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ʜʨʫʢʦʚʘʥʦʛʦ ʟʘʩʦʙʫ ʤʘʩʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ - ʩʝʨʽʷ ʂɺ ˉ 11541 ï 413ʈ ʚʽʜ 21.07.2006 ʨ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʩʪʘʥʦʚʠ ɺɸʂ ʋʢʨʘʾʥʠ ʚʽʜ 16.12.09 ʨ. ˉ 7-08/6-ʟ çɿʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ 
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ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʠʭ ʩʪʫʧʝʥʽʚ ʜʦʢʪʦʨʘ ʽ ʢʘʥʜʠʜʘʪʘ ʥʘʫʢ. 

 

ɿʘʪʚʝʨʜʞʝʥʦ ʥʘ ʟʘʩʽʜʘʥʥʽ ʚʯʝʥʦʾ ʨʘʜʠ ɺɯʂʅʋ ʚʽʜ 13.10.2011 ʨ., ʧʨʦʪʦʢʦʣ ˉ 2. 

 

ɺʽʜʧʦʚʽʜʘʣʴʥʽ ʟʘ ʤʘʢʝʪ: 

ʈʷʙʘ ʃ.ʆ., ʉʦʣʦʜʻʻʚʘ ʃ.ɺ. 

 

 

 

ɺʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʟʘ ʥʦʚʠʟʥʫ ʽ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʥʘʚʝʜʝʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, 

ʪʘʢʪʠʢʦ-ʪʝʭʥʽʯʥʠʭ ʪʘ ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʽ ʢʦʨʝʢʪʥʽʩʪʴ 

ʚʠʩʣʦʚʣʶʚʘʥʴ ʥʝʩʫʪʴ ʘʚʪʦʨʠ. ʊʦʯʢʘ ʟʦʨʫ ʨʝʜʢʦʣʝʛʽʾ ʥʝ ʟʘʚʞʜʠ 

ʟʙʽʛʘʻʪʴʩʷ ʟ ʧʦʟʠʮʽʻʶ ʘʚʪʦʨʽʚ. ʋʩʽ ʤʘʪʝʨʽʘʣʠ ʥʘʜʨʫʢʦʚʘʥʽ ʚ 

ʘʚʪʦʨʩʴʢʽʡ ʨʝʜʘʢʮʽʾ. 

ɽʣʝʢʪʨʦʥʥʘ ʚʝʨʩʽʷ ʚʩʽʭ ɿʙʽʨʥʠʢʽʚ (ʧʦʯʠʥʘʶʯʠ ʟ ˉ17) ʨʦʟʤʽʱʝʥʽ ʥʘ 

ʩʘʡʪʽ ʙʽʙʣʽʦʪʝʢʠ ʽʤ. ɺ. ɺʝʨʥʘʜʩʴʢʦʛʦ. 

 

ɸʜʨʝʩʘ ʨʝʜʘʢʮʽʾ: 03680, ʤ. ʂʠʾʚ, ʚʫʣ. ʃʦʤʦʥʦʩʦʚʘ,81     ʪʝʣ./ʬʘʢʩ +38 (044) 521 ï 32 ï 99 

ʅʘʢʣʘʜ 300 ʧʨʠʤ.                                                                                           239 ï 32 ï 10 

ɽʣ.ʘʜʨʝʩʘ: lenkov_s@ukr.net 

ʆʬʽʮʽʡʥʠʡ ʩʘʡʪ ɺʽʡʩʴʢʦʚʦʛʦ ʽʥʩʪʠʪʫʪʫ: www.mil.univ.kiev.ua 
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ʂʆʅʎɽʇʊʋɸʃʔʅɯ ɯ ʄɽʊʆɼʆʃʆɻɯʏʅɯ ʇɯɼʍʆɼʀ ɼʆ ʇɯɼɻʆʊʆɺʂʀ 

ʉʇɽʎɯɸʃɯʉʊɯɺ ɿ ɯʅʌʆʈʄɸʎɯʁʅʆɰ ɹɽɿʇɽʂʀ ɺ ʋʂʈɸɰʅɯ 

 
ʋ ʜʘʥʽʡ ʩʪʘʪʪʽ ʚʠʢʣʘʜʝʥʽ ʧʦʛʣʷʜʠ ʥʘ ʩʠʩʪʝʤʥʦ-ʢʦʥʮʝʧʪʫʘʣʴʥʫ ʪʘ ʤʝʪʦʜʦʣʦʛʽʯʥʫ 

ʥʘʧʨʘʚʣʝʥʽʩʪʴ, ʘ ʪʘʢʦʞ ʰʣʷʭʠ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʽʜʛʦʪʦʚʢʠ ʩʧʝʮʽʘʣʽʩʪʽʚ ʧʦ 

ʢʦʤʧʣʝʢʩʥʦʤʫ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʽʥʬʦʨʤʘʮʽʡʥʘ ʙʝʟʧʝʢʘ, ʟʘʭʠʩʪ ʽʥʬʦʨʤʘʮʽʾ, ʢʦʤʧʣʝʢʩʥʘ ʩʠʩʪʝʤʘ ʟʘʭʠʩʪʫ 

ʽʥʬʦʨʤʘʮʽʾ, ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ, ʪʝʭʥʦʣʦʛʽʾ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ, ʽʥʬʦʨʤʘʮʽʷ, ʩʠʩʪʝʤʘ ʟʥʘʥʴ. 

 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʠʟʣʦʞʝʥʳ ʚʟʛʣʷʜʳ ʥʘ ʩʠʩʪʝʤʥʦ-ʢʦʥʮʝʧʪʫʘʣʴʥʫʶ ʠ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʫʶ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʧʫʪʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ 

ʢʦʤʧʣʝʢʩʥʦʡ ʟʘʱʠʪʝ ʠʥʬʦʨʤʘʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʟʘʱʠʪʘ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʤʧʣʝʢʩʥʘʷ 

ʩʠʩʪʝʤʘ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ, ʪʝʭʥʦʣʦʛʠʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ, 

ʠʥʬʦʨʤʘʮʠʷ, ʩʠʩʪʝʤʘ ʟʥʘʥʠʡ. 

 

In this article the views to the system-conceptual and methodological orientation, and also ways of 

increase of efficiency of preparation of experts in complex protection of the information are stated. 

Keywords: information security, information protection, complex system of protection of the 

information, indicators of quality, technology of processing of the information,  information, system of 

knowledge. 

 

ɺʩʪʫʧ. ɯʥʬʦʨʤʘʪʠʟʘʮʽʷ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʠʭ, ʪʝʭʥʽʯʥʠʭ ʪʘ ʽʥʰʠʭ ʩʬʝʨ ʩʫʯʘʩʥʦʛʦ 

ʩʫʩʧʽʣʴʩʪʚʘ ʥʝʤʦʞʣʠʚʘ ʙʝʟ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʽʥʬʦʨʤʘʪʠʢʠ, 

ʦʩʥʦʚʥʦʶ ʤʝʪʦʶ ʷʢʦʾ ʻ ʟʘʜʦʚʦʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʨʝʙ ʨʽʟʥʠʭ ʩʬʝʨ ʜʽʷʣʴʥʦʩʪʽ ʜʝʨʞʘʚʠ. 

ʇʨʠ ʮʴʦʤʫ ʽʥʬʦʨʤʘʮʽʷ, ʧʨʦʥʠʢʘʶʯʠ ʚ ʫʩʽ ʩʬʝʨʠ ʜʽʷʣʴʥʦʩʪʽ ʜʝʨʞʘʚʠ, ʥʘʙʫʚʘʻ ʢʦʥʢʨʝʪʥʦʛʦ 

ʚʘʨʪʽʩʥʦʛʦ ʚʠʨʘʞʝʥʥʷ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʷʜʦʤ ʯʠʥʥʠʢʽʚ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʨʦʟʤʽʨʦʤ 

ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʟʙʠʪʢʫ, ʚʠʢʣʠʢʘʥʠʤ ʟʥʠʞʝʥʥʷʤ ʾʾ ʷʢʦʩʪʽ. ʆʜʥʠʤ ʽʟ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ 

ʽʥʬʦʨʤʘʮʽʾ ʻ ʾʾ ʙʝʟʧʝʢʘ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʪʫʧʝʥʝʤ ʟʘʭʠʩʪʫ ʚʽʜ ʚʠʧʘʜʢʦʚʦʛʦ ʘʙʦ ʥʘʚʤʠʩʥʦʛʦ ʾʾ 

ʦʪʨʠʤʘʥʥʷ ʦʙ'ʻʢʪʘʤʠ, ʱʦ ʥʝ ʤʘʶʪʴ ʥʘ ʮʝ ʧʦʚʥʦʚʘʞʝʥʴ. ʉʢʣʘʜʥʽʩʪʴ ʧʨʦʙʣʝʤʠ ʨʝʘʣʽʟʘʮʽʾ 

ʨʦʟʛʣʷʥʫʪʦʾ ʷʢʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʚʠʤʘʛʘʻ ʥʝʬʦʨʤʘʣʴʥʦʛʦ ʩʠʩʪʝʤʥʦ-ʢʦʥʮʝʧʪʫʘʣʴʥʦʛʦ ʧʽʜʭʦʜʫ 

ʧʨʠ ʾʾ ʚʠʨʽʰʝʥʥʽ, ʪʘ, ʚʽʜʧʦʚʽʜʥʦ, ʨʦʟʛʣʷʜʫ ʧʠʪʘʥʴ ʧʽʜʛʦʪʦʚʢʠ ʩʧʝʮʽʘʣʽʩʪʽʚ ʷʢ ʥʝʚʽʜ'ʻʤʥʦʾ 

ʯʘʩʪʠʥʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʽ ʚʠʟʥʘʯʘʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʜʦʟʤʽʥʠ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʽ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʽʜʛʦʪʦʚʢʠ ʩʧʝʮʽʘʣʽʩʪʽʚ ʟ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ. ɰɰ ʦʩʥʦʚʥʘ ʩʫʪʴ ʧʦʣʷʛʘʻ ʚ ʧʽʜʛʦʪʦʚʮʽ ʩʧʝʮʽʘʣʽʩʪʘ, ʱʦ ʚʦʣʦʜʽʻ ʪʘʢ 

ʟʚʘʥʠʤʠ ʙʘʛʘʪʦʩʢʣʘʜʦʚʠʤʠ ʟʥʘʥʥʷʤʠ, ʘʙʦ ʟʥʘʥʥʷʤʠ ʥʝ ʪʽʣʴʢʠ ʚ ʩʬʝʨʽ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ, ʘʣʝ 

ʡ ʚ ʩʬʝʨʽ ʝʢʦʥʦʤʽʢʠ, ʧʨʘʚʘ ʪʘ ʽʥʰʠʭ ʩʬʝʨ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʢʦʤʧʣʝʢʩʥʽʩʪʴ ʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ 

ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ [1]. 

ʇʽʜʪʚʝʨʜʞʝʥʥʷʤ ʘʢʪʫʘʣʴʥʦʩʪʽ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʤʦʞʫʪʴ ʙʫʪʠ ʥʘʩʪʫʧʥʽ ʬʘʢʪʦʨʠ [2,3]: 

- ʟʤʽʥʘ ʪʝʭʥʦʣʦʛʽʾ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʘ ʦʨʛʘʥʽʯʥʦ ʟʣʠʚʘʻʪʴʩʷ ʟ ʪʝʭʥʦʣʦʛʽʻʶ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʙ'ʻʢʪʽʚ, ʩʪʚʦʨʶʻ ʻʜʠʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʱʦ ʬʫʥʢʮʽʦʥʫʶʪʴ ʥʘ ʧʨʠʥʮʠʧʘʭ ʧʦʪʦʯʥʦ-

ʽʥʜʫʩʪʨʽʘʣʴʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ; 

- ʧʦʪʨʝʙʘ ʥʝ ʪʽʣʴʢʠ ʜʝʨʞʘʚʥʠʭ, ʘʣʝ ʡ ʥʝʜʝʨʞʘʚʥʠʭ ʩʪʨʫʢʪʫʨ ʧʦ ʟʘʙʝʟʧʝʯʝʥʥʶ 

ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ; 

- ʙʘʛʘʪʦʛʨʘʥʥʽʩʪʴ ʤʝʪʦʜʽʚ ʽ ʟʘʩʦʙʽʚ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ; 

- ʥʝʦʙʭʽʜʥʽʩʪʴ ʽʥʪʝʛʨʘʮʽʾ ʥʘʮ̔ʦʥʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ ʚ ʤʽʞʥʘʨʦʜʥʫ 

ʩʠʩʪʝʤʫ; 

- ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʩʪʽʡʥʦʛʦ ʚʠʷʚʣʝʥʥʷ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʽ ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ ʜʝʩʪʘʙʽʣʽʟʫʶʯʠʭ 
ʬʘʢʪʦʨʽʚ ʽ ʟʘʛʨʦʟ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʘʜʝʢʚʘʪʥʠʭ ʟʘʭʦʜʽʚ ʟʘʭʠʩʪʫ; 

- ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʚʠʪʢʫ ʪʝʦʨʽʾ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ; 
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- ʩʢʣʘʜʥʽʩʪʴ ʨʦʟʚʠʪʢʫ ʥʦʚʠʭ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʠʭ, ʧʨʘʚʦʚʠʭ, ʚʽʡʩʴʢʦʚʠʭ ʪʘ ʽʥʰʠʭ 

ʧʨʦʮʝʩʽʚ ʚ ʢʨʘʾʥʽ ʪʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʟʚ'ʷʟʢʫ ʟ ʪʠʤ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ ʦʧʪʠʤʽʟʘʮʽʾ ʟʘʪʨʘʪ 

ʨʝʩʫʨʩʽʚ ʥʘ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʚ ʣʶʜʠʥʦ-ʤʘʰʠʥʥʠʭ ʩʠʩʪʝʤʘʭ ʾʾ ʦʙʨʦʙʢʠ. 

ɺʩʝ ʮʝ ʚʨʝʰʪʽ ʨʝʰʪ ʧʽʜʪʚʝʨʜʞʫʻ ʘʢʪʫʘʣʴʥʽʩʪʴ ʨʦʟʛʣʷʜʫ ʤʝʪʦʜʦʣʦʛʽʯʥʠʭ ʘʩʧʝʢʪʽʚ 

ʧʽʜʛʦʪʦʚʢʠ ʚʠʩʦʢʦʧʨʦʬʝʩʽʡʥʠʭ ʩʧʝʮʽʘʣʽʩʪʽʚ ʟ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ. 

ʄʝʪʘ ʨʦʙʦʪʠ. ʄʝʪʦʶ ʜʘʥʦʾ ʩʪʘʪʪʽ ʻ ʚʠʢʣʘʜ  ʜʝʷʢʠʭ ʧʦʛʣʷʜʽʚ ʥʘ ʤʝʪʦʜʦʣʦʛʽʯʥʫ 

ʩʧʨʷʤʦʚʘʥʽʩʪʴ ʪʘ ʰʣʷʭʠ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʽʜʛʦʪʦʚʢʠ ʩʧʝʮʽʘʣʽʩʪʽʚ ʟ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ. 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʅʠʥʽ ʧʨʠ ʧʽʜʛʦʪʦʚʮʽ ʩʧʝʮʽʘʣʽʩʪʽʚ ʟ ʨʽʟʥʠʭ ʩʬʝʨ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʟ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ, ʚʩʝ ʙʽʣʴʰʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʨʦʟʚʠʪʢʫ ʟʘʛʘʣʴʥʦʾ ʪʝʥʜʝʥʮʽʾ 

ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʛʦ ʟʜʽʡʩʥʝʥʥʷ ʨʝʬʦʨʤ ʤʝʪʦʜʦʣʦʛʽʾ ʦʩʚʽʪʠ ʽ ʥʘʚʯʘʣʴʥʠʭ ʧʨʦʛʨʘʤ, ʱʦ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʝʦʙʭʽʜʥʽʩʪʶ ʧʝʨʝʭʦʜʫ ʚʽʜ ʤʝʪʦʜʽʚ ʧʘʩʠʚʥʦʛʦ ʟʘʩʚʦʻʥʥʷ ʜʦ ʤʝʪʦʜʽʚ ʘʢʪʠʚʥʦʛʦ 

ʦʚʦʣʦʜʽʥʥʷ ʟʥʘʥʥʷʤʠ, ʾʭ ʟʙʘʛʘʯʝʥʥʷ, ʚʠʭʦʚʘʥʥʷ ʫ ʩʪʫʜʝʥʪʽʚ ʥʘʚʠʯʦʢ ʜʦʩʣʽʜʥʠʢʘ. 

ʈʘʟʦʤ ʟ ʪʠʤ, ʽʩʥʫʻ ʧʨʦʪʠʨʽʯʯʷ ʤʽʞ ʚʩʝʟʨʦʩʪʘʶʯʠʤʠ ʦʙ'ʻʤʘʤʠ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʫ ʥʝʦʙʭʽʜʥʦ 

ʜʘʪʠ ʩʧʝʮʽʘʣʽʩʪʫ ʟ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ, ʪʘ ʦʙʤʝʞʝʥʠʤʠ ʬʽʟʽʦʣʦʛʽʯʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ 

ʩʪʫʜʝʥʪʘ ʟ ʾʭ ʩʧʨʠʡʥʷʪʪʷ ʪʘ ʟʘʩʚʦʻʥʥʷ. ɺʠʨʽʰʝʥʥʷ ʜʘʥʦʛʦ ʧʨʦʪʠʨʽʯʯʷ ʚ ʩʴʦʛʦʜʝʥʥʽ 

ʥʘʤʘʛʘʶʪʴʩʷ ʚʽʜʥʘʡʪʠ ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʫ ʥʘʚʯʘʥʥʷ ʩʧʝʮʽʘʣʽʩʪʘ ʪʘ ʟʥʠʞʝʥʥʷ ʦʙ'ʻʤʫ 

ʟʥʘʥʴ, ʱʦ ʧʦʜʘʻʪʴʩʷ, ʰʣʷʭʦʤ ʧʦʛʣʠʙʣʝʥʥʷ ʩʧʝʮʽʘʣʽʟʘʮʽʾ ʡʦʛʦ ʧʽʜʛʦʪʦʚʢʠ. 

ɺ ʪʦʡ ʩʘʤʠʡ ʯʘʩ ʩʪʨʦʢ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʣʶʜʠʥʠ, ʯʘʩʪʠʥʘ ʷʢʦʛʦ ʚ ʥʝʾ ʡʜʝ ʥʘ ʥʘʚʯʘʥʥʷ, ʻ 

ʦʙʤʝʞʝʥʠʤ. ɺ ʟʚ'ʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʚ ʪʝʧʝʨʽʰʥʽʭ ʫʤʦʚʘʭ ʚ ʩʪʘʜʽʾ ʥʘʚʯʘʥʥʷ ʩʪʫʜʝʥʪ ʧʨʘʮʶʻ ʚ 

ʦʩʥʦʚʥʦʤʫ ʚ ʨʝʞʠʤʽ ʩʧʦʞʠʚʘʥʥʷ ʟʥʘʥʴ, ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʫ ʥʘ ʡʦʛʦ ʥʘʚʯʘʥʥʷ ʟʥʠʞʫʻ ʢʦʝʬʽʮʽʻʥʪ 

ʡʦʛʦ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʆʯʝʚʠʜʥʠʤ ʻ ʪʝ, ʱʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ 

ʩʧʝʮʽʘʣʽʩʪʘ ʙʫʜʝ ʪʠʤ ʚʠʱʝ, ʯʠʤ ʤʝʥʰʫ ʯʘʩʪʠʥʫ ʮʴʦʛʦ ʩʪʨʦʢʫ ʟʘʡʤʝ ʡʦʛʦ ʧʘʩʠʚʥʝ ʥʘʚʯʘʥʥʷ, 

ʪʦʙʪʦ ʯʠʤ ʚʠʱʝ ʙʫʜʝ ʡʦʛʦ ʧʨʘʢʪʠʯʥʘ ʚʽʜʜʘʯʘ ʟʘ ʧʝʨʽʦʜ ʥʘʚʯʘʥʥʷ. ʂʨʽʤ ʮʴʦʛʦ ʩʧʝʮʽʘʣʽʩʪ ʟ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʻ ʝʣʝʤʝʥʪʦʤ ʧʝʚʥʦʾ ʩʠʩʪʝʤʠ, ʡʦʛʦ ʚʠʣʫʯʝʥʥʷ ʟ ʥʝʾ ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ ʘʙʦ 

ʧʝʨʝʧʽʜʛʦʪʦʚʢʠ ʧʝʚʥʠʤ ʯʠʥʦʤ ʧʦʟʥʘʯʘʻʪʴʩʷ ʪʘʢʦʞ ʽ ʥʘ ʟʥʠʞʝʥʥʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʮʽʻʾ ʩʠʩʪʝʤʠ 

[4]. 

ɺʨʘʭʦʚʫʶʯʠ ʪʝ, ʱʦ ʩʧʝʮʽʘʣʽʩʪ ʛʦʪʫʻʪʴʩʷ ʜʣʷ ʩʠʩʪʝʤʠ, ʧʽʜ ʷʢʦʶ ʨʦʟʫʤʽʻʪʴʩʷ ʜʝʷʢʝ 

ʽʥʪʝʛʨʘʪʠʚʥʝ ʮʽʣʝ, ʱʦ ʤʘʻ ʟʘʛʘʣʴʥʦʩʠʩʪʝʤʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʝ ʚʣʘʩʪʠʚʽ ʢʦʞʥʽʡ ʽʟ ʾʾ ʩʢʣʘʜʦʚʠʭ 

ʯʘʩʪʠʥ, ʜʦʩʷʛʥʫʪʠ ʛʣʠʙʦʢʦʛʦ ʨʦʟʫʤʽʥʥʷ ʪʘ ʟʘʩʚʦʻʥʥʷ ʟʘʛʘʣʴʥʦʩʠʩʪʝʤʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʰʣʷʭʦʤ ʥʘʚʽʪʴ ʥʘʡʧʦʛʣʠʙʣʝʥʽʰʦʛʦ ʚʠʚʯʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʦʞʥʦʾ ʩʢʣʘʜʦʚʦʾ ʯʘʩʪʠʥʠ 

ʥʝʤʦʞʣʠʚʦ. ɿ ʮʽʻʾ ʧʨʠʯʠʥʠ ʰʣʷʭ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʩʚʽʪʥʴʦʾ ʩʠʩʪʝʤʠ ʯʝʨʝʟ 

ʧʦʛʣʠʙʣʝʥʥʷ ʩʧʝʮʽʘʣʽʟʘʮʽʾ ʪʘʢʦʞ ʻ ʤʘʣʦʧʨʦʜʫʢʪʠʚʥʠʤ. ɺ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʥʝ ʤʦʞʥʘ ʥʝ 

ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʢʨʽʤ ʟʘʛʘʣʴʥʦ ʚʘʣʦʚʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʩʠʩʪʝʤʠ ʾʾ ʦʙʨʦʙʢʠ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʾʭ ʟʥʘʯʥʘ ʩʪʨʫʢʪʫʨʥʘ, ʟʤʽʩʪʦʚʥʘ ʪʘ ʣʦʛʽʯʥʘ ʟʤʽʥʘ, ʱʦ ʚʠʤʘʛʘʻ ʽʥʰʠʭ ʷʢʦʩʪʝʡ ʫ 

ʩʧʝʮʽʘʣʽʩʪʘ ʟ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ, ʽ ʚʽʜʧʦʚʽʜʥʦ, ʧʦʰʫʢʫ ʽʥʰʠʭ ʰʣʷʭʽʚ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʩʚʽʪʥʴʦʾ ʩʠʩʪʝʤʠ. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʧʨʦʙʣʝʤʠ ʧʝʨʰʦʯʝʨʛʦʚʠʤʠ ʟʘʜʘʯʘʤʠ ʤʦʞʫʪʴ ʙʫʪʠ: 

- ʤʦʜʝʣʶʚʘʥʥʷ  ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʩʠʩʪʝʤʽ ʦʩʚʽʪʠ; 

- ʜʠʬʝʨʝʥʮʽʘʮʽʷ ʟʥʘʥʴ; 

- ʩʠʩʪʝʤʘʪʠʟʘʮʽʷ ʪʝʥʜʝʥʮʽʡ ʨʦʟʚʠʪʢʫ ʚ ʩʬʝʨʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ; 

- ʚʠʷʚʣʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʚʧʣʠʚʫ ʪʝʥʜʝʥʮʽʡ ʨʦʟʚʠʪʢʫ ʩʠʩʪʝʤ ʽʥʬʦ-ʢʦʤʫʥʽʢʘʮʽʡ ʥʘ 

ʧʽʜʛʦʪʦʚʢʫ ʩʧʝʮʽʘʣʽʩʪʽʚ ʟ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ; 

- ʚʠʟʥʘʯʝʥʥʷ ʰʣʷʭʽʚ ʨʦʟʚʠʪʢʫ ʩʠʩʪʝʤʠ ʥʘʚʯʘʥʥʷ ʩʧʝʮʽʘʣʽʩʪʽʚ ʟ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ 
ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʾʾ ʝʬʝʢʪʠʚʥʦʩʪʽ. 

ʈʦʟʛʣʷʥʝʤʦ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ ʮʽ ʥʘʧʨʷʤʢʠ.  

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʄʦʜʝʣʶʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʦʩʚʽʪʥʽʡ ʩʠʩʪʝʤʽ, ʥʘ ʥʘʰ 

ʧʦʛʣʷʜ, ʪʘ ʧʨʦʙʣʝʤʘ ʧʽʜʛʦʪʦʚʢʠ ʩʧʝʮʽʘʣʽʩʪʽʚ ʤʘʶʪʴ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʧʨʦʙʣʝʤʘ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʦʩʚʽʪʥʴʦʾ ʩʠʩʪʝʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʦʾ ʫ ʚʠʛʣʷʜʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʘ 

ʚʢʣʶʯʘʻ ʤʽʥʽʤʫʤ ʪʨʠ ʧʦʯʘʪʢʦʚʠʭ ʝʣʝʤʝʥʪʠ [5]: 

- ʦʙ'ʻʢʪ, ʱʦ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʚ ʽʥʬʦʨʤʘʮʽʾ  ʽ ʻ ʚ ʪʦʡ ʞʝ ʯʘʩ ʾʾ ʜʞʝʨʝʣʦʤ; 
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- ʩʫʙôʻʢʪ, ʱʦ ʩʧʨʠʡʤʘʻ, ʦʮʽʥʶʻ, ʩʧʦʞʠʚʘʻ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʚ ʧʨʘʢʪʠʯʥʽʡ ʜʽʷʣʴʥʦʩʪʽ 

ʽʥʬʦʨʤʘʮʽʶ; 

- ʟʥʘʢʦʚʘ ʩʬʝʨʘ ʧʨʦʭʦʜʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜ ʦʙ'ʻʢʪʘ ʜʦ ʩʫʙ'ʻʢʪʘ. 

ʇʽʜ ʦʙ'ʻʢʪʦʤ ʽʥʬʦʨʤʘʮʽʾ ʚ ʦʩʚʽʪʥʽʡ ʩʠʩʪʝʤʽ, ʷʢʘ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʟ ʜʘʥʠʭ ʧʦʟʠʮʽʡ, 

ʨʦʟʫʤʽʶʪʴ ʤʥʦʞʠʥʫ ʨʽʟʥʠʭ ʢʣʘʩʽʚ ʩʠʩʪʝʤ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ, ʜʣʷ ʷʢʠʭ ʨʦʙʠʪʴʩʷ ʧʽʜʛʦʪʦʚʢʘ 

ʩʧʝʮʽʘʣʽʩʪʘ, ʧʽʜ ʩʝʨʝʜʦʚʠʱʝʤ ï ʩʠʩʪʝʤʫ ʥʘʚʯʘʥʥʷ, ʘ ʧʽʜ ʩʫʙ'ʻʢʪʦʤ ï ʙʘʛʘʪʦ ʨʽʟʥʠʭ ʢʣʘʩʽʚ 

ʩʧʝʮʽʘʣʽʩʪʽʚ, ʱʦ ʥʘʚʯʘʶʪʴʩʷ ʽ ʦʜʥʦʯʘʩʥʦ ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʜʽʷʣʴʥʦʩʪʽ ʩʠʩʪʝʤʠ ʦʩʚʽʪʠ, ʘ ʪʘʢʦʞ 

ʩʪʘʶʪʴ ʝʣʝʤʝʥʪʘʤʠ ʩʠʩʪʝʤ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ ʽ ʩʚʦʾʤʠ ʜʽʷʤʠ ʯʠʥʷʪʴ ʚʧʣʠʚ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʾʭ ʜʽʷʣʴʥʦʩʪʽ. 

ɺʚʘʞʘʻʪʴʩʷ, ʱʦ ʜʘʥʘ ʩʠʩʪʝʤʘ ʬʫʥʢʮʽʦʥʫʻ ʟ ʢʦʤʫʥʽʢʘʪʠʚʥʦʶ ʤʝʪʦʶ, ʜʝ ʽ ʩʠʥʪʘʢʪʠʢʘ, ʽ 

ʩʝʤʘʥʪʠʢʘ, ʽ ʧʨʘʛʤʘʪʠʢʘ ʻ ʥʝʦʙʭʽʜʥʠʤʠ ʤʦʤʝʥʪʘʤʠ, ʱʦ ʚʠʤʘʛʘʶʪʴ ʦʙʣʽʢʫ, ʽ ʤʘʶʪʴ 

ʨʦʟʛʣʷʜʘʪʠʩʷ ʚ ʥʝʨʦʟʨʠʚʥʽʡ ʻʜʥʦʩʪʽ, ʚ ʩʠʩʪʝʤʽ, ʙʝʟ ʦʜʥʦʩʪʦʨʦʥʥʴʦʛʦ ʟʘʭʦʧʣʝʥʥʷ ʦʜʥʠʤ ʽʟ ʥʠʭ. 

ɺʨʘʭʦʚʫʶʯʠ ʮʝʡ ʧʽʜʭʽʜ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʜʚʽ ʢʦʤʫʥʽʢʘʪʠʚʥʽ ʤʝʪʠ ʦʩʚʽʪʥʴʦʾ ʩʠʩʪʝʤʠ [5]. 

ʉʫʪʥʽʩʪʴ ʧʝʨʰʦʾ ʤʝʪʠ ʧʦʣʷʛʘʻ ʚ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜ ʙʘʛʘʪʴʦʭ ʨʽʟʥʠʭ ʢʣʘʩʽʚ ʩʠʩʪʝʤ 

ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ ʜʦ ʩʠʩʪʝʤʠ ʩʧʝʮʽʘʣʽʩʪʽʚ, ʱʦ ʥʘʚʯʘʶʪʴʩʷ. ʉʫʪʥʽʩʪʴ ʜʨʫʛʦʾ ï ʧʝʨʝʜʘʯʘ 

ʟʥʘʥʴ ʚʽʜ ʩʧʝʮʽʘʣʽʩʪʽʚ ʜʦ ʩʠʩʪʝʤʠ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ. ʇʨʠ ʮʴʦʤʫ ʜʦ ʦʩʚʽʪʥʴʦʾ ʩʠʩʪʝʤʠ 

ʧʨʝʜôʷʚʣʷʻʪʴʩʷ ʚʠʤʦʛʘ ʝʬʝʢʪʠʚʥʦʛʦ ʟʘʜʦʚʦʣʝʥʥʷ ʦʙʦʭ ʮʽʣʝʡ. ʆʩʥʦʚʥʠʤ ʢʨʠʪʝʨʽʻʤ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʦʩʷʛʥʝʥʥʷ ʦʙʦʭ ʮʽʣʝʡ ʘʚʪʦʨʘʤʠ ʧʨʦʧʦʥʫʻʪʴʩʷ ʢʨʠʪʝʨʽʡ ʥʝʩʧʦʪʚʦʨʝʥʥʷ 

ʜʦʚʝʜʝʥʥʷ ʩʤʠʩʣʦʚʦʛʦ ʟʤʽʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜ ʦʙ'ʻʢʪʘ ʜʦ ʩʫʙ'ʻʢʪʘ. 

ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʥʝʦʙʭʽʜʥʦ ʚʽʜʟʥʘʯʠʪʠ ʜʚʘ ʤʦʤʝʥʪʠ: 

ʚ ʪʝʨʤʽʥ çʥʝʩʧʦʪʚʦʨʝʥʥʷè ʘʚʪʦʨʘʤʠ ʚʢʣʘʜʘʻʪʴʩʷ ʜʝʱʦ ʥʝʪʨʘʜʠʮʽʡʥʠʡ ʟʤʽʩʪ, ʽ ʚ ʜʘʥʦʤʫ 

ʤʘʪʝʨʽʘʣʽ ʚʽʥ ʧʨʠʩʫʪʥʽʡ ʚ ʷʢʦʩʪʽ ʧʦʧʝʨʝʜʥʴʦʛʦ; 

ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʟʘʜʘʯ ʜʦʩʷʛʥʝʥʥʷ ʜʨʫʛʦʾ ʤʝʪʠ ʩʧʝʮʽʘʣʽʩʪ ʩʪʘʻ ʦʙ'ʻʢʪʦʤ ʽʥʬʦʨʤʘʮʽʾ ʧʦ 

ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʩʠʩʪʝʤʠ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ, ʽ ʮʝ, ʚʽʜʧʦʚʽʜʥʦ, ʥʘʢʣʘʜʘʻ ʩʚʽʡ ʚʽʜʙʠʪʦʢ ʥʘ 

ʟʤʽʩʪʦʚʥʫ ʩʪʦʨʦʥʫ ʧʠʪʘʥʥʷ. 

ʂʦʞʥʠʡ ʢʣʘʩ ʩʠʩʪʝʤ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʦʙ'ʻʢʪ ʽʥʬʦʨʤʘʮʽʾ ʚ 

ʦʩʚʽʪʥʽʡ ʩʠʩʪʝʤʽ, ʤʽʩʪʠʪʴ ʚ ʷʢʦʩʪʽ ʩʚʦʾʭ ʝʣʝʤʝʥʪʽʚ ʦʙ'ʻʢʪ ʽʥʬʦʨʤʘʮʽʾ, ʟʥʘʢʦʚʝ ʩʝʨʝʜʦʚʠʱʝ, 

ʩʫʙ'ʻʢʪ ʽ ʟʦʚʥʽʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, ʷʢʝ ʦʙʫʤʦʚʣʶʻ ʟʦʚʥʽʰʥʽ ʟʘʛʨʦʟʠ ʩʠʩʪʝʤʽ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ 

ʪʘ ʧʨʦʮʝʩʘʤ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ ʚ ʥʽʡ. ɿʦʚʥʽʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, ʷʢʝ ʦʙʫʤʦʚʣʶʻ ʟʘʛʨʦʟʠ, ʩʪʘʻ ʚ 

ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʢʣʘʩʫ ʩʠʩʪʝʤʠ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʩʪʘʜʽʾ ʾʾ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ. ʇʽʜ ʟʘʛʨʦʟʦʶ 

ʨʦʟʫʤʽʶʪʴ ʚʧʣʠʚ ʟʦʚʥʽʰʥʴʦʛʦ ʘʙʦ ʚʥʫʪʨʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʷʢʠʡ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʥʝʚʠʢʦʥʘʥʥʷ (ʥʝʙʘʞʘʥʦʾ ʟʤʽʥʠ) ʟʦʚʥʽʰʥʽʭ ʘʙʦ ʚʥʫʪʨʽʰʥʽʭ  ʮʽʣʝʡ ʩʠʩʪʝʤʠ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ. 

ɺ ʦʩʥʦʚʫ ʢʣʘʩʠʬʽʢʘʮʽʾ ʩʠʩʪʝʤ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ ʧʦʢʣʘʜʝʥʦ ʧʨʠʥʮʠʧ ʦʙʣʽʢʫ ʭʘʨʘʢʪʝʨʫ 

ʾʾ ʝʣʝʤʝʥʪʽʚ ʽ ʚʽʜʥʦʩʠʥ ʤʽʞ ʥʠʤʠ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʮʽʣʴʦʚʠʭ ʧʦʩʠʣʘʥʴ. 

ʅʘʧʨʠʢʣʘʜ, ʚʠʜʽʣʷʶʪʴʩʷ ʩʠʩʪʝʤʠ, ʝʣʝʤʝʥʪʠ ʷʢʠʭ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʣʶʯʥʦ ʪʝʭʥʽʯʥʠʤʠ, 

ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʪʝʭʥʽʯʥʠʤʠ (ʱʦ ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ ʣʶʜʝʡ ʪʘ ʪʝʭʥʽʢʫ) ʘʙʦ ʪʽʣʴʢʠ ʪʠʤʠ, ʱʦ 

ʚʢʣʶʯʘʶʪʴ ʣʶʜʝʡ. ɿʘ ʭʘʨʘʢʪʝʨʦʤ ʩʝʨʝʜʦʚʠʱʘ ʚʠʜʽʣʷʶʪʴʩʷ ʩʠʩʪʝʤʠ ʦʙʨʦʙʢʠ ʬʦʨʤʠ ʘʙʦ 

ʟʤʽʩʪʫ ʽʥʬʦʨʤʘʮʽʾ. ɿʘ ʭʘʨʘʢʪʝʨʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʦʙ'ʻʢʪʦʤ ʚʠʜʽʣʷʶʪʴʩʷ ʩʠʩʪʝʤʠ 

ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ, ʚ ʷʢʠʭ ʩʫʙ'ʻʢʪ ʬʽʢʩʫʻ ʽʥʬʦʨʤʘʮʽʶ ʫ ʚʠʛʣʷʜʽ ʚʯʠʥʢʽʚ, ʱʦ ʤʘʶʪʴ ʧʝʚʥʫ 

ʩʪʫʧʽʥʴ ʚʧʣʠʚʫ ʥʘ ʜʽʷʣʴʥʽʩʪʴ ʩʠʩʪʝʤ, ʘʙʦ ʩʧʝʮʽʘʣʴʥʠʭ ʥʦʩʽʾʚ, ʷʢʽ ʤʘʶʪʴ ʧʝʚʥʫ ʮʽʥʥʽʩʪʴ. 

ʎʽʢʘʚʠʤʠ ʻ ʩʠʩʪʝʤʠ, ʱʦ ʚʠʦʢʨʝʤʣʶʶʪʴʩʷ ʚ ʢʣʘʩʽ ʟʘ ʭʘʨʘʢʪʝʨʦʤ ʘʢʪʠʚʥʦʩʪʽ ʦʙ'ʻʢʪʘ, ʚ ʷʢʠʭ 

ʦʙ'ʻʢʪ ʥʘʚ'ʷʟʫʻ ʩʫʙ'ʻʢʪʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʝʙʝ ʘʙʦ ʧʨʠʭʦʚʫʻ ʾʾ ʚʽʜ ʩʫʙ'ʻʢʪʘ. 

ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʧʝʨʰʦʾ ʢʦʤʫʥʽʢʘʪʠʚʥʦʾ ʤʝʪʠ ʚ ʨʝʟʫʣʴʪʘʪʽ ʤʘʻ ʙʫʪʠ ʧʦʙʫʜʦʚʘʥʘ ʧʦʚʥʘ 

ʚʽʜʥʦʩʥʦ ʧʦʯʘʪʢʦʚʠʭ ʧʦʩʠʣʘʥʴ ʢʣʘʩʠʬʽʢʘʮʽʷ ʩʠʩʪʝʤ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ, ʾʭ ʩʝʨʝʜʦʚʠʱ, ʚʠʜʽʚ 

ʟʘʛʨʦʟ ʪʘ ʤʝʪʦʜʽʚ ʾʭ ʧʦʜʦʣʘʥʥʷ. ʂʦʞʥʦʤʫ ʢʣʘʩʫ ʩʠʩʪʝʤ ʤʘʻ ʙʫʪʠ ʧʦʩʪʘʚʣʝʥʘ ʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ 

ʧʝʚʥʘ ʩʠʩʪʝʤʘ ʟʥʘʥʴ, ʧʦʚ'ʷʟʘʥʘ ʟ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʩʠʩʪʝʤʠ ʜʘʥʦʛʦ ʢʣʘʩʫ. ɺʦʥʘ 

ʤʘʻ ʩʪʘʪʠ ʦʩʥʦʚʦʶ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʩʧʝʮʽʘʣʽʩʪʽʚ, ʱʦ ʥʘʚʯʘʶʪʴʩʷ, ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ 

ʟ ʪʠʧʦʤ ʩʠʩʪʝʤʠ ʟʥʘʥʴ, ʷʢʦʶ ʚʦʥʠ ʤʘʶʪʴ ʚʦʣʦʜʽʪʠ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʩʚʦʛʦ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʚ ʩʠʩʪʝʤʽ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ [6]. 

ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʜʨʫʛʦʾ ʢʦʤʫʥʽʢʘʪʠʚʥʦʾ ʤʝʪʠ ʽʥʰʦʶ ʦʩʥʦʚʦʶ ʢʣʘʩʠʬʽʢʘʮʽʾ ʩʪʫʜʝʥʪʽʚ 

ʤʘʻ ʩʪʘʪʠ ʩʧʦʩʽʙ ʧʝʨʝʜʘʯʽ ʟʥʘʥʴ ʚʽʜ ʩʧʝʮʽʘʣʽʩʪʘ ʜʦ ʩʠʩʪʝʤʠ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ. ʆʩʥʦʚʥʠʤʠ 

ʤʦʤʝʥʪʘʤʠ, ʷʢʽ ʤʘʶʪʴ ʙʫʪʠ ʚʨʘʭʦʚʘʥʽ ʧʨʠ ʮʴʦʤʫ, ʻ ʟʜʽʙʥʽʩʪʴ ʚʠʟʥʘʯʘʪʠ ʦʩʥʦʚʫ ʟʤʽʩʪʫ, 
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ʩʪʨʫʢʪʫʨʫ ʪʘ ʦʙ'ʻʤ ʩʠʩʪʝʤʠ ʟʥʘʥʴ ʩʘʤʦʩʪʽʡʥʦ ʘʙʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʚʯʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʰʣʷʭʦʤ 

ʩʪʨʫʢʪʫʨʠʟʘʮʽʾ ʽʩʥʫʶʯʠʭ ʟʥʘʥʴ ʘʙʦ ʰʣʷʭʦʤ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʟʥʘʥʴ ʚʣʘʩʥʠʤʠ ʩʠʣʘʤʠ 

ʩʧʝʮʽʘʣʽʩʪʘ ʪʘ ʟʜʽʙʥʽʩʪʴ ʨʝʘʣʽʟʫʚʘʪʠ ʦʪʨʠʤʘʥʽ ʟʥʘʥʥʷ ʚ ʧʨʘʢʪʠʯʥʠʭ ʜʽʷʭ. 

ʆʩʥʦʚʥʠʤ ʬʘʢʪʦʨʦʤ, ʷʢʠʡ ʦʙʫʤʦʚʣʶʻ ʟʥʠʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ, ʷʢʽʡ 

ʧʨʠʪʘʤʘʥʥʘ ʮʠʨʢʫʣʷʮʽʷ ʽʥʬʦʨʤʘʮʽʾ, ʻ ʥʝʩʫʤʽʩʥʽʩʪʴ ʝʣʝʤʝʥʪʽʚ, ʚʢʣʶʯʝʥʠʭ ʚ ʮʠʢʣʠ ʨʦʙʦʪʠ ʟ 

ʥʝʶ (ʚ ʮʽʣʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʚʽʜʥʦʩʠʥ). ʆʩʢʽʣʴʢʠ ʝʣʝʤʝʥʪʠ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʢʦʥʢʨʝʪʥʠʭ 

ʩʠʩʪʝʤ, ʤʦʞʫʪʴ ʤʘʪʠ ʨʽʟʥʫ ʧʨʠʨʦʜʫ, ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʣʠʚʦ ʚʠʦʢʨʝʤʠʪʠ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ 

ʪʠʧʽʚ ʩʫʤʽʩʥʦʩʪʽ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʚʠʜʽʣʠʪʠ ʽ ʚʨʘʭʦʚʫʚʘʪʠ ʚ ʧʨʦʮʝʩʽ ʘʥʘʣʽʟʫ ʰʣʷʭʦʤ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʩʚʽʪʥʴʦʾ ʩʠʩʪʝʤʠ (ʥʘʧʨʠʢʣʘʜ, ʧʩʠʭʦʣʦʛʽʯʥʘ, ʬʽʟʠʯʥʘ, 

ʧʨʦʛʨʘʤʥʘ, ʩʪʨʫʢʪʫʨʥʘ ʪʦʱʦ). ɺʨʘʭʦʚʫʶʯʠ ʪʝ, ʱʦ ʨʽʟʥʠʤ ʪʠʧʘʤ ʩʫʤʽʩʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʚ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ ʩʧʝʮʽʘʣʽʩʪʘʤʠ ʧʨʠʜʽʣʷʻʪʴʩʷ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʘ ʫʚʘʛʘ, ʘʚʪʦʨʠ 

ʚʚʘʞʘʶʪʴ ʟʘ ʥʝʦʙʭʽʜʥʝ ʟʚʝʨʥʫʪʠ ʦʩʥʦʚʥʫ ʫʚʘʛʫ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʫʤʽʩʥʦʩʪʽ 

ʝʣʝʤʝʥʪʽʚ. 

ʇʨʠ ʮʴʦʤʫ ʧʽʜʭʦʜʽ ʦʯʝʚʠʜʥʦʶ ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʽʟʥʝʥʥʷ ʨʽʚʥʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʘʥʦʛʦ 

ʚʠʜʫ ʩʫʤʽʩʥʦʩʪʽ [4]: 

1) ʩʪʨʫʢʪʫʨʥʦʛʦ, ʧʨʠ ʷʢʦʤʫ ʤʘʶʪʴ ʩʧʽʚʧʘʜʘʪʠ ʩʪʨʫʢʪʫʨʠ ʟʥʘʥʴ ʩʧʝʮʽʘʣʽʩʪʘ ʽ ʟʥʘʥʴ ʧʨʦ 
ʩʠʩʪʝʤʫ; 

2) ʟʤʽʩʪʦʚʥʦʛʦ, ʧʨʠ ʷʢʦʤʫ ʟʤʽʩʪ ʟʥʘʥʴ, ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ, ʤʘʻ ʩʧʽʚʧʘʜʘʪʠ ʟʽ ʟʤʽʩʪʦʤ 

ʦʪʨʠʤʘʥʠʭ ʟʥʘʥʴ. 

ʋ ʩʭʝʤʽ, ʱʦ ʧʨʦʧʦʥʫʻʪʴʩʷ, ʤʽʞ ʦʙ'ʻʢʪʦʤ ʪʘ ʩʫʙ'ʻʢʪʦʤ ʩʪʦʾʪʴ ʚʠʢʣʘʜʘʯ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʚʽʥ ʧʨʦʧʫʩʢʘʻ ʯʝʨʝʟ ʩʝʙʝ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʦʙ'ʻʢʪ, ʷʢʠʡ ʚʽʥ ʚʠʢʣʘʜʘʻ, ʥʝ ʪʽʣʴʢʠ ʢʦʥʩʪʘʪʫʶʯʠ, 

ʥʝ ʪʽʣʴʢʠ ʚʽʜʙʠʨʘʶʯʠ ʥʘ ʡʦʛʦ ʧʦʛʣʷʜ ʽʩʪʦʪʥʫ ʽʥʬʦʨʤʘʮʽʶ, ʘʣʝ ʡ ʽʥʪʝʛʨʫʻ ʪʘ ʪʣʫʤʘʯʠʪʴ ʾʾ, ʪʠʤ 

ʩʘʤʠʤ ʧʽʜʛʘʥʷʶʯʠ ʩʪʫʜʝʥʪʘ ʧʽʜ ʩʝʙʝ (ʪʘʢ ʟʚʘʥʠʡ çʘʥʪʨʦʧʦʤʦʨʬʽʟʤè), ʽʥʦʜʽ ʥʘʚʽʪʴ ʥʝ 

ʫʩʚʽʜʦʤʣʝʥʦ ʧʦʟʙʘʚʣʷʶʯʠ ʡʦʛʦ ʤʦʞʣʠʚʦʩʪʽ ʥʘ ʩʚʦʶ ʪʦʯʢʫ ʟʦʨʫ, ʙʘʯʝʥʥʷ ʦʙ'ʻʢʪʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʩʣʫʭʘʯ ʤʦʞʝ [7]: 

- ʦʪʨʠʤʘʪʠ ʽʥʦʜʽ ʥʝʚʽʨʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʜʽʡʩʥʽʩʪʴ, ʽ ʩʪʠʢʘʶʯʠʩʴ ʟ ʥʝʶ, ʚ ʢʨʘʱʦʤʫ 
ʚʠʧʘʜʢʫ ʚʽʜʯʫʪʠ ʨʦʟʯʘʨʫʚʘʥʥʷ ʫ ʚʠʙʨʘʥʽʡ ʩʧʝʮʽʘʣʴʥʦʩʪʽ ʘʙʦ ʧʨʦʬʝʩʽʾ, ʘ ʚ ʛʽʨʰʦʤʫ ï 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʪʨʠʤʘʥʥʽ ʟʥʘʥʥʷ ʥʝ ʥʘ ʢʦʨʠʩʪʴ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ; 

- ʩʪʘʪʠ çʽʥʬʦʨʤʘʮʽʡʥʠʤ ʫʪʨʠʤʘʥʮʝʤè, ʫʩʚʽʜʦʤʣʶʶʯʠ, ʱʦ ʨʦʙʦʪʫ ʟ ʚʽʜʙʦʨʫ ʥʝʦʙʭʽʜʥʠʭ 
ʟʥʘʥʴ ʟʨʦʙʠʪʴ ʟʘ ʥʴʦʛʦ ʚʠʢʣʘʜʘʯ; 

- ʧʝʨʝʪʚʦʨʠʪʠʩʷ ʚ ʢʨʘʱʦʤʫ ʚʠʧʘʜʢʫ ʥʘ ʙʝʟʧʦʤʽʯʥʫ ʣʶʜʠʥʫ, ʷʢʘ ʟʘ ʥʝʦʙʭʽʜʥʽʩʪʶ 
ʦʩʤʠʩʣʝʥʥʷ ʧʦʩʘʜʦʚʠʭ ʦʙʦʚ'ʷʟʢʽʚ, ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ, ʪʝʭʥʽʯʥʠʭ ʪʘ ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ ʨʽʰʝʥʴ, 

ʪʝʦʨʽʡ, ʢʦʥʮʝʧʮʽʡ, ʧʦʯʫʪʪʷ ʦʙʦʚ'ʷʟʢʫ ʪʘ ʧʨʠʭʠʣʴʥʦʩʪʽ ʜʦ ʩʚʦʻʾ ʧʨʦʬʝʩʽʾ ʥʝ ʟʤʦʞʝ ʦʙʽʡʪʠʩʷ ʙʝʟ 

çʚʠʢʣʘʜʘʯʘ-ʪʣʫʤʘʯʘè, ʘ ʚ ʛʽʨʰʦʤʫ ï ʩʪʘʪʠ ʦʙ'ʻʢʪʦʤ, ʷʢʠʡ ʧʨʠʚʝʨʪʘʻ ʫʚʘʛʫ ʣʶʜʝʡ ʟ ʨʦʟʚʽʜʢʠ; 

- ʟʘʡʥʷʚʰʠ ʢʝʨʽʚʥʫ ʧʦʩʘʜʫ, ʧʦʚʝʩʪʠ ʧʦʣʽʪʠʢʫ ʚ ʨʫʩʣʽ ʦʨʛʘʥʽʟʘʮʽʾ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ 

ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʧʨʠʥʝʩʝ ʙʽʣʴʰʝ ʰʢʦʜʠ, ʥʽʞ ʢʦʨʠʩʪʽ. 

ɿ ʮʴʦʛʦ ʧʦʣʦʞʝʥʥʷ ʚʠʧʣʠʚʘʻ, ʱʦ ʦʮʽʥʢʘ ʜʽʷʣʴʥʦʩʪʽ ʚʠʢʣʘʜʘʯʘ ʪʘʢʦʞ ʤʘʻ ʙʫʪʠ 

ʧʝʨʝʦʩʤʠʩʣʝʥʘ ʟ ʧʦʟʠʮʽʡ ʧʝʨʰʦʾ ʪʘ ʜʨʫʛʦʾ ʢʦʤʫʥʽʢʘʪʠʚʥʠʭ ʮʽʣʝʡ. 

ʉʧʝʮʽʘʣʽʩʪ ʚ ʩʬʝʨʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʤʘʻ ʚʤʽʪʠ ʜʘʚʘʪʠ ʦʮʽʥʢʫ ʩʚʦʾʡ ʜʽʷʣʴʥʦʩʪʽ, ʘ 

ʪʘʢʦʞ ʣʶʜʷʤ, ʷʢʽ ʚʭʦʜʷʪʴ ʚ ʩʠʩʪʝʤʫ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ ʷʢ ʾʾ ʝʣʝʤʝʥʪ, ʥʝ ʪʽʣʴʢʠ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʥʘʥʝʩʝʥʦʛʦ ʟʙʠʪʢʫ, ʘʣʝ ʡ ʟ ʧʦʟʠʮʽʡ ʜʦʪʨʠʤʘʥʥʷ ʧʨʘʚʦʚʠʭ ʥʦʨʤ, ʘ ʪʘʢʦʞ ʦʮʽʥʶʚʘʪʠ 

ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʤʦʞʣʠʚʦʩʪʝʡ ʶʨʠʜʠʯʥʦʾ ʙʘʟʠ ʚʧʣʠʚʘʪʠ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʫʥʠʢʘʪʠ ʥʘʥʝʩʝʥʥʶ 

ʟʙʠʪʢʫ. 

ɿʥʘʯʠʤʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ ʽ ʟʥʘʥʴ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʥʠʭ, ʾʭ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ, ʮʽʥʥʽʩʪʴ, 

ʟʤʽʩʪʦʚʥʘ ʻʤʥʽʩʪʴ ʥʝʨʽʚʥʦʟʥʘʯʥʽ ʟ ʪʦʯʢʠ ʟʦʨʫ ʥʘʩʣʽʜʢʽʚ ʾʭ ʧʨʦʩʦʯʫʚʘʥʥʷ ʽ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ. ɺʽʜʧʦʚʽʜʥʦ, ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʥʘʷʚʥʦʩʪʽ ʫ ʩʪʫʜʝʥʪʽʚ ʫʷʚʣʝʥʴ ʧʨʦ 

ʢʨʠʪʝʨʽʘʣʴʥʠʡ ʚʽʜʙʽʨ ʟʥʘʥʴ, ʾʭ ʦʮʽʥʢʫ, ʱʦ ʚʠʤʘʛʘʻ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʚʤʽʥʥʷ ʦʙʠʨʘʪʠ ʪʘʢʽ 

ʢʨʠʪʝʨʽʾ, ʷʢʱʦ ʥʝ ʬʦʨʤʫʚʘʪʠ ʾʭ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʥʢʨʝʪʥʦʾ ʩʠʪʫʘʮʽʾ, ʧʨʠ ʯʦʤʫ ʥʘ 

ʫʩʚʽʜʦʤʣʝʥʽʡ ʽ ʦʙˇʨʫʥʪʦʚʘʥʽʡ ʦʩʥʦʚʽ. 

ʋ ʪʦʡ ʩʘʤʠʡ ʯʘʩ, ʧʘʨʘʣʝʣʴʥʦ ʟ ʨʦʟʚʠʪʢʦʤ ʥʘʫʢʦʚʠʭ ʥʘʧʨʷʤʢʽʚ ʚ ʩʬʝʨʽ ʽʥʬʦʨʤʘʮʽʾ ʪʘ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ, ʘ ʪʘʢʦʞ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʽʥʪʝʥʩʠʚʥʦ ʧʨʦʚʦʜʠʣʠʩʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʩʬʝʨʽ ʪʝʦʨʽʾ ʩʠʩʪʝʤ, ʟʦʢʨʝʤʘ, ʚ ʧʠʪʘʥʥʷʭ ʟʘʛʘʣʴʥʦʾ ʪʝʦʨʽʾ ʩʠʩʪʝʤ, ʤʘʪʝʤʘʪʠʯʥʦʾ 
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ʪʝʦʨʽʾ ʩʠʩʪʝʤ, ʪʝʦʨʽʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤ, ʪʝʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʝʨʘʮʽʡ, ʧʨʠʢʣʘʜʥʦʾ ʪʝʦʨʽʾ 

ʩʠʩʪʝʤ, ʪʝʦʨʽʾ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ, ʪʝʦʨʽʾ ʝʚʦʣʶʮʽʡʥʦʛʦ ʩʠʥʪʝʟʫ ʩʠʩʪʝʤ. ɺʩʽ ʮʽ ʥʘʫʢʦʚʽ ʥʘʧʨʷʤʢʠ 

ʤʘʶʪʴ ʟʘʛʘʣʴʥʫ ʚʣʘʩʪʠʚʽʩʪʴ ï ʚʦʥʠ ʤʘʶʪʴ ʩʧʨʘʚʫ ʟ ʪʘʢʠʤʠ ʩʠʩʪʝʤʥʠʤʠ ʟʘʜʘʯʘʤʠ, ʚ ʷʢʠʭ 

ʦʩʥʦʚʥʠʤʠ ʻ ʽʥʬʦʨʤʘʮʽʡʥʽ, ʨʝʣʽʛʽʡʥʽ ʽ ʩʪʨʫʢʪʫʨʥʽ ʘʩʧʝʢʪʠ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʪʠʧ ʩʫʪʥʦʩʪʽ, ʱʦ 

ʩʪʚʦʨʶʻ ʩʠʩʪʝʤʫ, ʤʘʻ ʥʘʙʘʛʘʪʦ ʤʝʥʰʝ ʟʥʘʯʝʥʥʷ. ʂʨʽʤ ʮʴʦʛʦ, ʟʥʘʯʥʽ ʫʩʧʽʭʠ ʙʫʣʠ ʜʦʩʷʛʥʫʪʽ ʚ 

ʩʬʝʨʽ ʟʥʘʥʴ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʨʦʟʰʠʨʶʚʘʪʠ ʬʽʟʽʦʣʦʛʽʯʥʽ ʤʦʞʣʠʚʦʩʪʽ ʩʣʫʭʘʯʘ ʽʟ 

ʟʘʩʚʦʻʥʥʷ ʟʥʘʥʴ.  

