʠʩʣʦ ʷʢʠʭ ʩʷʛʘʻ ʜʝʢʽʣʴʢʦʭ ʪʠʩʷʯ: 

ʝʣʝʢʪʨʠʯʥʽ, ʤʘʛʥʽʪʥʽ, ʤʝʭʘʥʽʯʥʽ, ʘʢʫʩʪʠʯʥʽ, ʦʧʪʠʯʥʽ, ʭʽʤʽʯʥʽ, ʙʽʦʣʦʛʽʯʥʽ 

ʪʘ ʽʥ. ʅʘ ʩʴʦʛʦʜʥʽ ʽʩʥʫʻ ʪʘʢʘ ʢʽʣʴʢʽʩʥʘ ʦʮʽʥʢʘ ʚʠʤʽʨʶʚʘʥʠʭ ʚʝʣʠʯʠʥ: 

ʯʠʩʣʦ ʝʣʝʢʪʨʠʯʥʠʭ ʽ ʤʘʛʥʽʪʥʠʭ ʚʝʣʠʯʠʥ ʥʝ ʧʝʨʝʚʠʱʫʻ 100; 

ʯʠʩʣʦ ʥʝʝʣʝʢʪʨʠʯʥʠʭ ʚʝʣʠʯʠʥ ʧʦʩʪʽʡʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʽ ʥʘ ʧʦʯʘʪʦʢ 

ʍʍɯ ʩʪ.  ʧʝʨʝʚʠʱʠʣʦ 4000. 

ɿʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʷʭ ʧʨʠʡʥʷʪʦ ʧʨʝʜʩʪʘʚʣʷʪʠ ʫ 

ʚʠʛʣʷʜʽ ʯʠʩʣʘ, ʚʝʢʪʦʨʘ, ʬʫʥʢʮʽʾ, ʷʢ ʽʟ ʟʘʟʥʘʯʝʥʥʷʤ ʨʦʟʤʽʨʥʦʩʪʽ ʦʜʠʥʠʮʽ 

ʚʝʣʠʯʠʥʠ, ʪʘʢ ʽ ʙʝʟʨʦʟʤʽʨʥʽ.  ʈʦʟʤʽʨʥʽ ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥ ʥʘʟʠʚʘʶʪʴ 

ʽʤʝʥʦʚʘʥʠʤʠ, ʥʘʧʨʠʢʣʘʜ, ʽʤʝʥʦʚʘʥʝ ʯʠʩʣʦ. 

ʇʨʝʜʤʝʪʘʤʠ, ʱʦ ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʚ ʪʝʦʨʽʾ ʚʠʤʽʨʶʚʘʥʴ, ʻ ʤʦʜʝʣʽ, 

ʤʝʪʦʜʠ, ʪʝʭʥʽʯʥʽ, ʽʥʬʦʨʤʘʮʽʡʥʽ, ʧʨʦʛʨʘʤʥʽ ʪʘ ʽʥʰʽ ʟʘʩʦʙʠ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʻʜʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʴ.  

ɼʦ ʦʩʥʦʚʥʠʭ ʟʘʚʜʘʥʴ ʚʠʤʽʨʶʚʘʥʴ ʥʘʣʝʞʘʪʴ ʥʘʩʪʫʧʥʽ.  

1. ɿʘʚʜʘʥʥʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ï ʟʜʽʡʩʥʝʥʥʷ ʛʦʤʦʤʦʨʬʥʦʛʦ ʚʽʜʦʙʨʘ-

ʞʝʥʥʷ ʦʩʥʦʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙ'ʻʢʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʫ 

ʚʠʤʽʨʶʚʘʣʴʥʫ ʽʥʬʦʨʤʘʮʽʶ ʟʘ ʫʤʦʚʠ, ʱʦ ʦʧʝʨʘʮʽʾ ʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʟ 

ʝʣʝʤʝʥʪʘʤʠ ʽ ʤʦʜʫʣʷʤʠ ʦʙ'ʻʢʪʘ ʛʦʤʦʤʦʨʬʥʽ ʦʧʝʨʘʮʽʷʤ ʟ ʜʘʥʠʤʠ ʚʠʤʽ-

ʨʶʚʘʥʴ. 

 2. ɿʘʚʜʘʥʥʷ ʦʜʥʦʨʽʜʥʦʩʪʽ ʽ ʩʪʘʮʽʦʥʘʨʥʦʩʪʽ ʤʽʨʠ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ 

ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʽʩʥʦʛʦ ʚʤʽʩʪʫ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʚʝʣʠʯʠʥʠ ʟ ʟʘʜʘʥʦʶ ʪʦʯ-

ʥʽʩʪʶ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʤʽʨʶʚʘʥʴ ʫ ʧʨʦʩʪʦʨ ̔ʽ ʯʘʩ.̔ 

3. ɿʘʚʜʘʥʥʷ ʟʘʭʠʩʪʫ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ï ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʨʠ-

ʩʪʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʟʘʩʦʙʽʚ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʧʽʜ ʯʘʩ ʬʦʨʤʫʚʘʥʥʷ, 

ʧʝʨʝʜʘʚʘʥʥʷ, ʦʧʨʘʮʶʚʘʥʥʷ, ʨʝʻʩʪʨʘʮʽʾ ʪʘ ʧʦʜʘʥʥʽ ʟʘʤʦʚʥʠʢʫ ʜʘʥʠʭ ʚʠ-
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ʤʽʨʶʚʘʥʴ ʟ ʤʝʪʦʶ ʤʽʥʽʤʽʟʘʮʽʾ ʚʧʣʠʚʫ ʷʢ ʧʨʠʨʦʜʥʠʭ ʟʘʚʘʜ, ʪʘʢ ʽ ʥʘʚʤʠʩ-

ʥʠʭ ʟʘʛʨʦʟ ʪʘ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʜʘʥʠʭ. 

ɺʠʨʽʰʝʥʥʷ ʚʢʘʟʘʥʠʭ ʟʘʚʜʘʥʴ ʚʠʤʽʨʶʚʘʥʴ ʧʦʻʜʥʫʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʽʟʠʯʥʠʭ ʽ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʦʙ'ʻʢ-

ʪʽʚ, ʧʨʦʮʝʩʽʚ ʽ ʷʚʠʱ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʦʡ ʬʘʢʪ, ʱʦ ʪʘʢʽ ʤʦʜʝʣʽ ʻ ʚʪʦ-

ʨʠʥʥʠʤʠ, ʪʦʙʪʦ ʻ ʢʦʧʽʷʤʠ, ʚʽʜʦʙʨʘʞʝʥʥʷʤʠ, ʷʢʽ ʥʝ ʚ ʧʦʚʥʽʡ ʤʽʨʽ ʚʽʜʧʦ-

ʚʽʜʘʶʪʴ ʨʝʘʣʴʥʠʤ ʚʠʤʽʨʶʚʘʥʥʷʤ, ʾʭ ʨʦʣʴ ʚ ʤʝʪʦʜʦʣʦʛʽʾ ʚʠʤʽʨʶʚʘʥʴ 

ʜʫʞʝ ʚʘʛʦʤʘ ʽ ʤʘʻ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ. ʂʦʞʥʘ ʟ ʤʦʜʝʣʝʡ, ʬʽʟʠ-

ʯʥʘ ʽ ʤʘʪʝʤʘʪʠʯʥʘ, ʜʦʧʦʚʥʶʶʪʴ ʦʜʥʘ ʦʜʥʫ ʽ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʚʠʱʝʥ-

ʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʚʠʤʽʨʶʚʘʥʴ, ʥʘʧʨʠʢʣʘʜ, ʦʙˇʨʫʥʪʫʚʘʪʠ ʰʣʷʭʠ 

ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ. 

ʆʟʥʘʯʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʚʠʤʽʨʶʚʘʥʴ ʦʙ'ʻʢʪʘ 

ʜʦʩʣʽʜʞʝʥʴ ʬʦʨʤʫʣʶʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. 

ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʚʠʤʽʨʶʚʘʥʴ ʦʙôʻʢʪʘ ʜʦʩʣʽ-

ʜʞʝʥʴ ï ʮʝ ʩʫʢʫʧʥʽʩʪʴ ʟʥʘʥʴ, ʧʨʠʧʫʱʝʥʴ, ʛʽʧʦʪʝʟ, ʧʦʯʘʪʢʦʚʠʭ ʽ ʛʨʘʥʠ-

ʯʥʠʭ ʫʤʦʚ, ʷʢʽ ʛʦʤʦʤʦʨʬʥʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʦʩʥʦʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʠ ʚ ʧʨʦʩʪʦʨʽ ʽ ʚ ʯʘʩʽ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʧʦʙʫʜʦʚʘʥʦʾ ʫ 

ʚʠʛʣʷʜʽ ʮʽʣʽʩʥʦʾ, ʥʝʩʫʧʝʨʝʯʣʠʚʦʾ, ʣʦʛʽʯʥʦ ʚʠʪʨʠʤʘʥʦʶ ʩʪʨʫʢʪʫʨʠ, ʩʬʦ-

ʨʤʫʣʴʦʚʘʥʦʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʝʦʙʭʽʜʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʦʙ'ʻʢʪʽʚ, ʪʝʨ-

ʤʽʥʽʚ ʽ ʩʠʤʚʦʣʽʚ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʥʦʛʦ ʢʣʘʩʫ ʟʘʜʚʜʘʥʴ ʚʠʤʽʨʶʚʘʥʴ. 

ɺ ʪʝʦʨʽʾ ɯɺʉ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʚʠʜʠ ʤʦʜʝʣʽ. ʊʘʢʽ ʤʦʜʝʣʽ ʽ ʾʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʻ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʤʠ ʽ ʚʠʢʦ-

ʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʢʣʘʩʠʬʽʢʘʮʽʡʥʽ ʦʟʥʘʢʠ ʨʽʟʥʠʭ ʚʠʜʽʚ ɯɺʉ. ʉʝʨʝʜ ʤʦʜʝ-

ʣʝʡ ʩʠʛʥʘʣʽʚ ʜʣʷ ʚʠʤʽʨʶʚʘʥʴ ʚʠʜʽʣʷʶʪʴ: ʜʝʪʝʨʤʽʥʦʚʘʥʽ ʽ ʚʠʧʘʜʢʦʚʽ; 

ʦʜʥʦʨʽʜʥʽ ʽ ʙʘʛʘʪʦʚʠʤʽʨʥʽ; ʮʠʢʣʽʯʥʽ ʪʘ ʰʫʤʦʚʽ ʽ ʽʥʰʽ. ɼʣʷ ʩʪʚʦʨʝʥʥʷ 

ʤʦʜʝʣʝʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝʪʦʜʠ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ, ʪʝʦʨʽʾ 

ʚʠʧʘʜʢʦʚʠʭ ʬʫʥʢʮʽʡ ʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ, ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʽ 

ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʪʝʦʨʽʾ ʚʠʤʽʨʶʚʘʥʴ, ʩʠʛʥʘʣʽʚ ʽ ʩʠʩʪʝʤ.  

ʆʢʨʽʤ ʤʦʜʝʣʝʡ ʜʝʪʝʨʤʽʥʦʚʘʥʠʭ ʩʠʛʥʘʣʽʚ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʽ 

ʤʦʜʝʣʽ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ ʽ ʩʠʛʥʘʣʽʚ, ʘ ʩʘʤʝ ʚʠʧʘʜʢʦʚʘ ʚʝʣʠʯʠʥʘ 

)(wx  ʽ ʚʠʧʘʜʢʦʚʠʡ ʧʨʦʮʝʩ ( , )tx w  ʘʙʦ ʾʭ ʢʦʤʙʽʥʘʮʽʾ ʟ ʜʝʪʝʨʤʽʥʦʚʘʥʠʤʠ 

ʤʦʜʝʣʷʤʠ. ʋ ʟʚôʷʟʢʫ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʩʢʣʘʜʥʦʩʪʽ ʟʘʚʜʘʥʴ ʚʠʤʽʨʶʚʘʥʴ 

ʧʦʩʪʽʡʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʽ ʨʦʟʤʽʨʥʽʩʪʴ ʤʦʜʝʣʝʡ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʟʘ ʨʘʭʫʥʦʢ 

ʧʨʦʩʪʦʨʦʚʠʭ ʢʦʦʨʜʠʥʘʪ , ( , )x x y =̬ , ( , , )x y z =r. ʋ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜ-

ʢʽʚ ʚʠʤʽʨʶʚʘʥʴ ʟʥʘʯʝʥʴ ʽ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦ-

ʩʣʽʜʞʫʚʘʥʠʭ ʩʠʛʥʘʣʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʤʦʜʝʣʽ, ʟʘʛʘʣʴʥʠʡ 

ʚʠʜ ʷʢʠʭ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʘʨʛʫʤʝʥʪʽʚ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 1.1. 

ɺ ʪʘʙʣ.1.1 ʚʠʢʦʨʠʩʪʘʥʥʽ ʥʘʩʪʫʧʥʽ ʧʦʟʥʘʯʝʥʥʷ:  w ï ʝʣʝʤʝʥʪʘʨʥʘ 

ʚʠʧʘʜʢʦʚʘ ʧʦʜʽʷ ʟ ʧʨʦʩʪʦʨʫ ʧʦʜʽʡ W; T  ï ʯʘʩʦʚʠʡ ʽʥʪʝʨʚʘʣ ʩʧʦʩʪʝʨʝ-

ʞʝʥʥʷ, R  ï  ʤʥʦʞʠʥʘ ʜʽʡʩʥʠʭ ʯʠʩʝʣ.  
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ʊʘʙʣʠʮʷ 1.1 
 

    ɸʨʛʫʤʝʥʪʠ 

 

ɺʠʜʠ       

ʬʫʥʢʮʽʡ 

 

WÍw  

t TÍ  

WÍw  

x RÍ  

t TÍ  

WÍw  
2( , )x y R= Í̬

t TÍ  

WÍw , 
3( , , )x y z R= Ír

t TÍ  
 

ɼʝʪʝʨʤʽʥʦʚʘʥʽ 
ʯʠʩʣʦ RaÍ , 

ʦʜʥʦʚʠʤʽʨʥʘ 

ʬʫʥʢʮʽʷ 

R)t(u Í  

ʜʚʦʚʠʤʽʨʥʘ 

ʬʫʥʢʮʽʷ 

R)t,x(u Í  

ʪʨʠʚʠʤʽʨʥʘ 

ʬʫʥʢʮʽʷ 

R)t,(u Í̬  

ʯʦʪʠʨʠʚʠʤʽʨʥʘ 

ʬʫʥʢʮʽʷ 

R)t,(u Ír  

 

ɺʠʧʘʜʢʦʚʽ 

 

ʚʝʣʠʯʠʥʘ 

( ) Rx w Í, 

ʧʨʦʮʝʩ 

( , )t Rx w Í 

ʦʜʥʦʚʠʤʽʨʥʝ 

ʧʨʦʩʪʦʨʦʚʝ 

ʧʦʣʝ 

( , , )x t Rx w Í 

ʜʚʦʚʠʤʽʨʥʝ 

ʧʨʦʩʪʦʨʦʚʝ 

ʧʦʣʝ 

( ; ; )t Rx w Íɟ  

ʪʨʠʚʠʤʽʨʥʝ 

ʧʨʦʩʪʦʨʦʚʝ  

ʧʦʣʝ 

( ; ; )t Rx w Ír  

 

ɿ ʤʝʪʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʢʘʟʘʥʠʭ ʤʦʜʝʣʝʡ ʚ ʟʘʚʜʘʥʥʷʭ ʚʠʤʽʨʶʚʘʥʴ, 

ʘ ʩʘʤʝ ʚ ʦʙʤʝʞʝʥʠʭ ʦʙʣʘʩʪʷʭ ʧʨʦʩʪʦʨʫ  ʽ ʩʢʽʥʯʝʥʥʠʭ ʽʥʪʝʨʚʘʣʘʭ ʯʘʩʫ  

, ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʥʘʩʪʫʧʥʘ ʙʘʛʘʪʦʚʠʤʽʨʥʘ ʽʥʜʠʢʘʪʦʨʥʘ ʬʫʥʢʮʽʷ  

1, ,
( , )

0, , ,

G t T
I t

G t T

ëî
ì
îí

Í Í
=

Î Î

r

r
r  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʚʠʜʫ ( , , ) (t I tx w Ör r, ) ʜʘʻ ʤʦʞ-

ʣʠʚʽʩʪʴ ʧʨʦʚʦʜʠʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʚʠʟʥʘʯʝʥʥʷʤ ʽ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʛʥʘʣʽʚ ʟʘ ʫʤʦʚʠ ʧʨʦʚʝʜʝʥʥʷ ʚʠʤʽʨʶʚʘʥʴ ʫ ʨʽʟʥʠʭ 

ʤʽʩʮʷʭ ʧʨʦʩʪʦʨʫ ʥʘ ʩʢʽʥʯʝʥʥʠʭ ʽʥʪʝʨʚʘʣʘʭ ʯʘʩʫ. ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʪʘʢʦʞ 

ʧʨʦʚʝʜʝʥʥʷ ʧʦʜʘʣʴʰʦʛʦ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ 

ʟ ʤʝʪʦʶ ʧʝʨʝʚʽʨʢʠ ʘʜʝʢʚʘʪʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʤʦʜʝʣʝʡ, ʧʨʦʛʥʦʟʫ 

ʜʠʥʘʤʽʢʠ ʟʤʽʥʠ ʦʩʥʦʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙôʻʢʪʘ ʜʦʩʣʽʜʞʝʥʴ ʚ ʧʨʦʩʪʦʨʽ 

ʽ ʯʘʩʽ ʪʘ ʽʥʰʝ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʽʨʠ. ɺʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʥʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʜ-

ʥʦʨʽʜʥʦʩʪʽ ʽ ʩʪʘʮʽʦʥʘʨʥʦʩʪʽ ʤʽʨʠ ʚ ʪʝʦʨʽʾ ɯɺʉ ʚ ʢʦʞʥʦʤʫ ʢʦʥʢʨʝʪʥʦʤʫ 

ʚʠʧʘʜʢʫ ʚʠʤʽʨʶʚʘʥʥʷ ʤʘʻ ʩʚʦʶ ʩʧʝʮʠʬʽʢʫ ʽ ʭʘʨʘʢʪʝʨʥʽ ʦʩʦʙʣʠʚʦʩʪʽ. ɺ 

ʪʦʡ ʞʝ ʯʘʩ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʟʘʛʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽ ʚʠʜʠ 

ʤʽʨʠ. ʎʝ ʥʘʩʪʫʧʥʽ ʤʽʨʠ: 

ʄ1 ï ʤʽʨʘ ʦʜʠʥʠʮʽ ʚʝʣʠʯʠʥʠ; 

ʄ2 ï ʤʽʨʘ ʦʜʠʥʠʮʽ ʧʨʦʩʪʦʨʦʚʠʭ ʢʦʦʨʜʠʥʘʪ ʤʽʩʮʷ ʧʨʦʚʝʜʝʥʥʷ 

ʚʠʤʽʨʶʚʘʥʴ; 

ʄ3 ï ʤʽʨʘ ʦʜʠʥʠʮʽ ʯʘʩʫ ʧʨʦʚʝʜʝʥʥʷ ʚʠʤʽʨʶʚʘʥʴ; 

ʄ4 ï ʡʤʦʚʽʨʥʽʩʥʘ ʥʦʨʤʦʚʘʥʘ ʤʽʨʘ ʨʝʟʫʣʴʪʘʪʫ ʽ ʪʦʯʥʦʩʪʽ 

ʚʠʤʽʨʶʚʘʥʴ ʧʨʠ ʩʪʘʪʠʩʪʠʯʥʦʤʫ ʦʧʨʘʮʶʚʘʥʥʽ ʜʘʥʠʭ ʚʠʤʽʨʶʚʘʥʴ; 

ʄ5 ï ʤʽʨʘ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʦʮʝʩʫ ʚʠʤʽʨʶʚʘʥʴ. 

G

T
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ʋ ʚʠʧʘʜʢʫ ʚʠʤʽʨʶʚʘʥʴ n(n>1) ʚʝʣʠʯʠʥ ʻ n ʤʽʨ ʦʜʠʥʠʮʴ ʜʦ-

ʩʣʽʜʞʫʚʘʥʠʭ ʚʝʣʠʯʠʥ. ʇʝʨʰʽ ʪʨʠ ʤʽʨʠ ʻ  ʬʽʟʠʯʥʠʤʠ ʤʽʨʘʤʠ (ʫ ʟʘʛʘʣʴ-

ʥʦʤʫ ʚʠʧʘʜʢʫ ʤʘʻʤʦ n+2 ʤʽʨ), ʷʢʽ ʨʝʘʣʽʟʫʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʠʤʠ ʝʪʘʣʦʥʘ-

ʤʠ ʤʽʨ ʟ ʟʘʜʘʥʦ  ʁʪʦʯʥʩ̔ʪʁ. ʆʜʥʦʨʽʜʥʽʩʪʴ ʽ ʩʪʘʮʽʦʥʘʨʥʽʩʪʴ ʪʘʢʠʭ ʤʽʨ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʪʝʭʥʽʯʥʠʭ ʧʨʠʩʪʨʦʾʚ ʽ ʩʠʩʪʝʤ ʾʭ ʬʦʨ-

ʤʫʚʘʥʥʷ. ʎʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚ ʧʝʚʥʽʡ ʤʽʨʽ ʫʧʨʘʚʣʷʪʠ ʟʘʙʝʟʧʝʯʝʥʥʷʤ 

ʦʜʥʦʨʽʜʥʦʩʪʽ ʽ ʩʪʘʮʽʦʥʘʨʥʦʩʪʽ ʬʽʟʠʯʥʠʭ ʤʽʨ, ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʧʨʦʮʝʩʫ 

ʚʠʤʽʨʶʚʘʥʴ ʚ ʨʽʟʥʠʭ ʤʽʩʮʷʭ ʧʨʦʩʪʦʨʫ ʽ ʚ ʨʽʟʥʽ ʯʘʩʠ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʧʨʠ 

ʮʴʦʤʫ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʽ ʪʘʢʠʤ ʯʠʥʦʤ ʚʠʢʦʥʘʪʠ 

ʚʠʤʦʛʠ ʻʜʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʴ 

ʁʤʦʚʽʨʥʽʩʥʘ ʥʦʨʤʦʚʘʥʘ ʤʽʨʘ ʻ ʥʝʬʽʟʠʯʥʦʶ ʤʽʨʦʶ, ʘ ʤʽʨʦʶ ʩʫʢʫʧ-

ʥʦʩʪʽ ʜʽʾ ʨʽʟʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʟʥʘʯʝʥʥʷ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʘ-

ʥʠʭ ʽ ʨʝʟʫʣʴʪʘʪʫ ʚʠʤʽʨʶʚʘʥʴ ʧʽʜ ʯʘʩ ʾʭ ʧʨʦʚʝʜʝʥʥʷ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʡʤʦʚʽʨʥʽʩʥʦʾ ʤʽʨʠ  ʧʨʠ ʩʪʘʪʠʩʪʠʯʥʦʤʫ ʦʧʨʘʮʶʚʘʥʥʽ ʜʘʥʠʭ ʚʠʤʽʨʶʚʘʥ-

ʥʷ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʫ ʚʠʤʽʨʶʚʘʥʴ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʦʯʥʽʩʪʶ ʜʘʥʠʭ ʚʠʤʽʨʶʚʘʥʴ. 

ʄʽʨʘ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʷʭ ʻ ʢʦʤʧʣʝʢʩʥʦʶ. ʄʽʨʘ 

ʬʦʨʤʫʻʪʴʩʷ ʟʥʘʯʥʦʶ ʢʽʣʴʢʽʩʪʶ ʬʘʢʪʦʨʽʚ, ʜʽʷ ʙʽʣʴʰʦʩʪʽ ʟ ʷʢʠʭ ʤʘʻ 

ʚʠʧʘʜʢʦʚʠʡ ʭʘʨʘʢʪʝʨ. ʎʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʪʘʢʫ ʤʽʨʫ ʚʠʟʥʘʯʘʪʠ ʷʢ 

ʡʤʦʚʽʨʥʽʩʥʫ, ʷʢʘ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʘ ʷʢ ʜʣʷ ʦʢʨʝʤʠʭ ʦʧʝʨʘʮʽʡ, 

ʥʘʧʨʠʢʣʘʜ ʧʝʨʝʜʘʯʘ ʜʘʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʧʦ ʢʘʥʘʣʘʭ ʟʚôʷʟʢʫ, ʨʝʻʩʪʨʘʮʽʾ 

ʨʝʟʫʣʴʪʘʪʫ ʚʠʤʽʨʶʚʘʥʴ ʪʘʢ ʽ ʜʣʷ ʚʩʴʦʛʦ ʧʨʦʮʝʩʫ ʚʠʤʽʨʶʚʘʥʥʷ ʫ ʮʽʣʦʤʫ.  

ʅʘ ʨʠʩ. 1.1 ʥʘʚʝʜʝʥʦ ʩʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʢʘʟʘ-

ʥʠʭ ʤʽʨ ʧʨʠ ʧʝʨʝʪʚʦʨʝʥʥʽ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ 

ʤʦʜʫʣʷʤʠ ɯɺʉ.  
 

ʂʦʤʧʘʨʘ-

ʪʦʨ

ʇ̔ʜʩʠʩ-

ʪʝʤʘ 

ʦʧʨʘʮʁ -

ʚʘʥʥ̫

ʂʘʥʘʣ 

ʟʚô̫ʟʢʫ

ʄ1 ʄ5 ʄ4

ʈʝʟʫʣɹʪʘʪ 

ʚʠʤ̔ʨʁ -

ʚʘʥɹ

ʄ1, é,ʄ5

ʆʙô̒ʢʪ

ʜʦʩʣ̔ʜ-

ʞʝʥɹ

ɯʥʬʦʨʤʘʮ̫̔  

ʜʣ̫ 

ʚʠʤ̔ʨʁ ʚʘʥɹ

 ʆʜʠʥʠʮ̫ 

ʚʠʤ̔ʨʁ -

ʚʘʥɹ

ɽʢʚ̔ʚʘ-

ʣʝʥʪʥʝ 

ʜʞʝʨʝʣʦ 

ʟʘʚʘʜ

ʄ2, ʄ3, ʄ5

ʌʦʨʤʫʚʘʥʥ̫ 

ʜʘʥʠʭ 

ʚʠʤ̔ʨʁ ʚʘʥɹ

ʇʝʨʝʜʘʯʘ 

ʜʘʥʠʭ 

ʚʠʤ̔ʨʁ ʚʘʥɹ

ʆʧʨʘʮʁ ʚʘʥʥ̫ 

ʜʘʥʠʭ 

ʚʠʤ̔ʨʁ ʚʘʥɹ

ʉʝʥ-

ʩʦʨʥʘ 

ʧ̔ʜʩʠʩ-

ʪʝʤʘ

ʌʦʨʤʫʚʘʥʥ̫ 

ʚʠʤ̔ʨʁ ʚʘʣɹʥʦʛʦ 

ʩʠʛʥʘʣʫ
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ʏʘʩʪʠʥʥʠʡ ʚʠʧʘʜʦʢ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ï ʧʽʜʚʠʱʝʥʥʷ ʟʘʚʘʜʦʩʪʽʡʢʦ-

ʩʪʽ ʚʠʤʽʨʶʚʘʥʴ, ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʜʣʷ ʚʩʽʭ ʧʨʦʮʝʩʽʚ ʚʠʤʽʨʶ-

ʚʘʥʴ. ʋ ʩʪʨʫʢʪʫʨʽ ɯɺʉ, ʟʘʟʚʠʯʘʡ, ʻ ʤʦʜʫʣʴ ʬʽʣʴʪʨʘʮʽʾ ʩʠʛʥʘʣʽʚ, ʱʦ ʟʘ-

ʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ʟʘʚʘʜʘ ʥʘ ʩʚʦʻʤʫ ʚʠʭʦʜʽ.  

ɿʥʘʯʝʥʥʷ  ʪʦʯʥʦʩʪʽ ʚʢʘʟʘʥʠʭ ʧô̫ ʪʠ ʤʽʨ ʪʨʘʥʩʬʦʨʤʫʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ 

ʫ ʟʥʘʯʝʥʥʷ ʪʦʯʥʦʩʪʽ ʜʘʥʠʭ ʽ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ ʫ ʚʽʜʧʦʚʽʜʥʠʭ ʤʦ-

ʜʫʣ̫ʭ ɯɺʉ. 

ɯʥʬʦʨʤʘʮʽʡʥʽ ʚʠʤʽʨʶʚʘʣʴʥʽ ʪʝʭʥʦʣʦʛʽʾ. ɺʠʜʽʣʝʥʥʷ ʢʣʘʩʫ ʽʥʬʦʨ-

ʤʘʮʽʡʥʠʭ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʡ (ɯɺʊ) ʥʘ ʤʥʦʞʠʥʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ (ɯʊ) ʘʥʘʣʦʛʽʯʥʦ ʚʠʜʽʣʝʥʥ  ʁʢʣʘʩʫ ɯɺʉ ʥʘ ʟʘʛʘʣʴʥʽʡ ʤʥʦʞʠʥʽ 

ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ. ʉʘʤʝ ʩʧʝʮʠʬʽʢʘ ʟʘʚʜʘʥʴ ʚʠʤʽʨʶʚʘʥʴ ʚ ɯɺʉ ʜʘʣʘ 

ʤʦʞʣʠʚʽʩʪʴ ʚʠʜʽʣʠʪʠ ʢʣʘʩʠʬʽʢʘʮʽʡʥʽ ʦʟʥʘʢʠ ɯɺʊ. ʊʘʢʠʤʠ ʦʟʥʘʢʘʤʠ ʻ: 

ʦʪʨʠʤʘʥʥʷ ʧʝʨʚʠʥʥʦʾ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ï ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ 

ʩʠʛʥʘʣʫ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʽ ʚʟʘʻʤʦʜʽʾ ʩʝʥʩʦʨʥʦʾ ʧʽʜʩʠʩʪʝʤʠ 

ɯɺʉ ʟ ʦʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ; 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʨʽʚʥʷʥʥʷ ʨʽʚʥʷ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʩʠʛʥʘʣʫ ʟ ʨʦʟʤʽʨʘʤʠ ʧʨʠʡʥʷʪʠʭ ʦʜʠʥʠʮʴ ʚʠʤʽʨʶʚʘʥʴ ʽ 

ʬʦʨʤʫʚʘʥʥʷ ʜʘʥʠʭ ʚʠʤʽʨʶʚʘʥʴ; 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʽ ʦʧʨʘʮʶʚʘʥʥʷ ʜʘʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ɯɺʉ ʟ̔ ʟʘʜʘʥʦʶ 

ʪʦʯʥʽʩʪʶ; 

ʦʮʽʥʶʚʘʥʥʷ ʽ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʫ ʚʠʤʽʨʶʚʘʥʴ. 

ɺ ʪʝʦʨʽʾ ɯɺʉ ʜʠʥʘʤʽʢʘ ʨʦʟʚʠʪʢʫ ɯɺʊ ʥʘ ʩʴʦʛʦʜʥʽ ʻ ʥʘʡʙʽʣʴʰ ʽʥʪʝʥ-

ʩʠʚʥʦʶ ʽ ʮʝʡ ʬʘʢʪ ʦʙʫʤʦʚʣʝʥʠʡ ʥʘʩʪʫʧʥʠʤ: 

ʩʢʣʘʜʥʽʩʪʶ ʟʘʚʜʘʥʴ ʚʠʤʽʨʶʚʘʥʴ, ʟʙʽʣʴʰʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ 

ʚʠʤʽʨʶʚʘʥʴ; 

ʨʦʟʰʠʨʝʥʥʷʤ ʢʦʣʘ ʧʨʝʜʤʝʪʥʠʭ ʦʙʣʘʩʪʝʡ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ 

ʚʠʤʽʨʶʚʘʥʴ; 

ʥʝʦʙʭʽʜʥʽʩʪʶ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʚʽʜʦʤʠʭ ʽ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʩʝʥʩʦʨʥʠʭ 

ʧʽʜʩʠʩʪʝʤ ɯɺʉ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʚʝʣʠʯʠʥ; 

ʥʝʦʙʭʽʜʥʽʩʪ ʁ ʨʦʟʰʠʨʝʥʥʷ ʬʦʨʤʘʪʫ ʽ ʨʝʩʫʨʩʽʚ ʚʠʤʽʨʶʚʘʣʴʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʷʭ ʜʠʥʘʤʽʢʠ ʫ ʧʨʦʩʪʦʨʽ ʽ ʯʘʩʽ ʜʠʥʘʤʽʢʠ 

ʩʪʘʥʫ ʽ ʨʝʞʠʤʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʝʭʥʽʯʥʠʭ ʦʙôʻʢʪʽʚ ʽ ʩʠʩʪʝʤ, ʬʽʟʠʯʥʠʭ 

ʷʚʠʱ ʽ ʧʨʦʮʝʩʽʚ. 

ɺ ʪʘʙʣ. 1.2 ʥʘʚʝʜʝʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʚʠʜʽʚ ɯɺʊ, ʷʢʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʽʥʪʝ-

ʛʨʘʣʴʥʽʡ ʦʟʥʘʮʽ ʨʦʟʤʽʨʥʦʩʪʽ ʧʝʨʚʠʥʥʦʾ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ï ʚʠ-

ʤʽʨʶʚʘʣʴʥʦʛʦ ʩʠʛʥʘʣʫ (ʦʜʥʦʚʠʤʽʨʥʽ ʽ ʙʘʛʘʪʦʚʠʤʽʨʥʽ). ʎʷ ʢʣʘʩʠʬʽʢʘʮʽʷ 

ʤʘʻ ʘʥʘʣʦʛʠ ʚ ʢʣʘʩʽ ʚʽʜʦʤʠʭ ɯʊ ʽ ʚʠʟʥʘʯʘʻ ʧʦʪʫʞʥʽʩʪʴ ʽ ʨʝʩʫʨʩʠ ʧʨʦʮʝʩʫ 

ʚʠʤʽʨʶʚʘʥʴ. 

ɼʣʷ ʩʪʘʪʠʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʤʦʜʝʣʽ ʩʠʛʥʘʣʽʚ, ʟʥʘʯʝʥʥʷ ʽ ʧʨʦʩʪʦʨʦʚʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʚʝʣʠʯʠʥ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʥʝʟʤʽʥʥʽ ʚ 
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ʯʘʩ̔. ʎʝ ʟʥʘʯʥʦ ʩʧʨʦʱʫʻ ʨʝʘʣʽʟʘʮʽʶ ʚʽʜʧʦʚʽʜʥʠʭ ɯɺʊ, ʘʣʝ ʩʫʪʪʻʚʦ 

ʟʤʝʥʰʫʻ ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʽ ʚʘʛʦʤʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʚʠʤʽʨʶʚʘʥʴ. 
                                                                                                 ʊʘʙʣʠʮʷ 1.2 

ɺʠʜʠ ʪʝʭʥʦʣʦʛʽʡ ɺʠʜʠ ʤʦʜʝʣʝʡ ʚʠʤʽʨʶʚʘʥʥʷ ʩʠʛʥʘʣʽʚ 

ɯʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ 

ʚʠʤʽʨʶʚʘʥʴ ɯD (ɯʊɺïɯD) 
, ( , ), ( )u x ta x w, ( , )tx w ; ( ; ; )x tx w  

ɯʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ 

ʚʠʤʽʨʶʚʘʥʴ 2D (ɯʊɺï2D) 
( , ), ( ; ; )u t tx wɟ ɟ  

ɯʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ 

ʚʠʤʽʨʶʚʘʥʴ 3D (ɯʊɺï3D) 
( ); , ( ; ; )u t tx wr r  

  

ʅʘʚʝʜʝʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʚʽʜʧʦʚʽʜʘʻ ʯʘʩʪʠʥʥʦʤʫ ʚʠʧʘʜʢʫ ʚʠʤʽʨʶʚʘʥʴ 

ʦʜʥʽʻʾ ʚʠʤʽʨʶʚʘʥʦʾ ʚʝʣʠʯʠʥʠ. ɿʘʛʘʣʴʥʠʡ ʚʠʧʘʜʦʢ ʦʜʥʦʯʘʩʥʦʛʦ 

ʚʠʤʽʨʶʚʘʥʥʷ ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ ʦʜʥʦʨʽʜʥʠʭ ʽ ʨʽʟʥʦʨʽʜʥʠʭ ʚʝʣʠʯʠʥ ʻ 

ʩʢʣʘʜʥʽʰʠʤ, ʘʣʝ ʤʝʪʦʜʦʣʦʛʽʷ ʩʪʚʦʨʝʥʥʷ ʽ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʤʦʜʝʣʝʡ ʣʠ-

ʰʘʻʪʴʩʷ ʥʝʟʤʽʥʥʦʶ ʜʣʷ ʢʦʞʥʦʾ ʚʠʤʽʨʶʚʘʥʦʾ ʚʝʣʠʯʠʥʠ.  
 

 

1.2. ɿʘʩʘʜʠ ʩʪʚʦʨʝʥʥʷ ɯɺʉ 
 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ ʫ ʙʽʣʴʰʦʩʪʽ ʧʨʘʢ-

ʪʠʯʥʠʭ ʚʠʧʘʜʢʽʚ ʦʮʽʥʶʻʪʴʩʷ ʥʘ ʝʪʘʧʽ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʘʣʝ ʽʥʬʦʨʤʘʪʠʚ-

ʥʽʩʪʴ ʽ ʨʝʩʫʨʩʠ ɯɺʉ ʚʠʟʥʘʯʘʶʪʴʩʷ ʽ ʨʝʘʣʽʟʦʚʫʶʪʴʩʷ ʧʽʜ ʯʘʩ ʾʭ ʩʪʚʦʨʝʥ-

ʥʷ. ʅʘ ʮʴʦʤʫ ʝʪʘʧʽ ʦʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʽ ʤʝʪʦʜʠ ʪʝʦʨʽʾ ɯɺʉ ʚʠʢʦʨʠʩʪʦ-

ʚʫʶʪʴʩʷ ʫ ʧʦʚʥʦʤʫ ʦʙʩʷʟʽ. 

ɽʪʘʧʠ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ɯɺʉ.  ɿ ʤʝʪʦʶ ʙʽʣʴʰ ʛʣʠʙʦʢʦʛʦ ʨʦʟʫʤʽʥ-

ʥʷ ʚʘʞʣʠʚʦʩʪʽ ʦʩʥʦʚʥʠʭ ʧʦʣʦʞʝʥʴ ʪʝʦʨʽʾ ɯɺʉ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤ 

ʚʠʤʽʨʶʚʘʥʴ ʨʦʟʛʣʷʥʝʤʦ ʽʣʶʩʪʨʘʪʠʚʥʫ ʩʭʝʤʫ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʝʪʘʧʽʚ ʞʠʪ-

ʪʻʚʦʛʦ ʮʠʢʣʫ ɯɺʉ ʧʨʝʜʩʪʘʚʣʝʥʫ ʥʘ ʨʠʩ. 1.2. 

 ʇʦʯʘʪʢʦʚʠʡ ʝʪʘʧ. ʅʘ ʧʦʯʘʪʢʫ ʩʪʚʦʨʝʥʥʷ ɯɺʉ (ʜʘʣʽ ʩʠʩʪʝʤʠ) ʚʠ-

ʢʦʥʫʻʪʴʩʷ ʟʥʘʯʥʠʡ ʦʙʩʷʛ ʨʦʙʽʪ ʟ ʦʙˇʨʫʥʪʫʚʘʥʥʷ, ʨʦʟʨʦʙʢʠ ʪʘ ʫʟʛʦʜʞʝʥ-

ʥʷ ʪʝʭʥʽʯʥʦʛʦ ʟʘʚʜʘʥʥʷ ʥʘ ʩʪʚʦʨʶʚʘʥʫ ʩʠʩʪʝʤʫ ʤʽʞ ʟʘʤʦʚʥʠʢʦʤ ʽ ʨʦʟ-

ʨʦʙʥʠʢʦʤ ʩʠʩʪʝʤʠ. ɺ ʪʝʭʥʽʯʥʦʤʫ ʟʘʚʜʘʥʥʽ ʥʘ ʩʠʩʪʝʤʫ ʥʘʚʝʜʝʥʽ ʚʩʽ ʪʝʭ-

ʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ʤʝʪʨʦʣʦʛʽʯʥʽ, ʧʦʢʘʟʥʠʢʠ ʥʘʜʽʡ-

ʥʦʩʪʽ, ʪʝʨʤʽʥʠ ʚʠʢʦʥʘʥʥʷ ʨʦʟʨʦʙʢʠ ʩʠʩʪʝʤʠ, ʧʨʦʚʝʜʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʴ, 

ʩʝʨʪʠʬʽʢʘʮʽʾ ʪʘ ʧʝʨʝʜʘʯʽ ʩʠʩʪʝʤʠ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ, ʚʘʨʪʽʩʪʴ ʨʦʟʨʦʙʢʠ 

ʩʠʩʪʝʤʠ. ʅʘ ʮʴʦʤʫ ʝʪʘʧʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʦʩʪʘʥʥʽ ʜʦʩʷʛʥʝʥʥʷ ʪʝʦʨʽʾ ʽ 

ʧʨʘʢʪʠʢʠ ʚʠʤʽʨʶʚʘʥʴ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʨʦʟʚôʷʟʘʥʥʷ ʘʢʪʫ-

ʘʣʴʥʠʭ ʽ ʚʘʞʣʠʚʠʭ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʟʘʚʜʘʥʴ ʚʠʤʽʨʶʚʘʥʴ ʢʦʥʢʨʝʪʥʦʾ 

ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ. 
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ʈʠʩ.  1.2.  ɯʣʶʩʪʨʘʮʽʷ ʝʪʘʧʽʚ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ɯɺʉ 
 

ɽʪʘʧ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʥʘʥʥʷ ʟʥʘʯʥʦʛʦ ʦʙʩʷʛʫ ʪʝʦ-

ʨʝʪʠʯʥʠʭ, ʽʤʽʪʘʮʽʡʥʠʭ (ʤʦʜʝʣʶʶʯʠʭ) ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ (ʣʘʙʦʨʘ-

ʪʦʨʥʠʭ) ʜʦʩʣʽʜʞʝʥʴ, ʥʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʷʢʠʭ ʦʙˇʨʫʥʪʦʚʫʻʪʴʩʷ ʦʧʪʠ-

ʤʘʣʴʥʘ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʥʘ ʩʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʠ. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦ-

ʚʫ̒ʪʴʩʷ ʨʷʜ ʢʨʠʪʝʨʽʾʚ (ʦʩʥʦʚʥʽ ʟ ʷʢʠʭ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʜʦʩʷʛʥʝʥʥʷ ʟʘʜʘʥʦʾ 

ʪʦʯʥʽʩʪʽ ʚʠʤʽʨʶʚʘʥʴ), ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʝʣʝʢʪʨʠʯʥʽ ʩʭʝʤʠ ʦʩʥʦʚʥʠʭ ʘʧʧʘ-

ʨʘʪʥʠʭ ʤʦʜʫʣʽʚ ʽ ʧʽʜʩʠʩʪʝʤ, ʟʤʽʩʪ ʽ ʩʪʨʫʢʪʫʨʠ ʘʣʛʦʨʠʪʤʽʯʥʦ-ʧʨʦʛʨʘʤ-

ʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʪʝʭʥʽʯʥʘ ʪʘ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʘ ʜʦʢʫʤʝʥʪʘʮʽʷ ʥʘ ʚʠʛʦ-

ʪʦʚʣʝʥʥʷ ʜʦʩʣʽʜʥʠʭ ʽ ʩʝʨʽʡʥʠʭ ʟʨʘʟʢʽʚ ʩʠʩʪʝʤʠ, ʧʨʦʚʦʜʷʪʴʩʷ ʨʦʙʦʪʠ ʟ 

ʧʽʜʛʦʪʦʚʢʠ ʚʠʨʦʙʥʠʮʪʚʘ. 

ʅʘ ʮʴʦʤʫ ʝʪʘʧʽ ʦʙʛʨʫʥʪʦʚʫʶʪʴʩʷ, ʦʙʯʠʩʣʶʶʪʴʩʷ ʽ ʦʮʽʥʶʶʪʴʩʷ ʨʦ-

ʟʨʘʭʫʥʢʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʢʨʝʤʠʭ ʤʦʜʫʣʽʚ, ʧʽʜʩʠʩʪʝʤ ʽ ʩʠʩʪʝʤʠ ʚ 

ʮʽʣʦʤʫ. ʊʘʢʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʻ ʙʘʟʦʚʠʤʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘ ʥʘʩʪʫʧ-

ʥʠʭ ʝʪʘʧʘʭ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʩʠʩʪʝʤʠ ʪʘ ʤʦʞʫʪʴ ʜʦʧʦʚʥʶʚʘʪʠʩʷ ʜʘʥʠʤʠ 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʽ ʥʘʪʫʨʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ, ʝʢʩʧʣʫʘʪʘʮʽʾ, ʢʦʨʠʛʫʚʘʪʠʩʷ, 

ʫʪʦʯʥʶʚʘʪʠʩʷ, ʧʽʜʪʚʝʨʜʞʫʚʘʪʠʩʷ ʩʪʘʪʠʩʪʠʯʥʠʤʠ ʛʽʧʦʪʝʟʘʤʠ ʟ ʚʠʢʦʨʠ-

ʩʪʘʥʥʷʤ ʢʨʠʪʝʨʽʾʚ ʟʛʦʜʠ. ʆʪʞʝ ʥʘ ʝʪʘʧʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʪʚʦʨʶʻʪʴʩʷ ʤʝ-

ʪʦʜʦʣʦʛʽʷ ʚʪʽʣʝʥʥʷ ʧʦʜʘʣʴʰʠʭ ʝʪʘʧʽʚ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʩʠʩʪʝʤʠ.  

ɺ ʪʘʙʣ. 1.3 ʥʘʚʝʜʝʥʽ ʦʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ, ʷʢʽ ʦʪʨʠʤʫ-

ʶʪʴʩʷ ʥʘ ʝʪʘʧʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʧʨʷʤʽʚ ʽ ʤʝ-

ʪʦʜʽʚ ʨʷʜʫ ʧʨʠʨʦʜʥʠʯʠʭ ʽ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ.  

ȫɘɆɕ ɕɖɔɋɐɘəɈɆɓɓɥ,  
ɒɔɊɋɑɤɈɆɓɓɥ ɈɆɖɫɆɓɘɫɈ, 
ɕɖɔɋɐɘɓɆ ɊɔɐəɒɋɓɘɆɜɫɥ 

ɿʘʢʣʶʯʥʠʡ ʝʪʘʧ,  

ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ, 

ʫʪʠʣʽʟʘʮʽʷ, ʚʘʨʽʘʥʪ ʊɿ 

ʥʘ ʥʦʚʫ ɯɺʉ 

ȫɘɆɕ ɋɐɗɕɑəɆɘɆɜɫɬ, 
 ɖɋɒɔɓɘə, ɒɔɊɋɖɓɫɍɆɜɫɬ 

ɹʘʟʠʩ ʪʝʦʨʝʪʠʯʥʠʭ, 
ʤʦʜʝʣʶʶʯʠʭ, ʝʢʩ-
ʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 
ʜʦʩʣ̔ʜʞʝʥʴ ɯɺʉ. 
ɼʘʥʽ ʤʦʜʝʣʶʚʘʥʥʷ, 
ʚʠʧʨʦʙʫʚʘʥʴ, 
ʝʢʩʧʣʫʘʪʘʮʽʾ 

ȫɘɆɕ ɈɎɉɔɘɔɈɑɋɓɓɥ, 
ɈɎɕɖɔɇəɈɆɓɓɥ  
ɒɔɊəɑɫɈ,  

ɐɔɖɋɉəɈɆɓɓɥ  
ɊɔɐəɒɋɓɘɆɜɫɬ 

ȫɘɆɕ ɗɘɈɔɖɋɓɓɥ 

 ɗɋɖɫɏɓɔɬ ȝȨȷ,  
ɗɋɖɘɎɚɫɐɆɜɫɥ 
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ʊʘʙʣʠʮʷ 1.3 

                    ʈʝʟʫʣʴʪʘ-

ʪʠ 

      ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʅʘʧʨʷʤʠ, 

ʤʝʪʦʜʠ 

 

ʆʙˇʨʫʥʪʫʚʘʥʥʷ, ʦʙʯʠʩʣʝʥʥʷ, ʦʮʽʥʶʚʘʥʥʷ  

ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ 

 

ʌʫʥʢʮʽʦʥʘʣʴʥʠʡ 

ʘʥʘʣʽʟ, ʦʙʯʠʩʣʶʚʘʣʴ-

ʥʘ ʤʘʪʝʤʘʪʠʢʘ, ʪʝʦʨʽʷ 

ʡʤʦʚʽʨʥʦʩʪʝʡ, ʪʝʦʨʽʷ 

ʚʠʧʘʜʢʦʚʠʭ ʬʫʥʢʮʽʡ 

ʆʜʥʦʚʠʤʽʨʥʽ ʪʘ ʙʘʛʘʪʦʚʠʤʽʨʥʽ ʤʦʜʝʣʽ ʩʠʛʥʘʣʽʚ,  

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʛʥʘʣʽʚ, ʘʣʛʦʨʠʪʤʠ ʦʮʽʥʶʚʘʥʥʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʛʥʘʣʽʚ, ʨʝʟʫʣʴʪʘʪʠ ʢʦʤʧôʶʪʝʨʥʠʭ 

ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʨʝʟʫʣʴʪʘʪʠ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʨʽʟʥʠʭ ʚʘʨʽʘʥʪʽʚ ʩʠʩʪʝʤ. 

 

ʊʝʦʨʽʷ ʩʠʛʥʘʣʽʚ ʽ 

ʩʠʩʪʝʤ  

ʆʧʪʠʤʽʟʘʮʽʷ ʩʪʨʫʢʪʫʨ ʩʠʩʪʝʤ, ʨʝʟʫʣʴʪʘʪʽʚ ʘʥʘʣʽʟʫ 

ʧʝʨʝʪʚʦʨʝʥʴ ʩʠʛʥʘʣʽʚ ʪʘ ʦʧʨʘʮʶʚʘʥʥʷ ʜʘʥʠʭ 

ʚʠʤʽʨʶʚʘʥʴ, ʤʝʪʦʜʠʢ ʚʠʧʨʦʙʫʚʘʥʴ ʤʦʜʫʣʽʚ, ʧʽʜʩʠ-

ʩʪʝʤ ʽ ʩʠʩʪʝʤ ʚ ʮʽʣʦʤʫ ʥʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʪʝʭʥʽʯʥʦʤʫ 

ʟʘʚʜʘʥʥʶ, ʨʝʟʝʨʚʫʚʘʥʥʷ ʤʦʜʫʣʽʚ, ʧʽʜʩʠʩʪʝʤ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʝʪʨʦʣʦʛʽʯʥʦʾ ʥʘʜʽʡʥʦʩʪʽ ʩʠʩʪʝʤ. 

 

ʊʝʦʨʽʷ ʚʠʤʽʨʶʚʘʥʴ 

ʆʮʽʥʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʽ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʴ, 

ʤʝʪʨʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʤʝʪʦʜʠʢ ʚʠʤʽʨʶ-

ʚʘʥʴ. 

ʊʝʦʨʽʾ ʽʥʬʦʨʤʘʮʽʾ, 

ʤʝʪʦʜʠ ʟʘʭʠʩʪʫ ʽʥ-

ʬʦʨʤʘʮʽʾ 

ʆʮʽʥʢʠ ʢʽʣʴʢʦʩʪʽ ʚʠʤʽʨʶʚʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʘʧʘʨʘʪ-

ʥʦ-ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ 

 

ʄʘʪʝʤʘʪʠʯʥʘ ʩʪʘʪʠ-

ʩʪʠʢʘ 

ɸʣʛʦʨʠʪʤʠ ʧʝʨʝʚʽʨʢʠ ʘʜʝʢʚʘʪʥʦʩʪʽ ʤʦʜʝʣʝʡ ʦʮʽʥʢʠ 

ʨʝʟʫʣʴʪʘʪʫ ʽ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ, ʩʪʘʪʠʩ-

ʪʠʯ-ʥʽ ʢʨʠʪʝʨʽʾ 

 

ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʻ ʚʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ, ʱʦ ʚʧʣʠʚʘʻ 

ʥʘ ʨʽʚʝʥʴ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʩʢʣʘʜʥʠʭ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ, ʦʩʢʽʣʴʢʠ ʜʦʟʚʦʣʷʻ 

ʚʠʨʽʰʠʪʠ ʥʘʩʪʫʧʥʽ ʟʘʚʜʘʥʥʷ: ʽʩʪʦʪʥʦ ʟʥʠʟʠʪʠ ʢʽʣʴʢʽʩʪʴ ʧʨʦʝʢʪʥʠʭ ʧʦ-

ʤʠʣʦʢ, ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦʾ ʽ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʜʦʢʫʤʝʥʪʘ-

ʮʽʾ, ʩʪʚʦʨʠʪʠ ʫʤʦʚʠ ʜʣʷ ʙʘʛʘʪʦʚʘʨʽʘʥʪʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʽ ʚʠʙʦʨʫ ʦʧ-

ʪʠʤʘʣʴʥʦʛʦ ʚʘʨʽʘʥʪʫ, ʩʢʦʨʦʪʠʪʠ ʪʝʨʤʽʥʠ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʚʠʚʽʣʴʥʠʚʰʠ 

ʧʝʚʥʠʡ ʯʘʩ ʥʘ ʜʦʦʧʨʘʮʶʚʘʥʥʷ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ, ʫʟʛʦʜʞʝʥʥʷ ʧʘʨʘ-

ʤʝʪʨʽʚ ʤʦʜʫʣʽʚ ʪʘ ʧʽʜʩʠʩʪʝʤ, ʧʨʦʚʝʜʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʴ.  

ʆʩʦʙʣʠʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʩʠʩʪʝʤ 

ʤʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʽʜ ʯʘʩ ʨʦʟʨʦʙʣʝʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʠʩ-

ʪʝʤ ʚʠʩʦʢʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʨʦʟʚʠʥʝʥʠʭ ʩʠʩʪʝʤʠ ʪʝʩʪʫʚʘʥ-

ʥʷ, ʧʨʦʚʝʜʝʥʥʷ ʘʚʪʦʥʦʤʥʠʭ ʽ ʢʦʤʧʣʝʢʩʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʱʝ ʜʦ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ. 

ɽʪʘʧ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ ʚʠʧʨʦʙʫʚʘʥʥʷ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ ʤʦʜʫʣʽʚ, 

ʧʽʜʩʠʩʪʝʤ ɯɺʉ. ʅʘ ʝʪʘʧʽ ʨʝʘʣʽʟʫʶʪʴʩʷ:  
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ʤʝʪʦʜʠʢʘ ʽ ʚʽʜʧʦʚʽʜʥʽ ʧʣʘʥʠ ʧʨʦʚʝʜʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʴ ʟ ʚʠʢʦʨʠʩ-

ʪʘʥʥʷʤ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʥʴ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ, 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽ ʧʘʨʘʤʝʪʨʽʚ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ, ʤʝʪʨʦʣʦʛʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʩʣʽʜʥʠʭ ʤʦʜʫʣʽʚ, ʧʽʜʩʠʩʪʝʤ; 

ʚʽʜʧʦʚʽʜʥʘ ʢʦʨʝʢʮʽʷ ʘʣʛʦʨʠʪʤʽʯʥʦ-ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥ ̫ʤʝʪʨʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʜʫʣʽʚ ʽ ʧʽʜʩʠʩʪʝʤ, ʘ ʪʘʢʦʞ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦʨʽʚʥʷʣʴʥʦʛʦ 

ʘʥʘʣʽʟʫ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʚʦʜʠʪʴʩʷ ʢʦʨʠʛʫʚʘʥʥʷ ʧʨʦʝʢʪʥʦʾ ʪʘ 

ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ ʥʘ ʨʦʟʨʦʙʢʫ ʩʝʨʽʡʥʦʛʦ ʟʨʘʟʢʘ ʩʠʩʪʝʤʠ. 

ʅʘ ʝʪʘʧʽ ʩʪʚʦʨʝʥʥʷ ʩʝʨʽʡʥʦʛʦ ʟʨʘʟʢʘ, ʩʝʨʪʠʬʽʢʘʮʽʾ ʪʘ ʧʝʨʝʜʘʯʽ 

ɯɺʉ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ ʚʠʢʦʥʫʶʪʴʩʷ ʪʘʢʽ ʦʩʥʦʚʥʽ ʨʦʙʦʪʠ: 

ʧʽʜʛʦʪʦʚʢʘ ʚʠʨʦʙʥʠʮʪʚʘ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʩʝʨʽʡʥʠʭ ʟʨʘʟʢʽʚ ʩʠʩ-

ʪʝʤʠ ʟ ʟʘʜʘʥʠʤʠ ʤʝʪʨʦʣʦʛʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ; 

ʨʝʘʣʽʟʫʪʁʴʩʷ ʤʝʪʦʜʠʢʠ ʥʘʣʘʛʦʜʞʫʚʘʥʥʷ ʨʽʟʥʠʭ ʤʦʜʫʣʽʚ ʽ ʧʽʜʩʠʩʪʝʤ 

ʪʘ ʧʝʨʝʚʽʨʢʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʟʘʜʘʥʠʭ ʬʫʥʢʮʽʡ; 

ʚʠʧʨʦʙʫʚʘʥʥʷ ʽ ʩʝʨʪʠʬʽʢʘʮʽ ̫ʩʝʨʽʡʥʦʛʦ ʟʨʘʟʢʘ ʩʠʩʪʝʤʠ ʟ ʚʠʢʦʨʠ-

ʩʪʘʥʥʷʤ ʤʝʪʨʦʣʦʛʽʯʥʦ ʘʪʝʩʪʦʚʘʥʠʭ ʚʠʤʽʨʶʚʘʣʴʥʠʭ (ʘʧʘʨʘʪʥʠʭ ʽ ʧʨʦ-

ʛʨʘʤʥʠʭ) ʟʘʩʦʙʽʚ. 

ɽʪʘʧ ʝʢʩʧʣʫʘʪʘʮʽʾ ɯɺʉ ʻ ʥʘʡʙʽʣʴʰ ʪʨʠʚʘʣʠʤ ʚ ʯʘʩʽ ʽ ʧʝʨʝʜʙʘʯʘʻ 

ʪʘʢʽ ʨʦʙʦʪʠ: 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ, ʥʘʣʘʛʦʜʞʝʥʥʷ ʽ ʟʘʧʫʩʢ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ ʩʠʩʪʝʤʠ; 

ʤʦʥʽʪʦʨʠʥʛ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʚ ʟʘʜʘʥʠʭ ʨʝʞʠʤʘʭ ʟ ʚʠʢʦ-

ʨʠʩʪʘʥʥʷʤ ʧʽʜʩʠʩʪʝʤ ʚʠʤʽʨʶʚʘʥʴ, ʢʦʥʪʨʦʣʶ, ʜʽʘʛʥʦʩʪʠʢʠ ʽ ʫʧʨʘʚʣʽʥʥʷ; 

ʬʦʨʤʫʚʘʥʥʷ ʙʘʟʠ ʜʘʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʟ 

ʥʘʩʪʫʧʥʠʤ ʩʪʘʪʠʩʪʠʯʥʠʤ ʦʧʨʘʮʶʚʘʥʥʷʤ ʜʘʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ, ʧʘʨʘʤʝʪʨʽʚ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ; 

ʨʝʘʣʽʟʘʮʽʷ ʤʝʪʦʜʠʢʠ ʜʦʚʛʦʩʪʨʦʢʦʚʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʚʠʟʥʘʯʝʥʥʷ 

ʧʨʦʛʥʦʟʦʚʘʥʠʭ ʤʝʪʨʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤʠ; 

ʨʝʘʣʽʟʘʮʽʷ ʤʝʪʦʜʠʢʠ ʘʚʪʦʨʩʴʢʦʛʦ ʥʘʛʣʷʜʫ ʪʘ ʨʝʤʦʥʪʫ ʩʠʩʪʝʤʠ; 

ʢʦʨʠʛʫʚʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʽ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʘʨʽʘʥʪʽʚ 

ʤʦʜʝʨʥʽʟʘʮʽʾ ʜʽʶʯʦʾ ʩʠʩʪʝʤʠ, ʧʨʦʚʝʜʝʥʥʷ ʤʦʜʝʣʶʶʯʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʽ 

ʬʦʨʤʫʚʘʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡ ʤʦʜʝʨʥʽʟʘʮʽʾ ʩʠʩʪʝʤʠ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ɿʘʢʣʶʯʥʠʡ ʝʪʘʧ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ɯɺʉ ʻ ʥʘʡʙʽʣʴʰ ʥʘʫʢʦʤʽʩʪʢʠʤ ʚ 

ʞʠʪʪʻʚʦʤʫ ʮʠʢʣʽ ɯɺʉ ʽ ʧʦʣʷʛʘʻ ʫ ʬʦʨʤʫʚʘʥʥʽ ʜʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʩʽʭ 

ʝʪʘʧʽʚ, ʾʭ ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ ʪʘ ʪʝʦʨʝʪʠʯʥʦʤʫ ʘʥʘʣʽʟʫ ʟ ʧʠʪʘʥʴ ʢʦʨʝʢʪʥʦʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ, ʫʟʘʛʘʣʴʥʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʬʫʥʢ-

ʮʽʦʥʫʚʘʥʥʷ ʢʦʥʢʨʝʪʥʦʛʦ ʚʠʜʫ ɯɺʉ. ʊʘʢʝ ʫʟʘʛʘʣʴʥʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦ-

ʩʣʽʜʞʝʥʴ ʤʝʪʨʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʣʫʛʫʻ ʚʽʜʧʦʚʽʜʥʠʤ ʥʘʫʢʦʚʦ-
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ʪʝʭʥʽʯʥʠʤ, ʽʥʬʦʨʤʘʮʽʡʥʠʤ, ʤʘʪʝʤʘʪʠʯʥʠʤ ʽ ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥ-

ʥʷʤ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ɯɺʉ. 

ʅʘ ʜʘʥʦʤʫ ʝʪʘʧʽ ʚʠʢʦʥʫʻʪʴʩʷ ʪʘʢʦʞ ʨʦʙʦʪʠ ʟ ʫʪʠʣʽʟʘʮʽʾ ɯɺʉ ʷʢ ʩʠ-

ʩʪʝʤʠ, ʷʢʘ ʚʠʯʝʨʧʘʣʘ ʩʚʽʡ ʪʝʭʥʽʯʥʠʡ ʨʝʩʫʨʩ. 

ʊʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ. ɺʽʜʦʤʦ, ʱʦ ʨʝʟʫʣʴʪʘʪ ʚʠʤʽʨʶʚʘʥʴ ʙʝʟ 

ʦʮʽʥʢʠ ʡʦʛʦ ʪʦʯʥʦʩʪʽ ʚʪʨʘʯʘʻ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ. ɯʩʪʦʨʽʷ ʚʠʤʽʨʶʚʘʥʴ 

ʧʽʜʪʚʝʨʜʠʣʘ, ʱʦ ʦʩʥʦʚʥʦʶ ʤʝʪʦʶ ʾʭ ʨʦʟʚʠʪʢʫ ʻ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ 

ʚʠʤʽʨʶʚʘʥʴ. ʅʘ ʧʦʯʘʪʢʫ ʩʪʘʥʦʚʣʝʥʥʷ ʟʝʤʥʦʾ ʮʠʚʽʣʽʟʘʮʽʾ (ʦʮʽʥʶʻʪʴʩʷ 

ʫʤʦʚʥʦ ʚ ʜʝʢʽʣʴʢʘ ʩʦʪʝʥʴ ʪʠʩʷʯ ʨʦʢʽʚ) ʜʣʷ ʚʠʤʽʨʶʚʘʥʴ ʙʫʣʦ ʜʦʩʪʘʪʥʴʦ 

ʧʨʠʨʦʜʥʠʭ ʦʨʛʘʥʽʚ ʧʦʯʫʪʪʷ ʣʶʜʠʥʠ. ʇʝʨʰʽ ʟʘʩʦʙʠ ʚʠʤʽʨʶʚʘʥʴ 

ʟôʷʚʠʣʠʩʴ ʧʨʠʙʣʠʟʥʦ ʜʝʢʽʣʴʢʘ ʪʠʩʷʯʦʣʽʪʴ ʥʘʟʘʜ ʽ ʧʨʦʡʰʣʠ ʰʣʷʭ ʚʽʜ 

ʧʨʦʩʪʦʛʦ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʰʥʫʨʘ ʟ ʚʫʟʣʘʤʠ ʜʦ ʛʽʛʘʥʪʩʴʢʦʛʦ 

ʧôʷʪʠʧʦʚʝʨʭʦʚʦʛʦ çɸʪʣʘʩʫè ï ʩʫʯʘʩʥʦʛʦ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʫ 

ʧʨʦʪʦʥʥʦʛʦ ʧʨʠʩʢʦʨʶʚʘʯʘ ʚ ɾʝʥʝʚʽ, ʩʝʥʩʦʨʥʘ ʧʽʜʩʠʩʪʝʤʘ ʷʢʦʛʦ ʟ 140 

ʤʽʣʴʡʦʥʘʤʠ ʤʽʢʨʦʩʢʦʧʽʯʥʠʭ ʩʝʥʩʦʨʽʚ ʬʽʢʩʫʻ ~800 ʤʣʥ. ʟʽʪʢʥʝʥʴ ʧʨʦ-

ʪʦʥʽʚ ʚ ʩʝʢʫʥʜʫ ʧʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʬʽʟʠʯʥʠʭ ʷʜʝʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ʑʝ ʚ ʩʝʨʝʜʠʥʽ ʍɯʍ ʩʪʦʣʽʪʪʷ ʘʥʛʣʽʡʩʴʢʠʡ ʬʽʟʠʢ ɸ. ʄʘʡʢʝʣʴʩʦʥ, 

ʘʥʘʣʽʟʫʶʯʠ ʚʽʜʢʨʠʪʪʷ, ʟʨʦʙʣʝʥʽ ʚ ʭʦʜʽ ʧʨʦʚʝʜʝʥʥʷ ʬʽʟʠʯʥʠʭ 

ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʚʠʩʣʦʚʠʚ ʛʽʧʦʪʝʟʫ ʧʨʦ ʪʝ, ʱʦ ʥʦʚʽ 

ʚʽʜʢʨʠʪʪʷ ʚ ʬʽʟʠʮʽ ʙʫʜʫʪʴ ʤʦʞʣʠʚʽ ʟʘ ʫʤʦʚʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜʥʦʩʥʠʭ 

ʧʦʭʠʙʦʢ ʚʠʤʽʨʶʚʘʥʴ ʥʝ ʙʽʣʴʰʝ ʟʘ 10
-6
. ɺ ʨʷʜʽ ʚʠʧʘʜʢʽʚ ʪʘʢʘ ʛʽʧʦʪʝʟʘ, 

ʧʽʜʪʚʝʨʜʠʣʘʩʴ. ʉʫʯʘʩʥʽ ʟʘʩʦʙʠ ʚʠʤʽʨʶʚʘʥʴ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʪʠ 

ʚʽʜʥʦʩʥʫ ʧʦʭʠʙʢʫ ʨʝʟʫʣʴʪʘʪʫ ʚʠʤʽʨʶʚʘʥʴ, ʱʦ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʧʦʪʝʥ-

ʮʽʘʣʴʥʦ ʤʦʞʣʠʚʠʭ ʟʥʘʯʝʥʴ 10
-17
é10

-18
. 

ɿʫʧʠʥʠʤʦʩʴ ʥʘ ʘʥʘʣʽʟʽ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʦʮʽʥʶʚʘʥʥʷ ʪʦʯʥʦʩʪʽ ʨʝ-

ʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ. ʅʘ ʩʴʦʛʦʜʥʽ ʫ ʄʽʞʥʘʨʦʜʥʽʡ ʤʝʪʨʦʣʦʛʽʾ ʚʽʜʙʫ-

ʚʘʻʪʴʩʷ ʝʚʦʣʶʮʽʡʥʠʡ ʧʨʠʨʦʜʥʠʡ ʧʝʨʝʭʽʜ ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ 

ʚʠʤʽʨʶʚʘʥʴ ʚʽʜ ʢʦʥʮʝʧʮʽʾ ʧʦʭʠʙʦʢ (ʫʤʦʚʥʘ ʥʘʟʚʘ) ʜʦ ʢʦʥʮʝʧʮʽʾ ʥʝʚʠʟʥʘ-

ʯʝʥʦʩʪʽ (ʧʨʠʡʥʷʪʘ ʟ 1993 ʨʦʢʫ, ʷʢ GUM 1993). ʊʘʢʝ ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʤʘʻ 

ʘʥʘʣʦʛʽʶ ʟ ʧʝʨʝʭʦʜʦʤ ʚʽʜ ʦʜʥʦʾ ʤʽʞʥʘʨʦʜʥʦʾ ʩʠʩʪʝʤʠ ʦʜʠʥʠʮʴ ʜʦ ʽʥ-

ʰʦʾ.  

ɺʽʜʦʤʦ, ʱʦ ʪʘʢ ʟʚʘʥʫ ʢʦʥʮʝʧʮʽʶ ʧʦʭʠʙʦʢ ʥʘʟʠʚʘʶʪʴ ʱʝ ʢʣʘʩʠʯʥʦʶ 

ʪʝʦʨʽʻʶ ʧʦʭʠʙʦʢ. ɺʦʥʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʦʩʪʫʣʘʪʽ ʽʩʥʫʚʘʥʥʷ ʽʩʪʠʥʥʦʛʦ 

(ʪʦʯʥʦʛʦ) ʟʥʘʯʝʥʥʷ ʚʠʤʽʨʶʚʘʥʦʾ ʚʝʣʠʯʠʥʠ. ɸʙʩʦʣʶʪʥʽ ʟʥʘʯʝʥʥʷ ʧʦʭʠʙ-

ʢʠ ʨʝʟʫʣʴʪʘʪʫ ʚʠʤʽʨʶʚʘʥʴ ʚʠʟʥʘʯʘʶʪʴ ʷʢ ʨʽʟʥʠʮʶ ʤʽʞ ʨʝʟʫʣʴʪʘʪʦʤ 

ʚʠʤʽʨʶʚʘʥʥʷ ʚʝʣʠʯʠʥʠ ʽ ʾʾ ʽʩʪʠʥʥʠʤ ʟʥʘʯʝʥʥʷʤ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʢʦʥʮʝʧ-

ʮʽʾ ʧʦʭʠʙʦʢ ʜʘʣʦ ʟʤʦʛʫ ʦʪʨʠʤʘʥʽ ʚʘʞʣʠʚʽ ʨʝʟʫʣʴʪʘʪʠ ʪʝʦʨʽʾ ʽ ʧʨʘʢʪʠʢʠ 

ʚʠʤʽʨʶʚʘʥʴ ʷʢʽ ʜʦ ʧʦʯʘʪʢʫ ʍʍ ʩʪʦʣʽʪʪʷ ʩʧʨʠʷʣʠ ʨʦʟʚʠʪʢʫ ʚʠʤʽʨʶʚʘʥʴ ʽ 

ʤʝʪʨʦʣʦʛʽʾ ʚ ʮʽʣʦʤʫ.  

ʅʝʚʠʟʥʘʯʝʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʫ ʚʠʤʽʨʶʚʘʥʴ.  ʉʘʤ ʪʝʨʤʽʥ çʥʝʚʠʟʥʘʯʝ-
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ʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴè ʦʟʥʘʯʘʻ ʩʫʤʥʽʚ ʩʪʦʩʦʚʥʦ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʫ 

ʚʠʤʽʨʶʚʘʥʥʷ. ʇʨʠʥʮʠʧʦʚʦʶ ʚʽʜʤʽʥʥʽʩʪʶ ʜʘʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʷʢʦʩʪʽ ʨʝ-

ʟʫʣʴʪʘʪʫ ʚʠʤʽʨʶʚʘʥʴ ʚʽʜ ʪʨʘʜʠʮʽʡʥʦʛʦ ʧʦʣʷʛʘʻ ʚ ʥʘʩʪʫʧʥʦʤʫ: ʜʦʩʪʦʚʽ-

ʨʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʭʠʙʦʢ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʦʪʨʠʤʘʥʠʭ ʚ ʧʨʦʮʝʩʽ ʧʨʦʚʝʜʝʥʥʷ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʜʘʥʠʭ 

ʚʠʤʽʨʶʚʘʥʴ, ʚʽʜʦʤʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʥʴ ʪʘ ʫʤʦʚ ʧʨʦ-

ʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʽʥʰʦʾ ʘʧʨʽʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. ɺ ʢʦʥʮʝʧʮʽʾ ʥʝʚʠ-

ʟʥʘʯʝʥʦʩʪʽ ʪʘʢʽ ʧʦʥʷʪʪʷ, ʷʢ ʧʦʭʠʙʢʘ  ̔ʽʩʪʠʥʥʝ ʟʥʘʯʝʥʥʷ ʚʠʤʽʨʶʚʘʥʦʾ 

ʚʝʣʠʯʠʥʠ ʟʘʤʽʥʶʶʪʴʩʷ ʧʦʥʷʪʪʷʤʠ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʽ ʦʮʽʥʦʯʥʝ ʟʥʘʯʝʥʥʷ 

ʚʠʤʽʨʶʚʘʥʦʾ ʚʝʣʠʯʠʥʠ, ʘ ʧʦʜʽʣ (ʢʣʘʩʠʬʽʢʘʮʽʷ) ʚʠʜʽʚ ʧʦʭʠʙʦʢ ʟʘ ʨʽʟʥʠʤʠ 

ʦʟʥʘʢʘʤʠ ʟʘʤʽʥʶʻʪʴʩʷ ʥʘ ʧʦʜʽʣ ʟʘ ʩʧʦʩʦʙʦʤ ʦʮʽʥʶʚʘʥʥʷ ʥʝʚʠʟʥʘʯʝʥʦʩ-

ʪʝʡ ʚʠʤʽʨʶʚʘʥʴ ʟʘ ʪʠʧʦʤ ɸ, ʷʢʠʡ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʝʪʦʜʽʚ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ, ʽ ʟʘ ʪʠʧʦʤ ɺ ï ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʽ ʽʥʰʠʭ ʤʝ-

ʪʦʜʽʚ. 

ɺʽʜʧʦʚʽʜʥʽʩʪʴ ʤʽʞ ʧʦʢʘʟʥʠʢʘʤʠ ʷʢʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ ʟʘ 

ʢʦʥʮʝʧʮʽʷʤʠ ʧʦʭʠʙʦʢ ʪʘ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʧʦʜʘʥʦ ʥʘ ʨʠʩ. 1.3.  
 

