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ʅʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʢʫʣʴʪʫʨʥʦ-ʧʨʦʩʚʝʪʠʪʝʣʴʩʢʦʝ ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʠʟʜʘʥʠʝ  

ɺʳʭʦʜʠʪ 2 ʨʘʟʘ ʚ ʛʦʜ. ʀʟʜʘʝʪʩʷ ʩ 2016 ʛ. 

ʀʟʜʘʥʠʝ ʚʢʣʶʯʝʥʦ ʚ ʩʠʩʪʝʤʫ ʈʦʩʩʠʡʩʢʦʛʦ ʠʥʜʝʢʩʘ ʥʘʫʯʥʦʛʦ ʮʠʪʠʨʦʚʘʥʠʷ (ʈʀʅʎ) 

 

ʈʝʜʘʢʮʠʦʥʥʘʷ ʢʦʣʣʝʛʠʷ: 
ʛʣʘʚʥʳʡ ʨʝʜʘʢʪʦʨ: 

ʂʫʨʙʘʪʦʚ ɺ.ʃ. ï ɿʘʩʣʫʞʝʥʥʳʡ ʩʪʨʦʠʪʝʣʴ ʈʌ, ʩʦʚʝʪʥʠʢ ʈɸɸʉʅ, ʜʦʢʪʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʧʨʦʬʝʩʩʦʨ, ʧʝʨʚʳʡ ʟʘʤʝʩʪʠʪʝʣʴ ʜʠʨʝʢʪʦʨʘ ʉʂʌ ɹɻʊʋ ʠʤ. ɺ. ɻ. ʐʫʭʦʚʘ; 

___________________________________________________________________________________________________________ 

 

ʈʠʤʰʠʥ ɺ.ʀ. ï ɿʘʩʣʫʞʝʥʥʳʡ ʩʪʨʦʠʪʝʣʴ ʈʌ, ʯʣʝʥ-

ʢʦʨʨʝʩʧʦʥʜʝʥʪ ʈɸɸʉʅ, ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʧʨʦʬʝʩʩʦʨ, ʨʫʢʦʚʦʜʠʪʝʣʴ ʀʥʩʪʠʪʫʪʘ ʨʘʟʚʠʪʠʷ ʛʦʨʦʜʘ 

ʋʥʠʚʝʨʩʠʪʝʪʘ ʄʠʥʩʪʨʦʷ (ʅʀʀʉʌ ʈɸɸʉʅ, ʄʦʩʢʚʘ;  

ʂʦʥʩʪʘʥʪʠʥʦʚ ʀ.ʉ. ï ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʧʨʦʬʝʩʩʦʨ, ʧʨʦʨʝʢʪʦʨ ʧʦ ʥʘʫʯʥʦʡ ʠ ʠʥʥʦʚʘʮʠʦʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ɹʝʣʛʦʨʦʜʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ 

ʥʘʮʠʦʥʘʣʴʥʦʤ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ; 

ʋʚʘʨʦʚ ɺ.ɸ. ï ʜʠʨʝʢʪʦʨ ʀʥʞʝʥʝʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʦʛʦ 

ʠʥʩʪʠʪʫʪʘ ɹɻʊʋ ʠʤ. ɺ.ɻ. ʐʫʭʦʚʘ ʧʨʦʬʝʩʩʦʨ, ʜʦʢʪʦʨ 

ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ;  

ɽʨʝʤʝʝʚ ɺ.ʉ. ï ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʢʘʬʝʜʨʳ çʀʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠʤʝʥʠ 

ʧʨʦʬʝʩʩʦʨʘ ɺ. ʄ. ʅʘʡʜʳʰʘè ʄʝʣʠʪʦʧʦʣʴʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. 

ʇʝʯʝʥʳʡ ɹ.ɻ. ï ʠʥʞʝʥʝʨ-ʩʪʨʦʠʪʝʣʴ, ʧʨʦʬʝʩʩʦʨ, ʜʦʢʪʦʨ 

ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ;  

ɻʦʥʯʘʨʦʚ ɺ.ʀ. ï ʇʝʨʚʳʡ ʟʘʤʝʩʪʠʪʝʣʴ ʧʨʝʜʩʝʜʘʪʝʣʷ 

ɼʫʤʳ ʉʪʘʚʨʦʧʦʣʴʩʢʦʛʦ ʢʨʘʷ ʩʝʜʴʤʦʛʦ ʩʦʟʳʚʘ, 

ʢʘʥʜʠʜʘʪ ʶʨʠʜʠʯʝʩʢʠʭ ʥʘʫʢ;  

ɼʘʡʨʦʥʘʩ ʄ.ɺ. ï ʩʧʝʮʠʘʣʠʩʪ ʚ ʦʙʣʘʩʪʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʠ 

ʤʝʪʨʦʣʦʛʠʠ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ; 

ɺʦʣʢʦʚʘ ʉ.ɺ. ï ʩʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʉʂʌ ɹɻʊʋ 

ʠʤ. ɺ. ɻ. ʐʫʭʦʚʘ, ʜʦʮʝʥʪ, ʢʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʥʘʫʢ;  

ʏʝʨʢʘʩʦʚʘ ʀ.ɺ. ï ʩʧʝʮʠʘʣʠʩʪ ʚ ʦʙʣʘʩʪʠ ʧʝʜʘʛʦʛʠʢʠ ʠ 

ʬʠʟʠʯʝʩʢʦʛʦ ʚʦʩʧʠʪʘʥʠʷ, ʢʘʥʜʠʜʘʪ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ 

ʥʘʫʢ; 

ʐʝʚʮʦʚʘ ʆ.ʅ. ï  ʩʧʝʮʠʘʣʠʩʪʚ ʦʙʣʘʩʪʠ ʵʢʦʥʦʤʠʢʠ ʠ 

ʫʧʨʘʚʣʝʥʠʷ, ʜʦʮʝʥʪ, ʢʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ;  

ʐʫʤʠʣʦʚʘ ɽ.ʖ. ï ʩʧʝʮʠʘʣʠʩʪ ʚ ʦʙʣʘʩʪʠ ʘʨʭʠʪʝʢʪʫʨʳ ʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʢʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ; 

ʈʫʙʘʥʦʚʘ ɸ.ʉ. ï ʩʧʝʮʠʘʣʠʩʪ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ çʈʫʩʩʢʠʡ 

ʷʟʳʢ ʠ ʣʠʪʝʨʘʪʫʨʘè, ʧʨʝʧʦʜʘʚʘʪʝʣʴ. 

 

ʋʥʠʚʝʨʩʠʪʝʪʩʢʘʷ ʅʘʫʢʘ. University Science. çʀʅʅʆɺɸʎʀʆʅʅʓʁ ʇʆɼʍʆɼ ɺ ʅɸʋʂɽ ʀ 

ʆɹʈɸɿʆɺɸʅʀʀ: ʊɽʆʈʀʗ ʀ ʇʈɸʂʊʀʂɸè // ɾʫʨʥʘʣ ʧʦ ʤʘʪʝʨʠʘʣʘʤ XXXII ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ. ï ʄʠʥʝʨʘʣʴʥʳʝ ɺʦʜʳ: ʉʂʌ ɹɻʊʋ ʠʤ. ɺ. ɻ. ʐʫʭʦʚʘ, - ˉ2(20) 2025. ï300 ʩ. 

 
ɾʫʨʥʘʣ ʋʥʠʚʝʨʩʠʪʝʪʩʢʘʷ ʅʘʫʢʘ ʩʦʜʝʨʞʠʪ ʤʘʪʝʨʠʘʣʳ ʜʦʢʣʘʜʦʚ ʚ ʧʦʣʥʦʤ ʦʙʲʝʤʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʦʡ 

ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʀʅʅʆɺɸʎʀʆʅʅʓʁ ʇʆɼʍʆɼ ɺ ʅɸʋʂɽ ʀ ʆɹʈɸɿʆɺɸʅʀʀ: 

ʊɽʆʈʀʗ ʀ ʇʈɸʂʊʀʂɸè ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʘʨʭʠʪʝʢʪʫʨʘ *ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ *ʪʨʘʥʩʧʦʨʪ *ʵʢʦʣʦʛʠʷ *ʪʝʭʥʦʣʦʛʠʠ ʠ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ *ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ *ʧʝʜʘʛʦʛʠʢʘ ʠ ʧʩʠʭʦʣʦʛʠʷ *ʠʥʥʦʚʘʮʠʠ *ʫʧʨʘʚʣʝʥʠʝ *ʵʢʦʥʦʤʠʢʘ ʠ ʙʫʭʛʘʣʪʝʨʩʢʠʡ 

ʫʯʝʪ *ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ *ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ *ʤʠʨʦʚʦʟʟʨʝʥʠʝ * ʝʩʪʝʩʪʚʦʟʥʘʥʠʝ *ʧʨʘʚʦ* 

ʧʦʣʠʪʦʣʦʛʠʷ *ʶʨʠʩʧʨʫʜʝʥʮʠʷ 29 ʦʢʪʷʙʨʷ 2025 ʛ 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʋʅ ˉ2 (20) 2025 ʛ. ʤʘʪʝʨʠʘʣʳ ʦʭʚʘʪʳʚʘʶʪ ʰʠʨʦʢʠʡ ʢʨʫʛ ʧʨʦʙʣʝʤ: ʤʝʪʦʜʦʣʦʛʠʠ; ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ 

ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ; ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʭʦʟʷʡʩʪʚʦʚʘʥʠʷ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ; ʧʨʦʙʣʝʤʳ 

ʝʩʪʝʩʪʚʦʟʥʘʥʠʷ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʵʢʦʣʦʛʠʠ; ʧʨʦʙʣʝʤʳ ʧʝʜʘʛʦʛʠʢʠ, ʧʩʠʭʦʣʦʛʠʠ ʠ ʩʦʮʠʘʣʴʥʦ-ʢʫʣʴʪʫʨʥʦʛʦ 

ʨʘʟʚʠʪʠʷ ʯʝʣʦʚʝʢʘ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ; ʧʨʦʙʣʝʤʳ ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ ʠ ʤʠʨʦʚʦʟʟʨʝʥʠʷ, ʧʨʘʚʘ, ʧʦʣʠʪʦʣʦʛʠʠ ʠ 

ʶʨʠʩʧʨʫʜʝʥʮʠʠ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ. 

ʈʝʜʘʢʮʠʷ ʦʩʪʘʚʣʷʝʪ ʟʘ ʘʚʪʦʨʘʤʠ ʧʨʘʚʦ ʥʘ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʝ ʠʟʣʦʞʝʥʠʝ ʩʚʦʝʡ ʥʘʫʯʥʦʡ ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʧʦʟʠʮʠʠ. ʊʦʯʢʘ 

ʟʨʝʥʠʷ ʘʚʪʦʨʦʚ ʤʦʞʝʪ ʥʝ ʩʦʚʧʘʜʘʪʴ ʩ ʧʦʟʠʮʠʝʡ ʨʝʜʘʢʮʠʠ. ɸʚʪʦʨʳ ʥʝʩʫʪ ʧʦʣʥʫʶ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʩʦʜʝʨʞʘʥʠʝ 

ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʊʝʢʩʪ ʩʪʘʪʝʡ ʥʝ ʜʦʣʞʝʥ ʧʨʦʪʠʚʦʨʝʯʠʪʴ ɿʘʢʦʥʦʜʘʪʝʣʴʩʪʚʫ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʘ ʪʘʢʞʝ 

ʧʨʠʥʷʪʳʤ ʥʦʨʤʘʤ ʤʦʨʘʣʠ ʠ ʵʪʠʢʠ. ʇʨʠ ʧʝʨʝʧʝʯʘʪʢʝ ʩʩʳʣʢʘ ʥʘ ʞʫʨʥʘʣ ʦʙʷʟʘʪʝʣʴʥʘ. 

 

ʊʝʢʩʪʳ ʤʘʪʝʨʠʘʣʦʚ ʞʫʨʥʘʣʘ ʧʫʙʣʠʢʫʶʪʩʷ ʚ ʘʚʪʦʨʩʢʦʡ ʨʝʜʘʢʮʠʠ. 
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24.  ʆʉʅʆɺʓ ʋʇʈɸɺʃɽʅʀʗ ʈʀʉʂɸʄʀ ɺ ʕʂʆʅʆʄʀʂɽ 

ɼʦʥʝʚ ɼʤʠʪʨʠʡ ɼʤʠʪʨʠʝʚʠʯ 

ʐʝʬʝʨ ɼʤʠʪʨʠʡ ʄʘʢʩʠʤʦʚʠʯ   

 

110-113 

25.  ʕʂʆʅʆʄʀʏɽʉʂʀɽ ɿɸɼɸʏʀ, ʈɽʐɸɽʄʓɽ ʄɽʊʆɼʆʄ ɼʀʅɸʄʀʏɽʉʂʆɻʆ 

ʇʈʆɻʈɸʄʄʀʈʆɺɸʅʀʗ 

ɼʦʥʝʚ ɼʤʠʪʨʠʡ ɼʤʠʪʨʠʝʚʠʯ 

ʊʝʤʠʨʯʝʚ ʂʦʥʩʪʘʥʪʠʥ ɼʤʠʪʨʠʝʚʠʯ   

 

114-117 

26.  ʇʈʀʅʗʊʀɽ ʈɽʐɽʅʀʁ ɺ ʋʉʃʆɺʀʗʍ ʅɽʆʇʈɽɼɽʃɽʅʅʆʉʊʀ 

ɼʦʥʝʚ ɼʤʠʪʨʠʡ ɼʤʠʪʨʠʝʚʠʯ 

ɼʤʠʪʨʠʝʥʢʦ ʂʩʝʥʠʷ ɸʥʜʨʝʝʚʥʘ 

 

118-121 

27.  ʆʉʆɹɽʅʅʆʉʊʀ ʀʅʊɽɻʈɸʎʀʀ ʂʆʅʎɽʇʎʀʀ ɹɽʈɽɾʃʀɺʆɻʆ ʇʈʆʀɿɺʆɼʉʊɺɸ ʀ 

ʎʀʌʈʆɺʀɿɸʎʀʀ 

ʂʦʯʠʥʘ ʉʚʝʪʣʘʥʘ ʂʦʥʩʪʘʥʪʠʥʦʚʥʘ 

ɺʦʣʦʙʦʝʚʘ ʉʦʬʠʷ ʖʨʴʝʚʥʘ 

 

122-124 

28.  ʎʀʌʈʆɺɸʗ ʅɸʋʂɸ: ʆʊ ʊɽʆʈʀʀ ʂ ʇʈɸʂʊʀʂɽ 

ʂʦʯʠʥʘ ʉʚʝʪʣʘʥʘ ʂʦʥʩʪʘʥʪʠʥʦʚʥʘ 

ʉʦʣʦʜʦʚʘ ɽʣʝʥʘ ɺʷʯʝʩʣʘʚʦʚʥʘ 

 

125-128 

29.  ɸʅɸʃʀʊʀʏɽʉʂʆɽ ʆɹɽʉʇɽʏɽʅʀɽ ʂɸʂ ʆʉʅʆɺɸ ʋʇʈɸɺʃɽʅʀʗ ʉʋɹʒɽʂʊɸʄʀ 

ʇʈɽɼʇʈʀʅʀʄɸʊɽʃʔʉʂʆʁ ɼɽʗʊɽʃʔʅʆʉʊʀ 

ʅʘʫʤʝʥʢʦ ʉʚʝʪʣʘʥʘ ʄʠʭʘʡʣʦʚʥʘ  

ʐʝʚʮʦʚʘ ʆʣʴʛʘ ʅʠʢʦʣʘʝʚʥʘ 

 

129-133 

30.  ʇʈʀʄɽʅɽʅʀɽ ʄɽʊʆɼɸ ʇʆʉʃɽɼʆɺɸʊɽʃʔʅʓʍ ʋʉʊʋʇʆʂ ʅɸ ʗɿʓʂɽ C# ɼʃʗ 

ʆʇʊʀʄʀɿɸʎʀʀ ʌʀʅɸʅʉʆɺʆʁ ʋʉʊʆʁʏʀɺʆʉʊʀ ʍʆɿʗʁʉʊɺʋʖʑɽɻʆ ʉʋɹʒɽʂʊɸ 

ʏʝʨʥʠʯʝʥʢʦ ɸʣʝʢʩʘʥʜʨ ʅʝʩʪʝʨʦʚʠʯ,  

ʇʝʩʢʦʚ ʀʛʦʨʴ ɸʣʝʢʩʝʝʚʠʯ 

 

134-138 

31.  ʉʆʎʀɸʃʔʅɸʗ ʆʊɺɽʊʉʊɺɽʅʅʆʉʊʔ ʇʈɽɼʇʈʀʗʊʀʗ ʂɸʂ ʂʆʅʎɽʇʎʀʗ ɺɽɼɽʅʀʗ 

ɹʀɿʅɽʉɸ 

ʐʠʭʘʣʠʝʚʘ ɼʞʘʥʥʝʪ ʉʝʨʛʦʝʚʥʘ 

 

139-143 

 

ʈɸɿɼɽʃ III  

ɽʉʊɽʉʊɺɽʅʅʓɽ ʅɸʋʂʀ. 

ʀʅʅʆɺɸʎʀʀ ɺ ʉʆɺʈɽʄɽʅʅʆʁ ʄɸʊɽʄɸʊʀʂɽ, ʌʀɿʀʂʀ, ʍʀʄʀʀ, ɹʀʆʃʆɻʀʀ. 

 ʀʅʌʆʈʄɸʎʀʆʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ʀ ʄʆɼɽʃʀʈʆɺɸʅʀɽ 

 

32.  ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅɸʗ ʀʅʌʆʈʄɸʎʀʆʅʅɸʗ ʉʀʉʊɽʄɸ  ʉʆʇʈʆɺʆɾɼɽʅʀʗ  

ʇʈʆʎɽʉʉɸ ʃɽʏɽʅʀʗ ɼɽʊɽʁ ɹʆʃʔʅʓʍ ɸʋʊʀɿʄʆʄ:ʇʃɸʅʀʈʆɺɸʅʀɽ ʃɽʏɽʅʀʗ ʀ 

ʆʎɽʅʂʀ ɼʆʉʊʀɾɽʅʀʗ ʎɽʃɽʁ ʇʃɸʅɸ 

ɸʣʴʘʤʝʨʠ ɸʣʠ ʅʘʟʘʨ ʄʘʜʞʠʜ 

 

144-146 

33.  ʇʈʀɺɸʊʅʓɽ 5G ʉɽʊʀ: ʊɽʍʅʆʃʆɻʀʀ, ʈɸɿɺɽʈʊʓɺɸʅʀɽ, ʇʈʀʄɽʅɽʅʀɽ ʀ 

ʇɽʈʉʇɽʂʊʀɺʓ 

ɹʨʝʛʦʡ ɸʣʝʢʩʘʥʜʨ ɼʤʠʪʨʠʝʚʠʯ 

ʉʫʢʤʘʥʦʚ ɸʣʝʢʩʘʥʜʨ ɺʣʘʜʠʤʠʨʦʚʠʯ 

 

147-149 

34.  ʈɸɿʈɸɹʆʊʂɸ ɼʀɸɻʈɸʄʄʓ ʈɽɾʀʄʆɺ ʈɸɹʆʊʓ ʂʆʊʃɸ ʇʆ ʉɾʀɻɸʅʀʖ ɹʀʆʄɸʉʉʓ ɺ 

ʇʉɽɺɼʆʆɾʀɾɽʅʅʆʄ (ʂʀʇʗʑɽʄ) ʉʃʆɽ 

ɻʘʥʠʝʚ ɺʩʝʚʦʣʦʜ ɺʠʪʘʣʴʝʚʠʯ 

 

150-152 
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35.  ɸʅɸʃʀɿ ɺʆɿʄʆɾʅʆʉʊɽʁ ʇʈʀʄɽʅɽʅʀʗ ɸʃɻʆʈʀʊʄʆɺ ʋʇʈɸɺʃɽʅʀʗ ʈʆɽʄ ɼʃʗ 

ʈɽʐɽʅʀʗ ɿɸɼɸʏ ʉʂʃɸɼʉʂʆʁ ʃʆɻʀʉʊʀʂʀ 

ɼʝʥʠʩʦʚʘ ɼʘʨʴʷ ɸʣʴʙʝʨʪʦʚʥʘ 

ʂʦʥʩʪʘʥʪʠʥʦʚ ʀʛʦʨʴ ʉʝʨʛʝʝʚʠʯ 

 

153-157 

36.  ɻʈɸʌʓ, ʉɽʊʀ ʀ ʀʍ ʇʈʀʄɽʅɽʅʀɽ ɺ ʕʂʆʅʆʄʀʂɽ 

ɼʦʥʝʚʘ ʆʣʴʛʘ ɺʠʢʪʦʨʦʚʥʘ 

ʊʝʤʠʨʯʝʚ ʂʦʥʩʪʘʥʪʠʥ ɼʤʠʪʨʠʝʚʠʯ  

  

158-161 

37.  ʇʈʀʄɽʅɽʅʀɽ ʀɻʈ ʉ ʇʈʀʈʆɼʆʁ ɺ ʕʂʆʅʆʄʀʂɽ 

ɼʦʥʝʚʘ ʆʣʴʛʘ ɺʠʢʪʦʨʦʚʥʘ 

ʐʝʬʝʨ ɼʤʠʪʨʠʡ ʄʘʢʩʠʤʦʚʠʯ 

 

162-165 

38.  ʃʆʂɸʃʀɿɸʎʀʗ ʂʆʈʅɽʁ ʄʅʆɻʆʏʃɽʅɸ N-ʆʁ ʉʊɽʇɽʅʀ 

ɼʦʥʝʚʘ ʆʣʴʛʘ ɺʠʢʪʦʨʦʚʥʘ 

ʊʝʤʠʨʯʝʚ ʂʦʥʩʪʘʥʪʠʥ ɼʤʠʪʨʠʝʚʠʯ   

 

166-170 

39.  ʕʂʆʅʆʄʀʏɽʉʂʀʁ ɸʅɸʃʀɿ ɿɸɼɸʏ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ʊɽʆʈʀʀ ɼɺʆʁʉʊɺɽʅʅʆʉʊʀ 

ɼʦʥʝʚʘ ʆʣʴʛʘ ɺʠʢʪʦʨʦʚʥʘ 

ʐʝʬʝʨ ɼʤʠʪʨʠʡ ʄʘʢʩʠʤʦʚʠʯ 

 

171-174 

40.  ʇʈʀʄɽʅɽʅʀɽ ʊɽʆʈʀʀ ɼɺʆʁʉʊɺɽʅʅʆʉʊʀ ɺ ʕʂʆʅʆʄʀʂɽ 

ɼʦʥʝʚʘ ʆʣʴʛʘ ɺʠʢʪʦʨʦʚʥʘ 

ʊʝʤʠʨʯʝʚ ʂʦʥʩʪʘʥʪʠʥ ɼʤʠʪʨʠʝʚʠʯ   

 

175-178 

41.  ʆɹʋʏɽʅʀɽ ʄɸɻʀʉʊʈɸʅʊʆɺ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ʉɸʇʈ çʂʆʄʇɸʉ-3Dè 

ʂʠʨʶʰʠʥ ʀʚʘʥ ʀʚʘʥʦʚʠʯ  

ʉʝʤʳʢʠʥʘ ɸʣʣʘ ʉʝʨʛʝʝʚʥʘ 

 

179-181 

42.  ʆɹɿʆʈ ʄɽʊʆɼʆɺ ʆʎɽʅʂʀ ʀ ɼʀɸɻʅʆʉʊʀʂʀ ʉʆʉʊʆʗʅʀʗ ʊʆʅʅɽʃʔʅʓʍ ʀ 

ʇʆɼɿɽʄʅʓʍ ʉʆʆʈʋɾɽʅʀʁ 

ʂʦʥʩʪʘʥʪʠʥʦʚ ʀʛʦʨʴ ʉʝʨʛʝʝʚʠʯ 

ʊʘʨʘʥ ɺʠʪʘʣʠʡ ɸʣʝʢʩʝʝʚʠʯ 

 

182-186 

43.  ʀʉʉʃɽɼʆɺɸʅʀɽ ʇʈʆʎɽʉʉɸ ʇʆʉʊʈʆɽʅʀʗ ɿɸʑʀʑɽʅʅʆʁ ʂʆʈʇʆʈɸʊʀɺʅʆʁ ʉɽʊʀ 

ʅɸ ɹɸɿɽ VIPNET 

ʃʦʧʘʪʠʥʘ ɽʣʠʟʘʚʝʪʘ ʀʛʦʨʝʚʥʘ 

ʇʠʢʘʣʦʚʘ ʅʠʢʘ ʉʝʨʛʝʝʚʥʘ 

ʈʦʤʘʱʝʥʢʦ ɸʥʜʨʝʡ ɼʝʥʠʩʦʚʠʯ 

ʉʫʢʤʘʥʦʚ ɸʣʝʢʩʘʥʜʨ ɺʣʘʜʠʤʠʨʦʚʠʯ 

 

187-191 

44.  ɽɼʀʅɸʗ ʉʃʋɾɹɸ ɹɽɿʆʇɸʉʅʆɻʆ ɼʆʉʊʋʇɸ EDGE(SASE): ʇʈɽʆɹʈɸɿʆɺɸʅʀɽ 

ɹɽɿʆʇɸʉʅʆʉʊʀ ɼʃʗ ɻʀɹʈʀɼʅʓʍ ʈɸɹʆʏʀʍ ʄɽʉʊ ʀ ʄʋʃʔʊʀʆ ɹʃɸʏʅʓʍ ʉʈɽɼ 

ʄʝʭʦʚʠʯ ɻʣʝʙ ʀʚʘʥʦʚʠʯ 

ʉʫʢʤʘʥʦʚ ɸʣʝʢʩʘʥʜʨ ɺʣʘʜʠʤʠʨʦʚʠʯ 

 

192-195 

45.  ʌʋʅʂʎʀʆʅɸʃʔʅʓɽ ʇʈɽʀʄʋʑɽʉʊɺɸ ʉʇɽʎʀʌʀʏɽʉʂʀʍ ɸʊʈʀɹʋʊʆɺ ʇʈɸɺʀʃʔʅʓʍ 

ʄʅʆɻʆɻʈɸʅʅʀʂʆɺ ɺ ɸʈʍʀʊɽʂʊʋʈɽ ʀ ʉʊʈʆʀʊɽʃʔʉʊɺɽ 

ʇʝʪʨʝʥʢʦ ʀʨʠʥʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ 

ɹʫʨʮʝʚ ʄʘʢʩʠʤ ɸʣʝʢʩʘʥʜʨʦʚʠʯ 

ʇʦʪʸʤʢʠʥ ɸʨʪʸʤ ɸʣʝʢʩʝʝʚʠʯ 

 

196-200 

46.  ʄɸʊɽʄɸʊʀʏɽʉʂɸʗ ʆʉʅʆɺɸ ʇɸʈʂɽʊʆɺ 

ʇʝʪʨʝʥʢʦ ʀʨʠʥʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ 

ɻʨʠʥʝʥʢʦ ʀʛʦʨʴ ʂʦʥʩʪʘʥʪʠʥʦʚʠʯ 

ʇʦʧʦʚ ɼʤʠʪʨʠʡ ʉʝʨʛʝʝʚʠʯ 

 

201-205 

47.  ɺʈɽɼʆʅʆʉʅʆɽ ʇʆ ɺ ʂʆʄʇʔʖʊɽʈʅʓʍ ʉʀʉʊɽʄɸʍ: ʇʈʆɹʃɽʄʓ ʀ ʈɽʐɽʅʀʗ 

ʇʝʩʢʦʚ ʀʛʦʨʴ ɸʣʝʢʩʝʝʚʠʯ 

ʉʫʢʤʘʥʦʚ ɸʣʝʢʩʘʥʜʨ ɺʣʘʜʠʤʠʨʦʚʠʯ 

 

206-210 

48.  ʉʆɺʈɽʄɽʅʅʓɽ ʇʆɼʍʆɼʓ ʂ ʊɽʉʊʀʈʆɺɸʅʀʖ ʇʈʆɻʈɸʄʄʅʆɻʆ ʆɹɽʉʇɽʏɽʅʀʗ 

ʇʝʯʘʣʦʚ ʀʚʘʥ ɸʣʝʢʩʘʥʜʨʦʚʠʯ 

ʆʥʦʧʯʝʥʢʦ ɺʣʘʜʠʤʠʨ ɺʣʘʜʠʤʠʨʦʚʠʯ 

ʉʫʢʤʘʥʦʚ ɸʣʝʢʩʘʥʜʨ ɺʣʘʜʠʤʠʨʦʚʠʯ 

211-216 
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49.  ʉʆɺʈɽʄɽʅʅʓʁ ɸʅɸʃʀɿ ʄɽɼʀʎʀʅʉʂʀʍ ʀʅʌʆʈʄɸʎʀʆʅʅʓʍ ʉʀʉʊɽʄ ʀ 

ʅɽʆɹʍʆɼʀʄʆʉʊʔ ʈɸɿɺʀʊʀʗ ʋɿʂʆʉʇɽʎʀɸʃʀɿʀʈʆɺɸʅʅʓʍ ʉɽʈɺʀʉʆɺ ɼʃʗ 

ɸɺʊʆʄɸʊʀɿɸʎʀʀ ʇʈʆʎɽʉʉʆɺ ɺ ʄɽɼʀʎʀʅʉʂʀʍ ʋʏʈɽɾɼɽʅʀʗʍ 

ʍʦʭʣʦʚ ɺʣʘʜʠʩʣʘʚ ɸʥʘʪʦʣʴʝʚʠʯ 

ʂʦʥʩʪʘʥʪʠʥʦʚ ʀʛʦʨʴ ʉʝʨʛʝʝʚʠʯ 

 

217-220 

 

ʈɸɿɼɽʃ IV  

ʉʆɺʈɽʄɽʅʅʓɽ ʅɸʇʈɸɺʃɽʅʀʗ ɺ ʇɽɼɸɻʆɻʀʂɽ, ʀʉʊʆʈʀʀ, ʌʀʃʆʉʆʌʀʀ ʀ ʉʆʎʀʆʃʆɻʀʀ.  

ʃʀʅɻɺʀʉʊʀʂɸ. ʌʀʃʆʃʆɻʀʗ. 

ɺʆʇʈʆʉʓ ʉʆɺʈɽʄɽʅʅʆɻʆ ʇʈɸɺɸ ʀ ʖʈʀʉʇʈʋɼɽʅʎʀʀ 

 

50.  ʆʉʆɹɽʅʅʆʉʊʀ ɼɽʊʉʂʆ-ʈʆɼʀʊɽʃʔʉʂʀʍ ʆʊʅʆʐɽʅʀʁ ɺ ʉɽʄʔʗʍ, ɻɼɽ ɽʉʊʔ ɼɽʊʀ ʉ 

ʅɸʈʋʐɽʅʀʗʄʀ ɺ ʈɸɿɺʀʊʀʀ 

ɹʝʛʣʝʨʦʚʘ ɿʘʣʠʥʘ ʈʠʟʚʘʥʦʚʥʘ 

ʉʠʥʝʥʢʦ ɺʘʣʝʨʠʷ ʀʚʘʥʦʚʥʘ 

ʏʝʨʢʘʩʦʚʘ ʀʨʠʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ 

ʇʝʨʝʧʸʣʢʠʥʘ ʅʘʪʘʣʠʷ ɸʣʝʢʩʘʥʜʨʦʚʥʘ 

 

221-223 

51.  ʉʈɸɺʅʀʊɽʃʔʅɸʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ɸɼɸʇʊɸʎʀʀ ʋʏɸʑʀʍʉʗ ʂ ʐʂʆʃɽ ʇʈʀ 
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ɸʅʅʆʊɸʎʀʗ 

 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʩʥʠʞʝʥʠʷ ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʠ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʨʦʮʝʩʩʦʚ 

ʧʥʝʚʤʦʪʨʘʥʩʧʦʨʪʘ ʠ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ʪʚʸʨʜʳʭ ʤʘʪʝʨʠʘʣʦʚ ʟʘ ʩʯʸʪ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʩʪʘʪʠʯʝʩʢʦʛʦ ʵʣʝʢʪʨʠʯʝʩʪʚʘ. 

ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʧʨʠʯʠʥʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʥʘʢʦʧʣʝʥʠʷ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʟʘʨʷʜʦʚ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤʘʭ, ʘ ʪʘʢʞʝ ʠʭ ʨʦʣʴ ʚ ʠʥʠʮʠʠʨʦʚʘʥʠʠ ʚʦʩʧʣʘʤʝʥʝʥʠʡ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʤʝʪʦʜʘʤ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʠʩʢʨʦʦʙʨʘʟʦʚʘʥʠʷ, ʚʢʣʶʯʘʷ ʟʘʟʝʤʣʝʥʠʝ, ʧʨʠʤʝʥʝʥʠʝ ʘʥʪʠʩʪʘʪʠʯʝʩʢʠʭ ʜʦʙʘʚʦʢ ʠ ʠʦʥʠʟʘʪʦʨʦʚ, 

ʘ ʪʘʢʞʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ʇʦʜʯʝʨʢʠʚʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʧʦʜʭʦʜʘ ʢ ʦʙʝʩʧʝʯʝʥʠʶ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʦʭʚʘʪʳʚʘʶʱʝʛʦ ʢʘʢ ʪʝʭʥʠʯʝʩʢʠʝ, ʪʘʢ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ 

ʤʝʨʳ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʥʝʚʤʦʪʨʘʥʩʧʦʨʪ, ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʝ, ʩʪʘʪʠʯʝʩʢʦʝ ʵʣʝʢʪʨʠʯʝʩʪʚʦ, ʧʦʞʘʨʥʘʷ 

ʦʧʘʩʥʦʩʪʴ. 

 

ABSTRACT 

 

The article discusses the issues of reducing fire danger during the processes of pneumatic transportation and 

dispersion of solid materials by neutralizing static electricity. The causes of the occurrence and accumulation of 

electrostatic charges in technological systems, as well as their role in initiating ignitions, are analyzed. Special attention 

is paid to methods of preventing sparking, including grounding, the use of antistatic additives and ionizers, as well as 

the regulation of process parameters. The need for an integrated approach to fire safety, covering both technical and 

organizational measures, is emphasized.  

Keywords: pneumatic transport, dispersion, static electricity, fire hazard. 

 

ʇʨʦʮʝʩʩʳ ʨʘʙʦʪʳ ʧʥʝʚʤʦʪʨʘʥʩʧʦʨʪʘ ʠ 

ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ʪʚʸʨʜʳʭ ʤʘʪʝʨʠʘʣʦʚ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ð ʦʪ ʧʠʱʝʚʦʡ ʠ 

ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʜʦ ʭʠʤʠʯʝʩʢʦʡ ʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ. ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʵʬʬʝʢʪʠʚʥʦ 

ʧʝʨʝʤʝʱʘʪʴ ʩʳʧʫʯʠʝ ʚʝʱʝʩʪʚʘ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʨʘʩʩʪʦʷʥʠʷ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʪʨʫʜʦʟʘʪʨʘʪʘʤʠ ʠ 

ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. ʆʜʥʘʢʦ ʵʪʠ 

ʧʨʦʮʝʩʩʳ ʩʦʧʨʷʞʝʥʳ ʩ ʨʷʜʦʤ ʧʦʪʝʥʮʠʘʣʴʥʳʭ 

ʨʠʩʢʦʚ, ʦʩʦʙʝʥʥʦ ʚ ʯʘʩʪʠ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʞʘʨʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʬʘʢʪʦʨʦʚ, 

ʩʧʦʩʦʙʥʳʭ ʠʥʠʮʠʠʨʦʚʘʪʴ ʚʦʟʛʦʨʘʥʠʝ ʧʨʠ ʨʘʙʦʪʝ ʩ 

ʛʦʨʶʯʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʷʚʣʷʝʪʩʷ ʥʘʢʦʧʣʝʥʠʝ 

ʩʪʘʪʠʯʝʩʢʦʛʦ ʵʣʝʢʪʨʠʯʝʩʪʚʘ. ʇʦʵʪʦʤʫ ʩʥʠʞʝʥʠʝ 

ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʠ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʦʧʝʨʘʮʠʡ ʪʨʝʙʫʝʪ ʦʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ ʢ ʤʝʪʦʜʘʤ 

ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʟʘʨʷʜʦʚ. 

ʇʥʝʚʤʦʪʨʘʥʩʧʦʨʪ ʧʦʜʨʘʟʫʤʝʚʘʝʪ 

ʧʝʨʝʤʝʱʝʥʠʝ ʪʚʸʨʜʳʭ ʯʘʩʪʠʮ ʚ ʚʦʟʜʫʰʥʦʤ ʧʦʪʦʢʝ 

ʧʦ ʪʨʫʙʦʧʨʦʚʦʜʘʤ, ʯʪʦ ʥʝʠʟʙʝʞʥʦ ʩʚʷʟʘʥʦ ʩ 

ʠʥʪʝʥʩʠʚʥʳʤ ʪʨʝʥʠʝʤ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ ʤʘʪʝʨʠʘʣʘ, 

ʘ ʪʘʢʞʝ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ ʠ ʩʪʝʥʢʘʤʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. ɼʘʥʥʳʡ ʧʨʦʮʝʩʩ ʘʢʪʠʚʥʦ ʛʝʥʝʨʠʨʫʝʪ 

ʩʪʘʪʠʯʝʩʢʠʝ ʟʘʨʷʜʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʭ ʫʨʦʚʥʝʡ. ɺ ʫʩʣʦʚʠʷʭ 

ʧʦʚʳʰʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʦʨʶʯʝʡ ʧʳʣʠ ʚ 

ʚʦʟʜʫʭʝ ʠʩʢʨʦʦʙʨʘʟʦʚʘʥʠʝ, ʚʳʟʚʘʥʥʦʝ ʨʘʟʨʷʜʦʤ 
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ʩʪʘʪʠʯʝʩʢʦʛʦ ʵʣʝʢʪʨʠʯʝʩʪʚʘ, ʩʪʘʥʦʚʠʪʩʷ ʦʜʥʦʡ ʠʟ 

ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʭ ʧʨʠʯʠʥ ʚʦʩʧʣʘʤʝʥʝʥʠʷ. ʕʪʦ 

ʜʝʣʘʝʪ ʧʨʦʙʣʝʤʫ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʩʪʘʪʠʢʠ ʚʘʞʥʦʡ 

ʢʘʢ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʦʬʠʣʘʢʪʠʢʠ ʘʚʘʨʠʡ, ʪʘʢ ʠ ʩ 

ʧʦʟʠʮʠʠ ʩʦʙʣʶʜʝʥʠʷ ʥʦʨʤ ʧʨʦʤʳʰʣʝʥʥʦʡ ʠ 

ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʆʩʦʙʫʶ ʦʧʘʩʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʧʨʦʮʝʩʩʳ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ 

ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʜʝʣʝʥʠʝ, ʠʟʤʝʣʴʯʝʥʠʝ ʠʣʠ 

ʨʘʩʧʳʣʝʥʠʝ ʪʚʸʨʜʳʭ ʚʝʱʝʩʪʚ ʥʘ ʤʝʣʢʠʝ ʬʨʘʢʮʠʠ. 

ʊʘʢʠʝ ʦʧʝʨʘʮʠʠ ʫʩʠʣʠʚʘʶʪ ʢʦʥʪʘʢʪ ʤʝʞʜʫ 

ʨʘʟʣʠʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʩʠʩʪʝʤʳ ʠ ʫʚʝʣʠʯʠʚʘʶʪ 

ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ, ʯʪʦ ʧʦʚʳʰʘʝʪ 

ʚʝʨʦʷʪʥʦʩʪʴ ʥʘʢʦʧʣʝʥʠʷ ʟʘʨʷʜʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʚ 

ʨʷʜʝ ʩʣʫʯʘʝʚ ʦʙʨʘʙʘʪʳʚʘʝʤʳʝ ʤʘʪʝʨʠʘʣʳ ʦʙʣʘʜʘʶʪ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʯʪʦ ʧʨʝʧʷʪʩʪʚʫʝʪ 

ʩʘʤʦʨʘʟʨʷʜʢʝ ʠ ʧʨʠʚʦʜʠʪ ʢ ʜʣʠʪʝʣʴʥʦʤʫ 

ʩʦʭʨʘʥʝʥʠʶ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʧʨʦʩʳ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʠʩʢʨʦʦʙʨʘʟʦʚʘʥʠʷ ʩʪʘʥʦʚʷʪʩʷ ʦʩʦʙʝʥʥʦ 

ʘʢʪʫʘʣʴʥʳʤʠ ʠʤʝʥʥʦ ʥʘ ʵʪʘʧʘʭ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʘʢʪʠʚʥʳʤ ʤʝʭʘʥʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ 

ʚʝʱʝʩʪʚʦ. 

ɺ ʦʩʥʦʚʝ ʙʦʣʴʰʠʥʩʪʚʘ ʩʣʫʯʘʝʚ 

ʩʘʤʦʚʦʩʧʣʘʤʝʥʝʥʠʷ ʧʨʠ ʧʥʝʚʤʘʪʠʯʝʩʢʦʡ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʣʝʞʠʪ ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ 

ʠʩʢʨʳ, ʩʧʦʩʦʙʥʦʡ ʚʦʩʧʣʘʤʝʥʠʪʴ ʩʤʝʩʴ ʧʳʣʠ ʠ 

ʚʦʟʜʫʭʘ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʝʥʠʝ ʜʚʫʭ 

ʫʩʣʦʚʠʡ: ʥʘʣʠʯʠʝ ʚʟʨʳʚʦʦʧʘʩʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʛʦʨʶʯʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʠʩʪʦʯʥʠʢ ʟʘʞʠʛʘʥʠʷ ʩ 

ʜʦʩʪʘʪʦʯʥʦʡ ʵʥʝʨʛʠʝʡ ʜʣʷ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʨʝʘʢʮʠʠ. 

ʕʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʡ ʨʘʟʨʷʜ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʚʳʩʦʢʦʤ 

ʥʘʧʨʷʞʝʥʠʠ, ʚʧʦʣʥʝ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʪʘʢʠʤ 

ʠʩʪʦʯʥʠʢʦʤ. ʇʨʠ ʵʪʦʤ ʜʘʞʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʘʙʳʝ 

ʨʘʟʨʷʜʳ ʩʧʦʩʦʙʥʳ ʚʦʩʧʣʘʤʝʥʷʪʴ ʥʝʢʦʪʦʨʳʝ ʚʠʜʳ 

ʧʳʣʠ, ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʦʥʘ ʩʦʩʪʦʠʪ ʠʟ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʠʣʠ ʠʤʝʝʪ ʤʘʣʫʶ ʵʥʝʨʛʠʶ ʟʘʞʠʛʘʥʠʷ. 

ɼʣʷ ʩʥʠʞʝʥʠʷ ʨʠʩʢʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʞʘʨʘ 

ʧʨʠ ʧʥʝʚʤʦʪʨʘʥʩʧʦʨʪʝ ʠ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʠ 

ʥʝʦʙʭʦʜʠʤʳ ʢʦʤʧʣʝʢʩʥʳʝ ʤʝʨʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ 

ʦʛʨʘʥʠʯʝʥʠʝ ʥʘʢʦʧʣʝʥʠʷ ʩʪʘʪʠʯʝʩʢʦʛʦ 

ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʠ ʤʠʥʠʤʠʟʘʮʠʶ ʚʝʨʦʷʪʥʦʩʪʠ ʝʛʦ 

ʨʘʟʨʷʜʘ. ʆʩʥʦʚʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʷʚʣʷʶʪʩʷ: 

ʟʘʟʝʤʣʝʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʘʥʪʠʩʪʘʪʠʯʝʩʢʠʭ ʜʦʙʘʚʦʢ, ʧʨʠʤʝʥʝʥʠʝ ʠʦʥʠʟʘʪʦʨʦʚ 

ʠ ʜʨʫʛʠʭ ʩʨʝʜʩʪʚ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʟʘʨʷʜʦʚ, ʘ ʪʘʢʞʝ 

ʢʦʥʪʨʦʣʴ ʧʘʨʘʤʝʪʨʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʪʘʢʠʭ ʢʘʢ 

ʚʣʘʞʥʦʩʪʴ ʠ ʩʢʦʨʦʩʪʴ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ. ɺʩʝ ʵʪʠ 

ʧʦʜʭʦʜʳ ʜʦʣʞʥʳ ʙʳʪʴ ʩʦʛʣʘʩʦʚʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʠ 

ʘʜʘʧʪʠʨʦʚʘʥʳ ʧʦʜ ʢʦʥʢʨʝʪʥʳʝ ʫʩʣʦʚʠʷ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ɿʘʟʝʤʣʝʥʠʝ ʦʩʪʘʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ 

ʧʨʦʩʪʳʭ ʠ ʥʘʜʸʞʥʳʭ ʤʝʪʦʜʦʚ ʟʘʱʠʪʳ ʦʪ 

ʩʪʘʪʠʯʝʩʢʦʛʦ ʵʣʝʢʪʨʠʯʝʩʪʚʘ. ʆʥʦ ʧʦʟʚʦʣʷʝʪ 

ʦʪʚʦʜʠʪʴ ʦʙʨʘʟʫʶʱʠʝʩʷ ʟʘʨʷʜʳ ʚ ʟʝʤʣʶ, 

ʧʨʝʜʦʪʚʨʘʱʘʷ ʠʭ ʥʘʢʦʧʣʝʥʠʝ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʧʦʚʝʨʭʥʦʩʪʷʭ ʠ ʦʙʦʨʫʜʦʚʘʥʠʠ. ʆʜʥʘʢʦ ʵʪʦʪ ʤʝʪʦʜ 

ʠʤʝʝʪ ʩʚʦʠ ʦʛʨʘʥʠʯʝʥʠʷ: ʦʥ ʵʬʬʝʢʪʠʚʝʥ ʪʦʣʴʢʦ ʧʨʠ 

ʫʩʣʦʚʠʠ ʧʦʣʥʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʚʩʝʭ 

ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ ʠ ʨʝʛʫʣʷʨʥʦʛʦ ʢʦʥʪʨʦʣʷ 

ʩʦʩʪʦʷʥʠʷ ʟʘʟʝʤʣʷʶʱʠʭ ʫʩʪʨʦʡʩʪʚ. ʆʩʦʙʝʥʥʦ ʵʪʦ 

ʚʘʞʥʦ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʡ ʟʘʧʳʣʸʥʥʦʩʪʠ, ʛʜʝ 

ʚʦʟʤʦʞʥʘ ʧʦʪʝʨʷ ʢʦʥʪʘʢʪʘ ʤʝʞʜʫ ʯʘʩʪʷʤʠ 

ʢʦʥʩʪʨʫʢʮʠʠ. 

ɽʱʝ ʦʜʥʠʤ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ ʩʧʦʩʦʙʦʤ 

ʙʦʨʴʙʳ ʩʦ ʩʪʘʪʠʢʦʡ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʘʥʪʠʩʪʘʪʠʯʝʩʢʠʭ ʜʦʙʘʚʦʢ, ʢʦʪʦʨʳʝ ʩʥʠʞʘʶʪ 

ʫʜʝʣʴʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʘʪʝʨʠʘʣʘ 

ʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʙʦʣʝʝ ʙʳʩʪʨʦʤʫ ʨʘʩʩʝʠʚʘʥʠʶ 

ʟʘʨʷʜʦʚ. ʕʪʠ ʚʝʱʝʩʪʚʘ ʤʦʛʫʪ ʜʦʙʘʚʣʷʪʴʩʷ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʦʙʨʘʙʘʪʳʚʘʝʤʳʡ ʧʨʦʜʫʢʪ ʠʣʠ 

ʥʘʥʦʩʠʪʴʩʷ ʥʘ ʚʥʫʪʨʝʥʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʠ ʘʧʧʘʨʘʪʦʚ. ʆʜʥʘʢʦ ʠʭ ʧʨʠʤʝʥʝʥʠʝ 

ʪʨʝʙʫʝʪ ʫʯʸʪʘ ʚʣʠʷʥʠʷ ʥʘ ʢʘʯʝʩʪʚʦ ʢʦʥʝʯʥʦʛʦ 

ʧʨʦʜʫʢʪʘ, ʦʩʦʙʝʥʥʦ ʚ ʪʝʭ ʦʪʨʘʩʣʷʭ, ʛʜʝ ʜʦʧʫʩʢʘʝʪʩʷ 

ʤʠʥʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʩʪʦʨʦʥʥʠʭ ʧʨʠʤʝʩʝʡ, 

ʪʘʢʠʭ ʢʘʢ ʧʠʱʝʚʘʷ ʠʣʠ ʤʝʜʠʮʠʥʩʢʘʷ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ. 

ʀʦʥʠʟʘʮʠʷ ʚʦʟʜʫʭʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʡ ʠ ʵʬʬʝʢʪʠʚʥʳʡ ʤʝʪʦʜ 

ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʩʪʘʪʠʯʝʩʢʦʛʦ ʵʣʝʢʪʨʠʯʝʩʪʚʘ. 

ʀʦʥʠʟʘʪʦʨʳ ʩʦʟʜʘʶʪ ʢʦʨʦʥʥʳʡ ʨʘʟʨʷʜ, ʢʦʪʦʨʳʡ 

ʛʝʥʝʨʠʨʫʝʪ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʠʦʥʳ, 

ʥʝʡʪʨʘʣʠʟʫʶʱʠʝ ʟʘʨʷʜʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʠ ʚ 

ʚʦʟʜʫʰʥʦʤ ʧʦʪʦʢʝ. ʕʪʦʪ ʤʝʪʦʜ ʦʩʦʙʝʥʥʦ ʧʦʣʝʟʝʥ ʚ 

ʟʘʢʨʳʪʳʭ ʩʠʩʪʝʤʘʭ, ʛʜʝ ʥʝʚʦʟʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ 

ʧʦʩʪʦʷʥʥʦʝ ʟʘʟʝʤʣʝʥʠʝ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ. ʆʜʥʘʢʦ 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʪʨʝʙʫʝʪ ʨʝʛʫʣʷʨʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ 

ʢʦʥʪʨʦʣʷ, ʧʦʩʢʦʣʴʢʫ ʟʘʛʨʷʟʥʝʥʠʝ ʵʣʝʢʪʨʦʜʦʚ ʤʦʞʝʪ 

ʩʥʠʞʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚʘ. 

ʊʘʢʞʝ ʚʘʞʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ 

ʦʧʪʠʤʠʟʘʮʠʷ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʅʘʧʨʠʤʝʨ, ʩʥʠʞʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʚ 

ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʫʤʝʥʴʰʘʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʨʝʥʠʷ 

ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʫʨʦʚʝʥʴ 

ʛʝʥʝʨʘʮʠʠ ʩʪʘʪʠʯʝʩʢʦʛʦ ʵʣʝʢʪʨʠʯʝʩʪʚʘ. ʋʧʨʘʚʣʝʥʠʝ 

ʚʣʘʞʥʦʩʪʴʶ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʪʦʞʝ ʠʛʨʘʝʪ ʩʚʦʶ 

ʨʦʣʴ: ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ 

ʩʥʠʞʘʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ ʥʘʢʦʧʣʝʥʠʷ ʟʘʨʷʜʦʚ ʟʘ ʩʯʸʪ 

ʫʚʝʣʠʯʝʥʠʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʝʡ. ʕʪʠ 

ʤʝʨʳ, ʭʦʪʷ ʠ ʥʝ ʚʩʝʛʜʘ ʣʝʛʢʦ ʨʝʘʣʠʟʫʝʤʳ ʚ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʤʦʛʫʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʦʚʳʩʠʪʴ ʫʨʦʚʝʥʴ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʅʝ ʤʝʥʝʝ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ 

ʨʝʛʫʣʷʨʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ 

ʜʠʘʛʥʦʩʪʠʢʠ ʩʠʩʪʝʤ ʧʥʝʚʤʦʪʨʘʥʩʧʦʨʪʘ. 

ʇʝʨʠʦʜʠʯʝʩʢʘʷ ʧʨʦʚʝʨʢʘ ʩʦʩʪʦʷʥʠʷ ʟʘʟʝʤʣʝʥʠʷ, 

ʦʯʠʩʪʢʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʪ ʧʳʣʠ, ʪʝʩʪʠʨʦʚʘʥʠʝ 

ʠʦʥʠʟʘʪʦʨʦʚ ʠ ʢʦʥʪʨʦʣʴ ʟʘ ʥʘʣʠʯʠʝʤ 

ʘʥʪʠʩʪʘʪʠʯʝʩʢʠʭ ʧʦʢʨʳʪʠʡ ʧʦʟʚʦʣʷʶʪ ʟʘʨʘʥʝʝ 

ʚʳʷʚʣʷʪʴ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʝ ʫʯʘʩʪʢʠ. ʂʨʦʤʝ 

ʪʦʛʦ, ʦʙʫʯʝʥʠʝ ʧʝʨʩʦʥʘʣʘ ʚʦʧʨʦʩʘʤ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʤʦʛʘʝʪ 

ʬʦʨʤʠʨʦʚʘʪʴ ʧʨʘʚʠʣʴʥʦʝ ʧʦʥʠʤʘʥʠʝ ʨʠʩʢʦʚ ʠ 

ʜʝʡʩʪʚʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʠʭ ʤʠʥʠʤʠʟʘʮʠʶ. 

ɺʤʝʩʪʝ ʩ ʵʪʠʤ, ʚʥʝʜʨʝʥʠʝ ʥʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʘʪʝʨʠʘʣʦʚ ʦʪʢʨʳʚʘʝʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʩʥʠʞʝʥʠʷ 

ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʠ. ʈʘʟʨʘʙʦʪʢʘ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʦʢʨʳʪʠʡ ʩ ʘʥʪʠʩʪʘʪʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʚʦʜʷʱʠʭ ʧʣʘʩʪʠʢʦʚ, 

ʧʨʠʤʝʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ð ʚʩʸ ʵʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʧʦʚʳʰʝʥʠʶ ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ ʨʘʙʦʪʝ ʩ 

ʪʚʸʨʜʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. ʆʜʥʘʢʦ ʪʘʢʠʝ ʨʝʰʝʥʠʷ 
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ʪʨʝʙʫʶʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʠ 

ʠʥʪʝʛʨʘʮʠʠ ʚ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ 

ʧʨʦʮʝʩʩʳ. 

ɺʘʞʥʦ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʤʝʨ ʧʦ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʩʪʘʪʠʯʝʩʢʦʛʦ ʵʣʝʢʪʨʠʯʝʩʪʚʘ 

ʟʘʚʠʩʠʪ ʦʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ. ʅʝʚʦʟʤʦʞʥʦ 

ʜʦʙʠʪʴʩʷ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʠʩʧʦʣʴʟʫʷ 

ʣʠʰʴ ʦʜʠʥ ʤʝʪʦʜ ð ʥʝʦʙʭʦʜʠʤʦ ʩʦʯʝʪʘʪʴ 

ʥʝʩʢʦʣʴʢʦ ʩʪʨʘʪʝʛʠʡ, ʘʜʘʧʪʠʨʦʚʘʥʥʳʭ ʧʦʜ 

ʢʦʥʢʨʝʪʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ 

ʫʩʣʦʚʠʷ. ʊʦʣʴʢʦ ʪʘʢ ʤʦʞʥʦ ʩʥʠʟʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠʩʢʨʳ ʠ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʚʦʟʤʦʞʥʦʝ 

ʚʦʩʧʣʘʤʝʥʝʥʠʝ ʧʳʣʝʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʥʠʞʝʥʠʝ ʧʦʞʘʨʥʦʡ 

ʦʧʘʩʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʧʥʝʚʤʦʪʨʘʥʩʧʦʨʪʘ ʠ 

ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ʪʚʸʨʜʳʭ ʤʘʪʝʨʠʘʣʦʚ ʪʨʝʙʫʝʪ 

ʚʥʠʤʘʪʝʣʴʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʢ ʧʨʦʙʣʝʤʝ 

ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʩʪʘʪʠʯʝʩʢʦʛʦ ʵʣʝʢʪʨʠʯʝʩʪʚʘ. ʕʪʦ 

ʷʚʣʝʥʠʝ, ʯʘʩʪʦ ʥʝʜʦʦʮʝʥʠʚʘʝʤʦʝ ʥʘ ʧʨʘʢʪʠʢʝ, 

ʤʦʞʝʪ ʩʪʘʪʴ ʧʨʠʯʠʥʦʡ ʩʝʨʴʸʟʥʳʭ ʘʚʘʨʠʡ, ʝʩʣʠ ʥʝ 

ʙʫʜʫʪ ʧʨʠʥʷʪʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʝʨʳ 

ʧʨʝʜʦʩʪʦʨʦʞʥʦʩʪʠ. ʆʪ ʚʳʙʦʨʘ ʤʝʪʦʜʦʚ ʟʘʱʠʪʳ ʜʦ 

ʦʨʛʘʥʠʟʘʮʠʠ ʦʙʫʯʝʥʠʷ ʧʝʨʩʦʥʘʣʘ ð ʚʩʝ ʘʩʧʝʢʪʳ 

ʜʦʣʞʥʳ ʙʳʪʴ ʫʯʪʝʥʳ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʡ ʠ 

ʥʘʜʸʞʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʊʦʣʴʢʦ 

ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʠʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ 

ʨʠʩʢʠ ʠ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʩʪʘʙʠʣʴʥʫʶ ʨʘʙʦʪʫ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʣʠʥʠʡ ʚ ʫʩʣʦʚʠʷʭ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 
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ʄ. ɸʥʧʠʣʦʚ. ï ʄʠʥʝʨʘʣʴʥʳʝ ʚʦʜʳ : ɹʝʣʛʦʨʦʜʩʢʠʡ 
ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɺ.ɻ. 

ʐʫʭʦʚʘ, 2024. ï 209 ʩ. ï EDN ATNATA. 
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ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʘʢʪʫʘʣʴʥʳʝ ʘʩʧʝʢʪʳ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʛʥʝʪʫʰʘʱʠʭ ʠ 

ʜʝʟʘʢʪʠʚʠʨʫʶʱʠʭ ʩʦʩʪʘʚʦʚ ʥʘ ʦʩʥʦʚʝ ʚʦʜʳ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʦʨʩʢʦʛʦ ʠ ʨʝʯʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ. ɸʥʘʣʠʟʠʨʫʝʪʩʷ ʚʣʠʷʥʠʝ ʤʦʜʠʬʠʢʘʮʠʠ ʚʦʜʥʳʭ ʩʦʩʪʘʚʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʭ 

ʚʝʱʝʩʪʚ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʜʦʙʘʚʦʢ ʥʘ ʠʭ ʦʭʣʘʞʜʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ, ʩʤʘʯʠʚʘʝʤʦʩʪʴ ʠ ʧʦʞʘʨʦʪʫʰʘʱʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʘʜʘʧʪʘʮʠʠ ʩʦʩʪʘʚʦʚ ʢ ʩʧʝʮʠʬʠʢʝ ʩʫʜʦʚʦʡ ʩʨʝʜʳ, ʚʢʣʶʯʘʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʤʦʨʩʢʦʡ ʚʦʜʳ, ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʭʨʘʥʝʥʠʶ ʠ ʧʦʜʘʯʝ, ʘ ʪʘʢʞʝ ʪʨʝʙʦʚʘʥʠʷʤ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʦʜʥʳʝ ʦʛʥʝʪʫʰʘʱʠʝ ʩʦʩʪʘʚʳ, ʜʝʟʘʢʪʠʚʠʨʫʶʱʠʝ ʩʨʝʜʩʪʚʘ, ʤʦʨʩʢʦʡ ʪʨʘʥʩʧʦʨʪ, 

ʨʝʯʥʦʡ ʪʨʘʥʩʧʦʨʪ. 

 

ABSTRACT 

 

The article discusses current aspects of improving the effectiveness of water-based fire extinguishing and 

decontaminating compounds used in marine and river transport operations. The effect of modification of aqueous 

formulations using surfactants and functional additives on their cooling ability, wettability and fire extinguishing 

efficiency is analyzed. Special attention is paid to the adaptation of the trains to the specifics of the ship's environment, 

including the possibility of using seawater, restrictions on storage and supply, as well as environmental safety 

requirements.  

Keywords: water extinguishing agents, decontaminating agents, marine transport, river transport. 

 

ʕʢʩʧʣʫʘʪʘʮʠʷ ʩʫʜʦʚ ʨʘʟʣʠʯʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ ʩʦʧʨʷʞʝʥʘ ʩ ʧʦʚʳʰʝʥʥʳʤʠ ʨʠʩʢʘʤʠ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ, ʩʚʷʟʘʥʥʳʭ 

ʢʘʢ ʩ ʧʦʞʘʨʘʤʠ, ʪʘʢ ʠ ʩ ʚʦʟʤʦʞʥʳʤ ʟʘʛʨʷʟʥʝʥʠʝʤ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɺ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ, ʩʣʦʞʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʛʦʨʶʯʠʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʦʩʦʙʝʥʥʦ ʥʘ ʙʦʨʪʫ ʢʨʫʧʥʳʭ ʤʦʨʩʢʠʭ ʠ ʨʝʯʥʳʭ 

ʩʫʜʦʚ, ʦʩʦʙʫʶ ʚʘʞʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʥʘʜʸʞʥʦʩʪʴ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤ ʧʨʦʪʠʚʦʧʦʞʘʨʥʦʡ ʟʘʱʠʪʳ ʠ 

ʣʠʢʚʠʜʘʮʠʠ ʧʦʩʣʝʜʩʪʚʠʡ ʘʚʘʨʠʡ. ʆʜʥʠʤ ʠʟ 

ʥʘʠʙʦʣʝʝ ʜʦʩʪʫʧʥʳʭ ʠ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʚʝʱʝʩʪʚ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ, ʦʩʪʘʸʪʩʷ ʚʦʜʘ, 

ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʢʘʯʝʩʪʚʝ 

ʦʩʥʦʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʦʛʥʝʪʫʰʘʱʠʭ ʩʨʝʜʩʪʚ, ʥʦ ʠ 

ʢʘʢ ʙʘʟʘ ʜʣʷ ʜʝʟʘʢʪʠʚʠʨʫʶʱʠʭ ʩʦʩʪʘʚʦʚ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʭʠʤʠʯʝʩʢʠ 

ʦʧʘʩʥʳʭ ʚʝʱʝʩʪʚ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʜʳ ʚ ʝʸ 

ʯʠʩʪʦʤ ʚʠʜʝ ʠʤʝʝʪ ʦʧʨʝʜʝʣʸʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ. ʆʥʘ 

ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʯʪʦ 

ʩʥʠʞʘʝʪ ʝʸ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʥʠʢʘʪʴ ʚ ʧʦʨʠʩʪʳʝ 

ʤʘʪʝʨʠʘʣʳ ʠ ʵʬʬʝʢʪʠʚʥʦ ʦʭʣʘʞʜʘʪʴ ʦʯʘʛ 

ʚʦʟʛʦʨʘʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʚʦʜʘ ʠʤʝʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʚʳʩʦʢʦʝ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ 

ʝʸ ʨʘʩʧʳʣʝʥʠʝ ʠ ʨʘʚʥʦʤʝʨʥʦʝ ʧʦʢʨʳʪʠʝ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʕʪʠ ʬʘʢʪʦʨʳ ʩʥʠʞʘʶʪ ʝʸ 

ʦʛʥʝʪʫʰʘʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʪʫʰʝʥʠʠ 

ʧʦʞʘʨʦʚ ʢʣʘʩʩʘ B ʠ C, ʘ ʪʘʢʞʝ ʧʨʠ ʨʘʙʦʪʝ ʩ 

ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʤʠ ʫʯʘʩʪʢʘʤʠ ʢʦʥʩʪʨʫʢʮʠʠ ʩʫʜʥʘ. 

ʇʦʵʪʦʤʫ ʘʢʪʫʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʷʚʣʷʝʪʩʷ ʤʦʜʠʬʠʢʘʮʠʷ ʚʦʜʥʳʭ ʩʦʩʪʘʚʦʚ ʩ ʮʝʣʴʶ 

ʧʦʚʳʰʝʥʠʷ ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ 

ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʦʨʩʢʦʛʦ ʠ 

ʨʝʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʦʜʭʦʜʦʚ ʢ 

ʫʣʫʯʰʝʥʠʶ ʩʚʦʡʩʪʚ ʚʦʜʥʳʭ ʦʛʥʝʪʫʰʘʱʠʭ ʩʦʩʪʘʚʦʚ 

ʷʚʣʷʝʪʩʷ ʜʦʙʘʚʣʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʭ 

ʚʝɦʝʩʪʚ, ʢʦʪʦʨʳʝ ʩʥʠʞʘʶʪ ʧʦʚʝʨʭʥʦʩʪʥʦʝ 

ʥʘʪʷʞʝʥʠʝ ʚʦʜʳ ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʦʣʝʝ ʛʣʫʙʦʢʦʝ 

ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʚ ʛʦʨʷʱʠʝ ʤʘʪʝʨʠʘʣʳ. ʊʘʢʠʝ 

ʜʦʙʘʚʢʠ ʧʦʟʚʦʣʷʶʪ ʫʚʝʣʠʯʠʪʴ ʩʢʦʨʦʩʪʴ ʦʪʚʦʜʘ 

ʪʝʧʣʘ, ʫʤʝʥʴʰʠʪʴ ʚʨʝʤʷ ʣʦʢʘʣʠʟʘʮʠʠ ʧʦʞʘʨʘ ʠ 

ʩʥʠʟʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʚʪʦʨʥʦʛʦ ʚʦʟʛʦʨʘʥʠʷ. ʇʨʠ 

ʵʪʦʤ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʩʦʚʤʝʩʪʠʤʦʩʪʴ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʦʙʘʚʦʢ ʩ ʤʘʪʝʨʠʘʣʘʤʠ ʩʫʜʦʚʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ, ʘ ʪʘʢʞʝ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʢʦʨʨʦʟʠʦʥʥʫʶ 

ʩʪʦʡʢʦʩʪʴ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʧʦʩʢʦʣʴʢʫ 

ʜʣʠʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʜʘʞʝ ʩʣʘʙʦʘʛʨʝʩʩʠʚʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʫʩʢʦʨʝʥʥʦʤʫ 

ʩʪʘʨʝʥʠʶ ʦʙʦʨʫʜʦʚʘʥʠʷ. 
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ɽʱʸ ʦʜʥʠʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʦʜʥʳʭ ʩʦʩʪʘʚʦʚ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ 

ʥʘ ʠʭ ʦʩʥʦʚʝ ʜʚʫʭʬʘʟʥʳʭ ʠʣʠ ʤʥʦʛʦʬʘʟʥʳʭ ʩʤʝʩʝʡ, 

ʚʢʣʶʯʘʶʱʠʭ ʧʝʥʦʛʘʩʷʱʠʝ ʠʣʠ ʠʥʝʨʪʥʳʝ ʜʦʙʘʚʢʠ. 

ʅʘʧʨʠʤʝʨ, ʩʦʯʝʪʘʥʠʝ ʚʦʜʳ ʩ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʤʠ 

ʯʘʩʪʠʮʘʤʠ ʠʥʝʨʪʥʳʭ ʚʝʱʝʩʪʚ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ 

ʫʩʠʣʠʪʴ ʦʭʣʘʞʜʘʶʱʠʡ ʵʬʬʝʢʪ, ʥʦ ʠ ʤʝʭʘʥʠʯʝʩʢʠ 

ʙʣʦʢʠʨʦʚʘʪʴ ʜʦʩʪʫʧ ʢʠʩʣʦʨʦʜʘ ʢ ʟʦʥʝ ʛʦʨʝʥʠʷ. ʕʪʦ 

ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʧʨʠ ʪʫʰʝʥʠʠ ʧʦʞʘʨʦʚ ʚ ʟʘʢʨʳʪʳʭ 

ʧʦʤʝʱʝʥʠʷʭ, ʛʜʝ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʤʦʛʫʪ ʙʳʪʴ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʳ. ʆʜʥʘʢʦ ʪʘʢʠʝ ʩʤʝʩʠ 

ʪʨʝʙʫʶʪ ʪʦʯʥʦʛʦ ʩʦʙʣʶʜʝʥʠʷ ʧʨʦʧʦʨʮʠʡ ʠ 

ʪʱʘʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʝʨʝʜ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ, ʯʪʦ 

ʫʩʣʦʞʥʷʝʪ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ. 

ʅʝ ʤʝʥʝʝ ʟʥʘʯʠʤʳʤ ʘʩʧʝʢʪʦʤ ʧʨʠʤʝʥʝʥʠʷ 

ʚʦʜʥʳʭ ʩʦʩʪʘʚʦʚ ʥʘ ʩʫʜʘʭ ʷʚʣʷʝʪʩʷ ʠʭ ʨʦʣʴ ʚ 

ʜʝʟʘʢʪʠʚʘʮʠʠ ʭʠʤʠʯʝʩʢʠ ʦʧʘʩʥʳʭ ʚʝʱʝʩʪʚ. ʇʨʠ 

ʧʝʨʝʚʦʟʢʝ ʛʨʫʟʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʪʦʢʩʠʯʥʳʝ ʠʣʠ 

ʨʘʜʠʦʘʢʪʠʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʩʫʱʝʩʪʚʫʝʪ ʨʠʩʢ ʠʭ 

ʫʪʝʯʢʠ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ. ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʚʦʜʘ ʤʦʞʝʪ ʩʣʫʞʠʪʴ 

ʦʩʥʦʚʦʡ ʜʣʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʨʘʩʪʚʦʨʦʚ, 

ʩʧʦʩʦʙʥʳʭ ʩʚʷʟʳʚʘʪʴ ʠ ʥʝʡʪʨʘʣʠʟʦʚʳʚʘʪʴ ʦʧʘʩʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ. ɼʣʷ ʵʪʦʛʦ ʚ ʩʦʩʪʘʚʳ ʤʦʛʫʪ ʚʢʣʶʯʘʪʴʩʷ 

ʘʜʩʦʨʙʝʥʪʳ, ʭʝʣʘʪʦʦʙʨʘʟʫʶʱʠʝ ʘʛʝʥʪʳ, ʦʢʠʩʣʠʪʝʣʠ 

ʠʣʠ ʜʨʫʛʠʝ ʨʝʘʛʝʥʪʳ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʪʠʧʘ 

ʟʘʛʨʷʟʥʠʪʝʣʷ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʜʝʟʘʢʪʠʚʠʨʫʶʱʠʭ 

ʩʦʩʪʘʚʦʚ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʢʦʨʦʩʪʴʶ 

ʨʝʘʢʮʠʠ, ʩʪʝʧʝʥʴʶ ʩʚʷʟʳʚʘʥʠʷ ʘʢʪʠʚʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ 

ʢ ʧʦʚʪʦʨʥʦʤʫ ʚʳʜʝʣʝʥʠʶ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

ʆʩʦʙʳʝ ʪʨʝʙʦʚʘʥʠʷ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʢ ʪʘʢʠʤ 

ʩʦʩʪʘʚʘʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʘ ʤʦʨʩʢʦʤ 

ʪʨʘʥʩʧʦʨʪʝ, ʛʜʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʩʦʣʝʥʦʩʪʴ 

ʚʦʜʳ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʝʸ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ 

ʠʩʭʦʜʥʦʡ ʩʨʝʜʳ. ʇʨʠʤʝʥʝʥʠʝ ʤʦʨʩʢʦʡ ʚʦʜʳ ʚʤʝʩʪʦ 

ʧʨʝʩʥʦʡ ʤʦʞʝʪ ʚʣʠʷʪʴ ʢʘʢ ʥʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʩʦʩʪʘʚʦʚ, ʪʘʢ ʠ ʥʘ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 

ʦʙʦʨʫʜʦʚʘʥʠʝʤ. ʅʝʢʦʪʦʨʳʝ ʜʦʙʘʚʢʠ ʧʣʦʭʦ 

ʩʦʚʤʝʩʪʠʤʳ ʩ ʠʦʥʘʤʠ ʥʘʪʨʠʷ ʠ ʭʣʦʨʘ, ʯʪʦ ʤʦʞʝʪ 

ʚʳʟʚʘʪʴ ʚʳʧʘʜʝʥʠʝ ʦʩʘʜʢʘ ʠʣʠ ʠʟʤʝʥʝʥʠʝ 

ʩʪʨʫʢʪʫʨʳ ʨʘʩʪʚʦʨʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʩʦʩʪʘʚʦʚ ʜʣʷ ʩʫʜʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ 

ʜʘʣʴʥʝʤ ʧʣʘʚʘʥʠʠ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʫʩʤʘʪʨʠʚʘʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʩʪʫʧʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʚʦʜʳ ʙʝʟ ʧʦʪʝʨʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʨʝʜʩʪʚʘ. 

ʊʘʢʞʝ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʫʩʣʦʚʠʷ ʭʨʘʥʝʥʠʷ 

ʠ ʧʦʜʘʯʠ ʚʦʜʥʳʭ ʩʦʩʪʘʚʦʚ ʥʘ ʙʦʨʪʫ ʩʫʜʥʘ. ʀʟ-ʟʘ 

ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʩʧʝʮʠʬʠʢʠ ʩʫʜʦʚʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʩʠʩʪʝʤʳ ʧʦʜʘʯʠ ʜʦʣʞʥʳ ʙʳʪʴ 

ʢʦʤʧʘʢʪʥʳʤʠ, ʥʘʜʸʞʥʳʤʠ ʠ ʥʝ ʪʨʝʙʦʚʘʪʴ ʩʣʦʞʥʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ. ʕʪʦ ʢʘʩʘʝʪʩʷ ʢʘʢ ʥʘʩʦʩʥʳʭ 

ʫʩʪʘʥʦʚʦʢ, ʪʘʢ ʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʬʦʨʩʫʥʦʢ ʠ 

ʨʘʩʧʳʣʠʪʝʣʝʡ. ʄʘʪʝʨʠʘʣʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʵʪʠʭ 

ʩʠʩʪʝʤʘʭ, ʜʦʣʞʥʳ ʙʳʪʴ ʫʩʪʦʡʯʠʚʳ ʢ ʢʦʨʨʦʟʠʠ, 

ʚʦʟʜʝʡʩʪʚʠʶ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ ʠ ʧʦʩʪʦʷʥʥʦʤʫ 

ʢʦʥʪʘʢʪʫ ʩ ʚʦʜʦʡ. ʆʩʦʙʝʥʥʦ ʵʪʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ 

ʩʫʜʦʚ, ʩʦʚʝʨʰʘʶʱʠʭ ʜʣʠʪʝʣʴʥʳʝ ʨʝʡʩʳ ʚ ʫʩʣʦʚʠʷʭ 

ʧʦʚʳʰʝʥʥʦʡ ʚʣʘʞʥʦʩʪʠ ʠ ʩʦʣʝʥʦʩʪʠ ʚʦʟʜʫʭʘ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ 

ʩʦʟʜʘʚʘʪʴ ʥʘ ʦʩʥʦʚʝ ʚʦʜʳ ʥʝ ʪʦʣʴʢʦ ʪʨʘʜʠʮʠʦʥʥʳʝ 

ʦʛʥʝʪʫʰʘʱʠʝ ʩʨʝʜʩʪʚʘ, ʥʦ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ 

ʩʦʩʪʘʚʳ, ʩʧʦʩʦʙʥʳʝ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ 

ʠʟʤʝʥʷʶʱʠʤʩʷ ʫʩʣʦʚʠʷʤ. ʅʘʧʨʠʤʝʨ, 

ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʩʦʩʪʘʚʳ ʩ ʪʝʨʤʦʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ 

ʜʦʙʘʚʢʘʤʠ, ʢʦʪʦʨʳʝ ʥʘʯʠʥʘʶʪ ʜʝʡʩʪʚʦʚʘʪʴ ʪʦʣʴʢʦ 

ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʦʧʨʝʜʝʣʸʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʨʘʩʭʦʜ ʠ ʧʦʚʳʩʠʪʴ 

ʪʦʯʥʦʩʪʴ ʚʦʟʜʝʡʩʪʚʠʷ. ʊʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʚʘʨʠʘʥʪʳ ʩ ʢʦʥʪʨʦʣʠʨʫʝʤʳʤ ʚʳʩʚʦʙʦʞʜʝʥʠʝʤ 

ʘʢʪʠʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʥʦ 

ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ ʜʝʡʩʪʚʠʷ 

ʩʦʩʪʘʚʘ ʚ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʫʯʘʩʪʢʘʭ ʩʫʜʥʘ. 

ɺʘʞʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʦʩʪʘʸʪʩʷ 

ʠʥʪʝʛʨʘʮʠʷ ʚʦʜʥʳʭ ʩʦʩʪʘʚʦʚ ʚ ʦʙʱʫʶ ʩʠʩʪʝʤʫ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʫʜʥʘ. ʉʦʚʨʝʤʝʥʥʳʝ ʤʦʨʩʢʠʝ ʠ 

ʨʝʯʥʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ ʦʩʥʘʱʘʶʪʩʷ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʢʦʥʪʨʦʣʷ ʠ 

ʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʦʧʝʨʘʪʠʚʥʦʝ ʨʝʘʛʠʨʦʚʘʥʠʝ ʥʘ ʚʦʟʥʠʢʥʦʚʝʥʠʝ 

ʘʚʘʨʠʡʥʦʡ ʩʠʪʫʘʮʠʠ. ʀʥʪʝʛʨʘʮʠʷ ʩ ʪʘʢʠʤʠ 

ʩʠʩʪʝʤʘʤʠ ʧʦʟʚʦʣʷʝʪ ʟʘʨʘʥʝʝ ʛʦʪʦʚʠʪʴ ʩʦʩʪʘʚʳ ʢ 

ʧʨʠʤʝʥʝʥʠʶ, ʨʝʛʫʣʠʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʧʦʜʘʯʠ ʠ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ 

ʧʨʦʮʝʩʩʘʤʠ ʪʫʰʝʥʠʷ ʠ ʜʝʟʘʢʪʠʚʘʮʠʠ. ʕʪʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʠ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʝʡʩʪʚʠʡ ʵʢʠʧʘʞʘ ʚ ʯʨʝʟʚʳʯʘʡʥʳʭ 

ʩʠʪʫʘʮʠʷʭ. 

ʂʨʦʤʝ ʪʦʛʦ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ 

ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʧʨʠʤʝʥʝʥʠʷ ʚʦʜʥʳʭ 

ʩʦʩʪʘʚʦʚ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʦʥʠ ʩʯʠʪʘʶʪʩʷ 

ʦʜʥʠʤʠ ʠʟ ʩʘʤʳʭ ʙʝʟʦʧʘʩʥʳʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʭʠʤʠʯʝʩʢʠʤʠ ʘʥʘʣʦʛʘʤʠ, ʣʶʙʳʝ ʜʦʙʘʚʢʠ, 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʫʩʠʣʝʥʠʷ ʠʭ ʩʚʦʡʩʪʚ, ʜʦʣʞʥʳ 

ʧʦʜʚʝʨʛʘʪʴʩʷ ʩʪʨʦʛʦʤʫ ʘʥʘʣʠʟʫ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʤʦʨʩʢʫʶ ʠ ʨʝʯʥʫʶ ʬʘʫʥʫ ʠ ʬʣʦʨʫ. 

ʆʩʦʙʝʥʥʦ ʵʪʦ ʢʘʩʘʝʪʩʷ ʩʣʫʯʘʝʚ, ʢʦʛʜʘ ʩʦʩʪʘʚʳ 

ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʙʦʣʴʰʠʭ ʦʙʲʝʤʘʭ ʠʣʠ ʧʦʧʘʜʘʶʪ ʚ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʚʘʨʠʡʥʦʡ 

ʩʠʪʫʘʮʠʠ. ʈʘʟʨʘʙʦʪʢʘ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ 

ʨʝʮʝʧʪʫʨ ð ʦʜʠʥ ʠʟ ʢʣʶʯʝʚʳʭ ʪʨʝʥʜʦʚ ʚ 

ʩʦʚʨʝʤʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. 

ɺʤʝʩʪʝ ʩ ʵʪʠʤ, ʚʥʝʜʨʝʥʠʝ ʥʦʚʳʭ ʩʦʩʪʘʚʦʚ 

ʪʨʝʙʫʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʫʨʦʚʥʷ ʧʦʜʛʦʪʦʚʢʠ 

ʵʢʠʧʘʞʘ. ʇʝʨʩʦʥʘʣ ʜʦʣʞʝʥ ʧʦʥʠʤʘʪʴ ʧʨʠʥʮʠʧ 

ʜʝʡʩʪʚʠʷ ʢʘʞʜʦʛʦ ʩʨʝʜʩʪʚʘ, ʟʥʘʪʴ ʝʛʦ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʦʛʨʘʥʠʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʫʤʝʪʴ 

ʧʨʘʚʠʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʚ ʵʢʩʪʨʝʤʘʣʴʥʦʡ 

ʩʠʪʫʘʮʠʠ. ʆʙʫʯʝʥʠʝ ʜʦʣʞʥʦ ʚʢʣʶʯʘʪʴ ʢʘʢ 

ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʧʦʜʛʦʪʦʚʢʫ, ʪʘʢ ʠ ʧʨʘʢʪʠʯʝʩʢʠʝ 

ʟʘʥʷʪʠʷ ʩ ʠʤʠʪʘʮʠʝʡ ʨʝʘʣʴʥʳʭ ʘʚʘʨʠʡʥʳʭ ʫʩʣʦʚʠʡ. 

ɹʝʟ ʜʦʣʞʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʜʘʞʝ ʩʘʤʳʝ ʩʦʚʝʨʰʝʥʥʳʝ 

ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʥʝ ʩʤʦʛʫʪ ʚ ʧʦʣʥʦʡ ʤʝʨʝ 

ʨʝʘʣʠʟʦʚʘʪʴ ʩʚʦʡ ʧʦʪʝʥʮʠʘʣ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʦʛʥʝʪʫʰʘʱʠʭ ʠ ʜʝʟʘʢʪʠʚʠʨʫʶʱʠʭ ʩʦʩʪʘʚʦʚ ʥʘ 

ʦʩʥʦʚʝ ʚʦʜʳ ʜʣʷ ʤʦʨʩʢʦʛʦ ʠ ʨʝʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩʥʫʶ ʟʘʜʘʯʫ, 

ʪʨʝʙʫʶʱʫʶ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʛʦ ʧʦʜʭʦʜʘ. 

ʆʧʪʠʤʠʟʘʮʠʷ ʩʦʩʪʘʚʦʚ, ʤʦʜʝʨʥʠʟʘʮʠʷ ʩʠʩʪʝʤ 

ʧʦʜʘʯʠ, ʫʯʸʪ ʩʧʝʮʠʬʠʢʠ ʩʫʜʦʚʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ 

ʦʙʝʩʧʝʯʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ð ʚʩʸ ʵʪʦ 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʠ ʚʥʝʜʨʝʥʠʠ 

ʩʦʚʨʝʤʝʥʥʳʭ ʨʝʰʝʥʠʡ. ʊʦʣʴʢʦ ʢʦʤʧʣʝʢʩʥʳʡ 
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ʧʦʜʭʦʜ ʧʦʟʚʦʣʠʪ ʜʦʩʪʠʯʴ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʵʬʬʝʢʪʘ ʚ 

ʦʙʝʩʧʝʯʝʥʠʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʫʜʦʚ ʠ ʤʠʥʠʤʠʟʘʮʠʠ 

ʧʦʩʣʝʜʩʪʚʠʡ ʯʨʝʟʚʳʯʘʡʥʳʭ ʧʨʦʠʩʰʝʩʪʚʠʡ ʥʘ ʚʦʜʝ. 
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ɸʅʅʆʊɸʎʀʗ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʘʢʪʫʘʣʴʥʳʝ ʚʦʧʨʦʩʳ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʠʩʪʝʤ ʧʦʞʘʨʦʪʫʰʝʥʠʷ ʤʘʟʫʪʥʳʭ 

ʨʝʟʝʨʚʫʘʨʦʚ ʥʘ ʜʝʡʩʪʚʫʶʱʠʭ ʪʝʧʣʦʚʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ. ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʠ 

ʦʙʲʝʢʪʦʚ ʭʨʘʥʝʥʠʷ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, ʘ ʪʘʢʞʝ ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʦʪʠʚʦʧʦʞʘʨʥʦʡ ʟʘʱʠʪʳ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʪʘʨʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ 

ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʠʩʪʝʤ ʦʙʥʘʨʫʞʝʥʠʷ ʚʦʟʛʦʨʘʥʠʷ, ʦʧʪʠʤʠʟʘʮʠʠ ʧʦʜʘʯʠ ʦʛʥʝʪʫʰʘʱʠʭ ʚʝʱʝʩʪʚ ʠ ʦʙʝʩʧʝʯʝʥʠʶ 

ʥʘʜʸʞʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʟʫʪʥʳʡ ʨʝʟʝʨʚʫʘʨ, ʩʠʩʪʝʤʘ ʧʦʞʘʨʦʪʫʰʝʥʠʷ, ʪʝʧʣʦʚʘʷ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷ. 

 

ABSTRACT 

The article discusses topical issues of improving fire extinguishing systems for fuel oil tanks at existing 

thermal power plants. The article analyzes the features of the fire hazard of petroleum product storage facilities, as well 

as modern approaches to improving the effectiveness of fire protection in the conditions of operation of the old 

infrastructure. Special attention is paid to the modernization of fire detection systems, optimizing the supply of 

extinguishing agents and ensuring the reliability of the equipment.  

Keywords: fuel oil tank, fire extinguishing system, thermal power plant. 

 

ʕʢʩʧʣʫʘʪʘʮʠʷ ʪʝʧʣʦʚʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ 

ʩʚʷʟʘʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʥʘʯʠʪʝʣʴʥʳʭ ʦʙʲʸʤʦʚ 

ʪʦʧʣʠʚʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʤʘʟʫʪʘ, ʢʦʪʦʨʳʡ ʭʨʘʥʠʪʩʷ ʚ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʨʝʟʝʨʚʫʘʨʘʭ. ʕʪʠ ʦʙʲʝʢʪʳ 

ʦʪʥʦʩʷʪʩʷ ʢ ʢʘʪʝʛʦʨʠʠ ʧʦʚʳʰʝʥʥʦʡ ʧʦʞʘʨʥʦʡ 

ʦʧʘʩʥʦʩʪʠ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʛʦʨʶʯʝʩʪʠ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, ʙʦʣʴʰʠʭ ʦʙʲʸʤʦʚ ʭʨʘʥʝʥʠʷ ʠ 

ʚʦʟʤʦʞʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚʦʩʧʣʘʤʝʥʝʥʠʷ, ʧʨʠʩʫʱʠʭ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ ʧʨʦʮʝʩʩʘʤ ʊʕʉ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʠʩʪʝʤ ʧʦʞʘʨʦʪʫʰʝʥʠʷ ʤʘʟʫʪʥʳʭ 

ʨʝʟʝʨʚʫʘʨʦʚ ʩʪʘʥʦʚʠʪʩʷ ʦʜʥʦʡ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʟʘʜʘʯ 

ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʦʡ ʠ ʧʨʦʪʠʚʦʧʦʞʘʨʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʦʙʲʝʢʪʘʭ. 

ʇʦʞʘʨʳ ʤʘʟʫʪʥʳʭ ʨʝʟʝʨʚʫʘʨʦʚ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʛʥʷ, ʠʥʪʝʥʩʠʚʥʳʤ ʪʝʧʣʦʚʳʤ 

ʠʟʣʫʯʝʥʠʝʤ ʠ ʜʣʠʪʝʣʴʥʳʤ ʧʝʨʠʦʜʦʤ ʣʠʢʚʠʜʘʮʠʠ. ʆʥʠ 

ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʨʘʟʨʫʰʝʥʠʶ ʢʦʥʩʪʨʫʢʮʠʡ, ʚʳʭʦʜʫ 

ʠʟ ʩʪʨʦʷ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʧʦʩʣʝʜʩʪʚʠʷʤ 

ʠ ʜʘʞʝ ʫʛʨʦʟʝ ʞʠʟʥʠ ʠ ʟʜʦʨʦʚʴʶ ʧʝʨʩʦʥʘʣʘ. ʇʦʵʪʦʤʫ 

ʩʠʩʪʝʤʘ ʧʦʞʘʨʦʪʫʰʝʥʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʪʦʣʴʢʦ 

ʥʘʜʸʞʥʦʡ ʠ ʵʬʬʝʢʪʠʚʥʦʡ, ʥʦ ʠ ʘʜʘʧʪʠʨʦʚʘʥʥʦʡ ʢ 

ʩʧʝʮʠʬʠʢʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘ ʜʝʡʩʪʚʫʶʱʠʭ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ, ʛʜʝ ʣʶʙʳʝ ʠʟʤʝʥʝʥʠʷ ʚ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʪʨʝʙʫʶʪ ʩʦʛʣʘʩʦʚʘʥʠʷ ʩ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʠ ʨʝʞʠʤʘʤʠ ʨʘʙʦʪʳ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʥʘʧʨʘʚʣʝʥʠʡ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ 

ʦʧʝʨʘʪʠʚʥʦʩʪʠ ʦʙʥʘʨʫʞʝʥʠʷ ʚʦʟʛʦʨʘʥʠʷ. ʈʘʥʥʝʝ 

ʚʳʷʚʣʝʥʠʝ ʦʯʘʛʘ ʧʦʟʚʦʣʷʝʪ ʥʘʯʘʪʴ ʙʦʨʴʙʫ ʩ ʦʛʥʸʤ ʥʘ 

ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ, ʢʦʛʜʘ ʚʝʨʦʷʪʥʦʩʪʴ ʝʛʦ ʣʦʢʘʣʠʟʘʮʠʠ 

ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ. ʉʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʢʦʤʙʠʥʘʮʠʠ ʜʳʤʦʚʳʭ, ʪʝʧʣʦʚʳʭ ʠ ʦʧʪʠʯʝʩʢʠʭ 

ʜʘʪʯʠʢʦʚ, ʧʦʟʚʦʣʷʶʪ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʨʝʘʛʠʨʦʚʘʥʠʷ ʠ 

ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʜʠʘʛʥʦʩʪʠʢʠ. ʆʜʥʘʢʦ ʜʣʷ ʫʩʣʦʚʠʡ 

ʤʘʟʫʪʥʳʭ ʭʦʟʷʡʩʪʚ ʊʕʉ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʚʣʠʷʥʠʝ 

ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʧʝʨʝʧʘʜʳ ʪʝʤʧʝʨʘʪʫʨ, 

ʟʘʧʳʣʸʥʥʦʩʪʴ ʠ ʠʩʧʘʨʝʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʳʟʳʚʘʪʴ 

ʣʦʞʥʳʝ ʩʨʘʙʘʪʳʚʘʥʠʷ ʠʣʠ ʩʥʠʞʝʥʠʝ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʜʘʪʯʠʢʦʚ. 

ʅʝ ʤʝʥʝʝ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʤʦʜʝʨʥʠʟʘʮʠʷ 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʧʦʜʘʯʠ ʦʛʥʝʪʫʰʘʱʠʭ ʚʝʱʝʩʪʚ. 

ʉʠʩʪʝʤʳ ʧʦʞʘʨʦʪʫʰʝʥʠʷ ʤʘʟʫʪʥʳʭ ʨʝʟʝʨʚʫʘʨʦʚ 

ʜʦʣʞʥʳ ʙʳʪʴ ʩʧʦʩʦʙʥʳ ʙʳʩʪʨʦ ʬʦʨʤʠʨʦʚʘʪʴ 

ʜʦʩʪʘʪʦʯʥʳʡ ʦʙʲʸʤ ʨʘʩʧʳʣʸʥʥʦʛʦ ʩʦʩʪʘʚʘ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʦʭʣʘʞʜʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʛʦʨʷʱʝʛʦ 

ʪʦʧʣʠʚʘ ʠ ʙʣʦʢʠʨʦʚʘʥʠʝ ʜʦʩʪʫʧʘ ʢʠʩʣʦʨʦʜʘ. 

ʊʨʘʜʠʮʠʦʥʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʧʝʥʥʳʝ ʠ ʚʦʜʷʥʳʝ 

ʫʩʪʘʥʦʚʢʠ, ʦʜʥʘʢʦ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʦ ʤʥʦʛʦʤ 

ʟʘʚʠʩʠʪ ʦʪ ʢʘʯʝʩʪʚʘ ʨʘʩʧʳʣʝʥʠʷ, ʨʘʚʥʦʤʝʨʥʦʩʪʠ 

ʧʦʢʨʳʪʠʷ ʠ ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʝʦʜʦʣʝʚʘʪʴ ʪʝʨʤʠʯʝʩʢʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʧʣʘʤʝʥʠ. ʕʪʦ ʜʝʣʘʝʪ ʘʢʪʫʘʣʴʥʳʤ 

ʚʥʝʜʨʝʥʠʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʨʘʩʧʳʣʝʥʠʷ, ʚʢʣʶʯʘʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʳʩʦʢʦʢʨʘʪʥʦʡ ʧʝʥʳ ʠ 

ʪʦʥʢʦʨʘʩʧʳʣʸʥʥʦʡ ʚʦʜʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʙʦʣʝʝ 

ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʪʫʰʝʥʠʷ ʧʨʠ ʤʝʥʴʰʝʤ ʨʘʩʭʦʜʝ 

ʨʝʩʫʨʩʦʚ. 
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ɽʱʸ ʦʜʥʠʤ ʘʩʧʝʢʪʦʤ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʩʠʩʪʝʤ ʧʦʞʘʨʦʪʫʰʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʠʭ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ. ʄʘʟʫʪʥʳʝ 

ʭʦʟʷʡʩʪʚʘ ʥʘʭʦʜʷʪʩʷ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʨʘʙʦʪʘʶʱʝʛʦ ʧʨʠ 

ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʜʘʚʣʝʥʠʷʭ. ʕʪʦ ʩʦʟʜʘʸʪ ʨʠʩʢ 

ʧʦʚʨʝʞʜʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ ʧʦʞʘʨʦʪʫʰʝʥʠʷ ʧʨʠ 

ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʘʚʘʨʠʠ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʦʪʢʘʟʫ 

ʚʩʝʡ ʩʠʩʪʝʤʳ. ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʘʪʝʨʠʘʣʳ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ, 

ʫʩʪʦʡʯʠʚʳʝ ʢ ʪʝʨʤʠʯʝʩʢʠʤ ʠ ʤʝʭʘʥʠʯʝʩʢʠʤ 

ʥʘʛʨʫʟʢʘʤ, ʘ ʪʘʢʞʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʪʴ ʨʝʟʝʨʚʠʨʦʚʘʥʠʝ 

ʢʣʶʯʝʚʳʭ ʫʟʣʦʚ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʜʘʞʝ ʧʨʠ ʯʘʩʪʠʯʥʦʤ 

ʚʳʭʦʜʝ ʠʟ ʩʪʨʦʷ ʝʸ ʢʦʤʧʦʥʝʥʪʦʚ. 

ɺʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʪʘʢʞʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʩʠʩʪʝʤʦʡ ʧʦʞʘʨʦʪʫʰʝʥʠʷ ʠ 

ʜʨʫʛʠʤʠ ʠʥʞʝʥʝʨʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʩʪʘʥʮʠʠ. 

ʀʥʪʝʛʨʘʮʠʷ ʩ ʩʠʩʪʝʤʘʤʠ ʫʧʨʘʚʣʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʧʦʟʚʦʣʷʝʪ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʪʢʣʶʯʘʪʴ ʦʙʦʨʫʜʦʚʘʥʠʝ ʧʨʠ 

ʦʙʥʘʨʫʞʝʥʠʠ ʧʦʞʘʨʘ, ʧʝʨʝʢʨʳʚʘʪʴ ʧʦʜʘʯʫ ʪʦʧʣʠʚʘ ʠ 

ʧʝʨʝʚʦʜʠʪʴ ʩʪʘʥʮʠʶ ʚ ʙʝʟʦʧʘʩʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ. 

ʊʘʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʪʨʝʙʫʝʪ ʥʘʣʠʯʠʷ ʝʜʠʥʦʡ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʨʝʜʳ, ʧʦʩʪʨʦʝʥʥʦʡ ʥʘ 

ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʪʦʢʦʣʘʭ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠ 

ʩʨʝʜʩʪʚʘʭ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ 

ʩʪʘʨʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ, ʛʜʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʯʘʩʪʦ ʥʝ 

ʨʘʩʩʯʠʪʘʥʦ ʥʘ ʪʘʢʦʝ ʫʨʦʚʝʥʴ ʠʥʪʝʛʨʘʮʠʠ. 

ʋʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘ ʜʝʡʩʪʚʫʶʱʠʭ ʊʕʉ 

ʥʘʢʣʘʜʳʚʘʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ 

ʧʨʦʚʝʜʝʥʠʝ ʤʦʜʝʨʥʠʟʘʮʠʠ. ʃʶʙʳʝ ʠʟʤʝʥʝʥʠʷ ʚ 

ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʠʩʪʝʤʝ ʧʦʞʘʨʦʪʫʰʝʥʠʷ ʜʦʣʞʥʳ 

ʫʯʠʪʳʚʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʘʨʭʠʪʝʢʪʫʨʳ ʟʜʘʥʠʡ, ʥʘʣʠʯʠʝ 

ʫʞʝ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʤʠʥʠʤʠʟʘʮʠʠ ʧʨʦʩʪʦʝʚ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʘʙʦʪ. 

ʇʦʵʪʦʤʫ ʧʦʜʭʦʜʳ ʢ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʜʦʣʞʥʳ ʙʳʪʴ 

ʛʠʙʢʠʤʠ, ʥʘʧʨʘʚʣʝʥʥʳʤʠ ʥʘ ʧʦʵʪʘʧʥʫʶ 

ʤʦʜʝʨʥʠʟʘʮʠʶ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ 

ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʧʨʠ ʨʘʙʦʪʝ ʩ 

ʤʘʟʫʪʥʳʤʠ ʨʝʟʝʨʚʫʘʨʘʤʠ, ʛʜʝ ʜʘʞʝ ʚʨʝʤʝʥʥʦʝ 

ʦʪʢʣʶʯʝʥʠʝ ʩʠʩʪʝʤʳ ʤʦʞʝʪ ʫʚʝʣʠʯʠʪʴ ʫʨʦʚʝʥʴ 

ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʠ. 

ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʯʝʣʦʚʝʯʝʩʢʠʡ 

ʬʘʢʪʦʨ. ʇʝʨʩʦʥʘʣ ʜʦʣʞʝʥ ʙʳʪʴ ʦʙʫʯʝʥ ʨʘʙʦʪʝ ʩ 

ʥʦʚʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʧʦʥʠʤʘʪʴ ʧʨʠʥʮʠʧʳ ʠʭ ʜʝʡʩʪʚʠʷ 

ʠ ʫʤʝʪʴ ʧʨʠʥʠʤʘʪʴ ʧʨʘʚʠʣʴʥʳʝ ʨʝʰʝʥʠʷ ʚ 

ʯʨʝʟʚʳʯʘʡʥʦʡ ʩʠʪʫʘʮʠʠ. ʇʨʦʚʝʜʝʥʠʝ ʨʝʛʫʣʷʨʥʳʭ 

ʫʯʝʥʠʡ, ʪʨʝʥʠʨʦʚʦʢ ʠ ʧʨʦʚʝʨʦʢ ʛʦʪʦʚʥʦʩʪʠ ʧʝʨʩʦʥʘʣʘ 

ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʫʨʦʚʝʥʴ ʨʝʘʛʠʨʦʚʘʥʠʷ ʠ ʩʥʠʟʠʪʴ 

ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʦʢ ʧʨʠ ʣʠʢʚʠʜʘʮʠʠ ʧʦʞʘʨʘ. ʂʨʦʤʝ 

ʪʦʛʦ, ʚʘʞʥʦ ʦʨʛʘʥʠʟʦʚʘʪʴ ʧʦʩʪʦʷʥʥʳʡ ʢʦʥʪʨʦʣʴ 

ʩʦʩʪʦʷʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʩʚʦʝʚʨʝʤʝʥʥʦ ʚʳʷʚʣʷʪʴ 

ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʠ ʧʨʦʚʦʜʠʪʴ 

ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʝ ʤʝʨʦʧʨʠʷʪʠʷ. 

ʅʝʣʴʟʷ ʟʘʙʳʚʘʪʴ ʠ ʦʙ ʵʢʦʣʦʛʠʯʝʩʢʦʤ ʘʩʧʝʢʪʝ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʠʩʪʝʤ ʧʦʞʘʨʦʪʫʰʝʥʠʷ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʦʛʥʝʪʫʰʘʱʠʭ ʚʝʱʝʩʪʚ, 

ʦʩʦʙʝʥʥʦ ʧʨʠ ʪʫʰʝʥʠʠ ʢʨʫʧʥʳʭ ʧʦʞʘʨʦʚ, ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʟʘʛʨʷʟʥʝʥʠʶ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʇʦʵʪʦʤʫ 

ʚʩʸ ʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʶ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ ʩʦʩʪʘʚʦʚ, ʢʦʪʦʨʳʝ ʥʝ 

ʦʢʘʟʳʚʘʶʪ ʚʨʝʜʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʦʯʚʫ, ʚʦʜʦʸʤʳ ʠ 

ʘʪʤʦʩʬʝʨʫ. ʕʪʦ ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʠ ʚʥʝʜʨʝʥʠʷ 

ʥʦʚʳʭ ʨʝʮʝʧʪʫʨ, ʩʦʚʤʝʩʪʠʤʳʭ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ 

ʩʠʩʪʝʤʘʤʠ, ʘ ʪʘʢʞʝ ʥʦʨʤʘʪʠʚʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʦʪʢʨʳʚʘʶʪ ʥʦʚʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤ 

ʧʦʞʘʨʦʪʫʰʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʧʨʠʤʝʥʝʥʠʝ ʜʨʦʥʦʚ ʠ 

ʪʝʧʣʦʚʠʟʠʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʦʧʝʨʘʪʠʚʥʦ 

ʦʮʝʥʠʚʘʪʴ ʤʘʩʰʪʘʙ ʧʦʞʘʨʘ, ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʜʠʥʘʤʠʢʫ 

ʝʛʦ ʨʘʟʚʠʪʠʷ ʠ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʜʝʡʩʪʚʠʷ ʧʦʞʘʨʥʳʭ 

ʩʣʫʞʙ. ʊʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʘʨʠʘʥʪʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʜʣʷ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʧʦʞʘʨʘ ʠ ʚʳʙʦʨʘ 

ʦʧʪʠʤʘʣʴʥʦʡ ʪʘʢʪʠʢʠ ʪʫʰʝʥʠʷ. ʊʘʢʠʝ ʧʦʜʭʦʜʳ, ʭʦʪʷ 

ʧʦʢʘ ʥʝ ʧʦʣʫʯʠʣʠ ʤʘʩʩʦʚʦʛʦ ʧʨʠʤʝʥʝʥʠʷ, 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʙʫʜʫʱʝʛʦ ʨʘʟʚʠʪʠʷ 

ʩʠʩʪʝʤ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʊʕʉ. 

ɺʤʝʩʪʝ ʩ ʵʪʠʤ, ʚʥʝʜʨʝʥʠʝ ʥʦʚʳʭ ʨʝʰʝʥʠʡ 

ʜʦʣʞʥʦ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʵʢʦʥʦʤʠʯʝʩʢʠʤ 

ʦʙʦʩʥʦʚʘʥʠʝʤ ʠ ʘʥʘʣʠʟʦʤ ʨʠʩʢʦʚ. ʂʘʞʜʦʝ ʠʟʤʝʥʝʥʠʝ 

ʚ ʩʠʩʪʝʤʝ ʧʦʞʘʨʦʪʫʰʝʥʠʷ ʪʨʝʙʫʝʪ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ, 

ʚʨʝʤʝʥʠ ʠ ʨʝʩʫʨʩʦʚ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ 

ʥʝ ʪʦʣʴʢʦ ʪʝʭʥʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʥʦ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ. ʆʩʦʙʝʥʥʦ ʵʪʦ 

ʚʘʞʥʦ ʜʣʷ ʩʪʘʨʳʭ ʩʪʘʥʮʠʡ, ʛʜʝ ʦʛʨʘʥʠʯʝʥ ʙʶʜʞʝʪ ʥʘ 

ʤʦʜʝʨʥʠʟʘʮʠʶ ʠ ʪʨʝʙʫʝʪʩʷ ʙʘʣʘʥʩ ʤʝʞʜʫ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʦʙʥʦʚʣʝʥʠʷ ʩʠʩʪʝʤ ʠ ʬʠʥʘʥʩʦʚʳʤʠ 

ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʧʨʝʜʧʨʠʷʪʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʩʠʩʪʝʤ 

ʧʦʞʘʨʦʪʫʰʝʥʠʷ ʤʘʟʫʪʥʳʭ ʨʝʟʝʨʚʫʘʨʦʚ ʜʦʣʞʥʦ ʙʳʪʴ 

ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʧʦʚʳʰʝʥʠʝ ʠʭ ʘʜʘʧʪʠʚʥʦʩʪʠ, 

ʥʘʜʸʞʥʦʩʪʠ ʠ ʠʥʪʝʛʨʘʮʠʠ ʚ ʦʙʱʫʶ ʩʠʩʪʝʤʫ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʊʕʉ. ʊʦʣʴʢʦ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ, 

ʩʦʯʝʪʘʶʱʠʡ ʪʝʭʥʠʯʝʩʢʦʝ ʦʩʥʘʱʝʥʠʝ, 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʤʝʨʳ ʠ ʯʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ, 

ʧʦʟʚʦʣʠʪ ʩʥʠʟʠʪʴ ʫʨʦʚʝʥʴ ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʠ ʠ 

ʦʙʝʩʧʝʯʠʪʴ ʫʩʪʦʡʯʠʚʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ. 
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ɸʅʅʆʊɸʎʀʗ 

 

ʊʦʢʠ ʌʫʢʦ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʠʭʨʝʚʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʪʦʢʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʧʨʦʚʦʜʷʱʠʭ ʤʘʪʝʨʠʘʣʘʭ 

ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ, ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ ʥʠʭ. ʊʦʢʠ ʌʫʢʦ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʫʩʪʨʦʡʩʪʚʘʭ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʟʘʤʝʜʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʦʙʲʝʢʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʪʦʨʤʦʟʘ ʠ ʟʘʤʝʜʣʠʪʝʣʠ. ʀʭ 

ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʦʩʥʦʚʘʥ ʥʘ ʩʦʟʜʘʥʠʠ ʧʨʦʪʠʚʦʜʝʡʩʪʚʫʶʱʝʡ ʩʠʣʳ, ʚʦʟʥʠʢʘʶʱʝʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩ ʪʦʢʘʤʠ ʌʫʢʦ. ʆʪʩʫʪʩʪʚʠʝ ʬʠʟʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ ʤʝʞʜʫ ʜʚʠʞʫʱʠʤʠʩʷ ʯʘʩʪʷʤʠ ʧʦʟʚʦʣʷʝʪ 

ʩʥʠʟʠʪʴ ʠʟʥʦʩ ʜʝʪʘʣʝʡ, ʧʦʚʳʩʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʠ ʧʨʦʜʣʠʪʴ ʩʨʦʢ ʩʣʫʞʙʳ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ 

ʪʦʨʤʦʟʘ ʠ ʟʘʤʝʜʣʠʪʝʣʠ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʪʦʢʠ ʌʫʢʦ, ʥʘʰʣʠ ʧʨʠʤʝʥʝʥʠʝ ʚ ʦʙʣʘʩʪʷʭ 

ʪʝʭʥʠʢʠʘʚʪʦʤʦʙʠʣʴʥʦʛʦʪʨʘʥʩʧʦʨʪʘ. ɹʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʥʘʜʝʞʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ, ʫʩʪʨʦʡʩʪʚʘ 

ʥʘ ʦʩʥʦʚʝ ʪʦʢʦʚ ʌʫʢʦ ʩʪʘʣʠ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʠʥʞʝʥʝʨʥʦʡ ʧʨʘʢʪʠʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʦʢʠ ʌʫʢʦ, ʪʦʨʤʦʟ-ʟʘʤʝʜʣʠʪʝʣʴ, ʩʪʘʪʦʨ, ʨʦʪʦʨ, ʙʝʟʦʧʘʩʥʦʩʪʴ, ʩʠʪʫʘʮʠʦʥʥʳʝ 

ʪʦʨʤʦʞʝʥʠʷ. 

 

ABSTRACT 

 

Foucault currents are vortex-like electric currents that arise in conductive materials when the magnetic flux 

passing through them changes. These currents find application in devices designed to slow down moving objects, such 

as electromagnetic brakes and retarders. Their operating principle is based on generating a counteracting force that 

arises from the interaction of the magnetic field with the Foucault currents. The absence of physical contact between 

moving parts allows reducing wear on components, increasing reliability, and extending the service life of equipment. 

Electromagnetic brakes and retarders using Foucault currents have found application in automotive technology. Due to 

their effectiveness, reliability, and durability, devices based on Foucault currents have become an indispensable part of 

engineering practice. 

Keywords: Foucault currents, retarder, stator, rotor, safet, situational braking. 

 

ʊʦʢʠ ʌʫʢʦ ï ʵʪʦ ʚʠʭʨʝʚʳʝ ʪʦʢʠ, 

ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʧʨʦʚʦʜʷʱʠʭ ʤʘʪʝʨʠʘʣʘʭ ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʀʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ 

ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʩʪʘʥʦʚʠʪʩʷ ʚʩʸ 

ʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ, ʦʪʢʨʳʚʘʷ ʥʦʚʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ, ʦʪ ʪʦʨʤʦʞʝʥʠʷ 

ʜʦ ʵʥʝʨʛʝʪʠʢʠ. ʕʪʦʪ ʜʦʢʣʘʜ ʨʘʩʩʤʦʪʨʠʪ 

ʩʦʚʨʝʤʝʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʪʦʢʦʚ ʌʫʢʦ ʚ 

ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ.  

ʀʟʥʘʯʘʣʴʥʦ ʚʠʭʨʝʚʳʝ ʪʦʢʠ ʙʳʣʠ 

ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʚ 1824 ʛʦʜʫ ʫʯʝʥʳʤ ɼʦʤʠʥʠʢ ɸʨʘʛʦ 

ʚʦ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʩʣʝʜʫʶʱʝʛʦ ʦʧʳʪʘ: ʥʘ ʦʜʥʦʡ 

ʦʩʠ ʙʳʣʠ ʩʤʦʥʪʠʨʦʚʘʥʳ ʤʝʜʥʳʡ ʜʠʩʢ ʠ ʤʘʛʥʠʪʥʘʷ 

ʩʪʨʝʣʢʘ, ʜʠʩʢ ʨʘʩʧʦʣʘʛʘʣʩʷ ʚʥʠʟʫ, ʩʪʨʝʣʢʘ 

ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ. ʉʪʨʝʣʢʫ ʚʨʘʱʘʣʠ, ʩʣʝʜʦʤ ʤʝʜʥʳʡ 

ʜʠʩʢ ʪʘʢʞʝ ʥʘʯʠʥʘʣ ʚʨʘʱʘʪʴʩʷ, ʪʘʢ ʢʘʢ 

ʧʨʦʪʝʢʘʶʱʠʝ ʪʦʢʠ ʬʦʨʤʠʨʦʚʘʣʠ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, 

ʢʦʪʦʨʦʝ  ʚʩʪʫʧʘʣʦ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʤʘʛʥʠʪʥʦʡ 

ʩʪʨʝʣʢʦʡ[4]. 

ʇʦ ʠʩʪʝʯʝʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʣʝʪ ʵʪʦʪ ʚʦʧʨʦʩ 

ʩʪʘʣ ʠʟʫʯʘʪʴ ʄʘʢʩʚʝʣʣ ʌʘʨʘʜʝʡ, ʢʦʪʦʨʳʡ ʢʘʢ ʨʘʟ 

ʦʪʢʨʳʣ ʟʘʢʦʥ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ. 

ʉʦʛʣʘʩʥʦ ʦʪʢʨʳʪʦʤʫ ʟʘʢʦʥʫ ʙʳʣʦ ʩʜʝʣʘʥʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʦʢʘʟʳʚʘʝʪ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʘʪʦʤʥʫʶ ʨʝʰʝʪʢʫ 

ʧʨʦʚʦʜʥʠʢʘ. 

ʀ ʦʙʨʘʟʫʶʱʠʡʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʘʥʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ, ʚʩʝʛʜʘ ʬʦʨʤʠʨʫʝʪ 

ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʚʦ ʚʩʝʤ ʧʨʦʚʦʜʥʠʢʝ. 

ɸ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʣ ʚʠʭʨʝʚʳʝ ʪʦʢʠ ʫʞʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʪʦʨ ɾʘʥ ɹʝʨʥʘʨ ʃʝʦʥ ʌʫʢʦ, ʠʤʝʥʥʦ 

ʧʦʵʪʦʤʫ ʚʪʦʨʦʝ ʥʘʟʚʘʥʠʝ ʚʠʭʨʝʚʳʭ ʪʦʢʦʚ ï ʪʦʢʠ 

ʌʫʢʦ. 
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ʂʦʛʜʘ ʧʨʦʚʦʜʷʱʠʡ ʤʘʪʝʨʠʘʣ ʧʦʤʝʱʘʝʪʩʷ ʚ 

ʧʝʨʝʤʝʥʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʚ ʥʝʤ ʩʦʟʜʘʝʪʩʷ 

ʵʣʝʢʪʨʦʜʚʠʞʫʱʘʷ ʩʠʣʘ (ʕɼʉ). ʕʪʘ ʕɼʉ ʟʘʩʪʘʚʣʷʝʪ 

ʵʣʝʢʪʨʦʥʳ ʜʚʠʛʘʪʴʩʷ ʧʦ ʢʨʫʛʦʚʳʤ ʪʨʘʝʢʪʦʨʠʷʤ 

ʚʥʫʪʨʠ ʤʘʪʝʨʠʘʣʘ, ʦʙʨʘʟʫʷ ʚʠʭʨʝʚʳʝ ʪʦʢʠ. ʕʪʠ 

ʪʦʢʠ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʦʟʜʘʶʪ ʩʦʙʩʪʚʝʥʥʦʝ 

ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʢʦʪʦʨʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ 

ʠʩʭʦʜʥʳʤ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ. 

ɺ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʪʦʢʠ 

ʌʫʢʦ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʙʣʘʛʦʜʘʨʷ 

ʩʚʦʠʤ ʫʥʠʢʘʣʴʥʳʤ ʩʚʦʡʩʪʚʘʤ, ʧʦʟʚʦʣʷʶʱʠʤ 

ʵʬʬʝʢʪʠʚʥʦ ʨʝʰʘʪʴ ʨʘʟʣʠʯʥʳʝ ʟʘʜʘʯʠ ʢ ʧʨʠʤʝʨʫ 

ʪʘʢʠʝ ʢʘʢ:  

- ʅʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ (ʅʂ) ʢʘʯʝʩʪʚʘ - 

ʦʙʥʘʨʫʞʝʥʠʝ ʜʝʬʝʢʪʦʚ ʪʘʢʠʭ ʢʘʢ ʪʨʝʱʠʥʳ, 

ʢʦʨʨʦʟʠʷ, ʚʢʣʶʯʝʥʠʷ, ʧʦʨʳ ʠ ʠʟʤʝʥʝʥʠʷ ʚ 

ʩʪʨʫʢʪʫʨʝ ʤʘʪʝʨʠʘʣʦʚ, ʠʥʩʧʝʢʮʠʠ ʩʚʘʨʥʳʭ ʰʚʦʚ 

ʩʦʝʜʠʥʝʥʠʡ. 

- ʀʥʜʫʢʮʠʦʥʥʳʡ ʥʘʛʨʝʚʘ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʜʝʪʘʣʝʡ ʥʘʧʨʠʤʝʨ, ʧʨʠ ʩʚʘʨʢʝ, ʧʘʡʢʝ ʠʣʠ ʟʘʢʘʣʢʝ, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʪʚʝʨʜʦʩʪʠ ʠ 

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʜʝʪʘʣʝʡ. 

ɺ ʘʚʪʦʤʦʙʠʣʷʭ, ʪʦʢʠ ʌʫʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʪʦʨʤʦʟʘʭ. ʐʠʨʦʢʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ 

ʪʦʨʤʦʟʘ ʚ ʨʘʟʣʠʯʥʳʭ ʘʚʪʦʤʦʙʠʣʷʭ, ʦʩʦʙʝʥʥʦ ʚ 

ʛʠʙʨʠʜʥʳʭ ʠ ʵʣʝʢʪʨʦʤʦʙʠʣʷʭ, ʛʜʝ ʦʥʠ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʣʘʚʥʦʝ ʠ ʪʦʯʥʦʝ ʪʦʨʤʦʞʝʥʠʝ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʦʢʦʚ ʌʫʢʦ ʤʦʞʝʪ ʧʦʟʚʦʣʠʪʴ 

ʩʦʟʜʘʚʘʪʴ ʙʦʣʝʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ 

ʧʦʜʚʝʩʢʠ, ʢʦʪʦʨʳʝ ʨʝʘʛʠʨʫʶʪ ʥʘ ʜʦʨʦʞʥʳʝ ʫʩʣʦʚʠʷ 

ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʙʦʣʝʝ 

ʢʦʤʬʦʨʪʥʦʝ ʠ ʙʝʟʦʧʘʩʥʦʝ ʚʦʞʜʝʥʠʝ. ʂ ʵʪʦʤʫ 

ʦʪʥʦʩʠʪʩʷ ʙʝʩʢʣʶʯʝʚʦʡ ʜʦʩʪʫʧ ʠ ʟʘʧʫʩʢ ʜʚʠʛʘʪʝʣʷ, 

ʚ ʜʘʪʯʠʢʘʭ ʧʦʣʦʞʝʥʠʷ, ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ ʠ 

ʨʘʩʧʨʝʜʚʘʣʘ, ʚ ʜʘʪʯʠʢʘʭ ABS (ʘʥʪʠʙʣʦʢʠʨʦʚʦʯʥʘʷ 

ʩʠʩʪʝʤʘ) ʠ ESP (ʩʠʩʪʝʤʘ ʩʪʘʙʠʣʠʟʘʮʠʠ). 

ʂʘʢ ʧʨʘʚʠʣʦ, ʟʘʤʝʜʣʝʥʠʝ, ʠʣʠ ʪʦʨʤʦʞʝʥʠʝ 

ʚʳʧʦʣʥʷʝʪʩʷ ʨʘʙʦʯʝʡ ʪʦʨʤʦʟʥʦʡ ʩʠʩʪʝʤʦʡ 

ʘʚʪʦʤʦʙʠʣʷ. ʅʝʩʤʦʪʨʷ ʥʘ ʧʦʩʪʦʷʥʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ, ʨʘʙʦʯʠʝ ʪʦʨʤʦʟʥʳʝ ʩʠʩʪʝʤʳ 

ʘʚʪʦʤʦʙʠʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʫʞʝ ʥʝ 

ʩʧʦʩʦʙʥʳ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʫʜʦʚʣʝʪʚʦʨʠʪʴ 

ʪʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʘʢʪʠʚʥʦʡ ʠ 

ʧʘʩʩʠʚʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʇʨʠʯʠʥʘ ʵʪʦʛʦ 

ʟʘʢʣʶʯʘʝʪʩʷ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʚ ʫʚʝʣʠʯʝʥʠʠ 

ʥʘʛʨʫʟʢʠ ʠ ʩʢʦʨʦʩʪʠ, ʘ ʩ ʜʨʫʛʦʡ ð ʚ ʠʟʤʝʥʝʥʠʠ 

ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ (ʙʦʣʝʝ ʚʳʩʦʢʘʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʚʠʞʝʥʠʷ, ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʪʦʢʘ), ʯʪʦ ʚʝʜʝʪ ʢ ʨʦʩʪʫ 

ʢʦʣʠʯʝʩʪʚʘ çʩʠʪʫʘʪʠʚʥʳʭ ʪʦʨʤʦʞʝʥʠʡè. 

ʉʚʷʟʘʥʥʳʝ ʩ ʵʪʠʤ ʚʦʧʨʦʩʳ ʦʙʝʩʧʝʯʝʥʠʷ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʚʳʟʚʘʣʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ 

ʪʱʘʪʝʣʴʥʦʤ ʠʟʫʯʝʥʠʠ ʪʦʨʤʦʟʥʳʭ ʩʠʩʪʝʤ, 

ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʭ ʥʘ ʘʚʪʦʤʦʙʠʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ. 

ɺ ʨʘʙʦʯʝʡ ʪʦʨʤʦʟʥʦʡ ʩʠʩʪʝʤʝ ʚ ʩʣʫʯʘʝ 

ʧʝʨʝʛʨʫʟʢʠ ʠʤʝʝʪ ʤʝʩʪʦ ʦʩʣʘʙʣʝʥʠʝ ʪʦʨʤʦʟʥʦʛʦ 

ʜʝʡʩʪʚʠʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠ ʦʯʝʨʝʜʥʦʤ ʵʢʩʪʨʝʥʥʦʤ 

ʪʦʨʤʦʞʝʥʠʠ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘʭ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʦʨʤʦʞʝʥʠʷ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ 

ʥʝʜʦʩʪʘʪʦʯʥʦʡ.  

ʅʝʜʘʨʦʤ ʩʫʱʝʩʪʚʫʝʪ ʟʘʢʦʥ, ʩʦʛʣʘʩʥʦ 

ʢʦʪʦʨʦʤʫ ʘʚʪʦʤʦʙʠʣʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʧʝʨʝʚʦʟʢʠ 

ʦʧʘʩʥʳʭ ʛʨʫʟʦʚ, ʜʦʣʞʥʳ ʙʳʪʴ ʦʩʥʘʱʝʥʳ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʪʦʨʤʦʟʥʦʡ ʩʠʩʪʝʤʦʡ, ʩʧʦʩʦʙʥʦʡ 

ʦʙʝʩʧʝʯʠʪʴ ʜʣʠʪʝʣʴʥʦʝ ʪʦʨʤʦʞʝʥʠʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ çʪʦʨʤʦʞʝʥʠʷ ʜʦ ʧʦʣʥʦʡ 

ʦʩʪʘʥʦʚʢʠè ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʝʩʴ ʧʦʪʝʥʮʠʘʣ ʭʦʣʦʜʥʳʭ 

ʨʘʙʦʯʠʭ ʪʦʨʤʦʟʦʚ. 

ʅʝʠʟʥʘʰʠʚʘʝʤʳʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ 

ʪʦʨʤʦʟʥʳʝ ʩʠʩʪʝʤʳ ʩʪʘʥʦʚʷʪʩʷ ʚʩʸ ʙʦʣʝʝ 

ʧʦʧʫʣʷʨʥʳʤʠ ʜʣʷ ʛʨʫʟʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʠ 

ʘʚʪʦʙʫʩʦʚ. ʆʥʠ ʧʦʚʳʰʘʶʪ ʘʢʪʠʚʥʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʘʚʪʦʤʦʙʠʣʝʡ, ʪʘʢ ʢʘʢ ʫʤʝʥʴʰʘʶʪ ʥʘʛʨʫʟʢʫ ʥʘ 

ʨʘʙʦʯʫʶ ʪʦʨʤʦʟʥʫʶ ʩʠʩʪʝʤʫ, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʶʪ 

ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʚʪʦʤʦʙʠʣʝʡ 

ʙʣʘʛʦʜʘʨʷ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ 

ʪʦʨʤʦʟʥʳʭ ʥʘʢʣʘʜʦʢ. 

ʈʝʪʘʨʜʝʨ(ʪʦʨʤʦʟ-ʟʘʤʝʜʣʠʪʝʣʴ) - ʵʪʦ 

ʫʩʪʨʦʡʩʪʚʦ ʠʣʠ ʩʠʩʪʝʤʘ ʪʦʨʤʦʞʝʥʠʷ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʟʘʤʝʜʣʝʥʠʷ ʠʣʠ ʦʩʪʘʥʦʚʢʠ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ, ʦʙʳʯʥʦ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ 

ʦʩʥʦʚʥʳʭ ʪʦʨʤʦʟʥʳʭ ʤʝʭʘʥʠʟʤʦʚ. ɺ ʦʩʥʦʚʥʦʤ 

ʨʝʪʘʨʜʝʨʳ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʛʨʫʟʦʚʳʭ ʘʚʪʦʤʦʙʠʣʷʭ, 

ʘʚʪʦʙʫʩʘʭ ʠ ʛʦʨʥʳʭ ʤʘʰʠʥʘʭ ʜʣʷ ʩʥʠʞʝʥʠʷ 

ʩʢʦʨʦʩʪʠ ʠ ʧʦʜʜʝʨʞʘʥʠʷ ʙʝʟʦʧʘʩʥʦʛʦ ʨʝʞʠʤʘ 

ʨʘʙʦʪʳ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʩʧʫʩʢʝ ʠʣʠ ʜʚʠʞʝʥʠʠ ʧʦ 

ʥʘʢʣʦʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʦʢʘʟʘʥ ʚʥʝʰʥʠʡ ʚʠʜ ʪʦʨʤʦʟʘ - 

ʟʘʤʝʜʣʠʪʝʣʷ 

 
 

ʈʠʩʫʥʦʢ 1. ɺʥʝʰʥʠʡ ʚʠʜ ʪʦʨʤʦʟʘ- 

ʟʘʤʝʜʣʠʪʝʣʷ. 

 

ɺ ʫʩʪʨʦʡʩʪʚʝ ʪʦʨʤʦʟʘ-ʟʘʤʝʜʣʠʪʝʣʷ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʝʧʦʜʚʠʞʥʘʷ ʯʘʩʪʴ (ʩʪʘʪʦʨ) ʠ ʜʚʝ 

ʚʨʘʱʘʶʱʠʝʩʷ ʯʘʩʪʠ (ʨʦʪʦʨʳ), ʢʦʪʦʨʳʝ ʞʸʩʪʢʦ 

ʩʚʷʟʘʥʳ ʩ ʧʨʠʚʦʜʥʳʤ ʚʘʣʦʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʠʭ 

ʚʨʘʱʝʥʠʝ. 

ʉʪʘʪʦʨ ʠ ʨʦʪʦʨʳ ʫʩʪʘʥʦʚʣʝʥʳ ʢʦʘʢʩʠʘʣʴʥʦ 

ʜʨʫʛ ʥʘʧʨʦʪʠʚ ʜʨʫʛʘ ʠ ʨʘʟʜʝʣʝʥʳ ʚʦʟʜʫʰʥʳʤ 

ʟʘʟʦʨʦʤ ʜʣʷ ʠʟʙʝʞʘʥʠʝ ʢʘʢʦʛʦ-ʣʠʙʦ ʪʨʝʥʠʷ. 

ʉʪʘʪʦʨ ï (ʠʥʜʫʢʪʦʨ) ʩʦʩʪʦʠʪ ʠʟ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʭʜʚʫʭ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʦʚ, ʢʦʪʦʨʳʝ ʧʨʠ ʥʝʧʨʝʨʳʚʥʦʤ 

ʧʨʦʪʝʢʘʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʯʝʨʝʟ ʦʙʤʦʪʢʠ 

ʩʪʘʪʦʨʘ ʩʦʟʜʘʶʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʢʦʪʦʨʦʝ 

ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʦʢʦʚ ʌʫʢʦ ʚ 
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ʤʘʪʝʨʠʘʣʝ ʨʦʪʦʨʦʚ. ʅʘ ʨʠʩʫʥʢʝ 2 ʧʦʢʘʟʘʥ ʚʠʜ 

ʩʪʘʪʦʨʘ. 

 

 
ʈʠʩʫʥʦʢ 2. ʉʪʘʪʦʨ 

 

ʈʦʪʦʨʳ ïɻ ʪʦ ʢʣʶʯʝʚʘʷ ʯʘʩʪʴ ʪʦʨʤʦʟʥʦʡ 

ʩʠʩʪʝʤʳ. ʆʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʝʪʘʣʣʠʯʝʩʢʠʡ 

ʜʠʩʢ ʩ ʨʝʙʨʘʤʠ ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ, ʚʨʘʱʘʶʱʠʡʩʷ 

ʚʤʝʩʪʝ ʩ ʢʘʨʜʘʥʥʳʤ ʚʘʣʦʤ. ʂʦʛʜʘ ʨʝʪʘʨʜʝʨ 

ʘʢʪʠʚʠʨʫʝʪʩʷ, ʚ ʝʛʦ ʨʦʪʦʨʝ ʚʦʟʥʠʢʘʶʪ ʚʠʭʨʝʚʳʝ 

ʪʦʢʠ (ʪʦʢʠ ʌʫʢʦ), ʢʦʪʦʨʳʝ ʩʦʟʜʘʶʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʚʨʘʱʝʥʠʶ. ʕʪʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʝʦʙʨʘʟʫʝʪ 

ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʘʚʪʦʤʦʙʠʣʷ ʚ ʪʝʧʣʦʚʫʶ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʵʬʬʝʢʪʠʚʥʦʝ ʪʦʨʤʦʞʝʥʠʝ.  

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʦʢʘʟʘʥ ʚʠʜ ʚʝʥʪʠʣʠʨʫʝʤʦʛʦ 

ʨʦʪʦʨʘ. 

 

 
 

ʈʠʩʫʥʦʢ 3. ɺʝʥʪʠʣʠʨʫʝʤʳʡ ʨʦʪʦʨ 

 

ʊʦʢʠ ʌʫʢʦ ð ʵʪʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʪʦʢʠ, 

ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʚʥʫʪʨʠ ʤʘʩʩʠʚʥʳʭ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʜʝʪʘʣʝʡ ʧʨʠ ʠʭ ʧʦʤʝʱʝʥʠʠ ʚ 

ʧʝʨʝʤʝʥʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ. ʕʪʠ ʪʦʢʠ ʧʨʦʪʝʢʘʶʪ 

ʧʦ ʟʘʤʢʥʫʪʳʤ ʢʦʥʪʫʨʘʤ, ʩʣʝʜʫʷ ʟʘ ʣʠʥʠʷʤʠ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ, ʠ ʠʭ ʯʘʩʪʦ ʥʘʟʳʚʘʶʪ 

ʚʠʭʨʝʚʳʤʠ ʪʦʢʘʤʠ.  

ʆʙʨʘʟʦʚʘʥʠʝ ʪʦʢʦʚ ʌʫʢʦ ʚ ʤʘʪʝʨʠʘʣʝ 

ʨʦʪʦʨʘ ʚʳʟʳʚʘʝʪ ʧʦʷʚʣʝʥʠʝ ʩʠʣ ʃʘʧʣʘʩʘ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʚʨʘʱʘʪʝʣʴʥʦʤʫ 

ʜʚʠʞʝʥʠʶ ʨʦʪʦʨʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʥʠʢʘʝʪ 

ʪʦʨʤʦʟʥʦʡ ʤʦʤʝʥʪ, ʢʦʪʦʨʳʡ ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ 

ʧʨʠʚʦʜʥʦʡ ʚʘʣ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʟʘʤʝʜʣʝʥʠʶ 

ʜʚʠʞʝʥʠʷ ʘʚʪʦʤʦʙʠʣʷ. 

ɺʠʭʨʝʚʳʝ ʪʦʢʠ ʌʫʢʦ ʚʳʟʳʚʘʶʪ ʠʥʪʝʥʩʠʚʥʳʡ 

ʥʘʛʨʝʚ ʨʦʪʦʨʦʚ, ʪʝʧʣʦ ʦʪ ʢʦʪʦʨʳʭ ʫʜʘʣʷʝʪʩʷ ʚ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʚʝʥʪʠʣʷʮʠʠ.[4]. 

ʄʝʩʪʘ ʫʩʪʘʥʦʚʢʠ ʨʝʪʘʨʜʝʨʘ 

ʉʫʱʝʩʪʚʫʝʪ 4 ʤʝʩʪʘ ʫʩʪʘʥʦʚʢʠ ʨʝʪʘʨʜʝʨʘ. 

ʂʨʫʧʥʳʝ ʢʦʤʧʘʥʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʢʦʨʦʙʦʢ 

ʧʝʨʝʤʝʥʥʳʭ ʧʝʨʝʜʘʯ (ʥʘʧʨʠʤʝʨ, ZF ʠ Voith) 

ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʠʥʪʘʨʜʝʨ ʩʨʘʟʫ ʧʦʩʣʝ ʂʇʇ 

(ʈʘʩʧʦʣʣʦʞʝʥʠʝ 1 ʥʘ ʨʠʩʫʥʢʝ 4). ʕʪʦ ʤʝʩʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʚʦʟʤʦʞʥʦʩʪʴʶ ʤʝʩʪʥʦʡ ʠʥʪʝʛʨʘʮʠʠ 

ʟʘʤʝʜʣʠʪʝʣʷ ʚ ʢʦʨʦʙʢʫ ʧʝʨʝʜʘʯ. ʅʦ ʧʦʜʦʙʥʘʷ ʩʭʝʤʘ 

ʪʨʝʙʫʝʪ ʫʩʠʣʝʥʠʝ ʢʨʝʧʣʝʥʠʷ ʂʇʇ, ʪʘʢ ʢʘʢ ʦʙʱʠʡ 

ʚʝʩ ʫʩʪʘʥʦʚʢʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 

ʈʘʩʧʦʣʦʞʝʥʠʝ 3 ʠ 4 ʥʘ ʨʠʩʫʥʢʝ 4 ð 

ʫʩʪʘʥʦʚʢʘ ʥʘ ʚʝʜʫʱʝʤ ʤʦʩʪʫ. ʇʦʟʠʮʠʷ 4 ʯʘʱʝ ʚʩʝʛʦ 

ʧʨʠʤʝʥʷʝʪʩʷ ʥʘ ʩʨʝʜʥʝʤ ʚʝʜʫʱʝʤ ʤʦʩʪʫ. ʄʠʥʫʩʦʤ 

ʜʘʥʥʦʛʦ ʚʠʜʘ ʫʩʪʘʥʦʚʢʠ ʷʚʣʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʥʝ 

ʧʦʜʨʝʩʩʦʨʝʥʥʦʡ ʤʘʩʩʳ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʘ 

ʧʦʣʥʦʧʨʠʚʦʜʥʦʤ ʘʚʪʦʤʦʙʠʣʝ, ʩ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ 

ʧʝʨʝʜ ʨʘʟʜʘʪʦʯʥʦʡ ʢʦʨʦʙʢʦʡ. ʇʦʤʠʤʦ ʵʪʦʛʦ ʝʩʪʴ 

ʜʨʫʛʠʝ ʚʘʨʠʘʥʪʳ ʫʩʪʘʥʦʚʢʠ ʪʦʨʤʦʟʘ-ʟʘʤʝʜʣʠʪʝʣʷ 

ʚʧʝʨʝʜʠ ʜʚʠʛʘʪʝʣʷ, ʜʘʥʥʳʡ ʚʠʜ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʥʘʟʳʚʘʝʪʩʷ ʘʢʚʘʪʘʨʜʝʨ. 

 
ʈʠʩʫʥʦʢ 4. ʄʝʩʪʘ ʫʩʪʘʥʦʚʢʠ ʨʝʪʘʨʜʝʨʘ 

 

ʇʨʦʠʟʚʦʜʠʪʝʣʠ ʝʚʨʦʧʝʡʩʢʠʭ ʘʚʪʦʙʫʩʦʚ ʠ 

ʩʨʝʜʥʝʪʦʥʥʘʞʥʳʭ ʛʨʫʟʦʚʠʢʦʚ (ʥʘʧʨʠʤʝʨ, ZF 

Friedrichshafen AG) ʠʥʪʝʛʨʠʨʫʶʪ ʨʝʪʘʨʜʝʨ ʧʨʷʤʦ ʚ 

ʢʦʨʦʙʢʫ ʧʝʨʝʜʘʯ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʥʠʞʝʥʠʝ ʚʝʩʘ, 

ʣʸʛʢʦʩʪʴ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʦʭʣʘʞʜʝʥʠʝ ʜʚʠʛʘʪʝʣʷ 

ʞʠʜʢʦʩʪʴʶ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ [2]. 

ʈʝʪʘʨʜʝʨ ʚʦʟʤʦʞʥʦ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʚ 

ʧʦʜʚʝʰʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ  ʥʘ ʢʨʝʧʣʝʥʠʠ ʚ ʩʨʝʜʥʝʡ 

ʯʘʩʪʠ ʨʘʤʳ ʘʚʪʦʤʦʙʠʣʷ, ʤʝʞʜʫ ʢʦʨʦʙʢʦʡ ʧʝʨʝʜʘʯ ʠ 

ʚʝʜʫʱʠʤ ʤʦʩʪʦʤ [5].ʇʫʪʝʤ ʩʦʝʜʠʥʝʥʠʷ ʯʘʩʪʝʡ 

ʢʦʥʩʪʨʫʢʮʠʠ ʜʚʫʤʷ ʢʘʨʜʘʥʥʳʤʠ ʚʘʣʘʤʠ, ʢʘʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 5. 

 

 
ʈʠʩʫʥʦʢ 5. ʈʝʪʘʨʜʝʨ 
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ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʨʝʪʘʨʜʨʦʤ ʠʩʧʦʣʴʟʫʶʪ ʪʨʠ  

ʩʧʦʩʦʙʘ: ʧʝʨʚʳʡ ʩʧʦʩʦʙ ʨʫʯʥʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʦʥʦ 

ʠʤʝʝʪ 6 ʨʝʞʠʤʦʚ ʧʝʨʝʢʣʶʯʝʥʠʷ: ʩʠʣʘ ʪʦʨʤʦʞʝʥʠʷ 

(4 ʨʝʞʠʤʘ), ʧʦʣʦʞʝʥʠʝ ʜʣʷ ʧʦʩʪʦʷʥʥʦʛʦ 

ʪʦʨʤʦʞʝʥʠʷ ʠ ʥʝʡʪʨʘʣʴʥʘʷ ʧʦʟʠʮʠʷ, ʚʪʦʨʦʡ ʩʧʦʩʦʙ 

ʵʪʦ ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʘʢʪʠʚʘʮʠʷ, ʩʦʚʨʝʤʝʥʥʳʝ 

ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʚ ʧʘʨʝ ʩ ʪʦʨʤʦʟʥʦʡ 

ʧʝʜʘʣʴʶ ʠʣʠ ʧʨʠ ʩʙʨʦʩʝ ʛʘʟʘ. ʕʪʦ ʫʜʦʙʥʦ ʜʣʷ 

ʥʝʦʧʳʪʥʳʭ ʚʦʜʠʪʝʣʝʡ ʠ ʧʦʚʳʰʘʝʪ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʧʨʠ ʧʦʤʦʱʠ ʧʝʜʘʣʠ ʪʦʨʤʦʟʘ. ɸʢʪʠʚʘʮʠʷ 

ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʪʦʨʤʦʟʘ (ʠ ʨʝʛʫʣʠʨʦʚʢʘ ʪʦʨʤʦʟʥʳʭ 

ʫʩʠʣʠʡ) ʧʨʦʠʩʭʦʜʠʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʣʦʞʝʥʠʷ 

ʧʝʜʘʣʠ ʪʦʨʤʦʟʘ ð ʯʝʤ ʩʠʣʴʥʝʝ ʫʩʠʣʠʝ ʥʘ ʧʝʜʘʣʴ, 

ʪʝʤ ʩʠʣʴʥʝʝ ʩʠʣʘ ʪʦʨʤʦʞʝʥʠʷ. ʊʨʝʪʠʡ ʩʧʦʩʦʙ 

ʩʚʷʟʘʥ ʩ ʢʨʫʠʟ ʢʦʥʪʨʦʣʝʤ. ʈʝʪʘʨʜʝʨ ʤʦʞʝʪ ʙʳʪʴ 

ʚʩʪʨʦʝʥ ʚ ʩʠʩʪʝʤʫ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʦʜʜʝʨʞʘʥʠʷ 

ʩʢʦʨʦʩʪʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʥ ʚʢʣʶʯʘʝʪʩʷ ʧʨʠ 

ʧʨʝʚʳʰʝʥʠʠ ʟʘʜʘʥʥʦʡ ʩʢʦʨʦʩʪʠ ʥʘ ʩʧʫʩʢʝ.[3]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ 

ʨʝʪʘʨʜʝʨʘ ʪʨʝʙʫʝʪ ʩʦʙʣʶʜʝʥʠʷ ʨʷʜʘ ʚʘʞʥʳʭ 

ʧʨʘʚʠʣ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʥʝʦʙʭʦʜʠʤʦ ʫʙʝʜʠʪʴʩʷ ʚ 

ʥʘʣʠʯʠʠ ʠ ʠʩʧʨʘʚʥʦʩʪʠ ʫʩʪʨʦʡʩʪʚʘ ʥʘ 

ʪʨʘʥʩʧʦʨʪʥʦʤ ʩʨʝʜʩʪʚʝ. ʈʝʪʘʨʜʝʨ ʩʣʝʜʫʝʪ 

ʟʘʜʝʡʩʪʚʦʚʘʪʴ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚ ʩʠʪʫʘʮʠʷʭ, ʢʦʛʜʘ 

ʪʨʝʙʫʝʪʩʷ ʧʣʘʚʥʦʝ ʩʥʠʞʝʥʠʝ ʩʢʦʨʦʩʪʠ, ʥʘʧʨʠʤʝʨ, 

ʧʨʠ ʜʚʠʞʝʥʠʠ ʥʘ ʟʘʪʷʞʥʳʭ ʩʧʫʩʢʘʭ. ɺʘʞʥʦ 

ʚʳʙʠʨʘʪʴ ʧʨʘʚʠʣʴʥʳʡ ʨʝʞʠʤ ʪʦʨʤʦʞʝʥʠʷ, 

ʫʯʠʪʳʚʘʷ ʚʝʩ ʛʨʫʟʘ ʠ ʩʦʩʪʦʷʥʠʝ ʜʦʨʦʞʥʦʛʦ ʧʦʣʦʪʥʘ.  

ʇʦʩʪʦʷʥʥʳʡ ʢʦʥʪʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʳ ʪʘʢʞʝ 

ʥʝʦʙʭʦʜʠʤ, ʪʘʢ ʢʘʢ ʧʝʨʝʛʨʝʚ ʦʪʨʠʮʘʪʝʣʴʥʦ 

ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʨʘʙʦʪʝ ʫʩʪʨʦʡʩʪʚʘ. ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ 

ʢʨʠʪʠʯʝʩʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʩʣʝʜʫʝʪ ʥʝʤʝʜʣʝʥʥʦ 

ʧʨʝʢʨʘʪʠʪʴ ʜʚʠʞʝʥʠʝ ʠ ʜʦʞʜʘʪʴʩʷ ʦʭʣʘʞʜʝʥʠʷ 

ʘʧʧʘʨʘʪʘ. 

 ʅʝʦʙʭʦʜʠʤʦ ʧʨʘʚʠʣʴʥʦ ʨʘʩʧʨʝʜʝʣʷʪʴ 

ʥʘʛʨʫʟʢʫ ʤʝʞʜʫ ʨʝʪʘʨʜʝʨʦʤ ʠ ʪʨʘʜʠʮʠʦʥʥʦʡ 

ʪʦʨʤʦʟʥʦʡ ʩʠʩʪʝʤʦʡ, ʠʟʙʝʛʘʷ ʠʭ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ 

ʚʢʣʶʯʝʥʠʷ. ʕʪʦ ʧʨʝʜʦʪʚʨʘʪʠʪ ʧʨʝʞʜʝʚʨʝʤʝʥʥʳʡ 

ʠʟʥʦʩ ʜʝʪʘʣʝʡ ʠ ʦʙʝʩʧʝʯʠʪ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʨʘʥʩʧʦʨʪʘ. ɼʣʷ ʧʨʦʜʣʝʥʠʷ ʩʨʦʢʘ 

ʩʣʫʞʙʳ ʫʩʪʨʦʡʩʪʚʘ ʥʝʦʙʭʦʜʠʤʦ ʩʚʦʝʚʨʝʤʝʥʥʦ 

ʧʨʦʚʦʜʠʪʴ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʟʘʤʝʥʫ 

ʠʟʥʦʰʝʥʥʳʭ ʢʦʤʧʣʝʢʪʫʶʱʠʭ. 

ʇʨʠʤʝʥʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʪʦʨʤʦʟʘ-

ʟʘʤʝʜʣʠʪʝʣʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ: 

ʧʦʚʳʰʘʝʪ ʢʦʤʬʦʨʪ ʚʦʜʠʪʝʣʷ ʟʘ ʩʯʸʪ ʤʷʛʢʦʛʦ 

ʟʘʤʝʜʣʝʥʠʷ, ʫʤʝʥʴʰʘʝʪ ʨʘʩʭʦʜʳ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ 

ʙʣʘʛʦʜʘʨʷ ʤʠʥʠʤʘʣʴʥʦʤʫ ʠʟʥʦʩʫ ʪʦʨʤʦʟʥʳʭ 

ʢʦʣʦʜʦʢ, ʫʣʫʯʰʘʝʪ ʦʙʱʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʧʝʨʝʜʚʠʞʝʥʠʷ, ʩʥʠʞʘʝʪ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʦʙʣʘʜʘʝʪ ʙʳʩʪʨʦʡ ʨʝʘʢʮʠʝʡ ʠ 

ʩʦʢʨʘʱʘʝʪ ʜʣʠʥʫ ʪʦʨʤʦʟʥʦʛʦ ʧʫʪʠ. ɺʤʝʩʪʝ ʩ ʪʝʤ 

ʩʫʱʝʩʪʚʫʶʪ ʦʧʨʝʜʝʣʸʥʥʳʝ ʤʠʥʫʩʳ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ 

ʟʥʘʯʠʪʝʣʴʥʘʷ ʤʘʩʩʘ ʫʩʪʨʦʡʩʪʚʘ (ʜʦ 400 ʢʛ) ʠ 

ʫʚʝʣʠʯʝʥʥʳʡ ʨʘʩʭʦʜ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʠ 

ʤʘʪʝʨʠʘʣʦʚ ʠʟ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ. 

ʉʣʝʜʫʝʪ ʫʯʝʩʪʴ, ʯʪʦ ʧʦʢʘʟʘʪʝʣʠ ʤʘʩʩʳ ʠ 

ʧʦʪʨʝʙʣʝʥʠʷ ʵʥʝʨʛʠʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʳ ʩ 

ʤʦʱʥʦʩʪʴʶ ʤʦʪʦʨʘ ʠ ʦʙʱʝʡ ʤʘʩʩʦʡ ʤʘʰʠʥʳ, ʥʘ 

ʢʦʪʦʨʦʡ ʫʩʪʘʥʦʚʣʝʥ ʵʪʦʪ ʪʠʧ ʪʦʨʤʦʟʘ. ʇʦʤʠʤʦ 

ʧʨʦʯʝʛʦ, ʵʢʩʧʣʫʘʪʘʮʠʷ ʪʘʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʩʦʟʜʘʸʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʪʝʧʣʦʚʫʶ ʥʘʛʨʫʟʢʫ ʥʘ 

ʢʦʥʩʪʨʫʢʮʠʶ ʘʚʪʦʤʦʙʠʣʷ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʥʘʛʨʫʟʢʫ 

ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. [6]. 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦ ʦʙʦʩʥʦʚʘʥʠʶ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʩʤʝʩʠʪʝʣʷ 

ʢʦʤʧʦʥʝʥʪʦʚ ʢʦʤʙʠʢʦʨʤʦʚ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʚ ʧʣʘʥʝ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʫʩʪʨʦʡʩʪʚ ʜʣʷ 

ʩʤʝʰʠʚʘʥʠʷ ʩʳʧʫʯʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʢʦʤʙʠʢʦʨʤʦʚ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤʠ ʷʚʣʷʶʪʩʷ ʫʩʪʨʦʡʩʪʚʘ, ʦʩʥʘʱʝʥʥʳʝ 

ʰʥʝʢʦʚʳʤʠ ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ, ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʠ ʨʘʙʦʪʘʶʱʠʤʠ ʚ 

ʩʢʦʨʦʩʪʥʦʤ ʨʝʞʠʤʝ. ʈʘʟʨʘʙʦʪʘʥʘ ʩʪʨʫʢʪʫʨʘ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ ʩʢʦʨʦʩʪʥʦʛʦ ʰʥʝʢʦʚʦʛʦ ʩʤʝʩʠʪʝʣʷ 

ʢʦʤʧʦʥʝʥʪʦʚ ʢʦʤʙʠʢʦʨʤʦʚ, ʩʧʦʩʦʙ ʩʤʝʰʠʚʘʥʠʷ ʩʳʧʫʯʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʜʣʷ 

ʪʦʥʢʦʩʣʦʡʥʦʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʤʝʰʠʚʘʥʠʷ ʩʳʧʫʯʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʦʤʙʠʢʦʨʤʦʚ. ʆʙʦʩʥʦʚʘʥʦ, 

ʯʪʦ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʩʤʝʰʠʚʘʥʠʷ ʠ ʧʦʚʳʰʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʧʦʣʥʝʥʠʷ ʩʤʝʩʠʪʝʣʷ ʥʝʦʙʭʦʜʠʤʦ 

ʫʩʪʘʥʦʚʠʪʴ ʚ ʥʘʜʰʥʝʢʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʚ ʟʦʥʝ ʜʦʟʠʨʦʚʘʥʠʷ, ʨʝʛʫʣʠʨʫʶʱʫʶ ʟʘʩʣʦʥʢʫ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ 

ʧʦʩʪʫʧʘʪʴ ʩʳʧʫʯʠʤ ʢʦʤʧʦʥʝʥʪʘʤ ʪʦʥʢʠʤʠ ʩʣʦʷʤʠ ʚ ʧʩʝʚʜʦʦʞʠʞʝʥʥʫʶ ʩʤʝʩʴ ʢʦʤʧʦʥʝʥʪʦʚ. ʅʘʠʙʦʣʝʝ 

ʦʧʪʠʤʘʣʴʥʳʤ ʨʝʞʠʤʦʤ ʨʘʙʦʪʳ ʩʢʦʨʦʩʪʥʦʛʦ ʰʥʝʢʦʚʦʛʦ ʩʤʝʩʠʪʝʣʷ ʩ ʨʝʛʫʣʠʨʫʶʱʝʡ ʟʘʩʣʦʥʢʦʡ ʷʚʣʷʶʪʩʷ 

ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʰʥʝʢʘ 55...60 ʩ
-1
, ʜʣʠʥʘ ʟʦʥʳ ʜʦʟʠʨʦʚʘʥʠʷ ʢʦʥʪʨʦʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ 

0,14...0,16 ʤ, ʨʘʜʠʫʩ ʢʦʞʫʭʘ ʥʘʜʰʥʝʢʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 0,11...0,12 ʤ. ʇʨʠ ʵʪʦʤ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʤʝʩʠʪʝʣʷ 

ʩʦʩʪʘʚʠʣʘ 3,3...3,8 ʢʛ/ʩ ʧʨʠ ʢʦʵʬʬʠʮʠʝʥʪʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʩʤʝʩʠ 3,7...3,8%. ɺʩʝ ʵʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʚʝʜʝʥʠʝ 

ʩʳʧʫʯʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ ʩʤʝʰʠʚʘʥʠʝ ʩ ʧʦʤʦʱʴʶ ʨʝʛʫʣʠʨʫʶʱʝʡ ʟʘʩʣʦʥʢʠ ʪʦʥʢʠʤʠ ʩʣʦʷʤʠ ʪʦʣʱʠʥʦʡ 

0,02...0,025 ʤ. ʇʨʠ ʵʪʦʤ ʧʦʛʨʝʰʥʦʩʪʴ ʟʥʘʯʝʥʠʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʠ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʩʦʩʪʘʚʣʷʝʪ 1,2...3,9%, ʯʪʦ ʥʘʭʦʜʠʪʴʩʷ ʚ ʧʨʝʜʝʣʘʭ 5% ʧʦʛʨʝʰʥʦʩʪʠ ʚ ʠʥʞʝʥʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʤʝʩʠʪʝʣʴ, ʰʥʝʢ, ʧʘʨʘʤʝʪʨʳ, ʢʦʤʧʦʥʝʥʪʳ, ʢʦʤʙʠʢʦʨʤ. 

 

ABSTRACT 

 

As a result of the analysis performed to substantiate the design of the mixer of feed components, it was revealed 

that in terms of a promising direction in the study of devices for mixing bulk feed components, devices equipped with 

screw working bodies with a horizontal arrangement of the working body and operating in high-speed mode are 

preferable. The structure of parametric features of a high-speed screw mixer of feed components, a method for mixing 

bulk components, and an experimental installation for thin-layer dynamic mixing of bulk components in the production 

of compound feeds have been developed. It is proved that in order to increase the uniformity of mixing and increase the 

filling coefficient of the mixer, it is necessary to install a control valve in the screw space, in the dosing zone, which 

allows the bulk components to flow in thin layers into the fluidized mixture of components. The most optimal operating 

mode of a high-speed screw mixer with an adjustable flap is the following parameters: the screw rotation speed is 

55...60 s-1, the length of the dosing zone of the control component is 0.14...0.16 m, the radius of the casing of the screw 

space is 0.11...0.12 m. At the same time, the mixer capacity was 3.3...3.8 kg/s with a coefficient of heterogeneity of the 

mixture of 3.7...3.8%. All this ensures the introduction of bulk components for mixing using a control valve in thin 

layers with a thickness of 0.02...0.025 m. At the same time, the error in the values of experimental and theoretical 

productivity is 1.2...3.9%, which is within 5% of the error in engineering research. 

Keywords: mixer, auger, parameters, components, compound feed. 
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ɺʚʝʜʝʥʠʝ  

ɺʳʙʦʨ ʨʘʮʠʦʥʘʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʩʤʝʩʠʪʝʣʷ 

ʜʣʷ ʢʦʤʧʦʥʝʥʪʦʚ ʢʦʤʙʠʢʦʨʤʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʣʦʞʥʫʶ ʤʥʦʛʦʬʘʢʪʦʨʥʫʶ ʟʘʜʘʯʫ. ʕʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʪʠʧʦʚ ʠ ʢʦʥʩʪʨʫʢʮʠʡ 

ʩʤʝʩʠʪʝʣʝʡ ʩʳʧʫʯʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʨʘʟʣʠʯʠʷʤʠ ʚ 

ʩʚʦʡʩʪʚʘʭ ʩʤʝʰʠʚʘʝʤʳʭ ʩʨʝʜ ʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ 

ʫʨʦʚʥʶ ʜʦʩʪʠʞʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʛʦ ʛʨʘʜʠʝʥʪʘ 

ʚ ʩʠʩʪʝʤʝ[1-3]. 

ʆʙʝʩʧʝʯʝʥʠʝ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʢʦʤʙʠʢʦʨʤʦʚʳʭ 

ʩʤʝʩʝʡ ʩ ʟʘʜʘʥʥʳʤʠ ʢʘʯʝʩʪʚʝʥʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʦʩʪʠʛʘʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ 

ʧʨʘʚʠʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʩʤʝʰʠʚʘʥʠʷ ʠ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʳʙʦʨʘ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ, ʨʘʟʨʘʙʦʪʢʘ ʥʝʧʨʝʨʳʚʥʳʭ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʩʤʝʩʠʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʩʤʝʩʝʡ, ʦʩʦʙʝʥʥʦ 

ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʢʦʤʧʦʥʝʥʪʦʚ 1:100 ʠ ʙʦʣʝʝ, 

ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ʚ ʩʦʚʨʝʤʝʥʥʦʡ 

ʥʘʫʢʝ[1-5]. 

ɸʥʘʣʠʟ ʧʦʩʣʝʜʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʧʫʙʣʠʢʘʮʠʡ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʤʝʥʷʝʤʳʝ ʤʝʪʦʜʠʢʠ 

ʚʳʙʦʨʘ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʤʝʩʠʪʝʣʝʡ ʦʩʥʦʚʘʥʳ ʥʘ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ 

ʩʤʝʰʠʚʘʝʤʳʭ ʩʨʝʜ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʪʠʧʳ ʫʩʪʨʦʡʩʪʚ (ʥʘʧʨʠʤʝʨ, 

ʙʳʩʪʨʦʭʦʜʥʳʝ ʤʝʰʘʣʢʠ ʜʣʷ ʤʘʣʦʚʷʟʢʠʭ ʞʠʜʢʦʩʪʝʡ 

ʠʣʠ ʰʥʝʢʦʚʳʝ/ʣʦʧʘʩʪʥʳʝ ʩʤʝʩʠʪʝʣʠ ʜʣʷ ʩʳʧʫʯʠʭ 

ʤʘʪʝʨʠʘʣʦʚ)[3,5-9]. 

ʆʜʥʘʢʦ ʜʘʣʴʥʝʡʰʠʡ ʚʳʙʦʨ ʯʘʩʪʦ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʠʥʞʝʥʝʨʥʦʛʦ ʦʧʳʪʘ, 

ʠʥʪʫʠʮʠʠ ʠʣʠ ʧʫʪʝʤ ʧʨʦʚʝʜʝʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʝʨʚʳʡ ʧʦʜʭʦʜ 

ʥʝ ʛʘʨʘʥʪʠʨʫʝʪ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ, ʘ ʚʪʦʨʦʡ 

ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʚʨʝʤʝʥʥʳʭ ʠ ʬʠʥʘʥʩʦʚʳʭ 

ʟʘʪʨʘʪ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʦʙʟʦʨʘ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʩʤʝʩʠʪʝʣʝʡ ʩʳʧʫʯʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʟʝʨʥʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʪʘʥʜʘʨʪʥʳʝ ʤʝʪʦʜʳ ʣʠʪʝʨʘʪʫʨʥʦʛʦ 

ʧʦʠʩʢʘ, ʘ ʠʤʝʥʥʦ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʧʨʦʩʤʦʪʨ 

ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʠ ʩʧʝʮʠʘʣʴʥʦʡ ʣʠʪʝʨʘʪʫʨʳ, 

ʧʨʦʩʤʦʪʨ ʠʥʪʝʨʥʝʪ-ʠʩʪʦʯʥʠʢʦʚ, ʙʘʟʳ ʌʀʇʉ, 

ʜʠʩʩʝʨʪʘʮʠʡ ʠ ʘʚʪʦʨʝʬʝʨʘʪʦʚ. ʇʨʠʤʝʥʷʣʠʩʴ 

ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ, ʩʨʘʚʥʝʥʠʷ, ʦʙʦʙʱʝʥʠʷ ʠ 

ʢʦʥʢʨʝʪʠʟʘʮʠʠ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʦʧʨʝʜʝʣʠʪʴ 

ʥʘʧʨʘʚʣʝʥʠʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠ ̫ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ 

ʨʝʰʝʥʠʷ ʩʤʝʩʠʪʝʣʷ ʢʦʤʧʦʥʝʥʪʦʚ ʢʦʤʙʠʢʦʨʤʦʚ.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɼʣʷ ʚʳʙʦʨʘ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ 

ʙʘʟʦʚʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʙʳʣʠ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʭʘʨʘʢʪʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʩʤʝʩʠʪʝʣʝʡ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ (ʩ 

ʚʨʘʱʘʶʱʠʤʩʷ ʙʘʨʘʙʘʥʦʤ, ʯʝʨʚʷʯʥʦ-ʣʦʧʘʩʪʥʳʭ, 

ʣʝʥʪʦʯʥʳʭ, ʩʤʝʰʠʚʘʶʱʠʭ ʙʝʛʫʥʦʚ, ʩʤʝʩʠʪʝʣʝʡ 

ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʜʝʡʩʪʚʠʷ ʩ ʩʢʦʨʦʩʪʥʳʤ ʨʦʪʦʨʦʤ 

ʠʣʠ ʢʦʥʫʩʦʤ, ʮʠʨʢʫʣʷʮʠʦʥʥʳʭ ʠ ʜʨ.) ʠ ʩʤʝʩʠʪʝʣʝʡ 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʜʝʡʩʪʚʠʷ (ʧʨʷʤʦʪʦʯʥʳʭ ʠ ʢʘʩʢʘʜʥʳʭ, 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ, ʚʠʥʪʦʚʳʭ, ʰʥʝʢʦʚʳʭ, 

ʮʝʥʪʨʦʙʝʞʥʳʭ, ʫʜʘʨʥʦʛʦ ʜʝʡʩʪʚʠʷ, 

ʚʠʙʨʦʩʤʝʩʠʪʝʣʝʡ).ʈʘʙʦʪʘʚʩʝʭ ʪʠʧʦʚ 

ʩʤʝʩʠʪʝʣʝʡʭʘʨʘʢʪʝʨʥʘʥʘʣʠʯʠʝʤʪʨʝʭʦʪʣʠʯʥʳʭʤʝʞʜ

ʫ ʩʦʙʦʡ ʩʦʩʪʦʷʥʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʤʧʦʥʝʥʪʦʚ: 

ʢʦʥʚʝʢʪʠʚʥʦʝ ʩʤʝʰʠʚʘʥʠʝ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ 

ʧʦʪʦʢʦʚ ʢʦʤʧʦʥʝʥʪʦʚ ʩʤʝʩʠ, ʜʠʬʬʫʟʠʦʥʥʦʝ ʩ 

ʚʟʘʠʤʦʧʨʦʥʠʢʥʦʚʝʥʠʝʤ ʢʦʨʤʦʚʳʭ ʯʘʩʪʠʮ 

ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʟʘʚʝʨʰʘʶʱʝʝ ʩʦʩʪʦʷʥʠʝ 

ʩ ʧʝʨʝʤʝʥʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʦʜʥʦʨʦʜʥʦʩʪʠ 

ʢʦʤʙʠʢʦʨʤʦʚʦʡ ʤʘʩʩʳ[3,5-9]. 

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʤʦʜʠʬʠʢʘʮʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʦʞʫʭʘ ʩʤʝʩʠʪʝʣʷ ʩ ʩʦʟʜʘʥʠʝʤ ʥʘʜʰʥʝʢʦʚʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ 

ʧʨʦʮʝʩʩ ʩʤʝʰʠʚʘʥʠʷ ʠ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʫʶ 

ʩʪʝʧʝʥʴ ʦʜʥʦʨʦʜʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʠʥʛʨʝʜʠʝʥʪʦʚ[10,11]. 

ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʧʦʚʳʰʝʥʠʷ ʦʜʥʦʨʦʜʥʦʩʪʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʩʤʝʩʠ ʷʚʣʷʝʪʩʷ 

ʠʥʪʝʥʩʠʬʠʢʘʮʠʷ ʢʦʥʚʝʢʪʠʚʥʳʭ ʠ ʜʠʬʬʫʟʠʦʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʜʚʫʤʷ ʧʫʪʷʤʠ: 

1. ʋʚʝʣʠʯʝʥʠʝʤ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ: 

- ʧʦʚʳʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʨʘʙʦʯʠʭ 

ʦʨʛʘʥʦʚ ʩʤʝʩʠʪʝʣʷ ʧʨʠʜʘʝʪ ʦʪʜʝʣʴʥʳʤ ʧʦʨʮʠʷʤ ʠʣʠ 

ʯʘʩʪʠʮʘʤ ʙʦʣʴʰʫʶ ʠʥʝʨʮʠʦʥʥʦʩʪʴ, ʯʪʦ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʛʣʫʙʦʢʦʤʫ ʧʨʦʥʠʢʥʦʚʝʥʠʶ ʚ 

ʩʤʝʞʥʳʝ ʟʦʥʳ ʠ ʧʝʨʝʤʝʱʝʥʠʶ ʚ ʥʘʜʰʥʝʢʦʚʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ. 

2. ʈʘʟʨʫʰʝʥʠʝ ʤʦʥʦʣʠʪʥʦʛʦ ʧʦʪʦʢʘ: 

- ʧʦʜʘʯʘ ʩʳʧʫʯʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʟʦʥʫ 

ʩʤʝʰʠʚʘʥʠʷ ʪʦʥʢʠʤʠ ʩʣʦʷʤʠ ʥʠʞʝ ʮʝʥʪʨʘ ʤʘʩʩ 

ʚʨʘʱʝʥʠʷ ʩʤʝʩʠ; 

- ʩʦʟʜʘʥʠʝ ʥʘʜʰʥʝʢʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʩʤʝʩʠʪʝʣʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʨʘʟʣʠʯʥʳʝ 

ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʧʦʨʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ 

ʚʨʘʱʝʥʠʷ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʩʠʣ ʠʥʝʨʮʠʠ ʤʘʪʝʨʠʘʣʘ. ʇʨʠ 

ʧʨʝʚʳʰʝʥʠʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʵʪʦ 

ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤʫ ʦʪʢʘʟʫ 

ʧʨʦʮʝʩʩʘ ʩʤʝʰʠʚʘʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʯʘʩʪʠʮʳ ʥʝ 

ʩʤʦʛʫʪ ʦʪʜʝʣʷʪʴʩʷ ʦʪ ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ.  

ʇʨʠ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʢʦʨʤʦʚʦʡ 

ʤʘʩʩʳ ʥʘ ʦʪʜʝʣʴʥʳʝ ʪʦʥʢʠʝ ʩʣʦʠ, ʧʦʜʘʚʘʝʤʳʝ ʚ 

ʩʤʝʩʠʪʝʣʴ ʥʠʞʝ ʮʝʥʪʨʘ ʤʘʩʩ ʚʨʘʱʝʥʠʷ ʩʤʝʩʠ, 

ʧʨʦʠʩʭʦʜʠʪ ʫʣʫʯʰʝʥʠʝ ʧʝʨʝʥʦʩʘ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʢʘʞʜʦʛʦ ʠʟ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʦʙʱʝʡ ʧʦʜʚʠʞʥʦʡ ʤʘʩʩʝ 

ʩ ʥʘʣʦʞʝʥʥʳʤʠ ʦʛʨʘʥʠʯʠʚʘʶʱʠʤʠ ʫʩʣʦʚʠʷʤʠ 

ʜʚʠʞʝʥʠʷ. ɹʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʚʟʘʠʤʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʦʭʦʜʠʪ ʚ ʟʦʥʘʭ 

ʧʦʜʚʠʞʥʦʡ ʤʘʩʩʳ ʤʘʪʝʨʠʘʣʘ ʩ 

ʥʝʢʦʥʪʘʢʪʠʨʦʚʘʥʥʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʯʘʩʪʠʮ 

ʤʘʪʝʨʠʘʣʘ. ʕʪʦ ʠʤʝʝʪ ʤʝʩʪʦ ʧʨʠ ʚʳʥʝʩʝʥʠʠ ʧʦʨʮʠʡ 

ʤʘʪʝʨʠʘʣʘ ʟʘ ʧʨʝʜʝʣʳ ʤʦʥʦʣʠʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʘʩʩʳ ʚ ʥʘʜʰʥʝʢʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʤʝʩʠʪʝʣʷ, ʪʦ 

ʝʩʪʴ ʧʨʠ ʥʘʣʠʯʠʠ ʩʚʦʙʦʜʥʦʛʦ ʧʦʣʝʪʘ ʠʣʠ ʧʘʜʝʥʠʷ 

ʯʘʩʪʠʮ ʢʦʤʧʦʥʝʥʪʦʚ ʢʦʨʤʘ. ɼʣʷ ʫʩʢʦʨʝʥʠʷ 

ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʜʘʚʘʪʴ 

ʦʪʜʝʣʴʥʳʤ ʧʦʪʦʢʘʤ ʠʣʠ ʯʘʩʪʠʮʘʤ ʤʘʩʩʳ ʨʘʟʣʠʯʥʳʝ 

ʥʘʧʨʘʚʣʝʥʠʷ ʧʝʨʝʤʝʱʝʥʠʷ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʢʘʢ 
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ʚʳʧʦʣʥʝʥʠʝʤ ʢʦʥʬʠʛʫʨʘʮʠʠ ʘʢʪʠʚʥʳʭ ʨʘʙʦʯʠʭ 

ʦʨʛʘʥʦʚ, ʪʘʢ ʠ ʦʨʛʘʥʠʟʘʮʠʝʡ ʩʚʷʟʘʥʥʦʛʦ (ʩ ʨʘʙʦʯʝʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʥʘʜʰʥʝʢʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ) ʠ 

ʩʚʦʙʦʜʥʦʛʦ (ʧʨʠ ʧʘʜʝʥʠʠ ʠʟ ʥʘʜʰʥʝʢʦʚʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ) ʜʚʠʞʝʥʠʡ ʢʦʨʤʦʚʦʡ ʤʘʩʩʳ ʚ ʢʘʤʝʨʝ 

ʩʤʝʰʠʚʘʥʠʷ. ʅʘʨʷʜʫʩ ʫʣʫʯʰʝʥʠʝʤ ʦʜʥʦʨʦʜʥʦʩʪʠ 

ʩʤʝʩʠ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʝʨʠʦʜʘ ʧʨʝʙʳʚʘʥʠʷ ʤʘʩʩʳ ʚ 

ʢʘʤʝʨʝ ʠʤʝʝʪ ʤʝʩʪʦ ʪʘʢʞʝ ʷʚʣʝʥʠʝ ʫʭʫʜʰʝʥʠʷ 

ʨʘʚʥʦʤʝʨʥʦʩʪʠ, ʦʩʦʙʝʥʥʦ ʚ ʥʠʞʥʠʭ ʟʦʥʘʭ ʢʘʤʝʨʳ. 

ʇʦʩʢʦʣʴʢʫ ʢʦʨʤʦʚʳʝ ʯʘʩʪʠʮʳ ʨʘʟʣʠʯʥʳʭ ʚʝʱʝʩʪʚ 

ʦʪʣʠʯʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤ 

ʩʚʦʡʩʪʚʘʤ, ʚ ʯʘʩʪʥʦʩʪʠ ʠʤʝʶʪ ʨʘʟʣʠʯʥʳʝ 

ʬʨʠʢʮʠʦʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ, ʧʣʦʪʥʦʩʪʴ, ʣʠʧʢʦʩʪʴ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʨʘʟʤʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʪʦ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʦ ʩʤʝʰʠʚʘʥʠʝʤ ʧʨʦʠʩʭʦʜʠʪ 

ʧʨʦʮʝʩʩ ʩʝʛʨʝʛʘʮʠʠ, ʧʨʠ ʢʦʪʦʨʦʤ ʯʘʩʪʠʮʳ 

ʧʳʪʘʶʪʩʷ ʩʝʧʘʨʠʨʦʚʘʪʴʩʷ ʧʦʩʣʦʡʥʦ ʧʦ ʠʭ 

ʧʣʦʪʥʦʩʪʠ. ʇʨʠ ʪɻʦʤ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʩʤʝʩʠʪʝʣʴʥʦʡ 

ʢʘʤʝʨʳ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʙʦʣʝʝ ʪʷʞʝʣʳʝ ʢʦʤʧʦʥʝʥʪʳ, 

ʘ ʚ ʚʝʨʭʥʠʭ ʟʦʥʘʭ - ʙʦʣʝʝ ʣʝʛʢʠʝ. ʊʦ ʝʩʪʴ 

ʧʦʚʳʰʝʥʠʶ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ 

ʧʦ ʦʙʱʝʤʫ ʦʙʲʝʤʫ ʤʘʩʩʳ ʧʨʦʪʠʚʦʜʝʡʩʪʚʫʝʪ 

ʨʘʩʩʣʦʝʥʠʝ. ɽʛʦ ʚʣʠʷʥʠʝʤʦʞʥʦ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʩʪʝʧʝʥʠ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʧʦʚʪʦʨʥʦʡ ʧʦʜʘʯʝʡ 

ʦʩʝʜʣʳʭ ʩʣʦʝʚ ʚ ʟʦʥʫ ʩʤʝʰʠʚʘʥʠʷ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ 

ʵʪʦʛʦ ʜʝʡʩʪʚʠʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʟʘʚʠʩʠʪ ʦʪ 

ʢʦʥʩʪʨʫʢʮʠʠ ʩʤʝʰʠʚʘʶʱʠʭ (ʰʥʝʢʦʚʳʭ) ʦʨʛʘʥʦʚ ʠ 

ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ. ʉʤʝʩʠʪʝʣʠ ʩ 

ʘʢʪʠʚʥʳʤʠ ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ ʠ ʥʝʧʦʜʚʠʞʥʦʡ 

ʢʘʤʝʨʦʡ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʰʥʝʢʦʚʳʝ 

ʩʤʝʩʠʪʝʣʠ, ʠʤʝʶʪ ʥʝʘʢʪʠʚʠʨʦʚʘʥʥʫʶ ʟʦʥʫ (ʤʝʞʜʫ 

ʥʠʞʥʠʤʠ ʢʨʦʤʢʘʤʠ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʠ ʚʥʫʪʨʝʥʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʢʘʤʝʨʳ), ʛʜʝ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʪʷʞʝʣʳʝ 

ʯʘʩʪʠʮʳ ʠʟ ʢʦʪʦʨʦʡ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʩʜʚʠʥʫʪʳ ʣʠʰʴ 

ʥʦʚʳʤʠ ʧʦʨʮʠʷʤʠ ʢʦʨʤʦʚʦʡ ʤʘʩʩʳ, ʥʦ ʧʨʠ ʵʪʦʤ 

ʦʥʠ ʧʣʦʭʦ ʧʝʨʝʤʝʱʘʶʪʩʷ ʚ ʟʦʥʫ ʩʤʝʰʠʚʘʥʠʷ. 

ʇʦʵʪʦʤʫ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʷʚʣʝʥʠʷ ʩʝʛʨʝʛʘʮʠʠ, ʘ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠ ʜʦʩʪʠʞʝʥʠʷ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ʢʦʨʤʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʳʩʪʨʦʭʦʜʥʳʝ ʰʥʝʢʠ, ʥʘ ʢʦʪʦʨʳʭ, ʧʦ 

ʠʭ ʜʣʠʥʝ, ʚʳʧʦʣʥʝʥʳ ʣʦʧʘʩʪʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʧʦ 

ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʤʝʨʳ ʩʤʝʩʠʪʝʣʷ. 

