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ɸɺʀɸʎʀʆʅʅɸʗ ʀ ʈɸʂɽʊʅʆ-ʂʆʉʄʀʏɽʉʂɸʗ ʊɽʍʅʀʂɸ 

 

 

ɺʀɹʈʆɼʀɸɻʅʆʉʊʀʏɽʉʂɸʗ ʉʀʉʊɽʄɸ ɼʃʗ ɻʊɼ 

 

ʃʠʭʘʯʝʚ ɽʚʛʝʥʠʡ ɸʣʝʢʩʘʥʜʨʦʚʠʯ, 

ʉʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 

ɺʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

ʋʬʠʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʚʠʘʮʠʦʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 ʛ.ʂʫʤʝʨʪʘʫ  

ɹʝʣʦʝʜʦʚ ɸʣʝʢʩʝʡ ʉʝʨʛʝʚʠʯ, 

ʉʪʫʜʝʥʪ 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 

ɺʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

ʋʬʠʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʚʠʘʮʠʦʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 ʛ.ʂʫʤʝʨʪʘʫ  

ʂʦʨʥʠʝʥʢʦ ɸʣʝʢʩʝʡ ʖʨʴʝʚʠʯ, 

ʉʪʫʜʝʥʪ 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 

ɺʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

ʋʬʠʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʚʠʘʮʠʦʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 ʛ.ʂʫʤʝʨʪʘʫ  

 

ɺʠʙʨʘʮʠʦʥʥʘʷ ʜʠʘʛʥʦʩʪʠʢʘ - ʦʜʠʥ ʠʟ ʤʝʪʦʜʦʚ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ 

ʘʚʠʘʮʠʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ (ɸɼ), ʦʙʝʩʧʝʯʝʥʠʷ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩ ʬʘʢʪʠʯʝʩʢʠʤ ʩʦʩʪʦʷʥʠʝʤ ʠ ʧʦʚʳʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʝʪʦʚ. ʂ 

ʚʠʙʨʦʜʠʘʛʥʦʩʪʠʢʝ ʚ ʰʠʨʦʢʦʤ ʩʤʳʩʣʝ ʦʪʥʦʩʷʪʩʷ ʤʥʦʛʠʝ ʘʩʧʝʢʪʳ ʦʧʨʝʜʝʣʝ-

ʥʠʷ ʚʠʙʨʘʮʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ɸɼ. ɺ ʫʟʢʦʤ ʩʤʳʩʣʝ ʧʦʜ 

ʚʠʙʨʦʜʠʘʛʥʦʩʪʠʢʦʡ ʧʦʥʠʤʘʶʪ ʦʙʥʘʨʫʞʝʥʠʝ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʜʚʠʛʘʪʝʣʷ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʚʠʙʨʘʮʠʝʡ ʠ ʢʦʣʝʙʘʥʠʷʤʠ.  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʦʮʝʥʢʘ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʜʚʠʛʘʪʝʣʷ ʧʨʠ 

ʜʦʚʦʜʢʝ ʦʧʳʪʥʳʭ ʠʟʜʝʣʠʡ, ʢʦʥʪʨʦʣʴʥʦ-ʩʜʘʪʦʯʥʳʭ ʠʩʧʳʪʘʥʠʷʭ ʥʘ ʵʪʘʧʝ ʠʭ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʘ ʪʘʢʞʝ ʚ ʭʦʜʝ ʵʢʩʧʣʫʘʪʘʮʠʠ - ʦʜʥʦ ʠʟ ʛʣʘʚʥʳʭ ʠ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ ʚʠʙʨʦʜʠʘʛʥʦʩʪʠʢʠ. 

ʆʩʥʦʚʥʳʤʠ ʟʘʜʘʯʘʤʠ ʚʠʙʨʦʜʠʘʛʥʦʩʪʠʢʠ ʷʚʣʷʶʪʩʷ: 

 - ʚʳʷʚʣʝʥʠʝ ʦʧʘʩʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʜʝʪʘʣʠ ʜʚʠʛʘʪʝ-

ʣʷ, ʦʮʝʥʢʘ ʠʭ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʭʘʨʘʢʪʝʨʘ, ʚʳʷʚʣʝʥʠʝ ʧʨʠʯʠʥ ʚʦʟʙʫʞʜʝʥʠʷ 

ʢʦʣʝʙʘʥʠʡ; 

- ʚʳʷʚʣʝʥʠʝ ʦʧʘʩʥʳʭ ʨʝʟʦʥʘʥʩʥʳʭ ʠ ʚʳʥʫʞʜʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʦʪ-

ʜʝʣʴʥʳʭ ʜʝʪʘʣʝʡ ʠ ʫʟʣʦʚ; 

- ʦʧʨʝʜʝʣʝʥʠʝ ʜʦʧʫʩʪʠʤʳʭ ʫʨʦʚʥʝʡ ʦʙʱʠʭ ʚʠʙʨʘʮʠʡ ʜʚʠʛʘʪʝʣʷ ʠ ʚʠʙ-

ʨʘʮʠʡ ʝʛʦ ʘʛʨʝʛʘʪʦʚ; 
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- ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʢʦʣʝʙʘʥʠʡ, ʚʦʟʙʫʞʜʘʝʤʳʭ ʦʪʜʝʣʴʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ 

ʚʦʟʤʫʱʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʨʘʟʣʠʯʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ; 

- ʦʮʝʥʢʘ ʜʠʥʘʤʠʯʝʩʢʦʡ ʥʘʛʨʫʞʝʥʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ ʜʚʠʛʘ-

ʪʝʣʷ;  

- ʚʳʷʚʣʝʥʠʝ ʧʨʠʯʠʥ ʧʦʚʳʰʝʥʥʳʭ ʚʠʙʨʘʮʠʡ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʬʘʢʪʦʨʦʚ, 

ʚʣʠʷʶʱʠʭ ʥʘ ʥʠʭ; 

- ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʢʘʯʝʩʪʚʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʩʙʦʨʢʠ ʜʚʠʛʘʪʝʣʷ ʠ ʝʛʦ ʫʟ-

ʣʦʚ ʥʘ ʚʠʙʨʘʮʠʦʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ; 

- ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʜʚʠʛʘʪʝʣʷ ʠ ʝʛʦ ʵʣʝʤʝʥʪʦʚ ʢʘʢ ʜʠʥʘʤʠ-

ʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʪ.ʝ. ʧʦʩʪʨʦʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʤʦʜʝʣʝʡ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʩʠ-

ʩʪʝʤ ʠ ʦʮʝʥʢʘ ʧʘʨʘʤʝʪʨʦʚ ʜʘʥʥʳʭ ʤʦʜʝʣʝʡ ʧʦ ʚʭʦʜʥʳʤ ʠ ʚʳʭʦʜʥʳʤ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤ ʩʠʛʥʘʣʘʤ; 

- ʦʮʝʥʢʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ ʜʚʠʛʘʪʝʣʷ ʢ ʢʦʣʝʙʘʥʠ-

ʷʤ, ʥʘʧʨʠʤʝʨ ʦʮʝʥʢʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʣʦʧʘʪʦʢ ʨʘʙʦʯʠʭ ʢʦʣʝʩ ʢ ʘʚʪʦʢʦʣʝʙʘʥʠ-

ʷʤ. 

ʀʩʪʦʯʥʠʢʠ ʚʣʠʷʶʱʠʭ ʬʘʢʪʦʨʦʚ ʧʦʨʦʞʜʘʶʪ ʰʫʤ ʨʘʙʦʪʘʶʱʝʛʦ ʜʚʠʛʘ-

ʪʝʣʷ, ʩʧʝʢʪʨ ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʠʪ ʢʘʢ ʦʪ ʨʝʞʠʤʘ ʨʘʙʦʪʳ, ʪʘʢ ʠ ʜʨʫʛʠʭ ʧʨʠʯʠʥ. 

ʇʦʷʚʣʝʥʠʝ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʚ ʩʠʩʪʝʤʘʭ ʜʚʠʛʘʪʝʣʷ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ 

ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ ʠʩʧʨʘʚʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩʧʝʢʪʨʘ ʰʫʤʘ ʝʛʦ ʨʘʙʦʪʳ, ʯʪʦ ʷʚ-

ʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʩʧʝʢʪʨʘ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʠʚʝʜʝʥ ʩʧʝʢʪʨ ʰʫʤʘ ʜʚʠʛʘʪʝʣʷ, ʠʤʝʶʱʝʛʦ ±ʟʫʜ± ʩ ʩʦ-

ʩʪʘʚʣʷʶʱʝʡ ʩʧʝʢʪʨʘ ʰʫʤʘ ʯʘʩʪʦʪʦʡ f=90 ɻʮ (ʧʦʟʠʮʠʷ 1). 
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ʈʠʩʫʥʦʢ 1 - ʉʧʝʢʪʨ ʰʫʤʘ ʨʘʙʦʪʘʶʱʝʛʦ ʜʚʠʛʘʪʝʣʷ ʧʨʠ ʥʘʣʠʯʠʠ ±ʟʫʜʘ±  

 

ʈʘʟʥʦʦʙʨʘʟʠʝ ʟʘʜʘʯ ʚʠʙʨʘʮʠʦʥʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ, ʩʣʦʞʥʦʩʪʴ ʩʠʛʥʘʣʦʚ, 

ʟʘʩʪʘʚʣʷʝʪ ʧʨʠ ʚʳʷʚʣʝʥʠʠ ʠ ʠʟʤʝʨʝʥʠʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦ-

ʚʦʜʠʪʴ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ: 
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- ʨʘʟʜʝʣʝʥʠʝ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ ʚ ʯʘʩʪʦʪʥʦ-ʬʘʟʦʚʦʡ ʠ ʚʨʝʤʝʥʥʦʡ 

ʦʙʣʘʩʪʷʭ ʥʘ ±ɻ ʣʝʤʝʥʪʘʨʥʳʝ± ʩʠʛʥʘʣʳ, ʪ.ʝ. ʥʘ ʢʦʤʧʦʥʝʥʪʳ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ 

ʨʘʟʣʠʯʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʤ ʠʩ-

ʪʦʯʥʠʢʦʤ, ʚʳʟʳʚʘʶʱʠʤ ʢʦʣʝʙʘʥʠʷ; 

- ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʚʠʙʨʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ; 

- ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʬʦʨʤʳ ʚʳʜʝʣʝʥʥʳʭ ±ɻ ʣʝʤʝʥʪʘʨʥʳʭ± ʩʠʛʥʘʣʦʚ; 

-ʣʠʥʝʡʥʳʝ ʠ ʥʝʣʠʥʝʡʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʠʛʥʘʣʦʚ (ʬʠʣʴʪʨʘʮʠʶ, 

ʥʦʨʤʘʣʠʟʘʮʠʶ, ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ, ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʝ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʩʠʛ-

ʥʘʣʘ ʩ ʧʦʤʦʱʴʶ ʧʦʣʠʥʦʤʦʚ ʠ ʪ.ʜ.); 

- ʠʟʤʝʨʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʠʛʥʘʣʦʚ; 

- ʠʟʤʝʨʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʟʘʠʤʦʩʚʷʟʠ ʩʠʛʥʘʣʦʚ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʫʢʘʟʘʥʥʳʭ ʚʠʜʦʚ ʦʙʨʘʙʦʪʢʠ ʚ ʚʠʙʨʦʜʠʘʛʥʦʩʪʠʢʝ ʧʨʠ-

ʤʝʥʷʶʪʩʷ: ʩʧʝʢʪʨʘʣʴʥʳʡ ʠ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʩʠʛʥʘʣʦʚ, ʘʥʘʣʠʟ 

ʩʠʛʥʘʣʘ ʤʝʪʦʜʦʤ ʥʘʢʦʧʣʝʥʠʷ, ʚʳʜʝʣʝʥʠʝ ʦʛʠʙʘʶʱʝʡ ʩʠʛʥʘʣʘ (ʜʝʪʝʢʪʠʨʦ-

ʚʘʥʠʝ), ʩʠʥʭʨʦʥʥʦʝ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ ʩʠʛʥʘʣʘ, ʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ ʦʛʠʙʘ-

ʶʱʝʡ, ʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʘ (spectrum-

ʘʥʘʣʠʟ), ʬʠʣʴʪʨʘʮʠʷ ʩʠʛʥʘʣʘ ʩ ʧʦʤʦʱʴʶ ʧʦʣʦʩʦʚʳʭ ʬʠʣʴʪʨʦʚ, ʬʠʣʴʪʨʘʮʠʷ 

ʩʠʛʥʘʣʘ ʩ ʧʦʤʦʱʴʶ ʩʣʝʜʷʱʠʭ ʧʦʣʦʩʦʚʳʭ ʬʠʣʴʪʨʦʚ, ʨʘʟʜʝʣʝʥʠʝ ʩʠʛʥʘʣʦʚ 

ʚʦ ʚʨʝʤʝʥʠ ʩʪʨʦʙʠʨʦʚʘʥʠʝʤ, ʦʜʥʦʤʝʨʥʳʡ ʚʝʨʦʷʪʥʦʩʪʥʳʡ ʘʥʘʣʠʟ, ʧʦʣʫʯʝ-

ʥʠʝ ʬʫʥʢʮʠʡ ʯʘʩʪʥʦʡ ʠ ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʢʦʛʝʨʝʥʪʥʦʩʪʠ, ʤʥʦʛʦʤʝʨʥʳʡ ʚʝ-

ʨʦʷʪʥʦʩʪʥʳʡ ʘʥʘʣʠʟ, ʧʦʣʫʯʝʥʠʝ ʨʝʛʨʝʩʩʠʦʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʝʞʜʫ 

ʦʪʜʝʣʴʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʠʛʥʘʣʦʚ, ʥʘʧʨʠʤʝʨ ʤʝʞʜʫ 

ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʩʧʝʢʪʨʘ. 

ʊʨʝʙʦʚʘʥʠʷʤ ʚʠʙʨʦʜʠʘʛʥʦʩʪʠʢʠ ɸɼ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʦʪʚʝʯʘʝʪ ʩʧʝʢ-

ʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ. ɸʥʘʣʠʟʘʪʦʨʳ, ʨʘʙʦʪʘʶʱʠʝ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʩʥʘʙʞʘ-

ʶʪʩʷ ʙʣʦʢʘʤʠ, ʧʦʟʚʦʣʷʶʱʠʤʠ ʧʝʨʝʚʦʜʠʪʴ ʯʘʩʪʦʪʥʳʝ ʩʧʝʢʪʨʳ ʚ ʦʙʦʨʦʪʥʦ-

ʧʦʨʷʜʢʦʚʳʝ, ʪ.ʝ. ʩʧʝʢʪʨʳ ʛʘʨʤʦʥʠʢ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʧʦʨʥʦʡ ʯʘʩʪʦʪʝ, 

ʥʘʧʨʠʤʝʨ ʨʦʪʦʨʥʦʡ. ɺ ʩʦʩʪʘʚ ʘʧʧʘʨʘʪʫʨʳ ʥʘʨʷʜʫ ʩ ʪʘʢʠʤʠ ʘʥʘʣʠʟʘʪʦʨʘʤʠ 

ʦʙʳʯʥʦ ʚʭʦʜʠʪ ʤʠʥʠ-ʕɺʄ, ʥʘ ʢʦʪʦʨʦʡ ʧʨʦʚʦʜʠʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘ-

ʙʦʪʢʘ ʩʧʝʢʪʨʦʚ. 

ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʧʨʠʤʝʥʝʥʠʷ ʘʧʧʘʨʘʪʫʨʳ ʢʦʥʪʨʦʣʷ ʚʠʙʨʘʮʠʠ ʟʘʢʣʶʯʘ-

ʝʪʩʷ ʚ ʧʨʝʜʦʪʚʨʘʱʝʥʠʠ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ ʚ ʧʦʣʝʪʝ, ʩʚʷʟʘʥʥʳʭ ʩ ʥʝʠʩ-

ʧʨʘʚʥʦʩʪʷʤʠ ʜʚʠʛʘʪʝʣʷ. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʢʦʥʪʨʦʣʝʤ ʪʝʢʫʱʝʛʦ ʟʥʘʯʝʥʠʷ 

ʫʨʦʚʥʷ ʚʠʙʨʘʮʠʠ ʜʚʠʛʘʪʝʣʷ ʧʨʠ ʧʦʤʦʱʠ ʧʦʢʘʟʳʚʘʶʱʝʛʦ ʧʨʠʙʦʨʘ, ʚʭʦʜʷ-

ʱʝʛʦ ʚ ʢʦʤʧʣʝʢʪ ʘʧʧʘʨʘʪʫʨʳ, ʠʣʠ ʘʥʘʣʠʟʦʤ ʟʘʧʠʩʝʡ ʙʦʨʪʦʚʳʭ ʨʝʛʠʩʪʨʠ-

ʨʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʧʦʩʣʝ ʧʦʣʝʪʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʙʦʣʴʰʠʥʩʪʚʝ ʩʘʤʦʣʝʪʦʚ ʠ ʚʝʨʪʦʣʝʪʦʚ ʩ ʛʘʟʦʪʫʨ-

ʙʠʥʥʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʘʧʧʘʨʘʪʫʨʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ 

ʢʦʥʪʨʦʣʷ ʫʨʦʚʥʷ ʚʠʙʨʘʮʠʠ ʢʦʨʧʫʩʦʚ ʘʚʠʘʜʚʠʛʘʪʝʣʝʡ ʧʦ ʧʝʨʚʳʤ ʨʦʪʦʨʥʳʤ 

ʛʘʨʤʦʥʠʢʘʤ ʩʧʝʢʪʨʘ ʯʘʩʪʦʪ, ʚʦʟʙʫʞʜʘʝʤʦʛʦ ʚʨʘʱʝʥʠʝʤ ʨʦʪʦʨʦʚ ʢʦʤʧʨʝʩ-

ʩʦʨʦʚ ʠ ʪʫʨʙʠʥ. ɺ ʜʚʫʭʚʘʣʴʥʳʭ ɻʊɼ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʜʠʘ-

ʧʘʟʦʥʳ ʯʘʩʪʦʪ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʦʚ ʪʫʨʙʠʥʳ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ (ʅɼ) ʠ 
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ʪʫʨʙʠʥʳ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ (ɺɼ) ʧʝʨʝʢʨʳʚʘʶʪʩʷ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʠʙʨʘ-

ʮʠʠ, ʛʝʥʝʨʠʨʫʝʤʳʝ ʨʘʟʣʠʯʥʳʤʠ ʨʦʪʦʨʘʤʠ, ʥʝ ʨʘʟʜʝʣʷʶʪʩʷ. ʇʦʣʦʩʘ ʯʘʩʪʦʪ 

ʦʧʨʝʜʝʣʷʝʪʩʷ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʥʢʨʝʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʚʠʛʘʪʝʣʷ: 

ʥʘʧʨʠʤʝʨ ʜʣʷ ʜʚʠʛʘʪʝʣʷ ʇʉ-90 ʥʠʞʥʷʷ ʯʘʩʪʦʪʘ ʩʦʩʪʘʚʣʷʝʪ ʦʙʳʯʥʦ 30 ï 40 

ɻʮ, ʚʝʨʭʥʷʷ ï 200 ï 300 ɻʮ. 

ʂʦʥʪʨʦʣʴ ʚʠʙʨʦʩʦʩʪʦʷʥʠʷ ʜʚʫʭʚʘʣʴʥʳʭ ɻʊɼ ʚʝʜʝʪʩʷ ʧʦ ʫʩʨʝʜʥʝʥʥʦʤʫ 

ʟʥʘʯʝʥʠʶ ʚʠʙʨʘʮʠʡ ʩ ʯʘʩʪʦʪʘʤʠ ʧʝʨʚʳʭ ʨʦʪʦʨʥʳʭ ʛʘʨʤʦʥʠʢ. ʇʨʠ ʵʪʦʤ ʨʝ-

ʟʫʣʴʪʠʨʫʶʱʘʷ ʚʝʣʠʯʠʥʘ ʚʠʙʨʘʮʠʠ Vʨʝʟ ʦʪ ʜʚʫʭ ʥʝʟʘʚʠʩʠʤʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʚʠʙʨʘʮʠʠ V1 ʠ V2 ʧʨʠʙʣʠʞʝʥʥʦ ʨʘʚʥʘ: 
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ʀʟ ʵʪʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʝʜʝʣʴʥʘʷ ʥʦʨʤʘ ʚʠʙʨʘʮʠʠ ʜʣʷ 

ʢʘʞʜʦʛʦ ʨʦʪʦʨʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʝʜʝʣʴʥʦʡ ʥʦʨʤʝ ʚʠʙʨʘʮʠʠ ʧʦ ʦʙʦʙʱʝʥʥʦ-

ʤʫ ʧʘʨʘʤʝʪʨʫ ʣʠʰʴ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʩʦʦʪʥʦʰʝʥʠʝ ʩʦʩʪʘʚʣʷʶʱʠʭ ʫʨʦʚʥʝʡ 

ʚʠʙʨʘʮʠʠ ʧʝʨʚʳʭ ʨʦʪʦʨʥʳʭ ʛʘʨʤʦʥʠʢ ʥʝ ʤʝʥʝʝ 3-4. ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʫʨʦʚʥʠ 

ʚʠʙʨʘʮʠʠ ʩ ʯʘʩʪʦʪʦʡ ʵʪʠʭ ʛʘʨʤʦʥʠʢ ʩʦʠʟʤʝʨʠʤʳ, ʚʦʟʥʠʢʘʝʪ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ 

ʧʨʝʜʝʣʴʥʦʡ ʥʦʨʤʳ ʚʠʙʨʘʮʠʠ ʧʦ ʦʙʦʙʱʝʥʥʦʤʫ ʧʘʨʘʤʝʪʨʫ ʩ ʧʨʝʜʝʣʴʥʳʤʠ 

ʥʦʨʤʘʤʠ ʧʦ ʦʪʜʝʣʴʥʳʤ ʛʘʨʤʦʥʠʢʘʤ, ʢʦʪʦʨʦʝ ʜʦʩʪʠʛʘʝʪ 20-30%. 

ʆʧʳʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʠʙʨʦʘʧʧʘʨʘʪʫʨʳ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʥʘ ʷʚʣʷʝʪʩʷ ʵʬ-

ʬʝʢʪʠʚʥʳʤ ʩʨʝʜʩʪʚʦʤ ʨʘʥʥʝʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʜʚʠʛʘʪʝʣʝʡ. 

ɸʧʧʘʨʘʪʫʨʘ ʢʦʥʪʨʦʣʷ ʚʠʙʨʘʮʠʠ ʠʤʝʝʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʚʠʙʨʦʠʟʤʝʨʠ-

ʪʝʣʴʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ (ɺʇ) ʙʣʦʢ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ, ʫʩʪʨʦʡ-

ʩʪʚʘ ʠʥʜʠʢʘʮʠʠ ʠ ʩʠʛʥʘʣʠʟʘʮʠʠ. ʅʦ ʜʘʥʥʘʷ ʘʧʧʘʨʘʪʫʨʘ ʠʤʝʝʪ ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ, ʩʨʘʚʥʠʪʝʣʴʥʦ ʫʟʢʠʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ. 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʩʠʩʪʝʤʘ ʜʠʘʛʥʦʩʪʠʢʠ ʧʨʝʜʧʦʣʘʛʘʝʪ ʫʩʪʘʥʦʚʢʫ ʙʦʣʴʰʝʛʦ 

ʯʠʩʣʘ ɺʇ (ʯʝʪʳʨʝʭ ʚʤʝʩʪʦ ʜʚʫʭ) ʥʘ ʢʘʞʜʳʡ ʜʚʠʛʘʪʝʣʴ, ʆʥʠ ʫʩʪʘʥʘʚʣʠʚʘ-

ʶʪʩʷ ʚ ʟʦʥʝ ʧʦʜʰʠʧʥʠʢʦʚ ʢʦʤʧʨʝʩʩʦʨʘ ʠ ʪʫʨʙʠʥ ʚʳʩʦʢʦʛʦ ʠ ʥʠʟʢʦʛʦ ʜʘʚ-

ʣʝʥʠʡ. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʘʧʧʘʨʘʪʫʨʳ ʜʣʷ ʢʦʥʪʨʦʣʷ ʚʠʙʨʘ-

ʮʠʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 
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ʈʠʩʫʥʦʢ 2 - ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʚʠʙʨʦʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ɺʇïʚʠʙʨʦʧʨʝʦʙʨʦʟʦʚʘʪʝʣʴ,  

ʉʋïʩʦʛʣʘʩʫʶʱʠʡ ʫʩʠʣʠʪʝʣʴ,  

ʄʋïʤʘʩʰʪʘʙʥʳʡ ʫʩʠʣʠʪʝʣʴ,  

ʊʇïʪʘʭʦʤʝʪʨʠʯʝʩʢʠʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ,  

ʋʌïʫʩʠʣʠʪʝʣʴ-ʬʦʨʤʠʨʦʚʘʪʝʣʴ,  

ʏʂïʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʯʘʩʪʦʪʘïʢʦʜ,  

ʄʇʂïʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʡ ʢʦʥʪʨʦʣʣʝʨ,  

ʀʋïʠʥʪʝʨʬʝʡʩʥʦʝ ʫʩʪʨʦʡʩʪʚʦ,  

ʈʋïʨʝʛʠʩʪʨʠʨʫʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ,  

ʀʅïʠʥʜʠʢʘʪʦʨ. 

 

ɺ ʘʧʧʘʨʘʪʫʨʝ ʩ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʤ ɺʇ ʩʦʛʣʘʩʫʶʱʠʡ ʫʩʠʣʠʪʝʣʴ ʉʋ 

ʚʳʧʦʣʥʷʝʪʩʷ ʚʳʥʦʩʥʳʤ ʠ ʨʘʟʤʝʱʘʝʪʩʷ ʦʢʦʣʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ. ʉʠʛʥʘʣ, 

ʫʩʠʣʠʚʘʝʪʩʷ ʤʘʩʰʪʘʙʥʳʤ ʫʩʠʣʠʪʝʣʝʤ ʄʋ ʠ ʧʦʜʘʝʪʩʷ ʥʘ ʚʭʦʜ ʤʠʢʨʦʧʨʦ-

ʮʝʩʩʦʨʥʦʛʦ ʢʦʥʪʨʦʣʣʝʨʘ ʄʇʂ. ʄʇʂ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʠʤʝʝʪ ʫʧʨʘʚʣʷʝʤʳʡ 

ʢʦʤʤʫʪʘʪʦʨ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʯʠʩʣʦ ʢʘʥʘʣʦʚ, ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʡ ʧʨʝʦʙ-

ʨʘʟʦʚʘʪʝʣʴ, ʮʠʬʨʦ-ʘʥʘʣʦʛʦʚʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ, ʬʣʵʰ ʧʘʤʷʪʴ, ʧʦʨʪʳ ʚʳ-

ʚʦʜʘ ʠʥʬʦʨʤʘʮʠʠ ʯʝʨʝʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʥʪʝʨʬʝʡʩʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʀʋ ʥʘ 

ʧʨʠʙʦʨʳ ʠʥʜʠʢʘʮʠʠ ʀʅ ʠ ʫʩʪʨʦʡʩʪʚʘ ʨʝʛʠʩʪʨʘʮʠʠ ʈʋ. 

ʄʇʂ ʧʦʟʚʦʣʷʝʪ ʧʨʦʛʨʘʤʤʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʮʠʬʨʦʚʳʝ ʬʠʣʴʪʨʳ ʩ ʟʘʜʘʥ-

ʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠ ʧʦʣʦʩʘʤʠ ʧʨʦʧʫʩʢʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʦʪʦʨ-

ʥʳʭ ʩʢʦʨʦʩʪʝʡ ʚʨʘʱʝʥʠʷ ʪʫʨʙʠʥ ʅɼ ʠ ɺɼ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʛʣʦʚʳʭ 

ʩʢʦʨʦʩʪʝʡ ʚʨʘʱʝʥʠʷ ʪʫʨʙʠʥ ʚ ʩʠʩʪʝʤʫ ʚʚʦʜʷʪʩʷ ʪʘʭʦʤʝʪʨʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘ-

ʟʦʚʘʪʝʣʠ ʊʇ, ʩʠʛʥʘʣ ʩ ʢʦʪʦʨʳʭ ʯʝʨʝʟ ʫʩʠʣʠʪʝʣʴïʬʦʨʤʠʨʦʚʘʪʝʣʴ ʋʌ ʠ ʧʨʝ-

ʦʙʨʘʟʦʚʘʪʝʣʴ ʯʘʩʪʦʪʘïʢʦʜ ʏʂ ʧʦʜʘʝʪʩʷ ʥʘ ʄʇʂ. 

