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ɸʅʆʊɸʎɯʗ 

ʐʦʢʘʨʝʚ ɸ.ɺ. ɯʥʬʦʨʤʘʮʽʡʥʦ-ʘʧʘʨʘʪʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʫʩʫʥʝʥʥʷ ʢʨʝʥʽʚ 

ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʠʭ ʙʫʜʽʚʝʣʴ. ï ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ 

ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 05.13.06. çɯʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾè. ï ɯʥʩʪʠʪʫʪ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʽ 

ʛʣʦʙʘʣʴʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʨʦʩʪʦʨʫ ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ ʥʘʫʢ ʋʢʨʘʾʥʠ, 

ʂʠʾʚ, 2024. 

ʋ ʜʠʩʝʨʪʘʮʽʾ ʚʠʨh̔ʝʥʦ ʥʦʚʫ ʘʢʪʫʘʣʴʥʫ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʫ ʟʘʜʘʯʫ ʟ ʨʦʟʨʦʙʢʠ 

ʤʝʪʦʜʦʣʦʛʽʯʥʦʾ, ʘʧʘʨʘʪʥʦʾ, ʤʘʪʝʤʘʪʠʯʥʦʾ ʪʘ ʧʨʦʛʨʘʤʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʪʝʭʥʦʣʦʛʽʾ1 ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʦʾ ʙʫʜʽʚʣʽ (ɯʊɼɹɹ) ʜʣʷ 

ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʚ ʧʨʦʮʝʩʽ ʣʽʢʚʽʜʘʮʽʾ ʾʾ ʥʘʜʥʦʨʤʘʪʠʚʥʠʭ ʢʨʝʥʽʚ. ɯʊɼɹɹ 

ʤʽʩʪʠʪʴ ʥʘʩʪʨʦʶʚʘʥʥʷ ʪʘ ʚʝʨʠʬʽʢʘʮʽʶ ʢʦʤʧôʁ ʪʝʨʥʦʾ ʤʦʜʝʣʽ ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʦʾ 

ʙʫʜʽʚʣʽ (ɹɹ) ʚ ʩʫʢʫʧʥʦʩʪʽ ʟ ʫʪʦʯʥʝʥʥʷʤ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʠʭ ʫʤʦʚ (ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʧʦʪʦʯʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ɹɹ, ʟʤʽʥʠ ʾʭ ʤʽʮʥʦʩʪʽ ʪʘ 

ʟʤʽʥʠ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ˇʨʫʥʪʽʚ ʦʩʥʦʚʠ ʟʘ ʯʘʩʦʤ ʪʘ ʜʝʛʨʘʜʘʮʽʻʶ); 

ʧʽʜʛʦʪʦʚʢʫ, ʦʪʨʠʤʘʥʥʷ ʪʘ ʘʥʘʣʽʟ ʧʝʨʚʠʥʥʦʾ ʪʘ ʦʥʣʘʡʥ-ʽʥʬʦʨʤʘʮʽʾ ʧʨʦʪʷʛʦʤ ʚʩʴʦʛʦ 

ʧʨʦʮʝʩʫ ʚʠʨʽʚʥʶʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʧʦʜʽʣʝʥʠʭ ʧʦ ɹɹ ʨʦʟʨʦʙʣʝʥʠʭ ʟʘ ʫʯʘʩʪʶ 

ʟʜʦʙʫʚʘʯʘ ʧʨʝʮʠʟʽʡʥʠʭ ʯʫʪʣʠʚʠʭ ʝʣʝʤʝʥʪʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʢʫʪʦʚʠʭ ʜʝʬʦʨʤʘʮʽʡ; 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ ʚ ʩʠʩʪʝʤʽ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʦʤ ʚʠʨʽʚʥʶʚʘʥʥʷ ʥʘ 

ʦʩʥʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʦʥʣʘʡʥ-ʽʥʬʦʨʤʘʮʽʾ ʟ ʽʥʢʣʽʥʦʤʝʪʨʠʯʥʠʭ ʜʘʪʯʠʢʽʚ ʪʘ ʟʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦʪʦʯʥʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ 

ʩʪʘʥʫ (ʅɼʉ) ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ɹɹ; ʩʠʩʪʝʤʥʠʡ ʘʥʘʣʽʟ ʦʥʣʘʡʥ-ʨʝʟʫʣʴʪʘʪʽʚ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʪʘ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʪʦʯʥʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʅɼʉ ɹɹ ʟ ʤʝʪʦʶ ʦʮʽʥʢʠ ʾʾ ʧʦʪʦʯʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʜʣʷ ʢʦʨʠʛʫʚʘʥʥʷ 

ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʧʨʦʪʷʛʦʤ ʚʩʴʦʛʦ ʧʨʦʮʝʩʫ ʚʠʨʽʚʥʶʚʘʥʥʷ ʟ ʢʽʥʮʝʚʦʶ ʤʝʪʦʶ 

 
1
 ɯʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ ð ʮʽʣʝʩʧʨʷʤʦʚʘʥʘ ʦʨʛʘʥʽʟʦʚʘʥʘ ʩʫʢʫʧʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 
ʟʘʩʦʙʽʚ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʫ ʰʚʠʜʢʽʩʪʴ ʦʙʨʦʙʢʠ ʜʘʥʠʭ, ʰʚʠʜʢʠʡ ʧʦʰʫʢ ʽʥʬʦʨʤʘʮʽʾ, 
ʨʦʟʦʩʝʨʝʜʞʝʥʥʷ ʜʘʥʠʭ, ʜʦʩʪʫʧ ʜʦ ʜʞʝʨʝʣ ʽʥʬʦʨʤʘʮʽʾ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʤʽʩʮʷ ʾʭ ʨʦʟʪʘʰʫʚʘʥʥʷ. ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 
https://uk.wikipedia.org/wiki/%D0%86%D0%BD%D1%84%D0%BE%D1%80%D0%BC%D0%B0%D1%86%D1%96%D0%B9%D0%BD%D1%9

6_%D1%82%D0%B5%D1%85%D0%BD%D0%BE%D0%BB%D0%BE%D0%B3%D1%96%D1%97 
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ʥʘʜʽʡʥʦʾ ʬʽʢʩʘʮʽʾ ʙʫʜʽʚʣʽ ʚ ʥʦʚʦʤʫ ʧʦʣʦʞʝʥʥʽ ʙʝʟ ʟʫʧʠʥʢʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʽʥʞʝʥʝʨʥʠʭ ʤʝʨʝʞ ɹɹ, ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ (ʣʽʬʪʠ ʪʘ ʽʥ.) ʪʘ ʚʽʜʩʝʣʝʥʥʷ 

ʤʝʰʢʘʥʮʽʚ. 

ʋ ʧʝʨʰʦʤʫ ʨʦʟʜʽʣʽ ʜʠʩʝʨʪʘʮʽʾ ʥʘʚʝʜʝʥʦ ʥʘʫʢʦʚʽ ʦʩʥʦʚʠ ʪʘ ʟʘʛʘʣʴʥʽ ʧʦʥʷʪʪʷ 

ʧʨʦ ʩʧʝʮʽʘʣʽʟʦʚʘʥ ̔ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ (ɯʊ) ʪʘ ʭʾ ʧʽʜʩʠʩʪʝʤʠ 

(ʤʦʥʽʪʦʨʠʥʛʦʚ ̔ʩʠʩʪʝʤʠ ʪʘ ʽʥ.) ʜʣʷ ʜʽʘʛʥʦʩʪʠʢʠ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ (ʊʉ) ʨʽʟʥʠʭ 

ʪʝʭʥʽʯʥʠʭ ʦʙô̒ ʢʪʽʚ ʪʘ ʧʨʦ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ (ʉʇʇʈ), ʘʥʘʣʽʟ ʽ 

ʦʮʽʥʢʫ ʨʝʟʫʣʴʪʘʪʽʚ ʚʽʜʦʤʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟ ʮʽʻʾ ʪʝʤʘʪʠʢʠ. ʉʇʇʈ ʤʽʩʪʠʪʴ: ʘʥʘʣʽʟ 

ʧʦʧʝʨʝʜʥʴʦʛʦ ʪʘ ʧʦʪʦʯʥʦʛʦ ʊʉ ɹɹ, ʱʦ ʟʘʟʥʘʣʘ ʥʘʜʥʦʨʤʘʪʠʚʘʥʦʛʦ ʢʨʝʥʫ; ʘʥʘʣʽʟ 

ʝʬʝʢʪʽʚ ʚʧʣʠʚʫ ʥʘ ʟʤʽʥʫ ʅɼʉ ɹɹ ʨʽʟʥʠʭ ʧʨʠʨʦʜʥʠʭ ʪʘ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʬʘʢʪʦʨʽʚ, 

ʚʢʣʶʯʘʶʯʠ ʘʥʘʣʽʟ ʨʝʘʢʮʽʾ ʾʾ ʦʢʨʝʤʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ; ʚʠʷʚʣʝʥʥʷ 

ʢʨʠʪʠʯʥʠʭ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ; ʦʮʽʥʢʫ ʜʦʧʫʩʪʠʤʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʤʘʪʝʤʘʪʠʯʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ ʟʤʽʥʠ ʅɼʉ ɹɹ ʟʘ ʨʽʟʥʠʭ ʩʮʝʥʘʨʽʾʚ ʧʨʠʨʦʜʥʦʛʦ ʪʘ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ 

ʚʧʣʠʚʫ ʪʦʱʦ. ʆʩʥʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ, ʷʢʝ ʚʠʨʽʰʫʻʪʴʩʷ ʤʦʥʽʪʦʨʠʥʛʦʚʠʤʠ 

ʩʠʩʪʝʤʘʤʠ, ʻ ʚʠʷʚʣʝʥʥʷ ʪʘ ʦʮʽʥʢʘ ʚʽʜʭʠʣʝʥʥʷ ʨʝʻʩʪʨʦʚʘʥʦʛʦ ʧʦʣʷ ʚʽʜ 

ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʩʪʘʥʫ. ɸʣʝ ʧʝʨʝʜ ʮʠʤ ʚʘʞʣʠʚʦ ʥʘ ʧʦʧʝʨʝʜʥʴʦʤʫ ʝʪʘʧʽ ʦʪʨʠʤʘʪʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʴʦʛʦ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʩʪʘʥʫ.  

ʈʦʟʚʠʪʢʦʤ ʪʝʦʨʝʪʠʢʦ-ʤʝʪʦʜʦʣʦʛʽʯʥʠʭ ʦʩʥʦʚ ʪʘ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʟʘʩʦʙʽʚ 

ʩʪʚʦʨʝʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ɯʊ ʫ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʣʶʜʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ʘʢʪʠʚʥʦ 

ʟʘʡʤʘʣʠʩʷ ɺ.ʌ. ɻʫʙʘʨʻʚ, ɺ.ɹ. ʄʦʢʽʥ, ɸ.ʆ. ʄʦʰʝʥʩʴʢʠʡ, ɯ.ɺ. ʉʝʨʛʽʻʥʢʦ, 

ʆ.ʄ. ʊʨʦʬʠʤʯʫʢ, ʆ.ʄ. ʍʽʤʽʯ ʪʘ ʽʥʰʽ. ʈʦʟʨʦʙʢʠ ʪʘ ʧʨʦʛʨʘʤʥʽ ʨʝʘʣʽʟʘʮʽʾ 

ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʥ̔ʬʦʨʤʘʮʽʡʥʦ-ʘʥʘʣʽʪʠʯʥʠʭ ʩʠʩʪʝʤ ʫ ʛʘʣʫʟʽ ʙʫʜʽʚʥʠʮʪʚʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʃɯʈɸ-ʉɸʇʈ ʪʘ SCAD ʚʠʢʣʘʜʝʥʽ ʚ ʨʦʙʦʪʘʭ 

ʆ.ʄ. ʍʽʤʽʯʘ, ʄ.ɻ. ʄʘʨô̒ ʥʢʦʚʘ, ɺ.ɸ. ɼʫʥʽʥʘ ʪʘ ʽʥ. ɿʥʘʯʥʠʡ ʚʥʝʩʦʢ ʚ ʨʦʟʨʦʙʢʫ 

ʥʝʨʫʡʥʽʚʥʠʭ ʤʝʪʦʜʽʚ ʢʦʥʪʨʦʣʶ ʪʘ ʤʦʥʽʪʦʨʠʥʛʫ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʚʥʝʩʣʠ ɹʦʡʢʦ ɺ.ɺ., ɻʣʫʭʦʚʩʴʢʠʡ ɺ.ʇ., ɼʫʥʽʥ ɺ.ɸ., ɼʞʦʥʩ ʈ., ʄʘʨô̒ ʥʢʦʚ ʄ.ɻ., 

ʉʘʚʠʮʴʢʠʡ ʆ.ɸ., ʊʨʦʬʠʤʯʫʢ ʆ.ʄ., ʌʝʢʝʦʘʨʫ ɯ. ʪʘ ʽʥʰ ̔ ʜʦʩʣʽʜʥʠʢʠ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʪʝʦʨʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ɼʫʥʽʥ ɺ.ɸ., ʂʘʣʶʭ ʖ.ɯ., 

ʊʨʦʬʠʤʯʫʢ ʆ.ʄ., ʄʘʨô̒ ʥʢʦʚ ʄ.ɻ., ʍʽʤʽʯ ʆ.ʄ., Ambrosini D., Roesset J.M., 

Kim D.S., Chen C.H., Carino N.J. ʪʘ ʽʥʰʽ.  
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ɺʠʟʥʘʯʝʥʥʷ ʩʢʣʘʜʫ ʪʘ ʩʪʨʫʢʪʫʨʠ ɯʊɼɹɹ, ʦʪʨʠʤʘʥʥʷ ʧʝʨʚʠʥʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʯʫʪʣʠʚʠʭ ʝʣʝʤʝʥʪʽʚ, ʥʘʩʪʨʦʶʚʘʥʥʷ ʪʘ ʚʝʨʠʬʽʢʘʮʽʷ ʢʦʤʧôʁ ʪʝʨʥʠʭ 

ʤʦʜʝʣʝʡ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʤʝʪʦʜʽʚ 

ʥʝʨʫʡʥʽʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʚʠʤʘʛʘʶʪʴ ʧʨʦʚʝʜʝʥʥʷ ʥʘʪʫʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʦʙʨʦʙʢʠ 

ʚʝʣʠʢʦʛʦ ʦʙʩʷʛʫ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʢʨʝʤʠʭ ʩʫʯʘʩʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ Industrial 4.0 ʫ ʚʠʛʣʷʜʽ ʮʠʬʨʦʚʠʭ ʜʚʽʡʥʠʢʽʚ (Digital Twins ï DT) ʪʘ 

ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ (Internet of Things ï IoT). ɺʩʝ ʮʝ ʡ ʚʠʟʥʘʯʘʻ ʘʢʪʫʘʣʴʥʽʩʪʴ ʟʘʚʜʘʥʴ 

ʜʠʩʝʨʪʘʮʽʡʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ʋ ʜʨʫʛʦʤʫ ʨʦʟʜʽʣʽ ʜʠʩʝʨʪʘʮʽʾ ʦʢʨʝʩʣʝʥʦ ʤʝʪʦʜʦʣʦʛʽʯʥʝ, ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʝ ʽ 

ʤʘʪʝʤʘʪʠʯʥʝ ʧʽʜˇʨʫʥʪʷ ʩʪʚʦʨʝʥʥʷ ɯʊɼɹɹ. ʂʨʝʥ ʬʫʥʜʘʤʝʥʪʫ ʻ ʦʜʥʠʤ ʽʟ ʢʨʠʪʝʨʽʾʚ, ʱʦ 

ʚʠʟʥʘʯʘʶʪʴ ʝʢʩʧʣʫʘʪʘʮʽʡʥʫ ʧʨʠʜʘʪʥʽʩʪʴ ʙʫʜʽʚʝʣʴʥʦʛʦ ʦʙô̒ ʢʪʘ. ʅʦʨʤʘʪʠʚʥʠʤʠ 

ʜʦʢʫʤʝʥʪʘʤʠ ʦʙʤʝʞʫʶʪʴʩʷ ʜʦʧʫʩʪʠʤʽ ʚʝʣʠʯʠʥʠ ʢʨʝʥʽʚ ʙʫʜʽʚʝʣʴ ʪʘ ʩʧʦʨʫʜ. ʆʜʥʘʢ 

ʫ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʢʨʝʥʠ ʬʫʥʜʘʤʝʥʪʫ ʥʘ ʨʽʟʥʠʭ ʝʪʘʧʘʭ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ 

ʙʫʜʽʚʝʣʴʥʦʛʦ ʦʙô̒ ʢʪʘ ʧʝʨʝʚʠʱʫʶʪʴ ʜʦʧʫʩʪʠʤʽ ʚʝʣʠʯʠʥʠ, ʘ ʽʥʦʜʽ ï ʡ ʛʨʘʥʠʯʥʽ. ɼʣʷ 

ʧʦʜʘʣʴʰʦʾ ʙʝʟʧʝʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘʢʦʾ ʙʫʜʽʚʣʽ ʥʝʦʙʭʽʜʥʦ ʚʠʙʨʘʪʠ ʪʘ ʨʝʘʣʽʟʫʚʘʪʠ 

ʦʧʪʠʤʘʣʴʥʫ ʪʝʭʥʦʣʦʛʽʶ ʫʩʫʥʝʥʥʷ ʥʘʜʥʦʨʤʘʪʠʚʥʦʛʦ ʢʨʝʥʫ. ʆʧʠʩʘʥʦ ʨʦʟʨʦʙʣʝʥʽ ʟʘ 

ʫʯʘʩʪʶ ʟʜʦʙʫʚʘʯʘ ʧʨʝʮʠʟʽʡʥʽ ʢʫʪʦʚʽ ʯʫʪʣʠʚʽ ʝʣʝʤʝʥʪʠ, ʤʝʪʦʜʠʢʫ ʦʮʥ̔ʢʠ ʚʝʣʠʯʠʥʠ ʪʘ 

ʥʘʧʨʷʤʫ ʟʤʽʱʝʥʥʷ ʚʽʜ ʥʘʭʠʣʫ ʤʘʷʪʥʠʢʘ ʪʘ ʨʦʟʨʦʙʢʫ ʩʪʝʥʜʫ ʜʣʷ ʪʘʨʫʚʘʥʥʷ ʜʘʪʯʠʢʽʚ. 

ɼʦʩʣʽʜʞʝʥʦ ʪʘ ʨʦʟʨʘʭʦʚʘʥʦ ʧʘʨʘʤʝʪʨʠ ʩʠʩʪʝʤʠ çʧʽʜʨʦʙʣʶʚʘʥʘ ̌ ʨʫʥʪʦʚʘ ʦʩʥʦʚʘ 

ï ʩʪʨʽʯʢʦʚʠʡ ʬʫʥʜʘʤʝʥʪ ʟ ʢʨʝʥʦʤè ʪʘ ʅɼʉ ʩʠʩʪʝʤʠ çʦʩʥʦʚʘ ɹɹ ï ʩʪʨʽʯʢʦʚʠʡ 

ʬʫʥʜʘʤʝʥʪè ʷʢ ʝʣʝʤʝʥʪʘ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʚ ɯʊɼɹɹ. ʆʧʠʩʘʥʦ ʨʦʟʨʦʙʢʫ 

ʩʧʦʩʦʙʫ ʜ̔ʝʥʪʠʬʢ̔ʘʮ̔ʾ ʅɼʉ ̌ʨʫʥʪʦʚʦʾ ʦʩʥʦʚʠ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ 

ʚʠʙʦʨʫ ʦʩʥʦʚʥʦʛʦ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʧʘʨʘʤʝʪʨʘ ʚ ʟʚʦʨʦʪʥʦʤʫ ʟʚô̫ ʟʢʫ ɯʊɼɹɹ ʧʨʠ 

ʧʽʜʨʦʙʽʪʢʫ ˇʨʫʥʪʽʚ ʧʽʜ ʧʽʜʦʰʚʦʶ ʩʪʨʽʯʢʦʚʦʛʦ ʬʫʥʜʘʤʝʥʪʫ ɹɹ. 

ɼʣʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣʽ ʩʠʩʪʝʤʠ ɹɹ çˇʨʫʥʪʦʚʘ ʦʩʥʦʚʘ ï 

ʩʪʨʽʯʢʦʚʠʡ ʬʫʥʜʘʤʝʥʪ ʟ ʢʨʝʥʦʤè ʦʩʥʦʚʥʠʤʠ ʢʦʥʪʨʦʣʴʦʚʘʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʻ: 

ʪʦʚʱʠʥʘ ˇʨʫʥʪʦʚʦʾ ʩʪʽʥʢʠ ʤʽʞ ʬʫʥʜʘʤʝʥʪʦʤ ɹɹ ʽ ʢʦʪʣʦʚʘʥʦʤ, ʛʣʠʙʠʥʘ ʢʦʪʣʦʚʘʥʫ; 

ʛʣʠʙʠʥʘ ʟʘʢʣʘʜʘʥʥʷ, ʜʽʘʤʝʪʨ, ʢʨʦʢ ʮʠʣʽʥʜʨʠʯʥʠʭ ʩʚʝʨʜʣʦʚʠʥ; ʭʘʨʘʢʪʝʨ ʟʤʽʥʠ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʩʽʜʘʥʴ ʪʘ ʢʨʝʥʫ ʬʫʥʜʘʤʝʥʪʫ; ʢʦʝʬʽʮʽʻʥʪ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ˇʨʫʥʪʦʚʦʾ 

ʦʩʥʦʚʠ, ʱʦ ʧʽʜʨʦʙʣʷʻʪʴʩʷ; ʚʝʣʠʯʠʥʘ ʚʠʧʦʨʫ ˇʨʫʥʪʫ ʚ ʟʦʥʽ ʩʪʨʽʯʢʦʚʦʛʦ ʬʫʥʜʘʤʝʥʪʫ. 
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ʇʨʠ ʫʩʫʥʝʥʥʽ ʥʘʜʥʦʨʤʘʪʠʚʥʠʭ ʢʨʝʥʽʚ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ ʯʘʩʪʦ ʚʠʥʠʢʘʶʪʴ 

ʨʦʟʙʽʞʥʦʩʪʽ ʫ ʚʝʣʠʯʠʥʘʭ ʬʘʢʪʠʯʥʠʭ ʪʘ ʧʨʦʛʥʦʟʦʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʥʘʧʨʠʢʣʘʜ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʩ̔ʜʘʥʥʷ, ʢʨʝʥʫ ɹɹ. ʊʦʤʫ ʚ ʧʨʦʢ̒ʪʘʭ ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʜʙʘʯʘʪʠ 

ʜʦʜʘʪʢʦʚʽ ʽʥʞʝʥʝʨʥʽ ʟʘʭʦʜʠ ʜʣʷ ʟʘʙʝʧʝʯʝʥʥʷ ʟʚʦʨʦʪʥʦʛʦ ʟʚʷʟʢʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ɯʊɼɹɹ: ʤʦʥʽʪʦʨʠʥʛ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ, ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʅɼʉ 

ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ɹɹ ʥʘ ʦʩʥʦʚʽ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʃɯʈɸ-ʉɸʇʈ, 

ʢʦʤʧʣʝʢʩʥʠʡ ʩʠʥʪʝʟ ʧʦʪʦʯʥʦʾ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ 

ʜʣʷ ʉʇʇʈ, ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʠʡʦʤʠ ʨʝʛʫʣʶʚʘʥʥʷ ʦʩʽʜʘʥʴ ʟʘ ʨʦʟʨʘʭʫʥʢʦʚʦ  ʁ

ʝʧʶʨʦ  ʁʪʘ ʽʥ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʨʽʚʥʽʩʪʴ ʧʨʦʛʥʦʟʦʚʘʥʠʭ ʪʘ ʬʘʢʪʠʯʥʠʭ 

ʜʝʬʦʨʤʘʮʽʡ ʚ ʫʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʪʘ ʨʠʟʠʢʫ ˇʨʫʥʪʦʚʠʭ ʘʚʘʨʽʡ ʥʘ ʚʩʽʭ ʝʪʘʧʘʭ 

ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ ʟ ʫʩʫʥʝʥʥʷ ʢʨʝʥʫ ɹɹ. 

ʋʥʽʚʝʨʩʘʣʴʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ɯʊɼɹɹ ʧʦʚʠʥʥʘ ʜʦʜʘʪʢʦʚʦ ʤʽʩʪʠʪʠ ʙʣʦʢ 

ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʅɼʉ ʬʫʥʜʘʤʝʥʪʫ ʪʘ ʚʝʨʭʥʴʦʾ ʙʫʜʦʚʠ ʚ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ 

ʧʨʦʮʝʩʽ ʫʩʫʥʝʥʥʷ ʢʨʝʥʫ ɹɹ, ʘ ʪʘʢʦʞ ʙʣʦʢ ʬʦʨʤʫʚʘʥʥʷ ʧʦʪʦʯʥʠʭ ʫʧʨʘʚʣʽʥʩʴʢʠʭ 

ʢʦʤʘʥʜ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʚʠʟʥʘʯʠʪʠ ʣʦʢʘʣʴʥʽ ʟʦʥʠ ˇʨʫʥʪʫ, ʱʦ ʚʠʤʘʛʘʶʪʴ ʜʦʜʘʪʢʦʚʦʛʦ 

ʫʧʨʘʚʣʽʥʩʴʢʦʛʦ ʚʧʣʠʚʫ ʧʨʠ ʚʠʨʽʚʥʶʚʘʥʥʽ ɹɹ, ʥʘʧʨʠʢʣʘʜ ʥʘ ʦʩʥʦʚʽ ʢʦʨʝʢʮʽʾ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʩʽʜʘʥʴ ʧʽʜ ʧʽʜʦʰʚʦʶ ʩʪʨʽʯʢʦʚʦʛʦ ʬʫʥʜʘʤʝʥʪʫ ɹɹ. 

ʋ ʪʨʝʪʴʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʨʦʙʣʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʟʨʘʟʦʢ ɯʊɼɹɹ, ʱʦ 

ʤʽʩʪʠʪʴ ʧʨʝʮʠʟʽʡʥʽ ʝʣʝʤʝʥʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʢʫʪʦʚʠʭ ʜʝʬʦʨʤʘʮʽʡ ʪʘ ʾʭ 

ʤʝʪʨʦʣʦʛʽʯʥʫ ʘʪʝʩʪʘʮʽʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʦʛʦ ʨʦʟʨʦʙʣʝʥʦʛʦ ʟʘ ʫʯʘʩʪʶ 

ʟʜʦʙʫʚʘʯʘ ʩʪʝʥʜʫ, ʧʨʦʛʨʘʤʫ çPendulumè ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʾ 

ʜʝʬʦʨʤʘʮʽʡ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʤʦʥʽʪʦʨʠʥʛʦʚʫ ʩʠʩʪʝʤʫ ʟ 

ʦʥʣʘʡʥ-ʟʙʦʨʦʤ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʢʦʥʪʨʦʣʴʦʚʘʥʽ ʬʽʟʠʯʥʽ ʚʝʣʠʯʠʥʠ, 

ʭʤʘʨʥʫ ʪʝʭʥʦʣʦʛʽʶ ʪʘ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʽ ʟʘʩʦʙʠ (ʤʦʙʽʣʴʥʠʡ ʪʝʣʝʬʦʥ) ʧʝʨʝʜʘʯʽ 

ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ ʚ ɯʥʪʝʨʥʝʪ, ʙʘʟʫ ʜʘʥʠʭ ʜʣʷ ʥʘʢʦʧʠʯʝʥʥʷ ʜʘʥʠʭ ʪʘ ʾʭ 

ʦʧʝʨʘʪʠʚʥʦʾ ʦʙʨʦʙʢʠ ʽ ʪ.ʧ. ʇʨʠ ʧʨʘʢʪʠʯʥʽʡ ʨʝʘʣʽʟʘʮʽʾ ɯʊɼɹɹ ʜʣʷ ʦʮʽʥʢʠ ʦʩʥʦʚʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʅɼʉ ʬʫʥʜʘʤʝʥʪʫ ʪʘ ɹɹ ʜʦ ʾʾ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʢʘʥʘʣʽʚ ʚʢʣʶʯʝʥʽ ʥʘʩʪʫʧʥʽ 

ʚʠʤʽʨʶʚʘʣʴʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʪʘ ʜʘʪʯʠʢʠ (ʝʣʝʤʝʥʪʠ DT ɹɹ): ʽʥʜʫʢʪʠʚʥʠʡ ʜʘʪʯʠʢ ʜʣʷ 

ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʢʦʥʪʨʦʣʶ ʟʤʽʥ ʚʝʣʠʯʠʥʠ ʪʘ ʥʘʧʨʷʤʫ ʥʘʭʠʣʫ ʩʪʨʽʯʢʦʚʦʛʦ 

ʬʫʥʜʘʤʝʥʪʫ ʚ ʜʽʘʧʘʟʦʥʽ ʜʦ ʛʨʘʥʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʪʘ ʽʥʜʫʢʪʠʚʥʠʡ ʜʘʪʯʠʢ 
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ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʢʦʥʪʨʦʣʶ ʨʦʟʢʨʠʪʪʷ ʪʨʽʱʠʥ ɹɹ. ʈʝʘʣʽʟʦʚʘʥʦ ʤʦʥʽʪʦʨʠʥʛʦʚʫ ʩʠʩʪʝʤʫ 

(ʝʣʝʤʝʥʪ DT ɹɹ) ʟ ʙʝʟʧʝʨʝʨʚʥʠʤ ʟʙʦʨʦʤ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ 

ʢʦʥʪʨʦʣʴʦʚʘʥʽ ʬʽʟʠʯʥʽ ʚʝʣʠʯʠʥʠ ʟ ʧʦʜʘʣʴʰʠʤʠ ʾʭ ʧʝʨʝʜʘʯʝʶ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʭʤʘʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ (ʝʣʝʤʝʥʪ IoT), ʦʧʝʨʘʪʠʚʥʦʶ ʦʙʨʦʙʢʦʶ ʪʘ ʟʙʝʨʽʛʘʥʥʷʤ ʫ 

ʚʽʜʧʦʚʽʜʥʠʭ ʙʘʟʘʭ ʜʘʥʠʭ. 

ɼʣʷ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ ɹɹ çˇʨʫʥʪʦʚʘ ʦʩʥʦʚʘ ï 

ʩʪʨʽʯʢʦʚʠʡ ʬʫʥʜʘʤʝʥʪ ʟ ʢʨʝʥʦʤè ʨʦʟʨʦʙʣʝʥʦ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ ʤʦʥʽʪʦʨʠʥʛʦʚʦʾ 

ʩʠʩʪʝʤʠ, ʷʢʘ ʪʘʢʦʞ ʤʽʩʪʠʪʴ ʙʣʦʢ ʧʝʨʽʦʜʠʯʥʦʛʦ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʅɼʉ 

ʬʫʥʜʘʤʝʥʪʫ ʪʘ ʚʝʨʭʥʦʾ ʙʫʜʦʚʠ ʚ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʨʦʮʝʩʽ ʫʩʫʥʝʥʥʷ ʥʘʭʠʣʫ 

ʬʫʥʜʘʤʝʥʪʫ ʥʘ ʦʩʥʦʚʽ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʃɯʈɸ-ʉɸʇʈ ʟ ʘʚʪʦʤʘʪʠʯʥʦʶ 

ʢʦʨʝʢʮʽʶ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʠʭ ʫʤʦʚ ʨʦʟʨʘʭʫʥʢʫ (ʜʦʜʘʪʦʢ ʜʦ ʧʨʦʛʨʘʤʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ ʃɯʈɸ-ʉɸʇʈ). ʂʦʨʝʢʮʽʷ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʠʭ ʫʤʦʚ ʨʦʟʨʘʭʫʥʢʫ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʧʦʪʦʯʥʦʾ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʟ 

ʽʥʢʣʽʥʦʤʝʪʨʠʯʥʠʭ ʜʘʪʯʠʢʽʚ, ʨʦʟʧʦʜʽʣʝʥʠʭ ʧʦ ɹɹ (ʝʣʝʤʝʥʪʠ DT ɹɹ) ʪʘ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʬʘʢʪʠʯʥʦʛʦ ʊʉ ɹɹ ʥʘ ʯʘʩ ʨʦʟʨʘʭʫʥʢʫ. ɿʘʚʜʷʢʠ ʮʠʤ ʟʘʭʦʜʘʤ 

ʧ̔ʜʚʠʱʫʪ̒ʴʩʷ ʥʘʜʡ̔ʥ̔ʩʪʴ ʧʦʪʦʯʥʠʭ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʢʦʤʘʥʜ ʚʽʜ ʦʩʦʙʠ, ʱʦ ʧʨʠʡʤʘʻ 

ʨʽʰʝʥʥʷ, ʪʘ ʚʠʟʥʘʯʘʶʪʴʩʷ ʣʦʢʘʣʴʥʽ ʟʦʥʠ ˇʨʫʥʪʫ, ʱʦ ʚʠʤʘʛʘʶʪʴ ʫʧʨʘʚʣʽʥʩʴʢʦʛʦ 

ʚʧʣʠʚʫ, ʥʘʧʨʠʢʣʘʜ ʢʦʨʝʢʮʽ ʾʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʩʽʜʘʥʴ ʧʽʜ ʧʽʜʦʰʚʦʶ ʩʪʨʽʯʢʦʚʦʛʦ 

ʬʫʥʜʘʤʝʥʪʫ ɹɹ. ɯʥʩʪʨʫʤʝʥʪʘʣʴʥʽ ʟʘʩʦʙʠ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ɯʊɼɹɹ: ʫʥʽʚʝʨʩʘʣʴʥʽ 

ʽʥʜʫʢʪʠʚʥʽ ʜʘʪʯʠʢʠ ʢʨʝʥʫ ʽ ʜʘʪʯʠʢʠ ʨʦʟʢʨʠʪʪʷ ʪʨʽʱʠʥ (ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ ï 

0,001 ʤʤ, ʜʽʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ -30Ü...+70Üʉ, ʟʘʭʠʩʪ ʚʽʜ ʧʠʣʫ ʽ ʚʦʣʦʛʠ IP56); ʟʘʩʽʙ 

ʟʥʽʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ï ʚʠʤʽʨʶʚʘʯ ʽʥʜʫʢʪʠʚʥʦʩʪʽ ɺɯ1; ʟʘʩʽʙ ʟʙʦʨʫ ʽ ʧʝʨʝʜʘʯʽ 

ʽʥʬʦʨʤʘʮʽʾ ï ʙʣʦʢ ʟ ʤʦʙʽʣʴʥʠʤ ʪʝʣʝʬʦʥʦʤ (ʝʣʝʤʝʥʪ IoT); ʢʦʤʧôʁ ʪʝʨʥʘ ʧʨʦʛʨʘʤʘ 

çPendulumè. 

ɺ ʯʝʪʚʝʨʪʦʤʫ ʨʦʟʜʽʣʽ ʦʧʠʩʘʥʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʦʪʠ ɯʊɼɹɹ ʧʨʠ 

ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʤʫ ʩʫʧʨʦʚʦʜʽ (ʅʊʉ) ʧʽʜ ʯʘʩ ʪʘ ʧʽʩʣʷ ʚʠʨʽʚʥʶʚʘʥʥʷ ʞʠʪʣʦʚʠʭ 

ʙʫʜʠʥʢʽʚ ʧʦ ʧʨ. ɯʥʞʝʥʝʨʘ ʇʨʝʦʙʨʘʞʝʥʩʴʢʦʛʦ, 23 ʪʘ 25 ʫ ʤ. ɿʘʧʦʨʽʞʞʽ. ʎʽ ʞʠʪʣʦʚ ̔

ʙʫʜʠʥʢʠ ʟʚʝʜʝʥʽ ʥʘ ʤʘʡʜʘʥʯʠʢʫ, ʩʢʣʘʜʝʥʦʤʫ ʣʝʩʦʚʠʤʠ ˇʨʫʥʪʘʤʠ ʟʥʘʯʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ, ʷʢʽ ʧʨʠ ʟʘʤʦʯʫʚʘʥʽ ʚʦʣʦʜʽʶʪʴ ʧʨʦʩʘʜʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ɿʘ ʯʘʩ 

ʝʢʩʧʣʫʘʪʘʮʽʾ (~ 45 ʨʦʢʽʚ) ʚʩʽ ʙʣʦʢ-ʩʝʢʮʽʾ (ʧʽʜôʾ ʟʜʠ) ʚʠʱʝʚʢʘʟʘʥʠʭ ʞʠʪʣʦʚʠʭ 
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ʙʫʜʠʥʢʽʚ ʟʘʟʥʘʣʠ ʥʝʨʽʚʥʦʤʽʨʥʠʭ ʦʩʽʜʘʥ,ɹ ʦʩʽʜʘʥʥ ̫ ʪʘ ʚʽʜʭʠʣʝʥʥʷ ʜʦʩʷʛʣʠ 

ʥʘʜʥʦʨʤʘʪʠʚʥʠʭ ʚʝʣʠʯʠʥ.  

ʋ 2014 ʨ. ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʦʙʩʪʝʞʝʥʥʷ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ɹɹ ʟ ʦʮʽʥʢʦʶ 

ʾʭ ʊʉ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʙʩʪʝʞʝʥʥʷ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ 

ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʙʣʦʢ-ʩʝʢʮʽʾ ʚ ʮʽʣʦʤʫ ʦʮʽʥʶʚʘʚʩʷ ʷʢ ʥʝʧʨʠʜʘʪʥʠʡ 

ʜʣʷ ʥʦʨʤʘʣʴʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʆʩʥʦʚʥʦʶ ʧʨʠʯʠʥʦʶ ʪʘʢʦʛʦ ʚʠʩʥʦʚʢʫ ʩʪʘʣʠ 

ʟʥʘʯʥʽ ʥʝʨʽʚʥʦʤʽʨʥʽ ʦʩʽʜʘʥʥʷ ʦʩʥʦʚʠ ʪʘ ʬʫʥʜʘʤʝʥʪʽʚ ʙʣʦʢ-ʩʝʢʮʽʾ ʪʘ 

ʥʘʜʥʦʨʤʘʪʠʚʥʽ ʢʨʝʥʠ ʾʾ ʢʫʪʽʚ.  

ɺ ʨʘʤʢʘʭ ʅʊʉ ʚʠʨʽʚʥʶʚʘʥʥʷ ʙʣʦʢ-ʩʝʢʮʽʾ ˉ1 ʙʫʣʠ ʚʠʢʦʥʘʥʽ ʥʘʩʪʫʧʥʽ ʨʦʙʦʪʠ: 

ʽʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʦʣʦʛʽʩʥʦʛʦ ʨʝʞʠʤʫ ˇʨʫʥʪʽʚ ʦʩʥʦʚʠ, ʷʢʦʩʪʽ 

ʧʽʜʛʦʪʦʚʢʠ ʦʩʥʦʚʠ, ʢʦʥʪʨʦʣʴ ʷʢʦʩʪʽ ʫʱʽʣʴʥʝʥʥʷ ˇʨʫʥʪʽʚ ʟʚʦʨʦʪʥʦʛʦ ʟʘʩʠʧʘʥʥʷ 

ʢʦʪʣʦʚʘʥʫ; ʛʝʦʜʝʟʠʯʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʟʘ ʜʝʬʦʨʤʘʮʽʷʤʠ ʙʫʜʽʚʣʽ ʚ ʧʨʦʮʝʩʽ 

ʚʠʨʽʚʥʶʚʘʥʥʷ; ʫʪʦʯʥʝʥʥʷ ʬʘʢʪʠʯʥʠʭ ʢʨʝʥʽʚ ʙʣʦʢ-ʩʝʢʮʽʾ ʚ ʨʽʟʥʽ ʧʝʨʽʦʜʠ 

ʚʠʨʽʚʥʶʚʘʥʥʷ; ʅʊʉ ʧʽʜʛʦʪʦʚʯʠʭ ʨʦʙʽʪ ʪʘ ʧʨʦʮʝʩʫ ʚʠʨʽʚʥʶʚʘʥʥʷ; ʢʦʥʪʨʦʣʴ ʟʘ 

ʩʪʘʥʦʤ ʢʦʥʩʪʨʫʢʮʽʡ ʙʣʦʢ-ʩʝʢʮʽʾ ʧʨʠ ʚʠʨʽʚʥʶʚʘʥʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ɯʊɼɹɹ ʪʘ ʾʭ 

ʦʙʩʪʝʞʝʥʥʷ ʧʽʩʣʷ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ ʟ ʫʩʫʥʝʥʥʷ ʥʘʜʥʦʨʤʘʪʠʚʥʦʛʦ ʢʨʝʥʫ ʦʙô̒ ʢʪʘ 

ʤʝʪʦʜʦʤ ʚʠʙʫʨʶʚʘʥʥʷ ˇʨʫʥʪʫ ʦʩʥʦʚʠ ʛʦʨʠʟʦʥʪʘʣʴʥʠʤʠ ʩʚʝʨʜʣʦʚʠʥʘʤʠ ʟʘ 

ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʽʜ ʬʫʥʜʘʤʝʥʪʘʤʠ ɹɹ, ʷʢʽ ʤʝʥʰʝ ʦʩʽʣʠ2.  

ɿʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʦʛʦ ʩʧʦʩʦʙʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ɯʊɼɹɹ ʜʦʟʚʦʣʠʣʦ ʚʠʢʦʥʘʪʠ ʚʝʩʴ 

ʢʦʤʧʣʝʢʩ ʨʦʙʽʪ ʟ ʣʽʢʚʽʜʘʮʽʾ ʥʘʜʥʦʨʤʘʪʠʚʥʦʛʦ ʢʨʝʥʫ ʙʣʦʢ-ʩʝʢʮʽʾ ˉ1 ʙʝʟ ʟʫʧʠʥʢʠ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʽʥʞʝʥʝʨʥʠʭ ʤʝʨʝʞ ɹɹ, ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ (ʣʽʬʪʠ ʪʘ ʽʥ.) 

ʪʘ ʚʽʜʩʝʣʝʥʥʷ ʤʝʰʢʘʥʮʽʚ. ɺʽʜʥʦʚʣʝʥʥʷ ʜʝʬʦʨʤʘʮʽʡʥʦʛʦ ʰʚʘ ʤʽʞ ʙʣʦʢ-ʩʝʢʮʽʷʤʠ ˉ3 

ʞʠʪʣʦʚʦʛʦ ʙʫʜʠʥʢʫ ˉ23 ʪʘ ˉ1 ʞʠʪʣʦʚʦʛʦ ʙʫʜʠʥʢʫ ˉ25 ʜʦʟʚʦʣʠʣʦ ʣʽʢʚʽʜʫʚʘʪʠ 

ʥʘʜʧʨʦʻʢʪʥʽ ʥʘʧʨʫʞʝʥʥʷ, ʷʢʽ ʜʽʷʣʠ ʚ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ ʙʣʦʢ-ʩʝʢʮʽʡ, ʱʦ 

ʩʧʠʨʘʣʠʩʴ ʦʜʥʘ ʥʘ ʦʜʥʫ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʠʨʽʚʥʶʚʘʥʥʷ ʚʜʘʣʦʩʷ ʟʘʧʦʙʽʛʪʠ ʩʠʣʦʚʠʤ 

ʨʫʡʥʘʮʽʷʤ (ʧʦʰʢʦʜʞʝʥʥʷʤ) ʢʦʥʩʪʨʫʢʮʽʡ ʙʣʦʢ-ʩʝʢʮʽʡ ʩʫʩʽʜʥʽʭ ʙʫʜʠʥʢʽʚ. ʇʣʘʥʦʚʦ-

ʚʠʩʦʪʥʝ ʧʦʣʦʞʝʥʥʷ ʙʣʦʢ-ʩʝʢʮʽʾ ˉ1 ʧʽʩʣʷ ʾʾ ʚʠʨʽʚʥʶʚʘʥʥʷ ʟʘʜʦʚʦʣʴʥʷʻ ʚʠʤʦʛʘʤ 

ʧʨʦʻʢʪʫ ʪʘ ʜʽʶʯʠʤ ʙʫʜʽʚʝʣʴʥʠʤ ʥʦʨʤʘʤ ʋʢʨʘʾʥʠ. ɺʽʜʭʠʣʝʥʥʷ ʢʫʪʽʚ ʙʣʦʢ-ʩʝʢʮʽʾ 

 
2 ʉʧʦʩʽʙ ʚʠʨʽʚʥʶʚʘʥʥʷ ʙʫʜʽʚʝʣʴ, ʩʧʦʨʫʜ [ʊʝʢʩʪ]: ʧʘʪʝʥʪ 40931 ʋʢʨʘʾʥʠ ɽ02ɼ35/00 ɼʅɼɯɹʂ, ʉʪʝʧʫʨʘ ɯ.ɺ., ʐʦʢʘʨʝʚ ɺ.ʉ., 

ʇʘʚʣʦʚ ɸ.ɺ., ʊʨʝʛʫʙ ɸ.ʉ., ʉʘʤʯʝʥʢʦ ʈ.ɺ., ʉʪʝʧʫʨʘ ʉ.ɯ. (ʋʢʨʘʾʥʘ); ɿʘʷʚʘ 17.12.2008; ʆʧʫʙʣ. 27.04.2009; ɹʶʣ. No8. ï 2009. 

ï 4 ʩ. ʈʝʞʠʤ ʜʦʩʪʫʧʫ: https://uapatents.com/3-40931-sposib-virivnyuvannya-budivel-sporud.html 
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ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ 9...96 ʤʤ, ʾʭʥʽʡ ʢʨʝʥ ï 0,0004...0,004. ɿʘʢʨʫʯʫʚʘʥʥʷ ʙʣʦʢ-ʩʝʢʮʽʡ 

ˉ1 ʽ ̄3, ʷʢʝ ʩʪʘʣʦʩʷ ʚʥʘʩʣʽʜʦʢ ʩʧʠʨʘʥʥʷ ʢʫʪʽʚ ʩʫʩʽʜʥʽʭ ʙʣʦʢ-ʩʝʢʮʽʡ ʦʜʥʘ ʥʘ ʦʜʥʫ, 

ʧʽʩʣʷ ʾʭ ʚʠʨʽʚʥʶʚʘʥʥʷ ʟʘʣʠʰʠʣʦʩʴ. ɺʥʘʩʣʽʜʦʢ ʚʠʨʽʚʥʶʚʘʥʥʷ ʙʣʦʢ-ʩʝʢʮʽʾ ˉ1 ʙʫʚ 

ʫʩʫʥʝʥʠʡ ʾʾ ʥʘʜʥʦʨʤʘʪʠʚʥʠʡ ʢʨʝʥ. ɸʣʝ ʧʨʦʩʘʜʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ˇʨʫʥʪʽʚ ʦʩʥʦʚʠ 

ʬʫʥʜʘʤʝʥʪʽʚ ʙʣʦʢ-ʩʝʢʮʽʾ ʥʠʞʯʝ ˇʨʫʥʪʦʚʦʾ ʧʦʜʫʰʢʠ ʥʝ ʙʫʣʠ ʣʽʢʚʽʜʦʚʘʥʽ, ʧʦʜʘʣʴʰʘ 

ʨʝʘʣʽʟʘʮʽʷ ʧʨʦʩʘʜʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚ ʨʝʟʫʣʴʪʘʪʽ ʟʘʤʦʯʫʚʘʥʥʷ ʤʦʛʣʘ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʥʘʜʥʦʨʤʘʪʠʚʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʽ ʟʘʢʨʠʪʪʷ ʜʝʬʦʨʤʘʮʽʡʥʦʛʦ ʰʚʘ ʤʽʞ ʙʣʦʢ-ʩʝʢʮʽʷʤʠ. 

ɺʨʘʭʦʚʫʶʯʠ ʮʝ, ʚʦʜʦʟʘʭʠʩʥʽ ʟʘʭʦʜʠ ʻ ʦʩʥʦʚʥʦʶ ʛʘʨʘʥʪʽʻʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʜʘʣʴʰʦʾ 

ʥʦʨʤʘʣʴʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʣʦʢ-ʩʝʢʮʽʡ ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʽʚ ʧʦ ʧʨ. ɯʥʞʝʥʝʨʘ 

ʇʨʝʦʙʨʘʞʝʥʩʴʢʦʛʦ, 21, 23 ʪʘ 25 ʫ ʤ. ɿʘʧʦʨʽʞʞʽ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʥʘʜʥʦʨʤʘʪʠʚʥʠʡ ʢʨʝʥ, ʽʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ 

ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʦʾ ʙʫʜʽʚʣʽ, ɯʊɼɹɹ, ʧʨʝʮʠʟʽʡʥʽ 

ʽʥʢʣʽʥʦʤʝʪʨʠʯʥʽ ʝʣʝʤʝʥʪʠ, ʤʦʥʽʪʦʨʠʥʛ, ʨʦʟʨʘʭʫʥʢʦʚʘ ʤʦʜʝʣʴ, ʤʘʪʝʤʘʪʠʯʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʟʚʦʨʦʪʥʠʡ ʟʚʷʟʦʢ, ʫʧʨʘʚʣʽʥʥʷ. 

 

ʉʧʠʩʦʢ ʧʫʙʣʽʢʘʮʽʡ ʟʜʦʙʫʚʘʯʘ ʟʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʾ 

 

ɼʦʧʦʚʽʜʽ, ʱʦ ʧʨʦʽʥʜʝʢʩʦʚʘʥ ̔ʫ ʥʘʫʢʦʤʝʪʨʠʯʥʽʡ ɹɼ SCOPUS (Q4): 

 

1. Kaliukh I., Syvko I., Chorna K., Shokarev V., Shokarev I., Shokʘrev A. Assessment of 

Residual Service Life for the Residential Buildings under Systematical Industrial 

Explosions. 2020 IEEE 2nd International Conference on System Analysis & Intelligent 

Computing (SAIC), Kyiv, Ukraine, 2020, p. 1-4, doi: 10.1109/SAIC51296.2020. 9239172. 

https://ieeexplore.ieee.org/document/9239172 ISBN Information: Electronic ISBN:978-1-7281-

9083-9 CD:978-1-7281-9082-2 Print on Demand(PoD) ISBN:978-1-7281-9084-6. 

2. Krivosheev, P., Shokarev, V., Marienkov, M., Shokarev A., Shapoval, V., Gabibov, F. 

Improvement of loessial soil properties by presoaking and explosive energy of subsurface 

charges.17th European Conference on Soil Mechanics and Geotechnical Engineering, 

ECSMGE 2019 ï Reykjavik, Iceland, ProceedingsVolume 2019-September 2019, ʨ. 1-6,  

https://www.scopus.com/record/display.uri?eid=2-s2.0-85111914126&origin=resultslist&sort=plf-f 
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3. Shokarev V.,  Syvko I.,  Shokarev E.,  Shokarev A.,  Yakovenko M. Railway retaining 

walls under dynamic loading in the Carpathians foothill. European Association of 

Geoscientists & Engineers. Geoinformatics, May 2021, Volume 2021, p.1 ï 6. DOI: 

https://doi.org/10.3997/2214-4609.20215521004 

 

ʉʪʘʪʪʽ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʥʘʫʢʦʚʠʭ ʧʝʨʽʦʜʠʯʥʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʴ, ʟʘʪʚʝʨʜʞʝʥʠʭ 

ʄʆʅ ʋʢʨʘʾʥʠ: 

 

4. ɸʢʫʩʪʠʯʝʩʢʘʷ ʜʠʘʛʥʦʩʪʠʢʘ ʩʚʘʡ / ʐʦʢʘʨʝʚ ɸ.ʉ., ʍʠʣʴʢʦ ʉ.ɺ., ʇʦʛʨʘʥʠʯʥʳʡ ɸ.ɺ., 

ʐʦʢʘʨʝʚ ɸ.ɺ. // ʄʽʞʚʽʜʦʤʯʠʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʡ ʟʙʽʨʥʠʢ çɹʫʜʽʚʝʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʾè. 

ɺʠʧ. ˉ71:ɺ 2-ʭ ʢʥ.: ʂʥʠʛʘ.1. ï ʂʠʾʚ, ʅɼɯɹʂ, 2008, ʉ.515-521. ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

http://www.ukrbook.net/litopys/jurnal/2009/LJ_01_09.pdf 

5. ʄʝʪʦʜʠʢʘ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʨʘʩʯʝʪʥʳʭ ʤʦʜʝʣʝʡ ʟʜʘʥʠʡ ʚ ʧʨʦʮʝʩʩʝ ʫʩʪʨʦʥʝʥʠʷ ʠʭ 

ʩʚʝʨʭʥʦʨʤʘʪʠʚʥʳʭ ʢʨʝʥʦʚ / ʐʦʢʘʨʝʚ ɸ.ɺ. // ʅʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʡ ʞʫʨʥʘʣ çʉʚʽʪ 

ʛʝʦʪʝʭʥʽʢʠè, ˉ1, 2010, ʉ.25-29. ʈʝʞʠʤ ʜʦʩʪʫʧʫ: http://irbis-nbuv.gov.ua/cgi-

bin/irbis_nbuv/cgiirbis_64.exe?C21COM=2&I21DBN=UJRN&P21DBN=UJRN&IMAGE_FILE_DOW

NLOAD=1&Image_file_name=PDF/svitgeoteh_2010_1_7.pdf 

6. ʃʠʢʚʠʜʘʮʠʷ ʘʚʘʨʠʡʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 9-ʵʪʘʞʥʦʛʦ ʢʨʫʧʥʦʧʘʥʝʣʴʥʦʛʦ ʟʜʘʥʠʷ ʚ 

ɿʘʧʦʨʦʞʴʝ / ʉʘʤʯʝʥʢʦ ʈ.ɺ., ʉʪʝʧʫʨʘ ʉ.ʀ., ɺʦʣʢʦʚ ɼ.ɸ., ʐʦʢʘʨʝʚ ɸ.ɺ. // ɿʙʽʨʥʠʢ 

ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ (ʛʘʣʫʟʝʚʝ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ, ʙʫʜʽʚʥʠʮʪʚʦ). ï ɺʠʧ.3(28) - 2010. ï 

ʇʦʣʪʅʊʋ, ʉ.226-230. 

7. ɯʥʥʦʚʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʟ ʫʩʫʥʝʥʥʷ ʧʦʥʘʜʥʦʨʤʘʪʠʚʥʦʛʦ ʢʨʝʥʫ ʞʠʪʣʦʚʦʛʦ ʙʫʜʠʥʢʫ ʚ 

ʤ. ʆʜʝʩʘ / ʂʣʠʤʝʥʢʦ ɭ.ɺ., ʐʦʢʘʨʝʚ ɺ.ʉ., ʐʦʢʘʨʝʚ ʆ.ʉ., ʐʦʢʘʨʝʚ ɭ.ʆ., ʐʦʢʘʨʝʚ ɸ.ɺ. 

// ɺʽʩʥʠʢ ʆɼɹɸ. ï ɺʠʧ. 69, 2017. ï ʉ.45 ï 50. ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://scholar.google.com.ua/citations?view_op=view_citation&hl=ru&user=3nAcy2QAAAAJ&citation

_for_view=3nAcy2QAAAAJ:YsMSGLbcyi4C 

8. ʂ ʚʦʧʨʦʩʫ ʘʜʝʢʚʘʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʩʯʝʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ˇʨʫʥʪʦʚʳʭ 

ʦʩʥʦʚʘʥʠʡ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʪʢʦʩʦʚ ʠ ʩʢʣʦʥʦʚ / ʐʘʧʦʚʘʣ ɸ.ɺ., 

ʐʦʢʘʨʝʚ ɽ.ɸ., ʉʣʦʙʦʜʷʥʢʘ ʅ.ʉ., ʅʝʩʪʝʨʦʚʘ ɽ.ɺ., ʂʘʙʨʝʣʴ ɺ.ʀ., ʐʘʧʦʚʘʣ ɺ.ɻ., 

ʊʠʪʷʢʦʚʘ ɽ.ʉ., ʇʨʠʯʠʥʘ ɽ.ʉ., ʃʝʛʝʥʯʝʥʢʦ ɺ.ɸ., ʐʦʢʘʨʝʚ ɸ.ɺ. // ʅʘʫʢʦʚʠʡ ʚʽʩʥʠʢ 

ʙʫʜʽʚʥʠʮʪʚʘ ˉ71 ï ʍʘʨʢʽʚ: ʍʅʋɹɸ, 2013, ʉ.487-493. 
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9. ʆʩʦʙʝʥʥʦʩʪʠ ʫʩʪʨʘʥʝʥʠʷ ʢʨʝʥʦʚ ʢʨʫʧʥʦʧʘʥʝʣʴʥʳʭ ʙʣʦʢ-ʩʝʢʮʠʡ ʧʨʠ ʟʘʤʳʢʘʥʠʠ 

ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʰʚʘ / ʐʦʢʘʨʝʚ ɺ.ʉ., ʐʦʢʘʨʝʚ ɸ.ɺ., ʇʘʚʣʦʚ ʀ.ɼ., ʉʘʤʯʝʥʢʦ ʈ.ɺ., 

ʖʭʠʤʝʥʢʦ ɸ.ʀ. // ʄʽʞʚʽʜʦʤʯʠʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʡ ʟʙʽʨʥʠʢ çɹʫʜʽʚʝʣʴʥʽ 

ʢʦʥʩʪʨʫʢʮʽʾè, ɺʠʧ. 79, ɼʇ ʅɼɯɹʂ, 2013, ʉ.298-306. ʈʝʞʠʤ ʜʦʩʪʫʧʫ:  

https://scholar.google.com.ua/citations?view_op=view_citation&hl=ru&user=UnuycsoAAAAJ&citation_

for_view=UnuycsoAAAAJ:IjCSPb-OGe4C 

10. ʆ ʛʝʦʪʝʭʥʦʣʦʛʠʷʭ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʟʜʘʥʠʡ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʠʭ 

ʜʘʣʴʥʝʡʰʝʡ ʥʦʨʤʘʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ / ʉʘʤʯʝʥʢʦ ʈ.ɺ., ʇʘʚʣʦʚ ʀ.ɼ., ʖʭʠʤʝʥʢʦ ɸ.ʀ., 

ʐʦʢʘʨʝʚ ɺ.ʉ., ʉʪʝʧʫʨʘ ʀ.ɺ., ʐʦʢʘʨʝʚ ɸ.ɺ. // ɿʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ʋʢʨʘʾʥʩʴʢʦʾ ʜʝʨʞʘʚʥʦʾ 

ʘʢʘʜʝʤʽʾ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ï ɺʠʧʫʩʢ 148, ʊʦʤ 2 ï ʍʘʨʢʽʚ, 2014, ʉ.70-75. ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://scholar.google.com.ua/citations?view_op=view_citation&hl=ru&user=UnuycsoAAAAJ&citation_for_view=Un

uycsoAAAAJ:_FxGoFyzp5QC 

11. Reinforcement of the foundation base of the building with horizontal elements of 

increased rigidity / Zotsenko Mykola, Vynnykov Yuriy, Shokarev Yevheniy, Shokarev 

ɸndriy. // ACADEMIC JOURNAL Series: INDUSTRIAL MACHINE BUILDING, 

CIVIL ENGINEERING Issue 2 (51), 2018 ʈ. 156-160. ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://reposit.nupp.edu.ua/bitstream/PoltNTU/5257/1/25.pdf 

 

ʉʪʘʪʪʽ ʫ ʥʘʫʢʦʚʠʭ ʚʠʜʘʥʥʷʭ ʪʘ ʤʘʪʝʨʽʘʣʘʭ ʢʦʥʬʝʨʝʥʮʽʡ: 

 

12. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʚʳʙʦʨʘ ʦʩʥʦʚʥʦʛʦ ʨʘʩʯʝʪʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʧʨʠ 

ʧʦʜʨʘʙʦʪʢʝ ˇʨʫʥʪʦʚ ʧʦʜ ʧʦʜʦʰʚʦʡ ʣʝʥʪʦʯʥʦʛʦ ʬʫʥʜʘʤʝʥʪʘ / ʐʦʢʘʨʝʚ ɺ.ʉ., 

ʏʘʧʣʳʛʠʥ ɺ.ʀ., ʐʦʢʘʨʝʚ ɸ.ɺ. // ɿʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ (ʛʘʣʫʟʝʚʝ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ, ʙʫʜʽʚʥʠʮʪʚʦ). ï ɺʠʧ.3(28) - 2010. ï ʇʦʣʪʅʊʋ, ʉ.317-321 

13. ɼʠʘʛʥʦʩʪʠʨʦʚʘʥʠʝ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʟʜʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ / ʉʠʚʢʦ ʀ.ʈ., ʐʦʢʘʨʝʚ ɸ.ɺ. // ʄʽʞʚʽʜʦʤʯʠʡ ʥʘʫʢʦʚʦ-

ʪʝʭʥʽʯʥʠʡ ʟʙʽʨʥʠʢ çɹʫʜʽʚʝʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʾè. ɺʠʧ. 83:ɺ 2-ʭ ʢʥ.: ʂʥʠʛʘ.1. ï ʂʠʾʚ, ɼʇ 

ʅɼɯɹʂ, 2016, ʉ.266 ï 271. ʈʝʞʠʤ ʜʦʩʪʫʧʫ: http://irbis-nbuv.gov.ua/cgi-
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SUMMARY 

 

Shokarev A.V. Information and Hardware Provision for Rectifying Tilts of 

Mul ti -Story Buildings ï Qualifying scientific work on manuscript rights. 

Dissertation for the Degree of Candidate of Technical Sciences in the specialty 

05.13.06 "Information Technologies". ï Institute of Telecommunications and Global 

Information Space of the National Academy of Sciences of Ukraine, Kyiv, 2024. 

The dissertation addresses a new relevant scientific-applied task of developing a 

methodological, hardware, mathematical, and software implementation of an 

information technology3 for diagnosing the current state of a multi-story building 

(ITDMB) to support decision-making in the process of eliminating its excessive tilting. 

ITDMB includes the adjustment and verification of the computer model of a multi-

story building (MB) along with refining initial and boundary conditions (considering 

the current technical condition of MB structural elements, changes in their strength, 

and changes in the physical-mechanical characteristics of foundation soils over time 

and degradation). It involves preparing, obtaining, and analyzing primary and online 

information throughout the alignment process using precision-sensitive measurement 

elements distributed across MB and developed with the involvement of the researcher, 

ensuring feedback in the alignment process management system based on experimental 

online information from inclinometric sensors and the results of current mathematical 

modeling of the stress-strain state (SSS) of MB structural elements. Systematic analysis 

of online experimental data and current SSS modeling results aims to assess the current 

technical condition of MB, enabling adjustments to management decisions throughout 

the alignment process with the ultimate goal of reliably fixing the building in a new 

position without interrupting the operation of MB engineering networks, technological 

equipment (elevators, etc.), and residentsô relocation. 

The first chapter of the dissertation provides scientific foundations and general 

 
3 Information technology is a purposefully organized set of information processes using computer technology tools, 
providing high-speed data processing, rapid information retrieval, data decentralization, and access to information sources 
regardless of their location. Access mode: 
https://uk.wikipedia.org/wiki/%D0%86%D0%BD%D1%84%D0%BE%D1%80%D0%BC%D0%B0%D1%86%D1%96%D0%B9%D0%BD%D1%9

6_%D1%82%D0%B5%D1%85%D0%BD%D0%BE%D0%BB%D0%BE%D0%B3%D1%96%D1%97 
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concepts of specialized information technologies (IT) and their subsystems 

(monitoring systems, etc.) for diagnosing the technical condition (TC) of various 

technical objects and decision support systems (DSS). DSS includes analyzing the 

previous and current TC of MB, which has experienced excessive tilting; analyzing the 

effects influencing changes in MB SSS from various natural and anthropogenic factors, 

including the reaction of its individual structural elements; identifying critical 

influencing factors; assessing permissible loads; mathematical modeling of changes in 

MB SSS under different scenarios of natural and anthropogenic influences, etc. 

Monitoring systems aim to detect and evaluate deviations of the recorded field from a 

stationary state. However, it is crucial to obtain characteristics of this stationary state 

at the preliminary stage. 

The development of theoretical-methodological foundations and instrumental 

means of creating and using IT in various fields of human activity has been actively 

pursued by researchers such as V.F. Hubarev, V.B. Mokin, A.O. Moshensky, 

I.V. Sergienko, O.M. Trofymchuk, O.M. Khimich, and others. Works by 

O.M. Khimich, M.G. Marienkov, V.A. Dunin, and others present developments and 

software implementations of instrumental information-analytical systems in the field 

of construction using the LIRA-CAD and SCAD software complexes. Significant 

contributions to the development of non-destructive methods of monitoring and 

controlling reinforced concrete structures have been made by researchers such as 

V.V. Boyko, V.P. Glukhovsky, V.A. Dunin, R. Jones, M.G. Marienkov, O.A. Savitsky, 

O.M. Trofymchuk, I. Fekeoaru, and others. Experimental-theoretical studies have been 

conducted by V.A. Dunin, Y.I. Kalyukh, O.M. Trofymchuk, M.G. Marienkov, 

O.M. Khimich, D. Ambrosini, J.M. Roesset, D.S. Kim, C.H. Chen, N.J. Carino, and 

others. 

Defining the composition and structure of ITDMB, obtaining primary information 

using sensitive elements, adjusting and verifying computer models of buildings and 

structures through experimental non-destructive control methods require conducting 

field studies, processing a large amount of statistical material, and applying modern 

Industry 4.0 technologies such as digital twins (DT) and the Internet of Things (IoT). 
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All of these factors determine the relevance of the dissertation research tasks. 

In the second chapter of the dissertation, the methodological, instrumental, and 

mathematical foundations for creating ITDMB are outlined. The tilt of the foundation 

is one of the criteria defining the operational suitability of a building object. Normative 

documents limit the permissible values of tilts for buildings and structures. However, 

in many cases, the tilts of the foundation at different stages of the life cycle of a building 

object exceed the permissible values and sometimes even the limits. For the further 

safe operation of such a building, it is necessary to select and implement an optimal 

technology for eliminating excessive tilting. The developed precision angular-sensitive 

elements, the methodology for assessing the magnitude and direction of displacement 

from the pendulum tilt, and the development of a stand for sensor calibration are 

described. 

Parameters of the "undermined soil foundation ï strip foundation with tilt" system 

and the SSS of the "MB base ï strip foundation" system have been studied and 

calculated as elements supporting decision-making in ITDMB. The development of a 

method for identifying the SSS of the soil foundation and the experimental justification 

for choosing the main calculated parameter in the feedback of ITDMB during soil 

excavation under the sole of the MB strip foundation are described. 

For the proposed computational model of the "MB soil foundation ï strip 

foundation with tilt" system, the main controlled parameters are: the thickness of the 

soil wall between the MB foundation and the pit, the pit depth; depth of laying, 

diameter, pitch of cylindrical wells; the nature of the change in technological 

settlements and the tilt of the foundation; identification coefficient of the undermined 

soil foundation; the magnitude of the soil resistance in the strip foundation zone. 

During the elimination of excessive tilts of buildings and structures, discrepancies 

often arise in the values of actual and predicted parameters, such as technological 

settlements, MB tilt, etc. Therefore, additional engineering measures must be provided 

in the projects to ensure feedback using ITDMB: real-time monitoring, mathematical 

modeling of the SSS of MB structural elements based on the LIRA-CAD software 

complex, integrated synthesis of current experimental and computational information 
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for DSS, technological methods for adjusting settlements based on the calculated 

contour, etc. This will ensure equality of predicted and actual deformations under 

conditions of uncertainty and the risk of soil accidents at all stages of tilt elimination 

works. 

The universal structural scheme of ITDMB should additionally include a block 

for continuous calculation of the SSS of the foundation and the superstructure in the 

technological process of tilt elimination, as well as a block for forming current 

management commands. This will help determine local soil zones that require 

additional management influence during the alignment of MB, for example, based on 

the correction of technological settlements under the sole of the MB strip foundation. 

In the third chapter , an experimental prototype of ITDMB has been developed, 

incorporating precision measurement elements for angular deformations and their 

metrological certification using a specially designed stand involving the candidate. The 

dissertation discusses the "Pendulum" program for the calculation and visualization of 

deformations in controlled building structures, an online monitoring system for 

collecting measurement information on controlled physical quantities, cloud 

technology, and instrumental means (mobile phone) for transmitting measurement 

results to the Internet, a database for data accumulation, and real-time processing, etc. 

In the practical implementation of ITDMB to assess the main parameters of the 

SSS of the foundation and MB, the following measurement transducers and sensors 

(MB DT elements) are included in its information channels: an inductive sensor for 

remote monitoring of changes in the magnitude and direction of the tilt of the strip 

foundation within the permissible range, and an inductive sensor for remote monitoring 

of cracks in the MB. A monitoring system (MB DT element) has been implemented 

with continuous collection of measurement information on controlled physical 

quantities, followed by transmission using cloud technologies (IoT element), real-time 

processing, and storage in relevant databases. 

For continuous monitoring of the parameters of the "MB soil foundation ï strip 

foundation with tilt" system, a structural scheme of the monitoring system has been 

developed. It also includes a block for periodic automatic calculation of the 
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foundationôs SSS and the superstructure in the technological process of tilt elimination, 

based on the LIRA-CAD software complex with automatic correction of the initial and 

boundary conditions of the calculation (an addition to the LIRA-CAD software 

complex). The correction of initial and boundary conditions is based on current 

experimental information from inclinometric sensors distributed across the MB (MB 

DT elements) and considering the actual TC of MB during the calculation period. 

These measures enhance the reliability of current management commands from the 

decision-maker and identify local soil zones requiring management influence, such as 

the correction of technological settlements under the sole of the MB strip foundation. 

Instrumental means included in ITDMB: universal inductive sensors for tilt and crack 

sensors (measurement accuracy ï 0.001 mm, temperature range -30Ü...+70ÜC, dust and 

moisture protection IP56); data acquisition device ï inductance meter ɺɯ1; information 

collection and transmission device ï a block with a mobile phone (IoT element); 

computer program "Pendulum." 

In the fourth chapter, the implementation of ITDMB results is described within 

the framework of scientific and technical support (STS) during and after the alignment 

of residential buildings at 23 and 25 Engineer Preobrazhensky Avenue in Zaporizhzhia. 

These residential buildings were constructed on a site consisting of highly 

compressible clayey soils, which exhibit settlement properties when saturated. Over 

the course of approximately 45 years of operation, all block sections (entrances) of the 

mentioned residential buildings experienced uneven settlements, and these settlements 

and deviations reached beyond permissible limits. 

In 2014, a survey of building structures, along with an assessment of their TC, 

was conducted. The survey results revealed that the technical condition of building 

structures and block sections, in general, was deemed unsuitable for normal 

operation. The main reason for this conclusion was significant uneven settlements of 

the foundation and foundations of block sections and excessive tilting of its corners. 

As part of the STS for the alignment of block section No.1, the following works 

were carried out: engineering-geological investigations of the moisture regime of 

foundation soils, the quality of foundation preparation, quality control of backfill 
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compaction in the pit; geodetic monitoring of building deformations during alignment; 

clarification of actual tilts of the block section at different stages of alignment; STS of 

preparatory work and the alignment process; control of the condition of block section 

structures during alignment using ITDMB and their inspection after performing works 

to eliminate excessive tilt by the method of soil removal under the foundation using 

horizontal wells according to the calculated parameters under the foundations of the 

MB, which settled less4. 

The application of this method using ITDMB allowed performing the entire 

complex of works to eliminate excessive tilt of block section No.1 without stopping the 

operation of MB engineering networks, technological equipment (elevators, etc.), and 

the relocation of residents. The restoration of the deformation joint between block 

sections No.3 of residential building No.23 and No.1 of residential building No.25 

eliminated the over-projected stresses acting on the building structures of block 

sections that relied on each other. As a result of alignment, it was possible to prevent 

force-related destruction (damage) of the structures of adjacent block sections. The 

planned-height position of block section No.1 after its alignment meets the 

requirements of the project and current building norms of Ukraine. The corner 

deviations of block sections range from 9 to 96 mm, and their tilt is between 0.0004 

and 0.004. The twisting of block sections No.1 and No.3, which occurred due to the 

leaning of the corners of adjacent block sections against each other, remained after their 

alignment. 

Due to the alignment of block section No.1, its excessive tilt was eliminated. 