 
ʈʠʩ.1.3.  ɺʽʜʧʦʚʽʜʥʽʩʪʴ ʦʮʽʥʦʢ ʧʦʭʠʙʦʢ ʽ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ  

ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ 

 

ʂʦʨʦʪʢʦ ʟʫʧʠʥʠʤʦʩʷ ʥʘ ʤʝʪʦʜʘʭ ʦʮʽʥʶʚʘʥʥʷ ʽ ʩʧʦʩʦʙʘʭ ʚʽʜʦʙʨʘ-

ʞʝʥʥʷ ʦʙ'ʻʢʪʽʚ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ. 

ɿʘ ʤʝʪʦʜʦʤ ʦʮʽʥʶʚʘʥʥʷ ʚʠʜʽʣʷʶʪʴ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ: 

ʪʠʧʫ ɸ, ʜʦ ʷʢʠʭ ʥʘʣʝʞʘʪʴ ʩʢʣʘʜʦʚʽ ʦʮʽʥʶʚʘʥʽ ʩʪʘʪʠʩʪʠʯʥʠʤʠ ʤʝ-

ʪʦʜʘʤʠ ʦʧʨʘʮʶʚʘʥʥʷ ʜʘʥʠʭ ʙʘʛʘʪʦʨʘʟʦʚʠʭ ʚʠʤʽʨʶʚʘʥʴ; 

ʪʠʧʫ ɺ, ʜʦ ʷʢʠʭ ʚʽʜʥʦʩʷʪʴʩʷ ʩʢʣʘʜʦʚʽ, ʱʦ ʦʮʽʥʶʶʪʴʩʷ ʽʥʰʠʤʠ ʤʝ-

ʪʦʜʘʤʠ ʦʧʨʘʮʶʚʘʥʥʷ ʜʘʥʠʭ ʚʠʤʽʨʶʚʘʥʴ. 

ʉʂɺ ʚʠʧʘʜʢʦʚʦʾ ʧʦʭʠʙʢʠ ʘʙʦ 

ʥʝʚʠʢʣʶʯʝʥʠʡ ʟʘʣʠʰʦʢ ʩʠʩʪʝʤʘ-

ʪʠʯʥʦʾ ʧʦʭʠʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʙʘʛʘ-

ʪʦʨʘʟʦʚʠʭ ʚʠʤʽʨʶʚʘʥʴ 

ʉʂɺ ʥʝʚʠʢʣʶʯʝʥʥʦʾ ʩʠʩʪʝʤʘ-

ʪʠʯʥʦʾ ʧʦʭʠʙʢʠ ʽ ʚʠʧʘʜʢʦʚʦʾ 

ʧʦʭʠʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʦʜʥʦʨʘʟʦ-

ʚʠʭ ʚʠʤʽʨʶʚʘʥʴ  

ʉʂɺ  ʩʫʤʘʨʥʦʾ ʧʦʭʠʙʢʠ 

ʚʠʤʽʨʶʚʘʥʴ 

 
ɼʦʚʽʨʯʠʡ ʽʥʪʝʨʚʘʣ ʟʥʘʯʝʥʴ 

ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʥʴ 

ʉʪʘʥʜʘʨʪʥʘ 

ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʪʠʧʫ  ɺ 

ʉʫʤʘʨʥʘ ʩʪʘʥʜʘʨʪʥʘ  

ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ 

ʈʦʟʰʠʨʝʥʘ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ 

ʉʪʘʥʜʘʨʪʥʘ 

ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ  ʪʠʧʫ ɸ 
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ɿʘ ʩʧʦʩʦʙʦʤ ʚʽʜʦʙʨʘʞʝʥʥʷ ʚʠʜʽʣʷʶʪʴ: 

ʩʪʘʥʜʘʨʪʥʫ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʫ ʧʨʷʤʠʭ ʚʠʤʽʨʶʚʘʥʴ ʷʢ 

ʩʪʘʥʜʘʨʪʥʝ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ (ʉʂɺ); 

ʩʫʤʘʨʥʫ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʷʢ ʩʪʘʥʜʘʨʪʥʫ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʫ 

ʥʝʧʨʷʤʠʭ ʚʠʤʽʨʶʚʘʥʴ, ʷʢʫ ʦʪʨʠʤʫʶʪʴ ʟʽ ʟʥʘʯʝʥʴ ʽʥʰʠʭ ʚʝʣʠʯʠʥ, ʧʦʚ'ʷ-

ʟʘʥʠʭ ʟ ʚʠʤʽʨʶʚʘʥʦʶ ʚʝʣʠʯʠʥʦʶ ʬʫʥʢʮʽʦʥʘʣʴʥʦʶ ʟʘʣʝʞʥʽʩʪʶ; 

ʨʦʟʰʠʨʝʥʫ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʷʢ ʽʥʪʝʨʚʘʣʴʥʫ ʦʮʽʥʢʫ ʚʠʤʽʨʶʚʘʥʴ, ʷʢʘ 

ʦʮʽʥʶʻʪʴʩʷ ʜʦʙʫʪʢʦʤ ʩʪʘʥʜʘʨʪʥʦʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʥʘ ʢʦʝʬʽʮʽʻʥʪ ʦʭʦ-

ʧʣʝʥʥʷ, ʷʢʠʡ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʜʫ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ ʽ ʨʽʚʥʽʚ ʟʘʜʘʥʠʭ 

ʡʤʦʚʽʨʥʦʩʪʝʡ; 

ʚʽʜʥʦʩʥʫ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ï ʚʽʜʥʦʰʝʥʥʷ ʩʪʘʥʜʘʨʪʥʦʾ, ʩʫʤʘʨʥʦʾ ʘʙʦ 

ʨʦʟʰʠʨʝʥʦʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʜʦ ʦʮʽʥʢʠ ʚʠʤʽʨʶʚʘʥʦʾ ʚʝʣʠʯʠʥʠ. 
 

1.3. ʂʣʘʩʠʬʽʢʘʮʽʷ ʽ ʘʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʥʘ ʨʝʘʣʽʟʘʮʽʷ ɯɺʉ 
 

ɿ ʽʩʪʦʨʽʾ ʨʦʟʚʠʪʢʫ ɯɺʉ. ʈʦʟʚʠʪʦʢ ɯɺʉ, ʧʦʯʠʥʘʶʯʠ ʟ 50-ʭ ʨʦʢʽʚ ʍʍ 

ʩʪʦʣʽʪʪʷ, ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʪʚʦʨʝʥʥʷʤ ʩʠʩʪʝʤ ʜʝʢʽʣʴʢʦʭ ʧʦʢʦʣʽʥʴ. 

ɼʣʷ ʧʝʨʰʦʛʦ ʧʦʢʦʣʽʥʥʷ ɯɺʉ ʭʘʨʘʢʪʝʨʥʠʤ ʻ ʬʦʨʤʫʚʘʥʥʷ ʤʝʪʦʜʦʣʦ-

ʛʽʾ ʽ ʢʦʥʮʝʧʮʽʾ ʩʪʚʦʨʝʥʥʷ ɯɺʉ ʷʢ ʩʠʩʪʝʤʥʦʾ ʩʪʨʫʢʪʫʨʠ ʩʫʤʽʩʥʦʛʦ ʬʫʥʢ-

ʮʽʦʥʫʚʘʥʥʷ ʟʘʩʦʙʽʚ ʬʦʨʤʫʚʘʥʥʷ, ʦʧʨʘʮʶʚʘʥʥʷ ʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʚʠʤʽ-

ʨʶʚʘʥʴ. ʎʝ ʙʫʣʠ ʩʠʩʪʝʤʠ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʮʠʢʣʽʯʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʚʠ-

ʤʽʨʶʚʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʟ ʝʣʝʤʝʥʪʘʤʠ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ. ɺʽʜʧʦ-

ʚʽʜʥʠʡ ʧʝʨʽʦʜ ʨʦʟʚʠʪʢʫ ʪʘʢʠʭ ʩʠʩʪʝʤ (50-60 ʨʦʢʠ ʍʍ ʩʪ.) ʽʤʝʥʫʶʪʴ 

ʧʝʨʽʦʜʦʤ ʜʝʪʝʨʤʽʥʽʟʤʫ, ʦʩʢʽʣʴʢʠ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʚʠʤʽʨʶʚʘʥʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʟʜʝʙʽʣʴʰʦʛʦ ʘʥʘʣʽʪʠʯʥʠʡ ʘʧʘʨʘʪ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ 

ʘʥʘʣʽʟʫ ʽ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʤʘʪʝʤʘʪʠʢʠ. 

ɼʨʫʛʝ ʧʦʢʦʣʽʥʥʷ ɯɺʉ ʧʦʚôʷʟʘʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʜʨʝʩʥʦʛʦ ʟʙʦʨʫ 

ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʽ ʾʾ ʦʧʨʘʮʶʚʘʥʥʷʤ ʟʘʩʦʙʘʤʠ ʦʙʯʠʩʣʶʚʘʥʦʾ 

ʪʝʭʥʽʢʠ. ɽʣʝʤʝʥʪʥʫ ʙʘʟʫ ɯɺʉ  ʩʢʣʘʜʘʣʠ ʤʽʢʨʦʝʣʝʢʪʨʦʥʥʽ ʢʦʤʧʦʥʝʥʪʠ 

ʤʘʣʦʾ ʪʘ ʩʝʨʝʜʥʴʦʾ ʩʪʝʧʝʥʽ ʽʥʪʝʛʨʘʮʽʾ. ʎʝʡ ʧʝʨʽʦʜ (70 ʨʦʢʠ ʍʍ ʩʪ.) ʽʤʝ-

ʥʫʶʪʴ ʧʝʨʽʦʜʦʤ ʩʪʦʭʘʩʪʠʯʥʦʩʪʽ ʪʦʤʫ, ʱʦ ʨʷʜ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʟʘʚ-

ʜʘʥʴ ʚʠʤʽʨʶʚʘʥʴ ʙʫʣʦ ʚʠʨʽʰʝʥʦ ʚʠʨʽʰʝʥʦ ʟʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʪʝʦ-

ʨʽʾ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ ʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ. 

ʊʨʝʪʻ ʧʦʢʦʣʽʥʥʷ ɯɺʉ  ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻ ʤʽʢʨʦʧʨʦʮʝʩʦʨʠ ʽ ʧʨʦʤʠ-

ʩʣʦʚʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʝʣʝʢʪʨʦʥʥʽ ʤʦʜʫʣʽ, ʩʫʤʽʩʥʽ ʤʽʞ ʩʦʙʦʶ ʟʘ ʽʥʬʦʨ-

ʤʘʮʽʡʥʠʤʠ, ʤʝʪʨʦʣʦʛʽʯʥʠʤʠ, ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ, ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ.  ʎʝ ʧʝʨʽʦʜ (80 ʨʦʢʠ ʍʍ ʩʪ.) ʩʪʚʦ-

ʨʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦ-ʨʦʟʧʦʜʽʣʝʥʠʭ ʽ ʧʨʦʛʨʘʤʦʚʘʥʠʭ ɯɺʉ. 

ʏʝʪʚʝʨʪʝ ʧʦʢʦʣʽʥʥʷ ɯɺʉ (90-ʽ ʨʦʢʠ ʍʍ ʩʪʦʣʽʪʪʷ) ʧʦʚôʷʟʘʥʝ ʟʽ 

ʩʪʨʽʤʢʠʤ ʨʦʟʚʠʪʢʦʤ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ ʽ ʩʪʚʦʨʝʥʥʷʤ ʛʥʫʯʢʠʭ 
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ʧʨʦʛʨʘʤʦʚʘʥʠʭ ɯɺʉ. ɺ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʦʩʥʦʚʥʫ ʨʦʣʴ ʚʽʜʽʛʨʘʻ ʢʦʨʠʩʪʫ-

ʚʘʯ-ʜʦʩʣʽʜʥʠʢ, ʷʢʠʡ ʤʘʻ ʤʦʞʣʠʚʦʩʪʽ ʟʤʽʥʶʚʘʪʠ ʧʨʦʛʨʘʤʫ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ɯɺʉ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʟʘʜʘʯ ʚʠʤʽʨʶʚʘʥʥʷ.  

ʇôʷʪʝ ʧʦʢʦʣʽʥʥʷ ɯɺʉ ʨʦʟʚʠʚʘʻʪʴʩʷ ʥʘ ʧʦʯʘʪʢʫ ʍʍɯ ʩʪʦʣʽʪʪʷ ʽ ʭʘ-

ʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʪʚʦʨʝʥʥʷʤ ʘʜʘʧʪʠʚʥʠʭ, ʚʽʨʪʫʘʣʴʥʠʭ ʽ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ 

ʩʠʩʪʝʤ ʚʠʤʽʨʶʚʘʥʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʝʨʩʦʥʘʣʴʥʠʭ ʢʦʤʧôʶʪʝʨʽʚ ʽ ʩʫ-

ʯʘʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

ʂʣʘʩʠʬʽʢʘʮʽʷ ɯɺʉ.  ʋ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʘʭ ʤʝʪʨʦʣʦʛʽʾ ʢʣʘ-

ʩʠʬʽʢʘʮʽʷ ɯɺʉ ʥʝ ʥʘʚʝʜʝʥʘ ʽ ʮʝ ʧʦʷʩʥʶʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ: 

 ʫ ʢʣʘʩʠʬʽʢʘʮʽʾ ɯɺʉ ʥʝʦʙʭʽʜʥʦ ʯʽʪʢʦ ʚʠʜʽʣʠʪʠ ʢʣʘʩʠʬʽʢʘʮʽʡʥʽ ʦʟʥʘ-

ʢʠ, ʘ ʮʝ ʜʣʷ ʚʩʽʭ ʚʠʜʽʚ ʽ ʧʦʢʦʣʽʥʴ ɯɺʉ ʟʨʦʙʠʪʠ ʧʨʘʢʪʠʯʥʦ ʥʝʤʦʞʣʠʚʦ; 

 ʢʣʘʩʠʬʽʢʘʮʽʶ ɯɺʉ ʤʦʞʥʘ ʣʠʰʝ ʫʤʦʚʥʦ ʧʨʦʚʝʩʪʠ ʥʘ ʧʝʚʥʦʤʫ ʝʪʘʧʽ 

ʨʦʟʚʠʪʢʫ ɯɺʉ ʚ ʟʚ'ʷʟʢʫ ʟ ʜʠʥʘʤʽʢʦʶ ʟʤʽʥ ʝʣʝʤʝʥʪʥʦʾ ʙʘʟʠ ʪʘ ɯɺʊ. 

 ʅʘʚʝʜʝʥʘ ʚ ʪʘʙʣʠʮʽ 1.4 ʢʣʘʩʠʬʽʢʘʮʽʷ ɯɺʉ ʚʨʘʭʦʚʫʻ ʪʝʥʜʝʥʮʽʾ ʩʫ-

ʯʘʩʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʝʪʘʧʫ ʨʦʟʚʠʪʢʫ ʩʠʩʪʝʤ ʚʠʤʽʨʶʚʘʥʴ. 
ʊʘʙʣʠʮʷ 1.4 

ʂʣʘʩʠʬʽʢʘʮʽʷ 

 ɯɺʉ 

ʆʟʥʘʢʠ 

 ʢʣʘʩʠʬʽʢʘʮʽʾ 

ɺʠʜʠ ɯɺʉ 

 

ʌʫʥʢʮʽʦʥʘʣʴʥʝ 

ʧʨʠʟʥʘʯʝʥʥʷ 

ʉʠʩʪʝʤʠ ʚʠʤʽʨʶʚʘʣʴʥʽ, ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʦʥʪʨʦʣʶ, 

ʪʝʭʥʽʯʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ, ʽʜʝʥʪʠʬʽʢʘʮʽʾ, ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʦʙʨʘʟʽʚ ʫʧʨʘʚʣʽʥʥʷ, ʪʝʣʝʤʝʪʨʠʯʥʽ, ʩʪʘʪʠʩʪʠʯʥʽ, 

ʧʦʣʽʤʝʪʨʠʯʥʽ. 

ʈʝʞʠʤʠ (ʘʣʛʦʨʠʪʤ) 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʇʦʩʪʽʡʥʠʡ,  

ʘʜʘʧʪʦʚʘʥʠʡ ʜʦ ʜʠʥʘʤʽʢʠ ʟʤʽʥ ʚʝʣʠʯʠʥ ʽ ʫʤʦʚ ʨʦʙʦʪʠ 

ʦʙôʻʢʪʘ ʜʦʩʣʽʜʞʝʥʴ,  

ʚʽʨʪʫʘʣʴʥʠʡ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʽʚ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʽ 

ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ,  

ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʡ ʟ ʤʦʞʣʠʚʦʩʪʷʤʠ ʧʝʨʝʙʫʜʦʚʠ ʩʪʨʫʢ-

ʪʫʨʠ ʽ ʚʠʢʦʥʘʥʥʷ ʬʫʥʢʮʽʡ ʚʠʤʽʨʶʚʘʥʴ. 

ʂʽʣʴʢʽʩʪʴ ʽ ʜʠʥʘʤʽʢʘ 

ʫ ʧʨʦʩʪʦʨʽ ʽ ʯʘʩʽ 

ʚʠʤʽʨʶʚʘʣʴʥʠʭ 

ʚʝʣʠʯʠʥ 

ʆʜʥʦʢʘʥʘʣʴʥʽ, ʙʘʛʘʪʦʢʘʥʘʣʴʥʽ, ʩʪʘʪʠʯʥʽ, ʜʠʥʘʤʽʯʥʽ, 

ʨʝʘʣʽʟʘʮʽʾ ɯɺʊ:  ɯɺʊ-1D, Iɺʊ-2D ʽ Iɺʊ-3D 

 

ɿʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʦʟʥʘʢ ʢʣʘʩʠʬʽʢʘʮʽʾ ɯɺʉ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʨʘ-

ʥʽʰʝ, ʚ ʪʦʤʫ ʯʠʩʣʽ: ʚʠʜ ʚʠʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ; ʚʠʜ ʩʪʨʫʢʪʫʨʥʦ-

ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʩʭʝʤʠ ʩʠʩʪʝʤʠ; ʚʠʜʠ ʜʽʘʣʦʛʦʚʦʛʦ ʨʝʞʠʤʫ ʦʧʝʨʘʪʦʨ-

ʩʠʩʪʝʤʘ ʪʘ ʽʥʰʽ ʽʥʪʝʛʨʦʚʘʥʽ ʚ ʢʣʘʩʠʬʽʢʘʮʽʾ ɯɺʉ, ʱʦ ʥʘʚʝʜʝʥʘ ʚ ʪʘʙʣ. 1.4. 

ɸʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʥʘ ʨʝʘʣʽʟʘʮʽʷ ɯɺʉ. ɸʥʘʣʽʟʫʶʯʠ ʬʫʥʢʮʽʦʥʫ-

ʚʘʥʥʷ ʨʽʟʥʠʭ ʚʠʜʽʚ ɯɺʉ, ʚʽʜʟʥʘʯʠʤʦ, ʱʦ ʚʩʽ ʩʠʩʪʝʤʠ ʚ ʩʚʦʻʤʫ ʩʢʣʘʜʽ 
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ʤʘʶʪʴ ʚʠʤʽʨʶʚʘʣʴʥʠʡ ʢʘʥʘʣ, ʷʢ ʙʘʟʦʚʫ ʽ ʪʠʧʦʚʫ ʧʽʜʩʠʩʪʝʤʫ ɯɺʉ. ʉʘʤʝ 

ʚʠʤʽʨʶʚʘʣʴʥʠʡ ʢʘʥʘʣ (ɺʂ) ʻ ʥʘʡʙʽʣʴʰʦʶ ʩʪʨʫʢʪʫʨʥʦʶ ʦʜʠʥʠʮʝʶ ɯɺʉ, 

ʤʝʪʨʦʣʦʛʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (MX) ʷʢʦʾ ʥʦʨʤʫʶʪʴʩʷ.   

ɺʠʤʽʨʶʚʘʣʴʥʠʡ ʢʘʥʘʣ ï ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʘʙʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʚʠʜʽʣʝ-

ʥʘ ʯʘʩʪʠʥʘ ɯɺʉ, ʱʦ ʚʠʢʦʥʫʻ ʟʘʢʽʥʯʝʥʫ ʬʫʥʢʮʽʶ ʚʽʜ ʩʧʨʠʡʥʷʪʪʷ ʚʠʤʽ-

ʨʶʚʘʥʦʾ ʚʝʣʠʯʠʥʠ ʜʦ ʦʪʨʠʤʘʥʥʷ ʾʾ ʨʝʟʫʣʴʪʘʪʫ ʚʠʤʽʨʶʚʘʥʴ, ʷʢʠʡ ʚʽʜʦ-

ʙʨʘʞʘʻʪʴʩʷ ʯʠʩʣʦʤ ʘʙʦ ʚʽʜʧʦʚʽʜʥʠʤ ʡʦʤʫ ʢʦʜʦʤ, ʘʙʦ ʬʦʨʤʫʚʘʥʥʷʤ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʫ, ʦʜʠʥ ʟ ʧʘʨʘʤʝʪʨʽʚ ʷʢʦʛʦ  ̒ʬʫʥʢʮʽʻ ʁ

ʟʥʘʯʝʥʥʷ ʚʠʤʽʨʶʚʘʥʦʾ ʚʝʣʠʯʠʥʠ. 

 ɸʧʘʨʘʪʥʘ ʯʘʩʪʠʥʘ ɺʂ. ʉʪʨʫʢʪʫʨʘ ɺʂ ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʻ ʪʠʧʦ-

ʚʦʶ ʽ ʷʚʣʷʻ ʩʦʙʦʶ ʧʦʩʣʽʜʦʚʥʝ ʟ'ʻʜʥʘʥʥʷ ʨʽʟʥʦʛʦ ʨʦʜʫ ʤʦʜʫʣʽʚ ʟʘʩʦʙʽʚ 

ʚʠʤʽʨʶʚʘʥʴ.  ʋʟʘʛʘʣʴʥʝʥʘ ʩʪʨʫʢʪʫʨʘ ɺʂ ɯɺʉ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ.  1.4. 

ʦʙ' ʢ̒ʪ

ʜʦʩʣ̔ʜʞʝʥɹ

ɯʥʬʦʨʤʘʮ̔  ̫ʜʣ̫ 

ʚʠʤ̔ʨʁ ʚʘʥɹ

Cʝʥʩʦʨʥʘ 

ʧ̔ʜʩʠʩʪʝʤʘ

ʄʦʜʫʣɹ 

ʬʣ̔ɹ ʪʨʘʮ̔ ʾ

ʥʦʨʤʫʚʘʥʥ̫

ʂʦʤʧʘʨʘʪʦʨ 

(ɸʎʇ)

ʄʦʜʫʣɹ 

ʥʘʢʦʧʠʯʝʥʥ̫ , 

ʢʦʜʫʚʘʥʥ̫ , 

ʧʝʨʝʜʘʚʘʥʥ̫

ʂʘʥʘʣ 

ʧʝʨʝʜʘʯ̔

ʇ̔ʜʩʠʩʪʝʤʘ 

ʦʧʨʘʮʁ ʚʘʥʥ̫ 

ʜʘʥʥʠʭ 

ʚʠʤ̔ʨʁ ʚʘʥɹ

ʄʦʜʫʣɹ 

ʨʝ̒ʩʪʨʘʮ̔ ,ʾ 

ʧʝʨʝʜʘʚʘʥʥ̫ 

ʨʝʟʫʣɹʪʘʪ̔ʚ 

ʚʠʤ̔ʨʁ ʚʘʥɹ

ɯʥh  ̔

ʩʠʩʪʝʤʠ

ʤ̔ʨʘ

ʟʘʚʘʜʠ

 
 

ʈʠʩ.  1.4.  ʋʟʘʛʘʣʴʥʝʥʘ ʩʪʨʫʢʪʫʨʘ ɺʂ ɯɺʉ 
 

ʋ ʩʝʥʩʦʨʥʫ ʧʽʜʩʠʩʪʝʤʫ ɺʂ ʚʭʦʜʷʪʴ ʩʝʥʩʦʨʠ (ʧʝʨʚʠʥʥʽ ʚʠʤʽʨʶʚʘʣʴʥʽ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽ), ʧʽʜʩʠʣʶʚʘʯʽ ʽ ʬʽʣʴʪʨʠ, ʷʢʽ ʫ ʩʫʢʫʧʥʦʩʪʽ ʧʝʨʝʪʚʦʨʶʶʪʴ 

ʽʥʬʦʨʤʘʮʽʶ ʜʣʷ ʚʠʤʽʨʶʚʘʥʴ ʦʙôʻʢʪʘ ʜʦʩʣʽʜʞʝʥʴ ʫ ʚʠʤʽʨʶʚʘʣʴʥʠʡ  ʩʠʛ-

ʥʘʣ, ʟʘʟʚʠʯʘʡ ʝʣʝʢʪʨʠʯʥʠʡ. ʋ ʪʝʦʨʽʾ ɯɺʉ ʚʠʜʽʣʝʥʠʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʡ 

ʥʘʧʨʷʤ ʜʦʩʣʽʜʞʝʥ ɹ- ʩʝʥʩʦʨʥʘ ʝʣʝʢʪʨʦʥʽʢʘ.  ʋ ʨʘʤʢʘʭ ʮʴʦʛʦ ʥʘʧʨʷʤʫ 

ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʥʦʚʽ ʩʝʥʩʦʨʠ ʬʽʟʠʯʥʠʭ ʚʝʣʠʯʠʥ, ʭʽʤʽʯʥʽ ʩʝʥʩʦʨʠ, ʙʽʦ-

ʩʝʥʩʦʨʠ, ʨʘʜʽʘʮʽʡʥʽ, ʦʧʪʠʯʥʽ ʪʘ ʦʧʪʦʝʣʝʢʪʨʦʥʥʽ ʩʝʥʩʦʨʠ, ʘʢʫʩʪʦʝʣʝʢ-

ʪʨʦʥʥʽ ʩʝʥʩʦʨʠ, ʥʘʥʦʩʝʥʩʦʨʠ ʽ ʽʥ. ɿʘ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʩʝʥʩʦʨʠ ʧʦʜʽʣʷʶʪʴ ʥʘ: ʣʽʥʽʡʥʽ ʘʙʦ ʥʝʣʽʥʽʡʥʽ;  ʽʥʝʨʮʽʡʥʽ ʘʙʦ 

ʙʝʟʽʥʝʨʮʽʡʥʽ;  ʟ ʽʥʚʘʨʽʘʥʪʥʠʤʠ (ʥʝʟʘʣʝʞʥʠʤʠ ʚʽʜ ʟʤʽʥʠ ʧʝʚʥʠʭ ʧʘʨʘ-

ʤʝʪʨʽʚ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙôʻʢʪʫ ʜʦʩʣʽʜʞʝʥʴ) ʘʙʦ ʥʝʽʥʚʘʨʽʘʥʪʥʠʤʠ ʧʘʨʘ-

ʤʝʪʨʘʤʠ ʚ ʯʘʩʽ ʽ / ʘʙʦ ʚ ʧʨʦʩʪʦʨʽ.  ʊʦʤʫ ʧʽʜ ʯʘʩ ʦʮʽʥʶʚʘʥʥʷ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ɺʂ ɯɺʉ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ʧʨʦʚʦʜʪ̫ ɹʘʥʘʣʽʟ ʩʝʥʩʦʨʘ ʷʢ 

ʦʜʥʦʛʦ ʟ ʦʩʥʦʚʥʠʭ ʤʦʜʫʣʽʚ ɺʂ. 

 ɼʨʫʛʠʡ ʤʦʜʫʣʴ ɺʂ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʩʠʣʝʥʥʷ, ʬʽʣʴʪʨʘʮʽʶ (ʫʟʛʦʜʞʝʥʫ, 

ʦʧʪʠʤʘʣʴʥʫ) ʟ ʤʝʪʦʶ ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ ʟʘʚʘʜ, ʢʦʨʠʛʫʚʘʥʥʷ (ʣʽʥʝʘʨʠ-

ʟʘʮʽʶ) ʬʫʥʢʮʽʾ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʝʥʩʦʨʘ, ʟʤʝʥʰʝʥʥʷ ʘʜʠʪʠʚʥʠʭ ʽ ʤʫʣʴʪʠ-
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ʧʣʽʢʘʪʠʚʥʠʭ ʧʦʭʠʙʦʢ ʧʝʨʝʪʚʦʨʝʥʴ, ʥʦʨʤʫʚʘʥʥʷ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʩʠʛ-

ʥʘʣʽʚ. 

 ʋ ʩʫʯʘʩʥʠʭ ɯɺʉ ʷʢ ʢʦʤʧʘʨʘʪʦʨ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʘʥʘʣʦʛʦʚʦ-

ʮʠʬʨʦʚʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ (ɸʎʇ).  ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ɸʎʇ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, 

ʯʘʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʽ ʢʨʦʢ (ʨʽʚʝʥʴ) ʢʚʘʥʪʫʚʘʥʥʷ ʟʘ ʽʥʪʝʥʩʠʚʥʽʩʪʶ 

ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʩʠʛʥʘʣʽʚ, ʫʟʛʦʜʞʫʶʪʴʩʷ ʽʟ ʟʘʚʜʘʥʥʷʤ ʚʠʤʽʨʶʚʘʥʥʷ ʽ 

ʚʠʙʠʨʘʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʤʝʪʨʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽʩʥʫʶʯʠʭ 

ɸʎʇ. 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʦʪʨʠʤʘʥʽ ʟ ʚʠʭʦʜʫ ɸʎʇ ʜʘʥʽ ʚʠʤʽʨʶʚʘʥʴ ʚ 

ʤʦʜʫʣʽ ɺʂ ʥʘʢʦʧʠʯʫʶʪʴʩʷ, ʢʦʜʫʶʪʴʩʷ ʟ ʤʝʪʦʶ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ 

ʧʦʜʘʣʴʰʦʛʦ ʧʝʨʝʜʘʚʘʥʥʷ ʧʦ ʢʘʥʘʣʫ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʚʠʤʽʨʶʚʘʥʴ. 

ʗʢ ʢʘʥʘʣʠ ʟʚôʷʟʢʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ: ʦʧʪʦʚʦʣʦʢʦʥʥʽ, ʣʽʥʽʾ ʟʚ'ʷʟʢʫ;  

ʨʘʜʽʦʢʘʥʘʣʠ;  ʚʠʩʦʢʦʚʦʣʴʪʥʽ ʣʽʥʽʾ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯʽ ʟ ʚʽʜʧʦʚʽʜʥʦʶ ʢʘʥʘ-

ʣʦʫʪʚʦʨʶʶʯʦʶ ʘʧʘʨʘʪʫʨʦʶ;  ʘʢʫʩʪʠʯʥʽ ʽ ʛʽʜʨʦʘʢʫʩʪʠʯʥʽ ʢʘʥʘʣʠ ʪʘ ʽʥ. 

ʇʽʜʩʠʩʪʝʤʘ ʦʧʨʘʮʶʚʘʥʥʷ ʜʘʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʟ ʚʽʜʧʦʚʽʜʥʠʤ ʽʥʪʝʨ-

ʬʝʡʩʦʤ ʟʘʙʝʟʧʝʯʫʻ ʧʨʠʡʤʘʥʥʷ, ʜʝʢʦʜʫʚʘʥʥʷ ʽ ʦʧʨʘʮʶʚʘʥʥʷ ʜʘʥʠʭ 

ʚʠʤʽʨʶʚʘʥʴ ʟ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʫ ʚʠʤʽʨʶʚʘʥʴ.   

ʇʨʦʛʨʘʤʥʘ ʯʘʩʪʠʥʘ ɯɺʉ.  ʈʦʟʛʣʷʜʘʶʯʠ ɯɺʉ ʷʢ ʻʜʠʥʠʡ ʘʧʘʨʘʪʥʦ-

ʧʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ ʚʠʭʦʜʷʪʴ ʟ ʪʦʛʦ, ʱʦ çʤ'ʷʢʝ ʦʙʣʘʜʥʘʥʥʷè, ʜʦ 

ʩʢʣʘʜʫ ʷʢʦʛʦ ʚʭʦʜʠʪʴ ʬʫʥʢʮʽʦʥʘʣʴʥʝ ʽʥʬʦʨʤʘʮʽʡʥʝ, ʤʘʪʝʤʘʪʠʯʥʝ ʽ ʧʨʦ-

ʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ (ʚʽʜʧʦʚʽʜʥʦ ɯɿ, ʄɿ ʽ ʇɿ) ) ʥʝ ʻ ʩʘʤʦʩʪʽʡʥʠʤʠ 

ʦʙ'ʻʢʪʘʤʠ ʽ ʧʨʘʮʶʶʪʴ ʪʽʣʴʢʠ ʫ ʩʢʣʘʜʽ ɯɺʉ.  ʊʦʤʫ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ 

çʤ'ʷʢʦʛʦ ʦʙʣʘʜʥʘʥʥʷè ʟʜʝʙʽʣʴʰʦʛʦ ʦʮʽʥʶʻʪʴʩʷ ʥʝ ʦʢʨʝʤʦ, ʘ ʟʘ ʨʝʟʫʣʴ-

ʪʘʪʘʤʠ ʨʦʙʦʪʠ ɯʉ ʚ ʮʽʣʦʤʫ. 

ʇʨʦʛʨʘʤʥʘ ʯʘʩʪʠʥʘ ʩʠʩʪʝʤʠ ʤʘʻ ʭʘʨʘʢʪʝʨʥʽ ʦʩʦʙʣʠʚʦʩʪʽ: 

ʚʦʥʘ ʥʝ ʩʭʠʣʴʥʘ ʜʦ ʟʥʦʰʫʚʘʥʥʷ; 

ʷʢʱʦ ʚʠʷʚʣʝʥʽ ʚ ʧʨʦʮʝʩʽ ʥʘʣʘʛʦʜʞʝʥʥʷ ʽ ʜʦʩʣʽʜʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʇɿ 

ʧʦʤʠʣʢʠ ʫʩʫʚʘʶʪʴʩʷ, ʘ ʥʦʚʽ ʥʝ ʚʥʦʩʷʪʴʩʷ, ʪʦ ʪʘʢʠʡ ʦʙ'ʻʢʪ ʨʦʟʛʣʷʜʘʻʪʴʩʷ 

ʷʢ çʥʝʩʪʘʨʽʶʯʘè ʩʠʩʪʝʤʘ (ʟʘ ʪʝʨʤʽʥʦʣʦʛʽʻʶ ʪʝʦʨʽʾ ʥʘʜʽʡʥʦʩʪʽ); 

ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʧʨʦʛʨʘʤ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʢʦʨʠʩʪʦ-

ʚʫʚʘʥʦʾ ʚʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʦʩʢʽʣʴʢʠ ʚʽʜ ʥʝʾ ʟʘʣʝʞʠʪʴ ʨʝʟʫʣʴʪʘʪ ʨʝʘʣʽ-

ʟʘʮʽʷ ʧʨʦʛʨʘʤʠ; ʷʢʱʦ ʚʭʽʜʥʘ ʽʥʬʦʨʤʘʮʽʷ ʩʘʤʘ ʤʽʩʪʠʪʴ ʜʝʬʝʢʪʠ, ʧʨʦʛʨʘ-

ʤʘ ʚʠʜʘʩʪʴ ʧʦʤʠʣʢʦʚʠʡ ʨʝʟʫʣʴʪʘʪ ʽ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʧʦʤʠʣʦʢ ʧʨʦʛʨʘʤʠ; 

ʷʢʱʦ ʧʦʤʠʣʢʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ, ʥʝ ʜʽʘʛʥʦʩʪʫʚʘʪʠ ʽ ʥʝ 

ʫʩʫʚʘʪʠ, ʪʦ ʧʦʤʠʣʢʠ ʇɿ ʙʫʜʫʪʴ ʤʘʪʠ ʩʠʩʪʝʤʘʪʠʯʥʠʡ ʭʘʨʘʢʪʝʨ; 

ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʇɿ ʟʘʣʝʞʠʪʴ ʚʽʜ ʦʙʣʘʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ɯɺʉ; ʫ ʚʠ-

ʧʘʜʢʫ ʨʦʟʰʠʨʝʥʥʷ ʜʽʘʧʘʟʦʥʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʘʙʦ ʟʤʽʥʽ ʦʙʣʘʩʪʽ ʟʘʩʪʦ-

ʩʫʚʘʥʥʷ ɯɺʉ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʤʦʞʝ ʽʩʪʦʪʥʦ ʟʤʽʥʶʚʘʪʠʩʷ ʙʝʟ ʟʤʽʥʠ ʇɿ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʘʧʘʨʘʪʥʦʾ ʯʘʩʪʠʥʠ ɯɺʉ ʦʮʽʥʶʶʪʴ 

ʰʣʷʭʦʤ ʦʧʨʘʮʶʚʘʥʥʷ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʣʫʘʪʘ-
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ʮʽʾ ʧʝʚʥʦʾ ʢʽʣʴʢʦʩʪʽ ʦʜʥʦʪʠʧʥʠʭ ʟʨʘʟʢʽʚ ɯɺʉ. ʄʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥ-

ʥʷ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʜʣʷ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ ʦʙʤʝʞʝʥʽ, ʦʩʢʽʣʴʢʠ ʢʦʧʽʾ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʜʝʥʪʠʯʥʽ ʽ ʨʘʟʦʤ ʟ ʾʭ ʢʦʧʽʶʚʘʥʥʷʤ ʚʥʦʩʷʪʴ-

ʩʷ ʽ ʦʜʠʥʘʢʦʚʽ ʜʝʬʝʢʪʠ ï ʧʨʦʝʢʪʥʽ ʧʦʤʠʣʢʠ. ɯʩʥʫʻ ʡ ʽʥʰʘ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʜʦʩʚʽʜʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʇɿ. ʍʘʨʘʢʪʝʨʠʩ-

ʪʠʢʠ ʯʠʩʣʘ ʜʦʧʫʱʝʥʠʭ ʧʨʦʝʢʪʥʠʭ ʧʦʤʠʣʦʢ ʻ ʜʦʩʠʪʴ ʩʪʽʡʢʠʤ ʧʦʢʘʟʥʠ-

ʢʦʤ ʷʢʦʩʪʽ ʨʦʙʦʪʠ ʩʬʦʨʤʦʚʘʥʦʛʦ ʢʦʣʝʢʪʠʚʫ ʧʨʦʛʨʘʤʽʩʪʽʚ ʽ ʚʠʢʦʨʠʩʪʦ-

ʚʫʚʘʥʠʭ ʥʠʤʠ ʟʘʩʦʙʽʚ ʧʨʦʝʢʪʫʚʘʥʥʷ ʇɿ. ʈʝʻʩʪʨʘʮʽʷ ʚʽʜʦʤʦʩʪʝʡ ʧʨʦ 

ʧʨʦʝʢʪʥʽ ʧʦʤʠʣʢʠ ʫ ʚʩʽʭ ʨʘʥʽʰʝ ʚʠʢʦʥʘʥʠʭ ʧʨʦʝʢʪʘ ʪʘ ʾʭ ʚʽʜʧʦʚʽʜʥʝ 

ʩʪʘʪʠʩʪʠʯʥʝ ʦʧʨʘʮʶʚʘʥʥʷ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʪʠ ʟʘʩʣʫʛʦʚʫʶʯʽ ʥʘ 

ʜʦʚʽʨʫ ʚʠʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʥʦʚʦʛʦ ʇɿ. ʗʢʱʦ 

ʪʘʢʽ ʜʘʥʽ ʚʽʜʩʫʪʥʽ, ʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʙʽʣʴʰ ʟʘʛʘʣʴʥʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ 

ʧʨʦʮʝʩ ʧʨʦʝʢʪʫʚʘʥʥʷ ʇɿ ʘʙʦ ʜʘʥʽ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘʣʘʛʦʜʞʝʥʥʷ ʇɿ ʨʦʟʨʦ-

ʙʣʶʚʘʥʦʛʦ ʧʨʦʝʢʪʫ. ʑʦʙʠ ʟʘ ʮʠʤʠ ʜʘʥʠʤʠ ʦʮʽʥʠʪʠ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʇɿ, 

ʨʦʟʨʦʙʣʷʶʪʴ ʽ ʜʦʩʣʽʜʞʫʶʪʴ ʚʽʜʧʦʚʽʜʥʽ ʤʦʜʝʣʽ ʫʟʛʦʜʞʝʥʽ ʟ ʧʝʚʥʠʤ ʝʪʘ-

ʧʦʤ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʧʨʦʛʨʘʤʠ. 

 ʅʘ ʨʘʥʥʽʭ ʩʪʘʜʽʷʭ ʧʨʦʝʢʪʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʦʧʠʩ ʘʣʛʦʨʠʪʤʽʚ 

ʟʘ ʚʭʦʜʘʤʠ ʽ ʚʠʭʦʜʘʤʠ (ʦʧʠʩ çʯʦʨʥʦʛʦ ʷʱʠʢʘè) ʘʙʦ ʩʪʨʫʢʪʫʨʫ ʘʣʛʦʨʠʪ-

ʤʫ ʷʢ ʩʫʢʫʧʥʽʩʪʴ ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʽ ʦʧʠʩ ʢʦʞʥʦʛʦ ʟ ʥʠʭ ʟʘ ʟʘ 

ʚʭʦʜʘʤʠ ʽ ʚʠʭʦʜʘʤʠ (ʦʧʠʩ çʙʽʣʦʛʦ ʷʱʠʢʘè). ʇʽʩʣʷ ʨʦʟʨʦʙʣʝʥʥʷ ʪʝʢʩʪʽʚ 

ʧʨʦʛʨʘʤ, ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʧʨʦʛʨʘʤ: ʩʣʦʚʥʠʢ ʤʦʚʠ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʢʽʣʴʢʽʩʪʴ ʦʧʝʨʘʮʽʡ, ʦʧʝʨʘʥʜʽʚ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʧʽʜʧ-

ʨʦʛʨʘʤ, ʣʦʢʘʣʴʥʠʭ ʤʽʪʦʢ ʽ ʽʥ. 

ʋ ʧʨʦʮʝʩʽ ʥʘʣʘʛʦʜʞʝʥʥʷ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʇɿ, ʢʦʣʠ ʟ'ʷʚʣʷʶʪʴʩʷ ʩʪʘ-

ʪʠʩʪʠʯʥʽ ʜʘʥʽ ʧʨʦ ʚʠʷʚʣʝʥʽ ʜʝʬʝʢʪʠ, ʚʠʭʽʜʥʝ ʯʠʩʣʦ ʜʝʬʝʢʪʽʚ ʷʢ ʦʜʥʫ ʟ 

ʚʘʞʣʠʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʢʦʩʪʽ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʦʮʽʥʶʶʪʴ ʤʝʪʦʜʘʤʠ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ. 

ʄʦʜʝʣʽ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʇɿ ʽ ʤʝʪʦʜʠ ʾʾ ʦʮʽʥʶʚʘʥʥʷ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ 

ʜʚʽ ʛʨʫʧʠ: 

ʤʦʜʝʣʽ ʽ ʤʝʪʦʜʠ ʧʨʦʝʢʪʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ, ʱʦ ˇʨʫʥ-

ʪʫʶʪʴʩʷ ʥʘ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ, ʷʢʽ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʜʦ ʧʦʯʘʪʢʫ ʥʘʣʘʛʦʜ-

ʞʝʥʥʷ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʨʦʛʨʘʤ; 

ʤʦʜʝʣʽ ʽ ʤʝʪʦʜʠ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ  ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʇɿ, ʱʦ 

ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʥʘʣʘʛʦʜʞʝʥʥʷ ʥʘ ʝʪʘʧʘʭ ʜʦʩʣʽʜʥʦʾ ʘʙʦ 

ʥʦʨʤʘʣʴʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ɯɺʉ. 

ʗʢ ʚʠʭʽʜʥʽ ʜʘʥʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʬʫʥʢʮʽʦʥʘʣʴ-

ʥʦʛʦ ʇɿ ʜʣʷ ʢʦʞʥʦ ʾʬʫʥʢʮʽʦʥʘʣʴʥʦ ʾʩʘʤʦʩʪʽʡʥʦ ʾʦʧʝʨʘʮʽʾ, ʘ ʪʘʢʦʞ ʦʧʠʩ 

ʚʭʦʜʽʚ ʽ ʚʠʭʦʜʽʚ ʢʦʞʥʦʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʝʣʝʤʝʥʪʫ, ʤʽʞʤʦʜʫʣʴʥʠʭ ʽ ʟʦʚ-

ʥʽʰʥʽʭ ʟʚ'ʷʟʢʽʚ ʢʦʤʧʣʝʢʩʫ ʘʣʛʦʨʠʪʤʽʚ ʽ ʧʨʦʛʨʘʤ.  ʊʠʧʦʚʘ ʩʪʨʫʢʪʫʨʘ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʇɿ ʤʘʻ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʇɿ ʚʝʨʭʥʴʦʛʦ  ʽ ʥʠʞʥʴʦʛʦ 
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ʨʽʚʥʽʚ.  ʋ ʩʚʦʶ ʯʝʨʛʫ ʪʠʧʦʚʘ ʩʪʨʫʢʪʫʨʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʇɿ ʥʠʞʥʴʦʛʦ 

ʨʽʚʥʷ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʦʧʨʘʮʶʚʘʥʥʷ ʜʘʥʠʭ, ʚʚʝʜʝʥʥʷ ʽ ʚʠʚʝʜʝʥʥʷ ʜʘʥʠʭ ʽ 

ʪ. ʽʥ. 

 ʂʦʞʝʥ ʘʣʛʦʨʠʪʤ ʤʦʞʝ ʙʫʪʠ ʧʦʜʽʣʝʥʠʡ ʥʘ ʩʝʢʮʽʾ (ʤʦʜʫʣʽ) ʧʝʚʥʦʛʦ 

ʨʦʟʤʽʨʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʝʢʦʤʝʥʜʘʮʽʡ ʪʝʭʥʦʣʦʛʽʾ ʧʨʦʛʨʘʤʫʚʘʥʥʷ.  ʅʘ 

ʨʘʥʥʽʭ ʝʪʘʧʘʭ ʧʨʦʝʢʪʫʚʘʥʥʷ ʚ ʫʤʦʚʘʭ ʟʥʘʯʥʦʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʜʦ ʩʪʨʫʢ-

ʪʫʨʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʜʘʶʪʴ ʱʝ ʨʽʚʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʤʦʚ ʧʨʦ-

ʛʨʘʤʫʚʘʥʥʷ.  ʅʘ ʙʽʣʴʰ ʧʽʟʥʽʭ ʝʪʘʧʘʭ, ʢʦʣʠ ʚʞʝ ʨʦʟʨʦʙʣʝʥʽ ʪʝʢʩʪʠ ʧʨʦ-

ʛʨʘʤ, ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʤʝʪʦʜʠʢʠ ʧʨʦʝʢʪʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʧʨʦ-

ʛʨʘʤʥʠʭ ʤʦʜʫʣʽʚ, ʘ ʚ ʧʦʜʘʣʴʰʦʤʫ ʽ ʇɿ ʚ ʮʽʣʦʤʫ. 

ʊʠʧʦʚʘ ʩʪʨʫʢʪʫʨʘ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ɯɺʉ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩ. 1.5. ɿʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤ ʧʨʠʟʥʘʯʝʥʥʷʤ ʚʩʽ ʤʦʜʫʣʽ ʇɿ ʧʦʜʽʣʷʶʪʴʩʷ 

ʥʘ ʯʦʪʠʨʠ ʛʨʫʧʠ: ʚʟʘʻʤʦʜʽʾ ʟ ʤʦʜʫʣʷʤʠ ʩʠʩʪʝʤʠ, ʚʠʜʽʣʝʥʥʷ ʧʝʨʚʠʥʥʠʭ 

ʽʥʬʦʨʤʘʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʦʧʨʘʮʶʚʘʥʥʷ ʜʘʥʠʭ ʽ ʢʝʨʫ-

ʚʘʥʥʷ ʧʨʦʮʝʩʩʦʤ ʚʠʤʽʨʶʚʘʥʥʷ. 
 

ȵɖɔɉɖɆɒɓɎɏ ɕɆɐɋɘ 
ȝȨȷ

ȨɍɆɩɒɔɊɫɥ ɍ 
ɒɔɊəɑɥɒɎ ɗɎɗɘɋɒɎ

ȵɔɝɆɘɐɔɈɆ ɫɓɫɜɫɆɑɫɍɆɜɫɥ, 
ɍɆɕəɗɐ ɘɆ ɍɆɈɋɖɞɋɓɓɥ 

ɖɔɇɔɘɎ 

ȰɔɓɚɫɉəɖɆɜɫɥ ɘɆ ɍɆɕəɗɐ 
ɕɖɔɜɋɗə ɍɇɔɖə ɊɆɓɎɛ

 ȴɘɖɎɒɆɓɓɥ ɈɎɇɫɖɔɐ 
ɊɆɓɎɛ

ȨɎɊɫɑɋɓɓɥ ɕɋɖɈɎɓɓɎɛ 
ɫɓɚɔɖɒɆɘɎɈɓɎɛ 
ɕɆɖɆɒɋɘɖɫɈ

 ȳɆɐɔɕɎɝɋɓɓɥ ɕɋɖɈɎɓɓɎɛ 
ɊɆɓɎɛ ɈɎɒɫɖɤɈɆɓɢ

 ȵɔɕɋɖɋɊɓɩ 
ɔɕɖɆɜɤɈɆɓɓɥ ɊɆɓɎɛ 

ɈɎɒɫɖɤɈɆɓɢ

ȷɘɆɘɎɗɘɎɝɓɋ 
ɔɕɖɆɜɤɈɆɓɓɥ ɊɆɓɎɛ

ȝɊɋɓɘɎɚɫɐɆɜɫɥ ɍɆɐɔɓə 
ɖɔɍɕɔɊɫɑə ɈɎɇɫɖɐɎ

ȵɔɕɋɖɋɊɓɩ ɜɋɓɍəɖəɈɆɓɓɥ 
ɈɎɇɫɖɐɎ ɊɆɓɎɛ

 ȨɎɍɓɆɝɋɓɓɥ ɔɜɫɓɔɐ 
ɈɎɇɫɖɐɔɈɎɛ ɗɘɆɘɎɗɘɎɐ

 ȨɎɍɓɆɝɋɓɓɥ 
ɛɆɖɆɐɘɋɖɎɗɘɎɐ 

ɫɓɚɔɖɒɆɜɫɏɓɎɛ ɕɔɑɫɈ

ȰɋɖəɈɆɓɓɥ ɕɖɔɜɋɗɔɒ 
ɈɎɒɫɖɤɈɆɓɢ

 ȳɆɑɆɞɘəɈɆɓɓɥ

 ȰɋɖəɈɆɓɓɥ ɖɋɌɎɒɆɒɎ 
ɖɔɇɔɘɎ

 Ȱɔɓɘɖɔɑɢ ɘɆ 
ɈɫɊɔɇɖɆɌɋɓɓɥ 
ɖɋɍəɑɢɘɆɘɫɈ

ȶɔɍɕɫɍɓɆɈɆɓɓɥ ɐɑɆɗɫɈ 
ɊɆɓɎɛ

ʈʠʩ. 1.5. ʊʠʧʦʚʘ ʩʪʨʫʢʪʫʨʘ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ɯɺʉ 
 

ʇʨʦʛʨʘʤʥʽ ʤʦʜʫʣ ̔ʚʟʘʻʤʦʜʽʾ ʟ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʫ-

ʶʪʴ ʧʨʦʛʨʘʤʥʝ ʫʟʛʦʜʞʝʥʥʷ ʮʠʭ ʤʦʜʫʣʽʚ ʟ ʇɿ ʩʠʩʪʝʤʠ ʚ ʮʽʣʦʤʫ. 

ɺʟʘʻʤʦʜʽʷ ʇɿ ʽʟ ʘʧʘʨʘʪʥʠʤʠ ʟʘʩʦʙʘʤʠ ɯɺʉ ʨʝʘʣʽʟʫʻʪʴʩʷ ʰʣʷʭʦʤ 

ʧʦʩʣʽʜʦʚʥʦʛʦ ʚʠʢʣʠʢʫ ʬʫʥʢʮʽʡ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʽʟʥʠʤ ʟʘʚʜʘʥʥʷʤ ï 

ʽʥʽʮʽʘʣʽʟʘʮʽʾ ʦʢʨʝʤʠʭ ʧʽʜʩʠʩʪʝʤ, ʦʪʨʠʤʘʥʥ ʁ ʩʣʫʞʙʦʚʠʭ ʜʘʥʠʭ, 

ʥʘʣʘʰʪʫʚʘʥʥ ʁʜʠʥʘʤʽʯʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʪʘ ʯʘʩʪʦʪʠ ʦʧʠʪʫʚʘʥʥʷ, ʟʘʧʫʩʢʫ 

ʧʨʦʮʝʜʫʨʠ ʟʙʠʨʘʥʥʷ ʜʘʥʠʭ, ʦʯʽʢʫʚʘʥʥ ʁʚʽʜʧʦʚʽʜʽ, ʦʪʨʠʤʘʥʥ ʁʚʠʙʽʨʦʢ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ʪʘ ʟʘʚʝʨʰʝʥʥ ʁʨʦʙʦʪʠ.  

ʂʨʽʤ ʪʦʛʦ ʮʽ ʤʦʜʫʣʽ ʨʝʘʣʽʟʫʶʪʴ ʪʘʢʽ ʦʧʝʨʘʮʽʾ:  

ʧʦʰʫʢ ʧʽʜʢʣʶʯʝʥʦʛʦ ʧʨʠʩʪʨʦʶ; 
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ʦʪʨʠʤʘʥʥʷ ʽʜʝʥʪʠʬʽʢʘʪʦʨʘ ʧʨʠʩʪʨʦʶ; 

ʢʦʥʬʽʛʫʨʫʚʘʥʥʷ ʪʘ ʟʘʧʫʩʢ ʧʨʦʮʝʩʫ ʧʝʨʝʪʚʦʨʝʥʥʷ; 

ʧʝʨʝʚʽʨʢʫ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʧʨʦʮʝʩʫ ʟʙʦʨʫ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʧʝʨʝʜʘʚʘʥ-

ʥ ̫ʩʠʛʥʘʣʫ ʧʨʦ ʡʦʛʦ ʟʘʚʝʨʰʝʥʥʷ; 

ʟʯʠʪʫʚʘʥʥʷ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʪʘ ʧʝʨʝʜʘʚʘʥʥʷ ʾʭ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ 

ʦʧʨʘʮʶʚʘʥʥʷ; 

ʟʫʧʠʥʢʫ ʧʨʦʮʝʩʫ ʟʙʠʨʘʥʥʷ ʜʘʥʠʭ ʪʘ ʟʘʚʝʨʰʝʥʥʷ ʩʝʘʥʩʫ ʨʦʙʦʪʠ ʟ 

ʧʨʠʩʪʨʦʻʤ. 

ʇʨʦʛʨʘʤʥʽ ʤʦʜʫʣʽ ʚʠʜʽʣʝʥʥʷ ʧʝʨʚʠʥʥʠʭ ʽʥʬʦʨʤʘʪʠʚʥʠʭ ʧʘʨʘ-

ʤʝʪʨʽʚ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʘʢʦʧʠʯʝʥʥʷ ʧʝʨʚʠʥʥʠʭ ʜʘʥʠʭ ʽ ʾʭ ʧʝʨʝʜʘʚʘʥʥʷ ʚ 

ʽʥʰʽ ʤʦʜʫʣʽ ʇɿ ʩʠʩʪʝʤʠ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ, 

ʧʦʙʫʜʦʚʠ ʨʦʟʧʦʜʽʣʽʚ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʣʽʚ, ʛʨʘʬʽʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ 

ʜʘʥʠʭ (ʥʘʧʨʠʢʣʘʜ, ʚʽʜʝʦ ʪʘ ʪʝʧʣʦʚʠʭ ʟʦʙʨʘʞʝʥʴ), ʣʦʢʘʣʽʟʘʮʽʾ ʤʽʩʮʴ ʟ 

ʧʝʨʝʚʠʱʝʥʥʷʤ ʛʨʘʥʠʯʥʠʭ ʟʥʘʯʝʥʴ ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʘʚʪʦʤʘ-

ʪʠʯʥʦʛʦ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʢʣʘʩʽʚ ʜʘʥʠʭ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʽʟʥʠʤ ʩʪʘʥʘʤ 

ʦʙôʻʢʪʘ ʜʦʩʣʽʜʞʝʥʴ. ɿʦʢʨʝʤʘ ʤʦʜʫʣʴ ʥʘʢʦʧʠʯʝʥʥʷ ʧʝʨʚʠʥʥʠʭ ʜʘʥʠʭ 

ʚʠʢʦʥʫʻ ʟʙʝʨʽʛʘʥʥʷ ʚʭʽʜʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʤʘʩʠʚʽʚ ʜʘʥʠʭ, ʟʤʝʥʰʝʥʥʷ 

ʾʭʥʴʦʾ ʨʦʟʤʽʨʥʦʩʪʽ ʟʘ ʨʘʭʫʥʦʢ ʚʽʜʙʦʨʫ ʧʝʚʥʠʭ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʦʟʥʘʢ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʦʧʨʘʮʶʚʘʥʥʷ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʧʨʘʮʶʚʘʥʥʷ ʜʘʥʠʭ ʪʘ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʚ ʮʽʣʦ-

ʤʫ, ʘ ʪʘʢʦʞ ʥʦʨʤʫʚʘʥʥʷ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʜʣʷ ʧʨʠʚʝʜʝʥʥʷ ʡʦʛʦ ʜʦ ʟʘʜʘʥʦ-

ʛʦ ʜʽʘʧʘʟʦʥʫ ʟʥʘʯʝʥʴ.  

ʄʦʜʫʣʴ ʦʧʨʘʮʶʚʘʥʥʷ ʛʨʘʬʽʯʥʠʭ (ʚʽʜʝʦ, ʪʝʧʣʦʚʠʭ ʧʦʣʽʚ, ʨʦʟʧʦʜʽʣ 

ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥ ʧʦʣʽʚ ʫ ʧʨʦʩʪʦʨʽ) ʜʘʥʠʭ ʨʝʘʣʽʟʫʻ ʥʘʩʪʫʧʥʽ 

ʘʣʛʦʨʠʪʤʠ ʨʦʙʦʪʠ ʽʟ ʟʦʙʨʘʞʝʥʥʷʤʠ ï ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟ-

ʥʶʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ, ʧʽʜʚʠʱʝʥʥʷ ʢʦʥʪʨʘʩʪʥʦʩʪʽ, ʬʽʣʴʪʨʘʮʽʾ ʟʦʙʨʘʞʝʥʴ, 

ʚʠʜʽʣʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʨʠʤʽʪʠʚʽʚ, ʧʨʠʚôʷʟʢʠ ʜʦ ʝʪʘʣʦʥʽʚ. ʂʨʽʤ ʪʦʛʦ, 

ʜʘʥʠʡ ʤʦʜʫʣʴ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʛʝʦʤʝʪʨʠʯʥʽ ʚʠʤʽʨʶʚʘʥʥʷ ʟ ʚʠʢʦʨʠ-

ʩʪʘʥʥʷʤ ʟʦʙʨʘʞʝʥʴ ʚ 2D ʽ 3D ʧʨʦʩʪʦʨʘʭ ʜʣʷ ʣʦʢʘʣʽʟʘʮʽʾ ʢʦʦʨʜʠʥʘʪ ʽ 

ʨʦʟʤʽʨʽʚ ʦʙôʻʢʪʽʚ ʪʘ ʡʦʛʦ ʦʢʨʝʤʠʭ ʟʦʥ (ʥʘʧʨʠʢʣʘʜ, ʜʝʬʝʢʪʽʚ). 

ʄʦʜʫʣʴ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʢʣʘʩʽʚ ʜʘʥʠʭ ʟʜʽʡʩʥʶʻ ʢʣʘʩʠʬʽʢʘʮʽʶ 

ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʟʘ ʧʝʚʥʠʤʠ ʟʘʜʘʥʠʤʠ ʦʟʥʘʢʘʤʠ, ʨʦʟʙʠʪʪʷ ʤʥʦʞʠʥʠ ʚʝʢ-

ʪʦʨʽʚ-ʦʟʥʘʢ ʥʘ ʢʣʘʩʪʝʨʠ ʪʘ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʨʽʟʥʠʭ ʢʣʘʩʽʚ (ʦʙʨʘʟʽʚ). ʊʘʢʽ 

ʤʦʜʫʣʽ ʤʦʞʫʪʴ ʨʦʟʨʦʙʣʷʪʠʩʴ ʥʘ ʦʩʥʦʚʽ ʥʝʡʨʦʤʝʨʝʞʝʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ̫ ʢʽ 

ʜʦʟʚʦʣʷʶʪʴ ʙʫʜʫʚʘʪʠ ʧʨʘʚʠʣʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʟʘ ʤʽʥʽʤʘʣʴʥʦ ʤʦʞ-

ʣʠʚʦʛʦ ʦʙʩʷʛʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ. 

ʉʫʪʪʻʚʝ ʬʫʥʢʮʽʦʥʘʣʴʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ɯɺʉ ʤʘʶʪʴ ʤʦʜʫʣʠ ʩʪʘʪʠ-

ʩʪʠʯʥʦʛʦ ʦʧʨʘʮʶʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ.  

ʄʦʜʫʣʴ ʧʦʧʝʨʝʜʥʴʦʛʦ ʮʝʥʟʫʨʫʚʘʥʥʷ ʜʘʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʧʨʠʟʥʘʯʝ-

ʥʦ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ ʚʠʙʽʨʢʦʚʠʭ ʟʥʘʯʝʥʴ ʟ ʥʘʜʣʠʰʢʦʚʠʤʠ ʧʦʭʠʙ-
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ʢʘʤʠ ʪʘ ʚʠʷʚʣʝʥʥʷ ʧʨʦʛʨʝʩʫʶʯʠʭ ʯʠ ʧʝʨʽʦʜʠʯʥʠʭ ʪʨʝʥʜʽʚ. ʇʝʨʰʘ ʟʘʜʘ-

ʯʘ ʚʠʨʽʰʫʻʪʴʩʷ ʬʽʣʴʪʨʘʮʽʻʶ ʜʘʥʠʭ, ʥʘʧʨʠʢʣʘʜ ʚʽʢʦʥʥʦʶ ʯʠ ʤʝʜʽʘʥʥʦʶ, 

ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʦʟʤʽʨʥʦʩʪʽ ʚʭʽʜʥʦʛʦ ʚʝʢʪʦʨʘ, ʘʙʦ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʪʘ-

ʪʠʩʪʠʯʥʠʭ ʢʨʠʪʝʨʽʾʚ, ʷʢʽ ʜʣʷ ʟʘʜʘʥʦʾ ʜʦʚʽʨʯʦʾ ʡʤʦʚʽʨʥʦʩʪʽ ʜʦʟʚʦʣʷʶʪʴ 

ʨʦʟʨʘʭʫʚʘʪʠ ʛʨʘʥʠʯʥʽ ʚʠʙʽʨʢʦʚʽ ʟʥʘʯʝʥʥʷ. 

ɯʜʝʥʪʠʬʽʢʘʮʽʷ ʟʘʢʦʥʽʚ ʨʦʟʧʦʜʽʣʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʥʝʦʙ-

ʭʽʜʥʘ ʜʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʬʘʢʪʫ ʾʭ ʦʜʥʦʨʽʜʥʦʩʪʽ ʪʘ ʚʠʙʦʨʫ ʤʦʜʝʣʽ ʽʥ-

ʬʦʨʤʘʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʘ ʪʘʢʦʞ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠ-

ʩʪʘʥʘ ʷʢ ʜʽʘʛʥʦʩʪʠʯʥʘ ʦʟʥʘʢʘ. ʄʦʜʫʣʴ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʟʘʢʦʥʽʚ ʨʦʟʧʦʜʽʣʫ 

ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʽʟʥʽ ʩʪʘʪʠʩʪʠʯʥʽ ʽʥʩʪʨʫʤʝʥʪʠ, ʥʘʧʨʠʢʣʘʜ 

ʥʘʧʨʘʚʣʝʥʽ ʢʨʠʪʝʨʽʾ ʧʝʨʝʚʽʨʢʠ ʥʘ ʛʘʫʩʩʦʚʽʩʪʴ, ʥʘ ʨʽʚʥʦʤʽʨʥʽʩʪʴ, ʘʧʨʦʢ-

ʩʠʤʘʮʽʶ ʟʘʢʦʥʽʚ ʨʦʟʧʦʜʽʣʫ ʣʽʥʽʡʥʠʭ ʜʘʥʠʭ ʢʨʠʚʠʤʠ ʇʽʨʩʦʥʘ ʪʦʱʦ.  

ʄʦʜʫʣʴ ʚʠʟʥʘʯʝʥʥʷ ʚʠʙʽʨʢʦʚʠʭ ʩʪʘʪʠʩʪʠʢ ʦʮʽʥʶʻ ʩʪʘʪʠʩʪʠʯʥʽ ʧʘ-

ʨʘʤʝʪʨʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʟʥʘʯʝʥʦʛʦ ʟʘʢʦʥʫ 

ʨʦʟʧʦʜʽʣʫ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʨʦʟʨʘʭʫʥʢʘʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʚʠʤʽʨʶʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʯʠ ʧʦʣʽʚ ʘʙʦ ʧʨʦʛʥʦʟʫ ʩʪʘʥʫ ʦʙôʻʢʪʘ ʚʠʤʽʨʶ-

ʚʘʥʥʷ (ʢʦʥʪʨʦʣʶ). ʇʦʣʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ  ʧʘʨʘʤʝʪʨʽʚ ʤʦʞʥʘ ʙʫʜʫʚʘʪʠ ʷʢ 

ʚ ʜʝʢʘʨʪʦʚʠʭ, ʪʘʢ ʽ ʚ ʧʦʣʷʨʥʠʭ ʢʦʦʨʜʠʥʘʪʘʭ.  

ʇʨʦʛʨʘʤʥʠʡ ʤʦʜʫʣʴ ʚʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʽʚ ʜʦʟʚʦʣʷʻ ʦʪ-

ʨʠʤʫʚʘʪʠ ʟʦʙʨʘʞʝʥʥʷ ʧʦʣʽʚ ʫ 3D ʧʨʦʩʪʦʨʽ, ʘ ʪʘʢʦʞ ʜʦʩʣʽʜʞʫʚʘʪʠ ʟʤʽʥʫ 

ʾʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫ ʯʘʩʽ.  

ʄʦʜʫʣʴ ʨʦʟʨʘʭʫʥʢʫ ʧʨʦʛʥʦʟʫ ʟʜʽʡʩʥʶʻ ʧʦʙʫʜʦʚʫ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦ-

ʜʝʣʽ ʧʦʚʝʜʽʥʢʠ ʚʠʤʽʨʶʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚ ʯʘʩʽ (ʥʘʧʨʠʢʣʘʜ, ʥʘ ʦʩʥʦʚʽ 

ʩʧʣʘʡʥ - ʘʧʨʦʢʩʠʤʘʮʽʾ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ). 

ʄʦʜʫʣʽ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʚʠʤʽʨʶʚʘʥʥʷ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʘʛʘʥʝ ʢʝ-

ʨʫʚʘʥʥʷ ʨʝʞʠʤʘʤʠ ʨʦʙʦʪʠ ɯɺʉ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʚ ʽʥʪʝʨʘʢʪʠʚʥʦʤʫ ʨʝʞʠ-

ʤʽ, ʚʽʜʦʙʨʘʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 2D ʽ 3D 

ʛʨʘʬʽʢʠ, ʥʘʣʘʰʪʫʚʘʥʥʷ ʪʘ ʢʘʣʽʙʨʫʚʘʥʥʷ ʦʢʨʝʤʠʭ ʩʢʣʘʜʦʚʠʭ ɯɺʉ ʪʘ ʧʨʦ-

ʚʝʜʝʥʥʷ ʾʭ ʜʽʘʛʥʦʩʪʠʢʠ. 

ʍʘʨʘʢʪʝʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʽ ʧʨʠʢʣʘʜ ʘʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʥʦʾ ʨʝʘʣʽ-

ʟʘʮʽʾ ʩʫʯʘʩʥʠʭ ɯɺʉ. ɸʥʘʣʽʟ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʽ ʨʽʟʥʦʧʣʘʥʦʚʠʭ ʟʘʚʜʘʥʴ 

ʚʠʤʽʨʶʚʘʥʴ ʰʠʨʦʢʦʛʦ ʢʦʣʘ ʧʨʝʜʤʝʪʥʠʭ ʦʙʣʘʩʪʝʡ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʽʟʥʠʭ 

ʚʠʜʽʚ ɯɺʉ ʥʝ ʜʘʻ ʧʨʘʢʪʠʯʥʦʾ ʤʦʞʣʠʚʦʩʪʽ ʧʨʝʜʩʪʘʚʠʪʠ ʩʭʝʤʘʪʠʯʥʦ ʫʟʘ-

ʛʘʣʴʥʝʥʫ ʩʪʨʫʢʪʫʨʫ ɯɺʉ, ʪʦʙʪʦ ʫ ʢʦʞʥʦʤʫ ʢʦʥʢʨʝʪʥʦʤʫ ʚʠʧʘʜʢʫ ʘʧʘʨʘ-

ʪʥʦ-ʧʨʦ8ʛʨʘʤʥʘ ʨʝʘʣʽʟʘʮʽʷ ɯɺʉ ʤʘʻ ʩʚʦʶ ʩʧʝʮʠʬʽʢʫ ʽ ʭʘʨʘʢʪʝʨʥʽ ʦʩʦʙ-

ʣʠʚʦʩʪʽ. ɸʣʝ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʦʧʝʨʘʮʽʡ ʧʝʨʝʪʚʦʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ 

ʚʠʤʽʨʶʚʘʥʥʷ ʦʙôʻʢʪʘ ʜʦʩʣʽʜʞʝʥʴ ʫ ʨʝʟʫʣʴʪʘʪ ʚʠʤʽʨʶʚʘʥʴ ʥʘ ʦʩʥʦʚʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʜʫʣʽʚ ʬʦʨʤʫʚʘʥʥʷ ʽ ʦʧʨʘʮʶʚʘʥʥʷ 

ʜʘʥʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ɯɺʉ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʠʪʠ ʘʧʘʨʘʪʥʠʡ ʩʢʣʘʜ 

ʩʠʩʪʝʤʠ. ʋ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʪʘ ʜʠʥʘʤʽʢʠ ʫ ʧʨʦʩʪʦʨʽ ʽ ʯʘʩʽ 
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ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʚʝʣʠʯʠʥ (n ʚʝʣʠʯʠʥ), ʟʘʛʘʣʴʥʘ ʩʪʨʫʢʪʫʨʘ ɯɺʉ ʚʢʣʶʯʘʻ n 

ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʢʘʥʘʣʽʚ, ʘʧʘʨʘʪʥʘ ʽ ʧʨʦʛʨʘʤʥʘ ʯʘʩʪʠʥʘ ʦʜʥʦʛʦ ʟ ʥʠʭ 

ʙʫʣʘ ʦʧʠʩʘʥʘ ʚʠʱʝ. 

ɸʧʘʨʘʪʥʘ ʯʘʩʪʠʥʘ ɯɺʉ. ʅʘʚʝʜʝʤʦ ʧʝʨʝʣʽʢ ʘʧʘʨʘʪʥʠʭ ʤʦʜʫʣʽʚ, ʷʢʽ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʢʣʶʯʝʥʽ ʚ ʩʪʨʫʢʪʫʨʠ ʨʽʟʥʠʭ ʚʠʜʽʚ ɯɺʉ: 

ʤʥʦʞʠʥʘ ʨʽʟʥʠʭ ʩʝʥʩʦʨʽʚ ʘʙʦ ʩʝʥʩʦʨʥʠʭ ʤʦʜʫʣʽʚ, ʷʢʽ ʨʦʟʤʽʱʝʥʽ 

ʩʪʘʮʽʦʥʘʨʥʦ, ʘʙʦ ʤʦʞʫʪʴ ʧʝʨʝʤʽʱʘʪʠʩʴ ʫ ʧʨʦʩʪʦʨʽ ʧʦ ʟʘʜʘʥʦʤʫ ʟʘʢʦʥʫ; 

ʤʥʦʞʠʥʘ ʚʠʤʽʨʶʚʘʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ; 

ʛʨʫʧʠ ɸʎʇ ʎɸʇ ʪʘ ʘʥʘʣʦʛʦʚʠʭ ʧʨʠʩʪʨʦʾʚ ʜʦʧʫʩʢʦʚʦʛʦ ʢʦʥʪʨʦʣʶ; 

ʤʥʦʞʠʥʘ ʮʠʬʨʦʚʠʭ ʧʨʠʩʪʨʦʾʚ, ʷʢʘ ʚʢʣʶʯʘʻ ʧʨʠʩʪʨʦʾ ʬʦʨʤʫʚʘʥʥʷ 

ʽʤʧʫʣʴʩʽʚ, ʧʝʨʝʪʚʦʨʝʥʥʷ ʢʦʜʽʚ, ʢʦʤʫʪʘʪʦʨʠ, ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʮʠʬʨʦʚʽ ʦʙ-

ʯʠʩʣʶʚʘʥʽ ʧʨʠʩʪʨʦʾ, ʧʨʠʩʪʨʦʾ ʧʘʤôʷʪʽ, ʧʨʠʩʪʨʦʾ ʧʦʨʽʚʥʷʥʥʷ ʢʦʜʽʚ, ʢʘ-

ʥʘʣʠ ʮʠʬʨʦʚʦʛʦ ʟʚôʷʟʢʫ, ʫʥʽʚʝʨʩʘʣʴʥʽ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʧʨʠʩʪʨʦʾ ï ʤʽʢʨʦ-

ʧʨʦʮʝʩʦʨʠ, ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʠ ʪʦʱʦ; 

ʛʨʫʧʘ ʮʠʬʨʦʚʠʭ ʧʨʠʩʪʨʦʾʚ ʚʠʚʦʜʫ, ʚʽʜʦʙʨʘʞʝʥʥʷ ʽ ʨʝʻʩʪʨʘʮʽʾ; 

ʽʥʪʝʨʬʝʡʩʥʽ ʧʨʠʩʪʨʦʾ, ʷʢʽ ʚʢʣʶʯʘʶʪʴ ʩʠʩʪʝʤʠ ʰʠʥ, ʽʥʪʝʨʬʝʡʩʥʽ 

ʚʫʟʣʠ ʽ ʽʥʪʝʨʬʝʡʩʥʽ ʧʨʠʩʪʨʦʾ ʘʥʘʣʦʛʦʚʠʭ ʙʣʦʢʽʚ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʧʨʠʡʤʘʥʥʷ ʩʠʛʥʘʣʽʚ ʫʧʨʘʚʣʽʥʥʷ ʽ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʩʪʘʥ ʙʣʦʢʽʚ; 

ʧʨʠʩʪʨʦʾ ʫʧʨʘʚʣʽʥʥʷ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʬʦʨʤʫʚʘʥʥʷ, ʧʨʠʡʤʘʥʥʷ 

ʩʠʛʥʘʣʽʚ ʫʧʨʘʚʣʽʥʥʷ ʽ ʾʭ ʧʝʨʝʜʘʯʫ ʥʘ ʚʠʢʦʥʫʶʯʽ ʧʨʠʩʪʨʦʾ, ʜʣʷ 

ʟʜʽʡʩʥʝʥʥʷ ʚʧʣʠʚʫ ʥʘ ʦʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʅʘʚʝʜʝʥʽ ʚʠʱʝ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʤʦʜʫʣʽ ʟôʻʜʥʫʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ ʙʝʟ-

ʧʦʩʝʨʝʜʥʴʦ ʘʙʦ ʯʝʨʝʟ ʩʪʘʥʜʘʨʪʥʽ ʽʥʪʝʨʬʝʡʩʠ ʟʘ ʫʤʦʚʠ ʩʫʤʽʩʥʦʩʪʽ ʾʭ 

ʥ̔ʬʦʨʤʘʮʽʡʥʠʭ, ʤʝʪʨʦʣʦʛʽʯʥʠʭ, ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ, ʝʥʝʨʛʝʪʠʯʥʠʭ ʪʘ ʝʢʩ-

ʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ɼʣʷ ʧʨʠʢʣʘʜʫ ʥʘ ʨʠʩ. 1.6 ʥʘʚʝʜʝʥʦ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ ʩʫʯʘʩʥʦʾ ɯɺʉ 

ʫ ʩʢʣʘʜʽ ʙʝʟʧʽʣʦʪʥʦʛʦ ʘʚʽʘʮʽʡʥʦʛʦ ʢʦʤʧʣʝʢʩʫ (ɹɸʂ), ʷʢʠʡ ʚʢʣʶʯʘʻ ʙʝʟ-

ʧʽʣʦʪʥʠʡ ʣʽʪʘʣʴʥʠʡ ʘʧʘʨʘʪ (ɹʇʃɸ) ʪʘ ʥʘʟʝʤʥʠʡ ʧʫʥʢʪ ʫʧʨʘʚʣʽʥʥʷ. ʊʘʢʘ 

ɯɺʉ ʟʘʙʝʟʧʝʯʫʻ ʜʠʩʪʘʥʮʽʡʥʝ ʚʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʚʢʽʣʣʷ ʧʨʦʩ-

ʪʦʨʦʚʦ ʨʦʟʛʘʣʫʜʞʝʥʠʭ ʧʨʦʤʠʩʣʦʚʠʭ ʦʙôʻʢʪʽʚ ʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʤʫ ʨʝ-

ʞʠʤʽ, ʙʝʟʣʶʜʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚʠʤʽʨʶʚʘʥʴ ʪʘ ʢʦʥʪʨʦʣʶ, ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʩʠʩʪʝʤ ʫ ʚʘʞʢʦʜʦʩʪʫʧʥʠʭ ʤʽʩʮʷʭ ʪʘ ʟʘ ʫʤʦʚ ʪʝʭʥʦʛʝʥʥʦʾ, ʫ ʪʦʤʫ ʯʠʩʣʽ 

ʨʘʜʽʘʮʽʡʥʦʾ, ʥʝʙʝʟʧʝʢʠ, ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ (ʘʜʘʧʪʘʮʽʶ) ʧʨʠʟʥʘ-

ʯʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʥʠ ʤʦʜʫʣʽʚ ʩʝʥʩʦʨʥʠʭ ʧʽʜʩʠʩʪʝʤ, ʧʨʦʚʝʜʝʥʥʷ ʜʠ-

ʥʘʤʽʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʫ 3D ʧʨʦʩʪʦʨʦʚʠʭ ʢʦʦʨʜʠʥʘʪʘʭ.  

ɹʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ɯɺʉ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʤʽʥ-

ʥʦʛʦ ʢʦʨʠʩʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʦʜʫʣʴʥʦʾ ʧʦʙʫʜʦʚʠ, ʷʢʝ ʚʩʪʘʥʦʚʣʶʻʪʴ-

ʩʷ ʥʘ ʚʥʫʪʨʽʰʥʽʡ ʪʘ/ʘʙʦ ʥʘ ʟʦʚʥʽʰʥʽʡ ʧʽʜʚʽʩʢʘʭ ɹʇʃɸ. ʇʦ ʩʫʪʽ ɹʇʃɸ ï 

ʮʝ ʘʚʽʘʮʽʡʥʘ ʧʣʘʪʬʦʨʤʘ ʜʣʷ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʢʦʨʠʩʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, 

ʷʢʝ ʤʦʞʝ ʤʽʩʪʠʪʠ: ʩʝʥʩʦʨʠ ʟʙʠʨʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʫ ʪ.ʯ.: ʬʦʪʦ-, ʪʝʣʝ-, 
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ʪʝʧʣʦʚʽʟʽʡʥʽ ʪʘ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʽ ʢʘʤʝʨʠ (EO/IR); ʣʘʟʝʨʥʽ ʩʢʘʥʝʨʠ ʪʘ 

ʜʘʣʝʢʦʤʽʨʠ (LRF/LD); ʈʃʉ ʽʟ ʩʠʥʪʝʟʦʚʘʥʦʶ ʘʧʝʨʪʫʨʦʶ (SAR); ʦʙʣʘʜ-

ʥʘʥʥʷ ʜʣʷ ʨʝʪʨʘʥʩʣʷʮʽʾ ʟʚôʷʟʢʫ ʪʦʱʦ. ɺʘʨʽʘʥʪʠ ʢʦʤʧʦʥʦʚʢʠ ʤʦʜʫʣʽʚ 

ʢʦʨʠʩʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʨʘʭʦʚʫʶʪʴ ʟʘʚʜʘʥʥʷ ʚʠʤʽʨʶʚʘʥʴ ʪʘ ʢʦʥʪʨʦ-

ʣʶ, ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝʥʩʦʨʽʚ, ʾʭ ʧʝʨʝʚʘʛʠ ʽ ʥʝʜʦʣʽʢʠ, ʘ ʪʘʢʦʞ 

ʫʤʦʚʠ ʚʠʢʦʥʘʥʥʷ ʧʦʣʴʦʪʥʠʭ, ʢʦʥʪʨʦʣʴʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʘʙʦ ʽʥʰʠʭ 

ʟʘʚʜʘʥʴ ʟʘ ʧʨʠʟʥʘʯʝʥʥʷʤ (ʧʦʛʦʜʘ, ʤʽʩʮʝʚʽʩʪʴ, ʯʘʩ ʜʦʙʠ, ʧʦʨʘ ʨʦʢʫ ʪʘ 

ʽʥʰʽ ʬʘʢʪʦʨʠ). 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

ʈʠʩ. 1.6. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ  

ʙʝʟʧʽʣʦʪʥʦʛʦ ʘʚʽʘʮʽʡʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʟ ɯɺʉ 

ʆʩʦʙʣʠʚʦʩʪʷʤʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ɯɺʉ ʥʘ ʙʘʟʽ ɹɸʂ ʻ ʜʚʘ 

ʦʩʥʦʚʥʠʭ ʨʝʞʠʤʠ ʨʦʙʦʪʠ: 

ȨɎɒɫɖɤɈɆɑɢɓɎɏ 
ɐɆɓɆɑ (ȨȰȝ)

ȷɋɓɗɔɖ ȝ (ȷȝ)

ȨɎɒɫɖɤɈɆɑɢɓɎɏ 
ɐɆɓɆɑ (ȨȰN)

ȷɋɓɗɔɖ N (ȷN )

ȧɔɖɘɔɈɆ ɕɫɊɗɎɗɘɋɒɆ ȝȨȷ

ȦɕɆɖɆɘɓɔ-ɕɖɔɉɖɆɒɓɎɏ ɐɔɒɕɑɋɐɗ ɕɖɎɏɒɆɓɓɥ, ɔɕɖɆɜɤɈɆɓɓɥ, 
ɓɆɐɔɕɎɝɋɓɓɥ ɇɆɍ ɊɆɓɎɛ ɘɆ ɕɋɖɋɊɆɈɆɓɓɥ ɫɓɚɔɖɒɆɜɫɬ

ȳɆɍɋɒɓɆ ɕɫɊɗɎɗɘɋɒɆ ȝȨȷ

ȦɈɘɔɕɫɑɔɘ 

ȧȵȱȦ

ȷɎɗɘɋɒɆ əɕɖɆɈɑɫɓɓɥ ɕɔɑɢɔɘɔɒ

ȳɆɍɋɒɓɎɏ ɕəɓɐɘ əɕɖɆɈɑɫɓɓɥ ȧȦȰ 

ȧȦȰ

ȲɔɊəɑɢ ɚɔɖɒəɈɆɓɓɥ ɊɆɓɎɛ ɕɖɔ ɒɫɗɜɋɕɔɑɔɌɋɓɓɥ ȧȵȱȦ

GPS/
ȩȱȴȳȦȷȷ

ȝɓɋɖɜɫɆɑɢɓɆ 
ɓɆɈɫɉɆɜɫɏɓɆ ɗɎɗɘɋɒɆ

ȴɉɑɥɊɔɈɎɏ 
ɐəɖɗɔɈɎɏ 
ɕɖɎɗɘɖɫɏ

ȲɔɊəɑɢ 
ɍɇɎɖɆɓɓɥ, 
ɓɆɐɔɕɎɝɋɓɓɥ 
ɘɆ ɖɋɩɗɘɖɆɜɫɬ 
ɊɆɓɎɛ 

ɈɎɒɫɖɤɈɆɓɢ

ȲɔɊəɑɢ 
ɕɔɕɋɖɋɊɓɢɔɉɔ 
ɔɕɖɆɜɤɈɆɓɓɥ 

ɘɆ 
ɕɋɖɋɊɆɈɆɓɓɥ 
ɫɓɚɔɖɒɆɜɫɬ

ȝȨȷ
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 - ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ ʚʠʤʽʨʶʚʘ-

ʣʴʥʠʭ ʤʦʜʫʣʽʚ ʚʩʪʘʥʦʚʣʝʥʠʭ ʥʘ ɹʇʃɸ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʘʜʽʦʢʘʥʘʣʫ; 

- ʥʘʢʦʧʠʯʝʥʥʷ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʚ ʙʦʨʪʦʚʽʡ ʩʠʩʪʝʤʽ ʪʘ ʾʾ 

ʧʦʜʘʣʴʰʦʛʦ ʦʧʨʘʮʶʚʘʥʥʷ ʧʽʩʣʷ ʚʠʢʦʥʘʥʥʷ ʧʦʣʴʦʪʫ.  

ʇʝʨʩʧʝʢʪʠʚʠ ʩʪʚʦʨʝʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ɯɺʉ ʚ ʫʤʦʚʘʭ ʧʦʩʪʽʡʥʦʛʦ 

ʟʘʛʘʣʴʥʦʛʦ ʨʦʟʚʠʪʢʫ ʥʘʫʢʠ, ʪʝʭʥʽʢʠ ʽ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʜʦʩʣʽʜʞʝʥʴ ʚʟʘʻ-

ʤʦʜʽʾ ʢʦʩʤʦʩʫ, ʘʪʤʦʩʬʝʨʠ ɿʝʤʣʽ ʪʘ ʦʙôʻʢʪʽʚ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʠ 

ʩʪʨʫʢʪʫʨʥʦ ʽʣʶʩʪʨʫʶʪʴʩʷ ʨʠʩ. 1.7.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

ʈʠʩ. 1.7. ɯʣʶʩʪʨʘʮʽʷ ʰʣʷʭʽʚ ʨʦʟʚʠʪʢʫ ɯɺʉ 
 

 

ʅʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʥʷ ʽ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ɯɺʉ ʦʙʫʤʦʚʣʶʻ ʧʦʪʨʝ-

ʙʫ ʧʦʩʪʽʡʥʦʛʦ ʨʦʟʚʠʪʢʫ ʪʝʦʨʝʪʠʯʥʠʭ ʟʘʩʘʜ ʾʭ ʩʪʚʦʨʝʥʥʷ ʽ ʬʫʥʢʮʽʦʥʫ-

ʚʘʥʥʷ, ʱʦ ʩʪʠʤʫʣʶʻ ʧʨʦʮʝʩ ʚʢʣʶʯʝʥʥʷ ʥʦʚʠʭ ʦʙʣʘʩʪʝʡ ʟʥʘʥʴ, ʥʝʦʙʭʽʜ-

ʥʠʭ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʘʢʪʫʘʣʴʥʠʭ ʟʘʚʜʘʥʴ ʚʠʤʽʨʶʚʘʥʴ.  
 

 
 

 

 

 
 

 

 

 
 

 

 

 
 

ʈʦʟʚʠʪʦʢ ʜʦʩʣ̔ʜʞʝʥɹ ʚʟʘ̒ʤʦʜ̔  ʾʪʘ ʚʟʘ̒ʤʦʟʚô̫ʟʢʫ ʢʦʩʤʦʩʫ, ʘʪʤʦʩʬʝʨʠ, 

ɿʝʤʣ̔ ʪʘ ʦʙô̒ʢʪ̔ʚ ʞʠʪʪ̒ʜ̔ ʣ̫ɹ ʥʦʩʪ̔ ʣʁ ʜʠʥʠ

ʈʝʟʫʣɹʪʘʪʠ ʜʦʩʣ̔ʜʞʝʥɹ ʩʪʘʥʫ ʪʘ ʜʠʥʘʤ̔ʢʠ ʚ ʯʘʩ̔ ̔ ʚ ʧʨʦʩʪʦʨ̔ 

ʦʙô̒ʢʪ̔ʚ ʚʠʤ̔ʨʁ ʚʘʥɹ

ʅʦʚ̔ ̔ ʪʠʧʦʚ̔ ʧʨʝʜʤʝʪʥ̔ ʦʙʣʘʩʪ̔ ʚʠʢʦʨʠʩʪʘʥʥ̫ ʨʝʟʫʣɹʪʘʪ̔ʚ ʜʦʩʣ̔ʜʞʝʥɹ

ȭɆɉɆɑɢɓɎɏ ɖɔɍɈɎɘɔɐ ɓɆəɐɎ, ɘɋɛɓɫɐɎ ɘɆ ɈɎɖɔɇɓɎɜɘɈɆ

ʌʫʥʜʘʤʝʥʪʘʣɹʥʠʡ ʥʘʧʨ̫ʤ 

ʜʦʩʣ̔ʜʞʝʥɹ

ʇʨʠʢʣʘʜʥʠʡ ʥʘʧʨ̫ʤ 

ʜʦʩʣ̔ʜʞʝʥɹ

ʈʦʟh ʠʨʝʥʥ̫ 

ʬʫʥʢʮ̔ʦʥʘʣɹʥʠʭ 

ʤʦʞʣʠʚʦʩʪʝʡ ɯɺʉ ʥʘ 

ʙʘʟ̔ ʨʦʟh ʠʨʝʥʥ̫ 

ʧʨʝʜʤʝʪʥʠʭ ʦʙʣʘʩʪʝʡ, 

ʤʝʞ ʪʘ ʥʦʤʝʥʢʣʘʪʫʨʠ 

ʟʘʜʘʯ ʤʦʥ̔ʪʦʨʠʥʛʫ, 

ʚʠʤ̔ʨʁ ʚʘʣɹʥʠʭ 

ʚʝʣʠʯʠʥ

ʈʦʟʚʠʪʦʢ ʩʪʨʫʢʪʫʨ 

ɯɺʉ ʥʘ ʦʩʥʦʚ̔ 

ʥʦʚʠʭ ʩʝʥʩʦʨʥʠʭ 

ʧ̔ʜʩʠʩʪʝʤ, 

ʥʦʚ̔ʪʥ̔ʭ ʘʧʘʨʘʪʥʠʭ 

ʚʠʤ̔ʨʁ ʚʘʣɹʥʠʭ 

ʟʘʩʦʙ̔ʚ

ʈʦʟʚʠʪʦʢ ̔ʥʬʦʨʤʘʮ̔ʡʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥ̫ ɯɺʉ ʥʘ 

ʦʩʥʦʚ̔ ʥʦʚʠʭ ʤʦʜʝʣʝʡ, 

ʤʝʪʦʜ̔ʚ ʚʠʤ̔ʨʁ ʚʘʥɹ ʪʘ 

ʦʧʨʘʮʁ ʚʘʥʥ̫ ʜʘʥʠʭ, 

ʫʜʦʩʢʦʥʘʣʝʥʥ̫ 

ʘʣʛʦʨʠʪʤ̔ʯʥʦ-

ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥ̫  

ȝɓɚɔɖɒɆɜɫɏɓɔ-ɈɎɒɫɖɤɈɆɑɢɓɫ ɘɋɛɓɔɑɔɉɫɬ
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ʆʩʥʦʚʥ ̔ʚʠʩʥʦʚʢʠ 
 

 

ɺʠʤʽʨʶʚʘʥʥʷ ʚʽʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʨʦʟʚʠʪʢʫ ʝʢʦʥʦʤʽʢʠ, ʥʘʫʢʠ ʽ ʪʝ-

ʭʥʽʢʠ. ʊʝʦʨʝʪʠʯʥʽ ʦʩʥʦʚʠ ɯɺʉ ʻ ʦʜʥʠʤ ʽʟ ʥʘʧʨʷʤʽʚ ʪʝʦʨʽʾ ʚʠʤʽʨʶʚʘʥʴ, ʘ ɯɺʉ ʻ 

ʦʩʥʦʚʥʠʤ ʟʘʩʦʙʦʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʻʜʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʴ ʥʘ ʧʨʘʢʪʠʮʽ.  

ʆʙôʻʢʪʘʤʠ ʚʠʤʽʨʶʚʘʥʴ ʻ ʟʥʘʯʥʘ ʤʥʦʞʠʥʘ ʷʚʠʱ, ʧʨʦʮʝʩʽʚ, ʩʠʩʪʝʤ ʨʽʟʥʦʾ 

ʧʨʠʨʦʜʠ ʚ ʟʥʘʯʥʽʡ ʢʽʣʴʢʦʩʪʽ ʧʨʝʜʤʝʪʥʠʭ ʦʙʣʘʩʪʷʭ.  

ʇʨʝʜʤʝʪʘʤʠ ʚʠʤʽʨʶʚʘʥʥʷ ʻ ʤʦʜʝʣʽ, ʤʝʪʦʜʠ, ʩʧʦʩʦʙʠ, ʪʝʭʥʽʯʥʽ, ʽʥʬʦʨ-

ʤʘʮʽʡʥʽ, ʧʨʦʛʨʘʤʥʽ ʪʘ ʽʥʰʽ ʟʘʩʦʙʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʻʜʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʴ.  

ɯʩʥʫʶʪʴ ʪʨʠ ʦʩʥʦʚʥʽ ʟʘʚʜʘʥʥʷ ʚʠʤʽʨʶʚʘʥʴ: ʛʦʤʦʤʦʨʬʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʚʠʤʽʨʶʚʘʥʴ ʦʙôʻʢʪʘ ʜʦʩʣʽʜʞʝʥʴ ʫ ʬʽʟʠʯʥʽʡ ʪʘ ʤʘʪʝʤʘʪʠʯʥʽʡ 

ʤʦʜʝʣʽ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʜʥʦʨʽʜʥʦʩʪʽ ʫ ʧʨʦʩʪʦʨʽ ʽ ʩʪʘʮʽʦʥʘʨʥʦʩʪʽ ʫ ʯʘʩʽ ʤʽʨ ʧʨʠ 

ʧʨʦʚʝʜʝʥʥʽ ʧʨʦʮʝʩʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ. 

ɺʠʨʽʰʝʥʥʷ ʚʢʘʟʘʥʠʭ ʟʘʚʜʘʥʴ ʚʠʤʽʨʶʚʘʥʴ ʦʙôʻʜʥʫʶʪʴ ʥʘ  ʙʘʟʽ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʬʽʟʠʯʥʠʭ ʽ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ. ʄʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʚʠʤʽʨʶʚʘʥʠʭ ʩʠʛ-

ʥʘʣʽʚ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʜʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʜʠʥʘʤʽʢʫ ʫ ʧʨʦʩʪʦʨʽ ʽ ʯʘʩʽ ʚʠʤʽʨʶʚʘʣʴ-

ʥʠʭ ʚʝʣʠʯʠʥ (ʬʽʟʠʯʥʠʭ ʚʝʣʠʯʠʥ).  

ʂʣʘʩʠʬʽʢʘʮʽʷ ɯɺʉ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʨʴʦʭ ʦʩʥʦʚʥʠʭ ʦʟʥʘʢ: 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ; ʨʝʞʠʤʽʚ (ʘʣʛʦʨʠʪʤʽʚ) ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ; ʢʽʣʴ-

ʢʦʩʪʽ ʽ ʜʠʥʘʤʽʢʠ ʫ ʧʨʦʩʪʦʨʽ ʽ ʯʘʩʽ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʚʝʣʠʯʠʥ. 
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ɿʘʧʠʪʘʥʥʷ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣ ʁ
 
 

_ 
1. ɼʘʡʪʝ ʚʠʟʥʘʯʝʥʥʷ ʤʝʪʨʦʣʦʛʽʾ ʽ ʪʨʴʦʭ ʦʩʥʦʚʥʠʭ ʥʘʧʨʷʤʽʚ ʜʦʩʣʽʜʞʝʥʥʷ 

ʤʝʪʨʦʣʦʛʽʾ. 

2. ʑʦ ʪʘʢʝ ʜʦʩʣʽʜʞʫʚʘʥʘ ʚʝʣʠʯʠʥʘ? ʅʘʟʚʽʪʴ ʢʦʥʢʨʝʪʥʽ ʚʠʜʠ ʪʘʢʠʭ ʚʝ-

ʣʠʯʠʥ. 

3. ʉʬʦʨʤʫʣʶʡʪʝ ʪʨʠ ʦʩʥʦʚʥʽ ʟʘʚʜʘʥʥʷ ʚʠʤʽʨʶʚʘʥʴ. 

4. ɼʘʡʪʝ ʚʠʟʥʘʯʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ. 

5. ʅʘʚʝʜʽʪʴ ʢʣʘʩʠʬʽʢʘʮʽʡʥʽ ʦʟʥʘʢʠ ʩʫʯʘʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

6. ʅʘʚʝʜʽʪʴ ʽ ʨʦʟʢʨʠʡʪʝ ʟʤʽʩʪ ʦʩʥʦʚʥʠʭ ʝʪʘʧʽʚ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ɯɺʉ. 

7. ʇʨʦʚʝʜʽʪʴ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʦʮʽʥʶʚʘʥʥʷ ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʴ ʥʘ 
ʦʩʥʦʚʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʂʦʥʮʝʧʮʽʾ ʧʦʭʠʙʦʢ ʽ ʂʦʥʮʝʧʮʽʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ. 

8. ʅʘʚʝʩʪʠ ʢʣʘʩʠʬʽʢʘʮʽʶ ɯɺʉ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʽʜʧʦʚʽʜʥʠʭ ʦʟʥʘʢ ʢʣʘ-

ʩʠʬʽʢʘʮʽʾ. 

9. ʇʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʘʧʘʨʘʪʥʦʾ ʽ ʧʨʦʛʨʘʤʥʦʾ ʯʘʩʪʠʥʠ ɺʂ ɯɺʉ. 
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Conclusions 

 
Measurements play an important role in of economic, science and tech-

nology development. Theoretical fundamentals of IMS are one of measure-

ment theory areas and IMS are among primary means of ensuring measure-

ments uniformity in practice.  

Measurement objects are a significant set of phenomena, processes and 

systems of different nature in a large number of subject areas. 

Measurement subjects are model, methods, means, technical, informa-

tional, software and other tools to ensure measurements uniformity. 

There are three basic measurement tasks: homomorphous displaying of 

information to measure research object in physical and mathematical mod-

els, the use of homogeneity in space and stationary in time, measures while 

carrying measurement and information security processes. 

Solving these measurement tasks is combined on a basis of the use of 

physical and mathematical models. Mathematical models of measured sig-

nals in general form reflect the measured values (physical quantities) dy-

namics in space and time. 

IMS classification is based on the use of three main features: functional 

purpose; operation modes (algorithms); quantity and dynamics of measured 

values in space and time. 

 

ʂʣʶʯʦʚ̔ ʩʣʦʚʘ 
 

ʚʠʤʽʨʶʚʘʥʥʷ measurement 

ʧʨʦʮʝʩ ʚʠʤʽʨʶʚʘʥʥʷ measurement process 

ʟʘʩʽʙ ʚʠʤʽʨʶʚʘʥʥʷ measurement tool 

ʥ̔ʬʦʨʤʘʮʽʡʥʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʘ 

ʩʠʩʪʝʤʘ 

information-measurement 

system 

ʘʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʥʠʡ 

ʟʘʩʽʙ ʚʠʤʽʨʶʚʘʥʥʷ 

hardware-software  

measurement tool 

ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ measurement uncertainty 

ʨʝʟʫʣʴʪʘʪ ʚʠʤʽʨʶʚʘʥʴ measurement result 

ʧʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʥʷ measurement error 



 

 

ʂɯʃʔʂɯʉʅɯ ʆʎɯʅʂʀ 

ɺʀʄɯʈʖɺɸʃʔʅʆɰ ɯʅʌʆʈʄɸʎɯɰ 

2.1. ɺʠʤʽʨʶʚʘʣʴʥʘ ʽʥʬʦʨʤʘʮʽʷ,  

       ʾ ʾ ʬʫʥʢʮʽʾ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ  

2.2. ʂʽʣʴʢʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʽʥʬʦʨʤʘʮʽʾ  

2.3. ʄʽʨʠ ʽʥʬʦʨʤʘʮʽʾ  

2.4. ɽʥʪʨʦʧʽʷ ʪʘ ʾʾ ʚʣʘʩʪʠʚʦʩʪʽ  

2.5. ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ ʽ ʥʘʜʤʽʨʥʽʩʪʴ  

       ʜʞʝʨʝʣʘ ʽʥʬʦʨʤʘʮʽʾ 

 

 



ʊɽʆʈɽʊʀʏʅɯ ʆʉʅʆɺʀ ɯʅʌʆʈʄɸʎɯʁʅʆ-ɺʀʄɯʈʖɺɸʃʔʅʀʍ ʉʀʉʊɽʄ 
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ 

 

 

42 

2.1. ɺʠʤʽʨʶʚʘʣʴʥʘ ʽʥʬʦʨʤʘʮʽʷ, ʾʾ ʬʫʥʢʮʽʾ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ 
 

ʊʝʨʤʽʥ ʽʥʬʦʨʤʘʮʽʷ ʧʦʭʦʜʠʪʴ ʚʽʜ ʣʘʪʠʥʩʴʢʦʛʦ informatio, ʱʦ ʦʟʥʘ-

ʯʘʻ ʨʦʟ'ʷʩʥʝʥʥʷ, ʽʥʬʦʨʤʫʚʘʥʥʷ, ʚʠʢʣʘʜʝʥʥʷ. ʋ ʰʠʨʦʢʦʤʫ ʟʥʘʯʝʥʥʽ ʽʥ-

ʬʦʨʤʘʮʽʷ - ʮʝ ʟʘʛʘʣʴʥʦʥʘʫʢʦʚʝ ʧʦʥʷʪʪʷ, ʷʢʝ ʦʭʦʧʣʶʻ ʦʙʤʽʥ ʽʥʬʦʨʤʘʮʽ-

ʻʶ ʤʽʞ ʣʶʜʴʤʠ, ʦʙʤʽʥ ʩʠʛʥʘʣʘʤʠ ʤʽʞ ʞʠʚʦʶ ʽ ʥʝʞʠʚʦʶ ʧʨʠʨʦʜʦʶ, 

ʣʶʜʴʤʠ ʽ ʧʨʠʩʪʨʦʷʤʠ. ʋ ʮʴʦʤʫ ʩʝʥʩʽ ʽʥʬʦʨʤʘʮʽʷ ʻ ʚʽʜʦʙʨʘʞʝʥʥʷʤ ʨʝʘ-

ʣʴʥʦʛʦ ʩʚʽʪʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʜʦʤʦʩʪʝʡ (ʜʘʥʠʭ, ʧʦʚʽʜʦʤʣʝʥʴ). 

ʇʦʥʷʪʪʷ çʚʠʤʽʨʶʚʘʣʴʥʘ ʽʥʬʦʨʤʘʮʽʷè ʤʘʻ ʢʽʣʴʢʘ ʚʠʟʥʘʯʝʥʴ, ʟʘʣʝʞ-

ʥʠʭ ʚʽʜ ʧʦʛʣʷʜʽʚ ʥʘ ʥʝʾ. ʄʠ ʙʫʜʝʤʦ ʜʦʪʨʠʤʫʚʘʪʠʩʷ ʪʣʫʤʘʯʝʥʥʷ, ʟʛʽʜʥʦ ʟ 

ʷʢʠʤ ʧʦʥʷʪʪʷ çʚʠʤʽʨʶʚʘʣʴʥʘ ʽʥʬʦʨʤʘʮʽʷè ʦʙ'ʻʜʥʫʻ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʦʙ'ʻʢʪʽʚ ʞʠʚʦʾ ʽ ʥʝʞʠʚʦʾ ʧʨʠʨʦʜʠ, ʷʢʽ ʻ ʧʦʪʝʥʮʽʡʥʠʤ ʜʞʝʨʝʣʦʤ ʚʽʜʦʤʦ-

ʩʪʝʡ ʨʽʟʥʦʛʦ ʨʦʜʫ ʜʣʷ ʣʶʜʝʡ, ʘ ʪʘʢʦʞ ʽ ʩʘʤʽ ʚʽʜʦʤʦʩʪʽ, ʷʢʽ ʦʪʨʠʤʫ ̒ʣʁ -

ʜʠʥʘ. 

ʗʢ ʨʦʙʦʯʝ ʧʨʦʧʦʥʫʻʤʦ ʙʽʣʴʰ ʨʦʟʛʦʨʥʫʪʝ ʚʠʟʥʘʯʝʥʥʷ: ʚʠʤʽʨʶʚʘʣʴ-

ʥʘ ʽʥʬʦʨʤʘʮʽʷ ï ʮʝ ʩʫʢʫʧʥʽʩʪʴ ʚʽʜʦʤʦʩʪʝʡ ʧʨʦ ʥʘʚʢʦʣʠʰʥʽʡ ʩʚʽʪ, ʦʙ'ʻʢ-

ʪʠ ʽ ʷʚʠʱʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʘ ʪʘʢʦʞ ʧʨʦʮʝʩʠ, ʷʢʽ ʚʽʜʙʫʚʘ-

ʶʪʴʩʷ ʚ ʥʠʭ, ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʾʭ ʧʘʨʘʤʝʪʨʠ, ʚʣʘʩʪʠʚʦʩʪʽ ʽ ʩʪʘʥ, ʷʢʽ ʟʤʝʥ-

ʰʫʶʪʴ ʩʪʫʧʽʥʴ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ, ʥʝʧʦʚʥʦʪʠ ʟʥʘʥʴ ʧʨʦ ʥʠʭ . 

ʄʝʪʦʜʠ ʘʥʘʣʽʟʫ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʽʣʶʩʪʨʫʻ ʨʠʩ. 2.1. 
 

ɸʥʘʣ̔ʟ ʚʠʤ̔ʨʁ ʚʘʣɹʥʦʾ 

ʥ̔ʬʦʨʤʘʮ̔ʾ

ʉʠʥʪʘʢʩʠʯʥʠʡ ʉʝʤʘʥʪʠʯʥʠʡ ʇʨʘʛʤʘʪʠʯʥʠʡ
 

ʈʠʩ. 2.1. ʄʝʪʦʜʠ ʘʥʘʣʟ̔ʫ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʥ̔ʬʦʨʤʘʮʽʾ 
 

ɿʛʽʜʥʦ ʩʠʥʪʘʢʩʠʯʥʦʤʫ ʧʽʜʭʦʜʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʩʪʨʫʢʪʫʨʥʠʡ ʘʥʘʣʽʟ 

ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ (ʢʽʣʴʢʽʩʪʴ ʧʦʚʽʜʦʤʣʝʥʴ, ʬʦʨʤʘ ʾʭ ʧʦʜʘʥʥʷ, 

ʩʪʘʪʠʩʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʷʚʠ ʪʦʱʦ). 

ʉʝʤʘʥʪʠʯʥʠʡ ʧʽʜʭʽʜ ʧʦʣʷʛʘʻ ʚ ʘʥʘʣʽʟʽ ʟʤʽʩʪʦʚʥʦʩʪʽ ʚʠʤʽʨʶʚʘʣʴʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʽ ʚʧʣʠʚʫ ʾʾ ʥʘ ʣʶʜʠʥʫ. 

ʇʨʘʛʤʘʪʠʯʥʠʡ ʧʽʜʭʽʜ ʧʦʚ'ʷʟʘʥʠʡ ʟ ʦʮʽʥʶʚʘʥʥʷʤ ʢʦʨʠʩʥʦʩʪʽ, ʮʽʥ-

ʥʦʩʪʽ ʦʪʨʠʤʘʥʦʾ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. 

ɺʘʞʣʠʚʦ ʚʽʜʟʥʘʯʠʪʠ ʜʠʥʘʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʽʥʬʦʨ-

ʤʘʮʽʾ. ʆʙ'ʻʢʪʠ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʚʽʪʫ 

ʧʦʩʪʽʡʥʦ ʟʤʽʥʶʶʪʴʩʷ ʟ ʨʽʟʥʦʶ ʰʚʠʜʢʽʩʪʶ. ʎʽ ʟʤʽʥʠ  ʤʘʶʪʴ ʚʠʧʘʜʢʦʚʠʡ 

ʭʘʨʘʢʪʝʨ ʱʦʜʦ ʤʦʤʝʥʪʽʚ ʧʨʦʷʚʫ, ʧʘʨʘʤʝʪʨʽʚ, ʜʽʘʧʘʟʦʥʫ ʟʤʽʥʠ ʧʘʨʘ-

ʤʝʪʨʽʚ ʽ ʟʘʢʦʥʽʚ ʟʤʽʥʠ. ɺʠʤʽʨʶʚʘʣʴʥʘ ʽʥʬʦʨʤʘʮʽʷ ʷʢ ʚʽʜʦʙʨʘʞʝʥʥʷ ʮʠʭ 

ʧʨʦʮʝʩʽʚ ʪʘʢʦʞ ʤʘʻ ʜʠʥʘʤʽʯʥʠʡ, ʚʠʧʘʜʢʦʚʠʡ ʭʘʨʘʢʪʝʨ. ɿʘʚʞʜʠ ʥʝʦʙ-
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ʭʽʜʥʘ ʦʥʦʚʣʝʥʘ ʚʠʤʽʨʶʚʘʣʴʥʘ ʽʥʬʦʨʤʘʮʽʷ, ʧʦʢʣʠʢʘʥʘ ʫʩʫʚʘʪʠ ʥʝʚʠʟʥʘ-

ʯʝʥʽʩʪʴ ʩʠʪʫʘʮʽʾ ʚ ʜʘʥʠʡ ʤʦʤʝʥʪ. 

ʋʟʘʛʘʣʴʥʝʥʦʶ ʬʫʥʢʮʽʻʶ ʽʥʬʦʨʤʘʮʽʾ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʞʠʚʘʥʥʷ, ʨʦ-

ʟʚʠʪʢʫ ʣʶʜʠʥʠ ʽ ʩʫʩʧʽʣʴʩʪʚʘ ʚ ʩʢʣʘʜʥʦʤʫ ʽ ʤʽʥʣʠʚʦʤʫ ʥʘʚʢʦʣʠʰʥʴʦʤʫ 

ʩʚʽʪʽ. ɺʦʥʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʨʷʜʫ ʯʘʩʪʢʦʚʠʭ ʬʫʥʢʮʽʡ, ʷʢʽ ʤʘʶʪʴ ʨʽʟʥʫ 

ʩʪʫʧʽʥʴ ʚʠʷʚʣʝʥʥʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʦʚʥʽʰʥʽʭ ʫʤʦʚ ʽ ʭʘʨʘʢʪʝʨʫ ʜʽʷʣʴ-

ʥʦʩʪʽ ʣʶʜʠʥʠ. ʅʘʡʯʘʩʪʽʰʝ ʤʠ ʟʫʩʪʨʽʯʘʻʤʦʩʷ ʟ ʧʨʦʷʚʘʤʠ ʪʘʢʠʭ ʬʫʥʢʮʽʡ 

ʽʥʬʦʨʤʘʮʽʾ: 

ʫʧʨʘʚʣʽʥʩʴʢʦʾ, ʧʨʠʩʫʪʥʴʦʾ ʫ ʚʩʽʭ ʩʬʝʨʘʭ ʧʦʚʩʷʢʜʝʥʥʦʛʦ ʞʠʪʪʷ ʽ ʧʦ-

ʢʣʠʢʘʥʦ ʾʜʦʧʦʤʦʛʪʠ ʣʶʜʠʥʽ ʫ ʚʠʙʦʨʽ ʚʘʨʽʘʥʪʫ ʩʚʦʻʾ ʧʦʚʝʜʽʥʢʠ ʘʙʦ ʮʽʣʝ-

ʩʧʨʷʤʦʚʘʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʦʙ'ʻʢʪʠ ʽ ʧʨʦʮʝʩʠ ʨʝʘʣʴʥʦʛʦ ʩʚʽʪʫ; 

ʢʦʤʫʥʽʢʘʮʽʡʥʦʾ, ʧʨʠʩʫʪʥʴʦʾ ʧʽʜ ʯʘʩ ʦʙʤʽʥʫ ʽʥʬʦʨʤʘʮʽʻʶ ʤʽʞ ʣʶʜʴ-

ʤʠ ʽ ʩʧʨʷʤʦʚʘʥʦ ʾʥʘ ʦʨʛʘʥʽʟʘʮʽʶ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʥʠʤʠ; 

ʧʽʟʥʘʚʘʣʴʥʦʾ, ʟʫʤʦʚʣʶʻʪʴʩʷ ʧʦʪʨʝʙʦʶ ʚ ʽʥʬʦʨʤʘʮʽʾ ʟʘʨʘʜʠ ʟʘʛʘʣʴ-

ʥʦʛʦ ʨʦʟʚʠʪʢʫ, ʦʪʨʠʤʘʥʥʷ ʩʧʝʮʽʘʣʴʥʦʩʪʽ ʽ, ʚ ʟʘʛʘʣʴʥʦʤʫ, ʜʣʷ ʟʘʜʦʚʦ-

ʣʝʥʥʷ ʧʦʪʷʛʫ ʜʦ ʥʦʚʦʛʦ ʙʝʟʚʽʜʥʦʩʥʦ ʜʦ ʡʦʛʦ ʧʨʘʛʤʘʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ; 

ʧʩʠʭʦʣʦʛʽʯʥʦʾ, ʧʦʟʥʘʯʘʻʪʴʩʷ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʧʝʚʥʦʛʦ ʝʤʦʮʽʡʥʦʛʦ 

ʥʘʩʪʨʦʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʝʷʢʠʭ ʚʠʜʽʚ ʽʥʬʦʨʤʘʮʽʾ, ʩʧʦʩʦʙʽʚ ʾʾ ʧʦʜʘʥʥʷ 

ʣʶʜʠʥʽ. 

ʋʟʘʛʘʣʴʥʝʥʦ  ʁʚʣʘʩʪʠʚʽʩʪʶ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʬʫʥʢʮʽʡ ʻ ʾʭ ʩʧʨʷʤʦ-

ʚʘʥʽʩʪʴ ʥʘ ʫʩʫʥʝʥʥʷ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʥʘʰʦʛʦ ʫʷʚʣʝʥʥʷ ʧʨʦ ʩʪʘʥ ʦʙ'ʻʢʪʽʚ 

ʽ ʧʨʦʮʝʩʽʚ ʨʝʘʣʴʥʦʛʦ ʩʚʽʪʫ, ʷʢʽ ʥʘʩ ʮʽʢʘʚʣʷʪʴ, ʘʙʦ ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ, ʘʙʦ 

ʧʽʩʣʷ ʜʝʷʢʠʭ ʚʧʣʠʚʽʚ ʥʘ ʥʠʭ ʚʥʫʪʨʽʰʥʽʭ ʘʙʦ ʟʦʚʥʽʰʥʽʭ ʩʠʣ. ʉʘʤʝ ʥʘ 

ʫʩʫʥʝʥʥʷ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʟʦʨʽʻʥʪʦʚʘʥʽ ʧʨʦʮʝʩʠ ʟʙʠʨʘʥʥʷ, ʧʝʨʝʜʘʚʘʥʥʷ ʽ 

ʦʧʨʘʮʶʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. ʉʪʫʧʽʥʴ ʟʤʽʥʠ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʩʠʪʫʘʮʽʾ ʧʦ-

ʢʣʘʜʝʥʘ ʚ ʦʩʥʦʚʫ ʢʽʣʴʢʽʩʥʦʾ ʤʽʨʠ ʽʥʬʦʨʤʘʮʽʾ. 

ɸʜʝʢʚʘʪʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ - ʮʝ ʧʝʚʥʠʡ ʨʽʚʝʥʴ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʦʙʨʘʟʫ, 

ʷʢʠʡ ʩʪʚʦʨʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʪʨʠʤʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʨʝʘʣʴʥʦʤʫ ʦʙ'ʻ-

ʢʪʫ, ʧʨʦʮʝʩʫ, ʷʚʠʱʫ ʽ ʽʥ. ʅʘ ʧʨʘʢʪʠʮʽ ʥʘʚʨʷʜ ʯʠ ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʧʦʚʥʦʾ 

ʘʜʝʢʚʘʪʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ. ɿʘʚʞʜʠ ʽʩʥʫʻ ʜʝʷʢʘ ʩʪʫʧʽʥʴ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ. 

ɺʽʜ ʩʪʫʧʝʥʷ ʘʜʝʢʚʘʪʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʨʝʘʣʴʥʦʤʫ ʩʪʘʥʫ ʦʙ'ʻʢʪʘ ʟʘʣʝʞʠʪʴ 

ʧʨʘʚʠʣʴʥʽʩʪʴ ʧʨʠʡʥʷʪʠʭ ʣʶʜʠʥʦʶ ʨʽʰʝʥʴ. 

ɸʜʝʢʚʘʪʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ ʤʦʞʝ ʚʠʨʘʞʘʪʠʩʷ ʚ ʪʨʴʦʭ ʬʦʨʤʘʭ: ʩʠʥ-

ʪʘʢʩʠʯʥʽʡ, ʩʝʤʘʥʪʠʯʥʽʡ, ʧʨʘʛʤʘʪʠʯʥʽʡ. 

ʉʠʥʪʘʢʩʠʯʥʘ ʘʜʝʢʚʘʪʥʽʩʪʴ ʚʽʜʦʙʨʘʞʘʻ ʬʦʨʤʘʣʴʥʦ-ʩʪʨʫʢʪʫʨʥʽ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ ʽʥʬʦʨʤʘʮʽʾ ʙʝʟ ʾʾ ʟʤʽʩʪʦʚʥʦʛʦ ʥʘʧʦʚʥʝʥʥʷ. ʅʘ ʩʠʥʪʘʢʩʠʯ-

ʥʦʤʫ ʨʽʚʥʽ ʚʨʘʭʦʚʫʶʪʴʩʷ ʪʠʧ ʥʦʩʽʷ ʽ ʩʧʦʩʽʙ ʧʦʜʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʰʚʠʜ-

ʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʽ ʦʙʨʦʙʢʠ, ʨʦʟʤʽʨʠ ʢʦʜʽʚ ʧʦʜʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʥʘʜʽʡʥʽʩʪʴ 

ʽ ʪʦʯʥʽʩʪʴ ʧʝʨʝʪʚʦʨʝʥʥʷ ʮʠʭ ʢʦʜʽʚ ʽ ʪ.ʧ. ʌʦʨʤʘʣʽʟʦʚʘʥʫ ʽʥʬʦʨʤʘʮʽʶ, 

ʷʢʘ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʪʽʣʴʢʠ ʟ ʩʠʥʪʘʢʩʠʯʥʠʭ ʧʦʟʠʮʽʡ, ʟʘʟʚʠʯʘʡ ʥʘʟʠʚʘʶʪʴ 
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ʜʘʥʠʤʠ, ʦʩʢʽʣʴʢʠ ʧʨʠ ʮʴʦʤʫ ʘʙʩʪʨʘʛʫʶʪʴʩʷ ʚʽʜ ʟʤʽʩʪʦʚʥʦʛʦ ʘʩʧʝʢʪʫ. ʎʷ 

ʬʦʨʤʘ ʘʜʝʢʚʘʪʥʦʩʪʽ ʩʧʨʠʷʻ ʩʧʨʠʡʥʷʪʪʶ ʟʦʚʥʽʰʥʽʭ ʩʪʨʫʢʪʫʨʥʠʭ, ʪʦʙʪʦ 

ʩʠʥʪʘʢʩʠʯʥʠʭ, ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽʥʬʦʨʤʘʮʽʾ. 

ʉʝʤʘʥʪʠʯʥʘ (ʟʤʽʩʪʦʚʥʘ) ʘʜʝʢʚʘʪʥʽʩʪʴ ʚʠʟʥʘʯʘʻ ʽʥʰʫ ʩʪʫʧʽʥʴ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʦʙʨʘʟʫ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʦʙ'ʻʢʪʘ ʩʘʤʦʤʫ ʦʙ'ʻʢʪʫ. ʉʝʤʘʥ-

ʪʠʯʥʠʡ ʘʩʧʝʢʪ ʧʝʨʝʜʙʘʯʘʻ ʚʨʘʭʫʚʘʥʥʷ ʟʤʽʩʪʦʚʥʦʛʦ ʥʘʧʦʚʥʝʥʥʷ ʽʥʬʦʨ-

ʤʘʮʽʾ. ʅʘ ʮʴʦʤʫ ʨʽʚʥʽ ʘʥʘʣʽʟʫʶʪʴʩʷ ʪʽ ʚʽʜʦʤʦʩʪʽ, ʷʢʽ ʚʽʜʦʙʨʘʞʘʻ ʽʥʬʦʨ-

ʤʘʮʽʷ, ʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʟʤʽʩʪʦʚʥʽ ʟʚ'ʷʟʢʠ ʤʽʞ ʥʠʤʠ. 

ʎʷ ʬʦʨʤʘ ʘʜʝʢʚʘʪʥʦʩʪʽ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʬʦʨʤʫʚʘʪʠ ʧʦʥʷʪʪʷ ʽ ʫʷʚ-

ʣʝʥʥʷ, ʚʠʷʚʣʷʪʠ ʟʥʘʯʝʥʥʷ, ʟʤʽʩʪ ʽʥʬʦʨʤʘʮʽʾ ʽ ʫʟʘʛʘʣʴʥʶʚʘʪʠ ʾʾ. 

ʇʨʘʛʤʘʪʠʯʥʘ (ʩʧʦʞʠʚʯʘ) ʘʜʝʢʚʘʪʥʽʩʪʴ ʚʽʜʦʙʨʘʞʘʻ ʩʧʽʚʚʽʜʥʦ-

ʰʝʥʥʷ ʤʽʞ ʽʥʬʦʨʤʘʮʽʻʶ ʪʘ ʾʾ ʩʧʦʞʠʚʘʯʝʤ, ʩʪʫʧʽʥʴ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʽʥ-

ʬʦʨʤʘʮʽʾ ʪʽʻʾ ʤʝʪʠ ʫʧʨʘʚʣʽʥʥʷ, ʷʢʘ ʥʘ ʾʾ ʦʩʥʦʚʽ ʨʝʘʣʽʟʫʻʪʴʩʷ. ɺʠʷʚʣʷ-

ʶʪʴʩʷ ʧʨʘʛʤʘʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʪʽʣʴʢʠ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʻʜʥʦʩʪʽ 

ʽʥʬʦʨʤʘʮʽʾ (ʦʙ'ʻʢʪʘ), ʢʦʨʠʩʪʫʚʘʯʘ ʽ ʮʽʣʽ ʫʧʨʘʚʣʽʥʥʷ. ʇʨʘʛʤʘʪʠʯʥʠʡ ʘʩ-

ʧʝʢʪ ʨʦʟʛʣʷʜʫ ʧʦʚ'ʷʟʘʥʠʡ ʟ ʮʽʥʥʽʩʪʶ, ʢʦʨʠʩʥʽʩʪʶ ʽʥʬʦʨʤʘʮʽʾ ʧʨʠ ʧʽʜʛʦ-

ʪʦʚʮʽ ʩʧʦʞʠʚʘʯʝʤ ʨʽʰʝʥʥʷ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʴʦʛʦ ʘʥʘʣʽʟʫʶʪʴʩʷ ʩʧʦʞʠʚʯʽ ʚʣʘʩʪʠʚʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ. 

ʎʷ ʬʦʨʤʘ ʘʜʝʢʚʘʪʥʦʩʪʽ ʧʦʚ'ʷʟʘʥʘ ʟ ʧʨʘʢʪʠʯʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥ-

ʬʦʨʤʘʮʽʾ ʪʘ ʾʾ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ. 

ɺʠʤʽʨʶʚʘʣʴʥʘ ʽʥʬʦʨʤʘʮʽʷ ʭʘʨʘʢʪʝʨʠʟʫʻ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʜʞʝ-

ʨʝʣʦʤ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ (ʦʙ'ʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ), ʩʧʦʞʠʚʘʯʝʤ ʽ 

ʩʧʦʣʫʯʝʥʥʷʤ ʤʽʞ ʥʠʤʠ. 

ʗʢʱʦ ʤʦʚʘ ʡʜʝ ʧʨʦ ʘʚʪʦʤʘʪʠʟʦʚʘʥʫ ʨʦʙʦʪʫ ʟ ʚʠʤʽʨʶʚʘʥʦ ʁʽʥʬʦʨ-

ʤʘʮ̔̒ ʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʝʷʢʠʭ ʪʝʭʥʽʯʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʧʝʨʰ ʟʘ ʚʩʝ ʮʽʢʘʚ-

ʣʷʪʴʩʷ ʥʝ ʟʤʽʩʪʦʤ, ʘ ʜʞʝʨʝʣʦʤ ʧʦʚʽʜʦʤʣʝʥʥʷ ʪʘ ʢʽʣʴʢʽʩʪʶ ʩʠʤʚʦʣʽʚ, ʷʢʝ 

ʤʽʩʪʠʪʴ ʮʝ ʧʦʚʽʜʦʤʣʝʥʥʷ. 

ɯʥʬʦʨʤʘʮʽʡʥʽ ʦʙ'ʻʢʪʠ - ʮʝ ʧʨʝʜʤʝʪʠ, ʧʨʦʮʝʩʠ, ʷʚʠʱʘ ʤʘʪʝʨʽʘʣʴʥʦ ʾ

ʘʙʦ ʥʝʤʘʪʝʨʽʘʣʴʥʦ ʾʧʨʠʨʦʜʠ, ʷʢʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʟ ʪʦʯʢʠ ʟʦʨʫ ʾʭ ʽʥʬʦʨ-

ʤʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ɼʞʝʨʝʣʦ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʘʙʦ ʧʦʚʽʜʦʤʣʝʥʥʷ - ʮʝ ʬʽʟʠʯ-

ʥʠʡ ʦʙ'ʻʢʪ (ʩʠʩʪʝʤʘ ʘʙʦ ʷʚʠʱʝ), ʱʦ ʬʦʨʤʫʻ ʧʝʨʝʜʘʥʝ ʧʦʚʽʜʦʤʣʝʥʥʷ. 

ʉʘʤʝ ʧʦʚʽʜʦʤʣʝʥʥʷ ï ʮʝ ʟʥʘʯʝʥʥʷ ʘʙʦ ʟʤʽʥʘ ʜʝʷʢʦʾ ʬʽʟʠʯʥʦʾ ʚʝʣʠʯʠʥʠ, 

ʷʢʘ ʚʽʜʦʙʨʘʞʘʻ ʩʪʘʥ ʦʙ'ʻʢʪʘ (ʩʠʩʪʝʤʠ ʘʙʦ ʷʚʠʱʘ). 

ʇʨʠ ʨʦʙʦʪʽ ʟ ʽʥʬʦʨʤʘʮʽʻʶ ʟʘʚʞʜʠ ʽʩʥʫʶʪʴ ʾʾ ʜʞʝʨʝʣʦ ʽ ʩʧʦʞʠʚʘʯ 

(ʦʜʝʨʞʫʚʘʯ). ʐʣʷʭʠ ʽ ʧʨʦʮʝʩʠ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʝʨʝʜʘʯʫ ʧʦʚʽʜʦʤʣʝʥʴ 

ʚʽʜ ʜʞʝʨʝʣʘ ʽʥʬʦʨʤʘʮʽʾ ʜʦ ʾʾ ʩʧʦʞʠʚʘʯʘ, ʥʘʟʠʚʘʶʪʴʩʷ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʢʦʤʫʥʽʢʘʮʽʡʥʠʤʠ ʩʠʩʪʝʤʘʤʠ (ɯʂʉ). ʎʝʡ ʪʝʨʤʽʥ ʙʫʚ ʚʚʝʜʝʥʠʡ ʚ ʰʠʨ-

ʰʦʤʫ ʨʦʟʫʤʽʥʥʽ ï ʷʢ ʢʦʤʧʣʝʢʩ ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʪʝʭʥʽʯʥʠʭ ʟʘʭʦʜʽʚ, ʽʥʬʦʨ-

ʤʘʮʽʡʥʠʭ  ʪʝʭʥʦʣʦʛʽʡ  ʪʘ  ʽʥʬʦʨʤʘʮʽʡʥʠʭ  ʨʝʩʫʨʩʽʚ,  ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ  
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ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ, ʟʦʢʨʝʤʘ 

ʩʪʚʦʨʝʥʥʷ, ʧʦʰʠʨʝʥʥʷ, ʚʠʢʦʨʠʩʪʘʥʥʷ, ʟʙʝʨʽʛʘʥʥʷ ʪʘ 

ʟʥʠʱʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. 

ɼʘʥʽ ʤʽʩʪʷʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʧʦʜʽʾ, ʷʢʽ ʚʽʜʙʫʣʠʩʷ ʚ 

ʤʘʪʝʨʽʘʣʴʥʦʤʫ ʩʚʽʪʽ. ɼʣʷ ʪʦʛʦ ʱʦʙ ʟ ʜʘʥʠʭ ʤʦʞʥʘ 

ʙʫʣʦ ʦʪʨʠʤʘʪʠ ʽʥʬʦʨʤʘʮʽʶ, ʥʝʦʙʭʽʜʥʘ ʥʘʷʚʥʽʩʪʴ 

ʤʝʪʦʜʫ ʾʾ ʦʧʨʘʮʶʚʘʥʥʷ. 
 

2.2. ʂʽʣʴʢʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʽʥʬʦʨʤʘʮʽʾ 
 

ʋ ʪʝʦʨʽʾ ʽʥʬʦʨʤʘʮʽʾ ʧʽʜ ʢʽʣʴʢʽʩʪʶ ʽʥʬʦʨʤʘʮʽʾ 

ʨʦʟʫʤʽʶʪʴ ʤʽʨʫ ʟʤʝʥʰʝʥʥʷ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʟʥʘʥʥʷ. 

ɿʥʘʭʦʜʞʝʥʥʷ ʪʘʢʦʾ ʤʽʨʠ ʚʠʤʘʛʘʻ ʦʮʽʥʢʠ ʽ ʦʙʣʽʢʫ 

ʢʽʣʴʢʦʩʪʽ ʧʝʨʝʜʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ.  

ɺ ʮʴʦʤʫ ʨʦʟʫʤʽʥʥʽ ʢʽʣʴʢʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ -  ʯʠʩ-

ʣʦʚʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʠʛʥʘʣʫ, ʷʢʘ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʡʦʛʦ ʬʦʨʤʠ ʽ ʟʤʽʩʪʫ ʽ ʭʘʨʘʢʪʝʨʠʟʫʻ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ, 

ʷʢʘ ʟʥʠʢʘʻ ʧʽʩʣʷ ʦʪʨʠʤʘʥʥʷ ʧʦʚʽʜʦʤʣʝʥʥʷ ʫ ʚʠʛʣʷʜʽ 

ʜʘʥʦʛʦ ʩʠʛʥʘʣʫ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʢʽʣʴʢʽʩʪʴ ʽʥʬʦʨ-

ʤʘʮʽʾ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʽʨʦʛʽʜʥʦʩʪʽ ʦʪʨʠʤʘʥʥʷ ʧʦʚʽʜʦ-

ʤʣʝʥʥʷ ʧʨʦ ʪʫ ʘʙʦ ʽʥʰʫ ʧʦʜʽʶ. 

ɯʥʬʦʨʤʘʮʽʡʥʠʡ ʦʙôʻʤ ʧʦʚʽʜʦʤʣʝʥʥʷ (ʽʥʬʦʨʤʘ-

ʮʽʡʥʘ ʤʽʩʪʢʽʩʪʴ ʧʦʚʽʜʦʤʣʝʥʥʷ) - ʢʽʣʴʢʽʩʪʴ ʽʥʬʦʨ-

ʤʘʮʽʾ ʚ ʧʦʚʽʜʦʤʣʝʥʥʽ, ʚʠʤʽʨʷʥʘ ʚ ʙʽʪʘʭ, ʙʘʡʪʘʭ ʘʙʦ 

ʧʦʭʽʜʥʠʭ ʚʝʣʠʯʠʥʘʭ. 

ɼʣʷ ʘʙʩʦʣʶʪʥʦ ʜʦʩʪʦʚʽʨʥʦʾ ʧʦʜʽʾ (ʧʦʜʽʷ 

ʦʙʦʚôʷʟʢʦʚʦ ʚʽʜʙʫʜʝʪʴʩʷ, ʪʦʤʫ ʾʾ ʽʤʦʚʽʨʥʽʩʪʴ ʜʦʨʽʚ-

ʥʶʻ 1, ʢʽʣʴʢʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ ʚ ʧʦʚʽʜʦʤʣʝʥʥʽ ʧʨʦ ʥʝʾ 

ʜʦʨʽʚʥʶʻ 0. ʏʠʤ ʥʝʡʤʦʚʽʨʥʽʰʘ ʧʦʜʽʷ, ʪʠʤ ʙʽʣʴʰʫ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʥʴʦʛʦ ʥʝʩʝ ʧʦʚʽʜʦʤʣʝʥʥʷ. ʃʠʰʝ 

ʧʨʠ ʨʽʚʥʦʽʤʦʚʽʨʥʠʭ ʚʽʜʧʦʚʽʜʷʭ, ʚʽʜʧʦʚʽʜʴ ñʪʘʢò ʯʠ 

ñʥʽò ʥʝʩʝ ʦʜʠʥ ʙʽʪ ʽʥʬʦʨʤʘʮʽʾ. 

ɻ. ʍʘʨʪʣʽ ʟʘʧʨʦʧʦʥʫʚʘʚ ʬʦʨʤʫʣʫ ʜʣʷ ʦʙʯʠʩʣʝʥ-

ʥʷ ʢʽʣʴʢʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʦʙ'ʻʢʪ, ʷʢʠʡ ʤʦʞʝ ʟʥʘ-

ʭʦ-ʜʠʪʠʩʷ ʚ ʦʜʥʦʤʫ ʟ ʨʚ̔ʥʦʡʤʦʚʽʨʥʽʩʥʠʭ N ʩʪʘʥʽʚ:     

                   I = log2 N.                            (2.1) 

ʌʦʨʤʫʣʫ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ 

ʧʦʜʽʡ ʟ ʨʽʟʥʦʶ ʡʤʦʚʽʨʥʽʩʪʶ ʟʘʧʨʦʧʦʥʫʚʘʚ ʂ. ʐʝʥ-

ʥʦʥ ʚ 1948 ʨ.:   

 

  

ʈʘʣʴʬ ɺʥ̔ʪʦʥ ʃʦ̔ʥ 

ʍʘʨʪʣʽ  

(Ralph     Vinton  

Lyon Hartley ,  

1888 - 1970), 
 

ʜʦʩʣʽʜʥʠʢ ʚ ʛʘʣʫʟʽ 

ʝʣʝʢʪʨʦʥʽʢʠ.  ʅʘʨʦ-

ʜʠʚʩʷ ʚ ʰʪʘʪʽ ʅʝʚʘ-

ʜʘ. ʆʪʨʠʤʘʚ ʩʪʫʧʽʥʴ 

ʙʘʢʘʣʘʚʨʘ ʥʘʫʢ ʚ 

ʆʢʩʬʦʨʜʩʴʢʦʤʫ 

ʫʥʽʚʝʨʩʠʪʝʪʽ (1913). 

ɺʠʥʘʡʰʦʚ ʛʝʪʝʨʦ-

ʜʠʥ ʽ ʧʝʨʝʪʚʦʨʝʥʥʷ, 

ʥʘʟʚʘʥʽ ʥʘ ʡʦʛʦ 

ʯʝʩʪʴ. ɿʨʦʙʠʚ ʚʥʝ-

ʩʦʢ ʚ ʦʩʥʦʚʠ ʪʝʦʨʽʾ 

ʽʥʬʦʨʤʘʮʽʾ. ʋ 1915 

ʨ. ʙʫʚ ʚʽʜʧʦʚʽʜʘʣʴ-

ʥʠʤ ʟʘ ʨʦʟʨʦʙʢʫ 

ʨʘʜʽʦʧʝʨʝʜʘʚʘʯʘ 

ʜʣʷ ʪʨʘʥʩʘʪʣʘʥʪʠʯ-

ʥʦʛʦ ʨʘʜʽʦʪʝʣʝʬʦʥ-

ʥʦʛʦ ʪʝʩʪʫ ʩʠʩʪʝʤʠ 

ɹʝʣʣ. ɼʣʷ ʮʴʦʛʦ 

ʨʦʟʨʦʙʠʚ ʛʝʪʝʨʦʜʠʥ 

ʍʘʨʪʣʽ, ʘ ʪʘʢʦʞ 

ʩʭʝʤʫ ʥʝʡʪʨʘʣʽʟʘʮʽʾ 

ʜʣʷ ʫʩʫʥʝʥʥʷ ʧʘʨʘ-

ʟʠʪʥʦʛʦ ʩʘʤʦʟʙʫʜ-

ʞʝʥʥʷ ʪʨʽʦʜʘ, ʱʦ 

ʚʠʥʠʢʘʻ ʚ ʨʝʟʫʣʴ-

ʪʘʪʽ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʩʧʦʣʫʯʝʥʥʷ. 
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2
1

log ,
N

i i
i

I p p
=

=-ä                       (2.2) 

ʜʝ N - ʢʽʣʴʢʽʩʪʴ ʤʦʞʣʠʚʠʭ ʧʦʜʽʡ; pi - ʡʤʦʚʽʨʥʽʩʪʴ 

ʦʢʨʝʤʠʭ ʧʦʜʽʡ. 

ʂʽʣʴʢʽʩʥʘ ʤʽʨʘ ʽʥʬʦʨʤʘʮʽʾ. ʂʽʣʴʢʽʩʥʘ ʤʽʨʘ ʽʥ-

ʬʦʨʤʘʮʽʾ  (ɻ. ʍʘʨʪʣʽ ʽ ʂ. ʐʝʥʥʦʥ) ʚʨʘʭʦʚʫʻ ʪʽʣʴʢʠ 

ʢʽʣʴʢʽʩʪʴ N ʧʦʚʽʜʦʤʣʝʥʴ, ʪʘ ʡʤʦʚʽʨʥʦʩʪʽ ʥʘʜʭʦ-

ʜʞʝʥʥʷ ʧʦʜʽʡ {}ix  ʥʘ ʚʭʽʜ ʢʘʥʘʣʫ ʧʝʨʝʜʘʯʽ. ʉʫʢʫʧ-

ʥʽʩʪʴ ʧʦʚʽʜʦʤʣʝʥʴ ʧʦʜʘʶʪʴ ʫ ʥʘʩʪʫʧʥʦʤʫ ʚʠʛʣʷʜʽ  

( ) ( ){ }1 1= n nX x ,p , , x ,p , 1
1

( ) 1,
=

=ä
N

i

p x          (2.3) 

ʜʝ: xi ï ʦʢʨʝʤʽ ʧʦʚʽʜʦʤʣʝʥʥʷ (ʘʙʦ ʾʭ ʪʠʧʠ, ʢʣʘʩʠ). 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʝʨʝʜʘʚʘʥʥʷ ʧʦʚʽʜʦʤʣʝʥʥʷ xi ʙʫʜʝ 

ʦʪʨʠʤʘʥʝ ʧʦʚʽʜʦʤʣʝʥʥʷ yj. ɸʧʦʩʪʝʨʽʦʨʥʘ (ʧʽʩʣʷʜʦʩ-

ʣʽʜʥʘ) ʡʤʦʚʽʨʥʽʩʪʴ ʧʨʠʩʫʪʥʦʩʪʽ xi  ʚ  yj ʜʦʨʽʚʥʶʻ 

p(xi/ yj). ɺ ʦʩʥʦʚʫ ʤʽʨʠ ʢʽʣʴʢʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʚʩʪʘʥʦ-

ʚʣʝʥʽ ʟʤʽʥʠ ʡʤʦʚʽʨʥʦʩʪʽ ʧʦʷʚʠ ʧʦʚʽʜʦʤʣʝʥʴ ʚʽʜ ʘʧ-

ʨʽʦʨʥʦʛʦ ʟʥʘʯʝʥʥʷ p(xi) ʥʘ ʚʭʦʜʽ ʢʘʥʘʣʫ ʜʦ ʘʧʦʩʪʝ-

ʨʽʦʨʥʦʛʦ ʟʥʘʯʝʥʥʷ p(xi/yj) ʥʘ ʚʠʭʦʜʽ ʢʘʥʘʣʫ, 

ʧʦʚôʷʟʘʥʽ ʟ ̔ ʩʧʦʪʚʦʨʝʥʥʷʤ ʽʥʬʦʨʤʘʮʽʾ ʫ ʢʘʥʘʣʽ 

ʟʚôʷʟʢʫ. ʇʦʨʽʚʥʶʶʯʠ ʡʤʦʚʽʨʥʦʩʪ̔ ʨ(xi) ʽ p(xi/yj) ʤʦ-

ʞʥʘ ʚʩʪʘʥʦʚʠʪʠ ʤʽʨʫ ʢʽʣʴʢʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ, ʧʝʨʝʜʘ-

ʥʦʾ ʜʦ ʩʧʦʞʠʚʘʯʘ. ɿʨʫʯʥʦʶ ʤʽʨʦʶ ʚʠʷʚʠʚʩʷ ʣʦʛʘ-

ʨʠʬʤ ʚʽʜʥʦʰʝʥʥʷ ʘʧʦʩʪʝʨʽʦʨʥʦʾ ʡʤʦʚʽʨʥʦʩʪʽ ʜʦ 

ʘʧʨʽʦʨʥʦʾ. 

ʂʽʣʴʢʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʤʽʩʪʠʪʴʩʷ ʚ ʧʦʜʽʾ 

yj   ɦ ʦʜʦ ʧʦʜʽʾ xi ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ   

 ( ) ( ) (); log / .i j i j iI x y p x y p xè ø=
ê ú

             (2.4) 

ʆʩʥʦʚʦʶ ʣʦʛʘʨʠʬʤʘ ʥʘʡʯʘʩʪʽʰʝ ʧʨʠʡʤʘʶʪʴ: 2, 

ʝ º 2,72, ʘʙʦ 10 (ʤʦʞʝ ʙʫʪʠ 8, 16 ʪʦʱʦ) . ɿʘʣʝʞʥʦ 

ʚʽʜ ʦʩʥʦʚʠ ʟʤʽʥʁʁʪʴʩʷ ʦʜʠʥʠʮʽ ʚʠʤʽʨʶʚʘʥʥʷ ʢʽʣʴ-

ʢʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ( ʙʽʪ - ʜʚ. ʦʜ.; ʥʽʪ - ʥʘʪ. ʦʜ.; ʭʘʨʪʣʽ 

(ʜʽʪ) - ʜʝʩ. ʦʜ.) 

ɺʣʘʩʪʠʚʦʩʪʽ ʢʽʣʴʢʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ: 

1. ɺʣʘʩʪʠʚʽʩʪʴ ʩʠʤʝʪʨʽʾ. ɯʥʬʦʨʤʘʮʽʷ, ʱʦ 

ʤʽʩʪʠʪʴʩʷ ʚ yj ʚʽʜʥʦʩʥʦ xi,  ʜʦʨʽʚʥʶʻ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ 

ʤʽʩʪʠʪʴʩʷ ʚ xi ʚʽʜʥʦʩʥʦ yj.  

ɺ  ʨʝʟʫʣʴʪʘʪʽ  ʚʢʘʟʘʥʦʾ  ʚʣʘʩʪʠʚʦʩʪʽ  ʚʝʣʠʯʠʥʫ  

  

ʂʣʦʜ ɽʣʚʫʜ  

ʐʝʥʥʦʥ  

(Claude Elwood  

Shannon,  

1916 - 2001), 
 

ʘʤʝʨʠʢʘʥʩʴʢʠʡ 

ʤʘʪʝʤʘʪʠʢ ʽ ʝʣʝʢʪ-

ʨʦʪʝʭʥʽʢ, ʦʜʠʥ ʟ 

ʪʚʦʨʮʽʚ ʤʘʪʝʤʘʪʠʯ-

ʥʦʾ ʪʝʦʨʽʾ ʽʥʬʦʨʤʘ-

ʮʽʾ, ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ 

ʚʠʟʥʘʯʠʚ ʩʚʦʾʤʠ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟ-

ʚʠʪʦʢ ʟʘʛʘʣʴʥʦʾ 

ʪʝʦʨʽʾ ʜʠʩʢʨʝʪʥʠʭ 

ʘʚʪʦʤʘʪʽʚ, ʷʢʽ ʻ 

ʚʘʞʣʠʚʠʤʠ ʩʢʣʘʜʦ-

ʚʠʤʠ ʢʽʙʝʨʥʝʪʠʢʠ. 

ʋ 1948 ʨ. ʦʧʫʙʣʽʢʫ-

ʚʘʚ ˇʨʫʥʪʦʚʥʫ ʥʘʫ-

ʢʦʚʫ ʨʦʙʦʪʫ "ʄʘʪʝ-

ʤʘʪʠʯʥʘ ʪʝʦʨʽʷ 

ʟʚ'ʷʟʢʫ", ʚ ʷʢʽʡ ʩʬʦ-

ʨʤʫʣʴʦʚʘʥʽ ʦʩʥʦʚʠ 

ʪʝʦʨʽʾ ʽʥʬʦʨʤʘʮʽʾ. 

ɺʝʣʠʢʫ ʮʽʥʥʽʩʪʴ ʤʘʻ 

ʽ ʽʥʰʘ ʨʦʙʦʪʘ "ʊʝʦ-

ʨʽʷ ʟʚ'ʷʟʢʫ ʚ ʩʝʢʨʝʪ-

ʥʠʭ ʩʠʩʪʝʤʘʭ" 

(1949), ʚ ʷʢʽʡ 

ʚʠʢʣʘʜʝʥʦ ʤʘʪʝʤʘ-

ʪʠʯʥʽ ʦʩʥʦʚʠ ʢʨʠʧ-

ʪʦʛʨʘʬʽʾ. 
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I(xi,yj) ʥʘʟʠʚʘʶʪʴ ʢʽʣʴʢʽʩʪʶ ʚʟʘʻʤʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʤʽʞ xi ʽ yj. 

2. ɺʣʘʩʪʠʚʽʩʪʴ ʘʜʠʪʠʚʥʦʩʪʽ. ɯʥʬʦʨʤʘʮʽʷ, ʱʦ ʤʽʩʪʠʪʴʩʷ ʚ ʧʘʨʽ ʩʠ-

ʤʚʦʣʽʚ yj, zk ʚʽʜʥʦʩʥʦ xi, ʜʦʨʽʚʥʶʻ ʩʫʤʽ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʤʽʩʪʠʪʴʩʷ ʚ yj 

ʚʽʜʥʦʩʥʦ xi ʽ ̔ʥʬʦʨʤʘʮʽʾ, ʱʦ ʤʽʩʪʠʪʴʩʷ ʚ zk ʚʽʜʥʦʩʥʦ xi ʟʘ ʫʤʦʚʠ, ʱʦ ʟʥʘ-

ʯʝʥʥʷ yj ʚʽʜʦʤʝ 

     ( ) ( )( ); ; ; / .i j k i j i k jI x y z I x y x z y= +                           (2.5) 

ɺʠʨʘʟ (2.4) ʟ ʫʨʘʭʫʚʘʥʥʷʤ (2.5) ʥʘʙʫʚʘʻ ʚʠʜ    

( ) () ( ); / ,i j i i jI x y I x I x y= -    

ʜʝ I(xi / yj) = ïlog p(xi / yj) ï ʫʤʦʚʥʘ ʚʣʘʩʥʘ ʽʥʬʦʨʤʘʮʽʷ. 

 

2.3. ʄʽʨʠ ʽʥʬʦʨʤʘʮʽʾ 
 

ɼʣʷ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʽʥʬʦʨʤʘʮʽʾ ʜʦʩʠʪʴ ʯʘʩʪʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 

ʩʠʥʪʘʢʩʠʯʥʘ, ʩʝʤʘʥʪʠʯʥʘ ʪʘ ʧʨʘʛʤʘʪʠʯʥʘ ʤʽʨʠ ʽʥʬʦʨʤʘʮʽʾ (ʨʠʩ. 2.2).  

ʄʨ̔ʠ   ̔ʥʬʦʨʤʘʮ̔ʾ

ʉʠʥʪʘʢʩʠʯʥʘ ʤ̔ʨʘ ʉʝʤʘʥʪʠʯʥʘ ʤ̔ʨʘ ʇʨʘʛʤʘʪʠʯʥʘ ʤ̔ʨʘ

ʆʙ' ʤ̒ ̔ʥʬʦʨʤʘʮ̔ ʾVʜ

ʂ̔ʣɹʢ̔ʩʪɹ ̔ʥʬʦʨʤʘʮ̔ʾ

ɯɓ(Ŭ)=ʅ(ɓ)-ʅ(Ŭ),

ʜʝ ʅ-ʝʥʪʨʦʧ̔ʷ

ʂ̔ʣɹʢ̔ʩʪɹ ̔ʥʬʦʨʤʘʮ̔ʾ

ɯʉ=ʉVʜ,

ʜʝ ʉ-ʢʦʝʬ. ʟʤ̔ʩʪʦʚʥʦʩʪ̔

 

ʈʠʩ. 2.2. ʂʣʘʩʠʬʽʢʘʮʽʷ ʤʽʨ ʽʥʬʦʨʤʘʮʽʾ 
 

ʉʠʥʪʘʢʩʠʯʥʘ ʤʽʨʘ ʽʥʬʦʨʤʘʮʽʾ - ʦʧʝʨʫʻ ʽʟ ʟʥʝʦʩʦʙʣʝʥʦʶ ʽʥʬʦʨʤʘʮʽ-

ʻʶ, ʱʦ ʥʝ ʧʝʨʝʜʘʻ ʩʤʠʩʣʦʚʦʛʦ ʚʽʜʥʦʰʝʥʥʷ ʜʦ ʦʙôʻʢʪʫ. ʅʘ ʩʠʥʪʘʢʩʠʯ-

ʥʦʤʫ ʨʽʚʥʽ ʚʨʘʭʦʚʫʶʪʴʩʷ ʪʠʧ ʥʦʩʽʷ ʽ ʩʧʦʩʽʙ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, 

ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʚʘʥʥʷ ʪʘ ʦʧʨʘʮʶʚʘʥʥʷ, ʨʦʟʤʽʨʠ ʢʦʜʽʚ ʧʨʝʜʩʪʘʚʣʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʘʢʦʾ ʢʽʣʴʢʽʩʥʦʾ ʤʽʨʠ ʽʥʬʦʨʤʘʮʽʾ ʚʚʦʜʷʪʴ ʜʚʘ ʧʘʨʘ-

ʤʝʪʨʠ: ʦʙôʻʤ ʜʘʥʠʭ Vʜ ʽ ʢʽʣʴʢʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ I.  
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ʆʙôʻʤ ʜʘʥʠʭ (Vʜ) - ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʦʙôʻʤ ʧʦʚʽʜʦʤʣʝʥʥʷ ʘʙʦ ʦʙôʻʤ 

ʧʘʤôʷʪʽ, ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʧʦʚʽʜʦʤʣʝʥʥʷ ʙʝʟ ʷʢʠʭ-ʥʝʙʫʜʴ ʟʤʽʥ. 