ʉʧʝʮʽʘʣʽʩʪ ʟ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ, ʢʨʽʤ ʩʫʪʦ ʩʧʝʮʽʘʣʴʥʠʭ ʟʥʘʥʴ, ʧʦʚ'ʷʟʘʥʠʭ ʟ 

ʤʝʭʘʥʽʟʤʦʤ ʟʘʭʠʩʪʫ, ʧʦʚʠʥʝʥ ʤʘʪʠ ʟʥʘʥʥʷ ʧʨʦ ʦʙ'ʻʢʪ (ʧʨʝʜʤʝʪ) ʟʘʭʠʩʪʫ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʦʛʦ ʤʝʭʘʥʽʟʤʫ. ʉʧʝʮʽʘʣʽʩʪ ʟ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ, ʥʘʧʨʷʤʦʢ 1701: ʙʝʟʧʝʢʘ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʽ ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ; ʩʠʩʪʝʤʠ ʪʝʭʥʽʯʥʦʛʦ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʽ ʫʧʨʘʚʣʽʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʦʶ ʙʝʟʧʝʢʦʶ ʧʦʚʠʥʝʥ ʦʚʦʣʦʜʽʪʠ ʟʥʘʥʥʷʤʠ ʥʝ ʪʽʣʴʢʠ ʟʽ ʩʚʦʛʦ ʥʘʧʨʷʤʢʫ, ʘʣʝ ʡ 

ʩʫʤʽʞʥʠʭ ʥʘʧʨʷʤʢʽʚ. ʂʨʽʤ ʪʦʛʦ, ʩʧʝʮʽʘʣʽʩʪ ʟ ʫʧʨʘʚʣʽʥʥʷ ʩʠʩʪʝʤʦʶ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ ʢʨʽʤ 

ʩʧʝʮʽʘʣʴʥʠʭ ʟʥʘʥʴ ʚ ʩʬʝʨʽ ʪʝʦʨʽʾ ʫʧʨʘʚʣʽʥʥʷ ʧʦʚʠʥʝʥ ʦʚʦʣʦʜʽʪʠ ʟʥʘʥʥʷʤʠ ʪʝʭʥʦʣʦʛʽʾ ʦʙʨʦʙʢʠ 

ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʤʝʭʘʥʽʟʤʽʚ ʾʾ ʟʘʭʠʩʪʫ. ʉʧʝʮʽʘʣʽʩʪ ʟ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʦʚʠʥʝʥ ʦʚʦʣʦʜʽʪʠ ʜʝʱʦ 

ʽʥʰʠʤʠ ʟʥʘʥʥʷʤʠ. ʎʝ ʚʠʤʘʛʘʻ ʧʨʦʚʝʜʝʥʥʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʩʧʝʮʽʘʣʽʩʪʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʾʭ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʚʢʣʶʯʝʥʥʷ ʚ ʩʠʩʪʝʤʫ ʪʘ ʨʦʟʫʤʽʥʥʷ ʧʝʚʥʠʭ ʟʘʛʘʣʴʥʦ ʢʦʨʝʥʝʚʠʭ ʟʥʘʥʴ, ʱʦ 

ʙʘʟʫʶʪʴʩʷ ʥʘ ʟʘʛʘʣʴʥʦʩʠʩʪʝʤʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʷʭ [5].  

ʇʨʘʢʪʠʯʥʦ ʢʦʞʥʘ ʩʢʣʘʜʥʘ ʩʠʩʪʝʤʘ, ʱʦ ʩʪʚʦʨʶʻʪʴʩʷ ʣʶʜʠʥʦʶ, ʝʚʦʣʶʮʽʦʥʫʻ ʚ ʩʚʦʻʤʫ 

ʨʦʟʚʠʪʢʫ, ʟʤʽʥʶʻ ʩʚʦʶ ʪʝʭʥʽʯʥʫ ʦʩʥʘʱʝʥʽʩʪʴ, ʤʝʪʦʜʠ ʨʦʙʦʪʠ, ʮʽʣʽ, ʩʪʨʫʢʪʫʨʫ ʪʘ ʽʥʰʝ. 

ʇʨʘʢʪʠʢʘ ʦʩʪʘʥʥʴʦʛʦ ʯʘʩʫ ʨʷʩʥʽʻ ʧʨʠʢʣʘʜʘʤʠ ʨʦʟʧʘʜʫ ʩʪʘʨʠʭ ʽ ʚʠʥʠʢʥʝʥʥʷ ʥʦʚʠʭ 

ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ ʩʪʨʫʢʪʫʨ. ɺʩʝʨʝʜʠʥʽ ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʚʽʜʙʫʚʘʶʪʴʩʷ ʢʘʜʨʦʚʽ 

ʧʝʨʝʩʪʘʥʦʚʢʠ, ʻ ʧʦʩʪʽʡʥʠʤ ʧʨʦʮʝʩ ʤʽʛʨʘʮʽʾ ʩʧʝʮʽʘʣʽʩʪʽʚ ʥʘ ʧʦʩʘʜʘʭ. ʆʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ 

ʟʥʘʯʥʠʭ ʜʣʷ ʩʠʩʪʝʤ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʚʠʜʽʚ ʪʘʢʦʾ ʤʽʛʨʘʮʽʾ, ʥʘ ʷʢʽʡ ʦʩʦʙʣʠʚʦ ʧʦʟʥʘʯʘʻʪʴʩʷ  

ʨʽʚʝʥʴ ʢʚʘʣʽʬʽʢʘʮʽʾ ʩʧʝʮʽʘʣʽʩʪʘ, ʻ ʧʝʨʝʭʽʜ ʩʧʝʮʽʘʣʽʩʪʽʚ ʟ ʚʠʢʦʥʘʚʯʠʭ ʧʦʩʘʜ ʥʘ ʧʦʩʘʜʠ, ʧʦʚ'ʷʟʘʥʽ 

ʟ ʫʧʨʘʚʣʽʥʥʷʤ ʧʨʦʮʝʩʘʤʠ ʟʘʭʠʩʪʫ ʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʟʘʩʦʙʽʚ ʪʘ ʤʝʭʘʥʽʟʤʽʚ ʟʘʭʠʩʪʫ. ɺ 

ʽʥʬʦʨʤʘʮʽʡʥʦʤʫ ʧʣʘʥʽ ʮʽ ʧʨʦʮʝʩʠ ʩʧʦʥʫʢʘʶʪʴ ʩʧʝʮʽʘʣʽʩʪʘ ʚʽʜʤʦʚʣʷʪʠʩʷ ʚʽʜ ʩʪʘʨʦʾ ʙʘʟʠ ʟʥʘʥʴ, 

ʟʤʽʥʶʚʘʪʠ ʧʦʛʣʷʜʠ ʪʘ ʧʽʜʭʦʜʠ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʟʥʘʯʥʦʾ ʤʽʨʠ ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ ʟʘ ʥʝʛʘʪʠʚʥʽ 

ʥʘʩʣʽʜʢʠ, ʷʢʽ ʤʦʞʫʪʴ ʚʠʥʠʢʥʫʪʠ ʚʥʘʩʣʽʜʦʢ ʧʨʠʡʥʷʪʪʷ ʥʝʢʚʘʣʽʬʽʢʦʚʘʥʠʭ ʨʽʰʝʥʴ. ɺʩʝ ʮʝ 

ʧʦʪʨʝʙʫʻ ʙʽʣʴʰ ʩʢʣʘʜʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʜʠʬʝʨʝʥʮʽʘʮʽʾ ʟʥʘʥʴ [7]. 

ʅʦʚʽ ʩʠʩʪʝʤʠ, ʱʦ ʟ'ʷʚʣʷʶʪʴʩʷ, ʩʪʘʶʪʴ ʚʩʝ ʙʽʣʴʰ ʦʙ'ʻʤʥʠʤʠ, ʽ ʦʨʛʘʥʽʟʘʮʽʷ ʟʥʘʥʴ ʚ ʥʠʭ 

ʚʩʝ ʙʽʣʴʰʝ ʫʩʢʣʘʜʥʶʻʪʴʩʷ, ʜʠʬʝʨʝʥʮʽʶʻʪʴʩʷ. ʈʘʟʦʤ ʟ ʮʠʤ, ʟʤʽʥʶʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʦʙ'ʻʤ ʪʘ 

ʩʢʣʘʜʥʽʩʪʴ ʩʠʩʪʝʤ, ʘʣʝ ʡ ʧʨʠʥʮʠʧʠ ʾʭ ʦʨʛʘʥʽʟʘʮʽʾ, ʩʪʨʫʢʪʫʨʫʚʘʥʥʷ, ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʘ  

ʮʽʣʝʧʦʢʣʘʜʘʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʩʪʘʻ ʥʝʤʦʞʣʠʚʠʤ ʧʝʨʝʜʘʯʘ ʩʣʫʭʘʯʫ ʧʨʦʩʪʦʛʦ ʦʧʠʩʦʚʦʛʦ ʟʥʘʥʥʷ, 

ʷʢʝ ʚʠʤʘʛʘʻ ʚʽʜ ʥʴʦʛʦ ʣʠʰʝ ʟʘʧʘʤ'ʷʪʦʚʫʚʘʥʥʷ [2]. ʊʫʪ ʩʪʘʻ ʥʝʦʙʭʽʜʥʠʤ ʘʢʪ ʩʚʽʜʦʤʦʛʦ 

ʦʩʤʠʩʣʝʥʥʷ ʩʫʪʥʦʩʪʽ ʷʚʠʱ ʪʘ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ, ʧʦʪʨʽʙʥʘ ʥʘʷʚʥʽʩʪʴ ʫ ʩʧʝʮʽʘʣʽʩʪʘ 

ʩʧʨʦʤʦʞʥʦʩʪʽ ʜʘʚʘʪʠ ʦʮʽʥʢʫ ʪʦʤʫ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ, ʚʠʤʘʛʘʻʪʴʩʷ ʩʚʽʜʦʤʠʡ ʘʢʪ ʚʽʜʥʦʰʝʥʥʷ ʜʦ 

ʧʨʦʙʣʝʤʠ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʫ ʟʚ'ʷʟʢʫ ʟ ʤʦʞʣʠʚʠʤʠ ʥʝʛʘʪʠʚʥʠʤʠ ʥʘʩʣʽʜʢʘʤʠ ʚʽʜ ʾʾ 

ʟʘʩʪʦʩʫʚʘʥʥʷ, ʥʝʦʙʭʽʜʥʝ ʚʤʽʥʥʷ ʦʮʽʥʶʚʘʪʠ ʪʝʭʥʽʯʥʫ ʧʦʣʽʪʠʢʫ ʚ ʜʘʥʽʡ ʩʬʝʨʽ ʪʘ ʾʾ ʤʦʞʣʠʚʠʭ 

ʥʝʛʘʪʠʚʥʠʭ ʥʘʩʣʽʜʢʽʚ. 

ɺʠʱʝʟʘʟʥʘʯʝʥʝ ʚʢʘʟʫʻ ʥʘ ʦʙʤʝʞʝʥʽʩʪʴ ʧʽʜʭʦʜʫ, ʧʨʠ ʷʢʦʤʫ ʚ ʧʨʦʮʝʩʽ ʥʘʚʯʘʥʥʷ 

ʥʘʤʘʛʘʶʪʴʩʷ ʜʘʪʠ ʟʥʘʥʥʷ ʧʨʦ ʩʠʩʪʝʤʫ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʟʘʧʘʩ, ʥʘ ʚʝʩʴ ʯʘʩ, ʙʝʟ 

ʚʨʘʭʫʚʘʥʥʷ ʤʦʞʣʠʚʦʾ ʥʝʦʙʭʽʜʥʦʩʪʽ ʾʭ ʟʤʽʥ ʪʘ ʩʪʘʨʽʥʥʷ, ʚʪʨʘʪʠ ʮʽʥʥʦʩʪʽ, ʙʝʟ ʥʘʷʚʥʦʩʪʽ 

ʟʘʛʘʣʴʥʦʤʝʪʦʜʦʣʦʛʽʯʥʦʾ ʙʘʟʠ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʩʧʝʮʽʘʣʽʩʪʫ ʧʝʨʝʙʫʜʫʚʘʪʠ ʟʤʽʩʪ ʩʚʦʻʾ ʙʘʟʠ 

ʜʘʥʠʭ [6,7]. 

ʆʜʥʽʻʶ ʟ ʥʘʡʛʦʣʦʚʥʽʰʠʭ ʟʘʜʘʯ ʩʫʯʘʩʥʠʭ ʉɿɯ ʻ ʨʝʘʣʽʟʘʮʽʷ ʚʠʤʦʛ ʝʢʦʥʦʤʽʯʥʦʾ ʜʦʮʽʣʴʥʦʩʪʽ  

ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʾʾ ʜʽʷʣʴʥʦʩʪʽ ʥʘ ʰʣʷʭʘʭ [3]: 

- ʧʝʨʝʭʦʜʫ ʚʽʜ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ ʙʫʜʴ-ʷʢʦʾ ʽʥʬʦʨʤʘʮʽʾ ʜʦ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ, ʪʦʙʪʦ 

ʧʨʠʭʦʚʫʚʘʥʥʷ ʪʦʛʦ, ʱʦ ʝʢʦʥʦʤʽʯʥʦ, ʪʝʭʥʽʯʥʦ, ʪʝʭʥʦʣʦʛʽʯʥʦ ʽ ʧʦʣʽʪʠʯʥʦ ʜʦʮʽʣʴʥʦ; 

- ʢʦʥʮʝʥʪʨʘʮʽʷ ʤʘʪʝʨʽʘʣʴʥʠʭ ʟʘʩʦʙʽʚ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʚ ʥʘʡʙʽʣʴʰ ʟʥʘʯʥʠʭ ʟ ʪʦʯʢʠ 
ʟʦʨʫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʤʽʩʮʷʭ ʩʠʩʪʝʤʠ ʟʘʭʠʩʪʫ; 

- ʫʥʽʬʽʢʘʮʽʷ ʤʝʪʦʜʽʚ ʨʦʙʦʪʠ ʩʠʩʪʝʤ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʽʥʬʦʨʤʘʮʽʡʥʫ ʙʝʟʧʝʢʫ. 
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ʇʨʠ ʚʠʨʽʰʝʥʥʽ ʚʢʘʟʘʥʠʭ ʟʘʜʘʯ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ: 

- ʥʘʷʚʥʽʩʪʴ ʨʷʜʫ ʟʥʘʥʴ ʧʨʦ ʜʞʝʨʝʣʦ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʬʝʥʦʤʝʥʦʣʦʛʽʯʥʠʤʠ 
ʘʙʦ ʚʠʚʽʜʥʠʤʠ, ʘʙʦ ʥʘʣʝʞʘʪʠ ʜʦ ʤʝʪʦʜʦʣʦʛʽʯʥʠʭ ʟʘʩʦʙʽʚ ʦʪʨʠʤʘʥʥʷ ʜʨʫʛʠʭ ʟ ʧʝʨʰʠʭ, ʘ ʪʘʢʦʞ 

ʤʦʞʣʠʚʽʩʪʴ ʩʧʽʚʚʽʜʥʝʩʝʥʥʷ ʟʥʘʥʴ ʟʽ ʟʥʘʥʥʷʤʠ ʚ ʩʬʝʨʘʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʪʘ ʧʨʠʢʣʘʜʥʠʭ 

ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʨʦʟʨʦʙʦʢ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʘʙʦ ʟʘʭʠʩʪʫ 

ʽʥʬʦʨʤʘʮʽʾ, ʪʘʢʠʤʠ, ʱʦ ʤʘʶʪʴ ʨʽʟʥʽ ʧʦʢʘʟʥʠʢʠ ʩʧʽʣʴʥʦʩʪʽ ʯʘʩʫ ʟʙʝʨʝʞʝʥʥʷ ʮʽʥʥʦʩʪʽ ʜʣʷ 

ʢʦʥʢʨʝʪʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡ, ʚʽʜʦʤʩʪʚ ʪʘ ʢʨʘʾʥʠ ʚ ʮʽʣʦʤʫ, ʟʥʘʯʫʱʽʩʪʴ ʟʙʠʪʢʽʚ ʚʽʜ ʾʭ ʚʪʨʘʪ; 

- ʥʘʷʚʥʽʩʪʴ ʪʠʧʽʚ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʧʨʠʪʘʤʘʥʥʠʭ ʝʣʝʤʝʥʪʘʤ ʩʠʩʪʝʤʠ ʦʙʨʦʙʢʠ 

ʢʦʥʬʽʜʝʥʮʽʡʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʽ, ʟʦʢʨʝʤʘ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʤʽʩʮʷ ʚʢʣʶʯʝʥʥʷ ʦʙ'ʻʢʪʫ ʥʦʩʽʷ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʚ ʧʨʦʮʝʩʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʽ ʚʠʨʘʞʘʪʠ 

ʢ̫ʽʩʥʽ ʩʪʦʨʦʥʠ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ, ʚʢʣʶʯʝʥʠʭ ʚ ʧʨʦʮʝʩ ʧʝʨʝʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ; 

ʨʝʬʣʝʢʪʦʨʥʠʤʠ, ʪʘʢʠʤʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʷʢ ʨʝʘʢʮʽʷ ʫ ʚʽʜʧʦʚʽʜʴ ʥʘ ʚʧʣʠʚ ʟʦʚʥʽʰʥʴʦʛʦ ʪʘ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ; ʦʙʤʽʥʥʦ-ʜʦʧʦʤʽʞʥʠʤʠ; ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʧʦʚ'ʷʟʘʥʠʤʠ ʟ ʧʨʦʮʝʩʦʤ 

ʫʧʨʘʚʣʽʥʥʷ, ʘ ʪʘʢʦʞ ʯʘʩʦʤ ʧʨʦʷʚʫ ʦʟʥʘʢ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʥʘʩʪʘʥʥʷ ʥʝʙʝʟʧʝʯʥʠʭ ʟʤʽʥ ʚ 

ʩʠʩʪʝʤʽ ʽ ʟʤʽʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʧʽʜ ʯʘʩ ʚʧʣʠʚʫ ʥʘ ʪʦʡ ʯʠ ʽʥʰʠʡ ʪʠʧ ʚʣʘʩʪʠʚʦʩʪʝʡ (ʽʥʝʨʮʽʡʥʽʩʪʴ 

ʧʨʦʷʚʫ ʥʝʙʝʟʧʝʯʥʠʭ ʪʝʥʜʝʥʮʽʡ); 

- ʧʦʣʽʩʪʨʫʢʪʫʨʥʽʩʪʴ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ ʽ ʤʦʞʣʠʚʽʩʪʴ ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʮʽʣʴʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʩʠʩʪʝʤʠ ʽ ʚʠʷʚʣʝʥʥʷ ʾʾ ʩʣʘʙʢʠʭ ʤʽʩʮʴ, ʘ ʪʘʢʦʞ ʧʨʠ ʢʣʘʩʠʬʽʢʘʮʽʾ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ; 

- ʥʘʷʚʥʽʩʪʴ ʬʘʟ ʽʩʥʫʚʘʥʥʷ ʦʙ'ʻʢʪʫ ʟʘʭʠʩʪʫ, ʩʧʽʚʚʽʜʥʝʩʝʥʥʷ ʟ ʥʠʤʠ ʨʽʚʥʷ ʟʥʘʯʫʱʦʩʪʽ 
ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʪʠʧʽʚ ʩʝʨʝʜʦʚʠʱ, ʱʦ ʦʙʫʤʦʚʣʶʶʪʴ ʟʘʛʨʦʟʠ ʦʙ'ʻʢʪʫ ʪʘ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʥʴʦʛʦ; 

- ʪʠʧʽʟʘʮʽʷ ʩʠʩʪʝʤ ʟʘ ʭʘʨʘʢʪʝʨʦʤ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʪʝʭʥʽʯʥʠʤʠ, ʦʨʛʘʥʽʟʘʮʽʡʥʦ-

ʪʝʭʥʽʯʥʠʤʠ ʪʘ ʪʽʣʴʢʠ ʦʨʛʘʥʽʟʘʮʽʡʥʠʤʠ (ʧʨʠ ʯʦʤʫ ʦʩʪʘʥʥʽ ʜʫʞʝ ʯʘʩʪʦ ʚʠʧʘʜʘʶʪʴ ʟ ʨʦʟʛʣʷʜʫ)  ʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʷʢ ʩʘʤʠʭ ʩʠʩʪʝʤ ʟʘʭʠʩʪʫ, ʪʘʢ ʽ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʘ ʚ ʥʠʭ ʮʠʨʢʫʣʶʻ. 

ʆʯʝʚʠʜʥʦ, ʱʦ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʭʠʩʪʫ ʟ ʪʘʢʠʭ ʧʦʟʠʮʽʡ 

ʩʧʝʮʽʘʣʽʩʪ ʧʦʚʠʥʝʥ ʤʘʪʠ ʚʽʜʧʦʚʽʜʥʫ ʙʘʟʫ ʟʥʘʥʴ. 

ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ ʚ ʋʢʨʘʾʥʽ ʙʫʣʘ ʧʨʦʚʝʜʝʥʘ ʨʝʦʨʛʘʥʽʟʘʮʽʷ ʩʠʩʪʝʤʠ ʧʽʜʛʦʪʦʚʢʠ 

ʩʧʝʮʽʘʣʽʩʪʽʚ ʟ çɯʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠè [7]. 

ʈʘʥʽʰʝ ʟʘ ʮʠʤ ʥʘʧʨʷʤʦʤ ʧʽʜʛʦʪʦʚʢʠ ʽʩʥʫʚʘʣʦ ʧ'ʷʪʴ ʩʧʝʮʽʘʣʴʥʦʩʪʝʡ, ʘ ʟʘʨʘʟ ʩʪʚʦʨʝʥʽ ʪʨʠ 

ʥʘʧʨʷʤʠ ʧʽʜʛʦʪʦʚʢʠ: ʙʝʟʧʝʢʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʘ ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ; ʩʠʩʪʝʤʠ ʪʝʭʥʽʯʥʦʛʦ 

ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʶ ʙʝʟʧʝʢʦʶ. 

ʍʘʨʘʢʪʝʨʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʦʩʚʽʪʥʴʦʛʦ ʧʨʦʮʝʩʫ ʻ ʪʝ, ʱʦ ʚ ʥʴʦʤʫ ʦʙ'ʻʢʪ ʜʣʷ ʩʣʫʭʘʯʘ ʥʝ 

ʟʘʚʞʜʠ ʚʠʩʪʫʧʘʻ ʚ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʜʘʥʦʩʪʽ. ɿʥʘʯʥʦʶ ʤʽʨʦʶ ʚʽʥ ʧʦʟʠʮʽʦʥʫʻʪʴʩʷ ʩʣʫʭʘʯʫ 

ʦʧʦʩʝʨʝʜʢʦʚʘʥʦ (ʯʝʨʝʟ ʤʦʜʝʣʽ, ʢʦʥʮʝʧʮʽʾ, ʧʦʛʣʷʜʠ, ʧʽʜʭʦʜʠ, ʪʝʦʨʽʾ), ʚ ʷʢʦʩʪʽ ʥʦʩʽʾʚ 

ʚʠʩʪʫʧʘʶʪʴ ʧʝʜʘʛʦʛʠ, ʘ ʪʘʢʦʞ ʨʽʟʥʽ ʙʽʙʣʽʦʪʝʯʥʽ, ʥʘʫʢʦʚʦ-ʽʥʬʦʨʤʘʮʽʡʥʽ, ʘʨʭʽʚʥʽ ʘʙʦ ʽʥʰʽ 

ʩʠʩʪʝʤʠ [4]. 

ʇʦʣʦʞʝʥʥʷ ʚ ʩʬʝʨʽ ʪʝʦʨʽʾ ʩʠʩʪʝʤ ʦʙʨʦʙʢʠ ʽ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʧʦʷʚʦʶ ʨʷʜʫ ʩʧʦʨʽʜʥʝʥʠʭ ʥʘʫʢʦʚʠʭ ʥʘʧʨʷʤʢʽʚ, ʪʘʢʠʭ ʷʢ ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʪʝʭʥʽʢʘ, ʪʝʦʨʽʷ 

ʧʽʟʥʘʥʥʷ, ʽʥʬʦʨʤʘʮʽʡʥʘ ʪʝʦʨʽʷ ʩʠʩʪʝʤ, ʽʥʬʦʨʤʘʪʠʢʘ, ʪʝʦʨʽʷ ʫʧʨʘʚʣʽʥʥʷ, ʪʝʦʨʽʷ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʴ, ʪʝʦʨʽʷ ʨʠʥʢʽʚ, ʪʝʦʨʽʷ ʝʢʩʧʝʨʪʥʠʭ ʪʘ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ, ʪʝʦʨʽʷ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ, 

ʟʘʛʘʣʴʥʘ ʪʘ ʤʘʪʝʤʘʪʠʯʥʘ ʪʝʦʨʽʷ ʟʚ'ʷʟʢʫ, ʷʢʽ ʽʥʦʜʽ ʨʦʟʛʣʷʜʘʶʪʴ ʧʠʪʘʥʥʷ, ʧʦʚ'ʷʟʘʥʽ ʟ 

ʽʥʬʦʨʤʘʮʽʻʶ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʧʨʦʮʝʩʘʤʠ, ʟ ʘʙʩʦʣʶʪʥʦ ʨʽʟʥʠʭ ʧʦʟʠʮʽʡ. ɼʘʥʽ ʥʘʧʨʷʤʢʠ 

ʩʪʨʽʤʢʦ ʨʦʟʚʠʚʘʶʪʴʩʷ ʪʘ ʚʩʝ ʙʽʣʴʰʝ ʚʽʜʭʦʜʷʪʴ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ ʚ ʩʚʦʾʡ ʩʧʝʮʽʘʣʽʟʘʮʽʾ. 

ʅʠʥʽ ʩʪʘʥ ʩʧʨʘʚ ʚ ʪʝʦʨʝʪʠʯʥʽʡ ʩʬʝʨʽ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤʠ ʤʦʤʝʥʪʘʤʠ: 

- ʚʽʜʩʫʪʥʽʩʪʴ ʻʜʠʥʦʾ, ʫʟʛʦʜʞʝʥʦʾ ʧʦ ʚʩʴʦʤʫ ʧʦʣʶ ʥʘʫʢʦʚʠʭ ʥʘʧʨʷʤʢʽʚ, ʧʦʚ'ʷʟʘʥʠʭ ʟ 

ʽʥʬʦʨʤʘʮʽʻʶ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʧʨʦʮʝʩʘʤʠ, ʪʝʨʤʽʥʦʣʦʛʽʾ ʪʘ ʩʪʘʣʦʛʦ ʧʦʥʷʪʽʡʥʦʛʦ ʘʧʘʨʘʪʫ; 

- ʥʘʷʚʥʽʩʪʴ  ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʤʝʪʦʜʦʣʦʛʽʯʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʨʦʟʛʣʷʜʫ ʧʠʪʘʥʴ, ʧʦʚ'ʷʟʘʥʠʭ ʟ 
ʽʥʬʦʨʤʘʮʽʻʶ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʧʨʦʮʝʩʘʤʠ, ʚʩʝʨʝʜʠʥʽ ʢʦʞʥʦʛʦ ʥʘʧʨʷʤʢʫ; ʥʝʤʦʞʣʠʚʽʩʪʴ 

ʽʥʦʜʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʪʨʠʤʘʥʽ ʨʽʰʝʥʥʷ ʚ ʦʜʥʦʤʫ ʥʘʧʨʷʤʢʫ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʘʥʘʣʦʛʽʯʥʠʭ 

ʟʘʜʘʯ ʚ ʽʥʰʦʤʫ ʥʘʧʨʷʤʢʫ (ʚʽʜʩʫʪʥʽʩʪʴ ʫʥʽʬʽʢʦʚʘʥʦʩʪʽ ʨʽʰʝʥʴ ʪʘ ʨʝʟʫʣʴʪʘʪʽʚ); 

- ʚʽʜʩʫʪʥʽʩʪʴ ʪʘʢʦʾ, ʱʦ ʦʭʦʧʣʶʻ ʧʦʣʝ ʜʽʷʣʴʥʦʩʪʽ ʭʦʯʘ ʙ ʚʢʘʟʘʥʠʭ ʥʘʧʨʷʤʢʽʚ, ʘ ʛʦʣʦʚʥʝ 

ʪʘʢʦʾ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʽ ʥʝ ʩʫʧʝʨʝʯʠʪʴ ʨʝʘʣʴʥʠʤ ʩʠʩʪʝʤʘʤ, ʜʦʩʪʘʪʥʴʦ ʧʦʚʥʦʾ ʽ ʥʝʩʫʧʝʨʝʯʣʠʚʦʾ, ʟ 
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ʪʦʯʢʠ ʟʦʨʫ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʫ ʥʽʡ ʝʣʝʤʝʥʪʽʚ, ʻʜʠʥʦʾ ʢʦʥʮʝʧʮʽʾ ï ʩʠʩʪʝʤʠ ʨʦʟʫʤʽʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, 

ʧʦʚ'ʷʟʘʥʠʭ ʟ ʥʝʶ ʧʨʦʙʣʝʤ ʽ ʟʘʜʘʯ, ʱʦ ʩʪʦʷʪʴ ʧʝʨʝʜ ʥʘʫʢʦʚʠʤʠ ʥʘʧʨʷʤʢʘʤʠ, ʷʢʽ ʩʪʦʩʫʶʪʴʩʷ 

ʧʠʪʘʥʴ ʽʥʬʦʨʤʘʮʽʾ, ʟʘʭʠʩʪʫ ʾʾ ʽ ʨʝʘʣʽʟʘʮʽʾ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʽ ʟʘʭʠʩʥʠʭ ʧʨʦʮʝʩʽʚ; 

- ʚʽʜʩʫʪʥʽʩʪʴ ʻʜʠʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʦʨʽʾ, ʧʽʜ ʷʢʦʶ ʨʦʟʫʤʽʶʪʴ ʽʥʪʝʛʨʘʣʴʥʫ ʩʫʢʫʧʥʽʩʪʴ 
ʟʥʘʥʴ ʧʨʦ ʚʩʽ ʥʘʷʚʥʽ ʢʦʥʮʝʧʮʽʾ, ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʧʦʛʣʷʜʠ ʥʘʫʢʦʚʠʭ ʥʘʧʨʷʤʢʽʚ ʥʘ ʽʥʬʦʨʤʘʮʽʶ 

ʪʘ ʧʦʚ'ʷʟʘʥʽ ʟ ʥʝʶ ʽʥʬʦʨʤʘʮʽʡʥʽ ʧʨʦʮʝʩʠ; ʩʪʨʫʢʪʫʨʦʚʘʥʦʛʦ ʟ ʻʜʠʥʠʭ ʤʝʪʦʜʦʣʦʛʽʯʥʠʭ ʧʦʟʠʮʽʡ 

ʤʘʩʠʚʫ ʬʝʥʦʤʝʥʦʣʦʛʽʯʥʠʭ ʟʥʘʥʴ ʽ, ʚʨʝʰʪʽ ʨʝʰʪ, ʤʝʪʦʜʦʣʦʛʽʯʥʦʾ ʥʘʫʢʠ, ʧʽʜ ʷʢʦʶ ʨʦʟʫʤʽʶʪʴ 

ʥʘʫʢʦʚʠʡ ʥʘʧʨʷʤʦʢ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰ ʰʠʨʦʢʠʡ ʽ ʮʽʣʽʩʥʠʡ ʧʦʛʣʷʜ ʥʘ ʨʝʯʽ, ʥʽʞ ʪʦʡ, ʱʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʢʦʥʮʝʧʮʽʻʶ ʘʙʦ ʪʝʦʨʽʻʶ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʣʷ ʩʣʫʭʘʯʘ ʽʜʝʘʣʴʥʽ ʧʨʝʜʩʪʘʚʥʠʢʠ ʟʥʘʥʴ ʫʪʚʦʨʶʶʪʴ ʨʽʟʥʦʧʣʘʥʦʚʫ ʩʢʣʘʜʥʫ 

ʧʘʣʽʪʨʫ, ʚ ʷʢʽʡ ʧʨʠ ʥʠʥʽʰʥʴʦʤʫ ʧʽʜʭʦʜʽ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʟʤʽʩʪʫ ʩʠʩʪʝʤʠ ʟʥʘʥʴ ʩʧʝʮʽʘʣʽʩʪʘ 

ʡʦʤʫ ʩʘʤʦʤʫ ʜʦʩʠʪʴ ʩʢʣʘʜʥʦ ʨʦʟʽʙʨʘʪʠʩʷ. 

ʆʩʢʽʣʴʢʠ ʣʶʜʩʪʚʦ ʬʽʢʩʫʻ ʩʚʦʾ ʟʥʘʥʥʷ ʽ ʫ ʚʠʛʣʷʜʽ ʤʘʪʝʨʽʘʣʴʥʠʭ ʥʦʩʽʾʚ (ʢʥʠʛ, ʞʫʨʥʘʣʽʚ, 

ʜʠʩʢʝʪ, ʜʠʩʢʽʚ ʪʦʱʦ), ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ, ʨʽʟʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʙʽʙʣʽʦʪʝʢ, ʘʨʭʽʚʥʠʭ ʪʘ ʤʫʟʝʡʥʠʭ 

ʩʠʩʪʝʤ ʟʽ ʩʚʦʻʶ ʩʪʨʫʢʪʫʨʦʶ, ʦʨʛʘʥʽʟʘʮʽʻʶ ʜʽʷʣʴʥʦʩʪʽ, ʧʦʨʷʜʢʦʤ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ, ʙʝʟ ʟʥʘʥʴ ʦ 

ʜʽʷʣʴʥʦʩʪʽ ʮʠʭ ʩʪʨʫʢʪʫʨ ʥʘʚʨʷʜ ʯʠ ʤʦʞʥʘ ʛʦʚʦʨʠʪʠ ʧʨʦ ʷʢʽʩʥʝ ʩʘʤʦʩʪʽʡʥʝ ʩʧʨʠʡʥʷʪʪʷ 

ʩʣʫʭʘʯʝʤ ʦʙ'ʻʢʪʫ ʚʠʚʯʝʥʥʷ. ɺ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʦʙ'ʻʢʪ ʚʠʚʯʝʥʥʷ ʷʢ ʜʣʷ ʧʝʜʘʛʦʛʘ, ʪʘʢ ʽ ʜʣʷ 

ʩʣʫʭʘʯʘ ʚʠʷʚʣʷʻʪʴʩʷ ʣʠʰʝ ʫ ʚʠʛʣʷʜʽ ʧʝʚʥʠʤ ʯʠʥʦʤ ʦʨʛʘʥʽʟʦʚʘʥʠʭ ʥʦʩʽʾʚ, ʱʦ ʤʽʩʪʷʪʴ ʧʠʪʘʥʥʷ 

ʪʝʦʨʽʾ ʦʙ'ʻʢʪʫ ʚʠʚʯʝʥʥʷ. 

ɺʠʩʥʦʚʢʠ. ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʪʫʪ ʧʽʜʭʽʜ ʜʦ ʨʦʟʛʣʷʜʫ ʦʩʚʽʪʥʴʦʾ ʩʠʩʪʝʤʠ 

ʽ ʥʘʚʽʪʴ ʪʽʣʴʢʠ ʷʢʽʩʥʠʡ ʘʥʘʣʽʟ ʥʘʡʙʽʣʴʰ ʚʠʟʥʘʯʥʠʭ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʦʙʫʤʦʚʣʶʶʪʴ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʧʦʰʫʢʫ ʰʣʷʭʽʚ ʧʽʜʚʠʱʝʥʥʷ ʦʩʚʽʪʥʴʦʾ ʩʠʩʪʝʤʠ ʚ ʥʝʪʨʘʜʠʮʽʡʥʦʤʫ ʥʘʧʨʷʤʢʫ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʥʝʦʙʭʽʜʥʦʩʪʽ: 

1) ʧʨʦʚʝʜʝʥʥʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʩʠʩʪʝʤ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ, ʜʣʷ ʷʢʠʭ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʧʽʜʛʦʪʦʚʢʘ ʩʧʝʮʽʘʣʽʩʪʽʚ, ʘʥʘʣʽʟʫ ʧʨʦʮʝʩʽʚ, ʱʦ ʚ ʥʽʡ ʚʽʜʙʫʚʘʶʪʴʩʷ, ʽ ʧʨʦʚʝʜʝʥʥʷ ʥʘ ʦʩʥʦʚʽ 

ʮʴʦʛʦ ʘʥʘʣʽʟʫ ʢʣʘʩʠʬʽʢʘʮʽʾ ʥʝʦʙʭʽʜʥʠʭ ʩʧʝʮʽʘʣʽʩʪʽʚ, ʘ ʪʘʢʦʞ ʨʦʟʨʦʙʢʘ ʚʠʤʦʛ ʜʦ ʟʤʽʩʪʫ 

ʩʠʩʪʝʤʠ ʟʥʘʥʴ ʩʧʝʮʽʘʣʽʩʪʘ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʡʦʛʦ ʢʘʪʝʛʦʨʽʻʶ; 

2) ʚʠʷʚʣʝʥʥʷ ʦʩʥʦʚʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʧʦʙʫʜʦʚʠ ʟʥʘʥʴ, ʧʦʰʫʢ ʰʣʷʭʽʚ ʨʘʮʽʦʥʘʣʴʥʦʛʦ 
ʚʽʜʙʦʨʫ ʟʥʘʥʴ ʥʘ ʦʩʥʦʚʽ ʾʭ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʘ ʢʘʪʝʛʦʨʫʚʘʥʥʷ  ʧʦ ʧʝʚʥʠʤ ʢʨʠʪʝʨʽʷʤ ʟʥʘʯʫʱʦʩʪʽ, 

ʽʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʟʥʠʞʝʥʥʷ ʦʙ'ʻʤʫ ʟʥʘʥʴ, ʱʦ ʚʠʢʣʘʜʘʻʪʴʩʷ, ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʡʦʛʦ 

ʝʬʝʢʪʠʚʥʦʩʪʽ, ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʩʪʽ; 

3) ʦʙʦʚ'ʷʟʢʦʚʘ ʥʘʷʚʥʽʩʪʴ ʚ ʧʨʦʛʨʘʤʘʭ ʧʽʜʛʦʪʦʚʢʠ ʩʧʝʮʽʘʣʽʩʪʽʚ ʟ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ 

ʜʠʩʮʠʧʣʽʥ ʜʣʷ ʚʠʢʣʘʜʝʥʥʷ ʥʘ ʨʽʟʥʠʭ ʨʽʚʥʷʭ: 

- ʤʝʪʦʜʦʣʦʛʽʶ ʦʪʨʠʤʘʥʥʷ ʥʘʫʢʦʚʦ- ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʚʠʚʽʜʥʠʭ ʟʥʘʥʴ; 

- ʪʝʦʨʽʶ ʩʠʩʪʝʤ; 

- ʪʝʦʨʽʶ ʞʝʩʪʽʚ; 

- ʽʥʬʦʨʤʘʪʠʢʫ ʷʢ ʥʘʫʢʫ, ʱʦ ʚʠʚʯʘʻ ʨʽʟʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʚ 
ʦʙ'ʻʢʪʘʭ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ, ʘ ʪʘʢʦʞ ʩʧʦʩʦʙʠ ʽ ʤʝʪʦʜʠ ʾʭ ʨʝʘʣʽʟʘʮʽʾ (ʚʢʣʶʯʘʶʯʠ ʩʝʤʘʥʪʠʯʥʠʡ, 

ʧʨʘʛʤʘʪʠʯʥʠʡ ʽ ʩʠʥʪʘʢʩʠʯʥʠʡ ʘʩʧʝʢʪʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ ʽ ʧʨʠʟʥʘʯʝʥʥʷ; 

- ʪʝʦʨʽʶ ʽ ʤʝʪʦʜʠ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ; 

- ʪʝʦʨʽʶ ʤʦʜʝʣʶʚʘʥʥʷ ʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʠʩʪʝʤ ʟʘʭʠʩʪʫ; 

- ʩʠʩʪʝʤʥʠʡ ʘʥʘʣʽʟ; 

- ʪʝʦʨʽʶ ʧʽʟʥʘʥʥʷ; 

- ʜʽʘʣʝʢʪʠʯʥʫ ʽ ʬʦʨʤʘʣʴʥʫ ʣʦʛʽʢʫ; 

- ʦʩʥʦʚʠ ʶʨʠʜʠʯʥʠʭ ʽ ʧʨʘʚʦʚʠʭ ʟʥʘʥʴ; 

4) ʟʤʽʥʠ ʦʮʽʥʢʠ ʜʽʷʣʴʥʦʩʪʽ ʩʣʫʭʘʯʘ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʡʦʛʦ ʤʦʞʣʠʚʽʩʪʶ ʦʧʝʨʫʚʘʪʠ 
ʦʪʨʠʤʘʥʠʤʠ  ʚ ʭʦʜʽ ʥʘʚʯʘʥʥʷ ʦʙ'ʻʤʘʤʠ ʟʥʘʥʴ; 

5) ʟʤʽʥʠ ʦʮʽʥʢʠ ʜʽʷʣʴʥʦʩʪʽ ʚʠʢʣʘʜʘʯʘ ʧʦ ʤʽʨʽ ʡʦʛʦ ʚʧʣʠʚʫ ʥʘ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʽ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʩʣʫʭʘʯʝʤ ʟʥʘʥʴ [6,7]. 

ɺʠʢʣʘʜʝʥʽ ʪʫʪ ʧʨʠʥʮʠʧʠ ʣʷʛʣʠ ʚ ʦʩʥʦʚʫ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʥʘʚʯʘʣʴʥʠʭ ʧʣʘʥʽʚ ʽ ʫʯʙʦʚʠʭ 

ʧʨʦʛʨʘʤ ʩʪʫʜʝʥʪʽʚ ʽ ʢʫʨʩʘʥʪʽʚ ʥʘʚʯʘʣʴʥʦ-ʥʘʫʢʦʚʦʛʦ ʽʥʩʪʠʪʫʪʫ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ɼʝʨʞʘʥʦʛʦ 
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ʋʥʽʚʝʨʩʠʪʝʪʫ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ɺʽʡʩʴʢʦʚʦʛʦ ʽʥʩʪʠʪʫʪʫ ʂʠʾʚʩʴʢʦʛʦ 

ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤ. ʊ.ɻ.ʐʝʚʯʝʥʢʘ ʟ ʧʠʪʘʥʴ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ. 

ʈʦʟʛʣʷʥʫʪʽ ʤʝʪʦʜʦʣʦʛʽʯʥʽ ʘʩʧʝʢʪʠ ʦʧʠʩʫʶʪʴ ʣʠʰʝ ʯʘʩʪʠʥʫ ʧʨʦʙʣʝʤ, ʧʦʚ'ʷʟʘʥʠʭ ʟ 

ʧʽʜʛʦʪʦʚʢʦʶ ʩʧʝʮʽʘʣʽʩʪʽʚ ʟ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ, ʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʜʣʷ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦʛʦ 

ʦʙʛʦʚʦʨʝʥʥʷ ʩʧʝʮʽʘʣʽʩʪʘʤʠ. ʍʦʪʽʣʦʩʷ ʙ, ʱʦʙ ʚʠʢʘʟʘʥʽ ʽʜʝʾ ʦʪʨʠʤʘʣʠ ʚ ʧʦʜʘʣʴʰʦʤʫ ʙʽʣʴʰ 

ʧʨʠʢʣʘʜʥʠʡ ʨʦʟʚʠʪʦʢ ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʰʣʷʭʽʚ, ʤʝʪʦʜʽʚ ʽ ʬʦʨʤ ʥʘʚʯʘʥʥʷ ʩʧʝʮʽʘʣʽʩʪʽʚ ʟ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ. 
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ʄɸʊɽʄɸʊʀʏɽʉʂɸʗ ʄʆɼɽʃʔ ʇʈʆʎɽʉʉɸ ʕʂʉʇʃʋɸʊɸʎʀʀ ʉʃʆɾʅʆɻʆ 

ʊɽʍʅʀʏɽʉʂʆɻʆ ʆɹʒɽʂʊɸ 

 
ʋ ʩʪʘʪʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʢʣʘʜʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ 

ʦʙ'ʻʢʪʘ ʫ ʚʠʛʣʷʜʽ ʩʠʩʪʝʤʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʜʣʷ ʡʤʦʚʽʨʥʦʩʪʝʡ ʩʪʘʥʽʚ ʧʨʦʮʝʩʫ. ʋ ʤʦʜʝʣʽ 

ʚʨʘʭʦʚʫʶʪʴʩʷ ʢʦʥʩʪʨʫʢʪʠʚʥʘ, ʥʘʜʽʡʥʽʩʪʥʘ ʡ ʬʫʥʢʮʽʦʥʘʣʴʥʘ ʩʪʨʫʢʪʫʨʠ ʦʙ'ʻʢʪʘ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ 

ʪʨʫʜʥʦʱʽ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʤʦʜʝʣʽ ʡ ʟʨʦʙʣʝʥʠʡ ʚʠʩʥʦʚʦʢ ʧʨʦ ʜʦʮʽʣʴʥʽʩʪʴ ʨʦʟʨʦʙʢʠ ʥʘ ʾʾ 

ʦʩʥʦʚʽ ʽʤʽʪʘʮʽʡʥʦʾ ʩʪʘʪʠʩʪʠʯʥʦʾ ʤʦʜʝʣʽ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʪʝʭʥʽʯʥʠʡ ʦʙ'ʻʢʪ, ʽʤʽʪʘʮʽʡʥʘ ʩʪʘʪʠʩʪʠʯʥʘ ʤʦʜʝʣʴ. 

 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʣʦʞʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʣʦʞʥʦʛʦ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ ʚ ʚʠʜʝ ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʚʝʨʦʷʪʥʦʩʪʝʡ 

ʩʦʩʪʦʷʥʠʡ ʧʨʦʮʝʩʩʘ. ɺ ʤʦʜʝʣʠ ʫʯʠʪʳʚʘʶʪʩʷ ʢʦʥʩʪʨʫʢʪʠʚʥʘʷ, ʥʘʜʝʞʥʦʩʪʥʘʷ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʳ ʦʙʲʝʢʪʘ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʪʨʫʜʥʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ 

ʤʦʜʝʣʠ ʠ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʥʘ ʝʝ ʦʩʥʦʚʝ ʠʤʠʪʘʮʠʦʥʥʦʡ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʭʥʠʯʝʩʢʠʡ ʦʙʲʝʢʪ, ʠʤʠʪʘʮʠʦʥʥʘʷ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ. 

 

In the article the mathematical model of process of operation of difficult technical object in the 

form of system of the differential equations for probabilities of conditions of process is offered. In model 

constructive and functional structures of object are considered. Difficulties of practical realisation of 

model are analysed and the conclusion on expediency of working out on its basis of imitating statistical 

model is drawn. 

Keywords: difficult technical object, statistical model, operation process.  
 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʳ ʠ ʝʝ ʨʝʰʝʥʠʝ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʙʲʝʢʪʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ 

ʩʦʙʦʡ ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʫʩʪʨʦʡʩʪʚʘ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʘʟʥʦʪʠʧʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʠ ʠʤʝʶʱʠʭ ʠʝʨʘʨʭʠʯʝʩʢʫʶ ʢʦʥʩʪʨʫʢʪʠʚʥʫʶ ʩʪʨʫʢʪʫʨʫ. ʅʘʧʨʠʤʝʨ, 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʤʦʛʫʪ ʙʳʪʴ ʰʢʘʬʳ, ʙʣʦʢʠ, ʫʟʣʳ, ʷʯʝʡʢʠ ʠ ʪ.ʧ. (ʢʘʢ ʥʘʟʳʚʘʪʴ 

ʵʣʝʤʝʥʪʳ ʟʥʘʯʝʥʠʷ ʥʝ ʠʤʝʝʪ). ʂʦʥʩʪʨʫʢʪʠʚʥʫʶ ʩʪʨʫʢʪʫʨʫ ʦʙʲʝʢʪʘ ʬʦʨʤʘʣʴʥʦ ʙʫʜʝʤ 

ʧʨʝʜʩʪʘʚʣʷʪʴ ʜʝʨʝʚʦʤ, ʚ ʢʦʪʦʨʦʤ ʢʦʨʝʥʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʙʲʝʢʪ ʚ ʮʝʣʦʤ, ʘ ʫʟʣʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʤ ʵʣʝʤʝʥʪʘʤ, ʠʤʝʶʱʠʤ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʜʨʫʛʠʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ. 

ʃʠʩʪʴʷ ʜʝʨʝʚʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʵʣʝʤʝʥʪʳ ʥʠʞʥʝʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʫʨʦʚʥʷ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ 

ʢʘʢ ʦʜʥʦ ʮʝʣʦʝ (ʨʠʩ. 1).  

ʇʨʦʠʟʚʦʣʴʥʳʡ ʢʦʥʩʪʨʫʢʪʠʚʥʳʡ ʵʣʝʤʝʥʪ u-ʛʦ ʫʨʦʚʥʷ ʙʫʜʝʤ ʦʙʦʟʥʘʯʘʪʴ 
u

i
e . ɽʩʣʠ 

ʵʣʝʤʝʥʪ 
u

i
e  ʠʤʝʝʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʜʨʫʛʠʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ, ʪʦ ʝʛʦ ʚʥʫʪʨʝʥʥʷʷ 

ʩʪʨʫʢʪʫʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʧʦʜʜʝʨʝʚʦʤ (ʨʠʩ. 2). ʕʣʝʤʝʥʪʳ ʥʠʞʥʝʛʦ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʫʨʦʚʥʷ ʦʙʦʟʥʘʯʝʥʳ ʥʘ ʨʠʩʫʥʢʝ ʢʨʫʞʢʘʤʠ. 
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ʂʘʞʜʳʡ ʢʦʥʩʪʨʫʢʪʠʚʥʳʡ ʵʣʝʤʝʥʪ ʤʦʞʝʪ ʠʤʝʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʫʶ ʠʣʠ ʧʘʨʘʣʣʝʣʴʥʫʶ 

ʥʘʜʝʞʥʦʩʪʥʫʶ ʩʪʨʫʢʪʫʨʫ. ʇʘʨʘʣʣʝʣʴʥʦʝ ʩʦʝʜʠʥʝʥʠʝ (ʨʝʟʝʨʚʠʨʦʚʘʥʠʝ) ʤʦʞʝʪ ʙʳʪʴ 

ʥʘʛʨʫʞʝʥʥʳʤ ʠʣʠ ʥʝʥʘʛʨʫʞʝʥʥʳʤ.  

ɺʩʝ ʵʣʝʤʝʥʪʳ 
1+u

ij
e , ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʵʣʝʤʝʥʪʘ 

u

i
e , ʩʯʠʪʘʶʪʩʷ ʩʦʝʜʠʥʝʥʥʳʤʠ ʚ ʩʤʳʩʣʝ 

ʥʘʜʝʞʥʦʩʪʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ. ɽʩʣʠ ʵʣʝʤʝʥʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʘʨʘʣʣʝʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ 

(ʨʝʟʝʨʚʠʨʦʚʘʥʥʘʷ ʛʨʫʧʧʘ), ʪʦ ʚʩʝ ʚʭʦʜʷʱʠʝ ʚ ʥʝʛʦ ʵʣʝʤʝʥʪʳ ʷʚʣʷʶʪʩʷ ʦʜʥʦʪʠʧʥʳʤʠ. ɺ 

ʜʝʨʝʚʝ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʦʪʦʙʨʘʞʘʝʪʩʷ ʪʦʣʴʢʦ ʦʜʠʥ ʵʣʝʤʝʥʪ. 

ʂʘʞʜʦʤʫ ʵʣʝʤʝʥʪʫ 
u

i
e  ʩʪʘʚʠʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʧʨʠʟʥʘʢ 

i
h, ʦʙʦʟʥʘʯʘʶʱʠʡ ʪʠʧ ʥʘʜʝʞʥʦʩʪʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʵʣʝʤʝʥʪʘ: 0=ih  - ʥʝʨʝʟʝʨʚʠʨʦʚʘʥʥʳʡ ʵʣʝʤʝʥʪ; 1=ih  - ʥʘʛʨʫʞʝʥʥʳʡ ʨʝʟʝʨʚ; 2=ih  

- ʥʝʥʘʛʨʫʞʝʥʥʳʡ ʨʝʟʝʨʚ. 

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʦʙʲʝʢʪʘ ʧʦʩʣʝ ʦʪʢʘʟʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʫʪʝʤ ʟʘʤʝʥʳ (ʨʝʤʦʥʪʘ) ʵʣʝʤʝʥʪʘ 

ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʫʨʦʚʥʷ. ʇʨʠ ʵʪʦʤ ʟʘʤʝʥʷʶʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʘʠʙʦʣʝʝ 

ʣʝʛʢʦʩʲʝʤʥʳʝ ʠ ʣʝʛʢʦʜʦʩʪʫʧʥʳʝ ʵʣʝʤʝʥʪʳ ï ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʪʠʧʦʚʳʝ ʵʣʝʤʝʥʪʳ ʟʘʤʝʥʳ 

(ʊʕɿ). 

ʂʦʥʝʯʥʦ, ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʤʦʛʫʪ ʟʘʤʝʥʷʪʴʩʷ ʠ ʵʣʝʤʝʥʪʳ ʙʦʣʝʝ ʥʠʟʢʦʛʦ ʠʣʠ ʙʦʣʝʝ 

ʚʳʩʦʢʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʫʨʦʚʥʷ.  

ɺʚʝʜʝʤ ʧʦʥʷʪʠʝ ʤʥʦʞʝʩʪʚʘ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʤʳʭ ʵʣʝʤʝʥʪʦʚ 
ʚ

E  ï ʵʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʩ ʥʘʠʙʦʣʴʰʝʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʟʘʤʝʥʷʶʪʩʷ ʧʨʠ ʦʪʢʘʟʘʭ ʦʙʲʝʢʪʘ. ɺ 

ʤʥʦʞʝʩʪʚʦ 
ʚ

E  ʚʢʣʶʯʘʶʪʩʷ ʚʩʝ ʊʕɿʳ, ʦʜʥʘʢʦ ʦʥʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʩʪʘʚʣʷʶʪ ʣʠʰʴ ʥʝʙʦʣʴʰʫʶ 

ʯʘʩʪʴ ʚʩʝʭ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʤʳʭ ʵʣʝʤʝʥʪʦʚ. ɺ ʢʘʞʜʦʡ ʚʝʪʚʠ ʜʝʨʝʚʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʦʙʲʝʢʪʘ ʜʦʣʞʝʥ ʙʳʪʴ ʪʦʣʴʢʦ ʦʜʠʥ ʵʣʝʤʝʥʪ, ʚʢʣʶʯʝʥʥʳʡ ʚ ʤʥʦʞʝʩʪʚʦ 
ʚ

E . ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚ 

ʤʥʦʞʝʩʪʚʦ 
ʚ

E  ʤʦʛʫʪ ʚʭʦʜʠʪʴ ʵʣʝʤʝʥʪʳ ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʫʨʦʚʥʝʡ.  

ʄʥʦʞʝʩʪʚʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʤʳʭ ʵʣʝʤʝʥʪʦʚ ï ʵʪʦ ʯʠʩʪʦ ʤʦʜʝʣʴʥʦʝ ʧʦʥʷʪʠʝ. ʆʪ 

ʧʨʘʚʠʣʴʥʦʩʪʠ ʟʘʜʘʥʠʷ ʤʥʦʞʝʩʪʚʘ 
ʚ

E  ʟʘʚʠʩʠʪ ʘʜʝʢʚʘʪʥʦʩʪʴ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʘ ʪʝʭʥʠʯʝʩʢʦʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʲʝʢʪʘ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʷʚʣʷʶʪʩʷ 

ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ. ʄʥʦʞʝʩʪʚʦ ʬʫʥʢʮʠʡ, ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʢʦʪʦʨʳʭ ʧʨʝʜʥʘʟʥʘʯʘʝʪʩʷ 

ʦʙʲʝʢʪ, ʦʙʦʟʥʘʯʠʤ F. ɹʫʜʝʤ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʚʩʝ ʬʫʥʢʮʠʠ ʠʟ ʤʥʦʞʝʩʪʚʘ F ʜʝʣʷʪʩʷ ʥʘ 

ʦʩʥʦʚʥʳʝ 
0
F  ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ 

1
F  (

1ʦ
FÇF=F ). ʂʘʞʜʘʷ ʬʫʥʢʮʠʷ FÍji  ʤʦʞʝʪ 

ʥʘʭʦʜʠʪʴʩʷ ʚ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʤ ʠʣʠ ʚ ʥʝʨʘʙʦʪʦʩʧʦʩʦʙʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʋʩʣʦʚʠʤʩʷ ʬʫʥʢʮʠʶ 

ʩʯʠʪʘʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʡ, ʝʩʣʠ ʦʥʘ ʫʩʧʝʰʥʦ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʠʣʠ 

ʛʦʪʦʚʘ ʢ ʥʝʤʝʜʣʝʥʥʦʤʫ ʚʳʧʦʣʥʝʥʠʶ ʚ ʩʣʫʯʘʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʥʝʡ. ʇʦ ʘʥʘʣʦʛʠʠ 

ʩ ʦʪʢʘʟʘʤʠ ʵʣʝʤʝʥʪʦʚ ʙʫʜʝʤ ʫʧʦʪʨʝʙʣʷʪʴ ʧʦʥʷʪʠʝ ʦʪʢʘʟʘ ʬʫʥʢʮʠʠ, ʧʦʥʠʤʘʷ ʧʦʜ ʵʪʠʤ 

ʩʦʙʳʪʠʝ ʧʝʨʝʭʦʜʘ ʬʫʥʢʮʠʠ ʚ ʥʝʨʘʙʦʪʦʩʧʦʩʦʙʥʦʝ ʩʦʩʪʦʷʥʠʝ. 

ʈʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʢʘʞʜʦʡ ʬʫʥʢʮʠʠ 

FÍji  ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʳʤ 

(ʠʩʧʨʘʚʥʳʤ) ʩʦʩʪʦʷʥʠʝʤ ʦʧʨʝʜʝʣʝʥʥʦʛʦ 

ʧʦʜʤʥʦʞʝʩʪʚʘ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʤʳʭ 

ʵʣʝʤʝʥʪʦʚ 
i

E  ( ʚEE: ii Ìj" ). ʇʦʵʪʦʤʫ ʜʣʷ 

ʟʘʜʘʥʠʷ ʫʩʣʦʚʠʡ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʚʩʝʭ 

ʬʫʥʢʮʠʡ 
i
j ʜʦʩʪʘʪʦʯʥʦ ʟʘʜʘʪʴ 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʠʭ 

ʧʦʜʤʥʦʞʝʩʪʚ {
i

E } ( ʚEE
i

i =8 ). ʈʠʩ. 3 

ʠʣʣʶʩʪʨʠʨʫʝʪ ʩʭʝʤʘʪʠʯʝʩʢʠ ʩʦʦʪʚʝʪʩʪʚʠʝ 

ʤʝʞʜʫ ʤʥʦʞʝʩʪʚʘʤʠ 
ʚ

E  ʠ F, ʟʘʜʘʶʱʝʝ 

ʚʩʶ ʥʝʦʙʭʦʜʠʤʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʫʩʣʦʚʠʷʭ 

1e

2e

je

ʚE

1j

2j

ij

F

0F

1F

ʈʠʩ. 3. ʉʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ ʬʫʥʢʮʠʷʤʠ

            ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʠʭ ʨʘʙʦʪʦʩʧʦʩʦʙ-

            ʥʦʩʪʴ ʵʣʝʤʝʥʪʘʤʠ  

FÍij

ʚEejÍ
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ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʬʫʥʢʮʠʡ FÍji . 

ʉ ʫʯʝʪʦʤ ʜʦʧʫʱʝʥʠʷ ʦ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʦʪʢʘʟʦʚ ʠ ʧʨʠʥʷʪʦʛʦ ʚʳʰʝ ʫʩʣʦʚʠʷ ʦ ʪʦʤ, ʯʪʦ ʚʩʝ 

ʵʣʝʤʝʥʪʳ ʤʥʦʞʝʩʪʚʘ 
i

E  ʩʦʝʜʠʥʝʥʳ ʚ ʩʤʳʩʣʝ ʥʘʜʝʞʥʦʩʪʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʝʨʦʷʪʥʦʩʪʴ 

ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʬʫʥʢʮʠʠ  ʤʦʞʥʦ ʥʘʡʪʠ ʢʘʢ ʧʨʦʠʟʚʝʜʝʥʠʝ 

Ô
=

j =
i

ji

E

j
je htptp

1

)/()/( H ,                                                             (1) 

ʛʜʝ )/( je htp
j

 - ʚʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʵʣʝʤʝʥʪʘ 
j

e , ʟʘʚʠʩʷʱʘʷ ʦʪ ʧʘʨʘʤʝʪʨʘ 

(ʧʨʠʟʥʘʢʘ) 
j

h , ʟʘʜʘʶʱʝʛʦ ʥʘʜʝʞʥʦʩʪʥʫʶ ʩʪʨʫʢʪʫʨʫ ʵʣʝʤʝʥʪʘ; 

}{ jh=H  - ʦʙʦʙʱʝʥʥʳʡ ʧʘʨʘʤʝʪʨ (ʚʝʢʪʦʨ), ʦʧʠʩʳʚʘʶʱʠʡ ʥʘʜʝʞʥʦʩʪʥʫʶ ʩʪʨʫʢʪʫʨʫ 

ʵʣʝʤʝʥʪʦʚ 
ʚ

Ee
j
Í . 