However, the settlement properties of the foundation soils beneath the foundations of 

the block section below the ground cushion were not eliminated, and further realization 

of settlement properties due to saturation could lead to excessive deformations and 

closure of the deformation joint between block sections. Taking this into account, 

waterproofing measures are the main guarantee for ensuring the further normal 

operation of block sections of residential buildings at 21, 23, and 25 Engineer 

 
4 Method of aligning buildings and structures [Text]: patent 40931 Ukraine E02D35/00 SSRIBC, Stepura I.V., 

Shokarev V.S., Pavlov A.V., Trehub A.S., Samchenko R.V., Stepura S.I. (Ukraine); Application 17.12.2008; Published 

27.04.2009; Bul. No8. ï 2009. ï 4 p. Access mode: https://uapatents.com/3-40931-sposib-virivnyuvannya-budivel-sporud.html 
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Preobrazhensky Avenue in Zaporizhzhia. 

Keywords: excessive tilt, information technology for diagnosing the current state 

of a multi-story building, ITDMB, precision inclinometric elements, monitoring, 

computational model, mathematical modeling, feedback, management.  
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16. ɯʊɼɹɹ 
ɯʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽ ̫ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ 
ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʦʾ ʙʫʜʽʚʣʽ ʜʣʷ ʣʽʢʚʽʜʘʮʽʾ ʾʾ ʢʨʝʥʫ 

17. IoT ɯʥʪʝʨʥʝʪ ʨʝʯʝʡ 

18. ʂʅʋɹɸ 
ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ 
ʘʨʭʽʪʝʢʪʫʨʠ 

19. ʄʆʈ ʄʝʪʘʣʽʯʥʠʡ ʦʙô̒ ʤʥʠʡ ʨʝʟʦʥʘʪʦʨ 
20. ʄʉɽ ʄʝʪʦʜ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ 
21. ʅɼʉ ʅʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ 
22. ʅʊʉ ʅʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʡ ʩʫʧʨʦʚʽʜ 
23. ʆʇʈ ʆʩʦʙʘ, ʱʦ ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ 
24. ʇɿ  ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ 
25. ʇʂ ʇʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ 
26. ʇʂ ʃɯʈɸ ʇʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ ʃɯʈɸ  
27. ʉɸʂ ʉʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʦʥʪʨʦʣʶ 
28. ʉɽ ʉʢʽʥʯʝʥʥʽ ʝʣʝʤʝʥʪʠ 
29. ʉʄ ʉʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ 
30. ʉʇʇʈ ʉʠʩʪʝʤʘ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ 
31. ʉʈɿ ʉʠʩʪʝʤʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ 
32. ʉʊɼ ʉʠʩʪʝʤʠ ʪʝʭʥʽʯʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ 
33. ʊɺʄ  ʊʝʣʝʚʠʤʽʨʶʚʘʣʴʥʘ ʩʠʩʪʝʤʘ 
34. ʊɿ ʊʝʭʥʽʯʥʝ ʟʘʚʜʘʥʥʷ 
35. ʊʉ ʊʝʭʥʽʯʥʠʡ ʩʪʘʥ 
36. ʋɿʂ ʋʣʴʪʨʘʟʚʫʢʦʚʽ ʢʦʣʠʚʘʥʥʷ 
37. ʋɯɼ ʋʥʽʚʝʨʩʘʣʴʥʠʡ ʽʥʜʫʢʪʠʚʥʠʡ ʜʘʪʯʠʢ 
38. ʌʄʍ ʌʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
39. ʌʅʏ ʌʽʣʴʪʨ ʥʠʟʴʢʠʭ ʯʘʩʪʦʪ 
40. DT Digital Twins 
41. IoT Internet of Things 
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ɺʉʊʋʇ 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. ʈʦʟʚʠʪʦʢ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʥʝʨʫʡʥʽʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʜʦʟʚʦʣʷ ̒ ʚʠʨʽʰʫʚʘʪʠ 

ʩʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ ʙʫʜʽʚʝʣʴʥʦ ʾ ʛʘʣʫʟʽ, ʱʦ ʧʦʚô̫ ʟʘʥʽ ʟ ʘʥʘʣʽʟʦʤ ʧʦʪʦʯʥʦʛʦ 

ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ɹɹ, ʧʨʦʛʥʦʟʫʚʘʥʥʷʤ ʡʦʛʦ ʟʤʽʥ ʥʘʡʙʣʠʞʯʠʤ ʯʘʩʦʤ ʪʘ ʫ 

ʧʦʜʘʣʴʰʦʤʫ. ʇʨʠ ʮʴʦʤʫ ʟʨʦʩʪʘʶʪʴ ʚʠʤʦʛʠ ʜʦ ʪʦʯʥʦʩʪʽ ʧʨʦʛʥʦʟʫ ʟʤʽʥʠ 

ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ɹɹ; ʾʭ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʟʚô̫ ʟʦʢ ʟ ʧʨʦʙʣʝʤʘʤʠ ʪʝʨʠʪʦʨʽʾ, ʜʝ 

ʨʦʟʪʘʰʦʚʘʥʽ ʙʫʜʽʚʣʽ; ʚʨʘʭʫʚʘʥʥʷ ʜʝʛʨʘʜʘʮʽʾ ˇʨʫʥʪʽʚ ʦʩʥʦʚʠ, ʧʽʜʪʦʧʣʝʥʥʷ 

ʪʝʨʠʪʦʨʽʾ, ʧʽʜʚʠʱʝʥʥʷ ʩʝʡʩʤʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʪʘ ʛʣʦʙʘʣʴʥʠʭ ʟʤʽʥ, ʧʦʚʷʟʘʥʠʭ ʟ 

ʧʦʪʝʧʣʽʥʥʷʤ, ʷʢʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʨʦ̒ʢʪʫʶʪʴʩʷ ʥʘ ʜʘʥʠʡ ʙʫʜʽʚʝʣʴʥʠʡ ʤʘʡʜʘʥʯʠʢ, 

ʪʝʨʠʪʦʨʽʶ ʟʘʙʫʜʦʚʠ ʘʙʦ ʤʽʩʮʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʙʫʜʽʚʝʣʴʥʦʛʦ ʦʙô̒ ʢʪʘ. ɺʩʝ ʮʝ 

ʧʦʪʨʝʙʫʻ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ ʙʘʛʘʪʴʦʭ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ, ʷʢʽ ʨʘʥʽʰʝ ʥʝ ʙʨʘʣʠʩʷ ʜʦ 

ʫʚʘʛʠ, ʥʦʚʠʭ ʤʝʪʦʜʽʚ, ʧʨʝʮʠʟʽʡʥʠʭ ʯʫʪʣʠʚʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘ ʥʦʚʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ ʟʜʘʪʥʽ ʩʠʥʪʝʟʫʚʘʪʠ ʚ ʩʦʙʽ ʚʩʝ ʚʠʱʝʟʛʘʜʘʥʝ. ɺʩʝ ʮʝ ʜʦʟʚʦʣʷʻ 

ʟʤʝʥʰʠʪʠ ʚʧʣʠʚ ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ, ʧʦʚô̫ ʟʘʥʠʭ ʟʽ ʟʤʽʥʦʶ ʬʽʟʠʢʦ-

ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ˇʨʫʥʪʽʚ ʦʩʥʦʚʠ, ʟʤʽʥʦʶ ʤʽʮʥʦʩʪʽ ʙʫʜʽʚʝʣʴʥʠʭ 

ʤʘʪʝʨʠʽʘʣʽʚ ʪʘ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ, ʫ ʧʽʜʩʫʤʢʫ, ʧʽʜʪʨʠʤʘʪʠ ʧʨʠʡʥʷʪʪʷ ʙʽʣʴʰ 

ʚʠʚʘʞʝʥʠʭ ʪʘ ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥ.ɹ  

ɺ ʪʦʡ ʞʝ ʯʘʩ ʥʝʦʙʭʽʜʥʦ ʚʽʜʟʥʘʯʠʪʠ ʡ ʪʝ, ʱʦ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʫ ʧʦʯʘʪʢʦ-

ʢʨʘʡʦʚʠʭ ʫʤʦʚʘʭ, ʱʦ ʥʝʦʙʭʽʜʥ ̔ʜʣʷ ʢʦʨʝʢʪʥʦʾ ʦʮʽʥʢʠ ʧʦʪʦʯʥʦʛʦ ʊʉ ɹɹ, ʥʝ ʣʠʰʝ 

ʥʝ ʟʤʝʥʰʫʻʪʴʩʷ, ʘ ʡ ʟʨʦʩʪʘʻ. ɯʥʬʦʨʤʘʮʽʷ ʱʦʜʦ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ˇʨʫʥʪʽʚ ʦʩʥʦʚʠ ɹɹ ʪʘ ʊʉ ʾʾ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʤʦʞʝ ʰʚʠʜʢʦ ʟʤʽʥʶʚʘʪʠʩʷ 

ʚʥʘʩʣʽʜʦʢ ʧʨʦʨʠʚʫ ʢʦʤʫʥʽʢʘʮʽʡ, ʥʝʨ̔ʚʥʦʤʽʨʥʦʛʦ ʦʩʽʜʘʥʥʷ, ʢʨʝʥʫ ʪʘ ʽʥ., ʪʘʢʦʞ 

ʚʦʥʘ ʦʪʨʠʤʫʻʪʴʩʷ ʟ ʨʽʟʥʠʭ ʜʞʝʨʝʣ ʟ ʨʽʟʥʦʶ ʪʦʯʥʽʩʪʶ (ʧʦʭʠʙʢʦʶ) ʧʨʠʣʘʜʽʚ, 

ʨʽʟʥʦʶ ʢʚʘʣʽʬʽʢʘʮʽʻʶ ʝʢʩʧʝʨʪʽʚ, ʯʘʩʪʦ ʻ ʥʝʧʦʚʥʦʶ, ʥʝʜʦʩʪʦʚʽʨʥʦʶ, ʟʘʩʪʘʨʽʣʦʶ 

ʘʙʦ ʩʧʦʪʚʦʨʝʥʦʶ. ɺʩʽ ʮʽ ʬʘʢʪʦʨʠ ʩʠʣʴʥʦ ʫʩʢʣʘʜʥʶʶʪʴ ʧʨʠʡʥʷʪʪʷ ʢʦʨʝʢʪʥʠʭ 

ʦʧʝʨʘʪʠʚʥʠʭ ʫʧʨʘʚʣʥ̔ʩʴʢʠʭ ʨʽʰʝʥʴ (ʥʘʧʨʠʢʣʘʜ, ʧʨʠ ʚʠʨʽʚʥʶʚʘʥʥʽ ʙʫʜʽʚʝʣʴ), 

ʦʮʽʥʢʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʊʉ ɹɹ ʜʽʶʯʠʤ ʙʫʜʽʚʝʣʴʥʠʤʠ ʥʦʨʤʘʪʠʚʘʤʠ ʪʘ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʡʦʛʦ ʟʤʽʥʠ ʥʘʚʽʪʴ ʫ ʥʘʡʙʣʠʞʯʦʤʫ ʤʘʡʙʫʪʥʴʦʤʫ. 
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ʇʨʠ ʮʴʦʤʫ ʥʘʜʤʽʨʥʝ ʙʘʞʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʝʨʪʠʬʽʢʦʚʘʥʠʭ ʚ ʋʢʨʘʾʥʽ ʚ 

ʛʘʣʫʟʽ ʙʫʜʽʚʥʠʮʪʚʘ ʧʨʦʛʨʘʤʥʠʭ ʢʦʤʧʣʝʢʩʽʚ LIRA ʘʙʦ SCAD ʜʝʪʘʣʽʟʫʚʘʪʠ 

ʩʪʨʫʢʪʫʨʫ ʅɼʉ ɹɹ, ʷʢʥʘʡʪʦʯʥʽʰʝ ʚʠʷʚʠʪʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʟʤʽʥʠ ʊʉ ɹɹ ʧʨʠ 

ʚʽʜʩʫʪʥʦʩʪʽ ʧʦʚʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʽ ʫʤʦʚʠ ʨʦʟʨʘʭʫʥʢʦʚʦʾ 

ʟʘʜʘʯʽ, ʭʘʨʘʢʪʝʨ ʾʭ ʝʚʦʣʶʮʽʡʥʦʾ ʜʠʥʘʤʽʢʠ ʪʦʱʦ ʤʦʞʝ ʚ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʩʧʦʪʚʦʨʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ. ʎʝ ʦʙʫʤʦʚʣʝʥʦ ʦʙʤʝʞʝʥʩ̔ʪʁ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ɹɹ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʮʠʭ ʧʨʦʛʨʘʤʥʠʭ ʢʦʤʧʣʝʢʩʽʚ, 

ʥʝʚʨʘʭʫʚʘʥʥʷʤ ʚ ʥʠʭ ʨʝʘʣʴʥʦʾ ʥʝʣʽʥʽʡʥʦʾ ʧʦʚʝʜʽʥʢʠ ɹɹ, ʦʙʤʝʞʝʥʦʩʪʽ ʌʄʍ 

ˇʨʫʥʪ̔ʚ ʦʩʥʦʚʠ ʪʘ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʟʘʢʣʘʜʝʥʠʭ ʚ ʾʭ ʪʝʦʨʝʪʠʯʥʫ ʦʩʥʦʚʫ. 

ʊʦʤʫ ʘʢʪʫʘʣʴʥʦʶ ʻ ʽ ʟʘʣʠʰʘʻʪʴʩʷ ʧʨʦʙʣʝʤʘ ʨʦʟʨʦʙʢʠ ʥ̔ʬʦʨʤʘʮʽʡʥʦ ʾʪʝʭʥʦʣʦʛʽ ʾ

ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʦʾ ʙʫʜʽʚʣʽ ʜʣʷ ʣʽʢʚʽʜʘʮʽʾ ʾʾ ʢʨʝʥʫ, 

ʷʢʘ ʙ ʚʨʘʭʦʚʫʚʘʣʘ ʬʘʢʪʠʯʥʽ ʟʤʽʥʠ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʠʭ ʫʤʦʚ, ʟʤʽʥʠ ʌʄʍ 

ˇʨʫʥʪʦʚʦʾ ʦʩʥʦʚʠ ʪʘ 

ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ 

ʩʢʣʘʜʘʶʪʴ ɹɹ, ʾʭ ʝʚʦʣʶʮʽʶ 

ʧʨʦʪʷʛʦʤ ʚʩʴʦʛʦ ʧʨʦʮʝʩʫ 

ʚʠʨʽʚʥʶʚʘʥʥʷ ʪʘ ʬʽʢʩʘʮʽʽ ɹɹ ʚ 

ʥʦʚʦʤʫ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʧʦʣʦ-

ʞʝʥʥʽ ʥʘ ʦʩʥʦʚʽ ʝʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʟ 

ʧʨʝʮʠʟʽʡʥʠʭ ʽʥʢʣʽʥʦʤʝʪ-

ʨʠʯʥʠʭ ʜʘʪʯʠʢʽʚ, ʱʦ 

ʨʦʟʧʦʜʽʣʝʥʽ ʧʦ ɹɹ (ʝʣʝʤʝʥʪʠ 

DT).  

ɹʫʜʽʚʣʽ ʪʘ ʩʧʦʨʫʜʠ (ʨʠʩ. 

0.1, 0.2), ʧʦʙʫʜʦʚʘʥʽ ʥʘ 

ʩʪʠʩʥʫʪʽʡ ʦʩʥʦʚʽ, ʥʘʡʯʘʩʪʽʰʝ 

ʩʭʠʣʴʥʽ ʜʦ ʚʧʣʠʚʫ 

ʥʝʨʽʚʥʦʤʽʨʥʠʭ ʦʩʽʜʘʥʴ, ʱʦ 

ʨʦʟʚʠʚʘʶʪʴʩʷ. ʇʨʠʯʠʥʠ ʾʭ 

 

ʈʠʩ. 0.1. ʂʨʝʥ ʧô̫ʪʠʧʦʚʝʨʭʦʚʦʛʦ ʙʫʜʠʥʢʫ ʚ ʤ. ʂʘʤô̫ʥʩʴʢʝ 

ʚʥʘʩʣʽʜʦʢ ʧʨʦʨʠʚʫ ʚʦʜʦʛʽʥʥʠʭ ʢʦʤʫʥʽʢʘʮʽʡ. 

 
 
ʈʠʩ. 0.2. ɿʘʤʠʢʘʥʥʷ ʜʝʬʦʨʤʘʮʽʡʥʦʛʦ ʰʚʘ ʤʽʞ 9-

ʧʦʚʝʨʭʦʚʠʤʠ ʞʠʪʣʦʚʠʤʠ ʙʫʜʠʥʢʘʤʠ ʚ ʤ. ɿʘʧʦʨʽʞʞʷ. 
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ʚʠʥʠʢʥʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʨʽʟʥʠʤʠ, ʟʘʣʝʞʘʪʠ ʚʽʜ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʦʙô̒ ʢʪʠʚʥʠʭ ʽ 

ʩʫʙô̒ ʢʪʠʚʥʠʭ ʬʘʢʪʦʨʽʚ. 

ɼʦ ʦʙô̒ʢʪʠʚʥʠʭ ʬʘʢʪʦʨʽʚ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʩʢʣʘʜ ˇʨʫʥʪʽʚ ʦʩʥʦʚʠ. ʅʘʧʨʠʢʣʘʜ, 

ʫ ɿʘʧʦʨʽʞʞʽ ï ʧʝʨʝʚʘʞʥʦ ʣʝʩʦʚʽ ˇʨʫʥʪʠ, ʯʫʪʣʠʚʽ ʜʦ ʟʘʤʦʯʫʚʘʥʥʷ, ʱʦ ʤʦʞʝ 

ʩʧʨʠʯʠʥʠʪʠ ʥʝʨ̔ʚʥʦʤʽʨʥʫ ʜʝʛʨʘʜʘʮʽ ʁ ʾʭ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ. ʉʫʙô̒ʢʪʠʚʥʠʤʠ 

ʬʘʢʪʦʨʘʤʠ ʻ ʧʨʦʨʠʚʠ ʪʘ ʥʝʩʧʨʘʚʥʦʩʪʽ ʚ ʢʦʤʫʥʽʢʘʮʽʷʭ ʭʦʣʦʜʥʦʛʦ ʪʘ ʛʘʨʷʯʦʛʦ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʚ ʙʫʜʽʚʣʽ, ʘ ʪʘʢʦʞ ʩʠʩʪʝʤʠ ʚʦʜʦʚʽʜʚʝʜʝʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʚʠʥʠʢʘʻ ʩʠʩʪʝʤʥʘ ʮʠʢʣʽʯʥʘ ʜʽʷ: ʥʝʨʚ̔ʥʦʤʽʨʥʽ ʦʩʽʜʘʥʥʷ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʦʙʨʠʚʫ 

ʢʦʤʫʥʽʢʘʮʽʡ, ʚʠʪʦʢʠ ʟ ʢʦʤʫʥʽʢʘʮʽʡ ʧʨʠʟʚʦʜʪ̫ʴ ʜʦ ʥʦʚʠʭ ʥʝʨʚ̔ʥʦʤʽʨʥʠʭ ʦʩʽʜʘʥʴ ʽ 

ʪ.ʧ. (ʨʠʩ. 0.3), ʚ ʪ.ʯ. ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʙʽʪ. 

 

 

ʈʦʟʚʠʪʢʦʤ ʪʝʦʨʝʪʠʢʦ-ʤʝʪʦʜʦʣʦʛʽʯʥʠʭ ʦʩʥʦʚ ʡ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʟʘʩʦʙʽʚ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ, ʚʽʜʤʦʚʦʩʪʽʡʢʽʩʪʶ, ʞʠʚʫʯʽʩʪʶ 

 
ʈʠʩ. 0.3. ɿʘʪʦʧʣʝʥʥʷ ʢʦʪʣʦʚʘʥʫ ʟ ʙʫʨʦʚʠʤ ʦʙʣʘʜʥʘʥʥʷʤ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʨʦʨʙʽʪ ʟ ʫʩʫʥʝʥʥʷ 

ʢʨʝʥʫ ʧô̫ ʪʠʧʦʚʝʨʭʦʚʦʛʦ ʢʨʫʧʥʦʧʘʥʝʣʴʥʦʛʦ ʙʫʜʠʥʢʫ ʚʥʘʩʣʽʜʦʢ ʘʚʘʨʽʡʥʦʛʦ ʧʨʦʨʠʚʫ 

ʚʦʜʦʧʨʦʚʦʜʫ (ʤ. ʉʝʣʽʜʦʚʦ, ɼʦʥʝʮʴʢʘ ʦʙʣ., 2002 ʨ.) 
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ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʽ ʩʠʩʪʝʤ, ʨʦʟʚʠʪʢʦʤ ʤʦʜʝʣʝʡ ʽ ʤʝʪʦʜʽʚ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʴ ʟʘ ʫʤʦʚ ʨʠʟʠʢʫ ʪʘ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ 

ʨʽʟʥʦʤʘʥʽʪʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʘʢʪʠʚʥʦ ʟʘʡʤʘʣʠʩʷ ɺ.ʌ. ɻʫʙʘʨʻʚ, ɺ.ɹ. ʄʦʢʽʥ, 

ɸ.ʆ. ʄʦʰʝʥʩʴʢʠʡ, ɯ.ɺ. ʉʝʨʛʽʻʥʢʦ, ʆ.ʄ. ʊʨʦʬʠʤʯʫʢ, ʆ.ʄ. ʍʽʤʽʯ ʪʘ ʽʥʰʽ; 

ʇ.ɯ. ɹʽʜʶʢ, ʆ.ʄ. ʊʝʨʝʥʪʴʻʚ (ʘʥʘʣʽʟ ʥʝʣʽʥʽʡʥʠʭ ʩʠʩʪʝʤ ʪʘ ʤʝʪʦʜʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ); 

ʖ.ɯ. ʂʘʣʶʭ, ʖ.ʇ. ɿʘʡʯʝʥʢʦ (ʤʝʪʦʜʠ ʥʝʯʽʪʢʦʛʦ ʘʥʘʣʽʟʫ ʽ ʤʦʜʝʣʶʚʘʥʥʷ); 

ɺ.ɿ. ɿʛʫʨʦʚʩʴʢʠʡ, ʅ.ɼ. ʇʘʥʢʨʘʪʦʚʘ (ʤʝʪʦʜʠ ʤʦʜʝʣʶʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ); 

ʊ. ɹʘʡʻʩ (ʦʩʥʦʚʠ ʡʤʦʚʽʨʥʽʩʥʦʛʦ ʧʽʜʭʦʜʫ); ʆ.ɺ. ʂʦʧʽʡʢʘ, ʆ.ʄ. ʊʨʦʬʠʤʯʫʢ 

(ʧʦʙʫʜʦʚʘ ʉʇʇʈ), ɼʞ. ʂʨʘʩʢʘʣ, ɸ.ɸ. ɻʫʭʤʘʥ, ʄ. ʃʝʦʥʘʨʜ, ɼʞ. ʉʣʦʘʥ, ʊ. ʃʽ, 

ɹ. ɽʣʴʝhʡʤʝʨ (ʪʝʦʨʽʷ ʧʦʜʽʙʥʦʩʪʽ ʧʨʦʮʝʩʽʚ), ʌ. ɹʝʨʥʰʪʝʡʥ, ʉ. ʍʦʣʩʘʧʧʣ (ʉʇʇʈ) 

ʪʘ ʽʥ. ʈʦʟʨʦʙʢʠ ʪʘ ʧʨʦʛʨʘʤʥʽ ʨʝʘʣʽʟʘʮʽʾ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʘʥʘʣʽʪʠʯʥʠʭ ʩʠʩʪʝʤ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʚ ʛʘʣʫʟʽ ʙʫʜʽʚ-

ʥʠʮʪʚʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʾ ʩʠʩʪʝʤʠ ʃɯʈɸ-ʉɸʇʈ ʚʠʢʣʘʜʝʥʽ ʚ ʨʦʙʦʪʘʭ 

ʆ.ʄ. ʍʽʤʽʯʘ, ʄ.ɻ. ʄʘʨô̒ ʥʢʦʚʘ, ɺ.ɸ. ɼʫʥʽʥʘ, ʖ.ɯ. ʂʘʣʶʭʘ  ʪʘ ʽʥ. [35ï38].  

ɺʽʜʩʫʪʥʽʩʪʴ ʫ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʬʦʥʜʽʚ ʧʝʨʝʩʝʣʝʥʥʷ ʤʝʰʢʘʥʮʽʚ ʟ ʘʚʘʨʽʡʥʠʭ 

ʙʫʜʽʚʝʣʴ ʦʙʫʤʦʚʣʶʻ ʦʩʦʙʣʠʚʫ ʨʝʪʝʣʴʥʽʩʪʴ ʪʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʽʜʛʦʪʦʚʢʠ ʧʝʨʚʠʥʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ, ʥʘʩʪʨʦʶʚʘʥʥʷ ʪʘ ʚʝʨʠʬʽʢʘʮʽ ʾ ʢʦʤʧôʁ ʪʝʨʥʠʭ ʤʦʜʝʣʝʡ ʪʘ ʩʠʩʪʝʤ 

ʤʦʥʽʪʦʨʠʥʛʫ ʅɼʉ ɹɹ, ʨʦʟʚʠʪʢʫ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ, ʚ 

ʨʝʟʫʣʴʪʘʪʽ, ʥʘʜʽʡʥʦʩʪʽ ʪʝʭʥʦʣʦʛʽʡ ʧʨʦʚʝʜʝʥʥʷ ʨʦʙʽʪ, ʧʦʚô̫ ʟʘʥʠʭ ʟ ʚʽʜʥʦʚʣʝʥʥʷʤ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʧʨʠʜʘʪʥʦʩʪʽ ʙʫʜʽʚʝʣʴ (ʫʩʫʥʝʥʥʷ ʥʘʜʥʦʨʤʘʪʠʚʥʠʭ ʢʨʝʥʽʚ). 

ʅʘ ʧʽʜʩʪʘʚʽ ʚʠʢʣʘʜʝʥʦʛʦ ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʟʘʜʘʯʘ ʧʦʙʫʜʦʚʠ ʽʥʬʦʨ-

ʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽ ʾʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʦʾ ʙʫʜʽʚʣʽ 

ʜʣʷ ʣʽʢʚʽʜʘʮʽʾ ʾʾ ʢʨʝʥʫ, ʷʢʘ ʟʘʙʝʟʧʝʯʫ ̒ ʚʠʩʦʢʫ ʥʘʜʽʡʥʽʩʪʴ, ʙʝʟʧʝʢʫ ʪʘ 

ʦʙʯʠʩʣʶʚʘʣʴʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ, ʻ ʘʢʪʫʘʣʴʥʦʶ. 

ɺʘʞʣʠʚʦʶ ʪʘ ʘʢʪʫʘʣʴʥʦʶ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʦʶ ʟʘʜʘʯʝʶ, ʱʦ ʨʦʟʚô̫ ʟʫʻʪʴʩʷ 

ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ, ʻ ʩʪʚʦʨʝʥʥʷ ʥʦʚʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ 

ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ɹɹ (ɯʊɼɹɹ) ʷʢʘ ʤʽʩʪʠʪʴ ʥʘʣʘʰʪʫʚʘʥʥʷ ʪʘ ʚʝʨʠʬʽʢʘʮʽʶ 

ʢʦʤʧôʁ ʪʝʨʥʦʾ ʤʦʜʝʣʽ ɹɹ ʚ ʩʫʢʫʧʥʦʩʪʽ ʟ ʫʪʦʯʥʝʥʥʷʤ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʠʭ ʫʤʦʚ (ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʪʦʯʥʦʛʦ ʊʉ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ɹɹ, ʟʤʽʥʠ ʾʭ ʤʽʮʥʦʩʪʽ ʪʘ ʟʤʽʥʠ 

ʌʄɺ ˇʨʫʥʪʽʚ ʦʩʥʦʚʠ ʟʘ ʯʘʩʦʤ ʪʘ ʜʝʛʨʘʜʘʮʽʻʶ); ʧʽʜʛʦʪʦʚʢʫ, ʦʪʨʠʤʘʥʥʷ ʪʘ ʘʥʘʣʽʟ 
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ʧʝʨʚʠʥʥʦʾ ʪʘ ʦʥʣʘʡʥ-ʽʥʬʦʨʤʘʮʽʾ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʧʨʦʮʝʩʫ ʚʠʨʽʚʥʶʚʘʥʥʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʨʦʟʧʦʜʽʣʝʥʠʭ ʧʦ ɹɹ ʨʦʟʨʦʙʣʝʥʠʭ ʟʘ ʫʯʘʩʪʶ ʟʜʦʙʫʚʘʯʘ ʧʨʝʮʠʟʽʡʥʠʭ 

ʯʫʪʣʠʚʠʭ ʝʣʝʤʝʥʪʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʢʫʪʦʚʠʭ ʜʝʬʦʨʤʘʮʽʡ (ʝʣʝʤʝʥʪʠ DT); 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ ʚ ʩʠʩʪʝʤʽ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʦʤ ʚʠʨʽʚʥʶʚʘʥʥʷ ʥʘ 

ʦʩʥʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʦʥʣʘʡʥ-ʽʥʬʦʨʤʘʮʽʾ ʟ ʽʥʢʣʽʥʦʤʝʪʨʠʯʥʠʭ ʜʘʪʯʠʢʽʚ ʪʘ ʟʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦʪʦʯʥʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʅɼʉ ʙʫʜʽʚʝʣʴʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ɹɹ; ʩʠʩʪʝʤʥʠʡ ʘʥʘʣʽʟ ʦʥʣʘʡʥ-ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʪʘ 

ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʪʦʯʥʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʅɼʉ ɹɹ ʟ ʤʝʪʦʶ ʦʮʽʥʢʠ ʾʾ 

ʧʦʪʦʯʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʜʣʷ ʢʦʨʠʛʫʚʘʥʥʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʧʨʦʪʷʛʦʤ 

ʚʩʴʦʛʦ ʧʨʦʮʝʩʫ ʚʠʨʽʚʥʶʚʘʥʥʷ ʟ ʢʽʥʮʝʚʦʶ ʤʝʪʦʶ ʥʘʜʽʡʥʦʾ ʬʽʢʩʘʮʽʾ ʙʫʜʽʚʣʽ ʚ ʥʦʚʦʤʫ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʧʦʣʦʞʝʥʥʽ ʧʨʠ ʦʜʥʦʯʘʩʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʥʘʜʽʡʥʦʛʦ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ɹɹ ʙʝʟ ʟʫʧʠʥʢʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʽʥʞʝʥʝʨʥʠʭ ʤʝʨʝʞ ɹɹ, 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ (ʣʽʬʪʠ ʪʘ ʽʥ.) ʪʘ ʚʽʜʩʝʣʝʥʥʷ ʤʝʰʢʘʥʮʽʚ. 

ɿʚô̫ ʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʚʠʢʦʥʫʚʘʣʘʩʷ ʚ ʨʘʤʢʘʭ ʜʦʩʣʽʜʞʝʥʴ ʟʘ ʪʝʤʘʤʠ: çʈʦʟʨʦʙʢʘ 

ʦʙ-ʯʠʩʣʶʚʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʤʝʪʦʜʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʥʝʩʪʘʮʽʦʥʘʨ-ʥʠʭ ʧʨʦʮʝʩʽʚè (2016ï2020 ʨʨ., ʥʦʤʝʨ ɼʝʨʞʘʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ 

0116U000793); çʈʦʟ-ʨʦʙʢʘ ʙʘʛʘʪʦʭʚʠʣʴʦʚʠʭ ʥʝʣʽʥʽʡʥʠʭ ʤʦʜʝʣʝʡ ʧʨʦʩʪʦʨʦʚʠʭ 

ʧʨʦʪʷʞʥʠʭ ʩʠʩʪʝʤ ʪʘ ʦʙôʻʢʪʽʚ ʚ ʧʦʣʽ ʤʘʩʦʚʠʭ ʽ ʧʦʚʝʨʭʥʝʚʠʭ ʩʠʣè (2022ï2026 ʨʨ., 

ʥʦʤʝʨ ɼʝʨʞʘʚʥʦʾ ʨʝ-ʻʩʪʨʘʮʽʾ 0122U000147) (ɯʊɻɯʇ ʅɸʅʋ). 

ʄʝʪʘ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʨʦʟʨʦʙʢʘ ʥʦʚʦʾ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ɹɹ ʜʣʷ ʣʽʢʚʽʜʘʮʽʾ ʾʾ 

ʥʘʜʥʦʨʤʘʪʠʚʥʦʛʦ ʢʨʝʥʫ ʧʨʠ ʦʜʥʦʯʘʩʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʥʘʜʽʡʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ɹɹ ʧʨʦʪʷʛʦʤ ʚʩʴʦʛʦ ʧʨʦʮʝʩʫ ʚʠʨʽʚʥʶʚʘʥʥʷ ʙʝʟ ʟʫʧʠʥʢʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʾʾ 

ʽʥʞʝʥʝʨʥʠʭ ʤʝʨʝʞ, ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ (ʣʽʬʪʠ ʪʘ ʽʥ.) ʪʘ ʚʽʜʩʝʣʝʥʥʷ 

ʤʝʰʢʘʥʮʽʚ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ ʧʨʦʛʥʦʟʫ ʟʤʽʥ ʊʉ ɹɹ ʧʨʠ ʢʝʨʦʚʘʥʦʤʫ 

ʫʩʫʥʝʥʥʽ ʥʘʜʥʦʨʤʘʪʠʚʥʦʛʦ ʢʨʝʥʫ ʪʘ ʧʨʠʡʤʘʪʠ ʚʽʜʧʦʚʽʜʘʣʴʥʽ ʫʧʨʘʚʣʽʥʩʴʢʽ 

ʨʽʰʝʥʥʷ ʚ ʫʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʪʘ ʨʠʟʠʢʫ ʙʫʜʽʚʝʣʴʥʠʭ ʘʚʘʨʽʡ. 

ɿʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ: 

ï ʩʠʩʪʝʤʘʪʠʟʫʚʘʪʠ ʪʘ ʫʟʘʛʘʣʴʥʠʪʠ ʽʥʬʦʨʤʘʮʽʶ ʱʦʜʦ ʩʫʯʘʩʥʠʭ 
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ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʽ ʤʦʥʽʪʦʨʠʥʛʦʚʠʭ ʩʠʩʪʝʤ, ʱʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʪʝʭʥʽʮʽ, ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʽ ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ 

ʦʩʥʦʚ ʽ ʬʫʥʜʘʤʝʥʪʽʚ ʙʫʜʽʚʝʣʴ, ʪʝʦʨʝʪʠʯʥʠʭ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽʟ 

ʨʝʻʩʪʨʘʮʽʾ ʥʝʨʽʚʥʦʤʽʨʥʠʭ ʦʩʽʜʘʥʴ ʽ ʢʨʝʥʽʚ; 

ï ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠʯʥʠʡ, ʘʧʘʨʘʪʥʠʡ, ʤʘʪʝʤʘʪʠʯʥʠʡ, ʘʣʛʦʨʠʪʤʽʯʥʠʡ ʽ 

ʧʨʦʛʨʘʤʥʠʡ ʘʧʘʨʘʪ ɯʊɼɹɹ, ʱʦ ʤʽʩʪʠʪʴ ʜʦʜʘʪʢʦʚʦ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʙʫʜʽʚʝʣʴ ʽ 

ˇʨʫʥʪʽʚ ʦʩʥʦʚʠ, ʱʦ ʙʫʜʫʪʴ ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʧʨʦʮʝʩʽ ʚʠʨʽʚʥʶʚʘʥʥʷ ɹɹ; 

ï ʫʜʦʩʢʦʥʘʣʠʪʠ ʧʨʝʮʠʟʽʡʥʽ ʯʫʪʣʠʚʽ ʽʥʢʣʽʥʦʤʝʪʨʠʯʥʽ ʝʣʝʤʝʥʪʠ, ʧʨʦʚʝʩʪʠ ʾʭ 

ʪʝʩʪʫʚʘʥʥʷ ʪʘ ʚʽʜʧʦʚʽʜʥʽ ʤʝʪʨʦʣʦʛʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ;  

ï ʨʦʟʨʦʙʠʪʠ ʧʨʦʛʨʘʤʫ ʦʧʝʨʘʪʠʚʥʦʾ ʦʙʨʦʙʢʠ ʚ ʦʥʣʘʡʥ-ʨʝʞʠʤʽ ʝʢʩʧʝʨʠʤʝʥʪʘ-

ʣʴʥʠʭ ʜʘʥʠʭ ʟ ʧʨʝʮʠʟʽʡʥʠʭ ʽʥʢʣʽʥʦʤʝʪʨʠʯʥʠʭ ʜʘʪʯʠʢʽʚ, ʱʦ ʙʫʜʫʪʴ ʨʦʟʧʦʜʽʣʝʥʽ ʧʦ ɹɹ 

ʚ ʧʨʦʮʝʩʽ ʣʽʢʚʽʜʘʮʽʾ ʾʾ ʥʘʜʥʦʨʤʘʪʠʚʥʦʛʦ ʢʨʝʥʫ ʪʘ ʛʨʘʬʽʯʥʦʾ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ 

ʜʣʷ ʢʨʘʱʦʛʦ ʩʧʨʠʡʥʷʪʪʷ ʽʥʬʦʨʤʘʮʽʾ ʦʩʦʙʦʶ, ʱʦ ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ (ʆʇʈ); 

ï ʫʜʦʩʢʦʥʘʣʠʪʠ ʩʠʩʪʝʤʫ ʧʝʨʝʜʘʯʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʟ 

ʽʥʢʣʽʥʦʤʝʪʨʠʯʥʠʭ ʜʘʪʯʠʢʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʭʤʘʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ; 

ï ʩʠʥʪʝʟʫʚʘʪʠ ʫʩʝ ʚʠʱʝʟʛʘʜʘʥʝ ʫ ʚʠʛʣʷʜʽ ʥʦʚʦʾ ɯʊɼɹɹ. 

ʆʙô̒ ʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʥʝʣʽʥʽʡʥʽ ʥʝʩʪʘʮʽʦʥʘʨʥʽ ʧʨʦʮʝʩʠ ʧʨʠ ʣʽʢʚʽʜʘʮʽʾ 

ʥʘʜʥʦʨʤʘʪʠʚʥʠʭ ʢʨʝʥʽʚ ɹɹ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ ʚ ʫʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʽ 

ʙʫʜʽʚʝʣʴʥʠʭ ʨʠʟʠʢʽʚ.  

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʦʥʣʘʡʥ-ʦʮʽʥʢʠ ʪʘ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʝʚʦʣʶʮʽʾ ʊʉ ɹɹ ʧʨʠ ʥʝʣʽʥʽʡʥʠʭ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʧʨʦʮʝʩʘʭ 

(ʣʽʢʚʽʜʘʮʽʾ ʥʘʜʥʦʨʤʘʪʠʚʥʠʭ ʢʨʝʥʽʚ ɹɹ) ʥʘ ʦʩʥʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʟ 

ʽʥʢʣʽʥʦʤʝʪʨʠʯʥʠʭ ʜʘʪʯʠʢʽʚ, ʱʦ ʫʪʦʯʥʶʶʪʴ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʽ ʫʤʦʚʠ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʧʨʠʢʣʘʜʥʠʭ ʧʨʦʛʨʘʤ, ʩʠʥʪʝʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʘ 

ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʫ ʚʠʛʣʷʜʽ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ 

ʆʇʈ ʧʨʦʪʷʛʦʤ ʚʩʴʦʛʦ ʧʨʦʮʝʩʫ ʚʠʨʽʚʥʶʚʘʥʥʷ ʪʘ ʜʝʷʢʦʛʦ ʯʘʩʫ ʧʽʩʣʷ ʡʦʛʦ ʟʘʢʽʥʯʝʥʥʷ 

ʚ ʫʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʟʤʽʥʠ ʌʄɺ ˇʨʫʥʪʽʚ ʦʩʥʦʚʠ, ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʦʢʨʝʤʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ɹɹ ʽ ʨʠʟʠʢʽʚ ʾʾ ʨʫʡʥʫʚʘʥʥʷ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ. ɼʣʷ ʘʥʘʣʽʟʫ ʽ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ  

ʤʝʪʦʜʠ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ, ʝʢʩʧʝʨʪʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ. ɼʣʷ ʧʦʙʫʜʦʚʠ, 
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ʘʥʘʣʽʟʫ ʽ ʦʮʽʥʶʚʘʥʥʷ ʧʨʦʛʥʦʟʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʨʝʟʫʣʴʪʘʪʠ ʯʠʩʝʣʴʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʅɼʉ ɹɹ, ʾʾ ˇʨʫʥʪʦʚʠʭ ʦʩʥʦʚ ʟ ʟʘʣʫʯʝʥʥʷʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʘʥʠʭ ʪʝʭʥʽʯʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ɹɹ ʪʘ ̔ʥʰʽ ʤʝʪʦʜʠ. ɼʣʷ ʨʦʟʨʦʙʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʪʝʭʥʦʣʦʛʽʾ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜʠ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ. ɼʣʷ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʡ 

ɯʊɼɹɹ ï ʧʨʠʢʣʘʜʥʝ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʤʝʪʦʜʠ ʨʝʘʣʽʟʘʮʽʾ ʩʠʩʪʝʤ ʧʽʜʪʨʠʤʢʠ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ (ʉʇʇʈ) ʧʨʠ ʚʠʨʽʚʥʶʚʘʥʥʽ ɹɹ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʩʬʦʨʤʫʣʴʦʚʘʥʘ ʫ 

ʥʘʩʪʫʧʥʠʭ ʥʘʫʢʦʚʠʭ ʧʦʣʦʞʝʥʥʷʭ, ʱʦ ʚʠʥʦʩʷʪʴʩʷ ʥʘ ʟʘʭʠʩʪ:  

ɺʧʝʨʰʝ: 

ï ʨʦʟʨʦʙʣʝʥʦ ɯʊɼɹɹ ʜʣʷ ʣʽʢʚʽʜʘʮʽʾ ʢʨʝʥʫ ʙʫʜʽʚʣʽ ʚ ʫʤʦʚʘʭ ʧʦʩʪʽʡʥʦʾ ʟʤʽʥʠ ʾʾ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʥʷ, ʌʄɺ ˇʨʫʥʪʽʚ ʦʩʥʦʚʠ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ ʦʢʨʝʤʠʭ 

ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ (ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ) ʙʝʟ ʟʫʧʠʥʢʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʽʥʞʝʥʝʨʥʠʭ ʤʝʨʝʞ ɹɹ, ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ (ʣʽʬʪʠ ʪʘ ʽʥ.) ʪʘ ʚʽʜʩʝʣʝʥʥʷ 

ʤʝʰʢʘʥʮʽʚ ʧʨʦʪʷʛʦʤ ʚʩʴʦʛʦ ʯʘʩʫ ʚʠʨʽʚʥʶʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʜʝʷʢʦʛʦ ʯʘʩʫ ʧʽʩʣʷ ʡʦʛʦ 

ʟʘʚʝʨʰʝʥʥʷ; 

ï ʨʦʟʨʦʙʣʝʥʦ ʩʧʝʮʽʘʣʽʟʦʚʘʥʫ ʧʨʦʛʨʘʤʫ çPendulumè ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʾ ʦʙʨʦʙʢʠ ʚ 

ʦʥʣʘʡʥ-ʨʝʞʠʤʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʟ ʧʨʝʮʠʟʽʡʥʠʭ ʽʥʢʣʽʥʦʤʝʪʨʠʯʥʠʭ ʜʘʪʯʠʢʽʚ, 

ʱʦ ʨʦʟʧʦʜʽʣʝʥʽ ʧʦ ɹɹ (ʝʣʝʤʝʥʪʠ DT), ʚ ʧʨʦʮʝʩʽ ʣʽʢʚʽʜʘʮʽʾ ʾʾ ʥʘʜʥʦʨʤʘʪʠʚʥʦʛʦ ʢʨʝʥʫ, 

ʘ ʪʘʢʦʞ ʜʣʷ ʛʨʘʬʽʯʥʦʾ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʟʘʜʣʷ ʢʨʘʱʦʛʦ ʩʧʨʠʡʥʷʪʪʷ 

ʽʥʬʦʨʤʘʮʽʾ ɯʊɼɹɹ ʆʇʈ, ʱʦ ʻ ʝʣʝʤʝʥʪʦʤ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ ʧʨʠ ʧʽʜʪʨʠʤʮʽ 

ʦʧʝʨʘʪʠʚʥʠʭ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʚ ʧʨʦʮʝʩʽ ʣʽʢʚʽʜʘʮʽʾ ʥʘʜʥʦʨʤʘʪʠʚʥʦʛʦ ʢʨʝʥʫ ɹɹ. 

ʋʜʦʩʢʦʥʘʣʝʥʦ: 

ï ʤʘʪʝʤʘʪʠʯʥʦ-ʘʣʛʦʨʠʪʤʽʯʥʠʡ ʘʧʘʨʘʪ ɯʊɼɹɹ, ʱʦ ʤʽʩʪʠʪʴ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ 

ʙʫʜʽʚʝʣʴ ʪʘ ˇʨʫʥʪʽʚ ʦʩʥʦʚʠ, ʱʦ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʧʨʦʮʝʩʽ ʚʠʨʽʚʥʶʚʘʥʥʷ ɹɹ.  

ï ʧʨʝʮʠʟʽʡʥʽ ʯʫʪʣʠʚʽ ʽʥʢʣʽʥʦʤʝʪʨʠʯʥʽ ʝʣʝʤʝʥʪʠ, ʨʦʟʨʦʙʣʝʥʦ ʩʧʝʮʽʘʣʴʥʠʡ ʩʪʝʥʜ 

ʜʣʷ ʾʭ ʪʝʩʪʫʚʘʥʥʷ ʪʘ ʧʨʦʚʝʜʝʥʥʷ ʤʝʪʨʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ; 

ï ʙʝʟʧʝʨʝʨʚʥʠʡ ʟʚô̫ ʟʦʢ ʤʽʞ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʤʽʨʶʚʘʥʴ ʚʽʜ ʧʨʝʮʠʟʽʡʥʠʭ ʯʫʪʣʠʚʠʭ 

ʽʥʢʣʽʥʦʤʝʪʨʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʨʦʟʧʦʜʽʣʝʥʽ ʧʦ ɹɹ, ʪʘ ʧʘʢʝʪʦʤ ʧʨʠʢʣʘʜʥʠʭ ʧʨʦʛʨʘʤ 

ʃɯʈɸ ʉɸʇʈ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʚʨʘʭʫʚʘʥʥʷ ʟʤʽʥʠ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʠʭ ʫʤʦʚ ʧʨʠ 
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ʧʦʪʦʯʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ ʅɼʉ ɹɹ ʧʨʦʪʷʛʦʤ ʚʩʴʦʛʦ ʧʨʦʮʝʩʫ ʚʠʨʽʚʥʶʚʘʥʥʷ ʪʘ ʜʝʷʢʦʛʦ 

ʯʘʩ ʧʽʩʣʷ ʡʦʛʦ ʟʘʚʝʨʰʝʥʥʷ. 

ʆʪʨʠʤʘʣʘ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʩʠʩʪʝʤʘ ʧʝʨʝʜʘʯʽ ʮʠʬʨʦʚʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʟ ʧʨʝʮʠʟʽʡʥʠʭ ʽʥʢʣʽʥʦʤʝʪʨʠʯʥʠʭ ʜʘʪʯʠʢʽʚ, ʱʦ ʨʦʟʧʦʜʽʣʝʥʽ 

ʧʦ ɹɹ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʫʯʘʩʥʠʭ ʭʤʘʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ (ʝʣʝʤʝʥʪʠ Internet of Things (IoT)). 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʅʘʫʢʦʚʽ, ʤʝʪʦʜʠʯʥʽ ʪʘ 

ʧʨʘʢʪʠʯʥʽ ʨʦʟʨʦʙʢʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʫ ʚʠʛʣʷʜʽ ʥʦ-ʚʦʾ ɯʊɼɹɹ ɹɹ ʚʧʨʦʚʘʜʞʝʥʽ ʚ 

ʙʫʜʽʚʝʣʴʥʫ ʧʨʘʢʪʠʢʫ ʤ. ɿʘʧʦʨʽʞʞʷ ʧʨʠ ʣʽʢʚʽʜʘʮʽʾ ʥʘʜʥʦʨʤʘʪʠʚʥʠʭ ʢʨʝʥʽʚ 7 ɹɹ 

(ʜʦʚʽʜʢʘ ʧʨʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʘʚʝʜʝʥʘ ʚ ɼʦʜʘʪʢʫ ɸ1). ɿʜʦʙʫʚʘʯ ʙʨʘʚ ʫʯʘʩʪʴ ʚ 

ʨʦʟʨʦʙʮʽ ʥʦʨʤʘʪʠʚʥʦʛʦ ʜʦʢʫʤʝʥʪʫ ʚʽʪʯʠʟʥʷʥʦʾ ʙʫ-ʜʽʚʝʣʴʥʦʾ ʛʘʣʫʟʽ ɼʉʊʋ-ʅ ɹ ɺ.1.2-

17:2016 (ɼʦʜʘʪʦʢ ɸ2). 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ɸʚʪʦʨʦʤ ʩʘʤʦʩʪʽʡʥʦ ʦʪʨʠʤʘʥʽ ʪʝʦʨʝʪʠʯʥʽ ʪʘ 

ʧʨʘʢʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʱʦ ʚʠʥʦʩʷʪʴʩʷ ʥʘ ʟʘʭʠʩʪ. ɸʚʪʦʨʦʤ ʦʩʦʙʠʩʪʦ ʚʠʢʦʥʘʥʦ 

ʧʦʰʫʢ ʪʘ ʘʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʟʘ ʪʝʤʘʪʠʢʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʧʨʘʮʽ, 

ʨʦʟʨʦʙʣʝʥʽ ʥʘʫʢʦʚʽ ʧʦʣʦʞʝʥʥʷ, ʚʠʩʥʦʚʢʠ ʪʘ ʨʝʢʦʤʝʥʜʘʮʽʾ. ɺ ʨʦʙʦʪʘʭ, ʱʦ 

ʦʧʫʙʣʽʢʦʚʘʥʽ ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ, ʟʜʦʙʫʚʘʯ:  ʫ ʩʪʘʪʪʷʭ [1, 2, 3, 23, 24, 25, 27] ï ʚʟʷʚ 

ʫʯʘʩʪʴ ʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ (ʚʽʟʫʘʣʴʥʽ ʦʙʩʪʝʞʝʥʥʷ, 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʨʝʻʩʪʨʘʮʽʷ ʧʘʨʘʤʝʪʨʽʚ ˇʨʫʥʪʫ ʪʘ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ), 

ʦʬʦʨʤʣʝʥʥʽ ʩʪʘʪʝʡ ʜʦ ʜʨʫʢʫ; ʚ ʧʨʘʮʷʭ [4, 5, 6, 7] ï ʚʜʦʩʢʦʥʘʣʠʚ ʤʘʪʝʤʘʪʠʯʥʽ 

ʤʦʜʝʣʽ, ʥʘʧʠʩʘʚ ʧʨʦʛʨʘʤʫ, ʚʠʢʦʥʘʚ ʯʠʩʝʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʨʦʟʨʘʭʫʥʢʠ, 

ʚʽʟʫʘʣʴʥʽ ʦʙʩʪʝʞʝʥʥʷ ʪʘ ʨʝʻʩʪʨʘʮʽʶ ʧʘʨʘʤʝʪʨʽʚ ˇʨʫʥʪʫ ʪʘ ʙʫʜʽʚʝʣʴʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ; ʚ ʩʪʘʪʪʷʭ [8, 9, 10, 11, 12] ï ʥʘʧʠʩʘʚ ʧʨʦʛʨʘʤʫ, ʧʨʦʚʽʚ ʯʠʩʝʣʴʥʽ 

ʨʦʟʨʘʭʫʥʢʠ, ʚʟʷʚ ʫʯʘʩʪʴ ʚ ʦʪʨʠʤʘʥʥʽ ʪʘ ʘʥʘʣʽʟʽ ʨʝʟʫʣʴʪʘʪʽʚ, ʚʟʷʚ ʫʯʘʩʪʴ ʚ 

ʦʬʦʨʤʣʝʥʥʽ ʩʪʘʪʝʡ; ʚ ʩʪʘʪʪʷʭ [13, 14, 15, 16, 17, 26] ï ʚʠʢʦʥʘʚ ʨʦʟʨʘʭʫʥʢʠ, ʧʨʦʚʽʚ 

ʚʽʟʫʘʣʴʥʽ ʦʙʩʪʝʞʝʥʥʷ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ ʨʝʻʩʪʨʘʮʽʶ ʧʘʨʘʤʝʪʨʽʚ ˇʨʫʥʪʫ ʪʘ 

ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʧʨʦʘʥʘʣʽʟʫʚʘʚ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ, ʚʟʷʚ ʫʯʘʩʪʴ ʚ 

ʦʬʦʨʤʣʝʥʥʽ ʩʪʘʪʝʡ; ʚ ʩʪʘʪʪʷʭ [18, 19, 20, 21, 22] ï ʚʟʷʚ ʫʯʘʩʪʴ ʚ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ; [28, 29] ï ʚʟʷʚ ʫʯʘʩʪʴ ʫ ʨʦʟʨʦʙʮʽ ʧʘʪʝʥʪʽʚ 

ʋʢʨʘʾʥʠ, ʦʬʦʨʤʣʝʥʥʽ ʪʘ ʧʽʜʛʦʪʦʚʮʽ ʾʭ ʜʦ ʧʦʜʘʥʥʷ ʥʘ ʨʦʟʛʣʷʜ. 
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ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʾ ʜʦʧʦʚʽʜʘʣʠʩʷ ʟ 

2008 ʨ. ʧʦ 2023 ʨ. ʥʘ: 19-ʡ ʪʘ 20-ʡ ʄʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʠʭ 

ʢʦʥʬʝʨʝʥʮʽʷʭ çʉʫʯʘʩʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʫʧʨʘʚʣʽʥʥʷ ʝʢʦʣʦʛʽʯʥʦʶ 

ʙʝʟʧʝʢʦʶ, ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷʤ, ʟʘʭʦʜʘʤʠ ʚ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʷʭè (ʂʠʾʚ, 

ʇʫʱʘ-ɺʦʜʠʮʷ, 2021ï2022); ʄʽʞʥʘʨʦʜʥʦʤʫ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʤʫ ʩʠʤʧʦʟʽʫʤʽ 

çProblems of Improper Construction and Monitoring of Structuresè (ʆʩʘʢʘ, ʗʧʦʥʽʷ, 

2011); 27th European Young Geotechnical Engineers Conference (ɹʦʜʨʫʤ, 

ʊʫʨʝʯʯʠʥʘ, 2019); 4th International Young Geotechnical Engineers Conference 

(ʆʣʝʢʩʘʥʜʨʽʷ, ɭʛʠʧʝʪ, 2009); ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ 

çʅʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʧʨʦʛʨʝʩʩ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝè (ɹʘʢʫ, ɸʟʝʨʙʘʡʜʞʘʥ, 2014); 

VI International Scientific and Practical Conference çModeling, Control and 

Information Technologiesè (ʈʽʚʥʝ, ʋʢʨʘʾʥʘ, 2023); ʂʦʥʬʝʨʝʥʮʽʾ çɻʽʜʨʦʪʝʭʥʽʯʥʝ ʪʘ 

ʪʨʘʥʩʧʦʨʪʥʝ ʙʫʜʽʚʥʠʮʪʚʦè (ʆʜʝʩʘ, 2017); ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ 

ʢʦʥʬʝʨʝʥʮʽʾ çɻʝʦʪʝʭʥʠʢʘ ɹʝʣʘʨʫʩʠ: ʥʘʫʢʘ ʠ ʧʨʘʢʪʠʢʘè (ʄʽʥʩʴʢ, ʈʝʩʧʫʙʣʽʢʘ 

ɹʽʣʦʨʫʩʴ, 2008); V ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʅʘʜʝʞʥʦʩʪʴ ʠ 

ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʦʩʥʦʚʘʥʠʡ 

ʬʫʥʜʘʤʝʥʪʦʚè (ɺʦʣʛʦʛʨʘʜ, ʈʌ, 2009); ɺʩʝʨʦʩʽʡʩʴʢʦʤʫ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʤʫ 

ʩʝʤʽʥʘʨʽ çɻʝʦʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʥʦʚʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠè 

(ʅʦʚʦʩʠʙʽʨʩʴʢ, ʈʌ, 2011); ʄʽʞʥʘʨʦʜʥʽʡ ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ 

çʉʪʨʦʠʪʝʣʴʩʪʚʦ: ʧʨʦʙʣʝʤʳ ʠ ʧʝʨʩʧʝʢʪʠʚʳè (ʄʘʭʘʯʢʘʣʘ, ʈʌ, 2013); ʄʽʞʥʘʨʦʜʥʽʡ 

ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʉʦʚʨʝʤʝʥʥʳʝ ʛʝʦʪʝʭʥʦʣʦʛʠʠ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ 

ʠʭ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʧʨʦʚʦʞʜʝʥʠʝè (ʉʇʙ, ʈʌ, 2014) ʪʘ ʽʥ. 

ʋ ʧʦʚʥʦʤʫ ʦʙʩʷʟʽ ʜʠʩʝʨʪʘʮʽʷ ʜʦʧʦʚʽʜʘʣʘʩʷ ʫ ʩʝʨʧʥʽ 2023 ʨ. ʥʘ ʨʦʟʰʠʨʝʥʦʤʫ 

ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʤʫ ʩʝʤʽʥʘʨʽ ɯʊɻɯʇ ʅɸʅʋ (ʢʝʨʽʚʥʠʢ ʩʝʤʽʥʘʨʫ ʜ.ʪ.ʥ., ʧʨʦʬ., ʯʣ.-

ʢʦʨ. ʅɸʅʋ ʊʨʦʬʠʤʯʫʢ ʆ.ʄ.). 

ʇʫʙʣʽʢʘʮʽʾ. ɿʘʛʘʣʦʤ ʦʧʫʙʣʽʢʦʚʘʥʦ ʜʚʘʜʮʷʪʴ ʜʝʚô̫ ʪʴ ʧʫʙʣʽʢʘʮʽʡ ʫ 

ʧʨʦʬʝʩʽʡʥʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ, ʪʨʠ ʟ ʷʢʠʭ ï ʧʨʦʽʥʜʝʢʩʦʚʘʥʽ ʚ ɹɼ SCOPUS, ʚʽʩʽʤ 

ï ʫ ʚʠʜʘʥʥʷʭ, ʱʦ ʟʘʪʚʝʨʜʞʝʥʽ ʄʆʅ ʋʢʨʘʾʥʠ. ɼʦʜʘʪʢʦʚʦ ʚʽʜʦʙʨʘʞʝʥʽ ʥʘʫʢʦʚʽ 

ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʾ ʫ ʜʦʧʦʚʽʜʷʭ ʥʘ ʤʽʞʥʘʨʦʜʥʠʭ ʪʘ ʚʩʝʫʢʨʘʾʥʩʴʢʠʭ 

ʢʦʥʬʝʨʝʥʮʽʷʭ. ɼʚʽ ʧʫʙʣʽʢʘʮʽʾ ï ʧʘʪʝʥʪʠ ʋʢʨʘʾʥʠ. 



32 

ʉʪʨʫʢʪʫʨʘ ʡ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ. ɺ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʻ ʚʩʪʫʧ, 4 ʨʦʟʜʽʣʠ, 

ʚʠʩʥʦʚʢʽʚ, 4 ʜʦʜʘʪʢʠ ʪʘ ʩʧʠʩʦʢ ʚʠʢʦ-ʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ. ʄʽʩʪʠʪʴ 10 ʪʘʙʣʠʮʴ ʪʘ 79 

ʨʠʩʫʥʢʽʚ. ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʥʘʣʽʯʫʻ 185 ʥʘʡʤʝʥʫʚʘʥʥʷ. ɿʘʛʘʣʴʥʠʡ 

ʦʙʩʷʛ ï 242 ʩʪʦʨʽʥʢʠ. ʆʩʥʦʚʥʠʡ ʪʝʢʩʪ ï 126 ʩʪʦʨʽʥʦʢ. 

ɸʚʪʦʨ ʚʠʩʣʦʚʣʶʻ ʧʦʜʷʢʫ ʧʝʨʰʦʤʫ ʥʘʫʢʦʚʦʤʫ ʢʝʨʽʚʥʠʢʫ ʜ.ʪ.ʥ., ʧʨʦʬ. ɹʘ-

ʥʘʭʫ ɺ.ɸ. ʪʘ ʩʧʽʚʘʚʪʦʨʘʤ ʧʫʙʣʽʢʘʮʽʡ ï ʩʧʽʚʨʦʙʽʪʥʠʢʘʤ ɿʘʧʦʨʽʟʴʢʦʛʦ ʚʽʜʜʽʣʝʥʥʷ 

ɼʇ ʅɼɯɹʂ ʪʘ ʊʆɺ çɻʝʦʽʥʞʠʥʽʨʠʥʛè.  
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ʈʆɿɼɯʃ 1. ʆɻʃʗɼ ʃɯʊɽʈɸʊʋʈʀ ɿɸ ʊɽʄʆʖ ɼʀʉɽʈʊɸʎɯɰ 

 

1.1. ɿʘʩʪʦʩʫʚʘʥʥʷ ɯʊ ʜʣʷ ʜʘ̔ʛʥʦʩʪʠʢʠ ʊʉ ʦʙô̒ ʢʪʽʚ 

 

ʉʚʽʪʦʚʘ ʧʨʘʢʪʠʢʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʝʭʥʽʯʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʩʧʦʨʫʜ ʟʘʨʘʟ ʟʘʟʥʘʻ 

ʩʫʪʪʻʚʠʭ ʟʤʽʥ. ɺʦʥʘ ʡʜʝ ʰʣʷʭʦʤ ʩʪʚʦʨʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʫʧʨʘʚʣʽʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʻʶ 

ʢʦʥʩʪʨʫʢʮʽʡ, ʢʦʣʠ ʤʦʞʥʘ ʙʫʜʝ ʙʫʜʴ-ʷʢʦʾ ʤʠʪʽ ʟʥʘʪʠ ʊʉ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ 

ʤʦʜʝʣʶʚʘʪʠ ʾʾ ʧʦʚʝʜʽʥʢʫ ʚ ʤʘʡʙʫʪʥʴʦʤʫ. ɿʨʝʰʪʦʶ ʮʝʡ ʧʽʜʭʽʜ ʤʘʻ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʩʪʚʦʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʧʦʩʪʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ (ʪʝʤʧʝʨʘʪʫʨʠ, ʚʦʣʦʛʦʩʪʽ, ʥʘʧʨʫʛ ʫ ʥʝʩʫʯʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ ʪʦʱʦ). 

ɺʠʤʦʛʘ ʨʘʮʽʦʥʘʣʴʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ ʧʝʨʝʜʙʘʯʘʻ, ʱʦ ʚʞʝ 

ʥʝʜʦʩʪʘʪʥʴʦ ʦʮʽʥʶʚʘʪʠ ʾʭ ʩʪʘʥ çʥʘ ʦʢʦè. ʇʦʪʨʽʙʥʘ ʯʽʪʢʘ ʦʙô̒ ʢʪʠʚʥʘ ʽʥʬʦʨʤʘʮʽʷ. 

ʊʦʤʫ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚʩʝʦʩʷʞʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʻ ʥʝ ʣʠʰʝ ʩʚʦʻʯʘʩʥʠʤʠ, 

ʘ ʡ ʥʝʦʙʭʽʜʥʠʤʠ [39]. 

ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʠ ʟ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʢʦʤʫʥʘʣʴʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ [40, 41] 

ʧʦʢʘʟʫʻ, ʱʦ ʩʝʨʝʜ ʬʘʭʽʚʮʽʚ ʬʦʨʤʫʻʪʴʩʷ ʥʦʚʝ ʨʦʟʫʤʽʥʥʷ ʧʨʦʙʣʝʤʠ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʙʫʜʽʚʝʣʴ, ʩʧʦʨʫʜ, ʚʟʘʛʘʣʽ ʙʫʜʴ-ʷʢʠʭ ʪʝʭʥʽʯʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʽ ʩʠʩʪʝʤ. ʇʨʠʚʝʨʪʘʻ 

ʫʚʘʛʫ ʪʦʡ ʬʘʢʪ, ʱʦ ʚʩʽ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʥʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʘʙʦ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʟʘʩʦʙʠ 

ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʟʥʘʯʝʥʴ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʦʙô̒ ʢʪʘ, 

ʘʙʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʤʘʪʠ ʜʦʢʣʘʜʥʽ ʪʘ ʜʦʩʪʦʚʽʨʥʽ ʜʘʥʽ ʧʨʦ ʦʙô̒ ʢʪ. 

ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʚʩʽ ʚʦʥʠ ʧʦʚô̫ ʟʘʥʽ ʟ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ ʪʘ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʤʦʥʽʪʦʨʠʥʛʦʤ. 

ʊʝʦʨʝʪʠʯʥʦ  ʁʦʩʥʦʚʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʨʦʙʦʪʠ ʟʘʢʦʨʜʦʥʥʠʭ ʪʘ ʚʽʪʯʠʟʥʷʥʠʭ 

ʚʯʝʥʠʭ ʪʘ ʬʘʭʽʚʮʽʚ ʚ ʛʘʣʫʟʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʟʦʢʨʝʤʘ 

ʆ.ʄ. ʊʨʦʬʠʤʯʫʢʘ, ʄ.ɿ. ʐʚʠʜʝʥʢʘ (ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʚ 

ʫʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ); ʇ.ɯ. ɹʽʜʶʢʘ, ʆ.ʄ. ʊʝʨʝʥʪʴʝʚʘ (ʤʝʪʦʜʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʧʦʚʝʜʽʥʢʠ ʥʝʣʽʥʽʡʥʠʭ ʩʠʩʪʝʤ); ɭ.ɺ. ɹʦʜʷʥʩʴʢʦʛʦ., ɺ.ɯ. ʃʠʪʚʠʥʝʥʢʘ (ʤʝʪʦʜʠ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ); ɺ.ɿ. ɿʛʫʨʦʚʩʴʢʦʛʦ, ʅ.ɼ. ʇʘʥʢʨʘʪʦʚʦ ʾ(ʪʝʦʨʽʷ ʪʘ 

ʧʨʠʢʣʘʜʥʽ ʤʝʪʦʜʠ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ); ʖ.ʇ. ɿʘʡʯʝʥʢʘ, ʖ.ɯ. ʂʘʣʶʭʘ (ʤʝʪʦʜʠ 

ʥʝʯʽʪʢʦʛʦ ʘʥʘʣʽʟʫ ʽ ʤʦʜʝʣʶʚʘʥʥʷ); ʉ.ʌ. ʊʝʣʝʥʠʢʘ (ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ); ɼʞ. 
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ʂʨʘʩʢʘʣʘ, ɸ.ɸ. ɻʫʭʤʘʥʘ, ʄ. ʃʝʦʥʘʨʜʘ, ɼʞ. ʉʣʦʘʥʘ, ʊ. ʃ,̔ ɹ. ɽʣʴʰʝʡʤʝʨʘ (ʪʝʦʨʽʷ 

ʧʦʜʽʙʥʦʩʪʽ ʧʨʦʮʝʩʽʚ); ʌ. ɹʝʨʥʰʪʝʡʥʘ, ʉ. ʍʦʣʩʘʧʧʣʘ (ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ) ʪʘ ʽʥʰʠʭ [32, 33, 26, 27, 29ï31, 34, 42ï46].  

ʊʨʠʚʘʣʝ ʽʩʥʫʚʘʥʥʷ ʪʨʝʥʜʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ ʘʙʦ ʜʝʬʽʮʠʪʫ ʥʘʧʨʫʛʠ, 

ʤʦʞʝ ʙʫʪʠ ʧʨʠʯʠʥʦʶ ʮʽʣʦʛʦ ʨʷʜʫ ʥʝʙʝʟʧʝʯʥʠʭ ʽ ʢʘʪʘʩʪʨʦʬʽʯʥʠʭ ʷʚʠʱ ʷʢ ʫ 

ʪʝʭʥʽʯʥʠʭ, ʪʘʢ ʽ ʚ ʧʨʠʨʦʜʥʠʭ ʩʠʩʪʝʤʘʭ: ʥʘʚʝʜʝʥʠʭ ʟʝʤʣʝʪʨʫʩʽʚ, ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ 

ʽ ʧʨʦʩʘʜʥʠʭ ʷʚʠʱ [47]. ɼʣʷ ʧʦʧʝʨʝʜʞʝʥʥʷ ʪʘʢʠʭ ʧʦʜʽʡ ʧʦʚʠʥʥʘ ʙʫʪʠ ʨʦʟʨʦʙʣʝʥʘ 

ʽʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ, ʷʢʘ ʤʽʩʪʠʪʴ ʥʘʩʪʫʧʥʽ ʝʪʘʧʠ: ʘʥʘʣʽʟ ʧʦʧʝʨʝʜʥʴʦʛʦ ʪʘ 

ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʦʙô̒ ʢʪʘ; ʘʥʘʣʽʟ ʝʬʝʢʪʽʚ ʚʧʣʠʚʫ ʥʘ ʥʴʦʛʦ ʨʽʟʥʠʭ ʧʨʠʨʦʜʥʠʭ ʽ 

ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʯʠʥʥʠʢʽʚ, ʚʢʣʶʯʘʶʯʠ ʘʥʘʣʽʟ ʨʝʘʢʮʽʾ ʡʦʛʦ ʦʢʨʝʤʠʭ ʢʦʤʧʦʥʝʥʪ; 

ʚʠʷʚʣʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʯʠʥʥʠʢʽʚ ʚʧʣʠʚʫ; ʦʮʽʥʢʘ ʜʦʧʫʩʪʠʤʠʭ ʥʘʚʘʥʪʘʞʝʥʴ; 

ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʟʤʽʥʠ ʩʪʘʥʫ ʟʘ ʨʽʟʥʠʭ ʩʮʝʥʘʨʽʾʚ ʧʨʠʨʦʜʥʦʛʦ ʪʘ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ [48]. 

ʇʨʦʚʝʜʝʥʽ ʫ ʮʴʦʤʫ ʥʘʧʨʷʤʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ [49ï50], ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʩʫʯʘʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʪʘ 

ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ, ʦʪʨʠʤʘʥʦʾ ʧʽʜ ʯʘʩ ʪʝʭʥʽʯʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʙʫʜʽʚʝʣʴʥʠʭ 

ʦʙô̒ ʢʪʽʚ, ʽʩʪʦʪʥʦ ʧʽʜʚʠʱʫʻ ʷʢʽʩʪʴ ʾʭ ʦʙʩʪʝʞʝʥʥʷ. ɿʤʽʩʪʦʚʝ ʧʝʨʝʛʨʫʧʫʚʘʥʥʷ 

ʥʦʨʤʘʪʠʚʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʘʟʠ ʜʘʥʠʭ ʥʘ ʦʩʥʦʚʽ 

ʧʦʩʪʽʡʥʠʭ ʤʦʥʽʪʦʨʠʥʛʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʦʟʚʦʣʷʶʪʴ ʟʘʩʪʦʩʫʚʘʪʠ ʝʬʝʢʪʠʚʥʽʰʠʡ 

ʩʧʦʩʽʙ ʜʽʘʛʥʦʩʪʠʢʠ ʪʘ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʪʝʞʝʥʥʷ (ʝʢʩʧʝʨʪʠʟʠ). ɺ ʨʝʟʫʣʴʪʘʪʽ ʮʠʭ 

ʥʦʚʦʚʚʝʜʝʥʴ ʊʆ ʙʫʜʝ ʟʚʝʜʝʥʝ ʜʦ ʩʠʩʪʝʤʥʦʛʦ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʟʙʦʨʫ ʽʥʬʦʨʤʘʮʽʾ 

ʧʨʦ ʊʉ ʢʦʞʥʦʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʝʣʝʤʝʥʪʘ, ʾʾ ʟʘʢʨʽʧʣʝʥʥʷ ʪʘ ʧʦʜʘʣʴʰʦʾ ʦʙʨʦʙʢʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʜʦʟʚʦʣʷʻ ʢʦʥʪʨʦʣʶʚʘʪʠ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʥʷ ʚʽʜ ʡʦʛʦ ʧʦʩʪʘʥʦʚʢʠ ʜʦ ʚʠʜʘʯʽ 

ʨʝʟʫʣʴʪʘʪʽʚ, ʟʤʽʥʶʚʘʪʠ ʪʘ ʤʦʜʠʬʽʢʫʚʘʪʠ ʢʦʜ ʨʽʰʝʥʥʷ ï ʜʦʟʚʦʣʷʻ ʨʦʟʰʠʨʠʪʠ 

ʦʙʣʘʩʪʴ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʟʘʚʜʷʢʠ ʤʦʞʣʠʚʦʩʪʽ ʆʇʈ ʘʢʪʠʚʥʦ ʚʧʣʠʚʘʪʠ ʥʘ ʭʽʜ 

ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ. 