ʇʦʵʪʦʤʫ, ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʢʦʥʩʪʨʫʢʮʠʠ ʩʤʝʩʠʪʝʣʷ 

ʢʦʤʙʠʢʦʨʤʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʚʳʙʨʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʥʮʠʧʠʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ 

ʙʳʩʪʨʦʭʦʜʥʳʡ ʰʥʝʢʦʚʳʡ ʩʤʝʩʠʪʝʣʴ ʩ 

ʟʘʢʨʝʧʣʝʥʥʳʤʠ ʧʦ ʜʣʠʥʝ ʚʠʥʪʘ ʣʦʧʘʪʢʘʤʠ. ʂʘʤʝʨʘ 

ʩʤʝʰʠʚʘʥʠʷʚ ʚʠʜʝ ʥʘʜʰʥʝʢʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʜʦʣʞʥʘ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʥʘʜ ʰʥʝʢʦʤ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʧʦʜʘʯʠ ʩʳʧʫʯʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʟʦʥʫ ʩʤʝʰʠʚʘʥʠʷ 

ʪʦʥʢʠʤʠ ʩʣʦʷʤʠ ʥʠʞʝ ʮʝʥʪʨʘ ʤʘʩʩ ʚʨʘʱʝʥʠʷ ʩʤʝʩʠ. 

ʇʨʦʚʝʜʝʥʥʳʡ ʚʳʰʝ ʘʥʘʣʠʟ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʮʝʩʩʘ, ʧʨʦʪʝʢʘʶʱʝʛʦ ʚ ʰʥʝʢʦʚʳʭ ʩʤʝʩʠʪʝʣʷʭ, 

ʧʦʟʚʦʣʠʣ ʨʘʟʨʘʙʦʪʘʪʴ ʩʪʨʫʢʪʫʨʫ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ 

ʧʨʠʟʥʘʢʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʫʶ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ, ʨʝʞʠʤʥʦ-

ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ, ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ 

ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ (ʩʤ. ʨʠʩ.1). ʀʩʭʦʜʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʘ 

ʩʤʝʰʠʚʘʥʠʷʷʚʣʷʶʪʩʷ ʢʘʯʝʩʪʚʦ, ʚʳʨʘʞʝʥʥʦʝ 

ʩʪʝʧʝʥʴʶ ʦʜʥʦʨʦʜʥʦʩʪʠ, ʠ ʵʥʝʨʛʦʝʤʢʦʩʪʴ. 

ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʚʳʙʨʘʥʳ: ʨʘʙʦʯʠʡ ʦʙʲʝʤ ʩʤʝʩʠʪʝʣʴʥʦʡ 

ʢʘʤʝʨʳ; ʜʠʘʤʝʪʨ ʠ ʰʘʛ ʰʥʝʢʘ; ʨʘʜʠʫʩ ʢʦʞʫʭʘ 

ʥʘʜʰʥʝʢʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ; ʜʣʠʥʘ ʟʦʥʳ 

ʜʦʟʠʨʦʚʘʥʠʷ ʢʦʥʪʨʦʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ; ʪʦʣʱʠʥʘ 

ʩʣʦʝʚ ʩʳʧʫʯʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʂ ʨʝʞʠʤʥʦ-

ʢʠʥʝʤʘʪʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: 

ʯʘʩʪʦʪʫ ʚʨʘʱʝʥʠʷ ʰʥʝʢʘ; ʚʨʝʤʷ ʩʤʝʰʠʚʘʥʠʷʠ 

ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʥʘʤʠʯʥʦʩʪʠ ʩʤʝʩʠʪʝʣʷ. ʌʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʥʦʞʝʩʪʚʦʤ ʧʦʢʘʟʘʪʝʣʝʡ: ʥʘʩʳʧʥʘʷ 

ʧʣʦʪʥʦʩʪʴ ʠ ʚʣʘʞʥʦʩʪʴ ʩʳʧʫʯʠʭ ʢʦʤʧʦʥʝʥʪʦʚ; ʫʛʦʣ 

ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʪʢʦʩʘ; ʩʜʚʠʛ; ʵʢʚʠʚʘʣʝʥʪʥʳʡ 

ʜʠʘʤʝʪʨ ʯʘʩʪʠʮ; ʤʘʩʩʘ ʟʘʛʨʫʟʢʠ. 

ʀʩʭʦʜʷʠʟ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [12 -

14] ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʚ ʧʣʘʥʝ 

ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʩʤʝʰʠʚʘʥʠʷ ʩʳʧʫʯʠʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʢʦʤʙʠʢʦʨʤʦʚ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤʠ ʷʚʣʷʶʪʩʷ 

ʫʩʪʨʦʡʩʪʚʘ, ʦʩʥʘʱʝʥʥʳʝ ʰʥʝʢʦʚʳʤʠ ʨʘʙʦʯʠʤʠ 

ʦʨʛʘʥʘʤʠ, ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ 

ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʠ ʨʘʙʦʪʘʶʱʠʤʠ ʚ ʩʢʦʨʦʩʪʥʦʤ 

ʨʝʞʠʤʝ. 

ʇʦʵʪʦʤʫ ʥʘʤʠ ʨʘʟʨʘʙʦʪʘʥ ʩʧʦʩʦʙ 

ʩʤʝʰʠʚʘʥʠʷ ʩʳʧʫʯʠʭ ʢʦʤʧʦʥʝʥʪʦʚ [15], ʢʦʪʦʨʳʡ 

ʨʝʘʣʠʟʫʝʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ. ʉʦʟʜʘʝʪʩʷ ʧʦʪʦʢ ʩʤʝʩʠ 

ʙʳʩʪʨʦ ʚʨʘʱʘʶʱʝʛʦʩʷ ʩʳʧʫʯʝʛʦ ʤʘʪʝʨʠʘʣʘʟʘ ʩʯʝʪ 

ʩʢʦʨʦʩʪʥʦʛʦ ʰʥʝʢʘ, ʥʘʧʨʠʤʝʨ, ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʤ 

ʢʦʨʧʫʩʝ. ɹʳʩʪʨʦ ʚʨʘʱʘʶʱʘʷʩʷ ʩʤʝʩʴ 

ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʮʠʣʠʥʜʨʠʯʝʩʢʠʤ ʩʣʦʝʤ, ʧʣʦʪʥʦ 

ʧʨʠʣʝʛʘʶʱʠʤ ʢ ʢʦʞʫʭʫ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʢʦʨʧʫʩʘ 

ʧʦ ʚʩʝʡ ʝʛʦ ʦʢʨʫʞʥʦʩʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʫʶ 

ʩʤʝʩʴ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʪʚʝʨʜʦʝ ʪʝʣʦ, 

ʠʤʝʶʱʝʝ ʮʝʥʪʨ ʤʘʩʩ ʚʨʘʱʝʥʠʷ. ʇʦʵʪʦʤʫ, ʚ ʪʦʯʢʘʭ, 

ʥʘʭʦʜʷʱʠʭʩʷ ʥʠʞʝ ʮʝʥʪʨʘ ʤʘʩʩ ʚʨʘʱʝʥʠʷ ʩʤʝʩʠ, 

ʩʦʟʜʘʝʪʩʷ ʨʘʟʨʝʞʝʥʠʝ ʟʘ ʩʯʝʪ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 

ʧʘʜʝʥʠʷ ʩʤʝʩʠ ʩʳʧʫʯʝʛʦ ʤʘʪʝʨʠʘʣʘ. ɺ ʵʪʫ ʟʦʥʫ, 

ʥʘʭʦʜʷʱʫʶʩʷ ʥʠʞʝ ʮʝʥʪʨʘ ʤʘʩʩ ʧʦʪʦʢʘ ʙʳʩʪʨʦ 

ʚʨʘʱʘʶʱʝʡʩʷ ʩʤʝʩʠ, ʚʚʦʜʷʪʩʷ ʛʨʘʚʠʪʘʮʠʦʥʥʦ 

ʢʦʤʧʦʥʝʥʪʳ ʩʤʝʩʠ ʪʦʥʢʠʤʠ ʩʣʦʷʤʠ ʧʦ 

ʢʘʩʘʪʝʣʴʥʦʡʩ ʨʘʜʠʘʣʴʥʳʤ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʠ ʩ 

ʨʦʩʪʦʤ ʠʭ ʜʦʣʠ ʚ ʩʤʝʩʠ ʦʪ ʮʝʥʪʨʘ ʢ ʧʝʨʠʬʝʨʠʠ. 

ʊʘʢʦʝ ʩʦʯʝʪʘʥʠʝ ʩʫʱʝʩʪʚʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ, ʢʘʢ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʧʦʩʣʦʡʥʦʝ ʚʚʝʜʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ 

ʪʦʥʢʠʤʠ ʩʣʦʷʤʠ ʧʦ ʢʘʩʘʪʝʣʴʥʦʡ ʚ ʧʦʪʦʢ 

ʙʳʩʪʨʦʚʨʘʱʘʶʱʝʡʩʷ ʩʤʝʩʠ, ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʦʙʨʘʟʦʚʘʥʠʶ ʨʘʟʨʝʞʝʥʠʷ, ʦʩʦʙʝʥʥʦ ʚ ʟʦʥʝ ʚʚʝʜʝʥʠʷ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʢʦʪʦʨʘʷ ʥʘʭʦʜʠʪʩʷ ʥʠʞʝ ʮʝʥʪʨʘ ʤʘʩʩ 

ʧʦʪʦʢʘ ʙʳʩʪʨʦ ʚʨʘʱʘʶʱʝʡʩʷ ʩʤʝʩʠ, ʧʦʪʦʤʫ ʯʪʦ 

ʤʘʩʩʘ ʧʘʜʘʶʱʝʡ ʩʤʝʩʠ ʩʚʦʝʡ ʢʠʥʝʪʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʝʡ ʩʦʟʜʘʝʪ ʵʬʬʝʢʪ ʵʞʝʢʮʠʠ, ʘ ʚʚʝʜʝʥʠʝ ʩʣʦʝʚ 

ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʙʳʩʪʨʦʚʨʘʱʘʶʱʠʡʩʷ ʧʦʪʦʢ ʩʤʝʩʠ ʩ 

ʨʘʜʠʘʣʴʥʳʤʠʭ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʠ ʩ ʨʦʩʪʦʤ ʠʭ ʜʦʣʠ ʚ 

ʩʤʝʩʠ ʦʪ ʮʝʥʪʨʘ ʢ ʧʝʨʠʬʝʨʠʠ ʩʦʟʜʘʝʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʫʩʣʦʚʠʷ ʮʝʥʪʨʦʙʝʞʥʦʛʦ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ, ʦʩʦʙʝʥʥʦ ʪʝʭ, 

ʜʦʣʷ ʢʦʪʦʨʳʭ ʚ ʩʤʝʩʠ ʥʝʙʦʣʴʰʘʷ, ʧʦʚʳʰʘʷʪʝʤ 

ʩʘʤʳʤ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʳʧʫʯʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʩʤʝʩʠ ʝʱʝ ʥʘ ʩʪʘʜʠʠ ʜʦʟʠʨʦʚʘʥʠʷ. 

ʀʩʭʦʜʷ ʠʟ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʨʘʟʨʘʙʦʪʘʣʠ 

ʢʦʥʩʪʨʫʢʮʠʶ ʩʢʦʨʦʩʪʥʦʛʦ ʰʥʝʢʦʚʦʛʦ ʩʤʝʩʠʪʝʣʷ ʩ 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʤ ʚʚʝʜʝʥʠʝʤ ʢʦʤʧʦʥʝʥʪʦʚ ʪʦʥʢʠʤʠ 

ʩʣʦʷʤʠ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʜʣʷ 

ʪʦʥʢʦʩʣʦʡʥʦʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʤʝʰʠʚʘʥʠʷ 
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ʩʳʧʫʯʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʢʦʤʙʠʢʦʨʤʦʚ (ʩʤ. ʨʠʩ.2) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʚʘʨʥʫʶ ʠʟ ʰʚʝʣʣʝʨʦʚ ʩʪʘʥʠʥʫ, 1 ʥʘ ʢʦʪʦʨʦʡ 

ʩʤʦʥʪʠʨʦʚʘʥ ʙʫʥʢʝʨ 3 ʜʦʟʘʪʦʨʘ ʩ ʧʨʠʚʦʜʦʤ 2 ʦʪ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. ɼʣʷ 

ʨʝʛʫʣʠʨʦʚʢʠ ʧʦʜʘʯʠ ʩʳʧʫʯʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʟʦʥʫ 

 
ʈʠʩʫʥʦʢ 1.ʉʪʨʫʢʪʫʨʘ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ ʩʢʦʨʦʩʪʥʦʛʦ ʰʥʝʢʦʚʦʛʦ ʩʤʝʩʠʪʝʣʷ ʢʦʤʧʦʥʝʥʪʦʚ 

ʢʦʤʙʠʢʦʨʤʦʚ 

 

 
ʈʠʩʫʥʦʢ 2. ʆʙʱʠʡ ʚʠʜ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ: 1-ʩʪʘʥʠʥʘ; 2-ʧʨʠʚʦʜ; 3-ʙʫʥʢʝʨ; 4-ʟʘʩʣʦʥʢʘ 

ʜʦʟʠʨʦʚʘʥʠʷ; 5-ʟʦʥʘ ʜʦʟʠʨʦʚʘʥʠʷ ʠ ʩʤʝʰʠʚʘʥʠʷ; 6-ʟʦʥʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ (ʢʦʞʫʭ ʩʥʷʪ); 7-ʰʥʝʥʢ; 8-

ʨʝʛʫʣʠʨʫʶʱʘʷ ʟʘʩʣʦʥʢʘ; 9-ʢʦʞʫʭ ʩʤʝʩʠʪʝʣʷ; 10-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʤʘʥʦʤʝʪʨ 
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ʈʠʩʫʥʦʢ 3. ʌʦʪʦ ʦʙʱʝʛʦ ʚʠʜʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʩʤʝʰʠʚʘʥʠʷ ʩʳʧʫʯʠʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʜʦʟʠʨʦʚʘʥʠʷ 5 ʙʫʥʢʝʨ 3 ʦʙʦʨʫʜʦʚʘʥ ʟʘʩʣʦʥʢʘʤʠ 4 ʜʦʟʠʨʦʚʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ. 

 

ɺ ʟʦʥʝ ʜʦʟʠʨʦʚʘʥʠʷ 5 ʫʩʪʘʥʦʚʣʝʥ ʰʥʝʢ 7, 

ʦʭʚʘʪʳʚʘʝʤʳʡ ʢʦʞʫʭʦʤ ʩʤʝʩʠʪʝʣʷ 9 ʠ ʚ 

ʥʘʜʰʥʝʢʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʢʦʪʦʨʦʛʦ ʫʩʪʘʥʦʚʣʝʥʘ 

ʨʝʛʫʣʠʨʫʶʱʘʷ ʟʘʩʣʦʥʢʘ 8 ʜʣʷ ʨʝʛʫʣʠʨʦʚʢʠ ʫʛʣʘ 

ʩʭʦʜʘ ʧʦʪʦʢʘ ʩʳʧʫʯʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʧʦʪʦʢ 

ʧʩʝʚʜʦʦʞʠʞʝʥʥʦʡ ʩʤʝʩʠ. ʋʩʪʘʥʦʚʢʘ, ʧʦʤʠʤʦ ʟʦʥʳ 

ʜʦʟʠʨʦʚʘʥʠʷ 5, ʠʤʝʝʪ ʟʦʥʫ ʩʤʝʰʠʚʘʥʠʷ 6, ʚ ʢʦʪʦʨʦʡ 

ʫʩʪʘʥʦʚʣʝʥ ʰʥʝʢ 7, ʷʚʣʷʶʱʠʡʩʷ ʧʨʦʜʦʣʞʝʥʠʝʤ 

ʰʥʝʢʘ ʟʦʥʳ ʜʦʟʠʨʦʚʘʥʠʷ. ɼʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʟʦʥʳ 

ʩʤʝʰʠʚʘʥʠʷ ʢʦʞʫʭ ʩʥʷʪ. ɼʣʷ ʠʟʫʯʝʥʠʷ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʷʚʣʝʥʠʷ ʨʘʟʨʝʞʝʥʠʷ ʧʨʠ 

ʩʤʝʰʠʚʘʥʠʠ ʩʤʝʩʝʡ ʚ ʟʦʥʝ ʜʦʟʠʨʦʚʘʥʠʷ ʩʳʧʫʯʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʫʩʪʘʥʦʚʣʝʥ ʚʦʜʷʥʦʡ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʤʘʥʦʤʝʪʨ 10, ʦʜʥʘ ʪʨʫʙʢʘ 

ʢʦʪʦʨʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʘ ʢ ʦʪʚʝʨʩʪʠʶ ʚ ʢʦʞʫʭʝ 9 ʚ 

ʟʦʥʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʨʝʛʫʣʠʨʫʶʱʝʡ ʟʘʩʣʦʥʢʠ 8, ʘ 

ʜʨʫʛʘʷ ʩʚʷʟʘʥʘ ʩ ʘʪʤʦʩʬʝʨʥʳʤ ʜʘʚʣʝʥʠʝʤ. 

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʤʘʥʦʤʝʪʨ ʦʪʪʘʨʠʨʦʚʘʥ ʥʘ 

ʪʘʢʠʝ ʧʦʢʘʟʘʥʠʷ-10 ʤʤ ʚʦʜʷʥʦʛʦ ʩʪʦʣʙʘ ʨʘʚʝʥ 100 

ʇʘ. 

ʉ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʦʪʢʣʦʥʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚʦʟʜʫʭʘʚ ʟʦʥʝ ʩʤʝʰʠʚʘʥʠʷ 

ʫʩʪʘʥʦʚʢʘ ʩʥʘʙʞʝʥʘ ʚʪʦʨʳʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ 

ʤʘʥʦʤʝʪʨʦʤ, ʦʜʥʘ ʪʨʫʙʢʘ ʢʦʪʦʨʦʛʦ ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ 

ʢ ʦʪʚʝʨʩʪʠʶ ʚ ʟʦʥʝ ʩʤʝʰʠʚʘʥʠʷ 7, ʘ ʜʨʫʛʘʷ 

ʩʦʝʜʠʥʝʥʘ ʩ ʘʪʤʦʩʬʝʨʥʳʤ ʜʘʚʣʝʥʠʝʤ. ʇʨʠʚʦʜ 

ʫʩʪʘʥʦʚʢʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʝʛʫʣʠʨʦʚʘʪʴ 

ʯʘʩʪʦʪʫ ʚʨʘʱʝʥʠʷ ʰʥʝʢʘ ʩ ʧʦʤʦʱʴʶ 

ʘʚʪʦʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʪʠʧʘ 11-11 ɻʆʉʊ 9532-67. 

ʕʪʦʪ ʤʝʪʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʣʘʚʥʫʶ ʨʝʛʫʣʠʨʦʚʢʫ 

ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʰʥʝʢʘ ʩʤʝʩʠʪʝʣʷ ʦʪ 10 ʜʦ 80 ʩ
-1
. 

ʕʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʫʩʪʘʥʦʚʢʠ ʯʝʨʝʟ ʠʟʤʝʨʠʪʝʣʴʥʳʡ 

ʢʦʤʧʣʝʢʪ ʂ-505 ʩ ʧʦʤʦʱʴʶ ʢʘʙʝʣʝʡ ʠ ʧʫʣʴʪʘ 

ʫʧʨʘʚʣʝʥʠʷ ʧʦʜʢʣʶʯʘʣʩʷ ʢ ʵʣʝʢʪʨʦʩʝʪʠ, ʯʪʦ 

ʧʦʟʚʦʣʷʣʦ ʠʟʤʝʨʷʪʴ ʤʦʱʥʦʩʪʴ ʜʣʷ ʧʨʠʚʦʜʘ 

ʰʥʝʢʦʚʦʛʦ ʩʤʝʩʠʪʝʣʷ. ʏʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʚʘʣʘ 

ʰʥʝʢʘ ʦʧʨʝʜʝʣʷʣʘʩʴ ʤʝʭʘʥʠʯʝʩʢʠʤ ʮʝʥʪʨʦʙʝʞʥʳʤ 

ʪʘʭʦʤʝʪʨʦʤ ʯʘʩʦʚʦʛʦ ʪʠʧʘ ʀʆ-10. ʉ ʮʝʣʴʶ 

ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʷ 

ʩʤʝʩʠʪʝʣʷ ʥʘ ʦʧʪʠʤʠʟʘʮʠʶ ʝʛʦ ʧʘʨʘʤʝʪʨʦʚ: ʯʘʩʪʦʪʘ 

ʚʨʘʱʝʥʠʷ ʰʥʝʢʦʚʦʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ, ʢʦʥʪʨʦʣʴ 

ʢʘʯʝʩʪʚʘ ʩʤʝʰʠʚʘʥʠʷ, ʨʘʟʨʘʙʦʪʘʥʘ ʫʩʪʘʥʦʚʢʘ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʩʤʝʰʠʚʘʥʠʷ ʩʳʧʫʯʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ (ʩʤ. ʨʠʩ.3) [16]. 

ʅʘ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʝ ʧʨʠ ʧʦʩʪʦʷʥʥʳʭ 

ʧʘʨʘʤʝʪʨʘʭ ʜʦʟʠʨʫʶʱʝʛʦ ʩʳʧʫʯʝʛʦ ʤʘʪʝʨʠʘʣʘ 

(ʧʰʝʥʠʮʘ, ʠʟʤʝʣʴʯʝʥʥʘʷ ʜʦ ʯʘʩʪʠʮ ʨʘʟʤʝʨʦʤ ʥʝ 

ʤʝʥʝʝ 3 ʤʤ) ʠʟʫʯʘʣʠ ʟʘʚʠʩʠʤʦʩʪʴ 

 
( )w,L,RfQ k= , (1) 

ʛʜʝQïʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʢʦʨʦʩʪʥʦʛʦ 

ʰʥʝʢʦʚʦʛʦ ʩʤʝʩʠʪʝʣʷ, ʢʛ/ʩ; 

Rkï ʨʘʜʠʫʩ ʢʦʞʫʭʘ ʥʘʜʰʥʝʢʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ; 

Lï ʜʣʠʥʘ ʟʦʥʳ ʜʦʟʠʨʦʚʘʥʠʷ; 
w ï  ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʰʥʝʢʘ. 

 

ʇʦʣʫʯʠʣʠ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʩʤʝʩʠʪʝʣʷ Q ʦʪ ʚʥʫʪʨʝʥʥʝʛʦ ʨʘʜʠʫʩʘ ʢʦʞʫʭʘ 

ʥʘʜʰʥʝʢʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ Rk (ʩʤ. ʨʠʩ. 4).   

 
ʈʠʩʫʥʦʢ 4 ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʩʤʝʩʠʪʝʣʷ Q ʦʪ ʚʥʫʪʨʝʥʥʝʛʦ ʨʘʜʠʫʩʘ ʢʦʞʫʭʘ 

ʥʘʜʰʥʝʢʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ Rk 

 

ɸʥʘʣʠʟ ʵʪʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʢʦʪʦʨʳʭ ʧʦʢʘʟʘʣ, 

ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʥʫʪʨʝʥʥʝʛʦ ʨʘʜʠʫʩʘ ʢʦʞʫʭʘ 
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0,09 0,1 0,11 0,12 0,13 0,14 0,15R, ʤ

Q, ʢʛ/ʩ

L=0,15 ʤ; ɤ=60 1/ʩ L=0,14 ʤ; ɤ=55 1/ʩ L=0,13 ʤ; ɤ=50 1/ʩ
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26 

ʥʘʜʰʥʝʢʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʩʤʝʩʠʪʝʣʷ ʩʥʠʞʘʝʪʩʷ. ʊʘʢʦʡ ʭʘʨʘʢʪʝʨ ʢʨʠʚʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʚʷʟʘʥ ʩ ʪʝʤ, ʯʪʦ ʚʥʫʪʨʝʥʥʠʡ 

ʨʘʜʠʫʩ ʥʘʜʰʥʝʢʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʢʚʘʜʨʘʪʠʯʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʚʣʠʷʝʪ ʥʘ ʚʝʣʠʯʠʥʫ ʨʘʙʦʯʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʰʥʝʢʘ ʩʤʝʩʠʪʝʣʷ 

( )22
rRF -=p . 

ʇʦʵʪʦʤʫ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʥʫʪʨʝʥʥʝʛʦ 

ʨʘʜʠʫʩʘ ʥʘʜʰʥʝʢʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ Rk ʯʘʩʪʠʮʳ 

ʩʳʧʫʯʝʛʦ ʤʘʪʝʨʠʘʣʘ ʜʦʣʞʥʳ ʧʨʝʦʜʦʣʝʪʴ ʙʦʣʴʰʠʡ 

ʧʫʪʴ ʚ ʥʘʜʰʥʝʢʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʧʨʝʞʜʝ ʯʝʤ 

ʩʥʦʚʘ ʧʦʧʘʜʫʪ ʥʘ ʚʠʪʢʠ ʰʥʝʢʘ. ʊʘʢʘʷ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʥʫʪʨʝʥʥʝʛʦ ʨʘʜʠʫʩʘ 

ʥʘʜʰʥʝʢʦʚʦʛʦʧʨʦʩʪʨʘʥʩʪʚʘ ʩʦʭʨʘʥʷʝʪʩʷ ʠ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʜʣʠʥʳ ʟʦʥʳ ʜʦʟʠʨʦʚʘʥʠʷ ʢʦʥʪʨʦʣʴʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʰʥʝʢʘ. ʀʩʭʦʜʷ ʠʟ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ (ʩʤ. ʨʠʩ.4), 

ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʠʨʘʪʴ ʚʥʫʪʨʝʥʥʠʡ ʨʘʜʠʫʩ ʢʦʞʫʭʘ 

ʥʘʜʰʥʝʢʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʧʨʝʜʝʣʘʭ Rk = 

0,11...0,12 ʤ. 

ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʤʝʩʠʪʝʣʷ 

Q ʦʪ ʜʣʠʥʳ ʟʦʥʳ ʜʦʟʠʨʦʚʘʥʠʷ ʢʦʥʪʨʦʣʴʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ L ʧʨʝʜʦʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 5. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʟʘʚʠʩʠʤʦʩʪʝʡ (ʩʤ. 

ʨʠʩ.4 ʠ 5) ʧʨʠʥʠʤʘʝʤ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʤ 

ʨʝʞʠʤʦʤ ʨʘʙʦʪʳ ʚʠʥʪʦʚʦʛʦ ʩʤʝʩʠʪʝʣʷ ʷʚʣʷʶʪʩʷ 

ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: ʜʣʠʥʘ ʟʦʥʳ ʜʦʟʠʨʦʚʘʥʠʷ 

ʢʦʥʪʨʦʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ L= 0,13...0,17 ʤ (ʨʠʩ.5- 

ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ Q= 4,6 ... 

4,7 ʢʛ/ʩ), ʨʘʜʠʫʩ ʢʦʞʫʭʘ ʥʘʜʰʥʝʢʦʚʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ Rk = 0,10...0,12 ʤ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 6 ʟʥʘʯʝʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʠ ʪʝʦʨʝʪʠʯʝʩʢʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ Q ʚ ʟʦʥʝ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʧʦ 

ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ ʰʥʝʢʘ ʩʤʝʩʠʪʝʣʷ w, ʨʘʚʥʦʡ 55 ʠ 
60 ʩ

-1 
ʧʨʠʥʠʤʘʶʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʟʥʘʯʝʥʠʷ 4,6 ʠ 

4,42 ʠ 4,88 ʠ 4,82 ʢʛ/ʩ. ʇʨʠ ʵʪʦʤ ʧʦʛʨʝʰʥʦʩʪʴ 

ʩʦʩʪʘʚʣʷʝʪ 1,2...3,9%, ʯʪʦ ʥʘʭʦʜʠʪʴʩʷ ʚ ʧʨʝʜʝʣʘʭ 

5% ʧʦʛʨʝʰʥʦʩʪʠ ʚ ʠʥʞʝʥʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. 

ɺʳʚʦʜʳ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦ 

ʦʙʦʩʥʦʚʘʥʠʶ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ 

ʩʤʝʩʠʪʝʣʷ ʢʦʤʧʦʥʝʥʪʦʚ ʢʦʤʙʠʢʦʨʤʦʚ ʚʳʷʚʣʝʥʦ, 

ʯʪʦ ʚ ʧʣʘʥʝ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʩʤʝʰʠʚʘʥʠʷ ʩʳʧʫʯʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʢʦʤʙʠʢʦʨʤʦʚ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤʠ 

ʷʚʣʷʶʪʩʷ ʫʩʪʨʦʡʩʪʚʘ, ʦʩʥʘʱʝʥʥʳʝ ʰʥʝʢʦʚʳʤʠ 

ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ, ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ 

ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʠ ʨʘʙʦʪʘʶʱʠʤʠ ʚ 

ʩʢʦʨʦʩʪʥʦʤ ʨʝʞʠʤʝ. 

 
ʈʠʩʫʥʦʢ 5 ɿʘʚʠʩʠʤʦʩʪʴʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʩʤʝʩʠʪʝʣʷ Q ʦʪ ʜʣʠʥʳ ʟʦʥʳ ʜʦʟʠʨʦʚʘʥʠʷ 

ʢʦʥʪʨʦʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ L 

 

 
 

ʈʠʩʫʥʦʢ 6. ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʩʤʝʩʠʪʝʣʷ Q, ʢʛ/ʩʦʪ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ 

ʰʥʝʢʘʩʤʝʩʠʪʝʣʷwʧʨʠ Rk = 0,12ʤ, L= 0,15ʤ: 1-

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ, 2-ʪʝʦʨʝʪʠʯʝʩʢʘʷ 

 

ʈʘʟʨʘʙʦʪʘʥʘ ʩʪʨʫʢʪʫʨʘ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ 

ʧʨʠʟʥʘʢʦʚ ʩʢʦʨʦʩʪʥʦʛʦ ʰʥʝʢʦʚʦʛʦ ʩʤʝʩʠʪʝʣʷ 

ʢʦʤʧʦʥʝʥʪʦʚ ʢʦʤʙʠʢʦʨʤʦʚ 

ʈʘʟʨʘʙʦʪʘʥ ʩʧʦʩʦʙ ʩʤʝʰʠʚʘʥʠʷ ʩʳʧʫʯʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʢʦʪʦʨʳʡ ʩʦʟʜʘʝʪ ʧʦʪʦʢ ʩʤʝʩʠ ʙʳʩʪʨʦ 

ʚʨʘɦʘʶʱʝʛʦʩʷ ʩʳʧʫʯʝʛʦ ʤʘʪʝʨʠʘʣʘʟʘ ʩʯʝʪ 

ʩʢʦʨʦʩʪʥʦʛʦ ʰʥʝʢʘ, ʥʘʧʨʠʤʝʨ, ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʤ 

ʢʦʨʧʫʩʝ. ɺ ʵʪʫ ʟʦʥʫ, ʥʘʭʦʜʷʱʫʶʩʷ ʥʠʞʝ ʮʝʥʪʨʘ 

ʤʘʩʩ ʧʦʪʦʢʘ ʙʳʩʪʨʦ ʚʨʘʱʘʶʱʝʡʩʷ ʩʤʝʩʠ, ʚʚʦʜʷʪʩʷ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦ ʢʦʤʧʦʥʝʥʪʳ ʩʤʝʩʠ ʪʦʥʢʠʤʠ ʩʣʦʷʤʠ 

ʧʦ ʢʘʩʘʪʝʣʴʥʦʡ. 

ʉ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ 

ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʷ ʩʤʝʩʠʪʝʣʷ ʥʘ ʦʧʪʠʤʠʟʘʮʠʶ 

ʝʛʦ ʧʘʨʘʤʝʪʨʦʚ: ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʰʥʝʢʦʚʦʛʦ 

ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʠ ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʩʤʝʰʠʚʘʥʠʷ, 

ʨʘʟʨʘʙʦʪʘʥʘ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ 

ʩʤʝʰʠʚʘʥʠʷ ʩʳʧʫʯʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

ʆʙʦʩʥʦʚʘʥʦ, ʯʪʦ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ 

ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʩʤʝʰʠʚʘʥʠʷ ʠ ʧʦʚʳʰʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʧʦʣʥʝʥʠʷ ʩʤʝʩʠʪʝʣʷ ʥʝʦʙʭʦʜʠʤʦ 

ʫʩʪʘʥʦʚʠʪʴ ʚ ʥʘʜʰʥʝʢʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʚ ʟʦʥʝ 

ʜʦʟʠʨʦʚʘʥʠʷ, ʨʝʛʫʣʠʨʫʶʱʫʶ ʟʘʩʣʦʥʢʫ, ʢʦʪʦʨʘʷ 

ʧʦʟʚʦʣʷʝʪ ʧʦʩʪʫʧʘʪʴ ʩʳʧʫʯʠʤ ʢʦʤʧʦʥʝʥʪʘʤ 

ʪʦʥʢʠʤʠ ʩʣʦʷʤʠ ʚ ʧʩʝʚʜʦʦʞʠʞʝʥʥʫʶ ʩʤʝʩʴ 

ʢʦʤʧʦʥʝʥʪʦʚ. ʅʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʤ ʨʝʞʠʤʦʤ 

ʨʘʙʦʪʳ ʩʢʦʨʦʩʪʥʦʛʦ ʰʥʝʢʦʚʦʛʦ ʩʤʝʩʠʪʝʣʷ ʩ 

ʨʝʛʫʣʠʨʫʶʱʝʡ ʟʘʩʣʦʥʢʦʡ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ 

ʧʘʨʘʤʝʪʨʳ: ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʰʥʝʢʘw= 55...60 ʩ-1
, 

ʜʣʠʥʘ ʟʦʥʳ ʜʦʟʠʨʦʚʘʥʠʷ ʢʦʥʪʨʦʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ 

L = 0,14...0,16 ʤ, ʨʘʜʠʫʩ ʢʦʞʫʭʘ ʥʘʜʰʥʝʢʦʚʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘRk = 0,11...0,12 ʤ. ʇʨʠ ʵʪʦʤ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʤʝʩʠʪʝʣʷ ʩʦʩʪʘʚʠʣʘ Q = 

3,3...3,8 ʢʛ/ʩ ʧʨʠ ʢʦʵʬʬʠʮʠʝʥʪʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ 

ʩʤʝʩʠ n = 3,7...3,8%. ɺʩʝʵʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʚʚʝʜʝʥʠʝ ʩʳʧʫʯʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ ʩʤʝʰʠʚʘʥʠʝ ʩ 

0,5

1

1,5

2

2,5

3

3,5

4

4,5

5

0,1 0,11 0,12 0,13 0,14 0,15 0,16 0,17 0,18

L , ʤ

Q , ʢʛ/ʩ

ɤ=60 1/c; R=0,13 ʤ ɤ=55 1/ʩ; R=0,12 ʤ ɤ=50 1/ʩ; R=0,11 ʤ
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ʧʦʤʦʱʴʶ ʨʝʛʫʣʠʨʫʶʱʝʡ ʟʘʩʣʦʥʢʠ ʪʦʥʢʠʤʠ ʩʣʦʷʤʠ 

ʪʦʣʱʠʥʦʡ h = 0,02...0,025 ʤ. 

ʇʨʠ ʵʪʦʤ ʧʦʛʨʝʰʥʦʩʪʴ ʟʥʘʯʝʥʠʡ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʠ ʪʝʦʨʝʪʠʯʝʩʢʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ Q ʩʦʩʪʘʚʣʷʝʪ 1,2...3,9%, ʯʪʦ 

ʥʘʭʦʜʠʪʴʩʷ ʚ ʧʨʝʜʝʣʘʭ 5% ʧʦʛʨʝʰʥʦʩʪʠ ʚ 

ʠʥʞʝʥʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. 
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ɸʅʅʆʊɸʎʀʗ 

ɼʣʷ ʙʦʣʝʝ ʧʦʣʥʦʛʦ ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʟʝʨʥʘ ʚ ʜʨʦʙʠʣʢʝ ʧʨʷʤʦʛʦ 

ʫʜʘʨʘʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʩʝʧʘʨʘʮʠʝʡ ʟʝʨʥʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʨʘʮʠʦʥʘʣʴʥʦʡ ʝʝ ʢʦʥʩʪʨʫʢʮʠʠ. ʈʘʩʩʤʘʪʨʠʚʘʪʴ ʩʦʟʜʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʢʦʥʩʪʨʫʢʮʠʠ ʜʨʦʙʠʣʢʠ 

ʧʨʷʤʦʛʦ ʫʜʘʨʘʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʩʝʧʘʨʘʮʠʝʡ ʟʝʨʥʘ ʥʝʦʙʭʦʜʠʤʦʢʘʢ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʜʚʫʭ ʩʠʩʪʝʤ: ʩʦʟʜʘʥʠʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʢʦʥʩʪʨʫʢʮʠʠ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʩʝʧʘʨʘʮʠʠ ʟʝʨʥʘ ʠ ʩʦʟʜʘʥʠʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʢʦʥʩʪʨʫʢʮʠʠ ʢʘʤʝʨʳ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ ʠ ʩʝʧʘʨʘʮʠʠ ʟʝʨʥʘ.ʅʘ 

ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʵʚʦʣʶʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʜʨʦʙʠʣʢʠ ʧʨʷʤʦʛʦ ʫʜʘʨʘ ʩ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʩʝʧʘʨʘʮʠʝʡ ʟʝʨʥʘ ʠ ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ ʨʘʟʨʘʙʦʪʘʥʘ ʧʝʨʩʧʝʢʪʠʚʥʘʷ ʢʦʥʩʪʨʫʢʪʠʚʥʘʷ ʩʭʝʤʘ 

ʜʨʦʙʠʣʢʠ ʧʨʷʤʦʛʦ ʫʜʘʨʘ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʩʝʧʘʨʘʮʠʝʡ ʟʝʨʥʘ ʠ ʧʨʦʜʫʢʪʦʚ ʠʟʤʝʣʴʯʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʘʷ ʩʥʠʟʠʪʴ 

ʫʜʝʣʴʥʫʶ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʧʨʦʮʝʩʩʘ ʜʦ 5é9 ʢɺʪ ʯʘʩ/ʪ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʦʙʨʘʟʮʘ ʜʨʦʙʠʣʢʠ ʧʨʷʤʦʛʦ ʫʜʘʨʘ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʩʝʧʘʨʘʮʠʝʡ ʟʝʨʥʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ï ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʜʨʦʙʠʣʢʠ; ʦʧʨʝʜʝʣʝʥʠʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥʳ ʫʜʘʨʘ ʯʘʩʪʠʮ ʠʟʤʝʣʴʯʝʥʥʦʛʦ ʟʝʨʥʘ ʧʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʢʠ; ʢʘʯʝʩʪʚʫ ʠʟʤʝʣʴʯʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʧʦ ʢʘʤʝʨʝ ʜʨʦʙʣʝʥʠʷ ʠ ʨʘʟʨʘʙʦʪʘʪʴ ʘʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ 

ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʩʝʧʘʨʘʮʠʠ ʟʝʨʥʘ, ʘ ʪʘʢʞʝ ʧʨʦʛʨʘʤʤʳ ʠ ʤʝʪʦʜʠʢʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʧʦʩʪʨʦʝʥʠʷ ʙʨʘʭʠʩʪʦʭʨʦʥʥʳʭ ʠ ʪʘʫʪʦʭʨʦʥʥʳʭ ʥʘʧʨʘʚʣʷʶʱʠʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʩʪʝʤʥʳʡ ʧʦʜʭʦʜ, ʜʨʦʙʠʣʢʘ, ʢʦʥʩʪʨʫʢʪʠʚʥʘʷ ʩʭʝʤʘ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ. 

 

ABSTRACT 

For a more complete study of the processes occurring during grain crushing in a direct impact crusher with 

preliminary grain separation, it is necessary to use a systematic approach to build a rational design. To consider the 

creation of a technological process and design of a direct impact crusher with pre-separation of grain, it is necessary as 

the interaction of the two systems: creation of a technological process and design of a device for preliminary separation 

of grain and creation of a technological process and design of a chamber for multi-stage grinding and separation of 

grain.Based on the analysis of the evolution of the technological process and design solutions of a direct impact crusher 

with pre-separation of grain and a systematic approach, a promising design scheme of a direct impact crusher with pre-

separation of grain and grinding products has been developed, which reduces the specific energy consumption of the 

process to 5...9 kWh/t. In the future, to develop an experimental sample of a direct impact crusher with preliminary 

grain separation, it is necessary to conduct theoretical and experimental studies to determine the structural, 

technological and energy parameters of the crusher; to determine the distribution of the impact size of crushed grain 

particles on the deck surface; the quality of material crushing in the crushing chamber and to develop an algorithm for 

calculating the parameters of the preliminary grain separation process, as well as programs and methods of computer 

construction of brachistochronic and tautochronic guides. 

Keywords: system approach, crusher, constructive scheme, technological process. 

 

ɺʚʝʜʝʥʠʝ ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʦʧʝʨʘʮʠʡ ʧʨʠ 

ʧʝʨʝʨʘʙʦʪʢʝ ʟʝʨʥʘ ʷʚʣʷʝʪʩʷ ʠʟʤʝʣʴʯʝʥʠʝ. ɼʣʷ 

ʠʟʤʝʣʴʯʝʥʠʷ ʟʝʨʥʘ ʧʨʠʤʝʥʷʶʪ ʜʨʦʙʠʣʢʠ, ʢʦʪʦʨʳʝ 

ʦʪʣʠʯʘʶʪʩʷ ʙʦʣʴʰʠʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʪʠʧʦʚ ʠ 

ʢʦʥʩʪʨʫʢʮʠʡ. ɼʨʦʙʠʣʢʠ ʥʘʨʷʜʫ ʩ ʜʦʩʪʦʠʥʩʪʚʘʤʠ 

ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʥʝʜʦʩʪʘʪʢʦʚ ʪʘʢʠʤʠ ʢʘʢ 
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ʧʝʨʝʠʟʤʝʣʴʯʝʥʠʝ ʟʝʨʥʘ (ʚ ʤʦʣʦʪʢʦʚʳʭ ʜʨʦʙʠʣʢʘʭ 

ʩʦʜʝʨʞʘʥʠʝ ʧʳʣʝʚʠʜʥʦʡ ʬʨʘʢʮʠʠ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 

ʜʦ 20%) ʠ ʧʦʚʳʰʝʥʥʘʷ ʫʜʝʣʴʥʘʷ ʵʥʝʨʛʦʝʤʢʦʩʪʴ 

ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ [1ï4]. 

ɺ ʢʦʥʪʝʢʩʪʝ ʥʘʨʘʩʪʘʶʱʝʡ ʛʣʦʙʘʣʴʥʦʡ 

ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʠ, ʥʘʫʯʥʦʝ 

ʩʦʦʙʱʝʩʪʚʦ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʥʘ ʨʘʟʨʘʙʦʪʢʝ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʠʟʤʝʣʴʯʠʪʝʣʝʡ ʟʝʨʥʘ (ʜʨʦʙʠʣʦʢ) 

ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ. 

ʇʦʵʪʦʤʫ ʮʝʣʴʶ ʥʘʩʪʦʷʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʦʧʠʨʘʶʱʠʭʩʷ ʥʘ ʤʝʪʦʜ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ ʠ 

ʥʘʫʯʥʳʝ ʦʙʦʙʱʝʥʠʷ, ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦ- ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ ʜʨʦʙʠʣʢʠ, 

ʦʙʣʘʜʘʶʱʝʡ ʧʨʝʚʦʩʭʦʜʷʱʠʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ 

ʘʥʘʣʦʛʘʤʠ. 

ɸʥʘʣʠʟ ʧʦʩʣʝʜʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʧʫʙʣʠʢʘʮʠʡ 

ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʟʝʨʥʘ ʚ ʠʟʤʝʣʴʯʠʪʝʣʷʭ 

(ʜʨʦʙʠʣʢʘʭ) ʧʦʩʚʷʱʝʥʳ ʤʥʦʛʠʝ ʨʘʙʦʪʳ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʘʚʪʦʨʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʢʦʥʩʪʨʫʢʮʠʡ ʨʘʙʦʯʠʭ 

ʦʨʛʘʥʦʚ[1, 5-7], ʩʝʧʘʨʠʨʫʶʱʠʭ ʨʝʰʝʪ, ʠʭ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʚ ʨʘʙʦʯʝʡ ʢʘʤʝʨʝ ʠ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʩʝʠʚʘʥʠʷ ʨʝʰʝʪ [4,8,9], 

ʢʦʥʩʪʨʫʢʮʠʡ ʜʝʢ ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʩʘʤʦʛʦ ʨʘʙʦʯʝʛʦ 

ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʠ ʨʘʟʨʫʰʝʥʠʷ 

ʮʠʨʢʫʣʷʮʠʦʥʥʦʛʦ ʩʣʦʷ [8,9], ʧʨʠʤʝʥʝʥʠʷ 

ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ ʠ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʨʝʰʝʪʘ [9,10].  

ʂʘʢ ʦʪʤʝʯʝʥʦ ʚ ʨʘʙʦʪʝ [11], ʚ ʧʦʩʣʝʜʥʝʝ 

ʚʨʝʤʷ ʧʦʣʫʯʘʶʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ, ʦʩʦʙʝʥʥʦ ʚ 

ʢʦʤʙʠʢʦʨʤʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʜʨʦʙʠʣʢʠ ʩ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʴʶ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ, ʢ ʢʦʪʦʨʳʤ 

ʥʝʢʦʨʨʝʢʪʥʦ ʧʨʠʤʝʥʷʪʴ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʜʨʦʙʠʣʦʢ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʴʶ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ 

ʠ ʢʦʪʦʨʳʝ ʪʨʝʙʫʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 

ʨʝʰʝʥʠʡ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʚʦʧʨʦʩʦʚ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʟʝʨʥʘ ʚ 

ʜʨʦʙʠʣʢʘʭ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪ ʤʝʪʦʜ 

ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ[12,13], ʧʦʩʪʨʦʝʥʠʷʩʪʨʫʢʪʫʨʥʳʭ 

(ʣʦʛʠʯʝʩʢʠʭ) ʠʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʩʭʝʤ [14]. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʘʢʠʝ ʦʙʱʝʥʘʫʯʥʳʝ 

ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʢʘʢ ʤʝʪʦʜʳ ʩʠʩʪʝʤʥʦʛʦ 

ʘʥʘʣʠʟʘ, ʥʘʫʯʥʳʭ ʦʙʦʙʱʝʥʠʡ ʠ ʤʝʪʦʜʳ 

ʘʨʛʫʤʝʥʪʘʮʠʠ. ʇʨʠʤʝʥʷʣʠʩʴ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ, 

ʩʨʘʚʥʝʥʠʷ, ʦʙʦʙʱʝʥʠʷ ʠ ʢʦʥʢʨʝʪʠʟʘʮʠʠ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʚ ʪʨʫʜʘʭ ʫʯʸʥʳʭ, 

ʟʘʥʠʤʘʚʰʠʭʩʷ ʧʨʦʙʣʝʤʘʤʠ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʚ 

ʢʦʨʤʦʧʨʦʠʟʚʦʜʩʪʚʝ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʦʧʨʝʜʝʣʠʪʴ 

ʥʘʧʨʘʚʣʝʥʠʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ 

ʨʝʰʝʥʠʷ ʜʨʦʙʠʣʢʠ ʧʨʷʤʦʛʦ ʫʜʘʨʘ ʩ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʩʝʧʘʨʘʮʠʝʡ ʟʝʨʥʘ 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɸʥʘʣʠʟʩʫʱʝʩʪʚʫʶʱʠʭʥʘʫʯʥʳʭʠʩʩʣʝʜʦʚʘʥʠʡ

ʚ ʦʙʣʘʩʪʠ ʠʟʤʝʣʴʯʝʥʠʷ ʟʝʨʥʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʥʠʞʝʥʠʝ 

ʵʥʝʨʛʦʟʘʪʨʘʪ ʠ ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʠʟʤʝʣʴʯʝʥʠʷ 

ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-

ʨʝʞʠʤʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ, 

ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʠʟʤʝʣʴʯʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʟʘ ʩʯʝʪ 

ʧʨʷʤʦʛʦ ʫʜʘʨʘ ʧʘʣʴʮʝʚʳʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ. 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʩʭʝʤʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ 

ʠʟʤʝʣʴʯʝʥʠʷ ï ʩʝʧʘʨʘʮʠʠ ʟʝʨʥʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ 

ʦʪʚʦʜʦʤ ʧʨʦʭʦʜʥʳʭ (ʦʪʩʝʧʘʨʠʨʦʚʘʥʥʳʭ) 

ʧʨʦʜʫʢʪʦʚ, ʤʳ ʧʨʠʰʣʠ ʢ ʚʳʚʦʜʫ, ʯʪʦ 

ʛʨʘʚʠʪʘʮʠʦʥʥʫʶ ʩʝʧʘʨʘʮʠʶ ʠ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʦʝ 

ʠʟʤʝʣʴʯʝʥʠʝ ʟʝʨʥʘ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʚ ʦʜʥʦʤ 

ʨʘʙʦʯʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʟʘ ʩʯʝʪ ʧʨʷʤʦʛʦ ʫʜʘʨʘ, 

ʫʚʝʣʠʯʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʝʧʘʨʘʮʠʠ ʨʝʰʝʪʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʝʨʠʬʝʨʠʡʥʦʡ ʠ 

ʪʦʨʮʝʚʦʡ ʧʦʚʝʨʭʥʦʩʪʝʡ ʢʘʤʝʨʳ ʠʟʤʝʣʴʯʝʥʠʷ ʠ 

ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʧʦʩʪʦʷʥʥʦʡ 

ʩʝʧʘʨʘʮʠʠ ʟʝʨʥʘ ʧʦ ʨʘʟʤʝʨʫ ʜʦ ʠ ʚʦ ʚʨʝʤʷ 

ʠʟʤʝʣʴʯʝʥʠʷ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʦʪʜʝʣʴʥʳʭ ʵʪʘʧʦʚ 

ʧʨʦʭʦʞʜʝʥʠʷ ʟʝʨʥʦʚʦʡ ʩʤʝʩʠ ʥʘ ʧʫʪʠ ʢ ʨʘʙʦʯʝʡ 

ʟʦʥʝ ʜʨʦʙʠʣʢʠ (ʚʳʪʝʢʘʥʠʝ ʠ ʜʦʟʠʨʦʚʘʥʠʝ ʟʝʨʥʦʚʦʡ 

ʩʤʝʩʠ ʠʟ ʟʘʛʨʫʟʦʯʥʦʛʦ ʙʫʥʢʝʨʘ, ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ 

ʩʝʧʘʨʘʮʠʷ), ʝʝ ʧʦʩʣʝʜʫʶʱʝʝ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʦʝ 

ʠʟʤʝʣʴʯʝʥʠʝ ʠ ʚʳʛʨʫʟʢʘ ʠʟ ʢʘʤʝʨʳ ʠʟʤʝʣʴʯʝʥʠʷ ʥʝ 

ʧʦʟʚʦʣʷʝʪ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʠʟʫʯʠʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʧʨʦʮʝʩʩ ʠʟʤʝʣʴʯʝʥʠʷ, ʪ. ʢ. ʥʝ ʫʯʠʪʳʚʘʝʪ ʩʠʩʪʝʤʥʦʛʦ 

ʧʦʜʭʦʜʘ ʢ ʢʦʥʩʪʨʫʢʮʠʠ ʩʘʤʦʡ ʜʨʦʙʠʣʢʠ. ɼʣʷ ʙʦʣʝʝ 

ʧʦʣʥʦʛʦ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʵʣʝʤʝʥʪʦʚ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ 

ʠʟʤʝʣʴʯʝʥʠʷ ʠ ʢʦʥʩʪʨʫʢʮʠʠ ʜʨʦʙʠʣʢʠ ʧʨʷʤʦʛʦ 

ʫʜʘʨʘ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʩʝʧʘʨʘʮʠʝʡ ʟʝʨʥʘ 

ʩʦʩʪʘʚʠʤ ʝʝ ʩʪʨʫʢʪʫʨʥʦ-ʣʦʛʠʯʝʩʢʫʶ ʩʭʝʤʫ (ʩʤ. 

ʨʠʩ.1). 

 

 
ʈʠʩʫʥʦʢ 1. ʉʪʨʫʢʪʫʨʥʦ-ʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʜʨʦʙʠʣʢʠ ʧʨʷʤʦʛʦ ʫʜʘʨʘ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʩʝʧʘʨʘʮʠʝʡ ʟʝʨʥʘ 
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ɺ ʦʙʱʝʤ ʚʠʜʝ ʩʪʨʫʢʪʫʨʥʘʷʩʭʝʤʘʩʦʩʪʦʠʪʠʟ 

ʧʷʪʠ ʵʣʝʤʝʥʪʦʚ ï ʧʦʜʩʠʩʪʝʤ (ʇ1 ï ʇ5). ʂʘʞʜʘʷʠʟ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʧʦʜʩʠʩʪʝʤ ʚʳʧʦʣʥʷʝʪ 

ʩʧʝʮʠʬʠʯʝʩʢʠʝ, ʧʨʠʩʫʱʠʝ ʪʦʣʴʢʦ ʝʡ ʬʫʥʢʮʠʠ, ʠ 

ʧʝʨʝʚʦʜʠʪ ʩʠʩʪʝʤʫ ʠʟ ʧʨʝʜʳʜʫʱʝʛʦ ʜʘʥʥʦʡ 

ʧʦʜʩʠʩʪʝʤʝ ʩʦʩʪʦʷʥʠʷ S̔ ʩ ʧʘʨʘʤʝʪʨʘʤʠ vn, tn ʠ dnʚ 

ʧʦʩʣʝʜʫʶʱʝʝ ʝʝ ʩʦʩʪʦʷʥʠʝ Si+1ʩ ʧʘʨʘʤʝʪʨʘʤʠ vn+1, 

tn+1 ʠ dn+1,ʛʜʝ vn, tn ʽ dnï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʢʦʨʦʩʪʴ 

ʤʘʪʝʨʠʘʣʘ, ʚʨʝʤʷ ʝʛʦ ʜʚʠʞʝʥʠʷ ʠ ʢʨʫʧʥʦʩʪʴ ʚ 

ʧʨʝʜʳʜʫʱʝʡ ʧʦʜʩʠʩʪʝʤʝ, ʘ vn+1, tn+1 ʠ dn+1ï ʩʢʦʨʦʩʪʴ 

ʤʘʪʝʨʠʘʣʘ, ʚʨʝʤʷ ʝʛʦ ʜʚʠʞʝʥʠʷ ʠ ʢʨʫʧʥʦʩʪʴ ʥʘ 

ʧʦʩʣʝʜʫʶʱʝʤ ʝʝ ʩʦʩʪʦʷʥʠʠ. 

ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦʜʣʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦʧʨʦʮʝʩʩʘʠʟʤʝʣʴʯʝʥʠʷʟʝʨʥʦʚʦʡʩʤ

ʝʩʠʚ ʜʨʦʙʠʣʢʝʧʨʷʤʦʛʦ ʫʜʘʨʘʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʩʝʧʘʨʘʮʠʝʡ ʟʝʨʥʘ ʩʢʦʨʦʩʪʴ ʤʘʪʝʨʠʘʣʘ, ʚʨʝʤʷ ʝʛʦ 

ʧʨʝʙʳʚʘʥʠʷ ʥʘ ʦʪʜʝʣʴʥʳʭ ʵʪʘʧʘʭ (ʧʦʜʩʠʩʪʝʤʘʭ) ʠ 

ʢʨʫʧʥʦʩʪʴ ʙʫʜʝʪ ʤʝʥʷʪʴʩʷ ʧʨʠ ʠʟʚʝʩʪʥʳʭ ʫʩʣʦʚʠʷʭ, 

ʟʘʚʠʩʷʱʠʭʦʪʝʛʦ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʷ:  

- ʚʳʪʝʢʘʥʠʝ ʠʟ ʟʘʛʨʫʟʦʯʥʦʛʦ ʙʫʥʢʝʨʘ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʣʦʷ ʟʝʨʥʦʚʦʡ ʩʤʝʩʠ ʥʘ 

ʩʝʧʘʨʠʨʫʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʙʨʘʭʠʩʪʦʭʨʦʥʥʦʛʦ 

ʩʚʦʡʩʪʚʘ;  

- ʩʝʧʘʨʘʮʠʷ ʟʝʨʥʦʚʦʡ ʩʤʝʩʠ ʯʝʨʝʟ ʱʝʣʝʚʳʝ 

ʦʪʚʝʨʩʪʠʷ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʩʝʧʘʨʘʪʦʨʘ;  

- ʜʚʠʞʝʥʠʝ ʟʝʨʥʦʚʦʡ ʩʤʝʩʠ ʧʦ ʪʘʫʪʦʭʨʦʥʥʳʤ 

ʥʘʧʨʘʚʣʷʶʱʠʤ ʚ ʢʘʤʝʨʫ ʠʟʤʝʣʴʯʝʥʠʷ;  

- ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʘʞʜʦʡ ʦʪʩʝʧʘʨʠʨʦʚʘʥʥʦʡ 

ʨʘʢʮʠʠ ʟʝʨʥʘ ʩ ʨʘʙʦʯʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʜʨʦʙʠʣʢʠ;  

- ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʦʝ ʠʟʤʝʣʴʯʝʥʠʝ ʠ ʩʝʧʘʨʘʮʠʷ 

ʟʝʨʥʘ ʥʘ ʢʘʞʜʦʡ ʩʪʫʧʝʥʠ; 

- ʦʪʚʦʜ ʠʟ ʜʨʦʙʠʣʢʠ ʠʟʤʝʣʴʯʝʥʥʦʛʦ ʟʝʨʥʘ ʩ 

ʢʘʞʜʦʡ ʩʪʫʧʝʥʠ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʪʠʭ ʫʩʣʦʚʠʡ, ʬʫʥʢʮʠʠ, 

ʚʳʧʦʣʥʷʝʤʳʝ ʧʦʜʩʠʩʪʝʤʘʤʠ ʜʨʦʙʠʣʢʠ ʧʨʷʤʦʛʦ 

ʫʜʘʨʘ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʩʝʧʘʨʘʮʠʝʡ ʟʝʨʥʘ, ʙʫʜʫʪ 

ʨʘʟʣʠʯʥʳ: ʇ1 - ʚʳʪʝʢʘʥʠʝ ʠʟ ʟʘʛʨʫʟʦʯʥʦʛʦ ʙʫʥʢʝʨʘ, 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʣʦʷ ʟʝʨʥʦʚʦʡ ʩʤʝʩʠ ʥʘ 

ʩʝʧʘʨʠʨʫʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʙʨʘʭʠʩʪʦʭʨʦʥʥʦʛʦ 

ʩʚʦʡʩʪʚʘ ʠ ʩʝʧʘʨʘʮʠʷ ʟʝʨʥʦʚʦʡ ʩʤʝʩʠ ʩʢʚʦʟʴ 

ʱʝʣʝʚʳʝ ʦʪʚʝʨʩʪʠʷ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʩʝʧʘʨʘʪʦʨʘ; ʇ2 

ï ʠʟʤʝʣʴʯʝʥʠʝ ʨʘʙʦʯʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʜʨʦʙʠʣʢʠ 

ʧʝʨʚʦʡ (ʢʨʫʧʥʦʡ) ʬʨʘʢʮʠʠ; ʇ3 - ʠʟʤʝʣʴʯʝʥʠʝ 

ʨʘʙʦʯʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʜʨʦʙʠʣʢʠ ʚʪʦʨʦʡ (ʩʨʝʜʥʝʡ) 

ʬʨʘʢʮʠʠ; ʇ4 - ʠʟʤʝʣʴʯʝʥʠʝ ʨʘʙʦʯʠʤʠ ʵʣʝʤʝʥʪʘʤʠ 

ʜʨʦʙʠʣʢʠ ʪʨʝʪʴʝʡ (ʤʝʣʢʦʡ) ʬʨʘʢʮʠʠ; ʇ5 ï ʦʪʚʦʜ 

(ʩʝʧʘʨʘʮʠʷ) ʠʟ ʜʨʦʙʠʣʢʠ ʠʟʤʝʣʴʯʝʥʥʦʛʦ ʟʝʨʥʘ ʩ 

ʢʘʞʜʦʡ ʩʪʫʧʝʥʠ. ʊʘʢʞʝ ʚ ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʝ 

ʜʨʦʙʠʣʢʠ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʧʦʜʩʠʩʪʝʤ ʇ2, ʇ3, ʇ4 ʜʣʷ ʧʝʨʝʭʦʜʘ 

ʥʝʜʦʠʟʤʝʣʴʯʝʥʥʦʛʦ ʟʝʨʥʘ ʥʘ ʩʣʝʜʫʶʱʫʶ ʩʪʫʧʝʥʴ 

ʠʟʤʝʣʴʯʝʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʩʝʧʘʨʘʮʠʝʡ ʠ ʦʪʚʦʜʦʤ 

ʠʟ ʜʨʦʙʠʣʢʠ. 

ʇʨʠʚʝʜʝʥʥʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʜʨʦʙʠʣʢʠ 

ʧʨʷʤʦʛʦ ʫʜʘʨʘ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʩʝʧʘʨʘʮʠʝʡ ʟʝʨʥʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʦʙʱʝʤ ʚʠʜʝ ʠ ʥʝ ʠʩʢʣʶʯʘʝʪ 

ʚʳʜʝʣʝʥʠʷ ʠʟ ʥʝʝ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʝʚ 

(ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʦʝ ʠʟʤʝʣʴʯʝʥʠʝ, ʨʘʟʜʝʣʝʥʠʝ 

ʧʦʪʦʢʦʚ ʠʟʤʝʣʴʯʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ʠ ʚʦʟʚʨʘʪ ʥʘ 

ʧʦʚʪʦʨʥʦʝ ʠʟʤʝʣʴʯʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʫʯʪʝʥ 

ʜʫʙʣʠʨʦʚʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʜʩʠʩʪʝʤ ʠʣʠ 

ʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʠ ʤʦʜʠʬʠʢʘʮʠʝʡ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʙʦʣʝʝ ʧʦʣʥʦʛʦ ʠʟʫʯʝʥʠʷ 

ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʟʝʨʥʘ ʚ 

ʜʨʦʙʠʣʢʝ ʧʨʷʤʦʛʦ ʫʜʘʨʘʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʩʝʧʘʨʘʮʠʝʡ ʟʝʨʥʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ 

ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʨʘʮʠʦʥʘʣʴʥʦʡ 

ʝʝ ʢʦʥʩʪʨʫʢʮʠʠ. ʇʦʵʪʦʤʫ, ʥʝʦʙʭʦʜʠʤʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʦʟʜʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ 

ʠ ʢʦʥʩʪʨʫʢʮʠʠ ʜʨʦʙʠʣʢʠ ʧʨʷʤʦʛʦ ʫʜʘʨʘ ʩ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʩʝʧʘʨʘʮʠʝʡ ʟʝʨʥʘ ʢʘʢ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʜʚʫʭ ʩʠʩʪʝʤ: ʩʦʟʜʘʥʠʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʢʦʥʩʪʨʫʢʮʠʠ 

ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʩʝʧʘʨʘʮʠʠ ʟʝʨʥʘ ʠ 

ʩʦʟʜʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠ 

ʢʦʥʩʪʨʫʢʮʠʠ ʢʘʤʝʨʳ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʦʛʦ 

ʠʟʤʝʣʴʯʝʥʠʷ ʠ ʩʝʧʘʨʘʮʠʠ ʟʝʨʥʘ. ʇʨʠʯʝʤ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ 

ʜʨʦʙʠʣʢʠ ʧʨʷʤʦʛʦ ʫʜʘʨʘ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʩʝʧʘʨʘʮʠʝʡ ʟʝʨʥʘ ʙʫʜʝʤ ʩ ʫʯʝʪʦʤ ʵʚʦʣʶʮʠʠ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʧʦ ʜʘʥʥʦʤʫ ʚʦʧʨʦʩʫ (ʩʤ. 

ʪʘʙʣ. 1) [15,16]. 

ʉʦʟʜʘʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʜʨʦʙʠʣʦʢ ʙʝʟ 

ʩʠʩʪʝʤʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʩʝʧʘʨʘʮʠʠ ʟʝʨʥʘ (ʧʫʥʢʪ 1 

ʪʘʙʣʠʮʳ 1) ʥʝ ʦʙʝʩʧʝʯʠʚʘʣʠ ʨʘʚʥʦʤʝʨʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʝʨʥʘ ʧʦ ʜʣʠʥʝ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʠ 

ʢʘʣʠʙʨʦʚʢʫ ʟʝʨʥʘ ʧʦ ʨʘʟʤʝʨʘʤ ʥʘ ʬʨʘʢʮʠʠ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ ʩʦʩʪʘʚʠʣ 58é61%, ʘ 

ʫʜʝʣʴʥʘʷʵʥʝʨʛʦʝʤʢʦʩʪʴ ï 10é12 ʢɺʪ ʯʘʩ/ʪ. 

ʇʦʵʪʦʤʫ ʙʳʣʠ ʩʦʟʜʘʥʳ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ 

ʨʝʰʝʥʠʷ ʩ ʩʠʩʪʝʤʦʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʩʝʧʘʨʘʮʠʠ ʧʦ 

ʙʨʘʭʠʩʪʦʭʨʦʥʥʳʤ ʧʦʚʝʨʭʥʦʩʪʷʤ ʠ ʪʘʫʪʦʭʨʦʥʥʳʤ 

ʜʚʠʞʝʥʠʝʤ ʟʝʨʥʘ ʥʘ ʠʟʤʝʣʴʯʝʥʠʝ (ʧʫʥʢʪʳ 2 ʠ 3 

ʪʘʙʣʠʮʳ 1), ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʦʙʝʩʧʝʯʠʪʴ ʩ ʧʦʤʦʱʴʶ 

ʙʨʘʭʠʩʪʦʭʨʦʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩ ʱʝʣʝʚʳʤʠ 

ʦʪʚʝʨʩʪʠʷʤʠ ʨʘʟʜʝʣʝʥʠʝ ʟʝʨʥʘ ʥʘ ʬʨʘʢʮʠʠ, ʘ ʩ 

ʧʦʤʦʱʴʶ ʪʘʫʪʦʭʨʦʥʥʳʭ ʥʘʧʨʘʚʣʷʶʱʠʭ ʦʙʝʩʧʝʯʠʪʴ 

ʥʘʧʨʘʚʣʝʥʥʦʝ ʜʚʠʞʝʥʠʝ ʯʘʩʪʠʮ ʥʘ ʧʨʷʤʦʡ ʫʜʘʨ ʚ 

ʢʘʤʝʨʝ ʜʨʦʙʣʝʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʠʣʠ 

ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ 50é52%, ʘʫʜʝʣʴʥʫʶ ʵʥʝʨʛʦʝʤʢʦʩʪʴ 

ʧʨʦʮʝʩʩʘ ʩʥʠʟʠʣʠ ʜʦ 5é9 ʢɺʪ ʯʘʩ/ʪ. 

ɼʘʣʴʥʝʡʰʘʷ ʵʚʦʣʶʮʠʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 

ʨʝʰʝʥʠʡ ʜʨʦʙʠʣʢʠ ʧʨʷʤʦʛʦ ʫʜʘʨʘ ʩ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʩʝʧʘʨʘʮʠʝʡ ʟʝʨʥʘ ʩ ʩʠʩʪʝʤʘʤʠ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʠ ʞʘʣʶʟʠʡʥʦʡ ʩʝʧʘʨʘʮʠʠ 

ʧʨʦʜʫʢʪʦʚ ʠʟʤʝʣʴʯʝʥʠʷ ʠ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʦʛʦ 

ʠʟʤʝʣʴʯʝʥʠʷ (ʧʫʥʢʪʳ 4 ʠ 5 ʪʘʙʣʠʮʳ 1) ʦʙʝʩʧʝʯʠʣʠ 

ʩʥʠʞʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʜʦ 37é39%, ʘ 

ʫʜʝʣʴʥʦʡ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʧʨʦʮʝʩʩʘ ï ʜʦ 3é4 ʢɺʪ 

ʯʘʩ/ʪ. 

 

ʊʘʙʣʠʮʘ 1 ï ɸʥʘʣʠʟ ʩʦʟʜʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʢʦʥʩʪʨʫʢʮʠʠ ʜʨʦʙʠʣʢʠ ʧʨʷʤʦʛʦ ʫʜʘʨʘ ʩ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʩʝʧʘʨʘʮʠʝʡ ʟʝʨʥʘ 
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ʋʯʠʪʳʚʘʷ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʤʠ ʨʘʟʨʘʙʦʪʘʥʘ ʧʝʨʩʧʝʢʪʠʚʥʘʷ 

ʢʦʥʩʪʨʫʢʪʠʚʥʘʷ ʩʭʝʤʘ ʜʨʦʙʠʣʢʠ ʧʨʷʤʦʛʦ ʫʜʘʨʘ ʩ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʩʝʧʘʨʘʮʠʝʡ ʟʝʨʥʘ ʠ ʧʨʦʜʫʢʪʦʚ 

ʠʟʤʝʣʴʯʝʥʠʷ (ʩʤ. ʨʠʩ. 2), ʚ ʢʦʪʦʨʦʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʩʝʧʘʨʘʮʠʷ ʟʝʨʥʘ ʥʘ ʬʨʘʢʮʠʠ ʩ 

ʧʦʤʦʱʴʶ ʙʨʘʭʠʩʪʦʭʨʦʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩ 

ʱʝʣʝʚʳʤʠ ʩʝʧʘʨʠʨʫʶʱʠʤʠ ʦʪʚʝʨʩʪʠʷʤʠ ʠ ʧʦʜʘʯʘ 

ʢʘʞʜʦʡ ʬʨʘʢʮʠʠ ʩ ʧʦʤʦʱʴʶ ʪʘʫʪʦʭʨʦʥʥʳʭ 

ʥʘʧʨʘʚʣʷʶʱʠʭ ʥʘ ʩʚʦʡ ʫʯʘʩʪʦʢ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʦʛʦ 

ʠʟʤʝʣʴʯʝʥʠʷ ʚ ʦʜʥʦʤ ʨʘʙʦʯʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʢʘʤʝʨʳ 

ʜʨʦʙʣʝʥʠʷ ʠ ʦʪʚʦʜʦʤ ʧʨʦʜʫʢʪʦʚ ʠʟʤʝʣʴʯʝʥʠʷ 

ʟʘʜʘʥʥʦʡ ʢʨʫʧʥʦʩʪʠ ʟʘ ʩʯʝʪ ʩʦʟʜʘʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʩʝʧʘʨʘʪʦʨʦʚ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʝʨʠʬʝʨʠʡʥʳʭ ʠ ʪʦʨʮʝʚʳʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʜʨʦʙʠʣʴʥʦʡ ʢʘʤʝʨʳ [17, 18]. 

ɼʨʦʙʠʣʢʘ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʯʠʱʝʥʥʦʝ ʟʝʨʥʦ ʙʝʟ ʩʦʨʪʠʨʦʚʢʠ 

ʥʘ ʬʨʘʢʮʠʠ ʧʦ ʨʘʟʤʝʨʫ ʧʦʩʪʫʧʘʝʪ ʯʝʨʝʟ ʙʫʥʢʝʨ ï 

ʜʦʟʘʪʦʨ 19 ʚ ʧʠʪʘʪʝʣʴʥʳʡ ʙʫʥʢʝʨ 5, ʛʜʝ, ʧʨʦʭʦʜʷ ʧʦ 

ʧʦʚʝʨʭʥʦʩʪʷʤ 9 ʙʨʘʭʠʩʪʦʭʨʦʥʥʦʛʦ ʩʚʦʡʩʪʚʘ 

ʚʥʫʪʨʝʥʥʝʛʦ ʢʦʥʫʩʘ 7 ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʥʘ ʬʨʘʢʮʠʠ, 

ʩʦʛʣʘʩʥʦ ʱʝʣʝʚʳʭ ʦʪʚʝʨʩʪʠʡ 10, 11, 12, ʥʘʧʨʠʤʝʨ, 

ʥʘ ʪʨʠ ʬʨʘʢʮʠʠ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʯʝʨʪʝʞʝ ʩʪʨʝʣʢʘʤʠ 

I, II, III.  



 
ʈʠʩʫʥʦʢ 2. ï ʇʝʨʩʧʝʢʪʠʚʥʘʷ ʢʦʥʩʪʨʫʢʪʠʚʥʘʷ ʩʭʝʤʘ ʜʨʦʙʠʣʢʠ ʧʨʷʤʦʛʦ ʫʜʘʨʘ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʩʝʧʘʨʘʮʠʝʡ ʟʝʨʥʘ ʠ ʧʨʦʜʫʢʪʦʚ ʠʟʤʝʣʴʯʝʥʠʷ (ʦʙʦʟʥʘʯʝʥʠʷ ʧʦ ʪʝʢʩʪʫ): ʘ) - ʩʭʝʤʘ ʜʨʦʙʠʣʢʠ ʚʠʜ ʩʙʦʢʫ; ʙ) - ʫʟʝʣ I; 

ʚ) - ʚʠʜʩʚʝʨʭʫʥʘ ʜʠʩʢ 

 

ʂʘʞʜʘʷ ʬʨʘʢʮʠʷ ʟʝʨʥʘ ʦʪʜʝʣʴʥʦ ʨʘʚʥʦʤʝʨʥʦ 

ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʨʘʩʧʨʝʜʝʣʠʪʝʣʝʤ ʬʨʘʢʮʠʡ 13. 

ʂʨʫʧʥʘʷ ʬʨʘʢʮʠʷ ʧʦʩʪʫʧʘʝʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʛʦ ʢʦʥʫʩʘ 14, ʩʨʝʜʥʷʷ ï ʥʘ ʢʦʥʫʩ 

15, ʤʝʣʢʘʷ ï ʥʘ ʢʦʥʫʩ 16.  

ʊʘʢʘʷ ʧʦʜʘʯʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʚʥʦʤʝʨʥʦʝ 

ʧʦʩʪʫʧʣʝʥʠʝ ʟʝʨʥʘ ʢʘʞʜʦʡ ʬʨʘʢʮʠʠ ʦʪʜʝʣʴʥʦ ʥʘ 

ʩʚʦʶ ʯʘʩʪʴ ʜʠʩʢʘ 2, ʛʜʝ ʠ ʨʝʘʣʠʟʫʝʪʩʷ ʦʜʥʦʢʨʘʪʥʳʡ 

ʧʨʷʤʦʡ ʫʜʘʨ ʚ ʧʣʦʩʢʦʩʪʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ 

ʧʣʦʩʢʦʩʪʠ ʧʘʜʝʥʠʷ ʟʝʨʥʘ ʩʪʝʨʞʥʷʤʠ 4, 

ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʨʘʜʠʘʣʴʥʦ ʥʘ ʚʘʣʫ 3, ʨʘʚʥʦʤʝʨʥʦ 

ʧʦ ʚʩʝʡ ʦʢʨʫʞʥʦʩʪʠ.  

ʀʟʤʝʣʴʯʝʥʥʘʷ ʟʝʨʥʦʚʘʷ ʩʤʝʩʴ ʧʦʧʘʜʘʝʪ ʥʘ 

ʜʠʩʢ 2 ʠ ʜʚʠʞʝʪʩʷ ʚʜʦʣʴ ʢʦʥʫʩʥʳʭ ʩʢʘʪʥʳʭ ʫʛʦʣʢʦʚ 

18, ʧʨʠʦʙʨʝʪʘʷ ʧʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʫʶ ʩʢʦʨʦʩʪʴ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ. ʇʨʠ ʜʚʠʞʝʥʠʠ 

ʯʘʩʪʠʮ ʩʤʝʩʠ ʚʜʦʣʴ ʢʦʥʫʩʥʳʭ ʩʢʘʪʥʳʭ ʫʛʦʣʢʦʚ 18, 

ʦʥʠ ʩʝʧʘʨʠʨʫʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʚʦʝʤʫ ʨʘʟʤʝʨʫ 

ʯʝʨʝʟ ʢʘʥʘʣʳ 17 ʢʣʠʥʦʚʠʜʥʦʡ ʬʦʨʤʳ ʠ ʚʳʚʦʜʷʪʩʷ 

ʠʟ ʟʦʥʳ ʜʨʦʙʣʝʥʠʷ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʯʝʨʪʝʞʝ 

ʩʪʨʝʣʢʘʤʠ IV. ʊʘʢʦʝ ʠʩʧʦʣʥʝʥʠʝ ʩʝʧʘʨʠʨʫʶʱʠʭ 

ʢʘʥʘʣʦʚ 17 ʢʣʠʥʦʚʠʜʥʦʡ ʬʦʨʤʳ, ʢʦʪʦʨʳʝ 

ʨʘʩʰʠʨʷʶʪʩʷ ʦʪ ʮʝʥʪʨʘ ʜʠʩʢʘ 2 ʢ ʧʝʨʠʬʝʨʠʠ, ʠ 

ʦʙʨʘʟʦʚʘʥʥʳʝ ʢʦʥʫʩʥʳʤʠ ʩʢʘʪʥʳʤʠ ʫʛʦʣʢʘʤʠ 18 

ʠʩʢʣʶʯʘʝʪ ʠʭ ʟʘʙʠʚʘʥʠʝ ʯʘʩʪʠʮʘʤʠ, ʨʘʟʤʝʨ 

ʢʦʪʦʨʳʭ ʨʘʚʝʥ ʨʘʟʤʝʨʫ ʦʪʚʝʨʩʪʠʡ ʠʣʠ ʥʝʤʥʦʛʦ 

ʧʨʝʚʳʰʘʝʪ ʝʛʦ. ʏʘʩʪʠʮʳ, ʨʘʟʤʝʨ ʢʦʪʦʨʳʭ 

ʧʨʝʚʳʰʘʝʪ ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʩʝʧʘʨʠʨʫʶʱʠʭ 

ʢʘʥʘʣʦʚ 17 ʜʠʩʢʘ 2 ʠ ʯʘʩʪʠʮʳ, ʢʦʪʦʨʳʝ ʥʝ 

ʚʳʜʝʣʠʣʠʩʴ ʯʝʨʝʟ ʢʘʥʘʣʳʜʠʩʢʘ, ʧʦʜ ʜʝʡʩʪʚʠʝʤ 
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ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ ʩ ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʴʶ 

ʦʪʙʨʘʩʳʚʘʶʪʩʷ ʥʘ ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʩʝʪʯʘʪʫʶ 

ʧʝʨʝʛʦʨʦʜʢʫ 8 ʠ ʦʪʚʦʜʷʪʩʷ ʯʝʨʝʟ ʝʝ ʦʪʚʝʨʩʪʠʷ, ʢʘʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʯʝʨʪʝʞʝ ʩʪʨʝʣʢʘʤʠ V. ʏʘʩʪʠʮʳ, ʨʘʟʤʝʨ 

ʢʦʪʦʨʳʭ ʧʨʝʚʳʰʘʝʪ ʨʘʟʤʝʨ ʦʪʚʝʨʩʪʠʡ ʩʝʪʯʘʪʦʡ 

ʧʝʨʝʛʦʨʦʜʢʠ 8, ʦʪʨʘʞʘʶʪʩʷ ʦʪ ʥʝʝ (ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ 

ʯʝʨʪʝʞʝ ʩʪʨʝʣʢʘʤʠ VI), ʧʦʧʘʜʘʶʪ ʚ ʟʦʥʫ ʜʝʡʩʪʚʠʷ 

ʩʪʝʨʞʥʝʡ 4, ʜʨʦʙʷʪʩʷ ʠʤʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʠ 

ʩʝʧʘʨʠʨʫʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʚʦʝʤʫ ʨʘʟʤʝʨʫ 

ʩʢʚʦʟʴ ʢʘʥʘʣʳ 17, ʠʣʠ ʦʪʚʝʨʩʪʠʷ ʩʝʪʯʘʪʦʡ 

ʧʝʨʝʛʦʨʦʜʢʠ 8 ʠ ʚʳʚʦʜʷʪʩʷ ʠʟ ʟʦʥʳ ʜʨʦʙʣʝʥʠʷ, ʢʘʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʯʝʨʪʝʞʝ ʩʪʨʝʣʢʘʤʠ IV, ʠʣʠ V. 

ɼʘʣʝʝ ʧʨʦʜʫʢʪʳ ʠʟʤʝʣʴʯʝʥʠʷ ʧʦʧʘʜʘʶʪ ʚ 

ʚʳʭʦʜʥʦʡ ʧʘʪʨʫʙʦʢ 20 ʠ ʚʳʚʦʜʷʪʩʷ ʠʟ ʫʩʪʨʦʡʩʪʚʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʟʜʘʥʠʝ ʥʘʧʨʘʚʣʝʥʥʳʭ 

ʧʦʪʦʢʦʚ ʦʜʥʦʨʦʜʥʳʭ ʧʦ ʨʘʟʤʝʨʘʤ ʟʝʨʝʥ ʥʘ 

ʠʟʤʝʣʴʯʝʥʠʝ ʧʨʷʤʳʤ ʫʜʘʨʦʤ ʩ ʧʦʤʦʱʴʶ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʙʨʘʭʠʩʪʦʭʨʦʥʥʦʛʦ ʩʚʦʡʩʪʚʘ ʩ 

ʱʝʣʝʚʳʤʠ ʦʪʚʝʨʩʪʠʷʤʠ ʧʦʟʚʦʣʷʝʪ ʨʘʮʠʦʥʘʣʴʥʦ 

ʦʨʛʘʥʠʟʦʚʘʪʴ ʨʘʙʦʯʠʡ ʧʨʦʮʝʩʩ ʠʟʤʝʣʴʯʝʥʠʷ, 

ʩʥʠʟʠʪʴ ʮʠʨʢʫʣʷʮʠʦʥʥʫʶ ʥʘʛʨʫʟʢʫ ʚ ʢʘʤʝʨʝ 

ʠʟʤʝʣʴʯʝʥʠʷ ʠ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʧʨʦʮʝʩʩʘ[17, 18]. 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʦʢʘʟʘʥ ʦʙʱʠʡ ʚʠʜ 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʢʦʥʫʩʦʚ ʩ ʙʨʘʭʠʩʪʦʭʨʦʥʥʳʤʠ 

ʨʘʟʛʦʥʥʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʜʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʩʝʧʘʨʘʮʠʠ ʟʝʨʥʘ ʠ ʪʘʫʪʦʭʨʦʥʥʳʤʠ ʥʘʧʨʘʚʣʷʶʱʠʤʠ 

ʥʘ ʠʟʤʝʣʴʯʝʥʠʝ ʧʨʷʤʳʤ ʫʜʘʨʦʤ, ʘ ʥʘ ʨʠʩʫʥʢʝ 4 ï 

ʦʙʱʠʡ ʚʠʜ ʢʘʤʝʨʳ ʜʨʦʙʣʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʡ 

ʜʨʦʙʠʣʢʠ ʧʨʷʤʦʛʦ ʫʜʘʨʘ ʩ ʩʝʧʘʨʠʨʫʶʱʠʤʠ 

ʢʘʥʘʣʘʤʠ ʢʣʠʥʦʚʠʜʥʦʡ ʬʦʨʤʳ. 

 
 

ʈʠʩʫʥʦʢ 3 ï ʆʙʱʠʡ ʚʠʜ ʢʦʥʫʩʦʚ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʩʝʧʘʨʘʮʠʠ ʟʝʨʥʘ. 

 
 

ʈʠʩʫʥʦʢ 4. ï ʆʙʱʠʡ ʚʠʜ ʢʘʤʝʨʳ ʜʨʦʙʣʝʥʠʷ. 

 

ɺʳʚʦʜʳ 

ɼʣʷ ʙʦʣʝʝ ʧʦʣʥʦʛʦ ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʦʚ, 

ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʟʝʨʥʘ ʚ ʜʨʦʙʠʣʢʝ 

ʧʨʷʤʦʛʦ ʫʜʘʨʘʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʩʝʧʘʨʘʮʠʝʡ ʟʝʨʥʘ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʩʠʩʪʝʤʥʦʛʦ 

ʧʦʜʭʦʜʘ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʨʘʮʠʦʥʘʣʴʥʦʡ ʝʝ 

ʢʦʥʩʪʨʫʢʮʠʠ. 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʵʚʦʣʶʮʠʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦʧʨʦʮʝʩʩʘʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 

ʨʝʰʝʥʠʡ ʜʨʦʙʠʣʢʠʧʨʷʤʦʛʦ ʫʜʘʨʘʩ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡʩʝʧʘʨʘʮʠʝʡʟʝʨʥʘ ʠ ʩʠʩʪʝʤʥʦʛʦ 

ʧʦʜʭʦʜʘ ʨʘʟʨʘʙʦʪʘʥʘ ʧʝʨʩʧʝʢʪʠʚʥʘʷ 

ʢʦʥʩʪʨʫʢʪʠʚʥʘʷ ʩʭʝʤʘ ʜʨʦʙʠʣʢʠ ʧʨʷʤʦʛʦ ʫʜʘʨʘ ʩ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʩʝʧʘʨʘʮʠʝʡ ʟʝʨʥʘ ʠ ʧʨʦʜʫʢʪʦʚ 

ʠʟʤʝʣʴʯʝʥʠʷ. 

ɺ ʜʘʣʴʥʝʡʰʝʤʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʙʨʘʟʮʘ ʜʨʦʙʠʣʢʠ ʧʨʷʤʦʛʦ 

ʫʜʘʨʘ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʩʝʧʘʨʘʮʠʝʡ ʟʝʨʥʘ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦ ï ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʜʨʦʙʠʣʢʠ; ʦʧʨʝʜʝʣʝʥʠʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʚʝʣʠʯʠʥʳ ʫʜʘʨʘ ʯʘʩʪʠʮ ʠʟʤʝʣʴʯʝʥʥʦʛʦ ʟʝʨʥʘ ʧʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʢʠ; ʢʘʯʝʩʪʚʫ ʠʟʤʝʣʴʯʝʥʠʷ ʤʘʪʝʨʠʘʣʘ 

ʧʦ ʢʘʤʝʨʝ ʜʨʦʙʣʝʥʠʷ ʠ ʨʘʟʨʘʙʦʪʘʪʴ ʘʣʛʦʨʠʪʤ 

ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʩʝʧʘʨʘʮʠʠ ʟʝʨʥʘ, ʘ ʪʘʢʞʝ ʧʨʦʛʨʘʤʤʳ ʠ ʤʝʪʦʜʠʢʠ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʧʦʩʪʨʦʝʥʠʷ ʙʨʘʭʠʩʪʦʭʨʦʥʥʳʭ ʠ 

ʪʘʫʪʦʭʨʦʥʥʳʭ ʥʘʧʨʘʚʣʷʶʱʠʭ. 
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ɸʅʅʆʊɸʎʀʗ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʤʦʜʝʨʥʠʟʘʮʠʠ ʤʝʭʘʥʠʟʤʘ ʧʨʫʞʠʥʥʦʡ ʧʦʜ, ʠʩʧʦʣʴʟʫʝʤʦʡ 

ʧʨʠ ʤʦʥʪʘʞʝ ʪʨʫʙʦʧʨʦʚʦʜʥʳʭ ʩʠʩʪʝʤ.  ʇʨʫʞʠʥʥʳʝ ʧʦʜʚʝʩʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʘʞʥʳʡ ʵʣʝʤʝʥʪ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʘʛʠʩʪʨʘʣʝʡ, ʢʦʪʦʨʳʡ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʠʭ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʠ ʙʝʟʘʚʘʨʠʡʥʫʶ ʨʘʙʦʪʫ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʨʫʙʦʧʨʦʚʦʜ, ʦʧʦʨʘ, ʧʨʫʞʠʥʥʦ-ʮʝʧʥʦʡ ʤʝʭʘʥʠʟʤ, ʤʫʬʪʘ. 

ABSTRACT 

This article discusses the possibility of upgrading the spring suspension mechanism used in the installation of 

pipeline systems. Spring suspensions are an important component of industrial pipelines that significantly impact their 

durability and reliability. 

Keywords: pipeline, support, spring-chain mechanism, coupling. 

 

ʊʨʫʙʦʧʨʦʚʦʜʥʘʷ ʩʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʣʦʞʥʦʝ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʦʨʫʞʝʥʠʝ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʞʠʜʢʠʭ, 

ʛʘʟʦʦʙʨʘʟʥʳʭ ʠʣʠ ʩʳʧʫʯʠʭ ʚʝʱʝʩʪʚ ʦʪ ʪʦʯʢʠ 

ʦʪʧʨʘʚʣʝʥʠʷ ʢ ʧʫʥʢʪʫ ʥʘʟʥʘʯʝʥʠʷ. ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʚʢʘ ʤʘʪʝʨʠʘʣʦʚ ʠʟ ʤʝʩʪ 

ʜʦʙʳʯʠ ʠʣʠ ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ 

ʧʦʪʨʝʙʠʪʝʣʷʤ. ʆʙʝʩʧʝʯʠʚʘʷ ʙʝʩʧʝʨʝʙʦʡʥʦʝ ʠ 

ʵʬʬʝʢʪʠʚʥʦʝ ʩʥʘʙʞʝʥʠʝ, ʦʥʠ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ 

ʨʘʟʣʠʯʥʳʭ ʩʝʢʪʦʨʘʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʊʨʫʙʦʧʨʦʚʦʜ ï 

ʵʪʦ ʢʦʥʩʪʨʫʢʮʠʷ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʛʝʨʤʝʪʠʯʥʦ 

ʩʦʝʜʠʥʝʥʥʳʭ ʪʨʫʙ, ʢʦʤʧʦʥʝʥʪʦʚ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, 

ʟʘʧʦʨʥʦ-ʨʝʛʫʣʠʨʫʶʱʝʡ ʘʨʤʘʪʫʨʳ, ʢʦʥʪʨʦʣʴʥʦ-

ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ, ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, 

ʦʧʦʨ, ʧʦʜʚʝʩʦʢ, ʢʨʝʧʝʞʘ, ʫʧʣʦʪʥʠʪʝʣʝʡ, ʘ ʪʘʢʞʝ 

ʪʝʧʣʦ- ʠ ʘʥʪʠʢʦʨʨʦʟʠʡʥʳʭ ʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʇʦʜʚʝʩʥʘʷ ʧʨʫʞʠʥʥʘʷ ʦʧʦʨʘ ʷʚʣʷʝʪʩʷ 

ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʠ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ 

ʠʭ ʥʘʜʝʞʥʦʡ ʠ ʙʝʟʦʧʘʩʥʦʡ ʨʘʙʦʪʳ. ʆʥʘ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʩʥʠʞʝʥʠʶ ʚʠʙʨʘʮʠʠ, ʢʦʤʧʝʥʩʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʨʘʩʰʠʨʝʥʠʡ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʧʦʚʨʝʞʜʝʥʠʡ 

ʩʠʩʪʝʤʳ. ʇʨʫʞʠʥʥʳʝ ʦʧʦʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʥʘʜʝʞʥʦʡ 

ʬʠʢʩʘʮʠʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʢʦʤʧʝʥʩʠʨʫʶʱʠʝ 

ʠʟʤʝʥʝʥʠʷ, ʚʳʟʚʘʥʥʳʝ ʪʝʤʧʝʨʘʪʫʨʦʡ, ʚʠʙʨʘʮʠʝʡ ʠ 

ʜʨʫʛʠʤʠ ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʥʘʛʨʫʟʢʘʤʠ. ʆʥʠ 

ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʙʝʟʦʧʘʩʥʦʡ ʠ ʜʦʣʛʦʚʝʯʥʦʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʨʫʙʦʧʨʦʚʦʜʥʳʭ ʩʠʩʪʝʤ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʵʥʝʨʛʝʪʠʢʝ ʠ ʞʠʣʠʱʥʦ-

ʢʦʤʤʫʥʘʣʴʥʦʤ ʭʦʟʷʡʩʪʚʝ,  ʨʠʩʫʥʢʝ 1.  

ʇʨʫʞʠʥʥʳʝ ʦʧʦʨʳ ʩʦʩʪʦʷʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ 

ʵʣʝʤʝʥʪʦʚ: ʢʦʨʧʫʩ ʦʧʦʨʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʟʘʱʠʪʫ 

ʚʥʫʪʨʝʥʥʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʩʣʫʞʘʱʠʡ ʜʣʷ ʢʨʝʧʣʝʥʠʷ 

ʢ ʥʝʩʫʱʠʤ ʢʦʥʩʪʨʫʢʮʠʷʤ; ʧʨʫʞʠʥʥʳʡ ʙʣʦʢ, 

ʷʚʣʷʶʱʠʡʩʷ ʦʩʥʦʚʥʳʤ ʨʘʙʦʯʠʤ ʵʣʝʤʝʥʪʦʤ, 

ʚʦʩʧʨʠʥʠʤʘʶʱʠʤ ʥʘʛʨʫʟʢʠ ʦʪ ʪʨʫʙʦʧʨʦʚʦʜʘ ʠ 

ʩʦʩʪʦʷʱʠʡ ʠʟ ʦʜʥʦʡ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʧʨʫʞʠʥ; ʪʷʛʠ, 

ʩʦʝʜʠʥʷʶʱʠʝ ʧʨʫʞʠʥʥʳʡ ʙʣʦʢ ʩ ʪʨʘʚʝʨʩʦʡ ʥʘ 

ʪʨʫʙʦʧʨʦʚʦʜʝ ʠ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʷʤʠ. 

 
ʈʠʩʫʥʦʢ 1. ɹʣʦʢʠ ʧʨʫʞʠʥʥʳʝ ʜʣʷ ʦʧʦʨ 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ. 

 

ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʧʦʨ, 

ʧʦʤʠʤʦ ʤʘʪʝʨʠʘʣʘ, ʚʢʣʶʯʘʶʪ: ʩʧʦʩʦʙ ʢʨʝʧʣʝʥʠʷ, 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʢʠ, ʩʧʦʩʦʙ ʫʜʝʨʞʘʥʠʷ 

ʪʨʫʙʦʧʨʦʚʦʜʘ, ʥʘʣʠʯʠʝ ʟʘʱʠʪʳ ʠ ʪʠʧ ʪʨʫʙʦʧʨʦʚʦʜʘ, 

ʜʣʷ ʢʦʪʦʨʦʛʦ ʦʥʠ ʧʨʝʜʥʘʟʥʘʯʝʥʳ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ 

ʥʘʜʝʞʥʦʩʪʠ ʪʨʫʙʦʧʨʦʚʦʜʘ ʚ ʫʩʣʦʚʠʷʭ ʢʦʣʝʙʘʥʠʡ 

ʪʝʤʧʝʨʘʪʫʨ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʦʜʝʨʥʠʟʠʨʦʚʘʪʴ ʧʨʫʞʠʥʥʦ-

ʮʝʧʥʦʡ ʫʟʝʣ. ʄʦʜʝʨʥʠʟʘʮʠʷ ʚʢʣʶʯʘʝʪ ʠʟʤʝʥʝʥʠʷ ʚ 

ʵʣʝʤʝʥʪʘʭ ʝʛʦ ʢʦʥʩʪʨʫʢʮʠʠ. ʆʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ 

ʦʧʦʨʳ ï ʧʨʫʞʠʥʳ ʠʣʠ ʧʨʫʞʠʥʥʳʝ ʮʝʧʠ, 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʚʦʙʦʜʫ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʠ ʨʝʛʫʣʠʨʫʶʪ ʥʘʧʨʷʞʝʥʠʷ ʚ ʥʝʤ ʟʘ ʩʯʝʪ 

ʧʨʠʥʫʜʠʪʝʣʴʥʦʛʦ ʩʞʘʪʠʷ ʧʨʫʞʠʥ. ʇʨʠʤʝʥʝʥʠʝ 

ʧʦʜʚʝʩʥʳʭ ʧʨʫʞʠʥʥʳʭ ʦʧʦʨ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʭ ʥʘʜʝʞʥʫʶ ʠ 

ʙʝʟʦʧʘʩʥʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ 

ʚʠʙʨʘʮʠʡ, ʢʦʤʧʝʥʩʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʠ 

ʟʘʱʠʪʳ ʦʪ ʧʦʚʨʝʞʜʝʥʠʡ. ʄʦʜʝʨʥʠʟʘʮʠʷ ʧʨʫʞʠʥʥʦ-

ʮʝʧʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʣʫʯʰʠʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʢʦʤʧʝʥʩʘʮʠʠ ʨʘʩʰʠʨʝʥʠʡ ʠ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʩʨʦʢ 

ʩʣʫʞʙʳ ʪʨʫʙʦʧʨʦʚʦʜʘ. ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʫʞʠʥʥʳʝ 

ʦʧʦʨʳ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʩ ʫʯʝʪʦʤ ʩʘʤʳʭ ʩʪʨʦʛʠʭ 

ʪʨʝʙʦʚʘʥʠʡ ʢ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ. ʀʥʞʝʥʝʨʳ 

ʧʨʠʤʝʥʷʶʪ ʧʝʨʝʜʦʚʳʝ ʤʝʪʦʜʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ 
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ʘʥʘʣʠʟʘ, ʯʪʦʙʳ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʩʦʦʪʚʝʪʩʪʚʠʝ ʦʧʦʨ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʥʘʛʨʫʟʢʘʤ ʠ ʫʩʣʦʚʠʷʤ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʇʨʠ ʵʪʦʤ ʫʯʠʪʳʚʘʶʪʩʷ ʪʘʢʠʝ 

ʬʘʢʪʦʨʳ, ʢʘʢ ʚʝʩ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʪʝʤʧʝʨʘʪʫʨʥʳʝ 

ʢʦʣʝʙʘʥʠʷ, ʚʝʪʨʦʚʳʝ ʠ ʩʝʡʩʤʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʪʘʢʠʭ ʢʘʢ ʣʝʛʠʨʦʚʘʥʥʘʷ ʩʪʘʣʴ ʠ ʩʧʝʮʠʘʣʴʥʳʝ ʩʧʣʘʚʳ, 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʦʧʦʨ ʢ 

ʢʦʨʨʦʟʠʠ ʠ ʠʟʥʦʩʫ.  

ɺʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʧʨʠ ʚʳʙʦʨʝ ʠ ʫʩʪʘʥʦʚʢʝ 

ʧʨʫʞʠʥʥʳʭ ʦʧʦʨ ʷʚʣʷʝʪʩʷ ʪʦʯʥʳʡ ʨʘʩʯʝʪ ʧʘʨʘʤʝʪʨʦʚ 

ʧʨʫʞʠʥ ʠ ʧʨʘʚʠʣʴʥʘʷ ʥʘʩʪʨʦʡʢʘ ʩʠʩʪʝʤʳ. 

ʅʝʧʨʘʚʠʣʴʥʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʧʨʫʞʠʥʳ ʠʣʠ ʥʝʚʝʨʥʘʷ 

ʨʝʛʫʣʠʨʦʚʢʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʝʨʝʥʘʧʨʷʞʝʥʠʶ 

ʪʨʫʙʦʧʨʦʚʦʜʘ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʫʚʝʣʠʯʠʚʘʝʪ 

ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʚʨʝʞʜʝʥʠʡ ʠ ʘʚʘʨʠʡ. ʇʦʵʪʦʤʫ ʤʦʥʪʘʞ 

ʧʨʫʞʠʥʥʳʭ ʦʧʦʨ ʜʦʣʞʝʥ ʧʨʦʠʟʚʦʜʠʪʴʩʷ 

ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʤ ʧʝʨʩʦʥʘʣʦʤ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ. 

ʀʥʥʦʚʘʮʠʦʥʥʳʝ ʨʝʰʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʧʨʫʞʠʥʥʳʭ ʦʧʦʨ 

ʚʢʣʶʯʘʶʪ ʨʘʟʨʘʙʦʪʢʫ ʩʘʤʦʨʝʛʫʣʠʨʫʶʱʠʭʩʷ ʩʠʩʪʝʤ, 

ʢʦʪʦʨʳʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʘʜʘʧʪʠʨʫʶʪʩʷ ʢ ʠʟʤʝʥʝʥʠʷʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʥʘʛʨʫʟʢʠ. ʊʘʢʠʝ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʶʪ 

ʧʦʜʜʝʨʞʠʚʘʪʴ ʦʧʪʠʤʘʣʴʥʦʝ ʥʘʪʷʞʝʥʠʝ ʪʨʫʙʦʧʨʦʚʦʜʘ, 

ʩʥʠʞʘʷ ʨʠʩʢ ʜʝʬʦʨʤʘʮʠʡ ʠ ʧʦʚʨʝʞʜʝʥʠʡ. ʂʨʦʤʝ ʪʦʛʦ, 

ʚʥʝʜʨʷʶʪʩʷ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʦʧʦʨ, 

ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ 

ʦʪʩʣʝʞʠʚʘʪʴ ʠʭ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʠ ʚʳʷʚʣʷʪʴ 

ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ. ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ 

ʧʨʫʞʠʥʥʳʭ ʦʧʦʨ ʩʚʷʟʘʥʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʦʚʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ, ʘ ʪʘʢʞʝ ʩ ʠʥʪʝʛʨʘʮʠʝʡ ʚ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʪʨʫʙʦʧʨʦʚʦʜʥʳʤʠ ʩʝʪʷʤʠ. ʈʘʟʨʘʙʦʪʢʘ ʢʦʤʧʦʟʠʪʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʴʶ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ 

ʢʦʨʨʦʟʠʠ ʧʦʟʚʦʣʠʪ ʩʦʟʜʘʚʘʪʴ ʙʦʣʝʝ ʣʝʛʢʠʝ ʠ 

ʥʘʜʝʞʥʳʝ ʦʧʦʨʳ. ɺʥʝʜʨʝʥʠʝ ʜʘʪʯʠʢʦʚ ʠ ʩʠʩʪʝʤ 

ʫʜʘʣʝʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʟʚʦʣʠʪ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʧʨʝʜʠʢʪʠʚʥʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ, ʧʨʝʜʦʪʚʨʘʱʘʷ ʘʚʘʨʠʠ ʠ 

ʩʥʠʞʘʷ ʟʘʪʨʘʪʳ ʥʘ ʨʝʤʦʥʪ. ʅʦʚʝʡʰʠʝ ʨʘʟʨʘʙʦʪʢʠ ʚ 

ʦʙʣʘʩʪʠ ʧʨʫʞʠʥʥʳʭ ʦʧʦʨ ʦʧʠʨʘʶʪʩʷ ʥʘ ʩʪʨʦʞʘʡʰʠʝ 

ʩʪʘʥʜʘʨʪʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʙʝʟʦʪʢʘʟʥʦʩʪʠ. ʀʥʞʝʥʝʨʳ 

ʠʩʧʦʣʴʟʫʶʪ ʧʨʦʜʚʠʥʫʪʳʝ ʤʝʪʦʜʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ 

ʘʥʘʣʠʟʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʠʷ ʦʧʦʨ ʨʘʙʦʯʠʤ 

ʫʩʣʦʚʠʷʤ ʠ ʚʥʝʰʥʠʤ ʬʘʢʪʦʨʘʤ. ɺʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ 

ʚʝʩʫ ʪʨʫʙʦʧʨʦʚʦʜʥʦʡ ʩʠʩʪʝʤʳ, ʪʝʤʧʝʨʘʪʫʨʥʳʤ 

ʠʟʤʝʥʝʥʠʷʤ, ʚʦʟʜʝʡʩʪʚʠʶ ʚʝʪʨʘ ʠ ʩʝʡʩʤʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ.  

ʇʨʠʤʝʥʝʥʠʝ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʚʢʣʶʯʘʷ ʣʝʛʠʨʦʚʘʥʥʳʝ ʩʪʘʣʠ ʠ ʩʧʝʮʠʘʣʴʥʳʝ ʩʧʣʘʚʳ, 

ʛʘʨʘʥʪʠʨʫʝʪ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʠ ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʴ ʦʧʦʨ 

ʢʦʨʨʦʟʠʠ ʠ ʠʟʥʦʩʫ. ʂʣʶʯʝʚʳʤ ʤʦʤʝʥʪʦʤ ʧʨʠ ʚʳʙʦʨʝ 

ʠ ʤʦʥʪʘʞʝ ʧʨʫʞʠʥʥʳʭ ʦʧʦʨ ʷʚʣʷʝʪʩʷ ʚʳʚʝʨʝʥʥʳʡ 

ʨʘʩʯʝʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʫʞʠʥ ʠ ʢʦʨʨʝʢʪʥʘʷ ʥʘʩʪʨʦʡʢʘ 

ʩʠʩʪʝʤʳ. ʅʝʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʧʨʫʞʠʥʳ 

ʠʣʠ ʥʝʢʦʨʨʝʢʪʥʘʷ ʨʝʛʫʣʠʨʦʚʢʘ ʩʧʦʩʦʙʥʳ ʚʳʟʚʘʪʴ 

ʯʨʝʟʤʝʨʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʚ ʪʨʫʙʦʧʨʦʚʦʜʝ, ʯʪʦ 

ʧʦʚʳʰʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʚʨʝʞʜʝʥʠʡ ʠ ʘʚʘʨʠʡʥʳʭ 

ʩʠʪʫʘʮʠʡ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʩʪʘʥʦʚʢʘ ʧʨʫʞʠʥʥʳʭ ʦʧʦʨ 

ʪʨʝʙʫʝʪ ʧʨʠʚʣʝʯʝʥʠʷ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ. ʀʥʥʦʚʘʮʠʦʥʥʳʝ 

ʧʦʜʭʦʜʳ ʚ ʩʬʝʨʝ ʧʨʫʞʠʥʥʳʭ ʦʧʦʨ ʚʢʣʶʯʘʶʪ ʩʦʟʜʘʥʠʝ 

ʩʘʤʦʥʘʩʪʨʘʠʚʘʶʱʠʭʩʷ ʩʠʩʪʝʤ, ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʧʦʜʩʪʨʘʠʚʘʶʱʠʭʩʷ ʧʦʜ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʥʘʛʨʫʟʢʠ. ʇʦʜʦʙʥʳʝ ʩʠʩʪʝʤʳ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʦʧʪʠʤʘʣʴʥʦʝ ʥʘʪʷʞʝʥʠʝ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʩʥʠʞʘʷ ʨʠʩʢ 

ʜʝʬʦʨʤʘʮʠʡ ʠ ʧʦʚʨʝʞʜʝʥʠʡ. ʊʘʢʞʝ, ʚʥʝʜʨʷʶʪʩʷ 

ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʩʦʩʪʦʷʥʠʷ ʦʧʦʨ, ʧʦʟʚʦʣʷʶʱʠʝ ʚ 

ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʦʪʩʣʝʞʠʚʘʪʴ ʠʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʠ ʦʧʨʝʜʝʣʷʪʴ ʚʦʟʤʦʞʥʳʝ 

ʧʨʦʙʣʝʤʳ.  

ɹʫʜʫʱʝʝ ʧʨʫʞʠʥʥʳʭ ʦʧʦʨ ʩʚʷʟʘʥʦ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʝʨʝʜʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ, 

ʘ ʪʘʢʞʝ ʩ ʠʥʪʝʛʨʘʮʠʝʡ ʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʥʳʤʠ ʩʝʪʷʤʠ. ʈʘʟʨʘʙʦʪʢʘ 

ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʧʦʚʳʰʝʥʥʦʡ ʧʨʦʯʥʦʩʪʴʶ 

ʠ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʢʦʨʨʦʟʠʠ ʧʦʟʚʦʣʠʪ ʩʦʟʜʘʚʘʪʴ ʙʦʣʝʝ 

ʣʝʛʢʠʝ ʠ ʥʘʜʝʞʥʳʝ ʦʧʦʨʳ. ɺʩʪʨʘʠʚʘʥʠʝ ʜʘʪʯʠʢʦʚ ʠ 

ʩʠʩʪʝʤ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʟʚʦʣʠʪ 

ʧʨʦʚʦʜʠʪʴ ʧʨʦʛʥʦʟʠʨʫʝʤʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ, 

ʧʨʝʜʦʪʚʨʘʱʘʷ ʘʚʘʨʠʠ ʠ ʫʤʝʥʴʰʘʷ ʟʘʪʨʘʪʳ ʥʘ ʨʝʤʦʥʪ. 

ʎʝʧʴ ʩ ʧʨʫʞʠʥʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʦʭʚʘʪʳʚʘʝʪ ʪʨʫʙʫ ʠ 

ʧʣʦʪʥʦ ʬʠʢʩʠʨʫʝʪ ʩʪʘʥʠʥʫ ʥʘ ʝʸ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʩʪʘʙʠʣʴʥʫʶ ʫʩʪʘʥʦʚʢʫ ʠ ʧʨʝʜʦʪʚʨʘʱʘʷ 

ʩʤʝʱʝʥʠʝ ʚʦ ʚʨʝʤʷ ʨʘʙʦʪʳ. ʋʧʨʫʛʘʷ ʦʧʦʨʘ, 

ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʥʘ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʪʦʡʢʝ, ʜʦʣʞʥʘ ʙʳʪʴ 

ʦʩʥʘʱʝʥʘ ʜʚʫʤʷ ʧʨʫʞʠʥʥʳʤʠ ʮʝʧʷʤʠ. ʋʚʝʣʠʯʝʥʠʝ 

ʢʦʣʠʯʝʩʪʚʘ ʮʝʧʝʡ ʧʦʚʳʰʘʝʪ ʧʨʝʜʝʣʴʥʫʶ ʥʘʛʨʫʟʢʫ ʠ 

ʞʝʩʪʢʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ. ʈʝʛʫʣʠʨʦʚʦʯʥʳʡ ʚʠʥʪ 

ʧʦʟʚʦʣʷʝʪ ʧʣʘʚʥʦ ʠʟʤʝʥʷʪʴ ʚʳʩʦʪʫ ʪʨʫʙʦʧʨʦʚʦʜʘ ʩ 

ʧʦʤʦʱʴʶ ʬʠʢʩʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ. ʅʘʪʷʞʥʘʷ ʠ 

ʬʠʢʩʠʨʫʶʱʘʷ ʛʘʡʢʠ, ʷʚʣʷʶʱʠʝʩʷ ʯʘʩʪʴʶ 

ʬʠʢʩʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʨʝʛʫʣʠʨʦʚʘʪʴ ʧʦʣʦʞʝʥʠʝ ʨʝʛʫʣʠʨʦʚʦʯʥʦʛʦ ʚʠʥʪʘ. ɼʣʷ 

ʫʜʣʠʥʝʥʠʷ ʪʷʛ ʧʦʜʚʝʩʦʢ ʦʙʘ ʢʦʥʮʘ ʤʫʬʪʳ ʜʦʣʞʥʳ 

ʙʳʪʴ ʦʩʥʘʱʝʥʳ ʧʨʘʚʦʡ ʨʝʟʴʙʦʡ, ʘ ʥʘ ʢʘʞʜʫʶ ʤʫʬʪʫ 

ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ ʜʚʝ ʩʪʦʧʦʨʥʳʝ ʛʘʡʢʠ. ɺʘʞʥʦ 

ʩʪʨʝʤʠʪʴʩʷ ʢ ʪʦʤʫ, ʯʪʦʙʳ ʪʨʫʙʦʧʨʦʚʦʜ 

ʢʦʤʧʝʥʩʠʨʦʚʘʣ ʩʦʙʩʪʚʝʥʥʳʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ 

ʨʘʩʰʠʨʝʥʠʷ, ʜʝʡʩʪʚʫʷ ʢʘʢ ʥʝʚʝʩʦʤʘʷ ʧʨʫʞʠʥʘ. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ, ʫʩʠʣʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʪʷʞʝʥʠʷ 

ʫʧʨʫʛʠʭ ʦʧʦʨ ʜʦʣʞʥʦ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʦ ʪʘʢ, ʯʪʦʙʳ 

ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʚʝʩ ʥʘʛʨʝʪʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ. ɺ 

ʢʘʞʜʦʤ ʤʝʩʪʝ ʫʩʪʘʥʦʚʢʠ ʨʝʘʢʪʠʚʥʘʷ ʩʠʣʘ ʫʧʨʫʛʦʡ 

ʦʧʦʨʳ ʜʦʣʞʥʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʚʝʩʫ ʪʨʫʙʦʧʨʦʚʦʜʘ, 

ʠʩʢʣʶʯʘʷ ʚʝʨʪʠʢʘʣʴʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ.  

ɼʣʷ ʚʳʨʘʚʥʠʚʘʥʠʷ ʣʠʥʝʡʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʦʩʥʦʚʥʦʡ ʧʨʫʞʠʥʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʨʫʞʠʥʳ, ʢʦʤʧʝʥʩʠʨʫʶʱʠʝ 

ʥʘʛʨʫʟʢʠ ʚ ʪʨʝʭ ʧʣʦʩʢʦʩʪʷʭ: ʧʨʦʜʦʣʴʥʦʡ, ʧʦʧʝʨʝʯʥʦʡ 

ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʦʩʪʦʷʥʩʪʚʦ 

ʛʨʫʟʦʥʝʩʫʱʝʡ ʩʠʣʳ. ɼʚʝ ʧʨʫʞʠʥʳ ʤʦʛʫʪ ʙʳʪʴ 

ʦʙʲʝʜʠʥʝʥʳ ʚ ʩʜʚʦʝʥʥʳʡ ʙʣʦʢ, ʨʠʩʫʥʦʢ 2.  

ʅʦʚʳʝ ʧʨʫʞʠʥʳ ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʩʞʘʪʳ ʜʦ ʨʘʩʯʝʪʥʦʡ ʚʳʩʦʪʳ, ʦʧʨʝʜʝʣʝʥʥʦʡ ʜʣʷ 

ʭʦʣʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ. ɾʝʩʪʢʦʩʪʴ ʦʧʦʨʳ 

ʜʦʣʞʥʘ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʫʤʝʨʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʥʘʛʨʫʟʢʠ ʥʘ ʦʧʦʨʳ ʧʨʠ 

ʧʝʨʝʭʦʜʝ ʪʨʫʙʦʧʨʦʚʦʜʘ ʠʟ ʨʘʙʦʯʝʛʦ ʩʦʩʪʦʷʥʠʷ ʚ 

ʭʦʣʦʜʥʦʝ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʠʟʙʝʛʘʪʴ ʠʟʣʠʰʥʝʡ 

ʧʦʜʘʪʣʠʚʦʩʪʠ ʦʧʦʨ, ʪʘʢ ʢʘʢ ʵʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʠʟʙʳʪʦʯʥʦʤʫ ʨʘʩʭʦʜʫ ʧʨʫʞʠʥ ʠ ʟʘʪʨʫʜʥʠʪʴ 

ʨʘʟʤʝʱʝʥʠʝ ʠ ʫʩʪʘʥʦʚʢʫ ʦʧʦʨ. 
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ʈʠʩʫʥʦʢ 2. ʇʨʫʞʠʥʥʘʷ ʦʧʦʨʘ 

 

ɼʣʷ ʨʝʛʫʣʠʨʦʚʢʠ ʥʘʛʨʫʟʢʠ ʧʨʫʞʠʥ ʚ 

ʧʨʫʞʠʥʥʳʭ ʦʧʦʨʘʭ ʠ ʧʦʜʚʝʩʢʘʭ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʩʧʝʮʠʘʣʴʥʳʝ ʪʘʣʨʝʧʳ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʥʘ ʪʷʛʘʭ. ʇʨʠ 

ʦʪʩʫʪʩʪʚʠʠ ʪʘʣʨʝʧʦʚ ʠʟʤʝʥʝʥʠʝ ʥʘʛʨʫʟʢʠ ʧʨʫʞʠʥʥʦʡ 

ʧʦʜʚʝʩʢʠ ʧʨʠ ʝʝ ʢʦʨʨʝʢʪʠʨʦʚʢʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʟʘ ʩʯʝʪ ʙʦʢʦʚʳʭ ʰʧʠʣʝʢ ʧʨʫʞʠʥʥʦʛʦ 

ʙʣʦʢʘ, ʩʦʝʜʠʥʝʥʥʳʭ ʩ ʝʛʦ ʪʨʘʚʝʨʩʦʡ. ʊʘʣʨʝʧʳ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʢʨʝʧʣʝʥʠʷ ʪʘʢʝʣʘʞʥʳʭ ʫʩʪʨʦʡʩʪʚ ʢ 

ʦʧʦʨʥʳʤ ʢʦʥʩʪʨʫʢʮʠʷʤ, ʘ ʪʘʢʞʝ ʜʣʷ ʨʝʛʫʣʠʨʦʚʢʠ 

ʥʘʪʷʞʝʥʠʷ ʨʘʩʪʷʞʝʢ ʧʨʠ ʠʭ ʨʘʩʪʷʞʝʥʠʠ ʠʣʠ 

ʧʨʦʚʠʩʘʥʠʠ. ʊʘʣʨʝʧʳ ʧʨʠʤʝʥʷʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʜʣʷ 

ʥʘʪʷʞʝʥʠʷ ʪʨʦʩʦʚ, ʢʘʙʝʣʝʡ, ʢʘʥʘʪʦʚ ʠ ʜʨʫʛʠʭ ʚʠʜʦʚ 

ʪʘʢʝʣʘʞʘ, ʥʦ ʠ ʩʯʠʪʘʶʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʥʘʜʝʞʥʳʭ 

ʚʠʜʦʚ ʢʨʝʧʣʝʥʠʷ. ʊʘʣʨʝʧʳ ï ʵʪʦ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ 

ʠʟʤʝʥʝʥʠʷ ʜʣʠʥʳ ʪʷʛ ʠ ʨʝʛʫʣʠʨʦʚʢʠ ʟʘʪʷʞʢʠ ʧʨʫʞʠʥ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʜʚʦʡʥʳʝ ʚʠʥʪʦʚʳʝ ʩʪʷʞʢʠ ʩ 

ʚʚʠʥʯʠʚʘʶʱʠʤʠʩʷ ʩ ʜʚʫʭ ʩʪʦʨʦʥ ʩʪʝʨʞʥʷʤʠ ʩ 

ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʦʡ ʨʝʟʴʙʦʡ. 

ʇʨʠ ʨʝʤʦʥʪʝ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʩʪʘʥʦʚʢʠ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʧʨʦʜʫʢʪʘ, ʧʨʠʤʝʥʷʶʪʩʷ ʨʝʤʦʥʪʥʳʝ 

ʤʫʬʪʳ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʠ 

ʧʨʦʯʥʦʩʪʠ. ʂʦʥʩʪʨʫʢʮʠʷ ʨʝʤʦʥʪʥʳʭ ʤʫʬʪ ʤʦʞʝʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʧʦʚʳʰʝʥʥʦʤʫ ʩʢʦʧʣʝʥʠʶ ʥʘʧʨʷʞʝʥʠʡ ʚ 

ʢʦʨʥʝʚʦʡ ʟʦʥʝ ʫʛʣʦʚʦʛʦ ʰʚʘ, ʛʜʝ ʤʫʬʪʘ ʩʦʝʜʠʥʷʝʪʩʷ ʩ 

ʪʨʫʙʦʡ. ʅʘʣʠʯʠʝ ʟʦʥ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʥʘʧʨʷʞʝʥʠʡ ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʝʪ ʥʘ ʨʝʩʫʨʩ ʫʯʘʩʪʢʦʚ, 

ʦʪʨʝʤʦʥʪʠʨʦʚʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʫʬʪ. ɼʣʷ 

ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʩʫʨʩʘ ʧʨʦʚʦʜʷʪʩʷ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ 

ʩʥʠʞʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ. ɼʣʷ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʝʤʦʥʪʘ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʚ 

ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʤʝʩʪʘʭ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʤʫʬʪ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʥʘʜʝʞʥʫʶ 

ʛʝʨʤʝʪʠʟʘʮʠʶ ʩʦʝʜʠʥʝʥʠʡ ʠ ʩʣʫʞʘʱʠʭ ʜʣʷ 

ʫʚʝʣʠʯʝʥʠʷ ʜʣʠʥʳ ʪʷʛ ʧʦʜʚʝʩʢʠ, ʨʠʩʫʥʦʢ 3. 

ʆʧʪʠʤʠʟʘʮʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ ʜʦʩʪʠʛʘʝʪʩʷ 

ʟʘ ʩʯʝʪ ʫʢʨʝʧʣʝʥʠʷ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʕʪʦ 

ʨʝʘʣʠʟʫʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʥʘʣʦʞʝʥʠʷ ʫʩʠʣʝʥʥʳʭ 

ʦʙʦʡʤ ʥʘ ʚʥʝʰʥʶʶ ʧʦʚʝʨʭʥʦʩʪʴ ʤʫʬʪ, ʣʠʙʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʢʦʣʝʮ, 

ʨʘʟʤʝʱʘʝʤʳʭ ʥʘ ʩʚʦʙʦʜʥʦʤ ʫʯʘʩʪʢʝ ʪʨʫʙʳ. ʆʙʦʡʤʘ 

ʧʨʝʧʷʪʩʪʚʫʝʪ ʜʝʬʦʨʤʘʮʠʠ ʠʟʛʠʙʘ ʧʨʠ ʧʨʦʥʠʢʥʦʚʝʥʠʠ 

ʞʠʜʢʦʩʪʠ ʧʦʜ ʤʫʬʪʫ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʢʦʣʴʮʘ, 

ʚʳʧʦʣʥʝʥʥʳʝ ʠʟ ʘʨʤʠʨʦʚʘʥʥʳʭ ʚʦʣʦʢʦʥ ʠ 

ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʚ ʩʦʯʝʪʘʥʠʠ ʩ 

ʪʝʨʤʦʫʩʘʜʦʯʥʦʡ ʧʣʝʥʢʦʡ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʛʝʨʤʝʪʠʯʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ 

ʫʢʨʝʧʣʝʥʠʝ. 

 
 

ʈʠʩʫʥʦʢ 3. ʉʦʝʜʠʥʠʪʝʣʴʥʳʝ ʤʫʬʪʳ 

 

ʄʦʥʪʘʞ ʤʫʬʪʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʢʦʣʴʮʝʚʳʝ 

ʰʚʳ, ʘ ʪʝʨʤʦʫʩʘʜʦʯʥʘʷ ʧʣʝʥʢʘ, ʘʢʪʠʚʠʨʫʝʤʘʷ 

ʥʘʛʨʝʚʦʤ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʣʦʪʥʦʝ ʧʨʠʣʝʛʘʥʠʝ ʢ 

ʪʨʫʙʦʧʨʦʚʦʜʫ, ʫʚʝʣʠʯʠʚʘʷ ʪʝʤ ʩʘʤʳʤ ʝʛʦ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ. ʇʨʠ ʦʙʥʘʨʫʞʝʥʠʠ 

ʜʝʬʝʢʪʦʚ ʥʘ ʪʨʫʙʦʧʨʦʚʦʜʝ, ʚʳʟʚʘʥʥʳʭ ʢʦʨʨʦʟʠʝʡ ʠʣʠ 

ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʧʦʚʨʝʞʜʝʥʠʷʤʠ, ʥʘ ʧʨʦʙʣʝʤʥʳʡ 

ʫʯʘʩʪʦʢ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʢʦʤʧʦʟʠʪʥʫʶ ʤʫʬʪʫ, ʟʘʧʦʣʥʷʷ 

ʝʝ ʩʦʩʪʘʚʦʤ ʠʟ ʦʪʚʝʨʜʠʪʝʣʷ ʠ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʳ. 

ʋʩʪʨʘʥʝʥʠʝ ʩʚʘʨʦʯʥʳʭ ʨʘʙʦʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʦʚʳʰʘʝʪ ʙʝʟʦʧʘʩʥʦʩʪʴ ʨʝʤʦʥʪʥʦʛʦ ʧʨʦʮʝʩʩʘ. ɼʣʷ 

ʫʚʝʣʠʯʝʥʠʷ ʩʨʦʢʘ ʩʣʫʞʙʳ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʤʫʬʪ ʧʦʜ 

ʥʠʤʠ ʩʦʟʜʘʝʪʩʷ ʛʘʟʦʚʘʷ ʧʦʜʫʰʢʘ, ʩʥʠʞʘʶʱʘʷ 

ʤʝʭʘʥʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʫʯʘʩʪʦʢ ʪʨʫʙʦʧʨʦʚʦʜʘ ʚ 

ʟʦʥʝ ʚʣʠʷʥʠʷ ʤʫʬʪʳ.  

ɿʘʢʣʶʯʝʥʠʝ. ʇʨʠʤʝʥʝʥʠʝ ʧʦʜʚʝʩʥʳʭ 

ʧʨʫʞʠʥʥʳʭ ʦʧʦʨ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʥʳʭ 

ʩʠʩʪʝʤʘʭ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʭ ʩʪʘʙʠʣʴʥʫʶ ʠ ʙʝʟʦʧʘʩʥʫʶ 

ʵʢʩʧʣʫʘʪʘʮʠʶ ʙʣʘʛʦʜʘʨʷ ʛʘʰʝʥʠʶ ʢʦʣʝʙʘʥʠʡ, 

ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʠ 

ʧʨʝʜʦʭʨʘʥʝʥʠʶ ʦʪ ʚʝʨʦʷʪʥʳʭ ʧʦʣʦʤʦʢ. 

ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʧʨʫʞʠʥʥʦ-ʮʝʧʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʩʪʠʯʴ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʚ ʢʦʤʧʝʥʩʘʮʠʠ ʪʝʨʤʠʯʝʩʢʠʭ ʨʘʩʰʠʨʝʥʠʡ ʠ 

ʧʝʨʝʤʝʥʥʳʭ ʥʘʛʨʫʟʦʢ, ʯʪʦ ʧʦʟʠʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ 

ʫʚʝʣʠʯʝʥʠʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʨʘʙʦʪʳ 

ʪʨʫʙʦʧʨʦʚʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. 
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ʆʇʊʀʄʀɿɸʎʀʗ ʉʊʈʆʀʊɽʃʔʅʓʍ 

ʊɽʍʅʆʃʆɻʀʁ ɼʃʗ ʉʅʀɾɽʅʀʗ 

ʇʆʊʈɽɹʃɽʅʀʗ ʕʃɽʂʊʈʆʕʅɽʈɻʀʀ 

 

ɼʘʡʨʦʥʘʩ ʄʘʨʠʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ 

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

 

ʂʫʨʙʘʪʦʚ ɺʣʘʜʠʤʠʨ ʃʝʦʥʠʜʦʚʠʯ 

ʩʦʚʝʪʥʠʢ ʈɸɸʉʅ, ʜʦʢʪʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

 

ʐʫʤʠʣʦʚʘ ɽʚʛʝʥʠʷ ʖʨʴʝʚʥʘ 

ʢʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ 

 

ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʠʡ ʬʠʣʠʘʣ ʬʝʜʝʨʘʣʴʥʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ 

ʫʯʨʝʞʜʝʥʠʷ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ñɹʝʣʛʦʨʦʜʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. 

ɺ.ɻ. ʐʫʭʦʚʘò  
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ɸʅʅʆʊɸʎʀʗ 

 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʠʭ 

ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʘ ʪʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʣʶʯʝʚʳʝ ʪʝʥʜʝʥʮʠʠ, ʚʢʣʶʯʘʷ 

ʧʨʠʤʝʥʝʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʆʞʠʜʘʝʪʩʷ, ʯʪʦ ʙʫʜʫʱʠʝ ʪʝʥʜʝʥʮʠʠ ʚ ʦʙʣʘʩʪʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʟʜʘʥʠʡ ʙʫʜʫʪ ʚʢʣʶʯʘʪʴ ʠʥʪʝʛʨʘʮʠʶ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʧʨʠʤʝʥʝʥʠʝ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ 

ʟʝʣʸʥʳʭ ʢʨʦʚʝʣʴ. ɺ ʩʪʘʪʴʝ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʘ ʵʪʠʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʨʘʟʥʳʭ ʵʪʘʧʘʭ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ 

ʟʜʘʥʠʷ ʠ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʜʦʣʛʦʩʨʦʯʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʟʜʘʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʢʦʣʦʛʠʯʥʦʩʪʴ, ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ, ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ 

ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ 

ABSTRACT 

 

This article analyzes modern energy-efficient building technologies and their economic and environmental 

impacts, and discusses key trends, including the use of innovative materials. Future trends in building energy efficiency 

are expected to include the integration of artificial intelligence, the use of nanomaterials, and green roofing 

technologies. The article analyzes the benefits of these technologies at different stages of the building lifecycle and their 

impact on the long-term sustainability of buildings. 

Keywords: sustainability, energy conservation, energy-efficient technologies, alternative energy sources 

 

ɺʩʝ ʪʠʧʳ ʟʜʘʥʠʡ ʧʦʪʨʝʙʣʷʶʪ ʵʥʝʨʛʠʶ, ʪʘʢʫʶ 

ʢʘʢ ʵʣʝʢʪʨʠʯʝʩʪʚʦ, ʪʝʧʣʦ ʠ ʚʦʜʫ. ʅʝʢʦʪʦʨʳʝ ʟʜʘʥʠʷ 

ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ ʦʩʥʘʱʝʥʳ ʩʠʩʪʝʤʘʤʠ 

ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠʣʠ ʦʯʠʩʪʢʠ ʚʦʟʜʫʭʘ, ʯʪʦ 

ʫʚʝʣʠʯʠʚʘʝʪ ʨʘʩʭʦʜʳ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʛʣʦʙʘʣʴʥʳʡ ʩʧʨʦʩ ʥʘ 

ʵʥʝʨʛʠʶ ʧʦʩʪʦʷʥʥʦ ʨʘʩʪʸʪ, ʧʦʵʪʦʤʫ ʫʯʸʥʳʝ 

ʨʘʙʦʪʘʶʪ ʥʘʜ ʩʥʠʞʝʥʠʝʤ ʧʦʪʨʝʙʣʝʥʠʷ ʵʥʝʨʛʠʠ 

ʧʦʪʨʝʙʠʪʝʣʷʤʠ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʛʦ ʧʣʘʥʘ ʧʨʠʥʠʤʘʶʪʩʷ 

ʨʘʟʣʠʯʥʳʝ ʤʝʨʳ, ʢʦʪʦʨʳʝ ʤʳ ʧʦʜʨʦʙʥʦ 

ʨʘʩʩʤʦʪʨʠʤ. ʕʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʟʜʘʥʠʡ 

ʦʩʦʙʝʥʥʦ ʚʘʞʥʘ, ʧʦʩʢʦʣʴʢʫ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʜʦʤʦʚ ʩ 

ʥʫʣʝʚʳʤ ʧʦʪʨʝʙʣʝʥʠʝʤ ʵʥʝʨʛʠʠ ð ʦʪʣʠʯʥʦʝ 

ʨʝʰʝʥʠʝ ʚ ʩʣʦʞʠʚʰʝʡʩʷ ʩʠʪʫʘʮʠʠ. 

ʕʢʦʣʦʛʠʯʥʳʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʙʣʦʢʠ  

ɸʤʝʨʠʢʘʥʩʢʘʷ ʢʦʤʧʘʥʠʷ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ MasonGreenstar 

ʚʳʧʫʩʪʠʣʘ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʡ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʯʠʩʪʳʡ ʩʪʨʦʠʪʝʣʴʥʳʡ ʙʣʦʢ GreenstarBLOX. ɹʣʦʢ ʥʘ 

65% ʩʦʩʪʦʠʪ ʠʟ ʨʝʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʮʝʣʣʶʣʦʟʥʳʭ 

ʚʦʣʦʢʦʥ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʤʘʢʫʣʘʪʫʨʳ ʠ ʧʦʙʦʯʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʙʫʤʘʞʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʆʩʪʘʣʴʥʳʝ 

35% ð ʵʪʦ ʮʝʤʝʥʪ ʠ ʜʦʙʘʚʢʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ MasonGreenstar 

ʧʨʦʠʟʚʦʜʠʪ ʙʣʦʢʠ ʨʘʟʤʝʨʦʤ 254 x 354 x 102 ʤʤ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʟʤʝʨʫ ʩʪʘʥʜʘʨʪʥʦʛʦ ʩʘʤʘʥʥʦʛʦ 

ʢʠʨʧʠʯʘ[1] 

GreenstarBLOX ʦʙʣʘʜʘʝʪ ʩʣʝʜʫʶʱʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: 

- ʊʝʧʣʦ- ʠ ʟʚʫʢʦʠʟʦʣʷʮʠʷ; 

- ʋʩʪʦʡʯʠʚʦʩʪʴ ʢ ʵʢʩʪʨʝʤʘʣʴʥʳʤ ʧʦʛʦʜʥʳʤ 

ʫʩʣʦʚʠʷʤ (ʚʢʣʶʯʘʷ ʫʨʘʛʘʥʳ); 

- ʇʨʦʯʥʦʩʪʴ ʥʘ ʩʞʘʪʠʝ ʠ ʠʟʛʠʙ; 

- ɿʚʫʢʦʧʦʛʣʦʱʝʥʠʝ ʚʥʫʪʨʠ ʧʦʤʝʱʝʥʠʡ; 

- ʋʩʪʦʡʯʠʚʦʩʪʴ ʢ ʧʣʝʩʝʥʠ ʠ ʥʘʩʝʢʦʤʳʤ; 

- ʋʜʘʨʦʧʨʦʯʥʦʩʪʴ; 

- ʆʪʣʠʯʥʘʷ ʦʛʥʝʩʪʦʡʢʦʩʪʴ; 

- ʅʝ ʩʦʜʝʨʞʠʪ ʧʝʥʦʧʦʣʠʩʪʠʨʦʣʘ ʠ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʙʦʣʝʝ 

ʵʢʦʣʦʛʠʯʥʳʤ[1]. 

 



ˠ̠̎̉̃̆̑̒̉̓̆̓̒̋́ ˚́̔̋́Ȣ 5ÎÉÖÅÒÓÉÔÙ 3ÃÉÅÎÃÅȢ Τ2(20Ɋ φτφω ̄. 

39 

ʅʝʙʦʩʢʨʝʙ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʤʫʩʦʨʘ  

ɸʨʭʠʪʝʢʪʦʨ ʕʨʠʢ ʚʘʥʕʛʝʨʘʪ ʩʧʨʦʝʢʪʠʨʦʚʘʣ 

ʥʝʙʦʩʢʨʸʙ, ʛʝʥʝʨʠʨʫʶʱʠʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʠʟ 

ʦʪʭʦʜʦʚ. ʇʨʦʝʢʪ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʈʦʩʢʠʣʣʝ, ɼʘʥʠʷ. 

çʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʙʘʰʥʷè ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʚʩʪʨʦʝʥʥʫʶ ʩʠʩʪʝʤʫ, ʢʦʪʦʨʘʷ ʙʳʩʪʨʦ ʩʞʠʛʘʝʪ 

ʦʪʭʦʜʳ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʳʨʘʙʘʪʳʚʘʝʪ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʠ ʪʝʧʣʦ[1]. 

ʌʘʩʘʜ ʟʜʘʥʠʷ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʩʣʦʸʚ. ʇʝʨʚʳʡ 

ʩʣʦʡ ʩʣʫʞʠʪ ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʙʘʨʴʝʨʦʤ, ʦʯʠʱʘʷ 

ʘʪʤʦʩʬʝʨʫ ʦʪ ʚʨʝʜʥʳʭ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ. 

ɺʪʦʨʦʡ, ʚʥʝʰʥʠʡ, ʩʣʦʡ ʚʳʧʦʣʥʷʝʪ ʜʝʢʦʨʘʪʠʚʥʫʶ 

ʬʫʥʢʮʠʶ ʠ ʚʳʧʦʣʥʝʥ ʠʟ ʘʣʶʤʠʥʠʷ ʠ 

ʧʝʨʬʦʨʠʨʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ[1] 

çʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʙʘʰʥʷè ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʫʣʝʚʦʡ ʫʨʦʚʝʥʴ ʦʪʭʦʜʦʚ ʠ 

ʚʳʩʦʢʫʶʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ 

ʦʪʭʦʜʦʚ. ʕʣʝʢʪʨʦʵʥʝʨʛʠʷ, ʚʳʨʘʙʘʪʳʚʘʝʤʘʷ ʚʥʫʪʨʠ 

ʙʘʰʥʠ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʵʪʦʛʦ ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʛʦʨʦʜʘ [1]. 

 

 
 

çʉʪʨʦʠʪʝʣʴʥʘʷ ʦʙʦʣʦʯʢʘè ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ 

ʟʜʘʥʠʷ  

ʆʛʨʘʞʜʘʶʱʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʟʜʘʥʠʷ SABER 

ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʛʨʫʧʧʦʡ 

ʂʘʣʠʬʦʨʥʠʡʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʚ ɹʝʨʢʣʠ. SABER 

ʦʙʸʨʥʫʪʘ ʥʝ ʚʦʢʨʫʛ ʩʪʝʥ, ʘ ʚʦʢʨʫʛ ʢʘʨʢʘʩʘ ʟʜʘʥʠʷ. 

ʆʥʘ ʩʦʩʪʦʠʪ ʠʟ ʪʦʥʢʦʡ ʤʝʤʙʨʘʥʳ, ʟʘʧʦʣʥʝʥʥʦʡ 

ʢʨʦʰʝʯʥʳʤʠ ʢʣʘʧʘʥʘʤʠ ʠ ʣʠʥʟʘʤʠ. ʕʪʠ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʢʣʘʧʘʥʳ ʠ ʣʠʥʟʳ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʦʪʢʨʳʚʘʶʪʩʷ ʠ ʟʘʢʨʳʚʘʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʠʟʤʝʥʝʥʠʡ ʦʩʚʝʱʸʥʥʦʩʪʠ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʚʣʘʞʥʦʩʪʠ, ʧʦʟʚʦʣʷʷ ʥʘʨʫʞʥʦʤʫ ʚʦʟʜʫʭʫ ʧʦʩʪʫʧʘʪʴ 

ʧʦ ʤʝʨʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ. ʕʪʘ ʤʝʤʙʨʘʥʘ 

ʧʦʜʜʝʨʞʠʚʘʝʪ ʢʦʤʬʦʨʪʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʚ 

ʧʦʤʝʱʝʥʠʠ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ 

ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʠ. ʆʧʪʠʤʘʣʴʥʦʝ ʢʘʯʝʩʪʚʦ 

ʚʦʟʜʫʭʘ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʸʪ ʫʩʠʣʝʥʠʷ ʚʝʥʪʠʣʷʮʠʠ. 

ʄʝʤʙʨʘʥʘ SABER ʥʝ ʪʨʝʙʫʝʪ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ, 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʘ ʠ ʤʦʞʝʪ ʙʳʪʴ ʤʘʩʰʪʘʙʠʨʦʚʘʥʘ 

ʜʦ ʣʶʙʦʛʦ ʨʘʟʤʝʨʘ ʧʦ ʤʝʨʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ[1].  

 

 

ʉʤʘʨʪ-ʩʪʝʥʘ ʜʣʷ ʦʙʦʛʨʝʚʘ  ʧʦʤʝʱʝʥʠʷ 

ʂʦʤʧʘʥʠʷ RavenBrick ʨʘʟʨʘʙʦʪʘʣʘ ʥʦʚʳʡ ʪʠʧ 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʩʪʝʥʦʚʳʭ ʧʘʥʝʣʝʡ, ʢʦʪʦʨʳʝ 

ʧʦʛʣʦʱʘʶʪ ʩʦʣʥʝʯʥʳʡ ʩʚʝʪ ʜʥʸʤ ʠ ʤʝʜʣʝʥʥʦ 

ʦʪʜʘʶʪ ʪʝʧʣʦ ʥʦʯʴʶ, ʦʙʝʩʧʝʯʠʚʘʷ ʪʝʤ ʩʘʤʳʤ 

ʵʬʬʝʢʪʠʚʥʳʡ ʢʨʫʛʣʦʩʫʪʦʯʥʳʡ ʢʦʥʪʨʦʣʴ 

ʪʝʤʧʝʨʘʪʫʨʳ [1]. 

ʇʘʥʝʣʴ ʠʟʛʦʪʦʚʣʝʥʘ ʠʟ ʤʘʪʝʨʠʘʣʦʚ ʩ 

ʬʘʟʦʚʳʤ ʧʝʨʝʭʦʜʦʤ, ʢʦʪʦʨʳʝ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤ 

ʫʨʦʚʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʤʝʜʣʝʥʥʫʶ ʧʝʨʝʜʘʯʫ ʪʝʧʣʘ ʦʪ 

ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʜʘʥʠʷ ʚʥʫʪʨʴ. ʕʪʦ ʩʚʦʡʩʪʚʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʩʧʦʩʦʙʥʦʩʪʴʶ ʤʘʪʝʨʠʘʣʘ ʧʦʛʣʦʱʘʪʴ 

ʩʦʣʥʝʯʥʳʡ ʩʚʝʪ ʠ ʠʩʧʫʩʢʘʪʴ ʠʥʬʨʘʢʨʘʩʥʦʝ 

ʠʟʣʫʯʝʥʠʝ [1]. 

ʊʝʭʥʦʣʦʛʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʪʝʥʦʚʦʡ 

ʧʘʥʝʣʠ ʧʦʟʚʦʣʷʝʪ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʪʴ ʝʸ ʥʘ ʦʪʜʘʯʫ 

ʪʝʧʣʘ ʚ ʧʦʤʝʱʝʥʠʝ ʪʦʣʴʢʦ ʧʨʠ ʦʧʨʝʜʝʣʸʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ. ʕʪʘ ʬʫʥʢʮʠʷ 

ʧʦʤʦʛʘʝʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʥʠʟʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʚ 

ʧʦʤʝʱʝʥʠʠ ʣʝʪʦʤ [1]. 

 

ʉʚʝʪʦʚʦʡ ʢʫʧʦʣ ʜʣʷ ʦʩʚʝʱʝʥʠʷ ʪʝʤʥʳʭ 

ʧʦʤʝʱʝʥʠʡ  

ʉʚʝʪʦʚʦʡ ʢʫʧʦʣ LightCatcher, ʨʘʟʨʘʙʦʪʘʥʥʳʡ 

ʙʝʣʴʛʠʡʩʢʦʡ ʢʦʤʧʘʥʠʝʡ EcoNation, ʠʟʛʦʪʦʚʣʝʥ ʠʟ 

ʧʦʣʠʢʘʨʙʦʥʘʪʘ ʠ ʦʩʥʘʱʸʥ ʟʝʨʢʘʣʘʤʠ ʠ ʜʘʪʯʠʢʘʤʠ 

ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʩʚʝʪʘ. ʕʪʦʪ ʢʫʧʦʣ 

ʧʣʦʱʘʜʴʶ 17,2 ʢʚ. ʤ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʡ ʥʘ ʢʨʳʰʝ, 

ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʩʚʝʱʝʥʠʝʤ 

ʧʦʤʝʱʝʥʠʷ ʧʣʦʱʘʜʴʶ ʜʦ 100 ʢʚ. ʤ. ɺʩʪʨʦʝʥʥʳʝ ʚ 

ʢʫʧʦʣ ʟʝʨʢʘʣʘ ʫʣʘʚʣʠʚʘʶʪ ʧʘʜʘʶʱʠʡ ʩʦʣʥʝʯʥʳʡ 

ʩʚʝʪ ʠ ʦʪʨʘʞʘʶʪ ʝʛʦ ʚ ʩʚʝʪʦʚʦʡ ʣʶʢ, ʛʜʝ ʩʚʝʪ 

ʬʠʣʴʪʨʫʝʪʩʷ, ʫʩʠʣʠʚʘʝʪʩʷ ʠ ʟʘʪʝʤ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ 

ʧʦ ʧʦʤʝʱʝʥʠʶ. ʉʠʩʪʝʤʘ ʧʠʪʘʝʪʩʷ ʦʪ ʩʦʣʥʝʯʥʳʭ 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ [1].  

 

ʉʦʣʥʝʯʥʘʷ ʯʝʨʝʧʠʮʘ 

ɼʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʩʦʚʨʝʤʝʥʥʳʭ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʟʚʦʣʠʣʠ ʦʙʲʝʜʠʥʠʪʴ 

ʚʦʟʤʦʞʥʦʩʪʠ ʛʝʥʝʨʘʮʠʠ ʵʥʝʨʛʠʠ ʩʦʣʥʝʯʥʳʭ 

ʧʘʥʝʣʝʡ ʩ ʜʦʣʛʦʚʝʯʥʦʩʪʴʶ ʠ ʥʘʜʝʞʥʦʩʪʴʶ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʢʨʦʚʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʯʪʦ 

ʧʨʠʚʝʣʦ ʢ ʩʦʟʜʘʥʠʶ ʩʦʣʥʝʯʥʦʡ ʯʝʨʝʧʠʮʳ. 

ʉʦʣʥʝʯʥʘʷ ʯʝʨʝʧʠʮʘ ð ʵʪʦ ʜʦʣʛʦʚʝʯʥʳʡ 

ʢʨʦʚʝʣʴʥʳʡ ʤʘʪʝʨʠʘʣ, ʢʦʪʦʨʳʡ ʥʝ ʪʦʣʴʢʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʜʝʞʥʫʶ ʟʘʱʠʪʫ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ, ʥʦ ʠ ʚʳʨʘʙʘʪʳʚʘʝʪ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʠ 

ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ ʦʙʱʝʩʪʚʝʥʥʦʡ ʠʣʠ ʯʘʩʪʥʦʡ 

ʵʣʝʢʪʨʦʩʝʪʠ [1]. 

ʇʦʩʪʦʷʥʥʳʡʪʦʢ,ʛʝʥʝʨʠʨʫʝʤʳʡ 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʧʝʨʝʜʘʝʪʩʷ 

ʩʠʩʪʝʤʦʡ ʚʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ, ʢʦʪʦʨʳʡ ʧʨʝʦʙʨʘʟʫʝʪ 

ʝʛʦ ʚ ʧʝʨʝʤʝʥʥʳʡ ʪʦʢ ʜʣʷ ʜʦʤʘʰʥʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ [1]. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʩʦʣʥʝʯʥʦʡ ʯʝʨʝʧʠʮʳ: 

- ɼʣʠʪʝʣʴʥʳʡ ʩʨʦʢ ʩʣʫʞʙʳ (ʙʦʣʝʝ 20 ʣʝʪ); 

- ʉʦʦʪʚʝʪʩʪʚʫʝʪ ʚʥʝʰʥʝʤʫ ʚʠʜʫ ʜʦʤʘ 

(ʚʥʝʰʥʠʡ ʚʠʜ ʘʥʘʣʦʛʠʯʝʥ ʪʨʘʜʠʮʠʦʥʥʦʡ ʯʝʨʝʧʠʮʝ); 

- ʇʨʦʩʪʦʪʘ ʤʦʥʪʘʞʘ ʠ ʧʦʜʢʣʶʯʝʥʠʷ; 

- ʉʪʘʥʜʘʨʪʥʳʝ ʪʦʯʢʠ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʢʨʳʰʝ; 

- ʉʧʦʩʦʙʥʦʩʪʴ ʚʳʜʝʨʞʠʚʘʪʴ ʩʠʣʴʥʳʝ 

ʚʝʪʨʦʚʳʝ ʥʘʛʨʫʟʢʠ; 
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- ɹʦʣʝʝ ʚʳʩʦʢʘʷʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʩʦʣʥʝʯʥʳʤʠ 

ʧʘʥʝʣʷʤʠ. 

ʅʝʜʦʩʪʘʪʢʠ ʩʦʣʥʝʯʥʦʡ ʯʝʨʝʧʠʮʳ: 

- ʊʨʝʙʫʝʪ ʚʳʙʦʨʘ ʪʠʧʘ ʩʠʩʪʝʤʳ; 

- ʊʨʝʙʫʝʪ ʭʦʨʦʰʝʛʦ ʩʦʣʥʝʯʥʦʛʦ ʦʩʚʝʱʝʥʠʷ 

ʢʨʳʰʠ; 

- ɼʣʷ ʚʳʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʪʨʝʙʫʝʪʩʷ 

ʙʦʣʴʰʘʷ ʧʣʦʱʘʜʴ ʢʨʳʰʠ; 

- ɺʦʟʤʦʞʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʪʦʣʴʢʦ ʚ ʥʦʚʳʭ 

ʟʜʘʥʠʷʭ; 

- ɺʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʫʩʪʘʥʦʚʢʠ[1]. 

 
 

ɺʩʪʨʦʝʥʥʳʝ ʚʝʪʨʦʛʝʥʝʨʠʨʫʶʱʠʝ ʧʘʥʝʣʠ 

ɺʝʪʨʷʥʳʝ ʪʫʨʙʠʥʳ ʠʤʝʶʪ ʙʦʣʴʰʠʝ ʨʘʟʤʝʨʳ 

ʠ ʦʙʳʯʥʦ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʚʜʘʣʠ ʦʪ 

ʛʫʩʪʦʥʘʩʝʣʸʥʥʳʭ ʨʘʡʦʥʦʚ ʠ ʵʣʝʢʪʨʦʩʝʪʝʡ. 

ʄʦʱʥʦʩʪʠ ʤʘʣʳʭ ʚʝʪʨʷʥʳʭ ʪʫʨʙʠʥ ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʧʦʪʨʝʙʥʦʩʪʝʡ ʢʨʫʧʥʳʭ 

ʟʜʘʥʠʡ[1]. 

ʄʫʨʪʘʟʘ ɸʣʴʢʘʘʙʠ, ʩʪʫʜʝʥʪ-ʢʦʥʩʪʨʫʢʪʦʨ 

ɼʝʣʬʪʩʢʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʚ 

ʅʠʜʝʨʣʘʥʜʘʭ, ʧʨʝʜʣʦʞʠʣ ʩʭʝʤʫ çʠʥʪʝʛʨʘʮʠʠè 

ʚʝʪʨʷʥʳʭ ʪʫʨʙʠʥ ʚ ʟʜʘʥʠʷ. ʊʝʭʥʦʣʦʛʠʷ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʫʩʪʘʥʦʚʢʫ ʧʘʥʝʣʝʡ ʥʘ ʧʦʜʚʠʞʥʦʤ 

ʬʘʩʘʜʝ. ʕʪʠ ʧʘʥʝʣʠ ʩʧʦʩʦʙʥʳ çʟʘʭʚʘʪʳʚʘʪʴè 

ʚʦʟʜʫʰʥʳʡ ʧʦʪʦʢ. ʌʘʩʘʜʳ, ʦʩʥʘʱʸʥʥʳʝ 

ʚʩʪʨʦʝʥʥʳʤʠ ʚʝʪʨʷʥʳʤʠ ʪʫʨʙʠʥʘʤʠ, ʤʦʞʥʦ 

ʜʝʤʦʥʪʠʨʦʚʘʪʴ ʠ ʫʩʪʘʥʦʚʠʪʴ ʥʘ ʩʙʦʨʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʷʭ ʨʘʟʣʠʯʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʝʦʤʝʪʨʠʠ ʟʜʘʥʠʷ. ʕʪʠ ʢʦʥʩʪʨʫʢʮʠʠ 

ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ ʩʢʦʥʬʠʛʫʨʠʨʦʚʘʥʳ ʢʘʢ ʞʠʣʳʝ, 

ʪʘʢ ʠ ʦʙʱʝʩʪʚʝʥʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʂʨʦʤʝ ʪʦʛʦ, 

ʢʦʥʩʪʨʫʢʮʠʷ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ çʟʝʣʸʥʳʝ ʟʦʥʳè ʠ 

ʩʦʙʠʨʘʪʴ ʜʦʞʜʝʚʫʶ ʚʦʜʫ ʜʣʷ ʙʫʜʫʱʝʛʦ ʧʦʣʠʚʘ[1]. 

ʇʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʦʮʝʥʢʘʤ, ʬʘʩʘʜ 

ʧʣʦʱʘʜʴʶ ʦʢʦʣʦ 3,3 ʢʚʘʜʨʘʪʥʳʭ ʢʠʣʦʤʝʪʨʘ ʤʦʞʝʪ 

ʛʝʥʝʨʠʨʦʚʘʪʴ ʦʢʦʣʦ 7 ʤʝʛʘʚʘʪʪ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ɼʣʷ 

ʩʨʘʚʥʝʥʠʷ, 11 ʩʪʘʥʜʘʨʪʥʳʭ ʚʝʪʨʷʥʳʭ ʪʫʨʙʠʥ 

ʚʳʨʘʙʘʪʳʚʘʶʪ ʦʢʦʣʦ 11 ʤʝʛʘʚʘʪʪ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 

ʥʘ 7,7 ʢʤ
2
 [1]. 

 

 

ɻʠʙʨʠʜʥʘʷ ʩʦʣʥʝʯʥʘʷ ʩʠʩʪʝʤʘ  

ʋʯʝʥʳʝ ʠʟ ʃʦʥʜʦʥʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ɹʨʫʥʝʣʷ ʨʘʟʨʘʙʦʪʘʣʠ ʛʠʙʨʠʜʥʫʶ ʩʠʩʪʝʤʫ, 

ʧʦʟʚʦʣʷʶʱʫʶ ʢʨʳʰʘʤ ʜʦʤʦʚ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʚ 

ʢʘʯʝʩʪʚʝ ʩʦʣʥʝʯʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ[1]. 

ʉʠʩʪʝʤʘ ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ ʧʣʦʩʢʠʝ ʪʝʧʣʦʚʳʝ 

ʪʨʫʙʢʠ ʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʜʣʷ 

ʚʳʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʥʘʛʨʝʚʘ ʚʦʜʳ. 

ʊʝʧʣʦʚʳʝ ʪʨʫʙʢʠ ʦʪʚʦʜʷʪ ʪʝʧʣʦ ʩ ʧʦʚʝʨʭʥʦʩʪʠ 

ʵʣʝʤʝʥʪʦʚ, ʧʨʝʜʦʪʚʨʘʱʘʷ ʧʝʨʝʛʨʝʚ ʠ ʩʥʠʞʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ[1]. 

ɺ ʩʠʩʪʝʤʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʣʦʩʢʠʝ ʪʝʧʣʦʚʳʝ 

ʪʨʫʙʢʠ ʨʘʟʤʝʨʦʤ 4 x 400 ʤʤ[1]. 

ʀʩʧʳʪʘʥʠʷ ʩʠʩʪʝʤʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʥʘ 15% ʚʳʰʝ, ʯʝʤ ʫ ʩʪʘʥʜʘʨʪʥʳʭ 

ʩʦʣʥʝʯʥʳʭ ʩʠʩʪʝʤ ʦʭʣʘʞʜʝʥʠʷ[1]. 

 

ɻʝʦʪʝʨʤʘʣʴʥʦʝ ʦʪʦʧʣʝʥʠʝ ʜʦʤʘ  

ɻʝʦʪʝʨʤʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ ʩʦʩʪʦʷʪ 

ʠʟ ʜʚʫʭ ʢʦʥʪʫʨʦʚ. 

ɺʥʝʰʥʠʡ ʢʦʥʪʫʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʪʨʘʜʠʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ ʪʨʫʙʥʦʛʦ ʠ ʨʘʜʠʘʪʦʨʥʦʛʦ 

ʦʪʦʧʣʝʥʠʷ. 

ɺʥʝʰʥʠʡ ʢʦʥʪʫʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʙʦʣʴʰʦʡ ʪʝʧʣʦʦʙʤʝʥʥʠʢ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʧʦʜ 

ʟʝʤʣʝʡ ʠʣʠ ʚ ʩʠʩʪʝʤʝ ʩ ʥʝʛʣʫʙʦʢʠʤ ʟʘʣʝʛʘʥʠʝʤ 

ʚʦʜʳ. ɺʥʫʪʨʠ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ ʮʠʨʢʫʣʠʨʫʝʪ 

ʩʧʝʮʠʘʣʴʥʘʷ ʞʠʜʢʦʩʪʴ, ʩʦʜʝʨʞʘʱʘʷ ʘʥʪʠʬʨʠʟ ʠʣʠ 

ʦʙʳʯʥʫʶ ʚʦʜʫ. ʂʦʛʜʘ ʞʠʜʢʦʩʪʴ ʜʦʩʪʠʛʘʝʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʦʥʘ ʧʦʩʪʫʧʘʝʪ ʚ 

ʪʝʧʣʦʚʦʡ ʥʘʩʦʩ ʠ ʧʝʨʝʜʘʸʪ ʥʘʢʦʧʣʝʥʥʦʝ ʪʝʧʣʦ 

ʚʥʫʪʨʝʥʥʝʤʫ ʢʦʥʪʫʨʫ. ɺʥʫʪʨʝʥʥʠʡ ʢʦʥʪʫʨ 

ʥʘʛʨʝʚʘʝʪ ʚʦʜʫ ʚ ʪʨʫʙʘʭ ʠ ʨʘʜʠʘʪʦʨʘʭ. 

ɻʝʦʪʝʨʤʘʣʴʥʳʡ ʪʝʧʣʦʚʦʡ ʥʘʩʦʩ ʤʦʞʝʪ 

ʛʝʥʝʨʠʨʦʚʘʪʴ ʜʦ 5 ʢʠʣʦʚʘʪʪ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʥʘ 

ʢʘʞʜʳʡ ʢʠʣʦʚʘʪʪ ʧʦʪʨʝʙʣʷʝʤʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ [1]. 

ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʵʪʦʛʦ ʤʝʪʦʜʘ 

ʦʪʦʧʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʝʛʦ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ. 

ʉʫʱʝʩʪʚʫʝʪ ʪʨʠ ʪʠʧʘ ʢʦʥʪʫʨʦʚ 

ʪʝʧʣʦʦʙʤʝʥʥʠʢʦʚ: ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ, ʚʝʨʪʠʢʘʣʴʥʳʝ ʠ 

ʧʦʛʨʫʞʥʳʝ. 

ɻʦʨʠʟʦʥʪʘʣʴʥʳʝ ʪʝʧʣʦʦʙʤʝʥʥʠʢʠ 

ʟʘʢʘʧʳʚʘʶʪʩʷ ʚ ʪʨʘʥʰʝʠ ʛʣʫʙʞʝ ʣʠʥʠʠ 

ʧʨʦʤʝʨʟʘʥʠʷ ʧʦʯʚʳ. 

ʅʝʜʦʩʪʘʪʢʦʤ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʢʦʥʪʫʨʦʚ 

ʷʚʣʷʝʪʩʷ ʙʦʣʴʰʘʷ ʧʣʦʱʘʜʴ, ʟʘʥʠʤʘʝʤʘʷ 

ʢʦʣʣʝʢʪʦʨʘʤʠ [1]. 

ɺʝʨʪʠʢʘʣʴʥʳʝ ʪʝʧʣʦʦʙʤʝʥʥʠʢʠ ʢʦʤʧʘʢʪʥʝʝ, 

ʥʦ ʠ ʜʦʨʦʞʝ, ʧʦʩʢʦʣʴʢʫ ʜʣʷ ʠʭ ʫʩʪʘʥʦʚʢʠ ʪʨʝʙʫʝʪʩʷ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʝ ʙʫʨʦʚʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. 

ɻʣʫʙʠʥʘ ʩʢʚʘʞʠʥ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 50 ʜʦ 200 ʤʝʪʨʦʚ. 

ʉʨʦʢ ʩʣʫʞʙʳ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 100 ʣʝʪ [1].  

ɺʦʜʷʥʳʝ ʪʝʧʣʦʦʙʤʝʥʥʠʢʠ ʷʚʣʷʶʪʩʷ 

ʥʘʠʙʦʣʝʝ ʵʢʦʥʦʤʠʯʥʳʤ ʚʘʨʠʘʥʪʦʤ, ʧʦʩʢʦʣʴʢʫ ʥʝ 

ʪʨʝʙʫʶʪ ʚʳʝʤʢʠ ʛʨʫʥʪʘ. ʉʠʩʪʝʤʘ ʠʩʧʦʣʴʟʫʝʪ 

ʪʝʧʣʦʚʫʶ ʵʥʝʨʛʠʶ ʚʦʜʳ. ʇʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ 

ʨʝʟʝʨʚʫʘʨʘ ʜʣʷ ʚʦʜʳ ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʤʝʥʝʝ 200 

ʢʚʘʜʨʘʪʥʳʭ ʤʝʪʨʦʚ, ʘ ʪʦʣʱʠʥʘ ʚʦʜʷʥʦʛʦ ʩʪʦʣʙʘ 

ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʤʝʥʝʝ 3 ʤʝʪʨʦʚ. ʂʨʦʤʝ ʪʦʛʦ, 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʨʝʟʝʨʚʫʘʨʦʤ ʜʣʷ ʚʦʜʳ ʠ ʟʜʘʥʠʝʤ 

ʥʝ ʜʦʣʞʥʦ ʧʨʝʚʳʰʘʪʴ 100 ʤʝʪʨʦʚ [1].  
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ʆʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʛʝʦʪʝʨʤʘʣʴʥʳʭ 

ʩʠʩʪʝʤ ʦʪʦʧʣʝʥʠʷ ʜʦʤʦʚ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ:  

- ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ɿʝʤʣʠ, 

ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʠ ʥʝʠʩʯʝʨʧʘʝʤʦʡ;  

- ʦʪʩʫʪʩʪʚʠʝ ʨʠʩʢʘ ʚʦʟʛʦʨʘʥʠʷ;  

- ʦʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʠ ʭʨʘʥʝʥʠʠ ʪʦʧʣʠʚʘ;  

- ʩʠʩʪʝʤʘ ʧʦʣʥʦʩʪʴʶ ʵʢʦʣʦʛʠʯʥʘ (ʚʦ ʚʨʝʤʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝ ʦʙʨʘʟʫʶʪʩʷ ʚʨʝʜʥʳʝ ʚʳʙʨʦʩʳ);  

- ʩʠʩʪʝʤʘ ʨʘʙʦʪʘʝʪ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʥʦʤʥʦ ʙʝʟ 

ʢʦʥʪʨʦʣʷ;  

- ʥʝ ʪʨʝʙʫʝʪ ʦʙʩʣʫʞʠʚʘʥʠʷ. [1]. 

 

 
 

ʉʦʣʥʝʯʥʳʡ ʢʦʣʦʜʝʮ  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʘʤʳʤ ʠʟʚʝʩʪʥʳʤ 

ʙʨʝʥʜʦʤ ʩʦʣʥʝʯʥʳʭ ʢʦʣʦʜʮʝʚ ʷʚʣʷʝʪʩʷ ʠʪʘʣʴʷʥʩʢʘʷ 

ʢʦʤʧʘʥʠʷ Solarpot [1]. 

ʉʠʩʪʝʤʘ ʩʦʣʥʝʯʥʳʭ ʢʦʣʦʜʮʝʚ ʩʦʩʪʦʠʪ ʠʟ 

ʩʣʝʜʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ: 

- ʇʨʦʟʨʘʯʥʳʡ ʢʫʧʦʣ; 

- ɺʩʪʨʦʝʥʥʘʷ ʚ ʢʫʧʦʣ ʩʠʩʪʝʤʘ 

ʩʚʝʪʦʙʣʦʢʠʨʦʚʢʠ, ʦʩʥʘʱʝʥʥʘʷ ʦʧʪʠʯʝʩʢʠʤʠ 

ʦʪʨʘʞʘʪʝʣʷʤʠ ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʣʫʯʘ; 

- ɸʜʘʧʪʝʨ ʜʣʷ ʢʨʳʰʠ (ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ 

ʚʦʜʦʥʝʧʨʦʥʠʮʘʝʤʦʩʪʴ); 

- ʈʘʩʩʝʠʚʘʪʝʣʴ, ʧʦʩʣʝʜʥʠʡ ʢʦʤʧʦʥʝʥʪ 

ʩʠʩʪʝʤʳ [1]. 

ʕʪʠ ʢʦʤʧʦʥʝʥʪʳ ʦʙʨʘʟʫʶʪ çʦʧʪʠʯʝʩʢʫʶ 

ʚʦʨʦʥʢʫè. ʉʠʩʪʝʤʘ ʨʘʙʦʪʘʝʪ ʧʦ ʧʨʠʥʮʠʧʫ: ʩʚʝʪ 

ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʧʨʦʟʨʘʯʥʳʡ ʢʫʧʦʣ, ʦʪʨʘʞʘʝʪʩʷ ʦʪ 

ʩʪʝʥʦʢ ʩʚʝʪʦʚʦʜʥʦʡ ʪʨʫʙʢʠ ʠ ʟʘʪʝʤ 

ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʦ ʩʚʝʪʦʚʦʜʥʦʡ ʪʨʫʙʢʝ ʢ 

ʨʘʩʩʝʠʚʘʪʝʣʶ. ʆʪʨʘʞʘʪʝʣʴ ʨʘʩʧʦʣʦʞʝʥ ʧʦʜ ʫʛʣʦʤ, 

ʯʪʦʙʳ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʦʪʨʘʞʝʥʠʝ [1]. 

ʉʚʝʪ ʤʦʞʝʪ ʧʦʧʘʜʘʪʴ ʚ ʩʚʝʪʦʚʦʜʥʫʶ ʪʨʫʙʢʫ 

ʧʨʠ ʣʶʙʳʭ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʜʥʷ. 

ʇʦʪʝʨʠ ʩʚʝʪʘ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ ʩʚʝʪʦʚʦʜʥʫʶ 

ʪʨʫʙʢʫ ʩʦʩʪʘʚʣʷʶʪ ʥʝ ʙʦʣʝʝ 8% [1]. 

ʂʫʧʦʣ ʢʨʝʧʠʪʩʷ ʥʘ ʢʨʳʰʫ ʩ ʧʦʤʦʱʴʶ 

ʘʜʘʧʪʝʨʘ, ʢʦʪʦʨʳʡ ʠʥʪʝʛʨʠʨʫʝʪ ʢʫʧʦʣ ʚ ʢʨʳʰʫ ʠ 

ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʧʦʧʘʜʘʥʠʝ ʚʣʘʛʠ ʚ ʧʦʤʝʱʝʥʠʝ [1]. 

 

 
 

ʉʦʣʥʝʯʥʳʝ ʚʦʟʜʫʰʥʳʝ ʰʘʨʳ 

ɻʨʫʧʧʘ ʢʘʣʠʬʦʨʥʠʡʩʢʠʭ ʠʥʞʝʥʝʨʦʚ ʚʦ ʛʣʘʚʝ 

ʩ ʈʦʙʦʤʃʵʤʢʠʥʦʤ ʦʩʥʦʚʘʣʘ ʢʦʤʧʘʥʠʶ 

CoolEarthSolar, ʢʦʪʦʨʘʷ ʨʘʟʨʘʙʦʪʘʣʘ ʪʝʭʥʦʣʦʛʠʶ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 

(CPV). ʕʪʘ ʪʝʭʥʦʣʦʛʠʷ ʠʩʧʦʣʴʟʫʝʪ ʚʦʟʜʫʰʥʳʝ 

ʰʘʨʳ ʚ ʢʘʯʝʩʪʚʝ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ. ɺʦʟʜʫʰʥʳʝ 

ʰʘʨʳ ʠʟʛʦʪʦʚʣʝʥʳ ʠʟ ʪʦʥʢʦʡ ʧʣʘʩʪʠʢʦʚʦʡ ʧʣʝʥʢʠ, 

ʧʦʢʨʳʪʦʡ ʩ ʦʙʨʘʪʥʦʡ ʩʪʦʨʦʥʳ ʩʣʦʝʤ ʘʣʶʤʠʥʠʷ 

ʤʠʢʨʦʥʥʦʛʦ ʨʘʟʤʝʨʘ. ɼʠʘʤʝʪʨ ʚʦʟʜʫʰʥʳʭ ʰʘʨʦʚ 

ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 3 ʤʝʪʨʦʚ [1]. 

ʊʘʢʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʩʦʟʜʘʝʪ ʠʜʝʘʣʴʥʫʶ 

ʦʪʨʘʞʘʶʱʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʘ çʥʘʜʫʪʘʷè ʩʪʨʫʢʪʫʨʘ 

ʦʙʨʘʟʫʝʪ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʫʶ ʩʠʩʪʝʤʫ 

ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ. ɺʥʫʪʨʠ ʚʦʟʜʫʰʥʦʛʦ 

ʰʘʨʘ ʩʚʝʪ ʬʦʢʫʩʠʨʫʝʪʩʷ ʥʘ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʡ 

ʵʣʝʤʝʥʪ, ʢʦʪʦʨʳʡ ʧʨʝʦʙʨʘʟʫʝʪ ʩʚʝʪʦʚʫʶ ʵʥʝʨʛʠʶ ʚ 

ʵʣʝʢʪʨʠʯʝʩʢʫʶ. ɼʚʫʭʦʩʝʚʦʡ ʪʨʝʢʝʨ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʜʣʷ ʦʪʩʣʝʞʠʚʘʥʠʷ ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʩʠʩʪʝʤʝ ʫʣʘʚʣʠʚʘʪʴ ʩʚʝʪʦʚʫʶ ʵʥʝʨʛʠʶ ʚ ʪʝʯʝʥʠʝ 

ʚʩʝʛʦ ʜʥʷ [1]. 

ʉʦ ʚʨʝʤʝʥʝʤ ʪʝʭʥʦʣʦʛʠʷ ʙʳʣʘ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʘ, ʠ ʪʝʧʝʨʴ ʩʠʩʪʝʤʘ ʧʦʩʪʨʦʝʥʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʣʘʩʪʠʢʦʚʦʡ ʪʨʫʙʳ ʜʠʘʤʝʪʨʦʤ 1 

ʤʝʪʨ ʠ ʜʣʠʥʦʡ 7 ʤʝʪʨʦʚ. ʊʘʢʘʷ ʢʦʥʩʪʨʫʢʮʠʷ 

ʧʦʟʚʦʣʷʝʪ ʚʳʨʘʙʘʪʳʚʘʪʴ ʙʦʣʴʰʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʩ 

ʤʝʥʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ [1]. 

ɺʦʟʜʫʰʥʘʷ ʢʘʤʝʨʘ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʯʥʘ ʠ 

ʠʤʝʝʪ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʫʶ ʬʦʨʤʫ, ʯʪʦʙʳ 

ʚʳʜʝʨʞʠʚʘʪʴ ʚʳʩʦʢʠʝ ʚʝʪʨʦʚʳʝ ʥʘʛʨʫʟʢʠ [1].  

 

 
 

çʉʦʣʥʝʯʥʘʷ ʤʝʣʴʥʠʮʘè 

ʂʦʤʧʘʥʠʷ WindStreamTechnologies 

ʚʳʧʫʩʪʠʣʘ SolarMill ð ʛʠʙʨʠʜʥʫʶ ʢʨʳʰʥʫʶ 

ʵʥʝʨʛʦʩʠʩʪʝʤʫ, ʦʙʲʝʜʠʥʷʶʱʫʶ ʩʦʣʥʝʯʥʳʝ ʧʘʥʝʣʠ 
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ʠ ʚʝʨʪʠʢʘʣʴʥʦ-ʦʩʝʚʳʝ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʳ ʚ ʦʜʠʥ 

ʤʦʜʫʣʴ. ʄʦʜʫʣʴ ʩʦʩʪʦʠʪ ʠʟ ʪʨʸʭ ʩʦʣʥʝʯʥʳʭ 

ʧʘʥʝʣʝʡ ʤʦʱʥʦʩʪʴʶ 300 ɺʪ ʠ ʪʨʸʭ 

ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʦʚ ʩ ʨʦʪʦʨʘʤʠ ʨʘʟʤʝʨʦʤ 3 x 3 x 2,1 

ʤʝʪʨʘ ʠ ʚʝʩʦʤ 170 ʢʛ[1]. 

ʉʠʩʪʝʤʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʢʨʳʰʝ ʟʜʘʥʠʷ. 

ɺ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʤʦʜʫʣʴ ʤʦʞʝʪ 

ʛʝʥʝʨʠʨʦʚʘʪʴ ʜʦ 135 ʢɺʪ ʵʥʝʨʛʠʠ ʚ ʤʝʩʷʮ[1]. 

ʂʦʨʧʫʩ SolarMill ʠʟʛʦʪʦʚʣʝʥ ʠʟ 

ʦʮʠʥʢʦʚʘʥʥʦʡ ʩʪʘʣʠ ʠ ʘʣʶʤʠʥʠʷ ʠ ʦʩʥʘʱʸʥ 

ʤʠʢʨʦʠʥʚʝʨʪʦʨʦʤ ʤʦʱʥʦʩʪʴʶ 1200 ɺʪ[1].  

ʂʣʶʯʝʚʳʝ ʦʩʦʙʝʥʥʦʩʪʠ SolarMill: 

- ʢʨʫʛʣʦʩʫʪʦʯʥʘʷ ʛʝʥʝʨʘʮʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ; 

- ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʦʙʱʝʡ 

ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ ʩʠʩʪʝʤʳ ʩ ʧʦʤʦʱʴʶ 

ʛʠʙʨʠʜʥʳʭ ʤʦʜʫʣʝʡ; 

- ʛʝʥʝʨʘʮʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʨʠ ʥʠʟʢʠʭ 

ʩʢʦʨʦʩʪʷʭ ʚʝʪʨʘ (ʦʪ 2 ʤ/ʩ); 

- ʤʝʭʘʥʠʯʝʩʢʦʝ ʪʦʨʤʦʞʝʥʠʝ 

ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʦʚ ʜʦʩʪʫʧʥʦ ʧʨʠ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ 

ʙʦʣʝʝ 18 ʤ/ʩ; 

- ʇʨʦʩʪʘʷ ʠʥʪʝʛʨʘʮʠʷ ʩ ʥʘʢʦʧʠʪʝʣʷʤʠ 

ʵʥʝʨʛʠʠ (ʘʢʢʫʤʫʣʷʪʦʨʘʤʠ ʠ ʪ. ʜ.); 

- ʇʨʦʩʪʦʪʘ ʫʩʪʘʥʦʚʢʠ, ʥʝ ʪʨʝʙʫʶʱʘʷ ʤʘʯʪ, 

ʨʘʩʪʷʞʝʢ ʠ ʜʨʫʛʠʭ ʦʧʦʨʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ; 

- ɹʝʩʰʫʤʥʘʷ ʠ ʵʢʦʣʦʛʠʯʥʘʷ ʨʘʙʦʪʘ; 

- ʇʨʦʩʪʦʪʘ ʦʙʩʣʫʞʠʚʘʥʠʷ; 

- ɼʠʘʧʘʟʦʥ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ: ʦʪ -30ÁC ʜʦ 

50ÁC [1]. 