ʉ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʫʩʣʦʚʠʝʤ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʘ ʷʚʣʷʝʪʩʷ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚʩʝʭ ʝʛʦ 

ʦʩʥʦʚʥʳʭ ʬʫʥʢʮʠʡ, ʚʝʨʦʷʪʥʦʩʪʴ 

ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʦʙʲʝʢʪʘ )(tp  ʥʘʡʜʝʤ ʧʦ 

ʬʦʨʤʫʣʝ ʧʨʦʠʟʚʝʜʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ 

ʩʦʚʤʝʩʪʥʳʭ ʩʦʙʳʪʠʡ: 

Ô
F

=
jjjj -

==
0

121
1

.../ )/(),/()(
i

tptptp
ii

HFH ,  (2) 

ʛʜʝ )/(
121 .../ Htp

ii -jjjj  - ʫʩʣʦʚʥʘʷ 

ʚʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʬʫʥʢʮʠʠ 

ij ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʬʫʥʢʮʠʠ 1j, 2j, é, 

1-ji  ʚ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ (0, t) ʨʘʙʦʪʘʶʪ 

ʙʝʟʦʪʢʘʟʥʦ; 

F - ʧʘʨʘʤʝʪʨ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʦʙʲʝʢʪʘ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʩʧʦʩʦʙ 

ʨʘʟʙʠʝʥʠʷ ʤʥʦʞʝʩʪʚʘ 
ʚ

E  ʥʘ ʧʦʜʤʥʦʞʝʩʪʚʘ 

i
E  ʵʣʝʤʝʥʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʦʪʜʝʣʴʥʳʭ ʬʫʥʢʮʠʡ 

( Fʚ: EF ). 

ɹʫʜʝʤ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʧʨʦʠʟʚʦʣʴʥʳʡ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ ʦʙʲʝʢʪ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʦʜʥʦʤ 

ʠʟ ʩʦʩʪʦʷʥʠʡ, ʧʦʢʘʟʘʥʥʳʭ ʥʘ ʨʠʩ. 4. ɺ 

ʩʦʩʪʦʷʥʠʠ s0 ʨʘʙʦʪʦʩʧʦʩʦʙʥʳ ʚʩʝ ʬʫʥʢʮʠʠ, 

ʦʩʥʦʚʥʳʝ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ.  

ɺ ʩʦʩʪʦʷʥʠʠ s1 ʨʘʙʦʪʦʩʧʦʩʦʙʥʳ ʚʩʝ 

ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ, ʘ ʦʜʥʘ ʠʣʠ ʥʝʢʦʪʦʨʦʝ 

ʧʦʜʤʥʦʞʝʩʪʚʦ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʬʫʥʢʮʠʡ 

ʥʝʨʘʙʦʪʦʩʧʦʩʦʙʥʳ. ɺ ʩʦʩʪʦʷʥʠʝ s2 ʦʙʲʝʢʪ 

ʧʝʨʝʭʦʜʠʪ ʧʨʠ ʦʪʢʘʟʝ ʭʦʪʷ ʙʳ ʦʜʥʦʡ ʠʟ 

ʦʩʥʦʚʥʳʭ ʬʫʥʢʮʠʡ. ʉʦʩʪʦʷʥʠʝ s2 ï ʵʪʦ 

ʩʦʩʪʦʷʥʠʝ ʦʪʢʘʟʘ ʦʙʲʝʢʪʘ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʨʠ ʧʝʨʝʭʦʜʝ ʚ ʩʦʩʪʦʷʥʠʝ s2 ʩʨʘʟʫ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ (ʪʝʢʫʱʠʡ ʨʝʤʦʥʪ) ʦʙʲʝʢʪʘ.  

ɺ ʩʦʩʪʦʷʥʠʠ s3 ʧʨʦʠʟʚʦʜʠʪʩʷ ʢʦʥʪʨʦʣʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ (ʂʌ) ʦʙʲʝʢʪʘ. ʂʌ 

ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʧʨʦʚʝʨʢʠ ʧʨʘʚʠʣʴʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʚʩʝʭ ʬʫʥʢʮʠʡ. 

ʇʨʘʚʠʣʴʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʬʫʥʢʮʠʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʨʝʜʩʪʚ ʩʠʩʪʝʤʳ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ (ʉʊɼ) ʦʙʲʝʢʪʘ. ɽʩʣʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʂʌ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʭʦʪʷ ʙʳ ʦʜʥʘ 

)(tui

)(tf i

iuʪʦ

t

t0

0

1

ʊʆ ʦʪʢʘʟ

ʈʠʩ. 5. ʀʣʣʶʩʪʨʘʮʠʷ ʚʝʨʦʷʪʥʦʩʪʥʦ-ʬʠʟʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʦʪʢʘʟʦʚ

s0

s1

s4

ʈʠʩ. 4. ɻʨʘʬ ʩʦʩʪʦʷʥʠʡ ʠ ʧʝʨʝʭʦʜʦʚ ʧʨʦʮʝʩʩʘ

             ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ

s3s2

     ʆʪʢʘʟ

(ʪʝʢ. ʨʝʤʦʥʪ)

ʀʩʧʨʘʚʥʦʝ 

ʩʦʩʪʦʷʥʠʝ

ʏʘʩʪʠʯʥ.

  ʦʪʢʘʟ

ʂʌ ʊʆ
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ʥʝʧʨʘʚʠʣʴʥʦ ʚʳʧʦʣʥʷʶʱʘʷʩʷ ʬʫʥʢʮʠʷ, ʧʨʦʠʟʚʦʜʠʪʩʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ 

ʵʪʦʡ ʬʫʥʢʮʠʠ (ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʚ ʩʦʩʪʦʷʥʠʝ s2). ɺ ʩʦʩʪʦʷʥʠʠ s4 ʧʨʦʠʟʚʦʜʠʪʩʷ ʪʝʭʥʠʯʝʩʢʦʝ 

ʦʙʩʣʫʞʠʚʘʥʠʝ (ʊʆ) ʦʙʲʝʢʪʘ. ʊʆ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʫʨʦʚʥʷ 

ʙʝʟʦʪʢʘʟʥʦʩʪʠ ʦʙʲʝʢʪʘ, ʢʦʪʦʨʦʝ ʟʘʚʠʩʠʪ ʦʪ ʝʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʊʉ). ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʊʆ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʦʚʝʨʢʘ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʊʉ ʦʙʲʝʢʪʘ.  

ʊʉ ʦʙʲʝʢʪʘ ʙʫʜʝʤ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ ʝʛʦ 

ʵʣʝʤʝʥʪʦʚ. ʇʦʜ ʦʧʨʝʜʝʣʷʶʱʠʤ ʧʘʨʘʤʝʪʨʦʤ ʧʨʠʥʷʪʦ ʧʦʥʠʤʘʪʴ ʢʘʢʦʡ-ʣʠʙʦ ʬʠʟʠʯʝʩʢʠʡ ʠʣʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʧʘʨʘʤʝʪʨ, ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷʝʪ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʵʣʝʤʝʥʪʘ [1]. 

ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʟʥʘʯʝʥʠʷ ʦʧʨʝʜʝʣʷʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʩʪʝʧʝʥʥʦ ʜʝʛʨʘʜʠʨʫʶʪ, 

ʧʨʠʙʣʠʞʘʷʩʴ ʢ ʧʨʝʜʝʣʴʥʦʤʫ ʢʨʠʪʠʯʝʩʢʦʤʫ ʟʥʘʯʝʥʠʶ, ʧʨʠ ʢʦʪʦʨʦʤ ʚʦʟʥʠʢʘʝʪ ʩʦʩʪʦʷʥʠʝ 

ʦʪʢʘʟʘ. ʅʘ ʨʠʩ. 5 ʧʦʢʘʟʘʥ ʭʘʨʘʢʪʝʨʥʳʡ ʚʠʜ ʩʣʫʯʘʡʥʦʛʦ ʧʨʦʮʝʩʩʘ ʜʝʛʨʘʜʘʮʠʠ i-ʛʦ 

ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʧʘʨʘʤʝʪʨʘ )(tui  ʠ ʩʚʷʟʴ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʩ ʬʫʥʢʮʠʝʡ ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ 

ʦʪʢʘʟʦʚ )(tf i . ʇʘʨʘʤʝʪʨ )(tui , ʧʦʢʘʟʘʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ, ʥʦʨʤʠʨʦʚʘʥ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʚʦʝʛʦ 

ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʛʦ ʟʥʘʯʝʥʠʷ. ʆʧʨʝʜʝʣʷʶʱʠʡ ʧʘʨʘʤʝʪʨ ʤʦʞʝʪ ʦʪʥʦʩʠʪʴʩʷ ʢʘʢ ʢ 

ʦʪʜʝʣʴʥʦʤʫ ʵʣʝʤʝʥʪʫ, ʪʘʢ ʠ ʢ ʛʨʫʧʧʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʩʚʷʟʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ.  

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʊʆ ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʟʤʝʨʝʥʠʝ ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʧʘʨʘʤʝʪʨʘ )(tui , ʠ ʝʩʣʠ 

ʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʝʛʦ ʟʥʘʯʝʥʠʝ ʧʨʝʚʳʩʠʣʦ ʟʘʜʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʫʨʦʚʥʷ ʊʆ 
i

u
ʪʦ
, ʚʳʧʦʣʥʷʶʪʩʷ 

ʨʘʙʦʪʳ ʧʦ ʊʆ ʵʣʝʤʝʥʪʘ (ʛʨʫʧʧʳ ʵʣʝʤʝʥʪʦʚ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʊʆ ʟʥʘʯʝʥʠʝ ʦʧʨʝʜʝʣʷʶʱʝʛʦ 

ʧʘʨʘʤʝʪʨʘ ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʥʦʤʠʥʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ )(tui = 0 (ʧʨʦʠʩʭʦʜʠʪ ʦʙʥʦʚʣʝʥʠʝ 

ʵʣʝʤʝʥʪʦʚ). ʆʯʝʚʠʜʥʦ, ʯʪʦ ʜʘʣʝʢʦ ʥʝ ʚʩʝ ʵʣʝʤʝʥʪʳ ʦʙʲʝʢʪʘ ʠʤʝʶʪ ʦʧʨʝʜʝʣʷʶʱʠʝ ʧʘʨʘʤʝʪʨʳ, 

ʠ ʪʦʣʴʢʦ ʥʝʙʦʣʴʰʘʷ ʯʘʩʪʴ ʠʟ ʥʠʭ ʷʚʣʷʶʪʩʷ ʠʟʤʝʨʷʝʤʳʤʠ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʜʣʷ 

ʤʥʦʛʠʭ ʪʠʧʦʚ ʵʣʝʤʝʥʪʦʚ ʦʧʨʝʜʝʣʷʶʱʠʡ ʧʘʨʘʤʝʪʨ ʚʦʦʙʱʝ ʦʪʩʫʪʩʪʚʫʝʪ (ʥʝʠʟʚʝʩʪʝʥ). ɸ ʚ ʪʝʭ 

ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʦʧʨʝʜʝʣʷʶʱʠʡ ʧʘʨʘʤʝʪʨ ʠʟʚʝʩʪʝʥ, ʝʛʦ ʠʟʤʝʨʝʥʠʝ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʧʨʦʩʪʦ ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʳʤ. ʇʦʵʪʦʤʫ ʧʨʠ ʩʦʟʜʘʥʠʠ ʦʙʲʝʢʪʘ 

ʨʘʟʨʘʙʦʪʯʠʢ ʦʧʨʝʜʝʣʷʝʪ, ʢʘʢʠʝ ʧʘʨʘʤʝʪʨʳ ʥʝʦʙʭʦʜʠʤʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʚ ʧʨʦʮʝʩʩʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʨʘʟʨʘʙʘʪʳʚʘʝʪ ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʵʪʦʛʦ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ. 

ʀʪʘʢ, ʤʳ ʦʧʨʝʜʝʣʠʣʠ ʩʦʜʝʨʞʘʪʝʣʴʥʦ ʦʩʥʦʚʥʳʝ ʩʦʩʪʦʷʥʠʷ ʧʨʦʮʝʩʩʘ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʘ ʦʧʨʝʜʝʣʠʤ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʝʨʝʭʦʜʦʚ ʤʝʞʜʫ ʩʦʩʪʦʷʥʠʷʤʠ ʠ ʚʝʨʦʷʪʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʦʧʠʩʳʚʘʶʱʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʝʙʳʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʚ ʵʪʠʭ ʩʦʩʪʦʷʥʠʷʭ. 

ɼʣʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʣʥʳʭ ʦʪʢʘʟʦʚ ʦʙʲʝʢʪʘ )(02 tl  (ʧʝʨʝʭʦʜʦʚ s0Ÿs2) ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ 

ʩʣʝʜʫʶʱʝʝ ʚʳʨʘʞʝʥʠʝ [2]: 

)(1

1)(
)(

02

02
02

tFdt

tdF
t

-
=l ,                                                (3) 

ʛʜʝ )(02 tF  - ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (ʌʈ) ʩʣʫʯʘʡʥʦʡ ʥʘʨʘʙʦʪʢʠ ʜʦ ʧʦʣʥʦʛʦ ʦʪʢʘʟʘ 

ʦʙʲʝʢʪʘ, ʢʦʪʦʨʘʷ ʩ ʫʯʝʪʦʤ (2) ʨʘʚʥʘ )(1)(02 tptF -= . 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʯʘʩʪʠʯʥʳʭ ʦʪʢʘʟʦʚ )(01 tl  ʥʝʦʙʭʦʜʠʤʦ ʚ (3) ʚʤʝʩʪʦ 

)(
02

tF  ʧʦʜʩʪʘʚʠʪʴ ʌʈ ʥʘʨʘʙʦʪʢʠ ʜʦ ʯʘʩʪʠʯʥʦʛʦ ʦʪʢʘʟʘ )(01 tF , ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

  ù
ú

ø
é
ê

è
-Ö-= ÔÔ
F

=
jjjj

F

=
jjjj --

1

121

0

121
1

.../
1

.../01 )(1)(1)(
ji

tptptF
jjii

.                    (4) 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʬʫʥʢʮʠʠ )(
01

tF  ʠ )(
02

tF  ʜʦʣʞʥʳ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʫʩʣʦʚʠʶ: 

1)()( 0201 =+ tFtF .                                                       (5) 

ʇʝʨʝʭʦʜʳ s1Ÿs2 ʠ s0Ÿs2 ʩʚʷʟʘʥʳ ʩ ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ ʩʦʙʳʪʠʝʤ ï ʦʪʢʘʟʦʤ ʭʦʪʷ ʙʳ ʦʜʥʦʡ 

ʠʟ ʦʩʥʦʚʥʳʭ ʬʫʥʢʮʠʡ. ʇʦʵʪʦʤʫ )()( 0212 tt l=l . 
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ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʂʌ ʠ ʊʆ ʧʨʦʚʦʜʷʪʩʷ ʧʝʨʠʦʜʠʯʝʩʢʠ, ʚ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʝ 

ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ. ʇʦʵʪʦʤʫ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʝʨʝʭʦʜʦʚ ʚ ʩʦʩʪʦʷʥʠʷ s3 ʠ s4 ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ 

ʯʝʨʝʟ ʜʝʣʴʪʘ-ʬʫʥʢʮʠʶ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

)()( ʢʬ03 kTtt -d=l ,    k=1,2,é ; 

)()( ʪʦ04 mTtt -d=l ,    m=1,2,é ,                                             (6) 

ʛʜʝ 
ʢʬ

T  ʠ 
ʪʦ

T - ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʂʌ ʠ ʊʆ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 

)(xd  - ʜʝʣʴʪʘ-ʬʫʥʢʮʠʷ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʫʩʣʦʚʠʷʤʠ [3]: 

í
ì
ë

¸

=¤+
=d

;0,0

,0,
)(

x

x
x ,      ñ

+¤

¤-

=d 1)( dxx . 

ɸʥʘʣʦʛʠʯʥʦ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ )()( 0313 tt l=l  ʠ )()( 0414 tt l=l . 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʦʙʲʝʢʪʘ )(20 tl  ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʚʳʨʘʞʝʥʠʷ: 

)(1

1)(
)(

ʚ

ʚ
20

tFdt

tdF
t

-
=l ,                                                    (7) 

ʛʜʝ )(ʚ tF  - ʌʈ ʚʨʝʤʝʥʠ ʧʨʝʙʳʚʘʥʠʷ ʦʙʲʝʢʪʘ ʚ ʥʝʨʘʙʦʪʦʩʧʦʩʦʙʥʦʤ ʩʦʩʪʦʷʥʠʠ.  

ʌʫʥʢʮʠʷ )(ʚ tF  ʟʘʚʠʩʠʪ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʨʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʠ ʦʙʲʝʢʪʘ, ʢʦʪʦʨʳʝ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʦʙʲʝʢʪʘ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʉʊɼ. ʂʨʦʤʝ 

ʪʦʛʦ, ʬʫʥʢʮʠʷ )(ʚ tF  ʟʘʚʠʩʠʪ ʦʪ ʥʘʣʠʯʠʷ ɿʀʇ (ʟʘʧʘʩʥʦʝ ʠʤʫʱʝʩʪʚʦ ʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ) ʠ ʦʪ 

ʫʜʘʣʝʥʥʦʩʪʠ ʩʢʣʘʜʦʚ ʩʠʩʪʝʤʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʲʝʢʪʘ. ɺ ʦʙʱʝʤ 

ʩʣʫʯʘʝ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ: 

),/()( ʚʚ ZVtFtF = ,                                                    (8) 

ʛʜʝ V ʠ Z ï ʦʙʦʙʱʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʦʧʠʩʳʚʘʶʱʠʝ ʩʚʦʡʩʪʚʘ ʨʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʠ 

ʦʙʲʝʢʪʘ ʠ ʩʦʩʪʘʚ ʠ ʩʪʨʘʪʝʛʠʶ ʧʦʧʦʣʥʝʥʠʷ ɿʀʇ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʝʪʘʣʠʟʘʮʠʷ ʧʘʨʘʤʝʪʨʦʚ V ʠ 

Z ʚʳʭʦʜʠʪ ʟʘ ʨʘʤʢʠ ʜʘʥʥʦʡ ʩʪʘʪʴʠ. 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʂʌ ʙʫʜʝʤ ʩʯʠʪʘʪʴ ʧʦʩʪʦʷʥʥʦʡ ʚʝʣʠʯʠʥʦʡ, ʥʝʟʘʚʠʩʷʱʝʡ ʦʪ ʠʩʭʦʜʘ 

ʢʦʥʪʨʦʣʷ. ʇʦʵʪʦʤʫ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʝʨʝʭʦʜʦʚ s3Ÿs2 ʠ s3Ÿs0 ʪʘʢ ʞʝ  ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʯʝʨʝʟ 

ʜʝʣʴʪʘ-ʬʫʥʢʮʠʶ: 

)()()( ʢʬ3032 t-d=l=l ttt ,                                                  (9) 

ʛʜʝ 
ʢʬ
t  - ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʂʌ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʂʌ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʊʆ ʥʝʣʴʟʷ ʧʨʠʥʷʪʴ ʧʦʩʪʦʷʥʥʦʡ ʚʝʣʠʯʠʥʦʡ. 

ʇʦʵʪʦʤʫ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʝʨʝʭʦʜʦʚ s4Ÿs0 ʦʧʨʝʜʝʣʠʤ ʧʦ ʬʦʨʤʫʣʝ, ʘʥʘʣʦʛʠʯʥʦʡ (7): 

)(1

1)(
)(

ʪʦ

ʪʦ

40
tFdt

tdF
t

-
=l ,                                                 (10) 

ʛʜʝ )(ʪʦtF  - ʌʈ ʩʣʫʯʘʡʥʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʊʆ.  

ʈʘʥʝʝ ʤʳ ʦʪʤʝʯʘʣʠ, ʯʪʦ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʊʆ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʦʚʝʨʢʘ ʊʉ ʚʩʝʭ 

ʦʙʩʣʫʞʠʚʘʝʤʳʭ ʵʣʝʤʝʥʪʦʚ, ʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʘʢʪʠʯʝʩʢʦʛʦ ʊʉ ʵʣʝʤʝʥʪʦʚ ʚʳʧʦʣʥʷʶʪʩʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʙʦʪʳ ʊʆ. ʇʦʵʪʦʤʫ ʬʫʥʢʮʠʷ )(
ʪʦ

tF  ʟʘʚʠʩʠʪ, ʢʘʢ ʤʠʥʠʤʫʤ, ʦʪ ʪʝʢʫʱʝʛʦ 

ʊʉ ʦʙʲʝʢʪʘ ʠ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʚʳʙʨʘʥʥʦʡ ʩʪʨʘʪʝʛʠʠ ʧʨʦʚʝʜʝʥʠʷ ʊʆ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʤʦʞʥʦ 

ʟʘʧʠʩʘʪʴ: 

  )),(/()( ʪʦʪʦʪʦ UU ttFtF = ,                                              (11) 

ʛʜʝ )}({)( tut i=U  - ʚʝʢʪʦʨ ʬʘʢʪʠʯʝʩʢʠʭ (ʠʟʤʝʨʝʥʥʳʭ) ʟʥʘʯʝʥʠʡ ʦʧʨʝʜʝʣʷʶʱʠʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʪʝʢʫʱʝʝ ʊʉ ʦʙʲʝʢʪʘ; 

 }{ ʪʦʪʦ iu=U  - ʚʝʢʪʦʨ ʟʥʘʯʝʥʠʡ ʫʨʦʚʥʷ ʊʆ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʢʨʠʪʝʨʠʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʧʨʦʚʝʜʝʥʠʷ ʊʆ ʨʘʟʣʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ.  

ʈʘʟʤʝʨʥʦʩʪʴ ʚʝʢʪʦʨʦʚ )(tU  ʠ ʪʦU  ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦʤ ʦʧʨʝʜʝʣʷʶʱʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʦʙʲʝʢʪʘ. 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠʷ ʊʆ ʧʨʦʠʩʭʦʜʠʪ ʫʣʫʯʰʝʥʠʝ ʊʉ ʦʙʲʝʢʪʘ, ʯʪʦ ʜʦʣʞʥʦ 

ʧʨʦʷʚʣʷʪʴʩʷ ʚ ʧʦʚʳʰʝʥʠʠ ʫʨʦʚʥʷ ʝʛʦ ʙʝʟʦʪʢʘʟʥʦʩʪʠ. ɺ ʪʝʨʤʠʥʘʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠʷ ʊʆ ʠʟʤʝʥʷʝʪʩʷ 

(ʫʣʫʯʰʘʝʪʩʷ) ʧʘʨʘʤʝʪʨ U, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʊʉ ʦʙʲʝʢʪʘ (ʵʪʦ ʠʟʤʝʥʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ 

ʥʘʭʦʞʜʝʥʠʠ ʦʙʲʝʢʪʘ ʚ ʩʦʩʪʦʷʥʠʠ s4). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʩʣʝ ʧʝʨʝʭʦʜʘ s4Ÿs0 ʧʨʝʪʝʨʧʝʚʘʝʪ 

ʠʟʤʝʥʝʥʠʷ  ʬʫʥʢʮʠʷ )(02 tF  (ʠ )(01 tF ) ʠ ʩʚʷʟʘʥʥʘʷ ʩ ʥʝʡ ʬʫʥʢʮʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʢʘʟʦʚ 

)(02 tl  (ʠ )(01 tl ). ʊʦ ʝʩʪʴ ʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʨʦʮʝʩʩ ʷʚʣʷʝʪʩʷ 

ʩʪʦʭʘʩʪʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ ʩ ʩʫʱʝʩʪʚʝʥʥʳʤ ʧʦʩʣʝʜʝʡʩʪʚʠʝʤ, ʦʙʫʩʣʦʚʣʝʥʥʳʤ ʧʨʦʚʝʜʝʥʠʝʤ 

ʊʆ.  

ʊʝʧʝʨʴ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʩʦʩʪʦʷʥʠʡ 

ʤʦʜʝʣʠʨʫʝʤʦʛʦ ʧʨʦʮʝʩʩʘ (ʫʨʘʚʥʝʥʠʷ ʂʦʣʤʦʛʦʨʦʚʘ [4]). ʋʨʘʚʥʝʥʠʷ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

-l+tl+l=¡ )(),/()()/()(),/()( 4ʪʦ403ʢʬ302200 tPttPttPttP UUZV  

])/()/(),,/(),,/()[( ʪʦ03ʢʬ0301020 TtttttP l+tl+l+l- UFHUFH ; 

)]/()/(),,/()[()(),,/()( ʪʦ13ʢʬ131210011 TttttPtPttP l+tl+l-l=¡ UFHUFH ; 

),/()()()/()(),,/()(),,/()( 2023ʢʬ321120022 ZVUFHUFH ttPtPttPttPttP l-tl+l+l=¡ ; 

)]/()/()[()()/()()/()( ʢʬ30ʢʬ3231ʢʬ130ʢʬ033 tl+tl-l+l=¡ tttPtPTttPTttP ; 

),/()()()/()()/()( ʪʦ4041ʪʦ140ʪʦ044 UUttPtPTttPTttP l-l+l=¡ ; 

1)()()()()( 43210 =++++ tPtPtPtPtP ,                                                                        (12) 

ʛʜʝ )(tP
i

 - ʚʝʨʦʷʪʥʦʩʪʴ ʩʦʩʪʦʷʥʠʷ si ( 4,0=i ). 

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (12) ʷʚʣʷʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ ʧʨʦʮʝʩʩʘ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʩʣʦʞʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ (12) ʧʦʣʫʯʘʶʪʩʷ ʬʫʥʢʮʠʠ 

)(tP
i
, ʟʥʘʷ ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʧʦʢʘʟʘʪʝʣʠ ʥʘʜʝʞʥʦʩʪʠ ʦʙʲʝʢʪʘ (ʢʦʵʬʬʠʮʠʝʥʪ 

ʛʦʪʦʚʥʦʩʪʠ, ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʭʥʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʩʨʝʜʥʶʶ ʥʘʨʘʙʦʪʢʫ ʥʘ ʦʪʢʘʟ ʠ ʜʨ.).  

ʇʘʨʘʤʝʪʨʘʤʠ ʤʦʜʝʣʠ ʷʚʣʷʶʪʩʷ: 

H, F, 
ʢʬ

T
ʢʬ
t , 

ʪʦ
T , ʪʦU .                                                   (13) 

ʇʦʤʠʤʦ ʧʘʨʘʤʝʪʨʦʚ (13) ʥʝʷʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʤʦʜʝʣʠ ʷʚʣʷʶʪʩʷ ʤʥʦʞʝʩʪʚʘ 
ʚ

E , 
0
F  

ʠ 
1
F, ʘ ʪʘʢʞʝ ʬʫʥʢʮʠʠ {)/( je htp

j
} ï ʧʦʢʘʟʘʪʝʣʠ ʙʝʟʦʪʢʘʟʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ 

ʚ
Ee

j
Í . ɺʩʝ 

ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʷʚʣʷʶʪʩʷ ʵʢʟʦʛʝʥʥʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ ʤʦʜʝʣʠ (ʚʭʦʜʥʳʤʠ 

ʜʘʥʥʳʤʠ). ʇʘʨʘʤʝʪʨ U ʷʚʣʷʝʪʩʷ ʵʥʜʦʛʝʥʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ï ʝʛʦ ʟʥʘʯʝʥʠʷ ʚʳʯʠʩʣʷʶʪʩʷ 

ʜʠʥʘʤʠʯʝʩʢʠ ñʚʥʫʪʨʠò ʤʦʜʝʣʠ. ɺʝʨʦʷʪʥʦʩʪʠ )(tP
i
, ʟʘʚʠʩʷʱʠʝ ʦʪ ʧʘʨʘʤʝʪʨʦʚ (13), ʪʘʢ ʞʝ 

ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʢ ʵʥʜʦʛʝʥʥʳʤ ʧʝʨʝʤʝʥʥʳʤ ʤʦʜʝʣʠ.  

ʇʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚ ʚʠʜʝ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ (12) ʩʚʷʟʘʥʦ ʩ ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʪʨʫʜʥʦʩʪʷʤʠ, ʛʣʘʚʥʦʡ ʠʟ 

ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ ʜʣʷ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ),,/(02 UFHtl , 

),,/(01 UFHtl , ),/(20 ZVtl  ʠ ),/( ʪʦ40 UUtl . ɼʣʷ ʠʭ ʧʦʣʫʯʝʥʠʷ ʪʨʝʙʫʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ 

ʦʪʜʝʣʴʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʩʣʦʞʥʦʩʪʴ ʢʦʪʦʨʳʭ ʩʦʧʦʩʪʘʚʠʤʘ ʩʦ ʩʣʦʞʥʦʩʪʴʶ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʘ ʪʝʭʥʠʯʝʩʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʅʦ ʛʣʘʚʥʦʝ ʚ ʪʦʤ, ʯʪʦ ʠ ʵʪʠ 

ʤʦʜʝʣʠ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʥʝ ʧʦʟʚʦʣʷʪ ʧʦʣʫʯʠʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ 

ʧʝʨʝʭʦʜʦʚ. 

ɺʳʚʦʜʳ: 

1) ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʦʣʝʟʥʦʡ ʜʣʷ ʧʨʘʢʪʠʢʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʘ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʣʦʞʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʠʪʴ ʤʝʪʦʜ 

ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ [5]. ʇʨʠʤʝʥʝʥʠʝ ʵʪʦʛʦ ʤʝʪʦʜʘ ʧʦʟʚʦʣʠʪ 

ʩʥʷʪʴ ʪʨʫʜʥʦʩʪʴ, ʩʚʷʟʘʥʥʫʶ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ ʜʣʷ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ 

ʧʝʨʝʭʦʜʦʚ. 



 20 

2) ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʤʦʞʝʪ ʧʨʠʤʝʥʝʥʘ ʢʘʢ ʦʩʥʦʚʘ 
ʜʣʷ ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʛʦ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʣʦʞʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʠʤʠʪʘʮʠʦʥʥʦʡ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. 
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ʄɸʊɽʄɸʊʀʏʅɸ ʄʆɼɽʃʔ ʉɽʈɽɼʅʔʆɻʆ ʈɽʄʆʅʊʋ ʉʋʏɸʉʅʀʍ ɿʈɸɿʂɯɺ 

ʈɸɼɯʆɽʃɽʂʊʈʆʅʅʀʍ ɿɸʉʆɹɯɺ ʆɿɹʈʆɭʅʅʗ ʇʈʀ ɺʇʃʀɺɯ ɼɽʉʊɸɹɯʃɯɿʋʖʏʀʍ 

ʌɸʂʊʆʈɯɺ, ʗʂɯ ɿʅɽʎɯʅʖʖʊʔ ɺʀʂʆʅɸʅʋ ʈʆɹʆʊʋ 

 
ʋ ʩʪʘʪʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʝ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʮʝʩʫ ʧʨʦʚʝʜʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʨʝʤʦʥʪʫ (ʉʈ) ʩʫʯʘʩʥʠʭ 

ʟʨʘʟʢʽʚ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʠʭ ʟʘʩʦʙʽʚ ʦʟʙʨʦʻʥʥʷ (ʈɽɿʆ) ʫ ʚʽʡʩʴʢʦʚʦʤʫ ʨʝʤʦʥʪʥʦʤʫ ʦʨʛʘʥʽ (ɺʈʆ) ʪʘ 

ʨʦʟʨʦʙʣʝʥʘ ʥʦʚʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʝʟʝʨʚʫ ʯʘʩʫ, ʷʢʠʡ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʉʈ ʚ ʫʤʦʚʘʭ ʚʧʣʠʚʫ ʜʝʩʪʘʙʽʣʽʟʫʶʯʠʭ ʬʘʢʪʦʨʽʚ, ʷʢʽ 

ʟʥʝʮʽʥʶʶʪʴ ʚʠʢʦʥʘʥʽ ʨʘʥʽʰʝ ʨʝʤʦʥʪʥʽ ʨʦʙʦʪʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʽ ʟʘʩʦʙʠ ʦʟʙʨʦʻʥʴ, ʨʝʤʦʥʪʥʠʡ ʦʨʛʘʥ, ʜʝʩʪʘʙʽʣʽʟʫʶʯʽ ʬʘʢʪʦʨʠ, 

ʩʝʨʝʜʥʽʡ ʨʝʤʦʥʪ. 

 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʣʦʞʝʥʦ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʧʨʦʚʝʜʝʥʠʷ ʩʨʝʜʥʝʛʦ ʨʝʤʦʥʪʘ (ʉʈ) 

ʩʦʚʨʝʤʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʳʭ ʩʨʝʜʩʪʚ ʚʦʦʨʫʞʝʥʠʷ (ʈʕʉɺ) ʚ ʚʦʡʩʢʦʚʦʤ ʨʝʤʦʥʪʥʦʤ 

ʦʨʛʘʥʝ (ɺʈʆ) ʠ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʥʦʚʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʩ ʫʯʝʪʦʤ ʨʝʟʝʨʚʘ 

ʚʨʝʤʝʥʠ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʉʈ ʚ ʫʩʣʦʚʠʷʭ ʚʣʠʷʥʠʷ ʜʝʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ 

ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʦʙʝʩʮʝʥʠʚʘʶʪ ʚʳʧʦʣʥʝʥʥʳʝ ʨʘʥʝʝ ʨʝʤʦʥʪʥʳʝ ʨʘʙʦʪʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʳʝ ʩʨʝʜʩʪʚʘ ʚʦʦʨʫʞʝʥʠʡ, ʨʝʤʦʥʪʥʳʡ ʦʨʛʘʥ, 

ʜʝʩʪʘʙʠʣʠʟʠʨʫʶʱʠʝ ʬʘʢʪʦʨʳ,  ʩʨʝʜʥʠʡ ʨʝʤʦʥʪ. 

 

In the article the improvement of process of carrying out of average repair (AR) of modern samples of 

radio-electronic means of arms (REMA) in army repair body (ARM) and the developed new mathematical 

model of this process is offered in view of a reserve of time which allows to increase efficiency AR in conditions 

of influence destabilizing factors. 
Keywords: electronic means of arms, body repair, destabilizing factors, midlife repair. 

 

ɺʩʪʫʧ. ɼʝʨʞʘʚʥʘ ʧʨʦʛʨʘʤʘ ʨʦʟʚʠʪʢʫ ʪʘ ʨʝʬʦʨʤʫʚʘʥʥʷ ɿʙʨʦʡʥʠʭ ʉʠʣ ʋʢʨʘʾʥʠ 

ʧʝʨʝʜʙʘʯʘʻ ʧʝʨʰʦʯʝʨʛʦʚʽ ʟʘʭʦʜʠ, ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʧʽʜʪʨʠʤʘʥʥʷ ʚ ʙʦʻʟʜʘʪʥʦʤʫ ʩʪʘʥʽ ʽʩʥʫʶʯʦʛʦ 

ʦʟʙʨʦʻʥʥʷ ʽ ʚʽʡʩʴʢʦʚʦʾ ʪʝʭʥʽʢʠ, ʾʭ ʤʦʜʝʨʥʽʟʘʮʽʶ, ʚʽʜʥʦʚʣʝʥʥʷ ʨʝʩʫʨʩʫ ʽ ʫʜʦʩʢʦʥʘʣʝʥʥʷ 

ʩʠʩʪʝʤʠ ʨʝʤʦʥʪʫ [1]. 

ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʧʦʩʪʘʻ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʘ ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʦʚʠʭ ʪʘ ʬʽʥʘʥʩʦʚʠʭ ʚʠʪʨʘʪ ʥʘ 

ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʧʦʜʦʚʞʝʥʥʷ ʧʨʠʟʥʘʯʝʥʦʛʦ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ ʩʫʯʘʩʥʠʭ 

ʟʨʘʟʢʽʚ ʈɽɿʆ. ʆʜʥʠʤ ʽʟ ʰʣʷʭʽʚ ʚʠʨʽʰʝʥʥʷ ʪʘʢʦʾ ʟʘʜʘʯʽ ʻ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʮʝʩʽʚ ʉʈ ʩʫʯʘʩʥʠʭ 

ʈɽɿʆ ʫ ʚʽʡʩʴʢʦʚʦʤʫ ʨʝʤʦʥʪʥʦʤʫ ʦʨʛʘʥʽ, ʪʦʤʫ ʱʦ ʾʭ ʤʦʞʣʠʚʦʩʪʽ (ʦʨʛʘʥʽʟʘʮʽʷ, ʪʝʭʥʦʣʦʛʽʯʥʘ 

ʜʠʩʮʠʧʣʽʥʘ, ʢʚʘʣʽʬʽʢʘʮʽʷ ʦʙʩʣʫʛʦʚʫʶʯʦʛʦ ʧʝʨʩʦʥʘʣʫ, ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʤʦʥʪʥʦʛʦ 

ʫʩʪʘʪʢʫʚʘʥʥʷ ʽ ʪ. ʽʥ.) ʥʝ ʜʦʟʚʦʣʷʶʪʴ ʧʦʚʥʦʶ ʤʽʨʦʶ ʚʠʨʽʰʫʚʘʪʠ ʟʘʚʜʘʥʥʷ ʧʦʜʦʚʞʝʥʥʷ 

ʧʨʠʟʥʘʯʝʥʠʭ ʪʝʨʤʽʥʽʚ ʩʣʫʞʙʠ ʩʫʯʘʩʥʠʭ ʈɽɿʆ ʟ ʟʘʜʘʥʦʶ ʷʢʽʩʪʶ ʟʘ ʧʨʠʧʫʩʪʠʤʠʡ ʯʘʩ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ. ɯʩʥʫʶʯʽ ʤʦʜʝʣʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ɺʈʆ ʧʨʠ ʦʨʛʘʥʽʟʘʮʽʾ 

ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʨʝʤʦʥʪʫ ʩʫʯʘʩʥʠʭ ʟʨʘʟʢʽʚ ʈɽɿʆ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʠʡʥʷʪʥʠʤʠ. 

ʎʝ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʠʤ, ʱʦ ʟʘ ʾʭ ʜʦʧʦʤʦʛʦʶ ʥʝʤʦʞʣʠʚʦ ʬʦʨʤʘʣʽʟʫʚʘʪʠ ʩʢʣʘʜʥʠʡ ʧʨʦʮʝʩ 

ʧʨʦʚʝʜʝʥʥʷ ʨʦʙʽʪ ʟ ʉʈ, ʘ ʥʝʚʨʘʭʫʚʘʥʥʷ ʬʘʢʪʦʨʽʚ ʨʝʘʣʴʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ɺʈʆ ʧʨʠ 

ʚʠʢʦʥʘʥʥʽ ʨʝʤʦʥʪʥʠʭ ʨʦʙʽʪ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʠʭ ʤʦʜʝʣʝʡ. 

ɿʦʢʨʝʤʘ, ʫ ʥʠʭ ʥʝ ʚʨʘʭʦʚʫʶʪʴʩʷ ʦʩʦʙʣʠʚʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʡ ʩʫʯʘʩʥʠʭ ʈɽɿʆ ʽ ʟʘʩʦʙʽʚ 

ʚʽʡʩʴʢʦʚʦʛʦ ʨʝʤʦʥʪʫ ʦʩʪʘʥʥʽʭ ʧʦʢʦʣʽʥʴ, ʪʘʢʦʞ ʥʝ ʚʨʘʭʦʚʘʥʘ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʨʝʟʝʨʚʫ ʯʘʩʫ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʚʝʜʝʥʥʷ ʉʈ ʩʫʯʘʩʥʠʭ ʟʨʘʟʢʽʚ ʈɽɿʆ ʫ ɺʈʆ ʚ ʫʤʦʚʘʭ ʚʧʣʠʚʫ 

ʜʝʩʪʘʙʽʣʽʟʫʶʯʠʭ ʬʘʢʪʦʨʽʚ [2-5]. ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ [6] ʧʦʢʘʟʘʚ, ʱʦ ʜʝʩʪʘʙʽʣʽʟʫʶʯʽ ʬʘʢʪʦʨʠ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʚʦʻʯʘʩʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʨʝʤʦʥʪʥʠʭ ʨʦʙʽʪ, ʪʘ ʤʦʞʫʪʴ ʧʨʠʚʦʜʠʪʠ ʥʝ ʪʽʣʴʢʠ ʜʦ 

ʾʭʥʴʦʾ ʟʘʪʨʠʤʢʠ, ʘ ʡ ʜʦ ʟʥʝʮʽʥʶʚʘʥʥʷ (ʯʘʩʪʢʦʚʦʛʦ ʘʙʦ ʧʦʚʥʦʛʦ) ʚʠʢʦʥʘʥʦʾ ʨʘʥʽʰʝ ʨʦʙʦʪʠ, ʜʦ 

ʜʦʜʘʪʢʦʚʠʭ ʮʠʢʣʽʚ ʨʝʤʦʥʪʫ ʘʙʦ ʜʦ ʧʦʚʪʦʨʽʚ ʜʝʷʢʠʭ ʚʠʜʽʚ ʦʧʝʨʘʮʽʡ. ʊʦʤʫ ʧʨʦʚʝʜʝʥʥʷ ʉʈ ʫ 

ɺʈʆ ʟ ʷʢʽʩʪʶ ʥʝ ʥʠʞʯʝ ʟʘʜʘʥʦʛʦ ʧʝʨʝʜʙʘʯʘʻ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʦʙˇʨʫʥʪʦʚʘʥʠʡ ʚʠʙʽʨ ʧʘʨʘʤʝʪʨʽʚ 

ʧʽʜʩʠʩʪʝʤʠ ʜʝʬʝʢʪʘʮʽʾ, ʨʝʤʦʥʪʥʦʾ ʧʽʜʩʠʩʪʝʤʠ, ʪʘ ʧʽʜʩʠʩʪʝʤʠ ʥʘʩʪʨʦʶʚʘʥʥʷ ʽ ʚʠʧʨʦʙʫʚʘʥʴ ʚ 

ʫʤʦʚʘʭ ʷʢ ʥʝʟʥʝʮʽʥʶʚʘʥʥʷ ʟʨʦʙʣʝʥʦʾ ʨʘʥʽʰʝ ʨʦʙʦʪʠ ʪʘʢ ʽ ʟʥʝʮʽʥʶʚʘʥʥʷ ʚʠʢʦʥʘʥʠʭ ʨʘʥʽʰʝ 
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ʨʝʤʦʥʪʥʠʭ ʨʦʙʽʪ.  

ʊʦʤʫ, ʤʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ, ʱʦ ʚʠʢʣʘʜʝʥʦ ʚ ʩʪʘʪʪʽ, ʻ ʨʦʟʨʦʙʢʘ ʨʝʢʦʤʝʥʜʘʮʽʡ ʟ 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʨʦʚʝʜʝʥʥʷ ʉʈ ʩʫʯʘʩʥʠʭ ʈɽɿʆ ʫ ɺʈʆ ʟ ʚʨʘʭʫʚʘʥʥʷʤ 

ʚʧʣʠʚʫ ʪʘʢʠʭ ʜʝʩʪʘʙʽʣʽʟʫʶʯʠʭ ʬʘʢʪʦʨʽʚ ʪʘ ʨʦʟʨʦʙʢʘ ʚʽʜʧʦʚʽʜʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʮʴʦʛʦ 

ʧʨʦʮʝʩʫ.  

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʋ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ (ʞʦʨʩʪʢʽ ʦʙʤʝʞʝʥʥʷ ʥʘ ʧʦʯʘʩʦʚʽ, ʣʶʜʩʴʢʽ, 

ʬʽʥʘʥʩʦʚʽ ʪʘ ʽʥʰʽ ʨʝʩʫʨʩʠ) ʽʩʥʫʶʯʦʤʫ ʧʨʦʮʝʩʫ ʧʨʦʚʝʜʝʥʥʷ ʉʈ ʩʫʯʘʩʥʠʭ ʈɽɿʆ ʧʨʠʪʘʤʘʥʥʽ 

ʷʚʥʽ ʥʝʜʦʣʽʢʠ, ʦʩʥʦʚʥʠʤʠ ʟ ʷʢʠʭ ʻ [6]: 

ï ʥʝʜʦʩʢʦʥʘʣʘ ʦʨʛʘʥʽʟʘʮʽʷ ʉʈ, ʷʢʘ ʥʝ ʚ ʧʦʚʥʽʡ ʤʽʨʽ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ ʩʫʯʘʩʥʦʾ ʪʝʭʥʽʢʠ; 

ï ʯʘʩʪʽ ʧʨʦʩʪʦʾ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʩʝʨʝʜʥʴʦʛʦ ʨʝʤʦʥʪʫ ʈɽɿʆ; 

ï ʚʽʜʩʫʪʥʽʩʪʴ ʥʘʫʢʦʚʦ ʦʙʛʨʫʥʪʦʚʘʥʠʭ ʤʦʜʝʣʝʡ ʪʘ ʤʝʪʦʜʠʢ ʉʈ ʩʫʯʘʩʥʠʭ ʈɽɿʆ. 

ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ, ʦʜʥʠʤʠ ʟ ʦʩʥʦʚʥʠʭ ʰʣʷʭʽʚ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʉʈ ʻ: 

ï ʚʨʘʭʫʚʘʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʩʫʯʘʩʥʠʭ ʪʘ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʈɽɿʆ; 

ï ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʧʨʦʩʪʦʶ ʪʘ ʡʦʛʦ ʚʧʣʠʚʫ ʥʘ ʉʈ ʩʫʯʘʩʥʠʭ ʈɽɿʆ ʚ ʫʤʦʚʘʭ ʚʽʡʩʴʢ; 

ï ʨʦʟʨʦʙʢʘ ʚʽʜʧʦʚʽʜʥʦʛʦ ʤʝʪʦʜʠʯʥʦʛʦ ʘʧʘʨʘʪʫ, ʱʦ ʚʨʘʭʦʚʫʻ ʦʩʦʙʣʠʚʦʩʪʽ ʩʫʯʘʩʥʠʭ ʽ 

ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʈɽɿʆ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʾʭ ʉʈ ʫ ɺʈʆ. 

ʈʝʘʣʽʟʘʮʽʷ ʰʣʷʭʽʚ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʉʈ ʚ ʫʤʦʚʘʭ ʚʽʡʩʴʢ ʤʦʞʣʠʚʘ ʟʘ ʨʘʭʫʥʦʢ: 

ï ʧʨʦʚʝʜʝʥʥʷ ʦʙˇʨʫʥʪʦʚʘʥʦʾ ʽ ʧʦʛʣʠʙʣʝʥʦʾ ʝʢʩʧʝʨʪʠʟʠ (ʧʝʨʝʚʽʨʢʠ) ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʥʘ 

ʤʽʩʮʷʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʈɽɿʆ, ʷʢʽ ʧʣʘʥʫʶʪʴʩʷ ʜʦ ʚʽʜʧʨʘʚʣʝʥʥʷ ʚ ʉʈ ʩʠʣʘʤʠ ɺʈʆ ʟ ʟʘʣʫʯʝʥʥʷʤ 

ʚʠʩʦʢʦʢʚʘʣʽʬʽʢʦʚʘʥʠʭ ʬʘʭʽʚʮʽʚ ʨʝʤʦʥʪʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʄʽʥʽʩʪʝʨʩʪʚʘ ʆʙʦʨʦʥʠ ʋʢʨʘʾʥʠ; 

ï ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʙʦʨʢʠ ʈɽɿʆ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʦʮʽʥʦʢ ʽ ʚʠʩʥʦʚʢʽʚ ʧʦʛʣʠʙʣʝʥʦʾ ʝʢʩʧʝʨʪʠʟʠ 

(ʧʝʨʝʚʽʨʢʠ);  

ï ʧʨʦʚʝʜʝʥʥʷ ʚʽʟʫʘʣʴʥʦ-ʦʧʪʠʯʥʦʾ ʽ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʾ ʜʝʬʝʢʪʘʮʽʾ ʣʠʰʝ ʪʠʭ ʩʢʣʘʜʦʚʠʭ 

ʯʘʩʪʠʥ (ʉʏ), ʱʦ ʥʘʜʭʦʜʷʪʴ ʫ ʉʈ; 

ï ʚʠʟʥʘʯʝʥʥʷ ʦʙʩʷʛʫ ʦʙʦʚ'ʷʟʢʦʚʠʭ ʨʦʙʽʪ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʦʟʙʠʨʘʥʥʷ ʽ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʚʽʟʫʘʣʴʥʦ-ʦʧʪʠʯʥʦʾ ʡ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʾ ʜʝʬʝʢʪʘʮʽʾ; 

ï ʚʨʘʭʦʚʫʚʘʥʥʷ ʨʝʟʝʨʚʫ ʯʘʩʫ ʧʨʠ ʦʨʛʘʥʽʟʘʮʽʾ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ ʉʈ (ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ɺʈʆ ʚ ʫʤʦʚʘʭ ʚʧʣʠʚʫ ʜʝʩʪʘʙʽʣʽʟʫʶʯʠʭ ʬʘʢʪʦʨʽʚ); 

ï ʚʨʘʭʦʚʫʚʘʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʢʦʥʩʪʨʫʢʮʽʾ, ʧʦʙʫʜʦʚʠ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ ʽ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʟʨʘʟʢʽʚ ʈɽɿʆ;  

 

ʇʨʠʡʦʤ ʈɽɿʆ ʚ 

ʨʝʤʦʥʪ 

ʊʝʭʥʦʣʦʛʽʯʥʽ 

ʚʠʧʨʦʙʫʚʘʥʥʷ 

(ʧʨʦʛʦʥ) 

ɽʢʩʧʝʨʪʠʟʘ ʡ 

ʚʠʟʥʘʯʝʥʥʷ ʩʣʘʙʢʠʭ 

ʚʟʣʽʚ (ʉɺ) ʈɽɿʆ 

ʉʢʣʘʜʘʥʥʷ ʡ 

ʥʘʩʪʨʦʡʢʘ ʉʏ-ʉɺ 

 

ʄʦʥʪʘʞ ʉʏ-ʉɺ ʥʘ 

ʈɽɿʆ 

 

ɺʽʜʧʨʘʚʢʘ ʚ ʨʝʤʦʥʪ 

ʈʝʤʦʥʪʥʽ ʨʦʙʦʪʠ, ʱʦ 

ʧʨʦʚʦʜʷʪʴʩʷ ʫ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ 

ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʜʝʬʝʢʪʘʮʽʾ 

ʂʦʤʧʣʝʢʩʥʘ 

ʥʘʩʪʨʦʡʢʘ ʡ 

ʨʝʛʫʣʶʚʘʥʥʷ ʈɽɿʆ 

 

ɿʜʘʯʘ ʈɽɿʆ 

ʟʘʤʦʚʥʠʢʫ 
 

ɼʦ ʧʨʦʚʝʜʝʥʠ ʨʝʤʦʥʪʫ 

 

ɿʥʷʪʪʷ ʉʏ-ʉɺ ʟ 

ʈɽɿʆ 

 

ʏʠʩʪʢʘ  

ʡ ʤʠʪʪ ̫ʉʏ-ʉɺ 

ʂʦʥʪʨʦʣʴ ʆʊʂ ʡ 

ʫʩʫʥʝʥʥʷ ʥʝʜʦʣʽʢʽʚ 

ʨʝʤʦʥʪʫ ʡ ʜʝʬʝʢʪʘʮʽʾ 

ʉʏ-ʉɺ 

 

ʂʦʥʪʨʦʣʴ ʡ ʟʜʘʯʘ 

ɺʊʂ ʇʦʚʥʘ ʜʝʬʝʢʪʘʮʽʷ ʡ 

ʚʠʟʥʘʯʝʥʥʷ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ 

ʨʝʤʦʥʪʥʠʭ ʨʦʙʽʪ 

ʉʏ-ʉɺ  

ȽȮ-ȽɃ

ȽȮ-ȽɃ
ȽȮ-ȽɃ

ȽȮ-ȽɃ

  
ʈʠʩ. 1. ʌʦʨʤʘʣʽʟʦʚʘʥʘ ʩʭʝʤʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʨʦʮʝʩʫ ʧʨʦʚʝʜʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʨʝʤʦʥʪʫ 

ʩʫʯʘʩʥʠʭ ʈɽɿʆ (ʦʜʥʦʢʘʥʘʣʴʥʘ  ʧʽʜʩʠʩʪʝʤʘ ʜʝʬʝʢʪʘʮʽʾ, ʦʜʥʦʢʘʥʘʣʴʥʘ ʧʽʜʩʠʩʪʝʤʘ ʨʝʤʦʥʪʫ ʽ 

ʧʽʜʩʠʩʪʝʤʘ ʥʘʩʪʨʦʡʢʠ ʡ ʚʠʧʨʦʙʫʚʘʥʴ ʽʟ ʟʥʝʮʽʥʶʚʘʥʥʷʤ ʚʠʢʦʥʘʥʦʾ ʨʘʥʽʰʝ ʨʦʙʦʪʠ) 
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ï ʟʜʽʡʩʥʝʥʥʷ ʢʦʥʪʨʦʣʴ ʧʨʦʮʝʩʫ ʧʨʦʚʝʜʝʥʥʷ ʉʈ ʧʽʩʣʷ ʚʠʢʦʥʘʥʥʷ ʜʝʬʝʢʪʘʮʽʾ ʡ ʨʝʤʦʥʪʫ ʪʘ 

ʫʩʫʥʝʥʥʷ ʥʝʜʦʣʽʢʽʚ ʨʝʤʦʥʪʫ ʽ ʜʝʬʝʢʪʘʮʽʾ ʉʏ-ʉɺ (ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ ï ʩʣʘʙʢʠʭ ʚʫʟʣʽʚ);  

ï ʨʦʟʙʠʪʪʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʱʦʜʦ ʚʠʢʦʥʘʥʥʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʥʘʩʪʨʦʶʚʘʥʥʷ ʈɽɿʆ 

ʥʘ ʨʷʜ ʧʦʩʣʽʜʦʚʥʠʭ ʝʪʘʧʽʚ, ʟ ʢʦʥʪʨʦʣʝʤ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʢʦʥʘʥʥʷ ʢʦʞʥʦʛʦ ʝʪʘʧʫ. 

ʉʬʦʨʤʫʣʴʦʚʘʥʽ ʧʨʦʧʦʟʠʮʽʾ ʱʦʜʦ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʮʝʩʫ ʧʨʦʚʝʜʝʥʥʷ ʉʈ ʧʨʠ 

ʟʥʝʮʽʥʶʚʘʥʥʽ ʚʠʢʦʥʘʥʦʾ ʨʘʥʽʰʝ ʨʦʙʦʪʠ ʚʽʜʦʙʨʘʞʝʥʽ ʫ ʬʦʨʤʘʣʽʟʦʚʘʥʽʡ ʩʭʝʤʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ 

ʧʨʦʮʝʩʫ ʧʨʦʚʝʜʝʥʥʷ ʉʈ ʩʫʯʘʩʥʠʭ ʈɽɿʆ ʫ ɺʈʆ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1.  

ʇʨʠ ʨʝʘʣʽʟʘʮʽʾ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʩʭʝʤʠ ʧʨʦʮʝʩʫ ʧʨʦʚʝʜʝʥʥʷ ʉʈ ʩʫʯʘʩʥʠʭ ʈɽɿʆ 

ʫʪʚʦʨʶʻʪʴʩʷ ʧʦʯʘʩʦʚʠʡ ʨʝʟʝʨʚ ʟʘ ʨʘʭʫʥʦʢ ʪʦʛʦ, ʱʦ ʥʝ ʚʩʽ ʩʢʣʘʜʦʚʽ ʯʘʩʪʠʥʠ ʈɽɿʆ ʧʽʜʣʷʛʘʶʪʴ 

ʉʈ, ʟʘʦʱʘʜʞʫʶʪʴʩʷ ʣʶʜʩʴʢʽ ʡ ʤʘʪʝʨʽʘʣʴʥʽ ʨʝʩʫʨʩʠ. ʊʘʢʝ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʉʈ ʦʙ'ʻʢʪʠʚʥʦ ʤʦʞʝ 

ʧʨʠʚʝʩʪʠ ʜʦ ʩʢʦʨʦʯʝʥʥʷ ʦʙʩʷʛʫ ʨʝʤʦʥʪʥʠʭ ʨʦʙʽʪ ʫ ʭʦʜʽ ʡʦʛʦ ʧʨʦʚʝʜʝʥʥʷ ʥʘ ʚʩʽʭ ʡʦʛʦ ʝʪʘʧʘʭ 

ʪʘ ʪʠʤ ʩʘʤʠʤ ʟʙʽʣʴʰʠʪʠ ʽʤʦʚʽʨʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʟʘʜʘʯʽ ʟ ʧʨʦʚʝʜʝʥʥʷ ʉʈ ʟʘ ʧʨʠʧʫʩʪʠʤʠʡ ʯʘʩ 

}{ ɺɿʩʨɺɿʩʨ ttP ¢=  [6-8].  

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʮʝʩ ʉʈ ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʥʘʥʥʷ ʚʠʟʥʘʯʝʥʦʾ ʩʫʢʫʧʥʦʩʪʽ ʦʧʝʨʘʮʽʡ, ʧʨʠ 

ʮʴʦʤʫ ʚʩʽ ʮʽ ʦʧʝʨʘʮʽʾ ʦʙ'ʻʜʥʘʻʤʦ ʚ ʪʨʠ ʛʨʫʧʠ (ʥʘʜʘʣʽ ʙʫʜʝʤʦ ʥʘʟʠʚʘʪʠ ʾʭ ʧʽʜʩʠʩʪʝʤʘʤʠ): 

ʧʽʜʩʠʩʪʝʤʘ ʜʝʬʝʢʪʘʮʽʾ (ʇɼ); ʧʽʜʩʠʩʪʝʤʘ ʨʝʤʦʥʪʫ (ʇʈ); ʧʽʜʩʠʩʪʝʤʘ ʥʘʩʪʨʦʡʢʠ ʪʘ ʚʠʧʨʦʙʫʚʘʥʴ 

(ʇʅɺ).  

ʉʧʨʦʱʝʥʘ ʬʦʨʤʘʣʽʟʦʚʘʥʘ ʩʭʝʤʘ ʧʨʦʮʝʩʫ ʧʨʦʚʝʜʝʥʥʷ ʉʈ ʩʫʯʘʩʥʠʭ ʈɽɿʆ ʫ ɺʈʆ ʧʨʠ 

ʪʘʢʦʤʫ ʦʧʠʩʽ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2. 