ʇʦʣʫʯʝʥʥʘʷ ʠ ʦʙʨʘʙʦʪʘʥʥʘʷ ʧʦ ʦʧʨʝʜʝʣʝʥʥʳʤ ʘʣʛʦʨʠʪʤʘʤ ʠʥʬʦʨʤʘ-

ʮʠʷ ʦ ʚʠʙʨʘʮʠʠ ʧʦʜʘʝʪʩʷ ʥʘ ʠʥʜʠʢʘʪʦʨ, ʘ ʪʘʢʞʝ ʚ ʨʝʛʠʩʪʨʠʨʫʶʱʝʝ ʫʩʪʨʦʡ-

ʩʪʚʦ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. ɻʦʣʴʜʠʥ ɸ.ʉ. ɺʠʙʨʘʮʠʷ ʨʦʪʦʨʥʳʭ ʤʘʰʠʥ-ʄ.: ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 

2000.-344 ʩ. 
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2. ɺʘʩʠʣʴʝʚ, ɺ. ʀ. ɸʚʪʦʤʘʪʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʠ ʜʠʘʛʥʦʩʪʠʢʘ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ ʩʠʣʦʚʳʤʠ ʫʩʪʘʥʦʚʢʘʤʠ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ./ɺ.ʀ. ɺʘʩʠʣʴʝʚ, 

ʖ. ʄ. ɻʫʩʝʚ, ɸ. ʀ. ʀʚʘʥʦʚ, ɺ. ɸ. ʉʝʤʝʨʘʥ, ɺ. ɸ. ʉʠʨʦʪʠʥ. ï ʄ.: ʄʘʰʠʥʦ-

ʩʪʨʦʝʥʠʝ, 1989. ï 240 ʩ. 

3. ʇʨʠʙʦʨʳ ʠ ʩʠʩʪʝʤʳ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʚʠʙʨʘʮʠʠ, ʰʫʤʘ ʠ ʫʜʘʨʘ: ʉʧʨʘ-

ʚʦʯʥʠʢ. ɺ 2-ʭ ʢʥ./ ʇʦʜ ʨʝʜ. ʂʣʶʝʚʘ ɺ.ɺ.-ʄ.: ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ,1978.-488 ʩ. 

 

ɼʀɸɻʅʆʉʊʀʂɸ ʇʈɽɼʇʆʄʇɸɾʅʆɻʆ ʉʆʉʊʆʗʅʀʗ 

ɻɸɿʆʊʋʈɹʀʅʅʆɻʆ ɼɺʀɻɸʊɽʃʗ 

 

ɿʘʡʮʝʚʘ ɸʣʠʥʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ, 

ʂʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 

ɺʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

ʋʬʠʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʚʠʘʮʠʦʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 ʛ.ʂʫʤʝʨʪʘʫ  

ɹʝʣʦʝʜʦʚ ɸʣʝʢʩʝʡ ʉʝʨʛʝʚʠʯ, 

ʉʪʫʜʝʥʪ 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 

ɺʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

ʋʬʠʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʚʠʘʮʠʦʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 ʛ.ʂʫʤʝʨʪʘʫ  

ʂʦʨʥʠʝʥʢʦ ɸʣʝʢʩʝʡ ʖʨʴʝʚʠʯ 

ʉʪʫʜʝʥʪ 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 

ɺʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

ʋʬʠʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʚʠʘʮʠʦʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 ʛ.ʂʫʤʝʨʪʘʫ  

 

ʗʚʣʝʥʠʝ ʧʦʤʧʘʞʘ ʚ ʛʘʟʦʪʫʨʙʠʥʥʦʤ ʜʚʠʛʘʪʝʣʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʨʳʚʥʳʤ 

ʨʝʞʠʤʦʤ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ.  

ʆʩʥʦʚʦʡ ʧʦʷʚʣʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʧʦʤʧʘʞʘ ʚ ɻʊɼ ʷʚʣʷʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ 

çʚʠʭʨʝʚʦʛʦ ʪʝʯʝʥʠʷè. ɺʥʫʪʨʠ ʪʫʨʙʠʥʳ ʚʦʟʥʠʢʘʶʪ ʪʫʨʙʫʣʝʥʪʥʳʝ ʟʘʚʠʭʨʝ-

ʥʠʷ. ɼʘʚʣʝʥʠʝ ʥʘ ʚʭʦʜʝ ʢʦʤʧʨʝʩʩʦʨʘ ʤʦʞʝʪ ʙʳʪʴ ʙʦʣʴʰʠʤ, ʯʝʤ ʥʘ ʝʛʦ ʚʳ-

ʭʦʜʝ. ʗʚʣʝʥʠʶ ʧʦʤʧʘʞʘ ʩʧʦʩʦʙʩʪʚʫʶʪ: ʚʳʚʦʜ ʩʘʤʦʣʝʪʘ ʥʘ ʢʨʠʪʠʯʝʩʢʠʝ 

ʫʛʣʳ ʘʪʘʢʠ; ʧʦʧʘʜʘʥʠʝ ʣʴʜʘ ʚʩʣʝʜʩʪʚʠʝ ʦʙʣʝʜʝʥʝʥʠʷ ʚʭʦʜʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ; 

ʧʦʧʘʜʘʥʠʝ ʚ ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢ ʧʦʩʪʦʨʦʥʥʠʭ ʧʨʝʜʤʝʪʦʚ, ʧʦʨʦʭʦʚʳʭ ʛʘʟʦʚ 

ʧʨʠ ʩʪʨʝʣʴʙʝ ʠʟ ʧʫʰʝʢ ʠʣʠ ʧʫʩʢʘʭ ʨʘʢʝʪ ʥʘ ʙʦʝʚʳʭ ʩʘʤʦʣʝʪʘʭ; ʦʰʠʙʢʠ, ʜʦ-

ʧʫʱʝʥʥʳʝ ʧʨʠ ʧʠʣʦʪʠʨʦʚʘʥʠʠ ʠʣʠ ʩʙʦʠ ʚ ʨʘʙʦʪʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠ-

ʛʘʪʝʣʷ ʠ ʫʧʨʘʚʣʷʝʤʦʛʦ ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢʘ. 

ʇʦʤʧʘʞ ʜʚʠʛʘʪʝʣʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʥʘʛʨʫʟʢʘʤʠ ʥʘ 

ʵʣʝʤʝʥʪʳ ʢʦʥʩʪʨʫʢʮʠʠ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ, ʚʳʙʨʦʩʦʤ ʛʦʨʷʯʠʭ ʛʘʟʦʚ ʥʘ 

ʚʭʦʜ ʜʚʠʛʘʪʝʣʷ, ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʦʚ ʧʝʨʝʜ ʪʫʨʙʠʥʦʡ, ʯʪʦ ʤʦʞʝʪ ʧʨʠ-

ʚʝʩʪʠ ʢ ʨʘʟʨʫʰʝʥʠʶ ɻʊɼ. 
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ʅʝʫʩʪʦʡʯʠʚʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʫʩʪʨʘʥʷʝʪʩʷ ʩʙʨʦʩʦʤ ʯʠʩʣʦ ʦʙʦʨʦʪʦʚ 

ʨʦʪʦʨʘ ʜʦ ʠʩʯʝʟʥʦʚʝʥʠʷ ʧʦʤʧʘʞʘ, ʠʟʤʝʥʝʥʠʝʤ ʨʝʞʠʤʘ ʧʦʣʝʪʘ.  

ʋʩʪʨʘʥʝʥʠʝ ʧʦʤʧʘʞʘ ʪʘʢʞʝ ʜʦʩʪʠʛʘʝʪʩʷ: 

ïʧʨʠʤʝʥʝʥʠʝʤ ʨʝʛʫʣʠʨʫʝʤʳʭ ʨʝʘʢʪʠʚʥʦʛʦ ʩʦʧʣʘ ʠ ʧʦʚʦʨʦʪʥʳʭ ʣʦʧʘ-

ʪʦʢ ʩʪʘʪʦʨʘ ʩʦʧʣʦʚʦʛʦ ʘʧʧʘʨʘʪʘ ʪʫʨʙʠʥʳ;  

ïʧʝʨʝʧʫʩʢʦʤ ʚʦʟʜʫʭʘ ʠʟ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʩʪʫʧʝʥʠ ʢʦʤʧʨʝʩʩʦʨʘ ʚ ʘʪʤʦ-

ʩʬʝʨʫ  

ʇʨʝʜʧʦʤʧʘʞʥʦʝ ʩʦʩʪʦʷʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʩʦʧʦʩʪʘʚʣʝʥʠʶ ʨʘʟʣʠʯ-

ʥʳʭ ʠʟʤʝʨʝʥʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʜʚʠ-

ʛʘʪʝʣʷ, ʩ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʵʪʠʭ ʞʝ ʚʝʣʠʯʠʥ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʫʩʪʦʡʯʠʚʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ɻʊɼ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʜʚʠʛʘʪʝʣʠ ʦʩʥʘʱʝʥʳ ʧʨʦʪʠʚʦʧʦʤʧʘʞʥʦʡ ʘʚʪʦʤʘʪʠʢʦʡ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ, ʙʝʟ ʫʯʘʩʪʠʷ ʵʢʠʧʘʞʘ, ʫʩʪʨʘʥʝʥʠʝ ʧʦʤ-

ʧʘʞʘ ʧʫʪʝʤ ʦʙʥʘʨʫʞʝʥʠʷ ʧʦʤʧʘʞʥʳʭ ʷʚʣʝʥʠʡ. ʕʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʠʛʥʘ-

ʣʠʟʘʮʠʝʡ ʥʘ ʧʨʠʙʦʨʥʳʭ ʜʦʩʢʘʭ ʠ ʟʘʧʠʩʴʶ ʚ ʙʦʨʪʦʚʳʭ ʨʝʛʠʩʪʨʘʪʦʨʘʭ 

ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʝʪʘ. 

ʉʨʝʜʠ ʩʠʛʥʘʣʠʟʘʪʦʨʦʚ ʧʦʤʧʘʞʘ, ʠʤʝʶʪʩʷ ʫʩʪʨʦʡʩʪʚʘ, ʦʙʥʘʨʫʞʠʚʘʶ-

ʱʠʝ ʥʘʯʘʣʦ ʩʨʳʚʘ ʧʦ ʨʝʟʢʦʤʫ ʧʘʜʝʥʠʶ ʜʘʚʣʝʥʠʷ ʟʘ ʢʦʤʧʨʝʩʩʦʨʦʤ, ʨʘʟʥʦ-

ʩʪʠ ʜʘʚʣʝʥʠʡ ʥʘ ʚʳʭʦʜʝ ʢʦʤʧʨʝʩʩʦʨʘ ʠ ʝʛʦ ʚʭʦʜʝ, ʘ ʪʘʢ ʞʝ ʩʢʦʨʦʩʪʠ 

ʠʟʤʝʥʝʥʠʷ ʨʘʟʥʦʩʪʠ ʵʪʠʭ ʜʘʚʣʝʥʠʡ. ʇʨʠ ʧʨʝʚʳʰʝʥʠʠ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʟʘ-

ʜʘʥʥʳʭ ʟʥʘʯʝʥʠʡ, ʚʳʨʘʙʘʪʳʚʘʝʪʩʷ ʩʠʛʥʘʣ ʜʣʷ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʠʩʧʦʣʥʠ-

ʪʝʣʴʥʳʡ ʦʨʛʘʥ [4]. 

ɼʘʥʥʘʷ ʩʠʛʥʘʣʠʟʘʮʠʷ ʧʦʤʧʘʞʘ ʠʤʝʝʪ ʥʝʜʦʩʪʘʪʦʢ: ʚʝʣʠʯʠʥʘ ʫʤʝʥʴʰʝ-

ʥʠʷ ʜʘʚʣʝʥʠʷ ʟʘ ʢʦʤʧʨʝʩʩʦʨʦʤ ʧʨʠ ʧʦʤʧʘʞʝ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʨʝ-

ʞʠʤʘ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ, ʩʢʦʨʦʩʪʠ ʠ ʚʳʩʦʪʳ ʧʦʣʝʪʘ ʠ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʥʘ 

ʧʦʨʷʜʦʢ ʠ ʙʦʣʝʝ. ʇʦʵʪʦʤʫ ʘʙʩʦʣʶʪʥʘʷ ʚʝʣʠʯʠʥʘ ʠʟʤʝʥʝʥʠʷ ʜʘʚʣʝʥʠʷ ʥʝ-

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʧʦʤʧʘʞ ʫ ʤʥʦʛʦʨʝʞʠʤʥʳʭ ɻʊɼ. 

ʀʟ ʘʥʘʣʠʟʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ ʩʠʛʥʘʣʠʟʘʮʠʠ ʧʦʤʧʘʞʘ, ʤʦʞʥʦ ʩʜʝ-

ʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʠʟʚʝʩʪʥʳʝ ʩʧʦʩʦʙʳ ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʦʩʪʘʪʦʯʥʦ 

ʪʦʯʥʦʝ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʦʙʥʘʨʫʞʝʥʠʝ ʧʦʤʧʘʞʘ ʠʟ-ʟʘ ʣʦʞʥʦʛʦ ʩʨʘʙʘʪʳʚʘ-

ʥʠʷ ʠ ʙʦʣʴʰʦʡ ʠʥʝʨʮʠʦʥʥʦʩʪʠ. 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʩʠʩʪʝʤʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʚʳʷʚʣʷʪʴ ʥʝ ʪʦʣʴʢʦ ʚʦʟʥʠʢʰʠʡ 

ʧʦʤʧʘʞ, ʥʦ ʠ ʧʨʝʜʧʦʤʧʘʞʥʳʝ ʩʦʩʪʦʷʥʠʷ. ɿʘ ʩʯʝʪ ʚʚʝʜʝʥʠʷ ʠʟʙʳʪʦʯʥʦʩʪʠ 

ʥʝʢʦʪʦʨʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʫʣʫʯʰʠʪʴ ʪʦʯʥʦʩʪʴ ʠ ʜʠ-

ʥʘʤʠʢʫ ʦʙʥʘʨʫʞʝʥʠʷ ʧʨʝʜʧʦʤʧʘʞʥʳʭ ʩʦʩʪʦʷʥʠʡ. 

ʅʘʠʙʦʣʝʝ ʦʯʝʚʠʜʥʳʤ ʧʘʨʘʤʝʪʨʦʤ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤ ʧʦʤʧʘʞ, ʷʚʣʷʝʪ-

ʩʷ ʧʘʜʝʥʠʝ ʚʝʣʠʯʠʥʳ ʜʘʚʣʝʥʠʷ ʥʘ ʚʳʭʦʜʝ ʢʦʤʧʨʝʩʩʦʨʘ. ʇʦʵʪʦʤʫ ʚ ʜʘʥʥʫʶ 

ʩʠʩʪʝʤʫ ʚʚʦʜʠʪʩʷ ʜʘʪʯʠʢ ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʷ. ɼʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʥʘʨʫʞʝ-

ʥʠʷ ʧʨʝʜʧʦʤʧʘʞʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʢʘʟʘʥʠʷ ʜʘʪʯʠʢʘ ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʷ 

ʜʠʬʬʝʨʝʥʮʠʨʫʶʪʩʷ, ʪʦ ʝʩʪʴ ʠʟʤʝʨʷʝʪʩʷ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʜʘʚʣʝʥʠʷ ʟʘ 

ʢʦʤʧʨʝʩʩʦʨʦʤ. 

ʇʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʚʠʙʨʘʮʠʡ ʧʨʠ ʧʦʤʧʘʞʝ ʧʨʦʠʩʭʦʜʠʪ ʜʦʩʪʘʪʦʯʥʦ 

ʙʳʩʪʨʦ, ʧʦʵʪʦʤʫ ʵʪʦʪ ʩʠʛʥʘʣ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʥʘʯʠʥʘʶʱʝʤʩʷ 
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ʧʨʦʮʝʩʩʝ ʧʦʤʧʘʞʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʚ ʩʠʩʪʝʤʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʘʪʯʠʢ ʚʠʙʨʘ-

ʮʠʡ. 

ʇʦʤʧʘʞ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʘʜʝʥʠʝʤ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ. ɼʣʷ ʠʟ-

ʤʝʨʝʥʠʷ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʘʪʯʠʢ ʯʘʩʪʦʪʳ ʚʨʘʱʝ-

ʥʠʷ, ʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʜʠʬʬʝʨʝʥʮʠʘʪʦʨ, ʩʠʛʥʘʣ ʩ ʢʦʪʦʨʦʛʦ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʧʘʨʘʤʝʪʨʦʤ ʜʣʷ ʦʙʥʘ-

ʨʫʞʝʥʠʷ ʧʨʝʜʧʦʤʧʘʞʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

ʇʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʧʦʤʧʘʞʥʳʭ ʷʚʣʝʥʠʡ ʨʝʟʢʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʪʝʤʧʝ-

ʨʘʪʫʨʘ ʛʘʟʦʚ ʟʘ ʪʫʨʙʠʥʦʡ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ. ʈʦʩʪ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʘ ʚʝʜʝʪ 

ʢ ʫʚʝʣʠʯʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʙʦʯʠʭ ʣʦʧʘʪʦʢ ʪʫʨʙʠʥʳ. ʉʫʱʝʩʪʚʫʶʪ ʙʦʨʪʦ-

ʚʳʝ ʦʧʪʠʯʝʩʢʠʝ ʧʠʨʦʤʝʪʨʳ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʪʫʨʙʠʥʳ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʛʘʟʘ. ʊʝʤʧʝʨʘʪʫʨʫ ʛʘʟʦʚ ʤʦʞʥʦ ʦʮʝʥʠʚʘʪʴ ʩ ʧʦ-

ʤʦʱʴʶ ʧʠʨʦʤʝʪʨʘ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ï ʚ ʦʩʥʦʚʝ ʨʘʙʦʪʳ ʢʦʪʦʨʦʛʦ 

ʟʘʣʦʞʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʲʝʢʪʘ ʦʪ ʦʪʥʦʰʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʠʟʣʫʯʝʥʠʷ ʜʚʫʭ ʜʣʠʥ ʚʦʣʥ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʧʨʦʜʫʢʪʳ ʩʛʦʨʘʥʠʷ ʩ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʘʣʴʥʳʤ ʜʠʘʧʘʟʦʥʦʤ ʠʟʣʫʯʝʥʠʷ. ʉ 

ʧʦʤʦʱʴʶ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʞʥʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʪʴ ʧʦʤʧʘʞ. ʀʟʤʝʨʠʚ ʩʢʦ-

ʨʦʩʪʴ ʥʘʨʘʩʪʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʩ ʧʦʤʦʱʴʶ ʜʠʬʬʝʨʝʥʮʠʘʪʦʨʘ, ʤʦʞʥʦ ʦʙʥʘ-

ʨʫʞʠʪʴ ʧʨʝʜʧʦʤʧʘʞʥʦʝ ʩʦʩʪʦʷʥʠʝ. 

ʅʘ ʦʩʥʦʚʝ ʪʠʧʠʯʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʚʠʛʘʪʝʣʷ ʠ ʧʨʦʮʝʩʩʘ ʧʨʦʪʝʢʘʥʠʷ 

ʧʦʤʧʘʞʘ, ʧʨʝʜʲʷʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʦʯʥʦʩʪʥʳʤ ʠ ʜʠʥʘʤʠʯʝ-

ʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʧʝʨʚʠʯʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ. 

ʅʘ ʦʩʥʦʚʝ ʦʙʟʦʨʘ ʠ ʘʥʘʣʠʟʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʩʠʛʥʘʣʠʟʘʮʠʠ 

ʧʦʤʧʘʞʘ, ʨʘʟʨʘʙʦʪʘʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʚʳʷʚʣʝʥʠʷ ʧʨʝʜʧʦʤ-

ʧʘʞʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ɻʊɼ. ʉʠʩʪʝʤʘ ʠʤʝʝʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʥʘʜʝʞʥʦʩʪʴ ʚʳʷʚ-

ʣʝʥʠʷ ʧʨʝʜʧʦʤʧʘʞʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʤʘʣʫʶ ʚʝʨʦʷʪʥʦʩʪʴ ʣʦʞʥʦʛʦ 

ʩʨʘʙʘʪʳʚʘʥʠʷ ʧʨʦʪʠʚʦʧʦʤʧʘʞʥʦʡ ʩʠʩʪʝʤʳ. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ. 
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ʈʠʩʫʥʦʢ 1 - ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʧʨʝʜʧʦʤʧʘʞʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ɻʊɼ: 

ɻʊɼ ï ʛʘʟʦʪʫʨʙʠʥʥʳʡ ʜʚʠʛʘʪʝʣʴ;  

ɼɼ ï ʜʘʪʯʠʢ ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʷ; 

ɼɺ ï ʜʘʪʯʠʢ ʚʠʙʨʘʮʠʠ;  

ɼʊʃ ï ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʳ ʣʦʧʘʪʦʢ;  

ɼʊɻ ï ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʘ;  

ɼʏɺ ï ʜʘʪʯʠʢ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʪʫʨʙʠʥʳ;  

ɹɺʇ ï ʙʣʦʢ ʚʪʦʨʠʯʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ;  

ʄʂ ï ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ; ʉʀ ï ʩʠʩʪʝʤʘ ʠʥʜʠʢʘʮʠʠ;  

ɹʈʇ ï ʙʣʦʢ ʨʝʛʠʩʪʨʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ;  

ʇʇʉʋ ï ʧʨʦʪʠʚʦʧʦʤʧʘʞʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ;  

ʀʄ ï ʠʩʧʦʣʥʠʪʝʣʴʥʳʝ ʤʝʭʘʥʠʟʤʳ 

 

ɺ ʩʭʝʤʫ ʚʭʦʜʷʪ ʜʘʪʯʠʢʠ, ʠʟʤʝʨʷʶʱʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ 

ɻʊɼ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʦʮʝʥʢʠ ʧʨʝʜʧʦʤʧʘʞʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ɺʳʭʦʜʥʳʝ 

ʩʠʛʥʘʣʳ ʜʘʪʯʠʢʦʚ ʧʦʩʪʫʧʘʶʪ ʚ ʙʣʦʢ ʚʪʦʨʠʯʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ, ʚ ʢʦʪʦ-

ʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʨʘʟʣʠʯʥʦʡ ʬʦʨ-

ʤʳ (ʘʥʘʣʦʛʦʚʳʝ, ʯʘʩʪʦʪʥʳʝ) ʚ ʢʦʜʦʚʳʝ ʩʠʛʥʘʣʳ. ʄʠʢʨʦʢʦʥʪʨʦʣʣʝʨ 

ʦʩʫʱʝʩʪʚʣʷʝʪ ʦʙʨʘʙʦʪʢʫ ʚʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʘʣʛʦʨʠʪ-

ʤʘʤ, ʚʳʯʠʩʣʷʝʪ ʠʭ ʟʥʘʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʩʢʦʨʦʩʪʴ ʠʭ ʠʟʤʝʥʝʥʠʷ. ʇʦʣʫʯʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ ʠʟʤʝʨʝʥʥʳʭ ʚʝʣʠʯʠʥ ʩʦʧʦʩʪʘʚʣʷʶʪʩʷ ʩ ʧʨʝʜʝʣʴʥʦ-ʜʦʧʫʩʪʠʤʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʫʩʪʦʡʯʠʚʫʶ ʨʘʙʦʪʫ 

ɻʊɼ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ. ʉʨʘʚʥʝʥʠʝ ʪʝʢʫʱʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʩ ʧʨʝʜʝʣʴʥʦ- ʜʦʧʫʩʪʠʤʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ 

ʜʚʠʛʘʪʝʣʝʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʘʧʨʠʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʭʘʨʘʢʪʝʨʠ-
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ʩʪʠʢ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ɻʊɼ ʜʣʷ ʥʦʨʤʘʣʴʥʳʭ ʠ ʧʨʝʜʧʦʤʧʘʞʥʳʭ ʨʝʞʠʤʦʚ 

ʨʘʙʦʪʳ. ʅʘʣʠʯʠʝ ʢʦʤʧʣʝʢʩʘ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʨʝ-

ʞʠʤ ʨʘʙʦʪʳ ɻʊɼ, ʧʦʟʚʦʣʷʝʪ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʫ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʨʦ-

ʛʨʘʤʤʝ ʥʘ ʦʩʥʦʚʝ ʤʘʞʦʨʠʪʘʨʥʦʛʦ ʧʨʠʥʮʠʧʘ ʛʦʣʦʩʦʚʘʥʠʷ ʚʳʷʚʠʪʴ 

ʧʨʝʜʧʦʤʧʘʞʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʘʤ ʧʦʤʧʘʞ. ʕʪʦ ʟʥʘʯʠʪʝʣʴ-

ʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʥʘʜʝʞʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ ʧʦʤʧʘʞʘ.  

ʇʦʣʫʯʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʚʳʚʦʜʠʪʩʷ ʥʘ ʩʠʩʪʝʤʫ ʠʥʜʠʢʘʮʠʠ, ʘ ʪʘʢʞʝ ʚ 

ʙʣʦʢ ʨʝʛʠʩʪʨʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ. ʆʙʥʘʨʫʞʝʥʥʦʝ ʧʨʝʜʧʦʤʧʘʞʥʦʝ ʩʦʩʪʦʷʥʠʝ 

ɻʊɼ ʧʝʨʝʜʘʝʪʩʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʤ ʚ ʚʠʜʝ ʢʦʤʘʥʜʳ ʚ ʧʨʦʪʠʚʦʧʦʤʧʘʞʥʫʶ 

ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʘʷ ʯʝʨʝʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʩʧʦʣʥʠʪʝʣʴʥʳʝ ʤʝ-

ʭʘʥʠʟʤʳ ʠʟʤʝʥʷʝʪ ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ ʯʝʨʝʟ ʢʦʤʧʨʝʩʩʦʨ, ʩʥʠʞʘʝʪ ʨʘʩʭʦʜ ʪʦʧ-

ʣʠʚʘ ʚʧʣʦʪʴ ʜʦ ʝʛʦ ʧʨʝʢʨʘʱʝʥʠʷ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. ɸʚʠʘʮʠʦʥʥʳʝ ʧʨʠʙʦʨʳ ʠ ʠʟʤʝʨʠʪʝʣʴʥʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʢʦʤʧʣʝʢ-

ʩʳ: ʫʯʝʙ. ʧʦʩʦʙʠʝ / ɺ. ʅ. ɽʬʘʥʦʚ, ɺ. ʇ. ʊʦʢʘʨʝʚ. ï ʄ.: ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 

2010. ï 783 ʩ. 

2. ɺʘʩʠʣʴʝʚ, ɺ. ʀ. ɸʚʪʦʤʘʪʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʠ ʜʠʘʛʥʦʩʪʠʢʘ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ ʩʠʣʦʚʳʤʠ ʫʩʪʘʥʦʚʢʘʤʠ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ./ɺ.ʀ. ɺʘʩʠʣʴʝʚ, 

ʖ. ʄ. ɻʫʩʝʚ, ɸ. ʀ. ʀʚʘʥʦʚ, ɺ. ɸ. ʉʝʤʝʨʘʥ, ɺ. ɸ. ʉʠʨʦʪʠʥ. ï ʄ.: ʄʘʰʠʥʦ-

ʩʪʨʦʝʥʠʝ, 1989. ï 240 ʩ. 

3. ʂʝʙʘ ʀ.ɺ. ɼʠʘʛʥʦʩʪʠʢʘ ʘʚʠʘʮʠʦʥʥʳʭ ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ-ʄ.: 

ʊʨʘʥʩʧʦʨʪ,1980.-248 ʩ. 

4. ʇʘʪʝʥʪ 1429792 ɸʥʛʣʠʷ ʦʧʫʙʣ 20.08.2002 
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ʀʅʌʆʈʄɸʊʀʂɸ, ɺʓʏʀʉʃʀʊɽʃʔʅɸʗ ʊɽʍʅʀʂɸ ʀ 

ʋʇʈɸɺʃɽʅʀɽ 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʇɸʈɸʄɽʊʈʆɺ ʄʆɼɽʃɽʁ 

ʇʈʆɻʅʆɿʀʈʆɺɸʅʀʗ ʉʆʉʊʆʗʅʀʗ ʆɹʒɽʂʊʆɺ ʄʆʅʀʊʆʈʀʅɻɸ 

 

ʃʫʢʴʷʥʦʚ ʇʘʚʝʣ ɺʘʜʠʤʦʚʠʯ, 

ʢ.ʪ.ʥ., ʆɻʋ ʠʤʝʥʠ ʀ.ʉ. ʊʫʨʛʝʥʝʚʘ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʧʨʦʛʨʘʤʤʥʦʡ ʠʥ-

ʞʝʥʝʨʠʠ, ʛʦʨʦʜ ʆʨʝʣ 

ɺʣʘʩʦʚ ɺʠʢʪʦʨ ɺʠʢʪʦʨʦʚʠʯ, 

 ʆɻʋ ʠʤʝʥʠ ʀ.ʉ. ʊʫʨʛʝʥʝʚʘ, ʧʨʦʛʨʘʤʤʠʩʪ ʅʆʎ ʉʎʋʠʉʋ, ʛʦʨʦʜ ʆʨʝʣ 

ʉʠʣʘʝʚ ʇʘʚʝʣ ʇʘʚʣʦʚʠʯ 

ʆɻʋ ʠʤʝʥʠ ʀ.ʉ. ʊʫʨʛʝʥʝʚʘ, ʠʥʞʝʥʝʨ ʅʀʃ ʉʧʝʮʇʆ, ʛʦʨʦʜ ʆʨʝʣ 

 

ɺʚʝʜʝʥʠʝ 

ʈʝʟʫʣʴʪʘʪʳ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠʛʨʘʶʪ ʚʘʞʥʝʡʰʫʶ ʨʦʣʴ 

ʚ ʭʦʜʝ ʧʨʠʥʷʪʠʷ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʚ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʩʦʮʠʘʣʴʥʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ [1,11]. ʆʜʥʘʢʦ ʧʦʣʫʯʘʝʤʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʜʤʠʥʠ-

ʩʪʨʘʪʠʚʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ ʦʛʨʦʤʥʳʝ ʦʙʲʝʤʳ ʜʘʥʥʳʭ ʥʝ 

ʤʦʛʫʪ ʙʳʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʦʩʧʨʠʥʷʪʳ ʠ ʦʩʤʳʩʣʝʥʳ ʣʠʮʦʤ, ʧʨʠʥʠʤʘʶʱʠʤ 

ʩʪʨʘʪʝʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ. ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ ʥʝʦʙʭʦʜʠʤʦ ʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚ ʠʥʬʦʨʤʘʮʠ-

ʦʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʝ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʘʙʩʪʨʘʢʮʠʠ. 