 

 
 

ɹʝʩʰʫʤʥʳʡ ʚʝʨʪʠʢʘʣʴʥʳʡ 

ʚʝʪʨʦʛʝʥʝʨʘʪʦʨ 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʠʥʞʝʥʝʨʘʤʠ ʠʩʧʘʥʩʢʦʡ 

ʢʦʤʧʘʥʠʠ VortexBladeless, ʙʝʟʣʦʧʘʩʪʥʘʷ ʚʝʪʨʷʥʘʷ 

ʪʫʨʙʠʥʘ Vortex ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʚʝʪʨʷʥʳʭ ʪʫʨʙʠʥ. ɺ ʝʸ ʢʦʥʩʪʨʫʢʮʠʠ 

ʦʪʩʫʪʩʪʚʫʶʪ ʚʨʘʱʘʶʱʠʝʩʷ ʣʦʧʘʩʪʠ (ʚʠʜʠʤʳʝ 

ʜʚʠʞʫʱʠʝʩʷ ʯʘʩʪʠ). Vortex ʥʘʧʦʤʠʥʘʝʪ ʛʠʛʘʥʪʩʢʫʶ 

ʙʝʡʩʙʦʣʴʥʫʶ ʙʠʪʫ, ʢʦʪʦʨʘʷ ʚʟʤʘʭʠʚʘʝʪ. ʈʘʙʦʪʘ 

ʫʩʪʨʦʡʩʪʚʘ ʦʩʥʦʚʘʥʘ ʥʘ ʵʬʬʝʢʪʝ ʚʠʭʨʝʚʦʡ ʜʦʨʦʞʢʠ 

ʂʘʨʤʘʥʘ ð ʩʝʨʠʠ ʚʠʭʨʝʡ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ 

ʦʙʪʝʢʘʥʠʠ ʛʘʟʦʤ ʠʣʠ ʞʠʜʢʦʩʪʴʶ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ 

ʦʙʲʝʢʪʘ [1]. 

ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʣʦʧʘʩʪʥʳʤʠ ʚʝʪʨʷʥʳʤʠ 

ʪʫʨʙʠʥʘʤʠ, ʙʝʟʣʦʧʘʩʪʥʘʷ ʚʝʪʨʷʥʘʷ ʪʫʨʙʠʥʘ Vortex 

ʩʥʠʞʘʝʪ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʟʘʪʨʘʪʳ ʥʘ 53%, 

ʨʘʩʭʦʜʳ ʥʘ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ð ʥʘ 80%, ʘ 

ʚʳʙʨʦʩʳ ʫʛʣʝʨʦʜʘ (ʧʘʨʥʠʢʦʚʳʝ ʛʘʟʳ, 

ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʨʦʜʫʢʪʦʚ 

ʧʠʪʘʥʠʷ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʠ ʪ. ʜ.) ð ʥʘ 40%. ʂʨʦʤʝ 

ʪʦʛʦ, ʵʪʦʪ ʥʦʚʳʡ ʪʠʧ ʚʝʪʨʷʥʳʭ ʪʫʨʙʠʥ ʪʠʰʝ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʤʝʥʴʰʠʡ ʨʠʩʢ ʜʣʷ ʧʪʠʮ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ [1]. 

ʂʦʤʧʘʥʠʷ Vortex ʫʪʚʝʨʞʜʘʝʪ, ʯʪʦ, ʧʦʩʢʦʣʴʢʫ 

ʦʥʘ ʤʝʥʴʰʝ ʪʨʘʜʠʮʠʦʥʥʳʭ ʚʝʪʨʷʥʳʭ ʪʫʨʙʠʥ, ʦʥʘ 

ʤʦʞʝʪ ʛʝʥʝʨʠʨʦʚʘʪʴ ʙʦʣʴʰʝ ʵʥʝʨʛʠʠ ʚ ʤʝʥʴʰʝʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ. ʂʨʦʤʝ ʪʦʛʦ, ʢʦʥʩʪʨʫʢʮʠʷ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʙʣʠʟʢʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʪʫʨʙʠʥ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʪʦʨʦʡ ʪʫʨʙʠʥʝ ʧʦʣʫʯʘʪʴ ʙʦʣʴʰʝ 

ʵʥʝʨʛʠʠ, ʯʝʤ ʧʝʨʚʦʡ, ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʠʭʨʝʡ, 

ʩʦʟʜʘʚʘʝʤʳʭ ʧʝʨʚʦʡ ʪʫʨʙʠʥʦʡ [1].  
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ɸʢʪʫʘʣʴʥʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭʠʥʥʦʚʘʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʨʘʩʪʫʱʠʤʠ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʠ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʤʥʝʥʠʷ. ɻʦʩʩʪʨʫʢʪʫʨʳ ʠ ʩʪʨʦʠʪʝʣʴʥʳʝ ʢʦʤʧʘʥʠʠ ʧʦ ʚʩʝʤʫ 

ʤʠʨʫ ʧʦʥʠʤʘʶʪ ʚʘʞʥʦʩʪʴ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʠ ʚʥʝʜʨʝʥʠʷ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢ ʢʘʢ ʵʪʦ ʩʥʠʟʠʪ ʥʝʛʘʪʠʚʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ ʥʘ ʧʨʠʨʦʜʫ. ʕʪʦ ʩʦʟʜʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʩʪʠʤʫʣ ʜʣʷ ʜʦʨʦʞʥʳʭ ʢʦʤʧʘʥʠʡ 

ʚʥʝʜʨʷʪʴ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʤʘʪʝʨʠʘʣʳ. 

 ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʠʦʙʝʪʦʥ, ʟʝʣʝʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʩʦʣʥʝʯʥʳʝ ʧʘʥʝʣʠ, ʜʦʨʦʞʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ. 

 

ABSTRACT 

 

 The relevance of introducing environmentally friendly innovative materials is driven by growing legislative 

demands and public opinion. Government agencies and construction companies around the world understand the 

importance of sustainable development and the introduction of such materials, as this will reduce the construction 

industry's negative impact on the environment. This creates an additional incentive for road construction companies to 

implement environmentally friendly technologies and materials. 

 Keywords: bioconcrete, green technologies, solar panels, road construction. 

 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʫʩʪʦʡʯʠʚʳʝ 

ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʩʪʘʥʦʚʷʪʩʷ ʢʣʶʯʝʚʳʤ 

ʘʩʧʝʢʪʦʤ ʚ ʜʦʨʦʞʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʩʥʠʞʝʥʠʶ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʧʦʟʚʦʣʷʶʪ ʨʘʮʠʦʥʘʣʴʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʩʫʨʩʳ. ʇʝʨʝʭʦʜ ʥʘ ʧʝʨʝʨʘʙʦʪʘʥʥʳʝ 

ʠ ʫʩʪʦʡʯʠʚʳʝ ʤʘʪʝʨʠʘʣʳ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʜʦʨʦʛ ʥʝ 

ʪʦʣʴʢʦ ʦʪʚʝʯʘʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ, ʥʦ ʠ ʫʯʠʪʳʚʘʝʪ ʵʢʦʥʦʤʠʯʝʩʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʩʥʠʞʘʷ ʟʘʪʨʘʪʳ ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʶ. 

ʆʩʥʦʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʫʩʪʦʡʯʠʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʧʝʨʝʨʘʙʦʪʢʘ 

ʦʪʭʦʜʦʚ. ɺ ʜʦʨʦʞʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʵʪʦ ʤʦʞʝʪ 

ʚʢʣʶʯʘʪʴ ʧʝʨʝʨʘʙʦʪʢʫ ʘʩʬʘʣʴʪʦʙʝʪʦʥʘ, ʙʝʪʦʥʘ, 

ʩʪʝʢʣʘ ʠ ʜʘʞʝ ʪʝʢʩʪʠʣʴʥʦʛʦ ʚʦʣʦʢʥʘ.  

ʇʝʨʝʨʘʙʦʪʘʥʥʳʡ ʘʩʬʘʣʴʪʦʙʝʪʦʥ, 

ʧʨʠʤʝʥʷʝʤʳʡ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʜʦʨʦʞʥʳʭ ʧʦʢʨʳʪʠʡ, 

ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʫʤʝʥʴʰʠʪʴ ʨʘʩʭʦʜʳ ʥʘ ʩʳʨʴʸ, 

ʥʦ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʦʪʭʦʜʦʚ, 

ʦʪʧʨʘʚʣʷʝʤʳʭ ʥʘ ʩʚʘʣʢʠ. ɺ ʩʨʝʜʥʝʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʝʨʝʨʘʙʦʪʘʥʥʦʛʦ ʘʩʬʘʣʴʪʘ ʤʦʞʝʪ ʩʦʢʨʘʪʠʪʴ ʟʘʪʨʘʪʳ 

ʥʘ ʜʦʨʦʞʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʥʘ 20-30% ʠ ʧʨʠ ʵʪʦʤ 

ʧʦʜʜʝʨʞʠʚʘʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʢʨʳʪʠʷ. 

ʂʨʦʤʝ ʪʦʛʦ, ʫʩʪʦʡʯʠʚʳʝ ʤʘʪʝʨʠʘʣʳ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʠ ʧʦʚʳʰʝʥʥʫʶ 

ʧʨʦʯʥʦʩʪʴ ʜʦʨʦʞʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. ʅʘʧʨʠʤʝʨ, 

ʙʝʪʦʥ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʧʝʨʝʨʘʙʦʪʘʥʥʳʭ ʩʪʝʢʣʷʥʥʳʭ ʠ 

ʧʣʘʩʪʠʢʦʚʳʭ ʬʠʙʨ ʧʦʢʘʟʳʚʘʝʪ ʫʣʫʯʰʝʥʥʳʝ 

ʩʚʦʡʩʪʚʘ, ʪʘʢʠʝ ʢʘʢ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʚʦʜʝ ʠ 

ʤʝʭʘʥʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ. ʊʘʢʠʝ ʨʝʰʝʥʠʷ ʥʝ 

ʪʦʣʴʢʦ ʫʚʝʣʠʯʠʚʘʶʪ ʩʨʦʢ ʩʣʫʞʙʳ ʜʦʨʦʛ, ʥʦ ʠ 

ʤʠʥʠʤʠʟʠʨʫʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʯʘʩʪʦʤ ʨʝʤʦʥʪʝ, 

ʯʪʦ ʪʘʢʞʝ ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʵʢʦʣʦʛʠʠ. 

ɽʱʝ ʦʜʥʠʤ ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʩʪʦʡʯʠʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ 

ʚʥʝʜʨʝʥʠʝ ʙʠʦʙʝʪʦʥʦʚ ï ʠʥʥʦʚʘʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʢʦʤʧʦʥʝʥʪʳ ʥʘ ʦʩʥʦʚʝ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. ɹʠʦʙʝʪʦʥʳ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʴʶ ʠ ʣʝʛʢʦʩʪʴʶ, ʘ 

ʪʘʢʞʝ ʤʦʛʫʪ ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩʳ ʛʠʜʨʘʪʘʮʠʠ, ʪʝʤ 

ʩʘʤʳʤ ʩʥʠʞʘʷ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʵʥʝʨʛʠʠ ʜʣʷ ʠʭ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ 

ʩʪʘʥʦʚʠʪʩʷ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʳʤ ʚ ʫʩʣʦʚʠʷʭ 

ʙʦʨʴʙʳ ʩ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ, ʧʦʩʢʦʣʴʢʫ 
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ʦʥʠ ʤʦʛʫʪ ʘʢʪʠʚʥʦ ʧʦʛʣʦʱʘʪʴ ʫʛʣʝʨʦʜ ʠʟ 

ʘʪʤʦʩʬʝʨʳ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʫʩʪʦʡʯʠʚʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʪʘʢʞʝ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʨʘʩʪʫʱʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ 

ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʠ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʤʥʝʥʠʷ. 

ɻʦʩʩʪʨʫʢʪʫʨʳ ʠ ʢʦʤʧʘʥʠʠ ʧʦ ʚʩʝʤʫ ʤʠʨʫ ʧʦʥʠʤʘʶʪ 

ʚʘʞʥʦʩʪʴ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʥʘʧʨʘʚʣʝʥʥʳ ʥʘ ʩʥʠʞʝʥʠʝ 

ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ ʥʘ 

ʧʨʠʨʦʜʫ. ʕʪʦ ʩʦʟʜʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʩʪʠʤʫʣ ʜʣʷ 

ʜʦʨʦʞʥʳʭ ʢʦʤʧʘʥʠʡ ʚʥʝʜʨʷʪʴ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʠ ʤʘʪʝʨʠʘʣʳ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʩʪʦʡʯʠʚʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʥʝ ʣʠʰʝʥʦ ʨʠʩʢʦʚ. ʅʝʦʙʭʦʜʠʤʳ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʥʚʝʩʪʠʮʠʠ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ 

ʨʘʟʨʘʙʦʪʢʠ, ʯʪʦʙʳ ʧʨʦʜʚʠʛʘʪʴ ʥʦʚʳʝ ʤʝʪʦʜʳ 

ʧʝʨʝʨʘʙʦʪʢʠ ʠ ʧʨʠʤʝʥʷʪʴ ʫʩʪʦʡʯʠʚʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ 

ʧʨʘʢʪʠʢʝ. ʊʘʢʞʝ ʪʨʝʙʫʝʪʩʷ ʦʙʫʯʝʥʠʝ ʩʧʝʮʠʘʣʠʩʪʦʚ 

ʠ ʥʝʦʙʭʦʜʠʤʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʯʪʦʙʳ ʵʬʬʝʢʪʠʚʥʦ 

ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʫʱʝʩʪʚʫʶʱʠʝ 

ʩʪʨʦʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ. 

ʇʝʨʝʭʦʜ ʥʘ ʧʝʨʝʨʘʙʦʪʘʥʥʳʝ ʠ ʫʩʪʦʡʯʠʚʳʝ 

ʤʘʪʝʨʠʘʣʳ ʚ ʜʦʨʦʞʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʚʘʞʥʳʡ ʰʘʛ ʚ ʩʪʦʨʦʥʫ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʡ 

ʠ ʵʬʬʝʢʪʠʚʥʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʕʪʦ 

ʥʝ ʪʦʣʴʢʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʥʠʞʝʥʠʝ ʥʝʛʘʪʠʚʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʥʦ ʠ ʦʪʢʨʳʚʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʦʩʪʘ ʚ ʩʬʝʨʝ 

ʜʦʨʦʞʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʉʪʨʘʪʝʛʠʠ ʧʦ ʚʥʝʜʨʝʥʠʶ 

ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʜʦʣʞʥʳ ʩʪʘʪʴ ʧʨʠʦʨʠʪʝʪʥʳʤʠ 

ʜʣʷ ʚʩʝʭ ʫʯʘʩʪʥʠʢʦʚ ʨʳʥʢʘ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ 

ʥʘʜʝʞʥʦʝ, ʫʩʪʦʡʯʠʚʦʝ ʠ ʙʝʟʦʧʘʩʥʦʝ ʙʫʜʫʱʝʝ 

ʜʦʨʦʞʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ[1]. 

ɽʱʝ ʦʜʥʠʤ ʠʥʥʦʚʘʮʠʦʥʥʳʤ ʤʘʪʝʨʠʘʣʦʤ 

ʷʚʣʷʶʪʩʷ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ çʟʝʣʝʥʳʝ ʪʝʭʥʦʣʦʛʠʠè. 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ 

ʧʨʠʤʝʥʝʥʠʠ ʟʝʣʝʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʷʚʣʷʝʪʩʷ 

ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ ʚ ʧʨʦʮʝʩʩʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʦʨʦʞʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʯʘʩʪʦ 

ʪʨʝʙʫʶʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʦʙʲʝʤʦʚ ʵʥʝʨʛʠʠ ʠ 

ʨʝʩʫʨʩʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʳʙʨʦʩʘʤ ʫʛʣʝʨʦʜʘ ʠ 

ʜʨʫʛʠʤ ʥʝʛʘʪʠʚʥʳʤ ʬʘʢʪʦʨʘʤ [2-3]. ɺʥʝʜʨʝʥʠʝ 

ʫʩʪʦʡʯʠʚʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʪʘʢʠʭ ʢʘʢ 

ʩʦʣʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ʜʣʷ ʦʩʚʝʱʝʥʠʷ ʜʦʨʦʛ ʠʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʝʪʨʦʚʳʭ ʛʝʥʝʨʘʪʦʨʦʚ, ʧʦʟʚʦʣʷʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʵʪʠ ʚʦʟʜʝʡʩʪʚʠʷ. ʅʘʧʨʠʤʝʨ, 

ʙʝʩʧʨʦʚʦʜʥʦʝ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʝ ʩʚʝʪʦʬʦʨʦʚ ʠ 

ʜʦʨʦʞʥʳʭ ʟʥʘʢʦʚ ʥʝ ʪʦʣʴʢʦ ʫʤʝʥʴʰʘʝʪ ʨʘʩʭʦʜʳ ʥʘ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ, ʥʦ ʠ ʧʦʚʳʰʘʝʪ ʦʙʱʫʶ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. 

ʊʘʢʞʝ ʚʘʞʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʟʝʣʝʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʷʚʣʷʶʪʩʷ ʤʝʪʦʜʠʢʠ ʫʩʪʦʡʯʠʚʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʯʪʦ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʚʳʙʦʨ 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʪʘʢʠʭ ʢʘʢ ʧʝʨʝʨʘʙʦʪʘʥʥʳʝ ʠ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʨʘʟʣʘʛʘʝʤʳʝ ʢʦʤʧʦʥʝʥʪʳ. ʕʪʦ ʤʦʞʝʪ 

ʚʢʣʶʯʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʩʬʘʣʴʪʦʙʝʪʦʥʦʚ ʩ ʥʠʟʢʠʤ 

ʫʨʦʚʥʝʤ ʪʦʢʩʠʯʥʳʭ ʚʳʙʨʦʩʦʚ, ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʜʦʨʦʞʥʦʛʦ ʧʦʢʨʳʪʠʷ ʠʣʠ 

ʪʝʭʥʦʣʦʛʠʡ, ʢʦʪʦʨʳʝ ʫʤʝʥʴʰʘʶʪ ʰʫʤʦʚʳʝ 

ʟʘʛʨʷʟʥʝʥʠʷ.  

ʅʘʧʨʠʤʝʨ, ʧʨʠʤʝʥʝʥʠʝ ʜʦʨʦʞʥʳʭ 

ʧʦʢʨʳʪʠʡ ʩ ʰʫʤʦʧʦʛʣʘʱʝʥʠʝʤ. ʕʪʦ ʤʦʞʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʫʨʦʚʝʥʴ ʰʫʤʘ ʥʘ 

ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛʘʭ, ʯʪʦ ʙʣʘʛʦʧʨʠʷʪʥʦ 

ʧʦʚʣʠʷʝʪ ʥʘ ʢʘʯʝʩʪʚʦ ʞʠʟʥʠ ʚ ʞʠʣʳʭ ʩʝʢʪʦʨʘʭ, 

ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʨʷʜʦʤ. 

ʅʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʟʝʣʝʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʚʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ 

ʚʦʜʥʳʤʠ ʨʝʩʫʨʩʘʤʠ. ɼʦʨʦʞʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʯʘʩʪʦ 

ʚʣʠʷʶʪ ʥʘ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʡ ʨʝʞʠʤ ʤʝʩʪʥʦʩʪʝʡ, ʯʪʦ 

ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʵʨʦʟʠʠ ʧʦʯʚʳ, ʟʘʪʦʧʣʝʥʠʷʤ ʠ 

ʜʨʫʛʠʤ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʙʣʝʤʘʤ. ʋʧʨʦʱʝʥʠʝ 

ʜʨʝʥʘʞʘ, ʩʦʟʜʘʥʠʝ ʩʠʩʪʝʤ ʩʙʦʨʘ ʜʦʞʜʝʚʦʡ ʚʦʜʳ ʠ 

ʟʝʣʝʥʳʭ ʥʘʩʘʞʜʝʥʠʡ ʜʣʷ ʬʠʣʴʪʨʘʮʠʠ ʩʪʦʢʦʚ ï ʚʩʝ 

ʵʪʦ ʧʨʠʤʝʨʳ ʤʝʨ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʟʘʱʠʪʫ 

ʵʢʦʩʠʩʪʝʤ ʠ ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʚʦʜʳ. 

ɻʦʨʦʜʩʢʘʷ ʤʦʙʠʣʴʥʦʩʪʴ ʠ ʧʨʦʛʨʘʤʤʥʳʝ 

ʨʝʰʝʥʠʷ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʥʩʧʦʨʪʦʤ ʪʘʢʞʝ 

ʥʘʭʦʜʷʪʩʷ ʚ ʧʦʣʝ ʟʝʣʝʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʈʘʟʨʘʙʦʪʢʘ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʠʩʪʝʤ ʧʦʟʚʦʣʷʝʪ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʜʚʠʞʝʥʠʝ, ʫʤʝʥʴʰʘʷ ʧʨʦʙʢʠ ʠ 

ʚʨʝʤʷ ʚ ʧʫʪʠ, ʯʪʦ ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ ʫʨʦʚʝʥʴ 

ʚʳʙʨʦʩʦʚ. ʅʘʧʨʠʤʝʨ, ʘʜʘʧʪʠʚʥʳʝ ʩʠʩʪʝʤʳ 

ʩʚʝʪʦʬʦʨʦʚ, ʢʦʪʦʨʳʝ ʨʝʛʫʣʠʨʫʶʪ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʣʦʪʥʦʩʪʠ ʜʚʠʞʝʥʠʷ, ʧʦʤʦʛʘʶʪ 

ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʦʞʠʜʘʥʠʷ ʠ ʩʥʠʟʠʪʴ ʫʨʦʚʝʥʴ 

ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʟʜʫʭʘ [4]. 

ɺʥʝʜʨʝʥʠʝ ʟʝʣʝʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʪʘʢʞʝ 

ʪʨʝʙʫʝʪ ʩʝʨʴʝʟʥʳʭ ʠʟʤʝʥʝʥʠʡ ʥʘ ʫʨʦʚʥʝ ʧʦʣʠʪʠʢʠ ʠ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ. ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʠ ʤʝʩʪʥʳʝ ʚʣʘʩʪʠ 

ʜʦʣʞʥʳ ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʦʛʨʘʤʤʳ ʠ ʠʥʠʮʠʘʪʠʚʳ, 

ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʧʦʜʜʝʨʞʢʫ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ 

ʠ ʚʥʝʜʨʝʥʠʝ ʠʥʥʦʚʘʮʠʡ ʚ ʜʦʨʦʞʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ. 

ʕʪʦ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʧʦʜʜʝʨʞʢʫ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʨʘʟʨʘʙʦʪʦʢ, ʧʫʙʣʠʯʥʦ-ʯʘʩʪʥʦʝ ʧʘʨʪʥʝʨʩʪʚʦ ʠ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʧʨʦʛʨʘʤʤʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ 

ʦʩʚʝʜʦʤʣʝʥʥʦʩʪʴ ʥʘʩʝʣʝʥʠʷ ʦ ʚʘʞʥʦʩʪʠ 

ʫʩʪʦʡʯʠʚʳʭ ʨʝʰʝʥʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʝʣʝʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʩʪʘʥʦʚʷʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʜʦʨʦʞʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʀʭ ʚʥʝʜʨʝʥʠʝ ʥʝ ʪʦʣʴʢʦ 

ʧʦʟʚʦʣʷʝʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʥʦ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʟʜʘʥʠʶ 

ʙʦʣʝʝ ʙʝʟʦʧʘʩʥʦʡ, ʥʘʜʝʞʥʦʡ ʠ ʵʬʬʝʢʪʠʚʥʦʡ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʘʷ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʳʟʦʚʘʤ ʚʨʝʤʝʥʠ ʠ ʧʦʪʨʝʙʥʦʩʪʷʤ 

ʦʙʱʝʩʪʚʘ. 

ʉʣʝʜʫʶʱʠʤ ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʷʚʣʷʝʪʩʷ 

ʠʥʪʝʛʨʘʮʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʚ 

ʜʦʨʦʞʥʫʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ. ʋʩʪʘʥʦʚʢʘ ʩʦʣʥʝʯʥʳʭ 

ʧʘʥʝʣʝʡ ʚʜʦʣʴ ʪʨʘʩʩ, ʥʘ ʦʩʚʝʱʝʥʠʠ ʜʦʨʦʛ ʠʣʠ ʥʘ 

ʩʧʝʮʠʘʣʴʥʳʭ ʟʥʘʢʘʭ ʧʦʟʚʦʣʷʝʪ ʛʝʥʝʨʠʨʦʚʘʪʴ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʤʝʩʪʘʭ ʝʝ 

ʧʦʪʨʝʙʣʝʥʠʷ. ʕʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʜʘʞʝ ʙʦʣʝʝ 

ʛʣʫʙʦʢʦʤʫ ʩʥʠʞʝʥʠʶ ʨʘʩʭʦʜʦʚ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ 

ʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʩʚʝʪʦʬʦʨʘʤʠ ʠ ʦʩʚʝʱʝʥʠʝʤ ʚ ʚʝʯʝʨʥʠʝ ʯʘʩʳ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʠʥʪʝʛʨʘʮʠʷ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʦʢʨʘʪʠʪʴ ʚʳʙʨʦʩʳ ʫʛʣʝʨʦʜʘ. 

ʅʝ ʤʝʥʝʝ ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʷʚʣʷʝʪʩʷ 

ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʧʦʚʳʰʝʥʠʝ ʦʩʚʝʜʦʤʣʝʥʥʦʩʪʠ ʩʨʝʜʠ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʤʧʘʥʠʡ ʠ ʧʝʨʩʦʥʘʣʘ ʦ ʟʥʘʯʝʥʠʠ 
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ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʋʯʘʩʪʠʝ ʚ ʦʙʫʯʘʶʱʠʭ 

ʧʨʦʛʨʘʤʤʘʭ, ʩʝʤʠʥʘʨʘʭ ʠ ʢʦʥʬʝʨʝʥʮʠʷʭ, 

ʧʦʩʚʷʱʝʥʥʳʭ ʥʦʚʳʤ ʪʝʭʥʦʣʦʛʠʷʤ, ʤʦʞʝʪ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʙʦʣʝʝ ʫʩʧʝʰʥʦʤʫ ʚʥʝʜʨʝʥʠʶ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʧʨʘʢʪʠʢ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ 

ʜʦʨʦʞʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 

ʅʘʢʦʥʝʮ, ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʥʫʞʜʘʶʪʩʷ ʚ 

ʧʦʜʜʝʨʞʢʝ ʩʦ ʩʪʦʨʦʥʳ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʭ ʠ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʠʥʠʮʠʘʪʠʚ. ʈʘʟʨʘʙʦʪʢʘ ʥʦʨʤ ʠ 

ʩʪʘʥʜʘʨʪʦʚ, ʢʦʪʦʨʳʝ ʧʦʦʱʨʷʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ, ʤʦʞʝʪ ʦʢʘʟʘʪʴ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʝʘʣʠʟʘʮʠʶ ʵʪʠʭ 

ʪʝʭʥʦʣʦʛʠʡ ʚ ʜʦʨʦʞʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. 

ʋʩʪʦʡʯʠʚʳʡ ʧʦʜʭʦʜ ʪʨʝʙʫʝʪ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʨʝʰʝʥʠʷ, ʚʢʣʶʯʘʶʱʝʛʦ ʢʘʢ ʯʘʩʪʥʳʡ, ʪʘʢ ʠ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʩʝʢʪʦʨ. 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʦʜʭʦʜʦʚ ʢ 

ʧʦʚʳʰʝʥʠʶ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʜʦʨʦʞʥʦʤ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʪʝʭʥʦʣʦʛʠʡ, ʢʦʪʦʨʳʝ ʩʥʠʞʘʶʪ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʥʘ ʠʭ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʫʢʣʘʜʢʫ. ʅʘʧʨʠʤʝʨ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʘʩʬʘʣʴʪʦʚʳʭ ʩʤʝʩʝʡ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʧʦʣʠʤʝʨʦʚ ʠ 

ʜʨʫʛʠʭ ʫʣʫʯʰʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦʟʚʦʣʷʝʪ 

ʩʦʟʜʘʪʴ ʙʦʣʝʝ ʜʦʣʛʦʚʝʯʥʳʝ ʠ ʠʟʥʦʩʦʩʪʦʡʢʠʝ 

ʧʦʢʨʳʪʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʫʩʪʦʡʯʠʚʦ ʚʳʜʝʨʞʠʚʘʪʴ 

ʨʘʟʣʠʯʥʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʠ ʥʘʛʨʫʟʢʠ. ʕʪʦ, 

ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʫʤʝʥʴʰʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ 

ʯʘʩʪʦʤ ʨʝʤʦʥʪʝ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ 

ʧʦʪʨʝʙʣʝʥʠʝ ʨʝʩʫʨʩʦʚ ʚ ʜʦʣʛʦʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ 

[5]. 

ʂʨʦʤʝ ʪʦʛʦ, ʚʥʝʜʨʝʥʠʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʪʘʢʞʝ ʧʦʤʦʛʘʝʪ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʦʪʨʝʙʣʝʥʠʝ ʵʥʝʨʛʠʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʘʥʘʣʠʟʘ ʚ 

ʧʨʦʮʝʩʩʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʠʥʞʝʥʝʨʘʤ 

ʙʦʣʝʝ ʪʦʯʥʦ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʦʪʨʝʙʥʦʩʪʠ ʚ 

ʵʥʝʨʛʦʨʝʩʫʨʩʘʭ ʠ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʢʦʥʩʪʨʫʢʮʠʠ, 

ʢʦʪʦʨʳʝ ʤʠʥʠʤʠʟʠʨʫʶʪ ʵʥʝʨʛʦʟʘʪʨʘʪʳ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ, ʨʘʟʚʠʪʠʝ ʠ ʚʥʝʜʨʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʜʦʨʦʞʥʦʤ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʷʚʣʷʶʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤʠ ʫʩʣʦʚʠʷʤʠ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʦʛʦ ʙʫʜʫʱʝʛʦ. 

ʕʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ ʥʝ ʪʦʣʴʢʦ ʧʨʠʥʦʩʷʪ 

ʵʢʦʣʦʛʠʯʝʩʢʠʝ, ʥʦ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʚʳʛʦʜʳ, 

ʩʦʢʨʘʱʘʷ ʟʘʪʨʘʪʳ ʠ ʩʧʦʩʦʙʩʪʚʫʷ ʩʦʟʜʘʥʠʶ 

ʙʝʟʦʧʘʩʥʦʡ ʠ ʢʘʯʝʩʪʚʝʥʥʦʡ ʜʦʨʦʞʥʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. 
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ʈɸʉʏɽʊ ʆɼʀʅʅɸɼʎɸʊʀʕʊɸɾʅʆɻʆ 

ɾʀʃʆɻʆ ɿɼɸʅʀʗ ʉ ʄʆʅʆʃʀʊʅʓʄ 

ɾɽʃɽɿʆɹɽʊʆʅʅʓʄ ʂɸʈʂɸʉʆʄ ɺ 

ʇʈʆɻʈɸʄʄʅʆʄ ʂʆʄʇʃɽʂʉɽ ʃʀʈɸ 10 

 

ʂʦʤʘʨʦʚʘ ʅʘʪʘʣʴʷ ɼʝʤʝʥʪʴʝʚʥʘ 

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

 

ɼʘʚʟʘʨʷʥ ɸʨʘʤ ʉʝʨʛʝʝʚʠʯ 

ʉʪʫʜʝʥʪ 

 

ʉʠʩʝʥʢʦ ʄʘʢʩʠʤ ɸʣʝʢʩʝʝʚʠʯ 

ʉʪʫʜʝʥʪ 

 

ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʠʡ ʬʠʣʠʘʣ ʬʝʜʝʨʘʣʴʥʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ 

ʫʯʨʝʞʜʝʥʠʷ ɺʆ ɹʝʣʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɺ.ɻ. ʐʫʭʦʚʘ 

ʄʠʥʝʨʘʣʴʥʳʝ ɺʦʜʳ 
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ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʦʜʠʥʥʘʜʮʘʪʠʵʪʘʞʥʦʛʦ ʞʠʣʦʛʦ ʟʜʘʥʠʷ ʩ ʤʦʥʦʣʠʪʥʳʤ 

ʞʝʣʝʟʦʙʝʪʦʥʥʳʤ ʢʘʨʢʘʩʦʤ, ʚʳʧʦʣʥʝʥʥʦʛʦ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ ʃʀʈɸ 10. ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ 

ʨʘʙʦʪʳ: ʦʪ ʩʦʟʜʘʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠ ʩʙʦʨʘ ʥʘʛʨʫʟʦʢ ʜʦ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʆʩʦʙʦʝ 

ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʧʨʦʚʝʨʢʝ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ʢʘʨʢʘʩʘ ʠ ʧʦʜʙʦʨʫ ʘʨʤʘʪʫʨʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʜʝʡʩʪʚʫʶʱʠʭ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʥʦʣʠʪʥʦʝ ʞʝʣʝʟʦʙʝʪʦʥʥʦʝ ʟʜʘʥʠʝ, ʨʘʩʯʝʪ ʢʘʨʢʘʩʘ, ʃʀʈɸ 10, ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʧʦʜʙʦʨ ʘʨʤʘʪʫʨʳ, ʤʦʜʝʣʴ. 

ABSTRACT 

 

The article presents the results of the calculation of an eleven-story residential building with a monolithic 

reinforced concrete frame, performed in the LIRA 10 software package. The main stages of work are considered: from 

the creation of a geometric model and the collection of loads to the analysis of the results. Particular attention is paid to 

checking the load-bearing capacity of the frame elements and designing the reinforcement in accordance with the 

requirements of current regulatory documents. 

Key words: monolithic reinforced concrete building, frame analysis, LIRA 10, finite element method, 

reinforcement design, model. 

 

1.1. ʏʪʦ ʪʘʢʦʝ ʃʀʈɸ 10? 

ʃʀʈɸ 10 ð ʵʪʦ ʤʦʱʥʳʡ ʨʦʩʩʠʡʩʢʠʡ 

ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ 

ʨʘʩʯʝʪʘ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ. ʇʦ ʩʫʪʠ, ʵʪʦ ʚʠʨʪʫʘʣʴʥʘʷ 

ʣʘʙʦʨʘʪʦʨʠʷ ʠʥʞʝʥʝʨʘ-ʧʨʦʝʢʪʠʨʦʚʱʠʢʘ, ʢʦʪʦʨʘʷ 

ʧʦʟʚʦʣʷʝʪ ʩ ʧʦʤʦʱʴʶ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʚʝʨʠʪʴ ʧʨʦʯʥʦʩʪʴ, ʞʝʩʪʢʦʩʪʴ ʠ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʣʶʙʦʛʦ ʩʦʦʨʫʞʝʥʠʷ ʝʱʝ ʜʦ ʥʘʯʘʣʘ 

ʝʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 

ʇʨʦʛʨʘʤʤʘ ʠʩʧʦʣʴʟʫʝʪ ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ (ʄʂʕ), ʢʦʪʦʨʳʡ ʨʘʟʙʠʚʘʝʪ ʩʣʦʞʥʫʶ 

ʢʦʥʩʪʨʫʢʮʠʶ ʥʘ ʤʥʦʞʝʩʪʚʦ ʧʨʦʩʪʳʭ ʤʘʣʝʥʴʢʠʭ 

ʵʣʝʤʝʥʪʦʚ (ʩʪʝʨʞʥʠ, ʧʣʘʩʪʠʥʳ, ʦʙʦʣʦʯʢʠ). 

ʂʦʤʧʴʶʪʝʨ ʨʘʩʩʯʠʪʳʚʘʝʪ ʫʩʠʣʠʷ ʠ ʜʝʬʦʨʤʘʮʠʠ ʚ 

ʢʘʞʜʦʤ ʠʟ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ, ʘ ʟʘʪʝʤ ʚʳʜʘʝʪ ʦʙʱʫʶ 

ʢʘʨʪʠʥʫ ʧʦʚʝʜʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʧʦʜ ʥʘʛʨʫʟʢʦʡ. 

1.2. ʏʪʦ ʤʳ ʙʫʜʝʤ 

ʨʘʩʩʯʠʪʳʚʘʪʴ? ʆʜʠʥʥʘʜʮʘʪʠʵʪʘʞʥʦʝ ʞʠʣʦʝ ʟʜʘʥʠʷ 

ʠʟ ʤʦʥʦʣʠʪʥʦʛʦ ʞʝʣʝʟʦʙʝʪʦʥʥʦʛʦ 

ʙʝʟʨʠʛʝʣʴʥʦʛʦʢʘʨʢʘʩʘ (ʧʝʨʝʢʨʳʪʠʷ, ʢʦʣʦʥʥʳ ʠ ʷʜʨʦ 

ʞʝʩʪʢʦʩʪʠ). 

2. ʉʙʦʨ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ 

ʂʘʯʝʩʪʚʦ ʨʘʩʯʝʪʘ ʥʘ 90% ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʢʘʯʝʩʪʚʦʤ ʠ ʧʦʣʥʦʪʦʡ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. ʆʰʠʙʢʠ 

ʠʣʠ ʥʝʫʯʪʝʥʥʳʝ ʬʘʢʪʦʨʳ ʥʘ ʵʪʦʤ ʵʪʘʧʝ ʧʨʠʚʦʜʷʪ ʢ 

ʥʝʢʦʨʨʝʢʪʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ, ʧʝʨʝʨʘʩʭʦʜʫ 

ʤʘʪʝʨʠʘʣʦʚ ʠʣʠ, ʯʪʦ ʭʫʞʝ, ʢ ʧʨʦʙʣʝʤʘʤ ʩ 

ʥʘʜʝʞʥʦʩʪʴʶ ʢʦʥʩʪʨʫʢʮʠʠ. ɼʘʥʥʳʝ ʩʦʙʠʨʘʶʪʩʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʪʝʩʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ 

ʘʨʭʠʪʝʢʪʦʨʦʤ, ʪʝʭʥʦʣʦʛʦʤ ʠ ʛʝʦʪʝʭʥʠʢʦʤ. 

1) ɻʝʦʤʝʪʨʠʷ ʠ ʘʨʭʠʪʝʢʪʫʨʘ. ʅʘʤ ʥʫʞʝʥ 

ʧʦʣʥʳʡ ʢʦʤʧʣʝʢʪ ʯʝʨʪʝʞʝʡ: ʧʦʵʪʘʞʥʳʝ ʧʣʘʥʳ ʜʣʷ 

ʧʨʠʚʷʟʢʠ ʢʦʣʦʥʥ ʠ ʩʪʝʥ, ʨʘʟʨʝʟʳ ʜʣʷ ʚʳʩʦʪʥʳʭ 

ʦʪʤʝʪʦʢ, ʫʟʣʳ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʩʦʧʨʷʞʝʥʠʡ 

ʵʣʝʤʝʥʪʦʚ. ʕʪʦ ð ʩʢʝʣʝʪ ʙʫʜʫʱʝʡ ʤʦʜʝʣʠ. 

2) ʂʦʥʩʪʨʫʢʪʠʚ. ʆʧʨʝʜʝʣʷʝʤ, ʠʟ ʯʝʛʦ ʩʪʨʦʠʤ: 

ʢʣʘʩʩʳ ʙʝʪʦʥʘ ʜʣʷ ʨʘʟʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʢʣʘʩʩʳ 

ʘʨʤʘʪʫʨʳ (ɸ500ʉ) ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʨʘʟʤʝʨʳ 

ʩʝʯʝʥʠʡ (ʪʦʣʱʠʥʘ ʧʣʠʪ, ʨʘʟʤʝʨʳ ʢʦʣʦʥʥ ʠ ʙʘʣʦʢ). 
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ɹʝʟ ʵʪʦʛʦ ʤʳ ʥʝ ʟʘʜʘʜʠʤ ʩʚʦʡʩʪʚʘ ʵʣʝʤʝʥʪʦʚ ʚ ʤʦʜʝʣʠ. 

 

 
ʈʠʩʫʥʦʢ 1. ɸʨʭʠʪʝʢʪʫʨʥʳʝ ʯʝʨʪʝʞʠ 

 

ɺ ʥʘʰʝʤ ʧʨʦʝʢʪʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʠʤʝʤ 

ʢʣʘʩʩʳ ʙʝʪʦʥʘ ɺ20 ʜʣʷ ʬʫʥʜʘʤʝʥʪʥʦʡ ʧʣʠʪʳ ʠ ɺ25 

ʜʣʷ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ. 

ʉʝʯʝʥʠʷ: ʂʦʣʦʥʥʳ ï 40ʭ40 ʩʤ; ʧʝʨʝʢʨʳʪʠʷ, 

ʣʝʩʪʥʠʯʥʳʝ ʤʘʨʰʠ ʠ ʩʪʝʥʳ ʷʜʨʘ ʞʝʩʪʢʦʩʪʠ 

ʪʦʣʱʠʥʦʡ 20ʩʤ; ʥʘʨʫʞʥʳʝ ʩʪʝʥʳ ʧʦʜʚʘʣʘ 

ʪʦʣʱʠʥʦʡ 30 ʩʤ; ʧʣʠʪʥʳʡ ʨʦʩʪʚʝʨʢ ʪʦʣʱʠʥʦʡ 70 

ʩʤ; ʩʚʘʠ ï 35ʭ35 ʩʤ. ɸʨʤʘʪʫʨʘ ʚ ʧʣʘʩʪʠʥʯʘʪʳʭ 

ʵʣʝʤʝʥʪʘʭ (ʨʦʩʪʚʝʨʢ, ʧʝʨʝʢʨʳʪʠʷ, ʣʝʩʪʥʠʯʥʳʝ 

ʤʘʨʰʠ, ʩʪʝʥʳ) ʧʨʦʜʦʣʴʥʘʷ ʠ ʧʦʧʝʨʝʯʥʘʷ ʢʣʘʩʩʘ 

ɸ500ʉ, ʚ ʢʦʣʦʥʥʘʭ ʧʨʦʜʦʣʴʥʘʷ ʘʨʤʘʪʫʨʘ ï ʢʣʘʩʩʘ 

ɸ500ʉ, ʧʦʧʝʨʝʯʥʘʷ ï ɸ240, ʚ ʩʚʘʷʭ ʧʨʦʜʦʣʴʥʘʷ ï 

ɸ400ʉ, ʧʦʧʝʨʝʯʥʘʷ ɸ240. 

3) ʅʘʛʨʫʟʢʠ. ʉʦʙʠʨʘʝʤ ʚʩʝ ʩʠʣʳ, ʢʦʪʦʨʳʝ 

ʙʫʜʝʪ ʥʝʩʪʠ ʟʜʘʥʠʝ: 

¶ ʇʦʩʪʦʷʥʥʳʝ: ɺʝʩ ʧʝʨʝʛʦʨʦʜʦʢ, ʩʪʷʞʝʢ, 

ʬʘʩʘʜʦʚ (ʧʝʨʝʩʯʠʪʳʚʘʝʤ ʚ ʪʩ/ʤĮ). 

¶ ɺʨʝʤʝʥʥʳʝ: ʇʦʣʝʟʥʘʷ ʥʘʛʨʫʟʢʘ (ʠʟ ʉʇ 

20.13330.2016), ʩʥʝʛ (ʧʦ ʩʥʝʛʦʚʦʤʫ ʨʘʡʦʥʫ ï III ), 

ʚʝʪʝʨ (ʧʦ ʚʝʪʨʦʚʦʤʫ ʨʘʡʦʥʫ - I). 

¶ ʆʩʦʙʳʝ: ʉʝʡʩʤʠʢʘ, ʝʩʣʠ ʧʨʠʤʝʥʠʤʦ. 

4) ɻʨʫʥʪʳ. ɼʘʥʥʳʝ ʠʟ ʦʪʯʝʪʘ ʧʦ ʠʥʞʝʥʝʨʥʦ-

ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʠʟʳʩʢʘʥʠʷʤ ð ʢʣʶʯ ʢ ʧʨʘʚʠʣʴʥʦʤʫ 

ʨʘʩʯʝʪʫ ʬʫʥʜʘʤʝʥʪʦʚ. ʅʘʤ ʚʘʞʥʳ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʜʣʷ ʢʘʞʜʦʛʦ ʩʣʦʷ ʛʨʫʥʪʘ, 

ʯʪʦʙʳ ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʦʩʥʦʚʘʥʠʷ. 

 
ʈʠʩʫʥʦʢ 3. ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʨʘʟʨʝʟ 

 

ʊʦʣʴʢʦ ʠʤʝʷ ʥʘ ʩʪʦʣʝ ʧʦʣʥʳʡ ʢʦʤʧʣʝʢʪ ʧʦ 

ʚʩʝʤ ʯʝʪʳʨʝʤ ʧʫʥʢʪʘʤ, ʤʦʞʥʦ ʧʨʠʩʪʫʧʘʪʴ ʢ 

ʩʦʟʜʘʥʠʶ ʤʦʜʝʣʠ. 

3. ʉʦʟʜʘʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. 

ɽʩʪʴ ʥʝʩʢʦʣʴʢʦ ʩʧʦʩʦʙʦʚ ʩʦʟʜʘʥʠʷ 

ʨʘʩʯʝʪʥʳʭ ʩʭʝʤ ʚ ʃʠʨʘ 10:  
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1) ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʃʠʨʝ ï ʩ ʧʦʤʦʱʴʶ 

ʨʫʯʥʦʛʦ ʩʦʟʜʘʥʠʷ ʫʟʣʦʚ, ʵʣʝʤʝʥʪʦʚ ʠ ʛʝʥʝʨʘʪʦʨʘ 

ʧʨʦʩʪʳʭ ʢʦʥʩʪʨʫʢʮʠʡ; 

2) ʉ ʧʦʤʦʱʴʶ ʧʦʵʪʘʞʥʳʭ ʧʣʘʥʦʚ ï ʧʦ ʧʣʘʥʘʤ 

ʵʪʘʞʝʡ ʩʦʟʜʘʶʪʩʷ dxf-ʬʘʡʣʳ, ʚ ʥʠʭ ʩʪʨʦʷʪʩʷ ʚ 

ʩʧʝʮʠʘʣʴʥʳʭ ʩʣʦʷʭ ʢʦʥʫʨʳ ʢʦʥʩʪʨʫʢʮʠʠ, ʢʦʪʦʨʳʝ ʚ 

ʃʠʨʝ ʩʪʘʥʫʪ ʵʣʝʤʝʥʪʘʤʠ; 

3) ʀʤʧʦʨʪ ʠʟ BIM-ʤʦʜʝʣʝʡ ï ʠʤʧʦʨʪ 

ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠʟ ʛʦʪʦʚʳʭ ʤʦʜʝʣʝʡ, 

ʥʘʧʨʠʤʝʨ, ʦʪ ʘʨʭʠʪʝʢʪʦʨʘ. 

ʅʘʰ ʧʨʦʝʢʪ 11 ʵʪʘʞʥʦʛʦ ʟʜʘʥʠʷ ʩʦʟʜʘʚʘʣʩʷ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʣʠʨʝ, ʠʩʧʦʣʴʟʫʷ ʘʨʭʠʪʝʢʪʫʨʥʳʝ 

ʵʣʝʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʩ ʧʦʤʦʱʴʶ 

ʪʨʠʘʥʛʫʣʷʮʠʠ ʙʫʜʫʪ ʨʘʟʙʠʪʳ ʥʘ ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ 

ʚ ʚʠʜʝ ʧʣʘʩʪʠʥ ʠ ʩʪʝʨʞʥʝʡ. 

 

 

 
ʈʠʩʫʥʦʢ 4. ʉʦʟʜʘʥʠʝ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ ʦʜʠʥʥʘʜʮʘʪʠʵʪʘʞʥʦʛʦ ʟʜʘʥʠʷ 

 

4. ʅʘʟʥʘʯʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʇʦʩʪʨʦʠʚ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ, ʤʦʜʝʣʴ 

ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʜʣʷ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ 

ʞʝʩʪʢʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʦʪʦʨʳʝ ʤʳ ʧʨʠʥʷʣʠ 

ʚ ʩʙʦʨʝ ʜʘʥʥʳʭ, ʯʪʦʙ ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʥʘʟʥʘʯʠʪʴ ʠʭ 

ʜʣʷ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ. ʆʩʫʱʝʩʪʚʣʷʝʪʩʷ ʵʪʦ 

ʠʩʧʦʣʴʟʫʷ ʨʝʜʘʢʪʦʨʳ ʤʘʪʝʨʠʘʣʦʚ, 

ʩʝʯʝʥʠʡ/ʞʝʩʪʢʦʩʪʝʡ ʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ.  

 

 
ʈʠʩʫʥʦʢ 5. ʇʘʥʝʣʴ ʠʥʩʪʨʫʤʝʥʪʦʚ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ ʃʠʨʘ 10 

 

5. ʇʨʠʣʦʞʝʥʠʝ ʥʘʛʨʫʟʦʢ. 

5.1. ʉʦʟʜʘʥʠʝ ʟʘʛʨʫʞʝʥʠʡ. 

ɺ ʃʀʈɸ 10 ʤʳ ʥʝ ʧʨʦʩʪʦ ʥʘʟʥʘʯʘʝʤ 

ʥʘʛʨʫʟʢʠ, ʘ ʨʘʩʧʨʝʜʝʣʷʝʤ ʠʭ ʧʦ ʪʠʧʘʤ. ɼʣʷ ʢʘʞʜʦʛʦ 

ʪʠʧʘ ʩʦʟʜʘʝʤ ʦʪʜʝʣʴʥʦʝ ʟʘʛʨʫʞʝʥʠʝ: 

¶ ʇʦʩʪʦʷʥʥʦʝ (ʩʦʙʩʪʚʝʥʥʳʡ ʚʝʩ, ʜʘʚʣʝʥʠʝ ʦʪ 

ʛʨʫʥʪʘ ʥʘ ʩʪʝʥʳ ʧʦʜʚʘʣʘ, ʚʝʩ ʧʝʨʝʛʦʨʦʜʦʢ ʠ ʪ.ʜ.); 

¶ ɼʣʠʪʝʣʴʥʘʷ (ʚʦʟʜʝʡʩʪʚʠʝ ʦʪ ʣʠʬʪʦʚ); 

¶ ʂʨʘʪʢʦʚʨʝʤʝʥʥʘʷ (ʩʥʝʛ, ʚʝʪʝʨ, ʧʦʣʝʟʥʘʷ 

ʥʘʛʨʫʟʢʘ); 

¶ ʆʩʦʙʘʷ (ʩʝʡʩʤʠʢʘ). 
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ʈʠʩʫʥʦʢ 6. ʉʦʟʜʘʥʠʝ ʟʘʛʨʫʞʝʥʠʡ. 

 

5.2. ʅʘʟʥʘʯʘʝʤ ʥʘʛʨʫʟʢʠ ʥʘ ʵʣʝʤʝʥʪʳ. 

¶ ʉʦʙʩʪʚʝʥʥʳʡ ʚʝʩ: ɸʚʪʦʤʘʪʠʯʝʩʢʠ ʯʝʨʝʟ 

ʤʝʥʶ çʅʘʛʨʫʟʢʠè Ÿ çʅʘʟʥʘʯʠʪʴ ʩʦʙʩʪʚʝʥʥʳʡ ʚʝʩè 

ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 1.1; 

¶ ʈʘʩʧʨʝʜʝʣʝʥʥʳʝ ʥʘʛʨʫʟʢʠ: ʅʘ ʩʪʝʨʞʥʠ 

(ʢʦʣʦʥʥʳ) ʚ ʪʩ/ʤ, ʥʘ ʧʣʠʪʳ ʚ ʪʩ/ʤĮ; 

¶ ʉʦʩʨʝʜʦʪʦʯʝʥʥʳʝ ʩʠʣʳ: ʅʘ ʫʟʣʳ ʢʘʨʢʘʩʘ 

(ʜʣʷ ʦʙʦʨʫʜʦʚʘʥʠʷ). 

5.3. ʌʦʨʤʠʨʫʝʤ ʩʦʯʝʪʘʥʠʷ (ʈʉʅ). 

ʉʦʟʜʘʝʤ ʚ çɹʠʙʣʠʦʪʝʢʝ ʩʦʯʝʪʘʥʠʡè 

çʇʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ ʩʦʯʝʪʘʥʠʷè, ʫʯʠʪʳʚʘʷ 

ʚʝʨʦʷʪʥʦʩʪʠ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʜʝʡʩʪʚʠʷ ʥʘʛʨʫʟʦʢ, 

ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʩʘʤʦʛʦ ʥʝʚʳʛʦʜʥʦʛʦ, 

ʵʢʩʪʨʝʤʘʣʴʥʦʛʦ, ʥʦ ʧʨʠ ʵʪʦʤ ʨʝʘʣʠʩʪʠʯʥʦ-

ʚʦʟʤʦʞʥʦʛʦ ʩʦʩʪʦʷʥʠʝ ʥʘʧʨʷʞʝʥʠʡ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ 

ʚʦʟʥʠʢʥʫʪʴ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʟʘ ʚʝʩʴ ʩʨʦʢ ʝʝ ʩʣʫʞʙʳ. 

ɺʩʷ ʣʦʛʠʢʘ ʩʦʯʝʪʘʥʠʡ ʩʪʨʦʛʦ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʘ 

ʩʪʨʦʠʪʝʣʴʥʳʤʠ ʥʦʨʤʘʤʠ ʠ ʧʨʘʚʠʣʘʤʠ (ʉʇ 

20.13330.2016 çʅʘʛʨʫʟʢʠ ʠ ʚʦʟʜʝʡʩʪʚʠʷè). 

ʅʦʨʤʳ ʧʨʝʜʧʠʩʳʚʘʶʪ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʩʦʯʝʪʘʥʠʡ (ɣ, çʧʩʠè), ʯʪʦʙʳ ʫʯʠʪʳʚʘʪʴ ʚʝʨʦʷʪʥʦʩʪʴ 

ʩʦʚʤʝʩʪʥʦʛʦ ʜʝʡʩʪʚʠʷ ʥʝʩʢʦʣʴʢʠʭ ʚʨʝʤʝʥʥʳʭ 

ʥʘʛʨʫʟʦʢ (ɣ = 1.0; 0.9; 0.7). 

5.4. ʂʦʥʪʨʦʣʠʨʫʝʤ ʥʘʟʥʘʯʝʥʠʝ 

¶ ʇʨʦʚʝʨʷʝʤ ʥʘʧʨʘʚʣʝʥʠʝ ʥʘʛʨʫʟʦʢ 

(ʦʩʦʙʝʥʥʦ ʚʝʪʨʦʚʳʭ); 

¶ ʂʦʥʪʨʦʣʠʨʫʝʤ ʛʨʘʥʠʮʳ ʧʨʠʣʦʞʝʥʠʷ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʥʘʛʨʫʟʦʢ; 

¶ ʋʙʝʞʜʘʝʤʩʷ, ʯʪʦ ʚʩʝ ʥʘʛʨʫʟʢʠ ʧʦʧʘʣʠ ʚ 
ʥʫʞʥʳʝ ʟʘʛʨʫʞʝʥʠʷ. 

ʂʣʶʯʝʚʦʡ ʧʨʠʥʮʠʧ: ʂʘʞʜʘʷ ʥʘʛʨʫʟʢʘ ʜʦʣʞʥʘ 

ʠʤʝʪʴ ʯʝʪʢʠʡ çʘʜʨʝʩè ð ʩʚʦʝ ʟʘʛʨʫʞʝʥʠʝ, ʩʚʦʝ 

ʤʝʩʪʦ ʚ ʩʦʯʝʪʘʥʠʷʭ ʠ ʬʠʟʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ. 

ʊʦʣʴʢʦ ʪʦʛʜʘ ʤʳ ʧʦʣʫʯʠʤ ʜʦʩʪʦʚʝʨʥʫʶ ʢʘʨʪʠʥʫ 

ʨʘʙʦʪʳ ʢʦʥʩʪʨʫʢʮʠʠ. 

 
ʈʠʩʫʥʦʢ 7. ʉʦʯʝʪʘʥʠʷ ʟʘʛʨʫʞʝʥʠʡ 

 

6. ʉʦʟʜʘʥʠʝ ʫʧʨʫʛʦʛʦ ʦʩʥʦʚʘʥʠʷ ʠ ʨʝʜʘʢʪʦʨ 

ʛʨʫʥʪʦʚ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ 

ʥʝʠʟʤʝʥʷʝʤʦʩʪʠ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ ʠ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʝʨʝʤʝʱʝʥʠʡ, 

ʢʦʥʩʪʨʫʢʮʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʟʘʢʨʝʧʣʝʥʘ ʩ ʧʦʤʦʱʴʶ 

ʦʧʦʨʥʳʭ ʩʚʷʟʝʡ. ɺ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʝʩʪʴ ʨʝʘʣʴʥʫʶ ʧʦʜʘʪʣʠʚʦʩʪʴ ʦʩʥʦʚʘʥʠʷ, ʚʤʝʩʪʦ 

ʘʙʩʦʣʶʪʥʦ ʞʝʩʪʢʠʭ ʩʚʷʟʝʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʦʜʝʣʴ 

ʫʧʨʫʛʦʛʦ ʦʩʥʦʚʘʥʠʷ.  

ʉ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʠ çʋʧʨʫʛʦʝ ʦʩʥʦʚʘʥʠʝè 

ʥʘʟʥʘʯʘʝʤ ʧʣʠʪʥʦʤʫ ʨʦʩʪʚʝʨʢʫ ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʦʩʪʝʣʠ ʉ1. ɻʨʫʥʪ ʚʝʜʝʪ ʩʝʙʷ ʢʘʢ ʥʘʙʦʨ 

ʥʝʟʘʚʠʩʠʤʳʭ ʧʨʫʞʠʥ.ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʩʪʝʣʠ (C ) ð 

ʵʪʦ ʞʝʩʪʢʦʩʪʴ ʦʜʥʦʡ ʪʘʢʦʡ ʧʨʫʞʠʥʳ. ʆʥ 

ʧʦʢʘʟʳʚʘʝʪ, ʢʘʢʦʝ ʜʘʚʣʝʥʠʝ ʥʫʞʥʦ ʧʨʠʣʦʞʠʪʴ ʢ 

ʛʨʫʥʪʫ, ʯʪʦʙʳ ʦʥ ʦʩʝʣ ʥʘ 1 ʤʝʪʨ. 

ʈʝʜʘʢʪʦʨ ʛʨʫʥʪʦʚ ð ʵʪʦ ʠʥʩʪʨʫʤʝʥʪ, ʛʜʝ ʤʳ 

"ʨʘʩʩʢʘʟʳʚʘʝʤ" ʧʨʦʛʨʘʤʤʝ ʦ ʩʚʦʡʩʪʚʘʭ ʛʨʫʥʪʘ ʥʘ 

ʥʘʰʝʤ ʫʯʘʩʪʢʝ. ɺ ʪʘʙʣʠʮʝ ʫʢʘʟʳʚʘʝʤ ʚʩʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʞʜʦʛʦ ʛʨʫʥʪʘ ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ 

ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʠʟʳʩʢʘʥʠʷ ʠ, ʫʩʪʘʥʘʚʣʠʚʘʷ 

ʩʢʚʘʞʠʥʳ ʥʘ ʩʭʝʤʝ, ʨʘʩʧʦʣʘʛʘʝʤ ʚ ʥʠʭ ʢʘʞʜʳʡ 

ʩʣʦʡ ʠʟʚʝʩʪʥʦʛʦ ʛʨʫʥʪʘ. 
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ʈʠʩʫʥʦʢ 9. ʈʝʜʘʢʪʦʨ ʛʨʫʥʪʦʚ 

 

7. ʊʨʠʘʥʛʫʣʷʮʠʷ ʤʦʜʝʣʠ.  

ʊʨʠʘʥʛʫʣʷʮʠʷ ð ʵʪʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ 

ʧʨʦʮʝʩʩ ʚ ʨʘʩʯʝʪʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʩʧʣʦʰʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ (ʥʘʧʨʠʤʝʨ, ʩʪʝʥʘ, ʧʣʠʪʘ 

ʧʝʨʝʢʨʳʪʠʷ ʠʣʠ ʩʣʦʞʥʘʷ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʬʠʛʫʨʘ) 

ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʤʥʦʞʝʩʪʚʦ ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ 

ʪʨʝʫʛʦʣʴʥʳʭ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʂʕ). 

ɺʳʜʝʣʷʝʤ ʩʭʝʤʫ ʠ ʥʘʟʥʘʯʘʝʤ ʧʘʨʘʤʝʪʨʳ 

ʚʳʙʠʨʘʷ ʰʘʛ ʪʨʠʘʥʛʫʣʠʨʦʚʘʥʠʷ 0,5 ʤ ʤʝʪʦʜʦʤ 

ʨʘʟʙʠʝʥʠʷ ʥʘ ʯʝʪʳʨʝʭʫʛʦʣʴʥʠʢʠ. ɺʦ ʚʨʝʤʷ ʨʘʩʯʝʪʘ 

ʧʨʦʛʨʘʤʤʘ ʩʘʤʘ ʪʨʠʘʥʛʫʣʠʨʫʝʪ ʩʭʝʤʫ. 

ɼʣʷ ʯʝʛʦ ʵʪʦ ʥʫʞʥʦ? 

1. ɸʧʧʨʦʢʩʠʤʘʮʠʷ ʩʣʦʞʥʳʭ 

ʬʦʨʤ. ʃʶʙʫʶ ʩʣʦʞʥʫʶ ʛʝʦʤʝʪʨʠʶ 

(ʢʨʠʚʦʣʠʥʝʡʥʫʶ, ʩ ʦʪʚʝʨʩʪʠʷʤʠ) ʤʦʞʥʦ ʩ ʚʳʩʦʢʦʡ 

ʪʦʯʥʦʩʪʴʶ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʥʘʙʦʨʘ ʧʨʦʩʪʳʭ 

ʪʨʝʫʛʦʣʴʥʳʭ ʠʣʠ ʯʝʪʳʨʝʭʫʛʦʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

2. ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ (ʄʂʕ). ʇʨʦʛʨʘʤʤʘ ʃʀʈɸ 10 ʥʝ ʤʦʞʝʪ 

ʨʘʙʦʪʘʪʴ ʩ "ʩʧʣʦʰʥʦʡ" ʩʪʝʥʦʡ ʢʘʢ ʩ ʝʜʠʥʳʤ ʮʝʣʳʤ. 

ʆʥʘ ʨʘʩʩʯʠʪʳʚʘʝʪ ʫʩʠʣʠʷ ʠ ʜʝʬʦʨʤʘʮʠʠ ʪʦʣʴʢʦ ʚ 

ʦʪʜʝʣʴʥʳʭ, ʥʝʙʦʣʴʰʠʭ ʵʣʝʤʝʥʪʘʭ. ʊʨʝʫʛʦʣʴʥʠʢ ð 

ʵʪʦ ʧʨʦʩʪʝʡʰʘʷ ʠ ʩʘʤʘʷ ʩʪʘʙʠʣʴʥʘʷ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ 

ʬʠʛʫʨʘ ʜʣʷ ʪʘʢʦʛʦ ʨʘʩʯʝʪʘ. ʇʦʩʣʝ ʨʘʩʯʝʪʘ 

ʧʨʦʛʨʘʤʤʘ "ʩʢʣʝʠʚʘʝʪ" ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʚʩʝʤ 

ʪʨʝʫʛʦʣʴʥʠʢʘʤ, ʠ ʤʳ ʚʠʜʠʤ ʦʙʱʫʶ ʢʘʨʪʠʥʫ 

ʥʘʧʨʷʞʝʥʠʡ ʚ ʧʣʠʪʝ ʠʣʠ ʩʪʝʥʝ. 

 

 
ʈʠʩʫʥʦʢ 10. ʇʘʨʘʤʝʪʨ ʪʨʠʘʥʛʫʣʷʮʠʠ 

 

3. ʇʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʨʘʩʯʝʪʘ. ʂʘʢ 

ʧʨʘʚʠʣʦ, ʯʝʤ ʤʝʣʴʯʝ ʩʝʪʢʘ ʪʨʠʘʥʛʫʣʷʮʠʠ (ʯʝʤ 

ʙʦʣʴʰʝ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʠ ʯʝʤ ʦʥʠ ʤʝʥʴʰʝ), ʪʝʤ 

ʪʦʯʥʝʝ ʨʝʟʫʣʴʪʘʪ, ʪʘʢ ʢʘʢ ʤʦʜʝʣʴ ʣʫʯʰʝ ʦʧʠʩʳʚʘʝʪ 

ʨʝʘʣʴʥʦʝ ʧʦʚʝʜʝʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ. ʆʜʥʘʢʦ ʵʪʦ 

ʫʚʝʣʠʯʠʚʘʝʪ ʚʨʝʤʷ ʨʘʩʯʝʪʘ. 
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ʘ)  

ʙ)  

ʈʠʩʫʥʦʢ 11. ʉʭʝʤʘ ʤʦʜʝʣʠ: ʘ) ʜʦ 

ʪʨʠʘʥʛʫʣʷʮʠʠ; ʙ) ʧʦʩʣʝ ʪʨʠʘʥʛʫʣʷʮʠʠ 

 

8. ɸʥʘʣʠʟ ʨʘʩʯʝʪʘ. 

8.1. ʉʪʘʪʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʧʣʠʪʥʦʛʦ ʨʦʩʪʚʝʨʢʘ. 

 
 

ɼʣʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʛʨʫʟʦʢ ʦʪ ʢʦʥʩʪʨʫʢʮʠʡ 

ʟʜʘʥʠʷ ʥʘ ʩʚʘʠ ʧʨʠʥʷʪ ʧʣʠʪʥʳʡ ʨʦʩʪʚʝʨʢ. ʄʦʞʥʦ 

ʫʚʠʜʝʪʴ, ʢʘʢ ʭʘʨʘʢʪʝʨʥʳʝ ʫʩʠʣʠʷ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʚ 

ʨʦʩʪʚʝʨʢʝ ʠ ʧʨʠ ʩʦʚʦʢʫʧʥʦʩʪʠ ʚʩʝʭ ʩʠʣʦʚʳʭ 

ʬʘʢʪʦʨʦʚ ʨʘʙʦʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʚʩʝʡ ʧʣʦʱʘʜʠ 

ʨʦʩʪʚʝʨʢʘ: 

 

ʘ) 

 
 

ʙ) 

 
 

ʚ) 

 
 

ʛ) 

 
ʈʠʩʫʥʦʢ 12. ʄʦʟʘʠʢʘ ʫʩʠʣʠʡ ʚ ʧʣʠʪʥʦʤ ʨʦʩʪʚʝʨʢʝ: 

ʘ) ʋʩʠʣʠʝ Nx ʤʠʥʠʤʘʣʴʥʦʝ; 

ʙ) ʋʩʠʣʠʝ Nx ʤʘʢʩʠʤʘʣʴʥʦʝ; 

ʚ) ʋʩʠʣʠʝ ʄx ʤʠʥʠʤʘʣʴʥʦʝ; 

ʛ) ʋʩʠʣʠʝ ʄx ʤʘʢʩʠʤʘʣʴʥʦ. 

 

8.1. ɸʨʤʠʨʦʚʘʥʠʝ ʧʣʠʪʥʦʛʦ ʨʦʩʪʚʝʨʢʘ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʝʪʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʟʥʘʯʝʥʠʷ ʜʠʘʤʝʪʨʦʚ ʧʨʦʜʦʣʴʥʦʡ ʘʨʤʘʪʫʨʳ ʚ 

ʥʘʧʨʘʚʣʝʥʠʷʭ ʍ ʠ ʋ ʚ ʨʘʩʪʷʥʫʪʦʡ ʠ ʩʞʘʪʦʡ ʟʦʥʘʭ 

ʨʦʩʪʚʝʨʢʘ.  

ʄʘʢʩʠʤʘʣʴʥʳʝʟʥʘʯʝʥʠʷ: 

As1X ï s200d32; 

As3Y ï s200d36; 

As2X ï s200d32; 

As4Y ï s200d28. 

 



ˠ̠̎̉̃̆̑̒̉̓̆̓̒̋́ ˚́̔̋́Ȣ 5ÎÉÖÅÒÓÉÔÙ 3ÃÉÅÎÃÅȢ Τ2(20Ɋ φτφω ̄. 

52 

ʘ)

 
ʙ)

 
ʚ)

 
 

ʛ)

 
 

ʈʠʩʫʥʦʢ 13. ʄʦʟʘʠʢʘ ʨʝʟʫʣʴʪʘʪʘ 

ʘʨʤʠʨʦʚʘʥʠʷ ʧʣʠʪʥʦʛʦ ʨʦʩʪʚʝʨʢʘ: ʘ) As1X; ʙ) 

As3Y; ʚ) As2X; ʛ) As4Y. 
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ɸʅʅʆʊɸʎʀʗ 

 

ɼʨʦʥʳ ʩʪʘʣʠ ʥʝʟʘʤʝʥʠʤʳʤʠ ʧʦʤʦʱʥʠʢʘʤʠ ʥʘ ʚʩʝʭ ʩʪʘʜʠʷʭ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ð ʦʪ ʧʝʨʚʠʯʥʦʡ 

ʧʦʜʛʦʪʦʚʢʠ ʪʝʨʨʠʪʦʨʠʠ ʜʦ ʬʠʥʘʣʴʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚʦʟʚʝʜʸʥʥʳʭ ʩʦʦʨʫʞʝʥʠʡ. ʀʭ ʧʨʠʤʝʥʝʥʠʝ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʘʪʴ ʚʳʩʦʢʦʪʦʯʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʱʘʪʴ ʚʨʝʤʝʥʥʳʝ ʠ ʤʘʪʝʨʠʘʣʴʥʳʝ ʟʘʪʨʘʪʳ, ʘ ʪʘʢʞʝ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʤʘʢʩʠʤʘʣʴʥʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʝʨʩʦʥʘʣʘ. 

ɺ ʩʪʘʪʴʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʜʨʦʥʦʚ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ, ʠʟʫʯʝʥ ʩʧʝʢʪʨ 

ʨʝʰʘʝʤʳʭ ʠʤʠ ʟʘʜʘʯ ʠ ʦʮʝʥʝʥʳ ʚʳʛʦʜʳ, ʢʦʪʦʨʳʝ ʧʦʣʫʯʘʶʪ ʩʪʨʦʠʪʝʣʴʥʳʝ ʢʦʤʧʘʥʠʠ ʧʨʠ ʠʥʪʝʛʨʘʮʠʠ ʵʪʠʭ 

ʧʝʨʝʜʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʩʚʦʡ ʨʘʙʦʯʠʡ ʧʨʦʮʝʩʩ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʨʦʥʳ, ʪʝʭʥʦʣʦʛʠʷ, ʙʝʩʧʠʣʦʪʥʳʝ ʣʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ, ʛʝʦʜʝʟʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʤʦʥʠʪʦʨʠʥʛ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 

ABSTRACT 

 

Drones have become indispensable helpers at all stages of the construction process - from the initial 

preparation of the territory to the final maintenance of the erected structures. Their use allows obtaining highly accurate 

information, significantly reducing time and material costs, as well as ensuring maximum personnel safety. 

The article analyzed the practical application of drones in the construction industry, studied the range of tasks 

they solve and assessed the benefits that construction companies receive when integrating these advanced technologies 

into their workflow. 

Key words: drones, technology, unmanned aerial vehicles, geodetic surveys, construction monitoring. 

 

ɺʚʝʜʝʥʠʝ 

ʈʝʚʦʣʶʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʜʦʩʪʠʞʝʥʠʷ ʢʦʨʝʥʥʳʤ ʦʙʨʘʟʦʤ ʪʨʘʥʩʬʦʨʤʠʨʫʶʪ 

ʩʬʝʨʫ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʧʦʚʳʰʘʷ ʝʸ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʠ 

ʫʨʦʚʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʆʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ 

ʟʘʩʣʫʞʠʚʘʶʪ ʙʝʩʧʠʣʦʪʥʳʝ ʣʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ, 

ʠʟʚʝʩʪʥʳʝ ʪʘʢʞʝ ʢʘʢ ʜʨʦʥʳ, ʢʦʪʦʨʳʝ ʩʝʛʦʜʥʷ ʩʪʘʣʠ 

ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʠʥʥʦʚʘʮʠʦʥʥʳʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ. 

ʀʟ ʧʨʦʩʪʳʭ ʨʘʟʚʣʝʢʘʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʜʣʷ 

ʣʶʙʠʪʝʣʝʡ ʦʥʠ ʵʚʦʣʶʮʠʦʥʠʨʦʚʘʣʠ ʚ ʩʝʨʴʸʟʥʳʝ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ, ʩʧʦʩʦʙʥʳʝ 

ʵʬʬʝʢʪʠʚʥʦ ʩʧʨʘʚʣʷʪʴʩʷ ʩ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ 

ʩʪʨʦʠʪʝʣʴʥʳʤʠ ʟʘʜʘʯʘʤʠ. 

ʇʨʠʤʝʥʝʥʠʝ ɹʇʃɸ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ: 

ʆʩʥʦʚʥʳʝ ʟʘʜʘʯʠ 

1. ɻʝʦʜʝʟʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ 

ʧʦʤʦʱʴʶ ʜʨʦʥʦʚ 

ɹʝʩʧʠʣʦʪʥʳʝ ʣʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ 

ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʠʣʠ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ 

ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʠʟʳʩʢʘʥʠʡ, ʩʪʘʚ ʥʝʟʘʤʝʥʠʤʳʤ  

ʠʥʩʪʨʫʤʝʥʪʦʤ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʛʝʦʜʝʟʠʠ. 

ɹʣʘʛʦʜʘʨʷ ʠʭ ʧʨʠʤʝʥʝʥʠʶ ʩʧʝʮʠʘʣʠʩʪʳ ʤʦʛʫʪ 

ʵʬʬʝʢʪʠʚʥʦ ʚʳʧʦʣʥʷʪʴ ʩʣʦʞʥʳʝ ʠʟʤʝʨʠʪʝʣʴʥʳʝ 

ʨʘʙʦʪʳ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʠ ʩʢʦʨʦʩʪʴʶ. 

ʆʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʜʨʦʥʦʚ ʚ ʛʝʦʜʝʟʠʠ: 

¶ ʆʧʝʨʘʪʠʚʥʦʩʪʴ ʩʲʝʤʢʠ ð ʚʦʟʤʦʞʥʦʩʪʴ 

ʙʳʩʪʨʦ ʦʙʩʣʝʜʦʚʘʪʴ ʦʙʰʠʨʥʳʝ ʪʝʨʨʠʪʦʨʠʠ, 

ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʱʘʷ ʚʨʝʤʷ ʧʦʣʝʚʳʭ ʨʘʙʦʪ 

¶ ʊʦʯʥʦʩʪʴ ʜʘʥʥʳʭ ð ʧʦʣʫʯʝʥʠʝ ʜʝʪʘʣʴʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʨʝʣʴʝʬʝ ʠ ʦʩʦʙʝʥʥʦʩʪʷʭ ʤʝʩʪʥʦʩʪʠ 

¶ ʆʙʲʝʢʪʠʚʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ð 

ʤʠʥʠʤʠʟʘʮʠʷ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʠʟʤʝʨʝʥʠʡ 

ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ɹʇʃɸ ʚ 

ʛʝʦʜʝʟʠʠ ʚʢʣʶʯʘʶʪ: ʩʦʟʜʘʥʠʝ ʮʠʬʨʦʚʳʭ ʤʦʜʝʣʝʡ 

ʤʝʩʪʥʦʩʪʠ (ʎʄʄ) ʜʣʷ ʘʥʘʣʠʟʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ 

ʜʘʥʥʳʭ, ʨʘʟʨʘʙʦʪʢʫ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʢʘʨʪ 

ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʩ ʪʦʯʥʦʡ ʧʨʠʚʷʟʢʦʡ ʢ 

ʢʦʦʨʜʠʥʘʪʘʤ, ʚʳʧʦʣʥʝʥʠʝ ʦʙʲʝʤʥʳʭ ʨʘʩʯʝʪʦʚ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʟʝʤʣʷʥʳʭ ʨʘʙʦʪ ʠ 
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ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʩʢʣʘʜʘʭ, ʤʦʥʠʪʦʨʠʥʛ ʠʟʤʝʥʝʥʠʡ 

ʨʝʣʴʝʬʘ ʚ ʜʠʥʘʤʠʢʝ, ʢʦʥʪʨʦʣʴ ʩʦʦʪʚʝʪʩʪʚʠʷ 

ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ ʨʝʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʨʦʥʦʚ ʧʦʟʚʦʣʷʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ 

ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʠʟʳʩʢʘʥʠʡ, ʦʙʝʩʧʝʯʠʚʘʷ ʩʪʨʦʠʪʝʣʝʡ 

ʠ ʧʨʦʝʢʪʠʨʦʚʱʠʢʦʚ ʘʢʪʫʘʣʴʥʦʡ ʠ ʜʦʩʪʦʚʝʨʥʦʡ 

ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʪʝʨʨʠʪʦʨʠʠ ʙʫʜʫʱʝʛʦ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʥʘ ʥʘʯʘʣʴʥʳʭ 

ʵʪʘʧʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʢʦʛʜʘ ʪʦʯʥʦʩʪʴ ʜʘʥʥʳʭ 

ʦʧʨʝʜʝʣʷʝʪ ʫʩʧʝʭ ʚʩʝʛʦ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

2. ʄʦʥʠʪʦʨʠʥʛ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʦʙʲʝʢʪʦʚ ʩ ʧʦʤʦʱʴʶ ɹʇʃɸ 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʥʘʙʣʶʜʝʥʠʷ ʟʘ 

ʩʪʨʦʠʪʝʣʴʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʧʦʣʫʯʠʣʠ ʥʦʚʦʝ 

ʨʘʟʚʠʪʠʝ ʙʣʘʛʦʜʘʨʷ ʚʥʝʜʨʝʥʠʶ ʙʝʩʧʠʣʦʪʥʳʭ 

ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ. ɼʨʦʥʳ ʩʪʘʣʠ ʥʘʜʝʞʥʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʭʦʜʘ 

ʨʘʙʦʪ ʥʘ ʩʪʨʦʡʧʣʦʱʘʜʢʘʭ. 

ʈʝʛʫʣʷʨʥʦʝ ʥʘʙʣʶʜʝʥʠʝ ʩ ʚʦʟʜʫʭʘ ʧʦʟʚʦʣʷʝʪ: 

ʦʪʩʣʝʞʠʚʘʪʴ ʜʠʥʘʤʠʢʫ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʚ ʨʝʞʠʤʝ 

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʬʠʢʩʠʨʦʚʘʪʴ ʧʨʦʤʝʞʫʪʦʯʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪ, ʩʚʦʝʚʨʝʤʝʥʥʦ ʚʳʷʚʣʷʪʴ 

ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʛʨʘʬʠʢʘ, ʦʧʝʨʘʪʠʚʥʦ 

ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʚʦʟʥʠʢʘʶʱʠʝ ʩʣʦʞʥʦʩʪʠ. 

ʂʣʶʯʝʚʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʧʨʠʤʝʥʝʥʠʷ 

ʷʚʣʷʶʪʩʷ: ʪʝʭʥʠʯʝʩʢʠʡʢʦʥʪʨʦʣʴ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ 

ʩ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʩʦʩʪʘʚʣʷʶʱʠʝ, ʪʘʢʠʝ 

ʢʘʢʤʦʥʠʪʦʨʠʥʛ ʚʳʧʦʣʥʝʥʠʷ ʟʝʤʣʷʥʳʭ ʨʘʙʦʪ, 

ʥʘʙʣʶʜʝʥʠʝ ʟʘ ʧʨʦʮʝʩʩʦʤ ʙʝʪʦʥʠʨʦʚʘʥʠʷ, ʢʦʥʪʨʦʣʴ 

ʤʦʥʪʘʞʘ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʧʨʦʚʝʨʢʫ 

ʩʦʙʣʶʜʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʥʦʨʤ. 

ʇʨʦʝʢʪʥʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ 

ʧʫʪʝʤ: ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʬʘʢʪʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʘ, ʚʳʷʚʣʝʥʠʷ ʥʝʩʦʦʪʚʝʪʩʪʚʠʡ 

ʧʨʦʝʢʪʥʳʤ ʨʝʰʝʥʠʷʤ, ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʠʷ ʚʩʝʭ 

ʵʪʘʧʦʚ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 

ʆʪʯʝʪʥʦʩʪʴ ʠ ʘʥʘʣʠʪʠʢʘ 

ʉʠʩʪʝʤʘ ʦʪʯʝʪʥʦʩʪʠ ʦʙʝʩʧʝʯʠʚʘʝʪ: 

¶ ʌʦʨʤʠʨʦʚʘʥʠʝ ʜʝʪʘʣʴʥʳʭ ʬʦʪʦ- ʠ 

ʚʠʜʝʦʤʘʪʝʨʠʘʣʦʚ 

¶ ʉʦʟʜʘʥʠʝ ʥʘʛʣʷʜʥʳʭ ʦʪʯʝʪʦʚ ʜʣʷ 

ʟʘʢʘʟʯʠʢʦʚ 

¶ ʇʨʝʜʦʩʪʘʚʣʝʥʠʝ ʨʫʢʦʚʦʜʩʪʚʫ ʘʢʪʫʘʣʴʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ 

¶ ɸʨʭʠʚʘʮʠʶ ʜʘʥʥʳʭ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʘʥʘʣʠʟʘ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʨʦʥʦʚ ʚ ʤʦʥʠʪʦʨʠʥʛʝ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʦʤ, ʦʙʝʩʧʝʯʠʪʴ 

ʧʨʦʟʨʘʯʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʨʠʩʢʠ 

ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʧʨʦʝʢʪʥʳʭ ʪʨʝʙʦʚʘʥʠʡ. ʕʪʦ 

ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʢʨʫʧʥʳʭ ʠ 

ʩʣʦʞʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʦʙʲʝʢʪʦʚ. 

3. ʀʥʩʧʝʢʮʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʦʙʲʝʢʪʦʚ 

ʩ ʧʦʤʦʱʴʶ ɹʇʃɸ 

ʉʦʚʨʝʤʝʥʥʘʷ ʠʥʩʧʝʢʮʠʷ ʦʙʲʝʢʪʦʚ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʧʦʣʫʯʠʣʘ ʥʦʚʦʝ ʨʘʟʚʠʪʠʝ ʙʣʘʛʦʜʘʨʷ 

ʧʨʠʤʝʥʝʥʠʶ ʙʝʩʧʠʣʦʪʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ɼʨʦʥʳ 

ʩʪʘʣʠ ʦʧʪʠʤʘʣʴʥʳʤ ʨʝʰʝʥʠʝʤ ʜʣʷ ʦʙʩʣʝʜʦʚʘʥʠʷ 

ʩʣʦʞʥʳʭ ʠ ʦʧʘʩʥʳʭ ʫʯʘʩʪʢʦʚ, ʛʜʝ ʪʨʘʜʠʮʠʦʥʥʳʡ 

ʦʩʤʦʪʨ ʩʦʧʨʷʞʝʥ ʩ ʚʳʩʦʢʠʤʠ ʨʠʩʢʘʤʠ ʜʣʷ 

ʩʧʝʮʠʘʣʠʩʪʦʚ. 

ʂʣʶʯʝʚʳʝ ʦʙʲʝʢʪʳ ʜʣʷ ʠʥʩʧʝʢʮʠʠ: 

ʚʳʩʦʪʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʤʦʩʪʦʚʳʝ ʩʦʦʨʫʞʝʥʠʷ, 

ʬʘʩʘʜʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʨʦʚʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ, 

ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʝ ʫʯʘʩʪʢʠ ʟʜʘʥʠʡ. 

ʊʝʭʥʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʂʦʤʧʣʝʢʩʥʳʡ ʦʩʤʦʪʨ ʚʢʣʶʯʘʝʪ: 

¶ ɺʠʟʫʘʣʴʥʳʡ ʢʦʥʪʨʦʣʴ ð ʜʝʪʘʣʴʥʳʡ ʦʩʤʦʪʨ 

ʢʦʥʩʪʨʫʢʮʠʡ ʩ ʨʘʟʥʳʭ ʨʘʢʫʨʩʦʚ 

¶ ʊʝʨʤʦʛʨʘʬʠʯʝʩʢʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ ð 

ʚʳʷʚʣʝʥʠʝ ʘʥʦʤʘʣʠʡ ʚ ʨʘʙʦʪʝ ʠʥʞʝʥʝʨʥʳʭ ʩʠʩʪʝʤ 

¶ ɼʝʬʝʢʪʦʩʢʦʧʠʷ ð ʦʙʥʘʨʫʞʝʥʠʝ 

ʧʦʚʨʝʞʜʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ 

¶ ɼʦʢʫʤʝʥʪʘʣʴʥʘʷ ʬʠʢʩʘʮʠʷ ð ʩʦʟʜʘʥʠʝ 

ʬʦʪʦ- ʠ ʚʠʜʝʦʤʘʪʝʨʠʘʣʦʚ 

ɹʝʟʦʧʘʩʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ɿʘʱʠʪʥʳʝ ʬʫʥʢʮʠʠ ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʶʪʩʷ 

ʚʘʞʥʝʡʰʝʡ ʯʘʩʪʴʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ: ʤʠʥʠʤʠʟʘʮʠʶ ʨʠʩʢʦʚ ʜʣʷ 

ʠʥʩʧʝʢʪʦʨʦʚ ʧʨʠ ʨʘʙʦʪʝ ʥʘ ʚʳʩʦʪʝ, ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʙʩʣʝʜʦʚʘʥʠʷ ʦʧʘʩʥʳʭ ʟʦʥ ʙʝʟ ʧʨʷʤʦʛʦ ʢʦʥʪʘʢʪʘ, 

ʦʧʝʨʘʪʠʚʥʦʝ ʚʳʷʚʣʝʥʠʝ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʨʦʙʣʝʤ, 

ʩʥʠʞʝʥʠʝ ʟʘʪʨʘʪ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʠʥʩʧʝʢʮʠʡ. 

ʇʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʜʨʦʥʦʚ ʚ 

ʠʥʩʧʝʢʮʠʠ ʧʦʟʚʦʣʷʝʪ: 

¶ ʉʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʦʙʩʣʝʜʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ 

¶ ʇʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʜʠʘʛʥʦʩʪʠʢʠ 

¶ ʉʦʭʨʘʥʠʪʴ ʮʝʣʦʩʪʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʠ 
ʦʩʤʦʪʨʝ 

¶ ʆʙʝʩʧʝʯʠʪʴ ʧʦʩʪʦʷʥʥʳʡ ʢʦʥʪʨʦʣʴ 

ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʦʚ 

ʊʘʢʦʡ ʧʦʜʭʦʜ ʢ ʠʥʩʧʝʢʮʠʠ ʥʝ ʪʦʣʴʢʦ 

ʧʦʚʳʰʘʝʪ ʙʝʟʦʧʘʩʥʦʩʪʴ ʨʘʙʦʪ, ʥʦ ʠ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʣʫʯʰʘʝʪ ʢʘʯʝʩʪʚʦ ʦʙʩʣʝʜʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʷ 

ʩʚʦʝʚʨʝʤʝʥʥʦ ʚʳʷʚʣʷʪʴ ʠ ʫʩʪʨʘʥʷʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʝ 

ʧʨʦʙʣʝʤʳ. 

4. ʆʧʪʠʤʠʟʘʮʠʷ ʣʦʛʠʩʪʠʢʠ ʚ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʩ ʧʦʤʦʱʴʶ ɹʇʃɸ 

ɹʝʩʧʠʣʦʪʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʦʪʢʨʳʚʘʶʪ ʥʦʚʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʜʦʩʪʘʚʢʠ ʛʨʫʟʦʚ ʥʘ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʦʙʲʝʢʪʘʭ. ɼʨʦʥʳ ʩʪʘʥʦʚʷʪʩʷ 

ʵʬʬʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ 

ʥʝʙʦʣʴʰʠʭ ʛʨʫʟʦʚ, ʦʩʦʙʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ ʫʜʘʣʝʥʥʳʭ 

ʠʣʠ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʣʦʢʘʮʠʡ. 

ɻʨʫʟʦʚʳʝ ʦʧʝʨʘʮʠʠ ʚʢʣʶʯʘʶʪ: ʜʦʩʪʘʚʢʫ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ 

ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʧʝʨʝʚʦʟʢʫ ʟʘʧʘʩʥʳʭ 

ʯʘʩʪʝʡ, ʧʦʜʘʯʫ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʚʳʩʦʪʥʳʝ ʫʯʘʩʪʢʠ. 

ʆʧʪʠʤʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ: 

¶ ʉʦʢʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ ʜʦʩʪʘʚʢʠ ʛʨʫʟʦʚ 

¶ ʄʠʥʠʤʠʟʘʮʠʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʨʘʩʭʦʜʦʚ 

¶ ʋʧʨʦʱʝʥʠʷ ʣʦʛʠʩʪʠʢʠ ʥʘ ʩʣʦʞʥʳʭ 

ʦʙʲʝʢʪʘʭ 

¶ ɺʦʟʤʦʞʥʦʩʪʠ ʨʘʙʦʪʳ ʚ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ 
ʤʝʩʪʘʭ 

ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʉʥʠʞʝʥʠʝ ʟʘʪʨʘʪ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʙʣʘʛʦʜʘʨʷ: 

¶ ʋʤʝʥʴʰʝʥʠʶ ʨʘʩʭʦʜʦʚ ʥʘ ʪʦʧʣʠʚʦ 

¶ ʆʧʪʠʤʠʟʘʮʠʠ ʤʘʨʰʨʫʪʦʚ ʜʦʩʪʘʚʢʠ 

¶ ʉʦʢʨʘʱʝʥʠʶ ʚʨʝʤʝʥʠ ʧʨʦʩʪʦʷ ʨʘʙʦʯʠʭ 

¶ ʄʠʥʠʤʠʟʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʥʘʟʝʤʥʦʤ 
ʪʨʘʥʩʧʦʨʪʝ 

ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ 
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ɹʫʜʫʱʝʝ ʪʝʭʥʦʣʦʛʠʠ ʩʚʷʟʘʥʦ ʩ: 

¶ ʋʚʝʣʠʯʝʥʠʝʤ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ ʜʨʦʥʦʚ 

¶ ʈʘʟʚʠʪʠʝʤ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ 

ʥʘʚʠʛʘʮʠʠ 

¶ ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʩʠʩʪʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ 

¶ ʈʘʩʰʠʨʝʥʠʝʤ ʩʧʝʢʪʨʘ ʚʦʟʤʦʞʥʳʭ ʟʘʜʘʯ 

ʇʨʠʤʝʥʝʥʠʝ ʜʨʦʥʦʚ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ 

ʣʦʛʠʩʪʠʢʝ ʥʝ ʪʦʣʴʢʦ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʨʘʙʦʪʳ, ʥʦ ʠ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 

ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʥʘ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʧʣʦʱʘʜʢʘʭ, ʦʩʦʙʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ ʩʣʦʞʥʦʡ 

ʪʦʧʦʛʨʘʬʠʠ ʠʣʠ ʫʜʘʣʝʥʥʦʩʪʠ ʦʙʲʝʢʪʦʚ. 

5. ʆʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʩ ʧʦʤʦʱʴʶ ɹʇʃɸ 

ʂʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʦʙʝʩʧʝʯʝʥʠʶ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʨʝʘʣʠʟʫʝʪʩʷ 

ʙʣʘʛʦʜʘʨʷ ʚʥʝʜʨʝʥʠʶ ʙʝʩʧʠʣʦʪʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ɼʨʦʥʳ ʩʪʘʥʦʚʷʪʩʷ ʥʝʟʘʤʝʥʠʤʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ 

ʢʦʥʪʨʦʣʷ ʠ ʟʘʱʠʪʳ ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʣʦʱʘʜʦʢ. 

ʆʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʠʤʝʥʝʥʠʷ 

ʉʠʩʪʝʤʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ 

ʬʫʥʢʮʠʠ: 

¶ ʂʦʥʪʨʦʣʴ ʩʦʙʣʶʜʝʥʠʷ ʥʦʨʤ ð ʧʦʩʪʦʷʥʥʳʡ 

ʤʦʥʠʪʦʨʠʥʛ ʚʳʧʦʣʥʝʥʠʷ ʧʨʘʚʠʣ ʪʝʭʥʠʢʠ 

ʙʝʟʦʧʘʩʥʦʩʪʠ 

¶ ʆʭʨʘʥʘ ʪʝʨʨʠʪʦʨʠʠ ð ʧʘʪʨʫʣʠʨʦʚʘʥʠʝ 

ʧʝʨʠʤʝʪʨʘ ʠ ʚʳʷʚʣʝʥʠʝ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ 

ʜʦʩʪʫʧʘ 

¶ ɼʦʨʦʞʥʳʡ ʢʦʥʪʨʦʣʴ ð ʤʦʥʠʪʦʨʠʥʛ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ ʠ ʜʦʨʦʞʥʦʡ ʩʠʪʫʘʮʠʠ 

¶ ʇʨʝʜʦʪʚʨʘʱʝʥʠʝ ʠʥʮʠʜʝʥʪʦʚ ð 

ʦʧʝʨʘʪʠʚʥʦʝ ʚʳʷʚʣʝʥʠʝ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʭ 

ʩʠʪʫʘʮʠʡ 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʢʦʥʪʨʦʣʷ 

ʕʬʬʝʢʪʠʚʥʘʷ ʟʘʱʠʪʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ: 

ʢʨʫʛʣʦʩʫʪʦʯʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʪʝʨʨʠʪʦʨʠʠ, ʚʳʩʦʢʦʡ 

ʪʦʯʥʦʩʪʠ ʦʙʥʘʨʫʞʝʥʠʷ ʥʘʨʫʰʝʥʠʡ, ʙʳʩʪʨʦʛʦ 

ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ ʥʝʰʪʘʪʥʳʝ ʩʠʪʫʘʮʠʠ, 

ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʠʷ ʚʩʝʭ ʧʨʦʠʩʰʝʩʪʚʠʡ, ʩʥʠʞʝʥʠʷ 

ʥʘʛʨʫʟʢʠ ʥʘ ʩʣʫʞʙʫ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʉʦʚʨʝʤʝʥʥʦʝ ʦʩʥʘʱʝʥʠʝ ʧʦʟʚʦʣʷʝʪ: ʚʝʩʪʠ 

ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʝ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʧʣʦʚʠʟʠʦʥʥʫʶ ʩʲʝʤʢʫ, 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʨʘʩʧʦʟʥʘʚʘʪʴ ʥʘʨʫʰʝʥʠʷ, 

ʦʪʧʨʘʚʣʷʪʴ ʤʛʥʦʚʝʥʥʳʝ ʫʚʝʜʦʤʣʝʥʠʷ ʦ ʪʨʝʚʦʛʘʭ, 

ʩʦʟʜʘʚʘʪʴ ʘʨʭʠʚ ʚʠʜʝʦʤʘʪʝʨʠʘʣʦʚ. 

ʇʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʂʦʤʧʣʝʢʩʥʘʷ ʩʠʩʪʝʤʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ 

ʩʪʨʦʡʧʣʦʱʘʜʢʝ ʚʢʣʶʯʘʝʪ: 

¶ ʈʝʛʫʣʷʨʥʳʡ ʧʘʪʨʫʣʴʥʳʡ ʦʙʣʝʪ ʪʝʨʨʠʪʦʨʠʠ 

¶ ʂʦʥʪʨʦʣʴ ʨʘʙʦʪʳ ʩʧʝʮʪʝʭʥʠʢʠ 

¶ ʄʦʥʠʪʦʨʠʥʛ ʩʦʙʣʶʜʝʥʠʷ ʧʨʘʚʠʣ ʦʭʨʘʥʳ 
ʪʨʫʜʘ 

¶ ɿʘʱʠʪʫ ʦʪ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʧʦʩʪʦʨʦʥʥʠʭ 

¶ ʇʨʝʜʦʪʚʨʘʱʝʥʠʝ ʭʠʱʝʥʠʡ ʤʘʪʝʨʠʘʣʦʚ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ɹʇʃɸ ʚ ʩʠʩʪʝʤʝ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʧʦʚʳʩʠʪʴ ʫʨʦʚʝʥʴ ʟʘʱʠʪʳ ʦʙʲʝʢʪʦʚ, 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʨʠʩʢʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʪʨʘʚʤ ʠ 

ʦʙʝʩʧʝʯʠʪʴ ʥʘʜʝʞʥʫʶ ʦʭʨʘʥʫ ʩʪʨʦʠʪʝʣʴʥʦʡ 

ʧʣʦʱʘʜʢʠ. 

6. ʇʨʘʚʦʚʳʝ ʘʩʧʝʢʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ɹʇʃɸ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ 

ʆʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʣʝʛʘʣʠʟʘʮʠʠ ʧʦʣʝʪʦʚ 

ʈʝʛʠʩʪʨʘʮʠʷ ʘʧʧʘʨʘʪʦʚ 

¶ ʄʘʩʩʘ ʜʦ 150 ʛ ð ʨʝʛʠʩʪʨʘʮʠʷ ʥʝ 

ʪʨʝʙʫʝʪʩʷ 

¶ ʄʘʩʩʘ ʦʪ 150 ʛ ʜʦ 30 ʢʛ ð ʦʙʷʟʘʪʝʣʴʥʳʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʯʝʪ ʚ ʈʦʩʘʚʠʘʮʠʠ 

¶ ʄʘʩʩʘ ʙʦʣʝʝ 30 ʢʛ ð ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ 

ʨʝʛʠʩʪʨʘʮʠʷ 

ʅʝʦʙʭʦʜʠʤʳʝ ʨʘʟʨʝʰʝʥʠʷ ʠ ʜʦʢʫʤʝʥʪʳ 

ʃʠʮʝʥʟʠʦʥʥʘʷ ʙʘʟʘ 

¶ ɻʝʦʜʝʟʠʯʝʩʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ð ʣʠʮʝʥʟʠʷ ʥʘ 

ʚʳʧʦʣʥʝʥʠʝ ʨʘʙʦʪ ʧʦ ʩʦʟʜʘʥʠʶ ʎʄʄ ʠ ʎʄʈ 

¶ ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʟʜʫʰʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ð ʩʦʛʣʘʩʦʚʘʥʠʝ ʩ ʦʨʛʘʥʘʤʠ 

ʫʧʨʘʚʣʝʥʠʷ ʚʦʟʜʫʰʥʳʤ ʜʚʠʞʝʥʠʝʤ 

¶ ɼʦʩʪʫʧ ʢ ʟʦʥʘʤ ð ʨʘʟʨʝʰʝʥʠʷ ʦʪ 

ɻʝʥʝʨʘʣʴʥʦʛʦ ʰʪʘʙʘ ɺʉ ʈʌ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʪʝʨʨʠʪʦʨʠʡ 

ʇʨʦʮʝʜʫʨʘ ʧʦʣʫʯʝʥʠʷ ʨʘʟʨʝʰʝʥʠʡ ʩʦʩʪʦʠʪ 

ʠʟ ʦʙʷʟʘʪʝʣʴʥʳʭ ʵʪʘʧʦʚ, ʢʦʪʦʨʳʝ ʦʙʷʟʘʪʝʣʴʥʳ ʢ 

ʠʩʧʦʣʥʝʥʠʶ, ʦʥʠ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ 

ʢʨʠʪʝʨʠʠ: ʧʦʜʘʯʘ ʟʘʷʚʣʝʥʠʷ ʥʘ ʫʯʝʪ/ʨʝʛʠʩʪʨʘʮʠʶ 

ɹʇʃɸ, ʧʦʣʫʯʝʥʠʝ ʨʘʟʨʝʰʝʥʠʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʚʦʟʜʫʰʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʩʦʛʣʘʩʦʚʘʥʠʝ ʧʣʘʥʘ 

ʧʦʣʝʪʘ, ʥʘʟʥʘʯʝʥʠʝ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʦʧʝʨʘʪʦʨʘ. 

ʊʘʢʞʝ ʩʫʱʝʩʪʚʫʶʪ ʦʛʨʘʥʠʯʝʥʠʷ ʠ ʟʘʧʨʝʪʳ, ʦʥʠ 

ʧʨʦʧʠʩʘʥʳ ʚ ʧʨʘʚʠʣʘʭ ʙʝʟʦʧʘʩʥʦʩʪʠ: ʟʘʧʨʝʪ ʥʘ 

ʧʦʣʝʪʳ ʥʘʜ ʣʶʜʴʤʠ ʠ ʦʙʲʝʢʪʘʤʠ, ʦʛʨʘʥʠʯʝʥʠʝ 

ʚʳʩʦʪʳ ʜʦ 150 ʤʝʪʨʦʚ, ʦʙʷʟʘʪʝʣʴʥʦʝ ʩʦʙʣʶʜʝʥʠʝ 

ʜʠʩʪʘʥʮʠʠ 50 ʤʝʪʨʦʚ ʦʪ ʦʙʲʝʢʪʦʚ, ʟʘʧʨʝʪ ʥʘ ʧʦʣʝʪʳ 

ʚ ʟʘʧʨʝʪʥʳʭ ʟʦʥʘʭ. 

ʇʨʘʢʪʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ 

ʆʨʛʘʥʠʟʘʮʠʷ ʨʘʙʦʪ 

¶ ʇʨʦʚʝʜʝʥʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʨʦʚʝʨʢʠ ʟʦʥ 
ʧʦʣʝʪʦʚ 

¶ ʉʦʩʪʘʚʣʝʥʠʝ ʜʝʪʘʣʴʥʦʛʦ ʧʣʘʥʘ ʨʘʙʦʪ 

¶ ʆʙʝʩʧʝʯʝʥʠʝ ʪʝʭʥʠʯʝʩʢʦʡ ʠʩʧʨʘʚʥʦʩʪʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ 

¶ ʀʥʬʦʨʤʠʨʦʚʘʥʠʝ ʚʩʝʭ ʫʯʘʩʪʥʠʢʦʚ 

ʧʨʦʮʝʩʩʘ 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʨʘʙʦʪʳ ʩʦ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʢʦʤʧʘʥʠʷʤʠ 

ʂʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ 

¶ ɿʥʘʥʠʝ ʚʩʝʭ ʧʨʘʚʦʚʳʭ ʥʶʘʥʩʦʚ 

¶ ʅʘʣʠʯʠʝ ʥʝʦʙʭʦʜʠʤʳʭ ʣʠʮʝʥʟʠʡ ʠ 

ʨʘʟʨʝʰʝʥʠʡ 

¶ ʇʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ ʢʦʤʘʥʜʘ ʦʧʝʨʘʪʦʨʦʚ 

¶ ʉʦʚʨʝʤʝʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ 

¶ ʆʧʳʪ ʚʳʧʦʣʥʝʥʠʷ ʧʦʜʦʙʥʳʭ ʨʘʙʦʪ 

¶ ɻʘʨʘʥʪʠʷ ʢʘʯʝʩʪʚʘ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʆʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʥʘʨʫʰʝʥʠʷ 

ʇʨʘʚʦʚʳʝ ʧʦʩʣʝʜʩʪʚʠʷ 

¶ ɸʜʤʠʥʠʩʪʨʘʪʠʚʥʳʝ ʰʪʨʘʬʳ 

¶ ʇʨʠʦʩʪʘʥʦʚʢʘ ʜʝʷʪʝʣʴʥʦʩʪʠ 

¶ ʂʦʥʬʠʩʢʘʮʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ 

¶ ʋʛʦʣʦʚʥʘʷ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʚ ʩʣʫʯʘʝ 

ʩʝʨʴʝʟʥʳʭ ʥʘʨʫʰʝʥʠʡ 

ɼʣʷ ʫʩʧʝʰʥʦʛʦ ʠ ʣʝʛʘʣʴʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ 

ɹʇʃɸ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʟʘʨʘʥʝʝ 

ʧʣʘʥʠʨʦʚʘʪʴ ʚʩʝ ʵʪʘʧʳ ʨʘʙʦʪ ʠ ʧʨʠʚʣʝʢʘʪʴ 
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ʧʨʦʬʝʩʩʠʦʥʘʣʦʚ, ʠʤʝʶʱʠʭ ʥʝʦʙʭʦʜʠʤʳʝ 

ʨʘʟʨʝʰʝʥʠʷ ʠ ʦʧʳʪ ʚ ʜʘʥʥʦʡ ʩʬʝʨʝ. ʕʪʦ ʧʦʟʚʦʣʠʪ 

ʠʟʙʝʞʘʪʴ ʶʨʠʜʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʠ ʦʙʝʩʧʝʯʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʝʩʧʠʣʦʪʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ. 

7. ʂʣʶʯʝʚʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɹʇʃɸ 

ʂʦʤʧʣʝʢʩʥʳʡ ʵʬʬʝʢʪ ʦʪ ʧʨʠʤʝʥʝʥʠʷ 

ʙʝʩʧʠʣʦʪʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʷʚʣʷʝʪʩʷ ʚ 

ʦʧʝʨʘʪʠʚʥʦʤ ʤʦʥʠʪʦʨʠʥʛʝ ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʣʦʱʘʜʦʢ, 

ʪʦʯʥʦʤ ʢʦʥʪʨʦʣʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ, ʵʬʬʝʢʪʠʚʥʦʤ 

ʫʧʨʘʚʣʝʥʠʠ ʨʝʩʫʨʩʘʤʠ, ʩʚʦʝʚʨʝʤʝʥʥʦʤ ʚʳʷʚʣʝʥʠʠ 

ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʧʨʦʝʢʪʘ, ʧʦʚʳʰʝʥʠʠ ʢʘʯʝʩʪʚʘ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 

ɹʫʜʫʱʝʝ ʪʝʭʥʦʣʦʛʠʠ ʩʚʷʟʘʥʦ ʩ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦʡ ʙʘʟʳ, ʘ 

ʪʘʢʞʝ ʩ ʨʘʟʚʠʪʠʝʤ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʧʦʚʳʰʝʥʠʝʤ 

ʘʚʪʦʥʦʤʥʦʩʪʠ ʜʨʦʥʦʚ, ʢʦʪʦʨʦʝ ʧʨʠʚʦʜʠʪ ʢ 

ʨʘʩʰʠʨʝʥʠʶ ʩʧʝʢʪʨʘ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ ʠ ʩʥʠʞʝʥʠʶ 

ʩʪʦʠʤʦʩʪʠ ʚʥʝʜʨʝʥʠʷ. 

ʋʩʧʝʰʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ɹʇʃɸ ʪʨʝʙʫʝʪ 

ʧʨʘʚʠʣʴʥʦʡ ʦʮʝʥʢʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʇʦʜʛʦʪʦʚʢʫ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʠ ʩʦʙʣʶʜʝʥʠʷ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʭ 

ʪʨʝʙʦʚʘʥʠʡ. ʅʝ ʤʝʥʝʝ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨʘ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʘ 

ʵʬʬʝʢʪʠʚʥʦʡ ʤʝʪʦʜʦʣʦʛʠʠ ʨʘʙʦʪʳ. 

ʉʦʚʨʝʤʝʥʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʥʝʚʦʟʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʙʝʟ ʙʝʩʧʠʣʦʪʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ɹʇʃɸ 

ʩʪʘʣʠ ʥʝʟʘʤʝʥʠʤʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ, ʧʦʟʚʦʣʷʶʱʠʤ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʨʫʪʠʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʧʦʚʳʩʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ, ʦʙʝʩʧʝʯʠʪʴ 

ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ. ɸ ʪʘʢʞʝ ʯʪʦ 

ʥʝʤʘʣʦ ʚʘʞʥʦ - ʩʦʢʨʘʪʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ 

ʠ ʫʣʫʯʰʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʨʘʙʦʪ. 

ɺʥʝʜʨʝʥʠʝ ʜʨʦʥʦʚ ʚ ʩʪʨʦʠʪʝʣʴʥʫʶ ʦʪʨʘʩʣʴ 

ð ʵʪʦ ʥʝ ʧʨʦʩʪʦ ʤʦʜʥʦʝ ʚʝʷʥʠʝ, ʘ ʥʝʦʙʭʦʜʠʤʳʡ 

ʰʘʛ ʢ ʧʦʚʳʰʝʥʠʶ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ 

ʢʦʤʧʘʥʠʡ ʠ ʢʘʯʝʩʪʚʘ ʚʦʟʚʦʜʠʤʳʭ ʦʙʲʝʢʪʦʚ. ʇʦ 

ʤʝʨʝ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʡ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʟʘʢʦʥʦʜʘʪʝʣʴʥʦʡ ʙʘʟʳ ʨʦʣʴ ɹʇʃɸ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ 

ʙʫʜʝʪ ʪʦʣʴʢʦ ʚʦʟʨʘʩʪʘʪʴ, ʦʪʢʨʳʚʘʷ ʥʦʚʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʙʦʯʠʭ ʧʨʦʮʝʩʩʦʚ 

ʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʪʨʘʩʣʠ ʚ ʮʝʣʦʤ. 

 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

 

1. ʂʦʤʘʨʦʚʘ ʅ.ɼ.ɸʉʇɽʂʊʓ ʄʆʅʀʊʆʈʀʅɻɸ 
ɼɽʌʆʈʄɸʎʀʁ ʀ ʊʈɽʑʀʅ ɻʆʈʆɼʉʂʀʍ ʀʅɾɽʅɽʈʅʓʍ 

ʉʆʆʈʋɾɽʅʀʁ ɺ ʩʙʦʨʥʠʢʝ: ʇʨʦʙʣʝʤʳ ʠ ʧʝʨʩʧʝʢʪʠʚʳ 

ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʠ: ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʘʨʭʠʪʝʢʪʫʨʘ * ʧʝʜʘʛʦʛʠʢʘ ʠ 
ʧʩʠʭʦʣʦʛʠʷ * ʵʢʦʥʦʤʠʢʘ ʠ ʙʫʭʫʯʝʪ * ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ * ʤʠʨʦʚʦʟʟʨʝʥʠʝ * ʝʩʪʝʩʪʚʦʟʥʘʥʠʝ* 

ʶʨʠʩʧʨʫʜʝʥʮʠʷ. ʉʙʦʨʥʠʢ ʥʘʫʯʥʳʭ ʜʦʢʣʘʜʦʚ. ʉʝʚʝʨʦ ʂʘʚʢʘʟʩʢʠʡ 
ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʇʆ ɹʝʣʛʦʨʦʜʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɺ.ɻ.ʐʫʭʦʚʘ. 2014. ʉ. 13-15. 

2. ʂʦʤʘʨʦʚʘ ʅ.ɼ.ʊɽʍʅʆʃʆɻʀʀ 
ʀʅʊɽʃʃɽʂʊʋɸʃʔʅʆɻʆ ʉʊʈʆʀʊɽʃʔʉʊɺɸ ʅʘʫʢʘ ʠ 

ʩʦʚʨʝʤʝʥʥʦʩʪʴ. 2015.  ̄38. ʉ. 12-16. 

3. Komarova N.D., Esipova A.A., Komarova K.S.EFFECT 
OF PLASTICIZERS ON THE PROCESS OF CONCRETE 

STRUCTURE FORMATIONʄʀʈ (ʄʦʜʝʨʥʠʟʘʮʠʷ. ʀʥʥʦʚʘʮʠʠ. 

ʈʘʟʚʠʪʠʝ). 2015. ʊ. 4. ˉ 2. ʉ. 27. 

4. ʂʦʤʘʨʦʚʘ ʂ.ʉ., ʂʦʤʘʨʦʚʘ ʅ.ɼ. ʄʋʃʔʊʀʂʆʇʊɽʈʓ ɺ 

ʄʆʅʀʊʆʈʀʅɻɽ ʉʊʈʆʀʊɽʃʔʅʓʍ ʇʃʆʑɸɼʆʂ 

ʋʥʠʚʝʨʩʠʪʝʪʩʢʘʷ ʥʘʫʢʘ. 2016. ˉ 1 (1). ʉ. 70-73. 

5. ʂʦʤʘʨʦʚʘ ʅ.ɼ., ɽʩʠʧʦʚʘ ɸ.ɸ., ʂʦʤʘʨʦʚʘ ʂ.ʉ. 

ʅɸʅʆʊɽʍʅʆʃʆɻʀʀ ɺ ʉʊʈʆʀʊɽʃʔʅʆʁ ʆʊʈɸʉʃʀ 

ʋʥʠʚʝʨʩʠʪʝʪʩʢʘʷ ʥʘʫʢʘ. 2016. ˉ 1 (1). ʉ. 29-31. 
6. ɹʝʩʩʦʥʦʚ ɸ.ʉ., ʂʦʤʘʨʦʚʘ ʅ.ɼ. ʆʉʆɹɽʅʅʆʉʊʀ 

ʉʆɺʈɽʄɽʅʅʓʍ ʇʆɼʍʆɼʆɺ ʇʈʀ ʈɽʂʆʅʉʊʈʋʂʎʀʀ 

ʌɸʉɸɼʆɺ ɾʀʃʓʍ ɿɼɸʅʀʁ ʀʥʥʦʚʘʮʠʦʥʥʘʷ ʥʘʫʢʘ. 
2016.  ̄6-3. ʉ. 203-206. 

7. Kurbatov V.L., Komarova N.D., Esipova A.A. REEP OF 

CEMENT CONCRETES // Research Journal of Pharmaceutical, 
Biological and Chemical Sciences. 2016. ʊ. 7.  ̄3. ʉ. 2665-2673. 

8. ʂʦʤʘʨʦʚʘ ʅ.ɼ  ʀʅʅʆɺɸʎʀʆʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ 

- ʅɸʐɽ ɹʃʀɾɸʁʐɽɽ ɹʋɼʋʑɽɽ. ɺ ʩʙʦʨʥʠʢʝ: 
ʀʅʊɽʃʃɽʂʊʋɸʃʔʅʓɽ ʉʊʈʆʀʊɽʃʔʅʓɽ ʂʆʄʇʆɿʀʊʓ 

ɼʃʗ ɿɽʃɽʅʆɻʆ ʉʊʈʆʀʊɽʃʔʉʊɺɸ. ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ, ʧʦʩʚʷʱʸʥʥʘʷ 70-ʣʝʪʠʶ 
ʟʘʩʣʫʞʝʥʥʦʛʦ ʜʝʷʪʝʣʷ ʥʘʫʢʠ ʈʌ, ʯʣʝʥʘ-ʢʦʨʨʝʩʧʦʥʜʝʥʪʘ ʈɸɸʉʅ, 

ʜʦʢʪʦʨʘ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨʘ ɺʘʣʝʨʠʷ ʉʪʘʥʠʩʣʘʚʦʚʠʯʘ 

ʃʝʩʦʚʠʢʘ. 2016. ʉ. 72-76. 

9. ʂʦʤʘʨʦʚʘ ʅ.ɼ., ʂʫʨʙʘʪʦʚ ɺ.ʃ. ʇɽʈʉʇɽʂʊʀɺʓ 

ʄʆʅʆʃʀʊʅʆɻʆ ʉʊʈʆʀʊɽʃʔʉʊɺɸ // ɺ ʩʙʦʨʥʠʢʝ: 

ʅɸʋʂʆɽʄʂʀɽ ʊɽʍʅʆʃʆɻʀʀ ʀ ʀʅʅʆɺɸʎʀʀ. ʩʙʦʨʥʠʢ 
ʜʦʢʣʘʜʦʚ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ. 

2016. ʉ. 176-180. 

10. ʂʦʤʘʨʦʚʘ ʂ.ʉ., ʐʫʤʠʣʦʚʘ ɺ.ʉ., ʂʦʤʘʨʦʚʘ ʅ.ɼ. ʂ 
ʇɽʈʉʇɽʂʊʀɺɽ ʈɽʅʆɺɸʎʀʀ ʉʊɸʈʆɻʆ ɾʀʃʆɻʆ ʌʆʅɼɸ // 

ʋʥʠʚʝʨʩʠʪʝʪʩʢʘʷ ʥʘʫʢʘ. 2017. ˉ 1 (3). ʉ. 65-67. 

11. ʂʦʤʘʨʦʚʘ ʅ.ɼ., ʂʦʟʠʥ ʄ. ʇɽʈʉʇɽʂʊʀɺʓ 
ɹʓʉʊʈʆɺʆɿɺʆɼʀʄʆɻʆ ɾʀʃʔʗ // ʋʥʠʚʝʨʩʠʪʝʪʩʢʘʷ ʥʘʫʢʘ. 

2020.  ̄2 (10). ʉ. 85-88. 

12. ʄʘʛʦʤʘʜʦʚ ʉ.ɸ. ɺʀʈʊʋɸʃʔʅɸʗ ʀ ɼʆʇʆʃʅɽʅɸʗ 
ʈɽɸʃʔʅʆʉʊʔ ɺ ʉʆɺʈɽʄɽʅʅʆʄ ʉʊʈʆʀʊɽʃʔʉʊɺɽ // 

ʋʥʠʚʝʨʩʠʪʝʪʩʢʘʷ ʥʘʫʢʘ. 2021. ˉ 2 (12). ʉ. 46-48. 

13. ʂʦʤʘʨʦʚʘ ʅ.ɼ., ɻʣʫʱʝʥʢʦ ʂ.ʉ. ʉʆɺʈɽʄɽʅʅʓɽ 
ʊɽʍʅʆʃʆɻʀʀ ɺ ʉʌɽʈɽ ʉʊʈʆʀʊɽʃʔʉʊɺɸ // 

ʋʥʠʚʝʨʩʠʪʝʪʩʢʘʷ ʥʘʫʢʘ. 2021. ˉ 1 (11). ʉ. 55-58. 

14. ɼʦʣʙʠʥ ʅ.ʉ., ʂʦʤʘʨʦʚʘ ʅ.ɼ., ɼʘʡʨʦʥʘʩ ʄ.ɺ. 

ʈɽʉʋʈʉʆʉɹɽʈɽɻɸʖʑʀɽ ʉʊʈʆʀʊɽʃʔʅʓɽ ʊɽʍʅʆʃʆɻʀʀ 

// ɺ ʩʙʦʨʥʠʢʝ: ʀʥʥʦʚʘʮʠʦʥʥʳʝ ʘʩʧʝʢʪʳ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ ʠ 

ʪʝʭʥʠʢʠ. ʉʙʦʨʥʠʢ ʠʟʙʨʘʥʥʳʭ ʩʪʘʪʝʡ IV ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-
ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ. ʉʘʨʘʪʦʚ, 2021. ʉ. 29-41. 

15. ʃʘʨʠʥʘ ɸ.ɸ.ʊɽʅɼɽʅʎʀʀ ʉʊʈʆʀʊɽʃʔʉʊɺɸ 

ʉʆɺʈɽʄɽʅʅʆɻʆ ʕʊɸʇɸ // ʋʥʠʚʝʨʩʠʪʝʪʩʢʘʷ ʥʘʫʢʘ. 
2023.  ̄1 (15). ʉ. 80-83. 

16. ʂʦʤʘʨʦʚʘ ʅ.ɼ., ɼʘʚʟʘʨʷʥ ɸ.ʉ.ɸʈʍʀʊɽʂʊʋʈʅʆ-

ʉʊʈʆʀʊɽʃʔʅɸʗ ɹʀʆʅʀʂɸ. ʕʂʆ-ɼʀɿɸʁʅ // 
ʋʥʠʚʝʨʩʠʪʝʪʩʢʘʷ ʥʘʫʢʘ. 2023. ˉ 1 (15). ʉ. 64-70. 

17. ʂʦʤʘʨʦʚʘ ʂ.ʉ., ʂʦʤʘʨʦʚʘ ʅ.ɼ. ʈʀʉʂʀ ʇʈʀ 

ʇʈʆɽʂʊʀʈʆɺɸʅʀʀ ʀ ʕʂʉʇʃʋɸʊɸʎʀʀ ɿɼɸʅʀʁ ʀ 
ʉʆʆʈʋɾɽʅʀʁ // ʀʥʥʦʚʘʮʠʦʥʥʘʷ ʥʘʫʢʘ. 2016.  ̄10-3. ʉ. 175-

180. 
18. ʀʥʬʦʨʤʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʡ 

ʠʥʪʝʣʣʝʢʪ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʞʠʣʠʱʥʦ-

ʢʦʤʤʫʥʘʣʴʥʦʤ ʭʦʟʷʡʩʪʚʝ  / ɺ. ʃ. ʂʫʨʙʘʪʦʚ, ɺ. ʀ. ʈʠʤʰʠʥ, ʀ. ʃ. 
ʐʫʙʠʥ, ʉ. ɺ. ɺʦʣʢʦʚʘ. ï 2-ʝ ʠʟʜʘʥʠʝ, ʧʝʨʝʨʘʙʦʪʘʥʥʦʝ. ï ʄʦʩʢʚʘ: 

ʀʟʜʘʪʝʣʴʩʢʠʡ ʜʦʤ ɸʉɺ, 2025. ï 374 ʩ. ï ISBN 978-5-4323-0536-

7. ï EDN RVXQKU. 
19. ʂʫʨʙʘʪʦʚ, ɺ. ʃ. ʉʧʝʮʠʘʣʠʩʪʘʤ ʩʪʨʦʠʪʝʣʴʥʦʛʦ 

ʢʦʥʪʨʦʣʷ ʠ ʥʘʜʟʦʨʘ  / ɺ. ʃ. ʂʫʨʙʘʪʦʚ, ʄ. ɺ. ɼʘʡʨʦʥʘʩ, ɽ. ʖ. 

ʐʫʤʠʣʦʚʘ. ï ʄʠʥʝʨʘʣʴʥʳʝ ɺʦʜʳ : ɹʝʣʛʦʨʦʜʩʢʠʡ 
ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɺ.ɻ. 

ʐʫʭʦʚʘ, 2025. ï 121 ʩ. ï ISBN 978-5-903213-60-3. ï EDN 

UUIDSB. 
20. ʈʠʤʰʠʥ, ɺ. ʀ. ɹʦʣʴʰʦʡ ʩʪʨʦʠʪʝʣʴʥʳʡ ʩʣʦʚʘʨʴ / ɺ. ʀ. 

ʈʠʤʰʠʥ, ɽ. ʉ. ʂʝʮʢʦ, ʇ. ʉ. ʊʨʫʥʪʦʚ ; ʈʦʩʩʠʡʩʢʘʷ ʘʢʘʜʝʤʠʷ 

ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʥʘʫʢ. ʊʦʤ 2. ï ʄʦʩʢʚʘ : 
ʀʟʜʘʪʝʣʴʩʢʠʡ ʜʦʤ ɸʉɺ, 2022. ï 626 ʩ. 

21. ʅʘʫʤʝʥʢʦ, ʉ. ʄ. ʇʨʦʙʣʝʤʳ ʠ ʚʦʟʤʦʞʥʳʝ ʨʠʩʢʠ 

ʠʥʚʝʩʪʠʨʦʚʘʥʠʷ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ / ʉ. ʄ. ʅʘʫʤʝʥʢʦ, ʆ. ʅ. 
ʐʝʚʮʦʚʘ, ɺ. ʃ. ʂʫʨʙʘʪʦʚ // ɺʝʩʪʥʠʢ ɸʣʪʘʡʩʢʦʡ ʘʢʘʜʝʤʠʠ 

ʵʢʦʥʦʤʠʢʠ ʠ ʧʨʘʚʘ. ï 2022. ï ˉ 1. ï ʉ. 71-76. ï DOI 

10.17513/vaael.2041. 
 

  



ˠ̠̎̉̃̆̑̒̉̓̆̓̒̋́ ˚́̔̋́Ȣ 5ÎÉÖÅÒÓÉÔÙ 3ÃÉÅÎÃÅȢ Τ2(20Ɋ φτφω ̄. 

57 

ʋɼʂ 721.01 

 

ʀʉʂʋʉʉʊɺɽʅʅʓʁ ʀʅʊɽʃʃɽʂʊ ɺ 

ʉʊʈʆʀʊɽʃʔʉʊɺɽ 

 

ʂʦʤʘʨʦʚʘ ʅʘʪʘʣʴʷ ɼʝʤʝʥʪʴʝʚʥʘ 

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

 

ʊʠʪʦʚʘ ɼʘʨʴʷ ʉʝʨʛʝʝʚʥʘ  
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ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʠʡ ʬʠʣʠʘʣ ʬʝʜʝʨʘʣʴʥʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ 

ʫʯʨʝʞʜʝʥʠʷ ɺʆ ɹʝʣʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɺ.ɻ. ʐʫʭʦʚʘ 
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ɸʅʅʆʊɸʎʀʗ 

ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʫʧʨʦʱʘʝʪ ʨʘʙʦʪʫ ʚʦ ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ: ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ, 

ʤʝʜʠʮʠʥʝ, ʠʩʢʫʩʩʪʚʝ ʠ ʜʨʫʛʠʭ ʩʬʝʨʘʭ. ʏʪʦ ʞʝ ʪʘʢʦʝ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ï ʵʪʦ ʪʝʭʥʦʣʦʛʠʷ, ʧʦʟʚʦʣʷʶʱʘʷ 

ʚʳʧʦʣʥʷʪʴ ʟʘʜʘʯʠ, ʢʦʪʦʨʳʝ ʦʙʳʯʥʦ ʪʨʝʙʫʶʪ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʵʪʦ ʨʘʩʩʫʞʜʝʥʠʝ, ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ ʠ 

ʪ.ʜ. ɺʦʟʤʦʞʥʦʩʪʠ ʯʝʣʦʚʝʯʝʩʪʚʘ ʥʝ ʩʪʦʷʪ ʥʘ ʤʝʩʪʝ, ʠ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ ʦʥʠ ʚʩʝ ʙʦʣʴʰʝ ʠ ʙʦʣʴʰʝ ʧʨʦʛʨʝʩʩʠʨʫʶʪ. 

ʊʘʢ ʥʘʣʠʯʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʧʦʤʦʛʘʝʪ ʦʙʣʝʛʯʘʪʴ ʨʘʟʣʠʯʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, ʧʨʦʛʨʝʩʩ, ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʛʨʝʩʩʘ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ  ʩʣʦʞʥʳʭ 

ʟʘʜʘʯ ʚ ʩʪʨʦʠʪʝʣʴʥʦʤ ʢʦʤʧʣʝʢʩʝ 

 

ABSTRACT 

Artificialintelligence simplifies work in many fields: industry, agriculture, medicine, art, and other spheres. What 

is artificial intelligence? It is a technology that enables the performance of tasks that typically require human 

intelligence, such as reasoning, decision-making, etc. Humanity's capabilities do not stand still, and they are progressing 

more and more every year. Thus, the presence of artificial intelligence helps facilitate various processes in construction.  

Keywords: artificial intelligence, progress, opportunities for progress, automation of complex tasks in the 

constructionindust 

 

ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʫʧʨʦʱʘʝʪ ʨʘʙʦʪʫ 

ʚʦ ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ: ʚʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʩʝʣʴʩʢʦʤ 

ʭʦʟʷʡʩʪʚʝ, ʤʝʜʠʮʠʥʝ, ʠʩʢʫʩʩʪʚʝ ʠ ʜʨʫʛʠʭ ʩʬʝʨʘʭ. 

ʀʀ (ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ) ʙʳʣ 

ʨʘʟʨʘʙʦʪʘʥ ʚ 1956 ʛʦʜʫ ʥʘ ɼʘʨʪʤʫʪʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ, ɼʞʦʥʦʤ ʄʘʢʢʘʨʪʠ. 

 ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ï ʵʪʦ ʪʝʭʥʦʣʦʛʠʷ, 

ʧʦʟʚʦʣʷʶʱʘʷ ʚʳʧʦʣʥʷʪʴ ʟʘʜʘʯʠ, ʢʦʪʦʨʳʝ ʦʙʳʯʥʦ 

ʪʨʝʙʫʶʪ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʵʪʦ 

ʨʘʩʩʫʞʜʝʥʠʝ, ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ ʠ ʪ.ʜ.  

ɺʦʟʤʦʞʥʦʩʪʠ ʯʝʣʦʚʝʯʝʩʪʚʘ ʥʝ ʩʪʦʷʪ ʥʘ 

ʤʝʩʪʝ, ʠ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ ʦʥʠ ʚʩʝ ʙʦʣʴʰʝ ʠ ʙʦʣʴʰʝ 

ʧʨʦʛʨʝʩʩʠʨʫʶʪ. ʊʘʢ ʥʘʣʠʯʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ ʧʦʤʦʛʘʝʪ ʦʙʣʝʛʯʘʪʴ ʨʘʟʣʠʯʥʳʝ 

ʧʨʦʮʝʩʩʳ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ.  

ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ (ʀʀ), ʢʦʛʜʘ-ʪʦ 

ʢʘʟʘʚʰʠʡʩʷ ʯʝʤ-ʪʦ ʠʟ ʦʙʣʘʩʪʠ ʥʘʫʯʥʦʡ ʬʘʥʪʘʩʪʠʢʠ, 

ʩʪʘʣ ʤʦʱʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ, ʧʨʝʦʙʨʘʟʫʶʱʠʤ 

ʦʪʨʘʩʣʠ ʧʦ ʚʩʝʤʫ ʤʠʨʫ.  

ɺ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ 

ʧʦʤʦʛʘʝʪ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʦʮʝʩʩʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʟʜʘʥʠʡ, ʚ ʧʨʦʜʫʤʳʚʘʥʠʝ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʪʨʦʝʥʠʡ, ʘ ʪʘʢʞʝ ʚ ʘʥʘʣʠʟ ʢʘʯʝʩʪʚʘ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ɸʣʛʦʨʠʪʤʳ ʛʝʥʝʨʠʨʫʶʱʠʝ 

ʨʘʟʣʠʯʥʳʝ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʩʪʠʣʠ ʠ ʨʝʰʝʥʠʷ, 

ʫʯʠʪʳʚʘʶʪʩʷ ʟʘʜʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 

 

 

 
 

ɺ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʥʘʯʠʥʘʝʪʩʷ 

ʩ ʜʦʢʫʤʝʥʪʦʚ. ʇʦʣʫʯʝʥʠʝ ʨʘʟʨʝʰʝʥʠʷ ʥʘ ʩʪʨʦʡʢʫ 

ʚ ʢʦʥʢʨʝʪʥʦʤ.ʤʝʩʪʝ ð ʩʣʦʞʥʳʡ ʧʨʦʮʝʩʩ ʜʣʷ 

ʜʦʤʦʚʣʘʜʝʣʴʮʝʚ ʠ ʟʘʩʪʨʦʡʱʠʢʦʚ. ʇʨʘʚʠʣʘ ʩʣʦʞʥʳ 

ʠ ʟʘʧʫʪʘʥʥʳ, ʧʦʵʪʦʤʫ ʩʦʩʪʘʚʣʝʥʠʝ ʟʘʷʚʢʠ ʦʪʥʠʤʘʝʪ 

ʤʥʦʛʦ ʚʨʝʤʝʥʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʀʀ ʫʩʢʦʨʷʝʪ 

ʧʨʦʮʝʩʩ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʤʦʛʘʪʴ ʣʶʜʷʤ ʧʦʣʫʯʠʪʴ 

ʨʘʟʨʝʰʝʥʠʝ ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʦʙʲʝʢʪʘ ʙʳʩʪʨʝʝ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ 

ʘʨʭʠʪʝʢʪʫʨʝ ʦʙʫʩʣʦʚʣʝʥʘ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʴʶ 

ʦʙʨʘʙʘʪʳʚʘʪʴ ʦʛʨʦʤʥʳʝ ʦʙʲʸʤʳ ʜʘʥʥʳʭ, 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʪʨʫʜʦʸʤʢʠʝ ʟʘʜʘʯʠ ʠ 

ʛʝʥʝʨʠʨʦʚʘʪʴ ʢʨʝʘʪʠʚʥʳʝ ʨʝʰʝʥʠʷ. ʆʥ ʩʧʦʩʦʙʝʥ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʘʙʦʯʠʝ ʧʨʦʮʝʩʩʳ, ʫʣʫʯʰʠʪʴ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʦʙʣʝʛʯʠʪʴ ʩʦʟʜʘʥʠʝ ʫʩʪʦʡʯʠʚʳʭ 

ʩʦʦʨʫʞʝʥʠʡ. ɽʛʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʷʶʪʩʷ ʥʘ 
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ʚʩʝʭ ʵʪʘʧʘʭ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʦʪ 

ʨʘʥʥʝʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʢʦʥʮʝʧʪʫʘʣʠʟʘʮʠʠ ʜʦ 

ʬʘʢʪʠʯʝʩʢʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 

 

 
 

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʥʘ ʙʘʟʝ ʀʀ ʪʘʢʞʝ 

ʦʙʣʝʛʯʘʝʪ ʘʨʭʠʪʝʢʪʫʨʥʫʶ ʚʠʟʫʘʣʠʟʘʮʠʶ ʠ 

ʨʝʥʜʝʨʠʥʛ, ʚʦʧʣʦʱʘʷ ʢʦʥʮʝʧʮʠʠ ʧʨʦʝʢʪʘ ʚ ʞʠʟʥʴ ʩ 

ʧʦʤʦʱʴʶ ʚʠʟʫʘʣʠʟʘʮʠʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʠ 

ʟʘʭʚʘʪʳʚʘʶʱʠʭ ʧʨʝʟʝʥʪʘʮʠʡ ʜʣʷ ʢʣʠʝʥʪʦʚ. 

1. ʈʘʟʚʠʪʠʝ ʢʨʝʘʪʠʚʥʦʩʪʠ 

ɸʣʛʦʨʠʪʤʳ ʀʀ, ʪʘʢʠʝ ʢʘʢ ʛʝʥʝʨʘʪʠʚʥʦ-

ʩʦʩʪʷʟʘʪʝʣʴʥʳʝ ʩʝʪʠ (GAN) ʠ ʜʨʫʛʠʝ ʤʝʪʦʜʳ 

ʛʝʥʝʨʘʪʠʚʥʦʛʦ ʀʀ, ʨʘʩʰʠʨʷʶʪ ʛʨʘʥʠʮʳ 

ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

ʕʪʠ ʩʠʩʪʝʤʳ ʩʧʦʩʦʙʥʳ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʦʛʨʦʤʥʳʝ 

ʦʙʲʸʤʳ ʜʘʥʥʳʭ ʦ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦʝʢʪʘʭ, 

ʢʫʣʴʪʫʨʥʳʭ ʘʨʪʝʬʘʢʪʘʭ ʠ ʧʨʠʨʦʜʥʳʭ ʬʦʨʤʘʭ, 

ʩʦʟʜʘʚʘʷ ʥʦʚʳʝ ʠ ʥʝʦʞʠʜʘʥʥʳʝ ʢʦʥʮʝʧʮʠʠ.  

ʊʘʢʠʝ ʠʥʩʪʨʫʤʝʥʪʳ, ʢʘʢ DALL-E, 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʢʘʢ ʀʀ ʤʦʞʝʪ ʩʦʟʜʘʚʘʪʴ 

ʩʦʚʝʨʰʝʥʥʦ ʥʦʚʳʝ ʬʦʨʤʳ ʠ ʵʩʪʝʪʠʢʫ, ʧʨʝʜʦʩʪʘʚʣʷʷ 

ʘʨʭʠʪʝʢʪʦʨʘʤ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʠʜʝʠ, ʢʦʪʦʨʳʝ ʦʥʠ, 

ʚʦʟʤʦʞʥʦ, ʥʝ ʩʤʦʛʣʠ ʙʳ ʧʨʠʜʫʤʘʪʴ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ. ʕʪʦʪ ʩʠʤʙʠʦʟ ʤʝʞʜʫ ʯʝʣʦʚʝʯʝʩʢʠʤ 

ʪʚʦʨʯʝʩʪʚʦʤ ʠ ʤʘʰʠʥʥʳʤ ʠʥʪʝʣʣʝʢʪʦʤ ʦʪʢʨʳʚʘʝʪ 

ʥʦʚʳʝ ʛʦʨʠʟʦʥʪʳ ʚ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʵʩʪʝʪʠʢʝ, 

ʧʦʟʚʦʣʷʷ ʩʦʟʜʘʚʘʪʴ ʫʥʠʢʘʣʴʥʳʝ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʢʦʥʩʪʨʫʢʮʠʠ. 

 ʅʘʧʨʠʤʝʨ, ʀʀ ʤʦʞʝʪ ʧʨʝʜʣʘʛʘʪʴ ʦʨʛʘʥʠʯʝʩʢʠʝ 

ʬʦʨʤʳ, ʚʜʦʭʥʦʚʣʸʥʥʳʝ ʧʨʠʨʦʜʦʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʩʦʟʜʘʥʠʶ ʙʠʦʤʠʤʝʪʠʯʝʩʢʠʭ ʧʨʦʝʢʪʦʚ, ʢʦʪʦʨʳʝ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʵʢʦʣʦʛʠʯʥʳ ʠ ʚʠʟʫʘʣʴʥʦ ʚʧʝʯʘʪʣʷʶʪ. 

2. ʇʦʚʳʰʝʥʥʘʷ ʪʦʯʥʦʩʪʴ 

ʀʥʩʪʨʫʤʝʥʪʳ ʀʀ ʧʦʚʳʰʘʶʪ ʪʦʯʥʦʩʪʴ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʣʘʥʦʚ ʠ ʧʨʦʝʢʪʥʦ-ʩʤʝʪʥʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʠ. ʀʩʧʦʣʴʟʫʷ ʘʣʛʦʨʠʪʤʳ ʤʘʰʠʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ, ʵʪʠ ʠʥʩʪʨʫʤʝʥʪʳ ʤʦʛʫʪ ʦʙʥʘʨʫʞʠʚʘʪʴ ʠ 

ʠʩʧʨʘʚʣʷʪʴ ʦʰʠʙʢʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʩʪʘʪʴʩʷ 

ʥʝʟʘʤʝʯʝʥʥʳʤʠ ʯʝʣʦʚʝʢʦʤ, ʦʙʝʩʧʝʯʠʚʘʷ ʙʦʣʝʝ 

ʚʳʩʦʢʠʝ ʩʪʘʥʜʘʨʪʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʩʦʦʪʚʝʪʩʪʚʠʷ.  

ʅʘʧʨʠʤʝʨ, ʀʀ ʤʦʞʝʪ ʩʦʧʦʩʪʘʚʣʷʪʴ 

ʩʪʨʦʠʪʝʣʴʥʳʝ ʥʦʨʤʳ ʠ ʧʨʘʚʠʣʘ ʩ ʧʨʦʝʢʪʥʳʤʠ 

ʯʝʨʪʝʞʘʤʠ, ʯʪʦʙʳ ʟʘʨʘʥʝʝ ʚʳʷʚʣʷʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʝ 

ʥʘʨʫʰʝʥʠʷ. ʊʘʢʦʝ ʧʨʠʩʪʘʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʢ ʜʝʪʘʣʷʤ 

ʧʦʟʚʦʣʠʪ ʩʦʢʨʘʪʠʪʴ ʜʦʨʦʛʦʩʪʦʷʱʠʝ ʜʦʨʘʙʦʪʢʠ ʠ 

ʟʘʜʝʨʞʢʠ ʚ ʭʦʜʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʂʨʦʤʝ ʪʦʛʦ, ʀʀ 

ʤʦʞʝʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʧʦʚʝʜʝʥʠʝʢʦʥʩʪʨʫʢʮʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ, 

ʧʨʝʜʦʩʪʘʚʣʷʷ ʘʨʭʠʪʝʢʪʦʨʘʤ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʧʨʦʝʢʪʦʚ.4. ʕʢʦʥʦʤʠʷ ʩʨʝʜʩʪʚ 

ʀʀ ʚʥʦʩʠʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʵʢʦʥʦʤʠʶ 

ʩʨʝʜʩʪʚ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ 

ʧʨʦʝʢʪʘ. ʆʥ ʦʧʪʠʤʠʟʠʨʫʝʪ ʧʨʦʮʝʩʩʳ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʩʦʢʨʘʱʘʷ ʦʪʭʦʜʳ 

ʤʘʪʝʨʠʘʣʦʚ, ʪʨʫʜʦʟʘʪʨʘʪʳ ʠ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ. 

ʇʨʝʜʠʢʪʠʚʥʳʡ ʘʥʘʣʠʟ ʧʨʦʛʥʦʟʠʨʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʧʦʟʚʦʣʷʷ 

ʩʚʦʝʚʨʝʤʝʥʥʦ ʚʤʝʰʠʚʘʪʴʩʷ ʠ ʧʨʝʜʦʪʚʨʘʱʘʪʴ 

ʜʦʨʦʛʦʩʪʦʷʱʠʡ ʨʝʤʦʥʪ.  

ʅʘʧʨʠʤʝʨ, ʀʀ ʤʦʞʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʦʩʪʦʷʥʠʝ 

ʩʠʩʪʝʤ ʟʜʘʥʠʷ, ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʚʳʭʦʜʘ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠʟ ʩʪʨʦʷ ʠ ʧʣʘʥʠʨʦʚʘʪʴ ʪʝʭʥʠʯʝʩʢʦʝ 

ʦʙʩʣʫʞʠʚʘʥʠʝ ʜʦ ʪʦʛʦ, ʢʘʢ ʧʨʦʙʣʝʤʳ ʫʩʫʛʫʙʷʪʩʷ. 

ʂʨʦʤʝ ʪʦʛʦ, ʀʀ ʤʦʞʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʣʦʛʠʩʪʠʢʫ 

ʮʝʧʦʯʢʠ ʧʦʩʪʘʚʦʢ, ʦʙʝʩʧʝʯʠʚʘʷ ʩʚʦʝʚʨʝʤʝʥʥʫʶ 

ʜʦʩʪʘʚʢʫ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʪʨʝʙʦʚʘʥʠʶ, ʯʪʦ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʟʘʪʨʘʪʳ, ʩʚʷʟʘʥʥʳʝ ʩʦ 

ʩʢʣʘʜʠʨʦʚʘʥʠʝʤ ʠ ʫʪʠʣʠʟʘʮʠʝʡ ʦʪʭʦʜʦʚ. 

5. ʈʘʩʰʠʨʝʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʢʣʠʝʥʪʘʤʠ 

ʀʥʩʪʨʫʤʝʥʪʳ ʚʠʟʫʘʣʠʟʘʮʠʠ ʥʘ ʙʘʟʝ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʪʘʢʠʝ ʢʘʢ ʨʝʥʜʝʨʠʥʛ ʚ 

ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʠ ʚʠʨʪʫʘʣʴʥʘʷ ʨʝʘʣʴʥʦʩʪʴ, 

ʢʘʨʜʠʥʘʣʴʥʦ ʤʝʥʷʶʪ ʧʦʜʭʦʜ ʘʨʭʠʪʝʢʪʦʨʦʚ ʢ 

ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʧʨʦʝʢʪʦʚ ʢʣʠʝʥʪʘʤ. 

 ʕʪʠ ʠʥʩʪʨʫʤʝʥʪʳ ʧʦʟʚʦʣʷʶʪ ʢʣʠʝʥʪʘʤ ʦʱʫʪʠʪʴ 

ʙʫʜʫʱʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʦʙʝʩʧʝʯʠʚʘʷ ʙʦʣʝʝ 

ʟʘʭʚʘʪʳʚʘʶʱʫʶ ʠ ʧʦʥʷʪʥʫʶ ʧʨʝʟʝʥʪʘʮʠʶ, ʯʝʤ 

ʪʨʘʜʠʮʠʦʥʥʳʝ ʯʝʨʪʝʞʠ ʠ ʤʦʜʝʣʠ. ʈʘʩʰʠʨʝʥʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʦʤʦʛʘʶʪ ʢʣʠʝʥʪʘʤ 

ʧʨʠʥʠʤʘʪʴ ʙʦʣʝʝ ʦʙʦʩʥʦʚʘʥʥʳʝ ʨʝʰʝʥʠʷ, ʧʦʚʳʰʘʷ 

ʠʭ ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʴ ʠ ʫʚʝʨʝʥʥʦʩʪʴ ʚ ʩʚʦʠʭ 

ʧʨʦʝʢʪʘʭ.  

ɹʦʣʝʝ ʪʦʛʦ, ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʤʦʞʝʪ 

ʩʦʟʜʘʚʘʪʴ ʧʦʜʨʦʙʥʳʝ ʦʪʯʝʪʳ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʝ 

ʤʘʪʝʨʠʘʣʳ, ʦʙʲʷʩʥʷʶʱʠʝ ʩʠʣʴʥʳʝ ʩʪʦʨʦʥʳ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʝʢʪʘ, ʩʧʦʩʦʙʩʪʚʫʷ ʧʨʦʟʨʘʯʥʦʤʫ 

ʠ ʵʬʬʝʢʪʠʚʥʦʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʤʝʞʜʫ 

ʘʨʭʠʪʝʢʪʦʨʘʤʠ ʠ ʢʣʠʝʥʪʘʤʠ. 

ʐʘʥʭʘʡʩʢʘʷ ʙʘʰʥʷ 

ʐʘʥʭʘʡʩʢʘʷ ʙʘʰʥʷ ʷʚʣʷʝʪʩʷ ʵʪʘʣʦʥʦʤ 

ʘʨʭʠʪʝʢʪʫʨʳ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʠʩʢʫʩʩʪʚʝʥʥʦʤ 

ʠʥʪʝʣʣʝʢʪʝ. ʀʩʧʦʣʴʟʫʷ ʀʀ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʚʝʪʨʦʫʩʪʦʡʯʠʚʦʩʪʠ, ʚʳʙʦʨʘ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʫʧʨʘʚʣʝʥʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʦʤ, ʙʘʰʥʷ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʢʘʢ ʀʀ ʤʦʞʝʪ ʧʦʚʳʩʠʪʴ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʮʝʣʦʩʪʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ 
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  ʉʠʩʪʝʤʘ ʀʀ ʦʧʪʠʤʠʟʠʨʦʚʘʣʘ ʘʵʨʦʜʠʥʘʤʠʢʫ 

ʟʜʘʥʠʷ, ʤʠʥʠʤʠʟʠʨʫʷ ʚʝʪʨʦʚʳʝ ʥʘʛʨʫʟʢʠ ʠ 

ʫʤʝʥʴʰʘʷ ʢʦʣʝʙʘʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ 

ʢʦʤʬʦʨʪ ʜʣʷ ʣʶʜʝʡ. ʂʨʦʤʝ ʪʦʛʦ, ʀʀ ʩʧʦʩʦʙʩʪʚʦʚʘʣ 

ʵʬʬʝʢʪʠʚʥʦʤʫ ʫʧʨʘʚʣʝʥʠʶ ʨʝʩʫʨʩʘʤʠ ʠ 

ʩʦʙʣʶʜʝʥʠʶ ʧʨʦʪʦʢʦʣʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚʦ ʚʨʝʤʷ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 

 
 

ɼʦʤ XtreeE, ʥʘʧʝʯʘʪʘʥʥʳʡ ʥʘ 3D-ʧʨʠʥʪʝʨʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚʦ 

ʌʨʘʥʮʠʠ 

ʂʦʤʧʘʥʠʷ XtreeE ʠʩʧʦʣʴʟʦʚʘʣʘ ʠʩʢʫʩʩʪʚʝʥʥʳʡ 

ʠʥʪʝʣʣʝʢʪ ʜʣʷ ʩʦʟʜʘʥʠʷ ʜʦʤʘ, ʥʘʧʝʯʘʪʘʥʥʦʛʦ ʥʘ 3D-

ʧʨʠʥʪʝʨʝ, ʢʦʪʦʨʳʡ ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ ʵʩʪʝʪʠʯʝʩʢʠʝ 

ʠʥʥʦʚʘʮʠʠ ʠ ʧʨʦʯʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ. ɸʣʛʦʨʠʪʤʳ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʦʧʪʠʤʠʟʠʨʦʚʘʣʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʧʨʦʯʥʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ, ʦʙʝʩʧʝʯʠʚ 

ʵʢʦʣʦʛʠʯʥʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʜʦʤʘ.  

ʊʘʢʦʡ ʧʦʜʭʦʜ ʩʦʢʨʘʱʘʝʪ ʢʦʣʠʯʝʩʪʚʦ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʦʪʭʦʜʦʚ ʠ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ 

ʫʥʠʢʘʣʴʥʳʝ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʬʦʨʤʳ, ʢʦʪʦʨʳʝ 

ʩʣʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ. 

ʕʪʦʪ ʧʨʦʝʢʪ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʦʪʝʥʮʠʘʣ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʨʘʟʚʠʪʠʠ ʪʝʭʥʦʣʦʛʠʡ 

ʫʩʪʦʡʯʠʚʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 

 

 
ʍʦʪʷ ʀʀ ʧʨʝʚʦʩʭʦʜʥʦ ʦʧʪʠʤʠʟʠʨʫʝʪ 

ʧʨʦʮʝʩʩʳ ʠ ʛʝʥʝʨʠʨʫʝʪ ʚʘʨʠʘʥʪʳ ʜʠʟʘʡʥʘ, ʦʥ ʥʝ 

ʤʦʞʝʪ ʚʦʩʧʨʦʠʟʚʝʩʪʠ ʫʥʠʢʘʣʴʥʳʝ ʯʝʣʦʚʝʯʝʩʢʠʝ 

ʥʘʚʳʢʠ, ʢʦʪʦʨʳʝ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳ ʜʣʷ 

ʘʨʭʠʪʝʢʪʫʨʳ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʢʨʝʘʪʠʚʥʦʩʪʴ, 

ʠʥʪʫʠʮʠʷ ʠ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʥʠʤʘʪʴ ʩʣʦʞʥʳʝ ʵʤʦʮʠʠ 

ʠ ʢʫʣʴʪʫʨʥʳʝ ʥʶʘʥʩʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʧʨʦʝʢʪʥʳʝ 

ʨʝʰʝʥʠʷ.  

ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʤʦʞʝʪ ʧʨʝʜʣʘʛʘʪʴ 

ʨʝʰʝʥʠʷ, ʥʦ ʜʣʷ ʦʮʝʥʢʠ ʵʪʠʭ ʚʘʨʠʘʥʪʦʚ ʠ ʧʨʠʥʷʪʠʷ 

ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ 

ʪʨʝʙʫʶʪʩʷ ʢʨʠʪʠʯʝʩʢʦʝ ʤʳʰʣʝʥʠʝ ʠ ʦʧʳʪ 

ʘʨʭʠʪʝʢʪʦʨʘ. ʀʀ ʥʝ ʭʚʘʪʘʝʪ ʵʤʧʘʪʠʠ ʠ ʥʘʚʳʢʦʚ 

ʤʝʞʣʠʯʥʦʩʪʥʦʛʦ ʦʙʱʝʥʠʷ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʦʙʱʝʥʠʷ ʩ ʢʣʠʝʥʪʘʤʠ, ʧʦʥʠʤʘʥʠʷ ʠʭ ʧʦʪʨʝʙʥʦʩʪʝʡ 

ʠ ʚʦʧʣʦʱʝʥʠʷ ʠʭ ʩʪʨʝʤʣʝʥʠʡ ʚ ʢʦʥʢʨʝʪʥʳʝ 

ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʨʝʰʝʥʠʷ. ʇʝʨʝʛʦʚʦʨʳ, 

ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʠ ʚʳʩʪʨʘʠʚʘʥʠʝ ʦʪʥʦʰʝʥʠʡ 

ʦʩʪʘʶʪʩʷ ʩʧʝʮʠʘʣʠʟʘʮʠʝʡ ʘʨʭʠʪʝʢʪʦʨʦʚ-ʣʶʜʝʡ. 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʧʨʠʤʝʥʝʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ ʨʠʩʢ ʯʨʝʟʤʝʨʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʭʥʦʣʦʛʠʡ. ɽʩʣʠ ʩʠʩʪʝʤʘ ʚʳʡʜʝʪ 

ʠʟ ʩʪʨʦʷ ʠʣʠ ʧʦʜʚʝʨʛʥʝʪʩʷ ʢʠʙʝʨʘʪʘʢʝ, ʵʪʦ ʤʦʞʝʪ 

ʚʳʟʚʘʪʴ ʩʝʨʴʸʟʥʳʝ ʧʨʦʙʣʝʤʳ ð ʚʝʜʴ ʝʸ ʥʫʞʥʦ 

ʢʦʤʫ-ʪʦ ʟʘʤʝʥʠʪʴ. ʇʨʦʱʝ ʛʦʚʦʨʷ, ʚʦʟʥʠʢʥʝʪ 

ʛʣʦʙʘʣʴʥʘʷ ʧʨʦʙʣʝʤʘ - ʣʶʜʠ ʧʝʨʝʩʪʘʥʫʪ ʜʫʤʘʪʴ. 
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ʋɼʂ 69:4 

 

ʉʇʆʉʆɹ ʇʆʅʀɾɽʅʀʗ ʋʈʆɺʅʗ 

ɻʈʋʅʊʆɺʓʍ ɺʆɼ ʇʈʀ ʉʊʈʆʀʊɽʃʔʉʊɺɽ ʀ 

ʕʂʉʇʃʋɸʊɸʎʀʀ ʇʆɼɿɽʄʅʓʍ 

ʉʆʆʈʋɾɽʅʀʁ, ʈɸʉʇʆʃʆɾɽʅʅʓʍ ʅʀɾɽ 

ʋʈʆɺʅʗ ɻʈʋʅʊʆɺʓʍ ɺʆɼ, ʀ ʋʉʊʈʆʁʉʊɺʆ 

ɼʃʗ ʆʉʋʑɽʉʊɺʃɽʅʀʗ ʉʇʆʉʆɹɸ 

 

ʂʫʨʙʘʪʦʚ ɺʣʘʜʠʤʠʨ ʃʝʦʥʠʜʦʚʠʯ 

ʩʦʚʝʪʥʠʢ ʈɸɸʉʅ, ʜʦʢʪʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ  

ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʠʡ ʬʠʣʠʘʣ ʬʝʜʝʨʘʣʴʥʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ 

ʫʯʨʝʞʜʝʥʠʷ ɺʆ ɹʝʣʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɺ.ɻ. ʐʫʭʦʚʘ 

ʄʠʥʝʨʘʣʴʥʳʝ ɺʦʜʳ 

 

A METHOD FOR LOWERING THE 

GROUNDWATER LEVEL DURING THE 

CONSTRUCTION AND OPERATION OF 

UNDERGROUND STRUCTURES LOCATED 

BELOW THE GROUNDWATER LEVEL, AND A 

DEVICE FOR IMP LEMENTING THE METHOD  

 

Kurbatov Vladimir Leonidovich  
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Belgorod state technological University named after 

V.G. Shukhov 

Mineralnye Vody 

ɸʅʅʆʊɸʎʀʗ 

 

ʉʧʦʩʦʙ ʧʦʥʠʞʝʥʠʷ ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʜʟʝʤʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʠʞʝ ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ, ʧʫʪʝʤ ʧʦʩʣʦʡʥʦʡ ʦʪʢʘʯʢʠ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʥʘʩʦʩʦʤ ʩʦ ʚʩʘʩʳʚʘʶʱʝʡ 

ʠ ʥʘʧʦʨʥʦʡ ʪʨʫʙʘʤʠ ʦʪ ʧʝʨʬʦʨʠʨʦʚʘʥʥʳʭ ʪʨʫʙ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʫʜʘʣʝʥʠʝʤ ʦʙʝʟʚʦʞʝʥʥʳʭ ʩʣʦʝʚ ʛʨʫʥʪʘ ʠʟ 

ʧʦʜʟʝʤʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ, ʦʪʣʠʯʘʶʱʠʡʩʷ ʪʝʤ, ʯʪʦ ʚ ʢʘʞʜʦʤ ʦʙʝʟʚʦʞʠʚʘʝʤʦʤ ʩʣʦʝ ʛʨʫʥʪʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʫʩʪʨʘʠʚʘʶʪ ʪʨʘʥʰʝʶ, ʚ ʢʦʪʦʨʫʶ ʫʢʣʘʜʳʚʘʶʪ ʧʝʨʬʦʨʠʨʦʚʘʥʥʫʶ ʜʨʝʥʘʞʥʫʶ ʪʨʫʙʫ, ʩʦʝʜʠʥʝʥʥʫʶ ʩʦ 

ʚʩʘʩʳʚʘʶʱʝʡ ʪʨʫʙʦʡ, ʩʥʘʙʞʝʥʥʦʡ ʧʘʪʨʫʙʢʦʤ ʩ ʟʘʜʚʠʞʢʦʡ, ʚʳʭʦʜʷʱʠʤ ʚʥʫʪʨʴ ʩʦʦʨʫʞʝʥʠʷ, ʟʘʪʝʤ ʪʨʘʥʰʝʶ 

ʟʘʩʳʧʘʶʪ ʱʝʙʥʝʤ, ʟʘʢʨʳʚʘʶʪ ʟʘʜʚʠʞʢʫ ʧʘʪʨʫʙʢʘ ʠ ʧʨʦʠʟʚʦʜʷʪ ʦʪʢʘʯʢʫ ʚʦʜʳ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʫʜʘʣʝʥʠʝʤ 

ʦʙʝʟʚʦʞʝʥʥʦʛʦ ʩʣʦʷ ʛʨʫʥʪʘ, ʧʨʦʠʟʚʦʜʷ ʵʪʠ ʦʧʝʨʘʮʠʠ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʙʫʜʝʪ ʜʦʩʪʠʛʥʫʪʘ ʧʨʦʝʢʪʥʘʷ ʦʪʤʝʪʢʘ, ʘ 

ʟʘʪʝʤ ʫʩʪʨʘʠʚʘʶʪ ʜʥʦ ʩʦʦʨʫʞʝʥʠʷ. ʋʩʪʨʦʡʩʪʚʦ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʩʧʦʩʦʙʘ ʧʦʥʠʞʝʥʠʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ, 

ʩʦʜʝʨʞʘʱʝʝ ʥʘʩʦʩ ʩ ʚʩʘʩʳʚʘʶʱʝʡ ʠ ʥʘʧʦʨʥʦʡ ʪʨʫʙʘʤʠ, ʧʝʨʬʦʨʠʨʦʚʘʥʥʫʶ ʪʨʫʙʫ, ʩʦʝʜʠʥʝʥʥʫʶ ʯʝʨʝʟ ʦʙʨʘʪʥʳʡ 

ʢʣʘʧʘʥ ʩ ʥʠʞʥʠʤ ʢʦʥʮʦʤ ʚʩʘʩʳʚʘʶʱʝʡ ʪʨʫʙʳ, ʦʪʣʠʯʘʶʱʝʝʩʷ ʪʝʤ, ʯʪʦ ʚʩʘʩʳʚʘʶʱʘʷ ʪʨʫʙʘ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʪʝʣʝ 

ʩʦʦʨʫʞʝʥʠʷ ʠ ʩʥʘʙʞʝʥʘ ʧʘʪʨʫʙʢʦʤ ʩ ʟʘʜʚʠʞʢʦʡ, ʢʦʪʦʨʳʡ ʯʝʨʝʟ ʩʪʝʥʢʫ ʢʦʣʦʜʮʘ ʚʳʚʝʜʝʥ ʚʥʫʪʨʴ ʩʦʦʨʫʞʝʥʠʷ, 

ʧʨʠ ʵʪʦʤ ʟʘʜʚʠʞʢʘ ʩʥʘʙʞʝʥʘ ʨʫʯʢʦʡ, ʚʳʚʝʜʝʥʥʦʡ ʚʳʰʝ ʫʨʦʚʥʷ ʚʝʨʭʥʝʛʦ ʩʨʝʟʘ ʩʦʦʨʫʞʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʜʟʝʤʥʳʝ ʩʦʦʨʫʞʝʥʠʷ, ʛʨʫʥʪʦʚʳʝ ʚʦʜʳ, ʥʘʩʦʩ, ʫʩʪʨʦʡʩʪʚʦ. 

 

ABSTRACT 

 

A method of lowering the groundwater level during the construction and operation of underground structures 

located below the groundwater level by layer-by-layer pumping of groundwater with a pump with suction and pressure 

pipes from perforated pipes, followed by the removal of dehydrated soil layers from an underground structure, 

characterized in that in each dehydrated soil layer a trench is pre-arranged, into which a perforated drainage a pipe 

connected to a suction pipe equipped with a pipe with a valve extending inside the structure, then the trench is filled 

with rubble., the valve of the pipe is closed and the water is pumped out, followed by the removal of the dehydrated soil 

layer, performing these operations until the design mark is reached, and then the bottom of the structure is arranged. A 

device for implementing a method of lowering groundwater, comprising a pump with suction and discharge pipes, a 

perforated pipe connected through a non-return valve to the lower end of the suction pipe, characterized in that the 

suction pipe is located in the body of the structure and is provided with a pipe with a valve, which is through the wall of 

the well is brought inside the structure, while the valve is equipped with a handle, above the level of the upper section 

of the structure. 

Keywords: underground structures, groundwater, pump, device. 

 

ʀʟʦʙʨʝʪʝʥʠʝ ʦʪʥʦʩʠʪʩʷ ʢ ʦʙʣʘʩʪʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʟʘʛʣʫʙʣʝʥʥʳʭ ʚ 

ʟʝʤʣʶ ʩʦʦʨʫʞʝʥʠʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʠʞʝ ʫʨʦʚʥʷ 

ʛʦʨʠʟʦʥʪʘ ʛʨʫʥʪʦʚʳʭ ʚʦʜ. ʉʧʦʩʦʙ ʧʦʥʠʞʝʥʠʷ 

ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʜʟʝʤʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʠʞʝ ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ, ʧʫʪʝʤ 

ʧʦʩʣʦʡʥʦʡ ʦʪʢʘʯʢʠ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʥʘʩʦʩʦʤ ʩʦ 

ʚʩʘʩʳʚʘʶʱʝʡ ʠ ʥʘʧʦʨʥʦʡ ʪʨʫʙʘʤʠ ʦʪ 

ʧʝʨʬʦʨʠʨʦʚʘʥʥʳʭ ʪʨʫʙ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʫʜʘʣʝʥʠʝʤ 

ʦʙʝʟʚʦʞʝʥʥʳʭ ʩʣʦʝʚ ʛʨʫʥʪʘ ʠʟ ʧʦʜʟʝʤʥʦʛʦ 

ʩʦʦʨʫʞʝʥʠʷ. ɺ ʢʘʞʜʦʤ ʦʙʝʟʚʦʞʠʚʘʝʤʦʤ ʩʣʦʝ 

ʛʨʫʥʪʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʫʩʪʨʘʠʚʘʶʪ ʪʨʘʥʰʝʶ, ʚ 

ʢʦʪʦʨʫʶ ʫʢʣʘʜʳʚʘʶʪ ʧʝʨʬʦʨʠʨʦʚʘʥʥʫʶ 

ʜʨʝʥʘʞʥʫʶ ʪʨʫʙʫ, ʩʦʝʜʠʥʝʥʥʫʶ ʩʦ ʚʩʘʩʳʚʘʶʱʝʡ 

ʪʨʫʙʦʡ, ʩʥʘʙʞʝʥʥʦʡ ʧʘʪʨʫʙʢʦʤ ʩ ʟʘʜʚʠʞʢʦʡ, 

ʚʳʭʦʜʷʱʠʤ ʚʥʫʪʨʴ ʩʦʦʨʫʞʝʥʠʷ, ʟʘʪʝʤ ʪʨʘʥʰʝʶ 

ʟʘʩʳʧʘʶʪ ʱʝʙʥʝʤ, ʟʘʢʨʳʚʘʶʪ ʟʘʜʚʠʞʢʫ ʧʘʪʨʫʙʢʘ ʠ 

ʧʨʦʠʟʚʦʜʷʪ ʦʪʢʘʯʢʫ ʚʦʜʳ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʫʜʘʣʝʥʠʝʤ ʦʙʝʟʚʦʞʝʥʥʦʛʦ ʩʣʦʷ ʛʨʫʥʪʘ, ʧʨʦʠʟʚʦʜʷ 

ʵʪʠ ʦʧʝʨʘʮʠʠ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʙʫʜʝʪ ʜʦʩʪʠʛʥʫʪʘ 

ʧʨʦʝʢʪʥʘʷ ʦʪʤʝʪʢʘ, ʘ ʟʘʪʝʤ ʫʩʪʨʘʠʚʘʶʪ ʜʥʦ 

ʩʦʦʨʫʞʝʥʠʷ. ʊʘʢʞʝ ʧʨʝʜʣʦʞʝʥʦ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʩʧʦʩʦʙʘ. ʊʝʭʥʠʯʝʩʢʠʡ ʨʝʟʫʣʴʪʘʪ 
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ʩʦʩʪʦʠʪ ʚ ʧʦʚʳʰʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʧʦʥʠʞʝʥʠʷ ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ 

ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʜʟʝʤʥʳʭ 

ʩʦʦʨʫʞʝʥʠʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʠʞʝ ʫʨʦʚʥʷ 

ʛʨʫʥʪʦʚʳʭ ʚʦʜ, ʘ ʪʘʢʞʝ ʚ ʧʨʝʜʦʪʚʨʘʱʝʥʠʠ 

ʚʳʜʘʚʣʠʚʘʥʠʷ ʠʟ ʛʨʫʥʪʘ ʫʞʝ ʧʦʩʪʨʦʝʥʥʦʛʦ ʠ 

ʵʢʩʧʣʫʘʪʠʨʫʝʤʦʛʦ ʧʦʜʟʝʤʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ ʥʘʧʦʨʦʤ 

ʘʚʘʨʠʡʥʦ-ʚʳʩʦʢʠʭ ʛʨʫʥʪʦʚʳʭ ʚʦʜ. 2 ʥ. ʠ 2 ʟ.ʧ. ʬ-ʣʳ, 

1 ʠʣ. 

ʀʟʦʙʨʝʪʝʥʠʝ ʦʪʥʦʩʠʪʩʷ ʢ ʦʙʣʘʩʪʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʟʘʛʣʫʙʣʝʥʥʳʭ ʚ 

ʟʝʤʣʶ ʩʦʦʨʫʞʝʥʠʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʠʞʝ ʫʨʦʚʥʷ 

ʛʦʨʠʟʦʥʪʘ ʛʨʫʥʪʦʚʳʭ ʚʦʜ, ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʢʦʤʧʣʝʢʩʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʧʦʩʪʘʚʣʝʥʥʦʡ 

ʟʘʜʘʯʠ, ʦʙʲʝʜʠʥʝʥʥʦʝ ʚ ʝʜʠʥʦʝ ʮʝʣʦʝ ʦʜʥʠʤ 

ʠʟʦʙʨʝʪʘʪʝʣʴʩʢʠʤ ʟʘʤʳʩʣʦʤ. 

 

 
 

ʈʠʩ.1. ʋʩʪʨʦʡʩʪʚʦ ʩʦʝʜʠʥʝʥʠʷ ʩʪʨʦʧʠʣ ʩ ʘʥʪʠʩʝʡʩʤʠʯʝʩʢʠʤ ʧʦʷʩʦʤ 

 

ʀʟʚʝʩʪʝʥ ʩʧʦʩʦʙ ʧʦʥʠʞʝʥʠʷ ʫʨʦʚʥʷ 

ʛʨʫʥʪʦʚʳʭ ʚʦʜ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ 

(ʚʦʟʚʝʜʝʥʠʠ) ʜʥʠʱʘ ʧʦʜʟʝʤʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ ʧʫʪʝʤ 

ʦʪʢʘʯʢʠ ʠʭ ʥʘʩʦʩʦʤ ʩʦ ʚʩʘʩʳʚʘʶʱʝʡ ʠ ʥʘʧʦʨʥʦʡ 

ʪʨʫʙʘʤʠ ʦʪ ʧʝʨʬʦʨʠʨʦʚʘʥʥʳʭ ʪʨʫʙ, ʩʦʝʜʠʥʝʥʥʳʭ 

ʯʝʨʝʟ ʦʙʨʘʪʥʳʡ ʢʣʘʧʘʥ ʩ ʥʠʞʥʠʤ ʢʦʥʮʦʤ 

ʚʩʘʩʳʚʘʶʱʝʡ ʪʨʫʙʳ ʥʘʩʦʩʘ (ʩʤ. ʦʧʠʩʘʥʠʝ 

ʠʟʦʙʨʝʪʝʥʠʷ SU 1399394 ɸ1, ʢʣ. E02D 27/18). 

ɺ ʯʘʩʪʠ ʫʩʪʨʦʡʩʪʚʘ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʠʤ 

ʷʚʣʷʝʪʩʷ ʫʩʪʨʦʡʩʪʚʦ, ʚʢʣʶʯʘʶʱʝʝ ʥʘʩʦʩ ʩʦ 

ʚʳʩʘʩʳʚʘʶʱʝʡ ʠ ʥʘʧʦʨʥʦʡ ʪʨʫʙʘʤʠ, 

ʧʝʨʬʦʨʠʨʦʚʘʥʥʫʶ ʪʨʫʙʫ, ʩʦʝʜʠʥʝʥʥʫʶ ʯʝʨʝʟ 

ʦʙʨʘʪʥʳʡ ʢʣʘʧʘʥ ʩ ʥʠʞʥʠʤ ʢʦʥʮʦʤ ʚʩʘʩʳʚʘʶʱʝʡ 

ʪʨʫʙʳ (ʩʤ. ʦʧʠʩʘʥʠʝ ʠʟʦʙʨʝʪʝʥʠʷ SU 1399394 ɸ1, 

ʢʣ. E02D 27/18). 

ʅʝʜʦʩʪʘʪʢʦʤ ʠʟʚʝʩʪʥʳʭ ʩʧʦʩʦʙʘ ʠ 

ʫʩʪʨʦʡʩʪʚʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʪʢʘʯʢʘ ʚʦʜʳ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʥʘʯʘʣʘ ʚ ʝʤʢʦʩʪʴ ʜʣʷ ʛʨʫʥʪʦʚʦʡ 

ʚʦʜʳ, ʠ ʪʦʣʴʢʦ ʟʘʪʝʤ ʚʦʜʘ ʦʪʢʘʯʠʚʘʝʪʩʷ ʜʨʫʛʠʤ 

ʥʘʩʦʩʦʤ ʟʘ ʧʨʝʜʝʣʳ ʧʦʜʲʝʤʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ. 

ʅʘʠʙʦʣʝʝ ʙʣʠʟʢʠʤ ʢ ʠʟʦʙʨʝʪʝʥʠʶ ʷʚʣʷʝʪʩʷ 

ʩʧʦʩʦʙ ʧʦʥʠʞʝʥʠʷ ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʧʫʪʝʤ 

ʦʪʢʘʯʢʠ ʠʭ ʥʘʩʦʩʦʤ ʩʦ ʚʩʘʩʳʚʘʶʱʝʡ ʠ ʥʘʧʦʨʥʦʡ 

ʪʨʫʙʘʤʠ ʦʪ ʧʝʨʬʦʨʠʨʦʚʘʥʥʳʭ ʪʨʫʙ, ʫʣʦʞʝʥʥʳʭ ʧʦ 

ʚʩʝʡ ʜʣʠʥʝ ʩʦʦʨʫʞʝʥʠʷ ʠ ʩʦʝʜʠʥʝʥʥʳʭ ʯʝʨʝʟ 

ʦʙʨʘʪʥʳʡ ʢʣʘʧʘʥ ʩʦ ʚʩʘʩʳʚʘʶʱʠʤʠ ʪʨʫʙʘʤʠ 

ʥʘʩʦʩʘ, ʧʦʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ 

ʧʨʦʠʟʚʦʜʷʪ ʧʦʩʣʦʡʥʦ ʚʥʫʪʨʠ ʧʦʜʟʝʤʥʦʛʦ 

ʩʦʦʨʫʞʝʥʠʷ ʧʫʪʝʤ ʦʪʢʘʯʢʠ ʥʘʩʦʩʦʤ ʛʨʫʥʪʦʚʦʡ 

ʚʦʜʳ ʦʪ ʢʘʞʜʦʛʦ ʩʣʦʷ ʚ ʦʪʜʝʣʴʥʦʩʪʠ ʚʧʣʦʪʴ ʜʦ 

ʧʦʥʠʞʝʥʠʷ ʠʭ ʫʨʦʚʥʷ ʥʠʞʝ ʫʨʦʚʥʷ ʩʪʨʦʠʪʝʣʴʥʦʡ 

ʦʪʤʝʪʢʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʫʜʘʣʝʥʠʝʤ ʦʙʝʟʚʦʞʝʥʥʳʭ 

ʩʣʦʝʚ ʛʨʫʥʪʘ ʠʟ ʧʦʜʟʝʤʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ ʠ 

ʦʩʪʘʚʣʝʥʠʝʤ ʧʝʨʬʦʨʠʨʦʚʘʥʥʦʡ ʪʨʫʙʳ ʚ ʩʨʝʜʝ 

ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʥʠʞʝ ʜʥʠʱʘ ʩʦʦʨʫʞʝʥʠʷ, ʦʢʦʥʯʘʥʠʷ 

ʝʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʚʦʟʚʝʜʝʥʠʷ ʧʝʨʝʛʦʨʦʜʦʢ ʠ ʜʦ 

ʧʦʣʥʦʡ ʠʭ ʛʝʨʤʝʪʠʟʘʮʠʠ ʦʪ ʥʘʧʦʨʘ ʛʨʫʥʪʦʚʳʭ ʚʦʜ, 

ʧʨʠ ʵʪʦʤ ʢʦʥʝʮ ʚʩʘʩʳʚʘʶʱʝʡ ʪʨʫʙʳ ʥʘʩʦʩʘ 

ʨʘʩʧʦʣʘʛʘʶʪ ʚʳʰʝ ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ, ʘ 

ʚʩʘʩʳʚʘʶʱʫʶ ʪʨʫʙʫ ʥʘʩʦʩʘ ʩ ʦʩʪʘʪʢʘʤʠ ʚ ʥʝʡ 

ʛʨʫʥʪʦʚʦʡ ʚʦʜʳ ʙʝʪʦʥʠʨʫʶʪ ʚ ʪʝʣʝ ʧʦʜʟʝʤʥʦʛʦ 

ʩʦʦʨʫʞʝʥʠʷ, ʦʩʪʘʚʣʷʷ ʥʝʟʘʙʝʪʦʥʠʨʦʚʘʥʥʳʤ ʪʦʣʴʢʦ 

ʚʝʨʭʥʠʡ ʚʝʥʝʮ ʪʨʫʙʳ ʩ ʟʘʜʚʠʞʢʦʡ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢ ʥʝʡ ʥʘʩʦʩʘ (ʩʤ. ʦʧʠʩʘʥʠʝ 

ʠʟʦʙʨʝʪʝʥʠʷ RU 2147645 ʉ1, ʢʣ. E02D 19/10, 31/02, 

3/10, 27/18, 29/055). 