ʄʦʥʽʪʦʨʠʥʛ (ʣʘʪ. monitor ï ʪʦʡ, ʭʪʦ ʥʘʛʘʜʫʻ, ʧʦʧʝʨʝʜʞʘʻ) ï ʮʝ ʢʦʤʧʣʝʢʩʥʘ 

ʩʠʩʪʝʤʘ ʩʧʦʩʪʝʨʝʞʝʥʴ, ʦʮʽʥʢʠ ʪʘ ʧʨʦʛʥʦʟʫ ʟʤʽʥ ʩʪʘʥʽʚ ʪʝʭʥʽʯʥʦʛʦ ʦʙô̒ ʢʪʘ ʘʙʦ 

ʡʦʛʦ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ ʽ ʚʫʟʣʽʚ ʧʽʜ ʜʽʻʶ ʨʽʟʥʠʭ ʚʧʣʠʚʽʚ [51]. ɹʣʠʩʢʫʯʽ ʟʨʘʟʢʠ 
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ʦʨʛʘʥʽʟʘʮʽʾ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘ ʧʨʠʨʦʜʦʶ ʦʧʠʩʘʥʽ ʱʝ ʫ ʧʝʨʰʦʤʫ ʩʪʦʣʽʪʪʽ ʅ.ɽ. ʫ 

çʇʨʠʨʦʜʥʽʡ ʽʩʪʦʨʽʾè ɻʘʷ ʉʝʢʫʥʜʘ ʇʣʽʥʽʷ (ʩʪʘʨʰʦʛʦ) [51]. 

ʄʝʪʦʶ ʤʦʥʽʪʦʨʠʥʛʫ ʻ ʚʠʟʥʘʯʝʥʥʷ ʤʦʤʝʥʪʽʚ ʯʘʩʫ, ʢʦʣʠ ʚʽʜʙʫʚʘʶʪʴʩʷ 

ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʦʙô̒ ʢʪʘ. ɻʦʣʦʚʥʠʤ ʫ 

ʤʦʥʽʪʦʨʠʥʛʫ ʻ ʽʥʬʦʨʤʘʮʽʡʥʘ ʩʠʩʪʝʤʘ ʩʧʦʩʪʝʨʝʞʝʥʴ, ʦʮʽʥʢʘ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ 

ʤʘʰʠʥʠ ʪʘ ʪʝʥʜʝʥʮʽʡ ʟʤʽʥʠ ʊʉ ʚ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʆʙʩʷʛ ʦʜʝʨʞʘʥʠʭ ʧʽʜ ʯʘʩ 

ʤʦʥʽʪʦʨʠʥʛʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʻ ʥʘʫʢʦʚʦʶ ʦʩʥʦʚʦʶ ʧʣʘʥʫʚʘʥʥʷ ʟʘʭʦʜʽʚ ʟ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ ʊʉ. ʉʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ï ʮʝ 

ʥʘʡʙʽʣʴʰ ʦʧʪʠʤʘʣʴʥʠʡ ʩʧʦʩʽʙ ʜʦʩʷʛʥʝʥʥʷ ʮʽʻʾ ʤʝʪʠ (ʟʘ ʪʝʨʤʽʥʘʤʠ, ʚʘʨʪʽʩʪʶ, 

ʥʝʦʙʭʽʜʥʽʩʪʶ ʟʘʤʽʥʠ ʜʝʪʘʣʝʡ ʽ ʤʝʭʘʥʽʟʤʽʚ ʪʦʱʦ). ʅʘ ʩʴʦʛʦʜʥʽ ʚʽʜʦʤʦ ʙʘʛʘʪʦ ʨʽʟʥʠʭ 

ʚʠʟʥʘʯʝʥʴ ʤʦʥʽʪʦʨʠʥʛʫ [52ï58], ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʙʫʨʭʣʠʚʠʡ ʨʦʟʚʠʪʦʢ ɯʊ-

ʤʦʥʽʪʦʨʠʥʛʫ ʊʉ ʧʨʠʨʦʜʥʠʭ ʽ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ. ʊʦʤʫ ʜʦ ʩʴʦʛʦʜʥʽ ʟʤʽʩʪ ʪʝʨʤʽʥʫ 

çʤʦʥʽʪʦʨʠʥʛè ʯʽʪʢʦ ʥʝ ʚʩʪʘʥʦʚʣʝʥʠʡ.  

ʆʩʥʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ, ʷʢʝ ʚʠʨʽʰʫʻʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ, ʻ ʚʠʷʚʣʝʥʥʷ ʪʘ ʦʮʽʥʢʘ ʚʽʜʭʠʣʝʥʥʷ ʨʝʻʩʪʨʦʚʘʥʦʛʦ ʧʦʣʷ ʚʽʜ 

ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʩʪʘʥʫ. ɸʣʝ ʧʝʨʝʜ ʮʠʤ ʚʘʞʣʠʚʦ ʥʘ ʧʦʧʝʨʝʜʥʴʦʤʫ ʝʪʘʧʽ ʦʪʨʠʤʘʪʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʴʦʛʦ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʩʪʘʥʫ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʫʤʦʞʣʠʚʣʶʻ ʧʨʠʟʥʘʯʝʥʥʷ ʜʣʷ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʧʨʠʨʦʜʥʦ-

ʪʝʭʥʽʯʥʦʛʦ ʦʙô̒ ʢʪʘ ʧʝʚʥʦʾ ʩʫʢʫʧʥʦʩʪʽ ʧʦʢʘʟʥʠʢʽʚ ʊC, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʥʦʨʤʘʣʴʥʦʤʫ 

ʘʙʦ ʦʧʪʠʤʘʣʴʥʦʤʫ ʩʪʘʥʫ ʦʙô̒ ʢʪʘ ʩʧʦʩʪʝʨʝʞʝʥʥʷ. 

ɼʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʩʪʘʥʫ ʦʙô̒ ʢʪʘ ʰʣʷʭʦʤ ʘʥʘʣʽʟʫ ʚʠʙʠʨʘʶʪʴʩʷ ʥʘʡʙʽʣʴʰ 

ʽʥʬʦʨʤʘʪʠʚʥʽ ʽʥʜʠʢʘʮʽʡʥʽ ʧʦʢʘʟʥʠʢʠ, ʩʫʢʫʧʥʽʩʪʴ ʷʢʠʭ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦ ʬʽʢʩʫʻ 

ʩʪʘʥ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʦʙô̒ ʢʪʘ. ɼʣʷ ʩʧʦʩʪʝʨʝʞʝʥʴ ʚʠʙʠʨʘʶʪʴʩʷ ʪʘʢʦʞ ʽʥʜʠʢʘʮʽʡʥʽ 

ʜʽʣʷʥʢʠ, ʚʫʟʣʠ ʪʘ ʤʝʭʘʥʽʟʤʠ, ʪʦʙʪʦ ʦʙʣʘʩʪʽ ʥʘʡʙʽʣʴʰ ʜʠʥʘʤʽʯʥʦʾ ʟʤʽʥʠ ʩʪʘʥʫ (ʘʙʦ 

ʥʘʚʧʘʢʠ ï ʩʪʘʙʽʣʴʥ)̔. ʋ ʧʨʦʮʝʩʽ ʤʦʥʽʪʦʨʠʥʛʫ ʬʽʢʩʫʶʪʴʩʷ ʬʘʢʪʠʯʥʽ ʟʥʘʯʝʥʥʷ 

ʽʥʜʠʢʘʮʽʡʥʠʭ ʧʦʢʘʟʥʠʢʽʚ [59ï61]. ʏʘʩʪʢʦʚʽ ʟʘʚʜʘʥʥʷ, ʷʢʽ ʚʠʨʽʰʫʶʪʴʩʷ ʚ ʧʨʦʮʝʩʽ 

ʤʦʥʽʪʦʨʠʥʛʫ, ʧʦʪʨʝʙʫʶʪʴ ʨʽʟʥʠʭ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʝʪʦʜʽʚ, ʪʘʢʠʭ 

ʷʢ ʩʧʝʢʪʨʘʣʴʥʠʡ ʘʥʘʣʽʟ, ʢʦʨʝʣʷʮʽʡʥʠʡ ʘʥʘʣʽʟ ʽ ʪ.ʜ. ʂʣʘʩʠʯʥʠʡ ʩʧʝʢʪʨʘʣʴʥʠʡ 

ʘʥʘʣʽʟ ʯʘʩʦʚʠʭ ʨʷʜʽʚ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʧʝʨʝʪʚʦʨʝʥʥʽ ʌʫʨô̒ , ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ 

ʨʦʟʢʣʘʜʘʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʩʠʛʥʘʣʫ ʥʘ ʦʢʨʝʤʽ ʯʘʩʪʦʪʥʽ ʢʦʤʧʦʥʝʥʪʠ ʽ ʦʮʽʥʶʚʘʪʠ 
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ʚʽʜʥʦʩʥʫ ʧʦʪʫʞʥʽʩʪʴ (ʘʙʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ) ʪʘʢʦʾ ʢʦʤʧʦʥʝʥʪʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʧʨʦ ʩʪʘʥ ʦʙô̒ ʢʪʘ ʜʦʩʣʽʜʞʝʥʴ ʚʠʥʠʢʘʻ 

ʧʨʦʙʣʝʤʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʮʝʩʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ, ʱʦ ʧʦʪʨʝʙʫʻ 

ʩʪʚʦʨʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʩʫʯʘʩʥʦʾ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ ʪʘ ʾʾ ʩʠʩʪʝʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʨʦʙʦʯʠʭ ʤʽʩʮʴ ʽʥʪʝʨʧʨʝʪʘʪʦʨʽʚ ʨʝʟʫʣʴʪʘʪʽʚ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ʎʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʨʦʙʦʯʽ ʤʽʩʮʷ ʽʥʪʝʨʧʨʝʪʘʪʦʨʘ 

ʜʦʟʚʦʣʷʪʴ: ʧʽʜʢʣʶʯʘʪʠ ʬʘʭʽʚʮʽʚ (ʝʢʩʧʝʨʪʽʚ) ʫ ʧʨʦʮʝʩʽ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʫ 

ʜʽʘʣʦʛʦʚʦʤʫ ʨʝʞʠʤʽ, ʩʧʠʨʘʶʯʠʩʴ ʥʘ ʧʦʪʦʯʥʽ ʧʨʦʤʽʞʥʽ ʨʝʟʫʣʴʪʘʪʠ; 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʘʧʨʽʦʨʥʫ ʽʥʬʦʨʤʘʮʽʶ ʪʘ ʝʢʩʧʝʨʪʥʽ ʦʮʽʥʢʠ; ʽʥʽʮʽʶʚʘʪʠ ʧʠʪʘʥʥʷ 

ʜʦ ʝʢʩʧʝʨʪʽʚ ʫ ʬʦʨʤʽ, ʧʨʠʨʦʜʥʽʡ ʜʣʷ ʾʭʥʴʦʾ ʧʨʝʜʤʝʪʥʦʾ ʛʘʣʫʟʽ; ʟʚʝʨʪʘʪʠʩʷ ʜʦ 

ʜʦʩʚʽʜʫ ʚʠʨʽʰʝʥʠʭ ʟʘʚʜʘʥʴ ʪʘ ʜʦ ʙʘʥʢʽʚ ʜʦʚʽʜʢʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ [61]. 

 

1.2. ʉʪʨʫʢʪʫʨʥʽ ʩʭʝʤʠ ʚʠʤʽʨʶʚʘʣʴʥʦ-ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ 

ɺʠʢʦʥʘʥʠʡ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʩʭʝʤ ʚʠʤʽʨʶʚʘʣʴʥʦ-

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʩʢʣʘʜʥʠʭ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ ʪʘ ʦʙô̒ ʢʪʽʚ 

ʧʦʢʘʟʘʚ, ʱʦ ʟʘ ʨʽʚʥʝʤ ʪʝʭʥʽʯʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʪʘ ʟʘʣʝʞʥʦ ʚʽʜ ʤʝʪʠ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ɺɯʉ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʦʩʥʦʚʥʽ ʢʣʘʩʠ: ɺʉ, ʉɸʂ, ʉʊɼ, ʉʈɿ, ʊɺʄ. 

ʊʠʧʦʚʘ ʩʭʝʤʘ ʚʟʘʻʤʦʜʽʾ ʦʩʥʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ɺɯʉ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1.1. [62]. 

ʅʘ ʦʩʥʦʚʽ ʢʣʘʩʠʬʽʢʘʮʽʡʥʠʭ ʦʟʥʘʢ ɺɯʉ ʧʦʜʽʣʷʶʪʴ ʟʘ ʧʨʠʥʮʠʧʘʤʠ ʧʦʙʫʜʦʚʠ 

ʩʪʨʫʢʪʫʨ (ʪʘʙʣ. 1.1) ʽ ʟʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ̔ ʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ (ʪʘʙʣ. 1.2) [62]. 

 
ʈʠʩ. 1.1. ʆʩʥʦʚʥʽ ʢʦʤʧʦʥʝʥʪʠ ɺɯʉ. ʅʘ ʨʠʩʫʥʢʫ: 1 ï ʦʨʛʘʥʽʟʘʮʽʡʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ; 2 ï 

ʦʧʝʨʘʪʠʚʥʠʡ ʧʝʨʩʦʥʘʣ; 3 ï ʜʘʪʯʠʢʠ; 4 ï ʚʭʽʜʥʘ ʽʥʬʦʨʤʘʮʽʷ; 5 ï ̔ ʥʬʦʨʤʘʮʽʡʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ; 6 

ï ʚʠʭʽʜʥʘ ʽʥʬʦʨʤʘʮʽʷ; 7 ï ʪʝʭʥʽʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʤʧôʁ ʪʝʨʘ; 8 ï ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ. 
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ʊʘʙʣʠʮ ̫1.1. 

ʂʣʘʩʠʬʽʢʘʮʽʷ ɺɯʉ ʟʘ ʧʨʠʥʮʠʧʘʤʠ ʧʦʙʫʜʦʚʠ ʩʪʨʫʢʪʫʨ 

ʂʣʘʩʠʬʽʢʘʮʽʡʥʘ ʦʟʥʘʢʘ 
ʂʣʘʩʠ 

1 2 

ʅʘʷʚʥʽʩʪʴ ʩʧʝʮʽʘʣʴʥʦʛʦ ʢʘʥʘʣʫ ʟʚô̫ ʟʢʫ ɺʽʜʩʫʪʥʽʡ ʅʘʷʚʥʠʡ  

ʇʦʨʷʜʦʢ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʡ ʦʪʨʠʤʘʥʥʷ ʇʦʩʣʽʜʦʚʥʠʡ ʇʘʨʘʣʝʣʴʥʠʡ 

ɸʛʨʝʛʘʪʫʚʘʥʥʷ ʩʢʣʘʜʫ ʩʠʩʪʝʤʠ ɸʛʨʝʛʘʪʦʚʘʥʠʡ ʅʝʘʛʨʝʛʘʪʦʚʘʥʠʡ 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ ʅʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʅʘʷʚʥʽʩʪʴ ʧʨʦʛʨʘʤʥʦ-ʢʝʨʦʚʘʥʠʭ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ  
ɺʽʜʩʫʪʥʽ ʅʘʷʚʥʽ  

ʅʘʷʚʥʽʩʪʴ ʢʦʥʪʫʨʽʚ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ 

ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ 
ʈʦʟʽʤʢʥʝʥʽ 

ʂʦʤʧʝʥʩʘʮʽʡʥʽ (ʦʜʥʦ- ʪʘ 

ʙʘʛʘʪʦʢʦʥʪʫʨʥʽ ʩʠʩʪʝʤʠ) 

ɿʤʽʥʘ ʰʚʠʜʢʦʩʪʝʡ ʦʪʨʠʤʘʥʥʷ ʪʘ ʚʠʜʘʯʽ 

ʽʥʬʦʨʤʘʮʽʾ 

ɹʝʟ ʟʤʽʥʠ (ʚ 

ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ) 
ɿʽ ʟʤʽʥʦʶ ʰʚʠʜʢʦʩʪʝʡ 

ʉʠʛʥʘʣʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ɺɯʉ ɸʥʘʣʦʛʦʚʽ ʂʦʜʦʽʤʧʫʣʴʩʥʽ 

ʉʪʨʫʢʪʫʨʥʘ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʘ 

ʥʘʜʣʠʰʢʦʚʽʩʪʴ 

ʅʝʥʘʜʣʠʰʢʦʚʽ 

ʩʠʩʪʝʤʠ 
ʅʘʜʣʠʰʢʦʚʽ ʩʠʩʪʝʤʠ 

ɸʜʘʧʪʘʮʽʷ ʜʦ ʥʘʜʣʠʰʢʦʚʠʭ ʚʝʣʠʯʠʥ ʅʝʘʜʘʧʪʠʚʥʽ ɸʜʘʧʪʠʚʥʽ 

ʊʘʙʣʠʮ ̫1.2. 

ʂʣʘʩʠʬʽʢʘʮʽʷ ɺɯʉ ʟʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦ  ʁʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ 

ʂʣʘʩʠʬʽʢʘʮʽʡʥʘ ʦʟʥʘʢʘ 
ʂʣʘʩʠ 

1 2 
ʇʦʚʝʜʽʥʢʘ ʫ ʯʘʩʽ ʅʝʟʤʽʥʥʘ  ɿʤʽʥʥʘ  

ʈʦʟʪʘʰʫʚʘʥʥʷ ʫ ʧʨʦʩʪʦʨʽ ɿʦʩʝʨʝʜʞʝʥʝ  ʈʦʟʧʦʜʽʣʝʥʝ 

ʍʘʨʘʢʪʝʨ ʚʝʣʠʯʠʥ ɹʝʟʧʝʨʝʨʚʥʠʡ ɼʠʩʢʨʝʪʥʠʡ 

ɽʥʝʨʛʝʪʠʯʥʘ ʦʟʥʘʢʘ ɸʢʪʠʚʥ ̔ ʇʘʩʠʚʥ ̔ 

ɺʟʘʻʤʦʟʚô̫ ʟʦʢ ʧʝʨʝʰʢʦʜ ʽʟ ʚʭʽʜʥʠʤʠ 

ʚʝʣʠʯʠʥʘʤʠ 

ʅʝʟʘʣʝʞʥʽ 

ʧʝʨʝʰʢʦʜʠ 

ʇʝʨʝʰʢʦʜʠ, ʧʦʚô̫ ʟʘʥʽ 

ʟ ʚʭʽʜʥʠʤʠ 

ʚʝʣʠʯʠʥʘʤʠ 

ʋ ʇɿ ʜʣʷ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʪʘ ʢʝʨʫʶʯʠʭ ʩʠʩʪʝʤ ʧʨʦʛʣʷʜʘʶʪʴʩʷ ʧʝʚʥʽ ʪʝʥʜʝʥʮʽʾ ʜʦ 

ʫʥʽʚʝʨʩʘʣʽʟʘʮʽʾ ʪʘ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ. ʅʘʩʘʤʧʝʨʝʜ ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʽʥʪʝʨʬʝʡʩʫ ʢʦʨʠʩʪʫʚʘʯʘ, 

ʪʦʙʪʦ ʦʨʛʘʥʽʟʘʮʽʾ ʩʧʽʣʢʫʚʘʥʥʷ ʦʧʝʨʘʪʦʨʘ ʟ ʢʦʤʧôʁ ʪʝʨʦʤ. ɯʥʪʝʨʘʢʪʠʚʥʠʡ ʜʽʘʣʦʛʦʚʠʡ 

ʽʥʪʝʨʬʝʡʩ ʜʘʚʥʦ ʚʞʝ ʩʪʘʚ ʥʦʨʤʦʶ ʫ ʩʚʽʪʽ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ. ʄʽʮʥʦ ʟʘʚʦʶʚʘʣʠ 

ʨʠʥʦʢ ʪʘʢ ʟʚʘʥʽ ʚʽʨʪʫʘʣʴʥʽ ʚʠʤʽʨʶʚʘʣʴʥʽ ʟʘʩʦʙʠ (ɺɺɿ) ï ʟʘʩʦʙʠ ʚʠʤʽʨʶʚʘʥʴ, 

ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʙʘʟʽ ʇʂ. ɺɺɿ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʽ ʧʣʘʪʠ ʨʦʟʰʠʨʝʥʥʷ 

ʟʦʚʥʽʰʥʽʭ ʧʨʦʛʨʘʤʥʦ-ʢʝʨʦʚʘʥʠʭ ʤʦʜʫʣʽʚ, ʱʦ ʚʙʫʜʦʚʫʶʪʴʩʷ ʚ ʢʦʤʧôʁ ʪʝʨʠ. ɺʦʥʠ 

ʦʙô̒ ʜʥʘʥʽ ʤʽʞ ʩʦʙʦʶ ʪʘ ʢʝʨʫʶʪʴʩʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʤʠ ʧʨʦʛʨʘʤʥʠʤʠ ʦʙʦʣʦʥʢʘʤʠ, ʷʢʽ, 

ʟʽ ʩʚʦʛʦ ʙʦʢʫ, ʤʦʞʫʪʴ ʢʝʨʫʚʘʪʠ ʘʣʛʦʨʠʪʤʘʤʠ ʟʙʦʨʫ, ʦʙʨʦʙʢʠ ʪʘ ʚʽʟʫʘʣʴʥʦʛʦ ʧʦʜʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ. ʆʛʣʷʜ ʬʽʨʤʦʚʠʭ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ ʜʣʷ ʩʠʩʪʝʤ ʟʙʠʨʘʥʥʷ ʪʘ ʦʙʨʦʙʢʠ 

ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʚʢʣʶʯʘʻ ɺɺɿ, ʤʽʩʪʠʪʴʩʷ ʚ ʨʦʙʦʪʽ [63], ʘ ʦʧʠʩ ʜʝʷʢʠʭ ʢʦʥʢʨʝʪʥʠʭ 
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ʨʦʟʨʦʙʦʢ ʚʽʨʪʫʘʣʴʥʠʭ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ ï ʫ ʨʦʙʦʪʘʭ [63, 64]. 

ʅʘ ʨʠʩ. 1.2. ʥʘʚʝʜʝʥʦ ʦʜʥʫ ʟ ʤʦʞʣʠʚʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʩʭʝʤ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ 

ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʪʝʭʥʽʯʥʠʤ ʩʪʘʥʦʤ ɻʊɼ [65]. ʎʷ ʩʠʩʪʝʤʘ ʧʝʨʝʜʙʘʯʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʚʢʣʶʯʝʥʥʷ ʜʦ ʥʝʾ ʥʘ ʝʪʘʧʽ ʨʦʟʨʦʙʢʠ ʪʘ ʜʦʩʣʽʜʥʦʾ ʧʝʨʝʚʽʨʢʠ ʥʝʦʙʤʝʞʝʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʤʝʪʦʜʠʢ ʦʮʽʥʢʠ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʘʚʽʘʮʽʡʥʠʭ ʜʚʠʛʫʥʽʚ. ʆʜʥʘʢ ʧʝʨʝʜ ʪʠʤ, ʷʢ ʙʫʪʠ 

ʚʢʣʶʯʝʥʦʶ ʜʦ ʩʢʣʘʜʫ ʩʠʩʪʝʤʠ, ʢʦʞʥʘ ʤʝʪʦʜʠʢʘ ʤʘʻ ʧʨʦʡʪʠ ʧʝʨʝʚʽʨʢʫ ʟʘ ʧʨʦʛʨʘʤʦʶ 

çɼʆʉɺɯɼè. ɼʣʷ ʦʙʨʦʙʢʠ ʪʘ ʫʟʘʛʘʣʴʥʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʚʠʜʘʻʪʴʩʷ ʨʽʟʥʠʤʠ 

ʧʽʜʩʠʩʪʝʤʘʤʠ, ʘ ʪʘʢʦʞ ʬʦʨʤʫʚʘʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡ ʥʘ ʫʧʨʘʚʣʽʥʩʴʢʽ ʚʧʣʠʚʠ, ʜʦ ʮ̔ ʻʾ 

ʩʭʝʤʠ ʚʢʣʶʯʝʥʘ ʧʽʜʩʠʩʪʝʤʘ çʉʀʅʊɽɿè. ɹʣʦʢ ʢʝʨʫʶʯʠʭ ʚʧʣʠʚʽʚ ʩʠʩʪʝʤʠ ʤʽʩʪʠʪʴ 

ʧʝʨʝʣʽʢ ʚʩʽʭ ʨʦʙʽʪ, ʱʦ ʚʠʢʦʥʫʶʪʴʩʷ ʟ ʤʝʪʦʶ ʚʽʜʥʦʚʣʝʥʥʷ ʩʧʨʘʚʥʦʛʦ ʩʪʘʥʫ ʤʘʰʠʥʠ, ʪʘ 

ʘʣʛʦʨʠʪʤʠ ʬʦʨʤʫʚʘʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡ ʟ ʢʦʨʠʛʫʚʘʥʥʷ ʧʨʦʛʨʘʤʠ ʪʝʭʥʽʯʥʦʛʦ ʦʛʣʷʜʫ. 

ɹʣʦʢ ʦʮʽʥʢʠ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʪʘ ʚʠʜʘʯʽ ʨʝʢʦʤʝʥʜʘʮʽʡ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʱʦʜʦ 

ʧʦʜʘʣʴʰʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʘʰʠʥʠ ʨʦʟʨʦʙʣʷʻʪʴʩʷ ʷʢ ʢʦʤʧʣʝʢʩ ʩʠʩʪʝʤ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ, 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʚʠʜʘʯʽ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʪʝʞʝʥʥʷ ʪʘ ʧʦʜʘʣʴʰʦʾ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. ʋ ʢʦʞʥʽʡ ʧʽʜʩʠʩʪʝʤʽ ʨʝʘʣʽʟʫʻʪʴʩʷ ʚʣʘʩʥʘ ʤʝʪʦʜʠʢʘ ʦʮʽʥʢʠ ʪʝʭʥʽʯʥʦʛʦ 

ʩʪʘʥʫ. ʇʽʜʩʠʩʪʝʤʘ çɼʽʘʛʥʦʟè ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʦʮʽʥʢʠ ʪʘ ʧʨʦʛʥʦʟʫ ʟʤʽʥ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ 

ʟʘ ʜʘʥʠʤʠ, ʚʠʤʽʨʷʥʠʤʠ ʫ ʧʨʦʮʝʩʽ ʤʦʥʽʪʦʨʠʥʛʫ. ʇʽʜʩʠʩʪʝʤʘ "ʅʘʜʽʡʥʽʩʪʴ" ʧʨʠʟʥʘʯʝʥʘ 

ʜʣʷ ʢʦʥʪʨʦʣʶ ʟʘ ʨʽʚʥʝʤ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʜʣʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʚʠʷʚʣʝʥʥʷ ʥʝʩʧʨʘʚʥʦʩʪʝʡ. 

ʇʽʜʩʠʩʪʝʤʘ "ʄʽʮʥʽʩʪʴ" ʩʧʠʨʘʻʪʴʩʷ ʥʘ ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʽ 

ʤʝʪʦʜʠ ʦʮʽʥʢʠ ʟʘʣʠʰʢʦʚʦʛʦ ʨʝʩʫʨʩʫ ʤʘʰʠʥʠ. 

ɺ ʫʤʦʚʘʭ ʝʥʝʨʛʝʪʠʯʥʦʾ ʢʨʠʟʠ ʘʢʪʫʘʣʴʥʦʶ ʻ ʧʨʦʙʣʝʤʘ ʦʨʛʘʥʽʟʘʮʽʾ 

ʨʘʮʽʦʥʘʣʴʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʫʜʽʚʝʣʴ ʪʘ ʩʧʦʨʫʜ, ʱʦ ʩʧʨʠʷʻ ʟʘʩʪʦʩʫʚʘʥʥʶ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʟ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʜʘʪʯʠʢʽʚ ʪʝʤʧʝʨʘʪʫʨʠ. ʗʢ ʧʦʢʘʟʫʻ 

ʘʥʘʣʽʟ, ʚʠʪʨʘʪʠ ʝʥʝʨʛʽʾ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʩʪʘʥʦʚʣʪ̫ʴ 8%, 

ʥʘ ʧʝʨʝʚʝʟʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ ʽ ʩʧʦʨʫʜʞʝʥʥʷ ʙʫʜʽʚʝʣʴ ï 2%, ʘ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʶ 

ʙʫʜʽʚʣʽ ʧʨʦʪʷʛʦʤ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʪʝʨʤʽʥʫ ʾʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ï ʜʦ 90% ʚʩʽʭ 

ʝʥʝʨʛʦʚʠʪʨʘʪ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʙʫʜʽʚʣʽ [66]. ɺʠʪʨʘʪʠ ʥʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʫʟʣʽʚ 

ʦʙʣʽʢʫ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʦʢʫʧʘʶʪʴʩʷ ʧʨʦʪʷʛʦʤ 1ï2 ʨʦʢʽʚ. ɿ ̔ ʚʩʪʘʥʦʚʣʝʥʥʷʤ 

ʣʽʯʠʣʴʥʠʢʽʚ ʫ ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʘʭ ʟô̫ ʩʫʚʘʣʦʩʷ, ʱʦ ʬʘʢʪʠʯʥʝ ʪʝʧʣʦʩʧʦʞʠʚʘʥʥʷ 

ʩʪʘʥʦʚʠʪʴ ʣʠʰʝ 50ï90% ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ [67]. 
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ʈʠʩ. 1.2. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʪʝʭʥʽʯʥʠʤ ʩʪʘʥʦʤ ɻʊɼ 

ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ.  
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ʋ ʨʫʩʣʽ ʟʛʘʜʘʥʦʾ ʪʝʥʜʝʥʮʽʾ ʟʥʘʭʦʜʠʪʴʩʷ ʽ ʢʦʤʧʣʝʢʩʥʘ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ 

ʪʘ ʜʠʩʧʝʪʯʝʨʠʟʘʮʽʾ ʦʯʠʩʥʠʭ ʩʧʦʨʫʜ, ʱʦ ʦʧʠʩʫʻʪʴʩʷ ʚ [68], ʜʝ ʘʚʪʦʨʠ ʜʽʡʰʣʠ 

ʚʠʩʥʦʚʢʫ ʧʨʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʦʙô̒ ʢʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʨʝʛʫʣʴʦʚʘʥʦʛʦ 

ʦʙô̒ ʢʪʘ ï ʙʝʟʧʝʨʝʨʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ ʚʩʽʭ ʢʝʨʫʶʯʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʪʷʛʦʤ ʜʝʷʢʦʛʦ 

ʟʘʜʘʥʦʛʦ ʯʘʩʫ ʟ ʤʦʞʣʠʚʽʩʪʶ ʾʭ ʧʝʨʝʛʣʷʜʫ ʫ ʚʠʛʣʷʜʽ ʪʘʙʣʠʮʴ, ʛʨʘʬʽʢʽʚ ʪʘ ʜʽʘʛʨʘʤ, 

ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʟʽʩʪʘʚʣʝʥʥʷ ʪʘ ʜʦʚʛʦʪʨʠʚʘʣʦʛʦ ʟʙʝʨʽʛʘʥʥʷ, ʘ ʪʘʢʦʞ ʤʦʞʣʠʚʽʩʪʶ 

ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʨʝʻʩʪʨʦʚʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. 

ʉʠʩʪʝʤʘ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʧʦ ʩʫʪʽ ʚʠʢʦʥʫʻ ʟʘʚʜʘʥʥʷ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʘʫʜʠʪʫ. ʇʨʠʯʦʤʫ ʚʠʢʦʥʫʻ ʾʭ ʥʝ ʨʘʟʦʚʦ, ʘ ʧʦʩʪʽʡʥʦ, ʙʝʟʧʝʨʝʨʚʥʦ, ʘ 

ʦʪʞʝ, ʷʢʽʩʥʽʰʝ. ʂʨʽʤ ʪʦʛʦ, ʚʦʥʘ ʽ ʢʦʰʪʫʚʘʪʠʤʝ ʜʝʰʝʚʰʝ, ʦʩʢʽʣʴʢʠ ʚʩʪʘʥʦʚʣʝʥʘ 

ʩʪʘʮʽʦʥʘʨʥʦ ʪʘ ʚʠʢʦʥʫʻ ʪʘʢʦʞ ʽʥʰʽ ʬʫʥʢʮʽʾ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʧʦʩʪʽʡʥʦʛʦ ʘʙʦ ʭʦʯʘ ʙ ʝʧʽʟʦʜʠʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʙʫʜʽʚʝʣʴ 

ʪʘ ʩʧʦʨʫʜ ʧʦʪʨʽʙʥʽ ʧʝʨʝʜʫʩʽʤ ʜʝʰʝʚʽ ʪʘ ʥʘʜʽʡʥʽ ʧʝʨʚʠʥʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ 

(ʜʘʪʯʠʢʠ). ʉʣʘʙʢʦʶ ʩʪʦʨʦʥʦʶ ʩʠʩʪʝʤ ʟʙʦʨʫ ʪʘ ʥʘʢʦʧʠʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʟʘʨʘʟ ʻ 

ʜʘʪʯʠʢʠ ʪʘ ʢʘʥʘʣʠ ʟʚô̫ ʟʢʫ. ʇʨʘʢʪʠʢʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘʢʠʭ ʩʠʩʪʝʤ ʧʦʢʘʟʘʣʘ [69], ʱʦ 

ʦʩʥʦʚʥʠʤ ʾʭʥʽʤ ʥʝʜʦʣʽʢʦʤ ʻ ʥʝʤʦʞʣʠʚʽʩʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʜʽʡʥʫ ʧʝʨʝʜʘʯʫ ʜʘʥʠʭ 

ʢʘʥʘʣʘʤʠ ʟʚô̫ ʟʢʫ (ʯʝʨʝʟ ʚʧʣʠʚ ʽʥʜʫʩʪʨʽʘʣʴʥʠʭ ʧʝʨʝʰʢʦʜ, ʢʦʨʦʪʢʦʯʘʩʥʠʭ ʪʘ 

ʜʦʚʛʦʪʨʠʚʘʣʠʭ ʚʽʜʢʣʶʯʝʥʴ ʞʠʚʣʝʥʥʷ ʪʦʱʦ). ɺ ʨʝʟʫʣʴʪʘʪʽ, ʙʝʟʧʝʨʝʨʚʥʠʡ ʧʨʦʮʝʩ 

ʥʘʢʦʧʠʯʝʥʥʷ ʪʘ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʧʝʨʝʨʠʚʘʻʪʴʩʷ ʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʪʨʘʪʘ ʚʝʣʠʢʠʭ 

ʦʙʩʷʛʽʚ ʥʝʦʙʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. ɺʽʜʥʦʚʣʝʥʥʷ ʾʾ ʻ ʧʨʦʙʣʝʤʘʪʠʯʥʠʤ [70]. 

ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʧʨʘʢʪʠʯʥʦ ʚʩʽ ʜʘʪʯʠʢʠ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʩʴʦʛʦʜʥʽ, 

ʧʝʨʝʜʘʶʪʴ ʘʥʘʣʦʛʦʚʠʡ ʩʠʛʥʘʣ, ʷʢʠʡ ʪʘʢʦʞ ʩʧʨʠʡʥʷʪʣʠʚʠʡ ʜʦ ʧʝʨʝʰʢʦʜ. ʅʠʟʢʘ 

ʘʚʪʦʨʽʚ [69, 70] ʚʢʘʟʫ ̒ʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʣʝʤʝʪʨʠʯʥʠʭ ʜʘʪʯʠʢʽʚ ʟ 

ʮʠʬʨʦʚʠʤ ʚʠʭʽʜʥʠʤ ʩʠʛʥʘʣʦʤ. ʇʨʦʚʽʜʥʽ ʩʚʽʪʦʚʽ ʚʠʨʦʙʥʠʢʠ ʝʣʝʢʪʨʠʯʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʚʞʝ ʨʦʟʨʦʙʠʣʠ ʪʘ ʚʠʨʦʙʣʷʶʪʴ ʧʦʜʽʙʥʽ ʧʨʦʛʨʘʤʦʚʘʥʽ ʜʘʪʯʠʢʠ [71] 

(ʬ̔ ʨʤʘ Dallas Semiconductor ʪʘ ʽʥ). ɼʝʷʢʽ ʤʦʜʝʣʽ ʜʦʧʫʩʢʘʶʪʴ ʨʦʙʦʪʫ ʙʝʟ ʞʠʚʣʝʥʥʷ 

(ʚʦʥʦ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦ ʣʽʥʽʾ ʟʚô̫ ʟʢʫ ʟʘ ʨʘʭʫʥʦʢ ʝʥʝʨʛʽʾ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʢʘʥʘʣʫ), 

ʜʦʧʫʩʢʘʶʪʴ ʦʙʤʽʥ ʽʥʬʦʨʤʘʮʽʻʶ, ʱʦ ʜʦʟʚʦʣʷʻ ʥʘ ʜʚʘ ʜʨʦʪʠ (ʩʠʛʥʘʣʴʥʠʡ ʪʘ 

çʢʦʨʧʫʩè) ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʾʭ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ. 

ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʣʝʤʝʪʨʠʯʥʠʭ ʜʘʪʯʠʢʽʚ, ʟʘʩʥʦʚʘʥʠʭ ʥʘ 
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ʧʝʨʝʪʚʦʨʝʥʥʽ ʬʽʟʠʯʥʦʾ ʚʝʣʠʯʠʥʠ ʥʘ ʝʣʝʢʪʨʠʯʥʠʡ ʩʠʛʥʘʣ ʟ ʪʠʤʯʘʩʦʚʠʤ 

ʽʥʬʦʨʤʘʮʽʡʥʠʤ ʧʘʨʘʤʝʪʨʦʤ [72]. ʎʝʡ ʜʘʪʯʠʢ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʟʘʩʪʦʩʫʚʘʥʥʽ 

ʬʽʟʠʯʥʦʛʦ ʷʚʠʱʘ ʚʠʥʠʢʥʝʥʥ ̫ʨʝʟʦʥʘʥʩʥʠʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʢʦʣʠʚʘʥʴ ʚ ʪʦʚʱʽ 

ʤʝʪʘʣʫ, ʚ ʪʘʢ ʟʚʘʥʦʤʫ ʤʝʪʘʣʝʚʦʤʫ ʦʙô̒ ʤʥʦʤʫ ʨʝʟʦʥʘʪʦʨʽ (ʄʆʈ) [72]. ɿʘ 

ʜʦʧʦʤʦʛʦʶ ʮʴʦʛʦ ʜʘʪʯʠʢʘ ʤʦʞʥʘ ʚʠʤʽʨʶʚʘʪʠ ʪʘʢʽ ʬʽʟʠʯʥʽ ʚʝʣʠʯʠʥʠ, ʷʢ ʦʙô̒ ʤ, 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʡ ʦʧʽʨ ʯʠ ʥʘʧʨʫʛʘ. ɼʘʪʯʠʢʠ ʥʘ ʦʩʥʦʚʽ ʄʆʈ ʜʦʟʚʦʣʷʶʪʴ 

ʨʝʻʩʪʨʫʚʘʪʠ ʯʘʩʪʦʪʥʦ-ʯʘʩʦʚʽ ʧʨʦʮʝʩʠ, ʚʠʤʦʛʠ ʱʦʜʦ ʪʦʯʥʦʩʪʽ ʜʦ ʷʢʠʭ ʫ ʪʝʭʥʽʮʽ 

ʥʘʡʚʠʱʽ. ʇʦʢʠ ʱʦ ʥʦʤʝʥʢʣʘʪʫʨʘ ʪʘʢʠʭ ʪʝʣʝʤʝʪʨʠʯʥʠʭ ʜʘʪʯʠʢʽʚ ʥʝʰʠʨʦʢʘ, ʘʣʝ ʟʘ 

ʥʠʤʠ ʤʘʡʙʫʪʥʻ. 

ʅʘʚʝʜʝʤʦ ʦʧʠʩ ʜʝʷʢʠʭ ʬʽʨʤ ʪʘ ʾʭ ʨʦʟʨʦʙʦʢ ʫ ʛʘʣʫʟʽ ʩʠʩʪʝʤ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ 

ʢʦʤʧôʁ ʪʝʨʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ɼɺʉ, ʷʢʽ, ʙʝʟʫʤʦʚʥʦ, ʟʘʩʣʫʛʦʚʫʶʪʴ 

ʥʘ ʦʩʦʙʣʠʚʫ ʫʚʘʛʫ. ʌʽʨʤʘ çAutroNika ɸʉè (ʅʦʨʚʝʛʽʷ). ʇʦʯʘʪʦʢ ʜʽʷʣʴʥʦʩʪʽ ï 

1960 ʨ. [73]. ɿʘ ʮʝʡ ʯʘʩ, ʟʘ ʜʘʥʠʤʠ ʬʽʨʤʠ, ʦʙʣʘʜʥʘʥʦ ʧʦʥʘʜ 9000 ʦʙô̒ ʢʪʽʚ, ʩʝʨʝʜ 

ʷʢʠʭ ʩʫʜʥʘ, ʩʫʜʥʦʙʫʜʽʚʥʽ ʟʘʚʦʜʠ ʪʘ ʚʝʨʬʽ. ʉʝʨʝʜ ʦʩʪʘʥʥʽʭ ʨʦʟʨʦʙʦʢ ʬʽʨʤʠ ï 

ʮʝʥʪʨʘʣʽʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʶ ʩʫʜʥʦʚʠʭ ʜʚʠʛʫʥʽʚ çDiesel Prof 100è. ɺʦʥʘ 

ʤʦʞʝ ʧʨʦʚʦʜʠʪʠ ʜʽʘʛʥʦʩʪʠʢʫ ʜʦ 8 ʜʚʠʛʫʥʽʚ ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʯʘʩʪʦʪʦʶ ʦʙʝʨʪʘʥʥʷ 

3000 ʦʙ/ʭʚ. ʌʽʨʤʘ çKISTLERè, ʟʘʩʥʦʚʘʥʘ ʚ 1955 ʨ., ʻ ʧʨʦʚʽʜʥʠʤ ʨʦʟʨʦʙʥʠʢʦʤ 

ʧô̒ ʟʦʢʚʘʨʮʝʚʠʭ ʜʘʪʯʠʢʽʚ, ʘ ʪʘʢʦʞ ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʭ ʻʤʥʽʩʥʠʭ ʚʠʤʽʨʶʚʘʣʴʥʠʭ 

ʩʠʩʪʝʤ [74]. ʌʽʨʤʘ çAVL LIST GES. M.B.H.è (ɸʚʩʪʨʽʷ) ʦʭʦʧʣʶʻ ʚʩʽ ʚʠʜʠ 

ʜʽʷʣʴʥʦʩʪʽ ʚʽʜ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʽʩʥʫʶʯʠʭ ɼɺʉ ʜʦ ʧʨʦʢ̒ʪʫʚʘʥʥʷ ʪʘ ʚʠʧʨʦʙʫʚʘʥʥʷ 

ʥʦʚʠʭ ʤʘʰʠʥ, ʻ ʨʦʟʨʦʙʥʠʢʦʤ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʦʾ ʩʠʩʪʝʤʠ çɯʥʜʠʩʢʦʧ 647è [75]. 

ʉʠʩʪʝʤʘ ʷʚʣʷʻ ʩʦʙʦʶ ʢʦʤʧʘʢʪʥʠʡ ʮʠʬʨʦʚʠʡ ʟʘʧʘʤô̫ ʪʦʚʫʚʘʣʴʥʠʡ ʦʩʮʠʣʦʛʨʘʬ ʟ 

ʢʥʦʧʢʦʚʦʶ ʧʘʥʝʣʣʶ ʢʝʨʫʚʘʥʥʷ. ʉʠʩʪʝʤʘ çDEPASè (ʆɼʄʋ ʋʢʨʘʾʥʘ), ʨʦʟʨʦʙʣʝʥʘ 

ɺʘʨʙʘʥʮʝʤ ʈ.ɸ. ʟ 1993 ʧʦ 1997 ʨʨ. [76] (ʜʠʚ. ʪʘʙʣ. 1.3). 

ɺ ʽʥʩʪʠʪʫʪʽ ʝʣʝʢʪʨʦʟʚʘʨʶʚʘʥʥʷ ʽʤ. ɭ.ʆ. ʇʘʪʦʥʘ (ʋʢʨʘʾʥʘ) ʧʨʠ ʢʦʥʪʨʦʣʽ 

ʤʝʪʘʣʝʚʦʛʦ ʢʦʨʧʫʩʫ ʨʝʘʢʪʦʨʘ ʚʪʦʨʠʥʥʦʾ ʧʝʨʝʨʦʙʢʠ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ, ʩʭʦʚʠʱʘ 

ʧʨʦʧʽʣʝʥʫ, ʙʘʨʘʙʘʥʽʚ ʢʦʪʣʽʚ ʪʘ ʧʽʜʚʦʜʥʦʾ ʯʘʩʪʠʥʠ ʛʘʟʦʧʨʦʚʦʜʫ ʚ ʋʢʨʘʾʥʽ, ʈʦʩʽʾ ʪʘ 

ʇʦʣʴʱʽ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʪʘ ʚʧʨʦʚʘʜʞʝʥʦ ʽʥʬʦʨʤʘʮʽʡʥʫ ʝʢʩʧʝʨʪʥʦ-ʜʽʘʛʥʦʩʪʠʯʥʫ 

ʩʠʩʪʝʤʫ, ʷʢʘ ʧʨʦʚʦʜʠʪʴ ʦʮʽʥʢʫ ʩʪʘʥʫ ʤʘʪʝʨʽʘʣʫ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʢʝʨʫ ̒

ʝʢʩʧʣʫʘʪʘʮʽʶ ʦʙô̒ ʢʪʘ ʫ ʧʝʨʝʜʘʚʘʨʽʡʥʠʭ ʪʘ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʷʭ.  
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ʊʘʙʣʠʮʷ 1.3. 

ʇʦʨʽʚʥʷʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤ ʢʦʤʧôʁ ʪʝʨʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʜʠʟʝʣʽʚ 

ʉʠʩʪʝʤʘ, ʬʨ̔ʤʘ, 

ʢʨʘʾʥʘ / ʧʘʨʘʤʝʪʨʠ 

NK-100 

Autro-Nika 

ʅʦʨʚʝʛʽ̫ 

VTS 

Vecom 

ʅʽʜʝʨʣʘʥʜʠ 

ɯʥʜ̔ʩ-ʢʦʧ 

647, AVL  

ɸʚʩʪʨʽ̫ 

Recip-Trap 

Beta M&C 

ʂʘʥʘʜʘ 

CARMA 

TIAC Sys 

ʉʐɸ 

Cyldet 

ACEA 

ʐʚʝʮ̫̔ 

DEPAS 

ʆɼʄʋ 

ʋʢʨʘʥʾʘ 

ʆʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ 

ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ: 

Pi, Ni, Pz, Pc, n 

þ 

 

þ þ þ þ þ þ 

ɼʽʘʛʨʘʤʘ ʪʠʩʢʫ ʧʘʣʠʚʘ þ  þ   þ  

ʇʘʨʘʤʝʪʨʠ ʚʧʦʨʩʢʫʚʘʥʥʷ þ  þ þ þ þ þ 

ʌʘʟʠ ʛʘʟʦʨʦʟʧʦʜʽʣʫ   þ þ þ  þ 

ʉʝʨʚʽʩʥʽ ʧʨʦʛʨʘʤʠ 

ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ 
þ  þ þ þ þ þ 

ɹʝʟʧʝʨʝʨʚʥʠʡ ʢʦʥʪʨʦʣʴ þ     þ  

ʉʧʦʩʽʙ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ɼʘʪʯʠʢ ɼʘʪʯʠʢ ɼʘʪʯʠʢ ʅ̔ ʅ̔ ɼʘʪʯʠʢ ɸʣʛʦʨʠʪʤ, 

ʜʘʪʯʠʢ 

ʅʘʷʚʥʽʩʪʴ ʚʽʙʨʦʜʘʪʯʠʢʘ    þ þ  þ 

ʇʝʨʝʥʦʩʥʠʡ ʚʘʨʽʘʥʪ  þ þ    þ 
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ʉʠʩʪʝʤʘ ʚʠʨʽʰʫʻ ʪʘʢʽ ʟʘʚʜʘʥʥʷ: ʚʠʤʽʨʶʚʘʥʥʷ, ʦʙʨʦʙʢʫ ʪʘ ʧʨʝʜʩʪʘʚʣʝʥʥʷ 

ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʦʮʽʥʢʠ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʡ; 

ʨʦʟʨʘʭʫʥʦʢ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʡ; ʧʦʙʫʜʦʚʫ ʨʘʥʜʦʤʽʟʦʚʘʥʦʛʦ ʨʷʜʫ 

ʥʝʙʝʟʧʝʢ, ʚʠʙʽʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʘʨʽʘʥʪʘ ʪʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ; ʚʠʜʘʯʫ ʢʦʤʘʥʜʠ 

ʚʠʢʦʥʘʚʯʠʤ ʤʝʭʘʥʽʟʤʘʤ ʜʣʷ ʟʤʽʥʠ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʟ ʤʝʪʦʶ ʚʠʭʦʜʫ ʟ ʘʚʘʨʽʡʥʦʛʦ 

ʩʪʘʥʫ, ʘ ʪʘʢʦʞ ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʨʝʤʦʥʪʥʦ-

ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʨʦʙʽʪ, ʥʝʦʙʭʽʜʥʽʩʪʴ ʯʘʩʪʢʦʚʦʛʦ ʯʠ ʧʦʚʥʦʛʦ ʧʨʠʧʠʥʝʥʥʷ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʚʫʟʣʘ ʯʠ ʢʦʥʩʪʨʫʢʮʽʾ ʟʘʛʘʣʦʤ; ʧʝʨʝʜʘʯʫ ʽʥʬʦʨʤʘʮʽʾ 

ʧʨʦ ʩʪʘʥ ʢʦʥʩʪʨʫʢʮʽʾ ʥʘ ʮʝʥʪʨʘʣʴʥʠʡ ʜʽʘʛʥʦʩʪʠʯʥʠʡ ʧʦʩʪ ʜʣʷ ʫʭʚʘʣʝʥʥʷ ʨʽʰʝʥʥʷ 

ʧʦ ʚʩʴʦʤʫ ʦʙô̒ ʢʪʫ. ʇʨʠ ʮʴʦʤʫ ʚʘʨʪʽʩʪʴ ʧʦʚʥʦʛʦ ʦʙʩʷʛʫ ʨʦʙʽʪ ʟ ʪʝʭʥʽʯʥʦʾ 

ʜʽʘʛʥʦʩʪʠʢʠ, ʥʘʧʨʠʢʣʘʜ, ʪʨʫʙʦʧʨʦʚʦʜʫ ʦʮʽʥʶʻʪʴʩʷ ʜʦ 20% ʚʘʨʪʦʩʪʽ ʚʠʪʨʘʪ ʥʘ 

ʡʦʛʦ ʙʫʜʽʚʥʠʮʪʚʦ [77]. 

ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʚ ʢʨʘʾʥʘʭ ɭʚʨʦʩʦʶʟʫ ʪʘ ʉʐɸ ʡʜʝ ʘʢʪʠʚʥʠʡ ʧʨʦʮʝʩ ʨʦʟʨʦʙʢʠ 

ʨʽʟʥʠʭ ʚʠʤʽʨʶʚʘʣʴʥʦ-ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʤʦʥʽʪʦʨʠʥʛʫ ʙʫʜʽʚʝʣʴʥʠʭ ʦʙô̒ ʢʪʽʚ 

[78ï82]. ʉʝʨʝʜ ʟʘʨʫʙʽʞʥʠʭ ʬʽʨʤ, ʱʦ ʧʨʘʮʶʶʪʴ ʫ ʥʘʧʨʷʤʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʙʫʜʽʚʝʣʴ ʪʘ ʩʧʦʨʫʜ ʧʽʜ ʯʘʩ ʾʭ 

ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ çGEOKONè (ʉʐɸ), çSISGEOè 

(ɯʪʘʣʽʷ), çSOLEXPERTS Ltdè (ʐʚʝʡʮʘʨʽʷ), çSOLNST CANADA Ltdè (ʂʘʥʘʜʘ), 

çINGENERIA DE INSTRUMENTACION Y CONTROL S.A.è (ɯʩʧʘʥʽʷ), 

çTELEMAC S.A.è (ʌʨʘʥʮʽʷ) ʪʘ ʽʥ. [83ï86] 

ʅʘʧʨʠʢʣʘʜ, ʢʦʤʧʘʥʽʷ çɻʝʦʢʦʥè [83], ʟʘʩʥʦʚʘʥʘ ʚ 1979 ʨ., ʻ ʩʚʽʪʦʚʠʤ ʣʽʜʝʨʦʤ 

ʚ ʛʘʣʫʟʽ ʚʽʙʨʫʶʯʠʭ ʜʨʦʪʷʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ʇʦʥʘʜ 27000 ʧô̒ ʟʦʤʝʪʨʽʚ ʪʘ 50000 

ʜʘʪʯʠʢʽʚ ʪʘʢʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʷ ʫ ʨʽʟʥʠʭ ʧʨʦʢ̒ʪʘʭ. ʂʨʽʤ ʪʦʛʦ, 

çɻʝʦʢʦʥè ʚʠʨʦʙʣʷʻ ʝʢʩʪʝʥʟʦʤʝʪʨʠ; ʜʘʪʯʠʢʠ ʪʠʩʢʫ ʚ ˇʨʫʥʪʽ, ʜʘʪʯʠʢʠ ʪʨʽʱʠʥ, 

ʩʪʠʢʽʚ, ʥʘʧʨʫʛ, ʦʩʜ̔ʘʥʴ; ʧô̒ ʟʦʤʝʪʨʠ, ʫʢʣʦʥʦʤʝʪʨʠ, ʨʝʻʩʪʨʘʪʦʨʠ ʜʘʥʠʭ ʽ ʪ.ʜ. 

ɺʠʤʽʨʶʚʘʣʴʥʽ ʧʨʠʣʘʜʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʪʘʢʠʭ 

ʦʙô̒ ʢʪʽʚ, ʷʢ ʙʝʪʦʥʥʽ ʪʘ ʟʝʤʣʷʥʽ ʛʨʝʙʣʽ (ʧʦʥʘʜ 100 ʦʙô̒ ʢʪʽʚ ʫ ʉʐɸ, ɯʩʧʘʥʽʾ, 

ʇʽʚʜʝʥʥʽʡ ɸʬʨʠʮʽ, ʐʚʝʡʮʘʨʽʾ, ʂʦʣʫʤʙʽʾ, ʅʦʚʽʡ ɿʝʣʘʥʜʽʾ, ʇʘʢʠʩʪʘʥʽ, ɸʣʞʠʨʽ ʽ 

ʪ.ʜ.), ʪʫʥʝʣʽ ʪʘ ʧʽʜʟʝʤʥʽ ʩʠʩʪʝʤʠ, ʟʦʢʨʝʤʘ ʧʽʜ ʃʘ-ʄʘʥʝhʤ, ʰʘʭʪʠ, ʩʭʦʚʠʱʘ 

ʚʽʜʭʦʜʽʚ (ʢʦʥʪʨʦʣʴ ʩʪʽʡʢʦʩʪʽ ʧʽʜʟʝʤʥʠʭ ʚʠʨʦʙʦʢ ʪʘ ʩʭʠʣʽʚ ʚʽʜʢʨʠʪʠʭ ʨʦʟʨʦʙʦʢ, 
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ʩʪʘʥʫ ʧʦʚʝʨʭʥʝʚʠʭ ʪʘ ˇʨʫʥʪʦʚʠʭ ʚʦʜ), ʦʩʥʦʚʠ ʪʘ ʬʫʥʜʘʤʝʥʪʠ ʙʫʜʽʚʝʣʴ, ʟʦʢʨʝʤʘ 

ʧʨʠ ʙʫʜʽʚʥʠʮʪʚʽ ʥʘʡʚʠʱʦʾ ʙʫʜʽʚʣʽ ʫ ʩʚʽʪʽ (450 ʤ) ï Petronas Twin Towers ʫ 

ʄʘʣʘʡʟʽʾ ï ʪʦʱʦ. 

ʆʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʽʩʥʫʶʯʠʭ ʟʘʨʫʙʽʞʥʠʭ ɺɯʉ ʻ ʾʭʥʷ ʚʠʩʦʢʘ ʚʘʨʪʽʩʪʴ, 

ʥʘʩʘʤʧʝʨʝʜ ʟʘ ʨʘʭʫʥʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʪʯʠʢʽʚ ʟ ʨʽʟʥʠʤ ʧʨʠʥʮʠʧʦʤ ʨʦʙʦʪʠ. ʋ 

ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʈʘʜʯʝʥʢʘ ɸ.ʇ. [87] ʨʦʟʛʣʷʥʫʪʦ ʧʠʪʘʥʥʷ ʤʦʥʽʪʦʨʠʥʛʫ ʨʦʙʦʯʠʭ 

ʧʨʦʮʝʩʽʚ ʫ ʩʫʜʥʦʚʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʫʩʪʘʥʦʚʢʘʭ. ʇʦʣʷʢʦʚ ʉ.ɻ. [88] ʚʠʚʯʠʚ 

ʦʩʦʙʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʜʣʷ ʟʘʭʠʩʪʫ ʚʽʜ ʢʦʨʦʟʽʾ 

ʟʚʘʨʥʠʭ ʪʨʫʙʦʧʨʦʚʦʜʽʚ. ɿ ʤʝʪʦʶ ʚʠʨʽʰʝʥʥʷ ʧʠʪʘʥʴ, ʷʢʽ ʥʝ ʦʙʫʤʦʚʣʝʥʽ 

ʥʦʨʤʘʪʠʚʥʠʤʠ ʜʦʢʫʤʝʥʪʘʤʠ ʪʘ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʥʘ ʨʽʟʥʠʭ ʝʪʘʧʘʭ ʞʠʪʪʻʚʦʛʦ 

ʮʠʢʣʫ ʙʫʜʽʚʝʣʴʥʠʭ ʦʙô̒ ʢʪ̔ʚ, ʧʦʯʠʥʘʶʯʠ ʟ 2008 ʨ., ʥʦʨʤʘʪʠʚʥʠʤʠ ʜʦʢʫʤʝʥʪʘʤʠ 

ʋʢʨʘʾʥʠ ʧʝʨʝʜʙʘʯʝʥʦ ʾʭʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʡ ʩʫʧʨʦʚʽʜ [89]. ʉʫʧʨʦʚʽʜ ʧʝʨʝʜʙʘʯʘʻ 

ʤʦʥʽʪʦʨʠʥʛ ʪʘ ʪʝʭʥʽʯʥʫ ʜʽʘʛʥʦʩʪʠʢʫ ʦʙô̒ ʢʪʘ, ʚʠʢʦʥʘʥʥʷ ʧʝʨʝʚʽʨʦʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ, 

ʨʦʟʨʦʙʢʫ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʫʩʫʥʝʥʥʷ ʥʝʛʘʪʠʚʥʠʭ ʧʨʦʮʝʩʽʚ ʪʦʱʦ. ʄʦʥʽʪʦʨʠʥʛ 

ʤʦʞʝ ʚʝʩʪʠʩ ̫ ʥʘ ʦʩʥʦʚʽ ʨʦʟʨʦʙʣʶʚʘʥʠʭ ʧʨʦ̒ʢʪʽʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ 

ʪʝʭʥʽʯʥʦʛʦ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʦʙô̒ ʢʪʽʚ. 

ʇʨʦʙʣʝʤʘ ʟʙʦʾʚ ʪʘ ʦʮʽʥʢʠ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʦʪʨʠʤʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʦʨʦʜʠʣʘ ʥʦʚʽ 

ʪʝʭʥʦʣʦʛʽʾ ʾʾ ʟʙʠʨʘʥʥʷ ʪʘ ʦʙʨʦʙʢʠ. ʋ [90] ʦʧʠʩʘʥʘ ʪʝʭʥʦʣʦʛʽʷ, ʟʘʩʥʦʚʘʥʘ ʥʘ 

ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʤʽʩʴʢʦʾ ʤʝʨʝʞʽ ʪʝʧʣʦʚʦʜʦʧʦʩʪʘʯʘʥʥʷ. ʎʷ 

ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʤʽʩʪʠʪʴ ʥʠʟʢʫ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ 

ʤʦʥʽʪʦʨʠʥʛʫ ʨʝʘʣʴʥʦʾ ʧʨʘʮʶʶʯʦʾ ʪʝʧʣʦʤʝʨʝʞʽ. ʅʘʣʘʰʪʦʚʘʥʘ ʪʘʢʠʤ ʯʠʥʦʤ 

ʤʦʜʝʣʴ ʚʠʢʦʥʫʻ ʧʦʜʚʽʡʥʽ ʬʫʥʢʮʽʾ: ʧʦ-ʧʝʨʰʝ, ʫ ʨʘʟʽ ʟʙʦʶ ʚ ʧʦʪʦʮʽ ʽʥʬʦʨʤʘʮʽʾ, ʚʦʥʘ 

ʝʢʩʪʨʘʧʦʣʶʻ ʪʘ ʽʥʪʝʨʧʦʣʶʻ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʜʘʥʠʭ; ʧʦ-ʜʨʫʛʝ, ʚʦʥʘ ʜʦʟʚʦʣʷʻ 

ʧʨʦʛʥʦʟʫʚʘʪʠ ʨʦʙʦʪʫ ʩʠʩʪʝʤʠ, ʟʦʢʨʝʤʘ ʤʦʞʣʠʚʽ ʘʚʘʨʽʾ. 

ɿʨʦʟʫʤʽʣʦ, ʱʦ ʜʣʷ ʜʦʩʪʦʚʽʨʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʧʦʪʨʽʙʥʦ 

ʙʘʛʘʪʦ ʥʘʜʽʡʥʠʭ ʧʝʨʚʠʥʥʠʭ ʜʘʥʠʭ ʜʣʷ ʾʭʥʴʦʛʦ ʥʘʣʘʰʪʫʚʘʥʥʷ, ʪʦʙʪʦ ʟʥʦʚʫ ʞ ʪʘʢʠ 

ʜʦʢʣʘʜʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʢʝʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ. ɸʥʘʣʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʥʦʚʠʭ ɯʊ ʫ ʨʽʟʥʠʭ ʉʄ (ʟʘʩʪʦʩʦʚʫʚʘʥʠʭ ʚ ʘʚʽʘʮʽʾ, ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʫʜʝʥ ʪʘ ʽʥ.) ʚʠʷʚʠʚ 

ʜʦʩʠʪʴ ʚʝʣʠʢʝ ʢʦʣʦ ʟʤʽʥʥʠʭ ʟʘʚʜʘʥʴ ʫ ʩʬʝʨʽ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʾʭʥʽʭ ʩʢʣʘʜʦʚʠʭ 

ʝʣʝʤʝʥʪʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦ̒ʢʪʦʚʘʥʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ ʫ ʜʽʶʯʠʭ ʉʄ 
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ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʶ ʟʘʩʪʦʩʦʚʫʚʘʥʠʭ ʤʦʜʝʣʝʡ ʫʧʨʘʚʣʽʥʥʷ ʩʪʫʧʝʥʝʤ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʚʠʤʦʛʘʤ ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ, ʯʠʩʣʦʤ ʽʻʨʘʨʭʽʯʥʠʭ ʨʽʚʥʽʚ, 

ʩʢʣʘʜʥʽʩʪʶ ʘʣʛʦʨʠʪʤʽʚ, ʦʙô̒ ʢʪʘʤʠ ʧʝʨʝʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ [87, 88, 90]. 

 

1.3. ɿʘʩʪʦʩʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʨʠ ʫʩʫʥʝʥʥʽ 

ʧʦʥʘʜʥʦʨʤʘʪʠʚʥʠʭ ʢʨʝʥʚ̔ ɹɹ 

 

ʋʩʫʥʝʥʥʷ ʥʘʜʥʦʨʤʘʪʠʚʥʠʭ ʢʨʝʥʽʚ ʙʫʜʽʚʝʣʴ ʪʘ ʩʧʦʨʫʜ ʟʘʟʚʠʯʘʡ ʚʠʢʦʥʫʻʪʴʩʷ 

ʥʘ ʦʩʥʦʚʽ ʦʜʥʦʛʦ ʬʽʢʩʦʚʘʥʦʛʦ ʧʨʦʢ̒ʪʫ, ʷʢʠʡ ʨʦʟʨʦʙʣʷʻʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʥʘʡʙʽʣʴʰ ʤ̔ʦʚʽʨʥʦ ʾ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʜʘʥʠʭ (ʛʝʦʣʦʛʽʾ, ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʦʙô̒ ʢʪʘ, 

ʧʨʦʧʦʥʦʚʘʥʦʾ ʪʝʭʥʦʣʦʛʽ ʾ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ ʪʘ ʽʥ.) [91ï95]. ʆʜʥʘʢ ʫ ʧʨʦʮʝʩʽ 

ʨʝʘʣʽʟʘʮʽʾ ʪʘʢʦʛʦ ʧʨʦʢ̒ʪʫ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʽ ʦʙʩʪʘʚʠʥʠ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ, ʦʨʛʘʥʽʟʘʮʽʡʥʦʛʦ ʪʘ ʽʥʰʦʛʦ ʭʘʨʘʢʪʝʨʫ, ʷʢʽ ʥʝʤʦʞʣʠʚʦ ʚʨʘʭʫʚʘʪʠ 

ʥʘ ʩʪʘʜʽʾ ʧʨʦʢ̒ʪʫʚʘʥʥʷ ʯʝʨʝʟ ʩʢʣʘʜʥʽʩʪʴ ʨʦʟʚô̫ ʟʫʚʘʥʠʭ ʟʘʚʜʘʥʴ ʪʘ ʛʝʦʪʝʭʥʽʯʥʫ 

ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʽʩʪʴ ʩʠʩʪʝʤʠ çʦʩʥʦʚʘ ï ʬʫʥʜʘʤʝʥʪè [96ï98]. 

ʉʧʦʩʪʝʨʝʞʥʘ ʯʘʩʪʠʥʘ ʧʨʦʢ̒ʪʽʚ, ʱʦ ʨʝʘʣʽʟʫʶʪʴʩʷ, ʧʝʨʝʜʙʘʯʘʻ ʧʝʨʽʦʜʠʯʥʽ 

ʛʝʦʜʝʟʠʯʥʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʜʝʬʦʨʤʘʮʽʷʤʠ, ʘ ʪʘʢʦʞ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʽ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʱʦ ʬʽʢʩʫʶʪʴ ʚʝʣʠʯʠʥʠ ʨʦʟʢʨʠʪʪʷ ʪʨʽʱʠʥ ʫ ʙʫʜʽʚʝʣʴʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʷʭ [99ï104, 95]. ʇʨʠ ʮʴʦʤʫ ʛʝʦʜʝʟʠʯʥʽ ʪʘ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʽ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʚʽʜʽʛʨʘʶʪʴ ʧʘʩʠʚʥʫ ʨʦʣʴ ʫ ʧʨʦʛʥʦʟʫʚʘʥʥʽ ʚʽʜʭʠʣʝʥʴ ʚʽʜ ʥʘʡʙʣ̔ʴʰ 

ʽʤʦʚʽʨʥʦʛʦ ʩʪʘʥʫ ʦʙô̒ ʢʪʘ. ɺʽʜʭʠʣʝʥʥʷ ʚʽʜ ʧʨʦʢ̒ʪʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ʙʫʜʽʚʝʣʴʥʠʭ 

ʦʙô̒ ʢʪʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʧʨʦʢ̒ʪʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʪʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʟʤʽʥʦʶ ʨʦʟʪʘʰʫʚʘʥʥʷ ʜʝʬʝʢʪʥʠʭ ʟʦʥ, ʟʙʽʣʴʰʫʻʪʴʩʷ ʡʤʦʚʽʨʥʽʩʪʴ ʫʪʚʦʨʝʥʥʷ 

ʜʦʜʘʪʢʦʚʠʭ ʜʝʬʝʢʪʥʠʭ ʟʦʥ ʚ ʫʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʪʘ ʨʠʟʠʢʫ ʙʫʜʽʚʝʣʴʥʠʭ 

ʘʚʘʨʽʡ. ʊʦʤʫ ʧʨʦʚʝʜʝʥʥʷ ʨʦʙʽʪ ʟ ʫʩʫʥʝʥʥʷ ʢʨʝʥʽʚ ʙʫʜʽʚʝʣʴ ʥʘ ʧʽʜʩʪʘʚʽ ʧʨʦʢ̒ʪʫ, 

ʟʘʩʥʦʚʘʥʦʛʦ ʥʘ ʚʠʥʷʪʢʦʚʦ ʩʧʨʠʷʪʣʠʚʦʤʫ ʧʨʦʛʥʦʟʽ ʨʦʟʚʠʪʢʫ ʧʦʜʽʡ ʽ ʙʝʟ 

ʽʥʪʝʨʘʢʪʠʚʥʦʛʦ ʨʝʞʠʤʫ ʢʦʥʪʨʦʣʶ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ çʦʩʥʦʚʘ ï ʬʫʥʜʘʤʝʥʪè, ʻ 

ʥʝʧʨʠʡʥʷʪʥʠʤ, ʦʩʢʽʣʴʢʠ ʮʝ ʤʦʞʝ ʚʧʣʠʥʫʪʠ ʥʘ ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ ʦʙô̒ ʢʪʘ ʪʘ ʥʘ 

ʚʠʢʦʥʘʥʥʷ ʜʦʛʦʚʽʨʥʠʭ ʟʦʙʦʚô̫ ʟʘʥʴ ʧʽʜʨʷʜʥʠʢʘ ʧʝʨʝʜ ʟʘʤʦʚʥʠʢʦʤ. 

ʉʴʦʛʦʜʥʽ ʫ ʛʝʦʪʝʭʥʽʮʽ ʚʩʝ ʰʠʨʰʝ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʤʝʪʦʜ ʩʧʦʩʪʝʨʝʞʝʥʴ, ʷʢʠʡ 
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ʧʦʣʷʛʘʻ ʫ ʙʝʟʧʝʨʝʨʚʥʦʤʫ, ʢʦʤʧʣʝʢʩʥʦʤʫ ʧʨʦʮʝʩʽ ʧʨʦʢ̒ʪʫʚʘʥʥʷ ʪʘ ʙʫʜʽʚʥʠʮʪʚʘ. 

ʄʝʪʦʜ ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʘʥʘʣʽʟʽ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ çʦʩʥʦʚʘ 

ï ʬʫʥʜʘʤʝʥʪè ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʢʦʨʠʛʫʚʘʪʠ ʧʨʦʢ̒ʪ ʥʘ ʙʫʜʴ-

ʷʢʽʡ ʩʪʘʜʽʾ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ [92-94, 96, 99, 105ï111]. 

ʇʽʦʥʝʨʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʩʧʦʩʪʝʨʝʞʝʥʴ ʻ ʂ. ʊʝʨʮʘʛ,̔ ʘ ʡʦʛʦ ʪʝʦʨʝʪʠʯʥʽ 

ʦʩʥʦʚʠ ʨʦʟʨʦʙʣʝʥʽ ʈ.ɹ. ʇʝʢʦʤ [112]. ʅʠʤ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʜʚʘ ʟʘʛʘʣʴʥʽ ʧʽʜʭʦʜʠ ʧʽʜ 

ʯʘʩ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ. ʇʝʨʰʠʡ ʧʽʜʭʽʜ ʧʦʣʷʛʘʻ ʫ ʟʘʩʪʦʩʫʚʘʥʥ ̔ ʤʝʪʦʜʫ 

ʩʧʦʩʪʝʨʝʞʝʥʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ ʧʦʯʘʪʢʫ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʢ̒ʪʫ, ʜʨʫʛʠʡ ï ʫ ʨʘʟʽ 

ʚʠʥʠʢʥʝʥʥʷ ʧʽʜ ʯʘʩ ʙʫʜʽʚʥʠʮʪʚʘ ʥʝʧʝʨʝʜʙʘʯʝʥʠʭ, ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʩʠʪʫʘʮʽʡ. ʇʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʝʪʦʜʫ ʩʧʦʩʪʝʨʝʞʝʥʴ ʤʦʞʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʪʘʢʦʞ ʡʦʛʦ ʧʦʩʣʽʜʦʚʥʘ 

ʤʦʜʠʬʽʢʘʮʽʷ ʥʘ ʨʽʟʥʠʭ ʝʪʘʧʘʭ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʢ̒ʪʫ [96, 113]. ʇʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ 

ʤʝʪʦʜʫ ʩʧʦʩʪʝʨʝʞʝʥʴ, ʢʨʽʤ ʙʘʟʦʚʦʛʦ ʧʨʦʢ̒ʪʫ, ʚʠʢʦʥʫʻʪʴʩʷ ʩʝʨʽʷ ʜʦʜʘʪʢʦʚʠʭ 

ʧʨʦ̒ʢʪʽʚ ʥʘ ʦʩʥʦʚʽ ʩʠʥʪʝʟʦʚʘʥʦʾ ʯʝʨʝʟ ʣʽʥʽʾ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ ʽʥʬʦʨʤʘʮʽʾ ʪʘ 

ʦʮʽʥʢʠ ʩʧʽʣʴʥʦʾ ʨʦʙʦʪʠ ˇʨʫʥʪʽʚ ʪʘ ʬʫʥʜʘʤʝʥʪʽʚ, ʧʨʠʟʥʘʯʝʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ, ʨʽʚʥʷ ʚʟʘʻʤʦʜʽʾ ʫʯʘʩʥʠʢʽʚ ʧʨʦʢ̒ʪʫ. 

ʆʩʥʦʚʥʘ ʧʝʨʝʚʘʛʘ ʤʝʪʦʜʫ ʩʧʦʩʪʝʨʝʞʝʥʴ ʧʦʣʷʛʘʻ ʫ ʜʦʩʣʽʜʞʝʥʥʽ ʪʘ ʫʪʦʯʥʝʥʥʽ 

ʬʘʢʪʦʨʽʚ (ʥʝʣʽʥʽʡʥʠʭ, ʪʠʤʯʘʩʦʚʠʭ ʽ ʪ.ʜ.), ʱʦ ʧʦʛʘʥʦ ʧʽʜʣʷʛʘʶʪʴ ʢʽʣʴʢʽʩʥʦʤʫ 

ʚʠʟʥʘʯʝʥʥʶ ʚ ʨʘʤʢʘʭ ʪʨʘʜʠʮʽʡʥʦʛʦ ʧʨʦʢ̒ʪʫʚʘʥʥʷ, ʘʣʝ ʜʦʟʚʦʣʷʶʪʴ ʚʨʘʭʫʚʘʪʠ 

ʨʽʟʥʦʤʘʥʽʪʥʽ ʦʙʩʪʘʚʠʥʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʙʽʪ. 

ʄʝʪʦʜ ʩʧʦʩʪʝʨʝʞʝʥʴ ʜʦʟʚʦʣʷʻ ʟʘʦʱʘʜʠʪʠ ʷʢ ʢʦʰʪʠ, ʪʘʢ ʽ ʯʘʩ, ʘ ʪʘʢʦʞ ʨʦʟʰʠʨʠʪʠ 

ʛʘʣʫʟʴ ʟʥʘʥʴ ʫ ʩʬʝʨʽ ʦʩʥʦʚ ʪʘ ʬʫʥʜʘʤʝʥʪʽʚ ʧʨʠ ʟʘʙʝʟʧʝʯʝʥʥʽ ʧʨʠʡʥʷʪʥʦʛʦ ʨʽʚʥʷ 

ʙʝʟʧʝʢʠ. 

ʇʨʘʢʪʠʢʘ ʦʩʥʘʱʝʥʥʷ ʙʫʜʽʚʝʣʴʥʠʭ ʦʙô̒ ʢʪʽʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʤʠ 

ʚʠʤʽʨʶʚʘʣʴʥʦ-ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʩʠʩʪʝʤʘʤʠ (ɺɯʉ) ʪʝʭʥʽʯʥʦʛʦ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ 

ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʥʘ ʩʴʦʛʦʜʥʽ ʥʝ ʻ ʭʘʨʘʢʪʝʨʥʦʶ ʜʣʷ ʋʢʨʘʾʥʠ, ʨʘʜʰʝ 

ʚʽʜʦʤʽ ʣʠʰʝ ʦʢʨʝʤʽ ʧʨʠʢʣʘʜʠ [95, 114ï116]. ʅʘ ʨʦʟʨʦʙʢʫ ɺɯʉ-ʤʦʥʽʪʦʨʠʥʛʫ 

ʙʫʜʽʚʝʣʴʥʦʛʦ ʦʙô̒ ʢʪʘ ʚʧʣʠʚʘʶʪʴ ʪʘʢʽ ʦʩʥʦʚʥʽ ʘʩʧʝʢʪʠ: ʪʝʭʥʽʯʥʠʡ ï ʚʠʟʥʘʯʝʥʥʷ 

ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʥʘ ʷʢʠʭ ʙʘʟʫʻʪʴʩʷ ʚʠʤʽʨʶʚʘʣʴʥʘ ʩʠʩʪʝʤʘ; 

ʪʝʭʥʦʣʦʛʽʯʥʠʡ ï ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʪʘ ʩʧʦʩʦʙʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʢʦʤʧʣʝʢʪʫʶʯʠʭ, 

ʤʦʥʪʘʞʫ ʩʠʩʪʝʤʠ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ; ʝʢʦʥʦʤʽʯʥʠʡ ï ʦʧʪʠʤʽʟʘʮʽʷ ʮʽʥʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ 
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ʩʠʩʪʝʤʠ [117]. ɼʣʷ ʦʮʽʥʢʠ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʩʠʩʪʝʤʠ çʦʩʥʦʚʘ ï 

ʬʫʥʜʘʤʝʥʪè ʧʨʠ ʫʩʫʥʝʥʥʽ ʥʘʜʥʦʨʤʘʪʠʚʥʠʭ ʢʨʝʥʽʚ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʦʜʠʪʠ ʢʦʥʪʨʦʣʴ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʬʽʟʠʯʥʠʭ ʚʝʣʠʯʠʥ ʽ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʤʘʪʠ ʫ ʩʢʣʘʜʽ ɺɯʉ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʜʘʪʯʠʢʽʚ, ʘ ʦʪʞʝ, ʡ ʨʽʟʥʽ ʟʘ ʙʫʜʦʚʦʶ ʪʘ 

ʧʨʠʥʮʠʧʦʤ ʨʦʙʦʪʠ ʧʝʨʚʠʥʥʽ ʚʠʤʽʨʶʚʘʣʴʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ, ʥʘʧʨʠʢʣʘʜ 

ʪʝʥʟʦʤʝʪʨʠʯʥʽ, ʤʘʛʥʽʪʦʧʨʫʞʥʽ, ʤʘʛʥʽʪʦʩʪʨʠʢʮʽʡʥʽ ï ʜʣʷ ʢʦʥʪʨʦʣʶ ʟʫʩʠʣʴ, 

ʤʝʭʘʥʽʯʥʠʭ ʥʘʧʨʫʛ; ʽʥʜʫʢʪʠʚʥʽ, ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ï ʜʣʷ ʢʦʥʪʨʦʣʶ ʣʽʥʽʡʥʠʭ ʪʘ 

ʢʫʪʦʚʠʭ ʟʤʽʱʝʥʴ; ʨʽʜʠʥʥʽ ï ʜʣʷ ʢʦʥʪʨʦʣʶ ʚʽʜʥʦʩʥʠʭ ʦʩʽʜʘʥʴ ʪʘ ʜʝʬʦʨʤʘʮʽʡ ʦʩʥʦʚ 

ʙʫʜʽʚʝʣʴ  ̔ʩʧʦʨʫʜ (ʪʘʙʣ. 1.4). 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʪʘ ʥʘʧʨʷʤʢʫ ʟʤʽʱʝʥʴ ʚʽʜ ʥʘʭʠʣʫ ʢʦʥʩʪʨʫʢʮʽʡ 

ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʫ ʩʢʣʘʜʽ ɺɯʉ ʤʘʪʨʠʯʥ ̔ʜʘʪʯʠʢʠ, ʷʢʽ ʚʠʢʦʥʫʶʪʴʩʷ ʥʘ 

ʦʩʥʦʚʽ ʜʝʢʽʣʴʢʦʭ ʧʝʨʚʠʥʥʠʭ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ [118, 119]. ʇʦʯʠʥʘʶʯʠ 

ʟ ʩʝʨʝʜʠʥʠ 90-ʭ ʨʦʢʽʚ ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ, ʬʫʥʜʘʤʝʥʪʘʣʴʥʘ ʥʘʫʢʘ ʧʨʦ ʚʣʘʩʪʠʚʦʩʪʽ 

ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʠʭ ʩʚʽʪʣʦʚʦʜʽʚ ʧʦʯʘʣʘ ʚʭʦʜʠʪʠ ʜʦ ʛʘʣʫʟʽ ʽʥʞʝʥʝʨʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʚʽʜʧʦʚʽʜʥʠʭ ʜʘʪʯʠʢʽʚ ʫ ʙʫʜʽʚʥʠʮʪʚʽ [116, 119]. ɿʘʩʪʦʩʫʚʘʥʥʷ ʫ ʙʫʜʽʚʥʠʮʪʚʽ ʪʘʢʦʾ 

ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʜʘʪʯʠʢʽʚ ʟ ʨʽʟʥʠʤ ʧʨʠʥʮʠʧʦʤ ʨʦʙʦʪʠ ʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤ 

ʚʠʢʦʥʘʥʥʷʤ ʟʥʠʞʫʻ ʤʝʪʨʦʣʦʛʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʫ ʥʘʜʽʡʥʽʩʪʴ 

ʽʩʥʫʶʯʠʭ ɺɯʉ, ʟʙʽʣʴʰʫʻ ʾʭ ʚʘʨʪʽʩʪʴ ʫ ʟʚô̫ ʟʢʫ ʟ ʥʝʦʙʭʽʜʥʽʩʪʶ ʦʩʥʘʱʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ 

ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʰʪʘʤʧʽʚ, ʧʨʝʩ-ʬʦʨʤ [120]. 

ɺɯʉ ʥʘ ʦʩʥʦʚʽ ʢʣʘʩʠʬʽʢʘʮʽʡʥʠʭ ʦʟʥʘʢ ʧʦʜʽʣʷʶʪʴ ʟʘ ʧʨʠʥʮʠʧʘʤʠ ʧʦʙʫʜʦʚʠ 

ʩʪʨʫʢʪʫʨ ʪʘ ʟʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ. ɿʘ ʦʨʛʘʥʽʟʘʮʽʻ ʁ

ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ, ʟʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʤʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʙʣʦʢʘʤʠ ɺɯʉ 

ʚʽʜʥʦʩʷʪʴ ʜʦ ʦʜʥʽʻʾ ʟ ʦʩʥʦʚʥʠʭ ʩʪʨʫʢʪʫʨ ʧʦʙʫʜʦʚʠ: ʣʘʥʮʶʛʦʚʦʾ, ʨʘʜʽʘʣʴʥʦʾ ʘʙʦ 

ʤʘʛʽʩʪʨʘʣʴʥʦʾ. ʉʭʝʤʘ ʚʟʘʻʤʦʜʽʾ ʦʩʥʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ɺʉ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1.1. 

ʆʩʢʽʣʴʢʠ ɺɯʉ ʤʘʻ ʜʚʽ ʦʩʥʦʚʥʽ ʩʢʣʘʜʦʚʽ (ʧʝʨʝʪʚʦʨʶʚʘʯ ʬʽʟʠʯʥʦʾ ʚʝʣʠʯʠʥʠ ʪʘ 

ʝʣʝʢʪʨʦʥʥʠʡ ʙʣʦʢ ʦʙʨʦʙʢʠ), ʪʦ ʚʽʜʩʫʪʥʽʩʪʴ ʻʜʥʦʩʪʽ ʫ ʮʠʭ ʯʘʩʪʠʥʘʭ ʟʙʽʣʴʰʫʻ 

ʨʽʟʥʦʪʠʧʥʽʩʪʴ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ,̔ ʷʢ ʥʘʩʣʽʜʦʢ, ʟʤʝʥʰʫʻ ʤʦʞʣʠʚʽʩʪʴ 

ʩʪʚʦʨʝʥʥʷ ʫʥʽʬʽʢʦʚʘʥʦʾ ʩʠʩʪʝʤʠ. ɺʝʣʠʢʘ ʢʽʣʴʢʩ̔ʪɹ ʨʽʟʥʦʪʠʧʥʠʭ ʚʠʤʽʨʶʚʘʣʴʥʠʭ 

ʩʠʩʪʝʤ ʧʦʪʨʝʙʫʻ ʩʪʚʦʨʝʥʥʷ ʩʢʣʘʜʥʦʾ ʩʠʩʪʝʤʠ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʚʽʜʧʦʚʽʜʥʦʛʦ 

ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ [121]. 
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ʊʘʙʣʠʮ ̫1.4 

ɼʘʪʯʠʢʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʧʘʨʘʤʝʪʨʽʚ ʅɼʉ ʩʠʩʪʝʤʠ 

çʦʩʥʦʚʘ ï ʬʫʥʜʘʤʝʥʪè [83ï86, 118] 

 
ʊʝʭʥʽʯʥʽ ʟʘʩʦʙʠ ɺʠʤʽʨʶʚʘʥʘ ʬʽʟʠʯʥʘ 

ʚʝʣʠʯʠʥʘ 

ʇʨʠʥʮʠʧ ʜʽʾ 

ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘ 

ɼʽʘʧʘʟʦʥ 

ʚʠʤʽʨʶʚʘʥʴ 

1. ʄʘʷʪʥʠʢʦʚʽ ʩʠʩʪʝʤʠ: 

ʧʨʷʤʠʡ ʤʘʷʪʥʠʢ 

ʟʚʦʨʦʪʥʠʡ ʤʘʷʪʥʠʢ 

ɻʦʨʠʟʦʥʪʘʣʴʥʝ ʟʤʽʱʝʥʥʷ ɯʥʜʫʢʪʠʚʥʠʡ, 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʡ 

 

200 ʤʤ, 

300 ʤʤ 

2. ʇʦʚʝʨʭʥʝʚʽ 

ʥʘʭʠʣʝʤʽʨʠ ʥʘ ʙʘʟʽ: 

ɻʦʨʠʟʦʥʪʘʣʴʥʝ ʟʤʽʱʝʥʥʷ ɯʥʜʫʢʪʠʚʥʠʡ, 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʡ 

 

2.1. ʤʘʛʥʽʪʦʨʝʟʠʩʪʠʚʥʠʭ 

ʙʝʟʢʦʥʪʘʢʪʥʠʭ ʤʘʷʪʥʠʢʽʚ 

  20Á(Ñ10Á), 

40Á(Ñ20Á) 

2.2 ʩʢʦʤʧʝʥʩʦʚʘʥʦʛʦ 

ʩʝʨʚʦʘʢʩʝʣʝʨʦʤʝʪʨʘ 

  Ñ14,5ʦ, 

Ñ30Á 

3. ɼʘʪʯʠʢ ʦʩ̔ʜʘʥʥʷ ʆʩ̔ʜʘʥʥʷ (ʧ̔ʜʡʦʤ)  Ñ40...100 ʤʤ 

4. ʑʽʣʠʥʦʤʽʨʠ ʈʦʟʢʨʠʪʪʷ ʪʨʽʱʠʥ ɯʥʜʫʢʪʠʚʥʠʡ, 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʡ 

0.5...10 ʤʤ 

5. ʊʝʥʟʦʤʝʪʨʠʯʥʽ, 

ʚʽʙʨʘʮʽʡʥʽ ʜʘʪʯʠʢʠ 

ʅʘʧʨʫʛʠ ʊʝʥʟʦʤʝʪʨʠʯʥʠʡ, 

ʚʽʙʨʘʮʽʡʥʠʡ 

ɿʘ ʪʘʨ. 

ʛʨʘʬʢ̔ʦʤ 

 

1.4. ʇʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʴ ʜʦʩʣʽʜʞʝʥʥʷ 

 

ɼʦ ʩʴʦʛʦʜʥʽ ʥʝ ̔ ʩʥʫʻ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʠʭ ̔  ʟʘʩʪʦʩʦʚʥʠʭ ʚ h ʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ 

ʫʤʦʚ ʪʝʦʨʝʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʧʨʠʢʣʘʜʥʠʭ ʤʝʪʦʜʠʢ ʧʨʦʛʥʦʟʫ ʅɼʉ ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʠʭ 

ʙʫʜʽʚʝʣʴ ʤʘʩʦʚʠʭ ʩʝʨʽʡ, ʱʦ ʧʦʙʫʜʦʚʘʥʽ ʚ ʫʤʦʚʘʭ ˇʨʫʥʪʽʚ ʧʽʚʜʥʷ ʋʢʨʘʾʥʠ ʪʘ ʟʘʟʥʘʣʠ 

ʥʝʨʽʚʥʦʤʽʨʥʠʭ ʦʩʽʜʘʥʴ ʪʘ ʢʨʝʥʽʚ. ʊʘʢʦʞ ʥʝʜʦʩʪʘʪʥʴʦ ʨʦʟʚʠʥʝʥʠʤʠ ʻ ʽʥʬʦʨʤʘʮʽʡʥ ̔

ʪʝʭʥʦʣʦʛʽ ʾʪʘ ʩʠʩʪʝʤʠ, ʱʦ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʽ ʧʨʠ ʾʭ ʚʠʨʽʚʥʶʚʘʥʥʽ. ɼʽʶʯʽ 

ʙʫʜʽʚʝʣʴʥʠ ʥʦʨʤʠ, ʥʘ ʞʘʣʴ, ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʚʩʽʻʾ ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ ʫʤʦʚ ʜʝʬʦʨʤʫʚʘʥʥʷ, 

ʥʝʨʽʚʥʦʤʽʨʥʦʛʦ ʦʩʽʜʘʥʥʷ ʪʘ, ʫ ʧʽʜʩʫʤʢʫ, ʨʫʡʥʫʚʘʥʥʷ ɹɹ. ɺʠʟʥʘʯʝʥʥʷ ʅɼʉ 

ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʠʭ ʙʫʜʽʚʝʣʴ ʤʘʩʦʚʠʭ ʩʝʨʽʡ, ʱʦ ʟʘʟʥʘʣʠ ʥʘʜʥʦʨʤʘʪʠʚʥʦʛʦ ʢʨʝʥʫ ʪʘ 

ʥʝʨʽʚʥʦʤʽʨʥʦʛʦ ʦʩʽʜʘʥʥʷ, ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʦʛʦ ʦʙʩʷʛʫ ʩʪʘʪʠʩʪʠʯʥʠʭ ʮʠʬʨʦʚʠʭ ʜʘʥʠʭ, 

ʷʢʽ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʣʠʰʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʰʣʷʭʦʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʝʣʠʢʦʾ 

ʢʽʣʴʢʦʩʪʽ ʧʨʝʮʠʟʽʡʥʠʭ ʯʫʪʣʠʚʠʭ ʝʣʝʤʝʥʪʽʚ, ʨʦʟʧʦʜʽʣʝʥʠʭ ʪʘ ʚʩʪʘʥʦʚʣʝʥʠʭ ʥʘ 

ʢʦʥʩʪʨʫʢʮʽʷʭ ʙʫʜʽʚʣʽ, ʘ ʪʘʢʦʞ ʦʙô̒ ʜʥʘʥʠʭ ʫ ʟʘʛʘʣʴʥʫ ʽʥʬʦʨʤʘʮʽʡʥʫ ʩʠʩʪʝʤʫ 

ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʦʾ ʙʫʜʽʚʣʽ, ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʷʢʦʾ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʤʫʪʴʩʷ ʜʣʷ 
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ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠ ʣʽʢʚʽʜʘʮʽʾ ʾʾ ʥʘʜʥʦʨʤʘʪʠʚʥʠʭ ʢʨʝʥʽʚ ʟʘʜʣʷ 

ʚʽʜʧʦʚʽʜʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʚʠʨʦʙʥʠʯʠʤ ʧʨʦʮʝʩʦʤ ʚ ʫʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ, ʟʤʽʥʠ 

ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ˇʨʫʥʪʽʚ ʦʩʥʦʚʠ ʪʘ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʙʫʜʽʚʣʽ, ʘ 

ʪʘʢʦʞ ʨʠʟʠʢʫ ʙʫʜʽʚʝʣʴʥʠʭ ʘʚʘʨʽʡ ɹɹ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʟ ʧʨʝʮʠʟʽʡʥʠʭ 

ʜʘʪʯʠʢʽʚ ʙʫʜʫʪʴ ʙʝʟʧʝʨʝʨʚʥʦ, ʚ ʦʥʣʘʡʥ-ʨʝʞʠʤʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʭʥʦʣʦʛʽʡ ʽʥʪʝʨʥʝʪʫ 

ʨʝʯʝʡ (IoT), ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩ ̫ʫ ʷʢʦʩʪʽ ʥʝʦʙʭʽʜʥʠʭ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʠʭ ʫʤʦʚ ʧʨʠ 

ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʧʦʪʦʯʥʦʛʦ ʅɼʉ ʪʘ, ʚʽʜʧʦʚʽʜʥʦ, ʊʉ ɹɹ ʥʘ ʦʩʥʦʚʽ ʧʘʢʝʪʘ 

ʧʨʠʢʣʘʜʥʠʭ ʧʨʦʛʨʘʤ ʃɯʈɸ ʉɸʇʈ. ɿʘ ʬʘʢʪʦʤ ʮʝ ʦʟʥʘʯʘʻ ʧʦʙʫʜʦʚʫ ʮʠʬʨʦʚʦʛʦ 

ʜʚʽʡʥʠʢʘ (Digital Twin) ɹɹ, ʱʦ ʚʠʨʽʚʥʶʻʪʴʩʷ. ɺʩʝ ʚʠʱʝʟʛʘʜʘʥʝ  ̔ ʚʠʟʥʘʯʘ ̒

ʘʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ ʜʠʩʝʨʪʘʮʽʡʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

 

1.5. ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 1 

 

1. ɯʩʥʫʶʯʽ ʩʧʦʩʦʙʠ ʧʝʨʝʨʦʙʢʠ ʧʝʨʚʠʥʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 

ʬʘʭʽʚʮʷʤʠ ʧʨʠ ʧʽʜʛʦʪʦʚʮʽ ʪʘ ʧʨʦʚʝʜʝʥʥʽ ʪʝʭʥʽʯʥʠʭ ʦʙʩʪʝʞʝʥʴ ʙʫʜʽʚʝʣʴ ʪʘ ʩʧʦʨʫʜ, 

ʤʘʣʦʝʬʝʢʪʠʚʥʽ ʪʘ ʧʦʚʠʥʥʽ ʙʫʪʠ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʚʜʦʩʢʦʥʘʣʝʥʽ. 

2. ɺʠʩʦʢʠʡ ʩʪʫʧʽʥʴ ʬʦʨʤʘʣʽʟʘʮʽʾ ʧʨʦʮʝʜʫʨ ʊʆ (ʧʽʜʛʦʪʦʚʢʘ, ʧʨʦʚʝʜʝʥʥʷ, 

ʦʙʨʦʙʢʘ ʽʥʬʦʨʤʘʮʽʾ, ʤʦʞʣʠʚʽʩʪʴ ʚʠʜʽʣʝʥʥʷ ʪʘ ʛʨʫʧʫʚʘʥʥʷ ʚʠʤʦʛ ʥʦʨʤʘʪʠʚʥʠʭ 

ʜʦʢʫʤʝʥʪʽʚ) ʩʪʚʦʨʶ ̒ ʧʝʨʝʜʫʤʦʚʠ ʜʣʷ ʨʦʟʨʦʙʢʠ ʧʨʦʮʝʜʫʨ ʧʦʙʫʜʦʚʠ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʊʆ. 

3. ɯʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʥʝʦʙʭʽʜʥʽ ʧʨʠ 

ʟʜʽʡʩʥʝʥʥʽ ʥʦʚʦʾ ʩʪʨʘʪʝʛʽʾ ʧʣʘʥʫʚʘʥʥʷ ʨʝʤʦʥʪʽʚ ʽʥʞʝʥʝʨʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ɾʂɻ. 

ʎʷ ʩʪʨʘʪʝʛʽʷ, ʥʘʟʚʘʥʘ çʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʨʝʤʦʥʪ ʟʘʣʝʞʥʦ ʚʽʜ ʪʝʭʥʽʯʥʦʛʦ 

ʩʪʘʥʫè, ʧʨʠʭʦʜʠʪʴ ʥʘ ʟʤʽʥʫ ʩʪʨʘʪʝʛʽʾ çʨʝʛʣʘʤʝʥʪʥʠʭ ʨʦʙʽʪ ʫ ʧʝʚʥʽ ʯʘʩʦʚʽ 

ʽʥʪʝʨʚʘʣʠè ʽ ʜʦʟʚʦʣʷʻ ʟʘʦʱʘʜʠʪʠ ʤʘʪʝʨʽʘʣʴʥʽ ʪʘ ʝʥʝʨʛʝʪʠʯʥʽ ʨʝʩʫʨʩʠ ʚ ʪʠʭ 

ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʪʝʨʤʽʥ ʨʝʛʣʘʤʝʥʪʥʠʭ ʨʦʙʽʪ ʥʘʩʪʘʚ, ʘ ʩʚʽʜʯʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʤʦʥʽʪʦʨʠʥʛʫ ʛʦʚʦʨʷʪʴ ʧʨʦ ʛʘʨʥʠʡ ʩʪʘʥ ʦʙô̒ ʢʪʘ. ʋ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ ʨʝʛʣʘʤʝʥʪʥʽ 

ʨʦʙʦʪʠ ʤʦʞʥʘ ʥʝ ʧʨʦʚʦʜʠʪʠ. ɯ ʥʘʚʧʘʢʠ, ʷʢʱʦ ʪʝʨʤʽʥ ʨʝʛʣʘʤʝʥʪʥʠʭ ʨʦʙʽʪ ʱʝ ʥʝ 

ʥʘʩʪʘʚ, ʘ ʤʦʥʽʪʦʨʠʥʛ ʧʦʢʘʟʫʻ, ʱʦ ʩʪʘʥ ʦʙô̒ ʢʪʘ ʧʦʛʽʨʰʠʚʩʷ, ʪʦ ʨʝʤʦʥʪ 

ʧʨʦʚʦʜʠʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʬʘʢʪʠʯʥʦʛʦ ʩʪʘʥʫ ʦʙô̒ ʢʪʘ [122]. 
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4. ɿʘʛʘʣʴʥʠʡ ʩʪʘʥ ʙʫʜʽʚʝʣʴʥʠʭ ʦʙô̒ ʢʪʽʚ ʋʢʨʘʾʥʠ ʥʝ ʟʘʙʝʟʧʝʯʫʻ ʙʝʟʧʝʯʥʠʭ 

ʫʤʦʚ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʛʨʦʤʘʜʷʥ ʪʘ ʩʫʩʧʽʣʴʩʪʚʘ ʚʥʘʩʣʽʜʦʢ ʟʨʦʩʪʘʥʥʷ ʨʠʟʠʢʫ 

ʚʠʥʠʢʥʝʥʥʷ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ [79, 123ï140]. ʅʝʦʙʭʽʜʥʝ ʧʨʦʚʝʜʝʥʥʷ 

ʢʦʤʧʣʝʢʩʫ ʟʘʭʦʜʽʚ ʱʦʜʦ ʧʨʠʚʝʜʝʥʥʷ ʊʉ ʙʫʜʽʚʝʣʴ ʪʘ ʩʧʦʨʫʜ ʜʦ ʨʽʚʥʷ ʥʦʚʠʭ 

ʥʦʨʤʘʪʠʚʥʠʭ ʚʠʤʦʛ ʥʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʥʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʾʭ ʦʙʩʪʝʞʝʥʥʷ ʪʘ 

ʤʦʥʽʪʦʨʠʥʛʫ. ɿʨʦʩʪʘʥʥʷ ʚʠʩʦʪʥʦʩʪʽ ʙʫʜʠʥʢʽʚ ʪʘ ʩʧʦʨʫʜ, ʚʽʜʭʽʜ ʚʽʜ ʩʠʤʝʪʨʠʯʥʠʭ 

ʬʦʨʤ, ʫʩʢʣʘʜʥʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʧʨʦʤʠʩʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʧʦʩʪʽʡʥʝ ʟʙʽʣʴʰʝʥʥʷ 

ʪʝʭʥʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʪʝʨʠʪʦʨʽʾ ʧʽʜʚʠʱʫʶʪʴ ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ 

ʪʝʭʥʦʛʝʥʥʠʭ ʢʘʪʘʩʪʨʦʬ, ʧʦʚô̫ ʟʘʥʠʭ ʽʟ ʧʨʠʨʦʜʥʦʶ ʛʝʦʜʠʥʘʤʽʯʥʦʶ ʘʢʪʠʚʥʽʩʪʶ ʪʘ 

ʟʝʤʣʝʪʨʫʩʘʤʠ. 

5. ʇʨʦʚʝʜʝʥʥʷ ʨʦʙʽʪ ʟ ʫʩʫʥʝʥʥʷ ʢʨʝʥʽʚ ʙʫʜʽʚʝʣʴ ʥʘ ʦʩʥʦʚʽ ʧʨʦ̒ʢʪʫ, 

ʟʘʩʥʦʚʘʥʦʛʦ ʥʘ ʚʠʥʷʪʢʦʚʦ ʩʧʨʠʷʪʣʠʚʦʤʫ ʧʨʦʛʥʦʟʽ ʨʦʟʚʠʪʢʫ ʧʦʜʽʡ ʪʘ ʙʝʟ 

ʽʥʪʝʨʘʢʪʠʚʥʦʛʦ ʨʝʞʠʤʫ ʢʦʥʪʨʦʣʶ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ çʦʩʥʦʚʘ ï ʬʫʥʜʘʤʝʥʪè, ʻ 

ʥʝʧʨʠʡʥʷʪʥʠʤ, ʦʩʢʽʣʴʢʠ ʮʝ ʤʦʞʝ ʚʧʣʠʥʫʪʠ ʥʘ ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ ʦʙô̒ ʢʪʘ. 

6. ɺʽʜʭʠʣʝʥʥʷ ʚʽʜ ʧʨʦʢ̒ʪʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ʙʫʜʽʚʝʣʴʥʠʭ ʦʙô̒ ʢʪʽʚ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʟʤʽʥʠ ʧʨʦʢ̒ʪʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ  ̔ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʤʽʥʦʶ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʜʝʬʝʢʪʥʠʭ ʟʦʥ, ʟʙʽʣʴʰʫʻʪʴʩʷ ʡʤʦʚʽʨʥʽʩʪʴ ʫʪʚʦʨʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʜʝʬʝʢʪʥʠʭ ʟʦʥ ʚ 

ʫʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʪʘ ʨʠʟʠʢʫ ʙʫʜʽʚʝʣʴʥʠʭ ʘʚʘʨʽʡ. 

7. ʇʨʠʟʥʘʯʝʥʥʷ ʚʠʤʽʨʶʚʘʣʴʥʦ-ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʾʾ ʧʦʙʫʜʦʚʘ 

ʥʘʩʘʤʧʝʨʝʜ ʚʠʟʥʘʯʘʻʪʴʩʷ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʙʫʜʽʚʝʣʴʥʦʛʦ ʦʙô̒ ʢʪʘ ʪʘ ʩʧʝʢʪʨʦʤ 

ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʬʽʟʠʯʥʠʭ ʽ ʛʝʦʤʝʪʨʠʯʥʠʭ ʚʝʣʠʯʠʥ ʪʘ ʧʘʨʘʤʝʪʨʽʚ. ʊʦʤʫ ʦʩʥʦʚʥʝ 

ʧʨʠʟʥʘʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʢʦʥʪʨʦʣʶ ʅɼʉ ʩʠʩʪʝʤʠ 

çʦʩʥʦʚʘ ï ʬʫʥʜʘʤʝʥʪè ʟʚʦʜʠʪʴʩʷ ʜʦ ʦʪʨʠʤʘʥʥʷ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ 

ʢʦʥʪʨʦʣʴʦʚʘʥʽ ʙʘʟʦʚʽ ʬʽʟʠʯʥʽ ʚʝʣʠʯʠʥʠ, ʧʘʨʘʤʝʪʨʠ, ʾʾ ʦʙʨʦʙʢʘ, ʧʝʨʝʜʘʯʘ ʘʙʦ 

ʣʦʢʘʣʴʥʝ ʟʥʽʤʘʥʥʷ, ʥʘʜʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʦʧʝʨʘʪʦʨʫ ʢʦʤʧôʁ ʪʝʨʘ, ʥʘʢʦʧʠʯʝʥʥʷ 

ʙʘʥʢʫ ʜʘʥʠʭ ʽ, ʟʘ ʥʝʦʙʭʽʜʥʦʩʪʽ, ʬʦʨʤʫʚʘʥʥʷ ʢʝʨʫʶʯʠʭ ʩʠʛʥʘʣʽʚ ʘʙʦ ʚʧʣʠʚʽʚ ʷʢ ʥʘ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʙʣʦʢʠ, ʪʘʢ ʽ ʥʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʧʝʨʚʠʥʥʽ ʚʠʤʽʨʶʚʘʣʴʥʽ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽ. 

8. ɯʥʜʫʢʪʠʚʥʽʩʪʴ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʜʘʪʯʠʢʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʟʥʠʤʠ ʬʽʟʠʢʦ-

ʤʝʭʘʥʽʯʥʠʤʠ ʪʘ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, 
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ʥʘʧʨʠʢʣʘʜ ʦʜʥʦʨʽʜʥʽʩʪʶ ʤʘʪʝʨʽʘʣʫ, ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʤʝʭʘʥʽʯʥʠʭ ʥʘʧʨʫʛ, 

ʚʝʣʠʯʠʥʦʶ ʤʝʭʘʥʽʯʥʠʭ ʥʘʧʨʫʛ, ʤʘʛʥʽʪʥʦʶ ʧʨʦʥʠʢʥʽʩʪʶ, ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʶ, 

ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ, ʪʦʚʱʠʥʦʶ ʟʘʭʠʩʥʠʭ ʧʦʢʨʠʪʪʽʚ, ʚʽʙʨʘʮʽʻʶ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʾʭ 

ʟʤʽʱʝʥʥʷʤ ʪʦʱʦ. ʊʦʤʫ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʦʤ ʜʣʷ ʧʦʙʫʜʦʚʠ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʜʘʪʯʠʢʽʚ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʽʟʠʯʥʦʛʦ ʝʬʝʢʪʫ ʚʟʘʻʤʦʜʽʾ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʽʥʜʫʢʪʠʚʥʠʭ ʜʘʪʯʠʢʽʚ ʟ ʢʦʥʪʨʦʣʴʦʚʘʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʪʘ 

ʢʦʥʩʪʨʫʢʮʽʷʤʠ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʨʝʘʣʽʟʫʶʪʴʩʷ ʚʽʜʦʤʽ ʧʝʨʝʚʘʛʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ 

ʜʘʪʯʠʢʽʚ: ʬʫʥʢʮʽʦʥʘʣʴʥʘ ʛʥʫʯʢʽʩʪʴ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʢʦʥʪʨʦʣʴ ʚʝʣʠʢʦʾ 

ʢʽʣʴʢʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ; ʝʢʩʧʣʫʘʪʘʮʽʡʥʘ ʥʘʜʽʡʥʽʩʪʴ; ʤʦʞʣʠʚʽʩʪʴ ʚʘʨʽʘʮʽʾ 

ʧʦʯʘʪʢʦʚʠʤ ʨʽʚʥʝʤ ʚʠʭʽʜʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʠʛʥʘʣʫ; ʧʨʷʤʝ ʩʫʤʽʱʝʥʥʷ ʟ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʝʣʝʢʪʨʦʥʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʦʪʨʠʤʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʩʠʛʥʘʣ, ʥʘʧʨʠʢʣʘʜ, ʫ ʚʠʛʣʷʜʽ ʯʘʩʪʦʪʠ ʘʙʦ ʧʝʨʽʦʜʫ. 

ʊʦʤʫ ʚʽʜʧʘʜʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʩʢʣʘʜʽ ɺɯʉ ʪʘʢʠʭ ʪʨʘʜʠʮʽʡʥʦ 

ʥʝʦʙʭʽʜʥʠʭ ʙʣʦʢʽʚ, ʷʢ ʛʝʥʝʨʘʪʦʨʠ ʟʙʫʜʞʝʥʥʷ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ, ʧʝʨʝʪʚʦʨʶʚʘʯʽ 

çʥʘʧʨʫʛʘ ï ʯʘʩʪʦʪʘè, ʱʦ ʨʦʙʠʪʴ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʜʘʪʯʠʢʠ ʥʘʡʙʽʣʴʰ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ, ʦʩʦʙʣʠʚʦ ʫ ʩʢʣʘʜʽ ɺɯʉ ʜʣʷ ʢʦʥʪʨʦʣʶ ʙʝʟʣʽʯʽ ʧʘʨʘʤʝʪʨʽʚ ʧʨʠ 

ʚʘʨʽʘʮʽʾ ʾʭ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʚʠʢʦʥʘʥʥʷ.  
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ʈʆɿɼɯʃ 2. ʄɽʊʆɼʆʃʆɻɯʏʅɽ, ɯʅʉʊʈʋʄɽʅʊɸʃʔʅɽ ɯ 

ʄɸʊɽʄɸʊʀʏʅɽ ʇɯɼ̂ʈʋʅʊʗ ʉʊɺʆʈɽʅʅʗ ɯʊɼɹɹ 

 

2.1. ʅʦʨʤʘʪʠʚʥʦ-ʤʝʪʦʜʦʣʦʛʽʯʥʘ ʙʘʟʘ ɯʊɼɹɹ  ̔ ʦʩʥʦʚʥʽ ʪʝʦʨʝʪʠʢʦ-

ʤʝʪʦʜʦʣʦʛʽʯʥʽ ʝʪʘʧʠ ʧʨʦʢ̒ʪʫʚʘʥʥʷ ʪʘ ʨʝʘʣʽʟʘʮʽʾ ɯʊɼɹɹ 

 

ʇʨʦʪʷʛʦʤ ʦʩʪʘʥʥʴʦʛʦ ʯʘʩʫ ʚ ʋʢʨʘʾʥʽ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʥʦʨʤʘʪʠʚʥʦ-

ʤʝʪʦʜʠʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʚʦʨʝʥʥʷ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʥʽʪʦʨʠʥʛʦʚʠʭ ʩʠʩʪʝʤ ʫ 

ʙʫʜʽʚʥʠʮʪʚʽ: [89], [141], [142]. ɺʦʥʠ ʙʫʣʠ ʦʩʥʦʚʦʶ ʜʣʷ ʨʦʟʨʦʙʢʠ [38]. 

ʅʦʨʤʘʪʠʚʥʠʡ ʜʦʢʫʤʝʥʪ [38] ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʫ ʨʦʟʚʠʪʦʢ ʢʦʤʧʣʝʢʩʫ 

ʩʪʘʥʜʘʨʪʽʚ ʩʠʩʪʝʤʠ ʪʝʭʥʽʯʥʦʛʦ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ʋ 

ʨʦʟʜʽʣʽ 5 [38] çɿʘʛʘʣʴʥʽ ʧʦʣʦʞʝʥʥʷè ʚ ʥʴʦʤʫ ʥʘʚʝʜʝʥʦ ʟʘʛʘʣʴʥʫ ʦʨʛʘʥʽʟʘʮʽʡʥʫ 

ʩʪʨʫʢʪʫʨʫ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʟ ʟʘʙʝʟʧʝʯʝʥʥ ̫

ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʦʙô̒ ʢʪʽʚ ʙʫʜʽʚʥʠʮʪʚʘ, ʚʢʘʟʘʥʽ ʢʽʣʴʢʽʩʪʴ  ̔ ʚʠʜʠ 

ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʟʘʧʣʘʥʦʚʘʥʽ ʜʽʾ ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʪʘ 

ʟʘʩʦʙʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʥʽʪʦʨʠʥʛʫ. ʉʢʣʘʜ, ʝʪʘʧʠ, ʟʘʛʘʣʴʥʽ ʚʠʤʦʛʠ 

ʜʦ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʜʝʬʦʨʤʘʮʽʡʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ 

ʥʘʚʝʜʝʥ ̔ ʚ ʨʦʟʜʽʣʽ 6 çʉʠʩʪʝʤʘ ʜʝʬʦʨʤʘʮʽʡʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ. ɿʘʛʘʣʴʥʽ 

ʚʠʤʦʛʠè. ʈʦʟʜʽʣ 7 çʉʠʩʪʝʤʘ ʚʽʙʨʘʮʽʡʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ. ɿʘʛʘʣʴʥʽ ʚʠʤʦʛʠè 

ʧʨʠʩʚʷʯʝʥʦ ʚʠʟʥʘʯʝʥʥ,ʁ ʩʢʣʘʜʫ ʪʘ ʝʪʘʧʘʤ, ʟʘʛʘʣʴʥʠʤ ʚʠʤʦʛʘʤ ʜʦ 

ʜʠʥʘʤʽʯʥʦʛʦ ʧʘʩʧʦʨʪʫ ʙʫʜʽʚʝʣʴʥʦʛʦ ʦʙô̒ ʢʪʫ ʤʦʥʽʪʦʨʠʥʛʫ. ɺ ʨʦʟʜʽʣʽ 8 ʧʽʜ 

ʥʘʟʚʦʶ çʉʠʩʪʝʤʘ ʛʝʦʪʝʭʥʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ. ɿʘʛʘʣʴʥʽ ʚʠʤʦʛʠè ʤʽʩʪʪ̫ʴʩʷ 

ʚʠʟʥʘʯʝʥʥʷ, ʩʢʣʘʜ ʪʘ ʝʪʘʧʠ, ʟʘʛʘʣʴʥʽ ʚʠʤʦʛʠ ʜʦ ʧʽʜʨʦʟʜʽʣʫ ʟʘʛʘʣʴʥʦʛʦ 

ʙʫʜʽʚʝʣʴʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʙʫʜʽʚʝʣʴ ʪʘ ʩʧʦʨʫʜ ï  ʛʝʦʪʝʭʥʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ. 

ʉʢʣʘʜ, ʝʪʘʧʠ, ʟʘʛʘʣʴʥʽ ʚʠʤʦʛʠ ʜʦ ʤʦʥʽʪʦʨʠʥʛʫ ʚ ʫʤʦʚʘʭ ʤʦʞʣʠʚʦʛʦ ʚʟʘʻʤʥʦʛʦ 

ʚʧʣʠʚʫ ʥʦʚʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʽʩʥʫʶʯʦʾ ʟʘʙʫʜʦʚʠ ʥʘʚʝʜʝʥ ̔ ʚ ʨʦʟʜʽʣʽ 9 

çʄʦʥʽʪʦʨʠʥʛ ʧʨʠʨʦʜʥʠʭ ʦʙô̒ ʢʪʽʚ, ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ, ʱʦ ʧʦʪʨʘʧʣʷʶʪʴ ʫ ʟʦʥʫ 

ʚʧʣʠʚʫ ʙʫʜʽʚʝʣʴʥʦʾ ʜʽʷʣʴʥʦʩʪʽè. ʊʝʦʨʝʪʠʢʦ-ʤʝʪʦʜʦʣʦʛʽʯʥʽ ʟʘʩʘʜʠ 

ʤʦʥʽʪʦʨʠʥʛʫ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʥʘʚʝʜʝʥʦ ʚ ʨʦʟʜʽʣʽ 10. ɼʦʚʽʜʢʦʚʽ 

ʜʘʥʽ ʱʦʜʦ ʩʢʣʘʜʫ ʧʨʦ̒ʢʪʫʚʘʥʥʷ ʩʠʩʪʝʤ ʤʦʥʽʪʦʨʠʥʛʫ, ʡʦʛʦ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ, 
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ʬʦʨʤʠ ʧʘʩʧʦʨʪʽʚ (ɼʦʜʘʪʦʢ ʂ), ʱʦ ʟʘʧʦʚʥʶʶʪʴʩʷ ʧʨʠ ʤʦʥʽʪʦʨʠʥʛʫ, ʬʦʨʤʘ 

ʚʠʩʥʦʚʢʫ (ʧʦʪʦʯʥʦʛʦ) ʱʦʜʦ ʝʪʘʧʫ ʤʦʥʽʪʦʨʠʥʛʫ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʦʙô̒ ʢʪʘ, 

ʧʨʦ̒ʢʪʫʚʘʥʥʷ, ʨʦʟʨʦʙʣʝʥʥʷ  ̔ ʩʪʚʦʨʝʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ 

ʛʝʦʜʝʟʠʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ. 

ʅʝʦʙʭʽʜʥʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ [38] ʨʦʟʨʦʙʣʝʥʦ ʫ ʛʘʨʤʦʥʽʯʥʽʡ ʚʽʜʧʦʚʽʜʥʦʩʪʽ 

ʜʦ ʜʦʢʫʤʝʥʪʽʚ fib [143]. ʂʣʘʩʠʬʢ̔ʘʮ̫̔ ʤʦʥʪ̔ʦʨʠʥʛʦʚʠʭ ʩʠʩʪʝʤ ʫ ʙʫʜʽʚʥʠʮʪʚʽ 

ʚ ʜʦʢʫʤʝʥʪ ̔ fib [143] ʪʘ ɼʉʊʋ-ʅ ɹ ɺ.1.2-17:2016 ʦʜʥʘʢʦʚʘ (ʜʠʚ. ʨʠʩ. 4.1 

[143]). 

 

2.1.1. ʆʩʥʦʚʥʽ ʝʪʘʧʠ ʧʨʦ̒ʢʪʫʚʘʥʥʷ ʪʘ ʨʝʘʣʽʟʘʮʽʾ ɯʊɼɹɹ 

 

ɿʛʽʜʥʦ ʟ ʅʘʩʪʘʥʦʚʦ  ʁ ɼʉʊʋ-ʅ ɹ ɺ.1.2-17:2016, ɯʊɼɹɹ ʧʦʪʨʝʙʫʻ 

ʩʪʚʦʨʝʥʥʷ ʘʜʘʧʪʦʚʘʥʦʛʦ ʧʽʜ ʢʦʥʢʨʝʪʥʽ ʫʤʦʚʠ ʾʾ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʟʙʦʨʫ ʪʘ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ. ɯʊɼɹɹ ʧʦʪʨʽʙʥʦ 

ʫʢʦʤʧʣʝʢʪʫʚʘʪʠ ʚʽʜʧʦʚʽʜʥʠʤ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʤ, ʤʘʪʝʤʘʪʠʯʥʠʤ, ʧʨʦʛʨʘʤʥʠʤ 

 ̔ʘʧʘʨʘʪʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʪʦʱʦ. ʂʦʤʧʣʝʢʩ ʥʝʦʙʭʽʜʥʠʭ ʚʠʜʽʚ  ̔ʥʘʧʨʷʤʢʽʚ 

ʨʦʙʽʪ, ʱʦ ʧʦʪʨʽʙʥʦ ʚʠʢʦʥʘʪʠ ʥʘ ʧʽʜʛʦʪʦʚʯʦʤʫ ʝʪʘʧʽ ʜʣʷ ʨʦʟʨʦʙʢʠ ɯʊɼɹɹ, 

ʟʦʙʨʘʞʝʥʠʡ ʥʘ ʨʠʩ. 2.1. ɯʥʪʝʛʨʦʚʘʥʽ ʩʪʘʜʽʾ ʟʘʧʨʦʚʘʜʞʝʥʥʷ ɯʊɼɹɹ ʟʦʙʨʘʞʝʥʽ 

ʥʘ ʨʠʩ. 2.2. 

 

2.2. ʄʝʪʦʜʠʢʘ ʦʮʽʥʢʠ ʚʝʣʠʯʠʥʠ ʪʘ ʥʘʧʨʷʤʢʫ ʟʤʽʱʝʥʥʷ ʚʽʜ ʥʘʭʠʣʫ 

ʤʘʷʪʥʠʢʘ ʽʥʢʣʽʥʦʤʝʪʨʠʯʥʦʛʦ ʜʘʪʯʠʢʘ 

 

2.2.1. ʇʨʝʮʠʟʽʡʥʽ ʽʥʢʣʽʥʦʤʝʪʨʠʯʥʽ ʝʣʝʤʝʥʪʠ ɯʊɼɹɹ 

 

ʇʨʠ ʧʨʘʢʪʠʯʥʽʡ ʨʝʘʣʽʟʘʮʽʾ ʨʦʟʨʦʙʣʝʥʦʛʦ ʧʨʠʥʮʠʧʫ ʧʦʙʫʜʦʚʠ ʩʪʨʫʢʪʫʨʥʦʾ 

ʩʭʝʤʠ ʘʚʪʦʤʘʪʠʯʥʦʾ ʩʠʩʪʝʤʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʨʦʮʝʩʽ 

ʫʩʫʥʝʥʥʷ ʢʨʝʥʫ ʬʫʥʜʘʤʝʥʪʫ, ʜʦ ʾʾ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʢʘʥʘʣʫ, ʜʣʷ ʦʮʽʥʢʠ 

ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʅɼʉ ˇʨʫʥʪʦʚʦʾ ʦʩʥʦʚʠ, ʚʢʣʶʯʝʥʽ ʪʘʢʽ ʚʠʤʽʨʶʚʘʣʴʥʽ  



54 

 

ʈʠʩ. 2.1. ʂʦʤʧʣʝʢʩ ʚʠʜʽʚ  ̔ʥʘʧʨʷʤʢʽʚ ʨʦʙʽʪ ʱʦʜʦ ʨʦʟʨʦʙʢʠ ɯʊɼɹɹ 
 

 



55 

 

ʈʠʩ. 2.2. ʉʪʘʜʽʾ ʧʨʘʢʪʠʯʥʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ɯʊɼɹɹ 
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ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʪʘ ʜʘʪʯʠʢʠ: 

Á ʽʥʜʫʢʪʠʚʥʠʡ ʜʘʪʯʠʢ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʦʩʽʜʘʥʴ ʚ ʜʽʘʧʘʟʦʥʽ ʜʦ 500 ʤʤ; 

Á ʽʥʜʫʢʪʠʚʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ ʢʦʥʪʨʦʣʶ ʦʩʽʜʘʥʴ ʥʘ ʦʩʥʦʚʽ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʟʤʽʱʝʥʴ ʤʘʛʥʽʪʦʧʨʦʚʦʜʫ ʚ ʽʥʜʫʢʪʠʚʥʽʩʪʴ ʫ ʩʢʣʘʜʽ ʜʘʪʯʠʢʘ ʢʦʥʪʨʦʣʶ 

ʦʩʽʜʘʥʴ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʦʜʥʦʪʠʧʥʠʭ ʨʦʙʦʯʦʛʦ ʪʘ ʝʪʘʣʦʥʥʦʛʦ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ (ʨʠʩ. 2.3); 

Á ʣʦʢʘʣʴʥʠʡ ʽʥʜʫʢʪʠʚʥʠʡ ʜʘʪʯʠʢ ʜʣʷ ʢʦʥʪʨʦʣʶ ʟʤʽʱʝʥʴ ʟ ʚʠʤʽʨʶʚʘʣʴʥʠʤ 

ʧʝʨʝʪʚʦʨʶʚʘʯʝʤ; 

Á ʽʥʜʫʢʪʠʚʥʠʡ ʜʘʪʯʠʢ ʜʣʷ ʢʦʥʪʨʦʣʶ ʚʝʣʠʯʠʥʠ ʪʘ ʥʘʧʨʷʤʫ ʛʦʣʦʚʥʠʭ 

ʥʘʧʨʫʞʝʥʴ ʚ ʩʪʨʽʯʢʦʚʦʤʫ ʬʫʥʜʘʤʝʥʪʽ ʥʘ ʦʩʥʦʚʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʘʛʥʽʪʦʧʨʫʞʥʦʛʦ ʝʬʝʢʪʫ ʟ ʘʚʪʦʥʦʤʥʠʤ ʨʝʞʠʤʦʤ ʨʦʙʦʪʠ (ʨʠʩ. 2.4); 

Á ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʽʥʜʫʢʪʠʚʥʠʡ ʜʘʪʯʠʢ ʜʣʷ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʢʦʥʪʨʦʣʶ ʟʤʽʥ 

ʚʝʣʠʯʠʥʠ ʪʘ ʥʘʧʨʷʤʫ ʢʨʝʥʫ ʩʪʨʽʯʢʦʚʦʛʦ ʬʫʥʜʘʤʝʥʪʫ ʚ ʜʽʘʧʘʟʦʥʽ ʜʦ 

ʛʨʘʥʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ (ʨʠʩ. 2.5).  

ʈʦʟʨʦʙʣʝʥʦ ʣʦʢʘʣʴʥʫ ʪʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʫ ʚʠʤʽʨʶʚʘʣʴʥʦ-ʽʥʬʦʨʤʘʮʽʡʥʽ 

ʩʠʩʪʝʤʠ ʟ ʧʝʨʽʦʜʠʯʥʠʤ ʟʙʦʨʦʤ ʚʠʤʽʨʶʚʘʥʴ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʢʦʥʪʨʦʣʴʦʚʘʥʽ 

ʬʽʟʠʯʥʽ ʚʝʣʠʯʠʥʠ ʟ ʧʦʜʘʣʴʰʠʤʠ ʾʭ ʦʙʨʦʙʢʦʶ ʪʘ ʟʙʝʨʽʛʘʥʥʷʤ ʥʘ ʢʦʤʧôʁ ʪʝʨʽ. 

 

2.2.2. ʇʨʠʥʮʠʧ ʚʠʤʽʨʶʚʘʥʥʷ ʽʥʜʫʢʪʠʚʥʦʩʪʽ 

 

ʋ ʧʨʠʣʘʜʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʤʽʨʶʚʘʥʥʷ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʦʧʦʨʫ ʢʦʪʫʰʢʠ (ʾʾ ʽʤʧʝʜʘʥʩʫ) (ʨʠʩ. 2.6, 2.7, 2.8). ʇʨʠ ʮʴʦʤʫ ʚʜʘʻʪʴʩʷ 

ʤʘʢʩʠʤʘʣʴʥʦ ʩʪʘʙʽʣʽʟʫʚʘʪʠ ʫʤʦʚʠ ʧʨʦʚʝʜʝʥʥʷ ʚʠʤʽʨʶʚʘʥʴ (ʩʪʨʫʤ ʯʝʨʝʟ ʢʦʪʫʰʢʫ, 

ʯʘʩʪʦʪʘ ʚʠʤʽʨʶʚʘʥʥʷ) ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʚʠʤʽʨʶʚʘʥʠʭ ʽʥʜʫʢʪʠʚʥʦʩʪʝʡ ʽ 

ʧʨʘʢʪʠʯʥʦ ʚʠʢʣʶʯʠʪʠ ʚʧʣʠʚ ʘʢʪʠʚʥʦʛʦ ʦʧʦʨʫ ʢʦʪʫʰʢʠ ʽ ʝʣʝʤʝʥʪʽʚ ʢʦʤʫʪʘʮʽʾ 

ʚʠʤʽʨʶʚʘʯʘ, ʱʦ ʜʦʟʚʦʣʷʻ ʜʦʤʦʛʪʠʩʷ ʚʠʩʦʢʦʾ ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʥʷ. 
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ʈʠʩ. 2.3. ʉʭʝʤʘ ʽʥʜʫʢʪʠʚʥʦʛʦ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʜʣʷ ʢʦʥʪʨʦʣʶ ʦʩʽʜʘʥʴ 

ʬʫʥʜʘʤʝʥʪʽʚ ɹɹ: 1 ï ʜʽʝʣʝʢʪʨʠʯʥʘ ʚʪʫʣʢʘ ʟʘʚʜʦʚʞʢʠ ǎ; 21ï2n ï ʢʦʪʫʰʢʠ ʟʙʫʜʞʝʥʥʷ; 3 ï 

ʧʨʠʩʪʨʽʡ ʚʠʤʽʨʶʚʘʥʥʷ ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʨʦʟʨʘʭʫʥʢʽʚ ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʧʘʨʘʤʝʪʨʘ; 4 ï 

ʮʠʣʽʥʜʨʠʯʥʠʡ ʷʢʽʨ ʟʽ ʰʪʦʢʦʤ 5; 6 ï ʥʝʩʫʯʠʡ ʩʪʘʢʘʥ; t ï ʢʨʦʢ ʫʩʪʘʥʦʚʢʠ ʰʘʡʙ; 71ï7 ̔ï 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽ ʰʘʡʙʠ; 8, 9 ï ʜʽʝʣʝʢʪʨʠʯʥʽ ʢʽʣʴʮʷ ʟ ʦʪʚʦʨʘʤʠ 10ï̔10j ʪʘ 11ï̔11j; 12 ï 

ʽʟʦʣʷʮʽʡʥʘ ʜʽʝʣʝʢʪʨʠʯʥʘ ʚʪʫʣʢʘ; 13 ï ʦʪʚʦʨʠ ʚ ʦʩʥʦʚʽ 14; 15 ï ʰʢʘʣʘ ʟʤʽʱʝʥʴ; 16 ï 

ʦʙʤʝʞʫʚʘʣʴʥʝ ʢʽʣʴʮʝ; 17 ï ʜʽʝʣʝʢʪʨʠʯʥʘ ʢʨʠʰʢʘ ʟ ʦʪʚʦʨʦʤ 18; 19 ï ʦʩʥʦʚʘ ʢʨʠʰʢʠ 17; 

20 ï ʜʽʝʣʝʢʪʨʠʯʥʘ ʰʘʡʙʘ; 21 ï ʬʝʨʦʤʘʛʥʽʪʥʠʡ ʮʠʣʽʥʜʨ ʟ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʠʤ ʧʦʢʨʠʪʪʷʤ 

22; 23 ï ʦʩʥʦʚʘ ʷʢʦʨʷ; 24, 25 ï ʤʦʥʪʘʞʥʽ ʢʫʪʦʯʢʠ; 26 ï ʚʪʫʣʢʘ; 27 ï ʪʨʫʙʢʘ. 
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ʈʠʩ. 2.4. ʌʦʪʦʛʨʘʬʽʷ ʽʥʜʫʢʪʠʚʥʦʛʦ ʜʘʪʯʠʢʘ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʥʘʧʨʫʞʝʥʴ ʩʪʨʽʯʢʦʚʦʛʦ 

ʬʫʥʜʘʤʝʥʪʫ: 1 ï ʽʥʜʫʢʪʠʚʥʠʡ ʜʘʪʯʠʢ; 2 ï ʮʠʬʨʦʚʠʡ ʽʥʜʠʢʘʪʦʨ ʨʝʟʫʣʴʪʘʪʽʚ ʢʦʥʪʨʦʣʶ; 3 ï 

ʪʘʨʫʚʘʣʴʥʘ ʬʝʨʦʤʘʛʥʽʪʥʘ ʧʣʘʩʪʠʥʘ; 4 ï ʪʘʨʫʚʘʣʴʥʘ ʜʽʣʷʥʢʘ. 
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ʈʠʩ. 2.5. ï ʉʭʝʤʘ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʽʥʜʫʢʪʠʚʥʦʛʦ ʜʘʪʯʠʢʘ ʢʨʝʥʫ: 1 ï ʢʦʨʧʫʩ ʜʘʪʯʠʢʘ; 2 ï 

ʢʦʥʪʨʦʣʴʦʚʘʥʠʡ ʦʙô̒ ʢʪ; 3 ï ʢʨʽʧʣʝʥʥʷ (ʘʥʢʝʨʥʽ ʙʦʣʪʠ); 4 ï ʤʘʷʪʥʠʢ ʫ ʧʦʧʝʨʝʯʥʦʤʫ ʧʝʨʝʨʽʟʽ: 

ʘ) ʫ ʧʦʯʘʪʢʦʚʦʤʫ ʧʦʣʦʞʝʥʥʽ; ʙ) ʫ ʟʤʽʱʝʥʦʤʫ ʧʦʣʦʞʝʥʥʽ; 5 ï ʽʥʜʫʢʪʠʚʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ; 

ȹʩ1...ȹʩ4 ï ʚʽʜʩʪʘʥʽ ʤʽʞ ʤʘʷʪʥʠʢʦʤ ʪʘ ʽʥʜʫʢʪʠʚʥʠʤʠ ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ; x, y ï ʦʩʽ ʢʦʦʨʜʠʥʘʪ; 

Z ï ʥʘʧʨʷʤʦʢ ʟʤʽʱʝʥʥ ̫ʤʘʷʪʥʠʢʘ; ȹʄz ï ʚʝʣʠʯʠʥʘ ʟʤʽʱʝʥʥʷ ʦʩʽ ʤʘʷʪʥʠʢʘ. 

 

ʇʨʠ ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʤʝʥʰʝ ʜʝʩʷʪʢʽʚ ʤɻʥ ̔  ʥʝʚʠʩʦʢʽʡ ʯʘʩʪʦʪʽ ʩʪʨʫʤʫ ʝʢʚʽʚʘʣʝʥʪʥʘ 

ʩʭʝʤʘ ʟʘʤʽʱʝʥʥʷ ʢʦʪʫʰʢʠ ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʷʚʣʷʻ ʩʦʙʦʶ ʧʦʩʣʽʜʦʚʥʝ ʟô̒ ʜʥʘʥʥʷ 

ʨʝʟʠʩʪʦʨʘ Rx, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʦʧʦʨʦʤ ʜʨʦʪʫ ʢʦʪʫʰʢʠ ʽ ʦʧʦʨʦʤ ʚʪʨʘʪ ʫ ʩʝʨʜʝʯʥʠʢʫ 

(ʘʢʪʠʚʥʘ ʩʢʣʘʜʦʚʘ ʽʤʧʝʜʘʥʩʫ), ʽ ʽʥʜʫʢʪʠʚʥʦʩʪʽ Lx (ʨʝʘʢʪʠʚʥʘ ʩʢʣʘʜʦʚʘ ʽʤʧʝʜʘʥʩʫ) 

(ʨʠʩ. 2.7 ʪʘ ʨʠʩ. 2.8). 

ʇʨʠʥʮʠʧ ʚʠʤʽʨʶʚʘʥʥʷ ʽʤʧʝʜʘʥʩʫ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʘʥʘʣʽʟʽ ʧʨʦʭʦʜʞʝʥʥʷ 

ʪʝʩʪʦʚʦʛʦ ʩʠʛʥʘʣʫ ʽʟ ʟʘʜʘʥʦʶ ʯʘʩʪʦʪʦʶ ʯʝʨʝʟ ʣʘʥʮʶʛ, ʱʦ ʤʘʻ ʢʦʤʧʣʝʢʩʥʠʡ ʦʧʽʨ, ʽ 

ʧʦʜʘʣʴʰʦʤʫ ʧʦʨʽʚʥʷʥʥ ̔ ʟ ʦʧʦʨʥʦʶ ʥʘʧʨʫʛʦʶ. ʉʪʨʫʤ ʨʦʙʦʯʦʾ ʯʘʩʪʦʪʠ ʟ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʧʦʜʘʻʪʴʩʷ ʥʘ ʚʠʤʽʨʶʚʘʥʠʡ ʦʙô̒ ʢʪ, ʽ ʥʘ ʦʙô̒ ʢʪʽ 
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ʚʠʤʽʨʶʻʪʴʩʷ ʥʘʧʨʫʛʘ. ɺʠʤʽʨʶʚʘʥʥʷ ʚʽʜʥʦʰʝʥʥʷ ʮʠʭ ʜʚʦʭ ʚʝʣʠʯʠʥ ʽ ʜʘʻ ʧʦʚʥʠʡ ʦʧʽʨ 

ʣʘʥʮʶʛʘ (ʨʠʩ. 2.6): 

 

 

 
ʈʠʩ. 2.7. ɿʘʣʝʞʥʽʩʪʴ ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʢʦʪʫʰʢʠ ʚʽʜ ʧʦʣʦʞʝʥʥʷ ʩʝʨʜʝʯʥʠʢʘ ʧʨʠ Lk=Lc. 

 

 
Test

X

I

U
Z #

#
#=   (2.1) 

ʜʝ Z  ï ʧʦʚʥʠʡ ʦʧʽʨ, XU#  ï ʢʦʤʧʣʝʢʩʥʘ ʥʘʧʨʫʛʘ ʥʘ ʢʦʪʫʰʮʽ ʽʥʜʫʢʪʠʚʥʦʩʪʽ;  
TestI#  ï 

ʢʦʤʧʣʝʢʩʥʠʡ ʪʝʩʪʦʚʠʡ ʩʪʨʫʤ. ɻʨʘʬʽʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʧʦʚʥʦʛʦ ʦʧʦʨʫ ï ʥʘ ʨʠʩ. 2.9.  

 

 

ʈʠʩ. 2.6.  ɽʢʚʽʚʘʣʝʥʪʥʘ ʩʭʝʤʘ ʟʘʤʽʱʝʥʥʷ ʢʦʪʫʰʢʠ ʽʥʜʫʢʪʠʚʥʦʩʪʽ. 

Rx Lx
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ʈʠʩ. 2.8. ʉʧʨʦʱʝʥʘ ʩʪʨʫʢʪʫʨʘ ʽʥʜʫʢʪʠʚʥʦʛʦ ʜʘʪʯʠʢʘ ʧʝʨʝʤʽʱʝʥʥʷ. 

 

 
ʈʠʩ. 2.9. ɻʨʘʬʽʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʧʦʚʥʦʛʦ ʦʧʦʨʫ. ʅʘ ʨʠʩʫʥʢʫ: 1 ï ʨʝʘʢʪʠʚʥʠʡ ʦʧʽʨ; 2 ï 

ʘʢʪʠʚʥʠʡ ʦʧʽʨ. 
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ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 2.9, ʧʦʚʥʠʡ ʦʧʽʨ Z# ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʢʦʤʧʦʥʝʥʪʽʚ: ʘʢʪʠʚʥʦʛʦ 

ʦʧʦʨʫ Rx ʪʘ ʨʝʘʢʪʠʚʥʦʛʦ ʦʧʦʨʫ X. 

ʂʦʤʧʣʝʢʩʥʠʡ ʦʧʽʨ Z# ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ: 

 XjRxZ Ö+=#   (2.2) 

ɿ ʬʦʨʤʫʣʠ (2.2) ʚʠʧʣʠʚʘʻ, ʱʦ ʘʢʪʠʚʥʠʡ ʦʧʽʨ Rx ʧʦʚô̫ ʟʘʥʠʡ ʟ ʢʦʤʧʣʝʢʩʥʠʤ 

ʦʧʦʨʦʤ ʷʢ: 

 )cos(qÖ=ZRx #
  (2.3) 

ɺ̔ ʜʧʦʚʽʜʥʦ, ʨʝʘʢʪʠʚʥʠʡ ʦʧʽʨ X ʧʦʚô̫ ʟʘʥʠʡ ʟ ʢʦʤʧʣʝʢʩʥʠʤ ʦʧʦʨʦʤ ʷʢ: 

 )sin(qÖ=ZX #   (2.4) 

ʜʝ q ï ʢʫʪ ʟʩʫʚʫ ʬʘʟ ʤʽʞ ʩʪʨʫʤʦʤ ʪʘ ʥʘʧʨʫʛʦʶ ʥʘ ʚʠʤʽʨʶʚʘʥʽʡ ʢʦʪʫʰʮʽ. 

ʈʝʘʢʪʠʚʥʠʡ ʦʧʽʨ ʜʣʷ ʢʦʪʫʰʢʠ ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ:  

 LfXL ÖÖ=p2   (2.5) 

ʜʝ L ï ʽʥʜʫʢʪʠʚʥʽʩʪʴ ʢʦʪʫʰʢʠ, f ï ʯʘʩʪʦʪʘ, ʥʘ ʷʢʽʡ ʚʠʤʽʨʶʻʪʴʩʷ ʨʝʘʢʪʠʚʥʠʡ ʦʧʽʨ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ ʘʤʧʣʽʪʫʜʫ ʪʘ ʬʘʟʫ 

ʥʘʧʨʫʛʠ ʽ ʩʪʨʫʤʫ ʥʘ ʚʠʤʽʨʶʚʘʥʽʡ ʢʦʪʫʰʮʽ ʧʨʠ ʚʽʜʦʤʽʡ ʯʘʩʪʦʪʽ ʪʝʩʪʦʚʦʛʦ ʩʠʛʥʘʣʫ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʘʤʧʣʽʪʫʜʠ ʪʘ ʬʘʟʠ ʩʠʛʥʘʣʽʚ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ɸʎʇ, ʜʘʥʽ ʚʽʜ ʷʢʦʛʦ 

ʥʘʜʭʦʜʷʪʴ ʜʦ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ, ʜʝ ʧʽʩʣʷ ʢʦʨʝʣʷʮʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʚʠʤʽʨʶʚʘʥʽ ʚʝʣʠʯʠʥʠ. ʊʘʢ ʷʢ ɸʎʇ ʦʧʝʨʫʻ ʣʠʰʝ ʥʘʧʨʫʛʦʶ, ʪʦ ʩʪʨʫʤ ʧʝʨʝʜ 

ʚʠʤʽʨʶʚʘʥʥʷʤ ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʪʚʦʨʠʪʠ ʥʘ ʥʘʧʨʫʛʫ. ʎʶ ʬʫʥʢʮʽʶ ʟʜʽʡʩʥʶʻ 

ʚʠʩʦʢʦʪʦʯʥʠʡ ʨʝʟʠʩʪʦʨ, ʧʦʩʣʽʜʦʚʥʦ ʚʢʣʶʯʝʥʠʡ ʟ ʚʠʤʽʨʶʚʘʥʦʶ ʢʦʪʫʰʢʦʶ 

ʽʥʜʫʢʪʠʚʥʦʩʪʽ.  

ɼʣʷ ʫʩʫʥʝʥʥʷ ʚʧʣʠʚʫ ʧʘʨʘʟʠʪʥʠʭ ʦʧʦʨʽʚ ʩʧʦʣʫʯʥʠʭ ʜʨʦʪʽʚ ʪʘ ʝʣʝʤʝʥʪʽʚ 

ʢʦʤʫʪʘʮʽʾ ʚʠʤʽʨʶʚʘʯʘ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧô̫ ʪʠʜʨʦʪʦʚʘ ʩʭʝʤʘ ʚʠʤʽʨʫ, ʪʦʙʪʦ ʜʚʦʤʘ 

ʜʨʦʪʘʤʠ ʧʦʜʘʻʪʴʩʷ ʪʝʩʪʦʚʠʡ ʩʠʛʥʘʣ ʥʘ ʚʠʤʽʨʶʚʘʥʫ ʢʦʪʫʰʢʫ, ʧʦ ʜʚʦʭ ʽʥʰʠʭ ʜʨʦʪʘʭ 

ʟʥʽʤʘʻʪʴʩʷ ʥʘʧʨʫʛʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ ʢʦʪʫʰʢʠ, ʽ ʦʜʠʥ ʜʨʽʪ ʻ ʝʢʨʘʥʫʚʘʣʴʥʠʤ 

(ʨʠʩ. 2.10).  
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ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʢʦʥʫ ʆʤʘ, ʥʘʧʨʫʛʘ ʥʘ ʟʨʘʟʢʦʚʦʤʫ ʨʝʟʠʩʪʦʨ:̔ 

 TestOO IRU ## Ö=   (2.6) 

 

ʈʠʩ. 2.10. ʉʭʝʤʘ ʚʠʤʽʨʶʚʘʥʥʷ ʽʥʜʫʢʪʠʚʥʦʩʪʽ. 