ʊʦ ʝʩʪʴ ʚʩʪʘʝʪ ʚʦʧʨʦʩ ʦʙ ʦʨʛʘʥʠʟʘʮʠʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥ-

ʥʳʭ, ʚ ʯʘʩʪʥʦʩʪʠ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʠ ʩʣʦʞʥʳʭ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ ʧʨʦʛʥʦ-

ʟʠʨʦʚʘʥʠʝ ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʘ ʤʦʥʠʪʦʨʠʥʛʘ [5]. ɺ ʩʠʩʪʝʤʝ ʤʦʥʠʪʦʨʠʥʛʘ 

ʚʳʭʦʜʥʳʝ ʥʘʙʦʨʳ ʜʘʥʥʳʭ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʥʦʞʝʩʪʚʦ ʧʦʢʘʟʘʪʝʣʝʡ 

ʦʙʲʝʢʪʦʚ ʫʯʝʪʘ, ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʳʭ ʬʠʢʩʠʨʫʶʪʩʷ ʯʝʨʝʟ ʨʘʚʥʳʝ ʧʨʦʤʝʞʫʪʢʠ 

ʚʨʝʤʝʥʠ ï ʧʝʨʠʦʜʳ. ʇʦʵʪʦʤʫ ʚʳʭʦʜʥʳʝ ʥʘʙʦʨʳ ʜʘʥʥʳʭ ʤʦʥʠʪʦʨʠʥʛʘ ʤʦʞ-

ʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʚʨʝʤʝʥʥʳʝ ʨʷʜʳ. 

ɼʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʨʘʟʨʘʙʦʪʘʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝ-

ʩʪʚʦ ʤʝʪʦʜʦʚ ʠʣʠ ʘʣʛʦʨʠʪʤʦʚ. ʈʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʢʘʞʜʦʛʦ ʘʣʛʦʨʠʪʤʘ ʟʘʚʠ-

ʩʠʪ ʦʪ ʩʚʦʡʩʪʚ ʧʨʦʛʥʦʟʠʨʫʝʤʦʛʦ ʨʷʜʘ, ʧʦʵʪʦʤʫ ʚʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʠʣʠ ʚ ʩʫʱʝʩʪʚʝʥʥʦʡ ʩʪʝʧʝʥʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʚʳʙʦ-

ʨʘ ʥʘʠʣʫʯʰʝʛʦ ʘʣʛʦʨʠʪʤʘ ʠʟ ʥʝʢʦʪʦʨʦʛʦ ʟʘʜʘʥʥʦʛʦ ʩʝʤʝʡʩʪʚʘ, ʠ ʢʘʢ ʩʣʝʜ-

ʩʪʚʠʝ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʥʘʭʦʞʜʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʵʪʦʛʦ ʘʣʛʦʨʠʪʤʘ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. 

ɺ ʩʪʘʪʴʝ [12] ʛʦʚʦʨʠʪʩʷ, ʯʪʦ ʟʘʜʘʯʫ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʠʣʠ ʚ ʩʫʱʝʩʪʚʝʥ-

ʥʦʡ ʩʪʝʧʝʥʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʚʳʙʦʨʘ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʤʝʪʦʜʘ ʧʨʦʛʥʦ-

ʟʠʨʦʚʘʥʠʷ ʜʣʷ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʟʥʘʯʝʥʠʡ ʧʦʢʘʟʘʪʝʣʝʡ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ, ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʟʘʜʘʯʫ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. 
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ɺ ʩʪʘʪʴʝ [9] ʦʧʠʩʳʚʘʝʪʩʷ ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʡ 

ʬʫʥʢʮʠʠ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʚʳʙʦʨʘ ʘʣʛʦʨʠʪʤʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʘʷ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʯʝʪʘʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʳʭʦʜʥʳʭ 

ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ (ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʭ 

ʧʨʠʟʥʘʢʦʚ) ʩ ʠʭ ʚʝʩʘʤʠ.  

ɼʘʣʴʥʝʡʰʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʪʙʦʨ ʤʦʜʝʣʝʡ ʧʨʦʛʥʦʟʠʨʦ-

ʚʘʥʠʷ ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʘ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʯʪʦ-

ʙʳ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜ ʥʘʭʦʞʜʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ 

ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʦʛʥʦʟʥʦʡ ʤʦʜʝʣʠ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚʳʭʦʜʥʳʭ 

ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʦʛʥʦʟʥʳʭ 

ʤʦʜʝʣʝʡ ʤʦʞʥʦ ʦʪʦʙʨʘʪʴ ʪʨʦʡʥʦʝ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʝ ʩʛʣʘʞʠʚʘʥʠʝ, SSA, 

ARIMA, ʪʘʢ ʢʘʢ ʵʪʠ ʤʦʜʝʣʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʣʘʩʩʠʬʠ-

ʢʘʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʚʳʙʦʨʘ ʘʣʛʦʨʠʪʤʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

[8,9]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʫʜʝʪ ʠʩʩʣʝʜʦʚʘʥʘ ʦʙʣʘʩʪʴ ʟʥʘʯʝʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʧʨʠʥʠʤʘʪʴ ʧʘʨʘʤʝʪʨʳ ʦʪʦʙʨʘʥʥʳʭ ʧʨʦʛʥʦʟʥʳʭ ʤʦʜʝʣʝʡ, ʯʪʦʙʳ ʫʟʥʘʪʴ ʦʙ-

ʣʘʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʬʫʥʢʮʠʡ ʩʦʧʦʩʪʘʚʣʝʥʠʡ (ʤʝʪʦʜ ʥʘʭʦʞʜʝʥʠʷ ʟʘʢʦʥʦʤʝʨ-

ʥʦʩʪʝʡ) ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʳʭʦʜʥʳʭ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʦʛʥʦʟʥʳʭ ʤʦʜʝʣʝʡ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʪʨʦʡʥʦʛʦ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ 

ʩʛʣʘʞʠʚʘʥʠʷ 

ɺ ʦʩʥʦʚʫ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʩʛʣʘʞʠʚʘʥʠʷ ʟʘʣʦʞʝʥʘ ʠʜʝʷ ʧʦʩʪʦʷʥʥʦʛʦ 

ʧʝʨʝʩʤʦʪʨʘ ʧʨʦʛʥʦʟʥʳʭ ʟʥʘʯʝʥʠʡ ʧʦ ʤʝʨʝ ʧʦʩʪʫʧʣʝʥʠʷ ʬʘʢʪʠʯʝʩʢʠʭ. ʄʦ-

ʜʝʣʴ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʩʛʣʘʞʠʚʘʥʠʷ ʧʨʠʩʚʘʠʚʘʝʪ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʫʙʳ-

ʚʘʶʱʠʝ ʚʝʩʘ ʥʘʙʣʶʜʝʥʠʷʤ ʧʦ ʤʝʨʝ ʠʭ ʩʪʘʨʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʩʣʝʜʥʠʝ 

ʜʦʩʪʫʧʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʠʤʝʶʪ ʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʛʥʦʟʥʦʝ ʟʥʘʯʝʥʠʝ, 

ʯʝʤ ʩʪʘʨʰʠʝ ʥʘʙʣʶʜʝʥʠʷ. ʄʦʜʝʣʴ ʍʦʣʴʪʘ-ɺʠʥʪʝʨʩʘ ʠʣʠ ʪʨʦʡʥʦʝ ʵʢʩʧʦ-

ʥʝʥʮʠʘʣʴʥʦʝ ʩʛʣʘʞʠʚʘʥʠʝ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ 

ʪʨʝʥʜ ʠ ʩʝʟʦʥʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ [13].  

ʕʪʘ ʤʦʜʝʣʴ ʠʟ ʩʝʤʝʡʩʪʚʘ ʤʦʜʝʣʝʡ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʩʛʣʘʞʠʚʘʥʠʷ 

ʙʦʣʴʰʝ ʚʩʝʛʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʘ 

ʤʦʥʠʪʦʨʠʥʛʘ, ʪʘʢ ʫʯʠʪʳʚʘʝʪ ʥʘʣʠʯʠʝ ʪʨʝʥʜʘ ʠ ʩʝʟʦʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚʦ 

ʚʨʝʤʝʥʥʦʤ ʨʷʜʝ. ʅʘ ʚʭʦʜ ʤʦʜʝʣʴ ʧʦʣʫʯʘʝʪ ʯʝʪʳʨʝ ʧʘʨʘʤʝʪʨʘ: Ŭ,ɓ,ɔ ï ʧʦ-

ʩʪʦʷʥʥʳʝ ʩʛʣʘʞʠʚʘʥʠʷ, Ŭ ï ʢʦʵʬʬʠʮʠʝʥʪ ʩʛʣʘʞʠʚʘʥʠʷ ʫʨʦʚʥʷ, ɓ ï ʢʦʵʬʬʠ-

ʮʠʝʥʪ ʩʛʣʘʞʠʚʘʥʠʷ ʪʨʝʥʜʘ, ɔ ï ʢʦʵʬʬʠʮʠʝʥʪ ʩʛʣʘʞʠʚʘʥʠʷ ʩʝʟʦʥʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ, ʠ ʯʝʪʚʝʨʪʳʡ ʧʘʨʘʤʝʪʨ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʣʠʥʦʡ ʩʝʟʦʥʘ ʠʩʩʣʝ-

ʜʫʝʤʦʛʦ ʧʨʦʮʝʩʩʘ. 

ɺ ʧʨʦʩʪʦʤ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʤ ʩʛʣʘʞʠʚʘʥʠʠ (ʤʝʪʦʜ ʍʦʣʴʪʘ) ʝʩʣʠ Ŭ 

ʨʘʚʥʦ 1, ʪʦ ʧʨʝʜʳʜʫʱʠʝ ʥʘʙʣʶʜʝʥʠʷ ʧʦʣʥʦʩʪʴʶ ʠʛʥʦʨʠʨʫʶʪʩʷ. ɽʩʣʠ Ŭ 

ʨʘʚʥʦ 0, ʪʦ ʠʛʥʦʨʠʨʫʶʪʩʷ ʪʝʢʫʱʠʝ ʥʘʙʣʶʜʝʥʠʷ. ɿʥʘʯʝʥʠʷ Ŭ ʤʝʞʜʫ 0 ʠ 1 

ʜʘʶʪ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʨʝʟʫʣʴʪʘʪ [2]. 

ʇʦʩʪʦʷʥʥʳʝ ʩʛʣʘʞʠʚʘʥʠʷ ʚ ʤʝʪʦʜʝ ʍʦʣʴʪʘ-ɺʠʥʪʝʨʩʘ ʠʛʨʘʶʪ ʪʫ ʞʝ 

ʨʦʣʴ, ʯʪʦ ʠ ʧʦʩʪʦʷʥʥʘʷ ʚ ʧʨʦʩʪʦʤ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʤ ʩʛʣʘʞʠʚʘʥʠʠ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ ʦʙʣʘʩʪʴ ʟʥʘʯʝʥʠʡ ʪʨʝʭ ʧʘʨʘʤʝʪʨʦʚ ʤʝʪʦʜʘ ʪʨʦʡʥʦʛʦ ʵʢʩʧʦʥʝʥʮʠ-

ʘʣʴʥʦʛʦ ʩʛʣʘʞʠʚʘʥʠʷ ʣʝʞʠʪ ʚ ʜʠʘʧʘʟʦʥʝ [0, 1]. 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʤʝʪʦʜʘ SSA 

ɺ ʙʘʟʦʚʦʤ ʤʝʪʦʜʝ çɻʫʩʝʥʠʮʘè-SSA ʝʩʪʴ ʜʚʘ ʧʘʨʘʤʝʪʨʘ. ʇʝʨʚʳʡ ï ʵʪʦ 

ʮʝʣʦʝ ʯʠʩʣʦ ʜʣʠʥʘ ʛʫʩʝʥʠʮʳ, ʘ ʚʪʦʨʦʡ ʧʘʨʘʤʝʪʨ ʷʚʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʥʳʤ ï 

ʵʪʦ ʩʧʦʩʦʙ ʛʨʫʧʧʠʨʦʚʢʠ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ (ʯʠʩʣʦ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ). 

ɼʣʷ ʘʥʘʣʠʟʘ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʥʝ ʠʤʝʝʪ ʩʤʳʩʣʘ ʙʨʘʪʴ ʜʣʠʥʫ ʛʫʩʝʥʠʮʳ, 

ʙʦʣʴʰʫʶ ʯʝʤ ʧʦʣʦʚʠʥʘ ʜʣʠʥʳ ʨʷʜʘ. ʏʝʤ ʙʦʣʴʰʝ ʜʣʠʥʘ ʛʫʩʝʥʠʮʳ, ʪʝʤ 

ʙʦʣʴʰʝ ʜʝʪʘʣʴʥʦʝ ʨʘʟʣʦʞʝʥʠʝ ʠʩʭʦʜʥʦʛʦ ʨʷʜʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʠʙʦʣʝʝ 

ʜʝʪʘʣʴʥʦʝ ʨʘʟʣʦʞʝʥʠʝ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʚʳʙʦʨʝ ʜʣʠʥʳ ʛʫʩʝʥʠʮʳ, ʧʨʠʙʣʠʟʠ-

ʪʝʣʴʥʦ ʨʘʚʥʦʡ ʧʦʣʦʚʠʥʝ ʜʣʠʥʳ ʨʷʜʘ. ʄʘʣʝʥʴʢʘʷ ʜʠʥʘ ʛʫʩʝʥʠʮʳ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʩʤʝʰʠʚʘʥʠʶ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʳʭ ʢʦʤʧʦʥʝʥʪ ʨʷʜʘ. ʇʨʠ ʨʝʰʝʥʠʠ 

ʟʘʜʘʯʠ ʚʳʜʝʣʝʥʠʷ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʢʦʤʧʦʥʝʥʪʳ ʩʣʝʜʫʝʪ ʚʳʙʠʨʘʪʴ ʜʣʠʥʫ ʛʫ-

ʩʝʥʠʮʳ ʢʨʘʪʥʦʡ ʧʝʨʠʦʜʫ [7]. ʆʙʣʘʩʪʴ ʟʥʘʯʝʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ 

ʧʘʨʘʤʝʪʨ ʜʣʠʥʘ ʛʫʩʝʥʠʮʳ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʪʫʨʘʣʴʥʳʝ ʯʠʩʣʘ ʠʟ ʜʠʘ-

ʧʘʟʦʥʘ [1, n], ʛʜʝ n ï ʧʦʣʦʚʠʥʘ ʜʣʠʥʳ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ. 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʚʳʙʦʨʘ ʚʪʦʨʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʪʦ ʧʨʦʮʝʜʫʨʫ ʨʘʟʜʝʣʝʥʠʷ 

ʯʣʝʥʦʚ ʩʠʥʛʫʣʷʨʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʥʘ ʛʨʫʧʧʳ (ʰʘʛ ʛʨʫʧʧʠʨʦʚʢʠ) ʪʨʫʜʥʦ 

ʬʦʨʤʘʣʠʟʦʚʘʪʴ. ʕʪʘ ʧʨʦʮʝʜʫʨʘ ʦʩʥʦʚʘʥʘ ʥʘ ʘʥʘʣʠʟʝ ʩʠʥʛʫʣʷʨʥʳʭ ʚʝʢʪʦʨʦʚ 

ʠ ʩʦʙʩʪʚʝʥʥʳʭ ʯʠʩʝʣ ʚ ʩʠʥʛʫʣʷʨʥʳʭ ʨʘʟʣʦʞʝʥʠʷʭ [4]. ʏʠʩʣʦ ʛʣʘʚʥʳʭ ʢʦʤ-

ʧʦʥʝʥʪ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʤʝʨʥʦʩʪʴʶ ʠʩʩʣʝʜʫʝʤʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʠ ʤʦ-

ʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʦ ʠʟ ʘʥʘʣʠʟʘ ʩʦʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʯʠʩʣʦʚʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʩʠʥʛʫʣʷʨʥʳʭ ʯʠʩʝʣ. ɼʣʠʥʘ ʛʫʩʝʥʠʮʳ ʜʦʣʞʥʘ ʙʳʪʴ ʥʝʩʢʦʣʴʢʦ 

ʙʦʣʴʰʝ ʯʠʩʣʘ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ [6]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʦʙʣʘʩʪʴ ʟʥʘʯʝʥʠʡ ʧʘ-

ʨʘʤʝʪʨʘ çʯʠʩʣʦ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪè ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʪʫʨʘʣʴʥʳʝ ʯʠʩ-

ʣʘ ʚ ʜʠʘʧʘʟʦʥʝ [1, n-1]. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ARIMA  

ɺ ʦʪʣʠʯʠʝ ʦʪ ʤʝʪʦʜʠʢ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ, ʦʩʥʦʚʘʥʥʳʭ 

ʥʘ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʤ ʩʛʣʘʞʠʚʘʥʠʠ, ʚ ʤʝʪʦʜʦʣʦʛʠʠ ARIMA ʥʝ ʧʨʝʜʧʦʣʘʛʘ-

ʝʪʩʷ ʢʘʢʦʡ-ʣʠʙʦ ʯʝʪʢʦʡ ʤʦʜʝʣʠ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʜʘʥʥʦʡ ʚʨʝʤʝʥʥʦʡ 

ʩʝʨʠʠ. ɿʘʜʘʝʪʩʷ ʣʠʰʴ ʦʙʱʠʡ ʢʣʘʩʩ ʤʦʜʝʣʝʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʚʨʝʤʝʥʥʦʡ ʨʷʜ 

ʠ ʧʦʟʚʦʣʷʶʱʠʭ ʚʳʨʘʞʘʪʴ ʪʝʢʫʱʝʝ ʟʥʘʯʝʥʠʝ ʧʝʨʝʤʝʥʥʦʡ ʯʝʨʝʟ ʝʝ ʧʨʝʜʳ-

ʜʫʱʠʝ ʟʥʘʯʝʥʠʷ. ɿʘʪʝʤ ʘʣʛʦʨʠʪʤ, ʧʦʜʩʪʨʘʠʚʘʷ ʚʥʫʪʨʝʥʥʠʝ ʧʘʨʘʤʝʪʨʳ, ʩʘʤ 

ʚʳʙʠʨʘʝʪ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʫʶ ʤʦʜʝʣʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. ʆʙʱʘʷ ʤʦʜʝʣʴ, 

ʧʨʝʜʣʦʞʝʥʥʘʷ ɹʦʢʩʦʤ ʠ ɼʞʝʥʢʠʥʩʦʤ, ʚʢʣʶʯʘʝʪ ʢʘʢ ʧʘʨʘʤʝʪʨʳ ʘʚʪʦʨʝʛʨʝʩ-

ʩʠʠ, ʪʘʢ ʠ ʧʘʨʘʤʝʪʨʳ ʩʢʦʣʴʟʷʱʝʛʦ ʩʨʝʜʥʝʛʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʤʝʝʪʩʷ ʪʨʠ 

ʪʠʧʘ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ: ʧʘʨʘʤʝʪʨʳ ʘʚʪʦʨʝʛʨʝʩʩʠʠ p, ʧʦʨʷʜʦʢ ʨʘʟʥʦʩʪʠ d, 

ʧʘʨʘʤʝʪʨʳ ʩʢʦʣʴʟʷʱʝʛʦ ʩʨʝʜʥʝʛʦ q. ɺ ʦʙʦʟʥʘʯʝʥʠʷʭ ɹʦʢʩʘ ʠ ɼʞʝʥʢʠʥʩʘ 

ʤʦʜʝʣʴ ʟʘʧʠʩʳʚʘʝʪʩʷ ʢʘʢ ARIMA (p, d, q).  

ɼʣʷ ʤʦʜʝʣʠ ARIMA ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʨʷʜ ʙʳʣ ʩʪʘʮʠʦʥʘʨʥʳʤ, ʵʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʝʛʦ ʩʨʝʜʥʝʝ ʧʦʩʪʦʷʥʥʦ, ʘ ʚʳʙʦʨʦʯʥʳʝ ʜʠʩʧʝʨʩʠʷ ʠ ʘʚʪʦʢʦʨ-

ʨʝʣʷʮʠʷ ʥʝ ʤʝʥʷʶʪʩʷ ʚʦ ʚʨʝʤʝʥʠ. ʇʦʵʪʦʤʫ ʦʙʳʯʥʦ ʥʝʦʙʭʦʜʠʤʦ ʙʨʘʪʴ ʨʘʟ-

ʥʦʩʪʠ ʨʷʜʘ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʦʥ ʥʝ ʩʪʘʥʝʪ ʩʪʘʮʠʦʥʘʨʥʳʤ. ʏʠʩʣʦ ʨʘʟʥʦʩʪʝʡ, 

ʢʦʪʦʨʳʝ ʙʳʣʠ ʚʟʷʪʳ, ʯʪʦʙʳ ʜʦʩʪʠʯʴ ʩʪʘʮʠʦʥʘʨʥʦʩʪʠ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʘʨʘ-

ʤʝʪʨʦʤ d. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʥʝʦʙʭʦʜʠʤʳʡ ʧʦʨʷʜʦʢ ʨʘʟʥʦʩʪʠ, 

ʥʫʞʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʛʨʘʬʠʢ ʨʷʜʘ ʠ ʘʚʪʦʢʦʨʨʝʣʦʛʨʘʤʤʫ. ʉʠʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ 
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ʫʨʦʚʥʷ ʦʙʳʯʥʦ ʪʨʝʙʫʶʪ ʚʟʷʪʠʷ ʥʝʩʝʟʦʥʥʦʡ ʨʘʟʥʦʩʪʠ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ. 

ʉʠʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʥʘʢʣʦʥʘ ʪʨʝʙʫʶʪ ʚʟʷʪʠʷ ʨʘʟʥʦʩʪʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ. 

ʉʝʟʦʥʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʪʨʝʙʫʝʪ ʚʟʷʪʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʝʟʦʥʥʦʡ ʨʘʟʥʦ-

ʩʪʠ. ɽʩʣʠ ʠʤʝʝʪʩʷ ʤʝʜʣʝʥʥʦʝ ʫʙʳʚʘʥʠʝ ʚʳʙʦʨʦʯʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʘʚʪʦ-

ʢʦʨʨʝʣʷʮʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʣʘʛʘ, ʦʙʳʯʥʦ ʙʝʨʫʪ ʨʘʟʥʦʩʪʴ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ 

[10]. ʅʘ ʧʨʘʢʪʠʢʝ r ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʷʪʴ, ʦʜʥʘʢʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ 

dÒ2 [13].  

ʅʘ ʵʪʘʧʝ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʦʨʷʜʢʘ ʤʦʜʝʣʠ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ, 

ʢʘʢ ʤʥʦʛʦ ʧʘʨʘʤʝʪʨʦʚ ʘʚʪʦʨʝʛʨʝʩʩʠʠ (p) ʠ ʩʢʦʣʴʟʷʱʝʛʦ ʩʨʝʜʥʝʛʦ (q) ʜʦʣʞ-

ʥʦ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʚ ʵʬʬʝʢʪʠʚʥʦʡ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʘ. ʅʘ ʧʨʘʢʪʠʢʝ ʦʯʝʥʴ 

ʨʝʜʢʦ ʙʳʚʘʝʪ, ʯʪʦ ʯʠʩʣʦ ʧʘʨʘʤʝʪʨʦʚ p ʠʣʠ q ʙʦʣʴʰʝ ʜʚʫʭ [10]. 

ʉʝʟʦʥʥʘʷ ʤʦʜʝʣʴ ARIMA  ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ: 

ARIMA (p, d, q)(PS, DS, QS), 

ʛʜʝ p, d, q ï ʧʘʨʘʤʝʪʨʳ ʦʧʠʩʘʥʥʳʝ ʚʳʰʝ, PS ï ʩʝʟʦʥʥʳʡ ʧʘʨʘʤʝʪʨ ʘʚ-

ʪʦʨʝʛʨʝʩʩʠʠ, DS ï ʧʦʨʷʜʦʢ ʩʝʟʦʥʥʦʡ ʨʘʟʥʦʩʪʠ (ʩʝʟʦʥʥʦʡ ʧʨʦʠʟʚʦʜʥʦʡ), QS ï 

ʩʝʟʦʥʥʳʡ ʧʦʨʷʜʦʢ ʩʢʦʣʴʟʷʱʝʛʦ ʩʨʝʜʥʝʛʦ [3]. 

ʅʝʩʪʘʮʠʦʥʘʨʥʳʝ ʨʷʜʳ, ʩʦʜʝʨʞʘʱʠʝ ʩʝʟʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ, ʧʨʠʚʦʜʷʪ ʢ 

ʩʪʘʮʠʦʥʘʨʥʳʤ ʩ ʧʦʤʦʱʴʶ ʚʟʷʪʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʨʘʟʥʦʩʪʝʡ ʤʝʞʜʫ ʩʦ-

ʩʝʜʥʠʤʠ ʵʣʝʤʝʥʪʘʤʠ (ʥʝʩʝʟʦʥʥʦʡ ʨʘʟʥʦʩʪʠ) ʠ ʵʣʝʤʝʥʪʘʤʠ ʦʪʩʪʦʷʱʠʤʠ 

ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʥʘ ʟʥʘʯʝʥʠʝ ʧʝʨʠʦʜʘ ʩʝʟʦʥʥʦʩʪʠ S. ʇʦʩʣʝ ʚʟʷʪʠʷ ʨʘʟʥʦʩʪʝʡ 

ʨʷʜ ʩʪʘʥʦʚʠʪʩʷ ʩʪʘʮʠʦʥʘʨʥʳʤ. ʆʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʦʧʠʨʘʝʪʩʷ 

ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʝ ʛʨʘʬʠʢʦʚ ʨʷʜʦʚ, ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʬʫʥʢʮʠʡ ʠ ʯʘʩʪʥʳʭ 

ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʬʫʥʢʮʠʡ. 

ʆʙʣʘʩʪʴ ʟʥʘʯʝʥʠʡ ʚʩʝʭ ʰʝʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ARIMA  ʧʨʝʜʩʪʘʚʣʷ-

ʝʪ ʩʦʙʦʡ ʥʘʪʫʨʘʣʴʥʳʝ ʯʠʩʣʘ. ʀʩʭʦʜʷ ʠʟ ʘʥʘʣʠʟʘ ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʝʡ 

ARIMA  ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʨʝʚʳʰʘʣʠ 100, ʚ ʨʝʜʢʠʭ 

ʩʣʫʯʘʷʭ 30. 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʩʪʘʪʴʝ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʧʘʨʘʤʝʪʨʳ ʪʨʝʭ ʤʝʪʦʜʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘ-

ʥʠʷ: ʪʨʦʡʥʦʝ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʝ ʩʛʣʘʞʠʚʘʥʠʝ, SSA, ARIMA. ɼʣʷ ʢʘʞʜʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʦʙʣʘʩʪʴ ʟʥʘʯʝʥʠʡ, ʦʧʠʩʘʥʦ ʝʛʦ ʥʘʟʥʘʯʝʥʠʝ. 

ʊʘʢʞʝ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʧʠʩʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʠʭ ʚʳʙʦʨʫ. 