ʅʝʜʦʩʪʘʪʢʦʤ ʠʟʚʝʩʪʥʳʭ ʩʧʦʩʦʙʘ ʠ 

ʫʩʪʨʦʡʩʪʚʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʦʩʣʝ ʫʢʣʘʜʢʠ ʙʝʪʦʥʘ ʚ 

ʦʩʥʦʚʘʥʠʝ ʩʦʦʨʫʞʝʥʠʷ, ʧʨʠ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ 

ʛʨʫʥʪʦʚʳʭ ʚʦʜ, ʚ ʩʣʫʯʘʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʚʘʨʠʡʥʦʡ 

ʩʠʪʫʘʮʠʠ (ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ ʥʘʩʦʩʥʦʛʦ ʘʛʨʝʛʘʪʘ, 

ʨʝʟʢʦʛʦ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʚʦ ʚʨʝʤʷ 
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ʣʠʚʥʝʚʳʭ ʜʦʞʜʝʡ, ʥʝʚʳʩʦʢʦʡ ʧʨʦʧʫʩʢʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʴ ʚʩʘʩʳʚʘʶʱʝʡ ʪʨʫʙʳ ʠ ʜʨ. ʧʨʠʯʠʥ) 

ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ ʚʳʜʘʚʣʠʚʘʥʠʝ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ ʨʘʟʨʫʰʝʥʠʝʤ ʜʥʘ ʩʦʦʨʫʞʝʥʠʷ, 

ʥʝ ʥʘʙʨʘʚʰʝʛʦ ʤʘʨʦʯʥʦʡ ʧʨʦʯʥʦʩʪʠ. ʇʨʠʯʠʥʦʡ 

ʚʳʜʘʚʣʠʚʘʥʠʷ ʜʥʠʱʘ ʩʦʦʨʫʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʙʦʣʴʰʘʷ 

ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʜʘʚʣʝʥʠʝʤ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʧʦʜ 

ʜʥʠʱʝʤ ʠ ʥʘʜ ʜʥʠʱʝʤ. 

ɿʘʜʘʯʝʡ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʠʟʦʙʨʝʪʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʧʦʥʠʞʝʥʠʷ ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ 

ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʜʟʝʤʥʳʭ 

ʩʦʦʨʫʞʝʥʠʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʠʞʝ ʫʨʦʚʥʷ 

ʛʨʫʥʪʦʚʳʭ ʚʦʜ, ʘ ʪʘʢʞʝ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ 

ʚʳʜʘʚʣʠʚʘʥʠʷ ʠʟ ʛʨʫʥʪʘ ʫʞʝ ʧʦʩʪʨʦʝʥʥʦʛʦ ʠ 

ʵʢʩʧʣʫʘʪʠʨʫʝʤʦʛʦ ʧʦʜʟʝʤʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ ʥʘʧʦʨʦʤ 

ʘʚʘʨʠʡʥʦ ʚʳʩʦʢʠʭ ʛʨʫʥʪʦʚʳʭ ʚʦʜ. 

ʇʦʩʪʘʚʣʝʥʥʘʷ ʟʘʜʘʯʘ ʚ ʯʘʩʪʠ ʩʧʦʩʦʙʘ 

ʨʝʰʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʚ ʠʟʚʝʩʪʥʦʤ ʩʧʦʩʦʙʝ ʧʦʥʠʞʝʥʠʷ 

ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʜʟʝʤʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʠʞʝ ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ, ʧʫʪʝʤ 

ʧʦʩʣʦʡʥʦʡ ʦʪʢʘʯʢʠ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʥʘʩʦʩʦʤ ʩʦ 

ʚʩʘʩʳʚʘʶʱʝʡ ʠ ʥʘʧʦʨʥʦʡ ʪʨʫʙʘʤʠ ʦʪ 

ʧʝʨʬʦʨʠʨʦʚʘʥʥʳʭ ʪʨʫʙ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʫʜʘʣʝʥʠʝʤ 

ʦʙʝʟʚʦʞʝʥʥʳʭ ʩʣʦʝʚ ʛʨʫʥʪʘ ʠʟ ʧʦʜʟʝʤʥʦʛʦ 

ʩʦʦʨʫʞʝʥʠʷ, ʩʦʛʣʘʩʥʦ ʠʟʦʙʨʝʪʝʥʠʶ ʚ ʢʘʞʜʦʤ 

ʦʙʝʟʚʦʞʠʚʘʝʤʦʤ ʩʣʦʝ ʛʨʫʥʪʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʫʩʪʨʘʠʚʘʶʪ ʪʨʘʥʰʝʶ, ʚ ʢʦʪʦʨʫʶ ʫʢʣʘʜʳʚʘʶʪ 

ʧʝʨʬʦʨʠʨʦʚʘʥʥʫʶ ʜʨʝʥʘʞʥʫʶ ʪʨʫʙʫ, ʩʦʝʜʠʥʝʥʥʫʶ 

ʩʦ ʚʩʘʩʳʚʘʶʱʝʡ ʪʨʫʙʦʡ, ʩʥʘʙʞʝʥʥʦʡ ʧʘʪʨʫʙʢʦʤ ʩ 

ʟʘʜʚʠʞʢʦʡ, ʚʳʭʦʜʷʱʠʤ ʚʥʫʪʨʴ ʩʦʦʨʫʞʝʥʠʷ, ʟʘʪʝʤ 

ʪʨʘʥʰʝʶ ʟʘʩʳʧʘʶʪ ʱʝʙʥʝʤ, ʟʘʢʨʳʚʘʶʪ ʟʘʜʚʠʞʢʫ 

ʧʘʪʨʫʙʢʘ ʠ ʧʨʦʠʟʚʦʜʷʪ ʦʪʢʘʯʢʫ ʚʦʜʳ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʫʜʘʣʝʥʠʝʤ ʦʙʝʟʚʦʞʝʥʥʦʛʦ ʩʣʦʷ 

ʛʨʫʥʪʘ, ʧʨʦʠʟʚʦʜʷ ʵʪʠ ʦʧʝʨʘʮʠʠ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ 

ʙʫʜʝʪ ʜʦʩʪʠʛʥʫʪʘ ʧʨʦʝʢʪʥʘʷ ʦʪʤʝʪʢʘ, ʘ ʟʘʪʝʤ 

ʫʩʪʨʘʠʚʘʶʪ ʜʥʦ ʩʦʦʨʫʞʝʥʠʷ. 

ʂʨʦʤʝ ʪʦʛʦ, ʦʪʩʦʩ ʚʦʜʳ ʥʘʩʦʩʦʤ ʚʝʜʫʪ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʧʨʦʮʝʩʩʘ ʙʝʪʦʥʠʨʦʚʘʥʠʷ ʜʥʘ 

ʩʦʦʨʫʞʝʥʠʷ ʠ ʥʘʙʦʨʘ ʙʝʪʦʥʦʤ ʤʘʨʦʯʥʦʡ ʧʨʦʯʥʦʩʪʠ, 

ʘ ʪʘʢʞʝ ʚʦ ʚʨʝʤʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʠ ʫʨʦʚʥʝ 

ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʚʳʰʝ ʢʨʠʪʠʯʝʩʢʦʛʦ. 

ʇʨʠʯʝʤ ʧʨʠ ʚʳʭʦʜʝ ʥʘʩʦʩʘ ʠʟ ʩʪʨʦʷ ʠʣʠ 

ʘʚʘʨʠʡʥʦ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʚ ʧʝʨʠʦʜ 

ʥʘʙʦʨʘ ʙʝʪʦʥʦʤ ʜʥʠʱʘ ʤʘʨʦʯʥʦʡ ʧʨʦʯʥʦʩʪʠ 

ʦʪʢʨʳʚʘʶʪ ʟʘʜʚʠʞʢʫ ʥʘ ʧʘʪʨʫʙʢʝ ʚʩʘʩʳʚʘʶʱʝʡ 

ʪʨʫʙʳ ʜʦ ʚʳʨʘʚʥʠʚʘʥʠʷ ʜʘʚʣʝʥʠʡ ʚʦʜʳ ʥʘʜ ʠ ʧʦʜ 

ʜʥʦʤ ʩʦʦʨʫʞʝʥʠʷ, ʘ ʧʦʩʣʝ ʟʘʤʝʥʳ ʥʘʩʦʩʘ ʟʘʜʚʠʞʢʫ 

ʟʘʢʨʳʚʘʶʪ ʠ ʧʦʩʣʝ ʥʘʙʦʨʘ ʙʝʪʦʥʦʤ ʤʘʨʦʯʥʦʡ 

ʧʨʦʯʥʦʩʪʠ ʚʦʜʫ ʠʟ ʩʦʦʨʫʞʝʥʠʷ ʦʪʢʘʯʠʚʘʶʪ. 

ɺ ʯʘʩʪʠ ʫʩʪʨʦʡʩʪʚʘ ʟʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʟʘ ʩʯʝʪ 

ʪʦʛʦ, ʯʪʦ ʚ ʫʩʪʨʦʡʩʪʚʝ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʩʧʦʩʦʙʘ 

ʧʦʥʠʞʝʥʠʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ, ʩʦʜʝʨʞʘʱʝʤ ʥʘʩʦʩ ʩ 

ʚʩʘʩʳʚʘʶʱʝʡ ʠ ʥʘʧʦʨʥʦʡ ʪʨʫʙʘʤʠ, 

ʧʝʨʬʦʨʠʨʦʚʘʥʥʫʶ ʪʨʫʙʫ, ʩʦʝʜʠʥʝʥʥʫʶ ʯʝʨʝʟ 

ʦʙʨʘʪʥʳʡ ʢʣʘʧʘʥ ʩ ʥʠʞʥʠʤ ʢʦʥʮʦʤ ʚʩʘʩʳʚʘʶʱʝʡ 

ʪʨʫʙʳ, ʧʨʠ ʵʪʦʤ ʠ ʚʩʘʩʳʚʘʶʱʘʷ ʪʨʫʙʘ ʨʘʩʧʦʣʦʞʝʥʘ 

ʚ ʪʝʣʝ ʩʦʦʨʫʞʝʥʠʷ ʠ ʩʥʘʙʞʝʥʘ ʧʘʪʨʫʙʢʦʤ ʩ 

ʟʘʜʚʠʞʢʦʡ, ʢʦʪʦʨʳʡ ʯʝʨʝʟ ʩʪʝʥʢʫ ʢʦʣʦʜʮʘ ʚʳʚʝʜʝʥ 

ʚʥʫʪʨʴ ʩʦʦʨʫʞʝʥʠʷ, ʧʨʠ ʵʪʦʤ ʟʘʜʚʠʞʢʘ ʩʥʘʙʞʝʥʘ 

ʨʫʯʢʦʡ, ʚʳʚʝʜʝʥʥʦʡ ʚʳʰʝ ʫʨʦʚʥʷ ʚʝʨʭʥʝʛʦ ʩʨʝʟʘ 

ʩʦʦʨʫʞʝʥʠʷ. 

ʉʥʘʙʞʝʥʠʝ ʧʘʪʨʫʙʢʦʤ ʩ ʟʘʜʚʠʞʢʦʡ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʚʩʘʩʳʚʘʶʱʝʡ ʪʨʫʙʦʡ, ʠ ʚʳʚʝʜʝʥʠʝ ʠʭ 

ʚʥʫʪʨʴ ʩʦʦʨʫʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʩʥʘʙʞʝʥʠʝ ʟʘʜʚʠʞʢʠ 

ʨʫʯʢʦʡ, ʚʳʚʝʜʝʥʥʦʡ ʚʳʰʝ ʫʨʦʚʥʷ ʚʝʨʭʥʝʛʦ ʩʨʝʟʘ 

ʩʦʦʨʫʞʝʥʠʷ ʚ ʩʣʫʯʘʝ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ 

ʚʦʜ ʚ ʧʝʨʠʦʜ ʥʘʙʦʨʘ ʙʝʪʦʥʦʤ ʦʩʥʦʚʘʥʠʷ ʧʨʦʯʥʦʩʪʠ 

ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦʡ ʨʘʟʥʦʩʪʠ ʚ ʜʘʚʣʝʥʠʠ 

ʚʦʜr ʧʦʜ ʜʥʠʱʝʤ ʩʦʦʨʫʞʝʥʠʷ ʠ ʥʘʜ ʥʠʤ, ʧʦʟʚʦʣʠʪ 

ʧʫʪʝʤ ʦʪʢʨʳʚʘʥʠʷ ʟʘʜʚʠʞʢʠ ʠ ʟʘʧʦʣʥʝʥʠʷ 

ʩʦʦʨʫʞʝʥʠʷ ʚʦʜʦʡ ʚʧʣʦʪʴ ʜʦ ʚʳʨʘʚʥʠʚʘʥʠʷ 

ʜʘʚʣʝʥʠʷ ʧʦʜ ʠ ʥʘʜ ʜʥʠʱʝʤ ʩʦʦʨʫʞʝʥʠʷ 

ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʚʳʜʘʚʣʠʚʘʥʠʝ ʠ ʨʘʟʨʫʰʝʥʠʝ 

ʦʩʥʦʚʘʥʠʷ, ʘ ʧʦʩʣʝ ʥʘʙʦʨʘ ʙʝʪʦʥʦʤ ʥʝʦʙʭʦʜʠʤʦʡ 

ʧʨʦʯʥʦʩʪʠ ʦʪʢʘʯʘʪʴ ʚʦʜʫ ʠʟ ʩʦʦʨʫʞʝʥʠʷ ʜʦ ʫʨʦʚʥʷ 

ʧʝʨʬʦʨʠʨʦʚʘʥʥʦʡ ʪʨʫʙʳ 4. 

ʇʨʠʚʝʜʝʥʥʘʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʨʠʟʥʘʢʦʚ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʫʯʝʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʝʟʫʣʴʪʘʪʘ, 

ʚʳʨʘʞʘʶʱʝʛʦʩʷ ʚ ʧʦʚʳʰʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ 

ʥʘʜʝʞʥʦʩʪʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʧʦʥʠʞʝʥʠʷ ʫʨʦʚʥʷ 

ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʧʦʜʟʝʤʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʠʞʝ 

ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ, ʘ ʪʘʢʞʝ ʧʨʝʜʦʪʚʨʘʱʝʥʠʠ 

ʚʳʜʘʚʣʠʚʘʥʠʷ ʠʟ ʛʨʫʥʪʘ ʫʞʝ ʧʦʩʪʨʦʝʥʥʦʛʦ ʠ 

ʵʢʩʧʣʫʘʪʠʨʫʝʤʦʛʦ ʧʦʜʟʝʤʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ ʥʘʧʦʨʦʤ 

ʘʚʘʨʠʡʥʦ ʚʳʩʦʢʠʭ ʛʨʫʥʪʦʚʳʭ ʚʦʜ. 

ʉʫʱʥʦʩʪʴ ʠʟʦʙʨʝʪʝʥʠʷ ʧʦʷʩʥʷʝʪʩʷ ʯʝʨʪʝʞʦʤ, 

ʛʜʝ ʚ ʩʭʝʤʘʪʠʯʝʩʢʦʤ ʚʠʜʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫʩʪʨʦʡʩʪʚʦ 

ʠ ʤʦʤʝʥʪ ʧʦʩʣʦʡʥʦʛʦ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʛʨʫʥʪʘ ʚʥʫʪʨʠ 

ʧʦʜʟʝʤʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʧʦʩʣʝ 

ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʦʯʝʨʝʜʥʦʛʦ ʩʣʦʷ ʚʦʜʦʥʘʩʳʱʝʥʥʦʛʦ 

ʛʨʫʥʪʘ ʝʛʦ ʫʜʘʣʷʶʪ ʠʟ ʧʦʜʟʝʤʥʦʛʦ ʩʦʦʨʫʞʝʥʠʠ ʠ, 

ʝʩʣʠ ʥʝʦʙʭʦʜʠʤʦ, ʦʧʫʩʢʘʶʪ ʩʘʤ ʢʦʨʧʫʩ ʩʦʦʨʫʞʝʥʠʷ 

ʜʦ ʧʨʦʝʢʪʥʦʡ ʦʪʤʝʪʢʠ. 

ʋʩʪʨʦʡʩʪʚʦ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ 

ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʩʧʦʩʦʙʘ ʩʦʜʝʨʞʠʪ ʩʪʝʥʢʠ 

ʧʦʜʟʝʤʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ 1, ʧʦʛʨʫʞʝʥʥʦʛʦ ʚ ʛʨʫʥʪ ʩ 

ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʛʨʫʥʪʦʚʳʭ ʚʦʜ 2, ʚʥʫʪʨʠ 

ʢʦʪʦʨʦʛʦ ʚʳʨʳʪʘ ʪʨʘʥʰʝʷ, ʟʘʩʳʧʘʥʥʘʷ ʱʝʙʥʝʤ 3, ʩ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʤʝʱʝʥʥʦʡ ʚ ʥʝʝ 

ʧʝʨʬʦʨʠʨʦʚʘʥʥʦʡ ʪʨʫʙʦʡ 4, ʢʦʪʦʨʘʷ ʩʦʝʜʠʥʝʥʘ 

ʯʝʨʝʟ ʦʙʨʘʪʥʳʡ ʢʣʘʧʘʥ 5 ʩʦ ʚʩʘʩʳʚʘʶʱʝʡ ʪʨʫʙʦʡ 6, 

ʠʤʝʶʱʝʡ ʚʝʨʭʥʠʡ ʚʳʭʦʜʥʦʡ ʚʝʥʝʮ 7, ʟʘʜʚʠʞʢʫ 8 ʩ 

ʥʘʩʦʩʦʤ 9, ʢ ʢʦʪʦʨʦʤʫ ʧʨʠʩʦʝʜʠʥʝʥʘ ʥʘʧʦʨʥʘʷ 

ʪʨʫʙʘ 10, ʧʨʠ ʵʪʦʤ ʚʩʘʩʳʚʘʶʱʘʷ ʪʨʫʙʘ 6 ʩʥʘʙʞʝʥʘ 

ʧʘʪʨʫʙʢʦʤ 11 ʩ ʟʘʜʚʠʞʢʦʡ 12, ʠʤʝʶʱʝʡ ʨʫʯʢʫ 13, 

ʚʳʚʝʜʝʥʥʫʶ ʚʳʰʝ ʫʨʦʚʥʷ ʚʝʨʭʥʝʛʦ ʩʨʝʟʘ 

ʩʦʦʨʫʞʝʥʠʷ 1, ʧʨʠ ʵʪʦʤ ʧʘʪʨʫʙʦʢ 11 ʨʘʩʧʦʣʦʞʝʥ 

ʥʘʜ ʜʥʠʱʝʤ 14. 

ʇʨʠ ʚʢʣʶʯʝʥʠʠ ʚ ʨʘʙʦʪʫ ʥʘʩʦʩʘ 9 ʫʨʦʚʝʥʴ 

ʛʨʫʥʪʦʚʳʭ ʚʦʜ 2 ʚʥʫʪʨʠ ʧʦʜʟʝʤʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ 1 

ʧʦʥʠʞʘʝʪʩʷ ʜʦ ʫʨʦʚʥʷ ʥʠʞʝ ʫʨʦʚʥʷ ʩʪʨʦʠʪʝʣʴʥʦʡ 

ʦʪʤʝʪʢʠ ʜʥʠʱʘ 14, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʦʠʟʚʦʜʠʪʴ ʩʪʨʦʠʪʝʣʴʥʳʝ ʨʘʙʦʪʳ ʧʦ ʚʦʟʚʝʜʝʥʠʶ 

ʜʥʠʱʘ 14. 

ʇʘʪʨʫʙʦʢ 11 ʩ ʟʘʜʚʠʞʢʦʡ 12 ʚʳʚʝʜʝʥʳ ʠʟ 

ʪʝʣʘ ʩʦʦʨʫʞʝʥʠʷ ʚʥʫʪʨʴ ʩʦʦʨʫʞʝʥʠʷ ʩ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʪʢʨʳʚʘʪʴ ʝʝ ʩ ʧʦʤʦʱʴʶ ʨʫʯʢʠ 13 ʩ ʫʨʦʚʥʷ 

ʚʝʨʭʥʝʛʦ ʩʨʝʟʘ ʩʦʦʨʫʞʝʥʠʷ ʚ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʷʭ. 

ɺʝʨʭʥʠʡ ʚʳʭʦʜʥʦʡ ʚʝʥʝʮ 7 ʚʩʘʩʳʚʘʶʱʝʡ 

ʪʨʫʙʳ 6 ʠ ʟʘʜʚʠʞʢʠ 8 ʚʳʚʝʜʝʥʳ ʠʟ ʙʝʪʦʥʘ ʪʝʣʘ 

ʩʦʦʨʫʞʝʥʠʷ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʦʜʢʣʶʯʝʥʠʷ ʢ 

ʟʘʜʚʠʞʢʝ 8 ʥʘʩʦʩʘ 9 ʜʣʷ ʦʪʢʘʯʢʠ ʘʚʘʨʠʡʥʦ 

ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʠ ʧʦʥʠʞʝʥʠʷ ʝʛʦ 
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ʜʦ ʫʨʦʚʥʷ 2 ʛʨʫʥʪʦʚʳʭ ʚʦʜ. ʂʦʥʪʨʦʣʴ ʟʘ ʵʪʠʤ 

ʦʩʫʱʝʩʪʚʣʷʶʪ ʧʫʪʝʤ ʦʪʢʨʳʪʠʷ ʟʘʜʚʠʞʢʠ 8 (ʧʨʠ 

ʦʪʩʦʝʜʠʥʝʥʥʦʤ ʥʘʩʦʩʝ 9). ʇʨʠ ʩʥʠʞʝʥʠʠ 

ʘʚʘʨʠʡʥʦʛʦ ʫʨʦʚʥʷ ʜʦ ʫʨʦʚʥʷ 2 ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʚʦʜʘ 

ʥʝ ʜʦʣʞʥʘ ʚʳʣʠʚʘʪʴʩʷ ʠʟ ʟʘʜʚʠʞʢʠ 8. 

ʉʧʦʩʦʙ ʦʩʫʱʝʩʪʚʣʷʶʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

ɺ ʚʳʢʦʧʘʥʥʫʶ ʪʨʘʥʰʝʶ ʧʝʨʚʦʛʦ ʩʣʦʷ 

ʚʦʜʦʥʘʩʳʱʝʥʥʦʛʦ ʛʨʫʥʪʘ 2 ʚʥʫʪʨʠ ʩʦʦʨʫʞʝʥʠʷ 1 

ʫʢʣʘʜʳʚʘʶʪ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʧʦ ʚʩʝʡ ʜʣʠʥʝ 

ʧʦʜʟʝʤʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ 1 ʧʝʨʬʦʨʠʨʦʚʘʥʥʫʶ ʪʨʫʙʫ 

4, ʢʦʪʦʨʫʶ ʯʝʨʝʟ ʦʙʨʘʪʥʳʡ ʢʣʘʧʘʥ 5 ʩʦʝʜʠʥʷʶʪ ʩʦ 

ʚʩʘʩʳʚʘʶʱʝʡ ʪʨʫʙʦʡ 6 ʥʘʩʦʩʘ 9, ʚʢʣʶʯʘʶʪ ʥʘʩʦʩ 9 

ʠ ʧʦʥʠʞʘʶʪ ʫʨʦʚʝʥʴ ʛʨʫʥʪʦʚʳʭ ʚʦʜ 2 ʚ ʧʝʨʚʦʤ ʩʣʦʝ 

ʚʦʜʦʥʘʩʳʱʝʥʥʦʛʦ ʛʨʫʥʪʘ. ʇʦʩʣʝ ʵʪʦʛʦ 

ʦʙʝʟʚʦʞʝʥʥʳʡ ʧʝʨʚʳʡ ʚʝʨʭʥʠʡ ʩʣʦʡ ʛʨʫʥʪʘ 2 

ʫʜʘʣʷʶʪ ʠʟ ʧʦʜʟʝʤʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ 1, ʟʘʪʝʤ 

ʚʳʢʘʧʳʚʘʶʪ ʪʨʘʥʰʝʶ ʚʦ ʚʪʦʨʦʤ ʩʣʦʝ 

ʚʦʜʦʥʘʩʳʱʝʥʥʦʛʦ ʛʨʫʥʪʘ 2, ʦʧʫʩʢʘʶʪ ʚ ʥʝʝ 

ʧʝʨʬʦʨʠʨʦʚʘʥʥʫʶ ʪʨʫʙʫ 4 ʩʦ ʚʩʘʩʳʚʘʶʱʝʡ ʪʨʫʙʦʡ 

6 ʥʘʩʦʩʘ 9, ʦʙʝʟʚʦʞʠʚʘʶʪ ʚʪʦʨʦʡ ʩʣʦʡ ʛʨʫʥʪʘ 2 ʠ 

ʫʜʘʣʷʶʪ ʝʛʦ ʠʟ ʧʦʜʟʝʤʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ 1. ʊʘʢʠʝ ʞʝ 

ʦʧʝʨʘʮʠʠ ʧʨʦʠʟʚʦʜʷʪ ʠ ʚ ʜʨʫʛʠʭ ʩʣʦʷʭ ʛʨʫʥʪʘ 2. 

ɼʣʷ ʚʦʟʚʝʜʝʥʠʷ ʜʥʠʱʘ 14 ʧʦʜʟʝʤʥʦʛʦ 

ʩʦʦʨʫʞʝʥʠʷ 1 ʧʦ ʚʩʝʡ ʝʛʦ ʜʣʠʥʝ ʚʳʢʘʧʳʚʘʶʪ 

ʪʨʘʥʰʝʶ, ʫʢʣʘʜʳʚʘʶʪ ʚ ʥʝʝ ʧʝʨʬʦʨʠʨʦʚʘʥʥʫʶ 

ʪʨʫʙʫ 4, ʟʘʩʳʧʘʶʪ ʝʝ ʱʝʙʥʝʤ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʯʝʨʝʟ ʦʙʨʘʪʥʳʡ ʢʣʘʧʘʥ 5 ʩʦʝʜʠʥʠʚ ʝʝ ʩʦ 

ʚʩʘʩʳʚʘʶʱʝʡ ʪʨʫʙʦʡ 6 ʥʘʩʦʩʘ 9, ʟʘʪʝʤ ʧʦʜʢʣʶʯʘʶʪ 

ʥʘʩʦʩ 9 ʠ ʧʨʦʠʟʚʦʜʷʪ ʦʪʢʘʯʢʫ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʠʟ 

ʧʝʨʬʦʨʠʨʦʚʘʥʥʦʡ ʪʨʫʙʳ 4 ʜʦ ʧʦʥʠʞʝʥʠʷ ʠʭ ʫʨʦʚʥʷ 

ʥʠʞʝ ʫʨʦʚʥʷ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʤʝʪʢʠ ʜʥʠʱʘ 14 

ʩʦʦʨʫʞʝʥʠʷ 1 ʜʦ ʦʢʦʥʯʘʥʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʧʦʩʣʝʜʥʝʛʦ ʠ ʜʦ ʧʦʣʥʦʡ ʠʭ ʛʝʨʤʝʪʠʟʘʮʠʠ ʦʪ ʥʘʧʦʨʘ 

ʛʨʫʥʪʦʚʳʭ ʚʦʜ 2. 

ʂʦʥʝʮ ʚʩʘʩʳʚʘʶʱʝʡ ʪʨʫʙʳ 6 ʥʘʩʦʩʘ 9 

ʨʘʩʧʦʣʘʛʘʶʪ ʚʳʰʝ ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ 2, ʟʘʪʝʤ 

ʥʘʩʦʩ 9 ʦʪʩʦʝʜʠʥʷʶʪ ʦʪ ʚʩʘʩʳʚʘʶʱʝʡ ʪʨʫʙʳ 6, 

ʧʝʨʬʦʨʠʨʦʚʘʥʥʫʶ ʪʨʫʙʫ 4 ʦʩʪʘʚʣʷʶʪ ʩʨʝʜʝ 

ʛʨʫʥʪʦʚʳʭ ʚʦʜ 2 ʥʠʞʝ ʜʥʠʱʘ 14 ʩʦʦʨʫʞʝʥʠʷ 1, ʘ 

ʩʘʤʫ ʚʩʘʩʳʚʘʶʱʫʶ 1 ʪʨʫʙʫ 6 ʥʘʩʦʩʘ 9 ʩ ʦʩʪʘʪʢʘʤʠ 

ʚ ʥʝʡ ʛʨʫʥʪʦʚʦʡ ʚʦʜʳ ʙʝʪʦʥʠʨʫʶʪ ʚ ʪʝʣʝ 

ʧʦʜʟʝʤʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ 1, ʦʩʪʘʚʣʷʷ 

ʥʝʟʘʙʝʪʦʥʠʨʦʚʘʥʥʳʤ ʪʦʣʴʢʦ ʚʝʨʭʥʠʡ ʚʳʭʦʜʥʦʡ 

ʚʝʥʝʮ 7 ʪʨʫʙʳ 6 ʩ ʟʘʜʚʠʞʢʦʡ 8, ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢ ʥʝʡ ʥʘʩʦʩʘ 9. 

ɺ ʩʣʫʯʘʝ ʘʚʘʨʠʡʥʦ ʚʳʩʦʢʦʛʦ ʧʦʜʲʝʤʘ ʫʨʦʚʥʷ 

2 ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʫʛʨʦʟʳ 

ʚʳʜʘʚʣʠʚʘʥʠʷ ʠʟ ʛʨʫʥʪʘ ʫʞʝ ʧʦʩʪʨʦʝʥʥʦʛʦ ʠ 

ʵʢʩʧʣʫʘʪʠʨʫʝʤʦʛʦ ʧʦʜʟʝʤʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ 1 ʩ 

ʧʦʤʦʱʴʶ ʨʫʯʢʠ 13 ʦʪʢʨʳʚʘʶʪ ʟʘʜʚʠʞʢʫ 12 ʠ 

ʟʘʧʦʣʥʷʶʪ ʛʨʫʥʪʦʚʦʡ ʚʦʜʦʡ ʧʦʜʟʝʤʥʦʝ ʩʦʦʨʫʞʝʥʠʝ 

1 ʜʦ ʚʳʨʘʚʥʠʚʘʥʠʷ ʜʘʚʣʝʥʠʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʧʦʜ ʠ 

ʥʘʜ ʜʥʠʱʝʤ 14. ɿʘʪʝʤ ʟʘʜʚʠʞʢʫ 12 ʟʘʢʨʳʚʘʶʪ ʠ ʢ 

ʟʘʜʚʠʞʢʝ 8 ʚʝʨʭʥʝʛʦ ʚʳʭʦʜʥʦʛʦ ʚʝʥʮʘ 7 

ʚʩʘʩʳʚʘʶʱʝʡ ʪʨʫʙʳ 6 ʥʘʩʦʩʘ 9 ʚʥʦʚʴ 

ʧʦʜʩʦʝʜʠʥʷʶʪ ʥʘʩʦʩ 9 ʠ ʧʨʦʠʟʚʦʜʷʪ ʦʪʢʘʯʢʫ 

ʘʚʘʨʠʡʥʦ ʚʳʩʦʢʠʭ ʚʦʜ 2 ʜʦ ʧʨʝʢʨʘʱʝʥʠʷ ʧʨʠʟʥʘʢʦʚ 

ʚr ʜʘʚʣʠʚʘʥʠʷ ʧʦʜʟʝʤʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ 1. ɺ ʪʝʭ 

ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʙʝʪʦʥ ʜʥʠʱʘ 14 ʥʝ ʥʘʙʨʘʣ 

ʥʝʦʙʭʦʜʠʤʫʶ ʧʨʦʯʥʦʩʪʴ, ʚʦʜʫ ʚ ʩʦʦʨʫʞʝʥʠʠ 

ʦʩʪʘʚʣʷʶʪ ʜʦ ʥʘʙʦʨʘ ʙʝʪʦʥʦʤ ʤʘʨʦʯʥʦʡ ʧʨʦʯʥʦʩʪʠ, 

ʘ ʟʘʪʝʤ ʝʝ ʦʪʢʘʯʠʚʘʶʪ ʥʘʩʦʩʦʤ 9, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʦʪʢʨʳʚ ʟʘʜʚʠʞʢʫ 12 ʧʘʪʨʫʙʢʘ 11. 

ʂʦʥʪʨʦʣʴ ʟʘ ʩʥʠʞʝʥʠʝʤ ʫʨʦʚʥʷ ʘʚʘʨʠʡʥʦ 

ʚʳʩʦʢʠʭ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʜʦ ʥʦʨʤʘʣʴʥʦʛʦ ʫʨʦʚʥʷ 2 

ʧʨʦʠʟʚʦʜʷʪ ʧʫʪʝʤ ʦʪʢʨʳʪʠʷ ʟʘʜʚʠʞʢʠ 8 ʚʝʨʭʥʝʛʦ 

ʚʝʥʮʘ 7 ʚʩʘʩʳʚʘʶʱʝʡ ʪʨʫʙʳ 6 ʧʨʠ ʦʪʩʦʝʜʠʥʝʥʥʦʤ 

ʥʘʩʦʩʝ 9, ʧʨʠ ʵʪʦʤ ʛʨʫʥʪʦʚʘʷ ʚʦʜʘ ʠʟ ʟʘʜʚʠʞʢʠ 8 ʥʝ 

ʜʦʣʞʥʘ ʚʳʣʠʚʘʪʴʩʷ ʧʨʠ ʝʝ ʦʪʢʨʳʪʠʠ, ʝʩʣʠ ʘʚʘʨʠʡʥʦ 

ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʩʥʠʟʠʣʩʷ ʜʦ 

ʥʦʨʤʘʣʴʥʦʛʦ ʫʨʦʚʥʷ 2. 

ʇʨʠʤʝʨ 1. ʇʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʧʦʜʟʝʤʥʦʛʦ 

ʩʦʦʨʫʞʝʥʠʷ ʜʠʘʤʝʪʨʦʤ 36 ʤ ʩ ʛʣʫʙʠʥʦʡ ʟʘʣʦʞʝʥʠʷ 

10 ʤ ʧʨʠ ʥʦʨʤʘʣʴʥʦʡ ʚʳʩʦʪʝ ʛʨʫʥʪʦʚʳʭ ʚʦʜ 5 ʤ, 

ʧʨʠ ʦʙʱʝʤ ʚʝʩʝ ʧʦʜʟʝʤʥʦʡ ʯʘʩʪʠ ʩʦʦʨʫʞʝʥʠʷ ʦʢʦʣʦ 

8000 ʪ ʩʠʣʘ ʚʳʜʘʚʣʠʚʘʥʠʷ (ʙʝʟ ʫʯʝʪʘ ʩʠʣʳ ʪʨʝʥʠʷ 

ʩʪʝʥʦʢ ʩʦʦʨʫʞʝʥʠʷ ʦ ʛʨʫʥʪ) ʩʦʩʪʘʚʣʷʝʪ 

ʅʘʜʟʝʤʥʘʷ ʯʘʩʪʴ ʧʦʜʟʝʤʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ 

ʝʱʝ ʥʝ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ, ʢʦʛʜʘ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʣʠʚʥʝʚʳʭ ʜʦʞʜʝʡ ʫʨʦʚʝʥʴ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʧʦʜʥʷʣʩʷ 

ʜʦ ʘʚʘʨʠʡʥʦʛʦ (ʦʢʦʣʦ 8,5 ʤ). ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʠʣʘ 

ʚʳʜʘʚʣʠʚʘʥʠʷ ʧʦʜʟʝʤʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ ʠʟ ʛʨʫʥʪʘ 

ʫʚʝʣʠʯʠʣʘʩʴ ʠ ʩʦʩʪʘʚʠʣʘ 8642 ʪ, ʠʟ-ʟʘ ʯʝʛʦ 

ʧʦʷʚʠʣʠʩʴ ʧʨʠʟʥʘʢʠ ʚʳʜʘʚʣʠʚʘʥʠʷ ʩʦʦʨʫʞʝʥʠʷ ʠʟ 

ʛʨʫʥʪʘ. 

ʇʦʩʣʝ ʦʪʢʨʳʪʠʷ ʟʘʜʚʠʞʢʠ 12 ʠ ʥʘʧʦʣʥʝʥʠʷ 

ʩʦʦʨʫʞʝʥʠʷ ʚʦʜʦʡ ʥʘ ʚʳʩʦʪʫ 3,5 ʤ ʦʪ ʜʥʠʱʘ 

ʚʳʜʘʚʣʠʚʘʶʱʘʷ ʩʠʣʘ ʙʫʜʝʪ ʫʨʘʚʥʦʚʝʰʝʥʘ 

ʜʘʚʣʝʥʠʝʤ ʚʦʜʳ ʚʥʫʪʨʠ ʩʦʦʨʫʞʝʥʠʷ ʠ ʙʝʪʦʥ ʜʥʠʱʘ 

ʩʤʦʞʝʪ ʥʘʙʠʨʘʪʴ ʩʚʦʶ ʤʘʨʦʯʥʫʶ ʧʨʦʯʥʦʩʪʴ ʙʝʟ 

ʨʘʟʨʫʰʝʥʠʷ. ʇʦʩʣʝ ʥʘʙʦʨʘ ʠʤ ʤʘʨʦʯʥʦʡ ʧʨʦʯʥʦʩʪʠ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʪʢʘʯʢʘ ʚʦʜʳ ʠʟ ʩʦʦʨʫʞʝʥʠʷ ʠ ʧʦʜ 

ʥʠʤ ʩ ʮʝʣʴʶ ʩʥʠʞʝʥʠʷ ʘʚʘʨʠʡʥʦ ʚʳʩʦʢʠʭ 

ʛʨʫʥʪʦʚʳʭ ʚʦʜ. 

ʇʦʩʣʝ ʦʪʢʘʯʢʠ ʘʚʘʨʠʡʥʦ ʚʳʩʦʢʠʭ ʛʨʫʥʪʦʚʳʭ 

ʚʦʜ ʜʦ ʥʦʨʤʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʧʨʠʟʥʘʢʠ ʚʳʜʘʚʣʠʚʘʥʠʷ 

ʠʩʯʝʟʘʶʪ. 
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ʂʫʨʙʘʪʦʚ ɺʣʘʜʠʤʠʨ ʃʝʦʥʠʜʦʚʠʯ 

ʩʦʚʝʪʥʠʢ ʈɸɸʉʅ, ʜʦʢʪʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ  

ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʠʡ ʬʠʣʠʘʣ ʬʝʜʝʨʘʣʴʥʦʛʦ 
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ʫʯʨʝʞʜʝʥʠʷ ɺʆ ɹʝʣʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɺ.ɻ. ʐʫʭʦʚʘ 
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ɸʅʅʆʊɸʎʀʗ 

 

ʀʟʦʙʨʝʪʝʥʠʝ ʦʪʥʦʩʠʪʩʷ ʢ ʦʙʣʘʩʪʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʚ ʯʘʩʪʥʦʩʪʠ ʢ ʩʦʝʜʠʥʝʥʠʶ ʩʪʨʦʧʠʣ ʢʨʦʚʣʠ ʩ 

ʘʥʪʠʩʝʡʩʤʠʯʝʩʢʠʤ ʧʦʷʩʦʤ. ʊʝʭʥʠʯʝʩʢʠʡ ʨʝʟʫʣʴʪʘʪ ʠʟʦʙʨʝʪʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʚʳʰʝʥʠʠ ʞʝʩʪʢʦʩʪʠ 

ʩʦʝʜʠʥʝʥʠʷ. ʇʨʝʠʤʫʱʝʩʪʚʘ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʦ ʫʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʤʘʫʵʨʣʘʪ ʚʳʧʦʣʥʝʥ ʚ ʚʠʜʝ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʫʛʦʣʢʘ ʩʚʷʟʘʥʥʦʛʦ ʩ ʘʨʤʘʪʫʨʥʳʤ ʢʘʨʢʘʩʦʤ ʘʥʪʠʩʝʡʩʤʠʯʝʩʢʦʛʦ ʧʦʷʩʘ 

ʧʦʩʨʝʜʩʪʚʦʤ ʚʳʩʪʫʧʘʶʱʠʭ ʠʟ ʥʝʛʦ ʢʦʥʮʦʚ ʭʦʤʫʪʦʚ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʩ ʟʘʜʘʥʥʳʤ ʰʘʛʦʤ ʠ ʦʙʞʠʤʘʶʱʠʭ 

ʤʘʫʵʨʣʘʪ, ʧʨʠʯʝʤ ʢʦʥʮʳ ʦʪʛʠʙʦʚ ʭʦʤʫʪʦʚ ʧʨʠʚʘʨʝʥʳ ʢ ʤʘʫʵʨʣʘʪʫ, ʘ ʵʣʝʤʝʥʪʳ ʢʨʝʧʣʝʥʠʷ ʚ ʚʠʜʝ ʫʛʦʣʢʦʚ ʦʜʥʠʤ 

ʢʦʥʮʦʤ ʞʝʩʪʢʦ ʩʚʷʟʘʥʳ ʩ ʤʘʫʵʨʣʘʪʦʤ, ʘ ʢ ʜʨʫʛʠʤ ʢʨʝʧʷʪʩʷ ʩʪʨʦʧʠʣʘ, ʧʨʠ ʵʪʦʤ ʘʨʤʘʪʫʨʥʳʝ ʢʘʨʢʘʩʳ 

ʘʥʪʠʩʝʡʩʤʠʯʝʩʢʦʛʦ ʧʦʷʩʘ ʚʝʨʭʥʝʛʦ ʵʪʘʞʘ ʩʦʝʜʠʥʝʥʳ ʩ ʘʨʤʘʪʫʨʥʳʤ ʢʘʨʢʘʩʦʤ ʘʥʪʠʩʝʡʩʤʠʯʝʩʢʦʛʦ ʧʦʷʩʘ ʥʠʞʥʝʛʦ 

ʵʪʘʞʘ ʧʦʩʨʝʜʩʪʚʦ ʭʦʤʫʪʦʚ, ʟʘʣʦʞʝʥʥʳʭ ʚ ʢʠʨʧʠʯʥʫʶ ʢʣʘʜʢʫ. ʉʨʘʚʥʝʥʠʝ ʟʘʷʚʣʝʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʩ ʧʨʦʪʦʪʠʧʦʤ 

ʧʦʟʚʦʣʠʣʦ ʫʩʪʘʥʦʚʠʪʴ ʩʦʦʪʚʝʪʩʪʚʠʝ ʝʛʦ ʢʨʠʪʝʨʠʶ çʥʦʚʠʟʥʘè, ʪ.ʢ. ʦʥʦ ʥʝʠʟʚʝʩʪʥʦ ʠʟ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʫʨʦʚʥʷ 

ʪʝʭʥʠʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʟʦʙʨʝʪʝʥʠʝ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʢʨʦʚʣʷ, ʤʘʫʵʨʣʘʪ, ʩʪʨʦʧʠʣʘ, ʘʥʪʠʩʝʡʩʤʠʯʝʩʢʠʡ ʧʦʷʩ. 

 

ABSTRACT 

 

The invention relates to the field of construction, in particular to the connection of roof rafters with an antiseism 

belt. The technical result of the invention is to increase the stiffness of the joint. The advantages of the proposed device 

are seen in the fact that the mauerlat is made in the form of a horizontally arranged corner connected to the reinforcing 

frame of the antiseismic belt by means of the ends of the clamps protruding from it, installed with a given pitch and 

crimping the mauerlat, and the ends of the bends of the clamps are welded to the mauerlat, and the fastening elements in 

the form of corners are rigidly connected to the mauerlat at one end, and to the other the rafters are attached, while the 

reinforcement frames of the antiseismic belt of the upper floor are connected to the reinforcement frame of the 

antiseismic belt of the lower floor by means of clamps, embedded in the brickwork. A comparison of the claimed device 

with the prototype made it possible to establish its compliance with the "novelty" criterion, since it is unknown from the 

existing state of the art. 

Keywords: invention, construction, roof, mauerlat, rafters, antiseismic belt. 

 

ʇʨʝʜʣʘʛʘʝʤʦʝ ʠʟʦʙʨʝʪʝʥʠʝ ʦʪʥʦʩʠʪʩʷ ʢ 

ʦʙʣʘʩʪʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʘ ʙʦʣʝʝ ʢʦʥʢʨʝʪʥʦ ʢ 

ʵʣʝʤʝʥʪʘʤ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʢʨʦʚʣʠ, ʘ 

ʠʤʝʥʥʦ ʢ ʩʦʝʜʠʥʝʥʠʶ ʩʪʨʦʧʠʣ ʩ ʤʘʫʵʨʣʘʪʦʤ. 

ʀʟʚʝʩʪʥʳ ʩʦʝʜʠʥʝʥʠʷ ʩʪʨʦʧʠʣ ʩ ʤʘʫʵʨʣʘʪʦʤ 

ʠ ʜʨʫʛʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʢʨʦʚʣʠ, ʚʢʣʶʯʘʶʱʠʝ 

ʩʪʨʦʧʠʣʘ, ʤʘʫʵʨʣʘʪ, ʵʣʝʤʝʥʪʳ ʢʨʝʧʣʝʥʠʷ ʚ ʚʠʜʝ 

ʩʢʦʙ, ʙʦʣʪʦʚ ʠ ʭʦʤʫʪʦʚ [1]. 

ʅʝʜʦʩʪʘʪʢʘʤʠ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʪʦ, 

ʯʪʦ ʦʥʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʳʧʦʣʥʝʥʳ ʠʟ ʜʝʨʝʚʘ, 

ʢʦʪʦʨʦʝ ʛʥʠʝʪ, ʠ ʧʦ ʤʝʨʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʦʝʜʠʥʝʥʠʷ 

ʚʳʭʦʜʷʪ ʠʟ ʩʪʨʦʷ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥʠ ʥʝ ʧʦʟʚʦʣʷʶʪ 

ʚʳʜʝʨʞʠʚʘʪʴ ʙʦʣʴʰʠʝ ʚʝʪʨʦʚʳʝ ʠʣʠ ʩʝʡʩʤʠʯʝʩʢʠʝ 

ʥʘʛʨʫʟʢʠ. 

ʀʟʚʝʩʪʥʦ ʪʘʢʞʝ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʦʝ ʧʦ 

ʪʝʭʥʠʯʝʩʢʦʡ ʩʫʱʥʦʩʪʠ ʠ ʜʦʩʪʠʛʘʝʤʦʤʫ 

ʪʝʭʥʠʯʝʩʢʦʤʫ ʵʬʬʝʢʪʫ ʩʦʝʜʠʥʝʥʠʝ ʩʪʨʦʧʠʣ ʩ 

ʘʥʪʠʩʝʡʩʤʠʯʝʩʢʠʤ ʧʦʷʩʦʤ, ʩʦʜʝʨʞʘʱʝʝ ʩʪʨʦʧʠʣʘ, 

ʩʦʝʜʠʥʝʥʥʳʝ ʩ ʤʘʫʵʨʣʘʪʦʤ ʧʦʩʨʝʜʩʪʚʦʤ ʵʣʝʤʝʥʪʦʚ 

ʢʨʝʧʣʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʩʪʨʦʧʠʣʘ ʦʧʠʨʘʶʪʩʷ ʥʝ ʪʦʣʴʢʦ 

ʜʨʫʛ ʥʘ ʜʨʫʛʘ, ʥʦ ʠ ʥʘ ʢʦʥʴʢʦʚʳʡ ʙʨʫʩ (ʚ ʤʝʥʴʰʝʡ 

ʩʪʝʧʝʥʠ) ʠ ʥʘ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʧʨʦʛʦʥ ʠʟ ʙʨʫʩʘ 

100Ĭ50 ʠ ʥʘ ʤʘʫʵʨʣʘʪ, ʫʣʦʞʝʥʥʳʡ ʥʘ 

ʛʠʜʨʦʠʟʦʣʠʨʦʚʘʥʥʳʡ ʩʝʡʩʤʦʧʦʷʩ ʠʟ ʙʨʫʩʘ 150Ĭ150. 

ʇʨʠ ʵʪʦʤ ʤʘʫʵʨʣʘʪ ʧʨʠʪʷʥʫʪ ʢ ʩʝʡʩʤʦʧʦʷʩʫ 

ʨʝʟʴʙʦʚʳʤʠ ʰʧʠʣʴʢʘʤʠ ʥʘ ʚʩʝʭ ʫʛʣʘʭ ʠ ʯʝʨʝʟ 1,5 

ʤʝʪʨʘ. ʐʧʠʣʴʢʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʙʳʣʠ ʟʘʣʠʪʳ ʚ 

ʩʝʡʩʤʦʧʦʷʩ. ʅʘ ʟʘʣʠʪʦʤ ʢʦʥʮʝ ʰʧʠʣʴʢʠ ʧʨʠʚʘʨʝʥʘ 

ʧʦʧʝʨʝʯʠʥʘ ʠʟ ʘʨʤʘʪʫʨʳ ʚ ʬʦʨʤʝ ʙʫʢʚʳ ʊ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʙʦʣʝʝ ʧʨʦʯʥʦʡ ʬʠʢʩʘʮʠʠ [2]. 

ʆʜʥʘʢʦ ʜʘʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʦʙʣʘʜʘʝʪ ʪʝʤ 

ʥʝʜʦʩʪʘʪʢʦʤ, ʯʪʦ ʥʝ ʪʦʣʴʢʦ ʦʪ ʚʨʝʤʝʥʠ ʧʨʦʠʩʭʦʜʠʪ 

ʦʩʣʘʙʣʝʥʠʝ ʩʦʝʜʠʥʝʥʠʷ ʤʘʫʵʨʣʘʪʘ ʩʦ ʩʪʨʦʧʠʣʘʤʠ, 

ʚʳʧʦʣʥʝʥʥʳʤʠ ʠʟ ʜʝʨʝʚʘ. ʂʨʦʤʝ ʪʦʛʦ, ʠʟ-ʟʘ 

ʙʦʣʴʰʦʡ ʧʘʨʫʩʥʦʩʪʠ ʢʨʦʚʣʠ ʠ ʧʦʨʳʚʦʚ ʚʝʪʨʘ, 

ʩʦʟʜʘʶʱʝʛʦ ʜʠʥʘʤʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ, ʘ ʪʘʢʞʝ ʠʟ-ʟʘ 

ʤʘʩʩʳ ʢʨʦʚʣʠ ʠ ʩʦʟʜʘʚʘʝʤʦʛʦ ʝʶ ʟʥʘʯʠʪʝʣʴʥʦʛʦ 

ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʧʨʠ ʩʝʡʩʤʠʯʝʩʢʠʭ 

ʚʦʟʜʝʡʩʪʚʠʷʭ, ʠʟʚʝʩʪʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʥʝ ʩʧʦʩʦʙʥʦ 

ʚʳʜʝʨʞʘʪʴ ʠʭ. 
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ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ 

ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʞʝʩʪʢʫʶ ʢʦʥʩʪʨʫʢʮʠʶ, 

ʩʧʦʩʦʙʥʫʶ ʚʦʩʧʨʠʥʠʤʘʪʴ ʥʘ ʩʝʙʷ ʚʦʟʤʦʞʥʳʝ 

ʩʦʯʝʪʘʥʠʷ ʚʝʪʨʦʚʳʭ ʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʠ 

ʠʟʙʝʞʘʪʴ ʚʳʧʦʣʥʝʥʠʝ ʨʷʜʘ ʵʣʝʤʝʥʪʦʚ ʩʦʝʜʠʥʝʥʠʷ 

ʠʟ ʥʝʜʦʣʛʦʚʝʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ - ʜʝʨʝʚʘ. 

ʇʦʩʪʘʚʣʝʥʥʘʷ ʟʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʚ 

ʠʟʚʝʩʪʥʦʤ ʩʦʝʜʠʥʝʥʠʠ ʩʪʨʦʧʠʣ ʩ 

ʘʥʪʠʩʝʡʩʤʠʯʝʩʢʠʤ ʧʦʷʩʦʤ, ʩʦʜʝʨʞʘʱʝʤ ʩʪʨʦʧʠʣʘ, 

ʩʦʝʜʠʥʝʥʥʳʝ ʩ ʤʘʫʵʨʣʘʪʦʤ ʧʦʩʨʝʜʩʪʚʦʤ ʵʣʝʤʝʥʪʦʚ 

ʢʨʝʧʣʝʥʠʷ, ʤʘʫʵʨʣʘʪ ʚʳʧʦʣʥʝʥ ʚ ʚʠʜʝ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʫʛʦʣʢʘ ʩʚʷʟʘʥʥʦʛʦ ʩ 

ʘʨʤʘʪʫʨʥʳʤ ʢʘʨʢʘʩʦʤ ʘʥʪʠʩʝʡʩʤʠʯʝʩʢʦʛʦ ʧʦʷʩʘ 

ʧʦʩʨʝʜʩʪʚʦʤ ʚʳʩʪʫʧʘʶʱʠʭ ʠʟ ʥʝʛʦ ʢʦʥʮʦʚ 

ʭʦʤʫʪʦʚ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʩ ʟʘʜʘʥʥʳʤ ʰʘʛʦʤ ʠ 

ʦʙʞʠʤʘʶʱʠʭ ʤʘʫʵʨʣʘʪ, ʧʨʠʯʝʤ ʢʦʥʮʳ ʦʪʛʠʙʦʚ 

ʭʦʤʫʪʦʚ ʧʨʠʚʘʨʝʥʳ ʢ ʤʘʫʵʨʣʘʪʫ, ʘ ʵʣʝʤʝʥʪʳ 

ʢʨʝʧʣʝʥʠʷ ʚ ʚʠʜʝ ʫʛʦʣʢʦʚ ʦʜʥʠʤ ʢʦʥʮʦʤ ʞʝʩʪʢʦ 

ʩʚʷʟʘʥʳ ʩ ʤʘʫʵʨʣʘʪʦʤ, ʘ ʢ ʜʨʫʛʠʤ ʢʨʝʧʷʪʩʷ 

ʩʪʨʦʧʠʣʘ, ʧʨʠ ʵʪʦʤ ʘʨʤʘʪʫʨʥʳʝ ʢʘʨʢʘʩʳ 

ʘʥʪʠʩʝʡʩʤʠʯʝʩʢʦʛʦ ʧʦʷʩʘ ʚʝʨʭʥʝʛʦ ʵʪʘʞʘ 

ʩʦʝʜʠʥʝʥʳ ʩ ʘʨʤʘʪʫʨʥʳʤ ʢʘʨʢʘʩʦʤ 

ʘʥʪʠʩʝʡʩʤʠʯʝʩʢʦʛʦ ʧʦʷʩʘ ʥʠʞʥʝʛʦ ʵʪʘʞʘ 

ʧʦʩʨʝʜʩʪʚʦ ʭʦʤʫʪʦʚ, ʟʘʣʦʞʝʥʥʳʭ ʚ ʢʠʨʧʠʯʥʫʶ 

ʢʣʘʜʢʫ. 

ɼʨʫʛʦʝ ʦʪʣʠʯʠʝ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʤʝʞʜʫ 

ʩʪʨʦʧʠʣʘʤʠ ʥʘ ʜʣʠʥʫ ʤʘʫʵʨʣʘʪʘ ʩ ʥʘʨʫʞʥʦʡ 

ʩʪʦʨʦʥʳ ʫʩʪʨʘʠʚʘʝʪʩʷ ʢʠʨʧʠʯʥʘʷ ʟʘʢʣʘʜʢʘ, ʧʨʠ 

ʵʪʦʤ ʭʦʤʫʪʳ, ʩʚʷʟʳʚʘʶʱʠʝ ʘʥʪʠʩʝʡʩʤʠʯʝʩʢʠʝ 

ʧʦʷʩʘ, ʟʘʣʦʞʝʥʳ ʚ ʢʠʨʧʠʯʥʫʶ ʢʣʘʜʢʫ ʚ ʰʘʭʤʘʪʥʦʤ 

ʧʦʨʷʜʢʝ, ʘ ʢʦʥʮʳ ʭʦʤʫʪʦʚ ʟʘʛʥʫʪʳ ʚʦʚʥʫʪʨʴ 

ʢʘʨʢʘʩʘ ʘʥʪʠʩʝʡʩʤʠʯʝʩʢʦʛʦ ʧʦʷʩʘ ʠ ʧʨʠʚʷʟʘʥʳ ʢ 

ʥʝʤʫ. 

ʅʦʚʠʟʥʘ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʦ 

ʫʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʤʘʫʵʨʣʘʪ ʚʳʧʦʣʥʝʥ ʚ ʚʠʜʝ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʫʛʦʣʢʘ ʩʚʷʟʘʥʥʦʛʦ ʩ 

ʘʨʤʘʪʫʨʥʳʤ ʢʘʨʢʘʩʦʤ ʘʥʪʠʩʝʡʩʤʠʯʝʩʢʦʛʦ ʧʦʷʩʘ 

ʧʦʩʨʝʜʩʪʚʦʤ ʚʳʩʪʫʧʘʶʱʠʭ ʠʟ ʥʝʛʦ ʢʦʥʮʦʚ 

ʭʦʤʫʪʦʚ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʩ ʟʘʜʘʥʥʳʤ ʰʘʛʦʤ ʠ 

ʦʙʞʠʤʘʶʱʠʭ ʤʘʫʵʨʣʘʪ, ʧʨʠʯʝʤ ʢʦʥʮʳ ʦʪʛʠʙʦʚ 

ʭʦʤʫʪʦʚ ʧʨʠʚʘʨʝʥʳ ʢ ʤʘʫʵʨʣʘʪʫ, ʘ ʵʣʝʤʝʥʪʳ 

ʢʨʝʧʣʝʥʠʷ ʚ ʚʠʜʝ ʫʛʦʣʢʦʚ ʦʜʥʠʤ ʢʦʥʮʦʤ ʞʝʩʪʢʦ 

ʩʚʷʟʘʥʳ ʩ ʤʘʫʵʨʣʘʪʦʤ, ʘ ʢ ʜʨʫʛʠʤ ʢʨʝʧʷʪʩʷ 

ʩʪʨʦʧʠʣʘ, ʧʨʠ ʵʪʦʤ ʘʨʤʘʪʫʨʥʳʝ ʢʘʨʢʘʩʳ 

ʘʥʪʠʩʝʡʩʤʠʯʝʩʢʦʛʦ ʧʦʷʩʘ ʚʝʨʭʥʝʛʦ ʵʪʘʞʘ 

ʩʦʝʜʠʥʝʥʳ ʩ ʘʨʤʘʪʫʨʥʳʤ ʢʘʨʢʘʩʦʤ 

ʘʥʪʠʩʝʡʩʤʠʯʝʩʢʦʛʦ ʧʦʷʩʘ ʥʠʞʥʝʛʦ ʵʪʘʞʘ 

ʧʦʩʨʝʜʩʪʚʦ ʭʦʤʫʪʦʚ, ʟʘʣʦʞʝʥʥʳʭ ʚ ʢʠʨʧʠʯʥʫʶ 

ʢʣʘʜʢʫ. ʉʨʘʚʥʝʥʠʝ ʟʘʷʚʣʝʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʩ 

ʧʨʦʪʦʪʠʧʦʤ ʧʦʟʚʦʣʠʣʦ ʫʩʪʘʥʦʚʠʪʴ ʩʦʦʪʚʝʪʩʪʚʠʝ ʝʛʦ 

ʢʨʠʪʝʨʠʶ çʥʦʚʠʟʥʘè, ʪ.ʢ. ʦʥʦ ʥʝʠʟʚʝʩʪʥʦ ʠʟ 

ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʫʨʦʚʥʷ ʪʝʭʥʠʢʠ. 

ɿʘʷʚʣʝʥʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʷʚʥʳʤ 

ʦʙʨʘʟʦʤ ʥʝ ʩʣʝʜʫʝʪ ʠʟ ʫʨʦʚʥʷ ʪʝʭʥʠʢʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʨʠʪʝʨʠʶ 

çʠʟʦʙʨʝʪʘʪʝʣʴʩʢʠʡ ʫʨʦʚʝʥʴè. 

ʇʨʝʜʣʦʞʝʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʷʚʣʷʝʪʩʷ 

ʧʨʦʤʳʰʣʝʥʥʦ ʧʨʠʤʝʥʠʤʳʤ, ʪ.ʢ. ʦʥʦ ʘʧʨʦʙʠʨʦʚʘʥʦ 

ʥʘ ʩʪʨʦʠʪʝʣʴʥʦʤ ʦʙʲʝʢʪʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʝʜʣʦʞʝʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʢʨʠʪʝʨʠʷʤʠ ʧʘʪʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ. 

ɼʨʫʛʠʭ ʠʟʚʝʩʪʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ 

ʘʥʘʣʦʛʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʩ ʧʦʜʦʙʥʳʤʠ 

ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ ʟʘʷʚʠʪʝʣʝʤ ʥʝ 

ʦʙʥʘʨʫʞʝʥʦ. 
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ɿʘʷʚʣʝʥʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʧʦʷʩʥʷʝʪʩʷ 

ʯʝʨʪʝʞʘʤʠ, ʛʜʝ: ʥʘ ʬʠʛ.1 ʧʦʢʘʟʘʥʘ ʩʚʷʟʴ 

ʩʝʡʩʤʠʯʝʩʢʠʭ ʧʦʷʩʦʚ ʚʝʨʭʥʝʛʦ ʠ ʥʠʞʥʝʛʦ ʵʪʘʞʝʡ; 

ʥʘ ʬʠʛ.2 - ʩʦʝʜʠʥʝʥʠʝ ʩʪʨʦʧʠʣ ʩ ʘʥʪʠʩʝʡʩʤʠʯʝʩʢʠʤ 

ʧʦʷʩʦʤ; ʥʘ ʬʠʛ.3 - ʩʦʝʜʠʥʝʥʠʝ ʩʪʨʦʧʠʣ ʩ 

ʘʥʪʠʩʝʡʩʤʠʯʝʩʢʠʤ ʧʦʷʩʦʤ ʠ ʟʘʢʣʘʜʢʦʡ ʢʠʨʧʠʯʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʤʝʞʜʫ ʩʪʨʦʧʠʣʘʤʠ; ʥʘ ʬʠʛ.4 - ʫʟʝʣ 

ʩʦʝʜʠʥʝʥʠʷ ʤʘʫʵʨʣʘʪʘ ʩʦ ʩʪʨʦʧʠʣʦʤ; ʥʘ ʬʠʛ.5 - 

ʢʨʝʧʣʝʥʠʝ ʤʘʫʵʨʣʘʪʘ ʢ ʢʘʨʢʘʩʫ ʘʥʪʠʩʝʡʩʤʠʯʝʩʢʦʛʦ 

ʧʦʷʩʘ. 

ʉʦʝʜʠʥʝʥʠʝ ʩʪʨʦʧʠʣ ʩ ʘʥʪʠʩʝʡʩʤʠʯʝʩʢʠʤ 

ʧʦʷʩʦʤ ʚʢʣʶʯʘʝʪ ʦʛʨʘʞʜʘʶʱʫʶ ʢʦʥʩʪʨʫʢʮʠʶ ʚ 

ʚʠʜʝ ʩʪʝʥʳ 1 ʩ ʘʥʪʠʩʝʡʩʤʠʯʝʩʢʠʤ ʧʦʷʩʦʤ 2, 

ʠʤʝʶʱʠʤ ʘʨʤʘʪʫʨʥʳʡ ʢʘʨʢʘʩ 3, ʤʘʫʵʨʣʘʪ 4 ʠʟ 

ʫʛʦʣʢʘ, ʞʝʩʪʢʦ (ʥʘʧʨʠʤʝʨ, ʩʚʘʨʢʦʡ) ʩʚʷʟʘʥʥʳʡ ʩ 

ʵʣʝʤʝʥʪʦʤ ʢʨʝʧʣʝʥʠʷ - ʩʪʦʡʢʦʡ ʚ ʚʠʜʝ ʫʛʦʣʢʘ 5, 

ʩʦʝʜʠʥʝʥʥʦʛʦ ʩʦ ʩʪʨʦʧʠʣʘʤʠ 6 ʙʦʣʪʘʤʠ 7, ʧʨʠ ʵʪʦʤ 

ʤʘʫʵʨʣʘʪ 4 ʩʚʷʟʘʥ ʩ ʢʘʨʢʘʩʦʤ 3 ʘʥʪʠʩʝʡʩʤʠʯʝʩʢʦʛʦ 

ʧʦʷʩʘ 2 ʧʦʩʨʝʜʩʪʚʦʤ ʭʦʤʫʪʦʚ 8, ʧʨʠʯʝʤ ʦʪʛʠʙʳ 

ʭʦʤʫʪʘ 8 ʧʨʠʚʘʨʝʥʳ ʢ ʤʘʫʵʨʣʘʪʫ 4. 

ɼʣʷ ʫʩʠʣʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ ʤʝʞʜʫ ʩʪʨʦʧʠʣʘʤʠ 

6 ʥʘ ʜʣʠʥʫ ʤʘʫʵʨʣʘʪʘ 4 ʩ ʥʘʨʫʞʥʦʡ ʩʪʦʨʦʥʳ 

ʫʩʪʨʘʠʚʘʝʪʩʷ ʢʠʨʧʠʯʥʘʷ ʟʘʢʣʘʜʢʘ 9, ʧʨʠ ʵʪʦʤ 

ʭʦʤʫʪʳ 10, ʩʚʷʟʳʚʘʶʱʠʝ ʘʥʪʠʩʝʡʩʤʠʯʝʩʢʠʝ ʧʦʷʩʘ 

3, ʟʘʣʦʞʝʥʳ ʚ ʢʠʨʧʠʯʥʫʶ ʢʣʘʜʢʫ 1 ʚ ʰʘʭʤʘʪʥʦʤ 

ʧʦʨʷʜʢʝ ʩ ʰʘʛʦʤ 500 ʤʤ, ʘ ʢʦʥʮʳ ʭʦʤʫʪʦʚ 10 

ʟʘʛʥʫʪʳ ʚʦʚʥʫʪʨʴ ʢʘʨʢʘʩʦʚ 3 ʘʥʪʠʩʝʡʩʤʠʯʝʩʢʠʭ 

ʧʦʷʩʦʚ 2 ʠ ʧʨʠʚʷʟʘʥʳ ʢ ʥʠʤ. 

https://patentdb.ru/image/6442869
https://patentdb.ru/image/6442869
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ʉʦʝʜʠʥʝʥʠʝ ʩʪʨʦʧʠʣ ʩ ʘʥʪʠʩʝʡʩʤʠʯʝʩʢʠʤ 

ʧʦʷʩʦʤ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʢʨʦʚʣʶ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʚʝʪʨʦʚʦʡ ʥʘʛʨʫʟʢʠ ʠʣʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ 

ʚʝʨʪʠʢʘʣʴʥʘʷ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʠʝ 

ʥʘʛʨʫʟʢʠ ʧʝʨʝʜʘʶʪʩʷ ʥʘ ʤʘʫʵʨʣʘʪ 4, ʞʝʩʪʢʦ 

ʩʚʷʟʘʥʥʳʡ ʩ ʘʥʪʠʩʝʡʩʤʠʯʝʩʢʠʤ ʧʦʷʩʦʤ ʠ ʩʦ 

ʩʪʦʡʢʦʡ 5, ʢʦʪʦʨʘʷ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʞʝʩʪʢʦʩʪʠ ʚ 

ʧʦʧʝʨʝʯʥʦʤ ʠ ʧʨʦʯʥʦʩʪʠ ʚ ʧʨʦʜʦʣʴʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʷʭ ʠ ʙʦʣʪʦʚʦʤʫ ʩʦʝʜʠʥʝʥʠʶ 7 

ʫʜʝʨʞʠʚʘʝʪ ʩʪʨʦʧʠʣʘ 6 ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ, ʛʘʩʷ ʝʝ ʟʘ ʩʯʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʨʦʯʥʦʩʪʠ ʩʪʦʡʢʠ 5 ʥʘ ʨʘʟʨʳʚ ʠ ʥʘ 

ʩʨʝʟ. ɼʘʞʝ ʚ ʩʣʫʯʘʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʨʫʪʷʱʝʛʦ 

ʤʦʤʝʥʪʘ, ʞʝʩʪʢʦʩʪʠ ʩʠʩʪʝʤʳ, ʦʙʨʘʟʦʚʘʥʥʦʡ ʠʟ 

ʩʪʦʡʢʠ 5 ʩʦʚʤʝʩʪʥʦ ʩ ʤʘʫʵʨʣʘʪʦʤ 4 ʠ ʩʪʨʦʧʠʣʘʤʠ 6, 

ʙʫʜʝʪ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʚʳʜʝʨʞʘʪʴ ʝʛʦ, ʯʝʤʫ ʙʫʜʝʪ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʠ ʩʘʤ ʘʥʪʠʩʝʡʩʤʠʯʝʩʢʠʡ ʧʦʷʩ. 

ʇʨʠʤʝʥʝʥʠʝ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʨʝʰʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʦʪʦʪʠʧʦʤ ʧʦʟʚʦʣʠʪ ʥʝ 

ʪʦʣʴʢʦ ʧʦʚʳʩʠʪʴ ʧʨʦʯʥʦʩʪʴ, ʥʘʜʝʞʥʦʩʪʴ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ ʩʪʨʦʧʠʣ ʩ 

ʘʥʪʠʩʝʡʩʤʠʯʝʩʢʠʤ ʧʦʷʩʦʤ ʟʘ ʩʯʝʪ ʟʥʘʯʠʪʝʣʴʥʦʡ ʝʛʦ 

ʞʝʩʪʢʦʩʪʠ, ʥʦ ʠ ʧʦʚʳʩʠʪʴ ʜʦʣʛʦʚʝʯʥʦʩʪʴ 

ʢʦʥʩʪʨʫʢʮʠʠ ʟʘ ʩʯʝʪ ʚʳʧʦʣʥʝʥʠʷ ʤʘʫʵʨʣʘʪʘ ʠ 

ʵʣʝʤʝʥʪʦʚ ʢʨʝʧʣʝʥʠʷ ʠʟ ʫʛʦʣʢʘ. ʂʨʦʤʝ ʪʦʛʦ, 

ʧʨʝʜʣʦʞʝʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʧʨʦʩʪʘ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ, 

ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʝʪ ʝʝ ʤʦʥʪʘʞ. 

 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ: 

 

1. ʉʦʝʜʠʥʝʥʠʝ ʩʪʨʦʧʠʣ. http://www.kroi.ru/stropila_soedinenie.htm 

2. http://pro100stroyka.ru/poshagovye_rukovodstvo_s. ʇʦʰʘʛʦʚʦʝ 
ʨʫʢʦʚʦʜʩʪʚʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʜʝʨʝʚʷʥʥʦʛʦ ʧʝʨʝʢʨʳʪʠʷ ʠ 

ʫʩʪʨʦʡʩʪʚʘ ʩʪʨʦʧʠʣ ʜʣʷ ʜʦʤʘ. 

3. ʅʘʫʤʝʥʢʦ, ʉ. ʄ. ʇʨʦʙʣʝʤʳ ʠ ʚʦʟʤʦʞʥʳʝ ʨʠʩʢʠ 

ʠʥʚʝʩʪʠʨʦʚʘʥʠʷ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ / ʉ. ʄ. ʅʘʫʤʝʥʢʦ, ʆ. ʅ. 

ʐʝʚʮʦʚʘ, ɺ. ʃ. ʂʫʨʙʘʪʦʚ // ɺʝʩʪʥʠʢ ɸʣʪʘʡʩʢʦʡ ʘʢʘʜʝʤʠʠ 

ʵʢʦʥʦʤʠʢʠ ʠ ʧʨʘʚʘ. ï 2022. ï ˉ 1. ï ʉ. 71-76. ï DOI 
10.17513/vaael.2041. 
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ʋɼʂ 694.14 

 

ʈɸʉʏɽʊ ʈɽɹʈʀʉʊʓʍ ʇɸʅɽʃɽʁ ʅɸ 

ɼɽʈɽɺʗʅʅʆʄ ʂɸʈʂɸʉɽ ʉ ʋʏɽʊʆʄ 

ɺʃʀʗʅʀʗ ʇʆʃɿʋʏɽʉʊʀ ʉʆɽɼʀʅɽʅʀʁ 

 

ʇʦʧʦʚ ɽʛʦʨ ɺʷʯʝʩʣʘʚʦʚʠʯ 
ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ 

 

ʏʝʪʚʝʨʠʢʦʚʘ ɸʣʸʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ 

ʩʪʫʜʝʥʪ 

 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʘʚʪʦʥʦʤʥʦʝ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

çʉʝʚʝʨʥʳʡ (ɸʨʢʪʠʯʝʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ. ɺ. ʃʦʤʦʥʦʩʦʚʘè 

ɸʨʭʘʥʛʝʣʴʩʢ 

 

ʉʝʤʝʥʦʚʘ ʄʘʨʠʷ ʅʠʢʦʣʘʝʚʥʘ 

ʚʝʜʫʱʠʡ ʠʥʞʝʥʝʨ 

 

ʂʫʟʠʥʘ ʀʨʠʥʘ ʉʝʨʛʝʝʚʥʘ 

ʘʩʧʠʨʘʥʪ 

 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ 

ʫʯʨʝʞʜʝʥʠʝ  çʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ 

ʩʪʨʦʠʪʝʣʴʥʦʡ ʬʠʟʠʢʠ   ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ 

ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʥʘʫʢè 

ʄʦʩʢʚʘ 

 

CALCULATION OF FRAMED TIMBER PANELS 

WITH THE INFLUENCE OF JOINTS 

CREEPING  

 

Popov Egor Vyacheslavovich 

ʩandidate of Technical Sciences 

 

Chetverikova Alyona Vladimirovna 

student 

 

Federal State Autonomous Educational 

Institution of Higher Education 

çNorthern (Arctic) Federal University named 

after M.V. Lomonosovè 

Arkhangelsk 

 

Semenova Maria Nikolaevna 

lead engineer 

 

Cousin Irina Sergeevna 

student 

 

Federal State Budgetary Institution 

 Research Institute of Building Physics 

 of the Russian Academy of Architecture and 

Construction Sciences 

Moscow 

 

ɸʅʅʆʊɸʎʀʗ 

 

ʇʨʝʜʩʪʘʚʣʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʅɼʉ) ʜʣʷ ʧʘʥʝʣʝʡ ʥʘ 

ʜʝʨʝʚʷʥʥʦʤ ʢʘʨʢʘʩʝ ʩ ʦʙʰʠʚʢʦʡ ʠʟ OSBʩ ʢʨʝʧʣʝʥʠʝʤ ʦʙʰʠʚʢʠ ʚʠʥʪʘʤʠ ʠ ʢʦʛʪʝʚʳʤʠ ʰʘʡʙʘʤʠ çBulldogè. ɼʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʯʠʩʣʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʥ ʧʨʦʛʨʘʤʤʥʳʡ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ çSAP2000è ʜʣʷ 

ʧʨʦʯʥʦʩʪʥʦʛʦ ʠ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʢʦʥʩʪʨʫʢʮʠʡ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʋʩʪʘʥʦʚʣʝʥ ʭʘʨʘʢʪʝʨ 

ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʚ ʦʙʰʠʚʢʝ, ʨʘʙʦʪʘʶʱʝʡ ʚ ʩʦʩʪʘʚʝ ʚʩʝʡ ʢʦʥʩʪʨʫʢʮʠʡ, ʠ ʨʝʙʨʘʭ ʧʘʥʝʣʠ ʧʝʨʝʢʨʳʪʠʷ, ʚʦ 

ʚʨʝʤʝʥʠ, ʘ ʪʘʢʞʝ ʚʣʠʷʥʠʝ ʫʧʨʫʛʦʚʷʟʢʦ-ʧʣʘʩʪʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʩʚʷʟʝʡ ʥʘ ʧʨʦʛʠʙ ʧʘʥʝʣʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʝʙʨʠʩʪʘʷ ʧʘʥʝʣʴ, ʜʠʩʢʨʝʪʥʳʝ ʩʚʷʟʠ, ʥʘʛʝʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʫʧʨʫʛʦʩʪʴ, ʧʣʘʩʪʠʯʥʦʩʪʴ, 

ʧʨʦʯʥʦʩʪʴ, ʜʝʬʦʨʤʘʪʠʚʥʦʩʪʴ. 

ABSTRACT 

 

Its presents a study of the stress-strain state for the panels on a wooden frame with a shell of OSB sheathing 

fastening with screws and washers claw çBulldogè. For the numerical experiment used a software computer complex 

çSAP2000è for strength and deformation analysis of structures using finite element method. The character of the stress 

changes in the skin, working as part of the whole structure, and the edges of the slab, with the passage of time, as well 

as the influence of viscoelastic plasticity working links on the deflection of the panel. 

Keywords: ribbed panel, discrete connections, dowel connections/joints, elasticity, plasticity, strength, 

deformability. 

 

ʀʩʩʣʝʜʦʚʘʥʠʷʤʠ ʧʦʣʟʫʯʝʩʪʠ ʜʨʝʚʝʩʠʥʳ 

ʟʘʥʠʤʘʣʠʩʴ ʫʯʝʥʳʝ ʀ.ɽ. ʇʨʦʢʦʧʦʚʠʯ, ɺ.ɸ. 

ɿʝʜʛʝʥʠʜʟʝ, ɸ.ʈ. ʈʞʘʥʠʮʳʥ, ʃ.ʅ. ʂʘʯʘʥʦʚ, ʈ.ɹ. 

ʆʨʣʦʚʠʯ[1], ʉ.ʀ. ʈʦʱʠʥʘ[2], ɽ.ʅ. ʂʚʘʩʥʠʢʦʚ [3], 

ʂ.ʇ. ʇʷʪʠʢʨʝʩʪʦʚʩʢʠʡ[4] ʪʘʢʞʝ ʦʪʤʝʯʝʥʥʳʝ 

ʚʦʧʨʦʩʳ ʙʳʣʠ ʠʟʣʦʞʝʥʳ ʚ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʷʭ 

ʨʦʩʩʠʡʩʢʦʡ [11-17]ʠ ʟʘʨʫʙʝʞʥʦʡ ʧʝʯʘʪʠ [18-

22].ʈʘʙʦʪʘ ʧʦʜʘʪʣʠʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʜʝʨʝʚʷʥʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʩ ʫʯʝʪʦʤ ʧʦʣʟʫʯʝʩʪʠ ʦʪʨʘʞʝʥʘ ʚ 

ʨʘʙʦʪʘʭ ɼ.ʂ. ɸʨʣʝʥʠʥʦʚʘ[5], ɺ.ʄ. ʂʦʯʝʥʦʚʘ[6], 

ɸ.ʂ. ʐʘʥʛʝʣʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ 

ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʦʙʦʙʱʝʥʳ ʚ ʨʘʙʦʪʝ [7], ʚ 

ʢʦʪʦʨʦʡ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʚʦ ʚʨʝʤʝʥʠ 

ʥʘʛʨʫʞʝʥʠʠ ʧʨʦʮʝʩʩ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʜʯʠʥʷʝʪʩʷ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ (1). 

ŭ(t) = ŭ1[1 + ű(t)], (1) 

ʛʜʝ ŭ1ï ʜʝʬʦʨʤʘʮʠʷ ʩʦʝʜʠʥʝʥʠʷ ʚ ʥʘʯʘʣʴʥʳʡ 

ʤʦʤʝʥʪ ʥʘʛʨʫʞʝʥʠʷ;  

ű(t)ïʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʣʟʫʯʝʩʪʠ ʩʦʝʜʠʥʝʥʠʷ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʦʪʥʦʰʝʥʠʝ ʧʦʣʟʫʯʝʩʪʠ ʢŭ1.  

ɿʥʘʯʝʥʠʝ ű(t)ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʚʳʨʘʞʝʥʠʶ(2). 

ű(t) = ű
Ð
[1 e ɔt ], (2) 

ʛʜʝ űÐï ʧʨʝʜʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʧʦʣʟʫʯʝʩʪʠ ʩʦʝʜʠʥʝʥʠʷ ʚ ʤʦʤʝʥʪ ʩʪʘʙʠʣʠʟʘʮʠʠ ʝʛʦ 

ʜʝʬʦʨʤʘʮʠʠ;  
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ɔ ï ʢʦʵʬʬʠʮʠʝʥʪ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʩʢʦʨʦʩʪʴ 

ʨʘʟʚʠʪʠʷ ʜʝʬʦʨʤʘʮʠʠ ʧʦʣʟʫʯʝʩʪʠ ʚʦ ʚʨʝʤʝʥʠ t 

(t ʠʟʤʝʨʷʝʪʩʷ ʚ ʩʫʪʢʘʭ). 

ʇʘʨʘʤʝʪʨʳ űÐ ʠ ɔ ʚ ʦʩʥʦʚʥʦʤ ʟʘʚʠʩʷʪ ʦʪ ʚʠʜʘ 

ʩʦʝʜʠʥʝʥʠʷ, ʦʨʠʝʥʪʘʮʠʠ ʫʩʠʣʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʛʣʘʚʥʳʭ ʦʩʝʡ ʘʥʠʟʦʪʨʦʧʠʠ ʜʨʝʚʝʩʠʥʳ ʠ ʚʣʘʞʥʦʩʪʠ 

ʩʨʝʜʳ.ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʵʪʠ ʧʘʨʘʤʝʪʨʳ 

ʧʨʠʥʠʤʘʝʤ ʧʦ ʨʘʙʦʪʝ [7] ʜʣʷ ʥʘʛʝʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʦʙʰʠʚʦʢ ʠ ʜʨʝʚʝʩʠʥʳ. ʇʨʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 

ʟʘʛʨʫʞʝʥʠʷtÓ50 ʜʥ ʛʨʘʬʠʢ ʧʝʨʝʭʦʜʠʪ ʚ ʧʨʷʤʫʶ 

ʣʠʥʠʶ, ʧʘʨʘʣʣʝʣʴʥʫʶ ʦʩʠ ʘʙʩʮʠʩʩ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ çʟʘʪʫʭʘʥʠʠè ʧʦʣʟʫʯʝʩʪʠ. 

ɼʣʷ ʫʯʝʪʘ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ ʦʙʰʠʚʦʢ ʠ 

ʨʝʙʝʨ ʧʘʥʝʣʝʡ ʥʘ ʜʝʨʝʚʷʥʥʦʤ ʢʘʨʢʘʩʝ ʥʝʦʙʭʦʜʠʤʦ 

ʨʘʩʧʦʣʘʛʘʪʴ ʜʘʥʥʳʤʠ ʦ ʞʝʩʪʢʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ 

(ʜʠʩʢʨʝʪʥʳʭ ʩʚʷʟʝʡ). ʉʦʛʣʘʩʥʦ [7] ʢʦʵʬʬʠʮʠʝʥʪ 

ʞʝʩʪʢʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʛʨʘʬʠʯʝʩʢʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ çʫʩʠʣʠʝ ï ʜʝʬʦʨʤʘʮʠʷè ʠ ʤʦʞʝʪ ʙʳʪʴ 

ʚʳʯʠʩʣʝʥ ʧʦ ʬʦʨʤʫʣʝ (3). 

C= P/ŭ,  (3) 

ʛʜʝ Pïʧʨʠʢʣʘʜʳʚʘʝʤʦʝ ʥʘ ʦʙʨʘʟʝʮ 

ʫʩʠʣʠʝ, ʢʅ;  

ŭ ï ʣʠʥʝʡʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʩʦʝʜʠʥʝʥʠʷ, ʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʣʠʷʥʠʝ ʧʦʣʟʫʯʝʩʪʠ ʩʚʷʟʝʡ 

ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ ʟʘʛʨʫʞʝʥʠʷ ʤʦʞʥʦ ʦʮʝʥʠʚʘʪʴ ʧʦ 

ʬʦʨʤʫʣʝ (4), ʪ.ʝ. ʞʝʩʪʢʦʩʪʴ ʚʦ ʚʨʝʤʝʥʠ ʙʫʜʝʪ 

ʩʥʠʞʘʪʴʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʥʘʨʘʩʪʘʥʠʶ 

ʜʝʬʦʨʤʘʮʠʠ ʩʦʝʜʠʥʝʥʠʷ, ʚʳʟʚʘʥʥʦʡ ʧʦʣʟʫʯʝʩʪʴʶ 

ʜʨʝʚʝʩʠʥʳ. 

C(t) = P/ŭ(t),  (4) 

ʛʜʝC(t) ïʟʥʘʯʝʥʠʝ ʞʝʩʪʢʦʩʪʠ ʩʦʝʜʠʥʝʥʠʷ ʥʘ 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ; 

ʇʦʜʩʪʘʚʣʷʷ ʚʳʨʘʞʝʥʠʝ (1) ʠ (2) ʚ ʚʳʨʘʞʝʥʠʝ 

(4), ʧʦʣʫʯʘʝʤ ʚʳʨʘʞʝʥʠʝ (5), ʧʦʟʚʦʣʷʶʱʝʝ 

ʧʦʣʫʯʠʪʴ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʞʝʩʪʢʦʩʪʠ 

ʩʦʝʜʠʥʝʥʠʷ ʚ ʢʘʞʜʦʤ ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ: 

C(t) = P/ (ŭ1[1 + ű
Ð
[1 e ɔt ]) ,  (5) 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ 

ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

ï ʩʦʟʜʘʪʴ ʬʠʟʠʯʝʩʢʫʶ ʠ ʨʘʩʯʝʪʥʫʶ ʤʦʜʝʣʴ, 

ʘʜʝʢʚʘʪʥʦ ʦʪʨʘʞʘʶʱʫʶ ʨʘʙʦʪʫ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʩʦʝʜʠʥʝʥʠʡ; 

ï ʚʳʷʚʠʪʴ ʠ ʦʮʝʥʠʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʦʨʤʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʩʞʘʪʦʡ 

ʦʙʰʠʚʢʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʣʠʪʝʣʴʥʦʩʪʠ 

ʥʘʛʨʫʞʝʥʠʷ; 

ï ʧʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢ ʥʘʨʘʩʪʘʥʠʷ 

ʚʝʨʪʠʢʘʣʴʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʧʘʥʝʣʠ ʚʦ ʚʨʝʤʝʥʠ. 

ʈʘʟʤʝʨʳ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʨʝʙʝʨ 

ʧʨʠʥʠʤʘʣʠʩʴ ʠʩʭʦʜʷ ʠʟ ʧʨʦʯʥʦʩʪʠ ʥʘ ʜʝʡʩʪʚʠʝ 

ʠʟʛʠʙʘʶʱʝʛʦ ʤʦʤʝʥʪʘ ʧʨʠʥʘʛʨʫʟʢʝ ʥʘ ʧʘʥʝʣʴ ʦʪ 

ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʝʩʘ ʠʩʥʝʛʦʚʦʡ ʥʘʛʨʫʟʢʝ gʩʥ=2ʢʇʘ, 

ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʦʨʤʘʪʠʚʥʦʤʫ 

ʟʥʘʯʝʥʠʶʩʥʝʛʦʚʦʡ ʥʘʛʨʫʟʢʝ ʜʣʷIV ʩʥʝʛʦʚʦʛʦ 

ʨʘʡʦʥʘ [8].ʊʦʣʱʠʥʘ ʦʙʰʠʚʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ 

ʫʩʣʦʚʠʷ ʝʸ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʠʟʛʠʙʝ ʦʪ 

ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ ʥʘʛʨʫʟʢʠP=1ʢʅ.ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʨʘʩʯʝʪʘ ʩ ʫʯʝʪʦʤ ʜʠʘʤʝʪʨʘ 

ʢʦʥʥʝʢʪʦʨʘ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʨʘʟʤʝʨʳ 

ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʨʝʙʨʘ 70Ĭ150 ʤʤ ʠʟ 

ʜʨʝʚʝʩʠʥʳ ʭʚʦʡʥʳʭ ʧʦʨʦʜ (ʩʦʩʥʘ, 1 ʩʦʨʪ), ʪʦʣʱʠʥʘ 

ʦʙʰʠʚʢʠ ŭ = 18 ʤʤ. 

ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʧʘʥʝʣʠ ʩʦʟʜʘʥʘ ʚ 

ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ çSAP2000è[9]. ɼʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʣʠʪʳ ʦʙʰʠʚʢʠ ʠ ʨʝʙʝʨ ʞʝʩʪʢʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 4-ʭʫʛʦʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʪʠʧʘ 

ñShell Thinò. ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫʧʨʫʛʠʭ ʩʚʷʟʝʡ ï 

ʜʚʫʭʫʟʣʦʚʳʝ ʵʣʝʤʝʥʪʳ ʪʠʧʘ ñLinear Linkò. ɼʣʷ 

ʫʯʝʪʘ ʦʨʪʦʪʨʦʧʠʠ ʙʳʣʠ ʟʘʜʘʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʤʦʜʠʬʠʢʘʪʦʨʳ ʞʝʩʪʢʦʩʪʠ ʚ ʛʣʘʚʥʦʤ ʠ 

ʚʪʦʨʦʩʪʝʧʝʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ.ʂʦʥʩʪʨʫʢʮʠʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʘʥʝʣʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 

1,ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʘʷ ʤʦʜʝʣʴ ï ʥʘ ʨʠʩʫʥʢʝ 2. 

ʈʠʩʫʥʦʢ 1. ʂʦʥʩʪʨʫʢʮʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʘʥʝʣʠ ʧʝʨʝʢʨʳʪʠʷ 

 

 

ʅʘʯʘʣʴʥʳʡ (ʧʨʠt=0) ʢʦʵʬʬʠʮʠʝʥʪ ʞʝʩʪʢʦʩʪʠ 

ʩʚʷʟʝʡ C ʧʨʠʥʠʤʘʣʩʷ ʧʦ ʜʘʥʥʳʤ ʠʩʧʳʪʘʥʠʡ 

ʦʙʨʘʟʮʦʚ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʩʜʚʠʛ [10]. ɼʣʷ ʢʘʞʜʦʛʦ 

ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʩʯʠʪʳʚʘʣʩʷ 

ʩ ʫʯʝʪʦʤ ʧʦʣʟʫʯʝʩʪʠ ʩʦʝʜʠʥʝʥʠʷ, ʧʦ ʬʦʨʤʫʣʝ (5). ɺ 

ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥ ʢʦʵʬʬʠʮʠʝʥʪ ʞʝʩʪʢʦʩʪʠ ʩʚʷʟʝʡ 

ʦʙʰʠʚʢʠ ʠ ʨʝʙʝʨ, ʟʘʜʘʚʘʝʤʳʡ ʥʘ ʢʘʞʜʦʤ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ. 
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ʈʠʩʫʥʦʢ 2.  ʂʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʘʷ ʤʦʜʝʣʴ ʚ ʧʨʦʛʨʘʤʤʝ SAP2000 

ʊʘʙʣʠʮʘ 1 

ʂʦʵʬʬʠʮʠʝʥʪ ʞʝʩʪʢʦʩʪʠ ʩʚʷʟʝʡ ʥʘ ʢʘʞʜʦʤʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʟʘʛʨʫʞʝʥʠʷt, ʩʫʪ 
0 1 5 10 25 50 

ʂʦʵʬʬʠʮʠʝʥʪ ʞʝʩʪʢʦʩʪʠ 

ʩʦʝʜʠʥʝʥʠʷ ʉ, ʢʅ/ʤʤ 
1,980 1,808 1,421 1,213 1,032 0,993 

 

ʅʘ ʨʠʩʫʥʢʝ 3,ʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʠʟʤʝʥʝʥʠʝ 

ʤʘʢʩʠʤʘʣʴʥʳʭ ůx,maxʠ ʩʨʝʜʥʠʭ ůx,ʩʨʥʦʨʤʘʣʴʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ ʚ ʦʙʰʠʚʢʝ ʧʘʥʝʣʠ ʚ ʩʝʨʝʜʠʥʝ ʧʨʦʣʝʪʘ. 

ʅʘ ʨʠʩʫʥʢʝ 3,ʙ ï ʥʦʨʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚ 

ʨʝʙʨʘʭ ʧʘʥʝʣʠ ʚ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʟʦʥʝ. ʅʘ 

ʨʠʩʫʥʢʝ 4 ʠʟʦʙʨʘʞʝʥʠʷ ʢʨʠʚʘʷ ʥʘʨʘʩʪʘʥʠʷ ʧʨʦʛʠʙʘ 

ʧʘʥʝʣʠ ʚʦ ʚʨʝʤʝʥʠ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʥʘʛʨʫʞʝʥʠʠ. 

 

ʘ)                                                                                ʙ) 

 
ʈʠʩʫʥʦʢ 3. ɿʘʚʠʩʠʤʦʩʪʴ ʥʦʨʤʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡʚ ʩʝʨʝʜʠʥʝ ʧʨʦʣʝʪʘ ʧʘʥʝʣʠ ʦʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʟʘʛʨʫʞʝʥʠʷ 

ʘ) ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʦʙʰʠʚʢʠ: ʤʘʢʩʠʤʘʣʴʥʳʭ ůx,maxʠ ʩʨʝʜʥʠʭůx,cʨ; ʙ) ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʨʝʙʝʨ ʚ 

ʩʞʘʪʦʡ |ů
ï
x| ʠ ʨʘʩʪʷʥʫʪʦʡ ʟʦʥʝů

+
x 

 
ʈʠʩʫʥʦʢ 4. ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʦʛʠʙʘ fʚ ʩʝʨʝʜʠʥʝ ʧʨʦʣʝʪʘ ʧʘʥʝʣʠ ʦʪʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʟʘʛʨʫʞʝʥʠʷ 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʯʝʪʘ ʧʦʣʟʫʯʝʩʪʠ ʩʦʝʜʠʥʝʥʠʡ 

ʫʩʪʘʥʦʚʣʝʥʦ ʩʫʱʝʩʪʚʝʥʥʦ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʫʩʠʣʠʡ 

ʤʝʞʜʫ ʦʙʰʠʚʢʦʡ ʠ ʨʝʙʨʘʤʠ ʧʘʥʝʣʠ. ʊʘʢ, ʯʝʨʝʟ 50 

ʜʥʝʡ ʧʨʦʠʟʦʰʣʦ ʩʥʠʞʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ |ůmax| ʚ ʦʙʰʠʚʢʝ c 596,11ʢʇʘ ʚ ʥʘʯʘʣʴʥʳʡ 

ʧʝʨʠʦʜ ʟʘʛʨʫʞʝʥʠʷ ʜʦ 392,78ʢʇʘ (34,11%). ʉʥʠʞʝʥʠʝ 

ʩʨʝʜʥʠʭ ʥʘʧʨʷʞʝʥʠʡ|ůʩʨ| ʚ ʦʙʰʠʚʢʝ ʧʨʦʠʟʦʰʣʦ ʩ 

457,11 ʢʇʘ ʜʦ 300,84 ʢʇʘ (34,19%). 

ɺ ʩʞʘʪʦʡ ʟʦʥʝ ʨʝʙʝʨ ʧʦʩʣʝ 50 ʜʥʝʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʦʠʟʦʰʝʣ ʨʦʩʪ ʥʘʧʨʷʞʝʥʠʡ |ů
ï
max| 

ʩ 6909,71 ʢʇʘ ʜʦ 7784,85 ʢʇʘ (12,67%), ʚ ʨʘʩʪʷʥʫʪʦʡ 

ʟʦʥʝ ʫʚʝʣʠʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ |ů
+

max| ʩ 8143,71 ʢʇʘ ʜʦ 

8600,14 (5,6%). 

ʊʘʢ ʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʛʠʙʘ f 

ʧʘʥʝʣʠ ʩ 13,9 ʤʤ ʚ ʤʦʤʝʥʪ ʧʨʠʣʦʞʝʥʠʷ ʥʘʛʨʫʟʢʠ ʜʦ 

ʟʥʘʯʝʥʠʷ 15 ʤʤ (7,91%) ʧʦʩʣʝ 50 ʜʥʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʥʘʛʨʫʞʝʥʠʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʯʝʪ ʧʦʣʟʫʯʝʩʪʠ ʩʚʷʟʝʡ ʧʨʠʚʝʣ 

ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʶ ʫʩʠʣʠʡ ʚ 

ʧʘʥʝʣʠ, ʘ ʪʘʢʞʝ ʥʘʨʘʩʪʘʥʠʶ ʧʨʦʛʠʙʘ. ʅʘʠʙʦʣʝʝ 

ʠʥʪʝʥʩʠʚʥʦʝ ʩʥʠʞʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʚ ʦʙʰʠʚʢʝ, 

ʥʘʨʘʩʪʘʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʚ ʩʞʘʪʦʡ ʠ ʨʘʩʪʷʥʫʪʦʡ ʟʦʥʝ 

ʨʝʙʝʨ ʠ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʛʠʙʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʧʝʨʠʦʜ 

t=15...25ʜʥ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ çʟʘʪʫʭʘʥʠʝʤè ʧʦʣʟʫʯʝʩʪʠ 

ʩʚʷʟʝʡ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʥʘʛʨʫʟʦʢ.  
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ɸʅʅʆʊɸʎʀʗ 

 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʚʳʙʦ-ʨʦʯʥʳʭ ʦʙʩʣʝʜʦʚʘʥʠʡ ʢʦʥʩʪʨʫʢʮʠʡ ʵʣʝʤʝʥʪʦʚ ʞʠ-ʣʦʛʦ 

ʙʣʦʯʥʦʛʦ ʟʜʘʥʠʷ. ʎʝʣʴʶ ʦʙʩʣʝʜʦʚʘʥʠʡ ʷʚʠ-ʣʦʩʴ ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʪʝʧʝʥʠ ʠʟʥʦʩʘ ʵʣʝʤʝʥʪʦʚ ʟʜʘ-ʥʠʷ ʚ ʩʣʝʜʩʪʚʠʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʝ ʠʭ ʜʝʬʝʢʪʦʚ. ʆʙʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʉʇ 13-102-2003 

çʇʨʘʚʠʣʘ ʦʙʩʣʝʜʦʚʘʥʠʷ ʥʝʩʫʱʠʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡè, ɻʆʉʊ 31937-2011  

çɿʜʘʥʠʷ ʠ ʩʦʦʨʫʞʝʥʠʷ. ʇʨʘʚʠʣʘ ʦʙʩʣʝʜʦʚʘʥʠʷ ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷè. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʆʙʩʣʝʜʦʚʘʥʠʝ ʵʣʝʤʝʥʪʦʚ, ʠʟʥʦʩ, ʜʝʬʝʢʪ. 

 

ABSTRACT 

 

This article presents the results of selective surveys of the structures of the elements of a residential block 

building. The purpose of the surveys was to establish the degree of wear and tear of the building elements due to 

operation, as well as to determine their defects. The survey was conducted in accordance with SP 13-102-2003 "Rules 

for the inspection of load-bearing building structures of buildings and structures", GOST 31937-2011 "Buildings and 

structures. Rules of inspection and monitoring of technical condition". 

Keywords: Inspection of the elements, design resistance, wear, defect. 

 

ɺʚʝʜʝʥʠʝ. ɺ ʛʦʨʦʜʝ ʄʦʩʢʚʝ ʧʦ ʧʨʦʛʨʘʤʤʝ 

ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠ ʨʝʥʦʚʘʮʠʠ ʧʨʝʜʫʩʤʦʪʨʝʥʘ 

ʧʨʦʮʝʜʫʨʘ ʦʙʩʣʝʜʦʚʘʥʠʷ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ, ʚ 

ʥʘʰʝʤ ʩʣʫʯʘʝ ʞʠʣʦʛʦ ʙʣʦʯʥʦʛʦ ʜʦʤʘ. ɾʠʣʦʡ ʜʦʤ, 

ʙʣʦʯʥʳʡ, ʧʦʩʪʨʦʝʥ ʧʦ ʪʠʧʦʚʦʤʫ ʧʨʦʝʢʪʫ ʩʝʨʠʠ II-

18.ʌʘʩʘʜ ʜʦʤʘ ʠʟʦʙʨʘʞʸʥ ʥʘ ʨʠʩʫʥʢʝ 1.ɼʦ ʥʘʯʘʣʘ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʙʦʪ ʧʦ ʦʙʩʣʝʜʦʚʘʥʠʶ ʠ ʚʦ ʚʨʝʤʷ 

ʠʩʩʣʝʜʦʚʘʥʠʡ - ʟʜʘʥʠʝ ʵʢʩʧʣʫʘʪʠʨʦʚʘʣʦʩʴ. 

ɿʜʘʥʠʝ ʦʜʥʦʩʝʢʮʠʦʥʥʦʝ, ʠʤʝʝʪ 12 ʥʘʜʟʝʤʥʳʭ 

ʵʪʘʞʝʡ, ʩ ʧʦʜʚʘʣʦʤ ʧʦʜ ʚʩʝʤ ʟʜʘʥʠʝʤ ʠ ʯʝʨʜʘʯʥʳʤ 
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ʧʦʤʝʱʝʥʠʝʤ. ʉʪʝʥʳ ʧʦʜʚʘʣʘ ʙʝʪʦʥʥʳʝ ʙʣʦʢʠ, 

ʯʘʩʪʠʯʥʦ ï ʢʠʨʧʠʯʥʘʷ ʢʣʘʜʢʘ. ɺʳʩʦʪʘ ʪʝʭʧʦʜʧʦʣʴʷ 

1,8 ʤ ʧʦʜ ʦʩʥʦʚʥʦʡ ʯʘʩʪʴʶ ʟʜʘʥʠʷ ʠ 2,2 ʤ ʚ 

ʧʦʜʚʘʣʴʥʦʤ ʥ/ʞ ʧʦʤʝʱʝʥʠʠ. ʅʝʩʫʱʠʤʠ 

ʢʦʥʩʪʨʫʢʮʠʷʤʠ ʜʦʤʘ ʷʚʣʷʶʪʩʷ ʧʦʧʝʨʝʯʥʳʝ ʩʪʝʥʳ, 

ʥʘ ʢʦʪʦʨʳʝ ʦʧʠʨʘʶʪʩʷ ʧʣʠʪʳ ʧʝʨʝʢʨʳʪʠʷ. 

ʇʦʧʝʨʝʯʥʘʷ ʞʝʩʪʢʦʩʪʴ ʟʜʘʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʤʝʞʩʝʢʮʠʦʥʥʳʤʠ ʠ ʪʦʨʮʝʚʳʤʠ ʩʪʝʥʘʤʠ, ʘ ʪʘʢʞʝ 

ʩʪʝʥʘʤʠ ʣʝʩʪʥʠʯʥʳʭ ʢʣʝʪʦʢ. 

ɺʦʧʨʦʩʳ ʦʙʩʣʝʜʦʚʘʥʠʷ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ 

ʠʟʫʯʘʣʠʩʴ ʚ ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ ʚ ʥʘʰʝʡ 

ʩʪʨʘʥʝ [1-30]. 

ʌʨʘʛʤʝʥʪ ʬʘʩʘʜʘ ʚ ʦʩʷʭ ç6-1è ʠʟʦʙʨʘʞʸʥ ʥʘ 

ʨʠʩʫʥʢʝ 1. 

 

 
 

ʈʠʩʫʥʦʢ 1. ʌʘʩʘʜ ʚ ʦʩʷʭ ç6-1è. 

 

1. ʈʝʟʫʣʴʪʘʪʳ ʦʙʩʣʝʜʦʚʘʥʠʷ ʩʪʝʥ (ʬʘʩʘʜ). 

ʌʫʥʜʘʤʝʥʪ ʟʜʘʥʠʷ ʣʝʥʪʦʯʥʳʡ, ʚʳʧʦʣʥʝʥ ʠʟ 

ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʬʫʥʜʘʤʝʥʪʥʳʭ ʙʣʦʢʦʚ. ʅʘʨʫʞʥʳʝ 

ʩʪʝʥʳ ʚʳʧʦʣʥʝʥʳ ʠʟ ʢʝʨʘʤʟʠʪʦʙʝʪʦʥʥʳʭ ʙʣʦʢʦʚ 

ʪʦʣʱʠʥʦʡ 400 ʤʤ. ʅʝʩʫʱʠʝ ʩʪʝʥʳ ï ʚʥʫʪʨʝʥʥʠʝ, 

ʢʝʨʘʤʟʠʪʦʙʝʪʦʥʥʳʝ ʙʣʦʢʠ ʪʦʣʱʠʥʦʡ 390 ʤʤ, 

ʧʝʨʝʛʦʨʦʜʢʠ ï ʛʠʧʩʦʢʘʨʪʦʥʥʳʝ, ʪʦʣʱʠʥʦʡ 80 ʤʤ. 

ʌʘʩʘʜʳ ʟʜʘʥʠʷ ʦʢʨʘʰʝʥʳ, ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʠ 

ʚʝʨʪʠʢʘʣʴʥʳʝ ʤʝʞʙʣʦʯʥʳʝ ʩʪʳʢʠ ʟʘʜʝʣʘʥʳ 

ʛʝʨʤʝʪʠʢʦʤ. ʉʪʝʥʳ ʫ ʚʭʦʜʥʦʡ ʛʨʫʧʧʳ ʦʢʨʘʰʝʥʳ 

ʢʨʘʩʢʦʡ. ʆʢʦʥʥʳʝ ʦʪʣʠʚʳ ʚʳʧʦʣʥʝʥʳ ʠʟ 

ʦʮʠʥʢʦʚʘʥʥʦʛʦ ʣʠʩʪʘ ʰʠʨʠʥʦʡ 200 ʤʤ ʠ ʪʨʝʙʫʶʪ 

ʟʘʤʝʥʳ. ʎʦʢʦʣʴ ʦʰʪʫʢʘʪʫʨʝʥ ʠ ʦʢʨʘʰʝʥ. 

ʀʤʝʝʪʩʷ 5 ʩʚʝʪʦʚʳʭ ʧʨʠʷʤʢʦʚ ʨʘʟʤʝʨʦʤ 

900ʭ1800 ʤʤ. ʉʪʝʥʢʠ ʧʨʠʷʤʢʦʚ ʦʰʪʫʢʘʪʫʨʝʥʳ ʠ 

ʦʢʨʘʰʝʥʳ. ʇʨʠʷʤʢʠ ʦʛʦʨʦʞʝʥʳ ʤʝʪʘʣʣʠʯʝʩʢʠʤ 

ʢʘʨʢʘʩʦʤ, ʧʦʢʨʳʪʳ ʩʪʘʣʴʥʳʤ ʣʠʩʪʦʤ. 

ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʚʳʧʦʣʥʠʪʴ ʨʝʤʦʥʪ ʧʨʠʷʤʢʦʚ ʩ 

ʟʘʤʝʥʦʡ ʧʦʢʨʳʪʠʷ. 

ɼʝʬʝʢʪʳ ʠ ʜʝʬʦʨʤʘʮʠʠ: 

- ʚʳʚʝʪʨʠʚʘʥʠʝ ʨʘʩʪʚʦʨʘ ʠʟ ʰʚʦʚ; 

- ʫʚʣʘʞʥʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʨʫʞʥʳʭ ʩʪʝʥ; 

- ʥʘʨʫʰʝʥʠʝ ʦʢʨʘʩʦʯʥʦʛʦ ʠ ʰʪʫʢʘʪʫʨʥʦʛʦ 

ʩʣʦʷ ʮʦʢʦʣʷ. 

ʌʨʘʛʤʝʥʪ ʬʘʩʘʜʘ ʚ ʦʩʷʭ çɸ/ɻè ʠʟʦʙʨʘʞʸʥ ʥʘ 

ʨʠʩʫʥʢʝ 2. 

 

 
ʈʠʩʫʥʦʢ 2.ʌʘʩʘʜ ʚ ʦʩʷʭ çɸ-ɻè. 

 

2. ʈʝʟʫʣʴʪʘʪʳ ʦʙʩʣʝʜʦʚʘʥʠʷ ʙʘʣʢʦʥʦʚ, 

ʢʦʟʳʨʴʢʦʚ ʥʘʜ ʚʭʦʜʘʤʠ. 

ɹʘʣʢʦʥʳ ʚʳʧʦʣʥʝʥʳ ʠʟ ʩʙʦʨʥʳʭ 

ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʧʣʠʪ, ʢʦʥʩʦʣʴʥʦ ʟʘʜʝʣʘʥʥʳʭ ʚ 

ʩʪʝʥʳ ʟʜʘʥʠʷ, ʩ ʨʘʟʤʝʨʘʤʠ ʧʣʠʪʳ 

3000ʭ1000ʭ100ʤʤ.  

ʂʦʟʳʨʝʢ ʥʘʜ ʚʭʦʜʦʤ ʚ ʧʦʜʲʝʟʜ ʚʳʧʦʣʥʝʥ ʠʟ 

ʩʙʦʨʥʦʡ ʞʝʣʝʟʦʙʝʪʦʥʥʦʡ ʧʣʠʪʳ, ʢʦʥʩʦʣʴʥʦʛʦ ʪʠʧʘ 

ʩ ʦʧʠʨʘʥʠʝʤ ʩ 2-ʭ ʩʪʦʨʦʥ ʥʘ ʢʦʥʩʪʨʫʢʮʠʶ ʚʭʦʜʥʦʡ 

ʛʨʫʧʧʳ ʩ ʧʦʢʨʳʪʠʝʤ ʠʟ ʥʘʧʣʘʚʣʷʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʈʘʟʤʝʨ ʧʣʠʪʳ 5600ʭ2700ʭ100ʤʤ. 

ɹʦʣʴʰʠʥʩʪʚʦʙʘʣʢʦʥʦʚʦʩʪʝʢʣʝʥʦʩʠʣʘʤʠ 

ʞʠʣʴʮʦʚ. 

ʇʦʢʨʳʪʠʝ ʙʘʣʢʦʥʥʳʭ ʧʣʠʪ ï ʮʝʤʝʥʪʥʘʷ 

ʩʪʷʞʢʘ.ʇʦʢʨʳʪʠʝ ʢʦʟʳʨʴʢʘ- 2 ʩʣʦʷ 

ʛʠʜʨʦʩʪʝʢʣʦʠʟʦʣʘ.ʀʤʝʶʪʩʷ ʪʨʝʱʠʥʳ, ʧʦʚʨʝʞʜʝʥʠʷ 

ʠ ʧʨʦʙʦʠʥʳ.  

ʆʛʨʘʞʜʝʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʝ, ʟʘʱʠʪʥʳʡ 

ʣʘʢʦʢʨʘʩʦʯʥʳʡ ʩʣʦʡ ʦʪʩʫʪʩʪʚʫʝʪ. ʀʤʝʶʪʩʷ 

ʣʦʢʘʣʴʥʳʝ ʫʯʘʩʪʢʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʢʦʨʨʦʟʠʠ. 

ʕʢʨʘʥʳ ï ʠʟ ʘʩʙʝʩʪʦʮʝʤʝʥʪʥʳʭ ʣʠʩʪʦʚ, 

ʯʘʩʪʠʯʥʦ ʠʟ ʇɺʍ ʧʘʥʝʣʝʡ.ʈʝʢʦʤʝʥʜʫʝʪʩʷ 

ʚʳʧʦʣʥʠʪʴ ʟʘʤʝʥʫ ʵʢʨʘʥʦʚ. 

ɼʝʬʝʢʪʳ ʙʘʣʢʦʥʦʚ, ʢʦʟʳʨʴʢʦʚ ʥʘʜ ʚʭʦʜʘʤʠ, 

ʚʳʷʚʣʝʥʥʳʝ ʦʙʩʣʝʜʦʚʘʥʠʝʤ: 

- ʨʘʟʨʫʰʝʥʠʝ ʦʪʜʝʣʦʯʥʦʛʦ ʩʣʦʷ ʙʘʣʢʦʥʥʦʡ 

ʧʣʠʪʳ; 

- ʨʘʟʨʫʰʝʥʠʝ ʟʘʱʠʪʥʦʛʦ ʩʣʦʷ ʙʝʪʦʥʘ, ʩ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʢʦʨʨʦʟʠʝʡ ʘʨʤʘʪʫʨʳ; 

- ʩʣʝʜʳ ʫʚʣʘʞʥʝʥʠʷ ʥʘ ʥʠʞʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʣʠʪʳ ʠ ʥʘ ʫʯʘʩʪʢʘʭ ʩʪʝʥʳ, ʧʨʠʤʳʢʘʶʱʠʭ ʢ 

ʙʘʣʢʦʥʫ; 

-ʤʝʪʘʣʣʠʯʝʩʢʦʝ ʦʛʨʘʞʜʝʥʠʝ ʙʘʣʢʦʥʦʚ 

ʧʦʨʘʞʝʥʦ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʢʦʨʨʦʟʠʝʡ; 

-ʜʝʬʦʨʤʘʮʠʠ ʠ ʩʣʝʜʳ ʟʘʤʘʯʠʚʘʥʠʷ ʟʘʱʠʪʥʳʭ 

ʵʢʨʘʥʦʚ; 

-ʢʨʝʧʣʝʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʝʰʝʪʦʢ 

ʦʛʨʘʞʜʝʥʠʡ ʢ ʧʣʠʪʘʤ ʤʝʩʪʘʤʠ ʦʩʣʘʙʣʝʥʳ; 

-ʢʦʟʳʨʝʢ ʚʭʦʜʘ ʚ ʧʦʜʲʝʟʜ: ʩʢʦʣʳ 

ʦʪʜʝʣʦʯʥʦʛʦ ʩʣʦʷ, ʧʦʚʨʝʞʜʝʥʠʝ ʧʦʢʨʳʪʠʷ 
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- ʚʳʚʝʪʨʠʚʘʥʠʝ ʨʘʩʪʚʦʨʘ ʠʟ ʰʚʦʚ; 

- ʫʚʣʘʞʥʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʨʫʞʥʳʭ ʩʪʝʥ; 

- ʥʘʨʫʰʝʥʠʝ ʦʢʨʘʩʦʯʥʦʛʦ ʠ ʰʪʫʢʘʪʫʨʥʦʛʦ 

ʩʣʦʷ ʮʦʢʦʣʷ; 

ʌʨʘʛʤʝʥʪ ʬʘʩʘʜʘ ʩ ʙʘʣʢʦʥʦʤ ʠʟʦʙʨʘʞʸʥ ʥʘ 

ʨʠʩʫʥʢʝ 3. 

 

 
ʈʠʩʫʥʦʢ 3ʌʦʪʦ ʙʘʣʢʦʥʘ  (ʨʘʟʨʫʰʝʥʠʝ 

ʟʘʱʠʪʥʦʛʦ ʩʣʦʷ ʙʝʪʦʥʘ) 

 

3. ʈʝʟʫʣʴʪʘʪʳ ʦʙʩʣʝʜʦʚʘʥʠʷ ʢʨʦʚʣʠ ʠ 

ʯʝʨʜʘʯʥʦʛʦ ʧʦʤʝʱʝʥʠʷ 

ʂʨʳʰʘ ʠ ʢʨʦʚʝʣʴʥʳʝ ʧʦʢʨʳʪʠʷ: 

ʂʨʳʰʘ ʩ ʚʥʫʪʨʝʥʥʠʤ ʚʦʜʦʩʪʦʢʦʤ, 

ʢʨʦʚʝʣʴʥʦʝ ʧʦʢʨʳʪʠʝ ʞʠʣʦʛʦ ʜʦʤʘ ʠ 

ʧʨʠʩʪʨʦʝʥʥʦʛʦ ʦʜʥʦʵʪʘʞʥʦʛʦ ʟʜʘʥʠʷ ʨʫʣʦʥʥʦʝ 

(ʛʠʜʨʦʩʪʝʢʣʦʠʟʦʣ) ʧʦ ʞʝʣʝʟʦʙʝʪʦʥʥʦʤʫ ʧʦʢʨʳʪʠʶ 

ʚ 2 ʩʣʦʷ ʛʠʜʨʦʩʪʝʢʣʦʠʟʦʣʘ ʧʦ ʮʝʤʝʥʪʥʦʧʝʩʯʘʥʦʡ 

ʩʪʷʞʢʝ. 

ʆʛʨʘʞʜʝʥʠʝ ʤʝʪʘʣʣʠʯʝʩʢʦʝ,ʦʢʨʘʰʝʥʦ. 

ʋʯʘʩʪʢʘʤʠ ʩʣʘʙʦ 

ʟʘʢʨʝʧʣʝʥʳ,ʧʦʨʘʞʝʥʳʢʦʨʨʦʟʠʝʡ,ʠʤʝʶʪʩʷ 

ʜʝʬʦʨʤʘʮʠʠ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʡ 

ʦʛʨʘʞʜʝʥʠʷ.ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʚʳʧʦʣʥʠʪʴ ʟʘʤʝʥʫ 

ʦʛʨʘʞʜʝʥʠʷ. 

ɼʝʬʝʢʪʳ ʢʨʦʚʣʠ: 

ʂʨʦʚʝʣʴʥʦʝ ʧʦʢʨʳʪʠʝ ʞʠʣʦʛʦ ʜʦʤʘ ʠ 

ʧʨʠʩʪʨʦʝʥʥʦʛʦ ʦʜʥʦʵʪʘʞʥʦʛʦ ʟʜʘʥʠʷ ʠʤʝʝʪ 

ʚʟʜʫʪʠʷ,ʜʝʬʦʨʤʘʮʠʠ,ʧʦʚʨʝʞʜʝʥʠʷ ʢʨʦʚʝʣʴʥʦʛʦ 

ʧʦʢʨʳʪʠʷ, ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʚʣʘʛʠ ʚ ʤʝʩʪʘʭ 

ʧʨʠʤʳʢʘʥʠʡ ʢ ʚʝʨʪʠʢʘʣʴʥʳʤ ʧʦʚʝʨʭʥʦʩʪʷʤ. 

ʆʪʩʣʦʝʥʠʝ ʧʦʢʨʳʪʠʷ ʦʪ ʦʩʥʦʚʘʥʠʷ, ʩʣʝʜʳ 

ʨʝʤʦʥʪʘ.ʀʤʝʶʪʩʷʨʘʟʨʫʰʝʥʠʷʦʪʜʝʣʦʯʥʦʛʦ(ʰʪʫʢʘʪʫ

ʨʥʦʛʦ ʩʣʦʷ) ʩʣʦʷ ʥʘʜʩʪʨʦʡʢʠ ʥʘ ʢʨʦʚʣʝ ʞʠʣʦʛʦ 

ʜʦʤʘ. 

ɺʳʭʦʜʳ ʥʘ ʢʨʦʚʣʶ: 

ɺʭʦʜ ʚ ʯʝʨʜʘʯʥʦʝ ʧʦʤʝʱʝʥʠʝ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʜʚʝʨʠ - 2ʰʪ. (800ʭ1500ʤʤ). 

ʉʦʩʪʦʷʥʠʝ ʜʚʝʨʝʡ - ʜʝʨʝʚʷʥʥʳʝ, ʦʙʰʠʪʳʝ 

ʢʨʦʚʝʣʴʥʳʤ ʞʝʣʝʟʦʤ, ʠʤʝʶʪʩʷ ʜʝʬʝʢʪʳ: 

ʨʘʩʩʳʭʘʥʠʷ, ʥʘʨʫʰʝʥʦ ʢʨʝʧʣʝʥʠʝ, ʛʝʨʤʝʪʠʯʥʦʩʪʴ 

ʥʘʨʫʰʝʥʘ. ʊʨʝʙʫʝʪʩʷ ʟʘʤʝʥʠʪʴ ʜʚʝʨʠ ʥʘ 

ʫʪʝʧʣʝʥʥʳʝ ʧʨʦʪʠʚʦʧʦʞʘʨʥʳʝ. 

ɺʳʭʦʜ ʥʘ ʢʨʦʚʣʶ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ 

ʜʚʝʨʠ ʚʳʭʦʜʘ ʥʘ ʢʨʦʚʣʶ.ɼʚʝʨʴ ʚʳʭʦʜʘ ʥʘ ʢʨʦʚʣʶ 

ʨʘʟʤʝʨʦʤ 900Ĭ1700ʤʤ (1ʰʪ.), ʜʝʨʝʚʷʥʥʘʷ, ʦʙʰʠʪʘʷ 

ʢʨʦʚʝʣʴʥʳʤ ʞʝʣʝʟʦʤ. ʀʤʝʶʪʩʷ ʨʘʩʩʳʭʘʥʠʷ, 

ʜʝʬʦʨʤʘʮʠʠ, ʧʦʚʨʝʞʜʝʥʠʝ ʜʝʨʝʚʷʥʥʦʡ ʢʦʨʦʙʢʠ, 

ʥʘʨʫʰʝʥʠʝ ʛʝʨʤʝʪʠʯʥʦʩʪʠ.ʈʝʢʦʤʝʥʜʫʝʪʩʷ 

ʚʳʧʦʣʥʠʪʴ ʟʘʤʝʥʫ ʜʚʝʨʥʦʛʦ ʟʘʧʦʣʥʝʥʠʷ. 

ɼʚʝʨʴ ʚ ʤʘʰʠʥʥʦʝ ʧʦʤʝʱʝʥʠʝ 1 ʰʪ. 

(800ʭ1800ʤʤ) - ʤʝʪʘʣʣʠʯʝʩʢʘʷ, ʠʤʝʝʪʩʷ 

ʧʦʚʨʝʞʜʝʥʠʷ ʦʢʨʘʩʦʯʥʦʛʦ ʩʣʦʷ. 

ʈʝʢʦʤʝʥʜʫʝʪʩʷʚʳʧʦʣʥʠʪʴ ʨʝʤʦʥʪ (ʦʢʨʘʩʢʫ) 

ʜʚʝʨʥʦʛʦ ʟʘʧʦʣʥʝʥʠʷ. 

ʏʝʨʜʘʯʥʦʝ ʧʦʤʝʱʝʥʠʝ: 

ʆʙʱʠʡ ʦʙʲʝʤ ʯʝʨʜʘʯʥʦʛʦ ʧʦʤʝʱʝʥʠʷ ʨʘʚʝʥ 

513,6 ʤ3. ʇʝʨʝʢʨʳʪʠʝ ʩʙʦʨʥʳʝ ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ 

ʨʝʙʨʠʩʪʳʝ ʧʣʠʪʳ. ʇʦ ʧʣʠʪʘʤ ʫʣʦʞʝʥʦ ʨʫʣʦʥʥʦʝ 

ʢʨʦʚʝʣʴʥʦʝ ʧʦʢʨʳʪʠʝ. ʀʤʝʶʪʩʷ ʩʣʝʜʳ ʧʨʦʪʝʯʝʢ ʥʘ 

ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʠʪ. ʀʥʜʠʚʠʜʫʘʣʴʥʳʝ 

ʚʝʨʪʠʢʘʣʴʥʳʝ (çʨʘʟʛʦʥʥʳʝè) ʚʝʥʪʠʣʷʮʠʦʥʥʳʝ 

ʢʘʥʘʣʳ ʦʙʨʘʟʫʶʪʩʙʦʨʥʳʝ ʚʝʥʪʠʣʷʮʠʦʥʥʳʝ ʢʘʥʘʣʳ 

ʥʘ ʯʝʨʜʘʢʝ. ʉʙʦʨʥʳʝ ʚʝʥʪʢʘʥʘʣʳ ʚʳʚʝʜʝʥʳ 

ʦʛʦʣʦʚʢʘʤʠ ʥʘ ʢʨʦʚʣʶ, ʦʪʢʫʜʘ ʚʦʟʜʫʭ 

ʚʳʙʨʘʩʳʚʘʝʪʩʷ ʚ ʘʪʤʦʩʬʝʨʫ.ʇʦʣʳ ï ʮʝʤʝʥʪʥʦ-

ʧʝʩʯʘʥʘʷ ʩʪʷʞʢʘ. ʀʤʝʝʪʩʷ ʫʚʣʘʞʥʝʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʩʣʝʜʳ ʧʨʦʪʝʯʢʠ ʢʨʦʚʝʣʴʥʦʛʦ 

ʧʦʢʨʳʪʠʷ. 

ʂʦʥʩʪʨʫʢʮʠʷ ʧʦʢʨʳʪʠʷ: 

ʅʘʜ ʯʝʨʜʘʯʥʳʤ ʧʦʤʝʱʝʥʠʝʤ ʧʝʨʝʢʨʳʪʠʝ 

(ʧʦʢʨʳʪʠʝ) ʚʳʧʦʣʥʝʥʦ ʠʟ ʩʙʦʨʥʳʭ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ 

ʨʝʙʨʠʩʪʳʭ ʧʣʠʪ, ʧʦ ʩʙʦʨʥʳʤ ʞʝʣʝʟʦʙʝʪʦʥʥʳʤ 

ʩʪʨʦʧʠʣʴʥʳʤ ʙʘʣʢʘʤ 150ʭ300(h) ʩ ʦʧʠʨʘʥʠʝʤ ʥʘ 

ʥʝʩʫʱʠʝ ʤʝʞʢʚʘʨʪʠʨʥʳʝ ʩʪʝʥʳ ʠ ʥʘʨʫʞʥʳʝ ʩʪʝʥʳ 

ʧʦ ʢʨʘʷʤ. ʇʨʠ ʦʙʩʣʝʜʦʚʘʥʠʠ ʦʙʥʘʨʫʞʝʥʦ: 

- ʩʣʝʜʳ ʧʨʦʪʝʯʝʢ ʥʘ ʥʠʞʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʣʠʪ; 

- ʣʦʢʘʣʴʥʦ ʠʤʝʶʪʩʷ ʫʯʘʩʪʢʠ ʩ ʨʘʟʨʫʰʝʥʠʝʤ 

ʟʘʱʠʪʥʦʛʦ ʩʣʦʷ ʙʝʪʦʥʘ ʩ ʦʛʦʣʝʥʠʝʤ ʠ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʢʦʨʨʦʟʠʝʡ ʘʨʤʘʪʫʨʳ ʨʝʙʝʨ 

ʞʝʩʪʢʦʩʪʠ ʠ ʦʙʦʣʦʯʝʢ ʧʣʠʪ ʧʦʢʨʳʪʠʷ ʠ ʚ ʟʦʥʝ 

ʧʨʦʭʦʜʘ ʪʨʫʙ ʠʥʞʝʥʝʨʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡʈʘʟʤʝʨʳ 

ʩʝʯʝʥʠʷ ʧʣʠʪʳ: 

ʅʘ ʨʠʩʫʥʢʘʭ 4-7 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʬʦʪʦʬʠʩʘʮʠʠ ʜʝʬʝʢʪʦʚ ʠ ʧʦʚʨʝʞʜʝʥʠʡ. 
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ʈʠʩʫʥʦʢ4. ʈʘʟʨʫʰʝʥʠʝ ʦʧʦʨʳ ʧʦʜ ʥʝʩʫʱʝʡ ʙʘʣʢʦʡ ʥʘ ʯʝʨʜʘʯʥʦʤ ʧʝʨʝʢʨʳʪʠʠ. 

 

 

 
ʈʠʩʫʥʦʢ5. ʈʘʟʨʫʰʝʥʠʝ ʟʘʱʠʪʥʦʛʦ ʩʣʦʷ ʙʝʪʦʥʘ ʧʣʠʪ ʧʦʢʨʳʪʠʷ. 

 

 
ʈʠʩʫʥʦʢ6. ɺʳʭʦʜ ʥʘ ʢʨʦʚʣʶ 
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ʈʠʩʫʥʦʢ7. ʂʨʦʚʣʷ 

 

4. ʈʝʟʫʣʴʪʘʪʳ ʦʙʩʣʝʜʦʚʘʥʠʷ ʤʝʞʵʪʘʞʥʳʭ 

ʧʝʨʝʢʨʳʪʠʡ 

ʇʝʨʝʢʨʳʪʠʝ ʚʳʧʦʣʥʝʥʦ ʠʟ ʩʙʦʨʥʳʭ 

ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʤʥʦʛʦʧʫʩʪʦʪʥʳʭ ʧʣʠʪ ʩ 

ʦʧʠʨʘʥʠʝʤ ʥʘ ʧʨʦʜʦʣʴʥʳʝ ʥʘʨʫʞʥʳʝ ʠ ʚʥʫʪʨʝʥʥʠʝ 

ʥʝʩʫʱʠʝ ʩʪʝʥʳ. 

ʇʦʜʚʘʣʴʥʦʝ ʧʝʨʝʢʨʳʪʠʝ - ʩʙʦʨʥʳʝ 

ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʤʥʦʛʦʧʫʩʪʦʪʥʳʝ ʧʣʠʪʳ ʪʦʣʱʠʥʦʡ 

220 ʤʤ, ʩ ʦʧʠʨʘʥʠʝʤ ʥʘ ʧʨʦʜʦʣʴʥʳʝ ʥʘʨʫʞʥʳʝ ʠ 

ʚʥʫʪʨʝʥʥʠʝ ʥʝʩʫʱʠʝ ʩʪʝʥʳ. ʀʤʝʶʪʩʷ ʨʘʟʨʫʰʝʥʠʷ 

ʟʘʱʠʪʥʦʛʦ ʩʣʦʷ ʙʝʪʦʥʘ ʩ ʦʛʦʣʝʥʠʝʤ ʠ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʢʦʨʨʦʟʠʝʡ ʘʨʤʘʪʫʨʳ ʚ ʟʦʥʝ ʪʨʫʙ 

ʠʥʞʝʥʝʨʥʳʭ ʩʠʩʪʝʤ. 

ʄʝʞʜʫʵʪʘʞʥʳʝ ʧʝʨʝʢʨʳʪʠʷ - ʩʙʦʨʥʳʝ 

ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʤʥʦʛʦʧʫʩʪʦʪʥʳʝ ʧʣʠʪʳ ʪʦʣʱʠʥʦʡ 

220 ʤʤ, ʩ ʦʧʠʨʘʥʠʝʤ ʥʘ ʧʨʦʜʦʣʴʥʳʝ ʥʘʨʫʞʥʳʝ ʠ 

ʚʥʫʪʨʝʥʥʠʝ ʥʝʩʫʱʠʝ ʩʪʝʥʳ. ɼʝʬʝʢʪʦʚ ʠ 

ʜʝʬʦʨʤʘʮʠʡ ʤʝʞʵʪʘʞʥʳʭ ʧʝʨʝʢʨʳʪʠʡ ʥʝ ʚʳʷʚʣʝʥʦ. 

ʇʦʢʨʳʪʠʝ - ʩʙʦʨʥʳʝ ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ 

ʨʝʙʨʠʩʪʳʝ ʧʣʠʪʳ ʪʦʣʱʠʥʦʡ 250 ʤʤ. ʀʤʝʶʪʩʷ 

ʩʣʝʜʳ ʧʨʦʪʝʯʝʢ ʥʘ ʥʠʞʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʠʪ, 

ʣʦʢʘʣʴʥʦ ʠʤʝʶʪʩʷ ʫʯʘʩʪʢʠ ʩ ʨʘʟʨʫʰʝʥʠʝʤ 

ʟʘʱʠʪʥʦʛʦ ʩʣʦʷ ʙʝʪʦʥʘ ʩ ʦʛʦʣʝʥʠʝʤ ʠ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʢʦʨʨʦʟʠʝʡ ʘʨʤʘʪʫʨʳ ʨʝʙʝʨ 

ʞʝʩʪʢʦʩʪʠ ʠ ʦʙʦʣʦʯʝʢ ʧʣʠʪ ʧʦʢʨʳʪʠʷ ʠ ʚ ʟʦʥʝ 

ʧʨʦʭʦʜʘ ʪʨʫʙ ʠʥʞʝʥʝʨʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ. 

ʅʘ ʨʠʩʫʥʢʘʭ 8-9 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʬʦʪʦʬʠʩʘʮʠʠ ʜʝʬʝʢʪʦʚ ʠ ʧʦʚʨʝʞʜʝʥʠʡ 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʥʘʛʨʫʟʢʦʡ. 

ɺʳʚʦʜ.  

ɼʘʥʥʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʠʥ ʠʟ ʛʣʘʚʥʳʭ 

ʵʪʘʧʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʢʘʧʠʪʘʣʴʥʦʛʦ 

ʨʝʤʦʥʪʘ ʟʜʘʥʠʷ.ʉ ʝʛʦ ʧʦʤʦʱʴʶ ʤʳ ʦʮʝʥʠʣʠ 

ʪʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ʥʝʩʫʱʠʭ ʦʛʨʘʞʜʘʶʱʠʭ 

ʵʣʝʤʝʥʪʦʚ; ʚʳʷʚʠʣʠ ʩʣʝʜʫʶʱʠʝ ʜʝʬʝʢʪʳ ʠ 

ʧʦʚʨʝʞʜʝʥʠʷ ʵʣʝʤʝʥʪʦʚ, ʚ ʪʘʢʞʝ ʩʪʝʧʝʥʴ ʠʭ ʠʟʥʦʩʘ. 

ʕʪʦ ʷʚʣʷʝʪʩʷ ʙʘʟʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʨʦʝʢʪʥʳʭ 

ʨʝʰʝʥʠʡ ʧʦ ʫʩʠʣʝʥʠʶ, ʟʘʤʝʥʝ ʠʣʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ 

ʢʦʥʩʪʨʫʢʮʠʡ, ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʙʫʜʫʪ 

ʚʣʠʷʪʴ ʥʘ ʩʨʦʢ ʩʣʫʞʙʳ ʟʜʘʥʠʷ. ɺ ʠʪʦʛʝ, ʜʘʥʥʦʝ 

ʤʝʨʦʧʨʠʷʪʠʝ ʧʦʤʦʛʘʝʪ ʧʨʘʚʠʣʴʥʦ ʨʘʩʧʨʝʜʝʣʠʪʴ 

ʩʨʝʜʩʪʚʘ ʥʘ ʢʘʧʠʪʘʣʴʥʳʡ ʨʝʤʦʥʪ, ʘ ʪʘʢʞʝ 

ʟʘʧʨʦʝʢʪʠʨʦʚʘʪʴ ʤʝʨʳ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ 

ʦʙʲʝʢʪʘ ʚ ʮʝʣʦʤ. 

 

 

 
ʈʠʩʫʥʦʢ 8.  ʇʦʜʚʘʣʴʥʦʝ ʧʦʤʝʱʝʥʠʝ. ʋʟʝʣ ʫʯʝʪʘ. 
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ʈʠʩʫʥʦʢ 9.  ʇʦʜʚʘʣʴʥʦʝ ʧʦʤʝʱʝʥʠʝ. ʈʘʟʨʫʰʝʥʠʝ ʪʝʧʣʦʠʟʦʣʷʮʠʠ ʪʨʫʙ ʛʦʨʷʯʝʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠ ̫
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʫʢʨʝʧʣʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʷʚʣʷʝʪʩʷ 

ʫʩʪʘʥʦʚʢʘ ʨʘʟʛʨʫʞʘʶʱʠʭ ʙʘʣʦʢ. ʕʪʦʪ ʧʦʜʭʦʜ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʟʜʘʥʠʡ ʠ ʧʦʟʚʦʣʷʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʠʟʛʠʙ. 

ʂʣʶʯʝʚʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʛʨʘʤʦʪʥʦ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʩʠʩʪʝʤʘ ʫʩʠʣʝʥʠʷ ʥʝ 

ʪʦʣʴʢʦ ʛʘʨʘʥʪʠʨʫʝʪ ʚʳʩʦʢʫʶ ʥʘʜʝʞʥʦʩʪʴ ʚʩʝʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʥʦ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʨʦʝʢʪʘ. ʇʨʠ ʵʪʦʤ ʨʝʘʣʠʟʘʮʠʷ ʪʘʢʦʛʦ ʨʝʰʝʥʠʷ ʪʨʝʙʫʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʭ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ ʥʘ 

ʧʨʦʚʝʜʝʥʠʝ ʨʘʙʦʪ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʈʝʢʦʥʩʪʨʫʢʮʠʷ, ʨʘʟʛʨʫʞʘʶʱʠʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʧʣʠʪʘ ʧʝʨʝʢʨʳʪʠʷ, ʠʟʛʠʙ. 

 

ABSTRACT 

 

Currently, one of the most effective methods of strengthening structures is the installation of unloading beams. 

This approach is actively used in the reconstruction of buildings and allows for a significant improvement in the 

strength characteristics of reinforced concrete elements that are subjected to bending. The key advantage of this method 
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is that a well-designed reinforcement system not only guarantees the high reliability of the entire structure, but also 

ensures the economic efficiency of the project. Moreover, the implementation of this solution requires relatively little 

time for the work to be carried out. 

Keywords: Reconstruction, unloading structures, floor slab, bending. 

 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʠʤʝʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʙʲʝʢʪʦʚ ʢʘʧʠʪʘʣʴʥʦʛʦ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʥʫʞʜʘʶʱʠʭʩʷ ʚ ʨʝʤʦʥʪʝ ʠ 

ʨʝʢʦʥʩʪʨʫʢʮʠʠ. ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ 

ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ ʷʚʣʷʝʪʩʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʪʘʢʠʭ ʟʜʘʥʠʡ. ʉʣʦʞʥʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʝʩʫʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʧʝʨʝʢʨʳʪʠʡ ʚ ʞʠʣʳʭ ʠ ʦʙʱʝʩʪʚʝʥʥʳʭ 

ʟʜʘʥʠʷʭ ʩʚʷʟʘʥʘ ʩ ʜʦʩʪʘʪʦʯʥʦ ʪʨʫʜʦʟʘʪʨʘʪʥʳʤʠ 

ʪʝʭʥʦʣʦʛʠʷʤʠ ʤʦʥʪʘʞʘ ʵʣʝʤʝʥʪʦʚ ʫʩʠʣʝʥʠʷ ʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʝʮʠʘʣʴʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. ʅʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ 

ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠ ʫʩʠʣʝʥʠʷ ʧʦʚʨʝʞʜʝʥʥʳʭ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʙʳʣʠ ʦʩʚʝʱʝʥʳ ʚ 

ʨʦʩʩʠʡʩʢʠʭ ʧʫʙʣʠʢʘʮʠʷʭ [1-19], ʘ ʪʘʢʞʝ ʚ 

ʟʘʨʫʙʝʞʥʳʭ ʠʩʪʦʯʥʠʢʘʭ [20-26]. 

ɻʣʘʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʤ ʪʝʭʥʠʯʝʩʢʠʤ ʨʝʰʝʥʠʷʤ, 

ʷʚʣʷʶʪʩʷ ʪʨʝʙʦʚʘʥʠʷ ʥʘʜʝʞʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʠʣʠ ʫʚʝʣʠʯʝʥʠʝ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʡ, 

ʙʝʟʦʧʘʩʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʤʠʥʠʤʠʟʘʮʠʠ ʩʪʦʠʤʦʩʪʠ, 

ʪʨʫʜʦʝʤʢʦʩʪʠ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʨʘʙʦʪ ʧʦ 

ʫʩʠʣʝʥʠʶ ʢʦʥʩʪʨʫʢʮʠʡ, ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘʠʙʦʣʝʝ 

ʜʦʩʪʫʧʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʜʦʣʞʝʥʠʷ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʟʜʘʥʠʷ ʚ ʧʝʨʠʦʜ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʙʦʪ 

ʠ ʪ.ʜ. ʇʦʵʪʦʤʫ ʜʣʷ ʫʩʠʣʝʥʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʩʣʝʜʫʝʪ ʧʨʠʤʝʥʷʪʴ ʤʝʪʦʜʳ, ʢʦʪʦʨʳʝ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʝʟʦʧʘʩʥʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ ʠ 

ʨʘʟʨʘʙʦʪʘʥʳ ʠʩʭʦʜʷ ʠʟ ʪʝʭʥʠʯʝʩʢʦʡ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʠ ʵʢʦʥʦʤʠʯʥʦʩʪʠ. 

ʇʨʠ ʚʳʙʦʨʝ ʚʘʨʠʘʥʪʘ ʫʩʠʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ ʚʩʝ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ 

ʚʳʙʨʘʥʥʦʛʦ ʚʘʨʠʘʥʪʘ ʩ ʫʯʝʪʦʤ ʢʦʥʢʨʝʪʥʳʭ 

ʫʩʣʦʚʠʡ. ɺʳʙʨʘʥʥʳʡ ʚʘʨʠʘʥʪʘ ʫʩʠʣʝʥʠʷ ʜʦʣʞʝʥ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʪʨʝʙʫʝʤʫʶ ʥʝʩʫʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʠ 

ʙʝʟʦʧʘʩʥʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʥʘʜʝʞʥʳʭ 

ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʩʧʦʩʦʙ ð ʵʪʦ ʫʩʠʣʝʥʠʝ 

ʨʘʟʛʨʫʞʘʶʱʠʤʠ ʙʘʣʢʘʤʠ.  

ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʷʚʣʷʝʪʩʷ 

ʧʨʦʩʪʦʪʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʥʘʜʝʞʥʦʩʪʴ. ʇʨʠ 

ʚʳʧʦʣʥʝʥʠʠ ʨʘʙʦʪ ʥʝ ʥʘʨʫʰʘʝʪʩʷ ʮʝʣʦʩʪʥʦʩʪʴ 

ʢʦʥʩʪʨʫʢʮʠʠ. ɼʘʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʧʦʟʚʦʣʷʝʪ 

ʫʩʠʣʠʚʘʪʴ ʥʦʨʤʘʣʴʥʦʝ ʠ ʥʘʢʣʦʥʥʦʝ ʩʝʯʝʥʠʷ ʧʣʠʪ, ʘ 

ʪʘʢʞʝ ʫʩʪʨʘʥʷʪʴ ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʦʧʠʨʘʥʠʝ ʧʣʠʪ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʜʝʷʪʝʣʴʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ 

ʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʦʨʛʘʥʦʚ, ʚʢʣʶʯʘʷ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʫʶ ʵʢʩʧʝʨʪʠʟʫ ʧʨʦʝʢʪʥʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʠ, ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʩʪʨʦʠʪʝʣʴʥʳʡ 

ʥʘʜʟʦʨ, ʪʝʭʥʠʯʝʩʢʠʡ ʥʘʜʟʦʨ, ʘʚʪʦʨʩʢʠʡ ʥʘʜʟʦʨ ʟʘ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦʤ ʦʙʲʝʢʪʘ ʠ ʨʘʙʦʪʫ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʣʫʞʙ, ʚ ʤʠʨʝ ʚʩʸ ʝʱʸ 

ʧʨʦʠʩʭʦʜʷʪ ʘʚʘʨʠʡʥʳʝ ʩʠʪʫʘʮʠʠ. 

ɺ ʧʨʦʮʝʩʩʝ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʦʙʲʝʢʪʦʚ 

ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʢʘʢ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 

ʫʩʣʦʚʠʡ (ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ, ʫʨʦʚʝʥʴ 

ʚʣʘʞʥʦʩʪʠ, ʘʛʨʝʩʩʠʚʥʦʩʪʴ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ), ʪʘʢ 

ʠ ʜʝʡʩʪʚʫʶʱʠʭ ʥʘʛʨʫʟʦʢ (ʫʩʪʘʥʦʚʢʘ ʥʦʚʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʘʜʩʪʨʦʡʢʘ ʵʪʘʞʝʡ ʠ ʧʨʦʯʠʝ 

ʤʦʜʠʬʠʢʘʮʠʠ). ʕʪʦ ʧʦʜʯʸʨʢʠʚʘʝʪ ʚʘʞʥʦʩʪʴ ʢʘʢ 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʢʦʥʩʪʨʫʢʮʠʡ, ʪʘʢ ʠ ʧʨʦʚʝʜʝʥʠʷ ʢʦʤʧʣʝʢʩʘ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ. 

ʇʦʪʨʝʙʥʦʩʪʴ ʚ ʫʩʠʣʝʥʠʠ ʠʣʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ 

ʢʦʥʩʪʨʫʢʮʠʡ ʚʦʟʥʠʢʘʝʪ ʢʘʢ ʚʦ ʚʨʝʤʷ ʨʝʢʦʥʩʪʨʫʢʮʠʠ 

(ʧʨʠ ʧʝʨʝʩʪʨʦʡʢʝ, ʧʝʨʝʧʣʘʥʠʨʦʚʢʝ, ʠʟʤʝʥʝʥʠʠ 

ʪʝʭʥʦʣʦʛʠʠ ʠʣʠ ʥʘʟʥʘʯʝʥʠʷ ʟʜʘʥʠʷ), ʪʘʢ ʠ ʧʨʠ 

ʫʩʪʨʘʥʝʥʠʠ ʜʝʬʝʢʪʦʚ ʠ ʧʦʚʨʝʞʜʝʥʠʡ, 

ʧʦʷʚʣʷʶʱʠʭʩʷ ʚ ʢʦʥʩʪʨʫʢʮʠʷʭ ʧʦʜ ʚʣʠʷʥʠʝʤ 

ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ. 

ɽʩʣʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʨʦʯʥʳʭ ʨʘʩʯʸʪʦʚ 

ʠʣʠ ʚʠʟʫʘʣʴʥʦʡ ʦʮʝʥʢʠ ʢʦʥʩʪʨʫʢʮʠʠ ʥʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʦʨʤʘʪʠʚʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʠʭ 

ʥʝʦʙʭʦʜʠʤʦ ʫʩʠʣʠʪʴ ʧʨʠ ʫʩʣʦʚʠʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʪʘʢʠʭ ʨʘʙʦʪ. 

ʈʘʟʛʨʫʞʘʶʱʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʦʪʜʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ: ʩʪʦʡʢʠ, ʙʘʣʢʠ, ʧʣʠʪʳ, 

ʬʝʨʤʳ, ʨʘʤʳ ʠ ʧʦʜʢʦʩʳ, ʢʦʪʦʨʳʝ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ 

ʧʦʜ ʫʩʠʣʠʚʘʝʤʦʡ ʢʦʥʩʪʨʫʢʮʠʝʡ ʠʣʠ ʩʚʝʨʭʫ ʠ 

ʨʘʙʦʪʘʶʪ ʩʦʚʤʝʩʪʥʦ ʩ ʥʝʡ. ʆʥʠ ʧʨʠʥʠʤʘʶʪ ʥʘ ʩʝʙʷ 

ʯʘʩʪʴ ʠʣʠ ʚʩʶ ʥʘʛʨʫʟʢʫ, ʜʝʡʩʪʚʫʶʱʫʶ ʥʘ 

ʫʩʠʣʠʚʘʝʤʳʡ ʵʣʝʤʝʥʪ, ʠ ʧʝʨʝʜʘʶʪ ʝʸ ʥʘ 

ʥʝʜʦʛʨʫʞʝʥʥʳʝ ʯʘʩʪʠ ʩʦʦʨʫʞʝʥʠʷ ʠʣʠ ʥʘ 

ʩʦʙʩʪʚʝʥʥʳʝ ʦʧʦʨʳ ʠ ʬʫʥʜʘʤʝʥʪʳ. ʈʘʟʛʨʫʞʘʶʱʠʝ 

ʙʘʣʢʠ ʤʦʛʫʪ ʦʧʠʨʘʪʴʩʷ ʥʘ ʩʫʱʝʩʪʚʫʶʱʠʝ ʢʦʣʦʥʥʳ 

ʯʝʨʝʟ ʩʧʝʮʠʘʣʴʥʳʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʠʣʠ 

ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʦʧʦʨʥʳʝ ʢʦʥʩʦʣʠ. 

ɻʨʫʧʧʘ ʨʘʟʛʨʫʞʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʩʦʩʪʦʠʪ 

ʠʟ ʜʚʫʭ ʧʦʜʛʨʫʧʧ: ʢʦʥʩʪʨʫʢʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ 

ʧʦʣʥʫʶ ʨʘʟʛʨʫʟʢʫ ʠʣʠ ʟʘʤʝʥʫ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʥʦʚʳʤʠ; ʢʦʥʩʪʨʫʢʮʠʠ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʯʘʩʪʠʯʥʫʶ ʨʘʟʛʨʫʟʢʫ, ʧʨʠ 

ʢʦʪʦʨʳʭ ʯʘʩʪʴ ʥʘʛʨʫʟʢʠ ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ 

ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʢʦʥʩʪʨʫʢʮʠʷʤʠ, ʘ ʯʘʩʪʴ - 

ʨʘʟʛʨʫʞʘʶʱʠʤʠ. ʇʦʩʢʦʣʴʢʫ ʯʘʩʪʠʯʥʦʝ 

ʨʘʟʛʨʫʞʝʥʠʝ ʥʝ ʚʩʝʛʜʘ ʦʙʣʘʜʘʝʪ ʩʫʱʝʩʪʚʝʥʥʳʤʠ 

ʦʪʣʠʯʠʷʤʠ ʦʪ ʫʩʠʣʝʥʠʷ, ʪʦ ʵʪʘ ʧʦʜʛʨʫʧʧʘ ʤʦʞʝʪ 

ʙʳʪʴ ʦʪʥʝʩʝʥʘ ʠ ʢ ʛʨʫʧʧʝ ʫʚʝʣʠʯʝʥʠʷ ʥʝʩʫʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʠ. 

ʇʨʠʤʝʥʝʥʠʝ ʨʘʟʛʨʫʞʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ 

ʧʨʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʟʜʘʥʠʡ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ 

ʧʦʚʳʩʠʪʴ ʥʝʩʫʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ 

ʠʟʛʠʙʘʝʤʳʭ ʵʣʝʤʝʥʪʦʚ. ʇʨʘʚʠʣʴʥʦ 

ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʫʩʠʣʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʥʘʜʝʞʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʠ ʦʧʪʠʤʘʣʴʥʳʭ 

ʟʘʪʨʘʪʘʭ ʠ ʤʠʥʠʤʘʣʴʥʳʭ ʩʨʦʢʘʭ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ. 

ʂʦʥʩʪʨʫʢʮʠʠ ʫʩʠʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʥʝ 

ʟʘʤʦʥʦʣʠʯʠʚʘʶʪʩʷ ʠ ʚʳʧʦʣʥʷʶʪ ʬʫʥʢʮʠʶ 

ʨʘʟʛʨʫʞʘʶʱʠʭ ʩʠʩʪʝʤ, ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ʠʣʠ 

ʩʦʩʪʘʚʥʳʝ ʩʠʩʪʝʤʳ, ʚʢʣʶʯʘʶʱʠʝ ʫʩʠʣʠʚʘʝʤʳʡ 

ʵʣʝʤʝʥʪ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ 

ʨʘʟʛʨʫʞʘʶʱʠʭ ʩʠʩʪʝʤ ʠ ʫʩʠʣʠʚʘʝʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ 

ʤʝʞʜʫ ʥʠʤʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʫʩʤʦʪʨʝʪʴ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʸʥʥʳʝ ʩʚʷʟʠ, ʨʘʩʧʦʨʢʠ, 

ʢʣʠʥʴʷ, ʧʦʜʯʝʢʘʥʢʠ ʠʣʠ ʜʨʫʛʠʝ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ 
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ʧʝʨʝʜʘʯʠ ʥʘʛʨʫʟʢʠ ʥʘ ʢʦʥʩʪʨʫʢʮʠʠ ʫʩʠʣʝʥʠʷ. ʇʨʠ 

ʵʪʦʤ ʢʦʥʩʪʨʫʢʮʠʷ ʫʩʠʣʝʥʠʷ ʜʦʣʞʥʘ ʚʦʩʧʨʠʥʠʤʘʪʴ 

ʥʝ ʤʝʥʝʝ 30% ʥʘʛʨʫʟʢʠ, ʜʝʡʩʪʚʫʶʱʝʡ ʚ 

ʫʩʠʣʠʚʘʝʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʊʘʢ ʧʨʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʟʜʘʥʠʷ 

ʅʦʚʦʩʠʙʠʨʩʢʦʛʦ ʬʠʣʠʘʣʘ ɸʆ "ɻʉʇʀ" ʯʘʩʪʴ 

ʧʦʤʝʱʝʥʠʡ ʠʟʤʝʥʠʣʦ ʥʘʟʥʘʯʝʥʠʷ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʥʘʛʨʫʟʢʠ ʥʘ ʯʘʩʪʴ ʧʣʠʪ ʧʝʨʝʢʨʳʪʠʷ. 

 

 
ʈʠʩʫʥʦʢ 1. ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʧʣʠʪʳ ʧʝʨʝʢʨʳʪʠʷ. 

 

 

 
 

 

ʈʠʩʫʥʦʢ 2. ʉʝʯʝʥʠʝ ʧʣʠʪʳ ʧʝʨʝʢʨʳʪʠʷ. 

 

 

ʕʢʩʧʝʨʪʠʟʘ ʩʫʱʝʩʪʚʫʶʱʝʡ ʧʫʩʪʦʪʥʦʡ ʧʣʠʪʳ 

ʩ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ 1,45ʪ/ʤ (ʟʘʛʨʫʞʝʥʠʝ ʦʪ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʣʶʜʝʡ, ʢʦʥʩʪʨʫʢʮʠʠ ʧʦʣʘ) ʧʦʢʘʟʘʣʘ, 

ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʳʡ ʧʨʦʛʠʙ ʦʢʘʟʘʣʩʷ ʨʘʚʝʥ 39,371 

ʤʤ, ʯʪʦ ʧʨʝʚʳʰʘʝʪ ʟʥʘʯʝʥʠʝ ʧʨʝʜʝʣʴʥʦ 

ʜʦʧʫʩʪʠʤʦʛʦ ʧʨʦʛʦʥʘ ʨʘʚʥʦʝ 31 ʤʤ, ʦʧʨʝʜʝʣʝʥʥʦʝ 

ʩʦʛʣʘʩʥʦ ʉʇ 20.13330.2016.  

 

ʊʘʙʣʠʮʘ 1.ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʨʦʛʠʙʦʚ 

 

 

 
ʈʠʩʫʥʦʢ 3. ʕʧʶʨʘ ʧʨʦʛʠʙʦʚ 

 



ˠ̠̎̉̃̆̑̒̉̓̆̓̒̋́ ˚́̔̋́Ȣ 5ÎÉÖÅÒÓÉÔÙ 3ÃÉÅÎÃÅȢ Τ2(20Ɋ φτφω ̄. 

81 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʫʩʠʣʝʥʠʷ ʧʣʠʪʳ 

ʧʝʨʝʢʨʳʪʠʷ ʙʳʣʦ ʨʝʰʝʥʦ ʫʩʪʘʥʘʚʠʪʴ 

ʨʘʟʛʨʫʞʘʶʱʫʶ ʙʘʣʢʫ, ʢʦʪʦʨʘʷ ʚʦʩʧʨʠʤʝʪ 70% 

ʥʘʛʨʫʟʢʠ.  

ʇʣʠʪʳ ʧʦʢʨʳʪʠʡ ʠ ʧʝʨʝʢʨʳʪʠʡ ʩʣʝʜʫʝʪ 

ʫʩʠʣʠʚʘʪʴ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʙʫʜʫʪ ʦʙʝʩʧʝʯʝʥʳ 

ʫʩʣʦʚʠʷ ʠʭ ʙʝʟʘʚʘʨʠʡʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠ ̫ ʚ ʥʦʚʳʭ 

ʫʩʣʦʚʠʷʭ ʙʝʟ ʫʩʠʣʝʥʠʷ. ʂ ʵʪʠʤ ʫʩʣʦʚʠʷʤ ʦʪʥʦʩʷʪʩʷ: 

ʨʘʮʠʦʥʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʥʘʛʨʫʟʦʢ, ʚʚʝʜʝʥʠʝ ʚʨʝʤʝʥʥʳʭ ʨʘʟʛʨʫʞʘʶʱʠʭ 

ʵʣʝʤʝʥʪʦʚ ʠ ʫʩʪʨʦʡʩʪʚ ʧʨʠ ʜʝʤʦʥʪʘʞʝ ʠ ʤʦʥʪʘʞʝ 

ʦʙʦʨʫʜʦʚʘʥʠʷ; ʦʛʨʘʥʠʯʝʥʠʝ ʧʦ ʦʜʥʦʚʨʝʤʝʥʥʦʤʫ 

ʟʘʛʨʫʞʝʥʠʶ ʚʨʝʤʝʥʥʳʤʠ ʥʘʛʨʫʟʢʘʤʠ ʙʦʣʴʰʠʭ 

ʧʣʦʱʘʜʝʡ ʧʝʨʝʢʨʳʪʠʡ; ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʚʠʙʨʘʮʠʠ 

ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʠʤʝʥʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʡ ʚʠʙʨʦʠʟʦʣʷʮʠʠ ʤʘʰʠʥ ʠ ʨʷʜ ʜʨʫʛʠʭ 

ʤʝʨʦʧʨʠʷʪʠʡ. 

2.ʇʦʨʷʜʦʢ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪʳ ʧʦ 

ʧʦʜʚʝʜʝʥʠʶ ʨʘʟʛʨʫʞʘʶʱʝʡ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʙʘʣʢʠ 

(ʩʚʝʨʭʫ) 

ʕʪʘʧ 1. ʇʦʜʛʦʪʦʚʢʘ ʠ ʨʝʟʢʘ ʧʣʠʪʳ 

ʧʝʨʝʢʨʳʪʠʷ 

Å ʈʘʟʤʝʪʢʘ ʣʠʥʠʠ ʫʩʪʘʥʦʚʢʠ ʙʘʣʦʢ: 

o ʪʱʘʪʝʣʴʥʘʷ ʨʘʟʤʝʪʢʘ ʧʨʦʝʢʪʥʦʛʦ 

ʧʦʣʦʞʝʥʠʷ ʙʘʣʦʢ 

o ʧʨʦʚʝʨʢʘ ʛʝʦʤʝʪʨʠʠ ʨʘʟʤʝʪʢʠ 

o ʢʦʥʪʨʦʣʴ ʩʦʦʪʚʝʪʩʪʚʠʷ ʧʨʦʝʢʪʥʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʠ 

Å ʄʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʣʠʪʳ: 

o ʧʦʜʛʦʪʦʚʢʘ ʘʣʤʘʟʥʦʛʦ ʨʝʞʫʱʝʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ 

o ʚʳʧʦʣʥʝʥʠʝ ʪʦʯʥʦʡ ʨʝʟʢʠ ʧʦ ʨʘʟʤʝʯʝʥʥʦʡ 

ʣʠʥʠʠ 

o ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʨʝʟʘ 

o ʦʙʝʩʧʝʯʝʥʠʝ ʨʦʚʥʦʩʪʠ ʢʨʘʝʚ 

Å ɼʝʤʦʥʪʘʞ ʬʨʘʛʤʝʥʪʘ: 

o ʧʦʜʛʦʪʦʚʢʘ ʛʨʫʟʦʧʦʜʲʝʤʥʦʡ ʪʝʭʥʠʢʠ 

o ʘʢʢʫʨʘʪʥʦʝ ʠʟʚʣʝʯʝʥʠʝ ʚʳʨʝʟʘʥʥʦʛʦ 

ʫʯʘʩʪʢʘ 

o ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʤʘʪʝʨʠʘʣʘ ʚ ʟʦʥʫ 

ʩʢʣʘʜʠʨʦʚʘʥʠʷ 

ʕʪʘʧ 2. ʌʦʨʤʠʨʦʚʘʥʠʝ ʥʠʰ ʚ ʩʪʝʥʘʭ 

Å ʇʦʜʛʦʪʦʚʠʪʝʣʴʥʳʝ ʨʘʙʦʪʳ: 

o ʨʘʟʤʝʪʢʘ ʤʝʩʪ ʫʩʪʨʦʡʩʪʚʘ ʥʠʰ 

o ʧʨʦʚʝʨʢʘ ʚʝʨʪʠʢʘʣʴʥʦʩʪʠ ʩʪʝʥ 

o ʧʦʜʛʦʪʦʚʢʘ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʤʘʪʝʨʠʘʣʦʚ 

Å ʋʩʪʨʦʡʩʪʚʦ ʥʠʰ: 

o ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʝʤʦʚ ʰʠʨʠʥʦʡ 300-350 

ʤʤ 

o ʦʙʝʩʧʝʯʝʥʠʝ ʪʦʯʥʳʭ ʨʘʟʤʝʨʦʚ 

o ʦʯʠʩʪʢʘ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʪ ʧʳʣʠ ʠ ʦʩʪʘʪʢʦʚ 

ʤʘʪʝʨʠʘʣʘ 

o ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʙʦʪ 

ʕʪʘʧ 3. ʄʦʥʪʘʞ ʠ ʬʠʢʩʘʮʠʷ ʙʘʣʦʢ 

Å ʇʦʜʛʦʪʦʚʢʘ ʨʘʩʪʚʦʨʘ: 

o ʧʨʠʛʦʪʦʚʣʝʥʠʝ ʙʳʩʪʨʦʪʚʝʨʜʝʶʱʝʛʦ 

ʨʘʩʪʚʦʨʘ ʄ200 

o ʢʦʥʪʨʦʣʴ ʧʨʦʧʦʨʮʠʡ ʢʦʤʧʦʥʝʥʪʦʚ 

o ʧʨʦʚʝʨʢʘ ʢʦʥʩʠʩʪʝʥʮʠʠ 

Å ʋʩʪʘʥʦʚʢʘ ʙʘʣʦʢ: 

o ʟʘʚʝʜʝʥʠʝ ʙʘʣʦʢ ɹ1 ʚ ʧʦʜʛʦʪʦʚʣʝʥʥʳʝ 

ʥʠʰʠ 

o ʚʳʚʝʨʢʘ ʧʦʣʦʞʝʥʠʷ ʩʦʛʣʘʩʥʦ ʨʘʟʨʝʟʫ 1-1 

o ʫʩʪʘʥʦʚʢʘ ʥʘ ʧʦʜʣʠʚʢʫ ʠʟ ʨʘʩʪʚʦʨʘ 

o ʬʠʢʩʘʮʠʷ ʚ ʧʨʦʝʢʪʥʦʤ ʧʦʣʦʞʝʥʠʠ 

ʕʪʘʧ 4. ɹʝʪʦʥʥʳʝ ʨʘʙʦʪʳ 

Å ʇʦʜʛʦʪʦʚʢʘ ʢ ʙʝʪʦʥʠʨʦʚʘʥʠʶ: 

o ʦʯʠʩʪʢʘ ʧʦʚʝʨʭʥʦʩʪʝʡ ʫʩʪʘʥʦʚʢʠ ʙʘʣʦʢ 

o ʫʩʪʘʥʦʚʢʘ ʦʧʘʣʫʙʢʠ (ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ) 

o ʧʦʜʛʦʪʦʚʢʘ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ 

Å ɹʝʪʦʥʠʨʦʚʘʥʠʝ ʫʯʘʩʪʢʦʚ: 

o ʟʘʣʠʚʢʘ ʤʝʩʪ ʫʩʪʘʥʦʚʢʠ ʙʘʣʦʢ ʚ ʥʠʰʘʭ 

o ʙʝʪʦʥʠʨʦʚʘʥʠʝ ʜʝʤʦʥʪʠʨʦʚʘʥʥʦʛʦ ʫʯʘʩʪʢʘ 

ʧʣʠʪʳ 

o ʦʙʝʩʧʝʯʝʥʠʝ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʙʝʪʦʥʘ 

o ʫʧʣʦʪʥʝʥʠʝ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ 

Å ʂʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ: 

o ʧʨʦʚʝʨʢʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʩʪʠ 

o ʢʦʥʪʨʦʣʴ ʪʦʣʱʠʥʳ ʩʣʦʷ ʙʝʪʦʥʘ 

o ʦʙʝʩʧʝʯʝʥʠʝ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʮʝʧʣʝʥʠʷ 

ɺʘʞʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʢʦʥʪʨʦʣʷ 

Å ʊʝʭʥʠʯʝʩʢʠʡ ʥʘʜʟʦʨ: 

o ʧʦʩʪʦʷʥʥʳʡ ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪ 

o ʩʦʙʣʶʜʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʝʨʝʨʳʚʦʚ 

o ʧʨʦʚʝʨʢʘ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

Å ʄʝʨʳ ʙʝʟʦʧʘʩʥʦʩʪʠ: 

o ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʨʝʜʩʪʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ 

ʟʘʱʠʪʳ 

o ʩʦʙʣʶʜʝʥʠʝ ʧʨʘʚʠʣ ʨʘʙʦʪʳ ʩ 

ʛʨʫʟʦʧʦʜʲʝʤʥʦʡ ʪʝʭʥʠʢʦʡ 

o ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʳʭ ʫʩʣʦʚʠʡ ʪʨʫʜʘ 

Å ɼʦʢʫʤʝʥʪʘʮʠʷ: 

o ʚʝʜʝʥʠʝ ʞʫʨʥʘʣʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʙʦʪ 

o ʬʠʢʩʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ 

o ʦʬʦʨʤʣʝʥʠʝ ʘʢʪʦʚ ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʙʦʪ 

3. ʈʘʩʯʝʪ ʨʘʟʛʨʫʞʘʶʱʝʡ ʙʘʣʢʠ. 

ɹʘʣʢʘ ʚʦʩʧʨʠʥʠʤʘʝʪ 70% ʥʘʛʨʫʟʢʠ.  

ʈʘʩʯʝʪ ʚʳʧʦʣʥʝʥ ʧʦ ʉʇ 16.13330.2017 ʩ 

ʠʟʤʝʥʝʥʠʝʤ ˉ1. ʆʪʯʝʪ ʩʬʦʨʤʠʨʦʚʘʥ ʧʨʦʛʨʘʤʤʦʡ 

ʂʨʠʩʪʘʣʣ (64-ʙʠʪ), ʚʝʨʩʠʷ: 21.1.9.5 ʦʪ 14.11.2019 

ʆʙʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

ʉʪʘʣʴ: C245 

ɻʨʫʧʧʘ ʢʦʥʩʪʨʫʢʮʠʡ ʧʦ ʧʨʠʣʦʞʝʥʠʶ ɺ ʉʇ 

16.13330 2017 

ʂʦʵʬʬʠʮʠʝʥʪ ʥʘʜʝʞʥʦʩʪʠ ʧʦ 

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ɔn = 1,1 

ʂʦʵʬʬʠʮʠʝʥʪ ʥʘʜʝʞʥʦʩʪʠ ʧʦ 

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ (2-ʝ ʧʨʝʜʝʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ) 1 

ʂʦʵʬʬʠʮʠʝʥʪ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ 1 

 

ʄʘʢʩʠʤʘʣʴʥʳʡ ʧʨʦʛʠʙ ʙʘʣʢʠ ʩʦʩʪʘʚʠʣ 0,023 

ʤ. 



 

 
 

ʈʠʩʫʥʦʢ 4. ʋʩʪʘʥʦʚʢʘ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʙʘʣʦʢ ʚ ʧʫʩʪʦʪʳ ʩʚʝʨʭʫ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʠʭ ʦʙʝʪʦʥʠʨʦʚʘʥʠʝʤ. 

1- ʫʩʠʣʠʚʘʝʤʳʝ ʧʣʠʪʳ; 2- ʢʠʨʧʠʯʥʘʷ ʩʪʝʥʘ; 3- ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʙʘʣʢʠ ʠʟ ʜʚʫʪʘʚʨʦʚ; 4- ʚʳʨʫʙʣʝʥʥʳʝ ʧʦʣʢʠ 

ʧʣʠʪ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʙʘʣʦʢ; 5- ʚʳʨʫʙʣʝʥʥʳʝ ʥʠʰʠ ʚ ʩʪʝʥʘʭ ʜʣʷ ʟʘʚʝʜʝʥʠʷ ʙʘʣʦʢ; 6- ʙʝʪʦʥ ʟʘʤʦʥʦʣʠʯʠʚʘʥʠʷ 

ʚʳʨʫʙʣʝʥʥʳʭ ʧʦʣʦʢ, ʥʠʰ ʠ ʧʫʩʪʦʪ ʥʘ ʙʝʟʫʩʘʜʦʯʥʦʤ ʮʝʤʝʥʪʝ 

 
ʈʠʩʫʥʦʢ 5. ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʙʘʣʢʠ 

 

 
ʈʠʩʫʥʦʢ 6. ʇʨʦʬʠʣʴ: ɼʚʫʪʘʚp ʙʘʣʦʯʥʳʡ ʰʠʨʦʢʦʧʦʣʦʯʥʳʡ ʧʦ ɻʆʉʊ ʈ 57837-2017 20ʐ3 

 

ʇʨʠ ʨʝʤʦʥʪʝ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʟʜʘʥʠʡ ʠ 

ʩʦʦʨʫʞʝʥʠʡ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʵʬʬʝʢʪʠʚʥʳʡ ʩʧʦʩʦʙ 

ʫʩʠʣʝʥʠʷ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʦʚʳʩʠʪʴ ʥʝʩʫʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ. ʇʨʠ ʚʥʝʜʨʝʥʠʠ ʪʘʢʠʭ ʩʠʩʪʝʤ 

ʧʨʦʠʩʭʦʜʠʪ ʫʩʠʣʝʥʠʝ ʢʘʢ ʥʦʨʤʘʣʴʥʳʭ, ʪʘʢ ʠ 

ʥʘʢʣʦʥʥʳʭ ʩʝʯʝʥʠʡ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʇʨʠ ʧʨʠʥʷʪʠʠ ʥʘ ʩʝʙʷ ʯʘʩʪʠ ʥʘ ʛʨʫʟʢʠ ʠ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʠ ʝʝ ʥʘ ʦʧʦʨʳ ʠʣʠ ʩʫʱʝʩʪʚʫʶʱʠʝ 

ʥʝʩʫʱʠʝ ʵʣʝʤʝʥʪʳ, ʨʘʟʛʨʫʞʘʶʱʘʷ ʙʘʣʢʘ ʧʦʟʚʦʣʠʣʘ 

ʩʥʠʟʠʪʴ ʥʘʧʨʷʞʸʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʦʩʥʦʚʥʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʫʚʝʣʠʯʠʪʴ ʝʸ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʡ 

ʨʝʩʫʨʩ. 

ʇʨʠ ʧʨʘʚʠʣʴʥʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʤʦʥʪʘʞʝ 

ʪʘʢʘʷ ʩʠʩʪʝʤʘ ʫʩʠʣʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʜʸʞʥʦʩʪʴ 

ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʠ ʦʧʪʠʤʘʣʴʥʳʭ ʟʘʪʨʘʪʘʭ ʠ 

ʤʠʥʠʤʘʣʴʥʳʭ ʩʨʦʢʘʭ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ. 
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ɸʅʅʆʊɸʎʀʗ 

 

ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʥʘ ʟʘʙʦʣʦʯʝʥʥʦʡ ʤʝʩʪʥʦʩʪʠ ï ʵʪʦ ʚʝʩʴʤʘ ʩʣʦʞʥʳʡ ʧʨʦʮʝʩʩ , ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʤʥʦʞʝʩʪʚʦ ʵʪʘʧʦʚ ʧʦʜʛʦʪʦʚʢʠ . ʆʩʥʦʚʥʦʡ ʫʧʦʨ ʧʨʠ ʜʘʥʥʦʤ ʚʠʜʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠʜʝʪ ʥʘ ʧʦʜʛʦʪʦʚʢʫ ʛʨʫʥʪʘ ʠ 

ʫʩʪʘʥʦʚʢʫ ʬʫʥʜʘʤʝʥʪʘ . ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʥʝʩʝʪ ʚ ʩʝʙʝ ʙʦʣʴʰʝ ʦʙʟʦʨʥʳʡ ʭʘʨʘʢʪʝʨ . ɺ ʥʝʡ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ 

ʧʨʠʤʝʨʳ ʛʦʨʦʜʦʚ ʠ ʩʦʦʨʫʞʝʥʠʡ ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʤʝʩʪʝ ʙʳʚʰʠʭ ʙʦʣʦʪ , ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʪʝʭʥʦʣʦʛʠʠ 

ʦʩʫʰʝʥʠʷ ʙʦʣʦʪ ʠ ʧʨʦʯʠʝ ʧʨʦʮʝʩʩʳ , ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʦʣʦʪʠʩʪʘʷ ʤʝʩʪʥʦʩʪʴ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʛʨʫʥʪ, ʬʫʥʜʘʤʝʥʪ. 

 

ABSTRACT 

 

Building on marshy land is a very complex process that involves many stages of preparation. The main focus of 

this type of construction is on preparing the soil and installing the foundation. This article is more of an overview. It 

will discuss examples of cities and structures built on former swamps, as well as the technologies used for draining 

swamps and other necessary processes. 

Keywords: swampy area, construction, soil, foundation. 

 

ɿʘʙʦʣʦʯʝʥʥʘʷ ʤʝʩʪʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʩʘʤʳʭ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʚʠʜʦʚ ʤʝʩʪʥʦʩʪʠ ʜʣʷ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʜʘʥʥʫʶ ʤʝʩʪʥʦʩʪʴ 

ʧʦʜʛʦʪʘʚʣʠʚʘʣʠ ʠ ʜʦ ʩʠʭ ʧʦʨ ʧʦʜʛʦʪʘʚʣʠʚʘʶʪ ʧʦʜ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ. ʉʘʤʳʝ ʷʨʢʠʝ ʧʨʠʤʝʨʳ ʧʨʠʤʝʥʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʠ ʦʩʫʰʝʥʠʷ ʙʦʣʦʪ ʠ ʧʦʜʛʦʪʦʚʢʠ ʛʨʫʥʪʦʚ 

ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʀʟʨʘʠʣʝ, ʈʦʩʩʠʠ, ʀʪʘʣʠʠ ʠ 

ʌʠʥʣʷʥʜʠʠ.  

ɹʦʣʦʪʦ - ʫʯʘʩʪʦʢ  ʣʘʥʜʰʘʬʪʘ, ʦʪʣʠʯʘʶʱʠʡʩʷ 

ʠʟʙʳʪʦʯʥʳʤ ʫʚʣʘʞʥʝʥʠʝʤ ʠ ʥʘʣʠʯʠʝʤ 

ʚʣʘʛʦʥʘʩʳʱʝʥʥʦʛʦ ʥʘʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ. ɼʣʷ 

ʙʦʣʦʪʘ ʭʘʨʘʢʪʝʨʥʦ ʦʪʣʦʞʝʥʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʦʯʚʳ ʥʝ ʧʦʣʥʦʩʪʴʶ ʨʘʟʣʦʞʠʚʰʝʛʦʩʷ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʧʨʝʚʨʘʱʘʶʱʝʛʦʩʷ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʚ ʪʦʨʬ. ʉʣʦʡ ʪʦʨʬʘ ʚ ʙʦʣʦʪʘʭ ð ʥʝ 

ʤʝʥʝʝ 30 ʩʤ; ʝʩʣʠ ʦʥ ʤʝʥʴʰʝ, ʪʦ ʵʪʦ ʟʘʙʦʣʦʯʝʥʥʳʝ 

ʟʝʤʣʠ.  

ʉʘʤʳʤ ʷʨʢʠʤ ʧʨʠʤʝʨʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʘ 

ʙʦʣʦʪʘʭ ʷʚʣʷʝʪʩʷ ʥʘʰ ʈʦʩʩʠʡʩʢʠʡ ʛʦʨʦʜ ï ʉʘʥʢʪ 

ʇʝʪʝʨʙʫʨʛ. ɼʘʥʥʳʡ ʛʦʨʦʜ ʧʦʯʪʠ ʧʦʣʥʦʩʪʴʶ 

ʧʦʩʪʨʦʝʥ ʥʘ ʤʝʩʪʝ ʨʘʥʝʝ ʩʪʦʷʚʰʝʛʦ ʪʘʤ ʙʦʣʦʪʘ. 