 
 

ɺʽʡʩʴʢʦʚʠʡ ʨʝʤʦʥʪʥʠʡ ʦʨʛʘʥ 

ʇʽʜʩʠʩʪʝʤʘ 

ʜʝʬʝʢʪʘʮ̔ʾ 

ʇʽʜʩʠʩʪʝʤʘ 

ʨʝʤʦʥʪʫ 

ʇʽʜʩʠʩʪʝʤʘ 

ʥʘʩʪʨʦʡʢʠ  ̔

ʚʠʧʨʦʙʫʚʘʥʴ 

 

ʆʙô̒ ʢʪʠ 

ʈɽɿʆ ʽ ʾʭ 

ʉʏ 

 

ʆʙô̒ ʢʪʠ 

ʈɽɿʆ ʽ ʾʭ 

ʉʏ 

ʈʝʟʝʨʚ 

ʯʘʩʫ 

ʟʥʝʮʽʥʶʚʘʥʥʷ ʨʦʙʽʪ 

ʈʝʟʝʨʚ 

ʯʘʩʫ 

ʈʝʟʝʨʚ 

ʯʘʩʫ 

 

ʈʠʩ. 2. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʩʧʨʦʱʝʥʘ ʬʦʨʤʘʣʽʟʦʚʘʥʘ ʩʭʝʤʘ ʧʨʦʮʝʩʫ ʧʨʦʚʝʜʝʥʥʷ ʉʈ ʩʫʯʘʩʥʠʭ 

ʈɽɿʆ ʧʨʠ ʚʨʘʭʫʚʘʥʥʽ ʜʝʩʪʘʙʽʣʽʟʫʶʯʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʟʥʝʮʽʥʶʶʪʴ ʚʠʢʦʥʘʥʫ ʨʘʥʽʰʝ ʨʦʙʦʪʫ 

 

ʂʦʞʥʘ ʟ ʧʽʜʩʠʩʪʝʤ ʚʠʢʦʥʫʻ ʩʚʦʶ ʟʘʜʘʯʫ ʥʝʟʘʣʝʞʥʦ, ʤʽʩʪʠʪʴ ʢʽʥʮʝʚʝ ʯʠʩʣʦ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʽ ʚʠʨʽʰʫʻ ʧʝʚʥʫ ʟʘʜʘʯʫ. ʏʘʩ ɿt , ʤʽʥʽʤʘʣʴʥʦ ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʾʾ 

ʚʠʨʽʰʝʥʥʷ ʚ ʽʜʝʘʣʴʥʠʭ ʫʤʦʚʘʭ (ʚʽʜʩʫʪʥʦʩʪʽ ʟʘʪʨʠʤʦʢ), ʚʽʜʦʤʠʡ (ʘʙʦ ʟʘʜʘʥʠʡ).  

ɿʘʪʨʠʤʢʠ ʫ ʚʠʢʦʥʘʥʥʽ ʧʽʜʩʠʩʪʝʤʠ (ʧʦʣʦʤʢʠ ʨʝʤʦʥʪʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ ʪʘ ʽʥʩʪʨʫʤʝʥʪʫ, 

ʥʝʩʪʘʯʘ ɿɯʇ, ʚʽʜʩʫʪʥʽʩʪʴ ʬʘʭʽʚʮʽʚ ʥʝʦʙʭʽʜʥʦʾ ʢʚʘʣʽʬʽʢʘʮʽʾ, ʧʦʨʫʰʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ, ʧʦʤʠʣʢʠ 

ʝʢʩʧʝʨʪʠʟʠ ʡ ʚʠʟʥʘʯʝʥʥʷ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ-ʩʣʘʙʢʠʭ ʚʫʟʣʽʚ (ʉʏ-ʉɺ) ʩʫʯʘʩʥʠʭ ʈɽɿʆ, ʜʝʬʝʢʪʠ, 

ʚʥʝʩʝʥʽ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʨʝʤʦʥʪʫ, ʪʦʱʦ), ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʧʨʦʩʪʦʾʚ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʟʘʜʘʯʽ ʘʙʦ ʜʦ 

ʾʾ ʟʨʠʚʫ. ʇʨʠ ʮʴʦʤʫ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʥʷ ʧʦʚʪʦʨʶʻʪʴʩʷ ʩʧʦʯʘʪʢʫ. ʆʙʩʷʛ ʨʦʙʽʪ (ʢʽʣʴʢʽʩʪʴ 

ʦʧʝʨʘʮʽʡ), ʷʢʽ ʧʦʪʨʽʙʥʦ ʧʦʚʪʦʨʠʪʠ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʭʘʨʘʢʪʝʨʫ ʥʘʩʣʽʜʢʽʚ ʜʝʩʪʘʙʽʣʽʟʫʶʯʠʭ 

ʬʘʢʪʦʨʽʚ - ʟʘʪʨʠʤʦʢ ʫ ʚʠʢʦʥʘʥʥʽ, ʷʢʽ ʚʠʢʣʠʢʘʶʪʴ ʟʘʪʨʠʤʢʠ ʡ ʧʦʚʪʦʨ ʨʦʙʽʪ ʫ ʧʨʦʮʝʩʽ 

ʧʨʦʚʝʜʝʥʥʷ ʉʈ ʢʦʞʥʦʾ ʟ ʧʽʜʩʠʩʪʝʤ (ʱʦ ʯʘʩʪʢʦʚʦ ʟʥʝʮʽʥʶʶʪʴ, ʱʦ ʧʦʚʥʽʩʪʶ ʟʥʝʮʽʥʶʶʪʴ).  

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʽʜ ʟʘʪʨʠʤʢʦʶ, ʱʦ ʟʥʝʮʽʥʶʻ, ʙʫʜʝʤʦ ʤʘʪʠ ʥʘ ʫʚʘʟʽ ʧʦʜʽʶ, ʱʦ ʧʦʣʷʛʘʻ ʚ 

ʟʘʪʨʠʤʮʽ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʥʷ, ʪʘ ʧʦʚ'ʷʟʘʥʘ ʽʟ ʚʪʨʘʪʦʶ ʚʠʢʦʥʘʥʦʛʦ ʨʘʥʽʰʝ ʢʦʨʠʩʥʦʛʦ 

ʥʘʨʦʙʽʪʢʫ. 

ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʟʘʜʘʯʽ ʚʠʜʽʣʝʥʦ ʜʝʷʢʠʡ ʯʘʩ t , ʱʦ ʧʝʨʝʚʠʱʫʻ ʤʽʥʽʤʘʣʴʥʦ ʥʝʦʙʭʽʜʥʠʡ ʯʘʩ 

ɿt . ʇʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʙʫʜʝ ʚʠʢʦʥʘʥʘ, ʷʢʱʦ ʩʫʤʘʨʥʠʡ ʢʦʨʠʩʥʠʡ ʥʘʨʦʙʽʪʦʢ ʧʽʜʩʠʩʪʝʤʠ 
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ʜʦʩʷʛʥʝ ʚʝʣʠʯʠʥʠ ɿt  ʨʘʥʽʰʝ, ʥʽʞ ʩʫʤʘʨʥʠʡ ʯʘʩ ʧʨʦʩʪʦʶ ʧʽʜʩʠʩʪʝʤʠ ʇʈt  ʧʝʨʝʚʠʱʠʪʴ 

ʚʝʣʠʯʠʥʫ ɿʈ ttt -= , ʜʝ ʈt  - ʨʝʟʝʨʚʥʠʡ ʯʘʩ ʚʽʜʥʦʩʥʦ ʤʽʥʽʤʘʣʴʥʦ ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʚʠʢʦʥʘʥʥʷ 

ʟʘʜʘʯʽ ʚ ʽʜʝʘʣʴʥʠʭ ʫʤʦʚʘʭ. 

ɺʠʭʦʜʷʯʠ ʟ ʚʠʱʝʚʠʢʣʘʜʝʥʦʛʦ, ʢʦʞʥʘ ʟ ʧʽʜʩʠʩʪʝʤ ʤʘʻ ʩʚʽʡ ʨʝʟʝʨʚ ʯʘʩʫ: ʈʜt - ʨʝʟʝʨʚ ʯʘʩʫ, 

ʱʦ ʚʠʜʽʣʝʥʠʡ ʜʣʷ ʇɼ, ʈʨt - ʨʝʟʝʨʚ ʯʘʩʫ, ʱʦ ʚʠʜʽʣʝʥʠʡ ʜʣʷ ʇʈ, ʈʥt - ʨʝʟʝʨʚ ʯʘʩʫ, ʱʦ 

ʚʠʜʽʣʝʥʠʡ ʜʣʷ ʇʅɺ.  

ʇʨʠʧʫʩʪʠʤʠʡ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʢʦʞʥʦʶ ʧʽʜʩʠʩʪʝʤʦʶ ʩʚʦʻʾ ʟʘʜʘʯʽ ʚʠʨʘʞʘʻʪʴʩʷ 

ʥʘʩʪʫʧʥʠʤʠ ʬʦʨʤʫʣʘʤʠ: 

ʈʜɿʜʜ ttt += , ʈʨɿʨʨ ttt += , ʈʥɿʥʥ ttt += , 

ʜʝ ɿʜt - ʯʘʩ, ʤʽʥʽʤʘʣʴʥʦ ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʧʽʜʩʠʩʪʝʤʦʶ ʜʝʬʝʢʪʘʮʽʾ ʩʚʦʻʾ ʟʘʜʘʯʽ 

ʚ ʽʜʝʘʣʴʥʠʭ ʫʤʦʚʘʭ (ʚʽʜʩʫʪʥʽʩʪʴ  ʟʘʪʨʠʤʦʢ); ɿʨt - ʯʘʩ, ʤʽʥʽʤʘʣʴʥʦ ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʚʠʢʦʥʘʥʥʷ 

ʨʝʤʦʥʪʥʦʶ ʧʽʜʩʠʩʪʝʤʦʶ ʩʚʦʻʾ ʟʘʜʘʯʽ ʚ ʽʜʝʘʣʴʥʠʭ ʫʤʦʚʘʭ (ʚʽʜʩʫʪʥʽʩʪʴ ʟʘʪʨʠʤʦʢ); ɿʥt  - ʯʘʩ, 

ʤʽʥʽʤʘʣʴʥʦ ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʧʽʜʩʠʩʪʝʤʦʶ ʥʘʩʪʨʦʶʚʘʥʥʷ ʡ ʚʠʧʨʦʙʫʚʘʥʴ ʩʚʦʻʾ ʟʘʜʘʯʽ 

ʚ ʽʜʝʘʣʴʥʠʭ ʫʤʦʚʘʭ (ʚʽʜʩʫʪʥʽʩʪʴ  ʟʘʪʨʠʤʦʢ).  

ʇʨʠ ʨʦʟʨʦʙʮʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʚʠʢʦʥʘʥʥʷ ʢʦʞʥʦʶ ʧʽʜʩʠʩʪʝʤʦʶ ʩʚʦʻʾ ʟʘʜʘʯʽ ʦʢʨʝʤʦ 

ʽ ʧʨʦʮʝʩʫ ʧʨʦʚʝʜʝʥʥʷ ʉʈ ʫ ʮʽʣʦʤʫ ʧʨʠʡʥʷʪʽ ʚʠʭʽʜʥʽ ʧʝʨʝʜʫʤʦʚʠ ʡ ʧʨʠʧʫʱʝʥʥʷ, ʷʢʽ 

ʧʦʣʷʛʘʶʪʴ ʫ ʥʘʩʪʫʧʥʦʤʫ: ʟʘʪʨʠʤʢʠ ʫ ʚʠʢʦʥʘʥʥʽ ʢʦʞʥʦʾ ʧʽʜʩʠʩʪʝʤʠ ʥʝʟʘʣʝʞʥʽ, ʥʘʨʦʙʽʪʢʠ ʜʦ 

ʟʘʪʨʠʤʢʠ 0ʜt , 0ʨt  ʽ 0ʥt  ʨʦʟʧʦʜʽʣʝʥʽ ʟʘ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʤ ʟʘʢʦʥʦʤ ʟ ʧʘʨʘʤʝʪʨʘʤʠ ʜl , ʨl  ʽ 

ʥl  ʚʽʜʧʦʚʽʜʥʦ; ʧʨʠ  ʟʘʪʨʠʤʦʢʽ ʫ ʚʠʢʦʥʘʥʥʽ ʇɼ, ʇʈ ʘʙʦ ʇʅɺ ʧʦʯʠʥʘʻʪʴʩʷ ʤʠʪʪʻʚʝ 

ʚʽʜʥʦʚʣʝʥʥʷ, ʧʨʠ ʮʴʦʤʫ ɺʜt  ɺʨt , ɺʥt  ʨʦʟʧʦʜʽʣʝʥʽ ʟʘ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʤ ʟʘʢʦʥʦʤ ʟ 

ʧʘʨʘʤʝʪʨʘʤʠ äm , ðm , ʥm  ʽ ʚʽʜʧʦʚʽʜʥʦ; ʧʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʚʽʜʥʦʚʣʝʥʥʷ ʧʽʜʩʠʩʪʝʤʘ ʤʠʪʪʻʚʦ 

ʚʢʣʶʯʘʻʪʴʩʷ ʚ ʨʦʙʦʪʫ; ʢʦʥʪʨʦʣʴ ʚʠʢʦʥʘʥʥʷ ʧʽʜʩʠʩʪʝʤʘʤʠ ʩʚʦʾʭ ʟʘʜʘʯ ʽʜʝʘʣʴʥʠʡ; ʇɼ ʚʠʟʥʘʯʘʻ 

ʥʝʩʧʨʘʚʥʽʩʪʴ ʉʏ ʽʟ ʟʘʜʘʥʦʶ ʛʣʠʙʠʥʦʶ; ʧʝʨʩʦʥʘʣ ɺʈʆ ʚʠʩʦʢʦʾ ʢʚʘʣʽʬʽʢʘʮʽʾ; ɺʈʆ 

ʟʘʙʝʟʧʝʯʝʥʠʡ ʩʫʯʘʩʥʦʶ ʦʩʥʘʩʪʢʦʶ ʪʘ ʦʙʣʘʜʥʘʥʥʷʤ; ʷʢʽʩʪʴ ʤʘʪʝʨʽʘʣʽʚ ʟʘʜʦʚʦʣʴʥʷʻ 

ʥʝʦʙʭʽʜʥʠʤ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʉʈ ʚʠʤʦʛʘʤ; ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʽʯʥʘ ʜʦʢʫʤʝʥʪʘʮʽʷ ʥʘ ʉʈ 

ʨʦʟʨʦʙʣʝʥʘ ʪʘ ʫʪʦʯʥʝʥʘ; ʽʤʦʚʽʨʥʽʩʪʴ ʧʨʦʩʪʦʶ ʇɼ ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʥʘ ʚʭʦʜʽ ʩʠʩʪʝʤʠ 

ʥʝʩʧʨʘʚʥʠʭ ʉʏ ʜʦʨʽʚʥʶʻ ʥʫʣʶ; ʻ ʙʘʟʘ ʜʘʥʠʭ, ʫ ʷʢʽʡ ʟʘʟʥʘʯʝʥʠʡ ʯʘʩ, ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ 

ʚʠʢʦʥʘʥʥʷ ʢʦʞʥʦʾ ʟ ʦʧʝʨʘʮʽʡ. ɿʘʛʘʣʴʥʠʡ ʯʘʩ ʨʝʤʦʥʪʫ ʢʦʞʥʦʾ ʢʦʥʢʨʝʪʥʦʾ ʉʏ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʟʘʣʝʞʥʦ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʡ ʪʨʠʚʘʣʦʩʪʽ ʦʧʝʨʘʮʽʡ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʜʝʬʝʢʪʘʮʽʾ, ʨʝʤʦʥʪʫ ʘʙʦ ʟʘʤʽʥʠ 

ʮʽʻʾ ʉʏ, ʘ ʪʘʢʦʞ ʥʘʩʪʨʦʶʚʘʥʥʷ ʡ ʚʠʧʨʦʙʫʚʘʥʴ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʘʟʥʘʯʝʥʦʾ ʙʘʟʠ ʜʘʥʠʭ. 

ɺ ʷʢʦʩʪʽ ʧʦʢʘʟʥʠʢʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʨʦʚʝʜʝʥʥʷ ʉʈ ʦʙʨʘʥʽ ʡʤʦʚʽʨʥʽʩʪʴ 

ʚʠʢʦʥʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʶ ʧʽʜʩʠʩʪʝʤʦʶ ʩʚʦʻʾ ʟʘʜʘʯʽ ʟʘ ʧʨʠʧʫʩʪʠʤʠʡ ʯʘʩ ʚʽʜʧʦʚʽʜʥʦ 

),()( ʜɺɿʜʜʜ ttPtP ¢=  ),()( ʨɺɿʨʨʨ ttPtP ¢=  )()( ʥɺɿʥʥʥ ttPtP ¢=  ʪʘ ʽʤʦʚʽʨʥʽʩʪʴ 

ʟʨʠʚʫ ʧʨʦʮʝʩʫ ʧʨʦʚʝʜʝʥʥʷ ʉʈ ʟʘ ʧʨʠʧʫʩʪʠʤʠʡ ʯʘʩ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʩʪʫʧʥʦʶ ʬʦʨʤʫʣʦʶ:  

)( )( )(1) , , ( ʥʥʨʨʜʜʥʨʜʩʨ tPtPtPtttQ -= .   (1) 

ɺʠʭʦʜʷʯʠ ʽʟ ʮʴʦʛʦ, ʉʈ ʚʚʘʞʘʻʪʴʩʷ ʚʠʢʦʥʘʥʠʤ ʧʦʚʥʽʩʪʶ, ʷʢʱʦ ʉʏ ʧʨʦʡʜʝ ʚʩʽ ʧʽʜʩʠʩʪʝʤʠ 

ʉʈ, ʧʨʠʯʦʤʫ ʚ ʢʦʞʥʽʡ ʧʽʜʩʠʩʪʝʤʽ ʉʏ ʧʦʚʠʥʥʘ ʧʝʨʝʙʫʚʘʪʠ ʯʘʩ ʤʝʥʰʠʡ ʘʙʦ ʨʽʚʥʠʡ ʧʨʠʧʫʩʪʠʤʦʤʫ 

ʯʘʩʫ ʟʥʘʭʦʜʞʝʥʥʷ ʉʏ ʫ ʮʽʡ ʧʽʜʩʠʩʪʝʤʽ. ɯʥʘʢʰʝ ʚʠʥʠʢʘʻ ʟʨʠʚ ʧʨʦʮʝʩʫ ʧʨʦʚʝʜʝʥʥʷ ʉʈ ʚʽʡʩʴʢʦʚʠʤ 

ʨʝʤʦʥʪʥʠʤ ʦʨʛʘʥʦʤ ʟʘ ʧʨʠʧʫʩʪʠʤʠʡ ʯʘʩ. 

ʆʪʞʝ, ʜʣʷ ʨʦʟʨʦʙʢʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʩʝʨʝʜʥʴʦʛʦ ʨʝʤʦʥʪʫ ʩʫʯʘʩʥʠʭ ʟʨʘʟʢʽʚ 

ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʠʭ ʟʘʩʦʙʽʚ ʦʟʙʨʦʻʥʥʷ ʧʨʠ ʥʝʟʥʝʮʽʥʶʶʯʠʭ ʟʘʪʨʠʤʢʘʭ ʪʨʝʙʘ ʦʪʨʠʤʘʪʠ 

ʤʘʪʝʤʘʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʝʡ ʚʠʢʦʥʘʥʥʷ ʢʦʞʥʦʶ ʧʽʜʩʠʩʪʝʤʦʶ 

ʩʚʦʻʾ ʟʘʜʘʯʽ ʟʘ ʧʨʠʧʫʩʪʠʤʠʡ ʯʘʩ ʽʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʝʟʥʝʮʽʥʶʚʘʥʥʷ ʚʠʢʦʥʘʥʦʾ ʨʘʥʽʰʝ ʨʦʙʦʪʠ. 

ɺʠʨʽʰʝʥʥʷ ʮʽʻʾ ʟʘʜʘʯʽ ʨʦʟʛʣʷʥʫʪʦ ʚ [6] ʥʘ ʧʨʠʢʣʘʜʽ ʧʽʜʩʠʩʪʝʤʠ ʥʘʩʪʨʦʶʚʘʥʥʷ ʽ ʚʠʧʨʦʙʫʚʘʥʴ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʘʥʦ ʥʘʩʪʫʧʥʠʡ ʚʠʨʘʟ ʜʣʷ ʡʤʦʚʽʨʥʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʧʽʜʩʠʩʪʝʤʦʶ 

ʥʘʩʪʨʦʶʚʘʥʥʷ ʽ ʚʠʧʨʦʙʫʚʘʥʴ ʩʚʦʻʾ ʟʘʜʘʯʽ ʟʘ ʧʨʠʧʫʩʪʠʤʠʡ ʯʘʩ: 
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ʜʝ ɽ(ʭ) ï ʮʽʣʘ ʯʘʩʪʠʥʘ ʭ; iʥl  - ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʘʪʨʠʤʦʢ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʇʅɺ i -ʛʦ ʪʠʧʫ; 

ä
²

l=l
1
ʥʥ

i
i  - ʩʫʤʘʨʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʘʪʨʠʤʦʢ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʇʅɺ ʩʚʦʻʾ ʟʘʜʘʯʽ; ip  - 

ʽʤʦʚʽʨʥʽʩʪʴ ʟʥʝʮʽʥʶʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʢʦʥʘʥʠʭ ʨʘʥʽʰʝ ʨʦʙʽʪ ʫ ʇʅɺ ʚʽʜ ʟʘʪʨʠʤʦʢ i -ʛʦ ʪʠʧʫ; 

ʥt  - ʧʨʠʧʫʩʪʠʤʠʡ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʟʘʜʘʯʽ ʇʅɺ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʟʘʪʨʠʤʦʢ; ɿʥt  - ʤʽʥʽʤʘʣʴʥʦ 

ʥʝʦʙʭʽʜʥʠʡ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʟʘʜʘʯʽ ʇʅɺ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʟʘʪʨʠʤʦʢ. 

ʇʨʠ ʦʜʥʦʤʫ ʪʠʧʽ ʟʘʪʨʠʤʦʢ, ʱʦ ʟʥʝʮʽʥʶʶʪʴ 1=i , ʚʠʨʘʟ (6) ʜʣʷ ʡʤʦʚʽʨʥʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʇʅɺ 

ʩʚʦʻʾ ʟʘʜʘʯʽ ʟʘ ʧʨʠʧʫʩʪʠʤʠʡ ʯʘʩ ʥt  ʧʨʠʡʤʝ ʚʠʛʣʷʜ: 
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ɸʥʘʣʦʛʽʯʥʦ ʦʪʨʠʤʘʥʦ ʚʠʨʘʟ ʜʣʷ ʧʽʜʩʠʩʪʝʤʠ ʜʝʬʝʢʪʘʮʽʾ: 
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ʪʘ ʧʽʜʩʠʩʪʝʤʠ ʨʝʤʦʥʪʫ: 
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ʇʽʩʣʷ ʦʜʝʨʞʘʥʥʷ ʜʣʷ ʢʦʞʥʦʾ ʧʽʜʩʠʩʪʝʤʠ ʘʥʘʣʽʪʠʯʥʦʛʦ ʚʠʨʘʟʫ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʡʤʦʚʽʨʥʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʇɼ, ʇʈ ʽ ʇʅɺ ʩʚʦʾʭ ʟʘʜʘʯ ʟʘ ʧʨʠʧʫʩʪʠʤʠʡ ʯʘʩ (ʬʦʨʤʫʣʠ (2)-(4)) ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʥʝʟʘʣʝʞʥʦʩʪʽ ʨʦʙʽʪ ʪʘ ʬʦʨʤʫʣʠ (1) ʦʪʨʠʤʘʥʘ ʟʘʛʘʣʴʥʘ ʬʦʨʤʫʣʘ ʜʣʷ 

ʽʤʦʚʽʨʥʽʩʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʨʦʚʝʜʝʥʥʷ ʉʈ ʫ ʮʽʣʦʤʫ ï ʽʤʦʚʽʨʥʦʩʪʽ ʟʨʠʚʫ 

ʧʨʦʮʝʩʫ ʧʨʦʚʝʜʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʨʝʤʦʥʪʫ ʟʘ ʧʨʠʧʫʩʪʠʤʠʡ ʯʘʩ ʽʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʥʝʮʽʥʝʥʥʷ 

ʚʠʢʦʥʘʥʦʾ ʨʘʥʽʰʝ ʨʦʙʦʪʠ ʚ ʧʽʜʩʠʩʪʝʤʘʭ:  
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ʜʝ ʜp  - ʽʤʦʚʽʨʥʽʩʪʴ ʟʙʝʨʝʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʢʦʥʘʥʠʭ ʨʘʥʽʰʝ ʨʦʙʽʪ ʫ ʧʽʜʩʠʩʪʝʤʽ 
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ʜʝʬʝʢʪʘʮʽʾ; ʨp  - ʽʤʦʚʽʨʥʽʩʪʴ ʟʙʝʨʝʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʢʦʥʘʥʠʭ ʨʘʥʽʰʝ ʨʦʙʽʪ ʫ ʧʽʜʩʠʩʪʝʤʽ 

ʨʝʤʦʥʪʫ; ʥp  - ʽʤʦʚʽʨʥʽʩʪʴ ʟʙʝʨʝʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʢʦʥʘʥʠʭ ʨʘʥʽʰʝ ʨʦʙʽʪ ʫ ʧʽʜʩʠʩʪʝʤʽ 

ʥʘʩʪʨʦʶʚʘʥʥʷ ʡ ʚʠʧʨʦʙʫʚʘʥʴ. 

ɺʠʩʥʦʚʢʠ. ʈʦʟʨʦʙʣʝʥʦ ʥʦʚʫ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ ʧʨʦʚʝʜʝʥʥʷ ʉʈ ʩʫʯʘʩʥʠʭ 

ʈɽɿʆ ʨʘʜʽʦʪʝʭʥʽʯʥʠʭ ʚʽʡʩʴʢ ʫ ɺʈʆ ʧʨʠ ʟʥʝʮʽʥʶʚʘʥʥʷ ʚʠʢʦʥʘʥʠʭ ʨʘʥʽʰʝ ʨʦʙʽʪ. ɰʾ ʥʦʚʠʟʥʘ 

ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚ ʥʽʡ ʨʝʘʣʽʟʦʚʘʥʠʡ ʫʜʦʩʢʦʥʘʣʝʥʠʡ ʧʨʦʮʝʩ ʧʨʦʚʝʜʝʥʥʷ ʉʈ ʚ ʫʤʦʚʘʭ ʚʧʣʠʚʫ 

ʥʘ ʧʨʦʮʝʩ ʧʨʦʚʝʜʝʥʥʷ ʨʝʤʦʥʪʥʠʭ ʨʦʙʽʪ ʜʝʩʪʘʙʽʣʽʟʫʶʯʠʭ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʟʥʝʮʽʥʶʶʪʴ ʚʠʢʦʥʘʥʫ 

ʨʘʥʽʰʝ ʨʦʙʦʪʫ. ʇʨʠ ʮʴʦʤʫ ʧʨʦʮʝʩ ʧʨʦʚʝʜʝʥʥʷ ʉʈ ʫ ɺʈʆ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʫ ʚʠʛʣʷʜʽ 

ʧʦʩʣʽʜʦʚʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʪʨʴʦʭ ʧʽʜʩʠʩʪʝʤ (ʧʽʜʩʠʩʪʝʤʠ ʜʝʬʝʢʪʘʮʽʾ, ʧʽʜʩʠʩʪʝʤʠ ʨʝʤʦʥʪʫ, 

ʧʽʜʩʠʩʪʝʤʠ ʥʘʩʪʨʦʶʚʘʥʥʷ ʽ ʚʠʧʨʦʙʫʚʘʥʴ) ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʝʟʝʨʚʽʚ ʯʘʩʫ. ʈʝʟʝʨʚ ʯʘʩʫ ʧʨʠ 

ʚʠʢʦʥʘʥʥʽ ʨʝʤʦʥʪʥʠʭ ʨʦʙʽʪ ʤʦʞʝ ʙʫʪʠ ʫʪʚʦʨʝʥʠʡ ʟʘ ʨʘʭʫʥʦʢ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ, ʩʫʪʥʽʩʪʴ ʷʢʦʛʦ ʧʦʣʷʛʘʻ ʚ ʦʙʣʽʢʫ ʦʩʦʙʣʠʚʦʩʪʝʡ ʟʤʽʥʠ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ 

ʢʦʞʥʦʛʦ ʦʙ'ʻʢʪʘ ʈɽɿʆ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʨʝʤʦʥʪʥʠʭ ʨʦʙʽʪ.  

ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʢʽʣʴʢʽʩʥʫ ʦʮʽʥʢʫ ʚʧʣʠʚʫ ʜʝʩʪʘʙʽʣʽʟʫʶʯʠʭ 

ʬʘʢʪʦʨʽʚ, ʱʦ ʟʥʝʮʽʥʶʶʪʴ ʚʠʢʦʥʘʥʫ ʨʘʥʽʰʝ ʨʦʙʦʪʫ, ʨʝʟʝʨʚʽʚ ʯʘʩʫ ʧʽʜʩʠʩʪʝʤʠ ʜʝʬʝʢʪʘʮʽʾ, 

ʧʽʜʩʠʩʪʝʤʠ ʨʝʤʦʥʪʫ ʽ ʧʽʜʩʠʩʪʝʤʠ ʥʘʩʪʨʦʶʚʘʥʥʷ ʽ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʦʙʨʘʥʽ ʧʦʢʘʟʥʠʢʠ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʨʦʚʝʜʝʥʥʷ ʉʈ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʦʙʛʨʫʥʪʫʚʘʪʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʧʦ 

ʩʢʦʨʦʯʝʥʥʶ ʧʨʦʩʪʦʾʚ ʫʩʪʘʪʢʫʚʘʥʥʷ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʨʝʤʦʥʪʥʠʭ ʨʦʙʽʪ ʚ ʽʩʥʫʶʯʠʭ ɺʈʆ ʡ ʙʽʣʴʰ 

ʦʙˇʨʫʥʪʦʚʘʥʦ ʚʠʨʦʙʣʷʪʠ ʪʘ ʚʠʩʫʚʘʪʠ ʚʠʤʦʛʠ ʜʦ ʨʦʟʨʦʙʣʶʚʘʣʴʥʠʭ ɺʈʆ, ʷʢʽ ʧʦʚʠʥʥʽ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʧʨʦʚʝʜʝʥʥʷ ʉʈ ʩʫʯʘʩʥʠʭ ʽ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʈɽɿʆ ʚ ʫʤʦʚʘʭ ʚʽʡʩʴʢ. 
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ɿɸɻɸʃʔʅʀʁ ʇɯɼʍɯɼ ɼʆ ɺʀɿʅɸʏɽʅʅʗ ʇɸʈɸʄɽʊʈɯɺ ʊɽʍʅɯʏʅʆɻʆ 

ʆɹʉʃʋɻʆɺʋɺɸʅʅʗ ʆɹ'ɭʂʊɯɺ ʈɽɿʆ ɿ ʈɽɿɽʈɺʆʄ ʏɸʉʋ ɺ ʋʄʆɺɸʍ ɸʇʈɯʆʈʅʆɰ 

ʅɽɺʀɿʅɸʏɽʅʆʉʊɯ ɺʀʍɯɼʅʀʍ ɼɸʅʀʍ 

 
ʋ ʷʢʦʩʪʽ ʦʜʥʦʛʦ ʟ ʜʦʮʽʣʴʥʠʭ ʰʣʷʭʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʾ ʦʮʽʥʢʠ ʥʘʜʽʡʥʦʩʪʽ ʡ ʥʘ ʾʾ 

ʦʩʥʦʚʽ ʧʦʙʫʜʦʚʠ ʨʘʮʽʦʥʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ ʮʽʡ ʩʠʪʫʘʮʽʾ ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʝʨʭʥʽ ʡ ʥʠʞʥʽ ʛʨʘʥʠʮʽ (ʛʘʨʘʥʪʦʚʘʥʽ ʦʮʽʥʢʠ) ʢʦʤʧʣʝʢʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʥʘʜʽʡʥʦʩʪʽ ʧʨʠ ʚʽʜʦʤʠʭ ʬʽʢʩʦʚʘʥʠʭ ʤʦʤʝʥʪʘʭ ʨʦʟʧʦʜʽʣʽʚ ʚʠʟʥʘʯʘʣʴʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ. 

ʉʬʦʨʤʫʣʴʦʚʘʥʝ ʟʘʚʜʘʥʥʷ ʟʚʦʜʠʪʴʩʷ ʜʦ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʝʢʩʪʨʝʤʫʤ ʜʝʷʢʦʛʦ ʬʫʥʢʮʽʦʥʘʣʘ ʧʦ 

ʤʥʦʞʠʥʽ ʬʫʥʢʮʽʡ ʨʦʟʧʦʜʽʣʫ, ʦʙʫʤʦʚʣʝʥʽʡ ʢʽʥʮʝʚʠʤ ʥʘʙʦʨʦʤ ʣʽʥʽʡʥʠʭ ʦʙʤʝʞʝʥʴ. 

ʂʣʁʯʦʚʽ ʩʣʦʚʘ: ʦʮʽʥʢʘ ʥʘʜʽʡʥʦʩʪʽ, ʦʙ'ʻʢʪʠ ʈɽɿʆ. 

 

ɺ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʮʝʣʝʩʦʦʙʨʘʟʥʳʭ ʧʫʪʝʡ ʦʙʝʩʧʝʯʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʡ ʦʮʝʥʢʠ ʥʘʜʝʞʥʦʩʪʠ 

ʠ ʥʘ ʝʝ ʦʩʥʦʚʝ ʧʦʩʪʨʦʝʥʠʷ ʨʘʮʠʦʥʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚ ʵʪʦʡ ʩʠʪʫʘʮʠʠ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʝʨʭʥʠʝ ʠ ʥʠʞʥʠʝ ʛʨʘʥʠʮʳ (ʛʘʨʘʥʪʠʨʦʚʘʥʥʳʝ ʦʮʝʥʢʠ) ʢʦʤʧʣʝʢʩʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʜʝʞʥʦʩʪʠ ʧʨʠ ʠʟʚʝʩʪʥʳʭ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʤʦʤʝʥʪʘʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ. ʉʬʦʨʤʫʣʠʨʦʚʘʥʥʘʷ ʟʘʜʘʯʘ ʩʚʦʜʠʪʩʷ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʥʘ 

ʵʢʩʪʨʝʤʫʤ ʥʝʢʦʪʦʨʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ ʧʦ ʤʥʦʞʝʩʪʚʫ ʬʫʥʢʮʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʦʧʨʝʜʝʣʷʝʤʦʤʫ 

ʢʦʥʝʯʥʳʤ ʥʘʙʦʨʦʤ ʣʠʥʝʡʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʮʝʥʢʘ ʥʘʜʝʞʥʦʩʪʠ, ʦʙʲʝʢʪʳ ʈʕʉɺ. 

 

As one of expedient ways of maintenance of an authentic estimation of reliability and on its basis of 

construction of rational system of maintenance service in this situation it is offered to use the top and 

bottom borders (the guaranteed estimations) complex indicators of reliability at the known fixed moments 

of distributions of defining random variables. The formulated problem is reduced to research on an 

extremum of some functional on set of functions of the distribution, defined by a final set of linear 

restrictions. 

Keywords: random variables, maintenance service, system effectiveness. 

 

ɺʩʪʫʧ. ʇʦʩʪʽʡʥʠʡ ʨʦʟʚʠʪʦʢ ʟʘʩʦʙʽʚ ʧʦʚʽʪʨʷʥʦ-ʢʦʩʤʽʯʥʦʛʦ ʥʘʧʘʜʫ ʡʤʦʚʽʨʥʦʛʦ 

ʧʨʦʪʠʚʥʠʢʘ ʧʨʠʚʦʜʠʪʴ ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ɿʙʨʦʡʥʠʭ ʉʠʣʘʭ ʋʢʨʘʾʥʠ ʥʦʚʠʭ ʪʠʧʽʚ 

ʦʙ'ʻʢʪʽʚ ʈɽɿʆ, ʟʜʘʪʥʠʭ ʝʬʝʢʪʠʚʥʦ ʚʠʨʽʰʫʚʘʪʠ ʧʦʩʪʘʚʣʝʥʽ ʧʝʨʝʜ ʥʠʤʠ ʟʘʚʜʘʥʥʷ. ʉʫʯʘʩʥʽ 

ʦʙ'ʻʢʪʠ ʈɽɿʆ - ʩʢʣʘʜʥʽ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʽ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʽ ʩʠʩʪʝʤʠ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ 

ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʨʽʟʥʦʨʽʜʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʨʘʜʽʦʪʝʭʥʽʯʥʠʭ ʽ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʠʭ ʙʣʦʢʽʚ, 

ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ ʽ ʛʽʜʨʘʚʣʽʯʥʠʭ ʚʫʟʣʽʚ ʽ ʘʛʨʝʛʘʪʽʚ, ʝʣʝʢʪʨʦʚʘʢʫʫʤʥʠʭ ʽ ʪʚʝʨʜʦʪʽʣʠʭ 

ʧʨʠʣʘʜʽʚ ʽ ʪ.ʜ.). ɺʦʥʠ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʢʣʘʩʫ ʦʙ'ʻʢʪʽʚ ʪʨʠʚʘʣʦʛʦ ʙʘʛʘʪʦʨʘʟʦʚʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ɽʢʩʧʣʫʘʪʫʶʪʴʩʷ ʦʙ'ʻʢʪʠ ʈɽɿʆ ʫ ʧʦʣʴʦʚʠʭ ʫʤʦʚʘʭ ʽ ʝʬʝʢʪʠʚʥʽʩʪʴ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʩʪʦʪʥʦ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʜʽʡʥʦʩʪʽ ʘʧʘʨʘʪʫʨʠ, ʱʦ ʚʭʦʜʠʪʴ ʾʭ ʩʢʣʘʜʫ. ʋ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʘ ʦʙ'ʻʢʪʠ 

ʈɽɿʆ ʚʧʣʠʚʘʶʪʴ ʟʦʚʥʽʰʥʽ ʡ ʚʥʫʪʨʽʰʥʽ ʬʘʢʪʦʨʠ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʚ ʝʣʝʤʝʥʪʘʭ ʽ ʤʘʪʝʨʽʘʣʘʭ 

ʨʦʟʚʠʚʘʶʪʴʩʷ  ʧʨʦʮʝʩʠ ʜʝʛʨʘʜʘʮʽʾ, ʱʦ ʧʦʛʽʨʰʫʶʪʴ ʾʭʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ɼʦ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ 

ʚʽʜʥʦʩʷʪʴʩʷ, ʥʘʩʘʤʧʝʨʝʜ ʪʘʢʽ, ʷʢ ʪʝʤʧʝʨʘʪʫʨʘ, ʚʦʣʦʛʽʩʪʴ, ʧʠʣ, ʤʝʭʘʥʽʯʥʽ ʚʧʣʠʚʠ ʡ ʪ.ʜ. 

ɺʥʫʪʨʽʰʥʽʤʠ ʬʘʢʪʦʨʘʤʠ ʷʚʣʷʶʪʴʩʷ ʝʣʝʢʪʨʠʯʥʽ ʨʝʞʠʤʠ, ʧʨʦʮʝʩʠ ʩʧʨʘʮʶʚʘʥʥʷ, ʩʪʘʨʽʥʥʷ, 

ʟʤʽʥʠ ʥʘʩʪʨʦʶʚʘʥʴ ʽ ʪ.ʜ. ɺʩʽ ʮʽ ʬʘʢʪʦʨʠ ʚʟʘʻʤʦʜʽʶʪʴ, ʚʟʘʻʤʥʦ ʧʽʜʩʠʣʶʶʯʠ ʩʚʽʡ ʚʧʣʠʚ. ʋ 

ʨʝʟʫʣʴʪʘʪʽ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʽʜʤʦʚ ʘʧʘʨʘʪʫʨʠ 

ʈɽɿʆ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʦʛʽʨʰʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʾʾ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. ɺʠʥʠʢʥʝʥʥʷ ʚʽʜʤʦʚ 

ʤʦʞʝ ʧʨʠʚʦʜʠʪʠ ʜʦ ʥʝʚʠʢʦʥʘʥʥʷ ʦʙ'ʻʢʪʦʤ ʈɽɿʆ ʧʦʩʪʘʚʣʝʥʦʛʦ ʟʘʚʜʘʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʚʽʜʤʦʚʠ 

ʧʨʠʚʦʜʷʪʴ ʪʘʢʦʞ ʜʦ ʤʘʪʝʨʽʘʣʴʥʠʭ ʡ ʪʨʫʜʦʤʽʩʪʢʠʭ ʚʠʪʨʘʪ ʥʘ ʚʽʜʥʦʚʣʝʥʥʷ ʈɽɿʆ. ɿ ʤʝʪʦʶ 

ʧʽʜʪʨʠʤʢʠ ʦʙ'ʻʢʪʘ ʈɽɿʆ ʫ ʩʪʘʥʽ ʛʦʪʦʚʥʦʩʪʽ ʜʦ ʙʦʡʦʚʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʥʘ ʥʴʦʤʫ ʧʨʦʚʦʜʠʪʴʩʷ 

ʪʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (ʊʆ).  

ʆʩʥʦʚʥʦʶ ʤʝʪʦʶ ʊʆ ̒ ʟʘʧʦʙʽʛʘʥʥʷ ʜʝʷʢʦʾ (ʙʘʞʘʥʦ ʙʽʣʴʰʦʾ) ʯʘʩʪʠʥʠ ʚʽʜʤʦʚ, ʷʢʽ ʤʦʞʫʪʴ 

ʚʽʜʙʫʪʠʩʷ ʧʽʜ ʯʘʩ ʙʦʡʦʚʦʾ ʨʦʙʦʪʠ. ʊʦʤʫ ʤʦʞʥʘ ʩʢʘʟʘʪʠ, ʱʦ ʩʫʪʥʽʩʪʴ ʊʆ ʧʦʣʷʛʘʻ ʚ ʧʨʦʚʝʜʝʥʥʽ 

ʧʨʦʬʽʣʘʢʪʠʯʥʠʭ ʨʦʙʽʪ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʟʘʧʦʙʽʛʘʥʥʷ ʚʽʜʤʦʚ. ʆʯʝʚʠʜʥʦ, ʱʦ ʩʠʩʪʝʤʘ ʪʝʭʥʽʯʥʦʛʦ 
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ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʦʚʠʥʥʘ ʙʫʪʠ ʧʦʙʫʜʦʚʘʥʘ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʤʘʢʩʠʤʽʟʫʚʘʪʠ ʩʝʨʝʜʥʽʡ ʯʘʩ 

ʧʝʨʝʙʫʚʘʥʥʷ ʦʙ'ʻʢʪʘ ʈɽɿʆ ʫ ʩʪʘʥʽ ʛʦʪʦʚʥʦʩʪʽ ʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʡ ʟʘʙʝʟʧʝʯʠʪʠ ʟʘʜʘʥʫ 

ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʙʦʡʦʚʦʛʦ ʟʘʚʜʘʥʥʷ.  

ʇʨʠʥʮʠʧʦʚʦ ʚʘʞʣʠʚʠʤ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʦʧʪʠʤʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʊʆ  ̒ ʦʜʝʨʞʘʥʥʷ 

ʜʦʩʪʦʚʽʨʥʦʾ ʦʮʽʥʢʠ ʥʘʜʽʡʥʦʩʪʽ ʈɽɿʆ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʦʚʝʜʝʥʥʷ ʊʆ, ʪʦʤʫ ʱʦ ʡʦʛʦ ʢʽʥʮʝʚʦʶ  

ʤʝʪʦʶ  ̒ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʟʥʘʯʝʥʴ ʢʦʤʧʣʝʢʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʥʘʜʽʡʥʦʩʪʽ ʈɽɿʆ. ʊʘʢʠʤʠ 

 ̒ʂʪ(̔ʊ) ʢʦʝʬʽʮʽʻʥʪ ʪʝʭʥʽʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʡ ʩʝʨʝʜʥʽ ʧʠʪʦʤʽ ʚʠʪʨʘʪʠ, ʱʦ ʜʦʚʦʜʷʪʴʩʷ ʥʘ 

ʦʜʠʥʠʮʶ ʯʘʩʫ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʉ(ʊ). ɺʘʞʣʠʚʦ ʟʥʘʪʠ, ʥʘʩʢʽʣʴʢʠ ʧʽʜʚʠʱʫʻʪʴʩʷ ʥʘʜʽʡʥʽʩʪʴ 

ʈɽɿʆ ʟʘ ʨʘʭʫʥʦʢ ʧʨʦʚʝʜʝʥʥʷ ʊʆ. ʆʜʥʘʢ, ʜʣʷ ʦʙ'ʻʢʪʽʚ ʈɽɿʆ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʶ 

ʥʝ ʟʘʚʞʜʠ ʧʦʚʥʽʩʪʶ ʚʽʜʦʤʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʤʧʣʝʢʩʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʥʘʜʽʡʥʦʩʪʽ. ʊʦʤʫ, ʚʘʨʪʦ ʚʠʟʥʘʪʠ, ʱʦ ʚ ʮʝʡ ʯʘʩ ʥʝʤʘʻ ʜʦʩʠʪʴ ʜʦʩʪʦʚʽʨʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʦʧʪʠʤʘʣʴʥʦʶ ʘʙʦ ʥʝ ʦʧʪʠʤʘʣʴʥʦʶ ʷʚʣʷʶʪʴʩʷ 

ʽʩʥʫʶʯʘ ʩʠʩʪʝʤʘ ʊʆ ʦʙ'ʻʢʪʽʚ ʈɽɿʆ. ʄʦʞʥʘ ʪʽʣʴʢʠ ʢʦʥʩʪʘʪʫʚʘʪʠ, ʱʦ ʾʭ ʬʘʢʪʠʯʥʘ ʥʘʜʽʡʥʽʩʪʴ 

ʟʥʘʯʥʦ ʥʠʞʯʝ ʥʝʦʙʭʽʜʥʦʾ ʡ ʟʘ ʨʘʭʫʥʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ (ʘʙʦ ʨʘʮʽʦʥʘʣʴʥʦʾ) ʩʠʩʪʝʤʠ 

ʊʆ ʤʦʞʥʘ ʧʽʜʚʠʱʠʪʠ ʥʘʜʽʡʥʽʩʪʴ ʈɽɿʆ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʝʧʦʚʥʦʪʠ ʘʧʨʽʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ 

ʥʘʜʽʡʥʽʩʪʴ ʦʙ'ʻʢʪʽʚ ʈɽɿʆ. 

ʋ ʮʝʡ ʯʘʩ ʽʩʪʦʪʥʦ ʟʨʦʩʪʘʻ ʨʦʣʴ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʥʘʜʽʡʥʽʩʪʴ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʘʤʠ 

ʩʪʚʦʨʝʥʥʷ ʡ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʠʨʦʙʫ. ɼʘʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʦʚʠʥʥʘ ʙʫʪʠ ʟ ʚʠʩʦʢʠʤ ʩʪʫʧʝʥʝʤ 

ʚʽʨʦʛʽʜʥʦʩʪʽ ʡ ʧʦʚʥʦʪʠ ʦʪʨʠʤʘʥʘ ʜʦ ʧʦʯʘʪʢʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʦʙ'ʻʢʪʘ ʈɽɿʆ ʥʘ ʦʩʥʦʚʽ ʨʦʟʨʘʭʫʥʢʽʚ, 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʡ ʚʠʧʨʦʙʫʚʘʥʥʷ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʫʩʴʦʛʦ ʩʧʝʢʪʨʘ ʫʤʦʚ 

ʤʘʡʙʫʪʥʴʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʝʭʥʽʯʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʚʠʙʦʨʫ ʝʬʝʢʪʠʚʥʦʾ ʩʠʩʪʝʤʠ ʊʆ. 

ʋʭʚʘʣʝʥʥʷ ʨʽʰʝʥʥʷ ʚ ʫʤʦʚʘʭ ʘʧʨʽʦʨʥʦʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ (ʧʽʜ ʪʝʨʤʽʥʦʤ "ʘʧʨʽʦʨʥʘ 

ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ" ʨʦʟʫʤʽʻʪʴʩʷ ʚʽʜʩʫʪʥʽʩʪʴ ʘʙʦ ʥʘʷʚʥʽʩʪʴ ʥʝʧʦʚʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʟʘʢʦʥʠ 

ʨʦʟʧʦʜʽʣʫ ʨʽʟʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ (ɺɺ)) - ʪʠʧʦʚʝ ʷʚʠʱʝ, ʟ ʷʢʠʤ ʟʽʰʪʦʚʭʫʶʪʴʩʷ ʧʨʠ 

ʦʜʝʨʞʘʥʥʽ ʦʮʽʥʦʢ ʥʘʜʽʡʥʦʩʪʽ ʦʙ'ʻʢʪʽʚ ʈɽɿʆ ʥʘ ʝʪʘʧʘʭ ʾʭʥʴʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʨʦʟʨʦʙʢʠ ʡ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. ʊʘʢ, ʥʘ ʧʨʘʢʪʠʮʽ ʯʘʩʪʦ ʚʠʥʠʢʘʶʪʴ ʩʠʪʫʘʮʽʾ, ʧʨʠ ʷʢʠʭ ʥʝʤʦʞʣʠʚʦ ʟʽʙʨʘʪʠ ʜʦʩʠʪʴ 

ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ ʧʨʦ ʚʽʜʤʦʚʠ ʘʙʦ ʧʝʨʝʜʫʤʦʚʠ ʜʦ ʧʦʷʚʠ ʚʽʜʤʦʚ ʦʙ'ʻʢʪʽʚ ʈɽɿʆ. ʎʝ, 

ʥʘʧʨʠʢʣʘʜ, ʤʘʻ ʤʽʩʮʝ ʷʢʱʦ ʝʢʩʧʣʫʘʪʫʻʪʴʩʷ ʥʦʚʘ ʩʠʩʪʝʤʘ ʘʙʦ ʚ ʪʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʽʩʥʫʶʯʠʤʠ 

ʤʝʪʦʜʘʤʠ ʜʽʘʛʥʦʩʪʠʢʠ ʡ ʢʦʥʪʨʦʣʶ ʥʝ ʚʜʘʻʪʴʩʷ ʚʠʷʚʠʪʠ ʚʠʥʠʢʥʝʥʥʷ ʜʝʷʢʠʭ ʥʝʩʧʨʘʚʥʦʩʪʝʡ 

ʘʙʦ ʧʝʨʝʜʫʤʦʚ ʜʦ ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʘʙʦ ʚʽʜʤʦʚ. 

ɼʦʩʠʪʴ ʪʨʫʜʦʤʽʩʪʢʠʤ ʟʘʚʜʘʥʥʷʤ  ̒ʦʮʽʥʢʘ ʧʦʢʘʟʥʠʢʽʚ ʥʘʜʽʡʥʦʩʪʽ ʫʥʽʢʘʣʴʥʠʭ ʚʠʨʦʙʽʚ, 

ʢʦʣʠ ʜʣʷ ʘʧʨʽʦʨʥʠʭ ʽʤʦʚʽʨʥʽʩʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʥʝ ʟʘʚʞʜʠ ʻ ʥʝʦʙʭʽʜʥʽ ʚʠʭʽʜʥʽ ʜʘʥʽ, ʘ 

ʩʪʘʪʠʩʪʠʯʥʘ ʦʮʽʥʢʘ ʫʪʨʫʜʥʝʥʘ ʤʘʣʠʤ ʦʙʩʷʛʦʤ ʚʠʧʨʦʙʫʚʘʥʴ. ɸʥʘʣʦʛʽʯʥʘ ʙʘʛʘʪʦ ʚ ʯʦʤʫ 

ʩʠʪʫʘʮʽʷ ʚʠʥʠʢʘʻ ʡ ʧʨʠ ʘʥʘʣʽʟʽ ʥʘʜʽʡʥʦʩʪʽ ʚʠʨʦʙʽʚ, ʚʽʜʤʦʚʠ ʷʢʠʭ ʚʠʥʠʢʘʶʪʴ ʫʢʨʘʡ ʨʽʜʢʦ, 

ʪʦʙʪʦ ʚʠʨʦʙʫ, ʚʽʜʤʦʚʘ ʷʢʠʭ ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ ʥʝʙʘʞʘʥʠʭ ʥʘʩʣʽʜʢʽʚ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʝʪʘʧʘʭ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʨʦʟʨʦʙʢʠ ʡ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ, ʷʢ 

ʧʨʘʚʠʣʦ, ʥʝʜʦʩʪʘʪʥʴʦ ʚʠʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʜʦʩʪʦʚʽʨʥʦʾ ʦʮʽʥʢʠ ʧʦʢʘʟʥʠʢʽʚ ʥʘʜʽʡʥʦʩʪʽ 

ʦʙ'ʻʢʪʽʚ ʈɽɿʆ ʽ ʥʘ ʾʾ ʦʩʥʦʚʽ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʊʆ, ʪʦʤʫ ʱʦ ʻ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ, 

ʦʙʫʤʦʚʣʝʥʘ ʧʝʨʝʨʘʭʦʚʘʥʠʤʠ ʚʠʱʝ ʬʘʢʪʦʨʘʤʠ. 

ʇʽʜ ʚʽʨʦʛʽʜʥʽʩʪʶ ʽʥʬʦʨʤʘʮʽʾ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʨʦʟʫʤʽʻʪʴʩʷ ʩʪʫʧʽʥʴ ʘʜʝʢʚʘʪʥʦʛʦ 

ʚʽʜʦʙʨʘʞʝʥʥʷ ʥʝʶ ʦʙ'ʻʢʪʠʚʥʦ ʽʩʥʫʶʯʠʭ ʷʚʠʱ, ʧʦʜʽʡ ʽ ʧʨʦʮʝʩʽʚ, ʘ ʪʘʢʦʞ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʦʙ'ʻʢʪʽʚ. ʂʽʥʮʝʚʠʤ "ʧʨʦʜʫʢʪʦʤ" ʧʝʨʝʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʥʘʜʽʡʥʽʩʪʴ  ̒

ʢʽʣʴʢʽʩʥʘ ʦʮʽʥʢʘ ʧʦʢʘʟʥʠʢʘ ʥʘʜʽʡʥʦʩʪʽ. ʗʢʽʩʪʴ ʮʽʻʾ ʦʮʽʥʢʠ (ʫ ʩʤʠʩʣʽ ʙʣʠʟʴʢʦʩʪʽ ʜʦ ʱʠʨʦʛʦ 

ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ) ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʯʥʦʩʪʽ ʡ ʧʦʚʥʦʪʠ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʧʨʦ ʥʘʜʽʡʥʽʩʪʴ ʽ 

ʤʝʪʦʜʽʚ ʾʭʥʴʦʾ ʦʙʨʦʙʢʠ. 

ʅʘʚʝʜʝʥʽ ʚʠʱʝ ʧʨʠʢʣʘʜʠ ʧʦʢʘʟʫʶʪʴ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʪʠʧʦʚʽʩʪʴ ʦʧʠʩʘʥʦʾ ʩʠʪʫʘʮʽʾ, ʢʦʣʠ 

ʨʽʰʝʥʥʷ ʧʨʦ ʚʠʙʽʨ ʩʪʨʘʪʝʛʽʾ ʊʆ ʜʦʚʦʜʠʪʴʩʷ ʧʨʠʡʤʘʪʠ ʚ ʫʤʦʚʘʭ ʥʝʧʦʚʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ 

ʥʘʜʽʡʥʽʩʪʴ ʩʠʩʪʝʤʠ ʘʙʦ ʾʾ ʧʦʚʥʽʡ ʚʽʜʩʫʪʥʦʩʪʽ, ʘ ʟ ʽʥʰʦʾ ʽʩʪʦʪʥʘ ʟʤʽʥʘ ʧʦʩʪʘʥʦʚʢʠ ʟʘʚʜʘʥʥʷ. 

ʎʝ ʡ ʚʠʟʥʘʯʘʻ ʚʘʞʣʠʚʽʩʪʴ ʽ ʘʢʪʫʘʣʴʥʽʩʪʴ ʟʘʚʜʘʥʥʷ ʟʥʘʭʦʜʞʝʥʥʷ ʜʚʦʩʪʦʨʦʥʥʽʭ ʛʨʘʥʠʮʴ 

ʘʙʦ ʛʘʨʘʥʪʦʚʘʥʠʭ ʦʮʽʥʦʢ ʜʣʷ ʢʦʤʧʣʝʢʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʥʘʜʽʡʥʦʩʪʽ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʘʧʨʽʦʨʥʦʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʡ ʥʘ ʾʭʥʽʡ ʦʩʥʦʚʽ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʡ 

ʝʬʝʢʪʠʚʥʦʾ ʩʠʩʪʝʤʠ ʊʆ. 
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ʇʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʥʷ. ʋ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚʝʣʠʢʠʡ ʢʣʘʩ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ ʟ 

ʯʘʩʦʚʦʶ ʥʘʜʤʽʨʥʽʩʪʶ, ʷʢʽ ʟ ʧʦʛʣʷʜʫ ʥʘʜʽʡʥʦʩʪʽ ʤʘʶʪʴ ʧʝʚʥʽ ʩʧʝʮʠʬʽʯʥʽ ʨʠʩʠ. ɺʝʣʠʢʘ 

ʢʽʣʴʢʽʩʪʴ ʦʙ'ʻʢʪʽʚ ʈɽɿʆ ʽ ʩʧʦʩʦʙʽʚ ʾʭ ʙʦʡʦʚʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʠʟʥʘʯʘʶʪʴ ʨʽʟʥʦʤʘʥʽʪʪʷ ʜʞʝʨʝʣ 

ʨʝʟʝʨʚʫ ʯʘʩʫ, ʩʧʦʩʦʙʽʚ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʡ ʧʦʧʦʚʥʝʥʥʷ. ʈʝʟʝʨʚ ʯʘʩʫ ʷʚʣʷʻ ʩʦʙʦʶ ʩʠʩʪʝʤʥʠʡ 

ʧʘʨʘʤʝʪʨ, ʥʘʷʚʥʽʩʪʴ ʷʢʦʛʦ ʦʙʫʤʦʚʣʝʥʦ ʩʪʨʫʢʪʫʨʦʶ ʧʦʙʫʜʦʚʠ ʡ ʦʩʦʙʣʠʚʦʩʪʷʤʠ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʝʭʥʽʯʥʦʾ ʩʠʩʪʝʤʠ.  

ɯʩʥʫʶʯʽ ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ ʧʦʢʘʟʥʠʢʽʚ ʥʘʜʽʡʥʦʩʪʽ ʩʠʩʪʝʤ ʟ ʨʝʟʝʨʚʦʤ ʯʘʩʫ ʦʧʠʨʘʶʪʴʩʷ 

ʥʘ ʧʨʠʧʫʱʝʥʥʷ ʧʨʦ ʪʝ, ʱʦ ʨʦʟʧʦʜʽʣ ʚʠʟʥʘʯʘʣʴʥʠʭ ɺɺ, ʷʢʽ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʦʙʯʠʩʣʝʥʴ, ʚʽʜʦʤʽ 

ʪʦʯʥʦ ʥʘ ʚʩʴʦʤʫ ʦʧʝʨʘʪʠʚʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʯʘʩʫ. ʋ ʜʽʡʩʥʦʩʪʽ ʞ ʞʦʜʝʥ ʨʦʟʧʦʜʽʣ ʤʠ ʪʦʯʥʦ ʥʝ 

ʟʥʘʻʤʦ. ʇʨʠʯʠʥʦʶ ʮʽʻʾ ʦʙʩʪʘʚʠʥʠ ʟʚʠʯʘʡʥʦ  ̒ʚʽʜʩʫʪʥʽʩʪʴ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ ʫ ʥʝʦʙʭʽʜʥʽʡ 

ʢʽʣʴʢʦʩʪʽ. 