ʆʙôʻʤ ʜʘʥʠʭ Vʜ ʫ ʧʦʚʽʜʦʤʣʝʥʥʽ ʚʠʤʽʨʶʻʪʴʩʷ ʢʽʣʴʢʽʩʪʶ ʩʠʤʚʦʣʽʚ 

(ʨʦʟʨʷʜʽʚ). ʆʜʠʥʠʮʷ ʚʠʤʽʨʶʚʘʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʠʩʪʝʤʠ ʯʠʩʣʝʥʥʷ. 

ʂʽʣʴʢʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ (I) ʚ ʧʦʚʽʜʦʤʣʝʥʥʽ ʧʨʦ ʦʙôʻʢʪ, ʷʢʠʡ ʤʦʞʝ 

ʟʥʘʭʦʜʠʪʠʩʷ ʚ ʦʜʥʦʤʫ ʟ ʨʽʚʥʦʽʤʦʚʽʨʥʠʭ N ʩʪʘʥʽʚ, ʚʠʟʥʘʯʘʶʪʴ, ʟʛʽʜʥʦ 

ʚʠʱʝ ʟʘʟʥʘʯʝʥʦ ʾ ʬʦʨʤʫʣʠ ʈ. ʍʘʨʪʣʽ  (2.1). 

ʆʜʠʥʠʮʽ ʚʠʤʽʨʶʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʟʘʣʝʞʘʪʴ ʚʽʜ ʚʞʠʚʘʥʦʾ ʩʠʩʪʝʤʠ 

ʯʠʩʣʝʥʥʷ: ʫ ʜʚʽʡʢʦʚʽʡ ʩʠʩʪʝʤʽ ʦʜʠʥʠʮʷ ʚʠʤʽʨʶʚʘʥʥʷ ï ʙʽʪ (bit ï binary 

digit ï ʜʚʽʡʢʦʚʠʡ ʨʦʟʨʷʜ), ʫ ʜʝʩʷʪʢʦʚʽʡ ï ʜʽʪ. 

ɹʽʪ ī ʢʽʣʴʢʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʘ ʧʦʪʨʽʙʥʘ ʜʣʷ ʨʦʟʨʽʟʥʝʥʥʷ ʜʚʦʭ ʨʽʚ-

ʥʦʽʤʦʚʽʨʥʠʭ ʧʦʚʽʜʦʤʣʝʥʴ. ɹʽʪ - ʜʫʞʝ ʤʘʣʘ ʦʜʠʥʠʮʷ ʚʠʤʽʨʶʚʘʥʥʷ. ʅʘ 

ʧʨʘʢʪʠʮʽ ʯʘʩʪʽʰʝ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʦʜʠʥʠʮʷ - ʙʘʡʪ, ʱʦ ʜʦʨʽʚʥʶʻ ʚʦʩʴʤʠ 

ʙʽʪʘʤ. ɺʦʩʴʤʠ ʙʽʪ ʜʦʩʪʘʪʥʴʦ ʜʣʷ ʢʦʜʫʚʘʥʥʷ ʙʫʜʴ-ʷʢʦʛʦ ʟ 256 ʩʠʤʚʦʣʽʚ 

ʘʣʬʘʚʽʪʫ ʢʣʘʚʽʘʪʫʨʠ ʢʦʤʧôʶʪʝʨʘ (256 = 2
8
).  

ʐʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʧʦʭʽʜʥʽ ʦʜʠʥʠʮʽ ʚʠʤʽʨʶʚʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ:  

1 ʂʽʣʦʙʘʡʪ (ʂʙʘʡʪ) = 1024 ʙʘʡʪ  = 2
10

 ʙʘʡʪ,  

1 ʄʝʛʘʙʘʡʪ (ʄʙʘʡʪ)  = 1024 ʂʙʘʡʪ = 2
20

 ʙʘʡʪ,  

1 ɻʽʛʘʙʘʡʪ (ɻʙʘʡʪ)     = 1024 ʄʙʘʡʪ = 2
30

 ʙʘʡʪ.                

1 ʊʝʨʘʙʘʡʪ (ʊʙʘʡʪ) = 1024 ɻʙʘʡʪ = 2
40

 ʙʘʡʪ,  

1 ʇʝʪʘʙʘʡʪ (ʇʙʘʡʪ) = 1024 ʊʙʘʡʪ = 2
50

 ʙʘʡʪ. 

ɿʘ ʦʜʠʥʠʮʶ ʽʥʬʦʨʤʘʮʽʾ ʤʦʞʥʘ ʙʫʣʦ ʙ ʚʠʙʨʘʪʠ ʢʽʣʴʢʽʩʪʴ ʽʥʬʦʨʤʘ-

ʮʽʾ, ʥʝʦʙʭʽʜʥʦʾ ʜʣʷ ʨʦʟʨʽʟʥʝʥʥʷ, ʥʘʧʨʠʢʣʘʜ, ʜʝʩʷʪʠ ʨʽʚʥʦʽʤʦʚʽʨʥʠʭ ʧʦ-

ʚʽʜʦʤʣʝʥʴ. ʎʝ ʙʫʜʝ ʥʝ ʜʚʽʡʢʦʚʘ (ʙʽʪ), ʘ ʜʝʩʷʪʢʦʚʘ (ʜʽʪ) ʦʜʠʥʠʮʷ ʽʥʬʦʨ-

ʤʘʮʽʾ. ʋ ʢʦʤʧôʶʪʝʨʥʽʡ ʧʨʘʢʪʠʮʽ ʩʣʦʚʦ ñʙʽʪò ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʘʢʦʞ ʷʢ 

ʦʜʠʥʠʮʷ ʚʠʤʽʨʶʚʘʥʥʷ ʦʙôʻʤʫ ʧʘʤôʷʪʽ. ɽʣʝʤʝʥʪ ʧʘʤôʷʪʽ ʨʦʟʤʽʨʦʤ ʚ 1 ʙʽʪ 

ʤʦʞʝ ʟʥʘʭʦʜʠʪʠʩʷ ʚ ʜʚʦʭ ʩʪʘʥʘʭ (ñʫʚʽʤʢʥʝʥʦò ʪʘ ñʚʠʤʢʥʝʥʦò) ʽ ʚ ʥʴʦʛʦ 

ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʘ ʦʜʥʘ ʮʠʬʨʘ (0 ʘʙʦ 1).  

ʂʽʣʴʢʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ (I) ʥʘ ʩʠʥʪʘʢʩʠʯʥʦʤʫ ʨʽʚʥʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʯʝ-

ʨʝʟ ʧʦʥʷʪʪʷ ʝʥʪʨʦʧʽʾ ʩʠʩʪʝʤʠ. 

ʅʝʭʘʡ ʜʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʩʧʦʞʠʚʘʯ ʤʘʻ ʜʝʷʢʽ ʧʦʧʝʨʝʜʥʽ 

(ʘʧʨʽʦʨʥʽ) ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʩʠʩʪʝʤʫ y . ʄʽʨʦʶ ʡʦʛʦ ʥʝʧʦʽʥʬʦʨʤʦʚʘʥʦʩʪʽ 

ʧʨʦ ʩʠʩʪʝʤʫ ʻ ʬʫʥʢʮʽʷ H( y ), ʷʢʘ ʚ ʪʦʡ ʞʝ ʯʘʩ ʩʣʫʞʠʪʴ ʽ ʤʽʨʦʶ ʥʝ-

ʚʠʟʥʘʯʝʥʦʩʪʽ ʩʪʘʥʫ ʩʠʩʪʝʤʠ. ʇʽʩʣʷ ʦʪʨʠʤʘʥʥʷ ʜʝʷʢʦʛʦ ʧʦʚʽʜʦʤʣʝʥʥʷ x  

ʦʜʝʨʞʫʚʘʯ ʜʽʩʪʘʚ ʜʦʜʘʪʢʦʚʫ ʽʥʬʦʨʤʘʮʽʶ I( x ), ʱʦ ʟʤʝʥʰʠʣʘ ʡʦʛʦ ʘʧʨʽ-

ʦʨʥʫ ʥʝʧʦʽʥʬʦʨʤʦʚʘ-ʥʽʩʪʴ ʪʘʢ, ʱʦ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʩʪʘʥʫ ʩʠʩʪʝʤʠ ʧʽʩ-ʣʷ 

ʦʪʨʠʤʘʥʥʷ ʧʦʚʽʜʦʤʣʝʥʥʷ x  ʩʪʘʣʘ ʜʦʨʽʚʥʶʚʘʪʠ H( x ). ʊʦʜʽ ʢʽʣʴʢʽʩʪʴ 

ʽʥʬʦʨʤʘʮʽʾ I(x ) ʧʨʦ ʩʠʩʪʝʤʫ, ʦʪʨʠʤʘʥʫ ʚ ʧʦʚʽʜʦʤʣʝʥʥʽ x  ʻ ʥʘʩʪʫʧʥʦʶ:      

   I(x)=H(y)ïH(x).                                              (2.6) 



ʈʦʟʜʽʣ 1. ɿʘʚʜʘʥʥʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ 
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ʪʦʙʪʦ ʢʽʣʴʢʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ ʚʠʤʽʨʶʻʪʴʩʷ ʚʝʣʠʯʠʥʦʶ ʟʤʽʥʠ (ʟʤʝʥh ʝʥʥʷ) 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʩʪʘʥʫ ʩʠʩʪʝʤʠ.  

ɽʥʪʨʦʧʽʷ ʩʠʩʪʝʤʠ H(x), ̫ ʢʘ ʤʘʻ N ʤʦʞʣʠʚʠʭ ʩʪʘʥʽʚ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʦʶ ʂ. ʐʝʥʥʦʥʘ ʫ ʚʠʜʽ     ()
1=

=-ä
N

i i
i

ʅ ʫ p logp ,  ʜʝ ʨi - ʽʤʦʚʽʨʥʽʩʪʴ 

ʪʦʛʦ, ʱʦ ʩʠʩʪʝʤʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ i-ʤʫ ʩʪʘʥʽ. ɼʣʷ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʚʩʽ ʩʪʘʥʠ 

ʩʠʩʪʝʤʠ ʨʽʚʥʦqʤʦʚʽʨʥʽ pi = 1/N, ʾʾ ʝʥʪʨʦʧʽʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʦʨʤʫʣʦ ʁ

ʈ. ʍʘʨʪʣ:̔  

() ( ) ( )
1

1/ log 1/
N

i

H y N N
=

=-ä = log N. 

ʇʨʠʢʣʘʜ. ʏʘʩʪʦ ʽʥʬʦʨʤʘʮʽʷ ʢʦʜʫʻʪʴʩʷ ʯʠʩʣʦʚʠʤʠ ʢʦʜʘʤʠ ʚ ʪʽʡ ʘʙʦ ʽʥʰʽʡ 

ʩʠʩʪʝʤʽ ʯʠʩʣʝʥʥʷ, ʦʩʦʙʣʠʚʦ ʮʝ ʘʢʪʫʘʣʴʥʦ ʧʨʠ ʧʨʝʜʩʪʘʚʣʝʥʥʽ ʽʥʬʦʨʤʘʮʽʾ ʚ 

ʢʦʤʧôʶʪʝʨʽ. ʇʨʠʨʦʜʥʦ, ʱʦ ʦʜʥʘ ʽ ʪʘ ʞ ʢʽʣʴʢʽʩʪʴ ʨʦʟʨʷʜʽʚ ʚ ʨʽʟʥʠʭ ʩʠʩʪʝʤʘʭ 

ʯʠʩʣʝʥʥʷ ʤʦʞʝ ʧʝʨʝʜʘʪʠ ʨʽʟʥʝ ʯʠʩʣʦ ʩʪʘʥʽʚ ʦʙôʻʢʪʫ, ʱʦ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ 

ʚʠʛʣʷʜʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ  N = m
n
, ʜʝ N - ʦʙʩʷʛ ʤʥʦʞʠʥʠ ʩʪʘʥʽʚ, ʱʦ ʚʽʜʦʙʨʘ-

ʞʘʶʪʴʩʷ; m - ʦʩʥʦʚʘ ʩʠʩʪʝʤʠ ʯʠʩʣʝʥʥʷ; n - ʯʠʩʣʦ ʨʦʟʨʷʜʽʚ (ʩʠʤʚʦʣʽʚ) ʚ ʧʦʚʽ-

ʜʦʤʣʝʥʥʽ. ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʧʦ ʢʘʥʘʣʫ ʟʚôʷʟʢʫ ʧʝʨʝʜʘʻʪʴʩʷ n-ʨʦʟʨʷʜʥʝ ʧʦʚʽʜʦ-

ʤʣʝʥʥʷ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ m ʨʽʟʥʠʭ ʩʠʤʚʦʣʽʚ. ʆʩʢʽʣʴʢʠ ʢʽʣʴʢʽʩʪʴ ʢʦʜʦʚʠʭ 

ʢʦʤʙʽʥʘʮʽʡ ʙʫʜʝ N = m
n
, ʪʦ ʱʘ ʨʽʚʥʦʡʤʽʨʥʦ ʾʧʦʷʚʠ ʙʫʜʴ-ʷʢʦʾ ʟ ʥʠʭ, ʦʜʝʨʞʫʚʘʯ 

ʧʨʠʡʤʘʻ ʧʦʚʽʜʦʤʣʝʥʥʷ ʟ ʢʽʣʴʢʽʩʪʶ ʽʥʬʦʨʤʘʮʽʾ I = log N = n log m.                                 

ʗʢʱʦ ʟʘ ʦʩʥʦʚʫ ʣʦʛʘʨʠʬʤʫ ʧʨʠʡʥʷʪʠ m, ʪʦ I=n. ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʢʽʣʴ-

ʢʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ (ʟʘ ʫʤʦʚʠ ʧʦʚʥʦʛʦ ʘʧʨʽʦʨʥʦʛʦ ʥʝʟʥʘʥʥʷ ʘʙʦʥʝʥʪʦʤ ʟʤʽʩʪʫ 

ʧʦʚʽʜʦʤʣʝʥʥʷ) ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ ʦʙôʻʤʫ ʜʘʥʠʭ I =
ʜV , ʦʪʨʠʤʘʥʠʭ ʧʦ ʢʘʥʘʣʫ 

ʟʚôʷʟʢʫ. 

ʂʦʝʬʽʮʽʻʥʪ (ʩʪʫʧʽʥʴ) ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ (ʣʘʢʦʥʽʯʥʽʩʪʴ) ʧʦʚʽʜʦʤ-

ʣʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʜʥʦʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʜʦ ʦʙôʻʤʫ ʜʘʥʠʭ: 

ʜ/Y I V= . 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʩʧʝʮʽʘʣʴʥʽ ʤʝʪʦ-

ʜʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʦʜʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. 

ʉʝʤʘʥʪʠʯʥʘ ʤʽʨʘ ʽʥʬʦʨʤʘʮʽʾ -  ʩʣʫʛʫʻ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʟʤʽʩʪʫ ʽʥ-

ʬʦʨʤʘʮʽʾ. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʝʟʘʫʨʫʩʥʘ ʤʽʨʘ, ʷʢʘ ʚʨʘʭʦʚʫʻ 

ʟʜʘʪʥʽʩʪʴ ʦʜʝʨʞʫʚʘʯʘ ʧʦʚʽʜʦʤʣʝʥʥʷ ʡʦʛʦ ʩʧʨʠʡʥʷʪʠ.  

ʊʝʟʘʫʨʫʩʦʤ ʥʘʟʠʚʘʶʪʴ ʩʫʢʫʧʥʽʩʪʴ ʚʽʜʦʤʦʩʪʝʡ, ʷʢʽ ʤʘʻ ʚ ʩʚʦʻʤʫ 

ʨʦʟʧʦʨʷʜʞʝʥʥʽ ʢʦʨʠʩʪʫʚʘʯ ʘʙʦ ʩʠʩʪʝʤʘ. 

ʄʘʢʩʠʤʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʩʝʤʘʥʪʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ Ic ʩʧʦʞʠʚʘʯ ʥʘʙʫʜʝ 

ʧʨʠ ʫʟʛʦʜʞʝʥʥʽ ʾʾ ʟʤʽʩʪʫ S ʟʽ ʩʚʦʾʤ ʪʝʟʘʫʨʫʩʦʤ Sp, ʢʦʣʠ ʽʥʬʦʨʤʘʮʽʷ, ʱʦ 

ʧʦʩʪʫʧʘʻ, ʟʨʦʟʫʤʽʣʘ ʢʦʨʠʩʪʫʚʘʯʫ ʽ ʥʝʩʝ ʡʦʤʫ ʨʘʥʽʰʝ ʥʝ ʚʽʜʦʤʽ (ʚʽʜʩʫʪʥʽ 

ʚ ʡʦʛʦ ʪʝʟʘʫʨʫʩʽ) ʚʽʜʦʤʦʩʪʽ. 

ʂʽʣʴʢʽʩʪʴ ʩʝʤʘʥʪʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʚ ʧʦʚʽʜʦʤʣʝʥʥʽ ʻ ʚʽʜʥʦʩʥʦʶ ʽ ʟʘ-

ʣʝʞʠʪʴ ʚʽʜ ʧʽʜʛʦʪʦʚʣʝʥʦʩʪʽ ʦʜʝʨʞʫʚʘʯʘ. ʆʜʥʘ ʽ ʪʘ ʞ ʽʥʬʦʨʤʘʮʽʷ ʤʦʞʝ 

ʤʘʪʠ ʟʤʽʩʪ ʜʣʷ ʬʘʭʽʚʮʷ ʽ ʙʫʪʠ ʘʙʩʦʣʶʪʥʦ ʜʘʨʝʤʥʦʶ ʜʣʷ ʜʠʣʝʪʘʥʪʘ.  



ʊɽʆʈɽʊʀʏʅɯ ʆʉʅʆɺʀ ɯʅʌʆʈʄɸʎɯʁʅʆ-ɺʀʄɯʈʖɺɸʃʔʅʀʍ ʉʀʉʊɽʄ 
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ɿʘʣʝʞʥʦ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʤʽʞ ʟʤʽʩʪʦʤ ʽʥʬʦʨʤʘʮʽʾ S  ̔  ʪʝʟʘʫʨʫʩʦʤ 

ʢʦʨʠʩʪʫʚʘʯʘ Sp ʟʤʽʥʶʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʩʝʤʘʥʪʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ Ic, ʱʦ 

ʩʧʨʠʡʤʘʻʪʴʩʷ ʢʦʨʠʩʪʫʚʘ-

ʯʝʤ ʽ ʚʢʣʶʯʘʻʪʴʩʷ ʾʤ ʥʘʜʘʣʽ 

ʚ ʩʚʽʡ ʪʝʟʘʫʨʫʩ. ʍʘʨʘʢʪʝʨ 

ʪʘʢʦʾ ʟʘʣʝʞʥʦʩʪʽ ʧʦʢʘʟʘʥʠʡ 

ʥʘ ʨʠʩ. 2.3.  

ʈʦʟʛʣʷʥʝʤʦ ʜʚʘ ʛʨʘ-

ʥʠʯʥʽ ʚʠʧʘʜʢʠ, ʢʦʣʠ ʢʽʣʴ-

ʢʽʩʪʴ ʩʝʤʘʥʪʠʯʥʦʾ ʽʥʬʦʨ-

ʤʘʮʽʾ Ic ʜʦʨʽʚʥʶʻ 0: 

ʷʢʱʦ 0 Ò Sp Ò Spmin ʢʦ-

ʨʠʩʪʫʚʘʯ ʥʝ ʩʧʨʠʡʤʘʻ, ʥʝ 

ʨʦʟʫʤʽʻ ʧʦʩʪʫʧʘʶʯʫ ʽʥ-

ʬʦʨʤʘʮʽʶ; 

ʷʢʱʦ Sp > Spmin ʢʦʨʠʩʪʫʚʘʯ ʚʩʝ ʟʥʘʻ, ʽ ʧʦʩʪʫʧʘʶʯʘ ʽʥʬʦʨʤʘʮʽʷ ʡʦʤʫ 

ʥʝ ʧʦʪʨʽʙʥʘ. 

ɺʽʜʥʦʩʥʦʶ ʤʽʨʦʶ ʢʽʣʴʢʦʩʪʽ ʩʝʤʘʥʪʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʤʦʞʝ ʩʣʫʞʠʪʠ 

ʢʦʝʬʽʮʽʻʥʪ ʟʤʽʩʪʦʚʥʦʩʪʽ ʉ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʚʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʩʝʤʘʥʪʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʜʦ ʾʾ ʦʙôʻʤʫ:         

ʩ ʜ/ .C I V=  

ʇʨʘʛʤʘʪʠʯʥʘ ʤʽʨʘ ʽʥʬʦʨʤʘʮʽʾ - ʚʠʟʥʘʯʘʻ ʢʦʨʠʩʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ 
ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯʝʤ ʧʦʩʪʘʚʣʝʥʠʭ ʮʽʣʝʡ. ʉʪʦʩʦʚʥʦ ʝʢʦʥʦʤʽʯ-

ʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʾʾ ʢʦʨʠʩʥʽʩʪʴ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʨʦʩʪʘʥʥʷʤ ʝʢʦʥʦʤʽʯʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʦʨʛʘʥʽʟʘʮʽʾ, ʦʙʫʤʦʚʣʝʥʠʭ ʾʾ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʥʷʤ. ʎʝ ʤʦʞʝ 

ʙʫʪʠ ʩʢʦʨʦʯʝʥʥʷ ʪʦʚʘʨʥʠʭ ʟʘʧʘʩʽʚ, ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʦʙʦʨʦʪʫ ʟʘ-

ʩʦʙʽʚ, ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʫʭʚʘʣʝʥʥʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʽ ʪ.ʜ.  

ʎʽʥʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ ʜʦʮʽʣʴʥʦ ʚʠʤʽʨʶʚʘʪʠ ʚ ʪʠʭ ʞʝ ʩʘʤʠʭ ʦʜʠ-

ʥʠʮʷʭ (ʘʙʦ ʙʣʠʟʴʢʠʭ ʜʦ ʥʠʭ), ʚ ʷʢʠʭ ʚʠʤʽʨʶʻʪʴʩʷ ʮʽʣʴʦʚʘ ʬʫʥʢʮʽʷ. 
 

2.4. ɽʥʪʨʦʧʽ̫  ʪʘ ʾʾ ʚʣʘʩʪʠʚʦʩʪʽ 
 

ɽʥʪʨʦʧʽʷ ʚʠʟʥʘʯʘʻ ʤʽʨʫ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʚʩʽʻʾ ʙʝʟʣʽʯʽ ʧʦʚʽʜʦʤʣʝʥʴ 

ʥʘ ʚʭʦʜʽ ʩʠʩʪʝʤʠ ʽ ʦʙʯʠʩʣʶʻʪʴʩʷ ʷʢ ʩʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ ʚʣʘʩʥʦʾ ʽʥʬʦʨʤʘ-

ʮʽʾ ʫ ʚʩʽʭ ʧʦʚʽʜʦʤʣʝʥʥʷʭ:        
( ) ( ) log ( ) ( ).i iI X p x p x H X=- =ä  

ɺʣʘʩʪʠʚʦʩʪʽ ʝʥʪʨʦʧʽʾ:  

1. ɽʥʪʨʦʧʽ̫  H(X) ʜʦʜʘʪʥʷ: H(X) > 0, ʜʝ ʍ ï ʧʦʟʥʘʯʝʥʥʷ ʧʦʚʽʜʦʤʣʝʥ-

ʥʷ ʜʞʝʨʝʣʘ ʽʥʬʦʨʤʘʮʽʾ. 

2. ɽʥʪʨʦʧʽ̫  H(X) < log N. 

 

Sp

SpoptSpmin Spmax0

Ic

 
ʈʠʩ. 2.3.  ɿʘʣʝʞʥʽʩʪʴ ʢʽʣʴʢʦʩʪʽ ʩʝʤʘʥʪʠʯʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʩʧʨʠʡʥʷʪʘ ʩʧʦʞʠʚʘʯʝʤ, ʚʽʜ 

ʡʦʛʦ ʪʝʟʘʫʨʫʩʘ 

http://www.cyclone.spb.ru/chapter1/Gloss-Ind.html#19
http://www.cyclone.spb.ru/chapter1/Gloss-Ind.html#19
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3. ɺʝʣʠʯʠʥʘ logN=D ʥʘʟʠʚʘʻʪʴʩʷ ʽʥʬʦʨʤʘʮʽʡʥʦʶ ʧʨʦʧʫʩʢʥʦʶ ʩʧʨʦ-

ʤʦʞʥʽʩʪʶ ʘʣʬʘʚʽʪʫ (ʽʥʬʦʨʤʘʮʽʡʥʦʶ ʤʽʩʪʢʽʩʪʶ ʘʣʬʘʚʽʪʫ). 

4. ʗʢʱʦ N = 2, ʪʦ p(x1) = p,  p(x2) = 1ïp   ̔ 

H(ʍ) = ï p log2 pï(1ïp) log2 (1ïp). 

5. ʄʘʢʩʠʤʫʤ H (ʍ) = ïlog2 0,5 = log2 2 = 1 ï ʤʽʩʪʢʽʩʪʴ ʜʚʽʡʢʦʚʦʛʦ 

ʘʣʬʘʚʽʪʫ ʜʦʨʽʚʥʶʻ 1 ʙ̔ʪ. 

ɿʘʣʝʞʥʽʩʪʴ  H(X) ʚʽʜ 

ʚʝʣʠʯʠʥʠ  ʨ  ʧʦʢʘʟʘʥʦ  ʥʘ  

ʨʠʩ. 2.4. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʞʝ-

ʨʝʣʘ ʽʥʬʦʨʤʘʮʽʾ  ï  ʢʽʣɹ-

ʢʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ ʡ ʝʥʪʨʦʧʽʷ, 

ʷʢʽ ʚʽʜʥʦʩʷʪʩɹʷ ʜʦ ʦʜʥʦʛʦ 

ʜʞʝʨʝʣʘ, ʱʦ ʚʠʨʦʙʣʷʻ ʧʦʪʽʢ 

ʥʝʟʘʣʝʞʥʠʭ ʘʙʦ ʧʨʦʩʪʠʭ 

ʧʦʚʽʜʦʤʣʝʥʴ, ʻ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʘʤʠ ʜʞʝʨʝʣʘ ʙʝʟ ʧʘ-

ʤ'ʷʪʽ. 

ʆʜʥʘʢ ʫ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʥʝʟʘʣʝʞʥʽʩʪʴ ʝʣʝʤʝʥʪʘʨʥʠʭ ʧʦʚʽʜʦʤʣʝʥʴ, 

ʱʦ  ʚʠʨʦʙʣʷʶʪʴʩʷ  ʜʞʝʨʝʣʦʤ, ï ʷʚʠʱʝ ʜʦʩʠʪʴ ʨʽʜʢʽʩʥʝ. ʏʘʩʪʽʰʝ ʙʫʚʘʻ 

ʩʘʤʝ ʥʘʚʧʘʢʠ  ï  ʩʠʣʴʥʠʡ ʜʝʪʝʨʤʽʥʦʚʘʥʠʡ ʘʙʦ ʩʪʘʪʠʩʪʠʯʥʠʡ ʟʚ'ʷʟʦʢ ʤʽʞ 

ʝʣʝʤʝʥʪʘʤʠ ʧʦʚʽʜʦʤʣʝʥʥʷ ʦʜʥʦʛʦ ʘʙʦ ʜʝʢʽʣʴʢʦʭ ʜʞʝʨʝʣ. 

ʇʨʠ ʧʝʨʝʜʘʚʘʥʥʽ ʪʘ ʟʙʝʨʽʛʘʥʥʽ ʜʘʥʠʭ ʯʘʩʪʦ ʪʘʢʦʞ ʤʘʶʪʴ ʩʧʨʘʚʫ ʟ 

ʜʝʢʽʣʴʢʦʤʘ ʜʞʝʨʝʣʘʤʠ, ʱʦ ʬʦʨʤʫʶʪʴ ʩʪʘʪʠʩʪʠʯʥʦ ʟʚ'ʷʟʘʥʽ ʦʜʠʥ ʟ ʦʜ-

ʥʠʤ ʧʦʚʽʜʦʤʣʝʥʥʷ. ʇʦʚʽʜʦʤʣʝʥʥʷ, ʱʦ ʚʠʨʦʙʣʷʶʪʴʩʷ ʪʘʢʠʤʠ ʜʞʝʨʝʣʘ-

ʤʠ, ʥʘʟʠʚʘʶʪʴʩʷ ʩʢʣʘʜʥʠʤʠ ʧʦʚʽʜʦʤʣʝʥʥʷʤʠ, ʘ ʩʘʤʽ ʜʞʝʨʝʣʘ ï ʜʞʝʨʝ-

ʣʘʤʠ ʟ ʧʘʤ'ʷʪʪʶ. 

ʆʯʝʚʠʜʥʦ, ʱʦ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʝʥʪʨʦʧʽʾ ʡ ʢʽʣʴʢʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʚ ʧʦ-

ʚʽʜʦʤʣʝʥʥʷʭ, ʝʣʝʤʝʥʪʠ ʷʢʠʭ ʩʪʘʪʠʩʪʠʯʥʦ ʟʚ'ʷʟʘʥʽ, ʥʝ ʤʦʞʥʘ ʦʙʤʝʞʫʚʘ-

ʪʠʩʷ ʪʽʣʴʢʠ ʙʝʟʫʤʦʚʥʠʤʠ ʡʤʦʚʽʨʥʦʩʪʷʤʠ  ï ʥʝʦʙʭʽʜʥʦ ʦʙʦʚ'ʷʟʢʦʚʦ ʚʨʘ-

ʭʦʚʫʚʘʪʠ ʪʘʢʦʞ ʫʤʦʚʥʽ ʡʤʦʚʽʨʥʦʩʪʽ ʧʦʷʚʠ ʦʢʨʝʤʠʭ ʧʦʚʽʜʦʤʣʝʥʴ.  

ɺʠʟʥʘʯʠʤʦ ʝʥʪʨʦʧʽʶ ʩʢʣʘʜʥʦʛʦ ʧʦʚʽʜʦʤʣʝʥʥʷ, ʱʦ ʚʠʨʦʙʣʷʻʪʴʩʷ 

ʜʚʦʤʘ ʟʘʣʝʞʥʠʤʠ ʜʞʝʨʝʣʘʤʠ (ʧʦʜʽʙʥʠʤ ʞʝ ʯʠʥʦʤ ʚʠʟʥʘʯʘʻʪʴʩʷ ʝʥ-

ʪʨʦʧʽʷ ʩʢʣʘʜʥʦʛʦ ʧʦʚʽʜʦʤʣʝʥʥʷ, ʱʦ ʚʠʨʦʙʣʷʻʪʴʩʷ ʦʜʥʠʤ ʜʞʝʨʝʣʦʤ ʟ 

ʧʘʤ'ʷʪʪʶ): 

ʅʝʭʘʡ ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʝʨʰʦʛʦ ʜʞʝʨʝʣʘ ʧʨʠʡʤʘʶʪʴ ʟʥʘʯʝʥʥʷ   x1, x2, 

x3, ..., xk ʟ ʡʤʦʚʽʨʥʦʩʪʷʤʠ,  ʚʽʜʧʦʚʽʜʥʦ,  P(x1 ), P(x2 ), ..., P(xk ), ʧʦʚʽʜʦʤ-

ʣʝʥʥʷ  ʜʨʫʛʦʛʦ ï ʟʥʘʯʝʥʥ̫  y1, y2, ..., ym ʟ ʡʤʦʚʽʨʥʦʩʪʷʤʠ P(y1),   P(y2), ..., 

P(ym). ʉʧʽʣʴʥʫ ʝʥʪʨʦʧʽʶ ʜʚʦʭ ʜʞʝʨʝʣ X  ̔Y ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʷʢ: 

0,50 1

ʅ(X)

ʨ

ʈʠʩ. 2.4.  ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ H(X) ʚʽʜ  

ʟʥʘʯʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʨ 
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                   ( ) ( ) ( )
1 1

, , log , ,
= =

=-ää i j

k m

i j
i j

H X Y P x y P x y                          (2.7) 

ʜʝ P(xi, yj ) - ʽʤʦʚʽʨʥʽʩʪʴ ʩʧʽʣʴʥʦʾ ʧʦʷʚʠ ʧʦʚʽʜʦʤʣʝʥʴ xi  ̔yj . 

ʆʩʢʽʣʴʢʠ ʩʧʽʣʴʥʘ ʡʤʦʚʽʨʥʽʩʪʴ P(xi, yj) ʟʘ ʬʦʨʤʫʣʦ ʁɹʘʡ̒ʩʘ ʚʠʟʥʘ-

ʯʘʻʪʴʩʷ ʷʢ   

                ( ) ()( ) ()( ), / ) / ,i j i j i j i jP x y P x P y x P y P x y= =                       (2.8) 

ʪʦ ʚʠʨʘʟ (2.7) ʟ ʫʨʘʭʫʚʘʥʥʷʤ (2.8) ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʚ ʥʘʩʪʫʧʥʦʤʫ ʚʠ-

ʛʣʷʜʽ 

( ) ()( ) ()( ){ }

() () ( ) () ( ) ( )

1 1

1 1 1 1

, / log /

log / / log / .

i j i i j i

i i j i i j i j i

k m

i j

k m k m

i j i j

H X lY l P x P y x P x P y x

P x P x P y x P x P y x P y x

= =

= = = =

= - =

=- -

ää

ä ä ä ä

         (2.9) 

ɿʘ ʫʤʦʚʠ, ʱʦ ʧʝʨʝʜʘʯʽ ʧʦʚʽʜʦʤʣʝʥʥʷ  xi  ʦʙʦʚ'ʷʟʢʦʚʦ  ʚʽʜʧʦʚʽʜʘʻ  

ʧʝʨʝʜʘʯʘ ʦʜʥʦʛʦ ʟ ʧʦʚʽʜʦʤʣʝʥʴ (ʢʦʞʥʦʛʦ) ʟ ʘʥʩʘʤʙʣʶ  Y , ʤʘʻʤʦ    

( )
1

/ 1,
j i

m

j

P y x
=

=ä  

ʽ ʚʽʜʧʦʚʽʜʥʦ ʩʧʽʣʴʥʘ ʝʥʪʨʦʧʽʷ ʜʞʝʨʝʣ ʧʦʚʽʜʦʤʣʝʥʴ H(X,Y) ʚʠʟʥʘʯʠʪʴʩʷ 

ʷʢ 

( ) () () () ( ) ( )

( ) () ( )

1 1 1

1

, log / log /

/ ,

i i i j i j i

i i

k k m

i i j

k

i

H X Y P x P x P x P y x P y x

H X P x H Y x

= = =

=

=- - =

= +

ä ä ä

ä

      (2.10) 

ʜʝ H(Y/xi) - ʪʘʢ ʟʚʘʥʘ ʯʘʩʪʢʦʚʘ ʫʤʦʚʥʘ ʝʥʪʨʦʧʽʷ, ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʝʥʪʨʦ-

ʧʽʶ ʧʦʚʽʜʦʤʣʝʥʥʷ Y ʟʘ ʫʤʦʚʠ, ʱʦ ʤʘʣʦ ʤʽʩʮʝ ʧʦʚʽʜʦʤʣʝʥʥʷ xi.  ɼʨʫʛʠʡ 

ʜʦʜʘʥʦʢ ʚ ʦʩʪʘʥʥʽʡ ʬʦʨʤʫʣʽ ʻ ʫʩʝʨʝʜʥʝʥʥʷʤ H(Y/xi) ʟʘ ʚʩʤ̔ʘ ʧʦʚʽʜʦʤ-

ʣʝʥʥʷʤʠ xi  ʽ ʥʘʟʠʚʘʻʪʴʩʷ ʩʝʨʝʜʥʴʦʶ ʫʤʦʚʥʦʶ ʝʥʪʨʦʧʽʻʶ ʜʞʝʨʝʣʘ Y ʟʘ 

ʫʤʦʚʠ ʧʝʨʝʜʘʯʽ ʧʦʚʽʜʦʤʣʝʥʥʷ xi .  

ʊʘʢʠʤ ʯʠʥʦʤ ʩʧʽʣʴʥʘ ʝʥʪʨʦʧʽʷ ʜʚʦʭ ʧʦʚʽʜʦʤʣʝʥʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘ-

ʩʪʫʧʥʦʶ ʬʦʨʤʫʣʦʶ 
H(X, Y) = H(X) + H(Y / X). 

ʪʦʙʪʦ ʜʦʨʽʚʥʶʻ ʩʫʤʽ ʙʝʟʫʤʦʚʥʦʾ ʝʥʪʨʦʧʽʾ ʦʜʥʦʛʦ ʟ ʥʠʭ ʽ ʫʤʦʚʥʦʾ ʝʥʪʨʦ-

ʧʽʾ ʜʨʫʛʦʛʦ.  

ʆʩʥʦʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʝʥʪʨʦʧʽʾ ʩʢʣʘʜʥʠʭ ʧʦʚʽʜʦʤʣʝʥʴ: 

1. ʋ ʚʠʧʘʜʢʫ ʩʪʘʪʠʩʪʠʯʥʦ ʥʝʟʘʣʝʞʥʠʭ ʧʦʚʽʜʦʤʣʝʥʙ X ʽ Y ʩʧʽʣʴʥʘ 

ʝʥʪʨʦʧʽʷ  ʜʦʨʽʚʥʶʻ ʩʫʤʽ ʝʥʪʨʦʧʽʡ ʜʞʝʨʝʣ: H(X,Y) = H(X)+H(Y), ʜʝ ʚʨʘ-

ʭʦʚʘʥʦ, ʱʦ   H(Y/X) = H(Y).    

2.   ɿʘ ʧʦʚʥʦ ʾʩʪʘʪʠʩʪʠʯʥʦ ʾʟʘʣʝʞʥʦʩʪʽ ʧʦʚʽʜʦʤʣʝʥʴ X ʽ Y ʩʧʽʣʴʥʘ 

ʝʥʪʨʦʧʽʷ ʜʦʨʽʚʥʶʻ ʙʝʟʫʤʦʚʥʽʡ ʝʥʪʨʦʧʽʾ ʦʜʥʦʛʦ ʟ ʧʦʚʽʜʦʤʣʝʥʴ. ɼʨʫʛʝ 

ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʨʠ ʮʴʦʤʫ ʽʥʬʦʨʤʘʮʽʾ ʥʝ ʜʦʜʘʻ. ɼʽʡʩʥʦ, ʟʘ ʧʦʚʥʦ ʾʩʪʘʪʠ-
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ʩʪʠʯʥʦ ʾʟʘʣʝʞʥʦʩʪʽ ʧʦʚʽʜʦʤʣʝʥʴ ʫʤʦʚʥʽ ʡʤʦʚʽʨʥʦʩʪʽ  P(yj/xi) ʽ P(xi/yj) 

ʨʽʚʥʽ ʘʙʦ 0, ʘʙʦ 1, ʪʦʜʽ   

P(xi /yj )* log P(xi /yj ) =  P(yj /xi )* log P(yj /xi ) = 0 

ʽ ʚʽʜʧʦʚʽʜʥʦ   

H(X,Y) = H(X) = H(Y). 

3. ʋʤʦʚʥʘ ʝʥʪʨʦʧʽʷ ʟʤʽʥʶʻʪʴʩʷ ʚ ʤʝʞʘʭ  

0 < H(Y /X) <  H(Y). 

4. ɼʣʷ ʩʧʽʣʴʥʦʾ ʝʥʪʨʦʧʽʾ ʜʚʦʭ ʜʞʝʨʝʣ ʟʘʚʞʜʠ ʩʧʨʘʚʝʜʣʠʚʝ ʩʧʽʚʚʽʜ-

ʥʦʰʝʥʥʷ 

H(X,Y) Ò H(X) + H(Y), 

ʚ ʷʢʦʤʫ ʫʤʦʚʘ ʨʽʚʥʦʩʪʽ ʚʠʢʦʥʫʻʪʴʩʷ ʪʽʣʴʢʠ ʜʣʷ ʥʝʟʘʣʝʞʥʠʭ ʜʞʝʨʝʣ ʧʦ-

ʚʽʜʦʤʣʝʥʴ.  

ʆʪʞʝ, ʟʘ ʥʘʷʚʥʦʩʪʽ ʟʚ'ʷʟʢʫ ʤʽʞ ʝʣʝʤʝʥʪʘʨʥʠʤʠ ʧʦʚʽʜʦʤʣʝʥʥʷʤʠ 

ʝʥʪʨʦʧʽʷ ʜʞʝʨʝʣʘ ʟʥʠʞʫʻʪʴʩʷ, ʧʨʠʯʦʤʫ  ʪʠʤ ʙʽʣʴʰʝ, ʯʠʤ ʩʠʣʴʥʽʰʝ 

ʟʚ'ʷʟʦʢ ʤʽʞ ʝʣʝʤʝʥʪʘʤʠ ʧʦʚʽʜʦʤʣʝʥʥʷ. 

ɽʥʪʨʦʧʽʷ ʩʠʩʪʝʤ ʟ ʙʝʟʧʝʨʝʨʚʥʦʶ ʙʝʟʣʽʯʯʶ ʩʪʘʥʽʚ ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ 

ʧʨʘʚʠʣʘʤʠ ʘʥʘʣʽʟʫ ʜʠʩʢʨʝʪʥʠʭ ʩʠʩʪʝʤ ʟ ʧʦʧʝʨʝʜʥʽʤ ʢʚʘʥʪʫʚʘʥʥʷʤ 

ʱʽʣʴʥʦʩʪʽ ʡʤʦʚʽʨʥʦʩʪʽ p(x) ʟ ʢʨʦʢʦʤ ȹʭ.  

ʊʦʜʽ ʯʠʩʣʦ ʩʪʘʥʽʚ ʚ ʩʠʩʪʝʤʽ ʙʫʜʝ   

max min( )N x x x= - D, 

ʘ ʡʤʦʚʽʨʥʽʩʪʴ ʩʪʘʥʽʚ   

ʈ(xi ) = p (xi) ȹʭ. 

ɽʥʪʨʦʧʽ ̫ʩʫʤʠ ʜʠʩʢʨʝʪʥʠʭ ʧʦʚʽʜʦʤʣʝʥʴ:     

() () (){ }
1

log .
N

x i i
i

H x p x x p x xD
=

= D Dä  

ʇʽʩʣʷ ʧʝʨʝʪʚʦʨʝʥʴ ʽ ʫʤʦʚʠ, ʱʦ ȹʭ > 0, ʦʪʨʠʤʫʻʤʦ: 

() () log .xH x H X x*

D = - D 

ɺʝʣʠʯʠʥʘ H
*
(X) ʥʘʟʠʚʘʻʪʴʩʷ ʧʨʠʚʝʜʝʥʦʶ ʝʥʪʨʦʧʽʻʶ: 

( ) () ()log .H X w x w x dx
¤

*

-¤

=-ñ  

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ ʱʦʜʦ ʩʪʫʧʝʥ ʁ

ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʜʞʝʨʝʣ ʧʦʚʽʜʦʤʣʝʥʴ: 

1. ɽʥʪʨʦʧʽʷ ʜʞʝʨʝʣʘ ʡ ʢʽʣʴʢʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ ʪʠʤ ʙʽʣʴʰʝ, ʯʠʤ ʙʽʣʴʰʝ 

ʨʦʟʤʽʨ ʘʣʬʘʚʽʪʫ ʜʞʝʨʝʣʘ. 

2. ɽʥʪʨʦʧʽʷ  ʜʞʝʨʝʣʘ  ʟʘʣʝʞʠʪʴ  ʚʽʜ  ʩʪʘʪʠʩʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʧʦʚʽʜʦʤʣʝʥʴ. ɽʥʪʨʦʧʽʷ ʤʘʢʩʠʤʘʣʴʥʘ, ʷʢʱʦ ʧʦʚʽʜʦʤʣʝʥʥʷ ʜʞʝʨʝʣʘ ʨʽʚ-

ʥʦʡʤʦʚʽʨʥʽ ʡ ʩʪʘʪʠʩʪʠʯʥʦ ʥʝʟʘʣʝʞʥʽ. 

3. ɽʥʪʨʦʧʽʷ ʜʞʝʨʝʣʘ, ʱʦ ʚʠʨʦʙʣʷʻ ʥʝʨʽʚʥʦʡʤʦʚʽʨʥʽ ʧʦʚʽʜʦʤʣʝʥʥʷ, 

ʟʘʚʞʜʠ ʤʝʥʰʝ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʩʷʞʥʦʾ. 

http://www.cyclone.spb.ru/chapter1/Gloss-Ind.html#37
http://www.cyclone.spb.ru/chapter1/Gloss-Ind.html#2
http://www.cyclone.spb.ru/chapter1/Gloss-Ind.html#37
http://www.cyclone.spb.ru/chapter1/Gloss-Ind.html#37
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4. ʇʨʠ ʥʘʷʚʥʦʩʪʽ ʩʪʘʪʠʩʪʠʯʥʠʭ ʟʚ'ʷʟʢʽʚ ʤʽʞ ʝʣʝʤʝʥʪʘʨʥʠʤʠ ʧʦ-

ʚʽʜʦʤʣʝʥʥʷʤʠ (ʧʘʤ'ʷʪʽ ʜʞʝʨʝʣʘ) ʡʦʛʦ ʝʥʪʨʦʧʽʷ ʟʤʝʥʰʫʻʪʴʩʷ. 

 

2.5. ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ ʪʘ ʥʘʜʤʽʨʥʽʩʪʴ ʜʞʝʨʝʣʘ ʽʥʬʦʨʤʘʮʽʾ 
 

ʈʦʟʛʣʷʥʝʤʦ ʜʞʝʨʝʣʦ ʜʚʦʭ ʧʦʜʽʡ s1 ʽ s2. ʗʢʱʦ ʧʦʜʽʷ s1 ʟʫʩʪʨʽʯʘʻʪʴʩʷ 

ʨʽʜʢʦ, ʘ ʧʦʜʽʷ s2 - ʯʘʩʪʦ, ʪʦ ʢʽʣʴʢʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʨʝʘʣʽʟʘʮʽʶ ʧʦʜʽʾ s1 

ʙʫʜʝ ʟʥʘʯʥʦ ʙʽʣʴʰʝ, ʥʽʞ ʧʦʜʽʾ s2: I(s1) >> I(s2), ʜʝ I(s) - ʢʽʣʴʢʽʩʪʴ ʽʥʬʦʨ-

ʤʘʮʽʾ. ʆʯʝʚʠʜʥʦ ʪʘʢʦʞ, ʱʦ ʢʽʣʴʢʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ ʜʞʝʨʝʣʘ 2-ʭ ʧʦʜʽʡ ʟʥʘ-

ʯʥʦ ʤʝʥʰʝ, ʥʽʞ ʜʞʝʨʝʣʘ 10 ʯʠ 20 ʧʦʜʽʡ, ʪʦʙʪʦ ʯʠʤ ʙʽʣʴʰʝ ʨʽʟʥʠʭ ʧʦʜʽʡ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʪʝ ʯʠ ʽʥʰʝ ʷʚʠʱʝ, ʪʠʤ ʙʽʣʴʰʝ ʥʝʦʙʭʽʜʥʦ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ 

ʡʦʛʦ ʦʧʠʩʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʽʥʬʦʨʤʘʮʽʷ ʻ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʪʘʢʦʾ ʟʘʛʘʣʴ-

ʥʦʾ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʩʚʽʪʫ, ʷʢ ʡʦʛʦ ʨʽʟʥʦʤʘʥʽʪʪʷ. 

 ɯʥʬʦʨʤʘʮʽʷ ʷʢ ʧʨʘʚʠʣʦ ʧʝʨʝʜʘʻʪʴʩʷ ʩʠʛʥʘʣʘʤʠ, ʬʽʟʠʯʥʘ ʧʨʠʨʦʜʘ 

ʷʢʠʭ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʠʧʫ ʜʞʝʨʝʣʘ ʧʦʚʽʜʦʤʣʝʥʴ. ʉʠʛʥʘʣʠ ï ʥʦʩʽʾ ʽʥʬʦʨ-

ʤʘʮʽʾ,  ̒ʤʝʭʘʥʽʯʥʠʤʠ ʢʦʣʠʚʘʥʥʷʤʠ ʫ ʪʚʝʨʜʠʭ ʤʘʪʝʨʽʘʣʘʭ, ʨʽʜʠʥʘʭ, ʛʘʟʘʭ 

(ʽʥʬʨʘʟʚʫʢʦʚʠʤʠ, ʟʚʫʢʦʚʠʤʠ, ʫʣʴʪʨʘʟʚʫʢʦʚʠʤʠ), ʝʣʝʢʪʨʠʯʥʠʤʠ ʡ ʝʣʝʢ-

ʪʨʦʤʘʛʥʽʪʥʠʤʠ ʢʦʣʠʚʘʥʥʷʤʠ ʯʠ ʭʚʠʣʷʤʠ (ʨʘʜʽʦ, ʦʧʪʠʯʥʠʤʠ). ʉʠʛʥʘʣʠ 

ʩʧʨʠʡʤʘʶʪʴʩʷ ʧʨʠʡʤʘʣʥɹʠʤʠ ʧʨʠʩʪʨʦʷʤʠ, ʟʦʢʨʝʤʘ, ʦʨʛʘʥʘʤʠ ʧʦʯʫʪʪʽʚ 

ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʽʚ ʽ ʣʶʜʠʥʠ. ʆʪʨʠʤʘʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʝʨʝʪʚʦʨʶʪ̒ʴʩʷ, ʯʠ 

ʟʘʧʘʤ'ʷʪʦʚʫʻʪʴʩʷ ʪʘ ʧʝʨʝʜʘʻʪʴʩʷ ʧʦ ʣʽʥʽʷʭ ʟʚ'ʷʟʢʫ, ʯʠ ʧʝʨʝʪʚʦʨʶʪ̒ʴʩʷ ʡ 

ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʫ ʚʠʛʣʜ̫ʽ, ʟʨʫʯʥʦʤʫ ʜʣʷ ʩʧʨʠʡʥʷʪʪʷ ʣʶʜʠʥʦʶ, ʦʩʤʠʩ-

ʣʝʥʥʷ ʡ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʧʨʠʡʥʷʪʪ ̫ʨʽʰʝʥʴ. 

ʋ ʜʞʝʨʝʣʘʭ ʽʥʬʦʨʤʘʮʽʾ ʬʦʨʤʫʶʪʴʩʷ ʧʦʚʽʜʦʤʣʝʥʥʷ. ʇʦʚʽʜʦʤʣʝʥʥʷ 

ï ʮʝ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʟʥʘʢʽʚ (ʩʠʤʚʦʣʽʚ) ʯʠ ʥʝʧʝʨʝʨʚʥʠʭ ʩʠʛʥʘʣʽʚ, ʱʦ ʤʽʩ-

ʪʷʪʴ ʪʽ ʯʠ ʽʥʰʽ ʟʚʝʜʝʥʥʷ, ʜʘʥʽ, ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʽʚ. ɹʝʟʣʽʯ ʨʽʟʥʠʭ ʟʥʘʢʽʚ, 

ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʧʦʚʽʜʦʤʣʝʥʴ, ʥʘʟʠʚʘʶʪʴ ʘʣʬʘ-

ʚʽʪʦʤ ʜʞʝʨʝʣʘ ʧʦʚʽʜʦʤʣʝʥʴ, ʘ ʯʠʩʣʦ ʟʥʘʢʽʚ ï ʦʙʩʷʛʦʤ ʘʣʬʘʚʽʪʫ. ɿʦʢ-

ʨʝʤʘ, ʟʥʘʢʘʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʙʫʢʚʠ ʧʨʠʨʦʜʥʦʾ ʤʦʚʠ, ʮʠʬʨʠ, ʽʻʨʦʛʣʽʬʠ. 

ʅʝʧʝʨʝʨʚʥʽ ʧʦʚʽʜʦʤʣʝʥʥʷ ʥʝ ʨʦʟʜʽʣʷʶʪʴʩʷ ʥʘ ʝʣʝʤʝʥʪʠ ʽ ʻ ʬʫʥʢʮʽ-

ʷʤʠ ʯʘʩʫ. ʊʠʧʦʚʠʤʠ ʧʨʠʢʣʘʜʘʤʠ ʤʦʞʫʪʴ ʩʣʫʞʠʪʠ ʤʦʚʥʽ ʩʠʛʥʘʣʠ ʟ ʚʠ-

ʭʦʜʫ ʤʽʢʨʦʬʦʥʘ, ʥʝʧʝʨʝʨʚʥʦ ʚʠʤʽʨʶʚʘʥʽ ʜʘʥʽ ʧʨʦ ʪʝʤʧʝʨʘʪʫʨʫ, ʪʠʩʢ, 

ʥʘʧʨʷʤʦʢ ʽ ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ ʽ ʪ.ʜ. ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʚʦʥʠ, ʷʢ ʧʨʘʚʠʣʦ, 

ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʚ ʮʠʬʨʦʚʽ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʧʝʨʝʜʘʚʘʥʥʷ, 

ʟʙʝʨʝʞʝʥʥʷ ʡ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ. 

ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ ʜʞʝʨʝʣ ʽʥʬʦʨʤʘʮʽʾ. ʐʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʚʘʥʥʷ ʧʦ-

ʚʽʜʦʤʣʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʝʩʫʨʩʘʤʠ ʾʾ ʜʞʝʨʝʣʘ ʥʘ ʧʝʚʥʦʤʫ ʽʥʪʝʨʚʘʣʽ 

ʯʘʩʫ ʊ.  

ʇʨʦʜʫʢʪʠʚʥʽʩʪʶ ʜʞʝʨʝʣʘ )(/ XH  ʥʘʟʠʚʘʻʪʴʩʷ ʩʫʤʘʨʥʘ ʝʥʪʨʦʧʽʷ 

ʧʦʚʽʜʦʤʣʝʥʴ ʧʝʨʝʜʘʥʠʭ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ:     



ʈʦʟʜʽʣ 1. ɿʘʚʜʘʥʥʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ 
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TXHXH /)()(/ = . 

ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ ʚʠʤʽʨʶʻʪʴʩʷ ʚ ʙʽʪʘʭ ʥʘ ʩʝʢʫʥʜʫ. ʇʦʟʥʘʯʠʚʰʠ ʚʝ-

ʣʠʯʠʥʫ 1/ʊ ʷʢ ʰʚʠʜʢʽʩʪʴ Tc /1=u (ʝʣʝʤʝʥʪʽʚ ʚ ʩʝʢʫʥʜʫ), ʤʘʻʤʦ   

)()(/ XHXH cÖ=u . 

 ɸʥʘʣʦʛʽʯʥʠʤ ʯʠʥʦʤ, ʨʦʟʜʽʣʠʚʰʠ ʟʥʘʯʝʥʥʷ ʝʥʪʨʦʧʽʾ ʪʘ ʢʽʣʴʢʦʩʪʽ 

ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʊ ʽ ʧʦʟʥʘʯʘʶʯʠ  TYXHYXH /)/()/(/ = , 

TYXIYXI /),(),(/ = , ʦʜʝʨʞʠʤʦ ʚʽʜʧʦʚʽʜʥʫ ʨʽʚʥʽʩʪʴ ʜʣʷ ʫʤʦʚʥʠʭ ʝʥʪ-

ʨʦʧʽʾ ʽ ʢʽʣʴʢʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ, ʨʦʟʨʘʭʦʚʘʥʠʭ ʥʘ ʦʜʥʝ ʧʦʚʽʜʦʤʣʝʥʥʷ ʚ ʦʜʠ-

ʥʠʮʶ ʯʘʩʫ. 

ʐʚʠʜʢʽʩʪʶ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʥʘʟʠʚʘʻʪʴʩʷ ʚʝʣʠʯʠʥʘ ʢʽʣʴʢʦʩʪʽ 

ʽʥʬʦʨʤʘʮʽʾ ),(/ YXI  ʘʣʬʘʚʽʪʥʦʛʦ ʘʥʩʘʤʙʣʶ ʩʠʛʥʘʣʽʚ ʥʘ ʚʭʦʜʽ ʩʠʩʪʝʤʠ, 

ʚʽʜʥʝʩʝʥʘ ʜʦ ʦʜʠʥʠʮʽ ʯʘʩʫ. ʗʢʱʦ, ʥʘʧʨʠʢʣʘʜ ʍ ʘʥʩʘʤʙʣʴ ʩʠʛʥʘʣʽʚ ʥʘ 

ʚʭʦʜʽ ʜʠʩʢʨʝʪʥʦʛʦ ʢʘʥʘʣʫ, ʘ Y ʘʥʩʘʤʙʣʴ ʩʠʛʥʘʣʽʚ ʥʘ ʡʦʛʦ ʚʠʭʦʜʽ, ʪʦ 

ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʧʦ ʢʘʥʘʣʫ 

 )/()()/()(),( ///// XYHYHYXHXHYXI -=-= .             (2.11) 

ʎʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʥʘʦʯʥʦ ʽʣʶʩʪʨʫʻ ʨʠʩ. 2.5.  
 

ɼʞʝʨʝʣʦ

ʧʦʚ̔ʜʦʤʣʝʥɹ

ʆʪʨʠʤʫʚʘʯ

ʧʦʚ̔ʜʦʤʣʝʥɹ

ɼʞʝʨʝʣʦ ʟʘʚʘʜ

Hô(X/Y) Hô(X/Y)

Hô(X)                           Iô(X,Y) 

ʂʘʥʘʣ ʟʚô̫ʟʢʫ 

ʈʠʩ. 2.5. ʉʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʧʨʦʮʝʩʫ ʧʝʨʝʜʘʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ 
 

ʅʘ ʨʠʩ. 2.5 ʧʦʟʥʘʯʝʥʦ: )(/ XH - ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʜʞʝʨʝʣʘ ʧʝʨʝʜʘʥʦʛʦ 

ʩʠʛʥʘʣʫ ʍ, ʘ )(/ YH  - ñʧʨʦʜʫʢʪʠʚʥʽʩʪʴò ʢʘʥʘʣʫ, ʪʦʙʪʦ ʧʦʚʥʘ ʚʣʘʩʥʘ 

ʽʥʬʦʨʤʘʮʽʷ ʚ ʧʨʠʡʥʷʪʦʤʫ ʩʠʛʥʘʣʽ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ. ɺʝʣʠʯʠʥʘ 

)/(/ YXH  ʻ ʚʪʨʘʪʦʶ ʽʥʬʦʨʤʘʮʽʾ ʘʙʦ ʥʝʥʘʜʽʡʥʽʩʪʶ ʢʘʥʘʣʫ ʚ ʦʜʠʥʠʮʶ 

ʯʘʩʫ, ʘ )/(/ XYH  - ʰʚʠʜʢʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʧʦʤʠʣʢʦʚʦʾ, ʩʪʦʨʦʥʥʴʦʾ ʥ̔-

ʬʦʨʤʘʮʽʾ ʚ ʢʘʥʘʣʽ, ʷʢʘ ʥʝ ʤʘʻ ʚʽʜʥʦʰʝʥʥʷ ʜʦ ʍ ʽ ʦʙʫʤʦʚʣʝʥʘ ʧʨʠ-

ʩʫʪʥʽʤʠ ʚ ʢʘʥʘʣʽ ʟʘʚʘʜʘʤʠ.  

ɿʘ ʚʠʟʥʘʯʝʥʥʷʤ ʂ. ʐʝʥʥʦʥʘ ʥʝʥʘʜʽʡʥʽʩʪʴ ʢʘʥʘʣʫ ʻ ʝʥʪʨʦʧʽʻʶ ʚʭʦ-

ʜʫ, ʢʦʣʠ ʚʠʭʽʜ ʚʽʜʦʤʠʡ, ʪʦʙʪʦ ʾʾ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʤʽʨʦʶ ʩʝʨʝʜʥʴʦʾ ʥʝʚʠ-

ʟʥʘʯʝʥʦʩʪʽ ʧʨʠʡʥʷʪʦʛʦ ʩʠʛʥʘʣʫ. ɺʝʣʠʯʠʥʘ ʞ )/(/ XYH - ʻ ʝʥʪʨʦʧʽʷ  

http://www.msclub.ce.cctpu.edu.ru/bibl/TI/#a20
http://www.msclub.ce.cctpu.edu.ru/bibl/TI/#a20
http://www.msclub.ce.cctpu.edu.ru/bibl/TI/#a22
http://www.msclub.ce.cctpu.edu.ru/bibl/TI/#a9
http://www.msclub.ce.cctpu.edu.ru/bibl/TI/#a3
http://www.msclub.ce.cctpu.edu.ru/bibl/TI/#a19
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ʚʠʭʦʜʫ, ʢʦʣʠ ʚʭʽʜ ʚʽʜʦʤʠʡ ʽ ʩʣʫʞʠʪʴ ʤʽʨʦʶ ʩʝ-

ʨʝʜʥʴʦʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʧʝʨʝʜʘʥʦʛʦ ʩʠʛʥʘʣʫ. 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ )/(/ YXH  ʽ )/(/ XYH ʟʘʣʝ-

ʞʠʪʴ ʚʽʜ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʘʥʘʣʫ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʧʨʠ 

ʧʝʨʝʜʘʚʘʥʥʽ ʟʚʫʢʦʚʦʛʦ ʩʠʛʥʘʣʫ ʧʦ ʢʘʥʘʣʫ ʟ ʚʫʟʴʢʦʶ 

ʩʤʫʛʦʶ ʧʨʦʧʫʩʢʘʥʥʷ, ʷʢʘ ʥʝʜʦʩʪʘʪʥʷ ʜʣʷ ʷʢʽʩʥʦʛʦ 

ʚʽʜʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʫ ʽ ʟ ʥʠʟʴʢʠʤ ʨʽʚʥʝʤ ʟʘʚʘʜ, 

ʚʪʨʘʯʘʻʪʴʩʷ ʯʘʩʪʠʥʘ ʢʦʨʠʩʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʘʣʝ 

ʤʘʡʞʝ ʥʝ ʦʪʨʠʤʫʻʪʴʩʷ ʜʘʨʝʤʥʘ ʽʥʬʦʨʤʘʮʽʷ, ʚ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ  
/ /( / ) ( / )H X Y H Y X . 

ʗʢʱʦ ʞ ʩʠʛʥʘʣ ʚʽʜʪʚʦʨʶʻʪʴʩʷ ʷʢʽʩʥʦ, ʘʣʝ ʧʨʠ ʮʴʦ-

ʤʫ ʧʨʦʩʣʫʭʦʚʫʶʪʴʩʷ ʥʘʚʝʜʝʥʥʷ ʚʽʜ ʩʫʩʽʜʥʴʦʛʦ ʨʘ-

ʜʽʦʢʘʥʘʣʫ, ʪʦ ʮʝ ʦʟʥʘʯʘʻ, ʱʦ, ʤʘʡʞʝ ʥʝ ʚʪʨʘʯʘʶʯʠ 

ʢʦʨʠʩʥʦʾ ʽʥʬʦʨ- ʤʘʮʽʾ, ʤʠ ʦʜʝʨʞʘʣʠ ʙʘʛʘʪʦ ʟʘʡʚʦʾ - 

ʥʘʜʣʠʰʢʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʟʘʚʘʞʘʻ ʦʧʨʘʮʶʚʘʥ-

ʥ ,ʁ ʽ ʙʫʜʝ ʜʽʡʩʥʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ   
/ /( / ) ( / )H X Y H Y X . 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʥʘʜʤʽʨʥʽʩʪʴ ʜʞʝʨʝʣ ʽʥʬʦʨ-

ʤʘʮʽʾ. ɿʘʚʜʘʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʝʨʝʜʘʯʽ 

ʟʚʦʜʠʪʴʩʷ ʜʦ ʟʤʝʥʰʝʥʥʷ ʥʘʜʤʽʨʥʦʩʪʽ ʧʦʚʽʜʦʤʣʝʥʥʷ 

ʡ ʩʠʛʥʘʣʫ, ʪʦʯʥʽʰʝ ʜʦ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʾʾ ʚʠʢʦʨʠʩ-

ʪʘʥʥʷ. 

ʅʘʜʤʽʨʥʽʩʪʴ ʧʦʚʽʜʦʤʣʝʥʥʷ ʦʙʫʤʦʚʣʝʥʘ ʪʠʤ, ʱʦ 

ʝʣʝʤʝʥʪʠ ʧʦʚʽʜʦʤʣʝʥʥʷ ʥʝ ʻ ʨʽʚʥʦʡʤʦʚʽʨʥʠʤʠ ʡ 

ʤʽʞ ʥʠʤʠ ʻ ʩʪʘʪʠʩʪʠʯʥʠʡ ʟʚ'ʷʟʦʢ. ʋ ʚʠʧʘʜʢʫ  ʢʦʜʫ-

ʚʘʥʥ ̫ ʤʦʞʥʘ ʧʝʨʝʨʦʟʧʦʜʽʣʠʪʠ ʡʤʦʚʽʨʥʦʩʪʽ ʚʠʭʽʜ-

ʥʦʛʦ ʧʦʚʽʜʦʤʣʝʥʥʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙʠ ʨʦʟʧʦʜʽʣ 

ʡʤʦʚʽʨʥʦʩʪʝʡ ʩʠʤʚʦʣʽʚ ʢʦʜʫ ʥʘʙʣʠʞʘʚʩʷ ʜʦ ʦʧʪʠ-

ʤʘʣʴʥʦʛʦ (ʜʦ ʨʽʚʥʦʤʽʨʥʦʛʦ ï ʫ ʜʠʩʢʨʝʪʥʦʤʫ ʚʠʧʘʜ-

ʢʫ ʘʙʦ ʜʦ ʥʦʨʤʘʣʴʥʦʛʦ ï ʟʘ  ʫʤʦʚʠ ʧʝʨʝʜʘʚʘʥʥ ̫

ʙʝʟʧʝʨʝʨʚʥʠʭ ʧʦʚʽʜʦʤʣʝʥʴ). ʊʘʢʠʡ ʧʝʨʝʨʦʟʧʦʜʽʣ 

ʜʦʟʚʦʣʷʻ ʫʩʫʥʫʪʠ ʥʘʜʤʽʨʥʽʩʪʴ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʦ-

ʟʧʦʜʽʣʫ ʡʤʦʚʽʨʥʦʩʪʝʡ ʝʣʝʤʝʥʪʽʚ ʧʦʚʽʜʦʤʣʝʥʥʷ. 

ʇʨʠʢʣʘʜʦʤ ʧʦʜʽʙʥʦʛʦ ʢʦʜʫʚʘʥʥʷ ʻ ʢʦʜ ʐʝʥʥʦ-

ʥʘ ï ʌʘʥʦ. ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʩʠʛʥʘʣʫ, ʪʦ ʡʦʛʦ ʥʘʜʤʽʨ-

ʥʽʩʪʴ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʧʦʩʦʙʫ ʤʦʜʫʣʷʮʽʾ ʽ ʚʠʜʫ ʥʦʩʽʷ. 

ʇʨʦʮʝʩ ʤʦʜʫʣʷʮʽʾ ʟʘʟʚʠʯʘʡ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʨʦʟ-

ʰʠʨʝʥʥʷʤ ʩʤʫʛʠ ʯʘʩʪʦʪ ʩʠʛʥʘʣʫ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟʽ 

 
 
ʈʦʙʝʨʪ ʄʘʨ̔ʦ  

ʌʘʥʦ 

 (Robert Mario 

Fano,  

1917-2016), 
 

ʽʪʘʣʽʡʩʴʢʦ-ʘʤʝʨʠ-

ʢʘʥʩʴʢʠʡ ʚʯʝʥʠʡ, 

ʟʘʩʣʫʞʝʥʠʡ ʧʨʦʬʝ-

ʩʦʨ ʫ ʚʽʜʩʪʘʚʮ ̔ ʟ 

ʝʣʝʢʪʨʦʪʝʭʥʢ̔ʠ  ̔

ʢʦʤʧôʁ ʪʝʨʥʠʭ ʥʘʫʢ 

ʚ ʄʘʩʩʘʯʫʩʝʪʩʢɹʦ-

ʤʫ ʪʝʭʥʦʣʦʛʯ̔ʥʦʤʫ 

ʥ̔ʩʪʠʪʫʪ.̔ ʌʘʥʦ 

ʚʽʜʦʤʠʡ ʟʘʚʜʷʢʠ 

ʡʦʛʦ ʨʦʙʦʪʘʤ ʟ 

ʪʝʦʨʽʾ ʥ̔ʬʦʨʤʘʮʽʾ, 

ʚʠʥʘʡʜʝʥʥʶ (ʨʘʟʦʤ 

ʽʟ ʂ. ʐʝʥʥʦʥʦʤ) 

ʢʦʜʫʚʘʥʥ̫  ʐʝʥʥʦ-

ʥʘ - ʌʘʥʦ. ɺ 1947 ʨ. 

ʦʪʨʠʤʘʚ ʩʪʫʧ̔ʥʴ 

ʜʦʢʪʦʨʘ ʥʘʫʢ ʚ 

ʄʘʩʩʘʯʫʩʝʪʩʢɹʦʤʫ 

ʪʝʭʥʦʣʦʛʯ̔ʥʦʤʫ 

ʥ̔ʩʪʠʪʫʪ ̔ ʟʘ ʜʠʩʝʨ-

ʪʘʮʁ̔ "ʊʝʦʨʝʪʠʯʥ ̔

ʦʙʤʝʞʝʥʥʷ ʰʠʨʦ-

ʢʦʧʦʣʦʩʥʦʛʦ ʫʟʛʦ-

ʜʞʝʥʥʷ ʤ̔ʧʝʜʘʥʩʫ". 

ʆʪʨʠʤʘʚ ʥʘʛʦʨʦʜʫ 

ʤ̔ʝʥ̔ ʂʣʦʜʘ ɽʣʚʫʜʘ 

ʐʝʥʥʦʥʘ ʫ 1976 ʨ. 

ʟʘ ʨʦʙʦʪʫ ʟ ʪʝʦʨʽʾ 

ʥ̔ʬʦʨʤʘʮʽʾ. 



ʈʦʟʜʽʣ 1. ɿʘʚʜʘʥʥʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ 
_________________________________________________________________________________________________________________________________________________________________________________________________________________________________ 

 57 
 

ʩʤʫʛʦʶ ʯʘʩʪʦʪ ʧʝʨʝʜʘʥʦʛʦ ʧʦʚʽʜʦʤʣʝʥʥʷ. ʎʝ ʨʦʟh ʠʨʝʥʥʷ ʩʤʫʛʠ ʽ ʻ 

ʥʘʜʣʠʰʢʦʚʠʤ. ʏʘʩʪʦʪʥʘ ʥʘʜʤʽʨʥʽʩʪʴ ʪʘʢʦʞ ʟʙʽʣʴʰʫʻʪʴʩʷ ʫ ʚʠʧʘʜʢʫ 

ʧʝʨʝʭʦʜʫ ʚʽʜ ʩʠʥʫʩʦʾʜʘʣʴʥʦʛʦ ʥʦʩʽʷ ʜʦ ʥʦʩʽʷ ʽʤʧʫʣʴʩʥʦʛʦ ʘʙʦ ʰʫʤʦ-

ʧʦʜʽʙʥʦʛʦ. ɿ ʦʛʣʷʜʫ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʝʨʝʜʘʯʽ ʚʘʨʪʦ ʙʫʣʦ ʙ 

ʚʠʙʠʨʘʪʠ ʩʧʦʩʦʙʠ ʤʦʜʫʣʷʮʽʾ ʟ ʤʘʣʦ  ʁʥʘʜʤʽʨʥʽʩʪ.ʁ ɼʦ ʪʘʢʠʭ ʩʠʩʪʝʤ, 

ʟʦʢʨʝʤʘ, ʥʘʣʝʞʠʪʴ ʦʜʥʦʩʤʫʛʦʚʘ ʧʝʨʝʜʘʯʘ, ʫ ʷʢʽʡ ʧʝʨʝʜʘʥʽ ʩʠʛʥʘʣʠ ʥʝ 

ʤʽʩʪʷʪʴ ʯʘʩʪʦʪʥʦʾ ʥʘʜʤʽʨʥʦʩʪʽ ï ʚʦʥʠ ʻ ʧʨʦʩʪʦ ʢʦʧʽʷʤʠ ʧʝʨʝʜʘʥʠʭ ʧʦ-

ʚʽʜʦʤʣʝʥʴ. 

ʆʜʥʘʢ, ʛʦʚʦʨʷʯʠ ʧʨʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ ʟʚ'ʷʟʢʫ, ʥʝ ʤʦʞʥʘ ʟʘʙʫ-

ʚʘʪʠ ʧʨʦ ʾʾ ʟʘʚʘʜʦʩʪʽʡʢʽʩʪʴ. ʋʩʫʥʝʥʥʷ ʥʘʜʤʽʨʥʦʩʪʽ ʧʽʜʚʠʱʫʻ ʝʬʝʢ-

ʪʠʚʥʽʩʪʴ ʧʝʨʝʜʘʯʽ, ʘʣʝ ʟʥʠʞʫʻ ʚʽʨʦʛʽʜʥʽʩʪʴ (ʟʘʚʘʜʦʩʪʽʡʢʽʩʪʴ) ʽ, ʥʘʚʧʘʢʠ, 

ʟʙʝʨʝʞʝʥʥʷ ʘʙʦ ʚʚʝʜʝʥʥʷ ʥʘʜʤʽʨʥʦʩʪʽ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʫ 

ʚʽʨʦʛʽʜʥʽʩʪʴ ʧʝʨʝʜʘʚʘʥʥʷ. ʆʪʞʝ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʟʘʚʘʜʦʩʪʽʡʢʽʩʪʴ ʩʠʩʪʝʤ 

ʧʝʨʝʜʘʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʥʝ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʦʢʨʝʤʦ ʦʜʥʝ ʚʽʜ ʦʜʥʦʛʦ. 

ʇʠʪʘʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʡ ʟʘʚʘʜʦʩʪʽʡʢʦʩʪʽ ʩʠʩʪʝʤ ʧʝʨʝʜʘ-

ʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʩʪʘʥʦʚʣʷʪʴ ʻʜʠʥʫ ʧʨʦʙʣʝʤʫ. ɿʘʚʜʘʥʥʷ ʧʦʣʷʛʘʻ ʚ ʧʦ-

ʰʫʢʫ ʨʦʟʫʤʥʦʛʦ ʢʦʤʧʨʦʤʽʩʫ ʧʽʜ ʯʘʩ ʾʾ ʨʦʟʚôʷʟʘʥʥʷ. 

ɺʠʟʥʘʯʝʥʥ ̫  ʽʥʬʦʨʤʘʮʽʾ ʜʞʝʨʝʣ ʜʚʦʩʠʤʚʦʣʴʥʠʭ ʧʦʚʽʜʦʤʣʝʥʴ. 
ʇʨʦʚʝʜʝʤʦ ʘʥʘʣʽʟ ʜʞʝʨʝʣʘ ʧʦʚʽʜʦʤʣʝʥʴ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʦʩʣʽʜʦʚ-

ʥʦʩʪʽ ʜʚʦʭ ʚʠʧʘʜʢʦʚʠʭ ʥʝʟʘʣʝʞʥʠʭ ʧʦʜʽʡ. ʇʦʟʥʘʯʠʤʦ ʾʭ ʩʠʤʚʦʣʘʤʠ s1 ʽ 

s2. ʈʦʟʛʣʷʥʝʤʦ ʧʦʚʽʜʦʤʣʝʥʥʷ ʚʠʜʫ s1 s2 s2 s1 s1 s2és1, ʫ ʷʢʦʤʫ n1 ʚʠʧʘʜ-

ʢʦʚʠʭ ʧʦʜʽʡ s1 ʽ n2 ʚʠʧʘʜʢʦʚʠʭ ʧʦʜʽʡ s2, ʪʘʢ ʱʦ ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʧʦʜʽʡ 

n = n1 + n2. ɽʣʝʤʝʥʪʠ ʤʥʦʞʠʥʠ ʧʦʚʽʜʦʤʣʝʥʴ ʮʴʦʛʦ ʜʞʝʨʝʣʘ ʚʽʜʨʽʟʥʷʪʠ-

ʤʫʪʴʩʷ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ, ʪʦʤʫ ʱʦ ʯʠʩʣʦ ʧʦʜʽʡ n1 ʽ n2 ʻ ʚʠʧʘʜʢʦʚʠʤʠ 

ʚʝʣʠʯʠʥʘʤʠ. ʂʽʣʴʢʽʩʪʴ ʚʘʨʽʘʥʪʽʚ ʧʦʚʽʜʦʤʣʝʥʥʷ  ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʯʠʩ-

ʣʦʤ ʢʦʤʙʽʥʘʮʽʡ ʽʟ n ʧʦ n1, ʪʦʙʪʦ ö
÷
õæ

ç
å= n

nʉ
ʧ

ʧ
1

1 . 

ʈʦʟʛʣʷʥʝʤʦ ʪʘʢʝ ʞ ʜʞʝʨʝʣʦ ʧʦʚʽʜʦʤʣʝʥʴ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʦʩʣʽ-

ʜʦʚʥʦʩʪʽ ʧʦʜʽʡ D1, D2, D3,é,Dm, ʫ ʷʢʽʡ ʯʠʩʣʦ ʩʠʤʚʦʣʽʚ D1 ʽ D2 ʜʦʨʽʚʥʶʻ 

m1 ʽ ʪ2, ʚʽʜʧʦʚʽʜʥʦ ʪ = ʪ1+ ʪ2. ɼʣʷ ʜʨʫʛʦʛʦ ʜʞʝʨʝʣʘ ʤʘʻʤʦö
÷
õæ

ç
å= m

mʉ
m

m
1

1 . 

ʂʽʣʴʢʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ ʢʦʞʥʦʛʦ ʟ ʜʞʝʨʝʣ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʘʨʽʘʥʪʘʤʠ 
1ʧ

ʧʉ  ʽ 1ʪ

ʪʉ . ʇʦʟʥʘʯʠʤʦ ʢʽʣʴʢʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ ʨʦʟʛʣʷʥʫʪʠʭ ʜʞʝʨʝʣ ʩʠʤʚʦ-

ʣʘʤʠ: ʧʝʨʰʦʛʦ I(S) ʽ ʜʨʫʛʦʛʦ I(D). ʆʙ'ʻʜʥʘʻʤʦ ʮʽ ʜʚʘ ʥʝʟʘʣʝʞʥʠʭ ʜʞʝ-

ʨʝʣʘ ʚ ʦʜʥʝ (ʪʨʝʪʻ) ʽʟ ʩʠʤʚʦʣʘʤʠ ï ʧʦʜʽʷʤʠ Y=S+D. ʆʯʝʚʠʜʥʦ, ʱʦ ʢʽʣʴ-

ʢʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ ʪʨʝʪʴʦʛʦ ʜʞʝʨʝʣʘ I(Y) ʧʦʚʠʥʥʘ ʜʦʨʽʚʥʶʚʘʪʠ ʩʫʤʽ I(S) + 

I(D), ʘ ʯʠʩʣʦ ʚʘʨʽʘʥʪʽʚ ï ʜʦʙʫʪʢʫ 1 1ʧ ʪ

ʧ ʪʉ ʉÖ . ʆʩʢʽʣʴʢʠ ʣʦʛʘʨʠʬʤ ʜʦʙʫʪʢʫ 

ʜʦʨʽʚʥʶʻ ʩʫʤʽ ʣʦʛʘʨʠʬʤʽʚ, ʪʦ 

() ( ) ( ) ( ) () ()1 1 1 1ln ln ln .n m n m

n m n mI Y C C C C I S I D= = + = +  
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ɺʠʙʝʨʝʤʦ ʷʢ ʤʽʨʫ ʢʽʣʴʢʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʜʞʝʨʝʣ 

ʜʚʦʩʠʤʚʦʣʴʥʠʭ ʧʦʚʽʜʦʤʣʝʥʴ ʯʠʩʣʦ, ʧʨʦʧʦʨʮʽʡʥʝ 

ʣʦʛʘʨʠʬʤʫ ʦʯʽʢʫʚʘʥʦʛʦ ʯʠʩʣʘ ʚʘʨʽʘʥʪʽʚ ʧʦʚʽʜʦʤ-

ʣʝʥʴ, ʪʦʙʪʦ ʣʦʛʘʨʠʬʤʫ ʾʭ ʚʘʨʽʘʥʪʽʚ    

( ) ( )1

1 2ln ln ! ! ! ,n

nI k C k n n n= =  

ʜʝ k ï ʯʠʩʣʦ, ʷʢʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʙʦʨʫ ʦʜʠʥʠʮʽ ʚʠ-

ʤʽʨʫ ʽʥʬʦʨʤʘʮʽʾ. 

ʈʦʟʛʣʷʥʝʤʦ ʧʦʚʽʜʦʤʣʝʥʥʷ ʟʘ ʫʤʦʚʠ n Ÿ Ð ʽ 

ʧʨʝʜʩʪʘʚʠʤʦ ʡʦʛʦ ʷʢ    

          () ( ) ( )1 2ln ! ln ! ln ! .I k n k n k n= - -          (2.12) 

ɿʘ ʫʤʦʚʠ, ʷʢʱʦ ʪ ï ʚʝʣʠʢʝ ʯʠʩʣʦ, ʪʦ ʤʘʻ ʤʽʩʮʝ 

ʬʦʨʤʫʣʘ ʉʪʽʨʣʽʥʛʘ 

( )ln ! ln .m m m mº -ʊʦʜʽ ʚʠʨʘʟ (2.12), ʟ ʚʠʢʦʨʠʩʪʘʥ-

ʥʷʤ ʬʦʨʤʫʣʠ ʉʪʽʨʣʽʥʛʘ ʥʘʙʫʜʝ ʚʠʜʫ 

( )1 1 1 2 2 2ln ln lnI k n n n n n n n n n= - - + - + = 

1 2
1 2ln ln ln ,

n n
kn n n n

n n

å õ
=- + -æ ö

ç ÷
 

ʜʝ ʚʠʨʘʟ ʫ ʜʫʞʢʘʭ ʤʦʞʥʘ ʧʦʜʘʪʠ ʷʢ 

1 1 2 2ln ln ln ln ln
n n n n

n n n
n n n n

å õ å õ
+ + + - =æ ö æ ö

ç ÷ ç ÷
 

1 1 2 2 1 2ln ln ln ln
n n n n n n

n n
n n n n n

+
= + + - 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʦʜʝʨʞʠʤʦ   

 1 1 2 2ln ln .
n n n n

I kn
n n n n

å õ
=- +æ ö

ç ÷
                 (2.13) 

ɺʠʨʘʟ (2.13) ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʢʽʣʴʢʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ 

ʜʞʝʨʝʣʘ ʜʚʦʩʠʤʚʦ ʣʴʥʠʭ ʧʦʚʽʜʦʤʣʝʥʴ ʟʘ ʝʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ, ʧʦ ʯʠʩʣʫ ʩʠʤʚʦʣʽʚ n1 ʽ n2 ʫ 

ʜʘʥʦʤʫ ʧʦʚʽʜʦʤʣʝʥʥʽ. ʗʢʱʦ ʧʦʜʽʾ s1 ʽ s2 ʻ ʚʠʧʘʜʢʦ-

ʚʠʤʠ, ʪʦ ʧʨʠ n Ÿ Ð ʚʽʜʥʦʰʝʥʥʷ n1/n ʽ n2/n ʜʦʨʽʚ-

ʥʶʶʪʴ ʡʤʦʚʽʨʥʦʩʪʷʤ ʧʦʷʚʠ ʧʦʜʽʡ P(s1) ʽ P(s2). ʊʦʜʽ 

ʚʠʨʘʟ (2.13) ʥʘʙʫʜʝ ʚʠʛʣʜ̫ʫ    

() () () ()1 1 2 2ln ln .I nk P s P s P s P sè ø=- +ê ú        (2.14) 

ʂʽʣʴʢʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ ʜʞʝʨʝʣʘ, ʱʦ ʧʨʠʧʘʜʘʻ 

ʥʘ ʦʜʠʥ ʩʠʤʚʦʣ (ʧʦʜʽʶ), ʜʦʨʽʚʥʶʻ ʡʦʛʦ ʧʨʦʜʫʢʪʠʚ-

ʥʦʩʪʽ      

  

 
 

ɼʞʝʡʤʩ ʉʪʨ̔ʣ̔ʥʛ 

(James Stirling , 

1692 - 1770), 
 

ʚʠʜʘʪʥʠʡ ʰʦʪʣʘʥʜ-

ʩʴʢʠʡ ʤʘʪʝʤʘʪʠʢ, 

ʯʣʝʥ ʃʦʥʜʦʥʩʴʢʦʛʦ 

ʢʦʨʦʣʽʚʩʴʢʦʛʦ ʪʦʚʘ-

ʨʠʩʪʚʘ (1729). 

ʆʩʚʽʪʫ ʟʜʦʙʫʚ ʚ 

ɹʘʣʣʽʦʣʴ - ʢʦʣʝʜʞʽ 

ʚ ʆʢʩʬʦʨʜʽ. ʅʘʡ-

ʚʘʞʣʠʚʽʰʘ ʨʦʙʦʪʘ - 

"ʈʽʟʥʠʮʝʚʠʡ ʤʝʪʦʜ" 

(1730), ʷʢʠʡ ʚ ʷʢʽʡ 

ʚʽʥ ʚʧʝʨʰʝ ʜʘʚ 

ʘʩʠʤʧʪʦʪʠʯʥʠʡ 

ʨʦʟʢʣʘʜ ʣʦʛʘʨʠʬʤʘ 

ʛʘʤʤʘ-ʬʫʥʢʮʽʾ (ʪʘʢ 

ʥʘʟʠʚʘʻʪʴʩʷ ʨʷʜ 

ʉʪʽʨʣʽʥʛʘ), ʨʦʟʛʣʷ-

ʥʫʚ ʥʝʩʢʽʥʯʝʥʥʽ ʜʦ-

ʙʫʪʢʠ. ɼʝʷʢʽ ʟ ʡʦʛʦ 

ʚʽʜʢʨʠʪʪʽʚ ʟʨʦʙʠʚ 

ʃ. ɽʡʣʝʨ ʚ ʩʚʦʾʭ 

ʙʽʣʴʰ ʟʘʛʘʣʴʥʠʭ 

ʜʦʩʣʽʜ-ʞʝʥʥʷʭ. ʊʘʢ 

ʟʚʘʥʘ ʬʦʨʤʫʣʘ 

ʉʪʽʨʣʽʥʛʘ ʣʝʛʢʦ 

ʚʠʚʦʜʠʪʴʩʷ ʟ ʨʷʜʫ 

ʉʪʽʨʣʽʥʛʘ, ʘʣʝ ʫ 

ʥʴʦʛʦ ʩʘʤʦʛʦ ʚ ʷʚ-

ʥʦʤʫ ʚʠʛʣʷʜʽ ʥʝ 

ʟʫʩʪʨʽʯʘʻʪʴʩʷ. 
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  [ ]1 1 2 2ln ln ,i I n k p p p p= =- +                             (2.15) 

ʜʝ p1 = P(s1); p2 = P(s2). 

ɺʠʨʘʟ (2.15) ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʜʚʦʩʠʤʚʦʣʴʥʦʛʦ ʜʞʝʨʝʣʘ 

ʚʠʧʘʜʢʦʚʠʭ ʧʦʜʽʡ ʥʘʟʠʚʘʶʪʴ ʬʦʨʤʫʣʦʶ ʂ. ʐʝʥʥʦʥʘ.  

ʈʦʟʛʣʷʥʝʤʦ ʡʦʛʦ ʜʝʪʘʣʴʥʽʰʝ. ʆʩʢʽʣʴʢʠ p1 + p2 = 1, ʪʦ, ʧʦʟʥʘʯʠʚʰʠ 

p = p1 ʽ p2 = 1 ï ʨ, ʧʦʜʘʤʦ ʡʦʛʦ ʫ ʚʠʛʣʷʜʽ:      

( )( ) ()ln 1 ln 1 .i k p p p p i pè ø=- + - - =ê ú   

ɯʥʬʦʨʤʘʮʽʷ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʦʜʥʠʤ ʩʠʤʚʦʣʦʤ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʽʤʦʚʽ-

ʨʥʦʩʪʽ ʦʜʥʽʻʾ ʟ ʧʦʜʽʡ ʽ ʷʢʱʦ ʨ = 0, ʘʙʦ ʨ = 1 ʜʦʨʽʚʥʶʻ ʥʫʣʶ, ʪʦʙʪʦ i(0) = 

i(1) = 0. ɺʠʟʥʘʯʠʤʦ ʫʤʦʚʠ ʤʘʢʩʠʤʫʤʫ ʬʫʥʢʮʽʾ i(p)  

( ) ( )1 ln ln 1 1 ln ln 1 0.di dp k p p p pè ø=- + - - - = - - =ê ú  

ʆʪʞʝ: ( )ln 1 0,p p- =  ( )1 1,p p- = mʘʭ 0,5.p =  

ʄʘʢʩʠʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʫ ʚʠʜʘʻ ʜʞʝʨʝʣʦ, ʜʦʩʷʛʘʻʪʴʩʷ 

ʟ ʡʤʦʚʽʨʥʦʩʪʷʤʠ ʧʦʷʚʠ ʧʦʜʽʡ p1 = p2 = 0,5, ʪʦʙʪʦ imax = k ln 2. ɺʠʙʝʨʝʤʦ 

ʪʘʢʝ ʜʞʝʨʝʣʦ, ʷʢ ʝʪʘʣʦʥ, ʚʚʘʞʘʶʯʠ, ʱʦ ʡʦʛʦ ʽʥʬʦʨʤʘʮʽʷ ʥʘ ʦʜʠʥ ʩʠʤ-

ʚʦʣ ʜʦʨʽʚʥʶʻ ʦʜʠʥʠʮʽ (imax = 1). ʊʦʜʽ k = (ln 2)
ï1

 ʽ ʟʛʽʜʥʦ ʬʦʨʤʫʣʠ  

ʐʝʥʥʦʥʘ ʤʘʻʤʦ  

( )1 1 2 2ln ln ln2.i p p p p=- +                             (2.16) 

ɿʘʧʠʩ ʬʦʨʤʫʣʠ ʐʝʥʥʦʥʘ ʤʦʞʥʘ ʩʧʨʦʩʪʠʪʠ, ʷʢʱʦ ʟʤʽʥʠʪʠ ʦʩʥʦʚʫ 

ʣʦʛʘʨʠʬʤʘ. ʇʦʟʥʘʯʠʤʦ x = ln p/ ln 2. ʊʦʜʽ  xln 2= ln p,  ln 2
x
= ln p,  2

x
=  p. 

ʆʪʞʝ,      x = lg2 p = ln p/ ln 2. 

ɼʣʷ ʬʦʨʤʫʣʠ ʐʝʥʥʦʥʘ ʦʪʨʠʤʘʻʤʦ ʽʥʰʠʡ ʟʘʧʠʩ:  

1 2 1 2 2 2
 lʦg  lʦg ,i p p p p=- -  

ʜʝ lʦg2 p ï ʜʚʽʡʢʦʚʠʡ ʣʦʛʘʨʠʬʤ ʯʠʩʣʘ ʨ.  
ʇʨʠʢʣʘʜ. ʗʢʱʦ p1=0,125=2

-3
 ʽ p2=0,875, ʪʦ i=0,54356, ʱʦ ʟʥʘʯʥʦ ʤʝʥʰʝ 

ʦʜʠʥʠʮʽ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʷʢʱʦ ʜʚʘ ʜʞʝʨʝʣʘ ʚʠʜʘʣʠ ʦʜʥʘʢʦʚʫ ʢʽʣʴʢʽʩʪʴ ʽʥʬʦʨ-

ʤʘʮʽʾ I1 = i 1 N1, I2 = i 2 N2 ʽ ɯ1 = ɯ2, ʪʦ ʚʽʜʥʦʰʝʥʥʷ ʨʦʟʤʽʨʽʚ ʧʦʚʽʜʦʤʣʝʥʴ ʦʙʝʨʥʝʥʦ 

ʧʨʦʧʦʨʮʽʡʥʦ ʾʭʥʽʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ.  

ʊʦʙʪʦ, ʦʜʥʫ ʽ ʪʫ ʞ ʽʥʬʦʨʤʘʮʽʶ ʤʦʞʥʘ ʧʝʨʝʜʘʚʘʪʠ ʟʘ ʤʝʥʰʠʡ ʯʘʩ (ʤʦʞʥʘ 

ʟʙʝʨʽʛʘʪʠ ʫ ʤʝʥʰʽʡ ʟʘ ʨʦʟʤʽʨʦʤ ʜʽʣʷʥʮʽ ʧʘʤôʷʪʽ), ʷʢʱʦ ʧʝʨʝʪʚʦʨʠʪʠ ʧʦʚʽʜʦʤ-

ʣʝʥʥʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʜʞʝʨʝʣʘ ʙʫʣʘ ʤʘʢʩʠʤʘʣʴʥʦʶ (ʯʠ 

ʙʣʠʟʴʢʦʶ ʜʦ ʥʝʾ).  

ʇʨʦʜʦʚʞʠʤʦ ʜʦʩʣʽʜʞʝʥʥʷ ʬʦʨʤʫʣʠ ʐʝʥʥʦʥʘ, ʟʘʧʠʩʘʚʰʠ ʾʾ ʫ ʚʠʜʽ:    

() ()1 2 1logi P s P sè=- +ê () ()2 2 2logP s P s+ ] ()() ()()1 1 2 2 .P s i s P s i sè ø= +ê ú     (2.17) 

ʊʫʪ i(s1) ʽ i(s2)  ʢʽʣʴʢʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʚʠʧʘʜʢʦʚʠʭ ʧʦ-

ʜʽʡ s1 ʽ s2, ʘ P(s1) ʽ P(s2) ï ʾʭ ʡʤʦʚʽʨʥʦʩʪʽ. 
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ɺʠʟʥʘʯʝʥʥʷ  ʽʥʬʦʨʤʘʮʽʾ ʜʞʝʨʝʣʘ ʜʚʦʭ ʟʘʣʝ-

ʞʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʧʦʜʽʡ. ʈʦʟʛʣʷʥʝʤʦ ʚʠʧʘʜʦʢ, 

ʢʦʣʠ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʜʚʦʩʠʤʚʦʣʴʥʦʾ ʢʦʨʝʣʴʦ-

ʚʘʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʣʘʥʮʶʛʦʤ ʄʘʨ-

ʢʦʚʘ. ɼʣʷ ʣʘʥʮʶʛʽʚ ʄʘʨʢʦʚʘ ʭʘʨʘʢʪʝʨʥʘ ʟʘʣʝʞʥʽʩʪʴ 

ʡʤʦʚʽʨʥʦʩʪʝʡ ʚʠʧʘʜʢʦʚʠʭ ʧʦʜʽʡ 1s  ʽ 2s  ʚʽʜ ʪʦʛʦ, ʷʢʘ 

ʟ ʧʦʜʽʡ ʤʘʣʘ ʤʽʩʮʝ ʥʘ ʧʦʧʝʨʝʜʥʴʦʤʫ ʢʨʦʮʽ. ʗʢʱʦ 

ʧʦʧʝʨʝʜʥʷ ʧʦʜʽʷ ʙʫʣʘ 1s, ʪʦ ʥʘ ʥʘʩʪʫʧʥʦʤʫ ʢʨʦʮʽ 

ʤʦʞʣʠʚʘ ʧʦʷʚʘ ʧʦʜʽʾ 1s  ʟ ʽʤʦʚʽʨʥʽʩʪʶ ( )1 1/P s s  ʽ 

ʧʦʜʽʷ 2s  ʟ ʽʤʦʚʽʨʥʽʩʪʶ ( )2 1/P s s . ʗʢʱʦ ʧʦʧʝʨʝʜʥʷ 

ʧʦʜʽʷ ʙʫʣʘ 2s , ʪʦ ʫʤʦʚʥʽ ʡʤʦʚʽʨʥʦʩʪʽ ʟʘʧʠʩʫʶʪʴʩʷ ʫ 

ʚʠʜ(̔ )1 2/P s s , ( )2 2/P s s . ʇʦʟʥʘʯʠʤʦ ʡʤʦʚʽʨʥʦʩʪʽ 

ʧʦʷʚʠ ʧʦʜʽʡ s1 ʽ s2 ʥʘ k-ʦʤʫ ʢʨʦʮʽ P1(k) ʽ P2(k). ʇʨʠ-

ʧʫʩʪʠʤʦ, ʱʦ ʟʘʜʘʥʦ ʧʦʯʘʪʢʦʚʽ ʡʤʦʚʽʨʥʦʩʪʽ P1(0) ʽ 

P2(0), ʧʨʠʯʦʤʫ P1(0) + P2(0) = 1, P1(k) + P2(k) = 1 ʽ 

ʚʽʜʦʤʽ ʫʤʦʚʥʽ ʡʤʦʚʽʨʥʦʩʪʽ ʧʝʨʝʭʦʜʫ ( )1 1/P s s , 

( )2 1/P s s , ( )1 2/P s s , ( )2 2/P s s . ʊʦʜʽ ʩʧʨʘʚʝʜʣʠʚʽ ʨʝ-

ʢʫʨʝʥʪʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʣʷ ʧʦʚʥʦʾ ʡʤʦʚʽʨʥʦʩʪʽ     

() ( )( ) ( )( )

() ( )( ) ( )( )

1 1 1 1 2 1 2

2 1 2 1 2 2 2

1 / 1 / ,

1 / 1 / .

P k P k P s s P k P s s

P k P k P s s P k P s s

= - + -

= - + -
     (2.22) 

ɼʣʷ ʤʘʨʢʽʚʩʴʢʠʭ ʜʠʩʢʨʝʪʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʧʦʩʣʽʜʦʚ-

ʥʦʩʪʝʡ ʭʘʨʘʢʪʝʨʥʦ, ʱʦ ʧʽʩʣʷ ʜʝʢʽʣʴʢʦʭ ʧʝʨʝʭʦʜʽʚ 

ʡʤʦʚʽʨʥʦʩʪʽ ʧʦʷʚʠ ʧʦʜʽʡ ʧʨʘʢʪʠʯʥʦ ʩʪʘʶʪʴ ʥʝʟʘ-

ʣʝʞʥʠʤʠ ʚʽʜ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ ʽ, ʦʪʞʝ, ʚʽʜ ʥʦʤʝʨʘ 

ʢʨʦʢʫ. 
ʇʨʠʢʣʘʜ. ʇʨʠʧʫʩʪʠʤʦ, ʱʦ P1(0)=1, P2(0) = 0, 

P(s1/s1) = 0,5, P(s2/s1) = 0,5, P(s1/s2) = 0,6, P(s2/s2) = 0,4. 

ʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʟʘ ʬʦʨʤʫʣʦʶ (2.22) ʥʘʚʝʜʝʥʽ ʚ 

ʪʘʙʣ. 2.2. ɿʘ ʟʤʽʥʝʥʠʭ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ P1(0) = 0, 

P2(0)=1 ʨʝʟʫʣʴʪʘʪʠ ʧʨʠʚʝʜʝʥʽ ʚ ʪʘʙʣ. 2.3.  

ɿ ʘʥʘʣʽʟʫ ʪʘʙʣ. 2.2 ʽ 2.3 ʚʠʧʣʠʚʘʻ, ʱʦ ʥʝʟʘʣʝʞ-

ʥʦ ʚʽʜ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ ʫʞʝ ʥʘ 5-ʦʤʫ ʢʨʦʮʽ ʚʩʪʘʥʦ-

ʚʣʶʶʪʴʩʷ ʟʥʘʯʝʥʥʷ P1 = 0,5454 ʽ P2 = 0,4546.  
                                            

                                                        ʊʘʙʣʠʮʷ 2.2 

K 0 1 2 3 4 5 

P1(k) 1 0,5 0,55 0,545 0,5454 0,54545 

P2(k) 0 0,5 0,455 0,455 0,4545 0,45455 

 
 

ɸʥʜʨ̔ʡ  

ɸʥʜʨ̔ʡʦʚʠʯ  

ʄʘʨʢʦʚ  

(1856 - 1922), 
 

ʨʦʩʽʡʩʴʢʠʡ ʤʘʪʝʤʘ-

ʪʠʢ, ʧʨʝʜʩʪʘʚʥʠʢ 

ʧʝʪʝʨʙʫʨʟʴʢʦʾ ʤʘ-

ʪʝʤʘʪʠʯʥʦʾ ʰʢʦʣʠ. 

ʅʘʨʦʜʠʚʩʷ ʚ ʈʷʟʘʥʽ. 

ʋ 1884 ʨ. ʟʘʭʠʩʪʠʚ 

ʜʦʢʪʦʨʩʴʢʫ ʜʠʩʝʨ-

ʪʘʮʽʶ, ʧʨʠʩʚʷʯʝʥʫ 

ʙʝʟʧʝʨʝʨʚʥʠʤ 

ʜʨʦʙʘʤ, ʚ ʷʢʽʡ ʜʦʚʽʚ 

ʽ ʫʟʘʛʘʣʴʥʠʚ ʜʝʷʢʽ 

ʥʝʨʽʚʥʦʩʪʽ ʏʝʙʠʰʝ-

ʚʘ, ʦʧʫʙʣʽʢʦʚʘʥʽ 

ʨʘʥʽʰʝ ʙʝʟ ʜʦʢʘʟʽʚ. 

ʄʘʨʢʦʚʫ ʥʘʣʝʞʘʪʴ 

ʪʘʢʦʞ ʯʠʩʣʝʥʥʽ 

ʨʦʙʦʪʠ ʟ ʨʽʟʥʦ-

ʤʘʥʽʪʥʠʭ ʨʦʟʜʽʣʽʚ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʥʘ-

ʣʽʟʫ. ɿ ʢʽʥʮʷ 1890-ʭ 

ʨʦʢʽʚ ʛʦʣʦʚʥʠʤ 

ʧʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜ-

ʞʝʥʴ ʚʯʝʥʦʛʦ ʩʪʘʣʘ 

ʪʝʦʨʽʷ ʡʤʦʚʽʨʥʦ-

ʩʪʝʡ, ʚʚʽʚ ʥʦʚʠʡ 

ʦʙ'ʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ 

ï ʧʦʩʣʽʜʦʚʥʦʩʪʽ 

ʟʘʣʝʞʥʠʭ ʚʠʧʘʜʢʦ-

ʚʠʭ ʚʝʣʠʯʠʥ, ʷʢʽ ʟ 

ʯʘʩʦʤ ʦʪʨʠʤʘʣʠ 

ʥʘʟʚʫ ʤʘʨʢʽʚʩʴʢʠʭ 

ʣʘʥʮʶʛʽʚ. 
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                                                                                     ʊʘʙʣʠʮʷ 2.3 

K 0 1 2 3 4 5 

P1(k) 0 0,6 0,54 0,546 0,5454 0,54546 

P2(k) 1 0,4 0,46 0,454 0,4546 0,45454 
 

ʆʩʢʽʣʴʢʠ ʜʣʷ ʚʝʣʠʢʠʭ k ʡʤʦʚʽʨʥʦʩʪʽ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ k, ʪʦ ʚʚʘʞʘʶ-

ʯʠ  P(k)=P(k-1) ʽʟ ʚʠʨʘʟʫ (2.22) ʦʪʨʠʤʫʶʪʴ ʬʦʨʤʫʣʠ ʜʣʷ ʦʮʽʥʢʠ ʛʨʘʥʠʯ-

ʥʠʭ ʟʥʘʯʝʥʴ ʡʤʦʚʽʨʥʦʩʪʝʡ P1 ʽ P2:    

( )

( ) ( )
()

( )

( ) ( )
()

1 2

1 1

1 2 2 1

2 1

2 2

1 2 2 1

,

.

P s s
P P s

P s s P s s

P s s
P P s

P s s P s s

= =
+

= =
+

 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʝʨʝʭʽʜʥʽ ʡʤʦʚʽʨʥʦʩʪʽ, ʤʦʞʥʘ ʬʦʨʤʫʚʘʪʠ ʤʦʜʝʣʽ 

ʜʚʦʩʠʤʚʦʣʴʥʠʭ ʧʦʚʽʜʦʤʣʝʥʴ ʽʟ ʨʽʟʥʠʤʠ ʩʪʘʪʠʩʪʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʽ 

ʜʦʩʣʽʜʞʫʚʘʪʠ ʚʧʣʠʚ ʢʦʨʝʣʷʮʽʾ ʥʘ ʢʽʣʴʢʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ ʜʞʝʨʝʣ.  

ɼʣʷ ʤʘʨʢʽʚʩʴʢʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ P(s1/s2)=P(s1)P(s2/s1)= P(s2)P(s1/s2),      

1 - P(s1) = P(s2), 1 - P(s2) = P(s1) ʽ ʜʣʷ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʨʝʣʷʮʽʾ ʦʪʨʠʤʘʻʤʦ: 

( ) ()( ) ()1 2 1 1/r P s s P s P s= - ( ) ()( ) ()2 1 2 2/ .P s s P s P s= -  

ɺʠʚʝʜʝʤʦ ʬʦʨʤʫʣʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʜʞʝʨʝʣʘ 

ʤʘʨʢʽʚʩʴʢʠʭ ʧʦʚʽʜʦʤʣʝʥʴ. ʗʢʱʦ ʤʘʣʠ ʤʽʩʮʝ ʧʦʜʽʾ s1 ʯʠ s2, ʪʦ ʫʤʦʚʥʽ 

ʤʘʪʝʤʘʪʠʯʥʽ ʩʧʦʜʽʚʘʥʥʷ i(s1) ʽ i(s2) ʚʠʟʥʘʯʠʤʦ ʟʘ ʬʦʨʤʫʣʘʤʠ 

   
() ( )( ) ( )( )

() ( )( ) ( )( )

1 1 1 1 1 2 1 2 1

1 1 2 1 2 2 2 2 2

/ / / / ,

/ / / / .

i s P s s i s s P s s i s s

i s P s s i s s P s s i s s

= +

= +
                       (2.23) 

ʆʯʽʢʫʚʘʥʘ ʢʽʣʴʢʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ ʜʞʝʨʝʣʘ ʥʘ ʦʜʠʥ ʩʠʤʚʦʣ  

()() ()()1 1 2 2 .i P s i s P s i s= +                                          (2.24) 

ʇʽʜʩʪʘʚʠʚʰʠ ʬʦʨʤʫʣʫ (2.23) ʚ (2.24), ʦʜʝʨʞʠʤʦ 

()( )( ) () ( )( )

()( )( ) () ( )( )

1 1 1 1 1 1 2 1 2 1

2 1 2 1 2 2 2 1 2 2

/ / / /

/ / / / .

i P s P s s i s s P s P s s i s s

P s P s s i s s P s P s s i s s

= + +

+ +
 

ɿʘ ʫʤʦʚʠ, ʱʦ ( ) ( )1 1 2 1 1/ log /i s s P s s=- , ( ) ( )2 1 2 2 1/ log /i s s P s s=- , 

( ) ( )2 2 2 2 2/ log / ,i s s P s s=-  ʦʪʨʠʤʘʻʤʦ  ( ) ( )
2 2

2
1 1

log .i j i j
i j

i P s s P s s
= =

=-ää        

ɼʣʷ ʩʠʛʥʘʣʫ ʄʘʨʢʦʚʘ ʡʤʦʚʽʨʥʦʩʪʽ ʜʦʙʫʪʢʫ ʜʚʦʭ ʧʦʜʽʡ: 

( ) ()( ) ( )( ) ( ) ( )1 1 1 1 1 1 1 1 2 1 2 2 1 ,P s s P s P s s P s s P s s P s s P s sè ø= = +ê ú 
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( ) ( ) ( )( ) ( ) ( )

( ) ()( ) ( )( ) ( ) ( )

1 2 2 1 1 2 2 1 1 2 2 1

2 2 2 2 2 2 2 2 1 1 2 2 1

,

.

P s s P s s P s s P s s P s s P s s

P s s P s P s s P s s P s s P s s P s s

è ø= = +ê ú

è ø= = +ê ú

 

ʇʨʠʢʣʘʜ. ʈʦʟʛʣʷʥʝʤʦ ʥʘʩʪʫʧʥʠʡ ʩʠʛʥʘʣ ʄʘʨʢʦʚʘ. ʇʨʠʧʫʩʪʠʤʦ, ʱʦ     

P(s1/s1)=3/4, P(s2/s1) = 1/4, P(s1/s2) = 1/8, P(s2/s2) = 7/8. ʋ ʪʘʢʦʤʫ ʧʦʚʽʜʦʤʣʝʥʥʽ   

P(s1)=1/3, P(s2)=2/3. ʗʢʙʠ ʩʠʤʚʦʣʠ ʙʫʣʠ ʥʝʟʘʣʝʞʥʽ, ʪʦ  

( ) ( ) ( )2 2log 3 3 2 3 log 3 2 0,91183.i = + =  

ʋʤʦʚʥʘ ʽʥʬʦʨʤʘʮʽʷ ʥʘ ʩʠʤʚʦʣʠ 1s  ʽ 2s :  

()( ) ( )( )1 2 23 4 log 3 4 1 4 lʦg 4i s = +  =    0,8113, 

()( ) ( ) ( )2 2 21 8 log 8 7 8 log 8 7i s = +  = 0,5428. 

ʆʯʽʢʫʚʘʥʘ ʽʥʬʦʨʤʘʮʽʷ ʜʞʝʨʝʣʘ ʥʘ ʦʜʠʥ ʩʠʤʚʦʣ ʜʦʨʽʚʥʶʻ ʾʭʥʴʦʤʫ ʩʝʨʝʜʥʴʦʤʫ 

ʟʥʘʯʝʥʥʶ  

() ()1 23 2 3 0,6323.i i s i s= + =  

 ɺʦʥʘ ʤʝʥʰʘ, ʥʽʞ ʫ ʜʞʝʨʝʣʘ ʧʦʚʽʜʦʤʣʝʥʴ ʽʟ ʥʝʟʘʣʝʞʥʠʤʠ ʩʠʤʚʦʣʘʤʠ. 

        ɺʠʟʥʘʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʫ ʚʠʧʘʜʢʫ ʦʙ'ʻʜʥʘʥʥʷ ʜʝʢʽʣʴʢʦʭ ʜʞʝ-

ʨʝʣ ʧʦʚʽʜʦʤʣʝʥʴ. ʈʦʟʛʣʷʥʝʤʦ ʜʚʘ ʜʞʝʨʝʣʘ ʧʦʚʽʜʦʤʣʝʥʴ ʟ ʘʣʬʘʚʽʪʦʤ 

ʩʠʤʚʦʣʽʚ 1
v  , 2

v , é, vn  ʽ 1u  , 2
u , é, um  ʽ ʦʙ'ʻʜʥʘʥʝ ʜʞʝʨʝʣʦ ʟ ʧʘʨʘʤʠ 

ʩʠʤʚʦʣʽʚ vj uj, i=1, 2,é,n; j=1, 2, é, m... ɺʽʜʦʤʠʡ ʙʘʛʘʪʦʚʠʤʽʨʥʠʡ ʟʘʢʦʥ 

ʨʦʟʧʦʜʽʣʫ ʡʤʦʚʽʨʥʦʩʪʝʡ P( 1
v , 2

v , é, vn, 1
u , 2

u ,é, um) = P(|v|,|u|), ʜʝ ʧʦʟ-

ʥʘʯʝʥʦ |v| = | 1
v , 2

v ,é,vn|
T` 
ï ʚʝʢʪʦʨ ʩʠʤʚʦʣʽʚ 1-ʛʦ ʜʞʝʨʝʣʘ, |u| = | 1

u , 2
u

,é,um|
T` 
ï ʚʝʢʪʦʨ ʩʠʤʚʦʣʽʚ ʜʨʫʛʦʛʦ ʜʞʝʨʝʣʘ, ʊ̀ ï ʟʥʘʢ ʪʨʘʥʩʧʦʥʫʚʘʥʥʷ. 

ʂʽʣʴʢʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ ʢʦʞʥʦʛʦ ʟ ʜʞʝʨʝʣ ʽ ʦʙ'ʻʜʥʘʥʦʛʦ ʜʞʝʨʝʣʘ:   

                  () () ()2
1

log ,
n

i i
i

i v P v P v
=

=-ä                                        (2.25ʘ) 

( ) ( ) ( )2
1

log ,
m

j j
j

i u P u P u
=

=-ä                                       (2.25ʙ) 

 ( ) ( ) ( )ää
= =

-=
n

i

m

j
jiji uvPuvPuvi

1 1
2 ,log,, .                           (2.25ʚ) 

ʗʢʱʦ ʜʞʝʨʝʣʘ ʩʪʘʪʠʩʪʠʯʥʦ ʥʝʟʘʣʝʞʥʽ, ʪʦ  ( ) ()( ),i j i jP v u P v P u=  ̔  ʪʦʜʽ  

( ) ()( ) ()( )

() () ( ) ( ) ( ) ( )

2
1 1

2 2
1 1 1 1

, log

log log .

n m

i j i j
i j

n m m m

i i j j j j
i j j j

i v u P v P u P v P u

P v P v P u P u P u P u

= =

= = = =

è ø=- =
ê ú

=- -

ää

ä ä ä ä

 

ɿ ʦʛʣʷʜʫ ʥʘ ʪʝ, ʱʦ ()
1

1
n

i
i

P v
=

=ä  ʠ ( )
1

1,
m

j
j

P u
=

=ä  ʦʜʝʨʞʠʤʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ  
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   ( ) () (), ,i v u i v i u= +                                 (2.26) 

ʪʦʙʪʦ ʽʥʬʦʨʤʘʮʽʷ ʦʙ'ʻʜʥʘʥʦʛʦ ʜʞʝʨʝʣʘ ʫ ʚʠʧʘʜʢʫ ʥʝʟʘʣʝʞʥʠʭ ʩʠʤʚʦʣʽʚ 

ʜʦʨʽʚʥʶʻ ʩʫʤʽ ʽʥʬʦʨʤʘʮʽʾ ʜʞʝʨʝʣ, ʱʦ ʚʭʦʜʷʪʴ ʚ ʦʙ'ʻʜʥʘʥʥʷ. 

        ʗʢʱʦ ʜʞʝʨʝʣʘ ʧʦʚʽʜʦʤʣʝʥʴ ʩʪʘʪʠʩʪʠʯʥʦ ʟʘʣʝʞʥʽ, ʪʦ ʜʚʦʚʠʤʽʨʥʠʡ 

ʟʘʢʦʥ ʨʦʟʧʦʜʽʣʫ:  

( ) ()( )i j i j iP v u P v P u v= =( )( ).j i jP u P v u  

ʊʦʜʽ ʚʠʨʘʟ (2.25ʚ) ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʦʙ'ʻʜʥʘʥʦʛʦ 

ʜʞʝʨʝʣʘ ʥʘʙʫʚʘʻ ʚʠʜʫ  

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

, log log .
n m

i j i i j i
i j

i v u P v P u v P v P u v
= =

è ø=- +
ê úää  

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʪʦʛʦ, ʱʦ ( )
1

/ 1
m

j i
j

P u v
=

=ä , ʦʜʝʨʞʠʤʦ: 

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

, log ,
n n

i i i i
i i

i v u P v P v P v i u v
= =

=- +ä ä  

ʜʝ ( ) ( ) ( )2
1

, / log /
m

i j i j i
j

i u v P u v P u v
=

=-ä  ï ʫʤʦʚʥʘ ʢʽʣʴʢʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ ʜʨʫ-

ʛʦʛʦ ʜʞʝʨʝʣʘ, ʷʢʱʦ ʤʘʚ ʤʽʩʮʝ ʩʠʤʚʦʣ vi ʧʝʨʰʦʛʦ ʜʞʝʨʝʣʘ. ʆʯʝʚʠʜʥʦ, 

ʱʦ ()( ) ( )
1

n

i i
i

P v i u v i u v
=

=ä  ï ʫʤʦʚʥʘ ʢʽʣʴʢʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ ʜʨʫʛʦʛʦ 

ʜʞʝʨʝʣʘ ʚʽʜʥʦʩʥʦ ʧʝʨʰʦʛʦ. ʆʪʞʝ,         ( ) () ( ).i v u i v i u v= +        (2.27) 

ʄʦʞʥʘ ʧʦʢʘʟʘʪʠ ʪʘʢʦʞ, ʱʦ ʩʧʨʘʚʝʜʣʠʚʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

( ) () ( ).i v u i è i v u= +                               (2.28) 

ʆʩʢʽʣʴʢʠ () 1,iP v <  ʪʦ ʩʧʨʘʚʝʜʣʠʚʘ ʥʝʨʽʚʥʽʩʪʴ  

()( ) ( )
1

.
n

i i
i

P v i u v i u
=

<ä  

ʆʪʞʝ, ʟʘʚʞʜʠ ʤʘʻ ʤʽʩʮʝ:   

( ) () (), ,i v u i v i u< +  

ʪʦʙʪʦ ʢʽʣʴʢʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ ʦʙ'ʻʜʥʘʥʦʛʦ ʜʞʝʨʝʣʘ ʤʝʥʰʝ ʩʫʤʠ ʽʥʬʦʨʤʘ-

ʮʽʾ ʚʠʭʽʜʥʠʭ ʩʪʘʪʠʩʪʠʯʥʦ ʟʘʣʝʞʥʠʭ ʜʞʝʨʝʣ ʧʦʚʽʜʦʤʣʝʥʴ. 

 
 
________________________________________________________________________________________________________________________________________________________________________________________ 

ʆʩʥʦʚʥ ̔ʚʠʩʥʦʚʢʠ 
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ɯʩʥʫʶʪʴ ʪʨʠ ʧʽʜʭʦʜʠ ʜʦ ʘʥʘʣʽʟʫ ʽʥʬʦʨʤʘʮʽʾ: ʩʠʥʪʘʢʩʠʯʥʠʡ, ʩʝʤʘʥʪʠʯʥʠʡ ʽ 

ʧʨʘʛʤʘʪʠʯʥʠʡ. ʅʘ ʩʠʥʪʘʢʩʠʯʥʦʤʫ ʨʽʚʥʽ ʚʨʘʭʦʚʫʶʪʴʩʷ ʪʠʧ ʥʦʩʽʷ ʽ ʩʧʦʩʽʙ ʧʨʝʜ-

ʩʪʘʚʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʽ ʦʙʨʦʙʢʠ, ʨʦʟʤʽʨʠ ʢʦʜʽʚ ʧʨʝʜʩʪʘʚ-

ʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʥʘʜʽʡʥʽʩʪʴ ʽ ʪʦʯʥʽʩʪʴ ʧʝʨʝʪʚʦʨʝʥʥʷ ʮʠʭ ʢʦʜʽʚ ʽ ʪ.ʧ. ʉʝʤʘʥ-
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ʪʠʯʥʠʡ ʘʩʧʝʢʪ ʧʨʠʧʫʩʢʘʻ ʚʨʘʭʫʚʘʥʥʷ ʟʤʽʩʪʫ ʽʥʬʦʨʤʘʮʽʾ. ɼʣʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʚʟʘʻʤʦʜʽʾ ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʯʘʩʪʢʘ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʘ ʤʽʩʪʠʪʴ ʧʝʚ-

ʥʠʡ, ʟ ʪʠʭ ʯʠ ʽʥʰʠʭ ʧʨʠʯʠʥ, ʜʦʧʫʩʪʠʤʠʡ ʦʙʩʷʛ ʜʘʥʠʭ. ʊʘʢʽ ʯʘʩʪʢʠ ʜʘʥʠʭ ʧʨʠ-

ʡʥʷʪʦ ʥʘʟʠʚʘʪʠ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʦʙôʻʢʪʘʤʠ ʯʠ ʧʦʚʽʜʦʤʣʝʥʥʷʤʠ. 

ɯʥʬʦʨʤʘʮʽʷ ʻ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʥʝ ʧʦʚʽʜʦʤʣʝʥʥʷ, ʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʤʽʞ 

ʜʞʝʨʝʣʦʤ ʽʥʬʦʨʤʘʮʽʾ (ʦʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ), ʧʦʚʽʜʦʤʣʝʥʥʷʤ ʽ ʡʦʛʦ ʩʧʦʞʠ-

ʚʘʯʝʤ. ɯʥʬʦʨʤʘʮʽʡʥʽ ʦʙôʻʢʪʠ - ʧʨʝʜʤʝʪʠ, ʧʨʦʮʝʩʠ, ʷʚʠʱʘ ʤʘʪʝʨʽʘʣʴʥʦʾ ʘʙʦ 

ʥʝʤʘʪʝʨʽʘʣʴʥʦʾ ʚʣʘʩʪʠʚʦʩʪʽ, ʱʦ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʟ ʧʦʛʣʷʜʫ ʾʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ.  

ɼʞʝʨʝʣʦ ʽʥʬʦʨʤʘʮʽʾ ʘʙʦ ʧʦʚʽʜʦʤʣʝʥʥʷ - ʮʝ ʬʽʟʠʯʥʠʡ ʦʙ'ʻʢʪ, ʩʠʩʪʝʤʘ ʘʙʦ 

ʷʚʠʱʝ, ʱʦ ʬʦʨʤʫʶʪʴ ʧʝʨʝʜʘʥʝ ʧʦʚʽʜʦʤʣʝʥʥʷ. ʉʘʤʝ ʧʦʚʽʜʦʤʣʝʥʥʷ - ʮʝ ʟʥʘ-

ʯʝʥʥʷ ʘʙʦ ʟʤʽʥʘ ʜʝʷʢʦʾ ʬʽʟʠʯʥʦʾ ʚʝʣʠʯʠʥʠ, ʱʦ ʚʽʜʙʠʚʘʶʪʴ ʩʪʘʥ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʛʦ ʦʙ'ʻʢʪʘ (ʩʠʩʪʝʤʠ ʘʙʦ ʷʚʠʱʘ). ʐʣʷʭʠ ʽ ʧʨʦʮʝʩʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʝʨʝʜʘʯʫ 

ʧʦʚʽʜʦʤʣʝʥʴ ʚʽʜ ʜʞʝʨʝʣʘ ʽʥʬʦʨʤʘʮʽʾ ʜʦ ʾʾ ʩʧʦʞʠʚʘʯʘ, ʥʘʟʠʚʘʶʪʴʩʷ ʽʥʬʦʨʤʘ-

ʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʠʤʠ ʩʠʩʪʝʤʘʤʠ. 

ʉʪʫʧʽʥʴ ʟʤʽʥʠ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʩʠʪʫʘʮʽʾ ʧʦʢʣʘʜʝʥʦ ʚ ʦʩʥʦʚʫ ʢʽʣʴʢʽʩʥʦʾ 

ʤʽʨʠ ʽʥʬʦʨʤʘʮʽʾ. ʇʨʠ ʚʚʝʜʝʥʥʽ ʢʽʣʴʢʽʩʥʦʾ ʤʽʨʠ ʽʥʬʦʨʤʘʮʽʾ ʧʨʠʡʥʷʪʦ ʥʝ ʚʨʘʭʦ-

ʚʫʚʘʪʠ ʟʤʽʩʪ ʧʦʚʽʜʦʤʣʝʥʴ (ʩʝʤʘʥʪʠʢʫ), ʘ ʦʙʤʝʞʫʚʘʪʠʩʷ ʪʽʣʴʢʠ ʬʦʨʤʘʣʴʥʠʤʠ 

ʦʟʥʘʢʘʤʠ, ʚʘʞʣʠʚʠʤʠ ʟ ʧʦʛʣʷʜʫ ʧʝʨʝʜʘʯʽ ʧʦʚʽʜʦʤʣʝʥʴ ʧʦ ʢʘʥʘʣʘʭ ʟʚôʷʟʢʫ. 

ʋ ʪʝʦʨʽʾ ʽʥʬʦʨʤʘʮʽʾ ʧʽʜ ʢʽʣʴʢʽʩʪʶ ʽʥʬʦʨʤʘʮʽʾ ʨʦʟʫʤʽʶʪʴ ʤʽʨʫ ʟʤʝʥʰʝʥʥʷ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʟʥʘʥʥʷ. ɿʥʘʭʦʜʞʝʥʥʷ ʪʘʢʦʾ ʤʽʨʠ ʚʠʤʘʛʘʻ ʦʮʽʥʢʠ ʽ ʦʙʣʽʢʫ ʢʽʣʴ-

ʢʦʩʪʽ ʧʝʨʝʜʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. ʋ ʪʝʦʨʽʾ ʽʥʬʦʨʤʘʮʽʾ ʢʽʣʴʢʽʩʪʶ ʽʥʬʦʨʤʘʮʽʾ ʥʘʟʠʚʘ-

ʶʪʴ ʯʠʩʣʦʚʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʩʠʛʥʘʣʫ, ʷʢʘ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʡʦʛʦ ʬʦʨʤʠ ʽ ʟʤʽʩʪʫ 

ʽ ʭʘʨʘʢʪʝʨʠʟʫʻ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ, ʷʢʘ ʟʥʠʢʘʻ ʧʽʩʣʷ ʦʪʨʠʤʘʥʥʷ ʧʦʚʽʜʦʤʣʝʥʥʷ ʫ 

ʚʠʛʣʷʜʽ ʜʘʥʦʛʦ ʩʠʛʥʘʣʫ.  

ʂʽʣʴʢʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʩʠʥʪʘʢʩʠʯʥʦʤʫ ʨʽʚʥʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʯʝʨʝʟ ʧʦʥʷʪʪʷ 

ʝʥʪʨʦʧʽʾ ʩʠʩʪʝʤʠ. ɽʥʪʨʦʧʽʷ ʚʠʟʥʘʯʘʻ ʤʽʨʫ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʚʩʽʻʾ ʙʝʟʣʽʯʽ ʧʦʚʽʜʦ-

ʤʣʝʥʴ ʥʘ ʚʭʦʜʽ ʩʠʩʪʝʤʠ ʽ ʦʙʯʠʩʣʶʻʪʴʩʷ ʷʢ ʩʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ ʚʣʘʩʥʦʾ ʽʥʬʦʨʤʘ-

ʮʽʾ ʫ ʚʩʽʭ ʧʦʚʽʜʦʤʣʝʥʥʷʭ. ɽʥʪʨʦʧʽʷ ʜʞʝʨʝʣʘ ʡ ʢʽʣʴʢʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ ʪʠʤ ʙʽʣʴ-

ʰʝ, ʯʠʤ ʙʽʣʴʰʝ ʨʦʟʤʽʨ ʘʣʬʘʚʽʪʫ ʜʞʝʨʝʣʘ. ɽʥʪʨʦʧʽʷ  ʜʞʝʨʝʣʘ  ʟʘʣʝʞʠʪʴ  ʚʽʜ  

ʩʪʘʪʠʩʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʚʽʜʦʤʣʝʥʴ. ɽʥʪʨʦʧʽʷ ʤʘʢʩʠʤʘʣʴʥʘ, ʷʢʱʦ ʧʦʚʽ-

ʜʦʤʣʝʥʥʷ ʜʞʝʨʝʣʘ ʨʽʚʥʦʡʤʦʚʽʨʥʽ ʡ ʩʪʘʪʠʩʪʠʯʥʦ ʥʝʟʘʣʝʞʥʽ. ɽʥʪʨʦʧʽʷ ʜʞʝʨʝʣʘ, 

ʱʦ ʚʠʨʦʙʣʷʻ ʥʝʨʽʚʥʦʡʤʦʚʽʨʥʽ ʧʦʚʽʜʦʤʣʝʥʥʷ, ʟʘʚʞʜʠ ʤʝʥʰʝ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦ-

ʩʷʞʥʦʾ. 

ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʝʥʪʨʦʧʽʾ ʡ ʢʽʣʴʢʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʚ ʧʦʚʽʜʦʤʣʝʥʥʷʭ, ʝʣʝʤʝʥ-

ʪʠ ʷʢʠʭ ʩʪʘʪʠʩʪʠʯʥʦ ʟʚ'ʷʟʘʥʽ, ʥʝ ʤʦʞʥʘ ʦʙʤʝʞʫʚʘʪʠʩʷ ʪʽʣʴʢʠ ʙʝʟʫʤʦʚʥʠʤʠ 

ʡʤʦʚʽʨʥʦʩʪʷʤʠ  - ʥʝʦʙʭʽʜʥʦ ʦʙʦʚ'ʷʟʢʦʚʦ ʚʨʘʭʦʚʫʚʘʪʠ ʪʘʢʦʞ ʫʤʦʚʥʽ ʡʤʦʚʽʨʥʦ-

ʩʪʽ ʧʦʷʚʠ ʦʢʨʝʤʠʭ ʧʦʚʽʜʦʤʣʝʥʴ. 

ʉʧʽʣʴʥʘ ʝʥʪʨʦʧʽʷ ʜʚʦʭ ʧʦʚʽʜʦʤʣʝʥʴ ʜʦʨʽʚʥʶʻ ʩʫʤʽ ʙʝʟʫʤʦʚʥʦʾ ʝʥʪʨʦʧʽʾ 

ʦʜʥʦʛʦ ʟ ʥʠʭ ʽ ʫʤʦʚʥʦʾ ʝʥʪʨʦʧʽʾ ʜʨʫʛʦʛʦ. ʇʨʠ ʥʘʷʚʥʦʩʪʽ ʟʚ'ʷʟʢʫ ʤʽʞ ʝʣʝʤʝʥʪʘ-

ʨʥʠʤʠ ʧʦʚʽʜʦʤʣʝʥʥʷʤʠ ʝʥʪʨʦʧʽʷ ʜʞʝʨʝʣʘ ʟʥʠʞʫʻʪʴʩʷ. 
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________________________________________________________________________________________________________________________________________________________________________________________ 

ɿʘʧʠʪʘʥʥʷ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʶ  
__________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ 
 

 

1. ɿ  ʧʨʦʷʚʘʤʠ ʷʢʠʭ ʬʫʥʢʮʽʡ ʽʥʬʦʨʤʘʮʽʾ ʥʘʡʯʘʩʪʽʰʝ ʤʠ ʟʫʩʪʨʽʯʘʻʤʦʩʷ? 

2. ʅʘʩʢʽʣʴʢʠ ʘʢʪʫʘʣʴʥʽ ʚ ʧʠʪʘʥʥʽ ʽʥʬʦʨʤʘʮʽʾ ʾʾ ʜʠʥʘʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ? 

3. ʋ ʯʦʤʫ ʧʦʣʷʛʘʻ ʚʽʜʤʽʥʥʽʩʪʴ ʚ ʧʦʥʷʪʪʷʭ ñɼʘʥʽò ʪʘ ñɯʥʬʦʨʤʘʮʽʷò? 

4.   ʅʘʚʝʜʽʪʴ ʧʨʠʢʣʘʜʠ ʩʢʣʘʜʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʦʙôʻʢʪʽʚ. 

5.  ɿʘʧʠʰʽʪʴ ʬʦʨʤʫʣʠ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʱʦ ʤʽʩʪʠʪʴ 

ʧʦʚʽʜʦʤʣʝʥʥʷ. 

6.  ʈʦʟʢʨʠʡʪʝ ʚʣʘʩʪʠʚʽʩʪʴ ʩʠʤʝʪʨʽʾ ʜʣʷ ʢʽʣʴʢʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ. 

7.  ʈʦʟʢʨʠʡʪʝ ʚʣʘʩʪʠʚʽʩʪʴ ʘʜʠʪʠʚʥʦʩʪʽ ʜʣʷ ʢʽʣʴʢʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ.   

8.  ɿʘʧʠʰʽʪʴ ʬʦʨʤʫʣʫ ʜʣʷ ʩʝʨʝʜʥʴʦʾ ʢʽʣʴʢʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʫ ʧʦʚʽʜʦʤʣʝʥʥʽ.  

9.  ʗʢʽ ʤʽʨʠ ʽʥʬʦʨʤʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʢʽʣʴʢʽʩʥʦʾ ʾʾ ʦʮʽʥʢʠ? 

10.  ʅʘʟʚʽʪʴ ʦʜʠʥʠʮʽ ʚʠʤʽʨʶʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. 

11.  ʅʘʚʝʜʽʪʴ ʢʣʘʩʠʬʽʢʘʮʽʶ ʤʽʨ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʾʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

12. ɼʘʡʪʝ ʚʠʟʥʘʯʝʥʥʷ ʝʥʪʨʦʧʽʾ. 

13. ɺʠʚʝʜʽʪʴ ʬʦʨʤʫʣʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʧʽʣʴʥʦʾ ʝʥʪʨʦʧʽʾ ʜʚʦʭ ʜʞʝʨʝʣ X ʽ Y . 

14.  ɺʽʜʟʥʘʯʪʝ ʦʩʥʦʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʝʥʪʨʦʧʽʾ ʩʢʣʘʜʥʠʭ ʧʦʚʽʜʦʤʣʝʥʴ. 

15.  ɺʠʟʥʘʯʪʝ ʤʝʞʽ ʚ ʷʢʠʭ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʴ ʫʤʦʚʥʘ ʝʥʪʨʦʧʽʷ. 

16.  ʗʢ ʟʤʽʥʶʻʪʴʩʷ ʝʥʪʨʦʧʽʷ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʩʪʘʪʠʩʪʠʯʥʠʭ ʟʚ'ʷʟʢʽʚ ʤʽʞ ʝʣʝ-

ʤʝʥʪʘʨʥʠʤʠ ʧʦʚʽʜʦʤʣʝʥʥʷʤʠ? 

 
___________________________________________________________________________________________________________________________________________________ 

Conclusions 
___________________________________________________________________________________________________________________________________________________ 

 

There are three approaches to information analysis: syntactic, semantic and 

pragmatic. At the syntactic level carrier type and way of information presenting, 

transmission and processing speed, code sizes of provided information, reliability 

and accuracy of conversion of these codes, etc are taken into account. Semantic 

aspect allows information content accounting. To ensure information interaction, 

the part of information that contains specific (or permissible) data volume is most 

commonly used. Such data parts are called information objects or messages. 

Information is not a message characteristic, but a ratio between information 

source (research object), message and its user. Information objects - subjects, pro-

cesses, phenomena of material or immaterial nature that are viewed in terms of 

their information properties. 

The source of information or message - is a physical object, a system or phe-

nomenon that generates transmitted message. Message is a value or change of a 

physical quantity that reflects state of information object (system or phenomenon). 

Ways and processes that ensure messages transmission from source to user are 

called information-communication systems. 

The degree of situation uncertainty changes forms the basis of quantitative 

measure of information. When introducing a quantitative measure of information 

only formal attributes that are important in terms of messages transmission via 

communication channels should be taken into account, not message content (se-
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mantics). 

In information theory quantity of information means a measure of reducing 

knowledge uncertainty. Finding such a measure requires estimating and calculating 

the quantity of information transmitted. In information theory, the quantity of in-

formation is a numerical characteristic of signal that does not depend on its form 

and content and characterizes uncertainty that disappears after receiving a message 

in form of a given signal. 

The quantity of information on the syntactical level is defined by the concept 

of system entropy. Entropy defines a measure of uncertainty of all the multiple 

messages at system input and is calculated as an average number of its own infor-

mation in all messages. The larger the size of the source alphabet, the greater the 

source entropy and quantity of information. Source entropy depends on statistical 

properties of messages. Entropy is maximal, if source messages are equally proba-

ble and statistically independent. Source entropy that generates not equally proba-

ble messages is always less than the maximum allowable.  

When determining entropy and information quantity in messages, which ele-

ments are statistically related, we should not be limited by unconditional probabili-

ties ï we should also consider conditional probabilities of separate messages 

emerging. 

The total entropy of two messages is the sum of unconditional entropy of one 

message and conditional entropy of the second. When there is a link between ele-

mentary messages, source entropy decreases.  
 

ʂʣʶʯʦʚ̔ ʩʣʦʚʘ 
 

ʥ̔ʬʦʨʤʘʮʽʡʥʝ ʧʦʚʽʜʦʤʣʝʥʥʷ information message 

ʜʞʝʨʝʣʦ ʥ̔ʬʦʨʤʘʮʽʾ information source   

ʢ̔ʣɹ ʢʽʩʪʴ ʥ̔ʬʦʨʤʘʮʽʾ amount of information 

ʤ̔ʨʘ ̔ʥʬʦʨʤʘʮʽʾ measure of information 

 



 

 

ʉʀɻʅɸʃʀ ʊɸ ɰʍ 

ʄɸʊɽʄɸʊʀʏʅɯ ʄʆɼɽʃɯ 

3.1. ɺʠʜʠ ʩʠʛʥʘʣʽʚ ʪʘ ʾʭ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ 

3.2. ɺʠʧʘʜʢʦʚʽ ʩʠʛʥʘʣʠ ʪʘ ʟʘʚʘʜʠ 

3.3. ʏʠʩʣʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʛʥʘʣʽʚ ʽ ʟʘʚʘʜ 

3.4. ʄʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʩʠʛʥʘʣʽʚ  

       ʟ ʦʙʤʝʞʝʥʠʤ ʩʧʝʢʪʨʦʤ  
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3.1. ɺʠʜʠ ʩʠʛʥʘʣʽʚ ʪʘ ʾʭ ʤʘʪʝʤʘʪʠʯʥ ̔ʤʦʜʝʣʽ  
 

ɿʛʽʜʥʦ ʟ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʦʶ ʪʝʨʤʽʥʦʣʦʛʽʻʶ ʩʠʛʥʘʣʦʤ ʥʘʟʠʚʘʶʪʴ 

ʧʨʦʮʝʩ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʟʤʽʥʫ ʚ ʧʨʦʩʪʦʨʽ ʪʘ ʯʘʩʽ ʬʽʟʠʯʥʦʛʦ ʩʪʘʥʫ 

ʜʝʷʢʦʛʦ ʦʙôʻʢʪʘ ʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ, ʨʝʻʩʪʨʘʮʽʾ, 

ʧʝʨʝʜʘʚʘʥʥʷ,  ʧʨʠʡʤʘʥʥʷ ʽ ʦʧʨʘʮʶʚʘʥʥʷ  ʧʦʚʽʜʦʤʣʝʥʴ. 
ʉʠʛʥʘʣʠ ʤʦʞʫʪʴ ʤʘʪʠ ʨʽʟʥʫ ʬʽʟʠʯʥʫ ʧʨʠʨʦʜʫ. ʐʠʨʦʢʦ ʚʽʜʦʤʽ ʝʣʝʢʪʨʠʯʥʽ 

ʩʠʛʥʘʣʠ (ʩʪʨʫʤ ʯʠ ʥʘʧʨʫʛʘ), ʢʦʥʢʨʝʪʥʫ ʨʝʘʣʽʟʘʮʽʶ ʷʢʠʭ ʤʦʞʥʘ ʩʧʦʩʪʝʨʽʛʘʪʠ ʥʘ 

ʝʢʨʘʥʽ ʦʩʮʠʣʦʛʨʘʬʫ ʯʠ ʚ ʽʥʰʠʭ ʧʨʠʩʪʨʦʷʭ ʚʽʜʦʙʨʘʞʝʥʥʷ ʩʠʛʥʘʣʽʚ; ʘʢʫʩʪʠʯʥʽ 

ʩʠʛʥʘʣʠ, ʩʧʨʠʡʥʷʪ̔ ʦʨʛʘʥʘʤʠ ʩʣʫʭʫ, ʪʦʱʦ. 

ʉʠʛʥʘʣʠ ʚ ʟʘʚʜʘʥʥʷʭ ʚʠʤʽʨʶʚʘʥʥʷ ʽʤʝʥʫʶʪʴʩʷ ʚʠʤʽʨʶʚʘʣʴʥʠʤʠ 

ʩʠʛʥʘʣʘʤʠ ʽ ʦʧʠʩʫʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʠʤʠ ʤʘʪʝʤʘʪʠʯʥʠʤʠ ʤʦʜʝʣʷʤʠ, 

ʘʨʛʫʤʝʥʪʘʤʠ ʷʢʠʭ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʻ ʧʨʦʩʪʦʨʦʚʽ ʟʤʽʥʥʽ ( x, y,z ) 

ʽ ʯʘʩ t . 

ɿʥʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʩʠʛʥʘʣʽʚ ʜʘʻ ʟʤʦʛʫ ʧʨʦʚʦʜʠʪʠ ʾʭ 

ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ, ʚʠʟʥʘʯʘʪʠ ʾʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʧʘʨʘʤʝʪʨʠ), 

ʦʮʽʥʶʚʘʪʠ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʴ, ʫʩʪʘʥʦʚʣʶʚʘʪʠ ʪʦʪʦʞʥʽʩʪʴ ʽ 

ʨʦʟʙʽʞʥʦʩʪʽ ʩʠʛʥʘʣʽʚ ʪʘ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʾʭ. ʗʢ ʧʨʘʚʠʣʦ ʥʘʟʚʘ ʚʠʤ̔-

ʨʶʚʘʣʴʥʦʛʦ ʩʠʛʥʘʣʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʜʦʤ ʡʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ, 

ʥʘʧʨʠʢʣʘʜ, ʜʝʪʝʨʤʽʥʦʚʘʥʽ ʩʠʛʥʘʣʠ ʦʧʠʩʫʶʪʴʩʷ ʜʝʪʝʨʤʽʥʦʚʘʥʠʤʠ 

ʬʫʥʢʮʽʷʤʠ, ʚʠʧʘʜʢʦʚʽ ï ʚʠʧʘʜʢʦʚʠʤʠ ʬʫʥʢʮʽʷʤʠ. 

ʉʧʦʯʘʪʢʫ ʨʦʟʛʣʷʥʝʤʦ ʦʩʥʦʚʥʽ ʚʠʜʠ ʦʜʥʦʚʠʤʽʨʥʦʛʦ ʩʠʛʥʘʣʫ ʯʘʩʫ 

s( t ), ʷʢʠʡ ʤʘʻ ʦʙʣʘʩʪʴ ʚʠʟʥʘʯʝʥʥʷ t TÍ  ʽ ʦʙʣʘʩʪʴ ʟʥʘʯʝʥʴ S RÌ .  

ʍʘʨʘʢʪʝʨ ʟʤʽʥʠ ʟʥʘʯʝʥʴ ʽ ʘʨʛʫʤʝʥʪʫ ʩʠʛʥʘʣʫ. ʗʢʱʦ ʚʟʷʪʠ ʟʘ 

ʢʣʘʩʠʬʽʢʘʮʽʡʥʫ ʦʟʥʘʢʫ ʚʠʜʫ ʩʠʛʥʘʣʫ ï ʭʘʨʘʢʪʝʨ ʟʤʽʥʠ ʡʦʛʦ ʟʥʘʯʝʥʴ ʽ 

ʘʨʛʫʤʝʥʪʫ, ʪʦ ʤʦʞʣʠʚʽ ʥʘʩʪʫʧʥʽ ʯʦʪʠʨʠ ʚʠʜʠ ʩʠʛʥʘʣʽʚ (ʨʠʩ. 3.1): 

1)  ʩʠʛʥʘʣʠ ʥʝʧʝʨʝʨʚʥʽ ʟʘ ʟʥʘʯʝʥʥʷʤ ʽ ʯʘʩʦʤ; 

2)  ʩʠʛʥʘʣʠ ʜʠʩʢʨʝʪʥʽ ʚ ʯʘʩʽ ʽ ʥʝʧʝʨʝʨʚʥʽ ʟʘ ʟʥʘʯʝʥʥʷʤʠ; 

3)  ʩʠʛʥʘʣʠ ʜʠʩʢʨʝʪʥʽ (ʢʚʘʥʪʦʚʘʥʽ) ʟʘ ʟʥʘʯʝʥʥʷʤʠ ʽ ʥʝʧʝʨʝʨʚʥʽ ʚ 
ʯʘʩʽ; 

4)  ʩʠʛʥʘʣʠ ʜʠʩʢʨʝʪʥʽ ʟʘ ʟʥʘʯʝʥʥʷʤ ʽ ʯʘʩʦʤ ï ʮʠʬʨʦʚʽ ʩʠʛʥʘʣʠ. 

ʉʠʛʥʘʣʠ ʧʝʨʰʦʛʦ ʚʠʜʫ (ʨʠʩ. 3.1,ʘ) ʥʘʟʠʚʘʶʪʴ ʘʥʘʣʦʛʦʚʠʤʠ, ʘʙʦ 

ʥʝʧʝʨʝʨʚʥʠʤʠ. ʄʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʪʘʢʠʭ ʩʠʛʥʘʣʽʚ ʟʘʧʠʩʫʶʪʴ ʫ ʚʠ-

ʜ:̔ (),s t  (),x t  (),u t  é. 

ʉʠʛʥʘʣʠ ʜʨʫʛʦʛʦ ʚʠʜʫ (ʨʠʩ. 3.1,ʙ} ʥʘʟʠʚʘʶʪʴ ʜʠʩʢʨʝʪʥʠʤʠ ʚ ʯʘ-

ʩʽ, ʘʙʦ ʜʠʩʢʨʝʪʠʟʦʚʘʥʠʤʠ ʩʠʛʥʘʣʘʤʠ. ʊʝʨʤʽʥ ʜʠʩʢʨʝʪʥʠʡ ʚʠʟʥʘʯʘʻ 

ʜʠʩʢʨʝʪʥʫ ʯʘʩʦʚʫ ʦʙʣʘʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʩʠʛʥʘʣʫ. 

ʏʘʩʦʚʠʡ ʽʥʪʝʨʚʘʣ 1 ,n n nt t t+D = -  0, 1,n= ʥʘʟʠʚʘʶʪʴ n-ʠʤ ʢʨʦʢʦʤ 

ʯʘʩʦʚʦʾ ʜʠʩʢʨʝʪʠʟʘʮʽʾ. ʗʢʱʦ ʢʨʦʢ ʯʘʩʦʚʦʾ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ntD  ʥʝ ʟʘʣʝ-
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ʞʠʪʴ ʚʽʜ n, ʪʦʙʪʦ ʻ ʩʪʘʣʠʤ, ʪʦ ʦʙʣʘʩʪ ʁʚʠʟʥʘʯʝʥʥʷ ʩʠʛʥʘʣʫ ʻ ʝʢʚʜ̔ʠʩʪʘ-

ʥʪʥʘ ʛʨʘʪʢʘ ʯʘʩʫ. ɯʥʪʝʨʚʘʣ ntD  ʥʘʟʠʚʘʶʪʴ ʧʝʨʽʦʜʦʤ ʜʠʩʢʨʝʪʠʟʘʮʽʾ. ʄʘ-

ʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʪʘʢʠʭ ʩʠʛʥʘʣʽʚ ʧʦʟʥʘʯʘʶʪʴ ʷʢ:   

() () (), , ,
n n n

s t x t u t  0,1,...n=  . 

 s 

t         

 s 

n 0 1 2 3 4 5 

t 

 
                     ʘ                        ʙ       

   

 k 

t 

s 

0 

1 

2 
3 

4 

5 

             

 k 

n 0 5 6 7 

t 

1 2 3 4 8 

1 

2 

3 

4 

s 

 
                  ʚ                        ʛ 

ʈʠʩ. 3.1. ʆʩʥʦʚʥʽ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʽ ʤʦʜʝʣʽ ʩʠʛʥʘʣʽʚ 
 

ʉʠʛʥʘʣʠ ʪʨʝʪʴʦʛʦ ʚʠʜʫ (ʨʠʩ. 3.1,ʚ) ʥʘʟʠʚʘʶʪʴ ʢʚʘʥʪʦʚʘʥʠʤʠ. ɼʣʷ 

ʮʴʦʛʦ ʚʠʜʫ ʩʠʛʥʘʣʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʜʠʩʢʨʝʪʠʟʘʮʽʷ ʟʘ ʨʽʚʥʝʤ (ʟʥʘʯʝʥʥʷʤ), 

ʘ ʩʘʤ ʩʠʛʥʘʣ ʧʨʠʡʤʘʻ ʪʽʣʴʢʠ ʦʜʥʝ ʟ ʤʥʦʞʠʥʠ ʟʥʘʯʝʥʴ { }0
k k

s ,k ,m ,s S.= Í  

ʂʨʦʢ ʢʚʘʥʪʫʚʘʥʥʷ ʩʠʛʥʘʣʫ ʟʘ ʨʽʚʥʝʤʠ 
1k k k

s s s
+

D = -, ʷʢ ʧʨʘʚʠʣʦ ʚʠʙʠ-

ʨʘʻʪʴʩʷ ʩʪʘʣʠʤ, ʪʦʙʪʦ ʥʝʟʘʣʝʞʥʠʤ ʚʽʜ k . ʄʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʪʘʢʠʭ 

ʩʠʛʥʘʣʽʚ ʧʦʟʥʘʯʘʶʪʴ ʫ ʪʘʢʦʤʫ ʚʠʜʽ:  () () (), , ,
k k k

s t x t u t  0,1,...k=  .  