ʇʨʠʤʝʯʘʥʠʝ: ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ 

ʈʌʌʀ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ ˉ 16-37-00326. 
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ʇʆɼʍʆɼʓ ʂ ʆɹɽʉʇɽʏɽʅʀʖ ʕʅɽʈɻʆʕʌʌɽʂʊʀɺʅʆʉʊʀ 

ʄʆɹʀʃʔʅʓʍ ʇʈʀʃʆɾɽʅʀʁ ʂʆʈʇʆʈɸʊʀɺʅʓʍ 

ʀʅʌʆʈʄɸʎʀʆʅʅʓʍ ʉʀʉʊɽʄ 

 

ʐʫʣʴʛʠʥ ɸʥʜʨʝʡ ʆʣʝʛʦʚʠʯ, 

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʜʠʨʝʢʪʦʨ ʧʦ ʨʘʟʚʠʪʠʶ, 

 ʆʆʆ çʀʥʬʦʢʦʤ-ʉè, 

ʛ. ʉʪʘʚʨʦʧʦʣʴ 

ʅʘʫʤʝʥʢʦ ɺʣʘʜʠʤʠʨ ɺʠʢʪʦʨʦʚʠʯ, 

 ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʩʠʩʪʝʤʥʳʡ ʘʨʭʠʪʝʢʪʦʨ,  

ʆʆʆ çʀʥʬʦʢʦʤ-ʉè, 

ʛ. ʉʪʘʚʨʦʧʦʣʴ 

ɸʥʜʨʝʡ ɺʣʘʜʠʤʠʨʦʚʠʯ ɻʨʠʮʝʥʢʦ, 

ʚʝʜʫʱʠʡ ʧʨʦʛʨʘʤʤʠʩʪ, 

 ʆʆʆ çʀʥʬʦʢʦʤ-ʉè, 

ʛ. ʉʪʘʚʨʦʧʦʣʴ 

ɼʝʨʷʙʠʥ ʄʘʢʩʠʤ ɸʥʘʪʦʣʴʝʚʠʯ 

ʘʩʧʠʨʘʥʪ,  

ʀʥʩʪʠʪʫʪ ʤʘʪʝʤʘʪʠʢʠ ʠ ʝʩʪʝʩʪʚʝʥʥʳʭ ʥʘʫʢ  

ʌɻɸʆʋ ɺʆ çʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè, 

ʛ. ʉʪʘʚʨʦʧʦʣʴ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʬʫʥʢʮʠʡ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʠʥʬʦʨ-

ʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ (ʂʀʉ) ʧʨʠʤʝʥʷʶʪʩʷ ʤʦʙʠʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʷ, ʚʳʧʦʣ-

ʥ̫ ʶʱʠʝ ʜʦʩʪʫʧ ʢ ʨʘʟʣʠʯʥʳʤ ʧʦʜʩʠʩʪʝʤʘʤ ʦʨʛʘʥʠʟʘʮʠʠ ʜʣʷ ʫʜʘʣʝʥʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘʤʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʘ ʨʳʥʢʝ ʧʦʷʚʠʣʦʩʴ ʤʥʦʞʝ-

ʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʨʝʰʝʥʠʡ ʜʣʷ ʤʦʙʠʣʴʥʳʭ ʧʣʘʪʬʦʨʤ, ʥʘʧʨʘʚ-

ʣʝʥʥʳʭ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʟʘʜʘʯ ʂʀʉ. 

ɺ ʨʘʤʢʘʭ ʧʨʦʚʝʜʝʥʥʳʭ ʢʦʣʣʝʢʪʠʚʦʤ ʘʚʪʦʨʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʣʦʞʝ-

ʥʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ [1], ʧʦʟʚʦʣʷʶʱʝʝ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʠʪʴ ʧʨʦ-

ʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʤʦʙʠʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʩ ʂʀʉ, 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʠʧʦʚʳʭ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʩʠʩʪʝʤ ʪʝʭʥʦʣʦʛʠʡ ʚ ʨʘʤʢʘʭ ʝʜʠʥʦʡ ʧʨʦʛʨʘʤʤʥʦʡ ʧʣʘʪʬʦʨʤʳ, ʪʝ ʝʩʪʴ ʩʧʝ-

ʮʠʘʣʴʥʦʛʦ ʬʨʝʡʤʚʦʨʢʘ. ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʨʝʰʘʝʪ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ ʩʫʱʝ-

ʩʪʚʫʶʱʠʭ ʧʦʜʭʦʜʦʚ [2-6], ʚʳʷʚʣʝʥʥʳʭ ʚ ʭʦʜʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

[1], ʛʣʘʚʥʳʤ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʜʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠʤʝʶʪ ʧʨʝ-

ʠʤʫʱʝʩʪʚʝʥʥʦ çʥʘʪʠʚʥʳʡè ʭʘʨʘʢʪʝʨ ʠ ʥʝ ʧʦʟʚʦʣʷʶʪ ʦʙʝʩʧʝʯʠʪʴ ʢʨʦʩ-

ʩʧʣʘʪʬʦʨʤʝʥʥʦʩʪʴ, ʧʨʠ ʵʪʦʤ ʨʘʟʨʘʙʦʪʢʘ ʤʦʙʠʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʚʝʜʝʪʩʷ 

ʙʝʟ ʩʚʷʟʠ ʩ ʫʞʝ ʦʧʠʩʘʥʥʳʤʠ ʘʨʭʠʪʝʢʪʫʨʥʳʤʠ ʠ ʠʥʪʝʨʬʝʡʩʥʳʤʠ ʤʦʜʝʣʷʤʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʯʪʦ ʚʝʜʝʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʨʦʢʦʚ ʨʘʟʨʘʙʦʪʢʠ. 
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ʇʨʠ ʵʪʦʤ ʘʨʭʠʪʝʢʪʫʨʘ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ (ʩʤ. ʨʠʩʫʥʦʢ 1), ʧʦ-

ʣʫʯʝʥʥʦʡ ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʙʫʜʝʪ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ 

ʩʣʝʜʫʶʱʠʝ ʩʦʩʪʘʚʥʳʝ ʙʣʦʢʠ: 

- ʢʦʨʧʦʨʘʪʠʚʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʩ ʧʦʜʩʠʩʪʝʤʦʡ ʨʘʩʰʠʨʝʥʠʡ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʧʘʢʝʪ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʘʥ-

ʥʳʭ ʠ ʧʨʦʮʝʩʩʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʩʦʩʪʘʚʝ ʂʀʉ; 

- ʯʘʩʪʥʦʝ ʦʙʣʘʢʦ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʝ ʩʦʙʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʚʳʯʠʩʣʠ-

ʪʝʣʴʥʳʭ ʤʦʱʥʦʩʪʝʡ ʦʨʛʘʥʠʟʘʮʠʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʫʶ ʜʣʷ ʫʜʘʣʝʥʥʦʛʦ ʫʧʨʘʚ-

ʣʝʥʠʷ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʙʠʣʴʥʳʭ ʧʣʘʪʬʦʨʤ; 

- ʤʦʙʠʣʴʥʳʝ ʧʨʠʣʦʞʝʥʠʷ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʝ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʠʥʪʝʨ-

ʬʝʡʩ ʜʣʷ ʫʜʘʣʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘʤʠ ʂʀʉ. 

 
ʈʠʩʫʥʦʢ 1 ï ʂʦʥʮʝʧʪʫʘʣʴʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʂʀʉ 

 

ʆʙʣʘʯʥʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʷʚʣʷʝʪʩʷ ʷʜʨʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʣʘʪʬʦʨ-

ʤʳ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʂʀʉ ʠ ʩʚʷ-

ʟʳʚʘʝʪ ʙʣʦʢ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʂʀʉ ʩ ʙʣʦʢʦʤ ʤʦʙʠʣʴʥʦʡ ʧʣʘʪʬʦʨʤʳ ʚ 

ʝʜʠʥʦʝ ʮʝʣʦʝ, ʠʩʧʦʣʴʟʫʷ ʧʨʠ ʵʪʦʤ ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʦʧʠʩʘʥʥʳʝ ʚ 

ʤʦʜʝʣʠ ʜʘʥʥʳʭ. ɼʘʥʥʳʡ ʙʣʦʢ ʩʦʜʝʨʞʠʪ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʙʠʟʥʝʩ-ʣʦʛʠʢʠ ʚʟʘ-

ʠʤʦʜʝʡʩʪʚʠʷ ʂʀʉ ʠ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ.  

ʇʨʝʜʣʘʛʘʝʤʳʡ ʤʝʪʦʜ ʨʘʟʨʘʙʦʪʢʠ ʤʦʙʠʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ, ʠʩʧʦʣʴʟʫʝ-

ʤʳʡ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʧʣʘʪʬʦʨʤʳ, ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ 

ʪʠʧʦʚ ʤʦʜʝʣʝʡ: ʤʦʜʝʣʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʘʥʥʳʭ, ʤʦʜʝʣʠ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ 

ʠ ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ. ɼʘʥʥʳʝ ʤʦʜʝʣʠ ʦʙʲʝʜʠʥʷʶʪ ʚ ʩʝʙʝ ʚʩʝ 

ʥʝʦʙʭʦʜʠʤʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ, ʦʙʨʘʙʦʪʢʠ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ, 

ʮʠʨʢʫʣʠʨʫʶʱʠʭ ʚ ʂʀʉ. 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʤʝʪʦʜ ʠʥʪʝʛʨʘʮʠʠ ʩ ʂʀʉ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʡ, ʦʭʚʘʪʳʚʘʶʱʠʭ ʚʝʩʴ ʮʠʢʣ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʡ ʯʘ-
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ʩʪʠ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʠ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʚʠʜʝ ʘʣʛʦʨʠʪʤʘ, ʠʩʧʦʣʴʟʫʶ-

ʱʝʛʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʦʡ ʨʘʥʝʝ ʧʣʘʪʬʦʨʤʳ ʜʣʷ ʨʘʟʚʝʨʪʳʚʘʥʠʷ 

ʯʘʩʪʥʦʛʦ ʦʙʣʘʢʘ ʂʀʉ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʩʦʟʜʘʶʪʩʷ ʤʦʜʝʣʠ ʭʨʘʥʝʥʠʷ, 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ ʂʀʉ, ʥʘ ʦʩʥʦʚʝ 

ʢʦʪʦʨʳʭ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʛʝʥʝʨʠʨʫʝʪʩʷ ʠʩʭʦʜʥʳʡ ʢʦʜ ʩʝʨ-

ʚʝʨʥʦʡ ʠ ʢʣʠʝʥʪʩʢʦʡ ʯʘʩʪʠ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ. 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʛʨʘʤʤʥʦʡ ʧʣʘʪʬʦʨʤʳ ʤʦ-

ʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʦʩʥʦʚʘʥʘ ʥʘ ʦʙʣʘʯʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʦʜʥʘʢʦ ʵʪʦ ʥʝ ʠʩ-

ʢʣʶʯʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘ ʢʣʠʝʥʪʩʢʦʡ ʯʘʩʪʠ ʬʫʥʢʮʠʡ ʧʦ ʦʙʨʘʙʦʪʢʝ 

ʠʥʬʦʨʤʘʮʠʠ, ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ ʙʘʟʘʭ ʜʘʥʥʳʭ ʂʀʉ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ ʩʫʱʝ-

ʩʪʚʫʝʪ ʘʢʪʫʘʣʴʥʘʷ ʟʘʜʘʯʘ ʧʦʠʩʢʘ ʧʫʪʝʡ ʢ ʦʙʝʩʧʝʯʝʥʠʶ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʩ-

ʭʦʜʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ, ʘ ʪʘʢʞʝ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʦʙʠʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʝʜʫʪʩʷ ʘʢʪʠʚʥʳʝ ʨʘʙʦʪʳ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʵʥʝʨ-

ʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʘʨʭʠʪʝʢʪʫʨʳ ʤʦʙʠʣʴʥʳʭ 

ʫʩʪʨʦʡʩʪʚ. ʊʘʢ, ʚ ʨʘʙʦʪʝ [7,8] ʘʚʪʦʨʘʤʠ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʨʘʤʢʘʭ 

ʌʎʇʀʈ 2014-2020 (ʫʥʠʢʘʣʴʥʳʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʧʨʠʢʣʘʜʥʳʭ ʥʘʫʯʥʳʭ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ RFMEFI57614X0066) ʧʨʝʜʣʦʞʝʥ ʧʦʜʭʦʜ, ʧʦʟʚʦʣʷʶʱʠʡ ʨʝʘʣʠ-

ʟʦʚʘʪʴ ʯʘʩʪʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʤʦʙʠʣʴʥʳʭ 

ʩʠʩʪʝʤʘʭ ʩʚʷʟʠ, ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ ʦʩʪʘʪʦʯʥʳʭ ʢʣʘʩʩʦʚ (ʉʆʂ), ʥʘ ʙʘʟʝ ʨʘʟ-

ʨʘʙʦʪʘʥʥʳʭ ʤʝʪʦʜʦʚ ʚʳʯʠʩʣʝʥʠʷ ʧʦʟʠʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʦʩʥʦʚʘʥʥʳʭ 

ʥʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʬʫʥʢʮʠʷʭ ʷʜʨʘ, ʫʯʠʪʳʚʘʶʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʬʫʥʢ-

ʮʠʦʥʠʨʦʚʘʥʠʷ ʘʧʧʘʨʘʪʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʩʥʠʞʝʥʠʶ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ. 

 ʉ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʟʘʜʘʯʝʡ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʟ-

ʨʘʙʦʪʢʘ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʯʠʩʣʘ X=(x1,é,xn), ʧʨʝʜʩʪʘʚʣʝʥʥʦ-

ʛʦ ʚ ʉʆʂ ʩ ʦʩʥʦʚʘʥʠʷʤʠ p1é,pn, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʪ ʥʘ ʦʩʥʦʚʝ ʦʩʪʘʪʦʯʥʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʧʨʝʜʝʣʷʪʴ ʧʦʟʠʮʠʶ ʯʠʩʣʘ X ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʠʭ ʯʠʩʝʣ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʦʡ ʞʝ ʉʆʂ, ʢʦʪʦʨʘʷ ʚ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʘʟʳʚʘʝʪʩʷ 

ʦʙʦʙʱʝʥʥʦʡ ʬʫʥʢʮʠʝʡ ʷʜʨʘ J(X)=J(x1,é,xn).  

ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦ-

ʛʦ ʥʘʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʦʙʦʙʱʝʥʥʦʡ ʬʫʥʢʮʠʠ ʷʜʨʘ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʵʥʝʨ-

ʛʦʧʦʪʨʝʙʣʝʥʠʷ: 

E=E(V1,é,Vn)Ÿmin. 

ʇʨʠ ʵʪʦʤ ʫʯʠʪʳʚʘʣʘʩʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʭʨʘʥʝʥʠʷ ʠʣʠ ʩʥʠʞʝʥʠʷ ʩʢʦ-

ʨʦʩʪʠ ʨʘʙʦʪʳ (ʚ ʥʩ) T=T(V1,é,Vn) ʠ ʩʦʭʨʘʥʝʥʠʷ ʠʣʠ ʩʥʠʞʝʥʠʷ ʟʘʥʠʤʘʝʤʦʡ 

ʧʣʦʱʘʜʠ ʫʩʪʨʦʡʩʪʚʘ S=S(V1,é,Vn), ʢʦʪʦʨʳʝ ʪʘʢ ʞʝ ʟʘʚʠʩʷʪ ʦʪ ʧʘʨʘʤʝʪʨʦʚ 

ʦʙʦʙʱʝʥʥʦʡ ʬʫʥʢʮʠʠ ʷʜʨʘ. 

 



22 

 
ʈʠʩʫʥʦʢ 2 ï ɿʘʥʠʤʘʝʤʘʷ ʧʣʦʱʘʜʴ (ʘ), ʤʘʢʩʠʤʘʣʴʥʘʷ ʟʘʜʝʨʞʢʘ (ʙ), ʠ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ (ʚ) ʘʣʛʦʨʠʪʤʦʚ ʩʨʘʚʥʝʥʠʷ ʯʠʩʝʣ ʚ ʉʆʂ 

 

ʅʘ ʦʩʥʦʚʝ ʨʝʘʣʠʟʘʮʠʠ ʦʙʦʙʱʝʥʥʦʡ ʬʫʥʢʮʠʠ ʷʜʨʘ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ʩʨʘʚʥʝʥʠʷ ʙʳʣʠ ʨʝʘʣʠʟʦʚʘʥʳ ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʬʫʥʢʮʠʠ ʷʜʨʘ ʩ ʤʠ-

ʥʠʤʘʣʴʥʳʤ ʜʠʘʧʘʟʦʥʦʤ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʜʠʘʛʦʥʘʣʴʥʦʡ ʬʫʥʢʮʠʝʡ 

(ʄɼʌ). ɹʳʣʦ ʧʨʦʠʟʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʝʪʦʜʦʚ ʩ ʤʝʪʦʜʘʤʠ, 

ʠʩʧʦʣʴʟʫʶʱʠʤʠ ʂʠʪʘʡʩʢʫʶ ʪʝʦʨʝʤʫ ʦʙ ʦʩʪʘʪʢʘʭ (ʂʊʆ) ʠ ʦʙʦʙʱʝʥʥʫʶ ʧʦ-

ʟʠʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ ʩʯʠʩʣʝʥʠʷ (ʆʇʉʉ). ʉʦʛʣʘʩʥʦ ʨʠʩʫʥʢʫ 2 ʤʦʞʥʦ ʫʩʪʘ-

ʥʦʚʠʪʴ, ʯʪʦ ʄɼʌ ʷʚʣʷʝʪʩʷ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʧʦʜʭʦʜʦʤ ʜʣʷ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯʠ ʩʨʘʚʥʝʥʠʷ ʯʠʩʝʣ ʧʦ ʚʩʝʤ ʧʘʨʘʤʝʪʨʘʤ: ʩʢʦʨʦʩʪʠ, ʧʦʪʨʝʙʣʝʥʠʷ ʵʥʝʨ-

ʛʠʠ ʠ ʟʘʥʠʤʘʝʤʦʡ ʧʣʦʱʘʜʠ (ʘ, ʙ, ʚ).  

ʇʦʤʠʤʦ ʵʪʦʛʦ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʘ ʧʫʪʝʤ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʨʝʰʝʥʘʷ ʧʨʦʙʣʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʘ ʚʩʝʭ ʫʨʦʚʥʷʭ 

ʤʦʙʠʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ [9], ʩʨʝʜʠ ʢʦʪʦʨʳʭ: 

- ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤ, ʥʘʧʠʩʘʥʥʳʭ ʥʘ çʥʘʪʠʚʥʳʭè ʷʟʳʢʘʭ; 

- ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʮʠʘʣʴʥʳʭ ʧʨʦʛʨʘʤʤ, ʦʧʪʠʤʠʟʠʨʫʶʱʠʭ ʵʥʝʨʛʦʧʦ-

ʪʨʝʙʣʝʥʠʝ ʨʘʜʠʦʤʦʜʫʣʷ; 

- ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʳ, ʧʦʟʚʦʣʷʶʱʝʡ ʚʳʧʦʣʥʷʪʴ ʦʪʧʨʘʚʢʫ ʩʦʦʙ-

ʱʝʥʠʡ ʧʨʠ ʥʘʠʣʫʯʰʝʤ ʩʠʛʥʘʣʝ ʩʝʪʠ. 

 ɼʨʫʛʠʤ ʧʦʜʭʦʜʦʤ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜʠʢʘ ʧʦʜʙʦʨʘ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʞʠʤʦʚ 

ʦʞʠʜʘʥʠʷ ʫʩʪʨʦʡʩʪʚʘ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʧʝʨʠʦʜʠʯʝʩʢʦʤ ʦʪʢʣʶʯʝʥʠʠ ʧʨʠʝʤʦ-

ʧʝʨʝʜʘʪʯʠʢʘ [10]. ɸ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ, ʠʩʧʦʣʴʟʫʷ ʜʘʥʥʫʶ ʤʝʪʦ-

ʜʠʢʫ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʧʨʦʩʪʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚʭʦʜʥʦʛʦ ʧʦʪʦʢʘ, 

ʤʦʞʥʦ ʧʦʜʙʠʨʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʨʝʞʠʤʦʚ ʦʞʠʜʘʥʠʷ ʩ ʫʯʝʪʦʤ 

ʦʛʨʘʥʠʯʝʥʠʷ ʩʨʝʜʥʝʡ ʥʘʯʘʣʴʥʦʡ ʟʘʜʝʨʞʢʠ. 

ʅʘ ʫʨʦʚʥʝ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʜʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʤʦʞʝʪ ʙʳʪʴ ʨʝ-

ʰʝʥʘ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ ʬʫʥʢʮʠʠ ʢʵʰʠʨʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʣʴʟʦʚʘʪʝʣʴ-

ʩʢʠʭ ʟʘʧʨʦʩʦʚ ʢ ʯʘʩʪʥʦʤʫ ʦʙʣʘʢʫ. ʇʨʝʜʣʘʛʘʝʤʘʷ ʪʝʭʥʦʣʦʛʠʷ ʢʵʰʠʨʦʚʘʥʠʷ 

ʨʝʟʫʣʴʪʘʪʦʚ ʟʘʧʨʦʩʦʚ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʂʀʉ ʩʭʦʞʘ ʩ ʤʝʪʦʜʘʤʠ, ʧʨʠʤʝʥʷʝʤʳ-

ʤʠ ʜʣʷ ʚʝʙ-ʩʝʨʚʝʨʦʚ. ʅʘ ʩʝʨʚʝʨʥʦʡ ʯʘʩʪʠ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʚʳʧʦʣ-

ʥʷʝʪʩʷ ʩʦʭʨʘʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʨʘʙʦʪʢʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʟʘʧʨʦʩʦʚ ʠ, ʚ 
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ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʚ ʙʘʟʳ ʜʘʥʥʳʭ ʂʀʉ ʥʝ ʚʥʦʩʠʣʦʩʴ ʥʠʢʘʢʠʭ ʠʟʤʝʥʝʥʠʡ, ʪʦ 

ʧʨʠ ʩʣʝʜʫʶʱʝʤ ʦʙʨʘʱʝʥʠʠ ʨʝʟʫʣʴʪʘʪ ʦʪʜʘʝʪʩʷ ʠʟ ʢʵʰʘ. 

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʟʘʧʨʦʩʦʚ ʩʦʭʨʘʥʷʶʪʩʷ ʚ 

ʣʦʢʘʣʴʥʦʤ ʢʵʰʝ ʢʣʠʝʥʪʩʢʦʡ ʯʘʩʪʠ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ. ɽʩʣʠ ʧʦʣʴʟʦ-

ʚʘʪʝʣʴ ʧʦʚʪʦʨʥʦ ʟʘʧʨʘʰʠʚʘʝʪ ʦʜʥʠ ʠ ʪʝ ʞʝ ʜʘʥʥʳʝ, ʪʦ ʧʨʠʣʦʞʝʥʠʝ ʦʪʧʨʘʚ-

ʣʷʝʪ ʩʝʨʚʝʨʫ ʪʦʣʴʢʦ ʫʥʠʢʘʣʴʥʳʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʧʦʣʫʯʝʥʥʦʛʦ ʦʪʚʝʪʘ. ɺ 

ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʨʝʟʫʣʴʪʘʪ ʟʘʧʨʦʩʘ ʩ ʜʘʥʥʳʤ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʤ ʥʘʭʦʜʠʪʩʷ 

ʚ ʢʵʰʝ ʩʝʨʚʝʨʘ, ʪʦ ʚʦʟʚʨʘʱʘʝʪʩʷ ʩʦʦʙʱʝʥʠʝ çnot modifiedè ʠ ʧʨʠʣʦʞʝʥʠʝ 

ʧʦʚʪʦʨʥʦ ʚʳʚʦʜʠʪ ʥʘ ʵʢʨʘʥ ʤʦʙʠʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʨʝʟʫʣʴʪʘʪʳ ʠʟ ʣʦʢʘʣʴ-

ʥʦʛʦ ʢʵʰʘ (ʩʤ. ʨʠʩʫʥʦʢ 3). 

 
ʈʠʩʫʥʦʢ 3 ï ʉʭʝʤʘ ʢʵʰʠʨʦʚʘʥʠʷ ʟʘʧʨʦʩʦʚ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʤʦʙʠʣʴʥʦʛʦ 

ʧʨʠʣʦʞʝʥʠʷ ʂʀʉ 

 

ʇʨʝʜʣʘʛʘʝʤʳʝ ʩʧʦʩʦʙʳ ʦʧʪʠʤʠʟʘʮʠʠ ʥʘʛʨʫʟʢʠ ʜʦʣʞʥʳ ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʥʠʟʠʪʴ ʧʦʪʨʝʙʣʷʝʤʫʶ ʤʦʱʥʦʩʪʴ ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʚʨʝʤʝʥʠ, ʘ ʪʘʢʞʝ ʩʥʠʟʠʪʴ 

ʪʨʘʬʠʢ ʤʝʞʜʫ ʩʝʨʚʝʨʦʤ ʠ ʢʣʠʝʥʪʦʤ. ʇʨʠ ʵʪʦʤ ʦʙʲʝʤ ʧʦʪʨʝʙʣʷʝʤʦʡ ʦʧʝʨʘ-

ʪʠʚʥʦʡ ʧʘʤʷʪʠ ʜʦʣʞʝʥ ʚʳʨʘʩʪʠ ʥʝ ʟʥʘʯʠʪʝʣʴʥʦ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʥʠʞʝʥʠʝ ʪʨʘʬʬʠʢʘ ʤʝʞʜʫ ʤʦʙʠʣʴʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ʠ 

ʯʘʩʪʥʳʤ ʦʙʣʘʢʦʤ ʧʦʟʚʦʣʠʪ ʩʥʠʟʠʪʴ ʧʦʪʨʝʙʣʝʥʠʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʨʘʜʠʦʤʦ-

ʜʫʣʷ, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʠʪʴ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ. 

ʇʦʤʠʤʦ ʵʪʦʛʦ ʵʥʝʨʛʦʵʬʬʝʢʪʠʥʦʩʪʴ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʦʙʝʩʧʝ-

ʯʠʚʘʝʪʩʷ ʧʫʪʝʤ ʧʦʚʳʰʝʥʠʷ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʩʝʨʚʝʨʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʥʘ ʦʩ-

ʥʦʚʝ ʙʘʣʘʥʩʠʨʦʚʢʠ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʤʝʞʜʫ ʩʝʨʚʝʨʘʤʠ ʯʘʩʪʥʦʛʦ ʦʙʣʘʢʘ. 



24 

ʈʝʘʣʠʟʘʮʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʛʨʫʟʢʠ ʤʝʞʜʫ ʫʟʣʘʤʠ ʚʳ-

ʯʠʩʣʠʪʝʣʴʥʦʡ ʩʝʪʠ ʯʘʩʪʥʦʛʦ ʦʙʣʘʢʘ ʩʚʷʟʘʥʘ ʩ ʧʨʘʚʠʣʴʥʳʤ ʚʳʙʦʨʦʤ ʘʨʭʠ-

ʪʝʢʪʫʨʳ ʝʛʦ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ɼʘʥʥʘʷ ʟʘʜʘʯʘ 

ʪʨʝʙʫʝʪ ʩʨʘʚʥʝʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʦʜʭʦʜʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʢʘʯʝʩʪʚʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ, ʟʘʢʣʶʯʘʶʱʝʝʩʷ ʚ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʩʪʠ ʦʢʦʥʯʘʥʠʷ ʦʙʨʘʙʦʪʢʠ 

ʟʘʧʨʦʩʦʚ ʚ ʧʨʠʝʤʣʝʤʦʝ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʚʨʝʤʷ. ʇʦʵʪʦʤʫ ʧʨʠ ʧʨʦʝʢʪʠʨʦ-

ʚʘʥʠʠ ʠ ʩʦʟʜʘʥʠʠ ʦʙʣʘʯʥʳʭ ʨʝʰʝʥʠʡ ʥʝʦʙʭʦʜʠʤʘ ʨʝʘʣʠʟʘʮʠʷ ʤʝʪʦʜʦʚ ʤʦ-

ʥʠʪʦʨʠʥʛʘ ʠʣʠ ʧʦʣʫʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʜʦʩʪʫʧʥʦʩʪʠ ʠ ʟʘʛʨʫʟʢʝ 

ʘʧʧʘʨʘʪʥʳʭ ʨʝʩʫʨʩʦʚ ʧʣʘʪʬʦʨʤ ʩ ʢʦʧʠʷʤʠ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ, ʘ 

ʪʘʢʞʝ ʙʘʣʘʥʩʠʨʦʚʢʠ, ʪʦ ʝʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʧʦʩʪʫʧʘʶʱʠʭ ʧʦʣʴʟʦʚʘʪʝʣʴ-

ʩʢʠʭ ʟʘʧʨʦʩʦʚ ʤʝʞʜʫ ʠʤʝʶʱʠʤʠʩʷ ʘʧʧʘʨʘʪʥʳʤʠ ʧʣʘʪʬʦʨʤʘʤʠ. 

ɺ ʨʘʙʦʪʝ [11] ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʝʰʝʥʠʡ ʧʦ ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʶ ʥʘʛʨʫʟʢʠ ʤʝʞʜʫ ʩʝʨʚʝʨʘʤʠ ʦʙʣʘʢʘ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʚʳʜʝʣʷʶʪʩʷ: ʙʘ-

ʣʘʥʩʠʨʦʚʢʘ ʩ ʧʨʦʧʫʩʢʦʤ ʪʨʘʬʠʢʘ ʯʝʨʝʟ ʦʜʥʦ ʫʩʪʨʦʡʩʪʚʦ ʙʘʣʘʥʩʠʨʦʚʢʠ; 

ʙʘʣʘʥʩʠʨʦʚʢʘ ʩʨʝʜʩʪʚʘʤʠ ʢʣʘʩʪʝʨʘ, ʙʘʣʘʥʩʠʨʦʚʢʘ ʙʝʟ ʧʨʦʧʫʩʢʘ ʪʨʘʬʠʢʘ 

ʯʝʨʝʟ ʦʜʥʦ ʫʩʪʨʦʡʩʪʚʦ ʙʘʣʘʥʩʠʨʦʚʢʠ. ʇʦʤʠʤʦ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʨʝʰʝʥʠʡ ʚ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʪʘʢʞʝ ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ, ʧʦʟʚʦʣʷʶʱʠʡ ʨʝʘʣʠʟʦʚʘʪʴ ʦʙʨʘʪ-

ʥʫʶ ʩʚʷʟʴ ʦʪ ʩʝʨʚʝʨʥʳʭ ʧʣʘʪʬʦʨʤ ʜʦ ʫʩʪʨʦʡʩʪʚʘ, ʨʘʩʧʨʝʜʝʣʷʶʱʝʛʦ ʧʦʩʪʫ-

ʧʘʶʱʠʝ ʟʘʧʨʦʩʳ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʉʝʨʚʝʨʳ ʧʝʨʝʜʘʶʪ ʫʧʨʘʚʣʷʶʱʝʤʫ 

ʫʩʪʨʦʡʩʪʚʫ ʪʘʢʠʝ ʜʘʥʥʳʝ ʢʘʢ ʦʙʲʝʤ ʜʦʩʪʫʧʥʦʡ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ, ʧʨʦ-

ʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʰʠʥ ʜʘʥʥʳʭ ʠ ʩʝʪʝʚʦʛʦ ʠʥʪʝʨʬʝʡʩʘ, ʦʙʲʝʤ ʜʦʩʪʫʧʥʦʛʦ 

ʜʠʩʢʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʪ. ʜ. ʋʧʨʘʚʣʷʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ ʩ ʧʦʤʦʱʴʶ ʩʧʝ-

ʮʠʘʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʚʳʯʠʩʣʷʝʪ ʦʧʪʠʤʘʣʴ-

ʥʳʝ ʧʨʦʧʦʨʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʛʨʫʟʢʠ. 

ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʨʝʰʝʥʠʡ, ʢʣʘʩʪʝʨʥʘʷ 

ʪʝʭʥʦʣʦʛʠʷ ʙʘʣʘʥʩʠʨʦʚʢʠ ʥʘʛʨʫʟʢʠ ʤʝʞʜʫ ʩʝʨʚʝʨʘʤʠ ʦʙʣʘʢʘ ʧʦʟʚʦʣʷʝʪ ʜʦ-

ʙʠʪʴʩʷ ʥʘʠʣʫʯʰʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʧʣʘʥʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʦʪʢʘʟʦ-

ʫʩʪʦʡʯʠʚʦʩʪʠ ʟʘ ʩʯʝʪ ʥʝʧʨʝʨʳʚʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʫʟʣʘʤʠ ʠ 

ʛʠʙʢʦʡ ʨʝʘʢʮʠʠ ʥʘ ʠʟʤʝʥʝʥʠʝ ʦʙʲʝʤʘ ʧʦʩʪʫʧʘʶʱʠʭ ʦʪ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʟʘ-

ʧʨʦʩʦʚ. 

ʃʶʙʘʷ ʢʣʘʩʪʝʨʥʘʷ ʩʠʩʪʝʤʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʝʩʢʦʣʴʢʦ ʩʝʨʚʝʨʦʚ (ʠʣʠ 

ʫʟʣʦʚ) ʠ ʜʦʩʪʫʧʥʦʝ ʢʘʞʜʦʤʫ ʠʟ ʫʟʣʦʚ ʚʥʝʰʥʝʝ ʭʨʘʥʠʣʠʱʝ. ɺ ʜʘʥʥʦʤ ʢʣʘ-

ʩʪʝʨʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʠʙʦʣʴʰʝʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʢʘʞʜʳʡ ʫʟʝʣ ʢʣʘ-

ʩʪʝʨʘ ʠʤʝʝʪ ʦʜʠʥʘʢʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʧʧʘʨʘʪʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ 

ʦʙʦʨʫʜʦʚʘʥ ʩʝʪʝʚʦʡ ʢʘʨʪʦʡ ʥʘ ʜʚʘ ʩʝʪʝʚʳʭ ʠʥʪʝʨʬʝʡʩʘ, ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ 

ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʚʢʣʶʯʝʥʠʷ ʚ ʦʙʱʫʶ ʩʝʪʴ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʙʩʣʫʞʠʚʘ-

ʥʠʷ ʢʣʠʝʥʪʩʢʠʭ ʧʦʜʢʣʶʯʝʥʠʡ. ʉ ʧʦʤʦʱʴʶ ʚʪʦʨʳʭ ʠʥʪʝʨʬʝʡʩʦʚ ʩʝʨʚʝʨʳ 

ʩʦʝʜʠʥʷʶʪʩʷ ʚ ʦʪʜʝʣʴʥʫʶ ʩʝʪʴ, ʦʨʛʘʥʠʟʫʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʯʘʩʪʥʫʶ ʩʝʪʴ 

ʢʣʘʩʪʝʨʘ. ɼʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʩʝʨʚʝʨʦʚ ʧʨʠʤʝʥʷʝʪʩʷ ʢʦʤʤʫʪʘʪʦʨ ʩ 10Gb ʦʧ-

ʪʠʯʝʩʢʠʤʠ ʧʦʨʪʘʤʠ (ʩʤ. ʨʠʩʫʥʦʢ 4).  



25 

 
ʈʠʩʫʥʦʢ 4 ï ʃʦʢʘʣʴʥʘʷ ʯʘʩʪʥʘʷ ʩʝʪʴ ʢʣʘʩʪʝʨʘ ʯʘʩʪʥʦʛʦ ʦʙʣʘʢʘ 

ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʂʀʉ 

 

ʅʘ ʚʥʝʰʥʝʤ ʭʨʘʥʠʣʠʱʝ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʩʣʫʞʝʙʥʳʡ ʨʝʩʫʨʩ ʢʣʘʩʪʝʨʘ ʠ 

ʜʘʥʥʳʝ ʩʝʨʚʝʨʥʦʡ ʯʘʩʪʠ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʚʥʝʰʥʝʝ ʭʨʘ-

ʥʠʣʠʱʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʝ ʨʝʰʝʥʠʝ, ʘ ʜʣʷ ʩʚʷʟʠ ʚʥʝʰ-

ʥʝʛʦ ʭʨʘʥʠʣʠʱʘ ʩ ʩʝʨʚʝʨʘʤʠ ʧʨʠʤʝʥʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ FibreChannel (FC), 

ʠʩʧʦʣʴʟʫʶʱʘʷ ʧʨʦʪʦʢʦʣʳ SAN (StorageAreaNetwork) [12].  

ɺ ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʩʝʨʚʝʨʥʦʡ ʯʘʩʪʠ ʤʦʙʠʣʴ-

ʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥʦ ʥʘ ʢʘʞʜʳʡ ʠʟ ʩʝʨʚʝʨʦʚ ʢʣʘʩʪʝʨʘ. ʇʨʠ ʵʪʦʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʛʨʫʟʢʠ ʤʝʞʜʫ ʫʟʣʘʤʠ ʚʳʧʦʣʥʷʝʪ ʘʢʪʠʚʥʳʡ LVS-

ʤʘʨʰʨʫʪʠʟʘʪʦʨ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʝʨʚʝʨ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ 

ʧʨʦʛʨʘʤʤʥʳʤʠ ʧʘʢʝʪʘʤʠ LinuxVirtualServer ʠ Heartbeat [13]. ʇʦʤʠʤʦ ʵʪʦ-

ʛʦ, ʘʢʪʠʚʥʳʡ LVS-ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʪʘʢʞʝ ʚʳʧʦʣʥʷʝʪ ʧʨʦʚʝʨʢʫ ʨʘʙʦʪʦʩʧʦ-

ʩʦʙʥʦʩʪʠ ʩʝʨʚʠʩʦʚ ʥʘ ʢʘʞʜʦʤ ʨʝʘʣʴʥʦʤ ʩʝʨʚʝʨʝ. ʊʘʢʞʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʝʜʫʩʤʦʪʨʝʥ ʨʝʟʝʨʚʥʳʡ LVS-ʤʘʨʰʨʫʪʠʟʘʪʦʨ, ʢʦʪʦ-

ʨʳʡ ʦʪʩʣʝʞʠʚʘʝʪ ʩʦʩʪʦʷʥʠʝ ʘʢʪʠʚʥʦʛʦ LVS-ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʠ ʙʝʨʝʪ ʥʘ ʩʝ-

ʙʷ ʬʫʥʢʮʠʠ ʧʦʩʣʝʜʥʝʛʦ ʚ ʩʣʫʯʘʝ ʚʳʭʦʜʘ ʝʛʦ ʠʟ ʩʪʨʦʷ. 

 
ʈʠʩʫʥʦʢ 5 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʟʘʧʨʦʩʦʚ ʤʝʞʜʫ ʫʟʣʘʤʠ 

ʢʣʘʩʪʝʨʘ ʯʘʩʪʥʦʛʦ ʦʙʣʘʢʘ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʂʀʉ 
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ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʣʘʥʠʨʦʚʱʠʢʘ ʘʢʪʠʚʥʳʡ ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʚʳʧʦʣʥʷʝʪ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʧʨʦʩʦʚ ʤʝʞʜʫ ʫʟʣʘʤʠ ʢʣʘʩʪʝʨʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʜʘʥʥʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʝʡ. ʇʦ ʫʤʦʣʯʘʥʠʶ ʜʦʩʪʫʧʥʳ ʪʘʢʠʝ ʘʣʛʦʨʠʪʤʳ, ʢʘʢ ʢʨʫʛʦʚʦʝ 

ʦʙʩʣʫʞʠʚʘʥʠʝ (ʥʦʚʳʝ ʚʭʦʜʷʱʠʝ ʩʦʝʜʠʥʝʥʠʷ ʙʫʜʫʪ ʥʘʟʥʘʯʘʪʴʩʷ ʢʘʞʜʦʤʫ 

ʩʝʨʚʝʨʫ ʧʦ ʦʯʝʨʝʜʠ), ʚʟʚʝʰʝʥʥʦʝ ʢʨʫʛʦʚʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ (ʢʨʫʛʦʚʦʝ ʦʙʩʣʫ-

ʞʠʚʘʥʠʝ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʚʝʩʦʚʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ, ʢʦʤʧʝʥʩʠʨʫʶʱʠʤ 

ʨʘʟʣʠʯʠʝ ʤʦʱʥʦʩʪʝʡ ʩʝʨʚʝʨʦʚ), ʧʦ ʥʘʠʤʝʥʴʰʝʤʫ ʯʠʩʣʫ ʩʦʝʜʠʥʝʥʠʡ, ʘ ʪʘʢ-

ʞʝ ʧʦ ʥʘʠʤʝʥʴʰʝʤʫ ʯʠʩʣʫ ʩʦʝʜʠʥʝʥʠʡ ʩ ʚʝʩʦʚʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ. 

ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʘʚʪʦʨʘʤʠ [14] ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʠ 

ʧʨʠʤʝʥʝʥ ʩʧʝʮʠʘʣʴʥʳʡ ʘʣʛʦʨʠʪʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʧʨʦʩʦʚ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, 

ʫʯʠʪʳʚʘʶʱʠʡ ʥʝ ʪʦʣʴʢʦ ʜʘʥʥʳʝ ʦʙ ʠʩʧʦʣʴʟʫʝʤʳʭ ʨʝʩʫʨʩʘʭ ʩʝʨʚʝʨʘ, ʥʦ ʠ 

ʧʨʦʛʥʦʟʥʳʝ ʜʘʥʥʳʝ ʙʫʜʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʟʘʛʨʫʟʢʫ ʫʟ-

ʣʦʚ ʢʣʘʩʪʝʨʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜʳ ʢʵʰʠʨʦʚʘʥʠʷ ʥʘ ʩʪʦʨʦʥʝ ʤʦʙʠʣʴʥʦ-

ʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠ ʩʝʨʚʝʨʘ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʤʝʪʦʜʦʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʟʘʧʨʦʩʦʚ ʤʝʞʜʫ ʩʝʨʚʝʨʘʤʠ ʯʘʩʪʥʦʛʦ ʦʙ-

ʣʘʢʘ ʧʦʟʚʦʣʠʣʦ ʜʦʙʠʪʴʩʷ ʩʥʠʞʝʥʠʷ ʪʨʘʬʬʠʢʘ ʤʝʞʜʫ ʫʩʪʨʦʡʩʪʚʘʤʠ ʠ ʩʝʨ-

ʚʝʨʘʤʠ ʙʦʣʝʝ ʯʝʤ ʥʘ 60%, ʯʪʦ ʦʪʨʘʞʝʥʦ ʚ ʨʝʟʫʣʴʪʘʪʘʭ ʨʘʙʦʪ ʚ ʨʘʤʢʘʭ 

ʨʝʘʣʠʟʘʮʠʠ ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ ʧʦ ʪʝʤʝ çʈʘʟʨʘʙʦʪʢʘ ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʧʦʩʪʨʦʝʥʠʷ ʤʦʙʠʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʩ ʟʘʜʘʥʥʳʤʠ ʢʦʥʪʫʨʘʤʠ 

ʠʥʪʝʛʨʘʮʠʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʠ ʨʝʩʫʨʩʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤè ʚ ʨʘʤʢʘʭ ʌʎʇʀʈ 2014-2020 

(ʫʥʠʢʘʣʴʥʳʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʧʨʠʢʣʘʜʥʳʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

RFMEFI57614X0066) ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘ-

ʥʠʷ ʠ ʥʘʫʢʠ ʈʌ. 
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ɺɽɹ-ʊɽʍʅʆʃʆɻʀʀ ʀ ʆɹʃɸʏʅʓɽ ɺʓʏʀʉʃɽʅʀʗ ɺ 

ʀʄʀʊɸʎʀʆʅʅʆʄ ʄʆɼɽʃʀʈʆɺɸʅʀʀ 

 

ʇʘʣʴʤʦʚ ʉʝʨʛʝʡ ɺʘʜʠʤʦʚʠʯ, 

ʢ.ʪ.ʥ. 

ʇʦʚʦʣʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ ʠ ʠʥ-

ʬʦʨʤʘʪʠʢʠ 

ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ çʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʠ ʪʝʭʥʦʣʦʛʠʠè 

ʈʦʩʩʠʷ, ʛ. ʉʘʤʘʨʘ 

ʂʫʣʝʚʘ ʅʠʥʘ ʉʝʨʛʝʝʚʥʘ 

ʩʪʫʜʝʥʪ 

ʇʦʚʦʣʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ ʠ ʠʥ-

ʬʦʨʤʘʪʠʢʠ 

4 ʢʫʨʩ, ʬʘʢʫʣʴʪʝʪ çʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʠ ʪʝʭʥʦʣʦʛʠʠè 

ʈʦʩʩʠʷ, ʛ. ʉʘʤʘʨʘ 

 

ʀʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʩʠ-

ʩʪʝʤ ʥʝʠʟʙʝʞʥʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʠ ʨʦʩʪʦʤ ʝʛʦ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʨʝʙʫʶʪʩʷ ʥʦʚʳʝ 

ʨʝʩʫʨʩʳ, ʩʧʦʩʦʙʥʳʝ ʦʙʝʩʧʝʯʠʪʴ ʥʝʦʙʭʦʜʠʤʫʶ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʤʦʱʥʦʩʪʴ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʦʙʱʝʮʝʣʝʚʳʝ ʩʠʩʪʝʤʳ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʝʜ-

ʣʘʛʘʶʪ ʩʚʦʠ ʩʧʦʩʦʙʳ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ, ʦʜʥʘʢʦ ʩʫʱʝʩʪʚʫʝʪ ʦʪʥʦʩʠʪʝʣʴ-

ʥʦ ʤʦʣʦʜʦʡ ʧʦʜʭʦʜ, ʚʳʠʛʨʳʚʘʶʱʠʡ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʥʠʤʠ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʳʯʠʩʣʝʥʠʡ. ʆʥ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠʤʠʪʘʮʠʦʥ-

ʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʩ ʧʨʠʤʝʥʝ-

ʥʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʚʠʨʪʫʘʣʠʟʘʮʠʠ ʠ ʦʙʣʘʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡ [3].  

ʉ ʢʘʞʜʳʤ ʛʦʜʦʤ ʧʘʨʘʜʠʛʤʘ ʦʙʣʘʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡ (cloud computing) 

ʧʨʠʦʙʨʝʪʘʝʪ ʚʩʝ ʙʦʣʝʝ ʛʣʦʙʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ, ʧʨʝʜʣʘʛʘʷ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʥʦ-

ʚʳʝ ʩʝʨʚʠʩʳ ʠ ʨʘʩʧʨʦʩʪʨʘʥʷʷ ʚʣʠʷʥʠʝ ʥʘ ʥʦʚʳʝ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ. ʆʙʣʘʯʥʳʝ ʚʳʯʠʩʣʝʥʠʷ ʚʦʩʧʨʠʥʠʤʘʶʪʩʷ ʢʘʢ ʦʜʥʦ ʠʟ ʩʘʤʳʭ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʜʦʩʪʠʞʝʥʠʡ ʚʩʝʡ IT-ʠʥʜʫʩʪʨʠʠ [9]. ʇʦ ʧʨʦʛʥʦʟʘʤ IDC (Inter-

national Data Corporation), ʢ 2019 ʛʦʜʫ ʨʘʩʭʦʜʳ ʥʘ ʨʘʟʚʠʪʠʝ ʦʙʣʘʯʥʳʭ ʪʝʭ-

ʥʦʣʦʛʠʡ ʚ ʤʠʨʦʚʦʤ ʤʘʩʰʪʘʙʝ ʫʜʚʦʷʪʩʷ, ʘ ʢ 2020 ʛʦʜʫ ʧʨʝʜʣʦʞʝʥʠʝ 

ʦʙʣʘʯʥʳʭ ʩʝʨʚʠʩʦʚ ʙʫʜʝʪ ʙʦʣʝʝ 25%, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʪʨʘʜʠ-

ʮʠʦʥʥʦʛʦ ʧʘʢʝʪʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʩʦʢʨʘʪʠʪʩʷ ʜʦ 10% ʧʨʝ-

ʠʤʫʱʝʩʪʚʝʥʥʦ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʨʝʰʝʥʠʡ [8]. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʦʙʟʦʨ ʩʨʝʜʩʪʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʦʩʥʦʚʘʥʥʳʭ 

ʥʘ ʧʨʠʥʮʠʧʘʭ ʦʙʣʘʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡ, ʠ ʠʩʩʣʝʜʦʚʘʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝ-

ʥʝʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠʤʠʪʘʮʠʦʥʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʚ ʥʦʚʦʡ ʩʨʝʜʝ.  

ʈʘʟʚʠʪʠʝ ʦʙʣʘʯʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʧʦʚʣʠʷʣʦ ʥʘ ʨʘʟʚʠʪʠʝ ʠʤʠʪʘʮʠ-

ʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʀʥʥʦʚʘʮʠʠ ʢʦʩʥʫʣʠʩʴ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʪʝʭʥʠʢʠ 

ʚʳʧʦʣʥʝʥʠʷ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʇʝʨʚʠʯʥʳʡ ʧʦʜʭʦʜ ʢ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʛʦ ʚʣʠʷʥʠʷ ʩʦʩʪʦʠʪ ʚ ʧʨʠʩʧʦʩʦʙʣʝʥʠʠ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʨʝʜʩʪʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢ ʧʨʠʤʝʥʝʥʠʶ ʚ ʛʣʦʙʘʣʴʥʦʡ ʩʝʪʠ 
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ʀʥʪʝʨʥʝʪ. ʀʥʘʯʝ ʛʦʚʦʨʷ, ʨʝʯʴ ʠʜʝʪ ʦʙ ʠʥʪʝʛʨʘʮʠʠ ʤʝʪʦʜʦʣʦʛʠʡ ʠʤʠʪʘʮʠ-

ʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ web. ʉʫʱʝʩʪʚʫʝʪ ʪʨʠ ʪʠʧʘ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʷ ʚ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ: ʤʦʜʝʣʠʨʦʚʘʥʠʝ c ʨʘʟʤʝʱʝʥʠʝʤ ʥʘ ʩʝʨʚʝʨʝ 

(server-hosted simulation), ʥʘ ʩʪʦʨʦʥʝ ʢʣʠʝʥʪʘ (client-side simulation) ʠ ʛʠ-

ʙʨʠʜʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ (hybrid client/server simulation). ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ 

ʩʫʱʝʩʪʚʫʶʱʠʡ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʨʘʟʤʝʱʘʝʪʩʷ ʥʘ ʩʝʨʚʝʨʝ, ʠ ʜʦʩʪʫʧ ʢ ʥʝʤʫ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʢʣʘʩʩʠʯʝʩʢʠʭ HTML-ʩʪʨʘʥʠʮ. ʊʘʢʦʡ ʧʦʜʭʦʜ 

ʨʘʟʚʝʨʪʳʚʘʝʪʩʷ ʩʝʨʠʝʡ CGI-ʩʢʨʠʧʪʦʚ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʦʙ-

ʤʝʥʘ ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʩʝʨʚʝʨʦʤ ʠ ʢʣʠʝʥʪʦʤ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʠʤʠʪʘʮʠʦʥ-

ʥʳʤʠ ʤʦʜʝʣʷʤʠ, ʚʳʧʦʣʥʝʥʠʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

[6].  

 
ʈʠʩ.1  

ʄʝʪʦʜ ʫʜʘʣʝʥʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʠʤʠʪʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ CGI  

(ʘʜʘʧʪʘʮʠʷ ʠʟ [6]) 

 

ʇʨʝʠʤʫʱʝʩʪʚʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʨʘʟʤʝʱʝʥʠʝʤ ʥʘ ʩʝʨʚʝʨʝ ʟʘʢʣʶʯʘʝʪʩʷ 

ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʨʝʜʩʪʚ ʠ ʤʦʜʝʣʝʡ. ʆʜʥʘʢʦ, ʦʥʦ ʥʝ 

ʧʨʠʩʧʦʩʦʙʣʝʥʦ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦ ʚ ʩʝʪʠ ʀʥʪʝʨʥʝʪ, ʧʦʵʪʦʤʫ ʚʩʢʦʨʝ ʫʩʪʫʧʠʣʦ ʤʝʩʪʦ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚ-

ʥʳʤ ʧʦʜʭʦʜʘʤ.  

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʥʘ ʩʪʦʨʦʥʝ ʢʣʠʝʥʪʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠ-

ʣʦʞʝʥʠʡ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʘʧʧʣʝʪʘʭ, ʛʜʝ ʚʩʝ ʧʨʦʮʝʩʩʳ ʧʨʦʠʩʭʦʜʷʪ ʥʘ ʢʣʠ-

ʝʥʪʩʢʦʡ ʩʪʨʘʥʠʮʝ. ʈʘʟʨʘʙʦʪʘʥʳ ʥʝʩʢʦʣʴʢʦ Java-ʧʘʢʝʪʦʚ ʠ ʷʟʳʢʦʚ 

ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʥʘʧʨʠʤʝʨ, SimJava (ʨʘʟʨʘʙʦʪʢʘ ʕʜʠʥʙʫʨʛ-

ʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ), ʧʘʢʝʪ ʜʠʩʢʨʝʪʥʦ-ʩʦʙʳʪʠʡʥʦʛʦ, ʧʨʦʮʝʩʩ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʕʪʦ API (Application Programming Inter-

face), ʨʘʩʰʠʨʷʶʱʠʡ ʚʦʟʤʦʞʥʦʩʪʠ Java ʧʦʩʨʝʜʩʪʚʦʤ ʩʦʟʜʘʥʠʷ ʙʣʦʢʦʚ ʜʣʷ 

ʦʧʠʩʘʥʠʷ ʠ ʚʳʧʦʣʥʝʥʠʷ ʤʦʜʝʣʠ. ʂʘʞʜʘʷ ʩʠʩʪʝʤʘ ʚ SimJava ʨʘʩʩʤʘʪʨʠʚʘʝʪ-

ʩʷ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠʣʠ, ʚ ʪʝʨʤʠʥʘʭ SimJava, 

ʩʫʱʥʦʩʪʝʡ. ʉʫʱʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʯʝʨʝʟ ʧʝʨʝʜʘʯʫ ʩʦ-

ʙʳʪʠʡ (ʦʙʲʝʢʪ event), ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʨʝʤʷ ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʷ [11]. 

ʉʦʚʨʝʤʝʥʥʘʷ ʩʨʝʜʘ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ AnyLogic (XJ 

Technologies) ʦʙʣʘʜʘʝʪ ʦʙʰʠʨʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʩʦʟʜʘʥʠʷ ʤʫʣʴʪʠʧʣʘʪʬʦʨ-
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ʤʝʥʥʳʭ ʤʦʜʝʣʝʡ ʥʘ ʷʟʳʢʝ Java, ʧʦʜʜʝʨʞʠʚʘʷ, ʚ ʪʦʤ ʯʠʩʣʝ, ʠʭ ʠʥʪʝʛʨʘʮʠʶ ʚ 

ʚʝʙ-ʩʪʨʘʥʠʮʳ ʚ ʢʘʯʝʩʪʚʝ Java-ʘʧʧʣʝʪʦʚ. ʇʨʠ ʵʪʦʤ ʩʦʭʨʘʥʷʝʪʩʷ ʧʦʜʜʝʨʞʢʘ 

ʠʥʪʝʨʘʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʩ ʚʳʧʦʣʥʷʝʤʦʡ ʤʦʜʝʣʴʶ, ʩʢʦʧʠʨʦʚʘʥʥʦʡ ʠʟ ʩʝʪʠ ʠ 

ʟʘʧʫʱʝʥʥʦʡ ʥʘ ʣʦʢʘʣʴʥʦʡ ʢʣʠʝʥʪʩʢʦʡ ʤʘʰʠʥʝ. ʄʦʜʝʣʴ, ʵʢʩʧʦʨʪʠʨʦʚʘʥʥʘʷ 

ʢʘʢ Java-ʘʧʧʣʝʪ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʙʦʨ ʩʣʝʜʫʶʱʠʭ ʬʘʡʣʦʚ: HTML-

ʬʘʡʣ, ʧʨʠʤʝʥʷʝʤʳʡ ʜʣʷ ʟʘʧʫʩʢʘ ʘʧʧʣʝʪʘ, ʬʘʡʣ ʠʩʧʦʣʥʷʶʱʝʛʦ ʤʦʜʫʣʷ 

AnyLogic (com.anylogic.engine.jar), ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʥʝ-

ʩʢʦʣʴʢʠʤʠ ʤʦʜʝʣʷʤʠ, ʠ ʩʢʦʤʧʠʣʠʨʦʚʘʥʥʳʡ .jar ʬʘʡʣ ʤʦʜʝʣʠ, ʘ ʪʘʢʞʝ, ʚʦʟ-

ʤʦʞʥʦ, .jar ʬʘʡʣʳ ʠ ʢʣʘʩʩʳ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʫʩʧʝʰʥʦʛʦ ʧʦʩʪʨʦʝʥʠʷ 

ʤʦʜʝʣʠ [5]. ʊʝʭʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʠʩʪʝʤʝ ʧʦʣʴʟʦʚʘʪʝʣʷ ʟʘʢʣʶʯʘʶʪʩʷ 

ʚ ʧʦʜʜʝʨʞʢʝ JRE (Java Runtime Environment) ʚʝʨʩʠʠ 1.8.0.  

  
ʈʠʩ.2 ʇʨʠʤʝʨʳ AnyLogic-ʤʦʜʝʣʝʡ, ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʚ ʢʘʯʝʩʪʚʝ Java-

ʘʧʧʣʝʪʦʚ ʥʘ ʩʘʡʪʝ runthemodel.com 

 

ʅʘʢʦʥʝʮ, ʛʠʙʨʠʜʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʢʘʢ 

ʩʝʨʚʝʨʥʦʛʦ, ʪʘʢ ʠ ʢʣʠʝʥʪʩʢʦʛʦ ʧʦʜʭʦʜʘ. ʀʤʠʪʘʮʠʦʥʥʘʷ ʧʣʘʪʬʦʨʤʘ ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʩʝʨʚʝʨʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ Java, PHP, NET ʬʨʝʡʤʚʦʢʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʘʥʠʤʘʮʠʠ ʥʘ ʢʣʠʝʥʪʩʢʦʤ ʢʦʤʧʴʶʪʝʨʝ. 

ʕʪʦ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʤʳʡ ʤʝʪʦʜ ʚ ʦʪʥʦʰʝʥʠʠ ʦʙʣʘʯʥʦʛʦ ʧʦʜʭʦʜʘ. 

ɸʨʭʠʪʝʢʪʫʨʘ ʨʝʰʝʥʠʷ ʠʜʝʥʪʠʯʥʘ ʪʨʝʭʫʨʦʚʥʝʚʦʡ ʩʝʨʚʠʩ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ 

ʘʨʭʠʪʝʢʪʫʨʝ ʢʣʘʩʩʠʯʝʩʢʠʭ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ (ʚ ʦʙʱʝʤ ʚʠʜʝ ʠʟʦʙʨʘʞʝʥʘ ʥʘ 

ʨʠʩ.1) [9].  

ʆʙʣʘʯʥʳʝ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

(ʉɸʀʀ) ï ʟʘʢʦʥʦʤʝʨʥʳʡ ʣʦʛʠʯʝʩʢʠʡ ʵʪʘʧ, ʩʣʝʜʫʶʱʠʡ ʟʘ ʧʘʨʘʜʠʛʤʘʤʠ ʛʝ-

ʪʝʨʦʛʝʥʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʚ WAN/Internet. ʀʤʠʪʘʮʠʦʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʨʠ 

ʵʪʦʤ ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ ʢʘʢ çʫʩʣʫʛʘ ʧʦ ʪʨʝʙʦʚʘʥʠʶè (service on demand), 

ʦʙʨʘʟʫʷ ʢʦʥʮʝʧʮʠʶ Modelling and Simulation as a Service (MSaaS).  