ɿ ʧʦʛʣʷʜʫ ʧʦʚʥʦʪʠ ʘʧʨʽʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ (ʧʦʚʥʦʪʠ ʟʥʘʥʥʷ ʘʧʨʽʦʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ɺɺ, ʫ 

ʷʢʦʩʪʽ ʷʢʦʾ ʤʦʞʝ ʚʠʩʪʫʧʘʪʠ ʥʘʨʦʙʽʪʦʢ ʚʽʜʤʦʚʘʤʠ 
ʥt  ʨʦʟʨʽʟʥʷʶʪʴʩʷ ʪʨʠ ʨʦʟʨʘʭʫʥʢʦʚʽ ʚʠʧʘʜʢʠ: 

1. ɺʠʧʘʜʦʢ ʧʦʚʥʦʾ ʘʧʨʽʦʨʥʦʾ ʚʠʟʥʘʯʝʥʦʩʪʽ, ʢʦʣʠ ʘʧʨʽʦʨʥʘ ʬʫʥʢʮʽʷ ʨʦʟʧʦʜʽʣʫ (ʌʈ) 

() { }ɝF x P x= <  (ʘʙʦ ʱʽʣʴʥʽʩʪʴ () ()F x f x= ) ɺɺ ɝ ʟʘʜʘʥʘ ʦʜʥʦʟʥʘʯʥʦ. 

2. ɺʠʧʘʜʦʢ ʧʦʚʥʦʾ ʘʧʨʽʦʨʥʦʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ, ʢʦʣʠ ʟʘʜʘʥʝ ʣʠʰʝ ʢʽʥʮʝʚʝ ʯʠʩʣʦ ʦʮʽʥʦʢ 

ʧʘʨʘʤʝʪʨʘ t . 

3. ɺʠʧʘʜʦʢ ʯʘʩʪʢʦʚʦʾ ʘʧʨʽʦʨʥʦʾ  ʚʠʟʥʘʯʝʥʦʩʪʽ, ʢʦʣʠ ʘʧʨʽʦʨʥʘ ʱʽʣʴʥʽʩʪʴ ʥʝ ʟʘʜʘʥʘ, ʘ 

ʚʽʜʦʤʦ ʢʽʥʮʝʚʝ ʯʠʩʣʦ ʦʙʤʝʞʝʥʴ, ʱʦ ʥʘʢʣʘʜʘʶʪʴʩʷ ʥʘ ʧʝʚʥʽ ʽʥʪʝʛʨʘʣʠ ʚʽʜ ʘʧʨʽʦʨʥʦʛʦ 

ʨʦʟʧʦʜʽʣʫ. 

ʇʝʨʰʠʡ ʚʠʧʘʜʦʢ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʧʨʦ ʟʘʢʦʥ ʨʦʟʧʦʜʽʣʫ ()F x  ʉɺ ɝ ʙʘʞʘʥʠʡ, ʘʣʝ 

ʜʦʩʠʪʴ ʨʽʜʢʠʡ.  

ʋ ʜʨʫʛʦʤʫ ʚʠʧʘʜʢʫ ʘʧʨʽʦʨʥʠʡ ʨʦʟʧʦʜʽʣ ()F x  ʚʟʘʛʘʣʽ ʥʝʚʽʜʦʤʠʡ ʡ ʤʦʞʝ ʙʫʪʠ ʙʫʜʴ-ʷʢʦʶ 

ʥʝʥʝʛʘʪʠʚʥʦʶ ʬʫʥʢʮʽʻʶ, ʱʦ ʧʽʜʧʦʨʷʜʢʦʚʘʥʘ ʻʜʠʥʽʡ ʫʤʦʚʽ ʥʦʨʤʦʚʢʠ ()
0

1dF x

¤

=ñ . 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʘʢʫ ʢʨʘʡʥʽʩʪʴ, ʟʘʚʜʘʥʥʷ ʦʮʽʥʢʠ ʧʦʢʘʟʥʠʢʽʚ ʥʘʜʽʡʥʦʩʪʽ ʩʠʩʪʝʤ ʤʘʻ ʩʝʥʩ. 

ʋ ʙʘʛʘʪʴʦʭ ʧʨʘʢʪʠʯʥʠʭ ʟʘʚʜʘʥʥʷʭ, ʢʦʣʠ ʨʦʟʧʦʜʽʣ ()F x  ʥʝʚʽʜʦʤʦ, ʤʦʞʥʘ ʚʚʘʞʘʪʠ 

ʟʘʜʘʥʠʤʠ ʜʝʷʢʽ ʩʪʘʪʠʩʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɺɺ x (ʪʨʝʪʽʡ ʚʠʧʘʜʦʢ). ɼʣʷ ʮʴʦʛʦ ʚʠʧʘʜʢʫ 

ʟʘʚʜʘʥʥʷ ʬʦʨʤʫʣʶʻʪʴʩʷ ʚ ʥʘʩʪʫʧʥʠʭ ʧʝʨʝʜʫʤʦʚʘʭ: 

1) ɿʘʜʘʥʘ ʩʪʨʫʢʪʫʨʘ ʦʙ'ʻʢʪʘ ʈɽɿʆ ʧʝʚʥʦʛʦ ʮʽʣʴʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʨʦʟʛʣʷʥʫʪʦʛʦ ʚ 

ʧʝʨʽʦʜʠ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʨʦʟʨʦʙʢʠ, ʚʠʧʨʦʙʫʚʘʥʴ  ̔ʝʢʩʧʣʫʘʪʘʮʽʾ ʡ ʬʫʥʢʮʽʦʥʫʶʯʦʛʦ ʚ ʫʤʦʚʘʭ 

ʚʧʣʠʚʫ ʟʦʚʥʽʰʥʽʭ  ̔ʧʦʚ'ʷʟʘʥʠʭ ʟ ʡʦʛʦ ʦʙʤʝʞʝʥʦʶ ʥʘʜʽʡʥʽʩʪʴ ʚʧʣʠʚʽʚ. 

2) ʆʙ'ʻʢʪ ʤʘʻ ʯʘʩʦʚʝ ʨʝʟʝʨʚʫʚʘʥʥʷ. 

3) ɸʧʨʽʦʨʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʨʦʟʧʦʜʽʣ ʥʘʨʦʙʽʪʢʫ ʥʘ ʚʽʜʤʦʚʫ ʦʙ'ʻʢʪʘ  ̒ʥʝʧʦʚʥʦʶ ʡ 

ʦʙʤʝʞʫʻʪʴʩʷ ʪʽʣʴʢʠ ʧʦʯʘʪʢʦʚʠʤʠ ʤʦʤʝʥʪʘʤʠ ʌʈ. 

ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ. ʌʫʥʢʮʽʦʥʘʣʽʚ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʷʢʽʩʪʴ ʽ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤ ʟ ʯʘʩʦʚʠʤ ʨʝʟʝʨʚʫʚʘʥʥʷʤ, ʚʠʨʘʞʘʶʪʴʩʷ ʚ ʥʘʩʪʫʧʥʦʤʫ ʚʠʛʣʷʜʽ:   
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ʜʝ  ( )F t - ʌʈ ʥʘʨʦʙʽʪʢʫ ʥʘ ʚʽʜʤʦʚʫ ʦʙ'ʻʢʪʘ ʈɽɿʆ;  

ɸ, ɺ, ʉ, D, ʂ  ̔L ʧʦʩʪʽʡʥʽ, ʱʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʨʝʞʠʤʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʙ'ʻʢʪʘ ʈɽɿʆ. 

ʋ ʤʘʪʝʤʘʪʠʯʥʽʡ ʪʝʦʨʽʾ ʥʘʜʽʡʥʦʩʪʽ ʙʘʛʘʪʦ ʧʦʢʘʟʥʠʢʽʚ ʻ ʣʽʥʽʡʥʠʤʠ ʘʙʦ ʜʨʦʙʦʚʦ-ʣʽʥʽʡʥʠʤʠ 

ʬʫʥʢʮʽʦʥʘʣʘʤʠ ʚʽʜ ʬʫʥʢʮʽʡ ʨʦʟʧʦʜʽʣʫ ʚʠʭʽʜʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ. ʎʽ ʬʫʥʢʮʽʦʥʘʣʠ ʤʘʶʪʴ 

ʚʠʛʣʷʜ [1]: 
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0

( ) ( ) ( )I F g x dF x

¤

=ñ , 1 1 1 1

0 0

( , ) ( , , ) ( ) ( )n n n nI F F g x x dF x dF x

¤ ¤

=ñ ñ ,      (3) 

1

0

2

0

( ) ( )

( )

( ) ( )

g x dF x

J F

g x dF x

¤

¤
=
ñ

ñ

,                                               (4) 

ʜʝ ( )g x  ï ʟʘʜʘʥʘ ʬʫʥʢʮʽʷ, ʤʘʻ ʩʢʽʥʯʝʥʥʝ ʟʥʘʯʝʥʥʷ ʚ ʢʦʞʥʽʡ ʪʦʯʮʽ x, ʦʙʤʝʞʝʥʘ, ʤʦʞʝ 
ʙʫʪʠ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʦʶ, ʥʝʧʝʨʝʨʚʥʦʶ, ʘʙʦ ʢʫʩʢʦʚʦ-ʥʝʧʝʨʝʨʚʥʦʶ ʽʟ ʩʢʽʥʯʝʥʥʠʤ ʯʠʩʣʦʤ 

ʪʦʯʦʢ ʨʦʟʨʠʚʫ, ʘ ʩʘʤʝ ʛʦʣʦʚʥʝ ï ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ. ʇʨʠʧʫʩʢʘʻʪʴʩʷ ʪʘʢʦʞ, ʱʦ ʜʣʷ 

ʬʫʥʢʮʽʾ ( )g x  ʚʽʜʦʤʽ ʚʩʽ ʪʦʯʢʠ ʨʦʟʨʠʚʫ, ʘʙʦ ʢʫʪʦʚʽ ʪʦʯʢʠ, ʪʦʯʢʠ ʝʢʩʪʨʝʤʫʤʫ, ʧʝʨʝʛʠʥʫ ʽ ʪ.ʜ., 

ʪʦʙʪʦ, ʱʦ ( )g x  ʧʽʜʜʘʻʪʴʩʷ ʘʥʘʣʽʪʠʯʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʶ. 

ʇʦʟʥʘʯʠʤʦ 
1K  ʽ 

2K  ʜʚʘ ʢʣʘʩʠ ʬʫʥʢʮʽʡ ʨʦʟʧʦʜʽʣʫ (ʌʈ) ( )F x  ʥʝʚʽʜôʻʤʥʠʭ ʚʠʧʘʜʢʦʚʠʭ 

ʚʝʣʠʯʠʥ ʚʽʜʧʦʚʽʜʥʦ ʟ ʦʜʥʠʤ ʘʙʦ ʜʚʦʤʘ ʬʽʢʩʦʚʘʥʠʤʠ ʤʦʤʝʥʪʘʤʠ 1

0

( )is x dF x

¤

=ñ , 1, 2i= , ʱʦ 

ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 2

1 20 s s< < <¤.  

ʇʨʠ ʚʢʘʟʘʥʠʭ ʦʙʤʝʞʝʥʥʷʭ ʥʘ ʬʫʥʢʮʽʶ ( )g x  ʽ ʤʦʤʝʥʪʠ 
1s  ʽ 

2s  ʬʫʥʢʮʽʦʥʘʣʠ (2.1) ʽ ʾʭ 

ʪʦʯʥʽ ʚʝʨʭʥʽ ʽ ʥʠʞʥʽ ʛʨʘʥʠʮʽ ʽʩʥʫʶʪʴ. ʗʢʱʦ ʬʫʥʢʮʽʷ ( )g x  ʥʝʧʝʨʝʨʚʥʘ, ʪʦ ʽʥʪʝʛʨʘʣʠ (2.1) 

ʽʩʥʫʶʪʴ ʷʢ ʽʥʪʝʛʨʘʣʠ ʉʪʽʣʪʴʻʩʘ. ʗʢʱʦ ʞ ʦʙʠʜʚʽ ʬʫʥʢʮʽʾ ( )g x  ʽ ( )F x  ʨʦʟʨʠʚʥʽ ʚ ʦʜʥʽʡ ʽ ʪʽʡ ʞʝ 

ʪʦʯʮʽ, ʪʦ ʽʥʪʝʛʨʘʣ ʉʪʽʣʪʴʻʩʘ, ʷʢ ʚʽʜʦʤʦ, ʥʝ ʽʩʥʫʻ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʽʥʪʝʛʨʘʣʠ (2.1) ʽʩʥʫʶʪʴ ʷʢ 

ʽʥʪʝʛʨʘʣʠ ʃʝʙʝʛʘ-ʉʪʽʣʪʴʻʩʘ. 

ɹʫʜʝʤʦ ʨʦʟʛʣʷʜʘʪʠ ʟʘʜʘʯʽ ʪʠʧʫ  

( ) supI F  , F KÍ , ʘʙʦ ( ) infI F  , F KÍ ,                         (5) 

ʱʦ ʦʟʥʘʯʘʻ ʟʥʘʡʪʠ ʩʫʧʨʝʤʫʤ ʘʙʦ ʽʥʬʽʤʫʤ ʚʽʜʧʦʚʽʜʥʦʛʦ ʬʫʥʢʮʽʦʥʘʣʫ, ʢʦʣʠ F  ʥʘʣʝʞʠʪʴ 

ʚʽʜʧʦʚʽʜʥʦʤʫ ʢʣʘʩʫ K . 

ʄʝʪʦʜʠ ʨʦʟʚôʷʟʘʥʥʷ ʧʦʜʽʙʥʠʭ ʟʘʜʘʯ ʩʷʛʘʶʪʴ ʜʦ ʇ.ʃ. ʏʝʙʠʰʦʚʘ (1874), ɸ.ɸ. ʄʘʨʢʦʚʘ 

(1884), ʂ.ɸ. ʇʦʩʩʝ, ʅ.ʗ. ʉʦʥʽʥʘ. ʇʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʽʜʝʡ ɸ.ɸ. ʄʘʨʢʦʚʘ ʽ ʫʟʘʛʘʣʴʥʝʥʥʷ ʡʦʛʦ 

ʨʝʟʫʣʴʪʘʪʽʚ ʥʘʣʝʞʘʪʴ ʄ.ɻ. ʂʨʝʡʥʫ, ʄ.ɯ. ɸʭʽʻʟʝʨʫ, ʇ.ɻ. ʈʝʭʪʤʘʥʫ. 

ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʽ ʫʟʘʛʘʣʴʥʝʥʥʷ ʚ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ ʚʠʢʣʘʜʝʥʽ ʚ ʤʦʥʦʛʨʘʬʽʷʭ 

ʄ.ɻ. ʂʨʝʡʥʘ ʽ ɸ.ɸ. ʅʫʜʝʣʴʤʘʥʘ (1973), ʉ. ʂʘʨʣʽʥʘ ʽ ɺ. ʉʪʘʜʜʝʥʘ (1976) ʪʘ ʽʥ. ɸʣʝ ʟʘʩʪʦʩʫʚʘʪʠ 

ʮʶ ʪʝʦʨʽʶ ʤʦʞʣʠʚʦ ʪʽʣʴʢʠ ʧʨʠ ʜʫʞʝ ʩʠʣʴʥʠʭ ʦʙʤʝʞʝʥʥʷʭ ʥʘ ʬʫʥʢʮʽʶ ( )g x .  

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʮʝ, ʟʘʛʘʣʴʥʘ ʪʝʦʨʽʷ ʡ ʯʠʩʝʣʴʥʽ ʤʝʪʦʜʠ ʨʦʟʚôʷʟʘʥʥʷ ʧʦʜʽʙʥʠʭ ʟʘʜʘʯ 

ʨʦʟʨʦʙʣʝʥʽ ʥʘ ʜʘʥʠʡ ʯʘʩ ʥʝ ʜʦʩʠʪʴ ʧʦʚʥʦ [2, 3]. 

ɿʚʝʨʥʝʤʦ ʫʚʘʛʫ ʥʘ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ (4) ï (5) ʚ ʪʝʦʨʽʾ ʥʘʜʽʡʥʦʩʪʽ. 

ʂʦʥʢʨʝʪʥʽ ʬʫʥʢʮʽʦʥʘʣʠ ʚ ʪʝʦʨʽʾ ʥʘʜʽʡʥʦʩʪʽ, ʷʢ ʧʨʘʚʠʣʦ, ʟʘʣʝʞʘʪʴ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ (ʧʝʨʽʦʜʽʚ 

ʚʽʜʥʦʚʣʝʥʥʷ, ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʯʘʩʦʚʦʛʦ ʨʝʟʝʨʚʫ, ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʢʦʥʪʨʦʣʶ, 

ʽʥʪʝʥʩʠʚʥʦʩʪʝʡ ʚʽʜʤʦʚ ʽ ʽʥ.). ʆʪʞʝ ʟʘʜʘʯʘ (4) ï (5) ʚ ʪʝʦʨʽʾ ʥʘʜʽʡʥʦʩʪʽ ʻ ʧʘʨʘʤʝʪʨʠʯʥʦʶ. ʗʢ 

ʚʽʜʜʽʣʠʪʠ ʦʜʥʫ ʦʙʣʘʩʪʴ ʧʘʨʘʤʝʪʨʽʚ ʟʽ ʩʚʦʻʶ ʝʢʩʪʨʝʤʘʣʴʥʦʶ ʌʈ ʚʽʜ ʽʥʰʦʾ, ʜʝ ʚʠʥʠʢʘʻ ʚʞʝ 

ʽʥʰʘ ʝʢʩʪʨʝʤʘʣʴʥʘ ʬʫʥʢʮʽʷ ʨʦʟʧʦʜʽʣʫ? ʎʝ ʥʝʧʨʦʩʪʘ ʟʘʜʘʯʘ.  

ɼʣʷ ʾʾ ʨʦʟʚôʷʟʘʥʥʷ ʧʨʦʧʦʥʫʻʪʴʩʷ ʯʠʩʝʣʴʥʦ-ʘʥʘʣʽʪʠʯʥʠʡ ʧʽʜʭʽʜ. ʈʦʟʛʣʷʥʝʤʦ ʡʦʛʦ. ɼʣʷ 

ʮʴʦʛʦ ʚʠʟʥʘʯʠʤʦ ʥʝʦʙʭʽʜʥʽ ʽ ʜʦʩʪʘʪʥʽ ʫʤʦʚʠ ʝʢʩʪʨʝʤʫʤʫ ʽʥʪʝʛʨʘʣʘ ʉʪʽʣʪʴʻʩʘ ʥʘ ʢʣʘʩʽ 

ʨʦʟʧʦʜʽʣʽʚ. ʇʦʟʥʘʯʠʤʦ 
0

( ) ( ) ( )I F g x dF x

¤

=ñ  ï ʣʽʥʽʡʥʠʡ ʬʫʥʢʮʽʦʥʘʣ. 

ʊʝʦʨʝʤʘ 1. ʅʝʭʘʡ ( )g x  ʤʘʻ ʩʢʽʥʯʝʥʥʽ ʟʥʘʯʝʥʥʷ ʜʣʷ ʚʩʽʭ ʩʢʽʥʯʝʥʥʠʭ ʟʥʘʯʝʥʴ 0x² . 

ʇʦʟʥʘʯʠʤʦ K  ï ʤʥʦʞʠʥʫ ʌʈ ʟ ʬʽʢʩʦʚʘʥʠʤʠ ʤʦʤʝʥʪʘʤʠ, ʘ E KË  ʧʽʜʤʥʦʞʠʥʫ ʢʨʘʡʥʽʭ ʪʦʯʦʢ 

ʦʧʫʢʣʦʾ ʤʥʦʞʠʥʠ K . 

ʊʦʜʽ 
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[ ]
inf ( ) inf ( ) inf ( )
F K F E F E

I F I F I F
Í Í Í

= = , 

ʜʝ [ ]E  ï ʟʘʤʠʢʘʥʥʷ ʤʥʦʞʠʥʠ E  (ʪʦʙʪʦ ʤʥʦʞʠʥʘ E  ʟ ʫʩʽʤʘ ʩʚʦʾʤʠ ʛʨʘʥʠʯʥʠʤʠ 

ʪʦʯʢʘʤʠ). 

ʄʥʦʞʠʥʽ ʢʨʘʡʥʽʭ ʪʦʯʦʢ [ ]E  ʥʘʣʝʞʘʪʴ ʪʽʣʴʢʠ ʩʭʽʜʯʘʩʪʽ ʌʈ ʟ ʤʥʦʞʠʥʠ K, ʷʢʽ ʤʘʶʪʴ 

ʯʠʩʣʦ ʪʦʯʦʢ ʨʦʩʪʫ ʥʝ ʙʽʣʴʰʝ ʟʘ ʯʠʩʣʦ ʦʙʤʝʞʝʥʴ ʥʘ ʌʈ F . 

ʇʨʠ ʥʘʡʤʝʥʰʠʭ ʦʙʤʝʞʝʥʥʷʭ ʥʘ ʬʫʥʢʮʽʶ ( )g x  ʷʢ ʚ ʦʜʥʦʤʽʨʥʦʤʫ, ʪʘʢ ʽ ʚ ʙʘʛʘʪʦʤʽʨʥʦʤʫ 

ʚʠʧʘʜʢʘʭ ʮʷ ʪʝʦʨʝʤʘ ʙʫʣʘ ʜʦʚʝʜʝʥʘ ʄʘʣʛʦʣʘʥʜʦʤ (1957 ʨ.) ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʦʨʝʤ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʜʣʷ ʬʫʥʢʮʽʡ ʨʦʟʧʦʜʽʣʫ. 

ʇʦʟʥʘʯʠʤʦ 

* ( ) min{ ( 0), ( 0)}i i ig x g x g x= - + , * ( ) max( ( 0), ( 0))i ig x g x g x= - +. 

ʆʟʥʘʯʝʥʥʷ. ʉʢʘʞʝʤʦ, ʱʦ ʽʥʬʽʤʫʤ (ʩʫʧʨʝʤʫʤ) ʬʫʥʢʮʽʦʥʘʣʫ ( )I F , F KÍ , ʦʙʯʠʩʣʶʻʪʴʩʷ 

ʥʘ ʌʈ 
0 [ ]F EÍ  ʟ ʪʦʯʢʘʤʠ ʨʦʩʪʫ 

ix , ʷʢʱʦ  

*inf ( ) ( ) ( )i i
F K

i

I F g x p x
Í

=ä  *sup ( ) ( ) ( )i i
F K i

I F g x p x
Í

ë û
=ì ü

í ý
ä , 

ʜʝ x  ʚʝʢʪʦʨ ʨʦʩʪʫ ʌʈ 
0 [ ]F EÍ , 

ix  ï ʡʦʛʦ -̔ʪʘ ʢʦʤʧʦʥʝʥʪʘ, ( )ip x  ï ʩʪʨʠʙʦʢ ʌʈ 
0F  ʚ 

ʪʦʯʮʽ 
ix . ʇʨʠ ʮʴʦʤʫ ʌʈ 0F  ʥʘʟʠʚʘʻʪʴʩʷ ʝʢʩʪʨʝʤʘʣʴʥʦʶ (ʩʠʥʦʥʽʤ-ʛʨʘʥʠʯʥʦʶ). ʗʢʱʦ 

0inf ( ) ( )
F K

I F I F
Í

= , ʪʦ ʙʫʜʝʤʦ ʢʘʟʘʪʠ, ʱʦ ʽʥʬʽʤʫʤ ʜʦʩʷʛʘʻʪʴʩʷ ʥʘ ʌʈ 
0F KÍ . 

ʊʝʦʨʝʤʘ 2. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʽʥʬʽʤʫʤ (ʩʫʧʨʝʤʫʤ) ʬʫʥʢʮʽʦʥʘʣʫ ( )I F , F KÍ , 

ʦʙʯʠʩʣʶʚʘʚʩʷ ʥʘ ʌʈ 
0F EÍ  ʟ ʪʦʯʢʘʤʠ ʨʦʩʪʫ 

ix , ʥʝʦʙʭʽʜʥʦ ʽ ʜʦʩʪʘʪʥʴʦ, ʱʦʙ ʽʩʥʫʚʘʚ 

ʤʥʦʛʦʯʣʝʥ ʥʝ ʚʠʱʝ ʜʨʫʛʦʛʦ ʩʪʝʧʝʥʷ 
0( , )U x F  (

0( , )U x F ) ʽʟ ʚʣʘʩʪʠʚʦʩʪʷʤʠ: 

0 *( , ) ( )i iU x F g x=
 

( *

0( , ) ( )i iU x F g x= ),                                          (6) 

0( , ) ( )iU x F g x¢  (
0( , ) ( )U x F g x² ), ʜʣʷ ʚʩʽʭ 0x² .                  (7) 

ʎʷ ʪʝʦʨʝʤʘ ʜʣʷ ʥʝʧʝʨʝʨʚʥʦʾ ʬʫʥʢʮʽʾ ( )g x  ʙʫʣʘ ʜʦʚʝʜʝʥʘ ʂʨʝʡʥʦʤ ʽ ʅʫʜʝʣʴʤʘʥʦʤ 

(1973). 

ʉʬʦʨʤʫʣʴʦʚʘʥʘ ʪʫʪ ʪʝʦʨʝʤʘ 2 ʜʦʚʝʜʝʥʘ ʚ [4] (1990) ʉʪʦʡʢʦʚʦʶ ʃ.ʉ.  

ʊʝʦʨʝʤʘ 2, ʷʢ ʽ ʪʝʦʨʝʤʘ ʂʨʝʡʥʘ, ʥʝ ʜʘʻ ʘʣʛʦʨʠʪʤʫ ʧʦʰʫʢʫ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʬʫʥʢʮʽʡ 

ʨʦʟʧʦʜʽʣʫ. ɸʣʝ ʜʣʷ ʢʦʥʢʨʝʪʥʠʭ ʬʫʥʢʮʽʡ ( )g x  ʤʦʞʥʘ ʟʥʘʡʪʠ ʟʥʘʯʥʦ ʩʣʘʙʰʽ ʥʝʦʙʭʽʜʥʽ ʽ 

ʜʦʩʪʘʪʥʽ ʫʤʦʚʠ, ʟʚôʷʟʘʚʰʠ ʾʭ ʟ ʢʦʥʢʨʝʪʥʠʤʠ ʌʈ ʟ ʢʣʘʩʫ E. ɺʦʥʠ ʚʠʤʘʛʘʶʪʴ ʚʠʢʦʥʘʥʥʷ 

ʥʝʨʽʚʥʦʩʪʝʡ ʪʝʦʨʝʤʠ 2 ʥʝ ʜʣʷ ʚʩʽʭ ʪʦʯʦʢ 0x² , ʘ ʣʠʰʝ ʜʣʷ ʦʢʦʣʽʚ ʦʜʥʽʻʾ ʘʙʦ ʜʚʦʭ ʜʝʷʢʠʭ 

ʪʦʯʦʢ, ʷʢʱʦ ʬʽʢʩʦʚʘʥʦ ʥʝ ʙʽʣʴʰʝ ʜʚʦʭ ʤʦʤʝʥʪʽʚ ʬʫʥʢʮʽʡ ʨʦʟʧʦʜʽʣʫ F. ʊʘʢʠʤʠ ʪʦʯʢʘʤʠ 

ʤʦʞʫʪʴ ʙʫʪʠ ʪʦʯʢʠ ʨʦʟʨʠʚʫ ʘʙʦ ʢʫʪʦʚʽ ʪʦʯʢʠ ʬʫʥʢʮʽʾ g, ʪʦʯʢʠ ʨʦʩʪʫ ʌʈ, çʧʽʜʦʟʨʽʣʠʭ ʥʘ 

ʝʢʩʪʨʝʤʫʤè, ʧʦʯʘʪʦʢ ʽ ʢʽʥʝʮʴ ʧʨʦʤʽʞʢʫ ʽʥʪʝʛʨʫʚʘʥʥʷ, ʪʦʯʢʠ ʝʢʩʪʨʝʤʫʤʫ ʬʫʥʢʮʽʾ g  ʪʘ ʽʥ. 

ɯʥʦʜʽ ʫʤʦʚʠ ʽʩʥʫʚʘʥʥʷ ʪʽʻʾ ʘʙʦ ʽʥʰʦʾ ʌʈ ʙʫʚʘʶʪʴ ʚʞʝ ʽ ʜʦʩʪʘʪʥʽʤʠ ʜʣʷ ʾʾ ʝʢʩʪʨʝʤʘʣʴʥʦʩʪʽ. ʑʝ 

ʦʜʥʘ ʧʝʨʝʚʘʛʘ ʥʘʰʠʭ ʩʣʘʙʢʠʭ ʥʝʦʙʭʽʜʥʠʭ ʫʤʦʚ ʚ ʪʦʤʫ, ʱʦ ʥʠʤʠ ʦʙʣʘʩʪʴ ʧʘʨʘʤʝʪʨʽʚ ʟʘʜʘʯʽ 

ʨʦʟʙʠʚʘʻʪʴʩʷ ʥʘ ʧʽʜ ʦʙʣʘʩʪʽ, ʱʦ ʥʝ ʧʝʨʝʪʠʥʘʶʪʴʩʷ, ʢʦʞʥʽʡ ʟ ʷʢʠʭ ʚʽʜʧʦʚʽʜʘʻ ʩʚʦʷ 

ʝʢʩʪʨʝʤʘʣʴʥʘ ʬʫʥʢʮʽʷ ʨʦʟʧʦʜʽʣʫ. 

ɼʣʷ ʜʨʦʙʦʚʦ-ʣʽʥʽʡʥʠʡ ʬʫʥʢʮʽʦʥʘʣʽʚ, ʱʦ ʤʘʶʪʴ ʚʠʛʣʷʜ (4)  ʨʦʟʛʣʷʥʝʤʦ ʟʘʜʘʯʫ: ʟʥʘʡʪʠ 

ʽʥʬʽʤʫʤ ʬʫʥʢʮʽʦʥʘʣʫ ( )J F , ʢʦʣʠ ʌʈ F  ʟʤʽʥʶʻʪʴʩʷ ʚ ʤʥʦʞʠʥʽ K . 

ɺʽʜʥʦʩʥʦ ʟʘʜʘʥʠʭ ʬʫʥʢʮʽʡ 
1( )g x  ʽ 

2( )g x  ʧʨʠʧʫʩʢʘʻʤʦ: 

1) ʮʝ ʦʙʤʝʞʝʥʽ, ʢʫʩʢʦʚʦ-ʥʝʧʝʨʝʨʚʥʽ ʬʫʥʢʮʽʾ ʟ ʩʢʽʥʯʝʥʥʦʶ ʤʥʦʞʠʥʦʶ ʪʦʯʦʢ ʨʦʟʨʠʚʫ; 

2) ʜʣʷ ʥʠʭ ʽʩʥʫʻ ʬʫʥʢʮʽʦʥʘʣ ( )J F  (ʩʢʽʥʯʝʥʥʠʡ ʘʙʦ ʥʝʩʢʽʥʯʝʥʥʠʡ, ʷʢʱʦ 

0 2 0: ( ) 0F K I FÍ =); 

3) ʚʦʥʠ ʟʘʣʝʞʘʪʴ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ. 

ɿʘʜʘʯʘ ʧʨʦ ʝʢʩʪʨʝʤʫʤ ʬʫʥʢʮʽʦʥʘʣʫ ( )J F  ʟʚʦʜʠʪʴʩʷ ʜʦ ʟʘʜʘʯʽ ʧʨʦ ʝʢʩʪʨʝʤʫʤ 

ʥʘʩʪʫʧʥʦʛʦ ʣʽʥʽʡʥʦʛʦ ʬʫʥʢʮʽʦʥʘʣʫ: 
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1 2

0 0

( ) ( ( ) ( )) ( ) ( ) ( )I F g x rg x dF x g x dF x

¤ ¤

= - =ñ ñ , 

ʜʝ r  ï ʜʽʡʩʥʠʡ ʧʘʨʘʤʝʪʨ 0 r¢ ¢¤. 

ʉʧʨʘʚʝʜʣʠʚʘ ʪʝʦʨʝʤʘ. 

ʊʝʦʨʝʤʘ 3. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʽʥʬʽʤʫʤ ʜʨʦʙʦʚʦ-ʣʽʥʽʡʥʦʛʦ ʬʫʥʢʮʽʦʥʘʣʫ ( )J F , F KÍ  

ʦʙʯʠʩʣʶʚʘʚʩʷ ʥʘ ʌʈ 
0F EÍ  ʟ ʪʦʯʢʘʤʠ ʨʦʩʪʫ 

ix  ʥʝʦʙʭʽʜʥʦ ʽ ʜʦʩʪʘʪʥʴʦ, ʱʦʙ ʽʥʬʽʤʫʤ 

ʣʽʥʽʡʥʦʛʦ ʬʫʥʢʮʽʦʥʘʣʫ ( )I F , F KÍ , ʦʙʯʠʩʣʶʚʘʚʩʷ ʥʘ ʪʽʡ ʞʝ ʌʈ 
0F  ʽ ʜʦʨʽʚʥʶʚʘʚ ʥʫʣʶ. 

ʊʦʤʫ, ʟʥʘʶʯʠ ʩʣʘʙʢʽ ʥʝʦʙʭʽʜʥʽ ʫʤʦʚʠ ʽʥʬʽʤʫʤʫ ʜʣʷ ʣʽʥʽʡʥʠʭ ʬʫʥʢʮʽʦʥʘʣʽʚ, ʤʦʞʥʘ 

ʩʬʦʨʤʫʣʶʚʘʪʠ ʚʽʜʧʦʚʽʜʥʽ ʩʣʘʙʢʽ ʥʝʦʙʭʽʜʥʽ ʫʤʦʚʠ ʜʣʷ ʜʨʦʙʦʚʦ-ʣʽʥʽʡʥʠʭ ʬʫʥʢʮʽʦʥʘʣʽʚ 

ɺʠʩʥʦʚʦʢ. ʊʘʢʠʤ ʯʠʥʦʤ, ʦʜʥʠʤ ʽʟ ʚʘʞʣʠʚʠʭ ʝʪʘʧʽʚ ʤʝʪʦʜʠʢʠ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʦʮʽʥʢʠ 

ʥʘʜʽʡʥʦʩʪʽ ʨʝʟʝʨʚʦʚʘʥʠʭ ʩʠʩʪʝʤ ʧʨʠ ʚʽʜʦʤʠʭ ʧʦʯʘʪʢʦʚʠʭ ʤʦʤʝʥʪʘʭ ʬʫʥʢʮʽʡ ʨʦʟʧʦʜʽʣʫ 

ʚʠʟʥʘʯʘʣʴʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ ʻ ʟʥʘʭʦʜʞʝʥʥʷ ʜʚʦʩʪʦʨʦʥʥʽʭ ʦʮʽʥʦʢ ʬʫʥʢʮʽʦʥʘʣʽʚ, ʷʢʽ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʥʘʜʽʡʥʽʩʪʴ ʪʘʢʠʭ ʩʠʩʪʝʤ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʥʘʚʝʜʝʥʽ ʥʝʦʙʭʽʜʥʽ ʫʤʦʚʠ 

ʽʩʥʫʚʘʥʥʷ ʪʦʯʥʠʭ ʛʨʘʥʠʮʴ ʣʽʥʽʡʥʠʭ ʽ ʜʨʦʙʦʚʦ-ʣʽʥʽʡʥʠʭ ʬʫʥʢʮʽʦʥʘʣʽʚ, ʤʦʞʥʘ ʦʜʝʨʞʘʪʠ 

ʜʚʦʩʪʦʨʦʥʥʽ ʦʮʽʥʢʠ ʢʦʤʧʣʝʢʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʥʘʜʽʡʥʦʩʪʽ, ʱʦ ʥʘʡʙʽʣʴʰ ʯʘʩʪʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʊʆ ʦʙôʻʢʪʽʚ ʈɽɿʆ ʟ ʯʘʩʦʚʠʤ ʨʝʟʝʨʚʫʚʘʥʥʷʤ.  
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ʢ.ʪ.ʥ. ʇʨʦʮʝʥʢʦ ɺ.ʆ. (ɺɸʊ "ʄʝʨʠʜʽʘʥ") 

 

ʄɯʂʈʆɽʃɽʂʊʈʆʅʅɯ ʉɽʅʉʆʈʀ ʅɸ ʆʉʅʆɺɯ ʅɸʅʆʄɸʊɽʈɯɸʃɯɺ ɼʃʗ 

ɺɯʁʉʔʂʆɺʆɻʆ ɯ ʎʀɺɯʃʔʅʆɻʆ ɿɸʉʊʆʉʋɺɸʅʅʗ 

 
ʅʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ, ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʨʦʟʨʦʙʦʢ ʜʘʪʯʠʢʽʚ ʤʝʭʘʥʽʯʥʠʭ ʚʝʣʠʯʠʥ ʪʘ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʛʘʟʦʚʠʭ ʜʘʪʯʠʢʽʚ ʥʘ ʦʩʥʦʚʽ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʜʘʪʯʠʢʽʚ 

ʤʝʭʘʥʽʯʥʠʭ ʚʝʣʠʯʠʥ ʚʠʢʦʨʠʩʪʘʥʽ ʥʠʪʢʦʧʦʜʽʙʥʽ ʢʨʠʩʪʘʣʠ ʢʨʝʤʥʽʶ. ʅʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʛʘʟʦʚʽ 

ʜʘʪʯʠʢʠ ʨʝʘʣʽʟʫʶʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʰʘʨʫ ʥʘʥʦʧʦʨʠʩʪʦʛʦ ʢʨʝʤʥʽʶ. ʅʘʚʦʜʷʪʴʩʷ ʪʝʭʥʦʣʦʛʽʾ 

ʦʪʨʠʤʘʥʥʷ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ, ʾʭ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʧʘʨʘʤʝʪʨʠ ʜʘʪʯʠʢʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽ. ɼʘʥʽ ʜʘʪʯʠʢʠ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʷʢ ʜʣʷ ʚʽʡʩʴʢʦʚʦʛʦ, ʪʘʢ ʽ ʮʠʚʽʣʴʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʽʢʨʦʝʣʝʢʪʨʦʥʥʽ ʩʝʥʩʦʨʠ, ʥʘʥʦʤʘʪʝʨʽʘʣʠ, ʛʘʟʦʚʽ ʜʘʪʯʠʢʠ. 

 

ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ, ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʘʟʨʘʙʦʪʦʢ ʜʘʪʯʠʢʦʚ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʚʝʣʠʯʠʥ ʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʛʘʟʦʚʳʭ ʜʘʪʯʠʢʦʚ ʥʘ ʦʩʥʦʚʝ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʜʘʪʯʠʢʦʚ ʤʝʭʘʥʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʠʪʝʚʠʜʥʳʝ ʢʨʠʩʪʘʣʣʳ ʢʨʝʤʥʠʷ. 

ʇʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʛʘʟʦʚʳʝ ʜʘʪʯʠʢʠ ʨʝʘʣʠʟʫʶʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʣʦʷ ʥʘʥʦʧʦʨʠʩʪʦʛʦ 

ʢʨʝʤʥʠʷ. ʅʘʚʦʜʷʪʩʷ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ, ʠʭ ʩʚʦʡʩʪʚʘ ʠ ʧʘʨʘʤʝʪʨʳ 

ʜʘʪʯʠʢʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ. ɼʘʥʥʳʝ ʜʘʪʯʠʢʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ ʜʣʷ ʚʦʝʥʥʦʛʦ, ʪʘʢ ʠ 

ʛʨʘʞʜʘʥʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʠʢʨʦʵʣʝʢʪʨʦʥʥʳʝ ʩʝʥʩʦʨʳ, ʥʘʥʦʤʘʪʝʨʠʣ, ʛʘʟʦʚʳʝ ʜʘʪʯʠʢʠ. 

 

Results of the analysis, researches and workings out of gauges of mechanical sizes and semi-

conductor gas gauges on a basis of nanomaterials are resulted. For realisation of gauges of mechanical 

sizes threadlike crystals of silicon are used. Semi-conductor gas gauges are realised with layer use 

nanopores silicon. Technologies of reception of nanomaterials, their properties and parametres of gauges 

on their basis are directed. The given gauges can be used as for the military man, and civil application.  
Keywords: microelectronic sensor controls, nanomaterial, gas gauges. 
 

ɺʩʪʫʧ. ɺʽʡʩʴʢʦʚʘ ʪʝʭʥʽʢʘ ʜʫʞʝ ʰʚʠʜʢʦ ʨʦʟʚʠʚʘʻʪʴʩʷ. ɺʦʥʘ ʚʢʣʶʯʘʻ ʥʘʟʝʤʥʽ, ʤʦʨʩʴʢʽ ʽ 

ʧʦʚʽʪʨʷʥʽ ʥʦʩʽʾ ʚʩʽʭ ʚʠʜʽʚ, ʟʚôʷʟʦʢ ʪʘ ʢʦʤʧôʶʪʝʨʥʽ ʩʠʩʪʝʤʠ, ʟʙʨʦʶ, ʩʫʧʫʪʥʠʢʠ ʽ ʨʦʙʦʪʠ. ʎʷ 

ʪʝʭʥʽʢʘ ʧʦʩʪʽʡʥʦ ʘʜʘʧʪʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʧʨʦʙ ʟʙʨʦʡʥʠʭ ʩʠʣ ʟʥʘʭʦʜʠʪʠʩʴ ʧʦʧʝʨʝʜʫ ʚʩʽʭ. 

ʂʦʞʝʥ ʨʘʟ ʥʦʚʘ ʨʦʟʨʦʙʢʘ ʟʘʙʝʟʧʝʯʫʻ ʢʨʘʱʽ ʟʘʩʦʙʠ ʜʣʷ ʘʪʘʢʠ ʽ ʚʽʜʧʦʚʽʜʥʽ ʢʨʘʱʽ ʟʘʩʦʙʠ 

ʦʙʦʨʦʥʠ. ɺʯʝʥʽ ʽ ʽʥʞʝʥʝʨʠ ʧʦʩʪʽʡʥʦ ʰʫʢʘʶʪʴ ʥʦʚʽ ʩʧʦʩʦʙʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ, 

ʜʚʠʛʫʥʽʚ, ʜʘʪʯʠʢʽʚ ʽ ʝʣʝʢʪʨʦʥʽʢʠ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʽʩʥʫʶʯʦʾ ʪʝʭʥʽʢʠ. ɼʘʪʯʠʢʠ ʨʽʟʥʠʭ ʚʝʣʠʯʠʥ ʻ 

ʥʝʦʙʭʽʜʥʠʤʠ ʩʢʣʘʜʦʚʠʤʠ ʙʫʜʴ-ʷʢʦʾ ʪʝʭʥʽʢʠ ʽ ʧʨʠʩʪʨʦʾʚ. ʇʦʪʨʝʙʘ ʚ ʜʘʪʯʠʢʘʭ ʩʪʘʻ ʚʩʝ ʙʽʣʴʰ 

ʢʨʠʪʠʯʥʦʶ ʷʢ ʚ ʚʽʡʩʴʢʦʚʦʤʫ, ʪʘʢ ʽ ʚ ʮʠʚʽʣʴʥʦʤʫ ʞʠʪʪʽ. ɯʩʥʫʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʢʦʥʪʨʦʣʶ 

ʦʪʦʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʽ ʚʧʣʠʚʽʚ ʥʘ ʥʴʦʛʦ. ʉʫʯʘʩʥʽ ʩʝʥʩʦʨʠ ʧʦʚʠʥʥʽ ʦʙʨʦʙʣʷʪʠ ʚʝʣʠʢʽ 

ʤʘʩʠʚʠ ʜʘʥʠʭ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭ ʽʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʾ ʷʢʦʤʦʛʘ ʰʚʠʜʰʝ. ɼʣʷ ʨʦʟʨʦʙʢʠ ʩʫʯʘʩʥʠʭ 

ʩʝʥʩʦʨʽʚ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʦʚʽ ʤʘʪʝʨʽʘʣʠ, ʥʦʚʽ ʝʬʝʢʪʠ ʽ ʧʽʜʭʦʜʠ. ʅʘʥʦʪʝʭʥʦʣʦʛʽʷ, 

ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʽ ʙʫʜʝ ʱʝ ʽʥʪʝʥʩʠʚʥʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʚ ʥʝʜʘʣʝʢʦʤʫ ʤʘʡʙʫʪʥʴʦʤʫ, 

ʧʨʦʧʦʥʫʻ ʥʦʚʽ ʫʥʽʢʘʣʴʥʽ ʤʘʪʝʨʽʘʣʠ ʽ ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʨʽʟʥʠʭ ʩʝʥʩʦʨʽʚ ʟ 

ʩʫʪʪʻʚʦ ʧʦʢʨʘʱʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ [1-2]. ɸʥʘʣʽʟ ʧʦʢʘʟʫʻ, ʱʦ ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʥʘʷʚʥʽ 

ʤʦʞʣʠʚʦʩʪʽ ʫʜʦʩʢʦʥʘʣʶʚʘʥʥʷ ʜʘʪʯʠʢʽʚ ʥʘ ʦʩʥʦʚʽ ʪʨʘʜʠʮʽʡʥʠʭ ʧʨʠʥʮʠʧʽʚ ʽ ʤʘʪʝʨʽʘʣʽʚ, 

ʢʘʨʜʠʥʘʣʴʥʽ ʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʩʪʚʦʨʝʥʥʷ ʜʘʪʯʠʢʽʚ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ ï ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ 

ʜʘʪʯʠʢʽʚ, ʣʝʞʘʪʴ ʥʘ ʰʣʷʭʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʠʭ ʧʨʠʥʮʠʧʽʚ ʾʭ ʧʦʙʫʜʦʚʠ ʽ ʥʦʚʠʭ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 
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ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʥʘʚʦʜʷʪʴʩʷ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʨʦʟʨʦʙʦʢ ʩʫʯʘʩʥʠʭ 

ʤʽʢʨʦʝʣʝʢʪʨʦʥʥʠʭ ʜʘʪʯʠʢʽʚ ʬʽʟʠʯʥʠʭ ʚʝʣʠʯʠʥ (ʪʠʩʢ, ʟʫʩʠʣʣʷ, ʪʝʤʧʝʨʘʪʫʨʘ, ʢʫʪ ʧʦʚʦʨʦʪʫ) ʪʘ 

ʨʷʜʫ ʛʘʟʦʚʠʭ ʜʘʪʯʠʢʽʚ ʥʘ ʦʩʥʦʚʽ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʫʩʧʽʰʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʴ ʷʢ ʫ 

ʚʽʡʩʴʢʦʚʽʡ, ʪʘʢ ʽ ʫ ʮʠʚʽʣʴʥʠʭ ʛʘʣʫʟʷʭ.  

 

1. ɼʘʪʯʠʢʠ ʤʝʭʘʥʽʯʥʠʭ ʪʘ ʪʝʧʣʦʚʠʭ ʚʝʣʠʯʠʥ 

1.1. ʅʠʪʢʦʧʦʜʽʙʥʽ ʢʨʠʩʪʘʣʠ p-Si ʷʢ ʤʘʪʝʨʽʘʣ ʜʣʷ ʜʘʪʯʠʢʽʚ 

ɼʣʷ ʦʮʽʥʢʠ ʤʦʞʣʠʚʦʩʪʽ ʩʪʚʦʨʝʥʥʷ ʧôʻʟʦʨʝʟʠʩʪʠʚʥʠʭ ʜʘʪʯʠʢʽʚ ʤʝʭʘʥʽʯʥʠʭ ʚʝʣʠʯʠʥ ʜʣʷ 

ʰʠʨʦʢʦʛʦ ʽʥʪʝʨʚʘʣʫ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʦʩʥʦʚʽ ʥʠʪʢʦʧʦʜʽʙʥʠʭ ʢʨʠʩʪʘʣʽʚ (ʅʂ) Si ʧʨʦʚʦʜʠʣʠʩʴ 

ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʥʟʦʤʝʪʨʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʨʠʩʪʘʣʽʚ, ʟʘʢʨʽʧʣʝʥʠʭ ʥʘ ʧʨʫʞʥʠʭ ʝʣʝʤʝʥʪʘʭ ʟ 

ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ [3-6]. ʇʨʫʞʥʽ ʝʣʝʤʝʥʪʠ (ʙʘʣʢʠ), ʥʘ ʷʢʠʭ ʟʘʢʨʽʧʣʶʚʘʣʠʩʴ ʜʦʩʣʽʜʞʫʚʘʥʽ 

ʤʽʢʨʦʢʨʠʩʪʘʣʠ, ʚʠʛʦʪʦʚʣʷʣʠʩʴ ʟ ʽʥʚʘʨʫ ʪʘ ʩʪʘʣʽ, ʚʠʭʦʜʷʯʠ ʟ ʥʘʩʪʫʧʥʠʭ ʤʽʨʢʫʚʘʥʴ.  

ʅʝʦʙʭʽʜʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ ʪʝʥʟʦʤʝʪʨʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʅʂ Si, ʟʘʢʨʽʧʣʝʥʠʭ ʥʘ 

ʧʨʫʞʥʠʭ ʝʣʝʤʝʥʪʘʭ ʟʽ ʩʪʘʣʽ, ʟʫʤʦʚʣʝʥʘ ʪʠʤ, ʱʦ ʚʠʤʽʨʶʚʘʥʥʷ ʜʝʬʦʨʤʘʮʽʡ ʧʨʦʚʦʜʠʪʴʩʷ ʚ 

ʝʣʝʤʝʥʪʘʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʚʠʛʦʪʦʚʣʝʥʠʭ, ʧʝʨʝʚʘʞʥʦ, ʽʟ ʨʽʟʥʠʭ ʩʦʨʪʽʚ ʩʪʘʣʽ. ʇʨʦʪʝ, ʥʘ ʚʽʜʤʽʥʫ 

ʚʽʜ ʧʨʫʞʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟ ʽʥʚʘʨʫ ʟʘ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʚ ʦʙʣʘʩʪʽ ʥʝʢʣʘʩʠʯʥʦʛʦ 

ʧôʻʟʦʨʝʟʠʩʪʠʚʥʦʛʦ ʝʬʝʢʪʫ ʚʧʣʠʚ ʪʝʨʤʽʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʅʂ ʢʨʝʤʥʽʶ, 

ʟʘʢʨʽʧʣʝʥʠʭ ʥʘ ʧʨʫʞʥʠʭ ʝʣʝʤʝʥʪʘʭ ʽʟ ʩʪʘʣʽ, ʩʪʘʻ ʩʫʪʪʻʚʠʤ. ʊʦʤʫ ʩʫʤʘʨʥʘ ʜʝʬʦʨʤʘʮʽʷ, ʷʢʘ ʜʽʻ 

ʥʘ ʤʽʢʨʦʢʨʠʩʪʘʣ, ʙʫʜʝ ʚʢʣʶʯʘʪʠ ʷʢ ʜʝʬʦʨʤʘʮʽʶ ʙʘʣʢʠ, ʪʘʢ ʽ ʪʝʨʤʽʯʥʫ ʜʝʬʦʨʤʘʮʽʶ [5,6]. 

ʂʨʠʩʪʘʣʠ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ ʧʽʜʙʠʨʘʣʠʩʴ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʢʦʥʮʝʥʪʨʘʮʽʷ ʜʦʤʽʰʢʠ (ʙʦʨʫ) 

ʚʽʜʧʦʚʽʜʘʣʘ ʷʢ ʜʽʝʣʝʢʪʨʠʯʥʦʤʫ, ʪʘʢ ʽ ʤʝʪʘʣʝʚʦʤʫ ʙʦʢʫ ʧʝʨʝʭʦʜʫ ʤʝʪʘʣ-ʜʽʝʣʝʢʪʨʠʢ (ʇʄɼ), 

ʧʘʨʘʤʝʪʨʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʅʂ Si ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 1.  

ʊʘʙʣʠʮʷ 1 

ʇʘʨʘʤʝʪʨʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʥʠʪʢʦʧʦʜʽʙʥʠʭ ʢʨʠʩʪʘʣʽʚ ʢʨʝʤʥʽʶ 

ʇʦʟʥʘʯʝʥʥʷ 

ʛʨʫʧʠ 

ʟʨʘʟʢʽʚ 

ʂʦʥʮʝʥʪʨʘʮʽʷ 

ʙʦʨʫ, ʩʤ
-3

 

ʇʠʪʦʤʠʡ ʦʧʽʨ 

r300K, ʆʤĬʩʤ 
R77ʂ/R300ʂ 

ʉʪʫʧʽʥʴ ʥʘʙʣʠʞʝʥʥʷ 

ʜʦ ʇʄɼ 

Si:B1 1Ĭ10
19

 0,0055·0,006 0,870 
ʆʙʣʘʩʪʴ ʤʝʪʘʣʝʚʦʾ 

ʧʨʦʚʽʜʥʦʩʪʽ 

Si:B2 7Ĭ10
18

 0,008·0,009 1,012 ʄʝʪʘʣʝʚʘ ʦʙʣʘʩʪʴ ʇʄɼ 

Si:B3 5,5Ĭ10
18

 0,095·0,011 1,375 
ʇʦʙʣʠʟʫ ʇʄɼ ʟ 

ʤʝʪʘʣʝʚʦʛʦ ʙʦʢʫ 

Si:B4 3Ĭ10
18

 0,013·0,0135 2,865 
ʇʦʙʣʠʟʫ ʇʄɼ ʟ 

ʜʽʝʣʝʢʪʨʠʯʥʦʛʦ ʙʦʢʫ 

Si:B5 8Ĭ10
17

 0,020·0,025 4,015 ɼʽʝʣʝʢʪʨʠʯʥʘ ʦʙʣʘʩʪʴ 

 

ʊʘʙʣʠʮʷ 2 

ɿʥʘʯʝʥʥʷ ʪʝʨʤʽʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ e  ʅʂ Si, ʟʘʢʨʽʧʣʝʥʠʭ ʥʘ ʧʽʜʢʣʘʜʢʘʭ, ʟʘ ʬʽʢʩʦʚʘʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨ 

ʄʘʪʝʨʽʘʣ 

ʧʽʜʢʣʘʜʢʠ 

ʊʝʤʧʝʨʘʪʫʨʘ, K 

4,2 10 20 77 300 

ʄʽʜʴ -3,8Ĭ10
-3 

-3,8Ĭ10
-3 

-3,8Ĭ10
-3 

-3,8Ĭ10
-3 

-1,5Ĭ10
-3

 

ɸʣʶʤʽʥʽʡ -4,4Ĭ10
-3

 -4,4Ĭ10
-3

 -4,4Ĭ10
-3

 -4,4Ĭ10
-3

 -2Ĭ10
-3

 

ʂʚʘʨʮ 4,7Ĭ10
-4

 4,7Ĭ10
-4

 4,7Ĭ10
-4

 4,7Ĭ10
-4

 2,6Ĭ10
-4
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ʆʜʥʦʚʽʩʥʘ ʜʝʬʦʨʤʘʮʽʷ ʩʪʠʩʢʫ ʪʘ ʨʦʟʪʷʛʫ ʅʂ Si p-ʪʠʧʫ ʚ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʦʤʫ ʥʘʧʨʷʤʢʫ 

<111> ʩʪʚʦʨʶʚʘʣʘʩʴ ʟʘ ʩʧʝʮʽʘʣʴʥʦʶ ʤʝʪʦʜʠʢʦʶ [7]. ɺʦʥʘ ʧʦʣʷʛʘʣʘ ʚ ʪʦʤʫ, ʱʦ ʟʨʘʟʢʠ 

ʜʝʬʦʨʤʫʚʘʣʠ (ʩʪʠʩʢʦʤ ʯʠ ʨʦʟʪʷʛʦʤ) ʫ ʥʘʧʨʷʤʢʫ ʨʦʩʪʫ ʢʨʠʩʪʘʣʽʚ <111> ʰʣʷʭʦʤ ʾʭ 

ʟʘʢʨʽʧʣʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ɺʃï931 ʥʘ ʧʽʜʢʣʘʜʢʘʭ ʟ ʘʣʶʤʽʥʽʶ, ʤʽʜʽ ʯʠ ʢʚʘʨʮʫ. ʅʘʧʨʫʞʝʥʥʷ 

ʅʂ ʚʠʥʠʢʘʣʦ ʟʘʚʜʷʢʠ ʨʽʟʥʠʮʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʨʤʽʯʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ (ʂʊʈ) ʢʨʝʤʥʽʶ ʽ ʤʘʪʝʨʽʘʣʫ 

ʧʽʜʢʣʘʜʢʠ ʟʘ ʾʭ ʦʭʦʣʦʜʞʝʥʥʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʜʢʦʛʦ ʛʝʣʽʶ. ʗʢ ʟʨʦʟʫʤʽʣʦ ʟ ʪʘʙʣ. 2., ʤʽʜʥʘ ʪʘ 

ʘʣʶʤʽʥʽʻʚʘ ʧʽʜʢʣʘʜʢʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʜʝʬʦʨʤʘʮʽʶ ʩʪʠʩʢʫ, ʘ ʢʚʘʨʮʦʚʘ ï ʜʝʬʦʨʤʘʮʽʶ ʨʦʟʪʷʛʫ. 

ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʨʦʙʣʝʥʦ ʢʦʥʮʝʧʮʽʶ ʩʪʚʦʨʝʥʥʷ ʧôʻʟʦʨʝʟʠʩʪʠʚʥʠʭ 

ʜʘʪʯʠʢʽʚ ʤʝʭʘʥʽʯʥʠʭ ʚʝʣʠʯʠʥ ʥʘ ʦʩʥʦʚʽ ʣʝʛʦʚʘʥʠʭ ʅʂ Si p-ʪʠʧʫ, ʧʨʘʮʝʟʜʘʪʥʠʭ ʚ 

ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʫʤʦʚʘʭ (ʢʨʽʦʛʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ, ʩʠʣʴʥʽ ʤʘʛʥʽʪʥʽ ʧʦʣʷ). ɺʠʢʦʨʠʩʪʘʥʥʷ ʷʢ 

ʯʫʪʣʠʚʠʭ ʝʣʝʤʝʥʪʽʚ ʩʠʣʴʥʦʣʝʛʦʚʘʥʠʭ ʅʂ Si ʨ-ʪʠʧʫ, ʜʣʷ ʷʢʠʭ ʭʘʨʘʢʪʝʨʥʠʤ ʻ ʧʨʦʷʚ 

ʢʣʘʩʠʯʥʦʛʦ ʧôʻʟʦʨʝʟʠʩʪʠʚʥʦʛʦ ʝʬʝʢʪʫ, ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʠʪʠ ʜʘʪʯʠʢʠ ʤʝʭʘʥʽʯʥʠʭ ʚʝʣʠʯʠʥ 

(ʜʝʬʦʨʤʘʮʽʾ, ʪʠʩʢʫ-ʨʽʚʥʷ ʨʽʜʠʥʠ) ʜʣʷ ʰʠʨʦʢʦʛʦ ʜʽʘʧʘʟʦʥʫ ʪʝʤʧʝʨʘʪʫʨ 4,2ï300 ʂ ʽʟ ʣʽʥʽʡʥʠʤ 

ʚʠʭʽʜʥʠʤ ʩʠʛʥʘʣʦʤ ʜʦ 100 ʤɺ. ʇʽʜ ʯʘʩ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʯʫʪʣʠʚʠʭ ʝʣʝʤʝʥʪʽʚ ʅʂ Si p-ʪʠʧʫ ʟ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʙʦʨʫ ʧʦʙʣʠʟʫ ʇʄɼ, ʜʣʷ ʷʢʠʭ ʭʘʨʘʢʪʝʨʥʠʡ ʥʝʢʣʘʩʠʯʥʠʡ ʧôʻʟʦʨʝʟʠʩʪʠʚʥʠʡ 

ʝʬʝʢʪ ʧʨʠ ʛʝʣʽʻʚʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʤʦʞʥʘ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʯʫʪʣʠʚʽʩʪʴ ʪʘʢʠʭ ʜʘʪʯʠʢʽʚ ʧʨʠ 

ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʧʨʦʪʝ ʾʭ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ (~900 ʤɺ) ʚʞʝ ʥʝ ʤʘʪʠʤʝ ʣʽʥʽʡʥʦʛʦ 

ʭʘʨʘʢʪʝʨʫ.  