 

ɺʠʨʘʟʠʚʰʠ ʟ ʬʦʨʤʫʣʠ (2.6) ʩʪʨʫʤ ʽ ʧʽʜʩʪʘʚʠʚʰʠ ʫ ʚʠʨʘʟ (2.1), ʦʪʨʠʤʫʻʤʦ: 

 O

O

X R
U

U
Z Ö=

#
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ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʨʘʟʽʚ (2.4), (2.5), (2.7), ʦʪʨʠʤʫʻʤʦ ʚʠʨʘʟ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 
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ɿ ʚʠʨʘʟʫ (2.8) ʚʠʜʥʦ, ʱʦ ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʧʦʭʠʙʢʦʶ ʚʠʤʽʨʶʚʘʥʥʷ ʢʦʤʧʣʝʢʩʥʦʾ ʥʘʧʨʫʛʠ, ʩʪʘʙʽʣʴʥʽʩʪʶ ʦʧʦʨʫ ʟʨʘʟʢʦʚʦʛʦ 

ʨʝʟʠʩʪʦʨʘ ʪʘ ʩʪʘʙʽʣʴʥʽʩʪʶ ʯʘʩʪʦʪʠ ʚʠʤʽʨʶʚʘʥʥʷ. ʊʘʢ ʷʢ ʩʪʘʙʽʣʴʥʽʩʪʴ ʯʘʩʪʦʪʠ 

ʚʠʤʽʨʶʚʘʥʥʷ ʚ ʜʘʥʦʤʫ ʧʨʠʣʘʜʽ ʜʫʞʝ ʚʠʩʦʢʘ (ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʪʘʙʽʣʴʥʽʩʪʶ ʯʘʩʪʦʪʠ 

ʢʚʘʨʮʦʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ ʪʘ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʨʽʚʥʽ ʧʦʨʷʜʢʫ 0.0001%), ʪʦ ʦʩʥʦʚʥʘ 

ʧʦʭʠʙʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʣʠʰʝ ʧʝʨʰʠʤʠ ʜʚʦʤʘ ʩʢʣʘʜʦʚʠʤʠ. ʉʪʘʙʽʣʴʥʽʩʪʴ ʟʨʘʟʢʦʚʦʛʦ 

ʨʝʟʠʩʪʦʨʘ ʩʪʘʥʦʚʠʪʴ 0.1%, ʧʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʥʷ ʢʦʤʧʣʝʢʩʥʦʾ ʥʘʧʨʫʛʠ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʧʘʨʘʤʝʪʨʘʤʠ ɸʎʇ ʽ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʩʪʘʥʦʚʠʪʴ ʚʝʣʠʯʠʥʫ ʧʦʨʷʜʢʫ 0.03é0.1%, ʱʦ 
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ʜʘʻ ʩʫʤʘʨʥʫ ʧʦʭʠʙʢʫ ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʨʷʜʢʫ 0.2%. ɯʥʪʝʨʚʘʣ ʯʘʩʫ, ʧʨʦʪʷʛʦʤ ʷʢʦʛʦ 

ʧʨʦʚʦʜʠʪʴʩʷ ʚʠʤʽʨʶʚʘʥʥʷ ʢʦʤʧʣʝʢʩʥʠʭ ʥʘʧʨʫʛ, ʚʠʙʠʨʘʻʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʯʘʩʪʦʪʠ 

ʧʨʦʤʠʩʣʦʚʦʛʦ ʩʪʨʫʤʫ ʽ ʩʪʘʥʦʚʠʪʴ 20 ʤʩ, ʱʦ ʜʦʟʚʦʣʷʻ ʤʘʢʩʠʤʘʣʴʥʦ ʟʥʠʟʠʪʠ ʚʧʣʠʚ 

ʥʘʚʝʜʝʥʴ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ. 

ʈʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ ʦʮʽʥʢʠ ʟʤʽʱʝʥʴ ʚʽʜ ʥʘʭʠʣʫ ʧʦʣʷʛʘʻ ʚ ʥʘʩʪʫʧʥʦʤʫ: 

1. ʇʨʠ ʢʦʥʪʨʦʣʽ ʟʤʽʱʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʛʨʘʚʽʪʘʮʽʡʥʠʡ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʡ 

ʜʘʪʯʠʢ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʦʨʧʫʩʫ 1, ʩʢʨʽʧʣʝʥʦʛʦ ʟ ʢʦʥʪʨʦʣʴʦʚʘʥʠʤ ʦʙô̒ ʢʪʦʤ 2 ʽ 

ʢʘʩʝʪʦʶ 4, ʩʠʤʝʪʨʠʯʥʦ ʧʦʚʝʨʭʥʽ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʤʘʷʪʥʠʢʘ 3 ʚ ʢʘʩʝʪʽ 4 ʚʩʪʘʥʦʚʣʝʥʽ 

ʩʠʤʝʪʨʠʯʥʦ ʧʦ ʢʦʣʫ 4 ʯʦʪʠʨʠ ʽʜʝʥʪʠʯʥʠʭ ʥʘʢʣʘʜʥʠʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ 

ʧʝʨʝʪʚʦʨʶʚʘʯ ̔ɯʇ1, ɯʇ2, ɯʇ3, ɯʇ4, ʚʩʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʚʩʪʘʥʦʚʣʝʥʽ ʫ ʚʠʭʽʜʥʦʤʫ 

ʧʦʣʦʞʝʥʥʽ ʥʘ ʦʜʥʘʢʦʚʽʡ ʚʽʜʩʪʘʥʽ ȹʫ ʚʽʜ ʧʦʚʝʨʭʥʽ ʤʘʷʪʥʠʢʘ (ʨʠʩ. 2.11). 

 

ʈʠʩ. 2.11. ʉʭʝʤʘ ʧʦʯʘʪʢʦʚʦʛʦ ʨʦʟʤʽʱʝʥʥʷ ʽʥʜʫʢʪʠʚʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ɯʇ1, ɯʇ2, ɯʇ3, ɯʇ4 ï 

ʚʽʜʥʦʩʥʦ ʮʠʣʽʥʜʨʠʯʥʦʾ ʧʦʚʝʨʭʥʽ ʤʘʷʪʥʠʢʘ 3; 1 ï ʩʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʢʦʨʧʫʩʫ ʜʘʪʯʠʢʘ; 2 ï 

ʦʙô̒ ʢʪ; 3 ï ʤʘʷʪʥʠʢ ʫ ʧʦʧʝʨʝʯʥʦʤʫ ʧʝʨʝʨʽʟʽ; 4 ï ʢʘʩʝʪʘ ʟ ʜʽʝʣʝʢʪʨʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, 1õ1; 2õ2 ï 

ʙʘʟʦʚʽ ʥʘʧʨʷʤʢʠ ʚʽʜʥʦʩʥʦʛʦ ʟʤʽʱʝʥʥʷ ȹ ʢʦʨʧʫʩʫ 1. 

2. ɹʫʜʫʶʪʴ ʟʘʣʝʞʥʽʩʪʴ ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʚʽʜ ʚʝʣʠʯʠʥʠ ʟʤʽʱʝʥʥʷ 

L=ű(ȹʩ) ʚʽʜʥʦʩʥʦ ʧʦʚʝʨʭʥʽ ʤʘʷʪʥʠʢʘ. ʂʦʥʪʨʦʣʴ ʚʝʣʠʯʠʥʠ ʽʥʜʫʢʪʠʚʥʦʩʪʽ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ɯʇ ʫ ʩʢʣʘʜʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʜʘʪʯʠʢʘ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʚʠʤʽʨʶʚʘʣʴʥʠʤ ʧʨʠʩʪʨʦʻʤ (ʨʠʩ. 2.12). 

3. ʅʘ ʟʘʣʝʞʥʦʩʪʽ L=ű(ȹʩ) ʚʠʟʥʘʯʘʶʪʴ ʜʽʣʷʥʢʫ ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʣʽʥʽʡʥʽʩʪʶ ȹʣ, 

ʧʨʠʡʤʘʶʪʴ ʩʝʨʝʜʥʶ ʪʦʯʢʫ ʮʽʻʾ ʜʽʣʷʥʢʠ, ʨʽʚʥʫ ʥʘ ʘʙʩʮʠʩʽ ʟʥʘʯʝʥʥʶ 
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ʚʩʪʘʥʦʚʣʶʚʘʣʴʥʦʛʦ ʧʨʦʤʽʞʢʫ (ʨʠʩ. 2.12) ȹʫʩ, ʙʫʜʫʶʪʴ ʟʘʣʝʞʥʽʩʪʴ ʟʤʽʥʠ ʚʝʣʠʯʠʥʠ 

ʽʥʜʫʢʪʠʚʥʦʩʪʝʡ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ L=ű(ȹʩ) ʚʽʜ ʚʝʣʠʯʠʥʠ ʟʤʽʱʝʥʥʷ ȹʩ ʚʽʜʥʦʩʥʦ 

ʤʘʷʪʥʠʢʘ. ʐʤʘʪʦʯʥʦ-ʣʽʥʽʡʥʦʶ ʘʧʨʦʢʩʠʤʘʮʽʻʶ ʨʦʟʙʠʚʘʶʪʴ ʜʽʣʷʥʢʫ ʥʘ ʜʚʽ ʜʽʣʷʥʢʠ: 

1.1, ʱʦ ʚʽʜʧʦʚʽʜʘ ̒ʥʘʭʠʣʫ ʚ ʦʙʣʘʩʪʽ ʥʝʛʘʪʠʚʥʠʭ ʟʤʽʥ ïȹL (ʢʫʪ L1), ʪʘ 2.2, ʱʦ 

ʚʽʜʧʦʚʽʜʘ ̒ʧʦʟʠʪʠʚʥʠʤ ʟʤʽʥʘʤ +ȹL (ʢʫʪ L2). 

4. ɿʥʽʤʘʶʪʴ ʽʟ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ɯʇ1, ɯʇ2, ɯʇɿ, ɯʇ4, ʱʦ ʚʭʦʜʷʪʴ 

ʜʦ ʩʢʣʘʜʫ ʚʩʽʭ ʜʘʪʯʠʢʽʚ, ʧʦʯʘʪʢʦʚʽ ʟʥʘʯʝʥʥʷ ʽʥʜʫʢʪʠʚʥʦʩʪʝʡ ʧʨʠ ʚʩʪʘʥʦʚʣʶʚʘʣʴʥʽʡ 

ʚʽʜʩʪʘʥʽ ʤʽʞ ʧʦʣʶʩʘʤʠ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʽ ʧʦʚʝʨʭʥʝʶ ʤʘʷʪʥʠʢʘ LH1; LH2; LH3; LH4. 

5. ʆʜʠʥ ʘʙʦ ʢʽʣʴʢʘ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʧʨʠʡʤʘʶʪʴ ʫ ʷʢʦʩʪʽ ʟʨʘʟʢʦʚʠʭ ʽ 

ʟʘʢʨʽʧʣʶʶʪʴ ʾʭ ʥʘ ʬʽʢʩʦʚʘʥʽʡ ʚʽʜʩʪʘʥʽ ȹʫʩ ʚʽʜʥʦʩʥʦ ʤʘʷʪʥʠʢʘ ʙʝʟ ʧʽʜʚʽʩʢʠ, 

ʟʘʢʨʽʧʣʝʥʦʛʦ ʥʘ ʩʧʽʣʴʥʽʡ ʜʽʝʣʝʢʪʨʠʯʥʽʡ ʦʩʥʦʚʽ ʟ ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ. ɺʠʤʽʨʶʶʪʴ 

ʚʝʣʠʯʠʥʫ ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʟʨʘʟʢʦʚʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʽ ʧʨʠʡʤʘʶʪʴ ʾʾ ʚ ̫ʢʦʩʪʽ ʝʪʘʣʦʥʥʦ ʾ

ʚʝʣʠʯʠʥʠ Lʥʝ. 

6. ʇʨʠ ʢʦʥʪʨʦʣʽ ʚʠʤʽʨʶʶʪʴ ʟ ʫʩʽʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʚʝʣʠʯʠʥʠ 

ʾʭ ʽʥʜʫʢʪʠʚʥʦʩʪʝʡ Lʢ, ʟʘ ʷʢʠʤʠ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʾʭ ʧʦʯʘʪʢʦʚʠʭ ʟʥʘʯʝʥʴ Lʥ, ʟʥʘʭʦʜʷʪʴ 

ʚʝʣʠʯʠʥʫ ʽ ʟʥʘʢ ʟʤʽʥʠ ÑȹL. 

7. ɿʘ ʟʥʘʯʝʥʥʷʤʠ ÑȹL, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʠʩ. 2.12 ʪʘ ʪʘʙʣʠʮʽ 2.1, ʚʠʟʥʘʯʘʶʪʴ 

ʥʘʧʨʷʤʦʢ ʟʤʽʱʝʥʥʷ ʚ ʦʙʣʘʩʪʽ ʢʚʘʜʨʘʥʪʘ (ʨʠʩ. 2.13, ʨʠʩ. 2.14). 

8. ɿʥʽʤʘʶʪʴ ʽʟ ʟʨʘʟʢʦʚʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʚʝʣʠʯʠʥʫ ʡʦʛʦ ʽʥʜʫʢʪʠʚʥʦʩʪʽ, ʷʢʱʦ 

ʚʦʥʘ ʟʤʽʥʠʣʘʩʷ ʚʽʜʥʦʩʥʦ Lʥʝ, ʪʦ ʚʚʦʜʷʪʴ ʧʦʧʨʘʚʢʠ ʜʦ ʚʝʣʠʯʠʥ Iʢ. 

9. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʦʪʨʠʤʘʥʠʭ ʟʥʘʯʝʥʴ ʚʝʣʠʯʠʥʠ ʪʘ ʟʥʘʢʘ ʟʤʽʥʠ ÑȹL  ̔ʟʥʘʯʝʥʴ 

tgL1 ̔  tgL2, ʚʠʟʥʘʯʘʶʪʴ ʚʝʣʠʯʠʥʠ ʚʽʜʧʦʚʽʜʥʠʭ ʾʤ ʟʤʽʱʝʥʴ. 

10. ɺʽʜʢʣʘʜʘʶʪʴ ʦʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ ȹcx; ȹcy ʫ ʥʘʧʨʷʤʢʫ ʦʩʝʡ X, ʋ / 1-1, 2-2 / ʽ 

ʟʘ ʧʨʘʚʠʣʦʤ ʧʘʨʘʣʝʣʦʛʨʘʤʘ ʚʠʟʥʘʯʘʶʪʴ ʚʝʣʠʯʠʥʫ ȹʩ ʟʤ̔ʱʝʥʥʷ ʚ ʦʙʣʘʩʪʽ ʢʚʘʜʨʘʥʪʘ 

(ʧ. 7). 

11. ʇʨʠ ʦʮʽʥʮʽ ʚʝʣʠʯʠʥʠ ʟʤʽʱʝʥʥʷ ʢʦʣʦʥ ʟʛʽʜʥʦ ʟ ʧ. 10 ʪʘ ʨʠʩ. 2.15 

ʨʦʟʨʘʭʦʚʫʶʪʴ ʚʝʣʠʯʠʥʫ ʟʤʽʱʝʥʥʷ ʢʦʣʦʥ. 
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ʈʠʩ. 2.12. ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʦʪʨʠʤʘʥʥʷ ʚʝʣʠʯʠʥʠ ʪʘ ʥʘʧʨʷʤʫ ʟʤʽʱʝʥʴ ȹ ʚʽʜ ʥʘʭʠʣʫ 

ʢʦʥʩʪʨʫʢʮʽʡ ʥʘ ʦʩʥʦʚʽ ʛʨʘʜʫʶʚʘʣʴʥʦʾ ʟʘʣʝʞʥʦʩʪʽ L=ű(ȹ) ʽ ʭʘʨʘʢʪʝʨʫ ʟʤʽʥʠ ʽʥʜʫʢʪʠʚʥʦʩʪʽ. ȹL 

ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʣʽʥʽʡʥʽʩʪʶ ʥʘ ʟʘʣʝʞʥʦʩʪʽ L=ű(ȹ), 1, 2 ï ʪʠʧʦʚʽ ʟʘʣʝʞʥʦʩʪʽ 

ʜʣʷ ʜʚʦʭ ʽʜʝʥʪʠʯʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ, 1.1, 2.2 ï ʚʽʜʧʦʚʽʜʥʦ, ʜʽʣʷʥʢʠ ʟʘʣʝʞʥʦʩʪʽ 

L=ű(ȹ) ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʣʽʥʽʡʥʽʩʪʶ, LH1; LH2; LH3; LH4 ï ʚʽʜʧʦʚʽʜʥʦ, ʧʦʯʘʪʢʦʚʽ ʽʥʜʫʢʪʠʚʥʦʩʪʽ 

ʪʘ ʾʭ ʟʤʽʥʠ, ȹʫʩ ï ʫʩʪʘʥʦʚʣʶʚʘʣʴʥʠʡ ʧʨʦʤʽʞʦʢ ʤʽʞ ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ ʪʘ ʧʦʚʝʨʭʥʝʶ 

ʤʘʷʪʥʠʢʘ. 
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ʈʠʩ. 2.13. ʉʭʝʤʘ ʚʠʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʪʘ ʥʘʧʨʷʤʫ ʟʤʽɦʝʥʥʷ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ɯʇ1, ɯʇ2, ɯʇɿ, ɯʇ4 

ʫ ʤʝʞʘʭ ʢʚʘʜʨʘʥʪʘ. ȹʄ5, ȹʄ6 ï ʟʤʽʱʝʥʥʷ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ (ʤʘʷʪʥʠʢʘ) ʫ ʥʘʧʨʷʤʢʘʭ 5, 6; ȹʫ,  ȹʭ 

ï ʚʽʜʧʦʚʽʜʥʦ, ʩʢʣʘʜʦʚʽ ʚʝʣʠʯʠʥʠ ʟʤʽʱʝʥʴ ʫ ʥʘʧʨʷʤʢʘʭ 5, 6; I, II, III, IV ï ʢʚʘʜʨʘʥʪʠ; X, ʋ ï 

ʢʦʦʨʜʠʥʘʪʥʽ ʦʩʽ; ȹʉ5, ȹʉ6 ï ʚʝʢʪʦʨʠ ʟʤʽʱʝʥʴ. 
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ʈʠʩ. 2.14. ʉʭʝʤʘ ʚʠʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʪʘ ʥʘʧʨʷʤʫ ʟʤʽɦʝʥʥʷ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ (ʷʢʦʨʷ) ʫ ʥʘʧʨʷʤʢʫ 

ʙʘʟʦʚʠʭ ʦʩʝʡ ʍ, ʋ (1-1, 2-2), ʧʦʣʦʞʝʥʥʷ ʤʘʷʪʥʠʢʘ ʫ ʚʠʭʽʜʥʦʤʫ ʩʪʘʥʽ ʪʘ ʧʽʩʣʷ ʟʤʽʱʝʥʥʷ ʥʘ 

ʚʝʣʠʯʠʥʫ ȹʩ ʫ ʥʘʧʨʷʤʢʫ ʦʩʽ ʋ. ɯʇ1, ɯʇ2, ɯʇɿ, ɯʇ4 ï ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ. 
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ʊʘʙʣʠʮ ̫2.1. 

ʍʘʨʘʢʪʝʨ ʟʤʽʥʠ ʽʥʜʫʢʪʠʚʥʦʩʪʝʡ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʚʽʜʥʦʩʥʦ ʾʭ ʧʦʯʘʪʢʦʚʠʭ ʟʥʘʯʝʥʴ 
ʅʘʧʨʷʤʦʢ ʟʤʽʱʝʥʥʷ, 

(ʨʠʩ. 2.13, 2.14) 

ʍʘʨʘʢʪʝʨ ʟʤʽʥʠ ʧʦʯʘʪʢʦʚʠʭ ʽʥʜʫʢʪʠʚʥʦʩʪʝʡ Lʥ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʧʨʠ ʾʭ ʟʤʽʱʝʥʥʽ ʚʽʜʥʦʩʥʦ 

ʤʘʷʪʥʠʢʘ 

L1 L2 L3 L4 

ɺʽʜ ʢʚʘʜʨʘʥʪʘ III  ʜʦ I (ʚʽʜ ɯʇ2; 

ɯʇ3 ʜʦ ɯʇ1; ɯʇ4) 

> < < > 

ɺʽʜ ʢʚʘʜʨʘʥʪʘ I ʜʦ III  (ʚʽʜ ɯʇ1; 

ɯʇ4 ʜʦ ɯʇ2; ɯʇ3) 

< > > < 

ɺʽʜ ʢʚʘʜʨʘʥʪʘ IV ʜʦ II  (ʚʽʜ ɯʇ4; 

ɯʇ2 ʜʦ ɯʇ1; ɯʇ2) 

> > < < 

ɺʽʜ ʢʚʘʜʨʘʥʪʘ II  ʜʦ IV (ʚʽʜ ɯʇ1; 

ɯʇ2 ʜʦ ɯʇ3; ɯʇ4) 

< < > > 

ʇʦ ʦʩ̔ I ï I ʚʽʜ ɯʇ3 ʜʦ ɯʇ1 > < << << 

ʇʦ ʦʩ̔ I ï I ʚʽʜ ɯʇ1 ʜʦ ɯʇ3 < > << << 

ʇʦ ʦʩ̔ 2 ï 2 ʚʽʜ ɯʇ2 ʜʦ ɯʇ4 << < << > 

ʇʦ ʦʩ̔ 2 ï 2 ʚʽʜ ɯʇ4 ʜʦ ɯʇ2 << > << < 

 

2.2.3. ʇʝʨʝʚʝʜʝʥʥʷ ʢʫʪʦʚʠʭ ʜʝʬʦʨʤʘʮʽʡ ʫ ʣʽʥʽʡʥʽ ʜʣʷ ʚʝʣʠʯʠʥʠ ʢʨʝʥʫ ɹɹ 

 

ʇʝʨʝʚʝʜʝʥʥʷ ʢʫʪʦʚʠʭ ʜʝʬʦʨʤʘʮʽʡ ʚ ʣʽʥʽʡʥʽ ʜʣʷ ʢʨʝʥʫ ɹɹ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ 

ʪʘʢʦʶ ʬʦʨʤʫʣʦʶ: 

 

ʢʨʝʥ = ʟʤʽʱʝʥʥʷ / ʚʠʩʦʪʘ ʧʽʜʚʽʩʫ 

 

ʇʨʠ ʤʘʣʠʭ ʢʫʪʘʭ ʪʘʥʛʝʥʩ ʢʫʪʘ = ʢʫʪʫ, ʧʨʠ ʮʴʦʤʫ 2ˊ / ʟʤʽʱ. = 360 / ʭ 

ʇʨʠ hʧ̔ ʜʚʽʩʫ = 240 ʤʤ 

ʇʈʀʂʃɸɼ: 0,034 / 240 = 0,00014 

2 ́/ 0,00014 ʢ̫ 360 / ʍ; ʍ = 0,00014 *  360Ü * 60Ë / 6,28 = 0,48Ë 

ʛʨʘʜʫʩʠŷ    ŷʤ̔ʥʫʪʠ 

ʄʽʥʽʤʘʣʴʥʠʡ ʢʫʪ: ʟʤʽɦ. = 0,001 ʤʤ; 0,001 / 240 = 0,00000416666  

2 ́/ 0,00000416666 = 360 *  60 *  60 / ʭ  

ʭ = 0,00000416666 *  360Ü * 60Ë * 60ËË / 6,2831856 = 0,859ËË(0,001 ʤʤ = 0,8ËË) 
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ʈʠʩ. 2.15. ʉʭʝʤʘ ʦʮʽʥʢʠ ʚʝʣʠʯʠʥʠ ʟʤʽʱʝʥʴ ʢʦʣʦʥʠ ʚ ʦʙʣʘʩʪʽ ʦʩʥʦʚʠ 5; Ŭ ï ʢʫʪ ʥʘʭʠʣʫ; ȹʩʤ 

ï ʟʩʫʚ ʚʽʜʥʦʩʥʦ ʤʘʷʪʥʠʢʘ 2; ʆʢʥ, ʆʢʩ ï ʚʽʜʧʦʚʽʜʥʦ, ʚʽʩʴ ʢʦʣʦʥʠ ʚ ʧʦʯʘʪʢʦʚʦʤʫ ʩʪʘʥʽ ʪʘ ʧʽʩʣʷ 

ʥʘʭʠʣʫ; hk, hm ï ʚʠʩʦʪʘ ʢʦʣʦʥʠ ʪʘ ʤʘʷʪʥʠʢʘ. 

 

ʄʘʢʩʠʤʘʣʴʥʠʡ ʢʫʪ: ʟʤʽɦ. = 4 ʤʤ; 4 / 240 = 0,0166666 

2 ́/ 0,0166666 = 360Ü / ʭ   

ʭ = 0,0166666 *  360 / 6,2831856 = 0,954925Ü   (4 ʤʤ = 0,95Ü = 57,3Ë) 

 

ʇʨʠ hʧ̔ ʜʚʽʩʫ = 180 ʤʤ 

ʄʽʥʽʤʘʣʴʥʠʡ ʢʫʪ: ʟʤʽɦ. = 0,001 ʤʤ; 0,001 / 180 = 0,00000555555  

2 ́/ 0,00000555555 = 360 *  60 *  60 / ʭ  
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ʭ = 0,00000555555 *  360Ü * 60Ë * 60ËË / 6,2831856 = 1,1459ËË(0,001 ʤʤ = 1,1459ËË) 

ʄʘʢʩʠʤʘʣʴʥʠʡ ʢʫʪ: ʟʤʽɦ. = 4 ʤʤ; 4 / 180 = 0,02222222222 

2 ́/ 0,02222222222 = 360Ü / ʭ   

ʭ = 0,02222222222 *  360 / 6,2831856 = 1,2732396Ü  (4 ʤʤ = 1,2732396Ü) 

 

ʇʨʠ hʧ̔ ʜʚʽʩʫ = 150 ʤʤ 

ʄʽʥʽʤʘʣʴʥʠʡ ʢʫʪ: ʟʤʽɦ. = 0,001 ʤʤ; 0,001 / 150 = 0,0000066666  

2 ́/ 0,0000066666 = 360 *  60 *  60 / ʭ  

ʭ = 0,0000066666 *  360Ü * 60Ë * 60ËË / 6,2831856 = 1,375ËË (0,001 ʤʤ = 1,375ËË) 

ʄʘʢʩʠʤʘʣʴʥʠʡ ʢʫʪ: ʟʤʽɦ. = 4 ʤʤ; 4 / 150 = 0,02666666666 

2 ́/ 0,02666666666 = 360Ü / ʭ   

ʭ = 0,02666666666 *  360 / 6,2831856 = 2,318569Ü  (6,07 ʤʤ = 1,527887Ü) 

 

2.3. ʇʨʠʢʣʘʜʥʘ ʤʝʪʦʜʠʢʘ ʦʮʽʥʢʠ ʚʝʣʠʯʠʥʠ ʪʘ ʥʘʧʨʷʤʫ ʟʤʽʱʝʥʥʷ ʚʽʜ ʥʘʭʠʣʫ 

ʤʘʷʪʥʠʢʘ ̔ ʥʢʣʽʥʦʤʝʪʨʠʯʥʦʛʦ ʜʘʪʯʠʢʘ 

 

2.3.1. ɿʘʛʘʣʴʥʽ ʟʘʫʚʘʞʝʥʥʷ 

 

ʊʘʢ ʷʢ ʚʠʩʦʪʘ ʤʘʷʪʥʠʢʘ ʥʝ ʤʝʥʰʘ ʪʨʴʦʭ ʜʽʘʤʝʪʨʽʚ ʢʦʪʫʰʢʠ, ʚʩʽ ʨʦʟʨʘʭʫʥʢʠ 

ʚʝʜʫʪʴʩʷ ʜʣʷ ʪʦʯʢʠ ʧʝʨʝʪʠʥʫ ʦʩʽ ʢʦʪʫʰʢʠ ʟ ʚʽʩʩʶ ʤʘʷʪʥʠʢʘ (ʨʠʩ. 2.16). 

ɺʝʣʠʯʠʥʘ Dx ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʝʣʠʯʠʥ ʜʦʚʞʠʥʠ ʦʩʥʦʚʠ ʩʪʝʥʜʫ 

(AB=l), ʟʤʽʱʝʥʥʷ ʤʽʢʨʦʤʝʪʨʘ (BC=H) ʪʘ ʚʠʩʦʪʠ ʜʘʪʯʠʢʘ (DQ=h) 

h

x

ED

FE
tg

l

H

AB

BC
tg

D
==

==

11

1a

a

  Ý  
l

h
Hx=D                              (2.9) 

ɿʥʘʯʝʥʥ̫ sina  ̔cosa ʚʠʟʥʘʯʘʶʪʴʩʷ ʟ ʚʽʜʧʦʚʽʜʥʠʭ ʧʨʷʤʦʢʫʪʥʠʭ ʪʨʠʢʫʪʥʠʢʽʚ ʚ 

ʪʘʢʠʡ ʩʧʦʩʽʙ: 
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ʈʠʩ. 2.16. ʉʭʝʤʘ ʧʦʣʦʞʝʥʥʷ ʜʘʪʯʠʢʘ ʜʦ ʪʘ ʧʽʩʣʷ ʧʦʚʦʨʦʪʫ. ʇʦʷʩʥʝʥʥʷ: AB=l, AC ï ʚʽʩʴ 

ʢʦʪʫʰʢʠ; l ï ʜʦʚʞʠʥʘ ʥʘʧʨʷʤʥʦʾ ʦʩʥʦʚʠ ʩʪʝʥʜʫ; BC=H ï ʚʠʩʦʪʘ ʩʧʫʩʢʫ; DE, D1E1=h ï 

ʚʠʩʦʪʘ ʜʘʪʯʠʢʘ; E1F=Dx ï ʟʤʽʱʝʥʥʷ ʦʩʽ ʤʘʷʪʥʠʢʘ ʧʨʠ ʥʘʭʠʣʽ ʦʩʥʦʚʠ ʥʘ ʢʫʪ ÏBAC=a; E, 

F ï ʪʦʯʢʘ ʧʝʨʝʪʠʥʫ ʦʩʽ ʢʦʪʫʰʢʠ ʟ ʚʽʩʩʶ ʤʘʷʪʥʠʢʘ; EG ï ʚʝʨʪʠʢʘʣʴʥʝ ʟʤʽʱʝʥʥʷ ʤʘʷʪʥʠʢʘ; 

GF ï ʛʦʨʠʟʦʥʪʘʣʴʥʝ ʟʤʽʱʝʥʥʷ ʤʘʷʪʥʠʢʘ; AE, AE1=x ï ʚʽʜʩʪʘʥʴ ʚʽʜ ʮʝʥʪʨʫ ʧʦʚʦʨʦʪʫ 

ʦʩʥʦʚʠ ʩʪʝʥʜʘ ʜʦ ʪʦʯʢʠ ʧʝʨʝʪʠʥʫ ʦʩʽ ʢʦʪʫʰʢʠ ʟ ʚʽʩʩʶ ʜʘʪʯʠʢʘ; DQ ï ʚʝʨʪʠʢʘʣʴʥʝ 

ʟʤʽʱʝʥʥʷ ʪʦʯʢʠ ʧʽʜʚʽʩʫ; D1Q ï ʛʦʨʠʟʦʥʪʘʣʴʥʝ ʟʤʽʱʝʥʥʷ ʪʦʯʢʠ ʧʽʜʚʽʩʫ; EP ï ʚʝʨʪʠʢʘʣʴʥʝ 

ʟʤʽʱʝʥʥʷ ʪʦʯʢʠ ʧʝʨʝʪʠʥʫ ʦʩʽ ʢʦʪʫʰʢʠ ʟ ʚʽʩʩʶ ʜʘʪʯʠʢʘ; E1P ï ʛʦʨʠʟʦʥʪʘʣʴʥʝ ʟʤʽʱʝʥʥʷ 

ʪʦʯʢʠ ʧʝʨʝʪʠʥʫ ʦʩʽ ʢʦʪʫʰʢʠ ʟ ʚʽʩʩʶ ʜʘʪʯʠʢʘ. 
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D
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( )

( )

2 2 22

2 2 22

sin

cos

x H

l Hh x

h l

l Hh x

a

a

D
= =

++ D

= =
++ D

;                  (2.10) 

 

2.3.2. ʈʦʟʨʘʭʫʥʦʢ ʟʤʽʱʝʥʴ 

 

ɿʤʽʱʝʥʥʷ ʪʦʯʢʠ ʧʝʨʝʪʠʥʫ ʦʩʽ ʢʦʪʫʰʢʠ ʟ ʚʽʩʩʶ ʤʘʷʪʥʠʢʘ, ʛʦʨʠʟʦʥʪʘʣʴʥʝ 

( )

( )

( )( )
( )
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ï

)
x
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x h
x

h

h

O AO AE AFcosa

x

x h x xh

h x

x
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Dx cosa x
+D

= - =
+ D

= = - =

+ - =

- + D +D

=
+ D

                                 (2.11) 

ɿʤʽʱʝʥʥʷ ʪʦʯʢʠ ʧʝʨʝʪʠʥʫ ʦʩʽ ʢʦʪʫʰʢʠ ʟ ʚʽʩʩʶ ʤʘʷʪʥʠʢʘ, ʚʝʨʪʠʢʘʣʴʥʝ 

    

  ( )

EG OF AFsina

x Dx sina

= = =

= +                                 (2.12) 

ɿʤʽʱʝʥʥʷ ʪʦʯʢʠ ʧʽʜʚʽʩʫ ʥʠʪʢʠ ʤʘʷʪʥʠʢʘ, ʛʦʨʠʟʦʥʪʘʣʴʥʝ 

ʊʘʢ ʷʢ  1    QD EO GF= = , ʪʦ ʛʦʨʠʟʦʥʪʘʣʴʥʝ ʟʤʽʱʝʥʥʷ ʪʦʯʢʠ ʧʽʜʚʽʩʫ ʙʫʜʝ ʪʘʢʠʤ 

ʩʘʤʠʤ, ʷʢ ʫ ʧʦʧʝʨʝʜʥʴʦʤʫ ʚʠʧʘʜʢʫ. 
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ɿʤʽʱʝʥʥʷ ʪʦʯʢʠ ʧʽʜʚʽʩʫ ʥʠʪʢʠ ʤʘʷʪʥʠʢʘ, ʚʝʨʪʠʢʘʣʴʥʝ 

( )

( )

( )

( )
( )
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 (2.13) 

ɿʤʽʱʝʥʥʷ ʥʠʞʥʴʦʾ ʪʦʯʢʠ ʦʩʽ ʜʘʪʯʠʢʘ, ʛʦʨʠʟʦʥʪʘʣʴʥʝ 

ʊʘʢ ʷʢ DARE ʧʦʜʽʙʥʠʡ ʜʦ DE1EP, ʘ EE1 = 2ER, ʪʦ ʦʪʨʠʤʫʻʤʦ ʪʘʢʠʡ ʚʠʨʘʟ: 
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ɿʤʽʱʝʥʥʷ ʥʠʞʥʴʦʾ ʪʦʯʢʠ ʦʩʽ ʜʘʪʯʠʢʘ, ʚʝʨʪʠʢʘʣʴʥʝ 
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2.3.3. ɺʠʟʥʘʯʝʥʥʷ ʘʙʩʦʣʶʪʥʦʾ ʚʝʣʠʯʠʥʠ ʟʤʽʱʝʥʥʷ 

 

ʊʘʢ ʷʢ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʘʙʩʦʣʶʪʥʠʭ ʟʥʘʯʝʥʴ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ 

ʟʤʽʱʝʥ ɹʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ ʚʽʜʩʪʘʥʴ ʚʽʜ ʪʦʯʢʠ ʧʦʚʦʨʦʪʫ ʜʦ ʥʠʞʥʴʦʾ ʦʩʽ ʜʘʪʯʠʢʘ, ʪʦ 

ʚʘʞʣʠʚʠʤ ʩʪʘʻ ʩʘʤʝ ʚʠʟʥʘʯʝʥʥʷ ʪʦʯʢʠ (ʧʨʷʤʦ)ʾ, ʥʘʚʢʦʣʦ ʷʢʦʾ ʧʦʚʝʨʪʘʻʪʴʩʷ 

ʥʘʧʨʷʤʥʘ ʩʪʝʥʜʘ ʘʙʦ ʨʝʘʣʴʥʠʡ ʦʙô̒ ʢʪ, ʥʘ ʷʢʦʤʫ ʨʦʟʤʽʱʝʥʠʡ ʜʘʪʯʠʢ. ʇʽʜ ʯʘʩ 

ʧʨʦʚʝʜʝʥʥʷ ʨʝʘʣʴʥʠʭ ʚʠʤʽʨʽʚ ʮʷ ʪʦʯʢʘ (ʧʨʷʤʘ) ʥʝ ʚʠʟʥʘʯʝʥʘ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʚʽʜʩʪʘʥʴ 

ʍ ʚʠʟʥʘʯʠʪʠ ʥʝʤʦʞʣʠʚʦ. ʈʦʟʛʣʷʥʝʤʦ ʩʠʪʫʘʮʽʶ, ʤʘʢʩʠʤʘʣʴʥʦ ʙʣʠʟʴʢʫ ʜʦ ʩʪʝʥʜʦʚʠʭ 

ʚʠʧʨʦʙʫʚʘʥʴ, ï ʛʦʨʠʟʦʥʪʘʣʴʥʘ ʧʣʠʪʘ, ʯʘʩʪʢʦʚʦ ʨʦʟʤʽʱʝʥʘ ʥʘ ʩʢʝʣʴʥʽʡ ʦʩʥʦʚʽ (ʜʠʚ. 

ʨʠʩ. 2.17). ʅʘ ʨʠʩʫʥʢʫ ʟʦʙʨʘʞʝʥʘ ʦʨʪʦʛʦʥʘʣʴʥʘ ʧʨʦʢ̒ʮʽʷ ʮʽʻʾ ʩʠʪʫʘʮʽʾ. 

ʗʢʱʦ ʚʠʭʦʜʠʪʠ ʟ ʪʦʛʦ, ʱʦ ʢʨʘʡ ɸ¡  ʧʨʠ ʟʤʽʱʝʥʥʷʭ ʧʣʠʪʠ ʟʘʣʠʰʘʻʪʴʩʷ 

ʥʝʨʫʭʦʤʠʤ, ʪʦ ʟʥʘʯʝʥʥʷ ʍ ʫ ʬʦʨʤʫʣʘʭ ʟʤʽʱʝʥʥʷ ʧʨʠʡʤʘʻʪʴʩʷ ʨʽʚʥʠʤ ɸ¡¡ɺ, ʭʦʯʘ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʽʩʪʠʥʥʦʛʦ ʟʤʽʱʝʥʥʷ ʥʝʦʙʭʽʜʥʦ ʧʨʠʡʤʘʪʠ ʍ=ɸɺ.  

ʆʜʥʘʢ ʦʩʢʽʣʴʢʠ ʧʦʣʦʞʝʥʥʷ ʪʦʯʢʠ ɸ ʥʝʤʦʞʣʠʚʦ ʚʠʟʥʘʯʠʪʠ, ʪʦ ʨʦʟʨʘʭʦʚʘʥʝ 

ʟʥʘʯʝʥʥʷ ʟʤʽʱʝʥʴ ʙʫʜʝ ʥʘ ɸ¡ɸ¡¡ ʙʽʣʴʰʠʤ, ʥʽʞ ʥʘʩʧʨʘʚʜʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʨʘʭʦʚʘʥʽ 

ʚʝʣʠʯʠʥʠ ʟʤʽʱʝʥʴ ʜʘʪʯʠʢʘ ʜʦʨʽʚʥʶʶʪʴ ʟʤʽʱʝʥʥʷʤ ʚʽʜʥʦʩʥʦ ʢʨʘʶ ʧʣʠʪʠ, ʘ ʥʝ ʨʽʚʥʷ 

ʛʦʨʠʟʦʥʪʫ. 

 

2.3.4. ɻʦʨʠʟʦʥʪʘʣʴʥʘ ʧʨʷʤʦʢʫʪʥʘ ʧʣʠʪʘ 

 

ɼʘʪʯʠʢ ʨʦʟʤʽʱʫʻʪʴʩʷ ʥʘ ʞʦʨʩʪʢʽʡ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʨʷʤʦʢʫʪʥʽʡ ʧʣʠʪʽ, ʜʦʚʞʠʥʘ 

ʷʢʦʾ ï a, ʰʠʨʠʥʘ ï b, ʥʘ ʚʽʜʩʪʘʥʽ x ʪʘ y ʚʽʜʧʦʚʽʜʥʦ ʚʽʜ ʩʪʦʨʽʥ AB ʽ BC ʪʘʢ, ʱʦ ʚʽʩʴ 

ʜʘʪʯʠʢʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʧʣʦʱʠʥʽ ʧʣʠʪʠ. ʆʩʽ ʢʦʞʥʦʾ ʧʘʨʠ ʢʦʪʫʰʦʢ ʩʧʨʷʤʦʚʘʥʽ 

ʧʘʨʘʣʝʣʴʥʦ ʩʪʦʨʦʥʘʤ ʧʣʠʪʠ (ʨʠʩ. 2.18).   
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ʈʠʩ. 2.18.  ʉʭʝʤʘ ʧʦʣʦʞʝʥʥʷ ʜʘʪʯʠʢʘ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʠʪʽ. 

 

 
ʈʠʩ. 2.17.   ʉʭʝʤʘ ʜʦ ʨʦʟʨʘʭʫʥʢʫ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʟʤʽʱʝʥʥʷ ʜʘʪʯʠʢʘ. 
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2.4. ʈʦʟʨʦʙʢʘ ʩʪʝʥʜʫ ʜʣʷ ʚʠʧʨʦʙʫʚʘʥʴ  ̔ ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʨʠʩʪʨʦʶ 

ʚʠʤʽʨʶʚʘʥʥʷ ʢʫʪʦʚʠʭ ʜʝʬʦʨʤʘʮʽʡ 

 

2.4.1. ʆʧʠʩ ʩʪʝʥʜʫ, ʢʦʤʧʣʝʢʪʘʮʽʷ ʪʘ ʡʦʛʦ ʢʦʥʩʪʨʫʢʮʽ̫ 

 

ʏʠʩʣʦ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʢʘʥʘʣʽʚ ï ʦʜʠʥ. ʊʠʧ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ï ʢʦʪʫʰʢʘ 

ʽʥʜʫʢʪʠʚʥʦʩʪʽ. ɼʽʘʧʘʟʦʥ ʚʠʤʽʨʽʚ ï 0...25 ʤʤ, æ = Ñ1,0 ʤʢʤ = 0,001 ʤʤ. ɻʘʙʘʨʠʪʥʽ 

ʨʦʟʤʽʨʠ ʩʪʝʥʜʫ ï ʪʨʦʭʠ ʙʽʣʴʰ ̔ʟʘ 600 x 200 x 300 ʤʤ. ʄʘʩʘ ʩʪʝʥʜʫ ï ʥʝ ʙʽʣʴʰʘ ʟʘ 

25 ʢʛ. ʇʨʠʩʪʨʡ̔ ʟ ʤʽʢʨʦʤʝʪʨʠʯʥʦʶ ʛʦʣʦʚʢʦʶ: ʤʝʞʘ ʚʠʤʽʨʽʚ ï 0ï25 ʤʤ, ʮʽʥʘ 

ʧʦʜʽʣʢʠ ï 0,01 ʤʤ. ɹʨʫʩʢʦʚʠʡ ʙʫʣʴʙʘʰʢʦʚʠʡ ʨʽʚʝʥʴ ɸ-42191: 1 ʧʦʜ. = 0,08 ʤʤ ʥʘ 

1 ʤ. ɺʠʤʽʨʶʚʘʯ ʽʥʜʫʢʪʠʚʥʦʩʪʽ ï ɺɯ1 (ˉ1-04). ʄʫʣʴʪʠʤʝʪʨ ï UN-50A 

(ˉ3030555613). ʄʽʨʘ ʽʥʜʫʢʪʠʚʥʦʩʪʽ ï ʈ593 (3ʤɻʥ ˉ1168). ɺʙʫʜʦʚʘʥʠʡ ʨʽʚʝʥʴ. 

ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʩʪʝʥʜ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʚʝʨʪʠʢʘʣʴʥʠʭ ʦʧʦʨ, ʞʦʨʩʪʢʦ 

ʟʘʢʨʽʧʣʝʥʠʭ ʥʘ ʦʧʦʨʥʦʤʫ ʤʘʡʜʘʥʯʠʢʫ, ʰʪʘʥʛʠ (ʧʝʨʝʤʽʱʫ̒ ʪʴʩʷ ʣʠʰʝ ʫ 

ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ), ʟʘʢʨʽʧʣʝʥʦʾ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ʧʨʘʚʦʾ 

ʦʧʦʨʠ, ʤʘʡʜʘʥʯʠʢʘ ʜʣʷ ʦʙô̒ ʢʪʘ ʚʠʤʽʨʶʚʘʥʥʷ, ʤʽʢʨʦʤʝʪʨʘ, ʟʘʢʨʽʧʣʝʥʦʛʦ ʥʘ ʣʽʚʽʡ 

ʦʧʦʨʽ, ʧʨʠʪʠʩʢʥʦʛʦ ʚʫʟʣʘ, ʟʘʢʨʽʧʣʝʥʦʛʦ ʥʘ ʧʨʘʚʽʡ ʦʧʦʨʽ, ʪʘ ʨʝʛʫʣʶʚʘʣʴʥʠʭ 

ʛʚʠʥʪʽʚ, ʟʘʢʨʽʧʣʝʥʠʭ ʥʘ ʦʧʦʨʥʦʤʫ ʤʘʡʜʘʥʯʠʢʫ (ʨʠʩ. 2.19). 

ɺʝʨʪʠʢʘʣʴʥʽ ʦʧʦʨʠ ʟʨʦʙʣʝʥʽ ʟ ʘʣʶʤʽʥʽʻʚʦʛʦ ʧʨʦʬʽʣʶ ʩʢʣʘʜʥʦʛʦ ʧʝʨʝʨʽʟʫ (ʜʣʷ 

ʜʦʜʘʪʢʦʚʦʾ ʞʦʨʩʪʢʦʩʪʽ). ʃʽʚʘ ʦʧʦʨʘ ʩʣʫʛʫʻ ʥʘʧʨʷʤʥʦʶ ʫ ʚʝʨʪʠʢʘʣʴʥʦʤʫ 

ʧʦʣʦʞʝʥʥʽ ʰʪʘʥʛʠ ʪʘ ʦʙʤʝʞʫʚʘʣʴʥʦʶ ï ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʧʦʣʦʞʝʥʥʽ. ʋ 

ʩʝʨʝʜʥʽʡ ʯʘʩʪʠʥʽ ʣʽʚʦʾ ʦʧʦʨʠ ʟʨʦʙʣʝʥʦ ʧʘʟ ʜʣʷ ʧʝʨʝʤʽʱʝʥʥʷ ʰʪʘʥʛʠ. ɿ 

ʟʦʚʥʽʰʥʴʦʛʦ ʙʦʢʫ ʚ ʧʨʦʬʽʣʴʥʠʡ ʧʘʟ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʤʽʢʨʦʤʝʪʨ. ʇʨʘʚʘ ʦʧʦʨʘ 

ʩʣʫʛʫʻ ʜʣʷ ʟʘʢʨʽʧʣʝʥʥʷ ʰʪʘʥʛʠ ʪʘ ʦʙʤʝʞʝʥʥʷ ʾʾ ʨʫʭʫ ʫ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ. 

ʋ ʧʘʟ ʚʝʨʭʥʴʦʾ ʯʘʩʪʠʥʠ ʦʧʦʨʠ ʚʩʪʘʚʣʝʥʘ ʚʽʩʴ ʦʙʝʨʪʘʥʥʷ ʰʪʘʥʛʠ. ʅʘ ʦʧʦʨʽ 

ʟʘʢʨʽʧʣʝʥʠʡ ʧʨʠʪʠʩʢʥʠʡ ʚʫʟʦʣ, ʱʦ ʫʩʫʚʘʻ ʣʶʬʪ ʧʨʠ ʧʝʨʝʤʽʱʝʥʥʽ ʰʪʘʥʛʠ ʫ 

ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ. ʐʪʘʥʛʘ ʚʠʛʦʪʦʚʣʝʥʘ ʟ ʘʣʶʤʽʥʽʻʚʦʛʦ ʧʨʦʬʽʣʶ ʩʢʣʘʜʥʦʛʦ 

ʧʝʨʝʨʽʟʫ. 
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ʇʨʠ ʦʙʝʨʪʘʥʥʽ ʤʽʢʨʦʤʝʪʨʘ ʰʪʘʥʛʘ ʨʘʟʦʤ ʟʽ ʚʩʪʘʥʦʚʣʝʥʠʤ ʥʘ ʥʽʡ 

ʤʘʡʜʘʥʯʠʢʦʤ (ʟʨʦʙʣʝʥʠʡ ʟ ʪʠʪʘʥʫ) ʧʝʨʝʤʽʱʫ̒ ʪʴʩʷ ʫ ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ. 

ɺʽʜʩʪʘʥʴ ʚʽʜ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ʰʪʘʥʛʠ ʜʦ ʰʪʦʢʘ ʤʽʢʨʦʤʝʪʨʘ ʩʪʘʥʦʚʠʪʴ 503 ʤʤ. 

ʄʘʡʜʘʥʯʠʢ ʜʣʷ ʦʙô̒ ʢʪʘ ʚʠʤʽʨʶʚʘʥʴ ʚʠʛʦʪʦʚʣʝʥʠʡ ʟʽ ʩʪʘʣʝʚʦʾ ʧʣʘʩʪʠʥʠ, 

ʟʘʢʨʽʧʣʝʥʦʾ ʥʘ ʰʪʘʥʟʽ ʛʚʠʥʪʦʤ. ʄʽʢʨʦʤʝʪʨ ˉ6117 (ʤʝʞʘ ʚʠʤʽʨʽʚ ï 0ï25 ʤʤ, ʮʽʥʘ 

ʧʦʜʽʣʢʠ ï 0,01 ʤʤ) ʟʘʢʨʽʧʣʝʥʠʡ ʥʘ ʣʽʚʽʡ ʦʧʦʨʽ ʛʚʠʥʪʘʤʠ, ʟ ʤʦʞʣʠʚʽʩʪʶ 

ʧʝʨʝʤʽʱʝʥʥʷ ʥʘ ʧʦʪʨʽʙʥʫ ʚʠʩʦʪʫ ʧʦ ʧʨʦʬʽʣʴʥʦʛʦ ʧʘʟʫ. ʇʝʨʝʜʘʻ ʟʫʩʠʣʣʷ ʥʘ 

ʰʪʘʥʛʫ, ʧʝʨʝʤʽʱʫʶʯʠ ʾ ʾʫ ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ. ɼʣʷ ʫʩʫʥʝʥʥʷ ʪʝʨʪʷ, ʟʫʩʠʣʣʷ 

ʧʝʨʝʜʘʻʪʴʩʷ ʯʝʨʝʟ ʧʽʜʰʠʧʥʠʢ ʢʦʯʝʥʥʷ, ʟʘʢʨʽʧʣʝʥʠʡ ʥʘ ʰʪʘʥʟʽ. ʇʨʠʪʠʩʢʥʠʡ 

 
ʈʠʩ. 2.19.  ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʩʪʝʥʜʫ. ʅʘ ʨʠʩʫʥʢʫ: 1 ï ʰʪʘʥʛʘ; 2 ï ʤʽʢʨʦʤʝʪʨ; 3 ï ʦʧʦʨʥʠʡ 

ʤʘʡʜʘʥʯʠʢ; 4 ï ʨʝʛʫʣʶʚʘʣʴʥʽ ʛʚʠʥʪʠ; 5 ï ʧʨʠʪʠʩʢʥʠʡ ʚʫʟʦʣ; 6 ï ʚʝʨʪʠʢʘʣʴʥʽ ʦʧʦʨʠ. 
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ʚʫʟʦʣ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʽʜʧʨʫʞʠʥʝʥʦʛʦ ʚʘʞʝʣʷ (ʟʨʦʙʣʝʥʠʡ ʟ ʣʘʪʫʥʽ), 

ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʟʘʢʨʽʧʣʝʥʦʛʦ ʥʘ ʧʨʘʚʽʡ ʦʧʦʨʽ, ̔  ʜʚʦʭ ʧʽʜʰʠʧʥʠʢʽʚ, ʱʦ ʨʽʚʥʦʤʽʨʥʦ 

ʬʽʢʩʫʶʪʴ ʰʪʘʥʛʫ ʧʨʠ ʧʝʨʝʤʽʱʝʥʥʷʭ. ʆʧʦʨʥʠʡ ʤʘʡʜʘʥʯʠʢ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ 

ʩʪʘʣʝʚʦʛʦ ʧʨʷʤʦʢʫʪʥʦʛʦ ʧʨʦʬʽʣʶ ʪʘ ʟʘʢʨʽʧʣʝʥʦʾ ʥʘ ʥʴʦʤʫ ʛʚʠʥʪʘʤʠ ʘʣʶʤʽʥʽʻʚʦʾ 

ʧʣʘʩʪʠʥʠ. ʉʣʫʛʫʻ ʦʩʥʦʚʦʶ ʢʦʥʩʪʨʫʢʮʽʾ. ʈʝʛʫʣʶʚʘʣʴʥʽ ʛʚʠʥʪʠ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ 

ʚʠʩʪʘʚʣʝʥʥʷ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʤʘʡʜʘʥʯʠʢʘ ʫ ʚʝʨʪʠʢʘʣʴʥʽʡ ʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ 

ʧʣʦʱʠʥʘʭ ʟʘ ʙʫʣʴʙʘʰʢʦʚʠʤ ʨʽʚʥʝʤ ɸ-42191 (1 ʧʦʜ. = 0,08 ʤʤ ʥʘ 1 ʤ). 

ʄʘʨʢʫʚʘʥʥʷ ʪʘ ʧʣʦʤʙʫʚʘʥʥʷ ʥʝ ʧʝʨʝʜʙʘʯʝʥ.̔ ʋ ʩʪʝʥʜʽ ʧʦʚʠʥʥʽ ʙʫʪʠ ʚʽʜʩʫʪʥʽ 

ʥʝʙʝʟʧʝʯʥʽ ʪʘ ʰʢʽʜʣʠʚʽ ʚʠʨʦʙʥʠʯʽ ʬʘʢʪʦʨʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʙʝʟʧʝʢʫ ʧʨʘʮʽ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʯʠʥʥʠʭ ʩʪʘʥʜʘʨʪʽʚ. ʂʦʥʩʪʨʫʢʮʽʷ ʩʪʝʥʜʫ ʥʝ ʧʦʚʠʥʥʘ ʤʘʪʠ ʛʦʩʪʨʠʭ 

ʢʫʪʽʚ, ʱʦ ʚʠʩʪʫʧʘʶʪʴ. ʈʝʛʫʣʶʚʘʣʴʥʽ ʛʚʠʥʪʠ ʧʦʚʠʥʥʽ ʤʘʪʠ ʨʦʙʦʯʠʡ ʭʽʜ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʟʘʭʠʩʪ ʩʪʝʥʜʫ ʚʽʜ ʧʝʨʝʢʠʜʘʥʥʷ. 

 

2.4.2. ɿʘʛʘʣʴʥʽ ʚʢʘʟʽʚʢʠ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʧʽʜʛʦʪʦʚʢʠ ʩʪʝʥʜʫ ʜʦ ʨʦʙʦʪʠ, 

ʧʦʨʷʜʢʫ ʡʦʛʦ ʨʦʙʦʪʠ ʪʘ ʫʩʫʥʝʥʥʷ ʥʝʩʧʨʘʚʥʦʩʪʝʡ 

 

ʅʝ ʩʪʘʚʠʪʠ ʥʘ ʤʘʡʜʘʥʯʠʢ ʩʪʝʥʜʫ ʦʙô̒ ʢʪʠ ʚʘʛʦʶ ʧʦʥʘʜ 3 ʢʛ. ʋʥʠʢʘʪʠ ʤʝʭʘʥʽʯʥʠʭ 

ʚʧʣʠʚʽʚ (ʫʜʘʨ, ʧʝʨʝʢʠʜʘʥʥʷ). ɼʦʪʨʠʤʫʚʘʪʠʩʴ ʧʨʘʚʠʣ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

ɹʝʨʝʛʪʠ ʚʽʜ ʧʦʪʨʘʧʣʷʥʥʷ ʚʦʣʦʛʠ ʪʘ ʧʠʣʫ. ʅʝ ʧʨʦʚʦʜʠʪʠ ʩʘʤʦʩʪʽʡʥʝ ʨʦʟʙʠʨʘʥʥʷ 

ʩʪʝʥʜʫ (ʢʨʽʤ ʟʘʤʽʥʠ ʤʽʢʨʦʤʝʪʨʘ ʪʘ ʤʘʡʜʘʥʯʠʢʘ ʩʪʝʥʜʫ). ɺʩʪʘʥʦʚʠʪʠ ʩʪʝʥʜ ʥʘ ʤʽʮʥʫ 

ʦʩʥʦʚʫ, ʜʘʪʠ ʚʠʪʨʠʤʢʫ ʟʘ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʦʪʷʛʦʤ 4-ʭ ʛʦʜʠʥ. ʋ ʚʽʜʚʝʜʝʥʦʤʫ 

ʜʣʷ ʩʪʝʥʜʫ ʧʨʠʤʽʱʝʥʥʽ ʚʽʜʩʪʘʥʴ ʜʦ ʧʨʠʣʘʜʽʚ ʦʧʘʣʝʥʥʷ ʧʦʚʠʥʥʘ ʙʫʪʠ ʥʝ ʤʝʥʰʦʶ ʟʘ 

ʧʽʚʪʦʨʘ ʤʝʪʨʠ. ɿʦʚʥʽʰʥʽʤ ʦʛʣʷʜʦʤ ʧʝʨʝʚʽʨʠʪʠ ʩʧʨʘʚʥʽʩʪʴ ʚʩʽʭ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ 

ʩʪʝʥʜʫ ʪʘ ʧʨʘʚʠʣʴʥʽʩʪʴ ʟô̒ ʜʥʘʥʴ ʾʭ ʤʽʞ ʩʦʙʦʶ. ɹʨʫʩʢʦʚʠʡ ʨʽʚʝʥʴ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʥʘ 

ʦʧʦʨʥʦʤʫ ʤʘʡʜʘʥʯʠʢʫ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ̔ ʩʪʘʣʝʚʦʛʦ ʧʨʷʤʦʢʫʪʥʦʛʦ ʧʨʦʬʽʣʶ ʪʘ 

ʟʘʢʨʽʧʣʝʥʦʾ ʥʘ ʥʴʦʤʫ ʛʚʠʥʪʘʤʠ ʘʣʶʤʽʥʽʻʚʦʾ ʧʣʘʩʪʠʥʠ. ʉʣʫʛʫʻ ʦʩʥʦʚʦʶ ʜʣʷ 

ʢʦʥʩʪʨʫʢʮʽʾ ʦʧʦʨʥʦʛʦ ʤʘʡʜʘʥʯʠʢʘ ʩʪʝʥʜʫ. ʆʧʦʨʥʠʡ ʤʘʡʜʘʥʯʠʢ ʩʪʝʥʜʫ 

ʚʠʩʪʘʚʣʷʻʪʴʩʷ ʟʘ ʨʽʚʥʝʤ ʫ ʜʚʦʭ ʧʣʦʱʠʥʘʭ ʰʣʷʭʦʤ ʨʝʛʫʣʶʚʘʣʴʥʥ ̫ʛʚʠʥʪʽʚ-ʦʧʦʨ 
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ʩʪʝʥʜʫ. ɹʨʫʩʢʦʚʠʡ ʨʽʚʝʥʴ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʥʘ ʚʠʤʽʨʶʚʘʣʴʥʦʤʫ ʤʘʡʜʘʥʯʠʢʫ ʩʪʝʥʜʫ. 

ʄʽʢʨʦʤʝʪʨ ʚʠʩʪʘʚʣʷʻʪʴʩʷ ʫ ʥʫʣʴ. ʇʨʠʩʪʨʽʡ ʚʠʤʽʨʶʚʘʥʥʷ ʜʝʬʦʨʤʘʮʽʡ ʇɺɼ 

ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʥʘ ʚʠʤʽʨʶʚʘʣʴʥʦʤʫ ʤʘʡʜʘʥʯʠʢʫ ʩʪʝʥʜʫ. ɿ ʚʠʙʨʘʥʠʤ ʢʨʦʢʦʤ 

ʦʙʝʨʪʘʻʤʦ ʛʚʠʥʪ ʤʽʢʨʦʤʝʪʨʘ ʧʨʦʪʠ ʛʦʜʠʥʥʠʢʦʚʦʾ ʩʪʨʽʣʢʠ. ʇʨʠ ʮʴʦʤʫ ʰʪʘʥʛʘ 

ʚʽʜʭʠʣʷʪʠʤʝʪʴʩʷ ʚʽʜ ʛʦʨʠʟʦʥʪʘʣʽ (ʚʥʠʟ) ï ʚʽʜʧʦʚʽʜʥʦ ʡ ʚʩʪʘʥʦʚʣʝʥʠʡ ʥʘ ʤʘʡʜʘʥʯʠʢʫ 

ʧʨʠʩʪʨʽʡ. 

ɺʠʭʽʜ ʧʝʨʰʦʾ ʢʦʪʫʰʢʠ (ʨʠʩ. 2.5), ʚʽʩʴ ʷʢʦʾ ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ ʚʟʜʦʚʞ ʦʩʽ 

ʨʝʛʫʣʴʦʚʘʥʦʾ ʰʪʘʥʛʠ ʩʪʝʥʜʫ, ʧʽʜʢʣʶʯʘʻʤʦ ʜʦ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʧʨʠʣʘʜʫ (ʚʠʤʽʨʶʚʘʯ 

ʽʥʜʫʢʪʠʚʥʦʩʪʽ ɺɯ1). ɺʤʠʢʘʻʤʦ ʚʠʤʽʨʶʚʘʯ. ʆʙʝʨʪʘʶʯʠ ʨʝʛʫʣʶʚʘʣʴʥʠʡ ʛʚʠʥʪ 

ʢʦʪʫʰʢʠ ˉ1 ʟʘ ʛʦʜʠʥʥʠʢʦʚʦʶ ʩʪʨʽʣʢʦʶ, ʥʘʙʣʠʞʘʻʤʦ ʾʾ ʜʦ ʤʘʷʪʥʠʢʘ ʜʦ ʧʦʢʘʟʘʥʴ 

ɺɯ1, ʨʽʚʥʠʭ 1700 ʤʢɻʥ. ʊʝ ʩʘʤʝ ʨʦʙʠʤʦ ʟ ʽʥʰʠʤʠ ʢʦʪʫʰʢʘʤʠ ʽʥʜʫʢʪʠʚʥʦʩʪʽ, ʱʦ 

ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʇɺɼ. ɺʠʭʽʜ ʪʨʝʪʴʦʾ ʢʦʪʫʰʢʠ (ʨʠʩ. 2.5), ʚʽʩʴ ʷʢʦʾ ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ 

ʚʟʜʦʚʞ ʦʩʽ ʨʝʛʫʣʴʦʚʘʥʦʾ ʰʪʘʥʛʠ ʩʪʝʥʜʫ, ʧʽʜʢʣʶʯʘʻʤʦ ʜʦ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʧʨʠʣʘʜʫ 

(ʚʠʤʽʨʶʚʘʯ ʽʥʜʫʢʪʠʚʥʦʩʪʽ ɺɯ1). ɺʽʥ ʤʘʻ ʧʦʢʘʟʘʪʠ ʚʝʣʠʯʠʥʫ ʽʥʜʫʢʪʠʚʥʦʩʪʽ 

1700 ʤʢɻʥ. ʆʙʠʨʘʻʪʴʩʷ ʢʨʦʢ ʟʤʽʥʠ ʧʦʢʘʟʘʥ ɹʤʽʢʨʦʤʝʪʨʘ 0,01 ʤʤ. ɿ ʦʙʨʘʥʠʤ ʢʨʦʢʦʤ 

ʦʙʝʨʪʘʻʤʦ ʛʚʠʥʪ ʤʽʢʨʦʤʝʪʨʘ ʧʨʦʪʠ ʛʦʜʠʥʥʠʢʦʚʦʾ ʩʪʨʽʣʢʠ. ʇʨʠ ʮʴʦʤʫ ʰʪʘʥʛʘ 

ʚʽʜʭʠʣʷʪʠʤʝʪʴʩʷ ʚʽʜ ʛʦʨʠʟʦʥʪʘʣʽ (ʚʥʠʟ) ï ʚʽʜʧʦʚʽʜʥʦ ʡ ʚʩʪʘʥʦʚʣʝʥʠʡ ʥʘ ʤʘʡʜʘʥʯʠʢʫ 

ʧʨʠʩʪʨʽʡ. 

ɿʘʧʠʩʫʻʤʦ ʧʦʢʘʟʘʥʥʷ ʚʠʤʽʨʶʚʘʯʘ ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʢʦʞʥʦʛʦ ʢʨʦʢʫ. ʇʨʠ ʮʴʦʤʫ 

ʤʘʷʪʥʠʢ ʙʫʜʝ ʥʘʙʣʠʞʘʪʠʩʷ ʜʦ ʢʦʪʫʰʢʠ ʽ ʧʦʢʘʟʘʥʥʷ ʚʠʤʽʨʶʚʘʯʘ ʟʙʽʣʴʰʫʚʘʪʠʤʫʪʴʩʷ. 

ɿʘʧʠʩʘʥʽ ʧʦʢʘʟʘʥʥʷ ʚʝʣʠʯʠʥʠ ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʚʽʜʧʦʚʽʜʘʪʠʤʫʪʴ ʧʝʨʝʤʽʱʝʥʥʶ 

ʤʽʢʨʦʤʝʪʨʘ, ʷʢʽ, ʟʽ ʩʚʦʛʦ ʙʦʢʫ, ʯʝʨʝʟ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʨʘʭʫʥʢʫ ʚʽʜʧʦʚʽʜʘʪʠʤʫʪʴ 

ʟʤʽʱʝʥʥʶ ʤʘʷʪʥʠʢʘ ʜʦ ʢʦʪʫʰʢʠ ˉ3. ɼʘʥʽ ʟʘʥʦʩʠʤʦ ʚ ʪʘʨʫʚʘʣʴʥʫ ʪʘʙʣʠʮʶ, ʥʘʜʘʣʽ 

ʚʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʚʝʣʠʯʠʥʠ ʪʘ ʥʘʧʨʷʤʢʫ ʟʤʽʱʝʥʥʷ. 

ʋ ʪʘʙʣʠʮʽ 2.2. ʥʘʚʝʜʝʥʦ ʚʢʘʟʽʚʢʠ ʱʦʜʦ ʫʩʫʥʝʥʥʷ ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʫ ʨʦʙʦʪʽ 

ʩʪʝʥʜʫ. ʇʠʪʘʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʫʤʦʚ ʨʦʙʦʪʠ ʩʪʝʥʜʫ, ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ 

ʪʘ ʟʙʝʨʽʛʘʥʥʷ, ʧʨʦʚʝʜʝʥʥʷ ʘʪʝʩʪʘʮʽʾ ʩʪʝʥʜʫ ʥʘʚʝʜʝʥ ̔ʫ ʜʦʜʘʪʢʫ ɺ. ɺ ʮʴʦʤʫ ʞ ʜʦʜʘʪʢʫ 

ʥʘʚʝʜʝʥʦ ʤʝʪʦʜʠʢʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʩʪʝʥʜʫ.  
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ʊʘʙʣʠʮ ̫2.2. 

ɺʢʘʟʽʚʢʠ ʱʦʜʦ ʫʩʫʥʝʥʥʷ ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʫ ʨʦʙʦʪʽ ʩʪʝʥʜʫ 

ʅʝʩʧʨʘʚʥʦʩʪʽ ʁʤʦʚʽʨʥʽ ʧʨʠʯʠʥʠ ʄʝʪʦʜʠ ʫʩʫʥʝʥʥʷ 

ʅʝʩʪʽʡʢʝ ʧʦʣʦʞʝʥʥʷ ʩʪʝʥʜʫ ʇʽʜ ʟʦʚʥʽʰʥʽʤ ʚʧʣʠʚʦʤ 

ʟʤʽʥʠʣʦʩʷ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʩʪʝʥʜʫ ʥʘ ʦʧʦʨʥʦʤʫ 

ʤʘʡʜʘʥʯʠʢʫ 

ɺʠʩʪʘʚʠʪʠ ʩʪʝʥʜ ʟʘ ʨʽʚʥʝʤ ʫ ʜʚʦʭ 

ʧʣʦʱʠʥʘʭ, ʰʣʷʭʦʤ ʨʝʛʫʣʶʚʘʥʥʷ 

ʛʚʠʥʪʽʚ-ʦʧʦʨ ʩʪʝʥʜʫ 

ʅʝʤʦʞʣʠʚʦ ʚʩʪʘʥʦʚʠʪʠ 

ʤʘʡʜʘʥʯʠʢ ʩʪʝʥʜʫ ʟʘ 

ʙʫʣʴʙʘʰʢʦʚʠʤ ʨʽʚʥʝʤ ʫ 2-ʭ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʭ ʥʘʧʨʷʤʢʘʭ 

ʚ ʦʜʥʽʡ ʧʣʦʱʠʥʽ 

ʆʩʣʘʙʣʦ ʢʨʽʧʣʝʥʥʷ 

ʤʘʡʜʘʥʯʠʢʘ ʩʪʝʥʜʫ 

ʇʽʜʢʨʫʪʠʪʠ ʛʚʠʥʪʠ ʢʨʽʧʣʝʥʥʷ 

ʤʘʡʜʘʥʯʠʢʘ 

ʇʨʠ ʧʦʚʝʨʥʝʥʥʽ ʤʽʢʨʦʤʝʪʨʘ ʚ 

ʥʫʣʴ ʥʝʤʘʻ ʧʦʚʪʦʨʫ ʧʝʨʚʠʥʥʦ 

ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʟʥʘʯʝʥʥʷ 

ʽʥʜʫʢʪʠʚʥʦʩʪʽ 

ʅʝʜʦʩʪʘʪʥʷ ʥʘʧʨʫʛʘ 

ʞʠʚʣʝʥʥʷ ɺɯ1 

ɿʘʨʷʜʠʪʠ ʘʢʫʤʫʣʷʪʦʨ ʘʙʦ 

ʧʽʜʢʣʶʯʠʪʠ ʜʦ ʟʦʚʥʽʰʥʴʦʛʦ 

ʙʣʦʢʘ ʞʠʚʣʝʥʥʷ ɺɯ1 

ʅʝʤʦʞʣʠʚʦ ʧʣʘʚʥʦ 

ʨʝʛʫʣʶʚʘʪʠ ʤʽʢʨʦʤʝʪʨ ʽʟ 

ʟʘʜʘʥʦʶ ʪʦʯʥʽʩʪʶ ʢʨʦʢʫ 

ʚʠʤʽʨʶʚʘʥʴ 

ɿʘʙʨʫʜʥʠʚʩʷ ʤʽʢʨʦʤʝʪʨ. 