ʇʦʵʪʦʤʫ ʝʛʦ ʥʘʟʳʚʘʶʪ ʛʦʨʦʜʦʤ ʥʘ ʚʦʜʝ ʠʣʠ ʥʘ 

ʙʦʣʦʪʝ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʵʪʦ ʦʜʠʥ ʠʟ ʩʘʤʳʭ 

ʨʘʟʚʠʪʳʭ ʛʦʨʦʜʦʚ ʥʘʰʝʡ ʩʪʨʘʥʳ ʠ ʤʠʨʘ. ʇʦʤʠʤʦ 

ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʨʘʟʚʠʪʠʷ, ʉʘʥʢʪ ʇʝʪʝʨʙʫʨʛ 

ʦʪʣʠʯʠʣʩʷ ʝʱʝ ʜʚʫʤʷ ʜʦʩʪʠʞʝʥʠʷʤʠ. ʉʘʤʦʝ 

ʙʦʣʴʰʦʝ ʩʦʦʨʫʞʝʥʠʝ ʧʦʩʪʨʦʝʥʥʦʝ ʥʘ ʙʦʣʦʪʝ 

ʥʘʭʦʜʠʪʩʷ ʠʤʝʥʥʦ ʪʘʤ ʠ ʵʪʦ ʀʩʘʘʢʠʝʚʩʢʠʡ ʩʦʙʦʨ. 

ɽʛʦ ʚʝʩ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 300 ʪʳʩʷʯ ʪʦʥʥ, ʘ ʚ 

ʦʩʥʦʚʘʥʠʠ ʬʫʥʜʘʤʝʥʪʘ ʨʘʩʧʦʣʦʞʝʥʦ ʦʢʦʣʦ 10 

ʪʳʩʷʯ ʩʚʘʡ. ʉʣʝʜʫʶʱʠʤ ɼʦʩʪʠʞʝʥʠʝʤ ʇʝʪʝʨʙʫʨʛʘ 

ʩʯʠʪʘʝʪʩʷ ʥʝʙʦʩʢʨʝʙ ʃʘʭʪʘ ï ʎʝʥʪʨ. ɽʛʦ ʚʳʩʦʪʘ 

ʩʦʩʪʘʚʣʷʝʪ 462 ʤʝʪʨʘ ʠ ʵʪʦ ʩʘʤʦʝ ʚʳʩʦʢʦʝ ʟʜʘʥʠʝ 

ʧʦʩʪʨʦʝʥʥʦʝ ʥʘ ʙʦʣʦʪʝ.  

ʀʟ ʟʘʨʫʙʝʞʥʦʛʦ ʦʧʳʪʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʘ 

ʙʦʣʦʪʘʭ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʨʷʜ ʩʪʨʘʥ: 

ʀʟʨʘʠʣʴ 

ʀʟʨʘʠʣʴʩʢʠʡ ʛʦʨʦʜ ʍʘʜʝʨʘ ʙʳʣ ʧʦʩʪʨʦʝʥ ʥʘ 

ʤʝʩʪʝ ʙʳʚʰʠʭ ʙʦʣʦʪ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʦʩʫʰʝʥʳ ʚ 

ʭʦʜʝ ʨʘʟʚʠʪʠʷ ʨʝʛʠʦʥʘ. ʕʪʦ ʦʜʠʥ ʠʟ ʧʨʠʤʝʨʦʚ 
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ʛʦʨʦʜʦʚ ʀʟʨʘʠʣʷ, ʢʦʪʦʨʳʡ ʠʟʥʘʯʘʣʴʥʦ ʨʘʩʧʦʣʘʛʘʣʩʷ 

ʥʘ ʙʦʣʦʪʠʩʪʦʡ ʤʝʩʪʥʦʩʪʠ, ʯʪʦ ʦʪʨʘʞʝʥʦ ʚ ʥʘʟʚʘʥʠʠ 

ʛʦʨʦʜʘ, ʧʝʨʝʚʦʜʷʱʠʤʩʷ ʩ ʘʨʘʙʩʢʦʛʦ ʢʘʢ ç ɿʝʣʝʥʥʘʷ 

ʨʝʢʘ è ʠʟ ï ʟʘ ʦʙʠʣʠʷ ʚʦʜʦʨʦʩʣʝʡ.  

ʌʠʥʣʷʥʜʠʷ 

ʌʠʥʣʷʥʜʠʷ ʩʯʠʪʘʝʪʩʷ ʩʪʨʘʥʦʡ ʤʥʦʞʝʩʪʚʘ 

ʙʦʣʦʪ. ʕʪʦ ʦʪʨʘʞʝʥʦ ʚ ʥʘʟʚʘʥʠʠ ʩʪʨʘʥʳ ï ʉʫʦʤʠ, 

ʯʪʦ ʩ ʬʠʥʩʢʦʛʦ ʷʟʳʢʘ ʧʝʨʝʚʦʜʠʪʩʷ ʢʘʢ ʙʦʣʦʪʦ ʠʣʠ 

ʩʪʨʘʥʘ ʙʦʣʦʪ.  

ɹʦʣʦʪʘ ʌʠʥʣʷʥʜʠʠ ʟʘʥʠʤʘʶʪ 1/3 ʯʘʩʪʴ 

ʧʣʦʱʘʜʠ ʩʪʨʘʥʳ. ʆʜʠʥ ʠʟ ʢʨʫʧʥʝʡʰʠʭ ʛʦʨʦʜʦʚ 

ʌʠʥʣʷʥʜʠʠ ï ʊʫʨʢʫ, ʙʳʣ ʧʦʩʪʨʦʝʥ ʥʘ ʙʦʣʦʪʝ. 

ʌʠʥʥʳ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʣʠ ʦʩʦʙʝʥʥʦʩʪʠ ʩʚʦʝʡ 

ʪʝʨʨʠʪʦʨʠʠ ʚ ʦʙʦʨʦʥʠʪʝʣʴʥʳʭ ʮʝʣʷʭ. ʊʘʢ, ʩʘʤʦʝ 

ʠʟʚʝʩʪʥʦʝ ʩʦʦʨʫʞʝʥʠʝ ʌʠʥʣʷʥʜʠʠ ï ʃʠʥʠʷ 

ʄʘʥʥʝʨʛʝʡʤʘ ʚ ʥʝʢʦʪʦʨʳʭ ʫʯʘʩʪʢʘʭ ʩʪʦʷʣʘ ʥʘ 

ʙʦʣʦʪʘʭ. ɺ 1940 ï ʦʤ ʛʦʜʫ ʜʘʥʥʦʝ ʩʦʦʨʫʞʝʥʠʝ 

ʘʢʪʠʚʥʦ ʧʦʤʦʛʘʣʦ ʬʠʥʥʘʤ ʧʨʠ ʥʘʩʪʫʧʣʝʥʠʠ 

ʂʨʘʩʥʦʡ ʘʨʤʠʠ. ʉʦʚʝʪʩʢʘʷ ʘʨʤʠʷ ʧʦʥʝʩʣʘ ʙʦʣʴʰʠʝ 

ʧʦʪʝʨʠ ʧʨʝʞʜʝ ʯʝʤ ʚʟʷʪʴ ʣʠʥʠʶ ʦʙʦʨʦʥʳ ʠ 

ʧʦʣʥʦʩʪʴʶ ʝʝ ʦʯʠʩʪʠʪʴ.  

ʀʪʘʣʠʷ 

ɺʦ ʚʨʝʤʝʥʘ ɹʝʥʠʪʦ ʄʫʩʩʦʣʠʥʠ ʥʘ 

ʦʩʫʰʝʥʥʳʭ ʙʦʣʦʪʠʩʪʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʚ ʀʪʘʣʠʠ 

ʙʳʣʦ ʧʦʩʪʨʦʝʥʦ ʤʥʦʞʝʩʪʚʦ ʥʦʚʳʭ ʧʦʩʝʣʝʥʠʡ, 

ʚʢʣʶʯʘʷ ʛʦʨʦʜʘ ʠ ʘʛʨʘʨʥʳʝ ʢʦʣʦʥʠʠ, ʦʩʦʙʝʥʥʦ ʚ 

ʨʝʛʠʦʥʝ ʇʦʥʪʠʡʩʢʠʭ ʙʦʣʦʪ, ʪʘʢʠʭ ʢʘʢ ʛʦʨʦʜʘ 

ʃʦʪʪʦʨʠʦ (ʃʘʪʠʥʘ), ʉʘʫʙʘʪʠʷ, ʇʦʥʪʠʥʠʷ, ɸʧʨʠʣʠʷ, 

ʇʦʤʝʮʠʷ ʠ ʄʫʩʩʦʣʠʥʠʷ (ɸʨʙʦʨʝʷ). ʕʪʠ ʧʨʦʝʢʪʳ 

ʙʳʣʠ ʯʘʩʪʴʶ ʬʘʰʠʩʪʩʢʦʡ ʧʦʣʠʪʠʢʠ ʧʦ ʦʩʫʰʝʥʠʶ 

ʙʦʣʦʪ, ʫʣʫʯʰʝʥʠʶ ʩʘʥʠʪʘʨʥʳʭ ʫʩʣʦʚʠʡ ʠ ʨʘʟʚʠʪʠʶ 

ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʩ ʩʦʟʜʘʥʠʝʤ ʨʘʙʦʯʠʭ ʤʝʩʪ ʠ 

ʥʦʚʳʭ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʭ ʚʣʘʜʝʥʠʡ. ɺ ʵʪʠ ʧʦʩʝʣʝʥʠʷ 

ʙʳʣʠ ʥʘʧʨʘʚʣʝʥʥʳ ʚ ʦʩʥʦʚʥʦʤ ʙʝʜʥʷʢʠ.  

ɺʦ ʚʨʝʤʷ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ ʙʳʣʦ 

ʚʳʜʝʣʝʥʦ ʪʨʠ ʛʣʘʚʥʳʭ ʧʫʥʢʪʘ:  

1) çɺʦʜʥʘʷ ʤʝʣʠʦʨʘʮʠʷè - ʦʩʫʰʝʥʠʝ ʙʦʣʦʪ ʠ 

ʢʦʥʪʨʦʣʴ ʫʨʦʚʥʷ ʚʦʜʳ. ʄʫʩʩʦʣʠʥʠ ʠ ʝʛʦ ʧʘʨʪʠʷ 

ʥʘʟʚʘʣʠ ʵʪʦʪ ʵʪʘʧ çʚʦʡʥʦʡ ʩ ʙʦʣʦʪʘʤʠè, ʪʘʢ ʢʘʢ ʥʘ 

ʨʘʙʦʪʳ ʧʦ ʦʩʫʰʝʥʠʶ ʙʳʣʠ ʧʨʠʚʣʝʯʝʥʳ ʦʛʨʦʤʥʳʝ 

ʘʨʤʠʠ ʨʘʙʦʯʠʭ.  

2) çʉʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʤʝʣʠʦʨʘʮʠʷè - 

ʧʣʘʥʠʨʦʚʘʣʦʩʴ ʩʪʨʦʠʪʴ ʥʘ ʦʩʫʰʝʥʥʳʭ ʟʝʤʣʷʭ 

ʢʘʤʝʥʥʳʝ ʜʦʤʘ ʜʣʷ ʬʝʨʤʝʨʦʚ, ʩʦʟʜʘʚʘʪʴ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʠ ʜʝʣʠʪʴ ʟʝʤʣʶ ʤʝʞʜʫ ʞʠʪʝʣʷʤʠ.  

3) çɻʠʛʠʝʥʠʯʝʩʢʘʷ ʤʝʣʠʦʨʘʮʠʷè - ʧʣʘʥ 

ʧʨʝʜʧʦʣʘʛʘʣ ʙʦʨʴʙʫ ʩ ʤʦʩʢʠʪʘʤʠ ʠ ʤʘʣʷʨʠʝʡ.  

ɹʳʣʦ ʧʦʩʪʨʦʝʥʦ 16500 ʢʤ ʢʘʥʘʣʦʚ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʰʘʭʤʘʪʥʦʤ ʧʦʨʷʜʢʝ. ʋʛʣʫʙʣʝʥʳ 

ʨʫʩʣʘ ʨʝʢ, ʧʨʦʚʝʜʝʥʳ ʙʝʨʝʛʦʫʢʨʝʧʠʪʝʣʴʥʳʝ ʨʘʙʦʪʳ, 

ʧʦʩʪʨʦʝʥʳ ʥʘʩʦʩʥʳʝ ʩʪʘʥʮʠʠ. ʇʠʢ ʨʘʙʦʪ ʧʨʠʰʸʣʩʷ 

ʥʘ 1933 ʛʦʜ, ʢʦʛʜʘ ʟʜʝʩʴ ʨʘʙʦʪʘʣʦ 124 000 ʯʝʣʦʚʝʢ. 

 ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʨʘʙʦʪ 2000 ʩʝʤʝʡ 

ʧʝʨʝʩʝʣʠʣʠ ʚ ʥʦʚʳʝ ʢʘʤʝʥʥʳʝ ʜʦʤʘ, ʩʥʘʙʞʸʥʥʳʝ 

ʢʦʤʤʫʥʠʢʘʮʠʷʤʠ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʤ 

ʠʥʚʝʥʪʘʨʸʤ. 

  

 ʆʩʦʙʝʥʥʦʩʪʠ ʠ ʥʶʘʥʩʳ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʘ 

ʟʘʙʦʣʦʯʝʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ 

 ʇʨʦʚʝʜʝʥʠʝ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʥʘ 

ʟʘʙʦʣʦʯʝʥʥʦʡ ʤʝʩʪʥʦʩʪʠ ʚʝʩʴʤʘ ʪʨʫʜʦʸʤʢʠʡ 

ʧʨʦʮʝʩʩ, ʢʦʪʦʨʳʡ ʪʨʝʙʫʝʪ ʦʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ ʢ 

ʜʝʪʘʣʷʤ; ɺʦʪ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ: 

 1) ɸʛʨʝʩʩʠʚʥʘʷ ʚʣʘʞʥʘʷ ʩʨʝʜʘ ʚ ʛʨʫʥʪʝ 

 ɺʦ ʧʝʨʚʳʭ ʠʟ ʟʘ ʚʳʩʦʢʦʡ ʚʣʘʞʥʦʩʪʠ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʢʦʨʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʠ ʩʠʣʘ ʜʝʡʩʪʚʠʷ 

ʢʦʨʨʦʟʠʠ, ʯʪʦ ʦʯʝʥʴ ʥʝʛʘʪʠʚʥʦ ʙʫʜʝʪ ʩʢʘʟʳʚʘʪʴʩʷ 

ʥʘ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʊʘʢ ʞʝ 

ʚʳʩʦʢʘʷ ʚʣʘʞʥʦʩʪʴ ʛʫʙʠʪʝʣʴʥʦ ʙʫʜʝʪ ʚʣʠʷʪʴ ʥʘ 

ʜʝʨʝʚʷʥʥʳʝ ʵʣʝʤʝʥʪʳ ʟʜʘʥʠʡ, ʠʟ ʟʘ ʨʘʟʤʦʢʘʥʠʷ ʠ 

ʥʘʙʫʭʘʥʠʷ ʤʘʪʝʨʠʘʣʘ.  

 ʅʝʤʘʣʦʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʥʫʞʥʦ ʩʯʠʪʘʪʴ ʪʦ, 

ʯʪʦ ʟʘʙʦʣʦʯʝʥʥʘʷ ʤʝʩʪʥʦʩʪʴ ʦʙʣʘʜʘʝʪ ʚʝʩʴʤʘ ʠ 

ʚʝʩʴʤʘ ʚʳʩʦʢʦʡ ʢʠʩʣʦʪʥʦʩʪʴʶ, ʩʦʜʝʨʞʘʥʠʝʤ 

ʦʛʨʦʤʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʙʘʢʪʝʨʠʡ ʠ ʜʨʫʛʠʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ.  

 2) ʅʝʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʩʢʣʦʥʥʦʩʪʴ ʢ 

ʜʝʬʦʨʤʘʮʠʷʤ  

 ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʘʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʢʘʢ: 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʭʠʤʠʯʝʩʢʦʛʦ ʠ ʬʠʟʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ ʛʨʫʥʪʘ, ʘ ʠʤʝʥʥʦ ʩʦʜʝʨʞʘʥʠʝʤ ʪʦʨʬʘ, 

ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ ʯʘʩʪʠʮ ʠ ʧʨʦʯʠʭ ʚʝʱʝʡ ʢʦʪʦʨʳʝ 

ʦʙʣʘʜʘʶʪ ʥʠʟʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ.  

 ʅʘ ʨʘʟʥʳʭ ʫʯʘʩʪʢʘʭ ʛʨʫʥʪ ʦʙʣʘʜʘʝʪ ʨʘʟʥʦʡ 

ʧʨʦʯʥʦʩʪʴʶ, ʯʪʦ ʝʱʸ ʩʠʣʴʥʝʝ ʫʩʣʦʞʥʷʝʪ ʧʨʦʮʝʩʩ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ.  

 3) ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʦʯʝʥʴ ʪʱʘʪʝʣʴʥʦʛʦ 

ʘʥʘʣʠʟʘ ʛʨʫʥʪʘ 

 ʅʫʞʥʦ ʙʫʜʝʪ ʫʟʥʘʪʴ, ʢʘʢʦʚ ʦʙʲʸʤ 

ʧʦʯʚʝʥʥʳʭ ʚʦʜ, ʜʦ ʢʘʢʦʛʦ ʫʨʦʚʥʷ ʧʨʦʠʩʭʦʜʠʪ 

ʧʨʦʤʝʨʟʘʥʠʝ, ʪʠʧ ʛʨʫʥʪʘ, ʘ ʪʘʢʞʝ ʧʦʚʝʨʭʥʦʩʪʥʫʶ 

ʙʣʠʟʦʩʪʴ ʧʦʜʟʝʤʥʳʭ ʚʦʜ. ɼʣʷ ʦʪʙʦʨʘ ʧʦʯʚʳ 

ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʫʯʥʦʡ ʟʦʥʜ. ʅʘ ʫʯʘʩʪʢʝ 

ʙʫʨʷʪʩʷ ʩʢʚʘʞʠʥʳ, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʧʦ 

ʫʛʣʘʤ ʙʫʜʫʱʝʛʦ ʬʫʥʜʘʤʝʥʪʘ. ʆʩʫʱʝʩʪʚʣʷʪʴ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʣʫʯʰʝ ʟʠʤʦʡ, ʢʦʛʜʘ ʧʦʯʚʘ ʥʘʠʙʦʣʝʝ 

ʥʘʩʳʱʝʥʘ ʚʣʘʛʦʡ. ɿʘʙʦʨ ʛʨʫʥʪʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʩʣʝʜʫʶʱʫʶ ʠʥʬʦʨʤʘʮʠʶ: ʪʦʣʱʠʥʫ ʧʣʘʩʪʦʚ; 

ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʛʨʫʥʪʘ; ʛʣʫʙʠʥʫ ʟʘʣʝʛʘʥʠʷ 

ʧʣʘʩʪʦʚ; ʠʟʤʝʥʝʥʠʝ ʧʦʯʚʳ ʟʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ. ɼʣʷ 

ʜʝʨʝʚʷʥʥʦʛʦ ʜʦʤʘ ʙʫʨʷʪʩʷ 5-ʤʝʪʨʦʚʳʝ ʩʢʚʘʞʠʥʳ, 

ʪʦʛʜʘ ʢʘʢ ʝʩʣʠ ʚʳ ʧʣʘʥʠʨʫʝʪʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ 

ʢʘʤʝʥʥʦʛʦ ʠʣʠ ʢʠʨʧʠʯʥʦʛʦ ʜʦʤʘ, ʪʦ ʛʣʫʙʠʥʫ 

ʩʢʚʘʞʠʥʳ ʥʝʦʙʭʦʜʠʤʦ ʫʚʝʣʠʯʠʪʴ ʜʦ 10 ʤ. ʇʨʝʞʜʝ 

ʯʝʤ ʥʘʯʘʪʴ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʥʘ ʟʘʙʦʣʦʯʝʥʥʦʤ ʫʯʘʩʪʢʝ, 

ʩʣʝʜʫʝʪ ʦʧʨʝʜʝʣʠʪʴ ʛʣʫʙʠʥʫ ʧʨʦʤʝʨʟʘʥʠʷ ʛʨʫʥʪʘ. 

ɽʩʣʠ ʬʫʥʜʘʤʝʥʪ ʙʫʜʝʪ ʟʘʣʦʞʝʥ ʥʘ ʥʝʜʦʩʪʘʪʦʯʥʫʶ 

ʛʣʫʙʠʥʫ, ʪʦ ʚʧʦʩʣʝʜʩʪʚʠʠ ʵʪʦ ʤʦʞʝʪ ʩʪʘʪʴ 

ʧʨʠʯʠʥʦʡ ʝʛʦ ʨʘʟʨʫʰʝʥʠʷ.  

 

ʊʝʭʥʦʣʦʛʠʠ ʦʩʫʰʝʥʠʷ ʙʦʣʦʪ 

ʊʝʭʥʦʣʦʛʠʠ ʦʩʫʰʝʥʠʷ ʙʦʣʦʪ ʙʳʚʘʶʪ ʩʘʤʳʤʠ 

ʨʘʟʥʳʤʠ . ʅʘʧʨʠʤʝʨ :  

1) ʉʠʩʪʝʤʘ ʜʨʝʥʘʞʘ  

I ) ʆʪʢʨʳʪʳʡ ʜʨʝʥʘʞ  

ʕʪʦ ʩʠʩʪʝʤʘ ʢʘʥʘʚ ʠ ʢʘʥʘʣʦʚ ʜʣʷ ʩʙʦʨʘ ʠ 

ʦʪʚʦʜʘ ʠʟʙʳʪʦʯʥʦʡ ʚʦʜʳ ʩ ʫʯʘʩʪʢʘ. ʇʦʜʭʦʜʠʪ ʜʣʷ 

ʦʩʫʰʝʥʠʷ ʥʝʙʦʣʴʰʠʭ ʫʯʘʩʪʢʦʚ ʩ ʥʝʩʣʦʞʥʳʤ 

ʨʝʣʴʝʬʦʤ ʠ ʣʸʛʢʠʤʠ ʧʦʯʚʘʤʠ. ɼʣʷ ʩʦʟʜʘʥʠʷ 

ʦʪʢʨʳʪʦʛʦ ʜʨʝʥʘʞʘ ʥʫʞʥʦ ʩʦʩʪʘʚʠʪʴ ʧʣʘʥ 

ʜʨʝʥʘʞʥʦʡ ʩʠʩʪʝʤʳ ʩ ʫʯʸʪʦʤ ʨʝʣʴʝʬʘ ʫʯʘʩʪʢʘ ʠ 

ʥʘʧʨʘʚʣʝʥʠʷ ʩʪʦʢʘ ʚʦʜʳ, ʚʳʨʳʪʴ ʩʝʪʴ ʢʘʥʘʚ 

ʛʣʫʙʠʥʦʡ 50ï100 ʩʤ ʩ ʫʢʣʦʥʦʤ ʚ ʩʪʦʨʦʥʫ ʩʙʨʦʩʘ 

ʚʦʜʳ, ʫʢʨʝʧʠʪʴ ʩʪʝʥʢʠ ʠ ʜʥʦ ʢʘʥʘʣʦʚ. 

II ) ɿʘʢʨʳʪʳʡ ʜʨʝʥʘʞ.  
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ʕʪʦ ʩʠʩʪʝʤʘ ʧʦʜʟʝʤʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, 

ʢʦʪʦʨʳʝ ʩʦʙʠʨʘʶʪ ʠ ʦʪʚʦʜʷʪ ʠʟʙʳʪʦʯʥʫʶ ʚʣʘʛʫ ʠʟ 

ʧʦʯʚʳ. ʄʝʪʦʜ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʝʥ ʠ ʜʦʣʛʦʚʝʯʝʥ, ʯʝʤ 

ʦʪʢʨʳʪʳʡ ʜʨʝʥʘʞ, ʥʦ ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ ʟʘʪʨʘʪ ʥʘ 

ʤʦʥʪʘʞ. ɼʣʷ ʫʩʪʨʦʡʩʪʚʘ ʟʘʢʨʳʪʦʛʦ ʜʨʝʥʘʞʘ ʥʫʞʥʦ 

ʩʦʩʪʘʚʠʪʴ ʧʨʦʝʢʪ ʜʨʝʥʘʞʥʦʡ ʩʠʩʪʝʤʳ ʩ ʫʯʸʪʦʤ 

ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʫʯʘʩʪʢʘ, ʚʳʨʳʪʴ 

ʪʨʘʥʰʝʠ ʛʣʫʙʠʥʦʡ 1ï2 ʤ ʩ ʫʢʣʦʥʦʤ ʚ ʩʪʦʨʦʥʫ 

ʩʙʨʦʩʘ ʚʦʜʳ, ʫʣʦʞʠʪʴ ʥʘ ʜʥʦ ʪʨʘʥʰʝʡ ʜʨʝʥʘʞʥʳʝ 

ʪʨʫʙʳ ʠʟ ʧʝʨʬʦʨʠʨʦʚʘʥʥʦʛʦ ʧʣʘʩʪʠʢʘ ʠʣʠ 

ʢʝʨʘʤʠʢʠ, ʟʘʩʳʧʘʪʴ ʪʨʫʙʳ ʬʠʣʴʪʨʫʶʱʠʤ 

ʤʘʪʝʨʠʘʣʦʤ (ʱʝʙʥʝʤ, ʛʨʘʚʠʝʤ) ʠ ʟʘʢʨʳʪʴ ʪʨʘʥʰʝʠ 

ʛʨʫʥʪʦʤ, ʦʙʫʩʪʨʦʠʪʴ ʩʤʦʪʨʦʚʳʝ ʢʦʣʦʜʮʳ ʠ ʤʝʩʪʘ 

ʩʙʨʦʩʘ ʜʨʝʥʘʞʥʳʭ ʚʦʜ. 

III )  ɺʝʨʪʠʢʘʣʴʥʳʡ ʜʨʝʥʘʞ. 

 ʕʪʦ ʩʠʩʪʝʤʘ ʩʢʚʘʞʠʥ ʠ ʢʦʣʦʜʮʝʚ ʜʣʷ 

ʦʪʢʘʯʢʠ ʠʟʙʳʪʦʯʥʦʡ ʚʦʜʳ ʠʟ ʚʦʜʦʥʦʩʥʳʭ 

ʛʦʨʠʟʦʥʪʦʚ. ʄʝʪʦʜ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʜʨʝʥʘʞ ʥʝʵʬʬʝʢʪʠʚʝʥ ʠʟ-ʟʘ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʫʯʘʩʪʢʘ. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʜʨʝʥʘʞʘ ʥʫʞʥʦ 

ʧʨʦʚʝʩʪʠ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʝ ʠʟʳʩʢʘʥʠʷ ʠ 

ʦʧʨʝʜʝʣʠʪʴ ʛʣʫʙʠʥʫ ʠ ʤʦʱʥʦʩʪʴ ʚʦʜʦʥʦʩʥʳʭ 

ʛʦʨʠʟʦʥʪʦʚ, ʧʨʦʙʫʨʠʪʴ ʩʢʚʘʞʠʥʳ ʠʣʠ ʚʳʢʦʧʘʪʴ 

ʢʦʣʦʜʮʳ ʜʦ ʚʦʜʦʥʦʩʥʦʛʦ ʩʣʦʷ, ʦʙʦʨʫʜʦʚʘʪʴ 

ʩʢʚʘʞʠʥʳ ʠ ʢʦʣʦʜʮʳ ʬʠʣʴʪʨʘʤʠ ʠ ʥʘʩʦʩʥʳʤ 

ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʦʙʝʩʧʝʯʠʪʴ ʨʝʛʫʣʷʨʥʫʶ ʦʪʢʘʯʢʫ 

ʚʦʜʳ ʠ ʢʦʥʪʨʦʣʴ ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ. 

2) ʌʨʘʥʮʫʟʩʢʘʷ ʢʘʥʘʚʘ  

ʉʫʪʴ ʤʝʪʦʜʘ ʚ ʩʦʟʜʘʥʠʠ ʪʨʘʥʰʝʡ 

ʨʘʟʨʝʞʝʥʥʦʛʦ ʧʦʨʠʩʪʦʛʦ ʛʨʫʥʪʘ ʜʣʷ ʩʪʦʢʘ ʚʦʜʳ. 

ɼʣʷ ʵʪʦʛʦ ʚʳʢʘʧʳʚʘʶʪʩʷ ʢʘʥʘʚʳ ʩ ʦʪʚʝʩʥʳʤʠ 

ʩʪʝʥʢʘʤʠ ʰʠʨʠʥʦʡ 15ï40 ʩʤ. ʆʥʠ ʚʳʩʪʠʣʘʶʪʩʷ 

ʛʝʦʪʝʢʩʪʠʣʝʤ ʠ ʟʘʧʦʣʥʷʶʪʩʷ ʢʨʫʧʥʳʤ ʛʨʘʚʠʝʤ. 

ʂʨʘʷ ʛʝʦʪʝʢʩʪʠʣʷ ʟʘʚʦʨʘʯʠʚʘʶʪʩʷ ʧʦʚʝʨʭ ʛʨʘʚʠʷ, 

ʩʚʝʨʭʫ ʥʘʩʳʧʘʝʪʩʷ 10-ʩʘʥʪʠʤʝʪʨʦʚʳʡ ʩʣʦʡ ʟʝʤʣʠ ʠ 

ʫʢʣʘʜʳʚʘʝʪʩʷ ʜʸʨʥ.  

ʏʪʦʙʳ ʪʨʘʥʰʝʠ ʧʦʜʝʡʩʪʚʦʚʘʣʠ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦ, ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʚʳʚʝʩʪʠ ʠʭ ʚ ʢʦʣʦʜʝʮ. 

ɼʨʫʛʦʡ ʩʧʦʩʦʙ ð ʫʚʝʣʠʯʠʪʴ ʛʣʫʙʠʥʫ ʢʘʥʘʚʳ ʜʦ 

ʩʣʦʷ ʧʝʩʢʘ, ʯʪʦʙʳ ʪʫʜʘ ʚʧʠʪʳʚʘʣʠʩʴ ʠʟʣʠʰʢʠ ʚʦʜʳ. 

3) ʇʦʩʘʜʢʘ ʚʣʘʛʦʣʶʙʠʚʳʭ ʨʘʩʪʝʥʠʡ  

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʚʳʩʘʞʠʚʘʶʪʩʷ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʚʠʜʳ ʮʚʝʪʦʚ ʠ ʢʫʩʪʘʨʥʠʢʦʚ . ʆʥʠ 

ʧʦʛʣʦʱʘʶʪ ʠʟʣʠʰʢʠ ʚʣʘʛʠ ʠʟ ʧʦʯʚʳ . ʕʪʦʪ ʤʝʪʦʜ 

ʭʦʨʦʰ ʪʝʤ , ʯʪʦ ʦʥ ʷʚʣʷʝʪʩʷ ʵʩʪʝʪʠʯʥʳʤ . ʅʦ ʝʩʪʴ ʠ 

ʤʠʥʫʩ ï ʥʘ ʫʯʘʩʪʢʝ ʧʨʠʜʝʪʩʷ ʚʳʩʘʞʠʚʘʪʴ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʪʝʥʠʡ , ʧʦʪʦʤʫ ʯʪʦ ʦʛʨʘʥʠʯʝʥʥʦʛʦ 

ʠʭ ʢʦʣʠʯʝʩʪʚʘ ʤʦʞʝʪ ʥʝ ʭʚʘʪʠʪʴ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ 

ʧʨʠʝʤʣʝʤʦʛʦ ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ  

4) ʀʛʣʦʬʠʣʴʪʨʦʚʘʣʴʥʘʷ ʩʠʩʪʝʤʘ  

ʊʘʢ ʞʝ ʠʤʝʝʪ ʤʝʩʪʦ ʙʳʪʴ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ 

ʤʝʪʦʜ , ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ ʨʘʟʣʠʯʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʫʢʘʟʘʥʥʳʭ ʨʘʥʝʝ ʪʝʭʥʦʣʦʛʠʡ .  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʦʙʨʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʥʘ 

ʟʘʙʦʣʦʯʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʠ ʥʘ ʙʦʣʦʪʘʭ 

ʪʨʫʜʦʟʘʪʨʘʪʥʦ, ʜʦʨʦʛʦʩʪʦʷʱʝ, ʪʨʝʙʫʝʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʨ ʧʦ ʧʦʜʛʦʪʦʚʢʝ ʪʝʨʨʠʪʦʨʠʡ ʠ 

ʨʷʜ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʫʩʪʨʦʡʩʪʚʫ ʢʦʥʩʪʨʫʢʮʠʡ 

ʟʜʘʥʠʡ, ʦʜʥʘʢʦ ʚʦʟʤʦʞʥʦ ʠ ʘʢʪʠʚʥʦ ʚʝʜʝʪʩʷ ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ. 
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ɸʅʅʆʊɸʎʀʗ 

ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ ʥʘ ʦʩʥʦʚʝ ʚʥʝʜʨʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʡ BigData-ʘʥʘʣʠʪʠʢʠ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʦʣʴ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ, ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ ʠ ʧʨʝʜʠʢʪʠʚʥʦʡ ʘʥʘʣʠʪʠʢʠ ʚ ʧʦʚʳʰʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ 

ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʦʙʲʝʢʪʦʚ ʢʘʧʠʪʘʣʴʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ɸʚʪʦʨʳ ʜʝʪʘʣʴʥʦ ʘʥʘʣʠʟʠʨʫʶʪ ʢʣʶʯʝʚʳʝ ʦʙʣʘʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ BigData, ʚʢʣʶʯʘʷ ʦʧʪʠʤʠʟʘʮʠʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʩʫʨʩʦʚ, ʫʧʨʘʚʣʝʥʠʝ ʢʘʯʝʩʪʚʦʤ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴʶ, ʘ 

ʪʘʢʞʝ ʩʪʨʘʪʝʛʠʯʝʩʢʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: BigData-ʘʥʘʣʠʪʠʢʘ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʫʧʨʘʚʣʝʥʠʝ ʞʠʟʥʝʥʥʳʤ ʮʠʢʣʦʤ,ʠʥʪʝʨʥʝʪ ʚʝʱʝʡ, 

ʧʨʝʜʠʢʪʠʚʥʘʷ ʘʥʘʣʠʪʠʢʘ, ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ. 

 

ABSTRACT 

This article is devoted to the study of the porous structure of cellular concrete using fractal geometry methods. 

This article explores the digital transformation of the construction industry using Big Data analytics technologies. It 

examines the role of Big Data, information analysis, the Internet of Things, and predictive analytics in improving 

management efficiency at all stages of the lifecycle of capital construction projects. The author provides a detailed 

analysis of key areas of Big Data application, including resource allocation optimization, energy and safety 

management, and strategic planning. 

Keywords: Big Data analytics, construction, lifecycle management, Internet of Things, predictive analytics, 

machine learning. 

 

ʎʠʬʨʦʚʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʩʪʨʦʠʪʝʣʴʥʦʡ 

ʦʪʨʘʩʣʠ ʘʢʪʫʘʣʠʟʠʨʫʝʪ ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ ʩʙʦʨʘ, 

ʦʙʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟʘ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʜʘʥʥʳʭ, 

ʛʝʥʝʨʠʨʫʝʤʳʭ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ 

ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ[1, 2]. ɺʥʝʜʨʝʥʠʝ BigData-

ʘʥʘʣʠʪʠʢʠ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ 

ʠ ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʥʦ ʠ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʘʩʭʦʜʳ, ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʠ 

ʙʝʟʦʧʘʩʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʨʠʩʢʠ ʧʨʠ 

ʨʝʘʣʠʟʘʮʠʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʦʝʢʪʦʚ. ʉʦʚʨʝʤʝʥʥʳʝ 

ʠʥʩʪʨʫʤʝʥʪʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

ʠʥʪʝʨʥʝʪ ʚʝʱʝʡ ʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʩʦʟʜʘʶʪ 

ʦʩʥʦʚʫ ʜʣʷ ʧʝʨʝʭʦʜʘ ʢ ʩʠʩʪʝʤʥʦʤʫ ʫʧʨʘʚʣʝʥʠʶ ʥʘ 

ʦʩʥʦʚʝ ʦʙʲʝʢʪʠʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʠʥʪʝʛʨʘʮʠʠ 

ʜʘʥʥʳʭ ʤʝʞʜʫ ʚʩʝʤʠ ʫʯʘʩʪʥʠʢʘʤʠ ʩʪʨʦʠʪʝʣʴʥʦʛʦ 

ʧʨʦʮʝʩʩʘ. ʇʨʠʤʝʥʝʥʠʝ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʩʪʘʥʦʚʠʪʩʷ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʤʧʘʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʨʘʩʪʫʱʝʡ 

ʢʦʥʢʫʨʝʥʮʠʠ ʠ ʠʟʤʝʥʝʥʠʡ ʪʨʝʙʦʚʘʥʠʡ ʨʳʥʢʘ [3, 4].  

ʉʦʚʨʝʤʝʥʥʘʷ ʩʪʨʦʠʪʝʣʴʥʘʷ ʠʥʜʫʩʪʨʠʷ 

ʧʝʨʝʞʠʚʘʝʪ ʧʝʨʠʦʜ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ, 

ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʘʢʪʠʚʥʳʤ ʚʥʝʜʨʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʡ 

ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ 

ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʦʙʲʝʢʪʦʚ ʢʘʧʠʪʘʣʴʥʦʛʦ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʇʨʠʤʝʥʝʥʠʝ BigData-ʘʥʘʣʠʪʠʢʠ 
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ʧʦʟʚʦʣʷʝʪ ʩʪʨʦʠʪʝʣʴʥʳʤ ʢʦʤʧʘʥʠʷʤ ʩʦʢʨʘʪʠʪʴ 

ʩʨʦʢʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʦʚ ʥʘ 15-20 % ʠ ʩʥʠʟʠʪʴ 

ʩʪʦʠʤʦʩʪʴ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʘ 10-15 % (ʪʘʙʣ. 1).  

ʊʘʙʣʠʮʘ 1  

ʕʬʬʝʢʪʳ ʚʥʝʜʨʝʥʠʷ BigData-ʘʥʘʣʠʪʠʢʠ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ 
ʆʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʊʦʯʥʦʩʪʴ ʧʨʦʛʥʦʟʘ, % ʕʬʬʝʢʪ 

ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʩʨʦʢʦʚ ʧʨʦʝʢʪʦʚ 85 ʉʦʢʨʘʱʝʥʠʝ ʩʨʦʢʦʚ ʥʘ 15-20% 

ʆʮʝʥʢʘ ʨʠʩʢʦʚ ʧʨʝʚʳʰʝʥʠʷ ʙʶʜʞʝʪʘ 78 
ʉʥʠʞʝʥʠʝ ʟʘʪʨʘʪ  

ʥʘ 10-15% 

ʊʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʪʝʭʥʠʢʠ 92 
ʉʦʢʨʘʱʝʥʠʝ ʧʨʦʩʪʦʝʚ  

ʥʘ 25-30% 

ʂʦʥʪʨʦʣʴ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʨʫʜʘ 88 
ʉʥʠʞʝʥʠʝ ʪʨʘʚʤʘʪʠʟʤʘ  

ʥʘ 40% 

ʂʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪ 80 
ʉʥʠʞʝʥʠʝ ʜʝʬʝʢʪʦʚ  

ʥʘ 20-25% 

 

ʂʣʶʯʝʚʦʡ ʧʨʦʙʣʝʤʦʡ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ 

ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʦʩʪʘʝʪʩʷ ʬʨʘʛʤʝʥʪʘʮʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ 

ʫʯʘʩʪʥʠʢʘʤʠ ʠʥʚʝʩʪʠʮʠʦʥʥʦ-ʩʪʨʦʠʪʝʣʴʥʦʛʦ 

ʧʨʦʮʝʩʩʘ, ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʠʥʪʝʛʨʘʮʠʷ ʜʘʥʥʳʭ ʥʘ 

ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʦʙʲʝʢʪʦʚ ʠ 

ʦʪʩʫʪʩʪʚʠʝ ʝʜʠʥʦʡ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʡ ʙʘʟʳ ʜʣʷ 

ʧʨʠʥʷʪʠʷ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʥʘ ʦʩʥʦʚʝ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ɺ 

ʵʪʦʡ ʩʚʷʟʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʥʦʡ ʩʠʩʪʝʤʳ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ 

ʨʝʰʝʥʠʡ, ʙʘʟʠʨʫʶʱʝʡʩʷ ʥʘ ʪʝʭʥʦʣʦʛʠʷʭ BigData-

ʘʥʘʣʠʪʠʢʠ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʢʪʫʘʣʴʥʫʶ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʫʶ ʟʘʜʘʯʫ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʡ ʩʧʦʩʦʙʥʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʫʜʘ ʚ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʩʦʢʨʘʪʠʪʴ ʩʨʦʢʠ ʨʝʘʣʠʟʘʮʠʠ 

ʧʨʦʝʢʪʦʚ, ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʘʩʭʦʜ ʤʘʪʝʨʠʘʣʴʥʳʭ ʠ 

ʬʠʥʘʥʩʦʚʳʭ ʨʝʩʫʨʩʦʚ, ʘ ʪʘʢʞʝ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʠ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʨʦʜʫʢʮʠʠ [5]. 

ɺʥʝʜʨʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ 

ʜʘʥʥʳʭ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ ʦʧʠʨʘʝʪʩʷ ʥʘ 

ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤ, ʩʧʦʩʦʙʥʳʭ ʘʢʢʫʤʫʣʠʨʦʚʘʪʴ, 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʪʴ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʘʟʥʦʨʦʜʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ, ʧʦʩʪʫʧʘʶʱʫʶ ʦʪ ʤʥʦʞʝʩʪʚʝʥʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ 

ʦʙʲʝʢʪʦʚ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʆʩʥʦʚʫ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʩʦʩʪʘʚʣʷʶʪ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ, ʦʙʣʘʯʥʳʝ 

ʧʣʘʪʬʦʨʤʳ ʭʨʘʥʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, 

ʪʝʭʥʦʣʦʛʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʟʜʘʥʠʡ, ʜʘʪʯʠʢʠ ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ, ʩʨʝʜʩʪʚʘ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʩʙʦʨʘ ʜʘʥʥʳʭ ʩ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʧʣʦʱʘʜʦʢ ʠ ʠʥʩʪʨʫʤʝʥʪʳ ʧʨʝʜʠʢʪʠʚʥʦʡ ʘʥʘʣʠʪʠʢʠ. 

ʎʠʬʨʦʚʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ 

ʪʨʝʙʫʝʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ, ʦʭʚʘʪʳʚʘʶʱʝʛʦ ʚʩʝ 

ʫʨʦʚʥʠ ʫʧʨʘʚʣʝʥʠʷ ʦʪ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʦʛʦ ʜʦ 

ʪʝʭʥʠʯʝʩʢʦʛʦ, ʠ ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʦʟʜʘʥʠʝ ʝʜʠʥʦʛʦ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʦʙʲʝʜʠʥʷʶʱʝʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʨʝʛʫʣʠʨʫʶʱʠʝ ʦʨʛʘʥʳ, 

ʟʘʢʘʟʯʠʢʦʚ, ʧʨʦʝʢʪʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ, ʛʝʥʝʨʘʣʴʥʳʭ 

ʧʦʜʨʷʜʯʠʢʦʚ, ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʵʢʩʧʣʫʘʪʠʨʫʶʱʠʝ ʦʨʛʘʥʠʟʘʮʠʠ. 

ʂʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ ʪʘʢʦʡ ʵʢʦʩʠʩʪʝʤʳ ʩʪʘʥʦʚʠʪʩʷ 

ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ, ʩʦʜʝʨʞʘʱʘʷ 

ʘʢʪʫʘʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʟʝʤʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ, 

ʠʥʞʝʥʝʨʥʳʭ ʠʟʳʩʢʘʥʠʷʭ, ʧʨʦʝʢʪʥʦʡ ʠ 

ʠʩʧʦʣʥʠʪʝʣʴʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ 

ʬʦʨʤʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ, ʪʝʭʥʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʷʭ, ʨʝʟʫʣʴʪʘʪʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʵʢʩʧʝʨʪʠʟ ʠ 

ʜʨʫʛʠʭ ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʭ ʜʦʢʫʤʝʥʪʘʭ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʟʨʘʯʥʦʩʪʴ ʚʩʝʭ ʧʨʦʮʝʩʩʦʚ ʠ 

ʩʥʠʞʘʝʪ ʢʦʨʨʫʧʮʠʦʥʥʳʝ ʨʠʩʢʠ. 

ʊʝʭʥʦʣʦʛʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʜʘʥʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʫʶ ʦʩʥʦʚʫ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʢʦʥʮʝʧʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʜʘʥʥʳʤʠ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ 

ʦʙʲʝʢʪʦʚ ʢʘʧʠʪʘʣʴʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʩʦʟʜʘʥʠʷ 

ʠʭ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ 

ʚʠʨʪʫʘʣʴʥʳʤʠ ʨʝʧʣʠʢʘʤʠ ʬʠʟʠʯʝʩʢʠʭ ʘʢʪʠʚʦʚ, 

ʥʝʧʨʝʨʳʚʥʦ ʦʙʥʦʚʣʷʝʤʳʤʠ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʠʟ 

ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ. ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʟʜʘʥʠʷ ʩʦʜʝʨʞʠʪ 

ʥʝ ʪʦʣʴʢʦ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʠ ʦʙʲʝʤʥʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʥʦ ʠ 

ʢʦʤʧʣʝʢʩʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʩʝʭ ʧʨʦʮʝʩʩʘʭ 

ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʨʘʩʯʝʪʦʚ ʥʝʩʫʱʠʭ ʩʠʩʪʝʤ, 

ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʙʦʪ, ʤʘʪʝʨʠʘʣʴʥʳʭ ʠ 

ʬʠʥʘʥʩʦʚʳʭ ʟʘʪʨʘʪʘʭ, ʘ ʪʘʢʞʝ ʜʘʥʥʳʝ ʜʣʷ 

ʤʦʥʠʪʦʨʠʥʛʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʧʝʨʠʦʜ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. ʀʥʪʝʛʨʘʮʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʪʝʭʥʦʣʦʛʠʷʤʠ ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ 

ʩʦʟʜʘʝʪ ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʩʪʨʦʠʪʝʣʴʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʥʘ ʚʩʝʭ 

ʵʪʘʧʘʭ ʠʭ ʩʫʱʝʩʪʚʦʚʘʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʜʘʪʯʠʢʠ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʚ ʟʜʘʥʠʠ ʠʣʠ ʥʘ ʩʪʨʦʠʪʝʣʴʥʦʡ 

ʧʣʦʱʘʜʢʝ, ʥʝʧʨʝʨʳʚʥʦ ʧʝʨʝʜʘʶʪ ʜʘʥʥʳʝ ʦ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʝʞʠʤʘʭ, ʚʣʘʞʥʦʩʪʠ, ʫʨʦʚʥʝ 

ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ, ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʠ, ʩʦʩʪʦʷʥʠʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʘʛʨʫʟʢʘʭ ʥʘ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʜʨʫʛʠʭ 

ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʧʘʨʘʤʝʪʨʘʭ, ʢʦʪʦʨʳʝ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʠʥʪʝʛʨʠʨʫʶʪʩʷ ʚ ʮʠʬʨʦʚʦʡ ʜʚʦʡʥʠʢ 

ʠ ʧʦʟʚʦʣʷʶʪ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʦʪʩʣʝʞʠʚʘʪʴ 

ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʧʨʦʝʢʪʥʳʭ ʟʥʘʯʝʥʠʡ. ʇʨʠʤʝʥʝʥʠʝ 

ʜʘʪʯʠʢʦʚ ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ ʚ ʩʦʯʝʪʘʥʠʠ ʩ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʤʦʜʝʣʷʤʠ ʟʜʘʥʠʡ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʭʦʜʘ ʦʪ ʨʝʘʢʪʠʚʥʦʛʦ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ 

ʫʩʪʨʘʥʝʥʠʠ ʫʞʝ ʚʦʟʥʠʢʰʠʭ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ, ʢ 

ʧʨʝʜʠʢʪʠʚʥʦʤʫ ʦʙʩʣʫʞʠʚʘʥʠʶ, ʢʦʛʜʘ ʩʠʩʪʝʤʳ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ 

ʧʘʪʪʝʨʥʦʚ ʚ ʜʘʥʥʳʭ ʧʨʦʛʥʦʟʠʨʫʶʪ ʚʝʨʦʷʪʥʳʝ 

ʦʪʢʘʟʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʬʦʨʤʠʨʫʶʪ ʦʧʪʠʤʘʣʴʥʳʝ 

ʛʨʘʬʠʢʠ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʨʘʙʦʪ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʪʴ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ 

ʠ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʘʚʘʨʠʡʥʳʝ ʩʠʪʫʘʮʠʠ [6, 7]. 
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ʇʨʝʜʠʢʪʠʚʥʘʷ ʘʥʘʣʠʪʠʢʘ ʟʘʥʠʤʘʝʪ 

ʮʝʥʪʨʘʣʴʥʦʝ ʤʝʩʪʦ ʚ ʩʠʩʪʝʤʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʧʦʜʜʝʨʞʢʠ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʧʦʩʢʦʣʴʢʫ 

ʠʩʧʦʣʴʟʫʝʪ ʠʩʪʦʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʦ ʨʝʘʣʠʟʦʚʘʥʥʳʭ 

ʧʨʦʝʢʪʘʭ, ʪʝʢʫʱʠʝ ʧʦʢʘʟʘʪʝʣʠ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʠ 

ʧʝʨʝʜʦʚʳʝ ʘʣʛʦʨʠʪʤʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʙʫʜʫʱʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʨʠʩʢʦʚ ʥʘ ʨʘʥʥʠʭ 

ʩʪʘʜʠʷʭ, ʢʦʛʜʘ ʟʘʪʨʘʪʳ ʥʘ ʢʦʨʨʝʢʪʠʨʫʶʱʠʝ 

ʚʦʟʜʝʡʩʪʚʠʷ ʤʠʥʠʤʘʣʴʥʳ. ʊʝʭʥʦʣʦʛʠʠ 

ʧʨʝʜʠʢʪʠʚʥʦʡ ʘʥʘʣʠʪʠʢʠ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ 

ʦʭʚʘʪʳʚʘʶʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʟʘʜʘʯ, ʚʢʣʶʯʘʷ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʩʨʦʢʦʚ ʟʘʚʝʨʰʝʥʠʷ ʧʨʦʝʢʪʦʚ ʩ 

ʫʯʝʪʦʤ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ 

ʧʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ, ʜʦʩʪʫʧʥʦʩʪʴ ʨʘʙʦʯʝʡ ʩʠʣʳ ʠ 

ʤʘʪʝʨʠʘʣʦʚ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʦʜʨʷʜʯʠʢʦʚ ʠ 

ʩʫʙʧʦʜʨʷʜʯʠʢʦʚ, ʦʮʝʥʢʫ ʚʝʨʦʷʪʥʦʩʪʠ ʧʨʝʚʳʰʝʥʠʷ 

ʙʶʜʞʝʪʦʚ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʜʠʥʘʤʠʢʠ ʟʘʪʨʘʪ ʠ 

ʚʳʷʚʣʝʥʠʷ ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʧʣʘʥʦʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, 

ʧʨʝʜʩʢʘʟʘʥʠʝ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʪʝʭʥʠʯʝʩʢʦʤ 

ʦʙʩʣʫʞʠʚʘʥʠʠ ʩʪʨʦʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʧʫʪʝʤ 

ʤʦʥʠʪʦʨʠʥʛʘ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʝʡ, 

ʚʠʙʨʘʮʠʠ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʨʫʛʠʭ ʠʥʜʠʢʘʪʦʨʦʚ 

ʠʟʥʦʩʘ, ʘ ʪʘʢʞʝ ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʟʦʥ ʧʦʚʳʰʝʥʥʦʛʦ 

ʨʠʩʢʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ ʠ 

ʪʨʘʚʤʘʪʠʟʤʘ ʨʘʙʦʪʥʠʢʦʚ ʥʘ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʧʣʦʱʘʜʢʘʭ. ɸʣʛʦʨʠʪʤʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, 

ʦʙʫʯʝʥʥʳʝ ʥʘ ʙʦʣʴʰʠʭ ʤʘʩʩʠʚʘʭ ʜʘʥʥʳʭ ʦ ʪʳʩʷʯʘʭ 

ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʧʨʦʝʢʪʦʚ, ʩʧʦʩʦʙʥʳ ʚʳʷʚʣʷʪʴ 

ʩʢʨʳʪʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ 

ʨʘʟʣʠʯʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʢʦʪʦʨʳʝ ʥʝʚʦʟʤʦʞʥʦ 

ʦʙʥʘʨʫʞʠʪʴ ʧʨʠ ʪʨʘʜʠʮʠʦʥʥʦʤ ʩʪʘʪʠʩʪʠʯʝʩʢʦʤ 

ʘʥʘʣʠʟʝ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʪʦʯʥʦʝ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʵʬʬʝʢʪʠʚʥʳʭ ʩʪʨʘʪʝʛʠʡ ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ. 

ʆʧʪʠʤʠʟʘʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʩʫʨʩʦʚ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʥʫ ʠʟ ʥʘʠʙʦʣʝʝ 

ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʦʙʣʘʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ BigData-

ʘʥʘʣʠʪʠʢʠ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʧʦʩʢʦʣʴʢʫ ʵʬʬʝʢʪʠʚʥʦʝ 

ʫʧʨʘʚʣʝʥʠʝ ʪʨʫʜʦʚʳʤʠ, ʤʘʪʝʨʠʘʣʴʥʳʤʠ ʠ 

ʪʝʭʥʠʯʝʩʢʠʤʠ ʨʝʩʫʨʩʘʤʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʦʧʨʝʜʝʣʷʝʪ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʝʢʪʦʚ ʠ 

ʩʨʦʢʠ ʠʭ ʨʝʘʣʠʟʘʮʠʠ. ʉʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ 

ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ (ʪʘʙʣ. 2) ʧʦʟʚʦʣʷʶʪ ʩʪʨʦʠʪʝʣʴʥʳʤ 

ʢʦʤʧʘʥʠʷʤ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʦʪʨʝʙʥʦʩʪʠ ʚ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ ʨʝʩʫʨʩʦʚ ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʙʦʪ, ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʧʝʨʠʦʜʳ 

ʧʠʢʦʚʳʭ ʥʘʛʨʫʟʦʢ ʠ ʥʝʜʦʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʢʪʠʚʦʚ, 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʛʨʘʬʠʢʠ ʧʦʩʪʘʚʦʢ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ 

ʤʠʥʠʤʠʟʘʮʠʠ ʟʘʪʨʘʪ ʥʘ ʭʨʘʥʝʥʠʝ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʧʨʦʩʪʦʝʚ, ʘ ʪʘʢʞʝ ʬʦʨʤʠʨʦʚʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʩʭʝʤʳ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʙʦʯʠʭ ʙʨʠʛʘʜ ʠ ʩʪʨʦʠʪʝʣʴʥʦʡ 

ʪʝʭʥʠʢʠ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʫʯʘʩʪʢʘʤʠ ʨʘʙʦʪ [8].  

ʊʘʙʣʠʮʘ 2 

ʀʩʪʦʯʥʠʢʠ ʜʘʥʥʳʭ ʜʣʷ BigData-ʘʥʘʣʠʪʠʢʠ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ 
ʀʩʪʦʯʥʠʢ ʜʘʥʥʳʭ ʕʪʘʧ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʊʠʧ ʜʘʥʥʳʭ 

ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʤʦʜʝʣʠ (BIM) 
ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ, 

ʵʢʩʧʣʫʘʪʘʮʠʷ 
ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ, ʪʝʭʥʠʯʝʩʢʠʝ 

ɼʘʪʯʠʢʠ IoT (ʪʝʤʧʝʨʘʪʫʨʘ, ʚʣʘʞʥʦʩʪʴ) ʉʪʨʦʠʪʝʣʴʩʪʚʦ, ʵʢʩʧʣʫʘʪʘʮʠʷ ʉʝʥʩʦʨʥʳʝ (ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ) 

ʉʠʩʪʝʤʳ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ ʉʪʨʦʠʪʝʣʴʩʪʚʦ, ʵʢʩʧʣʫʘʪʘʮʠʷ ɺʠʟʫʘʣʴʥʳʝ 

ɻʝʦʣʦʢʘʮʠʦʥʥʳʝ ʜʘʪʯʠʢʠ ʪʝʭʥʠʢʠ ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ 

ɼʨʦʥʳ (ʬʦʪʦʛʨʘʤʤʝʪʨʠʷ) ʉʪʨʦʠʪʝʣʴʩʪʚʦ ɺʠʟʫʘʣʴʥʳʝ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ 

ʉʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʋʧʨʘʚʣʝʥʯʝʩʢʠʝ 

ERP-ʩʠʩʪʝʤʳ ɺʩʝ ʵʪʘʧʳ ʌʠʥʘʥʩʦʚʳʝ, ʨʝʩʫʨʩʥʳʝ 

ɺʥʝʰʥʠʝ ʙʘʟʳ ʜʘʥʥʳʭ ɺʩʝ ʵʪʘʧʳ ʈʳʥʦʯʥʳʝ, ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ 

 

ʀʥʪʝʛʨʘʮʠʷ ʜʘʥʥʳʭ ʠʟ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʦʝʢʪʘʤʠ, ʩʠʩʪʝʤ ʧʣʘʥʠʨʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ 

ʧʨʝʜʧʨʠʷʪʠʷ, ʛʝʦʣʦʢʘʮʠʦʥʥʳʭ ʜʘʪʯʠʢʦʚ ʥʘ 

ʩʪʨʦʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʝ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ 

ʫʯʝʪʘ ʤʘʪʝʨʠʘʣʦʚ ʠ ʜʨʫʛʠʭ ʠʩʪʦʯʥʠʢʦʚ ʩʦʟʜʘʝʪ 

ʮʝʣʦʩʪʥʫʶ ʢʘʨʪʠʥʫ ʩʦʩʪʦʷʥʠʷ ʧʨʦʝʢʪʘ ʠ ʧʦʟʚʦʣʷʝʪ 

ʧʨʠʥʠʤʘʪʴ ʦʙʦʩʥʦʚʘʥʥʳʝ ʨʝʰʝʥʠʷ ʦ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʠ ʨʝʩʫʨʩʦʚ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʥʝʧʨʝʜʚʠʜʝʥʥʳʭ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚ. ɸʣʛʦʨʠʪʤʳ ʦʧʪʠʤʠʟʘʮʠʠ, 

ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʤʝʪʦʜʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʝʨʘʮʠʡ ʠ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʘʥʘʣʠʟʠʨʫʶʪ 

ʤʥʦʞʝʩʪʚʦ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʚʘʨʠʘʥʪʦʚ ʢʘʣʝʥʜʘʨʥʳʭ 

ʛʨʘʬʠʢʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʙʦʪ ʩ ʫʯʝʪʦʤ ʦʛʨʘʥʠʯʝʥʠʡ 

ʧʦ ʨʝʩʫʨʩʘʤ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ 

ʨʘʙʦʪʘʤʠ, ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʛʥʦʟʦʚ ʠ ʜʨʫʛʠʭ 

ʬʘʢʪʦʨʦʚ, ʚʳʙʠʨʘʷ ʨʝʰʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ 

ʤʘʢʩʠʤʘʣʴʥʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʠ 

ʩʦʙʣʶʜʝʥʠʠ ʟʘʜʘʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʧʦ ʩʨʦʢʘʤ ʠ 

ʙʶʜʞʝʪʫ [9-11].  

ʋʧʨʘʚʣʝʥʠʝ ʢʘʯʝʩʪʚʦʤ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴʶ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʧʦʣʫʯʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʙʣʘʛʦʜʘʨʷ ʧʨʠʤʝʥʝʥʠʶ ʪʝʭʥʦʣʦʛʠʡ ʥʝʧʨʝʨʳʚʥʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʘʥʘʣʠʟʘ 

ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ, ʧʦʩʪʫʧʘʶʱʠʭ ʦʪ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ 

ʩʠʩʪʝʤ ʜʘʪʯʠʢʦʚ, ʢʘʤʝʨ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ, ʜʨʦʥʦʚ ʠ 

ʜʨʫʛʠʭ ʠʩʪʦʯʥʠʢʦʚ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʩʪʦʷʥʠʠ 

ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʢʠ. ʉʠʩʪʝʤʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʟʨʝʥʠʷ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʘʣʛʦʨʠʪʤʘʭ ʛʣʫʙʦʢʦʛʦ 

ʦʙʫʯʝʥʠʷ, ʩʧʦʩʦʙʥʳ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʚʠʜʝʦʧʦʪʦʢʠ ʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʦʧʘʩʥʳʝ ʩʠʪʫʘʮʠʠ, ʪʘʢʠʝ ʢʘʢ ʨʘʙʦʪʘ ʧʝʨʩʦʥʘʣʘ ʙʝʟ 

ʩʨʝʜʩʪʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʟʘʱʠʪʳ, 

ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʝ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʥʘ 

ʦʭʨʘʥʷʝʤʫʶ ʪʝʨʨʠʪʦʨʠʶ ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʥʝʠʩʧʨʘʚʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʩ ʥʝʤʝʜʣʝʥʥʳʤ 

ʦʧʦʚʝʱʝʥʠʝʤ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʣʠʮ ʜʣʷ ʧʨʠʥʷʪʠʷ 

ʢʦʨʨʝʢʪʠʨʫʶʱʠʭ ʤʝʨ. ʀʥʪʝʛʨʘʮʠʷ ʜʘʥʥʳʭ ʦʪ 

ʜʘʪʯʠʢʦʚ IoT, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʷʭ, ʧʦʟʚʦʣʷʝʪ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʪʚʝʨʜʝʥʠʷ 

ʙʝʪʦʥʘ, ʪʝʤʧʝʨʘʪʫʨʥʦ-ʚʣʘʞʥʦʩʪʥʳʡ ʨʝʞʠʤ, 

ʜʝʬʦʨʤʘʮʠʠ ʠ ʥʘʧʨʷʞʝʥʠʷ ʚ ʵʣʝʤʝʥʪʘʭ 

ʢʦʥʩʪʨʫʢʮʠʡ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʥʥʝʝ ʚʳʷʚʣʝʥʠʝ 

ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʧʨʦʝʢʪʥʳʭ ʟʥʘʯʝʥʠʡ ʠ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʜʝʬʝʢʪʦʚ. 
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ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ 

ʘʧʧʘʨʘʪʦʚ ʜʣʷ ʨʝʛʫʣʷʨʥʦʛʦ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʛʦ 

ʦʙʩʣʝʜʦʚʘʥʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʣʦʱʘʜʦʢ ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ 

ʧʦʣʫʯʝʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʩʨʝʜʩʪʚʘʤʠ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʧʦʟʚʦʣʷʝʪ ʦʪʩʣʝʞʠʚʘʪʴ 

ʬʘʢʪʠʯʝʩʢʠʡ ʧʨʦʛʨʝʩʩ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ, 

ʩʨʘʚʥʠʚʘʪʴ ʝʛʦ ʩ ʢʘʣʝʥʜʘʨʥʳʤ ʛʨʘʬʠʢʦʤ ʠ 

ʬʦʨʤʠʨʦʚʘʪʴ ʘʢʪʫʘʣʠʟʠʨʦʚʘʥʥʫʶ ʠʩʧʦʣʥʠʪʝʣʴʥʫʶ 

ʜʦʢʫʤʝʥʪʘʮʠʶ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʪʨʫʜʦʟʘʪʨʘʪʘʤʠ. 

ʇʨʠʥʷʪʠʝ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʥʘ 

ʫʨʦʚʥʝ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʤʧʘʥʠʡ ʩʫʱʝʩʪʚʝʥʥʦ 

ʚʳʠʛʨʳʚʘʝʪ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ, ʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʙʦʣʴʰʠʝ ʤʘʩʩʠʚʳ 

ʜʘʥʥʳʭ ʦ ʨʳʥʦʯʥʦʡ ʢʦʥʲʶʥʢʪʫʨʝ, ʪʝʥʜʝʥʮʠʷʭ 

ʮʝʥʦʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʩʪʨʦʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ 

ʫʩʣʫʛʠ, ʨʝʟʫʣʴʪʘʪʘʭ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʦʚ 

ʢʦʥʢʫʨʝʥʪʘʤʠ, ʜʠʥʘʤʠʢʝ ʩʧʨʦʩʘ ʥʘ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ 

ʦʙʲʝʢʪʦʚ ʥʝʜʚʠʞʠʤʦʩʪʠ ʠ ʜʨʫʛʠʭ ʚʥʝʰʥʠʭ 

ʬʘʢʪʦʨʘʭ, ʚʣʠʷʶʱʠʭ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʙʠʟʥʝʩʘ. 

ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʡ ʠʥʪʝʛʨʠʨʫʶʪ ʜʘʥʥʳʝ ʠʟ ʚʥʫʪʨʝʥʥʠʭ 

ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʚʢʣʶʯʘʷ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ, ʙʫʭʛʘʣʪʝʨʩʢʦʛʦ 

ʫʯʝʪʘ, ʫʧʨʘʚʣʝʥʠʷ ʧʝʨʩʦʥʘʣʦʤ ʠ 

ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷʤʠ ʩ ʢʣʠʝʥʪʘʤʠ, ʩ ʚʥʝʰʥʠʤʠ 

ʠʩʪʦʯʥʠʢʘʤʠ ʠʥʬʦʨʤʘʮʠʠ, ʪʘʢʠʤʠ ʢʘʢ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʙʘʟʳ ʜʘʥʥʳʭ, ʙʠʨʞʝʚʳʝ ʢʦʪʠʨʦʚʢʠ, 

ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʩʝʨʚʠʩʳ ʠ ʩʦʮʠʘʣʴʥʳʝ ʩʝʪʠ, 

ʩʦʟʜʘʚʘʷ ʢʦʤʧʣʝʢʩʥʫʶ ʘʥʘʣʠʪʠʯʝʩʢʫʶ ʩʨʝʜʫ ʜʣʷ 

ʚʳʨʘʙʦʪʢʠ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. ʇʨʠʤʝʥʝʥʠʝ 

ʤʝʪʦʜʦʚ ʙʠʟʥʝʩ-ʘʥʘʣʠʪʠʢʠ ʧʦʟʚʦʣʷʝʪ 

ʨʫʢʦʚʦʜʠʪʝʣʷʤ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʤʧʘʥʠʡ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʥʘʠʙʦʣʝʝ ʧʨʠʙʳʣʴʥʳʝ ʩʝʛʤʝʥʪʳ 

ʨʳʥʢʘ, ʦʮʝʥʠʚʘʪʴ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʫʯʘʩʪʠʷ ʚ 

ʪʝʥʜʝʨʘʭ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʠʩʪʦʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʦ 

ʩʦʦʪʥʦʰʝʥʠʠ ʩʪʦʠʤʦʩʪʠ ʧʦʜʛʦʪʦʚʢʠ ʟʘʷʚʦʢ ʠ 

ʚʝʨʦʷʪʥʦʩʪʠ ʚʳʠʛʨʳʰʘ, ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʦʨʪʬʝʣʴ 

ʨʝʘʣʠʟʫʝʤʳʭ ʧʨʦʝʢʪʦʚ ʩ ʫʯʝʪʦʤ ʨʠʩʢʦʚ ʠ 

ʜʦʭʦʜʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʬʦʨʤʠʨʦʚʘʪʴ ʦʙʦʩʥʦʚʘʥʥʳʝ 

ʧʣʘʥʳ ʨʘʟʚʠʪʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ ʠ 

ʢʘʜʨʦʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʦʨʛʘʥʠʟʘʮʠʠ. ʀʥʩʪʨʫʤʝʥʪʳ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ ʚ ʬʦʨʤʝ ʠʥʪʝʨʘʢʪʠʚʥʳʭ 

ʜʘʰʙʦʨʜʦʚ ʦʙʝʩʧʝʯʠʚʘʶʪ ʨʫʢʦʚʦʜʠʪʝʣʷʤ 

ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʝʡ ʫʧʨʘʚʣʝʥʠʷ ʦʧʝʨʘʪʠʚʥʳʡ 

ʜʦʩʪʫʧ ʢ ʢʣʶʯʝʚʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʜʝʷʪʝʣʴʥʦʩʪʠ, ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ 

ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ ʩ ʜʝʪʘʣʠʟʘʮʠʝʡ ʜʦ ʫʨʦʚʥʷ 

ʦʪʜʝʣʴʥʳʭ ʧʨʦʝʢʪʦʚ, ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʠʣʠ ʚʠʜʦʚ 

ʨʘʙʦʪ, ʘ ʪʘʢʞʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʛʥʦʟʥʳʭ 

ʩʮʝʥʘʨʠʝʚ ʨʘʟʚʠʪʠʷ ʩʠʪʫʘʮʠʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʚʘʨʠʘʥʪʘʭ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ [12]. 

ʎʠʬʨʦʚʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ ʥʘ ʩʪʨʦʠʪʝʣʴʥʦʡ 

ʧʣʦʱʘʜʢʝ ʦʩʪʘʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʤʝʥʝʝ ʨʘʟʚʠʪʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ, ʥʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʡ 

ʧʦʪʝʥʮʠʘʣ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʙʦʪ ʟʘ ʩʯʝʪ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʨʫʪʠʥʥʳʭ ʦʧʝʨʘʮʠʡ ʧʦ ʫʯʝʪʫ, ʢʦʥʪʨʦʣʶ ʠ 

ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʠʶ. ʉʦʚʨʝʤʝʥʥʳʝ ʤʦʙʠʣʴʥʳʝ 

ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʦʤ 

ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤ ʨʘʙʦʪ ʠʥʩʪʨʫʤʝʥʪʳ 

ʜʣʷ ʚʝʜʝʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʞʫʨʥʘʣʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʨʘʙʦʪ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʠʢʨʝʧʣʝʥʠʷ ʬʦʪʦʛʨʘʬʠʡ ʠ 

ʛʝʦʣʦʢʘʮʠʦʥʥʳʭ ʤʝʪʦʢ, ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʢʦʥʪʨʦʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʥʠʡ ʨʘʙʦʯʠʤ ʙʨʠʛʘʜʘʤ ʚ ʨʝʞʠʤʝ 

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʦʧʝʨʘʪʠʚʥʦʛʦ ʜʦʩʪʫʧʘ ʢ 

ʘʢʪʫʘʣʴʥʳʤ ʨʘʙʦʯʠʤ ʯʝʨʪʝʞʘʤ ʠ ʧʨʦʝʢʪʥʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʠ, ʘ ʪʘʢʞʝ ʢʦʦʨʜʠʥʘʮʠʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʫʯʘʩʪʥʠʢʘʤʠ 

ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʇʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ 

ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʠʥʞʝʥʝʨʘʤ 

ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ʥʘʢʣʘʜʳʚʘʪʴ ʪʨʝʭʤʝʨʥʫʶ 

ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʤʦʜʝʣʴ ʥʘ ʨʝʘʣʴʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ 

ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʢʠ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʧʨʦʱʘʝʪ ʧʨʦʮʝʩʩ ʚʳʷʚʣʝʥʠʷ ʦʪʢʣʦʥʝʥʠʡ 

ʬʘʢʪʠʯʝʩʢʠ ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʙʦʪ ʦʪ ʧʨʦʝʢʪʥʳʭ 

ʨʝʰʝʥʠʡ ʠ ʧʦʚʳʰʘʝʪ ʢʘʯʝʩʪʚʦ ʩʪʨʦʠʪʝʣʴʥʦ-

ʤʦʥʪʘʞʥʳʭ ʨʘʙʦʪ. ʀʥʪʝʛʨʘʮʠʷ ʚʩʝʭ ʵʪʠʭ ʜʘʥʥʳʭ ʚ 

ʝʜʠʥʫʶ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʦʝʢʪʦʤ ʩʦʟʜʘʝʪ ʧʨʦʟʨʘʯʥʫʶ ʠ ʢʦʥʪʨʦʣʠʨʫʝʤʫʶ 

ʩʨʝʜʫ, ʚ ʢʦʪʦʨʦʡ ʚʩʝ ʫʯʘʩʪʥʠʢʠ ʩʪʨʦʠʪʝʣʴʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʦʙʣʘʜʘʶʪ ʘʢʪʫʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʦ 

ʪʝʢʫʱʝʤ ʩʦʩʪʦʷʥʠʠ ʜʝʣ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ 

ʦʧʝʨʘʪʠʚʥʦʤʫ ʧʨʠʥʷʪʠʶ ʨʝʰʝʥʠʡ ʠ ʧʦʚʳʰʝʥʠʶ 

ʦʙʱʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʈʦʩʩʠʡʩʢʘʷ ʩʪʨʦʠʪʝʣʴʥʘʷ ʦʪʨʘʩʣʴ ʥʘʭʦʜʠʪʩʷ 

ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ, ʠ 

ʫʨʦʚʝʥʴ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ BigData-ʘʥʘʣʠʪʠʢʠ 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʩʪʘʝʪ ʦʪ ʣʠʜʝʨʦʚ ʤʠʨʦʚʦʛʦ 

ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʨʳʥʢʘ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ 

ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʦʩʚʝʜʦʤʣʝʥʥʦʩʪʴʶ ʨʫʢʦʚʦʜʠʪʝʣʝʡ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʦʪʩʫʪʩʪʚʠʝʤ ʦʧʳʪʘ ʚʝʜʝʥʠʷ ʧʨʦʝʢʪʦʚ ʚ 

ʮʠʬʨʦʚʦʡ ʩʨʝʜʝ ʠ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʦʙʣʘʩʪʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʚʳʩʦʢʦʡ 

ʩʪʦʠʤʦʩʪʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʜʣʷ ʩʙʦʨʘ ʠ ʦʙʨʘʙʦʪʢʠ 

ʠʥʬʦʨʤʘʮʠʠ, ʘ ʪʘʢʞʝ ʢʦʥʩʝʨʚʘʪʠʚʥʳʤ ʤʳʰʣʝʥʠʝʤ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʫʯʘʩʪʥʠʢʦʚ ʩʪʨʦʠʪʝʣʴʥʦʛʦ 

ʨʳʥʢʘ [13-15]. ʈʦʩʩʠʡʩʢʘʷ ʩʪʨʦʠʪʝʣʴʥʘʷ ʦʪʨʘʩʣʴ 

ʥʘʭʦʜʠʪʩʷ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʮʠʬʨʦʚʦʡ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ, ʠ ʫʨʦʚʝʥʴ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ 

BigData-ʘʥʘʣʠʪʠʢʠ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʩʪʘʝʪ ʦʪ ʣʠʜʝʨʦʚ 

ʤʠʨʦʚʦʛʦ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʨʳʥʢʘ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ 

ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʦʩʚʝʜʦʤʣʝʥʥʦʩʪʴʶ ʨʫʢʦʚʦʜʠʪʝʣʝʡ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʦʪʩʫʪʩʪʚʠʝʤ ʦʧʳʪʘ ʚʝʜʝʥʠʷ ʧʨʦʝʢʪʦʚ ʚ 

ʮʠʬʨʦʚʦʡ ʩʨʝʜʝ ʠ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʦʙʣʘʩʪʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʚʳʩʦʢʦʡ 

ʩʪʦʠʤʦʩʪʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʜʣʷ ʩʙʦʨʘ ʠ ʦʙʨʘʙʦʪʢʠ 

ʠʥʬʦʨʤʘʮʠʠ, ʘ ʪʘʢʞʝ ʢʦʥʩʝʨʚʘʪʠʚʥʳʤ ʤʳʰʣʝʥʠʝʤ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʫʯʘʩʪʥʠʢʦʚ ʩʪʨʦʠʪʝʣʴʥʦʛʦ 

ʨʳʥʢʘ [16, 17]. 

ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ 

ʨʝʰʝʥʠʡ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʩʚʷʟʘʥʳ ʩ ʜʘʣʴʥʝʡʰʠʤ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʘʣʛʦʨʠʪʤʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ ʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʨʘʩʰʠʨʝʥʠʝʤ 

ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ ʠ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʩʝʥʩʦʨʥʳʭ ʩʝʪʝʡ, ʠʥʪʝʛʨʘʮʠʝʡ 

ʜʘʥʥʳʭ ʠʟ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚ ʝʜʠʥʦʝ 
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ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʨʘʟʚʠʪʠʝʤ 

ʦʙʣʘʯʥʳʭ ʧʣʘʪʬʦʨʤ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ 

ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʬʦʨʤʠʨʦʚʘʥʠʝʤ 

ʵʢʦʩʠʩʪʝʤʳ ʮʠʬʨʦʚʳʭ ʩʝʨʚʠʩʦʚ, ʦʭʚʘʪʳʚʘʶʱʠʭ ʚʩʝ 

ʵʪʘʧʳ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʦʙʲʝʢʪʦʚ ʢʘʧʠʪʘʣʴʥʦʛʦ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʉʦʟʜʘʥʠʝ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ 

ʛʦʨʦʜʦʚ ʢʘʢ ʢʦʤʧʣʝʢʩʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʤʦʜʝʣʝʡ, ʦʙʲʝʜʠʥʷʶʱʠʭ ʜʘʥʥʳʝ ʦ 

ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʤ ʧʣʘʥʠʨʦʚʘʥʠʠ, ʠʥʞʝʥʝʨʥʦʡ ʠ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ, ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʨʘʟʚʠʪʠʷ ʛʦʨʦʜʩʢʠʭ ʪʝʨʨʠʪʦʨʠʡ, ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ 

ʥʦʚʳʭ ʦʙʲʝʢʪʦʚ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʘ ʦʢʨʫʞʘʶʱʫʶ 

ʩʨʝʜʫ ʠ ʩʫʱʝʩʪʚʫʶʱʫʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ, ʘ ʪʘʢʞʝ 

ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ ʛʨʘʞʜʘʥ. ʀʥʪʝʛʨʘʮʠʷ 

ʪʝʭʥʦʣʦʛʠʡ ʜʦʧʦʣʥʝʥʥʦʡ ʠ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ 

ʩ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʤʦʜʝʣʷʤʠ ʟʜʘʥʠʡ ʩʦʟʜʘʩʪ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ, ʧʨʦʚʝʜʝʥʠʷ 

ʚʠʨʪʫʘʣʴʥʳʭ ʦʩʤʦʪʨʦʚ ʦʙʲʝʢʪʦʚ ʥʘ ʩʪʘʜʠʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʦʙʫʯʝʥʠʷ ʧʝʨʩʦʥʘʣʘ ʙʝʟʦʧʘʩʥʳʤ 

ʤʝʪʦʜʘʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʙʦʪ ʚ ʚʠʨʪʫʘʣʴʥʦʡ ʩʨʝʜʝ, ʘ 

ʪʘʢʞʝ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʡ 

ʩʠʩʪʝʤʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ 

ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʥʘ ʦʩʥʦʚʝ BigData-

ʘʥʘʣʠʪʠʢʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʪʨʘʪʝʛʠʯʝʩʢʦʝ 

ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʟʚʠʪʠʷ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ, 

ʨʝʘʣʠʟʘʮʠʷ ʢʦʪʦʨʦʛʦ ʪʨʝʙʫʝʪ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʧʦʜʭʦʜʘ, ʚʢʣʶʯʘʶʱʝʛʦ ʪʝʭʥʠʯʝʩʢʦʝ 

ʧʝʨʝʦʩʥʘʱʝʥʠʝ ʧʨʝʜʧʨʠʷʪʠʡ ʩʦʚʨʝʤʝʥʥʳʤʠ 

ʩʨʝʜʩʪʚʘʤʠ ʩʙʦʨʘ, ʧʝʨʝʜʘʯʠ, ʭʨʘʥʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ 

ʠʥʬʦʨʤʘʮʠʠ, ʨʘʟʨʘʙʦʪʢʫ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʡ ʙʘʟʳ ʠ 

ʩʪʘʥʜʘʨʪʦʚ ʫʧʨʘʚʣʝʥʠʷ ʜʘʥʥʳʤʠ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ 

ʦʙʲʝʢʪʦʚ ʢʘʧʠʪʘʣʴʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʧʦʜʛʦʪʦʚʢʫ 

ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʜʨʦʚ, ʚʣʘʜʝʶʱʠʭ 

ʢʦʤʧʝʪʝʥʮʠʷʤʠ ʚ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʩʦʟʜʘʥʠʝ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʩʝʭ 

ʫʯʘʩʪʥʠʢʦʚ ʠʥʚʝʩʪʠʮʠʦʥʥʦ-ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʚ ʝʜʠʥʦʡ ʮʠʬʨʦʚʦʡ ʩʨʝʜʝ, ʘ ʪʘʢʞʝ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʢʫʣʴʪʫʨʳ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʥʘ ʦʩʥʦʚʝ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʦʙʲʝʢʪʠʚʥʳʭ ʜʘʥʥʳʭ. 

ʋʩʧʝʰʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ ʥʘ ʦʩʥʦʚʝ ʪʝʭʥʦʣʦʛʠʡ 

ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ ʧʦʟʚʦʣʠʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʫʜʘ, ʩʥʠʟʠʪʴ 

ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʠ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʩʦʢʨʘʪʠʪʴ 

ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʘ 

ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʪʴ ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ 

ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʫʩʣʦʚʠʷʭ ʨʘʩʪʫʱʝʡ 

ʢʦʥʢʫʨʝʥʮʠʠ ʠ ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʨʝʩʫʨʩʦʚ. 
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ʈɸɿɼɽʃ II 

ʀʅʅʆɺɸʎʀʀ ɺ ʉʌɽʈɽ ʆʈɻɸʅʀɿɸʎʀʀ ʇʈʆʀɿɺʆɼʉʊɺɸ ʀ ʋʇʈɸɺʃɽʅʀʗ,  
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ʀ ʅɸʃʆɻʆʆɹʃʆɾɽʅʀʗ. 

 ɻʆʉʋɼɸʈʉʊɺɽʅʅʆɽ ʀ ʄʋʅʀʎʀʇɸʃʔʅʆɽ ʋʇʈɸɺʃɽʅʀɽ 
 

 

ʋɼʂ 35.077.1  

 

ʉʀʉʊɽʄɸ ʀ ʂʆʅʊʈʆʃʔ 

ɼʆʂʋʄɽʅʊɸʎʀʆʅʅʆɻʆ ʆɹɽʉʇɽʏɽʅʀʗ 

 

ɺʦʣʢʦʚʘ ʉʚʝʪʣʘʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ 
ʂʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

 

ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʠʡ ʬʠʣʠʘʣ ʬʝʜʝʨʘʣʴʥʦʛʦ 
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ʫʯʨʝʞʜʝʥʠʷ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ çɹʝʣʛʦʨʦʜʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. 
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ɸʅʅʆʊɸʎʀʗ 

 

ʈʘʙʦʪʘ ʩ ʜʦʢʫʤʝʥʪʘʤʠ ʚʥʫʪʨʝʥʥʠʤʠ ʠ ʚʥʝʰʥʠʤʠ, ʦʙʨʘʟʫʶʪ ʩʠʩʪʝʤʫ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ. ʕʪʦ 

ʥʝʦʪʲʝʤʣʝʤʘʷ ʯʘʩʪʴ, ʢʦʪʦʨʘʷ ʨʝʛʣʘʤʝʥʪʠʨʫʝʪ ʧʨʦʮʝʩʩ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʡ ʚ ʣʶʙʦʡ 

ʥʘʧʨʘʚʣʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʅʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʢʦʪʦʨʳʝ ʨʘʟʚʠʚʘʶʪʩʷ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʫʶʪʩʷ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ 

ʦʨʠʝʥʪʠʨʫʶʪʩʷ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʜʝʡʩʪʚʦʚʘʪʴ ʠ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʚʩʝʤ ʩʪʘʥʜʘʨʪʘʤ ʧʦ ʢʦʥʪʨʦʣʶ 

ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ. ʂʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʧʦʩʪʨʦʝʥʠʷ ʫʩʧʝʰʥʦʛʦ ʙʠʟʥʝʩʘ ʥʘʮʝʣʝʥʦ ʥʘ ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʠ 

ʧʨʘʚʠʣʴʥʦʝ ʚʝʜʝʥʠʝ ʜʦʢʫʤʝʥʪʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. ɺ ʫʩʣʦʚʠʷʭ ʩʝʨʴʝʟʥʦʡ ʢʦʥʢʫʨʝʥʮʠʠ ʚʦ ʚʩʝʭ 

ʩʬʝʨʘʭ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʛʣʘʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ - ʵʪʦ ʧʨʘʚʠʣʴʥʦʝ ʧʦʩʪʨʦʝʥʠʝ ʮʝʣʝʡ.   

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɼʦʢʫʤʝʥʪʠʨʦʚʘʥʠʝ, ʵʣʝʢʪʨʦʥʥʳʡ ʜʦʢʫʤʝʥʪ, ʙʠʟʥʝʩ, ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ, ʦʙʨʘʙʦʪʢʘ 

ʜʘʥʥʳʭ, ʘʨʭʠʚʥʦʝ ʜʝʣʦ, ʨʠʩʢʠ, ʠʥʥʦʚʘʮʠʠ. 

ABSTRACT 

 

Working with internal and external documents forms a document management system. This is an integral part 

that regulates the functioning process and is effective in any directed activity. New technologies that are developing and 

improving every year focus on the ability to operate more efficiently and meet all standards for document management. 

The key factor in building a successful business is the timely and correct management of the document management 

system. In a highly competitive environment, the key advantage is the proper setting of goals.  

Keywords: Documentation, electronic document, business, management system, data processing, archiving, 

risks, and innovation.  

 

ɼʦʢʫʤʝʥʪʘʮʠʦʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʚʘʞʥʫʶ ʯʘʩʪʴ ʧʨʦʮʝʩʩʦʚ ʫʧʨʘʚʣʝʥʠʷ, 

ʚʦʧʣʦʱʘʷ ʛʣʘʚʥʳʝ ʬʫʥʢʮʠʠ ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ ʠ 

ʩʚʦʡʩʪʚʘʭ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ.  

ʇʨʘʚʠʣʴʥʦ ʦʨʛʘʥʠʟʦʚʘʥʥʦʝ ʚʝʜʝʥʠʝ 

ʜʦʢʫʤʝʥʪʘʮʠʠ, ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʪʴ 

ʧʣʦʜʦʪʚʦʨʥʦʩʪʴ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ, ʥʦ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʦʩʪʘʪʦʯʥʦ ʭʘʨʘʢʪʝʨʥʦ ʦʪʩʫʪʩʪʚʠʝ 

ʩʣʘʞʝʥʥʦʡ ʩʠʩʪʝʤʳ ʜʦʢʫʤʝʥʪʘʮʠʦʥʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʫʧʨʘʚʣʝʥʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʙʦʶ 

ʨʘʙʦʪʳ[1]. 

ʌʫʥʢʮʠʠ ʫʧʨʘʚʣʝʥʠʷ, ʦʧʨʝʜʝʣʝʥʠʝ ʧʣʘʥʦʚ, 

ʫʯʝʪʥʳʝ ʠ ʦʪʯʝʪʥʳʝ ʧʦʢʘʟʘʪʝʣʠ, ʚʩʝ ʵʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʝʜʝʥʠʝ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ ʥʘ 

ʧʨʝʜʧʨʠʷʪʠʠ. ʅʘʣʘʞʝʥʥʘʷ ʨʘʙʦʪʘ ʩ ʜʦʢʫʤʝʥʪʘʤʠ 

ʘʨʛʫʤʝʥʪʠʨʫʝʪʩʷ ʮʝʥʥʦʩʪʴʶ ʠ ʢʘʯʝʩʪʚʦʤ 

ʧʨʠʥʠʤʘʝʤʳʭ ʨʝʰʝʥʠʡ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʭ 

ʚʳʧʦʣʥʝʥʠʷ ʠ ʜʝʷʪʝʣʴʥʦʩʪʴ ʦʨʛʘʥʠʟʘʮʠʠ ʚ ʮʝʣʦʤ. 

ʆʩʥʦʚʥʳʤʠ ʮʝʣʷʤʠ ʠ ʟʘʜʘʯʘʤʠ ʦʪʜʝʣʦʚ 

ʦʨʛʘʥʠʟʘʮʠʠ ʧʦ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʫ, ʷʚʣʷʶʪʩʷ: 

1. ʦʙʝʩʧʝʯʝʥʠʝ ʝʜʠʥʦʛʦ ʧʦʨʷʜʢʘ ʧʣʘʥʠʨʦʚʘʥʠʷ;  

2. ʧʨʘʚʠʣʴʥʳʡ ʧʨʦʮʝʩʩ ʫʧʨʘʚʣʝʥʠʷ;  

3. ʢʦʥʪʨʦʣʴ ʠʩʧʦʣʥʝʥʠʷ;  

4. ʫʪʚʝʨʞʜʝʥʠʝ ʩ ʨʫʢʦʚʦʜʩʪʚʦʤ; 

5. ʨʝʛʠʩʪʨʘʮʠʷ ʜʦʢʫʤʝʥʪʦʚ ʠ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ; 

6. ʢʦʥʪʨʦʣʴ ʠʩʧʦʣʥʝʥʠʷ ʦʙʷʟʘʥʥʦʩʪʝʡ; 

7. ʭʨʘʥʝʥʠʝ ʠ ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ ʜʦʢʫʤʝʥʪʦʚ. 

ɼʦʩʪʠʞʝʥʠʝ ʮʝʣʝʡ ʠ ʟʘʜʘʯ ʜʦʩʪʠʛʘʶʪʩʷ 

ʨʘʟʨʘʙʦʪʢʦʡ ʠ ʦʙʝʩʧʝʯʝʥʠʝʤ, ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʠʥʩʪʨʫʢʮʠʡ ʜʦʢʫʤʝʥʪʘʮʠʦʥʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ. ʈʘʩʩʤʦʪʨʠʤ ʝʜʠʥʳʡ ʨʘʩʧʦʨʷʜʦʢ 

ʚʥʝʜʨʝʥʠʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʬʦʨʤ ʜʦʣʞʥʦʩʪʥʳʭ 

ʣʠʮ, ʢʦʪʦʨʳʝ ʟʘʥʠʤʘʶʪʩʷ ʜʦʢʫʤʝʥʪʦʚʝʜʝʥʠʝʤ.  

ʆʨʛʘʥʠʟʘʮʠʷ ʨʘʙʦʪʳ ʩ ʜʦʢʫʤʝʥʪʘʤʠ 

ʨʝʛʫʣʠʨʫʝʪʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʥʦʨʤʘʪʠʚʥʦ-

ʧʨʘʚʦʚʳʤʠ ʠ ʤʝʪʦʜʠʯʝʩʢʠʤʠ ʜʦʢʫʤʝʥʪʘʤʠ. ɺ ʩʚʷʟʠ 

ʩ ʵʪʠʤ ʚ ʢʘʞʜʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʜʦʣʞʥʘ ʙʳʪʴ 

ʩʬʦʨʤʠʨʦʚʘʥʘ ʙʘʟʘ ʥʦʨʤʘʪʠʚʥʦʡ, ʧʨʘʚʦʚʦʡ, 



ˠ̠̎̉̃̆̑̒̉̓̆̓̒̋́ ˚́̔̋́Ȣ 5ÎÉÖÅÒÓÉÔÙ 3ÃÉÅÎÃÅȢ Τ2(20Ɋ φτφω ̄. 

93 

ʤʝʪʦʜʠʯʝʩʢʦʡ ʠ ʩʧʨʘʚʦʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, 

ʩʚʟ̫ʘʥʥʦʡ ʩ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʦʤ, ʥʘʧʨʠʤʝʨ, ʧʦ 

ʜʝʣʦʧʨʦʠʟʚʦʜʩʪʚʫ ʠʣʠ ʘʨʭʠʚʥʦʤʫ ʜʝʣʫ.  

ʆʩʥʦʚʥʳʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʷʚʣʷʶʪʩʷ: ʬʠʥʘʥʩʦʚʦ-ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ, 

ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦ-ʭʦʟʷʡʩʪʚʝʥʥʘʷ, ʢʘʜʨʦʚʳʝ 

ʨʝʩʫʨʩʳ, ʘ ʪʘʢ ʞʝ ʜʨʫʛʠʝ ʤʝʨʦʧʨʠʷʪʠʷ 

ʥʘʧʨʘʚʣʝʥʥʳʝ ʧʦ ʩʬʝʨʝ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ. 

ʋʧʨʘʚʣʝʥʠʝ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʦʨʛʘʥʠʟʘʮʠʷʭ, ʢʦʪʦʨʘʷ 

ʦʭʚʘʪʳʚʘʝʪ ʚ ʧʨʦʮʝʩʩʝ, ʩʠʩʪʝʤʥʳʝ ʚʦʧʨʦʩʳ ʩ 

ʜʦʢʫʤʝʥʪʘʤʠ, ʪʘʢ ʤʦʞʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ 

ʜʦʢʫʤʝʥʪʘʮʠʦʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ. 

 

 
ʉʭʝʤʘ ˉ1 

 

 
ʉʭʝʤʘ ˉ2 

 
ʉʭʝʤʘ ˉ3 
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ʢʦʤʧʘʥʠʠ[3]. ʉʢʦʨʦʩʪʴ ʨʝʘʛʠʨʦʚʘʥʠʷ ʤʦʞʝʪ ʩʪʘʪʴ 

ʦʧʨʝʜʝʣʷʶʱʠʤ ʬʘʢʪʦʨʦʤ ʧʨʠ ʧʨʠʥʷʪʠʠ 

ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. ɺ ʩʚʷʟʠ ʩ ʬʦʨʤʘʣʴʥʳʤ 

ʭʘʨʘʢʪʝʨʦʤ ʨʘʙʦʯʠʭ ʧʨʦʮʝʩʩʦʚ ʚʦʟʥʠʢʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʦʧʝʨʘʪʠʚʥʦʤ ʫʧʨʘʚʣʝʥʠʠ 

ʜʦʢʫʤʝʥʪʘʤʠ. 

 

ʉ ʫʣʫʯʰʝʥʠʝʤ ʠ ʙʳʩʪʨʳʤ ʨʘʟʚʠʪʠʝʤ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʩʠʩʪʝʤʝ 

ʧʨʝʚʦʩʭʦʜʠʪ ʵʣʝʢʪʨʦʥʥʳʡ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪ, 

ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʧʦʜʧʠʩʘʥ ʵʣʝʢʪʨʦʥʥʦʡ 

ʧʦʜʧʠʩʴʶ ʠ ʭʨʘʥʠʪʴʩʷ ʚ ʬʘʡʣʘʭ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʬʦʨʤʘʪʘ[5]. ʕʪʦ ʦʯʝʥʴ 

ʫʜʦʙʥʦ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ. ɽʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩʳ ʠ ʤʝʭʘʥʠʟʤʳ ʢʦʥʪʨʦʣʷ ʠʩʧʦʣʥʝʥʠʷ 

ʜʦʢʫʤʝʥʪʘʮʠʠ. ʊʘʢ ʞʝ ʫʧʨʦʱʘʝʪ ʭʨʘʥʝʥʠʝ 

ʜʦʢʫʤʝʥʪʘʮʠʠ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʘʜʨʦʚʫʶ ʛʠʙʢʦʩʪʴ ʚ 

ʵʣʝʢʪʨʦʥʥʦʤ ʬʦʨʤʘʪʝ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʘʨʭʠʚʥʳʭ 

ʜʦʢʫʤʝʥʪʦʚ, ʚʧʦʣʥʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʭʨʘʥʠʪʴ 

ʜʦʢʫʤʝʥʪʳ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʬʦʨʤʘʪʝ, ʜʦʩʪʘʪʦʯʥʦ 

ʪʦʣʴʢʦ ʫʯʠʪʳʚʘʪʴ ʩʨʦʢʠ ʧʦ ʢʦʪʦʨʳʤ ʙʫʜʝʪ 

ʭʨʘʥʠʪʴʩʷ ʪʦʪ ʠʣʠ ʠʥʦʡ ʜʦʢʫʤʝʥʪ. 

ʂʘʞʜʘʷ ʩʠʩʪʝʤʘ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ ʠʤʝʝʪ ʩʚʦʠ 

ʨʠʩʢʠ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʚʦ ʚʚʝʜʝʥʠʠ 

ʠʥʥʦʚʘʮʠʡ, ʩʨʦʢʘʭ ʭʨʘʥʝʥʠʷ, ʚʦʟʤʦʞʥʦʩʪʠ 

ʠʩʧʨʘʚʣʝʥʠʷ. ɼʣʷ ʪʦʯʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ, ʠʟʥʘʯʘʣʴʥʦ ʥʫʞʥʦ 

ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ ʧʦʜʛʦʪʦʚʢʫ ʩʦʪʨʫʜʥʠʢʦʚ ʠ 

ʧʦʚʳʩʠʪʴ ʚʳʩʦʢʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʦʩʥʘʱʝʥʠʝ.  

ʃʶʙʘʷ ʜʦʢʫʤʝʥʪʘʮʠʦʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ, 

ʧʨʠʛʦʜʥʘʷ ʜʣʷ ʚʦʩʧʨʠʷʪʠʷ ʯʝʣʦʚʝʢʘ, ʘ ʪʘʢ ʞʝ ʜʣʷ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʜʦʣʞʥʘ ʙʳʪʴ ʦʙʨʘʙʦʪʘʥʘ ʚ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ, ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʠʭ 

ʚʩʝʛʦ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ. ʄʝʭʘʥʠʟʤ ʨʘʙʦʪʳ ʜʦ 

ʟʘʚʝʨʰʝʥʠʷ ʠʩʧʦʣʥʝʥʠʷ ʠ ʩʘʤʘ ʦʨʛʘʥʠʟʘʮʠʷ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʵʣʝʢʪʨʦʥʥʦ ʠ ʭʨʘʥʠʪʩʷ 

ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦ. 

 
ʉʭʝʤʘ ˉ4 

 

ʆʪʩʫʪʩʪʚʠʝ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʯʝʪʢʦʛʦ ʢʦʥʪʨʦʣʷ, 

ʥʠʟʢʦʛʦ ʢʘʯʝʩʪʚʘ ʜʦʢʫʤʝʥʪʦʚ, ʥʝ ʚʳʧʦʣʥʝʥʠʝ ʚ 

ʩʨʦʢ, ʦʰʠʙʦʢ ʚ ʦʬʦʨʤʣʝʥʠʠ, ʵʪʦ ʚʩʝ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʫʭʫʜʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ ʠ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʩʨʦʢʦʚ ʧʨʠʥʷʪʠʷ ʥʝʚʝʨʥʳʭ ʨʝʰʝʥʠʡ. ɺ ʪʘʢʠʭ 

ʩʣʫʯʘʷʭ ʚʘʞʥʦ ʜʦʥʝʩʪʠ ʜʦ ʩʦʪʨʫʜʥʠʢʦʚ ʚʘʞʥʦʩʪʴ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʧʦʩʨʝʜʩʪʚʦʤ 

ʧʨʦʚʝʜʝʥʠʷ ʦʙʫʯʝʥʠʷ, ʠʥʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʦ ʩʪʝʧʝʥʠ ʟʘʱʠʪʳ ʟʥʘʯʠʤʳʭ 

ʜʦʢʫʤʝʥʪʦʚ ʠ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʨʘʙʦʪʳ ʚ ʥʦʚʳʭ 

ʫʩʣʦʚʠʷʭ[6]. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʝʜʝʨʘʣʴʥʦʡ ʮʝʣʝʚʦʡ 

ʧʨʦʛʨʘʤʤʦʡ ʚʝʜʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʦʡ ʨʝʜʘʢʮʠʠ ð 

ʩʠʩʪʝʤʳ ʧʦʣʦʞʝʥʠʡ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʦʩʥʦʚʥʳʝ 

ʧʨʘʚʠʣʘ ʨʘʙʦʪʳ ʩ ʜʦʢʫʤʝʥʪʘʤʠ ʚ ʦʨʛʘʥʠʟʘʮʠʷʭ. 

ʉʠʩʪʝʤʘ ʥʘʮʝʣʝʥʘ ʠ ʥʘ ʢʦʤʤʝʨʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ. 

ʆʥʘ ʙʫʜʝʪ ʩʦʩʪʦʷʪʴ ʠʟ ʜʚʫʭ ʯʘʩʪʝʡ: ʥʦʨʤʘʪʠʚʥʦʡ ʠ 

ʤʝʪʦʜʠʯʝʩʢʦʡ. ɺ ʥʦʨʤʘʪʠʚʥʦʡ ʯʘʩʪʠ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʦʩʥʦʚʥʳʝ ʟʘʜʘʯʠ ʠ ʬʫʥʢʮʠʠ, ʧʨʘʚʦʚʦʝ 

ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʣʫʞʙʳ 

ʜʦʢʫʤʝʥʪʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʚ ʦʨʛʘʥʠʟʘʮʠʠ, ʝʝ 

ʧʨʠʤʝʨʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʧʦʨʷʜʦʢ ʧʦʜʛʦʪʦʚʢʠ ʠ 

ʦʬʦʨʤʣʝʥʠʷ ʜʦʢʫʤʝʥʪʦʚ; ʚʩʝ ʵʪʘʧʳ ʨʘʙʦʪʳ ʩ ʥʠʤʠ: 

ʜʦʩʪʘʚʢʘ, ʧʨʦʭʦʞʜʝʥʠʝ, ʦʙʨʘʙʦʪʢʘ, ʫʯʝʪ, 

ʨʝʛʠʩʪʨʘʮʠʷ, ʢʦʥʪʨʦʣʴ ʠʩʧʦʣʥʝʥʠʷ, 

ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʩʧʨʘʚʦʯʥʘʷ ʨʘʙʦʪʘ, ʦʧʝʨʘʪʠʚʥʦʝ 

ʭʨʘʥʝʥʠʝ ʜʦʢʫʤʝʥʪʦʚ, ʧʦʠʩʢ ʜʦʢʫʤʝʥʪʦʚ ʠ 

ʠʥʬʦʨʤʘʮʠʠ; ʟʘʱʠʪʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʧʦʠʩʢʦʚʳʭ 

ʩʠʩʪʝʤ; ʧʦʜʛʦʪʦʚʢʘ ʜʦʢʫʤʝʥʪʦʚ ʚ ʘʨʭʠʚ; ʧʦʨʷʜʦʢ 

ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʪʠʟʳ ʮʝʥʥʦʩʪʠ ʜʦʢʫʤʝʥʪʦʚ; 

ʦʨʛʘʥʠʟʘʮʠʷ ʭʨʘʥʝʥʠʷ ʜʦʢʫʤʝʥʪʦʚ.  

ɻʣʘʚʥʦʝ ʦʪʣʠʯʠʝ ʥʦʚʦʡ ʩʠʩʪʝʤʳ ʟʘʢʣʶʯʘʝʪʩʷ 

ʚ ʪʦʤ, ʯʪʦ ʦʥʘ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʝʜʠʥʳʡ 

ʢʦʤʧʣʝʢʩ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʠʷ 

ʥʘ ʙʘʟʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʢʩʪʦʚʳʭ ʨʝʜʘʢʪʦʨʦʚ, 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ (ʚʢʣʶʯʘʷ 

ʵʣʝʢʪʨʦʥʥʫʶ ʧʦʯʪʫ), ʙʘʟ ʜʘʥʥʳʭ ʠ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʭʨʘʥʝʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʜʦʢʫʤʝʥʪʦʚ (ʚ ʪʦʤ ʯʠʩʣʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ 

ʥʦʤʝʥʢʣʘʪʫʨʳ ʜʝʣ, ʦʧʠʩʠ ʜʝʣ ʠ ʪ.ʜ.). 
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ʈʘʟʨʘʙʦʪʢʘ ʠ ʫʪʚʝʨʞʜʝʥʠʝ ʬʦʨʤʳ ʪʘʢʠʭ 

ʜʦʢʫʤʝʥʪʦʚ, ʢʘʢ ʘʢʪʳ, ʧʨʠʢʘʟʳ, ʩʣʫʞʝʙʥʳʝ 

ʟʘʧʠʩʢʠ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʠ 

ʫʧʨʦʱʝʥʠʶ ʨʘʙʦʪʳ ʩ ʜʦʢʫʤʝʥʪʘʮʠʝʡ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʦʧʝʨʘʪʠʚʥʦ ʬʠʢʩʠʨʦʚʘʪʴ ʚʩʝ ʵʪʘʧʳ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʧʦʣʥʦʪʫ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʠ.  

ʌʦʨʤʠʨʦʚʘʥʠʝ ʝʜʠʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ, ʚ ʢʦʪʦʨʦʤ ʙʫʜʫʪ ʩʢʦʤʧʦʥʦʚʘʥʳ 

ʣʦʢʘʣʴʥʳʝ ʥʦʨʤʘʪʠʚʥʳʝ ʘʢʪʳ, ʯʪʦ ʦʙʝʩʧʝʯʠʪ 

ʩʠʩʪʝʤʘʪʠʟʘʮʠʶ ʠ ʫʧʨʦʱʝʥʠʝ ʜʦʩʪʫʧʘ ʢ 

ʥʝʦʙʭʦʜʠʤʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʇʨʦʝʢʪ ʨʝʛʣʘʤʝʥʪʘ ʩ 

ʣʠʯʥʳʤʠ ʜʝʣʘʤʠ ʦʨʜʠʥʘʪʦʨʦʚ ʧʦʟʚʦʣʠʪ 

ʫʧʦʨʷʜʦʯʠʪʴ ʧʨʦʮʝʩʩ ʚʝʜʝʥʠʷ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʯʪʦ 

ʚʘʞʥʦ ʜʣʷ ʧʨʦʟʨʘʯʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʩʦʧʨʦʚʦʞʜʝʥʠʷ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ.  

ʆʧʝʨʘʪʠʚʥʦʩʪʴ, ʢʘʯʝʩʪʚʦ ʠ ʥʘʜʝʞʥʦʩʪʴ 

ʟʘʚʠʩʠʪ ʦʪ ʧʨʘʚʠʣʴʥʦʡ  ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʠʝʤʘ-

ʧʝʨʝʜʘʯʠ ʠ ʭʨʘʥʝʥʠʷ ʙʘʟʳ ʜʘʥʥʳʭ. ʈʝʘʣʠʟʘʮʠʷ 

ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʳʙʦʨ ʫʨʦʚʥʷ 

ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʋʉʊʆʁʏʀɺʆʉʊʀ 

ʇʈʆʎɽʉʉʆɺ ɺ ɼʀʅɸʄʀʏɽʉʂʀʍ ʄʆɼɽʃʗʍ 

ʕʂʆʅʆʄʀʂʀ 

 

ɼʦʥʝʚ ɼʤʠʪʨʠʡ ɼʤʠʪʨʠʝʚʠʯ 
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ɸʅʅʆʊɸʎʀʗ 

ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʘʥʘʣʠʟʫ ʫʩʪʦʡʯʠʚʦʩʪʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ. 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʝʪʦʜʳ ʣʠʥʝʡʥʦʛʦ ʠ ʥʝʣʠʥʝʡʥʦʛʦ ʘʥʘʣʠʟʘ, ʚʢʣʶʯʘʷ ʬʫʥʢʮʠʦʥʘʣʳ ʃʷʧʫʥʦʚʘ, ʬʘʟʦʚʳʝ 

ʧʦʨʪʨʝʪʳ ʠ ʙʠʬʫʨʢʘʮʠʠ, ʘ ʪʘʢʞʝ ʩʪʦʭʘʩʪʠʯʝʩʢʠʝ ʠ ʜʠʩʢʨʝʪʥʳʝ ʤʦʜʝʣʠ. ʆʪʜʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ 

ʯʠʩʣʝʥʥʳʤ ʤʝʪʦʜʘʤ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʨʘʝʢʪʦʨʠʡ ʠ ʦʮʝʥʢʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʩʠʩʪʝʤʳ. ʇʨʠʚʦʜʷʪʩʷ ʧʨʠʤʝʨʳ 

ʧʨʠʤʝʥʝʥʠʷ ʢ ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʠʤ ʠ ʘʛʝʥʪʥʳʤ ʤʦʜʝʣʷʤ, ʦʙʩʫʞʜʘʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʳ ʠʥʪʝʛʨʘʮʠʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʧʦʜʭʦʜʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʩʪʦʡʯʠʚʦʩʪʴ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʜʠʥʘʤʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʬʘʟʦʚʳʝ ʧʦʨʪʨʝʪʳ, 

ʩʪʦʭʘʩʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʜʠʩʢʨʝʪʥʳʝ ʤʦʜʝʣʠ, ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ. 

 

ABSTRACT 

This article is devoted to the analysis of the stability of economic processes in dynamic models. Methods of 

linear and nonlinear analysis are considered, including Lyapunov functionals, phase portraits and bifurcations, as well 

as stochastic and discrete models. Special attention is paid to numerical methods for modeling trajectories and assessing 

the sensitivity of the system. Examples of application to macroeconomic and agent models are given, and the prospects 

for integrating analytical and computational approaches are discussed. 

Keywords: stability of economic processes, dynamic models, phase portraits, stochastic models, discrete 

models, numerical methods. 

 

ʉʦʚʨʝʤʝʥʥʘʷ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʥʘʫʢʘ ʧʨʠʜʘʸʪ 

ʜʠʥʘʤʠʯʝʩʢʠʤ ʤʦʜʝʣʷʤ ʮʝʥʪʨʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ, 

ʨʘʩʩʤʘʪʨʠʚʘʷ ʠʭ ʢʘʢ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʠʥʩʪʨʫʤʝʥʪ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʨʝʤʝʥʥʦʡ ʵʚʦʣʶʮʠʠ ʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʩʠʩʪʝʤ ʠ ʤʝʭʘʥʠʟʤʦʚ ʠʭ ʘʜʘʧʪʘʮʠʠ ʢ ʵʥʜʦʛʝʥʥʳʤ ʠ 

ʵʢʟʦʛʝʥʥʳʤ ʚʦʟʤʫʱʝʥʠʷʤ. ʏʝʨʝʟ ʧʨʠʟʤʫ ʜʘʥʥʳʭ 

ʤʦʜʝʣʝʡ ʨʘʩʢʨʳʚʘʶʪʩʷ ʢʘʢ ʢʨʘʪʢʦʩʨʦʯʥʳʝ ʨʝʘʢʮʠʠ 

ʵʢʦʥʦʤʠʢʠ ʥʘ ʩʣʫʯʘʡʥʳʝ ʦʪʢʣʦʥʝʥʠʷ, ʪʘʢ ʠ 

ʜʦʣʛʦʩʨʦʯʥʳʝ ʪʨʘʝʢʪʦʨʠʠ ʨʘʟʚʠʪʠʷ ʚ ʫʩʣʦʚʠʷʭ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʠ 

ʠʟʤʝʥʷʶʱʠʭʩʷ ʧʘʨʘʤʝʪʨʦʚ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. 

ʂʣʶʯʝʚʳʤ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʤ ʘʢʮʝʥʪʦʤ ʚ ʜʘʥʥʦʤ 

ʢʦʥʪʝʢʩʪʝ ʚʳʩʪʫʧʘʝʪ ʧʨʦʙʣʝʤʘ ʫʩʪʦʡʯʠʚʦʩʪʠ, 

ʧʦʩʢʦʣʴʢʫ ʠʤʝʥʥʦ ʩʧʦʩʦʙʥʦʩʪʴ ʩʠʩʪʝʤʳ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʧʦʩʣʝ ʥʘʨʫʰʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ 

ʦʧʨʝʜʝʣʷʝʪ ʝʸ ʥʘʜʸʞʥʦʩʪʴ, ʧʨʝʜʩʢʘʟʫʝʤʦʩʪʴ ʠ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʚ ʜʠʥʘʤʠʯʝʩʢʦʤ ʠʟʤʝʨʝʥʠʠ. 
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ʄʥʦʛʦʤʝʨʥʦʩʪʴ ʢʘʪʝʛʦʨʠʠ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʘʥʘʣʠʟʘ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʫʨʦʚʥʷʭ, ʚʢʣʶʯʘʷ ʣʦʢʘʣʴʥʳʝ ʠ ʛʣʦʙʘʣʴʥʳʝ ʘʩʧʝʢʪʳ 

ʧʦʚʝʜʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʃʦʢʘʣʴʥʘʷ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʦʧʠʩʳʚʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʬʘʟʦʚʳʭ 

ʪʨʘʝʢʪʦʨʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ 

ʩʪʘʮʠʦʥʘʨʥʳʭ ʩʦʩʪʦʷʥʠʡ, ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ 

ʚʦʟʚʨʘʱʘʪʴʩʷ ʢ ʥʠʤ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʬʦʨʤʘʣʠʟʦʚʘʥʥʳʡ ʢʨʠʪʝʨʠʡ ʦʮʝʥʢʠ ʨʝʘʢʮʠʠ ʥʘ ʤʘʣʳʝ 

ʚʦʟʤʫʱʝʥʠʷ ʠ ʧʦʜʪʚʝʨʞʜʘʝʪ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʨʘʚʥʦʚʝʩʥʳʭ ʩʪʨʫʢʪʫʨ. ɺ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ ʵʪʦʤʫ, 

ʛʣʦʙʘʣʴʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʦʭʚʘʪʳʚʘʝʪ ʧʦʚʝʜʝʥʠʝ 

ʩʠʩʪʝʤʳ ʚ ʰʠʨʦʢʠʭ ʦʙʣʘʩʪʷʭ ʬʘʟʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, 

ʧʦʟʚʦʣʷʷ ʚʳʷʚʣʷʪʴ ʩʧʦʩʦʙʥʦʩʪʴ ʩʦʭʨʘʥʷʪʴ 

ʮʝʣʦʩʪʥʦʩʪʴ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʟʥʘʯʠʪʝʣʴʥʳʭ ʠʣʠ 

ʩʪʨʫʢʪʫʨʥʳʭ ʰʦʢʦʚ. ɺ ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ 

ʵʪʦ ʚʳʨʘʞʘʝʪʩʷ ʚ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʟʫʯʝʥʠʷ ʥʝ ʪʦʣʴʢʦ 

ʦʪʜʝʣʴʥʳʭ ʨʘʚʥʦʚʝʩʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ, ʥʦ ʠ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʨʘʟʚʠʪʠʷ, 

ʚʢʣʶʯʘʷ ʙʠʬʫʨʢʘʮʠʦʥʥʳʝ ʩʜʚʠʛʠ, ʥʝʣʠʥʝʡʥʳʝ 

ʢʦʣʝʙʘʥʠʷ ʠ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ [6]. 

ʕʬʬʝʢʪʠʚʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʪʨʝʙʫʝʪ ʩʦʝʜʠʥʝʥʠʷ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʩ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ 

ʧʨʦʮʝʜʫʨʘʤʠ, ʩʧʦʩʦʙʥʳʤʠ ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʳʚʘʪʴ 

ʥʝʣʠʥʝʡʥʳʝ ʠ ʤʥʦʛʦʤʝʨʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, 

ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʩʦʚʨʝʤʝʥʥʦʡ ʵʢʦʥʦʤʠʢʠ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʙʘʟʘ ʦʧʠʨʘʝʪʩʷ ʥʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ 

ʠ ʨʘʟʥʦʩʪʥʳʝ ʫʨʘʚʥʝʥʠʷ, ʩʧʝʢʪʨʘʣʴʥʳʝ ʤʝʪʦʜʳ, 

ʩʚʦʡʩʪʚʘ ʷʢʦʙʠʘʥʦʚ ʠ ʘʥʘʣʠʟ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ 

ʣʠʥʝʡʥʳʭ ʘʧʧʨʦʢʩʠʤʘʮʠʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʬʦʨʤʫʣʠʨʦʚʘʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʠ ʜʦʩʪʘʪʦʯʥʳʝ ʫʩʣʦʚʠʷ 

ʫʩʪʦʡʯʠʚʦʩʪʠ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʯʠʩʣʝʥʥʳʝ ʘʣʛʦʨʠʪʤʳ, 

ʚʢʣʶʯʘʷ ʠʤʠʪʘʮʠʦʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʧʨʦʮʝʜʫʨʳ 

ʄʦʥʪʝ-ʂʘʨʣʦ ʠ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʝ ʤʝʪʦʜʳ, ʩʦʟʜʘʶʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʨʢʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʚʳʚʦʜʦʚ ʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʣʦʞʥʳʭ ʩʮʝʥʘʨʠʝʚ, ʛʜʝ 

ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʦʢʘʟʳʚʘʝʪʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ 

ʥʝʜʦʩʪʠʞʠʤʳʤ. 

ʉʦʯʝʪʘʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠ ʯʠʩʣʝʥʥʳʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʬʦʨʤʠʨʫʝʪ ʮʝʣʦʩʪʥʳʡ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʢʘʨʢʘʩ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʛʦ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ 

ʩʠʩʪʝʤʦʦʙʨʘʟʫʶʱʠʡ ʧʘʨʘʤʝʪʨ, ʦʧʨʝʜʝʣʷʶʱʠʡ 

ʛʨʘʥʠʮʳ ʜʦʧʫʩʪʠʤʳʭ ʨʝʞʠʤʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʵʢʦʥʦʤʠʢʠ ʠ ʫʨʦʚʝʥʴ ʧʨʝʜʩʢʘʟʫʝʤʦʩʪʠ ʝʸ ʵʚʦʣʶʮʠʠ. 

ʊʘʢʦʡ ʠʥʪʝʛʨʘʪʠʚʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʳʷʚʣʷʪʴ ʨʝʘʢʮʠʶ ʥʘ ʤʘʣʳʝ ʣʦʢʘʣʴʥʳʝ 

ʚʦʟʤʫʱʝʥʠʷ ʠ ʦʮʝʥʠʚʘʪʴ ʧʦʩʣʝʜʩʪʚʠʷ ʤʘʩʰʪʘʙʥʳʭ 

ʰʦʢʦʚ, ʦʙʝʩʧʝʯʠʚʘʷ ʢʦʤʧʣʝʢʩʥʦʝ ʧʦʥʠʤʘʥʠʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʠ. 

ʇʨʝʜʤʝʪʦʤ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʩʪʫʧʘʝʪ 

ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ. ɺ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤ ʬʦʢʫʩʝ ʥʘʭʦʜʷʪʩʷ ʢʘʢ 

ʪʨʘʜʠʮʠʦʥʥʳʝ ʣʠʥʝʡʥʳʝ ʤʝʪʦʜʳ, ʪʘʢ ʠ 

ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʥʝʣʠʥʝʡʥʦʡ ʜʠʥʘʤʠʢʠ, ʚʢʣʶʯʘʷ 

ʬʫʥʢʮʠʦʥʘʣʳ ʃʷʧʫʥʦʚʘ ʠ ʬʘʟʦʚʳʝ ʧʦʨʪʨʝʪʳ. ʆʩʦʙʦʝ 

ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʤʦʜʝʣʷʤ ʩ ʜʠʩʢʨʝʪʥʳʤ ʚʨʝʤʝʥʝʤ, 

ʩʪʦʭʘʩʪʠʯʝʩʢʠʤʠ ʚʦʟʤʫʱʝʥʠʷʤʠ ʠ ʤʝʭʘʥʠʟʤʘʤʠ ʠʭ 

ʠʥʪʝʛʨʘʮʠʠ ʩ ʯʠʩʣʝʥʥʳʤʠ ʩʠʤʫʣʷʮʠʷʤʠ. ʀʪʦʛʦʤ 

ʩʪʘʥʦʚʠʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʮʝʣʦʩʪʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʧʦʜʭʦʜʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʢʦʤʧʣʝʢʩʥʫʶ ʦʮʝʥʢʫ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʚ ʫʩʣʦʚʠʷʭ 

ʨʝʘʣʴʥʳʭ ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʃʠʥʝʡʥʳʡ ʘʥʘʣʠʟ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʳʩʪʫʧʘʝʪ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʧʦʟʚʦʣʷʷ 

ʧʦʣʫʯʘʪʴ ʩʪʨʦʛʠʝ ʣʦʢʘʣʴʥʳʝ ʢʨʠʪʝʨʠʠ ʧʦʚʝʜʝʥʠʷ 

ʩʠʩʪʝʤʳ ʚʙʣʠʟʠ ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʈʘʩʩʤʦʪʨʠʤ 

ʜʠʥʘʤʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ, ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʝʤ x
Ę

= F(x,ʃ),ʛʜʝx ᶰRn 

ð ʚʝʢʪʦʨ ʩʦʩʪʦʷʥʠʷ ʵʢʦʥʦʤʠʢʠ, ʘ ɗ ð ʚʝʢʪʦʨ 

ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ. ʈʘʚʥʦʚʝʩʠʝ xʦzʧʨʝʜʝʣʷʝʪʩʷ 

ʫʩʣʦʚʠʝʤ F(x,zɗ)=0. ʃʦʢʘʣʴʥʳʡ ʘʥʘʣʠʟ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʚʳʧʦʣʥʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʣʠʥʝʡʨʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʚ 

ʦʢʨʝʩʪʥʦʩʪʠ x,z ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʣʠʥʝʡʥʦʡ ʩʠʩʪʝʤʝ 

yĘ= J(xᶻ)y,ʛʜʝy = x xᶻ ð ʷʢʦʙʠʘʥ ʬʫʥʢʮʠʠ F ʚ 

ʪʦʯʢʝ ʨʘʚʥʦʚʝʩʠʷ [5]. 

ʉʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʤʘʪʨʠʮʳ ʗʢʦʙʠ 

ʠʛʨʘʶʪ ʦʧʨʝʜʝʣʷʶʱʫʶ ʨʦʣʴ ʚ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ 

ʣʦʢʘʣʴʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ɽʩʣʠ 

ʜʝʡʩʪʚʠʪʝʣʴʥʳʝ ʯʘʩʪʠ ʚʩʝʭ ʩʦʙʩʪʚʝʥʥʳʭ ʯʠʩʝʣ 

ʦʪʨʠʮʘʪʝʣʴʥʳ, ʪʦ ʨʘʚʥʦʚʝʩʠʝ ʧʨʠʟʥʘʸʪʩʷ ʣʦʢʘʣʴʥʦ 

ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʳʤ; ʥʘʧʨʦʪʠʚ, ʥʘʣʠʯʠʝ ʭʦʪʷ 

ʙʳ ʦʜʥʦʛʦ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʩʦʙʩʪʚʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʣʦʢʘʣʴʥʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ. ɺ 

ʩʣʫʯʘʝ ʜʠʩʢʨʝʪʥʳʭ ʤʦʜʝʣʝʡ ʘʥʘʣʦʛʠʯʥʳʡ ʨʝʟʫʣʴʪʘʪ 

ʜʦʩʪʠʛʘʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʘʥʘʣʠʟʘ ʩʧʝʢʪʨʘ ʤʘʪʨʠʮʳ 

ʧʝʨʝʭʦʜʘ, ʧʦʣʫʯʝʥʥʦʡ ʠʟ ʣʠʥʝʡʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 

ʩʠʩʪʝʤʳ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ, ʪʘʢʠʝ ʢʘʢ 

ʢʨʠʪʝʨʠʠ ʃʷʧʫʥʦʚʘ ʠ ʈʘʫʩʘïɻʫʨʚʠʮʘ, ʧʦʟʚʦʣʷʶʪ 

ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʙʝʟ ʧʨʷʤʦʛʦ ʚʳʯʠʩʣʝʥʠʷ 

ʩʧʝʢʪʨʘ, ʯʪʦ ʠʤʝʝʪ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʚʳʩʦʢʦʨʘʟʤʝʨʥʳʭ ʩʠʩʪʝʤ, ʛʜʝ ʪʨʘʜʠʮʠʦʥʥʳʡ 

ʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ ʩʪʘʥʦʚʠʪʩʷ ʯʨʝʟʤʝʨʥʦ ʩʣʦʞʥʳʤ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʣʠʥʝʡʥʳʭ ʤʝʪʦʜʦʚ ʚ 

ʧʨʠʢʣʘʜʥʳʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʦʪʢʨʳʚʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʷʚʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ, ʦʢʘʟʳʚʘʶʱʠʭ 

ʢʨʠʪʠʯʝʩʢʦʝ ʚʣʠʷʥʠʝ ʥʘ ʭʘʨʘʢʪʝʨ ʨʘʚʥʦʚʝʩʥʳʭ 

ʩʦʩʪʦʷʥʠʡ. ʀʤʝʥʥʦ ʣʠʥʝʡʥʳʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʷʝʪ 

ʦʧʨʝʜʝʣʷʪʴ ʧʦʨʦʛʦʚʳʝ ʟʥʘʯʝʥʠʷ ʫʧʨʘʚʣʷʝʤʳʭ 

ʧʝʨʝʤʝʥʥʳʭ, ʧʨʠ ʢʦʪʦʨʳʭ ʬʠʢʩʠʨʦʚʘʥʥʳʝ ʪʦʯʢʠ 

ʪʝʨʷʶʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʩʠʩʪʝʤʘ ʚʩʪʫʧʘʝʪ ʚ ʨʝʞʠʤ 

ʢʘʯʝʩʪʚʝʥʥʦ ʠʥʦʡ ʜʠʥʘʤʠʢʠ, ʚʢʣʶʯʘʷ ʢʦʣʝʙʘʪʝʣʴʥʳʝ 

ʧʨʦʮʝʩʩʳ ʠ ʢʨʠʟʠʩʥʳʝ ʩʮʝʥʘʨʠʠ. ʅʝʩʤʦʪʨʷ ʥʘ 

ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ, ʦʙʫʩʣʦʚʣʝʥʥʫʶ ʝʛʦ 

ʥʝʩʧʦʩʦʙʥʦʩʪʴʶ ʦʧʠʩʳʚʘʪʴ ʛʣʦʙʘʣʴʥʦʝ ʧʦʚʝʜʝʥʠʝ 

ʩʠʩʪʝʤʳ, ʠʤʝʥʥʦ ʦʥ ʬʦʨʤʠʨʫʝʪ ʠʩʭʦʜʥʫʶ ʦʩʥʦʚʫ ʜʣʷ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʥʝʣʠʥʝʡʥʦʛʦ 

ʘʥʘʣʠʟʘ ʠ ʯʠʩʣʝʥʥʳʭ ʩʠʤʫʣʷʮʠʡ, ʦʙʝʩʧʝʯʠʚʘʷ 

ʧʝʨʚʠʯʥʦʝ ʧʦʥʠʤʘʥʠʝ ʘʨʭʠʪʝʢʪʫʨʳ ʫʩʪʦʡʯʠʚʦʩʪʠ [1]. 

ʅʝʣʠʥʝʡʥʳʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ, ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʢʣʘʩʩʠʯʝʩʢʠʭ ʣʠʥʝʡʥʳʭ ʧʦʜʭʦʜʦʚ, ʧʦʟʚʦʣʷʶʪ ʚʳʡʪʠ 

ʜʘʣʝʢʦ ʟʘ ʨʘʤʢʠ ʣʦʢʘʣʴʥʳʭ ʘʧʧʨʦʢʩʠʤʘʮʠʡ ʠ 

ʦʙʝʩʧʝʯʠʪʴ ʚʩʝʩʪʦʨʦʥʥʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʚʝʜʝʥʠʷ 

ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ ʚ ʰʠʨʦʢʦʤ ʩʧʝʢʪʨʝ ʬʘʟʦʚʳʭ 

ʩʦʩʪʦʷʥʠʡ. ʆʩʦʙʝʥʥʦ ʘʢʪʫʘʣʝʥ ʵʪʦʪ ʘʩʧʝʢʪ ʚ 

ʢʦʥʪʝʢʩʪʝ ʤʥʦʛʦʤʝʨʥʳʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ, 

ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʤʥʦʞʝʩʪʚʦʤ 

ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʠ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ 

ʥʝʣʠʥʝʡʥʦʩʪʠ, ʧʨʠʩʫʱʝʡ ʜʠʥʘʤʠʢʝ ʩʦʚʨʝʤʝʥʥʳʭ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ɺ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ 

ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʣʦʢʘʣʴʥʦʡ 
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ʣʠʥʝʘʨʠʟʘʮʠʠ ʠ ʘʥʘʣʠʟʝ ʤʘʣʳʭ ʦʪʢʣʦʥʝʥʠʡ, 

ʦʢʘʟʳʚʘʶʪʩʷ ʟʘʯʘʩʪʫʶ ʥʝʜʦʩʪʘʪʦʯʥʳʤʠ ʜʣʷ 

ʚʳʷʚʣʝʥʠʷ ʩʢʨʳʪʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ, ʭʘʨʘʢʪʝʨʥʳʭ 

ʛʨʘʥʠʮ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʛʣʦʙʘʣʴʥʳʭ ʩʚʦʡʩʪʚ 

ʪʨʘʝʢʪʦʨʠʡ ʩʠʩʪʝʤʳ. 

ʆʜʥʠʤ ʠʟ ʮʝʥʪʨʘʣʴʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ 

ʥʝʣʠʥʝʡʥʦʛʦ ʘʥʘʣʠʟʘ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʬʫʥʢʮʠʦʥʘʣʦʚ 

ʃʷʧʫʥʦʚʘ, ʢʦʪʦʨʳʡ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʧʦʩʪʨʦʝʥʠʠ 

ʩʧʝʮʠʘʣʴʥʦʡ ʧʦʣʦʞʠʪʝʣʴʥʦ ʦʧʨʝʜʝʣʸʥʥʦʡ ʬʫʥʢʮʠʠ ð 

ʬʫʥʢʮʠʦʥʘʣʘ ʃʷʧʫʥʦʚʘ ð ʦʙʣʘʜʘʶʱʝʡ ʤʦʥʦʪʦʥʥʳʤ 

ʫʙʳʚʘʥʠʝʤ ʚʜʦʣʴ ʪʨʘʝʢʪʦʨʠʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. 

ʂʨʠʪʝʨʠʠ ʃʷʧʫʥʦʚʘ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʤʦʱʥʳʡ 

ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ, ʧʦʟʚʦʣʷʶʱʠʡ ʩʪʨʦʛʦ ʜʦʢʘʟʘʪʴ 

ʘʩʠʤʧʪʦʪʠʯʝʩʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʨʘʚʥʦʚʝʩʥʳʭ 

ʩʦʩʪʦʷʥʠʡ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʠʙʝʛʘʪʴ ʢ 

ʣʠʥʝʘʨʠʟʘʮʠʠ ʠ ʚʳʯʠʩʣʝʥʠʶ ʩʧʝʢʪʨʘ ʧʨʦʠʟʚʦʜʥʦʡ 

ʩʠʩʪʝʤʳ. ʕʪʦ ʢʘʯʝʩʪʚʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ 

ʤʝʪʦʜʘ, ʜʝʣʘʷ ʝʛʦ ʦʩʦʙʝʥʥʦ ʵʬʬʝʢʪʠʚʥʳʤ ʧʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʣʦʞʥʳʭ ʥʝʣʠʥʝʡʥʳʭ ʠ 

ʚʳʩʦʢʦʨʘʟʤʝʨʥʳʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. ʂ ʪʘʢʠʤ 

ʤʦʜʝʣʷʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʤʝʞʦʪʨʘʩʣʝʚʳʝ ʢʦʤʧʣʝʢʩʳ, 

ʩʝʪʝʚʳʝ ʩʪʨʫʢʪʫʨʳ, ʘ ʪʘʢʞʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, 

ʛʜʝ ʚʦʟʜʝʡʩʪʚʠʝ ʵʢʟʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʠ ʚʥʫʪʨʝʥʥʠʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦʟʜʘʶʪ ʫʥʠʢʘʣʴʥʳʝ, ʯʘʩʪʦ 

ʥʝʧʨʝʜʩʢʘʟʫʝʤʳʝ ʧʘʪʪʝʨʥʳ ʧʦʚʝʜʝʥʠʷ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚʠʟʫʘʣʠʟʘʮʠʷ ʠ ʢʘʯʝʩʪʚʝʥʥʳʡ 

ʘʥʘʣʠʟ ʜʠʥʘʤʠʢʠ ʩʠʩʪʝʤʳ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʯʝʨʝʟ 

ʧʦʩʪʨʦʝʥʠʝ ʬʘʟʦʚʳʭ ʧʦʨʪʨʝʪʦʚ ð ʛʨʘʬʠʯʝʩʢʠʭ 

ʦʪʦʙʨʘʞʝʥʠʡ ʪʨʘʝʢʪʦʨʠʡ ʚ ʬʘʟʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩ 

ʫʯʸʪʦʤ ʚʩʝʭ ʧʝʨʝʤʝʥʥʳʭ. ʌʘʟʦʚʳʝ ʧʦʨʪʨʝʪʳ 

ʧʦʟʚʦʣʷʶʪ ʚʳʜʝʣʷʪʴ ʢʣʶʯʝʚʳʝ ʵʣʝʤʝʥʪʳ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ: ʫʩʪʦʡʯʠʚʳʝ ʠ 

ʥʝʫʩʪʦʡʯʠʚʳʝ ʤʥʦʞʝʩʪʚʘ, ʘʪʪʨʘʢʪʦʨʳ, ʮʠʢʣʳ ʠ 

ʙʠʬʫʨʢʘʮʠʦʥʥʳʝ ʧʝʨʝʭʦʜʳ. ʅʘʛʣʷʜʥʦʩʪʴ ʪʘʢʦʛʦ 

ʧʦʜʭʦʜʘ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʦʥʠʤʘʥʠʠ ʛʝʦʤʝʪʨʠʠ 

ʬʘʟʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʛʣʫʙʦʢʦʤ ʘʥʘʣʠʟʝ ʭʘʨʘʢʪʝʨʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʧʝʨʝʤʝʥʥʳʤʠ, 

ʬʦʨʤʠʨʫʶʱʠʤʠ ʜʠʥʘʤʠʢʫ ʩʠʩʪʝʤʳ. ɹʣʘʛʦʜʘʨʷ 

ʘʥʘʣʠʟʫ ʬʘʟʦʚʳʭ ʪʨʘʝʢʪʦʨʠʡ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ 

ʣʦʢʘʣʠʟʦʚʘʪʴ ʦʙʣʘʩʪʠ ʧʨʠʪʷʞʝʥʠʷ, ʦʧʨʝʜʝʣʠʪʴ 

ʛʨʘʥʠʮʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʧʨʝʜʩʢʘʟʘʪʴ ʧʦʚʝʜʝʥʠʝ 

ʩʠʩʪʝʤʳ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʚʥʝʟʘʧʥʳʭ ʠʣʠ ʜʣʠʪʝʣʴʥʳʭ 

ʵʢʟʦʛʝʥʥʳʭ ʰʦʢʦʚ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ ʫʩʣʦʚʠʷʭ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʝʥʷʶʱʝʛʦʩʷ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ 

ʦʢʨʫʞʝʥʠʷ. 

ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʵʪʠ ʤʝʪʦʜʳ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʠʭ ʮʠʢʣʦʚ, 

ʵʥʜʦʛʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʠ ʤʦʜʝʣʝʡ ʵʥʜʦʛʝʥʥʦʛʦ 

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʦʩʪʘ, ʛʜʝ ʜʠʥʘʤʠʢʘ ʩʠʩʪʝʤ ʯʘʩʪʦ 

ʧʨʠʥʠʤʘʝʪ ʬʦʨʤʫ ʩʣʦʞʥʳʭ ʨʝʞʠʤʦʚ, ʚʢʣʶʯʘʷ 

ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʝ ʠ ʭʘʦʪʠʯʝʩʢʠʝ. ɺ ʵʪʠʭ ʢʦʥʪʝʢʩʪʘʭ 

ʥʝʣʠʥʝʡʥʳʡ ʘʥʘʣʠʟ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʚʳʷʚʣʝʥʠʷ ʩʣʦʞʥʳʭ ʧʘʪʪʝʨʥʦʚ, ʢʦʪʦʨʳʝ ʥʝ ʚʠʜʥʳ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʣʠʥʝʡʥʳʭ ʤʦʜʝʣʝʡ: ʥʘʧʨʠʤʝʨ, 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʮʠʢʣʦʚ ʨʘʟʥʦʛʦ ʧʝʨʠʦʜʘ, ʚʣʠʷʥʠʝ ʤʘʣʳʭ 

ʠʟʤʝʥʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʛʣʦʙʘʣʴʥʦʝ ʧʦʚʝʜʝʥʠʝ 

ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʤʝʭʘʥʠʟʤʳ ʧʝʨʝʭʦʜʘ ʢ ʭʘʦʪʠʯʝʩʢʠʤ 

ʠʣʠ ʢʚʘʟʠʭʘʦʪʠʯʝʩʢʠʤ ʨʝʞʠʤʘʤ. ʇʦʜʦʙʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʧʦʩʪʨʦʝʥʠʠ 

ʘʜʝʢʚʘʪʥʳʭ ʤʦʜʝʣʝʡ ʙʠʟʥʝʩʘ, ʬʠʥʘʥʩʦʚʳʭ ʨʳʥʢʦʚ, 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠʥʥʦʚʘʮʠʡ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʧʦʣʠʪʠʢʠ, ʯʪʦ ʜʝʣʘʝʪ ʥʝʣʠʥʝʡʥʳʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ 

ʥʝʟʘʤʝʥʠʤʳʤʠ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʥʘʫʢʝ. 

ʉ ʨʘʟʚʠʪʠʝʤ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ ʠ 

ʤʝʪʦʜʦʚ ʯʠʩʣʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʨʘʩʰʠʨʷʶʪʩʷ ʠ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʥʝʣʠʥʝʡʥʳʭ 

ʤʝʪʦʜʦʚ. ʉʦʚʨʝʤʝʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

ʧʦʟʚʦʣʷʝʪ ʩʪʨʦʠʪʴ ʜʝʪʘʣʴʥʳʝ ʬʘʟʦʚʳʝ ʧʦʨʪʨʝʪʳ, 

ʧʨʦʚʦʜʠʪʴ ʤʥʦʛʦʘʩʧʝʢʪʥʳʡ ʘʥʘʣʠʟ ʙʠʬʫʨʢʘʮʠʡ, ʘ 

ʪʘʢʞʝ ʩʠʤʫʣʠʨʦʚʘʪʴ ʵʚʦʣʶʮʠʶ ʩʠʩʪʝʤ ʚ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʧʘʨʘʤʝʪʨʦʚ [4]. 

ɺ ʮʝʣʦʤ, ʥʝʣʠʥʝʡʥʳʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʝʦʙʭʦʜʠʤʳʡ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʤʦʱʥʳʡ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʯʴʷ ʩʣʦʞʥʦʩʪʴ ʠ 

ʤʥʦʛʦʫʨʦʚʥʝʚʘʷ ʚʟʘʠʤʦʩʚʷʟʴ ʚʳʭʦʜʷʪ ʟʘ ʨʘʤʢʠ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʢʣʘʩʩʠʯʝʩʢʠʭ ʣʠʥʝʡʥʳʭ ʤʦʜʝʣʝʡ. ʀʭ 

ʧʨʠʤʝʥʝʥʠʝ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʛʦʨʠʟʦʥʪʳ ʜʣʷ 

ʦʙʲʷʩʥʝʥʠʷ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʪʦʯʥʦ 

ʦʮʝʥʠʚʘʪʴ ʨʠʩʢʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʘ ʪʘʢʞʝ 

ʬʦʨʤʠʨʦʚʘʪʴ ʩʪʨʘʪʝʛʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʢ ʫʧʨʘʚʣʝʥʠʶ ʚ 

ʫʩʣʦʚʠʷʭ ʩʦʚʨʝʤʝʥʥʦʛʦ ʛʣʦʙʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʨʳʥʢʘ. 

ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʠ ʠʥʪʝʛʨʘʮʠʷ 

ʥʝʣʠʥʝʡʥʳʭ ʤʝʪʦʜʦʚ ʚ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʪʝʦʨʠʶ ʠ 

ʧʨʠʢʣʘʜʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʪʘʶʪʩʷ ʚʘʞʥʝʡʰʠʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʥʘʫʢʠ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʢʦʥʮʝʧʮʠʷ ʙʠʬʫʨʢʘʮʠʡ 

ʩʣʫʞʠʪ ʮʝʥʪʨʘʣʴʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʥʝʣʠʥʝʡʥʦʛʦ 

ʘʥʘʣʠʟʘ, ʨʘʩʢʨʳʚʘʶʱʠʤ ʢʘʯʝʩʪʚʝʥʥʳʝ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʫʧʨʘʚʣʷʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ. ɺ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ ʙʠʬʫʨʢʘʮʠʦʥʥʳʝ ʷʚʣʝʥʠʷ 

ʬʠʢʩʠʨʫʶʪ ʧʝʨʝʭʦʜ ʦʪ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʢ 

ʮʠʢʣʠʯʝʩʢʠʤ ʢʦʣʝʙʘʥʠʷʤ ʠ ʭʘʦʪʠʯʝʩʢʠʤ ʪʨʘʝʢʪʦʨʠʷʤ. 

ɺʳʷʚʣʝʥʠʝ ʜʘʥʥʳʭ ʧʝʨʝʭʦʜʦʚ ʠʤʝʝʪ ʨʝʰʘʶʱʝʝ 

ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʢʨʠʟʠʩʦʚ, ʜʠʘʛʥʦʩʪʠʢʠ 

ʧʘʨʘʤʝʪʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʛʨʘʥʠʮʳ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʠ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʧʨʝʚʝʥʪʠʚʥʳʭ ʤʝʭʘʥʠʟʤʦʚ 

ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ. ʉʦʚʤʝʩʪʥʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʦʚ ʃʷʧʫʥʦʚʘ, ʬʘʟʦʚʦʛʦ 

ʘʥʘʣʠʟʘ ʠ ʙʠʬʫʨʢʘʮʠʦʥʥʦʡ ʪʝʦʨʠʠ ʦʙʨʘʟʫʝʪ 

ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʫʶ ʙʘʟʫ ʦʮʝʥʢʠ ʛʣʦʙʘʣʴʥʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ, ʧʨʝʜʦʩʪʘʚʣʷʷ ʦʩʥʦʚʫ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʦʡ ʧʦʣʠʪʠʢʠ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʥʘ 

ʤʠʥʠʤʠʟʘʮʠʶ ʩʠʩʪʝʤʥʳʭ ʨʠʩʢʦʚ ʠ ʦʙʝʩʧʝʯʝʥʠʝ 

ʜʦʣʛʦʩʨʦʯʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ. 

ɺ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ ʜʠʥʘʤʠʢʘ 

ʩʦʩʪʦʷʥʠʷ xt ʦʧʠʩʳʚʘʝʪʩʷ ʩʪʦʭʘʩʪʠʯʝʩʢʠʤʠ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʠʣʠ ʜʠʩʢʨʝʪʥʳʤʠ 

ʤʘʨʢʦʚʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʩ ʰʫʤʦʤ, ʥʘʧʨʠʤʝʨ dxt =
F xt ,ʃdt + G xt ,ʃdWt ,ʛʜʝWt  ð ʚʠʥʝʨʦʚʩʢʠʡ 

ʧʨʦʮʝʩʩ, ʘ G(xt,ɗ) ʦʧʨʝʜʝʣʷʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʩʣʫʯʘʡʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʧʦʥʷʪʠʝ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʩʰʠʨʷʝʪʩʷ ʥʘ ʩʪʦʭʘʩʪʠʯʝʩʢʫʶ 

ʫʩʪʦʡʯʠʚʦʩʪʴ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʫʶ ʚʝʨʦʷʪʥʦʩʪʴʶ ʪʦʛʦ, 

ʯʪʦ ʩʠʩʪʝʤʘ ʦʩʪʘʸʪʩʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʨʘʚʥʦʚʝʩʠʷ ʠʣʠ 

ʚʦʟʚʨʘʱʘʝʪʩʷ ʢ ʥʝʤʫ ʧʦʩʣʝ ʚʦʟʤʫʱʝʥʠʡ. ʄʝʪʦʜʳ 

ʘʥʘʣʠʟʘ ʚʢʣʶʯʘʶʪ ʧʦʩʪʨʦʝʥʠʝ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ 

ʬʫʥʢʮʠʦʥʘʣʦʚ ʃʷʧʫʥʦʚʘ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʦʤʝʥʪʦʚ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʨʘʝʢʪʦʨʠʡ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʨʠʪʝʨʠʝʚ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʩʨʝʜʥʝʤ ʠʣʠ ʚ ʚʝʨʦʷʪʥʦʩʪʥʦʤ ʩʤʳʩʣʝ 

[3]. 

ɼʠʩʢʨʝʪʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʚ ʩʦʚʨʝʤʝʥʥʦʡ 

ʪʝʦʨʠʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʠ ʧʨʠʦʙʨʝʪʘʶʪ 

ʦʩʦʙʫʶ ʟʥʘʯʠʤʦʩʪʴ ʚʩʣʝʜʩʪʚʠʝ ʠʭ ʩʧʦʩʦʙʥʦʩʪʠ 
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ʥʘʠʙʦʣʝʝ ʘʜʝʢʚʘʪʥʦ ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʧʨʦʮʝʩʩʳ, 

ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʤʘʢʨʦʵʢʦʥʦʤʠʢʝ ʩ ʭʘʨʘʢʪʝʨʥʳʤʠ 

ʢʦʥʝʯʥʳʤʠ ʠʥʪʝʨʚʘʣʘʤʠ ʚʨʝʤʝʥʠ, ʙʫʜʴ ʪʦ 

ʢʚʘʨʪʘʣʴʥʳʝ ʠʣʠ ʛʦʜʦʚʳʝ ʥʘʙʣʶʜʝʥʠʷ. ɸʥʘʣʠʟ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʪʘʢʠʭ ʤʦʜʝʣʷʭ ʩʪʨʦʠʪʩʷ ʥʘ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʤʘʪʨʠʮ ʧʝʨʝʭʦʜʘ, 

ʣʠʥʝʡʨʠʟʘʮʠʠ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʪʦʯʝʢ ʠ 

ʧʨʠʤʝʥʝʥʠʠ ʢʘʨʪ ʗʢʦʙʠ. ɻʣʘʚʥʳʡ ʢʨʠʪʝʨʠʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʯʝʨʝʟ ʧʦʣʦʞʝʥʠʝ 

ʩʧʝʢʪʨʘ ʤʘʪʨʠʮʳ ʧʝʨʝʭʦʜʘ ʚʥʫʪʨʠ ʝʜʠʥʠʯʥʦʛʦ ʢʨʫʛʘ 

ʢʦʤʧʣʝʢʩʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʯʪʦ ʛʘʨʘʥʪʠʨʫʝʪ ʟʘʪʫʭʘʥʠʝ 

ʚʦʟʤʫʱʝʥʠʡ ʠ ʚʦʟʚʨʘʱʝʥʠʝ ʩʠʩʪʝʤʳ ʢ ʩʪʘʮʠʦʥʘʨʥʦʤʫ 

ʩʦʩʪʦʷʥʠʶ. ʉʧʝʮʠʬʠʢʘ ʜʠʩʢʨʝʪʥʦʛʦ ʚʨʝʤʝʥʠ 

ʧʦʨʦʞʜʘʝʪ ʜʠʥʘʤʠʯʝʩʢʠʝ ʬʝʥʦʤʝʥʳ, ʥʝʭʘʨʘʢʪʝʨʥʳʝ 

ʜʣʷ ʥʝʧʨʝʨʳʚʥʳʭ ʩʠʩʪʝʤ, ʚʢʣʶʯʘʷ ʧʝʨʠʦʜʠʯʝʩʢʠʝ 

ʢʦʣʝʙʘʥʠʷ, ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʳʝ ʨʝʟʦʥʘʥʩʳ ʠ 

ʙʠʬʫʨʢʘʮʠʠ ʜʠʩʢʨʝʪʥʦʛʦ ʪʠʧʘ, ʦʢʘʟʳʚʘʶʱʠʝ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʪʨʘʝʢʪʦʨʠʠ ʨʘʟʚʠʪʠʷ 

ʵʢʦʥʦʤʠʢʠ. 

ʉʪʦʭʘʩʪʠʯʝʩʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ, 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʚ ʜʠʩʢʨʝʪʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, 

ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʘʥʘʣʠʟʘ 

ʩʣʦʞʥʳʭ ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʩʠʩʪʝʤ. ɺʚʝʜʝʥʠʝ ʩʣʫʯʘʡʥʳʭ 

ʰʦʢʦʚ, ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʦʞʠʜʘʥʠʡ ʠ 

ʥʝʧʨʝʜʩʢʘʟʫʝʤʳʭ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʬʦʨʤʠʨʫʝʪ 

ʙʦʣʝʝ ʨʝʘʣʠʩʪʠʯʥʦʝ ʦʧʠʩʘʥʠʝ ʜʠʥʘʤʠʢʠ ʚ ʫʩʣʦʚʠʷʭ 

ʩʪʨʫʢʪʫʨʥʦʡ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʠ ʚʳʩʦʢʦʡ 

ʚʦʣʘʪʠʣʴʥʦʩʪʠ. ʂʦʤʙʠʥʘʮʠʷ ʩʪʦʭʘʩʪʠʯʝʩʢʦʛʦ ʠ 

ʜʠʩʢʨʝʪʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʟʚʦʣʷʝʪ ʢʦʣʠʯʝʩʪʚʝʥʥʦ 

ʦʮʝʥʠʚʘʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʢ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤ ʚʦʟʤʫʱʝʥʠʷʤ, 

ʤʦʜʝʣʠʨʦʚʘʪʴ ʘʜʘʧʪʘʮʠʦʥʥʦʝ ʧʦʚʝʜʝʥʠʝ ʘʛʝʥʪʦʚ ʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʢʣʶʯʝʚʳʝ ʤʘʢʨʦʧʦʢʘʟʘʪʝʣʠ, ʚʢʣʶʯʘʷ 

ʢʦʣʝʙʘʥʠʷ ʟʘʥʷʪʦʩʪʠ, ʜʠʥʘʤʠʢʫ ʮʝʥ ʠ 

ʠʥʚʝʩʪʠʮʠʦʥʥʫʶ ʘʢʪʠʚʥʦʩʪʴ. 

ɺ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʵʢʦʥʦʤʠʢʝ ʮʝʥʪʨʘʣʴʥʦʝ 

ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ, 

ʦʩʦʙʝʥʥʦ ʚ ʩʠʪʫʘʮʠʷʭ ʚʳʩʦʢʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʤʦʜʝʣʝʡ 

ʠ ʚʳʨʘʞʝʥʥʦʡ ʥʝʣʠʥʝʡʥʦʩʪʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ 

ʩʪʨʦʛʠʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʢʨʠʪʝʨʠʝʚ ʫʩʪʦʡʯʠʚʦʩʪʠ, 

ʚʢʣʶʯʘʷ ʩʧʝʢʪʨʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʠ ʬʫʥʢʮʠʦʥʘʣʳ 

ʃʷʧʫʥʦʚʘ, ʧʨʘʢʪʠʯʝʩʢʦʝ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʩʣʦʞʥʳʭ 

ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ 

ʪʨʫʜʥʦʩʪʷʤʠ.  

ɸʥʘʣʠʟ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʩʠʩʪʝʤʳ ʢ 

ʠʟʤʝʥʝʥʠʷʤ ʢʣʶʯʝʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ, ʪʝʩʥʦ ʩʚʷʟʘʥʥʦʝ 

ʩ ʟʘʜʘʯʝʡ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʮʠʢʣʦʚ. ʀʟʤʝʥʝʥʠʝ ʪʝʤʧʦʚ ʨʦʩʪʘ, ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʤʝʞʦʪʨʘʩʣʝʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʠʣʠ ʥʦʨʤ 

ʩʙʝʨʝʞʝʥʠʡ ʩʧʦʩʦʙʥʦ ʨʘʜʠʢʘʣʴʥʦ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ 

ʭʘʨʘʢʪʝʨ ʜʠʥʘʤʠʢʠ. ʏʠʩʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ 

ʚʳʷʚʣʷʶʪ ʢʨʠʪʠʯʝʩʢʠʝ ʧʦʨʦʛʦʚʳʝ ʟʥʘʯʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ, ʧʨʠ ʢʦʪʦʨʳʭ ʩʠʩʪʝʤʘ ʧʝʨʝʭʦʜʠʪ ʦʪ 

ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʢ ʢʦʣʝʙʘʪʝʣʴʥʳʤ ʠʣʠ 

ʭʘʦʪʠʯʝʩʢʠʤ ʨʝʞʠʤʘʤ, ʯʪʦ ʠʤʝʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʘʥʪʠʢʨʠʟʠʩʥʦʡ ʧʦʣʠʪʠʢʠ. 

ʉʦʚʨʝʤʝʥʥʳʡ ʫʨʦʚʝʥʴ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʪʨʝʙʫʝʪ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʠ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ 

ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʢʘʢ ʚʟʘʠʤʦʜʦʧʦʣʥʷʶʱʠʝ 

ʠʥʩʪʨʫʤʝʥʪʳ. ʃʦʢʘʣʴʥʳʝ ʠ ʛʣʦʙʘʣʴʥʳʝ ʢʨʠʪʝʨʠʠ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʙʨʘʟʫʶʪ ʦʩʥʦʚʫ ʜʣʷ ʧʝʨʚʠʯʥʦʡ 

ʜʠʘʛʥʦʩʪʠʢʠ, ʪʦʛʜʘ ʢʘʢ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʧʨʦʮʝʜʫʨʳ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʫʪʦʯʥʝʥʠʝ ʪʨʘʝʢʪʦʨʠʡ ʠ ʵʤʧʠʨʠʯʝʩʢʫʶ 

ʧʨʦʚʝʨʢʫ ʛʠʧʦʪʝʟ [2]. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʨʝʣʝʚʘʥʪʥʦʩʪʴ ʜʘʥʥʳʭ ʤʝʪʦʜʦʚ 

ʧʨʦʷʚʣʷʝʪʩʷ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʦʜʝʣʝʡ 

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʦʩʪʘ, ʥʘʯʠʥʘʷ ʦʪ ʢʣʘʩʩʠʯʝʩʢʠʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʉʦʣʦʫ ʠ ʟʘʢʘʥʯʠʚʘʷ ʩʦʚʨʝʤʝʥʥʳʤʠ 

ʵʥʜʦʛʝʥʥʳʤʠ ʪʝʦʨʠʷʤʠ. ʋʩʪʦʡʯʠʚʦʩʪʴ ʨʘʚʥʦʚʝʩʠʡ ʚ 

ʵʪʠʭ ʤʦʜʝʣʷʭ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ ʜʠʘʧʘʟʦʥʳ 

ʧʘʨʘʤʝʪʨʦʚ, ʧʨʠ ʢʦʪʦʨʳʭ ʵʢʦʥʦʤʠʢʘ ʚʦʟʚʨʘʱʘʝʪʩʷ ʢ 

ʩʪʘʮʠʦʥʘʨʥʳʤ ʫʨʦʚʥʷʤ ʚʳʧʫʩʢʘ ʠ ʢʘʧʠʪʘʣʘ, ʘ ʪʘʢʞʝ 

ʫʩʣʦʚʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʠʣʠ 

ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʨʘʚʥʦʚʝʩʥʳʭ ʨʝʞʠʤʦʚ. ʃʠʥʝʡʥʳʝ 

ʤʝʪʦʜʳ ʩʣʫʞʘʪ ʠʥʩʪʨʫʤʝʥʪʦʤ ʣʦʢʘʣʴʥʦʡ ʦʮʝʥʢʠ, 

ʪʦʛʜʘ ʢʘʢ ʬʫʥʢʮʠʦʥʘʣʳ ʃʷʧʫʥʦʚʘ ʠ ʬʘʟʦʚʳʝ ʧʦʨʪʨʝʪʳ 

ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʪʴ ʛʣʦʙʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ 

ʜʠʥʘʤʠʢʠ. 

ɹʠʬʫʨʢʘʮʠʦʥʥʳʡʘʥʘʣʠʟ, ʬʘʟʦʚʳʝ ʤʝʪʦʜʳ ʠ 

ʩʪʦʭʘʩʪʠʯʝʩʢʠʝ ʬʫʥʢʮʠʦʥʘʣʳ ʃʷʧʫʥʦʚʘ ʧʦʟʚʦʣʷʶʪ 

ʚʳʷʚʣʷʪʴ ʫʩʣʦʚʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʣʦʞʥʳʭ 

ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʠ ʭʘʦʪʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ, ʘ ʪʘʢʞʝ 

ʠʩʩʣʝʜʦʚʘʪʴ ʚʦʟʜʝʡʩʪʚʠʝ ʩʣʫʯʘʡʥʳʭ ʰʦʢʦʚ ʥʘ 

ʜʠʥʘʤʠʢʫ ʤʘʢʨʦʵʢʦʥʦʤʠʢʠ. 

ʀʪʦʛʦʚʦʝ ʦʙʦʙʱʝʥʠʝ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʠ ʛʠʙʢʦʩʪʴ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ 

ʘʥʘʣʠʟʘ ʫʩʪʦʡʯʠʚʦʩʪʠ. ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ 

ʨʘʟʚʠʪʠʷ ʚʳʩʪʫʧʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʛʠʙʨʠʜʥʳʭ 

ʧʦʜʭʦʜʦʚ, ʦʙʲʝʜʠʥʷʶʱʠʭ ʣʦʢʘʣʴʥʳʝ ʠ ʛʣʦʙʘʣʴʥʳʝ 

ʢʨʠʪʝʨʠʠ, ʩʪʦʭʘʩʪʠʯʝʩʢʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʩʝʪʝʚʫʶ 

ʩʪʨʫʢʪʫʨʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ʊʘʢʦʡ ʠʥʪʝʛʨʘʪʠʚʥʳʡ 

ʚʝʢʪʦʨ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʚʳʩʦʢʦʪʦʯʥʦʛʦ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʳʭ 

ʩʪʨʘʪʝʛʠʡ ʫʧʨʘʚʣʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʵʢʦʥʦʤʠʢʠ ʚ 

ʫʩʣʦʚʠʷʭ ʚʦʟʨʦʩʰʝʡ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʠ ʩʪʨʫʢʪʫʨʥʳʭ 

ʠʟʤʝʥʝʥʠʡ. 
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ɸʅʅʆʊɸʎʀʗ 

 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʬʠʥʘʥʩʦʚʳʭ 

ʦʧʝʨʘʮʠʷʭ, ʩ ʘʢʮʝʥʪʦʤ ʥʘ ʠʭ ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʦʩʥʦʚʫ, ʤʝʪʦʜʳ ʧʦʩʪʨʦʝʥʠʷ ʠ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ. ʆʩʦʙʦʝ 

ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʚʝʨʦʷʪʥʦʩʪʥʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤ ʦʮʝʥʢʠ ʨʠʩʢʦʚ, ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʤ ʤʦʜʝʣʷʤ 

ʫʧʨʘʚʣʝʥʠʷ ʠʥʚʝʩʪʠʮʠʦʥʥʳʤʠ ʧʦʨʪʬʝʣʷʤʠ, ʩʪʦʭʘʩʪʠʯʝʩʢʠʤ ʤʦʜʝʣʷʤ ʜʣʷ ʦʮʝʥʢʠ ʜʝʨʠʚʘʪʠʚʦʚ, ʤʦʜʝʣʷʤ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ, ʘ ʪʘʢʞʝ ʩʦʚʨʝʤʝʥʥʳʤ ʧʦʜʭʦʜʘʤ ʥʘ ʦʩʥʦʚʝ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ 

ʥʝʡʨʦʩʝʪʝʚʳʭ ʘʣʛʦʨʠʪʤʦʚ. ʈʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʚʝʨʠʬʠʢʘʮʠʠ ʤʦʜʝʣʝʡ, ʦʛʨʘʥʠʯʝʥʠʷ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʠ 

ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ, ʚʢʣʶʯʘʷ ʠʥʪʝʛʨʘʮʠʶ ʢʣʘʩʩʠʯʝʩʢʠʭ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʜʭʦʜʦʚ ʜʣʷ ʘʥʘʣʠʟʘ ʩʣʦʞʥʳʭ 

ʬʠʥʘʥʩʦʚʳʭ ʧʨʦʮʝʩʩʦʚ. ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʦʙʟʦʨ ʧʦʜʯʝʨʢʠʚʘʝʪ ʨʦʣʴ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʘʢ 

ʢʣʶʯʝʚʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʬʠʥʘʥʩʦʚʳʤʠ ʨʠʩʢʘʤʠ ʚ 

ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʡ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʨʳʥʦʯʥʦʡ ʩʨʝʜʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʬʠʥʘʥʩʦʚʳʝ ʦʧʝʨʘʮʠʠ, ʫʧʨʘʚʣʝʥʠʝ ʨʠʩʢʘʤʠ, 

ʦʧʪʠʤʠʟʘʮʠʷ ʧʦʨʪʬʝʣʷ, ʩʪʦʭʘʩʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ, ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ, 

ʥʝʡʨʦʩʝʪʝʚʳʝ ʤʦʜʝʣʠ, ʚʝʨʠʬʠʢʘʮʠʷ ʤʦʜʝʣʝʡ, ʬʠʥʘʥʩʦʚʘʷ ʘʥʘʣʠʪʠʢʘ. 

 

ABSTRACT 

 

The article examines modern mathematical models used in financial transactions, with an emphasis on their 

theoretical basis, construction methods and practical application. Special attention is paid to probabilistic and statistical 

methods of risk assessment, optimization models of investment portfolio management, stochastic models for derivatives 

valuation, time series forecasting models, as well as modern approaches based on machine learning and neural network 

algorithms. The issues of model verification, limitations of their application and development prospects, including the 

integration of classical and modern approaches for the analysis of complex financial processes, are considered. The 

presented review highlights the role of mathematical modeling as a key tool for quantitative analysis, forecasting, and 

financial risk management in a highly uncertain market environment. 
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ʉʦʚʨʝʤʝʥʥʘʷ ʜʠʥʘʤʠʢʘ ʬʠʥʘʥʩʦʚʳʭ 

ʨʳʥʢʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ 

ʫʩʣʦʞʥʝʥʠʝʤ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʤʝʭʘʥʠʟʤʦʚ ʠʭ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʩʠʣʝʥʠʝʤ 

ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʠ ʚʦʟʨʘʩʪʘʥʠʝʤ ʚʦʣʘʪʠʣʴʥʦʩʪʠ 

ʬʠʥʘʥʩʦʚʳʭ ʧʨʦʮʝʩʩʦʚ. ɺ ʫʩʣʦʚʠʷʭ ʪʘʢʦʡ 

ʧʦʚʳʰʝʥʥʦʡ ʩʣʦʞʥʦʩʪʠ ʢʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ 

ʘʥʘʣʠʟʘ ʠ ʫʧʨʘʚʣʝʥʠʷ ʩʪʘʥʦʚʠʪʩʷ ʧʨʠʤʝʥʝʥʠʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʧʦʟʚʦʣʷʶʱʠʭ 

ʬʦʨʤʘʣʠʟʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʘʛʝʥʪʦʚ, 

ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʚʘʪʴ ʨʠʩʢʠ ʠ ʚʳʨʘʙʘʪʳʚʘʪʴ 

ʦʧʪʠʤʘʣʴʥʳʝ ʠʥʚʝʩʪʠʮʠʦʥʥʳʝ ʨʝʰʝʥʠʷ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʨʦʛʠʭ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʤʝʪʦʜʦʚ, 

ʧʦʜʢʨʝʧʣʸʥʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ, 

ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʚʳʷʚʣʝʥʠʷ ʩʢʨʳʪʳʭ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʩʪʨʘʪʝʛʠʡ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʧʦʩʪʘʚʠʤʦʩʪʴ 

ʨʘʟʣʠʯʥʳʭ ʩʮʝʥʘʨʠʝʚ ʨʘʟʚʠʪʠʷ ʨʳʥʦʯʥʦʡ ʩʨʝʜʳ [4]. 

ɸʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʦʡ ʬʠʥʘʥʩʦʚʦʡ ʧʨʘʢʪʠʢʠ 

ʪʨʝʙʫʝʪ ʩʠʩʪʝʤʥʦʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʚʢʣʶʯʘʷ ʚʝʨʦʷʪʥʦʩʪʥʦ-

ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ, ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʝ ʤʝʪʦʜʳ 

ʫʧʨʘʚʣʝʥʠʷ ʧʦʨʪʬʝʣʷʤʠ, ʩʪʦʭʘʩʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ 

ʦʮʝʥʢʠ ʧʨʦʠʟʚʦʜʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʘʣʛʦʨʠʪʤʳ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ 

ʢʨʠʪʝʨʠʶ ʘʜʝʢʚʘʪʥʦʩʪʠ ʤʦʜʝʣʝʡ ʠ ʦʛʨʘʥʠʯʝʥʠʷʤ ʠʭ 

ʧʨʠʤʝʥʠʤʦʩʪʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʬʦʨʤʠʨʦʚʘʪʴ ʥʘʫʯʥʦ 

ʦʙʦʩʥʦʚʘʥʥʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ ʚ 

ʬʠʥʘʥʩʦʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʊʘʢʘʷ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʘʷ 

ʙʘʟʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʩʥʦʚʫ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠ 

ʦʙʦʩʥʦʚʘʥʥʦʛʦ ʘʥʘʣʠʟʘ ʬʠʥʘʥʩʦʚʳʭ ʧʨʦʮʝʩʩʦʚ. 

ɺʝʨʦʷʪʥʦʩʪʥʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ 

ʚʳʩʪʫʧʘʶʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʦʩʥʦʚʦʡ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʨʠʩʢʦʚ ʠ 

ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ, ʧʨʠʩʫʱʝʡ ʩʦʚʨʝʤʝʥʥʳʤ 

ʬʠʥʘʥʩʦʚʳʤ ʩʠʩʪʝʤʘʤ. ɺʳʩʦʢʘʷ ʜʠʥʘʤʠʯʥʦʩʪʴ 

ʨʳʥʢʦʚ, ʩʣʦʞʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ 

ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʘʛʝʥʪʘʤʠ ʠ ʟʥʘʯʠʪʝʣʴʥʘʷ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʠʤ ʠ 

ʛʝʦʧʦʣʠʪʠʯʝʩʢʠʤ ʬʘʢʪʦʨʘʤ ʜʝʣʘʶʪ ʪʨʘʜʠʮʠʦʥʥʳʝ 

ʠʥʪʫʠʪʠʚʥʳʝ ʧʦʜʭʦʜʳ ʢ ʫʧʨʘʚʣʝʥʠʶ ʢʘʧʠʪʘʣʦʤ 

ʥʝʜʦʩʪʘʪʦʯʥʳʤʠ. ʇʨʠʤʝʥʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʥʦ-

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʧʦʟʚʦʣʷʝʪ ʬʦʨʤʘʣʠʟʦʚʘʪʴ 

ʩʣʫʯʘʡʥʳʝ ʧʨʦʮʝʩʩʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʜʠʥʘʤʠʢʫ ʮʝʥ 

ʘʢʪʠʚʦʚ, ʜʦʭʦʜʥʦʩʪʴ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ, ʢʨʝʜʠʪʥʳʝ ʧʦʪʦʢʠ ʠ ʣʠʢʚʠʜʥʦʩʪʴ 

ʬʠʥʘʥʩʦʚʳʭ ʨʝʩʫʨʩʦʚ, ʩʦʟʜʘʚʘʷ ʪʝʤ ʩʘʤʳʤ 

ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʦʩʥʦʚʫ ʜʣʷ ʦʮʝʥʢʠ ʠ ʫʧʨʘʚʣʝʥʠʷ 

ʨʠʩʢʘʤʠ. 

ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʘʷ ʢʦʥʩʪʨʫʢʮʠʷ 

ʚʝʨʦʷʪʥʦʩʪʥʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʦʧʠʨʘʝʪʩʷ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʚʝʨʦʷʪʥʦʩʪʝʡ ʜʣʷ 

ʦʧʠʩʘʥʠʷ ʜʦʭʦʜʥʦʩʪʝʡ ʘʢʪʠʚʦʚ, ʦʮʝʥʢʫ ʢʦʚʘʨʠʘʮʠʡ 

ʠ ʢʦʨʨʝʣʷʮʠʡ ʤʝʞʜʫ ʬʠʥʘʥʩʦʚʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ, 

ʨʝʛʨʝʩʩʠʦʥʥʳʝ ʤʝʪʦʜʳ ʠ ʘʥʘʣʠʟ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ. 

ɼʘʥʥʳʝ ʧʦʜʭʦʜʳ ʧʦʟʚʦʣʷʶʪ ʚʳʷʚʣʷʪʴ ʩʢʨʳʪʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʘʢʪʠʚʘʤʠ, ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ 

ʚʝʨʦʷʪʥʳʝ ʟʥʘʯʝʥʠʷ ʜʦʭʦʜʥʦʩʪʠ ʠ ʦʮʝʥʠʚʘʪʴ ʨʠʩʢ 

ʧʦʨʪʬʝʣʷ. ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʚ ʵʪʠʭ ʤʦʜʝʣʷʭ ʠʤʝʝʪ 

ʘʥʘʣʠʟ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʩʦʙʳʪʠʡ, ʩʧʦʩʦʙʥʳʭ 

ʧʨʠʚʝʩʪʠ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ ʬʠʥʘʥʩʦʚʳʤ ʧʦʪʝʨʷʤ, ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʘʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʢʘʢ Value 

atRisk (VaR) ʠ Conditional Value at Risk (CVaR), 

ʢʦʪʦʨʳʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʚʘʶʪ ʧʦʪʝʥʮʠʘʣʴʥʳʝ 

ʫʙʳʪʢʠ ʠ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚ çʭʚʦʩʪʝè 

ʚʝʨʦʷʪʥʦʩʪʥʦʡ ʬʫʥʢʮʠʠ ʜʦʭʦʜʥʦʩʪʝʡ. 

ʇʨʠʤʝʥʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʥʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ ʚ ʫʧʨʘʚʣʝʥʠʠ ʬʠʥʘʥʩʦʚʳʤʠ ʨʝʩʫʨʩʘʤʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʪʨʦʛʫʶ ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ 

ʬʦʨʤʘʣʠʟʘʮʠʶ ʜʠʚʝʨʩʠʬʠʮʠʨʦʚʘʥʥʳʭ ʠ 

ʭʝʜʞʠʨʦʚʘʥʥʳʭ ʩʪʨʘʪʝʛʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʘʧʠʪʘʣʘ 

ʩ ʫʯʸʪʦʤ ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʩʪʨʝʩʩʦʚʳʭ ʩʮʝʥʘʨʠʝʚ ʠ 

ʜʠʥʘʤʠʢʠ ʨʳʥʦʯʥʦʡ ʢʦʥʲʶʥʢʪʫʨʳ. ʀʥʪʝʛʨʘʮʠʷ 

ʠʩʪʦʨʠʯʝʩʢʠʭ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʩ ʘʢʪʫʘʣʴʥʳʤʠ 

ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʠ ʛʝʦʧʦʣʠʪʠʯʝʩʢʠʤʠ 

ʠʥʜʠʢʘʪʦʨʘʤʠ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʣʷʪʴ ʩʣʦʞʥʳʝ 

ʤʥʦʛʦʤʝʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʬʦʨʤʘʣʠʟʦʚʘʪʴ 

ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʬʠʥʘʥʩʦʚʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ ʠ 

ʫʯʠʪʳʚʘʪʴ ʩʦʚʦʢʫʧʥʦʩʪʴ ʨʠʩʢʦʚ, ʩʦʟʜʘʚʘʷ ʥʘʫʯʥʦ 

ʦʙʦʩʥʦʚʘʥʥʫʶ ʦʩʥʦʚʫ ʜʣʷ ʧʨʠʥʷʪʠʷ 

ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ 

ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ. 

ʌʦʨʤʠʨʫʝʤʳʝ ʥʘ ʵʪʦʡ ʙʘʟʝ 

ʤʥʦʛʦʫʨʦʚʥʝʚʳʝ ʩʪʦʭʘʩʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʦʙʝʩʧʝʯʠʚʘʶʪ ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ 

ʦʮʝʥʢʫ ʧʦʩʣʝʜʩʪʚʠʡ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʩʮʝʥʘʨʠʝʚ 

ʨʘʟʚʠʪʠʷ ʬʠʥʘʥʩʦʚʦʛʦ ʨʳʥʢʘ. ʆʥʠ ʧʨʝʜʦʩʪʘʚʣʷʶʪ 

ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʪʝʥʮʠʘʣʴʥʳʭ 

ʧʦʪʝʨʴ ʠ ʜʦʭʦʜʥʦʩʪʝʡ, ʧʦʟʚʦʣʷʷ ʬʦʨʤʫʣʠʨʦʚʘʪʴ 

ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 

ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʘʧʠʪʘʣʘ ʠ 

ʤʠʥʠʤʠʟʘʮʠʠ ʥʝʛʘʪʠʚʥʦʛʦ ʬʠʥʘʥʩʦʚʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʘʶʪ ʥʘʜʸʞʥʦʩʪʴ ʠ 

ʘʜʘʧʪʠʚʥʦʩʪʴ ʩʪʨʘʪʝʛʠʡ ʫʧʨʘʚʣʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ 

ʚʳʩʦʢʦʡ ʚʦʣʘʪʠʣʴʥʦʩʪʠ ʠ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ. 

ɺʝʨʦʷʪʥʦʩʪʥʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʠʥʩʪʨʫʤʝʥʪ 

ʩʦʚʨʝʤʝʥʥʦʡ ʬʠʥʘʥʩʦʚʦʡ ʥʘʫʢʠ, ʦʙʝʩʧʝʯʠʚʘʷ 

ʢʦʤʧʣʝʢʩʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʨʠʩʢʘʤʠ ʠ ʧʦʜʜʝʨʞʠʚʘʷ 

ʨʘʟʨʘʙʦʪʢʫ ʩʪʨʘʪʝʛʠʡ, ʩʧʦʩʦʙʥʳʭ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʩʦʭʨʘʥʷʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ 

ʨʝʰʝʥʠʡ ʠ ʩʥʠʞʘʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʬʠʥʘʥʩʦʚʳʭ ʧʦʪʝʨʴ. ʀʭ ʧʨʠʤʝʥʝʥʠʝ ʠʥʪʝʛʨʠʨʫʝʪ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ, ʦʮʝʥʢʫ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ 

ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ, ʬʦʨʤʠʨʫʷ ʥʘʫʯʥʦ 

ʦʙʦʩʥʦʚʘʥʥʫʶ ʦʩʥʦʚʫ ʜʣʷ ʨʘʮʠʦʥʘʣʴʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʬʠʥʘʥʩʦʚʳʤʠ ʨʝʩʫʨʩʘʤʠ ʚ ʫʩʣʦʚʠʷʭ 

ʜʠʥʘʤʠʯʥʳʭ ʠ ʥʝʦʧʨʝʜʝʣʸʥʥʳʭ ʨʳʥʢʦʚ. 