 

1.2. ɼʘʪʯʠʢʠ ʪʠʩʢʫ ʥʘ ʦʩʥʦʚʽ ʅʂ ʢʨʝʤʥʽʶ 

ʆʩʢʽʣʴʢʠ ʨʦʟʨʦʙʣʝʥʽ ʢʨʝʤʥʽʻʚʽ ʪʝʥʟʦʨʝʟʠʩʪʦʨʠ ʧʦʻʜʥʫʶʪʴ ʫ ʩʦʙʽ ʤʽʥʽʘʪʶʨʥʽʩʪʴ, 

ʚʝʣʠʢʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʥʟʦʯʫʪʣʠʚʦʩʪʽ, ʚʠʩʦʢʫ ʤʝʭʘʥʽʯʥʫ ʤʽʮʥʽʩʪʴ ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʨʦʙʦʪʠ ʚ 

ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ, ʮʝ ʜʦʟʚʦʣʠʣʦ ʩʪʚʦʨʠʪʠ ʥʘ ʾʭ ʦʩʥʦʚʽ ʯʫʪʣʠʚʽ ʜʘʪʯʠʢʠ 

ʤʝʭʘʥʽʯʥʠʭ ʚʝʣʠʯʠʥ (ʜʝʬʦʨʤʘʮʽʾ, ʟʫʩʠʣʣʷ, ʪʠʩʢʫ, ʧʨʠʩʢʦʨʝʥʥʷ), ʷʢʽ ʟʥʘʡʰʣʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ 

ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʪʝʭʥʽʢʠ [8-18]. 

ʈʦʟʛʣʷʥʝʤʦ ʚ ʷʢʦʩʪʽ ʧʨʠʢʣʘʜʫ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʡ ʜʘʪʯʠʢ ʪʠʩʢʫ.  

ɺʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʽ ʜʘʪʯʠʢʠ ʪʠʩʢʫ. ʈʦʟʚʠʪʦʢ ʨʷʜʫ ʦʙʣʘʩʪʝʡ ʥʦʚʦʾ ʪʝʭʥʽʢʠ, ʟʦʢʨʝʤʘ, 

ʘʚʽʘʮʽʡʥʦ-ʢʦʩʤʽʯʥʦʾ, ʚʠʩʫʥʫʚ ʟʘʜʘʯʫ ʩʪʚʦʨʝʥʥʷ ʯʫʪʣʠʚʦʛʦ ʤʘʣʦʛʘʙʘʨʠʪʥʦʛʦ 

ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʜʘʪʯʠʢʘ ʪʠʩʢʫ.  

 

 

 

 

 

 

 

 

 

 

 
 

 

ʈʠʩ. 1. ɺʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʡ ʜʘʪʯʠʢ ʪʠʩʢʫ 

  

ʆʩʢʽʣʴʢʠ ʨʦʟʨʦʙʣʝʥʽ ʪʝʥʟʦʨʝʟʠʩʪʦʨʠ ʥʘ ʦʩʥʦʚʽ ʅʂ ʢʨʝʤʥʽʶ ʧʨʘʮʝʟʜʘʪʥʽ ʟʘ ʪʝʤʧʝʨʘʪʫʨ 

ʜʦ +450...500ęʉ, ʚʠʥʠʢʣʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʙʦʨʫ ʚʽʜʧʦʚʽʜʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʫʞʥʠʭ ʝʣʝʤʝʥʪʽʚ ʜʘʪʯʠʢʘ ʽ ʤʝʪʦʜʽʚ ʟʘʢʨʽʧʣʝʥʥʷ ʪʝʥʟʦʨʝʟʠʩʪʦʨʽʚ, ʷʢʽ ʙ 

ʟʘʙʝʟʧʝʯʫʚʘʣʠ ʨʦʙʦʪʫ ʜʘʪʯʠʢʘ ʟʘ ʪʘʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. ʇʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʢʦʤʧʣʝʢʩʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʦʚʥʽʩʪʶ ʚʽʜʤʦʚʠʪʠʩʴ ʚʽʜ ʧʦʣʽʤʝʨʥʠʭ ʢʣʝʾʚ ʽ ʧʝʨʝʡʪʠ ʥʘ 

ʩʢʣʦʧʨʠʧʦʾ ʽ ʩʢʣʦʮʝʤʝʥʪʠ ʜʣʷ ʟʘʢʨʽʧʣʝʥʥʷ ʪʝʥʟʦʨʝʟʠʩʪʦʨʽʚ. ʗʢ ʤʘʪʝʨʽʘʣ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʧʨʫʞʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚʠʙʨʘʥʦ ʢʦʚʘʨʦʚʠʡ ʩʧʣʘʚ 29ʅʂ ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ ʪʝʨʤʽʯʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ 

ʂʊʈ=(4,6ï5,5)³10
-6 
ʛʨʘʜ

-1
. ʇʽʜ ʯʘʩ ʥʘʛʨʽʚʘʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ ʢʦʚʘʨʫ ʫʪʚʦʨʶʻʪʴʩʷ ʦʢʠʩʥʘ ʧʣʽʚʢʘ, 

ʷʢʘ ʜʦʙʨʝ ʚʟʘʻʤʦʜʽʻ ʟʽ ʩʢʣʦʤ. ʊʝʭʥʦʣʦʛʽʷ ʩʪʚʦʨʝʥʥʷ ʤʽʮʥʠʭ ʚʘʢʫʫʤ-ʱʽʣʴʥʠʭ ʟôʻʜʥʘʥʴ ʢʦʚʘʨ-

ʩʢʣʦ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʝʣʝʢʪʨʦʥʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 
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ɼʣʷ ʟʘʢʨʽʧʣʝʥʥʷ ʪʝʥʟʦʨʝʟʠʩʪʦʨʽʚ ʥʘ ʧʨʫʞʥʠʭ ʝʣʝʤʝʥʪʘʭ ʟ ʢʦʚʘʨʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ 

ʩʢʣʦʧʨʠʧʦʡ ʉ51-1 ʟ ʂʊʈ=4,9Ĭ10
-6 
ʛʨʘʜ

-1
, ʙʣʠʟʴʢʠʤ ʜʦ ʂʊʈ ʢʨʝʤʥʽʶ, ʷʢʠʡ ʜʦʨʽʚʥʶʻ (2,5 ï

4,2)³10
-6 
ʛʨʘʜ

-1
 ʫ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ +20ęʉ ʜʦ +550ęʉ. ʊʝʤʧʝʨʘʪʫʨʘ ʨʦʟʤôʷʢʰʝʥʥʷ 

ʩʢʣʦʧʨʠʧʦʶ ʩʪʘʥʦʚʠʪʴ å+570ęʉ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʙʽʥʘʮʽʾ ʢʨʝʤʥʽʻʚʠʡ ʪʝʥʟʦʨʝʟʠʩʪʦʨ-

ʩʢʣʦʧʨʠʧʦʡ-ʢʦʚʘʨ ʟ ʙʣʠʟʴʢʠʤʠ ʂʊʈ ʜʦʟʚʦʣʠʣʦ ʫʥʠʢʥʫʪʠ ʚʠʥʠʢʥʝʥʥʷ ʚʝʣʠʢʠʭ ʪʝʨʤʽʯʥʠʭ 

ʥʘʧʨʫʞʝʥʴ ʽ ʟʘʙʝʟʧʝʯʠʣʦ ʩʪʘʙʽʣʴʥʽʩʪʴ ʨʦʙʦʪʠ ʜʘʪʯʠʢʘ ʟʘ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ [13]. 

ɺ ʨʦʟʨʦʙʣʝʥʠʭ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʭ ʜʘʪʯʠʢʘʭ ʪʠʩʢʫ ʙʫʣʦ ʨʝʘʣʽʟʦʚʘʥʦ ʪʝʥʟʦʤʦʜʫʣʴʥʫ 

ʢʦʥʩʪʨʫʢʮʽʶ, ʚ ʮʴʦʤʫ ʨʘʟʽ ʧʨʫʞʥʠʡ ʝʣʝʤʝʥʪ ʪʝʥʟʦʤʦʜʫʣʷ, ʢʦʨʧʫʩ ʜʘʪʯʠʢʘ ʪʘ ʽʥʰʽ ʝʣʝʤʝʥʪʠ 

ʢʦʥʩʪʨʫʢʮʽʾ ʚʠʛʦʪʦʚʣʷʣʠʩʴ ʟ ʢʦʚʘʨʫ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʾ ʚʣʘʩʥʦʾ ʯʘʩʪʦʪʠ ʜʘʪʯʠʢʘ ʚʩʽ 

ʝʣʝʤʝʥʪʠ ʡʦʛʦ ʢʦʥʩʪʨʫʢʮʽʾ ʟôʻʜʥʫʚʘʣʠʩʴ ʤʽʞ ʩʦʙʦʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʘʟʝʨʥʦʛʦ ʟʚʘʨʶʚʘʥʥʷ. 

ʇʝʨʝʚʘʛʦʶ ʪʝʥʟʦʤʦʜʫʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʙʫʣʦ ʽ ʪʝ, ʱʦ ʧʝʨʝʭʽʜ ʟ ʦʜʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʪʠʩʢʽʚ ʥʘ 

ʽʥʰʠʡ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʤʽʥʦʶ ʨʦʟʤʽʨʽʚ ʩʧʨʠʡʤʘʶʯʦʾ ʤʝʤʙʨʘʥʠ ʚ ʪʦʡ ʯʘʩ, ʷʢ ʨʦʟʤʽʨʠ ʩʘʤʦʛʦ 

ʪʝʥʟʦʤʦʜʫʣʷ ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʟʤʽʥʥʠʤʠ.  

ʈʦʟʨʦʙʣʝʥʽ ʨʽʟʥʽ ʤʦʜʠʬʽʢʘʮʽʾ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʭ ʜʘʪʯʠʢʽʚ ʪʠʩʢʫ, ʟʦʢʨʝʤʘ ʜʣʷ 

ʚʠʤʽʨʶʚʘʥʥʷ ʧʫʣʴʩʘʮʽʡ ʪʠʩʢʫ ʛʘʟʽʚ ʫ ʘʚʽʘʮʽʡʥʠʭ ʜʚʠʛʫʥʘʭ. ɿʘʚʜʷʢʠ ʤʘʣʠʤ ʨʦʟʤʽʨʘʤ 

ʤʝʤʙʨʘʥʠ, ʪʘʢʽ ʜʘʪʯʠʢʠ ʤʦʞʥʘ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʫ ʚʘʞʢʦʜʦʩʪʫʧʥʠʭ ʤʽʩʮʷʭ. ɿʘʣʝʞʥʦʩʪʽ 

ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʜʘʪʯʠʢʘ ʚʽʜ ʪʠʩʢʫ ʧʨʠ ʨʽʟʥʠʭ ʬʽʢʩʦʚʘʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 2.  
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ʈʠʩ. 2. ɻʨʘʜʫʶʚʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʩʦʢʦ ʪʝʤʧʝʨʘʪʫʨ-ʥʦʛʦ ʜʘʪʯʠʢʘ ʪʠʩʢʫ ʟʘ ʨʽʟʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨ: 1- +20
ʦ
ʉ; 2- +103

ʦ
ʉ; 3- +218

ʦ
ʉ; 4- +320

ʦ
ʉ 

 

ʆʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʨʦʟʨʦʙʣʝʥʠʭ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʭ ʜʘʪʯʠʢʽʚ ʪʠʩʢʫ ʥʘʚʝʜʝʥʦ ʚ 

ʪʘʙʣʠʮʽ 3. 

ʊʘʙʣʠʮʷ 3 

ʇʘʨʘʤʝʪʨʠ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʜʘʪʯʠʢʘ ʪʠʩʢʫ 

 

ʅʘʟʚʘ ʧʘʨʘʤʝʪʨʫ ʏʠʩʣʦʚʝ ʟʥʘʯʝʥʥʷ 

ɼʽʘʧʘʟʦʥ ʨʦʙʦʯʠʭ ʪʠʩʢʽʚ ʚʽʜ 0...1Ĭ10
15 
ʇʘ ʜʦ 0...20 ʄʇʘ 

ɼʽʘʧʘʟʦʥ ʨʦʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ ï60...+350ęʉ 

ɺʠʭʽʜʥʠʡ ʩʠʛʥʘʣ (ʙʝʟ ʧʽʜʩʠʣʝʥʥʷ) Uʚʠʭ. ʧʨʠ 

Uʞʠʚʣ.=2 ɺ (ʧʨʠ 20ęʉ) 

40...60 ʤɺ 

ʊʝʤʧʝʨʘʪʫʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ  å ï0,2 %Āʛʨʘʜ
-1

   

ɺʣʘʩʥʘ ʯʘʩʪʦʪʘ ʜʘʪʯʠʢʘ 10...40 ʢɻʮ 

ʈʦʟʤʽʨʠ ʜʘʪʯʠʢʘ: 

ʜʽʘʤʝʪʨ ʩʧʨʠʡʤʘʶʯʦʾ ʤʝʤʙʨʘʥʠ ʟʦʚʥʽʰʥʽʡ 

ʜʽʘʤʝʪʨ ʚʠʩʦʪʘ 

 

3,8 ï 9 ʤʤ 

9 ï 14 ʤʤ 

2 ï 10 ʤʤ 
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ɼʣʷ ʜʽʘʛʥʦʩʪʠʢʠ ʜʚʠʛʫʥʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ ʨʦʟʨʦʙʣʝʥʘ ʦʨʠʛʽʥʘʣʴʥʘ ʢʦʥʩʪʨʫʢʮʽʷ 

ʜʘʪʯʠʢʘ ʪʠʩʢʫ ʟ ʦʭʦʣʦʜʞʝʥʥʷʤ ʨʽʜʠʥʦʶ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʜʘʪʯʠʢʘ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʠ ʦʪʦʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʜʦ ~ +800ęʉ. 

 

2. ʄʽʢʨʦʝʣʝʢʪʨʦʥʥʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʛʘʟʦʚʽ ʜʘʪʯʠʢʠ 

2.1. ɺʠʢʦʨʠʩʪʘʥʥʷ ʥʘʥʦʧʦʨʠʩʪʦʛʦ ʢʨʝʤʥʽʶ ʜʣʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʛʘʟʦʚʠʭ 

ʜʘʪʯʠʢʽʚ. 

ʇʨʦʚʝʜʝʥʘ ʨʦʟʨʦʙʢʘ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʛʘʟʦʚʠʭ ʜʘʪʯʠʢʽʚ ʩʫʤʽʩʥʠʭ ʟ ʢʨʝʤʥʽʻʚʦʶ 

ʂʄʆʅ ʪʝʭʥʦʣʦʛʽʻʶ ʜʣʷ ʜʝʪʝʢʪʫʚʘʥʥʷ ʤʦʣʝʢʫʣ ʜʦʥʦʨʥʦʛʦ ʪʠʧʫ (ʚʦʣʦʛʘ, H2, ʽ ʪ.ʧ.) [19-25]. 

ɯʥʥʦʚʘʮʽʡʥʠʡ ʧʽʜʭʽʜ ʧʨʦʚʝʜʝʥʦʾ ʨʦʟʨʦʙʢʠ ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʥʽ ʢʨʝʤʥʽʻʚʠʭ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʟ ʘʢʪʠʚʥʠʤʠ ʰʘʨʘʤʠ ʥʘʥʦʩʪʨʫʢʪʫʨʦʚʘʥʦʛʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ʪʘʢʦʛʦ ʷʢ 

ʧʦʨʠʩʪʠʡ ʢʨʝʤʥʽʡ (PS), ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʫʥʽʢʘʣʴʥʽ ʝʣʝʢʪʨʦʥʥʽ, ʭʽʤʽʯʥʽ ʽ ʦʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʮʴʦʛʦ ʙʘʛʘʪʦʦʙʽʮʷʶʯʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʇʦʪʝʥʮʽʡʥʠʤʠ ʧʝʨʝʚʘʛʘʤʠ ʥʘʥʦʩʪʨʫʢʪʫʨʦʚʘʥʠʭ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ, ʷʢʽ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʛʘʟʦʚʠʭ ʜʘʪʯʠʢʘʭ ʻ: 1) ʫʥʽʢʘʣʴʥʘ 

ʢʦʤʙʽʥʘʮʽʷ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʽ ʚʝʣʠʢʦʾ ʚʥʫʪʨʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ (200-500 ʤ
2
/cʤ

3
), ʷʢʘ 

ʜʦʟʚʦʣʷʻ ʧʽʜʩʠʣʠʪʠ ʘʜʩʦʨʙʮʽʡʥʽ ʝʬʝʢʪʠ; 2) ʜʫʞʝ ʚʠʩʦʢʘ ʘʢʪʠʚʥʽʩʪʴ ʧʦʚʝʨʭʥʝʚʠʭ ʭʽʤʽʯʥʠʭ 

ʨʝʘʢʮʽʡ, ʩʠʣʴʥʘ ʟʤʽʥʘ ʧʦʚʝʨʭʥʽ ʨʽʟʥʠʤʠ ʦʙʨʦʙʢʘʤʠ; 3) ʛʥʫʯʢʽʩʪʴ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʠʭ 

ʝʬʝʢʪʽʚ ʚ ʢʚʘʥʪʦʚʦ ʦʙʤʝʞʝʥʠʭ ʩʪʨʫʢʪʫʨʘʭ (ʟʙʽʣʴʰʝʥʘ ʰʠʨʠʥʘ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ, ʤʦʜʫʣʷʮʽʷ 

ʦʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʬʦʪʦʣʶʤʽʥʝʩʮʝʥʮʽʷ); 4) ʤʦʞʣʠʚʦʩʪʽ ʤʦʜʠʬʽʢʘʮʽʾ ʤʦʨʬʦʣʦʛʽʾ 

ʟʘʜʘʥʥʷʤ ʨʦʟʤʽʨʽʚ ʧʫʩʪʦʪ (ʧʦʨ) ʚʽʜ ʥʘʥʦ- ʜʦ ʤʽʢʨʦʤʝʪʨʦʚʦʛʦ ʜʽʘʧʘʟʦʥʫ; 5) ʧʨʦʩʪʦʪʘ ʽ 

ʜʝʰʝʚʠʟʥʘ ʪʝʭʥʦʣʦʛʽʾ, ʷʢʘ ʤʦʞʝ ʙʫʪʠ ʩʫʤʽʩʥʦʶ ʟ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʦʶ ʢʨʝʤʥʽʻʚʦʶ ʂʄʆʅ 

ʪʝʭʥʦʣʦʛʽʻʶ; 6) ʤʦʞʣʠʚʦʩʪʽ ʩʪʚʦʨʝʥʥʷ ʢʦʤʧʦʟʠʪʥʠʭ ʤʝʪʘʣʽʯʥʠʭ ʟʘʪʚʦʨʽʚ ʟ ʚʘʨʽʘʮʽʻʶ ʛʘʟʦʚʦʾ 

ʧʨʦʥʠʢʥʦʩʪʽ; 7) ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʥʷ ʜʝʢʽʣʴʢʦʭ ʨʝʻʩʪʨʘʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʛʘʟʫ: 

ʻʤʥʽʩʪʴ, ʩʪʨʫʤ ʽ ʪ.ʧ. 

ɺʘʞʣʠʚʘ ʧʨʦʙʣʝʤʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʨʠʩʪʦʛʦ ʢʨʝʤʥʽʶ ʧʦʚô̫ ʟʘʥʘ ʟ ʥʝʩʪʘʙʽʣʴʥʠʤʠ 

ʦʧʪʠʯʥʠʤʠ ʽ ʝʣʝʢʪʨʠʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʽʜ ʯʘʩ ʩʪʘʨʽʥʥʷ, ʦʩʚʽʪʣʝʥʥʷ, ʢʦʥʪʘʢʪʫ ʟ 

ʦʪʦʯʫʶʯʠʤʠ ʛʘʟʘʤʠ ʽ ʪ.ʜ. [26-28]. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʩʪʘʙʽʣʴʥʠʭ ʣʶʤʽʥʝʩʮʝʥʪʥʠʭ ʽ ʦʧʪʠʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʞʝ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʜʝʷʢʽ ʤʝʪʦʜʠ ʧʘʩʠʚʘʮʽʾ ʧʦʨʠʩʪʦʛʦ ʢʨʝʤʥʽʶ ʯʠ ʜʦʜʘʪʢʦʚʠʡ 

ʋʌ ʚʽʜʧʘʣ [29,30], ʷʢʽ ʧʦʚʠʥʥʽ ʙʫʪʠ ʜʦʩʪʘʪʥʴʦ ʚʠʚʯʝʥʠʤʠ.  

ɿʘʣʫʯʝʥʽ ʩʝʥʩʦʨʥʽ ʤʝʭʘʥʽʟʤʠ ʟʚʠʯʘʡʥʦ ʧʦʚôʷʟʫʚʘʣʠʩʴ ʽʟ ʟʤʽʥʦʶ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʦʩʽʾʚ ʚ 

ʧʦʨʠʩʪʦʤʫ ʰʘʨʽ ʟʘʚʜʷʢʠ ʘʜʩʦʨʙʦʚʘʥʠʤ ʤʦʣʝʢʫʣʘʤ, ʘʙʦ ʽʟ ʟʤʽʥʦʶ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʢʦʥʩʪʘʥʪʠ 

ʧʨʠ ʢʦʥʜʝʥʩʘʮʽʾ ʛʘʟʫ ʚ ʧʦʨʘʭ. ʍʦʯʘ ʦʧʪʠʯʥʽ ʤʝʪʦʜʠ ʜʝʪʝʢʪʫʚʘʥʥʷ ʛʘʟʽʚ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ 

ʚʠʩʦʢʫ ʯʫʪʣʠʚʽʩʪʴ ʽ ʤʘʶʪʴ ʚʝʣʠʢʫ ʪʝʦʨʝʪʠʯʥʫ ʟʘʮʽʢʘʚʣʝʥʽʩʪʴ, ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʧʨʘʢʪʠʯʥʠʭ 

ʧʨʠʣʘʜʘʭ ʦʯʝʚʠʜʥʦ ʦʙʤʝʞʝʥʝ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʪʦʜʽʚ, ʘ ʩʘʤʝ ʟʤʽʥʠ ʦʧʦʨʫ 

ʘʙʦ ʻʤʥʦʩʪʽ. 

ʄɼʅ ʩʝʥʩʦʨʠ ʥʘ ʦʩʥʦʚʽ ʧʦʨʠʩʪʦʛʦ ʢʨʝʤʥʽʶ ʤʘʶʪʴ ʽ ʨʷʜ ʽʥʰʠʭ ʚʘʞʣʠʚʠʭ ʧʝʨʝʚʘʛ, 

ʚʢʣʶʯʘʶʯʠ ʚʽʜʪʚʦʨʶʚʘʥʽʩʪʴ, ʤʘʣʠʡ ʛʽʩʪʝʨʝʟʠʩ, ʤʘʣʽ ʯʘʩʠ ʚʽʜʛʫʢʫ, ʽ ʥʠʟʴʢʫ ʧʦʪʫʞʥʽʩʪʴ, ʷʢʘ 

ʧʦʪʨʝʙʫʻʪʴʩʷ ʜʣʷ ʞʠʚʣʝʥʥʷ. ʄʦʞʣʠʚʦ ʪʘʢʦʞ ʧʦʢʨʠʪʠ ʚʥʫʪʨʽʰʥʶ ʧʦʚʝʨʭʥʶ ʧʦʨʠʩʪʦʛʦ 

ʢʨʝʤʥʽʶ ʟʘʭʠʩʥʠʤ ʰʘʨʦʤ, ʱʦ ʻ ʧʨʠʚʘʙʣʠʚʠʤ ʜʣʷ ʦʢʨʝʤʠʭ ʮʽʣʝʡ. ɺʠʩʦʢʘ ʯʫʪʣʠʚʽʩʪʴ ʧʨʠʣʘʜʽʚ 

ʥʘ ʦʩʥʦʚʽ ʧʦʨʠʩʪʦʛʦ ʢʨʝʤʥʽʶ ʻ ʧʨʠʚʘʙʣʠʚʦʶ ʷʢ ʯʝʨʝʟ ʟʜʘʪʥʽʩʪʴ ʘʜʩʦʨʙʫʚʘʪʠ ʙʘʛʘʪʦʯʠʩʝʣʴʥʽ 

ʤʦʣʝʢʫʣʠ ʥʘ ʨʦʟʚʠʥʫʪʽʡ ʧʦʚʝʨʭʥʽ ʧʦʨʠʩʪʦʛʦ ʢʨʝʤʥʽʶ, ʪʘʢ ʽ ʤʦʞʣʠʚʽʩʪʴ ʨʝʢʦʥʩʪʨʫʢʮʽʾ 

ʧʦʚʝʨʭʥʽ. 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʯʫʪʣʠʚʦʩʪʽ ʜʘʪʯʠʢʽʚ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʤʦʜʠʬʽʢʦʚʘʥʽ ʰʘʨʠ 

ʧʦʨʠʩʪʦʛʦ ʢʨʝʤʥʽʶ, ʥʦʚʽ ʝʬʝʢʪʠ ʚ ʪʨʘʥʩʧʦʨʪʽ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʚ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘʭ ʟ ʪʦʥʢʠʤʠ 

ʽʥʪʝʨʬʝʡʩʥʠʤʠ ʰʘʨʘʤʠ ʧʦʨʠʩʪʦʛʦ ʢʨʝʤʥʽʶ. ɺʝʣʠʢʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʧʦʚʝʨʭʥʝʚʠʭ ʩʪʘʥʽʚ ʚ 

ʧʦʨʠʩʪʦʤʫ ʢʨʝʤʥʽʾ ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʟʥʘʯʥʦʾ ʤʦʜʫʣʷʮʽʾ ʝʬʝʢʪʠʚʥʦʾ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʩʪʘʣʦʾ 

ʜʦʟʚʦʣʷʻ ʧʽʜʥʷʪʠ ʯʫʪʣʠʚʽʩʪʴ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʟʚʠʯʘʡʥʦʶ ʢʨʝʤʥʽʻʚʦʶ ʄʆʅ ʩʪʨʫʢʪʫʨʦʶ. ʎʝ ʜʘʻ 

ʟʤʦʛʫ ʩʪʚʦʨʠʪʠ ʛʘʟʦʯʫʪʣʠʚʽ ʩʪʨʫʢʪʫʨʠ ʥʘʚʽʪʴ ʟ ʥʘʜʪʦʥʢʠʤʠ ʰʘʨʘʤʠ ʧʦʨʠʩʪʦʛʦʛʦ ʢʨʝʤʥʽʶ, ʷʢʽ 

ʧʨʘʮʶʶʪʴ ʥʘ ʝʬʝʢʪʽ ʟʤʽʥʠ ʽʤʧʝʜʘʥʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʙʦ ʚʦʣʴʪ-ʘʤʧʝʨʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʋ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘʭ ʤʝʪʘʣ - ʧʦʨʠʩʪʠʡ ʢʨʝʤʥʽʡ - ʢʨʝʤʥʽʡ ʤʝʪʘʣʝʚʘ ʧʣʽʚʢʘ ʚʠʢʦʥʫʻ ʷʢ ʨʦʣʴ 

ʢʦʥʪʘʢʪʫ, ʷʢʠʡ ʩʪʚʦʨʶʻ ʧʦʪʝʥʮʽʘʣʴʥʠʡ ʙʘʨôʻʨ, ʪʘʢ ʽ ʟʘʭʠʩʥʦʛʦ ʧʦʢʨʠʪʪʷ ʜʣʷ ʩʪʘʙʽʣʽʟʘʮʽʾ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʨʠʩʪʦʛʦ ʰʘʨʫ. ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʩʪʘʨʽʥʥʷ ʧʦʨʠʩʪʠʭ ʧʣʽʚʦʢ 
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ʟʤʝʥʰʫʻʪʴʩʷ. ʂʨʽʤ ʪʦʛʦ, ʪʘʢʽ ʜʘʪʯʠʢʠ ʤʦʞʫʪʴ ʙʫʪʠ ʯʫʪʣʠʚʠʤʠ ʽ ʜʣʷ ʯʠʩʪʦ ʬʽʟʠʯʥʦʾ ʘʜʩʦʨʙʮʽʾ 

(ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʥʠ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʫ ʧʦʨʘʭ). ʇʨʦʥʠʢʥʝʥʥʷ ʤʦʣʝʢʫʣ ʫ ʧʦʨʠʩʪʠʡ ʰʘʨ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘʚʽʪʴ ʧʽʜ ʤʝʪʘʣʝʚʫ ʧʣʽʚʢʫ ʟʘʚʜʷʢʠ ʘʜʩʦʨʙʮʽʾ ʥʘ ʨʦʟʚʠʥʫʪʽʡ ʧʦʚʝʨʭʥʽ ʥʘ ʛʨʘʥʠʮʽ 

ʟ ʤʝʪʘʣʝʚʠʤ ʧʦʢʨʠʪʪʷʤ ʽ ʜʠʬʫʟʽʾ ʧʦ ʧʦʨʘʭ. 

ɺʘʞʣʠʚʦʶ ʧʨʦʙʣʝʤʦʶ, ʢʦʪʨʫ ʪʨʝʙʘ ʙʫʣʦ ʨʦʟʚôʷʟʘʪʠ, ʻ ʧʦʢʨʘʱʝʥʥʷ ʯʫʪʣʠʚʦʩʪʽ, 

ʩʝʣʝʢʪʠʚʥʦʩʪʽ ʪʘ ʩʪʘʙʽʣʴʥʦʩʪʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʜʘʪʯʠʢʽʚ. ʆʜʥʠʤʠ ʽʟ 

ʥʘʧʨʷʤʢʽʚ ʚʠʨʽʰʝʥʥʷ ʮʠʭ ʧʨʦʙʣʝʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧʦʟʠʪʥʠʭ ʢʘʪʘʣʽʪʠʯʥʦ-ʘʢʪʠʚʥʠʭ 

ʤʝʪʘʣʝʚʠʭ ʝʣʝʢʪʨʦʜʽʚ ʪʘ ʧʦʨʠʩʪʠʭ ʰʘʨʽʚ ʢʨʝʤʥʽʶ. ɺ ʛʘʟʦʚʠʭ ʩʝʥʩʦʨʘʭ ʷʢ ʢʘʪʘʣʽʪʠʯʥʦ-ʘʢʪʠʚʥʽ 

ʝʣʝʢʪʨʦʜʠ ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʘʣʘʜʽʡ ʽ ʧʣʘʪʠʥʫ.  

ɺ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʨʦʙʣʝʥʽ ʚʠʩʦʢʦʯʫʪʣʠʚʽ ʤʽʢʨʦʝʣʝʢʪʨʦʥʥʽ ʛʘʟʦʚʽ ʜʘʪʯʠʢʠ ʜʣʷ ʚʠʷʚʣʝʥʥʷ 

ʚʦʣʦʛʠ (ʅ2O), H2, H2S, ʪʘ ʽʥʰʠʭ ʚʦʜʥʝʚʤʽʩʥʠʭ ʤʦʣʝʢʫʣ. ʆʙʣʘʩʪʷʤʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʠʭ 

ʜʘʪʯʠʢʽʚ ʻ ʢʦʥʪʨʦʣʴ ʚʠʙʫʭʦʚʦʛʦ ʛʘʟʫ ʚ ʰʘʭʪʘʭ, ʛʦʨʶʯʠʭ ʛʘʟʽʚ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʢʦʤʝʨʮʽʡʥʠʭ ʽ 

ʜʦʤʘʰʥʽʭ ʧʨʠʤʽʱʝʥʥʷʭ, ʢʦʥʪʨʦʣʴ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʚʠʛʫʥʽʚ ʽ ʽʥʰʠʡ ʢʦʥʪʨʦʣʴ ʩʧʝʮʠʬʽʯʥʠʭ 

ʟʘʙʨʫʜʥʶʶʯʠʭ ʘʛʝʥʪʽʚ. 

ʈʦʟʨʦʙʣʝʥʘ ʪʝʭʥʦʣʦʛʽʷ ʚʠʨʦʱʫʚʘʥʥʷ ʧʦʨʠʩʪʦʛʦ ʢʨʝʤʥʽʶ ʜʣʷ ʄɼʅ ʛʘʟʦʚʠʭ ʩʝʥʩʦʨʽʚ [19-

25, 31,32]. ɺʘʞʣʠʚʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʰʘʨʽʚ 

ʧʦʨʠʩʪʦʛʦ ʢʨʝʤʥʽʶ  ̒ʚʤʽʩʪ ʨʦʟʯʠʥʫ, ʯʘʩ ʪʨʘʚʣʝʥʥʷ ʽ ʛʫʩʪʠʥʘ ʩʪʨʫʤʫ. ɺʠʟʥʘʯʝʥʽ ʦʩʥʦʚʥʽ 

ʧʘʨʘʤʝʪʨʠ ʰʘʨʽʚ ʧʦʨʠʩʪʦʛʦ ʢʨʝʤʥʽʶ ʚʠʨʦʱʝʥʠʭ ʧʨʠ ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʫʤʦʚʘʭ, ʘ ʩʘʤʝ: 

ʪʦʚʱʠʥʘ, ʧʦʨʠʩʪʽʩʪʴ ʪʘ ʨʦʟʤʽʨʠ ʧʦʨ. ʈʦʟʨʦʙʣʝʥʘ ʪʝʭʥʦʣʦʛʽ ̫ʚʠʨʦʱʫʚʘʥʥʷ ʧʦʨʠʩʪʦʛʦ ʰʘʨʫ 

ʜʦʟʚʦʣʷ ̒ʦʪʨʠʤʘʪʠ ʧʦʨʠʩʪʠʡ ʢʨʝʤʥʽʡ ʟ ʥʘʧʝʨʝʜ ʟʘʜʘʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʷʢʽ ʧʽʜʭʦʜʷʪʴ ʜʣʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʛʘʟʦʚʠʭ ʜʘʪʯʠʢʘʭ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʧʝʚʥʠʭ ʛʘʟ̔ʚ ʘʙʦ ʩʫʤʽʰʝʡ ʛʘʟʽʚ. 

ʌʦʨʤʫʚʘʥʥʷ ʰʘʨʫ ʧʦʨʠʩʪʦʛʦ ʢʨʝʤʥʽʶ. ʇʨʠ ʘʥʦʜʥʦʤʫ ʪʨʘʚʣʝʥʥʽ ʤʦʥʦʢʨʠʩʪʘʣʽʯʥʦʛʦ 

ʢʨʝʤʥʽʶ ʨ-ʪʠʧʫ, ʫ ʚʠʩʦʢʦ ʢʦʥʮʝʥʪʨʦʚʘʥʦʤʫ ʨʦʟʯʠʥʽ ʥʘ ʦʩʥʦʚʽ ʧʣʘʚʠʢʦʚʦʾ ʢʠʩʣʦʪʠ (~ 60% - 

80% HF), ʚʽʜʙʫʚʘʻʪʴʩʷ ʬʦʨʤʫʚʘʥʥʷ ʧʦʨʠʩʪʦʛʦ ʢʨʝʤʥʽʶ ʟ ʥʘʥʦʨʦʟʤʽʨʥʠʤʠ ʧʦʨʘʤʠ ʚʽʜʧʦʚʽʜʥʦ 

ʜʦ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ: 
++ +++ HSiFeHFSi 444 4 - ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʡ ʚʽʜʛʫʢ,                  (1) 

624 2 SiFHHFSiF +  - ʭʽʤʽʯʥʘ ʨʝʘʢʮʽʷ.                                            (2) 

ʂʦʤʧʣʝʢʩ H2SiF6 ʻ ʩʣʘʙʢʦʶ ʢʠʩʣʦʪʦʶ, ʷʢʘ ʜʠʩʦʮʽʶʻ ʚ ʨʦʟʯʠʥʽ: 

  
-+-+ +Ú+Ú

2

6662 2 SiFHHSiFHSiFH .                                                          (3) 

ɸʥʘʣʽʟ ʨʝʘʢʮʽʾ ʥʘ ʧʦʚʝʨʭʥʽ ʢʨʝʤʥʽʶ ʧʦʢʘʟʫʻ, ʱʦ ʧʨʦʮʝʩ ʬʦʨʤʫʚʘʥʥʷ ʰʘʨʫ ʧʦʨʠʩʪʦʛʦ 

ʢʨʝʤʥʽʶ ʚ ʦʩʥʦʚʥʦʤʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʚʦʤʘ ʬʘʢʪʦʨʘʤʠ: 

1) ʧʨʦʮʝʩʦʤ ʜʦʩʪʘʚʢʠ ʽʦʥʽʚ ʬʪʦʨʫ ʚ ʦʙʣʘʩʪʴ ʨʝʘʢʮʽʾ ʽ ʬʦʨʤʫʚʘʥʥʷʤ ʙʽʬʪʦʨʠʜʫ ʢʨʝʤʥʽʶ 

(ʬʘʢʪʦʨ ʧʦʚ'ʷʟʘʥʠʡ ʟ ʝʣʝʢʪʨʦʣʽʪʦʤ ʽ ʨʝʞʠʤʦʤ ʘʥʦʜʥʦʛʦ ʪʨʘʚʣʝʥʥʷ); 

2) ʥʘʷʚʥʽʩʪʶ ʤʦʙʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʧʦʟʠʪʠʚʥʦʛʦ ʟʥʘʢʫ ʚ ʧʨʠʧʦʚʝʨʭʥʝʚʽʡ ʦʙʣʘʩʪʽ 

ʢʨʝʤʥʽʶ (ʬʘʢʪʦʨ, ʧʦʚ'ʷʟʘʥʠʡ ʟ ʬʽʟʠʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʢʨʝʤʥʽʶ).  

ɺʠʛʦʪʦʚʣʝʥʥʷ ʰʘʨʽʚ ʧʦʨʠʩʪʦʛʦ ʢʨʝʤʥʽʶ. ʐʘʨʠ ʧʦʨʠʩʪʦʛʦ ʢʨʝʤʥʽʶ ʙʫʣʠ ʦʪʨʠʤʘʥʽ 

ʰʣʷʭʦʤ ʘʥʦʜʥʦʛʦ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʪʨʘʚʣʝʥʥʷ ʤʦʥʦʢʨʠʩʪʘʣʽʯʥʦʛʦ ʢʨʝʤʥʽʶ ʫ ʚʦʜʥʦʤʫ 

ʨʦʟʯʠʥʽ ʧʣʘʚʠʢʦʚʦʾ ʢʠʩʣʦʪʠ (48% HF) ʽ ʝʪʘʥʦʣʫ ʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ (4:1) ʚ ʝʣʝʢʪʨʦʭʽʤʽʯʥʽʡ 

ʢʦʤʽʨʮʽ. ɽʣʝʢʪʨʦʭʽʤʽʯʥʘ ʢʦʤʽʨʢʘ ʜʣʷ ʧʨʦʮʝʩʫ ʘʥʦʜʫʚʘʥʥʷ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ: ʝʣʝʢʪʨʦʣʽʪʠʯʥʫ 

ʢʦʤʽʨʢʫ  ʟ ʬʪʦʨʦʧʣʘʩʪʫ ʽ ʥʝʨʦʟʯʠʥʥʠʡ ʧʘʩʠʚʥʠʡ ʝʣʝʢʪʨʦʜ (ʟʘʟʚʠʯʘʡ ʽʟ ʧʣʘʪʠʥʠ), ʘ ʪʘʢʦʞ 

ʜʞʝʨʝʣʦ ʩʪʨʫʤʫ. ʇʣʦʱʘ ʧʣʘʪʠʥʦʚʦʛʦ ʝʣʝʢʪʨʦʜʫ ʤʘʻ ʙʫʪʠ ʧʦʨʽʚʥʷʥʥʘ ʟ ʧʣʦʱʝʶ ʟʨʘʟʢʘ 

ʢʨʝʤʥʽʶ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʜʥʦʨʽʜʥʦʾ ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ ʧʽʜ ʯʘʩ ʪʨʘʚʣʝʥʥʷ, ʅʘ ʟʚʦʨʦʪʥʶ 

ʩʪʦʨʦʥʫ ʟʨʘʟʢʘ ʦʩʘʜʞʫʚʘʚʩʷ ʘʣʶʤʽʥʽʻʚʠʡ ʝʣʝʢʪʨʦʜ ʤʝʪʦʜʦʤ ʚʘʢʫʫʤʥʦʛʦ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʟ 

ʧʦʩʣʽʜʫʶʯʠʤ ʚʽʜʧʘʣʦʤ ʫ ʚʘʢʫʫʤʽ ʘʙʦ ʚ ʽʥʝʨʪʥʦʤʫ ʛʘʟʽ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʷʢʽʩʥʦʛʦ ʦʤʽʯʥʦʛʦ 

ʢʦʥʪʘʢʪʫ. 

ɹʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʢʨʝʤʥʽʻʚ ̔ʧʣʘʩʪʠʥʠ ʨ-ʪʠʧʫ ʟ ʧʠʪʦʤʠʤ ʦʧʦʨʦʤ 10 ʆʤĬʩʤ ʽ ʪʦʚʱʠʥʦʶ 

350°50 ʤʢʤ. ɼʣʷ ʬʦʨʤʫʚʘʥʥʷ ʧʦʨʠʩʪʠʭ ʰʘʨʽʚ ʟ ʟʘʜʘʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ (ʪʦʚʱʠʥʘ, ʧʦʨʠʩʪʽʩʪʴ, 

ʩʝʨʝʜʥʽʡ ʨʦʟʤʽʨ ʧʦʨ) ʧʨʦʚʦʜʠʣʘʩʴ ʟʤʽʥʘ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʧʨʦʮʝʩʫ (ʛʫʩʪʠʥʠ 

ʩʪʨʫʤʫ, ʯʘʩʫ ʪʨʘʚʣʝʥʥʷ, ʢʦʥʮʝʥʪʨʘʮʽ ʾʧʣʘʚʠʢʦʚʦʾ ʢʠʩʣʦʪʠ ʚ ʝʣʝʢʪʨʦʣʽʪʽ). ɻʫʩʪʠʥʠ ʩʪʨʫʤʫ 

ʙʫʣʠ 1, 5, 30 ʤA/ʩʤ
2
, ʯʘʩ ʪʨʘʚʣʝʥʥʷ ʚ ʜʽʘʧʘʟʦʥʽ 1 - 115 ʭʚʠʣʠʥ. ɼʣʷ ʨʽʟʥʠʭ ʜʦʩʣʽʜʽʚ ʙʫʣʠ 

ʦʪʨʠʤʘʥʽ ʰʘʨʠ ʧʦʨʠʩʪʦʛʦ ʢʨʝʤʥʽʶ ʪʦʚʱʠʥʦʶ ʚʽʜ 380 ʥʤ ʜʦ 42 ʤʢʤ ʽ ʧʦʨʠʩʪʽʩʪʶ 50-84%. ʗʢ 
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ʙʫʣʦ ʧʦʢʘʟʘʥʦ ʚ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʥʷʭ [19-25], ʜʣʷ ʩʪʘʙʽʣʽʟʘʮʽʾ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʧʦʨʠʩʪʦʛʦ ʢʨʝʤʥʽʶ (ʇʂ) ʥʝʦʙʭʽʜʥʝ ʧʽʜʦʢʠʩʣʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʰʘʨʽʚ ʧʦʨʠʩʪʦʛʦ ʢʨʝʤʥʽʶ. ʎʝ 

ʤʦʞʝ ʙʫʪʠ ʟʨʦʙʣʝʥʦ ʷʢ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʤ, ʪʘʢ ʽ ʪʝʨʤʽʯʥʠʤ ʦʢʠʩʣʝʥʥʷʤ. ɽʣʝʢʪʨʦʭʽʤʽʯʥʝ 

ʦʢʠʩʣʝʥʥʷ ʧʨʦʚʦʜʠʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʣʝʢʪʨʦʣʽʪʫ ʩʦʣʷʥʦʾ ʢʠʩʣʦʪʠ ʘʙʦ ʜʦʜʘʪʢʦʚʠʤ 

ʘʥʦʜʫʚʘʥʥʷʤ ʚ ʽʥʰʠʭ ʝʣʝʢʪʨʦʣʽʪʘʭ. ʊʝʨʤʽʯʥʝ ʦʢʠʩʣʝʥʥʷ ʧʦʣʷʛʘʻ ʫ ʚʠʪʨʠʤʮʽ ʰʘʨʽʚ ʧʦʨʠʩʪʦʛʦ 

ʢʨʝʤʥʽʶ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ (400 - 600 
0
ʉ) ʚ ʘʪʤʦʩʬʝʨʽ ʢʠʩʥʶ ʪʘ ʘʟʦʪʫ (ʘʨʛʦʥʫ) ʧʨʦʪʷʛʦʤ 1 

ʛʦʜʠʥʠ. 

ʇʦʚʝʨʭʥʷ ʰʘʨʫ ʥʘʥʦʧʦʨʠʩʪʦʛʦ ʢʨʝʤʥʽʶ, ʷʢʘ ʙʫʣʘ ʩʬʦʨʤʦʚʘʥʘ ʚ ʩʠʣʴʥʠʭ ʨʦʟʯʠʥʘʭ ʥʘ 

ʦʩʥʦʚʽ HF,  ̒ʜʟʝʨʢʘʣʴʥʦ  ʁʟ ʥʘʥʦʨʦʟʤʽʨʥʠʤʠ ʧʦʨʘʤʠ. ɺ ʭʦʜʽ ʧʨʦʮʝʩʫ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ 

ʪʨʘʚʣʝʥʥʷ ʢʦʣʽʨ ʰʘʨʽʚ ʧʦʨʠʩʪʦʛʦ ʢʨʝʤʥʽʶ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ ʷʩʢʨʘʚʦʛʦ ʞʦʚʪʦ-ʟʝʣʝʥʦʛʦ ʜʦ 

ʯʝʨʚʦʥʦʛʦ ʟ ʥʘʩʪʫʧʥʠʤ ʧʝʨʝʭʦʜʦʤ ʜʦ ʢʦʨʠʯʥʝʚʦʛʦ. ʆʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʰʘʨʽʚ ʧʦʨʠʩʪʦʛʦ 

ʢʨʝʤʥʽʶ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʄɼʅ ʛʘʟʦʚʠʭ ʩʝʥʩʦʨʽʚ, ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 4. 

 

ʊʘʙʣʠʮʷ 4 

ʇʘʨʘʤʝʪʨʠ ʰʘʨʽʚ ʧʦʨʠʩʪʦʛʦ ʢʨʝʤʥʽʶ 

ʇʦʨʠʩʪʠʡ Si 

ʈʝʞʠʤʠ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʰʘʨʫ ʧʦʨʠʩʪʦʛʦ 

ʢʨʝʤʥʽʶ (por-Si) 

j, ʤA/cʤ
2 

CHF, % t, ʭʚ. 

1, 5, 30 80 1-115 

ʊʦʚʱʠʥʘ por-Si, h, ʥʤ 380·4,2³10
4
 

ɼʽʘʤʝʪʨ ʧʦʨʠ, d, ʥʤ 2·10 

ʇʦʨʠʩʪʽʩʪʴ, ʨ, % 50·74 

ʇʦʢʘʟʥʠʢ ʟʘʣʦʤʣʝʥʥʷ, n 1.65·1,95 

ɼʽʝʣʝʢʪʨʠʯʥʘ 

ʧʨʦʥʠʢʥʽʩʪʴ, eʝʬ 
3.063 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʦʩʪʫ ʰʘʨʫ ʧʦʨʠʩʪʦʛʦ ʢʨʝʤʥʽʶ. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ 

ʰʚʠʜʢʦʩʪʽ ʨʦʩʪʫ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʧʨʦʬʽʣʦʤʝʪʨ. 

ʅʘ ʨʠʩ.3 ʥʘʚʝʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʘʣʝʞʥʦʩʪʽ ʪʦʚʱʠʥʠ ʰʘʨʫ ʧʦʨʠʩʪʦʛʦ ʢʨʝʤʥʽʶ ʚʽʜ ʯʘʩʫ 

ʪʨʘʚʣʝʥʥʷ ʜʣʷ ʨʽʟʥʠʭ ʛʫʩʪʠʥ ʩʪʨʫʤʫ. 

 

  
ʈʠʩ. 3. ɿʘʣʝʞʥʽʩʪʴ ʪʦʚʱʠʥʠ ʧʦʨʠʩʪʦʛʦ ʰʘʨʫ ʚʽʜ ʯʘʩʫ ʪʨʘʚʣʝʥʥʷ: 1- J=1 ʤɸ/ʩʤ

2
; 1- J=5 

ʤɸ/ʩʤ
2
; 1- J=30 ʤɸ/ʩʤ

2
 

 

ɹʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʰʚʠʜʢʽʩʪʴ ʨʦʩʪʫ ʧʣʽʚʦʢ ʧʦʨʠʩʪʦʛʦ ʢʨʝʤʥʽʶ ʧʽʜʚʠʱʫʻʪʴʩʷ ʧʨʦʧʦʨʮʽʡʥʦ 

ʛʫʩʪʠʥʽ ʩʪʨʫʤʫ ʯʝʨʝʟ ʝʣʝʢʪʨʦʭʽʤʽʯʥʫ ʢʦʤʽʨʢʫ. 
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2.2. ɺʠʛʦʪʦʚʣʝʥʥʷ ʛʘʟʦʚʠʭ ʜʘʪʯʠʢʽʚ ʩʫʤʽʩʥʠʭ ʟ ʤʽʢʨʦʝʣʝʢʪʨʦʥʥʦʶ ʂʄʆʅ 

ʪʝʭʥʦʣʦʛʽʻʶ 

ɹʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʽ ʨʝʘʣʽʟʦʚʘʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʛʘʟʦʚʠʭ ʜʘʪʯʠʢʽʚ ʜʣʷ ʚʦʜʥʝʚʤʽʩʪʢʠʭ ʛʘʟʽʚ. 

ɺʦʥʘ ʟʘʩʥʦʚʘʥʘ ʥʘ ʚʘʨʘʢʪʦʨʥʽʡ ʩʪʨʫʢʪʫʨ ̔ʤʝʪʘʣ-ʜʽʝʣʝʢʪʨʠʢ-ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ (ʄɼʅ ʚʘʨʘʢʪʦʨ) ʟ 

ʢʘʪʘʣʽʪʠʯʥʦ ʘʢʪʠʚʥʠʤʠ ʝʣʝʢʪʨʦʜʘʤʠ ʟ ʧʘʣʘʜʽʶ, ʢʦʤʧʦʟʠʪʽʚ Cu/Pd ʽ WO3/Pd (ʨʠʩ.4) [25,31,33-

36]. ɺ ʷʢʦʩʪʽ ʜʽʝʣʝʢʪʨʠʢʘ ʚ ʩʪʨʫʢʪʫʨʽ ʄɼʅ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʰʘʨ ʧʦʨʠʩʪʦʛʦ ʢʨʝʤʥʽʶ. ʐʘʨ 

ʧʦʨʠʩʪʦʛʦ ʢʨʝʤʥʽʶ ʙʫʚ ʦʪʨʠʤʘʥʠʡ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʤ ʪʨʘʚʣʝʥʥʷʤ ʤʦʥʦʢʨʠʩʪʘʣʽʯʥʦʛʦ ʢʨʝʤʥʽʶ. 

ʊʦʚʱʠʥʘ ʰʘʨʽʚ ʧʦʨʠʩʪʦʛʦ ʢʨʝʤʥʽʶ ʚʠʟʥʘʯʘʣʘʩʴ ʧʨʦʬʽʣʦʤʝʪʨʦʤ ʽ ʩʪʘʥʦʚʠʣʘ ʙʣʠʟʴʢʦ 1 ʤʢʤ. 

ʇʦʨʠʩʪʽʩʪʴ ʰʘʨʽʚ ʙʫʣʘ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 60 ʜʦ 70%, ʟʘ ʜʘʥʠʤʠ ʛʨʘʚʽʤʝʪʨʽʾ. ʉʝʨʝʜʥʽʡ ʨʦʟʤʽʨ ʧʦʨ 

ʣʝʞʘʚ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 2 ʜʦ 8 ʥʤ,  ̔ʚʠʟʥʘʯʘʚʩʷ ʤʝʪʦʜʦʤ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ ʘʜʩʦʨʙʮʽʾ ʘʟʦʪʫ. 

ʇʽʩʣʷ ʬʦʨʤʫʚʘʥʥʷ ʧʦʨʠʩʪʦʛʦ ʢʨʝʤʥʽʶ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʦʮʝʩʠ ʪʝʨʤʽʯʥʦʛʦ ʦʢʠʩʣʝʥʥʷ ʚ 

ʧʨʦʪʦʯʥʽʡ ʩʫʭʽʡ ʩʫʤʽʰʽ ʛʘʟʽʚ 20% O2 ʽ 80% Ar ʧʨʠ 450 Áʉ ʧʨʦʪʷʛʦʤ 60 ʭʚ. ʜʣʷ ʩʪʘʙʽʣʽʟʘʮʽʾ 

ʡʦʛʦ ʬʽʟʠʯʥʠʭ ʪʘ ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ʂʘʪʘʣʽʪʠʯʥʦ-ʘʢʪʠʚʥʽ ʧʣ̔ʚʢʠ ʧʘʣʘʜʽʶ ʪʦʚʱʠʥʦʶ ~ 50 

ʥʤ ʥʘʥʦʩʠʣʠʩʷ ʥʘ ʧʦʚʝʨʭʥʶ ʦʢʠʩʣʝʥʦʛʦ ʧʦʨʠʩʪʦʛʦ ʢʨʝʤʥʽʶ ʤʝʪʦʜʦʤ ʤʘʛʥʝʪʨʦʥʥʦʛʦ 

ʨʦʟʧʠʣʝʥʥʷ. ʂʦʤʧʦʟʠʪʥʘ ʧʣʽʚʢʘ CuxPd ʙʫʣʘ ʦʪʨʠʤʘʥʘ ʧʦʩʣʽʜʦʚʥʠʤ ʦʩʘʜʞʝʥʥʷʤ ʰʘʨʽʚ 

ʧʘʣʘʜʽʶ ʽ Cu. ɸ ʢʦʤʧʦʟʠʪʥʘ ʧʣʽʚʢʘ WO3/Pd ʙʫʣʘ ʦʪʨʠʤʘʥʘ ʧʦʩʣʽʜʦʚʥʠʤ ʦʩʘʜʞʝʥʥʤ̫ ʰʘʨʽʚ 

ʧʘʣʘʜʽʶ ʽ WO3. ʆʢʩʠʜ ʚʦʣʴʬʨʘʤʫ ʙʫʚ ʦʩʘʜʞʝʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʤʝʪʦʜʫ 

ʪʝʨʤʽʯʥʦʛʦ ʚʠʧʘʨʦʚʫʚʘʥʥʷ. ɺʠʭʽʜʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʙʫʚ ʤʝʪʘʣʝʚʠʡ ʚʦʣʴʬʨʘʤʦʚʠʡ ʜʨ̔ʪ. ɹʫʣʠ 

ʩʬʦʨʤʦʚʘʥʽ ʩʪʨʫʢʪʫʨʠ ʤʝʪʘʣ-ʜʽʝʣʝʢʪʨʠʢ-ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ ʟ ʚʝʨʭʥʽʤ Pd, CuxPd ʘʙʦ WO3/Pd 

ʝʣʝʢʪʨʦʜʘʤʠ 4 ʤʤ ʫ ʜʽʘʤʝʪʨʽ.  

  
ʈʠʩ. 4. ʉʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ 

ʛʘʟʦʯʫʪʣʠʚʠʭ ʄɼʅ ʩʪʨʫʢʪʫʨ: 1- ʦʩʘʜʞʝʥʥʷ Al  ʢʦʥʪʘʢʪʫ ʥʘ ʟʚʦʨʦʪʥʶ ʩʪʦʨʦʥʫ ʢʨʝʤʥʽʻʚʦʾ 

ʧʣʘʩʪʠʥʠ; 2- ʬʦʨʤʫʚʘʥʥʷ ʰʘʨʫ ʧʦʨʠʩʪʦʛʦ ʢʨʝʤʥʽʶ; 3- ʦʩʘʜʞʝʥʥʷ ʢʘʪʘʣʽʪʠʯʥʦ-ʘʢʪʠʚʥʦʛʦ 

ʤʝʪʘʣʫ (Pd ʯʠ ʢʦʤʧʦʟʠʪʽʚ Cu/Pd, WO3/Pd); 4- ʦʩʘʜʞʝʥʥʷ Al  ʢʦʥʪʘʢʪʽʚ; 5- ʨʦʟʨʽʟʘʥʥʷ ʧʣʘʩʪʠʥʠ 

ʥʘ ʦʢʨʝʤʽ ʛʘʟʦʯʫʪʣʠʚʽ ʝʣʝʤʝʥʪʠ (ʜʘʪʯʠʢʠ) 

 

ʅʘ ʨʠʩ. 4 ʧʦʢʘʟʘʥʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʦʩʥʦʚʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ 

ʛʘʟʦʯʫʪʣʠʚʠʭ ʄɼʅ ʩʪʨʫʢʪʫʨ. ʇʝʨʰʠʡ ʧʨʦʮʝʩ ʚʢʣʶʯʘʻ ʬʦʨʤʫʚʘʥʥʷ ʪʠʣʦʚʦʛʦ ʘʣʶʤʽʥʽʻʚʦʛʦ 

ʢʦʥʪʘʢʪʫ. ʇʽʩʣʷ ʭʽʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʪʘ ʚʠʜʘʣʝʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʦʢʩʠʜʫ ʚ ʩʣʘʙʢʦʤʫ ʨʦʟʯʠʥʽ 

ʧʣʘʚʠʢʦʚʦʾ ʢʠʩʣʦʪʠ ʪʘ ʚʦʜʠ ʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 1:20 ʬʦʨʤʫʻʪʴʩʷ ʰʘʨ ʧʦʨʠʩʪʦʛʦ ʢʨʝʤʥʽʶ 

(ʧʨʦʮʝʩ 2). ʅʘʩʪʫʧʥʠʡ ʧʨʦʮʝʩ (3)  ̒ʦʩʘʜʞʝʥʥʷ ʯʝʨʝʟ ʤʘʩʢʫ ʢʘʪʘʣʽʪʠʯʥʦ ʘʢʪʠʚʥʠʭ ʝʣʝʢʪʨʦʜʽʚ: 

Pd, ʘʙʦ ʢʦʤʧʦʟʠʪʽʚ Cu/Pd, WO3/Pd. ʏʝʪʚʝʨʪʠʤ ʧʨʦʮʝʩʦʤ ʻ ʦʩʘʜʞʝʥʥʷ ʦʤʽʯʥʠʭ Al  ʢʦʥʪʘʢʪʽʚ 

ʯʝʨʝʟ ʤʘʩʢʫ. ʆʩʪʘʥʥʽʡ (ʧ'ʷʪʠʡ) ʧʨʦʮʝʩ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʨʽʟʢʫ ʧʣʘʩʪʠʥ ʥʘ ʦʢʨʝʤʽ ʩʪʨʫʢʪʫʨʠ ʽ 

ʟʙʦʨʢʫ ʚ ʢʦʨʧʫʩ (ʷʢʱʦ ʧʦʪʨʽʙʥʦ). ɼʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʝʨʚʠʥʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʛʘʟʦʚʠʭ 

ʜʘʪʯʠʢʽʚ ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ ʩʪʘʥʜʘʨʪʥʘ ʧʣʘʥʘʨʥʘ n-ʢʘʥʘʣʴʥʘ ʪʝʭʥʦʣʦʛʽʷ ʩʫʤʽʩʥʘ ʟ ʢʨʝʤʥʽʻʚʦʶ 

ʂʄʆʅ ʪʝʭʥʦʣʦʛʽʻʶ.  
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ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʩʪʨʫʢʪʫʨ ʟ ʧʘʣʘʜʽʻʚʠʤ ʽ 

ʢʦʤʧʦʟʠʪʥʠʤʠ CuxPd ʪʘ WO3/Pd ʝʣʝʢʪʨʦʜʘʤʠ ʷʢ ʄɼʅ-ʢʦʥʜʝʥʩʘʪʦʨʘ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʦʤ, 

ʷʢʠʡ ʟʤʽʥʶʻʪʴʩʷ ʧʨʠ ʘʜʩʦʨʙʮʽʾ ʚʦʜʥʝʚʤʽʩʪʢʠʭ ʤʦʣʝʢʫʣ ʻ ʻʤʥʽʩʪʴ. ɼʣʷ ʨʝʻʩʪʨʘʮʽʾ ʟʤʽʥʠ 

ʻʤʥʦʩʪʽ ʚʠʙʠʨʘʣʘʩʴ ʪʦʯʢʘ ʚ ʦʙʣʘʩʪʽ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʥʘʭʠʣʫ C(V) ʢʨʠʚʦʾ. ʄʘʢʩʠʤʘʣʴʥʠʡ ʥʘʭʠʣ 

C(V) ʢʨʠʚʠʭ ʨʝʘʣʴʥʠʭ ʄɼʅ-ʩʪʨʫʢʪʫʨ ʟʘʣʝʞʠʪʴ ʚʽʜ ʝʣʝʢʪʨʦʥʥʠʭ ʩʪʘʥʽʚ ʥʘ ʛʨʘʥʠʮʽ ʨʦʟʜʽʣʫ. 