ɺʽʜʩʫʪʥʻ ʤʘʩʪʠʣʦ ʤʽʢʨʦʤʝʪʨʘ 

ɿʥʷʪʠ ʤʽʢʨʦʤʝʪʨ, ʧʨʦʚʝʩʪʠ 

ʯʠʩʪʢʫ ʪʘ ʟʤʘʟʢʫ 

ʅʝʤʦʞʣʠʚʦ ʨʝʛʫʣʶʚʘʪʠ 

ʤʽʢʨʦʤʝʪʨ ʽʟ ʟʘʜʘʥʦʶ ʪʦʯʥʽʩʪʶ 

ʢʨʦʢʫ ʚʠʤʽʨʶʚʘʥʴ 

ʄʽʞ ʰʪʦʢʦʤ ʤʽʢʨʦʤʝʪʨʘ ʽ 

ʫʧʦʨʥʠʤ ʤʘʡʜʘʥʯʠʢʦʤ 

ʩʪʦʨʦʥʥʽ ʧʨʝʜʤʝʪʠ, ʧʠʣ 

ʇʨʠʧ̔ʜʥʷʪʠ ʰʪʘʥʛʫ, ʦʯʠʩʪʠʪʠ 

ʤʽʩʮʝ ʢʦʥʪʘʢʪʫ 

 

2.5. ʄʦʜʝʣʶʚʘʥʥʷ ʅɼʉ ʩʠʩʪʝʤʠ çʦʩʥʦʚʘ ɹɹ ï ʩʪʨʽʯʢʦʚʠʡ ʬʫʥʜʘʤʝʥʪè ʷʢ 

ʝʣʝʤʝʥʪʘ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ɯʊɼɹɹ 

 

ʂʨʽʥ ʬʫʥʜʘʤʝʥʪʫ ʻ ʦʜʥʠʤ ʽʟ ʢʨʠʪʝʨʽʾʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʝʢʩʧʣʫʘʪʘʮʽʡʥʫ 

ʧʨʠʜʘʪʥʽʩʪʴ ʙʫʜʽʚʝʣʴʥʦʛʦ ʦʙô̒ ʢʪʫ. ʅʦʨʤʘʪʠʚʥʠʤʠ ʜʦʢʫʤʝʥʪʘʤʠ ʦʙʤʝʞʫʶʪʴʩʷ 

ʜʦʧʫʩʪʠʤʽ ʚʝʣʠʯʠʥʠ ʢʨʝʥʽʚ ʙʫʜʽʚʝʣʴ ʪʘ ʩʧʦʨʫʜ. ʆʜʥʘʢ ʫ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʢʨʝʥ 

ʬʫʥʜʘʤʝʥʪʫ ʥʘ ʨʽʟʥʠʭ ʝʪʘʧʘʭ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʙʫʜʽʚʝʣʴʥʦʛʦ ʦʙô̒ ʢʪʘ ʧʝʨʝʚʠʱʫʻ 

ʜʦʧʫʩʪʠʤʽ ʚʝʣʠʯʠʥʠ, ʘ ̔ʥʦʜʽ ï ʡ ʛʨʘʥʠʯʥʽ [144, 145]. ɼʣʷ ʧʦʜʘʣʴʰʦʾ ʙʝʟʧʝʯʥʦʾ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘʢʦʾ ʙʫʜʽʚʣʽ ʥʝʦʙʭʽʜʥʦ ʚʠʙʨʘʪʠ ʪʘ ʨʝʘʣʽʟʫʚʘʪʠ ʦʧʪʠʤʘʣʴʥʫ ʪʝʭʥʦʣʦʛʽʶ 

ʫʩʫʥʝʥʥʷ ʥʘʜʥʦʨʤʘʪʠʚʥʦʛʦ ʢʨʝʥʫ. ʇʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʮʴʦʛʦ ʚʠʜʫ ʨʦʙʽʪ ʥʝʦʙʭʽʜʥʦ 

ʟʘʙʝʟʧʝʯʠʪʠ ʘʜʝʢʚʘʪʥʠʡ ʧʨʦʛʥʦʟ ʛʝʦʤʝʭʘʥʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʩʠʩʪʝʤʽ çʦʩʥʦʚʘ ï 

ʬʫʥʜʘʤʝʥʪ ï ʚʝʨʭʥʷ ʙʫʜʦʚʘè. ʈʦʙʦʪʠ ʟ ʣʦʢʘʣʴʥʦʛʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʽʜʨʦʙʽʪʢʫ 

ˇʨʫʥʪʦʚʦʾ ʦʩʥʦʚʠ ʟʘʟʚʠʯʘʡ ʚʠʢʦʥʫʶʪʴʩʷ ʚ ʪʘʢʽʡ ʪʝʭʥʦʣʦʛʽʯʥʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ 

(ʨʠʩ. 2.20): 



82 

 

ʈʠʩ. 2.20. ʊʝʭʥʦʣʦʛʽʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʽʜʨʦʙʽʪʢʫ ˇʨʫʥʪʦʚʦʾ ʦʩʥʦʚʠ ʮʠʣʽʥʜʨʠʯʥʠʤʠ ʩʚʝʨʜʣʦʚʠʥʘʤʠ. 

 

1. ʋʣʘʰʪʫʚʘʥʥʷ ʢʦʪʣʦʚʘʥʫ ʟ ʙʦʢʫ ʪʽʻʾ ʯʘʩʪʠʥʠ ʙʫʜʽʚʣʽ ʘʙʦ ʩʧʦʨʫʜʠ, ʱʦ ʤʝʥʰʝ 

ʧʨʦʩʽʣʘ. 

2. ɺʠʙʫʨʶʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʢʽʣʴʢʦʩʪʽ ˇʨʫʥʪʫ ʟ ʦʩʥʦʚʠ ʙʫʜʽʚʝʣʴʥʦʛʦ ʦʙô̒ ʢʪʘ 

ʰʣʷʭʦʤ ʚʣʘʰʪʫʚʘʥʥʷ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʮʠʣʽʥʜʨʠʯʥʠʭ ʩʚʝʨʜʣʦʚʠʥ, ʚʠʢʦʥʘʥʠʭ 

ʟʘ ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ (ʢʨʦʢ, ʜʽʘʤʝʪʨ ʩʚʝʨʜʣʦʚʠʥ, ʜʦʚʞʠʥʘ). 

3. ʃʦʢʘʣʴʥʝ ʟʚʦʣʦʞʝʥʥʷ ˇʨʫʥʪʫ ʥʘʚʢʦʣʦ ʢʦʥʪʫʨʫ ʮʠʣʽʥʜʨʠʯʥʠʭ ʩʚʝʨʜʣʦʚʠʥ. 

4. ʈʝʛʫʣʶʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʩʽʜʘʥ ɹ ʬʫʥʜʘʤʝʥʪʽʚ ʰʣʷʭʦʤ ʣʦʢʘʣʴʥʦʛʦ 

ʨʦʟʧʫʰʫʚʘʥʥʷ (ʟʘʢʨʽʧʣʝʥʥʷ) ˇʨʫʥʪʫ ʥʘʚʢʦʣʦ ʩʚʝʨʜʣʦʚʠʥ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ʙʫʜʽʚʝʣʴʥʦʛʦ ʦʙô̒ ʢʪʘ. 

5. ɺʠʢʦʥʘʥʥʷ ʟʚʦʨʦʪʥʦʛʦ ʟʘʩʠʧʘʥʥʷ ʢʦʪʣʦʚʘʥʫ. 

ɼʣʷ ʧʨʠʡʥʷʪʪʷ ʝʬʝʢʪʠʚʥʠʭ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʪʘ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʨʠʟʠʢʫ 

ʙʫʜʽʚʝʣʴʥʠʭ ʘʚʘʨʽʡ ʧʦʪʨʽʙʥʘ ʦʙô̒ ʢʪʠʚʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʧʦʪʦʯʥʠʡ ʪʝʭʥʽʯʥʠʡ ɹɹ ʥʘ 

ʦʩʥʦʚʽ ɯʊɼɹɹ. ɼʣʷ ʮʴʦʛʦ ʧʦʪʨʽʙʥʦ ʧʨʦʚʦʜʠʪʠ ʩʝʨʽʶ ʧʝʨʝʚʽʨʦʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ 

ʟʘʣʠʰʢʦʚʦʾ ʟʜʘʪʥʦʩʪʽ ʦʩʥʦʚʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ çʦʩʥʦʚʘ ï 

ʬʫʥʜʘʤʝʥʪ ï ʚʝʨʭʥʷ ʙʫʜʦʚʘè ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʥʣʘʡʥ-ʨʝʟʫʣʴʪʘʪʽʚ ɯʊɼɹɹ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʩʠʩʪʝʤʠ çʦʩʥʦʚʘ ï ʬʫʥʜʘʤʝʥʪ ï ʚʝʨʭʥʷ ʙʫʜʦʚʘè ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʪʘʢʽʡ 
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ʧʦʩʣʽʜʦʚʥʦʩʪʽ: ʩʪʚʦʨʶʻʪʴʩʷ ʧʨʦʩʪʦʨʦʚʘ ʤʦʜʝʣʴ ʙʫʜʽʚʣʽ (ʨʠʩ. 2.21) ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʥʝʣʽʥʽʡʥʦʾ ʨʦʙʦʪʠ ʤʘʪʝʨʽʘʣʽʚ ʢʦʥʩʪʨʫʢʮʽʡ, ʧʦʜʘʪʣʠʚʦʩʪʽ ʩʪʠʢʽʚ, ʦʜʥʦʩʪʦʨʦʥʥʴʦʛʦ 

ʭʘʨʘʢʪʝʨʫ ʟʚô̫ ʟʢʽʚ ʢʦʥʩʪʨʫʢʮʽʡ ʬʫʥʜʘʤʝʥʪʽʚ ʟ ʦʩʥʦʚʦʶ; ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʦʙʩʪʝʞʝʥʥʷ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʚʠʟʥʘʯʘʶʪʴʩʷ ʜʦʜʘʪʢʦʚʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʙʫʜʽʚʣʶ ʟʘ ʧʝʨʽʦʜ ʝʢʩʧʣʫʘʪʘʮʽʾ; 

ʧʝʨʝʚʽʨʷʻʪʴʩʷ ʘʜʝʢʚʘʪʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʦʚʦʾ 

ʤʦʜʝʣʽ ʰʣʷʭʦʤ ʟʽʩʪʘʚʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ 

ʥʘʪʫʨʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʪʘ ʨʝʟʫʣʴʪʘʪʽʚ 

ʨʦʟʨʘʭʫʥʢʫ; ʟʘ ʦʥʣʘʡʥ-ʨʝʟʫʣʴʪʘʪʘʤʠ 

ɯʊɼɹɹ ʚʠʢʦʥʫʻʪʴʩʷ ʧʦʩʣʽʜʦʚʥʝ 

ʢʦʨʠʛʫʚʘʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣʽ ʟ 

ʨʦʟʨʘʭʫʥʢʦʤ ʧʘʨʘʤʝʪʨʽʚ ʅɼʉ ɹɹ ʥʘ ʦʩʥʦʚʽ 

ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʃɯʈɸ-ʉɸʇʈ 

ʢʨʦʢʦʚʠʤ ʤʝʪʦʜʦʤ ʟ ʤʦʜʝʣʶʚʘʥʥʷʤ 

ʜʝʬʦʨʤʘʮʽʡʥʠʭ ʚʧʣʠʚʽʚ ʦʩʥʦʚʠ ʥʘ 

ʙʫʜʽʚʣʶ; ʚʠʢʦʥʫʻʪʴʩʷ ʢʦʤʧʣʝʢʩʥʠʡ ʘʥʘʣʽʟ 

ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʟ ʤʝʪʦʶ ʚʠʷʚʣʝʥʥʷ 

ʢʦʥʩʪʨʫʢʮʽʡ, ʱʦ ʧʨʘʮʶʶʪʴ ʫ ʛʨʘʥʠʯʥʦʤʫ 

ʩʪʘʥʽ, ʪʘ ʟʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʨʦʚʦʜʠʪʴʩʷ ʧʦʩʠʣʝʥʥʷ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ʏʘʩʪʦ 

ʚʠʥʠʢʘʶʪʴ ʨʦʟʙʽʞʥʦʩʪʽ ʫ ʚʝʣʠʯʠʥʘʭ ʬʘʢʪʠʯʥʠʭ ʪʘ ʧʨʦʛʥʦʟʦʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, 

ʥʘʧʨʠʢʣʘʜ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʩʘʜʞʝʥʥʷ, ʢʨʝʥʫ ɹɹ. ʊʦʤʫ ʚ ʧʨʦʻʢʪʘʭ ʥʝʦʙʭʽʜʥʦ 

ʧʝʨʝʜʙʘʯʘʪʠ ʜʦʜʘʪʢʦʚʽ ʽʥʞʝʥʝʨʥʽ ʟʘʭʦʜʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ɯʊɼɹɹ: ʤʦʥʽʪʦʨʠʥʛ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ, ʤʘʪʝʤʘʪʠʯʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ ʅɼʉ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ɹɹ, ʢʦʤʧʣʝʢʩʥʠʡ ʩʠʥʪʝʟ ʧʦʪʦʯʥʦʾ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʉʇʇʈ ʆʇʈ, ʪʝʭʥʦʣʦʛʽʯʥʽ 

ʧʨʠʡʦʤʠ ʨʝʛʫʣʶʚʘʥʥʷ ʦʩʽʜʘʥʴ ʟʘ ʨʦʟʨʘʭʫʥʢʦʚʦ  ʁʝʧʶʨʦ  ʁʪʘ ʽʥ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʥʘ ʚʩʽʭ 

ʝʪʘʧʘʭ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ ʟ ʫʩʫʥʝʥʥʷ ʢʨʝʥʫ ɹɹ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʨʽʚʥʽʩʪʴ ʧʨʦʛʥʦʟʦʚʘʥʠʭ 

ʪʘ ʬʘʢʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʚ ʫʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʪʘ ʨʠʟʠʢʫ ˇʨʫʥʪʦʚʠʭ ʘʚʘʨʽʡ, 

 

ʈʠʩ. 2.21. ʈʦʟʨʘʭʫʥʢʦʚʘ ʤʦʜʝʣʴ ʙʘʛʘʪʦʧʦ-

ʚʝʨʭʦʚʦʾ ʙʫʜʽʚʣʽ, ʷʢʘ ʟʘʟʥʘʣʘ ʢʨʝʥʫ. 
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ʚʠʟʥʘʯʠʪʠ ʣʦʢʘʣʴʥʽ ʟʦʥʠ ˇʨʫʥʪʫ, ʱʦ ʚʠʤʘʛʘʶʪʴ ʜʦʜʘʪʢʦʚʦʛʦ ʫʧʨʘʚʣʽʥʩʴʢʦʛʦ ʚʧʣʠʚʫ 

ʧʨʠ ʚʠʨʽʚʥʶʚʘʥʥʽ ɹɹ, ʥʘʧʨʠʢʣʘʜ ʥʘ ʦʩʥʦʚʽ ʢʦʨʝʢʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʩʽʜʘʥʴ ʧʽʜ 

ʧʽʜʦʰʚʦʶ ʩʪʨʽʯʢʦʚʦʛʦ ʬʫʥʜʘʤʝʥʪʫ ɹɹ. 

 

2.5.1. ɻʝʦʤʝʭʘʥʽʯʥʘ ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʘ ʤʦʜʝʣʽ ʩʠʩʪʝʤʠ çʧʽʜʨʦʙʣʶʚʘʥʘ ˇʨʫʥʪʦʚʘ 

ʦʩʥʦʚʘ ï ʩʪʨʽʯʢʦʚʠʡ ʬʫʥʜʘʤʝʥʪ ʟ ʢʨʝʥʦʤè 

 

ɻʦʣʦʚʥʦʶ ʧʨʦʙʣʝʤʦʶ ʧʨʠ ʨʦʟʨʦʙʮʽ ʧʨʦʢ̒ʪʥʠʭ ʨʽʰʝʥʴ ʜʣʷ ʫʩʫʥʝʥʥʷ ʢʨʝʥʽʚ 

ʙʫʜʽʚʝʣʴ ʰʣʷʭʦʤ ʣʦʢʘʣʴʥʦʛʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʽʜʨʦʙʽʪʢʫ ˇʨʫʥʪʦʚʦʾ ʦʩʥʦʚʠ ʻ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʛʝʦʪʝʭʥʽʯʥʦʾ ʙʝʟʧʝʢʠ ʙʫʜʽʚʝʣʴʥʦʛʦ ʦʙô̒ ʢʪʘ. ʇʨʦʛʥʦʟʫʚʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʩʽʜʘʥʴ  ̔ʢʨʝʥʫ ʙʫʜʽʚʣʽ ʚʠʢʦʥʫʻʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ 

ʪʝʦʨʝʪʠʯʥʦʾ ʪʘ ʧʨʠʢʣʘʜʥʦʾ ʛʝʦʤʝʭʘʥʽʢʠ, ʘ ʪʘʢʦʞ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʫʣʘʰʪʫʚʘʥʥʷ ʢʦʪʣʦʚʘʥʫ, ʙʫʨʽʥʥʷ ʩʚʝʨʜʣʦʚʠʥ ʪʦʱʦ. 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʧʨʦʛʥʦʟʫ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʩʠʩʪʝʤʠ 

çʦʩʥʦʚʘ ï ʩʪʨʽʯʢʦʚʠʡ ʬʫʥʜʘʤʝʥʪ ʽʟ ʢʨʝʥʦʤè ʥʝʦʙʭʽʜʥʦ:  

¶ ʚʠʢʦʥʘʪʠ ʫ ʥʝʦʙʭʽʜʥʦʤʫ ʦʙʩʷʟʽ ʽʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ; 

¶ ʚʠʙʨʘʪʠ ʨʦʟʨʘʭʫʥʢʦʚʫ ʛʝʦʤʝʭʘʥʽʯʥʫ ʤʦʜʝʣʴ ˇʨʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʬʽʟʠʯʥʦʤʫ ʩʪʘʥʫ ˇʨʫʥʪʫ, ʱʦ ʧʽʜʨʦʙʣʷʻʪʴʩʷ, ʽ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤ ʦʩʦʙʣʠʚʦʩʪʷʤ 

ʬʫʥʜʘʤʝʥʪʽʚ; 

¶ ʚʠʟʥʘʯʠʪʠ ʧʘʨʘʤʝʪʨʠ ʜʝʬʦʨʤʦʚʘʥʦʩʪʽ ʰʘʨʽʚ ˇʨʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ ʪʘ ʥʘʧʨʫʛʠ ʚ 

ˇʨʫʥʪʦʚʽʡ ʦʩʥʦʚʽ, ʱʦ ʚʨʘʭʦʚʫʶʪʴ ʦʩʦʙʣʠʚʦʩʪʽ ʙʫʨʽʥʥʷ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ 

ʮʠʣʽʥʜʨʠʯʥʠʭ ʩʚʝʨʜʣʦʚʠʥ; 

¶ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʘʜʝʢʚʘʪʥʽ ʤʝʪʦʜʠ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʧʨʫʞʝʥʦ-

ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ˇʨʫʥʪʦʚʦʾ ʦʩʥʦʚʠ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʚʨʘʭʦʚʫʚʘʪʠ ʭʘʨʘʢʪʝʨ 

ʡʦʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʪʘʥʫ, ʫ ʪ.ʯ. ʫ ʧʨʦʮʝʩʽ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ. 

ɼʣʷ ʨʦʟʨʦʙʢʠ ʛʝʦʤʝʭʘʥʽʯʥʦʾ ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣʝʡ ʩʠʩʪʝʤʠ çʧʽʜʨʦʙʣʝʥʠʡ 

ˇʨʫʥʪʦʚʠʡ ʤʘʩʠʚ (ʦʩʥʦʚʘ) ï ʬʫʥʜʘʤʝʥʪ ʟ ʢʨʝʥʦʤè ʜʦʩʣʽʜʞʫʚʘʣʘʩʷ ʟʘʛʘʣʴʥʘ 
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ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ ʜʝʬʦʨʤʫʚʘʥʥʷ ʧʽʜʨʦʙʣʶʚʘʥʦʾ ˇʨʫʥʪʦʚʦʾ ʦʩʥʦʚʠ, ʟʦʢʨʝʤʘ ʢʦʥʪʫʨʫ 

ʮʠʣʽʥʜʨʠʯʥʠʭ ʩʚʝʨʜʣʦʚʠʥ. ɼʣʷ ʮʴʦʛʦ ʙʫʣʠ ʚʠʢʦʥʘʥʽ ʯʠʩʣʝʥʥʽ ʥʘʪʫʨʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ 

ʫ ʧʨʦʮʝʩʽ ʫʩʫʥʝʥʥʷ ʥʘʜʥʦʨʤʘʪʠʚʥʠʭ ʢʨʝʥʽʚ ʙʫʜʽʚʝʣʴ (ʪʘʙʣ. 2.3).  

 

ʊʘʙʣʠʮ ̫2.3. 

ɼʦʩʚʽʜ ʫʩʫʥʝʥʥʷ ʢʨʝʥʽʚ ʙʫʜʽʚʝʣʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʾ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ 

ʧʽʜʨʦʙʽʪʢʫ ˇʨʫʥʪʦʚʦʾ ʦʩʥʦʚʠ ʮʠʣʽʥʜʨʠʯʥʠʤʠ ʩʚʝʨʜʣʦʚʠʥʘʤʠ 
 

ɺʠʜ 

ʦʙô̒ ʢʪʘ 

ʂʽʣʴʢʽʩʪʴ, ʰʪ ʂʽʣʴʢʽʩʪʴ 

ʧʦʚʝʨʭʽʚ 

ɺʽʜʭʠʣʝʥʥʷ ʚʽʜ 

ʚʝʨʪʠʢʘʣʽ, ʤʤ 

ʋʩʫʥʝʥʥʷ ʢʨʝʥʫ, % 

ʇʘʥʝʣʴʥʽ 

ʙʫʜʽʚʣʽ 
30 4ï14 200ï560 95ï106 

ʎʝʛʣʷʥʽ 

ʙʫʜʽʚʣʽ 
8 3ï14 95ï540 92ï100 

 

ʇʨʠ ʨʦʟʨʦʙʮʽ ʛʝʦʤʝʭʘʥʽʯʥʦʾ ʤʦʜʝʣʽ ˇʨʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ ʽ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣʽ 

ʧʽʜʨʦʙʣʶʚʘʥʦʾ ˇʨʫʥʪʦʚʦʾ ʦʩʥʦʚʠ ʧʨʠʡʥʷʪʽ ʥʘʩʪʫʧʥʽ ʧʨʠʧʫʱʝʥʥʷ: ʨʫʡʥʫʚʘʥʥʷ ˇʨʫʥʪʫ 

ʧʽʜ ʧʽʜʦʰʚʦʶ ʩʪʨʽʯʢʦʚʦʛʦ ʬʫʥʜʘʤʝʥʪʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʣʦʢʘʣʴʥʠʭ ʦʙʣʘʩʪʷʭ (ʮʽʣʠʢʘʭ) 

ʤʽʞ ʧʦʨʫʯ ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʮʠʣʽʥʜʨʠʯʥʠʤʠ ʩʚʝʨʜʣʦʚʠʥʘʤʠ; ʤʝʭʘʥʽʟʤ ʨʫʡʥʫʚʘʥʥʷ 

ˇʨʫʥʪʫ ʧʦʚô̫ ʟʘʥʠʡ ʽʟ ʟʩʫʚʥʠʤʠ ʜʝʬʦʨʤʘʮʽʷʤʠ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʨʠ ʥʘʚʘʥʪʘʞʝʥʥʷʭ, 

ʙʽʣʴʰʠʭ ʟʘ ʛʨʘʥʠʯʥʠʡ ʦʧ̔ʨ ˇʨʫʥʪʫ; ʬʨʘʢʮʽʾ ʨʫʡʥʫʚʘʥʥʷ ˇʨʫʥʪʫ ʚ ʮʽʣʠʢʘʭ 

ʧʝʨʝʤʽʱʫʶʪʴʩʷ ʚ ʧʦʨʦʞʥʠʥʫ ʩʚʝʨʜʣʦʚʠʥʠ. 

ʅʘ ʧʽʜʩʪʘʚʽ ʚʠʢʦʥʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʛʝʦʤʝʭʘʥʽʯʥʘ ʤʦʜʝʣʴ ʩʠʩʪʝʤʠ 

çʧʽʜʨʦʙʣʶʚʘʥʠʡ ˇʨʫʥʪʦʚʠʡ ʤʘʩʠʚ ï ʩʪʨʽʯʢʦʚʠʡ ʬʫʥʜʘʤʝʥʪ ʟ ʢʨʝʥʦʤè, ʷʢʘ ʜʦʟʚʦʣʷʻ 

ʚʠʜʽʣʠʪʠ ʦʩʥʦʚʥʽ ʬʽʟʠʯʥʽ ʧʨʦʮʝʩʠ ʬʦʨʤʫʚʘʥʥʷ ʅɼʉ ʫ ʜʘʥʽʡ ʩʠʩʪʝʤʽ (ʨʠʩ. 2.22). 

ʐʠʨʠʥʘ ˇʨʫʥʪʦʚʦʾ ʩʪʽʥʢʠ ʤʽʞ ʢʦʪʣʦʚʘʥʦʤ ʪʘ ʬʫʥʜʘʤʝʥʪʦʤ ʫ ʥʘʧʨʷʤʢʫ ʡʦʛʦ ʜʦʚʞʠʥʠ 

ʟʘʣʝʞʠʪʴ ʥʘʩʘʤʧʝʨʝʜ ʚʽʜ ʰʠʨʠʥʠ ʬʫʥʜʘʤʝʥʪʫ, ʯʝʨʝʟ ʛʨʘʥʽ ʧʽʜʦʰʚʠ ʷʢʦʛʦ ʧʨʦʭʦʜʠʪʴ 

ʢʦʣʦ ʨʦʟʚʠʪʢʫ ʚʝʨʰʠʥ ʧʣʘʩʪʠʯʥʠʭ ʦʙʣʘʩʪʝʡ. ʇʘʨʘʤʝʪʨʠ ˇʨʫʥʪʦʚʦʾ ʩʪʽʥʢʠ ʟʘʣʝʞʘʪʴ 

ʪʘʢʦʞ ʚʽʜ ʰʠʨʠʥʠ ʧʣʘʩʪʠʯʥʠʭ ʦʙʣʘʩʪʝʡ, ʱʦ ʻ ʬʫʥʢʮʽʻʶ ʟʦʚʥʽʰʥʴʦʛʦ ʨʦʟʧʦʜʽʣʝʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʆʩʦʙʣʠʚʽʩʪʶ ʛʝʦʤʝʭʘʥʽʯʥʦʾ ʤʦʜʝʣʽ, ʥʘʚʝʜʝʥʦʾ ʥʘ ʨʠʩ. 2.22, ʻ ʪʝ, ʱʦ ʚ 
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ʩʚʝʨʜʣʦʚʠʥʘʭ ʉ1ςʉn ʧʦ ʾʭ ʧʝʨʠʤʝʪʨʫ ʧʦ ʢʽʥʮʷʭ, ʥʘʧʨʠʢʣʘʜ, ʪʨʽʱʠʥʠ 6 ʚʠʢʦʥʘʥʽ 

ʰʪʫʯʥʦ ʩʬʦʨʤʦʚʘʥ ̔ʢʦʥʮʝʥʪʨʘʪʦʨʠ ʤʝʭʘʥʽʯʥʠʭ ʥʘʧʨʫʛ ï ʚʠʚʘʣʠ [1]. ʎʝ ʜʦʟʚʦʣʷʻ 

ʧʨʦʮʝʩ ʨʫʡʥʫʚʘʥʥʷ ʮʽʣʠʢʽʚ 1 ʟʨʦʙʠʪʠ ʚʽʜʪʚʦʨʶʚʘʥʠʤ, ʘ ʦʪʞʝ, ʩʪʘʻ ʤʦʞʣʠʚʠʤ 

ʨʝʻʩʪʨʫʚʘʪʠ ʤʦʤʝʥʪ ʾʭ ʨʫʡʥʫʚʘʥʥʷ, ʥʘʧʨʠʢʣʘʜ, ʟʘ ʚʝʣʠʯʠʥʦʶ ʟʤʽʥʠ ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʨʦʟʤʽʨʽʚ ʩʚʝʨʜʣʦʚʠʥ ï ʾʭ ʜʽʘʤʝʪʨʘ ʚ ʥʘʧʨʷʤʢʫ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʪʘ ʚʝʨʪʠʢʘʣʴʥʦʾ ʦʩʝʡ 

ʩʠʤʝʪʨʽʾ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʤʽʨʷʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʘʥʜʘʨʪʥʠʭ ʧʨʠʩʪʨʦʾʚ. 

ʋ ʥʘʚʝʜʝʥʽʡ ʥʘ ʨʠʩ. 2.22 ʛʝʦʤʝʭʘʥʽʯʥʽʡ ʤʦʜʝʣʽ ʢʦʥʪʫʨ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ 

ʩʚʝʨʜʣʦʚʠʥ, ʦʪʨʠʤʘʥʠʭ ʚʽʜʨʘʟʫ ʧʽʩʣʷ ʾʭ ʙʫʨʽʥʥʷ, ʤʘʻ ʬʦʨʤʫ ʢʦʣʘ, ʧʦ ʧʝʨʠʤʝʪʨʫ 

ʷʢʦʛʦ ʫ ˇʨʫʥʪʽ ʬʦʨʤʫʶʪʴʩʷ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʣʘʩʪʠʯʥʽ ʦʙʣʘʩʪʽ ʫ ʚʠʛʣʷʜʽ ʢʽʣʝʮʴ 

ʟʘʚʰʠʨʰʢʠ ȹ. ʅʘʚʝʜʝʥʘ ʛʝʦʤʝʭʘʥʽʯʥʘ ʤʦʜʝʣʴ ˇʨʫʥʪʦʚʦʾ ʦʩʥʦʚʠ (ʨʠʩ. 2.22) ʟʽ 

ʩʚʝʨʜʣʦʚʠʥʘʤʠ ʧʽʩʣʷ ʙʫʨʽʥʥʷ ʚʨʘʭʦʚʫʻ ʧʨʦʮʝʩ ʟʤʽʥʠ ʅɼʉ ʫ ˇʨʫʥʪʦʚʽʡ ʦʩʥʦʚʽ, 

ʦʩʢʽʣʴʢʠ ʧʽʩʣʷ ʙʫʨʽʥʥʷ ʩʚʝʨʜʣʦʚʠʥ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʨʦʟʧʦʜʽʣ ʥʘʚʘʥʪʘʞʝʥʥʷ ʈ, 

ʱʦ ʜʽʻ ʥʘ ʬʫʥʜʘʤʝʥʪ. ʊʦʤʫ ʯʘʩʪʠʥʘ ʩʚʝʨʜʣʦʚʠʥ ʚʠʷʚʣʷʻʪʴʩʷ ʚ ʟʦʥʽ ʜʽʾ 

ʥʘʚʘʥʪʘʞʝʥʴ ʈ1, ʙʽʣʴʰʠʭ ʟʘ ʧʦʯʘʪʢʦʚʽ ʈ0, ʘ ʽʥʰʘ ʯʘʩʪʠʥʘ ï ʚ ʟʦʥʽ ʈ2, ʤʝʥʰʪʭ ʟʘ 

ʈ0. ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʠʥʠʢʘʶʪʴ ʥʝʨʽʚʥʦʤʽʨʥʽ ʦʩʽʜʘʥʥʷ ʩʪʨʽʯʢʦʚʦʛʦ ʬʫʥʜʘʤʝʥʪʫ ʪʘ 

ʟʤʽʥʶʻʪʴʩʷ ʭʘʨʘʢʪʝʨ ʅɼʉ ʫ ˇʨʫʥʪʦʚʽʡ ʦʩʥʦʚʽ. ʋ ʩʚʝʨʜʣʦʚʠʥʘʭ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ 

ʚ ʦʙʣʘʩʪʽ ʜʽʾ ʥʘʚʘʥʪʘʞʝʥʴ ʈ1, ʢʦʥʬʽʛʫʨʘʮʽʷ ʢʦʥʪʫʨʫ ʾʭ ʧʝʨʝʨʽʟʫ ʤʦʞʝ 

ʟʤʽʥʶʚʘʪʠʩʷ ʚʽʜ ʬʦʨʤʠ ʧʦʯʘʪʢʦʚʦʛʦ ʢʦʣʘ ʜʦ ʝʣʽʧʪʠʯʥʦʾ, ʢʚʘʜʨʘʪʥʦʾ ʪʦʱʦ, ʧʨʠ 

ʮʴʦʤʫ ʢʦʥʪʫʨ ʾʭ ʧʝʨʝʨʽʟʫ ʤʘʻ ʙʝʟʣʽʯ ʥʝʨʽʚʥʦʩʪʝʡ, ʥʘʧʨʠʢʣʘʜ, ʫ ʚʠʛʣʷʜʽ ʚʠʚʘʣʽʚ, 

ʷʢʽ ʻ ʧʦʪʫʞʥʠʤʠ ʢʦʥʮʝʥʪʨʘʪʦʨʘʤʠ ʥʘʧʨʫʛ ʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʚ ˇʨʫʥʪʽ 

ʥʘʚʢʦʣʦ ʩʚʝʨʜʣʦʚʠʥ ʚʝʣʠʢʠʭ ʧʣʘʩʪʠʯʥʠʭ ʦʙʣʘʩʪʝʡ, ʘ ʦʪʞʝ, ʽ ʜʦ ʨʽʟʢʦʾ ʟʤʽʥʠ 

ʭʘʨʘʢʪʝʨʫ ʅɼʉ. 
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ʆʪʞʝ, ʧʨʠ ʨʠʪʪʽ ʢʦʪʣʦʚʘʥʫ ʥʝ ʧʦʚʠʥʝʥ ʙʫʪʠ ʧʦʨʫʰʝʥʠʡ ʟʦʚʥʽʰʥʽʡ ʢʦʥʪʫʨ 

ʧʣʘʩʪʠʯʥʦʾ ʦʙʣʘʩʪʽ ˇʨʫʥʪʫ. ɻʣʠʙʠʥʘ ʢʦʪʣʦʚʘʥʫ ʧʨʠʟʥʘʯʘʻʪʴʩʷ ʟʘʣʝʞʥʦ ʚʽʜ 

ʚʝʣʠʯʠʥʠ ʥʝʦʙʭʽʜʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʩʽʜʘʥʥʷ ʪʘ ʛʘʙʘʨʠʪʥʠʭ ʨʦʟʤʽʨʽʚ 

 
ʈʠʩ. 2.22. ɻʝʦʤʝʭʘʥʽʯʥʘ ʤʦʜʝʣʴ ʅɼʉ ʧʽʜʨʦʙʣʶʚʘʥʦʛʦ ˇʨʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ ʧʽʜ ʧʽʜʦʰʚʦʶ 

ʩʪʨʽʯʢʦʚʦʛʦ ʬʫʥʜʘʤʝʥʪʫ ʟ ʢʨʝʥʦʤ: 1 ï ˇʨʫʥʪʦʚʘ ʦʩʥʦʚʘ; 2 ï ʩʪʨʽʯʢʦʚʠʡ ʬʫʥʜʘʤʝʥʪ; 3 ï ʫʢʽʩ 

ʢʦʪʣʦʚʘʥʫ; bf, l f, a ï ʰʠʨʠʥʘ, ʜʦʚʞʠʥʘ, ʢʫʪ ʥʘʭʠʣʫ ʬʫʥʜʘʤʝʥʪʫ; P ï ʧʦʯʘʪʢʦʚʝ ʨʦʟʧʦʜʽʣʝʥʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ; bc ï ʪʦʚʱʠʥʘ ˇʨʫʥʪʦʚʦʾ ʩʪʽʥʢʠ; ʉ1, ʉ2éʉn ï ʛʦʨʠʟʦʥʪʘʣʴʥʽ ʮʠʣʽʥʜʨʠʯʥʽ 

ʩʚʝʨʜʣʦʚʠʥʠ; hc, d, t ï ʛʣʠʙʠʥʘ ʟʘʢʣʘʜʝʥʥʷ, ʜʽʘʤʝʪʨ ʪʘ ʢʨʦʢ ʩʚʝʨʜʣʦʚʠʥ; H0 ï ʬʽʟʠʯʥʘ ʛʣʠʙʠʥʘ 

ˇʨʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ; PH ï ʦʙʣʘʩʪʴ ʟʘʨʦʜʞʝʥʥʷ ʧʦʯʘʪʢʦʚʦʾ ʧʣʘʩʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʙʽʣʷ ʛʨʘʥʽ 

ʬʫʥʜʘʤʝʥʪʫ; H1 ï ʚʠʩʦʪʘ ʧʦʯʘʪʢʦʚʠʭ ʧʣʘʩʪʠʯʥʠʭ ʦʙʣʘʩʪʝʡ; P1, P2, P3 ï ʧʣʘʩʪʠʯʥʽ ʦʙʣʘʩʪʽ, ʱʦ 

ʚʠʥʠʢʘʶʪʴ ʧʦ ʣʽʥʽʾ ʢʦʣʘ 4 ʜʽʘʤʝʪʨʦʤ Dp ʫ ˇʨʫʥʪʦʚʦʤʫ ʤʘʩʠʚʽ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʥʘʚʘʥʪʘʞʝʥʥʷ 

P; D1, D2éDn ï ʰʠʨʠʥʘ ʢʽʣʴʮʝʚʠʭ ʧʣʘʩʪʠʯʥʠʭ ʦʙʣʘʩʪʝʡ ʥʘʚʢʦʣʦ ʩʚʝʨʜʣʦʚʠʥ; 5 ï ʣʽʥʽʷ 

ʨʫʡʥʫʚʘʥʥʷ ˇʨʫʥʪʫ ʪʨʽʱʠʥʦʶ ʤʽʞ ʧʦʨʫʯ ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʩʚʝʨʜʣʦʚʠʥʘʤʠ; ly ï ʰʠʨʠʥʘ 

ʧʨʫʞʥʦʾ ʜʽʣʷʥʢʠ (ʮʽʣʠʢʘ) ˇʨʫʥʪʫ ʤʽʞ ʩʚʝʨʜʣʦʚʠʥʘʤʠ; ʂ ï ʪʦʯʢʘ ʟô̒ ʜʥʘʥʥʷ ʧʣʘʩʪʠʯʥʠʭ 

ʦʙʣʘʩʪʝʡ ʧʨʠ ʧʦʚʥʦʤʫ ʨʫʡʥʫʚʘʥʥʽ ˇʨʫʥʪʫ. 
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ʙʫʨʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

ʆʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʭʘʨʘʢʪʝʨ ʅɼʉ 

ʧʽʜʨʦʙʣʶʚʘʥʦʛʦ ˇʨʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ, ʻ ʩʪʫʧʽʥʴ ʚʟʘʻʤʦʜʽʾ ʧʦʯʘʪʢʦʚʠʭ ʧʣʘʩʪʠʯʥʠʭ 

ʦʙʣʘʩʪʝʡ ʙʽʣʷ ʛʨʘʥʝʡ ʬʫʥʜʘʤʝʥʪʫ ʟ ʧʣʘʩʪʠʯʥʠʤʠ ʦʙʣʘʩʪʷʤʠ, ʱʦ ʚʠʥʠʢʣʠ ʧʦ 

ʢʦʥʪʫʨʫ ʧʨʦʙʫʨʝʥʠʭ ʮʠʣʽʥʜʨʠʯʥʠʭ ʩʚʝʨʜʣʦʚʠʥ. ɼʣʷ ʚʠʢʣʶʯʝʥʥʷ ʨʫʡʥʫʚʘʥʥʷ 

ˇʨʫʥʪʫ ʚ ʧʨʦʮʝʩʽ ʮʽʻʾ ʚʟʘʻʤʦʜʽʾ ʛʣʠʙʠʥʘ ʟʘʢʣʘʜʝʥʥʷ ʩʚʝʨʜʣʦʚʠʥ ʤʘʻ ʙʫʪʠ 

ʙʽʣʴʰʦʶ ʟʘ ʚʠʩʦʪʫ ʧʦʯʘʪʢʦʚʠʭ ʧʣʘʩʪʠʯʥʠʭ ʦʙʣʘʩʪʝʡ. ɹʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʧʨʦʮʝʩʽ 

ʫʩʫʥʝʥʥʷ ʢʨʝʥʫ ʬʫʥʜʘʤʝʥʪʫ ʭʘʨʘʢʪʝʨ ʨʦʟʧʦʜʽʣʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʘ ʜʦʚʞʠʥʦ  ʁ

ʬʫʥʜʘʤʝʥʪʫ ʩʪʘʻ ʙʽʣʴʰ ʨʽʚʥʦʤʽʨʥʠʤ, ʱʦ ʧʨʘʢʪʠʯʥʦ ʟʚʦʜʠʪʴ ʜʦ ʤʽʥʽʤʫʤʫ 

ʤʦʞʣʠʚʽʩʪʴ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʚʠʱʝʚʢʘʟʘʥʠʤʠ ʧʣʘʩʪʠʯʥʠʤʠ ʦʙʣʘʩʪʷʤʠ. 

ʂʨʦʢ ʽ ʜʽʘʤʝʪʨ ʩʚʝʨʜʣʦʚʠʥ ʚʠʟʥʘʯʘʪʁʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʭʘʨʘʢʪʝʨʫ 

ʨʦʟʧʦʜʽʣʫ ʚʝʣʠʯʠʥ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʩʽʜʘʥʴ ʟʘ ʜʦʚʞʠʥʦ  ʁ ʬʫʥʜʘʤʝʥʪʫ ʪʘ 

ʨʦʟʨʘʭʦʚʫʪʁʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʰʠʨʠʥʠ ʢʽʣʴʮʝʚʠʭ ʧʣʘʩʪʠʯʥʦ ʜʝʬʦʨʤʦʚʘʥʠʭ 

ʦʙʣʘʩʪʝʡ, ʩʬʦʨʤʦʚʘʥʠʭ ʥʘʚʢʦʣʦ ʩʚʝʨʜʣʦʚʠʥ. ʇʨʠ ʮʴʦʤʫ ʚ ʦʙʣʘʩʪʽ ˇʨʫʥʪʫ ʤʽʞ 

ʧʦʨʫʯ ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʩʚʝʨʜʣʦʚʠʥʘʤʠ ʥʝ ʧʦʚʠʥʥʦ ʚʽʜʙʫʚʘʪʠʩʷ ʚʟʘʻʤʦʜʽ ʾ

ʢʽʣɹʮʝʚʠʭ ʧʣʘʩʪʠʯʥʠʭ ʦʙʣʘʩʪʝʡ. 

ɿʥʘʯʥʦʶ ʤʽʨʦʶ ʭʘʨʘʢʪʝʨ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʜʦʩʣʽʜʞʫʚʘʥʦʾ 

ʩʠʩʪʝʤʠ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʟ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʚʱʠʥʠ ˇʨʫʥʪʦʚʦʛʦ 

ʤʘʩʠʚʫ, ʱʦ ʩʪʠʩʢʘʻʪʴʩʷ. ʋ ʧʨʦʮʝʩʽ ʫʩʫʥʝʥʥʷ ʢʨʝʥʫ ʬʫʥʜʘʤʝʥʪʫ ʙʝʟʧʝʨʝʨʚʥʦ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʨʦʟʧʦʜʽʣ ʩʤʫʛʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʘ ʦʪʞʝ, ʽ ʙʝʟʧʝʨʝʨʚʥʘ ʟʤʽʥʘ 

ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ˇʨʫʥʪʦʚʦʾ ʦʩʥʦʚʠ, ʱʦ ʧʽʜʨʦʙʣʷʻʪʴʩʷ. ʊʦʤʫ ʧʨʠ 

ʨʦʟʨʦʙʮʽ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣʽ ˇʨʫʥʪʦʚʦʾ ʦʩʥʦʚʠ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʧʨʠʥʮʠʧ, ʚ ʦʩʥʦʚʫ ʷʢʦʛʦ ʧʦʢʣʘʜʝʥʦ ʘʧʨʦʢʩʠʤʘʮʽ ʁʢʦʥʪʫʨʫ ˇʨʫʥʪʦʚʦʾ ʦʩʥʦʚʠ ʫ 

ʚʠʛʣʷʜʽ ʧʨʷʤʦʢʫʪʥʠʢʘ (ʧʣʦʩʢʘ ʟʘʜʘʯʘ) ʘʙʦ ʧʘʨʘʣʝʣʝʧʽʧʝʜʘ (ʧʨʦʩʪʦʨʦʚʘ ʟʘʜʘʯʘ) 

[146ï148]. 

ʗʢʱʦ ʚ ʜʘʥʽʡ ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʤʦʜʝʣʽ ʚʨʘʭʫʚʘʪʠ ʬʽʟʠʯʥʫ ʪʦʚʱʠʥʫ ʰʘʨʫ, ʱʦ 

ʩʪʠʩʢʘʻʪʴʩʷ, ʪʦ ʚʦʥʘ ʥʘʙʣʠʟʠʪʴʩʷ ʜʦ ʨʝʘʣʴʥʦʾ ʬʽʟʠʯʥʦʾ ʤʦʜʝʣʽ ʩʠʩʪʝʤʠ 

çʧʜ̔ʨʦʙʣʶʚʘʥʘ ˇʨʫʥʪʦʚʘ ʦʩʥʦʚʘ ï ʩʪʨʽʯʢʦʚʠʡ ʬʫʥʜʘʤʝʥʪ ʟ ʢʨʝʥʦʤè. 
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ʇʨʦʧʦʥʦʚʘʥʠʡ ʚʘʨʽʘʥʪ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣʽ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʩʠʩʪʝʤʠ, ʱʦ 

ʚʨʘʭʦʚʫʻ ʬʽʟʠʯʥʫ ʪʦʚʱʠʥʫ ʰʘʨʫ ˇʨʫʥʪʫ, ʱʦ ʩʪʠʩʢʘʻʪʴʩʷ, ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2.23. 

ʇʨʘʢʪʠʯʥʦ ʙʽʣʴʰʽʩʪʴ ʙʫʜʽʚʝʣʴʥʠʭ ʦʙô̒ ʢʪʽʚ ʤʘʻ ʩʪʨʽʯʢʦʚʠʡ ʬʫʥʜʘʤʝʥʪ, 

ʚʠʢʦʥʘʥʠʡ ʥʘ ˇʨʫʥʪʦʚʽʡ ʧʦʜʫʰʮʽ. ʎʝ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʦʟʨʘʭʫʥʢʦʚʫ 

ʩʭʝʤʫ ʫ ʬʦʨʤʽ ʦʜʥʦʛʦ ʰʘʨʫ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʨʦʟʨʘʭʫʥʢʦʚʘ ʤʦʜʝʣʴ ʤʘʻ ʚʠʛʣʷʜ 

ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ, ʧʦʢʘʟʘʥʦ ʾʥʘ ʨʠʩ. 2.23.  

 
ʈʠʩ. 2.23. ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʩʠʩʪʝʤʠ çʧʽʜʨʦʙʣʶʚʘʥʘ ˇʨʫʥʪʦʚʘ ʦʩʥʦʚʘ ï ʩʪʨʽʯʢʦʚʠʡ 

ʬʫʥʜʘʤʝʥʪ ʟ ʢʨʝʥʦʤè: 1 ï ʢʦʥʪʫʨ ʨʦʟʚʠʪʢʫ ʧʣʘʩʪʠʯʥʠʭ ʦʙʣʘʩʪʝʡ; 2 ï ʦʙʣʘʩʪʴ ˇʨʫʥʪʫ, ʚ ʷʢʦʤʫ 

ʙʫʨʷʪʴʩʷ ʩʚʝʨʜʣʦʚʠʥʠ; 3 ï ʛʦʨʠʟʦʥʪʘʣʴʥʽ ʮʠʣʽʥʜʨʠʯʥʽ ʩʚʝʨʜʣʦʚʠʥʠ; Dp ï ʜʽʘʤʝʪʨ ʢʦʣʘ 

ʨʦʟʚʠʪʢʫ ʧʣʘʩʪʠʯʥʠʭ ʦʙʣʘʩʪʝʡ; bf ï ʰʠʨʠʥʘ ʬʫʥʜʘʤʝʥʪʫ; B ï ʰʠʨʠʥʘ ˇʨʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ ʫ 

ʬʦʨʤʽ ʧʨʷʤʦʢʫʪʥʠʢʘ; H0 ï ʬʽʟʠʯʥʘ ʪʦʚʱʠʥʘ ʰʘʨʫ ˇʨʫʥʪʫ, ʱʦ ʩʪʠʩʢʘʻʪʴʩʷ; P ï ʨʦʟʧʦʜʽʣʝʥʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. 
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ʅʘʚʝʜʝʥʘ ʨʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ˇʨʫʥʪʦʚʦʾ ʦʩʥʦʚʠ (ʨʠʩ. 2.23), ʷʢ ʧʦʢʘʟʘʥʦ ʚ [149], 

ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʦʮʽʥʢʠ ʧʘʨʘʤʝʪʨʽʚ ˇʨʫʥʪʦʚʦʾ ʦʩʥʦʚʠ ʜʣʷ ʚʠʧʘʜʢʫ, 

ʢʦʣʠ ʦʙô̒ ʤ ʣʦʢʘʣʴʥʠʭ ʧʨʫʞʥʠʭ ʦʙʣʘʩʪʝʡ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʻ ʦʙô̒ ʤ ʣʦʢʘʣʴʥʠʭ 

ʧʣʘʩʪʠʯʥʠʭ ʦʙʣʘʩʪʝʡ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʩʪʘʻ ʤʦʞʣʠʚʠʤ ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ 

ʨʦʟʛʣʷʜʘʪʠ ʤʦʜʝʣʴ ʫ ʚʠʛʣʷʜʽ ʧʨʷʤʦʢʫʪʥʠʢʘ ʰʠʨʠʥʦʶ ɺ ʽ ʪʦʚʱʠʥʦʶ ʅ0. 

 

2.5.2. ɿʚʦʨʦʪʥʽʡ ʟʚô̫ ʟʦʢ ʚ ɯʊɼɹɹ ʜʣʷ ʢʦʥʪʨʦʣʶ ʧʘʨʘʤʝʪʨʽʚ ʨʦʟʨʘʭʫʥʢʦʚʦʾ 

ʤʦʜʝʣʽ çʧʽʜʨʦʙʣʶʚʘʥʘ ̌ ʨʫʥʪʦʚʘ ʦʩʥʦʚʘ ɹɹ ï ʩʪʨʽʯʢʦʚʠʡ ʬʫʥʜʘʤʝʥʪ ʟ ʢʨʝʥʦʤè ʧʨʠ 

ʬʦʨʤʫʚʘʥʥʽ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʆʇʈ 

 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʛʝʦʤʝʭʘʥʽʯʥʘ ʤʦʜʝʣʴ ˇʨʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ ʽ ʨʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ 

ʧʽʜʨʦʙʣʶʚʘʥʦʾ ˇʨʫʥʪʦʚʦʾ ʦʩʥʦʚʠ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʦʩʥʦʚʥʽ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ, 

ʤʽʮʥʽʩʥʽ ʪʘ ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʩʠʩʪʝʤʠ çʧʽʜʨʦʙʣʶʚʘʥʘ ˇʨʫʥʪʦʚʘ ʦʩʥʦʚʘ ï 

ʩʪʨʽʯʢʦʚʠʡ ʬʫʥʜʘʤʝʥʪ ʟ ʢʨʝʥʦʤè, ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʢʦʥʪʨʦʣʶʚʘʪʠ ʚ ʧʨʦʮʝʩʽ ʫʩʫʥʝʥʥʷ 

ʢʨʝʥʫ ʙʫʜʽʚʝʣʴʥʦʛʦ ʦʙô̒ ʢʪʘ. ɺ ʷʢʦʩʪʽ ʦʩʥʦʚʥʠʭ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʧʨʠʡʤʘʶʪʴʩʷ: ʪʦʚʱʠʥʘ ˇʨʫʥʪʦʚʦʾ ʦʩʥʦʚʠ; ʪʦʚʱʠʥʘ ˇʨʫʥʪʦʚʦʾ ʩʪʽʥʢʠ ʤʽʞ ʩʪʨʽʯʢʦʚʠʤ 

ʬʫʥʜʘʤʝʥʪʦʤ ʪʘ ʢʦʪʣʦʚʘʥʦʤ, ʛʣʠʙʠʥʘ ʢʦʪʣʦʚʘʥʫ; ʛʣʠʙʠʥʘ ʟʘʢʣʘʜʘʥʥʷ, ʢʨʦʢ, ʜʽʘʤʝʪʨ 

ʮʠʣʽʥʜʨʠʯʥʠʭ ʩʚʝʨʜʣʦʚʠʥ; ʰʠʨʠʥʘ ʧʣʘʩʪʠʯʥʠʭ ʢʽʣʴʮʝʚʠʭ ʦʙʣʘʩʪʝʡ, ʱʦ ʚʠʥʠʢʘʶʪʴ 

ʥʘʚʢʦʣʦ ʮʠʣʽʥʜʨʠʯʥʠʭ ʩʚʝʨʜʣʦʚʠʥ ʧʽʩʣʷ ʙʫʨʽʥʥʷ. ɺʠʟʥʘʯʠʤʦ ʬʽʟʠʯʥʫ ʪʦʚʱʠʥʫ 

ˇʨʫʥʪʦʚʦʾ ʦʩʥʦʚʠ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʨʝʥʫ ʙʫʜʽʚʣʽ, ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʠʢʠ, ʚʠʢʦʨʠʩʪʘʥʦʾ 

ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʟʘʜʘʯʽ ʈʝʥʢʽʥʘ [147]: 

0

sin( )

sin( )

P
H

j d

g a j

-
=

-
,                                         (2.16) 

ʜʝ H0 ï ʬʽʟʠʯʥʘ ʪʦʚʱʠʥʘ ˇʨʫʥʪʦʚʦʾ ʦʩʥʦʚʠ; Ŭ ï ʢʫʪ ʥʘʭʠʣʫ ʬʫʥʜʘʤʝʥʪʫ; ŭ ï ʢʫʪ ʤʽʞ 

ʥʦʨʤʘʣʣʶ ʜʦ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʦʚʦʾ ʦʩʥʦʚʠ ʪʘ ʥʘʧʨʷʤʦʤ ʜʽʾ ʟʦʚʥʽʰʥʴʦʛʦ ʩʤʫʛʦʚʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ P; ɔ, ű ï ʧʠʪʦʤʘ ʚʘʛʘ ʪʘ ʢʫʪ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ ˇʨʫʥʪʫ. 

ʐʠʨʠʥʘ ˇʨʫʥʪʦʚʦʾ ʩʪʽʥʢʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 
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p p f
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D b b
b

+ -
> ,                                            (2.17) 

ʜʝ Dp ï ʜʽʘʤʝʪʨ ʢʦʣʘ ʨʦʟʚʠʪʢʫ ʧʣʘʩʪʠʯʥʠʭ ʦʙʣʘʩʪʝʡ; bp ï ʰʠʨʠʥʘ ʧʣʘʩʪʠʯʥʦʾ 

ʦʙʣʘʩʪʽ ʫ ˇʨʫʥʪʽ ʚ ʟʦʥʽ ʨʠʪʪʷ ʢʦʪʣʦʚʘʥʫ; bf ï ʰʠʨʠʥʘ ʬʫʥʜʘʤʝʥʪʫ. 

ɺʠʭʽʜʥʦʶ ʚʝʣʠʯʠʥʦʶ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʜʽʘʤʝʪʨʘ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʮʠʣʽʥʜʨʠʯʥʠʭ 

ʩʚʝʨʜʣʦʚʠʥ ʻ ʝʧʶʨʘ ʦʩʽʜʘʥʥʷ ʩʪʨʽʯʢʦʚʦʛʦ ʬʫʥʜʘʤʝʥʪʫ, ʦʪʨʠʤʘʥʘ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʛʝʦʜʝʟʠʯʥʦʾ ʟʡʦʤʢʠ ʚʠʩʦʪʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ʙʫʜʽʚʣʽ ʜʦ ʧʦʯʘʪʢʫ ʨʦʙʽʪ ʟ ʫʩʫʥʝʥʥʷ ʾʾ 

ʥʘʜʥʦʨʤʘʪʠʚʥʦʛʦ ʢʨʝʥʫ. 

ʊʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʩʠʩʪʝʤʠ çʧʽʜʨʦʙʣʶʚʘʥʘ ˇʨʫʥʪʦʚʘ ʦʩʥʦʚʘ ï ʩʪʨʽʯʢʦʚʠʡ 

ʬʫʥʜʘʤʝʥʪ ʟ ʢʨʝʥʦʤè ʚʟʘʻʤʦʧʦʚô̫ ʟʘʥʽ ʤʽʞ ʩʦʙʦʶ ʥʘʩʪʫʧʥʠʤ ʦʩʥʦʚʥʠʤ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ: 

2d st= ,                                            (2.18) 

ʜʝ s ï ʥʝʦʙʭʽʜʥʝ ʪʝʭʥʦʣʦʛʽʯʥʝ ʦʩʽʜʘʥʥʷ; d, t ï ʜʽʘʤʝʪʨ  ̔ʢʨʦʢ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ 

ʮʠʣʽʥʜʨʠʯʥʠʭ ʩʚʝʨʜʣʦʚʠʥ. 

ɼʣʷ ʚʠʢʣʶʯʝʥʥʷ ʚʟʘʻʤʦʜʽʾ ʢʽʣʴʮʝʚʠʭ ʧʣʘʩʪʠʯʥʠʭ ʦʙʣʘʩʪʝʡ, ʩʬʦʨʤʦʚʘʥʠʭ 

ʥʘʚʢʦʣʦ ʧʨʦʙʫʨʝʥʠʭ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʮʠʣʽʥʜʨʠʯʥʠʭ ʩʚʝʨʜʣʦʚʠʥ, ʚʦʥʠ ʧʦʚʠʥʥʽ ʙʫʪʠ 

ʨʦʟʜʽʣʝʥʽ ʜʽʣʷʥʢʦʶ (ʮʽʣʠʢʦʤ) ˇʨʫʥʪʫ, ʱʦ ʧʨʘʮʶʻ ʚ ʧʨʫʞʥʽʡ ʬʘʟʽ. ʐʠʨʠʥʘ ʮʽʣʠʢʘ 

ʚʠʙʠʨʘʻʪʴʩʷ ʟ ʫʤʦʚʠ, ʱʦ ʧʨʠ ʟʦʚʥʽʰʥʴʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʫ ʥʴʦʤʫ ʤʘʶʪʴ ʚʠʥʠʢʘʪʠ 

ʥʘʧʨʫʞʝʥʥʷ, ʥʝ ʙʽʣʴʰʽ ʚʝʣʠʯʠʥʠ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʦʧʦʨʫ ˇʨʫʥʪʫ. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʱʝʟʘʟʥʘʯʝʥʦʛʦ, ʢʨʦʢ ʩʚʝʨʜʣʦʚʠʥ ʫ ʨʷʜʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʫʤʦʚʠ: 

var 2 ,c yt d l² + D +                                            (2.19) 

ʜʝ dvar ï ʚʘʨʽʡʦʚʘʥʠʡ ʜʽʘʤʝʪʨ ʩʚʝʨʜʣʦʚʠʥ; ȹc ï ʰʠʨʠʥʘ ʧʣʘʩʪʠʯʥʦʾ ʢʽʣʴʮʝʚʦʾ 

ʦʙʣʘʩʪʽ ˇʨʫʥʪʫ ʥʘʚʢʦʣʦ ʩʚʝʨʜʣʦʚʠʥ; ly ï h ʠʨʠʥʘ ʧʨʫʞʥʦʾ ʜʽʣʷʥʢʠ ˇʨʫʥʪʦʚʦʛʦ ʮʽʣʠʢʘ 

ʚ ʥʘʧʨʷʤʢʫ ʚʝʨʪʠʢʘʣʴʥʦʾ ʦʩʽ ʘʩʠʤʝʪʨʽʾ. 

ɿʥʘʶʯʠ ʢʨʦʢ ʩʚʝʨʜʣʦʚʠʥ ʽ ʥʝʦʙʭʽʜʥʫ ʚʝʣʠʯʠʥʫ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʩʽʜʘʥʥʷ, ʤʦʞʥʘ 

ʚʠʟʥʘʯʠʪʠ ʟ (2.18) ʥʝʦʙʭʽʜʥʠʡ ʜʽʘʤʝʪʨ ʩʚʝʨʜʣʦʚʠʥ: 

var( 2 )c yd S d l= + D +,                                      (2.20) 
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ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʚʠʙʨʘʪʠ ʧʦʪʨʽʙʥʠʡ ʜʽʘʤʝʪʨ ʰʥʝʢʽʚ ʜʣʷ ʤʝʭʘʥʽʯʥʦʛʦ ʙʫʨʽʥʥʷ. 

ɻʣʠʙʠʥʫ ʟʘʢʣʘʜʝʥʥʷ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʮʠʣʽʥʜʨʠʯʥʠʭ ʩʚʝʨʜʣʦʚʠʥ ʧʨʠʡʤʘʻʤʦ, 

ʚʠʭʦʜʷʯʠ ʟ ʫʤʦʚʠ, ʱʦ ʚʦʥʠ ʧʦʚʠʥʥʽ ʨʦʟʪʘʰʦʚʫʚʘʪʠʩʷ ʚ ʤʘʢʩʠʤʘʣʴʥʦ ʩʪʠʩʥʝʥʦʤʫ 

ʰʘʨʽ ˇʨʫʥʪʫ, ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʥʝ ʧʦʚʠʥʥʽ ʧʝʨʝʪʠʥʘʪʠ ʧʦʯʘʪʢʦʚ ̔ʧʣʘʩʪʠʯʥ ̔ʦʙʣʘʩʪ,̔ 

ʩʬʦʨʤʦʚʘʥ ̔ʙʽʣʷ ʛʨʘʥʝʡ ʬʫʥʜʘʤʝʥʪʫ (ʨʠʩ. 2.23): 

1,ch H>                                              (2.21) 

ʜʝ hc ï ʛʣʠʙʠʥʘ ʟʘʢʣʘʜʝʥʥʷ ʩʚʝʨʜʣʦʚʠʥ; H1 ï ʚʠʩʦʪʘ ʧʦʯʘʪʢʦʚʠʭ ʧʣʘʩʪʠʯʥʠʭ 

ʦʙʣʘʩʪʝʡ, ʱʦ ʬʦʨʤʫʶʪʴʩʷ ʙʽʣʷ ʛʨʘʥʽ ʬʫʥʜʘʤʝʥʪʫ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʪʦʯʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ 

ʧʽʜʨʦʙʣʶʚʘʥʦʾ ˇʨʫʥʪʦʚʦʾ ʦʩʥʦʚʠ ʚʚʝʜʝʤʦ ʢʦʝʬʽʮʽʻʥʪ ʽʜʝʥʪʠʬʽʢʘʮʽʾ: 

,
//

/

V

V
Kʽ=                                                (2.22) 

ʜʝ: V¡ ï ʩʫʤʘʨʥʠʡ ʦʙô̒ ʤ ʦʙʣʘʩʪʝʡ ʫ ˇʨʫʥʪʦʚʽʡ ʦʩʥʦʚʽ, ʱʦ ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʧʨʫʞʥʦʤʫ 

ʩʪʘʥʽ; V± ï ʪʝ ʞ, ʘʣʝ ʫ ʧʣʘʩʪʠʯʥʦʤʫ. 

ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʫʤʦʚʠ K ̔ Ó 10, ˇʨʫʥʪʦʚʘ ʦʩʥʦʚʘ ʧʨʘʮʶʻ ʟʘ ʧʨʫʞʥʦ-

ʜʝʬʦʨʤʦʚʘʥʦʶ ʣʽʥʽʡʥʦʶ ʤʦʜʝʣʣʶ [148], ʘ ʦʪʞʝ, ʥʝʤʦʞʣʠʚʘ ʚʪʨʘʪʘ ʩʪʽʡʢʦʩʪʽ 

ʬʫʥʜʘʤʝʥʪʫ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʨʦʙʽʪ ʟ ʫʩʫʥʝʥʥʷ ʡʦʛʦ ʥʘʜʥʦʨʤʘʪʠʚʥʦʛʦ ʢʨʝʥʫ. 

ɼʣʷ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʩʧʦʩʦʙʫ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʅɼʉ ˇʨʫʥʪʫ, ʱʦ 

ʧʽʜʨʦʙʣʷʻʪʴʩʷ, ʨʦʟʨʦʙʣʝʥʠʡ ʘʣʛʦʨʠʪʤ ʚʠʟʥʘʯʝʥʥʷ ʰʠʨʠʥʠ ʧʣʘʩʪʠʯʥʦʾ ʟʦʥʠ ʥʘʚʢʦʣʦ 

ʢʦʥʪʫʨʫ ʮʠʣʽʥʜʨʠʯʥʦ ʾʩʚʝʨʜʣʦʚʠʥʠ. ʈʘʥʽʰʝ [149] ʦʪʨʠʤʘʥʦ ʘʥʘʣʽʪʠʯʥʝ ʨʽʰʝʥʥʷ 

ʟʘʜʘʯʽ ʧʨʦ ʨʦʟʧʦʜʽʣ ʥʘʧʨʫʛ ʽ ʜʝʬʦʨʤʘʮʽʡ ʥʘʚʢʦʣʦ ʢʨʫʛʣʦʛʦ ʦʪʚʦʨʫ ʚ ʽʜʝʘʣʴʥʦʤʫ 

ʧʨʫʞʥʦ-ʧʣʘʩʪʠʯʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʟ ʢʨʠʪʝʨʽʻʤ ʧʣʘʩʪʠʯʥʦʩʪʽ ʊʨʝʩʢʘ. ʎʝ ʘʥʘʣʽʪʠʯʥʝ 

ʨʽʰʝʥʥʷ ʻ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʪʦʯʥʠʭ, ʪʦʤʫ ʚʦʥʦ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʝ ʥʘ ʜʽʣʷʥʮʽ 

ʩʪʨʽʯʢʦʚʦʛʦ ʬʫʥʜʘʤʝʥʪʫ, ʜʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʝʥʰʝ ʚʝʣʠʯʠʥʠ ʛʨʘʥʠʯʥʦʛʦ ʦʧʦʨʫ 

ˇʨʫʥʪʫ. ʇʨʠ ʚʝʣʠʢʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʯʠʩʝʣʴʥʠʡ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ 

ʰʠʨʠʥʠ ʧʣʘʩʪʠʯʥʠʭ ʟʦʥ ʥʘʚʢʦʣʦ ʮʠʣʽʥʜʨʠʯʥʠʭ ʩʚʝʨʜʣʦʚʠʥ. 

ʇʨʠ ʫʩʫʥʝʥʥʽ ʥʘʭʠʣʫ ʬʫʥʜʘʤʝʥʪʫ ʙʫʨʠʪʴʩʷ ʦʜʠʥ ʘʙʦ ʢʽʣʴʢʘ ʨʷʜʽʚ, ʱʦ ʤʽʩʪʷʪʴ 

1...n ʩʚʝʨʜʣʦʚʠʥ ʨʽʟʥʦʛʦ ʜʽʘʤʝʪʨʫ. ʆʙô̒ ʤ ʧʣʘʩʪʠʯʥʠʭ ʦʙʣʘʩʪʝʡ ʫ 
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ˇʨʫʥʪʦʚʽʡ ʦʩʥʦʚʽ ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ: 

// ( 2 )cV d nl= + D                         (2.23) 

ʜʝ d ï ʜʽʘʤʝʪʨ ʮʠʣʽʥʜʨʠʯʥʠʭ ʩʚʝʨʜʣʦʚʠʥ, ȹc ï ʰʠʨʠʥʘ ʢʽʣʴʮʝʚʦʾ ʧʣʘʩʪʠʯʥʦʾ 

ʦʙʣʘʩʪʽ ʥʘʚʢʦʣʦ ʩʚʝʨʜʣʦʚʠʥ; l, n ï ʜʦʚʞʠʥʘ ʪʘ ʢʽʣʴʢʽʩʪʴ ʩʚʝʨʜʣʦʚʠʥ. 

ɿʘʛʘʣʴʥʠʡ ʦʙô̒ ʤ ˇʨʫʥʪʫ, ʚʠʭʦʜʷʯʠ ʟ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣʽ, 

ʦʙʤʝʞʝʥʠʡ ʬʽʟʠʯʥʦʶ ʛʣʠʙʠʥʦʶ ˇʨʫʥʪʦʚʦʾ ʦʩʥʦʚʠ, ʜʦʚʞʠʥʦʶ ʩʚʝʨʜʣʦʚʠʥ  ̔

ʜʦʚʞʠʥʦʶ ʬʫʥʜʘʤʝʥʪʫ. ɼʣʷ ʟʘʛʘʣʴʥʦʛʦ ʦʙô̒ ʤʫ ˇʨʫʥʪʫ ʟʘʧʠʰʝʤʦ: 

 

0 0 ,fV H l l=                                                (2.24) 

 

ʜʝ H0 ï ʬʽʟʠʯʥʘ ʛʣʠʙʠʥʘ ˇʨʫʥʪʦʚʦʾ ʦʩʥʦʚʠ, lf ï ʜʦʚʞʠʥʘ ʬʫʥʜʘʤʝʥʪʫ, l ï 

ʜʦʚʞʠʥʘ ʩʚʝʨʜʣʦʚʠʥ. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʬʦʨʤʫʣ (2.23), (2.24), ʦʪʨʠʤʘʻʤʦ ʜʣʷ ʧʨʫʞʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ 

ʦʙô̒ ʤʫ ˇʨʫʥʪʫ: 

/ //

0 0 ( 2 ) .f cV V V H l l d nl= - = - + D                (2.25) 

 

2.5.3. ʂʦʥʪʨʦʣ ɹʧʘʨʘʤʝʪʨʽʚ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣʽ ʧʽʜʨʦʙʣʶʚʘʥʦʾ ˇʨʫʥʪʦʚʦʾ 

ʦʩʥʦʚʠ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʚʧʣʠʚʽʚ 

 

ɺʠʥʠʢʘʶʪʴ ʨʦʟʙʽʞʥʦʩʪʽ ʫ ʚʝʣʠʯʠʥʘʭ ʬʘʢʪʠʯʥʠʭ ʪʘ ʧʨʦʛʥʦʟʦʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ï ʥʘʧʨʠʢʣʘʜ, ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʩ̔ʜʘʥʥʷ ʪʘ ʢʨʝʥʫ ʙʫʜʽʚʝʣʴʥʦʛʦ ʦʙô̒ ʢʪʘ. ʊʦʤʫ 

ʧʝʨʝʜʙʘʯʘʻʤʦ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʠʡʦʤʠ ʨʝʛʫʣʶʚʘʥʥʷ ʦʩʽʜʘʥʴ ʟʘ ʨʦʟʨʘʭʫʥʢʦʚʦ  ʁ

ʝʧʶʨʦ ,ʁ ʤʦʥʽʪʦʨʠʥʛ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʪʘ ʽʥ. (ʜʦʜʘʪʢʦʚʽ ʽʥʞʝʥʝʨʥʽ ʟʘʭʦʜʠ). 

ʑʦ ʜʦʟʚʦʣʠʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʨʽʚʥʽʩʪʴ ʧʨʦʛʥʦʟʦʚʘʥʠʭ ʪʘ ʬʘʢʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ 

ʩʠʩʪʝʤʠ çʧʽʜʨʦʙʣʶʚʘʥʘ ˇʨʫʥʪʦʚʘ ʦʩʥʦʚʘ ï ʩʪʨʽʯʢʦʚʠʡ ʬʫʥʜʘʤʝʥʪ ʟ ʢʨʝʥʦʤè ʥʘ ʚʩʽʭ 

ʝʪʘʧʘʭ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ ʟ ʫʩʫʥʝʥʥʷ ʢʨʝʥʫ ɹɹ. 

ɼʣʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣʽ ʩʠʩʪʝʤʠ ʦʩʥʦʚʥʠʤʠ 

ʢʦʥʪʨʦʣʴʦʚʘʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʻ:  
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¶ ʪʦʚʱʠʥʘ ˇʨʫʥʪʦʚʦʾ ʩʪʽʥʢʠ ʤʽʞ ʬʫʥʜʘʤʝʥʪʦʤ ʪʘ ʢʦʪʣʦʚʘʥʦʤ, ʛʣʠʙʠʥʘ 

ʢʦʪʣʦʚʘʥʫ; 

¶ ʛʣʠʙʠʥʘ ʟʘʢʣʘʜʝʥʥʷ, ʜʽʘʤʝʪʨ, ʢʨʦʢ ʮʠʣʽʥʜʨʠʯʥʠʭ ʩʚʝʨʜʣʦʚʠʥ; 

¶ ʭʘʨʘʢʪʝʨ ʟʤʽʥʠ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʩʽʜʘʥʴ  ̔ʢʨʝʥʫ ʬʫʥʜʘʤʝʥʪʫ; 

¶ ʢʦʝʬʽʮʽʻʥʪ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ˇʨʫʥʪʦʚʦʾ ʦʩʥʦʚʠ; 

¶ ʚʝʣʠʯʠʥʘ ʚʠʧʦʨʫ ˇʨʫʥʪʫ ʚ ʟʦʥʽ ʩʪʨʽʯʢʦʚʦʛʦ ʬʫʥʜʘʤʝʥʪʫ.  

ɼʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʚʠʱʝʚʢʘʟʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʦʟʨʦʙʣʝʥʦ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ ʾʭ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʢʦʥʪʨʦʣʶ, ʜʦʢʣʘʜʥʠʡ ʦʧʠʩ ʷʢʦʾ ʥʘʚʝʜʝʥʦ ʚ ʨʦʟʜʽʣʽ 3. 