ʉʠʛʥʘʣʠ ʯʝʪʚʝʨʪʦʛʦ ʚʠʜʫ (ʨʠʩ. 3.1,ʛ) ʥʘʟʠʚʘʶʪʴ ʮʠʬʨʦʚʠʤʠ. ʊʘʢʽ 

ʩʠʛʥʘʣʠ ʬʦʨʤʫʶʪʴʩʷ ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʰʣʷʭʦʤ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʚ ʯʘʩʽ 

ʽ ʢʚʘʥʪʫʚʘʥʥʷ ʟʥʘʯʝʥʴ ʥʝʧʝʨʝʨʚʥʦʛʦ ʩʠʛʥʘʣʫ, ʘʙʦ ʩʪʚʦʨʶʶʪʴʩʷ ʽʥʰʠʤʠ 

ʜʞʝʨʝʣʘʤʠ (ʛʝʥʝʨʘʪʦʨʘʤʠ ʩʠʛʥʘʣʽʚ). ʄʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʪʘʢʠʭ ʩʠʛ-

ʥʘʣʽʚ ʧʦʜʘʶʪʴ ʫ ʚʠʜʽ:  () () (), , ,k n k n k ns t x t u t  , 0,1,...n k=  . 

ʅʝʧʨʦʛʥʦʟʦʚʘʥʽʩʪʴ ʟʥʘʯʝʥʴ ʩʠʛʥʘʣʫ. ʗʢʱʦ ʟʘ ʢʣʘʩʠʬʽʢʘʮʽʡʥʫ 

ʦʟʥʘʢʫ ʚʠʜʫ ʩʠʛʥʘʣʫ ʚʟʷʪʠ ʥʝʧʨʦʛʥʦʟʦʚʘʥʽʩʪʴ ʟʥʘʯʝʥʥʷ ʩʠʛʥʘʣʫ ʚ ʙʫʜʴ-

ʷʢʠʡ ʤʦʤʝʥʪ ʯʘʩʫ t, ʪʦ ʚʩʶ ʩʫʢʫʧʥʽʩʪʴ ʩʠʛʥʘʣʽʚ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ 

ʜʝʪʝʨʤʽʥʦʚʘʥʽ ʪʘ ʚʠʧʘʜʢʦʚʽ ʩʠʛʥʘʣʠ. 

ɼʝʪʝʨʤʽʥʦʚʘʥʠʤʠ ʥʘʟʠʚʘʶʪʴʩʷ ʩʠʛʥʘʣʠ, ʟʥʘʯʝʥʥʷ ʷʢʠʭ ʤʦʞʫʪʴ 

ʙʫʪʠ ʚʠʟʥʘʯʝʥʽ ʚ ʙʫʜʴ-ʷʢʠʡ ʤʦʤʝʥʪ ʯʘʩʫ, ʪʦʙʪʦ ʩʠʛʥʘʣʠ ʻ ʧʨʦʛʥʦʟʦʚʘ-

ʥʠʤʠ ʟ ʡʤʦʚʽʨʥʽʩʪʶ, ʷʢʘ ʜʦʨʽʚʥʶʻ ʦʜʠʥʠʮʽ.  
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ʅʘʡʧʨʦʩʪʽʰʠʤ ʧʨʠʢʣʘʜʦʤ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʜʝʪʝʨʤʽʥʦʚʘʥʦʛʦ 

ʩʠʛʥʘʣʫ ʤʦʞʝ ʙʫʪʠ ʛʘʨʤʦʥʽʯʥʝ ʢʦʣʠʚʘʥʥʷ                

 () ( )0 0
cos ,u t A t t Tw f= + Í,                                          (3.1) 

ʜʣʷ ʷʢʦʛʦ ʘʤʧʣʽʪʫʜʘ ɸ, ʢʫʪʦʚʘ ʯʘʩʪʦʪʘ 0w  ʽ ʧʦʯʘʪʢʦʚʘ ʬʘʟʘ 0j  ʢʦʣʠ-

ʚʘʥʴ ʟʘʜʘʥʽ. 

ɺʠʧʘʜʢʦʚʠʤʠ ʥʘʟʠʚʘʶʪʴ ʩʠʛʥʘʣʠ, ʟʥʘʯʝʥʥʷ ʷʢʠʭ ʫ ʙʫʜʴ-ʷʢʠʡ ʤʦ-

ʤʝʥʪ ʯʘʩʫ ʥʝʤʦʞʣʠʚʦ ʚʠʟʥʘʯʠʪʠ ʟ ʡʤʦʚʽʨʥʽʩʪʶ, ʱʦ ʜʦʨʽʚʥʶʻ ʦʜʠʥʠʮʽ. 

ʇʨʠʢʣʘʜʘʤʠ ʚʠʧʘʜʢʦʚʠʭ ʩʠʛʥʘʣʽʚ ʤʦʞʫʪʴ ʙʫʪʠ ʘʢʫʩʪʠʯʥʽ ʢʦʣʠʚʘʥ-

ʥʷ, ʚʽʜʪʚʦʨʶʚʘʥʽ ʘʢʫʩʪʠʯʥʦʶ ʘʧʘʨʘʪʫʨʦʶ; ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʟʘʚʘʜʠ, 

ʩʪʚʦʨʶʚʘʥʽ ʘʪʤʦʩʬʝʨʥʠʤʠ ʷʚʠʱʘʤʠ, ʪʦʱʦ. 

ɹʽʣʴʰ ʜʝʪʘʣʴʥʦ ʚʠʧʘʜʢʦʚʽ ʩʠʛʥʘʣʠ, ʷʢʽ ʦʧʠʩʫʶʪʴʩʷ ʚʠʧʘʜʢʦʚʠʤʠ 

ʬʫʥʢʮʽʷʤʠ, ʨʦʟʛʣʷʜʘʪʠʤʫʪʴʩʷ ʚ ʨʦʟʜʽʣʽ 3.2. ʉʣʽʜ ʪʘʢʦʞ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ 

ʨʝʘʣʽʟʘʮʽʷʤʠ ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ ʻ ʦʜʥʦʚʠʤʽʨʥʽ ʜʝʪʝʨʤʽʥʦʚʘʥʽ ʬʫʥʢ-

ʮʽʾ ʯʘʩʫ.  

ɻʨʘʬʽʢʠ ʜʝʪʝʨʤʽʥʦʚʘʥʦʛʦ ʩʠʛʥʘʣʫ ʚʠʜʫ (3.1) ̔ ʟ ʧʦʯʘʪʢʦʚʦʶ ʬʘʟʦʶ 

0 0j = ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 3.2,ʘ, ʘ ʨʝʘʣʽʟʘʮʽʷ ʚʠʧʘʜʢʦʚʦʛʦ ï ʥʘ ʨʠʩ. 3.2,ʙ.  

 u(t) 
A 

ïA 

t t 

    
                          ʘ                                                                       ʙ 

ʈʠʩ.  3.2. ɻʨʘʬʽʢʠ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʩʠʛʥʘʣʽʚ: 

ʘ ð ʜʝʪʝʨʤʽʥʦʚʘʥʦʛʦ; ʙ ð ʚʠʧʘʜʢʦʚʦʛʦ 
 

ʇʨʘʢʪʠʯʥʦ ʚʩʽ ʚʠʤʽʨʶʚʘʣʴʥʽ ʩʠʛʥʘʣʠ, ʱʦ ʥʝʩʫʪʴ ʽʥʬʦʨʤʘʮʽʶ, ʻ 

ʚʠʧʘʜʢʦʚʠʤʠ, ʦʩʢʽʣʴʢʠ ʜʝʪʝʨʤʽʥʦʚʘʥʠʡ (ʪʦʙʪʦ ʮʽʣʢʦʤ ʚʽʜʦʤʠʡ) ʩʠʛʥʘʣ 

ʽʥʬʦʨʤʘʮʽʾ ʥʝ ʤʽʩʪʠʪʴ. ɺʽʥ ʤʦʞʝ ʙʫʪʠ ʧʦʚʥʽʩʪʶ ʚʽʜʪʚʦʨʝʥʠʡ ʫ ʤʽʩʮʽ 

ʧʨʠʡʤʘʥʥʷ ʙʝʟ ʧʝʨʝʜʘʚʘʥʥʷ ʧʦ ʢʘʥʘʣʫ ʟʚôʷʟʢʫ. ɼʝʪʝʨʤʽʥʦʚʘʥʽ ʩʠʛʥʘʣʠ ʚ 

ɯɺʉ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʪʝʩʪʦʚʽ ʘʙʦ ʩʠʛʥʘʣʠ, ʱʦ ʜʽʶʪʴ ʥʘ ʦʙôʻʢʪʠ 

ʚʠʤʽʨʶʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʚʠʭʽʜʥʽ ʩʠʛʥʘʣʠ ʝʪʘʣʦʥʽʚ. 

ʆʙʣʘʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʩʠʛʥʘʣʽʚ. ʗʢʱʦ ʟʘ ʢʣʘʩʠʬʽʢʘʮʽʡʥʫ ʦʟʥʘʢʫ 

ʚʠʜʫ ʩʠʛʥʘʣʫ ʚʟʷʪʠ ʪʨʠʚʘʣʽʩʪʴ ʯʘʩʦʚʦʛʦ ʽʥʪʝʨʚʘʣʫ, ʫ ʤʝʞʘʭ ʷʢʦʛʦ ʽʩ-

ʥʫʻ ʩʠʛʥʘʣ, ʪʦ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʪʘʢʽ ʢʣʘʩʠ ʩʠʛʥʘʣʽʚ: ʥʝʩʢʽʥʯʝʥʥʽ ʚ ʯʘʩʽ 

ʩʠʛʥʘʣʠ ʪʘ ̔ʤʧʫʣʴʩʥʽ ʩʠʛʥʘʣʠ, ʷʢ̔ ʽʩʥʫʶʪʴ ʫ ʤʝʞʘʭ ʩʢʽʥʯʝʥʥʦʛʦ ʽʥʪʝʨʚʘʣʘ 

ʯʘʩʫ. 

ɿʘʛʘʣʴʥʘ ʬʦʨʤʘ ʟʘʧʠʩʫ ʥʝʩʢʽʥʯʝʥʥʠʭ ʫ ʯʘʩʽ ʩʠʛʥʘʣʽʚ: ()s t ,  
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( ),tÍ -¤ ¤ ʘʙʦ [0, )tÍ ¤, ʘ ʽʤʧʫʣʴʩʥʠʭ ʩʠʛʥʘʣʽʚ: ()s t ,  [ ],t a bÍ , ʜʝ ʘ ʽ 

b ð ʩʢʽʥʯʝʥʥʽ ʤʝʞʽ ʯʘʩʦʚʦʛʦ ʽʥʪʝʨʚʘʣʫ, ʚ ʷʢʦʤʫ ʽʩʥʫʻ ʩʠʛʥʘʣ. ʍʘʨʘʢʪʝ-

ʨʥʠʤʠ ʧʨʠʢʣʘʜʘʤʠ ʽʤʧʫʣʴʩʥʠʭ ʩʠʛʥʘʣʽʚ ʷʢʽ ʚʽʜʦʤʽ ʚ ʝʣʝʢʪʨʦ- ʽ ʨʘʜʽʦʪʝ-

ʭʥʽʮʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚʽʜʝʦʽʤʧʫʣʴʩʠ (ʨʠʩ. 3.3,ʘ) ʽ ʨʘʜʽʦʽʤʧʫʣʴʩʠ 

(ʨʠʩ. 3.3,ʙ).  
 A(t) 

t 

        

 A(t) 

t 

 
                        ʘ                               ʙ 

ʈʠʩ. 3.3. ɻʨʘʬʽʢʠ ʚʽʜʝʦʽʤʧʫʣʴʩʘ (ʘ) ʽ ʨʘʜʽʦʽʤʧʫʣʴʩʘ (ʙ) 

ʗʢʱʦ ()A t  ï ʚʽʜʝʦʽʤʧʫʣʴʩ, ʪʦ ʚʽʜʧʦʚʽʜʥʠʡ ʡʦʤʫ ʨʘʜʽʦʽʤʧʫʣʴʩ     

() () ( )0 0
cos

ʨ
u t A t tw f= +  ,                                   (3.2) 

ʜʝ ʤʥʦʞʥʠʢ ()A t  ʥʘʟʠʚʘʻʪʴʩʷ ʦʙʚʽʜʥʦʶ ʨʘʜʽʦʽʤʧʫʣʴʩʫ ()ʨ
u t , ʘ ʬʫʥʢʮʽʷ 

( )0 0
cos tw f+  ï ʡʦʛʦ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʤ ʟʘʧʦʚʥʝʥʥʷʤ. 

ɼʠʥʘʤʽʢʘ ʫ ʯʘʩʽ ʟʥʘʯʝʥʴ ʩʠʛʥʘʣʫ. ɿʘ ʭʘʨʘʢʪʝʨʦʤ ʟʤʽʥʠ ʚ ʯʘʩʽ ʟʥʘ-

ʯʝʥʴ ʩʠʛʥʘʣʫ ʨʦʟʨʽʟʥʷʶʪʴ ʩʪʘʪʠʯʥʽ ʪʘ ʜʠʥʘʤʽʯʥʽ ʩʠʛʥʘʣʠ.. ʋ ʩʪʘʪʠʯ-

ʥʽʡ ʤʦʜʝʣʽ ʩʠʛʥʘʣʫ ʚʽʜʩʫʪʥʽʡ ʯʘʩʦʚʠʡ ʘʨʛʫʤʝʥʪ. ʊʘʢʽ ʩʠʛʥʘʣʠ ʚʠʢʦʨʠʩ-

ʪʦʚʫʶʪʴʩʷ, ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʫ ʚʠʛʣʷʜʽ ʮʠʬʨʦʚʠʭ 

ʢʦʜʽʚ ʫ ʧʘʤôʷʪʽ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʤʘʰʠʥ, ʫ ʧʨʦʛʨʘʤʦʚʘʥʠʭ ʣʦʛʽʯʥʠʭ 

ʤʘʪʨʠʮʷʭ ʪʦʱʦ. ɼʠʥʘʤʽʯʥʽ ʩʠʛʥʘʣʠ ʟʘʣʝʞʘʪʴ ʚʽʜ ʯʘʩʫ. ɰʭ ʤʘʪʝʤʘʪʠʯʥʽ 

ʤʦʜʝʣʽ ʦʧʠʩʫʶʪʴʩʷ ʬʫʥʢʮʽʷʤʠ ʯʘʩʫ. 

ɼʽʡʩʥʽ ʽ ʢʦʤʧʣʝʢʩʥʽ ʟʥʘʯʝʥʥʷ ʩʠʛʥʘʣʽʚ. ʏʘʩʦʚʽ ʬʫʥʢʮʽʾ, ʟʘ ʜʦʧʦ-

ʤʦʛʦʶ ʷʢʠʭ ʟʘʜʘʶʪʴʩʷ ʤʦʜʝʣʽ ʩʠʛʥʘʣʽʚ, ʤʦʞʫʪʴ ʙʫʪʠ ʜʽʡʩʥʠʤʠ ʘʙʦ 

ʢʦʤʧʣʝʢʩʥʠʤʠ. ɿʛʽʜʥʦ ʮʽʻʾ ʦʟʥʘʢʠ ʚʩʽ ʩʠʛʥʘʣʠ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ ʜʚʘ 

ʢʣʘʩʠ: ʜʽʡʩʥʽ ʪʘ ʢʦʤʧʣʝʢʩʥʽ. 

ʋʩʽ ʨʦʟʛʣʷʥʫʪʽ ʚʠʱʝ ʤʦʜʝʣʽ ʩʠʛʥʘʣʽʚ ʥʘʣʝʞʘʪʴ ʜʦ ʢʣʘʩʫ ʜʽʡʩʥʠʭ. 

ʄʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʢʦʤʧʣʝʢʩʥʠʭ ʩʠʛʥʘʣʽʚ ʧʦʜʘʶʪʴ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠ-

ʛʣʷʜʽ 

                                       () () (),z t x t jy t= +                                        (3.3) 

ʜʝ ()x t  ʽ ()y t  ð ʜʽʡʩʥʽ ʩʠʛʥʘʣʠ; 1j = - ð ʫʷʚʥʘ ʦʜʠʥʠʮʷ. 

ʇʨʠʢʣʘʜʦʤ ʤʦʜʝʣʽ (3.3) ʻ ʪʘʢ ʟʚʘʥʠʡ ʢʦʤʧʣʝʢʩʥʦ-

ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʡ ʩʠʛʥʘʣ () cos sin ,
j t

x t e t j t
w

w w= = +  ʷʢʠʡ ʟʘʩʪʦʩʦʚʫ-

ʻʪʴʩʷ ʜʣʷ ʨʦʟʚôʷʟʘʥʥ ̫ʟʘʚʜʘʥ ɹʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ. 
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ʇʦʚʪʦʨʶʚʘʥʽʩʪʴ ʟʥʘʯʝʥʴ ʩʠʛʥʘʣʽʚ ʫ ʯʘʩʽ. ʇʝʨʽʦʜʠʯʥʽʩʪʴ ʪʘʢʦʞ 

ʤʦʞʝ ʙʫʪʠ ʢʣʘʩʠʬʽʢʘʮʽʡʥʦʶ ʦʟʥʘʢʦʶ ʩʠʛʥʘʣʽʚ. ɿʘ ʮʠʤ ʢʨʠʪʝʨʽʻʤ ʨʦʟʨʽ-

ʟʥʷʶʪʴ ʜʚʘ ʦʩʥʦʚʥʽ ʢʣʘʩʠ ʩʠʛʥʘʣʽʚ: ʧʝʨʽʦʜʠʯʥʽ ʪʘ ʘʧʝʨʽʦʜʠʯʥʽ (ʧʦʦʜʠʥʦ-

ʢ)̔ ʩʠʛʥʘʣʠ. 

ɿʘʛʘʣʴʥʘ ʬʦʨʤʘ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧʝʨʽʦʜʠʯʥʦʛʦ ʩʠʛʥʘʣʫ ʤʘʻ ʚʠ-

ʛʣʷʜ:                    () ( ),x t x t nT= +      1, 2,...,n=° °  

ʜʝ ʊ - ʧʝʨʽʦʜ ʩʠʛʥʘʣʫ. ɼʝʷʢʽ ʧʝʨʽʦʜʠʯʥʽ ʩʠʛʥʘʣʠ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 3.4: 
 

 

T t 
        

 

t T  
                   ʘ                        ʙ 

ʈʠʩ. 3.4. ʇʨʠʢʣʘʜʠ ʛʨʘʬʽʢʽʚ ʧʝʨʽʦʜʠʯʥʠʭ ʩʠʛʥʘʣʽʚ: 

ʘ ð ʧʨʷʤʦʢʫʪʥʠʭ; ʙ ð ʟʨʽʟʘʥʠʭ ʢʦʩʠʥʫʩ ʥʠʭ 
 

ɻʘʨʤʦʥʽʯʥʽ ʩʠʛʥʘʣʠ. ɻʘʨʤʦʥʽʯʥʽ ʩʠʛʥʘʣʠ ʥʘʟʠʚʘʶʪʴ ʱʝ ʪʨʠʛʦʥʦ-

ʤʝʪʨʠʯʥʠʤʠ ʩʠʛʥʘʣʘʤʠ. ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʪʘʢʠʭ ʩʠʛʥʘʣʽʚ ʚʠʟʥʘʯʘ-

ʻʪʴʩʷ ʬʦʨʤʫʣʦʶ (3.1), ʘ ʪʠʧʦʚʫ ʦʩʮʠʣʦʛʨʘʤʫ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 3.2, ʘ. 

ʈʦʟʛʣʷʥʝʤʦ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʥʘʡʧʨʦʩʪʽʰʠʭ ʪʠʧʦʚʠʭ ʩʠʛʥʘʣʽʚ:  

ʂʦʤʧʣʝʢʩʥʦ-ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʽ ʩʠʛʥʘʣʠ. ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ 

ʢʦʤʧʣʝʢʩʥʦ-ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʭ ʩʠʛʥʘʣʽʚ ʤʘʻ ʚʠʛʣʷʜ:  () ( )0 0j t
z t Ae

w f+
= .  

(3.4)  
ʉʢʦʨʠʩʪʘʚʰʠʩʴ ʬʦʨʤʫʣʦʶ ɽʡʣʝʨʘ, ʧʦʜʘʤʦ ʤʦʜʝʣʴ (3.4) ʫ ʪʘʢʠʡ ʩʧʦʩʽʙ: 

                    () ( ) ( )0 0 0 0cos sinz t A t jA tw f w f= + + +.                         (3.5) 

ɼʦʜʘʥʢʠ ʫ ʧʨʘʚʽʡ ʯʘʩʪʠʥʽ ʨʽʚʥʷʥʥʷ (3.5) ð ʚʽʜʧʦʚʽʜʥʦ ʜʽʡʩʥʘ ʽ ʫʷʚʥʘ 

ʩʢʣʘʜʦʚʽ ʢʦʤʧʣʝʢʩʥʦ-ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʛʦ ʩʠʛʥʘʣʫ (3.4). 

ɺʠʨʘʟ (3.5) ʤʦʞʥʘ ʪʘʢʦʞ ʟʘʧʠʩʘʪʠ ʫ ʚʠʜʽ (3.3), ʪʦʙʪʦ () () ()z t x t jy t= + , 

ʜʝ ʜʽʡʩʥʽ ʩʠʛʥʘʣʠ () ( )0 0
cosx t A tw f= +  ʽ () ( )0 0

siny t A tw f= + .  

ʅʘ ʨʠʩ. 3.5 ʟʦʙʨʘʞʝʥʦ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ ʧʨʠʩʪʨʦʶ ʬʽʟʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʘʨʠ ʜʽʡʩʥʠʭ ʩʠʛʥʘʣʽʚ ()x t  ʽ ()y t  ʷʢʽ ʱʝ ʥʘʟʠʚʘʶʪʴʩʷ ʢʚʘʜʨʘʪʫʨʥʠʤʠ ʩʠʛʥʘ-

ʣʘʤʠ.  ʊʘʢʽ ʩʠʛʥʘʣʠ ʦʪʨʠʤʫʶʪʴ ʟʘ ʥʘʚʝʜʝʥʦʶ ʥʘ ʨʠʩ. 3.5 ʩʭʝʤʦʶ ʰʣʷʭʦʤ ʧʨʦ-

ʛʨʘʤʥʦ ʾʯʠ ʘʧʘʨʘʪʥʦ ʾʨʝʘʣʽʟʘʮʽʾ. 
 
ɻɻʉ 

/́2 

x(t) = A cos (ɤ0t + ű0) 

y(t) = A sin (ɤ0t + ű0) 

 
ʈʠʩ. 3.5. ʉʭʝʤʘ ʬʦʨʤʫʚʘʥʥʷ ʢʚʘʜʨʘʪʫʨʥʠʭ ʩʠʛʥʘʣʽʚ: 

ɻɻʉ ð ʛʝʥʝʨʘʪʦʨ ʛʘʨʤʦʥʽʯʥʠʭ ʩʠʛʥʘʣʽʚ; p/2 ð ʬʘʟʦʦʙʝʨʪʘʯ 
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ʇʨʷʤʦʢʫʪʥʽ ʚʽʜʝʦʽʤʧʫʣʴʩʠ. ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ()s t  ʧʦʦʜʠʥʦ-

ʢʦʛʦ ʧʨʷʤʦʢʫʪʥʦʛʦ ʚʽʜʝʦʽʤʧʫʣʴʩʫ, 

ʩʠʤʝʪʨʠʯʥʦ ʨʦʟʤʽʱʝʥʦʛʦ ʚʽʜʥʦʩʥʦ 

ʧʦʯʘʪʢʫ ʚʽʜʣʽʢʫ ʯʘʩʫ (ʨʠʩ. 3.6), ʟʘʜʘ-

ʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ         

  ()
[ ]

[ ]

, 2, 2

0, 2, 2

U t
s t

t

t t

t t

ë Í -
î
=ì

Î -îí

   , 

ʜʝ U ï ʘʤʧʣʽʪʫʜʘ; Ű ï ʪʨʠʚʘʣʽʩʪʴ ʧʨʷʤʦʢʫʪʥʦʛʦ ʚʽʜʝʦʽʤʧʫʣʴʩʫ. 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʚʽʜʝʦʽʤʧʫʣʴʩ ʤʦʞʝ ʙʫʪʠ ʟʤʽʱʝʥʠʡ ʚʽʜʥʦʩʥʦ 

ʧʦʯʘʪʢʫ ʚʽʜʣʽʢʫ ʯʘʩʫ ʧʨʘʚʦʨʫʯ (ʟʘʪʨʠʤʘʥʠʡ ʩʠʛʥʘʣ; ʨʠʩ. 3.7, ʘ) ʯʠ 

ʣʽʚʦʨʫʯ (ʚʠʧʝʨʝʜʞʫʚʘʣʴʥʠʡ ʩʠʛʥʘʣ; ʨʠʩ. 3.7, ʙ). 
 s(t) 

U 

0 
t 

t0 

t0 ï Ű/2 t0 + Ű/2        

 s(t) 

U 

t 
t0 

ït0 ï Ű/2 ït0 + Ű/2 0  
                             ʘ                              ʙ 

ʈʠʩ. 3.7. ɿʤʽʱʝʥʽ ʚ ʯʘʩʽ ʧʨʷʤʦʢʫʪʥʽ ʚʽʜʝʦʽʤʧʫʣʴʩʠ 
 

ʄʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʟʤʽʱʝʥʠʭ ʫ ʯʘʩʽ ʧʨʷʤʦʢʫʪʥʠʭ ʚʽʜʝʦʽʤʧʫʣʴʩʽʚ 

ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ ʩʠʩʪʝʤ ʨʽʚʥʷʥʴ:   

()
[ ]

[]
0 0, 2, 2

0,

U t t t
s t

t

t të Í - +î
=ì

Î Öîí

       - ʜʣʷ ʟʘʪʨʠʤʘʥʦʛʦ ʩʠʛʥʘʣʫ; 

()
[ ]

[]
0 0, 2, 2

0,

U t t t
s t

t

t të Í - - - +î
=ì

Î Öîí

  - ʜʣʷ ʚʠʧʝʨʝʜʞʫʚʘʣʴʥʦʛʦ ʩʠʛʥʘʣʫ. 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʟʘʧʠʩ 

( )0s t t-  ʩʪʦʩʫʻʪʴʩʷ ʤʦʜʝʣʽ ʟʘʪʨʠʤʘʥʦ-

ʛʦ ʩʠʛʥʘʣʫ, ʘ ( )0s t t+  ï ʤʦʜʝʣʽ ʚʠʧʝ-

ʨʝʜʞʫʚʘʣʴʥʦʛʦ ʩʠʛʥʘʣʫ, ʜʝ 0t  ï ʽʥʪʝʨ-

ʚʘʣ ʟʩʫʚʫ ʩʠʛʥʘʣʫ ʚ ʯʘʩʽ. 

ʊʨʠʢʫʪʥʽ ʚʽʜʝʦʽʤʧʫʣʴʩʠ. ʄʘʪʝ-

ʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʦʜʥʦʛʦ ʪʨʠʢʫʪʥʦʛʦ 

ʚʽʜʝʦʽʤʧʫʣʴʩʫ (ʨʠʩ. 3.8), ʩʠʤʝʪʨʠʯʥʦ 

 s(t) 
U 

0 
t 

Ű/2 ïŰ/2  

ʈʠʩ. 3.8. ʊʨʠʢʫʪʥʠʡ  
ʚʽʜʝʦʽʤʧʫʣʴʩ 

 s(t) 

U 

0 
t 

Ű/2 ïŰ/2  
ʈʠʩ. 3.6. ʇʨʷʤʦʢʫʪʥʠʡ ʚʽʜʝʦʽʤʧʫʣʴʩ 
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ʨʦʟʤʽʱʝʥʦʛʦ ʚʽʜʥʦʩʥʦ ʧʦʯʘʪʢʫ ʚʽʜʣʽʢʫ ʯʘʩʫ, ʟʘʜʘʻʪʴʩʷ ʩʠʩʪʝʤʦʶ ʨʽʚ-

ʥʦʩʪʝʡ:  

( )( ) [ ]
( )( ) [ ]

1 / 2 , / 2, 0 ;

( ) 1 / 2 , 0, / 2 ;

0 , [ / 2, / 2].

U t t

s t U t t

t

+ t Í -të
î
= - t Í tì
î Î -t tí

 

ʊʨʠʢʫʪʥʠʡ ʚʽʜʝʦʽʤʧʫʣʴʩ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʪʘʢʦʞ ʤʦʞʝ ʙʫʪʠ 

ʟʤʽʱʝʥʠʤ ʚʽʜʥʦʩʥʦ ʧʦʯʘʪʢʫ ʚʽʜʣʽʢʫ ʯʘʩʫ (ʨʠʩ. 3.9).  

ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʪʨʠʢʫʪʥʦʛʦ ʩʠʛʥʘʣʫ, ʟʘʪʨʠʤʘʥʦʛʦ ʥʘ ʯʘʩ 0t  

(ʨʠʩ. 3.9,ʘ), ʤʘʻ ʚʠʛʣʷʜ:  

( )( )( ) [ ]
( )( )( ) [ ]

0 0 0

0 0 0 0

0 0

1 / 2 , / 2, ;

( ) 1 / 2 , , / 2 ;

0 , [ / 2, / 2].

U t t t t t

s t t U t t t t t

t t t

+ - t Í -të
î

- = - - t Í +tì
î Î -t +tí

 

ɼʣʷ ʚʠʧʝʨʝʜʞʫʚʘʣʴʥʦʛʦ ʪʨʠʢʫʪʥʦʛʦ ʚʽʜʝʦʽʤʫʣʴʩʫ (ʨʠʩ. 3.9,ʙ) 

( )( )( ) [ ]
( )( )( ) [ ]

0 0 0

0 0 0 0

0 0

1 / 2 , / 2, ;

( ) 1 / 2 , , / 2 ;

0 , [ / 2, / 2].

U t t t t t

s t t U t t t t t

t t t

+ + t Í - -t -ë
î

+ = - + t Í - - +tì
î Î - -t - +tí

 

 s(t) 
U 

0 
t 

t0 

t0 ï Ű/2 t0 + Ű/2        

 s(t) 

U 

0 
t 

t0 

ït0 ï Ű/2 ït0 + Ű/2                           
ʘ                                               ʙ 

ʈʠʩ. 3.9. ɿʤʽʱʝʥʽ ʚ ʯʘʩʽ ʪʨʠʢʫʪʥʽ ʚʽʜʝʦʽʤʧʫʣʴʩʠ 
 

ʉʭʽʜʯʘʩʪʽ ʩʠʛʥʘʣʠ. ʉʭʽʜʯʘʩʪʽ ʩʠʛʥʘʣʠ (ʨʠʩ. 3.10) ʱʝ ʥʘʟʠʚʘʶʪʴ 

ʬʫʥʢʮʽʷʤʠ ʚʚʽʤʢʥʝʥʥʷ, ʩʠʛʤʘ-ʬʫʥʢʮʽʷʤʠ 

ʘʙʦ ʬʫʥʢʮʽʷʤʠ ʍʝʚʽʩʘʡʜʘ. ʄʘʪʝʤʘʪʠʯʥʘ 

ʤʦʜʝʣʴ ʩʭʽʜʯʘʩʪʦʛʦ ʩʠʛʥʘʣʫ ʘʥʘʣʽʪʠʯʥʦ 

ʦʧʠʩʫʻʪʴʩʷ ʷʢ:        

{1, 0 ;
( )

0, 0 .

t
t

t

²
s =

<
                         (3.6) 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʩʭʽʜʯʘʩʪʘ ʬʫʥʢʮʽʷ 

ʤʦʞʝ ʙʫʪʠ ʟʤʽʱʝʥʘ ʚʽʜʥʦʩʥʦ ʧʦʯʘʪʢʫ 

ʚʽʜʣʽʢʫ ʯʘʩʫ (ʨʠʩ. 3.11) ʥʘ ʚʝʣʠʯʠʥʫ t0 (ʟʘʪʨʠʤʢʠ ʘʙʦ ʚʠʧʝʨʝʜʞʝʥʥʷ). 

ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʩʭʽʜʯʘʩʪʦʛʦ ʩʠʛʥʘʣʫ, ʟʘʪʨʠʤʘʥʦʛʦ ʥʘ ʧʨʦʤʽʞʦʢ 

ʯʘʩʫ t0, ʤʘʻ ʚʠʛʣʷʜ:    { 0
0

0

1, ;
( )

0, .

t t
t t

t t

²
s - =

<
 

 ů(t) 

t 
0 

1 

ʈʠʩ. 3.10. ʉʭʽʜʯʘʩʪʠʡ ʩʠʛʥʘʣ 
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ů(t ï t0) 
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t 

ů(t + t0) 

0 ït0  
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ʈʠʩ. 3.11. ɿʤʽʱʝʥʽ ʩʭʽʜʯʘʩʪʽ ʩʠʛʥʘʣʠ: ʘð ʟʘʪʨʠʤʘʥʠʡ; ʙ ð ʚʠʧʝʨʝʜʞʫʚʘʣʴʥʠʡ 
 

ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʚʠʧʝʨʝʜʞʫʚʘʣʴʥʦʾ ʥʘ ʧʨʦʤʽʞʦʢ ʯʘʩʫ t0 ʩʭʜ̔-

ʯʘʩʪʦʾ ʬʫʥʢʮʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʠʩʪʝʤʦʶ:        { 0
0

0

1, ;
( )

0, .

t t
t t

t t

²-
s + =

<-
 

ɻʨʘʬʽʢʠ ʥʘ ʨʠʩ. 3.11 ʚʽʜʦʙʨʘʞʫʶʪʴ ʭʘʨʘʢʪʝʨ ʟʩʫʚʫ ʟʘʪʨʠʤʘʥʦʛʦ ʽ 

ʚʠʧʝʨʝʜʞʫʚʘʣʴʥʦʛʦ ʩʠʛʥʘʣʽʚ ʚʽʜʥʦʩʥʦ ʧʦʯʘʪʢʫ ʚʽʜʣʽʢʫ ʯʘʩʫ. 

ɼʝʣʴʪʘ-ʬʫʥʢʮʽʷ. ʈʦʟʛʣʷʥʝʤʦ ʽʤʧʫʣʴʩʥʠʡ ʩʠʛʥʘʣ ( ; )v t t ʧʨʷʤʦʢʫʪ-

ʥʦʾ ʬʦʨʤʠ, ʦʩʥʦʚʘ ʷʢʦʛʦ ʜʦʨʽʚʥʶʻ 

t, ʘ ʚʠʩʦʪʘ h  ð ʚʝʣʠʯʠʥʘ, ʦʙʝʨʥʝʥʘ 

ʜʦ t: 1/ .h= t ʆʯʝʚʠʜʥʦ, ʱʦ ʟʘ ʙʫʜʴ-

ʷʢʦʛʦ t ʧʣʦʱʘ ,vP  ʦʙʤʝʞʝʥʘ ʪʘʢʠʤ 

ʩʠʛʥʘʣʦʤ, ʜʦʨʽʚʥʶʻ ʦʜʠʥʠʮʽ: 

1.v hP =t =ɻʨʘʬʽʢʠ ʩʠʛʥʘʣʽʚ ( ; ),v t t  

ʩʠʤʝʪʨʠʯʥʦ ʨʦʟʤʽʱʝʥʠʭ ʚʽʜʥʦʩʥʦ 

ʧʦʯʘʪʢʫ ʚʽʜʣʽʢʫ ʯʘʩʫ, ʜʣʷ ʜʚʦʭ ʟʥʘ-

ʯʝʥʴ t ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 3.12. ʎʝʡ ʽʤʧʫʣʴʩ ʭʘʨʘʢʪʝʨʥʠʡ ʪʠʤ, ʱʦ ʧʨʠ 

ʙʫʜʴ-ʷʢʦʤʫ t ʡʦʛʦ ʧʣʦʱʘ ʜʦʨʽʚʥʶʻ ʦʜʠʥʠʮʽ:   1v vd t
¤

-¤

P = ¹ñ .          (3.7)    

ʈʦʟʛʣʷʥʝʤʦ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʚʝʣʠʯʠʥʘ t ʧʨʷʤʫʻ ʜʦ ʥʫʣʷ. ɯʤʧʫʣʴʩ, 

ʩʢʦʨʦʯʫʶʯʠʩʴ ʟʘ ʪʨʠʚʘʣʽʩʪʶ, ʟʙʝʨʽʛʘʻ ʩʚʦʶ ʧʣʦʱʫ, ʪʦʤʫ ʡʦʛʦ ʚʠʩʦʪʘ 

ʤʘʻ ʥʝʦʙʤʝʞʝʥʦ ʟʨʦʩʪʘʪʠ. ɻʨʘʥʠʮʷ ʪʘʢʦʾ ʬʫʥʢʮʽʾ ʫ ʚʠʧʘʜʢʫ 0t­  ʥʘʟʠ-

ʚʘʻʪʴʩʷ ʜʝʣʴʪʘ-ʬʫʥʢʮʽʻʶ ʘʙʦ ʬʫʥʢʮʽʻʶ ɼʽʨʘʢʘ:  

                                            
0

( ) lim ( ; )t v t
t­

d = t.                                       (3.8)  

ɼʝʣʴʪʘ-ʬʫʥʢʮʽʷ ʜʦʨʽʚʥʶʻ ʥʫʣʶ ʚʩʶʜʠ, ʟʘ ʚʠʥʷʪʢʦʤ ʪʦʯʢʠ 0,t=  ʚ 

ʷʢʽʡ ʚʦʥʘ ʥʘʙʫʚʘʻ ʥʝʩʢʽʥʯʝʥʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʪʦʙʪʦ    

  { , 0;
( )

0, 0.

t
t

t

¤ =
d =

¸
                                      (3. 9)                   

ʗʢ ʚʠʧʣʠʚʘʻ ʟʽ ʩʧʽʚʚʽʜʥʦʰʝʥʴ (3.7) ʽ (3.8), ʧʣʦʱʘ, ʦʙʤʝʞʝʥʘ ʜʝʣʴʪʘ-

ʬʫʥʢʮʽʻʶ, ʩʢʽʥʯʝʥʥʘ:     

       ( ) 1t dt
¤

-¤

d =ñ .                                        (3.10) 

 v(t; Ű) 

1/Ű1 

1/Ű2 

t 
0 Ű1/2 Ű2/2 ïŰ2 /2 ïŰ1 /2  

ʈʠʩ. 3.12. ɿʦʙʨʘʞʝʥʥʷ ʬʫʥʢʮʽʡ ( ; )v t t 
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ɺʠʨʘʟ (3.10) ʚʠʟʥʘʯʘʻ ʫʤʦʚʫ ʥʦʨʤʫʚʘʥʥʷ ʜʝʣʴʪʘ-ʬʫʥʢʮʽʾ. ɼʣʷ ʩʪʠʩ-

ʣʦʩʪʽ ʟʘʤʽʩʪʴ ʜʝʣʴʪʘ-ʬʫʥʢʮʽʾ ʟʘʧʠʩʫʶʪʴ ʽʥʦʜʽ d-ʬʫʥʢʮʽʷ. ʊʘʢ ʩʘʤʦ, ʷʢ ʽ 

ʩʭʽʜʯʘʩʪʘ, ʜd-ʬʫʥʢʮʽʷ ʤʦʞʝ ʙʫʪʠ ʟʤʽʱʝʥʘ ʥʘ ʜʝʷʢʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ t0 

(ʨʠʩ. 3.13). ɿʤʽʱʝʥʫ ʧʨʘʚʦʨʫʯ ʥʘ ʦʩʽ ʯʘʩʫ d-ʬʫʥʢʮʽʶ ʥʘʟʠʚʘʶʪʴ ʟʘʪʨʠ-

ʤʘʥʦʶ d-ʬʫʥʢʮʽʻʶ. ɰʾ ʤʦʜʝʣʴ ʟʘʧʠʩʫʶʪʴ ʩʠʩʪʝʤʦʶ ʨʽʚʥʦʩʪʝʡ:                                   

{ 0
0

0

, ;
( )

0, ,

t t
t t

t t

¤ =
d - =

¸
 

 

0 
t 

ŭ(t + t0) 

ït0                   

 

0 
t 

ŭ(t ï t0) 

t0  
            ʘ                            ʙ 

ʈʠʩ. 3.13. ɿʦʙʨʘʞʝʥʥʷ d-ʬʫʥʢʮʽʡ: ʘ - ʟʘʪʨʠʤʘʥʦʾ;  ʙ ï ʚʠʧʝʨʝʜʞʫʚʘʣʴʥʦʾ 
 

ʋ ʨʘʟʽ ʟʤʽʱʝʥʥʷ ʜʝʣʴʪʘ-ʬʫʥʢʮʽʾ ʣʽʚʦʨʫʯ ʚʽʜʥʦʩʥʦ ʧʦʯʘʪʢʫ ʚʽʜʣʽʢʫ 

ʯʘʩʫ ʾʾ ʥʘʟʠʚʘʶʪʴ ʚʠʧʝʨʝʜʞʫʚʘʣʴʥʦʶ d-ʬʫʥʢʮʽʻʶ. ɰʾ ʤʦʜʝʣʴ ʪʘʢʘ: 

{ 0
0

0

, ;
( )

0, .

t t
t t

t t

¤ =-
d + =

¸-
 

ʄʽʞ d-ʬʫʥʢʮʽʻʶ ʽ ʩʭʽʜʯʘʩʪʦʶ ʬʫʥʢʮʽʻʶ ʽʩʥʫʻ ʚʟʘʻʤʥʦ ʦʜʥʦʟʥʘʯʥʘ 

ʚʽʜʧʦʚʽʜʥʽʩʪʴ. ʎʶ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʤʦʞʥʘ ʣʝʛʢʦ ʚʩʪʘʥʦʚʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʜʦʧʦʤʽʞʥʦʾ ʬʫʥʢʮʽʾ ( ; ),u t t  ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʷʢʦʾ ʟʘʜʘʻʪʴʩʷ ʩʠʩʪʝ-

ʤʦʶ ʨʽʚʥʦʩʪʝʡ:   

0, / 2;

( ; ) 1 2, / 2 / 2;

1, / 2.

t

u t t t

t

<-të
î

t = t+ -t ¢ ¢tì
î >tí

              (3.11)               

ɻʨʘʬʽʢ ʮʽʻʾ ʬʫʥʢʮʽʾ ʥʘʚʝʜʝʥʠʡ ʥʘ (ʨʠʩ. 3.14). ɿʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

(3.11) ʽ ʨʠʩ. 3.14 ʩʣʽʜʫʻ, ʱʦ ʧʨʠ 

0t­  ʬʫʥʢʮʽʷ ( ; )u t t ʧʝʨʝʭʦʜʠʪʴ 

ʫ ʩʭʽʜʯʘʩʪʫ ʬʫʥʢʮʽʶ, ʪʦʙʪʦ       

0
lim ( ; ) ( ),u t t
t­

t =s              (3.12)                   

ʽ ʧʦʭʽʜʥʘ ʟʘ ʯʘʩʦʤ ʚʽʜ ʬʫʥʢʮʽʾ 

( ; )u t t ʟʙʽʛʘʻʪʴʩʷ ʟ ʬʫʥʢʮʽʻʶ 

( ; ),v t t  ʟʘʜʘʥʦ ʁʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

(3.11), ʪʦʙʪʦ ( ; ) ( ; ),u t v t¡t = t ʘ ʧʨʠ 

0t­ :                          
0

lim ( ; ) ( ).u t t
t­
¡t =d                                                  (3.13)  

ɯʟ ʛʨʘʥʠʯʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ (3.12) ʽ (3.13) ʚʠʧʣʠʚʘʻ, ʱʦ d-ʬʫʥʢʮʽʷ ï 

ʮʝ ʧʦʭʽʜʥʘ ʚʽʜ ʩʭʽʜʯʘʩʪʦʾ ʬʫʥʢʮʽʾ: ( ) ( ).t t¡d =s  

 

t 
0 

1 

0,5 

Ű/2 ïŰ/2 

u(t; Ű) 

 
ʈʠʩ. 3.14. ɿʦʙʨʘʞʝʥʥʷ ʬʫʥʢʮʽ ʾ ( ; )u t t 
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ɺʦʜʥʦʯʘʩ ʩʧʨʘʚʝʜʣʠʚʠʤ ʻ ʡ ʦʙʝʨʥʝʥʝ ʪʚʝʨʜʞʝʥʥʷ: ʩʭʽʜʯʘʩʪʘ ʬʫʥ-

ʢʮʽʷ ʻ ʽʥʪʝʛʨʘʣ ʚʽʜ d-ʬʫʥʢʮʽʾ:         ( ) ( ) .
t

t d
-¤

s = d t tñ  

ʗʢʱʦ ʜʝʷʢʫ ʥʝʧʝʨʝʨʚʥʫ ʬʫʥʢʮʽʶ ( )x t  ʧʦʤʥʦʞʠʪʠ ʥʘ ʜʝʣʴʪʘ-

ʬʫʥʢʮʽʶ 0( )t td -  ʽ ʜʦʙʫʪʦʢ ʟʽʥʪʝʛʨʫʚʘʪʠ ʟʘ ʯʘʩʦʤ t, ʪʦ ʨʝʟʫʣʴʪʘʪ ʜʦʨʽʚ-

ʥʶʚʘʪʠʤʝ ʟʥʘʯʝʥʥʶ ʥʝʧʝʨʝʨʚʥʦʾ ʬʫʥʢʮʽʾ ʚ ʪʽʡ ʪʦʯʮʽ t0, ʜʝ ʟʦʩʝʨʝʜʞʝʥʦ 

d-ʽʤʧʫʣʴʩ. ʉʧʨʘʚʜʽ, ʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ   0( ) ( )x t t t dt
¤

-¤

d -ñ  ʧʽʜʽʥʪʝʛʨʘʣʴʥʠʡ 

ʚʠʨʘʟ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʥʫʣʷ ʣʠʰʝ ʜʣʷ 0.t t=  ʋ ʮʽʡ ʪʦʯʮʽ ʬʫʥʢʮʽʷ ( )x t  

ʥʘʙʫʚʘʻ ʢʦʥʢʨʝʪʥʦʛʦ ʟʥʘʯʝʥʥʷ 0( ),x t  ʷʢʝ ʤʦʞʥʘ ʚʠʥʝʩʪʠ ʟ-ʧʽʜ ʟʥʘʢʘ 

ʽʥʪʝʛʨʘʣʘ. ʏʘʩʪʠʥʘ ʽʥʪʝʛʨʘʣʘ, ʱʦ ʟʘʣʠʰʠʣʘʩʷ, ʟʛʽʜʥʦ ʟ ʫʤʦʚʦʶ ʥʦʨ-

ʤʫʚʘʥʥʷ d-ʬʫʥʢʮʽʾ (3.10), ʜʦʨʽʚʥʶʻ ʦʜʠʥʠʮʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʦʪʨʠʤʫʻʤʦ 

ʚʠʨʘʟ: 0 0( ) ( ) ( ) .x t x t t t dt
¤

-¤

= d -ñ  

ʋ ʮʴʦʤʫ ʚʠʷʚʣʷʻʪʴʩʷ ʬʽʣʴʪʨʫʚʘʣʴʥʘ 

ʚʣʘʩʪʠʚʽʩʪʴ d-ʬʫʥʢʮʽʾ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫ-

ʻʪʴʩʷ ʚ ʧʨʠʩʪʨʦʷʭ ʚʠʤʽʨʶʚʘʥʥʷ ʤʠʪʪʻʚʠʭ 

ʟʥʘʯʝʥʴ ʜʝʷʢʦʛʦ ʩʠʛʥʘʣʫ x(t). ʉʪʨʫʢʪʫʨʥʘ 

ʩʭʝʤʘ ʚʠʤʽʨʥʠʢʘ (ʨʠʩ. 3.15) ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʜʚʦʭ ʣʘʥʦʢ: ʧʦʤʥʦʞʫʚʘʯʘ ʪʘ ʽʥʪʝʛʨʘʪʦʨʘ. 

ɿʥʘʯʝʥʥʷ x(t0) ʙʫʜʝ ʚʠʤʽʨʷʥʦ ʪʠʤ ʪʦʯʥʽʰʝ, 

ʯʠʤ ʢʦʨʦʪʰʠʡ ʨʝʘʣʴʥʠʡ ʩʠʛʥʘʣ, ʱʦ ʥʘʙʣʠʞʝʥʦ ʧʦʜʘʻ d-ʬʫʥʢʮʽʶ. 

ʉʠʛʥʫʤ-ʬʫʥʢʮʽʷ. ʌʫʥʢʮʽʷ sign( ),t  

ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʷʢʦʾ ʦʧʠʩʫ̒ʪʴʩʷ ʩʠ-

ʩʪʝʤʦʶ ʨʽʚʥʦʩʪʝʡ:  

1, 0;

sign( ) 0, 0;

1, 0,

t

t t

t

>ë
î
= =ì
î- <í

 

ʥʘʟʠʚʘʻʪʴʩʷ ʩʠʛʥʫʤ-ʬʫʥʢʮʽʻʶ (ʨʠʩ. 3.16). 

ʉʭʽʜʯʘʩʪʘ ʬʫʥʢʮʽʷ ( )ts  ʽ ʩʠʛʥʫʤ-ʬʫʥʢʮʽʷ  sign ( )t ʧʦʚôʷʟʘʥʽ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ: ( )( ) 1 sign( ) 2;t ts = +  sign( ) 2 ( ) 1.t t= s - 

ɽʥʝʨʛʝʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʛʥʘʣʫ. ɺʽʜʦʤʽ ʟ ʬʽʟʠʢʠ ʧʦʥʷʪʪʷ 

ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʝʥʝʨʛʽʾ ʝʣʝʢʪʨʠʯʥʠʭ ʩʠʛʥʘʣʽʚ ʤʦʞʥʘ ʣʝʛʢʦ ʫʟʘʛʘʣʴʥʠʪʠ ʡ 

ʧʝʨʝʥʝʩʪʠ ʥʘ ʚʽʜʧʦʚʽʜʥʽ ʧʦʥʷʪʪʷ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʝʥʝʨʛʽʾ ʨʽʟʥʠʭ ʩʠʛʥʘʣʽʚ. 

ʈʦʟʛʣʷʥʝʤʦ ʥʘʡʧʨʦʩʪʽʰʝ ʝʣʝʢʪʨʠʯʥʝ ʢʦʣʦ (ʨʠʩ. 3.17), ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʛʝʥʝʨʘʪʦʨʘ ʥʘʧʨʫʛʠ u(t), ʜʦ ʢʣʝʤ ʷʢʦʛʦ ʧʽʜʽʤʢʥʝʥʦ ʨʝʟʠʩʪʦʨ ʟ ʦʧʦʨʦʤ R. 

ʋ  ʢʦʣʽ ʧʨʦʪʽʢʘʻ ʩʪʨʫʤ (̔t), ʟʥʘʯʝʥʥʷ ʷʢʦʛʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʟʘʢʦʥʦʤ 

ʆʤʘ: ( ) ( ) .i t u t R=  

 

ï1 

1 

t 

sign(t) 

 
ʈʠʩ. 3.16. ʉʠʛʥʫʤ-ʬʫʥʢʮʽʷ 

 

Ú 
x(t0) x(t) 

ŭ(t ï t0)  
ʈʠʩ. 3.15. ʋʟʘʛʘʣʴʥʝʥʘ  

ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ 

ʚʠʤʽʨʶʚʘʥʥʷ ʤʠʪʪʻʚʠʭ  

ʟʥʘʯʝʥʴ ʩʠʛʥʘʣʫ 
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ʄʠʪʪʻʚʝ ʟʥʘʯʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʘ 

ʨ(t) ʜʦʨʽʚʥʶʻ ʜʦʙʫʪʢʫ ʥʘʧʨʫʛʠ ʽ ʩʪʨʫʤʫ:      
( ) ( ) ( ).p t u t i t=  

ɽʥʝʨʛʽʷ ɽ, ʱʦ ʾʾ ʛʝʥʝʨʘʪʦʨ ʚʽʜʜʘʻ ʚ ʤʝ-

ʨʝʞʫ (ʝʥʝʨʛʽʷ, ʱʦ ʚʠʜʽʣʷʻʪʴʩʷ ʥʘ ʨʝʟʠʩʪʦʨʽ 

R), ʚ ʽʥʪʝʨʚʘʣʽ ʯʘʩʫ [a, b] ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ:( ) ( ) ( )
b b

a a

E p t dt u t i t dt= =ñ ñ .                               (3.14)        

ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ 1,R=  ʩʪʨʫʤ ( )i t  ʫ ʢʦʣʽ ʜʦʨʽʚʥʶʻ ʥʘʧʨʫʟʽ ʛʝʥʝʨʘʪʦ-

ʨʘ ( ),u t  ʘ ʟʥʘʯʝʥʥʷ ʝʥʝʨʛʽʾ uE  ʦʙʯʠʩʣʶʻʪʴʩʷ ʷʢ    2( ) .
b

u
a

E u t dt=ñ  

ʋʟʘʛʘʣʴʥʠʤʦ ʧʦʥʷʪʪʷ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʝʥʝʨʛʽʾ ʚ ʝʣʝʢʪʨʠʯʥʦʤʫ ʢʦʣʽ, ʚ 

ʷʢʦʤʫ ʧʨʦʪʽʢʘʻ ʩʪʨʫʤ ( )i t  ʧʽʜ ʚʧʣʠʚʦʤ ʥʘʧʨʫʛʠ ( ),u t  ʽ ʧʝʨʝʥʝʩʝʤʦ ʾʭ ʥʘ 

ʚʽʜʧʦʚʽʜʥʽ ʧʦʥʷʪʪʷ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʝʥʝʨʛʽʾ ʜʦʚʽʣʴʥʠʭ ʩʠʛʥʘʣʽʚ ( )u t  ʽ ( ).v t  

ʅʝʭʘʡ ( )u t  ʽ ( )v t  ï ʜʝʷʢʽ ʩʠʛʥʘʣʠ (ʪʦʯʥʽʰʝ ï ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ 

ʩʠʛʥʘʣʽʚ). ɿʘ ʘʥʘʣʦʛʽʻʶ ʟʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ (3.14) ʜʦʙʫʪʦʢ 

, ( ) ( ) ( )u vp t u t v t=  

ʥʘʟʠʚʘʪʠʤʝʤʦ ʚʟʘʻʤʥʦʶ ʧʦʪʫʞʥʽʩʪʶ ʩʠʛʥʘʣʽʚ, ʘ ʽʥʪʝʛʨʘʣ  

  , ( ) ( )u vE u t v t dt
¤

-¤

=ñ                                      (3.15) 

ï ʚʟʘʻʤʥʦʶ ʝʥʝʨʛʽʻʶ ʮʠʭ ʩʠʛʥʘʣʽʚ. ʊʦʜʽ ʧʦʚʥʘ ʝʥʝʨʛʽʷ ʩʠʛʥʘʣʫ (ʫ ʚʠʧʘ-

ʜʢʫ, ʢʦʣʠ ( ),v t  ʱʦ ʪʦʪʦʞʥʦ ʜʦʨʽʚʥʶʻ ( )u t ), ʚʠʟʥʘʯʠʪʴʩʷ ʚʠʨʘʟʦʤ:    

        2( )uE u t dt
¤

-¤

=ñ .                                          (3.16) 

ɺʝʣʠʯʠʥʘ ( ) ( )u t v t dt
¤

-¤

ñ  ʥʘʟʠʚʘʻʪʴʩʷ ʩʢʘʣʷʨʥʠʤ ʜʦʙʫʪʢʦʤ ʬʫʥʢʮʽʡ 

( )u t  ʽ ( )v t  ʽ ʧʦʟʥʘʯʘʻʪʴʩʷ ʢ̫:  

 ( , ) ( ) ( )u v u t v t dt
¤

-¤

=ñ .                                       (3.17) 

ɿ ʧʦʨʽʚʥʷʥʥʷ ʚʠʨʘʟʽʚ (3.17) ʽ (3.15) ʚʠʧʣʠʚʘʻ, ʱʦ ʩʢʘʣʷʨʥʠʡ ʜʦʙʫ-

ʪʦʢ ʜʚʦʭ ʩʠʛʥʘʣʽʚ (ʬʫʥʢʮʽʡ) ʟʘ ʬʽʟʠʯʥʦʶ ʩʫʪʪʶ ï ʮʝ ʚʟʘʻʤʥʘ ʝʥʝʨʛʽʷ ʮʠʭ 

ʩʠʛʥʘʣʽʚ, ʪʦʙʪʦ   

                    
,( , ) u vu v E= .                                             (3.18) 

ʗʢ ʯʘʩʪʢʦʚʠʡ ʚʠʧʘʜʦʢ ʽʟ ʬʦʨʤʫʣʠ (3.18) ʜʽʩʪʘʻʤʦ: ( , ) .uu u E=  

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʚʥʘ ʝʥʝʨʛʽʷ ʩʠʛʥʘʣʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʩʢʘʣʷʨʥʠʡ ʜʦ-

ʙʫʪʦʢ ʩʠʛʥʘʣʫ ʽʟ ʩʘʤʠʤ ʩʦʙʦʶ. 

 

 

u(t) 

i(t) 

R å 

 
ʈʠʩ. 3.17. ɼʦ ʚʠʟʥʘʯʝʥʥʷ  
ʧʦʪʫʞʥʦʩʪʽ ʩʠʛʥʘʣʫ 
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ʇʝʨʝʥʝʩʝʤʦ ʧʦʥʷʪʪʷ ʚʟʘʻʤʥʦʾ ʽ ʧʦʚʥʦʾ ʝʥʝʨʛʽʾ ʥʘ 

ʢʦʤʧʣʝʢʩʥʽ ʩʠʛʥʘʣʠ. ʗʢʱʦ ʟʘ ʬʦʨʤʫʣʦʶ (3.16) ʦʙʯʠʩʣʠ-

ʪʠ ʧʦʚʥʫ ʝʥʝʨʛʽʶ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʠʛʥʘʣʫ, ʪʦ ʧʨʠʡʜʝʤʦ 

ʜʦ ʪʦʛʦ, ʱʦ ʡ ʝʥʝʨʛʽʷ ʪʘʢʦʛʦ ʩʠʛʥʘʣʫ ʪʘʢʦʞ ʚʠʷʚʠʪʴʩʷ 

ʢʦʤʧʣʝʢʩʥʦʶ (ʦʩʢʽʣʴʢʠ ʢʚʘʜʨʘʪ ʢʦʤʧʣʝʢʩʥʦʾ ʬʫʥʢʮʽʾ ð 

ʬʫʥʢʮʽʷ ʢʦʤʧʣʝʢʩʥʘ), ʘ ʮʝ ʥʝʧʨʠʧʫʩʪʠʤʦ. ʊʦʤʫ ʚʟʘʻʤʥʫ 

ʝʥʝʨʛʽʶ ʜʚʦʭ ʢʦʤʧʣʝʢʩʥʠʭ ʩʠʛʥʘʣʽʚ ( )u t  ʽ ( )v t  ʟʘʜʘʤʦ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ       

               , ( , ) ( ) ( )u vE u v u t v t dt
¤

* *

-¤

= =ñ ,            (3.19)                

ʜʝ ( )v t*  ð ʩʠʛʥʘʣ, ʢʦʤʧʣʝʢʩʥʦ - ʩʧʨʷʞʝʥʠʡ ʽʟ ʩʠʛʥʘʣʦʤ 

( ).v t  ɿʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (3.19) ʷʢ ʦʢʨʝʤʠʡ ʚʠʧʘʜʦʢ ʜʽʩʪʘ-

ʥʝʤʦ ʧʦʚʥʫ ʝʥʝʨʛʽʶ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʠʛʥʘʣʫ ( )u t : 

              ( , )uE u u*= .                            (3.20) 

ɼʦʙʫʪʦʢ ʢʦʤʧʣʝʢʩʥʦʾ ʪʘ ʢʦʤʧʣʝʢʩʥʦ-ʩʧʨʷʞʝʥʦʾ ʟ 

ʥʝʶ ʚʝʣʠʯʠʥʠ (ʬʫʥʢʮʽʾ) ʜʦʨʽʚʥʶʻ ʢʚʘʜʨʘʪʫ ʤʦʜʫʣʷ ʮʽʻʾ 

ʚʝʣʠʯʠʥʠ: 2| | .uu u*=  ʆʩʢʽʣʴʢʠ ʢʚʘʜʨʘʪ ʤʦʜʫʣʷ ʢʦʤʧʣʝ-

ʢʩʥʦʾ ʬʫʥʢʮʽʾ ï ʬʫʥʢʮʽʷ ʜʽʡʩʥʘ, ʪʦ ʧʦʚʥʘ ʝʥʝʨʛʽʷ ʢʦʤ-

ʧʣʝʢʩʥʦʛʦ ʩʠʛʥʘʣʫ ʪʘʢʦʞ ʩʪʘʻ ʜʽʡʩʥʦʶ ʚʝʣʠʯʠʥʦʶ, ʪʦʙ-

ʪʦ     
2| ( ) | .uE u t dt

¤

-¤

=ñ     

ʂʦʨʽʥʴ ʢʚʘʜʨʘʪʥʠʡ ʟ ʧʦʚʥʦʾ ʝʥʝʨʛʽʾ ʩʠʛʥʘʣʫ (ʬʫʥʢ-

ʮʽʾ) ʥʘʟʠʚʘʶʪʴ ʥʦʨʤʦʶ ʩʠʛʥʘʣʫ (ʬʫʥʢʮʽʾ):     

2| ( ) | .u u t dt
¤

-¤

= ñ  

ʌʫʥʢʮʽʶ ( ),u t  ʜʣʷ ʷʢʦʾ ʚʠʢʦʥʫʻʪʴʩʷ ʫʤʦʚʘ 
2|| || 1,u =  ʥʘʟʠʚʘʶʪʴ ʥʦʨʤʦʚʘʥʦʶ. 

ʆʪʞʝ, ʥʦʨʤʦʚʘʥʠʤʠ ʥʘʟʠʚʘʶʪʴʩʷ ʬʫʥʢʮʽʾ, ʧʦʚ-

ʥʘ ʝʥʝʨʛʽʷ ʷʢʠʭ ʜʦʨʽʚʥʶʻ ʦʜʠʥʠʮʽ. 

ʆʨʪʦʛʦʥʘʣʴʥʽ ʩʠʛʥʘʣʠ ʪʘ ʦʨʪʦʛʦʥʘʣʴʥʽ ʙʘʟʠ-

ʩʠ. ɼʚʘ ʩʠʛʥʘʣʠ ( )u t  ʽ ( )v t  ʥʘʟʠʚʘʶʪʴʩʷ ʦʨʪʦʛʦʥʘ-

ʣʴʥʠʤʠ, ʷʢʱʦ ʾʭʥʽʡ ʩʢʘʣʷʨʥʠʡ ʜʦʙʫʪʦʢ, ʘ ʦʪʞʝ, ʽ 

ʚʟʘʻʤʥʘ ʝʥʝʨʛʽʷ, ʜʦʨʽʚʥʶʶʪʴ ʥʫʣʶ:  

( , ) ( ) ( ) 0.u v u t v t dt
¤

-¤

= =ñ  

ʅʝʩʢʽʥʯʝʥʥʘ ʩʠʩʪʝʤʘ ʜʽʡʩʥʠʭ ʬʫʥʢʮʽʡ (ʩʠʛʥʘ-

ʣʽʚ) { }0 1{ ( )} ( ), ( ), ..., ( ), ...k nt t t tj = j j j  ʥʘʟʠʚʘʻʪʴʩʷ ʦʨ-

ʪʦʛʦʥʘʣʴʥʦʶ, ʷʢʱʦ ʩʢʘʣʷʨʥʠʡ ʜʦʙʫʪʦʢ ʜʚʦʭ ʨʽʟʥʠʭ 

ʩʠʛʥʘʣʽʚ, ʘ ʦʪʞʝ, ʽ ʾʭʥʷ ʚʟʘʻʤʥʘ ʝʥʝʨʛʽʷ, ʜʦʨʽʚʥʶʻ  

 
 

ʃʝʦʥʘʨʜ ɽʡʣʝʨ 

(Leonhard Euler, 

1707 - 1783), 

 

ʚʠʜʘʪʥʠʡ ʤʘʪʝʤʘ-

ʪʠʢ, ʷʢʠʡ ʚʥʽʩ ʚʝʣʠ-

ʯʝʟʥʠʡ  ʚʥʝʩʦʢ ʫ 

ʨʦʟʚʠʪʦʢ ʤʘʪʝʤʘʪʠ-

ʢʠ, ʘ ʪʘʢʦʞ ʤʝ-

ʭʘʥ̔ʢʠ, ʬʟ̔ʠʢʠ, 

ʘʩʪʨʦʥʦʤʽʾ ʪʘ ʨʷʜʫ 

ʧʨʠʢʣʘʜʥʠʭ ʥʘʫʢ. 

ɽʡʣʝʨ - ʘʚʪʦʨ ʙʽʣɹ-

ʰʝ 800 ʨʘʙʪ̔ ʟ ʤʘ-

ʪʝʤʘʪʠʯʥʦʛʦ ʘʥʘʣ-̔

ʟʫ, ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʾ 

ʛʝʦʤʝʪʨʽ,ʾ ʪʝʦʨʽʾ 

ʯʠʩʝʣ, ʥʘʙʣʠʞʝʥʠʭ 

ʦʙʯʠʩʣʝʥʴ, ʥʝʙʝʩʥʦ ʾ

ʤʝʭʘʥʢ̔ʠ, ʤʘʪʝʤʘ-

ʪʠʯʥʦʾ ʬ̔ʟʠʢʠ, ʦʧ-

ʪʠʢʠ, ʙʘʣʩ̔ʪʠʢʠ, 

ʢʦʨʘʙʣʝʙʫʜʫʚʘʥʥʷ, 

ʪʝʦʨʽʾ ʤʫʟʠʢʠ ̔ ʙʘ-

ʛʘʪʴʦʭ ʽʥʠhʭ, ɦʦ 

ʤʘʣʠ ʟʥʘʯʥʠʡ ʚʧʣʠʚ 

ʥʘ ʨʦʟʚʠʪʦʢ ʥʘʫʢʠ. 

ʇʨʦʪʷʛʦʤ 1731 ï 

1741 ʨʨ.  ̔ʧʦʯʠʥʘʶ-

ʯʠ ʟ 1766 ʨ. ʧʨʘʮʶ-

ʚʘʚ ʫ ʇʝʪʝʨʙʫʨʛʩʴ-

ʢ̔ ʡ ʘʢʘʜʝʤʽʾ ʥʘʫʢ. 
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ʥʫʣʶ: ( , ) ( ) ( ) 0n m n mt t dt
¤

-¤

j j = j j =ñ  ʧʨʠ  .n m̧. 

ʇʨʠʧʫʩʢʘʶʪʴ, ʱʦ ʝʥʝʨʛʽʷ ʢʦʞʥʦʛʦ ʩʠʛʥʘʣʫ ʽʟ 

ʩʠʩʪʝʤʠ ʥʝ ʜʦʨʽʚʥʶʻ ʥʫʣʶ, ʪʦʙʪʦ  2( ) 0.t dt
¤

-¤

j ¸ñ  ʎʝ, 

ʟʦʢʨʝʤʘ, ʦʟʥʘʯʘʻ, ʱʦ ʞʦʜʥʘ ʟ ʬʫʥʢʮʽʡ ʩʠʩʪʝʤʠ ʥʝ 

ʜʦʨʽʚʥʶʻ ʪʦʪʦʞʥʦ ʥʫʣʶ. 

ʅʝʩʢʽʥʯʝʥʥʫ ʩʠʩʪʝʤʫ ʬʫʥʢʮʽʡ { ( )},k tj  ʧʦʧʘʨʥʦ 

ʦʨʪʦʛʦʥʘʣʴʥʠʭ ʦʜʥʘ ʦʜʥʽʡ ʽ ʪʘʢʠʭ, ʱʦ ʤʘʶʪʴ ʦʜʠ-

ʥʠʯʥʽ ʥʦʨʤʠ, ʪʦʙʪʦ ʜʣʷ ʷʢʠʭ:    

{1, ;
( , )

0, ,n m

n m

n m

=
j j =

¸
                (3.21)            

ʥʘʟʠʚʘʶʪʴ ʩʠʩʪʝʤʦʶ ʦʨʪʦʥʦʨʤʦʚʘʥʠʭ ʬʫʥʢʮʽʡ ʘʙʦ 

ʦʨʪʦʥʦʨʤʦʚʘʥʠʤ ʙʘʟʠʩʦʤ. 

ɿʦʚʩʽʤ ʥʝ ʦʙʦʚôʷʟʢʦʚʦ, ʱʦʙ ʦʨʪʦʥʦʨʤʦʚʘʥʽʩʪʴ 

ʙʘʟʠʩʥʠʭ ʬʫʥʢʮʽʡ ʟʘʙʝʟʧʝʯʫʚʘʣʘʩʷ ʣʠʰʝ ʥʘ ʥʝʩʢʽʥ-

ʯʝʥʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʯʘʩʫ. ɯʩʥʫʶʪʴ ʯʠʩʣʝʥʥʽ ʙʘʟʠʩʠ, ʚ 

ʷʢʠʭ ʩʠʩʪʝʤʠ ʬʫʥʢʮʽʡ { ( )}k tj  ʦʨʪʦʥʦʨʤʦʚʘʥʽ ʥʘ 

ʩʢʽʥʯʝʥʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʯʘʩʫ. 
ʇʨʠʢʣʘʜ. ʈʦʟʛʣʷʥʝʤʦ ʦʜʠʥ ʽʟ ʥʘʡʚʘʞʣʠʚʽʠhʭ ʽ ʧʦ-

ʰʠʨʝʥʠʭ ʙʘʟʠʩʽʚ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʦʨʪʦʥʦʨʤʦʚʘʥʦʶ 

ʩʠʩʪʝʤʦʶ ʛʘʨʤʦʥʽʯʥʠʭ ʬʫʥʢʮʽʡ. 

ʅʘ ʽʥʪʝʨʚʘʣʽ ʯʘʩʫ [ ]/ 2, / 2T T-  ʩʠʩʪʝʤʘ ʪʨʠʛʦʥʦʤʝ-

ʪʨʠʯʥʠʭ ʬʫʥʢʮʽʡ ʽʟ ʢʨʘʪʥʠʤʠ ʯʘʩʪʦʪʘʤʠ, ʜʦʧʦʚʥʝʥʘ 

ʩʪʘʣʠʤ ʫ ʯʘʩʽ ʩʠʛʥʘʣʦʤ j0: 

0

1

2

( ) 1 / ;

( ) 2 / sin 2 / ;

( ) 2 / cos2 / ;

t T

t T t T

t T t T

j =

j = p

j = p

 

éééééééééééééééééééé. 

             2 1

2

( ) 2 / sin 2 / ;

( ) 2 / cos2 / , ...

k

k

t T kt T

t T kt T

-j = p

j = p
  

ʫʪʚʦʨʶʻ ʦʨʪʦʥʦʨʤʦʚʘʥʠʡ ʙʘʟʠʩ. ɺ ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʽ ʮʠʭ 

ʬʫʥʢʮʽʡ ʣʝʛʢʦ ʧʝʨʝʢʦʥʘʪʠʩʷ ʘʥʘʣʽʟʫʶʯʠ ʛʨʘʬʽʢʠ ʬʫʥʢ-

ʮʽʡ 1( )tj  ̔ 2( )tj  (ʨʠʩ. 3.18).  ɺʠʟʥʘʯʠʤʦ ʝʥʝʨʛʽʶ ʙʘʟʠʩ- 

ʥʦʾ ʬʫʥʢʮʽʾ ( )k tj  ʥʘ ʽʥʪʝʨʚʘʣʽ ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʽ: 

/ 2
2

/ 2

( )
T

k k
T

E t dt
-

= jñ .                               (3.22) 

 
 

ʆʣ̔ʚʝʨ ʍʝʚʩ̔ʘʡʜ 

(Oliver  Heaviside, 

1850-1925), 
 

ʘʥʛʣʡ̔ʩɹʢʠʡ ʚʯʝʥʠʡ 

ʩʘʤʦʫʢ, ʥ̔ʞʝʥʝʨ, 

ʤʘʪʝʤʘʪʠʢ  ̔ ʬ̔ʟʠʢ. 

ʉʪʚʦʨʠʚ ʪʝʦʨʽʁ  

ʧʝʨʝʜʘʚʘʥʥʷ ʩʠʛʥʘ-

ʣ̔ʚ ʥʘ ʜʘʣʝʢ ̔ ʚʽʜʩ-

ʪʘʥʽ. ɺʧʝʨʰʝ ʟʘʩʪʦ-

ʩʫʚʘʚ ʢʦʤʧʣʝʢʩʥ ̔

ʯʠʩʣʘ ʜʣʷ ʚʠʚʯʝʥʥʷ 

ʝʣʝʢʪʨʠʯʥʠʭ ʣʘʥ-

ʮʶʛʽʚ, ʨʦʟʨʦʙʠʚ 

ʪʝʭʥʢ̔ʫ ʟʘʩʪʦʩʫʚʘʥ-

ʥ ̫ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʃʘʧʣʘʩʘ ʜʣʷ ʨʦʟʚôʷ-

ʟʫʚʘʥʥʷ  ʜʠʬʝʨʝʥʮ̔-

ʘʣʴʥʠʭ ʨʽʚʥʷʥʴ, 

ʩʬʦʨʤʫʣʚʁʘʚ ʨʚ̔-

ʥʷʥʥʷ ʄʘʢʩʚʝʣʘ ʚ 

ʪʝʨʤʥ̔ʘʭ ʝʣʝʢʪʨʠʯ-

ʥʦʾ ʪʘ ʤʘʛʥʠʪʥʦ ʾ

ʩʠʣ  ̔ ʧʦʪʦʢʫ, ʘ ʪʘ-

ʢʦʞ ʥʝʟʘʣʝʞʥʦ ʚʽʜ 

ʽʥʠhʭ ʤʘʪʝʤʘʪʠʢʚ̔ 

ʩʪʚʦʨʠʚ ʚʝʢʪʦʨʥʠʡ 

ʘʥʘʣʟ̔. ɺʧʝʨʝh 

ʨʦʟʨʦʙʠʚ ʦʧʝ-

ʨʘʮ̔ʡʥʝ ʟʯʠʩʣʝʥʥ,̫ 

ʷʢʝ ʰʠʨʦʢʦ ʚʠʢʦʨʠ-

ʩʪʦʚʫʻʪʴʩʷ ʚ ʬʟ̔ʠʮ ̔

ʪʘ ʽʥʠhʭ ʥʘʫʢʘʭ. 
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 ɿʛʽʜʥʦ ʮʽʻʾ ʬʦʨʤʫʣʠ ʝʥʝʨʛʽʷ ʽ ʚʽʜʧʦʚʽʜʥʦ ʥʦʨʤʘ ʬʫʥʢʮʽʾ 

0 ( ),tj  ʜʦʨʽʚʥʶʻ ʦʜʠʥʠʮʽ.  