31 

 
ʈʠʩ.3  

Back-end ʦʙʣʘʯʥʦʛʦ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʘʜʘʧʪʘʮʠʷ ʠʟ [12]) 

 

ʃʶʙʘʷ ʦʙʣʘʯʥʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʫʨʦʚʥʠ 

(ʩʣʦʠ) ʢʦʤʧʦʥʝʥʪʦʚ: ʘʧʧʘʨʘʪʥʳʡ ʫʨʦʚʝʥʴ (hardware layer), ʨʝʘʣʠʟʫʶʱʠʡ 

IT- ʠ ʩʝʪʝʚʫʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ, ʚʠʨʪʫʘʣʴʥʳʡ ʫʨʦʚʝʥʴ (virtual layer) ï ʧʨʠ-

ʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʚʠʨʪʫʘʣʠʟʘʮʠʠ ï ʠ ʫʨʦʚʝʥʴ ʧʨʠʣʦʞʝʥʠʡ, ʧʨʝʜʣʘʛʘʝ-

ʤʳʭ ʧʦʣʴʟʦʚʘʪʝʣʶ (application layer). ʂʦʤʧʦʥʝʥʪʳ ʦʙʣʘʯʥʳʭ ʩʠʩʪʝʤ 

ʜʝʣʷʪʩʷ ʧʦ ʧʨʠʥʮʠʧʫ ʨʘʟʜʝʣʝʥʠʷ ʣʦʛʠʢʠ ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ 

ʠʥʪʝʨʬʝʡʩʘ (ʫʩʣʦʚʥʦ ʛʦʚʦʨʷ, ʩʝʨʚʝʨʘ ʠ ʢʣʠʝʥʪʘ) ʥʘ back-end (ʨʠʩ.3) ʠ front-

end ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʙʣʘʢʦ ʩʢʨʳʚʘʝʪ ʦʪ ʧʦʣʴʟʦʚʘʪʝʣʷ ʚʩʶ ʩʣʦʞʥʦʩʪʴ ʙʘ-

ʟʦʚʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ (ʩʚʷʟʠ, ʩʝʪʠ, ʘʧʧʘʨʘʪʥʳʝ ʩʨʝʜʩʪʚʘ, 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʠ ʪ.ʜ.), ʦʩʚʦʙʦʞʜʘʷ ʢʣʠʝʥʪʘ ʦʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʨʘʩʧʦʣʘʛʘʪʴ ʩʧʝʮʠʘʣʴʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʯʪʦʙʳ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʝʨʚʠ-

ʩʦʤ.  

ʇʨʝʠʤʫʱʝʩʪʚʘ ʚʳʧʦʣʥʝʥʠʷ ʠʤʠʪʘʮʠʦʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʦʙʣʘʯʥʦʡ 

ʩʨʝʜʝ ʦʙʫʩʣʦʚʣʝʥʳ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʮʝʩʩʦʨʦʚ 

ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʚ ʤʫʣʴʪʠʪʝʥʘʥʪʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ (multi-

tenant architecture, MTA), ʚ ʢʦʪʦʨʦʡ ʦʜʠʥ ʵʢʟʝʤʧʣʷʨ ʧʨʠʣʦʞʝʥʠʷ ʦʙʩʣʫʞʠ-

ʚʘʝʪ ʥʝʩʢʦʣʴʢʦ ʢʣʠʝʥʪʦʚ (ʚ ʩʦʚʝʨʰʝʥʩʪʚʝ ï ʚʩʝʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ). ʕʪʦ ʜʦ-

ʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʩʦʭʨʘʥʝʥʠʷ ʚʩʝʭ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʜʘʥʥʳʭ ʚ ʦʪʜʝʣʴʥʳʡ 

ʢʣʘʩʪʝʨ ʩʠʩʪʝʤʳ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ (ʉʍɼ), ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʧʨʦʩ ʢʣʠʝʥʪʘ 

ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʙʘʣʘʥʩʠʨʦʚʱʠʢʦʤ ʥʘʛʨʫʟʢʠ ʥʘ ʜʦʩʪʫʧʥʫʶ ʚʠʨʪʫʘʣʴʥʫʶ 

ʤʘʰʠʥʫ. 

ɺ 2011 ʛʦʜʫ ʦʪʝʯʝʩʪʚʝʥʥʘʷ IT-ʢʦʤʧʘʥʠʷ çʕʣʠʥʘ-ʂʦʤʧʴʶʪʝʨè (ʂʘʟʘʥʴ, 

ʈʦʩʩʠʷ) ʧʨʝʜʣʦʞʠʣʘ ʢʦʥʮʝʧʪʫʘʣʴʥʳʡ ʧʨʦʝʢʪ GPSS Cloud ï ʦʙʣʘʯʥʫʶ ʨʝʘ-

ʣʠʟʘʮʠʶ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʧʘʢʝʪʘ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ GPSS 

World ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʮʠʧʘʤʠ ʩʝʨʚʠʩ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ. 

ʉʝʨʚʠʩʳ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʝ GPSS Cloud, ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʵʪʘʧʘʤ ʧʨʦʮʝʩʩʘ 

ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʨʠʩ.4). ʆʙʲʝʜʠʥʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʩʝʨʚʠʩʦʚ 

ʚ ʝʜʠʥʦʡ ʦʙʣʘʯʥʦʡ ʩʨʝʜʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʨʝʜʩʪʚʦʤ ʩʝʨʚʠʩʥʦʡ ʰʠʥʳ ʧʨʝʜ-
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ʧʨʠʷʪʠʷ Enterprise Service Bus (ESB), ʘ ʦʙʨʘʱʝʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʢ ʩʝʨʚʠ-

ʩʘʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʩʠʩʪʝʤʥʫʶ ʰʠʥʫ ʤʦʜʝʣʠʨʦʚʘʥʠʷ Simulation Ser-

vice Bus (SSB).  

ɺ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ, ʢʨʦʤʝ ʩʠʩʪʝʤʥʦʡ ʰʠʥʳ, ʫʞʝ ʨʘʟʨʘʙʦʪʘʥʳ ʥʝʢʦʪʦ-

ʨʳʝ ʜʨʫʛʠʝ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ ʠʤʠʪʘʮʠʦʥʥʦʡ ʧʣʘʪʬʦʨʤʳ 

(ʪʠʧ PaaS): ʨʘʩʰʠʨʝʥʥʳʡ ʨʝʜʘʢʪʦʨ GPSS World ʠ GPSS ʉʝʨʚʝʨ. ʈʝʜʘʢʪʦʨ 

ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ çʵʚʦʣʶʮʠʠè ʤʦʜʝʣʠʨʫʶʱʝʛʦ ʷʜʨʘ GPSS World ʠ ʷʚ-

ʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʨʘʟʚʠʪʳʤ ʛʠʙʢʠʤ ʩʨʝʜʩʪʚʦʤ ʨʘʟʨʘʙʦʪʢʠ ʤʦʜʝʣʝʡ ʠ ʘʥʘ-

ʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠʤʠʪʘʮʠʦʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ.  

 
ʈʠʩ.4 ɸʨʭʠʪʝʢʪʫʨʘ GPSS Cloud [2]  

 

ʉʝʨʚʝʨ GPSS ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʜʘʣʝʥʥʦʝ ʚʳʧʦʣʥʝʥʠʝ GPSS-ʤʦʜʝʣʝʡ, ʘ 

ʪʘʢʞʝ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʦʤʧʘʥʠʝʡ ʚʝʜʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʚʝʙ-

ʠʥʪʝʨʬʝʡʩʘ [4]. 

ʅʝʤʘʣʦʚʘʞʥʘʷ ʟʘʜʘʯʘ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʦʙʣʘʯʥʦʡ ʧʣʘʪʬʦʨʤʳ ʠʤʠ-

ʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ï ʦʙʝʩʧʝʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʠ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʜʘʥʥʳʭ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʟʘʙʦʪʘ ʦ ʙʝʟʦʧʘʩʥʦʩʪʠ ʨʘʙʦ-

ʪʳ ʚ ʦʙʣʘʯʥʦʡ ʩʨʝʜʝ ʷʚʣʷʝʪʩʷ ʧʨʝʨʦʛʘʪʠʚʦʡ ʧʨʦʚʘʡʜʝʨʦʚ, ʢʦʪʦʨʳʝ ʚ ʙʦʣʴ-

ʰʠʥʩʪʚʝ ʩʣʫʯʘʝ ʧʦʣʘʛʘʶʪʩʷ ʥʘ ʰʠʬʨʦʚʘʥʠʝ ʢʘʢ ʵʬʬʝʢʪʠʚʥʳʡ ʩʧʦʩʦʙ 

ʟʘʱʠʪʳ. ʄʥʦʛʠʝ ʘʚʪʦʨʳ ʧʨʝʜʣʘʛʘʶʪ ʨʘʟʣʠʯʥʳʝ ʤʝʭʘʥʠʟʤʳ ʨʝʰʝʥʠʷ ʵʪʦʡ 

ʟʘʜʘʯʠ ʚ ʢʦʥʪʝʢʩʪʝ ʦʙʣʘʯʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ. ʅʘʧʨʠʤʝʨ, ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʤʦʙʠʣʴʥʳʭ ʘʛʝʥʪʦʚ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʚʠʨʪʫʘʣʴ-

ʥʳʭ ʤʘʰʠʥ, ʢʦʪʦʨʘʷ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʠ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʧʨʦʚʘʡʜʝʨʦʤ. 

ɸʛʝʥʪʳ, ʜʠʥʘʤʠʯʝʩʢʠ ʧʝʨʝʤʝʱʘʶʱʠʝʩʷ ʧʦ ʩʝʪʠ ʠ ʢʦʧʠʨʫʶʱʠʝ ʩʘʤʠ ʩʝʙʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʪʨʝʙʥʦʩʪʷʤʠ ʦʪʜʝʣʴʥʳʭ ʚʠʨʪʫʘʣʴʥʳʭ ʤʘʰʠʥ, ʢʦʥʪʨʦʣʠ-

ʨʫʶʪ ʠʭ ʧʦʜʣʠʥʥʦʩʪʴ ʠ ʮʝʣʦʩʪʥʦʩʪʴ [9]. 

ʉʠʤʙʠʦʟ ʧʘʨʘʜʠʛʤ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʦʙʣʘʯʥʳʭ ʚʳʯʠʩ-

ʣʝʥʠʡ ʦʙʝʱʘʝʪ ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʣʘʩʩʠʯʝʩʢʠ-

ʤʠ çʜʝʩʢʪʦʧʥʳʤʠè ʩʨʝʜʩʪʚʘʤʠ, ʪʘʢʠʝ ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʛʠʙʢʦʩʪʴ, ʣʝʛʢʦʩʪʴ ʚ 

ʪʝʭʥʠʯʝʩʢʦʤ ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʠ ʠ ʣʠʮʝʥʟʠʨʦʚʘʥʠʠ, ʥʝʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ, 

ʦʜʥʘʢʦ ʚʤʝʩʪʝ ʩ ʪʝʤ ʠʤʝʝʪ ʨʷʜ ʩʫʱʝʩʪʚʝʥʥʳʭ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ, ʛʣʘʚ-
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ʥʳʤ ʦʙʨʘʟʦʤ, ʩ ʘʥʘʣʠʟʦʤ ʨʠʩʢʦʚ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʜʘʥʥʳʭ ʠ ʪʨʝʙʫʶʱʠʭ 

ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ.  
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ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʓʁ ʂʆʄʇʃɽʂʉ ʂʆʅʊʈʆʃʗ ʀ 

ʇʃɸʅʀʈʆɺɸʅʀʗ ʈɸɹʆʊ ʇʆ ʉʆɼɽʈɾɸʅʀʖ ʉʊʈɽʃʆʏʅʆɻʆ 

ʍʆɿʗʁʉʊɺɸ ɼʀʉʊɸʅʎʀʀ ʇʋʊʀ 

 

ɼʦʜʦʥʦʚ ʄʠʭʘʠʣ ɺʠʪʘʣʴʝʚʠʯ, 

ʢ.ʧ.ʥ, ʜʦʮʝʥʪ, ʌɻɹʆʋ ɺʇʆ çʉʘʤʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ  

ʫʥʠʚʝʨʩʠʪʝʪ ʧʫʪʝʡ ʩʦʦʙʱʝʥʠʷè, ʛ. ʉʘʤʘʨʘ 

ɸʚʩʠʝʚʠʯ ɸʣʝʢʩʘʥʜʨ ɺʠʢʪʦʨʦʚʠʯ, 

ʢ.ʪ.ʥ, ʜʦʮʝʥʪ, ʌɻɹʆʋ ɺʇʆ çʉʘʤʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ  

ʫʥʠʚʝʨʩʠʪʝʪ ʧʫʪʝʡ ʩʦʦʙʱʝʥʠʷè, ʛ. ʉʘʤʘʨʘ 

ʊʠʪʦʚ ʉʚʷʪʦʩʣʘʚ ʖʨʴʝʚʠʯ 

ʌɻɹʆʋ ɺʇʆ çʉʘʤʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ  

ʫʥʠʚʝʨʩʠʪʝʪ ʧʫʪʝʡ ʩʦʦʙʱʝʥʠʷè, ʤʘʛʠʩʪʨ, ʛ. ʉʘʤʘʨʘ 

 

 

ʂʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʩʦʜʝʨʞʘʥʠʷ ʩʪʨʝʣʦʯʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʷʚʣʷʝʪʩʷ ʚʘʞ-

ʥʝʡʰʠʤ ʵʣʝʤʝʥʪʦʤ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ, ʩʦʭʨʘʥ-

ʥʦʩʪʠ ʧʝʨʝʚʦʟʠʤʳʭ ʛʨʫʟʦʚ ʠ ʧʘʩʩʘʞʠʨʦʚ. ɼʝʡʩʪʚʫʶʱʘʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʪʝʭʥʦʣʦʛʠʷ ʩʙʦʨʘ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʦ ʧʨʦʤʝʨʘʭ ʩʪʨʝʣʦʯʥʳʭ ʧʝʨʝʚʦʜʦʚ, 

ʠʭ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʦʩʤʦʪʨʘʭ ʜʦʨʦʞ-

ʥʳʤ ʤʘʩʪʝʨʦʤ ʩʪʨʝʣʦʯʥʳʭ ʧʝʨʝʚʦʜʦʚ ʠ ʟʘʥʝʩʝʥʠʷ ʜʘʥʥʳʭ çʢʘʨʘʥʜʘʰʦʤè ʚ 

ʢʥʠʛʫ ʇʋ-28 ʠ ʇʋ-29. ʂʘʢ ʧʨʘʚʠʣʦ, ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʪʦʣʴʢʦ ʪʝ ʧʘʨʘʤʝʪʨʳ, 

ʢʦʪʦʨʳʝ ʧʨʝʚʳʰʘʶʪ ʥʦʨʤʘʪʠʚʥʳʝ, ʪ.ʝ. ʪʨʝʙʫʶʪ ʟʘʢʨʳʪʠʷ ʜʚʠʞʝʥʠʷ ʠʣʠ 

ʪʨʝʙʫʶʪ ʦʛʨʘʥʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ. ʏʘʩʪʠʯʥʘʷ ʨʝʛʠʩʪʨʘʮʠʷ ʠ ʦʪʩʫʪ-

ʩʪʚʠʝ ʘʨʭʠʚʘ ʜʘʥʥʳʭ ʧʨʦʤʝʨʦʚ ʧʦ ʚʩʝʤʫ ʩʪʨʝʣʦʯʥʦʤʫ ʧʝʨʝʚʦʜʫ ʥʝ ʧʦʟʚʦ-

ʣʷʝʪ ʧʦʩʪʨʦʠʪʴ ʜʠʥʘʤʠʢʫ ʥʘʨʘʩʪʘʥʠʷ ʢʨʠʪʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ ʧʦ ʢʘʞʜʦʤʫ 

ʦʙʲʝʢʪʫ ʠ ʦʧʨʝʜʝʣʠʪʴ ʧʨʠʤʝʨʥʫʶ ʜʘʪʫ ʟʘʧʨʝʪʠʪʝʣʴʥʳʭ ʤʝʨ. 

ʂʨʦʤʝ ʯʘʩʪʠʯʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʜʘʥʥʳʭ ʧʨʦʤʝʨʦʚ ʩʪʨʝʣʦʯʥʳʭ ʧʝʨʝʚʦ-

ʜʦʚ ʥʝ ʚʩʝʛʜʘ ʩʦʙʣʶʜʘʶʪʩʷ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʠ ʩʨʦʢʠ ʧʨʦʚʝʜʝʥʠʷ ʦʩʤʦʪʨʦʚ, 

ʢʦʣʠʯʝʩʪʚʦ ʦʩʤʦʪʨʝʥʥʳʭ ʩʪʨʝʣʦʢ ʥʝ ʚʩʝʛʜʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʘʢʪʠʯʝʩʢʦʤʫ 

ʥʘʣʠʯʠʶ ʩʦʛʣʘʩʥʦ ʊʈɸ ʩʪʘʥʮʠʠ.  

ɼʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʢʘʯʝʩʪʚʘ ʢʦʥʪʨʦʣʷ ʧʫʪʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴ-

ʟʦʚʘʪʴ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʫʶ ʩʠʩʪʝʤʫ ʩʙʦʨʘ ʜʘʥʥʳʭ ʩʪʨʝʣʦʯʥʦʛʦ ʭʦʟʷʡʩʪʚʘ, 

ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʇʂ (ʧʣʘʥʰʝʪʥʳʡ ʇʂ) ʩʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥ-

ʥʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ, ʩʨʝʜʩʪʚ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠ ʩʝʨʚʝʨʘ.  

ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʨʝʰʘʝʪ ʨʷʜ ʟʘʜʘʯ: 

1. ʀʥʪʝʨʘʢʪʠʚʥʳʡ ʦʩʤʦʪʨ ʠ ʟʘʧʠʩʴ ʚ ʇʂ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʤʝʨʦʚ, ʪʝʭ-
ʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʪʨʝʣʦʯʥʳʭ ʧʝʨʝʚʦʜʦʚ, ʘ ʪʘʢʞʝ ʚʝʜʝʥʠʝ ʘʨʭʠʚʘ. 

2. ʂʦʥʪʨʦʣʴ ʩʦʙʣʶʜʝʥʠʷ ʥʦʨʤʘʪʠʚʥʳʭ ʩʨʦʢʦʚ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʧʨʦʤʝ-

ʨʦʚ, ʛʘʨʘʥʪʠʷ 100% ʦʩʤʦʪʨ ʩʪʨʝʣʦʯʥʦʛʦ ʭʦʟʷʡʩʪʚʘ (ʧʝʨʝʭʦʜ ʚ ʩʣʝʜʫʶʱʠʡ 

ʨʝʞʠʤ ʧʨʦʛʨʘʤʤʳ ʥʝʚʦʟʤʦʞʝʥ ʧʦʢʘ ʥʝ ʙʫʜʫʪ ʟʘʧʦʣʥʝʥʳ ʚʩʝ ʷʯʝʡʢʠ ʦʙʷʟʘ-

ʪʝʣʴʥʳʭ ʧʨʦʤʝʨʦʚ). 

3. ʌʦʨʤʠʨʦʚʘʥʠʝ ʦʪʯʸʪʘ ʦ ʪʝʢʫʱʝʤ ʪʝʭʥʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ ʩʪʨʝʣʦʯ-

ʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʜʠʩʪʘʥʮʠʠ ʧʫʪʠ. 
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ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʡ ʧʣʘʪʬʦʨʤʳ ʚʳʙʨʘʥ ʧʣʘʥʰʝʪʥʳʡ ʢʦʤʧʴʶʪʝʨ ʥʘ 

ʙʘʟʝ Android 4.4. ɺʳʙʦʨ ʩʜʝʣʘʥ ʩ ʮʝʣʴʶ ʧʦʣʫʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʫʶ ʥʘʜʝʞ-

ʥʦʩʪʴ, ʘʚʪʦʥʦʤʥʦʩʪʴ ʠ ʜʝʰʝʚʠʟʥʫ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ.  

ʂʘʞʜʳʡ ʇʂ ʥʘʩʪʨʘʠʚʘʝʪʩʷ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʫʯʘʩʪʦʢ ʧʫʪʝʤ ʟʘʛʨʫʟʢʠ 

XML  ʬʘʡʣʘ ʩ ʤʘʢʝʪʘʤʠ (ʧʘʩʧʦʨʪʘ) ʩʪʨʝʣʦʯʥʳʭ ʧʝʨʝʚʦʜʦʚ. ɼʘʥʥʳʡ ʬʦʨʤʘʪ 

ʜʦʙʘʚʣʝʥʠʷ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʠ ʣʝʛʢʦ ʠʟʤʝʥʷʪʴ ʥʘʩʪʨʦʡʢʠ ʧʨʠʣʦ-

ʞʝʥʠʷ. 

ʄʘʢʝʪʳ ʩʛʨʫʧʧʠʨʦʚʘʥʳ ʧʦ ʩʪʘʥʮʠʷʤ, ʧʘʨʢʘʤ, ʛʦʨʣʦʚʠʥʘʤ. ʂʘʞʜʳʡ 

ʤʘʢʝʪ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʘʨʢʠ ʠ ʪʠʧʘ ʩʪʨʝʣʦʯʥʦʛʦ ʧʝʨʝʚʦʜʘ, ʩʦʜʝʨʞʠʪ ʧʝ-

ʨʝʯʝʥʴ ʤʝʩʪ ʦʙʷʟʘʪʝʣʴʥʳʭ ʧʨʦʤʝʨʦʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʚʦʠ ʥʦʨʤʘʪʠʚʥʳʝ 

ʨʘʟʤʝʨʳ ʩʦʜʝʨʞʘʥʠʷ. ʆʩʤʦʪʨ ʩʪʨʝʣʦʯʥʦʛʦ ʧʝʨʝʚʦʜʘ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʟʘʢʦʥ-

ʯʝʥ, ʧʦʢʘ ʥʝ ʙʫʜʫʪ ʟʘʧʦʣʥʝʥʳ ʚʩʝ ʷʯʝʡʢʠ ʦʙʷʟʘʪʝʣʴʥʳʭ ʧʨʦʤʝʨʦʚ. 

 
ʈʠʩʫʥʦʢ 1. ʉʪʘʨʪʦʚʳʡ ʵʢʨʘʥ ʧʨʠʣʦʞʝʥʠʷ 

 

ɺ ʙʘʟʝ ʤʦʙʠʣʴʥʦʛʦ ʪʝʨʤʠʥʘʣʘ ʩʦʜʝʨʞʘʪʩʷ ʙʠʙʣʠʦʪʝʢʠ ʥʝʠʩʧʨʘʚʥʦ-

ʩʪʝʡ: ʦʩʪʨʷʢʘ, ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ ʪʷʛʠ, ʢʦʥʪʨʨʝʣʴʩʘ, ʢʨʝʩʪʦʚʠʥʳ, ʩʪʳʢʦʚ, ʠʟʦ-

ʣʠʨʦʚʘʥʥʳʡ ʩʪʳʢ, ʰʧʘʣʘ, ʙʨʫʩ, ʩʢʨʝʧʣʝʥʠʝ ʠ ʪ.ʜ. 

 ɺʳʙʦʨ ʧʘʨʢʘ, ʥʦʤʝʨʘ ʩʪʨʝʣʦʯʥʦʛʦ ʧʝʨʝʚʦʜʘ, ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʧʨʦʠʟʚʦ-

ʜʠʪʩʷ ʧʫʪʸʤ ʚʳʙʦʨʘ ʜʘʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʦʢʦʥ. ɺʚʦʜ ʜʘʥʥʳʭ ʦ ʧʨʦʤʝ-

ʨʘʭ ʠ ʥʝʠʩʧʨʘʚʥʦʩʪʷʭ ʜʝʪʘʣʝʡ ʩʪʨʝʣʦʯʥʦʛʦ ʧʝʨʝʚʦʜʘ ʚʚʦʜʠʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ 

ʤʥʦʛʦʫʨʦʚʥʝʚʦʛʦ ʤʝʥʶ ʩ ʩʝʥʩʦʨʥʦʛʦ ʵʢʨʘʥʘ. 

ʇʨʠʙʳʚ ʥʘ ʤʝʩʪʦ ʧʨʦʚʝʜʝʥʠʷ ʦʩʤʦʪʨʘ ʩʪʨʝʣʦʯʥʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʜʦʨʦʞ-

ʥʳʡ ʤʘʩʪʝʨ ʥʘ ʩʚʦʸʤ ʇʂ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʥʘʠʤʝʥʦʚʘʥʠʝ ʧʘʨʢʘ, ʫʢʘʟʳʚʘʝʪ 

ʯʸʪʥʦʩʪʴ. ɺ ʧʦʣʝ çʥʦʤʝʨ ʩʪʨʝʣʢʠè ʟʘʛʨʫʞʘʶʪʩʷ ʧʘʩʧʦʨʪʘ (ʤʘʢʝʪʳ) ʩʪʨʝ-

ʣʦʯʥʳʭ ʧʝʨʝʚʦʜʦʚ. ʄʘʩʪʝʨ ʚʳʙʠʨʘʝʪ ʥʦʤʝʨ ʦʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʪʨʝʣʦʯʥʦʛʦ 

ʧʝʨʝʚʦʜʘ, ʢʥʦʧʢʦʡ çʚʚʦʜè ʚʳʚʦʜʠʪ ʤʘʢʝʪ ʥʘ ʵʢʨʘʥ. ɼʘʣʝʝ ʧʫʪʸʤ ʥʘʞʘʪʠʷ ʥʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʷʯʝʡʢʫ ʧʨʦʤʝʨʘ ʥʘ ʵʢʨʘʥʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʝʩʪʦ ʟʘʥʝʩʝʥʠʷ 
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ʜʘʥʥʳʭ ʩ ʰʘʙʣʦʥʘ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʤʝʨʦʚ ʟʘʥʦʩʷʪʩʷ ʚ ʘʢʪʠʚʠʨʦʚʘʥʥʫʶ 

ʷʯʝʡʢʫ. ɼʘʣʝʝ ʮʠʢʣ ʧʦʚʪʦʨʷʝʪʩʷ. ʇʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʜʨʫʛʠʭ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ 

ʜʦʨʦʞʥʳʡ ʤʘʩʪʝʨ ʚʳʙʠʨʘʝʪ ʝʸ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʤʝʥʶ ʠ ʟʘʥʦʩʠʪ ʚ ʧʘ-

ʤʷʪʴ (ʈʠʩʫʥʦʢ 2).  

ʇʦʩʣʝ ʦʙʭʦʜʘ ʩʚʦʝʛʦ ʫʯʘʩʪʢʘ ʜʦʨʦʞʥʳʡ ʤʘʩʪʝʨ ʜʦʣʞʝʥ ʧʝʨʝʜʘʪʴ ʩʚʦʠ 

ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʥʘ ʩʝʨʚʝʨ ʧʦ ʩʝʪʠ ʠʥʪʝʨʥʝʪ. ɼʣʷ ʵʪʦʛʦ ʚ ʇʂ ʚʩʪʨʦʝʥ ʤʦ-

ʜʫʣʴ Wi-Fi. ʇʦʜʯʠʩʪʢʘ ʥʝʥʫʞʥʳʭ ʜʘʥʥʳʭ ʥʘ ʧʣʘʥʰʝʪʝ ʧʨʦʠʩʭʦʜʠʪ ʪʦʣʴʢʦ 

ʧʦʩʣʝ 100% ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʩʝʨʚʝʨ. 

 
ʈʠʩʫʥʦʢ 2. ɺʚʦʜ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ 

 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʩʝʨʚʝʨʥʦʡ ʩʪʦʨʦʥʝ, 

ʪʝʤ ʩʘʤʳʤ ʇʂ ʜʝʣʝʛʠʨʫʝʪ ʩ ʩʝʙʷ ʨʘʙʦʪʫ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. ʉʝʨʚʝʨ ʧʦʟʚʦ-

ʣʷʝʪ ʩʦʩʪʘʚʣʷʪʴ ʧʦʜʨʦʙʥʳʝ ʦʪʯʝʪʳ ʧʦ ʢʦʥʢʨʝʪʥʳʤ ʫʯʘʩʪʢʘʤ, ʚʝʩʪʠ ʫʯʝʪ 

ʨʘʙʦʪ ʧʦ ʚʨʝʤʝʥʠ, ʬʠʢʩʠʨʦʚʘʪʴ ʠʩʧʨʘʚʣʝʥʠʷ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ. 