ʆʧʪʠʤʠʟʘʮʠʦʥʥʳʝ ʤʦʜʝʣʠ ʫʧʨʘʚʣʝʥʠʷ 

ʧʦʨʪʬʝʣʷʤʠ ʢʘʧʠʪʘʣʘ ʚʳʩʪʫʧʘʶʪ ʮʝʥʪʨʘʣʴʥʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʚ ʬʠʥʘʥʩʦʚʦʡ ʩʬʝʨʝ, 

ʧʦʟʚʦʣʷʷ ʬʦʨʤʘʣʠʟʦʚʘʪʴ ʟʘʜʘʯʫ ʚʳʙʦʨʘ 

ʨʘʮʠʦʥʘʣʴʥʦʡ ʢʦʤʙʠʥʘʮʠʠ ʘʢʪʠʚʦʚ ʧʨʠ ʫʯʸʪʝ 

ʨʠʩʢʘ, ʣʠʢʚʠʜʥʦʩʪʠ ʠ ʥʦʨʤʘʪʠʚʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ. ɺ 

ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʡ ʜʠʥʘʤʠʢʠ ʬʠʥʘʥʩʦʚʳʭ ʨʳʥʢʦʚ, 

ʩʣʦʞʥʦʩʪʠ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʩʚʷʟʝʡ ʠ 

ʧʦʜʚʝʨʞʝʥʥʦʩʪʠ ʚʥʝʰʥʠʤ ʰʦʢʘʤ ʢʣʘʩʩʠʯʝʩʢʠʝ 

ʠʥʪʫʠʪʠʚʥʳʝ ʧʦʜʭʦʜʳ ʦʢʘʟʳʚʘʶʪʩʷ 

ʥʝʜʦʩʪʘʪʦʯʥʳʤʠ, ʪʦʛʜʘ ʢʘʢ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʝ 

ʤʝʪʦʜʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʠʩʪʝʤʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʢʘʧʠʪʘʣʘ ʩ ʫʯʸʪʦʤ ʟʘʜʘʥʥʳʭ ʢʨʠʪʝʨʠʝʚ ʜʦʭʦʜʥʦʩʪʠ 

ʠ ʨʠʩʢʘ. 

ʂʣʘʩʩʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʄʘʨʢʦʚʠʮʘ, 

ʬʦʨʤʫʣʠʨʫʝʤʘʷ ʚ ʨʘʤʢʘʭ ʪʝʦʨʠʠ ʵʬʬʝʢʪʠʚʥʦʛʦ 
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ʬʨʦʥʪʘ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʠʩʘʥʠʝ 

ʢʦʤʧʨʦʤʠʩʩʘ ʤʝʞʜʫ ʦʞʠʜʘʝʤʦʡ ʜʦʭʦʜʥʦʩʪʴʶ ʠ 

ʚʦʣʘʪʠʣʴʥʦʩʪʴʶ ʧʦʨʪʬʝʣʷ ʩ ʫʯʸʪʦʤ 

ʢʦʚʘʨʠʘʮʠʦʥʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʜʦʭʦʜʥʦʩʪʷʤʠ 

ʨʘʟʣʠʯʥʳʭ ʘʢʪʠʚʦʚ. ʆʥʘ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ 

ʤʥʦʞʝʩʪʚʦ ʦʧʪʠʤʘʣʴʥʳʭ ʧʦʨʪʬʝʣʴʥʳʭ 

ʢʦʤʙʠʥʘʮʠʡ, ʤʠʥʠʤʠʟʠʨʫʷ ʨʠʩʢ ʧʨʠ ʟʘʜʘʥʥʦʤ 

ʫʨʦʚʥʝ ʜʦʭʦʜʥʦʩʪʠ. ɺ ʧʨʘʢʪʠʯʝʩʢʦʤ ʧʨʠʤʝʥʝʥʠʠ 

ʜʘʥʥʘʷ ʤʦʜʝʣʴ ʜʦʧʦʣʥʷʝʪʩʷ ʤʥʦʛʦʬʘʢʪʦʨʥʳʤʠ 

ʤʝʪʦʜʘʤʠ ʦʮʝʥʢʠ ʨʠʩʢʘ, ʚʢʣʶʯʘʶʱʠʤʠ 

ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʠʝ ʠʥʜʠʢʘʪʦʨʳ, ʧʨʦʮʝʥʪʥʳʝ 

ʩʪʘʚʢʠ, ʚʘʣʶʪʥʳʝ ʢʦʣʝʙʘʥʠʷ, ʣʠʢʚʠʜʥʦʩʪʴ ʘʢʪʠʚʦʚ, 

ʪʨʘʥʟʘʢʮʠʦʥʥʳʝ ʠʟʜʝʨʞʢʠ ʠ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ 

ʫʧʨʘʚʣʝʥʠʶ ʧʦʨʪʬʝʣʝʤ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʘʜʘʧʪʘʮʠʶ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʢ ʨʝʘʣʴʥʳʤ 

ʨʳʥʦʯʥʳʤ ʫʩʣʦʚʠʷʤ ʠ ʧʦʚʳʰʘʝʪ ʪʦʯʥʦʩʪʴ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʦʧʪʠʤʠʟʘʮʠʠ 

ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʧʦʨʪʬʝʣʝʡ ʦʧʠʨʘʶʪʩʷ ʥʘ 

ʩʦʯʝʪʘʥʠʝ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʭ ʠ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʢʦʤʧʣʝʢʩʥʦ ʫʯʠʪʳʚʘʪʴ 

ʨʘʟʣʠʯʥʫʶ ʧʨʠʨʦʜʫ ʦʛʨʘʥʠʯʝʥʠʡ ʠ 

ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʝʡ, ʧʨʠʩʫʱʠʭ ʬʠʥʘʥʩʦʚʳʤ 

ʨʳʥʢʘʤ. ɼʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʝ ʤʦʜʝʣʠ, ʨʝʘʣʠʟʫʝʤʳʝ 

ʧʦʩʨʝʜʩʪʚʦʤ ʣʠʥʝʡʥʦʛʦ ʠ ʥʝʣʠʥʝʡʥʦʛʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʬʦʨʤʘʣʠʟʘʮʠʶ 

ʟʘʜʘʯʠ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʢʘʧʠʪʘʣʘ ʧʨʠ ʩʪʨʦʛʦ ʟʘʜʘʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʷʭ ʠ 

ʟʘʨʘʥʝʝ ʦʧʨʝʜʝʣʸʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ. 

ɺ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ ʵʪʦʤʫ, 

ʩʪʦʭʘʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʥʪʝʛʨʠʨʫʶʪ 

ʚʝʨʦʷʪʥʦʩʪʥʳʝ ʢʦʣʝʙʘʥʠʷ ʨʳʥʦʯʥʦʡ ʢʦʥʲʶʥʢʪʫʨʳ, 

ʤʦʜʝʣʠʨʫʷ ʜʠʥʘʤʠʢʫ ʮʝʥ ʘʢʪʠʚʦʚ, ʧʨʦʮʝʥʪʥʳʭ 

ʩʪʘʚʦʢ ʠ ʜʦʭʦʜʥʦʩʪʝʡ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʩʪʨʘʪʝʛʠʡ ʢ ʚʦʣʘʪʠʣʴʥʦʩʪʠ ʠ 

ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʨʳʥʦʯʥʦʡ ʩʨʝʜʳ. ɺ ʧʦʩʣʝʜʥʠʝ 

ʛʦʜʳ ʥʘʙʣʶʜʘʝʪʩʷ ʘʢʪʠʚʥʦʝ ʚʥʝʜʨʝʥʠʝ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʝʪʦʜʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ 

ʘʣʛʦʨʠʪʤʘʭ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʵʚʦʣʶʮʠʦʥʥʳʭ 

ʧʦʜʭʦʜʘʭ, ʚʢʣʶʯʘʷ ʛʝʥʝʪʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ ʠ 

ʘʣʛʦʨʠʪʤʳ ʨʦʷ ʯʘʩʪʠʮ. ʕʪʠ ʠʥʩʪʨʫʤʝʥʪʳ 

ʧʦʟʚʦʣʷʶʪ ʵʬʬʝʢʪʠʚʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʤʥʦʛʦʤʝʨʥʳʝ ʠ 

ʚʳʩʦʢʦ ʢʦʤʧʣʝʢʩʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʦʨʪʬʝʣʝʡ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʥʘʭʦʞʜʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʰʝʥʠʡ ʚ 

ʫʩʣʦʚʠʷʭ, ʛʜʝ ʪʨʘʜʠʮʠʦʥʥʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ʦʢʘʟʳʚʘʶʪʩʷ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʧʦ ʪʦʯʥʦʩʪʠ ʠ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʧʨʠʤʝʥʠʤʦʩʪʠ. 

ʇʨʠʤʝʥʝʥʠʝ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʚ 

ʬʠʥʘʥʩʦʚʦʡ ʧʨʘʢʪʠʢʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝ ʪʦʣʴʢʦ 

ʧʦʚʳʰʝʥʠʝ ʜʦʭʦʜʥʦʩʪʠ ʠ ʩʥʠʞʝʥʠʝ ʨʠʩʢʦʚ, ʥʦ ʠ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʪʨʝʩʩ-ʪʝʩʪʠʨʦʚʘʥʠʷ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ 

ʩʪʨʘʪʝʛʠʡ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʨʝʘʢʮʠʠ ʧʦʨʪʬʝʣʷ ʥʘ 

ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʨʳʥʦʯʥʳʝ ʩʦʙʳʪʠʷ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʘʜʘʧʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ.  

ʌʦʨʤʘʣʠʟʘʮʠʷ ʩʣʫʯʘʡʥʦʩʪʠ ʠ 

ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ, ʧʨʠʩʫʱʝʡ ʬʠʥʘʥʩʦʚʳʤ ʨʳʥʢʘʤ, 

ʨʝʘʣʠʟʫʝʪʩʷ ʯʝʨʝʟ ʩʪʦʭʘʩʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʢʦʪʦʨʳʝ 

ʩʣʫʞʘʪ ʢʣʶʯʝʚʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ 

ʘʥʘʣʠʟʘ ʜʠʥʘʤʠʢʠ ʘʢʪʠʚʦʚ ʠ ʧʨʦʠʟʚʦʜʥʳʭ 

ʬʠʥʘʥʩʦʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ. ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʘʷ ʙʘʟʘ 

ʵʪʠʭ ʤʦʜʝʣʝʡ ʩʪʨʦʠʪʩʷ ʥʘ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʷʭ, ʦʧʠʩʳʚʘʶʱʠʭ 

ʵʚʦʣʶʮʠʶ ʮʝʥ ʘʢʪʠʚʦʚ ʚʦ ʚʨʝʤʝʥʠ ʩ ʫʯʸʪʦʤ 

ʩʣʫʯʘʡʥʳʭ ʬʣʫʢʪʫʘʮʠʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʤʦʜʝʣʠʨʦʚʘʪʴ ʢʘʢ ʥʝʧʨʝʨʳʚʥʳʝ ʠʟʤʝʥʝʥʠʷ 

ʩʪʦʠʤʦʩʪʠ, ʪʘʢ ʠ ʨʝʜʢʠʝ ʩʢʘʯʢʦʦʙʨʘʟʥʳʝ ʩʦʙʳʪʠʷ. 

ʀʭ ʧʨʠʤʝʥʝʥʠʝ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦ ʜʣʷ ʦʮʝʥʢʠ 

ʧʨʦʠʟʚʦʜʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ð ʦʧʮʠʦʥʦʚ, 

ʬʴʶʯʝʨʩʦʚ, ʩʚʦʧʦʚ ð ʠ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʛʥʦʟʦʚ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʦʭʦʜʥʦʩʪʠ ʧʦʨʪʬʝʣʝʡ ʚ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʩʮʝʥʘʨʠʷʭ ʨʳʥʦʯʥʦʛʦ ʨʘʟʚʠʪʠʷ. 

ʂʣʘʩʩʠʯʝʩʢʠʤ ʧʨʠʤʝʨʦʤ ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʴ ɹʣʵʢʘï

ʐʦʫʣʟʘ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʘʥʘʣʠʪʠʯʝʩʢʫʶ 

ʦʮʝʥʢʫ ʝʚʨʦʧʝʡʩʢʠʭ ʦʧʮʠʦʥʦʚ ʠ ʟʘʜʘʸʪ 

ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʦʩʥʦʚʫ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ 

ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʚ ʬʠʥʘʥʩʦʚʦʡ ʤʘʪʝʤʘʪʠʢʝ. 

ʀʥʪʝʛʨʘʮʠʷ ʤʫʣʴʪʠʬʘʢʪʦʨʥʳʭ 

ʜʝʪʝʨʤʠʥʘʥʪ, ʚʢʣʶʯʘʷ ʧʨʦʮʝʥʪʥʳʝ ʩʪʘʚʢʠ, 

ʚʘʣʶʪʥʳʝ ʢʫʨʩʳ, ʣʠʢʚʠʜʥʦʩʪʴ ʘʢʪʠʚʦʚ ʠ 

ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʩʫʱʝʩʪʚʝʥʥʦ 

ʨʘʩʰʠʨʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʳʭ 

ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ 

ʙʦʣʝʝ ʘʜʝʢʚʘʪʥʦ ʦʮʝʥʠʚʘʪʴ ʨʠʩʢʠ ʩʣʦʞʥʳʭ 

ʬʠʥʘʥʩʦʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʧʨʦʚʦʜʠʪʴ ʩʪʨʝʩʩ-

ʪʝʩʪʠʨʦʚʘʥʠʝ ʠ ʩʮʝʥʘʨʥʳʡ ʘʥʘʣʠʟ ʢʦʣʝʙʘʥʠʡ 

ʨʳʥʦʯʥʦʡ ʢʦʥʲʶʥʢʪʫʨʳ. ʆʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʦʚʨʝʤʝʥʥʳʭ ʤʦʜʝʣʝʡ ʷʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʯʝʪʘʥʠʷ ʢʣʘʩʩʠʯʝʩʢʠʭ 

ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʩ ʘʣʛʦʨʠʪʤʘʤʠ 

ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʯʪʦ ʩʦʟʜʘʸʪ 

ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʧʦʨʪʬʝʣʷʤʠ ʠ ʭʝʜʞʠʨʦʚʘʥʠʷ ʨʠʩʢʦʚ ʚ ʨʝʘʣʴʥʦʤ 

ʚʨʝʤʝʥʠ, ʚʳʷʚʣʝʥʠʷ ʩʢʨʳʪʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠ 

ʥʝʣʠʥʝʡʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʝʞʜʫ ʬʠʥʘʥʩʦʚʳʤʠ 

ʧʦʢʘʟʘʪʝʣʷʤʠ [3]. 

ʂʦʣʠʯʝʩʪʚʝʥʥʦ ʦʙʦʩʥʦʚʘʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ 

ʨʠʩʢʘʤʠ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʩʪʨʘʪʝʛʠʡ 

ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʫʙʳʪʢʦʚ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝʤ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ ʚ ʬʠʥʘʥʩʦʚʦʡ ʧʨʘʢʪʠʢʝ. ʕʪʠ ʠʥʩʪʨʫʤʝʥʪʳ 

ʷʚʣʷʶʪʩʷ ʥʝʟʘʤʝʥʠʤʳʤʠ ʜʣʷ ʙʘʥʢʦʚʩʢʠʭ 

ʠʥʩʪʠʪʫʪʦʚ, ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʬʦʥʜʦʚ ʠ 

ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʩʪʨʫʢʪʫʨ ʩ ʢʨʫʧʥʳʤʠ ʬʠʥʘʥʩʦʚʳʤʠ 

ʨʝʩʫʨʩʘʤʠ. ʀʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʚʳʰʘʝʪ ʪʦʯʥʦʩʪʴ 

ʦʮʝʥʢʠ ʩʪʦʠʤʦʩʪʠ ʧʨʦʠʟʚʦʜʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, 

ʩʥʠʞʘʝʪ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ ʚ ʧʨʠʥʷʪʠʠ 

ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʫʩʪʦʡʯʠʚʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʬʠʥʘʥʩʦʚʳʭ ʩʠʩʪʝʤ 

ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʡ ʚʦʣʘʪʠʣʴʥʦʩʪʠ ʠ ʜʠʥʘʤʠʯʥʦʡ 

ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʨʳʥʦʯʥʦʡ ʩʨʝʜʳ. 

ʂʣʶʯʝʚʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʘʥʘʣʠʟʘ 

ʜʠʥʘʤʠʢʠ ʬʠʥʘʥʩʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʙʫʜʫʱʠʭ ʟʥʘʯʝʥʠʡ ʨʳʥʦʯʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʚʳʩʪʫʧʘʝʪ ʤʝʪʦʜʦʣʦʛʠʷ ʚʨʝʤʝʥʥʳʭ 

ʨʷʜʦʚ. ʆʥʘ ʦʧʠʨʘʝʪʩʷ ʥʘ ʚʳʷʚʣʝʥʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚ ʥʘʙʣʶʜʘʝʤʳʭ ʜʘʥʥʳʭ ʠ ʠʭ 

ʬʦʨʤʘʣʠʟʘʮʠʶ ʯʝʨʝʟ ʘʚʪʦʨʝʛʨʝʩʩʠʦʥʥʳʝ ʤʦʜʝʣʠ 

(AR), ʤʦʜʝʣʠ ʩʢʦʣʴʟʷʱʝʡ ʩʨʝʜʥʝʡ (MA), 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ARMA ʠ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ 

ARIMA, ʚʢʣʶʯʘʷ ʩʝʟʦʥʥʳʝ ʠ ʩʪʦʭʘʩʪʠʯʝʩʢʠʝ 

ʤʦʜʠʬʠʢʘʮʠʠ. ɼʘʥʥʳʝ ʧʦʜʭʦʜʳ ʧʦʟʚʦʣʷʶʪ 

ʚʳʷʚʣʷʪʴ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʩʚʷʟʠ, ʪʨʝʥʜʦʚʳʝ 

ʢʦʤʧʦʥʝʥʪʳ, ʩʝʟʦʥʥʦʩʪʴ ʠ ʩʣʫʯʘʡʥʳʝ ʬʣʫʢʪʫʘʮʠʠ 

ʮʝʥʦʚʳʭ ʨʷʜʦʚ, ʩʦʟʜʘʚʘʷ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʫʶ 

ʦʩʥʦʚʫ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 
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ʧʦʚʝʜʝʥʠʷ ʬʠʥʘʥʩʦʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ 

ʜʦʭʦʜʥʦʩʪʝʡ ʘʢʪʠʚʦʚ [1]. 

ʉʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʠʥʘʥʩʦʚʳʭ 

ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʘʢʪʠʚʥʦ ʠʥʪʝʛʨʠʨʫʶʪ 

ʤʥʦʛʦʬʘʢʪʦʨʥʳʝ ʤʦʜʝʣʠ, ʫʯʠʪʳʚʘʶʱʠʝ ʚʣʠʷʥʠʝ 

ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠʥʜʠʢʘʪʦʨʦʚ, ʧʨʦʮʝʥʪʥʳʭ 

ʩʪʘʚʦʢ, ʚʘʣʶʪʥʳʭ ʢʫʨʩʦʚ, ʣʠʢʚʠʜʥʦʩʪʠ ʘʢʪʠʚʦʚ ʠ 

ʜʨʫʛʠʭ ʜʝʪʝʨʤʠʥʘʥʪ ʮʝʥ. ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ 

ʧʨʠʦʙʨʝʪʘʶʪ ʤʦʜʝʣʠ ʩ ʫʩʣʦʚʥʦʡ 

ʛʝʪʝʨʦʩʢʝʜʘʩʪʠʯʥʦʩʪʴʶ(ARCH, GARCH, EGARCH 

ʠ ʠʭ ʨʘʩʰʠʨʝʥʠʷ), ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʧʠʩʳʚʘʪʴ ʚʦʣʘʪʠʣʴʥʦʩʪʴ ʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʝʨʠʦʜʳ ʧʦʚʳʰʝʥʥʦʡ 

ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ. ɼʘʥʥʳʝ ʤʦʜʝʣʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʝ 

ʪʦʣʴʢʦ ʧʦʩʪʨʦʝʥʠʝ ʧʨʦʛʥʦʟʦʚ, ʥʦ ʠ ʧʨʦʚʝʜʝʥʠʝ 

ʩʪʨʝʩʩ-ʪʝʩʪʠʨʦʚʘʥʠʷ, ʨʘʟʨʘʙʦʪʢʫ ʩʠʩʪʝʤ ʨʘʥʥʝʛʦ 

ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʘʜʘʧʪʠʚʥʳʭ 

ʩʪʨʘʪʝʛʠʡ ʫʧʨʘʚʣʝʥʠʷ ʧʦʨʪʬʝʣʷʤʠ, ʧʦʚʳʰʘʶʱʠʭ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʬʠʥʘʥʩʦʚʳʭ ʨʝʰʝʥʠʡ ʢ 

ʵʢʩʪʨʝʤʘʣʴʥʳʤ ʩʦʙʳʪʠʷʤ. 

ʀʥʪʝʛʨʘʮʠʷ ʢʣʘʩʩʠʯʝʩʢʠʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʤʘʰʠʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ ʠ ʥʝʡʨʦʩʝʪʝʚʳʤʠ ʘʨʭʠʪʝʢʪʫʨʘʤʠ 

ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʛʦʨʠʟʦʥʪʳ ʚ ʦʙʣʘʩʪʠ ʬʠʥʘʥʩʦʚʦʛʦ 

ʘʥʘʣʠʟʘ, ʧʦʟʚʦʣʷʷ ʚʳʷʚʣʷʪʴ ʩʣʦʞʥʳʝ ʥʝʣʠʥʝʡʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ, ʫʯʠʪʳʚʘʪʴ ʤʫʣʴʪʠʬʘʢʪʦʨʥʳʝ ʚʣʠʷʥʠʷ, 

ʘ ʪʘʢʞʝ ʦʧʝʨʘʪʠʚʥʦ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʙʳʩʪʨʳʤ 

ʠʟʤʝʥʝʥʠʷʤ ʨʳʥʦʯʥʦʡ ʢʦʥʲʶʥʢʪʫʨʳ. ʕʪʦʪ 

ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʦʩʦʙʝʥʥʦ ʚʘʞʝʥ ʜʣʷ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʘʥʘʣʠʟʘ ʬʠʥʘʥʩʦʚʳʭ ʜʘʥʥʳʭ, 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʢʨʘʪʢʦʩʨʦʯʥʳʭ ʢʦʣʝʙʘʥʠʡ ʠ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʠʥʷʪʠʷ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ 

ʨʝʰʝʥʠʡ, ʛʜʝ ʩʢʦʨʦʩʪʴ ʠ ʪʦʯʥʦʩʪʴ ʨʝʘʢʮʠʠ ʩʠʩʪʝʤʳ 

ʥʘ ʚʥʝʰʥʠʝ ʠ ʚʥʫʪʨʝʥʥʠʝ ʚʳʟʦʚʳ ʷʚʣʷʶʪʩʷ 

ʢʨʠʪʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ ʫʩʧʝʭʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʤʦʜʝʣʝʡ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʚ ʩʦʯʝʪʘʥʠʠ ʩ 

ʘʣʛʦʨʠʪʤʘʤʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʩʪʘʥʦʚʠʪʩʷ ʥʝ 

ʪʦʣʴʢʦ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʘʥʘʣʠʟʘ, ʥʦ ʠ 

ʤʦʱʥʳʤ ʧʨʘʢʪʠʯʝʩʢʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ 

ʩʠʩʪʝʤʥʦʡ ʦʮʝʥʢʠ ʜʠʥʘʤʠʢʠ ʨʳʥʢʘ, ʫʧʨʘʚʣʝʥʠʷ 

ʨʠʩʢʘʤʠ ʠ ʨʘʟʨʘʙʦʪʢʠ ʦʙʦʩʥʦʚʘʥʥʳʭ ʩ ʧʦʟʠʮʠʡ 

ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʧʝʨʩʧʝʢʪʠʚ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ 

ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʨʝʰʝʥʠʡ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ 

ʠ ʥʝʡʨʦʩʝʪʝʚʳʝ ʤʦʜʝʣʠ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʙʦʛʘʪʳʡ 

ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʜʣʷ ʘʥʘʣʠʟʘ ʨʘʟʥʦʨʦʜʥʳʭ ʠ 

ʢʦʤʧʣʝʢʩʥʳʭ ʬʠʥʘʥʩʦʚʳʭ ʜʘʥʥʳʭ, ʦʪʣʠʯʘʶʱʠʭʩʷ 

ʚʳʩʦʢʦʡ ʨʘʟʤʝʨʥʦʩʪʴʶ, ʤʫʣʴʪʠʢʦʣʣʠʥʝʘʨʥʦʩʪʴʶ ʠ 

ʥʝʣʠʥʝʡʥʦʩʪʴʶ ʚʟʘʠʤʦʩʚʷʟʝʡ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ 

ʬʠʥʘʥʩʦʚʳʭ ʨʳʥʢʦʚ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʢʣʘʩʩʠʯʝʩʢʠʭ 

ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʢʦʪʦʨʳʝ ʙʘʟʠʨʫʶʪʩʷ ʥʘ 

ʧʨʝʜʧʦʣʦʞʝʥʠʷʭ ʦ ʣʠʥʝʡʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ, 

ʥʦʨʤʘʣʴʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʠ ʩʪʘʮʠʦʥʘʨʥʦʩʪʠ 

ʧʘʨʘʤʝʪʨʦʚ, ʜʘʥʥʳʝ ʤʝʪʦʜʳ ʩʧʦʩʦʙʥʳ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʳʷʚʣʷʪʴ ʩʢʨʳʪʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʜʘʞʝ ʚ ʙʦʣʴʰʠʭ ʦʙʲʝʤʘʭ ʥʝʨʝʛʫʣʷʨʥʳʭ ʠʣʠ 

ʰʫʤʥʳʭ ʜʘʥʥʳʭ.  

ʆʩʦʙʘʷ ʚʘʞʥʦʩʪʴ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ 

ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʘʥʘʣʠʟʝ ʤʫʣʴʪʠʚʘʨʠʘʥʪʥʳʭ 

ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʣʷʪʴ 

ʜʠʥʘʤʠʯʝʩʢʠʝ ʠ ʩʪʨʫʢʪʫʨʥʳʝ ʩʜʚʠʛʠ ʚ ʧʦʚʝʜʝʥʠʠ 

ʬʠʥʘʥʩʦʚʳʭ ʘʢʪʠʚʦʚ, ʘ ʪʘʢʞʝ ʩʪʨʦʠʪʴ ʘʜʘʧʪʠʚʥʳʝ 

ʤʦʜʝʣʠ, ʩʧʦʩʦʙʥʳʝ ʦʧʝʨʘʪʠʚʥʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ 

ʚʣʠʷʥʠʝ ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ, 

ʧʦʣʠʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʠʥʥʦʚʘʮʠʡ. ʊʘʢʠʝ ʤʦʜʝʣʠ ʥʝ ʪʦʣʴʢʦ ʧʦʚʳʰʘʶʪ 

ʪʦʯʥʦʩʪʴ ʩʦʙʩʪʚʝʥʥʳʭ ʧʨʦʛʥʦʟʦʚ, ʥʦ ʠ ʩʧʦʩʦʙʥʳ 

ʦʧʨʝʜʝʣʷʪʴ ʩʠʛʥʘʣʳ ʨʘʥʥʝʛʦ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʦ 

ʧʦʚʳʰʝʥʥʦʡ ʚʦʣʘʪʠʣʴʥʦʩʪʠ ʠʣʠ ʢʨʠʟʠʩʥʳʭ 

ʷʚʣʝʥʠʷʭ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʧʦʪʝʥʮʠʘʣʴʥʳʝ 

ʨʠʩʢʠ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʧʦʨʪʬʝʣʝʡ. 

ʉʦʚʨʝʤʝʥʥʘʷ ʧʨʘʢʪʠʢʘ ʦʧʪʠʤʠʟʘʮʠʠ 

ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʧʦʨʪʬʝʣʝʡ ʦʧʠʨʘʝʪʩʷ ʥʘ ʩʠʥʪʝʟ 

ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʭ ʠ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʢʦʤʧʣʝʢʩʥʦ ʫʯʝʩʪʴ ʨʘʟʥʦʦʙʨʘʟʠʝ ʦʛʨʘʥʠʯʝʥʠʡ ʠ 

ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʝʡ, ʧʨʠʩʫʱʠʭ ʬʠʥʘʥʩʦʚʳʤ 

ʨʳʥʢʘʤ. ɼʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʝ ʤʦʜʝʣʠ, ʯʘʩʪʠʯʥʦ 

ʨʝʘʣʠʟʫʝʤʳʝ ʯʝʨʝʟ ʤʝʪʦʜʳ ʣʠʥʝʡʥʦʛʦ ʠ 

ʥʝʣʠʥʝʡʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʞʸʩʪʢʫʶ ʬʦʨʤʘʣʠʟʘʮʠʶ ʟʘʜʘʯʠ ʚʳʙʦʨʘ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʘʧʠʪʘʣʘ ʧʨʠ 

ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʠ ʯʸʪʢʦ ʟʘʜʘʥʥʳʭ 

ʦʛʨʘʥʠʯʝʥʠʷʭ, ʩʦʟʜʘʚʘʷ ʪʝʤ ʩʘʤʳʤ ʢʦʣʠʯʝʩʪʚʝʥʥʦ 

ʦʙʦʩʥʦʚʘʥʥʫʶ ʦʩʥʦʚʫ ʜʣʷ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʧʦʨʪʬʝʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʩʪʦʭʘʩʪʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʫʯʠʪʳʚʘʶʪ ʩʣʫʯʘʡʥʳʝ 

ʢʦʣʝʙʘʥʠʷ ʨʳʥʦʯʥʳʭ ʬʘʢʪʦʨʦʚ ʠ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ 

ʙʫʜʫʱʠʭ ʮʝʥʦʚʳʭ ʠʟʤʝʥʝʥʠʡ, ʯʪʦ ʧʦʚʳʰʘʝʪ 

ʛʠʙʢʦʩʪʴ ʠ ʘʜʘʧʪʠʚʥʦʩʪʴ ʤʦʜʝʣʝʡ ʚ ʫʩʣʦʚʠʷʭ 

ʨʝʘʣʴʥʦʡ ʚʦʣʘʪʠʣʴʥʦʩʪʠ ʠ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ. 

ʆʙʲʝʜʠʥʝʥʠʝ ʜʘʥʥʳʭ ʧʦʜʭʦʜʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ 

ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʝ ʨʝʰʝʥʠʷ, ʢʦʪʦʨʳʝ ʩʦʯʝʪʘʶʪ 

ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʩʪʨʦʛʦʩʪʴ ʩ ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʧʨʠʤʝʥʠʤʦʩʪʴʶ, ʦʙʝʩʧʝʯʠʚʘʷ ʜʦʣʛʦʩʨʦʯʥʫʶ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʚʝʩʪʠʮʠʡ [5]. 

ʂʨʦʤʝ ʪʦʛʦ, ʚʥʝʜʨʝʥʠʝ ʤʘʰʠʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ ʠ ʥʝʡʨʦʩʝʪʝʚʳʭ ʤʝʪʦʜʦʚ ʚ ʧʨʦʮʝʩʩʳ 

ʦʧʪʠʤʠʟʘʮʠʠ ʧʦʨʪʬʝʣʷ ʦʪʢʨʳʚʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʡ. ɸʣʛʦʨʠʪʤʳ ʤʦʛʫʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʥʦʚʳʤ ʜʘʥʥʳʤ, ʚʳʷʚʣʷʪʴ 

ʥʝʣʠʥʝʡʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʘʢʪʠʚʘʤʠ, 

ʫʯʠʪʳʚʘʪʴ ʩʮʝʥʘʨʥʳʝ ʨʠʩʢʠ ʠ ʢʦʨʨʝʣʷʮʠʠ, ʢʦʪʦʨʳʝ 

ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʤʦʛʫʪ ʠʛʥʦʨʠʨʦʚʘʪʴ. 

ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʦʙʫʯʝʥʠʷ ʩ ʧʦʜʢʨʝʧʣʝʥʠʝʤ 

ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʜʠʥʘʤʠʯʝʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝ 

ʧʦʨʪʬʝʣʝʤ, ʧʨʠ ʢʦʪʦʨʦʤ ʠʥʚʝʩʪʠʮʠʦʥʥʳʝ 

ʩʪʨʘʪʝʛʠʠ ʤʦʛʫʪ ʠʟʤʝʥʷʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʝʢʫʱʠʭ ʨʳʥʦʯʥʳʭ ʫʩʣʦʚʠʡ ʠ ʮʝʣʝʡ ʠʥʚʝʩʪʦʨʘ, ʯʪʦ 

ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʘʢʪʠʚʘʤʠ ʚ 

ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʡ ʜʠʥʘʤʠʢʠ ʠ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ. 

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ 

ʪʘʢʞʝ ʠʥʪʝʛʨʘʮʠʷ ʵʪʠʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʩ 

ʪʝʭʥʦʣʦʛʠʷʤʠ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ ʠ 

ʦʙʣʘʯʥʳʤʠ ʚʳʯʠʩʣʝʥʠʷʤʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʠ ʩʢʦʨʦʩʪʴ ʘʥʘʣʠʟʘ, ʢʨʠʪʠʯʥʳʝ 

ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʫʧʨʘʚʣʝʥʠʷ 

ʨʠʩʢʘʤʠ ʧʦʨʪʬʝʣʝʡ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʊʘʢʘʷ 

ʩʪʨʫʢʪʫʨʘ ʧʦʟʚʦʣʷʝʪ ʦʧʝʨʘʪʠʚʥʦ ʚʳʷʚʣʷʪʴ ʥʦʚʳʝ 

ʪʝʥʜʝʥʮʠʠ, ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʙʳʩʪʨʳʤ ʠʟʤʝʥʝʥʠʷʤ 

ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʦʡ ʠ ʨʳʥʦʯʥʦʡ ʩʨʝʜʳ, ʘ ʪʘʢʞʝ 

ʵʬʬʝʢʪʠʚʥʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʥʝʰʪʘʪʥʳʝ ʩʠʪʫʘʮʠʠ ð 

ʙʫʜʴ ʪʦ ʚʥʝʟʘʧʥʳʝ ʢʘʪʘʢʣʠʟʤʳ, ʨʝʛʫʣʷʪʦʨʥʳʝ 

ʠʟʤʝʥʝʥʠʷ ʠʣʠ ʩʠʩʪʝʤʥʳʝ ʬʠʥʘʥʩʦʚʳʝ ʢʨʠʟʠʩʳ [2]. 
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ʉʪʦʭʘʩʪʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʠʥʪʝʛʨʠʨʫʶʪ ʚʝʨʦʷʪʥʦʩʪʥʳʝ ʢʦʣʝʙʘʥʠʷ ʨʳʥʦʯʥʦʡ 

ʢʦʥʲʶʥʢʪʫʨʳ, ʤʦʜʝʣʠʨʫʷ ʜʠʥʘʤʠʢʫ ʮʝʥ ʘʢʪʠʚʦʚ, 

ʧʨʦʮʝʥʪʥʳʭ ʩʪʘʚʦʢ ʠ ʜʦʭʦʜʥʦʩʪʝʡ, ʯʪʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʩʪʨʘʪʝʛʠʡ ʢ ʚʦʣʘʪʠʣʴʥʦʩʪʠ ʠ 

ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʨʳʥʦʯʥʦʡ ʩʨʝʜʳ. ɺ ʧʦʩʣʝʜʥʠʝ 

ʛʦʜʳ ʥʘʙʣʶʜʘʝʪʩʷ ʘʢʪʠʚʥʦʝ ʚʥʝʜʨʝʥʠʝ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʝʪʦʜʦʚ, ʦʧʠʨʘʶʱʠʭʩʷ ʥʘ 

ʘʣʛʦʨʠʪʤʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʵʚʦʣʶʮʠʦʥʥʳʝ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʧʨʦʮʝʜʫʨʳ, ʚʢʣʶʯʘʷ ʛʝʥʝʪʠʯʝʩʢʠʝ 

ʘʣʛʦʨʠʪʤʳ ʠ ʘʣʛʦʨʠʪʤʳ ʨʦʷ ʯʘʩʪʠʮ. ʕʪʠ 

ʠʥʩʪʨʫʤʝʥʪʳ ʧʦʟʚʦʣʷʶʪ ʵʬʬʝʢʪʠʚʥʦ ʠʩʩʣʝʜʦʚʘʪʴ 

ʤʥʦʛʦʤʝʨʥʳʝ, ʚʳʩʦʢʦ ʢʦʤʧʣʝʢʩʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʧʦʨʪʬʝʣʝʡ, ʦʙʝʩʧʝʯʠʚʘʷ 

ʥʘʭʦʞʜʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʰʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ, ʛʜʝ 

ʪʨʘʜʠʮʠʦʥʥʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʦʛʨʘʥʠʯʝʥʥʫʶ ʪʦʯʥʦʩʪʴ ʠ 

ʧʨʘʢʪʠʯʝʩʢʫʶ ʧʨʠʤʝʥʠʤʦʩʪʴ. 

ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʚʳʷʚʣʝʥʠʝ 

ʦʛʨʘʥʠʯʝʥʠʡ ʤʦʜʝʣʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ 

ʧʨʝʜʧʦʣʦʞʝʥʠʷʤʠ ʦ ʣʠʥʝʡʥʦʩʪʠ, ʥʦʨʤʘʣʴʥʦʩʪʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʡ, ʩʪʘʮʠʦʥʘʨʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʠʣʠ 

ʦʛʨʘʥʠʯʝʥʥʳʤ ʦʙʲʸʤʦʤ ʜʘʥʥʳʭ. ʂʣʘʩʩʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ ʚʝʨʠʬʠʢʘʮʠʠ ʚʢʣʶʯʘʶʪ ʢʨʦʩʩ-ʚʘʣʠʜʘʮʠʶ, 

ʙʫʪʩʪʨʵʧʧʠʥʛ, ʘʥʘʣʠʟ ʦʩʪʘʪʢʦʚ ʠ ʪʝʩʪʠʨʦʚʘʥʠʝ 

ʧʨʦʛʥʦʟʥʦʡ ʪʦʯʥʦʩʪʠ, ʪʦʛʜʘ ʢʘʢ ʜʣʷ ʩʣʦʞʥʳʭ 

ʥʝʡʨʦʩʝʪʝʚʳʭ ʠ ʛʠʙʨʠʜʥʳʭ ʤʦʜʝʣʝʡ ʧʨʠʤʝʥʷʶʪʩʷ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʨʦʮʝʜʫʨʳ, ʫʯʠʪʳʚʘʶʱʠʝ 

ʧʨʦʙʣʝʤʳ ʧʝʨʝʦʙʫʯʝʥʠʷ, ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʦʛʥʦʟʦʚ 

ʠ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ 

ʧʨʦʚʝʨʷʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʦʜʝʣʝʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʪʝʦʨʠʠ ʠ ʥʦʨʤʘʪʠʚʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʭ ʧʨʘʢʪʠʯʝʩʢʫʶ ʧʨʠʤʝʥʠʤʦʩʪʴ ʚ 

ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʦʡ ʩʨʝʜʝ. 

ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʬʠʥʘʥʩʦʚʦʡ ʩʬʝʨʝ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʢʘʢ ʫʩʣʦʞʥʝʥʠʝʤ ʬʠʥʘʥʩʦʚʳʭ ʨʳʥʢʦʚ, ʪʘʢ ʠ 

ʨʘʟʚʠʪʠʝʤ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʙʦʣʴʰʠʭ 

ʜʘʥʥʳʭ ʠ ʤʝʪʦʜʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʬʠʥʘʥʩʦʚʳʝ ʩʠʩʪʝʤʳ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʚʦʣʘʪʠʣʴʥʦʩʪʴʶ, 

ʫʩʠʣʝʥʠʝʤ ʚʟʘʠʤʦʩʚʷʟʘʥʥʦʩʪʠ ʘʢʪʠʚʦʚ ʠ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʚʣʠʷʥʠʝʤ ʛʣʦʙʘʣʴʥʳʭ 

ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʛʝʦʧʦʣʠʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, 

ʯʪʦ ʪʨʝʙʫʝʪ ʠʥʪʝʛʨʘʮʠʠ ʢʣʘʩʩʠʯʝʩʢʠʭ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʤʝʪʦʜʦʚ ʩ ʥʦʚʳʤʠ ʧʦʜʭʦʜʘʤʠ, 

ʩʧʦʩʦʙʥʳʤʠ ʫʯʠʪʳʚʘʪʴ ʥʝʣʠʥʝʡʥʦʩʪʴ, 

ʤʫʣʴʪʠʬʘʢʪʦʨʥʦʩʪʴ ʠ ʜʠʥʘʤʠʯʝʩʢʫʶ ʘʜʘʧʪʘʮʠʶ ʢ 

ʠʟʤʝʥʷʶʱʠʤʩʷ ʫʩʣʦʚʠʷʤ. ʇʝʨʩʧʝʢʪʠʚʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʨʘʟʚʠʪʠʝ ʛʠʙʨʠʜʥʳʭ 

ʤʦʜʝʣʝʡ, ʦʙʲʝʜʠʥʷʶʱʠʭ ʚʝʨʦʷʪʥʦʩʪʥʦ-

ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ, ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʝ, ʩʪʦʭʘʩʪʠʯʝʩʢʠʝ 

ʠ ʥʝʡʨʦʩʝʪʝʚʳʝ ʤʝʪʦʜʳ, ʦʙʝʩʧʝʯʠʚʘʷ ʩʦʯʝʪʘʥʠʝ 

ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʩʪʨʦʛʦʩʪʠ, ʘʜʘʧʪʠʚʥʦʩʪʠ ʠ ʚʳʩʦʢʦʡ 

ʪʦʯʥʦʩʪʠ ʧʨʦʛʥʦʟʦʚ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ, ʧʝʨʩʧʝʢʪʠʚʳ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʬʠʥʘʥʩʦʚʦʡ 

ʩʬʝʨʝ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʩʦʟʜʘʥʠʠ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ, 

ʘʜʘʧʪʠʚʥʳʭ ʠ ʚʳʩʦʢʦʪʦʯʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ, ʩʧʦʩʦʙʥʳʭ ʫʯʠʪʳʚʘʪʴ ʩʣʦʞʥʦʩʪʴ, 

ʜʠʥʘʤʠʯʥʦʩʪʴ ʠ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ ʩʦʚʨʝʤʝʥʥʳʭ 

ʨʳʥʢʦʚ. ʊʘʢʠʝ ʠʥʩʪʨʫʤʝʥʪʳ ʙʫʜʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ 

ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ 

ʩʪʨʘʪʝʛʠʡ, ʫʧʨʘʚʣʝʥʠʶ ʨʠʩʢʘʤʠ ʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʶ ʬʠʥʘʥʩʦʚʳʭ ʧʨʦʮʝʩʩʦʚ, 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʬʦʨʤʠʨʫʷ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʝ ʠ 

ʧʨʝʜʩʢʘʟʫʝʤʳʝ ʬʠʥʘʥʩʦʚʳʝ ʩʠʩʪʝʤʳ, ʛʜʝ 

ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʩʪʨʦʛʦʩʪʴ, ʘʣʛʦʨʠʪʤʠʯʝʩʢʘʷ 

ʛʠʙʢʦʩʪʴ ʠ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʘʜʘʧʪʘʮʠʠ ʩʪʘʥʫʪ 

ʢʣʶʯʝʚʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ 

ʬʠʥʘʥʩʦʚʦʛʦ ʘʥʘʣʠʟʘ. 
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ɸʅʅʆʊɸʎʀʗ 

 

ɼʘʥʥʘʷ  ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʩʬʝʨʳ ʧʦʪʨʝʙʣʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʭ, 

ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʠ ʘʛʝʥʪʥʦʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʧʦʜʭʦʜʦʚ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʧʦʚʝʜʝʥʠʷ 

ʜʦʤʦʭʦʟʷʡʩʪʚ, ʯʠʩʣʝʥʥʳʝ ʩʠʤʫʣʷʮʠʠ ʠ ʧʨʘʢʪʠʯʝʩʢʠʝ ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʦʮʝʥʢʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʧʦʣʠʪʠʢʠ ʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʧʨʦʩʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʪʨʝʙʣʝʥʠʝ, ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʘʛʝʥʪʥʳʝ ʤʦʜʝʣʠ, ʩʪʦʭʘʩʪʠʯʝʩʢʠʝ 

ʧʨʦʮʝʩʩʳ, ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ. 

 

ABSTRACT 

 

This article is devoted to the modeling of the consumer sphere using deterministic, stochastic and agent-oriented 

approaches. The methods of analyzing household behavior, numerical simulations and practical applications for 

assessing economic policy and forecasting demand are considered. 

Keywords: consumption, economic modeling, agent-based models, stochastic processes, numerical methods. 

 

ʉʬʝʨʘ ʧʦʪʨʝʙʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʠʩʪʝʤʦʦʙʨʘʟʫʶʱʠʡ ʢʦʤʧʦʥʝʥʪ 

ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʦʢʘʟʳʚʘʶʱʠʡ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʩʦʚʦʢʫʧʥʦʛʦ ʩʧʨʦʩʘ, ʜʠʥʘʤʠʢʫ ʥʘʮʠʦʥʘʣʴʥʦʛʦ 

ʜʦʭʦʜʘ ʠ ʫʨʦʚʝʥʴ ʙʣʘʛʦʩʦʩʪʦʷʥʠʷ ʥʘʩʝʣʝʥʠʷ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʛʦ 

ʧʦʚʝʜʝʥʠʷ ʠ ʧʦʩʪʨʦʝʥʠʝ ʘʜʝʢʚʘʪʥʳʭ ʤʦʜʝʣʝʡ 

ʧʦʪʨʝʙʣʝʥʠʷ ʠʤʝʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʪʝʥʜʝʥʮʠʡ, 

ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 

ʧʦʣʠʪʠʢʠ ʠ ʚʳʨʘʙʦʪʢʠ ʩʪʨʘʪʝʛʠʡ ʫʩʪʦʡʯʠʚʦʛʦ 

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʦʩʪʘ. ɺ ʫʩʣʦʚʠʷʭ ʫʩʠʣʠʚʘʶʱʝʡʩʷ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ, ʨʦʩʪʘ 

ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʜʦʭʦʜʦʚ ʠ ʮʝʥ, ʘ ʪʘʢʞʝ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʨʝʜʧʦʯʪʝʥʠʡ ʥʘʩʝʣʝʥʠʷ 

ʪʨʘʜʠʮʠʦʥʥʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʫʪʨʘʯʠʚʘʶʪ 

ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʪʦʯʥʦʤʫ ʦʧʠʩʘʥʠʶ ʜʠʥʘʤʠʢʠ 

ʧʦʪʨʝʙʣʝʥʠʷ, ʯʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʚʥʝʜʨʝʥʠʷ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʠ ʘʜʘʧʪʠʚʥʳʭ ʧʦʜʭʦʜʦʚ ʢ 

ʤʦʜʝʣʠʨʦʚʘʥʠʶ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʚʝʜʝʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ 

ʚʳʩʪʫʧʘʝʪ ʠʥʩʪʨʫʤʝʥʪʦʤ ʬʦʨʤʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʧʦʟʚʦʣʷʶʱʠʤ ʢʦʣʠʯʝʩʪʚʝʥʥʦ 

ʦʮʝʥʠʚʘʪʴ ʚʣʠʷʥʠʝ ʵʢʟʦʛʝʥʥʳʭ ʠ ʵʥʜʦʛʝʥʥʳʭ 

ʬʘʢʪʦʨʦʚ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʨʝʘʢʮʠʶ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʥʘ ʚʦʟʜʝʡʩʪʚʠʝ ʚʥʝʰʥʠʭ ʠ 

ʚʥʫʪʨʝʥʥʠʭ ʰʦʢʦʚ. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʝ, 

ʩʪʦʭʘʩʪʠʯʝʩʢʠʝ, ʜʠʩʢʨʝʪʥʳʝ, ʘʛʝʥʪʥʳʝ ʠ 

ʤʫʣʴʪʠʘʛʝʥʪʥʳʝ ʤʦʜʝʣʠ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʧʦ-

ʩʚʦʝʤʫ ʨʘʩʢʨʳʚʘʝʪ ʩʪʨʫʢʪʫʨʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ 

ʤʝʞʜʫ ʧʦʪʨʝʙʠʪʝʣʷʤʠ ʠ ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʠʤʠ 

ʧʝʨʝʤʝʥʥʳʤʠ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ 

ʯʠʩʣʝʥʥʳʤ ʤʝʪʦʜʘʤ ʠ ʠʤʠʪʘʮʠʦʥʥʳʤ ʩʠʤʫʣʷʮʠʷʤ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʧʨʘʢʪʠʯʝʩʢʫʶ ʨʝʘʣʠʟʘʮʠʶ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʨʘʝʢʪʦʨʠʡ 

ʠʟʤʝʥʝʥʠʷ ʦʙʲʸʤʦʚ ʧʦʪʨʝʙʣʝʥʠʷ ʠ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʩʠʩʪʝʤʳ ʢ ʚʘʨʠʘʮʠʷʤ ʢʣʶʯʝʚʳʭ 

ʧʘʨʘʤʝʪʨʦʚ. 

ʎʝʣʴ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʢʦʤʧʣʝʢʩʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʥʩʪʨʫʤʝʥʪʦʚ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ, 

ʦʧʨʝʜʝʣʝʥʠʠ ʠʭ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ 

ʦʛʨʘʥʠʯʝʥʠʡ, ʘ ʪʘʢʞʝ ʚ ʜʝʤʦʥʩʪʨʘʮʠʠ ʧʫʪʝʡ 

ʠʥʪʝʛʨʘʮʠʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʤʝʪʦʜʦʚ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʧʨʦʛʥʦʟʥʳʭ ʤʦʜʝʣʝʡ, 

ʦʪʨʘʞʘʶʱʠʭ ʩʦʚʨʝʤʝʥʥʫʶ ʵʢʦʥʦʤʠʯʝʩʢʫʶ 

ʜʠʥʘʤʠʢʫ. ʊʘʢʦʝ ʩʦʯʝʪʘʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ 

ʧʨʠʢʣʘʜʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ 

ʪʦʯʥʦʝ ʦʧʠʩʘʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʦʪʨʝʙʣʝʥʠʷ ʠ 

ʧʦʚʳʰʘʝʪ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʧʨʦʛʥʦʟʦʚ ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʠ 

ʩʪʨʫʢʪʫʨʥʳʭ ʩʜʚʠʛʦʚ[3]. 

ʌʦʨʤʘʣʠʟʘʮʠʷ ʤʦʜʝʣʠ ʧʦʪʨʝʙʣʝʥʠʷ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʘʟʦʚʳʡ ʵʪʘʧ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ 

ʘʥʘʣʠʟʘ ʧʦʚʝʜʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʘʛʝʥʪʦʚ. ʅʘ 

ʜʘʥʥʦʡ ʩʪʘʜʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʤʦʜʝʣʠ, 
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ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʧʝʨʝʤʝʥʥʳʝ ʠ 

ʧʘʨʘʤʝʪʨʳ, ʘ ʪʘʢʞʝ ʬʦʨʤʫʣʠʨʫʶʪʩʷ ʧʨʘʚʠʣʘ 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʧʦʪʨʝʙʠʪʝʣʷʤʠ. ɺ ʪʠʧʠʯʥʳʭ 

ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ ʧʦʪʨʝʙʣʝʥʠʷ 

ʦʩʥʦʚʥʳʤʠ ʵʥʜʦʛʝʥʥʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ ʚʳʩʪʫʧʘʶʪ 

ʜʦʭʦʜ ʜʦʤʦʭʦʟʷʡʩʪʚ, ʫʨʦʚʝʥʴ ʮʝʥ, ʚʝʣʠʯʠʥʘ 

ʩʙʝʨʝʞʝʥʠʡ ʠ ʧʦʢʘʟʘʪʝʣʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 

ʧʨʝʜʧʦʯʪʝʥʠʡ, ʦʪʨʘʞʘʶʱʠʝ ʩʫʙʲʝʢʪʠʚʥʳʝ ʬʫʥʢʮʠʠ 

ʧʦʣʝʟʥʦʩʪʠ. ʇʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ ʚʢʣʶʯʘʶʪ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʵʣʘʩʪʠʯʥʦʩʪʠ ʧʦʪʨʝʙʣʝʥʠʷ ʧʦ 

ʜʦʭʦʜʫ ʠ ʮʝʥʝ, ʥʦʨʤʳ ʧʨʝʜʝʣʴʥʦʛʦ ʩʙʝʨʝʞʝʥʠʷ, ʘ 

ʪʘʢʞʝ ʙʶʜʞʝʪʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʟʘʜʘʶʱʠʝ 

ʨʘʮʠʦʥʘʣʴʥʳʝ ʛʨʘʥʠʮʳ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʛʦ ʚʳʙʦʨʘ. 

ʌʫʥʢʮʠʷ ʧʦʣʝʟʥʦʩʪʠ ʟʘʥʠʤʘʝʪ ʮʝʥʪʨʘʣʴʥʦʝ 

ʤʝʩʪʦ ʚ ʧʨʦʮʝʩʩʝ ʬʦʨʤʘʣʠʟʘʮʠʠ, ʧʦʩʢʦʣʴʢʫ ʦʥʘ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʚʳʨʘʞʘʝʪ ʩʠʩʪʝʤʫ ʧʨʝʜʧʦʯʪʝʥʠʡ 

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʘʛʝʥʪʘ ʠ ʧʦʟʚʦʣʷʝʪ ʦʧʠʩʘʪʴ ʟʘʜʘʯʫ 

ʤʘʢʩʠʤʠʟʘʮʠʠ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʧʨʠ ʜʘʥʥʳʭ 

ʨʝʩʫʨʩʥʳʭ ʦʛʨʘʥʠʯʝʥʠʷʭ. ɺ ʨʘʤʢʘʭ ʢʣʘʩʩʠʯʝʩʢʠʭ 

ʪʝʦʨʠʡ ð ʤʦʜʝʣʠ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʌʨʠʜʤʘʥʘï

ʄʦʜʠʣʴʷʥʠ ʠ ʛʠʧʦʪʝʟʳ ʧʦʩʪʦʷʥʥʦʛʦ ʜʦʭʦʜʘ ð 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʬʦʨʤʳ ʧʦʣʝʟʥʦʩʪʠ, 

ʪʘʢʠʝ ʢʘʢ ʂʦʙʙʘïɼʫʛʣʘʩʘ ʠʣʠ CES, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʘʥʘʣʠʪʠʯʝʩʢʫʶ ʪʨʘʢʪʦʚʢʫ 

ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʛʦ ʚʳʙʦʨʘ ʠ ʚʦʟʤʦʞʥʦʩʪʴ 

ʵʢʦʥʦʤʝʪʨʠʯʝʩʢʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ. ʕʪʠ 

ʤʦʜʝʣʠ ʬʦʨʤʠʨʫʶʪ ʦʩʥʦʚʫ ʜʣʷ ʵʤʧʠʨʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ ʧʦʪʨʝʙʣʝʥʠʷ, ʧʦʟʚʦʣʷʷ ʦʮʝʥʠʚʘʪʴ ʚʣʠʷʥʠʝ 

ʠʟʤʝʥʝʥʠʡ ʜʦʭʦʜʦʚ, ʮʝʥ ʠ ʦʞʠʜʘʥʠʡ ʥʘ 

ʤʝʞʚʨʝʤʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʝʩʫʨʩʦʚ ʠ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ. 

ɹʶʜʞʝʪʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʬʦʨʤʘʣʠʟʦʚʘʥʥʳʡ ʠʥʩʪʨʫʤʝʥʪ, ʟʘʜʘʶʱʠʡ 

ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʨʘʤʢʠ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʳʭ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʛʦ ʚʳʙʦʨʘ. 

ʆʥʦ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ 

ʤʝʞʜʫ ʜʦʭʦʜʦʤ, ʮʝʥʘʤʠ ʠ ʦʙʲʸʤʦʤ ʧʦʪʨʝʙʣʝʥʠʷ, 

ʪʝʤ ʩʘʤʳʤ ʦʧʨʝʜʝʣʷʷ ʚʦʟʤʦʞʥʦʝ ʤʥʦʞʝʩʪʚʦ 

ʨʘʮʠʦʥʘʣʴʥʳʭ ʢʦʤʙʠʥʘʮʠʡ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ 

ʨʝʰʝʥʠʡ. ɺ ʤʦʜʝʣʷʭ ʧʦʚʳʰʝʥʥʦʡ ʩʣʦʞʥʦʩʪʠ 

ʜʘʥʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʜʦʧʦʣʥʷʝʪʩʷ ʧʘʨʘʤʝʪʨʘʤʠ, 

ʦʪʨʘʞʘʶʱʠʤʠ ʜʦʣʛʦʚʫʶ ʥʘʛʨʫʟʢʫ, ʥʘʣʦʛʦʚʳʝ 

ʦʙʷʟʘʪʝʣʴʩʪʚʘ, ʪʨʘʥʩʬʝʨʪʥʳʝ ʧʣʘʪʝʞʠ ʠ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʧʨʦʛʨʘʤʤʳ ʧʦʜʜʝʨʞʢʠ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʫʯʝʩʪʴ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʳʝ ʠ ʬʠʩʢʘʣʴʥʳʝ 

ʘʩʧʝʢʪʳ ʧʦʚʝʜʝʥʠʷ ʘʛʝʥʪʦʚ. ɺ ʢʦʥʪʝʢʩʪʝ ʘʛʝʥʪʥʳʭ ʠ 

ʤʫʣʴʪʠʘʛʝʥʪʥʳʭ ʤʦʜʝʣʝʡ ʙʶʜʞʝʪʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ 

ʧʨʠʦʙʨʝʪʘʶʪ ʩʝʪʝʚʫʶ ʠʥʪʝʨʧʨʝʪʘʮʠʶ, 

ʚʢʣʶʯʘʶʱʫʶ ʤʝʞʘʛʝʥʪʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ð 

ʢʦʥʢʫʨʝʥʮʠʶ ʟʘ ʦʛʨʘʥʠʯʝʥʥʳʝ ʨʝʩʫʨʩʳ, 

ʩʦʮʠʘʣʴʥʦʝ ʧʦʜʨʘʞʘʥʠʝ, ʦʙʤʝʥ ʠʥʬʦʨʤʘʮʠʝʡ ʠ 

ʚʣʠʷʥʠʝ ʥʦʨʤ ʧʦʪʨʝʙʣʝʥʠʷ. ʕʪʦ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʬʦʨʤʘʣʠʟʦʚʘʪʴ ʢʦʣʣʝʢʪʠʚʥʦʝ ʧʦʚʝʜʝʥʠʝ ʠ 

ʠʩʩʣʝʜʦʚʘʪʴ ʵʥʜʦʛʝʥʥʳʝ ʤʝʭʘʥʠʟʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ ʥʘ ʦʩʥʦʚʝ 

ʤʠʢʨʦʫʨʦʚʥʝʚʦʡ ʜʠʥʘʤʠʢʠ. 

ɼʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʝ ʤʦʜʝʣʠ ʧʦʪʨʝʙʣʝʥʠʷ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʠʩʭʦʜʥʫʶ ʠ ʢʦʥʮʝʧʪʫʘʣʴʥʦ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʫʶ ʛʨʫʧʧʫ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʬʦʨʤʘʣʠʟʘʮʠʶ ʨʘʮʠʦʥʘʣʴʥʦʛʦ 

ʧʦʚʝʜʝʥʠʷ ʧʦʪʨʝʙʠʪʝʣʷ ʚ ʫʩʣʦʚʠʷʭ ʧʦʣʥʦʡ 

ʧʨʝʜʩʢʘʟʫʝʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ. ɺ ʪʘʢʠʭ ʤʦʜʝʣʷʭ 

ʢʣʶʯʝʚʳʝ ʧʝʨʝʤʝʥʥʳʝ ð ʫʨʦʚʝʥʴ ʜʦʭʦʜʘ, 

ʩʪʨʫʢʪʫʨʘ ʮʝʥ ʠ ʩʠʩʪʝʤʘ ʧʨʝʜʧʦʯʪʝʥʠʡ ð 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʬʠʢʩʠʨʦʚʘʥʥʳʝ ʠʣʠ 

ʠʟʤʝʥʷʶʱʠʝʩʷ ʧʦ ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ 

ʙʝʟ ʩʣʫʯʘʡʥʳʭ ʚʦʟʤʫʱʝʥʠʡ. ɼʘʥʥʘʷ ʘʙʩʪʨʘʢʮʠʷ 

ʧʦʟʚʦʣʷʝʪ ʩʦʩʨʝʜʦʪʦʯʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʚʥʫʪʨʝʥʥʝʡ 

ʩʪʨʫʢʪʫʨʥʦʡ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ 

ʤʦʜʝʣʠ ʠ ʚʳʚʝʩʪʠ ʩʪʨʦʛʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ 

ʟʘʚʠʩʠʤʦʩʪʠ, ʨʘʩʢʨʳʚʘʶʱʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ 

ʧʨʠʨʦʜʫ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʛʦ ʚʳʙʦʨʘ. 

ʇʨʦʩʪʝʡʰʠʝ ʬʦʨʤʳ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʭ 

ʤʦʜʝʣʝʡ ʨʝʘʣʠʟʫʶʪʩʷ ʚ ʚʠʜʝ ʦʜʥʦʧʝʨʠʦʜʠʯʝʩʢʠʭ 

ʢʦʥʩʪʨʫʢʮʠʡ, ʛʜʝ ʬʫʥʢʮʠʷ ʧʦʣʝʟʥʦʩʪʠ U(C)ʟʘʚʠʩʠʪ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʦʪ ʪʝʢʫʱʝʛʦ ʦʙʲʸʤʘ ʧʦʪʨʝʙʣʝʥʠʷ C, 

ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʫʨʦʚʥʝʤ ʜʦʭʦʜʘ ʠ ʮʝʥʦʚʳʤ 

ʚʝʢʪʦʨʦʤ. ɹʦʣʝʝ ʩʣʦʞʥʳʝ ʤʝʞʚʨʝʤʝʥʥʳʝ ʤʦʜʝʣʠ 

ʧʨʝʜʧʦʣʘʛʘʶʪ ʦʧʪʠʤʠʟʘʮʠʶ ʩʫʤʤʘʨʥʦʡ ʧʦʣʝʟʥʦʩʪʠ 

ʥʘ ʤʥʦʞʝʩʪʚʝ ʚʨʝʤʝʥʥʳʭ ʧʝʨʠʦʜʦʚ, ʛʜʝ 

ʧʦʪʨʝʙʠʪʝʣʴ ʨʘʩʧʨʝʜʝʣʷʝʪ ʜʦʭʦʜ ʤʝʞʜʫ ʪʝʢʫʱʠʤ 

ʧʦʪʨʝʙʣʝʥʠʝʤ Ct ʠ ʩʙʝʨʝʞʝʥʠʷʤʠ St, 

ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʙʫʜʫʱʠʝ ʚʦʟʤʦʞʥʦʩʪʠ. 

ɼʠʥʘʤʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʪʘʢʠʭ ʤʦʜʝʣʝʡ 

ʦʧʠʩʳʚʘʝʪʩʷ ʩʠʩʪʝʤʦʡ ʨʝʢʫʨʨʝʥʪʥʳʭ ʫʨʘʚʥʝʥʠʡ 

ʠʣʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʦʙʝʩʧʝʯʠʚʘʷ 

ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʤʝʞʚʨʝʤʝʥʥʦʡ 

ʦʧʪʠʤʠʟʘʮʠʠ. 

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʶʪ ʤʦʜʝʣʠ ʩ 

ʥʝʣʠʥʝʡʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʧʦʣʝʟʥʦʩʪʠ, ʚ ʢʦʪʦʨʳʭ 

ʧʨʝʜʝʣʴʥʘʷ ʵʣʘʩʪʠʯʥʦʩʪʴ ʧʦʪʨʝʙʣʝʥʠʷ ʧʦ ʜʦʭʦʜʫ ʠ 

ʮʝʥʝ ʠʟʤʝʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʨʦʚʥʷ ʜʦʭʦʜʘ 

ʠʣʠ ʥʘʢʦʧʣʝʥʥʦʛʦ ʢʘʧʠʪʘʣʘ. ʇʦʜʦʙʥʳʝ 

ʢʦʥʩʪʨʫʢʮʠʠ ʧʦʟʚʦʣʷʶʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʵʬʬʝʢʪʳ 

ʥʘʩʳʱʝʥʠʷ ʩʧʨʦʩʘ, ʩʪʨʫʢʪʫʨʥʫʶ ʵʚʦʣʶʮʠʶ 

ʧʦʪʨʝʙʣʝʥʠʷ ʧʦ ʤʝʨʝ ʨʦʩʪʘ ʙʣʘʛʦʩʦʩʪʦʷʥʠʷ ʠ 

ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʝʜʝʣʴʥʦʡ 

ʧʦʣʝʟʥʦʩʪʠ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ ʪʦʚʘʨʦʚ. ɺ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ ʠʤ ʣʠʥʝʡʥʳʝ ʤʦʜʝʣʠ ʦʙʣʘʜʘʶʪ 

ʙʦʣʴʰʝʡ ʧʨʠʢʣʘʜʥʦʡ ʧʨʠʛʦʜʥʦʩʪʴʶ ʚ 

ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʨʦʛʥʦʟʥʳʭ ʨʘʩʯʸʪʘʭ, ʛʜʝ 

ʪʨʝʙʫʝʪʩʷ ʫʧʨʦʱʸʥʥʦʝ ʦʧʠʩʘʥʠʝ ʘʛʨʝʛʠʨʦʚʘʥʥʦʛʦ 

ʧʦʚʝʜʝʥʠʷ ʚ ʢʨʘʪʢʦʩʨʦʯʥʦʤ ʧʝʨʠʦʜʝ. 

ɼʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʝ ʧʦʜʭʦʜʳ ʠʤʝʶʪ ʦʩʦʙʫʶ 

ʟʥʘʯʠʤʦʩʪʴ ʢʘʢ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʬʫʥʜʘʤʝʥʪ ʜʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʠ 

ʘʛʝʥʪʥʳʭ ʤʦʜʝʣʝʡ. ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʚʳʚʝʩʪʠ ʷʚʥʳʝ 

ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʨʘʚʥʦʚʝʩʥʳʭ ʟʥʘʯʝʥʠʡ ʧʦʪʨʝʙʣʝʥʠʷ, 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʵʪʠʭ ʨʘʚʥʦʚʝʩʠʡ ʠ 

ʦʧʨʝʜʝʣʠʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʩʠʩʪʝʤʳ ʢ ʚʘʨʠʘʮʠʷʤ 

ʵʢʟʦʛʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ʅʝʩʤʦʪʨʷ ʥʘ 

ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʚ ʫʩʣʦʚʠʷʭ ʩʪʦʭʘʩʪʠʯʝʩʢʦʡ 

ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ, ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʝ ʤʦʜʝʣʠ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʩʪʨʦʛʦʩʪʴ ʠ 

ʢʦʥʮʝʧʪʫʘʣʴʥʫʶ ʧʨʦʟʨʘʯʥʦʩʪʴ, ʩʣʫʞʘ ʙʘʟʠʩʦʤ ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʡ ʤʘʪʝʤʘʪʠʟʘʮʠʠ ʠ ʵʤʧʠʨʠʯʝʩʢʦʛʦ 

ʨʘʩʰʠʨʝʥʠʷ ʤʦʜʝʣʝʡ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ. 

ʉʪʦʭʘʩʪʠʯʝʩʢʠʝ ʠ ʜʠʩʢʨʝʪʥʳʝ ʧʦʜʭʦʜʳ 

ʧʦʟʚʦʣʷʶʪ ʫʯʝʩʪʴ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ, ʭʘʨʘʢʪʝʨʥʫʶ 

ʜʣʷ ʨʝʘʣʴʥʦʡ ʩʬʝʨʳ ʧʦʪʨʝʙʣʝʥʠʷ, ʛʜʝ ʜʦʭʦʜʳ, ʮʝʥʳ 

ʠ ʧʨʝʜʧʦʯʪʝʥʠʷ ʥʝ ʷʚʣʷʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤʠ 

ʚʝʣʠʯʠʥʘʤʠ. ɺ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ ʢʣʶʯʝʚʳʝ 

ʧʝʨʝʤʝʥʥʳʝ ʦʧʠʩʳʚʘʶʪʩʷ ʩʣʫʯʘʡʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʨʝʘʢʮʠʠ ʧʦʪʨʝʙʠʪʝʣʝʡ 

ʥʘ ʰʦʢʠ ð ʪʘʢʠʝ ʢʘʢ ʠʟʤʝʥʝʥʠʝ ʟʘʨʘʙʦʪʥʦʡ ʧʣʘʪʳ, 

ʢʦʣʝʙʘʥʠʷ ʠʥʬʣʷʮʠʠ ʠʣʠ ʥʝʧʨʝʜʚʠʜʝʥʥʳʝ ʨʘʩʭʦʜʳ. 
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ʅʘʧʨʠʤʝʨ, ʜʠʥʘʤʠʢʘ ʧʦʪʨʝʙʣʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ 

ʟʘʜʘʥʘ ʫʨʘʚʥʝʥʠʝʤ ʚʠʜʘ 

Ct+ 1 = f Ct ,Yt ,Pt + ʀt , 
ʛʜʝ Ůt ð ʩʣʫʯʘʡʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ, 

ʦʪʨʘʞʘʶʱʘʷ ʰʫʤ ʠʣʠ ʥʝʦʞʠʜʘʥʥʦʝ ʧʦʚʝʜʝʥʠʝ. 

ɺ ʜʠʩʢʨʝʪʥʳʭ ʤʦʜʝʣʷʭ ʚʨʝʤʷ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ 

ʚʠʜʝ ʦʪʜʝʣʴʥʳʭ ʧʝʨʠʦʜʦʚ ð ʤʝʩʷʮʝʚ, ʢʚʘʨʪʘʣʦʚ 

ʠʣʠ ʣʝʪ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʫʜʦʙʥʦ ʜʣʷ ʘʥʘʣʠʟʘ 

ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʠ ʧʘʥʝʣʴʥʳʭ 

ʥʘʙʣʶʜʝʥʠʡ. ʊʘʢʠʝ ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʶʪ ʦʧʠʩʳʚʘʪʴ 

ʨʘʟʣʠʯʠʷ ʚ ʧʦʚʝʜʝʥʠʠ ʧʦʪʨʝʙʠʪʝʣʝʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʬʘʟ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʮʠʢʣʘ, ʩʝʟʦʥʥʦʩʪʠ ʠʣʠ 

ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ. 

ʉʪʦʭʘʩʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʢʣʶʯʝʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʩʦʚʨʝʤʝʥʥʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʪʝʦʨʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʧʝʨʝʭʦʜ ʦʪ ʩʪʘʪʠʯʥʳʭ 

ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʢ ʜʠʥʘʤʠʯʝʩʢʦʤʫ 

ʘʥʘʣʠʟʫ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʫʩʣʦʚʠʷʭ 

ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ. ɺ ʨʘʤʢʘʭ ʪʘʢʠʭ ʤʦʜʝʣʝʡ 

ʧʦʪʨʝʙʣʝʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʚʝʨʦʷʪʥʦʩʪʥʳʡ 

ʧʨʦʮʝʩʩ, ʟʘʚʠʩʠʤʳʡ ʦʪ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʜʦʭʦʜʦʚ, 

ʩʫʙʲʝʢʪʠʚʥʦʡ ʩʢʣʦʥʥʦʩʪʠ ʢ ʩʙʝʨʝʞʝʥʠʶ ʠ 

ʚʝʨʦʷʪʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʢʨʫʧʥʳʭ ʟʘʪʨʘʪʥʳʭ 

ʨʝʰʝʥʠʡ. ʌʦʨʤʘʣʠʟʘʮʠʷ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ 

ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʫʯʠʪʳʚʘʪʴ ʚʣʠʷʥʠʝ ʩʣʫʯʘʡʥʳʭ 

ʚʦʟʤʫʱʝʥʠʡ, ʥʦ ʠ ʦʮʝʥʠʚʘʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʪʨʘʝʢʪʦʨʠʡ ʧʦʪʨʝʙʣʝʥʠʷ ʚ ʚʝʨʦʷʪʥʦʩʪʥʳʭ 

ʪʝʨʤʠʥʘʭ, ʯʪʦ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ ʧʦʩʪʨʦʝʥʠʝ 

ʩʮʝʥʘʨʠʝʚ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʙʣʘʛʦʧʨʠʷʪʥʦʩʪʠ ð 

ʦʪ ʦʧʪʠʤʠʩʪʠʯʝʩʢʠʭ ʜʦ ʢʨʠʟʠʩʥʳʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʩʪʦʭʘʩʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʦʣʝʝ 

ʨʝʘʣʠʩʪʠʯʥʦʝ ʦʪʨʘʞʝʥʠʝ ʜʠʥʘʤʠʢʠ 

ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ 

ʠʟʤʝʥʯʠʚʦʡ ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʨʝʜʳ. 

ʈʘʟʚʠʪʠʝ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʠ ʜʠʩʢʨʝʪʥʳʭ 

ʤʝʪʦʜʦʚ ʚ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʦʪʨʝʙʣʝʥʠʷ 

ʦʙʫʩʣʦʚʣʝʥʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʦʧʠʩʘʥʠʷ 

ʘʜʘʧʪʠʚʥʳʭ ʨʝʘʢʮʠʡ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʘʛʝʥʪʦʚ ʥʘ 

ʩʣʫʯʘʡʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʠ 

ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʳ ʠʭ ʧʨʝʜʧʦʯʪʝʥʠʡ. ɺ ʦʪʣʠʯʠʝ 

ʦʪ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʛʜʝ 

ʧʦʪʨʝʙʣʝʥʠʝ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʜʦʭʦʜʘ ʠ ʮʝʥ, 

ʜʘʥʥʳʝ ʧʦʜʭʦʜʳ ʠʥʪʝʨʧʨʝʪʠʨʫʶʪ ʧʦʚʝʜʝʥʠʝ ʢʘʢ 

ʵʚʦʣʶʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ, ʟʘʚʠʩʷʱʠʡ ʦʪ 

ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʬʘʢʪʦʨʦʚ ʠ ʚʨʝʤʝʥʥʦʡ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ. ʉʪʦʭʘʩʪʠʯʝʩʢʘʷ ʬʦʨʤʘʣʠʟʘʮʠʷ 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʘʥʘʣʠʟ ʚ ʩʨʝʜʥʝʤ, ʦʮʝʥʠʚʘʪʴ 

ʚʝʨʦʷʪʥʦʩʪʠ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʨʘʚʥʦʚʝʩʥʳʭ ʩʦʩʪʦʷʥʠʡ 

ʠ ʠʩʩʣʝʜʦʚʘʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʠʩʪʝʤʳ ʧʨʠ 

ʵʢʟʦʛʝʥʥʳʭ ʰʦʢʘʭ. ʇʦʜʦʙʥʳʝ ʤʦʜʝʣʠ ʩʣʫʞʘʪ 

ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʤʦʩʪʦʤ ʤʝʞʜʫ ʢʣʘʩʩʠʯʝʩʢʠʤʠ 

ʪʝʦʨʠʷʤʠ ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʩʦʚʨʝʤʝʥʥʳʤʠ 

ʩʠʤʫʣʷʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʦʪʨʘʞʘʶʱʠʤʠ 

ʨʝʘʣʴʥʫʶ ʩʣʦʞʥʦʩʪʴ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ[2]. 

ɸʛʝʥʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʠ 

ʤʫʣʴʪʠʘʛʝʥʪʥʳʝ ʤʦʜʝʣʠ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʘʠʙʦʣʝʝ ʧʨʦʛʨʝʩʩʠʚʥʳʡ 

ʠʥʩʪʨʫʤʝʥʪ ʘʥʘʣʠʟʘ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʤʠʢʨʦʵʢʦʥʦʤʠʯʝʩʢʦʡ ʜʝʪʘʣʠʟʘʮʠʠ ʠ 

ʫʯʸʪʝ ʛʝʪʝʨʦʛʝʥʥʦʩʪʠ ʘʛʝʥʪʦʚ. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ 

ʧʦʜʭʦʜʘ ʢʘʞʜʳʡ ʧʦʪʨʝʙʠʪʝʣʴ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ 

ʘʚʪʦʥʦʤʥʳʡ ʩʫʙʲʝʢʪ, ʦʙʣʘʜʘʶʱʠʡ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ð ʫʨʦʚʥʝʤ 

ʜʦʭʦʜʘ, ʩʠʩʪʝʤʦʡ ʧʨʝʜʧʦʯʪʝʥʠʡ, ʩʢʣʦʥʥʦʩʪʴʶ ʢ 

ʨʠʩʢʫ ʠ ʫʥʠʢʘʣʴʥʳʤʠ ʧʨʘʚʠʣʘʤʠ ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʡ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʘʛʨʝʛʠʨʦʚʘʥʥʳʭ ʤʦʜʝʣʝʡ, 

ʦʧʠʩʳʚʘʶʱʠʭ ʫʩʨʝʜʥʸʥʥʦʝ ʧʦʚʝʜʝʥʠʝ, ʘʛʝʥʪʥʳʝ 

ʩʠʩʪʝʤʳ ʬʦʨʤʠʨʫʶʪʩʷ ʧʦ ʧʨʠʥʮʠʧʫ bottom-up, ʛʜʝ 

ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʷʚʣʷʶʪʩʷ 

ʨʝʟʫʣʴʪʘʪʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʥʦʞʝʩʪʚʘ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʩʪʨʘʪʝʛʠʡ. 

ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʚ ʘʛʝʥʪʥʳʭ ʤʦʜʝʣʷʭ 

ʧʨʠʦʙʨʝʪʘʶʪ ʤʝʭʘʥʠʟʤʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ 

ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʩʫʙʲʝʢʪʘʤʠ, ʚʢʣʶʯʘʶʱʠʝ ʦʙʤʝʥ 

ʠʥʬʦʨʤʘʮʠʝʡ, ʩʦʮʠʘʣʴʥʦʝ ʧʦʜʨʘʞʘʥʠʝ ʠ 

ʢʦʥʢʫʨʝʥʮʠʶ ʟʘ ʦʛʨʘʥʠʯʝʥʥʳʝ ʨʝʩʫʨʩʳ. ʕʪʠ 

ʵʣʝʤʝʥʪʳ ʧʦʟʚʦʣʷʶʪ ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʵʬʬʝʢʪʳ 

ʩʝʪʝʚʦʛʦ ʚʣʠʷʥʠʷ, ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʠ 

ʵʥʜʦʛʝʥʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ ʥʦʨʤ. 

ʇʦʪʨʝʙʠʪʝʣʴʩʢʠʡ ʚʳʙʦʨ ʦʢʘʟʳʚʘʝʪʩʷ ʟʘʚʠʩʠʤʳʤ ʥʝ 

ʪʦʣʴʢʦ ʦʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ð ʜʦʭʦʜʘ ʠ 

ʮʝʥ, ð ʥʦ ʠ ʦʪ ʩʪʨʫʢʪʫʨʳ ʩʦʮʠʘʣʴʥʦʡ ʩʨʝʜʳ, ʯʪʦ 

ʬʦʨʤʠʨʫʝʪ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʚʥʝʰʥʠʝ ʵʬʬʝʢʪʳ ʠ 

ʥʝʣʠʥʝʡʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʘʥʘʣʦʛʠʯʥʳʝ 

ʬʝʥʦʤʝʥʘʤ ʤʘʩʩʦʚʦʛʦ ʩʣʝʜʦʚʘʥʠʷ ʠʣʠ çʧʝʨʝʣʦʤʘ 

ʪʨʝʥʜʘè. 

ʉʦʚʨʝʤʝʥʥʳʝ ʤʫʣʴʪʠʘʛʝʥʪʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʯʝʪʘʶʪ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʝ 

ʤʝʭʘʥʠʟʤʳ ʦʧʪʠʤʠʟʘʮʠʠ ʩ ʵʣʝʤʝʥʪʘʤʠ 

ʩʪʦʭʘʩʪʠʯʥʦʩʪʠ, ʤʦʜʝʣʠʨʫʷ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ ʚ 

ʫʩʣʦʚʠʷʭ ʥʝʧʦʣʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʢʦʛʥʠʪʠʚʥʳʭ 

ʦʛʨʘʥʠʯʝʥʠʡ. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʦʛʦ, ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʣʦʢʘʣʴʥʳʝ 

ʧʦʚʝʜʝʥʯʝʩʢʠʝ ʧʨʘʚʠʣʘ ʦʪʜʝʣʴʥʳʭ ʘʛʝʥʪʦʚ 

ʧʨʠʚʦʜʷʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʘʛʨʝʛʠʨʦʚʘʥʥʳʭ 

ʤʘʢʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ, ʪʘʢʠʭ ʢʘʢ 

ʫʩʪʦʡʯʠʚʳʝ ʧʘʪʪʝʨʥʳ ʧʦʪʨʝʙʣʝʥʠʷ, ʮʠʢʣʳ ʠʣʠ 

ʬʣʫʢʪʫʘʮʠʠ ʩʧʨʦʩʘ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʩʦʟʜʘʸʪ 

ʫʩʣʦʚʠʷ ʜʣʷ ʵʤʧʠʨʠʯʝʩʢʠ ʚʝʨʠʬʠʮʠʨʫʝʤʦʛʦ 

ʘʥʘʣʠʟʘ ʩʠʩʪʝʤʥʳʭ ʨʠʩʢʦʚ ʠ ʘʜʘʧʪʠʚʥʦʛʦ 

ʧʦʚʝʜʝʥʠʷ ʚ ʩʣʦʞʥʳʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ[4]. 

ɿʘʚʝʨʰʘʶʱʠʤ ʵʣʝʤʝʥʪʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʦʪʨʝʙʣʝʥʠʷ ʷʚʣʷʶʪʩʷ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʠ 

ʩʠʤʫʣʷʮʠʦʥʥʳʝ ʧʨʦʮʝʜʫʨʳ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʨʝʘʣʠʟʘʮʠʶ ʪʝʦʨʝʪʠʯʝʩʢʠʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʘʥʘʣʠʪʠʯʝʩʢʦʝ 

ʨʝʰʝʥʠʝ ʥʝʚʦʟʤʦʞʥʦ ʠʣʠ ʯʨʝʟʤʝʨʥʦ ʫʩʣʦʞʥʝʥʦ. 

ɼʘʞʝ ʧʨʠ ʥʘʣʠʯʠʠ ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʸʥʥʳʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʧʦʚʝʜʝʥʠʝ ʩʠʩʪʝʤʳ 

ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʤʦʞʝʪ ʙʳʪʴ ʘʜʝʢʚʘʪʥʦ 

ʦʮʝʥʝʥʦ ʣʠʰʴ ʧʦʩʨʝʜʩʪʚʦʤ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʏʠʩʣʝʥʥʳʝ ʩʠʤʫʣʷʮʠʠ ʧʦʟʚʦʣʷʶʪ 

ʠʩʩʣʝʜʦʚʘʪʴ ʜʠʥʘʤʠʢʫ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ 

ʪʨʘʝʢʪʦʨʠʡ, ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ 

ʧʘʨʘʤʝʪʨʘʤ ʠ ʚʳʷʚʣʷʪʴ ʥʝʣʠʥʝʡʥʳʝ ʵʬʬʝʢʪʳ, 

ʥʝʜʦʩʪʫʧʥʳʝ ʢʣʘʩʩʠʯʝʩʢʦʤʫ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ 

ʘʥʘʣʠʟʫ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʥʪʝʛʨʘʮʠʷ 

ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ, ʘʛʝʥʪʥʳʭ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʤʝʪʦʜʦʚ ʬʦʨʤʠʨʫʝʪ ʩʦʚʨʝʤʝʥʥʫʶ ʧʘʨʘʜʠʛʤʫ 

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʪʨʝʙʣʝʥʠʷ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʫʶ ʥʘ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝ ʨʝʘʣʴʥʳʭ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʦʚʝʜʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ 

ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʠ ʩʝʪʝʚʦʡ ʩʣʦʞʥʦʩʪʠ. 
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ʏʠʩʣʝʥʥʳʡ ʘʥʘʣʠʟ ʧʨʦʮʝʩʩʦʚ ʧʦʪʨʝʙʣʝʥʠʷ 

ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʧʦʩʪʨʦʝʥʠʠ ʚʨʝʤʝʥʥʳʭ ʪʨʘʝʢʪʦʨʠʡ, 

ʦʪʨʘʞʘʶʱʠʭ ʵʚʦʣʶʮʠʶ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʛʦ 

ʧʦʚʝʜʝʥʠʷ ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ. ɺ 

ʢʦʥʪʝʢʩʪʝ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʭ ʧʦʜʭʦʜʦʚ 

ʧʨʠʤʝʥʷʶʪʩʷ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʨʘʟʥʦʩʪʥʳʭ ʠ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʠʩʩʣʝʜʦʚʘʪʴ ʭʘʨʘʢʪʝʨ ʜʠʥʘʤʠʢʠ ʩʠʩʪʝʤʳ, ʚʢʣʶʯʘʷ 

ʩʢʦʨʦʩʪʴ ʩʭʦʜʠʤʦʩʪʠ ʢ ʨʘʚʥʦʚʝʩʥʳʤ ʩʦʩʪʦʷʥʠʷʤ, 

ʚʦʟʤʦʞʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʩʮʠʣʣʷʮʠʦʥʥʳʭ 

ʨʝʞʠʤʦʚ ʠʣʠ ʪʝʥʜʝʥʮʠʶ ʢ ʜʠʚʝʨʛʝʥʪʥʦʤʫ 

ʧʦʚʝʜʝʥʠʶ. ɺ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ 

ʧʨʠʦʨʠʪʝʪʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʝʪ ʤʝʪʦʜ ʄʦʥʪʝ-

ʂʘʨʣʦ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʚʦʟʤʦʞʥʦʩʪʴ ʛʝʥʝʨʘʮʠʠ 

ʤʥʦʞʝʩʪʚʘ ʨʝʘʣʠʟʘʮʠʡ ʩʣʫʯʘʡʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʯʠʩʣʝʥʠʝʤ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ð ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ, 

ʜʠʩʧʝʨʩʠʠ ʧʦʪʨʝʙʣʝʥʠʷ ʠ ʚʝʨʦʷʪʥʦʩʪʠ ʥʘʩʪʫʧʣʝʥʠʷ 

ʢʨʠʪʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ. ʊʘʢʦʡ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ 

ʩʦʟʜʘʸʪ ʦʩʥʦʚʫ ʜʣʷ ʘʥʘʣʠʟʘ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ ʩʪʨʘʪʝʛʠʡ ʠ ʦʮʝʥʢʠ 

ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʛʨʘʥʠʮ ʠʭ ʦʪʢʣʦʥʝʥʠʡ. 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʚ ʢʦʥʪʝʢʩʪʝ ʯʠʩʣʝʥʥʦʛʦ 

ʘʥʘʣʠʟʘ ʫʜʝʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʤʦʜʝʣʠ ʢ ʚʘʨʠʘʮʠʷʤ ʧʘʨʘʤʝʪʨʦʚ. ʅʝʟʥʘʯʠʪʝʣʴʥʦʝ 

ʠʟʤʝʥʝʥʠʝ ʜʦʭʦʜʘ, ʮʝʥ, ʥʘʣʦʛʦʚʳʭ ʩʪʘʚʦʢ ʠʣʠ 

ʦʛʨʘʥʠʯʝʥʠʡ ʣʠʢʚʠʜʥʦʩʪʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʨʘʜʠʢʘʣʴʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʧʦʚʝʜʝʥʠʷ ʩʠʩʪʝʤʳ, 

ʚʢʣʶʯʘʷ ʧʝʨʝʭʦʜ ʠʟ ʫʩʪʦʡʯʠʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ 

ʥʝʫʩʪʦʡʯʠʚʦʝ. ɺ ʮʝʣʷʭ ʚʳʷʚʣʝʥʠʷ ʪʘʢʠʭ ʧʝʨʝʭʦʜʦʚ 

ʬʦʨʤʠʨʫʶʪʩʷ ʢʘʨʪʳ ʧʘʨʘʤʝʪʨʦʚ, ʦʪʨʘʞʘʶʱʠʝ 

ʛʨʘʥʠʮʳ ʫʩʪʦʡʯʠʚʳʭ ʦʙʣʘʩʪʝʡ ʠ ʟʦʥʳ ʙʠʬʫʨʢʘʮʠʡ. 

ʕʪʦʪ ʧʦʜʭʦʜ ʠʤʝʝʪ ʧʨʠʢʣʘʜʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʨʝʘʢʮʠʠ ʧʦʪʨʝʙʠʪʝʣʝʡ ʥʘ 

ʠʟʤʝʥʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʧʦʣʠʪʠʢʠ ʠʣʠ ʚʥʝʰʥʠʝ 

ʰʦʢʠ, ʧʦʩʢʦʣʴʢʫ ʧʦʟʚʦʣʷʝʪ ʢʦʣʠʯʝʩʪʚʝʥʥʦ 

ʦʮʝʥʠʚʘʪʴ ʩʪʝʧʝʥʴ ʫʷʟʚʠʤʦʩʪʠ ʩʠʩʪʝʤʳ. 

ɺ ʘʛʝʥʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʤʦʜʝʣʷʭ 

ʯʠʩʣʝʥʥʳʝ ʩʠʤʫʣʷʮʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ, 

ʚʦʟʥʠʢʘʶʱʠʭ ʠʟ ʤʠʢʨʦʫʨʦʚʥʝʚʦʛʦ ʧʦʚʝʜʝʥʠʷ 

ʦʪʜʝʣʴʥʳʭ ʘʛʝʥʪʦʚ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ 

ʥʘʙʣʶʜʘʪʴ, ʢʘʢ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʨʝʰʝʥʠʷ 

ʪʨʘʥʩʬʦʨʤʠʨʫʶʪʩʷ ʚ ʢʦʣʣʝʢʪʠʚʥʳʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ð ʥʘʧʨʠʤʝʨ, ʢʘʢ ʜʠʬʬʫʟʠʷ 

ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ ʪʨʝʥʜʦʚ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʯʝʨʝʟ 

ʩʦʮʠʘʣʴʥʳʝ ʩʝʪʠ, ʠʣʠ ʢʘʢ ʣʦʢʘʣʴʥʳʝ ʰʦʢʠ ʜʦʭʦʜʦʚ 

ʤʦʛʫʪ ʚʳʟʳʚʘʪʴ ʢʘʩʢʘʜʥʳʝ ʵʬʬʝʢʪʳ ʚʩʣʝʜʩʪʚʠʝ 

ʚʟʘʠʤʥʦʛʦ ʧʦʜʨʘʞʘʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʘʛʝʥʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ 

ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʶ ʠ 

ʵʥʜʦʛʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʚ ʩʠʩʪʝʤʝ ʧʦʪʨʝʙʣʝʥʠʷ, ʯʪʦ 

ʥʝʚʦʟʤʦʞʥʦ ʚ ʨʘʤʢʘʭ ʢʣʘʩʩʠʯʝʩʢʠʭ 

ʘʛʨʝʛʠʨʦʚʘʥʥʳʭ ʤʦʜʝʣʝʡ. 

ʕʤʧʠʨʠʯʝʩʢʠʝ ʧʨʠʤʝʨʳ ʧʨʠʤʝʥʝʥʠʷ 

ʤʦʜʝʣʝʡ ʧʦʪʨʝʙʣʝʥʠʷ ʫʙʝʜʠʪʝʣʴʥʦ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʠʭ ʚʳʩʦʢʫʶ ʧʨʘʢʪʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ ʠ 

ʚʥʫʰʠʪʝʣʴʥʫʶ ʘʜʘʧʪʠʚʥʦʩʪʴ ʢ ʩʘʤʳʤ ʨʘʟʣʠʯʥʳʤ 

ʫʨʦʚʥʷʤ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ʅʘ 

ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʵʪʠ ʤʦʜʝʣʠ ʠʛʨʘʶʪ 

ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʩʦʚʦʢʫʧʥʦʛʦ 

ʩʧʨʦʩʘ, ʷʚʣʷʷʩʴ ʦʩʥʦʚʦʡ ʜʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʥʘʣʦʛʦʚʦ-ʙʶʜʞʝʪʥʦʡ ʧʦʣʠʪʠʢʠ ʠ ʠʟʫʯʝʥʠʷ 

ʧʦʚʝʜʝʥʠʷ ʜʦʤʦʭʦʟʷʡʩʪʚ ʚ ʦʪʚʝʪ ʥʘ ʢʨʠʟʠʩʥʳʝ 

ʷʚʣʝʥʠʷ, ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʪʨʷʩʝʥʠʷ ʠ ʰʦʢʠ 

ʨʘʟʣʠʯʥʦʛʦ ʭʘʨʘʢʪʝʨʘ. ɺʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 

ʩʦʚʨʝʤʝʥʥʳʭ ʤʦʜʝʣʝʡ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʢʦʪʦʨʳʝ ʫʯʠʪʳʚʘʶʪ 

ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ ʠ ʚʦʣʘʪʠʣʴʥʦʩʪʴ ʜʦʭʦʜʦʚ 

ʥʘʩʝʣʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʩʣʝʜʠʪʴ ʠʟʤʝʥʝʥʠʷ ʚ 

ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʤ ʧʦʚʝʜʝʥʠʠ ʚ ʫʩʣʦʚʠʷʭ 

ʠʥʬʣʷʮʠʦʥʥʳʭ ʚʩʧʣʝʩʢʦʚ, ʧʘʜʝʥʠʷ ʨʝʘʣʴʥʳʭ 

ʜʦʭʦʜʦʚ, ʘ ʪʘʢʞʝ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ 

ʥʘ ʬʠʥʘʥʩʦʚʳʭ ʨʳʥʢʘʭ. ʊʘʢʦʡ ʤʥʦʛʦʘʩʧʝʢʪʥʳʡ 

ʧʦʜʭʦʜ ʩʧʦʩʦʙʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʦʙʦʩʥʦʚʘʥʥʳʭ, ʧʨʘʢʪʠʢʦʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ 

ʘʥʪʠʢʨʠʟʠʩʥʳʭ ʩʪʨʘʪʝʛʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ 

ʧʦʜʜʝʨʞʘʥʠʝ ʫʩʪʦʡʯʠʚʦʛʦ ʩʧʨʦʩʘ ʠ ʩʤʷʛʯʝʥʠʝ 

ʥʝʛʘʪʠʚʥʳʭ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʧʦʩʣʝʜʩʪʚʠʡ[5]. 

ʅʘ ʦʪʨʘʩʣʝʚʦʤ ʠ ʤʠʢʨʦʵʢʦʥʦʤʠʯʝʩʢʦʤ 

ʫʨʦʚʥʷʭ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʪʨʝʙʣʝʥʠʷ 

ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʙʦʣʝʝ 

ʪʦʯʥʦʛʦ ʘʥʘʣʠʟʘ ʩʧʨʦʩʘ ʥʘ ʨʘʟʣʠʯʥʳʝ ʪʦʚʘʨʥʳʝ 

ʛʨʫʧʧʳ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʚʳʜʝʣʷʶʪʩʷ 

ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʳʝ ʪʦʚʘʨʳ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ 

ʨʝʩʫʨʩʳ ʠ ʮʠʬʨʦʚʳʝ ʧʨʦʜʫʢʪʳ ð ʢʘʞʜʳʡ ʠʟ 

ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʚʦʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʧʨʦʩʘ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ 

ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ. ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ 

ʧʨʠʦʙʨʝʪʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʛʝʥʪʥʳʭ ʧʦʜʭʦʜʦʚ, 

ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʵʬʬʝʢʪʠʚʥʦ ʠʟʫʯʘʪʴ ʩʣʦʞʥʳʝ ʠ 

ʜʠʥʘʤʠʯʥʳʝ ʬʝʥʦʤʝʥʳ ð ʨʘʟʚʠʪʠʝ ʤʦʜʳ, 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠʥʥʦʚʘʮʠʡ, ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʨʳʥʦʯʥʳʭ ʧʨʝʜʧʦʯʪʝʥʠʡ ʠ ʧʦʚʝʜʝʥʯʝʩʢʠʭ 

ʧʘʪʪʝʨʥʦʚ ʧʦʜ ʚʣʠʷʥʠʝʤ ʨʝʢʣʘʤʳ, ʩʝʪʝʚʳʭ 

ʵʬʬʝʢʪʦʚ ʠ ʩʦʮʠʘʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. 

ʅʘʧʨʠʤʝʨ, ʘʛʝʥʪʥʳʝ ʤʦʜʝʣʠ ʩʧʦʩʦʙʥʳ 

ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʥʝʣʠʥʝʡʥʳʝ ʧʨʦʮʝʩʩʳ, ʢʦʛʜʘ 

ʨʝʰʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʫʙʲʝʢʪʦʚ ʥʝ ʧʨʠʥʠʤʘʶʪʩʷ 

ʠʟʦʣʠʨʦʚʘʥʥʦ, ʘ ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʢʦʥʪʝʢʩʪʝ 

ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʚʦʩʧʨʠʷʪʠʷ, ʩʦʮʠʘʣʴʥʳʭ ʥʦʨʤ ʠ 

ʤʝʞʣʠʯʥʦʩʪʥʦʛʦ ʚʣʠʷʥʠʷ, ʯʪʦ ʧʦʚʳʰʘʝʪ 

ʨʝʘʣʠʩʪʠʯʥʦʩʪʴ ʠ ʧʨʘʢʪʠʯʝʩʢʫʶ ʧʨʠʤʝʥʠʤʦʩʪʴ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ [1]. 

ʇʦʤʠʤʦ ʥʘʫʯʥʦʛʦ ʘʥʘʣʠʟʘ, ʧʨʠʤʝʥʝʥʠʝ 

ʤʦʜʝʣʝʡ ʧʦʪʨʝʙʣʝʥʠʷ ʠʤʝʝʪ ʚʳʨʘʞʝʥʥʦʝ 

ʧʨʠʢʣʘʜʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʦʮʝʥʢʠ ʠ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʣʠʪʠʢʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʮʝʥʘʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ 

ʚʠʨʪʫʘʣʴʥʦʡ ʩʨʝʜʝ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ 

ʧʨʦʛʥʦʟʳ ʠ ʦʮʝʥʢʠ ʧʦʩʣʝʜʩʪʚʠʡ ʚʥʝʜʨʝʥʠʷ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʤʝʨ ð ʪʘʢʠʭ ʢʘʢ ʩʫʙʩʠʜʠʠ, 

ʧʨʦʛʨʘʤʤʳ ʣʴʛʦʪʥʦʛʦ ʢʨʝʜʠʪʦʚʘʥʠʷ, ʨʝʛʫʣʠʨʦʚʘʥʠʝ 

ʮʝʥ ʠ ʥʘʣʦʛʦʚʳʝ ʨʝʬʦʨʤʳ ð ʝʱʸ ʜʦ ʠʭ 

ʬʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʥʘ ʧʨʘʢʪʠʢʝ. ʕʪʦ ʜʘʸʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʷʚʣʷʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʧʦʙʦʯʥʳʝ 

ʵʬʬʝʢʪʳ ʠ ʥʝʞʝʣʘʪʝʣʴʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ, ʩʨʝʜʠ 

ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʧʝʨʝʛʨʝʚ 

ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʛʦ ʩʧʨʦʩʘ, ʫʩʠʣʝʥʠʝ ʩʦʮʠʘʣʴʥʦʡ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʜʦʭʦʜʦʚ, ʘ ʪʘʢʞʝ 

ʨʦʩʪ ʬʠʥʘʥʩʦʚʳʭ ʦʛʨʘʥʠʯʝʥʠʡ, ʟʘʪʨʫʜʥʷʶʱʠʭ 

ʜʦʩʪʫʧ ʢ ʪʦʚʘʨʘʤ ʠ ʫʩʣʫʛʘʤ ʜʣʷ ʫʷʟʚʠʤʳʭ ʩʣʦʝʚ 

ʥʘʩʝʣʝʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʘʥʥʘʷ ʤʝʪʦʜʦʣʦʛʠʷ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʡ ʠ 

ʘʜʝʢʚʘʪʥʦʡ ʧʦʣʠʪʠʢʠ, ʢʦʪʦʨʘʷ ʫʯʠʪʳʚʘʝʪ ʨʘʟʣʠʯʠʷ 
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ʚ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʤ ʧʦʚʝʜʝʥʠʠ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʩʥʠʞʝʥʠʶ ʩʦʮʠʘʣʴʥʦʛʦ ʥʝʨʘʚʝʥʩʪʚʘ. 

ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʤʦʜʝʣʝʡ ʧʦʪʨʝʙʣʝʥʠʷ 

ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʠʥʪʝʛʨʘʮʠʶ ʠʭ ʩ ʥʦʚʳʤʠ 

ʮʠʬʨʦʚʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ 

ʘʥʘʣʠʟʘ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʨʘʩʰʠʨʷʝʪ ʛʦʨʠʟʦʥʪʳ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ 

ʚʦʟʤʦʞʥʦʩʪʝʡ. ʉʦʚʤʝʱʝʥʠʝ ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʵʢʦʥʦʤʝʪʨʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ 

ʤʝʪʦʜʠʢʘʤʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʙʦʣʝʝ ʪʦʯʥʦ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʧʦʪʨʝʙʠʪʝʣʝʡ, ʥʦ ʠ 

ʚʳʷʚʣʷʪʴ ʩʢʨʳʪʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ ʧʘʪʪʝʨʥʳ, 

ʢʦʪʦʨʳʝ ʨʘʥʴʰʝ ʦʩʪʘʚʘʣʠʩʴ ʥʝʜʦʩʪʫʧʥʳʤʠ ʜʣʷ 

ʘʥʘʣʠʟʘ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʦʪʢʨʳʚʘʝʪ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ 

ʙʦʣʝʝ ʪʦʯʥʦʛʦ ʪʘʨʛʝʪʠʨʦʚʘʥʠʷ ʩʦʮʠʘʣʴʥʳʭ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʨʦʛʨʘʤʤ, ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʘʨʢʝʪʠʥʛʦʚʳʭ ʩʪʨʘʪʝʛʠʡ ʠ 

ʨʘʟʨʘʙʦʪʢʠ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʫʩʣʫʛ, 

ʦʪʚʝʯʘʶʱʠʭ ʙʳʩʪʨʦ ʤʝʥʷʶʱʠʤʩʷ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʤ 

ʧʨʝʜʧʦʯʪʝʥʠʷʤ. 

ʂʨʦʤʝ ʪʦʛʦ, ʠʥʪʝʛʨʘʮʠʷ ʤʦʜʝʣʝʡ 

ʧʦʪʨʝʙʣʝʥʠʷ ʩ ʤʫʣʴʪʠʤʦʜʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ð 

ʚʢʣʶʯʘʷ ʩʦʮʠʘʣʴʥʳʝ ʩʝʪʠ, ʤʦʙʠʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʠ 

ʪʨʘʥʟʘʢʮʠʦʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ð ʩʦʟʜʘʸʪ ʫʩʣʦʚʠʷ 

ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ, ʘʜʘʧʪʠʚʥʳʭ ʩʠʩʪʝʤ 

ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. 

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʫʯʠʪʳʚʘʪʴ ʚʣʠʷʥʠʝ 

ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʠ ʩʦʮʠʘʣʴʥʳʭ ʪʝʥʜʝʥʮʠʡ, ʥʦ ʠ 

ʦʧʝʨʘʪʠʚʥʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʠʟʤʝʥʝʥʠʷ ʚ ʧʦʚʝʜʝʥʠʠ 

ʧʦʪʨʝʙʠʪʝʣʝʡ, ʫʩʠʣʠʚʘʷ ʛʠʙʢʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʚ ʮʝʣʦʤ. ɺ ʧʝʨʩʧʝʢʪʠʚʝ 

ʪʘʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʩʪʘʥʫʪ ʚʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ 

ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʵʢʦʥʦʤʠʢʠ, ʦʙʝʩʧʝʯʠʚʘʷ 

ʙʦʣʝʝ ʛʣʫʙʦʢʦʝ ʧʦʥʠʤʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʧʨʦʩʘ, ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ ʠʥʥʦʚʘʮʠʡ 

ʠ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ ʥʘʩʝʣʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʚʨʝʤʝʥʥʳʝ ʤʦʜʝʣʠ 

ʧʦʪʨʝʙʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʦʱʥʳʡ ʠ 

ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʘʥʘʣʠʟʘ, 

ʢʦʪʦʨʳʡ ʦʭʚʘʪʳʚʘʝʪ ʚʝʩʴ ʩʧʝʢʪʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʫʨʦʚʥʝʡ ð ʦʪ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʜʦʤʦʭʦʟʷʡʩʪʚ ʠ 

ʧʨʝʜʧʨʠʷʪʠʡ ʜʦ ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ 

ʥʘʮʠʦʥʘʣʴʥʳʭ ʵʢʦʥʦʤʠʢ. ʀʭ ʧʨʠʤʝʥʝʥʠʝ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʝ ʪʦʣʴʢʦ ʨʘʩʰʠʨʝʥʠʶ ʪʝʦʨʝʪʠʯʝʩʢʠʭ 

ʟʥʘʥʠʡ ʦ ʧʦʚʝʜʝʥʠʠ ʧʦʪʨʝʙʠʪʝʣʝʡ, ʥʦ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʩʧʦʩʦʙʥʳʭ 

ʧʦʚʳʩʠʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʘʜʘʧʪʠʚʥʦʩʪʴ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʚ ʫʩʣʦʚʠʷʭ ʨʘʩʪʫʱʝʡ 

ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʠ ʩʣʦʞʥʦʡ ʩʦʮʠʘʣʴʥʦʡ 

ʜʠʥʘʤʠʢʠ. ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʠ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʦʩʪʘʸʪʩʷ ʦʜʥʠʤ 

ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʦʣʠʪʠʢʠ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʥʘ 

ʫʩʪʦʡʯʠʚʦʝ ʠ ʠʥʢʣʶʟʠʚʥʦʝ ʵʢʦʥʦʤʠʯʝʩʢʦʝ 

ʨʘʟʚʠʪʠʝ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʧʦʪʨʝʙʣʝʥʠʷ 

ʚʳʩʪʫʧʘʝʪ ʢʘʢ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʵʣʝʤʝʥʪ 

ʩʦʚʨʝʤʝʥʥʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʥʘʫʢʠ, ʦʙʝʩʧʝʯʠʚʘʷ 

ʩʚʷʟʴ ʤʝʞʜʫ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʘʥʘʣʠʟʦʤ ʠ 

ʵʤʧʠʨʠʯʝʩʢʠʤ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝʤ. ʀʥʪʝʛʨʘʮʠʷ 

ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ ʤʦʜʝʣʝʡ ð ʦʪ 

ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʭ ʜʦ ʤʫʣʴʪʠʘʛʝʥʪʥʳʭ ð ʩʦʟʜʘʸʪ 

ʢʦʤʧʣʝʢʩʥʫʶ ʦʩʥʦʚʫ ʜʣʷ ʠʟʫʯʝʥʠʷ ʘʜʘʧʪʠʚʥʦʛʦ 

ʧʦʚʝʜʝʥʠʷ ʜʦʤʦʭʦʟʷʡʩʪʚ, ʘʥʘʣʠʟʘ ʚʣʠʷʥʠʷ 

ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʩʪʨʘʪʝʛʠʡ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ 

ʧʦʚʳʰʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʩʪʠ 

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ. 
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ɸʅʅʆʊɸʎʀʗ 

 

ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʦʩʥʦʚʘʤ ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ ʚ ʵʢʦʥʦʤʠʢʝ, ʚʢʣʶʯʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʶ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʨʠʩʢʦʚ, ʤʝʪʦʜʳ ʠʭ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ, ʩʪʨʘʪʝʛʠʠ ʤʠʥʠʤʠʟʘʮʠʠ ʠ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʳʝ 

ʧʦʜʭʦʜʳ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʠʥʩʪʨʫʤʝʥʪʳ ʜʠʚʝʨʩʠʬʠʢʘʮʠʠ, ʭʝʜʞʠʨʦʚʘʥʠʷ, ʩʪʨʘʭʦʚʘʥʠʷ ʠ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ, ʘ 

ʪʘʢʞʝ ʧʨʠʤʝʥʝʥʠʝ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʦʜʝʣʝʡ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʘʜʘʧʪʠʚʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ. ʇʨʠʚʦʜʷʪʩʷ ʧʨʠʤʝʨʳ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʥʘ ʤʘʢʨʦ- ʠ ʤʠʢʨʦʵʢʦʥʦʤʠʯʝʩʢʦʤ 

ʫʨʦʚʥʷʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʧʨʘʚʣʝʥʠʝ ʨʠʩʢʘʤʠ, ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʨʠʩʢʠ, ʜʠʚʝʨʩʠʬʠʢʘʮʠʷ, ʭʝʜʞʠʨʦʚʘʥʠʝ, 

ʩʪʨʘʭʦʚʘʥʠʝ, ʩʠʩʪʝʤʥʳʝ ʨʠʩʢʠ, ʬʠʥʘʥʩʦʚʳʝ ʨʳʥʢʠ, ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ, ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ. 

 

ABSTRACT 

 

This article is devoted to the fundamentals of risk management in economics, including the classification of 

economic risks, methods of their quantitative analysis, minimization strategies and institutional approaches. The article 

examines the tools of diversification, hedging, insurance and redundancy, as well as the use of digital technologies and 

machine learning models for forecasting and adaptive risk management. Examples of practical application at the macro- 

and microeconomic levels are given. 

Keywords: risk management, economic risks, diversification, hedging, insurance, systemic risks, financial 

markets, quantitative analysis, digital technologies. 

 

ʉʦʚʨʝʤʝʥʥʘʷ ʤʠʨʦʚʘʷ ʵʢʦʥʦʤʠʢʘ 

ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʚ ʫʩʣʦʚʠʷʭ ʥʘʨʘʩʪʘʶʱʝʡ 

ʩʪʦʭʘʩʪʠʯʥʦʩʪʠ ʠ ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʩʣʦʞʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ 

ʘʛʝʥʪʘʤʠ, ʥʝʩʪʘʙʠʣʴʥʦʩʪʴʶ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʦʡ 

ʩʨʝʜʳ ʠ ʧʦʩʪʦʷʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʵʢʟʦʛʝʥʥʳʭ ʠ 

ʵʥʜʦʛʝʥʥʳʭ ʰʦʢʦʚ. ʕʪʠ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ ʬʦʨʤʠʨʫʶʪ 

ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʨʠʩʢʦʚ, 

ʧʨʦʷʚʣʷʶʱʠʭʩʷ ʢʘʢ ʥʘ ʤʠʢʨʦʫʨʦʚʥʝ ð ʚ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʢʦʨʧʦʨʘʮʠʡ 

ʠ ʬʠʥʘʥʩʦʚʳʭ ʠʥʩʪʠʪʫʪʦʚ, ð ʪʘʢ ʠ ʥʘ ʤʘʢʨʦʫʨʦʚʥʝ 

ð ʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʥʘʮʠʦʥʘʣʴʥʳʭ ʵʢʦʥʦʤʠʢ ʠ 

ʛʣʦʙʘʣʴʥʦʡ ʬʠʥʘʥʩʦʚʦʡ ʘʨʭʠʪʝʢʪʫʨʳ. ʇʦʩʣʝʜʩʪʚʠʷ 

ʥʝʧʨʝʜʩʢʘʟʫʝʤʳʭ ʩʦʙʳʪʠʡ ʤʦʛʫʪ ʚʳʨʘʞʘʪʴʩʷ ʚ 

ʩʦʢʨʘʱʝʥʠʠ ʜʦʭʦʜʥʦʩʪʠ, ʫʪʨʘʪʝ ʢʘʧʠʪʘʣʘ, 

ʥʘʨʫʰʝʥʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʠʭ 

ʮʝʧʦʯʝʢ ʠ, ʚ ʧʨʝʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ, ʚ ʨʘʟʚʠʪʠʠ 

ʩʠʩʪʝʤʥʳʭ ʢʨʠʟʠʩʦʚ, ʯʪʦ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʥʩʪʠʪʫʮʠʦʥʘʣʠʟʘʮʠʠ ʠ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʨʠʩʢ-ʤʝʥʝʜʞʤʝʥʪʘ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ 

ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ 

ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʧʦʥʷʪʠʡʥʦʛʦ 

ʘʧʧʘʨʘʪʘ, ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʪʠʧʦʚ ʨʠʩʢʦʚ ʠ 

ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʦʚ ʠʭ 

ʦʮʝʥʢʠ. ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʮʝʣʦʩʪʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ 

ʧʨʠʨʦʜʝ, ʩʪʨʫʢʪʫʨʝ ʠ ʤʝʭʘʥʠʟʤʘʭ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʨʠʩʢʦʚ, ʘ ʪʘʢʞʝ 

ʦʧʨʝʜʝʣʝʥʠʝ ʵʬʬʝʢʪʠʚʥʳʭ ʩʪʨʘʪʝʛʠʡ ʤʠʥʠʤʠʟʘʮʠʠ 

ʠʭ ʧʦʩʣʝʜʩʪʚʠʡ. ʇʨʠ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʭʚʘʪʳʚʘʝʪ 

ʢʘʢ ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʠʡ ʘʩʧʝʢʪ ð ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ 

ʨʠʩʢʦʚ ʥʘ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʥʘʮʠʦʥʘʣʴʥʳʭ ʬʠʥʘʥʩʦʚʳʭ ʩʠʩʪʝʤ, 

ð ʪʘʢ ʠ ʤʠʢʨʦʵʢʦʥʦʤʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ, ʛʜʝ 

ʚʥʠʤʘʥʠʝ ʩʦʩʨʝʜʦʪʘʯʠʚʘʝʪʩʷ ʥʘ ʠʥʩʪʨʫʤʝʥʪʘʭ 

ʢʦʨʧʦʨʘʪʠʚʥʦʛʦ ʨʠʩʢ-ʤʝʥʝʜʞʤʝʥʪʘ ʠ ʦʮʝʥʢʝ 

ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ[3]. 

ʉ ʢʦʥʮʝʧʪʫʘʣʴʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʨʠʩʢʠ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʚʝʨʦʷʪʥʦʩʪʥʳʝ ʩʦʙʳʪʠʷ ʠʣʠ ʩʦʩʪʦʷʥʠʷ, 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʩʧʦʩʦʙʥʳʝ ʦʢʘʟʘʪʴ ʥʝʛʘʪʠʚʥʦʝ 
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ʚʣʠʷʥʠʝ ʥʘ ʬʠʥʘʥʩʦʚʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ, 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʜʦʣʛʦʩʨʦʯʥʫʶ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʩʫʙʲʝʢʪʦʚ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʬʝʥʦʤʝʥʘ 

ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ ʩʠʩʪʝʤʥʦʛʦ ʠ 

ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʛʦ ʧʦʜʭʦʜʘ, ʧʦʩʢʦʣʴʢʫ ʨʠʩʢʠ 

ʬʦʨʤʠʨʫʶʪʩʷ ʠ ʨʝʘʣʠʟʫʶʪʩʷ ʚʦ ʤʥʦʞʝʩʪʚʝ 

ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ, 

ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʳʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʢʦʥʪʝʢʩʪʦʚ. 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʝ ʨʠʩʢʦʚ ʩʣʫʞʘʪ 

ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʦʜʝʣʝʡ 

ʫʧʨʘʚʣʝʥʠʷ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʯʪʦ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʧʪʠʤʠʟʘʮʠʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʨʝʰʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʠ 

ʧʦʚʳʰʝʥʠʶ ʫʩʪʦʡʯʠʚʦʩʪʠ ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʩʠʩʪʝʤ ʢ 

ʚʦʟʜʝʡʩʪʚʠʶ ʢʨʠʟʠʩʥʳʭ ʬʘʢʪʦʨʦʚ. 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʨʠʩʢʦʚ ʚ 

ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʦʨʠʠ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʘʥʘʣʠʟʝ ʠʭ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʭʘʨʘʢʪʝʨʘ ʚʦʟʜʝʡʩʪʚʠʷ ʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʤʘʩʰʪʘʙʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. 

ʌʠʥʘʥʩʦʚʳʝ ʨʠʩʢʠ ʧʨʦʷʚʣʷʶʪʩʷ ʯʝʨʝʟ ʢʦʣʝʙʘʥʠʷ 

ʮʝʥ ʥʘ ʘʢʪʠʚʳ, ʠʟʤʝʥʝʥʠʷ ʚʘʣʶʪʥʳʭ ʢʫʨʩʦʚ, 

ʧʨʦʮʝʥʪʥʳʭ ʩʪʘʚʦʢ ʠ ʧʘʨʘʤʝʪʨʦʚ ʣʠʢʚʠʜʥʦʩʪʠ, ʯʪʦ 

ʦʧʨʝʜʝʣʷʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʬʠʥʘʥʩʦʚʳʭ ʧʦʪʦʢʦʚ. 

ʈʳʥʦʯʥʳʝ ʨʠʩʢʠ ʚʳʨʘʞʘʶʪʩʷ ʚ ʚʦʟʜʝʡʩʪʚʠʠ 

ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʠʟʤʝʥʝʥʠʠ ʩʧʨʦʩʘ ʠ 

ʧʨʝʜʣʦʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʮʝʥʦʚʦʡ ʚʦʣʘʪʠʣʴʥʦʩʪʠ, 

ʚʣʠʷʶʱʝʡ ʥʘ ʜʦʭʦʜʥʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʫʙʲʝʢʪʦʚ 

ʭʦʟʷʡʩʪʚʦʚʘʥʠʷ. ʂʨʝʜʠʪʥʳʝ ʨʠʩʢʠ ʩʚʷʟʘʥʳ ʩ 

ʚʝʨʦʷʪʥʦʩʪʴʶ ʥʝʚʳʧʦʣʥʝʥʠʷ ʦʙʷʟʘʪʝʣʴʩʪʚ 

ʢʦʥʪʨʘʛʝʥʪʘʤʠ, ʪʦʛʜʘ ʢʘʢ ʦʧʝʨʘʮʠʦʥʥʳʝ ʚʦʟʥʠʢʘʶʪ 

ʚʩʣʝʜʩʪʚʠʝ ʚʥʫʪʨʝʥʥʠʭ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʩʙʦʝʚ, 

ʦʰʠʙʦʢ ʧʝʨʩʦʥʘʣʘ ʠʣʠ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʆʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʶʪ ʩʪʨʘʪʝʛʠʯʝʩʢʠʝ ʠ 

ʩʠʩʪʝʤʥʳʝ ʨʠʩʢʠ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʩʧʝʮʠʬʠʢʦʡ 

ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʠ ʫʨʦʚʥʝʤ ʠʭ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. ʉʪʨʘʪʝʛʠʯʝʩʢʠʝ ʨʠʩʢʠ 

ʬʦʨʤʠʨʫʶʪʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʜʦʣʛʦʩʨʦʯʥʳʭ 

ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʚʳʙʦʨʦʚ, ʚʢʣʶʯʘʷ 

ʠʥʚʝʩʪʠʮʠʦʥʥʫʶ ʠ ʠʥʥʦʚʘʮʠʦʥʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ, 

ʚʳʭʦʜ ʥʘ ʥʦʚʳʝ ʨʳʥʢʠ ʠ ʠʟʤʝʥʝʥʠʝ ʢʦʥʢʫʨʝʥʪʥʳʭ 

ʩʪʨʘʪʝʛʠʡ. ʉʠʩʪʝʤʥʳʝ ʨʠʩʢʠ ʟʘʪʨʘʛʠʚʘʶʪ ʚʩʶ 

ʢɻʦʥʦʤʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʠ ʧʨʦʷʚʣʷʶʪʩʷ ʯʝʨʝʟ 

ʢʘʩʢʘʜʥʳʝ ʵʬʬʝʢʪʳ, ʧʨʠ ʢʦʪʦʨʳʭ ʩʙʦʡ ʚ ʦʜʥʦʤ 

ʩʝʢʪʦʨʝ ʧʨʦʚʦʮʠʨʫʝʪ ʜʝʩʪʘʙʠʣʠʟʘʮʠʶ ʜʨʫʛʠʭ 

ʩʝʛʤʝʥʪʦʚ ʵʢʦʥʦʤʠʢʠ. ɺ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ ʠʤ, 

ʥʝʩʠʩʪʝʤʥʳʝ ʨʠʩʢʠ ʠʤʝʶʪ ʣʦʢʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ, 

ʦʛʨʘʥʠʯʠʚʘʷʩʴ ʨʘʤʢʘʤʠ ʦʪʜʝʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ 

ʠʣʠ ʦʪʨʘʩʣʝʡ, ʭʦʪʷ ʠʭ ʩʦʚʦʢʫʧʥʦʝ ʚʣʠʷʥʠʝ 

ʩʧʦʩʦʙʥʦ ʦʪʨʘʞʘʪʴʩʷ ʥʘ ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʷʭ. 

ɺʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʷʚʣʷʝʪʩʷ 

ʫʯʸʪ ʚʝʨʦʷʪʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʨʠʩʢʘ ʠ ʚʝʣʠʯʠʥʳ 

ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʫʱʝʨʙʘ, ʯʪʦ ʩʦʟʜʘʸʪ ʦʩʥʦʚʫ ʜʣʷ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʨʘʥʞʠʨʦʚʘʥʠʷ 

ʫʛʨʦʟ. ʊʘʢʘʷ ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʧʨʠʦʨʠʪʝʪʥʳʭ ʩʪʨʘʪʝʛʠʡ 

ʫʧʨʘʚʣʝʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʦʧʪʠʤʘʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ 

ʨʝʘʛʠʨʦʚʘʥʠʷ. 

ʉʦʚʨʝʤʝʥʥʳʡ ʨʠʩʢ-ʤʝʥʝʜʞʤʝʥʪ 

ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʩʠʩʪʝʤʥʦʤ ʧʦʜʭʦʜʝ, ʚʢʣʶʯʘʶʱʝʤ 

ʠʜʝʥʪʠʬʠʢʘʮʠʶ, ʦʮʝʥʢʫ, ʢʦʥʪʨʦʣʴ ʠ ʤʠʥʠʤʠʟʘʮʠʶ 

ʫʛʨʦʟ. ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʘʜʘʧʪʠʚʥʦʡ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ, ʩʧʦʩʦʙʥʦʡ ʥʝ ʪʦʣʴʢʦ ʚʳʷʚʣʷʪʴ ʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʚʦʟʤʦʞʥʳʝ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ 

ʩʦʙʳʪʠʷ, ʥʦ ʠ ʛʠʙʢʦ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʩʪʨʘʪʝʛʠʠ 

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ. ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʘʷ ʙʘʟʘ 

ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʧʠʨʘʝʪʩʷ ʥʘ ʩʦʯʝʪʘʥʠʝ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʵʤʧʠʨʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʫʧʨʘʚʣʝʥʠʷ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʢʦʤʧʣʝʢʩʥʦʝ ʨʝʘʛʠʨʦʚʘʥʠʝ ʥʘ 

ʠʟʤʝʥʝʥʠʷ ʚʥʝʰʥʝʡ ʠ ʚʥʫʪʨʝʥʥʝʡ ʩʨʝʜʳ[2]. 

ʕʪʘʧ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʨʠʩʢʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʠʩʭʦʜʥʫʶ ʬʘʟʫ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʡ ʬʦʨʤʠʨʫʝʪʩʷ 

ʠʩʯʝʨʧʳʚʘʶʱʠʡ ʧʝʨʝʯʝʥʴ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʫʛʨʦʟ. ɺ 

ʫʩʣʦʚʠʷʭ ʩʦʚʨʝʤʝʥʥʦʡ ʵʢʦʥʦʤʠʢʠ ʦʩʦʙʫʶ 

ʟʥʘʯʠʤʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʘʥʘʣʠʟ ʩʝʪʝʚʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʧʦʩʢʦʣʴʢʫ ʩʪʨʫʢʪʫʨʥʳʝ ʩʚʷʟʠ 

ʤʝʞʜʫ ʫʯʘʩʪʥʠʢʘʤʠ ʨʳʥʢʘ ʩʧʦʩʦʙʥʳ ʤʥʦʛʦʢʨʘʪʥʦ 

ʫʩʠʣʠʚʘʪʴ ʵʬʬʝʢʪ ʣʦʢʘʣʴʥʳʭ ʥʘʨʫʰʝʥʠʡ. 

ʇʨʦʮʝʩʩ ʦʮʝʥʢʠ ʨʠʩʢʦʚ ʚʢʣʶʯʘʝʪ ʢʘʢ 

ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ, ʪʘʢ ʠ ʢʘʯʝʩʪʚʝʥʥʫʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʚʝʨʦʷʪʥʦʩʪʠ ʥʘʩʪʫʧʣʝʥʠʷ ʩʦʙʳʪʠʷ 

ʠ ʚʝʣʠʯʠʥʳ ʝʛʦ ʧʦʩʣʝʜʩʪʚʠʡ. ɼʣʷ ʵʪʦʛʦ 

ʧʨʠʤʝʥʷʶʪʩʷ ʧʦʢʘʟʘʪʝʣʠ ʚʦʣʘʪʠʣʴʥʦʩʪʠ, ʤʝʪʦʜʳ 
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(CVaR) ʠ ʩʪʨʝʩʩ-ʪʝʩʪʠʨʦʚʘʥʠʝ, ʧʦʟʚʦʣʷʶʱʝʝ 

ʤʦʜʝʣʠʨʦʚʘʪʴ ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʩʮʝʥʘʨʠʠ. 

ʉʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʩʮʝʥʘʨʥʳʡ ʘʥʘʣʠʟ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʥʘ ʫʯʸʪ ʥʝ ʪʦʣʴʢʦ ʠʩʪʦʨʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ, ʥʦ ʠ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʨʝʜʢʠʭ ʩʦʙʳʪʠʡ. ʇʨʠ 

ʵʪʦʤ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʨʠʩʢʦʚ, ʧʦʩʢʦʣʴʢʫ ʠʭ ʩʦʚʦʢʫʧʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʯʘʩʪʦ ʧʨʝʚʳʰʘʝʪ ʵʬʬʝʢʪ ʢʘʞʜʦʛʦ ʚ 

ʦʪʜʝʣʴʥʦʩʪʠ, ʫʩʠʣʠʚʘʷ ʦʙʱʫʶ ʩʠʩʪʝʤʥʫʶ 

ʫʷʟʚʠʤʦʩʪʴ. 

ʄʦʥʠʪʦʨʠʥʛ ʠ ʢʦʥʪʨʦʣʴ ʨʠʩʢʦʚ ʪʨʝʙʫʶʪ 

ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʢʣʶʯʝʚʳʤʠ 

ʠʥʜʠʢʘʪʦʨʘʤʠ, ʨʘʥʥʝʛʦ ʚʳʷʚʣʝʥʠʷ ʦʪʢʣʦʥʝʥʠʡ ʠ 

ʘʜʘʧʪʘʮʠʠ ʩʪʨʘʪʝʛʠʡ ʫʧʨʘʚʣʝʥʠʷ. ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ 

ʧʨʠʤʝʥʷʶʪʩʷ ʢʘʢ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ 

ʤʦʥʠʪʦʨʠʥʛʘ ʬʠʥʘʥʩʦʚʳʭ ʠ ʦʧʝʨʘʮʠʦʥʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ, ʪʘʢ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʧʘʥʝʣʠ ʜʣʷ 

ʦʮʝʥʢʠ ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʦʪʨʘʩʣʝʚʳʭ 

ʪʝʥʜʝʥʮʠʡ. ʈʝʛʫʣʷʨʥʳʡ ʘʥʘʣʠʟ ʜʠʥʘʤʠʢʠ ʨʠʩʢʦʚ 

ʧʦʟʚʦʣʷʝʪ ʩʚʦʝʚʨʝʤʝʥʥʦ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʧʦʣʠʪʠʢʫ 

ʜʠʚʝʨʩʠʬʠʢʘʮʠʠ, ʭʝʜʞʠʨʦʚʘʥʠʷ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʨʝʟʝʨʚʦʚ, ʤʠʥʠʤʠʟʠʨʫʷ ʚʝʨʦʷʪʥʦʩʪʴ ʢʨʠʟʠʩʥʳʭ 

ʩʠʪʫʘʮʠʡ[1]. 

ʄʠʥʠʤʠʟʘʮʠʷ ʨʠʩʢʦʚ ʚʢʣʶʯʘʝʪ ʨʘʟʨʘʙʦʪʢʫ 

ʩʪʨʘʪʝʛʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʧʝʨʝʜʘʯʠ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʦʪʝʨʴ. ʂʣʘʩʩʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ 

ʦʭʚʘʪʳʚʘʶʪ ʜʠʚʝʨʩʠʬʠʢʘʮʠʶ ʘʢʪʠʚʦʚ ʠ ʦʧʝʨʘʮʠʡ, 

ʩʪʨʘʭʦʚʘʥʠʝ, ʭʝʜʞʠʨʦʚʘʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʦʠʟʚʦʜʥʳʭ ʬʠʥʘʥʩʦʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʝʟʝʨʚʥʳʭ ʬʦʥʜʦʚ ʠ ʚʥʝʜʨʝʥʠʝ 

ʚʥʫʪʨʝʥʥʠʭ ʧʨʦʮʝʜʫʨ ʢʦʥʪʨʦʣʷ. ʉʦʚʨʝʤʝʥʥʳʝ 

ʤʝʪʦʜʦʣʦʛʠʠ ʨʘʩʰʠʨʷʶʪ ʵʪʦʪ ʥʘʙʦʨ ʟʘ ʩʯʸʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʘʥʘʣʠʟʘ 

ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ ʠ ʤʦʜʝʣʝʡ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ 

ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʨʠʩʢʦʚ ʠ ʘʜʘʧʪʠʚʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʠʤʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. 

ʂʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʷʚʣʷʝʪʩʷ 

ʮʝʥʪʨʘʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ ʫʧʨʘʚʣʝʥʠʷ 
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ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʨʠʩʢʘʤʠ, ʧʦʩʢʦʣʴʢʫ ʧʦʟʚʦʣʷʝʪ ʥʝ 

ʪʦʣʴʢʦ ʬʦʨʤʘʣʠʟʦʚʘʪʴ ʫʛʨʦʟʳ, ʥʦ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ 

ʠʭ ʚʝʨʦʷʪʥʦʩʪʥʦʝ ʧʨʦʷʚʣʝʥʠʝ ʠ ʤʘʩʰʪʘʙ 

ʧʦʩʣʝʜʩʪʚʠʡ. ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʨʠʩʢʦʚ 

ʦʧʠʨʘʶʪʩʷ ʥʘ ʩʦʯʝʪʘʥʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ, 

ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʠ ʵʢʦʥʦʤʝʪʨʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʪʦʯʥʳʭ 

ʤʦʜʝʣʝʡ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʨʠʩʢʦʚ. 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʧʦʢʘʟʘʪʝʣʴ Value at Risk 

(VaR), ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʤʘʢʩʠʤʘʣʴʥʳʝ 

ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʧʦʪʝʨʠ ʧʦʨʪʬʝʣʷ ʠʣʠ ʢʦʤʧʘʥʠʠ ʟʘ 

ʟʘʜʘʥʥʳʡ ʧʝʨʠʦʜ ʩ ʦʧʨʝʜʝʣʸʥʥʳʤ ʫʨʦʚʥʝʤ ʜʦʚʝʨʠʷ. 

ɹʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʢ ʭʚʦʩʪʦʚʳʤ ʩʦʙʳʪʠʷʤ 

ʧʦʢʘʟʘʪʝʣʝʤ ʷʚʣʷʝʪʩʷ Conditional Value at Risk 

(CVaR), ʫʯʠʪʳʚʘʶʱʠʡ ʩʨʝʜʥʠʡ ʫʱʝʨʙ ʚ 

ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʩʠʪʫʘʮʠʷʭ. ʕʪʠ ʧʦʢʘʟʘʪʝʣʠ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʬʠʥʘʥʩʦʚʦʡ ʘʥʘʣʠʪʠʢʝ, ʫʧʨʘʚʣʝʥʠʠ 

ʘʢʪʠʚʘʤʠ ʠ ʦʮʝʥʢʝ ʢʨʝʜʠʪʥʦʛʦ ʨʠʩʢʘ. 

ɸʥʘʣʠʟ ʦʧʝʨʘʮʠʦʥʥʳʭ ʠ ʨʳʥʦʯʥʳʭ ʨʠʩʢʦʚ ʚ 

ʩʦʚʨʝʤʝʥʥʦʡ ʵʢʦʥʦʤʠʢʝ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʧʨʠʤʝʥʝʥʠʠ 

ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʤʦʜʝʣʝʡ ʠ ʩʮʝʥʘʨʥʦʛʦ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʠ ʢʘʯʝʩʪʚʝʥʥʫʶ ʦʮʝʥʢʫ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʫʛʨʦʟ. ʉʪʨʝʩʩ-ʪʝʩʪʠʨʦʚʘʥʠʝ 

ʚʳʩʪʫʧʘʝʪ ʢʣʶʯʝʚʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʦʩʣʝʜʩʪʚʠʡ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʩʦʙʳʪʠʡ ð ʨʝʟʢʦʛʦ 

ʧʘʜʝʥʠʷ ʮʝʥ, ʜʝʬʦʣʪʦʚ ʢʦʥʪʨʘʛʝʥʪʦʚ ʠʣʠ ʢʨʠʟʠʩʦʚ 

ʣʠʢʚʠʜʥʦʩʪʠ ð ʧʦʟʚʦʣʷʷ ʦʧʨʝʜʝʣʠʪʴ ʩʪʝʧʝʥʴ 

ʫʷʟʚʠʤʦʩʪʠ ʬʠʥʘʥʩʦʚʳʭ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʩʠʩʪʝʤ ʢ ʵʢʟʦʛʝʥʥʳʤ ʰʦʢʘʤ. ʕʢʦʥʦʤʝʪʨʠʯʝʩʢʠʝ ʠ 

ʨʝʛʨʝʩʩʠʦʥʥʳʝ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʚʳʷʚʣʝʥʠʷ ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ ʨʠʩʢʘʤʠ ʠ 

ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʧʝʨʝʤʝʥʥʳʤʠ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʜʠʥʘʤʠʢʠ ʨʠʩʢʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʠ 

ʦʮʝʥʢʠ ʚʝʨʦʷʪʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʜʣʷ ʦʪʜʝʣʴʥʳʭ 

ʩʫʙʲʝʢʪʦʚ ʠ ʵʢʦʥʦʤʠʢʠ ʚ ʮʝʣʦʤ. 

ʇʨʠʤʝʥʝʥʠʝ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʚ 

ʯʘʩʪʥʦʩʪʠ ʩʠʤʫʣʷʮʠʡ ʄʦʥʪʝ-ʂʘʨʣʦ, ʜʘʸʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʪʴ ʤʥʦʞʝʩʪʚʦ ʚʝʨʦʷʪʥʳʭ 

ʩʮʝʥʘʨʠʝʚ ʨʘʟʚʠʪʠʷ ʩʦʙʳʪʠʡ ʩ ʫʯʸʪʦʤ ʩʣʫʯʘʡʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʠ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʝʞʜʫ 

ʨʘʟʣʠʯʥʳʤʠ ʚʠʜʘʤʠ ʨʠʩʢʦʚ. ʊʘʢʦʡ ʧʦʜʭʦʜ 

ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʝʡ 

ʫʙʳʪʢʦʚ, ʚʳʷʚʠʪʴ ʧʦʪʝʥʮʠʘʣʴʥʦ ʵʢʩʪʨʝʤʘʣʴʥʳʝ 

ʠʩʭʦʜʳ ʠ ʧʨʦʚʝʩʪʠ ʚʩʝʩʪʦʨʦʥʥʶʶ ʦʮʝʥʢʫ 

ʩʦʚʦʢʫʧʥʳʭ ʠ ʩʠʩʪʝʤʥʳʭ ʨʠʩʢʦʚ, ʚʢʣʶʯʘʷ ʠʭ 

ʚʣʠʷʥʠʝ ʥʘ ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ. 

ɹʣʘʛʦʜʘʨʷ ʵʪʠʤ ʠʥʩʪʨʫʤʝʥʪʘʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʧʦʜʭʦʜʦʚ ʢ 

ʫʧʨʘʚʣʝʥʠʶ ʨʠʩʢʘʤʠ, ʘʜʘʧʪʘʮʠʷ ʩʪʨʘʪʝʛʠʡ 

ʜʠʚʝʨʩʠʬʠʢʘʮʠʠ, ʭʝʜʞʠʨʦʚʘʥʠʷ ʠ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ, 

ʘ ʪʘʢʞʝ ʩʦʟʜʘʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʙʘʟʳ ʜʣʷ ʧʨʠʥʷʪʠʷ 

ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ 

ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʠ ʚʳʩʦʢʦʡ ʚʦʣʘʪʠʣʴʥʦʩʪʠ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʢʦʥʲʶʥʢʪʫʨʳ. 

ʕʬʬʝʢʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʨʠʩʢʘʤʠ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʘʟʨʘʙʦʪʢʫ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ 

ʩʪʨʘʪʝʛʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʩʥʠʞʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ 

ʨʝʘʣʠʟʘʮʠʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʩʦʙʳʪʠʡ ʠ 

ʤʠʥʠʤʠʟʘʮʠʶ ʠʭ ʧʦʩʣʝʜʩʪʚʠʡ. ʆʜʥʠʤ ʠʟ ʙʘʟʦʚʳʭ 

ʤʝʪʦʜʦʚ ʚʳʩʪʫʧʘʝʪ ʜʠʚʝʨʩʠʬʠʢʘʮʠʷ, 

ʟʘʢʣʶʯʘʶʱʘʷʩʷ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʘʢʪʠʚʦʚ, ʨʝʩʫʨʩʦʚ 

ʠ ʦʧʝʨʘʮʠʡ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ 

ʜʝʷʪʝʣʴʥʦʩʪʠ, ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʠ ʨʳʥʢʘʤʠ. 

ɼʠʚʝʨʩʠʬʠʢʘʮʠʷ ʩʥʠʞʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ 

ʦʪʜʝʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʨʠʩʢʘ ʠ ʧʦʚʳʰʘʝʪ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʠʩʪʝʤʳ ʢ ʣʦʢʘʣʴʥʳʤ ʰʦʢʘʤ: ʚ 

ʬʠʥʘʥʩʦʚʦʤ ʩʝʢʪʦʨʝ ʦʥʘ ʨʝʘʣʠʟʫʝʪʩʷ ʯʝʨʝʟ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʭ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ 

ʧʦʨʪʬʝʣʝʡ, ʘ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʠʭ 

ʩʪʨʫʢʪʫʨʘʭ ð ʯʝʨʝʟ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʦʮʝʩʩʦʚ 

ʤʝʞʜʫ ʨʘʟʥʳʤʠ ʨʝʛʠʦʥʘʤʠ ʠ ʧʦʩʪʘʚʱʠʢʘʤʠ. 

ʍʝʜʞʠʨʦʚʘʥʠʝ ʠ ʩʪʨʘʭʦʚʘʥʠʝ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʬʦʨʤʳ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʣʠ ʢʦʤʧʝʥʩʘʮʠʠ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʫʙʳʪʢʦʚ. ʍʝʜʞʠʨʦʚʘʥʠʝ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʦʠʟʚʦʜʥʳʭ 

ʬʠʥʘʥʩʦʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ð ʦʧʮʠʦʥʦʚ, 

ʬʴʶʯʝʨʩʦʚ ʠ ʩʚʦʧʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʬʠʢʩʠʨʦʚʘʪʴ 

ʜʦʭʦʜʥʦʩʪʴ ʠʣʠ ʮʝʥʫ ʘʢʪʠʚʘ, ʤʠʥʠʤʠʟʠʨʫʷ 

ʚʦʟʜʝʡʩʪʚʠʝ ʨʳʥʦʯʥʳʭ ʢʦʣʝʙʘʥʠʡ. ʉʪʨʘʭʦʚʳʝ 

ʤʝʭʘʥʠʟʤʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʢʘʢ ʥʘ ʫʨʦʚʥʝ ʦʪʜʝʣʴʥʳʭ 

ʦʨʛʘʥʠʟʘʮʠʡ, ʪʘʢ ʠ ʚ ʤʘʩʰʪʘʙʘʭ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ 

ʧʨʦʝʢʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʟʘʱʠʪʫ ʦʪ ʧʦʪʝʨʴ 

ʠʤʫʱʝʩʪʚʘ, ʜʦʭʦʜʦʚ ʠ ʠʥʳʭ ʬʠʥʘʥʩʦʚʳʭ ʘʢʪʠʚʦʚ, 

ʬʦʨʤʠʨʫʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʫʨʦʚʝʥʴ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʫʙʲʝʢʪʦʚ[5]. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʨʝʟʝʨʚʥʳʭ ʬʦʥʜʦʚ ʠ 

ʥʘʢʦʧʣʝʥʠʝ ʢʘʧʠʪʘʣʘ ʜʣʷ ʧʦʢʨʳʪʠʷ 

ʥʝʧʨʝʜʚʠʜʝʥʥʳʭ ʨʘʩʭʦʜʦʚ ʩʣʫʞʘʪ ʚʘʞʥʝʡʰʠʤ 

ʵʣʝʤʝʥʪʦʤ ʧʦʜʜʝʨʞʘʥʠʷ ʣʠʢʚʠʜʥʦʩʪʠ ʠ 

ʬʠʥʘʥʩʦʚʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʡ. ʊʘʢʠʝ 

ʤʝʨʳ ʧʦʟʚʦʣʷʶʪ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʫʙʳʪʢʠ, 

ʚʳʟʚʘʥʥʳʝ ʩʠʩʪʝʤʥʳʤʠ ʠʣʠ ʣʦʢʘʣʴʥʳʤʠ ʰʦʢʘʤʠ, 

ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʵʢʩʪʨʝʥʥʦʛʦ ʧʨʠʚʣʝʯʝʥʠʷ 

ʟʘʠʤʩʪʚʦʚʘʥʠʡ ʠʣʠ ʨʝʘʣʠʟʘʮʠʠ ʘʢʪʠʚʦʚ ʧʦ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤ ʮʝʥʘʤ. ɺʥʫʪʨʝʥʥʠʝ ʤʝʭʘʥʠʟʤʳ 

ʢʦʥʪʨʦʣʷ ʚʢʣʶʯʘʶʪ ʧʨʦʮʝʜʫʨʳ ʘʫʜʠʪʘ, ʤʦʥʠʪʦʨʠʥʛ 

ʢʣʶʯʝʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʚʥʝʜʨʝʥʠʝ ʩʪʘʥʜʘʨʪʦʚ 

ʢʦʨʧʦʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ʩʠʩʪʝʤ ʨʘʥʥʝʛʦ 

ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʦʙ ʦʪʢʣʦʥʝʥʠʷʭ. ɺ ʩʦʚʨʝʤʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʝʪ ʠʥʪʝʛʨʘʮʠʷ 

ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʘʥʘʣʠʟʘ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ ʠ 

ʘʣʛʦʨʠʪʤʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʚʳʷʚʣʝʥʠʝ ʨʠʩʢʦʚ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʶ 

ʧʨʦʮʝʩʩʘ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ[4]. 

ʉʬʦʨʤʠʨʦʚʘʥʥʳʝ ʩʪʨʘʪʝʛʠʠ ʫʧʨʘʚʣʝʥʠʷ 

ʨʠʩʢʘʤʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʮʝʣʦʩʪʥʫʶ ʩʠʩʪʝʤʫ 

ʤʝʨ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ 

ʘʜʘʧʪʠʚʥʦʩʪʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʫʙʲʝʢʪʦʚ, ʩʥʠʞʝʥʠʝ 

ʚʝʨʦʷʪʥʦʩʪʠ ʫʙʳʪʢʦʚ ʠ ʨʘʮʠʦʥʘʣʴʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʠʩʢʦʚ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ 

ʩʝʛʤʝʥʪʘʤʠ ʵʢʦʥʦʤʠʢʠ. ʅʘ ʤʘʢʨʦʫʨʦʚʥʝ ʤʝʪʦʜʳ 

ʨʠʩʢ-ʤʝʥʝʜʞʤʝʥʪʘ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤʠ ʠ ʨʝʛʫʣʷʪʦʨʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ 

ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʫʷʟʚʠʤʦʩʪʠ ʬʠʥʘʥʩʦʚʦʡ ʩʠʩʪʝʤʳ, 

ʤʦʥʠʪʦʨʠʥʛʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʳʥʦʯʥʳʭ ʠ ʢʨʝʜʠʪʥʳʭ 

ʨʠʩʢʦʚ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʠʷ ʩʪʨʝʩʩ-ʪʝʩʪʠʨʦʚʘʥʠʷ 

ʙʘʥʢʦʚʩʢʦʛʦ ʩʝʢʪʦʨʘ ʩ ʮʝʣʴʶ ʦʮʝʥʢʠ ʩʠʩʪʝʤʥʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ. ʅʘ ʤʠʢʨʦʫʨʦʚʥʝ ʫʧʨʘʚʣʝʥʠʝ 

ʨʠʩʢʘʤʠ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʦʤʧʘʥʠʡ, 

ʙʘʥʢʦʚ ʠ ʩʪʨʘʭʦʚʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʯʝʨʝʟ ʚʥʝʜʨʝʥʠʝ 

ʤʝʭʘʥʠʟʤʦʚ ʭʝʜʞʠʨʦʚʘʥʠʷ, ʜʠʚʝʨʩʠʬʠʢʘʮʠʠ 

ʧʦʨʪʬʝʣʝʡ, ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʠ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 
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ʉʦʚʨʝʤʝʥʥʳʝ ʩʝʪʝʚʳʝ ʠ ʘʛʝʥʪʥʳʝ ʤʦʜʝʣʠ 

ʧʦʟʚʦʣʷʶʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʨʠʩʢʦʚ 

ʤʝʞʜʫ ʫʯʘʩʪʥʠʢʘʤʠ ʨʳʥʢʘ, ʚʳʷʚʣʷʪʴ ʩʠʩʪʝʤʥʦ 

ʟʥʘʯʠʤʳʝ ʩʫʙʲʝʢʪʳ ʠ ʦʮʝʥʠʚʘʪʴ ʚʝʨʦʷʪʥʦʩʪʴ 

ʢʘʩʢʘʜʥʳʭ ʩʙʦʝʚ. ʇʨʠʤʝʥʝʥʠʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ 

ʤʦʜʝʣʝʡ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʮʠʬʨʦʚʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ 

ʧʦʚʳʰʘʝʪ ʪʦʯʥʦʩʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʫʩʢʦʨʷʝʪ 

ʧʨʦʮʝʩʩ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʠʙʢʫʶ 

ʘʜʘʧʪʘʮʠʶ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʢ ʜʠʥʘʤʠʯʥʳʤ 

ʫʩʣʦʚʠʷʤ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʠʥʪʝʛʨʘʮʠʷ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʨʠʩʢ-

ʤʝʥʝʜʞʤʝʥʪʘ ʩ ʧʨʘʢʪʠʯʝʩʢʠʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʢʨʝʧʣʷʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ, ʩʥʠʞʘʷ ʚʝʨʦʷʪʥʦʩʪʴ 

ʬʠʥʘʥʩʦʚʳʭ ʠ ʦʧʝʨʘʮʠʦʥʥʳʭ ʧʦʪʝʨʴ. 

ʈʘʟʚʠʪʠʝ ʛʣʦʙʘʣʴʥʳʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ 

ʠ ʧʨʦʮʝʩʩʦʚ ʮʠʬʨʦʚʠʟʘʮʠʠ ʬʦʨʤʠʨʫʝʪ ʥʦʚʳʝ 

ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʫʧʨʘʚʣʝʥʠʷ 

ʨʠʩʢʘʤʠ. ʀʥʪʝʛʨʘʮʠʷ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʙʦʣʴʰʠʭ 

ʜʘʥʥʳʭ, ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ ʩʪʘʥʦʚʠʪʩʷ ʢʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ 

ʩʦʚʨʝʤʝʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʨʠʩʢ-ʤʝʥʝʜʞʤʝʥʪʘ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ, 

ʩʧʦʩʦʙʥʳʭ ʚʳʷʚʣʷʪʴ ʩʢʨʳʪʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ 

ʥʝʣʠʥʝʡʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʨʠʩʢʘʤʠ, 

ʧʦʚʳʰʘʝʪ ʪʦʯʥʦʩʪʴ ʧʨʦʛʥʦʟʦʚ, ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʧʨʝʚʝʥʪʠʚʥʦʝ ʨʝʘʛʠʨʦʚʘʥʠʝ ʠ ʤʠʥʠʤʠʟʠʨʫʝʪ 

ʚʝʨʦʷʪʥʦʩʪʴ ʥʝʧʨʝʜʚʠʜʝʥʥʳʭ ʫʙʳʪʢʦʚ, ʬʦʨʤʠʨʫʷ 

ʦʩʥʦʚʫ ʜʣʷ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ ʚ ʫʩʣʦʚʠʷʭ ʛʣʦʙʘʣʴʥʦʡ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ. 

ɼʠʥʘʤʠʢʘ ʩʦʚʨʝʤʝʥʥʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʩʨʝʜʳ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʝʨʝʭʦʜʘ ʢ 

ʘʜʘʧʪʠʚʥʳʤ ʩʪʨʘʪʝʛʠʷʤ ʫʧʨʘʚʣʝʥʠʷ, ʩʧʦʩʦʙʥʳʤ 

ʫʯʠʪʳʚʘʪʴ ʚʨʝʤʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʠ ʩʣʦʞʥʳʝ 

ʩʝʪʝʚʳʝ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ 

ʘʛʝʥʪʘʤʠ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʤʫʣʴʪʠʫʨʦʚʥʝʚʳʭ ʠ 

ʤʫʣʴʪʠʩʣʦʡʥʳʭ ʤʦʜʝʣʝʡ ʨʠʩʢʦʚ, ʦʭʚʘʪʳʚʘʶʱʠʭ 

ʬʠʥʘʥʩʦʚʳʝ, ʦʧʝʨʘʮʠʦʥʥʳʝ, ʩʪʨʘʪʝʛʠʯʝʩʢʠʝ ʠ 

ʩʠʩʪʝʤʥʳʝ ʘʩʧʝʢʪʳ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʮʝʣʦʩʪʥʦʛʦ ʘʥʘʣʠʟʘ ʫʛʨʦʟ ʠ ʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʩʫʨʩʦʚ ʜʣʷ ʠʭ ʥʝʡʪʨʘʣʠʟʘʮʠʠ. 

ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ ʥʝ ʪʦʣʴʢʦ 

ʧʨʷʤʳʝ, ʥʦ ʠ ʦʧʦʩʨʝʜʦʚʘʥʥʳʝ ʢʘʥʘʣʳ ʧʝʨʝʜʘʯʠ 

ʨʠʩʢʦʚ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ ʪʦʯʥʦʩʪʴ 

ʦʮʝʥʢʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ 

ʚʳʩʦʢʦʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʠ. 

ʈʘʟʚʠʪʠʝ ʥʦʨʤʘʪʠʚʥʦ-ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʦʡ 

ʙʘʟʳ ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ ʧʨʠʦʙʨʝʪʘʝʪ 

ʩʪʨʘʪʝʛʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ, ʧʦʩʢʦʣʴʢʫ 

ʩʪʘʥʜʘʨʪʠʟʘʮʠʷ ʤʝʪʦʜʦʚ ʠʭ ʠʜʝʥʪʠʬʠʢʘʮʠʠ, ʦʮʝʥʢʠ 

ʠ ʢʦʥʪʨʦʣʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʧʨʦʟʨʘʯʥʦʩʪʠ 

ʠʥʬʦʨʤʘʮʠʠ ʠ ʫʢʨʝʧʣʝʥʠʶ ʜʦʚʝʨʠʷ ʚ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʦʪʥʦʰʝʥʠʷʭ. ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ 

ʤʝʭʘʥʠʟʤʦʚ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʥʦ ʟʥʘʯʠʤʳʭ 

ʫʯʘʩʪʥʠʢʦʚ ʨʳʥʢʘ ʠ ʫʩʠʣʝʥʠʝ ʥʘʜʟʦʨʥʳʭ ʬʫʥʢʮʠʡ 

ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ ʨʠʩʢʦʚ, 

ʩʥʠʟʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚ 

ʩʠʩʪʝʤʥʳʝ ʠ ʦʙʝʩʧʝʯʠʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʬʠʥʘʥʩʦʚʦ-

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ɺ ʩʦʚʦʢʫʧʥʦʩʪʠ 

ʵʪʠ ʤʝʨʳ ʬʦʨʤʠʨʫʶʪ ʦʩʥʦʚʫ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʘʜʘʧʪʠʚʥʳʭ ʠ ʫʩʪʦʡʯʠʚʳʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, 

ʩʧʦʩʦʙʥʳʭ ʵʬʬʝʢʪʠʚʥʦ ʧʨʦʪʠʚʦʩʪʦʷʪʴ ʵʢʟʦʛʝʥʥʳʤ 

ʠ ʵʥʜʦʛʝʥʥʳʤ ʰʦʢʘʤ. 

ʂʦʤʧʣʝʢʩʥʳʡ ʭʘʨʘʢʪʝʨ ʩʦʚʨʝʤʝʥʥʳʭ 

ʧʦʜʭʦʜʦʚ, ʚʢʣʶʯʘʶʱʠʭ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʨʠʩʢʦʚ, ʠʭ 

ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʦʮʝʥʢʫ, ʨʘʟʨʘʙʦʪʢʫ ʩʪʨʘʪʝʛʠʡ 

ʤʠʥʠʤʠʟʘʮʠʠ ʠ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʳʡ ʢʦʥʪʨʦʣʴ, 

ʧʦʜʯʸʨʢʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʠʩʪʝʤʥʦʛʦ ʠ 

ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʛʦ ʘʥʘʣʠʟʘ. ʕʬʬʝʢʪʠʚʥʘʷ 

ʩʠʩʪʝʤʘ ʨʠʩʢ-ʤʝʥʝʜʞʤʝʥʪʘ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ 

ʩʦʙʳʪʠʡ, ʫʤʝʥʴʰʝʥʠʷ ʠʭ ʧʦʩʣʝʜʩʪʚʠʡ ʠ ʧʦʚʳʰʝʥʠʷ 

ʘʜʘʧʪʠʚʥʦʩʪʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʢ ʫʩʣʦʚʠʷʤ 

ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ, ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʢʨʝʧʣʝʥʠʶ ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʠ. 
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ɸʅʅʆʊɸʎʀʗ 

 

ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʧʨʠʤʝʥʝʥʠʶ ʤʝʪʦʜʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʜʣʷ ʨʝʰʝʥʠʷ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʟʘʜʘʯ ʩ ʤʥʦʛʦʧʝʨʠʦʜʥʦʡ ʜʠʥʘʤʠʢʦʡ, ʦʛʨʘʥʠʯʝʥʥʦʩʪʴʶ ʨʝʩʫʨʩʦʚ ʠ ʩʪʦʭʘʩʪʠʯʝʩʢʦʡ 

ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴʶ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʤʝʪʦʜʘ, ʢʣʘʩʩʠʬʠʢʘʮʠʷ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʘʣʛʦʨʠʪʤʳ ʨʝʰʝʥʠʷ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʭ ʠ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʘ ʪʘʢʞʝ 

ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʫʧʨʘʚʣʝʥʠʠ ʠʥʚʝʩʪʠʮʠʷʤʠ, ʬʠʥʘʥʩʦʚʳʤʠ ʨʠʩʢʘʤʠ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ 

ʠ ʣʦʛʠʩʪʠʢʦʡ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʠʥʪʝʛʨʘʮʠʠ ʤʝʪʦʜʘ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ, 

ʘʥʘʣʠʟʦʤ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ ʠ ʤʝʪʦʜʘʤʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʪʦʯʥʦʩʪʴ ʧʨʦʛʥʦʟʦʚ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʨʝʩʫʨʩʘʤʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʠʥʘʤʠʯʝʩʢʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ, ʤʥʦʛʦʧʝʨʠʦʜʥʘʷ ʦʧʪʠʤʠʟʘʮʠʷ, ʩʪʦʭʘʩʪʠʯʝʩʢʠʝ 

ʤʦʜʝʣʠ, ʫʧʨʘʚʣʝʥʠʝ ʨʠʩʢʘʤʠ, ʠʥʚʝʩʪʠʮʠʦʥʥʳʝ ʧʦʨʪʬʝʣʠ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʣʦʛʠʩʪʠʢʘ, 

ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, ʤʝʪʦʜʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. 

 

ABSTRACT 

 

This article is devoted to the application of the dynamic programming method to solve economic problems 

with multi-period dynamics, limited resources and stochastic uncertainty. The theoretical and methodological 

foundations of the method, classification of economic problems, algorithms for solving deterministic and stochastic 

models, as well as practical application in investment management, financial risks, production processes and logistics 

are considered. Special attention is paid to the integration of the method with modern computing technologies, big data 

analysis and machine learning methods, which increases the accuracy of forecasts and the effectiveness of strategic 

resource management. 

Keywords: dynamic programming, multi-period optimization, stochastic models, risk management, 

investment portfolios, production processes, logistics, economic solutions, machine learning methods. 

 

ʕʬʬʝʢʪʠʚʥʦʝ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ ʚ 

ʩʦʚʨʝʤʝʥʥʳʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʥʝʚʦʟʤʦʞʥʦ 

ʙʝʟ ʫʯʸʪʘ ʤʥʦʛʦʧʝʨʠʦʜʥʦʡ ʜʠʥʘʤʠʢʠ ʧʨʦʮʝʩʩʦʚ, 

ʩʣʦʞʥʦʩʪʠ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʠ ʚʟʘʠʤʦʟʘʚʠʩʠʤʦʩʪʠ 

ʤʥʦʞʝʩʪʚʘ ʬʘʢʪʦʨʦʚ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʧʦʜʭʦʜʳ ʢ 

ʦʧʪʠʤʠʟʘʮʠʠ ʟʘʯʘʩʪʫʶ ʦʢʘʟʳʚʘʶʪʩʷ 

ʥʝʜʦʩʪʘʪʦʯʥʳʤʠ ʜʣʷ ʢʦʤʧʣʝʢʩʥʳʭ ʟʘʜʘʯ, 

ʚʢʣʶʯʘʶʱʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʝʩʫʨʩʦʚ, ʬʠʥʘʥʩʦʚʦʝ 

ʧʣʘʥʠʨʦʚʘʥʠʝ, ʫʧʨʘʚʣʝʥʠʝ ʟʘʧʘʩʘʤʠ ʠ 

ʠʥʚʝʩʪʠʮʠʦʥʥʳʝ ʩʪʨʘʪʝʛʠʠ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʤʝʪʦʜ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ (ɼʇ) 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʠʥʩʪʨʫʤʝʥʪ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʬʦʨʤʘʣʠʟʦʚʘʪʴ ʤʥʦʛʦʧʝʨʠʦʜʥʳʝ 

ʟʘʜʘʯʠ, ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʦʛʨʘʥʠʯʝʥʠʷ ʠ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʚʳʩʪʨʘʠʚʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ 

ʩʪʨʘʪʝʛʠʠ ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ. 

ʇʨʠʥʮʠʧ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ɹʝʣʣʤʘʥʘ, 

ʣʝʞʘʱʠʡ ʚ ʦʩʥʦʚʝ ɼʇ, ʫʪʚʝʨʞʜʘʝʪ, ʯʪʦ 

ʦʧʪʠʤʘʣʴʥʘʷ ʩʪʨʘʪʝʛʠʷ ʥʘ ʣʶʙʦʤ ʰʘʛʝ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʢʣʶʯʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʰʝʥʠʡ 

ʜʣʷ ʚʩʝʭ ʧʦʩʣʝʜʫʶʱʠʭ ʧʝʨʠʦʜʦʚ. ɼʘʥʥʘʷ 

ʢʦʥʮʝʧʮʠʷ ʧʦʟʚʦʣʷʝʪ ʨʘʟʣʦʞʠʪʴ ʩʣʦʞʥʳʝ 

ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʟʘʜʘʯʠ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʧʦʜʟʘʜʘʯ, ʢʦʪʦʨʳʝ ʨʝʰʘʶʪʩʷ ʨʝʢʫʨʩʠʚʥʦ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʢʘʢ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʝ, ʪʘʢ ʠ 

ʩʪʦʭʘʩʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʦʛʦ ʧʨʠʥʮʠʧʘ ʨʘʩʰʠʨʷʝʪ 

ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʫʩʣʦʚʠʷʭ 

ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʠ ʨʠʩʢʘ, ʧʦʟʚʦʣʷʷ ʘʜʝʢʚʘʪʥʦ 

ʦʮʝʥʠʚʘʪʴ ʧʦʩʣʝʜʩʪʚʠʷ ʧʨʠʥʠʤʘʝʤʳʭ ʨʝʰʝʥʠʡ[3]. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʢ 

ʧʨʠʤʝʥʝʥʠʶ ʤʝʪʦʜʘ ɼʇ ʜʣʷ ʨʝʰʝʥʠʷ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʟʘʜʘʯ ʨʘʟʣʠʯʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, 

ʘʥʘʣʠʟʝ ʧʨʠʤʝʨʦʚ ʝʛʦ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 
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ʚ ʠʥʚʝʩʪʠʮʠʷʭ, ʧʨʦʠʟʚʦʜʩʪʚʝ, ʣʦʛʠʩʪʠʢʝ, 

ʫʧʨʘʚʣʝʥʠʠ ʨʠʩʢʘʤʠ, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʧʝʨʩʧʝʢʪʠʚ ʠʥʪʝʛʨʘʮʠʠ ʩʦʚʨʝʤʝʥʥʳʭ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʘʥʘʣʠʟʘ ʙʦʣʴʰʠʭ 

ʜʘʥʥʳʭ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʠ ʘʜʘʧʪʠʚʥʦʩʪʠ 

ʨʝʰʝʥʠʡ. 

ʋʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʤʝʪʦʜʘ ɼʇ ʧʨʦʷʚʣʷʝʪʩʷ ʚ 

ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʰʝʥʠʷ ʩʣʦʞʥʳʭ ʤʥʦʛʦʧʝʨʠʦʜʥʳʭ 

ʟʘʜʘʯ ʦʧʪʠʤʠʟʘʮʠʠ, ʛʜʝ ʠʩʭʦʜʳ ʟʘʚʠʩʷʪ ʦʪ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʠ 

ʥʘʢʣʘʜʳʚʘʝʤʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʨʝʩʫʨʩʥʦʡ, 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʠʣʠ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʦʡ ʩʨʝʜʳ. 

ʇʨʠʤʝʥʝʥʠʝ ʨʝʢʫʨʩʠʚʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʧʦʟʚʦʣʷʝʪ 

ʜʝʢʦʤʧʦʟʠʨʦʚʘʪʴ ʤʥʦʛʦʧʝʨʠʦʜʥʫʶ ʟʘʜʘʯʫ ʥʘ 

ʧʦʜʟʘʜʘʯʠ ʠ ʜʦʩʪʦʚʝʨʥʦ ʦʧʨʝʜʝʣʷʪʴ ʦʧʪʠʤʘʣʴʥʳʝ 

ʩʪʨʘʪʝʛʠʠ ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʬʦʨʤʘʣʠʟʘʮʠʶ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ 

ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʨʝʰʝʥʠʡ. 

ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʤʝʪʦʜ ɼʇ ʧʨʠʦʙʨʝʪʘʝʪ ʚ 

ʠʥʚʝʩʪʠʮʠʦʥʥʦʤ ʧʣʘʥʠʨʦʚʘʥʠʠ ʠ ʫʧʨʘʚʣʝʥʠʠ 

ʧʦʨʪʬʝʣʷʤʠ, ʛʜʝ ʥʝʦʙʭʦʜʠʤʦ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʘʧʠʪʘʣʘ ʚʦ ʚʨʝʤʝʥʠ ʩ ʫʯʸʪʦʤ 

ʜʦʭʦʜʥʦʩʪʠ, ʨʠʩʢʘ ʠ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʤʝʞʜʫ ʘʢʪʠʚʘʤʠ. ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʧʦʟʚʦʣʷʝʪ 

ʬʦʨʤʘʣʠʟʦʚʘʪʴ ʢʦʤʧʨʦʤʠʩʩ ʤʝʞʜʫ ʢʨʘʪʢʦʩʨʦʯʥʦʡ 

ʣʠʢʚʠʜʥʦʩʪʴʶ ʠ ʜʦʣʛʦʩʨʦʯʥʦʡ ʜʦʭʦʜʥʦʩʪʴʶ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʩʠʩʪʝʤʥʦʝ ʫʧʨʘʚʣʝʥʠʝ 

ʠʥʚʝʩʪʠʮʠʦʥʥʳʤʠ ʨʠʩʢʘʤʠ ʠ ʠʥʪʝʛʨʘʮʠʶ ʩʪʨʘʪʝʛʠʡ 

ʨʝʙʘʣʘʥʩʠʨʦʚʢʠ ʧʦʨʪʬʝʣʷ ʚ ʤʥʦʛʦʧʝʨʠʦʜʥʦʤ 

ʛʦʨʠʟʦʥʪʝ. 

ɺ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ ʧʣʘʥʠʨʦʚʘʥʠʠ, 

ʫʧʨʘʚʣʝʥʠʠ ʟʘʧʘʩʘʤʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʨʝʩʫʨʩʦʚ 

ʤʝʪʦʜ ɼʇ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʩʪʨʦʝʥʠʝ ʩʪʨʘʪʝʛʠʡ 

ʦʧʪʠʤʘʣʴʥʦʡ ʟʘʛʨʫʟʢʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʤʦʱʥʦʩʪʝʡ, ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʳʨʴʷ ʠ 

ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ, ʤʠʥʠʤʠʟʘʮʠʠ ʩʦʚʦʢʫʧʥʳʭ 

ʠʟʜʝʨʞʝʢ ʠ ʧʦʜʜʝʨʞʘʥʠʷ ʥʝʧʨʝʨʳʚʥʦʩʪʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʫʩʣʦʚʠʷʭ 

ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʨʝʩʫʨʩʦʚ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʨʝʜʧʨʠʷʪʠʷʤ ʜʦʩʪʠʛʘʪʴ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʳ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ 

ʚʥʫʪʨʝʥʥʠʤ ʠ ʚʥʝʰʥʠʤ ʰʦʢʘʤ. 

ʌʠʥʘʥʩʦʚʦʝ ʠ ʙʶʜʞʝʪʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ 

ʪʘʢʞʝ ʧʦʣʫʯʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʦʪ 

ʧʨʠʤʝʥʝʥʠʷ ɼʇ, ʪʘʢ ʢʘʢ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʜʦʭʦʜʳ ʠ ʨʘʩʭʦʜʳ ʥʘ ʥʝʩʢʦʣʴʢʠʭ 

ʚʨʝʤʝʥʥʳʭ ʛʦʨʠʟʦʥʪʘʭ, ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʩʪʨʘʪʝʛʠʶ 

ʫʧʨʘʚʣʝʥʠʷ ʣʠʢʚʠʜʥʦʩʪʴʶ ʠ ʢʘʧʠʪʘʣʦʤ ʠ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʨʝʩʫʨʩʦʚ ʤʝʞʜʫ ʪʝʢʫʱʠʤʠ ʧʦʪʨʝʙʥʦʩʪʷʤʠ ʠ 

ʜʦʣʛʦʩʨʦʯʥʳʤʠ ʮʝʣʷʤʠ. ɺ ʜʘʥʥʦʤ ʢʦʥʪʝʢʩʪʝ ɼʇ 

ʬʦʨʤʘʣʠʟʫʝʪ ʤʫʣʴʪʠʧʝʨʠʦʜʥʳʝ ʵʬʬʝʢʪʳ ʠ ʩʦʟʜʘʝʪ 

ʦʩʥʦʚʫ ʜʣʷ ʧʨʠʥʷʪʠʷ ʦʙʦʩʥʦʚʘʥʥʳʭ 

ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. 

ʋʧʨʘʚʣʝʥʠʝ ʨʠʩʢʘʤʠ ʠ ʩʪʦʭʘʩʪʠʯʝʩʢʦʝ 

ʧʣʘʥʠʨʦʚʘʥʠʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʪʜʝʣʴʥʫʶ 

ʢʘʪʝʛʦʨʠʶ ʟʘʜʘʯ, ʛʜʝ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʬʘʢʪʦʨʦʚ ʚʥʝʰʥʝʡ ʠ ʚʥʫʪʨʝʥʥʝʡ ʩʨʝʜʳ. 

ɼʠʥʘʤʠʯʝʩʢʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ 

ʬʦʨʤʠʨʦʚʘʪʴ ʘʜʘʧʪʠʚʥʳʝ ʩʪʨʘʪʝʛʠʠ, 

ʤʠʥʠʤʠʟʠʨʫʶʱʠʝ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʧʦʪʝʨʠ ʠ 

ʧʦʚʳʰʘʶʱʠʝ ʫʩʪʦʡʯʠʚʦʩʪʴ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

ʢ ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʠʤ ʢʦʣʝʙʘʥʠʷʤ, ʮʝʥʦʚʦʡ 

ʚʦʣʘʪʠʣʴʥʦʩʪʠ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʨʠʩʢʘʤ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʨʠʩʢ-

ʤʝʥʝʜʞʤʝʥʪʘ. 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʟʘʜʘʯ ʧʦ 

ʫʢʘʟʘʥʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ɼʇ ʠ ʧʦʜʯʸʨʢʠʚʘʝʪ ʝʛʦ 

ʩʪʨʘʪʝʛʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪʘ 

ʠʥʪʝʛʨʘʮʠʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʤʝʪʦʜʦʚ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩ ʫʧʨʘʚʣʝʥʯʝʩʢʠʤ ʧʨʠʥʷʪʠʝʤ 

ʨʝʰʝʥʠʡ ʚ ʩʣʦʞʥʳʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. 

ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʧʨʠʤʝʥʝʥʠʷ ʚʢʣʶʯʘʶʪ 

ʩʪʨʦʛʫʶ ʬʦʨʤʘʣʠʟʘʮʠʶ ʤʥʦʛʦʧʝʨʠʦʜʥʳʭ ʟʘʜʘʯ, ʛʜʝ 

ʪʝʢʫʱʝʝ ʨʝʰʝʥʠʝ ʟʘʚʠʩʠʪ ʦʪ ʧʦʩʣʝʜʫʶʱʠʭ ʰʘʛʦʚ ʠ 

ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ [5]. 

ʌʦʨʤʘʣʠʟʘʮʠʷ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʧʠʩʘʥʠʝ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ, 

ʤʥʦʞʝʩʪʚʘ ʜʦʧʫʩʪʠʤʳʭ ʜʝʡʩʪʚʠʡ ʠ ʬʫʥʢʮʠʠ 

ʚʦʟʥʘʛʨʘʞʜʝʥʠʷ ʠʣʠ ʟʘʪʨʘʪ, ʟʘʚʠʩʷʱʝʡ ʦʪ 

ʚr ʙʨʘʥʥʳʭ ʨʝʰʝʥʠʡ. ɺ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʭ 

ʤʦʜʝʣʷʭ ʧʦʩʣʝʜʩʪʚʠʷ ʜʝʡʩʪʚʠʡ ʠʟʚʝʩʪʥʳ ʟʘʨʘʥʝʝ, ʚ 

ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ð ʫʯʠʪʳʚʘʶʪʩʷ ʚʝʨʦʷʪʥʦʩʪʥʳʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʦʙʳʪʠʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʤʦʜʝʣʠʨʦʚʘʪʴ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ ʠ ʦʮʝʥʠʚʘʪʴ 

ʨʠʩʢʠ. ʈʝʢʫʨʩʠʚʥʳʝ ʘʣʛʦʨʠʪʤʳ ʦʙʨʘʪʥʦʡ 

ʠʥʜʫʢʮʠʠ, ʧʨʷʤʦʝ ʨʝʢʫʨʩʠʚʥʦʝ ʚʳʯʠʩʣʝʥʠʝ ʠ 

ʩʠʤʫʣʷʮʠʠ ʄʦʥʪʝ-ʂʘʨʣʦ ʦʙʝʩʧʝʯʠʚʘʶʪ ʨʝʰʝʥʠʝ 

ʟʘʜʘʯ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʠ 

ʩʣʦʞʥʦʩʪʠ. 

ʀʥʪʝʛʨʘʮʠʷ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʧʨʦʛʥʦʟʦʚ ʩ 

ʵʢʦʥʦʤʝʪʨʠʯʝʩʢʠʤʠ ʦʮʝʥʢʘʤʠ ʠ ʘʣʛʦʨʠʪʤʘʤʠ 

ʦʧʪʠʤʠʟʘʮʠʠ ʬʦʨʤʠʨʫʝʪ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʫʶ ʙʘʟʫ 

ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʘʜʘʧʪʠʚʥʳʭ ʩʪʨʘʪʝʛʠʡ, ʯʪʦ ʧʨʠʜʘʸʪ 

ʤʝʪʦʜʫ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ (ɼʇ) 

ʠʩʢʣʶʯʠʪʝʣʴʥʫʶ ʮʝʥʥʦʩʪʴ ʚ ʩʬʝʨʝ ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ, ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʣʦʛʠʩʪʠʢʠ ʠ ʬʠʥʘʥʩʦʚʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ. ʊʘʢʦʡ 

ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʩʠʩʪʝʤʥʦ ʫʯʠʪʳʚʘʪʴ 

ʤʝʞʚʨʝʤʝʥʥʳʝ ʚʟʘʠʤʦʟʘʚʠʩʠʤʦʩʪʠ ʨʝʰʝʥʠʡ, ʘ 

ʪʘʢʞʝ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ ʚʥʝʰʥʝʡ ʩʨʝʜʳ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʮʝʣʦʩʪʥʦʩʪʴ ʘʥʘʣʠʟʘ ʤʥʦʛʦʧʝʨʠʦʜʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʠ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ 

ʨʝʰʝʥʠʡ [1]. 