ɼʣʷ ( )( ) 2 cos 2k t T kt Tj = p  ʤʘʻʤʦ 

/ 2
2

/ 2

2 sin4 / / 2
( )

/ 22 8 /k

T

k
T

t kt T T
E t dt

TT k T
j

-

på õ
= j = +æ ö

-pç ÷
ñ .     (3.23) 

ʽ ʧʽʜʩʪʘʚʠʚʰʠ ʤʝʞʽ ʽʥʪʝʛʨʫʚʘʥʥʷ ʚ ʧʨʘʚʽʡ ʯʘʩʪʠʥʽ ʚʠʨʘ-

ʟʫ (3.23), ʜʽʩʪʘʥʝʤʦ, ʱʦ ʝʥʝʨʛʽʷ ʽ ʥʦʨʤʘ ʮʽʻʾ ʬʫʥʢʮʽ ʾ

ʜʦʨʽʚʥʶʻ ʦʜʠʥʠʮʽ. ɼʣʷ ( )( ) 2 sin 2k t T kt Tj = p  ʦʪʨʠ-

ʤʫʻʤʦ ʟʛʽʜʥʦ (3.22) ʘʥʘʣʦʛʽʯʥʠʡ ʨʝʟʫʣʴʪʘʪ. 
ʈʦʟʛʣʷʥʫʪʠʡ ʙʘʟʠʩ ʛʘʨʤʦʥʽʯʥʠʭ ʬʫʥʢʮʽʡ ʻ ʦʜ-

ʥʽʻʶ ʟ ʙʘʛʘʪʴʦʭ ʩʠʩʪʝʤ ʦʨʪʦʥʦʨʤʦʚʘʥʠʭ ʬʫʥʢʮʽʡ. 

ɺʠʙʽʨ ʪʽʻʾ ʯʠ ʽʥʰʦʾ ʩʠʩʪʝʤʠ ʦʨʪʦʥʦʨʤʦʚʘʥʠʭ ʬʫʥʢ-

ʮʽʡ (ʙʘʟʠʩʫ) ʟʘʣʝʞʠʪʴ ʷʢ ʚʽʜ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʠʛʥʘʣʫ, 

ʪʘʢ ʽ ʚʽʜ ʢʦʥʢʨʝʪʥʠʭ ʫʤʦʚ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʘʟʠʩʫ. 

ɿʘʛʘʣʴʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʚʠʙʦʨʫ ʙʘʟʠʩʫ: 

1) ʙʘʟʠʩʥʽ ʬʫʥʢʮʽʾ ʤʘʶʪʴ ʙʫʪʠ ʟʘ ʤʦʞʣʠʚʦʩʪʽ 

ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʛʦʜʞʝʥʠʤʠ ʟʘ ʬʦʨʤʦʶ ʟ ʬʽʣʴʪʨʦ-

ʚʘʥʠʤ ʩʠʛʥʘʣʦʤ; 

2) ʧʦʪʨʽʙʥʦ ʥʘʤʘʛʘʪʠʩʷ ʚʠʙʠʨʘʪʠ ʷʢʦʤʦʛʘ 

ʧʨʦʩʪʽʰʠʡ ʟ ʦʛʣʷʜʫ ʥʘ ʘʧʘʨʘʪʥʫ ʯʠ ʧʨʦʛʨʘʤʥʫ ʨʝʘ-

ʣʽʟʘʮʽʾ ʙʘʟʠʩ. 

ʅʘʚʝʜʝʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʚʠʙʦʨʫ ʙʘʟʠʩʫ ʥʝ ʟʘʚ-

ʞʜʠ ʚʜʘʻʪʴʩʷ ʚʠʢʦʥʘʪʠ ʥʘ ʧʨʘʢʪʠʮʽ, ʦʩʢʽʣʴʢʠ ʜʦʚʦ-

ʜʠʪʴʩʷ ʰʫʢʘʪʠ ʢʦʤʧʨʦʤʽʩ ʤʽʞ ʧʦʛʦʜʞʝʥʽʩʪʶ ʬʦʨ-

ʤʠ ʙʘʟʠʩʥʠʭ ʬʫʥʢʮʽʡ ʟ ʬʦʨʤʦʶ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ 

ʩʠʛʥʘʣʫ ʽ ʧʨʦʩʪʦʪʦʶ ʧʨʦʛʨʘʤʥʦʾ ʯʠ ʘʧʘʨʘʪʥʦʾ ʨʝʘ-

ʣʽʟʘʮʽʾ ʙʘʟʠʩʫ. 

 
 

ʇʦʣʴ ɸʜʨʽʘʥ  

ʄʦʨ̔ʩ ɼ̔ʨʘʢ  

(Paul Adrien  

Maurice Dirac,  

1902 - 1984), 
 

ʘʥʛʣʡ̔ʩɹʢʠʡ ʬʟ̔ʠʢ, 

ʦʜʠʥ ʟ̔ ʪʚʦʨʮʚ̔ ʢʚʘʥ-

ʪʦʚʦ ʾ ʤʝʭʘʥʢ̔ʠ, ʣʘʫ-

ʨʝʘʪ ʅʦʙʝʣʚ̔ʩɹʢʦʾ 

ʧʨʝʤʽʾ ʟ ʬ̔ʟʠʢʠ 1933 

ʨ. (ʨʘʟʦʤ ʟ ɽʨʚ̔ʥʦʤ 

ʐʨʝʜ̔ʥʛʝʨʦʤ). ʈʦʙʦ-

ʪʠ ɼ̔ʨʘʢʘ ʧʨʠʩʚʷʯʝʥʽ 

ʢʚʘʥʪʦʚʡ̔ ʤʝʭʘʥʽʮʽ, 

ʢʚʘʥʪʦʚʽʾ ʝʣʝʢʪʨʦʜʠ-

ʥʘʤ̔ʮʽ, ʪʝʦʨʽʾ ʧʦʣʷ, 

ʪʝʦʨʽʾ ʝʣʝʤʝʥʪʘʨʥʠʭ 

ʯʘʩʪʦʢ, ʩʪʘʪʠʩʪʠʯʥʽʡ 

ʬ̔ʟʠʮ.̔ ɺ 1926 - 1927 

ʨʨ. ʨʦʟʨʦʙʠʚ ʤʘʪʝʤʘ-

ʪʠʯʥʠʡ ʘʧʘʨʘʪ ʢʚʘʥ-

ʪʦʚʦ ʾ ʤʝʭʘʥʢ̔ʠ ï 

ʪʝʦʨʽʁ  ʧʝʨʝʪʚʦʨʝʥʴ, 

ʚʚ̔ʚ ʪʘʢ ʟʚʘʥʫ ʜʝʣɹ-

ʪʘ-ʬʫʥʢʮʽʁ . ɺ 1927 

ʨ. ʟʘʩʪʦʩʫʚʘʚ ʧʨʠʥ-

ʮʠʧʠ ʢʚʘʥʪʦʚʦ ʾ ʤʝ-

ʭʘʥ̔ʢʠ ʜʦ ʝʣʝʢʪʨʦ-

ʤʘʛʥʪ̔ʥʦʛʦ ʧʦʣ̫  ̔

ʧʦʙʫʜʫʚʘʚ ʤʦʜʝʣʴ 

ʢʚʘʥʪʦʚʦ ʾ ʝʣʝʢʪʨʦ-

ʜʠʥʘʤʢ̔ʠ. 

 

 
 

 

 ű2 

ű1 

t 
0 

ï ï + + 

T/2 T/4 ïT/4 ïT/2 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

ʈʠʩ. 3.18. ɻʨʘʬʽʢʠ ʛʘʨʤʦʥʽʯʥʠʭ ʬʫʥʢʮʽʡ 
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ʋʟʘʛʘʣʴʥʝʥʽ ʨʷʜʠ ʌʫʨôʻ. ɺ̔ ʜʦʤʦ, ʱʦ ʜʦʚʽʣʴʥʠʡ 

ʩʠʛʥʘʣ s(t) ʟʽ ʩʢʽʥʯʝʥʥʦʶ ʝʥʝʨʛʽʻʶ, ʪʦʙʪʦ ʪʘʢʠʡ, ʜʣʷ 

ʷʢʦʛʦ ʚʠʢʦʥʫʻʪʴʩʷ ʫʤʦʚʘ2( ) ,s t dt
¤

-¤

<¤ñ ʤʦʞʥʘ ʧʦʜʘʪʠ ʫ 

ʚʠʛʣʷʜʽ ʨʷʜʫ:  

0

( ) ( ),k k
k

s t c t
¤

=

= jä                        (3.24) 

ʜʝ kc  ï ʢʦʝʬʽʮʽʻʥʪʠ ʨʦʟʢʣʘʜʫ, ʷʢʽ ʥʘʟʠʚʘʶʪʴ ʩʧʝʢ- 

ʪʨʦʤ ʩʠʛʥʘʣʫ; kj  ï ʩʠʩʪʝʤʘ ʦʨʪʦʥʦʨʤʦʚʘʥʠʭ ʜʽʡʩʥʠʭ 

ʬʫʥʢʮʽʡ (ʙʘʟʠʩ). 

ʇʨʝʜʩʪʘʚʣʝʥʥʷ (3.24) ʥʘʟʠʚʘʻʪʴʩʷ ʫʟʘʛʘʣʴʥʝʥʠʤ 

ʨʷʜʦʤ ʌʫʨôʻ ʩʠʛʥʘʣʫ ( )s t  ʫ ʚʠʙʨʘʥʦʤʫ ʙʘʟʠʩʽ { }.kj  

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʩʠʛʥʘʣʫ 

( )s t ʨʷʜʦʤ (3.24) ʤʦʞʥʘ ʚʚʝʩʪʠ ʘʢʩʽʦʤʘʪʠʯʥʦ, ʘʣʝ 

ʝʬʝʢʪʠʚʥʽʩʪʴ (ʤʦʞʥʘ ʛʦʚʦʨʠʪʠ ʧʨʦ ʦʧʪʠʤʘʣʴʥʽʩʪʴ) 

ʪʘʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʧʦʣʷʛʘʻ ʚ ʥʘʩʪʫʧʥʦʤʫ. ʉʠʩʪʝ-

ʤʫ ʬʫʥʢʮʽʡ { }k(t)j  ï ʥʝʦʙʭʽʜʥʦ ʚʠʙʨʘʪʠ ʪʘʢʦʶ, ʷʢʘ ʙ 

ʟʘʙʝʟʧʝʯʫʚʘʣʘ ʧʦ-ʧʝʨʰʝ, ʧʨʦʩʪʦʪʫ ʦʙʯʠʩʣʝʥʥʷ ʢʦʝ-

ʬʽʮʽʻʥʪʽʚ ʨʦʟʢʣʘʜʫ { }kc ʽ , ʧʦ-ʜʨʫʛʝ, ʤʽʥʽʤʽʟʫʚʘʣʘ ʧʦ-

ʭʠʙʢʫ ʘʧʨʦʢʩʠʤʘʮʽʾ ʩʠʛʥʘʣʫ ( )s t  ʩʢʽʥʯʝʥʥʦʚʠʤʽʨʥʠʤ 

ʨʷʜʦʤ ʌʫʨôʻ. 

ʗʢʱʦ ʟʘ ʩʠʩʪʝʤʫ { }kj  ʫʟʷʪʠ ʩʫʢʫʧʥʽʩʪʴ ʦʨʪʦ-

ʥʦʨʤʦʚʘʥʠʭ ʬʫʥʢʮʽʡ, ʪʦ ʟʘʟʥʘʯʝʥʝ ʟʘʚʜʘʥʥʷ ʤʦʞʥʘ 

ʨʦʟʚôʷʟʘʪʠ. ʅʝʭʘʡ ʫ (3.24) { }kj  ð ʥʝʩʢʽʥʯʝʥʥʘ ʩʠ-

ʩʪʝʤʘ ʜʽʡʩʥʠʭ ʬʫʥʢʮʽʡ, ʦʨʪʦʥʦʨʤʦʚʘʥʠʭ ʥʘ ʽʥʪʝʨʚʘʣʽ 

ʯʘʩʫ [ , ],-¤ ¤ ʱʦ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʫʤʦʚʫ (3.21), ʪʦʙʪʦ   

   {1, ;
( ) ( )

0, .k n

n k
t t dt

n k

¤

-¤

=
j j =

¸
ñ                     (3.25) 

ʇʦʤʥʦʞʠʤʦ ʦʙʠʜʚʽ ʯʘʩʪʠʥʠ (3.24) ʥʘ ( )n tj  ʽ 

ʧʨʦ̔ʥʪʝʛʨʫʻʤʦ ʚ ʤʝʞʘʭ ʦʙʣʘʩʪʽ ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʽ: 

  
0

( ) ( ) ( ) ( )n k k n
k

s t t dt c t t dt
¤ ¤¤

=-¤ -¤

j = j jäñ ñ .           (3.26) 

ɿʛʽʜʥʦ ʟ ʦʙʤʝʞʝʥʥʷʤ (3.25) ʽʥʪʝʛʨʘʣ ʫ ʧʨʘʚʽʡ ʯʘ-

ʩʪʠʥʽ ʚʠʨʘʟʫ (3.26) ʚʽʜʤʽʥʥʠʡ ʚʽʜ ʥʫʣʷ ʽ ʜʦʨʽʚʥʶʻ 

ʦʜʠʥʠʮʽ ʣʠʰʝ ʧʨʠ .k n=  ʆʪʞʝ, 

   ( ) ( ) ( , )n n nc s t t dt s
¤

-¤

= j = jñ .                  (3.27) 

 

 

ɾʘʥ ɹʘʪʩ̔ʪ ɾʦʟʝʬ 

ʌʫʨʴʝ  

(Jean Batiste 

 Joseph Fourier ,  

1768 - 1830), 
 

ʬʨʘʥʮʫʟʴʢʠʡ ʤʘʪʝ-

ʤʘʪʠʢ ʽ ʬʽʟʠʢ. ʆʩ-

ʥʦʚʥʘ ʨʦʙʦʪʘ ʌʫʨ'ʻ 

- "ɸʥʘʣʽʪʠʯʥʘ ʪʝʦ-

ʨʽʷ ʪʝʧʣʦʪʠ" (1822), 

ʜʝ ʚʠʢʣʘʜʝʥʘ ʤʘʪʝ-

ʤʘʪʠʯʥʘ ʪʝʦʨʽʷ ʪʝʧ-

ʣʦʧʨʦʚʽʜʥʦʩʪʽ. ʎʷ 

ʪʝʦʨʽʷ ʩʪʘʣʘ ʦʩʥʦ-

ʚʦʶ ʩʫʯʘʩʥʠʭ ʤʝ-

ʪʦʜʽʚ ʤʘʪʝʤʘʪʠʯʥʦʾ 

ʬʽʟʠʢʠ, ʷʢʽ ʚʠʢʦʨʠ-

ʩʪʦʚʫʶʪʴ ʽʥʪʝʛʨʫ-

ʚʘʥʥʷ ʨʽʚʥʷʥʴ ʚ 

ʯʘʩʪʢʦʚʠʭ ʧʦʭʽʜʥʠʭ 

ʟʘ ʟʘʜʘʥʠʭ ʛʨʘʥʠʯ-

ʥʠʭ ʫʤʦʚ. ʄʝʪʦʜ 

ʌʫʨ'ʻ, ʷʢʠʡ ʧʦʣʷʛʘʻ 

ʚ ʧʦʜʘʥʥʽ ʬʫʥʢʮʽʡ 

ʫ ʚʠʛʣʷʜʽ ʪʨʠʛʦʥʦ-

ʤʝʪʨʠʯʥʠʭ ʨʷʜʽʚ 

(ʨʷʜʽʚ ʌʫʨ'ʻ), 

ʟʥʘʡʰʦʚ ʰʠʨʦʢʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ 

ʨʽʟʥʠʭ ʨʦʟʜʽʣʘʭ 

ʬʽʟʠʢʠ ʽ ʤʘʪʝʤʘʪʠ-

ʢʠ. ʂʨʽʤ ʮʴʦʛʦ, 

ʌʫʨ'ʻ ʧʦʙʫʜʫʚʘʚ 

ʧʝʨʰʫ ʤʘʪʝʤʘʪʠʯʥʫ 

ʪʝʦʨʽʶ ʪʝʧʣʦʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ.  
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ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ (3.27) ʻ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʤ ʫ ʪʝʦʨʽʾ ʨʷʜʽʚ ʌʫʨôʻ ʽ 

ʚʠʟʥʘʯʘʻ ʘʣʛʦʨʠʪʤ ʦʙʯʠʩʣʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʦʟʢʣʘʜʫ ʩʠʛʥʘʣʫ ( )s t  ʜʣʷ 

ʟʘʜʘʥʦʛʦ ʦʨʪʦʥʦʨʤʦʚʘʥʦʛʦ ʙʘʟʠʩʫ, ʘ ʩʘʤʝ: ʢʦʝʬʽʮʽʻʥʪʠ ʨʦʟʢʣʘʜʫ ʫʟʘ-

ʛʘʣʴʥʝʥʦʛʦ ʨʷʜʫ ʌʫʨôʻ (ʩʧʝʢʪʨ) ʯʘʩʦʚʦʾ ʬʫʥʢʮʽʾ (ʩʠʛʥʘʣʫ) ( )s t  ʚʠʟʥʘ-

ʯʘʶʪʴʩʷ ʩʢʘʣʷʨʥʠʤ ʜʦʙʫʪʢʦʤ ʮʴʦʛʦ ʩʠʛʥʘʣʫ ʪʘ ʚʽʜʧʦʚʽʜʥʠʭ ʙʘʟʠʩʥʠʭ 

ʬʫʥʢʮʽʡ:     ( )( ), ( )k kc s t t= j ,   0,1, ...k= .                             (3.28) 

ʄʦʞʣʠʚʽʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʩʠʛʥʘʣʽʚ ʫʟʘʛʘʣʴʥʝʥʠʤʠ ʨʷʜʘʤʠ ʌʫʨôʻ 

ʤʘʻ ʚʘʞʣʠʚʝ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ. ʊʘʢ, ʜʣʷ ʘʥʘʣʽʟʫ ʩʠʛʥʘʣʫ ʚʠʢʦʨʠʩʪʦʚʫ-

ʻʪʴʩʷ ʥʝ ʢʦʥʪʠʥʫʘʣʴʥʘ (ʥʝʩʢʽʥʯʝʥʥʘ ʥʝʧʝʨʝʨʚʥʘ) ʤʥʦʞʠʥʘ ʟʥʘʯʝʥʴ ʩʠʛ-

ʥʘʣʫ, ʘ ʟʣʽʯʝʥʥʘ (ʥʝʩʢʽʥʯʝʥʥʘ ʜʠʩʢʨʝʪʥʘ) ʤʥʦʞʠʥʘ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʷʜʫ 

ʌʫʨôʻ. ʂʨʽʤ ʪʦʛʦ ʪʘʢʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʩʢʽʥʯʝʥʥʫ ʤʥʦʞʠʥʫ ʢʦʝʬʽʮʽʻʥʪʽʚ ʽ ʚʠʟʥʘʯʘʪʠ ʚʘʞʣʠʚʽ ʜʣʷ ʟʘʚʜʘʥʴ ʚʠʤʽ-

ʨʶʚʘʥʥʷ ʧʦʭʠʙʢʠ (ʧʦʤʠʣʢʠ) ʪʘʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʢʦʥʢʨʝʪʥʠʡ ʩʧʝʢʪʨ ʩʠʛʥʘʣʫ ʟʘʚʞʜʠ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʚʽʜʥʦʩʥʦ ʢʦʥʢʨʝʪʥʦʛʦ ʙʘʟʠʩʫ. ɿʽ ʟʤʽʥʦʶ ʙʘʟʠʩʫ ʟʤʽʥʶʻʪʴʩʷ ʽ ʩʧʝʢʪʨ, 

ʭʦʯʘ ʩʠʛʥʘʣ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʟʤʽʥʥʠʤ. 

ɼʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʠʛʥʘʣʫ ( )s t  ʡʦʛʦ ʨʦʟʢʣʘʜ ʫ ʨʷʜ ʌʫʨôʻ ʟʘʧʠʩʫʻʪʴʩʷ 

ʫ ʚʠʛʣʷʜʽ:                                 
0

( ) ( )k k
k

s t c t
¤

=

= jä ,                                    (3.29) 

ʜʝ ʩʠʩʪʝʤʘ ʙʘʟʠʩʥʠʭ ʬʫʥʢʮʽʡ { }kj   ̒ʩʠʩʪʝʤʦ  ʁʜʽʡʩʥʠʭ ʬʫʥʢʮʽʡ, ʽ ʚʽʜ-

ʧʦʚʽʜʥʦ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʠʛʥʘʣʫ ( )s t  ʡʦʛʦ ʩʧʝʢʪʨ { }kc  ʪʘʢʦʞ  ̒ʢʦʤ-

ʧʣʝʢʩʥʠʤ ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ:      

( )( ), ( )k kc s t t= j .                                                (3.30) 

ʆʙʯʠʩʣʠʤʦ ʝʥʝʨʛʽʶ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʠʛʥʘʣʫ, 

ʧʦʜʘʥʦʛʦ ʫ ʬʦʨʤʽ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʨʷʜʫ ʌʫʨôʻ (3.29). ʉʢʦʨʠʩʪʘʚʰʠʩʴ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ (3.29) ʽ (3.30), ʥʘ ʧʽʜʩʪʘʚʽ ʚʠʨʘʟʫ (3.20), ʜʽʩʪʘʥʝʤʦ: 

( )
0 0

( ), ( ) ( ) ( ) ( ) ( ) ( ) .s k n k n
k n

E s t s t s t s t dt c c t t dt
¤ ¤ ¤ ¤

* * *

= =-¤ -¤

= = = j jääñ ñ  

ʜʝ ( )s t*
 ï ʢʦʤʧʣʝʢʩʥʦ-ʩʧʨʷʞʝʥʠʡ ʩʠʛʥʘʣ ʚʽʜʥʦʩʥʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʠʛ-

ʥʘʣʫ ( )s t . 

ʇʦʤʽʥʷʚʰʠ ʤʽʩʮʷʤʠ ʦʧʝʨʘʮʽʾ ʧʽʜʩʫʤʦʚʫʚʘʥʥʷ ʪʘ ʽʥʪʝʛʨʫʚʘʥʥʷ (ʟ 

ʦʛʣʷʜʫ ʥʘ ʾʭʥʶ ʣʽʥʽʡʥʽʩʪʴ), ʦʪʨʠʤʘʻʤʦ:   
0 0

( ) ( ) ( ) .s k n k n
k n

E c c t t dt
¤¤ ¤

*

= = -¤

= j jää ñ  

ʆʩʢʽʣʴʢʠ ʙʘʟʠʩʥʽ ʬʫʥʢʮʽʾ ʦʨʪʦʥʦʨʤʦʚʘʥʽ, ʪʦ ʚ ʩʫʤʽ ʧʨʘʚʦʾ ʯʘʩʪʠʥʠ 

ʦʩʪʘʥʥʴʦʛʦ ʚʠʨʘʟʫ ʙʫʜʝ ʚʽʜʤʽʥʥʠʤ ʚʽʜ ʥʫʣʷ ʪʽʣʴʢʠ ʜʦʜʘʥʦʢ ʧʨʠ n k=      

ʽ ʦʪʨʠʤʫʻʤʦ ʚʘʞʣʠʚʠʡ ʨʝʟʫʣʴʪʘʪ:  
2

0 0

,s k k k
k k

E c c c
¤ ¤

*

= =

= =ä ä   
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ʜʝ | |k kc c=  ï ʤʦʜʫʣʴ k-ʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʨʦʟʢʣʘʜʫ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʨʷʜʫ 

ʌʫʨôʻ. 

ɿʤʽʩʪ ʦʪʨʠʤʘʥʦʛʦ ʚʠʨʘʟʫ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʝʥʝʨʛʽʷ ʩʠʛʥʘʣʫ ʜʦʨʽʚ-

ʥʶʻ ʩʫʤʽ ʝʥʝʨʛʽʡ ʫʩʽʭ ʢʦʤʧʦʥʝʥʪʽʚ (ʛʘʨʤʦʥʽʢ), ʟ ʷʢʠʭ ʩʢʣʘʜʘʻʪʴʩʷ ʫʟʘ-

ʛʘʣʴʥʝʥʠʡ ʨʷʜ ʌʫʨôʻ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʝʥʝʨʛʽʷ ʩʠʛʥʘʣʫ ʜʦʨʽʚʥʶʻ ʩʫʤʽ ʝʥʝʨʛʽʡ ʩʧʝʢʪʨʘʣʴʥʠʭ 

ʩʢʣʘʜʦʚʠʭ ʩʠʛʥʘʣʫ, ʘ ʢʚʘʜʨʘʪ ʤʦʜʫʣʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʨʷʜʫ 

ʌʫʨôʻ ʯʠʩʝʣʴʥʦ ʜʦʨʽʚʥʶʻ ʪʽʡ ʯʘʩʪʮʽ ʝʥʝʨʛʽʾ ʩʠʛʥʘʣʫ, ʱʦ ʧʨʠʧʘʜʘʻ ʥʘ 

ʚʽʜʧʦʚʽʜʥʫ ʩʧʝʢʪʨʘʣʴʥʫ ʩʢʣʘʜʦʚʫ ʩʠʛʥʘʣʫ. 

ʈʦʟʛʣʷʥʝʤʦ ʦʧʪʠʤʘʣʴʥʽʩʪʴ ʨʦʟʢʣʘʜʘʥʥʷ ʩʠʛʥʘʣʫ ʟʘ ʦʨʪʦʥʦʨʤʦʚʘ-

ʥʠʤ ʙʘʟʠʩʦʤ. ɼʣʷ ʜʽʡʩʥʦʛʦ ʩʠʛʥʘʣʫ ( )s t  ʚʚʝʜʝʤʦ ʩʢʽʥʯʝʥʥʦʚʠʤʽʨʥʫ 

ʘʧʨʦʢʩʠʤʘʮʽʶ:               
0

( ) ( )
N

n n
n

s t c t
=

= jä                                       (3.31) 

ʟ ʥʝʚʽʜʦʤʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ nc , ʷʢʽ ʙʫʣʦ ʚʠʙʨʘʥʦ ʟʘ ʫʤʦʚʠ ʤʽʥʽʤʘʣʴʥʦ-

ʩʪʽ ʝʥʝʨʛʽʾ, ʱʦ ʽʥʰʠʤʠ ʩʣʦʚʘʤʠ ʽʤʝʥʫʪ̒ʴʩʷ ʫʤʦʚʦʶ ʤʽʥʽʤʘʣʴʥʦʩʪʽ ʢʚʘ-

ʜʨʘʪʠʯʥʦʾ ʧʦʤʠʣʢʠ ʘʧʨʦʢʩʠʤʘʮʽʾ:                  

  
2

2

0

( ) ( ) min.
N

n n
n

s s s t c t dt
¤

=-¤

è øm= - = - j =
é ùê ú

äñ              (3.32) 

ʅʝʦʙʭʽʜʥʘ ʫʤʦʚʘ ʤʽʥʽʤʫʤʫ ʥʘʚʝʜʝʥʦʛʦ ʚʠʱʝ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʬʫʥʢ-

ʮʽʦʥʘʣʫ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʢʦʝʬʽʮʽʻʥʪʠ kc  ʤʘʶʪʴ ʟʘʜʦʚʦʣʴʥʷʪʠ ʩʠʩʪʝ-

ʤʫ ʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ:        0, 0,kc k Nµ m µ = =.                             (3.33) 

ɼʦʩʪʘʪʥʷ ʫʤʦʚʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʽʥʽʤʫʤʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʘʢ:  

           2 2 0, 0,kc k Nµ m µ < =.                              (3.34) 

ɺʠʢʦʥʘʥʥʷ ʚʢʘʟʘʥʠʭ ʥʝʦʙʭʽʜʥʠʭ ʽ ʜʦʩʪʘʪʥʽʭ ʫʤʦʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʽ-

ʥʽʤʫʤʫ (3.32) ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʫʤʦʚʠ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʷʜʫ ʌʫʨôʻ 

(3.31) ʫ ʚʠʜʽ:             ( ) ( ) ( , ).k k kc s t t dt s
¤

-¤

= j = jñ                               (3.35) 

ɼʘʥʠʡ ʚʠʨʘʟ ʮʽʣʢʦʤ ʩʧʽʚʧʘʜʘʻ ʩʧʽʚʧʘʜʘʻ  ʟ ʚʠʨʘʟʦʤ (3.27) ʜʣʷ ʢʦʝ-

ʬʽʮʽʻʥʪʽʚ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʨʷʜʫ ʌʫʨôʻ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʩʢʽʥʯʝʥʥʦʚʠʤʽʨʥʠʡ ʨʷʜ ʌʫʨôʻ ʚʠʜʫ (3.31) ʟʘʙʝʟʧʝʯʫʻ 

ʤʽʥʽʤʫʤ ʢʚʘʜʨʘʪʠʯʥʦʾ ʧʦʤʠʣʢʠ ʘʧʨʦʢʩʠʤʘʮʽʾ (3.32), ʷʢʱʦ ʢʦʝʬʽʮʽʻʥʪʠ 

ʨʷʜʫ ʌʫʨôʻ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʠʨʘʟʦʤ (3.35). 

ɿʘ ʫʤʦʚʠ, ʱʦ N ʧʨʷʤʫʻ ʜʦ ʥʝʩʢʽʥʯʝʥʥʦʩʪʽ, ʢʚʘʜʨʘʪʠʯʥʘ ʧʦʤʠʣʢʘ 

ʘʧʨʦʢʩʠʤʘʮʽʾ ʧʨʷʤʫʻ ʜʦ ʥʫʣʷ, ʽ ʫʟʘʛʘʣʴʥʝʥʠʡ ʨʷʜ ʌʫʨôʻ (3.24) ʪʦʯʥʦ 

ʦʧʠʩʫʻ ʩʠʛʥʘʣ ( ).s t  

ʈʦʟʛʣʷʥʝʤʦ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ ʧʨʠʩʪʨʦʶ (ʨʠʩ. 3.19) ʜʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʦʟʢʣʘʜʝʥʥʷ ʜʦʚʽʣʴʥʦʛʦ ʩʠʛʥʘʣʫ ( )s t  ʚ ʫʟʘʛʘʣʴʥʝʥʠʡ ʨʷʜ 

ʌʫʨôʻ (3.24) ʟʘ ʟʘʜʘʥʦʶ ʩʠʩʪʝʤʦʶ ʦʨʪʦʥʦʨʤʦʚʘʥʠʭ ʬʫʥʢʮʽʡ ( ),k tj 0,1, ...k= . 
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ʆʩʥʦʚʥʽ ʝʣʝʤʝʥʪʠ ʧʨʠ-

ʩʪʨʦʶ ï ʮʝ ʛʝʥʝʨʘʪʦʨʠ ʙʘʟʠʩʥʠʭ 

ʬʫʥʢʮʽʡ (ɻʌ) ( ),k tj 0,1, ..k= , ʟʘ 

ʷʢʠʤʠ ʨʦʟʢʣʘʜʘʻʪʴʩʷ ʩʠʛʥʘʣ 

( )s t  ʚ ʫʟʘʛʘʣʴʥʝʥʠʡ ʨʷʜ ʌʫʨôʻ 

(ʪʦʙʪʦ ʦʙʯʠʩʣʶʶʪʴʩʷ ʢʦʝʬʽʮʽʻ-

ʥʪʠ ʨʦʟʢʣʘʜʝʥʥʷ, ʩʫʢʫʧʥʽʩʪʴ 

ʷʢʠʭ ʫʪʚʦʨʶʻ ʩʧʝʢʪʨ 

, 0,1, ...kc k= ).  ɸʥʘʣʽʟʦʚʘʥʠʡ 

ʩʠʛʥʘʣ ( )s t  ʦʜʥʦʯʘʩʥʦ ʧʦʜʘʻʪʴ-

ʩʷ ʥʘ ʧʝʨʰʽ ʚʭʦʜʠ ʚʩʽʭ ʧʦʤʥʦʞʫʚʘʣʴʥʠʭ ʣʘʥʦʢ, ʥʘ ʜʨʫʛʽ ʚʭʦʜʠ ʷʢʠʭ 

ʧʽʜʚʦʜʷʪʴʩʷ ʙʘʟʠʩʥʽ ʬʫʥʢʮʽʾ ( ), 0,1, ...k t kj = . ɿ ʚʠʭʦʜʫ ʧʦʤʥʦʞʫʚʘʯʽʚ 

ʩʠʛʥʘʣʠ ʥʘʜʭʦʜʷʪʴ ʥʘ ʽʥʪʝʛʨʘʪʦʨʠ, ʚʽʜʛʫʢʦʤ ʷʢʠʭ ʻ ʢʦʝʬʽʮʽʻʥʪʠ kc . ɿʘ 

ʪʘʢʦʛʦ ʤʝʪʦʜʫ ʦʧʨʘʮʶʚʘʥʥʷ ʩʠʛʥʘʣʫ ʥʘʧʨʠʢʽʥʮʽ ʧʨʦʤʽʞʢʫ ʯʘʩʫ ʽʥʪʝʛ-

ʨʫʚʘʥʥʷ 1 2( , )t t  ʥʘ ʚʠʭʦʜʽ ʢʦʞʥʦʛʦ ʽʥʪʝʛʨʘʪʦʨʘ ʚʠʥʠʢʘʻ ʥʝʟʤʽʥʥʠʡ ʫ ʯʘʩʽ 

ʩʠʛʥʘʣ, ʟʥʘʯʝʥʥʷ ʷʢʦʛʦ ʟʛʽʜʥʦ ʬʦʨʤʫʣʠ (3.33) ʪʦʯʥʦ ʜʦʨʽʚʥʶʻ ʪʦʤʫ ʯʠ 

ʽʥʰʦʤʫ ʢʦʝʬʽʮʽʻʥʪʫ ʨʦʟʢʣʘʜʝʥʥʷ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʨʷʜʫ ʌʫʨôʻ. 

ʆʪʞʝ, ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʨʦʟʛʣʷʥʫʪʦʛʦ ʧʨʠʩʪʨʦʶ ʚ ʮʽʣʦʤʫ ʟʘʣʝʞʘʪʠʤʝ 

ʚʽʜ ʪʦʛʦ, ʥʘʩʢʽʣʴʢʠ ʪʦʯʥʦ ʚʜʘʻʪʴʩʷ ʚʽʜʪʚʦʨʠʪʠ ʙʘʟʠʩʥʽ ʬʫʥʢʮʽʾ, ʘ ʪʘʢʦʞ 

ʚʽʜ ʜʦʩʢʦʥʘʣʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʦʤʥʦʞʫʚʘʯʽʚ ʪʘ ʽʥʪʝʛʨʘʪʦʨʽʚ. 

ɸʣʛʦʨʠʪʤ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʦʟʢʣʘʜʝʥʥʷ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʨʷ-

ʜʫ ʌʫʨôʻ ʤʦʞʥʘ ʨʝʘʣʽʟʫʚʘʪʠ ʡ ʥʘ ʧʨʦʛʨʘʤʥʦʤʫ ʨʽʚʥʽ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʢʣʘʜʝʥʥʷ ʩʠʛʥʘʣʽʚ ʟ ̔ʩʢʽʥʯʝʥʥʦʶ ʝʥʝʨʛʽʻʶ 

ʚ ʫʟʘʛʘʣʴʥʝʥʠʡ ʨʷʜ ʌʫʨôʻ ʧʽʜʪʚʝʨʜʠʣʠ ʜʫʘʣʴʥʽʩʪʴ ʚ ʩʝʥʩʽ ʢʚʘʜʨʘʪʠʯʥʦʾ  

ʨʽʚʥʦʩʠʣʴʥʦʩʪʽ (ʟʙʽʞʥʦʩʪʽ) ʧʦʜʘʥʥʷ ʩʠʛʥʘʣʫ ʬʫʥʢʮʽʻʶ ʯʘʩʫ (ʪʘʢʫ ʬʫʥ-

ʢʮʽʶ ʥʘʟʠʚʘʶʪʴ ʦʨʠʛʽʥʘʣʦʤ), ʘʙʦ  ʟʣʽʯʝʥʥʦʶ ʩʫʢʫʧʥʽʩʪʶ ʘʤʧʣʽʪʫʜ 

, 0,1, ...kc k= , ʚʽʜʧʦʚʽʜʥʠʭ ʙʘʟʠʩʥʠʭ ʬʫʥʢʮʽʡ ʱʦ ʫʪʚʦʨʶʶʪʴ ʩʧʝʢʪʨ ʫ 

ʯʘʩʪʦʪʥʦʤʫ ʧʨʦʩʪʦʨʽ (ʩʫʢʫʧʥʽʩʪʴ { }kc  ʥʘʟʠʚʘʶʪʴ ʟʦʙʨʘʞʝʥʥʷʤ).  
 

3.2. ɺʠʧʘʜʢʦʚʽ ʩʠʛʥʘʣʠ ʪʘ ʟʘʚʘʜʠ 
 

ʆʩʥʦʚʥʽ ʧʦʥʷʪʪʷ. ɺ ʧʨʦʮʝʩʽ ʚʠʢʦʥʘʥʥ ̫ʟʘʚʜʘʥʴ ʚʠʤʽʨʶʚʘʥʴ ʜʣʷ 

ʦʧʠʩʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʨʝʘʣʴʥʠʭ ʩʠʛʥʘʣʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʜʝʪʝʨʤʽ-

ʥʦʚʘʥʽ ʪʘʢ ʽ ʚʠʧʘʜʢʦʚʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ. ɺʽʜʧʦʚʽʜʥʦ ʜʝʪʝʨʤʽʥʦʚʘʥʽ 

ʩʠʛʥʘʣʠ ʦʧʠʩʫʶʪʴʩʷ ʜʝʪʝʨʤʽʥʦʚʘʥʠʤʠ ʬʫʥʢʮʽʷʤʠ, ʘ ʚʠʧʘʜʢʦʚʽ ʩʠʛʥʘʣʠ 

ï ʚʠʧʘʜʢʦʚʠʤʠ ʬʫʥʢʮʽʷʤʠ (ʧʨʦʮʝʩʘʤʠ). 

ɼʦ ʜʝʪʝʨʤʽʥʦʚʘʥʠʭ ʚʽʜʥʦʩʷʪʴ ʩʠʛʥʘʣʠ, ʷʢʽ ʧʦʚʥʽʩʪʶ ʤʦʞʥʘ ʦʧʠʩʘʪʠ 

ʘʥʘʣʽʪʠʯʥʦ, ʘʙʦ ʛʨʘʬʽʯʥʦ, ʘʙʦ ʫ ʚʠʛʣʷʜʽ ʪʘʙʣʠʮʴ. ʊʘʢʽ ʩʠʛʥʘʣʠ ʧʝʚʥʦ  ʁ

ʤʽʨʦ  ʁʻ ʽʜʝʘʣʽʟʘʮʽʻʶ, ʷʢʫ ʥʝʦʙʭʽʜʥʦ ʦʙˇʨʫʥʪʫʚʘʪʠ, ʱʦ ʧʨʘʢʪʠʯʥʦ ʥʝ-
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86 

ʤʦʞʣʠʚʦ ʫ ʚʠʧʘʜʢʫ ʚʠʤʽʨʶʚʘʥ ɹʟʥʘʯʝʥʴ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʘʣʴʥʠʭ ʩʠʛ-

ʥʘʣʽʚ.  

ɺʠʧʘʜʢʦʚʽ ʩʠʛʥʘʣʠ ʻ ʙʽʣʴʰ ʘʜʘʧʪʦʚʘʥʠʤʠ ʜʦ ʪʘʢʠʭ ʚʠʤʽʨʶʚʘʥʴ, ʘʣʝ 

ʥʝʧʨʦʛʥʦʟʦʚʘʥʽʩʪʴ ʾʭ ʟʥʘʯʝʥʴ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʥʘʯʥʦ  ʁʤʽʨʦ  ʁʫʩʢʣʘʜ-

ʥʶʻ ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʫ ʚʠʤʽʨʶʚʘʥʴ. 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʧʨʦʷʚʠ ʚʠʧʘʜʢʦʚʦʩʪʽ (ʩʪʦʭʘʩʪʠʯʥʦʩʪʽ) ʜʦʩ-

ʣʽʜʞʫʻʤʠʭ ʩʠʛʥʘʣʽʚ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʪʨʴʦʤʘ ʥʘʩʪʫʧʥʠʤʠ ʚʘʨʽʘʥʪʘʤʠ:  

ʘ) ʜʠʥʘʤʽʢʘ ʟʤʽʥʠ ʫ ʧʨʦʩʪʦʨʽ ʽ ʯʘʩʽ ʟʥʘʯʝʥʴ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʛʥʘ-

ʣʽʚ ʻ ʚʠʧʘʜʢʦʚʦʶ; 

ʙ) ʧʦʯʘʪʢʦʚʽ ʫʤʦʚʠ ʬʦʨʤʫʚʘʥʥʷ ʩʠʛʥʘʣʫ ʻ ʚʠʧʘʜʢʦʚʠʤʠ, ʧʽʩʣʷ ʾʭ 

ʨʝʘʣʽʟʘʮʽʾ ʜʠʥʘʤʽʢʘ ʟʤʽʥʠ ʩʠʛʥʘʣʫ ʻ ʜʝʪʝʨʤʽʥʦʚʘʥʦʶ; 

ʚ) ʩʠʛʥʘʣ ʻ ʢʦʤʙʽʥʘʮʽʻʶ, ʚ ʦʩʥʦʚʥʦʤʫ, ʘʜʠʪʠʚʥʦʶ ʘʙʦ ʤʫʣʴʪʠʧʣʽ-

ʢʘʪʠʚʥʦʶ, ʜʝʪʝʨʤʽʥʦʚʘʥʠʭ ʽ ʚʠʧʘʜʢʦʚʠʭ ʩʠʛʥʘʣʽʚ. 

ɺʘʨʽʘʥʪ ʚ) ʤʘʻ ʤʽʩʮʝ ʧʨʘʢʪʠʯʥʦ ʜʣʷ ʚʩʽʭ ʧʨʦʮʝʩʽʚ ʚʠʤʽʨʶʚʘʥʴ.  

ɹʽʣʴʰ ʜʝʪʘʣʴʥʦ ʨʦʟʛʣʷʥʝʤʦ ʚʠʧʘʜʢʦʚʽ ʧʦʜʽʾ, ʚʠʧʘʜʢʦʚʽ ʬʫʥʢʮʽʾ, ʘ 

ʩʘʤʝ ʚʠʧʘʜʢʦʚʫ ʚʝʣʠʯʠʥʫ ʽ ʚʠʧʘʜʢʦʚʠʡ ʧʨʦʮʝʩ, ʷʢʽ ʥʘ ʩʴʦʛʦʜʥʽ ʻ ʦʩʥʦʚ-

ʥʠʤʠ ʤʦʜʝʣʷʤʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʠʛʥʘʣʽʚ ʧʽʜ ʯʘʩ ʾʭ ʚʠʤʽʨʶʚʘʥʥʷ. 

ɺʠʧʘʜʢʦʚʽ ʧʦʜʽʾ. ɼʣʷ ʦʧʠʩʫ ʚʠʧʘʜʢʦʚʠʭ ʧʦʜʽʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʩʪʦʭʘʩʪʠʯʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʝʜʝʥʥʷ ʥʘʩʪʫʧʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʜʦʩ-

ʣʽʜʽʚ, ʜʣʷ ʷʢʠʭ ʤʘʻ ʤʽʩʮʝ: 

ʘ) ʢʦʞʥʠʡ ʜʦʩʣʽʜ ʧʨʦʚʦʜʠʪʴʩʷ ʥʝʟʘʣʝʞʥʦ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ, ʟʘ ʦʜʥʘ-

ʢʦʚʠʭ ʫʤʦʚ, ʾʭ ʢʽʣʴʢʽʩʪʴ ʤʦʞʥʘ ʟʙʽʣʴʰʫʚʘʪʠ ʥʝʦʙʤʝʞʝʥʦ; 

ʙ) ʧʝʨʝʜ ʧʨʦʚʝʜʝʥʥʷʤ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚʩʽ ʡʦʛʦ ʥʘʩʣʽʜʢʠ (ʧʦʜʽʾ) ʚʽʜʦ-

ʤʽ, ʘʣʝ ʥʝʚʽʜʦʤʦ ʷʢʠʡ ʩʘʤʝ ʟ ʥʠʭ ʚʽʜʙʫʜʝʪʴʩʷ ʫ ʥʘʩʪʫʧʥʦʤʫ ʜʦʩʣʽʜʽ, 

ʪʦʙʪʦ ʥʘʩʣʽʜʢʠ ʚ ʝʢʩʧʝʨʠʤʝʥʪʽ ʟôʷʚʣʷʶʪʴʩʷ ʚʠʧʘʜʢʦʚʦ; 

ʚ) ʫʩʽʤ ʧʦʜʽʷʤ, ʷʢʽ ʤʦʞʫʪʴ ʯʠ ʥʝ ʤʦʞʫʪʴ ʟôʷʚʠʪʠʩʴ ʚ ʜʦʩʣʽʜʘʭ ʧʨʠʪʘ-

ʤʘʥʥʘ ʧʝʚʥʘ ʦʙôʻʢʪʠʚʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʷʢʫ ʽʤʝʥʫʶʪʴ ʯʘʩʪʦʪʦʶ ʧʦ̫-

ʚʠ ʚʽʜʧʦʚʽʜʥʦʾ ʧʦʜʽʾ ʫ ʚʠʧʘʜʢʫ ʧʨʦʚʝʜʝʥʥʷ ʧʝʚʥʦʛʦ ʯʠʩʣʘ ʜʦʩʣʽʜʽʚ. 

ʉʪʦʭʘʩʪʠʯʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ ʻ ʚʠʤʽʨʶʚʘʣʴʥʠʤ ʝʢʩʧʝʨʠʤʝʥʪʦʤ, ʪʦʤʫ 

ʱʦ ʢʦʞʥʽʡ ʧʦʷʚʽ ʚ ʝʢʩʧʝʨʠʤʝʥʪʽ ʢʦʥʢʨʝʪʥʦʾ ʧʦʜʽʾ ʩʪʘʚʠʪʴʩʷ ʫ ʚʽʜʧʦʚʽʜ-

ʥʽʩʪʴ ʦʜʠʥʠʮʷ ʥʘʪʫʨʘʣʴʥʦʛʦ ʨʷʜʫ ʯʠʩʝʣ. ʉʘʤʝ ʯʠʩʣʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʩʪʦ-

ʭʘʩʪʠʯʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʻ ʦʩʥʦʚʦʶ ʧʨʘʢʪʠʯʥʦʾ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʽʤʦʚʽʨ-

ʥʦʩʪʽ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʧʦʜʘʣʴʰʦʤʫ ʧʨʠ ʧʦʙʫʜʦʚʽ ʡʤʦʚʽʨʥʽʩʥʦʾ 

ʤʽʨʠ ʩʪʘʪʠʩʪʠʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ. ʇʦʩʪʘʚʠʤʦ ʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʩʪʦʭʘʩʪʠʯ-

ʥʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʫ ʤʥʦʞʠʥʫ Wï ʧʨʦʩʪʽʨ ʝʣʝʤʝʥʪʘʨʥʠʭ ʥʘʩʣʽʜʢʽʚ ʘʙʦ 
ʝʣʝʤʝʥʪʘʨʥʠʭ ʧʦʜʽʡ. ɽʣʝʤʝʥʪʘʤʠ ʤʥʦʞʠʥʠ W ʻ ʝʣʝʤʝʥʪʘʨʥʽ ʧʦʜʽʾ 

ɤÍW. ɺ ʘʥʘʣʽʟʽ ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʥʝ ʪʽʣʴʢʠ 

ʝʣʝʤʝʥʪʘʨʥʽ ʧʦʜʽʾ, ʘ ʡ ʙʽʣʴʰ ʩʢʣʘʜʥʽ, ʷʢ ʧʝʚʥʽ ʢʦʤʙʽʥʘʮʽ ʾʝʣʝʤʝʥʪʘʨʥʠʭ. 

ʊʘʢʽ ʧʦʜʽʾ ʽʤʝʥʫʶʪʴ ʚʠʧʘʜʢʦʚʠʤʠ ʧʦʜʽʷʤʠ, ʾʭ ʧʨʠʡʥʷʪʦ ʧʦʟʥʘʯʘʪʠ ʧʦʯʘ-

ʪʢʦʚʠʤʠ ʚʝʣʠʢʠʤʠ ʙʫʢʚʘʤʠ ʣʘʪʠʥʩʴʢʦʾ ʘʙʝʪʢʠ: ɸ,ɺ,ʉ,é .  



ʈʦʟʜʽʣ 3. ʉʠʛʥʘʣʠ ʪʘ ʾʭ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ  
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ʏʠʩʣʦʚʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʧʦʷʚʠ ʧʦʜʽʾ ɸ ʚ ʩʪʦ-

ʭʘʩʪʠʯʥʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʽ ʟ n ʜʦʩʣʽʜʘʤʠ ʻ ʯʘʩʪʦʪʘ 

ʧʦʷʚʠ ɸ: m na= , ʜʝ m ï ʢʽʣʴʢʽʩʪʴ ʧʦʷʚ ʧʦʜʽʾ ɸ. ɿʘ 

ʥʝʦʙʤʝʞʝʥʦʛʦ ʟʙʽʣʴʰʝʥʥ ̫ʯʠʩʣʘ ʜʦʩʣʽʜʽʚ n­¤, a 

ʧʨʷʤʫʻ ʜʦ ʛʨʘʥʠʮʽ ( )P A , ʷʢʘ ʽʤʝʥʫʻʪʴʩʷ ʡʤʦʚʽʨʥʦʩ-

ʪʶ ʧʦʜʽʾ ɸ. ʎʝ ʦʜʠʥ ʟ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʪʝʦʨʽʾ ʡʤʦʚʽʨʥʦʩʪʽ, ʷʢʠʡ ʚʧʝʨʰʝ ʙʫʚ ʦʧʫʙʣʽʢʦʚʘʥʠʡ ʚ 

ʧʨʘʮʷʭ ʰʚʝʡʮʘʨʩʴʢʦʛʦ ʤʘʪʝʤʘʪʠʢʘ ʗ. ɹʝʨʥʫʣʣʽ. ʊʘʢ, 

ʟ ʜʦʩʪʘʪʥʴʦʶ ʜʣʷ ʧʨʘʢʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʪʦʯʥʽʩʪʶ 

ʤʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ ʷʢʱʦ ʧʦʜʽʷ ɸ ʟ'ʷʚʠʣʘʩʴ ʜʚʽʯʽ ʫ 

ʩʪʘ ʜʦʩʣʽʜʘʭ, ʪʦ ʯʘʩʪʦʪʘ ʚʠʧʘʜʢʦʚʦʾ ʧʦʜʽʾ ɸ ʟʙʽʛʘʻʪʴ-

ʩʷ ʟ ʾʾ ʡʤʦʚʽʨʥʽʩʪʶ ʈ(ɸ). ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʣʝ-

ʞʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʧʦʜʽʡ ɸ ʽ ɺ ʚʚʦʜʠʪʴʩʷ ʫʤʦʚʥʘ 

ʡʤʦʚʽʨʥʽʩʪʴ ʈ(ɸ/ɺ), ʱʦ ʦʟʥʘʯʘʻ ʡʤʦʚʽʨʥʽʩʪʴ ʧʨʦʛʥʦ-

ʟʫ ʧʦʷʚʠ ʧʦʜʽʾ ɸ ʟʘ ʫʤʦʚʠ, ʱʦ ʧʦʜʽʷ ɺ ʫʞʝ ʚʽʜʙʫʣʘʩʴ. 

( ), ,X B Px , ʜʝ W - ʧʨʦʩʪʽʨ ʝʣʝʤʝʥʪʘʨʥʠʭ ʧʦʜʽʡ, F ï 

ʘʣʛʝʙʨʘ  (s ï ʘʣʛʝʙʨʘ) ʧʽʜʤʥʦʞʠʥ W, P  ï ʡʤʦʚʽʨ-

ʥʽʩʪʴ ʚʠʧʘʜʢʦʚʠʭ ʧʦʜʽʡ ,A FÍ , X RÌ , ɺ ï ʘʣʛʝʙʨʘ 

ʧʽʜʤʥʦʞʠʥ X, ʘ Px ï ʡʤʦʚʽʨʥʽʩʪʴ ʟʥʘʯʝʥʴ ɝ(ɤ). 

ɺʠʧʘʜʢʦʚʽ ʚʝʣʠʯʠʥʠ. ɺʠʧʘʜʢʦʚʽ ʚʝʣʠʯʠʥʠ ʧʦʜ̔-

ʣʷʶʪʴʩʷ ʥʘ  ʜʠʩʢʨʝʪʥʽ  ʪʘ ʥʝʧʝʨʝʨʚʥʽ. 

ɼʠʩʢʨʝʪʥʘ ʚʠʧʘʜʢʦʚʘ ʚʝʣʠʯʠʥʘ ɝ(ɤ) ʤʘʻ ʩʢʽʥ-

ʯʝʥʥʫ ʘʙʦ ʥʝʩʢʽʥʯʝʥʥʫ ʜʠʩʢʨʝʪʥʫ ʤʥʦʞʠʥʫ ʟʥʘʯʝʥʴ

{ , 1, ʘʙʦ }ix i n n= ­¤. ʅʝʧʝʨʝʨʚʥʘ ʚʠʧʘʜʢʦʚʘ ʚʝʣʠ-

ʯʠʥʘ ɝ(ɤ) ʥʘʙʫʚʘʻ ʙʫʜʴ-ʷʢʽ ʟʥʘʯʝʥʥʷ ʟ ʜʝʷʢʦʛʦ ʽʥʪʝ-

ʨʚʘʣʫ X RÌ .  

ɼʣʷ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ ʚʚʝʜʝʥʽ ʥʘʩʪʫʧʥʽ ʥʝʚʠ-

ʧʘʜʢʦʚʽ ʩʪʘʪʠʩʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʌʫʥʢʮʽʷ ʨʦʟʧʦʜʽʣʫ ʡʤʦʚʽʨʥʦʩʪʽ    

F( x ) P{ɤ : ( ) x}= ÍW x w <,                              (3.36) 

ʚʠʟʥʘʯʘʻ ʡʤʦʚʽʨʥʽʩʪʴ ʪʠʭ wÍW, ʜʣʷ ʷʢʠʭ ʤʘʻ ʤʽʩʮʝ 

( ) xx w< , x RÍ . ʌʫʥʢʮʽʷ )(xF  ʻ ʤʦʥʦʪʦʥʥʦ ʟʨʦʩʪʘ-

ʶʯʦʶ ʚ ʽʥʪʝʨʚʘʣʽ ()0 1F x¢ ¢, ʧʨʠ ʮʴʦʤʫ ( ) 0F -¤ =

ʪʘ () 1F ¤ =. ʌʫʥʢʮʽʷ ʨʦʟʧʦʜʽʣʫ )(xF  ï ʙʝʟʨʦʟʤʽʨʥʘ. 

ʑʽʣʴʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʡʤʦʚʽʨʥʦʩʪʽ ʨ(ʭ) ʘʙʦ ʱʽʣʴ-

ʥʽʩʪʴ ʡʤʦʚʽʨʥʦʩʪʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʧʦʭʽʜʥʘ ʚʽʜ ʬʫʥʢʮʽʾ 

 
 

ʗʢʦʙ ɹʝʨʥʫʣʣ ̔

(Jakob I (James) 

Bernoulli,  

1655-1705), 

 

ʚhʝʡʮʘʨʩʢɹʠʡ 

ʤʘʪʝʤʘʪʠʢ, ʙʨʘʪ 

ʁʦʛʘʥʘ ɹʝʨʥʫʣʣ,̔ 

ʩʪʘʨʰʠʡ ʟ̔ ʚʽʜʦ-

ʤʦʾ ʜʠʥʘʩʪʽʾ ʚʯʝ-

ʥʠʭ. ʗʢʦʙʫ ɹʝʨ-

ʥʫʣʣ̔ ʥʘʣʝʞʘʪ ɹ

ʟʥʘʯʥʽ ʜʦʩ̫ʛʥʝʥʥʷ 

ʚ ʪʝʦʨʽʾ ʨʷʜ̔ʚ, 

ʜʠʬʝʨʝʥʮʘ̔ʣʴʥʦ-

ʤʫ ʯʠʩʣʝʥʥ,̔ ʚʘ-

ʨ̔ʘ-ʮ̔ ʡʥʦʤʫ ʯʠʩ-

ʣʝʥʥ,̔ ʪʝʦʨʽʾ ʡʤʦ-

ʚʽʨʥʦʩʪʝʡ  ̔ ʪʝʦʨʽʾ 

ʯʠʩʝʣ, ʜʝ ʡʦʛʦ 

ʤ̔ʝʥʝʤ ʥʘʟʚʘʥ ̔

ʯʠʩʣʘ ʟ ʜʝʷʢʠʤʠ 

ʚʘʞʣʠʚʠʤʠ ʚʣʘʩ-

ʪʠʚʦʩʪʷʤʠ. ʗʢʦʙʫ 

ɹʝʨʥʫʣʣ ̔ ʥʘʣʝ-

ʞʘʪɹ ʪʘʢʦʞ ʨʦʙʦ-

ʪʠ ʟ ʬ̔ʟʠʢʠ, 

ʘʨʠʬʤʝʪʠʢʠ, ʘʣ-

ʛʝʙʨʠ  ̔ʛʝʦʤʝʪʨʽʾ. 
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ʨʦʟʧʦʜʽʣʫ () ()p x dF x dx= . ʆʜʠʥʠʮʷ ʚʠʤʽʨʫ ()p x  - ʦʙʝʨʥʝʥʘ ʦʜʠʥʠʮʽ 

ʚʠʤʽʨʫ ɝ(ɤ). 

ʗʢʱʦ ʟʘʜʘʥʘ ʨ(ʭ), ʪʦ )(xF ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 ( )
x

F x p(x)dx

-¤

=ñ .                                     (3.37) 

ʄʘʪʝʤʘʪʠʯʥʝ ʩʧʦʜʽʚʘʥʥʷ          

  1( ) i i

n

i 1-

xp(x)dx x p(x ) a

¤

=¤

x w = = =äñM ,                (3.38) 

ʫ ʜʘʥʦʤʫ ʚʠʨʘʟʽ ʽʥʪʝʛʨʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠ ʦʙʯʠʩʣʝʥʥʽ ʤʘʪʝʤʘ-

ʪʠʯʥʦʛʦ ʩʧʦʜʽʚʘʥʥʷ ʥʝʧʝʨʝʨʚʥʦʾ ɝ(ɤ) ʟ ʚʽʜʧʦʚʽʜʥʦʶ ʱʽʣʴʥʽʩʪʶ ʡʤʦʚʽ-

ʨʥʦʩʪʽ ʨ(ʭ),  ʘ ʩʫʤʘ - ʧʨʠ ʦʙʯʠʩʣʝʥʥʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʩʧʦʜʽʚʘʥʥʷ ʜʠʩ-

ʢʨʝʪʥʦʾ ɝ(ɤ) ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʡʤʦʚʽʨʥʦʩʪʷʤʠ ip(x ) ʟʥʘʯʝʥʴ ix . ʄʘʪʝ-

ʤʘʪʠʯʥʝ ʩʧʦʜʽʚʘʥʥʷ ɝ(ɤ)M ʻ ʧʝʨʰʠʤ ʧʦʯʘʪʢʦʚʠʤ ʤʦʤʝʥʪʦʤ 1a  ʚʠʧʘʜ-

ʢʦʚʦʾ ʚʝʣʠʯʠʥʠɝ(ɤ). ʆʜʠʥʠʮʷ ʚʠʤʽʨʫ ɝ(ɤ)M  ʟʙʽʛʘʻʪʴʩʷ ʟ ʦʜʠʥʠʮʝʶ 

ʚʠʤʽʨʫ ɝ(ɤ).  ʊʘʢ, ʷʢʱʦ ɝ(ɤ) - ʚʠʧʘʜʢʦʚʘ ʥʘʧʨʫʛʘ ʯʠ ʩʪʨʫʤ, ʪʦ ɝ(ɤ)M - 

ʧʦʩʪʽʡʥʘ ʩʢʣʘʜʦʚʘ ʘʙʦ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ ʯʠ ʩʪʨʫʤʫ. 

 ɼʠʩʧʝʨʩʽʷ  

2 2 2

1 1 2 1

22{[ ] } { }ɝ(ɤ) ɝ(ɤ) a ɝ (ɤ) a a a= - = - = - =sD M M        (3.39) 

ʻ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʨʦʟʩʽʶʚʘʥʥʷ (ʨʦʟʢʠʜʫ) ʟʥʘʯʝʥʴ ɝ(ɤ) ʚʽʜʥʦʩʥʦ ʾʾ 

ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ 1a , ʘ  2a    ̒  ʜʨʫʛʠʤ ʧʦʯʘʪʢʦʚʠʤ ʤʦʤʝʥʪʦʤ   ɝ(ɤ).      

 ʆʜʠʥʠʮʷ ʚʠʤʽʨʫ ɝ(ɤ)D  - ʢʚʘʜʨʘʪ ʦʜʠʥʠʮʽ ʚʠʤʽʨʫ ɝ(ɤ). ɺʝʣʠ-

ʯʠʥʘ ɝ(ɤ)s=D  ʥʘʟʠʚʘʻʪʴʩʷ ʩʝʨʝʜʥʽʤ ʢʚʘʜʨʘʪʠʯʥʠʤ ʚʽʜʭʠʣʝʥʥʷʤ ʽ 

ʦʜʠʥʠʮʝʶ ʾʾ ʚʠʤʽʨʫ ʻ ʦʜʠʥʠʮʷ ʚʠʤʽʨʫ ɝ(ɤ). 

ɺʠʧʘʜʢʦʚʽ ʧʨʦʮʝʩʠ. ɺʠʧʘʜʢʦʚʠʤ ʧʨʦʮʝʩʦʤ , , Tɝ(ɤ,t)ɤ tÍW Í  ʥʘ-

ʟʠʚʘʻʪʴʩʷ ʜʚʦʚʠʤʽʨʥʘ ʚʠʧʘʜʢʦʚʘ ʬʫʥʢʮʽʷ, ʟʥʘʯʝʥʥʷ ʷʢʦʾ ʧʨʠ ʙʫʜʴ-ʷʢʦʤʫ 

ʬʽʢʩʦʚʘʥʦʤʫ ʘʨʛʫʤʝʥʪʫ ʯʘʩʫ  t  ʻ ʚʠʧʘʜʢʦʚʦʶ ʚʝʣʠʯʠʥʦʶ.  

ʅʘʧʨʫʛʘ ʰʫʤʫ ʥʘ ʚʠʭʦʜʽ ʣʽʥʽʾ ʟʚ'ʷʟʢʫ, ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ, ʩʪʨʫʤ 

ʯʝʨʝʟ ʤʽʢʨʦʬʦʥ ʧʨʠ ʨʦʟʤʦʚʽ ʽ ʪ. ʽʥ., ʷʢʱʦ ʧʨʦʚʦʜʠʪʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ 

ʤʠʪʪʻʚʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʧʝʨʝʣʽʯʝʥʠʭ ʚʝʣʠʯʠʥ ʟʘ ʯʘʩʦʤ, ʻ ʧʨʠʢʣʘʜʘʤʠ 

ʨʝʘʣʽʟʘʮʽʾ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ. 

ʈʝʟʫʣʴʪʘʪʠ ʦʢʨʝʤʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ ʽʤʝʥʫʶʪʴʩʷ 

ʡʦʛʦ ʨʝʘʣʽʟʘʮʽʷʤʠ, ʢʦʞʥʘ ʟ ʥʠʭ ʻ ʜʝʪʝʨʤʽʥʦʚʘʥʦʶ ʬʫʥʢʮʽʻʶ ʽ  ʧʦʟʥʘʯʘ-

ʪ̒ʴʩʷ ()x t . ʉʫʢʫʧʥʽʩʪʴ  ʤʦʞʣʠʚʠʭ ʨʝʘʣʽʟʘʮʽʡ(){ }, 1,=kx t k n  ʚʠʧʘʜʢʦʚʦ-

ʛʦ ʧʨʦʮʝʩʫ ʥʘʟʠʚʘʻʪʴʩʷ ʘʥʩʘʤʙʣʝʤ. ʊʘʢʠʤ ʻ ʘʥʩʘʤʙʣʴ ʨʝʘʣʽʟʘʮʽʡ, ʱʦ 
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ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʚʦʜʥʦʯʘʩ ʥʘ ʚʠʭʦʜʘʭ ʨʽʟʥʠʭ ʢʘʥʘʣʽʚ ʩʠʩʪʝʤʠ ʙʘʛʘʪʦʢʘ-

ʥʘʣʴʥʦʛʦ ʟʚ'ʷʟʢʫ (ʨʠʩ. 3.20).  
 1( )kx t

2 1( )x t

1 1( )x t

1t

x

t

2 2( )x t

2t

1 2( )x t

2( )kx t 1( )x t

( )kx t

2( )x t  
ʈʠʩ. 3.20. ɻʨʘʬʽʢʠ ʘʥʩʘʤʙʣʶ ʨʝʘʣʽʟʘʮʽʡ ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ ()X t . 

 ʈʝʘʣʽʟʘʮʽʷʤʠ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ ʤʦʞʫʪʴ ʙʫʪʠ ʜʝʪʝʨʤʽʥʦʚʘʥʠʤʠ 

ʬʫʥʢʮʽʷʤʠ ʯʘʩʫ  ʨʽʟʥʦʾ ʩʢʣʘʜʥʦʩʪʽ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʛʘʨʤʦʥʽʯʥʠʡ ʩʠʛʥʘʣ 

( )( ) cos 2= +u t A ftp q ʤʦʞʝ ʙʫʪʠ ʚʠʧʘʜʢʦʚʠʤ ʧʨʦʮʝʩʦʤ, ʚ ʷʢʦʛʦ ʭʦʯʘ ʙ 

ʦʜʠʥ ʽʟ ʧʘʨʘʤʝʪʨʽʚ ,A f q̔ ʻ ʚʠʧʘʜʢʦʚʦʶ ʚʝʣʠʯʠʥʦʶ, ʪʦʙʪʦ ʢʦʣʠ ʘʙʦ 

wA( ), ʘʙʦ wf( ), ʘʙʦ q w( ), ʘ ʪʘʢʦʞ ʢʦʣʠ ʤʘʻ ʤʽʩʮʝ ʙʫʜʴ-ʷʢʘ ʾʭ ʢʦʤʙʽ-

ʥʘʮʽʷ.  

ɼʣʷ ʚʠʢʦʥʘʥʥ ̫ʟʘʚʜʘʥʴ ʚʠʤʽʨʶʚʘʥʴ ʚ ʦʩʥʦʚʥʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ-

ʩʷ ʩʪʘʮʽʦʥʘʨʥʽ ʚʠʧʘʜʢʦʚʽ ʧʨʦʮʝʩʠ.   

ɺʽʜʤʽʪʠʤʦ, ʱʦ ʩʪʘʮʽʦʥʘʨʥʽʩʪʴ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ ʚʚʦʜʠʪʴʩʷ ʫ 

ʰʠʨʦʢʦʤʫ ʽ ʚʫʟʴʢʦʤʫ ʩʝʥʩʘʭ. ʋ ʙʽʣʴʰʦʩʪʽ ʧʨʘʢʪʠʯʥʠʭ ʚʠʤʽʨʶʚʘʥʥʷʭ ʚʠ-

ʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʪʘʮʽʦʥʘʨʥʽ ʧʨʦʮʝʩʠ ʫ ʰʠʨʦʢʦʤʫ  ʩʝʥʩʽ ʘʙʦ ʪʘʢ ʟʚʘʥʽ 

ʩʣʘʙʦʩʪʘʮʽʦʥʘʨʥʽ. ɸʥʘʣʽʟ ʮʠʭ ʧʨʦʮʝʩʽʚ ʧʨʦʚʦʜʠʪʴʩʷ ʚ ʨʘʤʢʘʭ ʢʦʨʝʣʷ-

ʮʽʡʥʦʾ (ʝʥʝʨʛʝʪʠʯʥʦʾ) ʪʝʦʨʽʾ.  ɺ ʪʘʢʦʤʫ ʨʘʟʽ ʚʠʟʥʘʯʘʪʁʴʩʷ ʜʚ ̔ʧʝʨʰʽ ʤʦ-

ʤʝʥʪʥʽ ʬʫʥʢʮʽʾ ʧʨʦʮʝʩʫ, ʘ ʩʘʤʝ: ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ï ʧʝʨʰʠʡ ʧʦʯʘʪʢʦʚʠʡ 

ʤʦʤʝʥʪ, ʜʠʩʧʝʨʩʽʷ ï ʜʨʫʛʠʡ ʮʝʥʪʨʘʣʴʥʠʡ ʤʦʤʝʥʪ, ʢʦʨʝʣʷʮʽʡʥʘ ʬʫʥʢʮʽʷ ʽ 

ʩʧʝʢʪʨʘʣʴʥʘ ʱʽʣʴʥʽʩʪʴ ʧʦʪʫʞʥʦʩʪʽ. ʊʘʢʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʮʝʩʫ ʤʘʶʪʴ 

ʯʽʪʢʫ ʬʽʟʠʯʥʫ ʽʥʪʝʨʧʨʝʪʘʮʽʶ, ʱʦ ʧʨʠʨʦʜʥʦ ʜʣʷ ʟʘʚʜʘʥʴ ʚʠʤʽʨʶʚʘʥʴ.  

ɼʣʷ ʘʥʘʣʽʟʫ ʩʪʘʮʽʦʥʘʨʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʚʫʟʴʢʦʤʫ ʩʝʥʩʽ ʥʝʦʙʭʽʜʥʠʤ ʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʩʣʽʜʦʚʥʦʩʪʽ n > 2 ʚʠʤʽʨʥʠʭ ʬʫʥʢʮʽʡ ʨʦʟʧʦʜʽʣʫ, ʪʦʤʫ 

ʪʘʢʽ ʧʨʦʮʝʩʠ ʚ ʧʦʜʘʣʴʰʦʤʫ ʚʠʢʣʘʜʝʥʥʽ ʨʦʟʛʣʷʜʘʪʠʩʴ ʥʝ ʙʫʜʫʪʴ.  

ɹʽʣʴʰ ʜʝʪʘʣʴʥʦ ʟʫʧʠʥʠʤʦʩʴ ʥʘ ʘʥʘʣʽʟʽ ʩʣʘʙʦʩʪʘʮʽʦʥʘʨʥʠʭ ʧʨʦʮʝʩʽʚ. 

ɺʠʧʘʜʢʦʚʠʡ ʧʨʦʮʝʩ ɝ(ɤ),t ʻ ʩʣʘʙʦʩʪʘʮʽʦʥʘʨʥʠʤ, ʷʢʱʦ ʟʘʜʘʥʘ ʡʦʛʦ 

ʜʚʦʚʠʤʽʨʥʘ ʬʫʥʢʮʽʷ ʨʦʟʧʦʜʽʣʫ ʫ ʚʠʜʽ: 

( ) ( ) ( ){ } ( )1 2 1 2 1 2F x ,x ;t,t P : ,t xʽ ,t x F x ,x ;t w x w x w t t+ = ÍW < + < =  

ɺʽʜʧʦʚʽʜʥʦ ʜʣʷ ʩʣʘʙʦʩʪʘʮʽʦʥʘʨʥʦʛʦ (ʜʘʣʽ ʧʨʦʩʪʦ ʩʪʘʮʽʦʥʘʨʥʦʛʦ) ʚʠ-

ʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ ( )x w,t ʤʘʻʤʦ: 

ʜʚʦʚʠʤʽʨʥʫ ʱʽʣʴʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʡʤʦʚʽʨʥʦʩʪʝʡ 

( ) ( )2

1 2 1 2 1 2p x ,x ; F x ,x ; x , xt t=µ µ µ ; 

ʤʘʨʛʽʥʘʣʴʥʫ ï ʦʜʥʦʚʠʤʽʨʥʫ ʬʫʥʢʮʽʶ ʨʦʟʧʦʜʽʣʫ  
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( ) ( ) ( ) ()1 1 2 2 1 2 20F x , F x ,x ; dx F x ,x ; dx F x , x Rt t
¤ ¤

-¤ -¤

= = = Íñ ñ ; 

ʦʜʥʦʚʠʤʽʨʥʫ ʱʽʣʴʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʡʤʦʚʽʨʥʦʩʪʽ() ()p x dF x dx= ; 

ʤʘʪʝʤʘʪʠʯʥʝ ʩʧʦʜʽʚʘʥʥʷ  ( ) () 1=  ɝ ,t xp x dx a

¤

-¤

w =ñM ;  

ʜʠʩʧʝʨʩʽʶ          ( ) ( ) ()
1

2
2ɝ ,t x a p x dx

¤

-¤

w = - =sñD ; 

ʘʚʪʦʢʦʨʝʣʷʮʽʡʥʫ ʬʫʥʢʮʽʶ  

() ( ) ( ){ }

( )( )( )

1 1

1 1 2 1 1 2 1 2

R ɝ ,t a ɝ ,t a

x a x a p x ,x ; d x dx

¤ ¤

-¤-¤

t = w - w +t - =è øè øê úê ú

= - - tñ ñ

 M

; 

ʩʧʝʢʪʨʘʣʴʥʫ ʱʽʣʴʥʽʩʪʴ ʧʦʪʫʞʥʦʩʪʽ  

() ()2j fG f e R d

¤

p t

-¤

= t tñ . 

 ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʪʝʦʨʝʤʦʶ ɺʽʥʝʨʘ ï ʍʽʥʯʠʥʘ ʜʣʷ ʧʘʨʥʠʭ ʬʫʥʢʮʽʡ 

()R t   ʽ ()G f  ʤʘʻʤʦ: 

() () () ()
0 0

2 4 2R G f cos f d f , G R f cos f d f

¤ ¤

t = p t t = p tñ ñ  

ʅʘʚʝʜʝʥʽ ʚʠʨʘʟʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʘʥʘʣʽʟʫ ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢ ʩʪʘʮʽʦʥʘʨʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ɝ( ,t)w : ʦʜʥʦʚʠʤʽʨʥʽ F( x )  ʽ p( x ), 

ʤʘʪʝʤʘʪʠʯʥʝ ʩʧʦʜʽʚʘʥʥʷ 1a  ʽ ʜʠʩʧʝʨʩʽʷ 2s  ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʯʘʩʫ; ʜʚʦʚʠ-

ʤʽʨʥʽ 1 2 tF( x ,x ; ) ʽ 1 2 tp( x ,x ; ), ʘʚʪʦʢʦʨʝʣʷʮʽʡʥʘ ʬʫʥʢʮʽʷ tR( ) ʟʘʣʝʞʘʪʴ 

ʪʽʣʴʢʠ ʚʽʜ ʚʟʘʻʤʥʦʛʦ ʟʩʫʚʫ 2 1t= -t t , RtÍ. ʉʧʝʢʪʨʘʣʴʥʘ ʱʽʣʴʥʽʩʪʴ ʧʦ-

ʪʫʞʥʦʩʪʽ G(f)  ʻ ʦʜʥʦʚʠʤʽʨʥʦʶ ʜʽʡʩʥʦʶ ʬʫʥʢʮʽʻʶ ʯʘʩʪʦʪʠ w. 