ɹʣʘʛʦʜʘʨʷ ʧʦʣʫʯʝʥʥʦʡ ʨʘʟʨʘʙʦʪʢʝ ʤʦʞʥʦ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʥʘ ʦʩʤʦʪʨ 

ʩʪʨʝʣʦʯʥʳʡ ʧʝʨʝʚʦʜʦʚ ʠ ʩʦʩʪʘʚʣʝʥʠʝ ʦʪʯʝʪʦʚ, ʫʚʝʣʠʯʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʩʥʷ-

ʪʠʡ ʧʦʢʘʟʘʥʠʡ ʠ ʮʝʥʪʨʘʣʠʟʦʚʘʪʴ ʚʩʝ ʠʥʬʦʨʤʘʮʠʶ ʚ ʦʜʥʦʤ ʤʝʩʪʝ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1.  ʅʠʢʦʣʘʡ ɽʣʩʘʢʦʚ ʇʨʘʢʪʠʯʝʩʢʦʝ ʧʦʩʦʙʠʝ ʧʦ ʫʩʪʨʦʡʩʪʚʫ ʠ ʪʝʢʫʱʝ-

ʤʫ ʩʦʜʝʨʞʘʥʠʶ ʩʪʨʝʣʦʯʥʳʭ ʧʝʨʝʚʦʜʦʚ, ʛʣʫʭʠʭ ʧʝʨʝʩʝʯʝʥʠʡ ʠ ʙʘʰʤʘʢʦ-

ʩʙʨʘʩʳʚʘʪʝʣʝʡ: ʊʨʘʥʩʠʥʬʦ, 2005 - 158ʩ 

2. ʍʘʨʜʠ ɹ., ʌʠʣʣʠʧʩ ɹ., ʉʪʶʘʨʪ ʂ., ʄʘʨʩʠʢʘʥʦ ʂ. Android. ʇʨʦ-

ʛʨʘʤʤʠʨʦʚʘʥʠʝ ʜʣʷ ʧʨʦʬʝʩʩʠʦʥʘʣʦʚ. 2-ʝ ʠʟʜ. ï ʉʇɹ.: ʇʠʪʝʨ, 2016. ï 640 ʩ.: 

ʠʣ. ï (ʉʝʨʠʷ çɼʣʷ ʧʨʦʬʝʩʩʠʦʥʘʣʦʚè). 

3. ʇʘʤʷʪʢʘ ʜʦʨʦʞʥʦʤʫ ʤʘʩʪʝʨʫ ʠ ʙʨʠʛʘʜʠʨʫ ʧʫʪʠ ʧʦ ʫʩʪʨʦʡʩʪʚʫ, 
ʫʢʣʘʜʢʝ, ʩʦʜʝʨʞʘʥʠʶ ʠ ʨʝʤʦʥʪʫ ʙʝʩʩʪʳʢʦʚʦʛʦ ʧʫʪʠ. - ʄ.: ʊʨʘʥʩʧʦʨʪ, 2001, 

- 23 ʩ. 
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ʄɸʐʀʅʆʉʊʈʆɽʅʀɽ ʀ ʄɸʐʀʅʆɺɽɼɽʅʀɽ 

 

ɸʅɸʃʀɿ ʄɽʊʆɼʆɺ ʇʆɺʓʐɽʅʀʗ ʇʈʆʏʅʆʉʊʅʓʍ 

ʍɸʈɸʂʊɽʈʀʉʊʀʂ ɺɸʃʆɺ ʇʆɾɸʈʅʓʍ ʎɽʅʊʈʆɹɽɾʅʓʍ 

ʅɸʉʆʉʆɺ 

 

ɹʫʨʮʝʚ ɸʣʝʢʩʝʡ ɺʠʢʪʦʨʦʚʠʯ,  

ʢʘʥʜʠʜʘʪ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ,  

ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʦʙʱʝʪʝʭʥʠʯʝʩʢʠʭ ʜʠʩʮʠʧʣʠʥ, 

ɼʫʣʴʮʝʚ ʉʝʨʛʝʡ ʅʠʢʦʣʘʝʚʠʯ 

ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʢʘʬʝʜʨʳ ʦʙʱʝʪʝʭʥʠʯʝʩʢʠʭ ʜʠʩʮʠʧʣʠʥ,  

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝ-

ʞʜʝʥʠʝ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ çʋʨʘʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 

ʧʨʦʪʠʚʦʧʦʞʘʨʥʦʡ ʩʣʫʞʙʳ ʄʏʉ ʈʦʩʩʠʠè (ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ) 

 

ɺʩʣʝʜʩʪʚʠʝ ʦʪʩʫʪʩʪʚʠʷ ʜʦʣʞʥʦʛʦ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʤʝʨʦʧʨʠʷʪʠʡ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʧʨʦʪʠʚʦʧʦʞʘʨʥʦʡ ʟʘʱʠʪʳ ʦʙʲʝʢʪʦʚ ʠ 

ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ, ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʄʠʥʠʩʪʝʨʩʪʚʘ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘ-

ʮʠʡ ʥʝ ʜʦʫʢʦʤʧʣʝʢʪʦʚʘʥʳ ʘʚʘʨʠʡʥʦ-ʩʧʘʩʘʪʝʣʴʥʦʡ ʪʝʭʥʠʢʦʡ, ʧʦʞʘʨʥʳʤʠ 

ʘʚʪʦʤʦʙʠʣʷʤʠ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʘ ʧʦʯʪʠ ʧʦʣʦʚʠʥʘ ʠʤʝʶʱʝʡʩʷ ʥʘ ʚʦʦʨʫ-

ʞʝʥʠʠ ʧʦʞʘʨʥʦʡ ʪʝʭʥʠʢʠ ʠʩʯʝʨʧʘʣʘ ʩʚʦʡ ʤʦʪʦʨʝʩʫʨʩ ʠ ʧʦ ʩʨʦʢʫ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʷ ʜʘʚʥʦ ʧʦʜʣʝʞʘʪ ʩʧʠʩʘʥʠʶ. ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʫʢʘʟʘʥʥʳʭ ʧʨʦʙʣʝʤ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʙʫʩʣʦʚʣʝʥʦ ʦʪʩʫʪʩʪʚʠʝʤ ʥʘʜʣʝʞʘʱʝʛʦ ʬʠʥʘʥʩʦʚʦʛʦ 

ʠ ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʚ ʩʬʝʨʝ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤʠ ʬʘʢʪʦʨʘʤʠ ʩʪʘʥʦʚʠʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʚʦʧʨʦʩ ʨʝʤʦʥʪʘ 

ʧʦʞʘʨʥʦʡ ʪʝʭʥʠʢʠ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʚ ʯʘʩʪʥʦʩʪʠ ʧʨʦʙʣʝʤʘ ʧʦʚʳʰʝʥʠʷ 

ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʝʪʘʣʝʡ ʠ ʫʟʣʦʚ ʧʦʞʘʨʥʳʭ ʤʘʰʠʥ, ʘ ʚ ʯʘʩʪʥʦ-

ʩʪʠ ʚʘʣʦʚ ʮʝʥʪʨʦʙʝʞʥʳʭ ʧʦʞʘʨʥʳʭ ʥʘʩʦʩʦʚ (ʈʠʩ.1).  

 
ʈʠʩ. 1. ɺʘʣ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʧʦʞʘʨʥʦʛʦ ʥʘʩʦʩʘ. 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʟʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʴ ʣʝʪ ʧʦ ʨʘʥʞʠʨʦ-

ʚʘʥʠʶ ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ ʧʦʚʨʝʞʝʥʠʡ ʙʘʟʦʚʳʭ ʜʝʪʘʣʝʡ ʮʝʥʪʨʦʙʝʞʥʳʭ ʧʦʞʘʨ-

ʥʳʭ ʥʘʩʦʩʦʚ ʷʚʣʷʶʪʩʷ: ʫʧʣʦʪʥʝʥʠʷ, ʧʦʜʰʠʧʥʠʢʠ, ʨʘʙʦʯʠʝ ʢʦʣʝʩʘ ʠ ʚʘʣʳ 

(ʈʠʩ.2). 
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ʈʠʩ. 2. ɼʠʘʛʨʘʤʤʘ ʧʦ ʧʨʠʯʠʥʘʤ ʠʟʥʦʩʘ ʙʘʟʦʚʳʭ ʜʝʪʘʣʝʡ ʧʦʞʘʨʥʳʭ 

ʮʝʥʪʨʦʙʝʞʥʳʭ ʥʘʩʦʩʦʚ. 

 

ɺ ʨʘʙʦʪʘʭ ʤʥʦʛʠʭ ʫʯʝʥʳʭ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʢʦʨʨʦʟʠʦʥʥʦ-

ʘʢʪʠʚʥʳʭ ʞʠʜʢʠʭ ʩʨʝʜ ʥʘ ʧʨʦʮʝʩʩʳ ʠʟʥʦʩʘ ʤʘʪʝʨʠʘʣʦʚ ʠ ʟʘʱʠʪʥʳʭ ʧʦʢʨʳ-

ʪʠʡ, ʦʙʲʷʩʥʝʥʳ ʬʠʟʠʯʝʩʢʠʝ ʠ ʭʠʤʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ ʥʘ ʬʨʠʢʮʠʦʥʥʦʤ ʢʦʥ-

ʪʘʢʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʩʧʦʩʦʙʳ ʩʥʠʞʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ 

ʧʨʝʜʣʦʞʠʪʴ ʦʧʨʝʜʝʣʷʶʱʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʠʩʢʘ ʧʫʪʝʡ ʧʦʚʳʰʝʥʠʷ ʜʦʣʛʦ-

ʚʝʯʥʦʩʪʠ ʫʟʣʦʚ ʪʨʝʥʠʷ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʟʘ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʘʨʩʝʥʘʣ ʤʝʪʦʜʦʚ 

ʙʦʨʴʙʳ ʟʘ ʧʦʚʳʰʝʥʠʝ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʜʝʪʘʣʝʡ ʧʦʧʦʣʥʠʣʩʷ ʨʷʜʦʤ ʵʬʬʝʢ-

ʪʠʚʥʳʭ ʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ, ʢʦʪʦʨʳʝ ʧʦʤʦʛʘʶʪ ʢʘʨʜʠʥʘʣʴʥʦ ʫʤʝʥʴʰʠʪʴ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʭ ʠʟʥʦʩʘ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʰʝʠʟʣʦʞʝʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʮʝʣʴʶ ʥʘʰʝʡ ʨʘʙʦʪʳ ʩʪʘʣʦ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʚʘʣʦʚ ʮʝʥʪʨʦʙʝʞʥʳʭ ʧʦʞʘʨʥʳʭ ʥʘʩʦʩʦʚ, 

ʚʳʙʦʨ ʤʘʪʝʨʠʘʣʦʚ ʠ ʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʠʭ ʠʟʥʦʩʘ. 

ʂʨʦʤʝ ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʧʦʞʘʨʥʦʡ 

ʦʭʨʘʥʳ ʠ ʪʝʤ ʩʘʤʳʤ ʢʨʠʪʠʯʝʩʢʦʛʦ ʠʟʥʦʩʘ ʪʝʭʥʠʢʠ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʩʥʦʚ-

ʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʨʦʙʣʝʤ ʥʘ ʨʘʟʣʠʯʥʳʭ ʫʯʘʩʪʢʘʭ ʚʘʣʦʚ 

ʧʦʞʘʨʥʳʭ ʥʘʩʦʩʦʚ ʷʚʣʷʝʪʩʷ: ʥʝʧʨʘʚʠʣʴʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ, ʥʝʩʚʦʝʚʨʝʤʝʥʥʦʝ 

ʜʦʙʘʚʣʝʥʠʝ ʠ ʟʘʤʝʥʘ ʩʤʘʟʢʠ ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ ʜʫʙʝʥʠʝʤ ʤʘʥʞʝʪʥʳʭ 

ʫʧʣʦʪʥʝʥʠʡ, ʧʨʦʧʫʩʢʦʤ ʚʦʜʳ ʚ ʨʘʙʦʯʠʝ ʦʙʣʘʩʪʠ ʜʝʪʘʣʝʡ ʠ ʫʟʣʦʚ ʥʘʩʦʩʘ ʥʝ 

ʧʨʠʩʧʦʩʦʙʣʝʥʥʳʭ ʨʘʙʦʪʘʪʴ ʚ ʢʦʥʪʘʢʪʝ ʩ ʚʦʜʦʡ, ʧʦʷʚʣʝʥʠʝ ʢʘʥʘʚʦʢ ʥʘ ʚʘʣʘʭ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʙʨʘʟʠʚʥʦʛʦ ʠ ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʛʦ ʠʟʥʦʩʘ (ʈʠʩ. 3) . 
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ʈʠʩ.3. ʆʩʥʦʚʥʳʝ ʧʦʚʨʝʞʜʝʥʠʷ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚʘʣʦʚ ʮʝʥʪʨʦʙʝʞʥʳʭ 

ʧʦʞʘʨʥʳʭ ʥʘʩʦʩʦʚ. 

 

ʅʝʠʩʧʦʣʴʟʦʚʘʥʥʳʤ ʨʝʟʝʨʚʦʤ ʧʦʚʳʰʝʥʠʷ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʚʘʣʦʚ ʮʝʥʪʨʦʙʝʞʥʳʭ ʧʦʞʘʨʥʳʭ ʥʘʩʦʩʦʚ ʝʩʪʴ ʨʘʮʠʦʥʘʣʴʥʳʡ ʧʦʜʙʦʨ ʤʘʪʝ-

ʨʠʘʣʦʚ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʭ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ. ʉʫʱʝ-

ʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʧʦʩʦʙʦʚ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʩʦʩʪʘʚʦʤ, 

ʩʪʨʫʢʪʫʨʦʡ ʠ ʩʚʦʡʩʪʚʘʤʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ʜʝʪʘʣʝʡ, ʥʦ ʠʭ ʰʠʨʦʢʦʝ 

ʚʥʝʜʨʝʥʠʝ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ʪʦʨʤʦʟʠʪʩʷ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʥʘʫʯʥʦʛʦ ʦʙʦʩʥʦ-

ʚʘʥʥʳʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʨʘʮʠʦʥʘʣʴʥʦʤʫ ʚʳʙʦʨʫ ʤʘʪʝʨʠʘʣʦʚ ʠ ʟʘʱʠʪʥʳʭ 

ʧʦʢʨʳʪʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʠʟʥʦʩʘ, ʝʛʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ, ʢʦʪʦʨʳʝ ʧʨʷʤʦ ʚʣʠʷʶʪ ʥʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʧʨʦʮʝʩʩʳ ʚ ʫʩʣʦʚʠʷʭ ʢʦʨʨʦʟʠʦʥʥʦ-ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʠʟʥʦʩʘ ʜʝʪʘʣʝʡ. 

ʇʨʦʮʝʩʩʳ ʠʟʥʦʩʘ ʚʘʣʦʚ ʧʨʦʠʩʭʦʜʷʪ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʜʚʫʭ 

ʚʠʜʦʚ ʠʟʥʦʩʘ - ʢʦʨʨʦʟʠʦʥʥʦ-ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʠ ʘʙʨʘʟʠʚʥʦʛʦ [5, ʉ. 33]. ʀʥ-

ʪʝʥʩʠʬʠʢʘʮʠʷ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ 

ʚʘʣʦʚ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʚʘʣʦʚ ʮʝʥʪʨʦʙʝʞʥʳʭ ʥʘʩʦʩʦʚ ʤʝʪʦ-

ʜʳ ʛʘʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʥʘʧʳʣʝʥʠʷ ʠ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʛʦ ʘʟʦʪʠʨʦʚʘʥʠʷ ʝʱʝ 

ʧʦʯʪʠ ʥʝ ʧʨʠʤʝʥʷʣʠ. ʇʦʵʪʦʤʫ ʤʳ ʩʯʠʪʘʝʤ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʚʝʨʥʫʪʴʩʷ ʢ 

ʧʨʦʙʣʝʤʝ ʧʦʚʳʰʝʥʠʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʚʘʣʦʚ ʮʝʥʪʨʦʙʝʞʥʳʭ ʧʦʞʘʨʥʳʭ 

ʥʘʩʦʩʦʚ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʥʘʫʯʥʦʤ ʫʨʦʚʥʝ. ɺʝʜʴ ʦʪ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʚʘʣʦʚ ʟʘ-

ʚʠʩʷʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʥʘʩʦʩʦʚ, ʧʦʪʝʨʠ ʧʦʣʫʧʨʦʜʫʢʪʦʚ ʠ ʙʝʟʦʪʢʘʟʥʦʩʪʴ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʮʝʣʦʤ.  

ʀʪʘʢ, ʙʳʣʠ ʧʨʦʠʟʚʝʜʝʥʳ ʟʘʤʝʨʳ ʠʟʥʦʩʘ 20 ʚʘʣʦʚ ʮʝʥʪʨʦʙʝʞʥʳʭ ʥʘʩʦ-

ʩʦʚ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʧʦʞʘʨʥʳʭ ʘʚʪʦʮʠʩʪʝʨʥʘʭ ʧʨʠʙʳʚʰʠʭ ʥʘ ʪʝʭʥʠʯʝ-

ʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʠʣʠ ʨʝʤʦʥʪ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʮʝʥʪʨ ʧʦ 

ʦʙʩʣʫʞʠʚʘʥʠʶ ʧʦʞʘʨʥʦʡ ʪʝʭʥʠʢʠ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩʦʩʪʦʷʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚʘʣʦʚ, ʧʦʟʚʦʣʠʣʦ ʥʘʤ ʫʩʪʘʥʦʚʠʪʴ ʦʩʥʦʚʥʳʝ ʟʘʢʦ-

ʥʦʤʝʨʥʦʩʪʠ ʠʭ ʠʟʥʦʩʘ. ʀʟʥʦʩ ʚʘʣʦʚ ʦʮʝʥʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʨʝʣʴʝʬʦʤʝʪʨʘ 

ʠʥʜʠʢʘʪʦʨʥʦʛʦ ʪʠʧʘ ʧʦ ʜʣʠʥʝ ʩʘʣʴʥʠʢʦʚʦʛʦ ʫʧʣʦʪʥʝʥʠʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥ-

ʥʳʭ ʫʩʣʦʚʠʷʭ. ʄʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʚʝʨʭʥʦʩʪʝʡ ʢʦʥʩʪʨʫʢʮʠʦʥ-

ʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ ʧʦʩʣʝ ʪʨʝʥʠʷ ʚʳʧʦʣʥʷʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʄɹʉï2, ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʄʀʄï8ʄ, 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʋɽʄɺï100 ʤʠʢʨʦʩʢʦʧʦʚ. ʀʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ ʠ ʟʘ-

ʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʠʩʧʳʪʳʚʘʣʠ ʥʘ ʫʩʪʘʥʦʚʢʝ 

ʪʦʨʮʝʚʦʛʦ ʪʨʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʨʘʟʮʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʝ ʤʘ-

ʪʝʨʠʘʣʳ ʠ ʤʘʪʝʨʠʘʣʳ ʩ ʧʦʢʨʳʪʠʷʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʧʣʘʟʤʝʥʥʦʛʦ 
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ʥʘʧʳʣʝʥʠʷ ʠ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʛʦ ʘʟʦʪʠʨʦʚʘʥʠʷ. ʀʟʥʦʩ ʦʙʨʘʟʮʦʚ ʦʮʝʥʠʚʘʣʠ 

ʚʝʩʦʚʳʤ ʩʧʦʩʦʙʦʤ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʧʦʞʘʨʥʳʭ ʮʝʥʪʨʦʙʝʞʥʳʭ ʥʘʩʦʩʦʚ ʨʘʙʦʪʘʶʪ ʧʨʠ ʨʘʜʠ-

ʘʣʴʥʦʤ ʜʘʚʣʝʥʠʠ 0,6ï0,8 ʄʇʘ ʠ ʩʢʦʨʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ ʚʘʣʘ ʥʘʩʦʩʘ ʚ ʧʨʝʜʝ-

ʣʘʭ 2,5 ï 5,0 ʤ/ʩ. ʇʦʵʪʦʤʫ, ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʦʧʳʪʦʚ ʥʘ ʫʩʪʘʥʦʚʢʝ ʪʦʨʮʝʚʦʛʦ 

ʪʨʝʥʠʷ ʜʘʚʣʝʥʠʝ ʥʘ ʢʦʥʪʘʢʪʝ ʩʦʩʪʘʚʠʣʦ 0,7 ʄʇʘ, ʘ ʩʢʦʨʦʩʪʴ ʩʢʦʣʴʞʝʥʠʷ ï 

2,5 ʤ/ʩ. ʀʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʤʝʪʘʣʣʦʚ ʠ ʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ ʠʩʧʳʪʳʚʘʣʠ ʚ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ. ʀʩʩʣʝʜʦʚʘʣʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʥʦʨʤʘʣʠʟʦʚʘʥʥʦʡ ʠ 

ʟʘʢʘʣʝʥʥʦʡ ʩʪʘʣʠ 45, ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʠ ʘʟʦʪʠʨʦʚʘʥʥʳʭ ʩʪʘʣʠ 45ʍ, ʯʫʛʫʥʘ 

ʉʏ20, ʘ ʪʘʢʞʝ ʧʣʘʟʤʝʥʥʳʭ ʧʦʢʨʳʪʠʡ ʠʟ ʙʨʦʥʟʳ ɹʨʆʎʉ-5-5-5, ʥʠʢʝʣʴ-

ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ʇʅ85ʖ15, ʢʝʨʘʤʠʢʠ (ʧʣʘʟʤʦʪʝʢʩ ʆʊʉ ʠ ʵʣʝʢʪʨʦʢʦ-

ʨʫʥʜʘ ʄʥ 28) [1]. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʨʘʙʘʪʳʚʘʥʠʝ ʨʘʙʦʯʠʭ 

ʫʯʘʩʪʢʦʚ ʚʘʣʘ ʥʘʩʦʩʘ ʤʦʞʝʪ ʙʳʪʴ ʚ ʢʦʥʮʝ ʫʧʣʦʪʥʠʪʝʣʴʥʦʛʦ ʩʪʘʢʘʥʘ, ʚ ʝʛʦ 

ʥʘʯʘʣʝ, ʠʣʠ ʚ ʥʘʯʘʣʝ ʠ ʚ ʢʦʥʮʝ ʢʘʤʝʨʳ. ʇʨʠʯʝʤ ʩʘʤʳʡ ʩʫʪʦʯʥʳʡ ʠʟʥʦʩ 

ʠʤʝʶʪ ʚʘʣʳ, ʢʦʪʦʨʳʝ ʙʦʣʴʰʝ ʦʪʨʘʙʘʪʳʚʘʶʪʩʷ ʚ ʢʦʥʮʝ (ʥʘ ʜʥʝ) ʫʧʣʦʪʥʠ-

ʪʝʣʴʥʦʡ ʢʘʤʝʨʳ, ʘ ʥʘʠʙʦʣʴʰʠʡ - ʚ ʥʘʯʘʣʝ ʢʘʤʝʨʳ, ʛʜʝ ʜʘʚʣʝʥʠʝ ʚ ʨʘʙʦʯʝʡ 

ʟʦʥʝ ʫʧʣʦʪʥʝʥʠʷ ʚʳʩʦʢʦʝ, ʘ ʩʤʘʟʢʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʦʡ ʥʝʜʦʩʪʘʪʦʯʥʘ. 

ʇʦʩʣʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʥʠʷ ʦʙʨʘʟʮʘ ʠʟ ʩʪʘʣʠ 45 ʙʳʣʠ 

ʚʳʷʚʣʝʥʳ ʪʝʤʥʳʝ ʧʷʪʥʘ ʦʢʩʠʜʦʚ ʠ ʩʣʝʜʳ ʠʭ ʨʘʟʨʫʰʝʥʠʷ, ʢʦʪʦʨʳʝ ʦʨʠʝʥ-

ʪʠʨʦʚʘʥʳ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ. ʎʚʝʪ ʦʢʩʠʜʥʳʭ 

ʧʣʝʥʦʢ ʤʝʥʷʣʩʷ ʦʪ ʯʝʨʥʦʛʦ ʜʦ ʩʚʝʪʣʦ-ʩʝʨʦʛʦ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʦ ʦʙ ʠʭ 

ʨʘʟʣʠʯʥʦʡ ʪʦʣʱʠʥʝ. ʊʨʘʚʣʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʦʢʩʠʜ-

ʥʳʝ ʪʝʤʥʳʝ ʧʣʝʥʢʠ ʥʘʭʦʜʷʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʥʘ ʫʯʘʩʪʢʘʭ ʧʝʨʣʠʪʥʳʭ ʚʢʨʘʧʣʝ-

ʥʠʡ. ʕʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʷʚʠʣʠ ʧʦʣʦʩʳ 

ʨʘʟʨʫʰʝʥʥʳʭ ʦʢʩʠʜʦʚ, ʢʦʪʦʨʳʝ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʩʢʦʣʴʞʝ-

ʥʠʷ. ʈʘʟʨʫʰʝʥʠʝ ʦʢʩʠʜʦʚ ʥʘʙʣʶʜʘʣʦʩʴ ʧʫʪʝʤ ʦʪʢʦʣʘ ʥʝʙʦʣʴʰʠʭ ʯʘʩʪʠʮ. 

ɺʠʜ ʠʟʥʦʰʝʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʙʨʘʟʮʦʚ ʠʟ ʟʘʢʘʣʝʥʥʦʡ ʩʪʘʣʠ 45 ʥʝʩʢʦʣʴʢʦ 

ʜʨʫʛʦʡ. ɿʜʝʩʴ ʚ ʪʝʤʥʦʤ ʧʦʣʝ ʨʘʩʩʝʷʥʳ ʚʢʨʘʧʣʝʥʠʷ ʩʚʝʪʣʦ-ʩʝʨʦʛʦ ʠʣʠ ʯʝʨ-

ʥʦʛʦ ʮʚʝʪʘ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʚʳʷʚʣʝʥʳ ʩʣʝʜʳ 

ʜʝʬʦʨʤʘʮʠʠ ʠ ʨʘʟʨʫʰʝʥʠʝ ʦʢʩʠʜʥʳʭ ʧʣʝʥʦʢ. 

ʉʪʦʡʢʦʩʪʴ ʥʦʨʤʘʣʠʟʦʚʘʥʥʦʡ ʩʪʘʣʠ 45 ʚ ʚʦʜʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʘʜʛʝʟʠʦʥ-

ʥʦʡ ʧʨʦʯʥʦʩʪʴʶ ʧʣʝʥʦʢ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʥʘ ʝʝ ʧʝʨʣʠʪʥʦʡ ʠ ʬʝʨʨʠʪʥʦʡ ʩʦ-

ʩʪʘʚʣʷʶʱʠʭ. ʅʘ ʧʝʨʣʠʪʥʳʭ ʫʯʘʩʪʢʘʭ ʧʣʝʥʢʠ ʠʟʥʘʰʠʚʘʶʪʩʷ ʩ ʥʝʙʦʣʴʰʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ, ʘ ʥʘ ʬʝʨʨʠʪʥʳʭ ʦʥʠ ʦʪʨʳʚʘʶʪʩʷ ʦʪ ʦʩʥʦʚʘʥʠʷ. ʊʘʢʠʤ ʦʙ-

ʨʘʟʦʤ, ʫʚʝʣʠʯʠʚʘʷ ʫ ʩʪʘʣʠ ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʣʠʪʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ, ʤʦʞʥʦ 

ʦʞʠʜʘʪʴ ʧʦʚʳʰʝʥʠʷ ʝʝ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ. ɿʘʢʘʣʝʥʥʘʷ ʩʪʘʣʴ 45 ʠʤʝʝʪ ʦʜʥʦ-

ʨʦʜʥʫʶ ʤʘʨʪʝʥʩʠʪʥʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʧʦʚʳʰʝʥʥʳʝ ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʳʝ ʩʚʦʡ-

ʩʪʚʘ. ɺʩʣʝʜʩʪʚʠʝ ʪʨʝʥʠʷ ʥʘ ʥʝʡ ʦʙʨʘʟʫʶʪʩʷ ʙʦʣʝʝ ʤʷʛʢʠʝ, ʯʝʤ ʦʩʥʦʚʘ, 

ʦʢʩʠʜʥʳʝ ʧʣʝʥʢʠ, ʢʦʪʦʨʳʝ ʧʝʨʝʪʝʢʘʶʪ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʥʠʷ ʙʝʟ ʦʙʨʘʟʦ-

ʚʘʥʠʷ ʪʨʝʱʠʥ, ʠʟʥʘʰʠʚʘʶʪʩʷ ʠ ʨʘʟʨʫʰʘʶʪʩʷ ʧʦʩʪʝʧʝʥʥʦ. 

ɻʘʟʦʪʝʨʤʠʯʝʩʢʠʝ ʧʦʢʨʳʪʠʷ ʥʠʢʝʣʝʚʦ-ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʠ ʦʢʩʠʜʦʚ 

ʠʤʝʶʪ ʯʨʝʟʚʳʯʘʡʥʦ ʚʳʩʦʢʫʶ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ, ʢʦʪʦʨʘʷ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝ-

ʚʳʰʘʝʪ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʙʨʦʥʟʦʚʦʛʦ ʧʦʢʨʳʪʠʷ [2, ʉ. 35]. ʉʨʝʜʠ ʜʨʫʛʠʭ ʤʝ-
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ʪʦʜʦʚ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʡ ʪʝʭʥʦʣʦʛʠʠ ʥʘʧʳʣʝʥʠʷ ʦʙʣʘʜʘʶʪ ʟʘʤʝʪʥʳʤ 

ʧʨʝʠʤʫʱʝʩʪʚʦʤ. ɺʩʝ ʪʝʭʥʦʣʦʛʠʠ ʥʘʧʳʣʝʥʠʷ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʛʨʫʧ-

ʧʳ: ʛʘʟʦʪʝʨʤʠʯʝʩʢʦʝ ʥʘʧʳʣʝʥʠʝ ʠ ʚʘʢʫʫʤʥʦ-ʢʦʥʜʝʥʩʘʮʠʦʥʥʦʝ ʥʘʧʳʣʝʥʠʝ. 