ɺ ʦʙʣʘʩʪʠ ʠʥʚʝʩʪʠʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʠ 

ʫʧʨʘʚʣʝʥʠʷ ʧʦʨʪʬʝʣʴʥʳʤʠ ʘʢʪʠʚʘʤʠ ʜʠʥʘʤʠʯʝʩʢʦʝ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ (ɼʇ) ʚʳʩʪʫʧʘʝʪ ʢʣʶʯʝʚʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʤʥʦʛʦʧʝʨʠʦʜʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʘʧʠʪʘʣʘ, ʦʙʝʩʧʝʯʠʚʘʷ ʩʠʩʪʝʤʥʦʝ 

ʫʯʸʪʳ ʜʦʭʦʜʥʦʩʪʠ, ʨʠʩʢʦʚ ʠ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ 

ʩʚʷʟʝʡ ʤʝʞʜʫ ʬʠʥʘʥʩʦʚʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ ʬʦʨʤʘʣʠʟʦʚʘʪʴ 

ʢʦʤʧʨʦʤʠʩʩ ʤʝʞʜʫ ʣʠʢʚʠʜʥʦʩʪʴʶ ʚ ʢʨʘʪʢʦʩʨʦʯʥʦʡ 

ʧʝʨʩʧʝʢʪʠʚʝ ʠ ʜʦʭʦʜʥʦʩʪʴʶ ʚ ʜʦʣʛʦʩʨʦʯʥʦʤ 

ʛʦʨʠʟʦʥʪʝ, ʚʳʯʠʩʣʷʪʴ ʦʞʠʜʘʝʤʫʶ ʧʦʣʝʟʥʦʩʪʴ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʦʷʥʠʡ ʧʦʨʪʬʝʣʷ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ 

ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʫʙʳʪʢʠ, ʩʦʟʜʘʚʘʷ ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ 

ʦʩʥʦʚʫ ʜʣʷ ʚʳʨʘʙʦʪʢʠ ʩʪʨʘʪʝʛʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʳʭ 

ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʨʝʰʝʥʠʡ. 

ʉʪʦʭʘʩʪʠʯʝʩʢʠʝ ʨʘʩʰʠʨʝʥʠʷ ɼʇ 

ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʩʮʝʥʘʨʠʝʚ ʠʟʤʝʥʝʥʠʷ ʨʳʥʦʯʥʦʡ 

ʢʦʥʲʶʥʢʪʫʨʳ ʠ ʜʦʭʦʜʥʦʩʪʠ ʘʢʪʠʚʦʚ, ʚʢʣʶʯʘʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʛʥʦʟʥʳʭ ʜʘʥʥʳʭ, ʦʮʝʥʦʢ 
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ʚʦʣʘʪʠʣʴʥʦʩʪʠ ʠ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʘ 

ʪʘʢʞʝ ʠʥʪʝʛʨʘʮʠʶ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʩʦʙʳʪʠʡ, ʪʘʢʠʭ 

ʢʘʢ ʬʠʥʘʥʩʦʚʳʝ ʢʨʠʟʠʩʳ ʠ ʨʝʟʢʠʝ ʢʦʣʝʙʘʥʠʷ ʮʝʥ. 

ʊʘʢʘʷ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʘʷ ʵʚʦʣʶʮʠʷ ʧʦʟʚʦʣʷʝʪ 

ʬʦʨʤʘʣʠʟʦʚʘʪʴ ʩʪʨʘʪʝʛʠʯʝʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝ 

ʢʘʧʠʪʘʣʦʤ ʯʝʨʝʟ ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʦʮʝʥʢʫ 

ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʠ ʤʠʥʠʤʠʟʘʮʠʶ ʨʠʩʢʦʚ, ʯʪʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ ʥʘʜʝʞʥʦʩʪʴ ʧʨʠʥʠʤʘʝʤʳʭ 

ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʨʝʰʝʥʠʡ. 

ɿʘ ʧʨʝʜʝʣʘʤʠ ʬʠʥʘʥʩʦʚʦʛʦ ʩʝʢʪʦʨʘ ʤʝʪʦʜʳ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʥʘʭʦʜʷʪ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʪʨʘʭʦʚʦʡ ʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʠʥʜʫʩʪʨʠʠ. ɺ ʩʪʨʘʭʦʚʘʥʠʠ ɼʇ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ 

ʚʝʨʦʷʪʥʦʩʪʠ ʩʪʨʘʭʦʚʳʭ ʩʣʫʯʘʝʚ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʨʝʟʝʨʚʦʚ, ʪʦʛʜʘ ʢʘʢ ʚ ʵʥʝʨʛʝʪʠʢʝ ʩʪʦʭʘʩʪʠʯʝʩʢʠʝ 

ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʶʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʟʘʢʫʧʢʫ 

ʨʝʩʫʨʩʦʚ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʩ ʫʯʸʪʦʤ 

ʥʝʦʧʨʝʜʝʣʸʥʥʦʡ ʧʦʪʨʝʙʥʦʩʪʠ ʠ ʨʳʥʦʯʥʦʡ 

ʚʦʣʘʪʠʣʴʥʦʩʪʠ. ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ, 

ʢʦʨʧʦʨʘʪʠʚʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʢʘʧʠʪʘʣʴʥʳʭ 

ʚʣʦʞʝʥʠʡ ʦʧʠʨʘʝʪʩʷ ʥʘ ʠʥʪʝʛʨʘʮʠʶ 

ʵʢʦʥʦʤʝʪʨʠʯʝʩʢʠʭ ʧʨʦʛʥʦʟʦʚ ʠ ʚʝʨʦʷʪʥʦʩʪʥʳʭ 

ʩʮʝʥʘʨʠʝʚ, ʬʦʨʤʠʨʫʷ ʫʩʪʦʡʯʠʚʳʝ ʩʪʨʘʪʝʛʠʠ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ ʠ ʩʥʠʞʘʷ ʫʷʟʚʠʤʦʩʪʴ ʢ 

ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʰʦʢʘʤ. 

ɺ ʙʘʥʢʦʚʩʢʦʡ ʧʨʘʢʪʠʢʝ ʜʠʥʘʤʠʯʝʩʢʦʝ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ 

ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʢʨʝʜʠʪʥʳʤʠ 

ʧʦʨʪʬʝʣʷʤʠ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ 

ʜʝʬʦʣʪʦʚ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʨʝʟʝʨʚʦʚ ʣʠʢʚʠʜʥʦʩʪʠ. 

ʈʝʢʫʨʩʠʚʥʳʝ ʩʪʦʭʘʩʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʶʪ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʚʘʪʴ ʨʠʩʢ ʥʝʚʳʧʦʣʥʝʥʠʷ 

ʦʙʷʟʘʪʝʣʴʩʪʚ ʟʘʝʤʱʠʢʘʤʠ ʩ ʫʯʸʪʦʤ 

ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʩʦʟʜʘʚʘʷ 

ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʫʶ ʦʩʥʦʚʫ ʜʣʷ ʢʦʨʨʝʢʪʠʨʦʚʢʠ 

ʢʨʝʜʠʪʥʦʡ ʧʦʣʠʪʠʢʠ ʠ ʤʠʥʠʤʠʟʘʮʠʠ ʬʠʥʘʥʩʦʚʳʭ 

ʧʦʪʝʨʴ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʫʯʥʦ 

ʦʙʦʩʥʦʚʘʥʥʫʶ ʠʥʪʝʛʨʘʮʠʶ ʨʠʩʢ-ʤʝʥʝʜʞʤʝʥʪʘ ʠ 

ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʬʠʥʘʥʩʦʚʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʚ 

ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʸʥʥʦʡ ʠ ʜʠʥʘʤʠʯʥʦʡ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʨʝʜʳ. 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʩʠʩʪʝʤʘʭ ʜʠʥʘʤʠʯʝʩʢʦʝ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ (ɼʇ) ʩʣʫʞʠʪ ʠʥʩʪʨʫʤʝʥʪʦʤ 

ʩʠʩʪʝʤʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʫʧʨʘʚʣʝʥʠʷ ʤʘʪʝʨʠʘʣʴʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʠ 

ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʟʘʧʘʩʦʚ. ɺ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ ʩʪʦʭʘʩʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ɼʇ 

ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʟʘʢʫʧʦʢ ʪʦʧʣʠʚʘ 

ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʩ ʫʯʸʪʦʤ 

ʥʝʦʧʨʝʜʝʣʸʥʥʦʛʦ ʩʧʨʦʩʘ ʠ ʮʝʥʦʚʳʭ ʢʦʣʝʙʘʥʠʡ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʝʪʝʡ. ɸʥʘʣʦʛʠʯʥʦ, ʚ 

ʣʦʛʠʩʪʠʢʝ ɼʇ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ 

ʤʘʨʰʨʫʪʦʚ ʧʦʩʪʘʚʦʢ ʠ ʫʧʨʘʚʣʝʥʠʷ ʩʢʣʘʜʩʢʠʤʠ 

ʟʘʧʘʩʘʤʠ, ʠʥʪʝʛʨʠʨʫʷ ʚʝʨʦʷʪʥʦʩʪʥʳʝ ʟʘʜʝʨʞʢʠ ʠ 

ʜʠʥʘʤʠʢʫ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʛʦ ʩʧʨʦʩʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʠʟʜʝʨʞʢʠ ʠ ʧʦʚʳʰʘʪʴ ʥʘʜʸʞʥʦʩʪʴ 

ʮʝʧʦʯʝʢ ʧʦʩʪʘʚʦʢ. 

ʅʘ ʫʨʦʚʥʝ ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʩʪʘʥʦʚʠʪʩʷ ʠʥʩʪʨʫʤʝʥʪʦʤ 

ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʙʶʜʞʝʪʠʨʦʚʘʥʠʷ ʠ ʦʧʪʠʤʠʟʘʮʠʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʨʝʩʫʨʩʦʚ. ɼʘʥʥʳʝ 

ʧʦʜʭʦʜʳ ʧʦʟʚʦʣʷʶʪ ʬʦʨʤʘʣʠʟʦʚʘʪʴ 

ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʦʮʝʥʢʫ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ 

ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʩ ʫʯʸʪʦʤ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʠʭ, 

ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʭ ʠ ʩʦʮʠʘʣʴʥʳʭ ʬʘʢʪʦʨʦʚ, ʩʦʟʜʘʚʘʷ 

ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʫʶ ʦʩʥʦʚʫ ʜʣʷ ʚʳʨʘʙʦʪʢʠ 

ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʡ ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ ʠ ʬʠʥʘʥʩʦʚʦʡ 

ʧʦʣʠʪʠʢʠ. ɺʥʝʜʨʝʥʠʝ ʵʪʠʭ ʤʦʜʝʣʝʡ ʧʦʚʳʰʘʝʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʬʠʥʘʥʩʘʤʠ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʜʦʣʛʦʩʨʦʯʥʳʭ ʧʨʦʛʨʘʤʤ ʠ ʩʥʠʞʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ 

ʧʨʦʷʚʣʝʥʠʷ ʩʠʩʪʝʤʥʳʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʨʠʩʢʦʚ [4]. 

ʈʘʟʚʠʪʠʝ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʵʢʦʥʦʤʠʢʠ 

ʦʪʢʨʳʚʘʶʪ ʥʦʚʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ 

ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʀʥʪʝʛʨʘʮʠʷ ʩ ʤʝʪʦʜʘʤʠ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʠʥʩʪʨʫʤʝʥʪʘʨʠʝʤ ʘʥʘʣʠʟʘ 

ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ ʬʦʨʤʠʨʦʚʘʪʴ 

ʚʳʩʦʢʦʪʦʯʥʳʝ ʧʨʦʛʥʦʟʥʳʝ ʤʦʜʝʣʠ, ʚʳʷʚʣʷʪʴ 

ʩʣʦʞʥʳʝ ʥʝʣʠʥʝʡʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ 

ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʠ ʦʧʝʨʘʪʠʚʥʦ 

ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʫʧʨʘʚʣʝʥʯʝʩʢʠʝ ʩʪʨʘʪʝʛʠʠ. ʊʘʢʦʡ 

ʩʠʥʪʝʟ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʩʠʣʠʚʘʝʪ ʘʜʘʧʪʠʚʥʦʩʪʴ ʤʦʜʝʣʝʡ, ʧʦʚʳʰʘʝʪ 

ʪʦʯʥʦʩʪʴ ʧʨʦʛʥʦʟʦʚ ʠ ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʡ, ʬʦʨʤʠʨʫʷ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʫʶ ʧʣʘʪʬʦʨʤʫ 

ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ ʚ 

ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʡ ʜʠʥʘʤʠʢʠ ʠ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ 

ʨʳʥʦʯʥʦʡ ʩʨʝʜʳ. 

ʈʘʩʰʠʨʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ (ɼʇ) ʚ ʩʦʚʨʝʤʝʥʥʳʭ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ 

ʙʣʘʛʦʜʘʨʷ ʠʥʪʝʛʨʘʮʠʠ ʩ ʮʠʬʨʦʚʳʤʠ ʩʠʤʫʣʷʮʠʷʤʠ ʠ 

ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʤʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ 

ʧʣʘʪʬʦʨʤʘʤʠ. ʊʘʢʦʡ ʩʠʥʪʝʟ ʧʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ 

ʟʘʜʘʯʠ ʚʳʩʦʢʦʡ ʨʘʟʤʝʨʥʦʩʪʠ, ʨʘʥʝʝ ʩʯʠʪʘʚʰʠʝʩʷ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦ ʥʝʧʦʩʠʣʴʥʳʤʠ, ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʯʸʪ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʚʟʘʠʤʦʟʘʚʠʩʠʤʳʭ ʬʘʢʪʦʨʦʚ ʠ 

ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʩʮʝʥʘʨʠʝʚ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ 

ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ɼʇ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʠʣʘʩʴ, 

ʚʢʣʶʯʘʷ ʩʪʨʘʪʝʛʠʯʝʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʬʠʥʘʥʩʦʚʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʠ ʣʦʛʠʩʪʠʯʝʩʢʠʝ 

ʧʨʦʮʝʩʩʳ, ʛʜʝ ʥʝʦʙʭʦʜʠʤʦ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʫʯʠʪʳʚʘʪʴ ʤʥʦʛʦʤʝʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠ 

ʚʝʨʦʷʪʥʦʩʪʥʳʝ ʵʬʬʝʢʪʳ. 

ʆʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʶʪ 

ʛʠʙʨʠʜʥʳʝ ʤʦʜʝʣʠ, ʢʦʪʦʨʳʝ ʦʙʲʝʜʠʥʷʶʪ 

ʜʠʥʘʤʠʯʝʩʢʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʩ 

ʵʢʦʥʦʤʝʪʨʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ, ʪʝʦʨʠʷʤʠ 

ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʩʠʤʫʣʷʮʠʦʥʥʳʤʠ ʧʦʜʭʦʜʘʤʠ. 

ʇʦʜʦʙʥʘʷ ʠʥʪʝʛʨʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʩʠʥʪʝʟʠʨʦʚʘʪʴ 

ʵʤʧʠʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʧʨʦʛʥʦʟʥʳʝ ʦʮʝʥʢʠ ʠ 

ʫʧʨʘʚʣʝʥʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʚ ʝʜʠʥʫʶ ʢʦʛʝʨʝʥʪʥʫʶ 

ʤʦʜʝʣʴ, ʧʦʚʳʰʘʷ ʪʦʯʥʦʩʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ 

ʘʥʘʣʠʟʘ ʠ ʦʙʝʩʧʝʯʠʚʘʷ ʜʦʣʛʦʩʨʦʯʥʫʶ 

ʩʪʨʘʪʝʛʠʯʝʩʢʫʶ ʦʧʪʠʤʠʟʘʮʠʶ. ʕʪʠ ʧʦʜʭʦʜʳ 

ʬʦʨʤʠʨʫʶʪ ʪʝʦʨʝʪʠʢʦ-ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʫʶ ʙʘʟʫ ʜʣʷ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʩʮʝʥʘʨʥʦʛʦ 

ʘʥʘʣʠʟʘ, ʯʪʦ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦ ʜʣʷ ʩʦʚʨʝʤʝʥʥʳʭ 
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ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ 

ʚʳʩʦʢʦʡ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴʶ [2]. 

ʈʘʟʚʠʪʠʝ ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʳ ʠ 

ʩʪʘʥʜʘʨʪʠʟʘʮʠʷ ʤʝʪʦʜʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʦʟʜʘʶʪ 

ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʳʝ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʰʠʨʦʢʦʛʦ 

ʚʥʝʜʨʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚ 

ʧʨʘʢʪʠʢʫ ʫʧʨʘʚʣʝʥʠʷ ʨʝʩʫʨʩʘʤʠ. ʎʠʬʨʦʚʠʟʘʮʠʷ 

ʧʨʦʮʝʩʩʦʚ, ʬʦʨʤʘʣʠʟʘʮʠʷ ʧʨʦʮʝʜʫʨ ʠ ʚʥʝʜʨʝʥʠʝ 

ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʫʧʨʘʚʣʝʥʠʷ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʝ ʪʦʣʴʢʦ ʧʦʚʳʰʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʥʦ ʠ ʦʧʪʠʤʠʟʘʮʠʶ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʩʫʨʩʦʚ, ʩʥʠʞʝʥʠʝ ʦʧʝʨʘʮʠʦʥʥʳʭ ʠ 

ʬʠʥʘʥʩʦʚʳʭ ʨʠʩʢʦʚ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʚʥʝʰʥʠʭ ʠ 

ʚʥʫʪʨʝʥʥʠʭ ʰʦʢʦʚ. ʕʪʦ ʩʦʟʜʘʸʪ ʫʩʣʦʚʠʷ ʜʣʷ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ɼʇ ʥʘ ʤʠʢʨʦ- ʠ 

ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʦʤ ʫʨʦʚʥʷʭ, ʬʦʨʤʠʨʫʷ ʦʩʥʦʚʫ 

ʜʣʷ ʘʜʘʧʪʠʚʥʦʛʦ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. 

ʄʝʪʦʜ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

ʷʚʣʷʝʪʩʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ 

ʘʥʘʣʠʟʘ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, 

ʦʪʣʠʯʘʶʱʠʭʩʷ ʤʥʦʛʦʧʝʨʠʦʜʥʦʡ ʜʠʥʘʤʠʢʦʡ, 

ʦʛʨʘʥʠʯʝʥʥʦʩʪʴʶ ʨʝʩʫʨʩʦʚ ʠ ʩʪʦʭʘʩʪʠʯʝʩʢʦʡ 

ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴʶ. ʇʨʠʤʝʥʝʥʠʝ ɼʇ ʚ ʫʧʨʘʚʣʝʥʠʠ 

ʠʥʚʝʩʪʠʮʠʦʥʥʳʤʠ ʧʦʨʪʬʝʣʷʤʠ, ʦʮʝʥʢʝ ʢʨʝʜʠʪʥʳʭ 

ʨʠʩʢʦʚ, ʧʣʘʥʠʨʦʚʘʥʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʤʦʱʥʦʩʪʝʡ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʮʝʧʦʯʝʢ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʝʛʦ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʠ ʩʧʦʩʦʙʥʦʩʪʴ 

ʦʙʲʝʜʠʥʷʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʤʝʪʦʜʳ, 

ʚʝʨʦʷʪʥʦʩʪʥʳʝ ʩʮʝʥʘʨʠʠ ʠ ʫʧʨʘʚʣʝʥʯʝʩʢʠʝ 

ʨʝʰʝʥʠʷ ʚ ʠʥʪʝʛʨʠʨʦʚʘʥʥʫʶ ʘʥʘʣʠʪʠʯʝʩʢʫʶ 

ʤʦʜʝʣʴ. ʊʘʢʘʷ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʘʷ ʠʥʪʝʛʨʘʮʠʷ 

ʧʦʟʚʦʣʷʝʪ ʩʠʩʪʝʤʥʦ ʬʦʨʤʘʣʠʟʦʚʘʪʴ 

ʤʥʦʛʦʧʝʨʠʦʜʥʳʝ ʩʪʨʘʪʝʛʠʠ ʠ ʦʮʝʥʠʚʘʪʴ 

ʧʦʩʣʝʜʩʪʚʠʷ ʨʝʰʝʥʠʡ ʥʘ ʨʘʟʥʳʭ ʛʦʨʠʟʦʥʪʘʭ 

ʧʣʘʥʠʨʦʚʘʥʠʷ. 

ʌʦʨʤʘʣʠʟʘʮʠʷ ʩʪʨʘʪʝʛʠʡ ʩ ʫʯʸʪʦʤ 

ʚʝʨʦʷʪʥʦʩʪʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʩʭʦʜʦʚ ʨʝʘʣʠʟʫʝʪʩʷ 

ʯʝʨʝʟ ʩʪʦʭʘʩʪʠʯʝʩʢʠʝ ʠ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʝ 

ʚʘʨʠʘʥʪʳ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʧʦʪʝʨʠ 

ʠ ʫʩʠʣʠʚʘʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʢ 

ʚʥʫʪʨʝʥʥʠʤ ʠ ʚʥʝʰʥʠʤ ʰʦʢʘʤ. ʇʨʠʤʝʥʝʥʠʝ 

ʩʦʚʨʝʤʝʥʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʘʣʛʦʨʠʪʤʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʤʝʪʦʜʦʚ 

ʘʥʘʣʠʟʘ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ 

ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʤʘʩʰʪʘʙʥʦʩʪʠ ʠ ʪʦʯʥʦʩʪʠ ʤʦʜʝʣʝʡ, 

ʠʥʪʝʛʨʠʨʫʷ ʩʣʦʞʥʳʝ ʢʦʨʨʝʣʷʮʠʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʧʝʨʝʤʝʥʥʳʭ ʠ ʜʠʥʘʤʠʢʫ ʤʘʢʨʦ- ʠ 

ʤʠʢʨʦʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʘ ʪʘʢʞʝ ʬʦʨʤʠʨʫʷ 

ʘʜʘʧʪʠʚʥʳʝ ʩʮʝʥʘʨʠʠ ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ ʨʳʥʦʯʥʳʝ 

ʢʦʣʝʙʘʥʠʷ. 

ʉʠʩʪʝʤʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ 

ʨʝʩʫʨʩʘʤʠ ʧʦʣʫʯʘʝʪ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ 

ʙʣʘʛʦʜʘʨʷ ʠʥʪʝʛʨʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚ ʩʪʨʘʪʝʛʠʯʝʩʢʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ. 

ʊʘʢʦʡ ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʧʪʠʤʠʟʘʮʠʶ 

ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʧʦʚʳʰʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʘʧʠʪʘʣʘ ʠ ʨʝʩʫʨʩʦʚ, 

ʘ ʪʘʢʞʝ ʫʢʨʝʧʣʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʘʛʝʥʪʦʚ ʠ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʚ ʫʩʣʦʚʠʷʭ 

ʚʳʩʦʢʦʡ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʠ ʙʳʩʪʨʦ 

ʠʟʤʝʥʷʶʱʝʡʩʷ ʩʨʝʜʳ. ɼʇ ʚʳʩʪʫʧʘʝʪ ʢʘʢ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʩʠʥʪʝʟʘ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ, ʩʮʝʥʘʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ, 

ʬʦʨʤʠʨʫʷ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʫʶ ʧʣʘʪʬʦʨʤʫ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʤʝʥʝʜʞʤʝʥʪʘ. 
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ʇʈʀʅʗʊʀɽ ʈɽʐɽʅʀʁ ɺ ʋʉʃʆɺʀʗʍ 

ʅɽʆʇʈɽɼɽʃɽʅʅʆʉʊʀ 

 

ɼʦʥʝʚ ɼʤʠʪʨʠʡ ɼʤʠʪʨʠʝʚʠʯ 

ʢʘʥʜʠʜʘʪ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

 

ɼʤʠʪʨʠʝʥʢʦ ʂʩʝʥʠʷ ɸʥʜʨʝʝʚʥʘ 

ʉʪʫʜʝʥʪ 

ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʠʡ ʠʥʩʪʠʪʫʪ-ʬʠʣʠʘʣ  ʬʝʜʝʨʘʣʴʥʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ  

ʫʯʨʝʞʜʝʥʠʷ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ çʈʦʩʩʠʡʩʢʘʷ 

ʘʢʘʜʝʤʠʷ  ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 

ʩʣʫʞʙʳ ʧʨʠ ʇʨʝʟʠʜʝʥʪʝ  ʈʦʩʩʠʡʩʢʦʡʌʝʜʝʨʘʮʠʠè  

ʛ. ʇʷʪʠʛʦʨʩʢ 
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ɸʅʅʆʊɸʎʀʗ 

ɺ ʩʪʘʪʴʝ ʠʩʩʣʝʜʫʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ, 

ʧʨʦʷʚʣʷʶʱʝʡʩʷ ʚ ʬʦʨʤʝ ʧʦʣʥʦʡ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ, ʯʘʩʪʠʯʥʦʡ ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ, ʨʠʩʢʘ ʠ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʠʟʤʝʥʯʠʚʦʩʪʠ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʝ ʤʝʪʦʜʳ ʠ ʚʝʨʦʷʪʥʦʩʪʥʳʝ ʧʦʜʭʦʜʳ, 

ʧʨʦʚʦʜʠʪʩʷ ʠʭ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩ ʘʢʮʝʥʪʦʤ ʥʘ ʚʦʟʤʦʞʥʦʩʪʠ ʠʥʪʝʛʨʘʮʠʠ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ 

ʩʠʩʪʝʤʥʦʤʫ ʧʦʜʭʦʜʫ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʥʘʜʸʞʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʥʠʤʘʝʤʳʭ ʨʝʰʝʥʠʡ. 

ʇʦʢʘʟʘʥʦ, ʢʘʢ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʩʧʦʩʦʙʩʪʚʫʝʪ ʤʠʥʠʤʠʟʘʮʠʠ ʨʠʩʢʦʚ ʦʰʠʙʦʢ 

ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ ʚ ʫʩʣʦʚʠʷʭ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʤʥʦʛʦʚʘʨʠʘʥʪʥʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ, ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ, ʪʝʦʨʠʷ ʠʛʨ, ʚʝʨʦʷʪʥʦʩʪʥʳʝ ʤʦʜʝʣʠ, 

ʩʪʨʘʪʝʛʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ, ʦʧʪʠʤʠʟʘʮʠʷ ʚʳʙʦʨʘ 

 

ABSTRACT 

The article explores the features of the decision-making process under conditions of uncertainty, which manifests 

itself in the form of complete uncertainty, partial information, risk, and dynamic variability of the external environment. 

Deterministic methods and probabilistic approaches are considered, and their comparative analysis is conducted with a 

focus on integration capabilities. Special attention is given to the systemic approach, which enhances the reliability and 

effectiveness of decision-making. The article demonstrates how the combined use of various methods minimizes the 

risks of errors and ensures the stability of systems in unstable and multi-variant environments. 

Keywords: uncertainty, decision-making, game theory, probabilistic models, strategic behavior, optimization of 

choice 

 

ʉʦʚʨʝʤʝʥʥʳʝ ʵʢʦʥʦʤʠʯʝʩʢʠʝ, ʩʦʮʠʘʣʴʥʳʝ ʠ 

ʫʧʨʘʚʣʝʥʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʥʝʚʦʟʤʦʞʥʦ ʥʘʟʚʘʪʴ 

ʧʨʝʜʩʢʘʟʫʝʤʳʤʠ. ʆʥʠ ʧʦʩʪʦʷʥʥʦ ʤʝʥʷʶʪʩʷ, ʠ, ʯʪʦ 

ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ, ʵʪʠ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦ ʧʨʦʠʩʭʦʜʷʪ 

ʭʘʦʪʠʯʥʦ ʠ ʥʝʧʨʝʜʩʢʘʟʫʝʤʦ. ɺʳʩʦʢʘʷ ʩʪʝʧʝʥʴ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ð ʵʪʦ ʥʝ ʧʨʦʩʪʦ ʘʙʩʪʨʘʢʪʥʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʘ ʨʝʘʣʴʥʳʡ ʚʳʟʦʚ, ʩ ʢʦʪʦʨʳʤ 

ʩʪʘʣʢʠʚʘʶʪʩʷ ʦʨʛʘʥʠʟʘʮʠʠ, ʛʦʩʫʜʘʨʩʪʚʘ ʠ 

ʦʪʜʝʣʴʥʳʝ ʠʥʜʠʚʠʜʳ. ʇʨʠʯʠʥʳ ʵʪʦʡ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʤʥʦʛʦʦʙʨʘʟʥʳ: ʚʥʝʰʥʷʷ ʩʨʝʜʘ 

ʤʦʞʝʪ ʨʝʟʢʦ ʠʟʤʝʥʷʪʴʩʷ, ʠʥʬʦʨʤʘʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʘ 

ʥʝʨʘʚʥʦʤʝʨʥʦ, ʨʝʩʫʨʩʳ ʦʛʨʘʥʠʯʝʥʳ, ʘ ʧʦʩʣʝʜʩʪʚʠʷ 

ʧʨʠʥʷʪʳʭ ʨʝʰʝʥʠʡ ʥʝ ʚʩʝʛʜʘ ʦʯʝʚʠʜʥʳ. ɺ ʪʘʢʠʭ 

ʫʩʣʦʚʠʷʭ ʧʨʠʚʳʯʥʳʝ ʤʝʪʦʜʳ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ 

ʦʧʪʠʤʠʟʘʮʠʠ, ʢʦʪʦʨʳʝ ʢʦʛʜʘ-ʪʦ ʨʘʙʦʪʘʣʠ ʥʘʜʝʞʥʦ, 

ʦʢʘʟʳʚʘʶʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʳʤʠ, ʠʥʦʛʜʘ ʜʘʞʝ 

ʚʚʦʜʷʱʠʤʠ ʚ ʟʘʙʣʫʞʜʝʥʠʝ. ʇʦʷʚʣʷʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʜʭʦʜʳ, ʩʧʦʩʦʙʥʳʝ 

ʫʯʠʪʳʚʘʪʴ ʫʩʣʦʚʠʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ, ʩʨʝʜʠ 

ʢʦʪʦʨʳʭ ʚʳʜʝʣʷʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʢʣʶʯʝʚʳʭ ʪʠʧʦʚ. 

ɼʣʷ ʬʦʨʤʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʚʳʙʦʨʘ 

ʦʧʪʠʤʘʣʴʥʦʡ ʘʣʴʪʝʨʥʘʪʠʚʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʘʪʨʠʮʘ 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʛʜʝ ʢʘʞʜʘʷ ʩʪʨʦʢʘ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʘʣʴʪʝʨʥʘʪʠʚʝ, ʘ ʢʘʞʜʳʡ ʩʪʦʣʙʝʮ ð 

ʚʦʟʤʦʞʥʦʤʫ ʩʮʝʥʘʨʠʶ ʨʘʟʚʠʪʠʷ ʩʦʙʳʪʠʡ. ɿʥʘʯʝʥʠʷ 

Cij ʦʪʨʘʞʘʶʪ ʫʨʦʚʝʥʴ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʚʳʙʨʘʥʥʦʡ 

ʘʣʴʪʝʨʥʘʪʠʚʳ ʧʨʠ ʦʧʨʝʜʝʣʸʥʥʦʡ ʩʠʪʫʘʮʠʠ (ʤʘʪʨʠʮʘ 

ʚr ʠʛʨʳʰʝʡ) 

 

ɺʘʨʠʘʥʪʳ 

ʘʣʴʪʝʨʥʘʪʠʚ 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ 

ɺʘʨʠʘʥʪʳ ʩʠʪʫʘʮʠʡ ʨʘʟʚʠʪʠʷ ʩʦʙʳʪʠʡ 

B1 B2 é Bn 

A1 C11 C12 é C1n 

A2 C21 C22 é C2n 

é é é é é 

An Cn1 Cn2 é Cnn 

¶ Ai  ð ʚʘʨʠʘʥʪʳ ʘʣʴʪʝʨʥʘʪʠʚ ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʡ. 

¶ Bj ð ʚʘʨʠʘʥʪʳ ʩʠʪʫʘʮʠʡ ʨʘʟʚʠʪʠʷ 

ʩʦʙʳʪʠʡ. 
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¶ Cij ð ʢʦʥʢʨʝʪʥʳʡ ʫʨʦʚʝʥʴ 

ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʘʣʴʪʝʨʥʘʪʠʚʳ Ai ʧʨʠ ʩʠʪʫʘʮʠʠ 

Bj. 

ʕʪʘ ʤʘʪʨʠʮʘ ʦʪʨʘʞʘʝʪ ʚʩʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʤʝʞʜʫ ʘʣʴʪʝʨʥʘʪʠʚʘʤʠ ʠ 

ʩʮʝʥʘʨʠʷʤʠ, ʷʚʣʷʷʩʴ ʦʜʥʠʤ ʠʟ ʚʠʜʦʚ ʤʘʪʨʠʮʳ 

ʚʳʠʛʨʳʰʝʡ. ʆʥʘ ʩʣʫʞʠʪ ʦʩʥʦʚʦʡ ʜʣʷ ʨʘʩʯʝʪʘ 

ʣʫʯʰʝʛʦ ʨʝʰʝʥʠʷ ʧʦ ʚʳʙʨʘʥʥʦʤʫ ʢʨʠʪʝʨʠʶ, ʩ 

ʫʯʝʪʦʤ ʨʘʟʣʠʯʠʡ ʚ ʤʝʪʦʜʦʣʦʛʠʠ ʨʘʩʯʝʪʘ ʜʣʷ 

ʫʩʣʦʚʠʡ ʨʠʩʢʘ ʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ[3]. 

ʏʘʩʪʠʯʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʫʨʦʚʝʥʴ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ. ɿʜʝʩʴ 

ʠʟʚʝʩʪʥʳ ʚʝʨʦʷʪʥʦʩʪʠ ʥʝʢʦʪʦʨʳʭ ʠʩʭʦʜʦʚ, ʥʦ 

ʜʘʥʥʳʝ ʯʘʩʪʦ ʥʝʧʦʣʥʳʝ ʠʣʠ ʬʨʘʛʤʝʥʪʘʨʥʳʝ. ɺ 

ʪʘʢʠʭ ʩʠʪʫʘʮʠʷʭ ʨʘʮʠʦʥʘʣʴʥʦ ʧʨʠʤʝʥʷʪʴ 

ʙʘʡʝʩʦʚʩʢʠʡ ʧʦʜʭʦʜ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ 

ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʚʝʨʦʷʪʥʦʩʪʥʳʝ ʦʮʝʥʢʠ ʧʦ ʤʝʨʝ 

ʧʦʩʪʫʧʣʝʥʠʷ ʥʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʕʪʦʪ ʤʝʪʦʜ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʠʙʢʦʩʪʴ ʠ ʜʠʥʘʤʠʯʝʩʢʫʶ ʘʜʘʧʪʘʮʠʶ 

ʩʪʨʘʪʝʛʠʠ, ʧʦʟʚʦʣʷʷ ʫʯʠʪʳʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʪʝʢʫʱʠʝ 

ʜʘʥʥʳʝ, ʥʦ ʠ ʠʟʤʝʥʷʶʱʠʝʩʷ ʫʩʣʦʚʠʷ ʩʨʝʜʳ, ʘ ʪʘʢʞʝ 

ʧʦʷʚʣʝʥʠʝ ʥʦʚʳʭ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ 

ʨʝʟʫʣʴʪʘʪ. ɹʘʡʝʩʦʚʩʢʠʡ ʘʥʘʣʠʟ ʧʦʤʦʛʘʝʪ ʧʨʠʥʠʤʘʪʴ 

ʨʝʰʝʥʠʷ, ʤʠʥʠʤʠʟʠʨʫʷ ʨʠʩʢ ʦʰʠʙʦʢ, ʠ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʦʮʝʥʢʠ 

ʚʝʨʦʷʪʥʦʩʪʝʡ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ 

ʦʙʦʩʥʦʚʘʥʥʦʩʪʴ ʩʪʨʘʪʝʛʠʡ ʚ ʫʩʣʦʚʠʷʭ ʯʘʩʪʠʯʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ. 

ɺ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʠʩʭʦʜʳ ʩʦʙʳʪʠʡ 

ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʳ ʚʝʨʦʷʪʥʦʩʪʥʳʤʠ ʟʘʢʦʥʘʤʠ, ʨʠʩʢ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʥʦʝ 

ʠʟʤʝʨʝʥʠʝ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ, ʧʦʟʚʦʣʷʶʱʝʝ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʚʘʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʚʦʟʤʦʞʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ɺ ʧʦʜʦʙʥʳʭ ʢʦʥʪʝʢʩʪʘʭ 

ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʧʦʩʪʨʦʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ, ʫʯʠʪʳʚʘʶʱʠʭ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 

ʦʞʠʜʘʝʤʦʡ ʧʦʣʝʟʥʦʩʪʠ, ʜʠʩʧʝʨʩʠʶ ʠʩʭʦʜʦʚ ʠ 

ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʧʨʦʛʥʦʟʠʨʫʝʤʳʭ 

ʩʮʝʥʘʨʠʝʚ. ɸʜʝʢʚʘʪʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʨʠʩʢʦʤ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʩ ʫʯʸʪʦʤ ʢʘʢ ʚʝʨʦʷʪʥʦʡ ʧʨʠʙʳʣʠ, ʪʘʢ 

ʠ ʚʝʨʦʷʪʥʦʩʪʠ ʥʘʩʪʫʧʣʝʥʠʷ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ 

ʩʦʙʳʪʠʡ, ʯʪʦ ʠʤʝʝʪ ʢʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʦʨʛʘʥʠʟʘʮʠʡ ʠ ʩʠʩʪʝʤ, ʛʜʝ ʜʘʞʝ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ 

ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʧʨʦʛʥʦʟʘ ʩʧʦʩʦʙʥʳ ʚʳʟʚʘʪʴ 

ʩʫʱʝʩʪʚʝʥʥʳʝ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʠʣʠ ʩʦʮʠʘʣʴʥʳʝ 

ʧʦʩʣʝʜʩʪʚʠʷ. 

ʀʟʤʝʥʯʠʚʦʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʨʝʜʳ ʚʦ 

ʚʨʝʤʝʥʠ ʧʦʜʯʝʨʢʠʚʘʝʪ ʜʠʥʘʤʠʯʝʩʢʫʶ ʧʨʠʨʦʜʫ 

ʧʨʦʮʝʩʩʦʚ ʠ ʦʛʨʘʥʠʯʠʚʘʝʪ ʧʨʠʤʝʥʠʤʦʩʪʴ 

ʩʪʘʪʠʯʝʩʢʠʭ ʧʨʦʛʥʦʟʦʚ. ɺ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ 

ʠʤʠʪʘʮʠʦʥʥʳʝ ʤʝʪʦʜʳ, ʚʢʣʶʯʘʷ ʩʪʦʭʘʩʪʠʯʝʩʢʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʤʝʪʦʜʦʤ ʄʦʥʪʝ-ʂʘʨʣʦ, ʩʪʘʥʦʚʷʪʩʷ 

ʢʣʶʯʝʚʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʘʥʘʣʠʟʘ, ʧʦʟʚʦʣʷʷ 

ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʚʝʨʦʷʪʥʦʩʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʚʳʷʚʣʷʪʴ ʩʣʦʞʥʳʝ, ʥʝʣʠʥʝʡʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʘʣʴʪʝʨʥʘʪʠʚʘʤʠ ʠ ʠʩʭʦʜʘʤʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʠʭ ʤʝʪʦʜʦʚ ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʪʨʘʪʝʛʠʡ ʢ ʵʢʩʪʨʝʤʘʣʴʥʳʤ 

ʩʦʙʳʪʠʷʤ, ʦʮʝʥʠʚʘʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʩʠʩʪʝʤ ʢ 

ʠʟʤʝʥʝʥʠʷʤ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʠ ʧʨʝʜʩʢʘʟʳʚʘʪʴ 

ʨʝʜʢʠʝ, ʥʦ ʢʨʠʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʩʮʝʥʘʨʠʠ. 

ʂʦʤʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ 

ʪʨʝʙʫʝʪ ʠʥʪʝʛʨʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʧʦʜʭʦʜʦʚ, 

ʫʯʠʪʳʚʘʶʱʠʭ ʢʘʢ ʠʟʚʝʩʪʥʳʝ ʚʝʨʦʷʪʥʦʩʪʠ, ʪʘʢ ʠ 

ʜʠʥʘʤʠʯʝʩʢʫʶ ʠʟʤʝʥʯʠʚʦʩʪʴ ʩʨʝʜʳ. ʕʪʠ ʫʩʣʦʚʠʷ 

ʬʦʨʤʠʨʫʶʪ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʡ ʢʘʨʢʘʩ ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʡ, ʦʧʨʝʜʝʣʷʷ ʚʳʙʦʨ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ, ʩʪʝʧʝʥʴ ʜʦʧʫʩʪʠʤʦʛʦ ʨʠʩʢʘ ʠ 

ʢʦʥʩʝʨʚʘʪʠʚʥʦʩʪʴ ʩʪʨʘʪʝʛʠʠ, ʘ ʪʘʢʞʝ ʧʦʜʭʦʜ ʢ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʠ ʦʙʨʘʙʦʪʢʝ ʠʥʬʦʨʤʘʮʠʠ. 

ɺʢʣʶʯʝʥʠʝ ʚʩʝʭ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʘʩʧʝʢʪʦʚ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʘʜʘʧʪʠʚʥʳʭ ʠ 

ʫʩʪʦʡʯʠʚʳʭ ʨʝʰʝʥʠʡ, ʧʦʚʳʰʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʫʧʨʘʚʣʝʥʠʷ ʠ ʩʥʠʞʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʩʠʩʪʝʤʥʳʭ 

ʦʰʠʙʦʢ ʜʘʞʝ ʧʨʠ ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʠʣʠ ʙʳʩʪʨʦʤ 

ʫʩʪʘʨʝʚʘʥʠʠ ʠʩʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ[5]. 

ʂʣʘʩʩʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʚ 

ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʢʨʘʝʫʛʦʣʴʥʳʡ ʢʘʤʝʥʴ ʪʝʦʨʠʠ ʫʧʨʘʚʣʝʥʠʷ ʠ 

ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ. ʆʥʠ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʵʧʦʭʫ, 

ʢʦʛʜʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʚʝʨʦʷʪʥʦʩʪʥʦʡ ʩʪʨʫʢʪʫʨʝ 

ʠʩʭʦʜʦʚ ʙʳʣʘ ʢʨʘʡʥʝ ʦʛʨʘʥʠʯʝʥʘ, ʠ ʦʩʥʦʚʥʦʡ 

ʟʘʜʘʯʝʡ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʪʴ 

ʩʪʨʘʪʝʛʠʠ, ʩʧʦʩʦʙʥʳʝ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʥʝʛʘʪʠʚʥʳʝ 

ʧʦʩʣʝʜʩʪʚʠʷ ʠʣʠ, ʥʘʧʨʦʪʠʚ, ʵʬʬʝʢʪʠʚʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ. ɺ 

ʘʨʩʝʥʘʣʝ ʵʪʠʭ ʤʝʪʦʜʦʚ ʦʩʦʙʝʥʥʦ ʚʳʜʝʣʷʶʪʩʷ 

ʢʨʠʪʝʨʠʡ ɺʘʣʴʜʘ, ʠʟʚʝʩʪʥʳʡ ʢʘʢ ʤʘʢʩʠʤʠʥʥʳʡ, 

ʢʨʠʪʝʨʠʡ ʉʵʚʠʜʞʘ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʥʘ 

ʤʠʥʠʤʠʟʘʮʠʶ ʩʦʞʘʣʝʥʠʡ, ʢʨʠʪʝʨʠʡ ɻʫʨʚʠʮʘ, 

ʫʯʠʪʳʚʘʶʱʠʡ ʩʦʦʪʥʦʰʝʥʠʝ ʦʧʪʠʤʠʟʤʘ ʠ 

ʧʝʩʩʠʤʠʟʤʘ, ʤʝʪʦʜ ʍʦʜʞʘ-ʃʝʤʘʥʘ, ʘ ʪʘʢʞʝ 

ʢʣʘʩʩʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʤʘʢʩʠʤʠʥʘ ʠ ʤʘʢʩʠʤʘʢʩʘ. 

ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʘʷ ʦʩʥʦʚʘ ʢʨʠʪʝʨʠʷ ɺʘʣʴʜʘ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʤʠʥʠʤʠʟʘʮʠʠ ʥʘʠʭʫʜʰʠʭ 

ʚʦʟʤʦʞʥʳʭ ʧʦʪʝʨʴ. ɼʣʷ ʢʘʞʜʦʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʘʣʴʪʝʨʥʘʪʠʚʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʠʤʝʥʝʝ 

ʙʣʘʛʦʧʨʠʷʪʥʳʡ ʠʩʭʦʜ, ʧʦʩʣʝ ʯʝʛʦ ʚʳʙʠʨʘʝʪʩʷ 

ʩʪʨʘʪʝʛʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʤʠʥʠʤʠʟʘʮʠʶ 

ʥʝʛʘʪʠʚʥʦʛʦ ʵʬʬʝʢʪʘ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʦʪʣʠʯʘʝʪʩʷ 

ʧʨʝʜʝʣʴʥʦʡ ʢʦʥʩʝʨʚʘʪʠʚʥʦʩʪʴʶ ʠ ʵʬʬʝʢʪʠʚʝʥ ʚ 

ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ, ʢʦʛʜʘ 

ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʧʦʪʝʨʠ ʦʙʣʘʜʘʶʪ ʢʨʠʪʠʯʝʩʢʦʡ 

ʟʥʘʯʠʤʦʩʪʴʶ. ʆʩʥʦʚʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʤʝʪʦʜʘ 

ʩʦʩʪʦʠʪ ʚ ʠʛʥʦʨʠʨʦʚʘʥʠʠ ʚʝʨʦʷʪʥʳʭ ʚʳʛʦʜ, ʯʪʦ 

ʜʝʣʘʝʪ ʝʛʦ ʦʜʥʦʩʪʦʨʦʥʥʝ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ ʥʘ 

ʟʘʱʠʪʫ ʦʪ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʩʮʝʥʘʨʠʝʚ[1]. 

ʂʨʠʪʝʨʠʡ ʉʵʚʠʜʞʘ, ʪʘʢʞʝ ʠʤʝʥʫʝʤʳʡ 

ʤʠʥʠʤʘʢʩʦʤ ʧʦʪʝʨʴ, ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʦʩʪʨʦʝʥʠʝ 

ʛʠʧʦʪʝʪʠʯʝʩʢʦʡ ʘʣʴʪʝʨʥʘʪʠʚʳ, ʩʧʦʩʦʙʥʦʡ ʩʥʠʞʘʪʴ 

ʤʘʢʩʠʤʘʣʴʥʳʝ ʧʦʪʝʨʠ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʚʦʟʤʦʞʥʳʭ 

ʨʝʰʝʥʠʡ. ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ 

ʪʨʘʥʩʬʦʨʤʠʨʫʝʪ ʠʩʭʦʜʥʫʶ çʤʘʪʨʠʮʫ ʨʝʰʝʥʠʡè ʚ 

çʤʘʪʨʠʮʫ ʧʦʪʝʨʴè ʠʣʠ çʤʘʪʨʠʮʫ ʨʠʩʢʘè, ʛʜʝ 

ʯʠʩʣʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ 

ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ ʚʝʣʠʯʠʥʳ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʦʪʝʨʴ 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʮʝʥʘʨʠʷʭ ʨʘʟʚʠʪʠʷ ʩʦʙʳʪʠʡ. ʊʘʢʦʡ 

ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦ 

ʦʮʝʥʠʚʘʪʴ ʘʣʴʪʝʨʥʘʪʠʚʳ, ʫʯʠʪʳʚʘʷ ʥʝ ʪʦʣʴʢʦ 

ʠʩʭʦʜʳ, ʥʦ ʠ ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ 

ʧʦʩʣʝʜʩʪʚʠʷ. 

ʂʨʠʪʝʨʠʡ ɻʫʨʚʠʮʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʠʥʪʝʛʨʘʪʠʚʥʳʡ ʢʦʤʧʨʦʤʠʩʩ ʤʝʞʜʫ ʵʢʩʪʨʝʤʘʣʴʥʦ 

ʢʦʥʩʝʨʚʘʪʠʚʥʳʤ ʧʦʜʭʦʜʦʤ ʤʘʢʩʠʤʠʥʘ ʠ 
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ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ ʥʘ ʚʳʛʦʜʫ ʤʘʢʩʠʤʘʢʩʦʤ. ʆʥ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʯʠʪʳʚʘʝʪ ʭʫʜʰʠʡ ʠ ʣʫʯʰʠʡ ʠʩʭʦʜ 

ʜʣʷ ʢʘʞʜʦʡ ʘʣʴʪʝʨʥʘʪʠʚʳ, ʚʚʦʜʷ ʚʝʩʦʚʦʡ 

ʢʦʵʬʬʠʮʠʝʥʪ, ʦʪʨʘʞʘʶʱʠʡ ʦʪʥʦʰʝʥʠʝ ʩʫʙʲʝʢʪʘ ʢ 

ʨʠʩʢʫ. ʊʘʢʦʡ ʤʝʪʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʘʣʘʥʩ ʤʝʞʜʫ 

ʦʩʪʦʨʦʞʥʦʩʪʴʶ ʠ ʩʪʨʝʤʣʝʥʠʝʤ ʢ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʧʨʠʙʳʣʠ, ʧʦʟʚʦʣʷʷ ʠʟʙʝʞʘʪʴ ʢʨʠʪʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʦʭʨʘʥʷʪʴ ʧʦʪʝʥʮʠʘʣ ʜʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʦʡ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ. 

ʉʫʙʲʝʢʪʠʚʥʘʷ ʥʘʩʪʨʦʡʢʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʧʪʠʤʠʟʤʘ-

ʧʝʩʩʠʤʠʟʤʘ ʧʨʠʜʘʝʪ ʢʨʠʪʝʨʠʶ ʛʠʙʢʦʩʪʴ, ʦʜʥʘʢʦ 

ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʨʘʟʣʠʯʥʳʤ ʨʝʰʝʥʠʷʤ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʮʝʥʦʯʥʦʡ ʧʦʟʠʮʠʠ ʩʫʙʲʝʢʪʘ. 

ɼʣʷ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʡ ʘʣʴʪʝʨʥʘʪʠʚʳ ʚ 

ʫʩʣʦʚʠʷʭ ʨʠʩʢʘ ʧʦ ʢʨʠʪʝʨʠʶ ɻʫʨʚʠʮʘ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʩʣʝʜʫʶʱʘʷ ʬʦʨʤʫʣʘ: 

A  = Ŭ Ĭ MAX  + (1 ī Ŭ) Ĭ MIN ʛʜʝ: 

A ð ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʘʷ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ 

ʘʣʴʪʝʨʥʘʪʠʚʳ A  ʧʦ ʢʨʠʪʝʨʠʶ ɻʫʨʚʠʮʘ; 

Ŭ ð ʢʦʵʬʬʠʮʠʝʥʪ ʦʧʪʠʤʠʟʤʘ, ʫʯʠʪʳʚʘʶʱʠʡ 

ʧʨʝʜʧʦʯʪʝʥʠʷ ʩʫʙʲʝʢʪʘ ʚ ʦʪʥʦʰʝʥʠʠ ʨʠʩʢʘ, 

ʧʨʠʥʠʤʘʝʤʳʡ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0 ʜʦ 1. ɿʥʘʯʝʥʠʷ, 

ʙʣʠʟʢʠʝ ʢ 0, ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʢʦʥʩʝʨʚʘʪʠʚʥʦʤʫ 

ʩʫʙʲʝʢʪʫ, ʢʦʪʦʨʳʡ ʠʟʙʝʛʘʝʪ ʨʠʩʢʘ; ʟʥʘʯʝʥʠʝ 0,5 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʡʪʨʘʣʴʥʦʝ ʦʪʥʦʰʝʥʠʝ ʢ ʨʠʩʢʫ; 

ʟʥʘʯʝʥʠʷ, ʙʣʠʟʢʠʝ ʢ 1, ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʩʫʙʲʝʢʪʘ, 

ʩʢʣʦʥʥʦʛʦ ʢ ʨʠʩʢʫ; 

MAX ð ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʘʣʴʪʝʨʥʘʪʠʚʳ A  ʩʨʝʜʠ ʚʩʝʭ 

ʚʦʟʤʦʞʥʳʭ ʩʮʝʥʘʨʠʝʚ; 

MIN ð ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʘʣʴʪʝʨʥʘʪʠʚʳ A  ʩʨʝʜʠ ʚʩʝʭ 

ʚʦʟʤʦʞʥʳʭ ʩʮʝʥʘʨʠʝʚ. 

ʄʝʪʦʜ ʍʦʜʞʘ-ʃʝʤʘʥʘ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ 

ʢʦʤʧʨʦʤʠʩʩʥʳʤ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ ʥʘ ʙʘʣʘʥʩ 

ʤʝʞʜʫ ʦʧʪʠʤʠʟʤʦʤ ʠ ʧʝʩʩʠʤʠʟʤʦʤ. ʆʥ ʧʦʟʚʦʣʷʝʪ 

ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʩʪʨʘʪʝʛʠʶ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʧʨʝʜʧʦʯʪʝʥʠʡ ʠ ʩʫʙʲʝʢʪʠʚʥʦʛʦ 

ʚʦʩʧʨʠʷʪʠʷ ʨʠʩʢʘ. ʄʝʪʦʜ ʵʬʬʝʢʪʠʚʝʥ ʚ ʩʠʪʫʘʮʠʷʭ, 

ʢʦʛʜʘ ʥʝʦʙʭʦʜʠʤʦ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʟʘʱʠʪʫ ʦʪ 

ʥʘʠʭʫʜʰʠʭ ʠʩʭʦʜʦʚ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʜʦʩʪʠʞʝʥʠʷ 

ʚʳʩʦʢʦʡ ʚʳʛʦʜʳ, ʥʦ ʪʨʝʙʫʝʪ ʦʩʦʟʥʘʥʥʦʛʦ ʟʘʜʘʥʠʷ 

ʚʝʩʦʚ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʯʘʩʪʠʯʥʦ ʩʫʙʲʝʢʪʠʚʥʳʤ. 

ʄʝʪʦʜʳ ʤʘʢʩʠʤʠʥʘ, ʤʠʥʠʤʘʢʩʘ ʠ 

ʤʘʢʩʠʤʘʢʩʘ ʟʘʥʠʤʘʶʪ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʧʦʟʠʮʠʠ ʚ 

ʧʦʜʭʦʜʘʭ ʢ ʧʨʠʥʷʪʠʶ ʨʝʰʝʥʠʡ. ʄʝʪʦʜ ʤʘʢʩʠʤʠʥʘ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʟʘʱʠʪʫ ʦʪ ʥʘʠʭʫʜʰʠʭ ʠʩʭʦʜʦʚ ʠ 

ʷʚʣʷʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʢʦʥʩʝʨʚʘʪʠʚʥʳʤ, 

ʦʨʠʝʥʪʠʨʫʷʩʴ ʥʘ ʤʠʥʠʤʠʟʘʮʠʶ ʧʦʪʝʥʮʠʘʣʴʥʳʭ 

ʧʦʪʝʨʴ. ʄʝʪʦʜ ʤʠʥʠʤʘʢʩʘ ʩʪʨʝʤʠʪʩʷ ʢ ʩʥʠʞʝʥʠʶ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʦʟʤʦʞʥʦʛʦ ʨʘʟʦʯʘʨʦʚʘʥʠʷ ʠʣʠ 

çʩʦʞʘʣʝʥʠʷè, ʪʦ ʝʩʪʴ ʤʠʥʠʤʠʟʠʨʫʝʪ ʨʘʟʥʠʮʫ ʤʝʞʜʫ 

ʥʘʠʣʫʯʰʠʤ ʚʦʟʤʦʞʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʠ 

ʬʘʢʪʠʯʝʩʢʠʤ ʠʩʭʦʜʦʤ ʚʳʙʨʘʥʥʦʡ ʘʣʴʪʝʨʥʘʪʠʚʳ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʙʦʣʝʝ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ 

ʤʝʞʜʫ ʢʦʥʩʝʨʚʘʪʠʟʤʦʤ ʠ ʩʪʨʝʤʣʝʥʠʝʤ ʢ ʚʳʛʦʜʝ. 

ʄʝʪʦʜ ʤʘʢʩʠʤʘʢʩʘ, ʥʘʧʨʦʪʠʚ, ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ 

ʜʦʩʪʠʞʝʥʠʝ ʥʘʠʙʦʣʴʰʝʡ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʚʳʛʦʜʳ 

ʙʝʟ ʫʯʝʪʘ ʚʝʨʦʷʪʥʦʩʪʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʠʩʭʦʜʦʚ, 

ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʨʠʩʢʦʚʘʥʥʳʤ, ʥʦ ʵʬʬʝʢʪʠʚʥʳʤ ʧʨʠ 

ʩʪʨʝʤʣʝʥʠʠ ʢ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʨʝʟʫʣʴʪʘʪʫ. 

ɹʘʡʝʩʦʚʩʢʠʡ ʧʦʜʭʦʜ ʧʨʠʥʮʠʧʠʘʣʴʥʦ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ, ʪʘʢ ʢʘʢ 

ʦʧʠʨʘʝʪʩʷ ʥʘ ʚʝʨʦʷʪʥʦʩʪʠ ʠʩʭʦʜʦʚ ʠ ʧʦʟʚʦʣʷʝʪ 

ʚʳʯʠʩʣʷʪʴ ʦʞʠʜʘʝʤʫʶ ʧʦʣʝʟʥʦʩʪʴ ʢʘʞʜʦʡ 

ʘʣʴʪʝʨʥʘʪʠʚʳ ʩ ʫʯʝʪʦʤ ʠʤʝʶʱʝʡʩʷ ʠʥʬʦʨʤʘʮʠʠ. 

ʄʝʪʦʜ ʦʩʦʙʝʥʥʦ ʵʬʬʝʢʪʠʚʝʥ ʚ ʫʩʣʦʚʠʷʭ ʯʘʩʪʠʯʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʠ ʜʠʥʘʤʠʯʥʦ ʠʟʤʝʥʷʶʱʝʡʩʷ ʩʨʝʜʳ. 

ʆʥ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʦʮʝʥʢʫ ʨʠʩʢʘ, 

ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʩʪʨʘʪʝʛʠʠ ʧʦ ʤʝʨʝ 

ʧʦʩʪʫʧʣʝʥʠʷ ʥʦʚʳʭ ʜʘʥʥʳʭ ʠ ʘʥʘʣʠʪʠʯʝʩʢʫʶ 

ʦʙʦʩʥʦʚʘʥʥʦʩʪʴ ʨʝʰʝʥʠʡ. ʆʛʨʘʥʠʯʝʥʠʝ 

ʙʘʡʝʩʦʚʩʢʦʛʦ ʧʦʜʭʦʜʘ ð ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʥʘʣʠʯʠʷ 

ʘʧʨʠʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʘʷ ʥʝ ʚʩʝʛʜʘ 

ʜʦʩʪʫʧʥʘ, ʘ ʪʘʢʞʝ ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʩʣʦʞʥʦʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʤʠ 

ʤʝʪʦʜʘʤʠ[1]. 

ʆʙʦʙʱʸʥʥʘʷ ʬʦʨʤʫʣʘ ɹʘʡʝʩʘ ʦʪʥʦʩʠʪʩʷ ʢ 

ʩʣʫʯʘʶ, ʢʦʛʜʘ ʦʙʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʪʩʷ ʧʦ 

ʢʦʤʧʣʝʢʩʫ ʧʨʠʟʥʘʢʦʚ K, ʚʢʣʶʯʘʶʱʝʤʫ ʧʨʠʟʥʘʢʠ 

k1,k2,é,kv. ʂʘʞʜʳʡ ʠʟ ʧʨʠʟʥʘʢʦʚ kj ʠʤʝʝʪ 

mj ʨʘʟʨʷʜʦʚ (kj1, kj2,é, kjs,é, kjm). ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʦʙʩʣʝʜʦʚʘʥʠʷ ʩʪʘʥʦʚʠʪʩʷ 

ʠʟʚʝʩʪʥʦʡ ʨʝʘʣʠʟʘʮʠʷ ʧʨʠʟʥʘʢʘ 

k*j=kjs, 

ʠ ʚʩʝʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʠʟʥʘʢʦʚ K*. ʀʥʜʝʢʩ * 

ʦʟʥʘʯʘʝʪ ʢʦʥʢʨʝʪʥʦʝ ʟʥʘʯʝʥʠʝ 

ʧʨʠʟʥʘʢʘ. ʌʦʨʤʫʣʘ ɹʘʡʝʩʘ ʜʣʷ ʢʦʤʧʣʝʢʩʘ 

ʧʨʠʟʥʘʢʦʚ ʠʤʝʝʪ ʚʠʜ 

P (DK *i) = P (D i ) Ĭ P (K *Di ) / P (K * ) , (i = 

1, 2,..., n ) , 

ʛʜʝ P(Di /K*) ï ʚʝʨʦʷʪʥʦʩʪʴ ʜʠʘʛʥʦʟʘ Di 

ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʩʪʘʣʠ ʠʟʚʝʩʪʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʦʙʩʣʝʜʦʚʘʥʠʷ ʧʦ ʢʦʤʧʣʝʢʩʫ ʧʨʠʟʥʘʢʦʚ K; P(Di) ï 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷʚʝʨʦʷʪʥʦʩʪʴ ʜʠʘʛʥʦʟʘ Di (ʧʦ 

ʧʨʝʜʰʝʩʪʚʫʶʱʝʡ ʩʪʘʪʠʩʪʠʢʝ). 

ʀʤʠʪʘʮʠʦʥʥʳʝ ʧʦʜʭʦʜʳ, ʚʢʣʶʯʘʷ 

ʩʪʦʭʘʩʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʤʝʪʦʜʦʤ ʄʦʥʪʝ-

ʂʘʨʣʦ, ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʩʭʦʜʦʚ ʩʣʦʞʥʳʭ 

ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʩʣʫʯʘʡʥʳʭ ʚʳʙʦʨʦʢ. ɼʘʥʥʳʝ 

ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʚʳʷʚʣʷʪʴ ʩʢʨʳʪʳʝ, ʟʘʯʘʩʪʫʶ 

ʥʝʣʠʥʝʡʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʘʣʴʪʝʨʥʘʪʠʚʘʤʠ ʠ 

ʨʝʟʫʣʴʪʘʪʘʤʠ, ʦʮʝʥʠʚʘʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ 

ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʩʮʝʥʘʨʠʝʚ ʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ 

ʩʪʨʘʪʝʛʠʠ, ʦʙʣʘʜʘʶʱʠʝ ʚʳʩʦʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ 

ʠʣʠ, ʥʘʧʨʦʪʠʚ, ʧʦʜʚʝʨʞʝʥʥʳʝ ʟʥʘʯʠʪʝʣʴʥʦʤʫ 

ʨʠʩʢʫ. ʀʭ ʧʨʠʤʝʥʝʥʠʝ ʩʪʘʥʦʚʠʪʩʷ ʢʨʠʪʠʯʝʩʢʠ 

ʚʘʞʥʳʤ ʚ ʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʚʳʩʦʢʦ ʢʦʤʧʣʝʢʩʥʳʭ 

ʩʠʩʪʝʤʘʭ, ʛʜʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʚʝʨʦʷʪʥʦʩʪʝʡ ʣʠʙʦ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ, 

ʣʠʙʦ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʝʚʦʟʤʦʞʥʦ. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʤʝʪʦʜʦʚ ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ ʢʘʞʜʳʡ ʧʦʜʭʦʜ 

ʦʙʣʘʜʘʝʪ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʜʦʩʪʦʠʥʩʪʚʘʤʠ ʠ 

ʦʛʨʘʥʠʯʝʥʠʷʤʠ. ɼʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʝ ʢʨʠʪʝʨʠʠ, 

ʪʘʢʠʝ ʢʘʢ ɺʘʣʴʜʘ, ʉʵʚʠʜʞʘ, ɻʫʨʚʠʮʘ, ʍʦʜʞʘ-

ʃʝʤʘʥʘ, ʘ ʪʘʢʞʝ ʢʣʘʩʩʠʯʝʩʢʠʝ ʤʘʢʩʠʤʠʥ ʠ 

ʤʘʢʩʠʤʘʢʩ, ʵʬʬʝʢʪʠʚʥʳ ʚ ʫʩʣʦʚʠʷʭ ʜʝʬʠʮʠʪʘ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʝʨʦʷʪʥʦʩʪʥʦʡ ʩʪʨʫʢʪʫʨʝ ʠʩʭʦʜʦʚ: 

ʦʥʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʩʪʴ ʧʨʦʮʝʩʩʘ 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʠ ʧʦʟʚʦʣʷʶʪ ʦʧʝʨʘʪʠʚʥʦ 

ʬʦʨʤʠʨʦʚʘʪʴ ʩʪʨʘʪʝʛʠʠ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʪʘʢʠʝ ʤʝʪʦʜʳ 

ʤʦʛʫʪ ʧʨʦʷʚʣʷʪʴ ʯʨʝʟʤʝʨʥʫʶ ʢʦʥʩʝʨʚʘʪʠʚʥʦʩʪʴ 

ʠʣʠ, ʥʘʧʨʦʪʠʚ, ʥʝʦʧʨʘʚʜʘʥʥʳʡ ʦʧʪʠʤʠʟʤ, ʯʪʦ 
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ʦʛʨʘʥʠʯʠʚʘʝʪ ʠʭ ʧʨʠʤʝʥʠʤʦʩʪʴ ʚ ʫʩʣʦʚʠʷʭ 

ʜʠʥʘʤʠʯʝʩʢʠ ʤʝʥʷʶʱʝʡʩʷ ʩʨʝʜʳ[4]. 

ɹʘʡʝʩʦʚʩʢʠʡ ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʚʢʣʶʯʝʥʠʝ ʨʠʩʢʘ ʠ ʧʦʟʚʦʣʷʝʪ 

ʘʜʘʧʪʠʨʦʚʘʪʴ ʨʝʰʝʥʠʷ ʢ ʠʟʤʝʥʷʶʱʠʤʩʷ ʫʩʣʦʚʠʷʤ 

ʧʫʪʝʤ ʦʙʥʦʚʣʝʥʠʷ ʘʧʨʠʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʆʜʥʘʢʦ 

ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʨʝʙʫʝʪ ʜʦʩʪʦʚʝʨʥʳʭ ʘʧʨʠʦʨʥʳʭ 

ʜʘʥʥʳʭ, ʯʪʦ ʥʝ ʚʩʝʛʜʘ ʚʦʟʤʦʞʥʦ ʥʘ ʧʨʘʢʪʠʢʝ. ɺ 

ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʠʤʠʪʘʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʚʳʩʪʫʧʘʶʪ 

ʢʘʢ ʢʦʤʧʣʝʤʝʥʪʘʨʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʚʝʨʦʷʪʥʦʩʪʥʦʛʦ 

ʘʥʘʣʠʟʘ, ʧʦʟʚʦʣʷʷ ʚʳʷʚʣʷʪʴ ʩʢʨʳʪʳʝ ʢʦʨʨʝʣʷʮʠʠ, 

ʦʮʝʥʠʚʘʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʩʠʩʪʝʤ ʢ ʚʘʨʠʘʮʠʷʤ 

ʠʩʭʦʜʦʚ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʪʨʘʪʝʛʠʡ 

ʧʨʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʣʘʩʩʠʯʝʩʢʠʭ çʞʝʩʪʢʠʭè 

ʘʣʛʦʨʠʪʤʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ, 

ʧʨʝʜʧʦʣʘʛʘʶʱʠʭ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʫʶ ʧʦʩʪʘʥʦʚʢʫ 

ʟʘʜʘʯʠ ʠ ʧʦʰʘʛʦʚʳʡ ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ 

ʨʝʟʫʣʴʪʘʪʦʚ, ʧʨʠ ʨʝʰʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ 

ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ 

ʤʘʣʦʵʬʬʝʢʪʠʚʥʳʤ, ʪʘʢ ʢʘʢ ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʙʨʘʙʦʪʢʫ 

ʪʦʯʥʳʭ, ʧʦʣʥʳʭ ʠ ʥʝʧʨʦʪʠʚʦʨʝʯʠʚʳʭ ʯʠʩʣʝʥʥʳʭ 

ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʯʪʦ ʤʦʞʝʪ ʥʝ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ 

ʚʳʩʦʢʦʤʫ ʫʨʦʚʥʶ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʟʘʜʘʯʠ. 

ʅʘ ʧʨʘʢʪʠʢʝ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʩʪʨʘʪʝʛʠʠ, ʠʥʪʝʛʨʠʨʫʶʱʠʝ 

ʥʝʩʢʦʣʴʢʦ ʤʝʪʦʜʦʚ. ʅʘʧʨʠʤʝʨ, ʥʘʯʘʣʴʥʘʷ 

ʬʠʣʴʪʨʘʮʠʷ ʘʣʴʪʝʨʥʘʪʠʚ ʤʦʞʝʪ ʧʨʦʚʦʜʠʪʴʩʷ ʩ 

ʧʦʤʦʱʴʶ ʢʨʠʪʝʨʠʷ ɺʘʣʴʜʘ, ʟʘʪʝʤ ʫʪʦʯʥʝʥʠʝ 

ʩʪʨʘʪʝʛʠʠ ð ʯʝʨʝʟ ʢʨʠʪʝʨʠʡ ɻʫʨʚʠʮʘ ʠʣʠ 

ʤʠʥʠʤʠʟʘʮʠʶ ʩʦʞʘʣʝʥʠʡ, ʘ ʦʢʦʥʯʘʪʝʣʴʥʦʝ 

ʨʝʰʝʥʠʝ ʘʜʘʧʪʠʨʫʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʙʘʡʝʩʦʚʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʨʠ ʥʘʣʠʯʠʠ ʚʝʨʦʷʪʥʦʩʪʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ. ʊʘʢʦʡ ʩʠʩʪʝʤʥʳʡ ʧʦʜʭʦʜ 

ʤʠʥʠʤʠʟʠʨʫʝʪ ʦʰʠʙʢʠ, ʫʯʠʪʳʚʘʝʪ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʝ 

ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʚʳʙʦʨʘ ʜʘʞʝ ʚ ʫʩʣʦʚʠʷʭ 

ʚʳʩʦʢʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ, ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ð ʵʪʦ ʩʣʦʞʥʳʡ, ʤʥʦʛʦʤʝʨʥʳʡ 

ʧʨʦʮʝʩʩ. ʋʥʠʚʝʨʩʘʣʴʥʦʛʦ ʤʝʪʦʜʘ ʥʝ ʩʫʱʝʩʪʚʫʝʪ. 

ɺʳʙʦʨ ʧʦʜʭʦʜʘ ʟʘʚʠʩʠʪ ʦʪ ʫʨʦʚʥʷ ʜʦʩʪʫʧʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ, ʜʦʧʫʩʪʠʤʦʛʦ ʨʠʩʢʘ ʠ ʮʝʣʝʡ ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʷ. ʉʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ 

ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʧʦʟʚʦʣʷʝʪ 

ʬʦʨʤʠʨʦʚʘʪʴ ʨʘʮʠʦʥʘʣʴʥʳʝ ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʠ 

ʚʳʚʝʨʝʥʥʳʝ ʨʝʰʝʥʠʷ, ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʚʝʨʦʷʪʥʦʩʪʴ 

ʦʰʠʙʦʢ ʠ ʧʦʚʳʰʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʚ 

ʫʩʣʦʚʠʷʭ ʠʟʤʝʥʯʠʚʦʡ ʩʨʝʜʳ. ʈʘʮʠʦʥʘʣʴʥʦʝ 

ʩʦʯʝʪʘʥʠʝ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʭ, ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʠ 

ʠʤʠʪʘʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʩʪʘʥʦʚʠʪʩʷ ʢʣʶʯʦʤ ʢ 

ʥʘʜʝʞʥʦʡ ʠ ʘʜʘʧʪʠʚʥʦʡ ʩʪʨʘʪʝʛʠʠ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʫʩʪʦʡʯʠʚʦʩʪʴ ʵʢʦʥʦʤʠʯʝʩʢʠʭ, 

ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʠ ʩʦʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤ. 
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ɺ ʧʝʨʠʦʜ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ, ʪʝʭʥʠʯʝʩʢʠʭ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʢʣʶʯʦʤ 

ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʫʩʧʝʭʦʚ ʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʩʪʘʥʦʚʠʪʩʷ ʛʨʘʤʦʪʥʘʷ ʠʥʪʝʛʨʘʮʠʷ 

ʤʝʪʦʜʦʚ ʢʦʥʮʝʧʮʠʠ ʙʝʨʝʞʣʠʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʊʘʢʦʝ ʩʦʯʝʪʘʥʠʝ ʧʦʟʚʦʣʠʪ ʫʢʨʝʧʠʪʴ 

ʧʦʟʠʮʠʠ ʧʨʝʜʧʨʠʷʪʠʷ ʥʘ ʨʳʥʢʝ, ʨʘʩʧʦʣʦʞʠʪʴ ʧʦʢʫʧʘʪʝʣʝʡ, ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʪʦʚʘʨʦʚ, ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ 

ʧʨʦʮʝʩʩʳ, ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʩʦʢʨʘʪʠʪʴ ʧʦʪʝʨʠ, ʧʨʠ ʵʪʦʤ ʩʦʭʨʘʥʠʚ ʙʘʟʦʚʳʝ 

ʧʨʠʥʮʠʧʳ ʙʝʨʝʞʣʠʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ; ʙʝʨʝʞʣʠʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ;ʮʠʬʨʦʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ. 

 

ABSTRACT 

 

In the period of digital transformation of economic, technical, and technological processes, the key to achieving 

success in the activities of industrial enterprises is the competent integration of methods of the lean manufacturing 

concept and digital technologies. This combination will strengthen the company's position in the market, win over 

customers, improve the quality of goods, optimize processes, improve operational efficiency and reduce losses, while 

maintaining the basic principles of lean manufacturing. 

Keywords: digital technologies; lean manufacturing; digital manufacturing. 

 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘ ʧʨʦʩʪʦʨʘʭ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʪʨʘʩʣʝʡ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʚʳʰʝʥʥʳʡ ʠʥʪʝʨʝʩ ʢ ʢʦʥʮʝʧʮʠʠ 

ʙʝʨʝʞʣʠʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʊʘʢʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ 

ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʥʝ ʪʦʣʴʢʦ ʩʚʦʝʦʙʨʘʟʥʳʤ 

ʢʦʧʠʨʦʚʘʥʠʝʤ ʟʘʨʫʙʝʞʥʦʡ ʙʠʟʥʝʩ-ʧʨʘʢʪʠʢʠ 

(ʧʦʩʢʦʣʴʢʫ ʢʦʥʮʝʧʮʠʷ ʟʘʨʦʜʠʣʘʩʴ ʠʤʝʥʥʦ ʟʘ 

ʨʫʙʝʞʦʤ ï ʚ ʗʧʦʥʠʠ), ʥʦ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 

ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʧʦʜʭʦʜʦʚ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ 

ʙʝʨʝʞʣʠʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʧʦʟʚʦʣʷʶʱʠʭ 

ʦʙʥʘʨʫʞʠʪʴ ʠ ʫʩʪʨʘʥʠʪʴ ʧʦʪʝʨʠ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ, ʣʦʛʠʩʪʠʯʝʩʢʠʭ, 

ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦ-ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, 

ʥʠʚʝʣʠʨʦʚʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʠʩʢʠ, ʘ ʪʘʢʞʝ 

ʦʙʝʩʧʝʯʠʪʴ ʨʦʩʪ ʢʘʯʝʩʪʚʘ ʧʨʦʠʟʚʦʜʠʤʦʡ 

ʧʨʦʜʫʢʮʠʠ.ʅʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʘʢʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ 

ʫʢʘʟʘʥʥʦʡ ʢʦʥʮʝʧʮʠʠ, ʚʩʝ ʞʝ ʥʘʭʦʜʷʪʩʷ 

ʨʫʢʦʚʦʜʠʪʝʣʠ-ʢʦʥʩʝʨʚʘʪʦʨʳ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ, ʢʦʪʦʨʳʝ ʥʝ ʩʦʛʣʘʰʘʶʪʩʷ ʠ ʥʝ 

ʧʨʠʥʠʤʘʶʪ ʚʳʛʦʜʳ ʦʪ ʚʚʦʜʘ ʙʝʨʝʞʣʠʚʳʭ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʩʠʩʪʝʤ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʠʭ 

ʩʪʨʦʛʦʡ ʧʨʠʚʝʨʞʝʥʥʦʩʪʴʶ ʢ ʪʨʘʜʠʮʠʦʥʥʳʤ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʫʧʨʘʚʣʝʥʯʝʩʢʠʤ ʠ ʪʝʭʥʠʢʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤ, ʙʦʷʟʥʴʶ ʧʦʪʝʨʷʪʴ 

ʧʦʩʪʦʷʥʥʳʭ ʧʦʢʫʧʘʪʝʣʝʡ, ʜʦʨʦʛʦʚʠʟʥʦʡ ʟʘʢʫʧʢʠ, 

ʫʩʪʘʥʦʚʢʠ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʦʪʩʫʪʩʪʚʠʝʤ ʥʝʦʙʭʦʜʠʤʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚʠ ʧʨʦʯʠʤʠ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʘʤʠ.  

ɺ ʧʨʦʪʠʚʦʚʝʩ ʥʝʨʝʰʠʪʝʣʴʥʳʤ ʧʨʝʜʧʨʠʷʪʠʷʤ 

ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʝʩʪʴ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʣʘʩʪ 

ʦʨʛʘʥʠʟʘʮʠʡ ʠ ʬʠʨʤ, ʢʦʪʦʨʳʝ ʚʚʝʣʠ ʚ ʩʚʦʶ 

ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʨʠʥʮʠʧʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʙʝʨʝʞʣʠʚʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʯʪʦ ʧʨʠʥʝʩʣʦ ʠʤ ʦʧʨʝʜʝʣʝʥʥʳʡ 

ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ. ʉʨʝʜʠ ʪʘʢʦʚʳʭ ʤʦʞʥʦ 

ʥʘʟʚʘʪʴ: 

- ʇɸʆ çʂɸʄɸɿè, ʢʦʪʦʨʦʝ ʜʝʡʩʪʚʫʝʪ ʚ 

ʨʘʤʢʘʭ ʢʦʥʮʝʧʮʠʠ ʙʝʨʝʞʣʠʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩ 

2005 ʛʦʜʘ, ʠʪʦʛʦʤ ʯʝʛʦ ʷʚʣʷʶʪʩʷ ʦʧʪʠʤʠʟʘʮʠʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʧʣʦʱʘʜʝʡ ʟʝʤʝʣʴʥʳʭ 

ʫʯʘʩʪʢʦʚ, ʤʦʜʝʨʥʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʤʦʱʥʦʩʪʝʡ ʟʘ ʩʯʝʪ ʫʜʘʣʝʥʠʷ ʫʩʪʘʨʝʚʰʠʭ ʠ 

ʤʘʣʦʧʨʦʜʫʢʪʠʚʥʳʭ ʩʪʘʥʢʦʚ; 

- ʇɸʆ çʆʙʲʝʜʠʥʝʥʥʘʷ ʘʚʠʘʩʪʨʦʠʪʝʣʴʥʘʷ 

ʢʦʨʧʦʨʘʮʠʷè ï ʜʘʥʥʘʷ ʢʦʤʧʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ 

ʙʘʟʦʚʦʛʦ ʧʦʜʭʦʜʘ ʚ ʩʚʦʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚʳʜʚʠʛʘʝʪ 

ʬʠʣʦʩʦʬʠʶ ʙʝʨʝʞʣʠʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʆʩʥʦʚʥʦʡ 

ʘʢʮʝʥʪ ʧʨʝʜʧʨʠʷʪʠʝ ʜʝʣʘʝʪ ʥʘ ʨʝʘʣʠʟʘʮʠʠ ʢʘʡʜʟʝʥ-

ʢʦʥʮʝʧʮʠʠ, ʢʦʪʦʨʘʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʤʘʣʝʥʴʢʠʭ, 

ʧʦʩʪʝʧʝʥʥʳʭ ʠʟʤʝʥʝʥʠʷʭ ʠ ʠʥʥʦʚʘʮʠʷʭ ʚ ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩʘʭ; 

- ʆʆʆ çɸʂɿ ʇʦʢʨʳʪʠʷè ï ʙʣʘʛʦʜʘʨʷ 

ʩʣʝʜʦʚʘʥʠʶ ʧʨʠʥʮʠʧʘʤ ʙʝʨʝʞʣʠʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 
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ʧʨʝʜʧʨʠʷʪʠʝ ʩʢʦʨʨʝʢʪʠʨʦʚʘʣʦ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʣʦ 

ʣʦʛʠʩʪʠʯʝʩʢʠʝ ʤʘʨʰʨʫʪʳ ʧʝʨʝʤʝʱʝʥʠʷ ʧʨʦʜʫʢʮʠʠ, 

ʚʚʝʣʦ ʧʦʯʘʩʦʚʦʡ ʧʣʘʥ ʟʘʛʨʫʟʢʠ ʩ ʧʨʦʚʝʜʝʥʠʝʤ 

ʧʦʩʪʦʷʥʥʦʛʦ ʢʦʥʪʨʦʣʷ, ʥʘʯʘʣʦ ʤʘʨʢʠʨʦʚʘʪʴ ʩʳʨʴʝ; 

- ʅʇʆ çʉʂɸʅɽʈè ï ʨʫʢʦʚʦʜʩʪʚʦʤ 

ʚʥʝʜʨʝʥʳ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ, ʘʜʨʝʩʥʦʝ 

ʭʨʘʥʝʥʠʝ ʠ ʩʠʩʪʝʤʘ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʯʠʭ ʤʝʩʪ. 

ʂʣʶʯʝʚʦʡ ʠʜʝʝʡ ʢʦʥʮʝʧʮʠʠ 

ʷʚʣʷʝʪʩʷʦʙʝʩʧʝʯʝʥʠʝ ʤʠʥʠʤʠʟʘʮʠʠ ʧʦʪʝʨʴ ʠ 

ʛʨʘʤʦʪʥʦʡ ʵʢʦʥʦʤʠʠ ʨʝʩʫʨʩʦʚ ʚʦ ʚʩʝʭ ʘʩʧʝʢʪʘʭ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ.ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʙʝʨʝʞʣʠʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʨʝʩʣʝʜʫʝʪ ʮʝʣʴ 

ʫʩʪʨʘʥʠʪʴ (ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʜʦ ʜʦʧʫʩʪʠʤʳʭ 

ʫʨʦʚʥʝʡ) ʧʦʪʝʨʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʝʨʝʧʨʦʠʟʚʦʜʩʪʚʦʤ, 

ʩʦʟʜʘʥʠʝʤ ʠʟʣʠʰʥʠʭ ʟʘʧʘʩʦʚ, ʜʦʧʫʩʢʦʤ ʙʨʘʢʘ ʚ 

ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ (ʠ ʝʛʦ ʠʩʧʨʘʚʣʝʥʠʝʤ), 

ʦʞʠʜʘʥʠʷʤʠ ʠ ʧʨʦʩʪʦʷʤʠ,ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʳʤʠ 

ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʠʤʠ ʵʪʘʧʘʤʠ ʠ ʪ.ʜ.ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʨʦʤʳʰʣʝʥʥʦʝ ʧʨʝʜʧʨʠʷʪʠʝ ʩʙʝʨʝʛʘʝʪ ʥʝ 

ʪʦʣʴʢʦ ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʠ ʜʝʥʝʞʥʳʝ 

ʨʝʩʫʨʩʳ, ʚʨʝʤʷ, ʥʦ ʦʩʦʟʥʘʥʥʦ ʦʪʢʘʟʳʚʘʝʪʩʷ ʦʪ ʚʩʝʛʦ 

ʪʦʛʦ, ʯʪʦ ʥʝ ʩʦʟʜʘʝʪ ʮʝʥʥʦʩʪʠ ʜʣʷ ʧʦʢʫʧʘʪʝʣʝʡ. 

ʀʥʦʛʜʘ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʠʩʪʦʯʥʠʢʘʭ, ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠʟʜʘʥʠʷʭ 

ʤʦʞʥʦ ʚʩʪʨʝʪʠʪʴ ʜʨʫʛʠʝ (ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ) ʥʘʟʚʘʥʠʷ 

ʢʦʥʮʝʧʮʠʠ ʙʝʨʝʞʣʠʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ï 

çʵʢʦʥʦʤʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦè ʠʣʠ çʧʨʦʠʟʚʦʜʩʪʚʦ ʙʝʟ 

ʧʦʪʝʨʴè, ʯʪʦ, ʙʝʩʩʧʦʨʥʦ, ʩʫʪʠ ʥʝ ʤʝʥʷʝʪ. 

ɽʱʝ ʦʜʥʦʡ ʥʝʤʘʣʦʚʘʞʥʦʡ ʯʝʨʪʦʡ ʢʦʥʮʝʧʮʠʠ 

ʧʨʠʟʥʘʶʪ ʙʝʨʝʞʣʠʚʦʝ ʦʪʥʦʰʝʥʠʝ ʢ ʩʦʪʨʫʜʥʠʢʘʤ 

ʧʨʝʜʧʨʠʷʪʠʷ, ʯʪʦ ʚʳʨʘʞʘʝʪʩʷ ʚ ʬʦʨʤʝ ʟʘʙʦʪʳ ʧʦ 

ʦʩʥʘʱʝʥʠʶ ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ, ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ 

ʦʙʷʟʘʥʥʦʩʪʝʡ ʠ ʧʦʣʥʦʤʦʯʠʡ, ʦʧʪʠʤʠʟʘʮʠʠ 

ʚʳʧʦʣʥʷʝʤʳʭ ʜʝʡʩʪʚʠʡ ʠ ʧʨʦʮʝʩʩʦʚ, ʯʪʦ, ʚ 

ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʤʬʦʨʪʥʫʶ 

ʢʦʨʧʦʨʘʪʠʚʥʫʶ ʤʠʢʨʦʩʨʝʜʫ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ 

ʩʢʦʨʦʩʪʴ ʚʳʧʦʣʥʷʝʤʳʭ ʨʘʙʦʪ, ʨʘʮʠʦʥʘʣʴʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʢʘʧʠʪʘʣʘ. ʕʪʦ ʝʱʝ 

ʨʘʟ ʧʦʜʯʝʨʢʠʚʘʝʪ ʬʠʣʦʩʦʬʠʶ ʢʦʥʮʝʧʮʠʠ, 

ʟʘʢʣʶʯʘʶʱʝʡʩʷ ʥʝ ʚ ʙʝʟʜʫʤʥʦʤ 

ʣʠʢʚʠʜʠʨʦʚʘʥʠʠʣʠʰʥʠʭ (ʥʝʵʬʬʝʢʪʠʚʥʳʭ) ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩʦʚ, ʘ ʚ ʜʦʩʪʠʞʝʥʠʠ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʡ ʠʭ 

ʦʧʪʠʤʠʟʘʮʠʠ, ʯʪʦ ʥʝ ʜʦʣʞʥʦ ʧʨʦʪʠʚʦʨʝʯʠʪʴ 

ʦʩʥʦʚʥʳʤ ʮʝʣʷʤ ʠ ʟʘʜʘʯʘʤ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʧʨʝʜʧʨʠʷʪʠʷ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʤʳʰʣʝʥʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ 

ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʚʦʝʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, 

ʩʦʢʨʘʱʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʨʘʩʭʦʜʦʚ, 

ʧʦʚʳʰʝʥʠʷ ʧʦʢʫʧʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʝʩʘ, ʫʢʨʝʧʣʝʥʠʷ 

ʢʦʥʢʫʨʝʥʪʥʳʭ ʧʦʟʠʮʠʡʠ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ 

ʪʦʚʘʨʦʚ.ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʨʦʜʫʢʪʠʚʥʳʭ ʠ 

ʮʝʣʝʩʦʦʙʨʘʟʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʜʦʩʪʠʞʝʥʠʶ ʵʪʠʭ 

ʮʝʣʝʡ ʷʚʣʷʝʪʩʷ ʢʦʥʮʝʧʮʠʷ ʙʝʨʝʞʣʠʚʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ [5].ʆʜʥʘʢʦ ʚ ʫʩʣʦʚʠʷʭ 

ʮʠʬʨʦʚʠʟʘʮʠʠʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʢʦʥʮʝʧʮʠʠ 

ʪʨʘʥʩʬʦʨʤʠʨʫʶʪʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ʰʠʨʦʢʦʛʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʮʠʬʨʦʚʳʭ ʠ ʵʣʝʢʪʨʦʥʥʦ-

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ 

ʥʦʚʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʨʘʟʚʠʪʠʷ 

ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʕʪʦ ʠ ʧʨʠʚʦʜʠʪ ʢ 

ʩʦʝʜʠʥʝʥʠʶ (ʩʦʚʤʝʱʝʥʠʶ) ʤʝʪʦʜʦʚ ʙʝʨʝʞʣʠʚʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʝʨʝʜʦʚʳʭ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ, ʯʪʦ 

ʮʠʬʨʦʚʠʟʘʮʠʷ ʙʝʨʝʞʣʠʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʥʪʝʛʨʘʮʠʶ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʠ ʵʣʝʢʪʨʦʥʥʦ-ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʠ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʚ ʧʨʦʮʝʩʩʳ 

ʫʩʪʨʘʥʝʥʠʷ ʧʦʪʝʨʴ ʠ ʦʧʪʠʤʠʟʘʮʠʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ (ʜʝʡʩʪʚʠʡ, 

ʧʨʦʮʝʜʫʨ) [1]. 

ʂʘʢ ʤʳ ʫʞʝ ʛʦʚʦʨʠʣʠ, ʢʦʥʮʝʧʮʠʷ 

ʙʝʨʝʞʣʠʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘʙʘʟʠʨʫʝʪʩʷ ʥʘ 

ʧʨʠʥʮʠʧʘʭ ʫʩʪʨʘʥʝʥʠʷ ʧʦʪʝʨʴ, ʥʝʧʨʝʨʳʚʥʦʛʦ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʘ ʩʚʦʠʭ ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩʦʚ (ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʠ 

ʪʝʭʥʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ) ʠ ʩʦʟʜʘʥʠʷ ʫʩʪʦʡʯʠʚʦʡ 

ʮʝʥʥʦʩʪʠ ʜʣʷ ʧʦʪʨʝʙʠʪʝʣʝʡ. ʂ ʪʨʘʜʠʮʠʦʥʥʳʤʠ 

ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʤ ʠʥʩʪʨʫʤʝʥʪʘʤ ʢʦʥʮʝʧʮʠʠ, 

ʦʢʘʟʘʚʰʠʤ ʧʦʣʴʟʫ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʣʷ 

ʧʨʦʤrhʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʤʦʞʥʦ ʧʨʠʯʠʩʣʠʪʴ: 

- ʢʘʨʪʠʨʦʚʘʥʠʝ ʧʦʪʦʢʦʚ ʩʦʟʜʘʥʠʷ ʮʝʥʥʦʩʪʠ 
(ValueStreamMapping) ï ʤʝʪʦʜ ʚʠʟʫʘʣʠʟʘʮʠʠ 

ʙʠʟʥʝʩ-ʧʨʦʮʝʜʫʨ, ʢʦʪʦʨʳʡ ʧʦʤʦʛʘʝʪ ʧʨʝʜʧʨʠʷʪʠʶ 

ʫʚʠʜʝʪʴ ʚʩʶ ʧʦʜʥʦʛʦʪʥʫʶ ʩʦʟʜʘʥʠʷ ʮʝʥʥʦʩʪʠ ʜʣʷ 

ʧʦʢʫʧʘʪʝʣʷ, ʪʝʤ ʩʘʤʳʤ ʜʝʤʦʥʩʪʨʠʨʫʷ, ʢʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʨʦʠʩʭʦʜʠʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠʩʭʦʜʥʦʛʦ 

ʩʳʨʴʷ ʚ ʛʦʪʦʚʳʡ ʪʦʚʘʨ. ʃʦʛʠʯʥʦ, ʯʪʦ ʠʪʦʛʦʤ 

ʢʘʨʪʠʨʦʚʘʥʠʷ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʣʘʙʳʭ 

ʠ ʫʟʢʠʭ ʤʝʩʪ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʮʝʧʦʯʢʝ;  

- ʩʠʩʪʝʤʫ 5S ï ʩʧʦʩʦʙ ʦʨʛʘʥʠʟʘʮʠʠ ʠ 

ʨʘʮʠʦʥʘʣʠʟʘʮʠʠ ʨʘʙʦʯʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʩʦʪʨʫʜʥʠʢʦʚ ʦʨʛʘʥʠʟʘʮʠʠ, ʦʩʥʦʚʥʳʤʠ 

ʣʝʡʪʤʦʪʠʚʘʤʠ ʢʦʪʦʨʦʛʦ ʷʚʣʷʶʪʩʷ ʩʦʙʣʶʜʝʥʠʝ 

ʧʦʨʷʜʢʘ ʠ ʯʠʩʪʦʪʳ ʥʘ ʩʪʦʣʝ, ʨʘʮʠʦʥʘʣʴʥʘʷ 

ʩʦʨʪʠʨʦʚʢʘ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʩʦʙʣʶʜʝʥʠʝ 

ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚ ʢʦʣʣʝʢʪʠʚʝ ʧʨʘʚʠʣ ʠ ʥʦʨʤ;  

- TotalProductiveMaintenance (TPM) ï 

ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʫʭʦʜʫ ʟʘ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, 

ʥʘʧʨʘʚʣʝʥʥʳʡ ʥʘ ʧʦʩʪʦʷʥʥʦʝ ʧʦʜʜʝʨʞʘʥʠʝ ʝʛʦ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʠʥʳʤʠ ʩʣʦʚʘʤʠ, 

ʩʦʢʨʘʱʝʥʠʝ ʚʦʟʤʦʞʥʳʭ ʧʦʪʝʨʴ ʦʪ ʜʣʠʪʝʣʴʥʦʩʪʠ 

ʧʨʦʩʪʦʝʚ ʵʪʘʧʦʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʮʠʢʣʘ 

(ʮʝʧʦʯʢʠ), ʢʦʣʠʯʝʩʪʚʘ ʙʨʘʢʦʚʘʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʠ 

ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ; 

- ʢʘʥʙʘʥ ï ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʩʪʝʤʫ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ, ʦʩʥʦʚʘʥʥʫʶ ʥʘ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʟʘʜʘʯ ʩ ʮʝʣʴʶ 

ʬʦʨʤʠʨʦʚʘʥʠʷʥʘʛʣʷʜʥʦʛʦ ʠ ʧʨʦʟʨʘʯʥʦʛʦ ʨʘʙʦʯʝʛʦ 

ʧʨʦʮʝʩʩʘ, ʦʧʨʝʜʝʣʝʥʠʷ ʫʟʢʠʭ ʤʝʩʪ ʠ ʦʧʪʠʤʠʟʘʮʠʠ 

ʢʦʤʧʣʝʢʩʘ ʤʠʥʠ-ʟʘʜʘʯ ʠ ʩʫʙʮʝʣʝʡ.  

ɺʘʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʮʠʬʨʦʚʠʟʘʮʠʷ ʥʝ 

ʟʘʤʝʥʷʝʪ ʪʝʭʥʦʣʦʛʠʠ ʙʝʨʝʞʣʠʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʥʘʦʙʦʨʦʪ, ʫʣʫʯʰʘʝʪ, ʜʦʨʘʙʘʪʳʚʘʝʪ, ʫʩʠʣʠʚʘʝʪ 

ʬʫʥʢʮʠʦʥʘʣ, ʨʘʩʰʠʨʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦ 

ʦʙʝʩʧʝʯʝʥʠʶ ʪʦʯʥʦʩʪʠ, ʩʢʦʨʦʩʪʠ ʠ 

ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ. ʇʦʜʦʙʥʘʷ ʠʥʪʝʛʨʘʮʠʷ 

ʧʨʦʷʚʣʷʝʪʩʷ, ʚʦ-ʧʝʨʚʳʭ,ʚ ʪʦʤ, ʯʪʦ ʧʨʦʛʨʝʩʩʠʚʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʧʦʤʦʛʘʶʪ ʚʳʷʚʠʪʴ ʠ ʫʩʪʨʘʥʠʪʴ ʧʦʪʝʨʠ, 

ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʦʩʥʦʚʥʳʤ ʬʦʢʫʩʦʤ 

ʬʠʣʦʩʦʬʠʠ ʙʝʨʝʞʣʠʚʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʥʦ ʠ ʩʣʘʙʳʝ, ʧʨʦʙʣʝʤʥʳʝ ʪʦʯʢʠ, ʥʝ 

ʚʦʰʝʜʰʠʝ ʚ ʧʦʣʝ ʟʨʝʥʠʷ ʢʦʥʮʝʧʮʠʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʨʘʮʠʦʥʘʣʴʥʦʩʪʠ [3].ɺʦ-ʚʪʦʨʳʭ, 

ʵʪʦ ʦʪʨʘʞʘʝʪʩʷ ʥʘʧʨʦʮʝʩʩʝʥʝʧʨʝʨʳʚʥʦʛʦ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ, ʢʦʪʦʨʳʡ ʩʪʘʥʦʚʠʪʩʷ 
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ʙʦʣʝʝʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʤ ʠ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʤ, ʘ 

ʪʘʢʞʝ ʧʨʠʦʙʨʝʪʘʝʪ ʤʥʦʛʦʘʩʧʝʢʪʥʳʡ ʭʘʨʘʢʪʝʨ.ɺ 

ʠʪʦʛʝ, ʤʳ ʥʘʙʣʶʜʘʝʤ ʦʙʦʛʘʱʝʥʠʝ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ 

ʙʝʨʝʞʣʠʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʮʠʬʨʦʚʫʶ ʵʧʦʭʫ 

ʙʣʘʛʦʜʘʨʷ ʩʣʝʜʫʶʱʠʤ ʪʝʭʥʦʣʦʛʠʷʤ: 

- ʀʥʪʝʨʥʝʪ ʚʝʱʝʡ: ʜʘʪʯʠʢʠ ʠ ʧʦʜʢʣʶʯʝʥʥʳʝ 

ʫʩʪʨʦʡʩʪʚʘ ʩʦʙʠʨʘʶʪ ʤʘʩʩʠʚ ʜʘʥʥʳʭ ʚ ʨʝʞʠʤʝ 

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʪʦʯʥʝʝ ʚʳʷʚʣʷʪʴ 

ʧʦʪʝʨʠ, ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʨʠʩʢʠ; 

- BigData ʠ ʘʥʘʣʠʪʠʢʘ: ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ 

ʧʦʤʦʛʘʝʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʩʙʦʠ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ 

ʣʦʛʠʩʪʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ; 

- ʮʠʬʨʦʚʳʝ ʜʚʦʡʥʠʢʠ: ʚʠʨʪʫʘʣʴʥʳʝ ʤʦʜʝʣʠ 

ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʦʟʚʦʣʷʶʱʠʝ ʪʝʩʪʠʨʦʚʘʪʴ 

ʠʟʤʝʥʝʥʠʷ ʙʝʟ ʦʩʪʘʥʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ [2]; 

- ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʝ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ 
ʩʠʩʪʝʤʳ: ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʩʥʠʞʝʥʠʝ ʜʦʣʠ ʨʫʯʥʦʛʦ 

ʪʨʫʜʘ, ʢʦʣʠʯʝʩʪʚʘ ʯʝʣʦʚʝʯʝʩʢʠʭ ʦʰʠʙʦʢ, 

ʧʦʚʳʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʡ. 

ʀʩʭʦʜʷ ʠʟ ʪʘʢʦʡ ʪʝʥʜʝʥʮʠʠ, ʚʩʝ ʯʘʱʝ ʩʪʘʣʦ 

ʟʚʫʯʘʪʴ ʠ ʧʨʠʤʝʥʷʪʴʩʷ ʧʦʥʷʪʠʝ çʮʠʬʨʦʚʦʝ 

ʧʨʦʠʟʚʦʜʩʪʚʦè, ʦʟʥʘʯʘʶʱʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʙʘʟʳ ʜʣʷ 

ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ, ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʪʝʩʪʠʨʦʚʘʥʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭʮʝʧʦʯʝʢ. ʉʝʛʦʜʥʷ ʤʦʞʥʦ 

ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ 

ʦʮʠʬʨʦʚʢʠ ʪʝʭʥʦʣʦʛʠʡ ʙʝʨʝʞʣʠʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ: 

- ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ ʠ ʩʥʠʞʝʥʠʝ 

ʯʘʩʪʦʪʳ ʚʣʠʷʥʠʷ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ: 

ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ (ʢʦʣʣʘʙʦʨʘʪʠʚʥʳʝ ʠ 

ʧʨʦʤʳʰʣʝʥʥʳʝ ʨʦʙʦʪʳ) ʙʝʨʫʪ ʥʘ ʩʝʙʷ ʨʫʪʠʥʥʳʝ 

ʦʧʝʨʘʮʠʠ, ʫʩʢʦʨʷʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʮʠʢʣ ʠ 

ʤʠʥʠʤʠʟʠʨʫʷʯʠʩʣʦ ʙʨʘʢʦʚʘʥʥʦʡ ʧʨʦʜʫʢʮʠʠ. ʊʘʢʞʝ 

ʩʶʜʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ,ʧʦʟʚʦʣʷʶʱʠʝ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʦʪʦʢʠ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ [4]; 

- ʚʥʝʜʨʝʥʠʝ ʚ ʧʨʘʢʪʠʢʫ ʮʠʬʨʦʚʳʭ ʢʘʥʙʘʥ-

ʩʠʩʪʝʤ: ʦʥʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʪʩʣʝʞʠʚʘʶʪ ʩʧʨʦʩ ʠ 

ʧʦʜʘʶʪ ʩʠʛʥʘʣʳ ʦ ʧʦʧʦʣʥʝʥʠʠ ʟʘʧʘʩʦʚ ʩʳʨʴʷ, 

ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʠʥʬʦʨʤʠʨʫʶʪ ʦ ʟʘʛʨʫʞʝʥʥʦʩʪʠ 

ʩʢʣʘʜʩʢʠʭ ʧʦʤʝʱʝʥʠʡ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʝʡ; 

- ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʧʦʪʝʨʴ: ʨʝʯʴ 
ʠʜʝʪ ʦ ʪʝʭʥʦʣʦʛʠʷʭ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ ʠ ʧʨʝʜʠʢʪʠʚʥʦʡ ʘʥʘʣʠʪʠʢʠ, ʢʦʪʦʨʳʝ 

ʦʢʘʟʳʚʘʶʪ ʩʦʜʝʡʩʪʚʠʝ ʚ ʦʧʪʠʤʠʟʘʮʠʠ ʫʨʦʚʥʝʡ 

ʟʘʧʘʩʦʚ,ʧʨʝʜʦʪʚʨʘʱʘʷ ʧʝʨʝʧʨʦʠʟʚʦʜʩʪʚʦ, 

ʩʥʠʞʝʥʠʠʧʨʦʩʪʦʝʚ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʙʣʘʛʦʜʘʨʷ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʶ ʦʪʢʘʟʦʚ, ʦʙʥʘʨʫʞʝʥʠʠ ʫʷʟʚʠʤʳʭ 

ʤʝʩʪ ʚʧʨʦʮʝʩʩʘʭ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʪʠʯʝʩʢʦʡ 

ʨʝʪʨʦʩʧʝʢʪʠʚʳ; 

- ʫʜʘʣʝʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʠ ʫʧʨʘʚʣʝʥʠʝ 

ʧʨʦʠʟʚʦʜʩʪʚʦʤ: ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʮʠʬʨʦʚʳʝ 

ʧʣʘʪʬʦʨʤʝʥʥʳʝ ʩʠʩʪʝʤʳ, ʥʘʧʨʠʤʝʨ ʀʥʪʝʨʥʝʪ 

ʚʝʱʝʡ, ʧʦʟʚʦʣʷʶʪ ʨʫʢʦʚʦʜʠʪʝʣʷʤ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ, 

ʤʦʥʠʪʦʨʠʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʫʶ ʮʝʧʦʯʢʫ ʚ ʨʝʞʠʤʝ 

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ (ʵʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ 

ʤʝʞʨʝʛʠʦʥʘʣʴʥʳʭ ʠ ʤʝʞʥʘʮʠʦʥʘʣʴʥʳʭ ʮʝʧʦʯʝʢ 

ʧʦʩʪʘʚʦʢ); 

- ʮʠʬʨʦʚʠʟʘʮʠʷ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ: ʧʝʨʝʭʦʜ 

ʦʪ ʙʫʤʘʞʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʢ ʮʠʬʨʦʚʳʤ ʬʦʨʤʘʤ 

(ʞʫʨʥʘʣʳ, ʦʪʯʝʪʳ, ʵʣʝʢʪʨʦʥʥʘʷ ʧʦʜʧʠʩʴ) ʫʧʨʦʱʘʝʪ 

ʧʨʦʮʝʩʩ ʭʨʘʥʝʥʠʷ, ʦʙʨʘʙʦʪʢʠ ʠ ʧʦʠʩʢʘ 

ʠʥʬʦʨʤʘʮʠʠ. 

ʀʥʪʝʛʨʘʮʠʷ ʮʠʬʨʦʚʠʟʘʮʠʠ ʠ ʙʝʨʝʞʣʠʚʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʝʩʝʪ ʚ ʩʝʙʝ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ, ʘ ʠʤʝʥʥʦ: ʧʦʚʳʰʝʥʠʝ ʧʨʦʟʨʘʯʥʦʩʪʠ 

ʧʨʦʮʝʩʩʦʚ,ʩʥʠʞʝʥʠʝ ʦʙʲʝʤʘ ʨʘʩʭʦʜʦʚ, ʛʠʙʢʦʩʪʴ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʝʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʜʫʢʮʠʠ.ɺʤʝʩʪʝ ʩ ʪʝʤ 

ʠʥʪʝʛʨʘʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʙʘʨʴʝʨʘʤʠ, 

ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʩ ʚʳʩʦʢʠʤʠ ʧʝʨʚʦʥʘʯʘʣʴʥʳʤʠ 

ʠʥʚʝʩʪʠʮʠʷʤʠ, ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʝʨʝʧʦʜʛʦʪʦʚʢʠ ʠ 

ʧʦʠʩʢʘ ʩʧʝʮʠʘʣʠʩʪʦʚ,ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʴʶ. 

 ɺ ʟʘʢʣʶʯʝʥʠʠ ʩʢʘʞʝʤ, ʯʪʦʮʠʬʨʦʚʠʟʘʮʠʷ 

ʙʝʨʝʞʣʠʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʧʦʪʝʨʴ, ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʧʨʝʜʧʨʠʷʪʠʷ,ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʡʪʠ ʦʪ ʨʝʘʢʪʠʚʥʦʛʦ ʢ 

ʧʨʝʜʠʢʪʠʚʥʦʤʫ ʫʧʨʘʚʣʝʥʠʶ ʚ ʦʪʥʦʰʝʥʠʠ ʦʩʥʦʚʥʳʭ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. 
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ɸʅʅʆʊɸʎʀʗ 

 

ʌʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʥʘʫʢʘ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʮʠʬʨʦʚʳʭ ʪʨʘʥʩʬʦʨʤʘʮʠʡ ʦʙʨʝʣʘ ʥʦʚʳʡ ʩʪʘʪʫʩ, ʩʫʱʥʦʩʪʴ ʠ 

ʩʦʜʝʨʞʘʥʠʝ, ʧʦʣʫʯʠʚ ʩʚʦʝ ʮʠʬʨʦʚʦʝ ʚʦʧʣʦʱʝʥʠʝ. ɽʝ ʪʝʦʨʝʪʠʢʦ-ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʡ ʚʝʢʪʦʨ ʨʘʟʚʠʪʠʷ ʩʤʝʩʪʠʣʩʷ ʚ 

ʩʪʦʨʦʥʫ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʧʦʪʨʝʙʥʦʩʪʷʤʠ ʦʙʱʝʩʪʚʘ. ɺ ʩʪʘʪʴʝ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠ ʚʟʘʠʤʦʚʣʠʷʥʠʝ ʥʘʫʢʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ 

ʪʝʭʥʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʮʠʬʨʦʚʘʷ ʥʘʫʢʘ; ʬʠʣʦʩʦʬʠʷ ʮʠʬʨʦʚʠʟʘʮʠʠ; ʮʠʬʨʦʚʘʷ ʬʠʣʦʩʦʬʠʷ; ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʷ 

ʥʘʫʢʠ. 

 

ABSTRACT 

 

Fundamental science, under the influence of digital transformations, has acquired a new status, essence and 

content, having received its digital embodiment. Its theoretical and methodological vector of development has shifted 

towards the practical implementation of projects driven by the needs of society. The article analyzes the interaction and 

mutual influence of science and industry at the current stage of technology and technology development. 

Keywords: digital science; philosophy of digitalization; digital philosophy; commercialization of science. 

 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʥʠʤʘʥʠʝʠʩʩʣʝʜʦʚʘʪʝʣʝʡ 

ʦʙʨʘʱʝʥʦʥʘ ʠʟʫʯʝʥʠʝ ʫʩʣʦʚʠʡ, ʦʩʦʙʝʥʥʦʩʪʝʡ, 

ʧʦʩʣʝʜʩʪʚʠʡ ʠ ʨʘʩʧʦʣʘʛʘʝʤʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ 

ʮʠʬʨʦʚʠʟʘʮʠʠ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ, ʚ ʙʦʣʴʰʝʡ 

ʩʪʝʧʝʥʠ, ʚ ʵʢʦʥʦʤʠʯʝʩʢʦʡ, ʩʦʮʠʘʣʴʥʦʡ, 

ʪʝʭʥʠʯʝʩʢʦʡ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ.ɹʦʣʝʝ ʪʦʛʦ, 

ʧʨʦʮʝʩʩ ʮʠʬʨʦʚʦʛʦ ʧʨʝʦʙʨʘʞʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ 

ʟʘʪʨʘʛʠʚʘʝʪ ʠ ʥʘʫʯʥʫʶ ʩʨʝʜʫ, ʬʦʨʤʠʨʫʷ, ʚ 

ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ, ʥʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ (ʧʦʣʝ) ʜʣʷ 

ʧʦʟʥʘʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ï ʮʠʬʨʦʚʫʶ ʥʘʫʢʫ. 

ʏʝʣʦʚʝʯʝʩʢʦʝ ʧʦʟʥʘʥʠʝ, ʝʩʣʠ ʩʣʝʜʦʚʘʪʴ 

ʛʥʦʩʝʦʣʦʛʠʯʝʩʢʦʤʫ ʦʧʪʠʤʠʟʤʫ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʙʝʩʢʦʥʝʯʥʳʡ ʧʨʦʮʝʩʩ ʩʪʘʥʦʚʣʝʥʠʷ ʟʥʘʥʠʷ, 

ʥʝʧʨʝʨʳʚʥʦ ʨʘʩʰʠʨʷʶʱʝʛʦʩʷ ʠ ʫʛʣʫʙʣʷʶʱʝʛʦʩʷ. 

ʂʘʢ ʩʘʤʦ ʟʥʘʥʠʝ ʧʨʝʪʝʨʧʝʚʘʝʪ ʪʨʘʥʩʬʦʨʤʘʮʠʶ 

ʩʚʦʝʛʦ ʩʦʜʝʨʞʘʥʠʷ, ʪʘʢ ʠ ʝʛʦ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʝ ʠ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʝ ʥʘʧʦʣʥʝʥʠʝ, ʦʪʚʝʯʘʷ ʚʳʟʦʚʘʤ 

ʚʨʝʤʝʥʠ, ʨʘʩʰʠʨʷʝʪ ʩʚʦʠ ʬʫʥʢʮʠʠ ʠ ʚʦʟʤʦʞʥʦʩʪʠ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚʥʝʜʨʝʥʠʝ ʮʠʬʨʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʚ ʥʘʫʢʫ ʧʦʨʦʜʠʣʦ ʮʝʣʫʶ çʧʘʣʠʪʨʫè 

ʮʠʬʨʦʚʳʭ ʬʝʥʦʤʝʥʦʚ, ʪʘʢʠʭ ʢʘʢ ʮʠʬʨʦʚʘʷ 

ʬʠʣʦʩʦʬʠʷ, ʮʠʬʨʦʚʘʷ ʵʢʦʥʦʤʠʢʘ ʠ, ʩʦʙʩʪʚʝʥʥʦ, 

ʮʠʬʨʦʚʘʷ ʵʪʠʢʘ. 

ʅʘ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʨʘʩʰʠʨʝʥʠʝ 

ʩʧʦʩʦʙʦʚ ʧʦʟʥʘʥʠʷ ʟʘ ʩʯʝʪ ʚʥʝʜʨʝʥʠʷ ʮʠʬʨʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ (ʙʦʣʴʰʠʝ ʜʘʥʥʳʝ, ʦʥʣʘʡʥ-

ʢʦʤʤʫʥʠʢʘʮʠʠ, ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ) 

ʫʩʢʦʨʠʣʦ ʧʨʦʮʝʩʩ ʦʙʤʝʥʘ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. 

ɺʥʝʜʨʝʥʠʝ ʮʠʬʨʦʚʠʟʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʚ ʥʘʫʢʫ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʦʛʘʱʝʥʠʶ, ʨʘʩʰʠʨʝʥʠʶ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʢʦʛʥʠʪʠʚʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠ ʧʝʨʩʧʝʢʪʠʚ ʚ 

ʧʦʟʥʘʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʦʪʢʨʳʪʠʶ 

ʥʦʚʳʭ ʤʝʭʘʥʠʟʤʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ 

ʫʯʝʥʳʤʠ-ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ, ʥʘʫʯʥʳʤʠ 

ʨʘʙʦʪʥʠʢʘʤʠ. 

ʄʝʪʘʬʠʟʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʘʥʘʣʠʟʘ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʥʘʜʝʣʝʥʠʝ ʝʝ ʥʦʚʳʤ ʩʪʘʪʫʩʦʤ, ʥʦʚʳʤʠ ʬʫʥʢʮʠʷʤʠ, 

ʧʦʜʚʝʨʛʘʝʪ ʧʝʨʝʦʩʤʳʩʣʝʥʠʶ ʪʨʘʜʠʮʠʦʥʥʫʶ 

ʠʝʨʘʨʭʠʶ ʥʘʫʯʥʳʭ ʦʙʣʘʩʪʝʡ ʟʥʘʥʠʷ. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʦʛʦ ʵʪʘʧʘ ʷʚʣʷʝʪʩʷ ʥʝʢʦʝ 

ʮʠʬʨʦʚʦʝ ʦʙʲʝʜʠʥʝʥʠʝ ʥʘʫʯʥʳʭ ʜʠʩʮʠʧʣʠʥ ʚ 

ʝʜʠʥʦʝ ʮʠʬʨʦʚʦʝ ʧʦʣʝ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʩʪʠ.  

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʦʙʨʘʱʘʶʪ ʚʥʠʤʘʥʠʝ ʄ.ɺ. 

ʐʫʛʫʨʦʚ ʠ ʉ.ʀ. ʄʦʟʞʠʣʠʥ [6]. ɸʚʪʦʨʳ ʚʳʜʚʠʛʘʶʪ 

ʧʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝ ʪʦʣʴʢʦ ʮʠʬʨʦʚʫʶ 

ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʩʘʤʦʡ ʥʘʫʢʠ, ʥʦ ʠ ʢʦʛʥʠʪʠʚʥʫʶ 

ʩʦʩʪʘʚʣʷʶʱʫʶ ʜʘʥʥʦʛʦ ʬʝʥʦʤʝʥʘ, ʧʨʠʟʳʚʘʷ 

ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ ʥʘ ʧʦʟʥʘʥʠʠ ʩʘʤʦʛʦ ʧʨʦʮʝʩʩʘ ʝʝ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ, ʦʧʠʨʘʷʩʴ ʥʘ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʫʶ 

ʦʩʥʦʚʫ. ɸʚʪʦʨʳ ʪʘʢʞʝ ʦʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʘ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʩʤʳʩʣʝʥʠʷ, ʦʙʲʷʩʥʝʥʠʷ ʠ 

ʪʨʘʢʪʦʚʢʝ ʠʟʤʝʥʝʥʠʡ ʚ ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʇʨʠ ʵʪʦʤ ʦʩʪʘʶʪʩʷ ʦʪʢʨʳʪʳʤʠ ʚʦʧʨʦʩʳ ʦ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʪʘʨʳʭ ʤʝʪʦʜʦʚ, 
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ʦʙ ʘʜʝʢʚʘʪʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ 

(ʀʀ), ʘ ʪʘʢʞʝ ʤʥʦʞʝʩʪʚʘ ʜʨʫʛʠʭ, ʥʝ ʤʝʥʝʝ 

ʟʥʘʯʠʤʳʭ ʟʘʜʘʯ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʳʭ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʦʙʨʘʟʦʤ ʤʦʞʝʪ ʧʦʚʣʠʷʪʴ ʥʘ ʙʫʜʫʱʝʝ ʥʘʫʢʠ ʚ ʮʝʣʦʤ. 

ɺ ʨʘʤʢʘʭ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʫʜʝʤ 

ʦʪʪʘʣʢʠʚʘʪʴʩʷ ʦʪ ʛʠʧʦʪʝʟʳ 

ʦʜʚʫʭʚʝʢʪʦʨʥʦʤʨʘʟʚʠʪʠʠ ʮʠʬʨʦʚʦʡ ʥʘʫʢʠ, 

ʟʘʢʣʶʯʘʶʱʝʤʩʷ, ʚʦ-ʧʝʨʚʳʭ, ʚ ʪʝʦʨʝʪʠʢʦ-

ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʤ ʠ ʬʠʣʦʩʦʬʩʢʦʤ ʧʝʨʝʦʩʤʳʩʣʝʥʠʠ 

ʝʝ ʩʪʘʪʫʩʘ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʦʙʱʝʩʪʚʝ, ʘ ʠʤʝʥʥʦ, ʚ 

ʜʠʘʣʝʢʪʠʯʝʩʢʦʤ ʢʣʶʯʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʠ 

ʢʘʯʝʩʪʚʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ, ʘ, ʚʦ-ʚʪʦʨʳʭ, ʚ ʨʘʟʚʠʪʠʠ 

ʮʠʬʨʦʚʦʡ ʥʘʫʢʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʠ 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʠ ʦʧʳʪʥʦ-

ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʇʦʧʳʪʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʩʫʱʥʦʩʪʠ ʮʠʬʨʦʚʦʡ 

ʥʘʫʢʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʜʠʘʣʝʢʪʠʢʠ ʢʘʯʝʩʪʚʝʥʥʳʭ ʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʧʨʠʚʝʣʘ ʢ ʩʣʝʜʫʶʱʠʤ 

ʚʳʚʦʜʘʤ: 

- ʮʠʬʨʦʚʫʶ ʥʘʫʢʫ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ, ʩ 
ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʢʘʢ ʢʣʘʩʩʠʯʝʩʢʫʶ ʥʘʫʢʫ, 

ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠ ʦʙʦʛʘʱʝʥʥʫʶ ʥʝʢʠʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʮʠʬʨʦʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʠ 

ʘʢʪʠʚʠʟʘʮʠʠ ʵʤʧʠʨʠʯʝʩʢʦʛʦ, ʘʢʢʫʤʫʣʠʨʫʶʱʝʛʦ ʠ 

ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʛʦ ʵʬʬʝʢʪʦʚ ʦʪ ʥʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʚʥʝʜʨʝʥʠʡ; 

- ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʮʠʬʨʦʚʫʶ ʥʘʫʢʫ ʤʦʞʥʦ 
ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ ʦʯʝʨʝʜʥʦʡ ʵʪʘʧ ʨʘʟʚʠʪʠʷ 

ʧʦʟʥʘʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ, 

ʧʦʣʫʯʠʚʰʝʡ ʢʘʯʝʩʪʚʝʥʥʳʝ ʥʝʦʙʨʘʪʠʤʳʝ ʠʟʤʝʥʝʥʠʷ 

ʚʩʣʝʜʩʪʚʠʝ ʮʠʬʨʦʚʦʛʦ ʪʝʭʥʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʝʨʝʚʦʨʦʪʘ. 

ʅʫʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʮʠʬʨʦʚʳʝ ʥʦʚʝʣʣʳ ʚ 

ʨʘʚʥʦʡ ʩʪʝʧʝʥʠ ʟʘʪʨʘʛʠʚʘʶʪ ʢʘʢ ʤʘʪʝʨʠʘʣʴʥʳʝ, ʪʘʢ 

ʠ ʠʜʝʘʣʴʥʳʝ (ʜʫʭʦʚʥʳʝ) ʘʩʧʝʢʪʳ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʤʠʨʘ.ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʮʠʬʨʦʚʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ 

ʪʘʢʠʭ ʥʘʫʯʥʳʭ ʦʙʣʘʩʪʝʡ ʢʘʢ ʬʠʣʦʩʦʬʠʷ ʠ 

ʵʢʦʥʦʤʠʢʘ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʦʪʨʘʞʘʝʪ ʧʨʦʙʣʝʤʘʪʠʢʫ 

ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʄʦʞʝʪ ʧʦʢʘʟʘʪʴʩʷ, ʯʪʦ ʧʨʝʜʤʝʪʥʳʝ ʧʦʣʷ 

ʬʠʣʦʩʦʬʩʢʦʡ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʨʝʬʣʝʢʩʠʡ 

ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʦʪʣʠʯʥʳʝ ʜʨʫʛ ʦʪ ʜʨʫʛʘ 

ʩʦʩʪʘʚʣʷʶʱʠʝ ʠ ʥʝ ʠʤʝʶʪ ʪʦʯʝʢ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ. 

ʆʪʥʶʜʴ. ɼʦʩʪʘʪʦʯʥʦ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʪʘʥʜʝʤ 

ʜʠʘʣʝʢʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʠʟʤʘ ʠ ʧʦʣʠʪʵʢʦʥʦʤʠʠ 

ʙʳʣ ʚ ʥʘʫʢʝ ʟʦʣʦʪʳʤ ʩʝʯʝʥʠʝʤ, ʙʘʟʠʩʦʤ ʠ 

ʥʘʜʩʪʨʦʡʢʦʡ, ʩʠʩʪʝʤʦʦʙʨʘʟʫʶʱʝʡ ʦʩʥʦʚʦʡ 

ʠʟʫʯʝʥʠʷ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʦʙʱʝʩʪʚʘ, 

ʦʙʱʝʩʪʚʝʥʥʳʭ ʦʪʥʦʰʝʥʠʡ. 

ʂʘʢ ʫʞʝ ʙʳʣʦ ʩʢʘʟʘʥʦ ʚʳʰʝ, ʩʦʚʨʝʤʝʥʥʘʷ 

ʥʘʫʢʘ ʚʩʝ ʯʘʱʝ ʦʧʠʩʳʚʘʝʪʩʷ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʤ 

ʭʘʨʘʢʪʝʨʦʤ, ʧʨʠ ʵʪʦʤ, ʦʥʘ ʘʢʪʠʚʥʦ ʙʝʨʝʪ ʥʘ 

ʚʦʦʨʫʞʝʥʠʝ ʧʝʨʝʜʦʚʳʝ ʮʠʬʨʦʚʳʝ ʨʝʰʝʥʠʷ. ɺ ʵʪʦʤ 

ʢʦʥʪʝʢʩʪʝ ʩʪʘʨʘʶʪʩʷ ʩʣʝʜʦʚʘʪʴ ʥʦʚʳʤ ʚʝʷʥʠʷʤ 

ʬʠʣʦʩʦʬʩʢʠʝ ʤʝʪʦʜʳ ʥʘʫʯʥʦʛʦ ʧʦʟʥʘʥʠʷ, ʨʘʩʰʠʨʷʷ 

ʩʚʦʠ ʛʨʘʥʠʮʳ ʧʨʠʤʝʥʝʥʠʷ ʜʦ ʮʠʬʨʦʚʦʡ 

ʪʨʘʥʩʮʝʥʜʝʥʪʥʦʩʪʠ, ʠ ʜʘʣʝʝ ʢ ʮʠʬʨʦʚʦʡ 

ʬʠʣʦʩʦʬʠʠ. ɼʘʥʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʤʦʞʥʦ 

ʨʘʩʮʝʥʠʚʘʪʴ ʢʘʢ ʦʜʥʫ ʠʟ ʧʨʝʜʧʦʩʳʣʦʢ ʩʪʘʥʦʚʣʝʥʠʷ 

ʠʥʩʪʠʪʫʪʘ ʮʠʬʨʦʚʦʡ ʥʘʫʢʠ. 

ɺʪʦʨʦʡ ʚʝʢʪʦʨ ʨʘʟʚʠʪʠʷ ʮʠʬʨʦʚʦʡ ʥʘʫʢʠ 

ʦʙʫʩʣʦʚʣʝʥ ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʝʡ ʥʘʫʯʥʳʭ 

ʨʘʟʨʘʙʦʪʦʢ, ʯʪʦ, ʙʝʟʫʩʣʦʚʥʦ, ʤʝʥʷʝʪ ʦʙʣʠʢ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʥʘʫʢʠ, ʪʨʘʜʠʮʠʦʥʥʦ ʦʩʚʦʙʦʞʜʝʥʥʦʡ 

ʦʪ ʟʘʙʦʪ çʦ ʭʣʝʙʝ ʥʘʩʫʱʥʦʤè.  

ʅʘʯʥʝʤ ʩ ʪʦʛʦ, ʯʪʦ ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʷ 

ʥʘʫʯʥʦʛʦ ʟʥʘʥʠʷ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ 

ʦʙʱʝʩʪʚʘ ʦʙʫʩʣʦʚʣʝʥʘ ʩʤʝʥʦʡ ʠʝʨʘʨʭʠʠ 

ʧʨʦʠʟʚʦʜʠʤʳʭ ʧʨʦʜʫʢʪʦʚ. ɽʩʣʠ ʝʱʝ ʥʝʩʢʦʣʴʢʦ 

ʜʝʩʷʪʢʦʚ ʣʝʪ ʥʘʟʘʜ ʘʙʩʦʣʶʪʥʦʝ ʣʠʜʝʨʩʪʚʦ 

ʧʨʠʥʘʜʣʝʞʘʣʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʤʘʪʝʨʠʘʣʴʥʳʭ ʙʣʘʛ, ʪʦ 

ʩʦʚʨʝʤʝʥʥʳʝ ʨʝʘʣʠʠ ʩʪʘʚʷʪ ʚʦ ʛʣʘʚʫ ʫʛʣʘ ʮʝʥʥʦʩʪʴ 

ʠʥʬʦʨʤʘʮʠʠ (ʟʥʘʥʠʷ). ʇʦʩʢʦʣʴʢʫ ʪʦʣʴʢʦ ʥʦʚʳʝ 

ʟʥʘʥʠʷ (ʠʥʥʦʚʘʮʠʠ) ʩʧʦʩʦʙʥʳ ʦʙʝʩʧʝʯʠʪʴ 

ʢʦʥʢʫʨʝʥʪʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʨʝʜʧʨʠʷʪʠʷʤ, ʪʦ 

ʠʥʬʦʨʤʘʮʠʷ ʠ ʟʥʘʥʠʷ (ʢʦʤʧʝʪʝʥʮʠʠ) ʧʨʠʦʙʨʝʣʠ 

ʩʪʘʪʫʩ ʧʨʦʜʫʢʪʘ, ʦʪʚʝʯʘʶʱʝʛʦ ʚʩʝʤ ʪʨʝʙʦʚʘʥʠʷʤ 

ʪʦʚʘʨʥʦ-ʜʝʥʝʞʥʳʭ ʦʪʥʦʰʝʥʠʡ. ʇʦʩʢʦʣʴʢʫ ʜʘʥʥʳʡ 

ʧʨʦʜʫʢʪ ʷʚʣʷʣʩʷ çʩʦʙʩʪʚʝʥʥʦʩʪʴʶè ʫʯʝʥʳʭ, 

ʫʯʝʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ, ʣʘʙʦʨʘʪʦʨʠʡ ʠ ʠʥʩʪʠʪʫʪʦʚ, ʪʦ 

ʩʤʳʯʢʘ ʥʘʫʢʠ ʠ ʙʠʟʥʝʩʘ ʩʪʘʣʘ ʥʝʠʟʙʝʞʥʦʡ. 

ʇʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʚ ʨʘʙʦʪʘʭ ʆ. 

ɸʨʘʣʦʚʘ [1], ʦʧʠʩʳʚʘʶʱʝʛʦ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʦʧʳʪ 

ʚʥʝʜʨʝʥʠʷ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʥʦʚʳʭ ʥʘʫʯʥʦ-

ʤʝʪʦʜʠʯʝʩʢʠʭ ʨʘʟʨʘʙʦʪʦʢ ʚ ʨʘʙʦʪʫ ʧʨʝʜʧʨʠʷʪʠʷ 

ʥʝʬʪʷʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʊʘʢʞʝ ʥʘ ʧʦʪʨʝʙʥʦʩʪʴ 

ʧʝʨʝʭʦʜʘ ʚ ʮʠʬʨʦʚʦʡ ʬʦʨʤʘʪ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ 

ʫʢʘʟʳʚʘʶʪ ʚ ʩʚʦʝʡ ʩʪʘʪʴʝ ʃ.ɺ. ɽʞʢʠʥʘ ʠ ɺ.ʃ. 

ʂʫʨʙʘʪʦʚ [2]. 

ʉʦʚʨʝʤʝʥʥʘʷ ʥʘʫʢʘ, ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʷʚʣʷʶʱʘʷʩʷ ʮʠʬʨʦʚʳʤ ʧʨʦʜʫʢʪʦʤ ʠ ʧʨʦʠʟʚʦʜʷʱʘʷ 

ʮʠʬʨʦʚʦʡ ʧʨʦʜʫʢʪ ʧʨʠʟʚʘʥʘ ʨʘʟʨʘʙʦʪʘʪʴ ʩʪʨʘʪʝʛʠʶ 

ʥʦʚʦʛʦ ʤʳʰʣʝʥʠʷ, ʥʦʚʦʛʦ ʤʠʨʦʚʦʟʟʨʝʥʠʷ. ʅʘ 

ʜʘʥʥʫʶ ʧʨʦʙʣʝʤʫ ʦʙʨʘʱʘʝʪ ʚʥʠʤʘʥʠʝ ʂ.ʂ. ʂʦʣʠʥ 

[3], ʩʯʠʪʘʷ, ʯʪʦ ʩʪʨʘʪʝʛʠʯʝʩʢʠ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ 

ʩʝʛʦʜʥʷʰʥʝʛʦ ʜʥʷ ʷʚʣʷʝʪʩʷ ʥʘʫʯʥʦʝ ʧʨʦʩʚʝʱʝʥʠʝ 

ʦʙʱʝʩʪʚʘ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʣʦ ʙʳ ʨʝʰʝʥʠʝ ʤʥʦʛʠʭ 

ʛʣʦʙʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʩʦʚʨʝʤʝʥʥʦʩʪʠ. 

ʅʘʚʝʨʥʦʝ, ʝʜʠʥʩʪʚʝʥʥʦʡ ʦʙʣʘʩʪʴʶ, ʤʘʣʦ 

ʟʘʪʨʦʥʫʪʦʡ ʙʠʟʥʝʩ-ʧʨʦʝʢʪʘʤʠ, ʦʩʪʘʝʪʩʷ ʬʠʣʦʩʦʬʠʷ, 

ʪʦʯʥʝʝ, ʮʠʬʨʦʚʘʷ ʬʠʣʦʩʦʬʠʷ, ʦʪʚʦʝʚʘʚʰʘʷ ʩʚʦʡ 

ʩʪʘʪʫʩ ʫ ʩʭʦʜʥʳʭ ʧʦ ʟʥʘʯʝʥʠʶ, ʥʦ ʦʪʣʠʯʘʶʱʠʭʩʷ 

ʧʦ ʩʦʜʝʨʞʘʥʠʶ çʬʠʣʦʩʦʬʠʠ ʮʠʬʨʦʚʠʟʘʮʠʠè, 

çʬʠʣʦʩʦʬʠʠ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠè, çʮʠʬʨʦʚʦʡ 

ʦʥʪʦʣʦʛʠʠè ʠ ʪ.ʜ. ʇʦ ʩʚʦʝʡ ʩʫʪʠ ʮʠʬʨʦʚʘʷ 

ʬʠʣʦʩʦʬʠʷ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʡ ʙʘʟʦʡ ʜʣʷ 

ʮʠʬʨʦʚʦʡ ʥʘʫʢʠ ʚ ʮʝʣʦʤ, ʝʝ ʩʠʩʪʝʤʦʦʙʨʘʟʫʶʱʠʤ 

ʥʘʯʘʣʦʤ. 

ɿʜʝʩʴ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʛʨʘʥʠʯʠʪʴ ʧʦʥʷʪʠʷ 

çʬʠʣʦʩʦʬʠʷ ʮʠʬʨʦʚʠʟʘʮʠʠè ʠ çʮʠʬʨʦʚʘʷ 

ʬʠʣʦʩʦʬʠʷè. ʌʠʣʦʩʦʬʠʷ ʮʠʬʨʦʚʠʟʘʮʠʠ ʥʘʧʨʘʚʣʝʥʘ 

ʥʘ ʦʩʤʳʩʣʝʥʠʝ ʧʨʦʠʩʭʦʜʷʱʠʭ ʪʝʭʥʠʯʝʩʢʠʭ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʡ ʠ ʠʭ ʚʩʪʨʦʝʥʥʦʩʪʠ 

ʚ ʩʦʚʨʝʤʝʥʥʦʝ ʙʳʪʠʝ, ʪʦʛʜʘ ʢʘʢ ʮʠʬʨʦʚʘʷ 

ʬʠʣʦʩʦʬʠʷ ʠʩʧʦʣʴʟʫʝʪ ʥʦʚʳʝ ʤʝʪʦʜʳ 

ʬʠʣʦʩʦʬʩʢʦʛʦ ʨʘʟʤʳʰʣʝʥʠʷ ï ʮʠʬʨʦʚʳʝ 

ʠʥʩʪʨʫʤʝʥʪʳ, ʥʘʧʨʠʤʝʨ, ʥʝʡʨʦʩʝʪʠ. ʅʘ ʧʨʘʢʪʠʢʝ 

ʞʝ ʯʘʱʝ ʚʩʝʛʦ, ʜʝʣʘʝʪʩʷ ʚʳʙʦʨ ʚ ʧʦʣʴʟʫ ʩʠʥʪʝʟʘ 

ʜʚʫʭ ʚʠʜʦʚ ʠʥʪʝʣʣʝʢʪʘ: ʝʩʪʝʩʪʚʝʥʥʦʛʦ 

(ʯʝʣʦʚʝʯʝʩʢʦʛʦ) ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

(ʢʦʤʧʴʶʪʝʨʥʦʛʦ). 

ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʩʦʦʪʥʦʰʝʥʠʝ ʦʙʲʝʤʦʚ 

ʪʝʦʨʝʪʠʢʦ-ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʭ ʨʘʟʨʘʙʦʪʦʢ ʠ ʠʭ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʚʦʧʣʦʱʝʥʠʷ ʩʤʝʱʘʝʪʩʷ ʚ ʩʪʦʨʦʥʫ 
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ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʦʚ. 

ʎʠʬʨʦʚʠʟʘʮʠʷ ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʝ 

ʦʙʭʦʜʠʪ ʩʪʦʨʦʥʦʡ ʨʦʣʴ ʩʦʚʨʝʤʝʥʥʦʛʦ ʫʯʝʥʦʛʦ, 

ʢʦʪʦʨʘʷ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʢʣʘʩʩʠʯʝʩʢʠʭ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ.ʂ ʜʨʘʡʚʝʨʘʤ ʪʘʢʦʛʦ ʧʨʝʦʙʨʘʞʝʥʠʷ 

ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʥʘʫʯʥʳʝ ʦʪʢʨʳʪʠʷ ʠ ʜʦʩʪʠʞʝʥʠʷ, 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʨʳʚʳ, ʪʝʭʥʠʯʝʩʢʠʝ 

ʧʦʙʝʜʳ,ʨʦʩʪ ʟʥʘʯʠʤʦʩʪʠ ʥʘʢʦʧʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʠ 

ʟʥʘʥʠʡ, ʚʟʷʪʳʡ ʛʦʩʫʜʘʨʩʪʚʦʤ ʧʫʪʴ ʠʥʥʦʚʘʮʠʦʥʥʦ 

ʘʢʪʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ, ʨʝʘʣʠʟʘʮʠʷ ʧʨʦʛʨʘʤʤ ʧʦ 

ʥʘʨʘʱʠʚʘʥʠʶ ʠ ʛʨʘʤʦʪʥʦʤʫ 

ʧʨʠʤʝʥʝʥʠʶʠʥʥʦʚʘʮʠʦʥʥʦ-ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ 

ʢʘʧʠʪʘʣʘ, ʧʨʠʯʝʤ ʚ ʨʘʟʨʝʟʝ ʤʠʢʨʦ-, ʤʝʟʦ- ʠ 

ʤʘʢʨʦʫʨʦʚʥʝʡ.  

ɼʦ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʨʝʤʝʥʠ ʜʣʷ ʚʩʝʭ ʙʳʣʦ 

ʧʨʠʝʤʣʝʤʳʤ ʠ ʪʨʘʜʠʮʠʦʥʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʪʦʤ, 

ʯʪʦ ʥʘʫʯʥʳʝ ʟʥʘʥʠʷ çʧʨʠʥʘʜʣʝʞʘʣʠè ʪʦʣʴʢʦ ʢ 

ʅʀʀ, ʚʫʟʘʤ, ʥʘʫʯʥʦ-ʵʢʩʧʝʨʪʥʳʤ ʛʨʫʧʧʘʤ ʠ 

ʩʦʦʙʱʝʩʪʚʘʤ, ʣʘʙʦʨʘʪʦʨʠʷʤ ʠ ʪ.ʧ. ʂʨʦʤʝ ʪʦʛʦ, 

ʧʦʣʫʯʝʥʥʳʡ ʤʘʩʩʠʚ ʥʦʚʳʭ ʟʥʘʥʠʡ ʥʝ ʚʳʭʦʜʠʣ ʟʘ 

ʨʘʤʢʠ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʩʫʙʲʝʢʪʦʚ, ʧʝʨʝʜʘʯʘ ʠ ʦʙʤʝʥ 

ʤʝʞʜʫ ʫʯʘʩʪʥʠʢʘʤʠ ʜʦʧʫʩʢʘʣʠʩʴ ʪʦʣʴʢʦ ʚ 

ʠʩʢʣʶʯʠʪʝʣʴʥʳʭ ʩʣʫʯʘʷʭ, ʠʥʳʤʠ ʩʣʦʚʘʤʠ, 

ʩʪʘʨʘʣʠʩʴ ʦʙʝʩʧʝʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʫʶ ʩʝʢʨʝʪʥʦʩʪʴ.  

ɺ ʪʝʢʫʱʠʭ ʨʝʘʣʠʷʭ ʤʳ ʥʘʙʣʶʜʘʝʤ ʥʝʩʢʦʣʴʢʦ 

ʠʥʫʶ ʢʘʨʪʠʥʫ ï ʦʪʩʫʪʩʪʚʫʝʪ ʩʪʨʦʛʘʷ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʢ ʦʨʛʘʥʠʟʘʮʠʷʤ, ʪʨʘʜʠʮʠʦʥʥʦ 

ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʤ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ, ʯʪʦ 

ʜʦʧʦʣʥʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʦʩʪʴʶ 

ʙʠʟʥʝʩ-ʫʯʘʩʪʥʠʢʦʚ ʟʘʚʣʘʜʝʪʴ ʥʫʞʥʦʡ ʥʘʫʯʥʦʡ 

ʠʥʬʦʨʤʘʮʠʝʡ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʠʭ ʜʝʷʪʝʣʴʥʦʩʪʠ, 

ʥʦ ʠ ʠʭ ʨʝʘʣʴʥʳʤʠ ʜʝʡʩʪʚʠʷʤʠ ʚ ʦʙʣʘʩʪʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʣʘʩʪʘ ʥʘʫʯʥʳʭ 

ʠʟʳʩʢʘʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ 

ʣʠʯʥʳʭ ʠ ʦʙʱʝʩʪʚʝʥʥʳʭ ʧʦʪʨʝʙʥʦʩʪʝʡ.  

ʄʦʞʥʦ ʛʦʚʦʨʠʪʴ, ʯʪʦ ʧʨʝʜʧʨʠʷʪʠʷ, ʩ ʦʜʥʦʡ 

ʩʪʦʨʦʥʳ, ʜʦʣʞʥʳ ʩʣʝʜʦʚʘʪʴ ʥʝʢʠʤ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʜʠʨʝʢʪʠʚʘʤ, ʠʩʭʦʜʷʱʠʭ ʠʟ 

ʥʘʮʠʦʥʘʣʴʥʦʡ ʩʪʨʘʪʝʛʠʠ ʥʘʫʯʥʦ-ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʠ 

ʮʠʬʨʦʚʦʛʦ ʨʘʟʚʠʪʠʷ. ɸ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʩʘʤ 

ʙʠʟʥʝʩ ʟʘʠʥʪʝʨʝʩʦʚʘʥ ʚ ʨʘʟʚʠʪʠʠ ʦʪʨʘʩʣʠ, 

ʫʢʨʝʧʣʝʥʠʠ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʥʢʫʨʝʥʪʥʳʭ 

ʧʨʝʠʤʫʱʝʩʪʚ, ʧʦʣʫʯʝʥʠʠ ʫʩʪʦʡʯʠʚʦʡ 

ʜʦʭʦʜʥʦʩʪʠ.ɼʣʷ ʵʪʠʭ ʮʝʣʝʡ ʧʨʝʜʧʨʠʷʪʠʷ ʨʘʟʣʠʯʥʦʡ 

ʦʪʨʘʩʣʝʚʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʧʨʠʚʣʝʢʘʶʪ ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʦʚ ʩʪʦʨʦʥʥʠʭ ʫʯʝʥʳʭ ʠʣʠ 

ʩʦʟʜʘʶʪ ʫʩʣʦʚʠʷ ʜʣʷ ʨʘʙʦʪʳ ʰʪʘʪʥʳʭ ʥʘʫʯʥʳʭ 

ʩʦʪʨʫʜʥʠʢʦʚ (ʥʘʧʨʠʤʝʨ, ʦʪʢʨʳʪʠʝ ʩʦʙʩʪʚʝʥʥʳʭ 

ʣʘʙʦʨʘʪʦʨʠʡ, ʦʪʜʝʣʘ ʅʀʆʂʈ, ʥʘʫʯʥʳʭ ʧʣʦʱʘʜʦʢ). 

ʅʝʩʦʤʥʝʥʥʦ, ʜʘʥʥʳʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ, 

ʥʘʮʝʣʝʥʥʳʝ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʧʨʘʢʪʠʢʦʦʨʠʝʥʪʠʨʦʚʘʥʥʦʩʪʠ ʥʘʫʢʠ, ʧʨʝʜʲʷʚʣʷʶʪ ʢ 

ʫʯʝʥʦʤʫ ʥʘʣʠʯʠʝ ʢʦʤʧʝʪʝʥʮʠʡ ʮʠʬʨʦʚʦʛʦ ʧʦʨʷʜʢʘ. 

ʆʪʩʶʜʘ, ʦʙʦʟʥʘʯʠʤ ʯʝʨʪʳ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʪʝʣʷ, ʩʦʧʨʠʢʘʩʘʶʱʝʛʦʩʷ ʩ 

ʮʠʬʨʦʚʠʟʘʮʠʝʡ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʩʚʝʩʪʠ ʢ 

ʩʣʝʜʫʶʱʠʤ ʙʣʦʢʘʤ:  

1. ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʧʨʦʬʠʣʴ: 

- ʢʨʦʩʩʜʠʩʮʠʧʣʠʥʘʨʥʦʩʪʴ ʦʟʥʘʯʘʝʪ 

ʩʚʦʙʦʜʥʦʝ ʦʧʝʨʠʨʦʚʘʥʠʝ ʟʥʘʥʠʷʤʠ ʥʘ ʩʪʳʢʝ 

ʨʘʟʥʦʧʣʘʥʦʚʳʭ ʜʠʩʮʠʧʣʠʥ (ʥʘʫʯʥʳʭ ʦʙʣʘʩʪʝʡ) 

(ʥʘʧʨʠʤʝʨ, ʙʠʦʠʥʬʦʨʤʘʪʠʢʘ, 

ʮʠʬʨʦʚʘʷʛʫʤʘʥʠʪʘʨʠʩʪʠʢʘ); 

- ʮʠʬʨʦʚʘʷ ʛʨʘʤʦʪʥʦʩʪʴ ï ʚʣʘʜʝʥʠʝ 

ʤʝʪʦʜʘʤʠ ʨʘʙʦʪʳ ʩ BigData, ʥʝʡʨʦʩʝʪʷʤʠ ʠ 

ʘʣʛʦʨʠʪʤʘʤʠ ʀʀ; 

- ʢʨʝʘʪʠʚʥʦʩʪʴ ï ʚ ʨʘʤʢʘʭ ʮʠʬʨʦʚʦʡ 

ʧʣʦʩʢʦʩʪʠ ʚʳʨʘʞʘʝʪʩʷ ʚ ʩʧʦʩʦʙʥʦʩʪʠ 

ʬʦʨʤʫʣʠʨʦʚʘʪʴ ʟʘʜʘʯʠ ʜʣʷ ʀʀ ʠ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ 

ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʘ ʚ ʨʘʟʨʝʟʝ ʚʳʧʦʣʥʷʝʤʳʭ 

ʧʨʦʮʝʩʩʦʚ ʠ ʜʝʡʩʪʚʠʡ ï ʦʥʘ ʩʚʦʜʠʪʩʷ ʢ ʧʨʠʤʝʥʝʥʠʶ 

ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʧʦʜʭʦʜʦʚ (ʩʠʥʝʢʪʠʢʘ, ʤʝʪʦʜʳ 

çʆʙʨʘʪʥʳʭ ʘʥʘʣʦʛʠʡè ʠ ʬʦʢʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʜʨ.), 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʳʧʦʣʥʝʥʠʶ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʠ 

ʮʝʣʝʡ, ʟʘʡʜʷ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ; 

- ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʦʙʥʦʚʣʝʥʠʝ ʟʥʘʥʠʡ, ʫʤʝʥʠʡ 

ʠ ʢʦʤʧʝʪʝʥʮʠʡ, ʯʪʦ ʧʨʦʜʠʢʪʦʚʘʥʦ ʜʠʥʘʤʠʯʥʳʤ 

ʨʘʟʚʠʪʠʝʤ ʥʘʫʯʥʦʡ ʩʬʝʨʳ, ʪʝʭʥʠʢʠ, ʪʝʭʥʦʣʦʛʠʡ. 

2. ʕʪʠʯʝʩʢʠʡ ʧʨʦʬʠʣʴ: 

- ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʧʦʩʣʝʜʩʪʚʠʷ 

ʠʩʩʣʝʜʦʚʘʥʠʡ; 

- ʧʨʦʟʨʘʯʥʦʩʪʴ ʠʩʧʦʣʴʟʫʝʤʦʡ ʤʝʪʦʜʦʣʦʛʠʠ, 
ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʚʳʨʘʞʘʪʴʩʷ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʝʝ 

ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ (ʢʦʧʠʨʦʚʘʥʠʷ), ʘ ʪʘʢʞʝ ʫʢʘʟʘʥʠʠ, 

ʛʜʝ ʠ ʢʘʢ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʨʘʟʫʤ 

(ʪʝʭʥʦʣʦʛʠʠ ʀʀ); 

- ʧʨʠʦʨʠʪʝʪ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʦʙʱʝʥʠʷ ï ʀʀ ʥʝ 

ʜʦʣʞʝʥ ʟʘʤʝʥʷʪʴ ʞʠʚʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʘ ʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʦʣʞʥʦ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʫʢʨʝʧʣʝʥʠʶ 

ʤʝʞʣʠʯʥʦʩʪʥʦʛʦ ʦʙʱʝʥʠʷ ʠ ʢʦʤʘʥʜʥʦʡ ʨʘʙʦʪʳ; 

- ʘʢʘʜʝʤʠʯʝʩʢʘʷ ʯʝʩʪʥʦʩʪʴ ï ʧʨʠʤʝʥʝʥʠʝ ʀʀ 

ʢʘʢ ʜʦʧʦʣʥʝʥʠʷ, ʘ ʥʝ ʟʘʤʝʥʳ ʧʨʠʨʦʜʥʦʛʦ 

(ʯʝʣʦʚʝʯʝʩʢʦʛʦ) ʠʥʪʝʣʣʝʢʪʘ, ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʩʪʴ ʚ 

ʚʳʧʦʣʥʝʥʠʠ ʨʘʙʦʪ 

- ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʝ ʠʥʬʦʜʝʤʠʠ, ʢʦʪʦʨʦʝ 

ʧʨʝʩʣʝʜʫʝʪ ʮʝʣʴ ʧʨʝʩʝʯʴ ʤʘʩʩʦʚʦʝ ʠ ʙʳʩʪʨʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʥʝʜʦʩʪʦʚʝʨʥʳʭʩʚʝʜʝʥʠʡ, ʩʣʫʭʦʚ ʠ 

ʬʝʡʢʦʚ ʯʝʨʝʟ ʮʠʬʨʦʚʳʝ ʧʣʘʪʬʦʨʤʳ, ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ ʜʣʷ ʩʘʤʦʛʦ ʫʯʝʥʦʛʦ ʛʣʘʚʥʦʝ ʥʝ 

ʩʪʘʪʴ ʠʩʪʦʯʥʠʢʦʤ ʟʘʨʦʞʜʝʥʠʷ ʮʝʧʦʯʢʠ 

ʜʝʟʠʥʬʦʨʤʘʮʠʠ. 

3. ɹʠʟʥʝʩ-ʧʨʦʬʠʣʴ: 

- ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʢʦʝ ʤʳʰʣʝʥʠʝ ï 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʛʘʨʤʦʥʠʯʥʦʝ ʩʦʯʝʪʘʥʠʝ 

ʧʩʠʭʠʯʝʩʢʠʭ ʠ ʵʤʦʮʠʦʥʘʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ, 

ʧʦʚʝʜʝʥʠʷ ʠ ʥʘʚʳʢʦʚ, ʧʦʤʦʛʘʶʱʠʝ ʫʯʝʥʳʤ 

ʚʳʷʚʣʷʪʴ ʚʦʟʤʦʞʥʦʩʪʠ, ʧʨʦʷʚʣʷʪʴ ʠʥʠʮʠʘʪʠʚʫ ʠ 

ʚʥʝʜʨʷʪʴ ʩʚʦʠ ʨʘʟʨʘʙʦʪʢʠ ʚ ʤʘʩʩʳ; 

- ʩʦʟʜʘʥʠʝ ʙʨʝʥʜʘ ʫʯʝʥʦʛʦ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ 
ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʟʘ ʩʯʝʪ ʚʝʜʝʥʠʷ ʣʠʯʥʦʛʦ ʙʣʦʛʘ, 

ʧʦʜʢʘʩʪʘ, ʪʨʘʥʩʣʷʮʠʡ ʚʳʩʪʫʧʣʝʥʠʡ ʥʘ ʥʘʫʯʥʳʭ 

ʧʣʦʱʘʜʢʘʭ ʠ ʢʦʥʬʝʨʝʥʮʠʷʭ, ʚʝʜʝʥʠʷ ʩʦʮʩʝʪʝʡ; 

- ʛʨʘʤʦʪʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʮʠʬʨʦʚʳʤʠ 

ʘʢʪʠʚʘʤʠ (ʧʘʪʝʥʪʳ, ʘʚʪʦʨʩʢʠʝ ʧʨʘʚʘ, ʩʦʛʣʘʩʠʝ ʥʘ 

ʧʫʙʣʠʢʘʮʠʠ ʩʪʘʪʝʡ, ʨʘʩʢʨʳʪʠʝ ʠʥʬʦʨʤʘʮʠʠ);  

- ʢʨʘʫʜʬʘʥʜʠʥʛʦʚʘʷ ʛʨʘʤʦʪʥʦʩʪʴ ï 

ʧʨʠʚʣʝʯʝʥʠʝ ʠʥʚʝʩʪʠʮʠʡ ʯʝʨʝʟ ʨʘʟʣʠʯʥʳʝ 

ʧʣʘʪʬʦʨʤʳ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ 

ʧʨʦʝʢʪʘ;  

- ʢʦʤʤʫʥʠʢʘʪʠʚʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʥʝʦʙʭʦʜʠʤʘ 
ʜʣʷ ʯʝʪʢʦʡ ʠ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʠ ʢʦʥʪʨʦʣʴʥʦ-ʨʝʛʫʣʷʪʠʚʥʦʛʦ 

ʭʘʨʘʢʪʝʨʘ ʚ ʥʘʫʯʥʦʡ ʛʨʫʧʧʝ, ʘ ʪʘʢʞʝ ʜʣʷ 

ʚʳʩʪʨʘʠʚʘʥʠʷ ʜʦʣʛʦʩʨʦʯʥʳʭ ʠ ʚʟʘʠʤʦʚʳʛʦʜʥʳʭ 
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ʙʠʟʥʝʩ-ʦʪʥʦʰʝʥʠʡ ʩʦ ʩʪʝʡʢʭʦʣʜʝʨʘʤʠ.  

ɸʥʘʣʠʟʠʨʫʷ ʧʦʨʪʨʝʪ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʪʝʣʷ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʝʛʦ ʚ ʮʠʬʨʦʚʦʤ 

ʧʦʣʝ, ʤʦʞʝʤ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʦʥ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʚʳʧʦʣʥʷʝʪ ʪʨʠ ʨʦʣʠ: ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʫʯʝʥʳʡ, 

ʙʣʦʛʝʨ-ʧʨʦʩʚʝʪʠʪʝʣʴ ʥʘ ʮʠʬʨʦʚʦʡ ʧʣʦʱʘʜʢʝ, 

ʫʯʘʩʪʥʠʢ ʵʪʠʯʝʩʢʠʭ ʢʦʤʠʩʩʠʡ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʀʀ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʯʝʥʳʡ-ʩʦʚʨʝʤʝʥʥʠʢ 

ʥʘʨʘʱʠʚʘʝʪ ʢʦʤʧʣʝʢʩ ʥʝʤʘʪʝʨʠʘʣʴʥʳʭ ʠ ʮʠʬʨʦʚʳʭ 

ʘʢʪʠʚʦʚ, ʧʦʩʢʦʣʴʢʫ ʝʛʦʣʘʙʦʨʘʪʦʨʠʷ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ 

ʚ ʦʙʣʘʯʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʘ ʠʪʦʛʠ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʦʚʝʨʷʶʪʩʷ 

ʙʣʦʢʯʝʡʥ-ʨʝʮʝʥʟʠʨʦʚʘʥʠʝʤ. 

ɺ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ, ʧʦʜʦʙʥʦʝ ʦʙʦʙʱʝʥʠʝ 

ʪʨʝʙʦʚʘʥʠʡ ʠ ʢʦʤʧʝʪʝʥʮʠʡ ʬʦʨʤʠʨʫʝʪ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʫʶ ʥʘʫʯʥʫʶ ʢʫʣʴʪʫʨʫ, ʛʜʝ 

ʮʝʥʥʦʩʪʴ ʩʦʟʜʘʝʪʩʷ ʥʘ ʧʝʨʝʩʝʯʝʥʠʠ ʤʥʦʛʦʘʩʧʝʢʪʥʦʡ 

ʵʢʩʧʝʨʪʠʟʳ, ʮʠʬʨʦʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʩʦʮʠʘʣʴʥʦ-

ʥʘʫʯʥʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ. 

ʂʩʪʘʪʠ, ʯʪʦ ʢʘʩʘʝʪʩʷ ʮʠʬʨʦʚʦʡ ʵʪʠʢʠ 

ʫʯʝʥʳʭ, ʪʦ ʥʘʨʘʩʪʘʶʪ ʩʧʦʨʳ, ʢʦʪʦʨʳʝ ʧʦʨʦʜʠʣʠ ʜʚʝ 

ʢʦʥʬʨʦʥʪʘʮʠʦʥʥʳʝ ʪʦʯʢʠ ʟʨʝʥʠʷ. ʇʝʨʚʘʷ ʦʪʨʘʞʘʝʪ 

ʮʝʣʝʩʦʦʙʨʘʟʥʳʡ ʚʚʦʜ ʵʪʠʯʝʩʢʠʭ ʥʦʨʤ ʥʦʚʦʛʦ 

ʬʦʨʤʘʪʘ, ʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʠ ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʭ 

ʠʥʪʝʛʨʘʮʠʦʥʥʫʶ ʪʝʩʥʦʪʫ ʤʝʞʜʫ ʠʩʩʣʝʜʦʚʘʪʝʣʝʤ-

ʧʨʘʢʪʠʢʦʤ ʠ ʀʀ [5]. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʪʦʨʘʷ, 

ʦʪʨʠʮʘʝʪ ʪʘʢʦʡ ʧʦʜʭʦʜ, ʣʦʙʙʠʨʫʷ ʪʦʣʴʢʦ ʧʨʦʩʪʦʝ 

ʥʘʙʣʶʜʝʥʠʝ ʟʘ ʩʠʪʫʘʮʠʝʡ. 

ɺ ʥʘʰʝʤ ʧʦʥʠʤʘʥʠʠ ʪʘʢʘʷ ʜʠʣʝʤʤʘ 

ʧʦʨʦʞʜʘʝʪ ʫʛʨʦʟʫ (ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʠʩʢʠ) ʚ 

ʥʘʨʫʰʝʥʠʠ ʛʨʘʥʠʮ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʨʘʟʫʤʘ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʣʞʝʧʦʜʤʝʥʝ ʥʘʫʯʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠʣʠ ʢ ʧʦʣʥʦʡ ʟʘʤʝʥʝ çʞʠʚʦʡè ʥʘʫʯʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʫʶ ʩ 

ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʥʳʤ (ʰʘʙʣʦʥʥʳʤ) ʤʳʰʣʝʥʠʝʤ. 

ʅʝ ʦʪʭʦʜʠʤ ʦʪ ʤʳʩʣʠ, ʯʪʦ ʨʠʩʢʠ ʮʠʬʨʦʚʦʡ 

ʥʘʫʢʠ ʩʭʦʞʠ ʩ ʨʠʩʢʘʤʠ ʮʠʬʨʦʚʠʟʘʮʠʠ ʚ ʝʝ 

ʰʠʨʦʢʦʤ ʧʦʥʠʤʘʥʠʠ [4]. ʅʘʧʨʠʤʝʨ, ʵʪʦ ʫʪʝʯʢʘ 

ʜʘʥʥʳʭ ʠ ʥʘʨʫʰʝʥʠʝ ʮʝʣʦʩʪʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʭʨʘʥʝʥʠʷʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ʀʟ ʵʪʦʛʦ ʪʘʢʞʝ ʚʳʪʝʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʟʘʱʠʪʳ 

ʘʚʪʦʨʩʢʠʭ ʠ ʧʘʪʝʥʪʥʳʭ ʧʨʘʚ, ʧʝʨʝʧʠʩʢʠ (ʚʦʟʤʦʞʥʦ 

ʝʝ ʢʦʜʠʨʦʚʘʥʠʷ), ʠʥʬʦʨʤʘʮʠʠ ʫʯʘʩʪʚʫʶʱʝʡ ʚ 

ʠʥʥʦʚʘʮʠʦʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʪʨʘʥʩʬʝʨʝʠʥʝ 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ʂ ʨʠʩʢʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʠ ʠʟʙʳʪʦʯʥʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʪʘʤ, ʛʜʝ ʤʦʞʥʦ 

ʦʙʦʡʪʠʩʴ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪ ʩʪʦʠʤʦʩʪʴ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ 

ʧʨʦʝʢʪʘ.ʉʶʜʘ ʞʝ ʤʦʞʥʦ ʧʨʠʯʠʩʣʠʪʴ 

ʨʘʟʨʦʟʥʝʥʥʦʩʪʴ ʮʠʬʨʦʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʯʪʦ 

ʦʪʨʘʞʘʝʪʩʷ ʚ ʚʳʥʫʞʜʝʥʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʫʯʝʥʳʤʠ ʩʦʙʩʪʚʝʥʥʳʭ ʩʠʣ, ʫʤʝʥʠʡ ʠ ʥʘʚʳʢʦʚ, 

ʧʦʩʢʦʣʴʢʫ ʰʠʨʦʢʦ ʧʨʦʜʚʠʛʘʝʤʳʡ ʮʠʬʨʦʚʦʡ 

ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʨʘʟʣʠʯʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ ʜʘʝʪ 

ʧʦʨʦʡ ʪʨʫʜʥʦʦʙʨʘʙʘʪʳʚʘʝʤʳʝ ʠ ʩʣʦʞʥʦ 

ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʳʝ ʨʝʟʫʣʴʪʘʪʳ. 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʧʫʙʣʠʯʥʦʛʦ ʦʩʚʝʱʝʥʠʷ 

ʥʘʫʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʪʦ ʦʥʣʘʡʥ-ʢʦʥʬʝʨʝʥʮʠʠ ʥʝ ʚ 

ʧʦʣʥʦʡ ʤʝʨʝ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʧʦʪʨʝʙʥʦʩʪʴ 

ʥʘʣʘʞʠʚʘʥʠʷ ʢʦʤʤʫʥʠʢʘʪʠʚʥʳʭ ʩʚʷʟʝʡ ʫʯʝʥʳʭ ʚ 

ʥʘʫʯʥʦʤ ʧʣʘʥʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʤʝʞʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʦʝ ʠ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. 

ʉʫʱʝʩʪʚʝʥʥʳʤ ʨʠʩʢʦʚ ʷʚʣʷʝʪʩʷ ʮʠʬʨʦʚʦʝ 

ʥʝʨʘʚʝʥʩʪʚʦ, ʚʳʨʘʞʘʶʱʝʝʩʷ ʚ ʨʘʟʚʠʪʠʠ 

ʥʝʦʙʭʦʜʠʤʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʣʠʰʴ ʚ ʣʦʢʘʣʴʥʦʤ 

ʨʘʟʨʝʟʝ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʦʩʣʦʞʥʷʝʪ ʧʦʷʚʣʝʥʠʝ, 

ʧʦʧʫʣʷʨʠʟʘʮʠʶ ʠ ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʶ ʥʦʚʳʭ 

ʥʘʫʯʥʳʭ ʜʦʩʪʠʞʝʥʠʡ.  

ɺ ʟʘʢʣʶʯʝʥʠʠ ʦʪʤʝʪʠʤ, ʯʪʦ ʮʠʬʨʦʚʘʷ ʥʘʫʢʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʥʘʯʠʤʳʡ ʵʪʘʧ ʚ ʨʘʟʚʠʪʠʠ 

ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʚʨʝʤʝʥʥʦʛʦ ʬʦʨʤʘʪʘ, 

ʢʦʪʦʨʳʡ ʠʥʪʝʛʨʠʨʫʝʪ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʩ 

ʧʨʘʢʪʠʯʝʩʢʠʤʠ ʧʨʠʣʦʞʝʥʠʷʤʠ.ʇʝʨʝʭʦʜ ʦʪ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʥʘʫʯʥʳʭ ʤʝʪʦʜʦʚ ʢ ʮʠʬʨʦʚʳʤ 

ʪʝʭʥʦʣʦʛʠʷʤ ʦʪʢʨʳʚʘʝʪ ʧʝʨʝʜ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ 

ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚ ʩʙʦʨʝ ʠ ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ, 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʦʮʝʩʩʦʚ, ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ, 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ ʠ ʪ.ʧ. ʉʝʛʦʜʥʷ ʮʠʬʨʦʚʘʷ ʥʘʫʢʘ 

ʷʚʣʷʝʪʩʷ ʩʠʥʪʝʟʦʤ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʢʣʘʩʩʠʯʝʩʢʦʡ 

ʥʘʫʢʠ ʠ ʧʝʨʝʜʦʚʳʭ ʮʠʬʨʦʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, 

ʠʤʝʶʱʘʷ ʩʚʦʝʡ ʮʝʣʴʶ ʜʘʣʴʥʝʡʰʝʝ ʵʬʬʝʢʪʠʚʥʦʝ 

ʨʘʟʚʠʪʠʝ ʥʘ ʦʩʥʦʚʝ ʧʨʘʢʪʠʢʦʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ 

ʧʦʜʭʦʜʘ. 
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ʋɼʂ 330.1 

 
ɸʅɸʃʀʊʀʏɽʉʂʆɽ ʆɹɽʉʇɽʏɽʅʀɽ ʂɸʂ 

ʆʉʅʆɺɸ  ʋʇʈɸɺʃɽʅʀʗ ʉʋɹʒɽʂʊɸʄʀ 

ʇʈɽɼʇʈʀʅʀʄɸʊɽʃʔʉʂʆʁ 

ɼɽʗʊɽʃʔʅʆʉʊʀ 

  

ʅʘʫʤʝʥʢʦ ʉʚʝʪʣʘʥʘ ʄʠʭʘʡʣʦʚʥʘ  

ʢʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

 

ʐʝʚʮʦʚʘ ʆʣʴʛʘ ʅʠʢʦʣʘʝʚʥʘ  

ʢʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʠʡ ʬʠʣʠʘʣ ʬʝʜʝʨʘʣʴʥʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ 

ʫʯʨʝʞʜʝʥʠʷ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ñɹʝʣʛʦʨʦʜʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. 

ɺ.ɻ. ʐʫʭʦʚʘò 
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ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʷ ʠ ʨʦʣʠ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʚ ʩʠʩʪʝʤʝ 

ʫʧʨʘʚʣʝʥʠʷ. ɺ ʧʨʦʮʝʩʩʝ ʧʦʜʛʦʪʦʚʢʠ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʘʢʠʝ ʤʝʪʦʜʳ, ʢʘʢ ʢʦʤʧʣʝʢʩʥʦʝ 

ʠʟʫʯʝʥʠʝ ʠ ʘʥʘʣʠʟ ʥʘʫʯʥʦ-ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. ʀʟ 

ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʡ ʚʳʚʦʜ: ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʚʘʞʥʦ ʨʘʟʨʘʙʦʪʘʪʴ ʪʝʭʥʦʣʦʛʠʶ 

ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʢʦʤʧʣʝʢʩ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʜʫʨ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʦʮʝʥʢʫ ʧʝʨʩʧʝʢʪʠʚ ʩʦʭʨʘʥʝʥʠʷ ʢʘʧʠʪʘʣʘ ʩʫʙʲʝʢʪʦʤ ʭʦʟʷʡʩʪʚʦʚʘʥʠʷ, ʫʩʠʣʝʥʠʷ ʤʦʪʠʚʘʮʠʠ ʠ 

ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʧʨʠ ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʡ ʦ ʧʨʝʜʦʩʪʘʚʣʝʥʠʠ ʨʝʩʫʨʩʦʚ ʠ 

ʨʝʛʫʣʠʨʦʚʘʥʠʠ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʘʥʘʣʠʪʠʯʝʩʢʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ, ʬʠʥʘʥʩʦʚʳʝ ʧʦʢʘʟʘʪʝʣʠ, ʫʧʨʘʚʣʝʥʠʝ, ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʢʘ ̫ʜʝʷʪʝʣʴʥʦʩʪʴ, ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʟʘʜʘʯʠ, 

ʨʝʩʫʨʩʳ. 

 

ABSTRACT 

 

The purpose of this article is to define the significance and role of economic analysis in management systems. 

In preparing this work different methods were commonly used such as a comprehensive study and analysis of domestic 

and international scientific and methodological literature. The following conclusion can be drawn from the research 

conducted: it is important for an organization to develop an analytical process technology that includes a set of 

analytical procedures and operations aimed at assessing the prospects for capital preservation by a business entity, 

enhancing motivation and stimulating economic behavior when making decisions about resource allocation and 

regulating activities.  

Keywords: economic analysis, business efficiency, analytical support, financial indicators, management, 

entrepreneurial activity, analytical tasks, resources. 

 

ʇʦʥʠʤʘʥʠʝ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ 

ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ ʚ 

ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ, ʧʦʟʚʦʣʷʝʪ ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ, ʢ 

ʢʘʢʠʤ ʧʦʩʣʝʜʩʪʚʠʷʤ ʦʥʠ ʧʨʠʚʝʜʫʪ ʚ ʙʫʜʫʱʝʤ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʥʝʛʘʪʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ ʧʨʦʮʝʩʩʦʚ 

ʧʨʝʜʧʨʠʷʪʠʝ ʤʦʞʝʪ ʧʦʪʝʨʷʪʴ ʠʥʚʝʩʪʦʨʦʚ, 

ʢʨʝʜʠʪʦʨʦʚ, ʦʩʥʦʚʥʳʭ ʢʣʠʝʥʪʦʚ ʠ ʧʦʩʪʘʚʱʠʢʦʚ, 

ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʪʴ ʤʘʩʰʪʘʙʳ ʜʝʷʪʝʣʴʥʦʩʪʠ, 

ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʝʛʦ ʣʠʢʚʠʜʘʮʠʠ. ʇʦʵʪʦʤʫ 

ʚʦʧʨʦʩʳ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʬʠʥʘʥʩʦʚʦ-

ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ  ʧʨʠʦʙʨʝʣʠ ʚ 

ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʩʝʡ ʩʦʚʦʢʫʧʥʦʩʪʴʶ 

ʬʘʢʪʦʨʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ. ɺ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʩʣʦʞʠʚʰʠʡʩʷ ʫʨʦʚʝʥʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʚʣʠʷʝʪ ʥʘ ʠʟʤʝʥʝʥʠʝ ʪʝʭʥʠʢʦ-

ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʫʨʦʚʥʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʥʘ 

ʦʩʪʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʧʨʝʜʧʨʠʷʪʠʷ.  

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ 

ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʫʧʨʘʚʣʝʥʠʷ 

ʩʫʙʲʝʢʪʘʤʠ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʨʷʜʦʤ ʪʨʘʥʩʬʦʨʤʘʮʠʦʥʥʳʭ 

ʠʟʤʝʥʝʥʠʡ. ɼʦʤʠʥʠʨʦʚʘʥʠʝ ʥʝʦʠʥʩʪʠʪʫʮʠʦʥʥʦʡ 

ʜʦʢʪʨʠʥʳ, ʠʥʪʝʛʨʘʮʠʷ ʚ ʛʣʦʙʘʣʴʥʫʶ ʙʠʟʥʝʩ-ʩʨʝʜʫ 

ʦʙʫʩʣʦʚʠʣʠ ʚʥʝʜʨʝʥʠʝ ʚ ʈʦʩʩʠʠ ʤʦʜʝʣʠ 

ʙʫʭʛʘʣʪʝʨʩʢʦʛʦ ʫʯʝʪʘ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ʣʝʞʘʪ 

ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʩʪʘʥʜʘʨʪʳ ʬʠʥʘʥʩʦʚʦʡ ʦʪʯʝʪʥʦʩʪʠ, 

ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʦʞʠʜʘʝʤʦʤ ʚʦʟʤʝʱʝʥʠʠ 

ʠʩʪʦʨʠʯʝʩʢʦʡ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʠ ʢʦʥʮʝʧʮʠʠ 

ʩʦʭʨʘʥʝʥʠʷ ʥʦʤʠʥʘʣʴʥʦʛʦ ʬʠʥʘʥʩʦʚʦʛʦ ʢʘʧʠʪʘʣʘ. 

ʇʦʷʚʣʝʥʠʝ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʦʙʲʝʤʘ ʥʦʚʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʠ ʬʠʥʘʥʩʦʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, 
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ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʢʘʯʝʩʪʚʝʥʥʦʤ ʠʟʤʝʥʝʥʠʠ ʤʝʪʦʜʦʚ ʠ 

ʦʨʛʘʥʠʟʘʮʠʠ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʠʥʷʪʠʷ 

ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ 

ʬʠʥʘʥʩʦʚʦʡ ʦʪʯʝʪʥʦʩʪʠ ʘʢʪʫʘʣʠʟʠʨʫʶʪ ʧʨʦʙʣʝʤʳ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʜʫʨ. 

ʇʨʝʜʧʨʠʷʪʠʝ ï ʩʣʦʞʥʘʷ ʵʢʦʥʦʤʠʯʝʩʢʘʷ 

ʩʠʩʪʝʤʘ ʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʦ ʢʘʢ 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʦʪʜʝʣʴʥʳʭ ʧʦʜʩʠʩʪʝʤ: ʩʠʩʪʝʤʳ 

ʬʠʥʘʥʩʦʚ, ʪʝʭʥʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ, ʩʦʮʠʘʣʴʥʦʡ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʩʠʩʪʝʤ, ʧʦʜʩʠʩʪʝʤ ʤʘʨʢʝʪʠʥʛʘ, 

ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ ʠ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʇʦ ʧʨʠʟʥʘʢʫ ʠʟʫʯʘʝʤʳʭ ʧʦʜʩʠʩʪʝʤ ʧʨʝʜʧʨʠʷʪʠʷ 

(ʧʦ ʘʩʧʝʢʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ) ʚ ʨʘʤʢʘʭ ʘʥʘʣʠʟʘ 

ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚʳʜʝʣʷʶʪ ʬʠʥʘʥʩʦʚʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʡ, ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʡ, 

ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʡ, ʵʢʦʥʦʤʠʢʦ-

ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ, ʵʢʦʣʦʛʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʡ, 

ʣʦʛʠʩʪʠʯʝʩʢʠʡ, ʤʘʨʢʝʪʠʥʛʦʚʳʡ, ʠʥʚʝʩʪʠʮʠʦʥʥʳʡ ʠ 

ʠʥʥʦʚʘʮʠʦʥʥʳʡ ʘʥʘʣʠʟ. ʇʨʘʚʠʣʴʥʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ 

ʬʠʥʘʥʩʦʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʧʦʟʚʦʣʷʶʪ 

ʧʨʝʜʧʨʠʷʪʠʶ ʚʳʷʚʠʪʴ ʧʫʪʠ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʦʩʪʘ 

ʠ ʨʘʟʚʠʪʠʷ. 