ɺʽʜʦʤʦ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʠʡ ʥʘʭʠʣ C(V) ʢʨʠʚʦʾ ʟʤʝʥʰʫʻʪʴʩʷ ʽʟ ʟʨʦʩʪʘʥʥʷʤ ʛʫʩʪʠʥʠ 

ʝʣʝʢʪʨʦʥʥʠʭ ʩʪʘʥʽʚ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ, ʪʝʭʥʦʣʦʛʽʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʛʘʟʦʚʠʭ ʜʘʪʯʠʢʽʚ ʥʘ ʦʩʥʦʚʽ 

ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʩʪʨʫʢʪʫʨ ʧʦʚʠʥʥʘ ʙʫʪʠ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʟʤʝʥʰʝʥʥʷ 

ʛʫʩʪʠʥʠ ʝʣʝʢʪʨʦʥʥʠʭ ʩʪʘʥʽʚ ʥʘ ʛʨʘʥʠʮʽ ʨʦʟʜʽʣʫ. ʉʪʘʥʜʘʨʪʥʘ ʪʝʭʥʦʣʦʛʽʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʢʨʝʤʥʽʻʚʠʭ ʽʥʪʝʛʨʘʣʴʥʠʭ ʩʭʝʤ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʛʫʩʪʠʥʫ ʩʪʘʥʽʚ ʥʘ ʽʥʪʝʨʬʝʡʩʽ 10
10

-10
11

 ʩʤ
-2

, 

ʙʫʣʘ ʚʠʙʨʘʥʘ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʛʘʟʦʯʫʪʣʠʚʦʾ ʄɼʅ-ʩʪʨʫʢʪʫʨʠ.  

ʗʢ ʙʫʣʦ ʧʦʢʘʟʘʥʦ ʚ ʨʝʟʫʣʴʪʘʪ ̔ʜʦʩʣʽʜʞʝʥʴ, ʙʘʛʘʪʦʰʘʨʦʚʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʩʪʨʫʢʪʫʨʠ ʟ 

ʢʘʪʘʣʽʪʠʯʥʠʤʠ ʝʣʝʢʪʨʦʜʘʤʠ ʟ ʧʘʣʘʜʽʶ ʟ ʨʽʟʥʦʶ ʤʽʢʨʦʩʪʨʫʢʪʫʨʦʶ (ʩʚʽʞʽ ʽ ʟʽʩʪʘʨʝʥʽ Pd ʧʣʽʚʢʠ) 

ʽ ʢʦʤʧʦʟʠʪʫ ʉuxPd ʤʘʶʪʴ ʨʽʟʥʽ ʘʜʩʦʨʙʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪ,̔ ʱʦ ʜʦʟʚʦʣʷʻ ʬʦʨʤʫʚʘʪʠ ʛʘʟʦʚ ̔

ʜʘʪʯʠʢʽʚ ʜʣʷ ʨʽʟʥʠʭ ʮʽʣʝʡ: 

1. ɹʘʛʘʪʦʰʘʨʦʚʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʩʪʨʫʢʪʫʨʠ ʟʽ ʩʚʽʞʦ ʚʠʛʦʪʦʚʣʝʥʠʤʠ Pd ʰʘʨʘʤʠ 

(ʪʦʚʱʠʥʘ ²100 ʥʤ ʽ ʪʝʤʧʝʨʘʪʫʨʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʙʣʠʟʴʢʦ 150 ʉ̄) ʤʘʶʪʴ ʯʘʩ ʚʽʜʛʫʢʫ 1-2 ʩ ʽ 

ʧʦʚʠʥʥʽ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʷʢ ʜʝʪʝʢʪʦʨʠ ʚʠʪʦʢʽʚ ʟʽ ʰʚʠʜʢʠʤ ʚʽʜʛʫʢʦʤ;  

2. ɹʘʛʘʪʦʰʘʨʦʚʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʩʪʨʫʢʪʫʨʠ ʟ ʟʽʩʪʘʨʝʥʠʤʠ Pd ʧʣʽʚʢʘʤʠ ʤʘʶʪʴ ʣʽʥʽʡʥʫ 

ʟʘʣʝʞʥʽʩʪʴ ʽʟʦʪʝʨʤ ʘʜʩʦʨʙʮʽʾ ʚ ʦʙʣʘʩʪʽ ʥʠʟʴʢʠʭ ʪʠʩʢʽʚ (1-100 ppm), ʱʦ ʜʦʟʚʦʣʷʻ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭ ʜʣʷ ʢʦʥʪʨʦʣʶ ʚʦʜʥʶ ʚ ʦʪʦʯʝʥʥʽ ʚ ʮʴʦʤʫ ʜʽʘʧʘʟʦʥʽ ʪʠʩʢʽʚ;  

3. ɹʘʛʘʪʦʰʘʨʦʚʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʩʪʨʫʢʪʫʨʠ ʟ CuxPd ʢʦʤʧʦʟʠʪʥʠʤ ʝʣʝʢʪʨʦʜʦʤ ʤʘʶʪʴ 

ʧʽʜʚʠʱʝʥʫ ʯʫʪʣʠʚʽʩʪʴ ʽ ʩʪʘʙʽʣʴʥʽʩʪʴ ʧʨʠ ʥʠʟʴʢʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʝʢʩʧʣʫʘʪʘʮʽʾ (ʢʽʤʥʘʪʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ), ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭ ʜʣʷ ʢʦʥʪʨʦʣʶ ʟʘ ʢʽʣʴʢʽʩʪʶ ʚʦʜʥʶ ʫ 

ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʽʡ ʘʪʤʦʩʬʝʨʽ. 

ʆʩʥʦʚʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʛʘʟʦʚʠʭ ʜʘʪʯʠʢʽʚ ʻ ʯʘʩʠ ʚʽʜʛʫʢʫ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ, ʯʫʪʣʠʚʽʩʪʴ, 

ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʽ ʧʦʚʪʦʨʶʚʘʥʽʩʪʴ. ɸʥʘʣʽʟ ʩʠʛʥʘʣʫ ʚʽʜʛʫʢʫ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʪʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʡ ʯʘʩ (t1/2) ʜʣʷ ʨʦʟʨʦʙʢʠ ʛʘʟʦʯʫʪʣʠʚʠʭ ʜʦ H2S ʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʽ ʄɼʅ-

ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʟ ʪʦʥʢʠʤʠ ʰʘʨʘʤʠ ʧʦʨʠʩʪʦʛʦ ʢʨʝʤʥʽʶ: WO3/Pd Mɼʅ ʩʪʨʫʢʪʫʨʠ ʤʘʶʪʴ t1/2º8,5 

ʩ, ʘ ʜʣʷ Pd Mɼʅ ʩʪʨʫʢʪʫʨ- t1/2º5 ʩ. ʍʘʨʘʢʪʝʨʥʠʡ ʯʘʩ (t1/2) ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʯʘʩ ʜʦʩʷʛʥʝʥʥʷ 

ʧʦʣʦʚʠʥʠ ʟʥʘʯʝʥʥʷ ʻʤʥʦʩʪʽ ʥʘʩʠʯʝʥʥʷ ʽ ʻ ʚʘʞʣʠʚʠʤ ʽʥʜʠʢʘʪʦʨʦʤ ʰʚʠʜʢʦʩʪʽ ʚʽʜʛʫʢʫ ʧʨʠ 

ʘʜʩʦʨʙʮʽʾ. ɹʽʣʴʰ ʢʦʨʦʪʢʽ ʟʥʘʯʝʥʥʷ t1/2 ʜʣʷ ʄɼʅ-ʩʪʨʫʢʪʫʨ ʟ Pd ʟʘʪʚʦʨʥʠʤʠ ʝʣʝʢʪʨʦʜʘʤʠ 

ʚʢʘʟʫʶʪʴ ʥʘ ʧʨʦʮʝʩ ʜʠʩʦʮʽʘʮʽʾ ʤʦʣʝʢʫʣ H2S ʥʘ ʢʘʪʘʣʽʪʠʯʥʦʾ ʧʦʚʝʨʭʥʽ Pd ʽ ʢʦʨʦʪʢʠʡ ʯʘʩ 

ʧʨʦʥʠʢʥʝʥʥʷ ʘʪʦʤʽʚ ʚʦʜʥʶ ʥʘ ʛʨʘʥʠʮʶ ʨʦʟʜʽʣʫ ʤʝʪʘʣ-ʦʢʩʠʜ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʙʽʣʴʰ 

ʰʚʠʜʢʦʾ ʨʝʘʢʮʽʾ Pd ʜʘʪʯʠʢʽʚ. ʋ ʚʠʧʘʜʢʫ WO3/Pd ʄɼʅ-ʩʪʨʫʢʪʫʨ, ʤʦʣʝʢʫʣʠ ʩʽʨʢʦʚʦʜʥʶ 

ʘʜʩʦʨʙʫʶʪʴʩʷ ʥʘ ʢʣʘʩʪʝʨʘʭ WO3, ʭʽʤʽʯʥʦ ʚʟʘʻʤʦʜʽʶʪʴ ʟ ʥʠʤʠ ʽ ʮʝ ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ 

ʤʦʣʝʢʫʣ H2O, ʷʢʽ ʧʨʦʥʠʢʘʶʪʴ ʚ ʧʦʨʠʩʪʠʡ ʢʨʝʤʥʽʡ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʻʤʥʦʩʪʽ ʄɼʅ-

ʩʪʨʫʢʪʫʨʠ. ʎʝ ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʧʨʦʮʝʩʠ ʚʟʘʻʤʦʜʽʾ H2S ʟ WO3 ʽ ʟʘʧʦʚʥʝʥʥʷ ʧʦʨʠʩʪʦʛʦ ʢʨʝʤʥʽʶ 

ʤʦʣʝʢʫʣʘʤʠ H2O ʧʨʦʪʽʢʘʶʪʴ ʧʦʚʽʣʴʥʽʰʝ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʨʦʮʝʩʦʤ ʜʠʩʦʮʽʘʮʽʾ ʤʦʣʝʢʫʣ H2S ʥʘ 

ʧʦʚʝʨʭʥʽ Pd. ɺʩʽ ʝʪʘʧʠ ʚʠʧʨʦʙʫʚʘʥʴ ʙʫʣʠ ʟʨʦʙʣʝʥʽ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ.  

ɺ ʨʝʟʫʣʴʪʘʪʽ ʮʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʨʘʟʢʠ ʛʘʟʦʚʠʭ ʜʘʪʯʠʢʽʚ ʟ Pd ʪʘ ʢʦʤʧʦʟʠʪʥʠʤʠ CuxPd, 

WO3/Pd ʝʣʝʢʪʨʦʜʘʤʠ ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʽ ʚʠʛʦʪʦʚʣʝʥʽ. ʇʨʦʪʦʪʠʧ ʛʘʟʦʚʦʛʦ ʜʘʪʯʠʢʘ ʥʘ 

ʩʽʨʢʦʚʦʜʝʥʴ ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ.5.  

ʉʪʚʦʨʝʥʥʷ ʧʨʦʪʦʪʠʧʫ ʛʘʟʦʚʦʛʦ ʘʥʘʣʽʟʘʪʦʨʘ ʟ ʧʦʢʨʘʱʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʘʪʯʠʢʘ ʥʘ 

ʦʩʥʦʚʽ ʧʦʨʠʩʪʦʛʦ ʢʨʝʤʥʽʶ. ʇʨʠ ʧʨʘʢʪʠʯʥʦʤʫ ʟʘʩʪʦʩʫʚʘʥʥʽ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ 

ʩʪʨʫʢʪʫʨ ʟ ʰʘʨʦʤ ʥʘʥʦʧʦʨʠʩʪʦʛʦ ʢʨʝʤʥʽʶ ʽ ʢʘʪʘʣʽʪʠʯʥʦ ʘʢʪʠʚʥʠʤʠ Pd ʽ ʢʦʤʧʦʟʠʪʥʠʤʠ Cu/Pd 

ʘʙʦ Pd/WO3 ʝʣʝʢʪʨʦʜʘʤʠ (ʄɼʅ ʢʦʥʜʝʥʩʘʪʦʨ) ʦʩʥʦʚʥʠʤ ʟʤʽʥʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʧʨʠ ʘʜʩʦʨʙʮʽʾ 

ʚʦʜʥʝʚʤʽʩʪʢʠʭ ʛʘʟʽʚ ʻ ʻʤʥʽʩʪʴ. 
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ʈʠʩ. 5. ʇʨʦʪʦʪʠʧ ʛʘʟʦʚʦʛʦ ʜʘʪʯʠʢʘ ʜʣʷ ʢʦʥʪʨʦʣʶ ʚʤʽʩʪʫ ʩʽʨʢʦʚʦʜʥʶ ʚ ʧʦʚʽʪʨʽ ʚ 

ʜʽʘʧʘʟʦʥʽ ʢʦʥʮʝʥʪʨʘʮʽʡ 1·1000 ppm 

 

ɺʝʣʠʯʠʥʘ ʻʤʥʽʩʪʽ ʟʤʽʥʶʻʪʴʩʷ ʧʽʜ ʚʧʣʠʚʦʤ ʛʘʟʽʚ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʙʫʚ ʨʦʟʨʦʙʣʝʥʠʡ ʧʨʦʪʦʪʠʧ 

ʛʘʟʦʘʥʘʣʽʟʘʪʦʨʘ. ɺʽʥ ʚʠʢʦʨʠʩʪʦʚʫʻ ʨʦʟʨʦʙʣʝʥʠʡ ʛʘʟʦʚʠʡ ʜʘʪʯʠʢ ʟ ʧʦʣʽʧʰʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʥʘ ʦʩʥʦʚʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʄɼʅ ʩʪʨʫʢʪʫʨ (ʄɼʅ ʢʦʥʜʝʥʩʘʪʦʨ) ʟ hʘʨʦʤ ʥʘʥʦʧʦʨʠʩʪʦʛʦ 

ʢʨʝʤʥʽʶ. ʆʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʮʴʦʛʦ ʧʨʠʣʘʜʫ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 5. 

 

ʊʘʙʣʠʮʷ 5 

ʊʝʭʥʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʛʘʟʦʚʦʛʦ ʩʝʥʩʦʨʥʦʛʦ ʘʥʘʣʽʟʘʪʦʨʘ 

ʊʝʭʥʽʯʥʽ ʧʘʨʘʤʝʪʨʠ: ʅ2 H2S H2O 

ɼʽʘʧʘʟʦʥ ʚʠʤʽʨʶʚʘʥʴ ʚʤʽʩʪʫ ʛʘʟʫ ʚ ʧʦʚʽʪʨʽ, ʦʙ.% 0 ï 10
-2

 0 ï 10
-4

 10-90 % 

ɻʨʘʥʠʯʥʘ ʯʫʪʣʠʚʽʩʪʴ, ʦʙ.% 1-5³10
-5

 1-5³10
-6

 10 

ʊʝʤʧʝʨʘʪʫʨʥʘ ʯʫʪʣʠʚʽʩʪʴ ʝʣʝʤʝʥʪʫ, ̄ C 20°10 20°10 20°10 

ɼʦʚʞʠʥʘ ʟôʻʜʥʫʚʘʣʴʥʦʛʦ ʢʘʙʝʣʷ, ʤ 1 

ʆʭʦʣʦʜʞʝʥʥʷ ʜʘʪʯʠʢʘ ʧʦʚʽʪʨʷ 

ʋʤʦʚʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ  ʥʝʧʝʨʝʨʚʥʝ 

ʈʦʟʤʽʨʠ, ʤʤ 80ʭ100ʭ45 

ʅʘʧʨʫʛʘ ʞʠʚʣʝʥʥʷ Vcc, ɺ 9-12/220 

ʄʘʢʩʠʤʘʣʴʥʠʡ ʩʪʨʫʤ ʞʠʚʣʝʥʥʷ I, ʤA 100 

ʄʘʩʘ, ʛ, ʥʝ ʙʽʣʴʰʝ: ɻʘʟʦʚʠʡ ʘʥʘʣʽʟʘʪʦʨ/ʜʘʪʯʠʢ 300/0,1 

 

ɼʘʥʠʡ ʧʨʠʩʪʨʽʡ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʨʝʻʩʪʨʘʮʽʾ ʚʠʪʦʢʫ ʚʦʜʥʝʤʽʩʪʢʠʭ ʛʘʟʽʚ (ʅ2, ʅ2S) 

ʥʠʟʴʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ (1-1000 ʨʨm) ʚ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. ɼʘʪʯʠʢʦʤ ʩʭʝʤʠ  ̒

ʨʦʟʨʦʙʣʝʥʠʡ ʩʝʥʩʦʨʥʠʡ ʝʣʝʤʝʥʪ ĂGS 1". ʈʦʙʦʪʘ ʧʨʠʩʪʨʦʶ ʦʩʥʦʚʘʥʘ ʥʘ ʟʤʽʥʽ ʻʤʥʦʩʪʽ 

ʩʝʥʩʦʨʥʦʛʦ ʝʣʝʤʝʥʪʫ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʟ ʚʦʜʥʝʤʽʩʪʢʠʤʠ ʤʦʣʝʢʫʣʘʤʠ. ɺʝʣʠʯʠʥʘ ʟʤʽʥʠ ʻʤʥʦʩʪʽ 

ʩʪʨʫʢʪʫʨʠ ʤʝʪʘʣ-ʜʽʝʣʝʢʪʨʠʢ-ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ ʟʘʣʝʞʠʪʴ ʚʽʜ ʦʙ'ʻʤʥʦʛʦ ʚʤʽʩʪʫ ʛʘʟʫ, ʱʦ 

ʜʝʪʝʢʪʫʻʪʴʩʷ, ʚ ʛʘʟʦʚʽʡ ʩʫʤʽʰʽ. 

ɻʘʟʦʘʥʘʣʽʟʘʪʦʨ ʤʽʩʪʠʪʴ ʜʘʪʯʠʢ ʛʘʟʫ ʽ ʚʠʤʽʨʶʚʘʣʴʥʠʡ ʙʣʦʢ. ɺʠʤʽʨʶʚʘʣʴʥʠʡ ʙʣʦʢ 

ʩʧʨʘʮʴʦʚʫʻ ʚʽʜ ʩʠʛʥʘʣʽʚ ʜʘʪʯʠʢʘ, ʢʦʥʪʨʦʣʶʻ ʡʦʛʦ ʨʦʙʦʪʫ, ʟʦʙʨʘʞʫʻ ʥʘʷʚʥʽʩʪʴ H2S ʚ 

ʘʪʤʦʩʬʝʨʽ ʥʘ ʩʚʽʪʣʦʜʽʦʜʥʦʤʫ ʽʥʜʠʢʘʪʦʨʽ ʽ ʧʝʨʝʜʘʻ ʜʘʥʽ ʥʘ ʧʨʠʣʘʜʠ, ʱʦ ʨʝʻʩʪʨʫʶʪʴ ʩʠʛʥʘʣ ʘʙʦ 

ʥʘ ʇʂ ʷʢ ʘʥʘʣʦʛʦʚʠʡ ʩʠʛʥʘʣ ʥʘʧʨʫʛʠ.  

ɿʘʩʪʦʩʫʚʘʥʥʷ ʛʘʟʦʚʠʭ ʩʝʥʩʦʨʥʠʭ ʘʥʘʣʽʟʘʪʦʨʽʚ: 

- ʨʝʻʩʪʨʘʮʽʷ ʚʠʪʦʢʽʚ ʚ ʘʪʤʦʩʬʝʨʫ ʚʦʜʥʝʚʤʽʩʪʢʠʭ ʛʘʟʽʚ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʽ 

ʘʪʤʦʩʬʝʨʥʦʤʫ ʪʠʩʢʫ; 

- ʚʠʤʽʨʶʚʘʥʥʷ ʥʠʟʴʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʚʦʜʥʶ ʽ H2S ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʚ ʧʦʚʽʪʨʽ 

ʘʙʦ ʚ ʛʘʟʦʚʠʭ ʩʫʤʽʰʘʭ ʽʥʝʨʪʥʠʭ ʛʘʟʽʚ (ʽ) ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤʫ ʪʠʩʢʫ ʪʘ (ʽʽ) ʧʨʠ ʥʠʟʴʢʦʤʫ ʪʠʩʢʫ 

(10-380 ʤʤ ʨʪ.ʩʪ.). 

ɺʠʩʥʦʚʢʠ. ʉʪʚʦʨʝʥʦ ʜʘʪʯʠʢʠ ʜʝʬʦʨʤʘʮʽʾ ʽ ʪʠʩʢʫ ʢʨʽʦʛʝʥʥʠʭ ʨʽʜʠʥ ʜʣʷ ʨʽʟʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʽʥʪʝʨʚʘʣʽʚ: 4,2ï300 ʂ, 77ï300 ʂ ʪʘ ʜʣʷ 4,2 ʂ ʚʽʜʧʦʚʽʜʥʦ ʥʘ ʦʩʥʦʚʽ ʣʝʛʦʚʘʥʠʭ 
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ʥʘʥʦʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʢʨʠʩʪʘʣʽʚ (ʅʂ) Si ʨ-ʪʠʧʫ ʟ ʨʽʟʥʠʤ ʩʪʫʧʝʥʝʤ ʥʘʙʣʠʞʝʥʥʷ ʜʦ ʧʝʨʝʭʦʜʫ 

ʤʝʪʘʣ-ʜʽʝʣʝʢʪʨʠʢ, ʚ ʷʢʠʭ ʧʨʦʷʚʣʷʻʪʴʩʷ ʢʣʘʩʠʯʥʠʡ ʪʘ ʥʝʢʣʘʩʠʯʥʠʡ ʧôʻʟʦʨʝʟʠʩʪʠʚʥʽ ʝʬʝʢʪʠ. 

ʈʦʟʨʦʙʣʝʥʽ ʜʘʪʯʠʢʠ ʪʠʩʢʫ ʟ ʪʝʥʟʦʨʝʟʠʩʪʦʨʘʤʠ ʥʘ ʦʩʥʦʚʽ ʅʂ ʢʨʝʤʥʽʶ, ʱʦ  ʤʘʶʪʴ ʚʠʩʦʢʫ 

ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʚʠʤʽʨʶʚʘʥʦʛʦ ʧʘʨʘʤʝʪʨʫ, ʤʘʣʽ ʨʦʟʤʽʨʠ, ʧʨʘʮʝʟʜʘʪʥʽ ʚ ʨʽʟʥʠʭ ʜʠʥʘʤʽʯʥʠʭ 

ʨʝʞʠʤʘʭ, ʧʨʠʜʘʪʥʽ ʜʣʷ ʨʦʙʦʪʠ ʚ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʫʤʦʚʘʭ (ʚʠʩʦʢʽ ʽ ʢʨʽʦʛʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ, 

ʩʠʣʴʥʽ ʤʘʛʥʽʪʥʽ ʧʦʣʷ ʪʦʱʦ). 

ʅʘ ʦʩʥʦʚʽ ʅʂ Si1-xGex<B> (ʭ = 0,05) ʟ ʧʠʪʦʤʠʤ ʦʧʦʨʦʤ 0,025 ʆʤĬʩʤ, ʜʽʘʤʝʪʨʦʤ 40 ʤʢʤ 

ʪʘ ʜʦʚʞʠʥʦʶ 15 ʤʤ, ʥʘʢʣʝʻʥʦʛʦ ʥʘ ʘʣʶʤʽʥʽʻʚʫ ʧʽʜʢʣʘʜʢʫ, ʩʪʚʦʨʝʥʦ ʯʫʪʣʠʚʠʡ ʝʣʝʤʝʥʪ 

ʩʝʥʩʦʨʘ ʜʣʷ ʦʜʥʦʯʘʩʥʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʨʽʟʥʠʮʽ ʪʝʤʧʝʨʘʪʫʨ ʚ ʽʥʪʝʨʚʘʣʽ 20ï

120ʂ. ʊʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ ʘʙʩʦʣʶʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʩʪʘʥʦʚʠʪʴ 0,2 ʂ, ʘ ʨʽʟʥʠʮʽ ʪʝʤʧʝʨʘʪʫʨ ï 

0,1 ʂ. ɯʥʝʨʮʽʡʥʽʩʪʴ ʩʝʥʩʦʨʘ ï 60 ʤʩ, ʩʝʥʩʦʨ ʩʪʽʡʢʠʡ ʜʦ ʚʧʣʠʚʫ ʟʦʚʥʽʰʥʽʭ ʤʘʛʥʝʪʥʠʭ ʧʦʣʽʚ 

ʽʥʜʫʢʮʽʻʶ ʜʦ 14 ʊʣ.  

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʅʂ Si1-xGex (ʭ = 0,03), ʣʝʛʦʚʘʥʠʭ ʢʦʤʙʽʥʘʮʽʻʶ ʙʦʨʫ ʪʘ ʟʦʣʦʪʘ, ʟ 

ʧʠʪʦʤʠʤ ʦʧʦʨʦʤ 0,03ï0,05 ʆʤĬʩʤ, ʜʽʘʤʝʪʨʦʤ 30ï60 ʤʢʤ ʪʘ ʜʦʚʞʠʥʦʶ 10ï15 ʤʤ, 

ʚʠʛʦʪʦʚʣʝʥʦ ʯʫʪʣʠʚʽ ʝʣʝʤʝʥʪʠ ʩʝʥʩʦʨʽʚ ʜʣʷ ʦʜʥʦʯʘʩʥʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ 

ʨʽʟʥʠʮʽ ʪʝʤʧʝʨʘʪʫʨ ʚ ʽʥʪʝʨʚʘʣʽ ʧʽʜʚʠʱʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨ 350ï525 ʂ. ʊʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ 

ʘʙʩʦʣʶʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʩʪʘʥʦʚʠʪʴ 0,3 ʂ, ʘ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʘ ʜʦʙʨʦʪʥʽʩʪʴ ʩʝʥʩʦʨʘ ʩʪʘʥʦʚʠʪʴ 

1,6Ĭ10
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. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʩʭʝʤʠ ʚʪʦʨʠʥʥʦʾ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ ʩʝʥʩʦʨʽʚ ʥʘ ʦʩʥʦʚʽ ʩʫʯʘʩʥʠʭ 

ʟʽʥʪʝʛʨʦʚʘʥʠʭ ʩʭʝʤ. 

ʇʨʦʚʝʜʝʥʽ ʨʦʟʨʦʙʢʘ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʥʦʚʽʪʥʽʭ ʥʘʥʦʝʣʝʢʪʨʦʥʥʠʭ ʛʘʟʦʚʠʭ ʜʘʪʯʠʢʽʚ ʥʘ 

ʦʩʥʦʚʽ ʛʘʟʦʯʫʪʣʠʚʠʭ ʄʅ ʪʘ ʄɼʅ ʩʠʩʪʝʤ ʟ ʰʘʨʘʤʠ ʢʦʤʧʦʟʠʪʥʠʭ ʢʘʪʘʣʽʪʠʯʥʦ-ʘʢʪʠʚʥʠʭ 

ʝʣʝʢʪʨʦʜʽʚ ʪʘ ʧʦʨʠʩʪʦʛʦ ʢʨʝʤʥʽʶ, ʚʠʩʦʢʦʯʫʪʣʠʚʠʤʠ ʜʦ ʚʦʜʥʝʚʤʽʩʪʢʠʭ ʛʦʨʶʯʠʭ ʽ ʥʝʙʝʟʧʝʯʥʠʭ 

ʛʘʟʽʚ (ʅ2, CH4, H2S, H2O ʪʘ ʽʥ.). ɺʘʞʣʠʚʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʨʦʟʨʦʙʣʝʥʠʭ ʜʘʪʯʠʢʽʚ ʻ (1) 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʧʦʨʠʩʪʠʭ ʰʘʨʽʚ; (2) ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʝʟʦʧʦʨʠʩʪʠʭ); (3) ʩʫʤʽʩʥʽʩʪʴ ʟ ʤʽʢʨʦʝʣʝʢʪʨʦʥʥʦʶ ʂʄʆʅ ʪʝʭʥʦʣʦʛʽʻʶ. ɺʩʝ ʮʝ ʜʘʣʦ ʟʤʦʛʫ 

ʨʦʟʨʦʙʠʪʠ ʥʦʚʝ ʧʦʢʦʣʽʥʥʷ ʫʥʽʢʘʣʴʥʠʭ, ʚʠʩʦʢʦʯʫʪʣʠʚʠʭ, ʩʝʣʝʢʪʠʚʥʠʭ ʽ ʥʝʜʦʨʦʛʠʭ 

ʤʽʢʨʦʝʣʝʢʪʨʦʥʥʠʭ ʛʘʟʦʚʠʭ ʜʘʪʯʠʢʽʚ. 

ʂʨʽʤ ʪʦʛʦ, ʨʦʟʨʦʙʣʝʥʘ ʝʬʝʢʪʠʚʥʘ ʪʝʭʥʦʣʦʛʽʷ ʬʦʨʤʫʚʘʥʥʷ ʧʦʨʠʩʪʦʛʦ ʢʨʝʤʥʽʶ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʝʣʠʢʦʾ ʘʜʩʦʨʙʮʽʡʥʦʾ ʧʣʦʱʽ, ʦʜʥʦʨʽʜʥʦʩʪʽ (ʛʦʤʦʛʝʥʥʦʩʪʽ), ʽ, ʷʢ ʨʝʟʫʣʴʪʘʪ, 

ʚʠʩʦʢʦʾ ʯʫʪʣʠʚʦʩʪʽ ʪʘ ʚʽʜʪʚʦʨʶʚʘʥʦʩʪʽ ʛʘʟʦʚʠʭ ʜʘʪʯʠʢʽʚ. ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ 

ʤʦʨʬʦʣʦʛʽʾ ʽ ʩʪʫʧʝʥʶ ʧʦʨʠʩʪʦʩʪʽ ʥʘʥʦʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʰʘʨʽʚ ʧʦʨʠʩʪʦʛʦ Si ʚʽʜ ʪʝʭʥʦʣʦʛʽʾ 

ʬʦʨʤʫʚʘʥʥʷ ʧʨʠ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʤʫ ʪʨʘʚʣʝʥʥʽ (ʢʦʥʮʝʥʪʨʘʮʽʾ ʬʪʦʨʚʦʜʥʝʚʦʾ (HF) ʢʠʩʣʦʪʠ, 

ʛʫʩʪʠʥʠ ʘʥʦʜʥʦʛʦ ʩʪʨʫʤʫ, ʯʘʩʫ ʪʘ ʽʥ.). ɼʦʩʣʽʜʞʝʥʽ ʝʣʝʢʪʨʠʯʥ ̔ ʚʣʘʩʪʠʚʦʩʪ ̔

ʥʘʥʦʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʧʦʨʠʩʪʠʭ ʰʘʨʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʝʞʠʤʽʚ ʦʪʨʠʤʘʥʥʷ. 

ʈʦʟʨʦʙʣʝʥʽ ʥʦʚʽʪʥʽ ʤʽʢʨʦ- ʽ ʥʘʥʦʝʣʝʢʪʨʦʥʥʽ ʛʘʟʦʚʽ ʜʘʪʯʠʢʠ ʥʘ ʦʩʥʦʚʽ ʛʘʟʦʯʫʪʣʠʚʠʭ 

ʩʪʨʫʢʪʫʨ ʤʝʪʘʣ-ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ ʽ ʤʝʪʘʣ-ʜʽʝʣʝʢʪʨʠʢ-ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ (ʄɼʅ) ʩʪʨʫʢʪʫʨ ʟ ʰʘʨʘʤʠ 

ʧʦʨʠʩʪʦʛʦ ʢʨʝʤʥʽʶ, ʷʢʽ ʻ ʜʫʞʝ ʯʫʪʣʠʚʠʤʠ ʜʦ ʚʦʜʥʶ, ʱʦ ʤʽʩʪʠʪʴʩʷ ʚ ʛʦʨʶʯʠʭ ʽ ʥʝʙʝʟʧʝʯʥʠʭ 

ʛʘʟʘʭ (ʅ2, CH4, H2S ʽ ʪ.ʜ.).  
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ɯɭʈɸʈʍɯʏʅʀʁ ʇɯɼʍɯɼ ɼʆ ʇʆɹʋɼʆɺʀ ɼɯɸɻʅʆʉʊʀʏʅʆɰ ʄʆɼɽʃɯ 

ɸʅɸʃʆɻʆɺʆɻʆ ʇʈʀʉʊʈʆʖ 

 
ʋ ʩʪʘʪʪʽ ʚʠʨʽʰʫʻʪʴʩʷ ʟʘʜʘʯʘ ʧʦ ʨʦʟʨʦʙʮʽ ʽʻʨʘʨʭʽʯʥʦʾ ʜʽʘʛʥʦʩʪʠʯʥʦʾ ʤʦʜʝʣʽ ʘʥʘʣʦʛʦʚʦʛʦ 

ʧʨʠʩʪʨʦʶ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʪʘ ʚʠʷʚʣʝʥʥʷ ʥʝʩʧʨʘʚʥʦʛʦ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʫ ʫ ʚʽʡʩʴʢʦʚʦʤʫ ʨʝʤʦʥʪʥʦʤʫ ʦʨʛʘʥʽ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʘʥʘʣʦʛʦʚʠʡ ʧʨʠʩʪʨʽʡ,ʜʽʘʛʥʦʩʪʠʯʥʘ ʤʦʜʝʣʴ. 

 

ɺ ʩʪʘʪʴʝ ʨʝʰʘʝʪʩʷ ʟʘʜʘʯʘ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʘʥʘʣʦʛʦʚʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʠʩʧʨʘʚʥʦʛʦ 

ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʚʦʡʩʢʦʚʦʤ ʨʝʤʦʥʪʥʦʤ ʦʨʛʘʥʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʥʘʣʦʛʦʚʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʜʠʘʛʥʦʩʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ. 

 

In this article we solve the problem by developing hierarchical diagnostic model analog device for 

detecting and diagnosing faulty radio component in a military body repair. 

Keywords: the analogue device, diagnostic model. 

 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʥʷ. ɺʽʜʥʦʚʣʝʥʥʷ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʦʾ ʪʝʭʥʽʢʠ ʫ ʨʝʤʦʥʪʥʠʭ ʦʨʛʘʥʘʭ 

ʷʚʣʷʻ ʩʦʙʦʶ ʩʢʣʘʜʥʠʡ ʪʝʭʥʽʯʥʠʡ ʧʨʦʮʝʩ. ɸʥʘʣʽʟ ʚʽʜʥʦʩʥʠʭ ʚʠʪʨʘʪ ʯʘʩʫ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ 

ʨʝʤʦʥʪʫ ʘʥʘʣʦʛʦʚʠʭ ʧʨʠʩʪʨʦʾʚ (ɸʇ) ʫ ʚʽʡʩʴʢʦʚʠʭ ʨʝʤʦʥʪʥʠʭ ʦʨʛʘʥʘʭ (ɺʈʆ) ʧʦʢʘʟʘʚ, ʱʦ 50% 

ʯʘʩʫ ʟʘʡʤʘʻ ʧʦʰʫʢ ʥʝʩʧʨʘʚʥʦʛʦ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʦʛʦ ʢʦʤʧʦʥʝʥʪʫ (ʈɽʂ), 30% ï ʟʘʤʽʥʘ 

ʥʝʩʧʨʘʚʥʦʛʦ ʈɽʂ, 5% ï ʜʦʩʪʘʚʢʘ ʥʝʦʙʭʽʜʥʦʾ ʜʣʷ ʨʝʤʦʥʪʫ ʜʝʪʘʣʽ ʪʘ 15% ï ʢʦʥʪʨʦʣʴ 

ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʚʽʜʨʝʤʦʥʪʦʚʘʥʦʛʦ ɸʇ ʪʘ ʡʦʛʦ ʥʘʩʪʨʦʶʚʘʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʡʙʽʣʴʰʝ ʯʘʩʫ 

ʧʨʠ ʨʝʤʦʥʪʽ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʪʘ ʧʦʰʫʢ ʝʣʝʤʝʥʪʫ, ʱʦ ʚʽʜʤʦʚʠʚ. ɼʣʷ 

ʧʨʦʚʝʜʝʥʥʷ ʧʨʦʮʝʜʫʨʠ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʤʘʪʝʤʘʪʠʯʥʠʡ ʦʧʠʩ ʦʙôʻʢʪʫ 

ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʪʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʝʣʝʤʝʥʪʘʨʥʠʭ ʧʝʨʝʚʽʨʦʢ. ʄʘʪʝʤʘʪʠʯʥʠʡ ʦʧʠʩ 

ʦʙôʻʢʪʫ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʷʚʣʷʻ ʩʦʙʦʶ ʡʦʛʦ ʜʽʘʛʥʦʩʪʠʯʥʫ ʤʦʜʝʣʴ. ɺ ʩʪʘʪʪʽ ʚʠʨʽʰʫʻʪʴʩʷ ʟʘʜʘʯʘ 

ʧʦ ʨʦʟʨʦʙʮʽ ʜʽʘʛʥʦʩʪʠʯʥʦʾ ʤʦʜʝʣʽ ʘʥʘʣʦʛʦʚʦʛʦ ʧʨʠʩʪʨʦʶ ʈɽɿʆ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʪʘ ʚʠʷʚʣʝʥʥʷ ʥʝʩʧʨʘʚʥʦʛʦ ʈɽʂ ʫ ʚʽʡʩʴʢʦʚʦʤʫ ʨʝʤʦʥʪʥʦʤʫ ʦʨʛʘʥʽ [1,2]. 

ʗʢ ʦʙôʻʢʪʠ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʘʥʘʣʦʛʦʚʽ ʧʨʠʩʪʨʦʾ ʽʩʥʫʶʯʦʛʦ ʧʘʨʢʫ 

ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʠʭ ʟʘʩʦʙʽʚ ʦʟʙʨʦʻʥʥʷ, ʜʦ ʷʢʠʭ ʚʽʜʥʦʩʷʪʴʩʷ ʪʠʧʦʚʽ ʝʣʝʤʝʥʪʠ ʟʘʤʽʥʠ, ʙʣʦʢʠ ʪʘ 

ʩʫʙʙʣʦʢʠ ʫ ʷʢʠʭ ʚʽʜʩʫʪʥʽ ʚʥʫʪʨʽʰʥʽ ʜʞʝʨʝʣʘ ʩʠʛʥʘʣʽʚ, ʝʣʝʤʝʥʪʠ ʟʘʧʘʤôʷʪʦʚʫʚʘʥʥʷ, ʘʥʘʣʦʛʦʚʽ 

ʽʥʪʝʛʨʘʣʴʥʽ ʩʭʝʤʠ.  

ɺʠʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʜʣʷ ʧʦʙʫʜʦʚʠ ʜʽʘʛʥʦʩʪʠʯʥʦʾ ʤʦʜʝʣʽ ʻ ʘʥʘʣʦʛʦʚʠʡ ʦʙôʻʢʪ 

ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ, ʡʦʛʦ ʩʪʨʫʢʪʫʨʥʘ, ʬʫʥʢʮʽʦʥʘʣʴʥʘ ʪʘ ʧʨʠʥʮʠʧʽʘʣʴʥʘ ʩʭʝʤʠ, ʚʽʜʦʤʦʩʪʽ ʧʨʦ 

ʨʝʞʠʤʠ ʨʦʙʦʪʠ, ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʦʙôʻʢʪʫ, ʚʽʜʦʤʦʩʪʽ ʧʨʦ 

ʜʦʧʫʩʪʠʤʽ ʟʥʘʯʝʥʥʷ ʚʠʭʽʜʥʠʭ ʽ ʚʭʽʜʥʠʭ ʚʧʣʠʚʽʚ (ʩʠʛʥʘʣʽʚ). 

ʆʙʤʝʞʝʥʥʷ ï ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʦ ʘʥʘʣʦʛʦʚʠʭ ʧʨʠʩʪʨʦʾʚ ʽʩʥʫʶʯʦʛʦ ʧʘʨʢʫ ʈɽɿʆ, 

ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʦʜʠʥʠʯʥʽ ʚʽʜʤʦʚʠ ʝʣʝʤʝʥʪʽʚ ʚ ʆɼ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʃʽʥʽʡʥʫ ʯʘʩʪʠʥʫ ʘʥʘʣʦʛʦʚʠʭ ʧʨʠʩʪʨʦʾʚ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʣʽʥʽʡʥʦʶ 

ʜʠʥʘʤʽʯʥʦʶ ʩʠʩʪʝʤʦʶ (ʃɼʉ) ʟ ʟʦʩʝʨʝʜʞʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ [3-5]. ɿʘʟʚʠʯʘʡ ʘʥʘʣʦʛʦʚʽ 

ʧʨʠʩʪʨʦʾ ʤʘʶʪʴ ʧʦ ʜʝʢʽʣʴʢʘ ʚʭʦʜʽʚ ʪʘ ʚʠʭʦʜʽʚ. ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʪʘ ʚʠʷʚʣʝʥʥʽ 

ʥʝʩʧʨʘʚʥʦʛʦ ʝʣʝʤʝʥʪʘ ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ ʟʥʘʯʝʥʥʷ ʜʽʘʛʥʦʩʪʠʯʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʥʝ ʪʽʣʴʢʠ ʥʘ 

ʚʠʭʦʜʘʭ ʦʙôʻʢʪʫ, ʘʣʝ ʽ ʚ ʢʦʥʪʨʦʣʴʥʠʭ ʪʦʯʢʘ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʤʦʥʪʘʞʥʽʡ ʧʣʘʪʽ ʦʙôʻʢʪʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʝʦʙʭʽʜʥʦ ʧʦʙʫʜʫʚʘʪʠ ʪʘʢʫ ʜʽʘʛʥʦʩʪʠʯʥʫ ʤʦʜʝʣʴ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ 

ʨʝʘʢʮʽʾ ʜʽʘʛʥʦʩʪʫʻʤʦʛʦ ʦʙôʻʢʪʘ ʚ ʢʦʥʪʨʦʣʴʥʠʭ ʪʦʯʢʘʭ ʧʨʠ ʚʽʜʦʤʠʭ ʚʭʽʜʥʠʭ ʚʧʣʠʚʘʭ.  

ɼʣʷ ʨʽʰʝʥʥʷ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʟʘʜʘʯ ʧʦ ʚʠʟʥʘʯʝʥʥʶ ʥʝʩʧʨʘʚʥʦʛʦ ʝʣʝʤʝʥʪʫ 

(ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ) ʧʨʦʧʦʥʫʻʪʴʩʷ ʙʫʜʫʚʘʪʠ ʽʻʨʘʨʭʽʯʥʫ ʜʽʘʛʥʦʩʪʠʯʥʫ ʤʦʜʝʣʴ ʆɼ. 
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ʉʫʪʥʽʩʪʴ ʽʻʨʘʨʭʽʯʥʦʾ ʜʽʘʛʥʦʩʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧʦʣʷʛʘʻ ʚ ʜʝʢʦʤʧʦʟʠʮʽʾ ʆɼ ʪʘ ʚʠʟʥʘʯʝʥʥʶ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʢʦʞʥʦʛʦ ʨʽʚʥʷ ʜʝʢʦʤʧʦʟʠʮʽʾ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ 

ʽʻʨʘʨʭʽʯʥʦʛʦ ʧʽʜʭʦʜʫ, ʥʘ ʧʝʨʰʦʤʫ ʢʨʦʮʽ ʜʝʢʦʤʧʦʟʠʮʽʾ ʆɼ ʨʦʟʙʠʚʘʻʪʴʩʷ ʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʽ 

ʚʫʟʣʠ. ɼʘʣʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʝʨʚʠʥʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʦʙôʻʢʪʘ, ʚʠʭʽʜʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʷʢʦʾ 

ʻ ʟʥʘʯʝʥʥʷ ʜʽʘʛʥʦʩʪʠʯʥʦʛʦ ʧʘʨʘʤʝʪʨʫ ʥʘ ʚʠʭʦʜʘʭ ʦʙôʻʢʪʫ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʪʘ ʥʘ ʚʭʦʜʘʭ ʪʘ 

ʚʠʭʦʜʘʭ ʚʠʟʥʘʯʝʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʫʟʣʽʚ. ʗʢʱʦ ʚʠʟʥʘʯʝʥʽ ʬʫʥʢʮʽʦʥʘʣʴʥʦ-ʟʘʚʝʨʰʝʥʽ ʚʫʟʣʠ 

ʤʘʶʪʴ ʩʢʣʘʜʥʫ ʩʪʨʫʢʪʫʨʫ, ʧʨʦʚʦʜʠʪʠʩʷ ʥʘʩʪʫʧʥʘ ʜʝʢʦʤʧʦʟʠʮʷ ʆɼ ʜʦ ʧʽʜʚʫʟʣʽʚ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʜʨʫʛʦʤʫ ʨʽʚʥʶ ʜʝʢʦʤʧʦʟʠʮʽʾ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʟʥʘʯʝʥʠʭ ʧʽʜʚʫʟʣʽʚ ʪʘ ʾʭ 

ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʬʫʥʢʮʽʡ ʚʠʟʥʘʯʘʻʤʦ ʄʄ ʢʦʞʥʦʛʦ ʚʫʟʣʘ, ʚʠʭʽʜʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʷʢʠʭ ʻ 

ʟʥʘʯʝʥʥʷ ɼʇ ʥʘ ʚʭʦʜʘʭ ʪʘ ʚʠʭʦʜʘʭ ʚʠʟʥʘʯʝʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʽʜʚʫʟʣʽʚ. 

ʉʫʢʫʧʥʽʩʪʴ ʧʝʨʚʠʥʥʦʾ ʄʄ 1-ʛʦ ʨʽʚʥʷ ʜʝʢʦʤʧʦʟʠʮʽʾ ʪʘ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ 2-ʛʦ ʨʽʚʥʷ 

ʩʢʣʘʜʘʶʪʴ ʜʽʘʛʥʦʩʪʠʯʥʫ ʤʦʜʝʣʴ ʘʥʘʣʦʛʦʚʦʛʦ ʦʙôʻʢʪʘ ʟ ʛʣʠʙʠʥʦʶ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʜʦ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʚʫʟʣʘ ʦʙôʻʢʪʫ. ʗʢʱʦ ʦʙôʻʢʪ ʤʘʻ ʥʝʩʢʣʘʜʥʫ ʩʪʨʫʢʪʫʨʫ ʪʦ ʥʘʩʪʫʧʥʘ 

ʜʝʢʦʤʧʦʟʠʮʽʷ ʧʨʦʚʦʜʠʪʴʩʷ ʜʦ ʝʣʝʤʝʥʪʽʚ, ʷʢʱʦ ʩʢʣʘʜʥʫ ï ʢʦʞʥʠʡ ʧʽʜʚʫʟʦʣ ʨʦʟʱʝʧʣʶʻʪʴʩʷ ʥʘ 

ʧʽʜʚʫʟʣʠ ʥʠʞʯʦʛʦ ʨʽʚʥʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʩʪʘʥʥʽʡ ʨʽʚʝʥʴ ʜʝʢʦʤʧʦʟʠʮʽʾ, ʜʝʢʦʤʧʦʟʠʮʽʷ ʜʦ ʝʣʝʤʝʥʪʘ. ʉʫʢʫʧʥʽʩʪʴ ʄʄ 

1-ʛʦ ʨʽʚʥʷ ʜʝʢʦʤʧʦʟʠʮʽʾ ʪʘ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʤʦʜʝʣʝʡ 2-ʛʦ ʪʘ ʽʥʰʠʭ ʨʽʚʥʽʚ ʩʢʣʘʜʘʶʪʴ 

ʜʽʘʛʥʦʩʪʠʯʥʫ ʤʦʜʝʣʴ ʘʥʘʣʦʛʦʚʦʛʦ ʦʙôʻʢʪʘ ʟ ʛʣʠʙʠʥʦʶ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʜʦ ʝʣʝʤʝʥʪʘ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʽʻʨʘʨʭʽʯʥʘ ʜʽʘʛʥʦʩʪʠʯʥʫ ʤʦʜʝʣʴ ʘʥʘʣʦʛʦʚʦʛʦ ʧʨʠʩʪʨʦʶ ʈɽɿʆ ʤʦʞʥʘ 

ʟʘʧʠʩʘʪʠ (1): 
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ʜʝ )(ty  ï ʟʘʛʘʣʴʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʆɼ ʦʪʨʠʤʘʥʘ ʥʘ ʧʝʨʰʦʤʫ ʨʽʚʥʽ ʜʝʢʦʤʧʦʟʠʮʽʾ; 

)(tijy  ï j-ʪʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ i-ʛʦ ʨʽʚʥʷ ʜʝʢʦʤʧʦʟʠʮʽʾ; 

s ï ʢʽʣʴʢʽʩʪʴ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʫʟʣʽʚ 1-ʛʦ ʨʽʚʥʷ ʜʝʢʦʤʧʦʟʠʮʽʾ; 

g ï ʢʽʣʴʢʽʩʪʴ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʽʜʚʫʟʣʽʚ ʦʩʪʘʥʥʴʦʛʦ ʨʽʚʥʷ ʜʝʢʦʤʧʦʟʠʮʽʾ  

d ï ʢʽʣʴʢʽʩʪʴ ʨʽʚʥʽʚ ʜʝʢʦʤʧʦʟʠʮʽʾ. 

ɸʣʛʦʨʠʪʤʽʯʥʘ ʩʭʝʤʘ ʧʦʙʫʜʦʚʠ ʽʻʨʘʨʭʽʯʥʦʾ ɼʄ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ.1. 

ɿ ʘʥʘʣʽʟʫ ʘʥʘʣʦʛʦʚʠʭ ʧʨʠʩʪʨʦʾʚ ʽʩʥʫʶʯʦʛʦ ʧʘʨʢʫ ʈɽɿʆ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʦʟʙʨʦʻʥʥʽ ʚ 

ɿʙʨʦʡʥʠʭ ʉʠʣʘʭ ʋʢʨʘʾʥʠ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʧʨʦʚʝʜʝʥʥʷ ʜʝʢʦʤʧʦʟʠʮʽʾ ʧʝʨʝʚʘʞʥʦʾ 

ʙʽʣʴʰʦʩʪʽ ʘʥʘʣʦʛʦʚʠʭ ʦʙôʻʢʪʽʚ ʤʦʞʥʘ ʧʨʦʚʦʜʠʪʠ ʫ ʜʚʘ ʘʙʦ ʪʨʠ ʨʽʚʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʽʻʨʘʨʭʽʯʥʘ ʜʽʘʛʥʦʩʪʠʯʥʘ ʤʦʜʝʣʴ ʘʥʘʣʦʛʦʚʦʛʦ ʧʨʠʩʪʨʦʶ ʧʨʠ ʜʚʦʨʽʚʥʝʚʦʾ ʪʘ ʪʨʴʦʭʨʽʚʥʝʚʦʾ 

ʜʝʢʦʤʧʦʟʠʮʽʾ ʆɼ, ʷʢʽ ʻ ʦʢʨʝʤʠʤ ʚʠʧʘʜʢʦʤ ʟʘʛʘʣʴʥʦʾ ʜʽʘʛʥʦʩʪʠʯʥʦʾ ʤʦʜʝʣʽ, ʚʠʨʘʟ (1), ʙʫʜʫʪʴ 

ʤʘʪʠ ʚʠʛʣʷʜ ʚʠʨʘʟ (2, 3) [1, 2]: 
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ʅʦʚʠʟʥʘ ʽʻʨʘʨʭʽʯʥʦʾ ʜʽʘʛʥʦʩʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʦʥʘ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʽʩʥʫʶʯʠʭ, ʧʦʙʫʜʦʚʘʥʘ ʟʘ ʽʻʨʘʨʭʽʯʥʠʤ ʧʨʠʥʮʠʧʦʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʦʨʝʪʠʢʦ-ʤʥʦʞʠʥʥʦʛʦ 

ʧʽʜʭʦʜʫ ʜʦ ʦʧʠʩʫ ʧʦʚʝʜʽʥʢʠ ʣʽʥʽʡʥʦʾ ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʤʦʜʝʣʷʭ ʩʢʣʘʜʦʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʷʢʠʭ ʧʝʨʝʪʚʦʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ʦʧʠʩʫʻʪʴʩʷ 

ʩʠʩʪʝʤʦʶ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ ʧʦʙʫʜʦʚʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʬʫʥʢʮʽʡ ʾʾ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ, ʪʘ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ ʟʥʘʯʝʥʥʷ ʢʦʞʥʦʾ ʟʤʽʥʥʦʾ ʚ ʯʘʩʽ ʧʨʠ ʜʦʚʽʣʴʥʠʭ 

ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚʘʭ ʽ ʰʠʨʦʢʦʤʫ ʢʣʘʩʫ ʪʝʩʪʦʚʠʭ ʜʽʷʥʴ, ʱʦ ʚʽʜʨʽʟʥʷʻ ʟʘʧʨʦʧʦʥʦʚʘʥʫ ʤʦʜʝʣʴ ʚʽʜ 

ʚʽʜʦʤʠʭ. 

ʅʘ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʽʩʥʫʻ ʩʪʽʡʢʘ ʪʝʥʜʝʥʮʽʷ ʱʦʜʦ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ 
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ʘʥʘʣʦʛʦʚʠʭ ʧʨʠʩʪʨʦʾʚ ʈɽɿʆ. ʇʨʠ ʮʴʦʤʫ ʟʤʽʥʶʻʪʴʩʷ ʘʣʛʦʨʠʪʤʽʯʥʘ ʩʭʝʤʘ ʆɼ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴʜʦ ʟʤʽʥʠ ʩʘʤʦʾ ʜʽʘʛʥʦʩʪʠʯʥʦʾ ʤʦʜʝʣʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʢʽʣʴʢʽʩʪʴ ʤʦʜʝʣʝʡ ʙʫʜʝ  
 

ɸʥʘʣʦʛʦʚʠʡ ʧʨʠʩʪʨʽʡ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ 

ɿʘʛʘʣʴʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʦʙôʻʢʪʘ ʫ(t) 

ʌʫʥʢʮʽʦʥʘʣʴʥʠʡ 

ʚʫʟʦʣ 1 

ʌʫʥʢʮʽʦʥʘʣʴʥʠʡ 

ʚʫʟʦʣ 2 

ʌʫʥʢʮʽʦʥʘʣʴʥʠʡ 

ʚʫʟʦʣ s 

ʄʘʪʝʤʘʪʠʯʥʘ 

ʤʦʜʝʣʴ ʬʫʥʢ. 

ʚʫʟʣʘ 1 ï ʫ21(t) 

ʄʘʪʝʤʘʪʠʯʥʘ 

ʤʦʜʝʣʴ ʬʫʥʢ. 

ʚʫʟʣʘ 2 ï ʫ22(t) 

 

ʄʘʪʝʤʘʪʠʯʥʘ 

ʤʦʜʝʣʴ ʬʫʥʢ. 

ʚʫʟʣʘ s ï ʫ2s(t) 
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ʧʽʜʚ.1 

ʄʄ 

ʧʽʜʚ.ʢ 

ʄʄ 

ʧʽʜʚ.b 
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ʧʽʜʚ.2 
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ʉʫʢʫʧʥʽʩʪʴ ʝʣʝʤʝʥʪʽʚ ʘʥʘʣʦʛʦʚʦʛʦ ʦʙôʻʢʪʫ, ʷʢʽ ʧʽʜʦʟʨʶʶʪʴʩʷ ʚ ʥʝʩʧʨʘʚʥʦʩʪʽ 

1 2 Ŭ 1 2 ɓ 1 2 

1-ʡ 
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ʈʠʩ. 1. ʋʟʘʛʘʣʴʥʝʥʘ ʘʣʛʦʨʠʪʤʽʯʥʘ ʩʭʝʤʘ ʧʦʙʫʜʦʚʠ ʜʽʘʛʥʦʩʪʠʯʥʦʾ ʤʦʜʝʣʽ 

 

ʜʦʨʽʚʥʶʚʘʪʠ ʢʽʣʴʢʦʩʪʽ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʦʙôʻʢʪʘ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʽʻʨʘʨʭʽʯʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ 

ʧʦʙʫʜʦʚʠ ʜʽʘʛʥʦʩʪʠʯʥʦʾ ʤʦʜʝʣʽ ʢʦʤʧʝʥʩʫʻ ʜʘʥʠʡ ʥʝʜʦʣʽʢ 

ʇʝʨʝʚʘʛʘ ʽʻʨʘʨʭʽʯʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʧʦʙʫʜʦʚʠ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʶ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʤʦʜʝʣʝʡ 

ʙʘʛʘʪʦʨʝʞʠʤʥʦʛʦ ʘʥʘʣʦʛʦʚʦʛʦ ʧʨʠʩʪʨʦʶ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʨʝʞʠʤ, ʧʨʠ ʷʢʦʤʫ ʦʙôʻʢʪ 

ʬʫʥʢʮʽʦʥʫʻ ʟ ʧʦʨʫʰʝʥʥʷʤʠ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʤʦʜʝʣʝʡ 1-ʛʦ 

ʨʽʚʥʷ ʜʝʢʦʤʧʦʟʠʮʽʾ. ɼʘʣʽ ʧʦʰʫʢ ʥʝʩʧʨʘʚʥʦʛʦ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʧʨʦʚʦʜʠʪʴʩʷ ʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʚʠʟʥʘʯʝʥʦʛʦ ʨʝʞʠʤʫ. 

ɺʠʭʦʜʷʯʠ ʟ ʽʻʨʘʨʭʽʯʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʧʦʙʫʜʦʚʠ ʜʽʘʛʥʦʩʪʠʯʥʦʾ ʤʦʜʝʣʽ ʘʥʘʣʦʛʦʚʦʛʦ 

ʧʨʠʩʪʨʦʶ  ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʘʩʪʫʧʥʠʡ ʘʣʛʦʨʠʪʤ ʚʠʟʥʘʯʝʥʥʷ ʤʦʜʝʣʽ: 

1. ʈʦʟʨʦʙʢʘ ʧʝʨʚʠʥʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʘʥʘʣʦʛʦʚʦʛʦ ʆɼ (ʧʝʨʰʠʡ ʨʽʚʝʥʴ 

ʜʝʢʦʤʧʦʟʠʮʽʾ). 