ʇʨʠ ʵʪʦʤ ʚʥʫʪʨʠ ʢʘʞʜʦʡ ʛʨʫʧʧʳ ʩʫʱʝʩʪʚʫʝʪ ʮʝʣʳʡ ʨʷʜ ʤʝʪʦʜʦʚ ʥʘʧʳʣʝ-

ʥʠʷ ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʠʩʪʦʯʥʠʢʦʤ ʧʦʜʚʦʜʠʤʦʡ ʵʥʝʨʛʠʠ, ʬʠʟʠʢʦʡ ʧʨʦʪʝʢʘʶ-

ʱʠʭ ʧʨʦʮʝʩʩʦʚ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʤʝʪʦʜʦʚ ʛʘʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʥʘʧʳʣʝʥʠʷ 

(ɻʊʅ) ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʦʢʨʳʪʠʝ ʥʘ ʚʘʣʫ ʬʦʨʤʠʨʫʝʪʩʷ ʠʟ ʥʘʧʨʘʚʣʝʥʥʦʛʦ 

ʧʦʪʦʢʘ ʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ ʩʦ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ 10-200 ʤʢʤ 

ʉʪʨʫʢʪʫʨʘ ʤʘʪʝʨʠʘʣʘ ʧʦʢʨʳʪʠʷ ʬʦʨʤʠʨʫʝʪʩʷ ʧʨʠ ʫʜʘʨʝ, ʜʝʬʦʨʤʘʮʠʠ ʠ 

ʟʘʪʚʝʨʜʝʚʘʥʠʠ ʥʘʛʨʝʪʳʭ ʯʘʩʪʠʮ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʩʥʦʚʳ ʠʣʠ ʧʨʝʜʳʜʫʱʠʭ 

ʦʩʪʳʚʰʠʭ ʯʘʩʪʠʮ. ʇʨʠ ʵʪʦʤ ʦʙʨʘʟʫʝʪʩʷ ʩʣʦʠʩʪʳʡ ʤʘʪʝʨʠʘʣ, ʩʦʩʪʦʷʱʠʡ ʠʟ 

ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʯʘʩʪʠʮ, ʩʦʝʜʠʥʝʥʥʳʭ ʢʦʥʪʘʢʪʥʳʤʠ ʫʯʘʩʪʢʘʤʠ [3, ʉ. 

861]. ʇʨʦʮʝʩʩ ʛʘʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʥʘʧʳʣʝʥʠʷ ʧʦʢʨʳʪʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʣʦʞʥʫʶ ʩʦʚʦʢʫʧʥʦʩʪʴ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ. ɽʛʦ 

ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʘ ʦʩʥʦʚʥʳʭ ʵʪʘʧʘ: ʬʦʨʤʠʨʦʚʘʥʠʝ ʜʚʫʭʬʘʟʥʦʛʦ ʧʦʪʦ-

ʢʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʘʤʦʛʦ ʧʦʢʨʳʪʠʷ. 

ʂ ʧʝʨʚʦʤʫ ʵʪʘʧʫ ʦʪʥʦʩʷʪ ʧʨʦʮʝʩʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨ-

ʥʦʛʦ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʠ ʯʘʩʪʠʮ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʘʛʨʝʚ ʠ ʪʝʧʣʦʦʙ-

ʤʝʥ ʯʘʩʪʠʮ, ʠʭ ʫʩʢʦʨʝʥʠʝ ʧʨʠ ʧʝʨʝʜʘʯʝ ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ ʦʪ ʩʪʨʫʠ 

ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ. ʅʘ ʧʨʘʢʪʠʢʝ ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʠʪʴʩʷ ʧʝʨʝʛʨʝʚʘ ʥʘʧʳʣʷʝʤʳʭ 

ʯʘʩʪʠʮ ʚ ʤʦʤʝʥʪ ʠʭ ʧʦʜʣʝʪʘ ʢ ʧʦʚʝʨʭʥʦʩʪʠ (ʥʘ 50 - 100Áʉ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫ-

ʨʳ ʧʣʘʚʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʯʘʩʪʠʮ), ʩ ʮʝʣʴʶ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʩʮʝʧʣʝ-

ʥʠʷ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʧʷʪʥʘ ʭʠʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘ ʛʨʘʥʠʮʝ 

ʯʘʩʪʠʮʘ ʧʦʜʣʦʞʢʘ. ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʬʦʨʤʠʨʫʝʪʩʷ ʧʦʢʨʳʪʠʝ ʧʨʠ ʩʦʫʜʘʨʝ-

ʥʠʠ ʨʘʩʧʣʘʚʣʝʥʥʳʭ ʯʘʩʪʠʮ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʚʘʣʘ, ʚ ʠʪʦʛʝ ʯʝʛʦ ʯʘʩʪʠʮʳ 

ʧʣʦʪʥʦ ʣʦʞʘʪʩʷ ʜʨʫʛ ʥʘ ʜʨʫʛʘ ʠ ʨʘʩʪʝʢʘʷʩʴ, ʟʘʧʦʣʥʷʶʪ ʥʝʨʦʚʥʦʩʪʠ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʚʘʣʘ [4, ʉ. 72]. ɹʣʘʛʦʜʘʨʷ ʠʭ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʘ 

ʚʦʟʥʠʢʘʶʪ ʫʯʘʩʪʢʠ ʩʭʚʘʪʳʚʘʥʠʷ.  

ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʦʩʘʞʜʝʥʠʝ ʤʝʪʘʣʣʦʚ ʦʪʥʦʩʠʪʩʷ ʢ ʩʘʤʳʤ ʩʪʘʨʳʤ 

ʩʧʦʩʦʙʘʤ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʜʝʣʠʷ. ɻʘʣʴʚʘʥʠʯʝʩʢʠʝ ʧʦ-

ʢʨʳʪʠʷ ʥʘʰʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʙʣʘʛʦʜʘʨʷ ʰʠʨʦʢʦʤʫ ʚʳʙʦʨʫ ʤʘʪʝʨʠʘ-

ʣʘ ʧʦʢʨʳʪʠʷ ʠ ʚʳʩʦʢʦʡ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ ʧʨʦʮʝʩʩʘ.  

ʇʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ ʜʝʪʘʣʠ, ʥʘʭʦʜʷʱʠʡʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʝʡ 

ʩʨʝʜʳ ʠ ʥʘʛʨʫʟʦʢ ʠ ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʧʨʦʭʦʜʷʱʠʡ ʵʪʘʧʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, 

ʥʝʦʜʥʦʢʨʘʪʥʦ ʠʟʤʝʥʷʝʪʩʷ ʧʦ ʪʦʣʱʠʥʝ ʠ ʩʪʨʫʢʪʫʨʝ. ɿʥʘʥʠʝ ʦʙ ʠʩʭʦʜʥʦʤ, 

ʧʨʦʤʝʞʫʪʦʯʥʦʤ ʠ ʦʢʦʥʯʘʪʝʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʚʘʣʘ ʠ ʝʝ ʧʦ-

ʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʧʦʟʚʦʣʷʝʪ ʩʦʜʘʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʩʚʦʡʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʚʘʣʘʚ ʧʨʦʮʝʩʩʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʪʘʢʞʝ ʧʨʦʝʢʪʠʨʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʧʨʦʮʝʩʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩ ʫʯʝʪʦʤ ʫʩʣʦʚʠʡ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ɼʣʷ ʚʩʝʭ ʪʠʧʦʚ ʧʦʢʨʳʪʠʡ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʝʛʦ ʪʦʣʱʠʥʘ. ɺʳʙʦʨ 

ʪʦʣʱʠʥʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʩʣʦʚʠʷʤʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʫʧʨʦʯʥʷʝʤʦʛʦ ʚʘʣʘ ʠʣʠ 

ʚʝʣʠʯʠʥʦʡ ʠʟʥʦʩʘ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʤʦʛʦ ʚʘʣʘ. ʊʦʣʱʠʥʘ ʩʣʦʷ ʜʦʣʞʥʘ ʦʙʝʩʧʝ-

ʯʠʪʴ ʟʘʜʘʥʥʳʡ ʨʝʩʫʨʩ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʥʦʤʠʥʘʣʴʥʦʛʦ ʨʘʟʤʝʨʘ ʚʘʣʘ. 



42 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʚʘʣʦʚ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ 

ʩʪʘʣʠ ʨʘʟʨʘʙʘʪʳʚʘʪʴʩʷ ʠ ʧʨʠʤʝʥʷʪʴʩʷ ʤʝʪʦʜʳ ʛʘʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʥʘʧʳʣʝ-

ʥʠʷ: ʧʣʘʟʤʝʥʥʳʡ, ʧʣʘʟʤʝʥʥʳʡ ʩʚʝʨʭʟʚʫʢʦʚʦʡ, ʵʣʝʢʪʨʦʜʫʛʦʚʦʡ. ʅʘʧʳʣʝʥ-

ʥʳʝ ʧʦʢʨʳʪʠʷ ʚ ʫʩʣʦʚʠʷʭ ʨʘʙʦʪʳ ʚʘʣʘ ʫʩʧʝʰʥʦ ʢʦʥʢʫʨʠʨʫʶʪ ʩ 

ʥʘʧʣʘʚʣʝʥʥʳʤʠ ʠ ʜʘʞʝ ʧʨʝʚʦʩʭʦʜʷʪ ʠʭ ʧʦ ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʘʤ ʙʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʧʦʨ ʠ ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʣʦʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ.  

ʅʘʧʳʣʝʥʥʳʝ ʧʦʢʨʳʪʠʷ ʦʙʣʘʜʘʶʪ ʥʝ ʪʦʣʴʢʦ ʚʳʩʦʢʠʤʠ ʪʨʠʙʦʪʝʭʥʠʯʝ-

ʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʥʦ ʠ ʜʦʩʪʘʪʦʯʥʦʡ ʧʨʦʯʥʦʩʪʴʶ. ʊʘʢ, ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʩʪʘʪʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʨʘʟʨʫʰʝʥʠʝ ʧʦʢʨʳʪʠʷ ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ ʣʠʰʴ ʧʦʩʣʝ 

ʪʦʛʦ, ʢʘʢ ʙʫʜʝʪ ʧʨʝʚʟʦʡʜʝʥ ʧʨʝʜʝʣ ʫʧʨʫʛʦʩʪʠ ʜʝʬʦʨʤʘʮʠʠ ʤʘʪʝʨʠʘʣʘ ʦʩʥʦ-

ʚʘʥʠʷ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʤʝʪʘʣʣ ʧʦʢʨʳʪʠʷ ʠʤʝʝʪ ʥʠʟʢʠʡ ʤʦʜʫʣʴ 

ʫʧʨʫʛʦʩʪʠ, ʧʨʠʤʝʨʥʦ 7x104 ʄʇʘ, ʘ ʣʠʪʦʡ ʩʪʘʣʠ 2x105 ʄʇʘ. ʇʦʵʪʦʤʫ 

ʥʘʛʨʫʟʢʘ, ʚʦʩʧʨʠʥʠʤʘʝʤʘʷ ʜʝʪʘʣʴʶ ʠ ʧʦʢʨʳʪʠʝʤ, ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʤʝʞʜʫ 

ʥʠʤʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʚʝʣʠʯʠʥʘʤ ʠʭ ʤʦʜʫʣʝʡ ʫʧʨʫʛʦʩʪʠ. ɺ ʫʩʣʦʚʠʷʭ ʟʥʘ-

ʢʦʧʝʨʝʤʝʥʥʳʭ ʥʘʛʨʫʟʦʢ ʧʦʢʨʳʪʠʝ ʥʝ ʩʢʣʦʥʥʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʤʠʢʨʦʪʨʝ-

ʱʠʥ. 

ʇʨʠʤʝʥʷʝʤʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʧʘʨʘʤʝʪʨʳ ʨʝʞʠʤʘ ʥʘʧʳʣʝʥʠʷ ʪʘʢʞʝ 

ʚʣʠʷʶʪ ʥʘ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʩʦʧʨʷʞʝʥʠʷ: ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʜʫʛʝ 

ʠ ʩʢʦʨʦʩʪʠ ʧʣʘʟʤʦʦʙʨʘʟʫʶʱʝʛʦ ʛʘʟʘ ʚʦʟʨʘʩʪʘʶʪ ʢʦʛʝʟʠʦʥʥʘʷ ʧʨʦʯʥʦʩʪʴ, 

ʫʩʪʘʣʦʩʪʥʘʷ ʧʨʦʯʥʦʩʪʴ, ʥʘʛʨʫʟʢʘ ʩʭʚʘʪʳʚʘʥʠʷ ʠ ʥʘʛʨʫʟʢʘ ʨʘʟʨʫʰʝʥʠʷ, ʘ 

ʫʤʝʥʴʰʘʶʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ, ʚʝʣʠʯʠʥʳ ʠʟʥʦʩʘ ʚʘʣʘ ʠ ʚʢʣʘʜʳʰʘ. 

ʇʨʠʤʝʥʝʥʠʝ ʧʦʩʣʦʡʥʦʡ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʦʙʨʘʙʦʪʢʠ (ʋɿʆ) ʥʘʧʳʣʝʥʥʦʛʦ ʧʦ-

ʢʨʳʪʠʷ ʫʚʝʣʠʯʠʚʘʝʪ ʝʛʦ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʫʣʫʯʰʘʝʪ ʪʨʠʙʦ-

ʪʝʭʥʠʯʝʩʢʠʝ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʪʦʣʱʠʥʘ ʧʦʢʨʳʪʠʷ ʧʦʩʣʝ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʜʣʷ ʚʘʣʦʚ ʩʦʩʪʘʚʣʷʝʪ 1 ʤʤ, ʧʨʠʤʝʥʝʥʠʝ ʋɿʆ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠ-

ʯʠʪʴ ʪʦʣʱʠʥʫ ʧʦʢʨʳʪʠʷ ʜʦ 1,5 ʤʤ. 

ɼʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚʘʣʘ ʚ ʢʘʯʝʩʪʚʝ ʧʦʜʩʪʦʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʨʤʦʨʝʘ-

ʛʠʨʫʶʱʠʡ ʧʦʨʦʰʦʢ ʇʊ-ʖ5ʅ. ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʩʣʦʷ ʜʣʷ ʚʘʣʦʚ ʠʩ-

ʧʦʣʴʟʫʶʪʩʷ ʧʦʨʦʰʢʠ ʇɻ-ɸʅ9 ʠ FeCrMʦ ʜʠʩʧʝʨʩʥʦʩʪʴʶ 60ï80 ʤʢʤ. 

ʄʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʚʘʣʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ ʩʧʝʮʠʘʣʴʥʳʭ ʰʣʠʬʦ-

ʚʘʣʴʥʳʭ ʩʪʘʥʢʘʭ ʩ ʮʝʣʴʶ ʫʜʘʣʝʥʠʷ ʘʟʦʪʠʨʦʚʘʥʥʦʛʦ ʠ ʜʝʬʝʢʪʥʦʛʦ ʩʣʦʷ, ʘ 

ʪʘʢʞʝ ʫʩʪʨʘʥʝʥʠʷ ʦʪʢʣʦʥʝʥʠʡ ʬʦʨʤʳ ʠʟ-ʟʘ ʠʭ ʠʟʥʦʩʘ. ʐʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʧʦʩʣʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʜʦʣʞʥʘ ʙʳʪʴ ʚ ʧʨʝʜʝʣʘʭ Ra = 

20ï50 ʤʢʤ. 

ʇʨʦʚʝʨʢʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʧʨʝʜʤʝʪ ʫʜʘʣʝʥʠʷ ʘʟʦʪʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ ʧʨʦ-

ʠʟʚʦʜʠʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʪʘʨʠʨʦʚʘʥʥʳʭ ʢʘʨʘʥʜʘʰʝʡ, ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

ʊʘʨʠʨʦʚʘʥʥʳʤ ʩʪʝʨʞʥʝʤ ʪʫʧʳʤ ʢʦʥʮʦʤ ʧʨʦʠʟʚʦʜʠʪʩʷ ʮʘʨʘʧʘʥʠʝ ʧʦʩʪʫʧʘ-

ʪʝʣʴʥʳʤ ʜʚʠʞʝʥʠʝʤ ʧʦ ʧʨʦʚʝʨʷʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʘʣʘ. ʇʦ ʚʦʟʥʠʢʥʦʚʝʥʠʶ 

ʠʣʠ ʦʪʩʫʪʩʪʚʠʶ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʝʜʦʚ ʦʪ ʩʪʝʨʞʥʷ ʤʦʞʥʦ ʩʫʜʠʪʴ ʦ ʢʘʯʝ-

ʩʪʚʝ ʦʙʨʘʙʦʪʢʠ ʜʝʪʘʣʠ. ʆʪʩʫʪʩʪʚʠʝ ʩʣʝʜʦʚ ʛʦʚʦʨʠʪ ʦ ʥʘʣʠʯʠʠ ʥʘ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʘʟʦʪʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ. 

ʇʦʩʣʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʦʠʟʚʦʜʷʪ ʦʙʞʠʛ ʜʣʷ ʫʜʘʣʝʥʠʷ ʤʘʩʣʘ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 260ï330Áʉ, ʟʘʪʝʤ ʦʙʝʟʞʠʨʠʚʘʶʪ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʨʘʩʪʚʦʨʠ-
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ʪʝʣʷʤʠ ʠ ʧʨʦʚʦʜʷʪ ʢʦʥʪʨʦʣʴ ʧʦʚʝʨʭʥʦʩʪʠ ʚʘʣʘ ʥʘ ʥʘʣʠʯʠʝ ʤʠʢʨʦʪʨʝʱʠʥ ʩ 

ʧʦʤʦʱʴʶ ʤʘʛʥʠʪʥʦʡ ʜʝʬʝʢʪʦʩʢʦʧʠʠ ʠʣʠ ʩʨʝʜʩʪʚ ʢʘʧʠʣʣʷʨʥʦʛʦ ʢʦʥʪʨʦʣʷ. 

ʇʨʦʮʝʩʩ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʡ, ʚʦ ʠʟʙʝʞʘʥʠʝ ʦʢʠʩʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʧʨʦʠʟʚʦʜʷʪ ʙʝʟ ʦʩʪʘʥʦʚʢʠ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ ʪʦʣʱʠʥʳ. 

ɺʳʚʦʜʳ. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ ʢʘʞʜʦʡ ʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ ʥʘʜʦ ʧʦʜʙʠʨʘʪʴ ʩʚʦʡ ʤʘʪʝʨʠʘʣ ʠ ʟʘʱʠʪʥʦʝ ʧʦʢʨʳʪʠʝ, 

ʢʦʪʦʨʳʤ ʧʨʠʩʫʱʝ ʜʦʩʪʘʪʦʯʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠʟʥʦʩʫ. ʇʝʨʩʧʝʢʪʠʚʥʳʤʠ 

ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʚʘʣʦʚ ʥʘ ʨʘʙʦʯʠʭ ʫʯʘʩʪʢʘʭ ʧʦʞʘʨʥʳʭ ʮʝʥ-

ʪʨʦʙʝʞʥʳʭ ʥʘʩʦʩʦʚ ʤʦʛʫʪ ʙʳʪʴ ʛʘʟʦʪʝʨʤʠʯʝʩʢʠʝ ʠ ʧʣʘʟʤʝʥʥʳʝ ʧʦʢʨʳʪʠʷ, 

ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʥʝ ʪʦʣʴʢʦ ʚʳʩʦʢʠʤʠ ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ 

ʜʦʩʪʘʪʦʯʥʦʡ ʧʨʦʯʥʦʩʪʴʶ. 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʜʘʥʥʳʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʫʞʥʦ ʧʨʦ-

ʚʝʩʪʠ ʚʩʝʩʪʦʨʦʥʥʠʝ ʠʩʧʳʪʘʥʠʷ ʫʢʨʝʧʣʝʥʥʳʭ ʚʘʣʦʚ. 
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ɺ ʩʪʘʪʴʝ ʨʝʰʝʥʘ ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʩʚʷʟʠ ʤʝʞʜʫ ʦʩʥʦʚʥʳʤʠ ʬʘʢʪʦ-

ʨʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʠ ʨʘʩʪʘʯʠʚʘʥʠʠ ʢʦʨʧʫʩʥʳʭ ʜʝʪʘʣʝʡ ʩʪʘʥʢʦʚ. ʆʙʦʩʥʦ-

ʚʘʥ ʧʨʠʥʮʠʧ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʩʧʦʩʦʙʣʝʥʠʡ ʩ ʘʵʨʦʩʪʘʪʠʯʝʩʢʠʤʠ ʦʧʦʨʘʤʠ 

ʥʘ ʬʠʥʠʰʥʳʭ ʦʧʝʨʘʮʠʷʭ ʯʠʩʪʦʚʦʛʦ ʨʘʩʪʘʯʠʚʘʥʠʷ ʦʩʥʦʚʥʳʭ ʦʪʚʝʨʩʪʠʡ.  
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ʩʤʘʟʦʯʥʦʛʦ ʟʘʟʦʨʘ ʚ ʘʵʨʦʩʪʘʪʠʯʝʩʢʠʭ ʚʪʫʣʢʘʭ ʧʨʠʩʧʦʩʦʙʣʝʥʠʡ. 

Abstract 
The paper solved the problem of determining the relationship between the 

main factors in the experiment boring machine body parts. Sound principles of 

using devices with aerostatic bearing on finishing operations, fine boring core 

holes. 

The form of the correlation between the pressure in the bearings and the 

value of the lubricating gap in aerostatic bushes devices. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʨʧʫʩʥʘʷ ʜʝʪʘʣʴ, ʨʘʩʪʘʯʠʚʘʥʠʝ, ʢʦʨʨʝʣʷʮʠʷ ʧʘʨʘ-

ʤʝʪʨʦʚ. 

Keywords: housing part, boring, correlation parameters. 

 

ʆʙʨʘʙʦʪʢʘ ʦʪʚʝʨʩʪʠʡ ʢʦʨʧʫʩʥʳʭ ʜʝʪʘʣʝʡ ʚ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷʭ ʩ ʘʵʨʦ-

ʩʪʘʪʠʯʝʩʢʠʤʠ ʦʧʦʨʘʤʠ ʷʚʣʷʝʪʩʷ ʟʘʢʣʶʯʠʪʝʣʴʥʦʡ ʦʧʝʨʘʮʠʝʡ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʥʘ ʢʦʪʦʨʦʡ ʬʦʨʤʠʨʫʶʪʩʷ ʚʳʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ ʜʝʪʘʣʝʡ. 

ʅʘʤʠ ʩʜʝʣʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʚʣʠʷʥʠʠ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ 

ʪʦʯʥʦʩʪʴ ʦʪʚʝʨʩʪʠʡ, ʨʘʩʪʦʯʝʥʥʳʭ ʚ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷʭ ʩ ʘʵʨʦʩʪʘʪʠʯʝʩʢʠʤʠ 

ʦʧʦʨʘʤʠ: ʭ1 ï ʜʘʚʣʝʥʠʝ ʧʦʜʘʚʘʝʤʦʛʦ ʚʦʟʜʫʭʘ ʠ ʭ2 ï ʩʤʘʟʦʯʥʳʡ ʟʘʟʦʨ ʚ ʘʵʨʦ-

ʩʪʘʪʠʯʝʩʢʠʭ ʚʪʫʣʢʘʭ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʚʳʣʝʪʘ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʦʪ 

0,04 ʜʦ 0,2 ʤ ʩ ʰʘʛʦʤ 0,01 ʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ ʚ ʚʠʜʝ ʛʨʘʬʠʢʦʚ ʠʟ-

ʤʝʥʝʥʠʷ ʫʨʦʚʥʝʡ ʢʦʣʝʙʘʥʠʡ ʙʦʨʰʪʘʥʛʠ Au ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʢʦʨʦʩʪʠ ʨʝʟʘ-

ʥʠʷ. ʅʘ ʛʨʘʬʠʢʘʭ ʚʠʜʥʳ ʯʝʨʝʜʫʶʱʠʝʩʷ ʟʦʥʳ ʩ ʧʦʚʳʰʝʥʥʳʤʠ ʠ 

ʧʦʥʠʞʝʥʥʳʤʠ ʫʨʦʚʥʷʤʠ ʢʦʣʝʙʘʥʠʡ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʜʠʘʧʘʟʦʥʘʭ ʟʥʘʯʝʥʠʡ 

ʩʢʦʨʦʩʪʝʡ ʨʝʟʘʥʠʷ. ɺʣʠʷʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʥʘ ʫʨʦʚʝʥʴ ʢʦʣʝ-

ʙʘʥʠʡ ʚ ʫʧʨʫʛʦʡ ʩʠʩʪʝʤʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʚʳʣʝʪʘ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ 

[3].  
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ʉ ʧʦʤʦʱʴʶ ʪʘʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ 

ʤʦʜʝʣʴ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʩʦʦʩʥʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʱʝʡ 

ʦʩʠ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ʧʦʩʪʨʦʝʥʘ ʪʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʚʣʠʷʥʠʷ ʧʨʦʛʠʙʦʚ ʙʦʨʰʪʘʥʛ ʧʨʠ ʧʦʜʘʯʝ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ ʚ ʘʵʨʦʩʪʘʪʠʯʝʩʢʠʝ 

ʦʧʦʨʳ ʥʘ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʩʦʦʩʥʦʩʪʠ. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʠʤʝʝʪ ʚʠʜ: 
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ʛʜʝ ʭ1 - ʜʘʚʣʝʥʠʝ ʧʦʜʘʚʘʝʤʦʛʦ ʚʦʟʜʫʭʘ, ʄʇʘ; 

 ʭ2 ï ʚʝʣʠʯʠʥʘ ʩʤʘʟʦʯʥʦʛʦ ʟʘʟʦʨʘ ʚ ʘʵʨʦʩʪʘʪʠʯʝʩʢʠʭ ʚʪʫʣʢʘʭ, ʤʤ.  

 
ʈʠʩʫʥʦʢ 1 - ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʦʙʨʘʙʦʪʢʠ ʦʪʚʝʨʩʪʠʷ ʜʠʘʤʝʪʨʦʤ 180(ʅ6) ʤʤ 

ʚ ʧʨʠʩʧʦʩʦʙʣʝʥʠʠ ʩ ʘʵʨʦʩʪʘʪʠʯʝʩʢʠʤʠ ʦʧʦʨʘʤʠ ʧʨʠ ʧʦʜʘʯʝ ʩʞʘʪʦʛʦ 

ʚʦʟʜʫʭʘ 

 

ʄʦʜʝʣʴ (ʨʠʩ. 1) ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʜʚʘ ʨʘʟʥʳʭ ʧʦʣʦʞʝʥʠʷ ʦʩʥʦʚʥʳʭ 

ʫʩʪʨʦʡʩʪʚ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʩ ʘʵʨʦʩʪʘʪʠʯʝʩʢʠʤʠ ʦʧʦʨʘʤʠ:  

- ʙʦʨʰʪʘʥʛʘ ʥʘʭʦʜʠʪʩʷ ʚ ʦʧʦʨʘʭ ʙʝʟ ʧʦʜʘʯʠ ʚʦʟʜʫʭʘ, ʯʪʦ ʜʘʝʪ ʥʘʛʣʷʜ-

ʥʳʡ ʤʘʪʝʨʠʘʣ ʜʣʷ ʘʥʘʣʠʟʘ ʚʣʠʷʥʠʷ ʧʨʦʚʠʩʘʥʠʷ ʙʦʨʰʪʘʥʛ ʥʘ ʩʦʦʩʥʦʩʪʴ ʦʪ-

ʚʝʨʩʪʠʡ; 

- ʨʘʙʦʯʝʝ ʧʦʣʦʞʝʥʠʝ ʧʨʠ ʚʢʣʶʯʝʥʥʦʤ ʚʦʟʜʫʭʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʳʧʨʷʤ-

ʣʝʥʠʶ ʦʩʠ ʘʵʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʠ ʜʘʝʪ ʥʝʦʧʨʦʚʝʨʞʠʤʳʡ ʟʘʧʘʩ 

ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʦʪʚʝʨʩʪʠʡ ʰʧʠʥʜʝʣʴʥʦʡ ʦʩʠ. 

ʇʦʩʣʝ ʧʦʩʪʨʦʝʥʥʦʡ ʤʦʜʝʣʠ ʥʘ ʈʉ ʟʘʜʘʝʪʩʷ ʩʧʦʩʦʙ ʥʘʛʨʫʞʝʥʠʷ ʙʦʨ-

ʰʪʘʥʛ, ʢʘʢ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʛʨʫʟʢʠ ʧʦ ʜʣʠʥʝ ʠ ʟʘʧʫʩʢʘʝʪʩʷ ʧʨʦ-

ʛʨʘʤʤʘ ʨʘʩʯʝʪʘ ʜʣʷ ʜʚʫʭ ʩʣʫʯʘʝʚ: ʩʥʘʯʘʣʘ ʜʣʷ ʨʘʩʯʝʪʘ ʧʨʦʛʠʙʦʚ ʙʦʨʰʪʘʥʛʠ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʝʩʘ, ʟʘʪʝʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʨʦʛʠʙʳ ʙʦʨʰʪʘʥʛʠ ʚ 

ʘʵʨʦʩʪʘʪʠʯʝʩʢʠʭ ʦʧʦʨʘʭ ʧʨʠ ʧʦʜʘʯʝ ʚʦʟʜʫʭʘ ʧʦʜ ʜʘʚʣʝʥʠʝʤ. 