ʀʥʬʦʨʤʘʮʠʷ ʦ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ 

ʧʨʦʜʫʮʠʨʫʝʪʩʷ ʩʠʩʪʝʤʦʡ ʙʫʭʛʘʣʪʝʨʩʢʦʛʦ ʫʯʝʪʘ. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ ʩʪʘʥʦʚʣʝʥʠʝ ʘʥʘʣʠʟʘ ʬʠʥʘʥʩʦʚʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʧʨʦʠʟʦʰʣʦ ʚ ʨʘʤʢʘʭ ʚʝʜʫʱʠʭ ʫʯʝʪʥʳʭ 

ʰʢʦʣ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʟʥʘʯʠʤʳʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ 

ʜʝʥʝʞʥʦʛʦ ʘʥʘʣʠʟʘ ʝʚʨʦʧʝʡʩʢʦʡ ʠ ʘʤʝʨʠʢʘʥʩʢʦʡ 

ʫʯʝʪʥʳʭ ʰʢʦʣ, ʧʦʩʨʝʜʠ ʚʝʜʫʱʠʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ 

ʢʦʪʦʨʳʭ ʀ.ɸ. ʐʝʨʨ, ɼ.ʄʠʜʜʣʪʦʥ, ɾ. ʈʠʰʘʨ, ʇ. 

ɻʝʨʩʪʥʝʨ, ɼʞ. ʂʵʥʥʦʥ, ɼʞ. ʍʦʨʨʠʛʘʥ, ʈ. ʌʦʫʢ, ʆ. 

ʋʦʣʣ, ʇ.ɹʘʨʥʩ, ɼ.ɸ. ɹʣʠʩʩ, ʈ. ʍʠʛʛʠʥʩ, ʈ. ʂʘʧʣʘʥ, 

ɼ.ʅʦʨʪʦʥ, ʕ.ɻ. ɸʣʴʪʤʘʥ, ɼ.ɸ. ʌʦʩʪʝʨ, ʋ. ɹʠʚʝʨ, 

ʕ.ɺ. ʍʝʣʬʝʨʪ. 

ʇʨʦʙʣʝʤʳ ʨʘʟʚʠʪʠʷ ʘʥʘʣʠʟʘ ʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʘʢ ʩʦʩʪʘʚʣʷʶʱʝʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʚ ʩʚʦʠʭ 

ʨʘʙʦʪʘʭ ʧʦʜʥʠʤʘʣʠ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʩʦʚʝʪʩʢʦʡ 

ʥʘʫʯʥʦʡ ʰʢʦʣʳ ɸ.ʇ. ʈʫʜʘʥʦʚʩʢʠʡ, ɸ.ʂ. 

ʈʦʱʘʭʦʚʩʢʠʡ, ʅ.ʈ. ɺʝʡʮʤʘʥ, ʀ.ʀ. ʂʘʨʘʢʦʟ, ʉ.ʂ. 

ʊʘʪʫʨ, ʄ.ʀ. ɹʘʢʘʥʦʚ, ɸ.ɼ. ʐʝʨʝʤʝʪ,; ʨʫʩʩʢʦʡ 

ʥʘʫʯʥʦʡ ʰʢʦʣʳ ɺ.ɺ. ʂʦʚʘʣʝʚ, ʄ.ɺ. ʄʝʣʴʥʠʢ, ɺ.ʀ. 

ɹʘʨʠʣʝʥʢʦ, ɻ. ɺ. ʉʘʚʠʮʢʘʷ.  

ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʦʣʦʛʠʠ, 

ʤʝʪʦʜʠʢʠ ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʫʧʨʘʚʣʝʥʠʷ ʩʫʙʲʝʢʪʘʤʠ 

ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʫʩʤʘʪʨʠʚʘʝʪʩʷ 

ʚ ʨʝʰʝʥʠʠ ʩʣʝʜʫʶʱʠʭ ʚʦʧʨʦʩʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ: 

- ʬʦʨʤʘʣʠʟʘʮʠʠ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʛʝʥʝʨʠʨʦʚʘʥʠʷ ʦʜʥʦʪʠʧʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʨʝʰʝʥʠʡ ʩʪʝʡʢʭʦʣʜʝʨʦʚ ʧʦ ʧʨʝʜʦʩʪʘʚʣʝʥʠʶ 

ʨʝʩʫʨʩʦʚ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʶ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʧʨʝʜʧʨʠʷʪʠʷ; 

- ʧʨʦʨʘʙʦʪʢʝ ʤʝʭʘʥʠʟʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʜʫʨ ʩ ʮʝʣʴʶ ʨʝʜʫʢʮʠʠ ʫʯʝʪʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʠ ʦʜʥʦʦʙʨʘʟʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ, ʯʪʦ ʦʙʝʩʧʝʯʠʪ 

ʦʜʥʦʟʥʘʯʥʦʩʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʳʚʦʜʦʚ 

ʩʪʝʡʢʭʦʣʜʝʨʦʚ; 

- ʧʨʠʚʝʜʝʥʠʠ ʘʣʛʦʨʠʪʤʦʚ ʨʝʰʝʥʠʷ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʢ ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʡ ʬʦʨʤʝ, 

ʯʪʦ ʦʙʝʩʧʝʯʠʪ ʧʦʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʪʝʣʴʥʦʩʪʠ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʚ ʦʮʝʥʢʝ ʧʝʨʩʧʝʢʪʠʚ 

ʩʦʭʨʘʥʝʥʠʷ ʢʘʧʠʪʘʣʘ ʧʨʝʜʧʨʠʷʪʠʷ. 

ɺ ʩʪ. 3 ʧ. 1 ʩʪ. 2 ɻʂ ʈʌ ɻʂ ʈʌ  ʦʧʨʝʜʝʣʝʥʦ, 

ʯʪʦ ʭʦʟʷʡʩʪʚʝʥʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʢʦʪʦʨʘʷ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ 

ʩʦʮʠʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ 

ʧʨʠʙʳʣʠ, ʷʚʣʷʝʪʩʷ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʦʤ, ʘ 

ʩʫʙʲʝʢʪʳ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʘ - 

ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʷʤʠ; ʧʨʠ ʵʪʦʤ çʧʦʜ ʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʧʦʥʠʤʘʝʪʩʷ ʜʝʷʪʝʣʴʥʦʩʪʴ 

ʭʦʟʷʡʩʪʚʫʶʱʠʭ ʩʫʙʲʝʢʪʦʚ ʚ ʩʬʝʨʝ ʦʙʱʝʩʪʚʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘ ʠʟʛʦʪʦʚʣʝʥʠʝ ʠ 

ʨʝʘʣʠʟʘʮʠʶ ʧʨʦʜʫʢʮʠʠ, ʚʳʧʦʣʥʝʥʠʝ ʨʘʙʦʪ ʠʣʠ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʫʩʣʫʛ ʩʪʦʠʤʦʩʪʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, 

ʠʤʝʶʱʠʭ ʮʝʥʦʚʫʶ ʦʧʨʝʜʝʣʝʥʥʦʩʪʴè [1] 

ʕʢʦʥʦʤʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʫʙʲʝʢʪʘ 

ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦ 

ʜʦʩʪʠʞʝʥʠʶ ʧʦʩʪʘʚʣʝʥʥʳʭ ʮʝʣʝʡ ʭʘʨʘʢʪʝʨʠʟʫʶʪ 

ʝʛʦ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ. ʇʝʨʩʧʝʢʪʠʚʘ 

ʨʘʟʚʠʪʠʷ ʧʨʝʜʧʨʠʷʪʠʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʤʫʱʝʩʪʚʝʥʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʠ 

ʬʠʥʘʥʩʦʚʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʠʭ 

ʨʘʩʰʠʨʝʥʠʷ. ʈʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ (ʕʇ) 

ʧʨʝʜʧʨʠʷʪʠʷ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʨʝʛʫʣʷʨʥʦʤ 

ʛʝʥʝʨʠʨʦʚʘʥʠʠ ʬʠʥʘʥʩʦʚʦʛʦ ʨʝʟʫʣʴʪʘʪʘ (ʌʈ). 

ʂʚʠʥʪʵʩʩʝʥʮʠʷ ʧʨʠʚʝʜʝʥʥʳʭ ʫʪʚʝʨʞʜʝʥʠʡ 

ʧʦʟʚʦʣʷʝʪ ʨʘʩʢʨʳʪʠʝ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʢʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʘʢ ʧʨʦʮʝʩʩʘ ʥʝʧʨʝʨʳʚʥʦ 

ʧʦʚʪʦʨʷʶʱʝʡʩʷ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʠʤʫʱʝʩʪʚʘ ʠ 

ʢʘʧʠʪʘʣʘ ʚ ʞʝʣʘʝʤʳʡ ʬʠʥʘʥʩʦʚʳʡ ʨʝʟʫʣʴʪʘʪ. [3] 

ʉʣʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʩʫʙʲʝʢʪʦʤ 

ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʦʩʪʦʠʪ ʚ ʝʛʦ 

ʜʠʘʣʝʢʪʠʯʝʩʢʦʡ ʜʚʦʡʩʪʚʝʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʢʘʢ 

ʩʠʩʪʝʤʝ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʵʪʦ ʠʩʢʫʩʩʪʚʝʥʥʘʷ 

ʩʠʩʪʝʤʘ, ʩʬʦʨʤʠʨʦʚʘʥʥʘʷ ʥʘ ʦʩʥʦʚʝ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʩʚʷʟʝʡ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʮʝʣʝʡ, ʦʧʨʝʜʝʣʷʶʱʠʭ 

ʥʘʧʨʘʚʣʝʥʠʷ ʝʝ ʨʘʟʚʠʪʠʷ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʵʪʘ 

ʠʩʢʫʩʩʪʚʝʥʥʦ ʩʦʟʜʘʥʥʘʷ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʥʝ 

ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʙʝʟ ʣʶʜʝʡ, ʧʨʠʥʠʤʘʶʱʠʭ ʨʝʰʝʥʠʝ 

ʥʘ ʦʩʥʦʚʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ. 

ʅʘ ʩʦʚʨʝʤʝʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʩʫʙʲʝʢʪʘʤʠ 

ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʢʘʟʳʚʘʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʨʝʘʣʠʟʘʮʠʷ ʥʦʚʦʡ ʢʦʥʮʝʧʮʠʠ 

ʮʠʚʠʣʠʟʘʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ - ʧʦʩʪʠʥʜʫʩʪʨʠʘʣʴʥʦʛʦ 

ʦʙʝɦʩʪʚʘ. ʊʘʢʦʝ ʠʟʤʝʥʝʥʠʝ ʷʚʣʷʝʪʩʷ ʠʩʪʦʨʠʯʝʩʢʠ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʦʙʫʩʣʦʚʣʝʥʥʳʤ. ʅʘʠʙʦʣʝʝ 

ʟʥʘʯʠʤʳʤʠ ʠʟ ʧʨʝʜʧʦʩʳʣʦʢ ʵʪʦʛʦ ʠʟʤʝʥʝʥʠʷ 

ʷʚʣʷʶʪʩʷ: ʫʩʣʦʞʥʝʥʠʝ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʦʡ ʩʨʝʜʳ, 

ʝʛʦ ʦʨʠʝʥʪʘʮʠʷ ʥʘ ʨʘʩʰʠʨʝʥʥʦʝ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʦ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ; ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʚʣʘʩʪʴ, 

ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʠ ʥʝ ʩʪʦʣʴʢʦ 

ʤʘʪʝʨʠʘʣʴʥʳʤʠ ʨʝʩʫʨʩʘʤʠ, ʩʢʦʣʴʢʦ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʨʳʥʦʯʥʦʡ ʩʠʪʫʘʮʠʝʡ [3]. 

ʉʦʚʨʝʤʝʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʩʫʙʲʝʢʪʘʤʠ 

ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʬʦʨʤʠʨʫʝʪʩʷ 

ʧʦʜ ʚʣʠʷʥʠʝʤ ʢʦʥʮʝʧʮʠʠ ʩʦʮʠʘʣʴʥʦ ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ 

ʙʠʟʥʝʩʘ. ʉʦʛʣʘʩʥʦ ʤʝʞʜʫʥʘʨʦʜʥʦʤʫ ʩʪʘʥʜʘʨʪʫ ISO 

26000:2010 çʈʫʢʦʚʦʜʩʪʚʦ ʧʦ ʩʦʮʠʘʣʴʥʦʡ 
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ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠè, ʦʨʛʘʥʠʟʘʮʠʠ ʧʦ ʚʩʝʤʫ ʤʠʨʫ ʠ ʠʭ 

ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʝ ʩʪʦʨʦʥʳ ʚʩʝ ʙʦʣʴʰʝ ʦʩʦʟʥʘʶʪ 

ʧʦʪʨʝʙʥʦʩʪʴ ʠ ʧʦʣʴʟʫ ʩʦʮʠʘʣʴʥʦ ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ 

ʧʦʚʝʜʝʥʠʷ. ʕʪʠʤ ʩʪʘʥʜʘʨʪʦʤ ʧʦʜ ʩʦʮʠʘʣʴʥʦʡ  

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴʶ ʧʦʥʠʤʘʝʪʩʷ çʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ 

ʦʨʛʘʥʠʟʘʮʠʠ ʟʘ ʚʣʠʷʥʠʝ ʝʝ ʨʝʰʝʥʠʡ ʠ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʥʘ ʦʙʱʝʩʪʚʦ ʠ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʯʝʨʝʟ 

ʧʨʦʟʨʘʯʥʦʝ ʠ ʥʨʘʚʩʪʚʝʥʥʦʝ ʧʦʚʝʜʝʥʠʝ, 

ʩʧʦʩʦʙʩʪʚʫʶʱʝʝ ʫʩʪʦʡʯʠʚʦʤʫ ʨʘʟʚʠʪʠʶ, ʚʢʣʶʯʘʷ 

ʟʜʦʨʦʚʴʝ ʠ ʙʣʘʛʦʩʦʩʪʦʷʥʠʝ ʦʙʱʝʩʪʚʘ; ʫʯʠʪʳʚʘʝʪ 

ʦʞʠʜʘʥʠʷ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʩʪʦʨʦʥ; ʦʪʚʝʯʘʝʪ 

ʜʝʡʩʪʚʫʶʱʝʤʫ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʫ ʠ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ ʥʦʨʤʘʤʠ ʧʦʚʝʜʝʥʠʷ; 

ʠʥʪʝʛʨʠʨʫʝʪʩʷ ʚ ʦʨʛʘʥʠʟʘʮʠʶ ʠ ʧʨʘʢʪʠʢʫʝʪʩʷ ʚ ʝʝ 

ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷʭè[2]. 

ɺ ʫʩʣʦʚʠʷʭ ʩʦʮʠʘʣʴʥʦ ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ 

ʙʠʟʥʝʩʘ ʦʨʠʝʥʪʘʮʠʷ ʪʦʣʴʢʦ ʥʘ ʤʘʢʩʠʤʠʟʘʮʠʶ 

ʙʣʘʛʦʩʦʩʪʦʷʥʠʷ ʩʦʙʩʪʚʝʥʥʠʢʦʚ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ 

ʩʣʦʞʥʦʡ, ʧʦʩʢʦʣʴʢʫ ʚ ʫʧʨʘʚʣʝʥʠʠ ʢʦʤʧʘʥʠʝʡ 

ʫʯʘʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʛʨʫʧʧʳ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ 

ʩʪʦʨʦʥ ʠ ʩʪʘʥʦʚʠʪʩʷ ʚʘʞʥʳʤ ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ 

ʧʦʪʨʝʙʥʦʩʪʝʡ ʚ ʠʥʬʦʨʤʘʮʠʠ ʚʩʝʭ ʩʪʝʡʢʭʦʣʜʝʨʦʚ. 

ʀʥʬʦʨʤʘʮʠʦʥʥʫʶ ʩʫʱʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ 

ʦʙʦʩʥʦʚʳʚʘʝʪ ʢʠʙʝʨʥʝʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ, ʥʘʯʘʪʳʡ ʅ. 

ɺʠʥʝʨʦʤ [6]. ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʷʜʨʦ ʢʠʙʝʨʥʝʪʠʢʠ 

ʦʙʨʘʟʫʶʪ ʪʝʦʨʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʪʝʦʨʠʷ ʘʣʛʦʨʠʪʤʦʚ, 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʧʝʨʘʮʠʡ, ʪʝʦʨʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ. ʇʨʠʥʮʠʧʳ ʨʘʙʦʪʳ ʩ ʠʥʬʦʨʤʘʮʠʝʡ 

ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʥʘʟʚʘʪʴ ʢʠʙʝʨʥʝʪʠʯʝʩʢʠʤʠ, 

ʧʦʩʢʦʣʴʢʫ ʠʤʝʥʥʦ ʚ ʢʠʙʝʨʥʝʪʠʢʝ ʫʧʨʘʚʣʝʥʠʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʧʨʦʮʝʩʩ ʜʚʠʞʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ. ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ 

ʩʫʙʲʝʢʪʘʤʠ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʧʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʨʘʙʦʪʳ ʩ ʠʥʬʦʨʤʘʮʠʝʡ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʠʜʝʨʞʠʚʘʪʴʩʷ ʩʣʝʜʫʶʱʠʭ 

ʧʨʠʥʮʠʧʦʚ: ʘʜʝʢʚʘʪʥʦʩʪʠ, ʦʙʦʛʘʱʝʥʠʷ, ʧʝʨʝʭʦʜʘ 

ʠʥʬʦʨʤʘʮʠʠ ʚ ʟʥʘʥʠʷ, ʚʝʨʠʬʠʢʘʮʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʤʝʥʥʦ çʮʝʥʥʦʩʪʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʝè ʫʧʨʘʚʣʝʥʠʝ ʧʨʝʜʧʨʠʷʪʠʝʤ 

ʥʘʩʪʨʦʝʥʦ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦ ʪʦʯʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʫʯʝʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ (ʜʘʥʥʳʭ ʙʫʭʛʘʣʪʝʨʩʢʦʛʦ ʫʯʝʪʘ 

ʠ ʬʠʥʘʥʩʦʚʦʡ ʦʪʯʝʪʥʦʩʪʠ) ʠ ʙʘʟʠʨʫʝʪʩʷ ʥʘ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʟʘʪʨʘʪʘʭ ʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʘʭ 

ʜʝʷʪʝʣʴʥʦʩʪʠ. çʮʝʥʥʦʩʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʝè 

ʫʧʨʘʚʣʝʥʠʝ ʧʨʝʜʧʨʠʷʪʠʝʤ ʥʘʩʪʨʦʝʥʦ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʫʙʲʝʢʪʠʚʥʦʡ ʤʘʨʢʝʪʠʥʛʦʚʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʦʥʢʫʨʝʥʪʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚʘʭ, 

ʩʧʨʦʩʝ, ʢʣʶʯʝʚʳʭ ʬʘʢʪʦʨʘʭ ʫʩʧʝʭʘ ʚ ʩʨʝʜʝ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʮʝʥʥʦʩʪʷʭ ʩʪʝʡʢʭʦʣʜʝʨʦʚ, ʘ 

ʧʦʪʦʤʫ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʞʠʜʘʝʤʳʭ ʚ 

ʙʫʜʫʱʝʤ ʜʝʥʝʞʥʳʭ ʧʦʪʦʢʘʭ. 

ɼʣʷ çʮʝʥʥʦʩʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦè 

ʫʧʨʘʚʣʝʥʠʷ ʭʘʨʘʢʪʝʨʥʘ ʬʦʨʤʫʣʠʨʦʚʢʘ ʮʝʣʝʚʳʭ 

ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʫʩʪʘʥʦʚʦʢ ʚ ʢʘʪʝʛʦʨʠʷʭ ʫʯʝʪʘ ʠ 

ʦʪʯʝʪʥʦʩʪʠ. ɿʥʘʯʠʤʳʝ ʨʳʥʦʯʥʳʝ ʢʨʠʪʝʨʠʠ 

ʤʘʢʩʠʤʠʟʘʮʠʠ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʙʣʘʛʦʩʦʩʪʦʷʥʠʷ 

ʪʘʢʞʝ ʬʦʨʤʘʣʠʟʫʶʪʩʷ ʙʫʭʛʘʣʪʝʨʩʢʠʤʠ ʢʘʪʝʛʦʨʠʷʤʠ 

ï ʙʘʣʘʥʩʦʚʘʷ ʢʘʧʠʪʘʣʠʟʘʮʠʷ, ʯʠʩʪʘʷ ʧʨʠʙʳʣʴ ʥʘ 

ʦʜʥʫ ʧʨʦʩʪʫʶ ʘʢʮʠʶ, ʜʠʚʠʜʝʥʜʳ ʥʘ ʦʜʥʫ ʧʨʦʩʪʫʶ 

ʘʢʮʠʶ, ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ ʩʦʙʩʪʚʝʥʥʦʛʦ ʢʘʧʠʪʘʣʘ, 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʦʩʪʘ. 

ʇʦʩʢʦʣʴʢʫ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʚ ʮʝʣʦʤ ʝʩʪʴ  

çʮʝʥʥʦʩʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠè, ʯʪʦ ʩʣʦʞʠʣʦʩʴ 

ʠʩʪʦʨʠʯʝʩʢʠ, ʚ ʦʩʥʦʚʫ ʨʘʟʚʠʪʠʷ ʪʝʦʨʝʪʠʢʦ-

ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʭ ʧʦʣʦʞʝʥʠʡ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʫʧʨʘʚʣʝʥʠʷ ʩʫʙʲʝʢʪʘʤʠ 

ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʫʤʝʩʪʥʦ 

ʚʦʟʣʦʞʠʪʴ ʧʨʠʦʨʠʪʝʪʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʟʘʧʨʦʩʦʚ ʣʠʮ, ʧʨʠʥʠʤʘʶʱʠʭ ʨʝʰʝʥʠʷ, ʩ 

ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʣʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ 

ʙʫʭʛʘʣʪʝʨʩʢʦʛʦ ʫʯʝʪʘ ʠ ʬʠʥʘʥʩʦʚʦʡ ʦʪʯʝʪʥʦʩʪʠ. 

ɼʝʷʪʝʣʴʥʦʩʪʴ ʭʦʟʷʡʩʪʚʫʶʱʠʭ ʩʫʙʲʝʢʪʦʚ 

ʜʦʣʞʥʘ ʙʳʪʴ ʩʬʦʨʤʠʨʦʚʘʥʘ ʚ ʢʦʥʪʝʢʩʪʝ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʠʩʪʝʤʳ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ: ʬʠʥʘʥʩʳ, ʧʨʦʠʟʚʦʜʩʪʚʦ, ʧʝʨʩʦʥʘʣ, 

ʢʣʠʝʥʪʳ. 

ɸʥʘʣʠʪʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʫʧʨʘʚʣʝʥʠʷ 

ʩʫʙʲʝʢʪʘʤʠ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʤʦʞʝʪ ʨʘʩʢʨʳʚʘʪʴʩʷ ʚ ʩʣʝʜʫʶʱʠʭ ʬʦʨʤʘʭ (ʠʣʠ 

ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʠʟ) [4]: 

1) ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʠʥʷʪʠʷ 

ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʢʠʭ ʨʝʰʝʥʠʡ, ʚʳʧʦʣʥʷʶʱʝʛʦ 

ʟʘʜʘʯʫ ʢʘʯʝʩʪʚʝʥʥʦ-ʩʦʜʝʨʞʘʪʝʣʴʥʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʝʨʝʜʘʯʠ ʬʠʥʘʥʩʦʚʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʨʫʛʦʦʙʦʨʦʪʝ ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʨʝʩʫʨʩʦʚ ʠ ʪʨʝʙʦʚʘʥʠʡ ʧʨʝʜʧʨʠʷʪʠʷ ʩ ʮʝʣʴʶ 

ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʚ ʯʘʩʪʠ 

ʤʘʢʩʠʤʠʟʘʮʠʠ ʧʨʠʙʳʣʠ, ʩʦʭʨʘʥʝʥʠʷ ʢʘʧʠʪʘʣʘ ʠ 

ʜʦʧʫʱʝʥʠʷ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʜʝʷʪʝʣʴʥʦʩʪʠ; 

2) ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʠʥʷʪʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʨʝʰʝʥʠʡ, ʚʳʧʦʣʥʷʶʱʝʛʦ ʟʘʜʘʯʫ 

ʢʘʯʝʩʪʚʝʥʥʦ ʩʦʜʝʨʞʘʪʝʣʴʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ 

ʧʝʨʝʜʘʯʠ ʥʦʨʤʘʪʠʚʥʦ-ʧʣʘʥʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʟʘʢʫʧʢʘʭ, ʭʨʘʥʝʥʠʠ, ʦʙʨʘʙʦʪʢʝ, ʧʦʩʪʘʚʢʝ ʠ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʟʘʧʘʩʦʚ ʧʨʝʜʧʨʠʷʪʠʷ; 

ʪʝʭʥʠʯʝʩʢʦʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʦ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʨʘʟʥʳʭ ʚʠʜʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩʦʚ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʝʛʦ ʮʝʣʷʤ; 

3) ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʠʥʷʪʠʷ 

ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʨʝʰʝʥʠʡ, ʚʳʧʦʣʥʷʶʱʝʛʦ ʟʘʜʘʯʫ 

ʢʘʯʝʩʪʚʝʥʥʦ-ʩʦʜʝʨʞʘʪʝʣʴʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ 

ʧʝʨʝʜʘʯʠ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʡ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʩʪʦʷʥʠʠ ʠ ʫʧʨʘʚʣʝʥʯʝʩʢʦʤ 

ʢʘʯʝʩʪʚʝ ʧʝʨʩʦʥʘʣʘ ʧʨʝʜʧʨʠʷʪʠʷ, ʧʨʦʮʝʩʩʘʭ 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʢʘʜʨʦʚʦʡ ʩʠʪʫʘʮʠʠ ʠ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʢʫʣʴʪʫʨʝ; 

4) ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʠʥʷʪʠʷ 

ʤʘʨʢʝʪʠʥʛʦʚʳʭ ʨʝʰʝʥʠʡ, ʚʳʧʦʣʥʷʶʱʝʛʦ ʟʘʜʘʯʫ 

ʢʘʯʝʩʪʚʝʥʥʦ-ʩʦʜʝʨʞʘʪʝʣʴʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ 

ʧʝʨʝʜʘʯʠ ʤʘʨʢʝʪʠʥʛʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʩʪʦʷʥʠʠ 

ʨʳʥʦʯʥʦʡ ʩʨʝʜʳ, ʢʦʥʲʶʥʢʪʫʨʝ ʨʳʥʢʘ ʠ ʵʣʝʤʝʥʪʘʭ 

ʢʦʤʧʣʝʢʩʘ ʤʘʨʢʝʪʠʥʛʘ, ʨʳʥʦʯʥʳʭ ʚʦʟʤʦʞʥʦʩʪʷʭ 

ʧʨʝʜʧʨʠʷʪʠʷ. [7] 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʝʜʤʝʪʦʤ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʫʧʨʘʚʣʝʥʠʷ ʩʫʙʲʝʢʪʦʤ 

ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʷʚʣʷʝʪʩʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʝʛʦ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ, ʢʦʪʦʨʘʷ ʦʧʠʩʳʚʘʝʪʩʷ ʬʠʥʘʥʩʦʚʦʡ ʠ 

ʥʝʬʠʥʘʥʩʦʚʦʡ ʠʥʬʦʨʤʘʮʠʝʡ.  ʕʪʫ ʬʫʥʢʮʠʶ 

ʚʳʧʦʣʥʷʝʪ ʘʥʘʣʠʟ ʠ ʜʠʘʛʥʦʩʪʠʢʘ ʬʠʥʘʥʩʦʚʦ-

ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ.  

ʕʢʦʥʦʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʢʘʢ ʦʜʥʘ ʠʟ 

ʬʫʥʢʮʠʡ ʫʧʨʘʚʣʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʵʢʦʥʦʤʠʯʝʩʢʠ 

ʦʙʦʩʥʦʚʘʪʴ ʫʧʨʘʚʣʝʥʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʧʦ ʠʟʤʝʥʝʥʠʶ 

ʚʝʣʠʯʠʥʳ ʠ ʩʪʨʫʢʪʫʨʳ ʘʢʪʠʚʦʚ ʠ ʧʘʩʩʠʚʦʚ ʩ 
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ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, 

ʤʝʪʦʜʠʯʝʩʢʠʭ ʨʘʟʨʘʙʦʪʦʢ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ 

ʦ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ  [4] (ʨʠʩ. 1). 

 

 
ʈʠʩ. 1 ʈʦʣʴ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʚ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ 

 

ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ 

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʢʦʪʦʨʳʝ ʚʳʜʝʣʷʶʪʩʷ ʧʦ 

ʨʘʟʣʠʯʥʳʤ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʤ ʧʨʠʟʥʘʢʘʤ: ʤʘʢʨʦ- 

ʠ ʤʠʢʨʦʵʢʦʥʦʤʠʯʝʩʢʠʡ; ʢʦʤʧʣʝʢʩʥʳʡ ʠ 

ʪʝʤʘʪʠʯʝʩʢʠʡ; ʚʥʫʪʨʝʥʥʠʡ ʠ ʚʥʝʰʥʠʡ ʠ ʪ.ʜ. ɸʍɼ 

ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ 

ʤʠʢʨʦʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʜʨʫʛʠʭ ʝʛʦ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʦʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɸʍɼ ʤʦʞʝʪ ʙʳʪʴ[8]: 

 ʦʪʨʘʩʣʝʚʳʤ ʠ ʤʝʞʦʪʨʘʩʣʝʚʳʤ;  

 ʩʧʣʦʰʥʳʤ ʠ ʚʳʙʦʨʦʯʥʳʤ; 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʠ ʧʦʩʣʝʜʫʶʱʠʤ; 

ʢʦʤʧʣʝʢʩʥʳʤ ʠ ʪʝʤʘʪʠʯʝʩʢʠʤ. 

ɺʥʫʪʨʝʥʥʠʡ ʫʧʨʘʚʣʝʥʯʝʩʢʠʡ ɸʍɼ ʧʦ ʩʚʦʝʡ 

ʩʫʪʠ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩʥʳʤ ʘʥʘʣʠʟʦʤ. ɸʍɼ ʤʦʞʝʪ 

ʙʳʪʴ ʦʪʥʝʩʝʥ ʢ ʪʝʤ ʠʣʠ ʠʥʳʤ ʨʘʟʥʦʚʠʜʥʦʩʪʷʤ 

ʘʥʘʣʠʟʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʩʥʦʚʥʦʛʦ ʤʝʪʦʜʘ 

ʧʨʦʚʝʜʝʥʠʷ ʠ ʦʪ ʧʨʠʤʝʥʷʝʤʳʭ ʤʝʪʦʜʠʢ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʬʦʨʤʠʨʫʝʪʩʷ 

ʩʠʩʪʝʤʘ ʧʦʢʘʟʘʪʝʣʝʡ, ʦʧʠʩʳʚʘʶʱʘʷ ʦʙʲʝʢʪʳ 

ʘʥʘʣʠʟʘ ʠ ʬʘʢʪʦʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʥʠʤʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʭʝʤʘ ʥʘ ʨʠʩ. 2 ʦʪʨʘʞʘʝʪ ʩʠʩʪʝʤʫ 

ʧʦʢʘʟʘʪʝʣʝʡ ɸʍɼ.  

ʂʦʤʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ ʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ (ʂɸʍɼ) ʦʭʚʘʪʳʚʘʝʪ ʚʩʝ ʧʨʦʮʝʩʩʳ 

ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ. 

ʆʥ ʚʢʣʶʯʘʝʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʨʘʟʜʝʣʘ: 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʠ ʬʠʥʘʥʩʦʚʳʡ ʘʥʘʣʠʟ.  

ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʠʟʫʯʘʝʪ ʩʘʤ 

ʧʨʦʮʝʩʩ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʘ ʪʘʢʞʝ ʩʤʝʞʥʳʝ ʩ ʥʠʤ 

ʧʨʦʮʝʩʩʳ, ʪʘʢʠʝ, ʢʘʢ: 

ï ʦʙʝʩʧʝʯʝʥʠʝ ʧʨʝʜʧʨʠʷʪʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ ʨʝʩʫʨʩʘʤʠ; 

ï ʩʙʳʪ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ; 

ï ʧʨʦʮʝʩʩ ʢʘʧʠʪʘʣʴʥʳʭ ʠʥʚʝʩʪʠʮʠʡ; 

ï ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ; 

ï ʧʨʦʮʝʩʩʳ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʠ 

ʧʨʠʨʦʜʦʦʭʨʘʥʳ.  

ɺʩʝ ʵʪʠ ʧʨʦʮʝʩʩʳ ï ʧʨʦʮʝʩʩʳ ʜʚʠʞʝʥʠʷ 

ʢʘʧʠʪʘʣʘ ʚ ʝʛʦ ʚʝʱʝʩʪʚʝʥʥʦʡ, ʪʦʚʘʨʥʦʡ ʬʦʨʤʝ 

(ʨʝʘʣʴʥʳʝ ʧʨʦʮʝʩʩʳ). ʊʘʢ ʯʪʦ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʦʭʚʘʪʳʚʘʝʪ ʨʝʘʣʴʥʳʝ 

ʧʨʦʮʝʩʩʳ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ [8]. 

ʌʠʥʘʥʩʦʚʳʡ ʘʥʘʣʠʟ ʠʩʩʣʝʜʫʝʪ ʧʨʦʮʝʩʩʳ 

ʬʦʨʤʠʨʦʚʘʥʠʷ, ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʢʘʧʠʪʘʣʘ ʧʨʝʜʧʨʠʷʪʠʷ ʚ ʬʠʥʘʥʩʦʚʦʡ ʬʦʨʤʝ.  

ɽʩʣʠ ʧʨʦʩʣʝʜʠʪʴ ʧʦ ʩʭʝʤʝ ʂɸʍɼ (ʨʠʩ. 2), ʢ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤʫ ʘʥʘʣʠʟʫ ʦʪʥʦʩʷʪʩʷ ʩʣʝʜʫʶʱʠʝ 

ʙʣʦʢʠ: 

ï ʘʥʘʣʠʟ ʪʝʭʥʠʢʦ-ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʫʨʦʚʥʷ 

ʠ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ; 

ï ʘʥʘʣʠʟ ʩʦʩʪʦʷʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʨʝʩʫʨʩʦʚ; 

ï ʘʥʘʣʠʟ ʩʦʩʪʦʷʥʠʷ ʠʤʫʱʝʩʪʚʘ (ʘʢʪʠʚʦʚ) 

ʧʨʝʜʧʨʠʷʪʠʷ; 

ï ʘʥʘʣʠʟ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʢʪʠʚʦʚ; 

ï ʘʥʘʣʠʟ ʟʘʪʨʘʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʧʨʦʜʘʞʫ 

ʧʨʦʜʫʢʮʠʠ, ʦʮʝʥʢʘ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʧʨʦʜʫʢʮʠʠ; 

ï ʘʥʘʣʠʟ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʨʦʜʘʞ 

ʧʨʦʜʫʢʮʠʠ, ʦʮʝʥʢʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʨʝʜʧʨʠʷʪʠʷ. 

ʌʠʥʘʥʩʦʚʳʡ ʘʥʘʣʠʟ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ 

ʙʣʦʢʠ ɸʍɼ: 

ï ʘʥʘʣʠʟ ʩʦʩʪʦʷʥʠʷ ʢʘʧʠʪʘʣʘ ʠ ʘʢʪʠʚʦʚ; 

ï ʘʥʘʣʠʟ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʧʠʪʘʣʘ ʠ ʘʢʪʠʚʦʚ; 

ï ʘʥʘʣʠʟ ʬʠʥʘʥʩʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʧʨʝʜʧʨʠʷʪʠʷ; 

ï ʘʥʘʣʠʟ ʬʠʥʘʥʩʦʚʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ (ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠʙʳʣʠ ʠ 

ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʧʨʦʜʫʢʮʠʠ, ʢʘʧʠʪʘʣʘ ʠ ʘʢʪʠʚʦʚ). 
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ʈʠʩ. 2 ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʯʝʩʢʦʛʦ ɸʍɼʇ 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʝʨʝʯʠʩʣʝʥʠʷ, ʥʝʢʦʪʦʨʳʝ 

ʦʙʲʝʢʪʳ ʂɸʍɼ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ, ʪʘʢ ʠ ʬʠʥʘʥʩʦʚʳʤ ʘʥʘʣʠʟʦʤ. 

ʊʘʢʠʤ ʦʙʲʝʢʪʦʤ ʷʚʣʷʶʪʩʷ, ʥʘʧʨʠʤʝʨ, ʘʢʪʠʚʳ 

ʧʨʝʜʧʨʠʷʪʠʷ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʜʚʦʡʩʪʚʝʥʥʦʡ 

ʧʨʠʨʦʜʦʡ ʵʪʦʛʦ ʦʙʲʝʢʪʘ. ɺ ʭʦʜʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ 

ʘʥʘʣʠʟʘ ʦʮʝʥʠʚʘʶʪ ʪʘʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʢʪʠʚʦʚ, 

ʢʘʢ ʢʘʯʝʩʪʚʦ ʩʳʨʴʷ, ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ 

ʦʩʥʦʚʥʳʭ ʩʨʝʜʩʪʚ ʠ ʪ.ʧ. ɺ ʭʦʜʝ ʬʠʥʘʥʩʦʚʦʛʦ 

ʘʥʘʣʠʟʘ ʦʧʨʝʜʝʣʷʶʪ ʣʠʢʚʠʜʥʦʩʪʴ ʘʢʪʠʚʦʚ, ʨʠʩʢ ʥʝ 

ʚʦʟʚʨʘʪʘ ʚʣʦʞʝʥʥʳʭ ʚ ʥʠʭ ʩʨʝʜʩʪʚ ʠ ʪ. ʧ. 

ɿʘʚʝʨʰʘʶʱʠʡ ʙʣʦʢ ʂɸʍɼ, ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ ï ʵʪʦ ʦʙʦʙʱʝʥʠʝ 

ʚʳʚʦʜʦʚ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʙʦʠʭ ʨʘʟʜʝʣʦʚ ʂɸʍɼ. [7]. 

ʇʦʥʠʤʘʥʠʝ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʢʘʢ 

ʦʨʛʘʥʠʟʘʮʠʠ ʫʩʪʦʡʯʠʚʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ 

ʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʜʠʘʣʝʢʪʠʯʝʩʢʦʛʦ 

ʜʚʠʞʝʥʠʷ ʩʢʚʦʟʴ ʧʨʠʟʤʫ ʜʝʷʪʝʣʴʥʦ-

ʢʦʤʤʫʥʠʢʘʪʠʚʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʫʧʨʘʚʣʝʥʠʶ 

ʩʫʙʲʝʢʪʘʤʠ ʭʦʟʷʡʩʪʚʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʨʘʩʢʨʳʪʴ 

ʥʦʚʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʚ ʤʦʜʠʬʠʢʘʮʠʠ ʬʦʨʤ 

ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʫʧʨʘʚʣʝʥʠʷ 

ʩʫʙʲʝʢʪʘʤʠ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 
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ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ñɹʝʣʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɺ.ɻ.ʐʫʭʦʚʘò  
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ɸʅʅʆʊɸʎʀʗ 

ʌʠʥʘʥʩʦʚʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʭʦʟʷʡʩʪʚʫʶʱʝʛʦ ʩʫʙʲʝʢʪʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʢʘʟʘʪʝʣʷʤʠ, 

ʦʪʨʘʞʘʶʱʠʤʠʩʪʨʫʢʪʫʨʫ ʠ ʜʚʠʞʝʥʠʝ ʬʠʥʘʥʩʦʚʳʭ ʨʝʩʫʨʩʦʚ ʚ ʧʨʦʮʝʩʩʝ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ. ɼʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩʦʙʩʪʚʝʥʥʳʭ ʠ ʟʘʝʤʥʳʭ ʩʨʝʜʩʪʚ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴʧʨʦʛʨʘʤʤʫ 

ʥʘ ʷʟʳʢʝ C#, ʨʝʘʣʠʟʫʶʱʫʶʤʝʪʦʜ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʫʩʪʫʧʦʢ, ʢʦʪʦʨʳʡ ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʝʰʝʥʠʝ 

ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʡ ʟʘʜʘʯʠ ʥʘ ʦʩʥʦʚʝ ʚʟʘʠʤʦʩʚʷʟʠ ʧʦʢʘʟʘʪʝʣʝʡ ʬʠʥʘʥʩʦʚʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩ ʮʝʣʝʚʳʤʠ 

ʬʫʥʢʮʠʷʤʠ ʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʦʪʣʠʯʘʝʪʩʷ ʧʨʦʩʪʦʪʦʡ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ ʨʝʟʫʣʴʪʘʪʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʭʦʟʷʡʩʪʚʫʶʱʠʡ ʩʫʙʲʝʢʪ, ʬʠʥʘʥʩʦʚʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʤʝʪʦʜ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ 

ʫʩʪʫʧʦʢ, ʦʧʪʠʤʠʟʘʮʠʷ. 

 

ABSTRACT 

The financial stability of an economic entity is characterized by indicators that reflect the structure and 

movement of financial resources in the course of the organization's activities. To form the optimal structure of own and 

borrowed funds, it is proposed to use a C# program that implements the method of successive concessions, which 

involves solving a multi-criteria problem based on the relationship between financial stability indicators, target 

functions, and constraints. The developed program is characterized by its simplicity and reliable results. 

Keywords: economic entity, financial stability, method of successive concessions, optimization. 

 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʭʦʟʷʡʩʪʚʫʶʱʝʛʦ 

ʩʫʙʲʝʢʪʘ ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʪʦʷʥʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʤʦʥʠʪʦʨʠʥʛ ʬʠʥʘʥʩʦʚʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, 

ʚ ʪʦʤ ʯʠʩʣʝ ʩʚʷʟʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʦʙʩʪʚʝʥʥʦʛʦ ʠ ʟʘʝʤʥʦʛʦ ʢʘʧʠʪʘʣʘ, ʦʧʨʝʜʝʣʷʶʱʠʭ 

ʬʠʥʘʥʩʦʚʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʦʨʛʘʥʠʟʘʮʠʠ. ʆʜʥʠʤ ʠʟ 

ʵʣʝʤʝʥʪʦʚ ʝʝ ʘʥʘʣʠʟʘ ʷʚʣʷʝʪʩʷ ʨʘʩʯʝʪ 

ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʬʠʥʘʥʩʦʚʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʫʙʲʝʢʪʘ ʭʦʟʷʡʩʪʚʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ 

ʬʦʨʤʠʨʫʶʪʩʷ ʠʟ ʩʪʨʦʢ ʙʫʭʛʘʣʪʝʨʩʢʦʛʦ ʙʘʣʘʥʩʘ ʌ1 

(ʬʦʨʤʘ 0710001).ʆʜʥʘʢʦ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ 

ʥʝʦʪʨʘʞʘʶʪ ʠʭ ʚʟʘʠʤʥʫʶ ʩʚʷʟʴ. 

ʉ ʮʝʣʴʶ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʩʦʙʩʪʚʝʥʥʳʭ ʠ ʟʘʝʤʥʳʭ ʬʠʥʘʥʩʦʚʳʭ ʩʨʝʜʩʪʚ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʠʤʝʥʠʪʴ ʤʝʪʦʜ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ 

ʫʩʪʫʧʦʢ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʬʠʥʘʥʩʦʚʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʟʘʠʤʦʩʚʷʟʴ 

ʧʦʢʘʟʘʪʝʣʝʡ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʮʝʣʝʚʳʭ 

ʬʫʥʢʮʠʡ ʩ ʦʙʱʠʤʠ ʧʝʨʝʤʝʥʥʳʤʠ ʠ ʠʭ 

ʦʛʨʘʥʠʯʝʥʠʷʤʠ. 

ɺ ʪʘʙʣʠʮʝ 1 ʜʘʥʳʥʘʠʤʝʥʦʚʘʥʠʷ ʠ ʩʪʨʦʢʠ 

ʙʫʭʛʘʣʪʝʨʩʢʦʛʦ ʙʘʣʘʥʩʘ, ʬʦʨʤʠʨʫʶʱʠʝ 

ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷʬʠʥʘʥʩʦʚʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ, 

ʘ ʪʘʢʞʝ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʩʫʤʤʳ ʬʠʥʘʥʩʦʚʳʭ 

ʨʝʩʫʨʩʦʚ ʜʝʡʩʪʚʫʶʱʝʛʦ ʧʨʝʜʧʨʠʷʪʠʷ. 

 

ʊʘʙʣʠʮʘ 1. ʉʪʨʦʢʠ ʙʫʭʛʘʣʪʝʨʩʢʦʛʦ ʙʘʣʘʥʩʘ ʌ1 

 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʩʪʨʦʢʠ ʙʫʭʛʘʣʪʝʨʩʢʦʛʦ ʙʘʣʘʥʩʘ ʌ1 ʉʪʨʦʢʘ 

ʙʘʣʘʥʩʘ 

ʉʫʤʤʘ ʧʦʢʘʟʘʪʝʣʷ, 

ʪʳʩ. ʨʫʙ. 

ʉʦʙʩʪʚʝʥʥʳʡ ʢʘʧʠʪʘʣ ʠ ʨʝʟʝʨʚʳ (ʉʂ) 1300 133 

ʂʨʘʪʢʦʩʨʦʯʥʳʝ ʦʙʷʟʘʪʝʣʴʩʪʚʘ (ʂʆ) 1500 52 

ɼʦʣʛʦʩʨʦʯʥʳʝ ʦʙʷʟʘʪʝʣʴʩʪʚʘ (ɼʆ) 1400 50 

ɺʘʣʶʪʘ ʙʘʣʘʥʩʘ ʧʦ ʧʘʩʩʠʚʘʤ (ɺɹ) 1700 235 

https://translate.yandex.ru/translator/%D0%A0%D1%83%D1%81%D1%81%D0%BA%D0%B8%D0%B9-%D0%90%D0%BD%D0%B3%D0%BB%D0%B8%D0%B9%D1%81%D0%BA%D0%B8%D0%B9
https://translate.yandex.ru/translator/%D0%A0%D1%83%D1%81%D1%81%D0%BA%D0%B8%D0%B9-%D0%90%D0%BD%D0%B3%D0%BB%D0%B8%D0%B9%D1%81%D0%BA%D0%B8%D0%B9


ˠ̠̎̉̃̆̑̒̉̓̆̓̒̋́ ˚́̔̋́Ȣ 5ÎÉÖÅÒÓÉÔÙ 3ÃÉÅÎÃÅȢ Τ2(20Ɋ φτφω ̄. 

135 

 

ɺ ʪʘʙʣʠʮʝ 2 ʧʨʠʚʝʜʝʥʳ ʬʦʨʤʫʣʳ ʜʣʷ 

ʨʘʩʯʝʪʘ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʬʠʥʘʥʩʦʚʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ 

ʧʨʠʤʝʥʷʪʩʷ ʚ ʤʝʪʦʜʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʫʩʪʫʧʦʢ, ʘ 

ʪʘʢʞʝ ʠʭ ʥʦʨʤʘʪʠʚʳ. 

 

ʊʘʙʣʠʮʘ 2. ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʬʠʥʘʥʩʦʚʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ 

 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʌʦʨʤʫʣʘ ʜʣʷ ʨʘʩʯʝʪʘ ʅʦʨʤʘʪʠʚʧʦʢʘʟʘʪʝʣʷ 

ʂʦʵʬʬʠʮʠʝʥʪ ʘʚʪʦʥʦʤʠʠ (ʂɸ) ʉʂ

ɺɹ
 = 

 ʩʪ.1300

ʩʪ.1700
 0,5 

ʂʦʵʬʬʠʮʠʝʥʪ ʢʘʧʠʪʘʣʠʟʘʮʠʠ 

(ʂʂ) 

ʂʆ+ɼʆ

ʉʂ
 = 
ʩʪ.1500+ʩʪ.1400

ʩʪ.1300
 1,5 

ʂʦʵʬʬʠʮʠʝʥʪ ʫʩʪʦʡʯʠʚʦʩʪʠ 

(ʂʋ) 

ʩʢ+  ʜʦ

ɺɹ
 = 
ʩʪ.1300+ʩʪ.1400

ʩʪ.1700
 

0,6 

 

ʂʦʵʬʬʠʮʠʝʥʪ ʘʚʪʦʥʦʤʠʠ (ʂɸ) ʧʦʢʘʟʳʚʘʝʪ 

ʫʨʦʚʝʥʴ ʬʠʥʘʥʩʦʚʦʡ ʥʝʟʘʚʠʩʠʤʦʩʪʠ 

ʭʦʟʷʡʩʪʚʫʶʱʝʛʦ ʩʫʙʲʝʢʪʘ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʫʜʝʣʴʥʳʤ ʚʝʩʦʤ ʩʦʙʩʪʚʝʥʥʦʛʦ ʢʘʧʠʪʘʣʘ ʢ ʦʙʱʝʡ 

ʝʛʦ ʚʝʣʠʯʠʥʝ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʢʘʧʠʪʘʣʠʟʘʮʠʠ (ʂʂ) 

ʦʪʨʘʞʘʝʪ ʜʦʩʪʘʪʦʯʥʦʩʪʴ ʩʦʙʩʪʚʝʥʥʳʭ 

ʬʠʥʘʥʩʦʚʳʭʨʝʩʫʨʩʦʚ ʩʫʙʲʝʢʪʘ ʭʦʟʷʡʩʪʚʦʚʘʥʠʷ ʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʪʥʦʰʝʥʠʝʤ ʚʩʝʭ ʚʠʜʦʚ ʟʘʝʤʥʳʭ 

ʬʠʥʘʥʩʦʚʳʭ ʩʨʝʜʩʪʚ ʢ ʩʦʙʩʪʚʝʥʥʦʤʫ ʢʘʧʠʪʘʣʫ 

ʦʨʛʘʥʠʟʘʮʠʠ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʫʩʪʦʡʯʠʚʦʩʪʠ (ʂʋ) 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʦʣʛʦʩʨʦʯʥʦʛʦ 

ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʠ ʥʘʭʦʜʠʪʩʷ ʯʝʨʝʟ ʦʪʥʦʰʝʥʠʝ 

ʩʦʙʩʪʚʝʥʥʳʭ ʠ ʜʦʣʛʦʩʨʦʯʥʳʭ ʟʘʝʤʥʳʭ ʩʨʝʜʩʪʚ ʢ 

ʦʙʱʝʡ ʠʭ ʚʝʣʠʯʠʥʝ. 

ʀʩʧʦʣʴʟʫʷ ʜʘʥʥʳʝ ʪʘʙʣʠʮʳ 2ʤʦʞʥʦ 

ʩʬʦʨʤʠʨʦʚʘʪʴʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ 

ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʡ ʟʘʜʘʯʠ, ʢʦʪʦʨʘʷ ʠʤʝʝʪ 

ʩʣʝʜʫʶʱʠʡ ʚʠʜ.  

ʉʠʩʪʝʤʘ ʮʝʣʝʚʳʭ ʬʫʥʢʮʠʡ (1): 
ʂAᴼάὥὼ;
ʂʂ ᴼάὭὲ;
ʂʋ ᴼάὥὼ.

                                 (1) 

ʋʩʣʦʚʠʷ ʦʛʨʘʥʠʯʝʥʠʡ: ɺɹ,ʉʂ >  0; 

ʂʆ,ɼʆ  0. 

ɿʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʤʝʪʦʜʦʤ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʫʩʪʫʧʦʢ ʧʨʠ ʫʩʪʫʧʢʝ ʧʦ ʧʝʨʚʦʤʫ 

ʢʨʠʪʝʨʠʶʂɸ = 0,05 ʠ ʧʦ ʚʪʦʨʦʤʫ ʢʨʠʪʝʨʠʶ ʂʂ = 

0,1 ʩ ʧʦʤʦʱʴʶ ʢʦʥʩʦʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ, 

ʥʘʧʠʩʘʥʥʦʛʦ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ C#. 

ʂʦʜʧʨʦʛʨʘʤʤʳ: 

using System; 

using System.Collections.Generic; 

 

classProgram 

{  

staticvoid Main() 

    {  

double concessionKA = 0.05; 

double concessionKK = 0.1; 

Console.WriteLine("ʆʧʪʠʤʠʟʘʮʠʷʬʠʥʘʥʩʦʚʳʭʢʦʵʬʬʠʮʠʝʥʪʦʚ\n"); 

// ʐʘʛ 1: ʆʧʪʠʤʠʟʘʮʠʷʂɸ 

Console.WriteLine("ʐɸɻ 1: ʄʘʢʩʠʤʠʟʘʮʠʷʂɸ"); 

var step1 = OptimizeKA(); 

        PrintSolution(step1[0], 1); 

// ʐʘʛ 2: ʆʧʪʠʤʠʟʘʮʠʷʂʂʩʫʩʪʫʧʢʦʡʧʦʂɸ 

Console.WriteLine($"\nʐɸɻ 2: ʄʠʥʠʤʠʟʘʮʠʷʂʂʩʫʩʪʫʧʢʦʡʧʦʂɸȹ={concessionKA}"); 

var step2 = OptimizeKKWithConcession(step1[0].KA - concessionKA); 

        PrintSolution(step2[0], 2); 

// ʐʘʛ 3: ʆʧʪʠʤʠʟʘʮʠʷʂʋʩʫʩʪʫʧʢʘʤʠʧʦʂɸʠʂʂ 

Console.WriteLine($"\nʐɸɻ 3: ʄʘʢʩʠʤʠʟʘʮʠʷʂʋʩʫʩʪʫʧʢʘʤʠȹʂɸ={concessionKA}, ȹʂʂ={concessionKK}"); 

var step3 = OptimizeKUWithConcessions(step1[0].KA - concessionKA, step2[0].KK + concessionKK); 

Console.WriteLine("\nʀʊʆɻʆɺʆɽʈɽʐɽʅʀɽ:"); 

        PrintFinalSolution(step3[0]); 

    }  

staticList<FinancialSolution> OptimizeKA() 

    {  

var solutions = newList<FinancialSolution>(); 

double maxKA = 0; 

for (double a = 100; a <= 250; a += 10) 

for (double d = 100; d <= 250; d += 10) 

for (double b = 0; b <= 100; b += 10) 
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for (double c = 0; c <= 100; c += 10) 

                    {  

if  (IsFeasible(a, b, c, d)) 

                        {  

double ka = a / d; 

if  (ka > maxKA) 

                            {  

                                maxKA = ka; 

                                solutions.Clear(); 

                                solutions.Add(newFinancialSolution(a, b, c, d, ka, (b + c) / a, (a + c) / d)); 

                            }  

                        }  

                    }  

return solutions; 

    }  

staticList<FinancialSolution> OptimizeKKWithConcession(double minKA) 

    {  

var solutions = newList<FinancialSolution>(); 

double minKK = double.MaxValue; 

for (double a = 100; a <= 250; a += 10) 

for (double d = 100; d <= 250; d += 10) 

for (double b = 0; b <= 100; b += 10) 

for (double c = 0; c <= 100; c += 10) 

                    {  

if  (IsFeasible(a, b, c, d)) 

                        {  

double ka = a / d; 

double kk = (b + c) / a; 

if  (ka >= minKA && kk < minKK) 

                            {  

                                minKK = kk; 

                                solutions.Clear(); 

                                solutions.Add(newFinancialSolution(a, b, c, d, ka, kk, (a + c) / d)); 

                            }  

                        }  

                    }  

return solutions; 

    }  

staticList<FinancialSolution> OptimizeKUWithConcessions(double minKA, double maxKK) 

    {  

var solutions = newList<FinancialSolution>(); 

double maxKU = 0; 

for (double a = 100; a <= 250; a += 10) 

for (double d = 100; d <= 250; d += 10) 

for (double b = 0; b <= 100; b += 10) 

for (double c = 0; c <= 100; c += 10) 

                    {  

if  (IsFeasible(a, b, c, d)) 

                        {  

double ka = a / d; 

double kk = (b + c) / a; 

double ku = (a + c) / d; 

if  (ka >= minKA && kk <= maxKK && ku > maxKU) 

                            {  

                                maxKU = ku; 

                                solutions.Clear(); 

                                solutions.Add(newFinancialSolution(a, b, c, d, ka, kk, ku)); 

                            }  

                        }  

                    }  

return solutions; 

    }  

staticbool IsFeasible(double a, double b, double c, double d) 
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    {  

double ka = a / d; 

double kk = (b + c) / a; 

double ku = (a + c) / d; 

return ka >= 0.5 && kk <= 1.5 && ku >= 0.6 && 

               (a + b + c + d) <= 470 && d <= 250 && 

               a >= 0 && b >= 0 && c >= 0 && d >= 0; 

    }  

staticvoid PrintSolution(FinancialSolution s, int step) 

    {  

Console.WriteLine($"a={s.A:F0} , b={s.B:F0} , c={s.C:F0} , d={s.D:F0} "); 

Console.WriteLine($"ʂɸ={s.KA:F3} , ʂʂ={s.KK:F3} , ʂʋ={s.KU:F3} "); 

    }  

staticvoid PrintFinalSolution(FinancialSolution s) 

    {  

Console.WriteLine($"ʇʘʨʘʤʝʪʨʳ: a={s.A:F0} , b={s.B:F0} , c={s.C:F0} , d={s.D:F0} "); 

Console.WriteLine($"ʂʦʵʬʬʠʮʠʝʥʪʳ: ʂɸ={s.KA:F3} , ʂʂ={s.KK:F3} , ʂʋ={s.KU:F3} "); 

Console.WriteLine("\nʇʈʆɺɽʈʂɸʆɻʈɸʅʀʏɽʅʀʁ:"); 

Console.WriteLine($"ʂɸ Ó 0,5: {s.KA:F3}  Ó 0,5 - {s.KA >= 0.5}"); 

Console.WriteLine($"ʂʂ Ò 1,5: {s.KK:F3}  Ò 1,5 - {s.KK <= 1.5}"); 

Console.WriteLine($"ʂʋ Ó 0,6: {s.KU:F3}  Ó 0,6 - {s.KU >= 0.6}"); 

Console.WriteLine($"a+b+c+d Ò 470: {s.A + s.B + s.C + s.D:F0}  Ò 470 - {s.A + s.B + s.C + s.D <= 470}"); 

Console.WriteLine($"d Ò 250: {s.D:F0}  Ò 250 - {s.D <= 250}"); 

    }  

}  

classFinancialSolution 

{  

publicdouble A, B, C, D, KA, KK, KU; 

publicFinancialSolution(double a, double b, double c, double d, double ka, double kk, double ku) 

    {  

        A = a; B = b; C = c; D = d; KA = ka; KK = kk; KU = ku; 

}  

}  

ʈʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
 

ʈʠʩ. 1. ʉʢʨʠʥʰʦʪ ʨʝʟʫʣʴʪʘʪʘ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ ʥʘ ʷʟʳʢʝ C# 
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ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ ʨʠʩʫʥʢʝ 1 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩ ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦʪʘʥʥʦʡ 

ʧʨʦʛʨʘʤʤʳ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʤʝʪʦʜ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʫʩʪʫʧʦʢ ʠ ʨʝʰʝʥʘ 

ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʘʷ ʦʧʪʠʤʠʟʘʮʠʦʥʥʘʷ ʟʘʜʘʯʘ, ʚ 

ʢʦʪʦʨʦʡʦʪʨʘʞʝʥʘ ʚʟʘʠʤʦʩʚʷʟʴ ʦʪʥʦʩʠʪʝʣʴʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʬʠʥʘʥʩʦʚʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʧʨʝʜʧʨʠʷʪʠʷ. ɹʳʣʦ ʧʦʣʫʯʝʥʦ ʦʧʪʠʤʘʣʴʥʳʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʝʨʝʤʝʥʥʳʭ ʚʝʣʠʯʠʥ: ʉʂ = 120 ʪʳʩ. 

ʨʫʙ., ʂʆ = 52 ʪʳʩ. ʨʫʙ., ɼʆ = 50 ʪʳʩ. ʨʫʙ., ʧʨʠ 

ʦʛʨʘʥʠʯʝʥʠʷʭ ʜʣʷ ʧʦʢʘʟʘʪʝʣʝʡ: ʂɸ = 0,522, ʂʂ = 

0,85, ʂʋ = 0,739, ʢʦʪʦʨʳʝ ʫʜʦʚʣʝʪʚʦʨʷʶʪ 

ʥʦʨʤʘʪʠʚʘʤ. 
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ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʨʘʟʚʠʪʠʷ ʩʦʮʠʘʣʴʥʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʙʠʟʥʝʩʘ, 

ʫʪʦʯʥʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʥʷʪʠʷ çʩʦʮʠʘʣʴʥʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷè, ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʚʣʠʷʥʠʝ 

ʧʨʠʥʮʠʧʦʚ ʩʦʮʠʘʣʴʥʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʥʘ ʩʦʟʜʘʥʠʝ ʠʤʠʜʞʘ ʦʨʛʘʥʠʟʘʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʠʟʥʝʩ, ʦʙʱʝʩʪʚʦ, ʩʪʝʡʢʭʦʣʜʝʨʳ, ʢʦʥʮʝʧʮʠʷ, ʨʝʧʫʪʘʮʠʷ. 

 

ABSTRACT 

 

The article examines the theoretical aspects of the development of corporate social responsibility, clarifies the 

definition of the concept of ñenterprise social responsibilityò, and analyzes the influence of social responsibility 

principles on the creation of an organizationôs image. 

Keywords: business, society, stakeholders, concept, reputation. 

 

ɺʦʧʨʦʩʳ ʨʘʟʚʠʪʠʷ ʢʦʨʧʦʨʘʪʠʚʥʦʡ 

ʩʦʮʠʘʣʴʥʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʘʢʪʫʘʣʠʟʠʨʫʶʪʩʷ ʚ 

ʩʚʷʟʠ ʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʢʦʥʮʝʧʮʠʡ ʩʦʮʠʘʣʴʥʦ-

ʵʪʠʯʥʦʛʦ ʤʘʨʢʝʪʠʥʛʘ ʠ ʤʘʨʢʝʪʠʥʛʘ 

ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ, ʢʦʪʦʨʳʝ ʥʘʧʨʘʚʣʷʶʪ ʚʝʢʪʦʨ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʦʨʛʘʥʠʟʘʮʠʡ ʥʝ ʪʦʣʴʢʦ 

ʥʘ ʧʦʣʫʯʝʥʠʝ ʚʳʩʦʢʠʭ ʬʠʥʘʥʩʦʚʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʥʦ 

ʠ ʥʘ ʨʝʰʝʥʠʝ ʚʘʞʥʝʡʰʠʭ ʩʦʮʠʘʣʴʥʳʭ 

ʟʘʜʘʯ.ʇʨʠʦʨʠʪʝʪʥʦʡ ʩʪʘʥʦʚʠʪʩʷ ʢʦʥʮʝʧʮʠʷ ʚʝʜʝʥʠʷ 

ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ 

ʧʨʠʥʮʠʧʦʚ ʩʦʮʠʘʣʴʥʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ. ʅʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʤʝʝʪʩʷ ʤʥʦʞʝʩʪʚʦ 

ʠʥʪʝʨʧʨʝʪʘʮʠʡ ʧʦʥʷʪʠʷ çʩʦʮʠʘʣʴʥʘʷ 

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴè. ʉʧʝʮʠʘʣʠʩʪʳ ʚ ʩʚʦʠʭ ʨʘʙʦʪʘʭ 

ʦʪʤʝʯʘʶʪ ʨʘʟʣʠʯʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʪʝʨʤʠʥʘ. ɺʘʞʥʦ ʫʯʝʩʪʴ, ʯʪʦ ʚʦ ʤʥʦʛʠʭ ʟʥʘʯʝʥʠʷʭ 

ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʦʙʱʫʶ ʦʩʥʦʚʫ, ʢʦʪʦʨʘʷ ʧʨʠʚʝʜʝʥʘ 

ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʩʪʘʥʜʘʨʪʝ çʈʫʢʦʚʦʜʩʪʚʦ ʧʦ 

ʩʦʮʠʘʣʴʥʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠèISO 26000:2010. 

ɼʦʢʫʤʝʥʪ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʡ ʚ 2010 ʛʦʜʫ, ʩʦʜʝʨʞʠʪ 

ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʚʩʝʭ ʩʪʨʘʥ-

ʫʯʘʩʪʥʠʮ. ʗʚʣʷʷʩʴ ʧʦʣʥʦʧʨʘʚʥʳʤ ʯʣʝʥʦʤ 

ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʩ 

2005 ʛʦʜʘ, ʈʦʩʩʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʥʝʡ ʌʝʜʝʨʘʣʴʥʳʤ 

ʘʛʝʥʪʩʪʚʦʤ ʧʦ ʪʝʭʥʠʯʝʩʢʦʤʫ ʨʝʛʫʣʠʨʦʚʘʥʠʶ ʠ 

ʤʝʪʨʦʣʦʛʠʠ. 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʦʤʫ ʩʪʘʥʜʘʨʪʫ, ʩʦʮʠʘʣʴʥʘʷ 

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ 

ʦʨʛʘʥʠʟʘʮʠʠ ʟʘ ʚʣʠʷʥʠʝ ʝʝ ʨʝʰʝʥʠʡ ʠ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʥʘ ʦʙʱʝʩʪʚʦ ʠ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʧʦʩʨʝʜʩʪʚʦʤ 

ʧʨʦʟʨʘʯʥʦʛʦ ʠ ʵʪʠʯʥʦʛʦ ʧʦʚʝʜʝʥʠʷ, ʢʦʪʦʨʦʝ: 

- ʦʙʝʩʧʝʯʠʚʘʝʪʧʝʨʤʘʥʝʥʪʥʦʝ ʨʘʟʚʠʪʠʝ, 

ʥʘʧʨʘʚʣʝʥʥʦʝ ʥʘ ʨʦʩʪ ʫʨʦʚʥʷ ʦʙʱʝʩʪʚʝʥʥʦʛʦ 

ʙʣʘʛʦʩʦʩʪʦʷʥʠʷ; 

- ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʞʝʣʘʥʠʷ ʚʩʝʭ ʩʪʦʨʦʥ, 

ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ ʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ; 

- ʦʪʚʝʯʘʝʪ ʘʢʪʫʘʣʴʥʳʤ ʧʨʘʚʦʚʳʤ ʥʦʨʤʘʤ 

ʠʧʨʘʚʠʣʘʤ ʧʦʚʝʜʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 

ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʵʪʠʢʝ; 

- ʷʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʢʦʣʣʝʢʪʠʚʥʦʤ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

[17]. 

ʀʩʭʦʜʷ ʠʟ ʦʧʨʝʜʝʣʝʥʠʷ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʩʦʮʠʘʣʴʥʘʷ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ð ʵʪʦ ʥʝ ʧʨʦʩʪʦ 

ʵʧʠʟʦʜʠʯʝʩʢʘʷ ʙʣʘʛʦʪʚʦʨʠʪʝʣʴʥʦʩʪʴ, ʘ ʯʘʩʪʴ 

ʩʪʨʘʪʝʛʠʠ ʨʘʟʚʠʪʠʷ ʢʦʤʧʘʥʠʠ. ʆʥʘ ʧʦʜʨʘʟʫʤʝʚʘʝʪ 

ʦʩʦʙʫʶ ʩʠʩʪʝʤʫ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʦʨʛʘʥʠʟʘʮʠʠ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʩʫʙʲʝʢʪʘʤʠ ʙʠʟʥʝʩ-ʩʨʝʜʳ. ɺ ʵʪʦʡ 

ʩʚʷʟʠ ʧʨʝʜʣʘʛʘʝʤ ʧʦʜ ʩʦʮʠʘʣʴʥʦʡ 

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴʶ ʧʨʝʜʧʨʠʷʪʠʷ ʧʦʥʠʤʘʪʴ 

ʢʦʥʮʝʧʮʠʶ ʚʝʜʝʥʠʷ ʙʠʟʥʝʩʘ ʩ ʫʯʝʪʦʤ ʠʥʪʝʨʝʩʦʚ 

ʚʩʝʭ ʦʩʥʦʚʥʳʭ ʫʯʘʩʪʥʠʢʦʚ ʨʳʥʢʘ ʠ ʥʘʧʨʘʚʣʝʥʥʫʶ 

ʥʘ ʨʝʰʝʥʠʝ ʘʢʪʫʘʣʴʥʳʭ ʦʙʱʝʩʪʚʝʥʥʳʭ ʟʘʜʘʯ. 

ʇʨʠʟʥʘʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʢʦʤʤʝʨʯʝʩʢʦʛʦ 

ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʦʙʱʝʩʪʚʘ ʜʝʣʘʝʪ ʵʬʬʝʢʪʠʚʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʦ ʩʪʝʡʢʭʦʣʜʝʨʘʤʠ ʢʣʶʯʝʚʳʤ 

ʬʘʢʪʦʨʦʤ ʚ ʨʘʟʨʘʙʦʪʢʝ ʠ ʨʝʘʣʠʟʘʮʠʠ ʩʦʮʠʘʣʴʥʦ 

ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʠʥʠʮʠʘʪʠʚ. 

ɿʘʠʥʪʝʨʝʩʦʚʘʥʥʳʝ ʩʪʦʨʦʥʳ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ 

ʢʘʢ ʧʨʷʤʦʝ, ʪʘʢ ʠ ʢʦʩʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ ʬʠʨʤʳ. ʅʝʚʦʟʤʦʞʥʦ ʦʪʜʝʣʴʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʟʘʧʨʦʩʳ ʪʦʣʴʢʦ ʦʜʥʦʡ ʠʟ ʩʪʦʨʦʥ, 

ʧʦʩʢʦʣʴʢʫ ʪʨʝʙʫʝʪʩʷ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ. ɿʘʜʘʯʘ 
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ʤʝʥʝʜʞʝʨʘ ʠʣʠ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʷ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, 

ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢ ʥʘʡʪʠ ʪʦʯʢʫ ʦʙʱʠʭ 

ʠʥʪʝʨʝʩʦʚ ʩʪʝʡʢʭʦʣʜʝʨʦʚ.  

ʂʣʘʩʩʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ 

ʩʪʦʨʦʥ ʠ ʠʭ ʦʞʠʜʘʥʠʷ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʬʠʨʤʝ, 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 1. 

 

 
ʈʠʩʫʥʦʢ 1. ʉʦʩʪʘʚ ʩʪʝʡʢʭʦʣʜʝʨʦʚ ʠ ʠʭ ʦʞʠʜʘʥʠʷ ʦʪ ʦʨʛʘʥʠʟʘʮʠʠ 

ʀʩʪʦʯʥʠʢ: [1] 

 

ɺ ʤʝʥʝʜʞʤʝʥʪʝ ʩʫʱʝʩʪʚʫʝʪ ʩʧʝʮʠʘʣʴʥʳʡ 

ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʛʨʫʧʧʠʨʦʚʢʠ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ 

ʩʪʦʨʦʥ ʠ ʩʦʩʪʘʚʣʝʥʠʷ ʩʪʨʘʪʝʛʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʥʠʤʠ ð ʤʘʪʨʠʮʘ ʄʝʥʜʝʣʦʫ [7]. ʆʥʘ ʦʩʥʦʚʳʚʘʝʪʩʷ 

ʥʘ ʜʚʫʭ ʦʩʷʭ: ʚʣʘʩʪʴ ʠ ʠʥʪʝʨʝʩ. ʇʝʨʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ 

ʜʦʣʞʥʦ ʧʦʢʘʟʳʚʘʪʴ ʩʪʝʧʝʥʴ, ʚ ʢʦʪʦʨʦʡ ʩʫʙʲʝʢʪ 

ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʩʪʨʘʪʝʛʠʶ ʠʣʠ ʭʦʜ ʨʝʘʣʠʟʘʮʠʠ 

ʧʨʦʝʢʪʘ. ɺʪʦʨʦʝ ï ʫʨʦʚʝʥʴ ʚʦʚʣʝʯʝʥʥʦʩʪʠ ʠʣʠ 

ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʦʩʪʠ ʚ ʫʩʧʝʭʝ ʬʠʨʤʳ.  

ʄʘʪʨʠʮʘ ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʝʭ ʢʘʪʝʛʦʨʠʡ: 

- ʛʨʫʧʧʘ A ʠʤʝʝʪ ʚʳʩʦʢʠʡ ʩʪʘʪʫʩ ʠ ʠʥʪʝʨʝʩ; 

- ʛʨʫʧʧʘ B ʦʙʣʘʜʘʝʪ ʙʦʣʴʰʠʤ ʦʙʲʝʤʦʤ 

ʚʣʘʩʪʠ ʠ ʤʠʥʠʤʘʣʴʥʦʡ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʦʩʪʴʶ; 

- ʛʨʫʧʧʘ C ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ 

ʢʦʥʪʨʦʣʷ ʠ ʧʦʚʳʰʝʥʥʦʡ ʚʦʚʣʝʯʝʥʥʦʩʪʴʶ; 

- ʛʨʫʧʧʘ D ʦʪʣʠʯʘʝʪʩʷ ʧʦʥʠʞʝʥʥʦʡ ʩʪʝʧʝʥʴʶ 

ʚʣʠʷʥʠʷ ʠ ʘʢʪʠʚʥʦʩʪʠ [20]. 

ʄʝʥʜʝʣʦʫ ʧʨʝʜʣʘʛʘʝʪ ʙʘʟʦʚʳʝ ʪʘʢʪʠʯʝʩʢʠʝ 

ʪʝʭʥʠʢʠ ʧʦ ʢʦʤʤʫʥʠʢʘʮʠʠ ʩ ʢʘʞʜʦʡ ʢʘʪʝʛʦʨʠʝʡ 

ʩʪʝʡʢʭʦʣʜʝʨʦʚ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʤʠ 

ʦʢʘʟʳʚʘʶʪʩʷ ʠʥʚʝʩʪʦʨʳ ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʦʨʛʘʥʳ, 

ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʨʝʛʫʣʷʨʥʦʝ ʦʙʱʝʥʠʝ, 

ʜʝʤʦʥʩʪʨʘʮʠʷ ʪʨʘʥʩʧʘʨʝʥʪʥʦʩʪʠ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʬʠʨʤʳ, ʚʦʚʣʝʯʝʥʠʝ ʚ ʫʧʨʘʚʣʝʥʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʠ 

ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ ʧʦʪʨʝʙʥʦʩʪʝʡ. 

ɺʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʘʩʧʝʢʪʳ ʧʦʟʚʦʣʷʶʪ ʠʤ 

ʦʱʫʱʘʪʴ ʧʨʠʯʝʩʪʥʦʩʪʴ ʢ ʨʘʟʚʠʪʠʶ ʙʠʟʥʝʩʘ ʠ 

ʞʝʣʘʥʠʝ ʨʝʟʫʣʴʪʘʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʚʦʝ ʚʣʠʷʥʠʝ 

[20]. ʂ ʛʨʫʧʧʝ B ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʧʦʩʪʘʚʱʠʢʦʚ, 

ʢʦʪʦʨʳʝ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ, ʥʦ ʥʝ ʫʯʘʩʪʚʫʶʪ ʚ 

ʧʦʚʩʝʜʥʝʚʥʦʡ ʨʘʙʦʪʝ. ɺʘʞʥʦ, ʯʪʦʙʳ ʦʥʠ ʙʳʣʠ 

ʜʦʚʦʣʴʥʳ, ʥʦ ʩʣʝʜʫʝʪ ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ ʧʝʨʝʭʦʜʫ 

ʧʦʩʪʘʚʱʠʢʦʚ ʚ ʛʨʫʧʧʫ A. ʉʣʝʜʫʶʱʠʡ ʧʦ 

ʟʥʘʯʠʤʦʩʪʠ ʩʝʛʤʝʥʪ ʚ ʯʘʱʝ ʚʩʝʛʦ ʧʨʝʜʩʪʘʚʣʝʥ 

ʩʦʪʨʫʜʥʠʢʘʤʠ ʠʣʠ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ, 

ʘʢʪʠʚʥʦʥʘʙʣʶʜʘʶʱʠʤʠ ʟʘ ʢʦʥʝʯʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ. 

ɿʘ ʵʪʠʤʠ ʩʪʝʡʢʭʦʣʜʝʨʘʤʠ ʩʣʝʜʫʝʪ ʩʤʦʪʨʝʪʴ ʠ 

ʩʚʦʝʚʨʝʤʝʥʥʦ ʠʥʬʦʨʤʠʨʦʚʘʪʴ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ 

ʜʘʣʴʥʝʡʰʫʶ ʧʦʜʜʝʨʞʢʫ. ɻʨʫʧʧʘ D ʚʢʣʶʯʘʝʪ 

ʚʥʝʰʥʠʝ ʩʪʦʨʦʥʳ, ʥʘ ʢʦʪʦʨʳʭ ʨʘʟʚʠʪʠʝ ʩʦʙʳʪʠʡ 

ʦʢʘʟʳʚʘʝʪ ʤʘʣʦʟʥʘʯʠʤʦʝ ʚʣʠʷʥʠʝ. ʀʭ ʨʦʣʴ 

ʥʝʟʥʘʯʠʪʝʣʴʥʘ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦ 

ʦʪʩʣʝʞʠʚʘʪʴ ʠʭ ʘʢʪʠʚʥʦʩʪʴ, ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʚ 

ʫʩʠʣʠʷ ʥʘ ʧʝʨʚʳʭ ʪʨʝʭ ʢʘʪʝʛʦʨʠʷʭ. 

ʅʘ ʦʩʥʦʚʝ ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʙʠʟʥʝʩʫ ʙʫʜʝʪ ʧʨʦʱʝ ʚʳʩʪʨʘʠʚʘʪʴ ʚʟʘʠʤʦʚʳʛʦʜʥʳʝ 

ʦʪʥʦʰʝʥʠʷ ʩ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʤʠ ʩʪʦʨʦʥʘʤʠ. ʉʪʦʠʪ 

ʧʦʤʥʠʪʴ, ʯʪʦ ʩʦʩʪʘʚ ʩʪʝʡʢʭʦʣʜʝʨʦʚ ʠʥʜʠʚʠʜʫʘʣʝʥ 

ʜʣʷ ʢʘʞʜʦʡ ʦʨʛʘʥʠʟʘʮʠʠ, ʦʥ ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ, ʩʘʤʘ 

ʛʨʫʧʧʘ ʧʝʨʝʤʝʱʘʪʴʩʷ ʧʦ ʢʘʪʝʛʦʨʠʷʤ, ʧʦʵʪʦʤʫ 

ʤʘʪʨʠʮʫ ʚʘʞʥʦ ʨʝʛʫʣʷʨʥʦ ʘʢʪʫʘʣʠʟʠʨʦʚʘʪʴ [7]. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʦʮʠʘʣʴʥʘʷ 

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʪʨʘʪʝʛʠʠ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ 

ʙʠʟʥʝʩʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʨʛʘʥʠʟʘʮʠʠ 

ʘʢʮʝʥʪʠʨʫʶʪʚʥʠʤʘʥʠʝ ʥʘ ʚʦʩʧʨʠʷʪʠʠ ʙʨʝʥʜʘ 
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ʛʣʘʟʘʤʠ ʦʙʱʝʩʪʚʝʥʥʦʩʪʠ ʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪ 

ʠʩʩʣʝʜʫʝʤʳʡ ʪʝʨʤʠʥ ʢʘʢ ʩʠʩʪʝʤʥʦʝ ʚʣʠʷʥʠʝ 

ʧʨʝʜʧʨʠʷʪʠʷ ʥʘ ʚʩʝ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʝ ʩʪʦʨʦʥʳ, 

ʚʦʟʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʢʦʨʧʦʨʘʪʠʚʥʦʛʦ ʠʤʠʜʞʘ ʠ ʜʝʣʦʚʦʡ ʨʝʧʫʪʘʮʠʠ [10].  

ɹʦʣʝʝ ʜʝʪʘʣʴʥʳʝ ʚʟʘʠʤʦʩʚʷʟʠ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʥʘ ʨʠʩ. 2.  

 

 

 
ʈʠʩ. 2. ʉʚʷʟʴ ʩʦʮʠʘʣʴʥʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʙʠʟʥʝʩʘ 

ʀʩʪʦʯʥʠʢ: ʩʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʦʤ ʧʦ ʜʘʥʥʳʤ [4] 

 

 

ʅʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ, ʤʦʞʥʦ ʧʦʜʫʤʘʪʴ, ʯʪʦ 

ʠʤʠʜʞ ʠ ʨʝʧʫʪʘʮʠʷ ʚʟʘʠʤʦʟʘʤʝʥʷʝʤʳʝ ʧʦʥʷʪʠʷ, ʥʦ 

ʵʪʦ ʥʝ ʪʘʢ. ʀʤʠʜʞ ð ʵʪʦ ʧʝʨʚʦʥʘʯʘʣʴʥʦʝ 

ʚʧʝʯʘʪʣʝʥʠʝ ʠʣʠ ʚʥʫʪʨʝʥʥʷʷ ʨʝʘʢʮʠʷ, ʢʦʪʦʨʘʷ 

ʩʢʣʘʜʳʚʘʝʪʩʷ ʫ ʣʶʜʝʡ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʠʣʠ 

ʞʝ ʬʦʨʤʠʨʫʝʪʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ʦʙʱʝʩʪʚʘ ʠ ʤʦʜʥʳʭ 

ʪʝʥʜʝʥʮʠʡ [11, 12]. ʈʝʧʫʪʘʮʠʷ, ʥʘʦʙʦʨʦʪ, 

ʦʮʝʥʠʚʘʝʪʩʷ ʧʦ ʜʦʣʛʦʩʨʦʯʥʦʡ ʜʝʣʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ 

[12, 13].  

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʙʝʟʫʧʨʝʯʥʦʡ ʨʝʧʫʪʘʮʠʠ ʠ 

ʧʦʟʠʪʠʚʥʦʛʦ ʢʦʨʧʦʨʘʪʠʚʥʦʛʦ ʠʤʠʜʞʘ ʚʘʞʥʦ 

ʫʯʠʪʳʚʘʪʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʧʨʠʥʮʠʧʳ ʩʦʮʠʘʣʴʥʦʡ 

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ: 

- ʧʦʜʦʪʯʝʪʥʦʩʪʴ ʪʨʝʙʫʝʪ ʧʦʥʠʤʘʥʠʝ ʚʣʠʷʥʠʷ 

ʦʨʛʘʥʠʟʘʮʠʠʥʘ ʚʥʝʰʥʶʶ ʩʨʝʜʫ, ʧʨʠʥʷʪʠʝ ʧʦʣʥʦʡ 

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʟʘ ʧʦʩʣʝʜʩʪʚʠʷ ʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʝʨʝʜ ʦʙʱʝʩʪʚʦʤ, ʵʢʦʥʦʤʠʢʦʡ ʠ 

ʵʢʦʩʠʩʪʝʤʘʤʠ. ɺ ʩʣʫʯʘʷʭ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʦʨʛʘʥʠʟʘʮʠʷ ʦʙʷʟʘʥʘ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʨʦʮʝʜʫʨʳ 

ʧʨʠʟʥʘʥʠʷ ʦʰʠʙʦʢ ʠ ʨʝʘʣʠʟʦʚʳʚʘʪʴ 

ʢʦʤʧʝʥʩʘʪʦʨʥʳʝ ʤʝʭʘʥʠʟʤʳ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ 

ʫʱʝʨʙʘ.;  

- ʪʨʘʥʩʧʘʨʝʥʪʥʦʩʪʴ ʨʝʘʣʠʟʫʝʪʩʷ ʯʝʨʝʟ 

ʩʠʩʪʝʤʫ ʦʪʢʨʳʪʦʛʦ ʨʘʩʢʨʳʪʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʩʪʨʘʪʝʛʠʷʭ, ʧʨʘʢʪʠʢʘʭ ʠ ʥʝʬʠʥʘʥʩʦʚʳʭ ʨʝʟʫʣʴʪʘʪʘʭ 

ʜʝʷʪʝʣʴʥʦʩʪʠ. ɹʘʣʘʥʩ ʤʝʞʜʫ ʦʪʢʨʳʪʦʩʪʴʶ ʠ 

ʢʦʤʤʝʨʯʝʩʢʦʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴʶ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ 

ʩʯʝʪ ʩʝʣʝʢʪʠʚʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʧʫʙʣʠʢʘʮʠʠ ʜʘʥʥʳʭ, 

ʠʩʢʣʶʯʘʶʱʝʛʦ ʥʘʨʫʰʝʥʠʝ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʳʭ 

ʦʙʷʟʘʪʝʣʴʩʪʚ; 

- ʵʪʠʯʥʦʩʪʴʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʥʢʦʨʧʦʨʠʨʦʚʘʥʠʠ 

ʤʦʨʘʣʴʥʳʭ ʥʦʨʤ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʠ 

ʜʦʙʨʦʩʦʚʝʩʪʥʦʩʪʠ ʚ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ. 

ʕʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʦʟʜʘʥʠʝ:ʩʠʩʪʝʤʳ 

ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʵʪʠʯʥʦʛʦ 

ʧʦʚʝʜʝʥʠʷ;ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ 

ʨʘʟʨʝʰʝʥʠʷ ʢʦʥʬʣʠʢʪʦʚ ʠʥʪʝʨʝʩʦʚ;ʝʜʠʥʳʭ 

ʩʪʘʥʜʘʨʪʦʚ ʧʦʚʝʜʝʥʠʷ ʜʣʷ ʚʥʫʪʨʝʥʥʝʡ ʠ ʚʥʝʰʥʝʡ 

ʩʨʝʜʳ; 

- ʦʨʠʝʥʪʘʮʠʷ ʥʘ ʠʥʪʝʨʝʩʳ ʩʪʝʡʢʭʦʣʜʝʨʦʚ 

ʚʢʣʶʯʘʝʪ: ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ 

ʩʪʦʨʦʥ; ʘʥʘʣʠʟ ʠʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʠ ʚʣʠʷʥʠʷ; 

ʨʘʟʨʘʙʦʪʢʫ ʩʪʨʘʪʝʛʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ; ʠʥʪʝʛʨʘʮʠʶ 

ʠʭ ʠʥʪʝʨʝʩʦʚ ʚ ʢʦʨʧʦʨʘʪʠʚʥʫʶ ʧʦʣʠʪʠʢʫ; 

- ʚʝʨʭʦʚʝʥʩʪʚʦ ʟʘʢʦʥʘ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʦʥ 

ʝʜʠʥ ʜʣʷ ʚʩʝʭ ʠ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʥʠʢʘʢʠʭ 

ʠʩʢʣʶʯʝʥʠʡ, ʥʝʦʙʭʦʜʠʤʦ ʘʢʪʠʚʥʦ ʩʣʝʜʦʚʘʪʴ ʚʩʝʤ 

ʥʦʨʤʘʪʠʚʥʳʤ ʧʨʝʜʧʠʩʘʥʠʷʤ, ʧʦʜʜʝʨʞʠʚʘʪʴ 

ʦʩʚʝʜʦʤʣʝʥʥʦʩʪʴ ʚ ʧʨʘʚʦʚʦʤ ʧʦʣʝ, ʦʩʥʦʚʳʚʘʪʴ 

ʩʚʦʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʠ ʢʦʤʤʝʨʯʝʩʢʠʝ ʦʪʥʦʰʝʥʠʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦʡ ʙʘʟʦʡ; 
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- ʩʦʙʣʶʜʝʥʠʝ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʥʦʨʤ 

ʧʦʚʝʜʝʥʠʷ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʚʥʝʜʨʝʥʠʝ ʤʠʨʦʚʳʭ 

ʩʪʘʥʜʘʨʪʦʚ ʠ ʧʝʨʝʜʦʚʦʡ ʧʨʘʢʪʠʢʠ ʚ ʨʘʙʦʪʫ, ʯʪʦʙʳ 

ʩʪʘʪʴ ʙʦʣʝʝ ʚʦʚʣʝʯʝʥʥʳʤ ʚ ʛʣʦʙʘʣʴʥʫʶ ʩʠʩʪʝʤʫ 

ʩʦʮʠʘʣʴʥʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʠ ʩʦʟʜʘʪʴ 

ʢʦʥʢʫʨʝʥʪʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ;  

- ʫʚʘʞʝʥʠʝ ʧʨʘʚ ʯʝʣʦʚʝʢʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ: 

ʠʤʧʣʝʤʝʥʪʘʮʠʶ ʧʦʣʠʪʠʢʠ ʨʘʚʥʳʭ 

ʚʦʟʤʦʞʥʦʩʪʝʡ;ʥʝʜʠʩʢʨʠʤʠʥʘʮʠʦʥʥʳʡ ʧʦʜʭʦʜ ʢʦ 

ʚʩʝʤ stakeholders;ʩʦʟʜʘʥʠʝ ʠʥʢʣʶʟʠʚʥʦʡ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʢʫʣʴʪʫʨʳ;ʦʙʝʩʧʝʯʝʥʠʝ diversity ʚʦ 

ʚʩʝʭ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘʭ. [16, 17]. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ 

ʧʨʠʥʮʠʧʳ ʜʦʣʞʥʳ ʧʨʦʭʦʜʠʪʴ ʧʦ ʚʩʝʤ ʫʨʦʚʥʷʤ, ʥʘ 

ʢʦʪʦʨʳʭ ʦʨʛʘʥʠʟʘʮʠʷ ʨʝʘʣʠʟʫʝʪ ʧʨʦʛʨʘʤʤʳ 

ʩʦʮʠʘʣʴʥʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ. ʅʘ ʨʠʩ. 3 ʧʨʠʚʝʜʝʥʘ 

ʤʦʜʝʣʴ ʯʝʪʳʨʝʭ ʫʨʦʚʥʝʡ ʚʣʠʷʥʠʷ ʠʩʩʣʝʜʫʝʤʦʡ 

ʢʦʥʮʝʧʮʠʠ. 

 

 
ʈʠʩʫʥʦʢ 3. ʋʨʦʚʥʠ ʚʦʟʜʝʡʩʪʚʠʷ ʩʦʮʠʘʣʴʥʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ 

ʀʩʪʦʯʥʠʢ: ʩʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʦʤ ʧʦ ʜʘʥʥʳʤ [6] 

 

 

ʂʘʞʜʳʡ ʫʨʦʚʝʥʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʘʟʥʳʤ 

ʥʘʙʦʨʦʤ ʟʘʜʘʯ, ʥʦ ʧʨʠ ʵʪʦʤ ʠʥʠʮʠʘʪʠʚʘ, 

ʦʩʫʱʝʩʪʚʣʝʥʥʘʷ ʥʘ ʙʦʣʝʝ ʥʠʟʢʦʤ, ʤʦʞʝʪ ʟʘʧʫʩʪʠʪʴ 

ʧʨʦʮʝʩʩʳ ʠʟʤʝʥʝʥʠʷ ʥʘ ʩʣʝʜʫʶʱʝʤ ʧʦ ʠʝʨʘʨʭʠʠ, 

ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʚʟʘʠʤʦʩʚʷʟʠ ʚʩʝʭ ʷʨʫʩʦʚ. 

ɺʥʫʪʨʠʢʦʨʧʦʨʘʪʠʚʥʳʡ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ 

ʥʘʧʨʘʚʣʝʥ ʥʘ ʟʘʙʦʪʫ ʦ ʩʦʪʨʫʜʥʠʢʘʭ ʦʨʛʘʥʠʟʘʮʠʠ. 

ʇʦʤʠʤʦ ʚʳʧʦʣʥʝʥʠʷ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦʡ ʙʘʟʳ, ʬʠʨʤʘ 

ʧʨʝʜʣʘʛʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʨʠʚʠʣʝʛʠʠ ʜʣʷ 

ʨʘʙʦʪʥʠʢʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʵʪʦ ʨʘʟʚʠʪʠʝ 

ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʢʫʣʴʪʫʨʳ, ʢʦʤʧʝʥʩʘʮʠʷ ʧʠʪʘʥʠʷ ʠ 

ʧʨʦʟʨʘʯʥʳʡ ʤʝʭʘʥʠʟʤ ʢʘʨʴʝʨʥʦʛʦ ʨʦʩʪʘ. ʋʨʦʚʝʥʴ 

ʨʳʥʦʯʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʦʪʨʘʞʘʝʪ ʚʣʠʷʥʠʝ 

ʢʦʤʧʘʥʠʠ ʥʘ ʦʪʨʘʩʣʴ, ʚ ʢʦʪʦʨʦʡ ʬʫʥʢʮʠʦʥʠʨʫʝʪ. 

ʄʦʞʝʪ ʧʨʦʷʚʣʷʪʴʩʷ ʚ ʦʪʢʘʟʝ ʦʪ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʩ 

ʧʦʩʪʘʚʱʠʢʘʤʠ, ʥʝ ʩʦʙʣʶʜʘʶʱʠʤʠ 

ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦ ʠʣʠ ʥʘʨʫʰʘʶʱʠʤʠ ʧʨʠʥʮʠʧʳ 

ʩʦʮʠʘʣʴʥʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ. ʋʨʦʚʝʥʴ 

ʦʙʱʝʩʪʚʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦʢʘʟʳʚʘʝʪ ʦʪʥʦʰʝʥʠʝ 

ʙʠʟʥʝʩʘ ʢ ʣʶʜʷʤ ð ʚʢʣʶʯʘʷ ʧʦʪʨʝʙʠʪʝʣʝʡ, 

ʞʠʪʝʣʝʡ ʨʝʛʠʦʥʦʚ ʧʨʠʩʫʪʩʪʚʠʷ ʠ ʜʨʫʛʠʤ 

ʩʦʮʠʘʣʴʥʳʤ ʛʨʫʧʧʘʤ. ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ 

ʧʨʝʜʧʨʠʷʪʠʝ ʧʦʤʦʛʘʝʪ ʤʝʩʪʥʦʤʫ ʜʦʤʫ ʧʨʝʩʪʘʨʝʣʳʭ. 

ɺʳʭʦʜ ʥʘ ʛʣʦʙʘʣʴʥʳʡ ʢʘʢ ʧʨʘʚʠʣʦ, ʩʚʦʡʩʪʚʝʥʝʥ 

ʢʦʨʧʦʨʘʮʠʷʤ ʠ ʪʨʘʥʩʥʘʮʠʦʥʘʣʴʥʳʤ ʦʨʛʘʥʠʟʘʮʠʷʤ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʟʚʦʣʠʪʴ ʚʥʫʰʠʪʝʣʴʥʳʝ 

ʠʥʚʝʩʪʠʮʠʠ ʚ ʨʘʟʥʳʭ ʩʬʝʨʘʭ ʟʘ ʩʯʝʪ ʤʘʩʰʪʘʙʘ. 

ʅʘʧʨʠʤʝʨ, ʧʝʨʝʭʦʜ ʥʘ ʟʝʣʝʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ 

ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ ʥʘʫʯʥʳʭ ʨʘʟʨʘʙʦʪʦʢ. 

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʫʨʦʚʥʝʡ ʩʦʮʠʘʣʴʥʦʡ 

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʚ ʧʨʠʤʝʨʘʭ ʢʦʩʚʝʥʥʦ ʙʳʣʠ 

ʟʘʪʨʦʥʫʪʳ ʩʬʝʨʳ, ʛʜʝ ʢʦʤʧʘʥʠʷ ʤʦʞʝʪ ʚʦʧʣʦʪʠʪʴ 

ʩʚʦʠ ʠʥʠʮʠʘʪʠʚʳ. ɼʣʷ ʣʫʯʰʝʛʦ ʧʦʥʠʤʘʥʠʷ ʩʪʦʠʪ 

ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ, ʧʨʝʜʣʦʞʝʥʥʦʡ 

ɻʘʨʚʘʨʜʩʢʦʡ ʰʢʦʣʦʡ ʙʠʟʥʝʩʘ, ʢʦʪʦʨʘʷ ʚʳʜʝʣʷʝʪ 4 

ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷ: 

- ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʟʘʙʦʪʫ ʦ 

ʧʨʠʨʦʜʝ ʧʦʩʨʝʜʩʪʚʦʤ ʩʦʢʨʘʱʝʥʠʷ ʚʨʝʜʥʳʭ 

ʧʨʘʢʪʠʢ, ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ, 

ʢʦʤʧʝʥʩʘʮʠʠ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ [21]. ʆʧʪʠʤʠʟʘʮʠʷ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʧʦʟʚʦʣʠʪ ʬʠʨʤʝ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʩʫʨʩʳ ʩ ʥʘʠʤʝʥʴʰʠʤ ʫʱʝʨʙʦʤ ʜʣʷ 

ʤʠʨʘ;  

- ʬʠʣʘʥʪʨʦʧʠʯʝʩʢʘʷ ʧʦʥʠʤʘʝʪʩʷ ʢʘʢ 

ʩʪʨʝʤʣʝʥʠʝ ʢʦʤʧʘʥʠʠ ʩʜʝʣʘʪʴ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ 

ʦʙʱʝʩʪʚʘ ʠ ʤʠʨʘ ʧʫʪʝʤ ʚʳʜʝʣʝʥʠʷ ʯʘʩʪʠ ʜʦʭʦʜʘ ʥʘ 

ʙʣʘʛʦʪʚʦʨʠʪʝʣʴʥʦʩʪʴ [21]. ʅʝʢʦʪʦʨʳʝ ʜʝʣʘʶʪ 

ʧʦʞʝʨʪʚʦʚʘʥʠʷ ʬʦʥʜʘʤ ʠ ʥʝʢʦʤʤʝʨʯʝʩʢʠʤ 

ʦʨʛʘʥʠʟʘʮʠʷʤ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʠʩʩʠʠ ʠʭ 

ʧʨʝʜʧʨʠʷʪʠʷ, ʜʨʫʛʠʝ ʩʧʦʥʩʠʨʫʶʪ ʮʝʣʠ, ʥʘʧʨʷʤʫʶ 

ʥʝ ʩʚʷʟʘʥʥʳʝ ʩ ʠʭ ʜʝʷʪʝʣʴʥʦʩʪʴʶ, ʥʦ ʩʯʠʪʘʶʪʩʷ 

ʚʘʞʥʳʤʠ ʜʣʷ ʙʠʟʥʝʩʘ. ɺʣʠʷʪʝʣʴʥʳʝ ʬʠʨʤʳ 

ʩʦʟʜʘʶʪ ʩʦʙʩʪʚʝʥʥʳʝ ʬʦʥʜʳ ʧʦʜʜʝʨʞʢʠ, ʯʪʦʙʳ 

ʛʣʦʙʘʣʴʥʦ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʨʝʰʝʥʠʠ ʧʨʦʙʣʝʤ[19]; 

- ʵʪʠʯʝʩʢʘʷ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʙʦʣʴʰʝ, ʯʝʤ 

ʧʨʦʩʪʦ ʥʘʧʨʘʚʣʝʥʠʝ. ʆʥʘ ʷʚʣʷʝʪʩʷ ʙʘʟʦʚʳʤ 

ʧʨʠʥʮʠʧʦʤ, ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ ʙʳʪʴ ʠʥʪʝʛʨʠʨʦʚʘʥ ʚ 

ʙʠʟʥʝʩ-ʤʦʜʝʣʴ [19, 21]. ʇʨʝʜʧʨʠʷʪʠʷ ʧʦ-ʨʘʟʥʦʤʫ 

ʚʦʩʧʨʠʥʠʤʘʶʪ ʪʝʨʤʠʥ çʵʪʠʢʘè, ʧʦʵʪʦʤʫ ʝʛʦ 

ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʠ ʩʦʟʜʘʥʠʝ ʠʥʠʮʠʘʪʠʚ ʚ ʵʪʦʡ ʩʬʝʨʝ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʠ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ 

ʫʧʨʘʚʣʷʶʱʝʛʦ. ʅʘʧʨʠʤʝʨ, ʢʦʤʧʘʥʠʷ ʤʦʞʝʪ 

ʫʩʪʘʥʦʚʠʪʴ ʩʦʙʩʪʚʝʥʥʫʶ, ʙʦʣʝʝ ʚʳʩʦʢʫʶ 
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ʤʠʥʠʤʘʣʴʥʫʶ ʟʘʨʘʙʦʪʥʫʶ ʧʣʘʪʫ, ʝʩʣʠ ʪʘ, ʢʦʪʦʨʘʷ 

ʫʩʪʘʥʦʚʣʝʥʘ ʛʦʩʫʜʘʨʩʪʚʦʤ, ʥʝ ʩʯʠʪʘʝʪʩʷ 

ʧʨʠʝʤʣʝʤʦʡ ʜʣʷ ʞʠʟʥʠ ʚ ʨʝʛʠʦʥʝ [8, 21]; 

- ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʨʘʢʪʠʢʫ, 

ʧʨʠ ʢʦʪʦʨʦʡ ʬʠʨʤʘ ʧʦʜʢʨʝʧʣʷʝʪ ʚʩʝ ʩʚʦʠ 

ʬʠʥʘʥʩʦʚʳʝ ʨʝʰʝʥʠʷ ʥʘʤʝʨʝʥʠʝʤ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ 

ʧʦʟʠʪʠʚʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʚ ʤʠʨʝ [5, 21]. ʂʦʥʝʯʥʘʷ 

ʮʝʣʴ ʟʘʢʣʶʯʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʤʘʢʩʠʤʠʟʘʮʠʠ 

ʧʨʠʙʳʣʠ, ʥʦ ʠ ʚ ʪʦʤ, ʯʪʦʙʳ ʙʠʟʥʝʩ-ʦʧʝʨʘʮʠʠ 

ʦʢʘʟʳʚʘʣʠ ʙʣʘʛʦʝ ʚʣʠʷʥʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ 

ʦʙʱʝʩʪʚʦ. ɼʘʥʥʘʷ ʚʝʪʚʴ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩʚʷʟʳʚʘʝʪ 

ʚʦʝʜʠʥʦ ʪʨʠ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʦʙʣʘʩʪʠ[9, 14, 

15]. 

ʄʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ: ʩʦʮʠʘʣʴʥʘʷ 

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ð ʵʪʦ ʚʢʣʘʜ ʬʠʨʤʳ ʚ ʫʩʪʦʡʯʠʚʦʝ 

ʨʘʟʚʠʪʠʝ ʝʝ ʚʥʝʰʥʝʡ ʠ ʚʥʫʪʨʝʥʥʝʡ ʩʨʝʜʳ. ʆʥʘ 

ʦʩʥʦʚʘʥʘ ʥʘ 7 ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʧʨʠʥʮʠʧʘʭ, 

ʠʟʣʦʞʝʥʥʳʭ ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʩʪʘʥʜʘʨʪʝ, ʠʤʝʝʪ 4 

ʢʣʶʯʝʚʳʭ ʥʘʧʨʘʚʣʝʥʠʷ ʠ 4 ʫʨʦʚʥʷ ʚʦʟʜʝʡʩʪʚʠʷ. 

ʆʩʦʙʦʝ ʤʝʩʪʦ ʚ ʢʦʥʮʝʧʮʠʠ ʟʘʥʠʤʘʝʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʦ ʩʪʝʡʢʭʦʣʜʝʨʘʤʠ[2,3].  

ʄʝʨʦʧʨʠʷʪʠʷ ʧʦ ʨʘʟʚʠʪʠʶ ʩʦʮʠʘʣʴʥʦʡ 

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʤʦʛʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ 

ʨʘʩʰʠʨʝʥʠʶ ʩʣʝʜʫʶʱʠʭ ʚʠʜʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʧʨʝʜʧʨʠʷʪʠʷ: 

- ʩʦʟʜʘʥʠʝ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ (ʫʩʣʫʛ); 

- ʨʘʩʰʠʨʝʥʠʝ ʨʳʥʢʦʚ ʩʙʳʪʘ ʠ ʮʝʣʝʚʳʭ ʩʝʛʤʝʥʪʦʚ; 

- ʫʣʫʯʰʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʚ ʨʝʛʠʦʥʝ; 

- ʦʙʝʩʧʝʯʝʥʠʝ ʣʦʷʣʴʥʦʩʪʠ ʤʝʩʪʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ;  

- ʜʦʣʛʦʩʨʦʯʥʦʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʩ ʢʦʥʪʨʘʛʝʥʪʘʤʠ; 

-ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʚ 

ʩʪʨʘʪʝʛʠʯʝʩʢʦʡ ʧʝʨʩʧʝʢʪʠʚʝ; 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʮʠʘʣʴʥʘʷ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ, 

ʦʙʨʘʱʘʷʩʴ ʢ ʙʣʘʛʦʨʦʜʥʳʤ ʤʦʪʠʚʘʤ ʣʶʜʝʡ, ʚʣʠʷʝʪ 

ʥʘ ʚʩʝ ʚʠʜʳ ʣʦʷʣʴʥʦʩʪʠ. ɺʳʙʦʨ ʢʦʨʧʦʨʘʪʠʚʥʦʡ 

ʩʦʮʠʘʣʴʥʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʢʘʢ ʩʪʨʘʪʝʛʠʯʝʩʢʦʡ 

ʢʦʥʮʝʧʮʠʠ ʙʠʟʥʝʩʘ, ʧʨʠʚʦʜʠʪ ʢ ʜʦʣʛʦʩʨʦʯʥʦʤʫ ʠ 

ʫʩʧʝʰʥʦʤʫ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʶ ʧʨʝʜʧʨʠʷʪʠʷ, 

ʩʧʦʩʦʙʩʪʚʫʶʱʝʤʫ ʢʘʢ ʨʦʩʪʫ ʬʠʥʘʥʩʦʚʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ, ʪʘʢ ʠ ʩʣʫʞʝʥʠʶ ʦʙʱʝʩʪʚʫ. 
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ɺʚʝʜʝʥʠʝ 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ ʦʟʥʘʤʝʥʦʚʘʣʦʩʴ 

ʢʘʯʝʩʪʚʝʥʥʳʤ ʩʢʘʯʢʦʤ ʚ ʩʬʝʨʝ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ, 

ʦʢʘʟʘʚ ʟʥʘʯʠʪʝʣʴʥʦʝ ʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʦʧʝʨʘʮʠʦʥʥʳʡ ʠ ʣʦʛʠʩʪʠʯʝʩʢʠʡ ʫʨʦʚʥʠ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʤʝʜʠʮʠʥʩʢʠʭ ʫʩʣʫʛ [1]. ʆʩʦʙʫʶ 

ʘʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ ʧʨʠʦʙʨʝʣ ʚ ʢʦʥʪʝʢʩʪʝ 

ʛʣʦʙʘʣʴʥʦʡ ʧʘʥʜʝʤʠʠ ʢʦʨʦʥʘʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ 

(COVID-19) [3]. ʇʨʠ ʵʪʦʤ, ʚʥʝʜʨʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ (ʀʀ) ʩʳʛʨʘʣʦ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ 

ʤʠʥʠʤʠʟʘʮʠʠ ʬʠʟʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ ʤʝʜʠʮʠʥʩʢʦʛʦ 

ʧʝʨʩʦʥʘʣʘ ʩ ʧʘʮʠʝʥʪʘʤʠ [4]. 

ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʀʀ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʨʝʰʝʥʠʠ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʟʘʜʘʯ ʩʦʚʨʝʤʝʥʥʦʩʪʠ, ʧʨʝʜʣʘʛʘʷ 

ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʡ ʩʦʢʨʘʱʝʥʠʶ 

ʪʨʫʜʦʟʘʪʨʘʪ ʠ, ʟʘʯʘʩʪʫʶ, ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠʟʜʝʨʞʝʢ. ɺ 

ʧʝʨʝʯʝʥʴ ʧʦʪʝʥʮʠʘʣʴʥʦ ʨʘʟʨʝʰʠʤʳʭ ʧʨʦʙʣʝʤ ʚʭʦʜʠʪ, 

ʚ ʯʘʩʪʥʦʩʪʠ, ʧʦʚʝʜʝʥʯʝʩʢʘʷ ʪʝʨʘʧʠʷ [5, 6]. ʕʪʦ 

ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʀʀ ʚ 

ʣʝʯʝʥʠʠ ʨʘʩʩʪʨʦʡʩʪʚ ʘʫʪʠʩʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ (ʈɸʉ). 

ʂʘʢ ʙʳʣʦ ʧʦʜʨʦʙʥʦ ʠʟʣʦʞʝʥʦ ʚ ʨʘʥʝʝ 

ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʨʘʙʦʪʘʭ[2], ɼʝʥʚʝʨʩʢʘʷ ʤʦʜʝʣʴ 

ʨʘʥʥʝʛʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ (EarlyStartDenverModel, 

ESDM), ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʜʣʷ ʢʦʨʨʝʢʮʠʠ ʈɸʉ ʫ ʜʝʪʝʡ, 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʦʧʪʠʤʘʣʴʥʳʭ 

ʨʝʰʝʥʠʡ, ʧʨʠʤʝʥʠʤʳʭ ʚ ʨʘʤʢʘʭ ʪʝʣʝʤʝʜʠʮʠʥʳ 

ʧʦʩʨʝʜʩʪʚʦʤ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ [2,7]. 

ʂʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ ʫʩʣʦʚʠʝʤ ʫʩʧʝʭʘ 

ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ ʘʜʝʢʚʘʪʥʦʝ 

ʧʣʘʥʠʨʦʚʘʥʠʝ ʣʝʯʝʥʠʷ. ɼʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʧʣʘʥʦʚ ʥʝʦʙʭʦʜʠʤʘʦʮʝʥʢʘ ʩʪʝʧʝʥʠ 

ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʮʝʣʝʡ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʝ 

ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ 

ʧʦʥʠʤʘʥʠʶ ʤʝʭʘʥʠʟʤʦʚ ʧʣʘʥʠʨʦʚʘʥʠʷ ʣʝʯʝʥʠʷ ʠ 

ʧʦʟʚʦʣʷʶʱʠʝ ʦʙʲʝʢʪʠʚʥʦ ʦʧʨʝʜʝʣʷʪʴ ʫʩʧʝʰʥʦʩʪʴ 

ʪʝʨʘʧʠʠ ʚ ʢʦʥʪʝʢʩʪʝ ʩʠʩʪʝʤʳ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʫʧʨʘʚʣʝʥʠʷ ʣʝʯʝʥʠʝʤ ʘʫʪʠʟʤʘ. 

1. ʇʣʘʥʠʨʦʚʘʥʠʝ ʣʝʯʝʥʠʷ. 

ʇʦʩʣʝ ʫʩʧʝʰʥʦʛʦ ʟʘʚʝʨʰʝʥʠʷ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʪʦʯʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʩʦʩʪʦʷʥʠʷ ʟʜʦʨʦʚʴʷ ʧʘʮʠʝʥʪʘ ʢʦʤʘʥʜʘ ʤʝʜʠʮʠʥʩʢʠʭ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʝʨʝʭʦʜʠʪ ʢ ʨʝʰʘʶʱʝʤʫ ʵʪʘʧʫ, 
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ʚʢʣʶʯʘʶʱʝʤʫ ʨʘʟʨʘʙʦʪʢʫ ʠ ʚʥʝʜʨʝʥʠʝ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʠ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʣʘʥʘ ʣʝʯʝʥʠʷ[8,9]. ʕʪʦʪ 

ʧʨʦʮʝʩʩ ʤʦʞʥʦ ʢʨʘʪʢʦ ʦʧʠʩʘʪʴ ʥʘ ʩʭʝʤʝ, ʧʨʠʚʝʜʝʥʥʦʡ 

ʥʠʞʝ ʥʘ ʨʠʩʫʥʢʝ 1. 

 
ʈʠʩʫʥʦʢ 1 ʧʨʦʮʝʩʩ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʦʮʝʥʢʠʭʦʜʘ ʣʝʯʝʥʠʷ ʘʫʪʠʟʤʘ 

 

ɼʣʷ ʧʣʘʥʠʨʦʚʘʥʠʷ ʣʝʯʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʩʣʝʜʫʶʱʠʝ ʧʨʦʮʝʜʫʨʳ: 

1. ʆʧʨʝʜʝʣʝʥʠʝʚʦʟʤʦʞʥʦʩʪʠʧʨʠʤʝʥʝʥʠʷ 

ʛʦʪʦʚʦʛʦ ʧʣʘʥʘ ʣʝʯʝʥʠʷ ʠʣʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʩʦʟʜʘʥʠʷ ʥʦʚʦʛʦ. 

2. ɺʳʙʦʨ ʧʣʘʥʘ ʣʝʯʝʥʠʷ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ ʠʣʠ 

ʧʦʩʪʨʦʝʥʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ, ʫʯʠʪʳʚʘʷ ʚʦʟʨʘʩʪ, 

ʧʦʣ, ʨʘʩʫ, ʪʷʞʝʩʪʴ ʈɸʉ, ʠʩʪʦʨʠʶ ʙʦʣʝʟʥʠ ʠ ʫʯʘʩʪʠʝ 

ʨʦʜʠʪʝʣʝʡ ʚ ʣʝʯʝʥʠʠ. 

3. ʆʙʥʦʚʣʝʥʠʝ ʣʝʯʝʙʥʦʛʦ ʧʣʘʥʘ, ʦʩʥʦʚʳʚʘʷʩʴ 

ʥʘ ʜʠʥʘʤʠʢʝ ʩʦʩʪʦʷʥʠʷ ʧʘʮʠʝʥʪʘ ʠ ʤʝʜʠʮʠʥʩʢʠʭ 

ʨʝʢʦʤʝʥʜʘʮʠʷʭ. 

ʇʨʠ ʵʪʦʤ ʫʯʠʪʳʚʘʶʪʩʷ ʜʘʥʥʳʝ ʧʘʮʠʝʥʪʘ, 

ʚʦʟʨʘʩʪ, ʧʦʣ, ʵʪʥʠʯʝʩʢʘʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ, 

ʨʝʟʫʣʴʪʘʪʳ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʩʪʝʧʝʥʴ ʪʷʞʝʩʪʠ ʘʫʪʠʟʤʘ, 

ʠʩʪʦʨʠʷ ʙʦʣʝʟʥʠ ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʝ ʟʘʙʦʣʝʚʘʥʠʷ, ʘ 

ʪʘʢʞʝ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʝ ʚʤʝʰʘʪʝʣʴʩʪʚʘ, 

ʢʦʛʥʠʪʠʚʥʳʝ, ʩʦʮʠʘʣʴʥʳʝ, ʜʚʠʛʘʪʝʣʴʥʳʝ ʠ ʷʟʳʢʦʚʳʝ 

ʥʘʚʳʢʠ ʨʝʙʝʥʢʘ. ɸ ʪʘʢʞʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʯʘʩʪʠʷ 

ʨʦʜʠʪʝʣʝʡ ʚ ʣʝʯʝʥʠʠ.  

ʇʨʦʮʝʩʩ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥ ʩʣʝʜʫʶʱʠʤ 

ʘʣʛʦʨʠʪʤʦʤ: 

1. ɸʥʘʣʠʟ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʧʘʮʠʝʥʪʘ 

2. ʇʦʠʩʢ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʧʣʘʥʘ ʣʝʯʝʥʠʷ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʨʦʬʠʣʶ ʧʘʮʠʝʥʪʘ. 

3. ɽʩʣʠ ʧʦʜʭʦʜʷʱʠʡ ʧʣʘʥ ʥʘʡʜʝʥ, ʦʥ 

ʧʨʠʤʝʥʷʝʪʩʷ ʙʝʟ ʠʟʤʝʥʝʥʠʡ. 

4. ɽʩʣʠ ʧʦʜʭʦʜʷʱʝʛʦ ʧʣʘʥʘ ʥʝʪ, ʩʦʟʜʘʝʪʩʷ 

ʥʦʚʳʡ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ: 

- ʆʧʪʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʚʤʝʰʘʪʝʣʴʩʪʚʘ 

(ʥʠʟʢʠʡ, ʩʨʝʜʥʠʡ, ʚʳʩʦʢʠʡ). 

- ʈʝʢʦʤʝʥʜʫʝʤʳʝ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʝ 

ʤʝʨʦʧʨʠʷʪʠʷ. 

- ʏʘʩʪʦʪʘ ʣʝʯʝʙʥʳʭ ʩʝʘʥʩʦʚ. 

5. ʊʝʨʘʧʝʚʪʠʯʝʩʢʠʡ ʧʣʘʥ ʢʦʨʨʝʢʪʠʨʫʝʪʩʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʠʥʘʤʠʢʠ ʩʦʩʪʦʷʥʠʷ ʨʝʙʝʥʢʘ. 

2. ʆʮʝʥʢʘ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʝʡ ʧʣʘʥʘ ʣʝʯʝʥʠʷ. 

ʏʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʫʩʧʝʰʥʦʩʪʴ ʣʝʯʝʥʠʷ, 

ʥʝʦʙʭʦʜʠʤʦ ʦʮʝʥʠʪʴ ʩʪʝʧʝʥʴ ʜʦʩʪʠʞʝʥʠʷ 

ʟʘʷʚʣʝʥʥʳʭ ʮʝʣʝʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʣʘʥʘ, ʠ ʵʪʦʪ 

ʧʨʦʮʝʩʩ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥ ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʘ, 

ʢʦʪʦʨʳʡ ʫʯʠʪʳʚʘʝʪ ʚʩʝ ʘʩʧʝʢʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʣʝʯʝʥʠʝʤ. ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ ʮʝʣʷʤʠ ʵʪʦʛʦ 

ʘʣʛʦʨʠʪʤʘ ʷʚʣʷʶʪʩʷ: ʦʮʝʥʢʘ ʧʨʦʛʨʝʩʩʘ ʚ ʣʝʯʝʥʠʠ, 

ʚʳʷʚʣʝʥʠʝ ʨʘʩʭʦʞʜʝʥʠʡ ʤʝʞʜʫ ʬʘʢʪʠʯʝʩʢʠʤʠ ʠ 

ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʚʳʨʘʙʦʪʢʘ 

ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʫʣʫʯʰʝʥʠʶ ʧʣʘʥʘ ʣʝʯʝʥʠʷ. ʅʘ 

ʨʠʩʫʥʢʝ 2 ʧʨʠʚʝʜʝʥʘ ʩʭʝʤʘ, ʧʦʢʘʟʳʚʘʶʱʘʷ ʧʨʦʮʝʩʩ 

ʦʮʝʥʢʠ ʣʝʯʝʥʠʷʜʣʷ ʢʘʞʜʦʛʦ ʥʘʚʳʢʘ, ʢʦʪʦʨʳʡ 

ʥʝʦʙʭʦʜʠʤʦ ʫʣʫʯʰʠʪʴ ʚ ʪʝʨʘʧʠʠ. ʈʝʟʫʣʴʪʘʪʳ 

ʨʘʟʜʝʣʝʥʳ ʥʘ ʯʝʪʳʨʝ ʯʘʩʪʠ: ʧʝʨʚʘʷ - 100% ʦʟʥʘʯʘʝʪ 

ʧʦʣʥʦʝ ʜʦʩʪʠʞʝʥʠʝ ʮʝʣʠ, ʚʪʦʨʘʷ - ʦʪ 75% ʜʦ 99% - 

ʙʣʠʟʢʘ ʢ ʜʦʩʪʠʞʝʥʠʶ ʮʝʣʠ, ʪʨʝʪʴʷ - ʦʪ 74% ʜʦ 50% - 

ʩʯʠʪʘʝʪʩʷ ʧʨʠʝʤʣʝʤʳʤ ʧʨʦʛʨʝʩʩʦʤ, ʥʦ ʪʨʝʙʫʝʪ 

ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʧʣʘʥʘ, ʤʝʥʝʝ 50% - ʵʪʦ ʩʣʘʙʳʡ 

ʧʨʦʛʨʝʩʩ, ʢʦʪʦʨʳʡ ʪʨʝʙʫʝʪ ʧʝʨʝʩʤʦʪʨʘ ʩʪʨʘʪʝʛʠʠ 

ʣʝʯʝʥʠʷ ʠ ʠʟʤʝʥʝʥʠʷ ʧʣʘʥʘ. 

ʕʪʦʪ ʧʨʦʮʝʩʩ ʦʩʥʦʚʘʥ ʥʘ ʩʨʘʚʥʝʥʠʠ ʫʨʦʚʥʷ 

ʩʦʩʪʦʷʥʠʷ ʨʝʙʝʥʢʘ ʚ ʥʘʯʘʣʝ ʣʝʯʝʥʠʷ ʩ ʝʛʦ ʪʝʢʫʱʠʤ 

ʫʨʦʚʥʝʤ ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʨʘʥʝʝ ʧʦʩʪʘʚʣʝʥʥʦʡ 

ʮʝʣʴʶ. ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʷʚʣʷʶʪʩʷ: ʥʘʯʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʢʘʞʜʦʛʦ ʥʘʚʳʢʘ (ʨʝʯʴ, ʟʨʠʪʝʣʴʥʳʡ 

ʢʦʥʪʘʢʪ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʥʠʤʘʥʠʷ ʠʪ.ʜ.) ʚ ʥʘʯʘʣʝ 

ʣʝʯʝʥʠʷ;ʪʝʢʫʱʝʝ ʟʥʘʯʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ, 

ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʭ ʚʦ ʚʨʝʤʷ ʩʝʘʥʩʦʚ;ʢʦʥʝʯʥʘʷ ʮʝʣʴ 

ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʣʘʥʦʤ ʣʝʯʝʥʠʷ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʷʚʣʷʝʪʩʷ: ʧʨʦʮʝʥʪ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʜʣʷ 

ʢʘʞʜʦʛʦ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ ʥʘʚʳʢʘ;ʦʪʯʝʪ, 

ʦʪʨʘʞʘʶʱʠʡʬʘʢʪʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʩʦʩʪʦʷʥʠʷ 

ʧʘʮʠʝʥʪʘʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʮʝʣʝʚʳʤ 

ʧʦʢʘʟʘʪʝʣʝʤ;ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʫʣʫʯʰʝʥʠʶ, ʝʩʣʠ 

ʧʨʦʮʝʥʪʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʥʠʞʝ ʦʞʠʜʘʝʤʦʛʦ. 

ʆʩʥʦʚʥʳʝ ʰʘʛʠ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʦʮʝʥʢʠ 

ʨʝʟʫʣʴʪʘʪʘ ʣʝʯʝʥʠʷ: 

ʐʘʛ 1: ʈʘʩʯʸʪ ʧʨʦʮʝʥʪʘ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʜʣʷ 

ʢʘʞʜʦʛʦ ʥʘʚʳʢʘ. 

 

%̠̅̏̒̓̉̇̆̎̉ ̗ ̆̌̉ ̐  ̏ ̎ ̜́̃̋̔=
˟̆̋̔̆̆̚ ̈ ̘̎́̆̎̉̆  ̊ ̘̝́́̌̎̏̆ ̈ ̘̎́̆̎̉̆

˗̘̠̏̎̆̎́ ̗ ̝̆̌  ̊ ̘̝́́̌̎̏̆ ̈ ̘̎́̆̎̉̆
100%       (1) 

 

ʐʘʛ 2: ʆʧʨʝʜʝʣʝʥʠʝ ʫʨʦʚʥʷ ʧʨʦʛʨʝʩʩʘ 

ʩʦʩʪʦʷʥʠʝ ʧʘʮʠʝʥʪʘ ʧʦ ʦʪʜʝʣʴʥʳʤ ʥʘʚʳʢʘʤ: 

- ɽʩʣʠ ʧʨʦʮʝʥʪʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ Ó 

100%, ʮʝʣʴ ʧʦʣʥʦʩʪʴʶ ʜʦʩʪʠʛʥʫʪʘ. 

- ɽʩʣʠ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ 75% ʠ 99% ʙʣʠʟʢʦ 

ʢ ʜʦʩʪʠʞʝʥʠʶ ʮʝʣʠ, ʪʨʝʙʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ 

ʫʩʠʣʝʥʠʝ. 

- ɽʩʣʠ ʧʨʦʮʝʥʪʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 

50% ʜʦ 74%, ʧʨʦʛʨʝʩʩ ʷʚʣʷʝʪʩʷ ʧʨʠʝʤʣʝʤʳʤ, ʥʦ 

ʪʨʝʙʫʝʪ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʧʣʘʥʘ. 

- ɽʩʣʠ ʧʨʦʮʝʥʪʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 

ʤʝʥʝʝ 50% ʪʦ, ʪʝʨʘʧʝʚʪʠʯʝʩʢʫʶ ʩʪʨʘʪʝʛʠʶ ʩʣʝʜʫʝʪ 

ʧʝʨʝʩʤʦʪʨʝʪʴ. 
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ʐʘʛ 3: ʆʙʱʘʷ ʦʮʝʥʢʘʧʣʘʥʘ ʣʝʯʝʥʠʷ ʜʣʷ 

ʢʦʥʢʨʝʪʥʦʛʦ ʧʘʮʠʝʥʪʘ (ʦʙʳʯʥʦ 

ʩʨʝʜʥʝʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʠʣʠ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʝ 

ʟʥʘʯʝʥʠʝ % ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʧʦ ʚʩʝʤ ʮʝʣʝʚʳʤ 

ʥʘʚʳʢʘʤ). 

 
ʈʠʩʫʥʦʢ 2 - ʆʮʝʥʢʘ ʩʪʝʧʝʥʠ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʝʡ ʣʝʯʝʥʠʷ 

 

ʐʘʛ 2: ʆʧʨʝʜʝʣʝʥʠʝ ʫʨʦʚʥʷ ʧʨʦʛʨʝʩʩʘ 

ʩʦʩʪʦʷʥʠʝ ʧʘʮʠʝʥʪʘ ʧʦ ʦʪʜʝʣʴʥʳʤ ʥʘʚʳʢʘʤ: 

- ɽʩʣʠ ʧʨʦʮʝʥʪʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ Ó 

100%, ʮʝʣʴ ʧʦʣʥʦʩʪʴʶ ʜʦʩʪʠʛʥʫʪʘ. 

- ɽʩʣʠ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ 75% ʠ 99% ʙʣʠʟʢʦ 

ʢ ʜʦʩʪʠʞʝʥʠʶ ʮʝʣʠ, ʪʨʝʙʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ 

ʫʩʠʣʝʥʠʝ. 

- ɽʩʣʠ ʧʨʦʮʝʥʪʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 

50% ʜʦ 74%, ʧʨʦʛʨʝʩʩ ʷʚʣʷʝʪʩʷ ʧʨʠʝʤʣʝʤʳʤ, ʥʦ 

ʪʨʝʙʫʝʪ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʧʣʘʥʘ. 

- ɽʩʣʠ ʧʨʦʮʝʥʪʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 

ʤʝʥʝʝ 50% ʪʦ, ʪʝʨʘʧʝʚʪʠʯʝʩʢʫʶ ʩʪʨʘʪʝʛʠʶ ʩʣʝʜʫʝʪ 

ʧʝʨʝʩʤʦʪʨʝʪʴ. 

ʐʘʛ 3: ʆʙʱʘʷ ʦʮʝʥʢʘʧʣʘʥʘ ʣʝʯʝʥʠʷ ʜʣʷ 

ʢʦʥʢʨʝʪʥʦʛʦ ʧʘʮʠʝʥʪʘ (ʦʙʳʯʥʦ 

ʩʨʝʜʥʝʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʠʣʠ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʝ 

ʟʥʘʯʝʥʠʝ % ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʧʦ ʚʩʝʤ ʮʝʣʝʚʳʤ 

ʥʘʚʳʢʘʤ). 

ʇʨʠʚʝʜʸʤ ʧʨʠʤʝʨ ʧʨʠʤʝʥʝʥʠʷ ʘʣʛʦʨʠʪʤʘ. 

ʎʝʣʴ: ʫʚʝʣʠʯʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʠʟʥʦʩʠʤʳʭ 

ʩʣʦʚ ʩ 5 ʜʦ 20 ʟʘ 3 ʤʝʩʷʮʘ. 

ɼʘʥʥʳʝ, ʩʦʙʨʘʥʥʳʝ ʯʝʨʝʟ ʜʚʘ ʤʝʩʷʮʘ: ʨʝʙʝʥʦʢ 

ʧʨʦʠʟʥʦʩʠʪ 12 ʩʣʦʚ. 

ʈʘʩʯʝʪ ʧʨʦʮʝʥʪʘ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ 

ʮʝʣʠ: 

ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ=
12 5

20 ɀ 5
100 =  46.67% 

ʈʝʟʫʣʴʪʘʪ: 

ʇʨʦʛʨʝʩʩ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ (46,67%). 

ʅʝʦʙʭʦʜʠʤʦ ʧʝʨʝʩʤʦʪʨʝʪʴ 

ʩʪʨʘʪʝʛʠʶʣʝʯʝʥʠʷ,ʩʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʧʣʘʥ ʠ 

ʫʚʝʣʠʯʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʫʧʨʘʞʥʝʥʠʡ, ʯʪʦʙʳ 

ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʨʝʙʝʥʢʘ ʧʨʦʠʟʥʦʩʠʪʴ ʙʦʣʴʰʝ ʩʣʦʚ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʝʜʣʦʞʝʥʠʷ ʩʭʝʤʘ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʦʮʝʥʢʠ 

ʧʣʘʥʘ ʣʝʯʝʥʠʷ ʚ ʩʦʩʪʘʚʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʣʝʯʝʥʠʷ 

ʘʫʪʠʟʤʘ ʫ ʜʝʪʝʡ ʧʦʟʚʦʣʷʝʪ ʦʙʲʝʢʪʠʚʥʦ ʦʮʝʥʠʪʴ 

ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʣʝʯʝʥʠʷ ʧʘʮʠʝʥʪʘ, ʘ 

ʪʘʢʞʝ, ʨʘʩʰʠʨʠʪʴ ʙʘʥʢ ʜʘʥʥʳʭ ʧʣʘʥʦʚ ʣʝʯʝʥʠʷ ʟʘ 

ʩʯʸʪ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʧʨʠʤʝʨʦʚ, ʢʨʦʤʝ ʵʪʦʛʦ 

ʩʦʭʨʘʥʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʣʝʯʝʥʠʠ ʩ ʥʝʛʘʪʠʚʥʳʤ 

ʨʝʟʫʣʴʪʘʪʦʤ ʫʧʨʝʞʜʘʝʪ ʚʨʘʯʝʡ ʦʪ ʧʨʠʥʷʪʠʷ 

ʥʝʚʝʨʥʳʭ ʨʝʰʝʥʠʡ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʣʝʯʝʙʥʳʡ 

ʨʝʛʣʘʤʝʥʪʦʚ ʜʣʷ ʧʘʮʠʝʥʪʦʚ. 
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ɸʅʅʆʊɸʎʀʗ 

 
ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʢʦʤʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ ʪʝʭʥʦʣʦʛʠʠ ʧʨʠʚʘʪʥʳʭ 5G ʩʝʪʝʡ (Private 5G) ʢʘʢ ʢʣʶʯʝʚʦʛʦ 

ʵʣʝʤʝʥʪʘ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʨʝʜʧʨʠʷʪʠʡ. ʈʘʩʩʤʦʪʨʝʥʳ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʤʦʜʝʣʠ ʨʘʟʚʝʨʪʳʚʘʥʠʷ, 

ʢʣʶʯʝʚʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ, ʚʢʣʶʯʘʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʣʠʮʝʥʟʠʦʥʥʦʛʦ, ʥʝʣʠʮʝʥʟʠʦʥʥʦʛʦ ʠ ʩʦʚʤʝʩʪʥʦ 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʩʧʝʢʪʨʘ, ʘ ʪʘʢʞʝ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʧʨʠʤʝʥʝʥʠʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʠ, 

ʣʦʛʠʩʪʠʢʝ ʠ ʫʤʥʳʭ ʛʦʨʦʜʘʭ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʧʨʦʙʣʝʤʘʤ ʚʥʝʜʨʝʥʠʷ, ʚʢʣʶʯʘʷ ʫʧʨʘʚʣʝʥʠʝ ʩʧʝʢʪʨʦʤ, 

ʙʝʟʦʧʘʩʥʦʩʪʴ, ʠʥʪʝʛʨʘʮʠʶ ʩ ʩʫʱʝʩʪʚʫʶʱʝʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ ʠ ʢʘʜʨʦʚʳʝ ʚʦʧʨʦʩʳ. ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʦʛʦ 

ʘʥʘʣʠʟʘ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʠ ʠ ʝʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʟʣʠʯʥʳʝ ʩʝʢʪʦʨʳ 

ʵʢʦʥʦʤʠʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʇʨʠʚʘʪʥʳʝ 5G, Non-Public Network (NPN), ʧʨʦʤʳʰʣʝʥʥʳʡ ʀʥʪʝʨʥʝʪ ʚʝʱʝʡ (IIoT), 

ʩʝʪʝʚʳʝ ʩʨʝʟʳ (Network Slicing), ʙʝʟʦʧʘʩʥʦʩʪʴ, ʨʘʟʚʝʨʪʳʚʘʥʠʝ. 

 

ABSTRACT 

 

The article provides a comprehensive analysis of Private 5G networks as a key element of enterprise digital 

transformation. It examines deployment architectural models, key technological aspects, including the use of licensed, 

unlicensed, and shared spectrum, as well as potential applications in industrial automation, healthcare, logistics, and 

smart cities. Special attention is paid to implementation challenges, including spectrum management, security, 

integration with existing infrastructure, and personnel issues. Based on the analysis, prospective directions for 

technology development and its impact on various economic sectors are outlined. 

Keywords: Private 5G, Non-Public Network (NPN), Industrial Internet of Things (IIoT), Network Slicing, 

security, deployment. 

 

ɺʚʝʜʝʥʠʝ 

ʉʦʚʨʝʤʝʥʥʳʡ ʵʪʘʧ ʮʠʬʨʦʚʠʟʘʮʠʠ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʙʠʟʥʝʩʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʨʘʩʪʫʱʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʚʷʟʠ. 

ʊʘʢʠʝ ʧʨʠʣʦʞʝʥʠʷ, ʢʘʢ ʧʨʦʤʳʰʣʝʥʥʘʷ 

ʘʚʪʦʤʘʪʠʟʘʮʠʷ, ʫʜʘʣʝʥʥʘʷ ʜʠʘʛʥʦʩʪʠʢʘ ʠ 

ʫʧʨʘʚʣʝʥʠʝ ʘʚʪʦʥʦʤʥʳʤʠ ʪʨʘʥʩʧʦʨʪʥʳʤʠ 

ʩʨʝʜʩʪʚʘʤʠ, ʪʨʝʙʫʶʪ ʩʚʝʨʭʥʠʟʢʦʡ ʟʘʜʝʨʞʢʠ, 

ʚʳʩʦʢʦʡ ʥʘʜʝʞʥʦʩʪʠ ʠ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. ʇʫʙʣʠʯʥʳʝ ʩʝʪʠ ʤʦʙʠʣʴʥʦʡ ʩʚʷʟʠ ʥʝ 

ʚʩʝʛʜʘ ʤʦʛʫʪ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʵʪʠ ʩʧʝʮʠʬʠʯʝʩʢʠʝ 

ʧʦʪʨʝʙʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʡ. ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ 

ʪʝʭʥʦʣʦʛʠʷ ʧʨʠʚʘʪʥʳʭ 5G ʩʝʪʝʡ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʚʳʜʝʣʝʥʥʦʝ, ʘʚʪʦʥʦʤʥʦʝ ʩʝʪʝʚʦʝ ʨʝʰʝʥʠʝ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʧʦʣʥʳʡ ʢʦʥʪʨʦʣʴ ʥʘʜ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ, ʧʦʣʠʪʠʢʘʤʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ 

ʢʘʯʝʩʪʚʦʤ ʦʙʩʣʫʞʠʚʘʥʠʷ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥʘ 

ʩʪʨʝʤʠʪʝʣʴʥʳʤ ʨʦʩʪʦʤ ʨʳʥʢʘ ʧʨʠʚʘʪʥʳʭ ʩʝʪʝʡ ʠ ʠʭ 

ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʚʣʠʷʥʠʝʤ ʥʘ ʧʦʚʳʰʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʡ. ʇʨʦʛʥʦʟʠʨʫʝʤʳʝ 

ʪʝʤʧʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʝʝ ʚʦʟʨʘʩʪʘʶʱʝʡ ʟʥʘʯʠʤʦʩʪʠ 

ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʆʩʦʙʫʶ 

ʘʢʪʫʘʣʴʥʦʩʪʴ ʵʪʘ ʪʝʭʥʦʣʦʛʠʷ ʧʨʠʦʙʨʝʪʘʝʪ ʚ 

ʫʩʣʦʚʠʷʭ ʧʝʨʝʭʦʜʘ ʢ ʢʦʥʮʝʧʮʠʠ Industry 4.0, ʛʜʝ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʜʝʪʝʨʤʠʥʠʟʤʫ ʩʚʷʟʠ ʠ ʚʨʝʤʝʥʠ 

ʦʪʢʣʠʢʘ ʩʪʘʥʦʚʷʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤʠ ʜʣʷ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʩʠʩʪʝʤ. 

ʇʨʠʚʘʪʥʳʝ 5G ʩʝʪʠ ʦʪʢʨʳʚʘʶʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʛʠʙʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʩʨʝʜ, 

ʧʦʟʚʦʣʷʷ ʧʨʝʜʧʨʠʷʪʠʷʤ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʙʳʩʪʨʦ 

ʤʝʥʷʶʱʠʤʩʷ ʨʳʥʦʯʥʳʤ ʫʩʣʦʚʠʷʤ. ʊʝʭʥʦʣʦʛʠʷ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʫʶ ʦʩʥʦʚʫ ʜʣʷ ʚʥʝʜʨʝʥʠʷ 

ʧʝʨʝʜʦʚʳʭ ʨʝʰʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ, 

ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ ʠ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ. ɺ ʩʪʘʪʴʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʤʦʜʝʣʠ, 
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ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʩʥʦʚʳ, ʧʨʘʢʪʠʯʝʩʢʠʝ ʧʨʠʤʝʨʳ 

ʚʥʝʜʨʝʥʠʷ ʠ ʢʣʶʯʝʚʳʝ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʨʘʟʚʝʨʪʳʚʘʥʠʝʤ ʠ ʵʢʩʧʣʫʘʪʘʮʠʝʡ ʧʨʠʚʘʪʥʳʭ 5G 

ʩʝʪʝʡ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʘʥʘʣʠʟʫ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʥʝʜʨʝʥʠʷ ʠ 

ʦʮʝʥʢʝ ʚʣʠʷʥʠʷ ʥʘ ʦʧʝʨʘʮʠʦʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʧʨʝʜʧʨʠʷʪʠʡ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

[1]. 

ɸʨʭʠʪʝʢʪʫʨʥʳʝ ʤʦʜʝʣʠ ʠ ʪʝʭʥʦʣʦʛʠʠ 

ʨʘʟʚʝʨʪʳʚʘʥʠʷ 

ʇʨʠʚʘʪʥʳʝ 5G ʩʝʪʠ, ʠʟʚʝʩʪʥʳʝ ʚ ʩʪʘʥʜʘʨʪʘʭ 

3GPP ʢʘʢ Non-Public Networks (NPN), ʤʦʛʫʪ ʙʳʪʴ 

ʨʘʟʚʝʨʥʫʪʳ ʚ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʷʭ. 

ɸʚʪʦʥʦʤʥʘʷ NPN (SNPN) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʧʦʣʥʦʩʪʴʶ ʠʟʦʣʠʨʦʚʘʥʥʫʶ ʦʪ ʧʫʙʣʠʯʥʳʭ ʩʝʪʝʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ, ʨʘʟʚʝʨʪʳʚʘʝʤʫʶ ʠ ʫʧʨʘʚʣʷʝʤʫʶ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʝʜʧʨʠʷʪʠʝʤ ʠʣʠ ʩʪʦʨʦʥʥʠʤ 

ʦʧʝʨʘʪʦʨʦʤ. ɼʣʷ ʥʝʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʦʙʩʪʚʝʥʥʳʡ 

ʩʧʝʢʪʨ (ʣʠʮʝʥʟʠʨʦʚʘʥʥʳʡ, ʥʝʣʠʮʝʥʟʠʨʦʚʘʥʥʳʡ ʠʣʠ 

ʩʦʚʤʝʩʪʥʦ ʠʩʧʦʣʴʟʫʝʤʳʡ). ɼʘʥʥʘʷ ʤʦʜʝʣʴ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʢʦʥʪʨʦʣʷ, 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʥʠʟʢʦʡ ʟʘʜʝʨʞʢʠ, ʥʦ ʪʨʝʙʫʝʪ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʝʨʚʦʥʘʯʘʣʴʥʳʭ ʠʥʚʝʩʪʠʮʠʡ ʠ 

ʥʘʣʠʯʠʷ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʝʨʩʦʥʘʣʘ. 

ɺʪʦʨʦʡ ʚʘʨʠʘʥʪ ð ʠʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʩ 

ʧʫʙʣʠʯʥʦʡ ʩʝʪʴʶ NPN (PNI-NPN). ʕʪʘ ʤʦʜʝʣʴ 

ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʧʨʠʚʘʪʥʘʷ ʩʝʪʴ ʯʘʩʪʠʯʥʦ 

ʠʩʧʦʣʴʟʫʝʪ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʦʧʝʨʘʪʦʨʘ ʩʚʷʟʠ 

(MNO). ʕʪʦ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʨʘʟʜʝʣʝʥʠʝ 

ʨʘʜʠʦʜʦʩʪʫʧʘ (RAN sharing), ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʝʪʝʚʳʭ ʩʨʝʟʦʚ (Network Slicing) ʠʣʠ ʩʦʚʤʝʩʪʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʣʦʩʢʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ. ʄʦʜʝʣʴ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʝʝ ʥʠʟʢʠʤʠ ʧʝʨʚʦʥʘʯʘʣʴʥʳʤʠ 

ʟʘʪʨʘʪʘʤʠ, ʥʦ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʴʶ ʢʦʥʪʨʦʣʷ ʠ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʟʘʜʝʨʞʢʦʡ [4]. 

ʂʣʶʯʝʚʳʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʨʠʚʘʪʥʳʭ 5G, 

ʷʚʣʷʶʪʩʷ ʩʚʝʨʭʥʠʟʢʘʷ ʟʘʜʝʨʞʢʘ ʠ ʚʳʩʦʢʘʷ 

ʥʘʜʝʞʥʦʩʪʴ (URLLC), ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ 

ʧʨʠʣʦʞʝʥʠʡ ʧʨʦʤʳʰʣʝʥʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ 

ʫʜʘʣʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. ɺʳʩʦʢʘʷ ʧʣʦʪʥʦʩʪʴ 

ʧʦʜʢʣʶʯʝʥʠʡ (mMTC) ʧʦʟʚʦʣʷʝʪ ʧʦʜʢʣʶʯʘʪʴ 

ʪʳʩʷʯʠ ʜʘʪʯʠʢʦʚ ʠ ʫʩʪʨʦʡʩʪʚ ʀʥʪʝʨʥʝʪʘ ɺʝʱʝʡ ʚ 

ʨʘʤʢʘʭ ʦʜʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʮʝʭʘ. 

ʊʝʭʥʦʣʦʛʠʷ ʩʝʪʝʚʳʭ ʩʨʝʟʦʚ (Network Slicing) 

ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʚʠʨʪʫʘʣʴʥʳʝ, ʣʦʛʠʯʝʩʢʠ 

ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʩʝʪʠ ʩ ʨʘʟʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ ʥʘ ʦʜʥʦʡ ʬʠʟʠʯʝʩʢʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ[2]. 

ɺʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ ʵʪʠʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʛʠʙʨʠʜʥʳʭ ʘʨʭʠʪʝʢʪʫʨ, ʦʧʪʠʤʘʣʴʥʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʥʢʨʝʪʥʳʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ 

ʪʨʝʙʦʚʘʥʠʷʤ. ʊʝʭʥʦʣʦʛʠʷ Multi-access Edge 

Computing (MEC) ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ 

ʚʙʣʠʟʠ ʠʩʪʦʯʥʠʢʘ ʠʭ ʛʝʥʝʨʘʮʠʠ, ʯʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʩʥʠʞʘʝʪ ʟʘʜʝʨʞʢʫ ʠ ʨʘʟʛʨʫʞʘʝʪ ʮʝʥʪʨʘʣʴʥʳʝ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʨʝʩʫʨʩʳ. ʉʦʚʨʝʤʝʥʥʳʝ 

ʨʝʘʣʠʟʘʮʠʠ ʧʦʜʜʝʨʞʠʚʘʶʪ ʜʠʥʘʤʠʯʝʩʢʦʝ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʝʩʫʨʩʦʚ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ 

ʩʝʪʝʚʳʤʠ ʩʨʝʟʘʤʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʘʜʘʧʪʠʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʩʝʪʠ ʧʦʜ 

ʠʟʤʝʥʷʶʱʠʝʩʷ ʦʧʝʨʘʮʠʦʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʙʝʟ 

ʬʠʟʠʯʝʩʢʦʡ ʨʝʢʦʥʬʠʛʫʨʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʀʥʪʝʛʨʘʮʠʷ ʩ ʩʠʩʪʝʤʘʤʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʥʘʛʨʫʟʢʠ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ 

ʦʧʪʠʤʠʟʘʮʠʠ ʩʝʪʝʚʳʭ ʧʘʨʘʤʝʪʨʦʚ. 

ʇʨʠʤʝʥʝʥʠʝ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ 

ʉʬʝʨʘ ʧʨʠʤʝʥʝʥʠʷ ʧʨʠʚʘʪʥʳʭ 5G ʩʝʪʝʡ 

ʦʭʚʘʪʳʚʘʝʪ ʨʘʟʣʠʯʥʳʝ ʦʪʨʘʩʣʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ 

ʩʦʮʠʘʣʴʥʦʡ ʩʬʝʨʳ. ɺ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 4.0 (Industry 

4.0) ʥʘ ʟʘʚʦʜʘʭ ʧʨʠʚʘʪʥʳʝ ʩʝʪʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʙʝʩʧʨʦʚʦʜʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʤʠ 

ʢʦʤʧʣʝʢʩʘʤʠ, ʤʦʥʠʪʦʨʠʥʛʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ 

ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʛʠʙʢʠʭ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʣʠʥʠʡ. ɺ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʠ ʩʝʪʠ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ ʩ ʤʝʜʠʮʠʥʩʢʠʭ 

ʜʘʪʯʠʢʦʚ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʧʨʦʚʝʜʝʥʠʝ 

ʪʝʣʝʤʝʜʠʮʠʥʩʢʠʭ ʢʦʥʩʫʣʴʪʘʮʠʡ ʩ ʚʳʩʦʢʠʤ 

ʢʘʯʝʩʪʚʦʤ ʚʠʜʝʦ ʠ ʧʦʜʜʝʨʞʢʫ ʨʘʙʦʪʳ ʤʦʙʠʣʴʥʳʭ 

ʙʨʠʛʘʜ. ɺ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʮʝʥʪʨʘʭ ʠ ʘʵʨʦʧʦʨʪʘʭ ʩʝʪʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʘʚʪʦʥʦʤʥʳʤʠ 

ʧʦʛʨʫʟʯʠʢʘʤʠ, ʦʪʩʣʝʞʠʚʘʥʠʷ ʙʘʛʘʞʘ ʠ ʦʧʪʠʤʠʟʘʮʠʠ 

ʚʥʫʪʨʝʥʥʝʡ ʣʦʛʠʩʪʠʢʠ. 

 
ʈʠʩʫʥʦʢ 1. ʇʨʠʤʝʥʝʥʠʝ ʧʨʠʚʘʪʥʳʭ 5G ʩʝʪʝʡ ʚ ʦʪʨʘʩʣʷʭ 

 

ɿʥʘʯʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʪʝʭʥʦʣʦʛʠʠ 

ʨʘʩʢʨʳʚʘʝʪʩʷ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʩʝʢʪʦʨʝ, ʛʜʝ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʤʦʥʠʪʦʨʠʥʛ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʫʧʨʘʚʣʝʥʠʝ ʚʦʟʦʙʥʦʚʣʷʝʤʳʤʠ 
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ʠʩʪʦʯʥʠʢʘʤʠ ʵʥʝʨʛʠʠ. ɺ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʩʝʪʠ ʧʦʟʚʦʣʷʶʪ ʦʨʛʘʥʠʟʦʚʘʪʴ 

ʩʚʷʟʴ ʚ ʧʦʜʟʝʤʥʳʭ ʚʳʨʘʙʦʪʢʘʭ ʠ ʫʧʨʘʚʣʷʪʴ 

ʘʚʪʦʥʦʤʥʦʡ ʪʝʭʥʠʢʦʡ. ɼʣʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʠʩʪʝʤ 

ʪʝʭʥʦʣʦʛʠʷ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ 

ʦʨʛʘʥʠʟʘʮʠʠ ʩʚʷʟʠ ʤʝʞʜʫ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ ʠ 

ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ. ɺ ʫʤʥʳʭ ʛʦʨʦʜʘʭ ʩʝʪʠ 

ʧʦʜʜʝʨʞʠʚʘʶʪ ʨʘʙʦʪʫ ʩʠʩʪʝʤ ʦʙʱʝʩʪʚʝʥʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʛʦʨʦʜʩʢʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ [3]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʨʘʟʚʝʨʪʳʚʘʥʠʝ 

ʧʨʠʚʘʪʥʳʭ 5G ʩʝʪʝʡ ʩʦʧʨʷʞʝʥʦ ʩ ʨʷʜʦʤ ʚʳʟʦʚʦʚ. ʂ 

ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʨʝʛʫʣʷʪʦʨʥʳʝ ʙʘʨʴʝʨʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʧʝʢʪʨʘ ʚ ʨʘʟʥʳʭ 

ʩʪʨʘʥʘʭ; ʪʝʭʥʠʯʝʩʢʘʷ ʩʣʦʞʥʦʩʪʴ ʠʥʪʝʛʨʘʮʠʠ ʥʦʚʳʭ 

ʩʝʪʝʡ ʩ ʫʥʘʩʣʝʜʦʚʘʥʥʦʡ IT- ʠ OT-ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ 

ʧʨʝʜʧʨʠʷʪʠʷ; ʢʘʜʨʦʚʳʡ ʜʝʬʠʮʠʪ 

ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʠʥʞʝʥʝʨʦʚ; ʘ ʪʘʢʞʝ ʚʦʧʨʦʩʳ 

ʙʝʟʦʧʘʩʥʦʩʪʠ, ʧʦʩʢʦʣʴʢʫ ʧʝʨʝʭʦʜ ʥʘ ʙʝʩʧʨʦʚʦʜʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʨʘʩʰʠʨʷʝʪ ʧʦʚʝʨʭʥʦʩʪʴ ʜʣʷ ʘʪʘʢ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʣʦʞʥʦʩʪʠ ʚʦʟʥʠʢʘʶʪ ʧʨʠ 

ʦʙʝʩʧʝʯʝʥʠʠ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ 

ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʧʨʦʪʦʢʦʣʘʤʠ ʠ ʩʠʩʪʝʤʘʤʠ. ʅʝ 

ʤʝʥʝʝ ʚʘʞʥʦʡ ʧʨʦʙʣʝʤʦʡ ʦʩʪʘʝʪʩʷ ʜʦʩʪʠʞʝʥʠʝ 

ʥʝʦʙʭʦʜʠʤʦʛʦ ʫʨʦʚʥʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠ 

ʨʘʙʦʪʝ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʦʜʢʣʶʯʝʥʥʳʭ 

ʫʩʪʨʦʡʩʪʚ. ʆʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ ʪʨʝʙʫʝʪ ʦʙʝʩʧʝʯʝʥʠʝ 

ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʠ ʩʝʪʝʚʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʜʣʷ 

ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʧʨʠʤʝʥʝʥʠʡ. ʉʣʦʞʥʦʩʪʠ 

ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ 

ʜʠʥʘʤʠʯʝʩʢʠ ʠʟʤʝʥʷʶʱʝʡʩʷ ʥʘʛʨʫʟʢʠ ʪʘʢʞʝ 

ʪʨʝʙʫʶʪ ʩʧʝʮʠʘʣʴʥʳʭ ʨʝʰʝʥʠʡ. 

ʇʝʨʩʧʝʢʪʠʚʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʘʟʚʠʪʠʷ ʷʚʣʷʶʪʩʷ ʛʘʨʤʦʥʠʟʘʮʠʷ 

ʩʧʝʢʪʨʘ ʠ ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ Massive MIMO, 

ʦʧʪʠʤʠʟʘʮʠʷ ʩʝʪʝʡ ʩ ʧʦʤʦʱʴʶ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ ʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʥʘʛʨʫʟʢʠ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʫʩʪʨʘʥʝʥʠʷ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ. ɿʥʘʯʠʪʝʣʴʥʳʡ 

ʧʦʪʝʥʮʠʘʣ ʠʤʝʝʪ ʢʦʥʚʝʨʛʝʥʮʠʷ ʩ Wi-Fi 6/7 ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʝʜʠʥʦʡ ʙʝʩʰʦʚʥʦʡ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʝʪʠ, ʘ 

ʪʘʢʞʝ ʨʘʟʚʠʪʠʝ ʦʪʢʨʳʪʳʭ ʨʝʰʝʥʠʡ (Open RAN) ʜʣʷ 

ʩʥʠʞʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʥʜʦʨʦʚ ʠ ʩʪʦʠʤʦʩʪʠ 

ʨʘʟʚʝʨʪʳʚʘʥʠʷ. 

ɸʢʪʠʚʥʦ ʚʝʜʫʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ 

ʠʥʪʝʛʨʘʮʠʠ ʩʧʫʪʥʠʢʦʚʦʡ ʩʚʷʟʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʧʦʢʨʳʪʠʷ ʚ ʫʜʘʣʝʥʥʳʭ ʨʘʡʦʥʘʭ. ʇʝʨʩʧʝʢʪʠʚʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʯʠʧʩʝʪʦʚ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. ɹʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ 

ʩʦʟʜʘʥʠʶ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʭ ʠʥʪʝʨʬʝʡʩʦʚ ʜʣʷ 

ʫʧʨʦʱʝʥʠʷ ʠʥʪʝʛʨʘʮʠʠ ʩ ʩʠʩʪʝʤʘʤʠ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʝʜʧʨʠʷʪʠʝʤ. ʈʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʪʦʯʥʦʛʦ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʥʫʪʨʠ ʧʦʤʝʱʝʥʠʡ ʦʪʢʨʳʚʘʝʪ 

ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʣʦʛʠʩʪʠʯʝʩʢʠʭ 

ʧʨʠʣʦʞʝʥʠʡ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʢʚʘʥʪʦʚʦ-

ʫʩʪʦʡʯʠʚʳʭ ʘʣʛʦʨʠʪʤʦʚ ʰʠʬʨʦʚʘʥʠʷ ʥʘʧʨʘʚʣʝʥʳ 

ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ ʜʦʣʛʦʩʨʦʯʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʝʪʝʡ 

[5]. 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ 

ʧʨʠʚʘʪʥʳʝ 5G ʩʝʪʠ ʷʚʣʷʶʪʩʷ ʥʝ ʧʨʦʩʪʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʪʨʝʥʜʦʤ, ʘ ʩʪʨʘʪʝʛʠʯʝʩʢʠʤ 

ʘʢʪʠʚʦʤ ʜʣʷ ʧʨʝʜʧʨʠʷʪʠʡ, ʩʪʨʝʤʷʱʠʭʩʷ ʢ 

ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ. ʀʭ ʩʧʦʩʦʙʥʦʩʪʴ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʙʝʩʧʨʝʮʝʜʝʥʪʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʟʘʜʝʨʞʢʠ, ʥʘʜʝʞʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʝʣʘʝʪ ʠʭ 

ʬʫʥʜʘʤʝʥʪʦʤ ʜʣʷ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʢʨʠʪʠʯʝʩʢʠ 

ʚʘʞʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, 

ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʠ ʠ ʜʨʫʛʠʭ ʩʝʢʪʦʨʘʭ. 

ʋʩʧʝʰʥʦʝ ʚʥʝʜʨʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʪʨʝʙʫʝʪ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ, ʚʢʣʶʯʘʶʱʝʛʦ ʚʳʙʦʨ 

ʧʦʜʭʦʜʷʱʝʡ ʤʦʜʝʣʠ ʨʘʟʚʝʨʪʳʚʘʥʠʷ, ʨʝʰʝʥʠʝ 

ʨʝʛʫʣʷʪʦʨʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʚʦʧʨʦʩʦʚ, ʘ ʪʘʢʞʝ 

ʠʥʚʝʩʪʠʮʠʠ ʚ ʨʘʟʚʠʪʠʝ ʢʘʜʨʦʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. 

ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʩʪʘʥʜʘʨʪʦʚ, ʧʦʷʚʣʝʥʠʝ 

ʦʪʢʨʳʪʳʭ ʨʝʰʝʥʠʡ ʠ ʫʩʠʣʝʥʠʝ ʤʝʨ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʙʫʜʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʫʩʢʦʨʝʥʠʶ ʚʥʝʜʨʝʥʠʷ 

ʧʨʠʚʘʪʥʳʭ 5G ʩʝʪʝʡ, ʯʪʦ ʦʢʘʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʧʦʚʳʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʡ ʚ ʛʣʦʙʘʣʴʥʦʡ 

ʵʢʦʥʦʤʠʢʝ. 
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ɸʅʅʆʊɸʎʀʗ 

 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʢʦʪʣʳ ʩ ʢʠʧʷʱʠʤ ʩʣʦʝʤ (ʂʉ) ʩʪʘʣʠ ʢʣʶʯʝʚʳʤ ʨʝʰʝʥʠʝʤ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʩʞʠʛʘʥʠʷ ʙʠʦʤʘʩʩʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚʣʘʞʥʦʩʪʠ (40ï65%) ʠ ʪʝʧʣʦʪʚʦʨʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ (5ï14 

ʄɼʞ/ʢʛ).ʈʘʟʨʘʙʦʪʘʥʘ ʜʠʘʛʨʘʤʤʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʢʦʪʣʘ ʧʨʠ ʚʘʨʠʘʮʠʷʭ ʧʘʨʘʤʝʪʨʦʚ 

ʪʦʧʣʠʚʘ, ʯʪʦ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦ ʜʣʷ ʩʪʘʙʠʣʴʥʦʡ ʠ ʵʬʬʝʢʪʠʚʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʄʝʪʦʜʠʢʘ 

ʫʯʠʪʳʚʘʝʪ ʚʣʠʷʥʠʝ ʚʩʝʭ ʢʣʶʯʝʚʳʭ ʬʘʢʪʦʨʦʚ: ʦʪ ʥʘʯʘʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʪʦʧʣʠʚʘ ʜʦ ʠʟʤʝʥʝʥʠʷ ʥʘʛʨʫʟʢʠ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʥʘʜʸʞʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʮʝʩʩʦʤ ʛʦʨʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʝʞʠʤʘʭ. ʇʨʝʜʣʦʞʝʥʥʳʡ 

ʧʦʜʭʦʜ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ ʥʘʜʸʞʥʦʩʪʴ ʠ ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʨʘʙʦʪʳ ʢʦʪʣʦʚ ʩ ʂʉ, ʛʘʨʘʥʪʠʨʫʷ ʦʧʪʠʤʘʣʴʥʦʝ 

ʩʞʠʛʘʥʠʝ ʙʠʦʪʦʧʣʠʚʘ ʧʨʠ ʣʶʙʳʭ ʠʟʤʝʥʝʥʠʷʭ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʠʘʛʨʘʤʤʘ ʛʦʨʝʥʠʷ, ʧʩʝʚʜʦʦʞʠʞʝʥʥʳʡ ʩʣʦʡ, ʢʠʧʷʱʠʡ ʩʣʦʡ, ʙʠʦʪʦʧʣʠʚʦ,ʢʦʪʝʣ. 

 

ABSTRACT 

 

In modern conditions, fluidized bed boilers have become a key solution for efficient combustion of biomass with 

different humidity characteristics (40-65%) and calorific value (5-14 MJ/kg).A diagram has been developed that allows 

predicting boiler operation with variations in fuel parameters, which is critically important for stable and efficient 

operation of the equipment. The technique takes into account the influence of all key factors: from the initial moisture 

content of the fuel to load changes, ensuring reliable control of the combustion process in various operating 

modes.Gorenje The proposed approach significantly increases the reliability and efficiency of CS boilers, ensuring 

optimal combustion of biofuels with any changes in its characteristics. 

Keywords: gorenje diagram, fluidized bed, fluidized bed, biofuel,boiler. 

 

ʊʝʭʥʦʣʦʛʠʷ ʂʉ ʜʣʷ ʩʞʠʛʘʥʠʷ ʙʠʦʤʘʩʩʳ 

ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ, ʧʦʩʢʦʣʴʢʫ 

ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʩʞʠʛʘʪʴ ʩʤʝʩʠ ʠʟ ʨʘʟʣʠʯʥʳʭ 

ʚʠʜʦʚ ʪʦʧʣʠʚ ʩ ʥʠʟʢʦʡ ʪʝʧʣʦʪʚʦʨʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ 

(5-14 ʄɼʞ/ʢʛ), ʩ ʚʳʩʦʢʦʡ ʚʣʘʞʥʦʩʪʴʶ (40-65 %), 

ʧʦʚʳʰʝʥʥʦʡ ʟʦʣʴʥʦʩʪʴʶ ʠ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ 

ʣʝʪʫʯʠʭ ʚʝʱʝʩʪʚ [1-6]. 

ɺ ʢʦʪʣʘʭ ʩ ʂʉ ʵʬʬʝʢʪʠʚʥʦʝ ʩʞʠʛʘʥʠʝ 

ʪʚʸʨʜʦʛʦ ʪʦʧʣʠʚʘ ʜʦʩʪʠʛʘʝʪʩʷ ʙʣʘʛʦʜʘʨʷ 

ʠʥʪʝʥʩʠʚʥʦʤʫ ʧʝʨʝʤʝʰʠʚʘʥʠʶ ʯʘʩʪʠʮ ʪʦʧʣʠʚʘ ʩ 

ʠʥʝʨʪʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʩʣʦʷ. ʊʝʧʣʦ, ʥʘʢʦʧʣʝʥʥʦʝʚ 

ʩʣʦʝ ʚ ʧʨʦʮʝʩʩʝ ʩʛʦʨʘʥʠʷ ʪʦʧʣʠʚʘ ʠ ʩʦʭʨʘʥʝʥʥʦʝ ʚ 

ʠʥʝʨʪʥʳʭ ʤʘʪʝʨʠʘʣʘʭ (ʘʢʢʫʤʫʣʠʨʦʚʘʥʥʦʝ ʪʝʧʣʦ), 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʩʪʘʙʠʣʴʥʦʛʦ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʵʬʬʝʢʪʠʚʥʳʡ ʨʘʟʦʛʨʝʚ ʚʥʦʚʴ ʧʦʩʪʫʧʘʶʱʝʛʦ 

ʪʦʧʣʠʚʘ ʠ ʝʛʦ ʛʘʟʠʬʠʢʘʮʠʶ. ʇʨʦʜʫʢʪʳ 

ʛʘʟʠʬʠʢʘʮʠʠ ʩʛʦʨʘʶʪ ʚ ʥʘʜʩʣʦʝʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʧʨʠ ʩʤʝʰʠʚʘʥʠʠ ʩʦ ʚʪʦʨʠʯʥʳʤ ʚʦʟʜʫʭʦʤ. 

ʂʦʢʩʦʚʳʡ ʦʩʪʘʪʦʢ, ʧʦʜʚʝʨʛʘʷʩʴ ʠʥʪʝʥʩʠʚʥʦʤʫ 

ʠʩʪʠʨʘʥʠʶ ʩ ʥʘʧʦʣʥʠʪʝʣʝʤ ʩʣʦʷ, ʚʳʛʦʨʘʝʪ ʚ 

ʢʠʧʷʱʝʤ ʩʣʦʝ ʟʘ ʩʯʝʪ ʧʝʨʚʠʯʥʦʛʦ ʚʦʟʜʫʭʘ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʚʳʛʦʨʘʥʠʷ ʢʦʢʩʦʚʦʛʦ ʦʩʪʘʪʢʘ 

ʧʨʦʠʩʭʦʜʠʪ ʥʘʛʨʝʚ ʠʥʝʨʪʥʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ ʩʣʦʷ. 

ʊʝʭʥʦʣʦʛʠʷ ʂʉ ʧʦʟʚʦʣʷʝʪ ʧʦʜʜʝʨʞʠʚʘʪʴ 

ʩʪʘʙʠʣʴʥʦʝ ʛʦʨʝʥʠʝ ʥʠʟʢʦʢʘʣʦʨʠʡʥʦʛʦ ʠ 

ʚʳʩʦʢʦʚʣʘʞʥʦʛʦ ʪʦʧʣʠʚʘ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʩʞʠʛʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ. 

ɸʢʢʫʤʫʣʠʨʦʚʘʥʥʦʝ ʪʝʧʣʦ ʩʣʦʷ ʪʘʢʞʝ ʧʦʤʦʛʘʝʪ 

ʩʥʠʟʠʪʴ ʚʣʠʷʥʠʝ ʠʟʤʝʥʝʥʠʡ ʢʘʯʝʩʪʚʘ ʪʦʧʣʠʚʘ ʥʘ 

ʨʘʙʦʪʫ ʢʦʪʣʘ. ʇʦʩʢʦʣʴʢʫ ʚʪʝʭʥʦʣʦʛʠʠ ʂʉ ʯʘʩʪʠʮʳ 

ʠʥʝʨʪʥʦʛʦ ʩʣʦʷ, ʚʳʧʦʣʥʷʶʱʠʝ ʨʦʣʴ ʘʢʢʫʤʫʣʷʪʦʨʘ 

ʪʝʧʣʘ, ʩʦʩʪʘʚʣʷʶʪ 95-99% ʦʪ ʦʙʱʝʡ ʤʘʩʩʳ ʪʚʝʨʜʳʭ 

ʯʘʩʪʠʮ ʩʣʦʷ[1-4]. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʠʦʤʘʩʩʘ ʦʪʥʦʩʠʪʩʷ ʢ 

ʪʚʝʨʜʳʤ ʚʠʜʘʤ ʪʦʧʣʠʚʘ, ʫ ʢʦʪʦʨʳʭ ʦʩʥʦʚʫ 

ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʩʦʩʪʘʚʘ ʩʦʩʪʘʚʣʷʶʪ ʩʣʝʜʫʶʱʠʝ 

ʭʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ: ʉ ï ʫʛʣʝʨʦʜ, H ï ʚʦʜʦʨʦʜ, O 

ï ʢʠʩʣʦʨʦʜ, S ï ʩʝʨʘ, N  ï ʘʟʦʪ. ʊʘʢʞʝ ʚ ʪʦʧʣʠʚʝ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʤʠʥʝʨʘʣʴʥʳʝ ʧʨʠʤʝʩʠ, ʠʟ ʢʦʪʦʨʳʭ 

ʧʨʠ ʩʛʦʨʘʥʠʠ ʪʦʧʣʠʚʘ ʦʙʨʘʟʫʶʪʩʷ ʦʩʪʘʪʢʠ ʟʦʣʳ ɸ. 

ʇʦʤʠʤʦ ʟʦʣʳ ʚ ʢʘʯʝʩʪʚʝ ʚʥʝʰʥʝʛʦ ʙʘʣʘʩʪʘ, ʚ 

ʪʦʧʣʠʚʝ, ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚʣʘʛʘ W. ɺʣʘʞʥʦʩʪʴ ï 

ʥʘʠʙʦʣʝʝ ʚʘʞʥʘʷ ʪʝʭʥʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʪʚʝʨʜʦʛʦ ʪʦʧʣʠʚʘ. ɺʳʩʦʢʘʷ ʚʣʘʞʥʦʩʪʴ ʪʨʝʙʫʝʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʪʝʧʣʘ ʥʘ ʠʩʧʘʨʝʥʠʝ ʚʦʜʳ 

(ʧʦʩʢʦʣʴʢʫ ʠʩʧʘʨʝʥʠʷ ʚʣʘʛʠ ʷʚʣʷʝʪʩʷ 

ʵʥʜʦʪʝʨʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʝʡ), ʯʪʦ ʩʥʠʞʘʝʪ 

ʪʝʤʧʝʨʘʪʫʨʫ ʩʣʦʷ ʠ ʟʘʪʨʫʜʥʷʝʪ ʚʦʩʧʣʘʤʝʥʝʥʠʝ 
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ʪʦʧʣʠʚʘ. ʕʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʧʦʣʥʦʤʫ 

ʩʛʦʨʘʥʠʶ ʠ ʨʦʩʪʫ ʚʳʙʨʦʩʦʚ CO, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʠʪʴ 

ʪʝʧʣʦʧʦʪʝʨʠ ʩ ʜʳʤʦʚʳʤʠ ʛʘʟʘʤʠ [6, 7]. 

ʈʘʩʯʸʪ ʢʦʪʣʘ ʚʳʧʦʣʥʷʝʪʩʷ 

ʜʣʷ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʛʦ ʪʦʧʣʠʚʘ (ʵʪʘʣʦʥʥʳʡ ʩʦʩʪʘʚ 

ʪʦʧʣʠʚʘ ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʚʣʘʞʥʦʩʪʠ ʠ ʪʝʧʣʦʪʚʦʨʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ, 

ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʙʘʟʦʚʦʛʦ ʨʘʩʯʸʪʘ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʢʦʪʣʘ). ʕʪʦʪ ʨʝʞʠʤ ʷʚʣʷʝʪʩʷ 

ʛʘʨʘʥʪʠʡʥʳʤ, ʘ ʨʘʩʯʸʪʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʦʜʣʝʞʘʪ 

ʧʦʜʪʚʝʨʞʜʝʥʠʶ ʧʨʠ ʧʫʩʢʦ-ʥʘʣʘʜʦʯʥʳʭ ʨʘʙʦʪʘʭ. 

ʇʨʠ ʵʪʦʤ ʚʣʘʞʥʦʩʪʴ ʪʦʧʣʠʚʘ ʚʘʨʴʠʨʫʝʪʩʷ ʚ 

ʜʠʘʧʘʟʦʥʝ ʦʪ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ Wmin
r  ʜʦ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ Wmax
r , ʯʪʦ ʚʣʠʷʝʪ 

ʥʘ ʥʠʟʰʫʶ ʪʝʧʣʦʪʫ ʩʛʦʨʘʥʠʷ  Qi
r  ʩʦʛʣʘʩʥʦ 

ʚʳʨʘʞʝʥʠʶ [8]: 
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ʅʠʟʰʘʷ ʪʝʧʣʦʪʘ ʩʛʦʨʘʥʠʷ ʚʣʠʷʝʪ 

ʥʘ ʧʘʨʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʢʦʪʣʘ [8]. 

ʇʦʩʢʦʣʴʢʫ ʪʦʧʣʠʚʦ ʧʦʜʘʸʪʩʷ ʚ ʢʦʪʸʣ 

ʥʝʧʨʝʨʳʚʥʦ, ʘ ʝʛʦ ʚʣʘʞʥʦʩʪʴ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʚ 

ʫʢʘʟʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ, ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʧʝʨʠʦʜʘ 

ʨʘʙʦʪʳ ʢʦʪʣʘ. ʕʪʦ ʩʦʟʜʘʸʪ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ ʚ 

ʨʘʙʦʪʝ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʷʪʴ 

ʨʘʩʯʸʪʳ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʛʘʨʘʥʪʠʡʥʦʛʦ ʪʦʧʣʠʚʘ, ʥʦ ʠ 

ʜʣʷ ʢʨʘʡʥʠʭ ʟʥʘʯʝʥʠʡ ʚʣʘʞʥʦʩʪʠ: 

ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʪʦʧʣʠʚʥʦʡ 

ʩʤʝʩʠ (Wmin
r ); 

ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʪʦʧʣʠʚʥʦʡ 

ʩʤʝʩʠ (Wmax
r ). 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʪʨʝʙʫʶʪʩʷ ʜʘʥʥʳʝ 

ʧʨʠ ʧʦʥʠʞʝʥʥʳʭ ʥʘʛʨʫʟʢʘʭ (ʥʘʧʨʠʤʝʨ, 50 % ʦʪ 

ʥʦʤʠʥʘʣʴʥʦʡ ʧʘʨʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ). 

 

ɼʣʷ ʥʘʛʣʷʜʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʦʩʪʨʦʠʪʴ ʜʠʘʛʨʘʤʤʫ ʨʘʙʦʪʳ ʢʦʪʣʘ, 

ʥʘ ʢʦʪʦʨʦʡ ʦʪʦʙʨʘʞʝʥʳ ʧʷʪʴ ʢʣʶʯʝʚʳʭ ʪʦʯʝʢ, 

ʬʦʨʤʠʨʫʶʱʠʭ ʭʘʨʘʢʪʝʨʥʳʝ ʢʨʠʚʳʝ (ʩʤ. 

ʨʠʩʫʥʦʢ 1): 

ʊʦʯʢʘ çʅ100è ïʨʘʩʯʸʪ ʢʦʪʣʘ ʥʘ ʥʦʤʠʥʘʣʴʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʧʨʠ ʛʘʨʘʥʪʠʡʥʦʤ ʪʦʧʣʠʚʝ. 

ʊʦʯʢʘ çʉ100è ïʨʘʩʯʸʪ ʢʦʪʣʘ ʥʘ ʥʦʤʠʥʘʣʴʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʧʨʠ ʩʫʭʦʤ ʪʦʧʣʠʚʝ (ʤʠʥʠʤʘʣʴʥʘʷ 

ʚʣʘʞʥʦʩʪʴ Wmin
r ). 

ʊʦʯʢʘ çɺ78è ïʨʘʩʯʸʪ ʢʦʪʣʘ ʧʨʠ 78% ʥʘʛʨʫʟʢʝ 

ʧʦʧʘʨʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʠ ʚʣʘʞʥʦʤ ʪʦʧʣʠʚʝ 

(ʤʘʢʩʠʤʘʣʴʥʘʷʚʣʘʞʥʦʩʪʴ Wmax
r ). 

ʊʦʯʢʘ çʉ50è ïʨʘʩʯʸʪ ʢʦʪʣʘ ʧʨʠ 50% ʥʘʛʨʫʟʢʝ 

ʧʦʧʘʨʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʠ ʩʫʭʦʤ ʪʦʧʣʠʚʝ 

(Wmin
r ). 

ʊʦʯʢʘçɺ50è ïʨʘʩʯʸʪ ʢʦʪʣʘ ʧʨʠ 50% ʥʘʛʨʫʟʢʝ 

ʧʦ ʧʘʨʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʠ ʚʣʘʞʥʦʤ ʪʦʧʣʠʚʝ 

(Wmax
r ). 

 
ʈʠʩʫʥʦʢ 1 ï ɼʠʘʛʨʘʤʤʘ ʨʘʙʦʪʳ ʢʦʪʣʘ 