1.1. ɼʝʢʦʤʧʦʟʠʮʽʷ ʦʙôʻʢʪʫ ʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʚʫʟʣʠ. ʌʫʥʢʮʽʦʥʘʣʴʥʽ ʚʫʟʣʠ ʮʝ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦ-ʟʘʚʝʨʰʝʥʘ ʩʢʣʘʜʦʚʘ ʯʘʩʪʠʥʘ ʦʙôʻʢʪʘ.  

1.2. ɺʠʟʥʘʯʝʥʥʷ ʨʽʚʥʷʥʴ ʜʠʥʘʤʽʢʠ (ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʬʫʥʢʮʽʡ) ʢʦʞʥʦʛʦ ʚʫʟʣʘ ʦʙôʻʢʪʫ.  

1.3. ʇʦ ʚʠʟʥʘʯʝʥʠʤ ʨʽʚʥʷʥʥʷʤ ʜʠʥʘʤʽʢʠ (ʧʝʨʝʜʘʚʘʣʴʥʠʤ ʬʫʥʢʮʽʷʤ), ʩʢʣʘʜʘʥʥʷ 

ʘʣʛʦʨʠʪʤʽʯʥʦʾ ʩʭʝʤʠ ʦʙôʻʢʪʫ.  

1.4. ʉʢʣʘʜʘʥʥʷ ʩʭʝʤʠ ʦʙôʻʢʪʫ ʚ ʟʤʽʥʥʠʭ ʩʪʘʥʫ.  

1.5. ɺʠʟʥʘʯʝʥʥʷ ʤʦʜʝʣʽ ʪʝʩʪʦʚʦʛʦ ʜʽʷʥʥʷ. . 

1.6. ʉʢʣʘʜʘʥʥʷ ʩʭʝʤʠ ʚ ʟʤʽʥʥʠʭ ʩʪʘʥʫ ʪʝʩʪʦʚʦʛʦ ʜʽʷʥʥʷ.  

1.7. ʉʢʣʘʜʘʥʥʷ ʨʦʟʰʠʨʝʥʦʾ ʩʭʝʤʠ ʚ ʟʤʽʥʥʠʭ ʩʪʘʥʫ ʦʙôʻʢʪʫ.  

1.8. ʉʢʣʘʜʘʥʥʷ ʨʽʚʥʷʥʴ ʩʪʘʥʫ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʰʠʨʝʥʠʭ ʤʘʪʨʠʮʴ ʢʦʝʬʽʮʽʻʥʪʽʚ ʽ ʚʠʭʦʜʫ. 

1.9. ɺʠʟʥʘʯʝʥʥʷ ʢʦʦʨʜʠʥʘʪ ʚʝʢʪʦʨʘ ʚʠʭʦʜʫ 
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ʚuʭ

s

ʚuʭʚuʭ

p

T yyyyyy 33 2121=y , ʷʢʽ ʻ ʚʠʭʦʜʘʤʠ ʜʽʘʛʥʦʩʪʫʻʤʦʛʦ ʦʙôʻʢʪʫ ʪʘ 

ʚʠʭʦʜʘʤʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʫʟʣʽʚ.  

1.10. ɺʠʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʘʥʘʣʦʛʦʚʦʛʦ ʧʨʠʩʪʨʦʶ:  

1.10.1. ɺʠʟʥʘʯʝʥʥʷ ʚʝʢʪʦʨʫ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ ʦʙôʻʢʪʘ ʪʘ ʪʝʩʪʦʚʦʛʦ ʜʽʷʥʥʷ )0()( 0 vv =t , 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʫʣʴʦʚʠʭ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ (00 =t ).  

1.10.2. ɺʠʟʥʘʯʝʥʥʷ ʧʝʨʚʠʥʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʘʥʘʣʦʛʦʚʦʛʦ ʧʨʠʩʪʨʦʶ ʧʝʨʰʦʛʦ 

ʨʽʚʥʷ ʜʝʢʦʤʧʦʟʠʮʽʾ, ʷʢ: { } )(][)( 0

11 tpLt ʨp vAICy
-- -= . 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʣʽ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʟʥʘʯʝʥʥʷ ʜʽʘʛʥʦʩʪʠʯʥʦʛʦ ʧʘʨʘʤʝʪʨʫ ʥʘ ʚʠʭʦʜʘʭ 

ʆɼ ʧʨʠ 1tt= , )()()()()()()( 11211112111 tytytytytytyt ʚuʭ

s

ʚuʭʚuʭ

p

T 33=y  

 

2. ʈʦʟʨʦʙʢʘ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʫʟʣʽʚ ʘʥʘʣʦʛʦʚʦʛʦ ʆɼ (ʜʨʫʛʠʡ 

ʨʽʚʝʥʴ ʜʝʢʦʤʧʦʟʠʮʽʾ). 

2.1. ɼʝʢʦʤʧʦʟʠʮʽʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʫʟʣʽʚ ʦʙôʻʢʪʘ ʥʘ ʧʽʜʚʫʟʣʠ.  

2.2. ɺʠʟʥʘʯʝʥʥʷ ʨʽʚʥʷʥʴ ʜʠʥʘʤʽʢʠ (ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʬʫʥʢʮʽʡ) ʢʦʞʥʦʛʦ ʧʽʜʚʫʟʣʘ ʦʙôʻʢʪʫ. 

2.3. ʇʦ ʚʠʟʥʘʯʝʥʠʤ ʨʽʚʥʷʥʥʷʤ ʜʠʥʘʤʽʢʠ (ʧʝʨʝʜʘʚʘʣʴʥʠʤ ʬʫʥʢʮʽʷʤ), ʩʢʣʘʜʘʥʥʷ 

ʘʣʛʦʨʠʪʤʽʯʥʠʭ ʩʭʝʤ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʫʟʣʽʚ.  

2.4. ʉʢʣʘʜʘʥʥʷ ʩʭʝʤ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʫʟʣʽʚ ʚ ʟʤʽʥʥʠʭ ʩʪʘʥʫ.  

2.5. ɺʠʟʥʘʯʝʥʥʷ ʤʦʜʝʣʝʡ ʪʝʩʪʦʚʠʭ ʜʽʷʥʴ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʫʥʢʪʫ 1.10.2 . 

2.6. ʉʢʣʘʜʘʥʥʷ ʩʭʝʤʠ ʪʝʩʪʦʚʠʭ ʜʽʷʥʴ ʚ ʟʤʽʥʥʠʭ ʩʪʘʥʫ.  

2.7. ʉʢʣʘʜʘʥʥʷ ʨʦʟʰʠʨʝʥʠʭ ʩʭʝʤ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʫʟʣʽʚ ʚ ʟʤʽʥʥʠʭ ʩʪʘʥʫ.  

2.8. ʉʢʣʘʜʘʥʥʷ ʨʽʚʥʷʥʴ ʩʪʘʥʫ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʰʠʨʝʥʠʭ ʤʘʪʨʠʮʴ ʢʦʝʬʽʮʽʻʥʪʽʚ ʽ ʚʠʭʦʜʫ 

ʢʦʞʥʦʛʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʚʫʟʣʘ. 

2.9. ɺʠʟʥʘʯʝʥʥʷ ʢʦʦʨʜʠʥʘʪ ʚʝʢʪʦʨʽʚ ʚʠʭʦʜʽʚ ʧʽʜʚʫʟʣʽʚ 83
s

w
ws

1
2222212

=

=ÇÇÇ= yyyyy , 

wwww

T

w yyy y= 222122 3y , 

ʷʢʽ ʻ ʚʠʭʦʜʘʤʠ ʧʽʜʚʫʟʣʽʚ ʚʩʽʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʫʟʣʽʚ, s ï ʢʽʣʴʢʽʩʪʴ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʚʫʟʣʽʚ, yw ï ʟʤʽʥʥʘ, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻ ʢʽʣʴʢʽʩʪʴ ʚʠʭʦʜʽʚ w-ʛʦ ʧʽʜʚʫʟʣʘ. 

2.10. ɺʠʟʥʘʯʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʫʟʣʽʚ ʘʥʘʣʦʛʦʚʦʛʦ ʧʨʠʩʪʨʦʶ 

ʜʨʫʛʦʛʦ ʨʽʚʥʷ ʜʝʢʦʤʧʦʟʠʮʽʾ. 

2.10.1. ɺʠʟʥʘʯʝʥʥʷ ʚʝʢʪʦʨʽʚ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʫʟʣʽʚ ʪʘ ʪʝʩʪʦʚʠʭ ʜʽʷʥʴ 

)0()( 202 ww t vv = , ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʫʣʴʦʚʠʭ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ (00 =t ).  

2.10.2. ɺʠʟʥʘʯʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʫʟʣʽʚ ʜʨʫʛʦʛʦ ʨʽʚʥʷ 

ʜʝʢʦʤʧʦʟʠʮʽʾ, ʷʢ:  

83
s

w

ws ttttt
1

2222212 )()()()()(
=

=ÇÇÇ= yyyyy  { } )(][)( 02

1

2

1

22 tpLt wwʨwpw vAICy
-- -= . 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʣʝʡ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʟʥʘʯʝʥʥʷ ʜʽʘʛʥʦʩʪʠʯʥʦʛʦ ʧʘʨʘʤʝʪʨʫ ʥʘ ʚʠʭʦʜʘʭ 

ʧʽʜʚʫʟʣʽʚ ʚʩʽʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʫʟʣʽʚ, ʧʨʠ 1tt= ,  

83
s

w

ws ttttt
1

121212212112 )()()()()(
=

=ÇÇÇ= yyyyy , 

)()()()( 1212211212 tytytyt www

T

w y= 3y . 

ééééééééééééééééééééééééééééé. 

D. ʈʦʟʨʦʙʢʘ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʽʜʚʫʟʣʽʚ ʥʘʡʥʠʞʯʦʛʦ ʨʽʚʥʷ 

ʘʥʘʣʦʛʦʚʦʛʦ ʆɼ (d -  ʨʽʚʝʥʴ ʜʝʢʦʤʧʦʟʠʮʽʾ). 

D.1. ɼʝʢʦʤʧʦʟʠʮʽʷ ʧʽʜʚʫʟʣʽʚ ʦʙôʻʢʪʘ ʜʦ ʢʦʤʧʦʥʝʥʪʽʚ.  

D.2. ɺʠʟʥʘʯʝʥʥʷ ʨʽʚʥʷʥʴ ʜʠʥʘʤʽʢʠ (ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʬʫʥʢʮʽʡ) ʢʦʞʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. 

D.3. ʇʦ ʚʠʟʥʘʯʝʥʠʤ ʨʽʚʥʷʥʥʷʤ ʜʠʥʘʤʽʢʠ (ʧʝʨʝʜʘʚʘʣʴʥʠʤ ʬʫʥʢʮʽʷʤ), ʩʢʣʘʜʘʥʥʷ 

ʘʣʛʦʨʠʪʤʽʯʥʠʭ ʩʭʝʤ ʧʽʜʚʫʟʣʽʚ.  
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D.4. ʉʢʣʘʜʘʥʥʷ ʩʭʝʤ ʧʽʜʚʫʟʣʽʚ ʚ ʟʤʽʥʥʠʭ ʩʪʘʥʫ.  

D.5. ɺʠʟʥʘʯʝʥʥʷ ʤʦʜʝʣʝʡ ʪʝʩʪʦʚʠʭ ʜʽʷʥʴ. 

D.6. ʉʢʣʘʜʘʥʥʷ ʩʭʝʤʠ ʪʝʩʪʦʚʠʭ ʜʽʷʥʴ ʚ ʟʤʽʥʥʠʭ ʩʪʘʥʫ.  

D.7. ʉʢʣʘʜʘʥʥʷ ʨʦʟʰʠʨʝʥʠʭ ʩʭʝʤ ʧʽʜʚʫʟʣʽʚ ʚ ʟʤʽʥʥʠʭ ʩʪʘʥʫ.  

D.8. ʉʢʣʘʜʘʥʥʷ ʨʽʚʥʷʥʴ ʩʪʘʥʫ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʰʠʨʝʥʠʭ ʤʘʪʨʠʮʴ ʢʦʝʬʽʮʽʻʥʪʽʚ ʽ ʚʠʭʦʜʫ 

ʢʦʞʥʦʛʦ ʧʽʜʚʫʟʣʘ. 

D.9. ɺʠʟʥʘʯʝʥʥʷ ʢʦʦʨʜʠʥʘʪ ʚʝʢʪʦʨʽʚ ʚʠʭʦʜʽʚ ʧʽʜʚʫʟʣʽʚ 

83
g

q
dqdgddd

1
21

=

=ÇÇÇ= yyyyy , 
qdqdqdq

T

dw yyy x= 321y , ʷʢʽ ʻ ʚʠʭʦʜʘʤʠ ʢʦʤʧʦʥʝʥʪʽʚ 

ʚʩʽʭ ʧʽʜʚʫʟʣʽʚ, g ï ʢʽʣʴʢʽʩʪʴ ʧʽʜʚʫʟʣʽʚ, xq ï ʟʤʽʥʥʘ, ʱʦ ʚʠʟʥʘʯʘʻ ʢʽʣʴʢʽʩʪʴ ʢʦʤʧʦʥʝʥʪʽʚ q-ʛʦ 

ʧʽʜʚʫʟʣʘ. 

D.10. ɺʠʟʥʘʯʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʫʟʣʽʚ ʘʥʘʣʦʛʦʚʦʛʦ 

ʧʨʠʩʪʨʦʶ d-ʛʦ ʨʽʚʥʷ ʜʝʢʦʤʧʦʟʠʮʽʾ. 

D.10.1. ɺʠʟʥʘʯʝʥʥʷ ʚʝʢʪʦʨʽʚ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ ʧʽʜʚʫʟʣʽʚ ʪʘ ʪʝʩʪʦʚʠʭ ʜʽʷʥʴ 

)0()( 0 dqdqw t vv = , ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʫʣʴʦʚʠʭ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ (00 =t ).  

D.10.2. ɺʠʟʥʘʯʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʽʜʚʫʟʣʽʚ d-ʛʦ ʨʽʚʥʷ 

ʜʝʢʦʤʧʦʟʠʮʽʾ, ʷʢ:  

83
g

q

dqdgddd ttttt
1

21 )()()()()(
=

=ÇÇÇ= yyyyy , { } )(][)( 0

11 tpLt dqðdqpdqdq vAICy
-- -= . 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʣʝʡ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʟʥʘʯʝʥʥʷ ʜʽʘʛʥʦʩʪʠʯʥʦʛʦ ʧʘʨʘʤʝʪʨʫ ʥʘ 

ʚʠʭʦʜʘʭ ʢʦʤʧʦʥʝʥʪʽʚ ʚʩʽʭ ʧʽʜʚʫʟʣʽʚ, ʧʨʠ 1tt= ,  

83
g

q
dqdgddd ttttt

1
1112111 )()()()()(

=

=ÇÇÇ= yyyyy , 

)()()()( 112111 tytytyt
qdqdqdq

T

dq x= 3y . 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʽʻʨʘʨʭʽʯʥʫ 

ʜʽʘʛʥʦʩʪʠʯʥʫ ʤʦʜʝʣʴ ʘʥʘʣʦʛʦʚʦʛʦ ʧʨʠʩʪʨʦʶ, ʷʢʘ ʻ ʩʫʢʫʧʥʽʩʪʶ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʚʩʽʭ 

ʨʽʚʥʽʚ ʜʝʢʦʤʧʦʟʠʮʽʾ ʦʙôʻʢʪʫ.  

ɺʠʩʥʦʚʦʢ. ʈʦʟʨʦʙʣʝʥʘ ʜʽʘʛʥʦʩʪʠʯʥʘ ʤʦʜʝʣʴ ʜʦʟʚʦʣʷʻ ʘʥʘʣʽʪʠʯʥʠʤ ʰʣʷʭʦʤ ʚʠʟʥʘʯʘʪʠ 

ʟʥʘʯʝʥʥʷ ʜʽʘʛʥʦʩʪʠʯʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʫ ʙʫʜʴ-ʷʢʽʡ ʪʦʯʮʽ ʩʠʩʪʝʤʠ (ʦʙôʻʢʪʘ), ʱʦ ʥʝʦʙʭʽʜʥʦ ʧʨʠ 

ʜʽʘʛʥʦʩʪʫʚʘʥʥʽ ʦʙôʻʢʪʘ ʟ ʤʝʪʦʶ ʚʠʷʚʣʝʥʥʷ ʥʝʩʧʨʘʚʥʦʛʦ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʪʘ 

ʡʦʛʦ ʟʘʤʽʥʠ. 
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ʋɼʂ 621.396                                                                ʢ.ʪ.ʥ., ʜʦʮ. ʂʘʨʧʝʥʢʦ ɹ.ʆ. (ɺɯʂʅʋ) 

 ʢ.ʪ.ʥ. ʂʦʣʦʤʠʮʝʚ ʄ.ʆ. (ʅʊʋʋ ñʂʇɯò) 

ʢ.ʪ.ʥ., ʧʨʦʬ. ʗʢʦʨʥʦʚ ɭ.ɸ. (ʅʊʋʋ ñʂʇɯò) 

 ɸʚʜʻʻʥʢʦ ɻ.ʃ. (ʅʊʋʋ ñʂʇɯò) 

ʈʷʙʘ ʃ.ʆ. (ɺɯʂʅʋ) 

 

ʄʆɼɽʃʖɺɸʅʅʗ ʈʆɹʆʊʀ ʄʆɹɯʃʔʅʆɰ ʈɸɼɯʆʄɽʈɽɾɯ ɿ ʈʆɿʇʆɼɯʃɽʅʀʄʀ 

ɸʅʊɽʅʅʀʄʀ ʉʀʉʊɽʄɸʄʀ, ɼɯɸɻʈɸʄʀ ʅɸʇʈɸɺʃɽʅʆʉʊɯ ʗʂʀʍ ɸɼɸʇʊʆɺɸʅɯ 

ɼʆ ɺʇʃʀɺʋ ʇɽʈɽʐʂʆɼ ʇʈʀ ʆɹʄɽɾɽʅʆʄʋ ʏɸʉʊʆʊʅʆʄʋ ʈɽʉʋʈʉɯ 
 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʧʘʢʝʪʫ ʧʣʘʥʫʚʘʥʥʷ ʨʘʜʽʦʤʝʨʝʞ  ICS Telecom ʥʘʚʝʜʝʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ ʨʘʜʽʦʤʝʨʝʞʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʧʦʜʽʣʝʥʠʭ 

ʘʥʪʝʥʥʠʭ ʩʠʩʪʝʤ (ʈɸʉ), ʝʣʝʤʝʥʪʘʤʠ ʷʢʦʾ ʻ ʘʥʪʝʥʥʽ ʩʠʩʪʝʤʠ (ɸʉ) ʥʘ ʙʘʟʦʚʠʭ ʩʪʘʥʮʽʷʭ (ɹʉ), 

ʜʽʘʛʨʘʤʘ ʥʘʧʨʘʚʣʝʥʦʩʪʽ (ɼʅ) ʦʜʥʽʻʾ ʟ ʷʢʠʭ ʘʜʘʧʪʦʚʘʥʘ ʜʦ ʚʧʣʠʚʫ ʧʝʨʝʰʢʦʜ ʚʽʜ ʽʥʰʠʭ ɹʉ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʨʦʟʧʦʜʽʣʝʥʘ ʘʥʪʝʥʥʘ ʩʠʩʪʝʤʘ, ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʘ ʦʙʨʦʙʢʘ, ʘʜʘʧʪʠʚʥʘ 

ʦʙʨʦʙʢʘ, ʨʘʜʽʦʤʝʨʝʞʘ, ʜʽʘʛʨʘʤʘ ʥʘʧʨʘʚʣʝʥʦʩʪʽ, ʙʘʟʦʚʘ ʩʪʘʥʮʽʷ, ʤʦʙʽʣʴʥʘ ʩʪʘʥʮʽʷ,, ʘʜʘʧʪʠʚʥʘ 

ʘʥʪʝʥʥʘ ʨʝʰʽʪʢʘ, ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʘ ʧʝʨʝʰʢʦʜʘ. 

 

ʉ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ ʧʣʘʥʠʨʦʚʘʥʠʷ ʨʘʜʠʦʩʝʪʝʡ ICS Telecom ʧʨʠʚʝʜʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʙʦʪʳ ʨʘʜʠʦʩʝʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʘʥʪʝʥʥʳʭ ʩʠʩʪʝʤ (ʈɸʉ), ʵʣʝʤʝʥʪʘʤʠ ʢʦʪʦʨʦʡ ʷʚʣʷʶʪʩʷ ʘʥʪʝʥʥʳʝ ʩʠʩʪʝʤʳ  

(ɸʉ) ʥʘ ʙʘʟʦʚʳʭ ʩʪʘʥʮʠʷʭ (ɹʉ), ʜʠʘʛʨʘʤʤʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʦʜʥʦʡ ʠʟ ʢʦʪʦʨʳʭ ʘʜʘʧʪʠʨʦʚʘʥʘ ʢ 

ʚʣʠʷʥʠʶ ʧʦʤʝʭ ʦʪ ʜʨʫʛʠʭ ɹʉ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʘʥʪʝʥʥʘʷ ʩʠʩʪʝʤʘ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʘʷ 

ʦʙʨʘʙʦʪʢʘ, ʘʜʘʧʪʠʚʥʘʷ ʦʙʨʘʙʦʪʢʘ, ʨʘʜʠʦʩʝʪʴ, ʜʠʘʛʨʘʤʤʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ, ʙʘʟʦʚʘʷ ʩʪʘʥʮʠʷ 

ʤʦʙʠʣʴʥʘʷ ʩʪʘʥʮʠʷ, ʘʜʘʧʪʠʚʥʘʷ ʘʥʪʝʥʥʘʷ ʨʝʰʝʪʢʘ, ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʘʷ ʧʦʤʝʭʘ. 

 

Performance modeling results of a  radio network with distributed antenna systems (DAS), which 

consists of antenna arrays located at base stations, one of them with adaptive beam pattern to reject 

interferences from other base stations, by applying radio network`s planning software named ICS 

Telecom.  

Keywords: distributed antenna systems , space-time processing, adaptive processing, radionetwork, 

description of orientation, base station, mobile station, adaptive antenna array, interference hindrance.  

 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʽ ʘʥʘʣʽʟ ʚʽʜʦʤʠʭ ʧʫʙʣʽʢʘʮʽʡ. ʋ ʨʦʙʦʪʽ [1] ʚʢʘʟʘʥʦ ʥʘ ʥʘʷʚʥʽʩʪʴ 

ʩʫʪʪʻʚʠʭ ʥʝʜʦʣʽʢʽʚ ʨʽʟʥʠʭ ʛʨʫʧ ʤʝʪʦʜʽʚ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʾ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ (ʇʏʆʉ) ʚ 

ʤʦʙʽʣʴʥʽʡ ʨʘʜʽʦʤʝʨʝʞʽ ʟ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʘʥʪʝʥʥʠʤʠ ʩʠʩʪʝʤʘʤʠ (ʈɸʉ), ʘ ʫ [2] ʧʦʢʘʟʘʥʦ, ʱʦ 

ʦʜʥʠʤ ʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʨʘʜʽʦʤʝʨʝʞ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʜʘʧʪʠʚʥʠʭ ʘʥʪʝʥʥʠʭ ʨʝʰʽʪʦʢ (ɸɸʈ ʘʙʦ Smart-ʘʥʪʝʥ) ʷʢ 

ʧʦʦʜʠʥʮʽ, ʪʘʢ ʽ ʚ ʷʢʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʈɸʉ. ʂʨʤ̔ ʪʦʛʦ, ʦʩʥʦʚʥʦ ʁʧʨʦʙʣʝʤʦʶ, ʱʦ ʩʪʨʠʤʫʻ 

ʟʙʽʣʴʰʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʪʨʘʬʽʢʫ ʚ ʤʦʙʽʣʴʥʠʭ ʨʘʜʽʦʤʝʨʝʞʘʭ ʻ ʦʙʤʝʞʝʥʽʩʪʴ 

ʨʘʜʽʦʯʘʩʪʦʪʥʦʛʦ ʨʝʩʫʨʩʫ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʟʙʽʣʴʰʝʥʥʷ ʪʨʘʬʽʢʫ ʤʦʞʥʘ ʜʦʩʷʛʥʫʪʠ ʣʠʰʝ 

ʰʣʷʭʦʤ ʧʦʚʪʦʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʘʜʽʦʯʘʩʪʦʪ ʚ ʤʝʞʘʭ ʨʘʜʽʦʤʝʨʝʞʽ, ʨʦʟʙʠʚʘʶʯʠ ʟʦʥʫ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʥʘ ʩʪʽʣʴʥʠʢʠ, ʯʘʩʪʦʪʥʠʡ ʧʣʘʥ ʷʢʠʭ ʧʝʨʽʦʜʠʯʥʦ ʧʦʚʪʦʨʶʻʪʴʩʷ. ʆʜʥʘʢ, ʚ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʚʠʥʠʢʘʻ ʟʙʽʣʴʰʝʥʥʷ  ʢʽʣʴʢʦʩʪʽ ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʠʭ ʧʝʨʝʰʢʦʜ ʫ ʩʫʩʽʜʥʽʭ ʩʪʽʣʴʥʠʢʘʭ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʛʽʨʰʝʥʥʷ ʚʽʜʥʦʰʝʥʥʷ ʥʝʩʫʯʘ/ʰʫʤ  ʚ ʧʨʠʡʤʘʯʽ ʷʢ ʙʘʟʦʚʦʾ, ʪʘʢ ʽ ʤʦʙʽʣʴʥʦʾ 

ʩʪʘʥʮʽʡ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʚ ʤʝʞʘʭ ʟʦʥʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʠʥʠʢʘʶʪʴ ʦʙʣʘʩʪʽ, ʜʝ ʨʘʜʽʦʟʚ`ʷʟʦʢ 

ʥʝʤʦʞʣʠʚʠʡ [3].  

ʆʩʥʦʚʥʘ ʤʝʪʘ ʨʦʙʦʪʠ. ɸʥʘʣʽʟ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʠʭ 

ʧʝʨʝʰʢʦʜ ʟ ʤʝʪʦʶ ʧʦʢʨʘʱʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʩʫʤʽʩʥʦʩʪʽ (ɽʄʉ) ʚ ʤʦʙʽʣʴʥʽʡ ʨʘʜʽʦʤʝʨʝʞʽ ʟ 

ʈɸʉ, ʝʣʝʤʝʥʪʘʤʠ ʷʢʦʾ ʻ ɸʉ ʟ ʘʜʘʧʪʦʚʘʥʠʤʠ ʜʦ ʚʧʣʠʚʫ ʧʝʨʝʰʢʦʜ ɼʅ ʥʘ ʙʘʟʦʚʠʭ ʩʪʘʥʮʽʷʭ 

ʰʣʷʭʦʤ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʨʘʜʽʦʤʝʨʝʞʽ ʩʪʘʥʜʘʨʪʫ GSM.  

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɺ ʷʢʦʩʪʽ ʢʨʠʪʝʨʽʶ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʧʣʠʚʫ ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʠʭ 

ʧʝʨʝʰʢʦʜ ʚʠʙʝʨʝʤʦ ʚʽʜʥʦʰʝʥʥʷ ʨʽʚʥʽʚ ʢʦʨʠʩʥʦʛʦ ʩʠʛʥʘʣʫ ʡ ʧʝʨʝʰʢʦʜʠ C/I 
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(carrier/interference) ʥʘ ʚʭʦʜʽ ʧʨʠʡʤʘʯʘ ɹʉ. ʊʘʢʠʡ ʚʠʙʽʨ ʦʙʫʤʦʚʣʝʥʠʡ ʜʚʦʤʘ ʦʩʥʦʚʥʠʤʠ 

ʧʨʠʯʠʥʘʤʠ:  

ï ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʠʧʫ ʤʝʨʝʞʽ ʟʥʘʯʝʥʥʷ C/I ʤʦʞʥʘ ʢʦʥʚʝʨʪʫʚʘʪʠ ʚ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ 

ʚ ʢʘʥʘʣʽ; 

ï ʚ ʙʽʣʴʰʦʩʪʽ ʩʫʯʘʩʥʠʭ ʤʝʨʝʞ ʟʥʘʯʝʥʥʷ ʚʣʘʩʥʠʭ ʰʫʤʽʚ ʚ ʧʨʠʡʤʘʯʘʭ ʥʘʙʘʛʘʪʦ ʤʝʥʰʝ 

ʥʽʞ ʟʥʘʯʝʥʥʷ ʧʝʨʝʰʢʦʜ, ʪʦʤʫ ʤʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ: 

I

C

NI

C
º

+
.                                                                      (1) 

ɼʣʷ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ɸʉ ʟ ʘʜʘʧʪʦʚʘʥʦʶ ʜʦ ʧʝʨʝʰʢʦʜ ɼʅ, 

ʱʦ ʟʜʽʡʩʥʶʻ ʇʏʆʉ, ʧʨʦʧʦʥʫʻʤʦ ʥʘʩʪʫʧʥʠʡ ʘʣʛʦʨʠʪʤ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ: 

1) ʙʫʜʫʻʤʦ ʥʝʚʝʣʠʢʠʡ ʬʨʘʛʤʝʥʪ ʤʝʨʝʞʽ ʥʘ ʦʢʨʝʤʽʡ ʪʝʨʠʪʦʨʽʾ;  

2) ʨʦʟʨʘʭʦʚʫʻʤʦ ʧʦʢʨʠʪʪʷ ʤʝʨʝʞʽ ʪʘ ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʽ ʧʝʨʝʰʢʦʜʠ ʚʩʝʨʝʜʠʥʽ ʤʝʨʝʞʽ;  

3) ʛʝʥʝʨʫʻʤʦ ʘʙʦʥʝʥʪʽʚ ʪʘ ʧʽʜʢʣʶʯʘʻʤʦ ʾʭ ʜʦ ʩʚʦʾʭ ɹʉ ʟʘ ʤʘʢʩʠʤʘʣʴʥʠʤ ʨʽʚʥʝʤ 

ʢʦʨʠʩʥʦʛʦ ʩʠʛʥʘʣʫ ʚʽʜ ɹʉ; 

4) ʦʮʽʥʶʻʤʦ ʜʣʷ ʢʦʞʥʦʾ ɹʉ ʨʘʜʽʦʤʝʨʝʞʽ ʟʥʘʯʝʥʥʷ C/I; 

5) ʘʜʘʧʪʫʻʤʦ ɼʅ ɸʉ ɹʉ ʨʘʜʽʦʤʝʨʝʞʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʘʙʦʥʝʥʪʽʚ; 

6) ʧʨʦʚʦʜʠʤʦ ʧʦʚʪʦʨʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʧʦʢʨʠʪʪʷ ʤʝʨʝʞʽ ʪʘ ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʠʭ ʧʝʨʝʰʢʦʜ ʚ 

ʩʝʨʝʜʠʥʽ ʤʝʨʝʞʽ;  

7) ʦʮʽʥʶʻʤʦ ʜʣʷ ʢʦʞʥʦʾ ɹʉ ʨʘʜʽʦʤʝʨʝʞʽ ʟʥʘʯʝʥʥʷ C/I. 

ɿ ʤʝʪʦʶ ʧʝʨʝʚʽʨʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʟʜʽʡʩʥʠʤʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʜʣʷ ɹʉ ʟ ʪʨʴʦʤʘ ʩʝʢʪʦʨʘʤʠ ʜʣʷ ʜʚʦʭ ʪʠʧʽʚ ʨʘʜʽʦʤʝʨʝʞ: 

 ï ʨʘʜʽʦʤʝʨʝʞʽ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʽ ʯʘʩʪʦʪʠ ʚ ʢʦʞʥʦʤʫ ʩʝʢʪʦʨʽ ɹʉ ʽ ʚ ʢʦʞʥʦʤʫ 

ʩʝʢʪʦʨʽ ʻ ʚʣʘʩʥʠʡ ʧʝʨʝʜʘʚʘʯ (ʧʨʠʡʤʘʯ) (ʨʠʩ.1); 

ï ʨʘʜʽʦʤʝʨʝʞʽ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʦʜʥʘʢʦʚʽ ʯʘʩʪʦʪʠ ʚ ʢʦʞʥʦʤʫ ʩʝʢʪʦʨʽ ʽ ʚʩʽ ʩʝʢʪʦʨʠ 

ʧʨʘʮʶʶʪʴ ʥʘ ʦʜʠʥ ʧʝʨʝʜʘʚʘʯ (ʧʨʠʡʤʘʯ) (ʨʠʩ.2). 

 

ʈʠʩ. 1. ʈʘʜʽʦʤʝʨʝʞʘ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʨʴʦʭ 

ʯʘʩʪʦʪ  

ʈʠʩ. 2. ʈʘʜʽʦʤʝʨʝʞʘ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʜʥʽʻʾ 

ʯʘʩʪʦʪʠ  

ʈʠʩ. 3. ɿʘʚʘʜʠ ʚ ʨʘʜʽʦʤʝʨʝʞʽ  

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʨʴʦʭ ʯʘʩʪʦʪ  

 

ʈʠʩ. 4. ɿʘʚʘʜʠ ʚ ʨʘʜʽʦʤʝʨʝʞʽ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʜʥʽʻʾ ʯʘʩʪʦʪʠ 

  
ʎʝ ʦʙʫʤʦʚʣʝʥʦ ʥʘʩʪʫʧʥʠʤ ʬʘʢʪʦʨʦʤ. ɺ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ (ʨʠʩ.1,3) ʤʝʨʝʞʘ ʧʦʙʫʜʦʚʘʥʘ 

ʪʘʢ, ʱʦ ʩʝʢʪʦʨʠ ɹʉ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʦʜʥʘʢʦʚʽ ʯʘʩʪʦʪʠ, ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʚʽʜʩʪʘʥʽ, ʱʦ ʥʝ 

ʤʝʥʰ ʥʽʞ ʚʜʚʽʯʽ ʙʽʣʴʰʘ ʟʘ ʚʽʜʩʪʘʥʴ ʚʽʜ ʘʙʦʥʝʥʪʩʴʢʦʛʦ ʪʝʨʤʽʥʘʣʫ (ɸʊ) ʢʦʨʠʩʪʫʚʘʯʘ ʜʦ ʩʚʦʻʾ 
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ɹʉ. ʏʝʨʝʟ ʮʝ ʩʫʤʘʨʥʠʡ ʨʽʚʝʥʴ ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʠʭ ʧʝʨʝʰʢʦʜ ʚ ʪʘʢʽʡ ʤʝʨʝʞʽ ʥʠʞʯʝ. ɺ ʜʨʫʛʦʤʫ 

ʚʠʧʘʜʢʫ (ʨʠʩ.2,4) ʩʝʢʪʦʨʠ ɹʉ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʦʜʥʘʢʦʚʽ ʯʘʩʪʦʪʠ, ʤʦʞʫʪʴ ʟʥʘʭʦʜʠʪʠʩʴ 

ʤʘʡʞʝ ʥʘ ʦʜʥʘʢʦʚʽʡ ʚʽʜʩʪʘʥʽ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ ʽ ʨʽʚʝʥʴ ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʠʭ ʧʝʨʝʰʢʦʜ ʚ ʤʝʨʝʞʽ 

ʤʦʞʝ ʙʫʪʠ ʩʠʣʴʥʽʰʠʤ. 

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʯʘʩʪʠʥʘ ʤ. ʂʠʻʚʘ ʟʽ ʱʽʣʴʥʦʶ ʤʽʩʴʢʦʶ ʟʘʙʫʜʦʚʦʶ 

ʪʘ ʧʨʦʬʝʩʽʡʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʦʟʨʘʭʫʥʢʫ ʨʘʜʽʦʤʝʨʝʞ ï ICS Telecom ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʥʘʩʪʫʧʥʠʭ ʜʘʥʠʭ: 

- ʨʝʣʴʻʬʫ ʤʽʩʮʝʚʦʩʪʠ ʟ ʨʦʟʤʽʨʦʤ ʧʽʢʩʝʣʷ 5 x 5 ʤ ʪʘ ʪʦʯʥʽʩʪʶ ʧʦ ʚʠʩʦʪʽ 1 ʤ; 

- ʟʘʙʫʜʦʚʠ ʟ ʨʦʟʤʽʨʦʤ ʧʽʢʩʝʣʷ 5 x 5  ʤ ʟ ʪʦʯʥʽʩʪʶ ʜʦ ʧʦʚʝʨʭʫ; 

- ʢʣʘʩʪʝʨʘ ʟ ʨʦʟʤʽʨʦʤ ʧʽʢʩʝʣʷ 5 x 5 ʤ ʪʘ ʪʦʯʥʽʩʪʶ 1 ʤ; 

ʄʦʜʝʣʽ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʨʘʜʽʦʭʚʠʣʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʥʘʩʪʫʧʥʽ: 

ï Okamura/Hata/Davidson, ʘʙʦ ITU R.P 1546 ʜʣʷ ʯʘʩʪʦʪ ʜʦ 2 ɻɻʮ; 

ï Deygout 94 ï ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʦʩʣʘʙʣʝʥʴ ʯʝʨʝʟ ʜʠʬʨʘʢʮʽʶ ʨʘʜʽʦʭʚʠʣʴ; 

ï ITU R.P 526/526 ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʜʣʷ ʯʘʩʪʦʪ ʚʠʱʝ ʟʘ 2 ɻɻʮ.  

ï ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʚʩʝʨʝʜʠʥʫ ʢʣʘʩʪʝʨʽʚ; 

ï  ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʦʟʧʦʚʩʶʜʞʝʥʴ ʧʦ ʢʘʥʴʡʦʥʘʤ ʚʫʣʠʮʴ.  

ʈʦʟʛʣʷʥʝʤʦ ʜʝʷʢʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʰʢʦʜ ʚ ʨʘʜʽʦʤʝʨʝʞʽ ʟ ʨʽʟʥʠʤʠ 

ʯʘʩʪʦʪʘʤʠ ʚ ʢʦʞʥʦʤʫ ʩʝʢʪʦʨʽ ɹʉ ʟ ʧʘʨʘʤʝʪʨʘʤʠ: ʩʪʘʥʜʘʨʪ GSM (E-GSM), ʩʤʫʛʘ ʯʘʩʪʦʪ 

ʦʜʥʦʛʦ ʨʘʜʽʦʢʘʥʘʣʫ ï 271 ʢɻʮ, ʯʘʩʪʦʪʠ ʧʨʠʡʦʤʫ/ʧʝʨʝʜʘʯʽ ï 870/915 ʄɻʮ, ʧʦʪʫʞʥʽʩʪʴ 

ʧʝʨʝʜʘʚʘʯʘ ɹʉ ï 10 ɺʪ, ʧʦʩʣʘʙʣʝʥʥʷ ʚ ʬʽʜʝʨʽ ï 3 ʜɹ, ʚʣʘʩʥʽ ʰʫʤʠ ʧʨʠʡʤʘʯʘ ï116 ʜɹʤ , ɼʅ 

ɸʉ ɹʉ ʪʨʠʩʝʢʪʦʨʥʘ, ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ɸʉ ɹʉ ï 16 ʜɹ, ʚʠʩʦʪʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ɸʉ 10 ʤ ʥʘʜ 

ʜʘʭʦʤ ʙʫʜʽʚʣʽ. ʇʘʨʘʤʝʪʨʠ ɸʊ: ʧʦʪʫʞʥʽʩʪʴ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ï 3 ɺʪ, ʯʫʪʣʠʚʽʩʪʴ ʧʨʠʡʤʘʯʘ  ï 

107 ʜɹʤ, ʯʘʩʪʦʪʠ ï ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʦʙʦʯʠʭ ʯʘʩʪʦʪ ɹʉ, ʘʥʪʝʥʘ ï ʽʟʦʪʨʦʧʥʘ, ʚʠʩʦʪʘ ʾʾ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʘʜ ʧʦʚʝʨʭʥʝʶ ʟʝʤʣʽ 2 ʤ. 

 

 

ʈʠʩ. 5. ʈʦʟʤʽʱʝʥʥʷ ɹʉ ʨʘʜʽʦʤʝʨʝʞʽ ʥʘ 

ʤʽʩʮʝʚʦʩʪʽ 

  ʈʠʩ. 6. ʇʦʢʨʠʪʪʷ ʨʘʜʽʦʤʝʨʝʞʽ ʟ 3-ʭ ɹʉ 

 

ɹʉ ʙʫʣʠ ʚʩʪʘʚʣʝʥʽ ʥʘ ʙʫʜʠʥʢʘʭ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʠʩ. 5. ɺʠʙʽʨ ʮʠʭ ʧʦʟʠʮʽʡ ʦʙʫʤʦʚʣʝʥʠʡ 

ʪʠʤ, ʱʦ ɹʉ, ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʥʠʭ, ʤʘʪʠʤʫʪʴ ʥʘʡʙʽʣʴʰʫ ʟʦʥʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ 

ʧʝʨʝʰʢʦʜ). 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʱʝʟʘʟʥʘʯʝʥʠʭ ʤʦʜʝʣʝʡ ʙʫʚ ʧʨʦʚʝʜʝʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʧʦʢʨʠʪʪʷ 

ʨʘʜʽʦʤʝʨʝʞʽ (ʨʠʩ. 6). ʈʽʚʝʥʴ ʩʠʛʥʘʣʫ ʚ ʜɹʤ ʥʘ ʨʠʩʫʥʢʫ ʚʽʜʧʦʚʽʜʘʻ ʰʢʘʣʽ ʟʥʠʟʫ ʨʠʩʫʥʢʘ. ʗʢ 

ʚʠʜʥʦ ʟ ʨʠʩ. 6 ʥʘ ʚʩʽʡ ʪʝʨʠʪʦʨʽʾ (ʤʘʡʞʝ ʚʩʽʡ) ʨʽʚʝʥʴ ʩʠʛʥʘʣʫ ʚʠʱʝ ʟʘ ʤʽʥʽʤʘʣʴʥʦ ʥʝʦʙʭʽʜʥʠʡ 

(-107 ʜɹʤ).  

ɼʣʷ ʟʨʫʯʥʦʩʪʽ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ ʨʘʜʽʦʤʝʨʝʞʘ ʨʘʟʙʠʚʘʣʘʩʷ ʥʘ 9 ʩʝʢʪʦʨʽʚ ʟʘ ʨʽʚʥʝʤ 

ʩʠʛʥʘʣʫ (ʨʠʩ.7) (ʧʦ 3 ʩʝʢʪʦʨʠ ʥʘ ʢʦʞʥʫ ɹʉ: ʩʝʢʪʦʨʠ ˉˉ1,2,3 ʜʣʷ ɹʉ ˉ1; ʩʝʢʪʦʨʠ ˉˉ4, 5, 6 

ʜʣʷ ɹʉ ˉ2 ʽ ʩʝʢʪʦʨʠ ˉˉ7, 8, 9 ʜʣʷ ɹʉ ˉ3). ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʠʩ. 7 ʨʝʘʣʴʥʘ ʤʝʨʝʞʘ ʤʘʻ ʜʦʩʠʪʴ 
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ʩʢʣʘʜʥʫ ʨʦʟʙʠʚʢʫ ʥʘ ʩʝʢʪʦʨʠ, ʷʢʘ ʣʠʰʝ ʚʽʜʜʘʣʝʥʦ ʥʘʛʘʜʫʻ ʽʜʝʘʣʽʟʦʚʘʥʫ ʥʘ ʨʠʩ. 1. ʊʦʤʫ ʚ 

ʧʦʜʘʣʴʰʦʤʫ ʘʥʘʣʽʟʫʚʘʣʠʩʷ ʩʝʢʪʦʨʠ: 1 (ɹʉ ˉ1), 4 (ɹʉ ˉ2) ʪʘ 7 (ɹʉ ˉ3).  

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʽʥʪʝʨʬʝʨʝʥʮʽʾ ʚ ʨʘʜʽʦʤʝʨʝʞʽ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 8. ɿʦʥʠ, ʜʝ 

ʚʽʜʥʦʰʝʥʥʷ C/I ʤʝʥʴʰʝ ʥʽʞ 16 ʜɹ, ʥʘ ʨʠʩʫʥʢʫ ʚʽʜʦʙʨʘʞʝʥʽ ʪʝʤʥʦ-ʩʽʨʠʤ ʢʦʣʴʦʨʦʤ. ʗʢ ʚʠʜʥʦ ʟ 

ʨʠʩ.8 ʟʥʘʯʥʘ ʪʝʨʠʪʦʨʽʷ, ʜʝ ʧʨʠʩʫʪʥʽʡ ʜʦʩʪʘʪʥʽʡ  ʨʽʚʝʥʴ ʩʠʛʥʘʣʫ ʚʽʜ ʚʽʜʧʦʚʽʜʥʦʾ ɹʉ, ʚʠʧʘʜʘʻ ʟ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʯʝʨʝʟ ʪʝ, ʱʦ ʚʽʜʥʦʰʝʥʥʷ C/I ʪʘʤ ʤʝʥʰʝ ʥʽʞ 16 ʜɹ. ʎʝ ʥʘʩʣʽʜʦʢ ʪʦʛʦ, ʱʦ 

ʤʘʡʞʝ ʚ ʢʦʞʥʽʡ ʪʦʯʮʽ ʪʝʨʠʪʦʨʽʾ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ɸʊ ʧʨʠʡʤʘʻ ʩʠʛʥʘʣʠ ʜʝʢʽʣʴʢʦʭ ɹʉ, ʱʦ 

ʧʨʘʮʶʶʪʴ ʥʘ ʦʜʥʽʡ ʯʘʩʪʦʪʽ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʥʘʡʙʽʣʴʰʠʭ  ʚʠʩʦʪʘʭ ʚ ʮʽʡ ʤʽʩʮʝʚʦʩʪʽ. 

 

ʈʠʩ. 7. ʉʝʢʪʦʨʽʟʘʮʽʷ ʨʘʜʽʦʤʝʨʝʞʽ 

 

ʊʘʢʘ ʨʘʜʽʦʤʝʨʝʞʘ ʫ ʧʦʜʘʣʴʰʦʤʫ ʥʝ ʧʨʠʜʘʪʥʘ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʩʪʘʥʜʘʨʪʽ GSM ʽ ʧʦʪʨʝʙʫʻ 

ʟʤʝʥʰʝʥʥʷ ʽʥʪʝʨʬʝʨʝʥʮʽʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦʩʴ ʽʟ ʥʘʩʪʫʧʥʠʭ ʚʽʜʦʤʠʭ ʤʝʪʦʜʽʚ: ʨʦʟʥʝʩʝʥʥʷ  

 

ʈʠʩ. 8. ʈʦʟʨʘʭʫʥʦʢ ʽʥʪʝʨʬʝʨʝʥʮʽʡ ʚ ʨʘʜʽʦʤʝʨʝʞʽ  

 

ʩʝʢʪʦʨʽʚ ʧʦ ʯʘʩʪʦʪʽ, ʥʘʭʠʣ ʘʥʪʝʥ ʜʦ ʟʝʤʣʽ ʪʘ ʟʤʽʥʘ ʤʽʩʮʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ɹʉ.  
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ʊʘʢʦʞ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʽʥʪʝʨʬʝ-ʨʝʥʮʽʡ ʷʢ ɹʉ ˉ1 ʚʽʜ ɸʊ ʩʫʩʽʜʥʠʭ ɹʉ (ˉˉ2,3) ʪʘʢ ʽ 

ʧʝʨʝʰʢʦʜ ɸʊ ɹʉ ˉ2 ʽ ɹʉ ˉ3 ʚʽʜ ʧʝʨʝʜʘʚʘʯʘ ɹʉ ˉ1 (ʪʦʙʪʦ, ʷʢ ʥʘ ʨʘʜʽʦʣʽʥʽʾ çʫʛʦʨʫè ʪʘʢ ʽ 

ʨʘʜʽʦʣʽʥʽʾ çʫʥʠʟè) ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ  ʇʏʆʉ ʥʘ ɹʉ ˉ1 ï ʪʦʙʪʦ, ʫ ʜʘʥʽʡ ɹʉ ʟʘʩʪʦʩʫʚʘʪʠ 

ʘʥʪʝʥʫ ʟ ʘʜʘʧʪʠʚʥʦʶ ɼʅ, ʱʦ ʷʚʣʷʻ ʩʦʙʦʶ ɸɸʈ, ʫ ʢʘʥʘʣʘʭ ʷʢʦʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʠʩʪʨʦʶ 

ʚʘʛʦʚʦʛʦ ʟʚʘʞʫʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʥʘ ʘʤʧʣʽʪʫʜʠ ʡ ʬʘʟʠ ʧʨʠʡʥʷʪʠʭ ʩʠʛʥʘʣʽʚ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʟʘʜʘʥʦʛʦ ʢʨʠʪʝʨʽʶ ʦʧʪʠʤʘʣʴʥʦʩʪʽ [4]. ʇʨʠ ʮʴʦʤʫ ʬʦʨʤʫʻʪʴʩʷ ʤʘʢʩʠʤʫʤ ʢʦʝʬʽʮʽʻʥʪʘ 

ʧʽʜʩʠʣʝʥʥʷ (ʂʇ) ʫ ʢʫʪʦʚʦʤʫ ʥʘʧʨʷʤʢʫ ʥʘ ɸʊ ʩʚʦʛʦ ʩʪʽʣʴʥʠʢʘ ʽ ʟʤʝʥʰʫʻʪʴʩʷ ʂʇ ʘʥʪʝʥʠ ʚ 

ʥʘʧʨʷʤʢʫ ɸʊ ʩʫʩʽʜʥʴʦʛʦ ʩʪʽʣʴʥʠʢʘ, ʱʦ ʧʨʘʮʶʻ ʥʘ ʮʽʡ ʞʝ ʯʘʩʪʦʪʽ, (ʪʦʙʪʦ ʬʦʨʤʫʻʪʴʩʷ 

çʧʨʦʚʘʣè ʫ ɼʅ ʘʥʪʝʥʠ ʚ ʢʫʪʦʚʦʤʫ ʥʘʧʨʷʤʢʫ ʥʘ ʜʞʝʨʝʣʦ ʧʝʨʝʰʢʦʜʠ) - ʧʨʦʩʪʦʨʦʚʘ ʦʙʨʦʙʢʘ, ʟ 

ʧʦʜʘʣʴ-ʰʦʶ ʚʥʫʪʨʽʰʥʴʦʧʨʠʡʤʘʣʴʥʦʶ (ʯʘʩʦʚʦʶ) ʦʙʨʦʙʢʦʶ. ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ, ʧʦ-ʧʝʨʰʝ, 

ʚʽʜʙʫʜʝʪʴʩʷ ʟʤʝʥʰʝʥʥʷ ʨʽʚʥʷ ʧʝʨʝʰʢʦʜ, ʷʢʽ ʦʜʝʨʞʠʪʴ ʜʘʥʠʡ ɸʊ ʥʘ ʣʽʥʽʾ çʚʥʠʟè, ʧʦ-ʜʨʫʛʝ, 

ʟʤʝʥʰʠʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʧʝʨʝʰʢʦʜ ɹʉ ʥʘ ʣʽʥʽʾ çʚʛʦʨʫè. 

ʇʨʠ ʮʴʦʤʫ ʩʠʛʥʘʣʴʥʫ ʩʢʣʘʜʦʚʫ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʜʣʷ ɸɸʈ ʟ ʚʠʜʽʣʝʥʠʤ ʦʩʥʦʚʥʠʤ 

ʢʘʥʘʣʦʤ ʦʙʨʦʙʢʠ ʟʛʽʜʥʦ [4] ʧʽʩʣʷ ʇʏʆʉ ʤʦʞʥʘ ʧʦʜʘʪʠ ʫ ʚʠʛʣʷʜʽ 
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ʜʝ  çÃè - ʟʥʘʢ ʤʘʪʨʠʯʥʦʛʦ ʜʦʙʫʪʢʫ ʂʨʦʥʝʢʝʨʘ. 

ʊʦʜ̔ ʟ (4)  ʦʪʨʠʤʘʻʤʦ, ɦ ʦ 

  
M1

ʊ
ʦʩʥɜ.ocʥ

ʧ.ʚʠʭY
h

N t

+

*

=
ɁK#

# ,                                                (6) 

ʜʝ tɁ - ʚʝʢʪʦʨ-ʩʪʦʚʧʝʮʴ ʜʠʩʢʨʝʪʠʟʦʚʘʥʦʾ ʚ ʯʘʩʽ ʧʝʨʝʰʢʦʜʠ. 

ɿ (6) ʚʠʜʥʦ, ʱʦ ʯʠʤ ʧʦʪʫʞʥʽʰʘ ʧʝʨʝʰʢʦʜʘ (ʪʦʙʪʦ ʙʽʣʴʰʝ h) ʚʽʜʥʦʩʥʦ ʨʽʚʥʷ ʚʣʘʩʥʠʭ ʰʫʤʽʚ, 

ʪʠʤ ʩʠʣʴʥʽʰʝ ʚʦʥʘ ʧʨʠʜʫʰʫʻʪʴʩʷ. ʊʦʙʪʦ ʬʦʨʤʫʻʪʴʩʷ ʙʽʣʴʰ ʛʣʠʙʦʢʠʡ çʧʨʦʚʘʣè ʚ ɼʅ ɸʉ.  
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ʈʠʩ. 9. ɻʝʥʝʨʘʮʽʷ ʘʙʦʥʝʥʪʽʚ ʚ ʨʘʜʽʦʤʝʨʝʞʽ 

 

ɼʣʷ ʽʤʽʪʘʮʽʾ ʟʤʽʥʠ ʬʦʨʤʠ ɼʅ ʛʝʥʝʨʫʻʤʦ ʘʙʦʥʝʥʪʽʚ ʤʝʨʝʞʽ ʤʝʪʦʜʦʤ ʄʦʥʪʝ-ʂʘʨʣʦ. ɼʘʣʽ 

ʚʠʙʝʨʝʤʦ 11 ʘʙʦʥʝʥʪʽʚ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʩʝʢʪʦʨʽ 1, ʪʘ ʧʦ 2 ʘʙʦʥʝʥʪʘ ʟ ʩʝʢʪʦʨʘ 4 ʪʘ 7 (ʨʠʩ. 9), 

ʷʢʽ ʩʪʚʦʨʶʶʪʴ ʥʘʡʙʽʣʴʰʫ ʢʽʣʴʢʽʩʪʴ ʧʝʨʝʰʢʦʜ ɹʉ ʩʝʢʪʦʨʘ 1 (ʚʩʴʦʛʦ 15 ʘʙʦʥʝʥʪʽʚ). ʍʦʯʘ 

ʩʪʘʥʜʘʨʪ GSM ʦʙʫʤʦʚʣʶʻ ʨʦʙʦʪʫ ʦʜʥʦʛʦ ʘʙʦʥʝʥʪʘ ʥʘ ʦʜʥʽʡ ʯʘʩʪʦʪʽ ʚ ʦʜʠʥ ʧʨʦʤʽʞʦʢ ʯʘʩʫ, 

ʚʠʙʝʨʝʤʦ 11 ʘʙʦʥʝʥʪʽʚ, ʪʦʤʫ ʱʦ ʩʘʤʝ ʪʘʢ ʤʦʞʥʘ ʽʤʽʪʫʚʘʪʠ ʨʦʙʦʪʫ ʥʘ 11 ʨʘʜʽʦʢʘʥʘʣʽʚ 

ʦʜʥʦʯʘʩʥʦ. ʇʝʨʝʰʢʦʜ ʚ ʪʘʢʦʤʫ ʨʘʟʽ ʧʦʚʠʥʥʦ ʙʫʪʠ 22, ʘʣʝ ʦʩʢʽʣʴʢʠ ʚʩʽ ʚʦʥʠ ʤʘʶʪʴ ʨʽʟʥʠʡ 

ʚʧʣʠʚ, ʪʦ ʚʽʟʴʤʝʤʦ ʧʦ 2 ʥʘʡʧʦʪʫʞʥʽʰʽ ʟ ʩʝʢʪʦʨʽʚ 4 ʪʘ 7, ʜʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʘʢʽ ʞ ʯʘʩʪʦʪʠ. 

 

 
ʈʠʩ. 10. ɼʅ ʘʥʪʝʥʠ ɹʉ ˉ1, ʱʦ ʘʜʘʧʪʦʚʘʥʘ ʜʦ ʚʧʣʠʚʫ ʧʨʝʰʢʦʜ ʚʽʜ ɸʉ ʩʫʩʽʜʥʽʭ ɹʉ 

 

ʑʦʜʦ ʧʝʨʝʰʢʦʜ, ʷʢʽ ʧʨʠʡʰʣʠ ʜʦ ɹʉ ˉ1 ʟʘ ʘʟʠʤʫʪʘʤʠ 15Á, 50Á, 330Á, 350Á, ʚʽʜʧʦʚʽʜʥʦ 

ʜʦ ʚʠʨʘʟʫ (3) ʩʬʦʨʤʦʚʘʥʘ ɼʅ ʜʣʷ ɸʉ (ʨʠʩ.10) [4]. ɼʣʷ ʥʦʚʦʾ, ʪʦʙʪʦ ʘʜʘʧʪʦʚʘʥʦʾ ɼʅ ʙʫʜʝ ʽʥʰʝ 

ʧʦʢʨʠʪʪʷ ʩʝʢʪʦʨʫ ɹʉ ˉ1. ʅʘ ʨʠʩ.11 ʟʦʙʨʘʞʝʥʦ ʧʦʢʨʠʪʪʷ ʜʦ ʘʜʘʧʪʘʮʽʾ ʧʨʠ ʜʽʾ ʧʝʨʝʰʢʦʜ, ʘ ʥʘ 

ʨʠʩ.12 ʧʽʩʣʷ ʘʜʘʧʪʘʮʽʾ.  

ʈʦʟʨʘʭʫʥʦʢ ʨʽʚʥʷ ʧʝʨʝʰʢʦʜ ʥʘ ʚʭʦʜʽ ʧʨʠʡʤʘʯʘ ɹʉ ˉ1 ɸʊ ɹʉ ˉ2,3 ʪʘ ʥʘ ʚʭʦʜʘʭ ɸʊ, ʷʢʽ 

ʚʽʜʧʦʚʽʜʥʦ ʦʙʩʣʫʛʦʚʫʶʪʴʩʷ ɹʉ ˉ2 ʪʘ ɹʉ ˉ3 ʚʽʜ ʧʝʨʝʜʘʚʘʯʘ ɹʉ ˉ1 ʥʘʚʝʜʝʥʠʡ ʚ ʪʘʙʣ. ʜʦ 

ʘʜʘʧʪʘʮʽʾ ʘʥʪʝʥʠ ɹʉ ˉ1 ʪʘ ʚ ʪʘʙʣ.2  ʧʽʩʣʷ ʘʜʘʧʪʘʮʽʾ ʜʦ ʧʝʨʝʰʢʦʜ.  

ɿ ʪʘʙʣ. 1 ʽ ʪʘʙʣ. 2 ʚʠʜʥʦ, ʱʦ ʨʽʚʝʥʴ ʧʝʨʝʰʢʦʜ ɹʉ ˉ1 ʚʽʜ ɸʉ ɹʉ ˉˉ2,3 ʟʘ ʨʘʭʫʥʦʢ 

ʇʏʆʉ ʟʥʠʟʠʚʩʷ ʟ -62 ʜɹʤ ʜʦ -97 ʜɹʤ (ʥʘ 35ʜɹ). ʈʽʚʝʥʴ ʧʝʨʝʰʢʦʜ ʘʙʦʥʝʥʪʘʤ ɹʉ ˉˉ2,3 ʚʽʜ 