ʇʨʠ ʧʦʙʫʜʦʚʽ ʩʪʨʫʢʪʫʨʥʦʾ ʩʭʝʤʠ ʢʦʥʪʨʦʣʶ ʧʦʪʦʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣʽ ʚʠʢʦʨʠʩʪʘʥʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʙʝʟʢʦʥʪʘʢʪʥʽ ʚʠʤʽʨʶʚʘʣʴʥʽ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽ. ʎʝ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ ʷʢ ʘʙʩʦʣʶʪʥʫ ʚʝʣʠʯʠʥʫ ʢʨʝʥʫ, ʪʘʢ ʽ ʡʦʛʦ 

ʥʘʧʨʷʤ. ʇʨʠ ʚʠʨʽʰʝʥʥʽ ʟʘʜʘʯʽ, ʧʦʚô̫ ʟʘʥʦʾ ʟ ʢʦʥʪʨʦʣʝʤ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʩʽʜʘʥʴ 

ˇʨʫʥʪʫ, ʱʦ ʜʦʩʷʛʘʶʪʴ ʜʝʢʽʣʴʢʦʭ ʜʝʩʷʪʢʽʚ ʩʘʥʪʠʤʝʪʨʽʚ, ʚ ʧʨʦʮʝʩʽ ʚʠʨʽʚʥʶʚʘʥʥʷ 

ʥʘʭʠʣʫ ʬʫʥʜʘʤʝʥʪʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʙʝʟʢʦʥʪʘʢʪʥʠʡ ʧʨʦʭʽʜʥʠʡ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʡ ʜʘʪʯʠʢ, ʧʦʻʜʥʘʥʠʡ ʟ ʬʝʨʦʤʘʛʥʽʪʥʠʤ ʧʦʧʣʘʚʢʦʤ. ʋ ʢʦʥʩʪʨʫʢʮʽʾ 

ʽʥʜʠʢʘʪʦʨʘ ʢʦʥʪʨʦʣʶ ʤʦʤʝʥʪʫ ʚʠʥʠʢʥʝʥʥʷ ʚʠʧʦʨʫ ˇʨʫʥʪʫ ʚʠʢʦʨʠʩʪʘʥʽ 

ʙʝʟʢʦʥʪʘʢʪʥʽ ʽʥʜʫʢʪʠʚʥʽ ʜʘʪʯʠʢʠ ʟʤʽʱʝʥʥʷ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʜʚʦʭ 

ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʯʘʩʪʠʥ, ʟʘʢʨʽʧʣʝʥʠʭ, ʚʽʜʧʦʚʽʜʥʦ, ʥʘ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ ʬʫʥʜʘʤʝʥʪʫ 

ʪʘ ʥʘ ʙʽʯʥʽʡ ʧʦʚʝʨʭʥʽ ʩʪʨʽʯʢʦʚʦʛʦ ʬʫʥʜʘʤʝʥʪʫ. ʈʦʟʤʽʱʝʥʥʷ ʪʘʢʠʭ ʜʘʪʯʠʢʽʚ ʟʘ 

ʜʦʚʞʠʥʦʶ ʬʫʥʜʘʤʝʥʪʫ ʜʦʟʚʦʣʷʻ ʢʦʥʪʨʦʣʶʚʘʪʠ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ ʚʠʧʦʨʫ 

ˇʨʫʥʪʫ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʧʝʨʝʭʦʜʫ ʚ ʧʣʘʩʪʠʯʥʠʡ ʩʪʘʥ. 

ʋʥʽʚʝʨʩʘʣʴʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʤʽʩʪʠʪʴ ʷʢ ʙʣʦʢ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ 

ʅɼʉ ˇʨʫʥʪʫ ʚ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʨʦʮʝʩʽ ʫʩʫʥʝʥʥʷ ʢʨʝʥʫ, ʪʘʢ ʽ ʙʣʦʢ ʬʦʨʤʫʚʘʥʥʷ 

ʧʦʪʦʯʥʠʭ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʢʦʤʘʥʜ. ʎʝ ʩʧʨʠʷʻ ʣʦʢʘʣʽʟʘʮʽʾ ʦʙʣʘʩʪʝʡ ˇʨʫʥʪʫ, ʱʦ 

ʧʦʪʨʝʙʫʶʪʴ ʚʪʨʫʯʘʥʥʷ, ʥʘʧʨʠʢʣʘʜ ʟʤʽʥʠ ʢʦʨʝʢʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʩʽʜʘʥʴ ʧʽʜ 

ʧʽʜʦʰʚʦʶ ʩʪʨʽʯʢʦʚʦʛʦ ʬʫʥʜʘʤʝʥʪʫ ʪʘ ʽʥ. 
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2.6. ʈʦʟʨʦʙʢʘ ʩʧʦʩʦʙʫ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʅɼʉ ˇʨʫʥʪʦʚʦʾ ʦʩʥʦʚʠ 

 

ʋ ʧʨʦʮʝʩʽ ʫʩʫʥʝʥʥʷ ʢʨʝʥʫ ʬʫʥʜʘʤʝʥʪʫ ʙʝʟʧʝʨʝʨʚʥʦ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʝʨʝʨʦʟʧʦʜʽʣ ʩʤʫʛʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʘ ʦʪʞʝ, ʡ ʙʝʟʧʝʨʝʨʚʥʘ ʟʤʽʥʘ ʅɼʉ 

ˇʨʫʥʪʦʚʦʾ ʦʩʥʦʚʠ, ʱʦ ʧʽʜʨʦʙʣʷʻʪʴʩʷ. ʊʦʤʫ ʧʨʠ ʨʦʟʨʦʙʮʽ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣʽ 

ˇʨʫʥʪʦʚʦʾ ʦʩʥʦʚʠ ʚʠʢʦʨʠʩʪʘʥʦ ʧʨʠʥʮʠʧ, ʚ ʦʩʥʦʚʫ ʷʢʦʛʦ ʧʦʢʣʘʜʝʥʦ ʘʧʨʦʢʩʠʤʘʮʽʷ 

ʢʦʥʪʫʨʫ ˇʨʫʥʪʦʚʦʾ ʦʩʥʦʚʠ ʫ ʚʠʛʣʷʜʽ ʧʨʷʤʦʢʫʪʥʠʢʘ (ʧʣʦʩʢʘ ʟʘʜʘʯʘ) ʘʙʦ 

ʧʘʨʘʣʝʣʝʧʽʧʝʜʘ (ʧʨʦʩʪʦʨʦʚʘ ʟʘʜʘʯʘ). ʆʜʥʽʻʶ ʟ ʧʨʦʙʣʝʤ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ 

ʧʘʨʘʤʝʪʨʽʚ ʅɼʉ ˇʨʫʥʪʦʚʦʾ ʦʩʥʦʚʠ ʧʽʩʣʷ ʡʦʛʦ ʧʽʜʨʦʙʽʪʢʫ ʪʘ ʚ ʧʨʦʮʝʩʽ ʫʩʫʥʝʥʥʷ 

ʥʘʭʠʣʫ ʻ ʚʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʫ ʅɼʉ ˇʨʫʥʪʫ, ʪʦʙʪʦ ʦʮʽʥʢʘ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ 

ʟʫʩʠʣʣʷʤʠ (ʥʘʧʨʫʛʘʤʠ) ʪʘ ʜʝʬʦʨʤʘʮʽʷʤʠ. ʗʢʱʦ ʮʷ ʟʘʣʝʞʥʽʩʪʴ ʣʽʥʽʡʥʘ, ʪʦ 

ʧʘʨʘʤʝʪʨʠ ʅɼʉ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʟʘ ʪʝʦʨʽʻ  ʁʣʽʥʽʡʥʠʭ ʧʨʫʞʥʠʭ ʜʝʬʦʨʤʘʮʽʡ, ʷʢʱʦ 

ï ʥʝʣʽʥʽʡʥʘ, ʪʦ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʥʘʙʣʠʞʝʥʽ ʤʝʪʦʜʠ, ʧʦʚô̫ ʟʘʥʽ 

ʥʘʡʯʘʩʪʽʰʝ ʟ ʘʧʨʦʢʩʠʤʘʮʽʻʶ ʥʝʣʽʥʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʦʩʽʜʘʥʴ ʬʫʥʜʘʤʝʥʪʽʚ ʚʽʜ 

ʚʝʣʠʯʠʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʨʠʩ. 2.24) [148]. ʆʜʥʘʢ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʚʠʨʽʰʝʥʦʶ 

ʧʨʦʙʣʝʤʦʶ ʨʦʟʨʘʭʫʥʦʢ ʧʘʨʘʤʝʪʨʽʚ ʅɼʉ ˇʨʫʥʪʫ ʚ ʧʨʦʮʝʩʽ ʫʩʫʥʝʥʥʷ ʢʨʝʥʫ 

ʙʫʜʽʚʝʣʴ, ʪʘʢ ʷʢ ʚʘʞʢʦ ʚʨʘʭʫʚʘʪʠ ʙʝʟʧʝʨʝʨʚʥʫ ʟʤʽʥʫ ʭʘʨʘʢʪʝʨʫ ʅɼʉ ˇʨʫʥʪʦʚʦʾ 

ʦʩʥʦʚʠ ʧʨʠ ʟʤʽʥʽ ʢʨʝʥʫ ʟʘ ʨʘʭʫʥʦʢ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʜʽʻ ʥʘ 

ʬʫʥʜʘʤʝʥʪ, ʪʦʤʫ ʥʝʦʙʭʽʜʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʨʽʟʥʠʭ 

ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʢʦʞʥʦʛʦ ʟʥʘʯʝʥʥʷ ʢʫʪʘ ʥʘʭʠʣʫ ʬʫʥʜʘʤʝʥʪʫ, 

ʩʢʣʘʜʝʥʠʭ ʷʢ ʥʘ ʦʩʥʦʚʽ ʪʝʦʨʽʾ ʣʽʥʽʡʥʠʭ ʜʝʬʦʨʤʘʮʽʡ, ʪʘʢ ʽ ʧʣʘʩʪʠʯʥʠʭ (ʨʠʩ. 2.24). 

ʊʦʤʫ ʥʝʦʙʭʽʜʥʠʡ ʩʧʦʩʽʙ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʭʘʨʘʢʪʝʨʫ ʅɼʉ ˇʨʫʥʪʫ ʚ ʧʨʦʮʝʩʽ 

ʫʩʫʥʝʥʥʷ ʢʨʝʥʫ ʩʪʨʽʯʢʦʚʦʛʦ ʬʫʥʜʘʤʝʥʪʫ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʦʜʥʦʯʘʩʥʦ ʩʧʨʦʩʪʠʪʠ 

ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʫʧʨʘʚʣʽʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʨʦʮʝʩʦʤ ʫʩʫʥʝʥʥʷ ʢʨʝʥʫ 

ʬʫʥʜʘʤʝʥʪʫ ʥʘ ʦʩʥʦʚʽ ʢʦʨʝʢʮʽʾ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ˇʨʫʥʪʫ ʚ 

ʣʦʢʘʣʴʥʠʭ ʦʙʣʘʩʪʷʭ ʢʦʥʪʨʦʣʶ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʛʨʘʥʠʯʥʠʡ ʦʧʽʨ ˇʨʫʥʪʫ ʥʝ 

ʧʝʨʝʚʠʱʫʚʘʚ ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʥʦʨʤʘʪʠʚʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʪʦʙʪʦ ʅɼʉ ˇʨʫʥʪʦʚʦʾ 

ʦʩʥʦʚʠ ʚʽʜʧʦʚʽʜʘʚ ʣʽʥʽʡʥʽʡ ʧʨʫʞʥʽʡ ʜʽʣʷʥʮʽ ʜʦ ʚʝʣʠʯʠʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʈʉ1.  
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ʅʘ ʥʘʚʝʜʝʥʽʡ ʟʘʣʝʞʥʦʩʪʽ (ʨʠʩ. 2.24) S = ű(ʈ) ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʭʘʨʘʢʪʝʨʥʽ 

ʦʙʣʘʩʪʽ ʅɼʉ: ʣʽʥʽʡʥʘ ʦʙʣʘʩʪʴ ʜʦ ʈʉ1, ʥʝʣʽʥʽʡʥʘ ʦʙʣʘʩʪʴ ʜʦ ʈʉ2 ʧʨʠ ʥʘʚʘʥʪʘʞʝʥʥʷʭ, 

ʙʽʣʴʰʠʭ ʟʘ ʈʣ. ʇʨʠ ʮʴʦʤʫ ʚ ˇʨʫʥʪʦʚʽʡ ʦʩʥʦʚʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʥʠʢʥʝʥʥʷ ʙʝʟʣʽʯʽ 

ʣʦʢʘʣʴʥʠʭ ʧʣʘʩʪʠʯʥʦ ʜʝʬʦʨʤʦʚʘʥʠʭ ʦʙô̒ ʤʽʚ ˇʨʫʥʪʫ, ʨʦʟʧʦʜʽʣʝʥʠʭ ʧʦ ʦʙô̒ ʤʫ 

ˇʨʫʥʪʦʚʦʾ ʦʩʥʦʚʠ (ʨʠʩ. 2.25).  

 
ʈʠʩ. 2.24. ɿʘʣʝʞʥʽʩʪʴ ʦʩʽʜʘʥʥʷ ʬʫʥʜʘʤʝʥʪʫ S ʚʽʜ ʪʠʩʢʫ P ʧʨʠ ʥʘʚʘʥʪʘʞʝʥʥʽ 

ʙʝʟ ʨʦʟʚʘʥʪʘʞʝʥʥʷ. ʈʉ1 ï ʧʝʨʰʠʡ ʢʨʠʪʠʯʥʠʡ ʪʠʩʢ; ʈʉ1ïʈʉ2 ï ʜʽʣʷʥʢʘ ʬʘʟʠ 

ʟʩʫʚʽʚ. 
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ʇʨʠ ʫʩʫʥʝʥʥʽ ʢʨʝʥʫ ʬʫʥʜʘʤʝʥʪʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʨʦʟʧʦʜʽʣ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʝ 

ʜʽʻ ʥʘ ʬʫʥʜʘʤʝʥʪ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʭʘʨʘʢʪʝʨʫ ʅɼʉ ʫ ˇʨʫʥʪʦʚʽʡ ʦʩʥʦʚʽ. ʊʦʤʫ 

ʦʪʨʠʤʫʚʘʪʠ ʙʝʟʧʝʨʝʨʚʥʦ ʪʘʢʽ ʟʘʣʝʞʥʦʩʪʽ ʫ ʯʠʩʣʝʥʥʠʭ ʪʦʯʢʘʭ ˇʨʫʥʪʦʚʦʾ ʦʩʥʦʚʠ, 

ʥʘʧʨʠʢʣʘʜ ʧʽʜ ʩʪʨʽʯʢʦʚʠʤ ʬʫʥʜʘʤʝʥʪʦʤ, ʥʝʨʝʘʣʴʥʦ, ʦʩʢʽʣʴʢʠ ʧʦʪʨʽʙʥʘ ʧʦʙʫʜʦʚʘ 

ʥʦʚʦʾ ʟʘʣʝʞʥʦʩʪʽ S = ű(ʈ). ɺ ʫʤʦʚʘʭ ʚʠʨʽʚʥʶʚʘʥʥʷ ʢʨʝʥʫ ʬʫʥʜʘʤʝʥʪʫ ʥʘʩʘʤʧʝʨʝʜ 

ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ, ʚ ʷʢʽʡ ʦʙʣʘʩʪʽ ʅɼʉ ʟʥʘʭʦʜʠʪʴʩʷ ˇʨʫʥʪ ʦʩʥʦʚʠ, ʱʦ ʜʦʟʚʦʣʠʣʦ 

ʙʠ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ʅɼʉ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʽʜʧʦʚʽʜʥʫ ʨʦʟʨʘʭʫʥʢʦʚʫ 

ʤʦʜʝʣʴ ʅɼʉ ˇʨʫʥʪʫ. 

 

 

ʎʷ ʧʨʦʙʣʝʤʘ ʤʦʞʝ ʙʫʪʠ ʚʠʨʽʰʝʥʘ ʟʛʽʜʥʦ ʟ [150] ʥʘ ʦʩʥʦʚʽ ʧʦʙʫʜʦʚʠ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ 

ʦʙô̒ ʤʦʤ ʧʣʘʩʪʠʯʥʦ ʜʝʬʦʨʤʦʚʘʥʠʭ ʦʙʣʘʩʪʝʡ Vʇʈ, ʦʩʽʜʘʥʴ S ʽ ʚʝʣʠʯʠʥʦʶ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʈ. ʅʘʚʝʜʝʥʘ ʟʘʣʝʞʥʽʩʪʴ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ ʚʝʣʠʯʠʥʫ ʦʩʽʜʘʥʴ 

ˇʨʫʥʪʦʚʦʾ ʦʩʥʦʚʠ ʷʢ ʧʨʠ ʧʨʫʞʥʠʭ, ʪʘʢ ʽ ʧʨʠ ʧʣʘʩʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʷʭ. ʇʨʠ 

 

ʈʠʩ. 2.25. ɻʨʘʬʽʢʠ ʟʤʽʥʠ ʦʙô̒ ʤʫ (V) ʟʦʥ (ʦʙʣʘʩʪʝʡ) ʧʣʘʩʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ 

ʪʠʩʢʫ (ʈ) ʥʘ ʦʩʥʦʚʫ ʜʣʷ ʞʦʨʩʪʢʦʛʦ ʬʫʥʜʘʤʝʥʪʫ (ʧʣʦʩʢʘ ʟʘʜʘʯʘ ʄʂɽ ʟʘ ʧʨʦʛʨʘʤʦʶ 

çɻʽʜʨʦʤʝʭʘʥʽʢʘè). ʅʘ ʨʠʩʫʥʢʫ: 1 ï ʩʫʛʣʠʥʦʢ; 2 ï ʧʽʩʦʢ. 
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ʚʠʥʠʢʥʝʥʥʽ ʚ ˇʨʫʥʪʦʚʽʡ ʦʩʥʦʚʽ ʛʨʘʥʠʯʥʦʛʦ ʪʠʩʢʫ ʈʇʈ, ʦʙô̒ ʤ ʟʦʥ ʧʣʘʩʪʠʯʥʠʭ 

ʜʝʬʦʨʤʘʮʽʡ ʜʦʩʷʛʘʻ ʛʨʘʥʠʯʥʦʾ ʚʝʣʠʯʠʥʠ Vʇʈ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʽʜʝʥʪʠʬʽʢʘʮʽʶ ʅɼʉ ˇʨʫʥʪʦʚʦʾ ʦʩʥʦʚʠ ʤʦʞʥʘ ʧʨʦʚʦʜʠʪʠ ʥʘ ʦʩʥʦʚʽ 

ʧʦʧʝʨʝʜʥʴʦ ʦʪʨʠʤʘʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ S = ű(ʈ) ʪʘ Vʇʈ = f(ʈ), ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʢʦʝʬʽʮʽʻʥʪ ʚʽʜʥʦʰʝʥʥʷ ʦʙô̒ ʤʫ ʣʦʢʘʣʴʥʠʭ ʧʣʘʩʪʠʯʥʦ ʜʝʬʦʨʤʦʚʘʥʠʭ ʦʙʣʘʩʪʝʡ V1 ʜʦ 

ʦʙô̒ ʤʫ V0 ʣʦʢʘʣʴʥʠʭ ʧʨʫʞʥʠʭ ʦʙʣʘʩʪʝʡ ʫ ˇʨʫʥʪʦʚʽʡ ʦʩʥʦʚʽ ʟʘ ʬʦʨʤʫʣʦʶ:  

0

0

ɯV
ʂ

V
=                                              (2.26) 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʣʘʩʪʠʯʥʠʭ V1 ʽ ʧʨʫʞʥʠʭ V0 ʦʙô̒ ʤʽʚ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ, ʥʘʧʨʠʢʣʘʜ ʟʤʽʥʠ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʩʚʝʨʜʣʦʚʠʥ, ʱʦ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʫʩʫʥʝʥʥʷ ʢʨʝʥʫ (ʨʠʩ. 2.26) ʪʘ ʥʘ ʩʪʘʜʽʾ ʩʪʘʙʽʣʽʟʘʮʽʾ ʦʩʽʜʘʥʴ 

(ʨʠʩ. 2.27). 

ɼʦ ʩɹ ʦʛʦʜʥʽ ʟʘʚʜʘʥʥʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʅɼʉ ˇʨʫʥʪʦʚʦʾ ʦʩʥʦʚʠ ʥʝ ʚʠʨʽʰʝʥʦ. ʆʜʥʘʢ 

ʤʦʞʥʘ ʧʽʜʽʡʪʠ ʜʦ ʡʦʛʦ ʚʠʨʽʰʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʢʦʥʪʨʦʣʶ ʜʝʬʦʨʤʘʮʽʡ ʢʦʥʪʫʨʫ 

ʮʠʣʽʥʜʨʠʯʥʠʭ ʩʚʝʨʜʣʦʚʠʥ, ʦʪʨʠʤʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʩʧʽʣʴʥʦ ʟ ʘʥʘʣʦʛʽʯʥʦʶ 

ʨʦʟʨʘʭʫʥʢʦʚʦʶ ʟʘʣʝʞʥʽʩʪʶ, ʥʘʧʨʠʢʣʘʜ, ʦʪʨʠʤʘʥʦ ʁʥʘ ʦʩʥʦʚʽ ʯʠʩʝʣʴʥʦʛʦ ʤʝʪʦʜʫ 

ʨʦʟʨʘʭʫʥʢʫ (ʨʠʩ. 2.28) [149]. ʅʘ ʨʠʩ. 2.28 ʥʘʚʝʜʝʥ ̔ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ 

ʜʝʬʦʨʤʘʮʽʡ ʢʦʥʪʫʨʫ ʩʚʝʨʜʣʦʚʠʥ ʯʠʩʝʣʴʥʠʤ ʤʝʪʦʜʦʤ ʟʙʽʣʴʰʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ 

[149]. ɿ ʨʠʩ. 2.28 ʚʠʧʣʠʚʘʻ, ʱʦ ʩʪʘʻ ʤʦʞʣʠʚʠʤ, ʥʘʧʨʠʢʣʘʜ, ʟʘ ʚʝʣʠʯʠʥʦʶ 

ʜʝʬʦʨʤʘʮʽʾ, ʱʦ ʚʠʥʠʢʘʻ ʫ ʥʘʧʨʷʤʽ ʚʝʨʪʠʢʘʣʴʥʦʾ ʦʩʽ, ʚʠʟʥʘʯʠʪʠ ʚʽʜʧʦʚʽʜʥʫ ʾʡ 

ʚʝʣʠʯʠʥʫ ʤʝʭʘʥʽʯʥʠʭ ʥʘʧʨʫʛ ʥʘ ʦʩʥʦʚʽ ʧʦʧʝʨʝʜʥʴʦ ʦʪʨʠʤʘʥʦʾ ʟʘʣʝʞʥʦʩʪʽ 

ʤʝʭʘʥʽʯʥʠʭ ʥʘʧʨʫʛ ʚʽʜ ʚʝʣʠʯʠʥʠ ʜʝʬʦʨʤʘʮʽʾ. 

ʇʦʨʽʚʥʶʶʯʠ ʮʶ ʚʝʣʠʯʠʥʫ ʥʘʧʨʫʛ ʟ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʠʤ ʟʥʘʯʝʥʥʷʤ, ʤʦʞʥʘ 

ʧʨʦʚʝʩʪʠ ʽʜʝʥʪʠʬʽʢʘʮʽʶ ʅɼʉ ̌ʨʫʥʪʦʚʦʾ ʦʩʥʦʚʠ. ʗʢʱʦ ʣʦʢʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛ ʚ 

ʦʢʨʝʤʠʭ ʦʙʣʘʩʪʷʭ ʙʽʣʴʰ ̔ ʛʨʘʥʠʯʥʠʭ, ʪʦ ʚʦʥʠ ʰʣʷʭʦʤ ʟʤʽʥʠ ʌʄɺ ˇʨʫʥʪʫ 

ʢʦʨʠʛʫʶʪʴʩʷ ʜʦ ʟʥʘʯʝʥʴ, ʤʝʥʠhʭ ʟʘ ʛʨʘʥʠʯʥ.̔ 
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ʈʠʩ. 2.26. ʍʘʨʘʢʪʝʨ ʜʝʬʦʨʤʫʚʘʥʥʷ ʢʦʥʪʫʨʫ ʩʚʝʨʜʣʦʚʠʥʠ ʧʽʩʣʷ ʾʾ ʙʫʨʽʥʥʷ. 

 

ʈʠʩ. 2.27. ʍʘʨʘʢʪʝʨ ʜʝʬʦʨʤʫʚʘʥʥʷ ʩʚʝʨʜʣʦʚʠʥ ʥʘ ʩʪʘʜʽʾ ʩʪʘʙʽʣʽʟʘʮʽʾ ʦʩʽʜʘʥʴ ʬʫʥʜʘʤʝʥʪʫ. 
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2.6.1. ʈʦʟʨʘʭʫʥʦʢ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ çˇʨʫʥʪʦʚʘ ʦʩʥʦʚʘ ï ʩʪʨʽʯʢʦʚʠʡ 

ʬʫʥʜʘʤʝʥʪè ʧʨʠ ʫʩʫʥʝʥʥʽ ʢʨʝʥʫ ʬʫʥʜʘʤʝʥʪʫ 

 

ʇʽʩʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʅɼʉ ˇʨʫʥʪʦʚʦʾ ʦʩʥʦʚʠ, ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʤʽʮʥʽʩʥʽ ʪʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ˇʨʫʥʪʫ ʟʘ ʦʜʥʽʻʶ ʟ ʚʽʜʦʤʠʭ 

ʤʝʪʦʜʠʢ [148, 151]. ʆʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ 

ʭʘʨʘʢʪʝʨ ʅɼʉ ʫ 

ʧʽʜʨʦʙʣʶʚʘʥʦʤʫ ˇʨʫʥʪʦʚʦʤʫ 

ʤʘʩʠʚʽ, ʻ ʩʪʫʧʽʥʴ ʚʟʘʻʤʦʜʽʾ 

ʧʦʯʘʪʢʦʚʠʭ ʧʣʘʩʪʠʯʥʠʭ 

ʦʙʣʘʩʪʝʡ ʙʽʣʷ ʛʨʘʥʝʡ 

ʬʫʥʜʘʤʝʥʪʫ [152] ʟ 

ʧʣʘʩʪʠʯʥʠʤʠ ʦʙʣʘʩʪʷʤʠ, ʱʦ 

ʚʠʥʠʢʣʠ ʧʦ ʢʦʥʪʫʨʫ 

ʩʚʝʨʜʣʦʚʠʥ [148]. ɼʣʷ 

ʚʠʢʣʶʯʝʥʥʷ ʨʫʡʥʫʚʘʥʥʷ 

ˇʨʫʥʪʫ ʚ ʧʨʦʮʝʩʽ ʮʽʻʾ ʚʟʘʻʤʦʜʽʾ 

ʛʣʠʙʠʥʘ ʟʘʢʣʘʜʝʥʥʷ 

ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʩʚʝʨʜʣʦʚʠʥ 

ʧʦʚʠʥʥʘ ʙʫʪʠ ʥʝ ʙʽʣʴʰʦ  ʁı ʰʠʨʠʥʠ ʩʪʨʽʯʢʦʚʦʛʦ ʬʫʥʜʘʤʝʥʪʫ. ʊʦʤʫ ʚ ʧʨʦʮʝʩʽ 

ʫʩʫʥʝʥʥʷ ʢʨʝʥʫ ʬʫʥʜʘʤʝʥʪʫ ʭʘʨʘʢʪʝʨ ʨʦʟʧʦʜʽʣʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʘ ʜʦʚʞʠʥʦ  ʁ

ʬʫʥʜʘʤʝʥʪʫ ʩʪʘʻ ʙʽʣʴʰ ʨʽʚʥʦʤʽʨʥʠʤ, ʱʦ ʧʨʘʢʪʠʯʥʦ ʟʚʦʜʠʪʴ ʜʦ ʤʽʥʽʤʫʤʫ 

ʤʦʞʣʠʚʽʩʪʴ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʮʠʤʠ ʧʣʘʩʪʠʯʥʠʤʠ ʦʙʣʘʩʪʷʤʠ ʚ ʧʨʦʮʝʩʽ ʫʩʫʥʝʥʥʷ ʢʨʝʥʫ. 

ʂʨʦʢ ʽ ʜʽʘʤʝʪʨ ʩʚʝʨʜʣʦʚʠʥ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʭʘʨʘʢʪʝʨʫ ʨʦʟʧʦʜʽʣʫ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʝʣʠʯʠʥ ʦʩʽʜʘʥʴ ʟʘ ʜʦʚʞʠʥʦʶ ʬʫʥʜʘʤʝʥʪʫ ʽ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʰʠʨʠʥʠ ʢʽʣʴʮʝʚʠʭ ʧʣʘʩʪʠʯʥʦ ʜʝʬʦʨʤʦʚʘʥʠʭ ʦʙʣʘʩʪʝʡ, ʩʬʦʨʤʦʚʘʥʠʭ 

ʥʘʚʢʦʣʦ ʩʚʝʨʜʣʦʚʠʥ [148]. ʇʨʠ ʮʴʦʤʫ ʚ ʦʙʣʘʩʪʽ ˇʨʫʥʪʫ ʤʽʞ ʧʦʨʫʯ ʨʦʟʪʘʰʦʚʘʥʠʤʠ 

ʜʚʦʤʘ ʩʚʝʨʜʣʦʚʠʥʘʤʠ ʥʝ ʤʘʻ ʚʽʜʙʫʚʘʪʠʩʷ ʚʟʘʻʤʦʜʽ ̫ʢʽʣʴʮʝʚʠʭ ʧʣʘʩʪʠʯʥʠʭ ʦʙʣʘʩʪʝʡ. 

 
ʈʠʩ. 2.28. ʈʝʟʫʣʴʪʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʯʠʩʝʣʴʥʠʤ ʤʝʪʦʜʦʤ ʤʝʞ 

ʧʣʘʩʪʠʯʥʠʭ ʟʦʥ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʥʘʚʘʥʪʘʞʝʥʥʷ. 0 ï 

ʚʠʭʽʜʥʠʡ ʢʦʥʪʫʨ ʦʪʚʦʨʫ; 1, 2, 3, 4 ï ʤʝʞʽ ʧʣʘʩʪʠʯʥʠʭ ʟʦʥ 

ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʥʘʚʘʥʪʘʞʝʥʥʷ; 5 ï ʢʦʥʪʫʨ ʧʣʘʩʪʠʯʥʦʾ ʟʦʥʠ 

ʟʘ ʘʥʘʣʽʪʠʯʥʠʤ ʨʽʰʝʥʥʷʤ. 
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ɿʥʘʯʥʦʶ ʤʽʨʦʶ ʭʘʨʘʢʪʝʨ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ˇʨʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ ʧʨʠ 

ʚʟʘʻʤʦʜʽʾ ʟ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʟʘʣʝʞʠʪʴ ʚʽʜ ʡʦʛʦ ʬʽʟʠʯʥʦʾ ʪʦʚʱʠʥʠ, ʷʢʘ ʤʦʞʝ ʙʫʪʠ 

ʨʦʟʨʘʭʦʚʘʥʘ ʟʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ, ʥʘʚʝʜʝʥʠʤ ʫ ʨʦʙʦʪʽ [147]. 

ʅʘ ʦʩʥʦʚʽ ʛʝʦʤʝʭʘʥʽʯʥʦʾ ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣʝʡ, ʥʘʚʝʜʝʥʠʭ ʥʘ ʨʠʩ. 2.22 ʪʘ 

ʨʠʩ. 2.23, ʦʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʅɼʉ ˇʨʫʥʪʦʚʦʾ ʦʩʥʦʚʠ, ʤʝʭʘʥʽʯʥʽ ʥʘʧʨʫʛʠ ůʭ, ůʫ, 

ʦʩʽʜʘʥʥʷ ʬʫʥʜʘʤʝʥʪʫ S0, Sm, ʟʤʽʱʝʥʥʷ ˇʨʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ ʪʘ ʢʨʝʥ ʚ ʦʙʣʘʩʪʽ ʧʨʫʞʥʠʭ 

ʜʝʬʦʨʤʘʮʽʡ ʤʦʞʫʪʴ ʙʫʪʠ ʨʦʟʨʘʭʦʚʘʥʽ ʥʘ ʦʩʥʦʚʽ ʩʧʽʚʚʽʜʥʦʰʝʥʴ, ʦʪʨʠʤʘʥʠʭ ʚ [148]. 
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ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʦʩʽʜʘʥʥʷ ʚ ʮʝʥʪʨʽ S0 ʪʘ ʩʝʨʝʜʥʴʦʛʦ ʦʩʽʜʘʥʥʷ Sm 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 

2

2 2

0 2
1

1

(1 )(1 2 ) 8(1 ) 1

2 2(1 ) m

m a m h
s̔ n sh

qah ql m l
S

m h m hEl E
sh

l l

p p

n n n

p pn p

¤

=

å õ
æ ö+ - - ç ÷= +

-
+

ä           (2.29) 

2 2

2 2 3

3
1

1

(1 )(1 2 ) 8(1 ) 1

2 2(1 )
m

m

m a m h
s̔ n sh

qah ql m l
S

m h m hEl E a
sh

l l

p p

n n n

p pn p

¤

=

å õ å õ
æ ö æ ö+ - - ç ÷ ç ÷= +

-
+

ä            (2.30) 

ʆʪʨʠʤʘʥʽ ʬʦʨʤʫʣʠ (2.27, 2.28, 2.29, 2.30) ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ʅɼʉ 
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ˇʨʫʥʪʫ ʜʦʜʘʪʢʦʚʦ ʢʦʨʠʛʫʶʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʜʝʨʞʫʚʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʟ ʜʘʪʯʠʢʽʚ 

ʢʨʝʥʫ, ʦʩ̔ʜʘʥʴ ʽ ʥʘʧʨʫʛ. ʅʘʧʨʠʢʣʘʜ, ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʅɼʉ ʜʣʷ ʦʜʥʽʻʾ ʟ 

ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʦʙʣʘʩʪʝʡ ʤʦʞʫʪʴ ʙʫʪʠ ʦʮʽʥʝʥʽ ʟʘ ʬʦʨʤʫʣʘʤʠ:  

ůʭʢ = ůʭʂ0;  ůʫʢ = ůʫʂ0;  Űʫʢ = Űʫʂ0;  S0ʢ =S0ʂ0; Smʢ = Smʂ0; V(ʭ,ʫ) = Vʂ0; U(ʭ,ʫ) = Uʂ0

ʜʝ ʂ0 ï ʢʦʨʠʛʫʶʯʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʂ0 = ű(ʂ1). 

ʉʢʦʨʠʛʦʚʘʥʽ ʬʦʨʤʫʣʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ʅɼʉ ˇʨʫʥʪʦʚʦʾ ʦʩʥʦʚʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʤʦʥʽʪʦʨʠʥʛʫ ʚ ʧʨʦʮʝʩʽ ʫʩʫʥʝʥʥʷ ʢʨʝʥʫ 

ʩʪʨʽʯʢʦʚʦʛʦ ʬʫʥʜʘʤʝʥʪʫ ʷʢ ʨʦʟʨʘʭʫʥʢʦʚʽ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʧʘʨʘʤʝʪʨʘʤʠ, ʦʜʝʨʞʫʚʘʥʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʘ ʦʩʥʦʚʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʪʯʠʢʽʚ 

ʢʨʝʥʫ, ʦʩʽʜʘʥʴ ʽ ʥʘʧʨʫʛ. ʎʷ ʽʥʬʦʨʽʘʮʽʷ ɯʊɼɹɹ ʚʠʩʪʫʧʘʻ ʷʢ çʟʚʦʨʦʪʥʠʡ ʟʚô̫ ʟʦʢè ʜʣʷ 

ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʆʇʈ ʚ ʫʤʦʚʘʭ ʡʤʦʚʽʨʥʦʩʪʽ ˇʨʫʥʪʦʚʠʭ ʘʚʘʨʽʡ ʪʘ ʨʠʟʠʢʫ 

ʚʥʘʩʣʽʜʦʢ çʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡè (ʙʘʛʘʪʴʦʭ ʧʘʨʘʤʝʪʨʽʚ, ʚʽʜ ʷʢʠʭ ʟʘʣʝʞʠʪʴ ʙʝʟʧʝʢʘ 

ʧʨʦʮʝʩʫ ʣʽʢʚʽʜʘʮʽʾ ʥʘʜʥʦʨʤʘʪʠʚʥʦʛʦ ʢʨʝʥʫ ɹɹ ʙʝʟ ʚʽʜʩʝʣʝʥʥʷ ʤʝʰʢʘʥʮʽʚ ʪʘ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤ ʾʾ ʞʠʪʪʻʟʘʙʝʟʧʝʯʝʥʥʷ). 

ʇʨʠ ʧʦʙʫʜʦʚʽ ʩʪʨʫʢʪʫʨʥʦʾ ʩʭʝʤʠ ʢʦʥʪʨʦʣʶ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʅɼʉ ʩʠʩʪʝʤʠ 

ç̌ ʨʫʥʪʦʚʘ ʦʩʥʦʚʘ ï ʩʪʨʽʯʢʦʚʠʡ ʬʫʥʜʘʤʝʥʪè ʫ ʧʨʦʮʝʩʽ ʫʩʫʥʝʥʥʷ ʢʨʝʥʫ ʙʫʜʽʚʝʣʴ 

ʚʠʢʦʨʠʩʪʘʥʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʙʝʟʢʦʥʪʘʢʪʥʽ ʚʠʤʽʨʶʚʘʣʴʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ [153], ʷʢʽ 

ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʘʪʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʙʫʜʽʚʝʣʴʥʦʤʫ ʦʙô̒ ʢʪʽ ʡʦʛʦ ʢʨʝʥ, ʦʩʽʜʘʥʥʷ 

ʪʘ ʤʝʭʘʥʽʯʥʫ ʥʘʧʨʫʛʫ. ʆʩʦʙʣʠʚʽʩʪʶ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʘʪʯʠʢʽʚ ʻ ʪʝ, ʱʦ ʚʦʥʠ 

ʜʦʟʚʦʣʷʶʪʴ ʙʝʟʧʝʨʝʨʚʥʦ ʢʦʥʪʨʦʣʶʚʘʪʠ ʦʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʅɼʉ ʜʦ 50 ʩʤ, ʚ ʪ.ʯ. 

ʘʙʩʦʣʶʪʥʫ ʚʝʣʠʯʠʥʫ ʪʘ ʥʘʧʨʷʤʦʢ ʢʨʝʥʫ ʬʫʥʜʘʤʝʥʪʫ. ʋ ʢʦʥʩʪʨʫʢʮʽʾ ʽʥʜʠʢʘʪʦʨʘ 

ʢʦʥʪʨʦʣʶ ʤʦʤʝʥʪʫ ʚʠʥʠʢʥʝʥʥʷ ʚʠʧʦʨʫ ˇʨʫʥʪʫ ʚʠʢʦʨʠʩʪʘʥʽ ʙʝʟʢʦʥʪʘʢʪʥʽ ʽʥʜʫʢʪʠʚʥʽ 

ʜʘʪʯʠʢʠ ʟʤʽʱʝʥʥʷ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʜʚʦʭ ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʯʘʩʪʠʥ, ʟʘʢʨʽʧʣʝʥʠʭ 

ʚʽʜʧʦʚʽʜʥʦ ʥʘ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ ʬʫʥʜʘʤʝʥʪʫ ʪʘ ʥʘ ʙʽʯʥʽʡ ʧʦʚʝʨʭʥʽ ʩʪʨʽʯʢʦʚʦʛʦ 

ʬʫʥʜʘʤʝʥʪʫ. ʈʦʟʤʽʱʝʥʥʷ ʪʘʢʠʭ ʜʘʪʯʠʢʽʚ ʧʦ ʜʦʚʞʠʥʽ ʬʫʥʜʘʤʝʥʪʫ ʜʦʟʚʦʣʷʻ 

ʢʦʥʪʨʦʣʶʚʘʪʠ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ ʚʠʧʦʨʫ ˇʨʫʥʪʫ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʡʦʛʦ ʧʝʨʝʭʦʜʫ ʚ 

ʧʣʘʩʪʠʯʥʠʡ ʩʪʘʥ.  
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2.7. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʦʩʥʦʚʥʦʛʦ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʧʨʠ ʧʽʜʨʦʙʽʪʢʫ ̌ ʨʫʥʪʽʚ ʧʽʜ ʧʽʜʦʰʚʦʶ ʩʪʨʽʯʢʦʚʦʛʦ ʬʫʥʜʘʤʝʥʪʫ ɹɹ 

 

ɼʣʷ ʢʨʫʛʦʚʦʛʦ ʚʠʨʦʙʽʪʢʫ ʻ ʪʦʯʥʽ ʨʽʰʝʥʥʷ ʧʨʫʞʥʦ-ʧʣʘʩʪʠʯʥʠʭ ʟʘʜʘʯ ʨʦʟʧʦʜʽʣʫ 

ʥʘʧʨʫʛʠ ʧʦ ʢʦʥʪʫʨʫ ʩʚʝʨʜʣʦʚʠʥ [154]. ʆʜʥʘʢ ʜʣʷ ʚʠʨʦʙʽʪʢʽʚ ̔ ʟ ʢʦʥʪʫʨʦʤ, ʚʽʜʤʽʥʥʠʤ 

ʚʽʜ ʢʨʫʛʦʚʦʛʦ, ʪʦʯʥʽ ʯʠʩʝʣʴʥʽ ʨʽʰʝʥʥʷ ʚʽʜʩʫʪʥʽ [155]. ɸʢʪʫʘʣʴʥʠʤ ʻ ʜʦʩʣʽʜʞʝʥʥʷ 

ʚʧʣʠʚʫ ʩʪʘʥʫ ʢʦʥʪʫʨʫ ʩʚʝʨʜʣʦʚʠʥʠ ʥʘ ʧʨʫʞʥʦ-ʧʣʘʩʪʠʯʥʠʡ ʨʦʟʧʦʜʽʣ ʥʘʧʨʫʛ ʥʘʚʢʦʣʦ 

ʚʠʨʦʙʽʪʢʫ, ʢʦʥʪʫʨ ʷʢʦʛʦ ʤʘʢʩʠʤʘʣʴʥʦ ʥʘʙʣʠʞʝʥʠʡ ʜʦ ʢʨʫʛʦʚʦʛʦ. ʊʘʢʘ ʽʜʝʘʣʽʟʘʮʽʷ 

ʜʦʟʚʦʣʷʻ ʟʨʦʟʫʤʽʪʠ ʬʽʟʠʢʫ ʚʧʣʠʚʫ ʩʪʘʥʫ ʥʝʢʨʫʛʦʚʠʭ ʢʦʥʪʫʨʽʚ ʩʚʝʨʜʣʦʚʠʥ 

(ʢʚʘʜʨʘʪʥʘ, ʦʚʘʣʴʥʘ, ʪʨʠʢʫʪʥʘ, ʩʢʣʝʧʽʥʯʘʩʪʘ) ʥʘ ʭʘʨʘʢʪʝʨ ʬʦʨʤʦʚʘʥʦʛʦ ʅɼʉ 

ʥʘʚʢʦʣʦ ʩʚʝʨʜʣʦʚʠʥ ʷʢ ʜʣʷ ˇʨʫʥʪʫ ʟ ʽʜʝʘʣʴʥʠʤ ʟʯʝʧʣʝʥʥʷʤ, ʪʘʢ ʽ ʜʣʷ ˇʨʫʥʪʽʚ ʟ ʪʝʨʪʷʤ 

ʽ ʟʯʝʧʣʝʥʥʷʤ. 

ɼʣʷ ʘʥʘʣʽʟʫ ʧʨʫʞʥʦ-ʧʣʘʩʪʠʯʥʦ ʾ ʟʘʜʘʯʽ ʥʝʢʨʫʛʦʚʦʛʦ ʢʦʥʪʫʨʫ ʩʚʝʨʜʣʦʚʠʥʠ 

ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʪʘʢʽ ʧʨʠʧʫʱʝʥʥʷ: 

¶ ʚ ʷʢʦʩʪʽ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ ʧʨʠʡʥʷʪʦ ʧʣʦʩʢʠʡ ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ; 

¶ ʚ ʷʢʦʩʪʽ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ ʧʨʠʡʤʘʻʪʴʩʷ ʥʝʚʘʛʦʤʘ ʧʣʦʱʠʥʘ, ʦʩʣʘʙʣʝʥʘ 

ʧʦʧʝʨʝʯʥʠʤ ʢʦʥʪʫʨʦʤ ʩʚʝʨʜʣʦʚʠʥʠ [156]; 

¶ ʥʝʚʘʛʦʤʘ ʧʣʦʱʠʥʘ ʟʘʚʘʥʪʘʞʝʥʘ ʥʘ ʥʝʩʢʽʥʯʝʥʥʦʩʪʽ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ɔh, 

ʜʝ ɔ ï ʦʙô̒ ʤʥʘ ʚʘʛʘ ˇʨʫʥʪʫ; h ï ʛʣʠʙʠʥʘ ʧʽʜʨʦʙʽʪʢʫ ʩʚʝʨʜʣʦʚʠʥʦʶ. 

ʊʠʧʦʚʠʡ ʢʨʫʛʦʚʠʡ ʢʦʥʪʫʨ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ ʟ ʙʦʢʫ ʢʦʪʣʦʚʘʥʫ, 

ʟʚʽʜʢʠ ʧʨʦʚʦʜʠʪʴʩʷ ʙʫʨʽʥʥʷ, ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2.29. ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʚʧʣʠʚʫ 

ʥʝʨʽʚʥʦʩʪʝʡ ʢʦʥʪʫʨʫ ʩʚʝʨʜʣʦʚʠʥ ʥʘ ʭʘʨʘʢʪʝʨ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʨʦʟʧʦʜʽʣʫ ʅɼʉ ˇʨʫʥʪʫ 

ʚʠʢʦʨʠʩʪʘʥʘ ʧʦʩʪʘʥʦʚʢʘ ʨʦʟʚô̫ ʟʘʥʥʷ ʟʘʜʘʯʽ ʷʢ ʧʣʦʩʢʦʾ, ʧʨʠ ʮʴʦʤʫ ʧʦʯʘʪʢʦʚʠʡ ʅɼʉ 

ˇʨʫʥʪʫ ʧʨʠʡʤʘʻʪʴʩʷ ʛʽʜʨʦʩʪʘʪʠʯʥʠʤ, ʪʦʙʪʦ ůʍ = ůʋ = ůZ = ɔh [154], ʪʘʢ ʷʢ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʩʣʷ ʙʫʨʽʥʥʷ ʩʚʝʨʜʣʦʚʠʥʠ ʤʦʞʥʘ ʧʨʠʡʥʷʪʠ, ʱʦ ˇʨʫʥʪ ʧʨʫʞʥʠʡ ʽ 

ʤʦʞʝ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʣʽʥʽʡʥʦ ʜʝʬʦʨʤʦʚʘʥʠʡ. 
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ʈʠʩ. 2.29. ʍʘʨʘʢʪʝʨʥʠʡ ʢʦʥʪʫʨ ʩʚʝʨʜʣʦʚʠʥʠ ʟ ʙʦʢʫ ʢʦʪʣʦʚʘʥʫ ʧʽʩʣʷ 

ʙʫʨʽʥʥʷ. 

 

ʅʘ ʨʠʩ. 2.30 ʥʘʚʝʜʝʥʽ ʨʝʘʣʴʥʽ ʢʦʥʪʫʨʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʚʠʨʦʙʽʪʢʫ 

ʩʚʝʨʜʣʦʚʠʥʘʤʠ (ʘ ʽ ʙ) ʽ ʘʥʘʣʽʪʠʯʥʽ ʛʽʧʦʪʨʦʭʦʾʜʘʣʴʥʽ ʢʨʠʚʽ, ʱʦ ʦʧʠʩʫʶʪʴ ʾʭ (ʚ ʽ ʛ). 

ʅʘʚʝʜʝʥʽ ʢʦʥʪʫʨʠ ʥʘ ʨʠʩ. 2.30 ʥʝ ʦʭʦʧʣʶʶʪʴ ʚʝʩʴ ʨʝʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ ʢʦʥʪʫʨʽʚ ʷʢ 

ʝʣʽʧʩʘ, ʢʨʠʚʦʣʽʥʽʡʥʦʛʦ ʪʨʠʢʫʪʥʠʢʘ, ʢʨʠʚʦʣʽʥʽʡʥʦʛʦ ʢʚʘʜʨʘʪʘ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʾʭ 

ʘʥʘʣʽʪʠʯʥʠʭ ʘʥʘʣʦʛʽʚ ʫ ʨʦʙʦʪʽ [155] ʚʠʢʦʨʠʩʪʘʥʘ ʬʫʥʢʮʽʷ ʢʦʥʬʦʨʤʥʦ ʚʽʜʦʙʨʘʞʘʻ 

ʟʦʚʥʽʰʥʽʩʪʴ ʦʜʠʥʠʯʥʦʛʦ ʢʦʣʘ ʥʘ ʟʦʚʥʽʰʥʽʩʪʴ ʨʝʘʣʴʥʦ ʦʪʨʠʤʘʥʦʛʦ ʧʨʠ ʙʫʨʽʥʥʽ 

ʢʦʥʪʫʨʫ ʩʚʝʨʜʣʦʚʠʥʠ. 

ɺʽʜʦʙʨʘʞʘʶʯʘ ʬʫʥʢʮʽʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʚʠʛʣʷʜʽ 

1 2( ) ,
n m

C C
Rw x x

x x

å õ
= + +æ ö
ç ÷

                                          (2.30) 

 ʜʝ n  ̔C1 ï ʚʝʣʠʯʠʥʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʦʩʥʦʚʥʠʡ ʧʨʦʻʢʪʥʠʡ ʢʦʥʪʫʨ ʚʠʨʦʙʽʪʢʫ.  

ʇʨʠ n = 0  ̔ʉ1 = 0 ʦʩʥʦʚʥʠʤ ʢʦʥʪʫʨʦʤ ʻ ʢʦʣʦ;  

ʧʨʠ n = 1  ̔0<C1<1 ï ʝʣʽʧʩ; 
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ʧʨʠ n = 2 ̔  ʉ1 = 1/9 ï ʢʨʠʚʦʣʽʥʽʡʥʠʡ ʪʨʠʢʫʪʥʠʢ ʟʘ ʬʦʨʤʦʶ, ʙʣʠʟʴʢʦʶ ʜʦ ʢʦʥʪʫʨʫ 

ʚʠʨʦʙʽʪʢʫ ʘʨʦʯʥʦʾ ʬʦʨʤʠ;  

ʧʨʠ n = 3  ̔ʉ1 = 1/9 ï ʢʨʠʚʦʣʽʥʽʡʥʠʡ ʢʚʘʜʨʘʪ; 

ʧʨʠ n = 4; 5; 6é; 0 < C1 <1/n ï ʢʨʠʚʦʣʽʥʽʡʥʠʡ ʙʘʛʘʪʦʢʫʪʥʠʢ ʟ ʯʠʩʣʦʤ ʩʪʦʨʽʥ, 

ʨʽʚʥʠʤ n + 1; 

ʉ2 ̔  m ï ʚʝʣʠʯʠʥʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʚʽʜʧʦʚʽʜʥʦ ʘʤʧʣʽʪʫʜʫ ʪʘ ʢʽʣʴʢʽʩʪʴ ʭʚʠʣʴ 

ʥʝʨʽʚʥʦʩʪʝʡ ʥʘ ʦʩʥʦʚʥʦʤʫ ʧʨʦʻʢʪʥʦʤʫ ʢʦʥʪʫʨʽ. 

ʏʠʩʣʦ ʭʚʠʣʴ ʥʝʨʽʚʥʦʩʪʝʡ ʩʪʘʥʦʚʠʪʴ m + 1. ʈʦʟʤʽʨ m ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʦʩʝʡ 

ʩʠʤʝʪʨʽʾ ʦʩʥʦʚʥʦʛʦ ʢʦʥʪʫʨʫ 

( 1) 1,m k n= + -                                         (2.31) 

ʜʝ k = 1; 2; 3 . . .  ï ʮʽʣʝ ʧʦʟʠʪʠʚʥʝ ʯʠʩʣʦ. 

ɺʝʣʠʯʠʥʘ ʘʤʧʣʽʪʫʜʠ ʥʝʨʽʚʥʦʩʪʽ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʴ ʫ ʤʝʞʘʭ  

 
ʈʠʩ. 2.30.  ʈʝʘʣʴʥʽ ʢʦʥʪʫʨʠ ʪʘ ʘʥʘʣʽʪʠʯʥʽ ʢʨʠʚʽ ʜʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʩʚʝʨʜʣʦʚʠʥ. 
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1
2

1
0

nC
C

m

-
¢ < ,                                                                                            (2.32) 

ʧʨʠ 
1

2

1 nC
C

m

-
>   ʥʘ ʢʦʥʪʫʨʽ ʟô̫ ʚʣʷʶʪʴʩʷ ʪʦʯʢʠ ʧʦʚʝʨʥʝʥʥʷ. 

ʅʘ ʨʠʩ. 2.31 ʚʠʜʥʦ ʭʘʨʘʢʪʝʨʥʽ çʥʝʨʽʚʥʽè ʢʦʥʪʫʨʠ ʩʚʝʨʜʣʦʚʠʥ ʧʽʩʣʷ ʾʭ ʙʫʨʽʥʥʷ, 

ʜʣʷ ʷʢʠʭ ʭʘʨʘʢʪʝʨʥʽ ʥʝʨʽʚʥʦʩʪʽ ʫ ʚʠʛʣʷʜʽ ʟʘʧʘʜʠʥ ʽ ʚʠʚʘʣʽʚ, ʥʝʨʽʚʥʦʤʽʨʥʦ 

ʨʦʟʧʦʜʽʣʝʥʠʭ ʧʦ ʢʦʥʪʫʨʫ. 

 

 
ʈʠʩ. 2.31.  ʍʘʨʘʢʪʝʨʥʽ ʢʦʥʪʫʨʠ ʩʚʝʨʜʣʦʚʠʥ ʧʽʩʣʷ ʾʭ ʙʫʨʽʥʥʷ ʚ ʧʨʦʮʝʩʽ ʫʩʫʥʝʥʥʷ ʥʘʭʠʣʫ 

ʙʫʜʽʚʝʣʴ ʪʘ ʩʧʦʨʫʜ. 

 

ɸʥʘʣʽʟ ʥʘʚʝʜʝʥʠʭ ʥʘ ʨʠʩ. 2.30 ʨʝʘʣʴʥʠʭ ʢʦʥʪʫʨʽʚ ʧʽʩʣʷ ʢʦʥʬʦʨʤʥʦʛʦ 

ʚʽʜʦʙʨʘʞʝʥʥʷ ʥʘ ʥʠʭ ʦʜʠʥʠʯʥʦʛʦ ʢʦʣʘ ʜʦʟʚʦʣʠʚ ʦʧʠʩʘʪʠ ʾʭ ʘʥʘʣʽʪʠʯʥʦ ʽʟ ʩʠʤʝʪʨʠʯʥʠʤ 

ʨʦʟʧʦʜʽʣʦʤ ʥʝʨʽʚʥʦʩʪʝʡ ʫ ʚʠʛʣʷʜʽ ʟʘʧʘʜʠʥ ʪʘ ʚʠʚʘʣʽʚ [155] (ʨʠʩ. 2.32.). 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʬʫʥʢʮʽʾ 1 ʧʨʠ ʦʪʨʠʤʘʥʥʽ ʨʦʟʧʦʜʽʣʫ ʥʘʧʨʫʛʠ ʚ ˇʨʫʥʪʽ ʚ ʦʙʣʘʩʪʽ 

ʢʚʘʜʨʘʪʥʦʛʦ ʢʦʥʪʫʨʫ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2.33 [155]. 
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ʈʠʩ. 2.32. ɸʥʘʣʽʪʠʯʥʽ ʢʦʥʪʫʨʠ ʫ ʚʠʛʣʷʜʽ ʝʣʽʧʩʘ ʢʨʠʚʦʣʽʥʽʡʥʦʛʦ ʪʨʠʢʫʪʥʠʢʘ ʪʘ ʢʨʠʚʦʣʽʥʽʡʥʦʛʦ 

ʢʚʘʜʨʘʪʘ, ʦʪʨʠʤʘʥʽ ʜʣʷ ʧʝʚʥʦʾ ʢʽʣʴʢʦʩʪʽ ʥʝʨʽʚʥʦʩʪʝʡ ʥʘ ʦʩʥʦʚʽ ʬʫʥʢʮʽʾ (1). 

 

 
ʈʠʩ. 2.33. ʈʦʟʧʦʜʽʣ ʥʘʧʨʫʛ ʥʘ ʛʣʘʜʢʦʤʫ ʢʦʥʪʫʨʽ ʢʚʘʜʨʘʪʥʦʾ 

ʩʚʝʨʜʣʦʚʠʥʠ (ʘ) ʪʘ ʨʝʘʣʴʥʦʤʫ ʢʦʥʪʫʨ ̔ʩʚʝʨʜʣʦʚʠʥʠ (ʙ). 

 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʭʘʨʘʢʪʝʨʫ ʢʦʥʪʫʨʫ ʩʚʝʨʜʣʦʚʠʥ ʧʽʩʣʷ ʙʫʨʽʥʥʷ ʾʭ ʧʽʜ 

ʧʽʜʦʰʚʦʶ ʩʪʨʽʯʢʦʚʦʛʦ ʬʫʥʜʘʤʝʥʪʫ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʬʽʟʠʯʥʠʡ ʝʬʝʢʪ, ʧʦʚô̫ ʟʘʥʠʡ ʟ 

ʬʦʨʤʫʚʘʥʥʷʤ ʥʝʨʽʚʥʦʩʪʽ ʢʦʥʪʫʨʫ ʩʚʝʨʜʣʦʚʠʥ, ʟʙʝʨʽʛʘʻʪʴʩʷ ʽ ʧʨʠ ʨʦʟʧʦʜʽʣʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ ʙʦʢʫ ʬʫʥʜʘʤʝʥʪʫ, ʪʦʤʫ ʩʧʦʩʽʙ ʦʪʨʠʤʘʥʥʷ ʘʥʘʣʽʪʠʯʥʠʭ ʢʦʥʪʫʨʽʚ ʤʦʞʝ 

ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʫ ʧʨʦʮʝʩʽ ʫʩʫʥʝʥʥʷ ʢʨʝʥʫ ʬʫʥʜʘʤʝʥʪʽʚ, ʢʦʣʠ ʡʜʝ ʧʨʦʮʝʩ 

ʨʫʡʥʫʚʘʥʥʷ ʮʽʣʠʢʽʚ ʤʽʞ ʩʚʝʨʜʣʦʚʠʥʘʤʠ (ʨʠʩ. 2.34). 
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ʈʠʩ. 2.34. ʍʘʨʘʢʪʝʨ ʢʦʥʪʫʨʽʚ ʩʚʝʨʜʣʦʚʠʥ ʫ ʧʨʦʮʝʩʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʩʽʜʘʥʥʷ 

ʩʪʨʽʯʢʦʚʦʛʦ ʬʫʥʜʘʤʝʥʪʫ ʧʨʠ ʫʩʫʥʝʥʥʽ ʢʨʝʥʫ ʙʫʜʽʚʣʽ. 

 

2.8. ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 2. 

 

1. ʅʦʨʤʘʪʠʚʥʠʡ ʜʦʢʫʤʝʥʪ ʋʢʨʘʾʥʠ ɼʉʊʋ-ʅ ɹ ɺ.1.2-17:2016 çʅʘʩʪʘʥʦʚʘ ʱʦʜʦ 

ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜè ʫʚʽʙʨʘʚ ʫ ʩʝʙʝ ʚʩʽ ʦʩʥʦʚʥʽ 

ʪʝʦʨʝʪʠʢʦ-ʤʝʪʦʜʠʯʥʽ ʚʢʘʟʽʚʢʠ ʪʘ ʨʦʟʨʦʙʢʠ ʟ ʥʘʫʢʦʚʦ-ʤʝʪʦʜʦʣʦʛʽʯʥʦʛʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʤʦʥʽʪʦʨʠʥʛʦʚʠʭ ʩʠʩʪʝʤ ʜʣʷ ʙʫʜʽʚʥʠʮʪʚʘ. 

2. ʆʙ̌ʨʫʥʪʦʚʘʥʦ ʚʠʙʽʨ ʥʘʡʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʩʧʦʩʦʙʫ ʫʩʫʥʝʥʥʷ 

ʥʘʜʥʦʨʤʘʪʠʚʥʦʛʦ ʢʨʝʥʫ ɹɹ ï ʧʽʜʨʦʙʽʪʢʫ ˇʨʫʥʪʦʚʦʾ ʦʩʥʦʚʠ ʰʣʷʭʦʤ ʙʫʨʽʥʥʷ 

ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʮʠʣʽʥʜʨʠʯʥʠʭ ʩʚʝʨʜʣʦʚʠʥ. 

3. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʛʝʦʤʝʭʘʥʽʯʥʫ ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʫ ʤʦʜʝʣʽ ʩʠʩʪʝʤʠ çʧʽʜʨʦʙʣʶʚʘʥʘ 

ˇʨʫʥʪʦʚʘ ʦʩʥʦʚʘ ï ʩʪʨʽʯʢʦʚʠʡ ʬʫʥʜʘʤʝʥʪ ʟ ʢʨʝʥʦʤè ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʩʦʙʣʠʚʦʩʪʽ 

ʪʝʭʥʦʣʦʛʽʾ ʫʩʫʥʝʥʥʷ ʢʨʝʥʫ. ɼʣʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣʽ ʩʠʩʪʝʤʠ 

çʧʽʜʨʦʙʣʶʚʘʥʘ ʦʩʥʦʚʘ ï ʩʪʨʽʯʢʦʚʠʡ ʬʫʥʜʘʤʝʥʪ ʟ ʢʨʝʥʦʤè ʦʩʥʦʚʥʠʤʠ ʢʦʥʪʨʦʣʴʦʚʘʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʻ: 

Å ʢʦʝʬʽʮʽʻʥʪ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʦʩʥʦʚʠ, ʱʦ ʧʽʜʨʦʙʣʷʻʪʴʩʷ; 

Å ʛʣʠʙʠʥʘ ʟʘʢʣʘʜʝʥʥʷ ʢʦʪʣʦʚʘʥʘ, ʜʽʘʤʝʪʨ, ʢʨʦʢ ʮʠʣʽʥʜʨʠʯʥʠʭ ʩʚʝʨʜʣʦʚʠʥ; 
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Å ʭʘʨʘʢʪʝʨ ʟʤʽʥʠ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʩʽʜʘʥʴ ʽ ʢʨʝʥʫ ʬʫʥʜʘʤʝʥʪʫ; 

Å ʟʤʽʥʠ ʜʝʬʦʨʤʘʮʽʡ ʢʦʥʪʫʨʫ ʩʚʝʨʜʣʦʚʠʥ ʫ ʧʨʦʮʝʩʽ ʫʩʫʥʝʥʥʷ ʢʨʝʥʫ ʬʫʥʜʘʤʝʥʪʫ. 

4. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʩʧʦʩʽʙ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ 

ʧʽʜʨʦʙʣʶʚʘʥʦʾ ˇʨʫʥʪʦʚʦʾ ʦʩʥʦʚʠ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʅɼʉ, ʦʪʨʠʤʘʥʠʭ ʪʝʦʨʝʪʠʯʥʦ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. 

5. ɼʣʷ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʫʩʫʥʝʥʥʷ ʥʘʜʥʦʨʤʘʪʠʚʥʠʭ ʢʨʝʥʽʚ ʬʫʥʜʘʤʝʥʪʽʚ 

ʙʫʜʽʚʝʣʴ ʪʘ ʩʧʦʨʫʜ ʨʦʟʨʦʙʣʝʥʦ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ ʢʦʥʪʨʦʣʶ ʾʾ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʅɼʉ. 

6. ʈʦʟʨʦʙʣʝʥʦ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʦʥʪʨʦʣʶ ʦʩʥʦʚʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʅɼʉ ʢʦʥʩʪʨʫʢʮʽʾ ʜʘʪʯʠʢʽʚ ʢʨʝʥʫ ʪʘ ʨʦʟʢʨʠʪʪʷ ʪʨʽʰʠʥ. 

7. ʈʦʟʨʦʙʣʝʥʦ ʩʪʝʥʜ ʜʣʷ ʚʠʧʨʦʙʫʚʘʥʥʷ ʪʘ ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʨʠʩʪʨʦʶ ʚʠʤʽʨʶʚʘʥʥʷ 

ʢʫʪʽʚ ʜʝʬʦʨʤʘʮʽʡ. 

8. ʅʘ ʧʨʘʢʪʠʮʽ ʯʘʩʪʦ ʚʠʥʠʢʘʻ ʨʦʟʙʽʞʥʽʩʪʴ ʫ ʧʨʦʛʥʦʟʦʚʘʥʠʭ ʽ ʬʘʢʪʠʯʥʠʭ ʟʥʘʯʝʥʥʷʭ 

ʧʘʨʘʤʝʪʨʽʚ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣʽ ˇʨʫʥʪʦʚʦʾ ʦʩʥʦʚʠ, ʱʦ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ, ʥʘʧʨʠʢʣʘʜ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʩʽʜʘʥʴ ʽ ʢʨʝʥʫ ʙʫʜʽʚʝʣʴʥʦʛʦ ʦʙô̒ ʢʪʘ ʽ ʪ.ʜ. ʊʦʤʫ ʚ ʧʨʦʻʢʪʘʭ ʥʝʦʙʭʽʜʥʦ 

ʧʝʨʝʜʙʘʯʘʪʠ ʽʥʞʝʥʝʨʥʽ ʟʘʭʦʜʠ (ʤʦʥʽʪʦʨʠʥʛ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ, ʪʝʭʥʦʣʦʛʽʯʥʽ 

ʧʨʠʡʦʤʠ ʨʝʛʫʣʶʚʘʥʥʷ ʦʩʽʜʘʥʴ ʟʘ ʨʦʟʨʘʭʫʥʢʦʚʦ  ʁʝʧʶʨʦ  ʁʪʘ ʽʥ.), ʷʢʽ ʥʘ ʚʩʽʭ ʝʪʘʧʘʭ 

ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ ʟ ʫʩʫʥʝʥʥʷ ʢʨʝʥʫ ʙʫʜʽʚʣʽ ʜʦʟʚʦʣʷʪʴ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʨʽʚʥʽʩʪʴ 

ʧʨʦʛʥʦʟʦʚʘʥʠʭ ʪʘ ʬʘʢʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʩʠʩʪʝʤʠ ʟ ʢʨʝʥʦʤ. 

ʋʥʽʚʝʨʩʘʣʴʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ɯʊɼɹɹ ʧʦʚʠʥʥʘ ʜʦʜʘʪʢʦʚʦ ʤʽʩʪʠʪʠ ʙʣʦʢ 

ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʅɼʉ ʬʫʥʜʘʤʝʥʪʫ ʪʘ ʚʝʨʭʥʴʦʾ ʙʫʜʦʚʠ ʚ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ 

ʧʨʦʮʝʩʽ ʫʩʫʥʝʥʥʷ ʢʨʝʥʫ ɹɹ, ʘ ʪʘʢʦʞ ʙʣʦʢ ʬʦʨʤʫʚʘʥʥʷ ʧʦʪʦʯʥʠʭ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʢʦʤʘʥʜ. 

ʎʝ ʜʦʟʚʦʣʠʪʴ ʚʠʟʥʘʯʠʪʠ ʣʦʢʘʣʴʥʽ ʟʦʥʠ ˇʨʫʥʪʫ, ʱʦ ʚʠʤʘʛʘʶʪʴ ʜʦʜʘʪʢʦʚʦʛʦ 

ʫʧʨʘʚʣʽʥʩʴʢʦʛʦ ʚʧʣʠʚʫ, ʥʘʧʨʠʢʣʘʜ ʥʘ ʦʩʥʦʚʽ ʢʦʨʝʢʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʩʽʜʘʥʴ ʧʽʜ 

ʧʽʜʦʰʚʦʶ ʩʪʨʽʯʢʦʚʦʛʦ ʬʫʥʜʘʤʝʥʪʫ ɹɹ.  
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ʈʆɿɼɯʃ 3. ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅʆ ʈɽɸʃɯɿʆɺɸʅɯ ʉʂʃɸɼʆɺɯ ɯʊɼɹɹ 

 

3.1. ʇʨʦʛʨʘʤʘ çPendulumè 

 

3.1.1. ʆʧʠʩ ʧʨʦʛʨʘʤʠ 

ʇʨʦʛʨʘʤʘ çPENDULUMè ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʾ 

ʧʝʨʝʤʽʱʝʥʴ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ɺʠʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʜʣʷ ʧʨʦʛʨʘʤʠ ʻ 

ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʽʚ, ʟʥʷʪʠʭ ʽʟ ʜʘʪʯʠʢʘ ʋɯɼ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʣʦʞʝʥʥʷ ʤʘʷʪʥʠʢʘ 

ʨʦʟʨʦʙʣʝʥʦ ʩʧʝʮʽʘʣʴʥʠʡ ʯʠʩʝʣʴʥʠʡ ʤʝʪʦʜ, ʷʢʠʡ ʰʫʢʘʻ ʪʘʢʝ ʧʦʣʦʞʝʥʥʷ ʤʘʷʪʥʠʢʘ 

ʚʩʝʨʝʜʠʥʽ ʢʚʘʜʨʘʪʘ, ʜʣʷ ʷʢʦʛʦ ʟʥʘʯʝʥʥʷ ʽʥʜʫʢʪʠʚʥʦʩʪʝʡ ʢʦʪʫʰʦʢ, ʦʪʨʠʤʘʥʽ ʟʘ 

ʤʦʜʝʣʣʶ ʧʦʣʷ ʽʥʜʫʢʪʠʚʥʦʩʪʝʡ, ʷʢʦʤʦʛʘ ʙʣʠʞʯʝ ʚʽʜʧʦʚʽʜʘʶʪʴ ʫʩʽʤ ʯʦʪʠʨʴʦʤ 

ʨʝʟʫʣʴʪʘʪʘʤ ʜʘʥʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʦʨʜʠʥʘʪʠ ʢʦʪʫʰʢʠ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʙʘʟʦʚʠʡ ʚʠʤʽʨ. 

ʂʦʦʨʜʠʥʘʪʠ ʢʦʪʫʰʢʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʰʣʷʭʦʤ ʾʾ ʟʤʽʱʝʥʥʷ ʚʟʜʦʚʞ ʣʽʥʽʾ, ʱʦ ʟô̒ ʜʥʫʻ 

ʧʘʨʫ ʧʨʦʪʠʣʝʞʥʠʭ ʢʦʪʫʰʦʢ, ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʽʥʜʫʢʪʠʚʥʽʩʪʴ, ʦʪʨʠʤʘʥʘ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʙʘʟʦʚʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ, ʜʦʨʽʚʥʶʚʘʣʘ ʽʥʜʫʢʪʠʚʥʦʩʪʽ, ʦʪʨʠʤʘʥʽʡ ʟʘ 

ʤʦʜʝʣʣʶ ʧʦʣʷ ʽʥʜʫʢʪʠʚʥʦʩʪʝʡ. ʂʦʦʨʜʠʥʘʪʠ ʤʘʷʪʥʠʢʘ ʫ ʙʘʟʦʚʦʤʫ ʚʠʤʽʨʶʚʘʥʥʽ 

ʧʨʠʡʤʘʶʪʴʩʷ ʨʽʚʥʠʤʠ ʥʫʣʶ. ʋʩʽ ʧʦʜʘʣʴʰʽ ʚʠʤʽʨʶʚʘʥʥʷ ʜʘʶʪʴ ʧʦʣʦʞʝʥʥʷ ʤʘʷʪʥʠʢʘ 

ʚʽʜʥʦʩʥʦ ʙʘʟʦʚʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ. 

ʂʦʪʫʰʢʠ ʧʦʟʥʘʯʘʶʪʴʩʷ ʟʘ ʛʦʜʠʥʥʠʢʦʚʦʶ ʩʪʨʽʣʢʦʶ ʮʠʬʨʘʤʠ 1, 2, 3, 4 (ʈʠʩ. 3.1). 