ʈʦʟʤʽʨʥʽʩʪʴ ʥʘʚʝʜʝʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʚʠʧʘʜʢʦʚʦʛʦ 

ɝ( ,t)w  ʻ ʥʘʩʪʫʧʥʦʶ:  

1 2 tF( x ,x ; ), F( x )  - ʙʝʟʨʦʟʤʽʨʥʽ; 

1 2 tp( x ,x ; ) - ʦʙʝʨʥʝʥʘ ʢʚʘʜʨʘʪʫ ʦʜʠʥʠʮʽ ʚʠʤʽʨʫ ɝ( ,t)w ; 

p( x ) - ʦʙʝʨʥʝʥʘ ʦʜʠʥʠʮʽ ʚʠʤʽʨʫ ɝ( ,t)w ; 

1a  - ʦʜʠʥʠʮʽ ʚʠʤʽʨʫ ɝ( ,t)w ; 
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2s , tR( ) - ʢʚʘʜʨʘʪ ʦʜʠʥʠʮʽ ʚʠʤʽʨʫ ɝ( ,t)w ; 

G(f) - ʦʜʠʥʠʮʷ ʚʠʤʽʨʫ ɺʪ/ɻʮ 

ʅʘʚʝʜʝʥʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʚʠʧʘ-

ʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫɝ( )w  ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʚʠʤʽʨʶ-

ʚʘʥʥʷʭ   ʭʘʨʘʢʪʝʨʠʩʪʠʢ  ʚʠʧʘʜʢʦʚʠʭ ʩʠʛʥʘʣʽʚ. 

ʅʘʚʝʜʝʤʦ ʧʨʠʢʣʘʜ ʦʜʥʦʛʦ ʟ ʚʽʜʦʤʠʭ ʩʪʘʮʽʦʥʘʨ-

ʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ,  ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʜʣʷ ʦʧʠʩʫ ʰʫʤʦʚʠʭ ʩʠʛʥʘʣʽʚ, ʪʘʢʠʭ ʷʢ ʪʝʧʣʦʚʠʡ, 

ʜʨʦʙʦʚʠʡ ʪʘ ʽʥʰʽ ʬʣʫʢʪʫʘʮʽʡʥʽ ʰʫʤʠ ʚ ʝʣʝʢʪʨʦʥʥʠʭ 

ʣʘʥʢʘʭ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ, ʚ ʪʦʤʫ ʯʠʩʣʽ ɯɺʉ. 

ʌʣʫʢʪʫʘʮʽʡʥʠʡ ʰʫʤʦʚʠʡ ʩʠʛʥʘʣ (ʜʘʣʽ ʧʨʦʩʪʦ 

ʰʫʤʦʚʠʡ ʩʠʛʥʘʣ) ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʩʪʘʥʦʚʢʠ ʟʘ-

ʚʜʘʥʴ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʘʙʦ ʚ ʷʢʦʩʪʽ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʩʠʛʥʘʣʫ (ʢʦʨʠʩʥʦ-

ʛʦ ʩʠʛʥʘʣʫ), ʘʙʦ ʚ ʷʢʦʩʪʽ ʚʠʧʘʜʢʦʚʦʛʦ ʩʠʛʥʘʣʫ ʟʘʚʘ-

ʜʠ. ʊʨʘʜʠʮʽʡʥʦ ʬʽʟʠʯʥʠʡ ʤʝʭʘʥʽʟʤ ʬʦʨʤʫʚʘʥʥʷ ʰʫ-

ʤʦʚʦʛʦ ʩʠʛʥʘʣʫ ʨʦʟʛʣʷʜʘʶʪʴ, ʷʢ ʤʝʭʘʥʽʟʤ ʬʦʨʤʫ-

ʚʘʥʥʷ ʩʫʤʠ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʥʝʟʘʣʝʞʥʠʭ ʽʤʧʫʣʴʩ-

ʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʩʠʛʥʘʣʽʚ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʚ ʨʽʟʥʠʭ 

ʤʽʩʮʷʭ ʧʨʦʩʪʦʨʫ ʽ ʚ ʥʝ ʧʨʦʛʥʦʟʦʚʘʥʽ ʤʦʤʝʥʪʠ ʯʘʩʫ. 

ɿʛʽʜʥʦ  ʟ ʛʨʘʥʠʯʥʦʶ ʪʝʦʨʝʤʦʶ ʪʝʦʨʽʾ ʡʤʦʚʽʨʥʦ-

ʩʪʽ ʪʘʢʠʡ ʰʫʤʦʚʠʡ ʩʠʛʥʘʣ ʦʧʠʩʫʻʪʴʩʷ ʛʘʫʩʩʦʚʠʤ 

(ʥʦʨʤʘʣʴʥʠʤ) ʩʪʘʮʽʦʥʘʨʥʠʤ ʧʨʦʮʝʩʦʤ. 

ʆʜʥʦʚʠʤʽʨʥʘ ʱʽʣʴʥʽʩʪʴ  ʽʤʦʚʽʨʥʦʩʪʽ ʩʪʘʮʽʦ-

ʥʘʨʥʦʛʦ ʛʘʫʩʦʚʦʛʦ ʧʨʦʮʝʩʫ ( ,t )x w  ʤʘʻ ʚʠʜ 

()( ) ( )
22 2

1
1 2 exp 2p x x aps s= - -è ø

ê ú    (3.45) 

ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʤʘʪʝʤʘʪʠʯʥʠʤ ʩʧʦʜʽʚʘʥʥʷʤ
2

1 i ʜʠʩʧʝʨʩʽʝʶ(ɤ,t)=a ( ,t)x x w =sM D . 

ɺʽʜʧʦʚʽʜʥʽ ʛʨʘʬʽʢʠ ʦʜʥʦʚʠʤʽʨʥʠʭ ʟʘʢʦʥʽʚ ʨʦʟʧʦ-

ʜʽʣʫ ɻʘʫʩʩʘ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ

( ,t )x w , ʘ ʩʘʤʝ ʦʜʥʦʚʠʤʽʨʥʽ ʱʽʣʴʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ 

p( x )ʽ ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ F( x )  ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 

3.21. ʆʜʥʦʚʠʤʽʨʥʘ ʬʫʥʢʮʽʷ ʨʦʟʧʦʜʽʣʫ ʡʤʦʚʽʨʥʦʩʪʽ 

ʛʘʫʩʩʦʚʦʛʦ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ ʟʛʽ-

ʜʥʦ ʟ (3.37) ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʘʢ:  

()( ) ( )
22 2

1 2 exp 2F x x m dxps s

¤

-¤

= - -è ø
ê úñ ,    (3.46)                                          

 
 

ʆʣʝʢʩʘʥʜʨ 

ʗʢʦʚʠʯ ʍʥ̔ʯʠʥ 

(1894 - 1959), 
 

ʨʘʜʷʥʩɹʢʠʡ ʤʘʪʝʤʘ-

ʪʠʢ, ʯʣʝʥ-ʢʦʨʝʩʧʦʥ-

ʜʝʥʪ ɸʅ ʉʈʉʈ 

(1939). ɿʘʢʥ̔ʯʠʚ 

ʄʦʩʢʦʚʩʢɹʠʡ 

ʫʥ̔ʚʝʨʩʠʪʝʪ (1916), 

ʟ 1922 ʨ. - ʧʨʦʬʝʩʦʨ 

ʮʴʦʛʦ ʞ ʫʥʚ̔ʝʨʩʠʪʝ-

ʪʫ. ʇʝʨʰ ̔ ʨʦʙʦʪʠ 

ʚʽʜʥʦʩʷʪɹʩ ̫ ʜʦ ʪʝʦ-

ʨ̔ ʾ ʬʫʥʢʮʡ̔ ʜ̔ʡʩʥʦʾ 

ʟʤʽʥʥʦʾ. ʇʝʨʝʥʩ̔ 

ʤʝʪʦʜʠ ʤʝʪʨʠʯʥʦʾ 

ʪʝʦʨʽʾ ʬʫʥʢʮʡ̔ ʚ 

ʪʝʦʨʽʁ  ʯʠʩʝʣ  ̔ʪʝʦ-

ʨ̔ʁ  ʡʤʦʚʽʨʥʦʩʪʝʡ. 

ʆʜʠʥ ʟ̔ ʪʚʦʨʮʚ̔ 

ʨʘʜʷʥʩʴʢʦʾ ʰʢʦʣʠ 

ʪʝʦʨʽʾ ʡʤʦʚʽʨʥʦʩ-

ʪʝʡ: ʦʪʨʠʤʘʚ ʚʘʞ-

ʣʠʚʽ ʨʝʟʫʣʴʪʘʪʠ ʚ 

ʦʙʣʘʩʪ ̔ ʛʨʘʥʠʯʥʠʭ 

ʪʝʦʨʝʤ, ʚʽʜʢʨʠʚ 

ʟʘʢʦʥ ʧʦʚʪʦʨʥʦʛʦ 

ʣʦʛʘʨʠʬʤʫ, ʜʘʚ 

ʚʠʟʥʘʯʝʥʥʷ ʚʠʧʘʜ-

ʢʦʚʦʛʦ ʩʪʘʮʦ̔ʥʘʨʥʦ-

ʛʦ ʧʨʦʮʝʩʫ ʡ ʟʘʢʣʘʚ 

ʦʩʥʦʚʠ ʪʝʦʨʽʾ ʪʘʢʠʭ 

ʧʨʦʮʝʩʚ̔. 
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ʽ ʧʽʩʣʷ ʚʚʝʜʝʥʥʷ ʥʦʚʦʾ ʟʤʽʥʥʦʾ ( )y x m s= -  ʟʚʦ-

ʜʠʪʴʩʷ ʜʦ ʚʠʜʫ 

 () ( ) ( )
( )

( )[ ]2

0
1 2 exp 2 0,5

x m

F x y dy x m

s

p s

-

-¤

= - = +F -ñ ,   (3.47) 

ʜʝ      ()( ) ( )2

0

0

1 2 exp 2

z

z y dypF = -ñ . 

ɻʨʘʬʽʢ ʬʫʥʢʮʽʾ ()F x  (ʨʠʩ. 3.21, ʙ) ʤʘʻ ʚʠʛʣʷʜ 

ʤʦʥʦʪʦʥʥʦʾ ʟʨʦʩʪʘʶʯʦʾ ʢʨʠʚʦʾ ʚʽʜ ʥʫʣʷ ʜʦ ʦʜʠʥʠʮʽ 

ʢʨʠʚʦʾ. ʌʫʥʢʮʽʷ ()0
zF , ʱʦ ʚʭʦʜʠʪʴ ʫ ʚʠʨʘʟ (3.47), 

ʥʘʟʠʚʘʻʪʴʩʷ ̔ʥʪʝʛʨʘʣʦʤ ʽʤʦʚʽʨʥʦʩʪʽ (ʘʙʦ ʬʫʥʢ-

ʮʽʻʶ ʃʘʧʣʘʩʘ) ʽ ʾʾ  ʟʥʘʯʝʥʥʷ ʪʘʙʫʣʴʦʚʘʥ ̔ʫ ʤʘʪʝ-

ʤʘʪʠʯʥʠʭ ʜʦʚʽʜʥʠʢʘʭ.  
 

1

2ps

m

( )xr

1 1s =

1 1s =

2 2s =

x
0 1 2 3 4 55- 3- ï12-4-

a

m

( )F x
1 1s =

1 1s =

2 2s =

x
0 1 2 3 4 55- 3- ï12-4-

ʙ

0,5

1,0

ʈʠʩ. 3.21. ɻʨʘʬʽʢʠ ʦʜʥʦʚʠʤʽʨʥʠʭ ʟʘʢʦʥʽʚ ʨʦʟʧʦʜʽʣʫ 

ɻʘʫcʩʘ: ʘ - ʱʽʣʴʥʽʩʪʴ ʡʤʦʚʽʨʥʦʩʪʽ; ʙ - ʬʫʥʢʮʽʷ ʨʦʟʧʦʜʽʣʫ 
 

ʉʧʝʢʪʨʘʣʴʥʘ ʱʽʣʴʥʽʩʪʴ ʧʦʪʫʞʥʦʩʪʽ ʰʫʤʦʚʦʛʦ 

ʩʠʛʥʘʣʘ ()G f ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʟ̔ʠʯʥʦʶ ʧʨʠʨʦʜʦʶ 

ʫʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʫ. ɺʽʜʦʤʘ ʽʜʝʘʣʽʟʘʮʽʷ ʪʘʢʦʛʦ ʰʫʤʦ-

ʚʦʛʦ ʩʠʛʥʘʣʫ, ʪʘʢ ʟʚʘʥʦʛʦ ʙʽʣʦʛʦ ʰʫʤʫ, ʢʦʣʠ 

() 2
G f s= ʻ ʨʽʚʥʦʤʽʨʥʦʶ ʜʣʷ ʚʩʴʦʛʦ ʜʽʘʧʘʟʦʥʫ ʯʘʩ-

ʪʦʪ 0f ( , )Í ¤. ʊʘʢʘ  ʽʜʝʘʣʽʟʘʮʽʷ ʻ ʬʽʟʠʯʥʦ ʥʝʦʙˇʨʫʥ-

ʪʦʚʘʥʦʶ, ʪʦʤʫ ʱʦ ʛʝʥʝʨʘʪʦʨ ʙʽʣʦʛʦ ʰʫʤʫ ʧʦʚʠʥʝʥ 

ʤʘʪʠ ʥʝʩʢʽʥʯʝʥʥʫ ʧʦʪʫʞʥʽʩʪʴ. ʅʘ ʧʨʘʢʪʠʮʽ ʚʩʽ ʰʫ-

ʤʦʚʽ ʩʠʛʥʘʣʠ ʻ ʥʝʙʽʣʠʤʠ ï ʢʦʣʴʦʨʦʚʠʤʠ, ʪʦʤʫ ʱʦ ʾʭ 

ʩʧʝʢʪʨʘʣʴʥʘ ʱʽʣʴʥʽʩʪʴ ʤʦʞʝ ʙʫʪʠ ʘʧʨʦʢʩʠʤʦʚʘʥʘ 

ʨʽʚʥʦʤʽʨʥʦ ʧʦʩʪʽʡʥʦʶ ʪʽʣʴʢʠ ʚ ʦʙʤʝʞʝʥʽʡ (ʩʢʽʥʯʝʥ-

ʥʽʡ) ʩʤʫʟʽ ʯʘʩʪʦʪ. ɸʣʝ ʧʨʠ ʮʴʦʤʫ ʤʦʜʝʣʴ ʽʜʝʘʣʽʟʦʚʘ-

ʥʦʛʦ ʙʽʣʦʛʦ ʰʫʤʫ ʻ ʟʘʛʘʣʴʥʦʶ ʜʣʷ ʚʩʽʭ ʚʠʜʽʚ ʢʦʣʴʦ-

ʨʦʚʠʭ ʰʫʤʦʚʠʭ ʧʨʦʮʝʩʽʚ ʷʢ ʤʦʜʝʣʴ ʧʦʨʦʜʞʫʶʯʦʛʦ 

 
 

ʂʘʨʣ ʌʨ̔ʜʨ̔ʭ 

ɻʘʫʩʩ 

(Carl   Friedrich  

Gauss, 

1777 - 1855), 
 

ʥ̔ʤʝʮɹʢʠʡ ʤʘʪʝʤʘ-

ʪʠʢ, ʘʩʪʨʦʥʦʤ  ̔ ʬ̔- 

ʟʠʢ. ʋʯʠʚʩʷ (1795 - 

1798) ʚ ɻʝʪʪʥ̔ʛʝʥ-

ʩɹʢʦʤʫ ʫʥ̔ʚʝʨʩʠ-

ʪʝʪ̔, ʟ 1807 ʨ. - 

ʧʨʦʬʝʩʦʨ ʮʦɹʛʦ 

ʫʥ̔ʚʝʨʩʠʪʝʪʫ ʪʘ 

ʜʠʨʝʢʪʦʨ ʘʩʪʨʦ-

ʥʦʤ̔ʯʥʦʾ ʦʙʩʝʨʚʘ-

ʪʦʨ̔ʾ. ʍʘʨʘʢʪʝʨʥʠ-

ʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ 

ʜʦʩʣʽʜʞʝʥʴ ɻʘʫʩʩʘ 

ʻ ʥʘʜʟʚʠʯʘʡʥʘ ʨ̔ʟ-

ʥʦʤʘʥʽʪʥʽʩʪʴ  ̔ ʦʨ-

ʛʘʥ̔ʯʥʠʡ ʟʚ'ʷʟʦʢ ʚ 

ʥʠʭ ʤʞ̔ ʪʝʦʨʝʪʠʯ-

ʥʦʁ  ʡ ʧʨʠʢʣʘʜʥʦ ʁ

ʤʘʪʝʤʘʪʠʢʦ.ʁ ʈʦ-

ʙʦʪʠ ɻʘʫʩʩʘ ʤʘʣʠ 

ʚʝʣʠʢʠʡ ʚʧʣʠʚ ʥʘ 

ʚʝʩɹ ʧʦʜʘʣʴʰʠʡ 

ʨʦʟʚʠʪʦʢ ʚʠʱʦʾ 

ʘʣʛʝʙʨʠ, ʪʝʦʨʽʾ 

ʯʠʩʝʣ  ̔ ʙʘʛʘʪʴʦʭ 

ʽʥʠhʭ ʥʘʫʢ. 
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ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ.  

ɺʘʞʣʠʚʫ ʨʦʣʴ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʚʜʘʥʴ ʚʠʤʽʨʶʚʘʥʴ ʤʘ̒ ʦʙˇʨʫʥʪʫ-

ʚʘʥʥʷ ʢʦʥʢʨʝʪʥʦʛʦ ʚʠʜʫ ʤʦʜʝʣʽ ʚʠʧʘʜʢʦʚʠʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʚʠʧʘʜʢʦʚʠʭ 

ʩʠʛʥʘʣʽʚ. ʅʘʚʝʜʝʤʦ ʥʘʩʪʫʧʥʫ ʪʘʙʣ. 3.1 ʚʠʜʽʚ ʚʠʧʘʜʢʦʚʠʭ ʬʫʥʢʮʽʡ ʟ ʤʝ-

ʪʦʶ ʧʦʜʘʣʴʰʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʾʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 
 

ʊʘʙʣʠʮʷ 3.1 

ɺʠʜʠ 

ʬʫʥʢʮʽʡ 

ʆʟʥʘʢʘ 

 ʢʣʘʩʠʬʽʢʘʮʽʾ 

ɺʠʜʠ ʚʠʧʘʜʢʦʚʠʭ ʬʫʥʢʮʽʡ (ɺʌ):   

ʚʠʧʘʜʢʦʚʘ ʚʝʣʠʯʠʥʘ (ɺɺ) ( )x w, wÍW; ʚʠʧʘʢʦʚʠʡ ʧʨʦ-

ʮʝʩ (ɺʇ) ( , )tx w  , WÍw , t TÍ , ʜʝ  T -ʽʥʪʝʨʚʘʣ ʯʘʩʫ 

ʂ̔ ʣʴʢʽʩʪʴ ʽ ʚʠʜ 

ʘʨʛʫʤʝʥʪʽʚ 

ʆʜʥʦʚʠʤʽʨʥʘ ɺʌ - ɺɺ;  

ʜʚʦʚʠʤʽʨʥʽ ɺʌ - ɺʇ 

ɺʠʜ ʟʘʢʦʥʽʚ 

ʨʦʟʧʦʜʽʣʫ 

ɺɺ, ɺʇ: ʛʘʫʩʩʦʚʠʡ (ʥʦʨʤʘʣʴʥʠʡ), ʧʫʘʩʩʦʥʽʚʩʴʢʠʡ, ʂʦʰʽ, 

ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʠʡ ʪʘ ʽʥʰʽ ( ʥʘ ʩʴʦʛʦʜʥʽ ʚʽʜʦʤʦ 

ʙʽʣʴʰʝ 200 ʜʠʩʢʨʝʪʥʠʭ ʽ ʥʝʧʝʨʝʨʚʥʠʭ ʟʘʢʦʥʽʚ ʨʦʟʧʦʜʽʣʫ) 

ʍʘʨʘʢʪʝʨ ʟʤʽʥʠ 

ʟʥʘʯʝʥʴ 

ɺʇ: ʩʪʘʮʽʦʥʘʨʥʽ ʫ ʰʠʨʦʢʦʤʫ ʘʙʦ ʚʫʟʴʢʦʤʫ ʩʝʥʩʽ, ʥʝʩʪʘʮʽ-

ʦʥʘʨʥʽ, ʮʠʢʣʦʩʪʘʮʽʦʥʘʨʥʽ (ʧʝʨʽʦʜʠʯʥʦ ʢʦʨʝʣʴʦʚʘʥʽ), ʟ 

ʥʝʟʘʣʝʞʥʠʤʠ (ʥʝʢʦʨʝʣʴʦʚʘʥʠʤʠ) ʧʨʠʨʦʩʪʘʤʠ; ʟ ʥʝʟʘʣʝʞ-

ʥʠʤʠ (ʥʝʢʦʨʝʣʴʦʚʘʥʠʤʠ) ʟʥʘʯʝʥʥʷʤʠ. 

ʍʘʨʘʢʪʝʨ ʦʙʣʘ-

ʩʪʝʡ ʚʠʟʥʘʯʝʥ-

ʥʷ ʽ ʟʥʘʯʝʥʴ 

ɺɺ: ʥʝʧʝʨʝʨʚʥʘ, ʜʠʩʢʨʝʪʥʘ, ʥʝʧʝʨʝʨʚʥʦ-ʜʠʩʢʨʝʪʥʘ; ɺʇ: 

ʢʦʤʙʽʥʘʮʽʾ ʥʝʧʝʨʝʨʚʥʦʩʪʽ ʪʘ ʜʠʩʢʨʝʪʥʦʩʪʽ ʘʨʛʫʤʝʥʪʽʚ ʽʟ 

ʦʙʣʘʩʪʽ ʚʠʟʥʘʯʝʥʥʷ XW³ ʽ TW³  ʽ ʥʝʧʝʨʝʨʚʥʦʩʪʽ ʪʘ 

ʜʠʩʢʨʝʪʥʦʩʪʽ ʦʙʣʘʩʪʽ ʟʥʘʯʝʥʴ X RÌ  
 

ʂʦʨʦʪʢʦ ʟʫʧʠʥʠʤʦʩʴ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʮʽ, ʷʢʘ ʟʥʘʯʥʦ  ʁʤʽʨʦ  ʁʚʠʟʥʘʯʘʻ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ ʟʥʘʯʝʥʴ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʧʘʜʢʦ-

ʚʠʭ ʩʠʛʥʘʣʽʚ. 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ʟʘʚʘʜʘ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʩʪʘʥʦʚʢʠ ʟʘ-

ʚʜʘʥʴ ʚʠʤʽʨʶʚʘʥʥʷ ʦʜʥʽ ʩʠʛʥʘʣʠ ʚʽʜʥʦʩʷʪʴ ʜʦ ʽʥʬʦʨʤʘʮʽʡʥʠʭ (ʢʦʨʠʩʥʠʭ), 

ʘ ʽʥʰʠʭ ʜʦ ʟʘʚʘʜ. ɺ ʦʜʥʠʭ ʟʘʚʜʘʥʥʷʭ ʚʠʤʽʨʶʚʘʥʴ ʮʝ ʚʽʜʥʦʰʝʥʥʷ ʻ ʯʠʩʣʦʤ, 

ʘ ʚ ʽʥʰʠʭ ï ʬʫʥʢʮʽʻʶ, ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʬʫʥʢʮʽʻʶ ʧʨʦʩʪʦʨʦʚʠʭ ʢʦ-

ʦʨʜʠʥʘʪ ʽ ʯʘʩʫ. ʈʦʟʛʣʷʥʝʤʦ ʢʦʥʢʨʝʪʥʠʡ ʧʨʠʢʣʘʜ. ɺʠʟʥʘʯʠʤʦ ʚʽʜʥʦʰʝʥʥʷ 

ʩʠʛʥʘʣ/ʟʘʚʘʜʘ ʜʣʷ ʘʜʠʪʠʚʥʦʾ ʩʫʤʽʰʽ ʜʝʪʝʨʤʽʥʦʚʘʥʦʛʦ ʛʘʨʤʦʥʽʯʥʦʛʦ ʩʠʛʥʘ-

ʣʫ ()u t ʽ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʰʫʤʦʚʦʛʦ ʩʠʛʥʘʣ ( ),ɝ ɤ,t ʪʦʙʪʦ   

( ) ( )2,t Acos ft ɝ ,t ,t Th w = p + w Í. 

ʊʦʜʽ ʟʘ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ʟʘʚʘʜʘ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʪʘʢʽ ʚʠʨʘʟʠ: 

ʩ ʟ A ( ,t) A= x w = sD  ʘʙʦ 
2 22ʩ ʟ A= s. 

ʗʢʱʦ ʛʦʚʦʨʠʪʠ, ʧʨʦ ʧʨʘʢʪʠʢʫ ʚʠʤʽʨʶʚʘʥʴ, ʪʦ ʚʘʨʪʦ ʚʽʜʤʽʪʠʪʠ ʥʘʩʪʫ-

ʧʥʝ. ʈʘʥʽʰʝ (ʫʤʦʚʥʦ ʧʝʨʽʦʜ ʜʦ ʩʝʨʝʜʠʥʠ ʍʍ ʩʪʦʣʽʪʪʷ) ʟʘʚʜʘʥʥʷ ʚʠʤʽʨʶ-

ʚʘʥʴ ʫʤʦʚʥʦ ʚʠʨʽʰʫʚʘʣʠʩʴ ʧʨʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ ʩʠʛʥʘʣ/ʟʘʚʘʜʘ ʧʦʨʷʜʢʫ 
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10, ʧʽʟʥʽʰʝ ï ʧʦʨʷʜʢʫ 3. ʉʫʯʘʩʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʚʠʤʽʨʶʚʘʣʴʥʽ ʪʝʭʥʦʣʦʛʽʾ 

ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʚʠʨʽʰʫʚʘʪʠ ʟʘʚʜʘʥʥʷ ʚʠʤʽʨʶʚʘʥʴ ʜʣʷ ʚʽʜʥʦʰʝʥʴ  ʩ/ʟ 

ʤʝʥʰʝ 1 ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʧʝʮʽʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʦʧʨʘʮʶʚʘʥʥʷ ʜʘʥʠʭ ʚʠʤʽ-

ʨʶʚʘʥʴ. 

 

3.3. ʏʠʩʣʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʛʥʘʣʽʚ ʽ ʟʘʚʘʜ 
 

ɽʥʝʨʛʝʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʆʩʥʦʚʥʠʤʠ ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʭʘʨʘ-

ʢʪʝʨʠʩʪʠʢʘʤʠ ʜʽʡʩʥʦʛʦ ʩʠʛʥʘʣʫ ()s t  ʻ ʡʦʛʦ ʧʦʪʫʞʥʽʩʪʴ ʪʘ ʝʥʝʨʛʽʷ. 

ʗʢʱʦ ()s t  ï ʥʘʧʨʫʛʘ ()u t  ʯʠ ʩʪʨʫʤ ()i t , ʪʦ ʤʠʪʪʻʚʘ ʧʦʪʫʞʥʽʩʪʴ, ʱʦ 

ʚʠʜʽʣʷʻʪʴʩʷ ʥʘ ʦʧʦʨʽ R , ʟʥʘʭʦʜʠʪʴʩʷ ʯʝʨʝʟ ʢʚʘʜʨʘʪ ʤʠʪʪʻʚʦʛʦ ʟʥʘʯʝʥʥʷ:                        

() () ()2 2
p t u t R i t R= = . ʆʜʠʥʠʮʷ ʚʠʤʽʨʫ ï ɺʪ. ʋ ʪʝʦʨʽʾ ʩʠʛʥʘʣʽʚ, ʷʢ ʧʨʘ-

ʚʠʣʦ, ʧʨʠʡʤʘʶʪʴ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ R  = 1 ʆʤ (ʢʨʽʤ ʜʝʷʢʠʭ ʚʠʧʘʜʢʽʚ), ʽ 

ʪʦʜʽ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ:       

() ()2
p t s t=                                         (3.48) 

ʇʨʠʡʥʷʪʪʷ ʪʘʢʦʾ ʫʤʦʚʠ ʧʦʚ'ʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʚ ʙʘʛʘʪʴʦʭ ʟʘʜʘʯʘʭ ʪʝʦ-

ʨʽʾ ʩʠʛʥʘʣʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ ʨʦʟʨʘʭʫʥʢʘʭ ʥʝ ʢʦʥʢʨʝʪʥʽ ʟʥʘʯʝʥʥʷ ʧʦʪʫ-

ʞʥʦʩʪʽ, ʘ ʚʽʜʥʦʰʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʩʠʛʥʘʣʫ ʜʦ ʧʦʪʫʞʥʦʩʪʽ ʟʘʚʘʜʠ. ʇʨʠ 

ʨʦʟʨʘʭʫʥʢʘʭ ʚʽʜʥʦʰʝʥʥʷ ʦʧʽʨ R  ʩʢʦʨʦʯʫʻʪʴʩʷ ʽ ʜʣʷ ʩʧʨʦʱʝʥʥʷ ʨʦʟʨʘ-

ʭʫʥʢʽʚ ʡʦʛʦ ʧʨʠʡʤʘʶʪʴ ʟʘ ʦʜʠʥʠʯʥʠʡ. ʑʦʙ ʚʽʜʨʽʟʥʠʪʠ ʨʦʟʨʘʭʫʥʢʠ ʧʦ-

ʪʫʞʥʦʩʪʽ ʟʘ ʪʘʢʠʭ ʫʤʦʚ ( R  = 1 ʆʤ) ʚʽʜ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʷʢʦʤʫʩʴ ʦʧʦʨʽ 

R  ̧1 ʆʤ, ʫ ʬʦʨʤʫʣʽ (3.41) ʪʘ ʽʥʰʠʭ, ʢʫʜʠ ʚʭʦʜʠʪʴ ʧʦʪʫʞʥʽʩʪʴ, ʧʨʠʡ-

ʤʘʻʪʴʩʷ ʟʘ ʦʜʠʥʠʮʶ ʚʠʤʽʨʫ ʧʦʪʫʞʥʦʩʪʽ ɺ
2
, ʘ ʥʝ ɺʪ. 

ɽʥʝʨʛʽʷ ʩʠʛʥʘʣʫ ʥʘ ʽʥʪʝʨʚʘʣʽ ( )1 2,t t  ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʽʥʪʝʛʨʘʣ ʡʦʛʦ 

ʤʠʪʪʻʚʦʾ ʧʦʪʫʞʥʦʩʪʽ:   

() ()
2 2

1 1

2

t t

s

t t

E p t dt s t dt= =ñ ñ .                                (3.49) 

ɽʥʝʨʛʽʶ ʩʠʛʥʘʣʫ ʤʦʞʥʘ ʦʙʯʠʩʣʠʪʠ ʪʘʢʦʞ ʽ ʟʘ ʡʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʶ 

ʱʽʣʴʥʽʩʪʶ  ʟʘ ʬʦʨʤʫʣʦʶ ʈʝʣʝʷ: 

     ( ) ()
2 2

0

1

2
s

E S j d S f dfw w
p

¤ ¤

-¤

= =ñ ñ .                           (3.50) 

ɺʝʣʠʯʠʥʫ ( )
2

S jw  ʥʘʟʠʚʘʶʪʴ ʩʧʝʢʪʨʘʣʴʥʦʶ ʱʽʣʴʥʽʩʪʶ ʝʥʝʨʛʽʾ, ʘʙʦ 

ʝʥʝʨʛʝʪʠʯʥʠʤ ʩʧʝʢʪʨʦʤ ʩʠʛʥʘʣʫ. ɿ ʬʦʨʤʫʣʠ (3.50) ʚʠʧʣʠʚʘʻ, ʱʦ  

() ()2S f Sw= ,                                            (3.51) 

ʦʩʢʽʣʴʢʠ ()S w  ï ʜʚʦʩʪʦʨʦʥʥʷ ʩʧʝʢʪʨʘʣʴʥʘ ʱʽʣʴʥʽʩʪʴ ʧʦʪʫʞʥʦʩʪʽ  
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( )w-¤< <¤, ʘ ()S f  ï ʦʜʥʦʩʪʦʨʦʥʥʷ ( )0 f¢ ¢¤.  

ɺʽʜʥʦʰʝʥʥʷ   

( )( ) ()
2

1

1 2

1 2 2 1

t

s

t

E t t t t S t dt
-

- = - ñ                    (3.52) 

ʤʘʻ ʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʾ ʧʦʪʫʞʥʦʩʪʽ ()2s
P s t=  ʥʘ 

ʽʥʪʝʨʚʘʣʽ ( )1 2
,t t . 

ʈʦʟʨʘʭʫʥʢʠ ʩʝʨʝʜʥʴʦʾ ʧʦʪʫʞʥʦʩʪʽ ʟʘ ʩʧʝʢʪ-

ʨʦʤ. ʉʝʨʝʜʥʷ ʧʦʪʫʞʥʽʩʪʴ ʧʝʨʽʦʜʠʯʥʦʛʦ ʩʠʛʥʘʣʫ, 

ʷʢʘ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʥʘ ʚʩʽʡ ʦʩʽ ʯʘʩʫ ( )t-¤< <¤, 

ʟʙʽʛʘʻʪʴʩʷ ʟ ʩʝʨʝʜʥʴʦʶ ʧʦʪʫʞʥʽʩʪʶ ʟʘ ʧʝʨʽʦʜ. ɼʣʷ 

ʛʘʨʤʦʥʽʯʥʦʛʦ ʩʠʛʥʘʣʫ () ( )0cosmu t U tw f= + , ʟʛʽʜʥʦ 

(3.50), ʩʝʨʝʜʥʷ ʧʦʪʫʞʥʽʩʪʴ (ʥʘ ʦʧʦʨʽ R  = 1 ʆʤ):  

() ( ) ( )2 2 2 2

0

0

cos 2

T

u m m
u t P U T t dt Uw f= = + =ñ     (3.53) 

ʽ ʥʝ ʟʘʣʝʞʠʪʴ ʥʽ ʚʽʜ ʯʘʩʪʦʪʠ, ʥʽ ʚʽʜ ʧʦʯʘʪʢʦʚʦʾ ʬʘʟʠ. 

ʆʩʢʽʣʴʢʠ ʧʝʨʽʦʜʠʯʥʠʡ ʩʠʛʥʘʣ ()s t  ʤʦʞʥʘ ʧʦ-

ʜʘʪʠ ʫ ʚʠʛʣʷʜʽ ʪʨʠʛʦʥʦʤʝʪʨʠʯʥʦʛʦ ʨʷʜʫ ʌʫʨ'ʻ, ʘ 

ʽʥʪʝʛʨʘʣ ʩʫʤʠ ʜʦʨʽʚʥʶʻ ʩʫʤʽ ʽʥʪʝʛʨʘʣʽʚ, ʪʦ ʧʦʚʥʘ 

ʩʝʨʝʜʥʷ ʧʦʪʫʞʥʽʩʪʴ ʧʝʨʽʦʜʠʯʥʦʛʦ ʩʠʛʥʘʣʫ ʜʦʨʽʚʥʶʻ 

ʩʫʤʽ ʩʝʨʝʜʥʽʭ ʧʦʪʫʞʥʦʩʪʝʡ, ʱʦ ʚʠʜʽʣʷʶʪʴʩʷ ʦʢʨʝʤʦ 

ʧʦʩʪʽʡʥʦʶ ʩʢʣʘʜʦʚʦʶ 
0

2a  ʽ ʛʘʨʤʦʥʽʢʘʤʠ ʟ ʘʤʧʣʽ-

ʪʫʜʘʤʠ 
1 2
, ,

m m
A A ,  ʧʨʠ ʮʴʦʤʫ ʚʦʥʘ ʥʝ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʯʘʩʪʦʪ ʽ ʬʘʟ ʦʢʨʝʤʠʭ ʛʘʨʤʦʥʽʢ. 

ɼʣʷ ʚʠʧʘʜʢʦʚʠʭ ʩʠʛʥʘʣʽʚ (ʟʘʚʘʜ) ʩʝʨʝʜʥʶ ʧʦ-

ʪʫʞʥʽʩʪʴ ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʟʘ ʩʧʝʢʪʨʘʣʴʥʦʶ 

ʱʽʣʴʥʽʩʪʶ ʧʦʪʫʞʥʦʩʪʽ ()x
G f  ʯʠ ()x

G w .ʆʩʢ̔ʣʴʢʠ 

ʬʫʥʢʮʽʾ ()x
G f  ʪʘ ()x

G w  ʧʦʢʘʟʫʶʪʴ ʨʦʟʧʦʜʽʣ ʧʦ-

ʪʫʞʥʦʩʪʽ ʟʘ ʯʘʩʪʦʪʘʤʠ (ʜʠʚ. (3.52)), ʪʦ ʩʝʨʝʜʥʷ ʧʦ-

ʪʫʞʥʽʩʪʴ 

      () ()
0 0

2
x x x

P G f df G dw w
¤ ¤

= =ñ ñ .            (3.54) 

ʋ ʚʠʨʘʟʽ (3.54), ʷʢ ʽ ʫ ʬʦʨʤʫʣʽ (4.50), 

() ()2
x x

G f G w= . ʎʷ ʫʤʦʚʘ ʧʨʠʡʥʷʪʘ ʪʦʤʫ, ʱʦ 

()x
G w  - ʜʚʦʩʪʦʨʦʥʥʷ ʩʧʝʢʪʨʘʣʴʥʘ ʱʽʣʴʥʽʩʪʴ ʧʦ-

 
 

ʅʦʨʙʝʨʪ ɺʥ̔ʝʨ 

(Norbert Wiener, 

1894-1964), 
 

ʘʤʝʨʠʢʘʥʩʢɹʠʡ ʚʯʝ-

ʥʠʡ ï ʚʠʜʘʪʥʠʡ 

ʤʘʪʝʤʘʪʠʢ  ̔ ʬ̔ʣʦ-

ʩʦʬ, ʟʘʩʥʦʚʥʠʢ 

ʢ̔ʙʝʨʥʝʪʠʢʠ  ̔ ʪʝʦʨʽʾ 

ʰʪʫʯʥʦʛʦ ʥ̔ʪʝʣʝʢʪʫ. 

ɿʘʮʽʢʘʚʠʚʰʠʩʴ ʘʚ-

ʪʦʤʘʪʠʯʥʠʤʠ ʨʦʟ-

ʨʘʭʫʥʢʘʤʠ  ̔ʪʝʦʨʽʻʶ 

ʟʚʦʨʦʪʥʴʦʛʦ ʟʚôʷʟʢʫ, 

ʩʬʦʨʤʫʣʶʚʘʚ ʫ 

ʩʚʦʾʡ ʬʫʥʜʘʤʝʥ-

ʪʘʣʴʥʽʾ ʧʨʘʮʽ 

"ʂ̔ʙʝʨʥʝʪʠʢʘ" 

(1948) ʧʦʣʦʞʝʥʥ ̫

ʮʽʻʾ ʥʘʫʢʠ, ʧʨʝʜʤʝ-

ʪʦʤ ̫ʢʦʾ ʩʪʘʣʠ 

ʫʧʨʘʚʣʥ̔ʥ,̫ ʟʚ'ʷʟʦʢ  

 ̔ ʦʧʨʘʮʶʚʘʥʥʷ ʥ̔-

ʬʦʨʤʘʮʽʾ ʚ ʪʝʭʥʠʮ,̔ 

ʞʠʚʠʭ ʦʨʛʘʥʟ̔ʤʘʭ  ̔

ʣʶʜʩʴʢʦʤʫ ʩʫʩʧʽʣʴ-

ʩʪʚʽ. ɸʚʪʦʨ ʨʦʙ̔ʪ ʟ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʥʘ-

ʣ̔ʟʫ, ʪʝʦʨʽʾ ʡʤʦʚʽʨ-

ʥʦʩʪʝʡ, ʝʣʝʢʪʨʠʯʥʠʭ 

ʤʝʨʝʞ  ̔ʦʙʯʠʩʣʶʚʘ-

ʣʴʥʦʾ ʪʝʭʥʢ̔ʠ. 
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ʪʫʞʥʦʩʪʽ ( )w-¤< <¤, ʘ ()xG f  - ʦʜʥʦʩʪʦʨʦʥʥʷ ( )0 f¢ ¢¤. 

ʑʦʙ ʟʥʘʡʪʠ, ʥʘʧʨʠʢʣʘʜ, ʧʦʪʫʞʥʽʩʪʴ ʚʠʧʘʜʢʦʚʦʛʦ ʩʠʛʥʘʣʫ (ʟʘʚʘʜʠ) ʚ ʜʝ-

ʷʢʽʡ ʩʤʫʟʽ ʯʘʩʪʦʪ 
1 2
f f- , ʥʝʦʙʭʽʜʥʦ ʟʜʽʡʩʥʠʪʠ ʽʥʪʝʛʨʫʚʘʥʥʷ ʟʛʽʜʥʦ ʟ ʚʠʨʘʟʦʤ 

(4.54) ʫ ʮʽʡ ʩʤʫʟʽ:                      ()
2

1

1,2

f

x x

f

P G f df=ñ . 

ʇʨʠʢʣʘʜ. ɿʥʘʡʪʠ ʩʝʨʝʜʥʶ ʧʦʪʫʞʥʽʩʪʴ Ph  ʙʽʣʦʛʦ ʰʫʤʫ ʟʽ ʩʧʝʢʪʨʘʣʴʥʦʶ 

ʱʽʣʴʥʽʩʪʶ ʧʦʪʫʞʥʦʩʪʽ () 6

0 10xG f N -= = ɺʪ/ɻʮ ʫ ʩʤʫʟʽ fD = 3 100 ɻʮ. 

ʉʝʨʝʜʥʶ ʧʦʪʫʞʥʽʩʪʴ ʰʫʤʫ ʚ ʩʤʫʟʽ fD  ʟʥʘʭʦʜʠʤʦ ʟʛʽʜʥʦ (3.54), ʷʢʱʦ 

ʛʨʘʥʠʮʽ ʽʥʪʝʛʨʫʚʘʥʥʷ ʚʠʙʨʘʪʠ ʚʽʜ 
1
f  ʜʦ 

1
f f+D:   

1

1

6 3

ʰ 0 0 10 3100 3,1 10

f f

f

P N df N f

+D

- -= = D = Ö = Öñ  ɺʪ. 

ʈʽʚʥʽ ʩʠʛʥʘʣʽʚ (ʟʘʚʘʜ). ʇʽʜ ʨʽʚʥʝʤ ʨʦʟʫʤʽʶʪʴ ʚʽʜʥʦʰʝʥʥʷ ʟʥʘʯʝʥ-

ʥʷ ʧʦʪʫʞʥʦʩʪʽ 
xP  ʯʠ ʥʘʧʨʫʛʠ 

xU . ʫ ʜʝʷʢʽʡ ʪʦʯʮʽ ʭ ʝʣʝʢʪʨʠʯʥʦʛʦ ʢʦʣʘ ʜʦ 

ʟʥʘʯʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ 
0

P  ʯʠ ʥʘʧʨʫʛʠ 
0U , ʱʦ ʚʠʙʨʘʥʽ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ. ʆʩʢʽ-

ʣʴʢʠ ʟʥʘʯʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʥʘʧʨʫʛʠ ʤʦʞʫʪʴ ʟʤʽʥʶʚʘʪʠʩʴ ʫ ʜʦʩʠʪʴ ʚʝʣʠ-

ʢʠʭ ʤʝʞʘʭ (ʩʦʪʥʽ ʽ ʪʠʩʷʯʽ ʨʘʟʽʚ), ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʨʽʚʥʽʚ ʫʚʝʜʝʥʘ ʣʦʛʘʨʠ-

ʬʤʽʯʥʘ ʦʜʠʥʠʮʷ ʨʽʚʥʷ - ʜʝʮʠʙʝʣ (ʜɹ), ʱʦ ʜʦʨʽʚʥʶʻ ( )010lg
x

P P  - ʟʘ ʧʦ-

ʪʫʞʥʽʩʪʶ ʽ ( )020lg
x

U U - ʟʘ ʥʘʧʨʫʛʦʶ. ʗʢ ʘʙʩʦʣʶʪʥʠʡ ʥʫʣʴʦʚʠʡ ʨʽ-

ʚʝʥʴ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ, ʥʘʧʨʠʢʣʘʜ, ʫ ʪʝʭʥʽʮʽ ʟʚ'ʷʟʢʫ ʚʠʙʨʘʥʘ ʧʦʪʫʞʥʽʩʪʴ 

0
P  = 1 ʤɺʪ ʥʘ ʦʧʦʨʽ R  = 600 ʆʤ. ʊʦʜʽ 0 0

0,7748U P R= = º0,775 ɺ. 

ɼʝʮʠʙʝʣʠ, ʱʦ ʚʠʟʥʘʯʝʥʽ ʚʽʜʥʦʩʥʦ ʧʦʪʫʞʥʦʩʪʽ ʈ0 = 1 ʤɺʪ, ʥʘʟʠ-

ʚʘʶʪʴʩʷ ʜʝʮʠʙʝʣʘʤʠ ʚʽʜʥʦʩʥʦ 1 ʤɺʪ ʽ ʩʢʦʨʦʯʝʥʦ ʧʦʟʥʘʯʘʶʪʴʩʷ ʜɹʧ 

ʘʙʦ ʜɹ(ʤɺʪ). 

ɿʘ ʣʦʛʘʨʠʬʤʽʯʥʦʶ ʦʜʠʥʠʮʝʶ ʚʠʤʽʨʫ ʨʽʚʥʽʚ ʪʘʢʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʷʢʦʩʪʽ, ʷʢ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ-ʟʘʚʘʜʘ, ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ ʨʽʟʥʠʮʽ ʨʽʚʥʽʚ 

ʩʠʛʥʘʣʫ sL , ʽ ʟʘʚʘʜʠ 
n

L , ʯʝʨʝʟ ʪʝ ʱʦ  

( ) ( ) ( )0 0
10lg 10lg 10lg

s n s n s n
P P P P P P L Lr= = - = -. 

ɼʠʥʘʤʽʯʥʠʡ ʜʽʘʧʘʟʦʥ ʽ ʢʦʝʬʽʮʽʻʥʪ ʘʤʧʣʽʪʫʜʠ.  ɼʠʥʘʤʽʯʥʠʡ ʜʽ-

ʘʧʘʟʦʥ 
s

D , ʜɹ ʩʠʛʥʘʣʫ ()s t , ʭʘʨʘʢʪʝʨʠʟʫʻ ʤʝʞʽ ʟʤʽʥʠ ʤʠʪʪʻʚʦʾ ʧʦʪʫʞ-

ʥʦʩʪʽ ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʦʤ:  

( )max min10lgsD p p= ,                                     (3.55) 

ʜʝ 
maxp  - ʤʘʢʩʠʤʘʣʴʥʝ, ʘ 

minp  - ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʤʠʪʪʻʚʦʾ ʧʦʪʫʞʥʦ-
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ʩʪʽ, ʷʢʽ ʚʠʟʥʘʯʝʥʽ ʙʫʜʴ-ʷʢʠʤ ʩʧʦʩʦʙʦʤ.  

ʅʘʧʨʠʢʣʘʜ, ʤʽʥʽʤʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ, ʷʢʱʦ ʾʾ ʚʘʞʢʦ ʟʥʘʡʪʠ, ʜʦʨʽʚʥʶʻ ʧʦ-

ʪʫʞʥʦʩʪʽ ʟʘʚʘʜʠ ʯʠ ʩʝʨʝʜʥʴʦʾ ʢʚʘʜʨʘʪʠʯʥʦʾ ʧʦʭʠʙʢʠ. 

ʂʦʝʬʽʮʽʻʥʪʦʤ ʘʤʧʣʽʪʫʜʠ ʩʠʛʥʘʣʫ 
A

K  ʥʘʟʠʚʘʻʪʴʩʷ ʚʽʜʥʦʰʝʥʥʷ 

ʡʦʛʦ ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʜʦ ʩʝʨʝʜʥʴʦʾ. ʋ ʣʦʛʘʨʠʬʤʽʯʥʠʭ ʦʜʠ-

ʥʠʮʷʭ, ʜɹ ʤʘʻʤʦ:          

        ( )2

max10lgA xK p P= .                                   (3.56) 

ʋ ʜʝʷʢʠʭ  ʚʠʧʘʜʢʘʭ ʜʠʥʘʤʽʯʥʠʡ ʜʽʘʧʘʟʦʥ ʽ ʢʦʝʬʽʮʽʻʥʪ ʘʤʧʣʽʪʫ-

ʜʠ ʚʠʟʥʘʯʘʶʪʴʩʷ  ʥʝ  ʚ ʣʦʛʘʨʠʬʤʽʯʥʠʭ,  ʘ  ʚ ʘʙʩʦʣʶʪʥʠʭ ʦʜʠʥʠʮʷʭ 

("ʚ ʨʘʟʘʭ"). 

ʊʨʠʚʘʣʽʩʪʴ ʽ ʰʠʨʠʥʘ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʫ (ʟʘʚʘʜʠ). ʇʽʜ ʪʨʠʚʘʣʽʩ-

ʪʶ ʩʠʛʥʘʣʫ ʨʦʟʫʤʽʶʪʴ ʽʥʪʝʨʚʘʣ ʯʘʩʫ ʡʦʛʦ ʽʩʥʫʚʘʥʥʷ ʽ ʦʙʯʠʩʣʶʪʁʴ ʷʢ 

ʨʽʟʥʠʮ ʁʤʽʞ ʯʘʩʦʤ ʟʘʢʽʥʯʝʥʥʷ ʩʠʛʥʘʣʫ ʢt ʽ ʯʘʩʦʤ ʡʦʛʦ ʧʦʯʘʪʢʫ ʧt :  

s ʢ ʧT t t= -. 

ʐʠʨʠʥʘ ʩʧʝʢʪʨʘ ï ʮʝ ʽʥʪʝʨʚʘʣ ʯʘʩʪʦʪ, ʷʢʠʡ ʟʘʡʤʘʻ ʩʧʝʢʪʨ. ʆʙ-

ʯʠʩʣʶʻʪʴʩʷ ʷʢ ʨʽʟʥʠʮʷ ʤʽʞ ʤʘʢʩʠʤʘʣʴʥʦʶ ʯʘʩʪʦʪʦʶ ʩʧʝʢʪʨʘ 
max

f  ʽ ʤ̔-

ʥʽʤʘʣʴʥʦʶ 
min

f :  

max mins
F f f= - . 

ʈʦʟʨʘʭʫʥʢʠ ʪʨʠʚʘʣʦʩʪʽ ʽ ʰʠʨʠʥʠ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʫ (ʟʘʚʘʜʠ) ʥʝ ʟʘ-

ʚʜʘʶʪʴ ʪʨʫʜʥʦʱʽʚ, ʷʢʱʦ ʚʦʥʠ ʤʘʶʪʴ ʯʽʪʢʦ ʚʠʟʥʘʯʝʥʽ ʧʦʯʘʪʦʢ ʪʘ ʢʽ-

ʥʝʮʴ, ʘ ʩʧʝʢʪʨ ï ʛʨʘʥʠʯʥʽ ʯʘʩʪʦʪʠ. ɸʣʝ 

ʟ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨ'ʻ ʚʠʧʣʠʚʘʻ, ʱʦ 

ʢʦʣʠ ʩʠʛʥʘʣ ʤʘʻ ʩʢʽʥʯʝʥʥʫ ʪʨʠʚʘʣʽʩʪʴ, 

ʪʦ ʡʦʛʦ ʩʧʝʢʪʨ ï ʥʝʩʢʽʥʯʝʥʥʠʡ. ɯ ʥʘ-

ʚʧʘʢʠ. ʊʦʤʫ ʥʝʦʙʭʽʜʥʦ ʜʦʤʦʚʠʪʠʩʴ 

ʧʨʦ ʚʠʟʥʘʯʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʪʘ ʰʠʨʠʥʠ. 

ʅʘ ʧʨʘʢʪʠʮʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ 

ʚʠʟʥʘʯʝʥʥʷ 
s

T  ʪʘ 
s

F , ʚʠʙʽʨ ʷʢʠʭ ʟʘ-

ʣʝʞʠʪʴ ʚʽʜ ʧʨʠʟʥʘʯʝʥʥʷ ʩʠʛʥʘʣʫ, ʡʦʛʦ 

ʬʦʨʤʠ ʪʘ ʩʪʨʫʢʪʫʨʠ. ɿʘʩʪʦʩʫʚʫʶʪʴ ʪʘʢʽ 

ʤʝʪʦʜʠ ʾʭ ʚʠʟʥʘʯʝʥʥʷ:  

1. ɺʽʜʣʽʢ ʥʘ ʟʘʜʘʥʦʤʫ ʟʥʘʯʝʥʥʽ ʚʽʜ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ. ɿʘʟʚʠʯʘʡ ʪʨʠʚʘʣʽʩʪʴ 

ʽʤʧʫʣʴʩʥʦʛʦ ʩʠʛʥʘʣʫ ʽ ʰʠʨʠʥʫ ʡʦʛʦ ʩʧʝʢʪʨʘ ʚʠʟʥʘʯʘʶʪʴ ʥʘ ʨʽʚʥʽ 1 2

ʚʽʜ ʤʘʢʩʠʤʘʣʴʦʛʦ ʟʥʘʯʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ()s t  ʯʠ ()S f . ɸʣʝ ʤʦʞʥʘ ʚʠʙ-

ʨʘʪʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʙʫʜʴ-ʷʢʝ ʽʥʰʝ ʟʥʘʯʝʥʥʷ, ʥʘʧʨʠʢʣʘʜ, 5% ʚʽʜ ʤʘʢ-

 G

maxG

f

0,05sF

0; 707sF

max0,05S

max0,707S
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ʩʠʤʘʣʴʥʦʛʦ, ʷʢ ʮʝ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3.22. ʋ ʮʴʦʤʫ ʻ ʧʝʚʥʘ ʥʝʚʠ-

ʟʥʘʯʝʥʽʩʪʴ ʤʝʪʦʜʫ. 

ɿʘʤʽʥʘ ʨʝʘʣʴʥʦʛʦ ʩʠʛʥʘʣʫ (ʩʧʝʢʪʨʫ) ʨʽʚʥʦʚʝʣʠʢʠʤ ʧʨʷʤʦʢʫʪʥʠʤ. 

ʊʘʢʘ   ʧʨʦʮʝʜʫʨʘ ʯʘʩʪʽʰʝ ʟʘ ʽʥʰʽ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʩʧʝʢʪ-

ʨʘʣʴʥʦʾ   ʱʽʣʴʥʦʩʪʽ ʧʦʪʫʞʥʦʩʪʽ ʽ ʥʘʚʝ-

ʜʝʥʘ ʥʘ ʨʠʩ. 3.23, ʜʝ  ʟʦʙʨʘʞʝʥʦ ʩʧʝʢʪ-

ʨʘʣʴʥʫ ʱʽʣʴʥʽʩʪʴ ʟʘʚʘʜʠ ()ʟ
G f . ʇʣʦʱʽ 

ʧʨʷʤʦʢʫʪʥʠʢʘ ʽ ʬʽʛʫʨʠ, ʱʦ ʦʙʤʝʞʝʥʘ 

ʢʨʠʚʦʶ  ()ʟ
G f   ʽ  ʦʩʷʤʠ  ʢʦʦʨʜʠʥʘʪ, 

ʨʽʚʥʦʚʝʣʠʢʽ. ʐʠʨʠʥʘ ʩʧʝʢʪʨʘ, ʷʢʫ ʥʘʟʠ-

ʚʘʶʪʴ ʝʬʝʢʪʠʚʥʦʶ: 

()ʟ.ʝʬ

0max

1
ʟ

F G f df
G

¤

= ñ . 

ʏʠʩʣʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʛʥʘʣʽʚ ʽ ʟʘʚʘʜ 

ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʪʝʣʝʢʦʤʫ-

ʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ. ɿʘ  ʝʥʝʨʛʝʪʠʯʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʝʦʙʭʽʜʥʝ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ-ʟʘʚʘʜʘ, 

ʟʘ ʰʠʨʠʥʦʶ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʫ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʩʤʫʛʘ ʧʨʦʧʫʩʢʘʥʥʷ ʢʘʥʘ-

ʣʫ ʟʚ'ʷʟʢʫ, ʱʦ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʥʝʩʧʦʪʚʦʨʝʥʦʛʦ ʧʝʨʝʜʘʚʘʥʥʷ. ɼʣʷ ʥʝʧʝʨʝ-

ʨʚʥʠʭ ʧʝʨʚʠʥʥʠʭ ʩʠʛʥʘʣʽʚ ʰʠʨʠʥʘ ʩʧʝʢʪʨʫ ʚʠʟʥʘʯʘʻʪʴʩʷ, ʷʢ ʧʨʘʚʠʣʦ, 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. ɼʣʷ ʽʤʧʫʣʴʩʥʠʭ ʩʠʛʥʘʣʽʚ ʜʣʷ ʚʠʟʥʘʯʝʥʥ ̫ʰʠʨʠʥʠ ʾʭ 

ʩʧʝʢʪʨʫ ʤʦʞʥʘ ʢʦʨʠʩʪʫʚʘʪʠʩʴ ʦʜʥʠʤ ʽʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʧʦʣʦʞʝʥʴ ʪʝʦ-

ʨʽʾ ʩʠʛʥʘʣʽʚ ʽ ʩʧʝʢʪʨʽʚ: ʷʢʱʦ 
sF , ʦʟʥʘʯʘʻ ʰʠʨʠʥʫ ʩʧʝʢʪʨʫ ʜʝʷʢʦʛʦ ʩʠʛ-

ʥʘʣʫ ʪʨʠʚʘʣʽʩʪʶ ,sT  ʪʦ ʟʘʚʞʜʠ ʤʘʻ ʤʽʩʮʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ:   

                                                    
s sT F mº ,                                   

ʜʝ m - ʧʦʩʪʽʡʥʘ ʚʝʣʠʯʠʥʘ, ʱʦ ʙʣʠʟʴʢʘ ʜʦ ʦʜʠʥʠʮʽ (1mº) ʜʣʷ ʚʽʜʝʦʽʤ-

ʧʫʣʴʩʽʚ ʽ ʜʦ ʜʚʦʭ (2mº ) ʜʣʷ ʨʘʜʽʦʽʤʧʫʣʴʩʽʚ. ʉʫʪʴ ʮʴʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥ-

ʥʷ ʚ ʪʦʤʫ, ʱʦ ʰʠʨʠʥʘ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʫ ʦʙʝʨʥʝʥʦ ʧʨʦʧʦʨʮʽʡʥʘ ʡʦʛʦ 

ʪʨʠʚʘʣʦʩʪʽ. 

 

3.4. ʄʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʩʠʛʥʘʣʽʚ ʟ ʦʙʤʝʞʝʥʠʤ ʩʧʝʢʪʨʦʤ 
 

ɺʩʽ ʨʦʟʛʣʷʥʫʪʽ ʨʘʥʽʰʝ ʩʠʛʥʘʣʠ ʥʘʣʝʞʘʪʴ ʜʦ ʪʘʢʠʭ, ʷʢʽ ʪʝʦʨʝʪʠʯʥʦ ʤʘ-

ʶʪʴ ʥʝʩʢʽʥʯʝʥʥʦ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʫ ʨʘʟʽ ʚʽʜʥʦʚʣʝʥʥʷ 

ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʤʝʪʦʜʦʤ ʧʽʜʩʫʤʦʚʫʚʘʥʥʷ ʡʦʛʦ ʛʘʨʤʦʥʽʢ ʥʝʦʙʭʽʜʥʦ 

ʚʨʘʭʦʚʫʚʘʪʠ ʥʝʩʢʽʥʯʝʥʥʫ ʤʥʦʞʠʥʫ ʩʧʝʢʪʨʘʣʴʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. ʋʪʨʘʪʘ 

ʢʦʞʥʦʛʦ ʟ ʥʠʭ, ʘ ʪʠʤ ʙʽʣʴʰ ʜʝʷʢʦʾ ʾʭ ʧʽʜʤʥʦʞʠʥʠ, ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

 G

maxG

f
ʟ.ʝʬF
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ʩʧʦʪʚʦʨʝʥʥʷʤ ʬʦʨʤʠ ʩʠʛʥʘʣʫ. ʉʧʦʪʚʦʨʝʥʥʷ ʙʫʜʝ ʪʠʤ ʙʽʣʴʰʠʤ, ʯʠʤ 

ʙʽʣʴʰʫ ʢʽʣʴʢʽʩʪʴ ʛʘʨʤʦʥʽʢ ʫʪʨʘʯʝʥʦ ʚ ʧʨʦʮʝʩʽ ʚʽʜʥʦʚʣʝʥʥ ̫ʩʠʛʥʘʣʫ ʟʘ 

ʡʦʛʦ ʩʧʝʢʪʨʘʣʴʥʠʤʠ ʩʢʣʘʜʦʚʠʤʠ. ɿ ʬʽʟʠʯʥʦʛʦ ʧʦʛʣʷʜʫ ʧʨʦʮʝʜʫʨʘ 

ʚʽʜʥʦʚʣʝʥʥʷ ʩʠʛʥʘʣʫ, ʱʦ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʚʨʘʭʫʚʘʥʥʽ ʚʩʽʭ ʩʧʝʢʪʨʘʣʴʥʠʭ 

ʩʢʣʘʜʦʚʠʭ ʽʟ ʥʝʩʢʽʥʯʝʥʥʦ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ, ʥʝʟʜʽʡʩʥʝʥʥʘ. ʅʝ ʩʣʽʜ ʟʘ-

ʙʫʚʘʪʠ ʪʘʢʦʞ ʧʨʦ ʪʝ, ʱʦ ʚʥʝʩʦʢ, ʟʨʦʙʣʝʥʠʡ ʩʧʝʢʪʨʘʣʴʥʠʤʠ ʢʦʤʧʦʥʝʥ-

ʪʘʤʠ ʟʘ ʫʤʦʚʠ w ­ ¤, ʩʪʘʻ ʷʢ ʟʘʚʛʦʜʥʦ ʤʘʣʠʤ ʟʛʽʜʥʦ ʟ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

ʩʘʤʠʭ ʩʠʛʥʘʣʽʚ, ʝʥʝʨʛʽʷ ʷʢʠʭ ʩʢʽʥʯʝʥʥʘ. ʂʨʽʤ ʪʦʛʦ, ʙʫʜʴ-ʷʢʠʡ ʨʝʘʣʴʥʠʡ 

ʧʨʠʩʪʨʽʡ, ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʧʝʨʝʜʘʚʘʥʥʷ ʡ ʦʙʨʦʙʣʝʥʥʷ ʩʠʛʥʘʣʽʚ, ʤʘʻ 

ʩʢʽʥʯʝʥʥʫ ʰʠʨʠʥʫ ʩʤʫʛʠ ʧʨʦʧʫʩʢʘʥʥʷ. ʅʘʡʙʽʣʴʰ ʭʘʨʘʢʪʝʨʥʦ ʮʝ ʜʣʷ 

ʧʨʠʩʪʨʦʾʚ ʪʠʧʫ ʯʘʩʪʦʪʥʠʭ ʬʽʣʴʪʨʽʚ. 

ɯʜʝʘʣʴʥʠʡ ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʡ ʩʠʛʥʘʣ. ʈʦʟʛʣʷʥʝʤʦ ʦʩʦʙʣʠʚʠʡ ʢʣʘʩ 

ʩʠʛʥʘʣʽʚ, ʩʧʝʢʪʨʘʣʴʥʘ ʱʽʣʴʥʽʩʪʴ ʷʢʠʭ ʚʽʜʤʽʥʥʘ ʚʽʜ ʥʫʣʷ ʣʠʰʝ ʚ ʤʝʞʘʭ 

ʜʝʷʢʦʛʦ ʽʥʪʝʨʚʘʣʫ ʯʘʩʪʦʪ ʩʢʽʥʯʝʥʥʦʾ ʜʦʚʞʠʥʠ.  
ʇʨʠʢʣʘʜ ʪʘʢʠʭ ʩʠʛʥʘʣʽʚ - ʨʘʜʽʦʽʤʧʫʣʴʩ ʽʟ ʣʽʥʽʡʥʦʶ ʯʘʩʪʦʪʥʦʶ ʤʦʜʫʣʷʮʽ-

ʻʶ ʧʨʠ ʟʥʘʯʝʥʥʽ ʙʘʟʠ ɺ, ʱʦ ʧʨʷʤʫʻ ʜʦ ʥʝʩʢʽʥʯʝʥʥʦʩʪʽ, ʤʘʻ ʩʢʽʥʯʝʥʥʫ ʰʠʨʠʥʫ 

ʩʧʝʢʪʨʘ. 

ʅʝʭʘʡ D  ð ʯʘʩʪʦʪʥʠʡ ʽʥʪʝʨʚʘʣ, ʫ ʤʝʞʘʭ ʷʢʦʛʦ ʩʧʝʢʪʨʘʣʴʥʘ ʱʽʣʴʥʽʩʪʴ 

( )U w  ʜʝʷʢʦʛʦ ʩʠʛʥʘʣʫ ( )u t  ʥʝ ʜʦʨʽʚʥʶʻ ʥʫʣʶ, ʪʦʙʪʦ ( ) 0,U w ¸  ʷʢʱʦ ;DwÍ    

( ) 0,U w =      ̫ ʢʱʦ .DwÎ  ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʩʠʛʥʘʣʫ ʟ 

ʦʙʤʝʞʝʥʠʤ ʩʧʝʢʪʨʦʤ ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʦʨʤʫʣʦʶ ʦʙʝʨʥʝʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʌʫʨôʻ:    
1

( ) ( ) .
2

j t

D

u t U e dw= w w
p
ñ  ɿʘʣʝʞʥʦ ʚʽʜ ʚʠʙʦʨʫ ʽʥʪʝʨʚʘʣʫ D  ʽ ʬʫʥʢʮʽʾ 

( )U w  ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʨʽʟʥʦʤʘʥʽʪʥʽ ʩʠʛʥʘʣʠ ʟ ʦʙʤʝʞʝʥʠʤ ʩʧʝʢʪʨʦʤ. ʈʦʟʛʣʷ-

ʥʝʤʦ ʢʦʣʠʚʘʥʥ,̫ ʩʧʝʢʪʨʘʣʴʥʘ ʱʽʣʴʥʽʩʪʴ ʷʢʦʛʦ ʩʪʘʣʘ ʽ ʥʘʙʫʚʘʻ ʜʽʡʩʥʦʛʦ ʟʥʘ-

ʯʝʥʥʷ ʚ ʤʝʞʘʭ ʯʘʩʪʦʪʥʦʛʦ ʽʥʪʝʨʚʘʣʫ, ʦʙʤʝʞʝʥʦʛʦ ʜʝʷʢʦʶ ʚʝʨʭʥʴʦʶ ʯʘʩʪʦʪʦʶ 

ʚ.w  ʇʦʟʘ ʮʠʤ ʽʥʪʝʨʚʘʣʦʤ ʩʧʝʢʪʨʘʣʴʥʘ ʱʽʣʴʥʽʩʪʴ ʜʦʨʽʚʥʶʻ ʥʫʣʁ:  

   { 0 ʚ ʚ, [ , ];
( )

0, [ ] .

U
U

wÍ -w w
w =

wÎ Ö
                                      (3.57) 

ɻʨʘʬʽʢ ʩʧʝʢʪʨʘʣʴʥʦʾ ʱʽʣʴʥʦʩʪʽ (3.58) ʟʦʙʨʘʞʝʥʦ ʥʘ   

ʨʠʩ. 3.24. ʄʠʪʪʻʚʝ ʟʥʘʯʝʥʥʷ ʮʴʦʛʦ ʩʠʛʥʘʣʫ ʟʥʘʭʦʜʠ-

ʤʦ ʟʘ ʬʦʨʤʫʣʦʶ ʦʙʝʨʥʝʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ. 

ʇʽʩʣʷ ʽʥʪʝʛʨʫʚʘʥʥʷ ʪʘ ʝʣʝʤʝʥʪʘʨʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ 

ʜʽʩʪʘʥʝʤʦ:  

( )( )( )0 ʚ ʚ ʚ( ) .sinu t U t t= Öw p w w              (3.58) 

ʎʝ ʢʦʣʠʚʘʥʥʷ ʥʘʟʠʚʘʻʪʴʩʷ ʽʜʝʘʣʴʥʠʤ ʥʠʟʴʢʦ-

ʯʘʩʪʦʪʥʠʤ ʩʠʛʥʘʣʦʤ (ɯʅʉ), ʛʨʘʬʽʢ ʷʢʦʛʦ, ʧʦʙʫ-

ʜʦʚʘʥʠʡ ʟʘ ʬʦʨʤʫʣʦʶ (3.58), ʤʘʻ ʚʠʛʣʷʜ ʦʩʮʠʣʶʶʯʦʾ ʢʨʠʚʦʾ, ʧʘʨʥʦʾ 

ʚʽʜʥʦʩʥʦ ʧʦʯʘʪʢʫ ʚʽʜʣʽʢʫ ʯʘʩʫ (ʨʠʩ. 3.25).  

 

ï wʚ wʚ 

U0 

( )U w

 
ʈʠʩ. 3.24. ʉʧʝʢʪʨʘʣʴʥʘ  
ʱʽʣʴʥʽʩʪʴ ʽʜʝʘʣʴʥʦʛʦ  

ʥʠʟʴʢʦʯʘʩʪʦʪʥʦʛʦ ʩʠʛʥʘʣʫ 
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100 

ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʝʨʭʥʴʦʾ ʛʨʘʥʠʯʥʦʾ ʯʘʩʪʦʪʠ ʚw  ʟʨʦʩʪʘʶʪʴ ʷʢ ʟʥʘʯʝʥ-

ʥʷ ʮʝʥʪʨʘʣʴʥʦʛʦ ʤʘʢʩʠ-

ʤʫʤʫ, ʪʘʢ ʽ ʯʘʩʪʦʪʘ ʦʩ-

ʮʠʣʷʮʽʡ. ɿʘ ʫʤʦʚʠ 

ʚw ­¤,  ʩʠʛʥʘʣ  

ʧʝʨʝʭʦʜʠʪʴ ʫ ʜʝʣʴʪʘ-
ʬʫʥʢʮʽʶ, ʪʦʙʪʦ 

 

ɯʜʝʘʣʴʥʠʡ ʥʠʟʴʢʦ-

ʯʘʩʪʦʪʥʠʡ ʩʠʛʥʘʣ (ɯʅʉ) ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ, ʧʦʜʘʚh ʠ ʥʘ ʚʭʽʜ ʽʜʝʘʣʴʥʦʛʦ 

ʬʽʣʴʪʨʘ ʥʠʞʥʽʭ ʯʘʩʪʦʪ (ʌʅʏ) ʩʠʛʥʘʣ 

 ʽʟ ʨʽʚʥʦʤʽʨʥʦʶ ʥʘ ʚʩʽʡ ʦʩʽ ʯʘʩʪʦʪ 

ʩʧʝʢʪʨʘʣʴʥʦʶ ʱʽʣʴʥʽʩʪʶ (ʨʠʩ. 3.26). 

ʗʢ ʚʽʜʦʤʦ, ʨʽʚʥʦʤʽʨʥʫ ʚ ʥʝʩʢʽʥʯʝʥʥʦ-

ʤʫ ʽʥʪʝʨʚʘʣʽ ʯʘʩʪʦʪ ʩʧʝʢʪʨʘʣʴʥʫ ʱʽʣʴ-

ʥʽʩʪʴ ʤʘʻ ʩʠʛʥʘʣ  ʪʠʧʫ ʜʝʣʴʪʘ-

ʬʫʥʢʮʽʾ  (ʨʠʩ. 3.27). 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘ ʚʠʭʦʜʽ ʬʽʣʴʪʨʘ  

ʬʦʨʤʫʚʘʥʥʷ ʩʠʛʥʘʣʫ  ʟ ʨʽʚʥʦʤʽʨ-

ʥʦʶ ʚ ʽʥʪʝʨʚʘʣʽ ʯʘʩʪʦʪ  (ʜʣʷ 

ʬʽʟʠʯʥʦ ʨʝʘʣʽʟʦʚʘʥʦʛʦ ʬʽʣʴʪʨʘ), ʯʘʩʪʦʪ-

ʥʘ ʧʝʨʝʜʘʚʘʣʴʥʘ ʬʫʥʢʮʽʷ ʬʽʣʴʪʨʘ  

ʤʘʻ ʙʫʪʠ ʪʘʢʦʶ, ʷʢ ʥʘ ʨʠʩ. 3.28. ʆʯʝʚʠ-

ʜʥʦ, ʱʦ ʽʜʝʘʣʴʥʠʡ ʌʅʏ (ʨʠʩ. 3.26) ʫ ʨʘʟʽ ʧʦʜʘʥʥʷ ʥʘ ʡʦʛʦ ʚʭʽʜ ʜʝʣʴʪʘ-

ʬʫʥʢʮʽʾ ʚʠʨʽʟʘʻ ʟ ʾʾ ʩʧʝʢʪʨʘ (ʨʠʩ. 3.27) ʜʽʣʷʥʢʫ ʯʘʩʪʦʪ ʚʽʜ 0 ʜʦ .  

 

 
ʈʠʩ. 3.28. ʏʘʩʪʦʪʥʘ ʧʝʨʝʜʘʚʘʣʴʥʘ 

ʬʫʥʢʮʽʷ ʽʜʝʘʣʴʥʦʛʦ ʌʅʏ 

ʈʠʩ. 3.29. ɺʽʜʛʫʢ ʽʜʝʘʣʴʥʦʛʦ ʌʅʏ  

ʥʘ ʚʭʽʜʥʠʡ ʩʠʛʥʘʣ ʪʠʧʫ ʜʝʣʴʪʘ-ʬʫʥʢʮʽʾ 

ʉʠʛʥʘʣʫ  ʥʘ ʚʠʭʦʜʽ ʬʽʣʴʪʨʘ ʚʽʜʧʦʚʽʜʘʪʠʤʝ ʩʧʝʢʪʨʘʣʴʥʘ ʱʽʣʴ-

ʥʽʩʪʴ     

 

  s(t)                                      
 

ʈʠʩ. 3.26. ʉʭʝʤʘ 

ʤʦʜʝʣʶʚʘʥʥʷ ɯʅʉ 

ɯʜʝʘʣʴʥʠʡ 

ʌʅʏ 

 
ʈʠʩ. 3.27. ʉʧʝʢʪʨʘʣʴʥʘ 

ʱʽʣʴʥʽʩʪʴ ʜʝʣʴʪʘ-ʬʫʥʢʮʽʾ 

 

ʈʠʩ. 3.25. ɯʜʝʘʣʴʥʠʡ  

ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʡ ʩʠʛʥʘʣ 

 

ʌʅʏ 