 

ʈʠʩ. 3.1. ʈʦʟʪʘʰʫʚʘʥʥʷ ʢʦʪʫʰʦʢ ʫ ʜʘʪʯʠʢʫ ʪʘ ʧʦʟʥʘʯʝʥʥʷ ʧʨʠ ʚʠʚʝʜʝʥʥʽ ʥʘ ʜʨʫʢ. 

 

ɼʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʚʘ ʤʝʪʦʜʠ: 

ʄʝʪʦʜ 1. ʆʩʦʙʣʠʚʠʤ ʯʠʥʦʤ (ʨʠʩ. 3.2) ʧʦʟʥʘʯʘʶʪʴʩʷ ʜʚʘ ʚʠʤʽʨʶʚʘʥʥʷ. 

ɺʠʚʦʜʪ̫ʴʩʷ ʜʚʘ ʚʝʢʪʦʨʠ ʧʝʨʝʤʽʱʝʥʥʷ: ʚʽʜ ʙʘʟʦʚʦʛʦ ʜʦ ʜʨʫʛʦʛʦ ʧʦʤʽʯʝʥʦʛʦ 

ʚʠʤʽʨʶʚʘʥʥʷ; ʚʽʜ ʧʝʨʰʦʛʦ ʧʦʤʽʯʝʥʦʛʦ ʜʦ ʜʨʫʛʦʛʦ ʧʦʤʽʯʝʥʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ. 
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ʈʠʩ. 3.2. ɺʽʟʫʘʣʽʟʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʥʷ (ʤʝʪʦʜ 1). 

 

ʈʠʩ. 3.3. ɺʽʟʫʘʣʽʟʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʥʷ (ʤʝʪʦʜ 2). 
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ʷ

; 
4
 ï

 ʪ
ʝ
ʢ
ʩ
ʪ
ʦ
ʚ
ʘ
 
ʽ
ʥ
ʬ
ʦ
ʨ
ʤ
ʘ
ʮ
ʽ
ʷ
;
 
5
 

ï
 ʽ
ʥ
ʬ
ʦ
ʨ
ʤ
ʘ
ʮ
ʽ
ʷ
 
ʧ
ʨ
ʦ
 
ʜ
ʘ
ʪ
ʫ
 
ʦ
ʩ
ʪ
ʘ
ʥ
ʥ
ʴ
ʦ
ʛ
ʦ
 
ʪ
ʘ
 
ʧ
ʦ
ʧ
ʝ
ʨ
ʝ
ʜ
ʥ
ʴ
ʦ
ʛ
ʦ
 

ʚ
ʠ
ʤ
ʽ
ʨ

ʶ
ʚ
ʘ
ʥ
ʥ
ʷ

,
 
ʤ
ʘ
ʩ
ʰ
ʪ
ʘ
ʙ
;
 
6
 

ï
 ʜ
ʘ
ʪ
ʘ
 
ʚ
ʠ
ʤ
ʽ
ʨ

ʶ
ʚ
ʘ
ʥ
ʥ
ʷ

; 
7
 ï

 ʦ
ʨ
ʽ
ʻ
ʥ
ʪ
ʘ
ʮ
ʽ
ʷ
 
ʢ
ʦ
ʪ
ʫ
ʰ
ʦ
ʢ
 
ʫ
 
ʜ
ʘ
ʪ
ʯ
ʠ
ʢ
ʫ
 
ʪ
ʘ
 
ʜ
ʘ
ʪ
ʯ
ʠ
ʢ
ʘ
 
ʥ
ʘ
 
ʦ
ʙ

ô
ʻ
ʢ
ʪ
ʽ
;
 
8
 

ï
 ʥ
ʦ
ʤ
ʝ
ʨ
ʠ
 
ʢ
ʦ
ʪ
ʫ
ʰ
ʦ
ʢ
;
 
9
 

ï
 ʙ
ʘ
ʟ
ʦ
ʚ

ʝ 

ʚ
ʠ
ʤ
ʽ
ʨ

ʶ
ʚ
ʘ
ʥ
ʥ
ʷ

; 
1
0
 ï

 ʦ
ʩ
ʪ
ʘ
ʥ
ʥ
ʻ

 ʚ
ʠ
ʤ
ʽ
ʨ
ʶ
ʚ
ʘ
ʥ
ʥ
ʷ

. 



113 

ʄʝʪʦʜ 2. ʆʩʦʙʣʠʚʠʤ ʯʠʥʦʤ (ʨʠʩ. 3.3) ʧʦʟʥʘʯʘʶʪʴʩʷ ʚʩʽ ʚʠʤʽʨʶʚʘʥʥʷ, ʱʦ 

ʮʽʢʘʚʣʷʪʴ. ɺʠʚʦʜʠʪʴʩʷ ʣʽʥʽʷ, ʱʦ ʟô̒ ʜʥʫʻ ʧʦʣʦʞʝʥʥʷ ʤʘʷʪʥʠʢʘ ʜʣʷ ʚʩʭ̔ ʧʦʟʥʘʯʝʥʠʭ 

ʚʠʤʽʨʶʚʘʥʴ. 

ɺʠʭʽʜʥʽ ʜʘʥʽ ʧʨʦʛʨʘʤʠ ʛʦʪʫʶʪʴʩʷ ʚ MS Excel (ʨʠʩ. 3.4) ʽ ʧʝʨʝʜʘʶʪʴʩʷ ʫ 

ʧʨʦʛʨʘʤʫ ʯʝʨʝʟ ɹʫʬʝʨ ʆʙʤʽʥʫ (Clipboard). 

ʇʝʨʰʠʡ ʨʷʜʦʢ ʽ ʧʝʨʰʠʡ ʩʪʦʚʧʯʠʢ ʪʘʙʣʠʮʽ ʤʽʩʪʷʪʴ ʩʧʝʮʽʘʣʴʥʽ ʢʝʨʫʶʯʽ ʩʠʤʚʦʣʠ, 

ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʟʘʜʘʪʠ ʚʩʽ ʚʠʭʽʜʥʽ ʜʘʥʽ: ʪʝʢʩʪʦʚʫ ʽʥʬʦʨʤʘʮʽʶ, ʧʨʠʚô̫ ʟʢʫ ʦʙô̒ ʢʪʘ ʥʘ 

ʤʽʩʮʝʚʦʩʪʽ, ʜʘʪʫ ʪʘ ʯʘʩ ʚʠʤʽʨʶʚʘʥʥʷ, ʦʨʽʻʥʪʘʮʽʶ ʜʘʪʯʠʢʘ ʥʘ ʦʙô̒ ʢʪʽ, ʰʨʠʬʪʠ ʪʦʱʦ. 

ʆʜʥʘ ʯʠ ʜʚʽ ʟʽʨʦʯʢʠ ʚ ʢʦʣʦʥʮʽ ʟʘʜʘʪʁ ɹʢʦʣʦʥʢʫ, ʱʦ ʤʽʩʪʠʪʴ ʨʝʟʫʣʴʪʘʪʠ ʦʜʥʦʛʦ 

ʚʠʤʽʨʶʚʘʥʥʷ. ʇʝʨʰʘ ʧʦʟʥʘʯʝʥʘ ʟʽʨʦʯʢʦʶ ʢʦʣʦʥʢʘ ʟʘʜʘʻ ʙʘʟʦʚʝ ʚʠʤʽʨʶʚʘʥʥʷ. 

ʂʦʣʦʥʢʠ, ʧʦʟʥʘʯʝʥʽ ʜʚʦʤʘ ʟʽʨʦʯʢʘʤʠ, ʟʘʜʘʶʪʴ ʚʠʤʽʨʶʚʘʥʥʷ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʟʘ ʤʝʪʦʜʦʤ 1. ʊʘʢʠʭ ʢʦʣʦʥʦʢ ʤʘʻ ʙʫʪʠ ʨʽʚʥʦ 

ʜʚʽ. ʇʝʨʰʘ ʟʘʜʘʻ ʧʦʧʝʨʝʜʥ ̒ ʚʠʤʽʨʶʚʘʥʥʷ, ʜʨʫʛʘ ï ʧʦʪʦʯʥʝ ʚʠʤʽʨʶʚʘʥʥʷ. ɼʣʷ 

ʢʦʞʥʦʛʦ ʜʘʪʯʠʢʘ ʧʨʦʛʨʘʤʘ ʚʠʚʦʜʠʪʴ ʜʚʽ ʩʪʨʽʣʢʠ (ʨʠʩ. 3.2) ï ʚʝʢʪʦʨ ʧʝʨʝʤʽʱʝʥʥʷ ʚʽʜ 

ʙʘʟʦʚʦʛʦ ʜʦ ʧʦʪʦʯʥʦʛʦ (ʩʫʮʽʣʴʥʘ ʩʪʨʽʣʢʘ) ʪʘ ʚʝʢʪʦʨ ʧʝʨʝʤʽʱʝʥʥʷ ʚʽʜ ʧʦʧʝʨʝʜʥʴʦʛʦ 

ʜʦ ʧʦʪʦʯʥʦʛʦ (ʥʝʩʫʮʽʣʴʥʘ ʩʪʨʽʣʢʘ). 

ʇʨʠ ʚʽʜʦʙʨʘʞʝʥʥʽ ʤʝʪʦʜʦʤ 2 ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚʩʽ ʧʦʤʽʯʝʥʽ ʚʠʤʽʨʶʚʘʥʥʷ. ʇʨʠ 

ʮʴʦʤʫ ʧʨʦʛʨʘʤʘ ʜʣʷ ʢʦʞʥʦʛʦ ʜʘʪʯʠʢʘ ʚʠʚʦʜʠʪʴ ʯʝʨʚʦʥʫ ʣʽʥʽʶ, ʱʦ ʟô̒ ʜʥʫʻ ʦʙʯʠʩʣʝʥʽ 

ʜʣʷ ʢʦʞʥʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʣʦʞʝʥʥʷ ʤʘʷʪʥʠʢʘ (ʨʠʩ. 3.3). 

ʅʘʪʠʩʢʘʥʥʷʤ ʢʣʘʚʽʰʽ F1 ʤʦʞʥʘ ʚʠʙʨʘʪʠ ʙʫʜ-ɹʷʢʠʡ ʟ ʤʝʪʦʜʽʚ ʘʙʦ ʟô̒ ʜʥʘʪʠ 

ʟʦʙʨʘʞʝʥʥʷ ʜʚʦʭ ʤʝʪʦʜʽʚ (ʨʠʩ. 3.5). 

ʅʘ ʣʠʩʪ ʤʦʞʥʘ ʚʠʚʦʜʠʪʠ ʜʦʚʽʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʜʘʪʯʠʢʽʚ (ʨʠʩ 3.6) ʥʘ ʢʦʥʢʨʝʪʥʦʤʫ 

ʦʙô̒ ʢʪʽ ʘʙʦ ʢʦʞʝʥ ʦʢʨʝʤʦ, ʨʦʟʤʽʱʫʶʯʠ ʡʦʛʦ ʚ ʙʫʜʴ-ʷʢʦʤʫ ʟʨʫʯʥʦʤʫ ʤʽʩʮʽ ʥʘ ʣʠʩʪʽ. 

ʇʨʘʢʪʠʯʥʠʡ ʜʦʩʚʽʜ ʧʦʢʘʟʘʚ, ʱʦ, ʷʢʱʦ ʢʽʣʴʢʽʩʪʴ ʜʘʪʯʠʢʽʚ ʙʽʣʴʰʘ ʟʘ 10, ʾʭ ʧʦʪʨʽʙʥʦ 

ʨʦʟʤʽʱʫʚʘʪʠ ʧʦ ʛʨʫʧʘʭ ʥʘ ʢʦʞʥʦʤʫ ʣʠʩʪʽ, ʧʝʨʝʭʦʜʷʯʠ ʥʘ ʥʘʩʪʫʧʥʠʡ ʣʠʩʪ ʢʣʘʚʽʰʘʤʠ 

Page Up ï Page Down. 
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ʈʠʩ. 3.5. ɺʽʟʫʘʣʽʟʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʥʷ (ʤʝʪʦʜ 1 ʧʣʶʩ ʤʝʪʦʜ 2). 

 
ʈʠʩ. 3.6. ɺʽʟʫʘʣʽʟʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ 9-ʪʠ ʜʘʪʯʠʢʽʚ. 
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ʇʨʦʛʨʘʤʘ ʧʦʩʪʽʡʥʦ ʦʧʠʪʫʻ ɹʫʬʝʨ ʆʙʤʽʥʫ ʽ, ʷʢ ʪʽʣʴʢʠ ʡʦʛʦ ʚʤʽʩʪ ʟʤʽʥʶʻʪʴʩʷ, 

ʟʜʽʡʩʥʶʻ ʨʦʟʨʘʭʫʥʦʢ ʪʘ ʚʠʚʝʜʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʝʢʨʘʥ. 

ʈʝʢʦʤʝʥʜʦʚʘʥʘ ʪʝʭʥʦʣʦʛʽʷ ʨʦʙʦʪʠ ʪʘʢʘ: ʚʽʜʢʨʠʪʠ ʦʜʥʦʯʘʩʥʦ Excel ʪʘ ʧʨʦʛʨʘʤʫ 

Pendulum; ʟʨʦʙʠʪʠ ʟʤʽʥʫ ʚ ʪʘʙʣʠʮʽ, ʚʥʽʩʰʠ ʜʘʥʽ ʚʠʤʽʨʶʚʘʥʴ; "ʆʙʨʘʪʠ ʚʩʝ"; 

"ʂʦʧʽʶʚʘʪʠ"; ʧʝʨʝʡʪʠ ʚ ʧʨʦʛʨʘʤʫ Pendulum ï ʟʤʽʥʠ ʙʫʜʫʪʴ ʥʝʛʘʡʥʦ ʚʽʜʦʙʨʘʞʝʥʽ ʥʘ 

ʝʢʨʘʥʽ. 

ʑʦʙ ʚʠʚʝʩʪʠ ʧʦʪʦʯʥʫ ʩʪʦʨʽʥʢʫ ʥʘ ʜʨʫʢ, ʧʦʪʨʽʙʥʦ ʥʘʪʠʩʥʫʪʠ ʢʣʘʚʽʰʫ P 

(ʣʘʪʠʥʩʴʢʫ) ʘʙʦ ɿ (ʫʢʨʘʾʥʩʴʢʫ). 

ɼʣʷ ʧʝʨʝʛʦʨʪʘʥʥʷ ʩʪʦʨʽʥʦʢ ï Page Up, Page Down. 

ɼʣʷ ʟʤʽʥʠ ʤʘʩʰʪʘʙʫ ï ʩʪʨʽʣʢʠ ʢʫʨʩʦʨʫ. ʇʨʠ ʮʴʦʤʫ ʚʝʣʠʯʠʥʘ ʩʪʨʽʣʦʢ ʚʝʢʪʦʨʽʚ 

ʙʫʜʝ ʟʤʽʥʶʚʘʪʠʩʷ ʧʨʦʧʦʨʮʽʡʥʦ ʜʦ ʚʝʣʠʯʠʥʠ ʤʘʩʰʪʘʙʫ (ʚʥʠʟʫ ʟʦʙʨʘʞʝʥʥʷ) 

(ʨʠʩ. 3.7). 

ɽʢʩʧʝʨʠʤʝʥʪʠ ʥʘ ʤʦʜʝʣʽ ʧʦʢʘʟʘʣʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʡ ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ 

ʤʦʞʝ ʚʠʟʥʘʯʘʪʠ ʧʦʣʦʞʝʥʥʷ ʤʘʷʪʥʠʢʘ ʟʘ ʪʨʴʦʤʘ ʽ ʜʚʦʤʘ (ʥʝʧʨʦʪʠʣʝʞʥʠʤʠ) 

ʢʦʪʫʰʢʘʤʠ. ʊʦʤʫ ʚʚʝʜʝʥʦ ʟʘʩʽʙ ʜʣʷ ʚʠʢʣʶʯʝʥʥʷ ʢʦʪʫʰʢʠ ʟ ʨʦʟʨʘʭʫʥʢʫ. 

ɼʣʷ ʮʴʦʛʦ ʧʦʪʨʽʙʥʦ ʚʩʪʘʥʦʚʠʪʠ ʽʥʜʫʢʪʠʚʥʽʩʪʴ ʢʦʪʫʰʢʠ ʧʦʟʘ ʜʦʧʫʩʪʠʤʠʤ 

ʜʽʘʧʘʟʦʥʦʤ ʽʥʜʫʢʪʠʚʥʦʩʪʝʡ, ʥʘʧʨʠʢʣʘʜ 0. 

ʗʢʱʦ ʥʘʪʠʩʥʫʪʠ ʢʣʘʚʽʰʫ F2, ʪʦ ʧʨʦʛʨʘʤʘ ʜʦʜʘʪʢʦʚʦ ʚʠʚʦʜʠʪʴ ʥʘ ʝʢʨʘʥ 

ʩʣʫʞʙʦʚʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʦʩʪʘʥʥ ̒ ʚʠʤʽʨʶʚʘʥʥʷ (ʥʘʜ ʜʘʪʯʠʢʦʤ) ï ʪʘʢ ʟʚʘʥʫ 

ʥʝʚô̫ ʟʢʫ. 

ʅʝʚô̫ ʟʢʘ ï ʯʝʨʚʦʥʠʤ ʢʦʣʴʦʨʦʤ ʥʘʜ ʜʘʪʯʠʢʦʤ ʚʠʚʦʜʠʪʴʩʷ ʏʠʩʣʦ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʻ, ʥʘʩʢʽʣʴʢʠ ʚʠʤʽʨʷʥʽ ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʫʟʛʦʜʞʝʥʽ ʤʽʞ ʩʦʙʦʶ. ɿʥʘʯʝʥʥʷ ʚʽʜ 

0 ʜʦ 4 ʤʦʞʥʘ ʨʦʟʮʽʥʶʚʘʪʠ ʷʢ ʧʦʭʠʙʢʫ ʚʠʤʽʨʶʚʘʥʴ (ʚ ʤʢɻʥ). ʗʢʱʦ ʟʥʘʯʝʥʥʷ ʙʽʣʴʰʝ 

4, ʪʦ ʥʘʡʽʤʦʚʽʨʥʽʰʝ ʦʜʥʘ ʟ ʽʥʜʫʢʪʠʚʥʦʩʪʝʡ ʚʠʤʽʨʷʥʘ ʥʝʪʦʯʥʦ. 

ʗʢʱʦ ʟ ʨʦʟʨʘʭʫʥʢʫ ʚʠʢʣʶʯʝʥʽ ʜʚʽ ʧʨʦʪʠʣʝʞʥʽ ʢʦʪʫʰʢʠ, ʟʥʘʯʝʥʥʷ ʥʝʚô̫ ʟʢʠ ʩʣʽʜ 

ʽʛʥʦʨʫʚʘʪʠ ï ʚʦʥʦ ʟʘʚʞʜʠ ʙʫʜʝ ʜʫʞʝ ʙʣʠʟʴʢʝ ʜʦ ʥʫʣʷ ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ "ʧʨʦʪʠʜʽʾ" 

ʧʨʦʪʠʣʝʞʥʠʭ ʢʦʪʫʰʦʢ. 
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ʘ)  

ʙ)  

ʈʠʩ. 3.7. ʇʨʠʢʣʘʜ ʟʤʽʥʠ ʤʘʩʰʪʘʙʫ ʟʘ ʦʜʥʘʢʦʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ (ʘ, ʙ). 
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ʗʢʱʦ ʢʦʪʫʰʢʘ ʚʠʢʣʶʯʝʥʘ ʟ ʨʦʟʨʘʭʫʥʢʫ ʰʣʷʭʦʤ ʚʩʪʘʥʦʚʣʝʥʥʷ ʾʾ ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʧʦʟʘ 

ʜʦʧʫʩʪʠʤʠʤ ʜʽʘʧʘʟʦʥʦʤ, ʾʾ ʥʦʤʝʨ ʚʠʚʦʜʠʪʴʩʷ ʩʠʥʽʤ ʢʦʣʴʦʨʦʤ. ʗʢʱʦ ʚʠʢʣʶʯʝʥʠʭ ʽʟ 

ʨʦʟʨʘʭʫʥʢʫ ʢʦʪʫʰʦʢ ʥʝʤʘʻ, ʪʦ ʧʨʦʛʨʘʤʘ ʧʨʦʚʦʜʠʪʴ ʯʦʪʠʨʠ ʜʦʜʘʪʢʦʚʽ ʨʦʟʨʘʭʫʥʢʠ ʟ 

ʧʦʩʣʽʜʦʚʥʠʤ ʚʠʢʣʶʯʝʥʥʷʤ ʢʦʞʥʦʾ ʢʦʪʫʰʢʠ. ʗʢʱʦ ʥʝʚô̫ ʟʢʘ ʧʨʠ ʚʠʢʣʶʯʝʥʥʽ ʜʝʷʢʦʾ 

ʢʦʪʫʰʢʠ ʚʠʭʦʜʠʪʴ ʨʽʟʢʦ ʤʝʥʰʦ  ʁʟʘ ʩʝʨʝʜʥ,ʁ ʪʦ ʥʦʤʝʨ ʮʽʻʾ ʢʦʪʫʰʢʠ ʚʠʚʦʜʠʪʴʩʷ 

ʯʝʨʚʦʥʠʤ ʢʦʣʴʦʨʦʤ.  

 

3.1.2. ʇʦʙʫʜʦʚʘ ʤʦʜʝʣʽ ʧʦʣʷ ʽʥʜʫʢʪʠʚʥʦʩʪʝʡ ʢʦʪʫʰʢʠ 

 

ʄʦʜʝʣʴ ʧʦʣʷ ʽʥʜʫʢʪʠʚʥʦʩʪʝʡ ï ʬʫʥʢʮʽʷ L(x,y), ʟʥʘʯʝʥʥʷ ʷʢʦʾ ï ʽʥʜʫʢʪʠʚʥʽʩʪʴ 

ʢʦʪʫʰʢʠ ʧʨʠ ʟʘʜʘʥʦʤʫ ʧʦʣʦʞʝʥʥʽ (x,y) ʤʘʷʪʥʠʢʘ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʣʦʞʝʥʥʷ 

ʤʘʷʪʥʠʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʪʦʜ, ʱʦ ʧʦʣʷʛʘʻ ʫ ʟʥʘʭʦʜʞʝʥʥʽ ʪʦʯʢʠ ʤʽʥʽʤʫʤʫ 

ʬʫʥʢʮʽʾ-ʥʝʚô̫ ʟʢʠ z(x,y), ʟʥʘʯʝʥʥʷ ʷʢʦʾ ʻ ʩʫʤʦ  ʁ ʢʚʘʜʨʘʪʽʚ ʚʽʜʭʠʣʝʥʴ ʚʠʤʽʨʷʥʠʭ 

ʽʥʜʫʢʪʠʚʥʦʩʪʝʡ ʢʦʪʫʰʦʢ ʚʽʜ ʽʥʜʫʢʪʠʚʥʦʩʪʝʡ, ʷʢʽ ʜʘʻ ʤʦʜʝʣʴ L(x,y) ʫ ʮʽʡ ʪʦʯʮʽ. ɼʣʷ 

ʟʥʘʭʦʜʞʝʥʥʷ ʤʽʥʽʤʫʤʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʪʦʜ ʷʢʥʘʡʰʚʠʜʰʦʛʦ ʩʧʫʩʢʫ (ʟʘ 

ʛʨʘʜʽʻʥʪʦʤ). ʊʦʤʫ ʜʫʞʝ ʚʘʞʣʠʚʦ, ʱʦʙ ʤʦʜʝʣʴ L(x,y) ʙʫʣʘ ʟʘ ʩʚʦʻʶ ʧʨʠʨʦʜʦʶ 

ʛʣʘʜʢʦʶ ʬʫʥʢʮʽʻʶ (ʤʘʣʘ ʥʝʧʝʨʝʨʚʥʫ ʧʝʨʰʫ ʧʦʭʽʜʥʫ). 

ʉʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ. ʇʦʯʘʪʦʢ ʢʦʦʨʜʠʥʘʪ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʮʝʥʪʨʽ ʜʘʪʯʠʢʘ. 

ɼʦʩʣʽʜʞʫʚʘʥʘ ʢʦʪʫʰʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʪʦʯʮʽ (0, -(R+A)), ʜʝ R = 7.5 ï ʨʘʜʽʫʩ ʤʘʷʪʥʠʢʘ, 

ɸ = 2.552683897 + 0.262425447 ï ʥʘʧʽʚʩʪʦʨʦʥʘ ʢʚʘʜʨʘʪʘ ï ʨʦʙʦʯʦʾ ʟʦʥʠ ʜʘʪʯʠʢʘ. ɼʣʷ 

ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʽ ʙʫʣʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʦʥʘʜ 1300 ʚʠʤʽʨʷʥʠʭ ʟʥʘʯʝʥʴ ʽʥʜʫʢʪʠʚʥʦʩʪʽ 

ʢʦʪʫʰʢʠ ʟʘ ʨʽʟʥʠʭ ʧʦʣʦʞʝʥʴ ʤʘʷʪʥʠʢʘ. ʎʽ ʜʘʥʽ ʤʽʩʪʷʪʴʩʷ ʫ ʬʘʡʣʽ model.data. ʋ 

ʮʴʦʤʫ ʬʘʡʣʽ ʨʷʜʦʢ "#ʮʠʬʨʘ" ʟʘʜʘʻ ʧʦʯʘʪʦʢ ʛʨʫʧʠ ʪʦʯʦʢ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʘ ʧʨʷʤʽʡ, 

ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʧʦʯʘʪʦʢ ʢʦʦʨʜʠʥʘʪ ʧʽʜ ʢʫʪʦʤ <ʮʠʬʨʘ>*10 ʛʨʘʜʫʩʽʚ ʜʦ ʦʩʽ 

ʘʙʩʮʠʩ. ɼʘʣʽ ʚ ʮʴʦʤʫ ʬʘʡʣʽ ʚ ʧʝʨʰʽʡ ʢʦʣʦʥʮʽ ï ʽʥʜʫʢʪʠʚʥʽʩʪʴ, ʫ ʜʨʫʛʽʡ ʢʦʣʦʥʮʽ ï 

ʚʽʜʩʪʘʥʴ ʚʽʜ ʧʦʯʘʪʢʫ ʢʦʦʨʜʠʥʘʪ (ʥʝʛʘʪʠʚʥʽ ʟʥʘʯʝʥʥʷ ï ʫ ʙʽʢ ʢʦʪʫʰʢʠ, ʧʦʟʠʪʠʚʥʽ ï ʫ 

ʙʽʢ ʚʽʜ ʢʦʪʫʰʢʠ). 
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ɼʣʷ ʢʦʞʥʦʾ ʛʨʫʧʠ ʪʦʯʦʢ ʜʘʥʦʛʦ ʥʘʧʨʷʤʢʫ ʟʘ ʤʝʪʦʜʦʤ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ ʙʫʚ 

ʧʦʙʫʜʦʚʘʥʠʡ ʘʧʨʦʢʩʠʤʫʶʯʠʡ ʧʦʣʽʥʦʤ. ɼʘʣʽ ʰʣʷʭʦʤ ʣʽʥʽʡʥʦʾ ʽʥʪʝʨʧʦʣʷʮʽʾ ʟʥʘʯʝʥʴ 

ʘʧʨʦʢʩʠʤʫʶʯʠʭ ʧʦʣʽʥʦʤʽʚ ʧʦ ʜʫʛʘʭ ʢʽʣ ʟ ʮʝʥʪʨʦʤ ʥʘ ʧʦʯʘʪʢʫ ʢʦʦʨʜʠʥʘʪ ʙʫʣʦ 

ʧʦʙʫʜʦʚʘʥʦ ʧʨʠʙʣʠʟʥʝ ʩʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʧʦʣʷ ʽʥʜʫʢʪʠʚʥʦʩʪʝʡ. ʊʦʯʢʘʤʠ 

ʧʦʢʘʟʘʥʽ ʚʠʭʽʜʥʽ ʪʦʯʢʠ ʪʘʨʫʚʘʣʴʥʦʾ ʪʘʙʣʠʮʽ. ɯʥʜʫʢʪʠʚʥʽʩʪʴ ʢʦʜʫʻʪʴʩʷ ʢʦʣʴʦʨʦʤ 

(ʨʠʩ. 3.8). 

 

ʈʠʩ. 3.8. ʉʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʧʦʣʷ ʽʥʜʫʢʪʠʚʥʦʩʪʝʡ (ʤʦʜʝʣʴ). 

ɸʥʘʣʽʟ ʮʴʦʛʦ ʟʦʙʨʘʞʝʥʥʷ (ʨʠʩ. 3.8) ʜʦʟʚʦʣʠʚ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʤʦʜʝʣʴ ʙʣʠʟʴʢʘ 

ʜʦ ʢʦʥʮʝʥʪʨʠʯʥʦʾ ʟ ʮʝʥʪʨʦʤ ʚ ʢʦʪʫʰʮʽ. ʊʦʙʪʦ ʪʦʯʢʠ ʟ ʦʜʥʘʢʦʚʦʶ ʽʥʜʫʢʪʠʚʥʽʩʪʶ 

ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʧʨʠʙʣʠʟʥʦ ʥʘ ʦʜʥʦʤʫ ʢʦʣʽ (ʨʠʩ. 3.9). ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʮʽʻʾ ʛʽʧʦʪʝʟʠ 

ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʦ ʩʽʤʝʡʩʪʚʦ ʢʨʠʚʠʭ ï ʟʘʣʝʞʥʽʩʪʴ ʣʽʥʽʡʥʦ-ʽʥʪʝʨʧʦʣʴʦʚʘʥʦʾ 

ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʚʽʜ ʢʫʪʘ ʚʽʜʭʠʣʝʥʥʷ ʪʦʯʢʠ ʚʽʜ ʦʩʽ ʦʨʜʠʥʘʪ ʟʘ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʚʽʜʩʪʘʥʽ 

ʜʦ ʢʦʪʫʰʢʠ (ʨʠʩ. 3.10). 
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ʇʦ ʦʩʽ ʘʙʩʮʠʩ ï ʢʫʪ ʚʽʜʭʠʣʝʥʥʷ ʪʦʯʢʠ ʚʽʜ ʦʩʽ ʦʨʜʠʥʘʪ. ʇʦ ʦʩʽ ʦʨʜʠʥʘʪ ï ʣʽʥʽʡʥʦ-

ʽʥʪʝʨʧʦʣʴʦʚʘʥʘ ʽʥʜʫʢʪʠʚʥʽʩʪʴ. ɺʽʜʩʪʘʥʴ ʜʦ ʢʦʪʫʰʢʠ ʢʦʜʫʻʪʴʩʷ ʢʦʣʴʦʨʦʤ. ɸʥʘʣʽʟ 

ʮʴʦʛʦ ʩʽʤʝʡʩʪʚʘ ʢʨʠʚʠʭ ʧʦʢʘʟʘʚ, ʱʦ ʤʦʜʝʣʴ ʧʦʤʽʪʥʦ ʚʽʜʭʠʣʷʻʪʴʩʷ ʚʽʜ ʢʦʥʮʝʥʪʨʠʯʥʦʾ 

ʚ ʟʦʥʽ ʚʝʣʠʢʠʭ ʢʫʪʽʚ ʽ ʤʘʣʠʭ ʚʽʜʩʪʘʥʝʡ ʚʽʜ ʢʦʪʫʰʢʠ (ʨʠʩ. 3.11). 

ʊʦʤʫ ʙʫʣʦ ʚʠʨʽʰʝʥʦ ʧʨʠʡʥʷʪʠ ʢʦʥʮʝʥʪʨʠʯʥʫ ʤʦʜʝʣʴ ʽʟ ʧʦʧʨʘʚʢʦʶ: 

r  = sqrt(x^2+(y+R+A)^2) ï ʚʽʜʩʪʘʥʴ ʜʦ ʢʦʪʫʰʢʠ 

f  = PI/2 - atan((y+R+A)/|x|) ï ʢʫʪ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʦʩʽ ʦʨʜʠʥʘʪ 

f0 = k1*(r -R) ï ʢʫʪ, ʧʦʯʠʥʘʶʯʠ ʟ ʷʢʦʛʦ ʚʢʣʶʯʘʻʪʴʩʷ ʧʦʧʨʘʚʢʘ: 

ʷʢʱʦ f < f0, ʪʦ L = L0(r), ʽʥʘʢʰʝ  L = L0(r) + k2*(f -f0)^k3. 

ʊʫʪ L0(r) ï ʟʥʘʯʝʥʥʷ ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʚ ʪʦʯʮʽ, ʱʦ ʣʝʞʠʪʴ ʥʘ ʦʩʽ ʦʨʜʠʥʘʪ ʥʘ ʪʽʡ 

ʩʘʤʽʡ ʚʽʜʩʪʘʥʽ ʚʽʜ ʢʦʪʫʰʢʠ, ʱʦ ʡ ʮʷ ʪʦʯʢʘ. 

ʂʦʝʬʽʮʽʻʥʪʠ k1, k2, k3 ʧʽʜʙʠʨʘʣʠʩʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʤʽʥʽʤʽʟʫʚʘʪʠ ʩʫʤʘʨʥʫ 

ʨʦʟʙʽʞʥʽʩʪʴ ʤʽʞ ʚʠʤʽʨʷʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʽʥʜʫʢʪʠʚʥʦʩʪʝʡ ʪʘ ʽʥʜʫʢʪʠʚʥʦʩʪʷʤʠ, ʷʢʽ ʚ 

ʪʠʭ ʩʘʤʠʭ ʪʦʯʢʘʭ ʜʘʻ ʤʦʜʝʣʴ (ʜʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʤʝʪʦʜ 

ʛʨʘʜʽʻʥʪʥʦʛʦ ʩʧʫʩʢʫ). 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʩʝʨʝʜʥʷ ʨʦʟʙʽʞʥʽʩʪʴ ʤʽʞ ʚʠʤʽʨʷʥʠʤʠ ʪʘ ʤʦʜʝʣʴʥʠʤʠ 

ʽʥʜʫʢʪʠʚʥʦʩʪʷʤʠ ʩʢʣʘʣʘ 1.053 ʤʢɻʥ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʥʷ 

ʽʥʜʫʢʪʠʚʥʦʩʪʽ (ʨʠʩ. 3.12). 

ɸʥʘʣʽʟ ʜʘʥʠʭ ʧʨʦʚʝʜʝʥʦ ʟ ʜʝʷʢʠʤ ʟʘʧʘʩʦʤ ʟʘ ʧʣʦʱʝʶ ʚʠʤʽʨʶʚʘʥʦʛʦ ʧʦʣʷ 

ʽʥʜʫʢʪʠʚʥʦʩʪʽ. ɿʦʥʠ ʩʣʘʙʢʦʾ ʯʫʪʣʠʚʦʩʪʽ ʢʦʪʫʰʦʢ ʣʝʞʘʪʴ ʧʦʟʘ ʢʚʘʜʨʘʪʦʤ ʪʘ 

ʽʛʥʦʨʫʶʪʴʩʷ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʚʝʣʠʯʠʥʠ ʟʤʽʱʝʥʥʷ ʤʘʷʪʥʠʢʘ (ʨʠʩ. 3.13). ʇʨʠ ʮʴʦʤʫ 

ʚʠʚʦʜʠʪʴʩʷ ʥʘʧʠʩ çɿʥʘʯʝʥʥʷ ʧʦʟʘ ʧʦʣʝʤ ʪʘʙʣʠʮʽ ʪʘʨʫʚʘʥʥʷè. ʗʢʱʦ ʚʟʷʪʠ ʜʦ ʫʚʘʛʠ 

ʢʦʥʩʪʨʫʢʮʽʶ ʜʘʪʯʠʢʘ, ʪʦ ʬʽʟʠʯʥʝ ʧʦʣʝ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʤʘʷʪʥʠʢʘ ʽ 4-ʭ 

ʢʦʪʫʰʦʢ ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʥʘʙʫʜʝ ʚʠʛʣʷʜʫ ʢʦʣʘ, ʘ ʦʪʞʝ, ʨʝʘʣʴʥʦ ʚʠʤʽʨʶʚʘʥʝ ʧʦʣʝ ʙʫʜʝ 

ʪʘʢʠʤ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3.14. 

ɿʨʦʟʫʤʽʣʦ, ʱʦ ʧʨʠ ʮʴʦʤʫ ʪʦʯʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʽʚ ʟʨʦʩʪʘʻ ʽ ʧʦʣʝ ʽʥʜʫʢʪʠʚʥʦʩʪʝʡ 

ʟʘ ʧʦʙʫʜʦʚʘʥʦʶ ʤʦʜʝʣʣʶ ʧʨʘʢʪʠʯʥʦ ʧʦʚʥʽʩʪʶ ʟʙʽʛʘʻʪʴʩʷ ʟ ʧʦʣʝʤ ʣʽʥʽʡʥʦ-

ʽʥʪʝʨʧʦʣʴʦʚʘʥʠʭ ʽʥʜʫʢʪʠʚʥʦʩʪʝʡ. 



120 

 

ʈʠʩ. 3.9. ʇʦʣʝ ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʟʘ ʧʦʙʫʜʦʚʘʥʦ ʁʤʦʜʝʣʣʶ. 

 

 

ʈʠʩ. 3.10. ʉʽʤʝʡʩʪʚʦ ʢʨʠʚʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʣʽʥʽʡʥʦ-ʽʥʪʝʨʧʦʣʴʦʚʘʥʦʾ ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʚʽʜ ʢʫʪʘ 

ʚʽʜʭʠʣʝʥʥʷ ʪʦʯʢʠ ʚʽʜ ʦʩʽ, ʢ̫ʫ ʜʘʻ ʧʦʙʫʜʦʚʘʥʘ ʤʦʜʝʣʴ. 
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ʈʠʩ. 3.12. ʈʽʟʥʠʮʷ ʤʽʞ ʣʽʥʽʡʥʦ-ʽʥʪʝʨʧʦʣʴʦʚʘʥʠʤʠ ʽʥʜʫʢʪʠʚʥʦʩʪʷʤʠ ʪʘ ʤʦʜʝʣʣʶ. 
 

 

ʈʠʩ. 3.11. ʉʽʤʝʡʩʪʚʦ ʢʨʠʚʠʭ ï ʟʘʣʝʞʥʽʩʪʴ ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʦʨʜʠʥʘʪ ʟʘ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ 

ʚʽʜʩʪʘʥʽ ʜʦ ʢʦʪʫʰʢʠ. 
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ʈʠʩ. 3.13. ʈʦʟʨʘʭʫʥʢʦʚʝ ʧʦʣʝ ʽʥʜʫʢʪʠʚʥʦʩʪʽ (ʚʩʝʨʝʜʠʥʽ ʢʚʘʜʨʘʪʘ) ʟʘ ʧʦʙʫʜʦʚʘʥʦʶ ʤʦʜʝʣʣʶ. 

 

ʈʠʩ. 3.14. ʈʝʘʣʴʥʦ ʚʠʤʽʨʶʚʘʥʝ ʧʦʣʝ ʽʥʜʫʢʪʠʚʥʦʩʪʝʡ ʟʘ ʧʦʙʫʜʦʚʘʥʦʶ ʤʦʜʝʣʣʶ. 
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ɼʣʷ ʟʨʫʯʥʦʩʪʽ ʢʦʨʠʩʪʫʚʘʥʥʷ ʧʨʦʛʨʘʤʦʶ ʪʘ ʚʠʚʝʜʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʜʨʫʢ, ʫʩʽ 

ʟʦʙʨʘʞʝʥʥʷ ʤʦʞʥʘ ʤʘʩʰʪʘʙʫʚʘʪʠ, ʢʦʨʠʩʪʫʶʯʠʩʴ ʢʫʨʩʦʨʦʤ (ʩʪʨʽʣʢʠ çʚʛʦʨʫ ï 

ʚʥʠʟè). ʇʦʨʽʚʥʷʥʥʷ ʤʦʜʝʣʝʡ ʧʨʦʚʦʜʠʪʴʩʷ ʢʣʘʚʽʰʘʤʠ Page Up, Page Down, ʱʦ 

ʜʦʟʚʦʣʷʻ ʚʽʟʫʘʣʴʥʦ ʦʮʽʥʠʪʠ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ. 

ʅʠʞʯʝ ʥʘʚʝʜʝʥʦ ʪʘʙʣʠʮʶ 3.1 ʨʦʟʙʽʞʥʦʩʪʝʡ ʚʠʤʽʨʷʥʠʭ ʟʥʘʯʝʥʴ ʽʥʜʫʢʪʠʚʥʦʩʪʽ 

ʪʘ ʤʦʜʝʣʽ (ʜʣʷ ʟʤʽʱʝʥʥʷ ʤʘʷʪʥʠʢʘ ʧʽʜ ʢʫʪʘʤʠ 0Ü  ̔10Ü). ʊʫʪ 1 ʢʦʣʦʥʢʘ ʧʨʝʜʩʪʘʚʣʷʻ 

ʚʽʜʩʪʘʥʴ ʜʦ ʮʝʥʪʨʫ ʜʘʪʯʠʢʘ; ʢʦʣʦʥʢʠ 2-4 ï ʚʢʘʟʫʶʪʴ ʚʠʤʽʨʶʚʘʥʝ ʟʥʘʯʝʥʥʷ 

ʽʥʜʫʢʪʠʚʥʦʩʪʽ; 5 ʢʦʣʦʥʢʘ ï ʢʚʘʜʨʘʥʪ, ʜʝ ʟʥʘʭʦʜʠʪʴʩʷ ʪʦʯʢʘ; 6 ʢʦʣʦʥʢʘ ï ʚʠʤʽʨʷʥʝ 

ʟʥʘʯʝʥʥʷ ʽʥʜʫʢʪʠʚʥʦʩʪʽ; 7 ʢʦʣʦʥʢʘ ï ʟʥʘʯʝʥʥʷ ʘʧʨʦʢʩʠʤʫʶʯʦʛʦ ʧʦʣʽʥʦʤʘ 

(ʟʽʨʦʯʢʘʤʠ ʧʦʟʥʘʯʝʥʽ ʪʦʯʢʠ ʟ ʚʽʜʭʠʣʝʥʥʷʤ ʙʽʣʴʰʝ ʦʜʠʥʠʮʽ); 8 ʢʦʣʦʥʢʘ ï ʟʥʘʯʝʥʥʷ 

ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʟʘ ʤʦʜʝʣʣʶ; 9 ʢʦʣʦʥʢʘ ï ʚʽʜʭʠʣʝʥʥʷ ʤʽʞ ʤʦʜʝʣʣʶ ʪʘ ʚʠʤʽʨʷʥʦʶ 

ʽʥʜʫʢʪʠʚʥʽʩʪʶ (ʚʠʚʦʜʠʪʴʩʷ, ʷʢʱʦ ʙʽʣʴʰʝ ʦʜʠʥʠʮʽ), ʍʍʍ ï ʥʝʤʘʻ ʟʥʘʯʝʥʴ. 

ʊʘʙʣʠʮʷ 3.1. 

ʈʦʟʙʽʞʥʽʩʪʴ ʤʦʜʝʣʽ ʪʘ ʚʠʤʽʨʷʥʦʾ ʽʥʜʫʢʪʠʚʥʦʩʪʽ 

1 2 3 4 5 6 7 8 9 

-2.147 1693.000 1693.054 1692.394 -2.099 1710.000 *1712.383 1706.056 3.944 

-2.004 1694.000 1693.893 1693.326 -1.551   1709.000 1709.259 1706.131 2.869 

-1.813 1695.000 1695.010 1694.492 -1.169 1708.000 1707.087 1705.471 2.529 

-1.622 1696.000 1696.064 1695.566 -0.883 1707.000 *1705.457 1704.604 2.396 

-1.431 1697.000 1697.011 1696.540 -0.620 1706.000 *1703.963 1703.543 2.457 

-1.193 1698.000 1698.011 1697.607 -0.453 1705.000 *1703.012 1702.742 2.258 

-0.907 1699.000 1698.926 1698.652 -0.286 1704.000 *1702.062 1701.849 2.151 

0.000 1700.000 1700.061 1700.116 -0.167 1703.000 *1701.383 1701.156 1.844 

0.907 1699.000 1698.926 1698.652 -0.072 1702.000 *1700.840 1700.572 1.428 

1.193 1698.000 1698.011 1697.607 -0.024   1701.000 1700.568 1700.270 ʍʍʍ 

1.431 1697.000 1697.011 1696.540 0.000 1700.000 1700.061 1700.116 ʍʍʍ 

1.622 1696.000 1696.064 1695.566 0.048 1699.000 *1700.160 1699.804 ʍʍʍ 

1.813 1695.000 1695.010 1694.492 0.143 1698.000 *1699.617 1699.161 1.161 

2.004 1694.000 1693.893 1693.326 0.262 1697.000 *1698.938 1698.324 1.324 

2.147 1693.000 1693.054 1692.394 0.429 1696.000   *1697.988 1697.093   1.093 

0.596 1695.000   ʍʍʍ ʍʍʍ ʍʍʍ ʍʍʍ *1697.037     1695.797 ʍʍʍ 

0.859 1694.000 ʍʍʍ ʍʍʍ ʍʍʍ ʍʍʍ *1695.543 1693.646 ʍʍʍ 

1.145 1693.000 ʍʍʍ ʍʍʍ ʍʍʍ ʍʍʍ 1693.913 1691.160   1.840 

1.527 1692.000 ʍʍʍ ʍʍʍ ʍʍʍ ʍʍʍ 1691.740 1687.668 4.332 
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ɸʥʘʣʽʟ ʚʩʽʭ ʚʠʤʽʨʷʥʠʭ ʟʥʘʯʝʥʴ, ʚʢʣʶʯʥʦ ʟ ʦʙʣʘʩʪ ʁʧʦʟʘ ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʧʦʣʝʤ, 

(ʨʠʩ. 3.15) ʧʦʢʘʟʘʚ, ʱʦ ʩʝʨʝʜʥ ̫ʨʦʟʙʽʞʥʽʩʪʴ ʫ ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʦʜʥʫ ʪʦʯʢʫ ʩʪʘʥʦʚʠʪʴ 

1,053. 

ʗʢʱʦ ʚʠʢʣʶʯʠʪʠ ʟ ʨʦʟʛʣʷʜʫ ʪʦʯʢʠ, ʱʦ ʣʝʞʘʪʴ ʧʦʟʘ ʢʦʣʦʤ ʨʘʜʽʫʩʫ ɸ, ʤʦʞʥʘ 

ʧʦʙʫʜʫʚʘʪʠ ʤʦʜʝʣʴ ʽʟ ʩʝʨʝʜʥʴʦʶ ʨʦʟʙʽʞʥʽʩʪʶ 0.960. ʆʜʥʘʢ, ʚʨʘʭʦʚʫʶʯʠ ʚʽʜʥʦʩʥʦ 

ʥʝʚʝʣʠʢʝ ʟʙʽʣʴʰʝʥʥʷ ʙʣʠʟʴʢʦʩʪʽ ʤʦʜʝʣʽ ʜʦ ʚʠʤʽʨʷʥʠʭ ʜʘʥʠʭ, ʙʫʣʦ ʚʠʨʽʰʝʥʦ 

ʟʘʣʠʰʠʪʠ ʪʨʦʭʠ ʛʽʨʰʫ ʤʦʜʝʣʴ, ʘʣʝ ʷʢʘ ʧʦʢʨʠʚʘʻ ʚʝʩʴ ʢʚʘʜʨʘʪ. 

 

3.2. ɯʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʘ ʩʠʩʪʝʤʘ çʄʦʥʽʪʦʨʠʥʛè 

 

3.2.1. ʆʧʠʩ ʩʠʩʪʝʤʠ 

 

ɸʚʪʦʤʘʪʠʟʦʚʘʥʘ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʘ ʩʠʩʪʝʤʘ çʄʦʥʽʪʦʨʠʥʛè 

ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʢʦʥʪʨʦʣʶ ʥʘʧʨʷʤʽʚ ʪʘ ʢʫʪʽʚ ʥʘʭʠʣʫ ʙʫʜʽʚʝʣʴʥʠʭ ʦʙô̒ ʢʪʽʚ ʪʘ ʾʭ 

ʝʣʝʤʝʥʪʽʚ ʚ ʦʥʣʘʡʥ-ʨʝʞʠʤʽ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʘʚʘʨʽʡʥʦʾ ʣʽʢʚʽʜʘʮʽʾ 

ʥʘʜʥʦʨʤʘʪʠʚʥʠʭ ʢʨʝʥʽʚ ɹɹ. ɺʠʢʦʥʘʥʘ ʥʘ ʦʩʥʦʚʽ ʽʥʜʫʢʪʠʚʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʪʘ 

ʧʽʜʪʨʠʤʫʻ ʜʠʩʪʘʥʮʽʡʥʝ ʟʥʽʤʘʥʥʷ, ʦʙʨʦʙʢʫ ʪʘ ʧʝʨʝʜʘʯʫ ʽʥʬʦʨʤʘʮʽʾ ʟ ʯʫʪʣʠʚʠʭ 

ʝʣʝʤʝʥʪʽʚ. 

ʊʝʭʥʽʯʥʽ ʟʘʩʦʙʠ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ɯɺʄʉ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 3.15: 

¶ ʧʨʠʩʪʨʦʾ ʚʠʤʽʨʶʚʘʥʥʷ ʢʫʪʦʚʠʭ ʜʝʬʦʨʤʘʮʽʡ (ʋɯɼ) ʪʘ ʨʦʟʢʨʠʪʪʷ ʪʨʽʱʠʥ; 

¶ ʚʠʤʽʨʶʚʘʯ ʽʥʜʫʢʪʠʚʥʦʩʪʽ; 

¶ ʙʣʦʢ ʟʙʦʨʫ ʪʘ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ; 

¶ ʣʽʥʽʾ ʟʚô̫ ʟʢʫ. 

ɯʥʬʦʨʤʘʮʽʷ ʧʝʨʝʜʘʻʪʴʩʷ ʤʝʨʝʞʘʤʠ ʤʦʙʽʣʴʥʦʛʦ ʟʚô̫ ʟʢʫ ʫ ʚʠʛʣʷʜʽ SMS-

ʧʦʚʽʜʦʤʣʝʥʴ ʘʙʦ ʯʝʨʝʟ ɯʥʪʝʨʥʝʪ ʥʘ ʩʢʨʠʥʴʢʫ ʝʣʝʢʪʨʦʥʥʦʾ ʧʦʰʪʠ ʟ ʧʦʜʘʣʴʰʦʶ 

ʦʙʨʦʙʢʦʶ ʥʘ ʢʦʤʧôʁ ʪʝʨʽ. ʉʠʩʪʝʤʘ ʧʨʘʮʶʻ ʚ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ ʟ ʤʦʞʣʠʚʽʩʪʶ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʧʝʨʽʦʜʫ ʫʚʽʤʢʥʝʥʥʷ. ʈʦʙʦʪʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʽʜ ʤʝʨʝʞʽ ~ 220 ɺ, 

ʩʠʩʪʝʤʘ ʦʩʥʘʱʝʥʘ ʙʝʟʧʝʨʝʙʽʡʥʠʤ ʙʣʦʢʦʤ ʞʠʚʣʝʥʥʷ (1000 ʛʦʜ ï ʯʝʨʛʦʚʠʡ ʨʝʞʠʤ, 
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48 ʛʦʜ ï ʨʝʞʠʤ ʚʠʤʽʨʶʚʘʥʥʷ). ɸʚʪʦʤʘʪʠʯʥʦ ʢʦʞʥʽ 12 ʛʦʜʠʥ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʝʨʝʚʽʨʢʘ 

ʟʘʨʷʜʫ ʘʢʫʤʫʣʷʪʦʨʘ ʤʦʙʽʣʴʥʦʛʦ ʪʝʣʝʬʦʥʫ ʪʘ ʪʝʩʪʫʚʘʥʥʷ ʚʩʽʻʾ ʩʠʩʪʝʤʠ, 

ʢʦʥʪʨʦʣʶʻʪʴʩʷ ʪʘʢʦʞ ʭʽʜ ʯʘʩʫ ʪʘ ʢʘʣʝʥʜʘʨʷ. 

 

 

                                                  1                      2                       3                   4 

ʈʠʩ. 3.15. ʊʝʭʥʽʯʥʽ ʟʘʩʦʙʠ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ɯɺʄʉ-ʩʠʩʪʝʤʠ. 1 ï ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʽʥʜʫʢʪʠʚʥʠʡ ʜʘʪʯʠʢ;                       

2 ï ʜʘʪʯʠʢ ʨʦʟʢʨʠʪʪʷ ʪʨʽʱʠʥ; 3 ï ʚʠʤʽʨʶʚʘʯ ʽʥʜʫʢʪʠʚʥʦʩʪʽ; 4 ï ʙʣʦʢ ʟʙʦʨʫ ʪʘ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ; 

5 ï ʣʽʥʽʾ ʟʚô̫ ʟʢʫ. 

 

ʇʽʩʣʷ ʦʧʠʪʫʚʘʥʥʷ ʜʘʪʯʠʢʽʚ (ʯʘʩ ʚʠʤʽʨʶʚʘʥʥʷ 99 ʜʘʪʯʠʢʽʚ ï 12 ʩʝʢ) ʩʠʩʪʝʤʘ 

ʧʝʨʝʭʦʜʠʪʴ ʫ ʨʝʞʠʤ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ. ʋ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʥʘʜ ʩʠʩʪʝʤʦʶ ʨʦʟʨʦʙʣʝʥʦ 

ʦʨʠʛʽʥʘʣʴʥʠʡ ʚʠʤʽʨʶʚʘʯ ʽʥʜʫʢʪʠʚʥʦʩʪʽ, ʚʩʪʘʥʦʚʣʝʥʠʡ ʫ ʜʘʪʯʠʢʘʭ. ʏʫʪʣʠʚʽʩʪʴ 

ʚʠʤʽʨʶʚʘʯʘ ï ʜʦ 0,5 ʤʢɻʥ ʧʨʠ ʧʦʭʠʙʮʽ ʚʠʤʽʨʶʚʘʥʴ ʫ ʚʩʴʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʤʫ 

ʜʽʘʧʘʟʦʥʽ 0,2%. ʇʨʠ ʮʴʦʤʫ ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ ʟʤʽʱʝʥʥʷ ʩʪʘʥʦʚʠʪʴ 0,001 ʤʤ, ʘ 

ʨʦʟʨʘʭʫʥʢʦʚʘ ʧʦʭʠʙʢʘ ʚʠʟʥʘʯʝʥʥʷ ʢʨʝʥʫ ʩʪʘʥʦʚʠʪʴ 0,05%. 

ɼʘʪʯʠʢʠ ʪʘ ʩʪʝʥʜ ʜʣʷ ʥʘʣʘʰʪʫʚʘʥʥʷ ʪʘ ʚʠʧʨʦʙʫʚʘʥʴ ʜʘʪʯʠʢʽʚ ʧʨʦʭʦʜʷʪʴ 

ʨʝʛʫʣʷʨʥʫ ʱʦʨʽʯʥʫ ʘʪʝʩʪʘʮʽʶ. 

ɹʣʦʢ ʟʙʦʨʫ ʽʥʬʦʨʤʘʮʽʾ ʟʘʙʝʟʧʝʯʫʻ ʪʘʢʽ ʬʫʥʢʮʽʾ: 
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¶ ɿʘʙʝʟʧʝʯʫʻ ʞʠʚʣʝʥʥʷ ʩʠʩʪʝʤʠ ʚʽʜ ʤʝʨʝʞʽ ~ 220 ɺ ʘʙʦ ʚʙʫʜʦʚʘʥʦʛʦ 

ʘʢʫʤʫʣʷʪʦʨʘ. 

¶ ɿʘʙʝʟʧʝʯʫʻ ʟʘʨʷʜ ʘʢʫʤʫʣʷʪʦʨʘ ʙʝʟʧʝʨʝʙʽʡʥʦʛʦ ʙʣʦʢʫ ʞʠʚʣʝʥʥʷ. 

¶ ɿʘʙʝʟʧʝʯʫʻ ʞʠʚʣʝʥʥʷ ʜʘʪʯʠʢʽʚ ʧʦ ʣʽʥʽʾ ʟʚô̫ ʟʢʫ. 

¶ ɿʙʠʨʘʻ ʽʥʬʦʨʤʘʮʽʶ ʚʽʜ ʜʘʪʯʠʢʽʚ. 

¶ ɿʘʙʝʟʧʝʯʫʻ ʟʘʨʷʜ ʘʢʫʤʫʣʷʪʦʨʘ ʤʦʙʽʣʴʥʦʛʦ ʪʝʣʝʬʦʥʫ. 

¶ ʂʝʨʫʻ ʨʦʙʦʪʦʶ ʤʦʙʽʣʴʥʦʛʦ ʪʝʣʝʬʦʥʫ ʧʽʜ ʯʘʩ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. 

¶ ɿʘʧʘʤô̫ ʪʦʚʫʻ ʚʩʽ ʥʘʣʘʰʪʫʚʘʥʥʷ ʚ ʝʥʝʨʛʦʥʝʟʘʣʝʞʥʽʡ ʧʘʤô̫ ʪʽ. 

¶ ʋ ʧʘʫʟʘʭ ʤʽʞ ʮʠʢʣʘʤʠ ʨʦʙʦʪʠ ʧʝʨʝʭʦʜʠʪʴ ʫ ʨʝʞʠʤ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ. 

¶ ɹʣʦʢ ʟʙʠʨʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʜʦ ʤʝʨʝʞʽ 220 ɺ. 

¶ ɹʣʦʢ ʟʙʠʨʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʜʦ ʣʽʥʽʾ ʟʚô̫ ʟʢʫ ʯʝʨʝʟ ʨʦʟô̒ ʤ Dɺ9. 

ʆʧʠʩ ʧʨʠʟʥʘʯʝʥʥʷ ʢʦʥʪʘʢʪʽʚ ʽ ʨʦʟô̒ ʤʽʚ ʙʣʦʢʫ ʟʙʦʨʫ ʽʥʬʦʨʤʘʮʽʾ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩ. 3.16 ʪʘ ʨʠʩ. 3.17. 

ʃʽʥʽʷ ʟʚô̫ ʟʢʫ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʯʦʪʠʨʴʦʭ ʜʨʦʪʽʚ, ʷʢʠʤʠ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʞʠʚʣʝʥʥʷ 

ʜʘʪʯʠʢʽʚ ʽ ʦʙʤʽʥ ʜʘʥʠʤʠ ʤʽʞ ʜʘʪʯʠʢʘʤʠ ʪʘ ɹʣʦʢʦʤ ʟʙʦʨʫ ʽʥʬʦʨʤʘʮʽʾ. ɼʦʚʞʠʥʘ ʣʽʥʽʾ 

ʟʚô̫ ʟʢʫ ʤʦʞʝ ʧʝʨʝʚʠʱʫʚʘʪʠ 100 ʤ (ʨʠʩ. 3.19). 

ʈʦʙʦʪʘ ɯɺʄʉ. ʇʽʩʣʷ ʥʘʣʘʰʪʫʚʘʥʥʷ ʪʘ ʟʘʧʫʩʢʫ ɯɺʄʉ ʚʦʥʘ ʧʨʘʮʶʻ ʪʘʢʠʤ 

ʯʠʥʦʤ: 

1. ɯɺʄʉ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʨʝʞʠʤʽ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ. 

¶ ʃʽʥʽʷ ʟʚô̫ ʟʢʫ ʟʥʝʩʪʨʫʤʣʝʥʘ, ʜʘʪʯʠʢʠ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʚʠʤʢʥʝʥʦʤʫ ʩʪʘʥʽ. 

¶ ʄʦʙʽʣʴʥʠʡ ʪʝʣʝʬʦʥ ʚʠʤʢʥʝʥʦ. 

¶ ʂʦʞʥʽ 12 ʛʦʜʠʥ ʧʝʨʝʚʽʨʷʻʪʴʩʷ ʟʘʨʷʜ ʘʢʫʤʫʣʷʪʦʨʘ ʤʦʙʽʣʴʥʦʛʦ ʪʝʣʝʬʦʥʫ  ̔ʟʘ 

ʧʦʪʨʝʙʠ ʚʤʠʢʘʻʪʴʩʷ ʟʘʨʷʜʞʘʥʥʷ. 

¶ ɿʘ ʥʘʷʚʥʦʩʪʽ ʤʝʨʝʞʽ ~ 220 ɺ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘʨʷʜ ʘʢʫʤʫʣʷʪʦʨʘ ʙʝʟʧʝʨʝʙʽʡʥʦʛʦ 

ʙʣʦʢʘ ʞʠʚʣʝʥʥʷ. 

¶ ʂʦʥʪʨʦʣʶʻʪʴʩʷ ʧʝʨʝʙʽʛ ʯʘʩʫ ʪʘ ʢʘʣʝʥʜʘʨʷ. 
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ʈʠʩ. 3.16. ʆʧʠʩ ʩʠʩʪʝʤʠ. ʅʘ ʨʠʩʫʥʢʫ: 1 ï ̔ʥʪʝʨʥʝʪ (e-mail); 2 ï ʙʣʦʢ ʟʙʦʨʫ ̔ ʥʬʦʨʤʘʮʽʾ; 3 ï ʣ̔ ʥʽʷ 

ʟʚô̫ ʟʢʫ; 4 ï ʦʙô̒ ʢʪ ʚʠʤʽʨʶʚʘʥʥʷ. 

 
ʈʠʩ. 3.17. ʆʧʠʩ ʧʨʠʟʥʘʯʝʥʥʷ ʢʦʥʪʘʢʪʽʚ ʪʘ ʨʦʟô̒ ʤʽʚ ʙʣʦʢʽʚ ʟʙʦʨʫ ʽʥʬʦʨʤʘʮʽʾ. ʅʘ ʨʠʩʫʥʢʫ: 1 ï 

ʤʦʙʽʣʴʥʠʡ ʪʝʣʝʬʦʥ; 2 ï ʙʣʦʢ ʟʙʦʨʫ ʽʥʬʦʨʤʘʮʽʾ; 3 ï ʢʥʦʧʢʘ-ʚʤʠʢʘʯ; 4 ï ʣʽʥʽʾ ʟʚô̫ ʟʢʫ. 
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2. ʇʨʠ ʥʘʩʪʘʥʥʽ ʤʦʤʝʥʪʫ ʚʠʤʽʨʶʚʘʥʥʷ: 

¶ ɯɺʄʉ ʧʦʜʘʻ ʞʠʚʣʝʥʥʷ ʥʘ ʣʽʥʽʶ ʟʚô̫ ʟʢʫ*. 

¶ ʇʦʩʣʽʜʦʚʥʦ ʦʧʠʪʫʶʪʴʩʷ ʜʘʪʯʠʢʠ. 

¶ ʇʽʩʣʷ ʦʧʠʪʫʚʘʥʥʷ ʚʩʽʭ ʜʘʪʯʠʢʽʚ ʣʽʥʽʷ ʟʚô̫ ʟʢʫ ʟʥʝʩʪʨʫʤʣʶʻʪʴʩʷ. 

¶ ɯɺʄʉ ʚʤʠʢʘʻ ʤʦʙʽʣʴʥʠʡ ʪʝʣʝʬʦʥ ʪʘ ʧʝʨʝʜʘʻ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʴ. 

ʄʦʙʽʣʴʥʠʡ ʪʝʣʝʬʦʥ ʚʠʤʠʢʘʻʪʴʩʷ, ɯɺʄʉ ʧʝʨʝʭʦʜʠʪʴ ʫ ʨʝʞʠʤ 

ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʜʦ ʥʘʩʪʫʧʥʦʛʦ ʤʦʤʝʥʪʫ ʚʠʤʽʨʶʚʘʥʥʷ. ʇʨʠ ʚʠʷʚʣʝʥʥʽ 

ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʞʠʚʣʝʥʥʷ ʣʽʥʽʾ ʟʚô̫ ʟʢʫ, ʘʚʪʦʤʘʪʠʯʥʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʽʜʧʨʘʚʣʝʥʥʷ 

ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʨʦ ʘʚʘʨʽʶ "Interface failure! Canôt access to sensors". ɯɺʄʉ 

ʧʝʨʝʭʦʜʠʪʴ ʫ ʨʝʞʠʤ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʜʦ ʥʘʩʪʫʧʥʦʛʦ ʤʦʤʝʥʪʫ ʚʠʤʽʨʶʚʘʥʥʷ. 

ʉʪʨʫʢʪʫʨʘ ʧʦʚʽʜʦʤʣʝʥʴ, ʱʦ ʥʘʜʩʠʣʘʶʪʴʩʷ. ɼʣʷ ʥʘʜʩʠʣʘʥʥʷ ʧʦʚʽʜʦʤʣʝʥʴ 

ʩʠʩʪʝʤʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʩʣʫʞʙʫ ʢʦʨʦʪʢʠʭ ʧʦʚʽʜʦʤʣʝʥʴ ï SMS. ɿʘ ʩʪʘʥʜʘʨʪʦʤ ʚ 

ʦʜʥʦʤʫ SMS ʤʦʞʝ ʙʫʪʠ ʧʝʨʝʜʘʥʦ ʥʝ ʙʽʣʴʰʝ 160 ʩʠʤʚʦʣʽʚ. ʊʦʤʫ ʩʠʩʪʝʤʘ ʤʦʞʝ 

ʧʝʨʝʜʘʪʠ ʚ ʢʦʞʥʦʤʫ ʧʦʚʽʜʦʤʣʝʥʥʽ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ 4 ʜʘʪʯʠʢʠ. ʈʦʟʙʠʪʪʷ ʚʩʽʻʾ 

ʽʥʬʦʨʤʘʮʽʾ ʥʘ SMS ʚʽʜʙʫʚʘʻʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʦ. 

ʇʨʠʢʣʘʜ ʧʦʚʽʜʦʤʣʝʥʥʷ: 

 

ʈʷʜʦʢ 

ɼʦʚʞʠʥʘ ʨʷʜʢʘ 

(+1 ʩʠʤʚʦʣ 

ʥʦʚʦʛʦ ʨʷʜʢʘ) 

ʆʧʠʩ 

ɽ-mail@ʝ-mail 32 ɸʜʨʝʩʘ ʝʣʝʢʪʨʦʥʥʦ ʾʧʦhʪʠ 

23.03.04   11 11 ɼʘʪʘ ʪʘ ʯʘʩ ʚʽʜʧʨʘʚʢʠ 

02/04 5 ʅʦʤʝʨ ʧʦʚʽʜʦʤʣʝʥʥʷ / ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ 

ʧʦʚʽʜʦʤʣʝʥʴ 

05: 16505 , 16501 , 16502 , 16503 26 ʅʦʤʝʨ ʜʘʪʯʠʢʘ: ʟʥʘʯʝʥʥ̫ 

ʥ̔ʜʫʢʪʠʚʥʦʩʪʝʡ L1, L2, L3, L4 

06 : 16505 , 16501 , 16502 , 16503 26 ʅʦʤʝʨ ʜʘʪʯʠʢʘ: ʟʥʘʯʝʥʥʷ 

ʽʥʜʫʢʪʠʚʥʦʩʪʝʡ L1, L2, L3, L4 

07 : 16505 , 16501 , 16502 , 16503 26 ʅʦʤʝʨ ʜʘʪʯʠʢʘ: ʟʥʘʯʝʥʥʷ 

ʽʥʜʫʢʪʠʚʥʦʩʪʝʡ L1, L2, L3, L4 

08 : 16505 , 16501 , 16502 , 16503 26 ʅʦʤʝʨ ʜʘʪʯʠʢʘ: ʟʥʘʯʝʥʥʷ 

ʽʥʜʫʢʪʠʚʥʦʩʪʝʡ  L1, L2, L3, L4 
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ʋ ʧʦʚʽʜʦʤʣʝʥʥʽ ʤʦʞʫʪʴ ʙʫʪʠ ʪʘʢʽ ʟʥʘʯʝʥʥʷ ʽʥʜʫʢʪʠʚʥʦʩʪʝʡ: 

 
ɿʥʘʯʝʥʥ ̫ ʆʧʠʩ 

--------- "ʇʨʦʯʝʨʢʠ" ï ʜʘʪʯʠʢ ʥʝ ʜʘʚ ʚʽʜʧʦʚʽʜʽ 

00000 ɿʘʤʠʢʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʾ ʢʦʪʫʰʢʠ 

99999 ʆʙʨʠʚ ʚʽʜʧʦʚʽʜʥʦʾ ʢʦʪʫʰʢʠ 

16515 ɯʥʰʽ ʯʠʩʣʘ ï ʽʥʜʫʢʪʠʚʥʽʩʪʴ ʢʦʪʫʰʢʠ ʚ ʤʢɻʥ ʭ 10, ʪʦʙʪʦ ʫ ʧʨʠʢʣʘʜʽ 

1651,5 ʤʢɻʥ 

 

 

 

3.2.2. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ɯɺʄʉ 

 

ʅʘ ʨʠʩ. 3.18 ʟʦʙʨʘʞʝʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ɯɺʄʉ. 

ɼʘʪʯʠʢʠ ʢʫʪʦʚʠʭ ʜʝʬʦʨʤʘʮʽʡ. ʂʦʞʝʥ ʜʘʪʯʠʢ ʟʘʙʝʟʧʝʯʫʻ ʪʘʢʽ ʬʫʥʢʮʽʾ: 

¶ ɿʜʽʡʩʥʶʻ ʚʠʤʽʨʶʚʘʥʥʷ 4-ʭ ʽʥʜʫʢʪʠʚʥʦʩʪʝʡ ʟʘ ʢʦʤʘʥʜʦʶ ʚʽʜ ɹʣʦʢʫ ʟʙʦʨʫ 

ʽʥʬʦʨʤʘʮʽʾ. 

¶ ɿʜʽʡʩʥʶʻ ʧʦʧʝʨʝʜʥʶ ʦʙʨʦʙʢʫ ʚʠʤʽʨʷʥʠʭ ʜʘʥʠʭ. 

¶ ɿʜʽʡʩʥʶʻ ʧʝʨʝʜʘʯʫ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦ ʣʽʥʽʾ ʟʚô̫ ʟʢʫ ʟʘ ʢʦʤʘʥʜʦʶ ʚʽʜ ɹʣʦʢʫ ʟʙʦʨʫ 

ʽʥʬʦʨʤʘʮʽʾ. 

¶ ʋ ʧʘʫʟʘʭ ʤʽʞ ʚʠʤʽʨʶʚʘʥʥʷʤʠ ʧʝʨʝʭʦʜʠʪʴ ʫ ʨʝʞʠʤ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ. 

ɼʘʪʯʠʢ ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʜʦ ʣʽʥʽʾ ʟʚô̫ ʟʢʫ ʯʝʨʝʟ ʨʦʟô̒ ʤ Dɺ9. ʇʨʠʟʥʘʯʝʥʥʷ 

ʢʦʥʪʘʢʪʽʚ ʨʦʟô̒ ʤʫ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 4. ʋʩʽ ʜʘʪʯʠʢʠ ʧʽʜʢʣʶʯʘʶʪʴʩʷ ʜʦ ʣʽʥʽʾ 

ʟʚô̫ ʟʢʫ ʧʘʨʘʣʝʣʴʥʦ. 

 

3.2.3.  ʇʨʠʥʮʠʧ ʜʽʾ ʚʠʤʽʨʶʚʘʯʘ ʽʥʜʫʢʪʠʚʥʦʩʪʽ 

 

ɼʦ ʩʪʨʫʢʪʫʨʥʦʾ ʩʭʝʤʠ ʚʠʤʽʨʶʚʘʯʘ ʽʥʜʫʢʪʠʚʥʦʩʪʽ (ʨʠʩ. 3.19) ʚʭʦʜʷʪʴ: 

ʄʽʢʨʦʢʦʥʪʨʦʣʝʨ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʛʝʥʝʨʘʮʽʶ ʪʝʩʪʦʚʦʛʦ ʩʠʛʥʘʣʫ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ 

ʽʥʜʫʢʪʠʚʥʦʩʪʽ, ʫʧʨʘʚʣʽʥʥʷ ʚʩʽʤʘ ʢʦʤʫʪʘʮʽʡʥʠʤʠ ʚʫʟʣʘʤʠ,  ʤʘʪʝʤʘʪʠʯʥʫ ʦʙʨʦʙʢʫ 

ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʽ ʦʙʨʦʙʢʫ ʩʠʛʥʘʣʽʚ ʽʥʪʝʨʬʝʡʩʫ; 
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